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/I DUMADOH ®.3AVH OLFURVFRBWHE ,PDJLQ

<L]KDQJ

'LVVHUWDOB\WPURMWHG WR WKH )DFXOW\ RI WKH
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SXWRPEWDOO\VLY RI $VWUIRRBPVH $FWL
/I DUMADOH ®.3AVH OLFURVFRBWHE ,PDJLQ

<L]KDQJ

$%675$&7

7KH DG YRXIORKBRRPQFURNEQS KLIJKO\ VHQVLWLYH SURWHLIQ VHQ\
RI DVWURF\W H DOFDVLIYL WR B K BFO@/\. FRY HRHDIBR @GR WLQJ WRRO
FDQQ@RAO\ FKDUDFOVHMIEMEWMKKHZHWKLQ VLQJOH FHOBVHDQG D
EHEDXVH RI WKH LQVXIILRIBDQHEBNMGUNSHDIR DFKHRQVR GHVFL
WKDW LV RIWHQ VSDYDUDOQJ XMQIGHSURBIDJHDWLYH +HUH Z}
AXDQWLWDWLYH $QDO\VLV $4XWKDW DIQO®DW H ¥ DIDV VMBRRIF\IAR-U |
52, EDVSIBUPGEZEH IUDPHZRUN \EDMHE BBUNSHIEWLYH WR PRGH
TXDQWLI\ WKH FRPSOH[ DFWLYLW\ LQ DVWURF\WH LPDJLQJ G
VSDWLDO RFFXSDQF\ DQGRRRIGCE WDIH G\ RDPDDE \FBVMR ZBIE DW L R
GHYHORSHG JUDSKLFDOWRLPID LZMU B X Q WHYWUXIFWK UH G KR QV W U
LQW H JIVDWDMWRG $ZR $PDNH $4X$ HDWH @&HRVEVPHE D FRPSUHKHQVL
SDFNDJH 7KH VRIWZDUH LPSOHPHQWV WAKWWGHSWE\FWW RS 54,S
YLVXDO IHKBEDRFIWZDUH DOVIRHDGS R UDM\G SURRILQFRUSRUDW |
LQ IR U P DLWMR@W K H V¥ HF KRESMX $SHU IRUPH G PIX@® RFEKR\W MAHRR PSD U H
ZLWK H[RPNWKRIBWHORSHG FRGDDWIVDRB\WIH X U R@QIEOX $ DWRDD :H [
UDQJH|[ RMDYQRR YLARILQY HMBWD®FH $4 X $6 UL YGDQVDQG EDVHG RQ
OHDUQLQJ SULQFLSOHV LW FDQ EH DSSOLHG DFURVV PRGHO
PRGHVY DQGJLPBYROXWLRQV DQG VSHHGV HQDEOLQJ UHVH
DVWURF\WH SK\VLRORJ\



$XWRPDWHG $QDO\VLV RI $VWURF\W

IDUWWFDOHOMPWYH OLFURVFRSLF ,PDJL

<L]KL :DQJ
*(L(59%/ $8',(1&( $%%675%&7

$VWURF\WH LQW QVISHBRUWDLDO FHOO LQ WKH EUDLQ 8QOL
HOHFWULFDOO\ H[FLWHG “RZHPDQ\ GUKH B R Q WH © RVQDAXIRD/ |
DVW WEKDMHH RYBEQGY SOJRH VKRZ FRPSGHFRBD®/WDHU QWD O\]LQ.
GHFLSKHULQJ WKHVH DFWLYLW\ SDWWHUQV HQDEOHV WKH X
LQ WKH QHUYRXV VI\VWHP 0DQ\ Rl WKHRRWPSR QW BQWDWR RV
VWDWH PRGXODWLRQ ZHUH WUDG RW IRHXDERM\VF EQXW. GH B HQ W)
UHODWHG WR DVWURF\WHV 7KHVH DFWLYLWLHV FDQHEH PRQL
LQ HLWKHU EUDLQ VOLFHV DQG OLYLQJ DQL P D@ QHD QRD/OW R
HQF R G HHV FODQRN ARIZHMRHIN VRSKLVWLFDWHG DQDOVWLFDO WRR
FDSDELOLW)\ RI JHQKHK PWMRU W KD \GRDQVDY WKDW H[UMWMIRIY WRHF
RILQW HEDNYWS, DSSURDKKY DSSURDFK DV WXRHZV A QHE H. VGIG PRI Q \
PDQ\ UHJLRQV DQG D OWQKRLEH FWQ WHKQN @BHOURODO DFWLYLW)
DOO SL[HOV LQ DQ 52, UHJLRQ RI LQWHUHVW FRUUHVSRQG W
DFWLYLW)\ SDWRMHWQQFEWUWHXH IRU DVWUB¥WUR DR DIEW/\L & D
VSDWLDOO\ ¥@IUW{HGI QK SQREEVNWUMHD\EHR®ORSHG D IUDF
FDOOHG $4X$ WR GHWHFW WGHHV DFQ\HIF LB UDW & LB WIOM [IRED
SLSHOKQMW ZRUNV ZLWK VM\MURF\QWH \I FSWIMY BW V GIQMIS \DH WIVF K
OHDUQLQJ PRGHO WR FKDUDFWRIW WK HVSHS B DMBHO PSS ORPHIDW
FRPSUHVVLYH) DH)@GGOVYHAR IWZDUH BB ND R4 $74K<$ D8 YIRQILUPH
VLPXODWLRQ VWXGLHY DQG WKUHH GLIIHUHQW W\SHV RI UHD



$SFNQRZOHGJPHQWYV

JLUVW , ZRXOG OLNH WR VLQFHUHO\ WKDQN P\ 3K ' DGYLVR
VXSSBROQDFRXUDJHPH QRW FQFHYPDNRIY LW SRVVLEOH IRU KLP W
SURPLVLQJ DQG H[FLWLQJ UHVHDUFK GLUHFWLRQV 7KH EUHC
WKDW , FDQ DOZD\V UHO\ RQ ZKHQ , DP VWXFN RQ VRBH FKDC
JUHDWR® DQG DP FRQVWDQWO\ LQVISRUHGHBD\WUKIKY KRPHIHQWHKK
IRU WKH HQGOHVYV KRXUV KH VSHQW RQ KHOSLQJ DQG HQFR»
PRVW IURP KLP LV WKH ZD\ Rl WKLQNLQJ ROQORR® ZLPHQWKH Z
LV QRW SRVVLEOH WR O L® MHW WH RL W E5USWMXINGIH REVIDD @ KL KpH

DGKHUMWREKWK ,Q DOO LWYTV P\ JUHDW KRQRU WR EH DGYLYV
KDV EHFRPH D URDHQRRIGMBVME WGRULQJ P\ 3K ' VWXGLHV EXW

,ZRXOG OLNH WR VLQFHUHO\ WKDQN 'U <XH :DQ3 URURKIQGLQ
NQR Z OBI@B KR YSIKRAY RN L Q D U EPELNKENSDG U W P\QE H W WK V LG H V

, JUBDBHIQBURW KLV GHHS WKLQNLQJ DERKMW @FKHYSQ QR LESQH \
WKH PRVW HQHUJHWLF DQG KXRRAW KXVVSHRIDGN KKDYHORHW L
HYHU\RQH LQ WKH ODE

O\ VLQFHUH JUDWLWWE&H UH PHHRRE®MVWWRHUWDWLRQ FRPPLWWHE
&KDQWHP 'U $OLUH]D +DJKLJKDW DQG 'U +DEWRP 5HVVRP
DQG KHOSIXO VXJJHVWLRQV DOARRE K OCOMVER OD WIR UWR DWK Y & N
&DOLIRUQLD 'DNUVLWAKRI 8D GLIRUQLD 6DQ )UDQFLVFR 3UL
8QLYHUVLW\ DQG :DNH )RUHVW 8QLYHUVLW\ IRU JHQHURXYV K

, DP JUDWHIXO WR D&®®, V2KH PHPHEGMEVKRS PDNHV P\ 3K ' OL
SDUWLFXODWKD Q@YD QUWQWR! :DQJ &RQJFKOR: X0 MQGKXKKORQJ 0L
WKHLU VHOIOHVV KHOS DQG HQOLJKWHQLQJ GLVFXVVLRQV

IDVW EXW QRW OHDVW |, ZRXOG OLNH WR WKDQN P\ SDUHQW
WKBRYWXKSSBRQW HQFRXUDIBBHQAMW HUZRDYH FRPSOHWHG WKH Z

LY



/(DEOH RI &RQWHQWYV

&KDSWHU %DFNJURXQG DQG ,QWURGXFWLRQ

ORWLYDWLRQ

%LRORJLFDO EDFNJURXQG DQG GDWD GHVFULSWLRQ
,PDJLQJ DVWURF\WH DFWLYLWLHY DQ RYHUYLHZ
52, DQG HYHQWYV WZR SDUDGLJPV

2EMHFWLYHY DQG VWDWHPHQW RI SUREOHPYV
SHODWHG ZRUNV DQG WKH SUREOHP
2EMHFWLYHYV

2UJDQL]DWLRQ RI WKH GLVVHUWDWLRQ

&KDSWHU (YHQW "HP'WRHNWLRQ )UDPH

'HVLJQ SULQFLSOHV RI WKH $4X$ DOJRULWKP
2YHUYLHZ RI WKH $4X$ DOJRULWKP
ODMRU VWHSY LQ WKH SLSHOLQH

6WHS '‘DWD QRUPDOL]DWLRQ DQG SUHSURFHVVLQJ
6WHS '"DPWWEWH YR[HOV

6WHS ,GHQWLI\LQJ VHHGV IRU SHDN GHWHFWLRQ
6WHS '"HWHFWLQJ SHDNV DQG WKHLU VSDWLRWHPSR

BWHS &OXVWHULQJ SHDNV WHRYH®RMOW LI\ FDQGLGDWH
BWHS (VWLPDWLQJ VLIQDO SURSDJDWLRQ SDWWHUQ
BWHS  'HW HFWHLGQNU W X SH U
BWHS 6SOHWMQWY VRSHRULQGLYLGXDO HYHQWV ZLWK
'HWDLOHG DOJRULWKP
3VHXGRRRBGHS UR FE-HHW HERWMRIHHIDOGE H Q WWLHHL@WVX S H U
YR[HOV
3VHXGRRBBEBMW HFQERG QVLRQ
3VHXGRRBGWLPDLWEQR S D JG MM REX\SHYH QWES OLWW LQJ
V X SHYUH QQUMRG L YH GXQ W V
2SWLBQBURFHYYERSWR FHYWHGY

Y



%DVHOLQH W UHBWHRUHI H WU R OW RRIQI
6FDQQLQJ DUWLIDFROW REBRWYRQ E\ GH

&KDSWHU 6RIWZDUH )HDWXUHV DQG 3DUDPHWHUYV

7KH $4X$ VRIWZDUH
([W U D IFH/DMGURIPY X $
$ EULHI ARYHWDYWMRIZ IHDWXUHYV
JHDWXUHV VWRUDJH DQG VRPH QRWDWLRQV
3RVLWLRQV VL]H DQG VKDSH
7LPH DQG FXUYH UHODWHG
6LQJOH HYHQW SURSDJDWLRQ
5HJLRQ DQG ODQGPDUN
3URSDJDWLRQ GLUHFWLRQ ODQGPDUN
(YHQW JURXSYV
'"HULY HGHM D W X
3DUDPHWHUYV
3UHSURFHVVLQJ 3DUDPHWHU 7XQLQJ DQG WURXEOHV
3DUDPHWHUV /LVW
3DUDPHWHU SUHVHWYVY IRU VRPH W\SLFDO H[SHULPHQW
'HWDLOV RQ RXWSXW )LOHV
2YHUYLHZ RI 2XWSXW
ODLQ RXWSXW
2XWSXW GDWD VWUXFWXUH
)LHO'G W WQ XFW XUH

&KDSWHU *UDSKLFDO 7LPH :DUSLQJ

QWURGXFWLRQ

SUREOHP )RUPXODWLRQ

OHWKRGYV
*UDSKNERGWLRQ
(TXLYDOHQW SUREOHP
SURRI RI HTXLYDOHQFH RXWOLQH

YL



JORZEKDUW RI *7:

(IWHQVLRQV RI VLQJOH SDLU '7:
3DUDPHWHU HVWLPDWLRQ

ILNHOLKRRG IXQFWLRQ

3VHEXGNRHOLKRRG EDVHG DSSURDFK IRU SDUDPHWHU HV

&URWINOLGDWLRQ EDVHG DSSURDFK IRU SDUDPHWHU HV\
$ ZRUNLQJ H[DPSOH RI *7:

'HWHUPLQLQJ FXUYH SDLULQJV

'HWHUPLQLQJ JUDSK VWUXFWXUH

%XLOGLQJ GXDO JUDSKV IRU HDFK SDLU

&RQQHFWLQJ WKH VLQJOH SDLU GXDO JUDSKV WR WKH

BROYLQJ WKH SUREOHP DQG REWDLQLQJ WKH SDWK
'HIMDV LQ WKH SURRI RI *7:

&KDSWHU ([SHULPHQWYV

$4X$ H[SHULPHQWY RQ VI\QWKHWLF GDWD
*HQHUDWLRQ RI VLPXODWLRQ GDWD VHWYV
$SSOLFDWLRQ RI $4X$ DQG SHHU PHWKRGV RQ WKH VL
3HUIRUPDQFH HYDOXDWLRQ PHWULF
6L]H YDU\LQJ HYHQWYV
IRFDWLRQ VKLIWLQJ HYHQWV
3URSDJDWLQJ HYHQWYV
6XPPDU\
$4X$ H[SHULPHQWY RQ UHDO GDWD
([SHULPHQW VHWXS
([SHULPHQWYV RQ EUDLQ VOLFH GDWD
(IBULPHQW WIRWR UR F\GD\W & D
([SHULPHQWY RQ H[WUDFHOOXODU JOXWDPDWH GDWD
5XQWLPH DQDO\VLVLRMKSRIXS$ DOJRU
*UDSKLFDO 7LPH :DUSLQJ
([SHULPHQW RQ V\QWKHWLF GDWD

([SHULPHQWD RMH WDRHLXP LPDJLQJ GDWD IRU RQH DV
YLL



([HFEXWLRQ 6SHHG FROFRSD D DV R Q LRM KD
&KDSWHU &ERQWULEXWLRQV DQG )XWXUH ZRUN

6 XPPDU\ RI FRQWULEXWLRQV
$VWURF\WH DFWLYLW\ DQDO\VLV
*UDSK FRQVWUDLQHG FXUYH DOLJQPHQW

)XWXUH ZRUNYV
' SURFBOQWBGLYUVXDOL]DWLRQ
(IWHQVLRQ RI $4X$ WR PRUH GDWD W\SHV
-RLQWHRRIWOW PRGHO DQG LQWHUDFWLYH SDUDPHWHU V
+HWHURJHQHRXV QRLVH HVWLPDWLRQ DQG VWDELOL]D

%LEOLRJUDSK\

YLLL



/ILVW RI )LIXUHYV

JLIXUH([DPSOHV RI DVWURF\WHYV

JLIXUHQ YDYRVURFD¥VMEKDLWLHY RU HYHQWYV

JLIXUH[ YLERWD ZLWK KLJK UHVROXWLRQ
JLIXUH([WUDFHOOXODU JOXWDPDWH HYHQWYV ZLWK LQGLFDWR
JLIXUH&SDUWRRQ H[DPSOHV RI HYHQWY DQG 52,

JLIXUH7KUHH UXOHV RI HYHQW GHWHFWLRQ

JLIXUH7KH VLQJOXIOH\AAHs WKH VPRRWKQHVV UXOH

JLIXUH7KH VLQJOH VRXUFH UXOH $ 7KH UDZ GDWD
JLIXUH2YHUDOO IUDPHZRUN ZLWK HLJKW VWHSV
JLIXUHHWHFWLRQ IUDPHZRUN ZLWK WKH IRXU PRGXOHV ZLWK
JLIXUH LPLWDWLRQV REIDW KBOMHLROGE®RBHPDWLF LOOXVWUDWLR
JLIXUHLPLWDWLRQV REIDWHKUOHYVEROWWILYJ UHDO H[DPSOHV
JLIXUHEHHGV Q&8DWNXSBU YR[HOV

JLIXUH&EOXVWHU SHDNV WR REWDLQ WKH FDQGLGDWHYV IRU VX
JLIXUH *7: IRU WKH HVWLEPVMM.RMQLRH WRIB R

JLIXUH ' HWHFW VXSHU HYHQWY IURP D VXSHU HYHQW FDQGLG
JLIXUH 'HWHFW HYHQWYV IURP ¥Y®&3 HU HMNMHD WRXE\FHPSROH
JLIXUH )LWWLQJ DQG FRUUHFWLQJ WKH EDVHOLQH WUHQG RI
JLIXUH =LPIDJ W\SHWVYWXIBD WR WLPLQJ LVVXHV LQ LPDJLQJ
JLIXUH 7KH GLVWRUWLRQ NHUQHOV DUH V\PPHWULF IRU WZR
JLIXUH &RIIHODWLRQ PDS FDOFXODWHG IURP D VPDOO SDWEFK |
JLIXUHODLQ LOQWHUIDFH RI $4X$ VRIWZDUH
JLIXUHOLVXDOIHEWXKUHY RI WKH GHWHFWHG HYHQWYV
JLIXUH6LGH E\ VLGH YLHZ RI $4X$

JLIXUH QWHUDFWLYHO\ YLHZ WKH GHWHFWHG HYHQWYV
JLIXUHSURRIUHDGLQJ UHVXOWYV

JLIXUHODQXDO DQG DXWRPDWLF ZD\V RI LQFRUSRUDWLQJ FHO
JLIXUHGBWHS E\ VWHS GHWHFWLRQ SLSHOLQH

JLIXUH([WUDFW IHDWXUHYV IURP HDFK GHWHFWHG HYHQW

L{



JLIXUHHDWXUHV IRU DVWURF\WH DFWLYLWLHY FDQ EH FDWH.
JLIXUH 7KH ERXQGDU\ Rl WKH PRYLH FDQ EH UHPRYHG GXH WF
)LIXUH 3DUDRFHRUHMURIDHJURXQG VHOHFWLRQ

J)LIXUH 3DUDPHWHUV FRQWUROOLQJ WKH VHDUFK IRU SHDNV
)LIXUH 3DUDPHWHU FRQWUROOLQJ VLQJOH VRXUFH UXOH
J)LIXUH 3DUDPHWHU FRQWUROOLQJ VPRRWKQHVYV UXOH
JLIXUH(DFK QRGH LV D ZDUSLQJ SDWRYEHWZHHQ WZR FXUYHV
JLIXUH7: FDQ EH UHSUHVHQWHG DV WKH VKRUWHVW SDWK SU
J)LIXUH3ULPDO DQSKGARO WWKB DOLJQPHQW RI D VLQJOH SDLU
JLIXUH*7: JUDSK RI WZR QHLJKERULQJ SDLUV

JLIXUH)ORZ FKDUW IRU *7;:

JLIXUH/HIW ILYH REVHUYHG FXUYHV

J)LIXUH3ULPDO JUD:S$&IRU SDLU

JLIXUH7KH ZHLJKW IRU HDFK HGJH LV VKRZQ LQ WKH JUDSK
JLIXUHWKHXBO JUDSKTY&ty SDLU

J)LIXUH &RPSOHWH JUDSK ZLWK IRXU SDLUV

JLIXUH*7: JUDSKV

J)LIJKU :DUSLQJ SDWKV IURP *7:

J)LIXUH2QH QRGH ZKRVH ODEHO LV VXUURXQGHG E\ DQRWKHU
JLIXUH3HUIRUPDQF H) DFPRRSDIUR FRDHV LV ¥ HW KIRGEW J H

YLIX U Hp 4 X $6 H W HUFRVIDUGH YWHKD IR K XIWVH SRV L P X OGDDWAHDS
YLIXUHYHGRX @YU | HUHBEW

JLIXUHSHUIRUPDQFH FRPSDURYRQ\DPR ®RWERBKQ FKDQJH
J)LIXUH3HUIRUPDQFH FRPSDURYRQ\DPR PRWEKRIGSYURSDIDWLRQ
J)LIXUH3SHUIRUPDQFH FRPSDURYRQ\DPR @HRVAIRIGNVS URSDJIDWLR G
JLIXUH3SHUIRUPDQFH FRPSDURYRQ\DPR @PHWRRBIR SDIDWLRQ
YLIXUH HSUHVHQW DWHL]Y ¥EUROL® VD MAKH G D W D
JLIXUHLVWULEXWLRQ RI HYHQW QXPEHU ZLWK UHVSHFW WR V
JLIXUH (YHQW VL]H ZLWKVDHY 9K FGL WARDWRKH WR VRPD

J)LIXUH (YHQW GXUDWLRQ ZLWK UHVSHFW WR WKH VWDUWLQJ
JLIXUH %XUVW HY& @YD G Y WIQWRY GLEDWIDQ V H W

[



JLIXUH 2QVHW WLPH PDS DQG SURSDJDWLRQ SDWWHUQV RI W
JLIXUH$UHD Rl DFWRQYHDFI{HODPH

J)LIXUH &RPSDULQJ WKH VL]H DQG DUEDURMWENXYMYWAW HQWYV DQ
J)LIXUH *OXWDPDWH HYHQWYV LQ WZR PRYLHV LQ WKH VDPH EU
YLIXUH ([DPSOHV RI JOXWDPDWH HYHQWYV

YLIXUH ([DPSOH WURH FRRU JOXWDPDWH HYHQWYV

JLIXUHS$ QHLIKERUKRRG VWUXFWXUH XVHG IRU VLPXODWLRQ
JLIXUH 7KH FXUYHV EHI PQ BOEHEZ DWHBEQJ LQ WKH VLPXODWL
J)LIXUH 3HUIRUPDQFH FRPSDULVRQ RI *7: DQG '7:

YLIXUH 7KH LPBIDEMYHUVH FDSDFLW\

J)LIXUH (VWLPDWHG SURSDJDWLRQ SDWWHUQV RQ WKH DVWUR



ILVW/IREOHYV

7DEOH/LVW Rl H[SRUWHG IHDWXUHYV

7DEOH/LVW Rl IHDWXUHV UHDQW® W& SR R VHLYWH@RWV VL]H
7DEOH/LW RI IHDWXUHV UHODWHG WR WUDMHFWRULHYV
7DEOH/LVW Rl IHDWXUHV UHODWHG WR HYHQW SURSDJDWLRQ
7DEOH/LVW RI IHDWXR FY QG @PRWSIGRORJIJ\ DQG ODQGPDUNV
7DEOH/LVW Rl IHDWXUHV UHODWHG WR SURSDJDWLRQ ZLWK U
7DEOH HDWB@MHG RQ JURXSV RI HYHQWV

7DEOH([WUD IHDWXUHV GHULYHG IURP RWKHU IHDWXUHYV
7DEOH3DUDPHWHUYV UHODWHIGL RHRQWKH GDWD DQG H[S

7DEOH ORVW XVHIXO SDUDPHWHUV

7DEOH/LVW RI OHVV FRPPRQO\ XVHG SDUDPHWHUYV

7DEOH 3DUDPHWHU SUHVHWYV IRU VRPH GDWD W\SHV

7DEOH &RQWHQWY LQ WKH RXWSXW IROGHU

7DEOHORVW LPSRUWDQW HOHPHQWYV RI WKH PDLQ RXWSXW IL
7DEOH/LVW RI DOO RXWSXW WHUPV LQ WKH PDLQ RXWSXW IL¢
7DEOH5XQQLPH WI $4X$ RQ W\SLFDO GDWD VHWYV
7DEOH5XQQLQJ WLPH IRU PD[ IORZ LQ VHFRQGYV

[LL



&KDSWHIWDFNJURXQG DQG ,QWURG

ORWLYDWLRQ

+RZ FRUWLFDO DFWLYLWH BMRWSHUFGBSWLRQV LQIOXHQFH EHK
EUDLQ VWDWH DUH FHQWUDO >T@HRWHRQV JHQH QKK U RR/FWI
HOHFWURSK\VLR O R DLEF®HG WRRXW\R X PIYHHQMV LVW YV WR H[DPLQH Q
XQSUHFHGHQWHG GHWDLO GUDZLQJ RXW ZKLFK FHOOV DUH

HDFK RPWAKWRZHYHU WKH RD¥WUPRMR UMWXGLHY QHJOHFW WF
QRQHXURQDO FHOO W\SHV LQ WKH EUDLQ WKDW FDQ FRQWUL
WKDW FRQWDEFWY PRVW QHXURQDO V\QDWWKHVDN@G RELRNXF L
ODUXHOA\[SORUHG LQ WKH FRQWH[W RI FLUFXLVEDSFKNWHRR QR J\

QHXURQV VLQFH WKH ODWH V DQG KDYH WUDGLWLRQDOO\
WKHLU UROHV XGWDNW DRIBWH[WHDFH O ® X D Q & HS\RED NDVFLYX PV K B
WKH\ DUH ODUJHO\ HOBE6WUWERQOWBRVRWEW FIRQVLVW RI WKF
EUDQFKHV ZUDE® ISRV BHYNQDSWLFE QHXURQDO HOHPHQWYV DQC
UHFHSWRUV>D® @AXURQQWLPDWH BIN®/O/WLREG VEKUWIES QRKHX G

'KLOH WKHUH KDV EHHQ FRQVLGHUDEOH UHVHDUFK LQ WKH O
KDYH SURIRXQG HIIHFWV RQ BHXURDM JZR | DXQHS $ RN B QIR \QWIK
DQG IXQG DPHRMEBRWK DW WKH VIQDSWLF DQG FLUFXLW OHYH!
DERXW HYHQ WKH PRVW EDVLF IXQFWLRQV RI DVWURF\WHV
RIWHQ RSSRVLRIHVWISWLFE HIIHFWV LQFOXGLQJ VWLPXOD
WUDQVPLVVLRQ DQG WHWW LSRR ®DHI\Y WO WHDRQR @HSBHVORRQ |
KHWWMIQ®D SWLF IDFLOLWDWLRQ RU GHSUH@HRK SIRVGK KR IP]HIR W\
WKHVH VHULRXV GLVFUHSDQFLHV PD\ EH GXH WR XQH[SORUH
ZIKLQ EUDLQ UHJLRQV DQG WKH ODFN RI DSSURSULDWH FR
SK\WLRORJ\ZLQY&HHBNUDFHOOXODU FDOFLXP P @IV U REWKH Y |
VKRZ JUHDW YDUDBWILYLWY RUQFIDXGLQJ HYHQWY UHVWULFWH



EUDQFKHV RU H[SDQGLQDDFRRW Y YALX\O RIHVRHIGBM BDANG IDVW 3V
ROHVV WYXBDPRRR@H @HFHQWO\ PDQ\ UHFHQW ZRUNV IRFXV RQ
WR QHXURWUDQVPLWW HU YD @BKQFK WRHAKG X B8 B WWKUH H[WUDFH
JOXWDPD@H¥$ @QRUHSLOH®EVDEQBAGRSDPLEHWF $00 WKHVH
VHRRQWDLQ DFWLYLW\ VLJQDOV\ D\D ZHIDEO HZ K QF & LD IHU 1B QW RW
8QGHUVWDQGLQJ WKHVH DFWLYLWLHV PD\ IXUWKHU H[SDQG F
UHODWLRQVKLS ZLWK WKH QHXURQDO ZRUOG

SHFHQW DG YD QPKDWQSKROHLQEL BB QHWLFEFDO O\ HR AR®EG H/G Q
ODWFRADOH RSWLFDO UHFRUGRQG RO XWDPBENPHYTD DBNKXPD QG
EHKDYLQJ DQLPMOGH ¥RQRBRHQW RI WRROV WKDW FDQ DXWR
GDWDVHWYVY KDV ODJJHG IDU E HKL\QWRWIKHD H USDHAH. FO-DQUA B (D PR 3
WR WKH FRPSOH[ QDW XWLH QRO OR\DW ULRF WBH BHD DQG WRIPH 7KH
GHFRGLQJ DVWURF\WH IXQFWLRQ UHOLHDVRQ C® ¥XDO HD @ D\ K\
RI LQWURGXGGQRLEMLYJI VXEWDHWWL@MIR DODWLWQFDO DSSURDF!|
QHXURQDO DFWLYLW\ GDWD FDQQRW EH PRGLILHG WR DFFF
FKDUDFWHULVWLEV ZKLFK LQFOXGH WKH VLPXOWDQBRX®QJH[
HYHQWYV WKH VLJQDO SURSDJDWLRQ ZLWKLQ DQG EHWZHHQ I
DQG DFURVV6RPW WRRRWWWVZHUH GHYHORSHG IRU DQDO\]LQJ DV
DOVR LIQRUHG WKH DERYH WASHH\E IDDBBSASKMRES BMK\M L\NHDY/P R | ZZDAVWDW/R G

WRORJIJDFNOUBDXQBGGDWD GHVFULSWLROQOQ

1HXURQV DUH WKH LQIRUPDWLRQ SURFHVVLQJ XQLW\VLWQ WKFE
HOHFWULFDOO\ LQ HDFK QHXURQ 7KH\KFRPPXMHED WAK B UW KV |
DUULYLQJ SUHV\QDSWLF WHUP IVOWIDQVR QSR QWY RO SRV LE  @/HHUU
GHQGUWWHI @RH[W, QHXAURIQVLRQ WR QHXUR Q\ OWIK IAGN. /KJ H QY D U |
IDRXWQXPEHU QHX USSR WLNRQUWRFRORVHO\ ZLWK QHXURQV L\
WUDGLWLRQDOO\ FRQVLGHUHG WR SURYLGH VXSSRUWLQJ L
SURYLGLQJ QWMUQWHBROWRBLQJ VFDUV IURP EUDMDRPSIOHWXR N W
D/WURF\WHV RLUKUH YPLQXIU WKH OHIW DUURZ SRLQWYV WR D



ULJKW DUURZ SRLQWYVY WR DQRWKHU DVWURBXUHI DKREKKKD S SH
ODUJHU ILHOG RI YLHZ LV VKRZQ LQ WKH BVPWKYHRD DURRE YV PR
WKUHH DVWURF\WHV 6LQFH DOPRVW DOO DVWURFWXHVKDUH O
LOQGLYLGXDO FHQAOXUMWV FOHDUO\ DV

(A) (B)

JLIXUH[DPSOHV RI DVWHWRIFMNWH® YBHZ RI LQGLYLGXDO DVIWURF\W H)?
PRXVHY KHRSXORWDR® URR\WRRRVG® EUDGQURKWKLFN OLQHYVY DUH YH'
DQRQG % DUH REWDLQHG E\ WDNPRY WHKBIORYHUWIRHRRI WKH I

$V DVWURF\WHV DUH YHU\ FORVH WR V\QDSVHV LW LV VXVS
QHXURQV 7KH PDLQ VLJQROQXN USRIWKEZQ B/ I(EHWIZRIFHAWHY DUH
UHOHDVH DQG XSWDNH 8SRQ UHFHLYLQJ FKHPLFDO VLJQDO!
IURP RWKHU DVWURF\WHV RU ZLWKLQ WKH VDPH FHOO DVW
VHFRQG PHWWHGIARGHFXOHY OLNH JOXWDPDWH LV WKH ILUVV
ZLOO WULJIJHU WKH GRZQVWUHDP ELRORJLFDO SURFHVVHV ,V
FHOO RU LQ RWKHU DVWURF\WHV 7KH PRV WL Q EXQRFR\WQW D00
WA\SHV L¥Q&DVWURKRMW DQ H[FHSWLRQ ,W KDVFRREH EWMHDRWRE
LQ DVWURMPWRNSOKRZDQG G\QDPLF SDWWHUQV 7KHVH SD
VSRQWDQHRXVO\ ,W PD\ DOVR)RW \HJB PSOW R GOGE-PUCE B OF I §/ [ER
REVHUYHG ZKHQ WKH PRXVH LV LG LMWHIWMHQOEKIORR P ELUDPR Q| R RX



WKH DQDO\VLV RI DVWUR F\\WH. O SR 1 IWQH V7 K& P ERLR VY RRLSHLF |
&DLPDJXK@LQJ FDOFLXP LQGLFDWRUV JOXWDPDWH LPDJLQJ ZL
RI RWKHU PHVVHQJHU PROHEXOHV ([DPSOHV RI)DVWWHRF\WH F
DQ&JXUH ([DPS\ORI DVWURF\WLF DOSHAYDHRID WU B E QY IHYOLFKL BYD W D
W\SH WKH DFWLYLWLHV RU HYHQWY KDYH YHU\ GLYHVUVH VKD

JLIXUHQ YDYRVURFD¥FMW BORW IHHWHKCQUMHWH IUDPHYV RI D PRYLH DUH VKRZ
GRHV QRW IKRHWBFMD G LWLHY 7KH PLGGOH RQH FRQWDLQV VRPH V)
VKRZV VWURQJ JOREDO HYHQWY RFFXUULQJ WRJH)

JLIXUH[ YLERWD ZLWK KLJK UHVROXWLRQ 7ZR FHOOV VKRZQ LQ W
RQO\ VHYHUDO VSDUNOLQJ HYHQWY 7KH ULJKW RQH ARIBMIDAQV VF



JLIXUH[WUDFHOOXODU JOXWDPDWH HYHQWYV ZLWK LQGLFDWRUV R
GRHV QRW FRQWDLQ DQ\ HYHQW 7KH ULJKW RQH FRQWISIDQUW B ODU

,PDILDMWURF\WH D ® WLYYHWWYLLHH\Z

7R REVHUYH WKH DFWLYLWLHV RI DVWURF\WHV JOX®BR0 W
LQGLFRW BUNYV WR YLVXDOLMRIWKKREHQPR.OH FRKDHM HZTKHVH LQ
WRHWPKHVVHQJHU PROHFEXOH LQ DVWVUREFQAPHRNKQYLHA & ID@MH X VWM RG E R
ZKHUH WKH LQGLFDWRUV VKRXOG ELQG WR )RHQW[IBMINDOH W
DVWURF\WHV ZH FDQ ELQG WKH LQG LR RAHO® P MPKEH P R M VL
JHQHV DUH RRSKRWRQ D Q 6 LIFR @ NBFDEHAL G HDR EXAHBJSYW U R F\W H
DFW LYOIRVMH D VIVEMREYWW LHY DUH EH\RQG WKH UHVROXWLRQ F
PLFURVFREHIVYRUH ODVHUFVURNGRBEFXHHKRWRY RU FRQIRFDC(
LQGLVSHQWME®WK LWRIRIQYU A PIDJGQEDWR UV LQUMHFWPLD/AW MB[ED OL
DW D FHUWDLQ UDQJH RI IUHTXHQF\ DQG UHVSRQG ZLWK WK
PLFURVEFRSQKIROKVHG W R/ FUHW\S B WK WRBOHW VLGH WKH YR[HO EHLC
,Q WIIRRWRQ PLFURVFRS\ ROQQMARVKHDWREHDOH ALHQW QXPEH L
SKRWRQV DQGHHWPASWEDIEWSLOHOE\ OLQH DPOIGWR DURAHER Y GUD
ODSPRYLH IRU WKH QG RARNZ B DAMW XGX HUH DIUGMURLRHR GIRY | R U
LPDJLQJ )LUVW WR LQFUHDVHBEUWHDHRYHDIGHRI QWL ¥ K HEABBYHE @® W
WWRSHQG OHVV WLPHWKQ GEFRFEME(RWRQYV UHFHLYHG LQ WKLV Y]
VLIQDO ZL®IO,BHRIHKIHU ZRUBXISMWRKWREVDHPLWWHG E\ WKH LQ



YR[HDAG WKH GHWHFWRU LQ WKH IFZFRBRRAF R I§ VOZRZAR O PIRO\QRN URY
SKRWR®O GHJUDGH WKH \6l15Q [HO PW R DOYRRLLVGH W BDIVHLFBIUERBEKGIH P E \
SRZHU Rl WKH ODVHU +RZHYHU LQFUHDVLQJ WKH WRWDO Q)
LOQWURGXFH WWKH WLWFEMY WKH UMY SREMERGWR E D R B AVRISH I

FHOOV PD\ GLH 7KHV R INQBIDNH QW IFQJ WMLIF®K WR FKRRVH VXL

$VWURF\WH DFWLYLWLHYV FDQ EHVRE GHUMHG QO GQIGHB BIW RUWS
RI WKW FRMREVVVHUWO®/ IGRIQVD VIMWRYR RRAH 7IKRALUVW W\SH RI
LPDJIHEG YIBMXDOO\ WKH KHDG RI WKH PRXVH LV GULRDIOHEG WR
IL[HG EHORZ WKH OHQV RI PLFURVFRS\ ZKL @ W&H HPR X \W B §
WLPH ZMHHFBRQG ORFDO ILHOG (S RWHRDWILOQD V\R 5 QUDRWPHG\G RQ I
VOLFHV ZKLF RPRRXRHEKCDM RE/MMQOOHELPRILQJ FDQ RQO\ REVHU
WKIDMHDU WKH VXD LIF B KRYQW RW ERG F DIQL KK YRUBANIGW K R V H
DUHRIWKH EUDLQ 7KHNVEFRYHMAHQYWR RIEQHDDEBUREOHP ZKLFK GRYt
HILVW[ LYQGYORW D(V MUWRD J L JDOVR H[SHULPHQWDOO\PRBW LHU LC
WASHV RIGWRILF+RZHYHU WK H WHEHWLRGSBUR DB K ELD/E LR/ F H
QRW WKH VOPHPD@FWKIRQLQJ DQLPDOV 7 KHHUHY R'YWRK BRENWH U Y D
QR ORQJHWKRIIE MW ILQDO GRWWD XW\ISE ENOOV 7KH\ DUH SX
WKH SHWUL GLVK $V WKH\ DUH IDU IURP WKH UHD @ WXLG/IVHOH
VKRXOG EH WUHDWHG FDUHIXOO\ WKRXJK IRU VRPH DSSOLFD

52,DQBYHQWZXR SDUDGLJPV

%HIRUH ZH SURFHHG ZH QHHG WR LQWURGXFH DQGHIOOWLQ.
DFWLYLW\ QDWW BHWRORQHG MGHMHBREWLIKINGM L\WS-DF HVDL © B

7KHUH DUH IRXU HYHRPWRX LM D OZREYWBMHVHPDLQLQJ WKUHH |
RQH IUDPH ,Q UHDO GDWD DQ HYHQWHFREDESRDMNG LB R KL PR
WR GHWHFW DOO MYHH XHYH QZ\HY LEQMNHHFBUBD FIRRROW BG HQWAW R1 W KH
DQG ZH FODLP WKHUH DUH WZR UHJLRQV Rl LQWHUHVW 52\
VLQJOH FHOO D VRPD RU DQ\ PHDKH GX B RR FDRMBIAKMNU B G WIK
LV WR H[WUDFW WKIBBSWH | URPDWEEMBEKEPBIQ WY FDQ EH IXUWKH I
RQ HDFK 52, E\ PHWKRGV ORR®YROXN LIRIG LEH SR GHAN R Q W k



SDUDGUHHRMHYDOQG LQ QHXURQDO GDWD ZKHQ WKH LPDJLQJ IF
LQ DVWURF\WH DFWLYLW\ GDWD YRKHHID,P)IDKDBRONPK HVVQRH V X
RI HYHQWYV PDMBQ IFKD QM YWOPWKH\ RFFXU DW URXJKO\ WKH VI
RWKHU ZKBIWAKH 52, SDIVQRWIJMSSOLFDEOH )RU H[DPSOH ZK
SURSDJDWLQJ DQG ZKMRWLW K HOR B B RABRXQEEPQHBHONG SDUDGLJ
LV YHU\ SRSXODU LQ DQDO\]LQJ RHMIDBR\QOUH DFKMH. ELL\R O B DIVF D (
LQWWW OLNH VRPD +RZHYHU VLQFH WKH DFWLYLWLHV LQ D
VW U X FW XRHHFIRIFROUGH DI [ L E O HD © ¢ BEDBV VISUYMKREBIPRUH VXLWDE

JLIXURRDUWRRQ H[DPSOHVW$ HYO-DQWWDRW LF2Q RI HYHQWYV 7KH (
UHIHUHQFH ORFDWLRQVY 7KH VROLG ILOOHG VKDSHVULMPQ@HRIHYHQW
52,V 7KOHUMHHAR 52,V (DFK 52, FRQWDLQVWQ@RWHBDHYDMOVLG ZDS5RI DQ
DVWURF\WH DFWLYLW\ GDWD 7KH IRXWHRRRYWVY GRORIPARW EH GH\



2EMHFWLYHYVY DQG VWDWHPHQW RI SUR

SHODWHG ZRUNV DQG WKH SUREOHP

&RPSDUHG WR QHYOURQD OD&MV URBIWEE RID*&D03 SUHVHQWYV SI
FKDOOHQJHV IRU DQDO\VLYV GXH WR WKHLU FRPSWSHFVSLIFW LR
DQDO\VLV VRIWZDUH KDV EHHQ GHYHORSHG WR FDSWXUH WK
WKH FHOO LQWROBUVWHLIQRW W KRPHEI® X RQS, IR D SANRRW DISISD D Q D
D ZDWHUVKHG DOJRULVRKR W R UHCVD\GER2DMY @IR W& W RIRPL D U H

DXWRPIZWIHXYRQYQLILFDQW PDQXDO HIIRUW *(&,TXDQW UHTX
SDUDPHWHUV DGMXVWLQJ WKUHVKROGY DQG GUDZLIQJ SRO\.
WKRXVDQGV RI 52,V IRU WUDLQREDQOH , G DRRI) \X H CAL\® O WEHRHD O D)
DXWR PDW H GW%MHYLRAHWY KR WHG ERWK SUHYLRQGE WHW KSRHGM RRUP B
LV QRW VDWLVIDFWRU\ ,Q SDUMNKMNO PR GHQOBG ) Bt RBIDIDWLLI
> @/ WKH EHVW WRRO WR GDWH IRU D \DVQQRREANWDH BDREXVQLW LIY U CF
SURSDJDWLRMQSDWW HFDQQRW DOORZ GLIIHUHQW HYHQW W\S
JLNHZLVH *OX6Q)5 LPDJLQJ DQDO\VLV WHFKRLJX B QO MUHHBDHFEK
52,V RU E\ DQDO\]LQJ WHEGH QR 1HW KIPUROLO R@H>520 L ¥ Z® U W K
QRWLQJ WKDRRWKHDBWKRX J& QRV@ W FXUUHQW WHFKQLTX
FRQFHSWXDO IUDPHZRUN RI 52,V IRU LPDJH DQDO\VLV

%URDGO\ DVWBEWRPFINH EBHQIRRQVLGHGNGDP LWVSHRU EZRLFK TXL\
PHWKRGV H[LVW ZLWK WKUHH EDVHKF 1@ BB LI FDHFRR PES RRVH QW |
> @QG VXSHUYEBV@ERZMIYBVQLAGIKH\ ZHUH DOO GHVLJQHG IRU

&D G\QDPDPWG WKH\ DUH DOODEIVXIRGC\IVR@R RRGROV VLIQDO SU
EHFDXVH WKLV SKHQRPHQRQ LV UDUHO\ REVHUYHG LQ QHXUR
RQ FHOO VKDSH RU VL]H WKDW GR QRW KROG EHFDXVH DVW!
DVWURF\WH OLNHO32FRQWDLQV PXOWLSOH

7TKH IXQGDPHQWIRGW BSWREVOWMPQJ PYAWERKDAW R F\WIQFRG &M X6Q)5
IOXRUHVFHQFH G\QDPLFV VXUMW F® URMVHD) DS BR®E XN W KH



FRQFHSW Rl WKH 52, KDV VHYHUDO LQKHUHQW DVVXPSWLRQV
G DW\DW $R F\\VDIQFG &0 XW.D PDWW IRU H[DPSOH FDQ RFFXS\ UHJL
ORFDWLRQ DFURVV WLPH FDQ SURSDJDWH ZLWKLQ RU DFURYV
DQG JOXWDPDWW WKDW DUH W HP ¥ RBDBISDR KGIIW WV QX MH 52K D W
52, DOO VLJQDOV KDYH D IL[HG VL]H DQG VKDSH DV VSHFLIL]
52, XQGHUJR WKH VDPH G\QDPLFV ZLW KFOOW H®& RSDFIOWLITK® V
RYHRU XWGRSOH WKMKXVGPEWFXULQJ WUXH G\QDPLFV DQG k
GLVFRYHU\ LQ WKHVH FHOOV $Q LGHDO LP D KRQWDANGD DQWLR/
DFFRXQW DQG TXDQWLI\ DOO RI WKHVH G\@DWHE IBIQWO\WH\R
UHVWQM FWLRGGLWLRQ DQ LGHDO WRRO VKRXOG EH DSSOLFD
VFDOHV HQFRPSDVVLQJ VXEFHOZLGHD D XFRHIHOEGIMEF HDR\® [SRLS

2EMHFWLYHYV

,Q JHQHUDO ZH ZDQMRWRXRXOL\VOBRNPDBEQW RWOY'WLYHO\ DQG ULJF
FRPSOH[ D¥WWDQRB\WBGIXWDPDWH VLJQIDONLHG $ Uikl R KD WHY M) W
IROOR Z LNQSSHWZIRMH FW LY HV

JLUYW DOQWVEXLE® GUREDELOLVWLFD®WLYHQL QIFQ S OIHGBN HRDW I/ H G
DVWURF\WH DFWRLYRWUY DODRORXENGNEDY HG ZKLFK KDV WKH FD
PRGHOLQJ FRPSOH[ HYHQ\W FSADIWAIN UQJY & QRCOUWIIRIFOWMLEFD O D
VKRXXEXSHEDPIBMMHEIHQ ZLWK WK H RGH[Q EYIDOULMVRY V J IRIVPLNVQR | ¢
DQG VLIQDO SURSDJDWLRQ 3DUWLFXODUO\ WKH VLIQDO SU
VHEQ I RMMLKWKH SURSDJDWLRQ SDWWHUQV YDU\ DFURVYV 52,V L
SDWWHUQ LRIRWKH DVYWXWRHF\WH DFWLYLW\ DQG KHQFH VKRXO!

6HFRQGZ2MRVG BNRPQUHKHQVUYHHE@ BOXWHRUW Z DQHXW R VEFH. @ ) IALA
FRPPXQZWH VRIWZDUH VKRXOG ZRUN ZLWK UHDVRQDEO\ ODUJ
VRIWZDUH VKRXOG PDNH WKH GHWHFWLRQ SLSHOLQH DSSUR
8VHUV VKRXOG DOVR EH DEOH WR HDVLO\ DQG IOH[LEOH H[DF
HIWUDFWHG IHDWXUHYV



2UJDQL]DWLRIQVRHWWEWLRQ

7KH UHARHHOUL @ G WMHUW RWURQLIHG BXDIRWBRBIZQW,WRGXFH WKH
GHWHFWLRQ IUDPHZRUN 7KH VRIVWABEJ 8 DAJHDWLHWW H UH 1 MAX W H QHI[
LQ &KDSWHSUHVHQW WKH JUDSKLFDO WLPH (ZPHUSLRHQMR/G B C
SHUIRUPHG LQH&YXBBRMCHUGHY WHKBW BWALIRGEF XVY IXWXUH ZRUNV L

7KH DVWURF\WH DFWLYLW\ DQDO\V LV @rBAHARISK KPYOEW HBHS
PRGHO KDV EHHQ SXEOLVKHG LQ



&KDSWKHWYHQW "HWH DB WH. RRU N

' HZL@GO®IVLQQLPDJH DIQD®HWARKDW ZRXOG FDSWXUHDWKHQBRPS
IOXRUHVFHQW VLJQDOV REVHUYHG LQ PRVW G\QDPLF DVWURF
52, EDVHG DSSURDFK ZRXOG EHWWHU GHVFULEH WKH REVHL
SUREDEL O DWQRBMKH R W\ OHHFKQLFXHY WR JHQHUDWH DQ DOJRU
WKLV UHYXPMZIRMR IWZGUH SDFNDJH $VWURF\WMH#XDQWLWDW |

'HVLIJQ SULQFLSOHV RI WKH $4X$ DOJR

7R PRYH DZzZD\ IBRWPHE2DQDO\VLY DSSURDFKHY DQG DEFXUD!
DVWURF\WH IOXRUHVFHQFH G\QDPLFV ZH VHW RXW WR GHVL
DVWURF\WH LPDMHW BDWODQOWW.R.DEOH HYHQWY +HUH ZH Gt
VLIQDO LQFUHDVH DQG GHFUHDVH WKDW FRKHUHQWO\ RFFXU
LV GHILQHG E\ WKH IOXRUHVFHQFH G\QDPLFV QRW D SULR
$OJRULWKPLFDOO\ WKLV GHILQLWLRQ LV FRQYHUWHG WR WK
IRU DQ HYHQW FRQWD L QR RID\LRRQHIES BRI V IDGBIMBFHQW ORFI
WKH VDPH HYHQWUDDNHF W RRILGINUY VPRRW KDK WDXPHR1T WKH $
DOJRULWKP LV WR GHWHFW DOO HYHQWY DQG IRUWDB®& HYH
IRRWSULQW DQG KRZ WKH VLJQD®WS PRSIDHIMW HR XZJL W WIUD WH
GHWHFWLRQ LV WR B\FH[IS QRXUWDH WKH IVQGISHDNYV ZKLFK DUH
ZLQGRZ DQG WHPSRUDO WUDMHFWRU\ E H[SORUH WKH VPRR
ZKRVH ORFDWWREVIR/BWBUINQW F DSSO\ PDFKLQH OHDUQLQJ
LWHUDWLYHO\ UHILQH WKH VSDWLDO DQG WHPSRUD®\SURSH L
VWDWLVWLFDO WKHRU\ WR GHWHUPLQH ZKHWKHU D GHWHEW

)XOO VWDWLVWLFDO DQG FRPSXWDWLRQDO GHWDLOV DUH SU
RQH WHFKQLFDO LQQRYDWLRQ *UD®RFRQH LPHZ :PRGEBDSIS W * M
VRXUFH UXOH WKDW MRLQWO\ HQDEOH D QXDQFH®RD@®DO\VL



EHORZ LQ DSSOLFDWLRQ WR H[SHULPHQWDO GDWDVHWV :LW
VLIQDO SURSDJDWLRQ DV LQWHJUDWHG LQWR HDFK PRGHOH
SURSDJDWLRQ KDV QHYHU EHHQ ULJRERRXRWVQGPBARBXQY HRE VR
DQDO\VLV :LWK *7: ZH FDQ HVWLPDWH DQG TXDQWLI\ SURS
LOQWURGXFWLRQRRURHIHIXQRIOHDFK HYHQW RQO\ FRQWDLQV I
VRXUFH PD@ ZHSDUDWH HYHQWY WKDW DUH LQLWLDWHG DW
7KH VIMRXOWHWFH UXOH DOVR DOVRZWHXD FW/R YAIMY\L &K DO FDH) REF
ILHRBLHZ LQWR LQGLYLGXDO HYHQVORFPWAKR QLWK D VLQJOH

JLIXUH KUHH RIXIDHYQW GHWHFWERKQ UE¥BBALRBORUDO WUDMHFWRU\
FRQWDLQV RQO\ RQH SHBDKH ,FX B WHK HFR ZRKW\GS/R QG L QH BHRDIN \S LYWHKOH O
GLIITHUHOYWRSHDAN EHORQJ W RZBLHHHWON@W DHYHH GRWMOLIKWHG EOXH
DSSHDUV LQ WKHVH WZR HYHQWY DQG LWV W®%R 6SPHRIRWKBHHY R QU X\U

$GMDFHQW ORFDWLRW® KD YHWKLHP VORY HVBE M8 FWRUWEL MAMKHLU FRUU

WUDMHFWRULHV DUH GUDZQ )RU QHDUE\ SL[HOV WKHESKDVH GLI

VPDOO & 6LQJOH VRXUFH UXOH (DFK HYHQWRRIQOHPRQ\WD HQ V

KLIJIKOLJKWHG 7KHUH WZR HYHQWYV RULJLQDWHG IURP WZR GLVW
PHUJH WRJHWKHU LQ ODWHU IUDPHV 7KH WUDMHFWRBXKM¥HM RIKH

WKHLU SURSDJDWLR@ERRS G \EWKDIS BMKD W H G



‘H XVH H[DPSOHV LQ UHDO GDW [H DR I OMNXYRDHD M/ i) XAOKH B 1§ GJ )
VPRRWKQBIMMK RZ@LM XU QG WKH VLQJOH VRYUPHUHXOH LV VKR

JLIXUHWKH VLQJOH F\FOH UXOH DR G2WIKH QP8 RBDKNIHY VWKXE HIKW LU
EDU O % $4X$ GHWHFWHG HYHQWY 7KH DUURZV ZLWK GLIITHUHQ
JUHHQ HYHQW SRLQWHG E\ WKH ZKLWH DUURZ LV D SUBRSDIIDWLQJ
WKH QHLJKERULQJ SL[IHOV GR QRWNKPMWH TKEBU X B® G\ YEIQWH 3 R Q @MR
DUURZ LV DQRWK BV SDAWIODND VOIRE W WIKRDQM ZLWK WKH JUHHY HYHQW

DQG WKDIH VEXFXIOHHUXOH PDNHV VXUH WKHVH WZR HYHQWYV



JLIXUHWKH VLQJOH VR XAKAH UWXOEDWD 78H V% DDODKHEWKUIHWH DUURZV

GLITHUHQW FRORUV SRLOQW WR WKUHH GLITHUHQW HYHQWYV 7KH
DSSHDUHG LQ WKH ILUVW IUDPH 7KH WKUHH HY HXWWV VRKIH\ P®ID \WHH
WRJIHWKHUUIGQI WIKHHWKKH VLQJOH VRXUFH UXOH VD\V WKDW WKH\

2YHUYLHZ RI WKH $4X$ DOJRULWKP

$VWURF\WLF HYHQWY DUH KHWHURJHQHRXV DQG YDU\LQJ ZLV
,Q $4X$ ZH H[WHQVLYHOOBSSQLIPE WHFKIQQ TXHV WR IOH[LEO
WKDW RXU DSSURNFQ LVQGDMWKDVLRORJIJLFDOO\ UHOHYDQW SDI
GDWD LQVWHDD SUDWSRRSEYLRQV 3UREDELOLW\ WKHRU\ DQ
WHFKQZHMHWSSOLHG WR RSWLPDOO\ H[WUDFW IOXRUHVFHQ\
+HUH ZH GHOLQHDWH WKH H)LLIKXW H DOAR/FE XAMVHBRWLLYY BWXAR Q V
DOJRULWKP GHVLIJQ DQG GHWVPWLERHQN H\QWIKEK\KHD G FRQYOG

6WHS GDWD QRUPDOL]DWLRQ DQG SUHSURFHVVLQJ 7KLV \
PRWLRQ HIIHFWV DQG SURFHVVHV WKH GDWD VR WKDW QRL
*DXVVLDQ GLVWULEXWLRY SDUAN MWAX GADKH DWDW HIQ@WHRHR Y W D E L (
EDVHOLQH IOXRUHVFHQFH DQG YDULDQFH G6WHS GHWHFW
GHWHFWLRQ 6WHS GHWHFW SHDNV DQG WKHLU VSDWLRWHEF



WBRFKLHYH SHDN BHM¥HFARLBEWHFW SHDNV ZH VWDUW IURP D
DV D VSDWLRWHPSRUDO ORFDO PD[LPXP +RZHYHU VLQFH UD
FDQ DOVR UHVXOW LQ ORFHIMHPW[DFEWLXH QRHEGOWR XFK WKDW
RQ WKH DFWLYH YR[HOV DUH FRQVLGHUHG DV VHHGV +HUH

6WHS FOXVWHU SHDNV WR LHYHHEMWANK\U RODQUEA. G DRWPHE\R WDW MOX\S
LIQRULQJ WRKUWH UGIH XLUHPH QW GW R A HVHW [RF @ BWHP SIRO®\D Q.
GHILQHG DNYBIYWSHBZHYHU FOXVWHULQJ UHVXOWV RI VSDW
HYHQWYV WKHPVHOYHV BHFOQWH W R DR UVRXYKRRADOV DQG WHP
6WHS HVWLPDWH WKH VLIQDO SURSBYMHYMRIQUEDWR/ HHWV 6
VXSHYHQWY IURP SHDN FOXVWHUV ZH FRP SNV MWKHOW B B M
SHDNV E\ HVWLPDWLQJ VLJQDO SURSDJDWLRQ SDWWHUQV 7
LPSRUWDQW IRU LWV RZQ VDNH E\ SURYLGLQJ D QHZ ZD\ W
VXSHYHQW LQWR LQG LY HWXMAV HNYRMIMM \BL WS BHQW LV VSOLW
LQGLYLGXDO HYHQWYV E\ IXUWKHU H[SORLWLQJ SURSDJDWLRQ
D VXBHMHQW WKH ORFDWLRQV RI HYHQ\W LLRDL W L bW HRRQN Ui M/ VL
(DFK LQLWLDWLRQ ORFDWLRQ VHUYHV DV WKH HYHQW VHHG

SL[HO WR DQ HYHQW EDVHG RQ VSDWLDO FRQQHFWLYLW\ DQC

JLIXURYHUDOO IUDPHZRUN ZLWK HLJKW VWHSV 7KHVH VWHSV



JLIXUHHWHFWLRQ IUDPHZRUN ZLWK @X\HM B K@ GHREIDX20 HY SXIWV KEDWD
FRQWDLRYHWOKMUMH%» 'HWHFW SHDNV IRU HDFK VHHG DQG JURZ WKH
&OXVWHU WKH SHDNV ' 7KH VXSHU YR[HOV LQ WKH VDHH FOXVW
WZR SHDNV JURXSV 7KHVH DUH WKHH BDIQWILEDWHVWRN YXBSDJBD YW
HDFK VXSHU HYHQW FDQGLGDWH (DFK FDQGLGDWH FDQ EH VHS
VPRRWKQHVYVY UXOH LV DSSOLHG 7KH GHWDLOV ZLOO @H JLYHQ L
SDWWHUQFLEYIHY@KRH VLQJOH VRXUFH UXOH HDFK VXSHU HYHQW L
GHWHFWHG WKUHH HYHQWY 1RWH WKDW SHDN JURXS F

ODMRU VWHSV LQ WKH SLSHOLQH

‘H ZLOIOVFXVV WKH PDMRU VWHSV RI HWBDQ®/VGRIWHKERK DROQ RUDL W
JLYHQ LQ WKH QH[W VHFWLRQ



6WHSDWD QRUPDOL]DWLRQ DQG SUHSURFHVVLQJ

'H FRUUHFW IRU PRWIL® Q@MBURMVLY BIRWXVLQ M\KMD QGDUG LPDJH L
> @HIRUH DSSO\LQJ $4X$ +RZHYHU $4X$ GRHV QRW QHFHYV
EHEFDXVH LW SHONHG\DGINEQMYV ZKLFK LV ORFDOL]JHG WHPS
PRWLRQ DUWLIDFWV

‘H SHUIRUPRGPWOL]DWLRQ DQG SUHSURFHVVLQJ WR DSSURJLP
ZLWK PHDQ DQG VWDQGDUG GHYLDWLRQ JRU WKRVH ZK
SVHXGRFRGH LV DYDLODEOH 7R DFKLHYH WRIRWQ\R UBDRW LFOQV |
WR WKH GDWD WR HQVXUH WKDW WKH QRLVH YDULDNMODIWH
DQ RSHUDWLRQ DOVR NQRZQ DV YDULDQFH VWDELOL]DPWLRQ
ZLWK EULJKW VLJEBIBNVVD]HG CRWG RIWHOQWY ZLWK GLP VLIQDO\
QRLVH YDULDQFH RI WKH WUDQVIRUPHG GDWD IRU HDFK SL[
VTXDUH RI GLIIHUHQFHYV EHWZHHQ WZR DGMDFHQW YDOXHV L
GHQRWHKH WLPH VBVWKL SV HDORRIKAHUWHK H Y DRDKHWRLPW KSR LQW 7K F
QRLVH Y& WDW BMKHSL[HO LV HVWLPDWHG DV

&5 L2 4 1< fopaa <: PPPF : pPF s2°=

H GR QRW XVHQWUIRGBQ VBAZOHPDYEDQEBY WKH HVWLPD)
ZKLFK WHQGY WR LQIODWH WKH YDULDQFH ZKHQ VLJQDOV H
EDVHOLQH IQXRUHVFHQBH[HO ZH FR MRIXWHKH WM LPQ & DPOHRI D J |
WLBRLQWYV V@ HFXMHE ORFDO WLPH ZLQGRZ GHIDXOW LQ
XVH FMRGS OWHWH VHULHV WR LGHQWLI\ WKH PLQLPXP LQ RUGH
RU RWKRWHWDRWUHQGW WREBVEBGRWUARXP LV D ELDVHG HVWLP
IOXRUHVFHQFH GHWEBGBLRQHGAXDQWLW\ WR WKH PLQLPXP WF
+HUH WE&HHWSHUPLQHG TXDQWLW\ GHSHQGV RQ WKH H[WHQW R!
WLPH ZLQGRZ DQG LV IRXQG WE&ERXJW KWH PBREKDSGAL R GN BMQ R/\K
IJUDPH LQ WKH UDZ YLGHR GG®DWRG H® MQUHLNR SBBIRQRH® RQ WK



<ppol ¥Loe¥eo
(0]
ZKHUH WKHESXBDRMUHL\E W KDW WKH EDVHOLQH/DOKRURIVIFWM DRE [
SL[MOHFLILF ,W LV ZRUWK QR WLRIQWXDGEN SW KI5 LGRORH Y \QRU PIDVO
DFFXUDWH VWDWLVWLFDO PRGHO VR WKDW VLJQDOV FDQ EH |
DFWIWHODWHG IHDWXUHV VXFK DV ULVH DQG GHFD\ WLPH UD

6WHS '"HWHFWLQJ DFWLYH YR[HOV

$ YROPHLY GHILQHG DV D SL[HO RI D FH U IGH QURRDWPHHV VWRKJH HS D[R
ORFDWALRQ WK IUDPH LQ WKH PRYLBYR{® @ FWKIDYWH FRQMD LYV

VLIQDO ,I D YR[HO LV QRW DVVRFLDWHG ZLWK DQ\ HYHQW L\
RFEXSLHV FXOW DSXBHHIWHQGY VHYHUDO IUDPHV ZH ILUVW DS
WKH GDWD WR UHGXFH WKH LPSDFW WRQRNVHR U7 KBGK 2R [HX
VPRRWKHG GDWFBUMHIM FRPSXWHG DV WKH YDOXWDRJGWKIG Y
GHYLDWLRQ ZKLFK FDQ EH HVWLPDWHG DV LQ WKH QRUPD(
VPRRWKHG GDWD $O0OWOFRRIH\O D VKW WIXDH D JLYHQ WKUHVKF
DFWLYH YR[HOV $ OLEHUDO WRBNWKRID® DD \¥ FRIGH{ & UDHWWER |1
QH[W FDOFXODWH WKH VL]H RI JURXSV RI FRQQHFWHG WHQV
WHQWDWLYH DFWLYH EHORQJLQJ WR WKH VDPH JURXS DQG D
WHQWDWYRHHDFWMYEBHVY WKDQ WKH WKUHVKROG DOO YR[HO
D ILQDO OLVW RI DFWLYH YR[HOV

2XU HYHQW GHWHFWLRQ FDQ EH URXJKOWLEHYV PWIEHE BRXDGG
ZK\ ZH GRQTW VLPSO\ \KHIWG D GADRWIH VKRGO GGRIQWLI\ DOO FRPSR
WKUHVKROG DV HYHQWYV 7KLV PHWKR'G W ¥ FHVIVGIQ VA\E RBN M RX
WKHUH DUH PRWLYDWLRQV WR JR EH\RQG WKLV VWHS (YHQ LI
SHUIHFWO\ PDQ\ |HDAWXFHKVDR/I $I DK KDH BY@R 'Y EBIVWOALHHBOW O\ G
ORUH LPSRUWDQWO\ QR WKUHVKROG ZH KDYHJRXEDREGDQ ID!
JLIXUH KUHH W\SHV Rl FRPPRQO\ REVHUYHG FRPSOH[LWLH
WKUHVKROGWIOIJLUVW QRW DOO SL[HOV GURS EHORZ WKH WKL



6HFRQG QHLJKERULQJ HYHQWYVY RBPRXEPH VGED /W RG\LH IFHSURHID/D G L
WZR HYHQWYV FDQ EH WHPSRUDOO\ VHSDUDWHG ZKHQ WKH\

SURSDJDWLRQ

JLIXUHLPLWDWLRQV REDVKIEHD & B RIBRDA L O O\ RWHIYHQMRY DUH LQFRU
FRQQHFWHG DIWHQYFW®WKUH F W RGO FEKQOWEOH RH QVLWRBPRORU ED
ULJKW ZIQMGK FIHGL QWKU HVKRO G USHIHHWWZ WHRQD YO0 .G ®IVH Y HQ W V
@® FDWHYRHD WKRHK LQWHQVLW\ GURSV D ORW QRW DOO SL[HOV ZLO«
VKRZQ ZLWK D JUD\ ERXQR[BO FR{H S KH BEXISWROYHV WKLV SURE(
ZLQGRZ IRU HDFK VHHG D Q@L\QSIRENBIQ OK B W IH@IGH @ BEWKIHD W HG D
GLVWLQFW WLPHV EXW DUH VSDWLRW MPZR UB OIOR PR & Q M A WHIGE \DGWL
WLPHV $4X$ ZLOO WUHDW WKHP B'Y H3LW HUHQSF Bl R RHQYWMIGN B HW K H v
VHSDUDWHG ZKHQ WKH\ DSSHDU EXW PHHW DIWHU SURISBUMDWLQJ

WKHVH HYHQW VJEIHRN G FRHQ UK IOH V L



JLIXUHLPLWDWLRQV REDVKGNE®ROGLIQD PEOHV[DPSOH HJ YXRNR RI
GDWD VPRRWKHG ZLWK D *DXVVLDQ NHUQHO RVKHDE BOWEH MIX HDIF
SL[HO LV HVYWLADWMIE WLRHK DLQGRZ QRLVH OHY HOEMW HBWQ R DLW H ¢
VXEWUDFWHG IURP UD& 7T&BWWD QW R URE WIXIUH K R OBQLVL ¥ BWYD@/X OB G
HYHQWY DUH HUURQHRXVO\ GHWHFWHG DV RQH YHU\ ORQJ DQG ¢
JUDSKLFDOO\ H[$ODH QHGKLQK WKUHVKROG/ WRB ARV \ HDGH HYHC
DQG POMWHFWHG HYHQWY DUH LQFRPS O HWS$# X@H\K HBRAMRRREM. QVGLH D \
SLWIDOOV IVGIW\K UG Y IDRGGLGHQWLILHVUPDREKR PQGBY EG XOSLIGYH QWG
YLGWDQBWVYH LQHI HSGIREB WYV DQG WKH DERYHQREWBR DPDWLR
VHWYV DQG HR XYUGRRM\Y KVHH W V

6WHS ,GHQWLI\LQJ VHHGV IRU SHDN GHWHFWLR

6LPLODU WR WKH GHWHFWLRQ RI DFWLYH WRKHOYR ZPDD%E FHOG (
DQG WKHQ ILQG DOO ORFDO PD[LPD GHILQHG DV FRQQHFWHG
YDOXH DQG ZLWK DOO QHLJKERULQJ SL[HOV ©ODVNV@J L DRAHD
WKGBHRHQVLRQDO DUUD\WLPHIBEBEQJIJDGXSL[HO KDV QHLJKER
HDFK ORFDO PD[LPXP JHQHUDOO\ RFFXSLHVY RQH SL[HO GXH V



WKLV GHILQLWLRQ DOORZV D ORFDO PD[LPXP WR RFFXS\ PXO\
LWVHIOSIXO IRU WKH FDVH LQ ZKLFK VRPH SL[HOV KDYH VDWXUD
FDQ DOVR OHDG WR ORFDO PD[LPD ZH UHVWULFW WKH VHDU
UHVXOWDQW ORFDO PD[LPD DUH FRQDNGGEHW 8 FUNHLIHRGEYV VRKIHW/KKF
LQ WKH DOJRULWKP :H VWDUW SHDN GHWHFWLRQ E\ LGHQW
PD[LPD DUH OLNHO\ WR FRQWDLQ WKH VWURQJHVW VLJQDO D¢

*DXVVLDQ VPRNWELWR LXUWKHU LPSURYH 615 PRWLYDWHC(
RFFXSLHV PXOWLSOH SL[HOV DQG VSDQV PXOWLSOH WLPH SR

6WHS '"HWHFWLQJ SHDNV DQG WKHLU VSDWLRWF

'H SDUWLDOO\ DQG WHPSRUDOO\ HIWHQG HDWV KO WH H®R W H QW E
DVVRFLDWHG Z LMWK WHB F KHHFDHQAOVW KH FROOHFWLRQ RI WKH VHLE
WRKREKSHU YvRIHH®Y DUH SBWRFHYVVHAMWREHIKHU LQWHQVLW\ VHHG
VHHG W[WHQ/GHG WHPSRUDOO\ WKHQ VS DL 0G0H Q RKWHH V SIDR\F
VHHG :KHQ ZH WHPSRUDOO\ H[WHQG WHKKUW HBHEDPEGNRRQ® HD
WZR PDLQ VFHQDULRV ,Q:W&LRIKDWWD DDYR(H & &R YRDNFG W K H
D YR[HOTEWMBHDOVR LV (FORWDHYWRIO KDV DQ LQWHQVLW\ R
LV GHILQHG DV FORVH WR EDVHOLQH ,Q WKLV VFHQDULR W
WKHVH WZR YR[BGVVF A QDKH R/ HFRVHQVLRQ LQ DW OHDVW RQH
YR[HO ZLWK YDOXH WKDW LV FRQVLGHUHG FORVH WR WKH ED)
FRXOG KDSSHQ ZKHQ RQH HYHQW EHJLQV EHIRUHEDWKHOSQHYL
IOXRUHVFHQFH OHYHO 7R GHWHUPLQH ZKHWKHU WKHVH WZR
VDPH HYHQW& 4 MW KH @PRYIHPXP YDOXH EHWZHHQ WKH WZR VHHG
EHW Z8,HDQG YDOXH TaL&KH I WAKIG GLIIHUHQFH LV ORUJHU WK
ZKLFKéL.H\ GHIDXOW IRU PRVW GBWUDLGHKHHE®LWKAXIRQIGY RFl W k
2WKHUZLVH WKHVH WZR VHHGVY DUH PHUJHG DQG WKH H[WH
WKUHVKROG LV WRR ORZ IRU SHUFHSWXDOO\ PH@H@PNYXO VH
D VWURQJ GHFUHBFNHL\EHWZHGHG WokQG WKH WKUHVYKROG L
fEraA (TAKR: & é,;



JLIXUMHHGYV SHDNV DQG VXSHU YR[HOV $ $ VHHG LV D YR[HO D
H[WH@®GWR DOO IUDPHV VKRZQ DV UHG SL[HOV % 7KH WHPSRUDO
DQG ZH GHWHFW DOO SHDNV IURP LW :H VWDUW IQRRWKH VWUF
GLUHFWLRQV 7KH VHDUFK VWRSY UKHDF KNHGH RD VIH ® L Q®IL OLHFDHQOW 8
VLIQLILFRRQSHSELY GHILQHG DV D VLIJQLILFDQW GURS RI LQWHQVLW)
VKDSH LPSOLHV WKDW WKHUH DUH WZR SHDNV $V GHWEHFW QVKWH |
QH[W RQH VWDUWLQJ IURP WKH QH[W EULJKWHVW SRISG\WWN LWHU U
JURZQ VSDWLDOO\ XQWLO DOO DFWLYH VLJQDOV DUH RQAOXGHG
F\FOH Rl LQW HQ V& MWR UHIFWHH D \HEABAKG X DBIJOH VDWLVILHG

2QFH HDFELWMHP SRUDO O\ RAYY WRHD SYAREMRF =; & RE >y ;
‘RF=;&RE> GHQRWHY D WLPH ZLP®RZ WRBDP®QL®JIGHMRKH
UHIHUHQRM®\VEXWKHH DYHUDJH RI QAR HQSWKDW WURK @I QGRZ 71
H[WHQG HDFK SHDN WR REFROWHHU RRWW HORKQDMMG EHFRPHV
 AasKTodh @RF =5 8RE>0DIWHU H[WHQVLRQ ZKHUH WKH FRUUHVSIH
SL[HG)MYaGL s&-= LV VSDWLD O) QY FRIQ QHKAMEBGE WKLY HHRFHVV
LV DVVRELDWHG ZLW K3 ZRLFKWW H7 ISH [ HQW \W AWH BEG\DBKVRFLL



SL[HO LQ :WdlVa®3H WRUUHVSRQGV W RTRMRMEARE R [HION
VHFRQGHVMWH WHW R SL[HO 8yWRTRy-FOL0E L\Q H\W 5 VO O\

7KH VSDWLDO H[WHQVLRQ RSHUDWLRQ IRU HDFK VHHG LV UHS
WKH3YIHWYVSDWLDOO\ GE\ODW NG UARWOKBWHVWLQJ SL[HOV DG
3ERXQGDU¥;LIMHWHPRYHG IURP WKH GLODWHG UHJLRQ :H WKI
VKRXOG EH3JRAGBIBWNRAHFDXVH IRU HDFK JLYHQ QHZ SL[HO DC
WLPH VHULHMOFXOBW® MVKH 3HDUVRQ FRUUHODWLRQ@FRHIILF
7KH FRUUHODWLRQ FRHIILFERQMW X\WL 8 R QWKIH WH/E WERWH LAV | R
KLIKHU WKBMMWRHKVHYHQ WKUHVKRE @ WKIKI S HO HyV D\G 0 8 (
%HFDXVH DOO VHHGY DUH ORFDO PD[LPD QR WLPH DOLJQPHQ

'XULQJ WKH H[WHQVLRQ SURFHVV GLIIHUHQW VXSHU YR[HOV
SURFHVV Rl RQH VXSHU YR[HO BQOWZRHRWKMHBHHVEW W KR [BON
GHFD\LQJ )RU H[DPSOH ZH KDYH kW&RRIHD AR EIR;RP WZR
DQIG;44RF =,&RE>;0 $VVXPH WKH ILUVW VHHG KDIVAJDOUHDG\
'KHQ WKH VHFRQG VHHG WULHV WR G HWA UPW QQ-R WK H\M KFHIUO E W
ZKHWRH W3R E>; DQ®RF 53R E >; VXIILFLHQWO\ RYHUODS 7ZR St
RYHUODS LILWKH WRU GHFD\ UDQJHV Rl WKHRWZBEREHDNV R'
>:DQ®F %8R E >; VXIILFLHQWO\ RYHUODS VHHELAYZRQGLODW QRW
DGGHig WRKHUZLVH BW SMWMIKGETHGLIWE® H[WHQVLRQ LV FRPSOHYV
YR[HOWBZLWHK. [HOV RU WRWDO YR[HOV SL[HOV

BWHS &OXVWHULQJ SHDNV WR LIGHHQWLY\ FDQGLC

$ VXSFHWHQW LV GHILQHG DV D JURXS RI HYHQW)N FBERE HAWHG
LQLWLDWLRQ ORFDWLRQV 7KLV VWHS ZDV PRWLYDWHG E\ WK
HYHQWY FDQ EH VSDWLDOO\ FRQQHFWHG DW VRPHQNYPHRSRL
GDWDVHW ZKHUH PR@WALS O0HHJ H YMWQS\WOD ¥ WDEW W HAUH M WD DY [ EF
HIDPSOH LV D VHW RI WZR HYHQWY RULJLQDWLQJ IURP GLIIF
RWKHU LQ WKIXPHGEXHW LQ D VSDWLDYOHRERXFIWHRWGY PXIDWLS



ZLWKLQ WHKHH@WSH®RZHYHU ZH QHYHU HQFRXQWHU WZR RU PR
ZKLFK JXLGHV WKH IROORZLQJ DOJRULWHYHQW W GHDWH[WFBC
SHDNV EXW WKH\GHQW\VLRO®WHRWNSBEWFDXVH YR[HOV H[WHQG
ZLWK WKH SHDN PD\ KDYH VRPH HUURUV $VHY ENEPWX VRXMGN EEF
SXULILHG WR UHVRHWHIQWKH ILQDO VXSHU

JLIXUROXVWHWRSREWYWLQ WKH FDQGLGDWHYV IRU VXSHU HYHQWYV
VHDUFK LWV QHLJKERUYV DQG JURZ D SHEQHIURR®RS DYC/ DPWNHI NV
VPRRWKQHVYVY UXOH LV QRW VWUQ RN QRQWAIW UVFIHFAHM RQFHDWK HS HU W
FRQWDLQV HUURUV 7KLV VWHS DOVR FDQQRW REWDL® HQRXJK L
2QFH ZH IRXQG ZH FDQ QR ORQJHU JURZ WKH ILUVW SHDMNMVJURXS .
VXSH R[HOV & ‘H GHWHFWHG WZR SHDN JURXSV LQ W

6LQFH HDNRMWOSHUWHQGYV IURP LWV VHHG UHSUHVHQWDWLY
FOXVWHUYRPHOXSBY FOXVWHULQJ SHDNV IRU FR/QRAHBW XDUMH F
FREOWHG DQGNVWHKHH IGLIVHVYHQFH LV OHVV WKDQ D JLYHQ WKU'}
DUH FRQVLGHUHG QHLJKERIDW )RIU WERR YIXSIOYRRH G ILW KHOQV R
RFEXSLHG E\ WKH RWKHU WKH\ DUH YIR[FR®D | @HF@LL\QN B D DUL WF
DQG FRQIOLFWLQJ FRXQWHUSDRW YL KR K O XHV B J SO DLW K X\8
HDUOLHVW RFFR(HOLRQ W ¥EKMHEN HDFK RI LWV QHLJKERUV ,I D
WKW VXBHHO LW LV FRPELYRHQLWKLW KSHURKSWY LV UHSHDWHC
YR[HO FDQ EH DGGHG 7KHQ ZH PRNR{HORWKION QN[ RID DGIGHC
DQG UHSHDW MEXVHMBUKREHWHUDWLYH DSSURDFK SULRULWL]F



HDFK RWKHU 6XSSRVLQJ WKH ODUJHYR[HAV I\QKDWLEPM DOIORI
QHLJKERUV LV ZH VWDUW WKH SURFHGXUH ZLWK WANKH DOOR
7TKHQ ZH LQFUHPHQW WKH DOORZHG GLIIHUHQFH E\ DQG UF
GLIIHUHQFH DOORZHG UHDFKHYV

BWHS (VWLPDWLQJ VLJQDO SURSDJDWLRQ SDWW

JRU HDFK VSDWLDO ORFDWLRQ SL[HO DQ GWVIRFLLDW H GWA PDHV
RI SURSDJDWLRQ SDWWHUQV LV IRUPXODWHG DV D PDWKHPD
WLPH VHULHV DW HDFK ORFDWLRQ DQG D UHSUHVHQWDWLYF
GLUHFWO\ UHOD\ WKH ®HWDR R | DD PIHY BIQWKL [H/ SMWFW WR WKH
&RQYHQWLRQDOO\ WLPH DOLJQPHQW LV DFFRPEORYKMBUE\ G
'7: LV QRWRULRXVO\ SURQH WR QRLVH ZKLFK OHDGV WR XQlL
DGMDFHQW SL[HOV KDYH PRWWHPQ®DWKSQRWEZRD WILRWYD QW
VPRRWKQHVYV FRQVWUDLQW RQ QHLJKERULQJ SL[HOV XVLQJ R
*UDSKLFDO 7LPH :DWSR QU[SOLFLWO\ LQFRUSR@DMWMHVKLY FRC
+RZHYHU VLQFH ZKWKRBRWQMDWALEH WLPH VHULHY DW WKH
WR JXHVV D UHIHUHQFH WLPH W KWLIPHV VI B PHW KOHVGHDIWEIX [SQ BH D C
7KHQ ZH XVH DOLJQPHQW UHVXOWV WR REWDVY @R DRQOXIGBW®\
DQG XSGDWH RI UHIHUHQFH XQWLO LW FRQYHUJHV

7R LQLWLDOL]H WKH UHIHUHQFH WLPH VHULHV( YHOXHDDGG ||
UHFRUG WKDW YR[HOfV ORFDWLRQ 7KH LQLWLDO UHIHUHQF!
WKH SL[HOV LQ WKH [ VTXDUH DURXQG W KDMD ODERFHD \8§ DRIQ P B
7KH YR[HO ZLWHK WYXBIOXKBOLHG/\WHFDXVH LWWERL WHK ) EW VR VHJ
QRW XVH WKH WLPH VHULHY DW D VLQJOH SL[HO WRVIHQLWLDV
WKH DYHUDJH WLPH VHULHY RYHU DOO WKH SL[HOR BHKFD XV H
UHSUHVHQWDWLYH G\QDPLFV GXHXUWHRs VILHQW O ZHJ R/XSBIOW L\A
QHLJKERUKRRG JUDSK DQG WKH UHIHUHQFH WLPH VHULHV WR
DOO SL[HOV DQGLWKHH& HYRUHMDFK SL[HO ZH FRQVLGHU WKH
E\ JULG DV QHLJKERUV $ *7: SDUDPHWHU FRQWUROV WKH ED
WKH DOLJQPHQW :H HPSLULFDOO\ IRXQG WFD 8H RBPER{LYD\C



*7: KDV DQRWKHU SDUDPHWHU FRUUHVSRQGLQJ WR WKH PD
HISHULPHQWYV ZH IRXQG QR WLPH GHOD\ LQGXFHG E\ SURSDJ
WKDW SDUDRHWWHWHVMRGDWD VHWWGWKHVSFDW DPHWHWYV FR

JLIXUH*7: IRU WKH HVWLPDWLRQ RI WKH RQVHW WLPH PDS $ )L
FDQGLGDWH VXSHU HYHQW % 7RS D UHSUHVH[HOINVNW LY H7TKXUYH
SXUSRVH RI *7: LV WR DOLJQ WKH ILYH FXUYHV WR WKH UHIHUH(
ORFDWLRQV )RU HI[DPSOH VLQFH SL[HO LV FORVH WHXIBL[HO !
FXUYH WR FXUYH VKRX®SGREBD MWLRQUXQPRWLRQ IURP UHIHUHQ

6WHS '"HWHFMWYIQQ WX SHU

2QFH WKH WLPH DOLJQPHQW EHWZHHQ WKH UHSUHVHQWDWLY
REWDLQHG ZH UHILGHN HDOWG VG R B WKE@ WLQUWHD W$WXEXIH U

HYHQW LV GHILQHG DV GHWHFWHG ZKHQ WKH UHSUHVHQWDW
WKH VWXYSHUW 6LQFH HDFK YR[HO LV MRLQWO\ VSHFLILHG E\ V
GHWHURLK SL[HOV DQG WLPH IUDPHVHMRQYW 6L EHD REAS W/



G\QDPLFVY DUH DOUHDG\ REWDLQHG LQ WKH SUHYLRXV VWHS
KRZ WR GHWHUPLQH ZKLFK SL[HOV DQG ZKLHK MQWH IUDPHV L

JLIXUH'HWHFW VXSHU HYHQWY IURP D VXSHU BWXBHW HYQQMGDWH7
RQVHW WLPH PDS HVWLPDWHG E\ *7: PRGHO 7KH DUURKEYVDIJHA WKF

WKH FRQVHTXHQFH RI UHODWLYHO\ ORRVH FULWHULD HRI LQFOXG
DOLIJQPHQW RI DOO FXUYHVY PDNHV LW SRVVLEOH WR RBWPHQ PRU
PDS ZH VHSDUDWH WK®H FORXIEL EGEYWRWWR VK KODD IJHVW RQH LV UHS
GRWVY ' 7KH UHVXOMUIRR2VMXEGUEEBXHQWWH UHG SDUWY DUH RWKHI

%HFDXVH HDFK SLIHO FRUUHVSRQGV WR D HMICPWM \LMAU/L W\L P HI \D
VKRXOG EH KLJKO\ FRUUHODWHG WR WKH YUHSWHYR QW DWH.D
FRUUHODWLRQ LV FDOFXODWHG EDVHG RQ WKH DOLJQHG WLF
VLIQDO SURSDJDWLRQ DKXWzZ ¥™WH AHUVMURHWDRQ HDFK SL[HO
DOLIJQPHQW REWDLQHG SUHYLRXVO\ 7KHQ ZH FDOFXODWH W



VHULHY DQG WKH UHSUHVHQWDWLYH G\QDPLFV OHDGLQJ W
3HDUVRQVERQUWRWH XVLQJ )LVKHUfVY WUDQVIRUP +HUH ZH G
]VFRUH WR GHWHUPLQH ZKHWKHU WKDW SL[HO LV WWBD@WVW L
EHEFDXVH WKDW LJQRUHV WKH QHLJKER DR RREG LIV ROMHPDWY R/ Q \
SRZHUIXO ,QVWHDG LQFRUSRUDWLQJ WKH LQIRUPDWLRQ Il
UHFHQWO\ GHYWORGEDENRE®WHWRZRQJ PHWKRG WR GHWHUPLQ
VKRXOG EH DVVRFLIMWHGWLWK WKH VXSHU

7TRGHWHUPLQH ZKLFK WLPH IUDPHV MHUYH @WVRHLQWHA CH [DLPALK
UHSUHVHQWDWLYH WLPH VHULHVY FDOFXODWLQJ WKH PD[LPX
WLPH IUDPHV ZLWK LQWHQVLW\ ! RI WKHXBBHYRRW WRIBHUEQ
SL[HOV PD\ KDYH GLIITHUHQW WLPH HN¥YHRHNV DN \)XR/FMH DMK H GNZIPWM |
UHVXOWY DERYH WR LGHQWLI\ WKH WHPHQW DIDRHVHDWVKRE L [IHVD |
IUDPH DW D JLYHQ SLKHWY KF NDRISARF LIDW E R QLN LWV FRUUHV
LQ WKH UHSUHVHQWDWLYH FXUWYHQW DVVRFLDWHG ZLWK WKH

BWHS 6SOLWWHQWVXSHVUR LQGLYLGXDO HYHQWYV

JRU HDFKHVNOMU ZH KDYH DN L FPHBISRIRK 8 LMBHO IEANQUID J MMKHHQWX S H L
XVLQJ “MIXUH$ 7KH ORFDO PLQLPD LQ WKLV PDS DUH SRWHC
HYHQWYV LQHWKOW VX¥&HZHYHU QRLVH PD\ SURGXFH UDQGRP
FRWWWSRQG WR WUXH RULJLQDWLQJ ORFDWLRQV DQG DUH UHP
PLQLPD :H YWMWPH MR GHWHUPLQH ZKHWKHU WZR ORFDO PLQLF
EH LOOXVWUDWHG ZLWK WKWK ROCHRBLOH@Y HKHP /AR ORFDO F
DUH WKH ILUVW DQGEWGRE UDASW FSLEM B OSL[RIEBERQGIROJ DW W
UHVSHFWLYHO\ 7R GHWHUPLQH ZKHWKHU WKH\ VKRXOG EH P
WKLV H[DPSOH WKHUH LV RQO\ RQH SWWRKHDIQWG WKKMWKSIDWHRL 1 [
SL[HOWUWPWR  7KH GLVWD Q F HEDEHW FHEH@XFIHB E\ WKLV SDWK L
GHILQMGE®MYR&A FR; ,1| WKH GLVWDQFH LQGXFHG E\ DQ\ SDW
WKUHVKROG WKIQVIRDVZRHORFH]DPSG OH L \) LILXYUHHDS LR G



JLIXUH'HW HFP'W QURWY VXSHU HYHQWRHEBWBMIRHSQXRH RQVHW WLPH P
IURP *7: JORHYVWO SURSDJDWLRQ GLUHFWKREH RREQ G F D ) G LOEDUNRH £
VRXUFHV VKRZQ E\ UHG GRWV & 7KHUH LV D SDWK IUR® VRXUFH

ZKRVH RQVHW WLPH LV PXFK ODWHUXWKBDWQ EGRRHKY VERXW FTHAD O7LK L \D Y |
JURP WKH UHPDLQLQJ VRXUFHV DOO SL[HOV DUH DVVLJQHG WHF

‘H QH[W VHSDHYDHOWVXISHWR LQGLYLGXDO HYHQWYV E\ VLPXOW
ORFDO PILQKPBDBI (DFK UHPDLQLQJ ORFDO PLQLPXP FRUUHVS]
DWWDFKHG WR D ORFDO PLQLPXP DUH GHILQHG DV JURZLQJ
RFFXUULQJ SLIHO WR D JURZLQJ HYHQWDFH@WHNRLPHODURQGRIU



LW LV GRQH DQG WKHQ ZH ILQG WKH QH[W HDUOLHVW RFEXU
DQG FRQWLQXH ZLWK WKH QH[W HDUOLHVW RFEXUULQJ RQH
JURZLQJ HYHQW WIOHWOW DQHMWKKHEDNIHG DV WR ZKHWKHU WKH\
'KHQ WKH JURZLQJ SURFHVV HQGV DPDIOXWHELYLGXDO HYHQW)
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2SWLRBYBORFHDQSRIBW R FHVWHES]

%DVHOLQH WUHQG FRUUHFWLRQ IRU IHDWXUH H[W

7R GHDO ZLWK EOFHROUFKHBW HDE G ML G XD O P RWRHRYH UZDHD FSXDWU W ¥
DOOHYLDWH WKH FKDQJHV RI FXUYHV RI LQYROYHGWHHOV
IHDWDRUMDFK FXUYH ,Q WKLV FDVH WKH WUHQG PDNHV LW KI
DQG (, +HUH ZH XWHHYJMWKRUGH U

UL =TE >a
RWRKHFRQUGHU PRGHO
UL =T° E > TE ?4

WR FRPSIRQ\NKAWHH IHFW 7R LPSURYH WKH TXDOLW\ RI FRUUHFV
UHPRYHG ZKHQ ZH ILW WKHVHEERGHRRWE HOOMVK RR UK \WREHUIX O
WKH ULVN RI RYHPRRIAMW MDU XHQMGWRMIB® U PRGHO LV PRUH URE X
FDQQRW FRPSOHWHO\ FRPSHQVDWH VRPH EDVHOLQH WUHQG

KLIJIKHU PRGHOV ZRIX® @ QNAVOHDEH RADEH Q H | LIFLIOK RTUWH QEDOR PRI
LV HYHQ KDUGHU \IP\D \GH [ BHHWH.®I\Y FSL [GHLOH HoURH Q RAWWILHROX G H W K

IXQFWQRRXU DOJRULWKP DV VRPH WRROV DUH DOUHDG\ DYDL



JLIXUH)LWWLQJ DQG FRUUHFWLQJ WKH EDVHOLQH WWUHQGRRI UHIHU
URZ FXUYHV EHIRUH FRUUHFWLRQ 7KH EOX MW ODHUWBRMHNGE M UNVKRIGIH @/ W |
ZRUNV ZHOO )RVUKWWEFRYGHWDPRGHO LV QHHGHG $FWLYH YR[HOV D

YDOXHV EHIRUH ILWWLQJ WR DYRLG WKHLU LQWHLU

6FDQQLQJ DUWLIDFWR QHPRY\WORE\ GH

,PSHUIHFW WLPLQJ LQ ODVHU]NF M SHQ@IUMDLFIND WHBQ TEHEH gL H
DV WKH FRQYRRPXW PR O IMKHK D SRLQW VSUHDG IXQFWLRQ
IXQFWURQHUQHO ZH ZLOO EH DEOH WR HOLPLQDWH WKH DUW

JLIXUH=LJDJ W\EHODBWW GXH WR WLPLQJ LVVXHV LQ LPDJ



JLIXUH7KH GLVWRUWLRQ NHUQHOV DUH V\PPHWULF IRU WZ|

'H REVHUYHG WKDW RGGVBPDQHM P QI&QNY i&Q UBLHWHD\R QMW KK L V
H[SHULPHQWVY RGG OLQHV DQG HYHQ OLQHV DUH VFDQQHG |
REVHUYHG YDOXH IRU HDFK YR[HO LV WKH OLQHDU FRPELQDV
OLQH DQG ZH HVWLPDWH WZR 36 WL BRIXHD DRWH HHD FKZ R FIDIDQQ B ¢
VIPPHWULF EXW GXH WR WKH DEXQGDQFH RI GDWD ZH GR QR
WKHP VHSDUDWHO\ 7KLV NH\ REVHUYDWLRQ PDNHV RXU DSS
VIPPHWULF NHUQHO 36)

'LWK®R VFDQQLQJ DUWLIDFWYV IRU SL[HOV ZLWKRXW QRLVH
XQFRUUHODWHG :‘H XVH WKH IROORZLQJ PRGHO WR GHVFULE
WKIBLUHFWLRQ

WL LTyE Miips E NTuogd LE ME NL s

+HUH ZH DVW%XPBT;DOO IROHPNG DUH LQGHSHQGHDKMH ZLWK
ILURWGHU PRGHO LV QRW FDSDEOH RI JHQHUDWLQ@HPRWUHOD
W KM FRRQUGHU PRGHO 7KH VDPH SURFHGXUHV DSSO\ERU ERWK
sLV DOZD\V VFDQQHG RQH EUBPKY EBUWKIDLYHHJ WKDQ SL[HO

U | LMEMN LN
eUdles: L s ey @ & Wee L e e E S

7TKHVH WZR FRUUHODWLRQV FDOFXODWHG IURP WKH PRYLH |
FKDQJH LQ GLINWKHQWDSIHUWM RDQ FDLOMFXQG WHHWHKHR B H L ZKAWHI



HVWLPDWH WKH QFPRWHKERMIINRHQUWVYHEWKHQ XVH :LHQHU GHFRQ®
WKH LPSDFW RI VFDQQLQJ DUWLIDFWYVY 5HVXOWYV VKRZ WKDV
DSSURDFK ZRUNV EHWWHU7WKIDGH PW (D KRINCKLHFUID WRHEAVRRIBGMEY/ Q RQ
PHWKRGNVZEBRRUO\

JLIXUH&RUUHODWLRQ PDS FDOFXODWHG IURP D VPDOO SDWFK RI1 V
SRRUO\ ORQGHRMHRQBO DSSURDFK FDQ FRUUHFW VWKH DUWLIDF
RYHUFRUUHFWHG

1RW DOO PRYLHV H[SHULHQFH WWHE S0UWDMW ERVQ R UNMK K RG/HHF R
ZLOO QRW GHJUDGH WKH LPDJH TXDOLW\ +RZHYHU WKLV
LPSHUIHFWQHWEYEW DGR &G FDOLEUDWH WKH PLFUR®
IHYHUWKHOHVY RXU DSSURDFK SURYLGHV D YLDEOH VROXWL
IRU VRPH ODEV



&KDSWHEHRIWZPHIHWWOIED UDPNWHU

TKEB4AX$VRIWZDUH

$SSO\LQJ VRIWZDUH HQJIHQBHYHQR SHURXRQFFIOSMRROER|[ IRU D
IOXRUHVFHQW LPDJLQJ GDWD ZLWK GHWDLOHG XVHU JXLGHC
$4X$ DOJRULWKP IRU GHWHFWLQJ HYHQWYV EXW DOVR SURYL(
WKH UHWXODWW Z210VWK WKH DQDO\WLVY DQG FRPELQH RWKHU W
DQG ODQBERBMUNV7KHUH DUH WZR YHUVLRQV RI WKH VRIWZDU
EDVHG RQ 0$7/$% RU )LML 7KH NVROMZDW HK WV ISOHDKADL\ IDRKOE. F R
+HUHLQWURBXHHDO LPSRUWDQW IXQFWLRQV RI WKH VRIWZDL

JLIXUHWDLQ LOQWHUIDFH RI $4X$ VRIWZDUH



JLUVW WKH VRIWZDUB Q® SQHRPYHDGW N STHNSQV W R GiH SVRHUPW IWRIQH
UHVXOWYVY LQFOXGLQJFRBHIE GHH\HZWWK HFRHDORW IHDWXUHV LQ
-DYD GDWD VWUXFWXUHV WR EH XVHG E\ RWKHU SURJUDPYV

6HFRQG WKH VRIWZDUH FDQ GLVSOD\VWWIQH OD/4 W IUGH/RK OX\K\H & |
HQFRGHV WKH GHOXMHHRS D[ WYBDEWHG IHDW XU HIXXHKENW BW R SD
FDQ VSHFLI\ ZKLFK IHDWXUH WR EH GLVSOD\HG GHWKHMWHGQ |
IHDVWVEDWH G RQ IHDWXUHYVY SURYLGHG EG$H4KQ HG FRIGRR/U BBISWHE)
XVHUV WR PDQXDOO\ GHILQH FRORUPDSV BWIIHDOLKBZXSNR
VLPXOWDQHRXVO\ GLVSOD\ WZR IHDWXIWEKKWIRU D UDZ YLGHR S

JLIXUWLVXDOL]H WKH IHDWXUHV RI WKH GHWHFWHG HYBQ®@ YV 8VHI
ZKDW FRORUEBDBOXK BMAHXQHUSRIFIHEW OVR WS RWWD QULIRUPV RI WK
YDOXHV RI IHDWXUHV )RU H[DPSOH WKH VTXDUH URR®WNRU ORJ W



JLIXUKWLGH E\ VLGH YLHZ Rl $4X$ $IWWKWHOUDEDQ GFK RVRYM PKO®RV WH

HDFK SDQHO &XUUHQWO\ ZH VXSSRUW VKRZLQJ UDZ GDWD GHWt

RYHUOD\V 1HZ W\SHV RI RYHOQOWKHADERWMW R GIHIX HID VZE\VKRZ WKH
VHOHFWHG HYHQWYV



7KLWEKH VRIWZDUH SURYLGHV D FRQYHQLHQW ZD\ WR LQWH!
DVVRFLDW HGJMDI XWHFOLEFNLQJ RQ DQ HYHQW WKH G) ) EXU
LQ D VHSDUDWH SDQHO EMQREDWHKWY EXGHRJ ZRGFK KWKH HYF
KLIJKOLJKWHG LQ UHG 7KH YDOXHV RI VHYHUDO RWKHU IHDW
SDQHO 7KH VRIWZDUH DOORZV PXOWLSOH HYHQWY WR EH VF
IHDWXUHVSPR@ W HG WRJHWLKIKWMBHQG FRPSDUHG

JLIXUHQWHUDFWLYHO\ YLHZ WKH GHWHFWHG HYHQWY $ 7KH VHC
WKH IDYRULW HVEG EVWR D\QI® RWPKW RRDUWMD HYHQW LV DOVR VKRZQ % 77Ul
EH VKRZQ WRIJHWKHU WR PDNH WKH FRPSDULVRQ HI



JRXUWK WKH VRIWZDUH SURYLGHV ERWK DXWRPDWIFUBQG P

RU DXWRPDWLF SURRIUHDGLQJ HYHQWY DUH IIROWHUHG
LQWHUHVW $OWHUQDWLYHO\ XVHUV FDQ FKRRVH WKH pGHOt
UHPRYMHKHWDLQ SXUSRVH RI WKLV VWHS MW DR LWVMAREDH GY M D
SHUFHSWXDOO\ QRW WUXH

JLIWK WKH VRIWZDUH SURYLGHV IOH[LEOH ZD\V WR LQFRUSR
JLIXUH 8VHUV FDQ PDQXDOO\ VXSSO\ FHOWPRQ SKRF®RDV RUK Lt
ERXQGDU\ ZKLFK FDQ DVVLIJQ HYHQWYV WR LQGLYLGXDO FI
LQIRUPDWLRQ VXFK DV WKH ORFDWLRQ RIVD8YHIHWADHK) IROUVRKH
FHOO UHJLRQ RU ODQGPDUNGDY¥YWRWHFDWIERQY IVRPKRIAKH QR\
FKDQQHO WKDW FDSWXUHV FHOO PRUSKRJGROID WHG 1YAR MVZUIDR\H
HYHQW LQFOXGLQJ WKH GLUHFWLRQ RI SURSDJDWLRQ UHOD\

JLIXUBURRIUHDGLQJ UHVXOWYV 7KHUH DUH WZR ZD\V WR FKRRVH 7
2QH FDQ PDQXDOO\ GR WKLV E\ FOLFNLQJ WYXIBIWVLWR GHDWW QM
DOVR VHW D UDQJH RQIMR®WHKEFRY PRRQOHRRMB WKHP LQ ED)\



JLIXUHDQXDO DQG DXWRPDWLF ZD\V RI LQPRQSFPDWLIQJII RYH P DWALR

WKH WRS ILIJIXUH XVHUV FDQ PDQXDOO\ G QDKW KER FHNDFOP B R XXQUGHD L

ORDG RWKHU GDWD WR DXWRPDWLFDOO\ G8WHRFWFDQGDVONVR BR WY

PXOWLSOH GDWDPHEQ@QHE RISUHIRDWLRQY DPRQJ WKHP WR PDNH WKH W
WRROV WR WKVUHMAKRIOG FQHBOUMBILIQFOXGHG



J)LQDOO\ S$MRMLGHYV DQDBOEYW WRDFWH. YH VWHS E\ VKH 8 HEVHIDMF
RI HDFK VWHS LV LPPHGLDWHO\ VKRZQ LQ WKH *8, DQG LW L
UHVXOWV D EWI)RWRDIKLWIKIDPUH DUH PDQ\ SDUDPHWHUV LQ $¢
SDUDPHWHUV LQ HDFK VWHS DQG LW LV UHODWLYHO\ HDV\ W

JLIXUMWHS E\ VWHS GHWHFWLRQ SIVSRUDIER H U A OMMKIRZHIFP HQV B D QHHW

7KH UHVXOW RI FXUUHQW VWHS LV VKRZQ LQ SD@HGN S8WRUYV

JR WR WKH QH[W VWHS ,I WKH UHVXOWY DUH QRW JRRGHXVHUV F
DJDLQ

([W U D FMVDVEKWRHBM X $

7KH RXWSXW RDWKG $H#XKSQMOJRULWKP LV D OLVW RI GHWHFW
WKUHH FDWHJRULHV Rl SDUDPHWHUV WKH VSDWLDO PDS LC
FXUYH FRUUMMSRQBROQHVFHQFH FKDQJH RYHU WLPH G)) I
LQGLFDWLQJ VLJIDD® B RBD HDFKRIOYHQW ZH XVH WKH VSDWL
HYHQW DUHDQGLMRB®H IRI WKH GRPDLKHWG RFFKISE HAKX UYL Q;



FDOFXOKMDHLPXP G) ) GXUDWPRIQWUPPKRIBWGWERPN 8VLQJ WK
SURSDJDWLRQ PDS ZH H[WUDFW HYHQW LQLWLDWLRQ ORFDW
VSHHG ,Q DGGLWLRQ $4X3YRROPILON HAR HDWKDEWQH HYHQW
RI HYHQWV DW D SRVLWLRQ DQG WKH RYHUDOO QXPEHU RI H
OLVW RI IHDWXUHV LV LQ WKH OHWKRGV VHFWLRQ

JLIXUH[WUDFW IIHHBRVHDAK GHWHFWHG HYHQW

$ HLHI RYHWPDIMAIRW XUHV

JLIXUHHDWXUHV IRU DVWURF\WH DMWMRXUWURKFWOQ EH FDW

‘H OLVW DOO H[SRUWHG WHCHN XOUHYV AD@G WEKRW KR ZURP EDVLF
UHV IWV)LOWHU :H DOVR EGEE LFHDYH GRIYIR B\ RVRHNBKUHREX $HYV



ORUH GHWDLOV IRU EDVLF IHDWXUWYR®@Q7TEHVIRXBOBDW XQUWYH U
RYHUOD\ IXQFWLRQ RI $4X$ :KLOH LQ WKH RYHUOD\ IXQFWLR
VHOHFWHG GRZWKRFHQGX REHUH DOO IRXU GLUHFWLRQV DUH OLV

7TDEOHLVW RI HISRUWHG IHDWXUHYV

&DWHJRUDPRIHDWXUH | 8QLWVFULSWLRQ
$UHD P | 6SDWUR® DFHKHQW
9ROXPH P | 6SDWLHDRES RRI®EAHD FK H Q W
%DVLF
SURSHUWHHYPHWHU P|7KBHULPRWBIEK HQW
&LUFXODULW\ & O R V HAOBF \/ V IFRWHR/HK DFSHID F K
HYHQW
3SYDOR®DG) ) 7KM.JQLILFDQRRMD G) JRHDEK
HY HDRAL E K H O IVW KRR LO/HHY. B O
H D KU D F H
0D[G) ) 7 K BH DRIW IGH F X UIRHY D FI¥ H QW
'XUDW LR®QR y | 7KEXU D W HRIQ HHRQ WHIIHR
R11TWHMP H
'XUDW LR®QR 7 KIBX U D W HRVQ H HROQ WHLYRVHR
rUDFH v R11TWHMP H
2QVEMWUDRNLRWR | | 7TKN/PRHHGRHE WBRLMRP
W R
21IVBWUDW LR R y | TLPWDNRI@) WRURSRP WR
'"HFDWLPRQVWDQW ,, | "HFDVLPRQVEMDQMW [SRQHQWLDO
FXURG) )
3URS D J|DAY HRY® 0O 6 L Q HOHROMH BDASEMR SDJDW|LR Q
P| VFRUKLEN KRN XNER UG V
RQVHW | R XGUL WLHRFOW




$QWHULRU

6 L Q HYHRXQNSHMR S D JDLW MR
WIOH W IBU URIBFW LR Q

S3RVWHULRU

6 L Q HOYHHROQNGHUR S D JDLW MIEIQQ
SRVWGEULREW LR Q

IHIW 6 L Q HYHHRXQNSHMR S D JDLW MR
WIOHGWUHFWLRQ
SLIJKW 6 L Q HOGHR/Q \GHUWR S D JDLW MR

WKHIKWHFWLRQ

$QWHWRLWUR

6 L Q HYHRXQNSHMWMR S D JDLW MRO@)
W KOH) W 16 W URI BQ/R IURP@ BW K B
VXRIRXGLUHFWLRQV

SRVWHDWRR

6 L Q HYHRXQNSHMR S D JDLW MRO@)
W ISHR WW @I UU H RVRIURP@ BDW K B
VXRIRXGLUHFWLRQV

/HIWDW LR

6 L Q HYHRXQNSHMR S D JDLW MRO@)
W KOHHG WU H VR IURP@ B\W /X R |
IRXYGLUHFWLRQV

SLIKWWLR

6 L Q HYHRXQNSHMR S D JDLW MRO@)
W KH JKWRIGVRIU P D B\W R R
IRXYGLUHFWLRQV

FH

FH

FH

FH

FHV

FHV

FHV

FHV

3URSDJ
RITVHW

2YHUDOO

6 L Q HOYHRI W3R S D MAPR DRID
LWRERNXNMERUWRXGILUHFEFW

- K
LRQV

$QWHULRU

6 L Q HOYHHRY W/SHUAR S D JDLW MR
DQW IBWURIBEW LR Q

)FHYV

DIRMVRANHULR U

6 L Q HOYHHRY W/SHUAR S D JDLW MR
SRVWEULREW LR Q

DFHV

DFHV

IHIW 6 L Q HOYHRI W/SHINR S D DLW MROD@
WIKOHGWUHFWLRQ
SLIJKW 6 L Q HOYHRI W/3SHINR S D DLW MRD@

WKHIKWHFWLRQ

DFHV




$QWHWRLWUR

6 LQHYHSQUMVRPOWR RYFHAIWWDQFHYV

P | WM W BWU URIBRIPD BW K B
VXRIRXBLUHFWLRQV
3RVWHDUWRR 6 L Q HOYHHSVR S D O WGRMDW DQ F H V
P | WISHR VWG UL R EVRILP® BW K 8
VXRIRXBLUHFWLRQV
/HIWDW LR 6 L Q HOHHSQLEW J D W I RGIW W DQ F H V
P | W KOHHG WU H R/RIUFP® B\W] K/ R |
IRXGLUHFWLRQV
5LJKWWLR 6 L Q HOYHHSQVR S D O WGRMDW DQ F H V
P | W KIH J&KIW H FORIUFP® BW W/ R
IRXGLUHFWLRQV
(YHQWH UDLMW D QF H, | 7 KBrH U DRV WRME M HOMQ WAR L G
HDPWQGPDUN
(YH@WQLPXIPVWDQFH| 7KRLQ L PPV WRMm® M HOM W|UR L G
WIRD P QG PDUN
(YHQMRZDDQGPDUN | 7KMN RURISUR S D VDRVAEIIEK
ODQGPDUN
/D QG P DUN
(YHOQWDURWKH o | 7KNRURIBUR S D IIABILGRIPD F K
ODQGPDUN ODQGPDUN
(YH@\RZDDQGPDUN, | 7KNRURBUR S D YDRABIEK
EHIRMHDFKLQJ OD QG B B LRMMH D FKHIND Q G P D|U N
(YHQWDUR®DQGRDYN 7 KN R URIBUR S D IIABILGRIPD F K
DIWJHADFKLQJ OD QG DAL AW D FAKKBHD QG PD U N
(Y H@WQWGLREDR) F H | "LV W D QRIRY HQMD WORK B
W KER UG H U ERXQB®BWHKHILRQ FHOO
SHILRQ| ¢V PEwo WaUR/WVEBDR FH | 'L Y L &/HEH. V WDBHIHERQ Q GD U \
ERUGHRIUPDB\L]HG W KJHD GR MAKUHH J LR Q
UHJUPG LXV
LHw zR U HP'S RAHDDV LW 1XPERH Y H @ WBKDVED WRLIED/OS U L Q W

Z L WWKEE U YOIV @/F O X & VLD




 QWHUDRWHRSS RempOYZLWK 1XPERH Y HQWBKDWSD WRIFDOS U L Q W
VLP LMD O\ Z L VBKU U HYORBOOAED YOM L P \VALD I
ZLWW WR

6S D W& HIO/ LW\ I1XPERHYHBR VF X UZUWE H
F X U HY®I\G W

,QHLWXHRHBSRVRQI ABFSR VW I L[6 WHIDREGHREH D WXUHHNS R UW H G

JHDWXUHV VWRUDPRW DVWQIGRQR P H

$00 IHDW XUHVWBRUHW WWRHIOGIGVLR]I WKH UHV VWUXFWXUH LQ RX)
VHFWLRQ GHVFULEHVY WKH VWUXFWXUH RI WKLV ILHOG DQG H

‘H DVVXPH ZH DR\ KGO QWHPY OLVWHG EH@®SD D UHKH@VZ B HV DV
DERXRW [ ZH HLWKHIHYHVWURMEV IWV)LOWHU ORF [

<RX FDQ ILQG WKH VDRKN VHWSRFPHWHROWEYHG ILHOGYV ZLOO E|
PRUH GHWDLO

ORVW IHDWXUHWD Q8H X QGWRPKUMDWUH XVHG WR LQGLFDWH V
PRYLH ZH XV LX&BWNDQIGNH HV

1 (YHQWV QXPEHU

/ IDQGPDUN QXPEHU

5 5HJLRQ QXPEHU

7KUKUHVKROG OHYHOV

+ +HLJKW RI WKH ILHOG RI YLHZ LQ SL[HOV
'LGWK Rl WKH ILHOG RI YLHZ LQ SL[HOV

7 'XUDWLRQ RI WKH PRYLH LQ IUDPHV

SRVLWLRQV VL]H DQG VKDSH

JHDWXUHV LQ WKLV VHFW LR QDMGH ORHFOMWAYR Q@ WRI WHKEAVWXAYH V V K



7TDEOHLVW RI IHDWXUHV UHODQW BWX BVIRHYR\QOMWWLRQ VLI]H

JLHOG 7\SH 6L]HBBQLWNVFULSWLRQ

EDVLF PD|SFHOP1 &URSSHG VSDWLDO IRRWSULQW

EDVLF SHULRXEDH P TKHHYLPHWRNIKBBRWLDO IRRWSULQW RI H

EDVLF DUHDR XEDH P $UHD RI VSDWLDO IRRWSULQW

EDVLF FLUGBN®BIOHF &LUFXOUFRIUW] RI VSDWLDO IRRWSULQW
ORF W GRXEOH IUDPHKHUVW IUDPH LQ DQ HYHQW | WKDW L’
SHDN
ORF W GRXEOH IUDPHOVW IUDPH LQ DQ HYHQW WKDW LV E|
SHDN
ORF [ FHOQ1 SLIH6&SDWLDO WHPSRUDO ORFDWLRQ LQ O
ORF [ FHOQ1 YRI[HEOSDWLDO IRRWSULQW LQ OLQHDU LQG
EGV FHOQ1 SLIH®BRXQGDU\ SL[HOV |IRDO HOPHFBUHYQQ@M] €

EDVLF PDS
7KH VSDWLDO IRRWSULQW RI HDFK HYHQW (DFK HYHQW LV D
HYHQWYV 7R VZIHYHURSDWHKH HYHQW RXW DV SDWFKHV

7KH SXUSRVH RI WKLV IHDWXUH LV PDLOQBEDWREKHO® XDV X ONX
DOVR EH XVHG IRU YLVXDOL]DWLRQ

7KH UDQJH RI FURSSLQJ LV JLYHQ E\

UJ+ PD[ PLQ LRLQ PD[ LK + UDLQUHHF R'Q RQ
UJ: PD[ PLQ LZPLQ PD[ LZ : UDQJH RQ ; GLUHFWLRQ

+ LV WKH +HLIJKW LHM WKKIH <Z GG WHF W L RTD VF R/RKBIG;L G DIWHHFWDR R Q
FRRUGLQDWHYV RI SL[HOV

EDVLF SHUL

7KHHSLPHWHU RI WKH VSDWLRI® YRRW B UL AER N W& RVIHEE QR P7
UHJLROQBXUQFWLRQ RI 0$7/$%



EDVLF DUHD

7KH DUHD RI WKH VSDWLDO IRRWSUVLQ YALLEA I VRD)GNVEFIWLBGREX O I
RI 0$7/%%

EDVLF FLUFOHWULF

$ VFRUH IRU WKH FLUARRBIVSIUW Q W1 WKH W55 I &R B © DAV NG VEK H
SHULPHWHU DQG 6 WKH DUHD DV BDREDRAC-DUNW R D BRLYH OHR UMK
EH FORVHU WR )RU H[DPSOH IRU FLUFOHV WKH VFRUH LV
ORF [

7KHDFW ORADMWLRR[RDV )RUPHUO\ ZH QDPH LW ORFS$EV ,I Wi
YROXPH WKHQ HDFK HYHQW FDQ EH GHVFULEHG E\ D OLVW R
ORF [ ' ORF$EV FRQWDLQV DOO FRRUGLQDWHYV IR IDMDHBYHQW
LQGH[ VHH IRBUHDPSOH

ORF [

$ OLVW RI SL[HOV IRU WKH ' VSDWLDO IRRWSULQW RI HDFK H
ZHOO

ORFORF W

6WDIUQJ DQG VWRSSLQJ IUDPHV RI HDFK HYHQW

EGV

(DFK LWHP LV D FHOO 7KH FHOO FRXOG FRQWDLQ RQH RU PX
RU LQQHU ERXQGDU\ RIORKH RS WKHDKY  HRRW STHKHWDOXHYV DUH
0$7/%% IXQEWPBPRQGDU)YRW HIDPSOH DVVXPH RQH FRPSRQHQW 1
KDYH D E\ DUUD\ DQG HDFK URZ LV WKH < DQG ; FRRUGLQI

7LPH DQG FXUYH UHODWHG

&XUYH UHODWHG IHDWXUHV OLNH H/XIWDMWAKRH@ BDW) % UG )V ) COUHH B3
RQ WKH HI[ WUDFWHG G) ) FXUYHV 7R FRPSHQVDWH IRU WKH E
WKH WUHQG RI WKH FXUYHV LV DOVR FRUUHFWHG

'"HWDLOV RQ WKHVH VIWH/NYLDVHLG RVFUMHEBD@GGEQHDWXUH ([WUD



7TDEOHLVW RI IHDWXUHVY UHODWHG WR WUDMHFWRL

JLHOG 7\SH 6L]H| 8QLWWHVFULSWLRQ

FXUYH UJW| GRXEDH\ | IUDRH[WHQGHG VWDUW DQG HQG IUDP]
HYHQW

FXUYH GIIODBERXEDH OD[LPXP G) ) IRU HDFKDMZYHQW X\
PRYLH

FXUYH GIIODBERXEDH OD[LPXP G) ) IRU HDFK H[YHQW E\
H[FOXGLQJ RWKHU HYHQWV

FXUYH GIIODPRBPPBH | VHFRDIGH WLPH ZKHQ PD[LPXP|G) ) RFF

FXUYH GIIODBERXEDH = VFRUH IRU WKH PD[LPXP G) )

FXUYH GI110D {BRNOEDH 6LIQROQAFH RI PD[LPXP WBKH XVLQJ
SYDOXH

FXUYH W%HJERXEDOH | IUDRHMDPHCORF W

FXUYH W(QGGRXEDH | IUDRHMDPHORF W

FXUYH ULVHGRXEDH | VHFRR@GVHW WLPH IURP W R RI SH
LQWHQVLW\ LQ G) ) FXUYH

FXUYH IDOOQ GRXEDH | VHFRDIGVHW WLRPP WR RlI SHDN
LQWHQVLW\ LQ G) ) FXUYH

FXUYH ZLGW&RXEDH | VHFRQX®DWLRQ WLPH IURP RQVHW V
ZUW SHDN LQWHQVLW\|LQ G) )

FXUYH ZLGW&RXEDH | VHFRQX®DWLRQ WLPH IURP RQVHW V
ZUW SHDNQQWHQ¥XWYH

FXUYH GHFDG/MXEDH | VHFRQGD\ WLPH FRQVWDQWREWDLQH
H[SRQHQWLDO PRGHO

UJw

7KLV LVIVURGEFW ZKHQ ILQGLQJ DUGIROWHHIG FHHDWHX IIRHN F XHU RHD

RWKH G) )

FXUYH WHRHB DADANGKWHRVX U KHLY RSHUDWLRQ LV LQWH

HVWLPDWLRQURIOWWH G XHDW XUHV PRUH ORFDO 7KLV IHDWXU
GXUDWLRQ VR WKDWVXH ZDWO® QKW KPBEW GXUDWLRQ



$OJRULWKP

)LQG DOO HYHQWYV WKIUN QW BERZH WHE@W/ HDY®!I QR\VR D QMGKRFF X U H L
FXUUHQW HYHQW )LQG WKH RQH WKDW LV WHRSRKDRXO\ FOF
LV WKH IUDPH ZLWK ORZHVW YDOXH RI G) ) EHWZMHQ WKHV
IRU HY REWXUULQJ ODWHU WK F XU UWHQOMD R QR WIRMDEG HLW K
ZH XORFRWRF W

GIIOD[@II0OD[3YDO

7TKHVH WZR VFRUHVY GHVFULEH WKH VLIQLILFDQFH RI WKH PD|
PHDVRUWKH VWIRQWILFARDMWKH ZKROH HYHQWFRWKH ODKH B DAOKOH
SYDOXH WKH PRUH VLIQLILFDQW

7KH = VFRUH LV FDOFXODWHG IURP WKH G) ) FXUYH /HW )BPI
RQH HYHQW OHW EBSUH EH WKH EDW KB LEDH/ IE 8 LR)WH D)IB\PHDU  DEXF
ZH GHILQH = VFRUH DV

= PLQ )BEFESUH )BB®RVW VLJIPD
ZKHUH VLJPD LV WKH HVWLPDWHG QRLVH WWHBQUGDHIGBWG HYWH Q W
7KHYDOXH LV GLUHFWO\ FDOFXODWHG IURP WKH ] VFRUH
GIIOD[3YDQRUPFEGI GII0D|[=

7TKRXJK XVXDOO\ LV VHW DV WKH VLIJQLILFDQFH WKUHVKR ¢
FRQGLWLRQV LQ WHUPV RI QRLVH GLVWULEXWLRQ ZKLFK LV
EH PXFK ORZHU

ULVHDOQLGWERKLG&GW

‘H VHDUFK ZLWKLQ WKH G) ) FXUYH LQVLGHCCUJW CC WR ILQ
SRLQWYV RQVHW WLPH RQVHW WLPH RQVHW WLPH
RITVHW WLPH

(IDPSOH
7R ILQG RITVHW W IPRHHS R HQIW® GVKO®W WWUH HDUOLHU WKDQ
HTXDO WR RI WKH SHDN LQWHQVLW\ 7KHQ ZH JHW WKH R
&DXWLRQ

7KH HVWLPDWHV FRXOG EH LOQDFFXUDWH IRU PXOWLSOH UHI
FRQWDLQV VRPH UHVLGXDO WUHQG WKH DQG LQW

YDOXHV DUH HVSHFLDOO\ VHQVLWLYH B6HFRQG QRWH WK
ZKLFK GRHV QRW FRQVLGHU SURSDJDWIRR\Q ERAKWKMLREHSRLQ



LQ VRPH VFHQDULRYV 7 KDMHU \ WRKRHU WHE®XNWDKOLYRH) ZKLFK UHT
WR JHW JRRG RQVHW RIIVHW WLPH HVWLPDWHYV :H GR QRW

GHFD\7DX

7KH GHFD\ WLPH FRQVW D QWK M D X7 L¥YREW DWLRHB ZERVRYBQJ W
7KH RSWLRQ IRU WKLV IXQFWLRQ LV

IRSWLRQV ILWRSWLRQV HI[S
IRSWLRQV OD[,WHU

7TKH FXUYH XVHG IRU ILWWLQJ LV WUDQVIRUPHG WR PDNH LW
6LQJOH HYHQW SURSDJDWLRQ

‘H HIWUDFWXWHKLWIHDQGLYLGXDO HYHQW SURSDJDWLRQ 7R F
ELQDUL]H WKH PRYLH DW HDFK HYHQW ZLWK PXOWLSOH WKL
DUHQ6KRZ ZKHUKWG6KRY D XSHELILHG SDUDPHWHU

7KH GLVWDQ@FHP WHKSIRRBWHDWXUHY DUH FDOFXODWHG EDVHG
RI HYHQWIVHUHQW GLUHFWLRQV DORQJ WLPH :H XVH WKH LQL
SRLQW

([DPSOH GLVWDQFH FDOFXODWLRQ

7KH PRYLH KDV D ILHOG E\ YLHZ WKWX MLYYHQ WKUHVKROG W
LQLWLDOO\ DSSHDUHG DW W  :H ILQG WKH LQLWLDO FHQW
JURZV FRPSDUHG WR W DQG ZH ZDQW WR TXDQWLI\ WKH G
GLUHFWLR® RURP WsVVXPH WKH DQWHULRU GLUHFWLRQ LV Q
HYHQW LQ WKH < UDQJH  WR DQG : UDQJH WR ‘H ILC
ZLWKLQ WKDW UHJLRQ ,I DW W  WKH FHQWUWRRLG LIUVH B W LRRX
SURSDJDWLRQ GLVWDQFH IBRMON YHRWMWDQVIRUP WKH XQLV
ZH UHSRUW WKH IHDWXUHYV

'"HILQLWLRQ JURZLQJ DQG VKULQNLQJ

7KHVH IHDWXUHV UHFRUG WKH JURZLQJ DQG VKULQNLQJ EH|
DILYHQ LQWHQVLW\ WKUHVKROG DVVXPH DQ HYHQW GRHV Q
ZRUGV WKH LOQWHQVLW\ DW WKDW ORFDW LRIQVLY UQRXHY WW
WKDW ORFDWLRQ VD\ DW WLPH WXJKW KZH L\QDN FQRVH. \W Y 1E € AR P
WKDW ORFDWLRQ (YHQ ODWHU IRU H[DPSOH DW WLPH W
WKUHVKROG DJDLQ DW WKDW ORFDWLRQ 7KHQ ZH VD\ WKH

ERWK D JURZLQJ DQG VKK MQNWIHQDW AR UHY B'W HQWHQVLW\ WK



7TDEOHLVW RI IHDWXUHV UHODWHG WR HYHQW SURSD

JLHOG 7\SH| 6L]H| 8QLWMVFULSWLRQ

SURSDIJDWLRQ SURSH®R@1 P 2QVHW SURSDJDWLRQ GLV
GLUHFWURBHSHU |

SURSDJDWLRQ SURSZRRE®PBMUD®O| 2QVHW SURSDJDWLRQ GLV
GLUHFWLRQ

SURSDIJDWLRQ SURSBKQWQON P 21IVHW SURSDJDWLRQ GLV
GLUHFWLRQ SHU IUDPH

SURSDJDWLRQ SURSBRYEQHERYHRIDOOIVHW SURSDJDWLRQ GLV
GLUHFWLRQ

SURSDJDWLRQ DUH DO-&KIDEQLI H P (YHQW DUHD FKDQJH SHU
SHU WKUHVKROG

SURSDJDWLRQ DUHOF&EKDOQIIHSDWH | (YHQW DUHD FKDQJH UDW!
VSDWLDO IRRWSULQW DV

SURSDIJDWLRQ DUHIFHWNO®H P (YHQW DUHD SHU IUDPH S
WKUHVKROG

QRW SURS'LUHFWLRRROGHU '"HILQLWLRQ RI IRXU SURS
GLUHFWLRQV

SURSDJDWLRQ SURS*URZ

(DFK LWHP LQ WKH FHOO LV WKH SURSDJDWLRQ IRU RQH HYH(
Lv D7 E\[ PRWWLPH UDQJH UHFRRW®HGRNV RIUKH Y\HD R Eb B YL Q
DQGXUYH WKLY IHDWXUH UHFRUGY DW HDFK VUMRH GLY WD RIK H
FKDQJH FRPSDUHG WR WKH SUHYLRXV IUDPH $V WKH GLVWDUC
IHDWXUH UHSRUWDWVHKABFXKDIWIHPHNIRQ HDFK GLUHFWLRQ

1RWH

'H RQO\ UHFRUG SRVLWLYH YDOXHV LQ WKLV IHDWXUH DV Z}
1HIDWLYH FKDQJHY DUH LQWHUSUHWHG DV VKULQNLQJ DQG
SURSDJDWLRQ SURS*URZ2YHUDOO

7TDNH WKPPDWLRQ RI| DSOUR WD PHMA R QI BMDKWHX UHR Z7 KLV JLYHV WK
JURZLQJ SURSDJDWLRQ IRU HDFK HYHQW LQ IRXU GLUHFWLRC



SURSDJDWLRQSBEBRBBRWILARNY) SURS6KULQN2YHUDOO

6LPLOBDURWRIDWLRQODRHLEBSDRDWLRQ SUBGHFRISIAAN AWKIDW ZH Ut
WKH VKULQNLQJ GLVWDQFHYV

SURSDJDWLRQ DUHD)UDPH

(DFK LWHP LQ WKH FHOO DUUD\ LV IRU RQH HYHQW $VVXPH W
7TKDWUL[ ,W UHFRUGV WKH DUHD RI WKH HYHQW DW RQH IUI

SURSDIJDWLRQ DUHD&KDQJH

,QBURSDIDWLRQ EVUNXBEWWDFW LW BRVKYHL R R D X W UWUHRPW
I UDPH ZH REWDLQ WKH HYHQW DUHD FKDQJH DW HDFK IUDPH

SURSDIJDWLRQ DUHD&KDQJH5DWH

7KLV LV D QRUPD QUMD YBWYRRE MRP GLYLGH HDFK LWHP LQ

SURSDJDWLRQ DIUWK AKKH) D;UHD RI WKH VSDWLDO IRRWSULQW
VSDWLDO ORFDWLRQV WKH HYHQWDNYH U MBADWHEY KM DUHD
IRU DOO WHR QB8 VWWRSHIAHIHVW UDWH RI FKD® WKDW IHDRKX UMD P H

QRWHYVY SURS'LUHFWLRQ2UGHU

JRXU GLUHFWLRQV LQ DQWHULRU SRVYMQHG KS OD® HPWHDQ DOl
Z UW DMHQHBUXS 7KH XVHU FDQ G %D L WIHDEKK OWW W\ K HRDRJQ @/LE
GLUHFWLRQ LV QRUWK XS

5HJLRQ DQG ODQGPDUN

+HUH ZH GMNHHULRIE® DQGUEDQWPRIBUNMDWXUHY H[FHSW WKRVH
GLUHFWLR/QW SIOH @XPEHU R5 IO YEPIDYXNRVEBQGR | HHWIKRIQV 7
GUDZQ E\ WKH XVHU RU JHQHUDWHG IURP WKH PDVN EXLOGHL
DUH ODEHOHG RQ WKH $4X$ *8, 7KH\ DUH DOVR H[SRUWHG DV

I1RWHV RQ WKH ' PDSV LQ IHDWXUHYV

,Q 087/%% "ELQDU\ LPDJHYV DUH VXWHUWEGH Q@ AD JHDIULWI B\E$V
WRAHIW HOHPHQW RI WKH PDWUL[ KDV FRRUGLQDWH DQ
FRRUGLQDWH + 2Q WKH RWKHU KDQG WKH LPDJH FRRUG
ZKLFK KDV D FRRUGRQDVWMHWHQF\)RUWD $4X$ ZKHQ VWRULQJ

ZH VWRUH ¥YRRWGL@ DWHIHMVWRQ #DWUL[ )RU H[DPSOH L
VDYHG WR FRRUGLQDWH + LQ WKH PDWUL[ 7KLV PDNHV W
ZH GLUBEWSD D\ WKH LPDJH LQ 0$7 KLAKI$ONB GAKAS® XV DQQ@F W
0%$7/$% OLMNVKRIWKH LPDJHVY DUH FRUUHFWO\ VKRZQ 7KH GU
V\VWHPV PLVPDWFK )RU H[DPSOH D ODUJH < FRRUGLQDWH



QRUWK
VI\VWHPV KWPO

IRU PRIOHVGHW DYDY POMHCZRUNYV FR P RRAOGL QBDOIHH V|

7TDEOHLVWHBPWMXUHY UHODWHG WR FHOO PRUSKRORJ\ DQ¢

JLHOG 7\SH | 6L]H | S8QLWVHVFULSWLRQ

UHJLRQ ODQGODUNFPRDWDN/ %LQDU\N PDS IRU HDFK
ODQGPDUN

UHJLRQ OD QG 0D UNGRKEWHEA SLIHOD&HQWURLG ORFDWLRQV
ODQGPDUN

UHJLRQ ODQGODUNFEROGHU S[HO %RXQGDU\ SL[HOQ IRU HD
ODQGPDUN

UHJLRQ ODQGODUNGRKXEWHU%RUGHY $YHUDJH GLVWD|QFH IUR

$YJ'LVW

FHQWURLG

ODQGPDUN ERUGHU WR |

UHJLRQ ODQGPDUNHOW| GLVWBHU)U| 7TKHL®LPXP GLVWDQFH R

DPH DQ HYMQWD @WEPDUN DW
HDFK IUDPH

UHJLRQ ODQG P D UNGRWXE GHEWW $ YR 7KHYBUDJH PLQLPXP
GLVWDQFH RI PK) HYHQW
ODQGPDUN

UHJLRQ ODQG P D UNGIRWXE GBHEWW 0 LR 7KHL®LPXP GLVWDQFH R
DQ HYHQW WR HDFK ODQ

UHJLRQ FHOO PDVNHOO| 5 %LQDU\ PDS IRU/ HDFK U}

UHJLRQ FHOO FHQWRMEIOHE\ | SL[HO&HQWURLG ORFDWLRQYV
UHJLRQ

UHJLRQ FHOO ERUGHODO| 5 SL[HO%RXQGDU\ SL[HO IRU HD
UHJLRQ

UHJLRQ FHOO FHQWRM®GWGHUSYJI'Ll $YHUDJH GLVWD|QFH IUR

VW UHJLRQ ERUGHU| WR LWV

UHJLRQ FHOO LQHAG@®RREOHEV 'KHWKHU D UHJURQ FRQ\

ODQGPDUN




UHJLRQ FHOO PHREBERXBOQHE\S KHWKHU DQ HYHQW LV
SDUWLDOO\ LQVLGH D |

UHJLRQ FHOO GLVW REERRBM@HELW P TKHLBGWDQFH RI PQ HYHQ
WKH ERUGHU RI|D UHJLR

UHJLRQ FHOO GLVW ERBMGHEWL R UP 7TKHRQPDOL]J]HG GLVWDQF
DQ HYHQW WR WKH ERUC
UHJLRQ

UHJLRIDQQGODUN PDVN
(DFK HOHPHQW Rl WKH FHOO LV D + E\ : ELQDU\ PDWUL[ VKRZ
SUREOHPV LQ WKH FRWIR\VQBDWBBERYMWHP VHH

UHJLRQ ODQGODUN FHQWHU

(DFK URZ LV WKH FHQWHU ; DQG < FRRUGLQDWHV IRU HDFK O

UHJOM@GODUN ERUGHU

(DFK LWHP LV WKH ERUGHU SL[HOMDI® D IDEFK DDWIGC HMDEFEK URZL
DQG < FRRUGLQDWHYV RI D EREGHUUKBFHWLRW LY REWHBHQHG E
UHJLRQ ODQGODUN FHQWHU%RUGHUS$SYJ'LVW

JRU HDFK ERDIG HIUQGLHIOH GLVWDQFH EHWZHHQ LW DQG LWV F
GLVWDQFH LQ WKLV IHDWXUH 7KLV PD\ EH XVHG DV D PHDVX!
UHJLRQ ODQGPDUN'LVW GLVW3HU)UDPH

(DFK LWHP UWDWUIE\ ZKLFK LV WKH PLQLP XHDG KVODXFRD R N RO
GLIIHUHQW WLPH SRLQWYV O/RKMMER®JIJH RI WLPH LV IURP
UHJLRQ ODQGPDUN'LVW GLVWS$YJ

(DFK LWHBPYIHWUWDXHH PGQVRWPQFH Rl DQ HYHQW WR HDFK ODQGP
IUDPHV ,W LV REWDLQHG E\LWID NR QJ MDWHXDHHUDJH DORQJ W
UHJLRQ ODQGPDUN'LVW GLVW3HU)UDPH

UHJLRQ ODQGPDUN'LVW GLVWOLQ

(DFK LWHP LV WKH PLQLPXP GLVWDQFH RI DQ HYHQW WR D OL
HI[ILVWYV W LV REWDLQHG E\ WDNLQJ WKH PLQLPXP DORQJ WL
UHJLRQ ODQWPOGUWWI3HU)UDPH

UHJLRQ FHOO PDVN

%LQDU\ PDWUL[ IRUUWHILIERQ YD @H MOV RD VN



UHJLRQ FHOO FHQWHU
&HQWHU ORFDWLRQVURU.REJRBRQBOBHN DOYR HU

UHJLRQ FHOO ERUGHU
%RXQGDU\ SL[HOV IRUHJIHRLR QY QE&EH DO ER UG H U

UHRQ FHOO FHQWHU%RUGHUSYJ'LVW

7KHYBUDJH GLVWIBH)OMW URRE WR ERXQGDULHV IRU UHJLRQV 6l
UHJLRQ ODQGODUN FHQWHU%RUGHUS$YJ'LVW

UHJLRQ FHOO LQFOX/PN

7KH UHODWLRQVKLS EHWZHHQ ODQGPDUNYV DQG UHJLRQV ,I L
UHJLRQ GRHV QRW QHHG WR FRQWDLQ DQ\ ODQGPDUN DQG D
UHJLRQ FHOO PHPEHU,G]

JIWHKM/HP L M LV HYHQW L LV DW OHDVW SDUWLDOO\ LQFC
VSDWLDO IRRWSULQWVDOR\DHMHUIHWYRDQUHWRXWKH FRUUHVSRQC
ZLOO EH DOO |JHURV 6RPHWLPHV UHJLRQV FDQ RYHUODS VR
6RPH UHJLRQV FRXOG FRQWDLQ QR HYHQWYV

UHJLRQ FHOO GLVW ERUGHU

YJRU HDFK HYHQW ZH WMWK HWFRS DMQ® O KHRRMLQLPXP GLVWDQ
RI HDFK UHJLRQ DV ORQJ DV WKH HYHQW DW GHDXWBISDUWLI
DV GLVWDQFH

1RWH

'H GR QRW FRQVLGHU WKH PRYHPHQW ZLW KWKHV GHY¥W D/DF HJ K
I UDPH WM B QGPDUN WR DFKLHYH WKDW JRDO

UHJLRQ FHOO GLVW ERUGHUI1IRUP

‘H GLYLGH YDIOXRY EBOOE)LWKHERRIWEUHNSRQGLQJ
UHJLRQ FHOO FHQW HK%WR (QRIPDOIL [N W KEH Y GEHLY W DWW KH WRG L X
WKHLR@AJ

SURSDIJDWLRQ GLUHFWLRQ ODQGPDUN

W LV LQWHUHVWLQJ WR VWXG\ ZKHWKHU WKH HYHQWYV DUH S
ODQGPDUN ERWK RU QHLWKHU :HBAD YW WUKHMH § LAXBHYGR ID ILH\
WKUHVKROGY XMHG LQ WKLV SDUW



PLQ7KU

+HWPHQ7KY D XSHEHLILHG SDUDPHWHU 7&R AWBPHRUXMBEKDUH |
HYHQW

$OJRULWKP RYHUYLHZ

JRU HDFK HYHQW XQGHU HDFK LQWHQVLW\ WKUHVKROG ZH
WLPH /HW SWERI SKMH UM DW WLPH W DQG % WKH VHW DW W]
ORFDWLRQ P $VVXPH WKH HYHQW LV JURZLQJ IURP WLPH \
W DVZ BKHPHDQV UHPRYLQJ HOHPHQWYV SL[HOV LQ $ IUR
ERXQGDJ|HOV RI $ DV EG $

)RU HDFK SL[HO LQ & ZH ILQG WKH FORVHVW SL[HO LQ EG $
GLVWDQFH / WR WKH ODQGPDUN DQG WKH SL[HO LQ EG $ ¥
ODQGPDUN ,I/ LV VPDOOHU WKDQWLQKNMRZAOHG WKIDOOBY G
SL[HOV LQ & KDYH DQ / ODUJHU WKDQ / ZKLFK PHDQV WKH
ODQGPDUN

‘H FDQ JDWKHU DOO SL[HOV LQ & ZLWK / VPDOOHU WKDQ /

WKDW ODQGPDUNDW WBLVZHJRBMHO6WKH VFRUH RI SURSDJDYV
ODQGPDUN E\ JDWKHULQJ WKH SL[HOV LQ & ZLWK / ODUJHU
FKDQJHV EHWZHHQ / DQG / DQG RU WKHUH DUH D ORW R ¢

8SQOLNHDWKHMHM LQ VLQJOH HYHQW SURSDJDWLRQ ZH GR QR
LI DW W WKH SL[HOV KDYH LQWHQVLW\ KLJKHU WKDQ WKH
ORZHU WKDQ WKH WKUHVKROG ZH GR QRW \FRIQRPLEHKY WKLV
ODQGPDUN

$GGLWLRQDOO\ WKH VFRUHV KHUH DUH QRW QRUPDOL]JHG -
GXUDWLRQV DUH PRUH OLNHO\ WR KDYH ODUJHU VFRUHV 6F
WKH RYHUOD\ PRGXOH RI $4X$

IRWHV XQLWYV

7KH XQWWHRAFRUH RI LQGLVIQENXO ISHUHHOXHLYX WAKH O :KHQ W
SURSDJDWH ZH JDWKHU WKH VFR UH7IKHRWPHSR JHHO \Z KR @ HAHL @/.I
VXPPDWLRQ RI WKH VFRUHV DPRQJ SL[HOV WKH UHVXOWV F
XQLW A FDQ DOVR KIQWWIRSRIMMWLRQ DV WKH DGGLWLRQ RI O}
FDQ EH MXVW P

1RWHV GLVFRQQHFWHG FRPSRQHQWYV

$W W WKH HYHQWYV KDYH VHYHUDO GLVFRQQHFWHG VSDWI
RWKHU $W W WKH HYHQW YV PIHURIH D QIGHW KKHRVAH G-AR Z 51 R@HH\WQ ML



ZKHWKHU WKH HYHQWYV DUH SURSDJDWLQJ WRZDUG RU DZD\
C&C ZH QHHG WR GHWHUPLQH WKH FRUUHVSRQGLQJ SL[HO
FRPSRQHQW VL]HV RI $ O)HQW HILWWKKVD $OPRPSIR VLIH LQ $ ZLC
ZHLJKW DQG EHFRPHV PRUH OLNHO\ WR SURYLGH D SL[HO IR
PRUH FRQVLVWHQW ZLWK YLVXDO SHUFHSWLRQ $V DQ H[WU
LQW RQH LVQGHROQ®DRWIHHWD\ VPDOO WKHQ DW W LI WKH
WKH LPSUHVVLRQ WKDW WKH QHZO\ JURZQ SL[HOV & PDLQC
DOJRULWKP LI WKH VL]H D FRPSRQHQW LQ $ LV VPDOOHU W
ZKHEDOFXODWLQJ WKH VFRUHYV

1RWHV EHIRUH DQG DIWHU UHDFKLQJ WKH ODQGPDUN

$W W  WKH HYHQW KDV QRW UHDFKHG WKH ODQGPDUN \HW
7KHUHIRUH IURP W WR W WKH HYHQW LV ERWK SURSDJD
)RU H[DPSOH DW W WKH IURQWLHU RI WKH HYHQW KDV N
W WKH IURQWLHU FRQWLQXHV PRYLQJ DQG ZLQGV XS IDU
FDOFXODWLQJ WKH VFRUH IRU LQGLYLG XD @ ISH [ HFUGRWQ W\LKIH) IXC
HYHU KLW WKH ODQGPDUN ZKLFK OHDGV WR GLVWDQFH I

SURSDJDWLQJ WRZDUG DQG DZD\ IURP WKH ODQGPDUN

7TDEOHLVW RI IHDWXUHV UHODWNG H¥RV SUR DMDIPGWPLIRUN ¥ L W |

JLHOG 7\SH| 6L]H 8QLWV'HVFULSWLRQ

UHJLRQ ODQGBRXEQK\FK P 7KHFRUH RI DQ HYHQW

J7TRZDUG SURSDJDWLQJ WR[ZDUG HEC
ODQGPDUN

UHJLRQ ODQGBRXEQK\FK P 7KHFRUH RI DQ HYHQW

J$ZD\ SURSDJDWLQJ DZD\ IURP
OB@DUN

UHJLRQ ODQGBRXEQK\FK P 7KHFRUH RI DQ HYHQW

J7TRZDUG%HISHDFK SURSDJDWLQJ WR[ZDUG HEC
ODQGPDUN EHIRUH UHDFK

UHJLRQ ODQGBRXEQK\FK P 7KHFRUH RI DQ HYHQW

J$ZD\$IW5HDEK SURSDJDWLQJ DZD\ IURP
ODQGPD U N FXIMOH UL WH




UHJLRQ ODQGFPBEBUORN'LU SL P 7TKHRUH RI HDFK SL[HO LC
[HO7TRZDUG HYHQW SURSDJDWLQJ WR:
ODQGPDUN

UHJLRQ ODQGFPBEBUORN'LU SL P 7TKHRUH RI HDFK SL[HO LC

[HO$ZD\ HYHQW SURSDJDWLQJ DZD
HDFK ODQGPDUN

UHJLRQ ODQGBRXRKEOM\FKIE\ P TKHRUH RI DQ HYHQW

JTRZDUG7KU / SURSDJDWLQJ WR|ZDUG HELC
ODQGPDUN ZLWK JLYHQ W

UHJLRQ ODQGBRXRO.M\FKIE\ P TKHRUH RI DQ HYHQW

J$ZD\7KU / SURSDJDWLQJ DZD\ IURP }

ODQGPDUN ZLWK JLYHQ W

UHJLRGRDIJN'LU FKIJ7RZDUG
7KH VFRUH IRU HDFK HYHQW SURSDJDWLQJ WRZDUG HDFK OD«

UHJLRQ ODQGPDUN'LU FKJ$ZD\
7KH VFRUH IRU HDFK HYHQW SURSDJDWLQJ DzZD\ IURP HDFK O

UHJLRQ ODQGPDUN'LU FKJ7RZDUG%HI5SHDFK

7KH VFRUH Rl HDFK HYHQW SGRBBRZW YA GFR DRWG FHRIDAK. ®IDQ
VFRUHV DIWHU UHDFKLQJ WKH FRUUHVSRQGLQJ ODQGPDUN 7
UHJLRQ ODQGPDUN'LU FIKUXMHEX® AH ZHKZDQW WR GLVWLQJIXL
SDWWHUQ EHIRUH DQG DIWHU UHDFKLQJ WKH ODQGPDUN

UHIODM@GPDUN'LU FKIJ$ZD\$IWS5HDFK

7KH VFRUH Rl HDFK HYHQW SURSDJPRAKHUZIR QRRWVP FHDFKLG B
VFRUHV EHIRUH UHDFKLQJ WKH FRUUHVSRQGLQJ ODQGPDUN
UHJLRQ ODQGPDUN'LU FKLV RALHI % @ HRSHHOVARDIQON Y. VK WKH SUR
SDWWHUQ EHIRUH DQG DIWHU UHDFKLQJ WKH ODQGPDUN

UHJLRQ ODQGPDUN'LU SL[HO7RZDUG

JRU HDFK HYHQW WKHUH LY DH BEW:VEWHIDBRPDO D/HH®WPDUN'LU S
WKHQ I©v D ' DUUDVKR@WDW&RDUN\ YRNHV WKH VFRUH RI SURS]
WKDW ODQGPDUN IRU HDFK SL[HO



UHJLRQ ODQGPDUN'LU SL[HO$zZD\

JRU HDFK HYHQW WKHUH LY DH BEW:VEWHIDBRPDO D/HH®WPDUN'LU S
WKHQ I©v D ' DUUDVKRQ@WDW&RDUN VRKHKE WMFARUWDRHSURSDJDWL
IURP WKDW ODQGPDUN IRU HDFK SL[HO

UHJLRQ ODQGPDUN'LU FKJ7RZDUG7KU

6LPLODMJIJWRQ ODQGPDUN'LH[FHKSWRWEKDW WKH VFRUHV IRU DOC
SURYLGHG

UHJLRQ ODQGPDUN'LU FKJ$ZD\7KU
6LPLODMIWRQ ODQEBWRIBZMKN[FHSW WKDW WKH VFRUHV IRU DOO

(YHQW JURXSYV

JHDWXUHV UHODWHG WR PRUH MWKD\WQ/ ROM HRYHQW DUH SXW XC

7TDEOHHDWXUHYV EDVHG RQ JURXSV RI HYHQWYV

JLHOG 7\SH| 6L]H| '"HVFULSWLRQ

QHWZRUNS$OO Q2FHRX O RPOEPMHREF1IXPEHU RI HYHQWYV ZKRVH VSD
IRRWSULQW RAYHEUIOWDES QW IRAD Ki

QHWZRUNS$OO Q2FHRX RO LPHXPEHU RI HYHQWY WKDW RFFX
WLPH DV WKH FXUUHQW RQH

QHWZRUNS$OO RFFXUF&MOPH/RFAUNWW RI HYHQWYV ZKRVH VSDWL
RYHUODSV ZLWK WKH FEXUUHQW

QHWZRUNS$OO RFFXUWHRH7LPH/ILYW RI HYHQWYV WKDW RFFXU
WLPH DV WKH FXUUHQW RQH

QHWZRUN Q2FFXUG6DFRXEBH\ | 2Q0\ XVH HYHQWYV LQVILGH UHJ
RHYHQWYV ZKRVH VSDWLDO IRR
RYHUODSV ZLWK WKH FEXUUHQW

QHWZRUN Q2FFXUGDPRINEGH | 2Q0\ XVH HYHQWYV LQV|LGH UHJ
RI HYHQWY WKDW RFFXUV DW V
WKH FXUUHQW RQH




QHWZRUN RFFXU6DHFHHE®GLILBAW 2QO0\ XVH HYHQRVWLQWWHRUHJ
HYHQWYV ZKRVH VSDWLDO IRRW
ZLWK WKH FXUUHQW RQH

QHWZRUN RFFXUG6DAHHAE®H/LVV2QO\ XVH HYHQWYV LQV|LGH UHJ
HYHQWYV WKDW RFFXUV DW WK}
WKH FXUUHQW RQH

QHWZRUNS$OO Q208 HXWIZFROPHYBO RFWXUG6DPH/RF/LV

JRU HYHQW L ZH ILQG WKH HYHQWV ZKRVH VSDWLDO IRRWSU
VDYH LW LQ ROBFPARQWSDPRAKRMFOLVW RI HYHQW\LYV VDYHG LQ |
RFFXU6DPH/HRHQ WURPZW KHQGLWWRVH 2K RWRIRVE LHIH YV HXRW 1UR
EIURP WR DQG VIRYHMWRHLRLYAD RIQ/RF/ERXWQW WKH QXP
DJDLQ DQG VDYH. LRMQRP® FKQKB PR BQRIFOO0 FIEVWYHIOYHYWRXQWH G
QHWZRUNS$SOO Q2FFHKWERFWEOBDPH7LPH/LVW

$VVXPH BAMDWWVY DW IUDPH W DQG HQGV DW IUDPH W WKHQ
DQG W 7KH OLO/AW LVUGD¥BGGP® KH QXPEHU HW VDYHG LQ LWH
RFFXUBDPH7LPH/LVW

QHWZRUN Q2FFQNWZRHMR AFKE/LVW

7KH VDPHIDYRUNSOO Q2 MDQGHWPRIURBOO RFFX HEPWSWR WKDW Z
RQO\ XVH HYHQWV LQVLGH WKH UHJLRQV

QHWZRUN Q2FFXQHODPRIGNPRFFXU6DPH7LPH/LVW

7KH VDPHI\BYRUNS$OO Q2F DQGHDFARALRHO O R F F X URFHRSH MPKID M/
ZH RQO\ XVH HYHQWYV LQVLGH WKH UHJLRQV

'"HULYHG IHDWXUHYV

6RPH IHDWXUHYV LQ WKH H[SRUWHG ILOH DQG WKH RYHUOD\ I>
6RPH YDULDEOHY DUH GHILQHG EHORZ 7KH GHVFULSWLRQ FLC

[
7TKH RXWSXW RI WKH FDOFXODWLRQ IRU HDFK IHDWXUH

WV
JHDWXUH GDWD VWWRKEWWX UW V HLONWKHHW



Q(YW
(YHQW QXPEHU

[['L

URSDIJDWLRQ GLUHFWLRQ RI

[[/PN

LOQWHUHVW

$QWHULRU

3R\

IDQGPDUN LQWHH W I TLIQHWEGXPEHU LV WKH VDPH DV WKRVH DQQ

7TDEOH[WUD IHDWXUHY GHULYHG IURP RWKHU IHDWX

1DPH 6FULSW
,QGHI [ Q(YW
%DVEBEBHD [ IWV EDVLF DUHD

%DVBHULPHWH

J[ IWV EBVLF S

%DVEEUFXODUL

'WIWV EDVLF FLUFOHWULF

&XUYHOIDOXH RQ[PORJ IWV FXUYH GIIOD[3YDO
‘I ORJ
&XUYOD[ "Il [ IWV FXUYH GIIOD][
&EXUYMUDWLRQ | [ IWR FXUYH ZLGWK
&EXUYMUDWLRQ | [ IWR FXUYH ZLGWK
&EXUYSHVLQJ GXUDWMBOXUYH ULVH

WR
&XUYHFD\LQJ GXUMWWLRXUYH IDOO

WR

&XUYHFD\ WDX

[ IWV FXUYH GHFD\7DX

3URSDJRW VR
RYHUDOO

[ I WV SURSDIJDWLRQ SURS*URZ2YHU

D OO

[ V)



3URSDJRWVR@H
G LAMALR Q

Al I WV SURSDIJDWLRQ SURS*URZ2YHU

DOO [['l

3URSDJRQVR®@ |
G LUHFWIL\R QR

dl
[6HO |

IWV SURSDJDWLRQ SURS*URZ2YHU
[['L [[6HO [$0O0O

DOO [$0

3URSDJRWNVRQV
RYHUDOO

[ IWV SURSDIJDWLRQ SURSBEVLQN2Y

HUDOO |

3UR S D JRW VAR
GLUHFWLRQ

H[ IWV SURSDJDWLRQ SURSG6KULQN2Y

HUDOO

3UR S D JRW VAR
G LUHFWIL\R QR

H[
[6HO |

DEV IWV SURSDIJDWLRQ SURSG6KULQ(
[['L [ [6HO [$0OO

)N2YHUD

IDQGPDHMOQW D
GLVWDQFH

HUWYHUHJLRQ ODQGPDUN'LVW GLVWS$

YJ [[/PH

IDQGPDHMHQW
PLQLPXP GLVW

[ IWV UHJLRQ ODQGPDUN'LVW GLVWO
DQFH

LQ [[/PI

IDQGPDHIMHQW
ODQGPDUN

VRADVWE®HJILRQ ODQGPDUN'LU FKJ7RZD,

uc [[/P

IDQGPDHMHQW [
IURP ODQGPDU

DYDWYV UHIJLRQ ODQGPDUN
N

'LU FKJ$ZD\

[[/PN

IDQGPDHMHQW '\
ODQGPDUN EHI

VRADVWE®HILRQ ODQGPDUN
RUH UHDFKLQJ

'LU FKJ7RZD

UG%HIS5E

IDQGPDHMHQW [
IURP ODQGPDU
UHDFKLQJ

DFDWYV UHIJLRQ ODQGPDUN
N DIWHU

'LU FKJ$ZD\{

PIWSHDF

SHILRHYHQW FH
GLVWDQFH WR

QWIWRLGEGHIJLRQ FHOQD®&PAVY) ERY@ HU
ERUGHU

SHILRHYHQW FH
GLVWDQFH WR
QRUPDOL]JHG E
UDGLXV

QWIWRMLGEHIJLRQ FHOO GLVW ERUGHU1R
ERUGHU
UHJLRQ

UP [ QD

1HW ZRWHNY SRUD
GHQVLW\

O IWV QHWRRUNSQPH/RF




IHWZRIHY SRUDO] IWV QHWZRUN Q2FFXUG6DPH/RF
GHQVLW\ ZLWK|VLPLODU VL]H
RQO\

IHWZRWBNDWLDO| 6 HWQV LMW ZRUN Q2FFXUG6DPH7LPH

SDUDPHWHUYV

6LQFH WKHUH DUH PDQ\ GLIIHUHQW W\SHV RI G\D\WQLPD\WV ||
GLIIHUHQW UHJLRQV RI WKH EUDLQ GLIIHUHQW PLFU®RVFRSH

SHUIRUPLQJ WKH H[SHULPHQWVY LW LV QRW SRVVLEOH IRU D
WKHVH FDWHKVLY VHFWLRD WRHFERRAXYV R SVRLPDO SDUDPHWHUYV
DQG REWDLQ VXIRNVPEH WHKNXOMWWPHWHU FKRLFH HDVLHU Z
FRPPRQO\ HQFRXQWHUHG GDWD W\SHV )RU QHZ GDWD LWV !
WKH S KIDWH WAV WK W R O\RKHE GRP RAHHWH SDUDPHWHU OLVW LV D

3UHSURFHVVLQJ 3D WMAMHVRXETHQKRBRWLQJ

iXTX K@ E} so]VP
$4X$ UHTXLUHYVY GDWD TXDOLW\ WR EH UHDVRQDEO\ JRRG )R
PRWLRQWDWRWIEBLIKW OLJKW QRLVH W KHDS\WHRPR UFPPRORPHRHQ DL O

XVHGSIRHFHVVLQI VWHSV WR FRQVLGHU IRU WHDRHHOGDSWH VHW
7,)) GDWD ZIRWK ELWV RI GHSWK

$OLJQPHQW PRW VK® @B W HRFNPHREDH HGHG EHIRUH $4X$ FDQ E
FRUUHMMLEBD GR QGH LAMWIRRIDQ IRU H[DPSGH @ REPERWUBIYDLODE
KWWSV JL/EKWEUWRPLOQVWLWXWH 1R50&RUUH

, | VDQBHS QRUVH LVIREVHBUXBEGGRHY QRW ZRUN ZHOO ZLWK PRG
SOHDVH PEBQOLNGRHL) ' PHGLDQ ILOWHULWR BHAXBUHQVHIYGE®R J W K



PHGLDQ ILOWHU IXQBEWSRY GH\PHI®ING VW RIKY GG GRLVMRRU
*DXVVLDQ QRLVH

(AWKHDWD FRQWDLQV W HED@Y IQUYRW WARLYAHXS ZLWKRXW DQ\ ¢
XVHYWHG WR VHW D VWURQJHU VPRRWKLQJ OHYH® ~NBIG QWRW
GLVWLQJIJXLVK WKH WUXH VLIQDO IURP QRLVH FRQVLGHU XVL

,JIXVHUYG VHYHUH EDFNJURXQG WUHQGY IRU HIDPSOH VWUR
FRUUHFWLQJ LW ILUVW $4Ek® FDRKIGRKFRAHHERHBDBQS KRIW R W U\
GLUHFWO\ DSSO\ 3&% SULQFLSDO FRQ@ISRIMIQYWH FPQ@DMNV[L VD FRAU
DQG UHPRYH WKH WRSZKRRK XARAEFRMMHERMVWHVSRQGYV WR WKH
ZRUN ZHOO H J WWRVWLIGDEYVIHU WU\ WKH VDPSOH VFUI
FRUUHFWBEDVHOLQH P 7KH VFULSW ILUVW GHWHFWYV HYHC
UHPRYLQJ WKRKHFHK\YSRWNQWLDOO\ JLYH EHWWHU UHVXOWYV

iXiXK% v (Jo Alv }A

7KH QDMKHREGRIUH G\ADWHOHLGH DUH WKRVH VKRYRRIDDWHKH DBH WK
SDUDPHWHU QDPHV LQ SUHVHWYV

SUHVHW W\SHYV
8VHQMHG WR FKRRVH D SUNMMGRNDK\DHW E H D AWK PRUMRKHINY KDV

RI SDUDBMMARIDIQVDGG RU PRGQIMSDBILNPIMW HUN I RFO/GH UL Q IVSK K $u

7THPSRUDO UHNPD®XWDR®
7KH XQLW LV VHFRHQ&SDYWMAHMIHEH OYEKXSOLHG ZKHQ JWDWARUHV |

QRW LQIOXHQFH WKH GHWHFWLRQ DOJRULWKP

6SDWLDO WHASHAKWDIOR® V
TKHQLDPLNWUR FSHHWHSIL FH SD U RAPHOMHEIH DSSOLHG ZKHQ IHDW XU

,VMLOO QRW LQIOXHQFH WKH GHWHFWLRQ DOJRULWKP



([FOXGH SUHHOBVN*DS
IZHDSSPRWLRQ FRUUHFWLRQ WR WKH PRYLH WKHKH FRXOC

ERXQGDU\ RI WKH PRYLH 7KH\ QHHG WR EH DYRLGWKHEHIRU
PRYLH KIDHW®IBYLHZ RI E\ SL[IHOV VHWWLQJ WKLV SDUDF
ZKRVH GLVWDQFH LV VPDOOHU RU HTXDO WR SL[HOV IURP

JLIXUH7KH ERXQGDU\ RI WKH PRYLH FDQ EH UHPRYHG GXH WR W

IXTXM™MPv o d

,QWHQVLW\ WKUHVKROIGUSE®RPA QJ IDFWRU

JLUVW ZH HVWLPDWH WKH QRLWKHKNWDXR D WX PREDW LR QVF
7KHQ IRU HDFK SL[HO LQ HDFK WLPH SRLQMN#UERMEKEZHGHOWD
PDUN WKDW SL[HO DW WKDW IUDPH DV DFWLYH ,Q WKDW IUD!
7\SLFDOO\ WKH YDOXHV FDQ UDQJH IURP WR

JLIXUH3DUDPHWHU WKW FROWGJI RBOHFWLRQ



6PRRWKLQJ+*WRRPD
‘H VPRRWK WKH PRYLH VSDWLDOOVYWNQEDYY® WXRWVWLEQOMVERWH

PRYZHWK OHVV QGRHYVH ¥YADIOWLHU YDOXH WR SUHVHUYH PRUH

DURXQG YRU PRYLHV ZLWK KLJKHU QRLVH D ODUJHU YDO)
YHU\ QRLV\ PRYLHV ZH PD\ WU\ RU EXW WKH\BH MRUQGV F
HYHQWYV

OLQLPXP VL]H+PILQHIOW
$IWHU VPRRWKLQJ ZLWK VPR:< DQG W KIWH\PER ORCE\VDD LDL W R P\

FRQQHFWHG UHRIUWLRIVRK@EHKNL]H RI D FRPSRQHQW LV RQO\ |
OLNHO\ GXH WRORLDWOO7TRRPSRQHQWY ZKRVH VL]HV DUH VP
GLVFDUGHGEDOO\ ZH FKRRVH ZKHQ VPR;< LV I VPR:< LV
DV EHFDXVH VWURQJHU VPRRWKLQJ D RV RUDHHEEER UK R YDIH D G
NQRZOHGJH DERXW W K&V ML ROWK H KRR B Q HYHQ ODUJHL
7KRXJK ZH UHFRPPHQG WR VHW D VP DWOHHAL 9D QWRRIOHWR [LQGV
VPDOOHU DQG GDUNHU RQHV DIWHU GHWHFWLRQ

TURXEOHYKRRWLQ
JUXVHHAWHFWHG WRR ITHZ HYHQWWR RRWUP WY @K RVK KRG RE HH & H @ WH/D V

XVHU@G GHFUHDVLQUW\ERUBSFKQBRXWGH FRQVLGHU LQFUHDVLQ
XVHUQG WRR PDQ\ HYHQWYV DU k5 H WIHVE VEHRG VI QURWYY ZIRQUANU HODOMF
VPR;< DQG PLQG6L]H

JIXVHURBKD WO WHE\WR FKRRVH D YHU\ ODUJH WKU$5 LQ RUGH!
OLNHO\ WKDW WKH QRLVH VWDQGDUG GHYLDWVRGBRXOGH Y H L
FRQVLGHPHKYLDQWHU WR SWRR¥RRNM LDIH RFMVSYUB) VHFWLRQ DE

iIXiXBHE o d

THPSRUDO FXWWWKKIWHGE/K®R O G

,I D VSDWLDO ORFDWLRQ LQ WKH PRYLH KDV VHYHUDH® HYHQW
VLQIJIOWWHYHRQ@ H[DPSOH VD\ DQ DUHDYV VLIQDO LQFUHDVHYV \
ILQDOO\ GHFUHDVHV I WKH ILUVW GHFUHDVH DQG WKH VHFF



WZR HYHQWV L@ QK IZW PRIFBVDLRW H P S\RKIDH AX DR HEHMOWMY Q, |
WKHP LV ZHDN LW LV OLNHO\ WKHUH LV RQO\ RQH HYHQW 7
LWZHOMNKH W\SLFDO YDOXH LV

JLIXUH3DUDPHWHUV FRQWK RROW SAD MAKH VHD

%DVHG RQ WKH IRUHJURXQG VLIJQDOV GHWHFWHG LQ WKH VL
VWURQJHU WKDQ WKHLU VSDWLDO DQG WHPSRUDO QHLJKERU
DFXUYHZH GUDZ WKH LDQOMRMPIN L'WY Y\WDKDYH W SDWLDO ORFDWLRQ

JRDOV )LUVW ZH DVVXPH HDFK VHHG LV SDUW RI DQ HYHQW
WKH HYHQW VWDUWYV DQG ZKHQ LW HQGV 6HFRQG LI WKH

GHWHERH@HKHU WEHYR@HDKWY VDPH HYHQW RU LI ZH VKRXOCG
HYHQW YV

‘H XVH WKH H[DPSOH DERYH WR LOOXVWUDWH KRZ ZH |

WKU7 HIRQA ¥ HYTKHUH DUH WZR VH& GQ GIID @ CE RW KQPD UPHV WKL
WKH SHDN RI DQ HYHQOWGAHRIHD EBW\K ODIDWIHU WKDQ G % LV W
, 1 & DQG PUH ODUJHU WRKID'QLY ERW % DQG % ZLOO EH FRQVLG
, ] QRQH RI WKHP DUH ODUJ}HR MWKHDIQNY WKHQ WKHUH DUH

*URZLQJ ] WKWHKVKR\OG
'H DOUHDG\ DVVXPH HDFK VHHG EHORQJV WR DQ HYHQW DQG

WKU$56FO 1RZ ZH QHHG WR GHWHUPLQH ZKHWKHU WKH QHL.



VLPLODU HQRXJE W® \EKDM)RAVODHEH )RU UVRFE®DULR ZH/ IPHIDD \
VLPLODU RQVHW DQG RIIVHW SDWWHUQ ,I WKH SDWWHUQ L
PHPERUWKDW HY MWXW WR=BWHLQH WKH WKUHVKROGORHpPMLPLOC
UHODW H)R MW/VRHWHIOH 7KH W\SLFDO YDOXH LV

TURXEOHVKRRWLQJ
, /1 ZH SUHIHU WR PDNH IHZHU WHPSRUDO FXWV WU\ O@D\WUJHU Y|

GLVDEOHV WHPSRUDO FXW

, I ZH ITIHHO WKDW WRR PDQ\ SLWROW KHJ N HHR&QW L BKILARGPNDGHH\O D
DUHDV WRR ODUJH WKQVMGHU LQFY MIXKH RW KWK WK(MNP& GHFU
LI WRR PDQ\ VLIJQDOV DUH QRW LQFOXGHG

IXTXIXAvE d

$IWHU WKH YR[HOV VWHS ZH DV QR Z3 MW KONVKW RO M HHGER U7LKQH
EHORQJ WR LW LV D VXSHU YR[HO (DFK HYHQW FRXOG FRQW
VXSHU YR[HOV WR VXSHU HYHQWV XVLQJ WKH SDUDPHWHU F'

HYHQWYV XVLQJ F5INH DPBRWKQBVYV RI WKH HVWLPDWHG SUR
FRQWUROWYHE RE\

5LVLQJ WLPH XPFIHUHNDLQW\
YRU D JLYHQ VXSHU HYHQW ZH PD\ ILQG WKDW VHYHUDO SLI[H

W DSSHDUV DV LI WX VUR®DWKHW\W DSL\WHOWVRZQG PHIHWHNVRJIH
WR GHWHUPLQH ZKHWKHU HDFK RI VXFK SL[HOV LV XQLTXH H
RI DQ HMHQW\SDPXB5RYM RU IUDPHV 7KH PHDQLQJ RI WKL
GHBSWHG LQ WKH H[DPSOH EHOR ZO D YANYMLB DL @ WB/HGBILHAMH QW V
RUR F5LVH JUHHQ DQG EOXH SDUWV DUH FRQVLGHUHG DV |
FRQWDLQV RQO\sRQAR IHWY WRWE V,PD O®X H. W R VWEHNXIQ@FHUWDLQW
DQG RU WKH ULVLQJ WLPH HVWLPDWLRQ



JLIXUH3SDUDPHWHU FRQWUROOLQJ VLQJOH VRXUFH UXOH 6RXUFHYV

60RZHVW GHOD\ LE'BSORSDIJDWLRQ
I WKRARRKUULQJ WLPH RI WERHUHWMMKEBWLQ@H SODKIVODW WKH\ GR

VDPH HYHQW DQG RU VXSHU HYHQW 7KH PD[LPRMHA@DWHW WL
VPDOOHU YDOXH ZLOO OHDG WR \HPRROVMK B G RRISDX B WU RHYY H (
YDOXH LV RU IUDPHV ,QPWKHOB[DPSBHEBQRZEQXH SDUWYV
RQH HYHQW

JLIXUH3DUDPHWHU FRQWUROOLQJ VPRRWKQHVV UXC



SURRSDWLRQ VPRWWH&KRRHVYV
'H XVH JUDSKLFDO WLPH ZDUSLQJ WR JHW WKH SURSDJDWLR:

GHWHUPLQHVY KRZ IOH[LEOH WKH SURSDJDWLRQ FDQ EH 7KL
GHIDXOWRYHEMYWHFIDWQRPDQIMWRU LQ W\SLFDO VHWWLQJV

7URXEOHVKRRWLQJ
7KH F5L\VHHD@®EO O KIDMIRFEDFW RQ WKH QXPEHUXMEIGWQAGH RI

WKH QXPEHU LV WRBMAD® ¢'HODRUKPYH[DPSOH WU\ F5LVH Z
DOVR ZLWKKHUZLYW LQFUHDVH WKHP )RUH[OWROH VHW F5LVFL

,(IXVHUQRG WKH SURSDJDWLRQ SDIWKZ6 RRINNWHW RRRP D QLUNW RIRICAU H
DUH ORVW WU\ VPDOOHU YDOXHYV OLNH RU HYHQ

I LQ W WMR/AMHHSN V \DHKGA HRLY YR BEDFGl WR HDUOLHU VWHSV WR F
DUH GHWHFWHG

IXTXigov d

= VFRUH WKUKMKROG

‘H FDOFXOPWWBHDIRU HDFK GHWHFWHG HYHQW I WKH VFRUH L
WKHP IURP QRLVH 7KHYWWHAHKBREBMMFYHYHHORZHU WKDQ ]7KU 7
RWKLY VWHS LV WR SUHYHQW WKHVH HYHQWYW HWHRR ) R YWXHMH H
PHUJLQJ ZH VXJJHVW D VPDOOHU YDOXH RI UPDQGL®R VERIRC
2WKHVXVHRDA RSWLRQDOO\ WU\ D ODUJHU YDOXH WKRXJK VR
EHWWHU

TURXEOHVKRRWLQJ
30HDVH VHW LW VPDOOHU OLNH RU LIl WRR PDQHAGHYHQW

VHW LW ODUJHU DHRXGHSHQUGHYH @ @ DMKH WVYSHRRQ R\W DWHH V8 K
PHUJLQJ IXQFWLRQ ZH SUHIHU D VPDOOHU YDOXH LQ WKLV V



IXIXIX&EP d

. JORUH PHUJQRUHOHUJH

7KH IROORZLQJ SDUDPHWHUV ZLOO WDNH HIIHFW RBPN ZKHQ
WKAHKHFNBERUJLQJ RSHUDWLRGHMKDOMNM ® ZKHMHQW FRXOG FR(
XQFRQQHFWHG FRPSRQHQWYV %\ GHIDXOW WKLV SDUDPHWHU

OD[LPXP GLVWHDWAFHYHQW'LVFRQ
7ZR HYHQWY GHWHFWHG LQ SUHYLRY WKW B SPHIZK R V¥HH G MW YWADRF

EH PHUJHG

OLQLPXP FRUUMODIW LRMQW &R UU
‘H FDOFXODWH WKH FRUUHODWLRQ RI FXUYHV EHW ZWZR HYHC

HYHQWV LV EHORZ PHUJH(YHQW'LVFRQ WKE\EZHL EEVQRAWHEGH Bl

OD[LPXP WLPH GPHMHUHQQHEHOWOD[7LPH'LI
‘H FDOFXODWH WKH RQVHW WLPH RI HDMRKHLZR GIW @ENVYH BW H C

WKDQ PHUJH(YHQWOD[7LPH'LI WKH\ ZLOO QRW EH FRPELQHG

TURXEOHVKRRWLQJ
, ] WRR PDQDWHY PAWYHG WU\ LQFUHDVLQJ PHUJH(YHQW'LVFRC

GHFUHDVH PHUJH(YHQWOD[7LPH'LI

iIXiXZX6}v d
7KLV VO@HWWHHWVNY HYHQWYV LI WKH PHUJLQJ RSHUDWLRQ LV QR\
IURP

IXIXBXBEPE d

7KLV VWHS HIEHW WXRWY WKH

,2JORUH GHHADWQWDMK7DX
6HW WKLV WR LI \RX GR QRW QHHG WKH GHFD\ WLPH FRQVW



IXTXIBDHE % E u S E-

6RPRW SBUDPBVHFEDVLRODID®BOE®HD URWHTX HQWRX @WHUH G
W K R QHIGHH W HE MSLIGRBOR V HOUHVMVERK D Q\JKIIH §V KSHU H N KD\A

FXW
%HIRUH GHWHFWLRQ $4X$ FXWHNDWKHS B R WL HROQRVNDIHINALED R WD

PRYZHKRVH EDFNJURXQG LV FKDQJLQJ TXLFNO\ FRQVLGHU F
2WKHUZWVIYV EHWWHU WR XVH D ODUJHU YDOXH OLNH 8V
WR SUREOHPV IRU HYHQWYV ZLWK ORQJHU GXUDWLRQV

PRY$YJ:LQ
7KLV SDUDPHWHU VSHFLILHV WKH QXPEHU RI IUDPHV XVHG \

PRYLQJ DYWHDJHKRWYH OHQJWK LV PRY$YJ:LQ WR SURFHVV WK
ORQBULRG ZYWIKHEDXNDDJIJHU PRY$YJ:LQ OLNH PDNHV WKH
7KLV LV XVXDOQQW&BWDWHWW 2WKHUZLVH D VPDWPORUHPRY
VXLWDEOH IRU YHU\ DFWLYH IEOWOBDWWWVHWMH VRPH VLQJOH

VXSHU(YHQWGHQVLW\)LUVW
‘H XVH GLITHUHQW VWUDWHJIHWWRHERREHQMW W XIHUX SRUH{ON C

LV VHW WR ZH VWDUW FRPELWKR JOIDUWRIMHWWK H WRPHUSRL § WS A]
PRUH VXLWOQEABEWRUVHWY I LW LV VHW ZH VWDUW IURP WK
LV PRUH VXLWDEORFH ORWJ HRWIW R/ IGDIWB VHW YV

PLQ6KRZ
YRU HDFK HYHQW W KHFWUMDIOY SHRIZAHHQ WZRLDDAD RE HVE HVSBD I8 H C

GHIDXOW YDOXH LV JRU QRLVN GDWD RU GDWD ZLWK UHVL!
OHVV QRLVN GDWD D VPDOOHU YDOXH OLNH FRXOG EH EHW

FRUUHFW7UHQG
*LYHQ DQ LQWHQVLW\ FXUYH RI DW&RHWHHFFRAWYHHG WHKYH-CEMAY VE@ L B Bi

HITHFWV OERMHDFKRWR :H ILUVW UHPRYH WKH WLPH SRLQWYV
FXUYH 7KHQ ZH ILW WKH UHPDLQLQJ WLPH SREQWWHAWAU B GG
7KHQ ZH VXEWGDFYWUWKHUR®WWHH LQWHQVLW)\(FXWWH DQG F
FRUUHFW7UHQG LV GHIDXRXRIWOREWVERHNY @H@H WMR RXWK 8MW U



PROHRPSOLFDWHG WUHQG

FRQVLGHU VHWWLQJ LW WR

DYRLG DQ\ SRWHQW LHHIG GG\ VWWVIRHUIQNGL R @ WLIOQMFUNRLERXQ

SDUDPHWHUYV

/ILVW

JRU C

(DFK VWHS LQ WKH SLSHOLQH LQYROYHVY VHYHUDO SDUDPHW

IXTXTXS % E u S E-
7DEOBDUDPHWHUY UHODWHG WR WKH GDWD DQG H[S|

1DPH ODULDEOKNSH 9DOXHRWHYV

7THPSRUDO UHVROXWUR® H5DS\WUHH|S 6HFRQGV SHU |UDPH

6SDWLDO UHVROXWLRIDWLD G BHN OLFURPHWHUV |SHU SL[I

(VWLPDWHG QRLVH| WDWKD QYFIUH|S

JRUHJURXQG WKUHVKROXR | SUH|S

%DFNJURXQG WKUHWKROXR| SUH|S

; FREBUQIBRRU QRUWK |YIHRRWARKJ] SUH|S

<FRBU@®BRU QRUWK |[YIHFRWARKW) S UH|S

IXTXDXNV % & u s E-

7DEOHORVW XVHIXO SDUDPHWHUYV

1DPH 9DULDEOH 7\SH9D OXIRWHV

OLQLPXP VL]HPL&LIH SUHS 7KHLB® LPXIPIH RI
HYHQWYVY WR EH GHWHFW
SL[HOV

6SDWLDO VRRPWRKLQJ SUHS 6SDWLDO VPRRWKLQJ IL

OHYHO




$FWLYH YR[HWXU$56FO SUHS

WKUHVKROG VFDOH

7HPSRUDO HXMKU7:6FO SUHS

WKUHVKROG VFDOH

6HHG JURZLQWKU ([W= SUHS

WKUHVKROG

6 OR Z H VIWD SWLARSD O D \ HYHQW

5LVLQJ SKDVRA5LVH HYHQW

XQFHUWDLQW\

*7: VPRRWKQHWY6PR HYHQW

WHUP

*7: ZLQGRZV RR]BWS HYHQW | OD[LPXP SURSDJ
GHOD\

= VFRUH WKUJHXKROG IRU | SRYW

HYHQWV

L JORUH PWWPISODQRUHOHUJH | SRVYW

OD[LPXP PHU PHUWH(YHQW'LVFR\QN

GLVWDQFH

OLQLPXP PHURHQJH(YHQW&RIRVYW

FRUUHODWLRRQ

OD[LPXP PHUPHQUUH(YHQWODER\PW'LI

WLPH GLIIHUHQFH

IXTXTESE %o

E us E-

DWLRQ

%HORZ DUH VRPH SDUDPHWRUW GV WIRWE K VKOOI HGR QR



7TDEOH/LVW RI OHVV FRPPRQO\ XVHG SDUDPHWHUYV

1DPH 9DULDEOH 7\SH9D OXIHRWH V
5HPRYH SL[HOWHEORVMN*DS | SUHS

WWHKRDJH ERXQGDU\

3RLVVRQ QRLWKWHWRGHO SUHS

YUDPSINVU VHJ P FXQW SUHS &XW YLGHR WR §

JOREDO WUHQG

SLHFHV V

%DVHOLQH ZLPRREYJI:LQ

SUHS

(IWHQG VXSH
WHPSRUDOO\)

H PR FIIQG\6 9

SUHS

20GHU FRGH
YR[HOV

@ JIDFWIRYGH $

FSNSIQ

7LPH ZLQGRZ JHW7LPH:LQGBIH8 6PDOOHU YDOXH| IRU IDV
GHWHFWLRQ |[UDQJH

3L[HOV IRU Z|LOMSHRZL1HLE SUHS

GHWHFWLRQ

5HPRYH VHHGVHHG5HPRYHLSIUHS BKRXOG EH ! VHHGL1HLE
6XSHU YR[HO WKUGB6Y6LJ SUHS

VLIQLILFDQFH

BXSHU HYHQWVXSBHIFEU QW GHIXOH/QW \) LUV W

ODUJHU

SUHDVUR WR |LQ\Z MHIBGH HG5BIWHRW | /DUJHDVIRWOOH U

FXUYH

SURSRUWLRQ

$UHD WR ILQ
FXUYH

GJWHHBS 6 HH G (

) IHY HQ W

6SDWLDO RY}
WKUHVKROG

1 B OYDHSU

HYHQW




(YHQW VKRZ WPKIODHWRREOG | SRYW
RQ UDZ GDWD

*8, HYHQW ERROQG®KIRZ(YWHB8SRVW 6PDOOHU WR VKRZ ERXQ
WKUHVKROG ORQJHU

,JOQORUH GHFD\LW@RUH7DX SRVYW
FDOFXODWLRQ

&RUUHFW EDVHROULQHFWUHBR@ER VW 7KH SRO\QRPLD® RUGHU
PRGHO WRVERDYUHIKDEW H
WUHQG

(IWHQG HYHQW [W HQG5 H SRVYW
WHPSRUDOO\ DIWHU
PHUJLQJ

3DUDPHWHMHRBIVVRRELFDO H[SHULPHQWYV

6LQFH GLIIHUHQW GDWD VHWYV KDYH GLIIHUHQW VSHFLDO SUF
HYHU\ZKHUH )RU WKH FRPPRQO\ HQFRXQWHUHG GDWD VHWV
W\SLFDO SDUDPHWHUV IRU HDFK GDWD W\SH 1RWH WKDW HD
VWLOO QHHG MBLEHVHQWFWIHFLHY H[SHULPHQW FRQGLWLR
IHYHUWKHOHVV WKHVH SUHVH®RLYWR MG $ DUD R B WRIQDEG M XV

‘H VKRZ EHORZ WKH SUHVHWYV IRU IRXU GDWD W\SHYV
'‘DWD WA&HBO032Q YLYR
'‘DWD WASHBOH][ Y IOFR
'‘DWD WASHBOH[ YEYRR

'DWD WiBM6Q)5



7TDEOH3DUDPHWHU SUHVHWY IRU VRPH GDWD W\SHYV

1DPH

9DULDEO

H7\SH

7\SH

7\SH

7\SH

OLQLPXP VL]H

PLQG6L]H

6SDWLDO VPRRW

KLQJVERYHO

$FWLYH YR[HOV

W K U MAKKUREG G F

WFDOH

THPSRUDO FXW V

vV KU HWKIRQ 6 F Y

DFDOH

6HHG JURZLQJ W

KUHWKRDGW =

60RZHVW SURSIJI

DWLREHOD\

SLVLQJ SKDVH X(

YFHUWBILWDA \

*7T: VPRRWKQHVV

WHURZG6PR

*7: ZLQGRZV VL]

1 PD[6WS

= VFRUH WKUHVK

ROG IRKUHYH

QWV

L JORUH PHUJLQJ

VWHBUHOHU

JH

OD[LPXP PHUJLQ/

] 8 HUWHD(QYHH

N'LVER

OLQLPXP PHUJLQ
FRUUHODWLRQ

J
PHUJH(YHQ

W&RU

OD[LPXP PHUJLQ/
GLIITHUHQFH

) RVHLWPPIHH (YH Q)
H'LI

VOD[7L

P

THPSRUDO VPRR

NKLQYPR=

SHPRYH SL[HOV K
LPDJH ERXQGDU)

rORVH WR
WHIODVN*D

3RLVVRQ QRLVH

PRGHOV/H3*

JUDPHV SHU VHJ

PHQW FXW

%DVHOLQH ZLQG

RZ PRYS$YJ:L(Q




(IWHQG VXSHU Y
WHPSRUDOO\

R[HOV
HIWHQG®6

20GHU FRGH IRU

DN DFMOR B H

HEBWV 5 X

7TLPH ZLQGRADGH
UDQJH

WHFWLR
JHW7LPH:LQ

GRZ([W

3L[HOV IRU ZLQG

RZ GHHMIGAW L

RQ

SHPRYH VHHGYV

VHHG5HPRY

H1IHLE

6 XSHU YR[HO VLJ

QLILFRQEWMS L

J

n

6 XSHU HYHQWYV

(.

VXSHU(YH
UHIHU DU
Uvw

N

VGHQVLW\)L
1 U ° )

&XUYH VPRRWKL

RJ VPR&XUY

H

$UHD UDWLR WR

| LXNGZ ¥YHFHEEH H

KO YW L

$UHD WR ILQG VH

1HGWREZXD$EHH

GOLQ

6XSHU S[LHO VL]

H VS6]

6SDWLDO RYHUO

DS WKBHNUWR

OG

SHIJLRQ JURZLQJ
PHWKRG

] PDS
KWUJ6HH

SHILRQ JURKZQQH

YHU

THPSRUDO VPRR
UHJLRQ JURZLQJ

&OHDQ UHILQHG

UHJKRVQNM &OH

DQ

(YHQW VKRZ WKU
GDWD

HVKROG R
PLQG6KR

UDZ

*8, HYHQW ERXQ
WKUHVKROG

—~

3

U\
PLQBKRZ(Y

W*8,




,JORUH GHBDFWOXWILRBRQRUHT7DX

&RUUHFW EDVHO

LOQHRMUUHHFWTUHQG

(( WHQG HYHQW WHPSRUD

DIWHU PHUJLQJ

O\
G

o)
HIWHQG (YW5H

JUDPH UDWH

I UDPHS5DWH

6SDWLDO UHVRO

XWLRDWLDQ5HV

(VWLPDWHG QRL

VH Y DWDLUD(Y PH

JRUHJURXQG WKUHVKRIQGXR

%DFNJURXQG WKUHVKRQGXR

s FRRULGDQWH IRU QRUIRWKVKHFWRU

< FRRULGDQWH I

RU QRBWWKKNHFWRU

'"HWDLOWRBQW )LOHYV

$IWHU D EULHI LQWUR WR WKH WXW DWW Q LROXW S XoW WIDA OW DQE

2YHUYLHZ R

,Q WKLV VHFWLRQ ZH EULHIO\ RYHUYLHZ WKH

| 2XWSXW

DUH OLVWHG EHORZ

ILOHV H[SRUWtE

TDEOH&RQWHQWY LQ WKH RXWSXW IROGHU

)LOHQDPH

'"HVFULSWLRQ

QD MBS R VWIDW

ODLQ RXWSXW ILOH ZLWK IHDWXUH|V FXUY!

QDMBSERVWVL]

ORYLH ZLWK HYHQWY RYHUODLG RQ® LW

QD MBSIR VWOV

JHDWXUHV IRU HYHQWYV DIWHU SURRIUHDGL

QDMSRVBODQGPD

WNDSQRU UHIJLRQV DQG ODQGPDUNYV,




QD MBS RV BUHJILRQV

BIHDW XUHV IRU H.Y HIAVK VU HQ LIRHY ZR Q

%\ GHIDROW WKH LQSXWQGDWIDKGDP H

ODLQ

RXWSXW

O KDYH |

7KH PDLQ RXWSXWQD@BHRMNSUBWLARY W DI$7/$% VWUXFWXUH FI

UHWKH PDLQ FRQWHQWYV RI LW DUH VKRZQ EHORZ

<R

X FDQ X

7TDEOHORVW LPSRUWDQW HOHPHQWY RI WKH PDLQ RXW

1DPH 7\SH 6L]H '"HVFULSWLRQ
RSWYV VWUXFW '"HWHFWLRQ SDUDPHWHUV XVH
IWV)LOWHVUW U XFW (( WUDFWHG IHDWXUHW IRU HYF}
SURRIUHDGLQJ
HYW)LOWHWOPD(YHQW QXPEHU| (tO@WVYHGEGWHU SURRI|UHDGLQ.
GIIODW)LOW.RUOHH QW QXPEHU| G)OWHWUHHEY ERU HYHQWYV DIWH!
JUDPHV E\ UHDGLQJ
GODW)LOWHWQJOHHQW QXPEHU| SD@WHKXKUNEGBVEHRU HYHQWYV DIWH
JUDPHV E\ UHDGLQJ
ULVH/VW) EFEGIWPWHQW QXPEHU| ADOWWUWGPH PDS IRU HYHQWYV
SURRIUHDGLQJ
HYW6HOHBWRXEONMQYWPEHU ILOVWHUH&RI SURRI UHDG HYHQWYV
FRPSOHWH OLVW RI HYHQWYV

7KH FXUYHV RI DOO H¥N QNDQIBY M YDMMHGIRQPHU FRQWDLQV G)
FXUDHQG WKH ODWWHU VDYHVY RULIJLQDO FXUYWHWWHYAHACQWK LV W

7KH IHDWXUHV RI DOO HYHQWYV DUHWIWHEE EQWHOIRUNS B M WLJK
VDYHG LQ DHN.H3@@® RYV RWKHUZLVH QRWHG WKH XQLWYV DUH

, \RX DUH RQO\ LQWHUHVWH GNNVQ XEGHVGH WGV BL@E/ M H @H\FRNUH G

UHV WY RNOMHDIG

7KH OLVWLRQ M K OHFEWSHH® HIH DWW XS UIHWWY

7KH GHWHFWLRQ SDUDPY W BRI D[S HGVLQOQBH5DWH
UHV RSWV WDDYWMVDWKHWSDWILHDVRDQQE WVRIQPS R UD O



2XWSXW GDWD VWUXFWXUH

7KH FRPSOHWH OULNW RBDLMHEEZWIRW ILOH LV VKRZQ EHORZ 6
GHWDLOHG LYGMFRHLRA[VORMXHE GHWDLOV IRU IHDWXUHV FDQ EH

SURRIUHDGLQJ LQFOXGHYV

f+ S5HRYHG HYHQWY RXWVLGH WKH JLYHQ UDQJH RI VHOHFWH
$+ 5HPRYHG HYHQW® URDXAQVU B HL R QN U
$ ODQXDO UHPRYDO RI HYHQWYV
7DEOH/LVW RI DOO RXWSXW WHUPV LQ WKH PDLQ RXW
1DPH 7\SH 6L]H '"HVFURQWL
RSWV VWUXFW 'HWHFWLRQ SDUDPHWHUV
VFO VWUXFW *8, VWUXFW IRU PRYLH EU
FRQWUDVW DQG PRUH
EW6W VWUXFW *8, VWUXFW IRU FRPSRQHC
VWDW XV
RY FRQWDLQHUV 0DS *8, VWUXFW IRU RYHUOD\V
GLIIHUHQW VWHSYV
EG FRQWDLQHUV 0DS *8, VWUXFWWVIRU UHJLRQ
ODQGPDUNY DQG RWKHU E
GDW2UJ | XLQW +HLJKW E\ +HLJXKDWZ EBBDWD DIWHU VTXDUH
YJUDPHYV
HYW FHOO (YHQWBQXPEHUHWHEWHG HYHQW|V OLQHD
WV VWUXFW (IWUDFWHG IHDWXUHYV
GIIODW | VLQJOH | (YHQWBQXPEHUGE)) FXUYHV
JUDPHV E\
GODW VUQH (YHQWBQXPEHUS5BYZ FXUYHYV
JUDPHV E\
ULVH/VW| FHOO (YHQWBQXPEH[U2QVHW WLPH PDS\




IHDWXUH7WBBE8H | )HDWXUH QXPEMHOHFWHG IHDWXUHV IRU
XVHU)HD WXDEH®H |)HDWXUH FRPEGQOIBFWHG IHDWXUHV IRU
QXPEHUV E\ IXQFWLRQ
IWV)LOW HUWRW (IWUDFWHG IHDWXUHV IRU
DIWHU SURRIUHDGLQJ
HYW)LOWHUW OO (YHQW QXPEHU (YHQWHUBIGVHU SURRI UHD
GIIODW)LOW.®UOH | (YHQW QXPEHU GILDWHNUMNEBY IRU HYHQWV
E\ )JUDPHV E\ | SURRIUHDGLQJ
GODW)LOWHWJIOH | (YHQW QXPEWHBEB FXUYHV IRU HYHQWV [
E\ )JUDPHV E\ | SURRIUHDGLQJ
ULVH/VW)E®\WB U (YHQW QXPEHU 2 QOW\H WHEBH PDS |IRU HYH
SURRIUHDGLQJ
HYW6HOHRBRKEONW W(YHQW QXPEHU , QIGOMW RUIBGRRIUHDG HYHQ
WKH FRPSOHWHQWWW R
PD[9DO | VLQJOH ORYLH VFDOH
VWJ VWUXFW $4X$ SLSHOLQH VWDJHV

JLHOGW» M WU XFWXUH

RSWYV

3DUDPHWHUYV IRU HYHQW GHWHFWLRQ DQG GDWD LWVHOI

RY

0

$ 0$7/$% FRQWDLQHU PDS IRU RYHH\IDQW DURM G IPIDSUIHVQ WL R L
GLFWLRQDU\ LQ RWKHU SURJUDPPLQJ ODQJXDJHV 7KHVH RY
IXQFWLRQV LQ $4X$ 7KLV KHOSV WR YLVXDOL]H WKH UHVXO
'H GHILGN HDWO D\ FRRSRYMPWSEBODO FRPSRQHQW OLNH VXS

HYH QW
1RQH
1R RYHU

6WHS

HYHQWYV

OD\

DFWLYH Y

R[HOV



JRUHJURXQG YR[HOV RYHUOD\

BWHS VXSHU YR[HOV

6XSHU YR[HOV RYHUOD\

BWHS D VXSHU HYHQWV

6XSHU HYHQWY RYHUOD\

BWHS E HYHQWYV DOO

(YHEWHUOD\ *HQHUDWHG ZLWK D LQ HYHQW GHWHEWLRQ
BWHS HYHQWY FOHDQHG

(YHQW RYHUOD\ DIWHW FRUWBWLQJ EDVHG RQ ]
BWHS HYHQWV PHUJHG

(YHQWYV RYHUOD\ DIWHU PHUJLQJ

(YHQWYV

)LQDO HYHQWYV RYHUOD\

RY HDFK NH\
(DFK LWHP RURRWI\S LY WKNMH RRQWDLQLQJ WKH IROORZLQJ |

IUDPH

2YHUOD\ LQIRUPDWLRQ IRU HDFK IUDPH )RU 7 IUDPHV WKL)\
FROQWDLQV DRQHR YHRYMRFH ZH KDYH 0 FRPSRQHQWYV LQ WKL

LG[0 E\ YHFWRU 7KH BFK GWPISREHQWRU H

SL[0O E\ FHOO DUUD\ 3L[HOV ' OLQHDU LQGH[ IRU HDFK FI
YD® E\ FHOO DUUD\ 2YHUOD\ LQWHQVLW\ IRU HDFK SL[HO
LG

$00 LQGLFHV RI RYHUOD\ FRPSRQHQWY OLNH VXSHU YR[HO
LG[9DOLG

IRGIPSW\ LQGRFHWO®\ FRPSRQHQWY OLNH VXSHU YR[HOV DC

FRO



&RORU IRU HDFK RYHUOD\ FRPSRIQBWQ WP DR W 1] HMOHEWM 2VLK\L \
5%* WULSOHW (DFK HOHPHQW UDQJHV IURP WR

FRO9DO
9DOXH RI WKR OFR.CRRUE Y IM BIW) MWIRU
VHO

BHOHFWHG HYHQWY JRUE! HYHRWMRU WKMKHVYDOXH IRU D FR
WKDW FRPSRQHQW ZLOO QRW EH VKRZQ

QDPH

1DPH IRU FXUUHQW RYHUOD\ /LNH p(YHQWYV
FRORU&RGH7\SH

&RORU FRGLQJ VFKHPH5EZRGR®PFDQDEH VHW WR

8VHDQGRP WR XVH UDQGRP FRORUV WR UHSUHVHQW GLIIHU
8VH OLQHDU WR XVH WKH VKDGH RI WKH FRORU WR YLVXDOL

EG
W LV D PDS FRQWDLQLQJ WKH IROORZLQJ NH\V

FHOO
7KH ERXQGDOGURZQWHILRQV RU WKH UHJLBQV JHQHUDWHG
ODQGPN

7KH ERXQGDOURZQY\VDWGPDUNY RU WKRVH IURP PDVN EXLOC

6FO
$TX$ PRYLH DQG RYHUOD\ DGMXVWPHQW YDULDEOHV

EW6W
6WDWXV YDULDEOH IRU $TX$ *8,

(YW

ILQHDU LQGH[ IRU HDFK H YHQWI WNK ICsAHERN /W KVH/ \RRPAHP[R WY H
GHWDLOV



)WV
((IWUDFWHG IHDWXUHV 6HH SDUDPHWHU VHFWLRQV

GIIODW
G) ) FXUYHV IRU HDFKWHH QWO LGN MRIGDQIOLY FRUUHFWHG

GIIODW LV WKH GIIl FDOFXODWHG IURIPOD WZ L&DWHKH FRXW HHDIR
HYHQW

GIIODW LV WKH GIIl DIWHU UHPRYLQJ WKH FRQWULEXWLRQV |
UHPRYHG DQG LPSXWHG ZLWK QHDUE\ YDOXHV

GODW
5DZ FXUYHV IRU HDFKWHRH QWO LGMW WRIHDXBOLY FRUUHFWHG

GODW LV WKH UDZ FXUYH FDOFXW®DBWHD OWMRBEWWKBIAXXDYH
IRW K HQ W

GODW LV WKH UDZ FXUYH DIWHU UHPRYLQJ FRQWULEXWLRQ
DUH UHPRYHG DQG LPSXWHG ZLWK QHDUE\ YDOXHYV

ULVH/VW
2QVHW WLPH PDS IRU HDFK HYHQW ,WHRRAQUDRYAYWKRUIRQDB

GO\0DS

'HOD\ PDS IRU WKH ' HYHQW 7KH YDOXH FRUUHVSRQGV WR
SRVVLEOH :H XVH D SDWFK WDNHQ IURP WKH ZKROH ILHOG
E\UJB QWGJ Z

UJK

TKHHKJKW UDQJH RI WKH HYHQW SDWFK UHODWLYH WR WKH
Uuldz

7TKH ZLGWK UDQJH RI WKH HYHQW SDWFK UHODWLYH WR WKF

VWJ
$ ILHOG ZLWK WZR VXEILHOGV

VWJ GHWHFW

KHWKHU GHWHFWLRQ KDV ILQLVKHG RU QRW QRW ILQLVK



VWJ SRVW
'KHWKHAK W@&H SLSHOLQH KDV ILQLVKHG RU QRW QRW ILQL

IWV)LOWHU HYW)LOWHU GIIODW)LOWHU GODW)LOWHU ULVH,
7KH VDPH DV WKHLU FRXQWHUSDUWYV ZLWKRXW L)LOWHUY H
SURRIUHDGLQJ

IHDWXUH7DEOH XVHU)HDWXUHYV
6HH IHDWXUH VHFWLRQV



&EKDSWHUDSKLFDO 7LPH :DUSLQJ

QWURGXFWLRQ

7LPH VHULHV VXFK DV QHXUDO UHFRUGLQJV HFRQRPLF REVF
XELTXLWRXV FRQWDLQLQJ ULFK LQIRUPDWLRQ DERXW WKH V
HUWDLQ FRQMRIPBDRIQVRQ RI WLPH VHULHV OLHV DW WKH KHI
'XH WR WKH WLPH GLVWRUWLRQV G L UH B ARSI VAR \RD Q
SUREOHPDWLF "\QDPLF WLPH ZDUSLQO®D'U:W HW KXQ BRXZH U RO WL
FRPSDULVRQ XVLQJ IOH[LEOH ZDUSLQJ IXQFWLRQV '7: KDV
LQFOXGLQJ TXHU\LQJ FODWVDLFEBWWEKR XDR G7E QX \VDVRHLW @ U H
VLIQLILFDQW LPSURYHPHQWY KDYH EHHQ SURSRVHG@RYHU \
ZHLIKWHG '@ XUYH SDLUV ZLWK PX @ RSOH [ HOMQRAIRNR U
GDWD PLQG@QJ

+RZHYHU '7: DQG IOOFRW V LYGIHUWL BVG/H CBMLED RH @MW PRI WHULH V
PDQ\ DSSOLFDWLRQV ZH HQFRXQWHU WKH WDVN RI DOLJQLQ
DSSO\ '7: RU LWV YDDLWD YWSDURWMBEOK +RZHYHU YHU\ RIWHQ
LW LJQRUHV WKH GHSHQGHQF\ VWUXFWXUH EHWZHHQ WKH P}
DQDOWL@ID IWPHDILQP> GOINDFDQ FRQVLGHU WKH GDWD DV D FI
LQGH[HG E\ SL[HO 2QH SRWHQWLDO WDVN LV WR FRPSXWH Wk
ZLWK PWVWR D JLYHQ UHIHUHQFH WLPH VHULHV ZLWK WKF
SURSDJDWLRQ SDWWHUQV DPRQJ SL[HOV $OWKRXJK GLIIHL
IXQEFWLRQV ZH H[SHFW WKDW WKH IXQFWLRQV EHWPERRHE VL
GLVWDQW SL[HOV 7KDW LV ZH H[SHFW D FHUWDLQ GHJUHH R
IXQEFWLRQV $QRW KSHUDHDABFHQW IRU OL T X056V ¥ KUSRHAFDNURRIRUHD,
/&06 GDWD ZKLFK LV XVHG WR RHDRDXOE B[LRPROHRD W YHKE
DQG PHWDEROLWHY (DFK SURILOH FDQ EH FRQVLGHU®G DV D
7\SLFDOO\ DOO SURILOHV LQ WKH GDWIL\OHW %HNFDXEH D/EIHI



GDWD PHDVXUHV VLPLODU WKLQJV DJDLQVW D FRPPRQ UHIF
IXQFWLRQV IRU DOO SURILOHYV

7R WKH EHVW Rl RXU NQRZOHGJH WKHUH LV QR H[LVWLQJ DS
WR MRLQWGEOWRGEP ZDUSLQJ IXQFWLRQV DQG DOLJQ PXOW
DGYDQWDJHRXV SURSHUWLHV RI '7: FRPSXWDWLRQDO HI
RSWLPDOLW\ $V ZH ZLOO GLVFXVV EHORZ PRVW KHXWWY QL H I
ZD\ ,QWHUHVWLQJO\ WKH QHFHVVLW)\ IRU DQG WKH FKDOOHZC
FRPH SUHFLVHO\ IURP WKH WZR IDFWRUV WKDW FRQWULEXW
SRZHU RI '7: LV GXH WR LWV EORDEG LLDLQUHLR | ZOOBZ RQ JIXOQ F W
NQRZQ LQ PDFKLQH OHDUQLQJ DQ XQDYRLGDEOH FRQVHTXHQ
> @ QG KHQFH WKH HVAMWPRQY HE® RDWBQQUQXKPOLDEOH 7KLV ¢
ZKHQ WKH REVHUWHOQWLPHGVWHKLNWY RIWHQ WKH FDVH IRU PX
2Q WKH RWKHU KDQG WKH VROXWLRQ WR '7: LV H{WUHPHO\ H
W WKH '7: REMHFWLYH IXQFWLRQ LV JXDUDQWHHG WKURXJK
> @8QIRUWXQDWHO\ ZKHQ ZH FRQVLGHU MRLQW PRGHOLQJ
SURJUDPPLQJ LV QR ORQJHU DSSOLFDE G BQW WRUISQW H VDGR

JLIXUHDFK QRGH LV D ZDUSLQJ SPWIQE HWZHKBDRWERIFSDWHKY DUH L
EH VLPLODU $ DQGHWIKERWHIQR@HYV PO\ BHDQGLWH GLIITHUHC

7KH FRPSXWDWLRQDO EXUGHQ RI VXFK MRLQW PRGHOLQJ V
REWDLQLQJ WKH JORE RE RIIBKE®XRK H \HDIFK [ZUIRPSLQJ IXQFWLRZC



WHKIHHVW GLIUVMHKMUWO RU LQGLUHRARIWKLWRXY VR AHQGHWKDW MR L
VROYHG YHU\ HIILFLHQWO\ ZLWK JOREDO RSWLPDOLW\ HQVXI

,Q WKRLWNH GHYHORS *UDSKLFDO 7LPH :DUSLQJ *ZDWR QRLQV
IXQFWLRQV LQ D XQLIXMWG FYBPHZ R/UWNW RI ZDKMSLQIAXOFWLRQ
WR EH RSWLPL]JHG D JHQHULF IRUP RI *7: FDQ EH H[SUHVVHG

R b

L i 4. '*+, EH i coecocZ fAcivr 4 & v
< A R=
d | @b 1k &;BKjjhkyj

ZKHRIHVXEMHFW WR WKH VDPH FRQVWUDLQWY DV LQ FRQYHQ)
FRQWLQXLW\ P\ @RQRMRDLUUDSK HQFRGLQJ WKH GHSHQGH
WKH ZDUSLQJ IXQFWLRQV (DFK QRGH LQ WKH JUDSKDWHES UH V'
" & D) pcae&GHQRMOIMVKMUH LV DQ HGJH BAWIZHHRQ - TKENW
FRUUHVSRQGLQJ ZDUSLQJ IXQFWLRQV DUH H[SHFWHG WR EH
FR V(W &BsaxkV WKH FRQYHQWLRQDO '7:Q¥RMEKHMEKRA®J FR\
HQVXUHV WKH QHLJEEWURQY ZDUHS VQBLXBED Q 7K GHDSIHG E\ X
RU LQGXFHG IURP RWKHU VRXUFHV ZKLFK SURYLGHV JUHDW
SUREOHPV )RWRAMDPSWHMUERY LPDIJLQJ GDWD WKH JUDSK FDQ
JULG VR WKDW HGJHV H[LVW RQO\ EHWZHHQ VSDWLDOO\ QHL
PXOWLDOGHSIBRILOHY WKH JUDSK LV IXO0O\ FRQQBIFWH® KVXE®
RWKHU SURILOHYV

6LQFH D ZDUSLQJ IXQFWGRPHIOVN DREDWKIUQGD IWER D JLYHQ VR
DV )LAXUH ZH SURSRVH WR XVH WKH DUHD ERXQGHG E\ WZEF
EHWZHHQ/ DWKH® ZH ZLOO VKRZ KRZ WKH RSWLPL]DWLRQ SURE
WKLV VSHFLILF GLVVLPLODULW\ FRVW FDQ EH WUDQVIRUPHG
PD[ IORZ DCJRA LWK®

$V SUHYLRXVO\ GLVFXVVHG PRVW '7: LPSURYHPHQWY KDYH IF
RI FXUYHV 7KHUH DUH VRPH KHXW KYOWLIFK RHH ERWAOWWL SVKHD W X®&F



&KXXYD MRLQWO\ SHUIRUPHG FOXVWHULQJ DQ GMK.IPVH DADVUXSPLH\
FXUYHV IURP WKH VDPH FOXVWHU DUH JHQHUDWHG E\ D VLQ
SVXUURJDWH  IRU FDSWXULQJ WKH UHODWLRQVKLSY EHWZHH
XVHMBHFLILH® SKD7VDL HW DO DSSOLHG DQ 0&D& S/MRUDGHN \
ZLWK D VLQJOH SULRU GLVWULEXW LR Q@EXMR WHKG!I PG DURD EB U
FRQVXPLQJ DQWLOR FIREMHWBHWKH JOREDO RSWLPXP LV JXI
DOJRULWKPV IRU DOLJQLQJ PXOWLSOH '1$ VHTXHQFHV DUH E
WKHQ SURJUHVVLYHG@ DD FUMWKIHFD OO\ DOO H[LVWLQJ DS
GHSHQGHQF\H \DOOFYXEHY FXUYHYH MEHHERDOWRPLVH D JOR
RSWLPDO VROXWLRQ ZKLOH *7: ZRUNV ZLWK DQ\ JLYHQ GHSF
RSWLPDO VROXWLRQ HIILELHQWO\

JLIXUH7: FDQ EH UHS UMK/H @ YSBBIMHSRVMRE D GLUHFWHG JUDSK (DF

RULJLQDWL QGHKDQYMGHHLIKW JLYHQ E\ WKAFHOGGWDIOP GO D WDWQ\F HH E

Tap: DQGL: 7KH GLVWDQFH EHWZHHQ WKH SXUSOH IDRQIGHIE@®X SD\
VKDGHG DUHD

,(QWHUHVWLQJO\ WKH PD[ IORZ DOJRULWKP KDV GR®Y EHHQ
UHVHDUFKHUV LRZWIKRH RHWZRUBVM®Q HIDPSOH 8FKLGD H[WH
ODUNRYLDQ FDVH DQG VROYHG bW @\DW KHREDIR IUPRXO D®ILRQMNVI
EHHQ GHYHORSHG WR VROYH\L\W B UHH R/ BPIR QIGL YW DR PDWFKI
SURECHR®»RZHYUBWMKHVHDUFKHUV LQ WKH WLPH VHULHV DQDO\V



DWWHQWLRQ WR WKH PD[ IORZ DSSURDFK SHUKDSV EHFDXVH
WKDQ WKH PD[ IOBZLD VIR UAKPWQRU FRQYHQWLRQDO '7: SU

JLIXUBULPDO DQG GXDO JUDSKV IRU WKH DOLJQPHQW RI D VLQJOF

DUH WZR LQ¢QLWH FDSDFLW\ UHYHUVH HGJHV IRU WKHG@KNO DQG

DUH GUDZQ IRU FODULW\ 7KHDGDVWKGIHWV XYH FKRZWWR I \DIR[WBLQ J
WKH GXDO JUDSHRRIEKMGHK ZD UG

SUREOHP )RUPXODWLRQ

7KH WDVN LV W®RSMRUYWOTFHONEY¥QO0 )RU WKH VDNH RI FOD!
ZLWKRXW ORVV RI JHQHW®D 6 KW Y HAHKDWAHX @& & HH B B R HF YOUHYQH WK L (

E\DQ LQWHJIKBU7IRRRRIJRWMR XVO\ IRUPXODWH WKH SUREOHP ZH



'"HILQLWMHMYDO LG ZDUSLQ$ MOXHMEL RQU S L Q J JIXSIFWL RHVHRWYDV K H
VHW RI LOWHUHG:&PLUVXFK WKDW WKH IROORZLQJ FRQGLW
ERXQGDU\ FRO®IWILQREY; P2, E FROQWLQOXLW\ DQG PRQRWRQL
kGgdG3a0D2% WRGs FsdG;0D% RUWG;aG; FsobD RWG, FsdG, Fsobg

'"HILQLWDROQJIJQPHQWWRQWILYHQ YDOLEG XO® SMQJI ARQUGBEBWYRBRQC
RI FXUY&dV WKHLUDWHRGE DOLIJQPHQW FRVW LV GHILQHG DV IROC

. 'T, L i 0/00§| >57F > >6’)” :Va;
ioa ;PTy

ZKHOHLY DQ\ QRQQHJDWLYH IXQFWLRQ

"HILQLWHRRHLIJKERULQJ ZDUSBRISRUYUAWLRHGHSHQGHQF\ VWU X|
YDLG ZDUSLQJ IXQFW LR Q Ve daV¥bJBH HQZEK\HMWHWIKIHD KW RI QRGH
HDFK QRGH FRUUHVSRQGLQJ W,RVDWZAOHJ ¥ HW RX XFRIGLRIM FIVGI&
QRGHV ,I WKHUH LV HD @ HQEGF K EGMAZ HAHD REIQE LIJKERUV GHQR!
E\:l & BDOAE>

'"HILQLW: R@GLVWDQFH EHWZHHQ WZR YDOLG HIDQSLWXKHXGEW
EHWZHWZR YDOLG ZD@ ERQ®); DVRBURDQWI WKH UHJLRQ ERXQCG
SDWKV DV)YEKRZE® LQ

'KHQ ZH MRLQWO\ DOLJQ PXOWLSOH SDLUV RI EXUYHV RXU JF
FRVW DQG WKH GLVWDQFH EHWZHKERQWXHR B &R D RQMBHUSH Y JI |
RI YDOLG ZDUSLGYWKB FRWSRQSDQ® PHWHU ZH ZDQW WR VROYF
SUREOHP

¢

ec¢eBI2; L . | ece [ e Y | tee 4y ; VE: TR
E E@&Di 4 5,4, C=
A ’a’gl@b 'k 4;PRcg"’



OHWKRGYV

,OWKLV VHFWLRQ ZH ILUVW FRQVWUXPWKB Q ZB SKURLWHW KROQV

FDQ EH VROYHGE QRDQWKH FOHROAO SUREQH®@DIORD WK R YLWGOHS R
SUDFWLFDO DOJRULWKP

*UDSK FRQVWUXFWLRQ

'HILQLW+BRQUHFWHG JYOBS®DIRU D VLQJOHRIDIHDRK BRUYHR/I F )
FRQVLVWHQW ZLWK WKH FRVW IXQFWLRQ WK@UH LV DQ
|4,4QJQ0 ZKHUBQGEDUH WKH QRGHY DQG GLUHFWHG HGJHV
LV VKRZQ LQ )LJ

JLIXUH7: JUDSWARR QHLJKERULQJ SDLUV 2QO\ WZR ELGLUHFWLRC
FODULW\ 7KH RUDQJH EDFNJURXQG UHSUHVHQWY WKHVWYWIQWWH SD
WKH GXDO JUDSKYV



'"HILQLWHE®XQDP O JUBSBIKYH <afi=DV WKH GXDO JUDSK RI WKH GLU]I
, ZKHUH QMP@HVDOO |DAHWG RRUPHDRH KDYH D ®BZ HGJH

FRQQHFWLQJ WKH IDFHVEWR W KK B HIM KWGH. GHKRY HGJH LV C
GLUHFWLRQ E\ FRQYHQWLRQ 7KH HGJH ZWD3$KV$Q BIUBIPW®&H V

LV VKR)ZAQ X\H

,Q FRQWUDVW WR FRQYHQWLRQDO GXDO JUDSK WKHRU\ RQ
SRVLWLYH HGJH ZH DGG WGHR QHBURRHLFW HB QHL @ LW KIS FIX®10Q J U D
WR HDFK HGJH LQ WKZAHSIBWRBI UHPBKVRAKGHHGIH LV VHW WR L
FULWLFDO RWKHUZLVMW KH['$ HGOMPRE VRDUDYRG JIHW DQ HTXLYD
SUREOHP

'"HILQLWH*RQ JUDSKKH *7: JURSK ¢ dery=LV GHILQH®@ VDNJWEWH G
JUDBK DOO GXPDsQUMSKYLWK WKH LQWHJUDWLRQ JXLGHG E\
ZDUSLQJ IXQFWLRQVe, LVXFKQ+ @ KDWQG sl 'f465QJI Q0 &

kgl ;BM0tl &; DPOAE>300 QHZO\ LQWEZFEYPHNEGGEG HFW LRQDO ZLWK |
H ZKHUHDV DOO RWKHU HGJHV KDYH FDSDFLW\ SURSRUWLR
PHDVXUHG DW D SDLEKR} W UPHOSKRQ WIPISWK WZR SDILWV RI FX
VKRZQLORUH

(TXLYDOHQW SUREOHP

'H FODLP WKDW WKH *7: SUREOHP DV NTWOLW B G HLGW ( TR W IKRHQ
SUREOHP RQ WKH L7I: ZHAEY S

SURRI RI HTXLYDOHQFH RXWOLQH
J)RU EUBWMWAD\L W RRRN KHHIPUEERRW W S RVGHHFGV MRRQ

'"HIL QL WIOPEHOLRH RS KWO D E HROLQUPISIKLW DVVLIQY B ERK DR\GH |
ODEHO GXGH D WXWENHW®M . .FA&EE D'a=7KH FRUUHVSRQGLQJ FXW



LV?Q:P;L?Q:%LA;L-MD%SAERE:; ZKHSABRES LV WKH ZHLJKW RQ WK
EHWZHH@DQRG HV

%DVHG RQ LWV G RBNOWRQIMWKLEQFMEKEH Z U LW K Q DQ/0 =
ZKHWHY D ODEHOLQJ IR BRKEHGRDQ BUDBKYYV WKH PLQLPXP F)
JUD)3K:DV

c
¢eC:.; L oo i ?QPy;Ea ?QP, 444 IV
A AlasQJ Qo—a@s ) A &:BCoUO S

ZKHBG®P;; LV WKH FXW RIpPODTEFHEAHVYMRUKH QXPEHU RI WKH F
EHWZHHQ WZR QHLJKFRIQ®J GXDO JUDSKV

'"HQRMW/HDV WKH ODEHOLQJ LQGXFHG E\ DS9Q) @KMUKH IRD[ HORI
QRGH .,00RLr LIQRE:ROO» DQGyRLs LIORE:ROL» ZKHUH
@B@.EF LV WKMWDQFH EHEDDRRIQ WRB HYWH V) 4500 YH® K WKH
PD[LPXP IORZ DOOBQRDWHKPWIQHGVRXUFH QG WH\QEH B\ GHIVOR | 'H
5L R.,yRLr=DQ6GL R.,5:RLs= :H IXUNKERWHDY WKH FRPSRQH:
FRUUHVSRH GLPL BR@IDUH VX BDHBEVURIVSHFWLYHO\ 2EYLRX)\
PDIORZ FX® WKHRUHP W K K UK-DAX @M HQ T PREQADLIVAANMKKEAX WH W
UHVWULFWHGEIWR WKH JUDSK

/JHPPD*LYHQ ODFEHOLQE IRUPV D VLQJOH FRQQHRIWHEIDNWHD ZL

EED5 WKHUH LV D SERGH £:W5K | Q REBWAV6LP L GDAMR IRUPV D VLQ
FRQQHFWHG DUHD

,Q RWKHU ZRUGV DIWHU DSSO\LQg WRKHP EB U VO RZGRIGIRI L W K
FRPSOHWHO\ VXUURK®GPIHPE NUFHRYHUVD

"HILQLWHEAR QWHFWHG F YoM VWGHI\W F \& FABL\RZ: EEIVD % H L \WBXSHDUOQRD 6
RO=1EF L » ED6DQFD5



$V ZLOO EH VHHQ WKLV GHILQLWLRQ HQVXKMAK DM DFR WWKHY & R
WR HGJHV LQ WHH BOQVYRWHD G UFDHH®XH LHOWHWR/GXFHG ZKHQ EXL
JUDNYK ZKLFKWIKHHZURQJ SDWK GLUHFWLRQ

IHPPD%uys LV D GLUHFWHG FXW VHW

JURP /HPPD DQG ZH FDQ EXLOG WKHBQIRNWLHRQZB8BQ WKH
(TXDWLRQ

/HFPD )RU DQ\ GLUHPK&HEBI RXON RYW WKHUH LV D YDOLG ZDUS!|
268 QJQO0IRL&EQIQ0OVR WRPIWL ?K®@P, DQG YLFH YHUVD

JHPPD)RU WZR QHLJKERYLDQGDIL WVEQS, ; L ravggs+ ZKHUH ZH
GHQRWH

%, 5= [K8] 81,080 D581, D 6KN] D681, D 54 aVE Y

IHPPD VWDWHYV WKDW WZXR SSD-W W\D Q  HWBHWGUIBHHER OV KWBHD G B P H
DV WKH QXPEHU RI QHLJKERUKRRG FXWV EHWZHHQ WKRVH W2z

/HPPD/HWEH D VHW Rl YDOLG Z9USQ Q@ 0XDE &.LARHMW KRIUODEH OL
LQye WKDW FRUUHVSRQGWWRHGIURF@HG FAWNVQGI D FRUUHVS

ZLWBR,LC.;DQG JLYHHQFDQ ILQG D ERB UWBR/MEWBLGLQJ

SURRUUYW VKRZ2HD¥HKY W QHDFK; SDWKEH WUD@RIRURHGHFWHG
% /HPPD ZKLFK E\ GHILQLWLRQ LV DOVR DQBXWEP LW JLYH
?QP;;E\ GHILQLWAR®E$QGavH ?QP, a4 E\ /HPPD 7TKHQL ZLWK
td ZH ILR&; SQJQO=VXFK B\KDW. ;

&RQYHUVHON<JISWHQO=FRUUHVSRQGLQJ % % BLQ HEFWM G DRXMNVR U
EDFN WR D 2 DWKG YDWHK FRIVW JRU WKH. FRQUGEZW ANWHDO KDY



?2QP 4, LItH@EQ®,; XVLQJ /HPTAKXYH ILQG2D ®KWJIQ0=ZLWK
WKH VDPH FRVW DV

7KHRUHP.;5 LV D ODEHOLQJ LQGXFHGRE\ DAOKH)JPLDN KARHR® W K H
FRUUHVSPQQLPBHYV

BURRHVVXPH WKH PD[ IORZ DOJRULWKIPF BELFRYUHWBRQGEAY RQS |
/[HPPD WKH UBQDOWLRIQREGSYBEW WKH SULPD® EE \WWWIKHK BW DRXC
FRVW IXQFWLRQ $VVXPH ZAM DYHE LR WRKHWHO B R RC MOMIHRQD QR
DOVR E\ /HBBRPRD C., KROGV 6XSBRVHEIBWWK D WBERQOSRW K

7KLV LPS.HIOHY.; ZKLFK FRQWUDGLFWV IWKWKHVURESWLRQ® WRP
IORZ DOJRULWKP 7KXV WKHUHB:LYWXD &HWDMU CBVDWRK LLEDWWM B U
RI WKH PD[ IORZ DOJRULWKP

JURP 7TKHRUHP ZH NQRZ WKDW RPUWWHKPNEKQGPDDEBROA QJ ILQL"
VLQJOR IRDWHDFEFR,&EDLIUKLFK VROYHV WKH SULPDO IRUP RSWLI
WKH ODEHOLQJ VRPHWLPHV PD\ QRW EH XQLTXH GLIIHUHC(
&RUUHVSRQGGUAUAMH QW SDWKV LQ WKH SULPDO JUDSK PD\ KDYt

&RUROODWLHLr / WKDW PCQLPRUNWWY SR QG \VER JWRH
ZKHRIHV WKH VROXWLRQ RI WKH V:I}0OH SDLU '7: SUREOHP IR

J)ORZF KD U'W:

2QFH WKH HTXLYDOHQFH LV HVWDEOLVKHG D SUDFWLFDO D
|OR ZF KIDXWH

$VVXPLQJ WKH K\GHUSDOUMHRHVRHQWH ILUVW FRQVWIWXHAWRY B DSAKLF
DOLIQPHQW WDVN WKHQ FRQYHUWY HDFK SULPDO JUDSK WR
VHW RI GXDO JUDSKV WR REWDLQ WKH *7: JUDSK 2QFH ZH J
PD[LPXP IORZ DOJRULWKP WR WIRKR FX8¢,V PRUD G IDEF KWW RVEWRKOHW

%us FRUUHV SR QIzLGXIDWRIMWDBHK FRQYHUW WKH FXW HGJHV EDFN



JUDSK7KH UHVXOWLQJ HGJHV ZLOO EH FRQQHFWHG DV D ZDL
IXQFRW IL7ZRKH VHW Rl UHVXOWDQW ZDUSLQJ IXQFWLRQV DUH WKFE
H[PSOH LVL.QLYHBWLRQ

1RWH DOVR WKDW X0M LW&LFIDDMOHEB WIQVKP FDQ EH LWHUDWLYH
DQGSKUSDUDBHWHIWPDWLRQ SHUIRUPHG DW HDFK LWHUDWLR
QRLVH YDULDQFH ZKLFK FDQ HDVLO\ EH JHQHUDOL]HG WR D
SDLU Rl FXUYHV ZKHQ DSSURSULDWH ,QHR@GIIWDRVQLRVR WK
ZH PD\ XVH RWKHU K\SHUSDUDPHWHUV WR LQFRUSRUDWH SU
ZDUSLQJ GLUHEMMER@WDKHFKHQVLRQ RI '7: HYHQ IRWBLVLQJO
VHFWZRQ/KRZ WKDW WKN RDSHESDWRAH® HDORQJ ZAWRKVSDUDF
YDOLGPW DBGUR[LPDWHO\ FRQVLVWHQW ZLWK PD[LPXP OLNH
KHXULVWLE UXOH R WAKXHPE ZKHPBIEWQ WEKIR ROWRH.VHf 8 B&LDQFH D Q

JUXUH)ORZ FKDUW IRU *7: 7KH FRUUHVSRQGLQJ ¢JXUH IRU H



(IWHQVRROQYJOH SDLU '7:

7KH RULJLQDO IRUP RI '7: QHHGVY WR EH HIWHQGHG LQ SUDFW
ZLQGRZLQJ LV ZLGHO\ XVHG WR UHGXFH WKH FRPSXWDWLRQ
6HFRQG VLQFH WKH ILY&RHUDYRWWALHPHHSRDQWONFRUUHVSRQ
L ZH QHHG WR DOORZ SDUWLDO PDWFKLQJ 7KLUG IRU GLII
PD\ EH PRVWHUMKRB® ILDWASILES O\ WKH G LUEFW LA QD OMK\R S0 @/ K YW DAKIBA
IDU IURP WKH G IHXX RVRD BHP S G@BKOH JRGPHU WZR DUH DFKLHYH(
WKH VWUXFWXUH RI WKH JUDSK DQG WKH ODWWHU WZR E\
WKHRUHWLFDO UHVXOWY DOVR 'RROG XQGHU WKHVH PRGLILFEL

7TKH GXDO JUDSK DSSURDFK LQ *7: UHTXLUHV WKH RULJLQDO
GLVFEXVEsMBWIOQHU VWHS SDWWHUQV WKDW FDQQRW EH UHSU
GLITHUHQFH HPSLULFDOO\ IURP WKH ERDNVLFDO SDWWHUQ *7

SDUDPHWHU HVWLPDWLRQ

‘H ILUVW GHILQH WKH OLNHOLKRRG IXQFWLRQ IRU *7: SURE
HVWLPDWLRQ RIQZYKHEOMMHGEOLKRRG IXQFWLRQ

ILNHOLKRRG IXQFWLRQ

‘H SHUIRUP MRLQW LQIHUHQFH DQG OHDUQLQJX&DYRGVRG MK H
WKH OLNHOLKRRG IXQFWLRQ

H[S (T
=T

S g

6LQFH LQ *7: WKH REVHUYDWLRQ HUURU LV HQFRGHG LQ WKH
OLNHOLKR RS IDROFORIZR/Q

S/ [\DE V NS [\ ODE VSO

ZKHUH WKH OLNHOLKRRG IXQFWLRQ IRU WKH GDWD LV
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DQG ZKHUH WKH OLNHOLKRRG IXQFWLRQ HQFRGLQJ QHLJKERL
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*LYHQ ODEHOWDQ HVWLPDWH WKH SD U DRHMHNLY D QR K\SH P S P
OLNHOLKRRG 7KHQ ZHNRVHHW KQH X SGOMEHERO\LQJ WKHVH WZR
WRJHWKHU ZH FDQ H[SUHVV WKH MRLQW OLNHQRLIKRRGKBRG
FRQQHFWHG GXDO IRUP JUDSK EDVHG RQ H[WHQGHG '7:
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+HWHL :UaJ&e%&; LV WKH VHW RI1'SD& DV HWKHH G XODQGG IRUP HQHUJ\ |
HISRQH®W,; 18R;D8§1? &, ZKLFK LV D QRGH)FRBAHS AURP WKH

SDUWLWLRQ IXQFWLRQ WKH SURSHU QRUPDOL]DWLRQ WHUP
7KH ILUVW GRXEOH VXPPDWLRQ LQ WKH HISRQHQWLDO LV WK

8., M FRV

LM o

ZKLFK LV HGJH GHSHQGEE®W, 7Ly MWD RNBVHWGEH PDWUL[ IRUP
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1RWH WKDW WKLV VLPLODULW\ FRVW LV QRW V\PPHWULF GXH

SUREOHP rDIQF s LW LV D FXW DQG ZH KDYH WXQKPBIVWFKUPV

WLPH SSRDQ@D/ORQJ GREREFWLRQY+ —f«+F —-BDVWZOIRUWK RU QR

ZKHUH QRUWKHDVW PHDQV WKH SDW®WKDLU® Q\DKH CSLLQ HP DK BHIMD BHK
oty M VN ;N

7KH GLUHFWLRQ SHQDOW\ LV
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,Q PDQ\ FDVHV ZH SUHIHU WR SHQDOL]H WKH SDWK WKDW LV

IRIB GLDJE-\