JUHTXHQW 4XHU\ &RPSXWDWLRQLQ

&KHLNK 7LGLD QHD'R HKQJIJHRPLQLTXH /IDXUHQW

(7,6 &156 (16($ 8QLYHUVLWpP GH&HUJ\3RQWRLVH )5%$1&(
AMHQ GODXUHQW #X FHUJ\ IU

IDERUDWRLUH G-$QDO\VH 1XPpULTXH HW ,QIRUPDWLTXH
8QLYHUVLWpP *DVWRQ %HUJHU 6DLQW /RXLV 6(1(*$/
WLGLDQH GLHQJ#JPDLO FRP

5e680e/H SUREOQqPH GH OD UHFKHUFKH GH UHTXDPWHV Gl CRIQQWHV GIBC
WLRQQHOOHV HVW FRQQX FRPPH pW D Q VD MWALWHGL XA FILHOTHK r WPV FVR. GRVQR Y
XQH VHXOH WDEOH &HSHQGDQW QR WFRGSWQEDQQ FNVHEA QMW DR Y Q& WA
SHQGDQFHV G<LQFOXVLRQ OH FDOFXOU@RXHHT X VWHHAMVFIRQWLR/@RW DE
GHV EDVHY GHGRQQpHV RUJDQLVpHV VHOWRT XOp\PHKPW DORWR/LDRIQ BANRQ
UHTXTWHV IUpTXHQWHY GH OD IR U RHVXWARIM BRWURCHVPRHEWHR @ MRIRL:
WDEOH GH IDLWV SHXYHQW rWUH FD QRUQMHPHI & B D RHPYHI@W S Bl UVX § HD$X
3RXU FH IDLUH QRXV SUpPVHQWRQV G DRWLFAHKP B UD\VEFIOGIpX)Q RXYG\ DXt
)4) HW QRXV PRQWURQV SDU GHV WH VW TOX-HFTHONF B O TRHL WHPX T S H Y F
GHPDQLQUH WUqV HIAFDFH

$%675$&7KH SUREOHP RI FRPSXWLQJ IUHT XH QDVE DXHIWLIHW N@REZIQODRY E R
WUDFWDEOH HYHQ ZKHQ RQO\ FRQMM Q F WRZHIYTHXH I HHAKRUZ FVKROQW X G HQJ
DQGLQFOXVLRQ GHSHQGHQFLHV FRASKAHOUHV EHXRE WVFRI@WX DO W LR
RSHUDWLQJ RYHU D VWDU VFKHPD ORUMW SUHFXWR®A SR MW FAKRZQ W
TXHULHV IRU ZKLFK WKH MRLQ FRQW DARN\H QWD \I FRW SXOVEHIEH XAOL@ E B |
DOJRULWKP VXFK DV $SULRUL

7R WKLV HQG ZH LQWURGXFH LQ WKL VCEDHEG YU B TXRNHND AXHIR Y L W& A UF |
ZH UHSRUW RQ H[SHULPHQWYV VKRZLQRW DI R XL B)XJ R U DWIK A B DIO@RE \F
IUHTXHQW TXHULHV

0276 &/e65HTXIWHV )UpTXHQWHYV 'pSHQGDQFHVD)@RRHFWGER QG 8 RDIHR/Q ' ®S
SDUDLVRQ GH5HTXIrWHV

(<:25'6  JUHTXHQW 4XHULHV )XQFWLRQDO 'HSHIGHHIFALHNV 4, QHF OX&R R
SDULVRQ
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,QWURGXFWLRQ

7KHSUREOHPRIGLVFRYHULQJIUBTEBDQ\D ERWH LN \R QM I
WRSLFVLQ GDWD PLQLQJ +RZHYHU WWKLFVBLRE D HPYINQNZG
FRQMXQFWLYH TXHULHV DUH FRQ VV GJHHURIGN IGEK N F\CRU W IK N
H[SRQHQWLDOLQ WKH VL]HRIWKH GDWDEDVH

2Q WKH RWKHU KDQG DV DUJXHG LQMXQ@BWPYRITQYHDO®
DJLYHQ GDWDEDVH EHFRPHV W U DB RID\ED I X FKRQAIX Q B WJ
SHQGHQFLHVDQGLQFOXVLRQ GHEB QG HIEFHME DW K DADEHI
LQ> @ WKDW VXFKGHSHQGHQFLH\FBRORZQRWRRPSDH L
ZLWK UHVSHFW WR ZKLFK WKH VXS SKRW I PRIQWHK THHHLQ/FBIQ B
ZLVH DOJRULWKP VXFK DV $SULRUL LbF@® GOIWERQIVEGRE
IHDWXUH WKHFRQVLGHUHG SUHFRIWY®HUH I LEHWD HHOHF @ TX
ZKLFK WZR HTXLYDOHQW TXHULH YV KDQ\WM QW KRIQHD PRIPSOS/B R
HTXLYDOHQFHFODVV DOORZV WR GHWWHRIPALQIHVWIOHD VX S S F

‘H UHIHU WR > @ IRUUHODWHG ZRKIINW: W K H ZRQ\NP IHQ
@ LV FORVHO\ UHODWHG WR RXUVMKQFMUWH LTX B UL @V D
LQ UHODWLRQDO GDWDEDVHV ZLQ/WKHYHBED R UHOGMWIIRQ
LQYROYHGLQ TXHU\FRPSDULVRQ DVRSSRVHG WR RXU ZF

7KH PDLQ FRQWULEXWLRQ RI WKH SD SHWV H ¥ WEHIEVHE R (
SURSRVHD QRYHO DOJRULWKP |RUNUKHIFRBHG WIDGM R R HRU
JLQGHY) LQ WKHFDVH ZKHUH WKH GDW D E /\DH) W R KEHHPADL Q H

7KHSDSHULVRUJDQL]JHGDVIROOPZY @ @/ &HEDIVRE G H A
DQG SURSHUWLHV RI RXU DSSURD F KW 7ROHQ D DQ R B EWK R Q4
PLQLQJFRQMXQFWLYH TXHULHYV D QHEULL® Bl DFINVLWR QD WZ VW KLRH
DOJRULWKPV DUH HIAFLHQW 6HFWIVEQVVNRYFOW S HM BRI

JRUPDO ORGHO

4XHULHV

‘HAUVW UHFDOO WRFWWIGDWEBERRBYBVWYV RI D GLVWLQJ:
ZLWKVFKHABD OHGWRRMDEIHNKHU ZLWK D VHW RERWKHU W
VFKHPDYV FD O O 8 GPMHIKQH/ L R § X\FIXB/OKIDYW

N DUHWKH SULPDU\ NHAWWIHFWLYHO\ WKHG
E\ WKHXQLRQRIIWHKHVHNH\V LVWKHNHORWKHU ZRUGYV
HYHU\ VDWLVAHV WKH IXQFWLR QD Q G/HSWHQ/GHY FN k
IXQFWLRQDO GH S H:@® GHI@AR WHKEH VHW RI WKHVH IXQFWLRQ

JRU HYHU\ WKXV HRFVKD IRUHLJQ NH\
WKHIDFW WOHEDWWULEXWHVHWO®GHO VMM KH VWDU VFKH
$V XVXDO ZH GHQRMWHW RI DOO IXQFWLRQDO GHSHQG}
I[URP XVLQJ WKH $UPVWURQJ-V D[LR MWK HD QW R IGDHIXR DM \E
VXFK WKDWV LQ > @
,Q ZKDW IROORZV ZAHHBGMOWLEDMMH D DORQJ ZLWK
SURMHFWLRQ VHOHFWLRQ MRLELAXHWILHWYZLWK WKH IRO!

2 WKH VHOHFWLRQ FR Q{®PISWL RGXISORW W 8 HED QWIQH W K D W
WXSOHV DUH VHOHRWHHGW IRW D @QAXSQE HG PHID@QD W I RVGK B Ak
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WXSOH¥K WKDWUH VHOHFWHG

2WKHMRLQVDUH SHUIRUPHG DOR QB NWXHQMKIR MR L DQLT
WRDVLQJOHWDEOH RULWLQYROYHV WKH IDFWWDEOH

'"HAQLWLRW EHD GDWDEDVHRYHU D VWDU VFKH
VHW RI TXHULHV IGHWQRMWHIEBVERI DOO TXHULHYV RIUDMXRUIHRR U F
VLPSO\ VXFKWKDW GHQRWHYV WKH RKHPKHRIH

2 LVHLWKHU DRW DENDRLICQOR | WREWBY QRQJ WKH WDEOH

2 LVHLWKHU WKHRHNFBWX®XBBMHU WKHUHODWLRQ VFK

JRUHYHU\ITRHWWYKSSRUWRGHQRWHG B\V WKHFDUGLQDC
WKHDQVZ2HH WR *LYHQ D VXSSRUW WKUHVKROMDRGQ V
WRIBBHTXHQW PLQ VXS

4XHU\ &RPSDULVRQ
$VLQ> @ TXBUHHRRPGDUHGDFFRUGLQJWR WKHIROOR

'HAQLW LRW DQG EH TXHULHXHQV VDLG WR
EWWRUH VSHFLAF VGKD@WHG B RQHRI WKHIROORZLQJKRC

DQG
$OO RIWKHIROORZLQJKROG
D HLWKHBU LQYROYHV WKH IDFW WDEOH
E
F DQG
G

,W KDV EHHQ VHHQ LQ > @ WIKO®GHW & H (SHICHRMAGIDILY.K) D Q G
WUDQVLWLYH ZLWK UHVSHFW WR RRILFK VKIDMMVXAS SRU W Q
DQGLQ ZH KDYH

&OHDUO\ WKLV SURSHUW\LV UHTRWGHGZWR Q@ PHYHDI 3
ULWKP VXFKDV $SULRUL > @ ORQBRFH VWY DIQKHTXW M DROHY
GHAQHG DV IR OO R ZIVQ BLORDTUHHWI BHST W RYEDEOHHQQRRW H G E \
L1 DQG KROG 7KHHTXLYDOHQEN BOIRWRI®ENXH U\

$VDFRQVHTXHQFHRIWKHDQWL RFRYXRMWR@DLF HWXEY RO H
KDYHWDIRMKSSRUW 7KHUHIRUH LQVWHDGRLFREGIRWTRB W
ZHFRQVL RBHRQODSHU HTXLYDOHQFH FODVV 2Q QIKWH RWK
H[WHQGHG WR WKH VHW R DI)TEXW X Bl @ HEGIFIR R € EHDBQA M [ L Y H
DQWL VIPPHWULF DQGARQNE@ V XW QYWD\RBHLAEDMN E HQWNV
VXSSRWMKH VXSSRUW RI DOWJTUXHDULHY WRDQ RY S TXDO WF

ORUHRYHU LW LV HDV\ WR VHH WKRW RPIOWKBWLH V
DUH HTXLYDOHQW DQG KD YIH YDD\DXXFHS RHDQMT WIRCEW R HV V W
WKUHFKRO/&ISPLODUO\ DOO TXHUQHAXFK WKDW DQG

DUHHTXLYDOHQW DQG KDPDP®RWKISBERDW XHT REO

OHVVPLIQDYKISXY GHQRWLQJWKHVH HTXQ %D O H\DFHFVDLDARV
WKHVH FODVVHV DUH QRW FRQVLGHUHG LQ WKH FRPSXWD
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$OJRULWKP )4)

,QSXTKH GDW CEDARF LD W H3&. WHRQDQ RQDO VWDU VFKHPD DQG
D VXSSRUWPNIQUWUXYKROG

2XWSXWH VHWRI DOO IUHTXHQW FODVVHYV

OHWKRG

PLQ VXS

PLQ VXS

JLIXUHKH PDLQ DOJRULWKP )4)

2Q WKH RWKHU KDQG HTXLYDOHR®8 R&KRWHHWHGL LNHG H ¢
E\ KDYHEHHQFKDUDFWHUL]JHG LQ >Q@ TMWUPSO\UHFDC
VXFK WKDWQZH FRQVLGHU WKH UHSUH VNQWIO W KDV
DQG
LILVD GLPHQVLRQ WD EDWHWKHRMRK BURZ LDVHO WD E
LV WKH W X S @ X FRYWK/DDW X E W DSXEBH R |

,QWKHUHPDLQGHU RIWKH SDSHUXP A G WRQAML\G HWIMH® K M I$
DERYH DQG VWDQG IRUWKHLUHTXLYDOHQFHFODVVHV

$OJRULWKPYV

ODLQ $OJRULWKP )4)

$VLQ > @ IUHTXHQWURDPRRSIXWIDG E\ D OHYHO ZLVH [
JUHTXHQW 4XH) ) Z&K&NY PDLQ VWHSYV DUH VKRZQ LQ )LJX
WDEOHV DUH AUVW PLQHRI DQGC WEEQRYQBERLRUHRYHU
> @ ZH GHAQH WKHQORWE & REBWGVHU WR DYRLG JHQHUDWL !
SURFHVVHG LQ WKH VDPH ZD\

'"HAQLWERYQHQ D FODVV LQ WEHQHULB\FOPR\D \EHG RVRH G
E\ LV WKH VHW RI DO OLRODX MK WKWDY WX S OHLLB

$OJRULWKWYKRZQ LQ )LIXUH IROORZV D OH¥YHHDQO ¥ MMHUWNALL
ZLWK WKH OHVV VSHFLAF 1MQHUDW I QVIK\HVI RIDIORE LLY'J VW H
FODVVHV DUH JHHQAMHWWDIMIMWHKED QG SUXQH WKH VHW RI FDQGL
FRPSXWH WKH VXSSRUWV RI WKH UBPDHQL®UEDW 8 LDGBOM
ZKRVHVXSSRUWLV OHVV WKDQ WKHVXSSRUW WKUHVKRO

$OJRULWKP

‘HQRWH WKDW VFDQQLQJD UHODWHR® IRQWDWK H ¥ RF & XV
WDE®BV WR EH HIAFLHQW 7KLV LV VR EHRMDNXUHK QFK DOV
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$OJRULWKP

,QSXSWWDEGIHWKHU D G L P HRW WG WERIB@H G RY HU
2XWSXWH VHW RIDOO IUHTXH Q WIRDKH/ MRHMPL Q
OHWKRG
PLQ VXS
QR FRPSXWDWLRQ VYRQFEHWRH HRYUHRJ \

WKHFRPSXWDWLRQ VWDUWV ZLWK WKHJHQHULF FODVV

DOOJHQHULFIFODNOWUW BQFLDWNGVXGGS/ HW RITUHTXHQW F1

JLIXURRPSXWLQJIUHTXHQW TXHULHV RQ D WDEOH

FDQGLGDWHJHQHUDWLRQ DQG WRIWWRH DI®CGMNPEQPL R
GLIAFXOW\LV WKDW HYHU\ WXSOH LROXVQKHHEBQRIZEEWUMD U T)
LW PLJKWRFFXUVHYHUDO WLPHV ZKHQ VFDQQLQJ
,QRUGHUWRFRSHZLWK WKLV GAH DRX/RE L \EEW BRYUMXV E O QI
WDEOH GHQRWH®BE\W&DW FRQWDLQV D VHW RI VERQHPDYV |
$VVXPLQFRRDMNLRYOHY WKH AUVW HOHPRIGWSE;$S:
LV VHW WR WKH HPSW\ VHW D\Q BHRHGIPHIQW BHSBRWHG E\
$8; FRQWDLQV DOGRNKEWHSBAMW FRQWDLQV QRIRBVHW
WKHUH H[LVWRK WKDW 7KH FRUUHVSRQGLQJDOJRULYV
JLIXUH ZKHUH VWDQGV IRU WKH VHWXFEIKDWIODW W U L E X W

$OJRULWKP

,QSX$WDEWREH VFDQQHG FRQWDLQLQJWXSOHV
2XWSXWH WDEOH $8;

OHWKRG
$8:> @
$8;
$8; FRQWDLQV QR VXSHU VHW R
$8; $8;
$8;

JLIXURRRPSXWLQJ WKH DX[LOLDU\WDEOH $8;

1RZ JLYHQ DDWBHEHOMN XPLQJ WRPNMVEHMS;Q FRPSXWHG WKH'
HTXLYDOHQFH FIDIDHVWFRF SRXWHHG WKURXJR Q@G BBODKIHD VFED!
FRUUHVSRQGLQJDOYRBZWK® )LIXUH $WDJIJLYHQ OHYHC
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ZH KDYH DRVHFWQGLGDWH JHQHULF FODMVHYKRIFFNEW DR QN
WKHWXSOHWKHJRDORI$OJRVMMKKIFQ WR FRPSXWHDOO IL
DVVRFLDWHG ZLWK DIRQGRVRF FODNMAKNWKH IROORZLQJDF
DUHSHUIRUPHG IRU®YHU\

,1$8; FRQWDLQV D VXS HMKHGKDPDERIHQ HQFRXQW H
VRPH 7KXV KDV DOUHDG\EHHQ SURFHVVHG IRRYHLO FO
2WKHUZLVWHQFRXQWHUHG IRUWKHAUVW W& PH DQG W

,Q WKH ODWWHU FERWDI$@Y D VXS HUKWHRKWKBEB R X H
KDVEHHQ SURFHVVHG SUHYLRXVO\ 7ZRFDVHV I

D (LWKMODVVRFLDWHGZQWKLFK  FDVHLWY VXSSRUW LV

E 2UVQRWDVVRFLDWHQ ZKWKKLWVDSMWHR FHVVHG IRU WKH
‘HFKHFNDIQ EH SUXQHG VHHEHORZ DQGHGWRW LWV VX

$W WKLV VWDJH DOO VXSSRUW VPIXDAOHOGFIDWDH/ N & R Z\G
FODVVHV ZKRVH VXSSRUW LV LUQ HDUSHIXWKLIID R G MIHD\OHW
RITUHTXHQW JHQHULF FODVVHV IRUWKH QH[W OHYHO LV
5HIJDUGLQJWKH SUXQLQJ ZH UH F DROHIGVL R DH\® YARUPLHWEKUPX C
EXW IRUJHQHULF FODVVHV ZKHUHDWWHKH SW KX Q REJI LD
JHQHULF FODWMWSUXQHG LI DW OHDVW RQH LW VFRWHEGEIQBH Vv
WR FRQWDLQV QR IUHTXHQW FODVVHMW\2QRWK 8 RMXHU KN
KDSSHQ WKDMQ FDQ EH SUXQHG 7KLV LV FKHBENHG LQ
PHQWLRQHGLQLWHP E DERYH DFFRWERZOWR BIOIXUH V

([SHULPHQWV

‘H SHUIRUPHG H[SHULPHQWYV RQ DQ 3H QPHLPYXRRU XURXERQULHD 2
RQ 8EXQWX /LQX] 7KH DOJRULW K PALVWZR EWR RVAHXQLL G BDWH
0\6TO 'DWDVHWY KDYH EHHQ JHQ H WIHVBHREQXW K & JRRPHUENH
7KH JHQHUDWHG GDWDEDVHV RYHU VWDU VEKHP®BRY DUH
WKH QXPEHU RI GLFMKWH. RAREHU RILVWWKHLEXAEHU RI PH
DWWULEXMWHWKBIGQXPEHU RI WXSOHV LQ WKH I@QWWPWM D RO H
)4) FRPSDUHG WR WKRVH SUHV HQIMMEHWZ HB IRA
$VVKRZQLQ)LIXUH WKH WLPH VS HCHAGLDOMDLEDL\QHW K H
ZLWKEHWZHHQQG LV YHU\ORZ FRPSDUHG WR WKDW |
DX[LOLDU\WDEOH ,W LV LPSR UWDRQMVWRHKDGHIR RXW 2.1
H[FHSWLRQV DV ZLWK WKH DOJRUMWFKPM SV HVH QR bIGRYH!
VHHQLQ )LIJXUH WKHWLPH VSHQW KRWPLIQH QXPEHULRH\G
VLRQV LQFUHDVHV 7KLV LV VR EHPOXNW JLLYHRXDJ GOREH
LQFUHDVHY PRUH IXQFWLRQDO GH\BRI QUGHMYFE 6 B \DVUHHV [T
FRQVLGHUHG :H DOVR SRLQW RXW WKDWHVY W\KKHQMXIPFEHH U
PLQLQJ TXHULHV LV DOPRVW FRQVWO QRW l$W KK 8 A Q IIRQ PLV
WKDQ WKH &RQTXHURU DOJRULWKPWLKRYDLY V@EHGBRXM |
GHQFLHV DUH QRW WDNHQ LQWR DFFRXMWH LD \Z A HJ @ RDLQCR
UHVSHFW WKDW VHOHFWLRQ FRX G I QRE@W R IDVWKWU REPW
DUHFRQVLGHUHGLQ > @ ZKLFKLV QRW WKHFDVHLQ RXU
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$OJRULWKP

,QSXTKH VIRWFDQGLGDWH JHQHULF FODVVYMM QW\HHUY VES B G8;
2XWSXWH VRRWIUHTXHQW JHOQH WDIKFGFWRNM DWW REGLDWHG IUHTXHQW
OHWKRG

FRQWDLQV WXSOHYV

$8; VXFK WKDW
KDV EHHQ HQFRXQWHUHG EHIRUH DQG WKXV KDV EH

KDV QRW EHHQ HQFRXQWHUHG EHIRUH DQG WKXV |
$8; VXFK WKDW
PXVW EH FRXQWHG IRUWKH VXSSRUW RI

KDV DOUHDG\EHHQ HQFRXQWHUHG WKXV X

KDV QRW EHHQ HQFRXQWHUHG WHKMXV SUX!

PLQ VXS

JLIXUBFDQQLQIJWKH WDEOH

$OJRULWKP

,QSX$WFODVV
2XWSEWRROHDQ
OHWKRG
WKHUH H[LDQG D VXFK WKDW DQG
WU XH
IDOVH

JLIXURODVYV 3UXQLQJ

&RQFOXVLRQ DQG )XUWKHU :RUN

‘HSUHVHQWHG DOJRULWKPV IRU PEQV® IRYHU B H/QWD U X4
DQGZHVKRZHG WKDW WKH\ RXWSH UHRSH UL KRRNQMWS/ WKW
SHUIRUPDQFH JDS LQFUHDVHYV ZLW KVVEK M \QUXPIEW K HR $ &\ X\ASL
WKHWLPHIRUPLQLQJTXHULHV EHFREWW M UQGCRIR FXVWIKGE

&$5, <$0286628.52



JLIXUBXQWLPH &RPSDULVRQ )LIXUHS5XQWLPH RYHU WKH QXPE
WXSOHV LQIDFW WDEOH

JLIXUBXQWLPHRYHU WKH QXPEIXWRH HLYHUVXV &RQTXHURU
PHQVLRQV ZLWK WXSOHV LQ IDFW WDEOH

WHVWYV DQG RSWLPL]JLQJ WKH FRP SXVWQW/ICRIORE $8 RW BE O
SODQWR JHQHUDOL]H RXU DS SUR DIFK VVRDGDWIXHPWH V F K |

%LEOLRJUDSKLH

\

@ 5 $JUDZDO + ODQQLOD 5 6ULNDRNB/PR JBVWRAUMF FY® $ R¢
WLRQ USGMDQFRHY LQ .QRZOHGJH 'LVFRYABUB®E 'DWD OLQLQ:
> @ % *RHWKDOV DQG - 9 GHQ %X QVFX®IH B H OIDW\Y R €)I ® CDUW/PHRUF

SORUDWRU\):RUNVKRS RQ 3DWWHUQNBWHEMIER Q BS G L QUFHRY H
9HUODJ

> @ % *RHWKDOV : / 3DJH DQG + 0RQQUODH VOR RV QRSIDH RREG
TXHULBMO,Q

>@ 7 -HQ ' /DXUHQW DQG 1 6S\UDKRVFWILRQ GURM FIWHTRH T
UHODWLR QD% W DE&H3 YE VV

>@ 7 -HQ ' /DXUHQW 1 6S\UDWRVLQ 5GI0DMW URIQ & B QEVBADEHRN H
$&0 3UHVV

> @ - 8SO®DWPIDZFLSOHV RI'DWDEDVHYV DQG&GR 306G BH ADW H 6\V V
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