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'"HYHORSPHQWDO WUDMHFWRULHV Rl QHXULI
HPRWLRQ JHQHUDWLRQ DQG UHJXODWLRQ I
DGROHVFHQFH

&RQJ ;LPLPX +HL &KHQLQJ ODXWRQJ RRIQPJ;LHQJI +DR /XR

5XL 'LQEIKDR]IKHQJ 4LQ

7KH VFKRRO RI SV\FKRORJ\ DQG FRJQLWLYH VFLHQFH (DVW &KLC
6WDWH .H\ / DERUDWRU\ RI &RJQLWLYH 1HXURVFLHQFH DQG /HDUC(

%UDLQ 5HVHDUFK %HLMLQJ 1RUPDO 8QLYHUVLW\ %HLMLQJ &KLC

" TKHVH DXWKRUV FRQWULEXWHG HTXDOO\IWRVWKBHXZARKRUDQG VKR

&RUUHVSRQGLQJ $XWKRU

&RUUHVSRQGHQFH FRQFHUQLQJ WKL ¥ KIABNK RRMHRV K3R/XOIGR BIR D DG

&RJIJQLWLYH 6FLHQFH (DVW &KLQD 1R(FAD®RBQ¥HEVVHWQ X6 KB & JKD |
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$SEVWUDFW

(PRWLRQDO PDWXUDWLRQ LQYROYHV D IXQG IPHEWDOGKRRE IURP
WR WKH SUHFLVH FRIQRMDRHHNGH O IVKREREBWHHIE WKH QHXUDO G\Q
WK®W.YH WKLY GHYHORSPHQWDO WUDQVLWLRQ HVSHFLDOO\ WKF
PRGXOHV UHPBIYGD@@EEIQABUSDO FRPSRQ 8 QARIEMD 00,L@IRW DV HW

FROMXQF W RIQZLIQWR Z UHD B 8V RZBRRD Q DLUMBIG\LQJ FRARWULEXWLRQ
QHXPROGXWR HPRWLRQ JHQHUDWLRQXDQ G JHPRRW RRQ UHIXIDWDIWL RR)C
|UR QW R WAHRFGSYROMM SWKHG RPLQDQW VRXUFHV RV DIDAW QFBIWR R @ X QWK |
UHPDL@ERWHKMXE VW U D WG HB R @\ WHEDRNAVON KR H Q WRLLU H FORIW LIRDQ J H
UHJXODWLRQ YLD UHDSSUDLVDO WKH ODWHUDO WHPSRUDO PRG.
UHJXODWRU\ VXFFHVV &RQYHUVHO\ DFWLYDWLRQ RI WKH IURQ
RFFLSLWDO DFWLYDWLRQ DFURVV WKH HQWLBNXFBJARGXQ@HV FRQ
IXUWKHU VKRZHG GLVWLQFW OZHDG BI® R WIXPG B EBRRFBING D) GV R
FRXSOIRIJHWKHU WKH ZRUN GHOIOQ®BWHYVUERGIPMRIBWOR® RI |

DUFKLWHFWXUH DQG XQGHUODWRKHY WOKMHOMHGQWRBQMVYDJH

.H\ZRUGPR W HRIX O DIWRR/Q R Q J HIGHXUIIRGDRAH) 5
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,QWURGXFWLRQ

7KH PDWXUDWLRQ RI KXPDQ HPRWLRQ LV QRW D OLQHDU VFDOLC
WUDQVLWLRQ LQ WKH EUDLQYV IXQFWLRQDO DUFIKIRPHEWHKUH 7K
DXWRPDW LR ULWHBPX 000BFMRIRQYW FKLOGKRRG WR WKH KLJKO\ LQW
GULBMHAFHWHDGXOW KeRXKE® D UHRUJDQL]DWLRQ UHTXLUHV WKH G
PXOWLSOHYKLD K UR F H Y YHIF/X MQFYOIX IXLQGFN R R @ KERLIQRAK MURHFALRO@®I L J X U H

WKH QHXUDO SURFHYVVHNXQXRWHU@ODEA D HP\RMKILIROQETKRRG HPRWLRQ
LV KHDYLO\ DQFKRUHG LQ VXEFRYWRBIY DQWE CHFFRE E RFQ. WXV D W
WKH SURWUDFWHG GHYHORSPHQW XU LK H § RIOIH\RRIHGIREH PR K M/ 16 [X 3
PRGHO SRKIHNGHW KDWSWHQW D O WHADSR\E DK EBWZHIH®I OLPELF V\\
ODJJDUG SUHIURQWDO FRQWURO FRQWULEXWHV WR WKH KHLJK
DGROHWFHQRASOHPHQWLQUKWKLRFYRBZUHRULHQWDWLRQ IUDPHZ
SXEHUWDO PDWXUDWLRQ WULJJHUV D QHXUDO UHRUIDQL]DWLR(
DIIHFWLYH FXHV VKLIWLQJ SURFHVWAL@H Ul FRRRJ W XEB® BRH\W 2 R U W
WUDQVLWLRQ PD\ FRQWLQXHEQWRVD G X O WHUIRRME LI LA R G WAK F K [
WKH SRVWHULRU VXSHULRU WH P S/RIPD® WLFO FND O X OML RIR UD ¥R
H[WUDFSWIRMLFDOO\ WKH IXQFWLRQDO FRQWW KB X R\WR @ VR[] B/ MFR
XQGHUJR QRQOLQHDEUBKROGHKRB]®WEROMREHYAH GLUHFW HPSLU
HYLGHQFH IRU KRZ VXFK PRGXODU FRQWULEXWLRQV HYROYH D

UHPDLQV VFDUFH

'"HVSLWH WKH H[SOD @XWRUW ISRY HW 8 | WRIKHDIP H BERUNMQ W R MAL R
KDYH SULPDULO\ EHHQ RHYW/HIGHW WURXS M RDHFXHRQ WKDW FRQIODW:
IXQFWLRQDO $REQYGDEPXWWO® TXHVWLRQ UHPDLQV ZKLFK VSHFL
GRPLQDQW FRQWULEXWLRQV WR HPRWLRQ JHQHUDWLRQ DQG Ul
3URJUHVV LQ XQGHUVWDQGLQJ WKHVH PHFKDQLVPV KDV EHHQ KD
WKDW SURYLGHV LQGLUHFW HYLGHQFH RI IXQFWLRQDO LPSRUWD
LQKHUHQWO\ HTXDWH WR [XIQIKAWL RDDWL R R QRIUALSH MAKISRRNRD \
LQHIILFLHQF\ ZKHUH LPPDWRBW LWHDW RRY B VKHHRHIAA WIWSHEID Q € W R

7R IXOO\ GHF RB@W\WM O RIS\HWRWX Q OWORGLRIVW PRYH EH\RQG DFWL
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PDSV DQG GLUHFWO\ TXDQWLI\ KRZ WKH FROQWULEXWLRQ ZHLJKYV

JHQHUDWLRQ FEO@MAURDY WIKRQGHYHORSPHQWDO VSHFWUXP

&KDUDFWH UGHYGOW K PIN €@ W B O XSUARKHIW VKD OOHQJHG E\ WKH OLP
VFDOH VWXGLHV DX S LIAVRFRISDAH VIR ([LVWLQJ UHVHDUFK RIW
UREXVWQHVV DQG XQLILHG SDUDGLJPV UHTXLUHG WR GHOLQHDW !
FKLOGKRRG WKURXJK/IODHDH PRREGIDWFHMIFAH WR FDOEVQXDKW WKH
WUDMHFWRULHV RI IXQFW L\RFEDMCAHHDR KPFHE) R IDAAKY R DQ W IODQ WHR U H V
KRZ QHPRDNOG\QDPLFDOO\ DOWHUQDWH QNUGWLRHU D RG HPIRWQ B

VXJIJHVWHG E\WWKHP @005 VRFLUDBOP HHERUNMQWDWLRQ

,Q WKH FXUUHRQWGBWXEVHG WKLV FKDOWHQOH HD 50 HIHW DV HQW
1 DUMQJH \HDUV IURP &KLQD &KLOG % U D\ HBMKR®RSPHQW
QHXUDO PRGXOHV XQGHUO\LQJ HPRW LRLY X B\@ KHIEW E R Q VDIQLE X\W I R
DFURVV WKH 3DIHWUBRIBQWY LQ WKLV VWXG\ YLHZHG QHJDWLYH
QHJDWLYHY QHXWUDO IDFHV p/RRN QHXWUDOY DQG D PDWFKE
H5HIXODWH QHJDWLY)HY GXWHEJLWADD ORQYWUXFWHG FRQWUDVW
JHQHUDWLRQ p+RRRARNDHIDXMNYB®] DQG HPRWLRQ #jIARREDWLRQ
QHJDWLYHY 7R LGHQWLI\DNWIRWLBWH ® HXWKOHPRGX.®RIQVIHQHUDW
ZHSHUIRBPHORIRFBR QERO\VLVRRBFHOV LQ HDPKNERDQWUDY R PIV
ZHUH JHQHUDWHG E\ DVVLJQLQ JDHRPK R QHHMKV\R KM KKIL 3B H 8 WL R Y
ORDGLQJ DQG LQGLYLGXDO)3& VB RGAY TXLGWINDIRXDHDGV B GH
UHOPROWULEXWLRQ RI WKHVH QHXUDO PRGXOHV WR LQGLYLGXD
UHJXODWLRQ ZH HPSOR\HG D VOLGLQJ ZLQGRZ DSSURDFK ZLQGF
DFUR VIX ®OHD QRIW KM P SOXHSSOHPHQWDIUWRKLD HDFK VAIHELQJ ZLQG
ILWRWHOBNLSOH UHJUHVVLRQ PRGHOV WR SUHGLFWs WDVINHHBIRUPL
LQ WHHSRUWHG QHJDW 'RHR ND IQHHRIDQERWRMZ FOHIQIW R WWORQ UHJXODWLR
HITHEMW IHUHQ FHH S RUWHIDG QH J D WLR R ND Q HEDQER-FIW DIDMGH Q HIDW LY H
IURP WHKHGDRW LYRDMRBGRUUHVSRQGLQJ 3&V 7KH FRQWULEXWLRQ
DWKH S U R\GRH WL RW[SHD D UQ HD@VWK H GLUHFWLBRJWHVQLRQ EWMIILFLH

yLJ 6WHS 7R FKDUDFWHUL]H WKH IXQFWLRQAEVEBGUREZRY RI V



92

93

94

95

96

97
98

99
100
101
102
103
104

105

106

FRPSOHPBQBURMEWVAIH IXQFWLRQDOO\ DQQRWDWHG WLKIHVH PRG)>
VSDWLDOLWRSMAXURV\QWK WRSLF PDSVOEQNHGJRQKHVH FRRCGGQH
SV\FKRORJLFDEHESREHNWHPLQHG WKHLU OLQHDU DQG TXDGUDWLF

HP R WLWLHR@P WIHH\GX U H V
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)L  2YHUYLHZ RI WKH H[SHULPHQWDO SOWIDS LJBDPG® I @D [H VILYGS WDH/OIL § Bil
3DUWLFLSDQWYV ARYP 3K HVKHS B UYIDEIHHBL WK DQ DSSUDLV D ORRXGIR ZIMRBRNT RU p
E\ DDWLQJHRS WHIAGBEWLYBWHSHFW 05, DQDO\V&R QARWNYBER PZHDSAK WD VN

FRQGILWLRDFK LQGLYLGXDO ZHUH HYWODFRWWIGY BWLRD POVRXS&S$ ZDV DSSOLE
GDWD ZLWK WKH RSWLPDO Q XPEHLNAEIU P RGHOBADHEH WE POLSMHOQG LQGLYLGX
VFRBMNHS $OJRULWKP RIWKRIMWHWDEXKWLRGRZ P XO W HIGHI UWMUIDMEN WIRR Q PR G H
WKH FRQWULEXWLRQ RI 3&V WR WDVN SHUIRUPDQFH DFURVV GHYHORSPHQW
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SHVXOW

%YHKDYLRUDO UHVXOWYV

5HDSSUDLVDO DWWHQXDWHY QHJDWLYH DIIHFW 8VLQJ D JHQHUDC
IRU VXEMWHF® YDULDELOLW\ DQG VFDQQHU HIIHFWV HDH H[DPLQH
UHSRUWH® IQHEW W& BB BUH @/ RRN SBUMMLEYSDQWY UHSRUWHG OR!
DIIHEFW G5B HQX O\DKWMHF R & G WL RIDT6 ( W S $V D
PDQLSXODWLRQ FKHFN p/RRN QHJDWLYHY DOVR HOLFLWHG VLJQL
H/RRN QHXWUD (I W s S5HDFWLR@MERNHYHIBDWH Y H
ORQJHU WRRRN QOAXWUDGT W S DQBKRUWHU WKDQ LQ

PS5HIXODWH QHJIJDWCLYHYT W S

&RQWULEXRWRGERPRWLRQ JHJH BHHWHR®RSPHQW

‘H REWDLQHG D B\WDYDWLYRPRERERWDRQ JHQHUDWLRQ ZKHQ SDVVL
QHJDWLYH IDFLDO H[SUHVVLRQ ¥ D&X¥SS RQOPWRWIHOERZ FULWHULF
DFWLYDWLRQ SDWWHUQV ZHUH RSWLPDOO\ GHFRPSRVHG LQW
6XSSOHPHQWDU\ )LJ ,Q SDUDOOHO 3&$ D SSTELIHVGVMEIFEWKH G
FRPSRQHQWYV ZKLFK SULWKXBEGL SERQE®ROPBERGYMWE®WHUDO RFFLSLV
6XSSOHPHQW D HWIDEEDHRO WAKHVH GHDFWLYDWLRQ FRPSRQHQWYV

6XSSOHPHQWDU\ ODWHULDOWDQEX8XSGEOHRMWDWD YLIJ7TDEOH

3& DQABRRWRH ELODWHUD @HVAPBEROBRUDRIOHW UL RKMHPSRUDC
J\UDP\JGDOWRIKRBXYODU FRUWHPKW IJDQTREXSSOHPH@WDU\ 7DEOF
QDPH® DN OLPELHAQF H3RRIGRDOHG D VL JQ LFRRDADURLEBREGR RWL Y RIQ
JHQHUDWLRQ HIIHFW DFJURV VRS B JHFMLYOGRZARQ Rl 3& ZDV WK
DPRQJ WKH IRXU 3&V IURP DJHOHRW ZDQG 6 XLSIS O % BRGUBRSPUR [ 7D E O H
WKLV PHREXBHWHG D ELODWHUDOO\ GLVWULEXWHG SURILOH FKDU
YH Q WDWDAVH QW RRUN  9$1  /+ 5+ QPEIAMZRUN /1 a
ELODWHUDOO\ DORQJVLGH QRWDEQH VX%RORWRR FR QWRBDDWH P HQ

RWKHU WE&UHIHOBENG VWURQJ KHPLVSKHULGI DRRBGIDNVARDWLRQ DC
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3& DQFRRRUWRH GBI\ HIW RQEL O D WHWXO® $U) IFR U WRE) K W
DQZDYDPH®/ W OHIW | URIRWKQ PIRGK® B GLVWLQFW GHYHORSPHQV
D VLJQLILFDQW QHJDWWKHPRWQR/Q@ LEKQHBRDWWRQ HIIHFW GXULC
GHYHORSPHQWD FRILQGREZRG\PIDAY DQG DGR O HWBHQEBH
7TROHNWUWKHUPRUH WKH DFWLYDWLRQ RI 3& ZDV KLJKHU WKDQ
SHDNHG DW DQG \HOH W0 PIW R PBRIVOMRP WKLY PRGXOH ZDV S
ORFDOLJRHBWRISHIUHGRPLQDQWO\ ORFDOL]JHG WR WKH OHIW '01

IHWZRUN )LIJ%RWWIRIKW

3& DQRAKRUWRH OHIW KHPLVSKHUH LQFOXGLQJ WHPSRUDO SR
PLGGOH WHPSRUDO J\UXW JD QGREI@IXEDIYD BHE BN OHIW WHPSRUD
PRGXO3& GLVSOD\HG D XQLTXH GHYHORSPHQWDO VLJQDWXUH
FRQWULEWWKHRRWWRQ JHQHUDWLRQ HIIHFW GXULQJ WZR GLVWLQ
FKLOGKRRG \HDUV DQG ODWH:DGREBYEHQRRSAWKH DFWLYDWLRQ
RI 3& ZDV ODUJHU WKDQ BI&J Y%DRW DVRHBY ZDQ & LPLODUO\ ODWHUDO

WKH OHIW '01 ILPELF ) D %GRS WIRIK W

3& DOQFH®RQWRH ULJKW 2)& PLGGOH WHPSRUDO J\UXV WHPSRL
J\UXV )LIJULIRSZDDEADP HGVRMN IJKW [URQWRW HRSRPRQ \PRGXWHG D
VSHFLILF GHYHORSPHQWDO VHQVLWLYLW\ PDMWKHP RWIVRQQLILFD
JHQHUDWLRQ HIIHFW H WRIX& IDYGHROO HXUHLQBFRD BIIU O KRSV G
WKH DFWLYDWLRQ RI 3& ZDV WKH ODUJHVW DPRQDJWYXH 3&V LQ C
DQG )LIJ%RWWRIPA/&Z DV H[FOXVLYHO\ UHVWULFWHG WR WKH ULJKW

)LI % RW WIRIKW
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yLJ 'HYHORSPHQWDO WUDMHFWRULHV RI1JQ®NUDARISRRYIHIHDDWIHREQV W R
GHYHORSPHQWDO FKDQJHV LPRG KWRR) WRR BX W QR BRHHD PLWU R IDSHIH N F\@ W V
WKHSRIGUW Rl HDFK VOLGLQJLIMHS GRWMHGHW WDQGDUGL]HG FRQWULEXWLRQ
JUD\ VKDGHG DUHD UH FUWKHBWIWR & H D/QG GE\RNBEY. \H DMHHD®GILQGLFDWH VWDW
VLIQLILFDQW FR Q%W UWFDXQMLHDMXR BHO®GHU ZHUH LQFOXGHG7RELBRWDULDWHYV L
6SDWLDO WRSRJUDSK\ RI WKH FRUUHV SRQIN\Q U D3R \G L VKHIFEE OWBWED R Y HDNIS C
FRORUV LQGLFDWLQJ UHODW L OH LIQOV B 6 WILOKFOVED R BRER B BWWX B H QIR ¥KDQJIHV L
W RHIDQ D F VRIMYKQM XBRG®X OTHKWD [LV UH S U H VSRR HHPEG V O MRIVOW R QG R Z
ULJBWH FKDUWYV VKRZ WKH SHUFHQWHARIHURN ERQWLED ® IY RYHOR/FOMRIPG LQ HDF
UHVWW@IWH FRUWLFRBRQHWWHZ RHNW DWAEPUHSUHVHQWY WKH OHIW KHPLVSKHUF
ULJKW KHPLVSKHUH

&RQWULEXWKURBWRE RWULRIXOD MULBYY HORSPHQW

7XUQLQJ WR WKH HPRWLRH) QHXXDOWLRQLSKWVYRQ VB DWWHU Q'
GHFRPSRVW GEHGWR Q FW BRP DRYFHERIMRO MIKAH GO3)& PLGGOH WHPS
J\WUXV DQJXODU J\UXV DQG )QDV¥RISILD @ \WR PELG I6\X B 8 OFHEPHEM[D U\ 7DE
ZDWDPHGWRM OHIW IURQWRW&6HREBDRYWRRGKDG PKVSEKRRE HDU
VHQVLWLYLW\ PDRHIDBRIWQLEXMDLREY WR WKH HPRWLRQ UHJXOL
GXULQJ WWR\HDROBLQGRZJ 7R®HIWKH DFWLYDWLRQ RI WKLV FR
SURJUHVVLYHO\ LQFUHDVHG )B BbRVWNBEB®G VX 59 @H PH@WGRIZV 7D E O
7KRRGXAHPRQVWUDWHG D UHPDUNDEO\ FRKHVLYH WRSRORJ\ EHI

OHIW '01 )LI % RW WIRIKW
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3& DQRARRMWRH ELDBDRSRUDIXSROHRU WHPSRUDO J\UXV PLGGO}
DQG DQJXONU 7RRERUWBPADYDPH® O ELODWHUDO 3%HPSLEULIMH B R G X O
D GLVWLGRWEPIXOIWRSPHQWDO VLJQDW SRN LAALEYWWLE X VDL R QI QIR L\K
HPRWLRQ UHJXODWLRQ HIIHFW DFURVV WK#/HH\NBH¥LILHDADQGR]
DGROHVFH®FH \HDUV DQG ODWH D G R OHHVJFMIGRI® H IMK H
DFWLYDWLRQ RI 3&WERDIVBQRPAIG WEDIQURP Dl H% RRAQH RN
6XSSOHPHQWD®& 7TDEWR PDSSHG SUHIHUHQW L DZLOW KWIRG\S K W LARH VO

LQYROYHP Q@EQREW ZVKBIN )L J % R W WIRIK W

)LQDO®&\ DQAKRUMREH ODWBWHEODO RFALIZRS0I PRGN [
QDPHGVRN ELODWHUDO R&GHPRWYN® PRWBHGH) UHPDUNDEO\ VWDE
SURILOH H[HUW IQHU DRRGMDULEFROMMRQ WR WKH HPRWLRQ UHJXOD)
WKH HQWLUH GHYHORSPR®WIMNO WSWEWQXEHQW PRMVWMWRG VRQQLILF
EHWZHHQ DQIGH DFWUWDWLRQ RI 3& ZDV WKH ODUJHVW DPRQJ
EXW IHOO EHORZ WKDW RI B&J % B RRYRBPMK L VRREZBYBHOHG D PRUH
VHQVRUWHQWLRQ WRSRJUDSK\ FKDUDFWMWXB®ERWGNRPLQDQW HQ
DQG '01 LQ WKH ULJKW KH PRV ®B & b IQMWRXRZHNO O$ DV W KH

LQ WKH OHIW KHPRWIKRIKW )LJ
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)LJ '"HYHORSPHQWDO WUDMHFWRULHV RIUGIHXO D VSMREAQULEXWLRQ T WRDIQFR W |
LQ WKH FRQWULERWXWAWH BPRWDRRQ U HDJKIE)MWL R® SHI HVBRMIMWKIH P LG
HDFK VOLGLQJ ZD[QEHRIU FKKIDQWWDQGDUGL]HG FRQWULEXWLRQD RI HDFK 38
UHSUHVHQWYV AWK UHMIQROIGFDRQG EXUR@®LM[WHEBLOIGLFDWH VWDWLVWLFI
FROWULEX®Wi,ROFMDQQHDQRRGHQGHU ZHUH LQFOXGHG TRAIFKESBDWIWAY LQ WK
WRSRJUDSK\ Rl WKH FRUUHVSRQGLQJ 3&V GLKN B UDXARIGROGE WA FEHORUWKH V.
LQGLFDWLQJ UHODWLYH LQW¥QW LDVF WESRDMIG FRRERVGISA ¥ GR® B O FKDQ JHV LQ WK
D FW L YRWMQHR RRID@®X OTHKWD [LV U H S U H VSHRUIQWM WRK HH B E&  V O KGRIV EZRRVGIR Z

FKDUWV VKRZ WKH SHUFHQWDJH RI FRUWLWBIG Y R[HO ¥KI RR PAKRID WHHY IS @ QUGH\Q
FRUWLFDO QHWRRUKKN OWHRW DUF UHSUHVHQWYV WKH OHIW KHRPWVSKHUH 7K
KHPLVSKHUH

7R H[DPLQSURFRMWYW FRXSOLQJ EHWZHHQ WKH DFWLYDWLRQ SDV
UHJXODWLRQ ZH TXDQWLILHG WKH FRUUHODWIFRRBXBHWZHHQ WK

REVHUYHG D VLIJQLILFDQW SRVLWLYH FRUUHODWURQ EHWZHHQ 51

S &RQYHUVHO\ VLJQLILFDQW QHJDWLYH FRXSOLQJ HPHU.
*HQHUDWILRQ 38& DV ZHOO DV EHWZHHQ 5HJXODWLRQ 3& D¢
S &RUUHODQWOLRWYHY LQYROYLQJ WKH GHDFWLYDWLRQ PRG

DUH GHWDLOHG LQ WKH 6XSSOHPHQWDU\ ODWHULDOV 6XSSOHPH

)XQFWLRQDO DQQRWDWLRQ RI WKH 3&V

7R GHOLQHDWH WKH IXQFWLRQDO VLIJQLILFDQFH RIDWKIHY HGHQWLI
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GHFRGLQJ DQDO\VLV XVLQJ SVI\IFKRORJLFDQG IRBSHDPHSM UHOL

IDFH SURFHVVLQJ LQKLEKWVREY D @G XUHRAOAD@ R PWHG WKH VS

FRUUHODWLRQV EHWZHHQD WE&EHWRHE & Q HYHRHYOHK BESY DVVRFLDWF

SV\FKRORJLFD)Q J XOQFWERYYOHPHQWDU\ 7DEOH

'XULQJ WKH HPRWLRQ JHOQHUWWHR®RBKOMVEW)ERPSRQHQW 3&
UREXVW VSDWLDO FRUUHODWLRQV RBWKVIH ALFMFLDYGHO DB G HISQIIHQY/LVALL
SIHDU” DQG SMIWWUHVVVXJJHVWLQJ D SULPDU\ UROH LQ C
SURFHVVLQJ ,Q FRQWUDVW 3& DQG 3& ZHUH IXQFWLRQDOO\ GL
RUGHU FRIJQLWLYH DQG OLQJXLVYWLF IRURB&VVHYHD/KF®LDV 3 YHUE
IRU 3&DQ & WWHD BHYV IRU 3& DSSHDUHG WRVRF&EWXUH WHQV R W\ R

FRUUHODWLQJ BLWK IXGH®UBYRBLDO"

7TKH HPRWLRQ UHIJXODWIHHRMHBRBEGHD MKILIW LQ IXQFWLRQDO DUF
ZHUH SULPDULO\ FKDUDFWHUL]JHG E\ FRIJQLWLYHHDQBRBQYQYWDFW I
3YHUEV’ FRQVLVWHQW ZLWK WKH UHFUXLWPHQW RI FRJQLWLY
UHIJXODWLRQ 1RWDEO\ 3& LQ WKH UHJXODWLRQ SKDVH GLVSOD\
VWURQJ FRQYHUJHQFH ZDWIG ®*PRGVLRQ KLIJKOLIJKWLQJ WKH LQYRC

RI HPERGLHG DQG VHQVRULPRWRU VA\VWHPVY LQ WKH UHJXODWRU\
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a Emotion generation b Emotion regulation

73 04 o5 0z ) 04 s [} 075 02 ) 0%
Spatial correlation Spatial correlation Spatial correlation Spatial correlation

PC3

)LJ )XQFWLRQ DQQRWDWLRQ XVLQ 1ESDRWM\QRW KRVWRISLFDRMOLRQ EHWZHHQ QHX
1HXURV\QWK RURBSEBR YW3OHQ UHODWHG WRSLFV Rl JHQHUDWLRQ DQG UHJXOD)

SHODWLRQODEFMWM/ X BMWBRY RO KRWKHWHEBPRWGRRHDV XUHYV

‘H H[DPLQHG WKH OLQHDU DQG THEBW UDIW E R/ R R PBHRWEKRE XEWHMDZ
JHQHUDWLRQ DQG UHJXODWLRQ SK D WHI\D BWBGENDRRILD WL RIQW H U ¢
LQYROYLGHDAWHYDWLRQ PRGXOHV RI HPRWLRQ JHQHUDWLRQ DL
ODWHULDOV 6XSSOHPBQ@WDUMSRUWHG DVVRFLDWLRQV DUH VW

&RPSUHKHQVLYH VWDWLVWLFDO SDUDPHWHUY DUH GHWDLOHG LQ

'XULBBRWLRQ JHQHUDWLRQ 3& H[HKLEMAR\GLR Y SHFABID LSWIRR QC
VRFLDO GLIILFXOWLHV 6SHFLILFDOO\ 3& VKRZH@HKIDSISIQLILFDQV
WKUHMWKROGVKH HPRWLRQ LQWHQVLW\ QHFB§&DWR ARVOUSHFREQHR
)LI DXUWKHUPRGHOWRIQVWUDWHG VLMKDSFHBQWHOQ WHR\Y M & BW
HPRWLRQHHWQHHPORQVHWRE MWIOHQHRIQOWLYH FRQGSWERIQ FDIOMKH F
PHGLXP BERWLY DW LFRRQY WOHWYS-REMAH & WWNHRDIVG W RY MIROLDO QHJIDWLYH
IHHGEPIFN E7KH DFWLBBWIKRIBPROHIDWLYH OLQHDU DVVRFLDWLR

SUREOHRBRYVY [DORQJVK®GBHEG DVVRFLDWLRIQW ZMWKK DNDHIDAWIZ/RQ WL
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DFFXUDWHO\ UHFRJQL]H DQJU\ DDFEH ¥ RIBDR WH. YW K B H\DER BEH D KRDG
6SHFLILHFMOUHP D FRELYDW ZRQMOWR FIODW H G QWK VBRHEG@LWLRQ
JUHDWHUR| FRJIQD SIS RAL \HPR W LR Q38 H HPHWWHBQDY D PXOWLGLPHC
PDUNHU RI HPRWLRQDO VHQVLWLY LW\ DIFO\G2EINNWADRRIGRIFW B W/ O & J ¥ LML
HQKDQFHG SRURFRHWIMLRYH YRGEGH DG HREX 1 \U B ODHVDERVIKKKD S S \
WKUHVKROG DBGDSRIRUBYISWRRWLRQ D\OWHAROBBVRVY ERWK
VRFLDO IVRGSRRQWRYWH[WV RI WKH FDNRIZMODAWN WKLV KHLIKWH
VHQVLWLYLW\ ZDV DFFRPSDQLHG E\ EURDGHDVANIRGDBW KR QW HQW k
GDL@OHJIJDWLYH HPRWLRQ UHDFWLSYUHR BOHPEVYIL\R RG WRRENQH GE B O HM.V
4XDGUDWLFDOO\ $EDSHGSWHOB® BRQV ZLWK H[SUHVVLRQ VXSSUH
VKRZLQJ DQ VEDPSHWHGI8DWLRQ 2)LWK E REQ D O C5\UBRANPNY H O\
OLQHDUO\ DVVRFYIVWHB & RHWISRNPKH WRFRREODWLYH PRRIELWLRQ R
FDNH WMDVNDQG H[KLELWHXDOMBUWWRBLDWLRQV ZLWK ERWK DQIL

ZKHH RN UBIPW L YOOHY IHROQY F R U O IRVZ\FPREQNGRHPG VMIRIH U E WF

$V WRRWLRQ UHJXODWLRQ 3& ZDV SR& DWW LY HQHPR\W L DY
)LJ BXDGUDWLEDOO\ LWKWDKRIZHGHMDWURHGZA WK LQWHUQDOL]L
HVWEBHPUHDRFALD® QHJDWRWQK L WH & BDIFRNY DFEROXPYV LQGLFDWLYH RI
D UHVROLIHED SWLYH UHJXODWRU\ SKHQRW\SH GHPRQVWUDWLQJ Q
GHSUHVVLRQ DQG GDLQV Q HUKRRIGHEOOHMRR W[KR.E L WH® DWD R QB WLF
LQFOXG/AKDIS8 G DVVRFLDWLRQV ZLWK KDSS\VKDSEG DQVBFED WLRG
ZLWK DWWHQWLRQ DREG VIR FB\D\W ORWDBE VIS\D \HKD BHEG DVVRFLDWLR
ZLWK WKH XVH Rl H[SUHVAHEBRQN EHFSHOXRERDO QHJIDWLYH IHHGE

FRQGLWLRQ )LJ E F
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Linear model b Quadratic model
a Generation Regulation Generation Regulation
PC1 PC2 PC3 PC4 PC1 PC2 PC3 PC1 PC2 PC3 PC4 PC1 PC2 PC3
Happy threshold
Social problems Non-social negative: positive emotion decrease
Thoughts problems Angry RT
Social positive: self-esteem increase Cognitive reappraisal std. B
‘Social positive: positive emotion increase Std. Social problems | - ik
0.15
Non-social positive: self-esteem increase ! 0.10 Expression suppression 50
0.05 E
i i PHQ-9 depression
PANAS negative emotion e Q- P i | | . o
Internalizing problems 005 GAD-7 anxiety
. -0.10
Withdrawn & depression -0.15 Internalizing problems
RPAQ reactive aggression Social negative: self-esteem decrease
i - Attentional problems
PHQ-9 depression
GAD-7 anxiety
C Emotion generation Emotion regulation
g
84
2 [ 3 8
2 9 4 o
= o — o
E 2 b é £ .o 2
e 5o 3 22
£ g 5 ]
3 g 2’ F1
= [ 4 =
5 s 5 £
g0 E 3 H
2 : :,
2 8- 0 2
]
§2 a
a
75 00 75 50
PC1
3
N a
£
2
i 5
s é
B g2
&
5" E
w 2
g ¢
5. L oo
]
2
2

4 2 o 2 a 25 0.0 25 5.0 25 0.0 25 5.0
PC3 PC4 PC3

)LJ /LQHDU DQG TXDGUDWLF UHODWLRQV E HWXDHH/Q DIV R WIKHOQRQFHROVWR S Q |
PHDVXUHV o#DRU EHDFK HRRIMIGMDWHG BPBDVI&W GHULYHG IURP D JLYHQ SK
VLPXOWDQHRXVO\ LQFOXGHG LQ WKL FREUMHWYIVERVQLRRGRIONN RIEL QR & D V6! RMRG
VFDQQHW®ORGHM®GHU ZHUH LQFOXGHG DV FRYDULNWHYL | IRDXHVRIR YV HE LFRIO]
QHJIJDWLYH VWD@XHURBILYWCH OLQHDU RU TXDGUDWL RN MKUPL FIKGWZ K H\® B \F RR®\
s s FEFDWWHUSORWY EHWZHHQ DFWLYDW RRVQUARGD W WHi ® X D& LPHRG X
5HG FRORU UHSVKDBAWH® WKIHR®VKLS DQG EOXHVRKRGR W HBASWHRYW HS 96K
GHSHQGHQW DQG LQGHSHQGHQW YDUUOQHGHV LQ WKH VFDWWHUSORWYV ZHUH

'L¥XVVLRQ

SBUHYDLORL@QB YHORSPHQWDO DFFRXQWYV RI HPRWISRQPHIDUIMHO RIWHQ
SURJUHVVLYH VWUHQJIJWKGERZIQJ FRR BQVUHRORRWILD VX ERFRUWLFDO D!
:KLOH WKLV SHUVSHFWLYH FDSWXUHV LPSRUWDRHY HERCGS RLQOGAV |

H[SOORWKH EUDLQYV IXQFWLRQDO DUFKLWHFWXUH UHRUJDQL]HYV
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ZK\ GHYHORSPHQW LO/L QUHDIX BEQNGBOQERIGM. QJ D O VUIFW ERGD ©
VDPSOH VSDQRNLOD®IHWOQGRESURZRK EM\RPGUHF WLYDWLRQ

PDJQLWXOBMHAWL MORADHU \E R W U LREWWMHBEINULYHG QHXUDO PRGXOHV WI
JHQHUDWLRQ DG@&LVHDEOODRDRRKQ UHYHDOHG GLYHUJHQW GHYHO
FROQWULEXWLRQ YHUVXV DFWL/RIWWK® HRV MEKRHHQ WX WEB O W REROMH\R
PDWXUDWLRQ UHIOHFWYV VKLIWLQJ ZHLIJKWYV DPR@FORDWHLEXWH

SUHIURQWDO FRQWURO

7KH DFWLYDW LIRRWS RW W HHEREWRL WHVR' QR IRXU QHXUDO PRGXOHYV
VDOLHQFH PRGXOH WKH OHIW IURQWDO PRGXOH WKH Ol
IURQWRWH P S RKH G HPRHXRSHP HGR/NY & HW bl DRVREGFWORD WLRQ UHYHDO C
SYLVFWBRQFHRWX\CRI HQH W L K VMR H DB WQYDWLR QVDIOWKE FBILPELF
PRGXOHPDLQV ORZ DQG VWDEOH WKH DFWLYDWLRQ SURILOHV E
'01 DQFKRUHG FRUWLFDO PRGXOHV GXULQJ KANWHUWRKRYDGKRRG
UHFUXLWPHQRW GH KAWRRZARUNV VXJIJIJHVWY WKDW DV WKH GHYH
HPRWLRQ JHQHUDWQ RRDEWWIHIAW. QBRQFHSWXDO SURFHVVHV UDW
UHVSR:QVHR/H '01 LV IXQGDPHQWD OO | HRIFHMVEDMWH G URF NYOLQJ Pt
DQG WKH VHPDQWLF FROVWKX¥WWKRE R X BPRWLBRYEYDMWKRQ LQ \
ODWHUDBRWBO DQGHWHPSRRM®XOHY OLNHO\ UHIOHFWV DGROH
UHFUXLWPH@WHJUDWH VRFLDO FRQWH[WV DXWRELRJUDSKLFDC

DSSUDLVDOV LQWR WKHLU HPRWLRQDO JHQHUDWLRQ SURFHVYV

+RZHYHU WIKRPSHUVSHFWLYH RI FROQWUHBXWLR®E XD¥HWE HP E L
IRXQGDWLRQDOQED B MWPRGH. RRQ JHHADDWHRQDSLG VDOLHQFH GH
HYROXWLRQDULO\ FRQVHUYHG DQG H\X\SHQIW/IFIHW DROUDBIMMLAE WAX/ WWH.|
UHPDLQ FRQWLQXRXYZOU WOQIM®LF GHFRGLQJ IXUWKHU VXE\
IXQGDPHQWDO UROH UHYHDOQ\8 R UHKID\WWKY L VH PR GKKD HD @S DRADLLIY
UH O HY R RIWSH F L |GFDUHOAVRHDROE W UHXYQYGHUVFEFRULQJ LWV SULPDU\ |
QHJDWLYH DIIHRWF8QRFUHDMUEQWKH FRQWULEXWLRQ RI WKH OHIW V
PRGXOBWY\ LQYHUVHO\ INDRBJBRYHRABDW QBRQHDU WUDMHFWRU\ VXJ

GHYHORSPHRIWBEBWDHHI) FRPSHWLQJ FRIQLWLYH VWUDWHJILHV IR
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WHPSRUDO PRGXOH LV FODVVLFPBGLDMWN®R FALRGFHS VE K IV® L [ED/QLIK
UHWULHYDO DQG LQ&RHWQY® HIDN ZDWIKY WKLV | XDFIMLRQPO SUR
GHPRQVWUDWHG WKDW WKLV PRGXOH RV GHW FRIMQWLY & QX OR E
SURFHVVHV?URBRWOEGJ DQSURFHRKHIWLEKW IURQWRWHPSRUDO Q
SUHIHUHQWLDOXHUWERQHGRWIRD QRRXHYV YLVXRVSDWLDO FRQWH[W |
7KH ORFDOL]DWLRQ D@IDIQW EZEWK RXOW\HWIKLFK VRRF EFRQUHODW
WHUP VKO DNIRQ® RFLIWFKLOGUHQ WUDQVLW LR G HROWRREHSGA HED G R O H \
UDSLUGFUHDVLQJ VRFLDO FRPSOH[LW\ WKHLU GHYHORSLQJ EUD
GLVWLQFW PRGHV RIPADARVWUR QB OWLHRIMPIAI\ WKH OHIW IURQWDO
OHGW3)& HIW Q&L O D WHWX® U VAKRZWBIJDWLYH FRQWULEXWLRQ W
HPRWLRQ JHQHUDWLRQ IURP DJH RQZDUG ,W LV GRVWKHEOH WK
LPSOLFLW UHJXODWLRQ GXULQ@KLNPRRZERQ XIOHIRARKD\W \/ RIX UW K H U
VXSSRUWHREBWDDO\WLF ILQGLQJV ZKLFK OLQNHG WKLV PRGXOH W

RULHQWHG S U RN HW\BNXG HDVFKQR D J

'XULQJ WKH HPRWLRQ UHJXODWLRQ SKDVH QHXUDO DFWLYDW
GLVWRGPMOH WKH OHIW IURQWRWHPSRUDO PRGXOH WKH ELOT
ELODWHUDO RFFKBLMWDFUHPRGXOHDFWLYDWLRQ RI DBKRVWHIW IUR
GHYHORDRHQ®WY ZLWK HVWDEOLVKHG GHYHORSPHQWDO PRGHOV
JUDGXDO PDWXUDWLRQ DERZ ¥ V8UHQURVXW D OQLQRL EMRSR U\ VA\VWHP
DQG DGROHVKHW@FHH UP UMY LWE W IFFRQ Rl OHIW IURQWDO DQG WHPS
TXDOLWDWLYH VKLIW LQ UHJXODWRU\ VWUDWHIVHD\ BYOIFR® YV H GV K
LQ ODQJXDJH SURFHVVLQJ DQG VHPDQWLF UHWULHYDO LWV LQ
DGROHVFHQWVDWURIDQIRBMHMWHG FRIQLWLYHQV)XEHKPDYGLQJ V
LOQWHU@/D®NVHOHPDQWLF UHIUDPLQJ D QBRHDPFWLLFYLHD F R RG XD IDYWHH |
DIIHFWLYH WWD@HWML OH WKH UHODWLYH VWDEWLMPSPRBAKH RWK
WKDW EDVLF YLVXDO DQG JHQHUDO WHPSRUDO SURFHVVLQJ GX

UHODWLYHO\ VWDEOH WKHUHDIWHU

7XUQLQJ IURP DFWLYDWDRD [ IWMRG EQ DWW U HEQGRGR DL \SVD MQWWH ZQ W
WUDGLW LR QTHD ®/WH FURRGHMV R | 7H PR EVLLORDIQN b1 ) DXD BRMPBRHUD O PR G}



348

349

350

351

352

353

354

355

356

357

358

359

360

361

362

363

364

365

366

367

368

369

370

371

372

373

374

375

376

DV WKH VROH SRVLWLYH FRQWULEXW R Q DVOR WIHI 665 R G R QJSHHY R D
WKLV PRGXHDYLO\ FKDUDFWHUL]JHG E\ FRJQLWLYH DQG V\QWD
SUHDVRRDQQFYHNREVKLOGUHQ DQG D G RFGRHOWFIHBRRNM WHKGHWD ¥ H B DY W\
FRQWH[W FUDUQRIMUEMD O KLJKO\ DFFHVVLEOH DQGHHNEBWLYQH VW
QHJDWLYH DIIHFW VHUYLQJ DV D UHOLDEOH UHJXODWRU\ PHFKDC

VWLOO PDWXULQJ

&RQYHUVHO\ DFWLYDWLRQ RI WKH OHIW IURQWRWHPSRUDO P
UHJXODPMULRQPIWQBHH 'UDZLQJ RQ WKH QHXUDO HIILFLHQF\ K\SR
DVVRFEDWHR®RPWHQVDWRU\ HIIRUW RUSWHRUB O LFKH I0IGRLHH® PD\ H
LPPHQVH FRJQLWLYH HIIRUW DWR KRRHEX IEVR QWMKILR/O SO HWIZRRQUW D G H
LPPDWXULW\ WKLV K\SWHUDSRWW CHY IHRFQDKNGHORMHWY ROHA ADH B 'Y

EXUGHQVRPH LQHIILFLHQW FRJQHWX 9BEHDIRRGP W&bPbMW LQWHUIHUHYV

)XUWKHUPRUH WKH SURPLQWEWSRHDODQRWZRQ N\HPODRQWKRU V
SUHIURQWDO FRQWURO UHJLRQV [PER JQH MDHFHV VRAAXIODWAXHIDLBIOY\ VIS
VDPSOH FRPSULVHV H[FOXVLYHO\ &KLQHVH SDURMXFWSDQWYV W
QHXURLPDJLQJ HYLGHQFH (DVW $VLDQ FXOWXUHV RIWHQ HPSKD
GHSHQGHQW HPRWWRIQIX (PR RODMIMR QHIXODWLRQ RU FRQWH[W X
H[SOWFGRZQ FRJQLWEY H KRQWUIRKD WHPSRUDO OREH V FDSDFLW\
VHPDQWLF LQWHJUDWLRQ PLJKW EH XQLTXHO\ SFXPWXWDOG LQ

VWXGLHY DUH QHFHVYDQN WRREGNWHRBLPDRIGWRBU FRQWULEXWLRQ

J)LOQOD®B\EMODWHUDO RFF L SIQMD D WIRYGHID HVRR @ MIKLEDXWLIHR Q SHU |
QHDDOOVDKHY ILQGLQJ LV KLJKO\ FRQVLVWHQW ZLWK D UHFHQW
GHPRQVWKMAFHSLWDO DFWLYDWLRQ LQYHUVH®DSAHGG RRWR/XUH J X
PHWRDO\WLF UHVXOWV DQG SUHYLRXV OLWHUDWXUH WKH UHJL
DVVRFLDWHG ZLWK EDVLF YLVLRQ PRWKROQYBWXEE SMIQR/@® WLRE® QL
SOD\V DQ LPSRUWDQW U R OFXWOLHP\RWLIRMH GHR M OKBMYUEB HQHG DF
GHWULPHQWRVMHYHO D WKRQ QHIJDWLYH DVBODLWHBQWKR EH WKH
RI DWWHQWLR Q| GHSMORNAR HPWR W ZR G WK ¥ ODKUARQ K GLVWUDFWLR(

UHDS ®RDWWED URKIDOGWINQ DQ @& M ZROMNW MHHILY YLVXDO DQG FRJQI
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I[URP WKH VDOLHQW HPRWLRQDO |IHOHPRWH\R RD D R/W IQRXXONKWYD W RAAF
HOHPHQWY 6XFFHVVIXO H[HFXWLRQ R UHKXO VINAYRIGWEREHN QW X U D (
SULPDU\ YLVXDO FRUWH[ SURFH¥R DY H TWHKH & IO WIRRHO/RMY W HFRX@M K\ .
LQ WKH ELODWHUDRD RHFOCEHEWDD IPRGXOH WR YLVXDOO\ GLVHQUJI
WULJJHU ,Q RWKHU ZRUGV LQGLYLGXDOV ZKRVH YLVXDO FRUWLT

SVWXFN" RQ WKH QHJDWLYH VWLPXOL WKHOHBVFRPSQRWPLVLQI W

%H\RQGDO\HPRWLRQ JHQHUDW L\RS QAR HIERIXEPORMERE Q J

D Q DHOWWRH YKPD QHXUDO PRGXOHV VXSSRUWLQJ WKH WZR SURFHVVE
JLUVW ZH REVHUYHG D VWURQJ SRVLWLYH FRUUMDOWH®@BHEHW Z
PRGXOH LQ HPRWILR® WH G HWHIWL RIR Q\§ RAWPHRR\SLRRUD DHRIK®DOH. R Q
UHIOHFW D UHDFWLYH RU FRPSHQVDWRHRKQBGSWHQ MHRK DG ROH V&
UHO\ KHDYLO\ RS WHK N FEHRU/D\WY REPO DURHVIV\@HB D W L RY ERHI\HW\W Q G
WIR[SHULUKE BN R W EXQB®@ QLLFX WHHIQYR WVHWURQJHU UHBRZIQWPHQW R
ODQJRBIBHDWHG FRQWURO QHWZRU KR QWR PP\DH)D\J HV WIQH. | GEN @/W HQ
FRXSOLQJ HPHUJHG EHWZHHQ WK H QU HKRW L&RRQUPRDAHBMRIRIO P R
IURQWRWHPSRQCHP PR GRQ HJKLIX @ DWHY R §HD WIHR @HFMWUDWHJILF RU
KHPLVSKHRLF MQUBBRIWLRQ SBKREHMPRQILRQDO PHDQLQJ LV SULPI
IURP HIWHY®DEDQRQRFLDO FXHV DQG YODAXRUYB DW|HIO R/RIQH B HYYW
EUDLQ PD\ UHO\ OHVV RQ LQWHUQD & VHPE® @VBIUR BWEMWBIR L QJ DQG
ODWHUDOL]HG IRU UHJXODWLRQ 7KLV LQGLFDWHNGWEWW FKLO
UHJXODWRU\ VWUDWHVKHNVUWKDMH (RO LH O RALYVDODO MSSH IHIDAV L
DVVRFLDWLRQ EHWZHHQ WIQH HPHRIWL RVGI IGRUARHP REXDWHUDO RF
PRGXMHHPRWLRQKUBKRODIWWR® IDVFLQDWLQJ GLFKRWRP\ EHWZF
SURFHVVLQJ RULHQWDWLRQV $V GLVFXVVHG SUHYLRXVO\ WKH ¢
ZLWK LQWHUQDO VHPDQWLF FRQFHSWXDOL]DWLRQ ZKHUHDV WKF
SURFHVVLQJ DQG DWWHQWLRQ GHSOR\PH@XHQKENLQBUMQLDK G
DGR OHWHQERYRWUXFW HPRWLRQV WKURXJK GHHS LQWKHHUQDO QD!
DUH OHVV OLNHO\ WR HPSOR\ H{WHUQDO YLVXDO GPX®JYDJHPHQW

DV D UHJXODWRUR ¥YMW ROMH JBKRIFVHY ¥ UFRRAS OLQJV XQGHUVFRUH \
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PDWXUDMN DRBEWVWHUHO\ WKH GHYHORS P HIHWY HO RS/ARHOOWLHISO U N KIDR
FRRUGLQDWLRQ RI WEKHGGELRWXYUER®WIRG XOWHD/LKDW VXSSRUW W

DSSUDLVDO SURFHVVHYVY DQG UHJXODWRU\ VWUDWHJILHV

+DYLQJ HVWDEOLVKHG WKHSDBWY/RHWBKE MM HIORBWHRQ D@ QH U D W
UHJXODWLRQ PRGXOHV D FULWLFDO QH[W VW H3FM/L YWIRWVX @ G HRIV W
W K QK PR GO H ODRWHK HU HP RW LR QU SDRFGIE VW AKR®RIQBDO ZHOO
&RQVLVWHQW BHWK YWHIGHER QWOMNEXWLRQV WKH OLQHDU DVVRFELD\
DQG H[WHUQDO PHDVXUHV FOHDUO\ GLVWLQJXLVK DGDSWLYH S|
YXOQHUDELPLWEDOO\ WKH IOGYROVIR® W Q CH P FOEICR @ K EH 0D W HRI@
WHPSRUD®XSBERUMWH QJ H P REVRMRKQ HPHIXIHIBVD. R @ H WKR MR $Q RWLHPHNVE ;
DIJDLQVW SV\FKRORSHL PHRWRBNA@KNYYK ZH LGHQWLIGRBQDV LPSOL
UHJX OPMWIIDQULYH HPRWLRQ GXULQJ JHQHUDWLRQ ZDV OLQHDUO\ C
6LPLOWKEB\ELODWHUDO WHKHRSRRDHD PREAXNOYH FRQWULEXWRU WR
H[KLELWHG VWURQJ QHJDWLYH OLQHDU DVVRFLDWLRQV ZLWK DQ
7RIJHWKHU WKHVH ILQGLQJV FRUURERUDWH RXU EHKDYLRUDO U
HIILFLHQWO\ UHFUXLW WKHVH |UR QW DD0G D SUBH\WHIPIS\R B D 'O SKHHV® BRRWU, B

HQDEOLQJ WKHP WR EHWWHU PLWLIJDWH HPRWLRQDO GLVWXUEDC

&RQYHUVHO\ PRGXOHV DVWXBFLIDGHED MR R K I EFDVMWLRP DIIHF
UHJKR®WHGLFWHG SRR UBGEMXW\WKRR QRPEDERREGEKOH LQ JHQHUDWLF
DQG WKH OHIW |UR QVOR WH.PERBICRRW& X®HQ HDUO\ DVVRFLDWHG
HPRWLRQDO TH | DRWEWEHIYF B PR IGXIDMELRO B K MUKHU WKUHVKROG |
UHFRIXIOB®JSUHDYGRIQQFUHDVHG VRANRBD SHREOHR Y WRNIOMSRUD |
ZDV OLQNHGGWEDKIDWHYH HPRWLRQ 7KLV SOUMWHDQFHP BQLWK HN
YLVFHUDO DODUP V\VWHP RH[MHW LLYGHO | L& HIPQ)XLGAIHHOUD SR1 OH |
IURQWRWHPSRUDO UHJLRQV GXULQJ UHJXODWLRQ PD\ LQGH[ D

PDODGMXVWPHQW

3HUKDSV PRVW LQWULJXLQJO\LQNKFAROGHIRQ VIMHIDSRHIDV® FPJDG X O
FRPSOH[ WBRXE®HPDUNHU RI HPRWLRQDO K\SHUVHQVLWLYLW\ /LC

VHPDQWLF D QG GIDWIHG VWRGKXOH SUHGLUFRIHSRN QWD QI HRX W REQIN®
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OR ZBIWF R J QALKAULHRVR R OKGD/S S\ H [BQUGH VUHPQVH U H PIR' W HBI® UHDE W/ HO |
DIWHU SRVLWEREAHMHGEWRNY PRGXOH ZDV VLPXOWDQHRXVO\ OLQ
LQFO)XCH®U@AIDWLYH HPRWLRQ UHDFWLYH DJJUHVVLRQ DQG LQWH
KLJK DFWLY DOMURQWH P\§ RREDIOH PRIGHWD HD Q * H FFRWY ERIS VA CKO 5 DUV L R Q
SKHQRW\SH $V FKLOGUHQ DQG DGROHVFHQWYVY LQFUHDVLQJO\ Ul
FRQVWUXFW HPRWLRQYD WKWXHVOR IRWWBHPSRUDO QHWZRUN PD\
PRUH YLYL&AQ\OH WKLV LQWHQVH VHPDQWLF HODERUDWLRQ DO
H[SHULHQFHV LW PD\ DOVR $0DBGGC\ERYVY WA BB WOGKB @W W R
UXPLQDWLRQ RUQM[BUSHHIMWDMA RQ RI QHJDQFLYHD VRE L D/AOK A XBIVW N

LQWHUQDOL]LQJ DQG DJJUHVVLYH VI\PSWRPYV

%H\RQG WKUHINGBONRRPDQDO\VLY UHYHDOHG ZLGRIESWKDG TXDG

HPRWIIHQHUDWLRQ DQG UGRKID OWDRQ CPVRIGRN ®REISAN DRDVO UHPYRAVIDIOR Q D C

IXQFWLRQLQJ OLNHO\ UHTXEUHRUDL QR RHDRMWD W [RFRBIFHORIFW LY D W

OLNH WKHPCGRRWBRAR@MH ROYHG LQ HP RDALGR QV K H GEEEDISRMRARTXMCH
LQYROYHG LQ HPRXAHUHRVOHIXNXEEBWWRYBHURDWHIWUHVVLRQ VXSSUH

&SRQYHUYWOBNPHGLDWH DFWLYDWLRQ RI WKH OHIW IURQWDO PRGX
WHPSRUDO PRGXOH LQ HPRWLRQ UHIJXODWLRQ ZHUH UHODWHG W
DWWHQWLREHURFEHPWHEGZ D¥UBAWLOMLBYWKOQHUDEOH VWDWH RI C
RU VWUDWHJ LK IFR®UOIQFYQG DGROHVFHQWY PD\ HIHUW HQRXJK F
PHQWDO IDWLJXH WKHVHLOHWERRWNFUNRWXVWO\ HQRXJK WR DFK
HPRWLRQDO UHVROXWLRQ 7KLV LQFRPSOHWH HQJDJHPHQW OHDY

ORZ UHJXODWRU\ UHZDUG WKHUHE\ PD[LPL]ILQJ DIIHFWLYH GLVW

J)LQDOO\ WKHVH ILQGLQJV PXVW EH LQWHUSUHRWWE® LR) OLJKW
DQDO\WLFD O PSDFRERBWEHJWQFWLRQDO PRGXOHYD EWYHBWRE® Q/ SDV
'KLOH WKLV HIITHEFWLY HOD F\WN 5 WXW HRAE® B WRWMERBMFO\ JURXSV UHJI
F D F W 2L DWKFRQY L GHKUHLQU L Q BRIG WQ G BERMKIREMRIN B HVSTOWL DO FR
DFW L YDV LRENVEXKBYLRUDO K N WHUGRUKMIMMYUBW LRROE ZLWKLQ D VLQ
PRGXRRKBGIUW GLYHUJHQW IRIUHRYHWOR RS RRV 119QHU X® D R/Q RRU

SHUIRUPDQHRHR & REVHUYHG TXDGUDWLF UHODWLRQVKLSY EHW
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SVI\FKRORJLFDO PHDVXUHV PXVW EH QDIH BRI QRIFL IFO XPARLAKY\C
GLVSURSRUWLRQDWHO\ VHQVLWLYH WR H[WUHPRPHDRIKNWY DW WK
WUDMHFWRULHY DO GHYHZEBROPAQWK @ HWKKHRULHY RI KRPHRVWDW
LQHIILFLHQF\ IXUWKHU UHSOLFDWLRQ LQ LQCBHHFESYWRW BRHIH

FRQILUP WK DO\ QWKIHY IS BQRWHUQV DUH UREXVW DQG QRW GULYHQ |

,Q VXPPDU\ WKLV VWXG\ SURY LOBHAK LDARS FGVBXRINL ADQED OW QR @ D O
GHYHOR®% RGLQY\WMQWQPNODQIDFWLYDWLRQ PDJQLWAXE HWP RWRR @/ K H L
JHQHUDWLRQ DQG UHJXODWLRQ DQG FKDWWUQD PERLGHY HOR
DSSURDFK ZH UHYHDO WKDW HPRWLRQDO PDWXUDWLRQ LV QRW L[
SDWKHU LW LV D LRRFSWD HHRQARQ QWREWMIRY F H U R 85 URR WWRR J
WRZDUG D VRSKLVWHEDRDWBG CFIRQIX¥DSIW X D B UJREWMLRQGRY VWP W WH R C
VQDSVKRWYV WR UHY HPRQDV GG¥RINGEBAWIIBEMDL@WHUQD® SK\VLRO
VWD WHKER QG UQ IH® YRFRDOH QAW GLQJIV VXIJIHVW WKDW FOLQLFDO L
VWPIDHVFKHG WDUJHWLQJ VRPDWLF UHJXODWLRQ DQG YLVXDO DW
VFDIIROGLQJ KHDOWK\ VHPDQWLF WBWMUGU & WDMALFFWZRQYG VR F LD

UHRUJDQL]DWLRQ RI DGROHVFHQFH

OHWRRG
3DUWLFLSDQWYV ®IQI®G 55 DUMGN. J P

$ WRWDO RI SDUWLFLSDQWYV PDOHVPD QG \HDLHPDZHHNH PHD
GUDZQ IURP WKH &KLQD &KLOG %UDLQ7KH\HD BB P MWQWLSDRMNF AR F
DQ HPRWLRQ UHJXODWLRQ DQG WUXVW WDVN 'XULQJ HPRWLRQ U
DQG QHJDWLYH LPDJHV IURP WKH &K&)3B6)DEWVIVHFEXH 3LFWX Ut
H/RRNY RU W'HFUHDVHY LQVWUXFW MGLH D UNWL FIL/SRIRQMW V RAUR GHHLEW K
WKHLU @it ROWLIRYGD OVE HDWSRQALYW LPDJHYV E\PHIDMI KU DOLY G FRY WHIL U
HWHEFUHDNHIWDVN FRPBRNVHEXWUDRENVQHDDWLY HHWWHDOY DQG
QHJDWLYHROORZDQY WKH FXH SDUWLFLSDQWV KDG V WR UDW

6XEVHTXHQWO\ HDFK WULDO FRQFOXGHG ZLWK D WUXVW WDVN
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LQWHUSHUVRQDO LQWHUDFWLRQ UHFHALKHQD PHPRIQH\GKIDUE MY M/
DQG ZHUH LQVWUXFWHG WR GHFLGH WKH DPRXQW Rl PRQH\ WR U
FXUUHQW UHVHDUFK ERWK WKH EHKDYLRUDO DQG QHXURLPDJLC
RXWVLGH RXU VFRSH DQG ZHWH H{BOXBH & R WRPDW KHZ D@ X&O\WG WR
WKH RYHUDOO WDVN DQG $®0 OHPW EWHKKD Y IDRAUHDOL DOW D@I/ SURF

DSSURYHG E\ WKH ,QVWLWoHALMR QDA BRUHRDOZ8R RDPHWIGVRW\ ,5%B$B

105, GDWD DFTXLVLWLRQ DQG SUHSURFHVVLQJ

7KBDWD ZHUH FROOHFWHG RRO06L HPGI® 05 7 ¥F D\QRAHOWX GLL Q J

7 ZHLJKWHG LPDIJNWD®Q®E IXQAMWLRIQ 05, 6%HD0HEBHYWRAHVILUQJ ZT
FRQGXFWHG XVLQJ WKH 785, 3UHSW R UKNRORPHV V. Rl WKH IXQF
GDWD ZHUH GLVFDUGHG DV GXPP\ VFDQV WR DOORZ IRU PDJQF
KDELWXBWGRRWLRQ FRUUHFWLRQ ZDV SHUIRUPHG XVLQJ WKH PF
JLEUDU\KYBWSV VO IPULKHRHDFOXN ' %2/' LPDJHV ZHUH ULJLGO\
VLQEORG UHIHUHQFH LPRIHSXEXGFIGSWWRIWOLMWRQ FRUUHFWLRQ
ILHOGPDSV SURWHW\OHBG YHBDBHBILHOGPDS DQG | KRUH MRRIOE \LH
%2/° UHIHUJKQFHH UP@BH ZDVUMKHQWHRUHG WR W KM $DISWHLGEF ZSD QW
ZHLJKWHG 7 Z VWUXFWXUIEDVROG JWHY VY WAKENRLR Q OH6BE H U H

QRUPDODIHG WRQ F$V\P PPVRWURSLF UHS\DERBIRWQR®L]H VSDWLDO
LQWHUSRODWLRQ DUWLIDFWV WKH DIILQH PBWIMWHBWUR® PROMR.
ZLWK WKH GHIRUPDWLRQ ILHOGV IURP GLVWRUWLRQ FRUUHFWLI
FRQFDWHQDWHG 7KHVH FRPELQHG WUDQVIRUPDWLRQV ZHUH DSS

WLPH VHULHVY H[FOXGLQJ GXPP\ VFDQV WR QRUPDOL]H WKH LPD.

JRU HDFK IXQFWLRQDO UXQ GDWD ZHUH FRQVLGHUHG XVDEOH
GLVSODFHPHQW R| DRIV UWKMHQ PLWRJIJDWH SKWQRWRIE PLJAVDIQE W
QXLVDQFH VLIQDOV ZHUH UHJUHVVHG RXW IURP WKH QRUPDOL]H
*0 1XLVDQFH UHJUHVVRUV LQFOXGHG WKH JOREDO VLJQDO PH
VLIQDOV PXOWLSOH FRPSRQHQWYV H[WUDFWHG YLD WKH &RPS&RL
7KH UHJUHVVLRQ PRGHO LQFRUSHRMG® W R LHRQV & B U D/ KIRV HWLW W R QV K

PRWLRQ SDUDPHWHUV DORQJ ZLWK OLQHDU DQG TXDGUDWLF WH
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$IWHU UHJUHVVLRQ WKH FRQVWDQW WHUP RI WKR PRGHO Z
EDFNJURXQG FRQWUDVW D&/NVEMHWHIQ WO\ D KLIKDOV DSSOLHG WR
XVLQJ $)1,1V GEDQGSDVV FRRAPDIXGH QFR WHPBRMHDIRLGULIW ZLWK
PHDQ LPDJH DGGHGVEDFINQSRYMYDOO\ WKH ILOWHUHG YROXPH DQ
VPRRWKHG RF LUGOD@WWDPD[LPXP ):+0 *DXVVLDQ NHUQHO YLD &R

"RUNEHQFK

IHXUDO PRGXOHV LGHQWLILFDWLRQ DSSURDEFK

JLUVWO\ ZH FRQGXFWHGXVVOIFRQAW GHYMPW D@ DOIYDY PDWWHU PD
01, 1/LQ F$V\P VSDFH JUD\ PDWRKNR SIIDRED BHYDRPSPBES LW WR
VDPH UHVROXWLRQ DV WK M KHEHYV R & VD SWLHSWORRM BRFE @H WWH U P L Q H
JURXS DFWLYDWLRQ SDWWHUQWKRZGHLD GIXISISOH®@ WSBMVN FIRIQW UL

FOXVWHU VL]HDQG YRF®OXBGHG JHQGHU DJH PHDQ )' DQG GL
FRYDUBRWHY WKH DERYH VWDWLVWLFDVLFRIQEERQYRQVWZPDEEWI
UHVSHF$AWHYDWLRQ DQG GHDFWLYDWLRQ PDSV IRU HPRWLRQ J

HPRWLRQ UHJXODWLRQ

)RU HDFK FRBRQUDXFVIGEFRPSRVLWLRQ DORQIDWKBJIYWKHO GLPI
VLIQLUKWD@E®WFLILEDOO\ ZH R EWDD QW GF IEMERANE VR [WKHD F W
YR[HO SDWWHUQV RDFRRVPR G HFRWBE@BBFWOMDO QXPEHU RI 3&V LV
XVLQJ WKH H®ERZ SIRIWNW R GH/FGD G & PWEHRIQQHG DV WKH VDPH GLUH
WKH RULJLQDO BBSWUWDWLRDSYDAHUIH JHQHUDWHG E\ DVVLJIQLQJ |
WKH KLJKHVW SRVLWLYH ORDGLQJ DQGD@®EGLYWEXNO0Z B K/ FRIVHN

YR[HOV RE HOFAK UNKRYWERUH RI HDFK 3& LV WKdgYDYCHUDJIH RI W

RI DFWIFRMWHRGRQGLQJ WR DOO YR[HOV

"\QDPIMA.GLQJ ZLQGRZ DSSURDFK

7R TXDQWLI\ WKH G\QDPLF FRQWULEXWLRQ RI WKHVHQ@HXUDO FRPF
ZLQGRZ DSSURDFK ZLQGRZ VL]H \HD UV | ¥Y®&AHD RIWK H \HD U\
VDPSOH :LWKLQ HDFK VOLGLQJ ZLQGRZ IPXWWGSOHGURWU MADWN-

SHUIRUMPRMH.RQ JHQHUDWLRQ GLIIHUHQFH ERWEHM{Y DWWLIQJIV |
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DQBGRRN QMXMPRDMLRQ UHJXODWLRQ GLIIHUHQFH BHRWRAHHQ UDWL
QHJIDWQBHJXODWH[ RUUIDAWLYHYWRRBYO FRUUHVSRQGLQJ 3&V 7KH

LV SURYLGHG LQ WKH IROORZLQJ
P=@KNAL %BE UgRHER®E Uy RWIE?KR=NE=PAO
7KH FRQWULEXWLRQ Rl KNVEQ B&VKBEVROXORIMIQIHBUPXOD

2KIPNERQPEX & +)0,;

+HUWB,; UHIHUVYWR LBRIBEH[SODLQHKG)0B,,; UHIHUV WR WKH VLJQ

HDFKV3¥WDQWHUGHNNLRQ FRHIILEFLHQW
$QDO\WLYV RQ QHXUDO PRGXOH DFWLYDWLRQ

3DUWLFLSDQWYV ZHUHDVWOUBWELRWG LQWPUY 7R H[DPLQH WKI
UH O MW WN.NUD/QINL@HXRIDO PRGKDBIWHDFK DJH JURXS ZH XVHG OLQH
ZLWK @BKKDO PRGXDW WRWLYDSHER®H QW QBIXIUDEOORR GABHURXS 1
HIITHEFWV DQG 05, HTXLSPHQW JHQGHU DQG PHDQ IUDPHZLVH GL
ZDV LQFOXGHG DV D UDQGRP L QWOHHSHEWG W@FBIFR R K QO RSJOW K3H.
WKH VDPH SDUWLFLSDQW (VWLPDWHG PDUJLQDO PHDQV ZHUH H
HDFK DJH JURXS ZHUH FRQGXFWHG ZLWK 7XNH\ FRUUHFWLRQ &RF
VLIQLILFDQW GLIIHUHQFHY DPRQJ FRPSRQHQWYVY 7R DVVHVV WKH
QHXUDO PRGXOHHDIEWM/HGY VRIGDUDWH OLQHDU PRGHOV ZLWK WK

%HQMDRFEEHUJ IDOVH GLVFRYHU\ UDWH FRUUHFWLRQ DFURVV W|
2ZWKHU HRRVWDRVHG PHDVXUHYV

$PRQJ DOO WKH SDUWLFLSDQWY ZKR FRPSOHWHG I10D,O0MNVN S
PHDQ DJH p> \HDUV DOVR FRPSOHWH® WWE& HWHDWRBRMM RTKHVH F
ZHUH ORUSKHG (PRWLRQ 5&PBFRBQWEARRLRRVEHIXODWLRQ 4XHVW
(54 *HQHUDOL]JHG $Q[LHW\3DW RHWG\M U+t HT3O W B+ 4 X HR/NIVRIQYGD L U H
DQGHJIJDVSLIVHBWDOH 3$18KLOG %HKDY L RW &KBDIG SCERMLYH DQG
3URD FM LY HVAXHROQW LR QQD LR BEFARWILHR@D WH G PO \BRWHGHULYHG

I[URP D JLYHQ SKDVH ZHUH VLPXOMOM)HOQKWRXUWINX DGRWHRBICGFCP R Q HDK W
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LVRODXVH PWREOWULEXWLRQ RI HD FI6 ,QWUKDQQ@HBPREXEGHPGHU ZHUH

LQFOXGHG DYLAMRLDULEMIMWAY ZHUH UHSODFHG E\ PHDQ LPSXWDWLR

7KHRUSKIREGWLRQ 5HFRJIDVWHLIRES Y DY CXELOW W F RW IEDLH HD O
HPRWLRQV RI YDU\L@J W R M/A RYHWIIRH VI D F MWAK WKRHAVQRI HPRWLRQ
KDSSLQHVV FDOPQHYW UBHIKWUDWHG\ DI HBGY W W LFRSDIQWS\R $B0d §
FDUWRRQ H[SUHVVLRQ WIKD W KPHD THEQX HQMWHK@HV i VR \O HRE G O N WR
FUHDRAHBDSS\ DHIS UHYMLRQV E\ PRUSKLQJ W K HPH¥IX\® K QX WQ D O
H[SHULPHQWDO FRQGLWLRQV HPRWLRQV i LQWWOQVNWLHV
SDUWLFLSDQWYRFERBBOWWHFH VHVVLRQV GLVWLQJIXLVKLQJ WKH
PDWFKLQLQWHQVLW\ IDFLDO LPDJHV WR FRUUHVSRQGLQJ FDUW
IROBBZKH VDPH SURFHGXUH DMWIERKWHBPRQBOSHSFUVMVAH. RQ LQWHC

ZHWH QGRPL]HG DFURVV WULDOV :LWK WULBOWBWD®RQGL)\
WULBG®RQVWUXFWHG D FRPSXWDWLRQDO PRGHO IRU WKLV WDVN

KDSS\ DQG DQJU\ HI[SUHVVLRQV
2:=?2L 2NK>BRARHBOUEJPAJOEPU

6DNARH @ QGZHUH SOUB RHWINMH U H WV K KXY HMKR QQEERIW KD S S\
H[SUHVVLRQV ZHUH HVWLPDWHG WKH PHDQ UHDFWROGWLPHV RI

JRU PRGHO HVWLPDWLRQ ZH XWWHWWSWKHP@ WVRVWDQ SDFNDJH LQ 5

7KH FOVONN B¥KHOWMHG D G RHOFHRME HRQV MOWBHWIROLQ UHVSRQVH
SRVLWLYH DQG QHXIDMILY B FREERHUWR LFLSDQWY PDNH D FDNH DQ
YLUWXDO PKBIRDAHVWKH WDVN SDUWLFLSDQWYV UHSRUQ@WG WKHL
VFRULQJ HD\QGHWHRAQW VFRULQJ WR HVWDEOLVK D EDVHOLQH IRU
8SRQ WKH VWDUW RI IRUPDO \®W ¥ R/ ISKIDASHD U W IFFDISISRIDAVHFE RP SO H V
LQ ZKWRK\ VBOFRBNWH EDV MW R G ENDENHLIS MDA ZKWKK\ FKRVH WKH
FDNDW D JIMMHWR UWXDO F K DRROQPMHE[BVIMGL FSLROVDLQB WV K] SHHUL IEKQ@F H
WULGKIV.QHG DN GFIRWPH 8 H@RQR F LROUWDH FH LISYRVLUWLYH IHHGEDFEN [URP
YLUWXDO ¥RB IDREW HIWD L OGS MIUBLEDONG BB NQRQR F RIVHFHLYLQJ

QHIJDWLYH IHHGEDFN WRAR DMDKHH, EKHE) BD VAN NS MHDVL. YD X UADVDW LR
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UHYHUWWGEU HDFK PRGXO HH G/EE WU BHEINM) MRQ HMBEHEOW D V N
LQFRUSRMARQELWLRQV VRFLDO YWRYRGG ZLWRRSRVHEWWH YV Qt
GHSHQGHQW PHDVXUHV LQFOXGH SDUWYRHDRW WY SHRRRWHLMR Q QU I
FRQGLWLRQV ZLWK WKH )RV Q6 HQ & WDV FXGRWHG EDVHOLQH
FRQWH[MRMDHY WR PHDVXUH WKH G HF OH\QW HEHRVSRINPLHGL WHK LHWP R @G R
DWRFLDORGR@OIDWLYH SRV LVVHHH P RGAHEISBNDLBLLY N H [HWV V

F D O F XIORDQWWHHB[MRWDHOY PLQXYV EDVHOLQH WR PHDVXUH WKH LQFUHD
HVWHHPWHUPHG WKEWRERBOHERBRVLWLYH SRVLWIWMHHHPRWLRQ

LQFUHDVH
IHXURV\QWK GDWDVHW

7R DQQRVEDW HOQWKID F WG R Q\GRHINWHID PRIE XOHBG WKH 1HXURV\QWK G
KWWS QHXURV\QWK RUJ ZKLFK UHOLHV RQ UHSRWWIHGDHFWLYTC
VFDOH RI WKH 1HXURV\QWK GDWDVHW FDQ RIIVHW KHRWHHEQWLDO
VXSSRUWLQJ UREXVW EUDLQ IXQFWLR® DWOHRMMHHI@DPHRU VSHF
SV\FKRORJLEY G R/ RISV 7KHVH WRKRPFY ZSHUUFNQFOOBED J

SURFHVVLQJD QG KFE RIFINRQY WHO B WIF & RAFMMERAY DV HVWLPXODWLR
HWDVNY RU pZSDUHD 8 LRIECHGW 8 SAHFUMOPSSYX WHG XVLQJ UHYHUVH LQIHU
GHQRWHVY SUREDELOLW\ RI WEKR FDROSFEO DLW i QV R A WISYSDWVHLIDRID V L P L ¢
WRSLF PINXH DOB-XGD@HR'SLF PDSV ZHUH UHVDPSOMIGHLQM)RUIDVG H V|
PRGXOGS\DWLDO VLPLODULW\ ZDV DVVHVVWEWRISD F3 R NSVHRIDQ BR U U H

QHXRR®XIOHY SDLUZLVH IDVKLRQ

'‘DWD FRGH DYDLODELOLW\

7KH GDWD DQG FRGH WKDW VXSSRUW WKH ILQGLQJV RI WKLV VWX

XSRQ UHDVRQDEOH UHTXHVW VXEMHFW WK DWSLSPIL BB F@WH IHARWKLLRFD
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$FNQRZOHGJHPHQW

7KLV ZRUN ZDV VX®BBRUW 18 ELEQWH NH) GQ WHHFGIQRIMNFM R Q D O
6FLHQFH DQG 7THFKQRORJ\ ODMRU 3URMHFW =

$XWKRU FRQWULEXWLRQV

& ;LDQ;G+ SHUIRWKHGDQDO\VHY DQG SQUHSDBHGEWIKHH 1L IXUHV
</ DQGFROQWULEXWHG WR GDWD FROOHFWLRQ GDWD FXUDWLRQ I
&;LDGUDIWHG W KH&P\DXBHMFAYULLSHAS ONDK Bl XWWAKRGAYV DUSBSYULRIYHHE& \U R I

ILQDO PDQXVFULSW

SHIHUMQFH

=KRX ) =KDR : 4L = HW DCEBVEGY WUIICEDXMWHG 10lBY WKH VXEMHF

RI THIDW &RPPXQ GRL \Y,

'LOVRKQGHQKDOO &' +HQULTXHV $ %DUVDORX /: %DUUHWW /)
$FWLYLW\ GXULQJ 6LPXODWHG - ([SRIUL HIKHNR VAL WKH %R G\

GRL MRFQBDB

&DPDFKR 0& 1LHOVHQ $1 ®WIFOWHHUHQHRGDRQJ/WIUIARWLRQ FRQF
LQFUHDVLQJO\ VLPLODU EHWZHHQ LQGLYLGKDWY1HXRRVFKLOG!

GRL \%

/IHWWLHUL * +DQGMDUDYV * 5LFFLDUGL ( HW DG DWRHWIR®RWR

FRUWBIW &RPPXQ GRL \Y, ]

+RHPDQQ . ;X ) %DUUHWW /) (PRWLRQ ZRUGV HPRWLRQ FRQF
LQ FKLOGUHQ $ FRQVWUXMFWLRBUWVWKROK\SRWKHVLV

GRL GHY

$KPHG 63 %LWWNWHQYMREUBHEDVWLDQ &/ 1HXURFRJQLWLYH EDV

GHYHORSPHQW LBYD&ERIHYAMQRMFL GRL M GFQ
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=KDQJ -; %R . :DJHU 7' *URVV -- 7KH EUDLQ EDVHV RI HPRW
UHIXODPWHER®Y &RJQ 6FL GRL M WLFV
*URVYV -- JRUGDWREGHERRW RI (PRWLRKLBBIXODWILR@ 7KH *XLOIRL

2FKVQHU . *URVV - 7KH FRJQL/WHQGC¥RERWQYREFIRI HPRWLRQ

GRL M WLFV

6LOYHUV -$ ,QVHO & 3RZHUV $ HW DO 7KH WUDNHEWLRQ IUFR

E\ D JHQHUDO GHFUHDVH LQ DP\VGBBID LAVERFRMMNVIDIIDV PIQ® DQ PHE]

SUHIURQWDO HM BRI QWIMHXQWVFL  GRL M GFQ
(WNLQ $ %+FKHO & *URVV -- 7KH QH X UICDON EDHAH I HRIURRR W L R
GRL QUQ

'"HOHYLFK . .OLQJHU 0 2NDGD 1- :LOEUHFKW / &RPLQJ RI DJH
R SXEHUW\ LQ FRUWLGEFHDRLQ PDAWMXOUWDWILHRYQ % LRO

GRL M VHPFGE

3R]]IL ( 9LMD\DNXPDU 1 5DNHVK ' :KLWWOH 6 1HQUDO &RUUH
$GROHVFHQWY DQG (PHUDQQ O \MWL%A DX GV OFHKLD W U \

GRL M ELRSV\FK

JHUUL - %UHVV -1 (DWRQ 15 3URXGILW *+ 7KH ,PSDFW RI 3
$P\JGDOD $FWLYDWLRQ WR )DHHVIHXQURNGROHVFHQFH

GRL

*HH '* *DEDPW@DP /- )ODQQHU\ - HW DO (DUO\ GHYHORSPHQV
DP\JGHSOBIURQWDO FRQQHFWLYLW\ DBURE PBPDWBUGBOG GHBSUL

GRL SQDV

&DVH\ %- %H\RQG 6LPSQRQURGRI® WRVMEIBKERXQWY RI $GROH'

%HKDS$DRX 5HY 3V\FKRO GRL DRWVXKHY

1HOVRQ (( /HLEHQOXIW ( O0F&/85( (®RUIHDMIWBWIRED RR FOLOFROOHIM F
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702

QHXURVFLHQFH SHUVSHFWLYH RQ WKH SURFBVYW KRDG OltMEY UHO

GRL 6

+RHPDQQ . : X5 /R%XH 9 2DNHV /0O ;X ) %DUUHWW /) 'HYHOR
(PRWLRQ &DWHJRULHYV /HVVRIHWQ GMJ R B R JXE M BIFIW V

GRL M WLFV

&DVH\ %- +HOOHU $6 *HH '* &RKHQ $2 'HYHEGRBRNOW/RWWKH |

GRL M QHXOHW

+D\GHQ %< +HLOEURQQHU 65 <RR 6%0 S5HWKLQNLQJ WKH
XQGHUVWDQGLQJ IXQFWLWR QIHX BBV KHVELRQOLQH 'HFHPEHU

GRL v ]

7KRPDV <HR %7 .ULHQHQ )0 6HSXOFUH - HW DO 7KH RUJDQL]I
HVWLPDWHG E\ LQWULQVLF -IXDHXWURRSKDIOLR®RQQHFEWLYLW\

GRL MQ

$KPHG 63 %LWWWHQYMWREUBHEDVWLDQ &/ 1HXURFRJQLWLYH EDV

GHYHORSPHQW LRYD&ERIHVYHAKQRMFL GRL M GFQ

3IHLIHU -+ ODVWHQ &/ ORRUH :( HW DO (QWHULQJ $GROHVFH
5LVN\ %HKDYLRU DQG 1HXUDO &KDIHMYRQQ (PRWLRQ 5HDFWLYI

GRL M QHXURQ

6LOYHUV -$ ([WLQFWLRQ /HDUQLQJ DQG &RJQLWLYH 5HD
1IHXURGHYHORSPHQW RI (RRWDRQ 'Y JBBIDWSRBW

GRL FGHS

O9LMD\DNXPDU 1 3IHLIHU -+ )ORXUQR\ -& +HUQDQGH] /0 'DSU
GXULQJ DGROHVFHQFH $VVRFLDWLRQWRUWKI[DJIJH SXEHUW\ DQG

GRL M FRUWH]

6LOYHUV -$ ,QVHO & 3RIRBMHPS\IGMD @I A Y\WBBDFWLRQV 8QGH!

5HODWHG '"LITHUHQFHV LQ &RJQ I&WUHHE RHRRXKEEW KRIG RIQ(@IRQH. RXQQ T
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EKZ GRL FHUFRU EKZ

%DUUHWW /) OWRULHODK e®MWWO 7KH 7KHRU\ RI &RQVWUXFWHG

JHHOBRUVSHFW 3V\FKRO 6FL GRL

%DUUHWW /) 7KH WKHRU\ RI FRQVWUXFWHG HPRWLRQ DQ DF'
DQG FDWHIRRR]IRWIR@IIHFW3XHAURWHE RQOLQH 2FWREHU

GRL VFDQ QVZ

&ULWFKOH\ +' 1DJDL < +RZ (PRWLRQV $UMHPRIMKDSTHIG E\ %R

GRL

OXUSK\ - %UHZHU 5 &DWPXU & %LUG * ,QWHURFHB®WLRQ DQG

QHXURVFLHQFHHSHOR/ISHEWXYRVFL GRL M GFQ

ODF&RUPDFN -. /LQGTXLVW .$ %RGLO\ &RQWULEXWLRQV WR (I
B3VIFKRORJLFDO &RQVWUXFWLRQLYVMRWOLBHRY RQ (PRWLRQ

GRL

6XSHNDU . 8GGLQ /4 3UDWHU . $PLQ + *UHLFLXV 0" OHQRQ 9
DQG VWUXFWXUDO FRQQHFWLYLW\ ZLWKLQ WHKHXAWUHRDPOAW PRGH

GRL M QHXURLPDJH

+XWK $* 1LVKLPRWR 6 9X $7 *DOODQW -/ $ &RQWLQXRXV 6|
SHSUHVHQWDWLRQ RI 7KRXVDQGV Rl 2EMHFW DQGHMWR@®RQ &DWH

GRL M QHXURQ

6DWSXWH $% /LQGTXLVW .$ 7KH 'HIDXOW ORGHUH@IZRUNTIV 5

&RJQ 6FL GRL M WLFV

&DWDQL 0 'HOOY$FTXD ) 7KLHEDXW 'H 6FKRWWH®ReRUY UHYLVH
HPRWLRQ DQG EIHHOOUYR\RRXU LREHKDY SHY

GRL M QHXELRUHY

$QGUHRQQD -5 7KH %UDLQYV 'HIDXOW 1HWZRUN DQG ,WV $GDS

7KH 1IHXURVFLHQWLVW GRL
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6SUHQJ 51 ODU 5% .LP $61 7KH &RPPRQ 1HXUDO %DVLV RI $X

BURVSHFWLRQ 1DYLJDWLRQ 7KHRU\ RI OLQG DOQGDMKWLWHIDXOW

&RJQ 1HXURVFL GRL MRFQ
OHQRQ 9 \HDUV RI WKH GHIDXOW PRGH QMIMXIRUN $ UH"
GRL M QHXURQ

%ODNHPRUH 6- 7KH VRFLDOIEWDL2K®Y LOHDGRVOHVFHQFH

GRL QUQ

&URQH ($ 'DKO 5( 8QGHUVWDQGLQJ D &R HPWWFIHNGF H @M DHS8H QL

DQG JRDO IDHWLEH® IMVAXURVFL GRL QUQ

JRPERXFKHW < 3LQHDX 6 3HUFKHF & /XFHQHW - /DQQHJUDQC

UHIJXODWLRQ LQ DGROHVFHQFH :KDWRFR'HWM NQRZ DQG ZKHUH WR

GRL VRGH
JH'RX[ - S5HWKLQNLQJ WKH @ARWRRQDO %UDLQ
GRL M QHXURQ

SWDN 5 7KH )URQWRSDULHWDO $WWHQWLRQ 1HWZRUN RI WKH

3ULRULW\ 0DS RI WKH 7KI®YLURQPRNFPLHQWLVW

GRL
%LQGHU -5 'HVDL 5+ *UDYHV :: &RQDQW // :KHUH ,V WKH 6H
5HYLHZ DQ&QDBAWRV RI JXQFWLRQDO 1&HKWHRE P R RIUQMIH [6 W X (

GRL FHUFRU EKS

:DIJOH\ 1 %RRWKRIQLMAYR GHYHORSPHQW RI VHPDQWLF DQG
LQ WR \HDRO G FKLOGIHXQ@R,PDJH

GRL M QHXURLPDJH

'"HFHW\ - /DPP & 7KH 5ROH RI WKH 5LJKW 7THPSRURRBDULHWDO -
IRZIHYHO &RPSXWDWLRQDO 3URFH&FRHYLWIRRONIUHEXRWHLWERBW DHW

GRL
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3IHLIHU -+ %ODNHPRUH 6- $GROHVFHQW VRFLDO FRJQLWLYH D

DQG IXWRXU&ERJIQ $IIHFW 1HXURVEFRL VFDQ QVU

.DOLVFK 5 *HUOLFKHU $09 ODNLQJ D PRXQWDL®\RXWDRI D PR

GRUVDO DQWHULRU FLQJXODWH DQG GRUVRPHGLDO SUHIURQW

FDWDVWURSKL]LQJ DQIGIXURRBIW\LQWLREHKDY 5HY
GRL M QHXELRUHY
%R . .UD\QDN 7( .ZRQ 0 6XQ 0 *LDQDURV 3- :DJHU 7' $ V\

DSSURDFK XVLQJ %D\HV IDFWRUV WR GHFRQVWDWFWHXKRIVEUDLQ

GRL \%

%XG &UDLJ $' +R2Z QRZRXKHHMWHULRU LQVXODW GBYKXPDQ [

IHXURVFL GRL QUQ

OF5DH . *URVV -- :HEHU - HW DO 7KH GHYHORSPHQW RI HPRYV
FRIJQLWLYH UHDSSUDLVDO LQ FKLOGWRG E&RIROHMHAHRYWVH DRV K

GRL VFDQ QVU

2FKVQHU .1 B6LOYHUV -$ %XKOH -7 )XQFWLRQDO LPDJLQJ V\
VIQWKHWLF UHYLHZ DQG HYROYLQJ PRGHG@RQ WKHSFREQBWILYH |

GRL M [

%XKOH -7 6LOYHUV -$ :DJHU 7' HW DO &RIQLQVOLY\WIBSHRESUDL

+XPDQ 1HXURLP D &IHMIHEWXRALW M [ GRL FHUFRU EKW
OF5DH . +XJKHV % &KRSUD 6 *DEULHOL -'( *URVWI-- 2FKVQH
'LVWUDFWLRQ DQ&RIHDBIXDRVBIO GRL MRFQ

/IXQD % 'HYHORSPHQWDO &KDQJHV LQ &RJIQLMWWIHQERQYW QRO W

&KLOG 'HYHORSPHQW 9R@G % H(KOD/NLYRLUH U GRL 6

/IXQD % ODUHN 6 /DRIUHPPWQVHWYRKDKDO 5 $Q ,QWHJUDWLY

ODWXUDWLRQ RI &RBIQIWEMM &RRWRIMFQ GRL DQQXUHY
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QHXUR

BWHLQEHLV 1 $ 5DWLRQDO $FFRXQW RI &RJQISWOQWH5&RQWURO

'HY 3VA\FKRO GRL DRIDKIWHF K

OXUDWD $ ORVHU -6 .LWD\DPD 6 &XOWXUH VKDSHV HOHFWUF

VXSSUHAMRALRRJIQ $I1IHFW 1HXURVFIGRL VFDQ QVV

9X 77 9X ' 1JX\HQ T1PRVWHERWV RFOMNIRID/O 3VIFKRORJI\ $ &XlI

ILWHUDWXUHEYHQYHHZIDWXUH 6ZLW]JHUODQG GRL

=KX < =KDQJ / )DQ - +DQ 6 1HXUDO EDVUNSRHV¥FXNQWRWRL® QL

IHXUR,PDJH GRL M QHXURLPDJH

&RUEHWWD 0 6KXOPDQ GL USFEQWAGR DREL YHRE@ DYOWNQWLRQ LQ W

1DW 5HY 1HXURVFL GRL QUQ

5RGULJXH] 0 .URVV ( 6HQVRUUHBGBWLERRYI QW BFXODWLRQ

GRL M WLFV

JHUUL - 6FKPLGW - +DMFDN * &DQOL 7 1HXUDO FRUUHODWE

XQSOHDVDQWXSIHEWRUH V GRL M QHXURLPDJH

&KULVWRX $, %DFRSRXORX ) (PRWLRG DQGV)HHOAYRFIRY @DW HY
B3VIFKRSK\WLRORJLFDO 3DWKzZD\V &KROGUHQ@PHORSPHQW

GRL FKLOGUHQ

.UDYLW] '- 6DOHHP .6 %DNHU &, 8QJHUOHLGHU /* OLVKNLQ O
DQ H[SDQGHG QHXUDO IUDPHZRUN IRUMWWBB\WSERFOWVILQJ RI REMHF

GRL M WLFV

.UDJHO 3% 5HGGDQ 0& /D%DU .6 :DJHU 7" (PRWLRQ VFKHPDYV I

YLVXDO GRYVEB K

*URVV -- (PRWLRQ 5HIJXODWLRQ &XUIHBEMROWDWXV DQG )XW X L

GRL ;
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JHUUL - +DMFDN * 1HXUDO PHFKDQLVPV DVVRFLDWHG ZLWK Utk

&XUU 2SLQ 3VI\FKROGRL M FRSV\F

JHUUL - 6FKPLGW - +DMFDN * &DQOL 7 (BBWHER@HXWHJIXOD
FRQQHFWLYLW\ )RFXVLQJ RQRDWQY VEHGWWR®Y B KRDGHISFORJIRMRIW

GRL \% \

%DQNV 6- (GG\ .7 $QJVWDGW 0 1D WHKIIRQ W-DG KRG QH BWLINGDNOD

HPRWLRQ UGRIK@BWQRQIHFW 1HXURVFIGRL VFDQ QVP

9DQ 'HU .QDDS /- 9DQ 'HU +DP ,-0 +RZ GRHV WKH FRUS)>
LOQOWHUKHPLVSKHULF WU D % W IKDuy % UDLKYLBHYV

GRL M EEU

+HOPVWDHGWHU & .XUWKHQ 0 /X[ 6 5HXEHU 0 (OJHU &( &KU
ORQJLWXGLQDO VWXG\ LQ WHOSRUDMXUBRREH HSLOHSV\

GRL DQD

&KXQ 00 *RORPE%URDQUN1% $ 7D[RQRP\ RI ((WHUQDO DQG ,Q'

$QQX 5HY 3V\FKRO GRL DQQXUHY SV\IFK

JORUHV /( (FNVWUDQG ./ 6LON -6 HW DO $GROHVFHQWVY QHX
ZRUOG HPRWLRQDO FORVHKRHQVS$DIGEW ROMVLKADLYY B HIXIUHR\W L

GRL \%

YRUEHV (( +DULUL $5 ODUWLQ 6/ HW DO $OWHRIHEG6WULDWL
3RVLWLYH $IIHFW LQ $GROHVFHQ3P 0DIWREKLHDSWHVVLYH 'LVRUGH L

GRL DSSL DMS

9DQ 'XLMYHQYRRUGH $&. 3HWHUV 6 %UDDPV %5 &URQH ($
IHXUDO UHVSRQVHVY WR UHZDUGY DQG WKHLU LQIOXHQFH RQ DGR

FROQOWHRORVFL %LREHKDY 5HGRL M QHXELRUHY

*X\HU $( IBUBY . &URQH ($ 2SSRUWXQLWLHV IRU 1HXURGHYH

,QIDQF\ 7TKURXJK (D&IONB& XKDW KRR G GRL FGHY
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ILQGTXLVW .$ ODF&RUPDFN -. 6KDEODFN + 7KH UROH RI ODC

I[URP SVI\FKRORJLFD Q UFR@W VB Y XHWRICBRL VP ISV\J

+DPLOWRQ -3 )XUPDQ '- &KDQJ & 7KRPDVRQORGHHDQGV ( *RV
7TDVB RVLWLYH 1HWZRUN $FWLYLW\ LQ ODMRU '"HSUHVVLYH 'LVRUC
ODODGDSWLYH S5XPLUEQRWLRQ 3VI\FKLDWU\

GRL M ELRSV\FK

1IROHRHNVHPD 6 :LVFR %( /\XERPLUVN\ 8HBN®%HKEW NBLM) B K6K® 6@ D

GRL M [

OF(ZHQ %6 3K\WLRORJ\ DQG 1HXURELRORJ\ RI 6WUHVV DQG $GD

3K\WVLRO 5HY GRL SK\VUHY

BROGUDFN 5% ,V 3HIILFLHQF\" D XVHIXO FHRQ&ERIW IHXBRYGLWL"®

GRL M GFQ

%RQDQQR *$ %XUWRQ &/ 5HJXODWRU\ )OH[LELOLW\ $Q ,QGL"
&RSLQJ DQG (PRWLRQ 3HUNWBHFMWVLRBY\FKRO 6FL

GRL

$OGDR $ 6KHSSHV * *URVV -- (PRWL&RJGHIKIODWILHRQ )OF

GRL \%

&DOOLFRWW -+ 3K\WWLRORJLFDO &KDUDFWHULVWLFV RI &DSDF

5HYHDOHG E\ )X GHVUIHREQ &RUWEH | GRL FHUFRU

SHXWRHWHQ] 3$ &DSSHOO .$ 1HXURFRJQLWLYH $JLQJ DQG WKE

&XUU 'LU 3VIFKRO 6FL GRL M [

9LYLDQL 5 *U|Q * 6SLW]JHU 0 )XQFWLRQDO SUL®@RPSDO FRPSF

%UDLQ ODSS GRL KEP

6PLWK 60 +\YIULQHQ $ 9DURTXDX[ * OLCBEISURU YoHENODQ QH&)

105, GDWDH HWRVPDJH GRL M QHXURLPDJH

=KDQJ / ;XH * 'LYHYVPOHEUIDWIKGDWD LQ FKLDW &XIF¥ HORSPH
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%HKDY GRL \%

(VWHEDQ 2 ODUNLHZLF] &- %ODLU 5: HW DO 105,3UHS D UR]

IXQFWLRA@ADW @HWKRGYV GRL V

JULVWRBRYWDWLVWLFDO 3DUDPHWULF 0ODSSLQJ 7KHWWRQMH®\VLV RI

(OVHYLHU $FDGHPLF 3UHVV

*DR ; ODXUHU ' $ KDSS\ VWRU\ 'HYHORSPHQWDO FKDQJHV LC
HISUHVVLRQV R YDU\LQJ([SLQWKIQO/E W LHNMFKRO

GRL M MHFS

&DPDFKR 0& :LOOLDPV (0 'LQJ . 3HUOPDQ 6% OXOWLPRGDC
SURFHVVLQJ VI\VWHPV DVVRFLDWHG ZLWK QHYDSNRINHIMHXKHRWEY LW

GRL M GFQ

*URVV -- -RKQ 23 ,QGLYLGXDO GLIIHUHQFHV LQ WZR HPRWLR!

IRU DIIHFW UHODWLERAVE®LSIYHUD QEGRFZH®DVFKRO

GRL

6SLW]HU 5/ .URHQNH . :LOOLDPV -%: /|ZH % $ %ULHI OHDVXU
$Q[LHW\ 'LVRUGHU TKHUFK$' ,QWHUQ OHG
GRL DUFKLQWH

.URHQNH . 6SLW]HU 5/ :LOOLD®PWOLBLWAKRI D+£ULHI GHSUHVVL

PHDVXUHQ ,QWHUQ OHG GRL M [

‘:DWVRQ ' &ODUN /$ 7HOOHJHQ $ 'HYHORSPHQW DQG YDOLGD
DQG QHJIDWLYH DIIHFW 7KBHB¥1$GRNFDWORNKRO

GRL

$FKHQEDFK 70 5XIIOH 70 7KH &KLOG %HKDYLRU &KHFNOLVW LC
%HKDYLRUDO (PRWLRQDO 3URECGHHOLDWQEG 58RPSHWHQFLHYV

GRL SLU

'RGJH .$ &RLH -LQ6REFRPOBRRHNVVLQJ IDFWRUV LQ UHDFWLYH
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DJJUHVVLRQ LQ FKLOGUMHE 1O\R 6 BNWUFKWIRROXSY GRL

SROGUDFN 5%

OXPIRUG

-$

SHODWLRQV %YHWZHHQ OLQG

&RPSXW

%LRO

H

GRL

6FKRQEHUJ 7 .DODU ' %DUPDQ ¢
%UDLQ DQG OHQWDO 3LR®RUGHUYV 8V

MRXUQDO SFEL



ITYTTPIQIRXEV] *MPIW

8LMW MW E PMWX SPIWYEWMNMEGRMEMH [MXL XLMW TV