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-RXUQDO KRPMSDIHKLOQDIJHRORJ\ FJV FQ
KWWSV Z7ZzZZ VFLHQFHGLUHFW FRP MRXUQDO FKLQD JHRORJ\

6RLO JHRFKHPLFDO SURVSHFWLQJ SUHGLFWLRQ PHWK
QHWZRUNYV 7DNLQJ 'DTLDR *ROG "HSRVLW LQ *DQVX 3L

<RQJ VKHAQ&KRQJI°3HQDQJ MLA BGDQ";X6KH OL &KDL

PHYHORSPHQW DQG 5HVHDUFK &H QWWOH. Q LRWK\L R D TIHR UL GFEDOVERKILGAM v
EQROOHJIH RI (D UMD © FAQIEMBIAVEWX Q &KL QD

FIHFKQLFDO *XLGDQFH &HQW HOL R WIUQ HRU DLO W[BERM BORELH V
G&ROOHJH RI *HRJU DBKILE [LO1 RILA-DQF IB@IIHYH U ¥ KWQ D

H&ROOHJIH RI *HR ([SORUDWLR Q LEFLLGI @ B 5 YOBS) W ¥ & @ R ORD \

$ 5 7 , & I ( , 1) 2 $ % 6 7 5 $ & 7

SUWLFOH KL;{WRU\ $ PHWKRG LV SURSRVHG IRU WKH SURVSHFWLQJ SUHGLFWLRC

S5HFHLYHG XIXVW

HEnivhe Lo UnviunG 1RUP )HEJ;)(%E&KHPLVWU\ GDWD DQG D GHHS FRQYROXWLRQDO QHXUDO ¢
RZ RIIVHW VFDOLQJ DQG URWDWLRQ WR HQKDQFH WKH

$FFHSWHG 0D\
$YDLODEOH RQOLQH 6HSWHPEHDUHD LV XVHG WR H[WUDFW WKH VSDWLDO GLVWULEXWLRQ F

FRUUHVSRQGHQFH ZLWK WKH RFFXUUHQFH RI NQRZQ VXEVXUID

H\ZRUGV PDWFKLQJ WKH FKDUDFWHULVWLFV Rl WKH ZLQGRZ DUHD RI DG
6RLO JHRFKHPLVWU\

S wine Mawon powEkLgy WKH NQRZQ DUHD 7KLV PHWKRG FDQ HIILFLHQWO\ SUHGLFW P
TROG GHSRVLW GHSRVLWV XVHG IRU JHQHUDWLQJ WKH WUDLQLQJ GDWDVHW P
'"HHS OHDUQLQJ XVHG IRU GHSRVLW SURVSHFWLQJ SUHGLFWLRQ 8VLQJ VRLO DF

0LQHUDO SURVSHFWLQJ SUHGLFWIBGORM® LQ WKH 'DTLDR DUHD *DQVX 3URYLQFH IRU ZKLFK VF
PWD DXJPHQWDWLRQ PLQHUDO HEIPREBRVELGR G 7KH 'DTLDR RURJHQLF JROG GHSRVLW RI ODWHV!

vy BURYLOFH GRPDLQ KDV PRUH WKDQ W RI JROG UHVRXUFHV DW DQ DYH
&KL QD GULOOHG DQG YHULILHG WKH . SUHGLFWLRQ DUHD DQG IRXQ
VKRXOG EH DSSOLFDEOH WR SURVSHFWLQJ SUHGLFWLRQ XVLQJ

< &KLQD *HRORJ\ (GLWRU

OQWURGXFWLROQ LPDJH FODVVLILFDWLRQ IURP WUDLQI

FODVVLILFDWLRQ DFFXUDF\ DQG HIIL
,Q UHFHQW \HDUV PDQ\ GHHS OHDIDUWQ\LIQ L FRIDWKIRGW KON HBEEBHBWLRQ 'L

XVHG WR KHOS VROYH JHRVFLHQWLILF UHWYHDBOFR G®REOHPV<=%L =: HWQ W
DO &KHQ /5 HW DO )DQJ *&HRFOMPLVWU\H SURVSHFWLQJ SUHGLE
HW DO 5DQ ;- HW DO ‘HL 66DWDDKDV EHFERPH DQ DFWLYH UHVHI
HW DO <DQJ 34 HW DO 7KHVI-‘F‘HDH-@NI5IQGV LQFEROXGH XH] *DOLDQFR
&11V FRQYROXWLRQDO QHXUDO QHVWHQ DGV XGHHS EHBRF[I WKH DS
QHWV PXOWL OHYHO /6701V ﬁQRQBﬂM wW P“‘b‘?—FdﬁR"\RLFDO GDWD

B8
QHWZRUNV 511V  UHFXUUHQW Q %Uﬁé':"‘dﬂ-?\)@zﬁ HF@@\)’VO\ DWWlLJF?g\

DXWRHQFRGHUV *$1 JHQHUDWLYH DGV Yyoy u[ﬁ% D

2 S HRFK
WUDQVIHU OHDUQLQJ &KHQ /5 HW

DXWRPDWLFDOO\ OHDUQ WKH 1HDWXYHELE gfgﬁiiﬁ% @%H%\&Q

HWZRUN WR LGH WLI\ JHRFKHPL
i% T?QW\FB‘U&V\?\?'I-P ‘ﬁ-?” 'KO\PHWDOOLF
VWXGLHY KDYH VKRZQ WKDW JHRFKHP
JLWHUDU\ HGLWRU /L TLRQJ -LD E\ GHHS OHDUQLQJ PHWKRGV LV D St
GRL FJ PXOWL HOHPHQW JHRFKHPLFDO D Q
< &KLQD *HRORJ\ (GLWRULDO 2IILFH PLQHUDOL]DWLRQ ,QRXH + OF/DX.

&RUUHVSRQGLQJ DXWKRU ( PDLO DGGUHVV JINFO\V#
[XHOI#MOX HGX FQ /LQ )X ;XH
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'HHS OHDUQLQJ UHOLHV RQ KDYLQD® ODUJHRPRXQOW WIKWUID KDVQEHHQ O
GDWD ,Q WKH SURFHVV RI DSSO\LQJLKNHS OHDH QLRHE IRHOWIYRVBABWGEQUDPL
SUHGLFWLRQ WKH JHRFKHPLFDO FKOBLINVMWBYHWGW LIFOD R P NQRZDOGHERR U WG
QHHG WR EH XVHG DV WUDLQLQJ GRBRYWE H+HRZMHYE W WW KVHHWYH W HEHI®Z DV RW
GHSRVLWV ZLWK VXIILFLHQW GDWD LRU WKUHD VRILQ@J R P MDKGH. QNQ RVAD WP LIQA QLV T
FRPPRQO\ GLIILFXOW WR PHHW WKHKHHQBMGER QR/IK IGH S WZHHDHQ MKIH RUH Gt
WUDLQLQJ ,W VKRXOG EH QRWHG WRKDWLOGMWHSE @HD RYLQD QRPEOIDVHM HGVE R
LPLWDWH KRZ KXPDQV WKLQN DQG KPXFQHIUD G R] DWW WR DH QIQED GHNOQAHBWH S|
D ODUJH QXPEHU RI DYDLODEOH VODPSEHRAW WHDXQ G HDWWWLDLFEDOQEQWHOO!
GLVWLQJXLVK EHWZHHQ REMHFWYV DRYF KWRHSOHDPRIRA QRODY @ LEIHHHDHWORQUQL:
UHFRJQLWLRQ DQG SUHGLFWLRQ 7R KHROGHQWKHLBEDWER® FRIRJIHRFKGIGLFDO
VDPSOH GDWD QXPEHUV IRU GHHS ORDWPHWIIO PRIH QLK WKIRGW ROVYIIDPWLRQ ¢
EHHQ SURSRVHG LQFOXGLQJ GDWD HQKWQFAPHQW &KHIX OB U YD WICR Q |
PHWD OHDUQLQJ DQG PHWULF OHDUBRICIILIEKHONE DD R\® HW DO &KHC
&KDZOD 19 HW DO 6QHOO - HWR HPoHW DO 'DWDLRQJ <+ DQG =XR 5*
HQKDQFHPHQW PHWKRGVY KDYH EHHOLQHESX HEGHSRYLWADIHKDYH D FORV}
UHFRJQLWLRQ LQFOXGLQJ UDQGRP HFHRBWLBRVKRWDHMYRIWKHOREEXGYVHQFFE
DIILQH WUDQVIRUPDWLRQ DQG RWKMHURRPOLHVWDRGVBRRMPW E VG R IWRUHGL
JHQHUDWH D WUDLQLQJ GDWDVHW PWHDOR Y b RERRIKW SO EBIWEHE RUYKHYBOJEBF
FDQ SURGXFH ODUJHU DPRXQWV RI GPWRYNLMREPLRUODOLQRFEXYUYRQRENY OR
,QRXH + OF/DXJKOLQ 1 HW DO SUHGLFWLRQ PHWKRGY EDVHG RQ PHDV

.| WKH PHWKRG RI GHHS OHDUQL®R PP EW LY sRlod sk HP LifRi® GDWD SF
DQDO\VLV RI KLJK TXDOLW\ JHRFKHPVYRDBV®HEO L WKk MK Hv KIHO RWRRQEKLS |
SURYH LPSRUWDQW IRU UHVHDUEKYSRPWdBQ? NWIHULDOWRQpLQ WXYODFH JHRF
H[SORUDWLRQ 7R GDWH WKH JHRFKMEEKDRHWKEREGY KB WKHHUHNVIHRIN VWXC
XVHG DW YDULRXV VEDOHV IRU PLQHR® ® APOIRIVO WRRYW PG, BpiRQ RO XWL
DO 3HQJ & HW DO E  +RZHMNMHUPFYQIHRWYHBYLRIJVRLO JHRFKHPLI
QXPEHU RI PLQHUDO H[SORUDWLRQ Wd¥YH W OFIHMHRRMK kD YHHWVEHR Y WKH V
VHDUFKLQJ IRU FRQFHDOHG UDWKHDQREH® LY DG GCHHSRRY ¢ HERVE WV
DFWLYH G\QDPLF JHRFKHPLFDO VXUYHHMHGLMWEBRYSHEWPE S P HWKRG
GHYHORSHG EDVHG RQ VHOHFWLYH H[MUDERLR GRWWRKRERK Wk RQVZRIPKKLV V
DLPV WR VWUHQJWKHQ WKH zZHDNPPWKRYYLAVYEBABEQM® WR®YHOOLIHQW
FRQYHQWLRQDO JHRFKHPLFDO VXUYRQGSUHGLFWLRQp FHWMHKRG ZKLFK ZH
HVWDEOLVK LQIRUPDWLRQ DERXW lPQWh‘@lS’éEEBR/W RYRYRBRYWL QK PUHGLF
RYHUEXUGHQ 0DOQ $: HW DO PHWKRG. 336* PHWKRG XVHV VRLO
&DPHURQ (0 HW DO &DULWD\%/'—%GR#WDL[’J"&P DV WKH XQLW RI VSDWL
*HRFKHPLFDO PHDVXUHPHQW RI VRLO*LY WR UIWKH\DE MWW KE RYREDRYHULVWL
LOYHVWLIJDWLQJ WKH FROQWHQW DQG &AM WIFPLERPWLRBWA H@FIPE%WBWW‘
VXUIDFH DQG LQ VKDOORZ VXEVXUIDOFHP YRHWRIGEVW EVL%} wads RV LY
VWXG\ RI WKH HOHPHQWDO DEXQGDQZFLI-p%6é RERNRYEBQ N &JKW#Q'WSHWGLF
HOHPHQWYV WKDW KDYH GLIIXVHG WR [M’xv END L WRATRLPBFRP KW P
GHHSHU VXEVXUIDFH UHJLRQV &RKHR - F[ﬁ\‘oR' WU%'D‘%‘HQJ BWD ZKHQ
(0 HW DO &DULWDW 3' HW DO OHDU@XL)/%% §HSRVLW SURVSHFV

(OHPHQWYV RU FRPSRXQGV WKDW V\/ﬁ(‘s‘HHYWUREN[\)/R JROG G
GXULQJ ZHDWKHULQJ FDQ EH WUDQVS'??\U‘{NW@;’X@\ ZDWHU DQG JDV DQG
WKHQ DGVRUEHG LQ ZHDNO\ ERXQG IRUPY B3 W K HUL WXEVMWDQFHM -\ 5 Ry
UHIHUUHG WR DV *PRELOH IRUPV" RE HOWP IWULVWLq: XUHPH W RI
WKH PHWDO DFWLYH VXEVWDQFHV RI VRY 8 FDQ WKHUHIRUH LQGLFDWH WKH
ORFDWLRQV RI H[SRVHG RUH ERGLHYV SBWJ—L(@Q\@b@OmR%R;gHF@IbF§§BM\/j—UQQ\XQG
WKDQ WUDGLWLRQDO VRLO VXUYH\V DQG VWUHDP VHGLPHQW VXUYH\V LQ
SDUW E\ UHGXFLQJ WKH VL]H RI WKH 3RNVDHEQBRSURYS HFMSRQIL W D WIBWFD V
JRQH 0DQQ $: HW DO 6PHH WKH :HVWBHRLQ@ 4LQOLQJ 2URJHQLF %H
JHRFKHPLVWU\ GDWD FDQ DOVR UHYHOOOWKHMLOOHQHQERQRMLGHEB®®O O0DU
FRQFHDOHG GHSRVLWV ZKLFK LV X®OUHOHDMGWRIEH DFKRLOIGHGWKEN ;LTLQ.
WUDGLWLRQDO VRLO PHDVXUHPHQW&RQ® L\D\MQMDRO \OHDALR IDOW FXIWY HXVX <*
&DPHURQ (0 HW DO &DUUDQ]D B5HIJLRQE®UDXOWV3'LQWWKLY SDUW RI V

CI
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yLJ DA7HFWRQLF VXEGLYLVLRQ RI &KLQD PRGLILHG IURP 3HQJ & HW DO

WKH VWXG\ DUHD FAJHRORJLFDO PDS Rl WKH VWXG\ DUHD VKRZLQJ WKH ORFDWLI
VDQG DQG JUDYHO A3OHLVWRFHQH ORHVV AVHFWLRQ RI WKH *DQVX *URXS A
OLGGOH 7ULDVVLF 'DKHED )RUPDWLRQ AILUVW OLWKRORJLFDO VHFWLRQ RI WKH 0
WKH OLGGOH 7ULDVVLF 7DRVKLJXDQ )RUPDWLRQ AVHFRQG OLWKRORJLFDO VHFWLF
WLRQ Rl WKH OLGGOH 'HYRQLDQ +XDQJMLDJRX )RUPDWLRQ AVHFRQG OLWKRORJLF
OLWKRORJLFDO VHFWLRQ RI WKH OLGGOH 'HYRQLDQ +XDQJMLDJRX )RUPDWLRQ AV
WKH ODWHVW 6LOXULDQ =KXRZXNXR )RUPDWLRQ AJUDQLWH YHLQV AJUDQRGLF

AUDQJH RI JHRFKHPLFDO GDWD FROOHFWLRQ ASODFH QDPH

/LDQJGDQJ DQG =KRXTX &KHQJ[LDQQW UMWY HIDREWY DUKHRQO\ UDUHO\ F
GLUHFWLRQ RI WKH PDLQ WHFWRQZHROW WGHYE ORITHIK DO L WHIDOH HYV WK |
HDVWZDUG IURP QRUWKZHVW WR QRUM/EHDVWHVH YHLQV DUH OHQV VKDSH

6WUDWD RI WKH 'DTLDR JROG GHSRWDLWY ARV LAMM RUDQRWHE RWMRP LQ W
WR WRS WKH 6LOXULDQ =KXRZXNXMPOQRUPDMIR®LRWKWH HBRQISKQU\ ZLWHk
+XDQJMLDJRX JRUPDWLRQ WKH &D U ERQN UHREFK X LORMAX H F)KOUPIDRMLHRDL VW L F V
WKH 7ULDVVLF 7DLVKLJXDQ )RUPDWLURQPIBGHLVIVRRBYHVMWR®@MW @ DIRBWLF
DQG +RORFHQH &KRQJ DOOXYLDO VDOGED GO WUQY HK® \O B RHUMW 2 D MQKHE/ iV K H
XQLWV WKH 7ULDVVLF 7DRVKLJXDQ )RUPDWORBRM®QE® WKH' PDIOQ RWDHLFDWI
EHDULQJ OD\HU DQG WKH JROG GHSFRULRHG LEX WIKGJ DAUKHD /D WHi DQG®RK R Q WIB(
LQ WKH OLPHVWRQH RI WKH 7ULDVWQLRKH VWIGXDQHPRDORPGWDORQURXQG L (



/L HW DO &KLQD *HRORJ\

FRQWULEXWLRQV IURP YDULRXV VXSRULRSRPH®RWGHRURP W IZRW K YKHLGWNU G
VLQFH WKH 6LOXULDQ 7KH PDLQ WHFWRIQLFOHI WMHU UQLWKBIQHBUBAR2MUHQIBY V
1: DQG 11( 7KH /LQWDQ /LDQJGDQJ ITDXOWR]RIRD GV ALIQH PDMRIHD 7R HQVX
VWUXFWXUDO HOHPHQW LQ WKH ZLGHW JWHHYRQW)DW oYWV YROPWRHW WWXISK DOV
DUH PRVWO\ 1( RU ( WUHQGLQJ DQGVRBSOXGH BRMAWYR WKBDW DROHEW WKH |

UHYHUVH IDXOWV ZLWK WKH 1( WUHQGHYH UFPXOW & ¥ DH S W KQIGCRRIE W DRQYH WX
ZDV REWDLQHG IURP WKH VRLO FROXPQ

'DTLDR JROG GHSRVLW $ WRWDO RI VDPSOHV ZHUH FROO}
WKURXJK PHVK IROORZLQJ ZKLFK J|
7KH 'DTLDR JROG GHSRVLW LV KR\REW®D LLQH BUILFDY V L I OHRZHOUNDG HLQ FO X G L
PHWDPRUSKLF URFNV LQ WKH 4LQOL®RD DUR J&HQ LFQ % bird W G7 K HD R O3E
PLQHUDOL]DWLRQ RFFXUV LQ VLOLFHRNV EUMFFWXGD BRI MOKHJIJULGGH
XQFRQIRUPLW\ EHWZHHQ WKH &DUERQLGEHHRXY HQBEY 13 DWW F GIHUHHFWLRQ
VLOLFHRXV EUHFFLD LV D WHUUHVW WHL®® G HINYGVDOH® HBHRML WQWW RMW +REIPUH
VLOLFLILFDWLRQ /LX <* HW DO RIKH BUKVIHQBHIRILEXVULBIRY LQP 7 P
WKH VLOLFHRXV EUHFFLD VXJJHVWYVJWKDONM ¢V LRW PUHEBW bR G U R B WL kI D
FORVHG VKDOORZ PDULQH HQYLURQPHIRH¥N &DWHE R QU-Il Bl IURK Vz D PYWIHER QRIU L G
LPPHGLDWHO\ XQGHUOLHV WKH XQFR@MNIFYRHYQ G HRFRNHUDD- D ERPDO\
7ULDVVLF FODVWLF URFNV PHDQLQWXWKR® HYKPH IR TRAHBYRHWHUDWHG
FRQVWLWXWHYV D ODUJH VFDOH 3*VLOLFHRQEEDQKLXP ¢ RWHUPFH &P WH wk
7ULDVVLF LQWUXVLYH IHOVLF YHLQVoWH P REH oM YHPR RS ® UBSREDWKH v
VLOLFHRXV EUHFFLD WKDQ LQ RWKHU $ @ﬁ\ngB@@%%O§E RRWHRW |

JHQHUDOO\ KLJKHU LQGLFDWLQJ SWKHy Ph- Qi BWkRQ Z Bk <C
FORVHO\ UHODWHG WR ODUJH VFDOH P DM 1 D YL WY G § 2 v
/IDWH ,QGRVLQLDQ 6LOLFHRXV RUH E | ytfe\/ 9 é
KDYH IORZHG DORQJ ZLWK WKH EUHF g “Q BN} % W )
UHSODFLQJ WKH EUHFFLD DQG DG v : H P D0 iRy
WHPSHUDWXUH DQG SUHVVXUH DQ L E Gl lﬂ'ng YA %WLJL
D FKDQJH LQ S+ SURPRWHG WKH sUBHPSIW |5*DQQ IEIII_)J%L:FV [ggLH\X/ UL
IRUPDWLRQ RI WKH JROG GHSRVLW K 9’ IS
7KH 'DTLDR JROG GHSRVLW LV D zrtj [E\e/?(\l% \ F% @v & NP

GHSRVLW LQ &KLQD ZKRVH IRUPDWL] & . WUszo
IROORZLQJ IDFWRUV 7KH +H]XR A m Q

Y %

WEE

“KRXTX &KHQJ[LDQ +XL[LDQ |onwv\AE:
RI WKUHH WKUXVW QDSSHV WKDW V :
RI VWUDWD DQG PLQHUDOL]DWLRQ L%\}VKH G\ DUH 3 |
FRQWUROOHG WKH RFFXUUHQFH RI PAR®Y %W\'f @ %‘ER&'—}E‘%\& X/R'@ C
LQ SDUWLFXODU LV DVVRFLDWHG zLVAERTE' RYPDWA R HolBRY (g1 ok R
PDJPDWLF DFWLYLW\ OHG WR WKH IRUPDWILRY RP WKk - FQ%G

DQG RWKHU JROG GHSRVLWV LQ WKH INPRR xS YR
IHOVLF YHLQV LQ WKH 'DTLDR JROG &HsW¥Hw FuMEY
DQG DURXQG WKH RUHERGLHV DQG DBRRARRKRFALHL WHKBXA % kK RQY Wik W oW ¥
RI JROG PLQHUDOL]DWLRQ LQGLFDWHYY WMt @k H F
UHODWHG WR PHWDOORJHQHVLYV K
LOFOXGLQJ VLOLFLILFDWLRQ S\ULWHHB®

(55 h

DQG FDUERQDWL]DWLRQ DUH FORVHMNYIRELR K S %XFWBYQ&ﬁﬁﬁoﬁbém\é
EXW WKH JROG PLQHUDOL]DWLRQ KDS/UBQCBBWWL'J*%\PQ;?RR/\R}LQ RITROEVIURP]

WKDW RI RWKHU W\SHV Rl K\GURWKHUDRWYSI,EE %Q%‘ﬁb*b%"l\_’R]vaﬂ@ RUD
DOWHUDWLRQ FHOWHUV RI FROQFHOWUDWLRQ LOQ WKH
7ZR JROG GHSRVLWV DUH ORFDWHG LQ

'DWD DQG GDWD SURFHVVLQJ VXJIJHVWLQJ WKDW WKH $V DQRPDO\ U
ODUJH DQG PHGLXP VL]HG GHSRVLWV L

7KH DXWKRUV FRQGXFWHG D ) LAP\RPPW P QWRFURWPEHBYLQJ LQGLFDWRU

VXUYH\ LQ WKH 'DTLDR DUHD FRYHULQZKBQVBDWDDRN GLVWUDBXWLRQ RI WK
LQYROYLQJ VDPSOLQJ VDWXUDWHG VDRVR DKWRPDPWE GQILWKSTWK IMDWLE VW L
DGMXVWHG DFFRUGLQJ WR ORFDO FRWGXPMRQNV ,QKERFDIWHRQV6 ELRMRQ W H G
WKLFN RYHUEXUGHQ OD\HU WKH VXWIDFH KXPXYGOWWH) ZORPDMVWRQFHQ
UHPRYHG DQG DOO VDPSOHV LQYRO YHGRWEHKEOFMR O DKHFMH. RRER L R RV O FIKGRPH Q \
D GHSWK RI + FP B6RLO VDPSOHV ZIWWEMBGQHG WWHD VG?HIRQWDQRPDO\
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)LJ 6RLO JHRFKHPLFDO PDS RI WKH 'DTLDR DUHD LQ *DQVX 31



/L HW DO &KLQD *HRORJ\

)LJ JORZ FKDUW IRU VRLO JHRFKHPLVWU\ PHDVXUHPHQWY DQG WKH SURSR

JROG GHSRVLW DQG :XIDQJJRX GHSMDQRWY DU D RFOMHSG LLVQ DORHR G&E FORVH
DQRPDO\ ]JRQH VXJJHVWLQJ WKH SRWHRMLHPL RD & RYLIDU G D WRRW HD@QW [EH GG L (
JRRG SURVSHFWLQJ LQGLFDWRU ZKHUH WKH WRSRJUDSKLF VORSH DQG

7KH VSDWLDO GLVWULEXWLRQ R| WEKMHDEVRFEWWRG HQ@BR HHOH PHQ WV FR Q
DVVRFLDWHG ZLWK 7ULDVVLF VWUDWKHDRKB GD XO RULRH@QHWHBU M WBUHXYFHDXRSHG
7KH KLJKHVW %L FRQWHQW LQ WKH PRWUSORPR\YHRQW KDYRIPBOLGRQWO\ EHI
H[FHHGV T ' )LJ 7KH 'DTLDR DE@GWKIDIGQPIFWXUHRWOWEQG ZHDNHQHG URFN
GHSRVLW DUH ORFDWHG LQ WKH VWUIPROWKIH BXORIDPFG |RQH VXJIJIJHVWLQJ
%L DV D SRVVLEOH SURVSHFWLQJ LQGLFDWRU

7KH DVVRFLDWHG HOHPHQW +J LV JH%%@%%@R@VMXWWP%QL%QA‘ﬁx@HHGLFW
HOHPHQW ZKRVH GLVWULEXWLRQ LV FR X F Q
VSDWLDO GLVWULEXWLRQ LQ WKH VW %ﬁaﬁ&ﬁ%ﬁé o % ﬂé'éi%’%’\.@ (%Q
1( DQG 1: WUHQGLQJ VWUXFWXUHV Y F WK H

KLIJKHVW DQRPDO\ YDOXHV LV ORFDWWGDV@@%@ZW{(W Bé%lﬁH INEEGHEPH EH
DUHD 7KH PD[LPXP FRQWHQW RI +J HifyibF¥ IHRFRAPLERY DoRPDOLHV D
FRQWHQWY DUH GLVWULEXWHG RYHUvﬁgw%ufyﬂ;pvvFJ_LFnggOg]tb[q,\yLvRL(f V Vi D W
7KH 'DTLDR JROG GHSRVLW DQG :XIBQAEHI X WHIRVEMYRRE ERWEKURSRVHG
ORFDWHG LQ WKH +J DQRPDO\ JRQHjHKXAHPM WYL WKAW YRIO WRHLU FRU
FRQWHQW FRXOG EH XVHIXO IRU SURKBHXWUIRISXKUBRY HDKWKRUV WDNH WKH

7KH DVVRFLDWHG HOHPHQWYV $J 3¥sSHML I1\DR G HPWDBOHXWYPRL2DPDYGRZ RI D S
DQG DUH FRQWUROOHG E\ 1( DQG 1: R UL HRQMOMGH ¥ M) XRFOV MAKHHY G HBR/ LW D Q
FRQWHQWY RI DVVRFLDWHG HOHPHQW\NXHKH 2RQGRZ DNFG KIESDHNMHBWQBSDWLDO
PDLQO\ LQ WKH VRXWKZHVW RI WKHFRKNWXOFRWHUHLEWERKWUEH WMKOHX VXEQ X UIDF
VWUDWD RFFXU )LJ 7KHVH HOHPMWW\D GUIH SFRRYYRWNEWR @DWKQHXUD
PDJPDWLF K\GURWKHUPDO PLQHUDOBXOMLR QH YEHON F RVXKHROX W VRQD® QHWZR
SURVSHFWLQJ LQGLFDWRUV LV XQFORDWKH VSDWLDO YDULDWLRQV LQ VRLO

&RPELQHG ZLWK GULOOLQJ GDWD 2WK®J WR. & KHREKWPWYWQ\SDWWHUQ
DQDO\VLY DQG UHVXOWYV IRU WKH 'DORPRWILRAMGRP VO ) IJDOUBR GHIRWDION LV
WKDW D JROG RUHERG\ ZLWK D GHSWKVBRQJ M QRPMWOARFROMW HRI ZBXWEXW UD
VWURQJ VRLO JHRFKHPLFDO DQRPDOVNYVURX® ®LOROBURDHER &\L ZK WR @G FRC
GHSWK RI P LV DVVRFLDWHG ZL WK JTHMNX &R LIDQ GHRFBEWERDBODGLVWULEXW
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LQ WKH DUHD ZKHUH D GHSRVLW LQ/Y RORFHDW H-GY DBDUXHD W.IPGR UWIKDHQ WS U H G L
FRQFHUQLQJ SURVSHFWLQJ ,W LV D\WQRPRGWIRQW HIDHDOAL QUKOMWS RDIYW R
XQGHUJRQH VLPLODU PHWDOORJHQLF JHRORJLFDO SURFHVVHV DQG WKDW
FRQWDLQ VLPLODU GHSRVLWYV VKRXOHQKDNHW LRIOP RO DMK HWE D WILQIOQJ G D
GLVWULEXWLRQV LQ VRLO JHRFKHPLVWU\ ,Q WKH SURVSHFWLQJ
SUHGLFWLRQ VWDJH WKH FKDUDFWHUKXNVWIDOARN RI GDRWRVEWRYEHE G HBS C
ZLQGRZ DUH PDWFKHG ZLWK WKRVHF FKNORZQJIGHSRVRE®HB\LQ WKH D:
DOORZLQJ D PRGHO WR OHDUQ WKMHWKBGNFWRUGNSRYNVWRS URYBW EWD QJ
YDULDWLRQV LQ VRLO JHRFKHPLFDODUB@RP®ODHMZ LRUH GHSHRVLIWNGLQ D S
ZLQGRZ DUHD RYHU D NQRZQ GHSRVWWLVW®HIUHEX O QHWR DWQAUIDNVNH DQ |
SURVSHFWLQJ SUHGLFWLRQ PRGHO )»WRMVSHAREQHPEPHCLEWWRQREODQ IEHR P
SHUIRUPHG EDVHG RQ WKH VSDWLD®@ HBEW X OHDXWOUR BH WHRKH RUUFPLA) L Q
DQRRPDOLHV LQ WKH XQNQRZQ DUHD FDQ JHQHUDOO\ GHWHUPLQH WKH VSC
,Q WKH SURFHVV RI JHRFKHPLFDO BKBYBHWWLRYWFS SHHEDBOFWUR® zKHL
HDFK GHSRVLW SRLQW LV UHJDUGUQFBW@G%\/@ﬁb@W W\SHTR ZA BV v K H

VSHFLILF IRUPDWLRQ FRQGLWLRQV pHRPRLEHW KA HBBK I BERVSWEWL o
DVVLIJQHG D VHSDUDWH ODEHO )RU B[RS WhHEN BB WHED ”
GHSRVLWY LQ WKH REMHFWLYH DUHD L\ EVH %Y)’—‘BBH&LWBWEWL H
W\SHV RI GHSRVLWV ZLWK VSHFLILF %@WQ\QQBJ%FHEW%UH#WQMLLgé/vé\D\v,
DUHD = 7KH PDLQ VWHSV Rl WKH VRLW  JIHREEYRIGTEX WA R VS‘AV'»EN"’VQ]/%H JW
SUHGLFWLRQ PHWKRG DUH FRQVWg,}g@W\NB@Q%IMWKgHQ FQFJ‘EQO]L?;IQ%%%{

JHQHUDWLRQ RI WKH GHHS &11 RRGHBEo . qySY %LEJ LRB D ZLOGH
SURVSHFWLQJ DQG DQDO\VLV RI WEH §UHGLRW @ wﬁ DUDFWF
6WHS JHQHUDWHV WKH OHDUQLQJ \gBVVLI-\IA)N-P}f %lé

RV
RUH GHSRVLW ORFDWLRQ DQG D UDQ\FL |-F|’QQ\ Hla_ﬁli B L\lﬁgﬁ&%ﬁ ?%
SDUWLFXODU ZLQGRZ DUHD DQG D G Hé/Kla E;H R DL'
wubDLQV D &11 ZLWK OHDUQLQJ % v H FRUU
SURVSHFWLQJ SUHGLFWLRQ PRGHO H% ID-| RXJF
PRGHO WR SUHGLFW HDFK ZLQGRZ D DL\éLV\I{l{V(})( VLW
SRVLWLRQV GLIIHUHQW GLVWDQFHV
LPDJHV )RU HDFK GHSRVLW PRUH WKL
JHQHUDWHG LQ WKLV ZD\

*HQHUDWLRQ RI WUDLQLQJ GDWD

7KH ZLQGRZ RIIVHW LV HTXLYDOH
JHRFKHPLFDO FKDUDFWHULVWLFV RI

ORFDWLRQV ,I| WKH GHSRVLW LV ORFC
HDFK RI HLJKW GLUHFWLRQV 1 1( (

DFFRUGLQJ WR WKH ZLQGRZ VL]H DQC

IRU HYHU\RQH RU Q FHOOV )LJ 'L
IURP WR Q I FHOOV 1 FH
ZLQGRZ WUDLQLQJ GDWD FDQ EH J
)LJ D

*HQHUDWLRQ RI WUDLQLQJ GDWD
'LQGRZ JRRPLQJ VFDOLQJ LV HTXL)

JHRFKHPLFDO FKDUDFWHULVWLFV RI

GLVWDQFHV :KHQ WKH ZLQGRZ LV H

FKDUDFWHULVWLFV Rl WKH GHSRVLW

ZLQGRZ LV QDUURZHG GHWDLOV RI

GHSRVLW FDQ EH REWDLQHG *HRFK

IXQFWLRQ RI GLIIHUHQW PHWDOORJHQ

GHSRVLWV ZLWK VWURQJHU JHRFKHP

WR ODUJHU DQG RU ULFKHU GHSRVLW\

.| WKH ZLQGRZ LV H[SDQGHG ILYH

SRVLWLRQ DQG WZR FHOOV DUH H[SD

yLJ OHWKRG IRU JHQHUDWLRQ RI Q/KW DV FDIQ IEGH) SH@HUYBWHG DQG LI WK
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DQG WZR FHOOV DUH VKUXQN HDFK WRBHN R O XWIURQ QRLSHU BWWRQFDIMV BEHIDOL]
JHQHUDWHG )LJ E :KHQ ]JRRPLQJ WKH ZLQGRZ LW LV

QHFHVVDU\ WR UHJULG WKH ZLQGRZ GDWD WR PDLQWDLQ D FRQVLVWHQW
GLPHQVLRQ RI WKH LQSXW GDWD

*HQHUDWLRQ RI WUDLQLQJ GDW B KHUUR XU K ¥ L &EFRRWEHWDWRRP QG FROS
'LQGRZ URWDWLRQ LV HTXLYDOHQWVN WRLREQHUFYDYD JHRUKHAULEDBQWY WKE
DQRPDOLHV IURP GLIIHUHQW DQJOHV RPZQYR OWRNY 8 DWADKU DILIFDQV LIRQE EQ V W
WKH UHJLRQDO RU ORFDO WHFWRQLF JPYPHQ SWRBLWYUPLOD\WHUHRRKHPYRRBO WR
VSDWLDO IHDWXUHV PD\ DSSHDU WRgKPMB vERIbHGH QW @HRﬁ_\(ﬂyl\}vg(lfﬂ_p OD\H U\
DQRPDO\  IHDWXUHV  7KH RULHQWDé"H—FB&L HQQ/Wk'\@HG”'\'/\PFWES%WDL 'WKH PDL

JHRFKHPLFDO DQRPDOLHV FDQ EH FDS }_'HQWL . QSJD\O(/%H é‘: B%LRQDC
GLUHFWLRQ ,I WKH GLUHFWLRQ FKDQ]]:

JHQHUDWHG IRU HDFK RIIVHW SRVLWLR L?r'f)\lA—[LR é%g%IDV?/}X\{gSD%%'QLQJ F
ZLQGRZ LW LV QHFHVVDU\ WR UHJULG RZ GDWD WR PDLQWDLQ D
FRQVLVWHQW GLPHQVLRQ RI WKH LQSXW GDWD

ORGHO JHQHUDWLRQ
ZKHUHYV WKH M WK UHJLRQ LQ WKH FKD

8VLQJ WKH FRQVWUXFWHG OHDUQINQW KGDNMLED HQN WO XMKIHQ DWKMKIR UWK U H JL
LPSURYHG WKH YJJ GHHS OHDUQLQJ 1RGO VE\Y HHBBYERD WRIOKWLRQ DQG
SUHYLRXV WZR SRROLQJ RSHUDWLR@Y pl@) W RRM oA RG H® WRD WR LW D@y u D |
GDWD GLPHQVLRQDOLWY L H WR DY %LVGu@i%"XPH%LP%\QWv'%\PbE@E@&LWBRNKH
ORZ $ PXOWL OD\HU &11 ZDV XVHG,

FODVVLILFDWLRQ SUHGLFWLRQ ZKLF#( Q HIQ lg lJ qu%\{yh%r_%gé;gl\_lgv
9& }ng% GRES VLTLF!

D SRROLQJ OD\HU DQG D IXO0 FRQQ
$ FRQYROXWLRQ OD\HU ZDV XVHG W&N"%R@l?&rf'vkultg%{\ﬁ’vGD
RI WKH LQSXW GDWD L H WKH WU[#Q(?L"E YR REwYKHHBPLBP ERFwWYRBD
DQG FRQWDLQV WKH VXSHUSRVHEORRYWILERWPRQ w’KHRIKOHP MR RSHL

GDWD DQRPDOLHV LQ WKH VWXGLHG RUH EHDULQJ DUHD 7KH

)LJ 'LDJUDP RI WKH SURVSHFWLQJ SUHGLFWLRQ PHWKRG XVHG IRU PDWFKLQJ VR
SRVLW GLVWULEXWLRQ

yLJ $FFXUDF\ DQG ORVV HQWURS\ FXUYHV Rl WKH PRGHO WUDLQL
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FHOO VL]H ZLQGRZ VL]H RIIVHW VWH!
IDFLOLWDWH FDOFXODWLRQ DQG DQD
Z RI WKH ZLQGRZ WR DQ LQWHJHU P

L LPHQWYV Z
o L R Shs BB B S TR PR Barn my
F \E‘I k Wé | H LD
RIIVHW L LV WKH L WK YDOXH RI WKH E[%LAD Q kHQHFOquLFIW-?b %Wg
IURP WKH IXOO\ FRQQHFWHG OD\HU =9
?ﬁv Ipl Hgﬁg UFW@&Q WK H
RSHUDWLRQ PHQWLRQHG DERYH WK %ggl—lr ég% §FWM%\‘¥§I%‘,
E\ H[HEXWLQJ WKH 5H/8 IXQFWLRQ |F|V¥| \y o LW e
UHVXOWLQJ IURP WKH FDOFXODWL xoW' ZHuRY Y . N)gwg%g'\%\
YRY
WUDLQLQJ SURFHVV 8VLQJ WKH PHW) ':%ﬁﬁ\? m%% IT_FE 0By duL.
WKH WUDLQLQJ GDWD ZHUH HQKDQF URXJK WKH ZLQGRZ RIIVHW
PHWKRG 7KH ZLQGRZ VL]H ZDV VHW DV | S
FHOOV 7KHUH DUH WKUHH JROG GHSRVLW L[z grﬁg\g/g Wi
R
UHJDUGHG DV NQRZQ GHSRVLW ODEH L(B
,Q WKHRU\ T 1 SRVLWLYH VDPS
DUH REWDLQHG E\ PRYLQJ WKH ZLQG +% E"L\]’{' \é'( W WKH QI
WKUHH JROG GHSRVLWV LV ORFDWHG Lg NI UL | %‘ V)y \&l_ﬁ?(ﬁﬁ
)LJ F  WKH ZLQGRZV FURVV WKH ERXOEDTNL WY REH B G_%
WR WKH OHIW UHVXOWLQJ LQ LQYDOZBHWY 2MRY KL LB WhRBOH Fo%%@
WKH ZLQGRZV ZKRVH ERXQGDULHV zﬁi@%‘ﬁg%t‘}%WKHU\hﬁxéQLﬂbﬁ’ DOLQJ
WUDLQLQJ GDWD ZHUH REWDLQHG ,HKFKERHUHHRFIpG! oBW4BRY wREDPH
NQRZQ JROG GHSRVLWV UDQGRP VvDIPYSPIY MR
IRUP XQNQRZQ GHSRVLWV 7KH zZLQGRZKHE \NHIE
g

$IWHU WKH FRQYROXWLRQ RSHUDD\/5F|32<§ID QI
QHIJDWLYH YDOXHV ZHUH VHW WR
DUDPHW
7KH ZLQGRZV FRQWDLQLQJ WKHVH % FWV Q
Sok \YLRQ
VL%L LQJ UDW
L
RZLQJ WR WUDQVODWLRQ RI WKH 2z BVYWRYBRIDPRYY, ZHUH I
GHSRVLWYV IRUPHG XQNQRZQ GHSRVLWWEHE

VDPSOHV ' $ WRWDO RI XQNQRzQ GHIRVVY
VDPSOLQJ 8VLQJ WKH VDPH PHWKRG RI ZLQGR
IRU WKH SRVLWLYH VDPSOHV QHJIDWL&HP VB
ZHUH REWDLQHG $ WRWDO RI wuBEGQHY HYWPQBW ¢ RAN
E\ PL[LQJ SRVLWLYH DQG QHJDWLYH VBBS Blois Wk e
RUGHU WR IRUP D WUDLQLQJ GDwD WH¥RH YA FVLR

XVHG IRU WUDLQLQJ DQG YHULILFDWLR®OYdc I %
WKH DFFXUDF\ RI WKH PRGHO SUHEBREWLRGEHOR H
FRQYHUJHQFH RI WKH PRGHO DQGP DYRVEHRWHYMGYWED
GHWHUPLQHG WKH K\SHUSDUDPHWHU\RBIYRQUEV,. RF
DQG YHULILFDWLRQ :LWK DQ LQFUABYWLOYHEGKP W
LWHUDWLRQV WKH ORVV HQWURS\ R UV @PWHEJD &
DQG WKH DFFXUDF\ RI WUDLQLQJ DQG YHULILFDWLRQ LPSURYHV
VWHDGLO\ )LJ ILQDOO\ UHDFKLQJ U'?'ﬁBEWlF%Q\/HF'E'd)XW%XLP&Q REVEXV

XV

$IWHU OHDUQLQJ WKH WHVW GDWD VHW ZDV HG WR WHVYW. WKH
DFFXUDF\ Rl WKH PRGHO UHDFKLQJ D YDORY RIFWLQJ LQ WKH 'DTLDR PLQL

7KH SUHGLFWLRQ SURFHVV LQYROY LYl‘§ J.HD U L‘{\I(:
SURVSHFWLQJ DUHD LQWR D VHULH Qﬂtcgﬁgg éf) [ b D 55:’\4\/ H%DV\\jV"
JULGGHG HOHPHQW JHRFKHPLFDO G B H G W
DSSO\LQJ WKH WUDLQHG GHHS OHDU f V}%NHL ;) % L\ng\}_\&/gﬁw
N |¥Hv H, 1 |E LJ 51
1 W LQ WKH "VWXG\ DU}
noY FED RY & GDWD VHWV ZHUH J

SUREDELOLW\ RI GHSRVLWV EHLQJ
DVVHVVHG DOORZLQJ FODVVLILFD
DFFRUGLQJ WR ZKHWKHU LW LV RUH
ORGHO SUHGLFWLRQ UHVXOWYV HQKDQFHPHQW PHWKRG PHQWLRQHG D
JROG SURVSHFWLQJ DUHDV LQ WKH
,QIOXHQFH RI WUDLQLQJ GDWDVHW BHQHUDWLRQ SDYUDPHWHUYV RQ +
SUHGLFWLRQ UHVXOWYV DQG . RI ZKLFK VHYHQ SURVSHFWLQJ
3DUDPHWHUV WKDW DIIHFW WKH SDEGLFWVREQZUBHRKG WWHWQ DORGH QLWL G!
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)LJ $ FRPSDULVRQ RI GLIITHUHQW QHWZRUN PRGHOV DQG WKH SUHGLFWLRQ UHVX
VL]H P 1 P FA*RRJOHQHW ,QFHSWLRQ Y PRGHO JULG VL]H P i P GA*RRJOHQI
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7DEOH ,QIOXHQFH RI WUDLQLQJ GDW D&/® WDIQIQ@ HRW WHRIQJ HIRIHKFHMHFIDVORRQ R P D (
WKH DFFXUDF\ Rl WKH SURSRVHG SURVSHF WLRJ FHBICHBWIULRRF RRERG\ LGHQWLILH

%DWFK VLIHMIVHW “WRRB OHYRRP VVABXUDF\ JHRFKHPLFDO H[SORUDWLRQ

PT P PT P SUHGLFWHG SURVSHFWLQJ DUHDV *

PT P PT P 7ULDVVLF PHWDOORJHQLF URFN VHULE
PT P PT P DVVRFLDWHG ZLWK PHWDOORJHQHVL)
PT P PT P PRGHUDWH DQRPDOLHV RI HOHPHQWYV
PPT' PP E: z 3UHGLFWHG SURVSHFWLQJ DUHD ) L
o p o b GHSRVLWV $FFRUGLQJ WR WKH GLVW!I
o b b1 b WKH DUHDV DURXQG ) QRW FRYHUH
b1 p b1 b LQIHUUHG WKDW DUHD ) VLPLODUO\
b p b1 p &RQFHDOHG 1: RULHQWHG IDXOWV DU

PDIQHWLF GDWD ,W LV VSHFXODWHG

7DEOH ,QIOXHQFH RI QHWZRUN PRGHOH&BML WY B HPRLUW I MY HQH URFN?

SURSRVHG SURVSHFWLQJ SUHGLFWLRQ PRGHO
(YDOXDWLRQ RI WKH HITHFWLYHQH)\

%DWFK VOQIHVNLDO OHDUKERQV UWIDMMW DFFXUDF\

7R GDWH D FRQVLGHUDEOH DPRXQ\
EHHQ FDUULHG RXW LQ DQG DURXQG
FRPSDULVRQ RI WKH H[LVWLQJ SUR\
SUHGLFWLRQ UHVXOWV REWDLQHG XV
SUHGLFWHG SURVSHFWLQJ WDUJHWYV
DQG WKDW WKH SUHGLFWHG SURVSH
PHWKRG LV VPDOOHU WKDQ WKDW GH

FKDUDFWHULVWLFV RI PHWDOORJHQL

DUHD GHWHUPLQHG E\ SUHYLRXV VW X(
JRRG PHWDOORJHQLF SRWHQWLDO = syRVSHFWLQJ SUHGLFWLRQ PHWKRG

SUHGLFWHG SURVSHFWLQJ DUHDV $%rcRREFH & UdloRPBDN FAMNSy WiREx w L+
IRUP D JRQH ZKLFK LV ORFDWHG LG WEKM /1BERY \G4Fs B Y WMP OPRIH@BE LD W
URFN VIVWHP DQG LQ ZKLFK 1( RULHQWH GFBHM R GR ISR SHPRPMWDY) By Q!
GHYHORSHG ZLWK $X $J $V &X DQ@ RWHKHPEMURFKHPYRAMLOQJI ([SORL
DQRPDOLHV EHLQJ SUHVHQW 7KH :X|RQWRMXIRP X \PHO HWPOHLN DAMHRID WR

VLWH  $X 'DTLDR VXSHU ODUJH JRO@ ®MSRVKMW QRUWKD®RE <LQPDKH F
<LQPDKH VPDOO JROG GHSRVLW $X FRWYHHO RIDMHE G ® WHOHEH HBKBWH G L
SUHGLFWHG SURVSHFWLQJ DUHDV )LV ) H WaHF VB X P ©\D WBIUYHHG LTFSH® H Q

SURVSHFWLQJ DUHDV $X DQG $X D UEH IFRADWING L® D7TKHO ¥ XP EQUBWEYB DS

EHOW DQG DORQJ D IDXOW JRQH DQG $X DQ® RACHV D SSDHOURQWDW R XONQ HRWQ/H F
3UHGLFWHG SURVSHFWLQJ DUHD 'FRRQWBWGV LN\ERMH®RI6VOXUEDIQHG EU

VODWH VDQGVWRQH DQG OLPHVWRQHBTIZDR KREY IFHORYXWSI)I$V 09X @

yLJ 7KH SURVSHFWLQJ PDS RI WKH 'DTLDR PLQLQJ DUHD ZDV SUHGL
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)LJ &RPSDULVRQ RI WKH SUHGLFWHG SURVSHFWLQJ DUHD GHOLQHDWHG XVLQJ W

&RQFOXVLRQ PDQXVFULSW

7KH HIIHFWLYHQHVV RI WKH SURSRMH® PBHIWIKREG RG HWRPYSHMV LORPLQWHUH V V
WKH IDFW WKDW GHHS OHDUQLQJ FDQ EH HVWDEOLVKHG LQ WKH FDVH RI D
OLPLWHG QXPEHU RI DYDLODEOH PLQHWKBHOD®&WXRWMVEH FEHHISH @QHRDBURYQ UL F W
FDQ EH HVWDEOLVKHG LQ WKH FDVH RI D OLPLWHG QXPEHU RI DYDLODEOH
PLQHUDO GHSRVLWV PHDQLQJ WKD\AIJSE/\M@RZ'QBWJ_FDFOQ@/LVWULEXWLRQ RI VRL
JHRFKHPLVWU\ DQG LWV FRUUHVSRQGHQFH ZLWK ZQ GHSRVLWV FD
EH REWDLQHG %\ H[DPLQLQJ WKH VSD LDéRéNv M’.é%@/@h‘é RY &ALl ~‘
JHRFKHPLFDO DQRPDOLHV LQ XQNQRZtRORILRDY 66Xy Y|Hx Bh%\HLQE[@HL\@MLDQJ
SUHGLFW SURVSHFWLYH DUHDV RI RLAHUDOLIDRQRHO-FRRLYDBPEMKIRBQG 'H
VKRXOG EH JHQHUDOL]DEOH EH\RQG RN KK IF®I H HRPRAE \ RO OWweoHU MO LD R
JROG GHSRVLW DQG DSSOLHG WR FR YHQq\_/|VLR(?_|DO JHRFKHPLFDO GDWD IRU
SURVSHFWLQJ SUHGLFWLRQ LQ RWKH

7KH DSSOLFDWLRQ RI WKH JHRFKHPI FDO SURVSHEWLQI SPHGLEWLRQ /|y 4
PHWKRG WR WKH *DQVX 'DTLDR JROG GHDSU%\#WNUQM\MLDF\)-Q% EDYHE SER MK P LV W
IURP WKH VRLO OD\HU DQG HQDEOHG WWkH %5 DRI B@ ¥rd) e BWHLAROQ FLIRQU M /8 R R XU
HOHPHQWY WR EH PRGHOHG 7KH 'DTLDBR RU—F@PHQLF JRDG GCR SHYRMV IR IZLWK (C

ODWHVW -XUDVVLF DQG (DUO\ -XUDVY DLQ
KDV PRUH WKDQ W RI JROG UHVR%&EH@RJg( Gp @%‘J\ﬁ [bv XCE’%ESRV(UV\E
A Jw ,Q WKH SURMHFW WHDP G’U—ﬂR@@I—H’QV'WQG (‘[’eHcihqulb\}vIQQdVdeYLURQPHQv
SUHGLFWLRQ DUHD DQG IRXQG P JROG PLQHUDOL]HG ERGLHV 7KH

UHVXOWV RI ERUHKROH YHULILFDWLR® L%T/ SYHELEWLR
HITHFWLYHQHVV Rl WKLV PHWKRG 7KH B F@%% D\PWSD‘QQSQ’&& QE' b%\ﬁJWL V\V\.
UDSLG WR H[HFXWH DQG DFFXUDWH D UHGLFWLRQ

JHRFKHPLFDO DQRPDOLHYV vuquuqawavqmzom RUH*HNQIKJI:DFHLWDDLBFQIWDDV DQG
FRPSDUDEOH ZLWK WUDGLWLRQDO SUSSERMLRD * mHY\éQ(oWQGEﬂ@w BIIDHWS@?%?\LN
VKRXOG EH DEOH WR EH DSSOLHG w(& ﬁ?@iﬂ\# %QUHg&g’WZEH@J}OVéLﬁdU |

FROQYHQWLRQDO JHRFKHPLFDO GDWD Lé\ lﬁlwyF @W¥\ RYHU VDPSOLQJ WHF

QWHOOLJHQFH 5HVHDUFK + GRL
&5HGL7 DXWKRUVKLS FRQWULEXWLRQRHBOMOHP HHQMVHU $ 6HUJH\ / ORGHO D.
IDVW DGDSWDWLRQ RI GHHS QHWZRUNV DU;]|

<RQJ VKHQJ /L FRQFHLYHG WKH SU&IKM—QQ/WH*CXDLQGH)D DRG SURVYDRGHG :DQJ <
WKH UDZ GDWD &KRQJ 3HQJ DQG SJDIWE%O@\D R@YJ"H%@H% RRFRWL DXWRHQ

PDQXVFULSW DQG GUHZ DOO WKH ILJ AN N T 10K DG BEHE BB o RPS

WKH UDZ GDWD /LQ IX ;XH VXSHUYng-k@dNK,H,iXLQGLLLQJ% RI Wgé,s\bmuvmm RI F
$00 DXWKRUV GLVEXVVHG WKH UHVXOM%MRO DI 60 B RAEDWHIILGEX Wil G GWEW W K H X VO
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-RXUQDO RI *HRFKHPLFDO ([SORUDWLRQ +  GRRL MNS U H FDPR H V
3HQJ & 3DQ %= ;XH /) OD <1 /LX :< /L 7/ L
&KHQ </ OLQHUDO SRWHQWLDO PDSSLQJ &+WK DDUHRWDWHEWRBG RS RWWHP DMHF WRQLF
PDFKLQH 2UH *HRORJ\ 5HYLHZV + GRIDOHRSURWHUYRHRIUMHYLDR /LDR -L %HOW DG
LQ WKH /LDQVKDQJXDQ DUHD QRUWKHDVW!
&KHQ </ :X : $SSOLFDWLRQ RI RQH FODVV VXSSRWRIYHFWRUVPDEFKEQHU H V

WR TXLFNO\ LGHQWLI\ PXOWLYDULDWH 3RQRRD QDY WHRPXHIHRFIKHPLEDDLX +< =KX
H[SORUDWLRQ GDWD *HRFKHPLVWU\ ([SORBRWHIRG L PQNQLLRQDHR WWHRPAYMIYO PRGHO

t GRL JHRFKHP $UFKHDQ PDJQHWLWH TXDUW]LWH IURP
&RKHQ '5 .HOOH\ '/ $QDQG 5 &RNHU :% QRIUMRH DBEWRQABHYKL®D *HRPHFKDQLFV DC
H[SORUDWLRQ JHRFKHPLVWU\ + *HRB 6 PAMWEN v RBBORMDWLRQ:  GRL Vv
(QYLURQPHQW $QDO\VLV t GRL 5DQ ;- ;XH /) =KDQJ << J/LX =< 6DQJ ;- +t
'LQJ < 'X 4= <DVLQ 4 =KDQJ 4 /LX /+ )P8H WU FPWHRIFWURR ILHOG LPDJH SDW

EDVHG RQ GHHS OHDUQLQJ $SSOLFDWLRQ@RWR R XHGIS0 KD ® WARRAMM 0D wK
UHVHUYRLU LQ WKH 6 DUHD *HRSK\VLFDQDD'%\NRVSHFWLQJ IRU BHWUROHXP

* LQ &KLQHVH ZLWK (QJOLVK %ﬁ‘éWHP)ﬁW *DORPQR 9 6DQFKH] &DVWLOOR 0
M LVVQ ODFKLQH OHDUQLQJ SUHGLFWLYF
)DQJ *& &KHQ <& &KHQ =+ =HQJ =/ /LX &+ 7RQJ %F@%@HFW*&&LW\ HYDOXDWLRQ RI QHX
3HWURORJ\ DQG JHRFKHPLVWU\ RI JUDQLW, F‘.\QJMV\KVL@%)QW%HQ WERIVWEOR UW YHFWR
GHSRVLW VRXWK -LDQJ[L 3URYLQFH *HRORJ\ LO &KL_QD GRL ¢ MRUHIHRUHY
&KLQHVH ZLWK (QJOLVK DEVWUDFW GRL 630 BZHUVNL . =HPHO 56 SURWRW\
)X & /LQ 17 =KDQJ ' :HQ % :HL 44 =KDQJ LFWLERQ

UHVHUYRLUV XVLQJ PXOWL FRPSRQHQW \'/:érbL,y,_f’L/o ij§WD QQ&\%Q\FQ@WQHUS( WP HIE8D Lo

PHWKRG &KLQHVH -RXUDQO RI *HRSK\VL
ZLWK (030 LVK PEVWUDEW. GRL MRS RFKHP-LFDdQJﬁ‘ Hv RYHUO\ GHHSO\

*RVZDPL 6 8SDGK\D\ 3. 6DUDYDQDQ % 1DV\PD &Y&URQBEE?VW/ "RXUQDO RIZHREK
7ZR W\SHV Rl XUDQLXP PLQHUDOL]D Rlo KI5| J% UPY RI
JUDFWXUH FRQWUROOHG LQ $PEDNDSDOO H% g ﬁ%%\@%z\%%(? HRFK
7XPPDODSDOOH DUHD &XGGDSDK %DVLQ $8 e% QL
*HRORJ\ + GRL FJ JHQJ - /L <

H 7 .
QRXH + DWD DXJPHQWDWLRQ E\ sDt L}IHQ\LK\(?LJ%R gI?()(}'R.]\PFQJJ]HI!?‘EIQHE?I_:!LVWU\ DQG SHW

FODVVLILFDWLRQ DU;LY
H &+ :DQJ :: 1LH =5 <DQJ < /e ;4 ‘DQJ 6% SRUS,%\ULWH IURP WKH 6HQD FRSSHU JRO

$JH JHRFKHPLVWU\ 1G +1 LVRWRSHV pDQG YMb8® LrRoVKLS *EHWZH%Q&%BBYWHZLWK (Q
DQG JROG PLQHUDOL]DWLRQ RI _KRQJFK))((D?Q?JL_JS LWRLG SOXWROQ LQ _:H

4LQOLQJ *HRORJ\ LQ &KLQD + X Tl PR v Ry % DGy +%

(QJOLVK DEVWUDFW GRL JE JHRFKHPLUFDO FKDUDFWHULVWLFV DQG JH(
/LX <* J+ % =KDQJ =- <RX *- &DR :) :DQJ <MLQY¥¥U GHSRVLW ,QQHU ORQJROLD *HROI

*HQHVLV RI 'DTLDR JROG GHSRVLW LQ LKHL%RX%@\@\HV%&\VW@LIQ‘?QQWQ DEVWUDFW

OLQHUDO 'HSRVLW + LQ &KLQHVH ZLWK (QJOLVK

DEVWUDEW GRL M 'LRQJ <+ =XR B* 5HFRJQLILQJ PXOWL

0DQQ $: %LUUHOO 5' 0DQQ $7 +XPSKUH\V 'BHQRRRGLHY JRU PLQHUDO H[SORUDWLRQ E
$SSOLFDWLRQ RI WKH PRELOH PHWDO LRQ WREKDEPXM WRSSRYWLOHFYRYE ©PF KR! &F

H[SORUDWLRQ *HRFKHPLFDO ([SORUDWLRQ + GRLy GRM FDJHR
6 ; (X 67 =KRX <= $UWLILFLDO LQWHOOLJ
OF/DXJKOLQ 1 5LQFRQ -0' OLOOHU 3 W HYDRPM MRBWVRBLFRRVFRSH EDVHG RQ
UHGXFLQJ GDWDVHW ELDV LQ SHUVRQ UH3HOMIRQRILFDBYERQLF D WK, (((% LQ &
,QWHUQDWLRQDO &RQIHUHQFH RQ $GYDQFMEVWU®GHRW DQG 6LIJQDO %DVHG
6XUYHLOODQFH $966 .DUOVUXKH *HUPD®QJA34GRUX -' =KHLBE <) /LDQJ 6 =KDR <
JHRFKHPLFDO FKDUDFWHULVWLFV DQG P
3HQJ & 3DQ %= ;XH /) J/LX +< *HR S K WULOFDKA WHEK (IBHBRRLWY LQ -LDPXVL ODVVLI -
JHRWKHUPDO HQHUJ\ SRWHQWLDO LQ WKH UQDRKUQBHOW QRHWK H RV WHILLQH &K LDV K
*HRWKHUP (QHUJ\ GRL Y, \ JF
3HQJ & ;XH /) =KX 0 &KDL < /LX :< 7KH GRFD WL RQR@G<HYRDRWLER@DUUDQ]D (-0 '}

Rl WKH WHFWRQLF ERXQGDU\ EHWZHHQ WKH B®EGHRFUDRWW HRORJIRQ FJHPRKHPRFDO%ADBSLQJ]
DQG WKH /RQJJIJDQJ %ORFN QRUWKHDVW &KLQD 3GREDPEULDW®Y BEHVYNBUBKY
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