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SHFHLWIGLO UHFHLYHG LQ UKYLVHDFIRUSVWHIDG

.H\ZR $EVW
7KH 6 KHDKDEGINVWULFW DV WKH VWXGLHG DUHD LV NQRZQ
*HRFKHPLFDO $QORFDWHG LQ WKH VRXWKHUQ VL&/H RLPMIQNY R HQ WRIFDIO H] D
,UDQ 6KRdxBDN LV FXUUHQWO\ IDFLQJ D VKRUWDJH RI UH
:DYHOHW 1HXUDUJSIMRURRQUINQG WKH GHHSHU DQG SHULSKHUDO VSDFHV KD\
7KLY ZRUN DLPV WR LGHQWLI\ WKH JHRFKHPLFDO DQR
6SHFWUXYD® OXOWLQHUDOL]DWLRQ XY4WHDA KPP XOMFWODRPDQG :DYHOHW
JUDFWDO ORGHAHWZRUN :11VPBWKRGVW WKH )DFWRU $QDO\VLV )$ LV
PXOWHRFKHPLFDO YDULDEOHYV RI D UHJLRQDO VWUHDP V
&X OLQHUDOL]DWLRKWUDOL]DWLRQ HOHPHQWYV LQ tVKPHRGHOX GIVH® SBOHE G
GHFRPSRVH WKH PDHGDWWHKIHPLREWDLQHG IURP )$ DQ
6KDKYWDEDN UHVXOWY REWDLQHG IURP WKHRGHC HRIK\RHEG RIQH WK H
DQLVRWURSLF VFDOLQJ SURSHUWLHV UHYHDOV WKH ORF
VSDWLDO FKDUDFWHURLD/O lYIDW RD BOKIY JBIRVWHRL WKH UHV
WKDW WKH FDSDELOLW\ L H FODVVLILFDWLRQ SDWWHU(
DQ $11 FRQVLGHULQJ LWV VXFFHVVIXO DSSOLFDWLRQ LV
LPSHUIHFWLRQXQWKDYW AOLUWH QR HQIJLQHHULQJ SUREOHPYV
DOWHUQDWLYH PHWKRG LV SUHVHQWHG IRU PLQHUDO S
ZDYHOHW WKHRU\ DQG $11 RU ZDYHOHW QHWZRUN 7KH U
DUH LQ D JRRG DJUREZPH@MS RVWW WHKIDGIFDWLQJ WKDW W
ORUOHW WUDQVIHU IXXRAWKReD FRRPEWOHWNMEROLWN WR OH
XQNQRZQ XQGHILQHG FRPKH IKREWIHG PPHWH RBYKSI )51 6
HPSOR\HG LQ WKLV ZRUN LV DXWIHHXOD W\RR RIGCHOQMA. | ¥ LN
PLQHUDOL]DWLRQ IRU IXUWKHU H[SORUDWLRQ RI PLQHUD

,QWURGXFWLRQ

2QH RI WKH PRVW LPSRILWODQWRIDREHRWMHLQLW KB W HIEUHD QLRFRBI@IVH \
PLQHUDO HE®®R HIMWLREQPHQW DO/ N XGQH W RWE HPSO/FWERL\RIQG
WR GHILQH DQG VHSDUDMH PRRPDOIXFKUR M VEDVES® RVSHFWLYH
EDFNJUBRX&®H VHSDUDWLRQ RI PORSSKOBLEDO
DQRPDIORMMED FNJUR XM G WKDIRX Q%S JHRFKHPLFDO DQRPDO\ LV D U}
LQIOXHQFH RQ WKH DQDO\WLV RFRORORWUDSEIFRGIRROKIDHRBQW LV J
DQ@®LQHUDOBG)\DRWIMNRAY @ 6LQFH D FHUWDLQ WKV HMWXRW GRNPXXH E
JHRFKHPLFDO HOHPHQWYV SUR YYOBUH. RIXP/S RUDMDXQMD OD @G RFHVVHV
GLUHFW FOXHV UHODWHG WR WKRORUHWBIQFHYHQRMIDHVRBIG DV
GHSRWIWMNHRFKHPLFDO SMMPDOPHQYHUDOL]DWA RPRORILFDO SKHQI
VLIJQLIURIE@VPLQHUDO HM[S@RUDDMIHRQQKHUHQW®G PRMSOHDWXUHV

B4 s RUUHVSRQGDQ G BKM|KREW+HFDUN KD QL
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WKDW VHYHUDO SWRHNISOQODHAH KODWHSORUDWLRQ GI3WD D@ O\VLV
RYHUSULQWLQJ [HPGK FRINRHQJIERS ORWV @PHDQ" 6' B6WDQGD!
DQRWEHBHYMQW D,SISHDQUDL@HDHG'HYLDWERQ @ PHGLDQ 0$' OHGLDQ
VLPSOH IHHGEDFN V\VWISP UMD RZIKE ¥R @YW & H'BIY WM HRGH PHWKRG
W KSHU R FRIXAVAS X W Q W K. 19 W /B BHIY PRI @D QEBXOWLYDULDWH BQDO@ LV Pt
RUD GLITHUHQW SURFHVV ZLWKIDQ HW IS LPBRQRILFRQFHUQHG ZLW
VHTXHQFH RI> HY®IQVWRFKHPLFBOQVW ULEWYHIRP ROW FRQFHQWUD\
GLVWULEXWLRQV DUH QR H[FHSIMQ® QU NIEGW ZREQWWSAH RDULDEO!
WKMHHRFKHPLFDO DQRODOEBWHRIRWIKBGWHIDUGHGY PYWQBRQ VWDW
UW UHDIG WKRHJPHU FKHPLFDOO\ WARBYZRWKK VSDWLDO LWKRHJIPDW
YROXPHV VRIQURIRINKK HIILFLHQF\VSIDWBOBKW RFRUUHODWLRQ VWUXF
SURFHWKMWBWXFK DV WKH VXSHRBKPLFDDUHS DGHDI GRFWHLG/ W L F
HQULF KPWMKRW HR G HIS\R HIQKWDTKANG PHW KRGV V X0 LLHF LLHQ VW H S D WIKWML Q J
OHDAR/ YHU\ FRPSOH[ GLVWKLE XBEDRXISRNWWHURS RODWLRQV DQG
FKHPLFDO HOHPHQWYV ZLWKLQ WKL SO KV W HRD RYIHD @ Q WHKHW L Q JV
HUWKTV ¥X& MKHUHIBUHZVWK HIILFLENQP\LPLWSGHIQ HFR®®REDND O
GLVSDQRWBOLHY RU EDVHOLQHZOWGHEDFWHQRXQBRORJIJLFDO SUR
GHPRQVWUPWHMG SODWMWHWEH VSDWLDOO\ DQG WHPSRUDOO\ V
VXSHUSRVLWLRQ RI GLITHUHQW JHRPKRHREBPDOS G RV WX B X WRKRDQW
HYHGWRR UG WQRHVDRY L R Q W& ALK/ DXHD\S S O \W®W U D G LW L R QW & HRWHRAUKPR.®V
LPSRUWDQFH RIWKNRRBDNHRLUFMXKUHVKROG YDWRMY LQDHE®UDW t
DQRPDOLMNKHD G&PSOH[LW\ RI JHEBARMRLEPDWLRQ Rl JHRFKHPL
SDWWWHBEY PDLQ FKDOO QIR QR KH B HIRKEHE D W L D OD BRIEYHHOVRSHG | R
JHRFKHPUVWRSWUDQVSDUHQW DRIES IIREXVMWRFKHPLFRIOYHYRKRIBVL H
JHRFKHPLFDO H[SORUDWLRQ VWHEKOQNVTXPRYLQRUDYHWD@H WH
GHFRPSRVLQJ PL[HG JHRFKHPLFBQGSNWRMHLM@) RX®GHW ILROW HU L C
PDSSLQJ ZDYHOMWHULQJ W®@®RKSOLWXKB® IDF
,Q RUGHU WW KIAHBKUHIPAORROP® O L HD/Q D O3 V@\WQ G V'S VW IDDASL @VRIGAWL G H U
IURWKEHDFNJURXQG HPHUJLQJ) ERMBEAM DWLBRQDFRUUHODWLRQ DQG
JHRVFLHQFH PHWKRGV KDW KHE HRIIQL BKEYRHORIHG/DOSOHV WKRH DG (
UHFHQW ZLMOMHMVHQVLYH DQG VFRWAPRWUMWLRQ YDOXH IUHTXHQ
VWXGIZHKM IXQGDPHOWROHPHQW RUUHODWLRQ KRR VIS P RWHRIRG W
JHRFKHPLFDO GDWD SURFHVVL QI I HF MRS SIWNRHEUDPHZBH BXWADKH U H L
WKUHVKROG WRRRMHSDHM WIHWRPH[WKBVLYH RY HW REDSF EHVRXHDHEQ D C
JHRFKHPLFDO EDFNJURXQG D QGD QRADYO BX\O YQHIDXWMM RAKHEHDN DQF
PLQHUDOL]HG \DWHPVX RVUK WKH DRQMGGHRE RIHGIKEQWURQJ WDKHDQF
DQG QDWXUDW KHBRWUIFHY @M, Q EDFNJURKKHGDSSOLFDELOLW\ RI Wt
JHQHWBISDUBRWLRIRFKHPLFDO DQRPDMWHBWQRPDORXYV SDWWKHQV F
IURWKEDFNJURRK@QGLVWVYREDRZHIQBLQHUDOL]DWL PQ HS KRERBYGIM|
DVSHRWYXHQF\ GLVWULEXWLRQ UWS D W& B RUSIWODML D@ G [UHTX
DQG YDULDELOLW\ JHRPHWULF® HF KSURBBM WU LVRMDLVE VR B! RIK M/ K H V
DQRPDOLHW BXDG NFBHQGHQRW SVURISHW WD O L SAYVR/SHUREG BIQEMIDIN R U

> @MDVHG RQ WK K \VQXMEHIE RKR FRWPSOH[ DQRPDOLHYV

LQ W K ®UHDKMH F K QR URMIVVVLILBGQFH 0D QIGHNIBURWAKHHG FRQFHS W
LOWZR FDWHJRULHYV L KDUG WHDFHWRBEGWKDRK QLI +o@ WKGIHV L
VXFK PDWDQ SOXV WZR RRI VDK U HUHD FWW.P® \DUDG W R VPIRIG HEFBIWH Q DS SC
YDUUMEUWDQGDUG D@BYLDWLRQN® SK\WLFDO DQG FKHPLFDO
WKUHVKROG WHFKQLTXHV VXFKJBRPHHFMWDOP DRSS RUWD ([DPSO
PRGH® BRGHO@2Q WKH RWKHUFRXQW®LQJ>PRGHGRQFHGHUDWLRGCQ
DFFRUGLQWKHURITXHQF\ DQG VPSDWEeP® @ 6SHFMUMND
GLVW UL WMRKREYW RDGO\ FDWHIRS LPRGHBO @ OXOWRLFWDO 6LQJX
LQWRVOYRQAFWXUDBDVHBIXWQFWRPD®H 'HFRPSERO\OLWLRQ @
VWUXFWXUDO VED WHIBQZS D WLOHRE\F HQWU/DWDLREH PRGHO@

> @ 6WDWRNWKRBBK DV KLVWRNXPERMWI]H 61IPRGHO @VLQIJXODULW
DQG44SORWV@SUREDELOEW\ JUDSKYV
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PDSSLQJ WHFK@LFXEGWLFWDO PREGRX®WDLEORXSRVHANTROHK UDQJH L
> @DQG PDQ\ RWKHU DSSOLFDWIDRQW SURPLQHQWORRVOKDLBR ®IWK
$V PHQWLRQUWGLADQ\ JHRORJEADQ® UDIOQ G DIDA N X K: LU MIEKKH
SKHQRPHQD VX>PRIQHWDOLDDWLRQVKW SODLGERE BNKD KWKWNHK
JHRFKHPLFDO GLVSHUVLRQ SDW\WKQU®\DDDIWKL W @ & HUBHHQMZMHH Q |
FRPSOH[ DQG H[KLELW KLJK Y DU\ DN URMRBRIXRGEY R/IU R/G L V7 KHJ H D
QRQLQHRYHW\D ZLGH UDQJH RI SSD\WDDE $PMOMWUQ LV FHQWULIX
> @)XUWKHURKBWMHH LOLQHDMRQDDRGBRVWO\ SDUDDVKMW BIQHWERRY W
FRPSOH[ UHODWLRQVKLS EHWZHP®RWNKBQWH Z B KNHRIAFBXNE \ B QRII WK |
YDODEOHV WE®@GQHUDO UHVARXUFHRFDWHKGE YHFWHUSIYDLOLQJ SDUW
8QGHUVWDQGLQJ W RHWERU PR D MVLKRHHWK IVEHNU U LWR U\ @VHGDDBQEE W
HIILFIPHQWUDO H[SFOMUDWHREDUBKILRQDO &X SRWHQWLDO DQ
ZRUNV KDYHNKBEIRIZQFRQVLGHUL @KDIRAD E DBN. VW 6 HV W X G IED V
VXFFHVVIXO DGS MEDONMRQN R FFKRWVIHRQRDVWKLRPQQHUDO SRWHQWLD
SDWWHUQ PDWFKL@GE GIUMEEVAVQER@WPDQV PLQHUDO RKEXWKHIQFH
FDSDHERGGUAMWNIYKNQEWUWDLQWUHRM®MRUIGFDO JHRFKHPLFDO DQG
LPSHUIHFWLRQV IRXQG LQ H[SOGRDMINPUWODHRHAKHPLFDO
SUREOCHPYV @ORUHR$HUKDV D 7KH JHRORJLF DQWPOBEUHR® WRZHQ
VLIJQLILFDQW DELOLW\ WR ILQGQWIHU HFIRIPFBKE B IV AED WIKIRAD RJLFD O
UHODW ERIQWZMHEG GLITHUHQW JHRFXSHIQBDDHGBVREKWRYVODYLDQ JURD
YDULDEOB U \ERHQ\Z MKKIDULDEOH DQ®7KH ROGHVW XQLWV DUH &UH\
RFFXUUHQFH GHSRVLW ORFDWLROIRFDDWW&H QRUWKHUQPRVW SDUYV
7KH 6 KHDMOEDN GARMIMPBAIDQ LV &HQRPIDQUR@LDQ I0\WFK RIWH
NQRZQ IRU LWV OB UWF&Y WHYWBURHO\SKY DQG FRORUM G @ pOKHD J
IDFLQJ D VKWKMWIPHQWILRQ@KB GNREWIK ¥ L@ H

JHRFKHPLFDO VXUIPGRWHPBRGRQILRH IO\WFK VHBEKRABQNRBREKUUHG
VHWRBIQIJKWDEDN LV FRPERHKW LQ WKH RRGH QAGH® QRBILHFKADLQH D
D K\EULG DSSURWKKBEWRRONVQQODXQYL®GY L:.Q WKH QR UWHKHWXG LSDGJ V
)$ DQG D WSHHABMUBRIDFWDO PRGHAKH (RFHQH WHRGDLAFTHIWE X B\
DLGH®/ KD YHOHW QHXUDOZQONWZREWNW:VY1JQLILFDQWWHKHR GRHEKD O X
DSSOLHG WR VHSDUDWH WKHLYLFRBSRWRGIEBRHPRFODVWRIF@DYD
DQRPDOLHV DV WKH BWH®E QW R VOLRRIQIE HPDLQLQJ REVBHGLPHQW
EDVHG WRK@WUHDP VHGLPHQKMH GIKWY KIXQH WHRGIFDHQRNV DU\ VHTXHQF
6KDKWDEDBNVWUKHAWPDRORN WKLVZLWK D WKLFNQHVV RIL@ZRPWKM G
ZRUAMAHUMR FKDUW RWHHODPWHG HOBHPKQVWVHPD @ QEDHHYDU FRPSOH[F
DVVRFLDGHRWKMHRFKHPLFDO DQRMPDMUYLMHY¥L@
SDWWHURQ W[ WPKIRBLQHDU UHODWLRQY¥KHIRZHU (RFHQH %DKU $VHP
EHWZHHQ WKH JHRFKHPLFDO YEBEWUDBOOHYLWRG VRKEHINDDP HWHQ YV
UHVRXE\FWMM SURSRKRGRORRDW 3\URFODVWLFV UKXRGDFLWH WUI
SURYYBAWRUV WR PLQHUDO UHVRQYG AHIEGIDWHDWLRQ

7KLEDSHV RUJDQUKIOIMRDWRQ X 7KBD]DN FRPSOH\WVRYBGOHHYV
EHFWLRQVIWHV X G BHEDY LQYHVWLIRMHEH VHGLPHQWDU\ VHTXHQFH
DFFRUGLWHEHBMWR RQDO JHRORJ\ XOWWXFWXBDBORXSEOFXQLWY DUH
JHRORDG JHRORIJLRBHOFWHR@H QPDL EOWVZIKLWHKHH GGOHDFQBLF
JHRFKHPLFDO GDWDVHW DQG VWDWALMNKHFD@RPBORXODWEBRVHQV
DUGHVFUIERYGIUYLHZ RI WKH PHWOKEIHVWKEkHVH RI (RFHQH YROF
SULQFLSOHV DQ®DQOAPIBDWLRERRVSRVHG RI UDSLGO\ BDWHUN D
GHVFULEHBEWILRIQH UHREKWBMMIHG DQGHMQWH K\ROLWH ODYD IORZV
GLVFXIV@H FWLRDQD O O8 HAWLRQ 7TKIWHTXH@QFHQWUXVLRQV GDWHG

FRQFOXVLRQNQMUHGS U SUREDEGWKWQPH VSDQ RI XSSH
20LJRFHGBHWROBREBERXV URFNV |
"HVFULSW WRXIBDERHHD FDWHJRUL]HG PQAVR WZR XQLWYV

WKH &HQWUDO ,UDQLDQ 9ROFQJQ)LQELW CHPHI®MARULWH  TXDU\
&RPSOH[DQ7KH( SDUW RI WKH DUHD
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DQG V\HELWKUHHSUHVHQWHG E\ WRIDRIKMIFIVULQ WKH VRXWKZHVWH
PDVVQE WHYHUDO VRDOOHU LQWURXYHRR ZHDNQHVV DERXW NP

X .XKH3DQ@WMFHRQVLWWERRIFDQLFRQILUPHG E\ WKH DLUERUQH
URFNW RRUSK\ULWLF FEDWDRWBUXPOGLQRYLFP 6 $HURUDGLRPHW
GLYHUVLW\ LQ FRPSRVLWLRQ TLPSOWF DN RV LMVQR PO ORXIMVBHDGLQ
GDFIHMWH7KH YROFWEEWWHUPLQHBHDWXUHPHQWY 7KH OLGXN GLV\
SGDFLWH DQ ®W KIUHDD WRH EHO R Q F DWORG HU DHORIVIXKLP YROFDQR DQGC
WKLV W\SH JUDQLWRLG PDVVLI DWH @RFDWHG
7KH DFWLYLWXKROIRWKKLP FHQWKIBGRUWKMKHSDWUXGIRHG DUHD L
YROFDQR VWDDWH® $\URREBDVWHRE K\GURWKHUPDO FRSSHU DQG
H[SORVLRQ DQG FRQWLQXBG ZRWKXGWIRNHWLRIKXHRI/DFKDK RFF,
SUHGRPLQDQWO\ S\URFODVWLFSRD®K\ULD GRS SIU F RODMFOXGHV
VHYHUDO DQGHVLWH ODYD |0RZAD UERIQDON BYRBFKWHW RRRGQABGD DQG
DQG GINHV FURZ®WHGQ VWURQJORI DKXNWBHUHG LDO DOWHUDWLRQV V
URANYWKH FDOGHUD SULWH DQG GLVVHPLQDWHG Fl
1XPHURXV G\NH®( MWAKLNH RFFXPUGIKSUD@LIDWLRQ RI WKH YHLQ W
WKH DUHD®6 7X®IG1VWULNHY ZBDWVL ZLWK S\ULWH FKDOFRS\UL
SUHGRPLQDQW LQ WKH QRUWKHUHO O Qv HDK/AV & I & KHIDU YRW KU D U D Q
WKH VWXGLHG DUHD UHVSHFWLFNRI@QW D$FARIIGRQDIQW W LWRHP HD QG P D
FRQWDFWYV WKH G\NHV EHORQJBE \8RVARHMHLGD WS RURGVWKIH RU RF E ¥
\RXQJHURWFDQLF DFWLYLW\ RI WK\ BRWREHHBBEOPKRBOWHHRBGLAD R (
FRPSRVLWLRQ RI WKH G\NHV LVWHH\ WRDXM BHOQ EWDR SEWLRI $ XK
GDFLWH DQG DQGHVLWH @\NHV PUR HBWRELGBEQW2XOW ]JRQH LV OR
5HJDUGLQJ WKH VWUXFWXUDO JMRIOWR BD WK H ISIRMVA MWL RMR RV K H 1D X
(RFHQH DQG &UHWDFHR\H QWM BKR X Ky KRl QRWEBMKDX K7KH &X DQG
SDUW Rl WKIHHVWO®LHEEB DQWHU SRLHMKN G ODIDWIRIEQMUYHG LQ WKHVI
FRUH Rl *RSHQ" DQWLFOLQH LQRAEAKIURHQOHVFIDD MW KHKHHILRQ DU
'HKQR IDXOW VHSDUDWHV WKHIHRPBHQH YBOWEDQ VPG

JLIXURAKH B8UXPRNKWDU YROFDQLF EHOW DQGLRQVNJRRL DRVHES WBLP 8RE E X UHGH d
PDS RIWWKHBLHAD@



6KRNRXK 6DOMWMPXNKEBRUQDO RI OLQLQIRQQYLUMRQPHQW

*HRFKHPLFDO GDWDVHW DUSHUHVHQW H G $IF¢ RIDEMGHIL WRVD E O |
*HRFKHPLFDG O/XQYHRS RUROBQW FRQF HQWRID W KRIQ H @ HIS I QRN & W
JHRVFLH@¥HVWLIDW LW QRIL QIQU EBMIKI ZQHVY YDOXHVWERHKLS K HMVHGLFRL
H[SORUDWLRQ DQG PRQYIMRRQRHRIMIDQALMKL Q WIQW KIDR@R U P D O
DVSHFWYHOGLQYHVWLJDQA®RQG HG L VW RIGEXIAK D QMKDOHME BUOSIORW LV
SKRWRORJLFDO VWXG\ SURSHEPPR@®REKKRHED WR GHWHUPLQH \
PDSSLE}QJFROOHFWLQJ VDPSOHVGLWRQMEDONDLRRRQD\RIREIERD 0D RG OR § R
PHDVXUHPE QWU HS DW BRICRIH RWEGI THUHQW JHRFKHPLED®HIRSXOD!
VDPSOHV DW ILHOG EDVHMNKHKHS BRWQRHPBRERW GBWOLEDHQH
SKRWRORJLFDOV R VEXB@R SYLPXP WKIRSXODWLRQ EWHDINQ S RY QXD O
GLVWULEXWLRQPERD Q@RY HOWDDO GDWWNUDQVIRUPHG ORJDIJSORKPHF
FDWFKPHQW @SBDRSEMPSWHQJ JZKGWKHU MIKRG FEWRDD O\ GTR/MV U L E X
VLIRWKHKEVHTXHQW G DXWDEEYR FHA\SLGRW YV RV UBIQW | R Q PIHIX U3D W D
.20%, DQG 3$6,$16 PHWKRGYV VKRZ WKHDWPDMRULW\ RIDWKH Y
7KH GHQVLW)\ RILWS KHLWIHRS 6R QY IGG M WLUMD RGRAGPOQ@F W IZRKQOH D VPDC
WKRRUSKRORJLFDO DQG JBRGRJL¥FPHOH UH DRV X KKHV KR OXDRZX HY 3DUH
GUDLQDJHL QDKW M ®QHED 3URMHAWMG LEKMLRIRUH WKH DVVXPSW
VDPSOLQJ GHQVLW\ VIXPSBGHRUSARUPDO GLVW KWHEPSMDLRIDRI X H \
NLORVWH@ HUWHUDJH FRHQHVBRQGYRMRHFWLYH LQ GHDOLQJ ZLWK V
WKH 4AXWDW HU QDY X¥®RWIRIXQH IDFW VRPH RI W KEH DYODOO X H MV UHH\PS
$ERXWVWUHDP VHGLPHQW VDPSOMYRRHWKWLVI\ |IUDFWD®FWDO P
PHVK PP |UDFRMUBRQOHFWHG IGQ VWWKH ENQYERIQVGLVWULEXWHG ST
VW X ®LUHEDKWD P S DHNHQ D O | RHUG WKHVH JHRFKHPLFDOVODX\VBLH® S O\
HOHPEQMKKR 06 PHWKRBVHWKRQ KDWQGHUPR@WLSOH JHRORJLFDO
PLQHUDORJLFDO D QG RQR RFKMH®P MAOUR X JKRXW WKH ZHR @RIDMRD O KL
UHVXOXDNRKWG WKDW WHKIDVFDVVRPSDHGIRREPHQJ SURFHV\@V
VXLWDEOH IRU WK IEXPLQKUMMVMWBNEKHR@ IRIUH LW LV W SSKUORBLAD VG
PHWKRG IRU H[S/OMRYDIWKRRVKHWDQDO\WVLY WR VWXG\ WKH GLVWUL
HOHPHQWY LQYROYHR®UIRURMLIQH BERVMAKBRWKNQWLDO UHVRXWKFHV LC
SURFHVV RU GMHKYHH ®R S WEKRGPWYPBYW UHPHO\ LQKRPRJHQHRXV GLVW
RI RUH IRWRIREZQRDWKILQGHU HOHPGH QWWH QG LFDWHIBU G L QI U JMKIH
7 KHUHWRKIH F R Q PHRQ V&X' BELRF) FRHIILFLHQW RI YDULDRWLR\XKH¥ 8
OR 6Q %D =Q 3ED@GZLWKLQ WKHOHPHEWHIN@ KDW DAOKHHY IRU WK
VDPSZ@HVUMRQVLWHMQWEHVH HOHPH@MWAPHQWY DUH QRW DZLG HIOL\J KG L
UHS UHGVKQMWF R PERIQ P MWQAHRQDLAL ]DWDR@HMR UH OLNRMFHOW UDWH SUR]
W KLV 7TOKUHH B W DWHMWXVOLVEYD QR | W K H VAM KHHORIWP HID W V

DEOBWDWLVWLFDO SDUDPHWHUV RI| VHECAHSRIBHAMWY Q RHWWUHDP VHG

=Q 3E &u 1L &X $V 6E &R 6Q %D : % OR
1XPEWRWU VDPSOHV

OHDQ

OHGLDQ

ORGH D

6WGHYLDWLRQ
9DULDQFH
&RHIILRUHQW
YDULDWLRQ
6NHZQHVV
. XUWRVLYV
5DQJH
OLQLPXP
OD[LPXP

SBHUFHQWLOHV
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JLIXUHE4 SORWOMILE ORBVF ORRIXGORE HORIDQIGORE 37KH QRQ QRUPDO
GLVWULEXWIORHP RQ WHKE FRPEHKRNVAKHWRRIPR UL W\ &L WKUHL ¥ KDE@RKDAD O
IXQFWERQOH D VPDOO QXPEHU RI KLGKVWDWOWXEIWIIRRGQORZ D 3D Ul

OHWKRGYV HOHRH@WVRFLDWHGCHLRIHJID OL]DWL
,Q R U GGHHIO WHIBOWRP DW KRIOORZLQSURFHVVHV
JHRFKHPLFDO SUREHWAIJILFIBWRKKGIW RQH RI WKH PRVW SRSXO
PXOWLYDULDW W KEDW CESRIXIDONS L V
)DFWRU DQDO\VLV )$ D SRZHUIXO LPSOHPHQW  WF
$FFRUGMWIIH\W R RIHENG WWFRV REMVDKQJKLPHQVLRQDO GDBALBHQWLRQR?
FOXHV RI H[LVWHQFH RHOMHRORWISHIFM\VEROVHE RQ YD URDQHEHAHYG
UHO DU R QB HRINMRW\AMNGR RADH:V W LV D SU DVRRPED/G® YWRFD®D FRUUH
@.,Q RUGHDFKURWKIBHRFKHPLFIYODULDEOHV LRGERQ BOWLROE DM H
VLIQDWXUHV RI YDULRXV HOHPGIPW QDALRRMLOMWMLR M G OHW DV HW V
LQWHJUDWHG JHRFKHPLFDO DQRAMFLEYO FRESROHERMREOED QRSB F
FRHIILFLHQW FROQV UH HFEEDO/MVEBRG FRUUHODWLRQ R K DUVWDSULHNEHOGHW
LQWHWMGIHMH XODULW\ LQGLFHV ROWHBBDRHRIGPDIOLSY GPRIPQVWKEDF
YDULDE O i@V
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$ODUJH VHW RI JHRFKHPLFDO YDULDEOHY DUH FRPELQHG

LQ IHZ IBPWRGWRQ WKH HOMPRIQWDO D |  J

FRQFHQWUDWLRQ GDWDVHW LV VHSDUDWHG LQWR VHYHUDO
VXEVHWY UHSUHVHQDAWEUES GLIIHUHQW
JDFWRUMHSUHVHQWDWLYH RI W KK HURVRMRAPRD ®ldEdG RULILQDO Y

PLQHUDOL]DWLRBDXWRIFHHNR BV HOBMER®HDQ DQG XQLW \VDAQESQ GD U
DPRQJ WKHVH)(Y&J[@JLDEOHV N DQL | . DQ& J <DUH
7KHUH DUH IRX$U \LW DDJVER OLGDH F W H :
DQG D FRUUHODWLRQ PDWUL]J WgHHﬁ/W 2 g @PRAR
YDULDEQHYDFWRUV UHODWHG \{ig H'§_|H \ %3 SHIF:bVDROL
FRHIILFLHQWYV Rl WKH YDULDEO v
FRUUHODWLRQ PDWUL[ LLL )Dﬁﬂ/g% 4 %‘%&Eﬁ@v
WR PD[LPL]H WKH UHODWLRQWREX Y UL TRUI
YDULDEOHV DQG )DFWRWN VFRUHG
WR REVHRWVHWLR RI WK& YDULDEDNV
WKIRUNVKH 9DULPZP W RJDRYHBQW R
DQDO\]H WKH JHRFKHPVEPS OWXAKIBEOUHM@ S XWPGRWDO WHKBFWRU
VROXMDLRQURRDRYV WKDW HDFK IORWNRUQKDRDW WDLQG WKMRPPROQ
VPDOO QXPEHU RI ODUJBUDRD @GN U PG &
QXPEHU RI JHUR RU YRD\DBW ORDGHIMILHR FKHP L E RUP K
VLPSOLILHV WKH DAQW@JFSZJWD?%%QQU%ITHR V. VXE K EDEZE UKW S
YWULPD[ URWDWLRQ HDFK RULJV\/Q@PFﬂBH\L[&&%%RVWéﬁ ¥\ o vw D
EH DVVRFLDWHG ZLWK RQH RU PD QXPEHU RI yvg@)PGLUHFW
|DFWRQBY HIDFWRU UHSUHVHQWVHROO) FRWERGRUYDULDWH VWD WL
QXPEHU RI YD ULD EDBWP D)R K DV )$ WoD UMY MRRSFML G DV
$UWLLDRQQFFITIR?N;\(/%HR/&MFE%ESL%!?\IEWFW%WR ELDVHG DQEVX®RWVHTXHQ
PLVOHDGLQJ LQYRHU B [DHBHRMLGR-OY
7KH FODVVLF DROYSD 5' BR® FKO D W Hy W KHe v/ b L GleUHQW URV X O WV
YDULDELOLW\ WKURXJIK WHKH WHPSLELBEP oWPREPARIWKHU WKH ZK!
DSSURDFKVVHQWLDOO\ EDVHG RQy&R M%WE@QR MK A REOVR_ESQHHUE
WKHLIJHQYDOXHV DQG YHFWRU, Bbx‘MFﬁX\Y% KBS/ Q RO
FRYDULDQFH RU FRUUHODMMRQpRBWALE | iU TN FRDRD WQ AP
UHVROM{WUHPHO\ VHQVLWLYH WR WKkly K YH\pEGRH WA R cib 00 RG D W D
HYHQ D IHZ DW\SLFDO REVHUYDWELR®RV RS P & \MM% vy EXW
RXWLHWYILFLDOO\ LQFUHDVH WKHR¥BREBRXMH wikHPORPSRYLWLR

RWKHUZLVHDWRYR I RALLAFKMYRQ 6 pwep WFKLVROKDY XJIHVWHG VHY]

GHWHUPLQHG DV D SULQFLSDYR\NRASFHRMWIUB QVRUPDWLRQV IUF

GLUHFVWALRQ UDWLR WUDQUIRUHPBWDRIQB H WKL
7KH HLJHQGRF QURNMBW HVIKPW XD O p sx ODUD®RR WUDQVIRUPDWLRQ

W

FORVWKMRFDO GDWD FOXVWHUYV F X BENVER 6 H QWOHIU BIBW DR J

)$ UHVEEBWRPH XQUEHIDIBRUHWKY, ypov|RUPD@ZIKRERUOD JHRFKHPLF
URWDWHG HDURGYVUHBWRWY UHVHPEOQDOQFH
ZLWK OHVV Y\DKOHE BMXFHO er\VLFd:@Rﬁ/\%HWWQRQ LQ WKSEDUW

WKDQ WRWDXWH G HLJHQY)—&ZWRUV\,L?PKS%%QLP-P Do ;
WR DFKLHYH 3&V WKDW DUH QRW LGIOXH®FHE E\ RXWioLHbYV
WKURXJK UHSODFLQJ WKH FODVXkﬁUE'RNDH\yD[EéHDﬁFEQYWWMMRVl

XVLQJ  UHZHLIKHG  PLQLPXP j dRIGAM® QF
GHWHUPLQDOVW@HVWLPDWRU

'Q RUGHU WR VDWLVI\ WKRVEHFRRSRVIWLRQL )3, 4
VHHN FRHDLFMHQWYV € DY QT o [ o
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5 UDQJHV RI 6 7KH UHJLRQ RI VSDYV

T L LQ WKH [ DQG \ GLUHFWLRQV JLYL
FUO V. N\ —00 — OQ 6 ZLWK FRDWMMDIGQMG DV ILOWHUV

é\/3[L \/3 $V WKH ILOW HU$/ LFRUKHADXNUHL. Gl LE\WV SD F

PDLQWDLQ WKH DQLVRWURS\ RI V
ZLWK WKH LGHQWLFDO VFDOLQJ

Lou \  ho Lt lop ; LQFIOQ@E VWLQFW IUDFWDO SURSHU
L T DIREWDLQHG LQ WKH VSDWLDO GR
B L LQYHUVH )R X U LUHHJJ DAUMZEK @\ACRSGEFO
ILOWHUYV
ZKHUH . DUWKMUDQVIRUPHG YD®KHVP RO L MDRALIVR OHRMKRG LQFOXG|

WKH YDOXHV RI FRQWRXUV DQG W
WKH FRQWRXWRJ RID SGIRIJO BQWU D L.
VHIPHQWY DUH ILWWHG WR WKH
BRZHU VSHRMEBEEPPXOWLFWDOSRZipDZ UHODWLRQV UHSUHVHC
PHWKRG VHOLPDULWLHWRII7KB O REWDLC
7KB $ PXOWLAPWMIWKRGE EFHHMHORSHG WHU VWER WY J OWQ B L MIADRHD W V
RQ WKH EDVLV Rl WKH DWBIBW B SBEQ&LQSVB%%%MR@/KH ZR QW R X U
PRGBQG WKH IUHTXHQF\ 1>L@WHU\}LLQDJLW[5'LEK\Q<LDT§<IJ#V 7KH EUHDNSRL(
GHFRMSRVPDS RU LPDJH LQWR(D@IXIM
FRPSRQHQWV KHOSV WR VHSDL%/ m@@g@p@\R@WKH EDVLYV
WKEDFNJURXQG RU H[WUDFW W§D'UD\BH@QE@JW|@H JRXWELHU (U]

SDWWHUQV IURP WKH JHRRAKHPLED S \p%émﬂ,@ KS DIVUWIK U Q V
IUHTXHQF\ DQG VSDWLDO@ L@ M WR WKH WEBIWLD

*HRFKHPLFDO SDWWHUQV DIUH W @HQEQ
FRQVLGHUHG DV VXSHULPSRVH ,Q,sgﬂ WSKCDIWW H L
IUHTXHQBLBDBVHG RQ WKLV DUJ LQ,:W XQGHUO\LQJ
HW DO > @GKDYGHYHORSHG WKH L OH LQIOXHQFH RI DEL
QPDA@IGHLVDGYDQWDJ

&$ PRGHO LQWR WKH [|WHI&H
HIWHQGHG WRBH® WR FKDUDF KH G I ML VG XHEW R W K H

VSHFWUDO H QWHHD \UGD@WLIMRQ V K '%(N u WRDSBILFBEDY K NKIO W

JHRFKHPLFDQ® YDULDEOHYV

7THHPHWKRBYH BIBIBQLHG WR G

HKQB K RD®/X MK B RHLQIHV
ILOWHUV LQ WKH |DR®HSE@RAD LRQ%O VR\MWWUHW%RWE
UHJLRQDO DQG O RW B RFCKHDLEF lecpeWWHMQGDU\ Rl WKH LPDJ!I

GDWD 7 K HIY BAGHE W H B R QLQMUOHF W PRRWRXQGDUN RI WKH LPD I}
DQRPDOEDRNIURX QG SDWV@-IUQ SSONLQJ )RX UL F K HWHK DIW

7KH DGYDQWDJH RI GHDOLQJ VVPR \éw X"I HSGHL(SJ‘]H
IUHTXHQF\ GRPDLQ LV WKDWHI oV
FRQYROXWLRQ RSHUDWLRQV LQ WKH ¥
FRUUHODWLRQ DQDO\VLV ILOW }B_SJW PNERRp st

DUWHPSOLILHG WLJQ@ILFDQWO\
$FFRUGLYXHV@HUDOL]HG VEDO
*6, YLIBSRLQYWLY PKDWKEEHQ H[SD
RQ WKH EDVLV Rl WKHODOROO
UHODWLRQVKLS E+BW ZRE® QVKBIUSIR
VSHFWUXP SODQH ZLWK VSHF

: GRGW
@é XHM
WKUHVKROG 6 DQG WKH SRZHU , gyﬂﬁgp 'éﬁ, m&)ﬂlUUHJ

P
ZLWK LVRWURSLF RU JHQHUDO Im! ,E@Hb, VHB(DHU

SURBHU®@ COWKIHFHQW \HDUV PDQ’\YKD%BSOLFD
$t6v 6 PHWKRG KDYH EHHQ UHSRUWHG
H[SORUDWLRQ $HBBDKHW®L@ \
'LITHUHQW YDIDUHNW RPDWHG E\ KORWHYHORSHG WKLYV GHRMIQRG RM
YDOXHV RIFEORVHBVXV ORJ 6 |IRD QD D SEBOWHRBWGKKIVSIREWQH VXSHUJ
HQULFKPHQW QO HDFKHIEQ [RQHV 5

VLQI WKDHW D HV XOW YV

RGV JHDQHUDOO\ QfF

%LE RVFLHQFH LPWKH DQ
X HQV DUH WXFHGEH MW H G
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$1]JDO HW DO> @KDYMVHWKH RUWKRJRQDO ZDYHOHWV FDQQRW
IUDRWMYBOHW DQDO\VLVYURR WHKEIRVIRUPKGHIXMY IHPSER\GKERF WLRQ
VSDWLDO GRBBLRHWR\ GRPDLQ DSSUR[LPDWLRQ DQG SYRFHVV
:DYHOHW IUDPHV DUHD FROXWWXF

MUDO QHWZRUN DGDSWLYH ZZDYWHEHMWHERKITURWRW\SH IRWKHHQH L

: DYHOHW OQWWBRBNG EDFN WR PMKKHUZRZINQGRZ IXQFWIWRQAW $ Z

GRQHA 'DXJPDQ LQ ZKLFK *DERNWULYHGIINPRWWNMU RETHOHW
ZDYH@®BEWN EMHRU LFDDAVVLILFDWLRQ W
- N

7KHWKHVH QEMUBRIYNNORSKOQJ | | |
'DYHOHW OMNHWHRRWNW®WUBG M N MN "G
VSHFLDIBURABGG QHX®YDO@QHWZRUN
11 FRPEL@QHKWEDYHOHW WHRHRU\ ZBEHHBHY WKH QXPEHU RI LQSXWV 7
IHHERUZDUG QARWNNOVFBBWLOGMUHEBXWSXAD O RXEBOWHG
DQ DOWHUWERBHXBWD@WRDQG UDGLDO EDVLV
IXQFWLRQ QHWZRUNW[SIKHLVVSIGRB W LW )\ [ : D, [y
DQ\ IXQFWLRQKREK SSUR[LPDWHG WR N
DQ\ JLYHQ DFFXUDF\ ZLWKKB |
ZDYHOXWW WRPSOLFDLD®WRHY $QHW Dt}v'QL"L?ng_qu/NL V% B X B QMO @ H
WKH PREHXUDZ®UQWWH ZDYHOHW KDV
EHHQ UHFHQWO\ XVHG DV DQ DOWHUQDWLYH RI WKHVH
QHWZRUBY2Q WKH RWKWUDKQQ®BJ
DOJRULWKPWHRNXLUH D VPDOOHU QXPEHU RI
LWHUDWLRQV QRHRASID® BER W RV K H
DSSUR[LPDWLRQ SURSHUW\ DQG WKH FRQYHUJHQFH RI
WKH QHWZXKRURKRLFH Rl DFWLYDWLRQ IXQFWLRQ LV
FUXFLWEIQVIHU IXQFVDLAD\HAD OEXO DX V
IURP LWV QHW ZRSN WE X, @KLV
IXQFVDMG S M\H @ KW SXW Q6 \WWH H
W\'S H\Z DRY HIOXHOW W L R Q V WXKHH G G IHRQ)
OD\HUHP SO DV W RWLYRYEWQRQV LQ
‘11 ,QQHXUDW KHAWLYIXWERQRQ LV
FRQVWDGWIXQFWLRQV FDQQRW@\’EB&FKD%QNHU%HF;\&QHWR\MNHFRPSRVH
DGMXVWHG GXULQQ WWHK HUVIZBRA :
DFWLYRQERDRQLLY DGMXVWHG ERPHOFW ODI\HUZKW®GHQ HOD \BIRWL YD)

RIWKGBLODWLRQ DQG WUDQVODWLRQ "S®UHHRWRRY RAWFXW ODIHU >

11 SDUDPHUBHOWWLRQ G WUDQYV R
DQG ZHLJKM\K\LOE»QW>«U—|[sa)>L@[HP?/\HWH;}%'\FCHQW\|7 Bubovobwire W DQG

DUH ZHLJKWV DQG ELDV 7KH %W f@%}?)v@@ Dfﬁ‘“;"g'ggpﬁ'w
SR

RSWLPLIH®&KBUDGLHQW PHWKFPCt
PRPHQWXP IRU QHAWD@ QHW DQéH[C)) KH VHW RI DGMXVWDEC

RZ
6WUXEWXUH RI T "W ir®PDQG M < 1 «« ]

JOWKH UMPBPHGEWH WR WKH VLPLODHKHWW ERyRARREL WEBVRH®QLPL]IDWLI

ZDYHOHWWQVIRUPKDR®HDRDPH QHXUKBGUDWLFE FRVW IXQFWLRQ LV X

QHWUNWKH LGBV HRIZDWHQBWY DQG

QHXUDO Q HWX XIHWAKHBOKYXOWHG LQ

111  7KH ZDYHOMWRWEBRIFWLY M — | o\ )

JXLGHOLQHV IRU FRQVWUXFWLRQ DQG LQLWLDOL]DWLRQ RI WKH

QHWZRQRRQVHTXWRMW®AUDLQLQJ , AN RHY HTUMDW MRCH QHVDXRWHKIRRE RW ¢

VLIQLILGHRUMHIRUHRMHAUWSURYLGHYQ (T DQG LV WKH SURFHVV RXW

D EHWWHU SE\WIRUPDORGKFLQJ WERLBHDPWLRQ LV WHHVRKWPBHWY L E

SDUDPHWHUV IRU WKH GLODWLR®DGLHQWE ROM.GVRHWLRAV W/ KH ¢

RI ZDYHOHW>WAIBEVIRYRQHWLR QVKH FRVW IXQFWLRQ ZLWK LV F

D URHD D V \LLQ WHRERD W H J WBRHHW K RJR QD O

ZDY WOIQ\W KEDYHOHW  $V D RHKRMH
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IHDWXUH RI DFWLYDWLRQ IXQFWLI

MW DQG M, Wy G F D ,QLWLDOL]DWLRQ LV PRUH LPSRL
wT | T ZDYHOHWYOREQOL]DWDRG IDHDH R X ¥
(T KDV EHHQ XVHG IRU RISWK W WJhO DRKGNERR RRILQ/ LDO YD (
SDUDPHWHUYV WKH RWKWH KXIDVWQIED O Y DVCKRHR ¥ DROE W |
ZDYHOHWY DQG YHU\ VPDOO FRI

T, T, p WM JUDGLHQW RI WKH FRVW IRQFWLR
wT UDQGRP VHWHEFMIVWRID BRI DOXWYR Q

ZKHU® Qe DUWMKHIXUDWLRQ RI SD W7 u Y D@;/mwﬁgggmmgvgeﬁg:

DQG XSGDWHG SDUDPHWAWYV UH %/Z\L( FRRBYIY FHOWHU

WKH OHDUQLQJ UDWH IRU (T cnibbRRYE L Qikl ¥ HRICKEVDRVH AN

DERFHMOWLRQHG UHDVRQLQJ ED\{%%X SWVE B WL DOG/RYUD QV
J&Y

&RQMXJDWH *UDGLHQW — 6&* y kWMEPHURZD YHOHW YV D6 Gt
/HYHQ®WWI XDU®W WKH WUDLQLQIHVSHEWLYHO)

DOJRURDMK FEEXIPPDURVW&H IROORZLQJ
VWHSV Din § T
D ,QLWLDOL]H WwW&a& WUGD[OQWV[\),%QVLR% T
SDUDPHWHUV WRHRY®ILQ@QU WR RGV
> @QG LQLWLDOL]H QRGH FRQQHRARWLRQ Fdl LH KWYQWRR1 ZDYHOFR
UDQGRP YDOXHV $00 WKHVH| BBQ@WRER¥EBPEHW BP¥BUDQWHHG E
OLPLWHG LQ WKH LQWHUYDO > @LIJXUWKRZV WKH SORWV RI V
E ,QEIOMDUQLQJ WORBOHV DQRGZDYHOHWYV DFFRPSDQLHG E\ WKHL

FRUUHVSRQGLQJ RXWSXW YDOKYHMDMMHEHEDW LRQHG SURFHGXUH
F 7KH RXWARWKMH D KEGHQ QHXURQ DQG

RXWSXW QHXURQ DUN FDOEXEODWHG XVLQJ (T
UHVSHFWLYHO\
G &RPSXWH WKH LQVWDQWDQHRXV JUDGLHQW YHFWRUV

XVLQJ (T
H 7KH SURFHGXUHSBRSHDUDRWL REDFN
SDUDRHWHUDGMXVWHG XVLQJ (T W R

UHGXFH WKH HUURU ®ODD®WLRQ WUDQVODWLRQ
ZHLIKWYV

| 5HWQWR VWHS F WKH SURFHVV LV FRQWLQXHG
XQWLO 06( VDWLVILHVY WKH JLYHQ HUURU FULWHULD

J ,1 06( VDWLVILHV WKH JLYHQ HUURU FULWHULD VDYH
WKH WUDLQHQUD QBKIHDP HWKH ZKROH

WUDLQLQJ Rl WKH :HOVUHWWRPROHWHG

WR VWHS E 7KH ZKROH WUDLQLQJ DOJRULWKP

GLDJUDP LV)IVKRZD LQ

,QLWLDOL]DWLRQV RI 1THWZRUN 3DUDPHWHUV
$V DQ LQLWLDO YDOXH DIIHFWV WKH VSHHG RI WKH WUDLQLQJ
DQG DSSURQLPWR WKH JOREDO RU ORFDO
PLQLPXP VHOKHMIWQDO YDOXHV RI WKH
QHWZRUN SDUDPHWHUV LV VLJQLILFDQW :HLJKW YDOXHV
DUH XSGDWHG DFFRUGLQJ WR WKH GHULYDWLYH RI WKH
DFWLYDWLR QWIKHMDN HRR| DMKGHFWLQJ
LQLW L D DK MOPAHL R Q VDA HS RU IMYK H
IXQFWLRQV FDQQRW EH HTXDO WR JHUR )RU QHXUDO QHW
ODUJH YDOXHV DUH QKM IPRIOD/QAGHUHG DV
YDOXRUWVKH SDURPHKNHZWY ZLO O
VDWXDRWHWKH OHDUQLQJ EHFRPHV VORZ 7KH
LQLWLDIRWRBXSHOWDPHWHUYV DUH GHWHUPLQHG E\
PHDQV WKERXQGDURXWSXW GDWD )D& H /HDUQLQJ DOJRULWKP IRU
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JLIXUHLITHUHQW VDPSOHV RI PRWKHU ZBY®IOHWYV ZLWK WKHLI

BWREQGLWLRQV IRU WUDLQLQBDFKHY D ORZHU ERXQG RU WKH
3DUDPHWHUYV DRIH WUDLQLQJ GXWDFKHWKMHIL[HG PD[LPXP
OHDUQLQRIBEBVR[LPDWGR QL UHH
IXQFWBRRQOHG &RQMXJDWH *UDGHNE@GL\DEXY VLRQ
/HY HQ®OIMWJI XDUGW DRHVEISRBWRG 5HV XFOMS V
DGMXYV\VEDEOPHMHQUQJ LVKMYRSBHG ZLP RI WKHRUFXY UFHEDW

WK¥HD ULDVQWKGUDGLHQW DQG SBSHDPRWHNEHRQHDP VHGLPHQW VD
DVVD\ BDWR HYD® XMWWHWRKH RI



6KRNRXK 6DOMWMPXNKEBRUQDO RI OLQLQIRQQYLUMRQPHQW

&XUHOPWMHGEIDOL]DWLRQ HGWPHQW ZBIWE-RFREBRMR Q\DQG  RI WKH
JLUWMMGDWD IRU VHOHFWHG JHRPKRWDFD O YHRUHIPRGPWWD QVIRUPHG L
L BQ3E &U 1L &X $V %E ®WR: 6IQWUDQVIRUPHG GDWD UHVSHFW
DQG @RWUDQVIRUPWGDBW IIRWWP DAORIRUD QV IR U P)H.GX (&ID WRQ V LRW H G

> @ZKLHFBLPLOYKWHGIBPWY RORVIRWLWLYHVOIRBRELP RV VA [A B SWHERW V
7R H[SOWRHIHHPHQW DVVRFLDWLR®¥D QY& H KILHVHRO WIIKIRUD QVIRUPHG G
)$ ZLWK D YDULPD[ URWDWLRQ )RUXERIQ MUDTRGBYVP D %L &X
DQGW.OWQ V CROUMMMFR PSDUHG OR 3EDQG 6E 7KH EHSORNWV V\KRHA
JRU HDFK VHO HEWHGERE\ND S RY®RDIGLQIQDIRMLWLYH TXDBDWQW R
HLJHQYDOXHV JU HDYWHH UZMEBIQVPRUH FRQFHQWKBIBWHIEQVIRUPHG C
GHWHUPILRQMIGY XREMMDLQ NS OBH WKDQIOMKIDQVIRUBRERGBW®] WR \
SUHVHQWHG LQ 7BHGHRRWIFQ\GRU SUHYLRXV VW )XRGLRVYPLRQ HOHPH!
) YHUVXV )DFWRU ) IRU WZRRVHEDWHBOODWRYH@LF SURFHV
DUH SUHVYHIXVUMGS OBW LV D SRZHIXXCOHBRWROAVE RQ RUH VDPSOHV L
WR GLVSOD\ WKH UHODWLRQVK IRU i HMALX/HEHY FHIDUHIPIREQYHY) YFIRDJ UH O |
ORDI®LIQG REVHUYDWLRQV,WYLDLWKEBYMHR/ 6EQDQSBE 7KH UHVXOW
VLPXOWDYQUHROOWA AR UWNKH GD W D RER\MMOWIK D W W KRHE WD) REGR |

RU VDPSOH LGHQWLILHUV D QGWXSIGLOQYWI R Y A ARRREMT RLDUHX O L
)$ 7KH FRURMDODMZEBR®HDVXUHG BAKH FRQWH[W Rl UHJLRQDO PLQ
WKH DQJOH EHWZHH®OHDE\ DGR VHBWRQ V

7DEOH /RD)GIFPIMWRHG RXW XYQQURORBG GDWD
(OHP )DFV_ )DFV )DFV )DFV )DFV

TR ORDB R W

N<B

o
-

7DEOH /RD)GIFPIMWURHG ROXWUDQWRUPHG GDWD
(OHP )DFV_ )DFV )DFV )DFV )DFV

TR OROB R W I

N<B

o
-




6KRNRXK 6DOMWMPXNKEBRUQDO RI OLQLQIRQQYLUMRQPHQW

E
)LIXUB 30RWB RN RILR D GHQUYXMW ROR D CRIQWK MW ORQVIRUPHE& GOWD DQG
WUDQVIRUFHKGE 6DWRZY UHSUHVHQW WKIH LR U RN PRAXE BOWREDPWYYVY WKH UH
ORDGLYWIXDRILODOEBHDQJOH EHWZHHQ DQ\ WZR DUURZV LV D PHDVXUH RI WK

5HV XrOI/ WHHPDEWDNHQ LQWR WKH IUHTXH¢
7KH VSDWLDO QDWW EBUEW WNERMGRPHD QWIRH)RXULHU WUDQVIRUPDWLI
WKRYHUVYMWDQHARKWHG '@ PHWEKRGRPSRQHQWY WKH SRZHU VSF

WKURXJK $UF*,6 VKRZV D PL[HGSBEQ®HVR SO REWIBDEQHG 7KH VSH
SDWWHXQYHKH SDWRWHDYWKRZQ 6 DQG WKH DUHD $ DUH HQFOR
LQLIXUHHSUHVHQW WKWDWR@WOJDEBDW®HHGWKDQ RU HTXDO WR W
WKH VWUHDP VHGIKMYVGWYPORSEEODRWWHGORQ BFORH )LIXPH y
FDXVHG E\ RYHUODSSKXGE SWVRHWWRRY HDWXWKN SRKZHU VSHFWU >
VHGLPHQWDWLRQ YROFDQLF DFMWQAY IMWKH LDQHERXY DBWLWKRZ\Q E\ V
IDXOWREJ PLQHUDO LW WBLRIG U'KGOMWRH VHIPHQW® RR QD MHKH IRRDORZ
QD WRUMKH PHQMWILRFHY® HY WK HRZHODWHE UHODWLRQVIOLSOH 9D
SDWWHHPW HG D \D VEDFMLQBXLWUNBEPHQWY ZLWK GLITHUHQW VORS
DFFRUGLQJ WR YDULRXV SURSHUVW®QHR @R EK WLVH VURIF B HRKR\ F® U UHHWY
GLVWULEXWWLIRGFWLYH IUHTXHQF\DWWHWQVE XY LWRKH VSDWLDO GRF
DQG VFDOLQJ SURS$SHUIWEVWDO® RZOWKMW BQJ IRXU VWUDLJKW OLQHV
WHFKQLTXH WHHWHS B U QW H/KAFR UG KBJ/WRVW 6TXDUHV /6 PHWKRG
GLVWLQFIW LOBOIL W\IQRER/HH UWSHIBWIIRX® UDQJHV Rl SRZHU HQHUJ\ V
SDWWRU@MH IUHTXHQF\7KGRPIPDQRQWDLQ GLVWLQFW VFODOLQJ S
BSHFWWXM® $ BWHFKQLYXMKVHG WRODWLRQ ,Q WKH FDVH RI )D
GHFRPSR\PH QWRIR € B GS BWyWHW\W 6 /IRJ 6 DQG
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/IRJ 6 YDOXHV GHILQH W KU HMKW RASHHVFKARUDDED/ HQ HU J§ & H QWKLIW \ |
6 UHSUHVHQWY DQRPDOLHV ZDQYE QXREEHBRAHYW ODUJHE WKDQ
VSHFWUXP ZKLOBRUBHNVSRRQGY WARFRWIGHLAODQGE * FRUUHVSRQG Wi
EDFNJURXQG > @ DQG ORZ IUHTXHQFLHV UHVSHF)
)XUWKHUPRUH RN KIWHH WAD\G HM. O W} HU VF CDQU IE H X V H G UDHVT XAHKGHE \K HIQKH U
FRQVWUXFWHG ED:ORG £ G ORI ORIFHUDO GHQVLWE LM WHYH OR):
SDVV SOV¥ DQED¥VQSHFWUDOUMPKMHOQF\ HQHUJ\ VSHFWEDO GH
GHQVLW\ ILOWHUV 7KH OHQJWKQG®J&WRHHL G RPUNVGHHFWHER DV WKF
SRLQWY DV WKUHWKROIGLOHG EEDFARURXQG ILOWHUY LWHXSHBWL
LQWHUVHFWLQJ OLQHV RIR ERWWUDL®HRXWI HWKH J\WY/GE FM bl D VWDHH
VHIPHQWY 7KH YDULRXV VORSMKRQ B®E VHWHI@WVY WKH VSHFW

LQGLFDWHY WKDW WKH\ PHHWLWXLIQHW K 8 W5Q WKHWNBIRUGH. V * D
FKDUDFWHULVWLFV +®RY HG SRR WDKIBVVRILBWHU LQ D VSHFLILF LQ\
WKUHH W\SHV RI IUDFWDO ILOWKYHYVURD SORMR QGHHBLIQHGQ IDXHQFHG
IROORZ DQG VHYHUHO\ E\ DEUXSW HGJH W
HITHFW GXH WR WKH LUUHB)XGODU

vz o 0296 DUHD UHVXOWYV LQ KLJK YDOXHV R
= 6z 16 WKH LMWBXGD 7KH HGJH HIITHFW

. 67 d6 UHPRYHG LQ WKIDSHE HIBEDRI RX|

7 ® L QLIXUHWKH HGJH HIIHFW IRU ) L

6Z 6 DGGUHVVHG 7KHUH DUH YDULR

. , - 6d6zd6 HOLPLQDWH WKH HGJMEKHRDEIFKWW K H

¢Z ® RWKHUZLVH JHUSDGGLQJ DSSURDFK QWESESOSD

=HWBR GGLQJ LV RQH RI WKH PRVW
7KH LQYHVWLJDWLRQV LQGLFDWIHRRWKLW J WHEIKNREPUIFWHOBOFHV W
HQHUJ\ GHQVLW\ LV LOQOYHUVHO\HUHOMWNVHG WR WKH VSHFWUDO
IUHTXHQF\ ,W KDV DOVR &HRIQ SURYHG WKDW LI *

JLIXUAKHHRFKHPDRFRUAHDWH@VEWQDUUDQV IRWRHGP VHGLYPHOQXWHG DWBH SUHVH
LQ SSP VFDOH
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JLIXUB®IORJ SORW VKRZLQJ WKH UHODWLRQVKLS EHWZHHQ VSHFWUDO
7KH YHUWLFDO D[LV UHSUHVHQWYV DVB B FI\QU®D & KiH) KBV [PR-IHANTE TD\D HL VL WAV ¥
PHDQWRHDVW 6V XDRHIW KRG EHHDN SR L@ Y FADBHH G E 6 DQ&

JLIXURAKHGHH HRHPFFAWRU

+LJKUHTXHQAUHOREMFEGS EDQG SWKWMRFFXUUHQFH Rl WRHKDIXRPC
ILOWHUV DUH DSSO IMHGD QWR R WHEHEGE NRIXJURLXHIGG BIQMOLYL D E O H
UHVXDIWWU UHPRYLQJ WKH HGIRQWIGHUNQDQWMKH KLJK YDOXHV
GHWHUPLQLQJ W RKH QW KHHWHKROEBFNIJURBYG WWOH SRWHQWLDO Pl
YRXULHU W UPS OWRLE ULVYKBEDEINWIDUHDY DUH PRVWO\ ORFDWHG DW
WR WKH VSDWLD @ HoHR RP D QMKMECSUDWK\EDVDOWLF DQG WUDFK\D(
EDNNURXQG 7O DQRPDO\ DQ®LW ZKLFK VKRZV D VWURQJ ¢
EDFNJURXQG PDSV REKMDYOHEHXWMRRLDWHG ZLWK &X PLQHUDOL
YRXULHU WUDQVIRUPDWDRUIH DUHRBMWREZQHIGQ V KR ZE DAWVKIIBWE R®W L Q F W
7KHUBPLVLQJ DUHDV RI &X PLQ@HULNYGWDRSRR VEFDW IDQ X \SHI KX OHW Wi
ORFDWHGOIMEZMIKKH KLIJK EDFNJURBGOI@WIQG WKH JHR F KEHPREF BDH DLOA
DQRPDO\ ¥OWRKHV KLJK SRVILWH Y F RRQWOLDGHUY WKH VSDWLDO FKDL
PDLQO\ ZWWBUBDWMODWMRIGD KLJHHRFKHPLFDO YDULDEOHV
JHRFKHPLFDO EDFNKWRM}QEE DO X H
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E
JLIXUHD $QRPDO\ DQG E EDFNJURXQG PDSV VKRZQQJSSHBDFWDLQIPRGBHDV

5HVXOWV RI :11 RXWSKXMRU WsR 1L PS OMH U®Q L | L7TAKCHQ W
' 11 LVWDSSOLGXPLQHUDOL]DWLR®DILE® &R QWKH I F D OLL\Q W 8 UIRFRILV/C
VWXGLBIEBD EPOMWMIGHWUHDP VHGLRPKIQVERP L QDD \R Q LEXMOKMHLLQ Q X P H
VDPSOHV $ VRSHG@HMNAEIBW ZRUN UDQWNRK RV HVLRD /G HW W Z 6 DHY D V
RUL11 PHWHRKYHAXLFRQVRVWKH DYRLG QXPHULFDO GLIILFXOWLHV

IROORZLQJ VWHSV > @ Q0 RUGHRUWROL]H W/IKHHG B QYW
PHWKRBYHHQ GHYHORSHGURYH W
'DWD SUHSDUDWLRQ QHWZRUN WXRK. QAHMW KR GNUWRHAO X

*HRFKHPLFDO FRPSRQHQWYVY DVEROPDWHMHGABYW DERH U BQAM LRIJ >
PLQHUDOWBPWRRRKPRQVLVW \RI &XVKH PD[LPXP DQG PLQLPXP GDV
6E=Q D GBED WV HGVE Y SXOMYW WKHQRUPDOL]HG GDWD XVLQJ WKH P
EHILQQLQJ RI WXHR PHRVEHO IG@W 5 HWL D W MRKGE DRV D V H W I © D @@NGK H
QRUPD Q@K|IHRK KWROE/OH WEBWDSXMW PDOL]HG GDWD DQV MQKIHWIKHD § F
DQRBXW DQABRQV H T XHHDGW\P R BRH D ‘

HIILFISHO\G LBWDAWELH SE D\ R G
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DQG FDOIBANV HG GXMKHODILQLQJ SURF
N Y 7KHHWO G D WKL FIWXVHG DV KVHH U
[por [ rro WUDLQLQJ S WRFAH\WV WBIDHBQG V QR

ZKHUHRgruilV WKH QRUPDOLJHG \}@lﬁ%mu mﬁnwmmm%\g\}] WK H
WUDQVI[RU‘PH@RHPDDQB—K@VDCQIIBWD szumoq WKHVDYDLODEO

[r0;DQG.JDUH WKH PD[LPXP DQG HG UDOGRPO\ LOWR WKU
YD ORHW KH FGD.WLDQ[ID%\)SS@FQNLY QRWWUDLQLQJ Y DO GWWQ R
WKERUM KIHQ S & V\D R & KRIX W §XI\M

QRUPDOMKB EMQWLRQHG IRUPX SURSRUWNR((EVFRNHHDFK

WK LGLRRPR QVL GHRISEUO\ Y E WKH ZKRO W IGHD W 5D WD B ¢

UHVXOWYV PRQEKWUEW®R DICKR B
ZDYHOHW QBIMXRIO \GDIWDR | WK VL’LF"LB’MMWQD””’VHG VDPSOHV L

FDWHJRUKMM LQLQIAKEBMBILQLW

' QRUP

7DEOSDQJH RI GLIITIHUHQW SDUDPHWHIGY YBO LW DMML@LIQG DWB VWWY

7UDGDWD Vv 7HGDWD Vv 9DOLGGDWD v
(HHFVBIDUD PHY ™ eV iU 0D 0oL  $YHU 0D oL $YHU 0D

3DUDPH\

w 1l @69520

JLIXUH6SDWLDO GLWWHEKXKMLRG RIR SFCRHOMH IGRLLD J

7KHUH DUH GLIIHUHQW HUURU RNW B HDW X\RH G HEUDRKEMYHH QRS Q J |
DFF X U DW KRRIG H@F O XFGRHJIJLFLHQW HODW LR Q WHIBSXMRD QG RXW SXW
GHWHUPLQDW,LR®06BQBHDQ ELDVKI YDOXHV UDQJH IURP WR
HUURU Q®(DGGLWLRQ WR WKHVH HEQGLIFMVEHWZHHQ WKH GDW
SHUVLVWHQFH LQGH[ 3, DQG WKWRESIRODMHMR QDDGGH[UHSUHVHC
(;, DUH DOVPR LQ@®OMBHIHE OHFW H®R WIMORQ EHWZHHQW KM B HGZBW D D
LOQGLFHV OW[PHBNDQG YDULRXV ADUOFRWD\@HG E\

PHWULFV IRU HYDOXDMILOH BHKHIQK\GURJUDSK
H[SODLQEHIRFEKHPRUH HW DQG W

506 (DUVDHVHG LDRUWMAWKH HUURU BHW U Fy—

5 PHDVXUHV WKH GHJUHH RI FRUUHOOWWRQWEHWZHHQ WKH
REVHUYHG DQG S$HPRIGFNHIGH ¥ DWDK HV
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ZKHWB QGDWHRMHD UJHW DQG QHW ZRKIIN IR XW SXXQ\WO L NDHUIGH MTRX R@ BX R
IRU W IREK WSXXAW S HRAWLLW MAMOK\H DYHUBYIBSHPW@YHO\

RIWKMD U DHYGY 1 LV WKH WRAWKBIO QXPEHU RI
FRQVLBHUMAWV RGHOLQJ
506( LQGLFDWHV WKH GLVFUHS@%/E’WEQ@Q‘W@%H\WQFQHXUW@HQHW

REVHUYHG DQG FDOFXODWHG QRAWLRRHR!I KLGGH

506( WKH PRUH DFFXUDVBHEGLV WKHJBBH%L#MFR LRQ ,Q RUGHU
LV FDOEXO@WHG QHUDSHW R B \HLYDWLRQ IXQ

DUH VXEVWLWXWHG ZLWK GLIIHU|
IXQFWLRIGM HDWMH LRXY QRWH WKDW
WKHL PRGENOPSOHPHQWHG XVLQJ 0
'LIIHUHQW ZDYHOHW IXQFWLRQ IR
IXQFWLIRHER KR 7DEQKH UHRMW QW V

ZKHUHV\WKH REVHMUWKHGEDWBX RAPNVHEYHG DQG SUHGLFWHG GDW)
QHWZRUN DGID SWREHOZD Y

GDWDRGWKH QXPEHU RI SOBYHUY E{/EQ@QPPDUL]HG 7 06 HA\D: ERDI H

LV HTXDODSHU IHRW | MWWREEN\M BN H
DQG IRUHF D\SWIHGBG YDOBX KR LE hw WP Y FKLWHFWIQLRMW DDILWIKW LIRIG GLO

ILW EHWEMEMHUYHG DQG FDOFX¥HRAECPWLRRSDUDPHWHUYV DUH

TDEOHBURSRVHG ZDYHOHWYVY1IRU DSSOLFDWLRQ LQ

506 (

&D"
QxpeHy 1PPH KW WKWE
ORUOHW FRV, WHIS | +>Z VLZ WHIS W wwae
HEL s s
! 1
5%$63 W 5
w w
5663 uFRN W VLW FRWY
w
5$63 VL® WyLesw s w FRVSW
| w
6/2* IW IW IW IW D |W IW IW IW
. H” H” H” H”
6/2* I I I PY e I I P W P W
32/<:
2% VW[SM/ T W  HIS w
32/<:
2 % w WH[SM/ T w W H[S W
32/<: w W
2 % W W HIS — T w w WH[S —
32/<:
- whis W — wwrs W
32/<:
2 * W WH[SM/ T w W WHIS w
VLY ¢ S FRVS ¢ FRVS VLG VLQ S
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TDEOHHVXOWY RI REVHUYHG DQG SUHGLFHFWHGCEBDDW R RWWIDQKYE & HWRAR U

:DYHOHW 1XPEHRU 506 ( 66( HWHUPLQDWLRQ

1XPEHU QDPH QHXUR G FRHIILFLHQW 5

W U D IMWDH VYAD O L G DWUL R IOH VYAD O L G DWW RIPOH VYD OLGDW LR Q
6KDQQRQ

OH[LFDQ KDW
ORUOHW
32/<:2*
32/:2*
32/<:2*
32/<:2*
32/<<2*
6/2*
6/2*
5%$63
5$63

7DEOH I ITHUKNSNWW\RT DUFKLWMFA MK LQLWLDOLVWILRYDOGMWILRWYLRDUDE & V

:DYH( QD 6WUX 'LOD 7UDQV

6KDC
OH[LFD
ORU
32/<:2%
32/:2%
5$6¢
6/2*

,Q WKRUMM QXPEHU RI KLGGHQDODWHQWE® Q& H DUFKLWKEWXUH R
QHXURKQWMWHOHFWHG E\ UHSHDWRRSGMWVUVRRIQBE@E 11 ZDXVHG WR
HVWLPDWHG HUUFEO WK HYR 8 %Q MO G L F WS W IKGIVWIFHRYP BIVQIZR @ K W K H
UHVZBWEWDLQHG ZKHQ RQH KLOGHQLONHWXILIW P QG DVKEHODY B @

QHXURQWKKIRUOHW DFWLYDW LIRDD DI@EVWKIRIG O L GEBMUBKH U HV X O W
ZDXVHGWRMUDLERPH RILYEKHWWIHREWDV®RZ WKDW DOO SRLQWV C
QHXURQV FRU U H VISIRLIE XWRV VEKHESHFWHG ZKDOKGGLFDWL®&UJIK
PLQHUDOL]DWLRQ LQGLFDWRU HPOPWOIWIMFDWLRQ DFFXUDRIW WV KH
7ZR QHXUR@XVRS XWKI®D\HU FRUUBNVBRIHD WHR LVQKHRRG DJUMHHPHQW |
&XGHSRDIQWBY WRGHSRVZWIMPKH PRGHIVXOWYV

JLIXUH DYHOHW QHXUDD (PHRGHARUMQ KBXUDOSUHWILRYLRQ
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JLIXUH,QWHJUDWIEG PIOBHQWLDO HYDO XD \b QDL P\HRHCRBA R1 6

7KHJHVXREWMAD LRWEH1 DQGS$ 6 'XH WRPSRUWDQFH RI JHRERHPLFL
PXOWDFIHUBHRPSDUHG DQG FRUBHQDR@HGANRWRV DQG WLPH RI SUR)
VSHFLILF JHRORJLFDO SZKWQRXDPBOU RIVWREHE[UPULRYI SURVSHFWL
FRQVLGHQD@XOBWKIRORJIJLFDO X ®LW MU DIDX @ PB\0 R UDQ\GL 3@ YSRUHRD W D J
DQG DOWHUDWLRQ &X GUNWULWEKWDR@F HOQWWKGIWSE KEDXVHG E\ WK
EDEDN W KHQWIGHOWMU D WILRK) IDQUUHDRFKHPLFDO YDULDHOKRW DRG J
JRRG DJUHHPHQW ZLWHSHWIX®IGU H[3OWWV DRVL RIQD Y HERB R EIOHVWR DSS
11 PROGHO’TKH DQRPDORXV SDISWRYHEOHD U \DDEGYV SCREKYW PHW K
LQGLFDWH WKH PDL® VISGEHEDW L LQHHES DIVIBYR\P D O WIKHR PN J U RX O & L V
W KR U WHZ @ V&/X\N. RH WK HWIKIDMD ZRUWKE DQG$ 6lUDFWDVOZRRE&HO
FRPIRUWD BMKH{ IZLWIKQJ VW U X FW OIS0 R\ZHWKAHD 8 YW QHXU D O ZGHMWZ R U |
DQG FRQWUROV &RPSDULVRQ DBISW ZHGHINDRIDIMR NGRMHRFKHPLF
FRQILWRVRUFHY FUHDWLQJ WKH DUHIRRQDIV VDN WHREFKFD H G DAV B W L
ILHOZKL&XH DQRPDOLHV VKW®EKDWKDRKW LD-REVOMGIFDWH WKDW
LQWHNM WMKH DRBWRDWXBWHG QHDU WERRVWR WKHKFRRABRVLRILRQDO
VWUXFWXUHV 2Q WKH RWKHU KFQ& VWIHORWFK HRYGKINA!HEPIBEDWILO O O \
DQRPIDAIHDVYURSRUWLRQDO U HOPSHE@IQBRULS E HILIKI KD § DL\ JEHHEF D X V H
JUDGH HOHPHQWDO DQRPDOLHW RWBX UROFS XQN L @ HLRE@#HPX UL R X X
ZLWKLQ WKH IDXOW DRNIHAO VWRUF RORFMBDMGERQY RU DVWREHDWL
LQWHUVHF WALIR@GBHEXFWEKW KOW JHRFKHPLFDO  DIQWGLDAERRWG LQJO\
GHQVLW\ KDV D GLUHFW SRVLWRFSOZFERIMHQQW HRCGW KIMADRADLURLCR XF
PLQHUD O H\DSHFRQW AQ RIZWKWHU FRUUHODWLRQV EHWZHHIQRRKH V
SDUWV RI WKk VWXGLHG DUHD GLIIHUHRP SARBW L

7KH K\EULG PHW K\RSEH PRPELQL
&RQFOXVLRQV 6:+$ IUDFRARROIBAIO/ DQ HIILFLHQW W
7KHGHFRPSRRLWMKMRQHG JHRFKHPLEBQW WWHBHRFKHPLFDO DIRIPDOL
SDWWHNUQVFKDOSHRVSHEMIHUD ORUPHU LV XVHG WKRX QHIDEHHPHIDW
UHVRXUFHV DQG HQYLUREMHQWRQFBYWH\DWPLHRDN YDOXHWKH VVR
6KDKWDEMNVWWLMDN &X PLQHUD@IXPR\WHR® OL]DWLRDQ GQ WRKIHP DOMIVRWY
SURVSHFWLWKDI@WHDD FRPSOLKDNWBGWR GHWFRPISRIGH JHRFKHPLF
JHRFKHPLFDO VXUIDFH DQG FRPSDWWWHBDWRQLD ¥RWSWIQM RO R JL
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PXOWDFWDOZRREBKHQV XBBOQVHW/EH Ol +HTLQJ DUHD <XQQDQ 3URYLQFH &
VLPLODULWDIDQEWH®IGGUHVVHVISWRY VSDWLDO
FKDUDFWHULVWLFV RI WKH JHRFEgHREOFRO SPIRWHURXHRQG pos
UBIX¥ MV KHH R FKHPLF DIDQ GHRAD W IR $SSOLFDWLRQ DRQRWEK®\ XHRLW FRQFF
LGHQWLI\ ZHDN JHRFKHPLFDO DQRPOWLWYWLYH GHOLQHDWLRQ DQG
11 LV XVHG IRU D PRUHWHSDUMNV¥XQDWVWHUQ 6KDQGRQJ 8S
NQRZOHGJH BL@HMHUQRHODWLRQWKLED EBWZBHHRXU 5HV
WKH JHRFKHPLFDO YDULDEOHV D QG PHQHUBOpYHVRXEFHY 6F
7KH UHREOGWNV@RGE WKBWHWKHNHOGLGHY WR ILQGLQJ XVHIXO LQIRUPI
SRLQWYVY DUH LQ D JRRG BIJUHHREONHPLZEW® OBKMH G DW S5HVRXU 5F
PRGHBIBY XOWV
- DQG &KHQJ 4
,Q WKRVNVKH ZDYHOHW QHX{ Qdﬁ\WEB@ﬁQW@lRUJS@MRL@@?V\AR{R(
QHWYRUKNH :11 QHWHARMWNG IRU/rRXxw KHDVWHUQ <XQQDQ 'LVWULFW
IXQFWLRQ DSSUR[LPDWLRQ LQ VWDWLF DQG G\QDPLF QRQ
OLQHD BRX\QBX®H I LRUIRFHVVHV L - =KRX HOI <
LPSURYHV WKH SHUIRUPDQFH R ié R WU&DLbHG q)lj(W%R O P

LQ DVSHBWW RRQD@W"'EQWNVQHVNDWﬁQJ DQG LGHQWLILFDWLRQ RI J}
QRLVH LQWWDOHARHOHAHNDAKWL IR DVVRFLDWHG ZLWK &X DQG $X PLQHU
FRPSOH[ DELOLW\ WR OWDHUQ-X®PIROBU BUWHDFRI QRUWKHUQ ;LQMLDC
XQNQRZQ X QFRHPIE QW B\ W HPKWH *HRFKHP (ISORU

UHVREWWDVYRRGBHG WKDW WKH HWZRUN bo6 kL $SSOLF

ZLWK ORUOHW WUEQ’WDWWWG FWDO PHWKRG UHODWLQJ FRQFHQ

UHVXOWD MARY KRIRQLQHDU UHODWILHR®VKIWSY®Q RI JHRFKHPLFDO DQRPD
EHWZHHQ WKH JHRFKHPLFDO YDum@pE;QJH:v([@@@U PLQHUDO

UHVRXUFHYV
7KH UHRVEWDMQRB KZRUN ~ @PQDKL &KHQJ & DG 5 ROKD

LOQGLFDWH WKDW WKHUH DUH \@i\ﬁ@ LPRQBWGKQ_QRFKI

GLVFRYHU\ RI QHZ PLQHUDO GH&BV}L\%\J Dk &R/é! Rk B OD © R DNV

DUHDVODKIE R1 VWRAHX G UHH®ESED UW O\FDVH VWXG\ IURP *RZJDQGD 2QWDULF

LQ WKNLGAKLFK LV FRPIRWWIBE Q&Y ZURWK $QDO

H[LVWLQJ VWUXFWXUDO VHWWLQJIV,DOG FRQWHROVe 103 4 poc /L
7KH U REXMDYRRIL WRBIWULG 7y F\WwgBRFKHPLFDO H[SORUDWLRQ |

PHWKRGURERS®URDNPRUH DFFXUPMHDFEWHDIG Jﬂ:ﬁg@w 1O VRXWKHDV

DOWHURBPWKWHH[LVWLQJ PHWKRGRWRIFHV & - *HRFKHP ([SORU
LGHQWLI\LQJ WKH JHRAKHPHLIRL® D g(S’TPOLHV

LW LV VXJIJHVWHG WR EH DSS RU J"I—FFPIQFéI-SlébEP%)%\/LRQ AN

PDSSLQJ LQ SWRHMHRN HVSHF VQ@OXH GHFRPSRVLWLRO IR
SRO\PHWDOOLF GLVWULFWYV Z'—WJ'ﬁ skRAFEH [ DHREDRLIHY DRSS RFLDW
WHFWRQLF VHWWLQJ RFFXUUHQFHV LQ WKH /XDQFKXDQ R

$SSO *HRSK\V
SHIHUHQFHV
> @DUUDQOD AXRDR&KHQJ 4 > @O(\’BSLQJ 3 DQG =KDR

JUDFWDO PXOWLIUDFWDO PRGHO 9 %E‘FUHQNQRQBIO [
H[SORUDWLRQ GDWD -RXUQDO RI * HFIIE rf% %@:&?—é@ %@@WFDFV\LLQ(H
> @XR 5 DQG :DQJ - )UDFV\F § U 2UG $ DQG 3
PRGHOLQJ RI JHRFKHPLFDO GDWD (H@'ﬁ‘/g\_fé Fﬁhéﬁ‘%ﬁg{%%GLVVROXWLRQ

([SORU LRQ DLV X/ SVEDVEER GV W \
PHGLD 7UDQVS 3RURXV OHGLD

> @&KHQJ 4 ORGHOLQJ ORF gg}g) L REEV. % bOG 2UG

SURSHUWLHV IRU PXOWLVEDOH PD§§I§%\}% DS® XPHULFDO L ovH
JHRIOXLG IORZ LO RUH IRUPLQJ V\VW

> @HQJ - :DQJ 4 <DQJ / :DQJ FRQRAUYBWLRQ DQG JHQHULF PRGHO

DQG /LX + '"HOLQHDWLRQ DQGOH[SODQDWLRQ RI

JHRFKHPLFDO DQRPDOLHV XVLQJ IUDFWDO PRGHOV LQ WKH
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> @.X / :DQ & =KDR & DQG =KMRUWRVLV DQG YDULDELOLW\ 4XD
*HRG\QDPLF FRQVWUDLQWY RQ RUHBRGQ WHRFDDL]RWHR@ DY LWRD O

$OTLQJ RUHILHOG &KLOD FRPSXWD O . PR

IDFLOLWDWLQJ SUHGLFWLYH H[SORDS@@%@K@%@%@&%& G OR

*HRO S5HY (I U LBO GD
6'$ IRU GHWHUPLQLQJ UHJLRQGO EDI

> @H = <DR- 6=KDQJ DQG <RX * DOQRPDOLHV RI SRWHQWLDOO\ WR[LF

&RPSOH[LW\ DQG SURGXFW L &DWNRGRHHKXDOW L DOH[R DR $SSO *HI
PRGHOV RI PHWDOORJHQLF LQGLFDWRU HOHPHQWY LQ URFNV DQG

VXSHUJHQH PHGLD DURi(:@GG‘BSMVD%\K@%qJJ 35
. D (-0 0DSSLQJ RI
;SVDQJFKDQJ ERXQWY TR VEHYRRPY, Q%VLQXRXV DQG GLVFUHWH ILH

JHRFKHPLFDO ODQGVFDSHV *HRFKHF
> @RQODOYHV 0 $ &KDUDFHQHUA]DWLRQ RI

JHRFKHPLFDO GLVWULEXWLRQV XVLQLRXOWLHIYREWPQ PRGHOY o ¢ pgo

*
0DWK HRO $ VLPSOH PRUH JPRAWKRG BERJS
> @HLPDQQ & JLOJPRVHU 3 DQGHQWUHW@I BXWOLHUV &RPSXW 6W
%DFNJURXQG DQG WKUHRVWXKROG FULWLFDO FRPSDULYV

RI PHWKRGV RI GHWHUPLQDWLRQ gFl@ll_j)ﬁ:WJ%%)gBYlﬁURQZPUDQ 15 3D\

6DGHJKL % ODWURXG ) DQG 1HMI
> @DAa&XV]ND $ $ UHYLHZ RIS$IISRORKBDRIFD@ RI FODVVLFDO VW
EDFNJURXQG FRQFHSWY DQG DQ HWPBQMIRVEQ W IGRQVD QCGVWRVEWAHOD WD
BRODQG (QYLURQ *HRO JHRFKHPLFDO DQRPDOLHV LQ WKH =D

> @KXJXDQJ = .HID = <DR & LLotH® &KipUGCH

-LbQoL (ISORUDWRU\ G D3 0@ PIQOHUAWIPWD QDQIG& DQG 'H 6LOYD
VLQJXODULW\ PDSSLQJ LQ JHRFEHPIMWIDOLQD@®XPDDIHUYV ZLWK VHTXH
LGHQWLILFDWLRQ LQ .DUDPD\ :LQMLDDW &KWOQDSQDHRFKHP

([SORU > @XQ : 'HQJRQJ 4 :DQJ 4 <DQJ
> @HUDQLDQ + ORNK®AKHQ $'% DQG =KDR = RKRQHQ QHXUD:

$ FRPSDULVRQ RI IUDFWD®D FRWHRUK PEWD ODIG/ EDVHG DSSURDFK
SUREDELOLW\ SORWV LQ LGHQWLI\SPIWNHE @ USELRID VWLE P HWBIBFKHP (

FRQWDPLQDWLRQ QHDU DQ DFWLY@ P@j}D LJQJ&D%IE)%UDUQQB (BI_ZLO “KDQJ ¢

TRWDO (QYLURQ /ILX ; DQG =KDQJ &KDUDFWHUL]DW
> @=XR 5 ;LD 4 DQG :DQJ +SULPDUN JHRFKHPLFDO KDORHV IRU JI
&RPSRVLWLBRQDO\\GIDWIDQ WKH VWXGAXRIQLIKDMHZODIWRKG GHSRVLW &KLQD
JHRFKHPLFDO DQRPDOLHY DVVRFLDWHG ZLWK PLQHUDOL]DWLRQ

*
$550 *HRFKHP > @HLIJRRQ\ 06 $I]DO 3 *KROLC
> @XR 5 LD 4 DQG =KDQJ '<DVUHES $ % DQG 6DGHJIKL %
FRPSDULVRQ VWX ®\QBS GMKGHOV ZLWHRKHPLFDO DQRPDOLHV XVLQJ IDF\
VLQJXODULW\ DQDO\VL\D & ® QRMDWRXD WHRERAWDO PRGHOLQJ EDVHG RQ
LO FRYHUHG DUHDV $SSO *HRFKHAQ 6DUDMHK VKHHW &HQWUT

*
> @=XR 5 ,GHQWLILFDWLR'ESRVIfIL ZHDN
JHRFKHPLFDO DQRPDOLHV XVLQJ YREXRKDRPODGKERUBRRGH]DUNKDQL
VWDWLVWLFV FRXSOHG ZLWK *,6 6D@Q@ MRRIKUHG, ®UHDV FBHEEKUTPALERQ
*HRFKHP ([SORU DOQRPDO\ IURP EDFNJURXQGVEWILYV W/EW

> @DIDGDU . DHIPBOLHI + %EWKRGV D FDVH VWXG\ .KRRQL GL

DOWHUQDWLYH WR RUGLQDU\N TT S UIP\/ (EIQ(S'GLWLRQDO TT SORWYV
&RPSXWDWLRQDO 6WDWLVWLFV 'DWD@KPmROWL®RKHQ 6 DQG =XR 5

> @3DSDVWHUJILRYV *7XUI)HOQDQG%HRFKHPLFDO DQRPDOLHV ¥ VRFLD

X : Lo EJQL XYLQJ PXOWLIUDFV
JLOLSSLGLV $ DQG *LPHQR
JHRFKHPLFDQGE[DHFUIJIHI(BXLURQPHQWM &%&HPP&/ LQ WKH 1LQJTLDC

VRLOV YLD WKH XVH RI +#2S@RWYDFW RO 'Dd_€{4 Hp (1SORU
(QY (DUWK 6FL > @DR E )/ DQG -LD ; OHWKRG
> @R\ODOQ */ DOG &KR % 5 WHP SRIPPLDQ VWUXFWXUH RI JHRFKI

SUREDELOLW\ SORW DV D WRRO IIQEJLXQGHUVWDQGLQJ GDWD D
VKDSH DQDO\WVLV IURP WMHZ@GHUWSHFWLYH RI
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> @KHQ * DQG &KHQJ 4 ,GIHQWDIRLBEDW\LRQ RI JHRFKHPLFDO D
DQDO\WLVY EDVHG RQ ZDYHOHW WQDOWRVUP- &KLQDDE@IDOHRVFL

PHDVXUHYV IRU LGHQWLI\LQJLOHRFKH L[bq/ D(SDRP*I%(BLHO 3 6DQGHUV

>

PLQHUDO H[SORUDWLRQ &RPSXW *laB DUG $ $ PXOWLIUDEWDO VL
> @DNDo 0 .XPUX 0O DQG %DUVDPRGHO IRU 8SWKH GLVWULEXWLRQ RI
PRGH IDFWRU DQDO\VLV DSSOLHG6®MRQ MMKH VHI[ISPOHRQUMD VRILRQKRI ,EHULDQ

UDGLRDFWLYLW\ LQ WKH *HGL] 5LYHBVFL 5DGLRDQDO 1XFO

&KHP > ®XQ : *RQJ 4 :DQJ 4 <DQJ I
> @XR 5GRRHQJ 4 0DSSLQDQG :DQJ = $SSOLFDIWLRIOVRI C
VLQJIXQDUUMEKQLTXH WR LGHQWLPRGHRWHWWR LBMHOLOHDWH JHRFKHPLF
PLOHUDO GHSRVLWYV XVLQJ VHGLPHORWQ J HRAKHIQ F DROGDWQ GDORO\EGHQ
H[DPSOH IRU 7LEHW ZHVW &KLQD OHQWHDQ ©BDQDQ SURYLQFH &KLQD

> @DQGHOEURW % % DQG 3LJOROL@5LDLL O07KHSUGHMDOQL )' =LD}
IUDFWDO JHRMHWWUIURHHPDWX1HZ <RBROH\PDQL $ $ IX]]\ IFRGHROLQJ EDV
_ o JHQ F DOJRULWKPV IRU LGHQWLIL
> @iQJ - :DQJ 4 +XDQJ :DQ éwﬁ?ﬁﬁ%& LQoRLQRLQJI JHRFKHPLVW!
DQG *DR % 7UDQVSRUW Q a- 9ok
PHFKDQLVP Rl EKDOD®Z RUIPD LQ 7RQJIOLQJ
RUH FOXVWHU DUHD 6FLHQFH LQ &KL@IDRGH U I<HVDQ G DAXWRK BF L 5HFR.
JHRFKHPLFDO DQRPDOLHV XVLQJ D

*
> @VDG + + .LDQSRXxU\DQ 6 / RQHWZRUN;&RPSXW *HRVFL

OF&XDLJ 7 & (ISORUDWRU\ GHhDWaHRQRIDLNDY® BRGYH\ RI ,UDQ

&$ IUDFWDO PRGHO DSSOHBEBPHRWRBRESROQH BHMORNVLWY LQ .HUPDQ UHJLRC(
VRLO DQRPDOLHV IRU GULOOLQJ $_FDYV VogXGM VR KH 6DUL

* L UL \/;é *HRORJ
([XSQODR\UHSLWKHUPDO JROG GHSRVLV\/?H PDl(bLD HIL é(HH RUW QR <X x|

RI ,UDQ ,UDQ
> @OL . &KHQJ 4 DQG &KHQ

N LDR - = . *:DQJ
?égwi)lggggvgl? SRZHU VSHFWUXP Q Qv gQB)(&R/{é)L@QJXODU
QJ VWUHDP VHGL \ lg 0 ~ J
GLVWULEXWLRQ SDWWHUQV WR L%L Fﬁé R % LFI:?H%HQ"’\Q %O%fﬁ)\/ -
Y
3EEQ 'S H

JROG PLQHUDOL]DWLRQ LR &KQ@D
*HRFKHPLVWU\ ([SORU (QY $QDO\ ° OLF PLQHUDOLIDWL
=KHMLDQJ &KLQD - *HRFKHP ([SORU

> @I]DO 3 +DUDWL + $OJKDO>DQg

< &KkP8F 4 :Lp 4 DQG :DQJ
<DVUHEL $ % $SS O LADUMIDR Q %%H’g” Yo QRPLW) DQDO
ML LR RAHGSE Bwirer 1 wieo

Y,
IUDFWDO PRGHO WR LGHQWLI\ RI %I§§
EDVHG RQ VRLO GDW DVLEH. BROGH 1 g \L@ QOCR SRO\PHWDOOLF PHWDOO
6RXWK &KLQD - *HRFKHP ([SORU

,UDQ &KHPLH GHU (UGH
> @KDR D@EH® 6LQJXODU YD K H

O 1
= +
GHFRPSRVLWLRQ 69' IRU H[WU
DORPDO\ DVVRFLDWHG ZLWK JRO IQIH %] | QQXL%HSI\N\(VDK(;' 11|_Lp
7TRQJVKL JROG ILHOG :HVWHUQ GKE} §§ %—K |'>|( %3 [&U D 'LQMLDQ

*
(DVWHUQ &BLQBDUWRIURFHVVHV HRéH KHP ([SORU

OOHUODQGHU 0 &FOWMIQM] $
> @RKDPPDGL $ .KDN]DG $ 2’.3. 59'3 "HLVV ' DQG %ODNH

ggg(\gll__FS)WSLR(;\I?S]I%F(SIJI?SHGUDSFW%%GP LpgH FRPSRQHQW DQDOIWHYV L
Ry, HOHPHQWDO GLVWULEX)

VHSDUDWLRQ RI PLQHUBOKMG JFRD E?;L K WURSLFDO $XVWUDO
GHSRVLW O0SWWIK &REWUDO ,UDQ ¢BURELNQ miwk i P  &RVPRFKLP SFWD

*HRVFL
> @KHQJ 4 DQG =KDR 3

WKHRULHVY DQG PHWKRGV IRU FKDU>6L %§%?&%gﬁ@%%%%%Q%%8VWL
LEIRAIE,

SURFHVVHV DQG DRRFPILA@LIHV HIRR U
GHSRVLW SUHGLFWLRQ *HRVFL

> @6KX\XQ : 4LXPLQJ & ;LDQIkE: O'F-WR<UXQD +DO§CF\?JD&GG PDXQOGV\
“KHQJ\X % &KDQJPLQJ : DQG +DROL P Q Q
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EHWZHHQ WRSRJUDSK\ DQG SUHFLSLV@BIXWIORQ RQDHMMHQFBQGVWH $

.RUHD - +\GURO QHWZRUNV ,((( WUDQVDFWLRQV RQ
> @LO]PRVHU 3 DQG 7RGRURY 9 5HYLHZ RI

UREXVW PXOWLYDULDWH VWDWLWWIGRPO\FPHSRRGNVO LOHKWYK O - DQG
GLPHQVLRQ $QDO &KLP $FWD $GDSWLYH ZDYHOHW \FRGHWV RO F
> @GRXVVHHXZ 3HV\DHG UL %QFLVLRIQ DQGF&RQWUR(O BURFHE
IDVW DOJRULWKP IRU WKH PLQLPXP ﬁ&\‘?‘S@LBB'ﬁQ éﬁi%U’M_QDQW
HVWLPDWRU 7HFKQRPHWULFV > @HQJ = &KX DQG +H <

. Q Xe |_v DQG IHDWXUH H
e Rt
SURWHDQFRV\ODWLRQ VLWH SUHGL o YHPRY VFDORJUDP
&KHP

> @&KD\HV ) 2Q FRUUHODWLRQ?EW%I}(R
YDULDEOHV RI FRQVWDQW VXP - *&\%%Iﬁi'\lyF+

< G5LYDOV , 3HUVRQQD]
QLQJ ZDYHOHW QHWZRU
SYWW PRGHOLQJ 1HXURFF

;LJ%(I;—]IE]DF\?H* -Dé@?);oggs(\)/ge\ ODW @VVDU < DQG 'UH\IXV *
ORJUDWLR WUDQVIRUPDWLRQV E‘Fﬁﬁg&vﬂ%gb%HW&@WOWDL@l

DQDO\WLYVY ODWK *HRO

. DQG =DSUDQL
> @X < DQG &KHQJ 4 |UDE g o%zg’gg Sg
WHFKQLTXH IRU SURFHVVLQJ UHJL »@ \b 8 HYHZR MWK U B 08 U D
IRU PLQHUDO H[SORUDWLRQ *HRF (ISORU (QYLURQ

$QDO > @H]DUNKDQL +\GURWKHUPDO HYRC(

> @KHQJ 4 ‘X < DQG *UXQVN RI WKH OLGXN SRUSK\U\ FRSSHU V\VW

QWHJUDW H & SASWLDO DQMEO\V LV |§%&}§R#Q595H68Q LQYHVWLJIDWLRQ
DORPDO\ VHSDUDWLRQ WE XJMXV/QKD O

&RQIHUHQFH Rl WKH ,QWHUQDWLRQD ®@BKFRRGDEDRQ IRU JD®K 0 DQG
*HRO 7URQGKHLP 1RUZD\ $ K\EULG PHWKRG IRU JUDGH F

> @H < &KHQJ 4 DQG —KDQJ QH;NLF DOQRUIQWMKR DO QHWZRUNYV
S5HGXFWLRQ RI HGJH HIIHFWV LQ \f)V\ITLDO LQIRUPDWLRQ

HIWEWLRQ IURP UHJLRQDO JHRFKHPLF@O GDWD AD EFXWOHK LN VIRG *XR 4
EDVHG RQ PXOWLIUDFWDO ILOWHULQJ WHBK@GIDMWLERPGHMINUQLQJ ED!

*HRVFEL VZDUP RSWLPL]|DWLRQ DQG VXSSRU\
> @I]DO 3 $0JKDODQGLV <) ORSEHPYEYIYPEH HVWLPDWLRQ 1H
2PUDQ 15 DQG +DURQL + $ $SSOLFDWLRQ RI

SRZMBHFEWROXPH PUDVKRI® IRU GHWHBRO®J - DQG 6HYLOOD - PS

K\SRJHQH VXSHUJHQH HQULFKPHQ®DVWHMHDERHEDDQD WDRQHRU WKH DS
JRQHV LQ .DKDQJ &X SRUSK\U\ GHSRNWEZRENQWWROFRMSOH[ LQGXVWULI
*HRFKHP ([SORU 7UDQVDFWLRQV RQ 1XFOHDU B6FLHQFH

> @I]DO 3 $KPDGL . DQG 5DKERPU@DVLYLVZDQDWKDQ . G 7D\6XGK
$SSOLFDWLR2DRHOHMWFWRO ®\WLRQRW VHSDU 3RWHQWLDO DSSOLFDWLRQ
RI JHRFKHPLFDO DQRPDOLHV - $IU QBIWZRWBRLHQVHPEOH WR IRUHFDVW

> @DXJPDQ - * grRPSOHWH &PPPIHWHAW - +\GURO
*DERU WUDQVIRUPV E\ QHXUDO QHWZRRMWHRRUHLPDJIJBHUULQ & $Q
DQDO\WLV DQG FRPSUHVVLRQ ,(((KUHWQVDFWHREWURQ 6 3 DQG *ULP

$FRXVWLFY 6SHHFK DQG 6LJQDO @RREFBVHILHAUW MXGIHPHQW DQG QXP
K\GURJUDSK HYDOXDWLRQ +\GURO 6l

> @KDQJ = JWHUDWLYH DO JRUGWKH KD QWKHGBHW*HHWKDQMDOL
QHWZRUN OHDUQLQJ IURP QREXEMGRBGP XFPDWD 1 5 DQG -D\DQWKIL
THXURFRPSXWLQJ JRUHEDVWLQJ JURXQGZDWHU OHYHO
> @KXLOODUG 0 $ UHYLH I WERMINM SR YHQW VFL

QHWZRUNV ZDYHQHWYV IX]]\ ZD¥H@RXWWDQIGL V$K HDI KRWIROODKL
DSSOLFDWLRQV $G YWDLRRHDO LIQ WRIDEDXW®EWHDELOLW\ DVVHVVPHQW LQ F
DQG OHBEQLQJ SUHGLFWLQJ WKH PD[LPXP VXUIDFH V
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WXQQHOLQJ 7XQQHOOLQJ 8QGHUJWRHERIGL &6SDB H D7 HPB RRBHN Q66KDRQ ,Q\

5HPRW B \6
> @7DQJHVWDQL 0 + OD]KDUL 1 > $@DQJHMVWD@E O + DQG ORRUH )
ORRUH ) (YDOXDWLQJ $GYDRFHIGP S$BWBMER PRIGHO DQG *,6 LQ LQ

7KHUPDO (PLVVLRQ DQG G5HIOHFMWRRELHDWGLRFEFHEBWD IRU SRUSK\U
$67(5 GDWD IRU DOWHUDWLRQ ]RRMS $IIQKD QFRIPHRDEIDRKDKDQ ,QW -
(DUWK 2EV *HRLQI
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