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RZDUGYV DQ HIILFLHQW DXWR
SHOHWUDWLRQPWREBHDOVRG X\
UHLQIRUFHPHQW OHDUC(

, QWHOOLIJHHBM @KRWRBIMWWM )XY )UDPH:Z

ORKDPHIKED KU QHP

6 XSHUWBIMRHIKR DM KHQ

BFKRREFIRHQFH 7HFKQRORJ\
&LVBQLYHRWR@GRQ

TKINKHVYMBX EPLWWH®&J URH
'RFWRU Rl 3K3KORVRSK\

$XIXVW






'"HGLFDWLRQ

, GHGLFDWH P\ WKHVLV ZRUN WR P\ OR\DO IDPLO\ DQG FRRSHU
6<ZLWKRXW KHU WKLQJV ZRX&IGL @8 LRIGKBE D IQ33 G H@MWN KR XW WK H
W KWLV HDRMFB GL B H WKKAGH H \ H DRRVI DWRK HPY PIRWVE KR VWLOO VXSSRUW
DQG IORXULVK P\ KHDUW ZLWK KHU FRQWLQXRXV SUHFLRXV SUL
FKHHUIXO WUXVWZRUWK\ EURWKHUV DQG VLVWHWWGKR ¥BIYULRF
WKHLU GHHS KHDUWIHOW ODXJKWHU ZKR KDYH QHYHU OHIW P\
&LW\ 8QLYHUVLW\ Rl /RQGRQ ZKR KDYH EHHQ DGYLVLQJ PH GX
EHQHILFLDO H[SH U LKH) MHRX WXHAR X JAKFOXONDW ZD\V DSSUHFLDWH D
RI HQFRXUDJHPHQWYV DQG V¥B WL RDVRNKIER) N U\ WR POHDUNBE DW |
OHW UR SROUWHBIYEWFLDOO\ 32X¥R]]DDIKEL B U H H WIK B DWW-DPK G L B\H

JODULQJ DW PH ZLWK D SXVKLQJ ORBN DQG XQIRUJHWWDEOH LC



'"HFODUDWLRQ
, KHUHE\ GHFODUH WKDW H[FHSW ZKHUH VSHFLILF UHIHUHQFH L
GLVVHUWDWLRQ DUH RULXE®DWWHEG LKD ¥ K RORRWREHIH® SDUW IR U
GHJUHH RU TXDOLILFDWLRQ LQ WKLV RU DQ\ RWKHU XQLYHUVL!
ZKLFK LV WKH RXWFRPH RI ZRUN GRQH LQ FROODERUBM[MR®

DENQRZOHGJHPHQWYV

0R K D P&K® K I Q$L (0
$XIXVW



$FNQRZOHGJHPHQWYV
, ZRXOG OLNH WR H[SUHVV P\ GHHS VLQFHUH JUDWLWXGH WR P\
3URIKRPBXHQ IRU KLSDWKISS@®RAHV WUXVW DQG HQFRXUDJHPHQW
NQRZOHGJH WKDW KDV DOZD\V EHHQ DGYDQWDJHRXV WR FRPSO
DQG YDOXDEOH DGYLFH OHG PH WR D GHHSHU XQGWRE\VWRBQ ®\QD
UHVHDUFKHU BWH R HYHH @ EFRW LMWL @O QBPE RHQH OHDUQLQJ



$SEVWUDFW

3HQHWUDWLRQ 7HVWLQJ 37 LV DQ RIIHQVLYH PHWKRG IRU DVV
E\ SODQRIQHUDWGQH[HFXWLQJ DOO RU VRPH RI WKH SRVVLEO
YXOQHUDELOLWLHY ,Q ODUVYMWL@QHIWERERNH SHGHWUWNWYRQ F\R A
FRQVXPLQJ GHVSLWH WKH XRPDR R W XRREQMKHRXNQ PARBRDGS H I QF L H
PHGLXP DQG ODUJH IQMWYRLAS FEDWHYW WR JR WKURXJK PDNLQ
ZKLFKOZDOORZ UHJXODU DQG V\VWHPDWLF WHVWLQJ ZLWKRXW K
ODERU KMQRBQMBXFLQJ WKH SUHFLRXV FRQVXPHG WLPH DQG WHYV
5HLQIRUFHPHQW /HDUQLQJ 5/ OHGHNHWMY JURFRD &/ KKH) KXY M @ |
DQG XQYHLO VSHFLDO DQG FRPSOH[ VLWXDWLRQV VREWKLBXVXQ
FRPELQDWLRQV ZKLFK DUH RIWHQ LJQRUHG LQ PDQXDO WHVWL
VSHFLILFRARPBHRN LQJ FXUUHQW DXWRPDWHG WHVWALRU W WG |
DQG HIILFLHQW E\ HPEHGGLQJ UHLQIRUFHPHQW OHDUQLQJ WF
,QWHOOLJHQW $XWRPDW U B P HZ QR JOMNG QEFABIXNWH ®J LWV UHOH
VHTXHQW L PO NBLHFL B IUREHDGRIMRIGHO EDYKIBUH SODQQLQJ DQG O
FRPELQHG DQG GHFRPSRVHG WDVNV WR UHSUHVHQW LW DV 32¢
WDVNV DQG LQIR UPDMILARIQ/ WILREDRKA\R WOWBRF R\WY WHK M U HIDHD SURE O K
RQ DQ H[WHUQBO Y320 'XVLQJ GLIIHUHQW DOJRULWKPV WR LGH
HQFRXQWHUHG DXXXRIKD®GHQUBY LQ VROYLQJ ODUJH G3R0'3 Z
UHSUHVHQWDWLRQ RI 37 RQ OMKEW LHMIFENFDZHISSRISRN AW I
GLYLGHG ODUJH BHXERMMMHQOD W) J GHBYP WRWK HDFK FOXVWH
VPDOO QHW FROXNW ELEMMMEDRW R FIGK WRVIL\IBHHV ZRUN R F @RV WRINUX/U KL
FRYHULQJ DOO SRVVLEOH FRPSOH[ DQG PXOWLVWHS DWWHOH NLQ
REWDLQHG UHVXOWY DUH XQDQLPRXV DQG GHIHDW ERWKPSEHYL
FRQVXPHG WLPH QXPEHU WHVWHG YHFWRUV DQG DFFXUDF\ HV
VHFRQG VWUHQJWK RI RXU QHZ PRGHO DV WKH JHQHUDOL]DWL
DOORZLQJ WK KWYBRIH WAKSKRMHBEYN IRQ) UHWHVWLQJ WKH VDPH G
ZKLFK LV RIWIRQ OWK B RQMWDBO[W LQ 37 7KH SHUIRUPD QR HNKQ K VRIS
DQG UHXVH FRIQ ALEMMXEDRGXLWDELOLW\ RURKHIZR QRTIOT N G V
GHVLJQHG WR RIIORDG DQG XOWLPDRYIEEG\ LHCHBHEMHIERBQEL HH S
YHUVDWLOHQWRHR@D MHQRPDWHG 37 SODWIRUP RU WRRONLW
GLUHFWO\ ZLWK OHWDVSOR LW HH & HLIHAM\RQN $BR\G LDQ/J EDRVEK LW H F!
VXKKVLOL]DWLRQ

.H\ZRUGSHQHWUDWLRQ WHVWLQJ DUWLILFLDO LQWHOOLJHQFH
KLHUDUFKLFDO UHLQQRWREZHRRIIHNQ WH BXIDILMY\L Q X GAHFXQULWR I M RO QHK
DVVHVVPHQW



7DEOH Rl &RQWHQW

&EKDSWHMWURGXFWLRO

SHVHORMWKYDWLRO

3UREQOHPWHPHOW

6FRSH RI WKH 5SHVHDUEFK

EROWULEXWLROV DOG 1RYHOW\

/TKHVLV 2XWOLQH

&KDSWBHWKRGRORJ\

SMHDUFK TXHVWLROV

5HVHDUFK OHWKRGRORJ\

(PSOR\HG 5 HVHDUFK OHWKRG

SHVHDUFK 'DWD ,OSXW

,$37) PRGXODU FKRLFH

2SWLPLIDWLRO HYDOXDWLROQ DOG FULWHULD

L, OWHOOLJHOW 3HOHWUDWLRO 7HVWLOQJ DOG /HDUOLQJ &KRL

([SHUWLVH HIWUDFWLRO JHOHUDOLIDWLRO DOG UHSPD\

5HSUHVHOWLOQJ SHOHWUDWLRO WHVWLOJ 5/ SUREOHR DV 32

$GGUHVVLOJ WKH VEDODELOLW\ SUREOHP LO PHGLXF DQG C

OLUWXEHIMMAXRWNY GHVLJO DOG WHVWLOJ

&KDSWHWHUDWXUH 5HYLHZ

3UHIDFH

/LWHUDWXUH 5HYLHZ OHWKRGRORJ\
30DQOLOJ
([HEXWLOJ
SHERUW

7KH OHHG IRU RVYHFONMLLWH F\E H U

$ODWRP\ RI D &\EHU $WWDEN




37 %DFNJURXQG
3KDVH __ OIRUPDWLRO *DWKHULQJ 30DQQOLQJ DQG| 3UHSD
3KDVH _ 1HWZRUN 'LVFRYHU\
3KDVH _ $WWDFNLQJ ([SORLWLQJ DQG 3LYRWLQJ
3KDVH S5HSRUWLEUWBDDOLEDY DQG

SHOHWUDWLRO 7HVWLOJ 7\SHV DOG /HYHOV
KLWH %R]
%ODFEN %R]J
*UH\ % R][

/HVYWLOJ OWHOVLW\ DOG FRYHUDJH
&RPSUHKHOVLYH SHOHWUDWLROQ WHVW
/DUJHWHG SHOHWUDWLRO WHVW

37 YHUVXV 9XOQHUDELOLW\ $VVHVVPHOW

7KH YHUVDWLOLW\ RI 37

37 DXWRPDWLRO VWDWH RI WKH DUW

SHYLHZ RI UHODWHG UHVHDUFK ZRUNV
5HIXODU DOG %OLOG $XWRPDWLRO
*ULESKWHG DSSURDFKHYV
&ODVVLF DOG OWHOOLJHOW 30DOOQLOJ $SSURDFKHYV
([SBUWMWHP DOG DRYBBGIISURDFKHYV
6WDWLVWLFDO DOG KHXULVWLF DSSURDFKHYV
SUWLILFLDO OWHOOLJHOFH DOG LOWHOOLJHOW SODQQLC
ODFKLOH /HDUOQLQJ DSSURDFKHV

&KDSWHHLOIRAWHRABUOQLOJ

S5HLOIRUFHPHOW /HDUOLOJ

ODUNRFLVLRQ 3URFHVYV
3DUWLDOO\ 2EVHBYDIERM DDRIAHRWY
3URKIHWWRULHV
3HUIR PHDYXH HV
3ROLF\UHIBSHKVHQOWDWLRQV
J)LOLWH YHUVXV . QILOLWH KRULJROQ
6 W R FKRQ MFILFH V
3ROWFN H YV

JURP20'3WRYHF W RERNOMLWO'BW
,PSGPBIL3I%ROLFLHV
%HOLHI VWDWH 0'3V

3ROLF\ *UDS KVMREBMED LW H
| JLOLWH 6W CPRE K@ OWURO O HU




3 RAOIUVDBEO XH

9DOXH LWHUDWLRO

S3ROLF\ 6HDUFK

SRAIPRURYHPHOW

*UDGEBIVORNGWLPL]IDWLRO

3 RAQIUDBBO XHV

LOQLWLDO EHOLHIV

SHLOIRUFHPHOW /HDUQLOJ $SSURDFKHYV

ORGHIOVHG YMWHRHGREGHOOLOJ DSSURDEFK

ORGHWHH 320'3

ORGHO EDVHG 320'3

320'3 VROYLOQJ DSSURDFK YDOXH IXOFWLRQO YV SR

OLF\ VFE

SRVIHDDEBURDFK

IDOXMFWLRO DSSURDFK

SHZDUG IXSIBUMRLDRFEE

6ROYLOJ 320'3 DOJRULWKPV

$SSUR[LPDWH VROYLOQJ

([DRAVAROYLOJ

&KDOOHOJHV ZLWK 320'3

&KDSWBURSRVHG ORGHO RI 1HWZRUN 3HOHPVUDWLRO 7HVV

VLQJ D\

([SODODWRU\ OHWZRUN HI[DPSOH

JURP 37 GDWD WR 320'3 HOYLUROPHOWV

LOLWLDO %HOLHI

6WDWH VSDFH

$RWLVSDFH

2EVHUYDWLRO VSDFH

JUDOVLWLROV DOG 2EVHUYDWLROV 3UREDELOLWLH

Y

. $37) SHZDUGLOQJ 6FKHPH

5HZDUG FDOFXODWLRQ

8VLOJ &966 SUREDELOLWLHY WR FDOFXODWH WKH 5

HZDUG

([SORLWDWLRQ UHZDUG FDOFXODWLRQ

5HZDUG DOORFDWLRO

+LHUDUFKLFDO 320'3 IRU PHGLXP DQG ODUJH QHWZRJ

2SWLRCEDVWVWIGBVINSSURDFK

I NV

2SWLROQ GHFEFXULW\ &OXVWHU DSSURDEFK

, 3$7) DGHTXDWH +LHUDUFKLFDO 5/ DSSURDEFK




&KDSWHMWHOOLJHQW $XWRPDWHG 3HQHWUDWLRQ 7HVWLQJ )UDP

,$37) DODWRP\ DGGDXWDIFRVLR QDO

, $373UHSDUDWLROQ PRGXOH
7IOH W Z REDIWO J
6 XEHWZRUNV DOG 7RSRORJ\
&ROOHFWLYLW\ DOG SHDFKDELOLW\
1IHWZRUN 9XOQHUDELOLW\ $VVHVVPHOW
6HFXULW\ DOG ORJJLOJ GDWD

,$373URFHVVLOJ PRGXOH
ODFKLOHV FROILIXUDWLROV DOG GHIHOVH

OHGLXP DOG /DUJH OHWZRUNV 6HFXULW\ &OXVWHULOU

+HDGV RI FOXVWHU 1HWZRUN

,$37) PHPRU\ DWQ G HH KSHUGOLQJ

&/, 36 ([SHUW 6\VWHP
33 RBRUH

,$37) RSHUDWLYH PRGHYV

6WDOG $OROQOH /HYHO

8OGHU VXSHUYLVLROQ /HYHO
%DFNJURXQG DVVLVWDOW /HYHO
(DV®OA\DJH /HYHO

&KDSWHMHVWLOJ S5HVXOWY DOG 'LVEXVVLRO

6HWXS RI ([SHULPHOWYV

/HVWEHG 1HWZRUNV FROVWUXFWLRO

(YDOXDWLQJ 37 JHOHUDWHG 320'3 SUREOHPV VROYLOJ X|VLQJ 6F

,$37) RSWLPDO 'LVFRXOW )DFWRU YDOXH

, $37) 7THVWLOJ YDULDEOH DOG HYDOXDWLROQ PHWULFV

([SORUDWERVYHUDJH

([SORLVWDWWIRX) 9DOLGDWLROQ

37 JHOHUDWHG WUDIILF

,$37[SHUWLVH HITIWUDFWLRO DOG 5HWHVWLQJ

'LVFXVVLROQ DQG UHIOHFWLRQV
| 5HLQIRUFHPHQW /HDUQLQJ DQG PRGHOOLQJ FKRLFHV




,$37) SHUIRUPDQFH

([SHUWLVH HIWUDFWLROQO DOG UHWHVWLQJ

([SORUDWLRO DOG ([SORLWDWLRO

&KDSWEBROFOXVLRO

SHVHDUFK 2XWSXW 'LVEXVVLRO

SHY RHEAROWULEXWLROV

, G HOD\Q$IS GUHPYWDWLROQV

'LUHFWLROV IRU ))XWXUH :RUN

&ORYHODUNYV

SHIHUHQFHYV

$SSHOGLJ

$SSHRGMVWVRISXEOLFDWLROV

-RXUBIPDSHUYV

&R QI HWBHHU V




/ILVW RI 7TDEOHYV

7TDEOHW FRPSDUDWLYH VWXG\ RI 5/ PRGHOOLQJ OHDUOLOJ| DQG VR
7DEOH 3(5P@@6GRPLIHEDYRIGONWND OXH WHUDWLROQ DSSURJILPIDWH VRO
7TDEOH %DVLF OFUHPHOWDO 9WFWRU SUXQOLOJ DOJRULWKP >
/DEOH LPSOHPHOWDWLRO RI LOFUHPHOWDO SUXOLOJ FRPELQHG
7DEOH )L Q G+ BRIIXWIBWGEG/KH EHOLHI LO ZKLFK Z LPSURYHV 8 WKH
7DEOH 26 GHWHFWLRO RXWSXW ZLWK WUDOVLWLRO DOG REVHUY
LOGRZV

7DEOH 26 GHWHFWLRO RXWSXW ZLWK WUDOVLWLRO DOG REVHUY
PDFKLOH

7DEOH ([DPSOH OHWZRUN WRSRORJ\ IRU WKH OHWZRUN [UHSUHVH
/DEOH 3$3¥3 PRGXOHV SURJUDPV DOG VFULSWV UROHV IDQG GHYV
7DEOH 6ROYH320'S SSUDPAMWR®WY DOG WKHLU YDOXHYV
/DEOH7LPH DOG VWDOGDUG GHYLDWLRO LO VHFROGY FROVXPHG W
/$1V

/DEOH /LPH LXYHHFR WMRVVIROYH 320" AWVHVREH OQHPFDRMHS HD [WHU LQW

YDULDEOH SHUFHOWDJH RI FKDQJH DQG XVLQJ ODVW WHYV

WLQJ RX\



/ILVW) IRIXUHYV

)LIXUH &XPXODWLYH DOG \HDUO\ OXPEHU RI YXOOHUDELOLWLHYV
)LIXUH ODFKLOH /HDUOLOQJ IDPLOLHVY DOG WKHLU PDLQO [DSSOLFD
)LIXUH $, WHFKOLTXHV FDOGLGDWHY IRU DQ RSWLPLVHG 37 SUDI
)LIXUH FKRLFHY PDGH LOOWGE BHHHWMWDDWK RR UVHY WL O J

)LIXUH W\SLFMH®ERR SRUDYWH ATXLYDOHOW WHVWEHG
JLIXUSIYHUDJH ZHHNO\ DWWDFNV SHU RUJDOLVDWLRO E\ LDGXVWU\
)LIXUH DYHUDJH H[SORLW SULFHNHWWKH GDUN DOG OHJLWLPDW!
)LIXUH 7KH 2IITHOVLYH DOG $FWLYH VHFEXULW\ VWDOGDU|G ZRUNIC
)LIXUH SHOHWUDWLRO WHVWLOJ VWDOGDUG SKDVHV
JLIXUH'LITHUHOFH EHWZHHO WKH WERJH A KRVESCSGERD HLKOH W HE ® DRFIN
LOSXW DOG HWKLFDO KDFNHU VWDUWLOJ SRVLWLRO

)LIXUH YHUVDWLOLW\ LQ 37 SUDFWLFH DOG ULFKOHVV RI WHVWI
JLIXUH H[B®MSOH RI DO DXWRPDWHG JHOHUDWHG SHOHWUDWLRQ I
)LIXUH 'LITHUHOW SODOQOLOJ DSSURIFRKREWHYMRXVO\ LQYHVWLJIL
)LIXUH UHODWHG ZRUN ZKLFK SURSRVH LOWHOOLJHOW]|',53 V\VYV
)LIXUH DXWRPDWHG SODOQOOQLQJ IRU UHPRWH SHOHWUDWLRQ WH\
%HOO /DEV

)LIXUH VXPPDU\ RI SUHYLRXV UHVHDUFK ZRUN RO 37 DXWRPDWL
)LIXUH 5/ SDUDGLJP WKH DJHOW OHDUQV WKH RSWLPDD SROLF)
WKH JUHDWHVW EFXPXODWLYH UHZDUG > @

)LIXUH 0'3 UHODWLROVKLSV EHWZHHOQ VWDWHV DFWLRIQV $W U
SURJUHVVLOJ WR VWDWH 6W

)LIXUH 320'3 UHODWLROVKLSV EHWZHHO VWDWHYV DFW[RQV UH
)LIXUH $ SROLF\ WUHH IRU KRUL]JRQ W )J)RU HDFK REVHUYDWLRQ
(DFK QRGH FDQO EH ODEHOHK VHWKS DO\ DFWLRO IURP WK

)LIXUH HIDPSWHWHWZR'3 UHSUHVHOWLOJ WKH ZKROH EHOLHI V¢
)LIXUH LOOXVWUDWLRO RI SROLF\ WUHH EUDOFKHV UHDUUDQJH
)LIXUH 320'3 SROLF\ JUDSK MRLOW LOIOXHOFH GLDJUDP

)LIXUH GLIIHUHOW 5/ OHDUQLQJ DOG PRGHOOLOJ DSSURDFKHV
)LIXUH PRGH®D Y HU MXWHPR'GHO

)LIXUH 5/ GLIIHUHOW MG RXRDEKWHY LOSXWV D

)LIXUH *HOQHUDOL]JHG SROLF\ LWHUDWLROQ VFKHPH ZLWHK LQWHUL
)LIXUH OHGLXP VLIH FRUSRUDWH /$1 FRPSRVHG RI PDIFKLQHYV
)LIXUH ,$37) UHLOIRUFHPHOW OHDUOLQJ DOG PHPRU\ PDQDJHPH
)LIXUH LOLWLDO %HOLNORWO WRIUZWHKE B/RINIKHMW LVOG WKH VWDL
ZLWK D YDOXH RI

)LIXUH 320'3 6WDWH VSDWHARUPEBUKNVHOW FRPBXRXIWHU 0 JOQG URXW
JLIXUH320'3 6WDWH VSDFH UHSUHVHOWDWLROQ IROSFAIDXNGAL U] VHFXUL\
LOIRUPDWLRO

)LIXUH 320'3 $FW PRGWH VSESRP VSHFLILF DFWLROV DOG | JHQHUL
)LIXUH 320'3 HIWHOGHG $FWLROV VSDFEB PODBEBHURP DFWIHRREIMLF
)LIXUH 320'3 HIWHOGHG $FWLROV VSDFH PDGH IURP VSHFLILF
)LIXUH 1PDS 16( 26 GHWHFWLRO DOG ILOJHUSULOWLOJ|VDPSOH
)LIXUH 1(6686 YXOOQHUDELOLW\ DVVHVVPHOW RXWSXW DQG 26 G
)LIXUH :LOGRZV ODFKLOH 26 GHWHFWLRO 7UDOVLWLROY DQG 2E

UHSUHVHOWDWLRO

J)LIXUH ODF26 ODFKLOH 26 GHWHFWLROQ 7UDOVLWLROQV D

QG 2EVH

UHSUHVHOWDWLROQ

)LIXUH $ SRUWLRQ RI 320'3 7UDQVLWLRQV SUREDELOLW

LHV UHS




)LIXUH $ SRUWLRO RI 320'3 2EVHUYDWLROQOV SUREDELOLWLHYV UH
)LIXUH TXDOLWDWLYH PHWULF HOWU\ WR FDOFXODWH $%DVH 7H
)LIXUH , PSMHARWWDELOLW\ DOG 2YHUDOO &966Y VFRUH |IRU &9(
JLIXUH PSDFW ([SORLWDELOLW\ DOG 2YHUDOO &966Y VFRUH IRU &
)LIXUH320'3 UHZDUG UHSUHVHOWDWLRO LO 320'3 IRU ([SORLWDWLF
)LIXUH 320'3 UHZDUG UHSUHVHOWDWFLRID IMD BQRODF WRWRFVLYLOHJ
)LIXUH 320'3 UHZDUG UHSUHVHOWDWLRO LO 320'3 IRU 3LYRWLQJ
)LIXUH 320'3 UHZDUG DOORFDWLRO IRU YXOQHUDELOLW\ DVVHV)
)LIXUH 320'3 UHZDUG DOORFDWLRO IRU WHUPLODWLRO|DFWLRQ)
J)LIXUH 6WDOGDUG 37 SUDFWLFH F\FOLF DFWLYLWLHV GLDJUDP
)LIXUH /DVN EDVHG KLHUDUFKLFDO PRGHOOLOJ RI OHWZRUN 37
)LIXUH ODUJH FRUSRUDK MHE X WLUNFK L WRHI DWX IURIQZIL @O XVIWUDWLR C
)LIXUH 6HFXULW\ FOXVWHU EDVHG KLHUDUFKLFDO PRGHOOLQJ F
)LIXUH ,$37) DODWRP\ DOG NH\ PRGXOHV DOG FRPSROHQWYV
)LIXUH ,$37) RYHUDOO I1X0QFVWRRGXOHVGEALDWHDP DR OOWHU
JLIXUH OMWERUNLOJ GLYRXMWSXWIHVBINSW BHG

)LIXUH ([IDPSOH ILUHZDOO DOG OWUXVLRO GHWHFWLR® V\VWHP
EHWZHHWYWXEOH1 61 61 DOG 61 DOG GHILOHV ZKLFK VVHUYLFHYV
GLUHFWLRO

JLIXUH$O LOOXVWUDWLYH HIDPSOH ROHWDPRWNAS16ADBGR RIGWZB YR E
SDUDOOHOO\ ILYH FOXVWHUV & & & & DOG &

)LIXUH $OQO HIDPSOH OHWZRUN PDGH RI O L@HHWZHRFDNIM. W&\ [F & X\&W H L
)LIXUH LOORPWOBWLYOXVWHUVY VLIH UHGK FOM). R QJ HE G XQFREMX QBN @
IROORZLOQJ E\ WKH VHOHFWLRO RI KHDGV RI FOXVWHUV +R&V
)LIXUH 2YHUDOO VHEXULW\ FOXVWHULOJ RXWSXW LOFOXGLQJ F(
FOXVWHU

)LIXUH SBUH ZLWK ([SHUW 6\VWHP HIWUDFWLRO YDOLGDWLRQ
)LIXUH 3$BHIDUDWLRQAQURFE VE¥BD)J GHWDLOHG IXQFWLROQOILQJ GLDJ
)LIXUH PFBFRU\ DOG ([SHUW 6\VWHP H[SHUWLVHCGCHL[MWUDHRWLRQ YI
)LIXUH OHWDVSORLW &RPPXOLW\ DOG 3URIHVVLRODO IUDPHZRUI
)LIXUH SRBUH FRPSROHOWYV IXOFWLRODO GLDJUDP DOG LQWHUL
)LIXUH 6PDOO FRUSRUDWH /$1 RI PDFKLOHV UHSOLFDWLRQ RQ
)LIXUH YLUWXDO /$1V UHSOLFDWH H[SRUWDWLRQO IROORZLQJ RS
)LIXUH 6ROYHQWGHKLYV 320'3V XVAIBRONH (BEWK _ OLWLDO| %HOLHI
GLVFRXOW UDWHYV

)LIXUH 6ROYLOJ GHIDHWUIWHREWDNF H\G BI2IJ03BWR KXY HODO*GIYDULIDEOH GL
UDWHYV

JLIXUH6ROYLQJ GLIIHUHOW /$1V VL]IH DVYRFEQDMW A GWK Q CNVWX\DLAD 36 H,(
YDULDEOH GLVFRXOW UDWHYV

)LIXUH OYBA&J YDULDOW VLIH /$1V DVVRFLDWHG 320'3 WLPH FRQVXH
XVLOJ GLITHUHOW DOJRULWKPV

JLIXUH7LAHILFLHOF\ FRPSDULVRO RI ,$37) +5/ &(+ DOG IXOO\ DXW
)LIXUH 1XPEHU RI DWWDF NP YHNWRY\H U H G RE) VWDLIFW XIW ML HURR O Y L
GLIIHUHOW VL]H /$1V

JLIXUHRPS®OULVRO RI WRWDO OXPEHU RI YDOLG DWWDFN YHFWRUYV
JLIXUH' FRPSDULVRO RI ,$37) SEUIDWRDOFEHY LO WHUP RI WLPH DQC
YHFWRUV FRYHUHG

J)LIXUH' FRPSDULVRO RI ,$37) &(+ DOGWHYBHUIRWUPH MHYV| HBEORLW
JLIXUH' FRPSDULVRO RI ,$37) &(+ DOG 06) SHUIRUPD QW HV] ILG WHU I




JLIXUH WHWWLOJ WKH VDPH OHWZRUN ZLWK LOWURTIEROYH SHUF

JLIXUH WHWWLOJ WKH VDPH OHWZRUN ZLWK LOWURGGXFLOY D SHUF

/IS6ROYH

)LIXUH SWHVWHOQJ SHUIRUPDQFHVY HOKDOQFHPHOW E\ DIOJRULWK

/$1V

)LIXUH 3SDUWLDO LOOXVWUDWLRQ RI PIBHR LROHNVS)$W D W

WDFNLQJ

JLIXUH3SDUWLDO LOOXVWUDWLRQ RI ,$3PDRKWEHKW/BWWDFEFIN YHFWRL




&KDSWHMUWURGXFWLRQ

OQWKH FEBHUDUH OLRNWDLYHY DUH EHFRPLQJ PRUH DQG PRUH
RI ,7 HTXLSPH @Q\Q B\GWMNEEHVHUJLQJ WHFKQRORJ\ LV DVVRFLDW
WKURXJK WKH FRQQHFWLRQ WR WKH LQWHUQHW DQG GDW
FRPIRUWDEOH 1RQHWKHOHVV WKLV FRPIRUW FRPHV DW D F
FRPSOH[ DPRQQEWWHG WR HQVXUH D ZLGH UDQJH RI WDVN
RUJDQLJD@QRSDUDOOHO WR WKLV HYROXWLRQ LQ QHWZRUNL
IUHTXHQW FRPSOH[ DQ®RRRIIK RES RUDMKE WIUHHD \BRAD FKE HU F
PDOLFLRXV DWWDFNV LQ WKH KRSHV RI JDLQLQJ @FFHVV WR
IOH[LELOLW\ FRPHV FDEWB AXUILHWE RVONISHNUMNWILR QY HDUFKHUV
W K D W WKEHHD WV D U HH EIRFHR XIHIUWBD BRNBRFSKQ@ N WRLFORVH® J WKH JHQ
UXOH RI DWWDFN V)QU HDFH GIVROMGBPEBGIOEW\ LV WKH ZRUVW
VHFXUR@EHWZRUNVRRW [FHSWLRQ WR WKHVH XQDQLPRXV UX
QHWZRUNV DQG FRJEWAHWD QWRVYMBWYV BXR'KHG WKH QHWZRUN V|
WUDS RI EROWQRR URQVMHEXK L W\ O D\ Kad ¥ HD Q I8 VKRG ZIDVVR Y H U O
DGGLQJ WEHYPO®WRI VHFXULW\ ZKLFK LV RIWHQ F/DX@LEHWD E C
DWWDFNHU EHFDXVH RI ZKDW LW FRQWDLQHG LQ WHUP R
PLVFRQILIXUDWLRQV V\VWHPV ZHDNQHVVHV 7KXV HQVXULC
HIITHFWLYH LWHFXKHLMEHFB®PBNRUWERGFHUQ \W\H YKHDUIHO EBISHSU F
SURSRVHG DQG DGRSWHG RYHU WLPH 1HYHUWKHOHVV XVLQ.
WKH EHVW DQG PRVW UHOLDEOH PHWKRG DQG WKH@RVW IDY

3HQHWUDWLRQ 7HVWLQJ DOVRWKRRUWOD Y @FA). PN BHYWREGW
HYDOXDWLQJ D GLILWDO DVVHWV VHFXULW\ QHWZRUN ZHE
LGHQWLI\ YXOQHUDELOLWLHYV DO G@IW WRESWIL\Y X \WWHR/ HD[ SFOHRQ
PDQGDWRU\ RRPBRIQWDPEKULW\ DXGLW DQG HPEHGY DOO VWD«
WDVNV VWDUWLQJ IURP LQIRUPDWLRQ JDWKHULQJ DQG DQDC
DSSURSWVDMENYHWICHQWEKH HG YXOQHUDELOLWLGI®\ BMAK DW\
WKH EHVW PHWKRG WR LGHQWLI\ H{[DFWO\ KRZ HIITHFWLYH WKH
DGYHUVDU\ DQG YDOLGDWLQJ WKH HIILFDF\XRIHGH) B QM U¥I PHH
VHFEXULW\33 RQIFAWNFH RVLF POIWKBGRDFK LQYROYHV DQ DFWL
DQG H[SORLWDWLRQ RI WKH DVVHVVHG>DE¥HWKNOLEE R®Y\DS\R
FODVVLF WRROV WKDW DXWRPDWH H S/HWWVDLYH B DMHBRIPGIOM
RXW IURP WKH SRVLWLRQ RI D SRWHQWLDO DWWDFNHU DC
YXOQHUDE LVOILMH. HYS QRIDIOQJ DQG GHFLVLRQ PDNLQJ DV WKH

KXPDQ 37 H[SHUW BH RNFORMIBEQB UHDVR GARWQBUMWRQH RI V



SUDFWLRWRROV V\VWHPV DQG IUDPHZRUNV ZHUH GHYHORSHC
HIILFLHQW DX ®DW RPNG VIVWHPDWLF WHVWLQJ ZLWKRXW D
DORQJ ZLWK UHGXFLQJ WWLH I DHFL RV E R Q M X PGIRBZIQM LIPBIH $ G
GHVLIJQHG WRPRQOWBBPWKH KHDY\ WDVNV DQG KHOSLQJ KLP
VSHFLDO DQG FRPSOH[ VLWXDWLRQV VXFK DV RENMUORXD/O Y
FRPELQDWLRQY IOB3QOLAPWURSHU FRQIXMHIDWHRQYLRILWNY|
UHTXLUH SDUWLFXODU DWWHQWLRQ LQ RUGHU WR SURGXFH \
2QH Rl WKH PDLQ EUDQFKHV RI 3W KEMR QWA IR B N PHIALIWH QW R DG
QHWXYRIHMU IRUPL QL B & QHAWUNDLHIP JYWKUR | WRIRSOH[ DQG UHVRXUF
GHVSLWH WKH H[WHQVLYH XVH RI KLJKO\ GHYHORSHG DXWR
IUDPHZRUNV $GGLWLRQDOO\ WKH ZLGH YDULHW\ RI DVVHWYV
[SSOLFDWLRQV ZLUHOHVV QHWZRUNV QHWZRUN GHYLFHV F
H[SRVXUH DUH DOVR S OGMHY YH D IDULHIVNL @K W ISHRXIJK WKH QHW
EH\RQG E\ SLYRWLQJ DFURVV QHW ZRW VREI/F B QGHNW VAN MSHNPLY
QHZ SDWK RI DWWDFN RU UHYHDOLQJ KRZ FKDLQV RI H[SORLW
WKH WDUJHW QHWZRUN FULWLFDO V\VWHPV DQG GDWD

JLIXUGXPXODWLYH DQG \HDUO\ QXPEHU RI YXOQHUDELOLWLHYV (

7KH 37 SUDFWLFH KDV VILQWKHLGD QW OB HFDREGIY HBSHFLDOO\ ZL
DXWRPDW H® RAIQW DW BOXFXKH BAD V' S O RPLSAD FEAR UG/ RMAKA®Y

ZKLFRPH XQGHUDDQRW QWVWIU L EXSVLRHE/ WK HFXD\ IRU3SFRUH DX\
ZKHQ DJJUHJDWHG ZRWW I\ R HRH RE RVGRBPR\U Q@ ®H)E DQG RUFKHV YV



KXPBQ H[SHRWW¥KLHYH PRUH HII VAHLY-HIUHY ORIV DZD VR FXVHG R
XL®@) DQG VSHFELWHBIO@ITWEVEXW PDLQO\ LQYHVWLIDWHG DV
SODQQLQHYB@® HG P FOLQHEIHHIF\W L B R WIRCIDAIWHANGL QJ QRWDEO\ LQ
IODZOHVV UHVXOWYV DQG \&RWLH JP\8 DRFOW IDHRABMEHIV R (& UDF WV V H D L
ZDV WKH ILUVW WRHSURSRARPDWQLEQ RI ROQFAHDEWLXYQGH UDIE B
DVVHVWORIRQ®J WR DFKLHYH D EHWWHU HIILFLHQF\

,Q WKLV FKDSWHU ZH ZLOO FRYHU WKH UHDUWRQR BBERRBVEILYD
DGHTXDWH PDFKLQH OHDUQLQJ WHFKQLTXHV ZLWKLQ FXUUHQ
WKH SUREOHP VWDWHPHQW XQGOW G WE RS HGR [S>QRG X \ZARUKN
PHWKRGRBPRQG X WWHYHPWEMEE®O WLH WKH UHVHDUFK TXHVW
FRQWULEXWLRQ H[SHFWHG E\QW KK \H WX RY WKDR S WHHY HD O BKF O
LV VWUXFWXUHG DQG ZWFWRHPSIOKL¥FKDSWHU WULHV WR

SHVHDIRAWKLYDWLRQ

,Q WKLV VHFWLRQ ZH GLVFXVV WKH PRWLYDWLRQV EHKLQG
QHWZRUN SHQHWUDWEKRQ WHHWHDLUQRIK SLUDRBURARGAHE G RLEQD B PUW B O W
DQG WHFKQLFLDQV ZRUNLQJ LQ RERHIQVILYKRAEEGUIDAERUL VO IIL
IRU 37 LV LQFUHDVEQ@WBBBDEEDWRU\ FRP SR QMHHFW LRIV KOHK G LE\H
FRPSOLDQFH ZLWK GLIIHUHQW VWD Q& DV G\ \DHIEUBKRISKFRONDNWL RV
VFLHQWLILF VRORUSIGRE OHP E\ L QWK S/WDBWLBH DXWRPDWLRQ
DGHTXDWH $, DSSURDFK DQG SURSR\SU MG XA M YW DOH. J IHIDW |
RSWLPIHBE W UNMWRL@ @ MWAZRWN FR QWO YWWH & & L OHHQ WH PIDXLVQR QR P F
OHDUQHU

7KH 37 SUDFWLFH KDV VLJQLILFDQWO\ HYROYHG WR NHHS WK
WKH DSSHDUDQFH RI GR]JHQV RI FRPPHUFLDO DQG SURIHVVLR
WR RIIHU DQ DXWRPDWLRQ MIQWK\WM DOAN VH WLIRQA V8 K HDIFRWLY LK H \
UHPDLQV HLWKHU ORFDO VSHFLILF WR RQH DFWLYLW\ VXFK |
QRW RSWLPL]JHG FRYHULQJ DOO FDVHV OHDYLQJ VLJQLILFDC
W KPYJEHHQ EHOLHYHG WKDW 37 LV DERXW WHVWLQJ WKH
DVVHWY WKURXJK HQVXUH HIITHFWLYHQHVV LQ FRXQWHULQJ F
ZHDNQHVVHV RU YXOQHUDELOLWLHV D@ H BIHS R&VHGWLQIGHB[ B QF
D UHDO KDFNHU +RZHYHU LQ SWR)PFRWHBRLBRA EQFDPLH D F KH
VIVWHPVY DQG WRROV DUH XVHG WR WHVW IRU D VHULHV RI |
IDFW GREGKHUH WIRFW KR SWDAW ZKLFK LV PLPLFNLBR&HDWFNHUV
WHFKQLTXHV DQG PHWKRGV UHJDUGOHVV WKH HIILFLHQF\ RC
VI\VWHP

7KH FXUUHQW 37 DXWRPDWHG V\VWHPV DQG IUDPRIZRHES BUH



WKH H[SHUW WR SHUIRUP WDVN\EHRO R RE LRI JVWKKIHOKDXND R | GHUHL
RSWLPL]DKMH RIQSHUW XV HWR XSWBXQW DR ® QWBHAXHVW WKH H[HFX
WDVNV DQG WKRVH VI\VWHPW \RQRF W LRBX ML FKK HQH SSJHDUFWY LLRH
WLPH ZKHQ WKH SUDFWLFH ZDV DGPLWWHGO\ PDQXDOO\ RULH
LQGLYLGXDOV FDSDEOH RI XQGHUVWDQGLQJ WKDW LV WKLQ!
*HQHUW®EVH V\VWHPV DQG IUDPHZRUNV IDLO VSHFLILFDOO\
ZKHQ WKH DVVHVVHG DVVHW VL]H DQG FRP S® HDIFWA WHRIEXKR
QXPEHU RI PDFKLQHY DQG RQOLQH VHUYLFHRMRFHDIQDOWED AW B
LQ VFDOH IURP PN VWADIPMN WWRD WIHP SOH DWWDFNV RQ LQGLYLG
JDLQLQJ FUHGHQWLDOVQRDGIGEQWIQEQRD R WKHWD LBVXH DULVHV
DXWRPDWHG V\VWHPV LQ FRPBELRQ WL PLQWD DVD & 8V RDIFIK Q
% 7KH KLJK FRVW LQ WHUP RI KXPDQ UHVRXUFHV DVVRFLDV
WHVWLQJ DORQJ ZLWK W KSHH U PRSWDAEDQ R 19 VWIKQHG DVAWRWH PV G
WKH ZRUNLQJ KRXUYV
Y% 7TKHMLIJK YROXPH LQ WHUP RI GDWD SURGXFHG E\ FRPSUH
ZKLFK LV RIWHQ ZDVWHG DQG XQH[SORLWHG SURSHUO\
% 7KH QDWXUH RI WKH 37 HQYWKRGPNMOM ERHUBHWYKH BIQIX
UDWH DORQJ ZLWK DVVHWY FRQWLQXRXV VHEXULW\ SUR\
VI\VWHP UHJXODU WHVWLQJ
Y% TKHYROYDMWDFNV FRPSOH[LW\ ZLWK PRUH HYDVLYH WKUF
DGRSW FRPSOHFWQmWMWIIBAN URXWHYV WHFKQLTXHV WHFK
SDWKV EHLQJ XVHG WR VTXHH]H WKURXJK WKH VHFXULW\
SHQWHVWHUV
% 7KH KXJH DPRXQW RI UHSHDWDELOLW)\ DV PBMW RS MCKIHHSH
ZLWK KDUGO\ DQ\ FKDQJH DQG WKLV LV UHSUHVHQWLQ.
UHSHDWOQBIARHVH 37 KXPDQ H[SHUW GHFLVLRQ PDNLQJ F
UHVXOWYVY LQ GHFUHDVLQJ WKH SHUIRUPDQFHYV
% 7KH FRPPRGHKNUHHXRFRWILRQ LQ ODUJH LQIUDVWUXFWXUF
DQG ILQDQFLDO VHFWRU ZKHUKRRYHD G HMHOLIRRSH GV N € 6 XW I
PDNLQJ WKH FRYHUDJH RI WKH ZKROH DVVHWY FKDOOHQ.
6R IDU ERWK PDQXDO DQG UHZEODXWR® B R/ IURHQ HRJIUZHG | IVMFO O X (
DGGUHVVLQJ FXUUHQW FKDOOHQJHV ,Q DGGLWLRQ UHFHQW:
LQFOXGHY DOO VWDQGDUG DXGLWLQJ DQG WHVWLQJ WDVNYV
LGHQWLI\IDELPXWOQHY DQG H[HFXWLQJ WKH UHOHYDQW DWWD|
LW HQV XU BKWVESS O/LHDRBIERKD QL VPV D QIBQWGROW W INVRIING HO\ WU
DGRSWHG DV LQGXVWU\ VWDQGDUG 7KHUMVRDWFW KN RIRLQQR
D IUDPHZRUN ZKHUH DXWRPDWHG 37 SUDFWLFH EHFRPH PR



DGYDQWDJH RI GLIIHUHQW $, WHFKQLTXHV DW GLIIHUHQW OH
FRYHU QHWZRUNV DQG LQIHPEWGEEEQX WKH 3UGBIPRDBAH $, W
FRPSOHPHQWDU\ VROXWLRQ ZLOO RSWLPL]H WKH SUDFWLFH
FXUUHQW LQGXVWULDO WRROV DQG VQVRWRM WP RRPERWDAL Y DWD §
LV DERXW UMPRKIEQDIRWR WK H PR QQPHURPUWKH BUDFWLFH DQ
WRZDUGV LQWHOOLJHQW VROXWLVRR R IUGRDIA W R X PHME HYS'
37DFFHVVLEB[F WMRWRRDIH R WHOHUL @RQW HIILFLHDWBEQ® DRHFXP
RFRQVXPH® NWLVPIHQ J UFHRW RIXMHD M) DSBIRRWK H DVVHWVHG DVVHW
5HLQIRUBHPHEMJ LV WKH GHVLJQDWHG EHVW FDQGLGDWH V
VHUYH RXU SUREOHP UHTXLUHPHQW\W ZXQE KD G\D D  HLQMKLRAK\W
H[SOLFLW LQVWUXFWLRQV EXW LQVWHDG E\ LQWHUDFWLQJ Z
LQ 37 HVSHPUBKOUHQWKVL]H DQG FRPSOH[LW\ Rl QHWZRUN
EULDTXDQWLWDWMMHWLYB FROWULEXWLRY WRPWKH B KDROWH ¥FH
WLPH DQG UHVR XUAH WREMWWYDZIPBIG DV YHUVDWLOH LQ VHQV
DSSURDAKQG PHWKRGRORJLHY DOO WKH DIRUHPHQYWLRWHG F
GLIILBR®WEO\ HVSHFLDWR \FRPHQ HWHRE QA Y H GILDXURIHIVQZR U N V
(YHQ WKRXJK UHSH D WLKHD PMK R US VU DFEMDLIFKH IRVQVHWYV VKRXOG PC
PDQXDO DQG EOBQEUNRR RADIVSHBPHICPBW RYHWHUP RI DFFXUD
HIILFLHQF\

SUREGMWHDWHPHQW

,Q WKLV UHVHDUFK RXU RYHUDOO DLP LV WR HQKDQFH SHUII
FXUUHQW XQRSWLPL]H G3 DXWDRER\DWIKH-G EQIH WZ @ URIBAY R R VWL B/ D (
WDYNWHUIRPPOEDO @LPLWKG QXPEMYDRBRRY DD OF RPBXWH U

QHWZR UNV DRIDAN MKIX PDQXIDIOLETL HIXWW W LPH DQ G HJ HVARDRIWYRHH YV Z
H[SHUWV ZHUH XQOLNHO\ WR G LAKAH.QY VWRH RSFUGREDE RHBUBDOWYIBRGON R
QHWZRUNV DQG WKHHLIQFUBVVRFLQWR®SZOLWK WKH HPSOR\P
DSSOLFDWLRQ DQG VIHFX WKW PXWRPOMIRQ Rl SURFHVVHV IR
WRRQ® V\VWHP LFRRHIRIH RURXQ G UL @ MRYIORUGVR QHWKHOHV V
WKH DXW@RIPDID QHRG DVQRXJK HVEXHFEUBQ W\ FZRWRIR DWW HW DR
FRPSOH[ QEMWZKRBKNXQYGUHGY DQG PRUH RI ,3 DGGUHVVHV DQG
DSSOLFDWLRQ DQG YLUMSFO/LLIPOH RWR ADHI\QR QLU GLIQG BXIMR
DPRXQW Rl WLPH DQG FRPSXWDWERQB G UHEBRM\E HRW\Q G PD
FRQWURO RI VXFKWRX DARPHWWHW KHRRFOAX ULW\ Rl HDRBXBRP SRC
RI WORHWKHUBRWUM DVHSHW KW UHHRIU RIBHDOAFODO\ DQG WHF
UHTXLSHG IWBFXHVWAHIEWEHULRGPRRWXK\O\ TXDUWHU®RUDQG \H
DIWHUP B DNRW WKE YU D G M HRFFBZUIQQ VW D O OGS OLRH &/ AZDVWHP XSJU



XYHU SROLERFDAVREEYULWAQSDWEIG LW LRV WIEZKERK WHPDLQV D |
UHTXLUHPHQWY LQ WKH RYHUDOO VHFXULW\ FRPSOLDQFHV D
'66 DQG ,5%6 LQ ILQDQFLDO VHFWRU +,3%$%$ LQ KHDORW RRDKIHUL
EXVLQHVVHV LQIRUPDWLRQ VHFXULW\ FRPSOLDQFH > @

$V WKLV UHVHDUFK IRFXV RQ RSWLPXMWRPDRVHWEKS7 FXWRFVQI
DQWLFLSDWHG WKDW WKLV RSWLPL]DWLRQ ZLOO UHTXLUHV
HQDEBGIREHGGLQJ RI WKH DGHTXDWH $, WHFKQLTXHVY OHWDV!
RQO\ YLDEOH RSWLRQV 7KHUHIRUH ZH DUH JRLQJ WR GHYH
ZKLFK XWLOL]H OHWDVSORLW DQG 1HVVXV DQB Z&HAKZW®GIOSV
WHFKQLTXHV ZKLFK LV UHLQIRUFHPHQW OHDUQLQJ LQ RUGHF
PRGHOOLQJ RI 37 DV 5/ SUREOHP DQG UHSUHVHQWLQJ LQ IR
ODWHU WR GHWHUPLQH WKH Y X0 QW DEL QLML B U 1 RIH TKLL\UD \Y
FRPSOH[ DWWDFN YHFWRUV DOVR FDOOHG SDWKV WR EH WH
ZD\ $W ODWHU VWDJH GHWHUPLQHG E\ REWDLQLQJ LQLWLDO
WDFNOLQ.E MXMW V BHMWIR¥XIK DSSURDFK LQ GHDOLQJ ZLWK PHG
JHQHUDWHG 320'3 HQYLURQPHQWYV ZKLFK UHTXWDRQSRXHW DP
IRU VROYLQJ 7KLV VFDODELOLW\ LVVXH EHFDPH SUR B\KHP DW
5/ FKDSWHU DQG WKXV ZH LQWURGXFHG WKH KLHUDUFKLFD
GLYLGLQJ 320'3 HQYLURQPHQW ZKLFK DUH RIWHQ WKH UHVX(
ZH LQYHVWLIJDWHG GLIIHUHQW RSWLRQVHVISHEKDQGL QD WRHK
PHGLXP DQG ODUJH VL]H 320'3 ZKLFK DUH WKH ORJLF UHVXOW
VL]H /$1V DQG 0$1V

)XUWKHUPRUH ZH DQWLFLSDWHG WKH PDMRU LVVXH UHODW!
SURFHVV DQG R HNWHTKFDWPDY LQHFGYRRODPFWLFH DSSO\LQ.
VROYH ZDRUBBOFRPSOH[ SUREOHP VXFK 37 FDQ EH SDUWLFXO
YLHZHG IURP GLIIHUHQW DQJOHV ZLWK HDFK KDYLQJ LWV RZ
WK/ FDQ UDQJH IURP D VLPSOH SODQQLQJ GHFLVLRQ SUREQC
DWWDFN SODQ ZKLFK UHGXFH WKH XVH Rl UHVRXUFHV RU RU(
SRLQW RI YLHZLQJ WKLQJ ZDV VSHFHOUFPO QK MWKFRREGLEH L
GLIIHUHQW SKDVHV RI WKH 37 SUDFWLFH DV HQWLUHO\ LQG
PRGHOOHG WKH 37 DV 0'3 DQG 320'3 DLPLQJ WR GHWHUPLQ
DSSURDFK ZKH/WHK IR XWHPRI UHVRXUFHY DQG WLPH

6FRSH RI WKH 5HVHDUFK

,Q WKLV VHPWLERIQUFXN YV WIQHS VFIRPSBIV DWKIL R QWHWHQHAK IRU DC
LQWHOOLJHQW DXVBRPEFWSRBVILYMHRH®® DSSO\ IRU DOO 37 G
YDULORWINEO\ WKHLU DSSOLFDWLRQ G RPHU \QDLWBLRA MBIFWY U FIHO H



ZKLFK ZLOO EH GHWDLOHG DQG GLVFXVVHG LQ FKDSWHU
FRQFHUQHG E\ RQH DSSOLFDWLRQ RI 37 QMTKLNOG RMHINDR RN
DSSOLFDWLRQ LV WKH PRVW FRPPRQ DQG WKH PRVW WHFI
DXWRPDWLRQ SURYLGHGVRXUFGEXMWWHPY DQG RSRHR®V LV FUL
RI DGGUHVVLQJ FXUUHQW VHFXUYRRSHK RO OMKQYHVYHVKBURKRL
GRPDLQ RI QHWZRUNVY DQG LQIUDVWUXFWXUHVY 37 ZLWK D
RXU IUDPHZRUN LQ IXWXUH WR FRYHU PRUH 37 GRPDLQV VXFK
ZHE DSSOLFOWRRQQWHUQHW RI 7KLQJV WHVWLQJ

&RQWULDQEBERRGD W\

37LV XQGRXEWHGO\ WKH PRVW HIILFLHQW ZD\ WR SURYH WK
QHWZRUN V\VWHP RU VRIWZDUH DSSOLFDWLRQ LV VHFXUH
YXO@HODWLHV ,Q RAHFQAVLWH SUDHWLFH LQ JHQHUDO IHZ ZR
DQG LQWHJUDWLRQ RI PDFKLQH OHDUQLQJ FDSDELOLWLHV Z
VROXWBRRUDFMWLFH LV PRVWO\ D E RHF IN\CCRRAOEEGIHP BHYW M U W L \
HYHQ LQVWLQFW RU JXDWW RGDIV $RQUDGW K PWHOHIQWRQ RQH R
$ WHFKQLTXHV LQ LWARREIURHWUHFQBQEK DV FKULNYFUHVHDUFK LV [
LQYHVWLIDWLQJ WKHPH W R IR$ | ARDI7 QUG KWWLPDWHO\ UHSOL
KXPDQ H[SHUW ,W LV DOO DERXW LGHQWLI\LQJ ZKHUH DQG K
HPEHGGHG LQ WKH FXUUHQW 37 SUD RMLYAHD RBHHD JU BQH PQMF K
$XWRP®WHQHWUDWLRQ 7HVWLQJ )UDP HHERQINR U, BEIPHTZALIF B ZG C
RWKHUV $, WOWHK@LOILXIHOQW SODQQLQJ D QKSRSEWHRN@EWLRH |
WHFKQLTXHV3WR ISAIUHRWRO\ DQG DFFXUDWK@AP & Q Hf RRRPIS XW R
QHWZRUNV 2XU SURSRVHG IUDPHZRUN ZLOO EH FXVWRP GHY
37 HQYLURQPHQW DQG SUDFWLFH UHSUHVHQWLQJ LW LQ WKH
WKH F\EHU HQYLURQPHQW DQG WEFKQVDYN\S URRIPOH,V REWLP
5/ SDUWRD\HIAY DEOEH PDVAMR&RERY0'3 DQG (6 ,Q D ILUVW SKDVF
PRGHO ZLOO EH GHYHORSHG LPSOHPHQWHG DQG WHVWHG

YDOLGDWLQHMW RRGHIRSWKH SURSRVHG VROXWLRQ ZLOO EH
DXWRPDWHG SODWIRUP WKBURFW VRIGXF VDIQRQ RSIWW K H] DSVWLHR
WKHUHIRUH EH FRQVLGHUHG DQG WHVWHG

7KH ,$37) LV LQWHQGHG WR SDXOW\D @OW HWP B DWKERX VWD D\ XIE \D\
H[SHUW DQG DFW SHUIRUPRGH QIXWWROPDIVRLG DAOFOAWAL WK HIILF
HVSHFLDOO\ RQ WKH GHWHUPLQLVWLF RU DOUHDG\ VHHQ VFH
XQGHUVWDQ®RWKWKLIONXDMQG WKH VROXWLRQ DQG DFW LQ
DVVLVWDQFH Rl WKAKKEPOQ@ EHSBHWDLOHG ODWHU LQ WKH
LQGHSHQGHQWO\ UHNSRRWILED HWRWBMHIRUPDQFH E\HFKRQV WD (



WR WKH HQYLURQPHQWDO SDUDPHWHUV DFWLQJ SROLFLHV
UHGXFH FRQVLGHUDEO\ WKH FRQVXPHG PHPRU\ DV QR GXSO
XVHOHVVO\ VADRYROB QS$HW[IHWW WKHOLEMMAR WKHOWHMWLQJI RI
FRQILUPHG IDLOHG WHVWHG DWWDFN ZLWK WKH VDPH LQSXW
VHEXULW)\ GDWDUHEDRFOERMWEWKLY ZLOO EH YHU\ FDUHIXOO\ F
ZLWK QR ILUP FRQILUPDWLRQ RU PLVV RQH RU PRUH IDFWR!
LQFOXGHG DV H[SHULHQFH EXW RQO\ DV D JHQHUDO H[DPS
H[SHULHQFWWHRMHVVDFTXLUHG H[SHUWLVH ZLOO H[FOXGH DO
IDLOXUH RFFXUUHG EXW RWKHU DOWHUQDWLYH V LV DUH D
E\ IROORZLQJ GLIIHUHQW DWWDFN SDWKV RILD®SUROF RIDVL W
WR SODQ DQG WHVW WKH UHPDLQLQJ DWWDFN SODQV WKD\
PHPRU\

)XUWKHUPRUH ZKLOH DQ H[WHQVLYH DFDGHPLF OLWHUDWXU
WKH OLWHUDWQUWLBRRBDERWEY WKH SODQQLQJ RI DWWDFN
LQGHSHQGHQWQ\ R IFREWH[MD KLYV UHVHDUFK LV DPRQJ WKH
SUDFWLFH RSWLPLVDWLRQ E\ HPEHGIGH QH IWKH [DG WTFXDMGHY B V)
IMVLELOLW\ DQG WKH DGHTXDWH $, DSSURDF/KS ZRIE®BIRS FOWH
LPSOHPHQWDWLR@DRMEROB ZRWKIQDPHG ,$37) DQG SURFHHGHG
ZRUOG UHFRQVWUXFWHG YLUWXDO QHWZARU NV HDUHIXW A BHWIRU |
IUDPHZRUN LV FDSDB®KPPRIQLARLMWIMLQED SHUIRUPLQJ DQ HI
SHQHWUDWLRQ WHVWLG@RQ®Q WG HMDIGEW KLV UHVHDUFK

,GHQWLI\LQJ UHVHDUFK JDSV E\ UHYLHZLQJQO DWIKBUDW X
GLIITIHUHQW RSWLPL]DWLRQ DSSURDFKHVY FRYHUHG VR IDL

,GHQWLI\LQJ JHQHUDO SULQFLSOHV DQG PHWULFV IRU Pl
RI DQ DXWRPDWHG 37 EDVHG RQ D PaPSDRWYRE ZLWK FX

([SODLQLQJ WKH GLIIHYODQAHHYDEHMIMHOQMOOMY&H F\EHU
HQYLURQPHQW DQG WKH XQLTXHQHVV DQG YHUVDWLOLW

,QYHVWLJIDWLQJ GLIITHUHQW $, WHFKQLTXHV VXLWDELOL\
37 SUDFWLFH

([SODLQLQJ LQ D FRPSUHKHQVLYH PDQQHU KRZ QHWZRUN
HOHPHQWY UHOHYDQW IRU WKH WDUJHWHG $, HPEHGGLQ

BURYLGLQJ D 5/ PRGHOOLQJ RI QHWZRUN 37 SUDFWLFH C
SUREOHP CRPRMWMLPOWVW\SREVHUYHG ODUNRY "HFLVLRQ SURF

'"HYHORBQR QQWHOOLJHQW $XWRPDWHG 3HQHWUDWLRQ 7HVW
SUDFWLFH DQG DFWV DV UHSODFHPHQW RI WKH KXPDQ WH

*DWKHULZRUOWEZ@WN VHFXULW\ DQG FRQILIXUDWLRQ GDW



YLUWXDO HTXLYDOHQW QHWZRUN WR EH XVHG IRU WHVW

THVWLQJ HYDOXDWLQJ DQG YDOLGDWLQJ WKH SURSRVH
GLITHUHQMW YDULDEO

'"HPRQV WKDEMLOBWLY HOHG 3@ ERPSDUHG ZLWK D KXPDQ H
WHUPV Rl UHOLDELOLW)\ DQG FRYHUDJH PHDVXUHG E\ W
WKHLU FRPSOH[LW\

3URYLBQGHOWWHP EDVHG DSSURDFK BH XOMDED WELD U HISH
37 SUDDP QAKAHEK VMR LIREBR WESRQHQW YV

,QYHVWLJDXMWQDIUEFRIFSOOHVHQWDWLRQ RI ODUJH 320'3 HC
WKH VFDODEWGERDWNNMKIRILDHGLXP DQG ODUJH VL]H QHW

J)LQDOO\ IWWDQWPBR KLIKOLJKW WKDW LWKKLN ZRRON YHISNR A
LOQFOXGLQJ PRVW RI DFWLYLWLHY DQG WDVN FXUUHQWO\ PDQ
LV WKH FRUQHUVWRQH LQ WKLY UHVHDUFKHDNQWHHQBPWORY R
VRIWZDUH 5/ DJHQW RU HYHQWXDOO\ 5/ DJHQWV ZLWK WKH
DFWXDOO\ FRYHUV WKH HQWLUH 37 SUDFWLFH DQG QRW EH Ol
W KSHU R DLFAY LAMIS WIKF W L F HP RKMAKID Q VMIR@ W UR®OD Q B LHQUIF K\HH 7

XOWLPDWH RXWSXW Rl WKLV UHVHDUFK LV D IUDPHZRUN LQ 2z
ZKLFK UHSODFHV WKH KXPDQ DQG LV LQWHOOLJHQW WR PDN
YLHZLQ37 VWK/HD SODQQLQJ SUREOHP ZIRU DGV X LMW K DMQ\R @ R IWBK'H
TXLWH GLIITHUHQW DQG H YUHHUQ CBWIBRM LYOHRF D @ & HRO WIHGWBHIS H W L

TKHR2XWOLQH

7KLYK' WKHMRW JD QLOHIF F K DISRVOIDRWIKAIMN URGRRIVRWEBU L H |

H[S O D QIDERERNBIFUK D SFARKDWL W/QXW P D UIIRJGIGRZD SWHIOW O VXPPDUL]H W
PHWKRGRGRRYDGIBY DQ RXWOLQH RI WKH UH VWKUYFRRRHW DRGRC
DQVZHU WKH UHVHD U FRKH P X HYS\OLIRLQOW Q P SORYHNI G WK R G RO R J\

C DGGLWERDQ SWHPSOW IO PLWD WHKRQUHVHDUFK PHWKRG ,W KLJKO
UHVHDUFK EHJLQQLQJ E\ UHYLHZ Rl WUDGLWLRQDO 37 SUDFWL
PHWKRGVY DQG DSSURDFKHV ,W LQYHYNWZBWHY B/EXSDRYKHUH Q
DSSOLWRWDR@WGHUVWDQGLQJ WKH UHODWLRQVKLS DLPLQJ IRU SU
HLWKHU VLPLODULW\ RU GQWHO®QFHFW)SHQ KWUBRIUM R QV B VOQ E
IRUPHG DV HRBHGGL ®] $, WHFKQLTXHL/Q DFRGF N B H GWWRLI FHAKENUQ J
DXWRPDWHG 37 SUDFWLFH VXSSRUWHG E\ WKH SURSRVHG IUDP
VFDODELOLW\ DQG HIILFLHQF\ LVVXH ZKLFK ZLOO EH HQFRXQWH
KRZ ZH DUH HO@MZMWRK GVKLY PDMRU FKDOOHQJHZLGRO WH[I$ ONDKIQV



HISHROMNG DUFK RXWSEHNG MHAWERD NNWHYWH GHVLIJQHG WR HQDEOH
UHVXOWY HYDOXDWLRQ DQG SHUIRUPDQFHYV YDOLGDWLRQ

&KDSWAHRY HU LWKRHUBWUHYLHD FRIDBWIBHY DQ RYHUYLHZ DERXW P
SHQHWUDWLRQ WHVWLQJ DQG RWKHU UHODWHG HVVHQWLDO FR
FKDSWHU LQYHVWLJDWHY WKH LPSURYHPHQW R ID®G DPOMR-PIRW L R
PDMRU DSSURDFKHYVY RQ WKH DXWRPDWLRQ DQG RSWLPL]DWLRQ R
DORQJ ZLWK SUHVHQWLQJ D FULWLFDO DQDO\VLV RI HDFK DSSUR
RI DFKLHYLQJ DIQKSI IQ RWHEW\3ZQ FRQWH[W RI PHGLXP DQG ODUJH
HYDOXDWH WKH VXLWDELOLW\ Rl PDMRU RSWLPL]DWLRQ DSSURI
VXFFHVVIXOO\ ZRUNLQJ )LQDOO\ WKH FKRXWHWHYHDO PKXERD NV
VWXGLHVY FRQGXFWHG LQ WKH ILHOG RI 37 DQG 9XOQHUDELOLW\
DQG IRRXEWKHVH OLWHUDWXUH ZLOO EH HPISDOHRDKNEKE B QNEKHD O BA\D
KRZ WKH NQRZOHWJH JOB &IDWODJHHVXOW RI RXU UHVHDUFK SURN

&KDSWRYHU DOO WKH WKHRUHWLFDO ERG\ RI NQRZOHGJH DURXQ
IRU DQ LQWHOOLJHQW D 8IGLRSRUFPHAH G BKHOIPREINHU LQWURG XF
PDLQPSRQHQW FRQVWLWXWLQJ 5/ HQYLURQPHQW DQG WKH GLII
VSHFLDO IRFXV RQ 320'3 7KH FKDSWHU FRDBOYXWHUDWREBRIQLDA\ DS !
VHDUFK DOJRULWKPV DQG PHWKRGV HPSSORDNG VZRWY KA R HWAKIHWK, HF
EDVLFV LQ UHODWLRQ ZLWK 5/ GRPDLQ DQG GLIIHUHQW WKHRUH
7KLV FKDSWHU DOVR FRYHUV WKH FU3EDDB®Q® WK R | XARIGRIOGLRQ!
DSSURDFKHWR @BBSMH) R E HODY ZHOO DV RVKH. @D NMRW ZDOJRULWKP

&SKDSWRHAWUREBGXKFHURSRVHG 5/ DQG +5/ PRGHO IRU QHWZRUN 37 S
320'3 SUREMXXHF FKDSWHUDZERPSBHKMRQYWYH PRGHO HODERUD
DQ&GLIITHUHQW VWHSYVY XQGHUWRRN WRZDUGV EXLOGLQJ WKH S
LQ IRUP RI 320'3 QRWDEO\ LQ IRUP RI 6WDWHYV $FWLRQV ,QLV
SHZDUGYV

&KDSWEHHIWDLOV WKH GLIIHUHQW FRPSRQHQWYV, RI7TWKKLBURSR
FKDSWHU H3S UDDTP /EHP HRWEOMWLRUWHQW PRGXGHWURRWDBO\ ,$
&RUH DQGPHIBRY\ DQG KLIJKOLJKW WKH LQWH U D FARL FOQ K UE KW Z
GHVFULSWLRQ ZLOO EH DOORFDWHG WR HDFK IXQFWLRQ DQG
WKH ZRUN RI ,$37) DQG XOWLPDWHO\ WHVW WKH SURSRVHG
DFFXUDFORG537 FRPSDUHG ZL VWDKK WRPDQ DRE \E BV KBS ISW W k

ZH ZLOO SUHVHQW WKH JOREDO ,$37) IUDPEHARURHMWIZ®R WIQW
GHVLJQHG DQG FUHDWHG LQ YLUWXDO HQYLURQPHQW IRU WK



&KDSVFRYHUV WKH DBEWXDOURISRWHQJIPRIGHOV DQG WKH ,$37) |
7KLV FKDSWHU LQWURGXFH WKH GLIIHWHIQMY B5FAMNY BAB BV LH G
PRGHO RI 37 SDO¥R/ IWR GQWHUPLQH WKH EHVW WHVWLQJ SDU
VXK WKH GLVFRXQW IDFWRU DQG WKH VROYLQJ PHWKRG D
RI WHVWLQJ GHDOV ZLWK HYDOXDWLQJ WKH SHUIRUPDQFHV F
(WKLFDO +DFNHU &(+ DQG EOLQG DXWRPDWLRQ® FRY MUHIM
UHOHYDQFH DQG HIILFLHQF\ $ GHHS FULWLFDO FRPSDULVRQ
UHVXOWY GLVFXVVLRQ WR ILQDOO\ KLIJKOLJKW WKH XOWLPD
RITHQVLYH F\EHU VHFXULW\ LQ JHQHUDO

)LOQD XQV WERIQEYXXPPQUL]HY UHVHDUFK ILQGLQJV DQG VKH
FROQWULRBXMER®HY RQ SUHVHQW WDVNV DFFRPSOLVKHG GXUL
RXWFRPHV BRIQFOMMVERQ FKDSWHU WWHWD W HMHD EFNE QVOHMAML
EHIJLQQLQJ RI WKH FKDSWHU ZLWK WKH UHVRXDEBW HDLING DOV
WKH OLPLWDWLRQ ZLWKLQ F\EHU GHW HW KBH.Q FHOWEERESEBEQ OR L
IXWXRHN



&KDSWBHWKRGRORJ\

2X WHV HDRMHWK R GHRORLWWHKW RSWLPLVDWLRQ RI 37 DXWRPDWLR
QHWZROQKRZWKRXBGNROYH WKH SUREOHP RI GHWHUULQJ F\EF
SURSRVHG PHWKRGRORJ\ LV H[SHFWHG WHRDARGJGLEH BV R.EO B PV
HIILFLHQF\ DQG HIIHFWLYHQHVYVY UHODWHG WRQW K HUNXWHNHHDW
TXHVWLRQV UDLVHG DQG DGGUHVV WKH VXFFLQFWO\RMYXHBUFK
UHVHDKEX FKDSRWHGHY DQ RXWOLQH RI WKH UHVHDUFK PHW
DQVZWHIVHD X AKX WHRSIDW LLHVWHPHRK RGRQBJFKRVHQ DBBURDFK
PHWKRGRORJ\ FKDSWHU ZLOO FRYHU PDLQ PLOHVWRQHV RI
SHQWWRQ WHMWWVRALDOW E\ UHYLHZLQJ WKH VWDWH RI WKH DU
DQG RSWLPL]DWLRQ LGHQWLI\ NH\ HOHPHQWYV RI WKH FXUUHC
FULWLFDEWK H WXQWDW LOLW\ RRFAXQ\ $UREHFKD IGIRADLY DQG Ol
WHVWLQJ DQG HYDOXDWL@J WKH SURSRVHG ,$37)

SHVHDUFK TXHVWLRQV

,Q WKLV VHFWLRQ ZHBHDRXWHRSW HW B FKR DR/ § R GV IREM. K PW L
VFLHQWLILFDOO\ VRXQG UHVHDRX\KY AGHVQERQSWHW D OWK B GUL
RWRGBRWSRUDWH DQG RUJDQL]DWLRQV QHWZRUNV DUH PDN
SUREOHPDWLF DQG NM®ELW K HXAXVWKHHWY WVYKISUDFWLFH $V ER\
WHVWLQJ HYLHD WWHRH DIFKWHQGHG REMHFWLYHV ZLWKLQ WKH D
FRQFHUQHG L QZ WMR ¥ HIGHVIHDIUSKZLWKLQ WKH SURFHVV DQG DC
DFFXUDF\ LVVXHV UDLVHG LQ WKH PRWLYDWLRWH GRSRQH IR
LQWHOOLJHGW WIDDPMHRRIW HZX L FK Z L O OUHUW IOR URFBHBHBBIAGFL D5 O \
RWKHU FODVVLRQM H\D-OAKIGIQWX F\ODQQLQJ DQG RSWLPL]DWLRQ
WHFKQHBEKMWWNHP 7KLV HODERUIN WRHKMED QFH[SHUW DQG HII
DQG HIIHFWLYHO\ W®DVRQGQDFWUDRR WQVWKH IDFH RI FRPSOH]
D YDVW DPRXQW RI XQFHUWDLQWAKBIQG I'RHIUHV IVWKNAD KIEMNETWKNY V /1
IRU WKLV UHVHDUFK DUH
%:KLFK DFWLYLWLHYV WDVNV DQG VXEWDVNV RI WKH FXUU
PDNLQJ WKH SUDFWLFH VORZ DQG KHDY\ LQ WHUP RI UHV
%:KLFK $, WHFKQLTXH ZLOO ILW WHKH >SKXQWRY A BHRBWLRQ \P
E\ WKH KXPDQ H[SHUW"
%+R2ZWR DSSO\ RU HPE HW HF K BWRXW KN ERSVBRIFIWH G V\VWHP
IR®7 DQG P DINLVQH @G RV VD MBI FIERQ W H "
% +RZ WRGXFKXWEKGA H[GWHW DIQ@WIRROWHO\ UHPRYH LW IURF
SKDVHV RI 370QR WKHW LFARWIGH K X P DMQHWKHU | L EI @ SRO DF7H G



E\ DQ LQWHOOLJHQW V\VWHP RU IUDPHZRUN ZKLFK UHOLF
%&DQ DQ LQWHOOLJHGW ROQBEODHSBW LBVNEGDWWRLSEHUIRU
FRPSOH[ WDHAMWUWWRAIQY IRUP Rl LQGLFDWLRQV DQG VXJJH
DFFHSWHG RU UHMHFWHG E\ WKH H[SHUW
%E6RXOG VOKHG $37 |UDEAHH DRWNRZHG WR RSHUDWDB QARGH SAQG
IUDPHZRUN RU HQDWDRIQGRQBFVR QQWWRODRU D VXSHUYLVL!
EHQFKPDUNLQJ DQG D'XGLWLQJ FDSDELOLWLHYV
%+RZ HIILFLHQW DQG HIIHFWHGH SIHQWWHK [BW RIES® WHHEV W,L QJ
KXPDQ H[SHUWV VXFK DV FHUWLILHG BIFKKIQHDO KDFNHU R
% :KLFRHWULFV VK RMROBHBHIX®MD® 3 H FQH\WWH RHBHVWLQJ"
,Q RWKHU ZRUGV WWKR \D QWEHHIDIWDAHH D OP VX HWW LIRS OBRBA WKH K
H[SHUW E\ DQ LQWHOOLJHQVS, DOPGZ RO B K BRMPWE BW W R
SURGBOHLQWHOOLJHQW DQG DHQVRPDWRE WKDWHZRHMWWWLRQ
XQGHUVWOIBIEOL@\Y LY RI WKRII IXQSDPFHWWIHO GHILQLQJ WKH DG
SUDFWLFH DV 5/ SURE GH B URESDWHHPYVBQ® VRO WIKGI LW WR ILQD
DQG VWRUH LW IRU IXWXUH XVH )XUWKHUPRUH FRQVLGHUL
UHVHDUFK QHHGV WR DQVZHU WKH DGGLWLRQDO TXHUWLRQ R
UHVHDUFK DWWHPSWV WR V SIHRRK W R IBKMIVIOIRID HQIJHY DQG W

SHVHDUFK OHWKRGRORJ\

,Q WKLV VHFWLRQ ZH SUHVHQW RXU UHVHDUFK PHWKRGRGRJ\ Zk
RXU DLPHBE@HEXPDQ H$SWHWWRRXUUHQW PDQXDO DQG DXWRPDWH
HQKDQFH SHUIRUPDQFHV WR UHDFK D QHZ FRQFOWKHRXVR QR WK
UHLQIRUFHPHQW OHDUQLQJ LQ 37 DXWRPDWLRQ DQG RSWLPL]D
EHIJLQWK UHYLHZLQJ WKH RIITHQVLYH DQG IHZ FORVHO\ UHODWHC
GLIIHUHQW DSSURDFKHV DQG PHWKRGV XVHG IRU RSWLPL]DWL
DVVHVVPHQW DQG WKH ZLGH SHHHH \ZH DAMMYWAHES W H B & LW 1 RGRFD 13Q
WKHBUWLQFDSSHRDBIBHY O OH@ UMWIRDYH D IXOO JUDVS RI WKH
XQ G HUVWIXGI® WIPRHOIEDG XV LQWR LOQWHGREDHQWX QTG BXWRPE Q G
DQDO\VLQJ UHVHD WBFKBQ R BVKHP PIRYGV /X L W D E O F KLY GV D\GMH X D
VKRXOG EH IXOO0O\ LOQWHSOBQRXQW DURKXRBIMYRBUIW EXW ZLWK
SHUIRUPDQFHVY DQG WDNH DG YIDMKMDIH U D/F MHHEH BARLE R\RD Q 6
DFFXUDF\

7 KH U HLDIBHPHBOWK R GROOHFPPBEIGRISWHG LQ GLIITHUHQW LSKDW HAH FZIL /@
VWDUW WKH UHVHDUFK E\ GRL®7GRRIRRDDQ X Q &N UXIW IHYUGIQON AR
WKH LQWHUDFWLRQ EHWZHHQ WKH HQYLURQPHQW DQG WKH KXP|
KXPBYSURFHVV DQG QRWDEO\ WKH UHDVROQRDNLDQGS DRSHRWD F



VEFUXWLQUWIQIHG HWKLFDO KDFNHU ZD\ Rl WKLQNLQJ DQG H[HFX:
DO\]H WKH PHWKRGV WKLQNLQJ WRROV DQG WHFKQLTXHV W
WHVWLQJ $GGLWLRQDOO\ ZH DLPLWRDGHQWRP Z®& PR XWX ADQ R
NLQG RI SULRU NQRZOHGJH 37 VHRSHIDWWD UHQ\RBPDWQRWHUWKL
UHFRPPHQGDWLRQ JDWKHUHG IURP SUHYLRXV VLPLODU H[SHULH
RI 37 GDWD ZRUNFORGHKLEKWQV QRW OLPLWHG WR WKH WDL
PDFKLQHVY FRQILIXUDWLRQ VHFXULW\ DUFKLWHFWXUHYV SURW!|
GDWD RXWSXW IURP YXOQHUDELOLWLHV VFDYQRQVGHWBE®DRQ
VHFEXULW\ LQFLGHQWY GDWD LPSRUWHG IURP 6HFXULW\ ,QIRUPD
7KH VHFRQG HOHPHQW ZH ZLOO SURFHHG LQWR UHYLHZLQJ U
WKHULQFLSOHV IXQFWLRQLQJ DSSURDFKHV RI 37 SUDFWLFH IF
DXWRPDWLRQ LQ 37 LQ JHQHUDO DQG LQ QHWZRUN 37 SUDFWL
DXWRPDWLRQ DQG RSWLPLVDWLR®VSHRSRY E WERHSHABIND DQF G\
PRWLYDWLRQV ODUJH RUJLIVQ S| REIORHP\DIW QF VZ K RUKNH BRONDK P
DXWRPDWLRQ IDLO W RN B FREHDHEH W/IKYH V QA MWEE B GVKH DOORFD)
7KHUHIRUFR @VLGHUHG BBEAEBWHDHSWW H FK QLMY BXORPDWH G
VIVWBEOG WRRGYMOG WKHUHIRUH PDNLQJ WKH IXO0O SUDFWL
LQWHOO RS$SWPMPLYEG 7KH DURGXFWRNVRHORINGH KXRQ QY LHRG H U W
XO W L P D M/SHEDFF I \WDK HKO O\ DXWRQRPRXV D Q G ZIKKLFRKWHRRRIDAKDV 3 7 |
SKDVIFWLYLWR | DAQKGH VERMDOFNV LEHH ZLOO GHFRUWLFDWH WKH 37
DFWLYLWLHYV WDIVWNVZBQBKVALED O MWORDEEDVHX X513 BADRH FOKTIREQR/BII) P
H[SHUWRPHDQ DXWRPDWHG IUDPHZRUN V\VWHP DQG KRZ WKL)\
XVHG ZLWKLQ WKH HODERUDWHG SURFHVVHV DQG GDWD ZRUI
7KH WHKQNBH Q WQ X HY OV BHD MHBRXHID MF K QVIKDMWHKWH VB LPURV RRUFK ZLW
D VSHFLDO IRFXV RQ UHLQIR UFHPHQMWY OHD @ Q EBDNEEHE H B WF K H
V\VWIBR WD FNQHMXUIKY QHWZRUNV G H PLQIERCR MLDNER QF & X D W
VWHS ZH DISGIHKWWHKWHFKQLTXH ZKLFK LV 5/ DQG ZH ZLOO (
DQ LQLWLDO PRGHO 37 SUDFWLFH DV 5/ SUREOHP DQG SURSR
37 SUREOHP DV VHW RI 320'3V

)LQDOO\ ZH ZLOO FRPSOHWH WKH W RGNEBDVURKDEGHEKD QFK I J
QHWZRUNV LVVXH DQG ZH ZLOO SURFHHG LQWR WKH GHYHOR
HPEHG WKH 5/ PRGXOH DQG H[SHUW V\VWHP DV ZHOO ,Q DG
ZLOO EH LPSOHPHQWKHGVWRODGEXH LQ WKH SURBSRIHHEF I5Q JP |
SHUIR U PD@E WIRRNHUDMWLRQDO LVVXHV VXFK DV H[SHUWLVH FI
UHVHDUFK PHWKRGRORJ\ VL[ VWHSV DUH VXPPDUL]HG DV IRO

%*UDVSLQJORIRIDI3Z DQG PDL® @UHIRQPHARWYGDQG FRPSRQF



WKH LQWHUDFWLRQ EHWZHHQ WKH GLIITHUHQW HQWLWLH\

%5HYLHZLQJ WKH FXUUHQW VWDWH RI WKH DUW RI WKH FX
SKDVHV Rl WKH SUDFWLRI QDWKE U LLGUI REPWFRYHU\ YXO0Q
DQG H[SORLWLQJ WR IXO0O\ GLJHVW DQG DQDO\H WKH I
UHDVRQ ZK\ WKH\ IDLO WR PHHW WKH 37 H[SHFWDWLRQ L

%BHWXG\LQJ WKH 37 HESHKHWWIVFDOD@BE MY UR L Q RS HUMRNLHUN
DSSURDFKHV PQG LGHFSVREGVY ZKHQ SHUIRUPLQJ WHVW
XQGHUVWDQGLQJ Rl ZKDW ZK\ DQG KRZ RI HYHU\ WDVN [
WKH LQLWLDO UHBRQQIDIWK B QIE®JI D/QRS VEK[IS GIR & OB M IRQJ VD

%, QYHVWLIJDWLQJ KRZ $, PRUH VSHFLILFDOO\ 0/ FDQ UHS
VHTXHQWLDO GHFLVLRQ SURFHVV DQG QRWDEO\ 37 DQG 2
WR SURGXFH UHVXOW

%3URGXFLQJ DQ LQLWLDOWRBERE GRH R B O/G RHEXNEINBIEGW K D W
YDULDEOHV DUH FDSWXUHG DQG UHSUHVHQWHG 7KH L
LPSOHPHQWHG DQ® WRW M HRIDE@HGIBYH 3 VROY HUWXWRK F
DORQZVMXHMERH QY LUR QH®IQWMYRBHZRWPNREROH

% (QKDQFLQJ WKH SQRWPREWGE PRBBOIIRNADL@AHY D& XHIILFL
WKURXJK WKH LQWURGXFWLRQ RI D QHZ +LHUDUFKLFDO
3USURF H VBWRXI® DWV W K[SIHQOW B\XYGVBRPRU\ P DRADGXO®HQ W

%7HVWLQJ WKH SURSRVHG VROXWLRQ DQG HYDOXDWLQJ |
DFFXUDF\ZIRY WG IFRPSOH[ VFHQDULRY DQG VXEVHTXHQW:
FKDBV LQ GXH FRXUVH

7KLV DGRSWHG PHWKRGRORJ\ DLPV WR DFKLHYH WKH UHVHDL
37 DQG D IUDPHZRUALGREBORWKDDM G HYHYWCPD®\ HFBFHWINF H
SHUIRUPLQJ DOO 37 SKDVHV LM ¥R QRHHEW RM HFRW B W H D PHHZ\R @ |
ZLWK RSWLPLVDWLRQ DOO DVSHFWV RI WKH 37 SUDFWLFH LQI
ZLOO WDNH DGYDQWDJH RI XVH RI GLIITHUHQW $, DQG PDFKLQ
WR DQVOHVHDKIHK TXHVWLRQV

(PSORGYHI/HDUFK OHWKRG

7KLV VHFWLRQ DLPV WR GHVFULEH PHWKRGV XVHG LQ RXU L
WHWWEMJG DWLRQ HODERUDWLQJ WKH 5/ PRGHO RI 37 DQG ILQ
IUDPHZRUNPHWKRG HPSOR\HG ZX©B5RIDONIR DEMDERYLDHE 80D Q Q
DQG HROHG H[SHUWME WRGW ARWDIPO O L JHQ VK LIFKD DHPRUWRZ DV V L\
HYHQW XD ODKKMEO BESHUW LQ BDAWLYLWHMWZRQKE WDVNV ,Q
ZLOO GHWDLO PHWKRGV XVHG LQ RXU UHVHDUFK WR GHVLJQ |



RQ YL UWEHIEO QMMARRWNMIX FWLRQ RXW R ZROMNOG FROG R D WE IQF
7KLV UHVHDBURKG ZE®ORRRQFHSW 3R& IUDPHZRUN DORQJ Z
LPSOHPHQWDWLRQ ¥ KEFPO DL ID[G WHI\S BIES HUY RPN 90 OQ BHQW  H
HIITHFWLYH PDQQHU

SHVHDUFK 'DWD ,QSXW

7KH LQSXW RI| UK HV GUHWHRIBORKX B D] BXH PR R UK W KZHR WHE®

FRQVWUXFWHG IURP LPSRUWLQJ [QW HUWR RIDE/RIMD MFRWKY BRD\N V
ILUVW ZHBMDFWHG LPSRUWRGOGDWDDQURPPHIBDRP DQG ODUJH
7KH FROOHFWHG GDWD LQFOXGH QHWZRUNLQJ IXQFWLRQLQJ
YLUWXDO HTXLYDOHQW RI WKHVH QHWZRUN® H\Q [DQ &L WMUXDHOU B
LQFOXGHG LQ WKH YLUWXDO QHWZRUNV E\ GLUHFWO\ GRZQOR
VRXUFH ZHEVLWH YXOQVKXE FRP BKIRFK & HW YPHDW Bl W LLDHB\R WLK/D
KDEFNHUV WR H[SHULMQWHN IF® FEXIWWDO/RIWFXDUH DQG QHWZR
YLUWXDO DSSOLDQFHV 6HFXULW\ PHFKDQLVP LQFOXGLQJ ILU
DORQJ ZLWK WKH DVVRFLDWHG FRQILIJXUDWLRQV LPSOHPHQ\
QHWUNV E\ DGRSWLQJ D VSHFLILF DSSURDFK RI FRQVLGHULQ.
WR WUDQVLW WKURXJK WKHP LQ DRUSHF VIEFQDIALWR WHI RW D
XQDYRLGDEOH DV WKH YLUWXDO HQYHLWRREBNQW LVRUWXRV XIS
FRQVWUXFWHG GLIIHUHQW QHWZRUNV ZLWK VL]H YDU\LQJ I
DV IROORYPDOO /$1 PHGLXP /$1 DQGODUJH ($HQ WKRXJK RX!
UHVHDUFK IRFXVHV RQ PHGLZRUHQRE®RUHB @QHRWARDNW [ZHRP V
IUDPHZRUN PRGXOHV WKH SURSRVHG 5/ PRGHO DQG WKH 320
ZRUWK WR PHQWLRPDWKDQHWKHLWDWLRQ LV MXVW IRU WHVW|
FDQ ER{ DRFPRPPRGDWHG ZLWK WKH DGHTXDWH KDUGZDUH

,$37) PRGXODU FKRLFH

,Q WKLV UHVHDUFK ZH RSWHG DW HDUO\ VWDJH IRU D PRGXOI
7KH FKRLFH LV MXVWLILHG E\ WKHDQ VWBPHZRIUN DRYHRY D GZ
QRW VXUH WR ZKDW H[WHQW WKLV UHVHDUFK ZLOO EH SXVKH
WKH GHYHORSPHQW RI WKH ILUVW PRGXOH ZKLFK XVHG LQSXW
YXOQHUDELOLSKDYWYHWRPHOSWHVHQW LW7EW@ZIXD FIQ YWKIR G P
VROYLQJ SURFHVV ZKHUH WKH VRIWZDUH DJHQW ZLOO GHWHU
OHWDVSORLW 06) WR H[HFXWH DWWDFNV DQG DFWDR@ VRK HR RE
UHVHDUFK DQG L&RUBIPH&HSBHFRQG PRGBOHIL VD @®RPHEX$T7DC
DFTXLVLWLRQ FROOHFWLRQ SWBBFAVVHQJ DG | RHCPDXWUML & JW
ZKLFK ZRUN WRJHWKHU BV Z@KXKBHQ GHQNM SHUM SWYLY PRGXC
HOLPLQDWH SUHYLRXVO\ FRQILUPHG IDLOHG DWWDFNV ZKLO



DWWDFNV ZKLFK ZLOO FHUWDLQO\ IDLO E H FIDUXVZD R DTRKEH , \6H F X
WKLUG PRGKIOHURIPHZRUNHPRUSIZKLFK VHUYH DV WKH PDLQ
IUDPHZRUN DQG WKH H[SHUW V\VWHP LQ FKDUJH RI H[SHUW
UHSOD\LQJ /DVWO\ WKH OHWDVSORLW 06) LV FR@WMLEHRIHG I
QW H U IlOEFIHVWI6H R G X ORMRD Y ® XSIZ®VFK DOO ZLOO EH FRQWUROO
FRUH WEKXURXJRULSWV

2SWLPL]D'WOK@MIRRULWHULD

&XUUHQWO\ SHQHWUFDRWQRQ LW HRVHDL\QIB B 6 REQ@HIDRGIW VW6 W L
PHWUZKEVK DUH ZLGHO\ DGRSWISE UDRGPRHIDBIMNG BB 8 QW G- DMV H
HODERUDWHG D OLVW RI ILYH ZKLFK UHSUHVHQW WKH EHVW S
YLVW P HW YIHU DVQWE K@M IPAK W\J DL YK WP HRWM BRPGI D QXGUBHIOHFW W
WLPH UHTXLUHG WR FRPSOHWH D WHVWLQJ F\FOH ZKLFK LV D
SDLG FRQVWUDLQW LQ FXUUHQW 37 SUDWWLKHI HW K KIVH\@ K L\ [P
PHDVXUHPHQW 7KH VHFRQG PHWULF LV WKH WHVWLQJ FRYHU
ZKLFK DUH LQ RXU UHVHDUFK P H DWWYBHFNGHE W WXKWHH G XP\E H53B 7R | W
PHWULF UHIOHFW 8 DWKWH Rl MAKMW PHDYKVWWHPHQW 7KH WKLUG PH
GHDO ZLWK WK H XFEFHIY Y QOD/N W YRBIQRHYKV DUJHW FRPSURPLVLQ
SRUPWSORLWDWLRQ DFWLYLWLHV VXFK DV URURR\ENDMW® FG B '8 O/RKH
VXFFHVVDQB V8 BHRHWXWLRQ YDULHV VLIJQLILFDQWO\ DQG GHSHC
H[HFXWLRQ RUGHU WKH XVHG FRQILIXUDWLRQV DQG H[LVW
FDSDFUWYWW\ WKH IRXPW X PHIRE R N \VWW B H KE FIK Q M UFDMW IR GD C
FRUSRUDWHY DV WKH GRZQWLPH VKRXOG EHVMMHRDMWLEQBG (
FRPSUHKHQVLP/SPRUWN WLIHYWYV DQG WKXV QHVDZRG S LWMULERIQLW R \L
LGHWHSFWRRIELOLW\ E6YWRHDMH{W WNQDOHG BIMARNNY BIVNSHR/VWKI
HVSHFLDOO\ GXULQJ WKH LQIRUPDWLRQ JDWKHULQJ DQG GLV
LQ SUHYHQWLRQ DFWLRQ E\ ,'6V2RURBWWIDWRW WKH DWWHQWL

,QWHOOLJHQW 3HQHWUDWRERQLFHWWWLQJ DQG /HDUC

,Q WKLV VHFWLRQ ZH EULHIO\ GLVFXVV WKH FKRLFH RI 5/ IR
UHVSHFWXSHOYLVHG OHDUQLQJ XQVXSSHWYYVWIEG OGBDQQ DI
UHLBHRBQW @HDHQIQQWLDOO\ FRQVLGHUHG LQ WKLV UHVHDUF
VXLWDEOH DQG DGHTXDWHARQH ARRLRNURFRBOWW[MXVWLILHG
GHFLFDRQQJ SURFHVV FKDUDFWHUL]LOHGWEKW 3R V2KQLWKRZ DRX
PDQXDO 37 SUDFWLFH



J)LIXUABDFKLQH /HDUQLQJ IDPLOLHYVY DQG WiHLU PDLQ DSSOI

7KHUHIRUH ZH FRQFOXGH WKDW WKH RQ@OWHWHOKEDQIW B3I
DXWRPDWREWLBR®WLRQ IUDPHZRUN LV 5/ )XUWKHUPRUH 5,
G\QDPLFLW\ LQ WKH 37 SUDFWLFH ZKLFK LV IXQGDPHQWDOO\
HYHQ SURSRVHG 5/ DSSURDFKHV > @ ZKLFK ZDWXO WM HGWRI
KLJK OHYHO R D\WMXMF B X QB RADRUH G MO DEMVRGDMR WKH UHDO

HQYLURQPHQW QRWDEO\ LQ GLVFRYHU\ DQG H[SORLWDWLRQ
UHOHYDQFH RI RWKHU FRPSOHRPWIDE DOR §,J WLHFHK QUKTEK HP\D VDR 5E
FRQVLGHUHG GHFLVLRQ WUHHV D RBDWHRN H[SHIKY \RS W HPLMW D W



J)LIXU$H, WHFKQLTXHYVY FDQGLGDWHYV IRU DQ RSWLPLVHG 3

7KH H[SHUW V\VWHP FKRLOD FNX QR®ANH G [\EU NNBLER@LWH DQ
LPSURYHRMWQMW MK IF@NV RDQXDDKE AR HW WDKMLRRLQ UHDVRQ EF
KLJK HIILFLHQF\ 'RLQJ WRLYHORIRE GG WEAMUQ R R RRENQOH D U Q

UHSO\ H[SHUWRYYHMHRIHGLHQFHYV
)LQDOO\ ZH EULHIO\ GHVFULEH WKH 5/ PRGHO UHSUHVHQWD

WKLV UHVHDUPRKXPHRKHU LUHXWHKH FKRLFHY PDGH ZKLFK ZLOO EH |



JLIXUHKRLFHY PDGH LQ WKLOVHEGCHYHQWWHKWRQB® S 5/

$V ZH GHVFULEHG HDUORBYHY ODOQNVHYHWZ\WR WK L37JDR/QDPEH SUREO
UHDVRQLQJ DSSURDFK IROORZHG LV PRUH RK®B % HGXRWOLELHD [
IRU DQ DXWRPDWHG DQG RSWLPL]J]HG 37 IUDPHZRUN WKDW |
FRPSUHKHQVLYH UHYLHZ RI DOO FDQGLGDVEGHWMWOQRBRZOQJD
IROORZH@XPWEYH UHDVR/EIHP BECSWAR BFIRSWLRQ LV WKHQ VH!
PRUH VXLWDEOH DQG UHIOHFWLYH BIFFWXWHDIWHSRBPDEGEWQ AR 5\D @
SUREOHP GAKLRKWION@YRBEHVWUDQVLWLRQ DQG REVHUYDWLRC
GLVWULEXWLRQV WR FDOFXODWH WG/ VIRDY IDFIND @ QU 1) MKP O C
SURJUDPPLQJ IRU VROYLQJ IROORZLQJ WZR PDLQ DSSURDF¥
WHRDW ,Q WHUP RI VROYLQJ 320'3 FKRLFHVY DQG DV ,$37) DI
GHFLVLRQ PDNLQJ WKH VROYLQJ FKRLFH ZLOO EH YDOXH LW

28 ([SHUWLVH HIWUDFWLRQ JHQHUDOL]DWLRQ DQG |

,$37) LV GHVDHDH® WRG DGDSW ZLWKRXW IROORZLQJ H[SO]
LQWHUDFWLQJ ZLWKQGWNFHISHIHROO HKRP SHWHQFH LQ VROYL
HIWUDFWLQJ NQRZOHGJRSHBPWIXPD ORGEMULWVIRUP RJIJSHUIRU
GHFLVERQPRQYHUW WKLV NQREWHQJIHSROWR\ XX IRBEMHG WR G
PRGXOH QDPHBPBBY)ZKLFK LQFOXGHV WKH SURFHVVLQJ HQJ
YDOLGDWLRQ VFULSWV H[SHUWLVH JH[GH U DO V¥VDBARGQ M F U L
GHYHORSPHQW E W FAORMER-PGIOBRIBU\G X8 B HRW H QVAWIHS W FRGLC
EXW UHPOWQRRORSRQHQW RIRQ,$BKDV UHVHDWARONEH RIS\ RQ R
HQDEOLQJ WKH IUDPHZREANDWRHEW LVIXHSG UWW KHBDO KDFNHU

VXSHUYLVLRQ ZH DOORZ K&IKYX WIRQWWEBDYNQRZFO-HGJH WR JH)
WKHQ OHDYH LW WR OHDUQ WKH UHVW IRU LWVHOI RU IURF



DQWLFLBWWHFWBRIWHU D SHULRBHRY\WHWP MV KIDLO@LOD SHRBADRIMA L S H
DQG FRYHUDJH DORQJ ZLWK SLQSRLQWLQJ QHZ FRPSOH[ DWW
GLVFR¥3U DFTXLUHG H[SHUWLVH ZLOO WKHQ EBMIEGXNVBERGLUHI
DGGLWLRQ IDLOHG DWWDFNV ZLOO DOVR EH H[FOXGHG ZKHQ
EXW ZKHQ RWKHU H[SORLW DOWHUQDWLYHY DUH DYDLODEOH
WKH DWWDFN LV U HISM@D B3TG Z LQD @ XUFHKOM LRAQX DWWV FRUH 5/ PR G X(
WKH UHOHYDQW DWWDFN SO DG\ SID\R ZW O & LORQ WDKHS DSLWRRRA DOV
WKH DFTXLUHG H[SHUWLVH LQ LWV PHPRU\

SHSUHVHQWLQJ SHQHWUDWLRQ WHVWLQJ 5/ SUREC

(DFK QHWZRUN 37 H[HUFLVH ZLOO EH UHSUHVHQWHG LQ D VH\
EULHI GHVFULSWLRQ Rl WKH PHWKRG DGRSWHG WBSHRXOW B X\ W
WKH UDZ GDWH XVHG IRU HODERUD®DQD W K HJ HIQUVOAD \B BIGG 3W E
SUDFWLFH SURJUHVVLRQ DQG ZLOO IROORZ VHYHUDO SURFHYV
DFWLYLMHEWRFADYHRMFOXGH GDWD SURYLGHG LQLWARJOO\ ZK
RU ZKHQHYWK®B®JVDPH QHWZRUN ZKLFK LV DQ LPSRUWDQW II
LQIRUPDWLRQ JDWKHULQJ SURELQJ DQG VFDQQLQJ GDWD JH
E\ DXWRPDWHG V\VWHPV DQG WRROV ZKLFK OXGELRIUW VRIJ KWW |
DQG 1H[SRVH ZLOO EH VHUY H& HEFNSGRIEN FRIPG MUY BQ XE WK W
7KH VHFRQG SKDVH LV WKH VHFXULW\ FOXVWHULQJ ZKLFK ZLO
HDFK PDFKLQH XQGHADRVMMHQ $WH FMKH WQG RlI WKHVH SKDVHYV
DQG SDUH WKBHMZ GBWD [PO DQG ORRUBIQ GKLIH §PW DRAL QKB
WUDQVODWHG LQWR 320'3 ILOHVEHRIOWKI| $REVRQYVD\WWRYM V7 U,
5HZDW&M RQO\ H[FHSWLRQ LV WKH 5HZDUGV GKHEX JIBD®O EH L
RWKHU 320'3V FRPSRQHQWYV DUH S2RIHIDG WKMU S B R/G)GFE & DRV DWIK
SURFHVVLQJ Q®RBMDELON LLRQWKH) G REVHUYDWLRQV SUREDELOLW
DQ&DWDWKRPFLOOREPDWLRQGIDWRMHUD DQG YXOQHUDELOLW\ C
EH IHG WRR®3IH)GXULQJ WKH FRQWLQXRXV XSGDWH SURFHVV |
SRLQW/ IRU

$GGUHVVLQJ WKH VFDODELOLW\ SUREOHP LQ PHG

,Q WKLV UHVHDWHKHAH [H QFRRXY FXUVH RI GLPHQWRRQWRHW\
HISRQHQWLDO JURZWK LQ FRPSXWDWLRQDO SRZHU GHPDQG D
HQYLURQPHQW > @ 7KH VFDODELOLW\ SUREOHP LWDRGI ZDV
WKHUHIRUH LWV UHSUHVHQWDWLRQ DV 5/ SUREOHP ZKLFK RIV
LQ WHUP RI QXPEHU RI VWDWHV WUDQVLWLRQV DQG REVH
DSSURDFKHV WR PRGHO 37 DV +LHUDHFXKQBD®G/ASPBGBRPOHR JL QC



PHGLXP DQG ODUJH'" ViU HUHMOW ZRRUNVHVHQWDWLRQ KDV EHHC
LPSOHPHQWHG DQG WHYVVDOHHE HU R UF® 65 D&M KRHR F RVQ WXH[WDHREI 3 7
VHOHFWHG KLHBER WAKRAHOOVHFXWRW\ FOXVWHULQJ SURYHG WF
DGYDQWDJH RI +5/ UHGXFLQJ GLPHQVLRQDOLW\ WKURXJK GHF
SUREOHPV ZKLFK XOWLPDWHO\ RYHUFRPH WKHKMFES3@DOWOH W\
GHWDLOHG IXUWKHU LQ &KDSWHU

ILUWXDEHW KPHW ZRUNYV GHVLIQ DQG WHVWLQJ

7R DFKLHYH WKH UHVHDUFEKRIRD® \D HAWHZ R 8 WW GV RR BHUX\DKG DV
WKH SURSRVHG 5/ PRGHO LQ RQH KDQG I IDFQG RF) W®E RWHKFHW LI
$V D PDWWHU RI IDFW ZH QHHGHG WR VHW OLPLWV LQ WHUI
UHJDUGLQJ WKH QDWXUH RI QHWZRUNV DQG ZH GHFLGHG WR
FRQILIXUDWLRQ D Q\GHITEXKA R @' ®\E VWEMP DFYWKH UHDO RQHV 7KLV
E\ WKIDHUDO 'DWD 3UR WHI5N: RADEIGI ROKMIURULYDF\ QG VHF
UHODWHG WR SHUIRUPLQJ WHVWYV R/Q QJH VX ) DW2R EDNWMMRGQ LG
WHUP RI UBRXXMVEOAUBI®LWLIDWLQJI WIHWNVL Q WEKSHRO DWW R X U
UHVHDUFK ODVWLQJ ORQJHU LQ DG G LLVOICR@DMARD IKHH DRVRARS R O
PHGLXP VL]H /$1 Rl PDFKLQHWBQWQ@HRIZRUNV ZLWK VL]H Y
PDFKLFQUHWWHG IRU WKLV UHVHDUFK



JLIXUW\SLFDO FRUSRUDWH PHGLXP VL]H /$1 HTXLYDOHC



&KDSWHWHUDWXUH 5HYLHZ

7KH OLWHUDWXUH UHYLHZ VXEMHFRWHWKRG R R X\FWKUW G HDWHD!
DQG FDWHJRULVDWLRQ LV EXLOW WR VHUYH UHVHDUFK DSS
UHVHDUFK TXHVWLRQV 7KH FKDSWHU KDV EHHQ RUJDQLVHG
F\EHUVHFXULW)\ DSQU® RWKLHF B LIBGIRIYI ZLWK WKH UDWLRQDOH DQ
QHHG IRU 37 SUDFWLFH DQG ZHW\SQRS ESmMW WWIF\W ROQQ/ B Q DGVIRVP h
SUHVHQWHG WRSLF 6HFWLRQ GLVFXVVHV WKH DFWXDO 3
DSSURDFKHY DQG WRROV QRWDEO\ OHWDVSORLW &RPPXQLW\
BHFWLRQ UHYLHZV WKH DFWLYLWLHY DQG WDVNV FRQVWLW)
WKHRU\ DQG LWV LQYROYHPHQW LQ HREBYFYOQFNWHDXQUE VK
RUJDQLVDWLRQV FDQ EHQHILW IURP WKLV H[WUD VHFXULW\
BHFWLRQ SLQSRLQW WKH XQLTXHQHVV RI 37 SUDFWLFH FRP¢
GRPDLQV DQG KLJKOLJKIMQ W[KSH BWXIFQW®E UNROHVKR® LQ WKH
WKURXJK FXUUHQW DSSURDFK DQG PHWKRGV XVHG LQ 37 D>
GHDOLQJ ZLWK ODUJH DVVHWY DQG WKH UH SHIWHDRIKENW\ :H
DQG ZLWHQWUB UHVHDUFK WUHH VXPPDULVLQJ ZKR ZKDW K
RSWLPLVDWLRQ WHFKQLTXHV KDYH EHHQ SURSRVHG DQG LP.
WKDW PDLQO\ GLVFXVVLQJ PDFKLQH OHDUQLQJ X\SWLE BRRS'
WKH UHOHYDQW $, WHFKQLTXHV 6HFWLRQ JRHV WKURXJK Z
)LQDOO\ 6HFWLRQ VXPPDULVOWEZKIHWERMR® GPIZRHND YXFFF
OLPLWDWLRQV LI QRW ZRUNLQJ \DXP IR SUHLPWHI/GW KIHQ © OV® M U\DFAFXAL
DQG VSHFLILHV D UHVHDUFK URDG PDS

SUHIDFH

7KH DLP RI WKLY OLWHUDWXUH UHYLHZ FKDSWHU LV WR HVWI
WHUP RI RITHQVLYH F\EHUVHFXULW\ 37 DQG YRRVGHIM HIQO LW
WHUPV RI 37 DXWRPDWLRQ KXPMQ WKIHUXWHURIOH, LA WRBUR
RSWLPLVLQJ 37 WRROV DQG V\VWHPVY DQG UHVHDUFK JDSV

WKHUH LV D QHHG WR DOLJQ LW ZLWK UHVHDUFK UHTXLUHPHC
UHVHDUFK PHWKRGRERPFAK DIR®@ORZHG 7KLV DOLJQPHQW ZL«



DGYDQWDJHV IURP WKH IROORZLQJ V\VWHPDWLF OLWHUDWXU
ILWHUDWXUH 5HYLHZ OHWKRGRORJ\

7KH DSSURDFK IROORZHG LQ VHOHFWLQJ DQG FODVVLI\LQJ W
WUDGRW IRHWHUUHQFH JDPH WKHRU\ DQG F\EHU GHWHUUHQF
PDLQ SKDVHV ZKLFK FDQ EH VLPSO\ H[SODLQHG DV

30DQQLQJ

7KH PDLQ REMHFWLYH RI WKLV SKDVH LV WR ORFDWH DQG VS
SDUDPHWHUV ZH VKRXOG IROORZ DOLJQHG ZLWK WKH UHVHD
JRFXVLQJ WKH OLWHUDWXUH RYHUDWWIRRIHW H G BFK BURE QAL
SURMHFW DQG JDLQ XS WR GDWH XQGHUVWDQGLQJ DERXW
6SHFLILFDOO\ OLWHUDWXUH LV FDUHIXOO\ VHOHFWHG WKD\
XWLOLRHBULGJIH $, W HBKQRT XH¥ HUS/SHFIXULW\ SUREOHP WR W
YXOQHUDELOLW\ DVVHVVPHQW
([HFXWLQJ

$V WKH IXQGDPHQWDO SUREOHP RI WKLY UHVHDUFK SURMHFV
LQWHUYHQWLRQ LQ 37 SUDFWLFH" OLGOW B KB K ® ¥ \LRWHIKWY LER BHG
SUHYHQWLRQ DQG VHFXULW\ DXGLWLQJ %DVHG RQ WKLV PLV
RI WKH OLWHUDWXUH ZDV FRQGXFWHG )RU WKDW RIIHQVL
DVVHVVPHQW RUFHPHGN UMHRUQLQJ IRU VHTXHQWLDO GHFLV
SDUDPHWHUV IRU VHOHFWLQJ WKH OLWHUDWXUH 2WKHU LV\
SUREOHP TXDOLW\ Rl SXEOLFDWLRQV FUHGLELOLW\ Rl SXEO
5HSRUWLQJ

SHSRUWLQJ LV WKH ILQDO SKDVH RI UHYLHZLQJ WKH OLWHUD
LQWURGXFLQJ PDLQ FRQFHSWV DSSURDFKHV DQG FRQWULE
7KHQ H[SODLQ GLIIHUHQW VWWKABJSMKRSRQBGZVRERWYRBVUR
QHWZRUN 37 )LQDOO\ ZH HODERUDWHG D UHVHDUFK JUDSE
FDWHJRULVHG XQGHU WKH DGHTXDWH UXEULFV



7KH QHHG IRU RINAHHAXAYIHVE\EH U

S\EHDUWWDFEEW[SORLWYV KIHYA\ERQ VVLVW X WH)& WMKSRVXUH GXUL
$ NH\ HOHPHR®BDNEWBWNWKDW WKHYWMHMHPGDQGQRQ WHUP RI PF
DSSURDFKHYVY DQG LQYROYH WKH XVH RI D YDULHW\ RI WRROV
DFWLYLWDMNYNW@®XWQQG WKH KHDUW RI WKLV F\EHU DGYLVRULHV Zt}
RI VRIWZDUH GDWD RU VHTXHQFH RI FRXPDDQAHEGWRALRIMXVWAN D |

XQLQWHQGH®G WPRKDD(LLCR[XCRDXW\KFRCQNL&W@.\@)EHDWW[E\D?XVWUDWH v
QXPEHU RI ZHH R R DVE®RBBUVG SHU RUJDQLVBWLRQ SHU L

JLIXUSIYHUDJH ZHHNO\ DWWDFNV SHU RUJDQLVDWLRQ E\ LC

& EHU DWWDFNLQJ DYEDKDF EXQLQNVYY IXPWRVYV WKH ZRUOG ZL'
H[SHFWHG WR JURZ E\ SHUFHQW SHU \HDU RYHU WKH QH[W
DQ @D E\ XS WWRPOLRQ|86@L7&KLY HYROXWLRQ LV LOOXVW
DQ H[SORVLRQ LQ QXP E HUWH FK[S OTRLWW D Q BMIHANKLQQRODORAL\W U
DYHUDJEDHMRSORLW SHEKH AIQ WDONFW WLPH DQG HIIRUW LQ
DQG ZHDSRQLVLQJ H[SORLWYV ZKLFK WKH REVHUYDWLRQ HQE




FXUUHQWHMADY®/ IRRW WKH F\EHU DGYLVRULHYV > @

JLIXUBIYHUDJH H[SORLW SULFH LQ WKH GDUN DQG OHJLW

$QDWRP\ RI BHWAWHEHFW

37 SUDFWLFH LV D WVDWDEDUE KBIGG VHEF®OLW\ DXGLWLQJ
LPLWDWLQJ KDFNHSYYRBRMAMWE\SYVPRYGWLQJ WKH VDPH EHKD
HYHQWXDOO\ DGRSW ZKHQ DWWDFNLQJ WKH GLJLWDO DVVHW
LQWR DFWLYLWLHV DQG VWHSV IROORZLQJ D FHUWRKB ORJL
SHQHWUDWLRQ WHVWHU EHWWHU FRSH ZLWK WKH SDWWHUQ
GLYLVLRQ LQ VWHSV LV QRW D UEHWWD BO LDUXG & RSUDHWASLRFRIG I
RITHQVLYWHFEWUN, GRPDLQ ,Q WIRLVXPIPDWLYH WWMW RPSRU F
37 $Q H[DPSQTRWIGIBHMWDFN VWDUWYV ZLWK D 5HFRQQDLVV]
QHWZRUN LQIRUPDWLRQ DQG EXLOG D NQRZOHGJH DERXW
'LVFRYHU\ LQ ZKLFK WK®P XWEQHWRLIOZHEMWDIWDQG SHUIRUP Y
WKH DYDLODEOH LQIRUPDWLRQ VXFK DV 26 GHYLFH VHUYLF
WKLUG SKDVH QDPHG ([SORLWDWLRQ ZKHUH KDFNHUV DWW
FRPSURPLWBUWHKW DFFHVV DQG PDQLSXODWH GDWD RIWHQ
EUHDNV WR VHHN [XUWKGDSWQWKIP FRWQRQYRUDWHRQ RI H[SOR
SKDVH LV RIWHQ WR SURFHHG ZLWK OHYHUDJH RRPSWKRBLVF
QHWZRUN UHVRXUFHV WKURXJK SUR[\ SLYRWV DQG WHVW GH
VWRS DWWWIF®ON BPQGHWWVWLQJ RI HQG XVHUV DQG HQGSRLQ
LPSRUWDQW GDWD DQG LQVWD®ONQBEPNGRRR W R QI® LR R W W\
SHUPDQHQW DFFHVV WR WKH FRQW URXPMIZU VVHW HP KIR K DX W N
ZRUNIORZ LQ QHWZRUN@GHQYLURQPHQW >



JLIXUHKH 2IITHQVLYH DQG $FWLYH VHFXULW\ VWDQGDUG 2

37TYDFNIJURXQG

37 KDV EHHQ D FRUQHUVWRQH LQ F\EHU VHFXULW\ SUDFWLFI
DQG SHUIRUPLQJ D UHDO DQG FRQWUROOHG DWWDFN RQ D GL
VRIWZDUH RU QHWZRUN ZLW K WMFKHEDWR BURFBDWOKRWBQ LV VG L
D VHTXHQFH RI WDVNV LQ RUGHU WR PHWKRGLFDOO\ DQG FRP
DQG RIWHQ LQFOXGH DFWLYHO\ LGHQWLI\LQJ YXOQHUDELOL\
WDURKM®GFEH FRPSURPLVHG E\ UXQQLQJ H[SORLWYV DJDLQVW \



JLIXUBM@ UDWLRQ WHVWLQJ VWDQGDUG SKDVHV >

,Q SUDFVWIFWWL B/YWDNNWDOYKRZQ DOQ\)LURBHDVH WR FDVH EXW Jt
IRXU PDLQ SKDVHV DV IROORZV
SKDVH QIRUPDWLRQ *DWKHULQJ 30DQQLQJ DQG 3UHSDUDWLR

$V ZLWK UHDODARWDENF\EWKH 37 SUDFWLFH UHOLHV KHDYLO\
VIVWHP NQRZOHGHW RVWKW WIRG WKXV WKH DELOLW)\ RI JDWK
WKH UHOHYDQW LQIRUPDWLRQ SULRU WR VWDUWLQJ WKH H[S
LQIRUPDWLRQ LWVHOI FDQ EH YHU\ ZLGH @HWZRDV\ FBR MW R [QH
SURSHUWLHV RIWHQ LQFOXGH JHQHUDO NQRZOHGJH DERXW \
37 DWWHPSWV DFWLYH GRPDLQV DQG PDFKLQHV QHWZRUN
LV ZLGHO\ NQRZQ WPR QGH MXBIQSHY DV LQIRUPDWLRQ JDWKHU
7KLV SKDVH LQFOXGHV SHUIRUPLQJ WDVNV VHW RI DFWLRQV
GHWDLOMG EHORZ
3KDVH 1HWZRUN 'LVFRYHU\

'XULQJ WKLV SKDVH WKH WHRW$WHERHQMLY PV UM FKRHHID DDVED €
WDUJHWHG DVVHW WR JDWKHU DV PXFK LQIRUPDWLRQ DV SR\
ZLOO KHDYLO\ GHSHQG XSRQ ,Q SUDFWLFH WKLV LV D FRPSO
SKDVH 7KHUBADDVWRDIDWKHU WKLV GDWD DQG LW GHSHQGV .
FOLHQW ,Q WKLV SKDVH ZH GLIITHUHQWLDWH 1HWZRUN 'LVFI
V\VWHPVY VHUYHUV DQG GHYLFHV +RVW 'LVFRYWU\DWR GHW
6HUYLFH ,QWHUURYBWLKEBHIXWHWVKQJ DFWXDO VHUYLFHV UXQQL
WR GLVFRYHULQJ GUHVVLQJ DQG GHWHUPLQLQJ WKH QHWZF



SHUIRUPHG XVLQJ VIVWHPV UHOVLRI3XIRBY PHLF & D PN MR V )&0K
UHTXHVW 7&3 FRQQHFW DQG SDVVLYH GLVEFRYHU\ )ROOF
FRPSUHKHQVLYH DQG GHHS GLVFRYHU\ LV DOVR SHUIRUPHG
IXQFWLRQLQJ DQG HQXPHUDBDAL WK H QQ MW B REJHV AR 8 B R Q HEOWHV Z
XVHG FRQILJXUDWLRQ 7DVNV VXFK DV SRUW VFDQQLQJ 26
VHUYLFHV LGHQWLILFDWLRQ DUH SHUIRUPHG 7KH RXWSXW R
XVXDOO\ LQFRPBWHWEO BHVXOWY DUH LQLWLDOO\ REWDLQHG
UHVXOWY DQG WKXVLWKUD WK BVGEHAMHOG EQ JUKHS RQ@VKH UHTXL

7KLV SKDVH XVXDOO\ UHTXLUHV KHDY\ LQYROYHPHQW IURP \
DXWRPDWHG RU IXOO\ DXWRPDWHG WRROV DQG V\VWHPV VXI
WKH KXPDQ LV RIWHQ QHFHVVDUWW )ROW KX DQ F\HH LRY6L 5 H VB F
UHVXOWYV ZLWK D FHUWDLQ GHJUHH RI XQFHUWDLQW\ SURED
SHWHVWHU VXFK DV VRFLDO HQJLQHHULQJ DQG *RRJOH KDFNI|
JDLQ LQVLJKW L QW.RDWHKHR @V DUIWWRKUKDWKHVH WHEKQLTXHV L
DXWRP D@ H
3KDVHSWWDFNLQJ ([SORLWLQJ DQG 3LYRWLQJ

'XULQJ WKH DWWDFN SKDVH WKH WHVWHU ZLOO DWWHPSW W
WKH RXWFRPH Rl WKH SUHFHGHQW SKDVH H[SORLWV ([SORI
WDNLQJ DGYDQWDJH RI WKH V\LW\gMPVFWYR0O @BORELRXW LFHRG HV
PHPRU\ WR PRGLI\ WKH H[HFXWLRQ RI WKH RULJLQDO FRGH 2
LQIRUPDWLRQ LQVWDOO DQ DJHQW RU JDLQ DFFHVV LQ RUG
2QFH D VWRRPPSURPLVHG LW FDQ VHUYH DV D VWDUWLQJ SRL
ODXQFKLQJ RWKHU DWWDFNV DJDLQVW WKH FRQQHFWHG RU U
FDQ EH UHYHDOHG DQG WHVWHG 7KLV SWREWMORHNRREQPRFR G
WKH RITHQVLYH F\EHU VHFXULW\ FRPPXQLW\ WR EH WKH PRV W
ZHDNQHVVHV RU RSHQ QHZ DWWDFN YHFWRUV $ SHUIHFW H[
VXFFHVVIXO DWWDFN DI1LILIQWR D POERHQH EWORKLFK DIWHU L
JDLQLQJ DFFHVV 7KRRQ WWREL.MWHIH HVFDODWLRQ SURFHVV LV
GHHSHU SHQHWUDWLRQ LQWR WKH FRPSURPLVHG V\VWHP VX
SULWHMWOBKELFK ZLOO EH XVHG WR FRPSURPLVHQRWKRW W ZKKE®



DUH OLQNHG YLD WUXVWHG FRQQHFWERKMH MRP SWKRHP ER A & URRDPA
FRXOG DOVR EH XVHG WR ODXQFK D QHZ /RFOOHRKRWRDB BWWRE
LQIRUPDWLRQ DERXW UHDFKDEOH VA\VWHPV RU FQIBSWZXRWUNVHQ
7KLV SKDVH HQGV XVXDOO\ E\ SHUIRUPLQJ D FOHDQLQJ WR H!I
WKH UHXVDELOLW\ E\ BQ@QXQDXWKRUL]J]HG SDUW\
SKDVHSHSRUWLQJ $QDO\VLV DQG OLWLJDWLRQ

SHFRPPHQGDWLRQV IRU 37 DUH RIWHQ SULRULWLVHG E\ VHY
UDWHG DFFRUGLQJ WR WKHR U J®DXH DWW BRIV LEXAW LIRKGW R HV
Rl D 3 SRUKW DQG PHDQV WKDW RUJDQLVDWLRQV GR QRW QHF
ZKHUH WR IRFXV WKHLU UHPHGLDO HIIRUWY DFURVYV WKH VS
VHEXULWVY>FRQWUROV

SHQHWUDWLRQ 7HVWLQJ 7\SHV DQG /HYHOV

7KLV VISERYREBHYXIPP RUWKH GLITHUHQW WS HX DHFGS ORYHH® V R
WR DVVHVV DQG H[SORLW SRWHQWLDO QHWZRUN YXOQHUDEL
WKH ZRUWDAG VLWXDWLRQ LV TXLWH GLDM URI@W RD Q/GK A DE HUOHRTZX
OHYHOV RI WHVWV GHSHQGLQJ XSRQ WKH VSHFLILFLW\ RI |
ORUHRYHU WKH W\SH DQG WKH VFRSH RI WHVWLQJ DUH JH
EHJLQQLQJ DQG PD\ EH FKOUQDHGWKWH ERWHQ G H G

K LVWAR

‘KLWH ER[ WHVWLQJ LV D 37 PHWKRG DOVR DSSO\ IRU VRIWZ
NQRZOHGJH RI WKH LQWHUQDO VWUXFWXUH FRQWHQW DQG
FDOOHG JODVR/SEHR BR{WWHWWLQJ WUDQVSDUHQW ER[ WHVWL
WHVWLQJ $00 WKHVH WHUPV LQGLFDWH WKDW LQWHUQDO
WHVWLQJ LW LV DOO DERXW WHVWLQJ LQRVHRI VA DAHHF XDQ & \X
RIWHQ DV PHWKRGRORJ\ WKDW Y, IVOR G D ¥ EXY WAGRW B QWX DD |
DVVHVVPHQW VXFK DV KLJKOLJKW WKUHDWYV IURP LQVLGH WI
QHWZRUN VXFK DV ,B® DRHAVH \DFRWL YHHRSRUHWY ZHE VHUYHUV
> @
% O DB R



7KLV PHDQV WKDW WHVWHUV DUH JLYHQ YHU\ OLWWOH RU QR

UHIHUUHG WR DV EOLQG WHVWLQJ EHFRSWI® W RN WHH VR HLF

QHWZRUN ZKLFK LV RIWHQ WKURXJK WKH ,QWHUQHW ,Q D EC

XQIDPLOLDU ZLWK WKH DVVHVVHG DVVHW ZKLFK PLUURUV WK

ZLOO VWLPXODWHVXROWH D BFXWRBWHZLOO QRW EH SULY\ WR D

ZRXOG SURGXFH D UHODWLYHO\ DFFXUDWH L@G@FDWLRQ RI S
*UH%R]

*UH\ ERTHIDWYW L OO X \DUWWELWBOWY KUS R1 LQ|RDWVWDAMMRG DIERKHNW
EHWZHHQ EODFN ER[ DQG ZKLWH ER[ WHVWLQJ JUD\ ER[ WHV
DQG DFFXUDWH UHSUHVHQWDWLRQ RI WKH KDFNLQJ DFWLYLYV
WKH\ KDYH QR NQRZOHGJDWERXW BQGWLHDQ@GNWRZOHGJIJH DE
GLIIHUHQW VRXUFHV LQ DGYDQFH 7KHUHIRUH LQ WKLV DSE
SDUWLDO GHWDLOV DERXW WKH QHWZRUN LQIUDVWUXFWXU'
LQIRUP DMQURL BAR H> W& H WHVWLQJ

JLIXUH'LITHUHQFH EHWZHHQ WKH WERJH A KIRWEISSGERID RLAQH W HE)/® DFEIN
LQSXW DQG HWKLFDO KDFNHU VWDUWLQJ SRVLWLF

/THVWLQJ QWHQVLW\ DQG FRYHUDJH

‘H GLVWLQJXLVK WZR PDEQ MFHHIVIKLFX LLMGLFW.DWY IS® E\ WKH D
QDPHO\ FRPSUHKHQVLYH WHVWLQJ DOVR NQRZQ DV W\SH 37
37

&RPSUHKHHMANMUDWLRQ WHVW

&RPSUHKHQVLYH WHVWLQJ DLPV WR QGHYPWQLQHDOE LVOH WWHE J



DVVHVVHQH[V\X/ﬂ/N‘kWYHZ:’H/EVLVZH‘E DQSQ L RALW HRIMWARBNVE H
HISRVHG WR 7KLV LV RIWHQ D PHGLXP ORDG RI ZRUN ZKLFK

UHVRXUFHV DQG FRPELQHV ERWK PDQXDO DVVHVVPHQWYV
SURFHVVHVY DQDO\WLFDO WRDQNQ@IDELG NS L @ OWKO DXMFR D R
DVVHVV WKH WUXH H[WHQW R@MWKN DNYHWRY WKXOQHQD EVOR R
E\ KLJKO\ VNLOOHG SHQHWUDWLRQ WHVWHU DQG VKRXO!
UHFRPPHQGDWLRQVRWWHBG[\MHFRQLW\SEUHDFK DQG DGGUHVV
LVVXHV 6XFK WHVWLQJ SURYLGHV ZLWK D JRRG RYHUYLHZ R
PRVW FDVHV LV D |DMVWHHFW DG \PRRADEWAROWMW KD Q WKH OHQJWK
.7 VHFXULW\ JRYHUQDQIFH7EREHEHBVU HRFERBPHQG D /HYHO 3HQ
7HVWLQJ WKDW ZLOO LGHQWLI\ H[SORLWDEOH YXOQHUDELC
L Q G LV F A\ E IQDWWDIFEN
7DUJHMHHWUDWLRQ WHVW

7TDUJHWHG WHVWLQJ UHTXLUHY DQ HWHQVLYH HIIRUW DQG |
YXOQHUDELOLWLHY DQG H[SOLFLWO\ DWWHPSW WKH UHOHYD
ZKHWKHU D VXFFHVVIXO H[SORLWDWDNRQAWISBDWVYIDEE HW B QXK
DWWDFNHU FDQ GR VXFK DV REWDLQLQJ DFFHVV WR WKH VHQ
SDLQVWDNLQJO\ GHWDLOHG SURFHVV RI LGHQWKDUQG{Z WUWH XU

DQOG VRIWZP®XGLQJ SULQWHUV ID[ PDFK[ZGHS SOR FIDGVA B YV R

WKHQ DWWHPSWLQJ WR H[SORLW WKHP 'XH WR WKH H[WHQW
WDNH VHYHUDO ZHHNV WR FRPSOHWH DQG DUH XVXDOO\ RC
FRPSOHBDWWLRPXO®DWRRQ

S37YHUYX®@HUDELOLW\ $VVHVVPHQW

$ YXOQHUDELOLW\ DVVHVVPHQW 9% LV D VHULHV RI DXWRPD
OHYHO RYHUYLHZ RI WKH SRWHQWLDO YXOQHUDELOLWLHV D¢
QHWZRUN 2IWHQ 9$LRRQRY.NWDRIOSN@ELBIQHUDO LQVLIKWYV F
SRWHQWLDO SRLQW RI H[SRVXUH ZKLFK FDQ EH XVHG E\ WKI
FULWLFDO SDUW LQ PDLQWDLQLQJ WKH VHFXULW\ RI D QHW.
YXOEBHODWLHY ,W PDLQO\ IRFXVHV RQ LGHQWLI\LQJ DVVH
DWWHPSWLQJ WR H[SORLW WKHP E\ HITHFXWLQJ WKH DGHTXDW



LQ DGGLWLRQ WKH FRPSUHKHQVLYH DWHVQPMWZWR N BE\WRXD
UHDO DGYHUVDULHY PLPLFNLQJ WKH DWWDFNHU DSSURDFKH
WDFWLFV SURFHGXUHV DQG WKH ZD\ WKH\ GHILQH WKH SRW
RI HISHUWIGHS WROHBRIH RI WKH VA\VWHPYVY DQG VHFXULWLHV PF
WKH DGHTXDWH@QUHVRXUFHV

7KH YHUVDWLOLW\ RI 37

7KH B¥KDUDHGEVILWERPDEDSUDFW XFLIXBQBVY LQ WHUP RI
RI WHVWLQJ FRQWH[WY DQG WKH OHYHO RI H[SHUWLVH UHTXL
ZH FRQVLGHU DQ LQWHOOLJHQ WQMXVERIF\B/MRH. RH® WIL 817H SUDFRMILLF
SUHVHQRMK B@IMQIG/ IDU GLIITHUHQW IURP RWKHU F\EHU VHEXUI
PRGHY DQG SUDFWLFLQJ HQYLURQPHQWYV ZKHUH>HBEKHRI WKF
37 LV YHU\ YHUVDWLOH LQ WHUP RI WHVWLQJXL ¥ HFWRWX F WK
ZHE DSSOLFDWLRQV ZLUHOHVV DQG ,R7 DQG UGXVUHUP RI W
L O O X WWAKUHD WHHUA/ DW L O L WD \L @ IMVKEEX \8 HS3U DE VRLXFP@ SUHYLRXV ZRU

JLIXUHYHUVDWLOLW\ LQ 37 SUDFWLFH DQG ULFRGHWVY K& WHVWL

STDXWRPMWDRVH RI WKH DUW

'XULQJ WKH ODVWHEKER®N |EUPWUDQG VHFXULW\ VI\VWHP
KHDYLO\ IREMRGXFLQJ DXWRPOWRIBIMB®B NERUNY DQG V\VWHP
WR IDFLOLWDWH WKH ZR WN \RWQEEHWIZ IRKW NV B H CHAWHDWRRQW R
PRUH DFFHVVHESHUWWR QRQWLSOH V\VWHPV DUH DYDLODEOH
DQG RSHOQRVRRXWH HFRWWO\ SURGXFWV 3 3RBXXDQL & R 8 XRWFD XF



,PSDFW 1H[SRVH 1HVVXV 4XDO\V 7HQDEOK @MROHQPWL@EDQ
FRQWULEXWLRQ RIIHUHG E\ WKHVH V\VWHPV FRPSDRWHG \ZLW k
VFDQQHUV VXFK DV 1HVVXV LV WKHLU IXQFWLRQDOLWLHV S
VLPSOLFLW\ DQG IOH[LELOLW\ RI XWH/ XDXOWPIRDRRIG QQR | FHHWY
RIIHUHG DXWRPDWLRQ PDLQ®DWVH D WHG V8 R DFKH. SHD DIQHR ML
SODQQLQJ RI W KRH S@LEARD WRKRQW/IDN NV D Q & LW KID RLY] W XVR.ERI@\W L F
SKDVH DQG DQG WKH DXWRPDWHG UHSRUWBQIUBRWVFH

SKDVH RDODHEBJOHFWRBURBORLWHG ,Q IDFW GHWHUPLQL
YXOQHUDELOLWLHY DQG ODXQFKLQJ WKH UHOHYDQMZAH[SORL
YHFWRU Rl DWWDFN LV XQGRXEWHGO\ WKH PRVW FKDOOHQJL
37VA\VWHPV ZKLFK KDYH UDGLFDOO\ FKDQJHG DQG HYROYHG D
QHZ DWWDFN YHFWRUV DQG VKLSSLQ@IQGQEQHIMLIDYLQ R P EB\
PRGXOHV 7KXV WKH SUREOHP RI HIILFLHQF\ KDV HPHUJH
VXFFHVVIXOO\ DORQJ ZLWK PDLQWDLQLQJ HIILFEH@F\ LV LQC

5HYLHZ Rl UHODWHG UHVHDUFK ZRUNYV

7KLV UHVRBWFHGLMUD ORQJ OLQH RI UHYVHD3IJFKVDMBWGE B Y
ZLWK WKH SODQQLQJ SKDVH IRU ZKLFK ZRUN ZDV XQGHUWDN
DOUHDG\ LQ H[LVWHQFH LQUWR B HW BXY MKU L. GZHOLOVRAH R KOSLHVQ
DXWRPDWLRQ DQG HQKDQFHPBWWR Q\DXQIE0 @\ | PHHLCHQVF \R SGARLFPOL|
EHWZHHQ ERWKXBLBHUBEBDUFK ILHOGVUNHYBMIBK D3B8V HVIVH
VWDUWLQJ ZLWK WKH FRQVLGH U DM WKQ RX TKRW I FGIL J UHDUSHKQMD |
DQG PHWKRGRORJLHV Rl $XWRPDWHG P®UBI@QRIDIUDNY G DFURRKV H ]
IRFXVHGPR®G MWMEKHQHWUDWLRQ DV DVWDMWMWDIORYG S K YV ISR@® QUULHH)
DOO UHIOHFWK®G WV KH VIHKDALRKMU WIS UDHFOVDL\W H QD VVWRW W& 8 D U G
GHFLVLRQ PDNLQJ UBVWRHBARKMUWHKUHVHQFRXUDJLQJ DQG SURC
UHVXOWY DOWKRXJK UHDO ZRUOG LPSOHPHQWDWLRQ PRVW
YXOQHUDELOLWLHV DVVHWVPKIQWYV SRR QF R | WWKKDHQ OALRV HU D W X |
PRVW VLJQLILFDQW FRQWULEXWLRQV LQ WKLV UHJDUG DQG
ZLWK D VSHFLDO IRFXV RQ WKH DG R/SMRH/ DSSW FDBKHW D ZG
DGGUHVVLQJ WKH IXO0 SLFWXUH R IEW® ERYE VHDIOF kS ULRF WKGE
GLYLGLQJ WKH UHVMIPDW KR GROR DS BRWBKN JUDSKYV DUH WKH



VHEXULW\ PRGHO WRH FFKDUBDVHRIWLDQIQHUDELOLW\ H[SORLWYV
E\ WKH ZRUBKRFK SURSRVHG DQ DWANRZENW KB $HQ WIKIDRW EH &8 YN
YXOQHUDELOLWLHY DVVHVVPHQW WDVNV E\ PRGHO GIKQQUW KH
FDOOHG DWWDFN DFWLRQV (DFK DFWRRG ILW LERRH\REXIEGEVH BR/ B
RYHU UHOHYDQW SURSHUWLKYV @KWY HD ¥ SW\R B F KX QG HF O DWHDD
VIQWD[ Rl FODVVLFDO SODQQUEY HRWFEROIWHE IR MKWV Q B D\
WR VROYH WKH SURBERSWLFRA®ELRQ WMKHDWWDFN JUDSK UH
VHTXHQFHV RI DFWLRQV WKDW FRPSURPLVH D VI\VWHP LQ IRU

5HIXODMGBG %0LQG $XWRPDWLRQ
$Q REYLRXV ZD\ WR SURGXFH D V\VWHP RU3WRRE\ZKLFk

DXWRPDWLQJ DOO RU VRPH RI WKH WDVNV DQG VXEWDVNV IR
:KLOH DXWRPDWHG 37 WRROV D KB QJLDW U RMNGE DR RORH W DEL
VFDQQHUV VKRXOG QRW EH FRQIXVHG ZLWK DGYDQFHG KXP
XQGHUVWDQGL@®WRRDOVRIXDQHQW VHFXULW\ FRQILIXUDWLRC
DIJDLQVW VSSHFRILEHIDIKHDVLRD WKKD WSBIOQGDUHTXLUH PRUH \
+XPDQ WHVWHUV UHO\ RQ WKHLU H[SHUWLVH WR 0ODQ®B 10DZV
RUJDQL]DWLRQV XVH DXWRPDWHG WRROV DQG V\VWHPV ZKLF
H[FHSWLRHIORWBWHRQ 7KHVH V\VWHPV DUH RIWHQ JXLGHG E\
VWHSV DUH DXWRPDWHG VXFK DV YXOQHUDELOLW\ VFDQQHU
YXOQHUDELOLWLHY 7KH GLVDGYDQWDJH Rl VX¥R DQGDSBURD
QHWZRUN FRQWH[W ZKHUH WLPH UHVRXUFHV JHQHUDWHG W
PDNLQJ WKH XVH Rl VXFK DSSURDFK OLPLWHG WR D VPDOO Q
YHU\ LQFRQYHQLHQW IRU H[SHUW SRLQW RI YLHZ

*UDSKDVBSSURDFKHYV
$Q DWMWDBK LV XQGRXEWHGO\ WKH ROGHVW PHWKRG IRU

D QHWZRUN FRQWH[W DQG ZDV IRU D ZKLOWHRXHGW.\Q VBIKI) HDW
JUDSKV DUH SDUWLPFRNOWEFE XUILWLHQMWZYQALQ FRPSXWHU QHW.
WKH XV HQHRDKENY U H Y HDB®EROM G WKH SURE GHSUDIFWQ KB QF
E\ JHQHUDWL QUQDQWKRISBWMNWIDFN JUDSKVY DQG PHW D ORW RI |
RQO\ WHWIRBBOQRW DSSOLFDEOH IRU SUDFWLFDO VFHQDULRYV
FRQVLVWHQW UHVXOWV E\ UHGXFLQJ WKH QXPEHU RI VFHQDU
SDWKV ZKLFK D KXPDQ PD\ QRW QRWLFH RU MXVW RPLW



$Q DOJRULW ORVIWFD ORWRWPQHUDWH D SHQHWUDWLRQ JUD
ZKLFK MSMWWRH QHWZRUN WRSRORJ\ EHIRUH JHQHUDWLQJ
WR UHGXFH WKH DPRXQW RI UHGXQGDQW LQIRUPDWLRQ DQG
SRVVLEOH VHFXULW\ IODZV E\ H[SORULQJ DOO SRVVLEOH DWV
RXWSXW. @B WIKMHL UHDFKDELOLWF PURRIQY QW ZRILINK Q QIKAML Q.

FULWLFDO DWWDFN SDWKW R7EHO B H VR DJID FAKHD WK CBRUREVDWW H @ @&/ O \
HITHFWLYHO\ LQ DOO VLWXDWLRQV

J)LIXUH $Q H[DPSOH RI DQ DXWRPDWHG JHQHUDWHG SHQHW

,Q D SUHYLRXV UHVHDUFK ZRUN HQWLWOHG 33$Q ,QWHOOLJH(
*UDSK @DQ DSSURDFK EDVHG RQ SODQQHHIIKBYHBDMH Y FDOR
UHSUHVHQWDWLRQ Rl WKH DWWDFN JUDSKV 7KH SODQQHU L
IURP$SD®RPDLQ WR GHWHUPLQH WKH EHVWZ\LROORM MR QX | ZH WNLKQLX
VSDFH H[SORVLRQ ,Q DGGLWLRQ >D @RMWKHI K H IDWNDBB FAIG S\HULH F
WKH DWWDFN JUDSK E\ DVVLJQLQJ WIZRREDE KB VW D F W H R K FIR\
DQ DOJRULWKP IRU FRPOSHFWLRD CSFR@IERRREVKH [SHFWHG FR\



SHUIRUPLQJ DQ DW\R B FIWK)E: GDA 8D HRRM JIR QL Q'BWSHUREOHP DQ
IRUZDUG VHDUFK WUDQVSRVLWLRQ WDEOHV DQG SUXQLQJ W
JUDSKD $ HVXOW KH FRPSDUHG WKH REWDLQHG UHVXOWV X\
0'3 VROYHU DORQJ ZLWK D VROYHU X BRQ V WRUIDXKFMOVHK BIPS U R E
DQG GHPRQVWUDWHG WKH SHUIRUPDQFH H®QKDQFHPHQW UHG

,D37FRQWH[W DWWDFN UHSUHVHQWDWLRQ LVFQFOLM KLt
JUDSK DV WKH SUDFWLFH GLDJUDP LVLIQWHH & DA W HRQD RGRH \
ZKLFK PHDQV SHUIRUPLQJ DQ DFW L RRY \FIDEO BHE B B Q AKWHAL DOV LI
DFWLRQ KDV PRUGRWKDSD R®&HLQRRKMH DWWDFN JUDSK 7KLV U
DFWLRQ EHLQJ FRXQWHG PXOWLSOH WLPHVY DQG WKH RYHUDO
WKH H[SHFWHBXWREWVFRUVW SUREDELOLW\ RU SHQDOW\ WR
FDQ EH DGGHG@R RQTEBIVDMRGE QDRLXH LV FRPSDUHG ZLWK WKH HJ
NHHSVY WKH KHXULVWLEV VWLOO DGPLVVLEOH

&ODVDWQ®WHOOLIJHQW 30DQQLQJ $SSURDFKHV
7KH DXWRPDWLRQ RI WX#S SDVQICAH) Z [5\K DWKHH LQUVW DSSU

E\UHVHD LRFKMUKWH VLPSOH IDFW WKDW LW ZDV YHU\ FORVH WF
DQG YXOQHUDELOLWNHUSSBURDFKPHQWORAMHY GLIIHUHQW SO
DXWRPDWLFDOO\ ILQGV D >S GaA$) KAXHKDH.DL G UL SQERW R WK
SURSHUWLHV WKH VWDWH YDULDEOHV WKH LQLWDEF®& VWDW
DFWLRQ LV GHVFUSBFHR COWIGRDFRRRGIDNLRQ RYHU VWDWH YD
FODVVLFDO SODQQLQJ WKH LQLWLDO VWDWH LV FRPSOHWHC
XQGHUO\LQJ VWDWH PRGHOWHN \DSG EHH FOVHG W K B SKO DAK HVV IV IS
VWDWH WR D JRDO>V@WDWH LQ WKDW JUDSK

7KLV JURXQGVBOHUBDUFKHG IRUPDOLVP KLJKOLJKWLQJ LI
WKH QDWXUH RI WKLV SUREOHP 7KLV>DS SN VP I\ V QLIQ W\ LF
VWURQJ LQGHSHQGHQFH DVVXPSWLRQV IRU WKH VDNH RI VFD
WKH DWWDFN SODQQLQJ SUREOHP DFWXDOO\ LV 7KH IRXQGL(
PHFKDQL\BRFNVRIQQVB! [W W VQ D PIQAEL WDV L VRVILILIQW KSHU B IHHFY V LZRLQV K L
RU DXWRQRPRX@KW\WHS®DQQLRHQHFEKQLWXRY FRQFHSWV DQ
WKHP DSSOLFDEOH WR WKH GLYHUVH FRQWH[W ZKHUH D FR(
DVVHEWPBITDAJH XQGRXEWHGO\ D>Q @WKH DO WW\W SO LEQWH\RWL J D\



$, DQG RFSGVDRPMWDFN SODQQLQJ DV DQ DSSURDFK IRU DXWRPL
> @ RWN

JLIXUH'LITHUHQW SODQQLQJ DSSURDFK SUH¥YIGRXVO\ LQYHVW

BXEVHTXHQW SODOQQUQDWRWFN JUDSKV WHFKQLTXHV ZDV SUF
WKLV VHFWLRQ +RZHYHU PRVW RI WKH SURSRVHG VROXWLR
QRW WDFNOHHOONMEGRERHRSWLPLVLQ) WKH SHQHWUDWLRQ L
DWWDFN SDWKV UHVXOWLQJ IURP WKH DQDO\@QWBRBXHHG$ L
FRPSOHWH 3"/ UHSUHVHQWDWLRQ RI WKH DWW DIFWM LRQR W& ® B W/
LQWHJUDWHYV B 7S\RIRDQ HK HIQWBRHY HDUFK DOORZHG DQ DXWRP
VLQJOH DSDANVRXO VWRU 3UVMPWQDRIUBRE DQG WR YDOLGDWH WKHYV
FRUUHVSRQGLQJ H[SORLMWW D HIMABRAWK M KI6 HIH ZO VWIB[HF X W H G
DOJRULWKP IRU WUDQVIRUPLQJ WKH LQIRUPDWLRQ DFTXLUHG
37LQWR WKH SODQQLQJ GRPDLQ DQG WKH\ VKRZHG KRZ WKH
VROYHGKWULRURSRVHG PRGHO IRU VPDOO DQG PHGLXP VL]HG



DSSURDFK LV YHU\ OLPLWHG LQ D ODUJH QHWZRUN FRQWH[W
FKDUDFWHULVLQJ WKH >\ BHID VW FUSDARIMNS &PROX@R LBEXK OLJKW H G
WKH IDLOXUH Rl WKH FODVVLF PRGHOLQJ DSSURDFR7LQ GHDC
HVSHFLDOO\ WKH ODFN Rl DFFXUDWH DQG FRPSOHWH NQRZC
FODVVLFDO SODQQHG UHTHMLWHWXSWR GXH. QH\DHSOBXMUEDRUN
VIVWHP FRQVLGHUHG WR EH RQH Rl WKH PDUNHW ,@8DBWUV |
PRGHOOHG WKH SUREOHP DV SDUWLDOO\ REVHUYDEOH 0D
LQWHJUDWLQWY BDWW KHKH UMUVW SKDVH LQIRUPDWLRQ JDWk
UHPDLQLQJ PHFKERQUVWYXHESRWWQEXODULW)\ RI 320'3 LQ WHUP
3 QLWLDO %HOLHI 6WDWH" 7KLV ZRVW \8HR YALGHGAD @RURW L ¢
SODQQLQJ DVVHVVLQJ DQG H[SORLWLQJ 7KHUH ZHUH WZR P|
JDWKHULQJ VFDQV DQQRHQXPHE BWMURIDFVERKWZOHGJIH VR D
UHPDLQV DQG WKH VLJQLILFDWWHLPS B AWVRIGWKHWVWZRLNQRQ L
ODUJH DPRXQW RI WUDIILF VXVFHSWLEOH WR EH GHWHFWHG
WLPH 7KH\ ZDQWHG D WHFKQLTXH WKDW OLNH D UHDO KDFN
LQVHUWLQ@J DFMQ@®QV ZKHUH WKH\ DUH XV HG7 KRU SWRRKSHRG/HGBL
PRGHO LWVHOI LV TXHVWLRQHG DV LW REYRA@EVIAF XIVILQV WRW
RQ WKH VHSDUD@GVH HQWLWLHYV

6LPLODU UHVHDUEXWZE @G ROWHGHBQ LQWHOOLJHQW SODQQLC
PLQLPDO DWWDEN JUD SK IGFHIVHFQWEWED DY BOW LIPHHS UHVH QW D W L
SODQQHU LV D VSHFLDO SXUSRVH VHDUFK DOJRULWKP IURP
LGHQWU VROXWLRQV ZLWKLQ D ODUJH VWDWH WS IEBH BVWKR X
VWXG\ KDV DOVR EHHQ SUHVHQWHG DQG WKH SURSRVHG PHYV
VRPH Rl WKH HDUO I>H @ U® DPRURMKG RIKNODOWHIGR G HIR LDH YWOLAEH
PRGHO IRU DQWLFLSDWLQJ DQG SUHYHQWLQJ DWWDFNV LQ D
VHFEXULW\ FRPSRQHQWYV DQG W KgK DV \DFSFSLLDRDHF & UG\R Bl UQ ¥ W IHR
FRYHULQJ WKH HGWIHUHDGFRISHODVOZD\V H[LVW EHWZHHQ D QI
XVHV WKH OLPLWHG UHVRXUFH WR VHFXUH WKH QHWZRUN DQ
WR SUHYHQW FR K S\DH H DIQVGWIDXIORNLY K G FIKI EXGDNY B B BARKEROEH BV

VROYLQJ UTXLUH KXJH DPRXQW RI| \@UPMAZ KBHIH  WQMVH G DIUJ RV



DSSURDFK ZKLFK ILUVW WUDQVODWHY DQ DWWDFN JUDSK LQV
D VHW RI SUXQLQJ WHFKQLTXHV SOHLVIRBDOE WLFRHD DILE&RY &R
VHDUFK IRU WKH SROLFLHV LV PRUH H[SHQVLYH LQ WHUPYV RI

)XUWKHUPRUH WKH D WWDLYFN DIQNDRSI IR MAHERD D@ GK W \R | WKUHD W V
WKURXJK WKH SRMQ\E RHDRFERHBEERY VD QG DKICAKW\N & HIDF WR 8 B U H
SODQRIWIPLIDWLE@QWRHY SUHYLREWHBUNDVVLFDO SODQQL/
LJQRUHY DOO WKH LQFRPSOHWH NQRZOHGJH WKDW RKWDUDFW
DVVHVVPHQWY ORYHBURSHRYWGZRONLQGHSHQGHQW SRLQW R
PRGHALOWKH DWWDFN SODQQLQJ E\ FRQVLGHULQJ HDFK DVVH
ZRUNV ZHUH IXUWKH U@ QED/QF RRGXEM®E D WLERQHG WKH XQFHU\
WKHSUDFWLFH DW WKH DFWLRQ OHYHO PDFKLQH DORQH FR(
SODQQLQJ,QURE@HRVKH ODVW ZRUN WKH XQFHUWDLQW\ ZDV L
DW WKH LQLWLDO EHBILOG L WWWIFVHF I/ Q B QVREKNERRAFERDDAMBA LIEQX W H \
WIRRQVLGWHUH. QBDO G\QDPLFV RI WKH VI\WWKR EKRQFW KRH WHFHR
H[SORLWV WR WHVW 8QOLNH WKH 0'3V DSSURDFK 320'3V DO
LQWHJUDO SDUW Rl WKH SUREOHP WKXV SURYLGLQJ IRU WKH
DFWLRQV ZLWK DFWXDO H[SORLWYV

, ODSSOLHG ARUWNM BRRGXF@WE \ENDUFKHUV WDFNOHG WKH SUR
GHVLJQLQJ DQ HIILFLHIYWL®®DQRIRWLURP R\ RZOHGJIJH RI WKI
PDFKLQHV WKH\ SURSRVHG D PRGHO IRWLIQ HLOMQLVQW OMVE i
WKH XQFHUWDLQW\ RI XVLQJ UHPRWH WRROV ERWK 37R JDLQ
DFWLRQV 2XU VROXWLRQ SURYLGMWHDX\8RPBWHG W HR® WADHWL
UREXVW WR XQFHUWRIQWH GXLANQHHWHKELXW SURB &8 PIOE\QB DN
WHFKQLTXHV | URKM 32 V3D U F K HIUX AR WD\ B WHKE. WBURFHVYV E\ W
RI HIILFLHQW VROXWLRQV IRU VROYLQJ 320'3V DQG IXUWKHU
DXWRHAIFWHEY WR YXOQHUDELOLW\ GDWDEDVHV VXFK DV WKH
‘H GHPRQVWUDWH RXU LPSOHPHQWHG VROXWLRQ RQ D VHULF
SHFHQWO\ LPSRUWD Q VR X\M\VEH D@l K KFADW DFIPNUQUHL G GV K HXIHW W D F N
DV SDUW7RUDWKMHLFH E\ DGR ®W 5 Q R IDF KKIRWE RERSUG-HKBURIE@INAL V

RI WKH GLITHUHQW PLWLJDW B8R0 BW UDWPH JAKH/ ZFRU B X\ A & DXV



JHQHUDWLRQ EDVHG RQ WKH DG Y®WAHDUW R H VEZRIHN Q& HROL K/ K
VXFK DV FKDQJHV WR WKH QHWZRUN WRSRORIWFV\VKWHN D XBi6E
WR GHWHUPLQH RSWLPDO WRWERHQPIVMLRQQ WWBHWD N PALX FFH
HIILFLHQF\ Rl WKMHWVS DROPOWWIGY ZIKSSURDFK ZKLFK FDQ EH GHU
SXEOLF YXOQHUDELOLW\ GDWDEDVHY DQG PDQXDO LQVSHFW
GHWDLO 7KH\ DOVR708I3G RD ¥ KPXOORZH @ JILDGCWRP XWHGQ B WIWD
QHRUZN FKDQJHV ZHUH DSSOLHG WRSRORJ\ MWW H P X DG DMAHY
WKH\ QRWLFHG WKDW XVLQJ WKLV WHFKQLTXH WKH\ ZHUH DE
PLOMPIWKH PD[LPDO DWWDENHU VXFFHHEMVIAQ 8 LWHK H D W LRRUH VSN
ZRUN FRYHUV PDLQO\ WKH PLWLJDWLRQ SKDVH ZKLFK LV RX!
WKH VLPXODWLRQ SDUW ZLOO EH FRQVLGHUHG DV DQ RSWLR

([SHBWWBOG .QRZGDEHEBURDFKHYV
,Q MMKK VHFWLRQ ZH ZLOO SURYLGHHB 8 VMNWHHR V(6 HDG BV |

NQRZOHIBV MG HUMWHP .%(6 DV SDUW RI WKLV UHVHDUFK ZLO¢
(6 RU .%(6 LV D VIVWHP ZKWFXHVRRIYSVRESHMMEE Q H[SHUWV
NQRZOHGDH NQRZOHGJH EDRHPLANQ®J EWKH KXPRQYLRUREC
SURFHVYRKQRORJILHV X\WIHR 7 GEDDW M/ W MYKID QP R BW & M POWRLYALDEH V
QHHGHG VXSSRUW ,Q IDFW LW L\DDRERIEXWR BB /R IMHHP WRK DD
LQ D VSIHRADLE WR UHQGHU DG Y LPP4F R D UMK FOP R K IE® W [RHQUW

VA\VWMHRPDW DFKLHYHV D KLJK VOBIYK @ RH3W W RDWD QFUH RXQRD Q E|
RI VSHFLDO H®XPRWLRQ® D®B EDVLF FRQFHSWV RI (6 LQFOXGH

¥ +RZ WR GHWHUPLQHOAKFYHB[BHUHWWHDUHMHQFH DQG NQRZOHG
¥ +RZ H[SHUWLVH FDQ EBHHWYVRRWBXWHHEUIURP D

¥%2» +RZ WKH V\VWHP ZERHRVR@QLYHUP RI

$V LQ DQ\ RWKHU GRPD LKX PID@ HIBHIWZ KR KDH/Y E B YRIORSRHIG F. |
LQ PDNLQJ MXm MSHFWMAQXVXDOO\ QDUURZ GRPDLQ 7KH S
FRQVLGHUHG DV D JRRG FDQGLGDWH WARDIS SKQ @ HHMH DSH W
VHFEXULW\ GHPRQVWUDWHG WKH IHDVLELOLW\ DNMXGHVWRIFP S0 H[F |
DQRG ODUJH SUREOHP DORQJ ZLWK FERBRGHOWQR W KANVKXIRHD XV H |



6 WD W LD/QWA. KPG8 BVRDIFKHV
3XUHO\ PDWKHPDWLF WHFKQLTXHV VXFK DV VWDWLVWLFDO I

LPSURY L3YY\WWH P SHUIRUPDQFH DQG DFFXUDF\ 7KH\ UHO\ RC
SURFHVVLQJWYXLFKYKWDOLYDULDQWY Rl DOJRULWKPVY WR DW
VROXWLRQ WR WKH SUREOHP 5HVHDUFK ZRUN L@ WKHV UH.
UHVHDUFKHUV SURSRVHG WKH XVH RI FHUWDLQ FHLOMRHQULD W
GHWHUPLQLVWLF EHKDYLRU RI WKH WHVWHG V\VWHP 7KH\ F
WKHVH LGHDV DQG LPSOHPHQW HIEL NRIXDSSIUWB FIR W EEYRLFLIWID W
37> @7KH DOJRULWKPV ZHUH FRPSDURG VEM\P\M DY X WIVDHI SW KUHH
ILQGLQJ RU VSRWWLQJ D YXOQHUMELOLW\ LQ WKH DVVHVVHG
$FDGHPLF 2ZR@XWEXH\HG WKH XVH RI \EWDMWGE \D/SISFU R Q BK KW K UL
DXWRPIYWWM HP SHUIRUPDQFHV 7KH\ ZGDE QRLRJ FBQQIVEK AL WF
FKDOOHQJHV LQ WKH SUHYLRXVO\ SURSRVHG DSSURDFKHV D
IRFXVHG RQ WKH GHYHORSPHQW RI D SRZHUIXO UHDFKDELOLYV
ZLWK D SODQQLQJ JUDBKVEKQBKPHD @Y WRVWR BWIPDRQ K& XRILR/DW
IRU VHDUFK DQG KDV EHFRRHONEL KHXVUR XYW LR WHDDM K SODQQ
KHXULVWLFV FODVVLFDO SODQQHU DOORZLQJ D IOH[LELOLW
FRRD®HU DFWLRQ FRVWY JRDO XWLOLW\ QXPHULF UHVRXUFH)

7KH KHXULVWLF DSSURDFK ZDV DJDBEQ RHGQ G CR/SMRIPIKO GIRK
H[HFXWH ZKW@BIRMXYN 7KH ZRUN LV EDVHG R QRBZRU PN MRUG
FRVWV 7KH\ GHVLJQHG D KHXULVWLF DSSURDFK WR FRPSXWH
DWWDFN JUDSK E\ VHWWLQJ FRVWYV Rl WKH DFWLRQV WR JHUF
HQDEOLQJ PRUH IUHHGRRQLQYDPW GR @ RGMBWHILQ.Q Z LIVODS UR G X F H
RI VXFFHVV Rl WKH SROLF\ DQG WKXV WKH RYHUDOO H[SHFW
RUGHU WKH DFIRPBRWI) ZKPBKQLQJ DFWLRQVY H[SHFWHG FR
SURPLWIMDURD $OWKRXJK WKH SULQFLSOH RI RUGHULQJ DFW
FRQW HIWWBANSIY FUHDWHY DQ LVVXH VLQFH DWWDFN UHSUH
DOZD\V LQ IRUP RI KLHUDUFK\ WUHH EXW LQY\DBDGGWLRG QF
WKH SRVVLELOLW\ RI DWWDFN RU H[SORLW IDLOXUH PDNHV IL
WULYLDO 7KHVH SDUWLFXODULWLHY FDXVH H[SHFWHG FRVW



DGPLVVLEOH W KDHUFHKI FERID FADKHG HE WAKDW SHUIRUPLQJ DQ DFV
VHYHUDO SRVVLEOH EUDQFKHV DW RQRBH ISDFWKLRQ WEMW PR
8OWLPDWHOUHVXWWH ISU®R ED ELOLBN LR WEW PRYWREYR HVWHP H
RYHUDOO SUREDELOLW)\ RI VXFFHVV LV LQFUHDVHG

$UWLILFWBO MLQBEMTHOOLJIH /S BRDEXKHWQJ D
9HU\ IHZ UHVHDUFK ZRUNV WDFNOHG WKH SRWHQWLDO L

VHEXULW\ GRPDLQ3TZIQQ JHRHALFOF DRYBADY ZLGHO\ XVHG ZLWKL
GHIHQVH FRPPXQLW\ LQ GHVLJQLQJ VHFXULW\ VW.WHPEDDMEW®H
ZLWKRXW UHIHUULQJ RU ZDLWLQJ IRU KXPDQ VXFK DV DQ LQ
WKH EHVW RIGRBUFDGREQBLWLHY ZLWK DGYDQFHG DOJRULW!
DORQJ ZLWK SUREDELOLVWLF PDWKHPDWLEFV IRU OHDUQLQJ W
RI37 7KHVH DSSURDFKHV ZHUH ZLGHOV HRAREWH COXRKGCHRIQ \
GHWHFWLRQLDRQWGHD QWL ZKLFK VI\VWHPV LQVSLUHG IURP WKF
GHYHORSHG WR LGHQWLI\ DQG UHVSRQGV WR F\EHU WKUHDYV
GHIHQVH H[SHUW RU SURIHVVLRQDO WR PDNH GHFLVLRQV

([FOXGLERWKHDUULHG ®XWQBYKLEK ZHUH PRVWO\ RULF
SODQQIBFUDORHBKHU WKDQ LQWHOOLJHQW SUDFWLFH IX00 SUR
QHLWKHU E\ LQGXVWU\ GHYHORSHUV QRU E\ UHVHDKEKKI UV
D VWD QG D UG L FN BHEIXWRPNDW HB YOO WG/ ZEOH EDVHG RQ DQ L
DXWRPDWLRQ PRGHO DQG GDWD LQWHURSHUDELOLW\ E\ IX
SURJUDPV WKDW FDQ EH WKRXJKW RD EDOH F\ERIEXV WQW\R/WWH P QL
WKDW FDQ WDLORU LWWH@ DQG OHDUQ RYHU WLPH



JLIXUHUHODWHG ZRUN ZKLFK SURSRVH LQWHOOLJHQW ',53 V\\

'XULQJ ODWHVW ZRUN FDUULHG E\ 0,75( &RUSRUDKA RMKHS$S S (
SUREOHP RI PDNLQJ WKH QHWZRUN VHFXULW\ UHG WHDPZRUL
SOD\ D FULWLFDO SDUW LQ DVVHVVLQJ WKH VHFXULW\ RI D
SURELQJ LW IRU ZHDNQHVV DQG Y X\O QCHVUDHE\CPLHADLM V Z K8 IQRKL I }
IRFXVHG RQ LGHQWLIBZRQIWRPRQWURE@ LIDLUPVLWR HITHFWLYHO\ D
D QHWZRUN E\ HPXODWLQJ DQG ODXQFKLQJ UHDO DGYHUVI
SURFHGXUHV DQX®DWBOVY BHRXYWLQJ D FRPSUHKHQVLYH WHYV
DQG H[SORLWVY IHHV DQG LPSDFW RQ WRK @G WEZWXN\PDRQ Q:]
WR VROYH WKLV SUREOHP E\ FUHDWLQJ D IUBFBZIREXMVRQJIDQ
RQ HYHU\ SDUW RI WKH SUFRR®SHHR PIORQ Y FHOKU WRAH SRW WU
EHHQ EUHDFKHG RU D PDFKLQH KDV EHHQ FRQWUROOHG
$GGLWLRGDB ZRUNG NROKEW LIRQVR QRP FOXMOIV D RE M HKXIPDQ WH
GRKHDFKLQH OIHDEMKBEV\VWHP WR OHDUQ LQGHSHQGHQWO\
DQG DFWLYHO\ PRYH WKURXJK WKH WDUJHW QHWZRUN XVLC
ZHDNQHVVHV DQG QRW RQO\ OLPLWHG WRXD Q WDHO RIPHDIWHRG) ¢
IXWXUH SODQV LQ WKH IDFH RI WKH YDVW DPRXQW RI XQFHU\



FXVWRP GHYHORSHG EXLOW RQ D ORJLFDO HQFRGLQJ RI WK
XVLQJ WHFKQLTXHV IURP PODMRIYFIO FEUDRQLSURFHVVHV
VLPXODW@RIHODWHG ZRUN UHVUDRHFEKRUNEBRSRHO@BQQLQJ
UHSRUWHG WKDW WKRX FEDIYHN IKIOQ PEOHGDWHG RXU SODQQH
YLOFOVWRP VLPKID DWRIRROQ LKD VXEHH/MQL BBISOR\HG WR LGHQWLI\ Y
FXUUHQWO\ XVHG WR WUDL® GHIHQGLQJ EOXH WHDPYV

JLIXUHDXWRPDWHG SODQQD®XL RRQUWHWRWH SHRQPMARUN SURSRVHG
%HOO /DEV

2WKHU DSSURDFKHV UHOLHG RQ <$5$ UXOHV ZKLFK DUH SLHF
GHILQHYHDDADEOHY WKDW FRQWDLQ SDWW HR@YD MRKGIG LQ
FRQGLWLRQV DUH PHW GHIMQ GDQJERIQXWKB WXROMXFFKING | X
LGHQWLILFDWLRQ 7KLV DSSURDFK LV YHU\ OLPLWHG QWG VW |
VWUXEWXUH > @

ODFKLQH /HDUQLQJ DSSURDFKHYV

7KH ILUVW DWWHPSW WR RSWLPL]H 37 DXWRPDWLRQ XVLQJ P
0,7 UHVHDUFKHU LQ IRUP RI 0/ PRGXOH QDPHG $, WKDW OHD
RI GDWD LQSXW DQG SURFHVVHG DFFBEBGROQFEB\ZDV@S XY SOWZIL
&RUH 6HFXULW\ UHVHDUFKHUV > @ DQG LPSOHPHQWHG LQ W!
DQ DGGLWLRQ RI 5/DPRGHOKROPDUBIRZRUN WKH SURSRVHG DS



OLPLWHG WR VPDOO DYW X WH DX D MWW HPSWL. MEFRO AP DQG VRO
SUREDELOLW\ Rl VXFFHVV RI DFWLRQV DQG JHQHUDWHG WUI
DOORZHG IRU VXFK VPDOO VFHQDULRY DQG WKH BDRRBRRYHG V|
QHWUN DQG IDLOV IXQGDPHQWDOO\ WR DGGUHVV WKH UHTXLU
UHVXOWV ZLWKLQ WKH DOORFDWHG WHVWLQJ WLPH IUDPH
PLWLIJDWLQJ YXOQHUDELOLWLHV CFR® FRKIQMCHALFCHIDV/GKIMEHY E$
FRQFHSWXDO IUDPHZRUN LV SURYLGHG WR UHDVRQ DERXW P
7KH DSSURDFK GHWHUPLQHY RSWLPDO FRPELQDWLRQV WKDW
PLWLJDWLRQ VWUDWHJI\ > @

,QD UHFHQW ZRUN > @ DWWHPSWHG WR DSSO\ 5/ WR VRO
)XQGDPHQWDOO\ &7) FRPSHWLWLRQV DUH YHU\ VSHFLILF VF
YDULDEOHV LQ W\SLFDO 37 EXW WKH VWXGADZDAH \RIJQLILHD
5/ WHFKQLTXHV $Q DGGLWLRQDO QRWHZRUWK\ SURSRVDO I
H[SORLWDWLRQ E\ FRPELQLQJ GHHS 5H BO® MNKMHWIAARZH USKMNDD
5/ DJHQWY SLFN D 3RZHUGB6KHO O PHRIBX B b H/QEEV XIVFHWLLVR D LVQWADHALK
WKH OHDUQLQJ SURJUHNV® RIHWKQHEB J5/DRRGHHHES 7KH UHVXO
$ & LV WKH PRVW HIILFLHQW DQG WUDLQHG DJHQW FDQ HYH
GRPDLQ FRQWUY R @OHRIWK N WK M Y NGB WS S O L F D WLHRH 5R IWPR G +
SHQW H\QMBIHYIW HG WKIB HDWUMQA@DUBOARULWKP XVLQJ ERWK WD
VRO YLIPGD H P HQAMKBIWRLRWY & X \E RADK/ WIKBX\ODU DQG Q H XWUFD@V QH W Z
ZHUH DEOH WR ILQG R SAR DPOIDNMAHREDRM IDDW K WIR DFKLHYH DF|
LQ PHGLXP DQG ODUJH QHWZRUNV GXH MJR KV K H SWFHD\CHDEW O WW
UHVXOWY LQ KXJH HQYLUR QR HRFXW B G @ Q WIRQW K B \D Y¥\NMBR D WH F
GIDUQKQFK SURSRVWESDDWZRRDFK 6KRGMQ XWHDUFWKHQJLQH
UHOHYDQW VHUYHU GDWD LQ RUGHU W K HEFRI@G QRAMNLTD/OL VW L
KRVW PWOWIHY)OELOLW) DQDO\VLV WR JIQOMEZRWN D/ 1D W WD N
HPSOIRBHG SHDUQ@HQYZRUN '41 VWRWHKRGRYHU WKH HDVLHVW WR
IURP WKH SRVVLEOWMVKRYEED@DBW HM LQSXWD\FGIHORERYPDQG
SDWKVFRYHUDEREWWKDBR ®IDLQ WKLV DSSURDFK LV UHOHYDQW
WKH VHFRQG '41 DSSURDFK IDLOV DERYH D FHUWDLQ QHWZRL



2YHUDOO ZH HODERUDWHG WKLV JUDSK VXPPDULNGIGE WKF
VXPPDUL]LQJ WKH RXWSXW RI UHODWHG ZRUNV :H FDWHJRU
XQGHU PDLQ DSSURDFKHVY EOLQG RU UHDXBG W RWWRRDPWYWR ¢
RSWLPLIHG DXWRPDWLRQ ZKLFK WKH $0O RS FRWHKRWLUDBY X
UHVHDUFK ZRUNV XQGHU HDFK RI WKH FDWHJRULHYV

JLIXUHVXPPDU\ RI SUHYLRXV UHVHDUFK ZRUN RQ 37 DXWRPDWLRC

7R FRQFOXGH WRR\G AKCRXYDMU R1 OLWHUDW K H N GKUDYGH BHHBAKL 8 U R
UHVHDUFK DRWHHGEHQQY VFLHQWLILF VWUXEWXUHG ZD\ WKD
OLWHUDWXUH UHYLHZ IURP WUDGLWLRQDO WR WKB®HRIIHQVL
HODERUDWH D VXPPDUL]JHG OLVW RI WKH LGHQWLILHG LVVXH\
DV WLRHWWV Rl WKH SURSRVHG VROXWLRQV VXPPDUL]HG LQWR

¥ &RPSXWQWHUDWHG SODQ DQG DWWDFN JUDSK EDVHG RQ
I[URP WKH FRPSOH[LW\ DQ&Z BUQBGPQ AMW R R INW/HKIHF XIWKHID/D\ D Q C
WKH DFFXUDF\ DQG SHUWLQHQFH RI WKH UHWXE&WWHY WWY\
ZHUH PDGH LQ DQG QHJDWLYHO\ L ARSDMWMWKGIVVHFXULW\ !



Y

Y

£7)

Y

6XLWDELOLW\ RI WKH SURSRVHG PRGHOV DQG UHSUHVHQ!
WRSRORJLHV FRQILIJXUDWLRQV DQG VHFRUEWIRQMWBUWK
XVXDOO\ WKH SURSRVHG VROXWLRQV ZHUH OLPLWHG LQV
7KH FRQWLQXRXV DQG LQHYLWDEOH QHHG IRU D KXPDQ
VIVWHP DQG PDNLQJ FUXFLDO GHFLVLRQV UMAAH-DAV Y ELGH
WR GIRSHUWY DV ZHOO DNWLRH QRQFWKH RSMWRRIWKH NQRZC
SUHYLRXV WHVWLQJ SUDFWLFHV

7KH HYHQWXDO FRPSDWLELOLW\ RI WKH SURSRVHG VROX\
WKH L\J@XVWWHPYV IHZ®RUND DUH PRVWO\ SODQQLQJ VRO
LPSOHPHQWDWLRQ ZLOO OHDYH WKH SUREOHP RI IXOO\ D
%OLQGO\ DBXWRPHMGIEROYHY WKH SUREOHP RI KXPDQ ODE
SUREOHP RI HIILFLHQF\ DV WKH UHTXLUHG WLPH ZLOO LQ
OLPLWV 7KH JHQHUDWHG WUDIILF ZLOO DOVR FUHDWH
FRQJHVWHLRGHWHPWGR®RZQWLPH ZKLFK DUH DOO XQGHVL
SUXGHQW QHWZRUN VHEXULW\ SURIHVVLRQDO $WWDFENV
ZKLIRSHWYKH SDWK WR FRPSXWLQJ VHEXULW\ PHWULFV Z
LQEDWRU RI WKH VHFXWMNRRVWXUH RI RUIDQL



&KDSWBMLQIRUFHPHQW /HDUQLQJ

SHLQIRUFHPHQW OHDUQ IP@F KL/Q i VOB EW@IQFKWKDW DOORZV D
WR DXWRPDWLFDOO\ GHWHUPLQH WKH LGHDH EBKWLYQR W LZW K
HQYLURQPHQW DQG UHFHLYH UHZDUGV IRU DFWLRQV SHUI
SHUIRUBD GEHRYLGHY D FRQFHSWXDO IUDPHZRUN WR DGGUHV
GHYHORSPHQW RI VLWXDWHG DJHQVWQW BUDEWLQJ KRE KWK KEH |
7KH SUREOHP LV IRUP¥ERWHMGEDNERQ FOQHDKXNLFK WKH REMHFW
DFWLRQV WKDW UHVXOW LQ WKH KLJKHVW SRVVLEOH UHZDUC
WKRSWLPDO DRWLRGY WBFKENNDMWMKH ODVW GHFDGH 5/ KDV
LQIOXHQFH RQ SODQQLQJHADNG WHEXNREWHPO/VBEFLQURIQG FR.
JHQHUDO :KHUHDV LW ZDV LQLWLDOO\ WUHDWHGXMHW D5UHSR
KDV EHFRPH D JHQHUDO IUDPHZRUN IRU WKLQNLQJ DERXW PR
H[SHUWLVH LQ PDQ\ ILHOGV :LWK WKH LQFUHDVLQJ SRSXOD
EURDGHQHG DQG JUDGXDOO\ PRY BGURE\RWIGFU FDDX RI D OWDF
IXQGDPHQAMRIM G FSMIAR E @H P V

5/ XOWLPDWHO\ DLPV WR GHWHUPLQH RSWLPDO DEMWNIR@QWV T VF
SURFHVVHV DV LW GHDOV SURSHUO\ ZLWK GHCEDWEGURQ@DU
VHTXHQWLDO LQWHUDFWLRQV EHWZHHQ DQ DJHQW DQG LV
FKDUDFB\HL VH\W& RI VWDWHY DQG DQ DJHQW WKDW H[HFXWHV
7KH DJHQW LQWHUDFWYV ZLWK WHKHRHPQRQH RQPBI\@W DR ® QRMD K
H[HFXWLRQ RI DFWLRQV RENLQHTSHRMHMDO WKAUHIRQH FRQV
VWDWHY DQG D VHTXHQFH RI DFWLRQV GXULQJ D SHULRG VYV
WHUPLQ PROUVMDIFWHW UDQVLWLRQ RU REVHUYDWLRQ UHODWHG
IURP RQH VWDWH WR DQRWKHU D UHZDUG DOVR FDOOHG IHF
LV HLWKHU SRVLWLYH UHZDUGLQJ ZHKHRELBRURXWG R MHW LRRW V
EH QHJDWLYH SXQLVKLQJ ZKHQ SXUVXLQJ DFWLRQV WKDW
DXWRQRPRXV FRPSXWHUKLW\WREAD WS HWLDHUGRFHHLRWE U GW KBIQ G
SXQLVKEHDXOM L QSIHIWIRR MHGA OHF VDLIRIQW LV WUDLQHG WR WDN
WKH FXUUHQW HQYLURQPHQW SDUDPHWHUV WKDW PD[LPLVH
DQG HUURU WR H[SORU@SKIDUNQY LERRIPH®W SURFHVV LV RQF
IRUPDOLWPY X¥YBG WR LPSOHPHQW 5/ DOJRULWKPV 7KH UHOH



DUH WKH VWDWH VSDFH DFWLRQ VSDPH @VUDQVLWLRQ SUREI

J)LIXUH5/ SDUDGLJP WKH DJHQW OHDUQV WKH RSWLPDO SROLF\ ZK
WKHDODWHVW FXPXODWLYH UHZDUG > @

JLIXUHLOOXVOWBWHARMMWLRQYV EHWZHHQ WKH DJHQW DQG WKH
REVHUYLQJ WKH VWDWH RI WKH HQYLURQPHQW VHOHFWLQ.
EHQHILFQOONKHQ UHFHLYLQJ D UHZDUG IURP WKH HQYLURQP|
> @ ,Q SUDFWLFH WKHUH DUH PDQ\ GLITHUHQW IRUPXODWLR
HDFK KDYLQJ GLIITHUHQW DOJRULWKPYVI DRQEWL P5S OLHP & Q V.M IGF
VSHFLILF W\SH RI SUREOHP DQG DOO LWV VROXWLRQV DUH F
WKH DIJHQW PDNHV WKH EHVW GHFLVLRQ DFWLRQ SRVVLEOH
KDV EHHQ GHRKIMRPHERPPRGDWH YDULRXV WXWHWVYMARHKQ®DOLUF
GLITHUHQW OHDU®QL@J PHFKDQLVPV

5HLQIRUFHPHQW /HDUQLQJ
5/ FRPHVY DV D QDWXUDO FRBOBGHSIRREVRPYLOH TXHDQQJ VHT XH(
ZKHQ D KXPDQ H[SHUW SHUIRUPY VHYHUDO WDVNV WKDW GH S
LV PRUH UHOHYDQW WR WKH FDVHKFRKFHQRHW KLN QHR[ZGINGI H R T
SDUWLDOO\ REVHUYDEOH ODUNRY GHFLVLRQ SURFHVVHV 32(



VHTXHQWLDO GHFLVLRQ WDVNV XQGHU XQFHUWDLQW)\ DQG ST
LQWR BI\AMDBOLVKKEDBUNRFHOHELVLRQ SURFBWO\GHYV GRV W+ QF W
IHDWXUH Rl DOORZLQJ WKH 5/ DJHQW WR DFW HYHQ ZKHQ LW
7KH 320'3 IRUPDOLVP LV UHSXWHG WR EH HIILFLHQW DQG SF
DSSIMLERQ WR VHYHUWD@3UHD/ODSUREOHPWLDO GHFLVLRQ SURF
LQWHUDFW DQG SHUIRUP DFWLRQV DQG ZDLW IRU WKH RXWEF
DXWRPDWLRQ XVLQJ 5/ LW LV H[SHFWWEZ WR AKQURDRM 0Q ZD
HIWHUQDO HQYLURRRH QW TRWH ¥YEFUWHPV\VWHP VWDWHY FDQ E|
SURFHVV@2H DJHQWYV JRDO LV WR PD[LPL]H UHZDUG E\ FKRF
DFWLRQV DQG WKH KLVWRUW RW MAK K6 HVQN UB RQIP HMQKH SURED
SRVVLEOH O9H@V VWDWHYV

ODUNRM-LVLRQ 3URFHVYV

7KH HDVLHVW ZD\ IRU PRGHOLQJ D VHTXHQW IGOHF IGVHFRY ISRIR BH
0'3 PRGHO O'B[WHR®LRQ RI ODUNRY FKDLQV ZLWK D VHW RI
UHZDUG VWUXFWXUH )RU HDFK VWDWH RI WKH SURFHVV D
VKRXOG EH WDNHQ 7KH FKRVHQ DFWLRQ DIIHFWWWERVWRK WK
UHZDUGV LQFXUUHG 7KH JRDO LV WR FKRRVH DQ RSWLPD
SUHGHILQHG PHDVXUH RI SHUIRUPDQFH 7KH GHFLVLRQ SUR
ODUNRY GHFLVLR® DURFHVWBWH LYV \DKEHHD FRIQ WY RHD RLURQP
DW D SDUWLFXODUWERIXQW Z 1 ZNELGRQVELNIMNE WIBRVKL RIDE K ¥ Q
GHVFUQE ISQKR E O HPNQ H IV G/PHID WD Y L U RRDEM.@W. Q QW PIERH U

V W DDAQMBIOH HEDRDK R RVRM L Q UWRID FWLRBN 6 «6 " EH D ILQLWH VHV
VWDWHV 6LQFH WKH 0'3 LV VWRFKD®MWLFDQ BB UW HEXG DRV VIV
YDULGEKRVH GRPDLQ LV>WEH VWDWH VSDFH



J)LIXUH0O'3 UHODWLRQVKLSY EHWZHHQ VWDWHY DFWLRQV $W UH2
SURJUHVVLQJ WR VWDWH 6W

JRU D SURFHVV WR EH ODUNRYLDQ WKH VWDWH KDV WR FRQW

7KLY PHDQV WKDW WKHPSYOW W DHLONMVARIUW RD ¢ \ W H. UFRXKHUQJ HHYQDAQ W
SUHGLFWLQ3 V@KH IXWXUH

$W HDFK VWDJH WKH DJHQW FDQ DIIHFW WKH VWDWH WUD
DYDLODEOH DEFWLRQV 7KH VHW RI DOO DEW LERSQ V \Z GO FEUHL B H
E\6 16 VWDWH WUDQVLWLR Q"SR WQF ROKFP\DH LI QWVKIN SQ FOED E
DJHQW RYI®PWRWRWBMMIHFWLRQ D LV@H[HEXWHG >

'KHQ ZH DVVXPH WKDW WKH 0'3V DUH VWDWLRQDU\ DQG WKX\
RQ WKH FXBUYMQWHWWPMHY 7KH WU B VSN LR DX IPFIRN K/RIY

HITHFWWZRILFK LV D IXQFWLRQ WKDW IRU HDFK VWDWH DQG DF
RYHU WKH VWDWHY VSDFH 6 7KXV IRU HDFIGNWWHQY® L) HWKK
SUREDELOLW\ Rl WUDQVLWLQJ IURP D VWDWH WR DQRWKHU Z



JLQDOO\ 5ALYDLQYJDQ LPPHGWBWW OBZDUHQW ZRXOG UHFHLYH IR
D ZKLOH EHLQJ LQ IX®\W MWRKIRW R KKV BIGMBRMAL\R Q V IR O 6 RA&
5> @

3SDUWLDOO\ 2EVHUMPB EVIHR QDIWINRFH V V
,Q WKLV VHFWLRQ ZH IRUPDOO\ LQWURGXFRDMKK J3EFR Q HHIGN-
7KH 0D GWWNRMWSURGHVY 0'3 LV D PRGHOOLQJ YDULDQW IRU VROY
VHTXHQWLDO GHFLVLRQV $V ZLWK 013Q WXHKJB IX® \RBDW WHR P
VRPH IRUP RI HWHRWHHADRYPEG 7KHUH DUH PDQ\ FDVHV ZKHUH
PD\ QRW BH @XFKGFDVHYVY LQFOXGH WKRVH ZKHUH WKH DJHQW
VWDWH LQIRUPDWKRGUREZKIPFKVFONHHWUHG WR DV D SDUWLD(
SURFHVV 32@3\WRU>LI WKHUH LV D ORQJ WHPSRUDO GHSHQGHC
SURYLGHG $SSURDFKHV WR VROYLQJ WKHVH W\SHVY WKHUREC
VWDWH>KLVW@AWNARK DV E\ XVLQJ UHFXUUHQW QHXUDO QHWZRU!
UHOLHV RQWHUPI PHKRRUW @70 >

J)LIXUH320'3 UHODWLRQVKLSY EHWZHHQ VWDWHV DFWLRQV

320'3 VKDUHV PDQ\ HOHPHQWYV ZLWK WKH IXXOD RENSOHY DEOH

5 2 =! FRQVLVWHL[EDRY WIKYH VAW DRV H RVKBEEQED XVWLYH VHW R
DFWLRQV WK DWS F DK SV RERIQVRRW SUREDELOLWLHY RI WUDC
WKH YDULRXV VWDIEY UHY B Q DFPIQBRRDH UY DWERRM3I X¥QFWLR
XOWLPDWH REMHFWLYH LV WR GHYHORS D SROLF\ ZKLFK LV D

WKH JUHDWHVW SRVVLEOH FXPXODWLYH UHZDUGY 1RQHWKHC
WKDW XM QRZ SHUFHLYHB/Y DLQ \REMEB G YDIWRERVHBYLQJ VWDWHYV



REVHUYDWLRQV ogYRJHSRJIHVHQW DOO SRVVLEOH REVHUYDWLRC
REVHUYDWLRQ LV WKHUHIRUH FRQGLWLRQHG E\ VWDWH V DF
i$7T YE> @ 7KH SUREDELOLW)\ RIDRWEMH UHFEX R DQR\DWICRNVEH W K L
IRU 2 WR EH D YDOLG SUREDELOLW\ GLVWULEXWHPR@SRYHU SR
RBY 2V D R+ QY I» R @ >

2EVMDWIDARQFWLRQ
$ 320'3L\VFRPSURVHEQGHUDBL IJWH @G WIBRE VH U WB\DE B G

REVHUYPQHWIDRW 2 EH D VHW Rl REVHUYDWLRQV DQ DJHQW F
KDV IXO0O NQRZOHGJH Rl WKH VIVWHP VWDWH ,Q SDUWLDOO\
SUREDELOLVWLFDOO\ GHSHQGHQW RQ WKH XQ GHEKO MWDIWHHQW K
DJHQW LV LQ EHFRPHY SUREOHPDWLF EHFDXVH WKH VDPH RE
= 6 [A0 2 LV DQ REVHUYDWLRQ IXQFWLRQ WKDW VSHFLILHV
DQG REVHUYD@+RYW R LPEWRHWUREDW REVHUYDWLRQ R ZL
DJHQW SHUIRUPV DFWLRQ D DQG ODQGV LQ VWDWH DV

SURFKVWWRULHV
+LVWRU\ LQ 320'3 VWDQG IRU WKH ORJ RI HYHU\WKIXQYJ WKD\

320'3 FRPSOHWH KLVWR UWXIQWRGWW IDRE-HW.H@ORAK) R WULSOHYV

7KH VHW RI DOO FRPSOHWH KLADWREUL IB\H 3 N QGHIRG O\WBQD N VD
H[HFXWHG DFWLRQV DQG V\WWHP KLVWRU\ LV XVHG WR HYDC
DV D VHTXH@BA R DWWIORM\VWHP KLVWRU\ K IURP WKH VHW R
SURYLGHV DQ H[WHUQDO SRERFHHFRWL WH ¥ X H ZI DERWMR YK FZLO O

V LQ WKH QH[W VXEVHFWLRQ ,Q 320'3 DQ DJHQW FDQQRW IX
WKXV LW FDQ RQO\ BDKHI REMHGMBEWVIR RVVRVR U\ DV WKH DJHQ
ZRBONKDW DUH VXPPDUL]HG E\ WKH SURED EL@®& WR &V VDWLCE XV
7KH DJHQW VWDUWYV E\ HBEDAWHNVGL @ R YIREH ROPWOGRW KIBEOREMB UM L
KLVWRU\ XQWLO WLHHX WREY BIf WE BRE WHBYODE LR Q SPLUV

$w 2w 7KH VHW RI1 DOO SRVVLEOH REVHUYXDEQB XQVWRULWV ZS
WR KLIJKOLJKW W KLIPVB WFHS GHWHEWDQ B20'3 VROXWLRQ DOJRUL
DV WKH REVHUYDEOH KLVWRU\ ZLOO> X®@HG E\ 5/ DJHQW LQWH!



3HUIRUPBDHIRAHX UH V
$W HDFK VWHS LQ 320'3 WKH DJHQW KDV WR GHFLGH ZKD\
REMUYDEOH KLVWR#S MWKB BSRWLRI BEXOHV WKDW PDS REVH!
LGHILQHGUREMELOLWLHY GLVWULEXWLRQ RYHU DOO SRV
VWDUWLQJ E\ WKH LQLWLDZTK H @ LI H@ WSW R EDX VMRFMRFE W
PD[LWLY WKH REMHFWLYH IXQFWLRQ WK.IVW RMLBMMOKE R Q
IXQFWL/RQVIIXQFWLRQ LV HVVHQWLDO IRU WKH OKHDUQLQJ
VIVWHP KUWWRULRULWRIHEG RKHQ B KK> @ 2YHUDOO WKH
IXQFWLRQ LV D PDSSLQJ IURP WKH VHW RI 5/ DJHQW KLVW|

,B20'3 IRUPXODWLRQV WKH YDOXH IXQFWLRQ 9 KDYH D V!
UHSUHVHQW DQG HYDOXDWH DQG JHQHUDOO\ 9 LV DGGLWL
WKH VXP RI UHZDUGY DFFUXHG DW HYHUURRPHNSY MWWEW BL
ILQLWH QXPEHU RI VWHSY + WKH SUREOHP LV FDOOHG IL
PD[LPL]H WKH WRWDO H[SHFWHG UHZDUG 7KH YDOXH IXQ
VLPSO\ WKH VXP RI UHZDUGV@WWDLQHG DW HDFK VWDJH

7KH VXP RI UHZDUGV RYHU DQ LQILQLWH KRUL]R@ LYFREBRWX Q
IDFWRU WR PDW K H\PKSHV/R E D RKBW HDZDBUHBAM O DRVMBHRL VF R X QW H G DG
ZLOO LP SDENDXQUWHEW TUIGKH/D A X B F \WRIRMOR @/LDVCF R X 6 WVBIGE E O H P

LY @

3ROLF\ *"UBSKHVHQWDWLRQV

320'3 DJHQMWIWM/ R G HW H U P LRRK WRNRHH WELIHREDX Q FH WP YLQ RQPHQW
IROORZLQFDLWIHHR@Q RKREWDPDPHWQ FRORWHIWR @ | WRHL GLW AR
VXP Rl UHZDUGV 7KHE3RO0ODY IDRY QW I&HW H UEZ IQIHFX EAHW K H VSR
JHQHUDO PDSSLQJ IURP W KMBR BWR @YD WL & LIOIH WKL KVVW R



UHSUHVHQWHG DV

7KHUHIRUH WKH DFWLRQ LV UHS hH VEVY&W H GH VS KIHF \8 R G LR GE. D\
ZKHQ FRQVLGHULQJ WKH LQLWU B 6 UHYGRIEY HEE.RBW E L ¥ XWR IUR @ \E -
7KH H[SBER@HR YDOXH IRU WKH SROLF\ &

7 KX \WM KY DROW K5SHR OB WI DY MY D VW RDQ@IHE B HQRWH G

7KH DJHQWYTV JRDO (EW K\DRV | PQGL PDSR B EFNIEQVCHIBO M\D Q K SHIRY W D Q \
KLIJKOLJKW WKDW WKH JHQHUDO SROLF\ IRUPDW DV PDSSLQJ D!
SUDFWLBRO 3D/RD YOLQIR U HNSKPRL. OIXGIBE VHU YR YWAERMPRRUFX O D W H
WUDFWDEOH REWHRLYDVE D KHKIEM/ER BIVHNO WBIQG BW SUREDELOLW!
VI\VWHP YWAHWIBW O\ DQ\ 320'3 ZKHUH WKH DJHQW EDQ IXO0O0\
0'3 WHKHTXHRQFAHIRBBUDUNRKYDLQ LP SRV W\WIBRACEMRIBEQY K H
FXUWKRDWH PBNY ®RRMSKHH Y Y RO H M OH Y @Q W



JLQLYWBVXV ,QILQLWH KRUL]RQ
,Q ILRRWH]BQN QR Z WP U WMDAWEW D WH | | L A R QWK WBH B QMV HQW
WEKRREVHUYDELOLW\ DQG WKXV PD[LPL]LQJ WRWDO UHZDUG
SROEEY WKHIHERERIG DS RIWRFDWR®V7 @ $ E/WLV &R ED
VW DIKHW WDJHV DU H\WKOS$IUWFWRHBHEWHG YDOXH RI D SROLF\
IROORZLQJ %HOOPDQ UHFXUUHQFH DV

7KH YDOXH IXQFWERQW” £ QUWKIE ZHWUHNV+ LV WKH QXPEHU RI \
JRHV WKURXJKL\S BRWLEDYE /9% |IRU DOO + SIR®Q PLWMDWH WY &
RSWLPDO YDOXH IXQFWLRQ LV LQ IDFW D YDOXH IXQFWLRQ Z
SULQFLSOH RI @ SWOLROM. W/\R>F D O F XVOHIBWYD @ K H  IRXSQF MPLIR® VD V|

JRU LQILQLWH KRRISWR®@ B0 BEFHFVRQV FDQ EH FDOFXODWHG E
VW Y WEARMOM W DV KHV WD @@ LQ K WIRHWL PW HSPD QL Q@7 KHUHIRUH

W KHD CROV W D W § R Q@EDEME H W H UFPDIQHHFEX UG RMARKINQ KW HIL R Q

DV EHOORZ

$V WKH 320'3 DJHQW JRDO LV VRV KIOME RACKVH R SYALLGXOHD | XRE MAF
DOO VA\VWHP VWDWHYVY 7KH YDOXH IXQFWLRQ LV

9DOXWHUDWLRQ PHWKRGV FDOFXQDWFHWOSWLP® G K DIOXH WX O FI
LPSOLFLWO\ |URP >Y D@DK H Q YWQFRRVGLXREGIV IRH UDHX Y K WALGRRORL VR @Y K H



YDOXH RI H[HFDOW. QD@ MRKH Q | RS W/ BSEROIRIF W K H

7KXVQILRR WLIRB QY ISRIDQY\J U HRIYODAXBFWLRQ

6WRFKORWLLAFLHV
,Q 0'3 D VWRFKDVWLF LQILQLWH KRUL]JRQ SROLF\ LV WKH JH(

DVVLIQV D GLVWULEXWLRQ IRU DOO DFWLRQV WIRWH VWVWDB/ H L
"$ ODSSLQJ VWDWHV WR DFWLRQV % V D LV WKH SUREDEL
DQG ZKHQ ZH DGG H[SHFWDWLRQ RYHU DFWNVRQV ZH FDQ UHZ

*HQHUDOO\ VWRFKDDWYP GWOILARKXY DQHFRAWH[W RI LQILQLW

XVHIXO LQ FRQWH[W RI 320'3V DV LW HQDEOHV XV WR FRQYH!I

VSDFH Rl GLVWULEXWLRQV DFWLRQV> WKHQ WKH YDOXH IXQF
3ROMAUHHYV

,820'3 HQYLURQPHQWYV 5/ DJHQW FDQ RQO\ EDVH LWV GHFL)

REVHUYDWLRQV DQG QRW VLPSO\ PDSSLQJ VWDWHY WR DFWL

JUDSK DV

JLNH3V ZKHQ RQO\ RQH VWDJH WWR IM[HWXW H DHQDV WD & R @ KL O
DQ DFWLRQ ZLWK WZR VWDJHV OHIW LW ZLOO UHFHLYH DQ RE

> @



JLIXUH$ SROLF\ WUHH IRDRKKRRREMHUW WRBQ WKHUH LV D EUDQFK
(DFK QRGH FDQ EH ODEHOHG ZLWK DQ\ DFWLRQ IURP W

,Q D ILQLWH KRUL]JRQ RI OHQJWK + D SROLF\ LV D WUHH RI KH
LQ ILQLWH SROLF\ WUHHV ZKHUH HDFK QFR®N\E UHXYEDUEWHV DI &
ZLWK WKH REVHUYDWLRQ UHFHLYHG WKDW @H WROPEQWWY HMHK W
LQ KRUL]JRQ + ZLOO KDYKRMUVIRA BROSRNVWHMAH ¥ R

,Q FRQWH[W RI UHFXUVLYH SROLF\ WUHHV ZBpi+UHOD BQ MK H (
' ZKHUH D LV DQ DAEWURQWRRBREVHRUYDWLRQ VWUDWHJ\ 7K
VWUDWHILHY ZLOO EH GHQRWHB_ DWEH 2V KRHE YIHRAK RO \D @ W&/ \F R/Q &
DYDLODEOH WR DQ D3k QW % DWE WPVINDIHY WKLW FDVH UHSUH
SROLF\ WUHHYV DV FRQGLWLRQDO SODQV DOORZV XV WR ZUL

IXQFWLRDKH YDOXH I XQ¥FW DRQ RRQ MUND BRRLOFE® MENHIGHDYW EHOOR 2
L W KOHF WW R [ H F XOMHG-DWAMD J H



,Q 320'3 WKH DFWXDO V\VWHP VWDWH LV QRW IXOO\ REVHUY |
UHVSHFW WR WKH LQLWLDO EHOLHI VWDWH E LV

TKHUHIRUH DQWRHSWYPO®XHWI XQFWLRQ IRU WKH EHOLHI VWD)
HQXPHUDWLRQ RI DOO SROLF\ WUHHV IRU +W

7TKXV WWHSNYDOXH IXQFWLRQ MW SXH[ ERIQWURBSBHVHEHOHE IE
ILQLWH RIWHQ GRXEO\ HISRQHQW@DO RI W FRQGLWLRQDO S

JURB20'3 WRY.HF VDREW OML\W DVE M
320'3 YDOXH IXQFWLRQ L¥ QLIQH I BRM®QT\ SROLHEN WDUBHDU LQ |
9ULV WKHUHIRUH WKH XSSHU VXUIDFH Rl WKH FRQEOIHEWIDRQ R
YHFWRU RI VL]H _6_ ZLWK WKH HQWULHV DUH WKH Rl SROLFL!

'KHQ DSSO\LQHFWHRHBYHVHQWDW Wk | LAHR QDY B MW HBE 6 W R U V
FRUUHVSRWGLKDS SWROLF\ WUHWRURGE RIXVIIER 8 DM Q X H
IXQFWLROQ

7KH RSWLPDO Y9 XHUBSUAWIHRQVHG E\ WKH XBWRU W ¥ U | DIRJEK U
EHOORZ ZKHUH WKH ZRUPWIKDV K DN G\RIOQ FAHIDQO EW\ EH LQ \
ODQ\ YHFWRUMDRDQHZRWKH@Q GRPLQDWHR DU WK WRARQRIWH @/ K



YDOXH IXQFWLRQWKHMH YHRAMYRRPSOHWHO\ GRPLQDWHGL¥\ . ZK
MRLQWO\ GRPLQDWHGQEBEWRRWW®&HEFWRUYV .

)LIXUHH[DPSOHVRMDWZAR320'3 UHSUHVHQWLQJ WKH ZKROH EHOLHI V
> @

7ZKHUHIRUH LW LV SRVVLEOH FOHDQ RIWHQ FDOOHG SUXQH

YHFWRUV UHSUHVHQWLQJ WJoW REWARDO YDOXH IXQFWLRQ



,Q WKH UHVXOWLQJ SIYHWV¥MPROLRXYPKHIWUH OBSUHVHQWLQJ S
> @SYHFWIRWUXVHIXOO LLYRHPSW\ DQG LV QRW GRPLQDWHG E
IROORZ

,Q SUDFWEMWHEHMKK HWHLRQV LV GIRIFDAMIIPPLQJ /3 LQ PI
Y D OBOHV32® '3 V R O YDLAQR UWL WKIPW/G O H V VP W WHI IDERARSILION H FW R U V
L Ow

,PSOI3RIOWS SROLFLHV
$Q H[SOMWHW 320'3 SROLF\ FDQ EH HLW K MWW HH RWH X ¥ QOIH GH¥
R A®WN S0P, Q ¥ HE WHR BPLIDAWVMVS RALLY GHWHUPLQHG E\ ORFDWLQJ
OD[ LQ WKHKHVBRBARINHAMHQ WKH 5/ DK H (RMEVR@BKGDIPIR O OR Z
W KRHE V H U O WWRIQH G H WSHRIDVIKBHIGH H® KH RSWLPDO SR @IDR\HIYW E
UHPDLQLQJ LV

,QVWHDG RI NHHSLQJ WKH HQWLUH SROLF\ WUHHV ®WH FDQ \
VWDZIKHUHIZRWH3 LPSOWFWWRBOLKG H I L @ HSH U | R WRLHHRQWW H S
ORR N D:KHH DG W U R GXIF 6 XKRWAERDQD \DY D ORW D N WD REH O\LW B W H
ZKLPRIQWLRXRFIKRXW WKH RBWHPDOQARIHBPARUNKH EHOLHI V
WKDW UHVXOWYV IURP E DIWHU WDNLQJ DFWLRQ D DQG UHFHL

%HOLHI VWDWH 0'3V
,Q D ILQLWH KRUL]JRQ 320'3 SROLF\ LV D PDSSLQJ IURP EHOLH
$ SUHYLRXV UHVHDUFK GHPROGE W B VRH GV WK BWRE BERGLW\ GL
VWDWH VSDFH 6 LV HQRXJK WR VXPPDUL]H DOO WKH REVHUYTC
ORVRSRNLPD@IKWHUHIRUH D 320'3 FDQ EH FRQYHUWHG LQWR D
VWDMW/HVXOO\ REVHUYDEOH DQG BrQBQRWSW H)G WDKH THRIDEREZS.C
UHSUHVHQWDWLRQ



%% " 6 LWIQHHER Q W L\QW R SVBHF H
%$ L W OHF WALRIF H H[D F WEDY Q2K H3 VD P H

%75 %71 $ L: %L W KEHH OW H D Q NAQ\FYRIGR Q OIR\Z

$IWHU WKH H[HFXWLRQ RI DFWLRQ DO®BDREKNH UFDHDW XRQ W\N K HI
SUHYLRXV EHOLHI E DV IROORZ

58 %1 $: S5LWHKHHZDXGFWLRQ

7TKHQ WKH 5/ DJHQW ZLOO KDYH MXVW WR H[HFXWH WKH DFW
LWV SUREDELOLW\ GLVWULEXWLRQ LQ RUGHU WR IROORZ WKH
WKH YDOXH IXQFWLRQ UHPDLGQM BR Q@KH[REXW\L RIRAV SIRM\PR\UIR O
SUREOHPV D VWDWLRQDU\ PDSE%0Q3 RI DEFWXKQ UWRLIPV EGIFDW H Wy
XVLQJ JUMHGH RQRRNDKHDG IURPDWKROR®BRZLPDO YDOXH 9



SROLF\ *UDSK YVRW Y\WOKBL W H
7KH RSWLPDO LQILQLWH KRV IR R\DH @ DEDXEHL WKDFWLIAR QDS SUR[LPLC
KRUL]JRQ YDOXH IXQFWLRQV 9 9 9 W'S & LSR B O UMNMRIGV W@ L
OLQHDU DQG FRQYHWG B WS IRQHZ ¥ R B B XMW Q LIGDRENRGEIA-H W V
> @KXR®LADAXNEHL QHDU VR 2AKKRHHIAD @R D UHT XDLOO UHV XOW!
LQ RSWLPDO YDOXH

%HFDXVH HD EQ U&-DEVPRAY R FE B OSBEHILRQ D Q Q RYWDRAHHIW 5
GRPLQD®RWMKHE D LHRMRSVHVHQWHG DV IROORZ

'KHQ DQ RSWLPDO YDOXH IXQFWLRQ 9 LV UHSUHVHQWHG DV L
RQH UHJLRQ DUH DXWRPDWLFDOO\ FRRYH G HDMELW®EHA EMORAL
UHVXOWLQJ REVHUYDWLRQ W QRW K LFVREDMHL WKKWHED G RHDI L W\U DL
QRGH FRUUHVSRQG WR EHOLHI VSDFH ZKHQ RSWLPDO DFWLR(
> @ 7KHUSIRBUHQW LV QRW UHTXLUHG WRVDRWHP BE DX G BHQWR
KHDY\ RKRR®J RSHUDWLRQV Rl XSGDWLQJ LWHEWIRQUH EGMW LU,
XVLQJ WK B REWLEFW LLYJER SSMHBRBWHLRVY BHLOEOH:KHQ WKH 320'3
GROVYWMWORZ WKH UHSUHVHQWDWLRQ RI WKH LQILQLWH KRUL]F
DERYH RSHUDWLRQ LV VOLJKWO\ PRGLILHG WR H [R\SUDLFAD OU R F
SROLF\ JUDSK 7KLV ZL @O NLEAHMROUNR BQWAL WIKE VL]H RI 3* W
WUDFDELOW\ RI VROYLQJ LV DFKLHYHG DQG UHPDLQV DSSUR
KLVWRU\ RI REVHUYDWLRQV DQG DFWLRQV ZKLFK LV RIWHQ \
SUREOHP E\ RUWXFP/LRIHQW LV FRQVWUDLQHG LQ WHUP RI PHP
WR H[BERXOMK\DW DUH SUH YV H@QW NOWIDEMPRCSBL Q J



JLIXUHLOOXVWUDWLRQ RI SROLF\ WUHH EUDQFKHYV UHDUUDQUJHTF

JLQLWH 6WDWPRREGRHONUROOHU
$ GHWHURIFrQGHLWWIUR OB ! ZKHUH

%1 W R/HRID R GQFR Q V W L WOQMLHDE QVBYOW D W H V
%% 1/ $ W OHF WALIR@H PYQLFRIQKARE D DR G0l

%Q1[ 2&£1 WKH QRGH WUDQVLWLRQ IXQFWLRQ WKDW IRU HEL
WKH VXFFHVVRU QRGH Q ZKLFK LQ IRUP RI REVHUYDWLR
FRQGLWLRQDO SODQV ,Q D VWRFKDVWLF )6& WHKH IXQFW

DUH WKHUHIRUH VWRFKDVWLF

J)LIXUH320'3 SROLF\ JUDSK MRLQW LQIOXHQFH GLDJUL

TKXV% A $ ZKLFK LV D VWRFKDVWLF DFWLRQ VHOHFWLRQ X



IRU DOO V\VWHP DFWLRQV

KLOH1 [ £ 1 IWKHRGH D QM WWVRKRQ DVVLIQ D SUREDELOLW)
IRU HQRG®WYWRBEVHUYDWLRQ DV

SROUBDSBKROXH
,Q WKH 320'3 HQYLURQPHQW WKH !DL\H GWHGWR R HGH 8*HEPLQ 6 SR O
FDOFXODWHG XNT®XDWHROLZXHHIH WUD QYL RR CORL[

*LYMQUAVRFKDVWLF QDWXUH RI WKH 1XQ F RZILRO@V DY FDRXGEQ W \WRAH HY St
RYHU DFWLRQV D DQG REVHUYDWLRQV R LV IRUPXODWHG DV IRO

'KHQ®¥BV FRQVHTXHQWO\ WKH UHZDUG YHFWRU

9DOXH LWHUDWLRQ
,Q0'3V  VWKMWD QRG-DAJKGR G /GKRHE W LLRD DR RWIES R Q@KWY LIE T X HQ F
R R BPLIDILQ MK RIBO YIOH IX ORI Vo U g\W> @ 7KHLIHUHBHRW ZWHK &
R S W LYFDDODX I F W IQRGQW K H RB WILJRIQOYW O XH IXQFWLRQ GHVFULEHG
LQILQLW\

JLYHQ WKH %HOOPDQ HUURU ( WKH RSWLPDO YDOXH IXQFWLEF
DV IROORZ



,Q 320'BRQWH[WU HW XLIRHDE:RIYWVLERX@RDWD'W VR HQDEOH WKHQ WKH
RSWLEDORQRWIRM@3ISROLFLHY ZKHUH WKH YDOXH IXQFWLRQ LV

"KHUH

7KH XOWLPDWH DLW HRIDDMUARDD®BHRULWKP LV WR ILQG WKH VH
9w JLYHQ WKH SUNWERWRUVHW BOJRUILMWKRY KRZIWE&H\ FRPS)
IXQFWLRQ UHSUHVHQWDWLRQV ZLWK PRVW QDLYW ZKLFIKV WR |
LV GRQH E\ HQXPHUDWLQJ DOO ERWK VHWV RI DFWZIRQK DQG
WKH VLJFH RXD®GW 92 DFFRXQWLQJ IRU PDQ\ YHFWRUV LQ WKF
> @ 6RPH DOJRULWKEY FDQH X DRYIOHNwED QG ODWHU SUXQG
E\ HOLPLQDWLQJ WHFHWRRPLRDMWHGOLQHDU SURJUDPPLQJ ,QF!
VXFK DV ,3 BU RGR\GH BBXLIHOG/ W% HS VU MF W ORZILVRIPR XW FRQVLGH
DQ\ XVHOHVV FRQGLWLRRDWKRGDRY R D WK PIRK/NUANKAH I B WH @ Y
VROYLQJ WKDW FDQ VROYH PHGLXP VIDWIBRBRZHKHY BBSHIEL

S3ROLF\ 6HDUFK
3ROLF\ LWHUDWLRQ DOJRULWKPV ZRUNV GLIIHUHQWO\ IURP °
LPSURYLQJ WKH SROLFLHV WKHPVH®XEWF BEHRQUDAWLUE Y DV R HAT K
LQILQLWH KRULDRQNSROQFHEIHVY WR ® 3ROLF\ ,WHUDWLRQ ZR
FRPSXWLQJ WKHQ SR®UFD'BPSRIGONHPRIHNUWMOLWD DWW | Z K KEQ
UHSHDW WKH SROLF\ LWHUDWLY Q/ DWE PRDOR DH PW QDWW KIS \S
QRAKDQJIH® $W D ILUVW VWDJH WKH YDOXH RI SROLF\ LV FDOF



IDWHU WK B®ROLWLRQ LV FDOFXOWMRHGDEDVHG RQ 4

)LQDOO\ WKH SROLF\ LPSURYHPHQW LV FRPSXWHG IRU DOO V

7KHUHIRUH 0'3 SROLF\ LWHUDWLRQ FRQYHUJH PXFK IDVWHU
FRPOPXWRRQHTXLUHPHQW VHDW K. W WD S YDDGSIREHIENR. @ 60 J6 D
OLQHD W,P320'3 SROLF\ LWHUDWL R QU HDSU W\KHIQMP B RSIRW® D R\FWR L W
IXQFWLRQ FDQ HEBDIVEDO FXRDWMXHUH LV D XV HSRIH6HEQMWID WK R QH
LV LQGHSHQGIFGWQVR®O WHERSRVHG DQ DSSURDFK WR GLUHFW(
DQG WKH DOJRULWKP H[HFXWH SROLF\ LWHUDWLR® HQ DAMMRRI
VWHSV ZLW KD BIEDSOUXRBYIHIPR QR QCH XVISIAR JUDPPLQJ XSGDWH WR |
VHTXHQF H VRN O WL WRIQEM UGRFORGDHYUHW IV W R W KEBD R SW/ IEFFRDQOY HR O k
WR 7KISROLF\ HYDOXDWLRQ ZRUNV DW HDFK FRQWUWFEMRHWU QI
%HFDXVH RI WKH GHWHUPLQLVWLF QDMFWWERWRK WKIFHWRU % (
UWHVHQWDWLRQ RI D 9 LV IRUPXODWHG DV

"KHQ

'LWWKH SROLF\ RO XD WDR@KMQJ WLPH RI _1 1 6

SROLPSURYHPHQW
7KH SROLF\ LPESRYHPMPIWNRUPLQJ G\QDPLF SURJUDPPLQJ EDF
ZKLFK WKH 320'3 YD BXHSIXHOWIQAWR DGO L Q | RWHPF R/IRIL\D ILW HJ M B @/DJ
DQ LPSURYHG YDOXHK LN @DMWHLS UAWHIQMHG ERVWRRV H[DFW V
DOJRULWKPV QRW DEXE) PUKP BQW®MBYN SHUIRUP YHU\ ZHOO L(
320'3% @



JRU HYHU\ VW HH FV RIBWFR O FXODW H G/ WIRPHWHRQ WQRWBIHU &
DERYH DQG ODWHU LV SURFHVVHG XVLQJ G\QDPLV¥ BRIRORDPP/|

% )RU HDFK PBIRPMRUH DFWLRQ DQG OLQNHG . DUH VLPLODU
LQ WWHDQLE WKH QRGH ZLOO EH PDLQWDLQHG LQ WKH d

% :KHQ . LV GRPLQDWL @QURBRUE WWDY RKHQ LQVHUWHG LQ!
WKH DFWLRQ DQG VXFFHVVRU OLQNV WR WKH YHFWRU

% (OVH LI DQ\ QHZ DFWLRQ DQG REVHUYDQ\A RQ W DIEVEH.DB

)LQDOO\ WKH SUXQLQJ LV GRQH E\ UHPRYLQJ DQ\ XVHOHVV
ZLWKHFWRU LQ 9 1RWH WKDW WG®&RDAS R BDWFL Q FDSQU RAYCHPHH @\ HG )
UHPDRWLPDO ,Q SUDFWLFHHB2MBHFROLHESWROWR HRQYHUJH D
HYDOXDWLRQ FRPSOH[LW\ LV QHJOLJLEDWHZK® Q WQWL BRPBSPD
RI WKH DVVRFLDWHG G\QDPLF SURJUDPPLQJ LPSURYHPHQW .
DGYDQWDJH RYBDWLYP@ XB MEOYLQJ ODUJH 320'3V HVSHFLDOO

NQRZQ@
*UDGLEHMWRGWLPL]DWLRQ

([IDFW VROYLQJ DSSURDFK RI1 320'3V LV XWDERRMVS ERAH B HLRQJVW PR
LQ DGGLWLRQ WR WKKLKERDY QQ\W®&XH WVIRE LBOAW W K DML WEWUP D C
YHODUJH RU VRPHWLPH LQILQLWH 7KH H[DPSOH LOOXVWUDW
RFRQWOQRGOBGNUZKLFK JURZ WZLFH H[SRQHQWLDOO\ IRU D JLY
Y HFVOXPHEHUT XWWRHGH SWKAHD B R FWLRQ ZKLFK PXOWLSOLHG HI[SI
LWHUDWLRQ 7KHUHIRUM WNKIHDRSEWLRY K F DWRLORXEMWVERFRRKIQ K VWAKKAH
SROLFLHV ZLWK WKH DLP RI GHWHUP@QLQJ WKH EHVW SROLF\

$00 320'3V SROLFLHV FDQ EH UHSUHVHQWHG LQ IRUP RI SR
UHVWULFWLRQ WR OLPLW WKH VHW RLQQWIHK BWR B ROQIERHW HAC
ZKLFK DFKLHYH D FRPSURPLVH RU EDODQFH EHWZHHQ WKH L
DELOLW\ WR UHGXFH WKH VL]H DQG FRPSOH[LW\ RI WKH SRO]I
SROLF\ LWHUDWLRXQ BRAWVWUDW GBSO R DVKH SROLF\ JUDSK VYV
HISORLW FRPSXWDWLRQDO DGYDQWDJH RI VHDUFKLQJ LQ L
SHVHDUFK ZR&@ DWQ&® SURSRVHG WKH VHDUFK IRU RSWI@PDO PH



DQG ® ZRUNHG RIMTXKRQERY RI UHDFWLYH SROLFLHV ZLWK D
SROLFLHV VHW XVLQJ FDOOHG ILQLWH SROLF\ JUDSKV ,Q WK
ZLOO EH FRQVLGHU LV UHSUHVHQW D B/O\HD B\H DFIRQ@EWY\RHBGORN UD H
JUDGEBQYMWG SROLF\ VHDUFK PHWKRG 7KH PDMRU FRQWULEXW
VHDUFK PHWKRGV LV WKH UHIRUPXODWLRQ RI ILQGLQJ RSWL
QXPHULFDO RSWLPL]DWLRQ SURIE®H® IRU ZKLFK WKH JUDGLH

SROUBDSBROXHYV

7KH YDOXH RI D VWRFKDVWLEF 3* @ ZLWK 9 DQG 5 YHFWRUV
VXPPDUL]JLQJ LQ IRUP RI PDWUL[ RI D VL]H _1 [ 6_E\ _1 [ _6_

W HYHW U2 WK H U HVWRMHEERSE. FNL QX QNMEPHD Q ZKLFK HQDEOH FRQYHU)
S UR E O HPRIQQO/RS WD B/ R Q@



,QLWLDO EHOLHIV
9 FRQWDLQV WKH WRWDO GLVFRXQWHG FXPXODWLYH UHZDUG
320'3 DJHQW VWDUWYV IURP FDOOH G, QQLIDLMIONE FCKLLA \L\D @/ HD @ ¢
DIJHQW KDYH DERXW WK HVHDWKHE @VHIRW ®RZG LV UHSUH

LWK D WRWDO FXPXODWLYH GLVFRXQWHG UHZDUG

,Q 320'3 ZH RIWHQ DV WX\WIHJ RRKKOHN | IDUDFWSVBLBABYRDUR Z O B SRV MVH
ZRUOMBUPXODWHG DV

5HLQIRUFHPHQW /HDUQLQJ $SSURDFKHV

7KHUH DU SWWARBFKHV IRU DRR QRDNHGE N QRIQRHR G, OWKDHV PIRSG F
DSSURDFK WKH 5/ DJHQW ZLOO XVH D SUHGLFWLYH PRGHO R
DFWLRQV LQ HDFK VWDWH DQG FKRAML QK5 SWKRD BHWAW RIQ$IH U K|
IRUP RI D VHTXHQFK RWWVOR/\OBIQEKVD B20'3 PRGHO WKDW LV
VHTXHQFH ORGHUQ DOJRULWKPV DQG FRPSXWLQJ FDSDELOL
ZLWK UHDVRQDEDFWV HEEBPREBHEBOWKH DIHQW XVHV D SUHGHI
WKDW ERWK SUHGLFWV DFWLRQ RXWFRPHV DQG HVWLPDWF
VLWXDWLRQV 'HFLVLRQV DUH PDGH QRW EDVHG RIDUQYRUPI
DSSURDFK 7KLV DSSURDFK PDNHV XVH Rl WKH LQWHUQDO P
RI FDQGLGDWHY ZLOO GHSHQG RQ WKH®U EHKDYLRU LQ WKH



7TDEOHW FRPSDUDWLYH VWXG\ RI 5/ PRGHOOLQJ OHDUQLQJ

2YHU WKH SDVW GHFDGH PDQ\ UHVHDUFK ZRUNMW L5J YIHY WX P
H[SHUWVIPOMEWLRQ WKHHPREHORDFK WKH PRGHOOLQJ VWH
DOORZ GLUHFW OHD WG GMBIRI 5 DN \BROHWF WHKDW OHDUQLQJ RF
LQWHUQDO UHSUHVHQWDWLRQ RI WKH HQYLURQPHQW VWUXF
DJHQW ZLOO VLPSO\ VWRUH HVWLPDWHV |RUQWHDIF K[ S WHWHGE
ZLOO EH VKDSHG WR EHFRPH D KLVWRU\ RI GLUHFW LQWHUL
JLYLQJ WKH 37 FRQWH[W FZWHR SI\G-EG RRE KWEKBIGPROW® U IRU L
VROYLQJ 5/ ZKLFK LVLFROZIFO G HEIHU FKODK MXVWLILH@ LQ WKH «

ORGHOVHG YVIOFPRKEEAHOOLQJ DSSURDEFK
,Q WKLV VHFWLRQ ZH GHVFULEH GLIIHUHQW 320'8HP R G GEMRIEEIOL
ZKLFK ERWK ZLOO EH LQLWLBROMGROUAMEERH®W LB®O \REUVFXR/V
5/ PRGHOOLQJ DSSURDFK DQG KLJKOLJKVQID@B WK ID B WKW XS
VHOHFWLQJUWKH DPSRS@HRM® F K D I W H UE B MVFHOX B ISGU@IXFHK PR G H O



JLIXUH GLITHUHQW 5/ OHDUQLQJ DQ& RPRGHIIOR BW PBGV RD F@®

ORGHOHH 320'3

ORGHWOHH DSSURDFK 5/ DJHQW KDLV @ DO/ FRPIRUNL W RISWLPDO SR
320'3 HQYLURQPHQW WUDQVLWLRQ DQG UHBB WG DXG®RWLRQW L PQ
IXQFWLRQ RU WKH SROLF\ GLUHFWO\ E\ LQWHUDFW K®JWU WNEVWK
IXQFWLRQ 7 QRU WKH UHZDUG IXQFWLRQ 5 7KXV D YDOXH IXQF\
D VWDWH RU DQ DFWLRQ WDNHQ LQ D VWDWH IRU D@0 VWDWF

,Q IXOO\ REVHUYDEQHDVEXPISMWLRQ LV WKDW WKH 5/ DJHQW PLJF
DQG UHZDUG SUREDELOLWLHV DQG WWK W B JHQYWJ B IWAHS O K i W@ D
DQMUURU H[SHULHQFH *R U@KMWLAQWIHMIHE WERBREGHACHUH DJH
DZDUH RI DQ\ VWDWH VSDFH EXW RQO\ VRPH DVSHFWV RI WKH S
FDQ H[HFXWH DQG WKH H[SHFWHG UHZDBRY'Z LW& R\WWRHPGBDLFK
KRZ DFWLRW DIWDKROLQJ WKH PDMRU SDUDPHWHUV RI WKH PRGH
ZLWK DQ XQNQRZQ VWDWH VSDFH REVHUYHG WKURXJK WKH XV



FRPSOHWHO\ XQNQRZQ VWDWH VSDFH DWKRKEVW K MDPDLLRQDRR/X® G
VWDWH HQWU\ 7KLV XVH RI REVHUYDWLRQV RIWG@X H H QW UDMWZHK/
WKH DJHQW LV PLVOHG E\ YDULHG REVHUYDWLRQ RXWSXW ZKLF
DQGBONKHHQW LV UHTXLUHG WR PDNH WKH GLIITHUHQFH EHWZHH
VHFRQG SUREOHBPHAH WKOPRGH®WKH VL]H Rl WKH 2 W3S DR HFXKU A K X
LQ WKH 5/ DIJHQW VNKQIRIZJQ G H WHKHHS K@@ KLY/ LIDW Z@ I 8 W REKHHP KD Y |
VWDWHV FRUUHVSRQG WR WKH VDPH SUHFHSW FDQ DQG WKXV V
VSDFRLV UHVXOMQMLRQLWRHEBJIRUFHG WR SHUIRUP GLIIHUHQW DF
V DQG V] JHQHUDWH WKH VDPH REVHUYDWLRQ ZKLFK ZLOK KDU

> @

JLIXUWPRGHEXO/HG YHUVMNWYHP BGHO@
ORGHO EDVHG 320'3
,Q PREBIWHG OHDUQLQJ WKH 5/ DIJHQW H[SORLWYV D SUHYLRX
WKHUHKRYHDEWHVYV WR D PRGHO RI WKH HQYEDR®@BHBROW R,QLQAVK
DOJRULWKP WKDW XVHV WKH WUDQVLWLRQ IXQFWLRQ DQG WKH
7KH DIJHQW PLJKW KDYH DFFHVV RQO\ WR DQ DSSUR[LPDWLRQ
ZKLFK FDQ EH OHDUQE&B EWWRMWIBUBEWVZKLWK WKH HQYLURQPH
,Q JHQHUDO EIDQY BGPRGHROULWKP WKH DJHQW FDQ SRWHQWLDOO



GXULQJ RU DIWHU WKH OHDUQLQJ SKDVH LRFDMVHNLRQK DR €
IXQFWLR@+RZHYHU QRWH WKDW WKH WUDQVLWLRQ DQG UHZD!
LPSURYH LWV HVWLPDWH Rl WKH RSWLPDO SROLF\ PLIJKW MXVW
RSWLPDO SWOQWYIRUJKH IRXQG EHFDXVHE RI WEKHWH PSS B [ZLPIDQO
PRGHOVHG 5/ LV WKDW LW DOORZV WKH DJHQW WR SODQ E\ WKL
DKHDG DQG WUDQVODWH LW LQWR DWDWKIHG ISR ®HR LXK H @6 LK
VFHQDULRV D WUXH PRGHOOLQJ Rl WKH HQ@WURQPHQW LV QRW

320'3 VROYLQJ DSSURDFK YDOXH IXQFWLRQ YV SROLF\ VHDU
,Q WKLV VHFWLRQ ZH GHVFULEH GLIIHUHQW 3RO'BIJKROWKQY H
FKDUDFWHULVWLFV Rl ERWK SROLEKH BDR RK WRE ¥2MOBX Bl J HXQ
WDNH DFWLRQV ZKLFK IXOILOO LWV WDVN LQ WKH EHVW SRVYV
RSWLPDO SROLFWKRHWOQRW WRSDFWLRQ EXW LQVWHDG @BV PDS'
&RQWUDU\ WR 0'3®E WKHDSROQFWLRQ RU VHW RI SUREDELOLW\
GLVFXVVHG LQ WKLV FKDSWHU D SR O IQFR WESED @SE B KA K B ULD/F &/ Hi L
DV WKH H[SHFWHG IXWXPE GIKH PXE8QYWE DO ZJDWKBU E\ IROORZL
%HFDXVH WKH 320'3 UHSUHVHQWDWLRQ FRFN SO0 R QLRHQL) HWHSUHFE IRC
SUREOHPV ZKHWRH O\GK Hi IURHAV® LPSDFWV WKH FRPSOH[DWKHVHRGH
UHLQIRUFHPHQKHOHDWW IZKLFK OHDUQ D YDOXH IXQFWLRQ RYHU
VHDUFK LQ WKH VSDFH R® SROLFLHV GLUHFWO\

7KHUH DUH PDQ\ GLIIHUHQW DSSURDFKHV WR VROYHDBK5/ S
QDPHO\ YDOXH IXQFWLRQ @TKG SO VHDRWFKRQ DSSURDFEk
HYROYLQJ ZLWKLQ WKH HQYLURQPHQW WR VHOHFW WKH VHT.
YDOXH ZKLFK LV RIWHQ GRQH R DQWKHOIRRPIHW HIV\W HD QXGN @ B W
SROWMHDUFK DS8BBPEKMFWO\ LQ WKH VSDFH RI SROLFLHV I}
&RQVWUDLQLQJ WKH SROLF\ VSDFH IDFLOLWDWHY WKH VHD!
320'3 VROXWRIRIN¥EPV @ )LQUWBWH FRQWUROOHUV )6&V DUH
RI FKRLFH LQ VXFK VLWXDWLRQ E\ SURYLGLQJ D FRPSURPLYV
GHSHQG RQ FHUWDLQ DVSHFWV RI REVHUQMELRD KK KW FERP B (
SROLF\ VSDFH EHL@J VHDUFKHG >



JLIXUH5/ GLIIHUHQW DSSURDFKHV LQSXWV DQG RXW:¢
3RO LVH D DBISURDFK
7KH SROLF\ LV RAD\NH. BHFXQ@ERQRQ ZKLFK WKH DJHQW DGRSWYV
VSHRVIZKDW DFWLRQ WKH DJHQW VKRXOG WDNH LQ DQ\ Rl WKH
VHDUFK DSSURDFK WKH DJHQW 3XOWLPDWH" WDUJHW LV WR GU
WKH UHFHLYHG DZDUG D Q/G¥ CREKM H KW LW K MIMYEW KBOPE MM PQJ FRQ
DQG RU QXPEHU RI HSLVRGHV WKXV WKH RWKHU 5/ FRPSRQHQ)
SRO:LF\@
9D O KHQ F WSS R D FK
7KH YDOXH IXQFWLRQ LV XVHG W QROKHNORDHIQ IDQO RSQR WH.\PW WAV
WKH ORQJ UXQ $V D VLPSOH H[DPSOH WKH YDOXH RI D VWDWH
WR DFFXPXODWH RYHU WKH IXWXUH ZKHQ VWDUWLQJ IKIRFFK WK
GHWHUPLQHY LPPHGLDWH GHVLUDELOLWW RKPH A K g BUWDRDODRD D X
WKH KXPDQ ZD\ RI DFWLQJ DQG WKLQNLQJ UHZDUGYV DUH DQ LP
ZKHUHDV YDOXHV FR UUMHMBREG KMWRH & KWHK 8 RRIHIQW RI KRZ SOHDV}
WKDW RXU HQYLURQPHQWRMWLRI BVEB UMALVAOOUFK ZWDWHRQ LPSU
RQ LPSURYLQJ DSSUR[LPTKMHYDDXXHRIXQE WLFRMNR Q RV H.[\J 7 SFOYHH |



DEWLRQ PD\ EULQJ D KLJK VHMHZPK & WEDIWH OrHBEBN\W @ @GDIRZ OR Z
5HZDUG IXREWURDFK
,Q WKLV 5/ DSSURDFK GHILQLQJ ILQGLQJ RU GHWHDUBMGLIQI W
EHQHILWY UHFHLYHG RU SURGXFH WKH VRXJKW GHFLVLRQ SROL
WKH HQYLURQPHQW WR D VLQJOH QXPEHU D UHZDUG LQGLFDW
REMHFWPDHLYY WKRO WRWDUG LW UHFHLYHV LQ WKH ORQJ UXQ
DSSURDFK WKH UHZDUG IXQFWLRQ LV QRW OHDUQHG GLUHFWO
IRU WKH 5/7KWWHPQVLWLRQ SURWDY ELORDAH WETXKWHRDARQW FDQ (
OHDUQ WKH DFWLRQ YDOXHVY RU HYHQ GLUHFWO\ WKH SROLF\ .
DUH KRZHYHU WHFKQLTXHV IRU ZKLFK WKH UHZDUG DQG WKH
OHDUWQ G

6ROYLQJ 320'3 DOJRULWKPYV

$SSUR[LPDWH VROYLQJ
'H SUHVHQW KHUH WKH PRVW SRSXODU DSSURJ[LPIEDN H®XR QDIOX
LWHUDWLRQ DOJRULWKP IRU @2D0@8VZKAHWKLIWKHS YEDOXH IXQFWLF
LPSOHPHBWHGDAQAGRPL]HG DSSUR[LPDWH EDFNXS RSHUDWRU WK
LQ % DQG WKXV H[SORLWLQJ WKH YDOXH IXQFWLRQ FKDUDFWt
LPSURWKH YDOXH RI DOO SRLQWYV LYDWODKH ZH®WKHD WHDW &R X SGD @/l
WKH DYDLODEOH VXEWHW RI WKH SRLQWYV

$W VWDJH Q DQG JLYLQJ WKH YDOXH IXQFWLRQ 9Q 3(56(86 FI
LPSURYHV WKH YDOXH RI DOO Y DO X HVWHKIDY%SS H WU XERNKKIUE b 67 KYLOFC
UHPRWHKH QHFHVVLW\ RI SHUIRUP L Q@ 7&IHQDNIEQRIBDPOLIQUVW |
LWV HQYLURQPHQWR DB B FEDLEDM % MOKHH VSIRL QWY ZKLFK DUH WKH
H[HFXSWIRVHYV 3(56(86 ZLOO WKHQ XVH WKH EXLOW |U®Q P RWKHRLC
YHEWRU WIXHWQLQJ Z[56K8® ZLOO NHHS SHUIRUPLQJ EDENXS VYV
FRQYHUJHQFH FULWKUDR QREM GWHKE FULEHG



7DEOM(56(86DQGRPL]HED YRICQMWH , WDISIS\K LIRAD V8B NRRIQWLKPI > @

7KH PRVW DWWUDFWLYH IHDWXUH LQ 3(56(86 LV LWV H[WHQVLE
UHOLHV RQ WKH SUHR@FRLFOGXBLQLASNAREDFN X S I/[WBDIHRR BILLF B @ Q
DFWLRQV LQ $ LQ VPDOO 3G HP H3Y5KPS &/ LABIQD FIVERK) MO DG Y DC
REVHUYDWLRQ DQG UHZDUG PRGHOV IRUHIZOIOP SEWPRQW DVQIGRW® |
,Q ODUJH DQG FRQWLQXRXV PBNIFPRYRYSOF DV WKRIQW DV IKQIIDV
HODEOH WKH XVH RI PD[ RSHUDWRW L\R QDRVY 1S H UD RWIPEGER HY R EWLH
PHWKRG HQDEOHV 3(56(86 WR FRPSXWH VRPH VDPSOHG DFWLRQ
FDFKHG IRU ODWHU XVH QRWDEOLGKHEGVK® @BPM IDFWLRY LIRQY
IRU SLFNLQJ 3(56(86 DOJRULWKP LV WKH HIILFLHQF\ LQ WHUP R
ODWHU EDFNHG XS ZLOO WKH UHVXOW LQWR YHFWRU LPSORWH B
YDOXH IXQFWLRQ RI WKH SLFNHG EHOLHI DQG WKXV FRPSXWLQ.
> @

([DFWROYLQJ
,QFUHPHQWDO 3UXQLQJ

QFUHPBUXWQDQIJRUGWWPLOHG LYVDBURHOWKPWLQJ YRFWRIWL UH
KRUL]JRQ +IRY® W BHHI@WSRI RAKH SUXQLQJ Rl GRPLQDWHG YHFWRUV



TDEOGHDVLF ,QFUHPHQWDO 9HFWRU SUXQLQJ DOJRUL

QFUHPHQWDO 3UXQa Q/JDKFHWKREBRIRRE YWYWWMDWLRQ WWL.RHKBVROWREY
IHDWXUH

7TKHUHIRUH WKH QXPEHU RI FRQVWUDLQWYV LQ WKH /3V XVHG IR
SHUIRUPDQFH 7KH EDVLF ,3 DOJRULWKP H[SORLWV WKH VSHFLI
99 DV EHOORZ

Q JHQHUDO FRPSXWLQJ H[DFW VROXWLRQV IRUZER2E'3\L QN UD:
WKH XVH RI DSSUR[LPDWH @ROKHQHIROHR UBWKPMBLWKP ZL



DFWLRQ IRU WKH DYDLODEOH VWEWHHOCHIWMQIQRQ FRPS DHULNVR
IXQFWLRQ ZLWK WKH ZLWQHVYV ZKLFK OHG WR VXSHULRU SHL

*HQHUDOL]HG ,QFUHPHQWDO 3UXQLQJ

' H SUHVHQW KHUH WKH PRVW SRSXODU DQG HIILFLHQW HI[D
3¥QLQJ *,3 LV DQ H[DFW 320'3 VROYLQJ DOJRULWKP ZKLFK F
IROORZQEBDRIJUDPPLQJ /3 YROMEEKRQGXHY ,Q IDFW H[DFW
LV FKDOOHQJLQJ EHFDXVH RI WKH KLJE ERW B EWDWIRRIQ X R
GLIIHUHQW IURP PDMRU H[DFW VROYLQJ DOJRULWKPV ZKLFK
YHFWRUV LQ YDOXH IXQFWLRQV DQG WKHUHIRUH UHTXLUH D
DQG LW UHSUSIDHWWV WIODWRWDO@XQQLQJ WLPH >

TDEOHPSOHPHQWDWLRQ RI LQFUHPHQWDO SUXQLQJ FRPELQ

,Q *,3 SUXQLQJ VXEURXWLQHY DUH GHFRPSRVH&GB7XWLIQHE VX &\
DOJRULWKP LQBWHBHERMDONUDD@WY DQG XVHV RQO\N D VPDO



DOJRULWKP VLIQLILFDQWO\ LPSURYHVY WKH SHUIRUPDQFH R

XVHG LQFUHPHQWDO SUXQLQJ DOJRULWKP 7KH *HGYROLD QW
DOJRULWKP

JLIXUH*HQHUDOL]J]HG SROLF\ LWHUDWLRQ VFKHPH ZLWK LQWHUDF

* 3 HPSOR\ HQKDQFHG ILOWHU IXQFWLRQ DV WKH LQWHUPHG
WKH LUUHJXODULW\ E\ SHUIRUPLQJ G\QDPLF %U R, X CSRFLRQN
IRQHWKHOHVYV WKLV GHFRPSRVLWLROQ\ 2K IQ® W QD K G W Bl YW\ AT
SUXQLQJ IRU 320'3V UHVXOWLQJ LQ *,3 DOJRULWKP WKDW R
WKH RULJLQDO /3 WR ILQG DQ RSWLPDO /3 VROYLQJ RI WKt
FRPSDUHG ZLWK RWKSWURBHGDDY DWKH IDgWHVW H[DFW DOJR
PHGLXP VL]H 320'3 SUREOHPV WKH GHFRPSRVLWLRQ DSSURD
> @



7TDEOHLQG % HEARA SOWG \H WIKH BHEBK Z LPSURYHV 8 WKH PR\

&KDHOQIHV ZLWK 320'3
,Q SUDKMULHEFBIO WWLF HWHQVLRQ RI 0'3V GUDPDWLFDOO\ LC

PDNLQJ H[DFW VROXWLRQV YLUWXDOO\ LQWUDFWDEOH 'HD
VHTXHQWLDO GHFLVLRQ GUREIOHRN WK HD5Y H QWRHKDMIIM QW DJ
DSSURYHG DV VXFFHVVIXO UHSUHVHQWDWLRQ IRU VHTXHQW
XQFHUWDLQW\ DQG KDYH SUR ZIRG ©& AFSS/V/L R DW.IQR DR VWK RK D!
DVV WD Q F@®

$ VLIQLILFDQW QXPEHU RI UHVHDUFK ZRUNV IRFXVHG RQ 32¢C
VROYLQJ WR RSWLPDOLW\ PHGLXP DQG VL]H SUREOHP ZKHQ |
VHYHUDO HIILFLHQW DSSUR[LPDPWK PHWKRIY 3 R5® (8 RGBAL PHD
VROXWLRQV DUH PRUH UHVSHFWHG QRWDEO\ ZLWK UHFHQW
SRZHU@ )XUWKHUPRUH WKH DGYDQWDJH RI H[DFW RSWLPD
HIWHUQDO $REK PNWIQFVYHPH@VDCOL S RYIWMPBRSXODU PHWKRG
RSWLPDO VROYLQJ IRU 320'3 EDVLQJ RQ D VXEURXWLQH WK
YDOXH IXQFWLRQV WR HQDEOH VXEURXWLQH MRONQD Z RH\DK
YHFWRU LV GRPLQDWHG LV RIWHQ D FRVWO\ RSHUDWLRQ ZK
WRWDO UXQQLQJ WLPH ORVW UHVHDUFK DWWHPSWHG WR DC
OHVV /3V WDNLQJ DGYWQWPWHN UWRH ZXA'BK DOORZ WKH FUHDWLF
DQG WKXV GHULYLQJ PXFK IDVWHU DQG HI@FLHQW H[DFW VR
8QIRUWXWRMWHBQHUDOLW\ RI 320'3V HQWDLOV KLJK FRPSXW
RSWISFROOOLFLHV KRULIR@L®2D'3V KDV EHHQ SURPISQ HNEH B H3 6 -
LQWUDFWDELOLW\ RI H[DFW VROY LERIOY®JRO 1 RUKIPW KIPQIEQ G RF/



DOJRULWKPV HVSHFLDOO\ WKRVH WKDW X\8H RS[\.QPIDPAIF O3 U R.
YDOXH IXQFAWLWRN BSSOLFDWLRQ RI 320'3V UHPDLQV OLPLWH
WR DFW RSWLPDOO\ WKH 5/ DJHQW PLJKW QHHG WR FRQVLC
DFWLRQV UDWKHH QWK V®/ DAY M @LVYKMMHEWHUFRQWUROOHUV )6,
UHSUHVHQWDWLRQ RI FKRLFH LQ VXFK ZRUN SURYLGLQJ D ¥
FKRLFHY GHSHQG RQ FHUWDLQ DVSHFWV Rl REVROYWED HF RP %
RI SROLF\ VSDFH EHLQJ VHDUFKHG

:KLOH RSWLPDO )6&V FDQ EH FRQVWUXFWHG LI QR UHVWULF!
XVXDO WR LPSRVH VRPH VWUXFWXUH WKDW RQH KRSHV DGP
WKWDUHVWULFWHG VSDFH 2QH ZD\ LV WR FRQVLGHU WKH SUR
FRPSOHWHO\ VSHFLILHG 320'3 (YHQ ZLWK WKH )6& VL]H UHVV
KDUG > @ WKHUHIRUH JUDG L HIQQ VDR FEHHQMV Sti$ F IKID® OS LDRAYW U |
W\SH Rl SUREOHPV EHFDXVH RI LWV @ R&CMRNMXIQRDMBODI® R
DSSURDFKHV FDQ FRQYHUJH W@ DUELWUDULO\ EDG ORFDO R



&KDSWBWURSRVHG ARGHR RN 3HQHWWD WL
5/ SUREOHP

Q WKKIYSZMHALOO GHWDLO WKH B/URRBH\O/ | R IUBHAMZIRKINQHE O H |, $ 3
PRYH IURP 3988 GDWD DQG SUHYLRXV WHVWYV GDWD GLUHFWO\
SURFHVV LV GRQH VHWHYWQ QULPW WK RHOEEXW 320'3 ZLOO FKD
XSGDWHV DV UHVXOV$\REZB7DOWRHIUGAVELROXVVHG LQ &KDSWHU

PRGEDVHG DSSURDFK EHFDXVH RI LWV UHOHY D QW K DMRPBEHH® U R
PHWKRGV XVH WKH NQRZOHGJH Rl WKH SUREDELOLVWLF HQYL!
QDYLJDWHV WKH HQYLURQPHQW DLPLQJ WR OHDUQ WKH EHVW D
SUHVHQW KHUH WXKGHGIBENNER USHORN UVHWIVSMJRP 37 GRPDLQ GDWD DQ
LWDBNSUREOHP UH®HWKRVRQ@VBGOLH HQYLHUBQAMBYW DQ H[WHQVLY
RQ DFWLRQV VWDWHV DQG REVHUYDWLRQV $ GHVHQMH®R Q QX WIKQ
VHFWLRQ DV LOOXVWUDWLYH H[DPSOH ,Q DGGLWLRQ ZH ZLOO
SURFHVVHY GHYHORSHG IRU WKLV PRGHOOLQJ SXUSRVH )LQDO
ZKLFK ZDXRKMOOR®H LQ WKLV UHVHDUFK DV UHVXOW RI WKH SR
GLIILFXOWLHV LQ H[WUDFWLQJ>H[SBUWLVH WR HQDEOH IXWXUH

([SODQDWRU\ QHWZRUN H[DPSOH

‘H LQWURGXFH KHUH RQH RI WKH VZAUHFKWRG GRGIKHMWHOW ZH]EALC
XVH DV DQ H[SODQDWRU\ H[DPSOH WR LQW USRS ¥ B H YRXRH 8 b RV'ZRW
ILJXUHV D WVPIDRDM® DQCH QWGBSR LRHHILRQDO GRWERUNWH WK
LQFOXGLQJ :(% '16 DQG *), VHUYHUV LQWHUQDO VWRUDJH LQF!
QRWDEO\ VHQVLWLYH LQWHLLERNO<RWER 2R2AK2HILKE RFVE®Q DQ G
90:DUH (6; VHUYHU DORQITZZRVKNMBBPRVH :H RSWHG IRU VXFK UL
SURYLGH GHWDLOHG H[SODQDWLRQ Rl WKH SURSRVHG 5/ PRGHC
,$37) ,Q WRWDO WKLV QHWZRUN LQFOXGHYV SK\VLFIRO PDF
FRPSXWHUV VHUYHUV QHWZRUNLQJ GHYLFHV VXFK DV URXWH L
UXMQ 2SHUDWIMXFR\BWHIPUHZDOOV DQG ,'36V



JLIXUHOHGLXP VLIH FRUSRUDWH /$1 FRPSRVHG RI PD

JURP 37 GDWD WR 32H®WEQYLURQP

' H GHVFULEM®®RFHWKHRI HODERUDW LRU D Q/BR/SMINILWIRQIP HURWP L
H[SODQDWRU\ AFHOPSPH$I7KH RYHUDOO H[WUD FWH[BQ MLAGH G AIVE
UHVXOWV RI RXU GRPDLQ XWYQIGMUNW DY BWDW NDWQ G HKEDRPW LJUDV
SURSRVHG PRGHO DQG FRQVHTXHQWO\ LWS7S2® B WR B R XIDWD WLSRX
WKH I XQEMILRI@BX VW UDWHEHDQREZIXUH



JLIXUH,$37) UHLQIRUFHPHQW OHDUQLQJ DQG PHPRU\ PDQ

' H DOVR KLJK@UDIRIPAWKKH RI WKH IRUPXODWH Gl 38 TWBHIM®G HWK BI VI
WKH 37 SURJUHVV RQIGLRDORWKBWHRREBRWBWLRQ OIMDGHG 7K
HQYLURQPPRG®H IURP

% 6WDWHV 6SDFH

Y% $FWLRQV 6SDFH

% ,QLWLDO %HOLHI

% 2EVHUYDWLRQ 6SDFH

% 7UDQVLWLRQV 3UREDELOLWLHYV

% 2EVHUYDWLRQV 3UREDELOLWLHYV

% 5HZDUGV
,Q DGGLWLRQ HDFK 320'3 ILOH ZLOO LQFOXGH LQIRUPDWLRQ DE
LV D UHDO YDGQXH EBWZHMHQO\ DWDJH Rl WKH PRGHO HODERUDWL
GLVFRXQW UDWH YDOXH ZKLFK JXDUDQWHHYV WKH EDODQFH EHV
DOJRULWKP :H WKXV WHWA/RK® W.YBVERV VICE®G~ WR ILQDOO\ VH\
WKH GLVEFRXQW UDWH RI'® °~ )LQDOO\ WKH 320'3 ILOHV KHDGH
DSSURIFX ZH RYWADNRO XHV



,QLWLDO %HOLHI

3UHYLR>GD WD \GW XWAVEOW R DEJR\RLMWF IMDIOHD\320'3 SUREOHP VROYL
SURFHVVLQJ RXWSXW LQGLFDWH D FHUWDLQ GHJUHH RI VLPLOE
SHUIRUPHG E\ D VFUL SW D B RIGRIOWMKZAK LFIK7 F R P S D H B ¥ XFK W] WQIWO
VWRUHG WH[W ILOHM FERMRUHGLVQFRBIPULVRQ DLPV WR LGHQV
FRQILJXUDWLRQ VXFK DV 26 YHUVLRQV VHUYLFH SDFN YHUVLR
HDUO\ OLIHF\FOHV \RK WM RSB O DDMLR G DR XPIH @ EB8WH® E \UNRM R Q
H[SHUWLVH WR RQO\ LQFOXGH WK HR D @/KHX'G DM DWW D VDI)GWG W\RF |
WIRKKW S XW RNV WKL D VLW KHU VXFFHV\GIXWDHAIOOXHB RIAR 13QBRP S
DIWHU EHLQJ DGDSWHG WR WKH QHZ HQYLURQPHQW DORQJ ZLW
,Q FD\UH{ W HSAVRIFGSE YOHPRU\ ZLOO GLUHFWO\ LPSRUW WKH @DWD
$V VDKW LWHWEDXPBQ H[SHUWD®@BZRWNKRHPRU\ ZDV EXLOW DURXC
DXWRPDWLRQ RYHU WKH KXPDQ H[SHUMD Z® L ZK WK O /X ZILHNIKQWY |
37WDVNV RU VXFF HRX\WWX BEN PFRRWRHUD WL Y§8 PIRGAHDXGHY DQ LQ
HYDOXDRVUUBQRFHGXHUARWRL]H WKDW ZKDW KDV EHHQ GRQH FRXO
ZLWK PLQRU DZAHQ G QYYMWH GOBAR Z& GO L GURIYDGO\ IHHGEDGNGR Q
DQG LQFRPSOHWH WHVWLQJ WR VHOHFW DQG VWR U @M HPIOM K (
IDLOHG ,Q WHYPAZROGEWDPDLQO\ GHDOLQJ ZLWK WIKG®IHSRIOLAK
FRQVWWWHKVRIKWFRPH RI WK RBQYRBEHHRORIHEY DQ H[DPSOH RI 32
EHOLHI IRU DQ HQYLURQPHQW RI VWDWHY DQG ZKHUH WKH R
ILUVW VWDWH ZKLFK LV%QWHUERWD FW MU EWEYRY¥RU BULRU NQR
DERMMH DVVHVVHG QHWZRUN

JLIXUH,QLWLDO %HOLHI VWDWH ZKHQ QRWKLQJ LV NQRZQ IRlU WKH
YDOXH RI
6WDWH VSDFH

7KH VWDWH VSDFH 6 LV GHILQHG DV WKH FROOHMARNVUINR@ R I R



VHFXULW\ FRPSRQHQWY FRQVWLWXWLQJ WKH QHWZRUN LQFC
,Q RWKHU ZRUGV D PDFKLQH LY DQE& DX/S@LUDWYH WYY UK B\) LDQYIGE
FRQWDLQV DOO UHOHYDQW [B® IRV PMWEZR Q E RXR\P \WWAH VY B V\QH®
LQIRUPDWLRQ DERXW DQ\ VRIWZDUH RU KD UG Z DHIH IPDFRKQ WY HVIKDF
DQ 26 7KH LQIRUPDWLRQ LV 26 SDUDPHW R®S/D VERKINY X\SHEDWL A M
DGGLWLRRQWDLKHYDQW VHFXULW\ DQG FRQQHFWLYLW\ LQIRUPD
320'3 ODQJXDJH XVLQJ D VSHFLDO QRWDWLRQ WKDW DLPV WR P
,Q SUDFW.LF H6 \P R B FREBVKXBWH G QVMDU G\ P LIPR 6 NIUHFK QLT XHV UH
RQ VWURQJ GLVFRYHU\ DQG VWDUWLQJ NQRZOHGJH WR IHHG &
LQLWLDO LQIRUPDW LR Q HW MWHKOHHG §RPWHVQ FRYFD W L BRAF XL K
HQRXJK DQG WKXV UHSUHVHQWHG LQ D SURERERDWLWRQFFRP\L Q D\
SUHURFHVVHG RXWSXW WR DYRLG UHGEQGDQW RU XVHOHVV UHS¢

$Q\ PDFKIER) RMGEWY.QRH ZLWKLQ WKH QHWIDRUMMHEBO EH DQWBLIQ
UHSUHDKQWHKBRU 5L DQG WKH UHPDLQLQJ DVVRFLDWHG LQIRUP
WR WKH IRIDORBLINUWHUYLFH;;; 2B8USBUWSHUYLFH<KIQIRUPDWLR
LQLWLDOO\ UR BWHBWGHDQWHEG DD/UWKH GLVFRYHULQJ DQG VFDQQLQ.
SUREDELOLVWRE MWRRME®WLRAZ RQH )XUWKHBPRUBHQH® Z\RRJ &
W K D QVM DOW RIIMKLISPGI QW LQ IDFW WK H\WFD@GUKPERSHROQMW RYJ P\R
LVRODWSRRWHFOVLRQ PHFKD QLIMPHZ QERGEDEXLU X VHB6 V. QWUXVLR
GHWHFWLRQ SUHY BI/GWVYRQ W X\DWDHFBLRWKHUYV )ROORZLQDQWKLYV
ILUHZDWRWKRIQVLGHUHG DV PDFKLQHV UXQQLQJ 2RUDQIGP SIX\X B\
VHFXULW\GLH/QICPRW/IFRX VW H ULIQH SXWBRPBVYLIHY WKH VWDWH VSC
IRU WZR 0 FRPSXWHU DQG 5 URKW N W D:HW. § WOX\GH &L @K H UIGIOW
DQG HWKLFDO KDFNHU VWDUW WKH 37 DORQJ ZLWK WKH ODVW
FRPSOHWHG



)LIXUH320'3 6WDWH VSDFH UHSUHVHQWDWLRQ RI WZR PDFKLC

Q D&®GRQ WR WKH PDFKLQH DQG VEHYFIHF HV OLa) |IRQUFPDMNGELHRE G MR
QHWZRUNLQJ DQG VHFXULW\ FRQILIXUDWLRQ RI WKH \DRIG/BIWYR |
VXEHW YLUWXDO /$1 DQG GHIHQWRH WHAKWUH B W H RHIGD/EDRAHL GV
KLHUDUFKLFDO 320'3 UHSUHVHQWDWLRQ ZKLFK IRIOID®R EHQG LH[DP\
VXPPBIVLWKH LQIRUPDWLRQ FDSWXMMG DM MMMWER PO FIK LODHWVH (
VWDJH LQWEZRGXFHG WKH VHFXULW\ FOXVWHULQJ PHWKRG WR G
ZH DGGHG WR WKH FXUUHQW 320'3 UHSUHVHIWRDZKILF® WKH ?PBF]
QHWZRUNLQJ GHYLFH EHORQJ XX DWRRIX®@W U HRRAMOHHK W iH S HI@GW



+R&DQ QR WDQGL RMKBGIHYDQW VHFXULW\ DQG OQHMEZER UMK JOBRIQLQI
LOOXVWUDWEEQRZILIXUH

J)LIXUH320'3 6WDWH VSDFH UHSUHVHQWDWLRQ [R¥FOXOLRU V8 FXKWR

JLQDOO\ WKH QHWZRUNLQJ LQIRUPDWLRQ DUH QRW VWDWLF D¢
REVHUYDWLRQV VR WHE OHAWK@W] HRWQH® O
$FWLRQ VSDFH

7KH DFWLR QW SKHHV$H W DRRIWDLRIMNO VKOMW ZHUH GHGXFWHG U]
WDVNV DG/ NXBHUIRUPHG E\ WKH SHQWHVWHUV BBIG3KDFNI
PRGHO DEWERQQ D UH IO MFINANRU RRU PRHEDHEVBRMENWI V. Q D VW UXFW X U |
DFRXQWBOORW WDVWNDVINYGI RERRHALYRVDDIWLRIOWK DQ\ 5/ SUREO
QXPEHU RI DFWLRQV LV NQRZQ VWDWLF DQG OQRMLID® O\Q &3 TR ¢
PRUH JHQHULF DFWLR QW YWKD\WZ L MKR O\® G5 M1 B H FRQ VDIEDW H EHW Z
WLPH RU UHSHDWLQJ LW :H WKHUHIRUH SURSRVHG DQ $FWLRQ
26'HWHF3W BRIRWWHPYD Q$VVHVYV ([SORLW 3BLYRWW B® ED0CGEHUIVR @ !
VRPH JHQHULF DFWLRQ WKDW ZLOO EMH@WPIEONRTHERQYMD\RD BR G
JLIXULOOXVWUDWHY WKH DFWLRQ DQG EULHI GHVFULSWLRQ |



J)LIXUH320'3 $FWLRQV VSDFH PDGH IURP VEBEHWLIR@GWFWLRC

' H WKHQ H[WHQGHG WKH DFWLRQ VSDFH Z\RRJ Q G FOKHIH G L Il @ UMK
OHYHOV ZKLFK DUH GLIITHUHQW LQ WHUP RI LQWHQVLW\ DQG UHI
UHVSHFWIRWBUREYL8// SURELQJ 3URW3UREY IRU UHJXODU
FRPSUHKHQVLYH DQG VORZ SURELQJ :H DOVR DGGHG WKFE
UHFKHFNLQJ RSHUDWLQJ V\WVWHP DQG YHUVLRQV 3LQJ6ZHHS
69&&KHRN UHFKHFNLQJ VHUY (S BHVDNEMWHREWDL QG WHKH H[SORLV
FKDQJLQJ SDUDPHWHUV DV VXPPDUL]JHG LQ ILJXUH

JLIXUH 320'3 HIWHQGHG $FWLRQV VSDFH PDGH IURP VSHFLIL

7TKH QXPEHWRQV D\FRADW WKH H[SHUW FDQ SHUIRUP LXLKMXIH) D/QKGH F:
DFWISK@GH ZKLFK OHG XV WR LQWURGXFH )WKWXH WOCALRPUMW HBV FIR®'
VXFFHVVIXO RU IDLOHG DFWLRQ PRWKWRQWH T2HL G H 1IDXQUHNGK M B PRIU DUE
WR GLIITHUHQWLDWH EHWZHHQ WKH RULJLQDO DFWLRQ DQG W



UHSUHVHQWDWLRQ LV WR GHD/FHRQWULRKH RYHDELDO DQG FRPSO

% IDLOHG DFWLR Q@ RVRVIXR®\D PRRWLQH WKDW OHDGV WR IXUW
RU HVFDODWHYV SULYLOHJHV RU VZLWFKLQJ WR RWKHU DWW

% GHDOLQJ ZLWK DFWLRQ UHO\LQYER @ NM IBG EW B D@ VLH) RR WP MY
PDGH DQGI¥HWXHWHDFWLRQV ZKHQ DGGLWLRQDO LQIRUPDYV
VXFFHVVIXO

% DFWLRQV SUHYHQWHG RU VWRSSHG E\ VHFXUDWWGRGBOHG |
GLIIHUHQW FLUFXPVWDQFHYV

2EVHUYDWLRQ VSDFH

7KH REVHUY DWLRNKHAB IRARHDY DLODEOH REVHUY DWIRRQVUPH G
VWDWHVGHFLVLRQ SURFHVV REVHUYDWLRQV SURYLGH LQIR!
IXWXUH FRXUYHORH BROWBERYUIH OFRPHQUWKRBDWVHYMD W LRKQL RS D |
L Q F (DXIBH S R\EWLHELOYHDWWKILRAY HQDEOH RXU 5/ DJHQW WR HVWDE
ZLWK D GLIIHUHQW FRXUVH RI DFWIKR® K RWD WD WBI\§ B QANHAE OMWR
VDPH FRXUVH RI DFWLWQRERH BAPHIDWGR/GB U H QV L® LROXDU PIRIG M |
UHSUHVHQW GLIIHUHQW REVHUYDWLRQUY!IRAK HQ FKXRIAKIE @HI-
2Q ZKHQ PDFKLQH DLV UXQQLQJ ,Q DGGLWLRQ ZH DOVR D
REEMUYDWLRQ XVHG E\ WKH 5/ DJHQW WR WDFNOH VRPH VLW
$FKLHYHGD UMWY G O/R IHY® DOHUNWH\PW )LQDOO\ WKH QHWZRL
GDWD LV PRGHOOHG LQ IRUP RI SLYRWLWQURREVHEDFBWLHRSY |
SURYLGHG LQ ILJXUH



JLIXUH 320'3 HIWHQGHG $FWLRQV VSDFH PDGH IURP VSHFLIL

7KH REVHUYDWLRQV SSREBEQD UNNFRERDFRH. FH ZKHUH VWDWHYV
GHWIHQLVWLF QRWDEOWDRQUBAPDMWY RI |LQ ZKUE K LPOMNAK X VHPE®R
PRGEHDVHG DSSURDFKVEK®GDBEDRE YW LSQUR E D E L DE WHBYWD MR IUR QU/D KX
WR PLUURIRWRB BABWDF@LFH

7UDQVLWLRQV DQG 2EVHUYDWLRQV 3UREDELOLWLHYV

,Q WKLV VHFWLRQ ZH GHVFULEH DQG LOOXVWUDWH WKH WUDQ)\
UHDO &9( DQG 19' GDWD DQG PDWKHPDWLFAD®V LRWURRYDHQE QR
SUREODERHWMY XQLIRUPLO) WBFSIRWE® DQB ZEWK SUREDELOL\
WRWDO QXPEHU RI WWRDWBVQOX®@EHY RR R EY HIHIDMQYRQNFL R Q V
2EVHUY BUWRRMBFOIOFXIWDWLRQ ZH PRIQUSSHBBEXAWOMIEHS RQ W
DSSURSULDWH FDOFXODWLRQ PHWKRG EDVHG RQ 1PDS 16( DQ
2EVHUYDWLRQIBURDFKLDEWLBRO\HQZLBQ FKKOQHUDELOLW)\ DVV



DQG 1(6686 DNYBXRWIKY WXKFRO @ HUDEHWARWIHHUA DQG LQIRUPDWLF

&\EHU 7KUHDW ,;®\WIHHI00 LR P Q\RERO P Q M R3LD WOBEQE HY6BXG LWL Q J

"% 7KH VWDUWLQJ SRLQW LDV WRID GWIREDEQ ODQG HRE B BF X O [
RXWSXW FRYHULQJ LQIRUPDWLRQ JDWKHULQJ VFDQQLQJ DQ
UHVXOWLQJ IURP 1PDS VFDQQLQJ UHVXOWYV DV LOOXVWUDW

J)LIXUH1PDS 16( 26 GHWHFWLRQ DQG ILQJHUSULQWLQJ "

,Q DGGLWLRQ ZH FRUUHODWHWYKOKHBDEL®LWD mMYWHY U FS® &Y/
LQ ILIEWHORZ $V KLIKOLIJKWHG WKH 9% RXWSXW FRQILUPV
DVVHVVHG PDFKLQH LV UXQQLQJ :LQGRZV ;3 6HUYLFH 3DFN



J)LIXUH1(6686 Y XOQHWDVELHOQW \RXWSKW DQG 26 GHWHFWLRC(

JURP DOO GDWD DH DVIOHD EFOHORH IFQUH P&V IL QJH U S WDQW LRRIOW D E
DOO GDWD )RU HIILFLHQF\ UHDVRQ ZH DUWLILFLDOO\ HGLW
SRVVLEOH 2& RIXAK RIHVQ MAAS M R EKDHIWQKEWG LVFDH B DAL RHDRY RQH
LOOXVWUDWHG LB SWRY MGHMEOWEZR H[DPSOHV VXPPDULVLQJ

ILQJHUSULQWLQJ LQ WZR PDMRU 26 QDPHO\ ORAM BKRIGR ZNQ C
PDFKLQH RQO\ :LQGRZV :3 63 :LQGRZRQM \DUM FRQNVQG HE&
SUREDELOLW\ UHVSHFWLYHO\ DQG LQ ODF 26 PDFK
DUH PDLQWRPOBGLYWG QRWWDWBEBW WKH FKRLFH RI PD[LPD(
IXQFWLRQDO DQG DILPN RIRWKHG XEM 3WK® RQH KDQG DQG HQ
FRQYHUJHQFH RQ WKH RWKHU KDQG ,Q SUDFWLFH LW LV K
SUREDELOLW)\ R LV DQ DFFXUDWH GHWHFWLRQ



7TDEOR6 GHWHFWLRQ RXWSXW ZLWK WUDQVLWLRQ DQG REVHUYDW

7KH BB MSBWDWLRQ RI PDFKLQH 26 RQO XMHUWD WO G5 H QY HIEIXWRQ L

JLIXUH:LQGRZV ODFXHWHFAWLRQ 7UDQVLWLRQV DQG 2EVHUYDW
UHSUHVHQWDWLRQ

$QRWKHU H[DPSOH Rl WUDQVLWLRQ 26 GHWHFWDEQ@HUREDEL
7DEORG6 GHWHFWLRQ RXWSXW ZLWK WUDQVLWLRQ DQG REVHUYD!
PDFKLQH



,Q WKLV FDVH WKH QXPEHU RI SUREDEOH 26 YHUVLRQ LV HOH
WKH OHDVW SUREDEOH 26 FRQILIXUDWLRQ 1RQHWKHOHVV

YHUVLRQ ZLOO LQFUG XV ¢ RN\SLGHVHIEBED WIKH VXP RI WKH RP
DQG VR 7KLV LV WKH SHUIHFW LOOXVWUDWLRQ RI XQ

SHUIHFWO\ LQ RXU 320'3 HQYQORQWHOWHWV )WKHIB2PDBFKHQUH
QXPEHU LQ WKH H[SODQDWRU\ QHWZRUN

JLIXUHODF26 ODFKLQH 26 GHWHFWLRQ 7UDQVLWLRQV HDSUEH ¥ H\QRLDA

7KH QH[VQ WKHY SDRWDIELOLWLHY DOORFDWLRQ |IRIKISWR WW Y
IV OHVV SUREOHPDWLF DV SRASM K D& BIRR®IG\ DAG HIHO WW D W & V
VFDQ FDQ GHWHUPLQH ZKHWK HU WK HR BRI RQWKORY H X ®REOG
SRUWYV DUH VLPSO\ ILOWHUHGQDQ G GO XYM WDVE H B QMWL R I\ D



JLIXUH$ SRUWLRQ RI 320'3 7TUDQVLWLRQV SUREDELOLWL

)LQDOO\ ZH SURYLGH KHUH WKH 2EVHUYDWLRQ SUREDELOLWL]
KLIKOLJKW WKH IDFW WKD¥Q ZIHR VDA & H B ED\EIRGEOR EEYW RER Q@ Q@& L
WRWDWHSXPVH@NVRUGHWKMW R /DBOIGIRAVW X UW K H Ul I HPS OHRAKDIW L RQL | R
SUREDELOLW\ LV VHW WR ZKLFK UHIOHFWV WKH SRUWLR



J)LIXUH$ SRUWLRQ RI 320'3 2EVHUYDWLRQV SUREDELOLW
,$37)5HZDU GIFEHPH

7KLV VHFWLRQ GHWDLOV WKH UHZDUG FDOFXODWLRQ DQG DO
320'3 HQYLURQ®P FSQUWMVHQW KHUHUWAZR DG FORBFXIOHDWLRQ DQG UH
UHZDUG FDOFXODWLRQRQSBQGHSRMNUWHDWORQWBWILYLOHJHV HVI



DFWLYLWLHV DQG Z&BIQ QHLO\P BRWKBE PZHDICFDO IRUA X ODGWAE RI@ WLV
9XOQHUDELOLW\ 'DWDEDVH 19" &96653BNRRD VR ®PKHODWWKSTHORY. W

ZHVHWWOHG RQ WKH PRVW DSSURSULDWH PRWRRPR DQWIDEDQ HRIDE
6FRULQJ 6\VWHWVWWRBO&VKHG E\ WKH 1DWLRQDO 9XOQHUDELOLW
LQ WREQWH[W$RIGEREWLRQDOO\WRMH- REUVODEHGBE®W D$B XFEOWW UWRHFPV W V
HQKDQFHG E\ WKHQUOWIDDO B\SHHUMWQW WR ,$B¥)VLYHO\ VXSHUYLVH

SHZDUG FDOFXODWLRQ
8L Q8966 SUREDELOLWLHVY WR FDOFXODWH WKH 5HZDUGV

7KH SURSRVHG PHWKRG UHFRKIQULV WKDW LQHWZRD W LLRHP BIW
WRROV DQG WKH VIVWHP RIWHQ SURGXFH DQ XQFHUWDLQ UHVX
SHQHWUDWLRQ WHVWLQJ ZH ZLOO DVVXPH WKDW LQIRUPDNVLR
37 VIVWHP IDFLOLWLHV FDQ RQO\ SURYLGH SUREDELOLVWLF LQ
UXQQLQJ RQ WKH ¥DBUUHWDRGF KV ED-MRMIRQHEI DWWDWH V. VWD
UHZDXD®XHWLQJ WKLV UHVHDUFK WKH SUREDELOLVWLF QDWXUH
FUXFLDO IDFWRU WR EH FRQVLGHUHG $YRAHDO B LIRQW RUMRLQPHRIWW
DOORZ XV WR VLPXODWH UHDO VFHQW K HRAW DBOLW KHG [DUHS JRWQ
IRU DV DQ LQSXW IRU JHQHUDWLQJ WKH DFWLRQ SUREDELOLWLE
9XOQHUDELOLW\ DQG ([SORLWV &9( 19' «H®6 H UARRGIRLMI ¥\ W T
DQG GDWDEDVH RI NQRZQ SURYHQ YXOQHUDELOLWLHY DVVRFLLE
ZHUH EHLQJ RU FDQ EH H[SORLWHG WR FRPSURPLVH WKHVH WL
ULFK FRQWHQW HDV\ DFWHVIVQELWKW\D YDILIXDPUHXSEMULQJ IXQF
&966

7KH 1DWLRQDO 9XOQHUDELOLW\ 'DWDEDVH 19' SURYLGHV &966
$V D VWDUWLQJ SRLQW IRU WKLY UHVHDUFK R®QQLWEHYRIGWRE
FRPSXWLQJ WKH &RVW XVLQJ WRHQWAAL P QGDP HEARDR L F KHR &R P P |
6FRULQJ 6\VWHP &966 SURYLGHV DQ RSHQ IUDPHZRUN IRU FRP
RI ,7 YXOQHUDELOLWLHPRVWXVXIBWBOEAN WEXE UHOLDEOH PHDV
UHVHDUFKfV YXOQHUDELOLW\ LPSDFW VFRUHV DWWULEXWLRQ



&96 R YHUDOQXMARKHEI RIENVHISUNRQJ 5HZBIUGRWIHVG W K CRW DV K HQUHHM
UHZDUGLQJ VFKHPH DUH YHU\ QHJDWLYH DQG WKDW WKH\ DUH G
WKURXJK WKH LQWURGXFWLRQ RI VSHFLDO UHZDUGW KDWYV RPYH
XV FRQWURO DV UNLRRERDVE RYKMHDDODRW WR GLVFRXUDJH WKH DO
EHIRUH UHDFKLQJ WKH SLYRWLQJ DQG SULYLOHJHYVY HVFDODWLR
HDFK PRYH/ BIFIWQR®OARWHHY R LQROMHKY L P QW DHHRPOIRIULFYV E\ FR
UHODWHRWVNKY DQG PRGHOLQJ WKH SUREOHPYVY SDUDPHWHUV L
XQLTXH VHYHULW\ FRVW 7KH WKLGR QYHH UR OIRMR 290 & 9W6 HH TXODWAL
> @
([SORLWDWLR @ XHZW URSQFD O

7R FDOFXODWH WKH UHZDUG IRU HDFK RI WKH DFWLRQ VWDWH |
ULVN DVVHVVPHQW DQG XVHG GDWD IURP 19" QDPHO\ &966 YHU"
WKH UHZDU GVK®XXH MWKIMBRWOG UHFHLYH IR WRHH{ K MAFEMWNRW LIRI W
SRAWSORLWDWLRQ DV EHLQJ XVHG 19' DQG &9( TXDOLWDWLYH P
&966 VFRUHVY DUH FRPSXWHG LQ VHTXHQFH VXAKKW K/IH® S/RKIHD @ B
DQG WKH 7HPSRUDO 6FRUH LV XVHG WR,FODFWOIDW AHWD K K U |
FRQFDWHQDWLRQ RI &RQILGHQWLDOLW\ ,PSDFW & ,QWHJIULMW
([SORLWDELOLW\ PHD YV XOUMICR QU BW WIXFHN FRHFAVDRUH B9 $SWWDFEN &
SHTXLUHG 35 8VHU  QWHUDFWLRQ 8, 6FRSH 6 DQG WKH |
)LRQDOO\ WKH 7THPSRUDO 6FRUH OHWULFV LV WKH FRYWERWHQDWQ
5/ DQG 5HSRUW &RQILGHQFH 5& DQG WKH RYHUDOO H[SORLW
6FRUH LV D IXQFWLRQ RI WKH ,PSDFW DQG ([SORLWDELOLW\ VXE

$QG WKH ([SORLWDELOLW\ VXE VFRUH LV GHILQHG DV



7KH HQYLURQPHQWDO VFRUH LV GHILQHG DV

)LQDOO\ WKH ORGLILHG ([SORLWDELOLW\ VXE VFRUH LV GHILQH

JLIXUNXPPDULVHV GLIITHUHQW TXDOLWDWLYH HQWULHV XVHG WI



JLIXUHTXDOLWDWLYH PHWULF HQWU\ WR FDOFXODWH %DVH

7KH RYHUDOO UHZDUG LV WKH FRQFDWHQDWLRQ RI ,PSDFW OH\
OHWULFV FDOFXODWHG IURP WK HGTOUDL QR WHDKNELY ® Y B DIXHGD RGO WX
DUH WZR H[S OZRQUIO/NGR MNDURHSIHHY X VWHZDUG FDOFXODWLRQ IRU WZF

([SODQDWRU\ ([DRSOH LV ZLQGRZV BHUYHU %ORFN OHVVI
Y X O QH UD E L GQ WWHRIANDEE0 BHBDR MR BHIHF XWLRQ RQ OLFURVRIW :LQGRZ\
DQG 5 63 :LQGRZWGRABV :L :LQGRZV 6HUYHU *ROG DQG 5
:LQGRZV  *ROG DQG DQG :LQGRZV 6HUYHU D (
YXOQHUDELOLW\ LQ WKH ZD\ WKDW LW KDQGOHV FHUWBILQLWH F:



E\ FRUUHFWLQJ WKH PDQQHU LQ ZKLFK WKH &,)6 %URZVHU KDC
FRUUHFWLQJ WKH PDQQHU LQ ZKLFK WKH 60% FOLHQW YDOLGD\
YXOQHUDELOLW\ DQ DWWDHNWMR RRWEE XWYHDWR BY® VHQG 60
'LQGRZV 60% 6HUYNNXP PNHIXKIVWHKH FDOFXODWHG &966 VFRUH IRU W

JLIXUH,PSDFW ([SORLWDERBOGE&EW\VFR® I2YRUDDO

([SODQDWRU\ (EORSOH LV D YXOQHUDELOLW\ LQ 7&3 SURFHVYV
&,6&2 )LUH32:(5 V\VWWKBPRKIWZ DWHRZ DQ XQDXWKHQWLFDWHG

ILOHV WKDW XREXO & QRFWRHOIBOO/KHUH DUH PDQ\ &LVFR SURGXFW
$GDSWLYH 6HFXULW\ $SSOGHIQHY BBEWK )LUH32:(5 6HUYLFHV $
SURWHFWLRQ $03 IRU 1HWZRURY( 2YHU[PLQOL & 966V WRFDUWHHIR U Q |

JLIXUH,PSDFW ([SORLWDELOLW\ DQG 2YHUDOO &966Y VFR

)LQDOO\ DIWHU REWDLQLQJ WKH RYHUDOO &966 VFRUH WKH U
UHVSHFWLYHO\ DQG DGGHG WR WKBQRWH WKMHOHEHE 6 WERQ

DJDLQVW WKH PDFKLQH 0 UXQQLQJ :LQGRZV 63 DQG
SRVLWLYH UHZDUG RI IRU H[SORLWDWLRQ DQG IRU DGPLQ S
DQG SHYURRBVY.QDOXVWUDWHG LQ ILIXUH DQG



J)LIXUH320'3 UHZDUG UHSUHVHQWDWLRQ LQ 320'3 IRU ([SO

JLIXUH320'3 UHZDUG UHSUHVHQWDWLRQ LQ 320'3 IRU 3ULYL

JLIXUH320'3 UHZDU@WBWWUR®QHLQ 320'3 IRU 3LYRWLQJ DF\
SHZDUG DOORFDWLRQ

,Q WKH VHFRS3G)SWDHAD BRE L Q J RF MHAH DUHIRFDWLRQ RI BXPDIQG Y
&(+H[SHUW UHZDUGLQJ YBPG GREGODWEW X\BMRUG\LIQOG YW IHYHULF
5HZDUGLQJ WKH SHUIRUPHG DFWLRQV ZKR @LEH SKOHGHWR) 86 L
UHZDUG IRU HDFK DFWLRQ SHURRURDP® G K BRNQ SXYP-HKRDOD K WL K Ut
DQG WHKNMHYHPBRWY $IWHUZDUG ,$37) ZLOO UHOLHYH WKH KX
RQO\ UHTXHVW D KXPDQ GHFLVLRQ RQ WKH JOREDO 3* W\EWDFN
DQG WKXV WKH UHZDUG IRU WKH S8 UFRUPRICHPFDEBDQV KH® G LAH
DV UHDFKLQJ D WHUPLQDO VWDWH DFKLHYLQJ D ILQDO JORE



PDFKLQHV RU IDLOLQJ WR UHDFK DQ\ JRDO 7KH FULWHWD IRL
YDOXH RI WKH DFKLHYHPHQW WKH WLPH FRQVXPHG DQG WKH C
RI GHWHHWALHRWDLO EHORZDW KGHDRID@PHFDAVURQ UXOHYV

Y4

Y

Y4

(VWLPDWHG PDFRKBHREBMERWLY HVKIFBHY¥ XD ORI LY FRY SWL Q
YXOQHUD KISBIFRRFRLD® LQ B HHWZR WK XV SURSRVH WR DVV
HDFK VXFFHVVIXO H[SORLW RQ DQ XQFRQWUROOHG RU SDUV
WR GHSHQGLQJ R@ WRHNREELEWIRMDIOQG] IXWXUH SURVSHFEV
DFKLHYHPHQW
7LPH &RQV(OOPAKEDQQLQJ GLVF RN RY BHRELUHYV DQ H[HF X\
EH DFKLHYHG ZLWKLQ RU EH\RQG WKH DOORFDWHG WLPH 7
UHZDOWGREDMWBGEILQH D GLVFRXQW IXQFWLRQ ZKLFK PXOWLS
SHUFHQWDJH RI WLPH DO O R FIDVW¥K GQW R W ER\E SHUHBENT B & H DHAWM
DQG 9XO$WARHWKDW WKH H[SHFWHG GXUDWHE @ERDWKH GZQNI
WUDQVQWERQ R WKDW JRHVY RUHDWLPH BHZDULHVXOWV LQ
5LVN RI 'HWWKM/LRY H[SOLFLWO\ UHSUHVHQWHG EENJDHMVVIY
DFWLRQV FDXVLQJ ODUJH WU D | CLIFEIRG DVQIGX § UK-DYYH.@W LKRLQ KE !
"6V



J)LIXUH320'3 UHZDUG DOORFDWLRQ IRU YXOQHUDELOLW\ DVV

JXUWKHUARDWORFDWH WKH IROORZLQJ UHZDUG IRYURWKHVEE VS
DFWLRQ ZLOO UHFHLYH D SRVLWLYH UHZDUG L1 W KW DU JIHAOVO-
HLWKHU DV DGPLQ URRW RU ORZHU SULYLOHJHV 1RQHWKHOH'
DFWLRQ UHFHLYH D YHUSEWIGRQHZPDGLQJ WR H[FHHG WKH PD
2YHUWLPH ZLOO UHFHLYH VLPSO\ D QXOO UHZDUG )LQDOO\
UHZDUGY DOORFDWLRQ SRLQW RI YLHZ 7KH 5/ DGHUWGVRBW UH
RU EDG RXWFRPH GHSHQGLQJ RQ WKH FRQWH[W DQG WKXV UH
UHZDUG LV DOORFDWHG EDVLQJ RQ SUHYLRXV VWDWHYV DQG K
DFKLHYHPHQWY SULRKU UKHOF KDL GRXEBPK VWDIKW RI PHDVXUH ZLO
1HIDWLYH RU 3RVLWLYH YDOXHV :KHQ WKH SUHYLRXV DFKLHYH
DWWDFN SDWK DQG RQO\ WKH ODVW DFWDR® LMRR X KOG OWHH KILQK

,Q VRPH VLWXDWLRQ D 1XOO JHUR UHZDUG LV DOORFDWH
DOORZ WKH 5/ DJHQW WR H[SDQG IXUWKHU IRU D FRXSOH RI V\
WHUPLQDRMIMIHRWKHOHVYVY WKH DFWLRQ OHDGLQJ WR D WHUPLQDO
LPSHUDWLYHO\ EH VHYHUHO\ SXQLVKHG E\ DZQRRFOWILQD DRUH
WHUPLQDWLRMHRWWKH MXERUWKDW R SKW.H KOD BUR WKIDW LAYH UHZD
WKH FORVHU WR WKH WDUJYMHW B LMKRKM KQIKBHXUIHY UHZDUG

JLIXUH320'3 UHZDUG DOORFDWLRQ IRU WHUPLQDWLR



+LHUDUFKLFDO 320'3 IRU PHGLXP DQG ODUJH QHW

,Q WKXH¥WAHREHWDK® PHWKRGRORJ\ DGRSWHG WR DGGUHVV
DGGUHVVLQIXWHKNWXID BIYYRBORIEE@HP ODUJH DQG FRPSOH][ 32
LQ FRQWH[W RI ODUJH FRPSXWHU QW WR G X¥RFS\R WHE VIERD' GORR G|
ZKLFK ZLOO EH VHUYLQJ DV D VWDUWL QKL FRDL QMK WD QVEH AR
UHSUHVHQWLQJ OMRUDHKQHWHARMWNLE7IJRDO ZH K DW KW R3 F BEDLG
VHSDUDWLRQUDWGF O XRQNVBIQ G WEKBHUDMIHU ZDV XQGRXEWHGO\
HIILFLHQF\ DQG UHOHYDQFH

,Q WKLV UHVHDUFK RXU REMHFWLYH WXUQHG LQWR ILQGLQ.
37 DVVRFLDWH 320'3 HQYLURQPHQWYV LQQW HHPR B FRKQ WV X\PHI
LVVXH EHFDPH PRUH LPSDFWIXO ZLWK ODUJHU HQYLURQPHQ
XUJHQW QHHG IRU D KLHUDUFKLFDO UHSUHVHQWDWLRQ RI OI
ZKLFK DUH RIWHQJWK$1WHYEOGVW ¥ 1Rl @DWZRUNYV ZH LQYHVWL.
HQKDQFLQJ WKH HIILFLHQF\ RI ,$37) HVSHFLDOO\ LQ VROYLGC
WKH ORJLF UHVXOW Rl UHSUHVHQWLQJ 37 LQ PHGLXP DQG O
DGGIVV VFDODELOLW\ LVVXH LQ 320'3 VROYLQJ LV E\ VRC(
FRQVHTXHQWO\ GLYLGLQJ ODUJH HQYLURQPHQWY LQWR PDQ
QHWZRUN LQWR DQHWPEHNVRRWYXE FRQVL GMUIHYJIDHDF KVBNNVH
‘H GHWDLO KHUH WKH WZR DSSURDFKHV FRQVLGHUHG DQG L
MXVWLI\ WKH FKRLFH Rl WKH FOXVWHULQJ DSSURDFK WR DFlI
37
2SWLRQ EDWBMS URDFK

37 LV DRWDNWQWHG S WZHRB/OLVF B EDHWIKHIBW LDO RUGHU DQG VRPFH
WDVNV GHSHQGLQJ RQ WKRI FRIFMNHMQ J$ WHKHN X EDO@L PD\S URE C
GLYLGDQJH 320UBE@HQNRYOREZDGPW JURXSDRSISWBDRKHY ,Q IDFW
DQG DXWRPR@MMEHS7SURFHGXUH ZLWK WKH JHQHUDO SULQFL
VHFXULW\ RI DQ\ FRASX WS S FRIBAVVRGAWBRISDNLQJ GRZQ WKH F
SUDFWALRHSKRQVHVY HDFK JURXSLQJ7KH YLHSUHIDO FIORP\HW DUFR-PG WKV



DVVHVVPHQW DQG VHFXULW\ DXGLWLQJ LQGXVWU\ ZKHUH F
VHTXHQWLDO RUGHU DQG ZKHUH WKH RXWILSXVK R IVW KR QIG UR/
FRQVLGHULQJ HDFK RI WKH 37 SKDVHV VHSDUDWHO\ VXFK D
H[SORLWDWLRQ DQGHODERUDMIR S URKE FDR ZLWK WKH GDWD
SKDVH DQG ZLOO EH U3RWX30D WQ QLI URQWPRI YWY OZXKHBK DUH HDVL
DQG VROYH DQG WKHUHIRUH HQKNQBHYFUBEHGSHY IRKESW
SURFHGXUHV DUH EHWWHU WDFNOHG ZKHQ WKH\ DUWXEURXS
WDVINYXUH%HORBKH PDLQ SKDVHV DFWALY VWY HW HVBNINGJ BR
RXU DLP Rl UHSUHVH@&WMUPU PKLFBO® BEOWRDWKXV GLYLGLQJ
HQYLURQPHQWYV

J)LIXUH6WDQGDUG 37 SUDFWLFH F\FOLF DFWLYLWLHYV

7TKHLWAKDVH LQ 37 LV WR GH W RV R WWHFEHQWKIHD BMDUIJHW QHWZRU
RI DFWLYLWLHYV VXFK BRWHWERQRLRLUVFBYREBELQJ YXOQHUD
YXOQHUDELOLW\ YOPQWLWIFDQVLMmE KW QG WKBIVKN DX MK D VWLAD/C
SURELQJ ZKLFK LV D VHW RI WDVNV YDU\LQJ IURP KRVWV DQ



26 ILQJHUSULQWLQJ )RWEBBPRK WDNNPBDQF MKB \HSB P SROWPRIGK
GLVERYHU\ ZKLFK LV GRQH WKURXJK ODXQFKLQJ ILUVW D SL
GLVFRYHU\ 1RWH WKDW WKH 37 YH U VIDG\HQMG/G WRREFRIDHD WE D
UHVRXUFHV WKDW KDMRQW R RWHID W LD QL& LEAKL WAL RD O H/QV
XSRQKHVHVVHG DVVHWHI DYFRERQWHIL QHWZRUN 320'3 HQYL
H[FOXVLYHO\ WKH YXOQHUDELOLW\ DVVHVVPHQW DQG GLVFF
5/SUREOHP ZLWK WKH DLP RI VHUYLQJ DV LQSXW IRU WKH Q}

7KH VHFRQG SKDVH LV ([SORLWDWLRQ ZLWK DOO WKH UHTXLL
ZLWK WKH DYDLODEOH UHVRXUFHV LQ WRHSRU RIBRYBED RLKALIVELL\
WKURXJK PXOWLSOH DEWLYLW\ VXFK DV ED\OHG IRWL @H YWHKIID @
RUGHULQJ DQG VRUWLQJ WKH SODQHG MWKF®ER DW VG DRNODD R/AHIC
IUHTXHQF\ Rl XDBSH LBRSGLEBRQEWM LQDOO\ ODXQFKLQJ WKH H[S
RXWFRPH (DFK RI WKHVH DFWLYLW\YBVNW VLDW\KHIDY B [\ IO\W LRV C
VHW RI VKRUWOLVWLQJ WKH UHOHYDQW H[SORDWID EHVNWD WL
WKH WDUJHW ,3 DUFKLWHFWXUH NHUQHO DQG YDULDQW $
ZLOO FRQWDLQ H[FOXVLYHO\ H[SORLWDWLRQ DQG DWWDFNL
SUREOHP ZLWK WKH DWPIRU WHKH IQHIW\S KRBN 320'3

7KH WKLUG SKDVH LQ RXU YLHZH [BIORL WO WILFQ ZK WIKHI B8R X @/
E\ WKH WHVWHU WKRH IR[B@ORZWDWLRQ SKDVH ,Q SUDFWLFH

SULYLOHJH HVF DODQNLBBWL @ GWS IHWRIZWKN W KD Q G HK P XIOON LY H U V D
W\ S L FUDHDADD VHRVGV MEFO L V K IR BHYMF PR QOVIU RVGKH B MBOGIRD QWR BER U |
SULYLOHJK) HVKBM@DWEKRY ODWHU R XWKFORP i RIYMMERIEHMER D F K
ODXQFK QHZ DWWDFK DJDLQVW DGMDFHQW FRPSXWHUV E\ Ul
SURGXFH D GLIITHUHQW RXWSXW ,Q WKLV SKDVH DOO DVVRF
SRUYWSORLWDWLRQ DQG DWW®FWNLRQ MQRROUPPWQ B QUDFWLRQ F
DQG H[SORLWDWLRQ SKDVHV DV WKHUH ZLOO EH F\FOLF DFW
$JDLQ WKLV 320'3 ZLOO EH VROYHG VHSDUDWHO\ ZLWK D |
320'2 SUREOHPVY WR UHIOHFW WKH YHUVLRQ IRU HDFK RI WKH



SURFHVVHG ODWHU WR VHUYH VV7KOGRBXUWVIR S KDR/H QN [WKSK D
DOO DFWLYLWLHYV UHODWHGJWRVHKCGHFP N E & 1 QMHRH DVQ/GED WHKWX B MW
IDLOXUH DUH JURXSHG WRJHWKHU DQG H[DPLQHG ,Q DGGI
HIWUDFWHG DQG UHFRQVWUXFWHG WR SURGXFH D FOHDU DW
SKDVE OXQPDQ LQWHUDFWLRQ ZLOO EH VLPSO\ YDOLGDWLRQ |

)LQDOO\ WKH ILIWK SKDVH LV WKH UHSRUWLQJ DQG UHERPF
UHTXLUH DQ\ IXUWKHU 5/ LQYROYHPHQW ,Q W/KIHV RSXDSYXW [5A
DQG DWWDFNV ODXQFKHG DQG HIIHFWV DORQJ ZLWK WKH UH
GDWDEDVH ZKHUH VXFK LQIRUPDWGRQLQHB VWRRPMEBHRG® W QR
&/,36 H[SHUW V\VWHP HP ZH GG HED JHNHK GHIWHUPLQHG WKUHD)
QRWDEO\ FUXV¥HDORFW IPUQRMOWR DGGUHVV WKH VHEXULW\ Z|
EH GHDOW ZLWRK WKBHQIGLIQDW LW LW HOLPXY VW RGUEWD $3HQ
VRIWZDUH SDWFKLQJ UHFREAHYXYUPRQW QRO PDHIPILMQILRQV (
HQFU\SWKIRQSKDVH DOVR ZLOO R XWESRKPX MREEBHNF K ULLVF | R/WAR/BN
W KDIWH U J X LPH. RIPWIRR FRQVHTXHQFHY LI DQ DWWDEN RFEXU

J)LIXUH7DVN EDVHG KLHUDUFKWEZBON RG SO0 EQYIL RH

2SWLRQ 6HFXULW\ &0XVWHU DSSURDEFK

7KH VHFRQG DQG PRVW SODXVLEOH RSWLRQ LV WKH GHFRP!



UKDDU 37SRROWY DSSURDFK LQ WKRFHBISI QR D FG VONBWWOR QK.
SUDFWLFH LQ QHWZRUN VHFXULW\ PDLQWHQDQFH DQG GHYt
GLYLGHG LQWRWWRROMY NROEORZLTKH DU XDOWMN @ | WXQHUHODW
IXQFWLRQLQJ FRQILIJXUDWLRQ RU ORFDWLRQ :KLOH VXFK |
IURBWHFXULW\ SRLQW RI YLHZ DV LW UHIOHFWYV PRUH WKH DG
‘H SURSRVH D QRRIHOLFBSUADREXHWZRUN LQ VHEXULW\ FOXVV
VHSDUDWLRQ DQG LVRODWLRQ Rl WKH FOXVWHU JURXSLQ
SURWHFWLRQ OHYHO DQG RQOLQH H[SRVXUH 7KLV DBSURD
QHWZRUN IRUP VHEXULW\ SRLQW ®RQ YALKIHLD QG FRDNMW \ VOHYWH.G

J)LIXUHODUJH FRUSRUDWH /$1 DUFKLWHFWXUH ZLWK VHFXU

BHUIRUPLQJ 37 GLITHUHQW WDVNV UHTXLUHV IURBR W\XKH28®H H!
WKH PRVW LPSRUWDQW UHTXLUHPHQWY LQ 37 LV WR FOHDU
VHEXULW\ PHFKDQLVP DQG PRVW LPSRUWDQWO\ WKH ILUHZD



NQRZOHGJH LV WRWDOO\ HE[MOUDAWH/G HY R P HQKWH DYX® QHIFR Q C
D FRPELQDWLRQ Rl WRSRORKLY QG OQHWHERNAW HOHQEHQW LI\
SDWKNWGEDWKH NQRZOHGJH RI H[LVWLQJ FRQQHGMWWR RV NEH DV
ILUHZD@WOIULQJ 7KLV LV D FUXFLDO SKDVH DV DQ\ F\EHU D
UHFRQQDLV\V\DNH\WFRUDEFDWORVHFEXULW\ PDS RI WKH WDUJHW Q
UHDFK WKH WDUJHWMHGWRMHLF K DQHL @UW HRORD FKHQ AN RQROP KL\
SRVLWLR@OKIHIWWVDUJHWHG PDFKLQHV FDQQRW LQLWLDOO\ E
RI DVVHVVHG QHWZRUN PDFKLQHV DUBWHUHDFKDERW ®LS
DSSURDFK LV XQDWRILWGZEOE DMWKWHWS$W WR JDLQ SDUWLDO
PDFKLQHY DQG WKHQ XVH WKHVH FRQWUROOHG PDFKLQHV D
OLNHO\ WKDW WQKHW ARKDNU H LW K XEEQH R1 WKHP DQGRWKRYWH Z|
FRQWUROOHG FRPSXWHU

JLIXUH6HFXULW\ FOXVWHU EDVHG KLHUDUFKLFDO PRGHOO

7TKH QHWZRUN FOXVWHULQJ LV D FUXFLDO SKDVH IRU RXU Ut
PRGHOOLQJ RI ODUJH QHWZRUN 3 UHRRUWO K KIMHNW QIKR BE WD W
IDFW LW LV KDUG WR GHDO ZLWR UDMFHKO Q HD\@HRUHKD BRHAHE

HQYLURQPHQW L[SQUREIDHAFBRREOEYHRWDEOU ZEKBIQVH QXN Q J/ W K H



WRSRORJ\ 7KH QHWZRUN FOXVWHULQJ LV WKHUHIRUH RXU
DERXW WKHRQHWERMUN LW\ ZLWKLQ WKH 5/ PRGHO DORQJ ZLYV
SUREOHP LQ DQ DGHTX/IXW H X00P®R XNHY¥ KRQ LWDPHGHWDLOV DERX)
LV GRQH ZLOO EH GHWDLOHG LQ WKH QH[W FKDSWHU

,3$7) DGHTXDWH +LHMBURKWIAKD O 5/

,Q RXU TXHVW IRU EHWWHU SHUIRUPDQFHV LQ ,$37) ZH LGH
GHFRPSRVH ODUJH 320'3 HQYBR®R QAP HBRMRQIGE®W RZWPDWH AR Q F H
FRPSXWDWLRQ RI RSWLPDO SRIOAFRERYVKELIRD 'BVH WRY MK RA D\
GDWH KDV WDUJHWHG, @ ISIL\D F'W E RHILGMBRURE KQLFRML BIS ©U R B FKQ
GLYLVIBRQSRDVHV ZLRDJKHOQHDOWH '3V ZKLFK KDYH D GLUHF)
VSHFLDOL]HGW2WKBN KLJK OHYHO WKH 320'3 SROLF\ FRQVLYV
PRGXOHV L H KLHUDUFKLFDO OWWH®QVSHFKDOH]B® 3RKH3\O
LQYROYLQJ GLUHFW DFWLRQV R QMR WXUWHF § UREDGRHYWHRERDY. (R
WDVNV LV QRW VWULFW DQG 320'3V RI DO O KLHNUHDM\F K IDFD R DD
H[FHSWRRAWWHO 320'3V ZKLFK KLHUD B BIOL FROQD F W LORGAD \ % H C
PDLQWDLQHG RYHU DOO 32MQB3AJHR X SVKHIWKILGI DDWAK HDFK DFV
'KHQ D VSHFLILF VSHFLDOL]HG 320'3 LV VHOHFWH®D QMW LV
UHVSRQVLEOH IRU WKH OHDUQHU V \DW RI&E 8 O\LHO® H/AWDL\R 9 D\
DFFRU®IRQD GHIDXOW DFWLRQ WKHUHE\ HQVXULQJ WKDW WH
WKH DSSURSULDWH EHKDYLRXU ZKHQ ODWHU VHOHFWHG DV

‘H KDYH VKRZQ WKDW LQ D GRPDLQ VXFK DV D FRQMHGVDHV L
HI[ISORLWHG WR REWDLQ D SROLF\ PXFK IDVWHU WKDQ ZLWK
XV WR EXLOG D €DVBIKBUGIDIORIXH PDQDJIJHU W KOG WIDWF ISIRRA
320'3 UHSUHVHQWDWLRQV 6XFK VWPDARWX KHRIZINYRRW. \5 URX®
YDULHW\ RI DSSOLFDWLRQV UDQJLQJ IURP WKH GLDORJXH V
FRXOG EH GLYLGHG LQWR D VHW RI VHSDUDWH SUREOHPYV DF
D VHSDUDWHKHR ¥SHHG XS REWDLQHG E\ DSSO\LQJ RXU KLHULI
EH UHPDUNDEOH LQ GRPDLQV Z{HA K LIHABBFEW IEIDAHH V BAWR/BWZX



GHYHORSWHY KOJ&7 SODQ WR VHTXHQFH WKH RYHUWBO LERPE
GHWDLOHG FRQWLQXRXV VWDWH SODQ 7KLV KLHUDUFKLFDO
320'3 SODQQLQJ SUREOHPSRDQWR WRDWOHRADQVEH VROYHG ZL
FRPSXWDWLRQDO FRVWYV 7KHMDEAIOR® \RW & RADIX IGQEBIPWRW |
SRZHUIXO ZD\ WR OHYHUDJH WKH K\EULG G\QDPLFV WR UHGX
SODQQHU RQ D QDYLJDWLRQ WDVN LQ WKH VLPXODWHG GR
PDQLSXOBWRUWYXIORY RXU DSSURDFK FDQ VROYH WDVNV KDYL

G\QDPLFV HIIHFWLYHO\ ZLWK VLJQLILFDQWO\ ORZHU FRPSX
DSSURDFKHYV



&KDSWHMWHOOLJHQW $XWRPDWHG 3HQH!
JUDPHZRUN

Q WKLWHWDBH ZLOO JUDGXDOO\ LQWURGXFH WKH GHWDLOF
$37) WKURXJK WKH GLIITHUHQW SKDVHV RI FRQFHSWLRQ GHVLJ
IUDPHZRUN KDV EHHQ E QLOWL D QOV HRYIH KREFOFWIMEH SV L QIRUFHPHQW
ZKLFK LQFOXGH WKH VRIWZDUH 5/ DJHQW WKH PHPRU\ ZKHUH 3
7KH 5/ DJHQW FRPPXQLFDWH YLD VFULSWV ZLWK 06) &RQRBEH
PRGXOH VLWW RQ WXH BIBUL ZRNOGUDRSHD BPHMDWLRQ RI RXU
RI WKH QHWZRUN 37 SIUDFWIRRH GHWHOWOHG 1KH SURSRNG &E PRG
WKURXJK WZR PDMRU PLOHVWRQHV UHO DWHIGHWSR W R A DDL@RBW B A
LQ IRUP RI 320'3 WKH WZR PLOHVWRQHV DUH QDPHO\ WKH U
LPSOHPHQWHG DQG WHVWHG DQG WKH KLHUDUFKLFDO 5/ +5/
HQFRXQWHUHG H @ 20RD DVQG HOVIFW L E H BKIHQ VAHKFIRSVEHSIK DVH RI WKH
WKH GHVLJQ GHYHORSPHQW DQG LPSOHPHQWDWLRQ RI DOO FR|
H[WUDFWLRQ SUHSURFHVVLQJ VHFXULW\\WE8RVWOWWDFN YMHFW R
DQG SRMWWLQJ VIVWHP ,Q RWKHU ZRUGV WKLV SKDVH FRYHU\
$37) HIFHSMWUMIKIWWUHG WR LQ WE&RWHZ RXINHO U X WBRUD WKIDWD X Q FW L
,$37) DQG VWRPWHH PDLQ PRGXOMNGDKIG QHWWWMFWLRQV RI Wi
JUDG XD OO\ NHOMRPFEERXIRHIMB\B7 ) UDP H ZRUFND X G L QJ 8WKWHH, PRIGXOH Z|
WKH SURSRR/GIBO5LY LPBOROBQMWHGZLWHPWEKLBRWKH IRFXV RI
U H V HDRIFK

,$37) DOQDWRP\ DQG IXQFWLRQDO GLDJUDP
‘H SUHVHQW LQ WKLV VHFWLRQ WKH SURSRNKRUB HRSIUBXMHB V
HQYLURQPHQWYV 7KH SURSRMHG BRSHHRPGERDWQRQRIKRFY U
KHUH WKURXJK D VHULHYV IRD L\OFRRRMVIU D ¥ WYUHR GIXB WIRIQVR T W
PHWKRG XVHG LQ RXLD SURIS FRIQWV HYV R | IVIR\G ON WH 3 Y HYRI @\
RIKM QHWZRUN WR GHVFULEKHWIRGAROWBQ W L\OLAOV RQW L RRF X \
DVSHFWVY WKDW DUH UHOHYDQW IRU WKH WDVN DW KDQG



DUFKLWHFWXUH LV QRW UHTXLUHGSWR HE B \L Q © OXHWI BRI QU G
WRSRORJ\ DQG GHIHQVH LV DVVXPHG WR EH VWDWLF DQG
FRQILIXUDWLRQ DQG VWDWXV RI KB F&HRMRIPLSOKH\GH bl RYQL WRKQHP B
GHWDLOH® DV IROORZ

2XUHVHDUFKLRXWBRXMOG 5/ PRGHO RIIBDPSU@BEMNHEGH HDQG JE
$XWRPDWHG 3HQHWUDWLRQ 7HVWXQH )UDPOXRWNDVEBY) WKH
D IXQFWLRQDO GLDJUDP RI WKH SURBWE U H® \f UD PX\ZLRIIN D 2 WIRU
SURFHVV H[LVWLQJ DQG DVWRUHHIY GMDWDN MV WRPR SIDWIRWUP WK H
QHWZRUNLQJ DQG GHIHRNMHGWWONSYURBEH\VOR QK WKURXJK DX\
PDQ\ ;0/ DIRELOHDV LQSXWV DQG SURGXFH FRUH GDWD IRU |
HQYLURQPHQW LQFOXGLQJ LGHQWLI\LQJ WKH DVVHW FRPSR\
GHWDLOHG ODWHU LQ WKLV FKDSWHU 7KH @BWD J &M UTHPIR
LQ WZR GLVWILQFW IRWZ DRMNP DW ZKLFK ZLOO E H KOG IBHHEOQ D
GDWD ZKLFK ZLOO VHUYH IXWXUH XWBW IR QVKWH CRDMHERUR X 7 ¢
DOO VSHFLILF LQIHR® ZLWKRWKHMV SR MD WXFK DPD EX IDA@HEV 0GB PIH
RWKHU LUUHOHYDQW LQIRUPDWLRQ IURP D IXWXUH XVH SRLC
ZLOO EH PDGH JHQHUDO DQG WKHQ VWRUHG ZLWK 6$8WHPHF
LPSOHPHQWHG DQG HPEHGGHG LQ ,$37)

JLIXUH,$37) DQDWRP\ DQG NH\ PRGXOHV DQG FRPSRQ
2Q WKH RWKHU KDQG WKH IXQFWLRQDO GLDJUDP LV FUXFLEL



ZHOO DV WKH LOQWHUDFWLRQ DHFG FRBF RISHHN@WBWYLMWQ B HWHA
KLIKO\ LOQOWHUDFWLYH 7KH RXWSXW RI HDFK PRGXOH VHUYH
Rl ,$33JHS LQ WKH IRUP RI GDWD DFTXLVLWLRQ D Q33U R WHU
SURNMHQJ DQG RXWSXWWLQJ VWUXFWXUHG DQG FPPROHW®WRG
HODERUDWHYVY WKH GLITHUHQW 320'3V HQYLURQPHQWYV ILOHV
,$37®%RUH 7KH ILIJXUH LOOXVWUDWHW3WKH IXOO IXQFWLRQ

JLIXUH,$37) RYHUDOO IXQFWLRWRGX GH B JUDPHRUPEWLR Q
Q WKH QH[W VHVVLRQ ZH ZLOO LQWURGXFH WKH GLIIHUHQ)
IXQFWLRQDO GLDJUDP

,$337)3UDXIDWLRQ PRGXOH
,Q WKLV VHFWLR QNZGHIEEDGHYFQWERRGXOHY DQG VBWWBP F
$VGHVFULEHG LQ &KDSWHU  320'3 W SIDUFKIR XDOE® XQ®RKV DIRO\ HADK
RU FOXVWHU RI WKH VIVWHP D @3 W & R B\WHDRDINDLYIE SRR QWL RIQ'
LQFOXGH EX\W RWRVAVEE P LRAHNG WRIFRORW\ DU FK L WKFRZ OB J B
EDVH YHUVLRQ VXEQHWWLQJ DQG RWKHU QHWZRUNLQJ LQ
XQGHU D VSHFLDOO\ LQWURGXFHG DQQRWDWLRQ GHVLJQHG
SRLQWHRISURJUDPPLQJ DQG ,6IM\3 B RKFHEFRBEBD®W ZLOO DW



H[WUDFW UHFRQVWUXFW VWUXFWXUH DQG UHHSJUHHMMHQRW CROR
UHTXLUHV WR EXLOG WK HY &/S08MBIHMG ZHKEBERADWBRMRPH XQFH
UHODWHG WR WRFSQDMMWEFD RH[WKBFWLRSURQED PVO WG G LYRL
QHWZRUNLQJ GDWD WRSRORJ\ GDWD UHDFKDELOLW\ GDWD

7KIQHW ARG W D

7KH QHWZWHKBDW BWDLQHY FRUSRUDWH QHW ZRWDIQ\G FRHD RMIX I Q
RI PDFKLQHH®QGNBLFLWHVHDUFK WR WKH IROORZLQJ VRXUF
QHWZRUN LQWHUIDFHV DQGHQHW B RZRIUNI ACERMMHIFHHIORX O B U Y
GLIIHUHQW OHYHOV Rl PDFKLQH 7KH H[WUDFWHGVGB®HDY DY
GHWDLOVZRUOGUBB® ZRUNV ,Q DGGLWLRQ WKW WAKLY @ R/ DT
QREHQHILW IRU DO YHORSODOIG HORG X3QH WR SHU I RWR DI ® HD |
VRIWDDIBH HQRXJK WR FDSWXUH DQG H[WUDFW QOMEIWRURUQ I
FRQQHFWLRQV UHDFKDELOLW\ EHWZHHQ PDFKNQHMIBQBQO
'6V LQ WKH QHWZRUN 7KH UHDVRQ IRU WKLV DEVWUDFWLR
SRVVLEOH DQG DW WKH OHYHO Rl UHSUHVHQWDWLRQ WKDW
7KH SURSRVHG VFULSRWNDR} GHSHFWHGWVOR ZKLFK QHWZRUN
RI YXOQHUDELOLW\ VFDQV DQG DVVHVVPHQRDF KLR W \WRGHLQ
RUGHU ORUHRYHU VRPH VSHFLILF GHWDLOV UHODWHELRR 9
DORQIEKWDLOV RQ DSS®SOMHPHRWIBHRIQVFDUH DOVR FRSLH
EH LQFOXGHG LQ WKH 6HFXULW\ GDWD ODWHU 7KLV FKRLFH
HYHQ DW DXWRPDWHG OH YOHIDG/ | DIDVP K Z/R VW Y PAX F\K RERCY OIWHRAPEYL V/
DQGMHBDWD RQ GLIITHUHQW H[YGRDQWV LGRHS & Q GOLIMXQE® W\K H

6XBHWZRUNYV DQG 7RSRORJ\

&RPSXWHU QHWZRUNV DUH PDGH RI PXOWLSOH VXEQHWV VL
Q HW ZR WWWLKGD UQ H W 2Z/RKIWR P SRRIMBY HUD O WIKIDKUH DI VK/DFE GItD F K
RWKHU (DFK VXEQHW KDV LWV RZQ DGGUHVW ZKUAK |3V DIGIGH
DQG FRPHV ZLWK &NBE@HWKMNEHWZRUN VXEQHW DQG PDFK
IRU D VIRFEMN.WIOWHG DSSWRB WK RQONUHIOUBWLQJ ZKLFK ZH ZLC
FOXVWHULQJ VHFWLRQ 1RQHWKHOHVV LW LV LPSRUWDQW



UHTXLUH WKH PD[LPXP LQIRUPDWLRQ DERXW QHWZRUN IXQF)\
DQIBOVR HQDEOH D IXOO DEVWU D F,WDRER RW MK I& IQDIOV ZRWK U GQ
DV WDUJHW DQG QRW WKH IXO0 WRERHW \GHVLSWKNID \UKWX El
FRPPXQLFDWH DQG KDYH UHODW LY HQ GWUKHIVWIURLHF W HR @ ULQW F
VXEQHWY FRPPXQLFDWLRQ LV RYHUVHHQ E\ QHWZRUN WRSR(
LV WKHUHIRUH H[W WIHRVHE] LDRIG ; YWIROHG R® IXWXUH XVH

JLIXUH6 XEHWZRUNLQJ GLYLVLRQ RI WHVW EHG RXWSX

7KH QHWZRUN WRSRORJ\ DOVR FDOOHG UHRRKDHEAVBIORQ HI
H[LVWLQJ FRQWUROV DQG UHVWULFWLRER PIMWAK BRQ VIFRP B K QR K
ZLWK HDFK RWKHUURDQOG DHMWKZ RVKM 5 [MVBIQL Q OO \@ b B\E RV H [



FRPSRVHG RI ILYH VXEQHWYV 61 61 61 61 DQG 61 61 DQ
QHWZRUN WKDW L \WRQ QH PWRH G/ BGRHIPHKAMHLUNEL WHRE K)BMHH V YE Q
61 DQG 61 DUHQOWRBWHBRQQHFWHG WR LQWHUQDO ZRUN\
DGGUHNLQJKHUH IRU LQWHUQDO VWRUDJH DQG SURGXFWLR
ZLWK WKH RQHV ZLWKLQ QWRHLY Y\EKHW R DGMDFHQW RQG Ut

&RQQHFWLYLW\ DQG 5HDFKDELOLW\
,Q ,$37) QHWZRUN WRSRORDQLDGUWHSHHMH QRADHAGU LH R X RVKV L

UHSUHVHQWLQJ WKHQGH[DRPSBOW MWEQHWWY DV ,QKKZQFML FIHJ X,
3UHS ZLD & DPSDH S\WKRQ VFULSW 7RSRORJ\ S\ ZKLFK ZLOO
GLIIHUHQW H[LVWLQJ VXEQHWV 7KHQ DQRWKHU VFULSMV QT
WRSRORJ\ DQG 6HFXULW)\ [PO W R UHODERH® WOHH WVZRIU NX &/QR S\F
DGMDPO@MKH RQHV LQ WKH PDWUL[ VWDQG IRU D GLUHFW FR
RQH RU PRUH PDFKLQH LQ WKH /K ERIHAK LIRIHQ LOH KK IV\W F®
UHDFKDELOLW\ YDOXHV DUH FUXFLDO IURP DQ RIIHQVLYH
UHDFKDELOLW)\ VBUDSWDEDBHGO VENVYRAHG ZUWELDQG3IDFLOLW
,QWHUQHW &RQWWRERIBIVKNRUWGBGUNQRZQ DV SLQJ RKH QWUU!
QHWZRUN XVLQJ GLIIHUHQW PDFKLQHV LQ GLIIHUHQW VXEQH
EHWZHHQ VRXUFH DQG GHVWLQDWLRQ KRVW DQ® HIQX®\ WDI
VXFFHVVIX0OO\ ,Q WKH FDVHLEHKULID GV B HI LGCH\2ADIDDD B/R G DN K R V
HFKR UHSO\ IURP WKH ILUHZDOO UHSO\ VKRXOG QRW EH FR(
J)LQDOO\ LW LV ZRUWE LS BRKILIK\OQDRWK WHK IR IUWKH UHDFKDEL
GLIIHUHQW IURP WKH SURSRVHG VHFXUZDM\ I[EOWHWHQIFKRKI
FDSWXUHGHBQ® YOMMPHUPLQLQJ VHFXULW\ FOXVWHUVY FRPSR



7TEOH([DPSOH QHWZRUN WRSRORJ\ IRU WKH QHWZRUN UHSUH

VXE| 61| 61| 61| 61| 61
61
61
61
61
61

1IHWZRUN 9XOQHUDELOLW\ $VVHVVPHQW

7KH YXOQHUDELOLW\ DVVHVVPHQW GDWD LQFOXGHV VWDWLF
YXOQHUDELOLWLHYV DVVHVVPHQWL QEEXPH HUDPW KRE GG DR DUEBH|
SDUWLDOO\ LQIRUPDWLRQ DERRW VIR WWED U N HIXYQF HYJ DROG GfLH
WDUJHW QHWZRUN 7KHVH GDWD DUH WR D FHUWDLQ H[WHQ)\
DV 1HVVXV ZLW KR®SKIHF MHTF X R E XNV WA HH DR DWMMD URSHIWWHIGE AWV
DQG VHFXULW \WKDIWR URIRVNBBEHO RLW D QG H/ LORSEK H I XEBRWH U D E
UXQQLQJ VHUYLFHYAXQ@HWRIMWFZHDUW GHILQHG E\ LWV QDPH R
)73 60% IRU RMAEBR ZKLFK DUH KSHAXHFDOE WHUP RI YHUVL
SRVVLEOH YWWRQWUDENOLWLHY DQG NQRZ ZKDW V HUKH RH-OMWWA |
JRDO RI LV WRRDFRGHWYE® FRQWURO WWKHIHRSXJITKEFEXRMH bl SHEFDWHRD.
DJDLQVW VKHKWNWMAKHLFH YHUVLRQ DQG SRUW VFDQQLQJ DQ
GRZQ WKH UHTXLUHIRDBOWLYDWKLIHYYWRE WRIGVWKXV ,$37) DIHQ'
WDURBIMKLQH ,Q ,$37) WKHVH DFWUYVYWVBKD VBU HQG B S BIGH
OHWDVSORLW 06) XVLQJ VPDOO SLHFHV RI VRIWZDUH DQG VF
EXLOGLQJ HQRXJK PHPRU\ IRKWH ,5RBCG D RZQ BW VROH RV D U B LIMWLLD £
HQXPHUDWLRQ DF&EHNGEDQV DUH ODXQ

% VFDQ DOO UHDFKDEOH IURP WKH LQWHUQHW KDFNF



UXQQLQJ VHUYLFHYV
% FRPSOHWH WKH HQXPHUDWLRQ RI DOO LGHQWLILHG
% YDOLGDWH WKH UHVXOWY DQG ODXQFK WKH LQLWLE
% FRQILUP H[LVWLWY DEOQHBRBEWODOO RXWSXWV LQWI
EH XSORDGHG BQMWR ,$37)5

$V ZLWK PDQXDO 37 JUHRFHQOXPHBDWLRQ PRGXOH ZLOO LQLW
GDWD XVLQJ H[WHUQDOO\ FUDIWHG 1PDBQ@AWISR QLPBPSL G S
(QJLQH VFULSWV 9XOVFDQ DQG 9XOQHUV 7KH EDVLF FRQF!
|OH[LELOHMGIRPRD S IHDWXUHV 1RQHWKHOHVV LW UHPDLQV ¥
B 37 HISHUWV ZKR DERBMWVRB UWH. K®QK VFULSWV WR DXWRPDW
WR D JLYHQ VFHQDULRY DQG ZKLFK FDQ EH ODXQFKHZBUHG ST
LP S ROG VELKW HFWO\ 1PDSTV 9XOQHUV DQG 9XOVFD® HWR SIRGH
VHUYLFHV DORQJ ZLWK ILQGLQJ UHOHYDQW LQIRUPDWLRQ C
60% ORUHRYHU H[WHUQDQQ/ MBRBBUHDB IPHRERBDHGGBRIGP SURY H
DQG YDOLGDWH LQIRUPDWLR® WHKOMWMH G \MFRUY. ST QR WHDEDLHAN
RQOLQH DQWHKHHDQY®I9' GDWDEDVHYVY HYHU\ WLPH WKH 16( V
WR HDWROGQOMWDEDVH RQGIRZW BBIDBMDB\IMFHK URZLIWKG([SORLW
9XOQHUV DEHBWLSEWPSDWLEOH ZLWK 9X &\ GUBEAHUH QFKH\F K RIWU |
YXOQHUDELOLWLHV VEBYHWLWD QU DEQLUKQJOHERXP RU /RZ ZKLF
FULWLFDOLW\ VFRUH EHWZHHQ 30D0$% VHRBRWY A WP RIGKHY \BEH-THO F
WKH H[WUDFWHG GDWD DLPLQJ WR LGHQWLI\ LQLWLDO YXOQ
3UH3URFHVVLQJ S\ PDLQ SURJUDP ZKLFK ZLOO SURFHVV WK
H[SHUW V\VWHP IRUPDW ZKRDAK ZBDWHG KW IKJ §/H GHIE GWKEIQRS RAW L
GHFLVLRQ WUHHV WKDW UHPDLQ FRPSDWLEOH ZLWK RWKHU
VHYHQ ¢HOGV QDPHO\

% ODFKLQH 26 YHUVLRQ DUFKLWHFWXUH DQG SDWFK VHL
Y% 6HFXULW\ FOXXWRNWYJIGHQEQ V H

% 2SHQ DQG )LOWHUHG 3RUW DV IRXQG E\ 1PDS

% 5XQQLQJ 6HUYLFH ZLWK YHUVLRQ DQG YDULDQW LI DSS



¥% ,PSRUWHG &9( GDWDEDVH VHW ZLWK UHOHYDQW YXOQH
¥%» $YDLODEOH H[SORLWYV DQG SD\ORDGYV

6HFXULW\ DQG ORJJLQJ GDWD
7KH I[ERQPSRQHQW Rl WKH QHWZRUN PRGHO DUH WKH ILUHZD(
DQ\ VXEQHBMWW ZRBIGEH W ZRQUGBKH W HH Q PIOU R LRMHHZWBMR/ FRQWURO
VHUYLFHV FDQ EH FRPPXQLFDWHG ZLWK R@ W R AKLBRYQHF \I L
RXWVLGH RI WKH VXEQHW 7KH\ IXQFWLRQ GVRFFOIORHA G HWRWD
ZLWKLQ D VXEQHW ZLW K W KZK [E® i UEHOFRW RBLMYBFCDAE AWHRWY LFH U
HQWU\ SRLQWV (DFK ILUHZDOO L&LGRMVD@HIGZEL BKVWHMU RL FHK @
IRU HDFK GLUHFWLRQ DORQJ DVKEQ® MWRWR B Q USRDIWE K RIGHIDADH U

VKRZV DQ H[DPSOH ILUHZAXEQ HWK\D \I Q/G. I K LE K VEBMHOIIZ GD FFH
VHUYRGHP DF K L6QH W FRD FK L Q61VDR)G ®IQG DFFHY YD QR ¥VHBY LFH\
RQ PDFKLQHWRQURPERPBRBILQHY D ARQABOVHWWLQJ ILUHZDOO L
VHW E\ GHILQLQJ ZKEFKVSRIEW KRIZHFHU IRU VLPSOLFLW)\ DQG
VHUYLFHV DUH BRUWRQWKEHVUNYPHEH KDYH GHFLGHG WR LQVW
WKDQ SRUW



JLIXUH([DPSOH ILUHZDOO DQG ,QWUXVLRQ GHWHFWLRQ VA\VWHPV

VXEQHWY 61 61 61 61 DQG 61 DQG GHILQHV ZKLFK VHUYLF
)LQDOO\ WEHHS37QFOXGH D S\WKRRQQBWNYIHSMW R KRN HSBSRUWYV G
9XOQHUDELOLWN R VARQ/APHIQQHDM® IHPMUEFWKHD ) VHEXULW\
QHWZRUNLGQUH,S3MSRIHWFW G D VWY VDOR B Q6K HHIR DLEO FRYRORJHUDE L C
VFDQQLRVVIHY®RMWSWW 0/ ILOHV

,$37)3URIMVLQJ PRGXOH
7KLV VHFWLRQ IZIUW CHRW X OB WRH ,$337)HESDP § G3 UBH )Y KLFK DUH |
D VHW RI SURJUDP DQG VFULSWYVY HQDEOLQJ WKH DR GIDMWIR QU



GLIIHUHQW VRXUFHV 7KLV PRGXGW RRBINNVEHYV 6mRERKIQIEVINRIEC
$VVHVVPHQENX IGDGV IV KRG L3 | H QM QUWRAKAHFR®WNVW V RK S URR/GIIQOV D V
WKH ZRUZEUGSUDFWLFH HQYLURQPG QY & KIMSEBIRG'BVEXTVHVHQW
37 SUDFWLFH UHTXLUHV SURMHFWLQJ WR WKH EHVW DOO IHDW
VIVWHP ZLOO WKXV UHTXLUH D PHPRU\ WKDW LQFUHDVHV DORQ
GDMDFUHDKHGJ DIJHQW PHPRU\ DQG HQYLURQPHQW PRGHO RIWH!
.| WKHUH DUH 6 VWDWHY DQG $ DFWLRQV WKHQ D FRPSOHWH P
EHFDXVH LWDFWVI\R @ VB DWIHY LWR SURWDLEXWLRQV RYHU VWDWHYV

IXQFWLRQV PLIJKW MXVW PDS VWDWH YV $VRDQHD[E HEVPERIQY V5D QG D
VHDUFK DSSURDFK ZKHUH D VHFRQG YDOXH IQ@FWWKE GHWHUE L
WKH VIVWHP PHPRU\ FDQ LQFUHDVH IXUWKHU

$V WBKIRSBNPRBGHO IRFXVHV RQ WKH3USOBINWDQMH KSHFRW BH i
DWWDFNHUV XVHGWKLVLPRRBXOAWRIRRY WR SURGXFH 320'3V ILC
IURP ,$30)HS DQG XVURULBWWKRR SHWRRHRSMRAEHSWYH QJ DQG V
DQG XOWSIUARGAKSFEIL RIHBGBGHVHQWDWLRQ WHKRWKMH RI7 3@B BREQ HR)
,Q ,$33URRPH IXQGDPHQWDO QHWZRUNLQJ IHH® @/ WHRWDFRQ U |
LQ WKH HQYLURQ RKH.§ W WP B & H ONDR HVBKIHWLHRIMH @ BWDBY S UD FHW L FH
VXFK XVHOHVV GHWDLOV ZLOO UHVXOW LQ HQODUJLQUKWKH

VRXJKWS$BTWBHRBF LV DFRPRWYXOH ZKLFK IDFLOLWDWHY WKH SU
HWUDFWHG GDWD QRWDEO\ QHWZRUNLQJ YXOQHUDELOLW\
SURGXFH FOHPBPRU)\$BRYPDW GDWD ZKLFK WKHQ EH XVHG L
VWDJH 37 320'3 HQYLURQPHQWYV $V ZH KDX&/ F®DB NGI\UG MWEX \
RI JUHDW KHOS WR WKH 37 FRPPXQLW\ RQO\ ZKHQ SURSHU
EHWZHHQ FRQWULE XVRURQLP 8 @ @RVER BEBXWRXWPFHY LWK FRP!
H[SDQGLQJ LQ VL]H WKHEBERWB W BRGBHVMHYQLURQPHQW VL]H
UHVXOWILIXKI WDODELOLW) LVVXH DV WKH VROYLQJ EHFRPHV
EHKLQG KXPDQ H[SHUW VXFEHVV LQ 37 LV WKDW W HWWWHKLW R
WR UHGXFH WKH ZRUNORDG HO® ISPHLLQ R WR R@J R XS KR COOFH/EHNHY VB
VFHQDULRV ZKHUH WKH WHVWHU LV VXUH WKDW WKH RXWFF



H[SHFWHG UHZDU3JRFKIVEQDYVDVRHPFLDO SDUW WRZDUGV |
LQWHOOLJHQW 37 IUDPHZ® UR LE WKUBRIBHI WRI WRIOHY HLHHOH Y D G
UHZDUGLQJ SUREOHPV ZKLFK HQKDQFH FRQVLGHUDEO\ WKH \
ZLWHKQHUDWLQJ PHDQLQJIXO DQG FRQRE VW HRDAG i) HRM XFODMOW V7t
ODUJH PR GDAWF WKSMRQDUIKUDWLRQ S\ DQG VHFOXMMHIALDQ G

ODFKLQHV FRQILIXUDWLRQV DQG GHIHQVH
7KH PRVMP MWHIFKHQWR WHWZRUN VHFXULW\ LV WKH PDFVWALRH

DQ\ ,7 GHYLFH WKDW LV FRQQHFWHG WR WKH QHWZRUN DQG
HDFK PDFKLQH L LV GHILQHG EWKWMRGGERIHWM ZKLFK LQFOXC

% PDFKLQH @KXMPMHIRQPPRFRLQBHWZRUNLQJ UR XWH U VRXDWDZ L
PDFKLQH,RUGHYLFH

% VXEQHW WR ZKLFK WKLV PDFKLQH EHORQJV

¥ VHFEXULW\ SURWHFWLRQ 'L'" VFRUH OHYHO

$Q H[DPSOH PDFKLQH GHILQLWLRQ FDQ EHOEREDD OHGH® EHD R
WR VXEQHW 61 DQG KDYLQJ D PHGLXP KRVW VHFXULW\ SURW
DV O B61 B ,WLVLPSRUWDQW WR KLJKOLJKW WKDW WKH VH
IURP WKH PDFKL@HKK BEXBWURIPYLHZ Rl VHQVLWLYLW\ DV V>
WKXV SHQWHVWHUV ZRXOG ZDQW WR JDLQ DFHH \RWWRUR P ®H
GDWD LD WKHHUY KPHVY WKDW DUH XVHG IRU FRPIPX @ HF B W R B US
WKH VDPH VXEQHW RU DQ\ UHDFKDEOH VXEQHWYV 7KH VHUYI
FRQILIXUDWLRQ SURILOH DQG WKXV IRU HDFK PDFKLQH RQ \
DQG PDFKLQHV GRHKDYRWV®HFPHYRD FIRGZRIKNMDMILR QRDX/F K HE
ILOH VWRUDJH 1RWH WKDW WKHVH VHUYLFHV SUHVHQW RQ
ZKHQ LW FER®HG WROQHUDELOLW)\ SURILOH ZKLFK DR\WHWQWR. D
YXOQHUDEOH WR DWWDFNHUV DLPLQJ WR H[SORLW

OHGLXP DQG /DUJH QHWZRUNV 6HFXULW\ &0XVWH !
S3HUIRUPLQJ 37 GLITHUHQW WDVNV UHTXLUHV WKH SHQWHVW
WKH PRVW LPSRUWDQW UHTXLUHPHQWY WR NQRZ DQG XQGt



WRSRORJ\ ZKLFK ZLOO UHVXOW LRDMGHQEOLVYH® R @ KAHK H HNOHRYZ
FRQQHFWLRQV EHWZHHQ ODFKLBWY VXWWHIPW DDRWGXRUD®XE
DWWDFNHU ZLOO DIWHU SHUIRUP L @ N NIXREKR.ILLADIOD @ HEF X R QG
WDUJHW Q@CHDYZRMWWYDWKH DELOLW\ WR UHDFK WKH WDUJHWHC
UHDFK RQO\ D IHZ PDFKLQMWHU@GR VK L S RU[DWHHREDWILEWHG PDF
LQLWLDOO\ EH UHDFKHG DQG WKH RYHRWANKRADPKRQHVD BIBH LY
GLUHFWO\QWRRP QWKW 7KXV D SURJUHVVLYH DSSURDFK LV XQ
SDUWLDO RU IXO0O FRQWURO RI WKH UHDFKDEOH PDFKLQHV L
SRLQW IRWWOWNVHDD LW LV OLNGBWWRKDN 2L WH\ R/ URH IV R/EKFE
DUH XQUHDFKDEOH IURP DQ\ FRQWUROOHG FRPSXWHU
7KH QHWZRUN FOXVWHULQJ LV D FUXFLDO SKDVH LQ WKH ,
PRGHOOLQJ RI D3@MHQWLYQRYREZRQW ZKLFK PLUUR UYRSHUAMFW C
LV KDUG WR GHDO ZLWK HDFK QHWZRUN FRQQHFWLYLW\ VF
SUREOHP WR W KW K- LO/DVLI RAOHW RQPHQW SUREWHP DWEH B
WRSRORJ\ 7KH QHWZRUN FOXVWHULQJ LV WKHUHIRUH RXU
DERXW WKH QHWZRUN FRQQHFWLYLW\ ZLWKLQ WKH 5/ PRGH
SUREOHP LQ DQ DGHTXDWH DPRXQW RI WLPH
7KHOBRZHYZ RKUNWWHULQJ PHWKRG DLPV WR GLYLGH WKH PHC
D VPDOO QHWZRUN LQWR D FHUWDLQ QXPEHU RI FOXVWHUYV
PDFKLQHV DQG V\VWHPV WKDW
% EHORQJ WR WKH V DPUR WHHFFXWH.GV E O WKHOVDPH VHW RI VHF
PHFKDQLVPV DQG
% WDFKDEOH WR HDFK RWKHU GLUHFW FRQQHFWLRQ ZLWk
FRPSRQHQW H[FOBMBVH)GE WKW HKRVWQG VRIWZDUH DQG
% WUYLQJ D VLPLODU RWSRR/MSDIHPKIQVIKEHSXHWZRUN VXFK
'RUWDWLRQ RU 3ULQWLQJ

$V ZH DOUHDG\ PHQWLRQHG LQ WKH SUHYLRXV FKDSWHU WEK
VLPSOH DQG GRHV QRW REH\ DOZD\V FRQYH QMHVRIQ/I®S 1Q HW ZF
$1 :/$1 « ,QVWHDGWHBIMHFEDVWE PHWKRG E\



Y% %XLOBIFRPSOHWH DQGPPBPRSIUWKH@OAMWHIVVHG QHWZRUN L
GLYLVLRQV IROORZLQJ WKH QHWZRUNLQJ IXQFWLRQDO
PDS

% '"HWHUOH@HE RUN UBDMKD EKOBK(H HODHEMWN\ IRU D PDFKLQF
PDFKLQHV ZLWWRXWXIBVWEKEJIH[LVWLQFXKVHEXUGRQ H HED \HX |
GDWD KHRPHWMZRUSAFRYWULQJ WKXFKYRMIZINORY ,'6V 5RX
‘0=

$V LOOXVWUDWLYH H[DPSOHQ WKHKUBPSRWMIGED ¥ R DQIDV/$ D F O X
FRRPSXMDHFKY@QMHPHG 0 0 « 0 DQG QHWZRUNLQJ GHYLFHYV
LQ DGGLWLRQ WR WKH HWKLEDO KD KNHKUVKBIFKQ\WHUZKH\F K HL[W
EH FRQVLGHUHG ODW®BXVDWHDQIRQ QWKIHPRBGEOWOLQJ SXUSRVH
IURP QHWZRUNLQJ SRLQW QRHWYZLRHIN ¥ QWWORP MMW\R6Y XD QG 61
SURSRVHG FOXVWHWQ QCLYBESHRDEK QHWZRUN LQWR VHEXULV
UHDOLVWLEF DSSURDFKZRQOSLVHEGXDWPROKRI WHHFXULW\ LVROI
WKH QHWZRUN FOXVWHULQJ DSSURDFK G 8 MDH O G\ED® MIAAHUL
& & & & DQG & ZLWK HDFK FOXVWHU JURXFIKQUW WXHU'
0 $SSOLFDWLRQ 6HUYHU DQG 0 :HE 6HUYHU



)LIXUH$Q LOOXVWUDWLYH H[DPSOH RQBARDRWNAS 16AD BB R I6 W Z B @G
ILYH FOXVWHUV & & & & DQG &
Q RXU SURSRVHG 320'3 VPIRERKQV R/QIOMW BERMILQHIH FRQQHFWLRQ\
DUH LQFOXGHKGMW QVWLDOEDOLW\ W KNHRQM O HIEDVL\RWPHRU FFROX Y M
ZKLFK SURYLGHV LQIRUPDWLRQ UHJDUGLQJ WKH W\SH RI FR
WASH RI WKH X WHHGE YSWIRW RFRR® RWKHU UHOHYDQW LQIRUPDWL
7KH QXPEHU RI KORSHVODWB®UMR W KHH FHK D\QW Y B JVW IS DXIDIWWAL Q
PDFKLQHV FOXMWHDDO®XFKREW HBOWKH FRQQHFWLYLW\ UHSU
URXWH LV PHQWLRQHG IRU WKH VDPH WZR HQWLWLHV JLYLQ
DQG 0 FDQ@EHWRIG YLTB FRY@BFWLRQ YLD PRUH WKDQ RQH
VXFK VFHQDULR )RDWRI YDPWLREOFXULW\ SURWHFWLRQ IRU
VKRUWHVW ZLWK OHVV KRSHV URXWH LV UHSUHVHQWHG DV
Y% & & 7&373 'LUHFW FIOQWWDHU FRQQHBWIRQOZLWK WHSDUL
FOXVWHU & DQG FOXVWHU &
Y% & & 7&37THOLIHARQQHFWLRQ YLD D WKLUG FOXVWHU & ZK
DQ DGGLWLRQDO VHFXULW\ PHFKDQLVP ):




% & & 7&366+ FRPSRVLWH URXWH LQFOXGLQJ FRQQHFWLRQ
FOXVWHUVY VHFXULW\ LVRODWRWKE DB Q@GLOWHULQJ WR L

7KH PRVW LPSRUWDQW EBRSRYHWMHRIHBIXULW) FOXVWHULQJ
LV WZRLRO®O\ WKH FOXVWHUV FRQVWLWXWLRQV LQ WHUP F
EHORQJLQGHFB®RWWMN K HIH® GRU Rl HDFK FOXVWHU ZKLFEK LV LC
PDFKLQH ZLWK URRMK D GRIRS RRIQBDBROURDFK IRFXVHV RQ D I
37 SUDFWLFH QDPHO\ VHFXWEKLW\ LLW ROPRPLPRRID FOYSSUWRIHNZK IR U
DWWDFNHUV DV WKH\ RYHUVHH WKH WDUJHW QHWZRUN IURP
IXQFWLRQLQJ LQ WKH DLP RI HIWUDFWLQJ NH\ LQIRUPDWLR(
ZLOO EH QRWLFHG LQ WKH XWRSRMHG VKIDUMR IV RIR H H XFDADP A Q
DQG DVSHFW VHBHIUH QQRW FRRIQWLGHUHG LQ WKH WDVN RI GLYL:
PRGHOOLQJ WKHP LQWR VPDOOHU 320'3 HQYLURQPHQZDX )LC
ILOQUHDBSURDFK DGRSWHG LQ ILUHZDOOV URXWHUV DQG ,'3
DSSURDFK PDNLQJ WKH FOXVWHULQJ DSSURDFK IXQGDPHQ
DSSURDFK ZKLFK LV E\ GHIDXOW V\P PERWZHH Q HFAUESQHRW VW D R
WKH ILJXKHUH 61 DQG 61 DUH FRQVLGHUHG WKH RQO\ VXI
VIPPHWULF UHDFKDELOLW\ DSSURDFK

2Q FRQWUDVW WR WKH VXEQHWWLQJ WKH SURSRVGME VH¥XO
7KLV SURSRVHG DSSURDFK EDFNV D KLHUDUFKLEDO VWUXF
QHWZRUN DUFKLWHFWXUH ZKLEK LV |URFG DE K BIRIDWAH &R\ IRV
SURWHFWLRQ DOVR QHBR\ZIQ FIOAVKFRHQWHV KLY PRGXOH GDWD
RWKHU VHFXULW\ DQG LVRODWLRQ GHYLFH ORFDWLRQV DQ
DVVLVWHG ED | WIH@GGVFULSWVEDMWRIGLEOG XY WHBKQIWI WKH /$1
LQYHVWRBRDWHGIDFLHQW WHFKQLTXH WR DXWRPDWH WKH GHF
RULHQWHG FO XK WAHKRREBY WRUNLISRVODD QHWZRUNLQJ GDWD VXF
DFFHVV OLVWV $&/V DORQJ ZLWK WHKH GHRQWVXFK [BVEHW M
SRVLWLRQ DQG IXQFWLRQLQJ WR SURYLGH DQ DXWRPDWLE ¢
DQ DSSURSULDWH PDQQHU ,Q IHZ FDVHV ZKHUH WKH VL]H R
LV GLYLGHG XEBORY WMR V BEHRE FRMEMUGLVWLQFW VHEXULW\ FO:



ZDV PDGH DIWHU REVHUYLQJ ,$37) SHUIRUPDQFH GHFOLQH LC
RI EHVW SROLFLHV ZKLOH PRVW UHGXFLQHWKS$IR PR FEHBWR LRV
DGDSWLQJ WKH SURSRVHG 320'3 U H SQHWHQW D BIS RERDLEKMWRRS RF
HDFK VHFXULW\ FOXVWHU DV D VHSDUDWH QHWZRUN DQG RC
LQ WKBHYRID 320URBOMDWY 7KHQ ZH UHSUHVHQW WKH QHWZ
LQFOXGLQJ DOO SRVVLEOH FRVWRMFRALIQRQ B QIR B @ XX BN PR &
LQIRUPDWLRQ WR |XDROW OGHHIOY WUHW KFHR Q B Bl WILIYQ W P R @X W K |
LPSOHPHQWHG WHMHHHLWYVWLSMWYLSW GHILQHV WKH FOXV\
&OXVWHUBFRP SR WLIKMLROWS XAK LWKWKH IXOO0 VHFXULW\ FOXVV
WKH UHVXOW Y\ PPEN F @ KT GWHEH SHOKE RIQWKH QHWZRUN FRQI
VHWWLQJ 'L' EXW ZLOOHBPHWFRQWOHDVRD Q\ ZAKLFKLQHV EHORQJL
ZLOO EH WUHDWHG VLPLODUO\ 7KH LGHD EHKLQG WKLV DVV>
7KH PDFKLQH EHORQJL Q& W R IWM/KIH) \KIDPYHH \DXELPLODU GHIHQV!|
DWW D FNHUDZKRQMWWRO RI D PDFKLQH ZLOO HDVL@R G WK NDY
VXBHW RU FOXVWHU DV D W DXWL\R QA\H OHWAL\R GE HMDZ WA RIFDHWDKSHS O
UHPDLQLQJ DOORZLQJ WKH DWWDFNHU WR WDNH DGYDQWDJ}
7KH VHFRQG WG WLGXW\WBB VB &R Q Q HFMVEMWX. W \QS\ IRYG LBVHRH\H V V
UHJRQUGKKH W\SH Rl FRQQHFWLRQV DFWLYH DQG DYDLODEC
VHFEXULW\ DQG RWKHU UHOHYDQW LQIRUPDWLRQ VXFK DV W
UHODWHG WR WKH H[LVWLQJ VHFXULMQWP PPFEQQWR VHSOW\
ILUHZDOOV ,'6V ,36V URXWHUV HWF 7KH IXOO GHWDLO DE
FKDSAKHHUIROORZLQJ 1HWZRUN &O0OXVWHULQJ PHWKRG DLPV W]
RU HYHQ D RBENOQQ@WRNE FHUWDLQ QXPEHU RI FOXVWHUV

FRQFHSW LQ ,$37) LV VLPSO\ D VHW RI PDFKLQHV DQG V\VW
KDYH WKH VDPH DWWDFN VXUIDFH H[SRVXWHHODE R UWDKDLFRNHI
WKH FRQFDWHQDWLRQ RI QHWZRUNLQJ VHPXUHWXOD\G BSOS
&OXVWHULQJ S\WKRQ VFULSW WR WZXHKH ROFMS K B/X VW H O QIXN\RWY
PDFKLQHV VXKIKFEWYE LQ WKLY FDVH WKH '0= 0 $SSOLFDWLR



JLIXUH$Q H[DPSOH QHW ZRUHF PDIGMH FIOFVQH Q H MZIRWINIVO @\ | BYHS V
7KH WKLUG VFULSWVFEDPHB RAW IS\ LYILWKH K HDWGRR HFFOPADW H
PRUH WKDQ RQH PDFKLQH LV GHVLJQDWHG DVU+R& P DKHK LL@GH
DQG RQO\ IRFXV RQ PDFKLQH ZLWK D ODUJH DWWDFN VXUIDTF
SRUWV UXQQLQJ VHUYLFHV DQG DVVRFLDWHG YXOQHUDELC
WDUJHWHG DQIGDHANHIRLWH G [F\OXGH DQ\ KRQH\SRW PDFKLQH
+R& $Q LOOXVWUDWLYH H[DPSOH KH WHEHBWWHH RHZ\R B XVE RV LHRE



3UHS YXOQHUDELOLW\ DVVHVVPHQW RXWSXW GDWD LV LQ W
&OXVWHUV DV ODFKLQH DQG WKXV DOO WKH PDFKLQHV EHOR
7KH LGHREMKKLY DVVXPSWLRQ LV WKH QDWXUH RI PRGHUQ
PDFKLQH EHORQJLQ®KWR RV KHH @ IKFDH/ \DXELPLODU GHIHQVH DQ
ZKR JDLQV FRQWURO RI D PDFKLQH ZLPDFKD®HOR G WRIH NDW |
FOXVWHU DV D WUXVW UHODWLRQ LQ VRPH DSSOLFDWLRQV

DOORZLQJ WKH DWWDFNHU WR WDNH DGYDQWDJH WR UXQ

REYLRXV W KWWHUWIG K FRADIXK/AV HQW HQHW ZRUN LV QRW D VWUDL
DERYH PDQ\ VHFXULW\ FOXVWHUV ZLOO KDYH PRUH WKDQ R
$QG VRPH FOXVWHUV ZLOO KDYH D VHW RI POWRLQHG XXFK D
& DJDLQ 7KHUHIRUH ZH RSWHG IRU D ULJRURXV DRSBXURNDHFK
QHWZRUN DQG RQO\ LQFOXGH WKH VWULFW PLQLPXP VR WK
PDLQWDLQHG WR VPBHOBQWDIHELDQ D WBWWHHRWFW VROYLQJ 7
+HDG RI &OXVWHUV DUH VHOHFWHG 7KHUHIRUH ZH LQWURG
ZDV GHILQHG WR VHUYH VLPSOLFLW\ SXUSRVH D\ Q¥IIMWIQAL O
LQWBXMVWHU WHVWLQJ DQG WR GR VR ZH ZLOO GHDO ZLWK Wt
SRLQW RI YLHZ DQG WKXV DOO WKH PDFKLQHYV



JLIXUHLOOXVWUDWLYH H[DPSOH RI FOXVWHWW] D6 UHGXGG®DR
IROORZLQJ E\ WKH VHOHFWLRQ RI KHDGV RI FOXVW

7KXV ,QWHUQHW SXEOLF FOXVWHU ZLOO KDYH KDFNHUYV F
SRLQW 7KH VHFRQG FKDOOHQJLQJ FDVH LV FPIMKHLQ MM HQ OW KZ
DUH RIWHQ PRUH H[SRVHG DQG KDYH D ODINMHHD B BVO\CDFAMH VEX
UHOLDELOLW\ DQG IOH[LELO+R& DQUF WP & QHPHIGREI HGXDSPHIUGME
VFRUHV RI HDFK RIGDKWH VL @R & IDVQNG FOIQBLVHOHEW WZR ZRUV
+R&D DQG ERAIWK L LV WKHKH OXYIMHBXWSXW RI WKH FOXVWH
/$1V DQG D QHWZRUN FRQVWLWXW HiGQ DJERIPH WHRD G M SRIHD 8l & VW
320'3 UHSUHVHQWDWLRQ RI DQ\ PHGLXRJXWKDUJH /$1 DV LO



JLIXUH2YHUDOO VHFXULW\ FO XP\OXNWLHL RRRABIIM W IQFEQ )GGL QQ L W L
FOXVWHU

+HDGV RI FOXVWHU 1HWZRUN
,Q WRIQQHFWLYLW\ UHSUHVHQWDWLRQ RQO\ RQH HBXWHVDW iR
FRQQHFWLRQ SW@RWRFRSOH & DQG & FDQ EH FRQQHFWHG Y
WKDQ RQHH®WRKM HD BWYWKDW VXFEK VAKDQDWEKR \ DP i RGIE M BWWI
DOO WKH FRQQHFWL YALWMKRQIDY WV K R SVHR/B UMRBIWMN HG DV IROOF



% & & 7&373 'LUHFW QQWWHU FRQQIHEBWIRQOZLWEK WHSDUL
FOXVWHU & DQG FOXVWHU &
% & & 7&373 FRQQHFWLRQ YLD D WKLUG FOXVWHU & ZKI
DGGLWLRQDO VHFXULW\ PHFKDQLVP ):
% & & 7&373 FRPSRVLWH URXWH LQFOXGLQJ FRQQHFWLR
FOXVWHUVY VHFXULW\ LVRBBWRIRQHDQHEQIE OWHULQJ WR L
)LQDOO\ WKH QHWZRUN RI +R&V ZLOO EH UHSUHVHQWHG DV
ZLWK VPDOO QHWZKRURGD\VELZIIHVUKHQFH RI XVLQJ WKH UHVXO
JOREDO DWWDFNLQJ YHFYBBW WBE NS W J2D®OME 2% EXRMHD FRP.
DWWDFN YHFWRU SROLFLHV FRYHULQJ WKH HQWLUH PHGLXP
IJURP LROXWOVHU VROYLQJ DQG WKHF®**VWHIVW Z& I VI DRRRIMSKAH
GLUHFWO\ RQ GDWD VWRUHG LQ ,$37) PHPRU\ DQG DIWHU H
SURFHVVHG DJDLQ X\QIRFHBQRVQKHIWD ¥ EWDBNVRQB®* SMPRYH D
LQIRUPDWLRQ RU PDFKLQH ,' DQG PDNIR W KHWXMFL X ¥ R QE 'S RIGKL
&/,36

7TDEOH$373UHS PRGXOHV SURJUDPV DQG VFULSWV UROH

J)LOH "HVFULSWLRQ
&RQQH[LF6BFULSW WR FDSWXUH LPSRUW QHWZRUNLQJ
DFFRUGLQJ WR WKH ,$37) UHTXL

7RSRORJ 6FULSW WR FDSWXUH DQG GHWHUPLQH QHW
VWUXFWXUH LW DFFRUGLQJ WR WKF

6FDQQLQ 3URJULFADBMXRIRUW DOO QHWZRUN GLVFRYH
WRROV RXRFHI\WE VWUXFWXUH LW DFFRUGLC



[2*V S\ 6FULIWSRRIW FOHD® PERJ B WYX PRXWKH 3G
DYDLODEOH QHWZRUNLQJ DQG VHFXULW

6HFXULW 6FULSW WBOQFD SWRBEHVYV VHFXULW\ GHIHQVH
OD\RXW DQGDWWRYBEBWQRUMRWKH ,$37) |

9X0Q$VVF 3URJUDP WR FROODWH DQG SURFHVV DQGS¥
BFDQQLQJ S\ DQG 6HFXULW\ S\ WR WKHQ \

UHTXLUHPHQWYV

&OXVWHU 3URJUDP WR FROODWH DQG SURFR\RWQRE[QD K
7TRSRORJ\ S\ /2*V S\ D@8 BHHAXY KX LBQWYV F

*HQHUBW 6FULTFWROODWH DQG JHQHUDWH WKH 320'3

,$37) PHPRU\ DQG H[SHUWLVH KDQGOLQJ

,Q RXU SURSRVHG IUDPHZRUND R H VP IVIK} FH B B OW W EELEELW
ZKLFK LV D FUXFLDO FRPSROQ R Q\WMHRWKRIOA B BVG HAWHK_ MVISIHNFLLY L R
LW D FRUQHUVWRQH L QW DEHGWHFMXAD BHD URMHWREDOMRH. WP K D Q
LW DV FRXQWHUZHLJKW WR RXHKSURSRVARU D PRGEGPRAH XQ RHL
GHGLFDWHMGUDMRVLQJ WKH NQRZI7H GVIDIVRX VPHOXW GWUILBQHUD
JHQHUDOL]DWLRQ SURFHVVLQJ WKHQVXW R/UKH HM/S HQWR \DHD ([
JHQHUDOL]DWLRQ DQG KDQGOLQJ DFWLYLWLHYV DOHHP B bl \U DRUGP
,$37X[SHUWBG6\VWHP :H GLVWLQJXLVK WZR IXQFWLRQLQJ GLI
WKH H[SHUW V\VWHEWPHDEDGSWPSH. QJ DQG SURFHVVLQJ SURJUD
WKH KXPDQ H[SHUW PDLQO\ LQ HDUO\ OLIH VWDJH SI ,$37)
GLDJUDP ZKLFK HPEHG WKH ([SHUW 6\VWHP D Q @ R [[SHHEZHVNNKHH |
5/ $JHQW DFWV LQVWHDGLRXWKH WXMWOIERGESHUW QVLYH IXQF\



JLIXUH,$37§ RUH ZLWK ([SHUW 6YDWHECDYIWRIGEWDRQGLDJUDP
7KH ILUVW SDUW RI WKLW WIERQ YWDWNW AKKHKI BQHUDROQH WKU



RQ WKH RXWSXW ;0/ ILSSBWRVWK®JI32RBYLQJ UHVXOWV 2QFH
WKLV SUHFLRXV NQRZOHGJH LQ D EDVLF ([SHUW 6\VWHP ZH
$37) VKRIQILIXUHVAMR WKH (6 7KHUWH IDHBHQMY RBBEOHYV LQ
DUFKLWHFWXUH EXW ZH RQO\ IRFXV LQ WKLV VHFWLRQ RQ |
ILOHV DQG H[WUDFW IURP WRIQ YRUDEECFXODSR Q&* L EDXWW UHJI
FRQILJXUDWLRQ WKH GHFLVLRQ DFWLQJ SROLF\ PDGH LQ H
FRQWH[W WR DYRLG LUUHOHYDQW JHQHUWMDB B tHDWUR® L KM QR
DSSOLRGGVDRWBGXFH D JHQHUDO IRUPDW IURP ZKLFK DV VSH
DGGUHVVHV ODFKHQH QP EDYRQ

JLIXUH,$373UHSDUDWLRQURFEE \|¥3D)J AHRWQDROHE DYQYBW

& ,36 [SHBWWHP
7KH QH[W VWHS LQ EXLOGLQJ WKH ,$37) PHPRU\ LV WKH LPS:
RYHUVHH VWRULQJ DQG UHXVLQJ RI GHFLVLRQ SROLFBEHV 6L
LQ 37 SUDFWLFH WKH (6 FRPH\GH®LGH®R Q& BW LRU ZWO ODQ B\
ZHLJKW (6 ZLWKLQ ,$37) DQG RQO\ UHO\ RQ &/,36 ZKLFK LV D
H[SHUW V\VWHPV :H ZLOO EULHIO\ GHVFULEH KRZ WKH JHQ
HIWUDFW VBIRRIFHDQG UHXVH HBIYSXWSRWHNR X QW ZSRUHY LR X V

H[SHULHQFHV 7KH SURSRXWGOLYMGGHJF BRDEHD § ROEMAH VDR W D |



ZKHQ UHWHVWLQJ WKH VDPH DVVHW ,Q WHH R RW HGSHRUWD\
[SSOLFDWLRQ RI &/,36 ([SHUW 6\WWHP WR DFKLHYH RXU REM|
H[SHUWLVH DQG NQRZOHGJH &/,36 LV D FRPSOHWH HQYLUR
ZKLFK LQFOXGHV DQ LQWHXUIRW 8 GVR B QWRUG DHXED BOGIHL Q I H U
&/,36 SURYLGHV WKH WKUHH NH\ HOHPHQWYV RI FEDRRU\7KH
ZULWWHQ SURJUDP FRQVLVWYV RI UXOHV IDFWV DQG REMHF
WR HEMFXWHG IRU D JLYHQ REMHFW ,Q ,$37) ZH EXLOW D
PRGLILFDWLRQ LQWR WKH GHIDXOW &/,36 FRGH E\ LQWURGX
SDWWHUQ PDWFKLQJ FHUWDLQW)\ IDFWRWXVLRYGD®WDBWWHED I
SURFHVVLQJ 7KH FRPSOH[LW\ RI 06) LQ WHUP RI GDWD KD
FRPSOH[LW\ DQG FKDOOHQJHV IRU RXU SURSRVHG ([SHUW 6
SURSRVHG DQ LQWHJUDWLR G HU VR %UVEGHNPHDIRSK GO&J,3B6(1*5 (6
7KXV ,$37) DOORZV WKH VLPSOLILFDWLRQ RI WKH FRPSOH[ C
DQG DWWDFNLQJ VFHQDULRM QR U®H DK R | PIRVGRLOFU DVFWVUL R W
WR SURSRWFHRQG YDULDQW RI WKH H[SHUWLVH KDQGOLQJ G
,$37R&RUH 7KLV LV SDUWLFXODUO\ XVHIXO LQ FDVH IRU UHWI
DXGLWGQXQ BRQWH[W RI VPDOO QHWZRHE © ROURDAW UR @ XELDUW QLI I
OLVW WHVWLQJ )YWXHH$37) OOXKMARIWMHN[SHUWLVH KDQGOLQ
&RUH 5/ PRGXOH DQG WHVWLQJ UHVXOWY RQ GLIIHUHQW QH\



JLIXUH,$37PHPRU\ DQG ([SHUW 6\VWHP H[SHUWLVH H[WUDFWLRC

$37)&RUH
7KRDLQ FRPSRQHQW RI ,$37) LV WKH 5/ PRGXOH ZKLFK UHO\

37 SUDFWLFH DV GHWDLOHG LQ &KD S H & R UX¥Q PADIGIR\D VIIE B/ L R



WKH GLIITHUHQW DUUDQJHPHQW PDGH WR HQDEOH W¥3}] PRG
OHPRU\ DO RMQKHZ H\WKU D F WR GHHS[ S KQUWK M H./, 36 K S BR RSB\ W H P
&RUH LVQBOCHRRGHMN DQG RSAOL® EHOHP G BIEG\HRBWENGHXK/ W U L D ¢
IUDPHZRUN 7KH FXUUHQW Y B HWIDR/ QR LW VURIBRQBGRHEBNE EDS)K

HIWHUQDO PRGXOH FRFNRPLAB® ISQW BR LR WE OHBMRNSIKRLW 06)
$3

JLIXUHOHWDVSORLW &RPPXQLW\ DQG 3URIHVVLRQDO IUDPF

7KH SXUSRVH RI VXFKDPRRLIG JIXRIGWLR)Y WKWRERUH FRPSRQHQ
XV IRU UHVHDUFK SXUKSR )46 U MRR PPRI@RESM BUGRFQYWREHEY \ V W H P
RUWDPHZRKN &RQVROH DQG &/, FLUFOHG LQ GRG HD WHR \W R A PHKQ@
DQG H[FKDQJH GDWH IZUWKHI6) LOOXVWUDWHG WKH GLIITHUHQ
DQG LQWHUDFWLR @ PG FIQRBBMHY DGRS



JLIXUH,$378 RUH FRP SR QH Q®W\D JIBMASWICROHDWD FWLRQ PHFKDQ
7KH ([SORLW 'DWDEDVHV DQG DWWDFNLQJ SD\ORDGV DQG SU
&RQVROH LPSRUWYV WKH ([SORLWY DQG WKH 3D\ORDGV XVHG
WR 9P DS 16( GLVFRYHU\ VFULSWYV APEREBBHG ZQWKKIKD RWKHKIHAWE
GHYHORSHG WKH &9(V LPSRUWLQJ DQG IHWFKLQJ QDPHG ([SC
RYHUVHHV LPSRUWLQJ DQG UHVWUXFWXULQJ &9 PDQBRIMK IGD
WKH ,$BFPRU\ .HXUHBVWRI WKLV PRGXOH DUH
% 6WRULQJ DQG VWUXFWXUDWLRQ IRUPDW HQ®MEWH GIL &H F
EDVLEXRWRBHMHDUFK FULWHULD
% (QDEOLQJ WKH XVDJH RI D OLJKWHU YHUVLRQ RI WKH OL
DQG GHKWFULSWLRQ LQIRUPDWLRQ VWRUHG ZLWKLQ WKH
UHOHYDQW LQIRUPDWLRQ IURP 3708RPIRQUW RI YLHZ LV NHS
% 'LUHFW LQWHUDFWLRQ ZLWK OHWDWSDRH W HB ) FR @\DRIQI
SULRULWLVDWLRQVERVHGYV FDOFXODWHG SHU &966 Y

,$37) RSHUDWLYH PRGHYV
37 LQWRAFPBOH[ DQG YHUVDWLOH DFWLYLWLHV ZK L RKHR WHH
WKDW ,$37) LV HIIHFWLYH DQG DEOH W RHIGF RIXNWRIP /W H GV B X .
DFKLHEYHBORDB] WHFKQLTXHV VSHES$3ZFDLOOG HV IDQG G6DQG LP
SHUIRUP QGHWZEBMWY GLIIHUHQW FRQWH[WV DQG ROROQBIW XQHG
VXSHUYLVLRYVRYWYRW PQG EGNFDBMEBKIWNMRZOHGIH IURP KX
7KHUHIRUH ,$37) KDV IRXU GLIIHUHQW RSHUDWLQJ PRGHV Z
RQ WKH FRQWH[W DQG WKH OHYHO RI PDWXULW\ OHDUQLQJ

6WDQG $/GIR@ B
WKLV LV WKH PRVW XO/\GR I HEQUNGIER®R RAWKIPW ,$37) FDQ UHD



WKH DLP Rl WQLWHKIHWW RRGHAK,$37) LV IXOO\ LQWHOOLJH3YW DQ
WDVNV DIWHU UHDF IOHYIHW KR ®SBBD UQLQJ HQDEOLQJ LW WR D
H[SHUW &HUWLILHG (WKLFDO +DFNHU ZRXQBRWSRG ,WRSOBPWD
EHKDYH ZLWK DOO SRVVLEOH POFOI@\D UR SRV \ZIKELGK  LEVX W/ H/F K &
FRQILIXUDWLRQ ZLOO SOD\ D NH\ UROH LQ WKH FKRLFH RI W
ZLWK D GHJUHH RI VLPLODULW)\ ZLOO HQDEOH WKH ,$37) WR
DQ DWHHEDH UHVXOW ,Q WKLV PRGH WKH HZBWSEHP JZH@W B FHWL
E\ DVVLJQLQJ DXWRPDWLFDOO\ WK HGHMWGHPLQWGUH A RDEG® LI
XSGDWLQJ DQG LPSURYLQJ LW VDGHNIS\DLVRKQV SIRWDH. FRLEEHW DZKQHHGS E

8QGHU VXSHWYIMALRQ
WKLV LV D PRGH ZKHUBXMBQRPRIEIVWIWMLBR QY LQ SUDFWLFH W

WHVWLQJ DFWLYLWLHVY DQG HDUO\ VWDJH RI FRPPHUFLDO X
XQGHU KXPDQ &(+ VXSHUYLVLRQ KR W WDNCHRE DLW LW RHYX X OB W
FRQWLQXRXV VXSHUYLVLRQ ORFO®IOEH UR & UHBRWOHD\V B\ K XKL
7KH ORJLF LV WKDW DIWHU D FHUWNDZQO®HE H & @D BGIHDE QLR WV
H[SHUW WR SHUIRUP WKH SHQHWGRWHR® X @ & Bl O LW\ SIHYF LARJ
E\ PRGLI\LQJ WKH UHZDUGLQJ D QIGL ¥ MDD W VDK HP HFXPIDIL R
FKDUJH >RD WMIYQDWKH DFFXUDF\ UHOHYDQFH DQIGQS HAWK/H \GW H €
DWWDFN YHFWRUV ODXQFKHG DQG HYDOXDWH WKH HIIHFW
UHZDUGYV ,Q WKLV PRGH KX¥KDQ EH +RE BOYOZEMIRQOY GRQH EL
H[SHUWLVH WKXV LI ,$37) LV SHUIRUPLQJ DERYH WKH WKUH
JLYHQ VWDWH WKH 320'3 UHZDUG ZLOO EH PDLQWDLQHG ,V
,$37) ZLOO IRO@WR D WMWDHFWHSDWKY ZKLFK ZHUH QHYHU FRQVL
ZKLFK ZLOO EH HYDOXDWHG VHSDUDWHO\ E\ WKH &(+ WR HQ|
RQ SHQHWUDWLQJ WKH QHWZRUN DORQJ ZLWKWR) VXIH DG LDK
PD[LPXP DOORFDWHG UHVRXUFHV 8SRQ FRPSOHWLRQ DOO
JHQHDWORQ DQG VWRUHG LQ WKH ,$37) &/,36 H[SHUW V\VWHF

%DFNJURXQG DHWWWHOWDQW
LQ WKLV PRGH ,$37)QZL0Q WHHREBBNWRXQG RI WKH PDQXDO

WKH H[SHUW LQ WKH GHFLVLRQ PDNLQJ 7KH IUDPHZRUN ZLO



SURFHVVLQMW IRRH EDWDW RI WKH QHWZRUN YDULDEOHMYKED G
H[LVW DQG ZHUH PLVYMXHE\PMBIQ H{EE8HW,$37) ZLOO FRQWLQ X
WKH NH\ LQIRUPDWLRQ WR EH XVHG L® WKRQ3RPQG BESHHYH
DSSURDFK WR H[WUDFW WIKH) GHEH VOLRHDT % B W HF U B DEBU BV VIR U
LW PDNHV 7KH LGHD KHUH LV WR DEFHOHUDWH WKH FRQVWL
ILUVW VWDJH KHOS WKH (6 WR HYDOXDWH W WRGERHH LVHRIQY
DBSWDWLRQ LI UHTXLUHG )XUWKHUPRUH WKH (6 ZLOO VWR
GDWD LQ LWV PHPRU\ DIWHWD BHRTXUB HGJ | RIK HXW QUK XO H

(DUQ@WDOHY HO
,$37) LV KHUH LQ D OHDUQLQJQR @W\WPR GFL DQ G5 B MO FEH DXW H ¢

LGHD KHUH LV WR UXQ ,$37) RQ DV PXFK FDVHV DV SRVVLEC
DORQJVLGH WKH FRQVWUXFWLRQ RI LQWHUQDO NQRZOHGJH
KLIJIKEFHDOWHVWHU DQG HI[ WUDFW WKH UHOHYDQW GDWD SROI
FDQHDUQ I[URP WKH GHFLVLRQ DFWLRQV DQG FKRLFHV XQGHFt
WKH UHOHYDQW NQRZOHGJH IURP UHSHDWHG WHVW WR EXLC



&EKDSWHARHVWLQJ SHVXOWY DQG 'LVEXVVL

,Q WKLV FKDSWHU ZH ZLOO GHW®D 8 H/QKW FG GIHHN Yl I @\ VAVK Y M3-7) HEX
QRWDEO\ WKH 5/ RRGKOH) ,63T)HUHQW VFHQDULRYV DQG FRQGLW|
SUDFWHFBIOVR LPSOHPHQW+DWD WHVVF DIOK B/ PRGHOOLQJ IRU PF
IRRDLQJ WKH VHFXULW\ FOXVWHULQJ DSSURDWKGDQ@&HWWHGE XY
JUDPHZRUN OHPRU\ LQ H[SHUWLVH FDSWXULQJ JHQHUDOL]DWLR

6HWXS RI ([SHULPHQWYV

7KH 320'3 SUREOHP VROYLQJ H[SHBHPHROWPDZAWHHUY KQ RIQWKL &K |
'HRQ 3URFHVVRU&RUH 0% &DFKH DQG *+] DQG XQEXIIHUHG
',00 (&& *UDSKLFDO 19,',$ 4XDGUR 3 *0p *): 7KLV PDFKLQH U

ELWV ZIOLFBVIW DQG IUAVRFAWFH QX[ GLVWULEXWLRQ EDVH
DQ RSWLPDO E DO DRIWHDHEMWI HRMEVWDWEY DQG D UHQRZQHG VV
,$37) ORGXOHV 6FULSW DQG 3URJUDPV ZHUH KRVWHG KXQ&38XQ
,QWHO &RURFHVVRU + &RUHV DQG *+] DQG5X@EVOMHUH
FKDQQHO 19D SKAHHBOFH *7; 7L *% 7KLV PDFKLQH LV UXQQL
ELWV RQ %DUH OHWDO PRGH ZKLFK HVUW QWR GWKIHH P\ FIKQ D\ DKODOUDG
SHUIRUPDQFHV

THVWEHG 1HWZRUNV FRQVWUXFWLRQ

,Q WKLV VHFWLRQ ZH SURYLGH D GHWDLOHG H[SODQDWLRQ RI
XVHG IRU WHVWLQJ ,$37) %XLOGLQJ YKUW WIK® N$LLWWXKDL G KFRD K
37 UHTXLUHV WKH XVH Rl UHDOLVWLF GDWD DUFKLWHFWXUH DG
FDQQRW SHUIRUP OLYH WHVWLQJ GXH WR H[LVWLQJ UHVWULFW
LKW 8. DQG PDQ\ RWKHU FRXQWULHV 1RQHWKHOHVV LW LV FF
GDWD DQG UHFUHDWH YLUWXDO FORQHV DB R UL KLH WD IDH I RFQRIR
WKH YLUWXDO HQYLURQPH®WN FR® DLUQ ULHVMRQ\F B HGOWEKHK . PUL W



UHSOLFIOWHMWDUWLQJ SRLQW [EYP\S K WHIWYWRRXD QIR 2 R KINE BFHY D Q
WHEXBHWMFHY ZKLFK DUHGHGWKHEMCLUNE X B OLKH VR XWH D) 2 H\DWS
SUHRQILJXUHG HTXLYDOHQW IUR[F XROQIXUCEH F@R SRVEL \B R UN @ X WK RE
ZKLFK SURYLGHVY 90ZDUH DQG 9LUWXDO%R[ PDWHULDOV DOORZI
RQ H[SHULHQFH ZLWK GLJLWDO VHFXULW\ FRPSXWHU DSSOLFD
HQYLURQPHQWY 2Q IHZ RFFDVLRQV DQG WKLV LV @H CREWDHEV V
WKH FUHDWLRQ Rl WKHLPREBHUBBOWH YDW\WK XY/ IDBBOHF*HQ > ¢
FUHDWH ODE HQYLURQPHQWY IRU KDFNLQJ FKDOOHQJHV VXFK [
LPSOHPHQWHG 9LUWXDO%R[ /$1V ZLWK GLIIHUHQMQ MN]HAK M DXUA
WHVWEHGY DUH WR WKH EHVW RI RXUZRQ®ZO®IE\WH R DRVLDIOXHG
FRUSRUDWHY DQG RUJDQL]DWRR@HZWHEK LLGGAHD X GH [QQMHIDQGHW
VHIPHQWY ZKHUHASWFUBOXWHWOD WK H JDHWLROQV Y KROR/BNFKR-D H VY W & D
FRQVWLWXWHGVHIRPDFKIQBHY GHVNWRS ODSWRS VHUYHU RU F
VZLWFK DQG VHFXULW\ GHYLFHYQILHIXZDOO RU ,'6 LV LOOXVV




JLIXUH6PDOODARK SRU R | PDFKLQHY UHSOLFDWLRQ RQ ¢

7KH UHSOLFDWHG /$1V DUH WKHQ H[SRUWHG IROORZLQJ RSHQ Y

LQWR WKH WHVWLQJ VHUYHU XVLQJ WKH VDPH YLUWXDO HQYLU

H[SRUWHG LQ IRUP RI DS SQIMWDZRHWVL EX BQTH DLEGOHK\GY L Q)L GOWHD
L OO XWWKWHDVRND ILOH JHQHUD VWDFE®LU@HW/IEEH SUHYLRXV



JLIXUHYLUWXDO /$1V UHSOLFDWH H[SRUWDWLRQ IROORZLQ

(YDOXDWLQJ 37 JHQHUDWHG 320'3 SUREOHPV VROYLC

,Q WKH ILUVW SKDVHV Rl WKLY UHVHDUFK ZH DLPHG WR DVVHV\
RI 37 DQG QY RXXDMKRLFHY LQ WHUPV RI OHDUQLQJ DSSURDEK
PDQDJLQJ WKH H[SHUWLVH DV ZH GLVFXVVHG LQ GHWDLO LQ &K
RQ GLIIHUHQW VL]H H[SHULPHQWDO QHWEREKNVQFHRP SRV BWZIRYL
YDU\LQJ IURP WR PDFKLQHV 1HWZRUNLQJ HTXLSPHQW LV F
HTXLSPHQW WKDW UXQV DQ 26 DQG DSSOLFDWLRQV 7KH RQO\ H
ZLOO EH WHBUBW HRQ@H HQWLW\ DORQJ \ZK RAV WK M D, Q B WJ H L/J
PDFKLQHV ,Q WKLV UHVHDUFK ZH DGRSWHG D JUDGXDO VLPXO
SURSRVHG IUBPMERY N O D E R/WDDA H (D BISRWIIWMIG DRVL QJ WKH DGHTX
RI RXU SURSRVHG 5/ PRGHO DQGsV82iIBUOH SAVHVIHHQ WZHW D RVQV H P
6ROYH320'3 ZB-DF/KD LSURJUDP WKDW VROYHV 320'3V E\ H[HEXWLQ.
DOJRULWKP WRFMQO ERWESUR[LPDWH VROXWLRQV IRU 320'3 GH

@ 320'36ROYH LV UHSXWHG WR EH IOH[LEOH UHOLDEOH DQ¢



LPSOHPHQWLQJ WKH VROYLQJ DOJRULWKP VOH M DUFQH \LH WHKID G U/
PRGHO DQG WR FDOLEUDWH B6ROYH320'3 XVLQJ GLIIHUHQW VRC
QDPHO\ 3(5BEFOYH/3BROYH DQG WKH 3BROLIHBGEEMLDO%HOLHI

,$37) RSWLPDO 'LVFRXQW )DFWRU YDOXH

7R GHWHUFKQGLY¥KRXQW UDWH YDOXH EHWZHHQ DQG LV E
WKXV SURGXFHV WKH EHVW UHVXOMFLBEQGE\ WVUUNMX\® WY FXOD
TXDQWLWDWLYH DSSURDFK E\ DWW H P SWKIOQUL\Y B NURRGPY 347 3218 SSUH @
SUREOHPV XVLQJ GLIITHUHQW GLVFRXQ$W WGLW FX Y D5 EHEW KW HW
REMHFWLYH \HVWXR RXRBLVFRXQWHG UHZDUG XVLQJ D GLVFRXQ
GLUHQW DOJRULWKP WR ILQG WKH RSWE® B DUSR OLER Z W K DWH V X (
LV WKH EHVW YDOXH VR VROYLQJ DOJRULWKPV 3(56(86 DQG WK
HIILFLHQF\ DQG DFFXUDF\ RIHVROW L PD @ G KUSINFR GUNBIBHY MWKV Y Z H
WHVWYV RQ GLIITHUHQW QHWZRUNV VL]H YDU\LQJ IURP WR PDF
UDWH IDFWRU 6ROYH320'3 ZDV UXQ ZLWKRXW WLPR & RUTXRQVO
LV UHDFKHG :H WHVWHG VHYHUDO RSWLRQV RI GLVFRXQW UDW
RI HDFK GLVFRXQW UDWH LQ DFFRUGDQFH ZLWK WKH TXDOLW\
DOJRULWKP GLOPXEVLEHORZ WKH HIIHFW LRIXEMRRZ LK HG R E MFDX.Q@W
IRU 3(56(86/3%6BOYH DI@GRQ¥HB,QLWLDO%HOLHI IRU GLITHUHQV

WR PWVFRKBHDSSUR[LPDWH VROYLQJ ZLW G 3|5 RS WHKRZAFH Wk
FRQVLGHUDEO\ WKH VROYLQJ DOJRULWKP HVSHMRPOHD WKQ@D U]
IDFW IRU WKH E(56(88W RMKH 320'3 SUREOHP LQ[ DS\SHIRA QDM
FRPSDUHG ZLWK [ D[@ [ ZLWK DQG GLVFRXQW UDWHYV
ILIXUH



JLIXUH6ROYLQJ GLIBROBYWYVEIQL 3(B6EOGYH ZLWK ,QLWLDO %HOL
GLVFRXQW UDWHYV

7KH LPSDFW RI VPDOOHIQ BWY FRREWHUIDQVH[ DV W R/URHBY IR@JY Pl HAK KIR)
LQ PDFKLQH QHWZRUNV WKH UHTXIRUIHG VRRFEDRUHNGL ZHWR/ If
DQG FLWK DQG GLVFRXQW UDMWHXUBMHVSHFWLYHO\ D



JLIXUH6ROYLQIQGWL VHY VL]H DVVRFLDWHIBZROXV'BVDRGLYDULDEOH Gl

) XUWKHUPRUH ZLWK WKH SURMHFWLRQ RI KHDYLO\ XVLQJ WKH
PDQLSXODWHG DQG IHG GRUHWW® WK RBMYINUYRIOY ZGIJSHUIRUP HG
WR FRQILUP WKDW WKH VHOHFWLRQ RI WKH GLVFRXQW UDWH Z
\KRZ WKDW VRO Y316ROXHBKQLWLDO%HOLHI XVLQUCWERFVLEGHYFR
WKH VROYLQJ DOJRULWKP HVSHFEDBOAEAS 20D3J) SH REOMH P VL W KR
DSSUR[LPDWHOAHFRQGY FRPSDUHG [ZLDMXG [EZLWK DQG

GLVFRXQW UDWHV UHVEHFWXCHDUBVXOWMRZ @ U SUHVHQWHG LQ
WDEOH



JLIXUH6ROYLQJ GLIITHUHQW /$1V VL]H DV¥&GRFQDMW A GW3K 0 @NVWA\DLAD I
YDULDEOH GLVFRXQW UDWHYV

7KH REWDLQHG UHVXOWW KRR D XWRHJ & WH SRIRSVK HXWKVHH DOJRUL
GLVFRXQW IDFWRU YDOXH RQ VORZLQJ GRZQ WKH VROYLQ
WLPH :KHUH VXFK GLVFRXQW UDWH UHPDLQV VWURQJO\ UHFRPF
PDFKLQHMWW LV WKHUHIRUH DYRLGHG LQ PHGLXP DQG ODUJH /$1V
WKDW PHHWV ERWK UHTXLUHPHQWY IRU WLPH HIILFLHQF\ DQG

UHOHYDQFIQG GLVFRXQWHDD\WH W KEH RMEPHHGROLF\ *UDSK
ZKHUH WKH QHMRZRHUMW KRRFKIMQHY 2Q WKH R\OROKYVKDD\G MEKGE® D
WLPH FRQVXPHG IRU DQG LV QRW VLJQLILFD@WOWGRLI!

FRQFOXGH WKDW QRW HQRXJK VROYLQJ WLPH LV VDYHG IRU WK
SROLFLHV TXDOLW\ ZKLFK LV QRWLFHG DW WKH QXPEHU RI YHF
WKH YDOLG DWWDFN YHFVWRWUWWMRBW RXVXIBRIDRKBDDOXUHNY DIULHODGR SV
UDWH WHVWLQJ HQDEOH XV WR FRQFOXGH ZLWK FRQILGHQFH Wtk
DQG VROYLQJ PHRKYWBFXGH WKLV VHFWLRQ WKEORRWDW®RE® DE
GLIITHUHQW WHVWEHG /$1V EDFN WKH HOHFWLRQ RI D GLVFRXQ



EHWZHHQ LPSURYLQJ SHUIRUPDQFH E\ LQ RQH KDQG UHTXLUL¢
FRPSDUHG ZLWK D GLVPBPRXGGQ W UDWHNRHU KDQG DOORZLQJ HQR
LPSURYHPHQW WR UHDFK D TXDOLW\ RXWSXW 3*V FRPSDUHG ZL

,$37) THVWLQJ YDULDEOH DQG HYDOXDWLRQ PHWULF

,Q WKLV VHFWLRQ ZH WHVW DQG H&ROK IPRIG X\OKH RSH U HRQUHALDDQNFH
WKH ,$BURFHVVLQJ RXWSXW 320'3 HQYLUR QPHQMUD BAR W VW & RQ
7KLV WHVWLQJ ZLOO EH EDVHG L@ BPRMHM\FIVQZ HR K WSXIMF W VI UR® Q!

% 1XPEHU RI PDFKLQHV 1 LQ WKH WHVWHG QHWZRUN

% 1XPEHU RI LGHQWLIIOHG YXOQHUDELOLWLHV

% 1XPEHU RI DYDLODEOH H[SORLWYV

% 1XPEHU RI VHFX&U LW\+B0 FR\Y WU W

% 1XPEHU RI XQFKDQJHGWH\WKMLQHWVFRQWH[W

,Q WHVWLQRBURBBRAVRRYDUMHY WKH FRQILIXUDWLRQ RI HDFK PDJ
FRQILJXUDWLRQ UWRRHGDIQEH ,6HAWHUPLQHY WKH QXPEHU RI XQF
VLQFH WKH ODVW WHVWLQJ 2Q WKH RWKHU KDRGVMXKHUH[S IBXW
UHWHVWLQJ)XKRMICHUPMRWH WKH HYDOXDWLRQ PHWULFV DGRSW!|
% 7TRWMOWLQJ WLPH LQFOXGLQIUBURG R VIRYSERFRVYLQJI
% 1XPEHU RI DWWDFN YHFWRUV DWWHRIS \QH® ZRURNKWAHD KL A I\
% ([SORUDWRREUDJIE PHDVXUHG E\ WKH QXPEHU RI YDOLG DW

JRU FRQVLVWHQF\ SXUSRVHV ZH RSWHG WR LQWURGXFH DQ DG
GLIIHUHQW DSSURDFHK RRQWXPHWREBQRI WHVWLQJ FRYHUDJH RI W
KXPDQ H[SHUW &(+ DQG LQGXVWULDO DXWRPDWHG VROXWLRQ
H[SORLWDWLRQ Rl ,$37) LQ FRPSDULVRQ ZLWK ERDWKLRXP D®) H3[$H
' H LQWURGXFH WKH QRWLRQ ([SORLWDWLRQ 5DWLR ZKLFK LV FI
DV IROORZ

OAPSKOIEBWA US=HERBP=RG?PKNO
'TLHKEP#PEERIEB-J —
%KICAORBREA U¥IQI>AMNBQHO UJQI>AMBTLHKEPO




'LWK WKH QXPEHU RI 9DOLG $WWDFN YHFWRUV EKM R®8DWXWH
LQ &(+ FRQWH[W EDVLQJ RQ WKH DXWKRU H[SHULHQFH :H GHIL
DVVHVVHG QHWZRUN DQG DLHIZ VHIXWDOQW RV IRW BXPDQRQO\ ODX
WKH &RQJHVWGROQLDPMHRBVRY WR VFDOH IRU ,$37) DQG 06) 3UR 2
RI DWWDFNV FRPSDUHG ZLWK QHWZRUN VL]H )RU HDFK VFHQDU
SRVVLEOH WR EHWWHU HOXFLGDW HKW KWSHEIGRHFAVE RV & KW IYIDAM. RE
SDUDPHWHU YDOXHV XVHG 7KH PD[ VWHSYV YDOXH FKRVHQ DV W
D UDQJH RI VFHQDULR VL]JHV GXULQJ SUHOLPLQDU\ WHVWLQJ
DFWLRQ FRVWYV

7DEOH6ROYH320'3 ([SHULPHQWYV SDUDPHWHUV DQG WK



7KH ,$3%RBUH WHVWLQJ ZDV ULJRURXV DQG H[WHQVLYH EH
SHUIRUPDQFHV RI 320'3 DQG QRWDEO\ ZKHQ XVLQJ @3UR[L
SURJUDPPIRQG WKH DPRPBELDWWGRI ILQGLQJ RSWLFBOVSA@DWI
DUH WKHQ VROYDEOH LQ SRO\QRPLDO WLPH ZK MFIKP HVURGHKF ¥
FRPSDUHG ZLWK 363$&( @UREB®WHRLYJ ZDV UHSHDWHG VHYHUL
DQG FDOFXODWHG WKH PHDQ YDOXH DQG VW®®GE DWIGP & HRLDWA
ZH RSWHG IRU D WKUHHIROGH®HNWH G JWX35 WRDFAKL Q J WLP
PFKLQHV DQG WLPHV IRU PHRXUXPHM IDNQG RQO\ WLPHV IR

PDFKLQHV 7KH UHDVRQ RI UHGXFLQJ WKH QXPEHU RI W|
VROYH 320'3V ZKLFK H[FHHGYV KRXU\WRI P IBEKYQ HR/U3H PDF
7KH ,$3%RUH ZDVOQWBEWDHG E\ LQLWLDOO\ XWR XN DSSGBRWHL
PRGHOLQJ DQG 320'3 UHSUHVHQWDWLRQ WKHQ W KHJ YW\ RWK
UHJXODU 5/ PRGHOOLQJ RKHU BDW KFHR € QMALIBER Q BIYYZ \R QA HS U
KHUDUFKLFDO 5/ PRGHO ZKHUH QHWZRUNYV DUH GLYLGHG LQ
EXLOW WKHQ VROYHG D V7K HWREMW B HGHIG USHVXSOMAWU LO O X VW U L
PHGLYQG ODUJH 37 SUREOHPYV QRWDEO\ ZKHUH WKH DLP LV
DSSUR[LPDWH VROYLQJ DOJRULWKP LV FRQILUPHG WR EH Y
XQUHOLDEOH QRWDEO\ LQ WKH TXDOVYWURJHN KH SFORQUDXNN. BO
$V DQWLFLSDWHG WKH H[DFW VROYLQJ LV WLPH FRQVXPLQ.
ZLWK *,3 QDP3®OY3H WKH VROYLQJ WLPH LV VLIQLILFDQWO\ }
WKUHVKROG IRU 37GLXPFIVQEHODY DHO B PH GHVSLWH WKH XVFE
UHVX®WEHFLGHG WR LQWURGXFH VRPH FKDQJHV ZLWKLQ W
SHUIRUPDQFH IURP W34 PRED MK R BIWRE\E HB UIRQ VS WILRRWDMVD Q
WKURXJK WKH PDQLSXODWLRQ RI WKH DVVRFLDWHGVBWREQE
LQWR WKH LQLWLDO EHOLHIV VDPSOLQJ ,Q GHWDLO WKH LQ
SUHYLRXV WHVWLQJ ZKLEKDRHIDG FWWKKOWERYWE W WEKHUH \
SUHYLRXV WHVWLQJ WR HODERUDWH D IXO0O DZDUHQHVV RI
RYHU WLPH DV UHVXOW RI KDUGZDUH VRIWZDUH XSJUDGH
FRQJXUDWLRQV DQG DUFKLWHFWXUH FKDQJHV QRWDEO\ E\



IHYHUWKHOHVVY WKH YDVW PDMRULW\ RI PDFKLQHV FRQILJX
SHULRG ZHHNV RWR ,BBRDWH(WERY W UXFLDWKH DWKWW RQ SHU
HQKDQFHPHQW LQ VROYLQJ PHGLXP DRYGNOWKHK HK M DM Z3210J & i
EHOLHI VDPSOLQJ DQG VLPSO\ XVH S\WKRQ VFULSWV WR SUF
LQLWLDO EHOLHI\GLOQ/WMHFWKIDGV LLW®RL WHKFHW3I20'3 HQYLURQPHQ!
7KLV QHZ YDULDQW RI *,836R OQMHP BIGWKKH WgH W, IBORGS U8 HIBER-D Y H
ZLWK ,QLWSLDROG% I DHKXJH LPSURYHPHQW W R LQKHB St
UHGXFWLRQ RI WKH REVHUYDWLRQ VSDFH DQG WKH QDUURZ
ZLWK D PDMRU GUDZEDFN ZKLFK FRQVWLWXWH WKH FRQVWU
ZLWK D FXVWRPL]JHG VEULSW

JUXUH 6ROYLRQRQWDALLH /$1V DVVRFLAROQNG B2 G' D QRE-PHADWICRQ G J
GLIIHUHQW DOJRULWKPV

7KH SHUIRUPDQFH HQKDQFHPHQW LQ ODUBBHEFKLIQYH Z LGMKN WL
WKUHVKROG LV FOH DKIHAKHIF KOIGEMOWP R G HDIOH. QJ ZLWIKQW K H



IXQFWLRQ UHDFKLQJ WKH EHVW SHUIRUPDQFH LQ ODUJH QH
RI WR PDFKLQHV SHU FOXVWHU DQG WKXV HQDEOLQJ IDV
DQG WKH 320'3 RIQERBB\WKH HQFRXQWHUHG GLIILFXOWLHV Z
320'3V B SHFLDOO\ ZKHQ WKH *,3 LV XVHG ZH LQWURGXFHG
320'3 SUREOHP SUWQRERD WKE IROORZLQJ D VHFXULW\ FOXVWHUL
FOXWVW®W2D'3 VHSDUDWHO\ EHIRUH VROYLQJ WKH 320'3 FRQVWL
$V GLVFXVVHG LQ &KDSWHU WKLV DSSURDFK LV YHU\ FO
FRQVLGHULQJ GLIIHUHQMGRP 1W KRR BK E QBHW BEPSRINDY¥BIH D @GV W B
SURWHFWLRRMWHKHDUBMERYN 7KH +5/ LQYROYH VROYLQJ D
HTXDOV WR & ZKHUH & LV WKH QXPEHU RI VHFEXULW\ FOXVV
WLPH FRQVXPLQJ 7KH REWWHQHWEKDHVXBWMFWEHGH G WHUP RI
HQKDQFHPHQ®36ROYH SHUIRUPHG FORVHO\ WR WKH IDVW D¢
HVSHFLDOO\ LQ ODUJH /$1V ZLWK D SURMHFWHG HTXDOLW\
+5/ * 336ROYH ZLWK ,QLWLDO %HOLHI RXWSHUIRUPHG WKH D
DQG SHUIRUP SDUWLFXODUO\ ZHOO LQ ODUJH QHWZRUNYV
WKH DSSUR[LPDWH 3(56(86 DQG RA3WRK 6 WML HQUL MTLYOLOU BbVH OR
/$1V VRPH ORVV RI SHUIRUP DQ &M &P YGIRGWH KB RQKHNSH] Q/JU D
IRU GHILQLQJ D KLHUDUFKLFDO 32'03 SUREOHPV IRU HDFK V
XVH YDOXH DSSUR[LPQWGR® BRWWKKHKKHIKHIFK\ WR UHSUHVF
YDULRXV VSHFDBOH]® @20RDHUXUWKHU WHVWLQJ VKRZHG W
PLQLPDO LQ YHU\ VPDOO /$1V ZKHUH WKH XVH Rl KLHWIUFK\
D VPDOO 320'3 LQWR WZR RU PRUH VPDOOHU 32® 3WRHX VI[W L
FRPSXWLQJ UHTXLUHG IRU GLIITHUHQW £S5/ ZRQWWLRR\PBQW L
FDOFXODWHG WKH FRPSOHWH WHVWLQIXWOPH7 UHAXEUNE RR
/$1V ZKLFK LQFOXGH WK B/32RBYH+%/8BRFBSVWL Q3 IDRFG \ZRIVQV
FRPSEBVMKH RY HUDLONK LBHRWXIOWXPDQ H[SHUW &(+ DSSUR[LPDWH
FDOFXODWHG WLPH IURP ®HWKIRVGE GRLXWRIDAVKLIRYQ R1 06) IUD]
ZLWK $UPLWDJH DQG 1HVVXV



JLIXUH7LRHILFLHQF\ FRPSDULVRQ RI ,$37) +5/ &(+ DQG IXO!

7KHLJ XUHO O XWWKUHDMRP SDULVRQ LQ WHUP RI FRQV XPNHISH W ILRPUHP
ERWK &(+ ZLWK WKB®DUDS /BULGHQ@KIHQHIILFLHQF\ RI ,$37) FRPS
DXWRPDWLRQ LV VWULNLQJ ZLWK ,$37) UHTXLULQJ RQO\ F
PDFKLQH /$1V WHVWLQJ

([SORUD3VLRRYHUDJH
7KH VHFRR@GLF IRU WHVWLQJ WKH 5/ PRGHO RI 37 SUDFWLFH
DQG FRPSDULQJ WKH H[SORUDWLRQ DQG H[SORLWDWLRQ FD
HQRXJK WR EH FRQVLGHUHG DV GHVWRHWRHASRWHE BHWPRIGH
LPSOHPHQWDWLRQ DQG QRWDEO\ WKH TXDOLW\ RI WKH VRO
ZLWK KXPDQ B[BG BW SIDFWLFH LV SHUIR U BH® WR G B RENLIQRIQV
ZKLFK LQIXRGDH HQW D QUEHK/KICAMY LQ H[SORULQJ WKHV3RQHY W
GHVLJQHG WRHBORWOWH RERRU H $BRWWKRA QXPEHU RI FRYHUHC



7KH QXPEHU RIVDWWBFNQEBWXY WKH QXPEHU RIRIX®KU B DB WX
JDWKHUHG 3ROLF\ *UDSKV 3*V UHVXOWLQJ IURP WKH VROY
FRPSOHWH DWWDFN SDWK ZKHUH WKH VWDUWLQR @®RUR BOIH\
DGPLQ URRW OHYHO DQG WKXV XVHG DV SLYRW SRLQW IRU
HLWKHU VHEXUH IDLO H[SORLW RU VXFFHVVIXO H[SORLWDYV
GRQH DXWRPDWLFDOO\DRQG. @REVSRYRRQIRBULEMW IHDVLELOLW
WKH DWWD AN H\DWKR QVRRINUWKH WRWDO QXPEHU RI DWWHP
ZLWK DQ H[DFW VROYLQJ RI WKH 320'3V IRU GLIITHUHQWIVL]H
,$378RUH )LBUMHVBHI GRRSDUDWLYH LOOXVWUDWLRQ RI QXPEH
VROYLQJ DOJRULWKPV LQ GLIIHUHQW VL]H /$1V

JLIXUHL1XPEHU RI DWWDFN YHFWRUV UHFRQVWLWXWHG IURP 3*V
GLIITHUHQW VL]H /$1V



JURP WKH REWDLQHG UHVXOWY LW LV REYLBXKFOW KDA/R Y\HLUHV |
DWWDFN YHFWRUV GHNBQWXPERUQJ KPR BN WSOPM S RIBIFAYIWDS
ODUJHU DV WKLV VRE®YRRUH O FRULRWKPQSHRER'BHUYH PRUH VW
WKH EHVW SRVVLEOH SROLF\ VWD UWLGLIP £ QW WRHGWWIHIVLVRIUQN
*3/36ROYH RXWSXW DSSUR[LPDWHO\ KD QMVKHDQ R P BHA\ VRAKKD
WKHHUDUFKRLGDRULWKP ZLOO VROYH D QXPEHU RI VPDOO 320
FOXVWHUVY SOXV WKH KHDG RI FOXVWHUV +R& 320'3 &

HISORUDWLRQ DQG WKXV FRYHULKRUOKLLNY GD WVEW VKN FEN RMRAPIL
YDULDQW RI *,3 5/ DQG +5/ SURGXFHG DSSURGREOXWHO\KWKH
LPSOHPHQWDWLR®N RHODWQ WHMNLQJ RXWSXW DV FXVWRPL]
DOJRULWREBPIWIHDOWH PDQ\ SDWKV DQG SXVK WKH 5/ DJHQW WR LJ
WLPH EXW DOVR UHGXFHV WKH QXPEHU RI DWWHPSWHG DWWDF
UHGXFLQJ WKH QXPEHU RI DWW DUFINW H RV VEL @& MELFND W RZXK IPAHKF B D

7KH WRWDO QXPEHVLRILPSRDODWD QMWHPAWRPHDVXUH WKH H[SORU
KLIKOLJKW WKH IDFW WKDW 3*V VD YWHWHERRQWEE@ oAU DRV VID DVFND FFRIY
VXEMWLYH DQG RIWHQ PLVOHDGLQJ DV QRW DOO DWWDFN YHFWI
,$37) LV D VHW RI S\WKRQ VFULSWV WKDW H[WDHQ QYWHDMAANO D WINDNI
DQG XQZRUWK\ DWWDFNRYLWWRURXUKHOURVKWOWRYV LV XQH[SHFYV
/I36ROYH DQG RWKHU WKUHH FDQGLGDWH EHFDXVH PDUJLQDO Z
WKH UREXVWQHVV RI WKH SURSRVHG PRGHO ‘H LQWURGX¥FIHG

DWWDFN YHFWRUWYLER VIHIXHIG E\



JLIXUH® PSDULVRQ RI WRWDO QXPEHU RI YDOLG DWWDFN YHF

W LV REYLRXV WKDW RQ WKH WRS RI WKH RYHUDOO SHUIRU
LQLWLDO EHOLBI3ORGYH5DOIJRULWKPY SURGXFH D VLPLODU 1
SROLFLHV ZKLFK UHPDLQ ZDV EH\RDR@ WK P DFED WHS R U W KWHPH\
/$1V ZKHQ WKH VL]H DQG FRPSOH[LW\ LPSDFW KXPDQ &(+ DQ
FRPSRVLWEYIQRQ/ DWWDEQLQKHY RFW R U VKD Q/6 R U8 D)WHIDE R U¥
DQG DWWHPSW RLJFARPSRKPEHWWWDFNVY UHVXOWLQJ LQ GL)
ZKLFK PRVW Rl &(+ ZRXOG LJQRUH

)LQDOO\ ZH HODERUDWHG DQ LOOXVWUDWLYH JUDSK IRU FR
FRYHUDJH IRU ,$37)* 8Y3i68RIO¥H/,RLWKDO EHOLHI DV LW LV
LPSOHPHQWDWLRQ LQ WHUP RI WLPH DQG YDOLG DWWDFN Y
HISHUW &(+ DQG D FDOFXODWHG YDOXHV IRUIQBXWXOO\ DXWF



JLIJXUH' FRPSDULVRQ RI ,$37) &(+ DQG 06) SHUIRUPDQFHV LQ WH
FRYHUHG

)W LV REYLRXV WKDW ,$37) LV WKH IDVWHVW 37 DSSURDFK DQG
EUXRWFH ZKLFK UHPDLQ ID$3RRUN WMOPHWHERVY®\PRUH H[SORU
KXPDQ &(+

([SORLWMHWMR@®J 9DOLGDWLRQ
,Q 37 SUDMKWERMY LQ QRW ELQDU\ RU PHDVXUHG E\ VXFFHVV
DWWDFN RI DWWHPSWHG SURS HUQW LW KD WXFG HDMV HQ/ W ¥ WH R
DQG ZLOO EH UHSRUWHG DFFRUGLQJO\ IRU FR P SO0SRYHN 5XE
DQBOQYHIDWLYH DUH QRW SRVVLEOH WR PHDVXUH DQG H[SOI
PHWQDRPHG H[SORLWDWLRQ UDWLR ZKLFK LV VIQRQ\P RI WHYV
QXPEHU RI VXFFHVVIXO RI IDLOHG YDOLG DWWDFNV DWWHP
'H FDOFXODWHG WKLV UDWLR IRU ,$85W D& (Q HIBQUBHOBHODM\G LUOH



J)LIJXUH' FRPSDULVRQ RI ,$37) &(+ DQG 06) SHUIRU®RIQW B W LLRQWUIHL
7KH REWDLQHG UHVXOWV KDYH RQFH DJDLQ EDFNHG ,$37)
VSHFLILFDOO\ ,Q 3WK IRX \R B¥RRV® EPW ISHOQCBGIBKWRPDWLRQ Of
XQUHOLDEOH &(+ ZKHUH GHVSLWH EHLQJ WLPH HIILFLHQW U

37 JHOQOHUDWHG WUDIILF

37HIILFLHQF\ LV RIWHQ DVVHVVBGF&H WH R X UGRDXQWKEP @&X I MQ
H[HFXWLRQ @GHQVEBRHUN RRQJHVWLRQ RU HYHQWXDOO\ GRZQWLF
JHQHUDWHG UHFRQQDLVVDQFH GHY$ARHWDWL[BQ RALWDNLR G
DPRXQW RI JEQHE DLW HG X\DWO\ FRQVLGHUHG SURSRUWLRQD\
QHWZRUN VHFXULW\ PHFKDQLVPV DQG HVSHFLDOO\ ,QWUXVL
PRQLWRULQJ IRU DWWDFN GHWHFWLRQ ,Q WHUW®WHGY ROULDA!
FDOFXODWHG WKH QWMPEHY FSIHWHWPIHEGI BAXB37) &(+ DQG 06)
LQ ILJXWKH REWDLQHG UHVXOWYV LQ SDUDOOHO ZLWK WKH W
WHVWLQJ



JLIXUH' FRPSDULVRQ RI ,$37) &(+ DQG 06) SHUIRUPDQFHV LQ WF

2EWDLQHG UHVXOWYV LVONMDXNQUIWDKBHHG WVRKHS RAMWH. R Q VDIVU, $BH Y W
QRLV\ LQ WHUP RI JHQHUDWHG QHWZRUN W UBPBRIRS OMRDHO WK |5
DV LW DWWHPSWYV IHZHU DWWDFNLQJ YHFWRUV 1RQHWKHC
SDUWLFXODUO\ NHHQ RQ QRW WULJJHU VHFXULW\ PHFKDQLYV
HIITHFWLYH EHFDXVH RI YWXOL 8 PRIOVWIPRXRBXFHG DQG DOVR

$37)([SHUWLVH H[WUDFWLRQ DQG 5HWHVWLQJ
$V ZH GLVFXVVHG LQ &KDSWHU DQG VSHFLILFDOO\ WKH UH
,$37) LV LQWURGXFHG DQG LPSONFWEHWGHWR WDBROHFPMZ K I
LQ SUHYLRXV VHFWLRQV WHVWHG DQG YDOLGDWHG WKH 5/ |
SHUIRUPDQFH HQKDQRHPG QW [RQ WHAKP $R1 WHVWLQJ WLPH |
H[SORLWDWLRQ] QBWZRUEXFRQJHVWLRQ )XUWKHUPRUH W
LPSOHPHQWDWLRQ RI ,$37) H[SHUWLVH XV[MW PHIFWDRQV BW @H



WHVWHG WR DVVHVV WKHLU LP SDFW BRFS{HWBIREG RDE K YR KD
E\L QW URDBNXFERD® JHNVUMBPPBHU RI PDFKLQ W IFRLFIN U R UZIRKIEGRE N
VLWXDWLREWZARHUNY FKDQJH RYHU WLPH DV UHVXOW RI KD
VHFXULW\ DUFKLWHFWXUH FKDQJHV FRIHVJRQBRIWDIERQ VE\ DI
PDFKLQHV DQG UHPKRHY VDHVRMRBUADY FDUULHG RXW LQ WZR
LPSOHPHQWDME&ERQYRI Z/3VK FXVWRPLVHG ,QLWLDO %HOLHI D¢
+5/*,3/36ROYHFAMWRPQVNWGDO %HOLHI 7KH WHVWV XVHG W
SHUIRUPHG EHIRUH LQWURGXFLQJ WKH FKDQJHV LQWR WKH
7KH ,$37) XWLOLVH WKLV FUXFLDO IHDWXUH LQ WKH MXmMVW
DQG ODUJH VL]H 320'3 E\ RSWLQJ RXW RI WKH KHDY\ZHLJKW
S\WKRQ VFULSWV WR SURFHVV ODVW WHVWLQJ RXWSXW DQG
LOQMHFWHG LQWR WKH 320'3RFOIVIMHGQPH W DR GVWKHZ/ YSOUW L D
KHUH/8,8ROYH ZLWK ,QLWLDO %HOLHI

7KH REWDLQHG UHVXOWY ZHUH VXUSULVLQJO\ EHWWHU WKDC
/I36ROYH ZLWK ,QLWLDO %HOLHI SHUIRIBPHG WX \E HRW \W R Q W\
DQG SROLF\ JUDSK 3* DFFXUDF\ ZHUH FDOFXODWHG E\ GLYL
QXPEHU RI SROLF\ JUDSK 7KH SHUIRUPDQFHV DX HWKQHWRRRI
DVVHVV WKH FRQM UH[BXWMRQY HRIH[WUDFWLRQ JHQHUDOLVDW
SHUIRUPDQFH HQKDQFHPHQW VZHWSKIR VIDHPEHGHWER RWHN ZL W K
PLQRU RU PDMRU FKDQJHV WR D GLIIHUHQW QXPEHUQRWRBIF
FRQWH[WWRI PDFKLQH /$1V ZHUH H[WUHPHO\ HQFRXUDJLQJ D
WLPH LQ VROYLQJ DV VKRZQ LQ )LIXUH



J)LIXUHSM/HVWLQJ WKH VDPH QHWZRUN ZLWK LQWURIZERQYH SH
7KH REWDL@HGE H HNQPQWRRXYV 7KH SHUIRUPDQFH HQKDQFHPF
EXW VWDUWHG WR LQFUHDVH LQ PHGLXP /$PD KR QHH DS/ YH
ODUJH FROMWW[WUWKHU EH\EMUHU HPWGHEPHWOX MOV RY YDIX QH D\
2YHUDOO UHYBHIBRIOYH 53 URGXFHG YHU\ JRRG UHVXOWYV LQ
UHPDLQHG UHODWLYHO\7KHJK H\QX O\ VY JWKRSZ6VRPH ORAS/ RI
FRPSDUHG ZLWK UHJXODU 5/ IRU YHU\ VPDOO QHWZRUNV ZlI
FOXVWHUYV YXOQHUDELOLWLHYV H[SORLWV 7KLV LVVXF
DQG FOXVWHU SURFHVVLQGRYQXWSGHV,\Q VPO® RM QHWIRI NV
SURGXFH RIWHQ D ELJ QXPEHU RI VHFXULW\PDOPKL\WHVYV 320 &
RQ WKH WRS RI WKH 320'3 UHSUHVHQWLQJ WKH +HDGV RI F
H[HFXWALQJDIPRXQW Rl GDWD PDQLSXODWLRQ DQG 320'3V VF
7Kl IDFW WKDW 5HJXODU 5/ VROYLQJ RI HQW,BUHII3RPWS LW OD
DSSUHFLDWHG LQ ODUJHU QHWZRUNRDF® GQUH® A W ZBRONNUN H R )
YXOQHUDELOLWLHYV H[SORLWV +5/ DSSURDFK UHTXLUHV



“ GD\V LQ *UBJXRQW HH\RP® AKKI®H VL]H +5/

OHDVW WLPHV PRUH HIILFDAKQWI B YE]HHDFROGYWHUYV Y
H[SORLWY,3 $5/UIRUPHG DOPRVW DV ZHOO DV DSSUR[LPDWH
‘ GD\V FRPSDUHG ZLWK : *»3 DQGGD\V IRL

¢ D v KHQ ZH UHSHDW WKH WHVWYVY XVLQJ WKH RXW
DIWHU SURFHYNVQUIS®(\R6 (86 SHUIRUPDQFH DQG RQO\ UHTXL
ZLWK IRU D S:SHUWR KHP@® WVHH V W FBG3 BVRKGHY H5Z L W K$ GV | DHRUWGED Q WH V
SHUFHQWDJHV DV VKRZQ LQ ILJXUH

JLIXUHSMHVWLQJ WKH VDPH QHWZRUN RIL WKD IQQ W XR/BRBEREY YIH S H L
7KH REWDLQHG UHVXOWYVY RXWSHUIRUPHG WKH UHJXOD[WS5/ U
RlI ODUJH /$1 DV LOOXVWKHWWHGIRQPIRDQKHHZHUH EH\RQG HJ:
SHUIRUPDQFH HQKDQFHPHQW LQ WKH UHWHVWLQJJPRBEWIKQHYV
WKUHV KB OGIIREIR OYHWHVWLQJ FRPSDUHG ZLWK ILUVW WHVWLQJ



J)LQDOO\ LW ZRUWK WR KLNKOWWEK QI WEHRDY\W UGHEV SILW H WHIQH UsH
DQG VFHQDULRYV DUH WKH PRVW SUREWEBHY DQWG PDBDR
PDFKLQHV FRQILIJXUDWLRQ DQRUGRQHQ FHH SIHHURLHIQYF M Q A K OFQDHYX
RYHU VKRUW SHULRGD @G® HN\R WHRU PRHQGALK WP\ ISBIWKRIG! L X)8UWM R
LOOXVWUDWH ,$37) WKWLRPRRRQWRRIKFRIQMUDUERKLFDO 5/ PRC
FXVWRPL]DWLRQ E\ XVLQJ ODVW WHVW RXWSXW GDWD

JLIXUH$37) WHHVWLQJ SHUIRUPDQFHVY HQKDQFHPHQW E\ DOJRUL
I$1V

7KH SHUIRHPRQBOHFWMPHQW X Q DUH\W R XBNZRLYQKMR UHVXOWV VXU S

WHUP RI SHUIRUPDGBH*HQEKORFHP ISBWIRUPHG PXFK EHWWHU

WHUP LI FRQY XWHG& X\OLWW LQ WKH FRQWH[W R VSR V L WPIDYFHK



"LVEXWWQEBQUHIOHFWLRQV

'LVFXVVLQJ ,$37) UHVWGIW \R 5W DD WCRW BEXW B UQ/L 6 JYRORLG-HWD.
WKH RSRVHG PRGHO C5Q®& COMEUH) DO IDQHG G LIWRKNMVREWDLQHG U
VROYL@RUEBB®7 SURBOHBVWNRI2W'3V WKHQ ZH SURFHHG ZLW
UHVXOWYV REWDLQHG ZLWK GLIIHUHQW DOJRULWKPV 5/ UHS
DV ZHOO GLIIHUHQWWHI\FWUQW \DQ)GGERASD BRI F K \W/HAHRER KRR
ILYHYDOXDWLRQ PHWULFV FRQYVXOHGLWOPKH ZKRFKUDUH H[S
H[SORLWDWLRQ FRQJHVWLRQ DQG ILQDOO\ H[SHUWLVH H]
FKDQJHV

5HLQIRUFHPHQW /HDUQLFXRDEH: PRGHOOLQJ
7KH FKRLFH RI 320'3 RYH U XU'\RWWEXAEWR DO WR VROYH DQG HD

WKLY ODWHU RQO\ FRQVLGHU WKH SHUIHFW NQRZOHGJH RI V
,Q IDFW 320'3VIRRFRR®RQW R XUMEBNVQRV\XQFIHRUPO\ DQG DOORZYV
GLVEFRYHU\ DQG LQIRUPDWLRQ JDWKHULQJ DFWLRQV 1RQHW
HQRUPRXV LQWUDFWDELOLW\ LQ VRQ@ L @R QWKH XHREOH PZ R
PRGHOOL @J3WKHYBIBWIDMWH 0'3 WKLV DSSURDFK FRPHV ZLWK )
WKH IDFW WKHDW WRBXYHLY DQ H[DFW PHWKRG IRU GHWHUPLQ
WKH RSWLPDO DFWLRQ FDQ EH UHDG IURP VW WH I DVQLRH IFKRFFES/
VROYLQJ 320'3LMWMHYDWXRQ LV H{TSRQHQWLDO LQ WHUP RI QXP
DQG WKH GLPHQVLRQDOLW\ Rl WKH EHOLHI>VSDRH ZKLFK JUR
,Q WHUP RI VROYLQJ DSSURDFK ZKLFK LV 3ROLF\ ,WHUDWLI
PLPLFV WKH EHVW SRVVLEOH ZD\ WKH OHBYRHQW BOE LVARDR
JHQHUDO 3ROLF\ ,WHUDWLRQ DOJRNWWW K P VQFK RR\HH YID G RID U §
WKH FXUUHQW SROLF\ WR ODWHU XSGDWH WKH YDOXH IXQFV
WKH SROLF\ DQG RSWLRQDOO\ LWHUDWH 3ROLF\ ,WHUDWLR
DUH FL.AVZWLFK LV WKH LPSURYHPHQW RI RULJLQDO DOJRUL\
HIILFLHQW HYDOXDWLRQ PHFKDQLVP WR DVVHVV ORFDO YDO
RI SROLF\ XWMQDWHQARVHVUROOHU > @G HKHGVHEFR Q\K R SSWA6R(¢
%DVHG 9DOXH ,WHUDWLRQ > @ ZKLFK VROYH 320'3 IRU ILQ]
OLQHDU VHIJPHQW IRU HDFK EHOLH| DRLE) WHIBEEEH Z WEHHWODL\M H 7R



DV ORQLPYURKHPOOQWHORZ DLWROBVKRWGY LPSRUWDQW Wi
WKH XVH RI D KEBBKHEBMHURD HEQR/RWLYRIQJ O D UBHIW MRARWK VL]H
HIFHHGLRDFKLQH UHVXOW LQ YHU\ ODUJH 320'3%H BR EVUHDAFRW
HIDFW VROXWLRQV 7KH +5/ PRGHOOLQJ ZDV WKHQ SURSRVH
,$37) XQLYHUVDO DQG RSHUDWLRQDO LQ DOO VFHQDULRYV

,$37) SHUIRUPDQFH
2YHUBEBCOCREWDLQHG UHV X DW V XFPRRWIRWX\NG OMOISBRUBHFLILFDOC

WKHXWRPDWLRQ PRINGSFUVRBR®DQFH HQK D Q RN HRYXY WKEGG X R B\
UHVRXUREHNQMRYH F\EHU V HFXASLWD\F DRIRFHR-RIFD DOV RRGFR S H C
VIVWHPV DQG IUDPHZRUNV BWWHRUBRGMVHILQHG UL XIQGEHIO R X P D Q
EOLQGO\ DXWRPDWHG PDQQHU EXW ERWK DSSURDFKHV IDLC
SUDFWLFH LV HYROYLQJ QRWDEO\ WKH LQFUHDVLQJ VL]H DQ
YXOQHWRENODQG WKH FRPSRVLWH WHVWLQJ VFHQDULRYV

DSSURBGKMR/GHO Y HQI HVILFLH QWD AKKIH) DXS/SIGR SULDWH FRQWH
/$1V DQG ,$37) UHVXOWYV DUH DG G LSHWRIEGD O RHYE FEHPQFHWE F R\PK
WR DQ DYHUDJSH KWPDQ

,Q SUDFWLFH WKH RXWSXW RI WKH 5/ VROYLQJ LV DFWLQJ
SURFHVVLQJ WR FRQYHUW WKH UHVXOWV LQWR D PRUH XQGlH
IRWROYLQJ WKH 320'3 SUREOHP RWKHU IDFWRUV ZLOO EH FR
GLIIHUHQW 37 WDVNV E\ WKH OHWDVSORLW 06) DQG RWKH
DSSUR[LPDWHG WR BRIQVXR HAGK W LRPYHH WIKGIOW f$ 3575 W RQE® W O X O
W K H BMHEV@YHW ZRUNV U RK M RE W BPIKRE B UHY &/&XXVWUDWH DQ LQL\
RI GLIIHUHQW 5/ VR®NUIRUB O OFBVMMVKP\GLIITHUHQW /$1V ZKLFF
PDQXDO 37 FR QNDXNGHW KMUWKRSHULHIBFHFRYVRQ® BQWDV ZHO
HPSLULFDO HVWIYMW DRQWRIPW KUHH T X L U H G W RL SVHKU QFRAR BIRQ P (X
LV FORBPVYIORXV WKDW ,$37) RXWSHUIRUPV ERWK P D®LXDHUBQ
GLVFRXQZAH WD WRQVLGHUHG LQ WKH RSWLF RI ILQGLQJ D V
HQKDQFHPSQMMWHD®GQJ WKH UHDOLVWLF QDWXUH RI RXU ,$3"
,QUHJIJXODU 5/ PRGHO ,$37) SHUIRUPV EHWWHU WKDQY &HB[S
DFFRXQWLQJ IRU WKH JDLQ DVVRFLDWHG WR H[SHUWLVH H[V



ODUJH 320'3 SUREOHPV DQG WLPH ZDVWHG LQ LQWHUDFWLRG
ZHDNQHVV LQ WKH SHUIRUPDQWHNW LY JFRRHYWBIBIH\ YEB8J)GDW
E\ DW OHDVW GRXEOH KXPDQ FRYHUHG DWWDFN CSLIPN QD WDH K/
WHVWLQJ YHFWRUV RU RPLWWLQJ VRPH FRPSOH[ DWWDFNLQ
IRU WKHW VHFXULW\ 7KH FRYHUDJH DQG H[SORUDWLRQ PHW
LQ IXWXUH ZRUNV )LQDOO\ ZH QRWLFHG WKDW ,$3/KDIISDIR
DQG WKLV LV PDLQO\ GXH WR WKH FRWX®H3IRW'3 ZKQ ¥ KUIRRQSDH
ZLWK XVDJH RI PHPRU\ GXULQJ WKH VROYLQJ RI WKH SUREC
ZLWK E\ SURSRVLQJ D KLHUDUFKLFDO 37 320P3DF R GHOVUHDGH
VDPH FOXVWHU ZKIHFE®& ZQARXRWXHUGHARDINY DORQJ ZLWK LPSUR®
IRQHWKHOIKWVOWDU 5/ DSSURDFK UHTXLUHG WR VROYH ODUJH
PHGLXP VL]H /$1 UHTXLUHG D KXJH DPRXQW RI WLPH RI
PDFKLQHV DQ@® 2KQEKDIMRQDEOH DPRXQW RI WLPH 7KH SRRU
RI PDFKLQHV ZDV H[SHFWHG DV WK H6 3§ R F W RF290H WR OXU
FRPSDUHG ERWSOH3WH LQ DSSUR[LPDWH VROYLQJ WKXV WK
FRPSXWDWLRQDOO\ LQWUDFWDEOH :H WHVWHG WKH QHZ KLH
VHYHUDO VPDOO VL]H 320'3 SUREOHP IRUFBREVFN FOX\BR6'G B/IK
'H DFFRXQWHG IRU WKH RYHUDO & X\DLWW¥ IURFUT KLLYUHH 8 R O K i GRIE BV
3(56(86 5/3/36ROYH',HB6ROYH ,QLWLD®, pHERHIH+5DO,G +5/
/36ROYH ,QLWLDO GoHQLHUOWH W&/KWEER YDOXHV DQGQ/WDC
* 3 DV ZLWK RWKHU HIQFEVBVROPPR O B IRKLWEPE KD BGREOHP
ZKLFKFRESXWDWLRQDO FRPSQDEVRONMHBKKRIUQJ DQ DPRXQW F
SRO\QRPLDO LQ WERIONQBRYD O BMEMWHX {SRIOTERELRULWGRRA )
RSWLPDO SROLFLHV IRU 320'3\Q QKPR JWRP L QR QXWIRWDV EE O
GHFLVLRQ KRULJRQ LV ODUJH WKH XVH Rl GLVFRXQWHG IDFV
SUREDHR/ROYDEOH LQ SRO\QRPLDO WLPH ZKLFK LV EDK)XIH
PDNLQJ WKHTXR® P DOIBW 2WMRFIX ®UH IXOO\ REVHUYDEOH 320'3
7KH SHUIRUPDQFH HQKDQFHPHQW LQ OPNAK L/ H VL KLV BEKH G
PRGHOOLQJ ZKHUH WKH VHFXULW\ FOXVWHULQJ LV LPSDFYV




FRQVLVWHQW ODUJH FRUSRUDWH QHWZRUNV FOXVWHULQJ
+5/ *, 336ROYH VROYLBPR UEH FMRPHNL I9Q WDIIAMNTZ K LAKW KH XOWLP
YDOLGDWLRQ RI WKH +5/ PRGHOOLQJ GHVLJQH® V@6 Q@S OHP
QRWLFHG WK/BWRO5H ,BQG/86RO8H ZLWK ,QLWLDO %HOLHI DL
* 3/36ROYH DI@GRQYH ZWWR QTEIHNOQRNYV RI SHPSRE WHGFB QS M
E\ WKH H[WUD SURFHVVLQJ GRQH ZKHQ GHILQLQJ D KLHUDUF
DSSUR[LPDWLRQ DW WKH KLJKHU QRGHV RI WKH KIYHDWDRKK\
VSHFLDOLPHYB@®ZBR0'3V 7KH PXOWLSOH WHVWLQJ VKRZV WK
LQ VPDOO /$1V ZLNWK QWRIIEHKL QHV ZKLFK LV QRW WKH EHVW
KLHUDUFK\ LV MXVWLILHG BE\QW KH WH ORRXWLEY JRD W KHHE RG D]
RQ WKH SHUIRUPDQFH ORVV DV D IMN.@FPVDIOR Q LRV RVRKUHIHH/TE IR RN
WKH IDFW WKDW WKH WRBWLIGBHAD Y36 RPIYWHZL WIR ,% YHUVLR
WR VROOH HIWUPLY HIILFLHQWO\ DQG HIIHFWLYHO\

([(SHUWLVH HIWUDFWLRQ DQG UHWHVWLQJ
, Q WHUPWHR/MWUHK)I WKH SHUIRUPHG WHVW RQ GLIITHUHQW /$1V

RI FKDQJH LQ WKH DVVHVVHG QHWZRUN ZLWK WKH FKDQJHV
7KH REWDLQHG UHVXOWYV FRQILWRHEHR/Q® DPIHWK 5Y HI[S\HHUDLLR
UHXVH FUXFLDO LPSDFW ZKHQ XVHG DV SULRU NQRZOHGJH L
E\ QRWDEO\ DFFHOHUDWLQJ WKH FRQYHUJHQFH WRZDUG RS
FRQWH[WWRI PDFKLQH /$1V ZHUH RXWVWDQGLQJ DQG UHGXFF

DQG FROWMWHHWHVWLQJ EULOOLDQW UHVXOMQKDQHRHD EQ
/36ROYH ZKHWVKDX@/HD IPHFK D Q D\QRG LRD PDH D@L G E B Q IQHMWADV S
YHU\ HIILFLHQW HVSHFLDOO'$LQ VODOPW QG3PHGREPH/ LMD Y
VROYLQJ 5/ DOJRULWKP ZK LRR B UH RJMAHDQO &Y EFDCDOCH.GV D E X W
WKH LQWURGXFH® FEKHIDQH WOQE FRUMWIDQJ DORQJI ¥ RPK SUIFR
VHTXHQFH RYHU RWKHUV HRWDEIRHWE WX FKQHZWYDHIL MDOVE W RH C
DSSUR[LPDWH VROYLQJ DO XPQIGMKEPRV LY R K HV IRKV KHDUMH Q H
LQWURGXFWLRQ RI PLQRU FKDQWR/ DS HF PDWKLOYKHW SHU® LF
37 SUDFWLFH E\ FXWWLQJ GUDVWEKRF O DD WKEHL DR @V MIN-VEVIMQ.(



ZKLFK LV RIWHQ WKH FDV WWQ@RIAKEXQVRHUU LGRHOULFLWH WKH OD
FRQILIXUDWLRQ FKDQJHV ZLWKLQ WKH QHWZRUNV V\VWHPYV
7KH H[SODQDWLRQ Rl WKH REWD L Q HD V HRHR-RAW W KZH. WKCREIMM LIR
WKH DOJRULWKPYV DQG KRHQWKHG X QHWK K H 5O 8 Bl QSR H D
EHOLHI VDPSOLQJ ,Q IDFW SROLF\ VHDUFK DOJRULWR®YVYHDC
WKH 5/ SUREOHP DQG WKXV VDFULILFH DFFXW DS SIRILAWWR R U\
YHWRQV Rl 3(56(8686RABYH DMBGEROXHB,% ZLWK GLIITHUHQW OHY
VROYLQJ DSSURDMK. RPQ G2RSWKRLIRWKHU VLGH WKH H[DFW VR
UHSXWWIGHEU EDG SHUIRUPDQFHVVEQXMMW RIRGE) RIBIMX O RV ¥ LIVKG.
QRW PRDQWQGLQJ WKH H[FHSWLRQ EXW IRU FRPSDULVRQ DQ
ZLWK* WKHHUH H[SHFWHG DQG FRQILUPHG WKDW UHO\LQJ RQ \
DQSRVLWLYHHRKXWBXW ZH LP SO HRHIQ WHIBY DRRX VRADRRIO\ RQ EHC
VHTXHQFHV SULRULWL]DWLRQ ZKLFK LQW®&HN®/ LSQIR G KIFE 0 UID
RXWSHUIRUPHG WKH DSSUR[LPDWH DSSURDFKHW NQUHDWH QR
ZKHUH WKH DG WIWVLIR® FEXWRXBRW WKH VRXJKW LPSDFW RQ WK

([SORUDWLRQ DQG ([SORLWDWLRQ
5/ LV WKH RQO\ EUDQFK RI PDFKLQH OHDUQLQJ WKDW FDQ HQ

DJHQW WR H[SORUH DQG SHRDRUP JVKQTEHQWLDFH BE B EDWRRD
SROLFLHY DOVR NQRZQ DV SROLHAWHJIRIDSRFX WXD VD GG YUH D HY
DFFHSWDEOH SHUIRUPDQFHV LQ UHODWLRQ WR FRPSOH[ WD)\
EODEFR| VRPHWHPR{VZKHQ LQLWLDO EHOLHI LV SURYLGHG D\
GHFLVLRQVFIL WR B HSH LURQ FKHYW GOISXWLBQWDUH 3*V ZKI
LQWR DWWDFN YHFWRUV XVLQJ DX@® R\DKXNGD WAL BMW Y HFKUR ¢
WULFND QDU MHHSI HNQGHUVWDQGLQJ RI ,$/7) XOQFGW HR © H © [ DDOOCF
PHFKDQLVPV XVAGLSWEKQJDWVRY FOHDQLQJ DQG F R[C\ORUWDW
PHDVXUHPHQW LV URRWHG [SD IVK@D CHMGC E@REMBIFPX R HGKHR Q

UHVXOWV RXWSXW DQ® KM R EHWDD DG BWMLHROXEBR WY M FSHO RRI@MW UR
H[SORLWDWLRQ EDFN WKH WKLUG K\I$®& V8K FHVULD/F VRIUF W/ ISILAR G M F
UHVXOW LQ WHUP RI WHVWLQJ GLITHUHQW Y XO QHUDEND LMW IR
YDOLG DWWDFN YHFWRU FRQYHUWHG LQWR FRQILUPHG WHYV



,$37) H[FHHG E\ IDU DQ\ &(+ SHUIRUPDQFH ZLWK WKH QXPEHL
,$37) PRUH UHOLDEOH LQ WHUPVQRB B D FRXIWDOWWHRIP Y G KQE®
DOJRULWKP DQG DGRSWFIKGLP B QO 2 EMHIBU (BBG Y W R \B G RIBW WD A
SROLFLHV ZKHQ WD UJHAXNGHRMWKHGO VRKERE®WDLQ VHQVLWLYH
PRVW VHPKLQG ZDW KEGWXHHWE R YW DM LXOWH, \D\VE B BIW H & KD S U
SROLF\ LV IURP DQ DWWDFNHU SRLQW RI YLHZ REYLRXV EXW
YHFWRUV GHVSLWH EHLQJ QRW PLQLPDO LQ WHUPV RI FRVW
,$37) ZKLFK LV DDIHOFMHWR R®GLFLW\ IRU D KLIJKHU REMHFWLYH
FDSDELOLWLHV ZHUH DEOH WRRELYQ® XV YCHUW B R R\SRTHY GCHYGZ R
ZKHUH UHO\LQJ RQ DXWKRUV H[SHUHHAWPKN FGR BLXGHKIHDMEHRD®R
SDWISIGRHW. QJ UHOHYDQW DQG H[SORLWDEOH E\ KDFNHUV EX
PRUH GLUHFW DWWDFN SDWKYV

J)LIXH SDUWLDO LOOXVWUDWLRQ RI ,$37PBRKMLSXHYW DSIW D FN L (

7KH VLW X®DVWLIRHQ/$TY LV FRPSOHWHO\ GLIITHUHQW DV WKH DW
FRPSOH[ DUH OHVV REYLRXV WR JUDVS E\ KXPTKH &[4 XAGC
VXPPDULVHYV IHZ DWWDFN YHFWRUV WKH PROWM @& HQ HN¥YD® WU F
LQ GLIITHUHQW VHEFEXULW\ FOXVWHUV ZKLFK UHTXLUHV WKH
PRYHPHQW RSHUDWLRQV ZKLFK LV LOOXVWUDWHG E\ WKH G



JLIXUH3DUWLDO LOOXVWUDWLRQ RR, 3P RXAQSNW $IIW W D F N
7R VXP XS ,$37) GRHV QRW RQO\ RXWSHUIRUP &(+ DQG EOL"
DOVR LQ WHUP Rl H{TSORUDWLRQ FRYHUHG DWWDFN DQG HI[S
DQG WHVWIEBYDIWKBDIEN SRYXWWRPHYRIHIFHHG QRWDEO\ WKH S
SURGXFHBYVWROYM)J 320'3 UHVXOWHG LQ 3*V FRQINWUNMVGE H Q
YDOLGDWHG WKDW ,$37) RXWSHUIRUP |& YBHVD/E VEPOHLGME IDEKWV U
HVWLPDWH WKH HYDOXDWHG WKH RYHUDOO FROQWULEXWLRQ



PDFKLQH QHWZRUN DQG WR WLPHV EHWWHU WKDQ EOLC
KHDY\ZHLS$SKW FHWMYV L QS WLRFGE \B\RIMVW



&KDSWEBRQFOXVLRQ

S5HVHD2AXAKS XWFXVVLRQ

7KLV VHFWLRQ UHYLHZV WKH ILQGLGIVLRIIJWKKLW[SHVHPHEG W
SURSRVHG 5/ DQG +5/ PRGHOV DQG WKW BSHDWRQPDWKH WH V5%
VL]H /$1V UHFUHDIRHBO B XD WIDUHDRXU YLUWXDO HQYLURQPH
37L\DFRPSOH[ DQOGWOHHDERIUW H SUDFWLFH ZKLFK GHV SPLRWHV @K
DXWRPDWWBPY WKH FRPSOH[LW\ RI 37 W DFNWUBHYDVEBKRURHD F
UHVHDUFK KDV GHYHORSHG D QHZ PRGHO B3 QRPHOWIV FRIE
GXULQJ WKLV UHVHDUFK KDYH GHPR GV WWRD MGIIEE WKRH WHZ DRUFHV
FRQWUROOLQJ DQ DXWRPDWHG 37 WHAMWLR) IV RH [FSRORADAVL R'X
7KHUH ZHUH D YDULHW\ RI 320'3 VROYLQJ DOJRULWKPV XVHC
DSSUR[LPDWH VROYLQJ 3(6096QHDWKSEBRWKD KRILQJI DQG GLII
KDQGOLQJ DQG JHQHUDWLQJ WKH LQLWLDO EHOLHI 7KHVF
HPSOR\HG LQ GLIIHUHQW VFHQDULRY DQG LQSXWW HRR RJRD O
320'3V $OWROKH QJ DSSURDFKHV ORRNHG DW DFKLHYHG HI
DFFXUDF\ LQ WHUP RI Y X OBHY DEICHWD\QHF S Q R LW WA RQ GHFL
7KH GLIIHUHQW VROYLQJ DSSURDFKHV DQG OIJRYDWWRM Zig
IURP WR PDFKLQHV FUHDWHG IRU WKLV SXUSRVH DQG RI
&KDSWHU

2YHUDOO WKH SURSRVHG 5/ DSSURDFK LPE®XE8PN@WWE® PLW
VIVWHPV E\ IDU LQUMBQ FONGWQQNRBEBQD/$1V 'XULQJ WKH IL!
RQO\ UHJXODU 5/ LPSOHP HQWMHWI R R bl BB QLFHW URIGXIKH GUDP
WR WKH KXPDQ H[SHUW &(+ LQ VPDOO /$1V EXW WKH JDS V
PDFKLQHV WR EHFRPH KKUW ZRVO®XHHVBRXU FKRLFH Rl RSW
RI 320'3 ZKLFK LV FRPSOH[ DQ G ¥R VRMROGH MIREHHIW KRHEIBNPVE W K H
IDU VXSHULRU WKDQ WKH &(+ PHDWRXYUHIH €\ DMKIDE X PERHFIWHRIUF
YHFWRUV UHVSHFWLYHO\ )XUWKHUPRUH WKLV UHVHDUFK

+LBUFKLFDO 5RIPRGMAR WDFNOH WKH VFDODELOLW\ LVVXH L
VKRZHGSWKDB®HU IRBERIWGH DIQURXPDQ H[SHUW &\(RI ER®NKXP®C
WLPH HIILFLHQNRI DAQHV WQ QUHRRPY HUDJH DQG WHV® UHOHYDQ
J)LQDOO\ ZH KLJKOLJKW WKDW WKH ,$37) LQFOXGHV D IXU
RSPAVDWLRQ Rl WKH FXUUHQW 37 DXWRPDWLRQ QDPHO\ WKF
ZKLFK HQDEOH IDVW UHWHVWLQJ QRWDEIT) ISP WVMIEW U DAEK BFLRVP
RI WKH WHVWLQJ RXWSXW E\ HLWHH B [GHDWQ V@I QUG RD WIDH



WKH VI\VWHP PHPRU\ IRU IXWXUH XVH ,W XMHV\WUQ ¥HYIHD &
FRPPRQ LQ 37 DQG QHDUO\ VLPLODU FDVHV ZKHQ WKH WHV\
ZHUH $MAHRQDO $W D ODWHU VWDJH RI WKLV UHVHDUFK ZH
DQG ODUJH WEMMDGREWRQN DQG LPSOHPG KWHQD WDFWIZARDO UH S
37 HQYLURQPHQW DV 3XKM B\ UREOH® VWDRNORB O \GHW ZR U N
FOXVWHUV FRQVLGHUHG DV LQGHSHQGHDRW KHP U B PRIX® ' B HYUH
WKH EQWWWHUY QHWZRUN FRPSRVHG IURP WKH KHDG RI FOX
PRVW YXOQHUDRORHDQ/G ® MRKDFWHRIVLQJ DIWHU DEKLHYLQJ
HVFDODKMLVRISSURDFK ZDV WKHQ FRQILUPHG DQG YDOLGDWH
RSWLPDO VWUDWHJO MR DXKHDOEBPDWXRQ RN 37 DOIROUHALW K IS
WHUP RI WLPLQJ DQG H[SHUWLVH FDSWXULQJ 7KH +5/ UHSU
REWDLQHG UHVXOWYV DQG PRUH YLVLELOLW\ DERXW WKH Wk
GLIIHUHQW 37 DFWLYQWGEHYJELPGRWDEDOHMFHQDULRY ZKLFK
> @

7KH PHWKRGRORJ\ IRU FRQG X FDN WIHIERPSHU HKM B D UFK BB Y LGRQ
DQG 37 OLWHUDWXUH LQ JHQHUDO ZKLFK HQDEOH G W\ IW R/ K
UHVHDUFK JDS DQG HODERUDWH UHVHDUFK TXHVWLRQV 7K
SUDFWLFH LQ DFWLYLWLHVY WDVNV DQG VXEWDVNM MR LGH
UHYLHZHG GLIIHUHQW $, WHFKQR O WHR QMR HROUH RV UN B iH VIHDVUWF |
5/ EHFDXVH RILOWMR WKKMW BRPDLQ RI VHTXHQWLDO GHFRQLRQ
HDUO\ VWDJH ZH SURSRVHG D 320'3 UHSUH VQRRIPDW [FRRY HRU §
SODQQLQBEWWUWKHUDFWLFH 7KHQ WKLV UHVHDUFK SURGXFI
WKH LQWHUDFWLYH SDUW DQG QRW WKH SODQQLQJ RI RIIHC
DQG IUDPHZRUNV WR EHFRPH LQWHO O L JFRAW RQ GV B MWWR/QWR_ IR
WDVNV ZLWK QR RU OLWWOH KXPDQ LQWHUYHQWLRQ 7KH S|
DQG LQWHJUDWH ZLWK PRVW RI WKH LQGXVWULDO 37 IUDPH
DFFXUDF\ Rl PHGQXM PR GNYDRRIGWH[W 7KH SURSRVHG PRGHO
SUREOHP DOORZHG WKH FRYHUDJH Rl WKH HQWLUH 37 SUDF
ZRUOG FRQWH[W 7KH FXUUHQW LPSOHPHQWDWLR@QDRH ZRBT N \
VXFK DV OHWDVSORLW DQG SHUPLWWHG KLJKO\ HIILFLHQW
UHVRXUFHV FRYHUHG WHVWV DQG DFFXUDF\ Rl WKH SURGXF



SHYLRERQWULEXWLRQV
7KH PDMRU FRQW DISSX\VRDE® RV WKRL\DSSO\ 5/ZRUHFE QUREOH
DXWRPDWLQJIWMYG3IRSVWIDARWLEHVHDBNEOKWHG LQWR D QHW LP:
IUDPHZRUN SHUIRUPDQFHY QRWDEO\ LQ WHUFWFNRWRQ DX PHH
HQKDRQWIK® SURGXFHG UHVXOWYV 2X0 FREN® RE WD G GVS\HUF\DLO/N
IUHH IURP KXPDQ HUURU 7KH VHFRQG PDMRU FRQWULEXWL
H[SHUWLVH RI KXPDQ H[SHUWYV ZLWKRXW. QQWWNXEWXOR Q W I
LQ IRUP RI UHZDUGLQJ YDOXHV XQWLO LW UHDFKHV D FHUW
FRYHUDJH E\ DWWHPSWLQJ WHVWYV WKDW D KXPDQ H[SHUW 2z
ODFN RI)WQBPBAO\ ,$376 SHWUPHMM WAKRI UHKH WHVWLQJ RXWS X
FDSWXULQJ WKH H[SHUWLVH GXULQJ WKH WHVW DQG VWRUL
SURYHG WR EH YHWHWWLEOWVVNAMQLBRREE® BQ DQG QHDUO\ VLPLO
WKH WHVWLQJ WLPH DQG DFFXUDF\ Rl WKH SURGXFHG UHVXC

,$37) SHUIRZRBIQFBIGRSWLQJ UHIQY QMO BKVERBBEDQYGH QHWZR L
IDUXSHUWRKW WRUUHQW L Q G XQUINWAUF\H B BWDHEADLHD M/ IFFRHY KV IXD O O\ D ¢
'KHQ ZH LOQWURGXFHG WKH +LHUDUFKLFDO 5/ PRGHO WKH
QRWDEO\ ZKHQ FRPSDULQJ EO L QW KBPRYN-EIR D VUL RIQL P 226 T [
37 SUDFMKILFH53WDRSDFK UHOLHV RQ D FRPZXQHAK SVUKRHF FOWDWLIW G
LQLWLDOO\ GLYLGHG LQWR VHJPHQRW HROWGN BS S URPG & RIZ(
320'3 HQYLURQPHQW ZLOO FRQWDLQ WKH UHSUFYHQMAD ELW ¢
WKH QHWZRUN RKBM EMSHSURDHKWHG DQG UHVXOWV REWDLQ
YDOLGDWHG RXWFRPHW ROWMBHR] PHDORUQMY WX HASIDFHG GXULQJ
SHUIRUPDQFH HQKDQFHPHQW LDQ/J WKN HUDW HFAP ZDOO3 EG' 3V B OR
GHDOLQJ ZLWK RQH ODUJH D@ ® GREE B R HQ D UFRQ RBBYWR G H
HQKDQ@FKHE SURFHVV RI H[SHUWLVH WEREWXD\WH UD QG KDQIED
UHFRQVVRDORYZH Y ZIRV B HXOHRIDEV W HQWBEMY WHUV DQG WKHQ J
VWRUHG LQ WKH V\VWHP PHPRURHPIXOR\WB JXMHS H ¥ WF K \ ¥ MO
FKDQJHV LQWURGXFHG LQ WaKH DVVHVVHG QHWZRUN



,GHMLD\QEG GUHWML.WDWLRQV

'HVSLWH WKH IDFW Rl DGGUHXVDELONKH V¥DRBE LODMWAHDBQIC
UHVHDUFK QRWDEO\ E\ DGRSWLQJ WKH KLHUDUFKLFDO 5/ P
H[SHUW V\VWHP IRU H[SHULHQ FHZ RWQHHUQPORXQWH B B CD & & UHH
DUH EH\RQG WKH VFREHHRI VWK O R RULEGIPVD UREGN K H BBIGIGE R U KK R
H[SHUW VXSHUYLVLRQ GXULQJWHKLWYO & [(SHID WERLLD B G \DIY O\ V24K
37DFWHY DVWIG HU $BD)HDENG DGMXVW WKH OHDUQLQJ DQG YHWR
D JRRG TXDOLW\ WUDLQLQJ E\ DFWLQJ DV D UHZDVBERQGL
OLPLWDWLRQ RI WKLV UHVHDUFK LV WKDWG,$37)PRQGBOP RV H|
DQG EXLOW WR FRYHU FRPSXWHU QHWZRUNV DQG LQIUDVWU.
WHVWLQJ ZHE WHVWLQJ DQG ,R7 WHVW IDGB UMD BKBLEMILWY D W L
WKH IRUP RI 3203 XKUY D VHW RI PRG X0 HM BDRRUBT SN WDHDD)
WKHQ XVH D VRIWZDUH DJHQW WR VROYH WKH S8REOBFVWLEF
DORQJ ZLWK LPSHIWRRIUPD@EHBM@KD Q F LRX W KMXWHOWL DELO L W)
SHUVLVWHQFH ZKLFK ZLOO OHDG RSWLPLVWIZKBHQ®GNRWRH D X3FJ
,$37) FDSDELOLW\ WR FRYHU QHZ WHVWLQJ YDULDQW DQG

HIWHQVLRQ RU HYHQW X D®I@\ 5W IRIR GHHY DRSS WHIBKA BREO0 CBL P L W D
$37) LVDWK®ILW\ WMRSADSWMIXHHURP XQXVXDO DQG FRPSWKH W
KXPDQ HIBBPQWW YDOLGDWH WKH UHOHYDQFH DQG DGHTXDF
SURFHIYNH RW JHQHUDO D Q GZVW RBRHRMIMD WRHIU NHERULHR GPVRIG X303

'LUHFWLRQV IRU )XWXUH :RUN
SHVHDUFK D@® ¥RSHMQ@QFWYXH GRRU IRU PRUR QoG VI URLGD/ UHD I/
TXHVWLRQV )RU WKDDV WP MV KXV WKHHPIEHRHED QB KSR HFK Q|
RSWLPEXUQHQW DXWRPDWLRQ RI 9XOQHUDELOLW\ $VVHVVP
QHHGHG IRU WS ERIQHIUIW\EHU UHVLOLHQFH DQG VHFXULW\
LQIUWX¥WXUHV | RHUPRH WIR\NMEMDKVUNE QDN L QJ F\EHVHFXERIBIOLQ DV
SRVV)EWKUH UHVHDUFK GLUHFWLRQ LQ WKLV GRPDLQ ZLOO
% ,QYHVWLJIJDWLQJ DQG ILAEDMMROWLQJ PXCD/MLDOWHUQDW L
RQ FRPS5QB ODUJH 320'3 HQYLURQPHQWY 7KLV RSWLQJ
SDUDOOHO WHVWLQJ ZKHUH PRUH WKDQ RQH VHVVLRQ
KHUDUFKLFDO PRGHOOLQJ RI ODUJH QHWZRUNV ZKHUHI
DFWYRREVHUYDWLRQV WUDQVLWLRQV D@GZUSG DRV VR



VHSDUDWHO\

% SWWHPSWLQD\BIWP XQWWUDUFKLFDO PRGHO ZKLFK DFFRXQW
VXWDVNV RI 37 SUDFWLFH 7KL VHDHS[SHRDWK B ROCHR WG G B
DQG JHQWWRQLDQG WKXV FRPSOHWHO\ JHW ULG RI KXPD
OHDUQLQJ

% ([WHQG WKH 5/ DQG +5/ PRGHO WR DFFRXQW IRU PRUH W
DQG ,R7 WHVWLQJ

Y% *HQHDIOQ) SWVKHPRGHO LWV HO | S\HRQ HQRUDVGEIHR DHEHVWLQJ DQ
HIWHQG WKH ,$37) PRGXOHV WR DFFRPPRGDWH IRU VXFK

% SWWHPSW WR H[WHQG WKH XVH RI 5/ LQ PRUH F\EHU VHF
LV KHDYLOVXHMHK PVUHGFLGHQW KDQGOLQJ DQG GLJLWDO

& ORVAKRDUNYV

,Q WKLV UHVHDUFKDUBMBYUHRER QRHBWHZ RUN ZKEFE ULHDRKRR! $
DQG RWKHU WHFKQLTXHV WR UHSODFH KXPDQ H[SWUMNF WQ YLRA
LQ DQ RSWLPLVHG DQG DXWRIMWRPR XWVDPHZ FEN MR QRN R QW H
VRIWZDUH EXW WR LQWHJV R WWHFFHRHPR N WALDIOVDOWE HPS/HDX F K D
,PSDFW 1HVVXV DQG RW K MUH\G WKL UBHWLHFIDWDF R RYGHOA. R Q H W |
320'3HQYLURQPHQVS LREDHIED DWW MR @I XVW DV SQBQDKIQRIK SAIRE
DGDSWHG WR ODUJHU QHWZRUNV E\ DGRSWLQJ D KLHUDUFKI
RI ODUZRIUQGNW QWR VHYHUDO VHFXULW\ FOXVWHUV DQG GHD
SURFHVV WKH QHWZRUN FRPSRYHGBMIURPPWKH KGHOWEL R I FOKXLWAN
UHDFKLQJ WKRUPDRSRVBEGG + PRQWORERWRG ALIQM QJ WKH ¢
SUDFW LG M IDE@IEG WK H XGRFPHU QWP QEHIOBWHRYLWR F\EHU VHFXUL)
SDUDOOH@ RU & KBDNH B Y LPQ G FOERIWRQQIGHYHORSPHQW



SHIHUHQFHYV
>@ +H %RGH 1 1HWZRUN SHQHWUDWLRQ WSY¥WLGBULRIBO\WKRQ

> @ WDFXGLR $ <XDQ ; &KX % -ROQHV7HVWL@Z2YHUNHHD RW L3R

IHWZRUN 6HFXULW\ WV $§SSOLROMWLEYYV GRL RUJ LMQVD

> @ %DFNHV 0 +RIIPDQQ - .ZXQQHPDIQ6I5P X OPHH & HH QBH WEINDH

PLWLIJDWLRQ D®AD O Y\DIEW

> @ 3KRQJ & <DQ : $0Q RWHRXY LWAHVRIL © BIR-QNUEND QROIW L RIQDIDO &

JRUHQVLFV ,£&) KWWSV GRL RUJ LMGFI

> @ $BEDVHK ) $OVKDPPDUL ( $WNWRFIBRWHGYSHQHYRDIKVRIQU 6

,QIRUPDWLRQ 7THFKQRORJ

> @ <DTRRE +XVVDLQ 6 ODPRRQ 6 IDWHMWLQJ BQGAGDPXO(

DVVHVVPHQW -RXUQDO RI IHOQNZ RRHNUGR@PXEERQDWORQWVHYV -1&(7

Iilwo_r%mmua PEGLJOHQRS  &\E MU \OXFXQHU D E ([ GHAKIUH W \

LOWHOOLJH,QPH 8886SRUW

>@ *KDQHP 0 &KHQ 7 5HLQIRUFHPHQSHQHDUWQMWIRIR W HVWERHQ
KWWSV GRL RUJ LQIR

>@ 6DUUDXWH & D XITHW 2 +RIIPDQQ $FFRXPRA\SWQPDRH XdWH

SHQHWUDWLRQ WHVWMWZH QBWRKF BDBGLQRIRQRHWKMHFH RQ DWWLILFLD

> @ %RGG\ 0 *RKGH - +DLJK 7 +DUS 6 F\ERXUWHIFRUDWWXR DRQ
SODQQLQJ SURFHHGLQJVFRIQMKHH QWK R QVWDKWRPWMRHID S0ODQQLQJ
SS =

> @ 6DUBDXWHFKDUWH * /XF+DQJHOL 2EHV RSWLP® OD ®IRW DWMK F
QRQGHWHUPLQLVWLF VFHQDRF FR Q ISIWRIRHHGR QJFRRISMMWHU DQG F

KWWSRM RUJ

> @ =HQQDWBGR®GL / ORGHOLQJ SHQHWUDWQRDUWQH QW IXQALKH. W R S
IODJ FKDOOHQJHOVHDQRUWRIYEXBD U T

> @ ODHGD 5 OLPXUD 0 H$XORRIPDDWLIQR QS RVWIO GBI UG LQH L @ IFRRISHP

BHFXULW\ GRK\RWS3V M FRVH

> @ %HUWRJOLR '' =RUJR $) 2YHUYLHZHHNG RBXNOQDO/RHW R
&RPSXWHU 6RF£HW\

> @RKDQ 9 $ FRFBDURXNQWRLQIRUFHPHQW OHDUQLQJ DOJR
SURHRWMSY _SGIV VAPDQWLFVFKRODU RUJ

> @ 6FKDXO 7 4XDQ - $QWRQRJORX , DQG 6LOYHU 3U
'HHSOLQG &RQIHUHQFH SDSHU DW ,&/5

> @ 6LQJKDO $ DQG 2X ; BHFXULW\ ULVN DQDO\VLV RI HQ\

JUDSKV 1,67 ,QWHUDJHQF\ 7THFKQLFDO 5HSRUW

> @76 THFKQLFDO *XLGHDLQBW®IS ZZZ SHQWHVWVWDO®GDUG RUJ
7HFK QXAOEGI OL QHV

> @ 266,* 3HQHWUDWLRE/YHVW BYDRIGIEMEH FXFKLOODF QHW

> @ 6FDUIRRNSSO\RRGS DQGHEDX$IKFKQXABM WR ,Qd RERDMN\RDH V
DQG $VVHVVPHQW

> @ .HQQHBNRUPDMDUQDQG $KDURBWDVEBRIMQHWUDWLRQ 7HVW
6DQ JUDQFLVFR

> @ /D\WRSHQHW U D WL RVH FKRXLGIDHY RKMWWIWMZ ZZZ VDQV RUJ UHDGL
URRP ZKLWHSDSHUYV

> @ 6FKUHXGHUV = & DQG $UGHUQ / *HQHUDWLQJ UDMBRPLVH
FRPSXWHU VHFXULW\ HGXFDWLRQ 6HF*HQ LPSOHPHQWDWLRQ DQC
7UDLQLQJ (GXFDWLRQ 9,%5%$17

> @ 6DZLOOD 5 ( 2X ; ,GHQWLI\LQJ FULWLFDO DWWDFN DV
JRSH] - (GV &RPSKEBR&GHFXUQWYHFWXUH 1RWHV LQ &RPSXWH
6SULQJHU %HUOLQ #HLEGRHOEHUJ SS B

> @ 2X ; 6LQJKDO $ AXDQWLWDWLYH 6HFXULW\ 5LVN $VV
> @ OHOO 3 6FDUIRQH . 5RPDQRVN\ 6 &RPPRG\YXOQHL

+



> @LVWDUHOOL 6 'DOOT$JOLR O SHUHWWL 3 6WUDWH.
"RUNVKRS RQ )RUPDO $VSHFWV LQ 6HFXULW\ DQG 7UXVW 6SULQJF

> @RGG\ 06 *RKGH - +DLJK &RXUDHRIBDEWLRQ JHQHUDWLR
XVLQJ FODVVLFDO SODQQLQJ ,Q ,&$36 SS
> @RUERU ' :DQJ / -DMRGLD 6 6LQJKDO $SDWFKBEGNWLQG

XQNQRZQ YXOQHWBBHURIHOHRXVQKDUGHQLQJ RSWLRQV ,Q ,),3 $
$SSOLFDWLRQV 6HFXULW\ DQ& 3ULYDF\ 6SULQJHU SS

> @RODWLGLV 1 DQIRVQUDBLNVGIOV + DWWDEMNEBSDWK GLVFRYHU\ LQ [
FKDLQ PDWLWLR®HJIJHWPHQW VHBMDR GIRPGRWAW QDO FRQIHUHQFH

> @UHDVH\ - DQG *ORYHU , &5(67 $ JXLGH IRU UXQQLQJ DQ HII
[KWWS _ZAVSEURMWG RUJ

> @GOPXEDLULN 1 DQG :LOOV * $XWRPDWHG 3HQHWUDWLRQ 7HV\
,QWHUQDWLRQDO &RQIHUHQFH IRU ,QWHUQHW 7HFKQRORJ\ DQG 61|
> @®QLV 0 =HQD & DQG +D\DMQHKFHSWNQ BWWDWNRRHWHKR®Y QD
VWUDWHJILHV ,Q ((( /RQJ ,VODQG 6\WVWHPV $SSOLFDWLRQV DC
> @RUJDQ -3 *OREDO F\EHUVHFXULW\ VSHQGLQJ &{EHHBWLE HWU
ODJD]LQH

> PHUUHLUD $ DQG .OHSSH + (IIHFWLYHQHVV RI DXWRPDWHG D
> @RQKHDG\ 6 6RFLDO HQJLQHHULQJ LQ ,7 VHFXU%MWO O 7FERED WL
*URXS

> @BURDDBQG %LGGPHFWLQJ ZLWK .DOL SUDFWLFDO SHQHWUDWLRQ
> @XEULV . DQG 3DXOL - ,PSURYLQJ WKH HIILFLHQF\ DQG HIIH
,QWHUQDWLRQDO &RQIHUHQFH (RQSDUIRWPDWLRQ 7THFKQRORJ\

> @VZDO 1 0DVWHURQUWHWIBNFMMRBWEOLVKLQJ

> @LUMDOLOL 0 1RZURR]JL $ DQG $OLGRRVWL 0 $ VXUYH\ RQ Z
6FLHQFH ,QWHUQDWLRQDO -RXUQDO

> @LFNHBV.RIQQHG6PLWKSDESHQG OF&UBHQHWUDWLRQ WHVWLQJ H
KWWS ZZ2zVSHD@QWBW\E RUJ

> @KDIWDEX DOBKWOHQ RYHUYLHZ RI YXOQHUDELOLW)\ DVVHVVPF
WHFKQLTXHV -RXUQDO RI &RPSXWHU 9LURORJ\ DQG +DFNLQJ 7HFI
> @WHILQBRVNRYXEG %DODRKXDO DQGSHRWRRWBWHEIGQEHY DQG
GUDZEPRBWUQ WHQGHQFQWHBUQDKWLRQDIR&ERQMHBHUREABHPY RI 5DG
(QJLQHHULQJ 7HOHFR® RRPISPOMHRONVLHQFH 7&6(7 SDJHV

> @&DQ 6 DQG 3DUNLQVRQ 6 B5HYLHZ LQWR VWDWH Rl WKH DUW
LQWHOOLJHQFH *XL GH OAR 9K ORUH EREBXMWHUSLIBWHNRUNY DQG 6\VW

> @PDQW 1 $XWRPDWHG 3HQHWUDWLRQ 7HVWLQJ ODVWHI
8QLYHUVLW\ 6SULQJ % 6FKQHLHU $WWDFN WUHHV 'U 'REEV

> @DFXGLRD® ;<X&KX % DQG -RQHV 0 $Q RYHUYLHZ RI SHQHW!
RI THWZRUN 6HFXULW\ ,WMIiBSSOLFDWLRQV S

> @EHV -/ S5LFKDUWH * DQG 6DUUDXWH & $WWDHN 30D
&R55 DEV

> @UUDXWH & %XIIHW 2 DQG +RIIPDQQ - 320'3V PDNH E
XQFHUWDLQW\ LQ SHQHWUDWLRQ WHVWLQJ 3URFHHGLQJV RI WKH
$$%,1 SDJHV 7RURQWR 21 &DQDGD -XO\ $$$, BUHVYV

> @EHV -/ S5LFKDUWH * DQG 6DUUDXWH & $WWDFN 30D
&R55 DEV

> @UUDXWH & $XWRPDWHG DWWDFN XSHO@RM HYJ 3,)Q V W IKWM X YW\

$UJHQWLQD VXEPLWWHG RQ

> @UUDXWH & S5LFKDUWH * DQG /XFDQJHOL - $Q DOJRULWKP
GHWHUPLQLVWLF VFHQDULRVY ,Q :RUNVKRS RQ#BHFXULW\ DQG $UW
> @PHQH] BDRMD 7 )HUQDQGH] 6 )HUQDQGH] ) DQG %RUUDM
/JHDUQLQJ IRU $XWRPDWHG 30DQQLQJ 7KH .QREZOHRAGJH EDIR BUHHIL
8QLYHUVLW\ 3UHVV

> @VTXDOH / +DRMIRL® 0 DQG 1XVHLEHK % $GDSWLYH (
&ORXG 8VLQJ $WWDFN 6FHQDULRY 3UHSULQW VXEPLWWHG WR &R
> @RIIPDQQ - 6LPXODWHG SHQHWUDWLRY) WHYWLQJ3UBRRH

WKH WK ,QWHUQDWLRQDO &RQIHUHQFH RQ $XWRPDWHG 30DQQLC
> BXVVHOO 6 DQG 1RUYLJ 3 $UWLILFLDO ,QWHOOLJHQFH



> @KLO®LSAZLOHU / 3 EDVISG WDBWKHPYRWUQGIWWERONW\ DQDO\VL
3URFHHGLQJV RI WKH 1HZ 6HFXULW\ 3DUDGLJPV :RUNVKRS

> @®KDLHU + $WWDFN *UDSK $SSURDFK WR '\QDPLF 1HWZRUI
&RXQWHUPHDVXUHV 3K ' WKHVLV VXEPLWWHG WR WKH 8QLYHUVL
> @67 &RPSXWHU 6HFXULW VEHR@XO FHK @ € B[ WIHMEN © Y W\O|D &/ DE B
/IDVW $FFHVVHG

> @X ; -LD 4 :DQJ 6 ;LD & $1' 6KXDQJ / $XWRPDWLF .
SHQHWUDWLRQ JUDSK LQ SHQHWUDWLRQ WHVWLQJ 1ILQWK ,QV
DQG ,QWHUQHW &RPSXWLQJ

> @®DQ 5 OF.LQQHKL 7$ 'DQED.QP 5 $ VIVWHPDWLF OLWHUDWXUF
DQDO\VLV RQ DUWLILFLDO LQWHOOLJHQFH LQ SHQHWUDWLRQ WHV
(QJLQHHULQJ 9ROXPH

> @KH\QHU 2 +DLQWMSSPDED % DQG :LQJ - $XWRPDWHG JHQHU
JUDSKV ,Q 3URFHHGLQJV ,((( 6\PSRVLXP RQ 6HEKULW\ DQG 3U|
> @KPDU\DKX ' 6KDQL * +RIIPDQQ * DQG 6WHLDKHRYODWHRD V

SHQHWUDWLRQ WHVWLQJ ,Q 7KH WK LQWHUQDWLRQDO FRQIHUH
> ®KUXQ 6 DQG /ILWWPDQ O/ 5HLQIRUFHPHQW OHDDIHWJ DQ L
> @SHEDXP $ OLOOHU ' B6WURP % .RUEDQ & DQG :RO 5

HPXODWLRQ $&6%& B3URFHHGLQJV RI WKH QG $QQXDO &RQIHUI
3DJHV 6% 1

> @DFNHYRIOPDQQ - .XQQHPDQQ 5 6SHLFKHU 3 DQG 6WHLQPFH
7HVWLQJ DQG OLWKWWIR® BQLNYORVIUVDEV
> KXUNRWD . /LVé 9 .IHMRADGWNHEO @ & DQG 3 FKRXpHN 0 +

DIJDLQVW VWUDWHJILF DWW D F&RPEX WWHILQJ DAMWBDENWINUD S K JDPHV

> @ +X 5 %HXUDQ DQG < 7DQ $XWRPDWUHHEL © HHFQUHAKEP BIY WR Q HD K
,((( (XURSHDQ 6\PSRVLXP3RQY®HRXBUWNVPRSY (XUR6 3: SDJH

> @KX * $XWRPDWLRQ RI 3HQHWUDWLRQ 7HVWLQJ 3K ' 7KHVLV
> @GRQWXQR ODFKLQH /HDUQLQJ L QHXXFOHD BIWDHEDR O E W \DR\GY H
'HYHORSPHQ¥ VEWQRBBHVHDUFK &HQWUH

> @LFXODH 6 'LFKLX ' <DQJ . DQG %IFN 7 $XWRPDWLQJ SHC
OHDUQLQJ

> @DHGD 5 DQG OLPXUD 0 H [ SO RIRP DHALLRSY) (BRWWRUFHPHQW
OHDURMIXWHUV B6HFXULW\ s

> @\DQ 3 DQG 'Dz 1 'HFLVLRQ WKHRU\ UHLQIRUFHPHQYV
$IIHFWLYH %HKDYLRUDO 1HXURGRLHQFH &$%1

> @HMPDO 6 )HUQ $ DQG 1JX\HQ 7 5HLQIRUFHPHQW /HDU
SHMUBRHHU 1HWZRUNV ,$$, 3URFHHGLQJV RI WKH WK QDWLRQDC
DUWLILFLDO LQWHOOLJH@QRBIR 3®OH@RLYV $$$, BUHVV ,6%1

> @UNRWD . /LV\ 9 %RVDQVN % DQG .LHNLQWYHOG & 7
8VLQJ $SWWDFN *UDSK *DPHV ,-&8$, BRORUAM K GQ @ HVB R Q W KSRRIZLY HH DM
$SUWLILFLDO ,QWHOOLJHQFH

> @KRVK 1 DQG *KRVK 6 $Q ,QWHOOLJHQW 7HFKQLTXH IRU
$XIXVW

> @KRZGDU\ $ +XDQJ ' ODKHQGUDQ - 5RPR ' 'HQJG6KFRQIGWNAL
$QDO\VLY DQG 3HQHWUDWLRQ 7HVWLQJ $ULJRQD 6WDWH 8QLYHU
> @ .LQQHO ' 'DUJDKL 7 'HKJKDQWDQKD $ DQG &KRR
PHWRDO\VLY RQ DUWLILFLDO LQWHOOLJH QEFWVIHY \&RRGWMW DU BQ ¢
(OHFWULFDO (QJLQHHULQJ SS

> @SHLFKHU 3 6WHLQPHW] 0 +RIIPDQQ - %DFNHV 0 DQG .+Q
QHWZRUN PLWLJDIRERIQ ®IQRIOARIMWKH WK $&0 6,*$33 8XVBIRYLXP R
> @SDDQ 0 3DUWLDOO\ 2EVHUYDEOH ODUNRY 'HFLVLRQ 3UR
WKH $UW 6SULQJHU 9HUODJ

> @®\ORU 0 :KLWHVRQ 6 DQG 6WRQH 3 7HPSRUDO 'LIIHU

S5HLQIRUFHPHQW /HDUQLQJ $Q (PSLULFDO &RBSIFRIQER QDWQL RQROH
&RQIHUHQFH RQ $UWLILFLDO ,QWH O GIDIMEROHY H$$&DQDIED - X0\
> @®DQJNDUDWW 9 9DQ +RRI + 3DULDQGE6XUMXPPIMQ * 3HRBU



ZLWK HIRKQVLRQDO &RQWH[W 9DULDEOHYV

> @HHUDPDFKDQHQL . $Q0D@QWR $ &XBYWWIDWL 9 %DVVLDV &
7UDLQLQJ D ELJ GDWD PDFKLQH WR GHIHING &6%$,/ 0,7 &DPEULGJH
> @ $PUDQ 0 +LHUDUFKLFDO UHLQIRUFHPH@®RX WDHDW @I QI BEHS X MUY

'LILWDO 6\VWEHPV KWWSV GRL RUJ LMFGYV
> @ ORHUODQG 7 %URHNHG@EDV-HG-BBNGIRUEG HE®RCAEOXHDY H\
[KWWSV_GRL RUJ |DU;LY

> @ 5RLMHUV '0 9DPSOHZ 3 :KLWHVRQ 6 'D]JHOH\ 5 $ VXUY
PDNLQJ -RXUQFQOR) $QUWHOOLJHQFH 5HVHDUFK

> @ 6SDDQ 07 3DUWLDOO\ REVHUYDEOH PDUNRY GHFL¥LRQ SUR
6SULQJHU

> @ -DLQ $ 1LHNXP 6 (IILFLHQW +LHUDUBREFG BRERW DR/ +RE
"\QDPLFV

> @ BWRFN 6 +LHUDUFKLFDO K\EUL.QXS®\WDWQQLEKHI RQWHREQ OIH QRE

> @ -RJOHNDU 1 +LHUDUFKLFDO SODQQLQJ XQGHU QFHUWDLQW!
[KWWSV GRL RUJ % |

> @ WDEHQNR / .LULOORY $ 'HYHORSPHQW RI DXWRPDWHG PD(
(QJLQHHULQJ MWFLHQFH¥XWWSV GRL RUJ

> @ =KRX 5 3DQ - 7DQ : ;L + $SSOLFDWLRQ RI FOLSV H[SHL
SS + [KWWSV__GRL RJUJ &,6
> @ 3LQHDX - *RUEDR/GIG*YBRXOWWHUDWLRQ $Q DQ\WLPH DOJRU

LOWHUQDWLRQDO MRLQW FRQIHUH@FH RI DUWLILFLDO LQWHOOLJ}
> @ 6SDDQ 0 90DVVLV 1 S3HEDNXKBHOED@KBWRPWIHREG SRUQRZ0'3 -RX

,QWHOOLJHQFH 5HVHDURK -$,5 SDJHV
> @ :DOUDYHQ ( 6SDDQ 07 - $FFHOHUDWHG YHFWRU SUXQLQJ
> @ =KDQJ : 1HYLQ ' =KDQJFROLO®XSHWBOURRUWWKPY IRU SDUWLD

GHFLVLRQ SURFHVVHV GRL RUJ
> @ :DOUDYHQ ( 6SDDQ 0 $FFHOHUDWHG YHFWRU SUXQLQJ IRU
$$%, &RQIHUHQFH RQ $UWLILFLDO ,QWHOOLJHQFH

> @ 9DOHD 2 DQG 2SULVD & 7RZDUGYV 3HQWHVWLQJ $XWRP|
7HFKQLFDO 8QLYIDBWRIAW RQ R OAXWGHIHQGHU

> @BOGUHZD[@EBUGDQ3(*$686 $ SROLF\ VHDUFK PHWKRG IRU OL
BURFHHGLQJV RI WKH 6LIWHHQWK &RQIHUHQFH RQ 8QFHUWD
> @DVVDQGUDWWRBDQ 0/ =KDQJ 1/ ,QNURBPAWIDYSUKQDLRW P
SDUWLDOO\ REVHUYDHEORFHEDUNRYDAHEYVAWRMSULQW DU;LY

> @DQV (: +HUURHOHQ : /HXV 5 DQG :XOOLOWWURMHRWHUDU
SODQQLQJ XQGHU XQFHUDWNBLQW\ 2PHJD S

> @LP 6 DQG pRHWZDUH V\WVWHPYV DW ULVN $Q HPSLULFDO VWXG!'
&RPSXWHUV 6HFXULW)\ SsS

> @DWWL &'HVLJQ RI ([SHULPHQWYV IRU 5HLQIRUFHPHQW /HDUQLC
6ZLW]JHUODQG 6SULQJHU 7KHVHV R,

> @HXOHDX 1 .LP . .DHOEOLQJ / &DVVDQGUD $ 6ROYLC
JLQLWH 3ROLFLHV 3URFHHGLQJV RI WKH )LIWHHQWK &RQIHUHQFH
> @HLQO & + $UWLILFLDO ,QWHOOLJHQW $JHQWV DQG $FW
,QWHUQDWLRQDO &RQHUNQ FIf$ R2Q&E\E&A[ ERDOLFDWLRQV 7DOOLQ
> @,75( & &RPPRQ YXOQHUDELOLWLHY DQG H[SRVXUHV FYt
RUJ DERXW LQGH[ KWPO

> @HLQULFK - DQG 6LOYHU 'HHS 5HRQDR WRMIFAHBBWY /HDUQL
,QIRUPDWLRQ *DPHV 8QLYHUVLW\ &ROOHJH /RQGRQ

> @HUYLQHQ $ DQG 9LURODLQHQ 3 +HXUSXWRPD WRIG )b U D
%R[ THVWLQJ (OHFWURQLF 1RWHV LQ 7KHRUUHWLFDO &RPSXWHU 6
> @F.LQQHO '5 'DUJDKL 7 'HKJKDQWDQKD $ DQG &KRR . .5
PHWDDO\WVLY RQ DUWLILFLD@Q@ MHVAMO.@QLJBE Q EHY XQ GH QBHEALDOD WL DV V
(OHFWULFDO (QDUBNHULQJ S

> @U\FH ' DQG .DPEKDPSDWL 6 $ {900V R GL DD R & DEEOLOIDQ @Y1\ Q
$VVRFLDWLRQ IRU WKH $G YHD@®HPHIAM R QW L DIKFLY Q) 6I@WUNYHG | ¢

> @ = =RX ' ;X 6 -LQ + 4L + QR HS DQ DFMREBWHSB YXC



GHWHFWLRQ V\VWHP EDVHG RQ FRGH VLPLODULW\IBQBOFWHLRQ,Q 3
&RPSXWHU 6HFXULWD$BSOLFDWLRQV

> @ DUUDWEKQRE&/,36 8VHUNVUANIREGHA4XLFNVLOYHU %HWD 'HFHPEHL
KWWS FOLSVUXOHV VRXUFHIRUJH QHW 2QOLQH'RFV KWPO

> @ &/,36 5HIHUHQFH ODQR3DFORBXOH *XBbOMLFXLFNVLOYMW %HWD

KWWS FOLSVUXOHV VRXUFHIRUJH QHW 2QOLQH'RFV KWPO

> @YDFLQD - 5DIIHW\ - :RRGDKO & 6WRQH % &HUQ\ 7 %)
7LVQRYVN\ 3 2Q YXOQHUDEQL\WLW\ $ GV WHIFPXOUN. MA @IRW HUIDN X UH L
3URFHHGLQJV RI WKH ,QWHUQDWLRQDO &RQIHUHQFH RIJBENVHDUF

> @HVVH +RH\ DQG 3DVFDO 3RXSDUW 6ROYGCQYBZ2BVEHW RIEW K LF
VSDFHV ,Q SBURFHHGLQJV RI WKH WK LOQWHUQDWLRQDO MRLQW F
.DXIPDQQ 3XEOLVKHUV ,QF ©6DQ)UDQFLVFR &% 86%

> @RXJODV $EHUGHHQ DQG -RQDW KDADWBJ &R G L 55 VOHEWD I RIGQMI R
,Q 3URFHHGLQJV Rl WKH 1LQHWHHQWK ,QWHUQDWLRQDO &RQIHUH
> @DQVHQ ( 6ROYLQJ 320'3V E\ VHDUWRUGFHIPGIRIVFRIVIERHA )R X!
&RQIHUHQFH RQ 8QFHUWDLQW)\ LQ $UWGQDIGALMRQ, QWHOOLJHQFH SI
> @ODQQLQJ DQG DFWLQJ LQ SDUWLDOO\ REVHUYDEOH VWRFKDV

> @HRQLGNE®VKLFRODV OHXOHDX DQG /HVOLH 3 .DHOEOLQJ /HD
3URFHHGLQJV Rl WKH 6L[WHHQWK ,QWHUQDWLR@DO ®R® WDKYQFH |
FLVFR &$

> @LWWPDQ 0 OHPRU\OHVADOROLFLWD WLKRHRUB®E SUDFWLFDO U}
+XVEDQGYUFBBYOH\HU DQG 6WHZDUW : :LOVRQ HGLWRUV 3URF}F
&RQIHUHQFH RQ 6LPXODWLRQ RI $GDSWLYH %HKDYLRU &DPEULGJ
> @DGIRQLDQNV 2 DQG &RQGRQ $ 2Q WKH XQGHFLGDELOLW)\ RI S
KRUL]JRQ SDUWLDOO\ REVHUYDEOH GHFLVLRQ SUREOHPV ,Q 3URF}
$UWLILFLDO ,QWH®O L 2HI@MPH GO JHV

> @DWF:LHULQJ DQG -XHUJH® EPKML®KX BIBEDSYWALYH %HKDYLRU

> @HXOHDX 1 .LP . .DHOEOLQJ/ DQG &DVVDQGUD $ 6ROYLQJ 3
SROLFLHV ,Q 3URFHHGLQJV RI WKH )ILIQVHHW MK F.P@ HYWSE PO IR} @
BWRFNKROP

> @SDDQ 07- 90DVVLV 1 D 3HUEBXHWGS5DMGRP LW IBUDRILIRD |R L
RI $SUWLILFLDO ,QWHOOL JHQFH 5HVHDUFK

> @DSDGLPLWULRX & DQRP3OHWMMWUNRLUYDUNRN BHFLVLRQ SURFHV)
2SHUDWLRQV 5HVHDUFK

> @DUDNDQWKDP 3 0ODKHVZDUDQ 5 7DPEH 0 ([SORLWLQJ EH
SHUVRQDO DVVLVWDQW DJHQWV RQ@RPRRN RIH QWY B! 6\ DGR/ R
> @DVVLV 1 7RXVVDLQWHMH UHLQRAHFGIPHQW OHDUQLQJ DV PL[W
&RQIHUHQFH RQ ODFKLQH /HDUQLQJ $&0 SS

> @ -DLQ $ 1LHENHOW6+LHUDUFKLRRO36RDRYEIRAQBHYW) DQG +\E
"\QDPLFV

> @ 6WRFN 6 +LHUDUFKLFDO K\EULXGOWQQNEIY ARUHPRELOH URI

> @ -RJOHNDU 1 +LHUDUFKLFDO SODQRQGJIKHXEMYSSQFHYUWDLQ\
KWWSV GRL RUJ %

> @ WDEHQNR / .LULOORY $ 'HYHORSPHQWWHPDXWRPDWHD @)D
(QJLQHHULQJ VFLHQFKWWSY GRL RUJ

> @ =KRX 5 3DQ - 7DQ : :L + $SSOLFDOARCHR3HWHBW IH] S H\
SS A KWWSV GRL RUJ &,6

> @ 3LQHDX - *RUE®RQG'YBRXOWWHUDWLRRU SRP@SW L PHUBR G BIRI

LQWHUQDWLRQDO MRELOWWRQOHLUHQFH RS®UWLA

> @ =KDQJ : 1HYLQ ' =KDQJ 1 BOSRUYWKPY IRU*RMDUWLDBOO\

PDNJRY GHFLVLRGRIURBHVVHV
> @ :DOUDYHQ ( 6SDDQ 0 $FFHOHUDWHGROYHVURU SUWURFHHG LIR]
$$$, &RQIHUHQEH RD , QUWMHIO OLIHQFH

> @DUUHWR $ +RXLOYBMIRUVDQG 3UHFXS )DVW UHLQIRU
JHQHUDOL]HG SROLF\ XSGDWHV 3URFHHGLQJV RI WKH 1DWLRQDO



> @XWWRDPOGUWR S5HLQIRUFHPHQW /HDUQLQJ $Q ,QWURGXFWLR
> @QREHU%DJQHOM®BWHUY 5HLQIRUFHPHQW OHDUQLQMHUQ D\RER QM
-RXURIDEREBWNTWFK +

> @DQQHU 0 )X - =KDQJ 0 DQG /HYLQH 6 HEDKHG S/MROWRNX \
RSWLPL]DWLRQ $GYDQFHV LQ 1HXUDO ,QIRUPDWLRQ 3URFHVVLQJ
> @LPLWUDNDNLVY & DQG 2UWQHU 5 'HFLVLRQ PDNLQJ XQG
BRONDLOBEKBOM 20 FVH FKDOPHUV VH

> @KDQHP 0 &KHQ 7 DQG 1HSRPXFHQR ( +LHUDUFKLEDO &
DQG (IIHFWLYH $XWRPDWHG 3HQHWUDWLRQ 7HVWURU RD WD RILH61MV
KWWSV GRL RUJ YUV UV




$SSHQ® L]

7DEOH7LPH DQG VWDQGDUG GHYLDWLRQ LQ VHFRQGV FRQVXPHG
/I$1V

7DEOH7LPH LQ VHFRQGY FRQVXPHG WR WR®WH G2 B\VHM BOMIPUI R
YDULDEOH SHUFHQWDJH RAWIK@I RN VDECVXD Y QLIQ OW \ VOWEH



FSSHQB LUVRNMSXEOLFDWLRQV

-RXUQDSHUV

t*KDQHP 0 & &KIHHERPYFHOQR+LHUDUFKLFDO 5HLQIRUFH
/JHDUQLQJ IRU (IILFLHQW DQG (IIHFWLYH $XWRPDWHG 3
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