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&RPSDULYQQXBIHUVLYWGY LN DWEHHWHER GV IRU WK
*HRFKHPLPHMN®RDIEWD DOFWHU D IDQLTRIQORQ J V

ODUFR $QWR Q/LHD &R WHELLWD - KR QD V¥ D QR XOWDRMH LGN WR X LOMSBRQLR 0DULQR
$UDGHWDPRIRRH $OH[LV 9R @ TX®Gif ]
'"HSDUWPHQW RI OLQLQJ (QJLQHHULQJ )DFXOW\ RI (QJORHBWWRJ 1DWLRQDO 8QLYHUVLW\ RI 7U}

)DFXOW\ Rl &KHPLFDO (QJLQHHULQJ 1DWLRQDO 8QLYHUVLW\ RI WKH $OWLSODQR RI 3XQR 3XQR
'"HSDUWPHQW RI ,QGXVWULDO (QJLQHHULQJ )DFXOW\ RIOGRLOHMHBIXLQJ 1DWLRQDO 8QLYHUVLW\ F

$UWLFOH ,QIR $EVWUDFW

7KH JHRFKHPLFDO DQG VSDWLDO FKDUDFWHUL]DWLRQ |

SHFHLYHGO\
LGHQWLI\LQJ UHSURFHVVLQJ RSSRUWXQLWLHV D

S5HFHLYHG LQ 5HYLVHG IRUBU

6HSWHPEHU PDQDJHPHQW +RZHYHU WKH KLJK FRPSRVLWLRQDO FRP:
SFFHSWR®REHU UHTXLUHV UREDDMH PXOSWIRMDFKHY 7KLV VWXG\ HYDOXDV
3XEOLVKHG2RWREGH SHUIRUPDQFH RI IRXU XQVXSHUYLVHG FOXKDNOMULQJ DC
5LHPDQQODBRQY *DXVVLDQ OL[WXUH ORGHO *00 DQG
&OXVWHULQJ DSSOLHG WR VD PGIOQUW 16 RERWKW 4 RL X0!
XVLQJ VL[ PDMRU HOHPHQWV =Q 3E &X )H $J $X DQ
2, MPH PHWKRGV FRQVLVWHQWO\ LGHQWLILHG WKUHH PDLQ JH]
.H\ZRUGYV HQULFKHG LQ &X DQG $X &OXVWHU LQ 3E)BQG )H DQC
&RYDUEDYFK PHWKRGV O0HHPWD @@LD @JIJORPHUDWLYH &O)
OLQLQJI WDLOLQJV RXWSHUIRUPHG RWKHUV LQ LQWHUQDO YDOLGDWLRQ ¢
OXOWLYDULDWH FOXVWHER@QVLVWHQF\ $GMXVWHG 5DQG ,QGH] RITHULQJ
5L HPDQQULDIOY JHRORJLFDOO\ WRWHBBEW &BDUWUDQVIRUPDWLRQ UHG

CHREKHPLFDO FKDUDFWrSHGIRUPDQFH KLJKOLIJKWLQJ WKH LPSRUWDQFH RI SUH\
HRUPWEBWLDO VHIPHQWDWLRQ 7KHVH ILQGLQJV GHPF
PXOWLYDULDWH FOXVWHULQJ WHURIJHDQWHH WL QIQFRPSRYQ
GHOLQHDWLQJ GRPDLQV RI SRWHQWLDO HFRQRPLF YD
TXDQWLWDWLYH IUDPHZRUN IRU VXSSRUWLQJ UHSURFHV
JXLGLQJ IXWXUH UHVHDUFK RQ PLQH ZDVWH YDORUL]DWL

,QWURGXFWLRQ

7KH OVWEDEH SURFHVVLQJ RI RWDHGLIQUR® HR P\KOG Q R PLUGHAW LY HO\ DOWH
LQGXVWU\ JHQHUDWHV VXEVWD@WHRO JHKPRKXMPWEB® RRPSRVILGVLRQ R
ZDVWH DQQXDOO\ ZLWK PLQH WDLQLQBGEWLAD DWRQW KHIH SRWHQWL
PRVW SURPLQHQW@HXBVRGWBWOLPSBFW PLQH WDLOLQJV DOVR L
FRQVLVWLQJ RI ILQHO\ JURXQG YRGENUSDSIDREWHE HFRQRPLF UHVRX!
& > @HVXOW IURP WKH SKWROGWDHIPLBBOLGXDO FRQFHQWUDWL
WUHDWPHQW RI RUHV DQG H[EHEHWWVYLMXAKLFY W DQG $J DORQJ
JHRFKHPLFDO UHDFWLYLW\ GXHPW R DAKHLIUG X LUB FOXGEDFHSR BB G&X
DUWRROXPH UDWLR DQG EHKDYIR@KRYHVKRIDKHPLFDO EHKDYLRU LV
HQYLURQP @QMH R[LGDWLRQ RIIDFXMRUSHVXFK DV UHGR[ SRWHQWLDC
PLQHUDOV ZLWKLQ WKH WDL®IQQE VS +S FIRRFOA MBRK HSUHVHQW LQ
UHGLVWULEXWLRQ Rl WUDFH HOGRRBAWLNFDQG\ NRIVMH UMW DDKH FRQFHQ
IRUPDWLRQ RI VHFRQGDU\ PLQHED® \E HVXHSURFE HAXNCH B VWHWVD VHERQGD L
>+ @RU VXFK UHFRYHU\ RSHUDWLRQV

E &RUUHVSRQGERRWYMXRW# X Q LVRBRXV FE@DY HQ R

U
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DQG HIILFLHQW LW LV HVVHQWLPRGMR IXQJG U WW DG (W KE DWSID WA R OP D
GLVWULEXWLRQ DQG JHRFKHPLFRQH¥HEBIQR W D@l COGBLS @GS >
HOHPHQWYV ZLWKLQ WK® WDLOLG®GIVUBHSFMLWRGHOV WR GHOLQHDWH
+RZHYHU FKDUDFWHUL]LQJ WRHBRWSDWL@OM® DBABGHUYRLU ,Q WKH
FRPSRVLWLRQDO YDULDELOLW)\ RJIDRDQ B IWMHRR\NYEQBWFEBQEWFWHG D
D FRPSOH[ FKDOOHQJH *HRUHIHHRORKHBLPREOWLY® PLRWHDORJLFDO F
JHRFKHPLFDO GDWDGLPHQU\ELRQIRIMWKFDO HOHPHQWY LQ JROG WDLOL
VWUXFWXUH VWURQJ LQWHUGHSXQDOG® ML\HWHVDRBQUKHLU UHXVDE!
YDULDEOHV DQG KHWHIMRWMHURWLYSQOW $GGLWLRP@MWOLMR &RW DIOQ D>
$ NH\ JRDO LV WR VHJIJPHQW MMNKHMOXGHBRGE LWKH QWRIDWHJIJLF SRWHQ\
KRPRJHQHRXV DQG VSDWLDOODQGRR®WMWKRRXIJK XQVXSHUYLVHG
JHRFKHPLFDO GRPDLQV ZKLFK OLW KR Q/PILFIRQ DEROMKVLY LQ VRXWKH
HQYLURQPHQWDO PDQDJHPHQW 7HWH)GHPBUYHEFHQRI XQVXSHUYLVH
PHWDOOXUJLFDO UHFRYHU\ SRWHRBRQDIXHyXKWKHRBRQHG QHZ SR\
JHRFKHPLFDO GDWD GHULYHG IDR® P\ QI WROMLYIDWU DWWH JHRFKHPLF
LQKHUHQWO\ FRPSRVLWLRQDO DOU @ PHAVQIHEBI JHRFXMWLFEO UHODWL]
FRQFHQWUDWLRQV FRQVWXMLQHUBV\EHUW PIRN WEHQM 306G GIDWRP  /$
OLPLWDWLRQ $SSO\LQJ FODVVLFB®EFDQHGELYDIUW R W I® RHWKREWPLF WU
WR VXFK GDWD PD\ OHDG WR ELDDAFH G HRW BRWXGEG LRLIQHUDORJI\ DQC
LQWHUSUH®DIWDRQR WUDQVIRUPRELRQW\DIQIGDOWHUHG GHOWDLF VHG
FRPSRVLWLRQDO GDWD DQDO\VLKRRZ RQID VEXRYQ G AHIRUKHULQJ DIIHFW
UREXVW DOWHUQDWLYHV IRU SSRIWVHQWLQOD WEKGAELMMEURBMIDDWHG W
VWUXFWXUH RI JHRFKH®HVBSOWGDWIL\OHWN RI D '$*00 PRGHO EDVHG
WKHLU UHOHYDQFH WKHVH WHBK@LRHKGINRGHHVVWRQOGHWHFWMI\QJ FRP
LQWHJUDWHG LQWR WKH VSDWL D@ RPDOLMYY Rl WDLOLQJV 7KHLU
FRPELQDWLRQ ZLWK FOXVWHULQJX DGIDRIDLOMKPY FRX®EDRMNG FOXV
HQKDQFH ERWK WKH LQWHUSUHHDEBERDEWMW K® YW EWHPWREBOLHG \
UREXVWQHVV Rl JHRFKHPLFDO GR@DQQ/ GWHO EERXWD®IGQ FORDWHSA UDWH G
&RPSDUDEOH FKDOOHQJHV LQ R$DMQWDWHRIPHRY® WLRIFLQJ LQWR
KDYH EHHQ HQFRXQWHUHG LQG6RWRSH DGR VEOINRMEQ BBIED Q V
GLVFLSOLQHV VXFK DV WKH GH COLQ)G D3WLRGRR| FRUARDBWHWRQ HY DO XD W |
> @DQG X\WH ONUWMKDHRORJI@FDOSVRBHUWLHY RI WDLOBQ@WBGOHV 6D
DQG PLQHUDORJLFD® W\SBRORXMWLYDULDWH WHFKQLTXHV WR DQ
7UDGLWLRQDOO\ JHRFKHPLFDO 6 RDSH VM &RCQDNDE QEHDAMVELRSR W HIEO
XQLYDULDWH DSSURDFKHV RU JPRWSRGVIDEDNRWGDARO\VLY WR RYHL
VLPSOLVWLF VWDWLVWLFDO DVVEP®\WURDYDQQYAWXGLPUWIHDIRQV HQ
“ IWKUHVKR@SQQYVLFDO XQLYDUWLUDVED WRD®\WHYHQGHQF\>S@BWWHUQV
> @RQYHQWLRQDO PXOWL®LULGWMHORSMSLBDPRWULF FOXVWHULQJ
JHRVWDWLVWEFD O $®MRKRMXIKXMVEDMHG RQ VSDWLDO UDQMN @XQFWLRQ!
WKHVH PHWKRGYV DUH JHQHUD O MS\SOLMIEG WSR \@ DIVD VAHRM YDAHWKQJ XV L
UHODWLYHO\ KRPRJHQHRXV JHRPRISKLBR066RBRWR RRGEY JHRORJLFDO
DQG DVVXPH NQRZQ GLVWULEXW L R@MHMW H\DW VWFRQPM QXRIWHWR JURZ L
FRPSOH[ DQG QRQOLQHDU PRGHBWN OLFLKVDV [IWPFRVWUSB®R DMEH VSDWLDC
PXOWLIUDFWD +*D®RBDRBFKBVR EPHHOQVLYDULDWH GHSHQGHQ®\ VWUXFW
XVHG WR UHSUHVHQW FRPSOH[ SHRERWRGFDID WKLHWBP¥KLFDO PHWKR
DOEHLW ZLWK WKHLU RZQ PHWKR&R®WR YDRO® \®HPLMROMILIRQMW WLFDO G|
SHFHQW UHVHDUFK XQGHUVFRUHNL |@KPSORVWEQWLBPDRQLDQ JHRPH
LQWHJUDWLQJ IUDFWDO DQG P D BKLAH) 8 B VHIQ LFRP WOIFK QLIS XWY DO GRI
LQWR JHRVFLHQWLILF FKDUDFW RN DDMIRR GX3 R®OUD KRGIPDHIIR\D Q .
DO @ DSSOLHG D GHHZSD DHOWPLIREEH OUDRRWP®DVVLI\LQJ PLQHUDO UHV
DSSURDFK WR DSSIMVQMALH\ R IUGRHU D G HIDRWLLRYD R WVRHQ 0 QS @ R UAHYIWDW H G
7JDURP ,UDQ 6LPLODUO\ )DUKDBXCHW. DU LDWH VRRZSBFWQHVYV PHWL
WKDW HQVHPEOH PRGHOV VXFRQWLNIX6WD FRIQYMUDLQWY LQ WKHLU
VLIJQLILFDQWO\ LPSURYH OLWKRIRSOF B/@D®B\HMY ABWWR® FKDOOH
6DDGDWL >H@ DXWLOL]JHG VWHSEZQXMWHWDFRWDDHRFKHPQRDPDGDRAWD ZL\
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PXOWLPRGDO GLVWULEXWLRQV +DR LIKKRFWVHYQ QRN WWDBO WKH SUHVHQ
FRPSDUHG 237,&6 *0OHDR@GIRUD FRPSUHKHQVLYH FRPSDULVRQ RI
DQRPDO\ GHWHFWLR@ GB® GBIQNV RO WQYDULDWH FOXVWHULQJ PHWI
HWSD@RPELQHG 3&$/DQG WR LGHAWQLGHDKDQV 5LHPDQYROQ .
SURVSHFWLYH PLQHUDOL]DWLRQ®DPRQHD Q0 R 0D[OHW Hi W OIRG H O *00
> @SSOLHG *BIIQHOWM. VR VRLO JDPMJ®RWBUDNLYH &OXVWHULQJ 7KHVI
JHRWKHUPDO VWXGLHYV DSOLHG WR WKH JHRFKHPLFDO DQ

2WKHU DGYDQFHV LQFOXGH %PKBWVIDFQ KW HWMLRQ. FIOD PLQH WDLO
FOXVWHULQJ \@MFKEBEDXNHGE SDWWRWR UDZ JHRFKHPLFDO GDWD DQG C
UHFRIJQLBAGQ/WHULQJ IRU JHR ORD AW IOHGRHROMWPILLRH G& BRIWHFK QLT X H
GHILQ:VAIRKRGLYHUVLWS BDUQIBVVEBNQ®W DSSURDFK HQDEOHV WKH HYDO)
DGYDQFHG GHHS FOX@WRINXIGD HPEMKREPDQFHERWEGHWRQYHQWLRQDO
DO @QQ HW>D@I[SORUHG KLHUBBPSRFMRLWLRQDO GDWD VWUXFWXUHV
YDULDQWY DQG HQVHPEOH FOXMMHYWYXFWXUBWHJIWHKWH PDQXVFULS
ODUTXLWIDXMR HW @DIOQWHJUDWHBYW WKH JHRORJLFDO FRQWH[W
DXWRHQFRGHDWQYLWRK GHILQH JHRRMDDWLIRMVR FV&KH VWX G\ DUHD DUH S
GRPDLQV ZKLOH 0D UW@EXS DQICH PRIM/KRIGRORI\ DQG GDWD SURFHVVLQ
VSDWLDO FOXVWHULQJ WR HYDOXDMWH WKBWEQRDWHWL GHRLNVYRQW YV [
LQ JHRVWDWLVWLFY @PRRIEHLYHGHMWD D H G QD@®\ WKH FRQFOXVLRQV
PDFKLQH OHDUQLQJ DQG JHRYVWDHULWSMHIFFVL YRIY DHIRORUYFRW®OV HG
GRPDLQ PRGHOLQJ

7KLV UHYLHZ KLJKOLJKWV WKEWWHUHWHLMQ@VLH@lWD@MQWDO ORFDWL

DGYDQFHV LQ WKH DSSOLFDWL WII'_Y/D D JHRE!
FOXVWHULQJ WHFKQLTXHV WR JH FDPSDLJC
UHPDLQV D QRWDEOH ODFN RI % HSRVLW O
FRPSDULVRQV DPRQJ GLIIHUHQ O

SDUWLFXOMUQQFRKRRUDWLQJ 3HUX )LJIXL

JHRPHWU\ LQ WKH VSHFLILF FRQ ;f YXHY\L/gg $O(|;(§
DQG VSDWLDO FKDUDFWHUL]D J GLVWULEW
GHSRVLWYV JXUWKHUPRUH IHZ R§

DGGUHVV WKH FRQVLVWHQF\ E OLF GLVWUI
UREXVWQHVYV RI WKHRLQWXHR/\MJQJRI HIPHQWDWL
ZKLFK DUH FULWLFDO IRU SUDFWLFDO LPSOHPHQWDWLRQ

3595006 360000E 360500 3610006 361500E

1e6

LA
—— Deposit ;'
3.8180 o Drill hole 4 .

8.8178

8818000N
8818000N

8.8176

8.8174

8817500N
8817500N

North [m]

8.8172

8.8170

8817000N
8817000N

8.8168

8.8166

360000 360200 360400 360600 360800
East [m]

8816500N
f)
8816500N

3595008 3600008 3605008 3610006 3615008 U

JLIXUHRFDWLRQ RI WKH 4XLXODFRFKD WDLOLQJY GHSRVLW LQ 3HUX DQG
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7KH UHJLRQDO JHRORJ\ Rl WKH &HKWUR4 B HXIIDAFRFBRDHMWDLOLQJV GH
LV GHILQHG E\ D VWUDWLJUDSK DS YYXRFHVDMRQ\FRPSROHRQ WRQQHV |
SULPDULO\ Rl VHGLPHQWDU\ URFINWWH RBUMBIE BXFLUDQ DUHD RI K
*URXS 8SSHU 7ULDVVLF WR ZREDHWHQHIDDWHE E\ WKH SURFHVVLQ.
OLPHVWRQHV RYHUODLQ E\ YRORP ERWEREHEBWIXFHYBURXQG RSH
XQLWV HPSO KXAH G DAKHW 2@L IR FHQHK W R HDDRR B HP BQH VWDUWLQJ LQ
OLRFHQH 7KHKROURDWKIHFUPDO HNHROWWULRQ &RQWLQXRXV WDLOLQJV
RI WKH UHJLRQ LV DVVRFLDWH@ XZIXOKO VRIEK DL EMUBRQLRQ RMKH HDUO\
GDFLWLF GRPHV DQG SRUSK\ULWIQA WRBOKWY |DRIPFIKRSSGHWRVLOYHU D¢
WKH GHYHORSPHQW)\RH &FSWU &/ KGRIV VHY ZLWK UHSRUWHG JUDGHYV
VA\VWHPV JW $X DQG RYHU HU WRP DIQIF ODW

7KH &HUUR GH 3DVFR GHSRVLWHDWG FDQGWLUDNGUDRUMN ERGLHV ZLW
SRO\PHWDOOLF HSLWKHUPDO V\VWHRQ@HQHWBEDDQGUHODWMGS$J $ PR
WR SRUSK\U\ LQWUXVLRQV OLQUWHMHOQAWWYRQPRMAXUV LE\ %2 &RQVX
YHLQV UHSODFHPHQW ERGLHV DH\R XWFRHDW RIRDSSRRQMWPRW H O\ ow
DQG LV PDLQO\ FRPSRVHG RI SUDIGMN RMSKDOHQLWH 3E JW $J
JDOHQD MWEWHQ 7KHVH DVVHPEORXHV DUH
FRPPRQO\ HQULFKHG ZLWK VLOYHUKH GLNRIIIHW \DL@QGPRQHUDORJLFDO
ORFDOO\ DVVRFLDWHG ZLWK W UPRFMSBRFRWQRQY RILEKLRDXWKKH WDLOLC
DUVHQLF DQG DQWLPRQ\ 7KH PRRPBOGE R PHAWLTFOJBRXQUWMERQ KLVWRU\ RI
UHIOHFWV WE&LW/RYDPDDUDGLHQW DHOBWHYBQWR AIXMHH VWXG\ IRU WKH
LQWUXVLYHKFRRWSBHBX JROMYV QHPQVWEHUYLVHG FOXVWHULQJ PHWKR
FRUHV WUDQVLWLRQLQJ RXWZD GG V\@MWFR- @R PDHRFOH@VEB ARIGG ERWK
LQ OHDG ]JLQF DQG VLOYHU VHHQYUXBBPHQWDO DVVHVVPHQW D¢

UHSURFHVVLQJ

8

Stratigraphic units I

Atal
%757 Quaternary deposits 8 Ma
mmmm  Diatreme Dome Complex < A il
I Dome Complex
[ Pocobamba Formation Cerro de Pasco Fault 5 LS
4 i o G 7
Chulec Formation : S50 ] ] 7, (] S
y l“ I : | 52 | ll/ =
[ Chayllacatana Formation / tq.1 '.V‘ B T Milpo Atacocha
e Goyllarisquizga Group ‘ elr o |de ?asl Fault
15.14+0.6 Ma

=23  Pucara Group 8820 ?
[ Mitu Group 3
I—

Excelsior Group N

\ s Y an.
s I 10.56+0.8 M
Type of mineralization = B \ 52404 Ma-L

Tl A

U
JLIXUHHRORJLFDO DQG PHWDOORJHQLF PDS Rl WKH &HUUR GH 3DO@WR UHJLRQ
VIVWHPV DQG W\SHV RI PLQHUDOL]DWLRQ LQ WKH SULQFLSDO
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OHWKRGRORJ\ 'DWDEDVH '"HVFULSWLRQ

2YHUYLHZ RI WKH $SSURDFK 21 JURFKHPLFDO GDWDVHW ZDV RE

$ FRPSDUDWLYH DQDO\WLY RHUMWQ¥R®HEYLUBEAROHY GLVWULEXW|
FOXVWHULQJ PHWKRGY ZDV FR Q@BXEGMHG W B HERS/ARW WOWKH HIXODU J
JHRFKHPLFDO DQG JHRVSDWLD ® SBSKIRYDEDWHK 1M ®WALRYY RI PHWHUV
PLQH WDLOLQJV )RXU FOXVWHWVDBPSOBIOJRZWIMAK FER EZRHIFM i Q WBIW Y D O \
LPSOHPHQWHG OXPMMHD® . SURYLGLOKHWROXWLRQ YHUWLFDO
5LHPDQ QALY @ DXVVLDOWKURXJKRXW WKH GHSRVLW 7KH V\
OL[WXUH ORGH®O @D O® $JJORPHUDWEYR[LPDWHO\ PHWZHMWW LQ WK
&OXVWH@EQD DOJRULWKPV ZHUGLDBEWLRG WRG PHARMUN LQ Wi
FRYDULD Q FEHD WPHGV GIOWD UHSUH\GHQWPWILRQYV ZWWWK GULOOLQJ GHSWK)
FDSWXUH ERWK WKH LQWHUGHSMIWBHQFH EHWZHHQ
JHRFKHPLFDO YDULDEOHY DQG W KHDLED WS DSALHVCH @ VWL W K HOG MAYF U L SW L

7KH LQSXW GDWDVHW FRPSUDMLLGUERMWK HCRFKHPWBDO YDULDEO H\
FROFHOWUDWLRQV DQG VSDWLDGJFRRQGLGDW HVHD® GHUZARSSHU & X
D SUHSURFHVVLQJ VWDJH WR DHQO/ XU QT X PHO L WK HD Q@D WDVHW UHYF
FROVLVWHQF\ &OXVWHULQJ SHUFIRRSPRDIAMLRDD ® KWHVNBRIHQHLW\ ZL
XVLQJ LOQWHUQDO YDOLGDWLRGLERWLRW DQG MOWYDWHG NXUWR
LOWHUSUHWDWYRQ D ODHRZL@UT X 'RWY HDDO HOHPHQWY LQGLFDWLYH F
FRPSUHKHQVLYH HYDOXDWLRQ RIHWRHKMHPQWDO LRURFHDOHW\DQG HQUL
DQG UREXVWQHVV ZLWKLQ WKH GHSRVLW

7DEOHHVFULSWLYH VWDWLVWLFV RI WKH VL[ PDLQ JHRFKHPLFDIORDBIULDEOHYV
VDPSOHV FROOHFWHG DW WKH 4XLXODFRFKD WDLOLQJV GH
BWDWLVWISH J W =Q 3E & X $X JW )H
OHL
6BWG 'HY
9DUL
OLQLP
OHGI
OD[LPXP
4t
BNHZ!(
XUWRVLV

'DWD 3URFHVVLQJ 7KH VHFRQG GDWDVHW ZDV WUDQVIF

6LQFH WKH YDULDEOHV LQFOXBHes e ik b) yp GEBMES 2K LE
DQDOVVLY DUH HISUHVVHG LQ G LR X QL Y PPYowH Vsxu
WRQQH J W IRU $J DQG $X DQ W

=Q 3E &X DQG )H D VWDQGDUG (5}/ Igé\ %gg@%@ﬁgg";@
H R

QHFHVVDU\ SULRU WR WKBDDBBG&O \g H
DG FRUWHDMMWYH FOXVWHUL \é A D' EOFXRVP\’;HRL\J/LLSV‘
WKLY HQRUH ORUPDOL]DWLRQ Q
WUDQVIRUPLQJ HDFK YDULDEOH

Vi

D 'FH 2o \ ZHUH S
XQLW VWDQGDUG GHYLDWLRQ > (%v K{EWV oo
DOO YDULDEOHYV FRQWULEXWH *;3;55" \\8 oK) %»:D @'UW@XB/USWI
DQNMOV E\ PLWLJDWLQJ WKH LQI % B IR H A
LQ VFDOH ZKLOH SUHVHUYLQJZVEUHVIQIH Dy éHWIyUI% JQK\)\)%LII NV
DPRQJ REVHUYDWLRQV

V DQG UF
7R SURSHUO\ DGGUHVV WKH Fﬁmwgg%@@%www?

WKH JHRFKHPLFDO GDWD WZR HNREYYIROV RI WKH
GDWDVHW ZHUH XVHG IRU WKH FOXJM
7KH ILUVW FRQVLVWHG RI WKH G@?Wéﬁ%@fzk\%@v@\%\tm? DQG )F
JHRFKHPLFDO YDOXHV ZKLFK PD[Z&W DRXQOWKWMDRIWDIN I DIDQDO\VLY ZDV
PHDVXUHPIHQW DQG IDFLOLWDW H RRELBHSU HWSEHYHQ@WDWLRQ RI JH
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VSDWLDO YDULDEOHY ZLWKLQ D IH&®WXXNMHWIMBPIHO 8 WKIRIGMA G WR

FDSWXUH ERWK WKHLU LQGLYLGX YD EL * D. |_I-||U DV V
YDULDEOH UHODWLRQVKLSV $V %%‘ [ }ﬁ/bé/ [UF
PDWULFHY ZHUH FRPSXWHG WR d. d‘| H L IRXU XQVXSHU
DPRQJ YDULDEOHVY DQG WR IJX F} =) (XFOL
XQGZMMWDQGLQJ RI WKH GDWDVHW Y \k &lm JORPHUDMW

> @7KH FRUUHODMARIQ PHAVDV[ ¢ oy WHULQ@RUUHODWLRQ DQG FRYD
PRI PDWULFHV ZHUH XVHG DV FRUH UHS
U TTE &, FDSWXUH ERWK WKH LQGLYLGXDO Y
) YDULDEOHV DQG WKHLU LQWHUQDO
ZKHBHKRay, LV WKH FRYDULDQRH/ Mg HHE® FROQVLGHUDWLRQ LQ WKH
YDUL DFEIHY D &fEyg DUH WKHLU UHYBREWHINHFDO V\VWHPV
VWDQGDUG GHYLDWLRQV 7KLV |RUKHK CFEOMIVAE BHIXA@D EDAOHR UMK P SDUW
LGHQWLILFDWLRQ RI KLJKO\ FR URBEMIOUIWIBDE NRDYR HEGOWRI URIXSMW LILQI W
DV ZHOO DV SRWHQWLDO LQIR UPDMRRASBHOV U NS KUELIRIRAHR ¥ VO D WY K H
PD\ LQIOXHQFH FOXVWHULQJ RXWEMHPAWLYH IXQFWLRQ LV
JRU GLWVWNEEH DOJRULWKPV VXRK DV
(XFOLGHPRQV DQG $JJORPHUDWLYHR §OXVWHULQ]J
WKH FODVVLFDO (XFOLGHDQ GLUVWRQFH PHWULF ZDV

HPSOR\HG
ZKHBWW HGHQRWHY WKH VHW RI REV]

: DVVLIQHG VR @®XWWKHUFHQWURLG RI
G L LO IgF g8 FOXVWHU ,Q WKLV VWXG\ GLVWDQF
e XVLQJ WKH VWDQGDUG (XFOLGHDQ
PXOWLYDULDWH IHDWBMBQVSDW¥H :KI
ZKLFK LV DSSURSULDWH XQGHW I WKHO®WVYBOROSWLRHAWIRUSUHWDEOH L
LQGHSHQGHQFH RU ORZ FRUMSHKEADWERQ FORXRWH UV ZLWK VLPLODL
GLPHQVLRQV D FRQGLWLRQ UHDMRWDPEQROHVOWIN HOBGLURQPHQWYV Z
IROORZLQJ QRUPDOL]DWLRQ +REWHHMRIHONRRY WHWHUXFWXUHV VXFK
SUHVHQFH RI UHVLGXDO FRUUH®RWHRRYLBRGIWKH SRWHQWLDO
IRU FRPSOH[ JHRPHWRIOR WWWKHXFWXUMFRUSRUDWH WKH LQWHUQD
YDULDEOHV WKH DQDO\VLV ZDWWIWRXXHE LKQWRKIH DWXHHMHEOHY DQ
VSDFHV GHILQHG E\ FRYDULDQRYDRAWYERHWDWHULEHWHDQWDULDQ!
PRWLYDWHG WKH XVH RI FOXVWISHU®IWNDSSURDEKHNYDYEDIW) VSDFH Z
DFFRXQW IRU WKH JHRPHWU\ Rl GD\@®DQGW¥$ K UNILIRFHZRYINK HDFK REVF
DV SLHPDQOADRY DQG @O UHSUHVHQWHG E\ D ORFDO FRYDULTED
&RYDULDQFH PDWULFHV HQFREHX WHKHU P XOWH YIRYUPHWHE\ PLQLPL]LC

GLVSHUVLRQ VWUXFWXUH RI WK{ LYWW BORARAHD WRENYH PDwWUL
FOXVWHU WR EH UHSUHVHQWHGX QRW RV ERFRPIIYUH DV

DVVXPHG LQ (XFDQBHIEXW DV DQ RULHQWHG

HOOLSVRLG LQ IHDWXUH VSDFH IEKH GLNWRQFH EHWZHHQ

WZR FRYDWWQEHDRG LQ WKH 9:F Evd

5LHPDQQLDQ VSDFH LV GHILQHG XVLEUYY WKH DIILQH

LQYDULDQW 5LHPIEQLDQ PHWULFZKH®%HY WKH FRYDULDQFH PDWUL[ L
: £ e ZLWK REVEUYIDWWRE FHQWWERLG RI FO

Gei% % Lri HISEC DQ@:#5 LV D VXLWDEOH 5LHPDQQLDQ

IXQFWLRQ W\SLERYOWUMWKMHWDSILHRHD Q QL

PHWUWF LV LPSRUWDQW WR FODULI\
ZKH&BUH WKH HL3I4f%Y DQXEM V RI$Y Y Q

s

| QR FERIRISKINRH
WKH QXPEHU RKMD BHMNEOHVLV S b;L %ﬂ; o mYVVU LFFEH QVWHC%
VXLWHG IRU FOXVWHULQJ FRQW < a D\P iagQQ,\Cf RZQ DV
RULHQWDWLRQ RI WKH GDWD GL H:X/H- UPliL é{IF}(L HY WK H
LQIRUPDWLRQ VXFK DV LQ FRIZSOHL PDWULFHV ZLW
HQYLURQPHQWYV ZLWK PXOWLVFROHp
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&RYDULDQF B PHW HVWWLPDWHG *®RFIDO®ODUWLFXODUO\ VXLWDEOH LQ
XVLQJ DVLJH&SDWLDO QHLJKERWKRRORBYRXI/WHUV RI DUELWUDU\
HDFK VIPSZOHLQHG E\ LWV JHRAXMHPLEDBQ r®SWXUH JUDGXDO WUDQ
VSDWLDO FRRUGLQDWHV :LWKLQTHDEKQW HIHKERKIFRE GRPDLQV ZL
HPSLULFDO FRYDULDQFH PDWULF HM JQRHHUDPASHG RURKLHUDUFKLFL
WKH VXEVHW RI VDPSOHV IDOOLEXILCEW KR & HRSYRAHPRORE VXFFHVVLY
(XFOLGHDQ UDGLXV HQVXULQJ RRRIMWYWKLHP P \§BLEPM\RDEFXVWHUV E|
SRVLBHMHLWH \WQGREBIOQHFG VWUXERHUHBLWHUILRYKLY VWXG\ :DUG
YDULDELOLW\ 7KLV ORFDO HVWPORSRWPRE ¢WWWHYLIR S URY §MBG ZKLHE
D PRUH IDLWKIXO UHSUHVHQWDWFERG DY QOQWMMEIPRIH DFH DIWHU
ZLWKLQ WKH WDLOLQJV GHSRVLW DQG-HQDEOHV FOXVWHULQJ
DOJRULWKPV WR H[SORLW ERWK ORFD.G GLVSHUVLRQ SDWWHUQV
DQG JOREDO JHRRHWULF VWUXFW DUH WKH FDUGLQDOLWLHV

,Q 5LHPDQQLDQ VSD%H VWXRW YR
REWDLQHG E\ DULWKPHWLF DY ; }Z\/ H\)V X VS;J(\;V\L\Y/;'LK
FRUUHVSRQGY WR WKH )UpFKH K‘ ‘: \DKH. S V D
5LHPDQQLDQ EDU\FHQWHU ZKL ’@ fﬁF i/

FWHREV XY ISy LXRA O WH GDW
oL % o

Rl VTIXDUHG GLVWDQFHV WR DO
9DOLGDWLRQ DQG &RPSDULVRQ RI C
9EZ

LD, 7R REMHFWLYHO\ DVVHVV WKH TX

ZKHRIEHQRWHV V\UKI'H\X/\QIBHI-WBLIEOXVWHULQJV SURGXFHG E\ WKH GLII
SRVLWHMHLWH PDWULFHV 7KL '_IF
WASLFDOO\ VROYHG YLDED®HGW, l¢

ﬁﬂp HEHQWDU\ LQWHUQDO

I " H 6LOKRXHWWH

DOJRULWKP DIRUPR VIRRODRWHR Q H v LQ %, DQG WKH
Q LFE

=NIE

JHQHUDO 7KLV GHILQLWLRQ HQ ]||§’ H W%ﬁs?m\/&é\u\i
UHVSHFWV WKH LQWULQVLF JH P éﬁ ' DUDWLRO 2K
PDQOIR DQG HQDEOHV WKH PRGHD IREo ‘Eﬁ y DR
DQLVRWURSLF DQG KHWHURJHQH W?Ff By Iw% LIV GH.
DUH FRPPRQ LQ WDLOLQJV GHSR ;
HY W H XVWHULQJ TX
LV D VXLWDEOH 5LHPDQQLDQ P, EFYL 2P \é/ Iﬁ_PDWLR e
DIILOMYDULDQW PHWULF 7KLV D FIB ﬁ &/ % \ WQWR RWQK
PRGHOLQJ RI FOXVWHUV ZLWK_ # SR RV
DOLVRWURSLF LQWHUQDO VWU mY P RQ
HOFRXQWHUHG LQ WDLOLQJ\RH Y J JOFRHVWHU
L RV REBMHUYDWLRQ
KHWHURJHQHRXV GHSRVLWLRQD ﬁ§$ H
7KH *00 DSSURDFK PRGHOV H V& bv b
PXOWLYDULDWH *DXVVLDQ GLVWULEXWERQ DOORZLQJ IRU
IOH[LEOH UHSUHVHQWDWLRQV R FOXVWHUY ZLWK DUELWUDU\
}]/LK\PH%HVE\ @/ KH MRLQW GHQVLW\ LXQFMELRR W¥H DYHUDJIH GLVWDQFH
DQG RWKHU SRLQWYV LOQELWWREQ FOX
L , DYHUDJH GLVWDQGHSRHYENH® WKH QF
LT L 0T & N QHLJKERULQJ FOX\OEHDQJKN YWDRPXH R
Iz WR  YDOXHV FORVHGWR QH®GLED
ZKH&BUH WKH PL[WOEYIHSZ&LIKWWDXVWHUV ZKLOH YDOXHV QHDU RL
LV WKH PHDOQRMHWFWRH FIRQGULD GFHHBOWS LRU PLVFODVVLILFDWLRQ G
RI FORVADHWDPHWHU HVWLPDWLRBRQMWSHWYI RWEHGEY ISIWRYLGHV D XVHIX
WKH ([SHEWDRWLPPWLRQ (0 DOJRBEMHKPLFDO DQG VSDWLQWGRSXODW
ZKLFK PD[LPL]BYNHIOH KRRIG VHSDUDWHG DQ HVVHQWLDO DVSHEW
) : ZLWK GLVWLQFW FRPSRVLWLRQDO FKE
7KH *OREDO 6LOKRXHWWH ,QGH[ °
FRPSXWHG DV WKH PHDQ RI DOO LQGI
VEFRUHV DFURVV WKH GDWDVHW

el Hirl ¢y éyfye
@3 et
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E VWHS DLPHG WR XQFRYHU SUHOLP
)5 L—Ei I FRUUHODWLRQV DQG VSDWLDO SD!
“.|@= ' XQGHUVWDQG WKH LOWHUQDO VWUXF\

i YDULDELOLW\ RI WKH V\VWHP

ZKHUHY WKH WRWDO QXPEHU RI REVHUYDWLRQV ,Q
WKH FRQWH[W Rl JHRFKHPLFDO FOXYWIHWO-RLID WHKHS'PRUDWRU\ $QDO

VHUYHV DV D JOREDO PHDVXUH RL KR H \

KB up '6v o FWéF’HQWUDWLRQ
VDPSOHV DUH JURXSHG LQ WHORK IR R OEHG VSOWLDO KB
FRPSRVLWLRQDO DQG VSDWLDQ ~ VI §,L, e Oﬁcg

SDUWLFXODUO\ XVHIXDXDROLWR U YHUWLEFEDO
GLIIHUHQW FOXVWHULQJ VROX

H 'Wﬁil %E( %%G &/ﬁ ZLWK

RSWLPDO QXPEHU RI FOXVWHUYV FRQFH WuB OV ERGFHEWDwHG L
7KH '%, RIIHUV D JOREDO HYDOXpW WL @g ¥ WU?EL?HLVOLF,
TXDOLW\ E\ PHDVXULQJ ERWK FO’Z% ' VI_{fGX éIURPWKH S
VHSDUDWURW D FOXVWHULQJI VIEGAWRRAFEWK N /e e b6 RUHY st

FOXVWHUV LW LV GHILQHG DV
Q DQG FKDOWRKNUVWGILGH DVVHPEODJI

E,t =1 ( E G 7TKHVH HDUO\ PHWDODOKUNDORY®@ WHR/LC
&$ L—(I "\‘T( UHWDLQ VXEVWDQWLDO DPRXQWYV RI &
14 v LQ XQR[LGL]HG RU SRRUO\ OHDFKHG ]I

ZKHQHV WKH DYRORXYAMW HOWUY WO PRRGEQ )H GLVSOD\ PRUH ODWH
FOX\EWHRP SDFW QHYW V DAE GLV\WHYWYLEXWLRQV —ZLWK OHVV " SURC

EHWZHHQ WKH FHQWERIL@EH RIS Ry FKHVH  SDWWHUQV PDL

VHSDUDWLRQ /RZHU '%, YDO SHS X W{ WVLHGEE\(/;LHHVVS
GHILOHG FOXVWHULQJV ,Q WKKHSK &0 Q VG LG
GHSRVLWV '%, KHOSV YDOLGDW |'=; 5 % \?h RP RO
FRUUHVSRGGE IWRIHEWODWHG JH | Wy REEXUUHORA L
VSDWLDO GRPDLQV PLQLPLILQY, §¥] > S%(%I@/@QGDU\ LURG R
SRSXODWLRQYV

7KH &+, DOVR NQRzQ DV wkHHR YD chf: L b DRLé’LLV(\/?JF}/RSLLEB&Vﬁi

W L%k

FULWHULRQ TXDQWLILHANOMAKWH t| &
\Y LWK ORFDOL]HG
GLVSHUVLR @ OXK VZH W KIIQY S\W UBAL HVH SDWWHUQV VXJJHVW SRWHQWI

FDOFXODWHG DV PXOWLSOH PLQH UDIXGD WL RG® RRQGBY\

bor | B B CF e HQULFKPHQW SURFHVVHV RU VHOHFW
Ll e, TFC KHWHURJHQHRXV PHWDOOXUJLFDO IH

VHUY RWKHU SRO\PHWDOOLF
ZKHWBHNS,; LV WKH WUDFH RI Wlﬁ/oLEYI_bVM%% VEFDWWHWBURORGM )LJ

FOXVWHU GLVS8HNWYLR @ RBWWILF I SR} WEKR v HQMRHQ @WWHHIODWLRQVKLSV
ZLWROQVWHU GLVSHY WKIQ @OMEWH\RIwLYH FRUUHODWLRQV DUH REVH!

FOXVWHUV VDKM WRWDO QXPEHU3RI BEVHIY®WYRGVDOG )H FRQVLVWH

+LJKHU &+, YDOXHV LQGLFDWH
VHSDUDWHG FOXVWHULQIV +Q Folni By e Vot Ak o BT BN B 6oy

DQDO\VLY WKLV PHWULF LV SPHWERKODEQ) X9 IBUEKDUDFWH
RSWLPL]LQJ FOXVWHULQJ DOJRUQ_MJLEQQ&?L@)%J YREQRERVW VDP S
IRU VHOHFW ISQL DWKH @SBERU R I \HoXWVNE B W KREPEMOWR ZKLFK

UHIOHFW WKH WUXH XQGHUO\LQ } WAEKFK W B | N ASRRIY BAX BRI © HE X
GRPDLQ GHULYNG O WRSH MW\ RKURD O
SHVXOWV DQG GLVFXVVLRQ  v\VWHPV@¥KHVH JHRFKHPLFDO DVVRF
%HIRUH DSSO\LQJ PXOWLY DRLIXNVOH JKMAO WNKWMHKHWHURJIJHQHRXYV QD\
DOJRULWKPV D FRPSUHKHQVLYNXBORUDWNRVKHD 6BRB\WWYWHQFH RI GL)
ZDV FDUULHG RXW RQ WKH JHRFKAWUEEIW-RQW SDWYBOYHG LQ WKH
GDWDVHW IURP WKH 4XLXODFRFKD WDLOLQJV GHSRVLW 7KLV
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U
JLIXUH KUGIHPHQVLRQDO VSDWLDO GLVWULEXWLRQ Rl HLJKW JHRFKHPLFDO Y
4XLXODFRFKD WDLOLQJV GHSRVLW 7KH SORWV VKRZ ERWK YHUWLFDO HC
GLVWULEXWLRQV Rl HOHPHQWDO FRQFHQWUDWLRQV

7KH ELYDULDWH GHQVLW\ SORZI\G RY SQUMHDRD COLQKBG SSORWMDY FRUUHOD
JLIXUFDOORZ D PRUH GHWDLOHBHWDCY QDWIICRHFWILQJ LWV GXDO SUHV
GLVWULEXWLRQ SDWWHUQV 9D URLPESRIYHOYWIKD QB ) SRAXF® RI VHFR
$X HIKLELW VWURQJ SRVLWLYH WXHZXQ BYV RLQGRWDRQQIBIOWWRIHWKHU
SUHVHQFH R PLQRU VXESRBRODWIRQV¥RQMLWKY WKDW WKH 4XL>
DQRPDORXVO\ KLJK YDOXHV OGHHDS RAKUWD HH[JMVAMUSRDRML DO DQG FRPSR)
GHQVLW\ FOXVMEHQ@G £Q WEBFHQFRPSOH[LW\ VKDSHG E\ WKH VHTXHQW
VXIJIJHVW WKH SUHVHQFH RI DWDIOHDVIW GHRLYADAMRWRP PXOWLSOH
JHRFKHPLFDO JURXSLQJYV OLNHQQVIHIOWFWVQ®U REYQLGXMXVWLI\ WKH
IURP WKH SURFHVMXQLFRI KLIKRXOWLYDULDWH MHFHIFEXWMWHOLQGHWRQ RE
VXOILGDWLRQ R43B¥J BRG\PHWD®ORFKHPLFDOO\ GLVWLQFW GRPDLQV .
RUHYV 7KH GLVSHUVLRQ RI )H LQ WKHVH SORWYV LV PRUH
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U
JLIXUHALYDULDWH YLVXDOL]DWLRQ RI JHRFKHPLFDO GDWD IURP)MWKH 4XLXOD
=Q 3E DQG &X DUH SORWWHG RQ WKH D[HV ZLWK FRORU FRGWRIRWU &X DQ

H FKDUDFWHUL]HG
OXOWLYDULDWH &O0XVWHULQJ g'g%:@(\g‘y\)b'ﬁ%wmqv A Y
7KH PXOWLYDULDWH FOXVWHDVYR M ORI KW KHWKH UHVLGXHV
DSSOLHG WR WKH JHRFKHPLFDO \DXXG \GS-D WRDE G B WRNHWW LQRP SDUWL
WKH 4XLXODFRFKD WDLOLQJV GHRG@WDWOIIQVKVWKEOMILAL\RH =Q6 JD
LGHQWLI\LQJ ODWHQW FRPSRVIDWUR QN | IR WNEEBAU DIKBKE VL WH ¢
GHOLQHDWLQJ GLVWLQFW PLQH WD QHHGOE RIDIHDOAN Z L WR QY IWKHH QW Z L
GHSRVHWFODKVLILFDWLRQ ZDV SIHSORW WHMV XR/Q QKIRIV WD @RID D W H
IRXU DOJRULWKPOHO®FOEGHPRQRALORUDOL]DWLRQ WKDW W\SLILHV W
. OHDQV *00 DQG $JJORPHUDWPYH LQIXVWHMLRODFREKD > @
7KH RSWLPDO QXPEHU RI FOXVWHUY FRQW ZDVW HOGEWWHEU GRPLQDW
EDVHG RQ WKH MRLQW HYDOXDBRIURI RRQVWR U HWHK H QWBIURIDGIY DQG |
YDOLGDWLRQ PWWH I&FN, WERE KR OPWHQWY ZLWK ORZ WUDEH HOHPH:
ZKLFK DUH ZLGHO\ XVHG LQ VE&DWLPODWIQRFKHMFDWLYHO\ KRPRJIHOQ
DQDO\VLV WR FOXYWHY FRMKHPERRDDQG 7KLV JHREKHPLEDO VLJQE
LQWBXVWHU VHSDUDWLRQ > FRAUURAKNBRQGVX@® WHYIBXW&HDWUL[ IR
VHIPHQWDWLRQ VKRZ® DQV) IFRQEAL \ORHIBRVLWLRQODO OHDFKLQJ RI V
VSDWLDO SDWWHUQV DFURVV W KB EDOHTRAUHGWKRW RQ R[LGH SUHELSLWD
7KH WKUHH FOXVWHUV REW D{IMHBN IFWHUHWDS BUREWRY FRPPRQO\
JHRFKHPLFDOO\ DQG PLQHUDORHLERVIDE GALIVMOIGEW PRIOGHVU R[LGL]LOQ.
ZLWKLQ WKH GHSRVLW  UHITKHFWHRBKHSGLFBIO HQRY RJ FO@HIEW\ D QG
PLQHUDOL]DWLRQ VW\OHV DQGF®SQRHOW IRD W KLY WBXUMAHU VXSSRUW
&OXVWHU SUHGRPLQDQWO\ |R¥DF KHE ERQSVRY A Y GRRMRERUH BHORZO
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U
JLIXUHALYDULDWH GHQVLW\ SORWV IRU WKH QRUPDOL]HG JHRFRWIPWFDO YDU|
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U
JLIXUHOXOWLYDULDWH FODVVLILFDWLRQ RI WKH 4XLXODFRFIOHMWPMOLQJV GH
E S5LHPDQQHDQV. F *DXVVLDQ OL[WXUH ORGHO G $JJORPHUDWLYH

JLQDOO\ &OXVWHU FROQOFHQWUBWHGDDQ GAGH KFRIGKIINWUDWLRQ LV
VHFWLRQV RI WKH GHSRVLW GLVD@WLWOQ WILFKROHOM SREWHG E\ WK
DQG $X ZKLFK DUH VWURQJO\ LRHANBDFRWLYWXRPOMDLUJBGQJVQ 7DEOH
GHULYHG IURP WKH SUWRHHGBGYWERRR DIQQAKBDRPQY DOJRULWKP WKH 6, |
HSLWKHUPDO PLQHUDOL]DWLRQ 7KHWHKHIRUO\ GHSR\DLQVG. RMDKH "%, D
SKDVHYHZHKDUDFWHUL]HG E\ WKIHQUPRRVBWLRQ 6RIPLODOBDQMKFOLGHI
PLQHUDOV VXFK W6 HQDUW W HHBXKLHYBYRXIBWWH 6FRUH RI DQG
DQG PLQRU FKDOFRE\WOWHQ & XHML G XHMVWE L u $OWKRXJIK *00 DQG
ZLWK KESK BRQWHQW 7KLV LV FRQUORPWMHOQOWLXIHWVEOXVWHULQJ \LHOG
KLVWRULFDO UHFRUGY LQGLFDWDBDQAIXWKXDW WIKH) GQLWLNHEKIDMMVY HO
RI PLQLQJ DW 4XLXOBRPREKBE WDHBIHRWHG & X FRQVLVWHQW VSDWLDO
> @ 7KH YHUWLFDO JRQDWLRQ RRGYMNYIWHIPAH WK XY OWH MBKBMHY PHW UL
WKH PHWDOOXUJLEFDPLQHHIXE QIPW IR WY D UREXVW FOXVWHULQJ VR
WA\SHVY KLVWRULFDOO\ SURFHVVH® ONW WKH VLWHSDUDWLRQ DQG

LOWHUSUHWDELOLW\
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7TDEOHQWHUQDO YDOLGDWLRQ PHMWMDULIFE/D \6]L OBRRCOHM. W HIRADOGLQMNHQW FOXV

FRQILIXUDWLWRY DQG PHWKRGVY DSSOLHG LQ WKH PXOWLYDULDWH FODVVL
GHSRVLW

OHWULF N

(XFOLG HBIQ QV

6LOKRXH
&DOI +DUD
'DYI %RX

5LHPDQCOHD

BLOKRXH
&DOLONVMDREDV]
‘DY %RX

*00

6LOKRXH
&DOI +DUD
‘DYl %RX

$JJORPHUDWLYH &OXVWHULQJ

6LOKRXH
&DOI +DUD
'DYI %RX

U
$GGLWLRQDOO\ D VHQVLWLYEWWZMHAMO\VLNQRI WKHZKHUH 6LOKR X
SLHPDQQLOHDQY DOJRULWKP IREOHDVH XS WR DQG '%, YDOXHYV
KLIKOLJKWY WKH LPSRUWDQFH RIQBKADWDQ 1 XKVR FERFDRHIWHIG ZHO XV W +
XVHG LQ FRYDULDQFH HVWEFPDWERQHSWUVAD/O @ DDE&HW UDGLL WKH QX
P FOXVWHUY DUH OHVV FRKIBRLWAW V%3 HF U H DDNCHY IR H HAWAM IHTY
PRUH RYHUCGIVEED@ISRUIRUPD QFWASIDWUBDFKHBROXWLRQ DQG FOXVWHU

7DEOHHQVLWLYLW\ DQDO\VLV RI WKH 3*UD @HO/Q VS BODFMWHEBEDWVOL RIOH P D Q
5DGLXV1f YDOLGDWH BRQRRNHW W HEFRIUADNDEDV] DYLPRXOGLQ

U
OXOWLYDULDWH &WUMNQHWURQYBABGYLVWHQW ZLWK WKH GHHSHU SRU
GDWD VXJJHVWLQJ WKDW &OXVWHU FDS

7KH FOXVWHULQJ DQDO\VLYV P (B'““BCHVRIOPLL'\'HLO\
XVLQJ WKH JHRFKHPLFDO GDWD H M%%DO PS S
&/5 PHWKRG ZKLFK LV SDUWLF [S Q
J

DGGUHVVLQJ WKH FRPSRVLW §|UH HQV(\?\?V\(,HHVO\E/)VVEEYXHE
JHRFKHPLFDO GOBWBSQDIXUWMKH ERQI B@WHR\/QD\OR
GLVWULEXWLRQ RI WKH UHVXO - .o %?5 7KLV JI
ZKLFK ZDV DJDLQ VHOHFWHG DV W 6 OXVWH
JURXSV EDVHG RQ WKH LQWHUQUIQ LF{;V[ %\@ﬁ OLNHO
WKH LQWHUSUHWDELOLW\ RI WKBJ EHVVHY VXEK
$V REVHUYHG LQ WKH FOXVWHY V\th'GH SUHFLS
&/5WUDQVIRUPHG DQDO\VLV DO '= VWLFE RI HJ
YHUWLFDO JHRFKHPLFDO VwUuD H\&, HHULQJ ZKI
AXLXODFRFKD WDLOLQJV GHSR H PDWUL[
JUHHQ LV SuU

UREXVWQHVV Rl WKH FOXVWHU
UHG RFFWHUPWGAIDWH OHYHOV \&(/ Q/H%lH\gg Rl WKH GHe
% LEQVY 3E XS

D5 7KLV FRPSRVLWLRQ D

.4'"

DQG LV FKDUDFWHUL]JHG E\ KLJ
a DQG $X a J W TKHYV
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SUHVHQFH RI SRO\PHWDOOLF P MW)MHUD MEPWDFRQV X8 VLGK B\RPDLQ &0 X

LQFOXGLQJ VSKDOHULWH =Q6 DQIARRDZHDABKHDIYE R[LGL]HG FDS &

DUJHQWLIHURXV VXOIRVDOWYV VX JIBHESW LR ONKHDWDG OLY AFRIVMWEO XV W

UHSUHVHQWY=QMWKHFK3EPLQHUDOGHJ®PEQWDWLRQ QRW RQO\ FRQILUPV

GRPDLQV SURFHVVHG GXULQJ W]RH IODIMHXUI BHDVHE RI WHKHH UDZ GDWD

PLQH V SRUREKFWRU\ UHLQIRUFKH PLQHUDORJLFDO LQWHUS
7KH &EDVHG FOXVWHULQJ GHSIR¥MWALYWGHSRVLWLRQDO VHTXHQF

GHOLQHDWHY WKUHH PLQHUDOLKDWILRQ\ JRQHV ZLWKLQ WKH

U
JLIXUBXOWLYDULDWH FODVVLILFDWLRQ RI WKH 4XLXODFRFKD WDLOLQJV
WUDQVIRUPHG ZLWH WHRWE&/BHG IDREADQEHDE 5LHPOHDQWDWQF *DXVVLDQ
OL[WXUH ORGHO G $JJORPHUDWLYH &O0XVWHULQJ

5HIJDUGLQJ FOXVWHULQJ SHUIRUKHQRH, WKRZMWHBRQWOLVWHQW LQ
YDOLGDWLRQ PHWULFV 7DEOHLQFUKDNKIOQD KW SPBRHFXODUO\ IRU *0
GLIIHUHQFHVY EHWZHHQ DOJRULWKPV DWKIHY 6 LDE® X HRAUWW K JJORPHUDWI
VFRUHV WHQG WR EH ORZHU W KSDOX W/KIRWIHQR E \X R L K| QU  DWHKH V
UDZ GDWD UDQJLQJ IURP WP HWKIRGV(XFDIORPHUDWLYH &OXVWHU
DQG 5LHPDQIDLDVGOWI LQGLFDWKQJKHVW VWDELOLW\ DQG LQWHUSUH
UHGXFHG FOXVWHU FRKHVLRQ 64RXKHRYXHW WiEO0V PRIWGH R DQG D '%, |
$JJORPHUDWLYH &OXVWHULQJ VKRYZ WQILIHWWNOA VE K B EKU HPUWDD UEFHK L F D C
UHVXOWV ZLWK BLOKRXHWWH VEFRUWHMURVXLWIP®@GRU FRPSRVLWLRQDC
UHVSHFWLYHO%RX®GLRYLEELFHMW DRHR2ZRUN DV WKH\ DUH FDSDEOH RI
VXJIHVWLQJ FFROKNWWHVUHVHGWE QW LRQHIXODU JHRFKHPLFDO VWUXF
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$JJORPHUDWLYH &OXVWHULQJ JSEKOE'H{ & R{ UL0D DEKLUY
VLOKRXHWWH YDOXHV RI o TRy Uhox,
VXJIJHVWLQJ OHVYV FFD:QSGDFIV\Ru] g@;ﬁ? (A
?/
&9&

RYHUODSSLQJ ERXQGDULHV +
HB VIHDVOHY D
ORZFHHWIRUPLQJ PRGHOV UHY V YDULDQFH VWU

JHRFKHPLFDO GRPDLQV ZKLFK

DQDO\N]LQJ VAWWWHPV ZLWK FRP §§ $§‘(])(;<|\Q/|\:,>VHHUUDVW

VXFK DV SRO\PHWDOOLF WDLOL XV U HU SHUIF
7KH FRQYHUJHQFH RI WKH WKU %%60 z&y@‘:ﬁgEg\/&géy W H

PHWULFV 6LOKRXMHWDWEB V & DEDQ @ V WR LOLW\ DQG DOLJQPHQ\

%WRXOGLQGDURWXBSRUWY WKLV F H U
DV WKH PRVW UREXVW W HIIHF

\ﬁ Qé% Q JRQHV
DQG VHSDUDWLRQ DYRLGV RYH QIJ g ) ggf(\?/\'/Rgl
PHDQLQJIXO VHIPHOQWDWLRQ RI S W lbg St
ZLWK NQRZQ PHWDOORJHQLF L UMk RUTRE PLOHUDORDLCFL
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WKH &/5 WUDQVIRUPDWLRQ ZRYBHORRIMNMFWRWHIHIDPWLRQ VWUXFW
UHGXFLQJ VNHZQHVV DQG PLWLUXDQWD@HQWKHO HIQH PWORILYDULDWH JH
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GDWD SUHVHUYH PRUH LQWHUSWDADE QB8VDQGHBHRR/Q RVM. F DRK@\UD FW H U L

FRQVLVWHQW SDWWHUQV S DU WLRXSROWLAY L RQD €& ARRIPU R DIOQ@K L W \
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Rl 5RFN OHFKDQLFV DQG *HRWHFKQPRK®O KWWISYHHGRQ RUJ

KWWSV  GRL RUJ M MUPJH ., @ 3DFLILFR /5 *XDULQR $ ,DQQRQH $
> @ 1DVFLPHQWR 6& &RRNH '5 &UDFNGHEBRXRWDQOORY WKH &RPSRVLWLR!
&% 3DUBRDNPU OLQHUDORIJLFDIRFBEHBLFDO 'DWD WR ,PSURYH WKH ,QWF
JHRFKHPLFDO FKDUDFWHUL]DWLRQ8RL YD QD Wi LDQ@ IJWVXOYWLWRHLDWH 6SDWI
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> @ (OJKDOL $ %HQ]DD]RXD 0 %XVUDIULKRRB, $ HYFHEHQOD ' $OEDQHVH 6
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IRUPDWLRQ RQ WKH UHDFWLYLW\ RRPAXWLY®UAL PWHH SHOVGHFWLYSH IRU GHW
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> @ $LWFKLVRQ - 7KH 6WDWLHRRIFPLOVERD RIVVRLRIGDWD 7KH FDVH R
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FRPSRVLWLRQDO GDWD DQG ORFDO POQLK JXMW D LVRUD QHDRARH VF B DLMHNVHUS UH W
VWXG\ IURP WKH NXK SDQ#S §ABEISE X \VAKIRHMISWG RWHQ IURP WKH <HULQJWRQ
*HRFKHPLVWU\ $SSOLHG &RPSXWLQJ DQG *HRVF

> @ &KHQJ 4 0DssLQJ VLI xoDY M YHvER WER RMPYY b P

VHGLPHQW JHRFKHPLFDO GDWD >R® :BQHGLEWHRG Rl 8QVXSHUYLVHG G
XQGLVFRYHUHG PLQHUDO GHSRVLEWOWIQYDWIMLWXH <DHREEEPLFDO DQRPDOL

3URYLQFH &KLQD 2UH *HRHOU I RUPHDYQ FH GHHS DXWRHQFRGHU *DXVV
KWWSV GRL RUJ M RUHJHRUHY*HRFKHP ([SORU

> @ &KHQJ 4 $JWHUEHUJ )3 %DOODQAW\GHR% : ODHWH 1+ ,PSOHPHQWE
VHSDUDWLRQ RI JHRFKHPLFDO DQRPOOWHY DURPWED FINGXRWBGLQJ PHWKRGV
E\' IUDFWDO PHWKRGV - *HRGEKWPRQWSQRUWLHY GDWD IURP VFDQOL
KWWSV GRL RUJ ERUHKROHV &RPSXW *HR\
> @ /L& 0D 7 6KL - sssoLFBWIRY rICELTFWDo 6

PHWKRG UHODWLQJ FRQFHQWUDW:R@V 6D\QX® SEL %W DOUNWFE KIRHU % 5H|

VHSDUDWLRQ RI JHRFKHPLFDO DQRPDIOQIHYJIBRPHEDEQN WRK @QEWURSROLWDQ
- *HRFKHP ([SORU KWWSV GRL RAHQWLILHWG DV *UHHQ &RROLQJ ,vVODQGYV
OHDQ &O0OXVWHU DQG 5DQGRP )RUHVW 5HJL

> @ 3RXUJKRODP 00 $GLE s 1100 BREHEELY  *PVHO

*KROLQHMDG 0 '"HHS OZDDYIHDLHON> D @G 6DDMAIWRD/OL/ *RPHV 0 GD &5 'RV $QN
WHFKQLTXHV IRBSDMOLIOHWLS\HRUDWRRQKID YDURP OXOWLYDULDWH VWDWLYV
,UDQ 6FLHQWLILF UHSRUWV DSSOLHG WR DVVHVV WKH GLVSHUVLRQ |
KWWSV GRL RUJ v PLQLQJ WDLOLQJV EDVLQ LQ WKH VHPLDL

> @ )DUKDGL 6 7DWXOOR 6 %vaﬁwl‘o $¢%@GHéLV\iVD $PELHQWH H
(YDOXDWLQJ 6WDFNLQJ& DQG HQVHFEIH W8 |
HQKDQFHG OLWKRORJLFDO FODVWLIIEGFDWRRY :RDRD\DPRORJILED@J 5 6XJDVD2Z

PDSSLQJ -RXUQDO RI *HRFKHPLFDDXVSMOHRUDGY LREWRU DQDO\VWLYV IRU PXOW
KWWSV GRL RUJ M IJH[SORDW 6WDW

> @ 6DDGDWL + $I1]DO 3 7RUVKL]D@+ %BODULPOO\ 0+ *DEU + :LOOLV 9
$SSOLFDWLRQ RI B6WHSZLVH )UDEBWROWHRGHOEQDOYRLUY Rl 0OXOWLYDULDW
,QWHUSUHWDWLRQ RI 5HPRWH 6H Q \6IS®DWG& D @B DHG, 65 QU RDFELD GBHYREDE 6WD)
-RXUQDO RI (DUWK 6FLHQFHV

KWWSV GRL RUJ M LMHV > @ :LDR: =KRX = 5HQ % 'HQJ : QV

> @ 6DPDGL 6 $I]DO 3 $ULDQ 0 6FMODNLPOOBOMNWRIUGH DB VEBOOW.DO GDV

6HUDM O '"HWHFWLRQ RI HIIHFARFESUSKURVILWN JRRORO/RIJLFDO KD]DUG PR

XWLOL]LQJ IUDFWDO PRGHOLQJ LQ 3WRWRL@AHHGBL BLHWHUYRLU 1:

,KUV\IIDV(\?SV G:FSRHU%VLD JHRSH > @ )RXHGMLR) $ KLHUDUFKLFDO FO
IRU PXOWLYDULDWH JHRVWDWLVWLFDO

> @ &RWDIMQDR 0 PODDAMRQD ODPDKMWWSYV GRL RUJ M VSDVWD

AXLVSH -)RKQDRGH] & KXOQIWSL GOR QJR SLTXHOPH E, 2UWL] -0 $ 5LHPD

5HWDPR]R 6 9QTDOFH]_4)QM(WM[DQLoqf%%f%fﬁ%@fg&&y@ﬁﬁ%ﬁwwDBLDWH D)

*HRFKHPLFDO DQG PLQHUDORJ]L
RI FULWLFDO HOHPHQWHN A.[D&]LH—CQ?HWIS—IL
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> @ &RWDWQRR 0 5LTXHOPH E RDUWKHD,QVWLWXWH RI OLQLQJ DQG
ODPD@®XLVSH - BMWQPR]R 6 &FDWEWMWBY GRL RUJ

%DUULRYV - )ORQUMHMW HW X&ODD®MD 0 ,
*RQIIOHYTXH] - _HHIDRDQ Q L D @ (ULNVWDG / %DNNHVWXHQ 9 'DKO

PRGHO IRU FODVVLILFDWLRQ PLQH g/%% 1%@@%§%%%@\6%\/§%bf""\l%/gvlaualflro/o
W

GHSRVLW L@WHWADWLRQDO -RXU CHRGLYHUVLW -

5SHFODPDWLRQ DQG (Q
S Wy D aERS ¥ rRus UHVRXUFHV
> @ ODUWLQ 5 %RLVYHUW - >7Ige J, Wrﬂ}g/ %D]RR'.EDQLGLHSJVL
XQVXSHUYLVHG VWDWLRQDU\ GHFLV PEF 3 é/( v LF B V\?KH )HQL
PRGHOLQJ (QVHPEOH VSDWLDO DQ E W'!’Lfm Nu -
ZLWK JHRPRGHOLQJ VSHFLILF FOXV Ne}i LFV &RPSXW

*HRVFL KWWSV GRL RUJ M FBJR 7RNXGD (. &RPLQ &+ &RVWD / GD

> @ 7HPSO 0 )LOJPRVHU 3 5HLPD &LVLWL W %RFPHUDWLYHDQF(C;XV‘LNV\';'y
DQDO\VLY DSSOLHG WR UHJLRQDO J WY%@{M \15) 58%&@%@
DQG  SRVVLELOLWLHYV $SSOLH R U\

KWWSV GRL RUJ M DSJHRFKHP @ /L 7 5H]DHLSDQDK $ 7DJ (O 'LQ (60
EP UDWLYH KLHUDUEFK

VHPEQH e
> @ +DMLKRVVHLQORX 0 ODJKVR 1
$ FRPSUHKHQVLYH HYDOXDWL é% 5 %Eéj AN FOVXXVUV\I{IilIJ-I\(/‘\)\II:VO)E\Ié\),(VG
DQGPHDQV FOXVWHULQJ PHWKRGRORJ LU %LPE:?E{ RUPBWLRO 6
DOQRPDO\ GHWHFWLRQ FRQQHFWHG w P e ,QR/

EDVLQV *HRFKH \ NVXFL
KWWSV GRL RUJ M FKHPHU > @ ODUUCDQWR -- TRRWUQED0S &U X]

> @ 6DGHJKL 0 &DVH\ 3 &puupQiBOYgl adr DF%\?LIDRMEXRO| ;'i(%\%ggg]FRgHuv 1t

3ULQFLSDO FRPSRQH@WNQNQOQ\Y Q ¥ s W THIL
FOXVWHULQJ RI WLOO JHRFKHPLF] WH é, DL
WDUJHWLQJ RI SURVSHFWLYH DUHD 9 \& 0 s%o(g}) %ﬂﬂ@ﬁ% Q
@

9IVWHUQRUUODQG 5HJLRQ 6ZHGHS &9
ODUWLQ 5 %RLVYHUW - 3HUI

> @ DoVvRO 1) s00HQ 51 enraBEWIRLENARE WAH SHFLYLRE I VIOY

\
3ULQFLSDO FRPSRQHBMWDQQD @%@y - ODWHULWiRGHSRVLW
FOXVWHULQJ DV WRROV GXULQJ H DWERb RRL =0 WMIEH3

GHSRVLWY DQG LQGXVWULDO FDUERQBWHRUGDOD DUGP &ZWABAQD 5&& &R
*HRFKHP ([SORMDUTXHV '0 $ ZRUNIORZ IRU GHILQLQJ
KWWSV GRL RUJ M JH[SOR GRPDLQV XVLQJ PDFKLQH OHDUQLQJ DC

> @ ORUDOHWRRRQIEOHNSXULD / gd-lLB:IQ]RO OHWDO ODWHU 0LQ KWWSV GRL

5RGUtJXH] 10 OHHOKW LEOXVWHULQJ RI

6RLO *DV $QRPDOLHWKDOB\+EBRWKHU@D&@DUORWWR 9 4XLVSH - $FRVWD +
BURVSHFWLQJ $ OXOWLYDULDWH $58RPRDRK | EGRIRSIRXWKBERQWIQH]tD]
7HQHULIH &DQDU\ ,VODQGV *HRVFUBYBDHVUR%DVBOPHY ) 9HODUGH 7 /X 6 &

. * F Q DV WRRO IRU PHW
> @ (OOHIVHQ .- 6PLWK '% OD'-%QE%WFB%F Ef\gb v
FOXVWHULQJ RI UHJLRQDO JHRFK y& & 6'% O3R@YJLFD GHO 3HU

%D\HVLDQ ILQLWH PL[WXUH PRGHO>$&50%BGDHRIrEWPEVWHQQHW 6 &RQJIHCGC
KWWSV GRL RUJ M DSJHRFKHP &ODVVLILFDWLRQ RI FRYDULDQFH P

> @ *KDQEDUL < +H]DUNKDOQL $ Pf(%%l Q ?FJQHO IRU  %&, DSSOI
5HJLRQDO JHRFKHPLFDO SDW \>L)H|P %RQ ZLW Ky Ly FRP
PXOWLYDULDWH FRUUHVSRQGHQFH Vw HUR b wiLv o WkH

5DYDU DUHD ,UDQ 7UDQVDFWLRQY R WOH DBK VLW XW RRYQRW 6 &RQJIHC
OLQLQJ DQG OHWDOOXUJ\ B6HFWLRQ % S3HPOIHE DNQUWKRPHWU\ DSSOLHG
6FLHQFH FODVVLILFDWLRQ /HFWXUH 1RWHV LQ &
KWWSV GRL RUJ < LQFOXGLQJ VXEVHULHV /HFWXUH 1RW}

> @ ORUHLUD * GH & &RLPEUD /HW&WWE@FQWQ)?H&HBFWXUH LRWHV LG
'0 '"HILQLQJ JHRORJLF GRPDL LQJ X U
DQDO\WLY DQG LQGLFDWRU FRUUHOBIJUDBM.QDHBERRWVBWENVH 3IHLIHU &

WLWDQLXP FDVH VWXG\ $SSOLHG (IRUWKLGHFRIHAWFH FDUD @OQVUDPWPRQDWLYH FOX
VI\VWHPLF FODVVLIXEDWRRQPL QI SKK
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HQYLURQPHQWY $SSOLHG 6FLHQFI-@/ BKEXQWPHUDBQGKPDG $ $KPDG : 2V
KWWSYV GRL RUJ DSS . $VODP ) -R\NODG 3 ODMND 70 3U

> @ SDMX 91* /DNVKPL .3 -DLQ 9%%%5) FDVOHSU?SEE%LFTW/QHRDUJ%NL%J
DGPD WX WKH
HEO %R W&W%\ﬁm&ﬁ#ﬁw PP

1RUPDOL]DWLRQ 7UDQVIRUPDWLRQ
RI 6XSHUYLVHG &ODVVLILFDWLRQ >SU®RFHBGOEUV /Rl WKH'HWHFWLRQ RI &O:
,QWHUQDWLRQDO &RQIHUHQFH RQS®OPDLID '®\WIHPKH PG +DQGERRN RI 6SI
,QYHQWLYH ORJIMFKQR&66,7 KWWSV GRL RUJ Q

KWWSV  GRL RUJ &66,7 > @ %DWRRO ) +HQOQLJ & &OXVWH!
> @ &RUFRUDQ / 6LPRQHWWL $ GBYDQRJH 6HIZKR EERSWHV :I6GMDKY 'DWD $QD
'RUDLV & 6LPRQHWWL 6 %XUQV 3&WWSVOXOWILRNULDWH M FVGD

DQDO\VLV EDVHG RQ JHRFKHPLF

F, DQG
PLQHUDORJLFDO FRPSR\VEWLRDNSA @QQE)\(&B&} &OXVWHULQJ 8VLQ

&RSEDDV &RPSXW 6FL
OLQHUDOV KWWSV GRL RUJ GRL RUJ

> @ /L3 :DQJ 4 =HQJ + =KDQJ / R
(XFOLGHDQ OXOWLYDULDWH *vav Qﬂ} QY Eﬁ“ HVKéa[s:sI?@?[xHQHWl
$SSOLFDWLRQ WR ,PDJH &ODVVLILF \YR?, Br W

$QDO 0DEK
KWWSV GRL RUJ 73%0, 6XSDMDLGHH 1 &KXWVDJXOSURP 1

GPSWLYH ORYLQJ :LQGRZ .ULJLQ.
> @ &RQJIHGR 0 %DUDFKDQW $ %ﬁ%%%ﬁ g OXVWHULQJ QIRUQGSDWLDOQ
5LHPDQQLDQ JH R PEDWWHG | FERIFDEOQN H

LQWHUIDFHY D SULPHU &ER(P(SXIWI—LUgig)I‘_JI—PTEL WY gkWWSV  GRL RUJ D
QWHUIDFHV @ *RK $ O9LGDO 5 &OXVWHUL
KWWSV GRL RUJ : GLPHQVLRQDOLW\ UHGXFWLRQ RQ S5LHPC

> @ GRWDWMADR 0% $)UD[DJ)TMRQD ,((( &aRQIHUHQFH RQ &RPSXWHU 9LVLI

5LTXHOPH E, &RPSDULVRQ RI ﬁ\ﬁ%@#%@ k{/? 035 &935
7THFKQLTXHV IRU OLQHUDO 5HVRXU ﬁ) Lro L&%3

&RSSHU 'HSRVLW LQ 3HUX 1DWXUDO @HVROBRBIV GHY HDBIEKNPDQ 6 &0D
KWWSV GRL RUJ v 5LHPDQQLDQ PDQLIROGYV LQ QRQOLQHDU
> @ &RWULQD 0 ODUTXLQD - opPHRRWLDEWRBUIVERL RUJ %)
$SSOLFDWLRQ RI DUWLILFLDO QHXU®@O 9QUHRIIR &N\ FIB B K GMK®! *- "HHS
FDWHJRUL]DWLRQ RI PLQHUDO UHVRKUWFMWYHLQ D PREBIHOWV GH S R \6LWWMD W &R
LQ 3HUX  :RUOG -RXUQDO RIKWMSVQHIRILQUJ v
KWWSV  GRL RUJ KWWSV GRL RUJ_ 5 ¢ipvVDIORO % %LFKDW $ %RXGMH
3+ *XHGM 0 *RKHO ' 1XHO * %HFKW (
> @ &RWULQD 0 ODUTXLQD - ODP[D)Q\LVLD@UO'J_QWR(LBH ORGHOV LQ 5 5 -RXUQ
&FDWDPD\R - *RQ]DOH] - 'RQDLUHV 7_&
&DWHJRUL]DWLRQ RI OLQHUDO 5HYV] = lﬂd%ﬂ?@&bw GLOgRéHYV\[’)Vé’)'EéDﬁ
JRUHVW ORGHO LQ D &RSSHU 'HSR RRQ DR

0LQLQJ DQG (QYLURQPHQWDO

. WD\ZL 0 .DFKRXLH 11 6LC
;Ogv\gﬁbf J/LédJRﬁ[BR?W;:P PHBEVH L@ IRU SHUIRUPDQFH HYDOXDWLRC
Q Q\6 F ARBW LEDW \FOXVWHULQJ
DOJRULWKP UG ,QWHUQDWLRQDO §§9 Q@ WLHGRAEF B EQ

,QIRUPDWLRQ 7THFKQRORJ\ DQG 6HFXU@N\/L(PIERL6BDWUF(]/ 0,.76, $ JHQHWLF DC
KWWSV GRL RUJ ., 716, XVLQJ &DOUQ¥DBYV] LQGH[ IRU DXWRPDWLF

> @ 7DULJDQ '$ 2SWMQWLR%J%'FWH-VWD »UDVLOHLUD GH &RPSXWLE

&OXVWHULQJ $OJRULWKP 8VLQJ 'DYLHY %RXOGLQ ,QGH[ LQ
,ULV 'DWD &ODVVLILFDWLRQ OHGLD 2QOLQH
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