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FOREWORD

In the Joint Chalk Research (JCR) Phase IV, 1995 - 1996, the project "Chalk Nomenclature"
succeeded in establishing a standard JCR nomenclature for chalk core description and
lithotype classification. The intention was to establish a common nomenclature for chalk
stratigraphy as well, but as this task was found to be ambitious for the given time frame, it
was postponed to the JCR phase V, commencing in 1997.

This report presents the results of the JCR Phase V project 1: A Joint Chalk Stratigraphic
Framework. The report was compiled by a joint work group including geologists from the
companies and agencies participating in JCR Phase V:

Amerada Hess Norge AS Amerada Hess Danmark
BP Amoco Dansk Olie og Naturgas A/S (DOPAS)
Elf Petroleum Norge AS Enterprise Oil Norge Ltd.
Total Fina Mærsk Olie og Gas AS
Norske Conoco AS Phillips Petroleum Company Norway
RWE-DEA AG VEBA Oil Nederlands B.V.
GEUS Danish Energy Agency (DEA)
Norwegian Petroleum Directorate (NPD)

The contracted work was performed by Professor Bruce Sellwood (core descriptions/
sedimentology) and Network Stratigraphic Consulting Limited (biostratigraphy). Part of the
seismic interpretation was contracted to Smedvig Technologies and financed by the NPD.
Project management was performed by NPD.

Biostratigraphic analyses have comprised the majority of the project work, and the results
were interpreted together with well logs, core description/chalk depositional facies and
seismic data. Biostratigraphic nannoplankton and microfaunal distribution charts were made
for all study wells, and chronostratigrahic "gapograms" display the presence and absence of
the various chalk units. A joint biostratigraphic and lithostratigraphic framework for the
chalks in the Central Graben is presented and discussed in the report. A revision of the formal
Hod Formation into three new formations; Narve, Thud and Magne is proposed.
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ODWHU XSGDWHG E\ ,VDFKVHQ DQG 7RQVWDG õìäåäôï 6LQFH WKHQñ LQFUHDVHG DYDLODELOLW\ RI UHOHDVHG
ZHOOV ZLWK FRUH PDWHULDO KDV LQGLFDWHG WKH QHHG IRU D UHYLVLRQï ,Q DGGLWLRQñ LPSURYHG
ELRVWUDWLJUDSKLF WHFKQLTXHV QRZ HQDEOHV EHWWHU LGHQWLILFDWLRQ DQG GDWLQJ RI WKH WZR PDLQ
VWUDWLJUDSKLF FKDOOHQJHV LQ FKDON UHVHUYRLUVñ WKH ûWLPH JDSVû DQG WKH UHGHSRVLWLRQï

û7LPH JDSVû DUH GHILQHG DV JHRORJLF WLPH SHULRGV ZKHUH QR GHSRVLWLRQ WRRN SODFHñ RU ZKHUH
PDWHULDO GHSRVLWHG ZDV ODWHU UHPRYHGï /DUJH WLPH JDSV DUH RIWHQ REVHUYHG LQ FRUHV DV
KDUGJURXQGV RU FRQGHQVHG VHFWLRQVï 7KHVH PD\ EH LPSRUWDQW IRU WKH SURGXFWLRQ SHUIRUPDQFH
RI WKH ILHOGñ VLQFH VXFK VHFWLRQV RIWHQ KDYH D VLJQLILFDQW HIIHFW RQ YHUWLFDO DQG WRWDO
SHUPHDELOLW\ï 7KH ODWHUDO H[WHQW RI WKHVH VHFWLRQV VKRXOG EH PDSSHGñ LQ RUGHU WR FRUUHFWO\
PRGHO DQG SUHGLFW WKH SURGXFWLRQ SHUIRUPDQFH RQ WKH ILHOGï $OVRñ W\LQJ RI LGHQWLILHG PDMRU
WLPH OLQHV IURP ZHOOV WR VHLVPLF GDWDñ ZRXOG SURYLGH D EHWWHU WRRO WR PDS IODQN DQG EDVLQ
DUHDVñ WKXV FRQQHFWLQJ FKDON XQLWV DFURVV WKH &HQWUDO *UDEHQ DUHD DQG WKH 1RUZHJLDQð'DQLVK
%DVLQ DUHDï

5HGHSRVLWLRQ RI ROGHU FKDON XQLWV ZLWKLQ \RXQJHU IRUPDWLRQV LV QRZ D ZHOOðNQRZQ
SKHQRPHQRQ LQ PDQ\ FKDON ILHOGVï 7KH SUHVHQFH RI VXFK XQLWV RIWHQ FRPSOLFDWHV WUDGLWLRQDO
UHVHUYRLU ]RQDWLRQ DQG FRUUHODWLRQñ DQG KDV FDXVHG GLYHUJHQW QRPHQFODWXUHV WR EH GHYHORSHG
EHWZHHQ WKH RLO FRPSDQLHVï $ EHWWHU UHJLRQDO XQGHUVWDQGLQJ RI HURVLRQ DQG UHGHSRVLWLRQñ DQG D
FRPPRQ QRPHQFODWXUH WR LGHQWLI\ UHGHSRVLWHG XQLWVñ ZRXOG WKHUHIRUH LPSURYH WKH UHVHUYRLU
PRGHOOLQJ DV ZHOO DV PDSSLQJ RI IODQN DQG EDVLQ DUHDVï

ìïë $ FRPPRQ 6WUDWLJUDSKLF )UDPHZRUN

7KH HVWDEOLVKPHQW DQG YLVXDOLVDWLRQ RI D MRLQW VWUDWLJUDSKLF IUDPHZRUN IRU WKH FKDONV LQ WKH
&HQWUDO *UDEHQ LV WKH PDMRU UHVXOW RI WKH SUHVHQW SURMHFWï 7KURXJK WKH ELRVWUDWLJUDSKLF DQDO\VLV
RI êè VWXG\ ZHOOV LQ 1RUZHJLDQñ 'DQLVK DQG 8. DUHDVñ FRPELQHG ZLWK FKDON OLWKRIDFLHV DQG
VHLVPLF VWXGLHVñ MRLQW ELRVWUDWLJUDSKLF DQG OLWKRVWUDWLJUDSKLF QRPHQFODWXUHV KDYH EHHQ DJUHHG
RQï )LJXUH ìðì LV DQ RYHUYLHZ WR VKRZ WKH OLWKRVWUDWLJUDSKLF IUDPHZRUN GHYHORSHG E\ WKLV
SURMHFWñ FRPSDUHG WR RWKHU IRUPDO DQG LQIRUPDO QRPHQFODWXUHVï

7KH PRVW LPSRUWDQW UHVXOW LV WKH SURSRVHG VXEGLYLVLRQ RI WKH RULJLQDO IRUPDO +RG )RUPDWLRQ
LQWR WKUHH QHZ IRUPDWLRQVñ 1DUYHñ 7KXG DQG 0DJQHï 7KLV VXEGLYLVLRQ ZDV EDVHG RQ WKH PDMRU
VWUDWLJUDSKLF EUHDNV WKDW ZHUH REVHUYHG LQ WKH +RG )RUPDWLRQï 7KHVH EUHDNV ZHUH UHSUHVHQWHG



$ MRLQW &KDON 6WUDWLJUDSKLF )UDPHZRUN -RLQW &KDON 5HVHDUFK

ð ë ð &KDSWHU ìã ,QWURGXFWLRQ 'HFHPEHU ìäää

E\ WLPH JDSV RI YDULDEOH OHQJWKV LQ WKH ELRVWUDWLJUDSKLF GDWDñ DQG RIWHQ VHHQ DV KDUGJURXQGV LQ
FRUHVñ DQG HVSHFLDOO\ LQ ZHOOV ORFDWHG RQ VWUXFWXUDO KLJKVï $OVR LQ WKH VHLVPLF GDWDñ WKH +RG
)RUPDWLRQ ZDV VHHQ WR HPEUDFH WZR VLJQLILFDQW VHTXHQFH ERXQGDULHV WKDW FRXOG EH WUDFNHG
RYHU ODUJH GLVWDQFHVï 2Q EDVLV RI LQWHUQDWLRQDO VWUDWLJUDSKLF UXOHV õ+HGEHUJ ìäæçôñ VXFK PDMRU
VHTXHQFH ERXQGDULHV DUH QRW UHFRPPHQGHG ZLWKLQ D IRUPDWLRQï &RQVHTXHQWO\ñ WKH SURMHFW
ZRUN JURXS GHFLGHG WR SURSRVH WKH VSOLW RI WKH +RG )RUPDWLRQ LQWR WKUHH QHZ IRUPDWLRQVï 7R
DYRLG FRQIXVLRQ ZLWK WKH H[LVWLQJ LQIRUPDO OLWKRORJLFDO VXEGLYLVLRQ RI WKH +RG LQWR ORZHUñ
PLGGOH DQG XSSHU +RGñ LW ZDV DOVR GHFLGHG WR VXJJHVW XQLTXH QDPHV IRU WKH QHZ XQLWVñ
IROORZLQJ WKH WUDGLWLRQ ZLWK QDPHV IURP WKH 1RUVH P\WKRORJ\ï
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-RLQW &KDON 5HVHDUFK $ MRLQW &KDON 6WUDWLJUDSKLF )UDPHZRUN

'HFHPEHU ìäää &KDSWHU ìã ,QWURGXFWLRQ ð ê ð

7KLV QHZ FRPPRQ VWUDWLJUDSKLF IUDPHZRUN ZLOO KRSHIXOO\ LPSURYH WKH FRPPXQLFDWLRQ
EHWZHHQ WKH RLO FRPSDQLHV LQ ERWK 1RUZHJLDQ DQG 'DQLVK DUHDVñ DQG HQVXUH D VWDQGDUG EDVLV
IRU UHJLRQDO PDSSLQJ DQG FRUUHODWLRQV EHWZHHQ WKH YDULRXV FKDON ILHOGV DQG SURVSHFWVï $OVRñ
IROORZLQJ WKH LPSURYHG UHJLRQDO XQGHUVWDQGLQJ RI GHSRVLWLRQñ HURVLRQ DQG UHGHSRVLWLRQ RI
FKDONñ PRUH UHOLDEOH JHRORJLFDO FRPSDULVRQVîFRUUHODWLRQV EHWZHHQ ILHOGV DQG EDVLQVñ DV ZHOO DV
EHWWHU FRQWURO RI VHLVPLF LQWHUSUHWDWLRQ RQ DQG EHWZHHQ ILHOGV ZLOO UHVXOW IURP WKLV SURMHFWï

ìïê 3URMHFW GHOLYHUDEOHV

,Q VXPPDU\ñ WKLV UHSRUW LQFOXGHVã

ìï $ MRLQW ELRVWUDWLJUDSKLF ]RQDWLRQ QRPHQFODWXUH IRU WKH FKDON VHFWLRQ RI WKH &HQWUDO
*UDEHQ õ3DOHRFHQH WR &HQRPDQLDQôñ SUHVHQWHG IRU HDFK VWXG\ ZHOO WKURXJK UDQJH FKDUWV DQG
VWUDWLJUDSKLF VXPPDU\ ORJVï

ëï $ VXJJHVWHG UHYLVHG IRUPDO OLWKRVWUDWLJUDSKLF QRPHQFODWXUH IRU WKH FKDON VHFWLRQ RI WKH
&HQWUDO *UDEHQî 1RUZHJLDQð'DQLVK %DVLQñ VSOLWWLQJ WKH IRUPDO +RG )RUPDWLRQ LQWR ê QHZ
XQLWV RQ IRUPDWLRQ OHYHOï

êï :HOO ORJ FRPSRVLWH SDQHOV IRU DOO VWXG\ ZHOOVñ VKRZLQJ WKH OLWKRVWUDWLJUDSKLF DQG
ELRVWUDWLJUDSKLF ]RQDWLRQV WRJHWKHU ZLWK ORJV DQG FRUH OLWKRIDFLHVï

éï 6HLVPLF LQWHUSUHWDWLRQ RI IRUPDWLRQ ERXQGDULHV DFURVV WKH &HQWUDO *UDEHQñ DQG D PDS RI
WKH /DWH &UHWDFHRXV PDLQ VWUXFWXUDO HOHPHQWVñ DOVR LOOXVWUDWHG E\ UHJLRQDO ILHOG ð WR ð EDVLQ
VFKHPDWLF FURVVðVHFWLRQVï

èï &RUH GHVFULSWLRQV EDVHG RQ WKH -&5 QRPHQFODWXUH IRU FKDON GHVFULSWLRQ DQG FODVVLILFDWLRQï
çï *DSRJUDPV VKRZLQJ SUHVHQFH õSULPDU\ GHSRVLWLRQô DQG DEVHQFH õWLPH JDSVñ QRQð

GHSRVLWLRQî HURVLRQô RI WKH OLWKRVWUDWLJUDSKLF XQLWV LQ D FKURQRVWUDWLJUDSKLF VFDOHï
æï &KDON IDFLHV GLVWULEXWLRQ PDSVñ VKRZLQJ WKH PDLQ IDFLHV W\SHV LQ WKH FRUHG VWXG\ ZHOOV

ZLWKLQ WKH GLIIHUHQW IRUPDWLRQVï
åï $ VWDQGDUG QRPHQFODWXUH IRU UHGHSRVLWHG FKDON XQLWV ZLWKLQ \RXQJHU IRUPDWLRQVï
äï $ GLJLWDO ELRVWUDWLJUDSKLF GDWDEDVH õEDVHG RQ WKH 675$7$%8*6 VRIWZDUHôï

ìïé 3URMHFW RUJDQLVDWLRQ

$ ZRUN JURXS GUDZQ IURP SDUWLFLSDWLQJ FRPSDQLHV SHUIRUPHG PXFK RI WKH WHFKQLFDO ZRUNï ,Q
DGGLWLRQñ FRQVXOWDQWV ZHUH FRQWUDFWHG WR SHUIRUP ELRVWUDWLJUDSKLF DQDO\VHV DQG FRUH
GHVFULSWLRQVï 7KH ZRUN JURXSã
x GHFLGHG RQ VWXG\ DUHD DQG VWXG\ ZHOOV
x HYDOXDWHG TXDOLW\ RI H[LVWLQJ GRFXPHQWDWLRQ RQ ZHOOV DQG GHFLGHG QHHG RI DGGLWLRQDO

ELRVWUDWLJUDSK\ñ FRUH GHVFULSWLRQ HWF
x EURXJKW LQWR WKH SURMHFW DOO DSSURSULDWH H[LVWLQJ ELRVWUDWLJUDSKLFñ VHLVPLFñ FRUH DQG ORJ GDWD
x FKRVH FRQWUDFWRUV
x LQWHUSUHWHG VHLVPLF GDWD
x RUJDQLVHG FRUH GHVFULSWLRQ DQG VDPSOLQJ SUDFWLFDOLWLHV
x SHUIRUPHG GUDIWLQJ RI FRUH GHVFULSWLRQV
x FRQWULEXWHG WR LQWHUSUHWDWLRQ DQG FRQFOXVLRQV
x GHFLGHG WKH OLWKRVWUDWLJUDSKLF QRPHQFODWXUH
x SURGXFHG WKH ILQDO UHSRUW

7KH FRQWUDFWRUVã
x DVVLVWHG LQ HVWDEOLVKLQJ D ZHOO GDWDEDVH IRU WKH SURMHFW
x GHVFULEHG FRUHV



$ MRLQW &KDON 6WUDWLJUDSKLF )UDPHZRUN -RLQW &KDON 5HVHDUFK

ð é ð &KDSWHU ìã ,QWURGXFWLRQ 'HFHPEHU ìäää

x HYDOXDWHGîUHLQWHUSUHWHGñ IRUPDWWHG DQG GLJLWLVHG H[LVWLQJ ELRVWUDWLJUDSK\
x SHUIRUPHG ELRVWUDWLJUDSKLF DQDO\VHV
x FRPSLOHG GDWD DQG SUHVHQWHG D GHWDLOHG ELR]RQDWLRQ DQG FKURQRVWUDWLJUDSKLFDO VXEGLYLVLRQ

IRU HDFK ZHOO
x FRQVWUXFWHG JDSRJUDP FRUUHODWLRQV
x UHSRUWHG WKH UHVXOWV
x GHOLYHUHG D GDWDEDVH ZLWK DOO QHZ DQG SUHYLRXV ELRVWUDWLJUDSKLF GDWD

&RQVXOWDQWV UHSRUWHG WR WKH :RUN *URXS DQG WKH :RUN *URXS UHSRUWHG SURJUHVV WR WKH -&5
7HFKQLFDO $GYLVRU\ &RPPLWWHHï

ìïè 0HWKRG

$ QXPEHU RI êè ZHOOV IURP 1RUZHJLDQñ 'DQLVK DQG 8. DUHDV ZHUH FKRVHQ IRU WKH VWXG\ï
([LVWLQJ RULJLQDO RU UHDQDO\VHG ELRVWUDWLJUDSKLF GDWDñ ZHOO LQWHUSUHWDWLRQV DQG FRUH GHVFULSWLRQV
IURP WKHVH ZHOOV ZHUH PDGH DYDLODEOH IURP WKH FRPSDQLHVï &RUHV DQG ZLUHOLQH ORJV ZHUH
VWXGLHG E\ WKH ZRUN JURXSñ DQG LQWHUHVWLQJ RU SUREOHPDWLF LQWHUYDOV UHSUHVHQWLQJ SRVVLEOH
VWUDWLJUDSKLF VHTXHQFH ERXQGDULHVñ WLPH JDSV RU UHGHSRVLWLRQ ZHUH GHILQHGï &RUH GHVFULSWLRQV
ZHUH WKHQ SHUIRUPHGñ EDVHG RQ WKH -&5 GHVFULSWLRQ V\VWHPï 0RUH WKDQ æíí DGGLWLRQDO FRUH
VDPSOHV ZHUH VLPXOWDQHRXVO\ FROOHFWHG IRU TXDQWLWDWLYH RU VHPLðTXDQWLWDWLYH QDQQRIRVVLOð DQG
PLFURSDOHRQWRORJLFDO DQDO\VHVï 6DPSOHV IRU SDO\QRORJ\ DQG WKLQ VHFWLRQ DQDO\VHV ZHUH
JDWKHUHG ZKHUH UHTXLUHGï 5HJLRQDO VHLVPLF ZDV LQWHUSUHWHG WR UHVROYH VWUDWLJUDSKLF VXUIDFHV
EHWZHHQ ILHOGVîNH\ ZHOOVï

)LJXUH ìðë LOOXVWUDWHV WKH ZRUNIORZ ZLWKLQ WKH SURMHFWñ DQG WKH ILQDO PDLQ GHOLYHUDEOHVï

$ -2,17 &+$/. 675$7,*5$3+,& )5$0(:25.

'DWD FROOHFWLRQ

6DPSOLQJ

&RUH
GDWD

%LRVWUDWLJUDSKLF
DQDO\VHV

û*DSRJUDPû
FRUUHODWLRQV

-&5 %LRVWUDWLJUDSKLF ]RQDWLRQ

&KDON IDFLHV
LQWHUSUHWDWLRQ

/RJ
LQWHUSUHWDWLRQ

6WUXFWXUDO FURVVð
VHFWLRQV

0DS
GDWD

-&5 /LWKRVWUDWLJUDSKLF
]RQDWLRQ

:HOO
ORJ GDWD

6HLVPLF
GDWD

([LVWLQJ
ELRVWUDW GDWD

6HLVPLF
LQWHUSUHWDWLRQ

&RUH
GHVFULSWLRQ

:HOO
FRPSRVLWH
SDQHOV

%LRVWUDWLJUDSKLF
LQWHUSUHWDWLRQ

6HLVPLF
VWUDWLJUDSKLF
VHFWLRQV

%LRVWUDW
GLVWULEXWLRQ
FKDUWV

&KDON IDFLHV
GLVWULEXWLRQ
PDSV

)LJXUH ìðëã 3URMHFW ZRUNIORZ DQG PDLQ GHOLYHUDEOHV
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'HFHPEHU ìäää &KDSWHU ìã ,QWURGXFWLRQ ð è ð

7KH IROORZLQJ ZHOOV ZHUH DQDO\VHGã

6XUIDFH ORFDWLRQ 6XUIDFH ORFDWLRQ
1RUZHJLDQ
ZHOOVã

< 870
QRUWK

; 870
HDVW

'DQLVK
ZHOOV

< 870
QRUWK

; 870
HDVW

ìîêðì çêíìéåä éäíäêæ 0)%ðæ çìèíêìë çêêëæé

ìîêðå çêíëäìì éäêëêä 0ðä; çìéçæëç çêêèíë

ìîäðì çëèíäíí éäêäêä 5RDUðë çìæääèç çíéèéê

ëîëðë çêììéëç èëêíää 5RDU ë$ çìæääèç çíéèéê

ëîëðê çëäéçìç èëçìíí %DURQðë çëìíìêç èæåéìê

ëîéð$ðå çëçéëìç èìêæìä /XOXðì çëééìéê èåíííì

ëîéð%ðìä çëçäìèé èìëèëæ 0RQDðì çëêæéçê èçëìäè

ëîéð %ðìä$î7ë çëçäìèé èìëèëæ (ðé; çìæçìéí çìêìäè

ëîèðì çëææêæä èëíèåì $GGDðë çìåçìíæ çìèçêí

ëîèðæ çëåçèçé èëëéçí $GGDðê çìåèëæé çìåèìè

ëîèðä çëçèäêä èêéíèì %Rðì çìåèêéæ èäåèêê

ëîæðë çëêèäêé èíäééæ 7ðì çëëåéìé èæëçæè

ëîæðé çëèæäìå èíçêèä

ëîæðå çëéäìäè èìäççæ 6XUIDFH ORFDWLRQ
ëîæðìè çëèíêæç èìäéèç 8ï.ï ZHOOVã < 870

QRUWK
; 870
HDVW

ëîæðêí çëèèìæå èìçååí êíîæDðë çëåéêíä éèëíçæ

ëîæð%ðìì çëèëåäê èìêéæí êìîëçDðìí çëëêçëë èíêæíè

ëîåð$ðì çëêæëêå èëééäê

ëîììð$ðë çëëèäçè èëåèæì

ëîììð$ðë 7ë
ëîììð$ðë 7ê

7DEOH ìðìã 6WXGLHG ZHOOV

6HOHFWLRQ RI WKH YDULRXV VWXG\ ZHOOV ZDV EDVHG RQ YDULRXV FULWHULDñ LQFOXGLQJã

x WKH ZHOO�V SRVLWLRQ UHJDUGLQJ EDVLQñ FRQWLQHQWDO PDUJLQ RU VWUXFWXUDO KLJKV
x FRUH GDWD FRYHUDJH
x H[LVWLQJ ELRVWUDWLJUDSKLF GDWD
x WKH H[WHQW RI PDLQ FKDON IRUPDWLRQV DQG IRUPDWLRQ ERXQGDULHV UHSUHVHQWHG LQ WKH ZHOOV
x H[LVWLQJ VWUDWLJUDSKLF W\SH ZHOOVñ VXFK DV ìîêðì

:HOOV WKDW KDG FRUH FRYHUDJH DFURVV D IRUPDWLRQ ERXQGDU\ ZHUH FRQVLGHUHG LPSRUWDQWñ DV ZHUH
ZHOOV WKDW DSSHDUHG WR KDYH EHHQ GULOOHG DFURVV PDMRU VWUDWLJUDSKLF WLPH EUHDNVï

)LJXUH ìðê VKRZV WKH VWXG\ ZHOOV DQG WKH FKDON ILHOGV LQ WKH 1RUWK 6HD &HQWUDO *UDEHQï 6RPH
RI WKH VWXG\ ZHOOV DUH QRW YLVLEOH RQ WKH PDS EHFDXVH WKH\ DUH ORFDWHG FORVH WR DQRWKHU ZHOOñ
WKHVH DUHã

ëîéð%ðìä  ëîéð%ðìä7ë
ëîæðìè  ëîæðå
ëîììð$ðë 7ëî7ê  ëîììð$ðë
$GGDðê  $GGDðë
5RDUðë$  5RDUðë
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ð ç ð &KDSWHU ìã ,QWURGXFWLRQ 'HFHPEHU ìäää

:HOO 7ðì RQ WKH 6YHQG )LHOG LV PDUNHG RQ WKH PDSñ EXW GXH WR IHZ XVHIXO GDWDñ QR ORJV RU
FKDUWV ZHUH FRQVWUXFWHG IRU WKLV ZHOO LQ WKH VWXG\ï

)LJXUH ìðêã /RFDWLRQ RI WKH VWXG\ ZHOOV DQG FKDON ILHOGV
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-RLQW &KDON 5HVHDUFK $ MRLQW &KDON 6WUDWLJUDSKLF )UDPHZRUN

&KDSWHU ë 6WUXFWXUDO DQG 7HFWRQLF )UDPHZRUN ð æ ð

ë 6758&785$/ $1' 7(&721,& )5$0(:25. $1' 6(,60,&
,17(535(7$7,21

7KH &HQWUDO *UDEHQ ZDV WHFWRQLFDOO\ DFWLYH GXULQJ GHSRVLWLRQ RI WKH FKDON VHTXHQFHï *UDEHQ
VXEVLGHQFHñ LQYHUVLRQ VWUXFWXUHV DQG VDOW WHFWRQLFV FUHDWHG D FRPSOH[ DQG FKDQJLQJ SDWWHUQ RI
EDVLQV DQG KLJKV LQ WKH /DWH &UHWDFHRXV DQG 'DQLDQï ,W LV LPSRUWDQW WR VHH WKH FKDON VWUDWLJUDSK\
LQ WKH FRQWH[W RI WKH VWUXFWXUDO HOHPHQWV WKDW FRQWUROOHG WKH FKDON GHSRVLWLRQï $V D SDUW RI WKH
VWXG\ñ D VHW RI UHJLRQDO ë' VHLVPLF OLQHVñ ZKLFK WLHG WKH ZHOOVñ ZHUH LQWHUSUHWHGï 7KHUH ZHUH WKUHH
PDLQ REMHFWLYHV RI WKH VHLVPLF LQWHUSUHWDWLRQã

x ,GHQWLI\ PDLQ VHLVPLF VHTXHQFH ERXQGDULHVñ LQ RUGHU WR FRQWULEXWH WR LPSURYH WKH VWUDWLJUDSKLF
VXEGLYLVLRQ

x ,QYHVWLJDWLRQ RI WKH FKDQJH RI VHLVPLF FKDUDFWHU EHWZHHQ ZHOOV DQG GLIIHUHQW VWUXFWXUDO
HOHPHQWVñ LQ RUGHU WR FRUUHODWH IDFLHV FKDQJHVï

x 7LH UHIOHFWRUV EHWZHHQ WKH VWXGLHG ZHOOV LQ RUGHU WR LPSURYH FRUUHODWLRQ EDVHG RQ ORJV DQG
ELRVWUDWLJUDSK\

7KH VHLVPLF FKDUDFWHU RI WKH FKDON IRUPDWLRQV DQG WKHLU ERXQGDULHV LV DQ LPSRUWDQW DWWULEXWHñ
ZKLFK PXVW EH WDNHQ LQWR DFFRXQW LQ WKHLU GHILQLWLRQï

ëïì 0DLQ VWUXFWXUDO HOHPHQWV

7KH VNHWFK PDS RI WKH &HQWUDO *UDEHQ DQG LWV PDLQ VWUXFWXUDO HOHPHQWV õILJXUH ëðìô LV EDVHG RQ
$QGHUVRQ õìääèôñ %ULW]H HW DOï õìääèô DQG GDWD IURP WKH &KDON ([SORUDWLRQ 3URMHFW õ&(3ôñ ZKLFK
ZHUH PDGH DYDLODEOH IRU -&5 E\ 33&R1ï

$ PDMRU GHSRFHQWHU IRU WKH &UHWDFHRXV FKDON ZDV ORFDWHG LQ WKH QRUWKZHVWHUQ SDUW RI WKH &HQWUDO
*UDEHQñ DQG LW LV SHQHWUDWHG E\ ìîêðì DQG ìîêðåï 7KHVH ZHOOV KDYH D IDLUO\ FRPSOHWH FKDON VHFWLRQñ
DQG WKH\ DUH LPSRUWDQW UHIHUHQFH ZHOOV õILJXUH ëðìíôï $GGLWLRQDO GHSRFHQWHUV ZLWK D FKDON
WKLFNQHVV H[FHHGLQJ äíí P ZHUH ORFDWHG LQ WKH GHHSHU SDUWV RI WKH FRPSOH[ JUDEHQ VWUXFWXUH
õILJXUH ëðìôï ,Q JHQHUDOñ WKHUH DUH IHZ ZHOOV GULOOHG LQ WKHVH GHSRFHQWHUVñ DQG WKRVH ZHOOV WKDW
KDYH EHHQ GULOOHG WKHUH ZHUH DLPHG DW WDUJHWV RWKHU WKDQ WKH FKDONï &RQVHTXHQWO\ñ FRUH DQG
ELRVWUDWLJUDSK\ GDWD DUH VSDUVHï

'XULQJ FKDON GHSRVLWLRQñ WKH &HQWUDO *UDEHQ VXEVLGHG DORQJ LWV PDMRU ERXQGDU\ IDXOWV WRZDUGV
WKH VWDEOH SODWIRUPV õILJXUH ëðìñ ILJXUHV ëðê WR ëðæôï 7KHUH ZHUH VHYHUDO HSLVRGHV ZKHQ WKH
UHODWLYHO\ XSOLIWHG SODWIRUPV ZHUH HURGHGñ DQG DFWHG DV VRXUFH DUHDV IRU UHGHSRVLWHG FKDONï

6DOW WHFWRQLFV DQG LQYHUVLRQ WHFWRQLFV DGGHG WR WKH VWUXFWXUDO FRPSOH[LW\ RI WKH &HQWUDO *UDEHQï
7KLFN =HFKVWHLQ VDOW ZDV GHSRVLWHG LQ PRVW RI WKH &HQWUDO *UDEHQñ H[FHSW IRU D VPDOO DUHD RQ ERWK
VLGHV RI WKH 'HQPDUN ¤ 1RUZD\ ERXQGDU\ï 7KH WLPLQJ RI VDOW VWRFN JURZWK DQG ZLWKGUDZDO VHHPV
WR FRUUHODWH ZLWK WKH GLIIHUHQW WHFWRQLF SKDVHVï ,Q ILJXUH ëðìñ LW LV LQGLFDWHG ZKLFK RI WKH VWXGLHG
ZHOOV DUH ORFDWHG RQ PDMRU VDOW VWUXFWXUHVï

7KH LQYHUVLRQ KLJKV ZHUH IRUPHG E\ XSOLIW DQG UHYHUVH PRYHPHQW DORQJ SUHðH[LVWLQJ IDXOWV LQ
ODUJH DUHDV RI WKH &HQWUDO *UDEHQï 7KH LQYHUVLRQ KLJKV ZHUH DFWLYH DW GLIIHUHQW RFFDVLRQV GXULQJ
DQG DIWHU FKDON GHSRVLWLRQñ DQG WKH GHWDLOHG WLPLQJ RI WKHLU DFWLYLW\ PD\ GLIIHUï 7KH\ RIWHQ
UHSUHVHQW D FKDQJH LQ WHFWRQLF VHWWLQJ IURP D SUHð &DPSDQLDQ WURXJK WR D 0DDVWULFKWLDQ KLJKï



$ MRLQW &KDON 6WUDWLJUDSKLF )UDPHZRUN -RLQW &KDON 5HVHDUFK

ð å ð 6WUXFWXUDO DQG 7HFWRQLF )UDPHZRUN &KDSWHU ë

ëïë 6WUXFWXUDO FURVVðVHFWLRQV

7KH VWUXFWXUDOîVWUDWLJUDSKLF FURVVðVHFWLRQV VKRZQ LQ ILJXUH ëðê WR ëðæ UHSUHVHQW VOLFHV WKURXJK D
ê' JHRORJLFDO OD\HU PRGHOñ ZKLFK ZHUH SUHSDUHG LQ WKH 3/íìå &KDON ([SORUDWLRQ 3URMHFW õ&(3ô
DQG PDGH DYDLODEOH WR WKH -&5 E\ 33&R1ï 7KLV PRGHO ZDV EDVHG RQ ë' DQG ê' VHLVPLF
LQWHUSUHWDWLRQ RI WKH 0DJQHñ 7RUñ (NRILVN DQG %DOGHU )RUPDWLRQVï 7KH ROGHVW KRUL]RQ LQ WKH
SURILOHV LV WKH 0LGGOH +RG UHIOHFWRU LQWHUSUHWHG E\ WKH &(3ï 2YHU ODUJH DUHDVñ EXW QRW HYHU\ZKHUHñ
WKLV UHIOHFWRU FRLQFLGHV ZLWK WKH EDVH RI WKH 0DJQH )RUPDWLRQñ DQG WKHUH DUH D IHZ GLVFUHSDQFLHV
EHWZHHQ WKH SURILOHV DQG WKH FRUUHVSRQGLQJ -&5 LQWHUSUHWDWLRQï ,Q VSLWH RI WKHVH VWUDWLJUDSKLF
GLVFUHSDQFLHVñ WKH SURILOHV KDYH EHHQ LQFOXGHG LQ WKH SURMHFW EHFDXVH WKH\ JLYH XVHIXO RYHUYLHZV
RI WKH VWUXFWXUDO DQG VWUDWLJUDSKLF VHWWLQJ RI PRVW RI WKH QRUWKHUQ VWXG\ ZHOOVï 3URILOH ìñ 3URILOH ëñ
3URILOH ê DQG 3URILOH é FRUUHVSRQG WR WKH ûJDSRJUDPû FRUUHODWLRQ OLQHV ìñ ëñ éñ DQG ç õILJXUHV éðéñ
éðèñ éðæ DQG éðäôñ UHVSHFWLYHO\ï )LJXUH ëðë VKRZV WKH ORFDWLRQ RI WKH è VWUXFWXUDO SURILOHVï
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)LJXUH ëðëã ,QGH[ PDS RI VWUXFWXUDOîVWUDWLJUDSKLF SURILOHV

ëïê 6HLVPLF LQWHUSUHWDWLRQ

ëïêïì 'DWD XVHG

$ EDVH PDS RI WKH VHLVPLF PDGH DYDLODEOH WR WKH SURMHFW LV VKRZQ LQ ILJXUH ëðåï +LJKOLJKWHG OLQHV
UHSUHVHQW WKH ILJXUHV LQFOXGHG LQ WKLV VHFWLRQï 2Q WKH 1RUZHJLDQ VLGHñ DERXW èíí NP RI JRRG
TXDOLW\ ë' VHLVPLF GDWD ZDV DYDLODEOH WR EH LQWHUSUHWHG XVLQJ &KDULVPD VRIWZDUHï 7KHUH ZHUH ë
VXUYH\V LQYROYHGâ WKH EXON RI WKH GDWD EHLQJ IURP WKH 6*7åçíç VXUYH\ ZLWK WKH UHVW IURP WKH



-RLQW &KDON 5HVHDUFK $ MRLQW &KDON 6WUDWLJUDSKLF )UDPHZRUN

&KDSWHU ë 6WUXFWXUDO DQG 7HFWRQLF )UDPHZRUN ð ä ð

&$67ðäí VXUYH\ï 7KH åç VXUYH\ DSSHDUHG WR EH EHWWHU TXDOLW\ GDWD RQ WKH ZRUNVWDWLRQ EXW WKH
&$67ðäí ZDV EHWWHU ZKHQ SDSHU VHFWLRQV ZHUH FRPSDUHGï 7KLV GLVFUHSDQF\ ZDV SUREDEO\ GXH WR
WKH GLIIHULQJ GLVSOD\ SDUDPHWHUV XVHG LQ WKH SURFHVVLQJ VHTXHQFHï

)LJXUH ëðìë
ìîêðå

)LJXUH ëðìæ
ëîëðêñ ëîèðæ

)LJXUH ëðìé
ìîäðìñëîéð$ðå

)LJXUH ëðìì
ëîæð%ðìì

)LJXUH ëðìç
ëîèðä

)LJXUH ëðìè
5RDU ð ë

49 5XQGH <<43336391341330+H

)LJXUH ëðìê
ëîæðìè

)LJXUH ëðåã %DVH PDS VKRZLQJ ORFDWLRQ RI VHLVPLF OLQHV LQFOXGHG DV ILJXUHV



$ MRLQW &KDON 6WUDWLJUDSKLF )UDPHZRUN -RLQW &KDON 5HVHDUFK

ð ìí ð 6WUXFWXUDO DQG 7HFWRQLF )UDPHZRUN &KDSWHU ë

,QFOXGHG DV HQFORVXUH ëðì WR ëðé DUH UHJLRQDO VHLVPLF OLQHV FRQVWUXFWHG IURP VKRUWHU OLQHVï

7DEOH ëðì VKRZV WKH VHLVPLF OLQHV WKDW DUH LQFRUSRUDWHG LQ WKH SURILOHVï

3URILOH (QFORVXUH

3URILOH ì
6*7åçíçðèéíé
6*7åçíçðééíé
6*7åçíçðêéíé
6*7åçíçðëéíé
6*7åçíçðìéíé
6*7åçíçðéíé

ëðì D
ëðì E
ëðì E
ëðì E
ëðì E
ëðì E

3URILOH ë
&$67ðäíðìíé% ëðë
3URILOH ê
6*7åçíçðèëíë
6*7åçíçðéëíë

ëðê
ëðê

3URILOH é
6*7åçíçðëëíê ëðé
3URILOH è
&**ðäëðíå
,/ìåëíB;/éëä
&*'ðåèð5ðåæ
&*'ðåèð5ðåä
,/ëíäíB;/êæåë

ëðè D
ëðè D
ëðè E
ëðè E
ëðè F

7DEOH ëðìã 6HLVPLF OLQHV LQFOXGHG DV HQFORVXUHVï

3KLOOLSV DOVR PDGH DYDLODEOH é UDQGRP OLQHV IURP ê' VXUYH\V LQ WKH DUHDñ DQG D IHZ VHLVPLF OLQHV
ZHUH DGGHG LQ WKH ìîê DUHD WR WLH WKH ZHOOV EHWWHU WR WKH VHLVPLF JULGï

2Q WKH 'DQLVK VLGHñ WZR ORQJ FRPSRVLWH OLQHV ZHUH SURYLGHG IURP H[LVWLQJ ë' DQG ê' VXUYH\Vñ LQ
RUGHU WR WLH DOO WKH VWXGLHG ZHOOV WRJHWKHUï )LJXUH ëðä VKRZV WKH ORFDWLRQ RI VHLVPLF SURILOHV
DFURVV WKH 'DQLVK VHFWRUï 2QH RI WKHVH OLQHV LV LQFOXGHG DV HQFORVXUH ëðèï

$OO WKH VWXGLHG ZHOOV ZLWK ORJV DQG PDUNHUV ZHUH ORDGHGï ([FHSW IRU WKH 8. ZHOOVñ WKH\ DUH
UHDVRQDEO\ FORVH WR VHLVPLF OLQHV LQ WKH GDWDEDVHï 7KHUH ZDV D PLVðWLH RI ìí WR ëí PV EHWZHHQ WKH
WZR PDLQ VHLVPLF VXUYH\V RI WKH 1RUZHJLDQ VLGHï 6HYHUDO RI WKH ZHOOV ZHUH GULOOHG LQ DUHDV RI JDV
FKLPQH\V RU YHU\ QHDU WR VDOW GRPHV PDNLQJ FRUUHODWLRQ ZLWK WKH VHLVPLF GLIILFXOW õILJXUH ëðììôï

ëïêïë +RUL]RQV SLFNHG

6HYHQ VHTXHQFH ERXQGDULHV ZHUH LQWHUSUHWHG WR EHVW GHWHUPLQH WKH LPSRUWDQW VHLVPRðVWUDWLJUDSKLF
HYHQWV LQ WKH DUHDñ DQG DUH GHVFULEHG EHORZï 7KHVH ZHUHñ

x %ORG�NV
x ,QWUD 0LGGOH +RG õLPKRGô



-RLQW &KDON 5HVHDUFK $ MRLQW &KDON 6WUDWLJUDSKLF )UDPHZRUN

&KDSWHU ë 6WUXFWXUDO DQG 7HFWRQLF )UDPHZRUN ð ìì ð

x 7RS 0LGGOH +RG õWPKRGôñ HTXLYDOHQW WR DQ LPSRUWDQW VHTXHQFH ERXQGDU\ LQ WKH &DPSDQLDQ
x 7RS +RG õWKRGôñ D VHTXHQFH ERXQGDU\ DW RU QHDU WR WKH EDVH RI WKH 0DDVWULFKWLDQñ
x 7RS 7RU õWRUô DW WKH WRS RI WKH &UHWDFHRXV
x 7RS (NRILVN õWHNRILVNôñ DW WKH WRS 'DQLDQ
x %DOGHU õEDOGHUôñ DQ LPSRUWDQW QHDU 7RS 3DODHRFHQH HYHQWï

$ SRVVLEOH VHTXHQFH ERXQGDU\ ZLWKLQ WKH 7RU )RUPDWLRQ õPWRUô ZDV LQWHUSUHWHG LQ WKH
GHSRFHQWHUV LQ WKH QRUWKHUQ SDUW RI WKH 1RUZHJLDQ VHFWRUñ EXW LWV LQWHUSUHWDWLRQ FRXOG QRW EH
H[WHQGHG WR WKH VRXWKï ,Q WHUPV RI WKH SURSRVHG OLWKRVWUDWLJUDSK\ñ LPKRG FDQ EH FRUUHODWHG ZLWK
WRS 1DUYH LQ WKH QRUWKHUQ SDUW RI WKH UHJLRQï 7KH UHIOHFWRUV WPKRG DQG WKRG FRUUHODWH ZLWK WRS
7KXG DQG 7RS 0DJQH UHVSHFWLYHO\ï

ëïêïê 7RS 1DUYH õLPKñ ,QWUD PLGGOH +RGô

7KLV HYHQW ZDV SLFNHG RQ D ZHDN SHDN RQO\ LQ WKH EDVLQDO DUHDV LQ WKH QRUWK DQG ZHVW RI WKH DUHDï
,W UHSUHVHQWV D VHTXHQFH ERXQGDU\ O\LQJ EHWZHHQ WKH %ORG�NV DQG 7RS 0LGGOH +RG UHIOHFWRUV
õILJXUH ëðìëôï 7KHUH LV PDUNHG RQODS RQWR WKLV UHIOHFWRU DW WKH EDVLQ PDUJLQV DQG RQ WKH IODQNV RI
VDOW GRPHVï 7RZDUGV WKH HDVWñ DQG WRZDUGV VWUXFWXUDO KLJKVñ WKH XQLW EHWZHHQ WKH LPKRG DQG WKH
WPKRG SLQFKHV RXW õILJXUH ëðìêñ ëðìéôï
,Q WKH 'DQLVK VHFWRUñ D VHFWLRQ RI VLPLODU DJH DV WKH 7KXG RFFXUV LQ WKH $GGD ¤ 5RDU DUHDï 7KLV
VHFWLRQ KDV DQ LQWHUHVWLQJ VHLVPLF FKDUDFWHUñ ZLWK PRXQGHG RU FKDQQHOðOLNH IHDWXUHV õILJXUH ëðìèôï
6LJQLILFDQW LQWHUQDO GRZQODSV DUH DOVR REVHUYHGï 7KXVñ WKH VHLVPLF FKDUDFWHU RI WKLV VHFWLRQ
GLIIHUV IURP WKH 1RUZHJLDQ VHFWRUï ,W LV QRW SRVVLEOH WR WLH WKH WZR DUHDV VHLVPLFDOO\ñ EHFDXVH RI
SLQFKðRXW RI WKH XQLWVï

ëïêïé 7RS 7KXG õWPKRGñ 7RS PLGGOH +RGô

7KLV HYHQW ZDV JHQHUDOO\ SLFNHG RQ WKH ORZHVW SDUW RI D SRRU TXDOLW\ SHDN GRXEOHW õILJXUHV ëðìëñ
ëðìêñ ëðìéôï ,W GLG QRW KDYH D FRQVLVWHQW DSSHDUDQFH WKURXJKRXW WKH DUHD EXW VRPHWLPHV VHSDUDWHG
D ]RQH ZLWK VWURQJHU SDUDOOHO UHIOHFWRUV DERYH IURP D TXLHWHU ]RQH EHQHDWKï 2Q WKH SODWIRUP
PDUJLQV DQG DGMRLQLQJ VDOW KLJKV DQG LQYHUVLRQ KLJKVñ PDUNHG RQODS ZDV YLVLEOH RQWR WKH
UHIOHFWRUï ,Q FHUWDLQ PRUH EDVLQDO DUHDV ERWK RQODS RQWR DQG VXEFURS EHORZ WKH UHIOHFWRU FRXOG EH
UHFRJQLVHGñ SUREDEO\ LQGLFDWLQJ PRUH ORFDOLVHG WHFWRQLF DFWLYLW\ñ SHUKDSV DVVRFLDWHG ZLWK
XQGHUO\LQJ VDOW PRYHPHQWVï 7KH RYHUDOO VXUIDFH RI WKH 0LGGOH +RG ZDV EURDGO\ XQGXODWLQJ DQG
QRW DOZD\V SDUDOOHO WR HYHQWV EHORZ RU DERYHñ HYHQ LQ IODWWHU DUHDVï

ëïêïè 7RS 0DJQH õWKRGñ 7RS +RGô

7KLV HYHQW ZDV JHQHUDOO\ SLFNHG DV D GLIIXVH SHDN DW WKH EDVH RI WKH UHIOHFWRU VHSDUDWLQJ D ORZHU
DPSOLWXGH ]RQH DERYH IURP D ]RQH EHORZ FRPSULVLQJ VWURQJHU SDUDOOHO UHIOHFWRUV õILJXUHV ëðìë WR
ëðìçôï ,Q WKH VWUXFWXUDOO\ KLJKHU DUHDV WKH UHIOHFWRU VHSDUDWHV DQ RYHUO\LQJ VHTXHQFH RI KLJKHU
DPSOLWXGH SDUDOOHO UHIOHFWRUV IURP D ORZHU DPSOLWXGH ]RQH EHORZï 7KLV ZRXOG LPSO\ WKDW WKH
/RZHU 7RU VHTXHQFH WKLFNHQV FRQVLGHUDEO\ LQWR WKH EDVLQDO DUHDV SDUWLFXODUO\ WR WKH QRUWK DQG
ZHVW DURXQG ìîêðìï

7KH RYHUO\LQJ 7RU IRUPDWLRQ FRXOG EH VHHQ WR RQODS WKH UHIOHFWRU LQ SODFHV DW WKH SODWIRUP HGJHV
DQG RQ WKH IODQNV RI VDOW LQGXFHG KLJKV õILJXUH ëðìçôï +RZHYHU LQ JHQHUDO WKH 7RU VHTXHQFH
VKRZHG D JUHDWHU DUHDO H[WHQW WKDQ WKH 0DJQHñ H[WHQGLQJ XS RQWR WKH SODWIRUP DQG KLJKV DOEHLW DV
D PXFK UHGXFHG VHTXHQFHï



$ MRLQW &KDON 6WUDWLJUDSKLF )UDPHZRUN -RLQW &KDON 5HVHDUFK

ð ìë ð 6WUXFWXUDO DQG 7HFWRQLF )UDPHZRUN &KDSWHU ë

:HOO GDWD LQGLFDWH WKDW WKH 0DJQH )RUPDWLRQ LV GHYHORSHG DV D KDUGJURXQG DW VRPH RI WKH KLJKVï
7KH UHSUHVHQWDWLYH ZHOOV DUH DOO ORFDWHG ZLWKLQ JDV FORXGVñ DQG WKH KDUGJURXQG KDV QRW EHHQ WLHG
WR VHLVPLF OLQHVï

ëïêïç ,QWUD 7RU

7KLV HYHQW ZDV SLFNHG LQ WKH EDVLQDO QRUWKZHVWHUQ SDUW RI WKH DUHD õILJXUH ëðìëôï 7KH UHIOHFWRU
UHSUHVHQWV D SHUVLVWHQW VHTXHQFH ERXQGDU\ ZLWKLQ WKH 7RU IRUPDWLRQ DQG LV SLFNHG RQ D GLVWLQFWLYH
SHDNï $ERYH WKH UHIOHFWRU VWURQJ SDUDOOHO UHIOHFWRUV UHSUHVHQW WKH 7RU IRUPDWLRQï %HORZ WKH HYHQWñ
VHLVPLF HYHQWV DUH OHVV FRQWLQXRXV DQG ZHDNHU LQ DPSOLWXGHï 7KH GLIIHUHQFH EHWZHHQ WKH ë ]RQHV
FDQ DOVR EH VHHQ RQ WKH VRQLF ORJV LQ WKH ZHOOV HJï ìîêðì EXW LV QRW HYLGHQW RQ WKH JDPPD ORJVï
7KLV HYHQW VHHPV WR KDYH VWUDWLJUDSKLF VLJQLILFDQFH DV VXEFURSSLQJ UHIOHFWRUV FDQ EH VHHQ LQ
FHUWDLQ SODFHVï õ-&5WLIIìíñ 6*7åçíçðìéíë DURXQG VSï ìåéíôï 7KH HYHQW LV RQO\ HDVLO\
GLVWLQJXLVKDEOH LQ WKH EDVLQDO DUHDV DV WKH ORZHU ]RQH RI WKH 7RU WKLQV PDUNHGO\ RQ WKH
VWUXFWXUDOO\ KLJKHU DUHDVï 7HQWDWLYH LGHQWLILFDWLRQ RI WKLV UHIOHFWRU LQ ëîèðæ ZRXOG EH DV HTXLYDOHQW
WR WKH WRS RI WKH /RZHU 7RU DV PDSSHG E\ 3KLOOLSVï

ëïêïæ 7RS 7RU

7KLV HYHQW ZDV SLFNHG DW WKH EDVH RI D GLIIXVH GRXEOHWñ VRPHWLPHV WULSOHW SHDN EHORZ WKH VWURQJ
7RS (NRILVN UHIOHFWRU õILJXUHV ëðìë WR ëðìçôï 7KH UHIOHFWRU LV YHU\ XQGXODWLQJ DQG ZHDN LQ QDWXUH
VKRZLQJ ORFDO VPDOOðVFDOH YDULDWLRQV LQ VHTXHQFH WKLFNQHVVï 2YHUDOO WKH RYHUO\LQJ (NRILVN
VHTXHQFH WKLFNHQV LQWR WKH EDVLQV DQG WR WKH VRXWKHDVW LQ WKH 1RUZHJLDQ VHFWRUñ VKRZLQJ PDUNHG
WKLQQLQJ RQWR WKH SODWIRUP DQG KLJKVï 3KDVH FKDQJHV DQG DQRPDOLHV DUH HYLGHQW RQ VRPH RI WKH
KLJKV LQGLFDWLQJ K\GURFDUERQ DFFXPXODWLRQV LQ WKH (NRILVN DQG 7RU VHTXHQFHVï

7KH UHIOHFWRU EHFRPHV PRUH GHILQHG DQG GLVWLQFW WRZDUGV WKH 'DQLVK VHFWRU DV WKH RYHUO\LQJ
(NRILVN IRUPDWLRQ WKLFNHQV DQG DV WKH OLWKRORJLFDO QDWXUH RI WKH 7RU (NRILVN ERXQGDU\ FKDQJHVï
õ-&5WLIIè DQG çñ 6*7åçíç ééíè DQG 6*7åçíç èéíèôï

ëïêïå 7RS (NRILVN

=HURðSKDVH PDWFKLQJ RI VXUIDFH VHLVPLF GDWD WR WKH UHJLRQDO ZHOO GDWD QRUPDOO\ UHVXOWV LQ D FOHDU
DQG XQDPELJXRXV VHLVPLF LGHQWLILFDWLRQ RI 7RS &KDON DV DOVR FRQILUPHG E\ WKH ODUJH ZHOO
GDWDEDVH H[LVWLQJ LQ WKH UHJLRQï

2Q WKH W\SH RI VHLVPLF VHFWLRQV XVHG LQ WKLV VWXG\ñ 7RS &KDON õWRS (NRILVNô LV UHFRJQL]HG DV D
VHLVPLF WURXJK UHVXOWLQJ IURP DQ LQFUHDVH LQ DFRXVWLF LPSHGDQFH õ6(* UHYHUVH SRODULW\ VWDQGDUGô
õILJXUHV ëðìê WR ëðìçôï 3UHVHQFH RI K\GURFDUERQV RU H[FHVVLYH KLJK IRUPDWLRQ SRURVLW\ PD\ UHVXOW
LQ GHYLDWLRQV IURP WKH QRUPDOO\ H[SHFWHG VHLVPLF DSSHDUDQFH ZLWK WKH WRS RI WKH FKDON IRUPDWLRQ
VKRZ GLPPLQJ RU HYHQ SKDVH UHYHUVDO RI WKH VHLVPLF VLJQDOï

7KH (NRILVN )RUPDWLRQ LV UHODWLYHO\ WKLQñ DQG LQWHUQDO HYHQWV DUH ZHDNï ,Q WKH (NRILVN DUHDñ WKH
H[WHQW RI D UHGHSRVLWHG HYHQW LV PDUNHG E\ DQ LUUHJXODU WURXJK õILJXUH ëðìéôï ,Q WKH 1RUWKHUQ
VHFWRU WKH 7RS (NRILVN HYHQW EHFRPHV GLVFRQWLQXRXV DQG UHODWLYHO\ ZHDNï 7KLV LV GXH WR WKH HIIHFW
RQ WKH VHLVPLF DPSOLWXGHV RI WKH RYHUO\LQJ 9LGDU IRUPDWLRQ DV ZHOO DV E\ HURVLRQ RI WKH (NRILVNï
7KH 9LGDU OLHV ZLWKLQ WKH RYHUO\LQJ 5RJDODQG *URXS DQG LV PDUNHG E\ D VHULHV RI YHU\ EURDGñ
RIWHQ GLVFRQWLQXRXVñ KLJK DPSOLWXGH HYHQWV õILJXUH ëðìëñ ëðìæôï 7KH DPSOLWXGHV DUH QRW DV KLJK
DQG WKH HIIHFW RQ WKH 7RS (NRILVN LV QRW DV QRWDEOH WRZDUGV WKH PDUJLQV RI WKH DUHD RI 9LGDU
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&KDSWHU ë 6WUXFWXUDO DQG 7HFWRQLF )UDPHZRUN ð ìê ð

RFFXUUHQFHï $W WKH HGJHV RI WKH DUHD RI 9LGDU GHSRVLWLRQ WKH 9LGDU UHIOHFWRUV FDQ EH VHHQ WR
GRZQODS RQWR WKH 7RS (NRILVNï 7KH 9LGDU HYHQWV YDU\ IURP EHLQJ SDUDOOHO WR FKDRWLFñ LPSO\LQJ
GLIIHULQJ VHGLPHQWDWLRQ SURFHVVHVï

ëïêïä 7RS %DOGHU

7KLV HYHQW LV SLFNHG RQ D WURXJKñ ZKLFK LV JHQHUDOO\ ZHOO GHILQHG DOWKRXJK LW EHFRPHV ZHDNHU DQG
PRUH GLVFRQWLQXRXV WRZDUGV WKH EDVLQ PDUJLQVï 7KH UHIOHFWRU UHSUHVHQWV WKH ZLGHVSUHDG WXII
PDUNHU DW WKH WRS RI WKH %DOGHU IRUPDWLRQï

ëïé &RQFOXVLRQV

7KH VHLVPLF LQWHUSUHWDWLRQ LQGLFDWHV WKDW WKH D[HV RI GHSRVLWLRQ KDYH FKDQJHG GXULQJ WKH SHULRG RI
FKDON VHGLPHQWDWLRQï 7KH ROGHU VHTXHQFHV õ1DUYH DQG 7KXGô DUH JHQHUDOO\ WKLFNHU WRZDUGV WKH
ZHVW DQG QRUWKZHVWñ ZKLOH WKH \RXQJHU VHTXHQFHV õ0DJQH DQG 7RUôñ WKLFNHQ LQWR VHYHUDO
HORQJDWHG GHSRFHQWHUV ZLWKLQ WKH &HQWUDO *UDEHQ DQG RQODS RQWR WKH KLJKVï 7KLV SDWWHUQ RI
GHSRFHQWHUV DQG KLJKV ZDV FDXVHG E\ LQYHUVLRQ LQ WKH &DPSDQLDQ DQG SRVVLEO\ 0DDVWULFKWLDQ
WLPHVï 7KH RYHUDOO SLFWXUH LV FRPSOLFDWHG E\ WKH RFFXUUHQFH RI VHYHUDO VDOW SLHUFHPHQW IHDWXUHVñ
ZKLFK KDYH PRYHG SURJUHVVLYHO\ LQ UHVSRQVH WR WKH WHFWRQLF LQIOXHQFHV JLYLQJ ULVH WR WKH YDULRXV
VHTXHQFH ERXQGDULHVï

7KH XSSHUPRVW FKDON VHTXHQFHñ WKH 'DQLDQ (NRILVN )RUPDWLRQñ VKRZV VPDOO YDULDWLRQ LQ
WKLFNQHVVñ DOWKRXJK LW WKLQV WRZDUGV WKH KLJKV DQG WHQGV WR WKLFNHQ WRZDUGV WKH HDVWHUQ SDUW RI WKH
&HQWUDO *UDEHQï $SSDUHQWO\ñ PRVW RI WKH UHOLHI RI WKH JUDEHQ ZDV ILOOHG LQ GXULQJ WKH GHSRVLWLRQ RI
WKH 7RU )RUPDWLRQï

:LWKLQ EDVLQDO DUHDVñ VHYHUDO VHTXHQFH ERXQGDULHVñ RI YDU\LQJ GHJUHHV RI LPSRUWDQFHñ FDQ EH
LGHQWLILHGï 7KH PRVW LPSRUWDQW DUH WKH 7RS 0DJQH DQG 7RS 7KXG ERXQGDULHVñ DV ZHOO DV WKH 7RS
1DUYH ZKHUH LW H[LVWVï
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ê '(326,7,21$/ )$&,(6

2QH PDMRU SXUSRVH RI WKH &KDON 6WUDWLJUDSKLF )UDPHZRUN SURMHFW ZDV WR SURYLGH D EHWWHU
UHJLRQDO XQGHUVWDQGLQJ RI WKH GHSRVLWLRQñ HURVLRQ DQG UHGHSRVLWLRQ RI WKH /DWH &UHWUDFHRXV FKDON
IDFLHV LQ WKH &HQWUDO *UDEHQï 7R REWDLQ WKLVñ LW ZDV QHFHVVDU\ WR H[DPLQH IDFLHV GLVWULEXWLRQ LQ
FRUHñ DQG XVH WKLV LQIRUPDWLRQ WRJHWKHU ZLWK WKH ELRVWUDWLJUDSKLF GDWDñ WR PDS PDLQ UHZRUNHG
XQLWV DV ZHOO DV PLVVLQJîHURGHG XQLWVï

0DQ\ñ EXW QRW DOOñ RI WKH VWXG\ ZHOOV KDG FRUH PDWHULDOñ DQG RIWHQ WKHUH ZHUH FRUHV RQO\ IURP
SDUWV RI WKH FKDON JURXSï 7DEOH êðì VKRZV WKH DYDLODELOLW\ RI FRUH PDWHULDO LQ WKH VWXG\ ZHOOVï

êïì &KDON GHVFULSWLRQ DQG FODVVLILFDWLRQ QRPHQFODWXUH

,Q OLQH ZLWK UHFRPPHQGDWLRQV IRU DOO -&5 SURMHFWVñ FRUH PDWHULDO GHVFULEHG IRU WKLV SURMHFW ZDV
EDVHG RQ WKH MRLQW QRPHQFODWXUH GHYHORSHG IRU WKH -&5 LQ ìääçï %HIRUH WKDWñ VHYHUDO ORFDO
QRPHQFODWXUHV IRU FKDON GHVFULSWLRQ KDG EHHQ GHYHORSHG WKURXJK WKH \HDUVï 7KH PDLQ EDVLV IRU
WKH YDULRXV QRPHQFODWXUHV ZDV HVWDEOLVKHG ZKHQ WKH UHðGHSRVLWLRQ RI FKDON EHFDPH D JHQHUDOO\
DFFHSWHG LGHD LQ WKH HDUO\ HLJKWLHVñ WKURXJK VXEGLYLGLQJ WKH FKDON OLWKRORJ\ LQWR SHODJLF
õDXWKRFKWKRQRXVô FKDON DQG UHðGHSRVLWHG õDOORFKWKRQRXVô FKDONï 3KLOOLSV IXUWKHU GHYHORSHG WKLV
FRQFHSW LQ D V\VWHPDWLF DQG GHWDLOHG QRPHQFODWXUH IRU XVH RQ WKH (NRILVN DUHD ILHOGV õ6LHPHUV HWï
DOï ìääéôï

,Q WKHLU ZRUNñ KRZHYHUñ 3KLOOLSV UHFRJQLVHG WKH DEXQGDQFH RI IORDWLQJ ERXQGDULHV DQG RGG
PL[WXUHV RI FKDON IDFLHV WKDW GLG QRW ILW WKH VXEGLYLVLRQ RI LQðVLWX RU UHðGHSRVLWHG FKDONï 2IWHQ LW
ZDV QRW SRVVLEOH WR GHILQH WKH GHSRVLWLRQDO SURFHVVHV EHKLQG D VSHFLILF FKDON LQWHUYDOï )URP WKLV
SHUVSHFWLYHñ WKH -&5 GHVFULSWLRQ V\VWHP ZDV FRQVWUXFWHG RQ D SXUH FRPPRQ GHVFULSWLYH EDVLVñ
ZLWK QR LQWHUSUHWLYH UHTXLUHPHQWV WKDW FRXOG FDXVH VXEMHFWLYH GLIIHUHQFHV LQ FODVVLILFDWLRQ
õ&UDEWUHH HWï DO ìääçôï

,Q PRVW FDVHV ZKHQ FKDON FRUHV DUH H[DPLQHGñ DGGLWLRQDO IHDWXUHV ZLOO EH QRWHG DQG LQWHUSUHWHGñ
VR WKDW D VXFFHHGLQJ HYDOXDWLRQ RI GHSRVLWLRQDO IDFLHV DQG KLVWRU\ FDQ EH PDGHï

êïë &RUH GHVFULSWLRQ DQG VDPSOLQJ PHWKRG

0RVW RI WKH 1RUZHJLDQ ZHOOV KDG SUHYLRXVO\ EHHQ GHVFULEHG XVLQJ WKH 3KLOOLSV FKDON
QRPHQFODWXUH V\VWHPñ VHH WDEOH êðìñ DQG LW ZDV FRQVLGHUHG XQQHFHVVDU\ WR UHðORJ WKHVH FRUHVï
$OO RWKHU FRUHV LQYHVWLJDWHG IRU WKLV SURMHFWñ ZHUH ORJJHG E\ 3URIï %ï:ï 6HOOZRRGñ DW WKH VDPH
VFDOHñ DQG GHVFULEHG DFFRUGLQJ WR WKH GHVFULSWLRQ DQG FODVVLILFDWLRQ VFKHPH DJUHHG LQ -&5 3KDVH
,9ñ VR WKDW FRPSDWLELOLW\ FRXOG EH DFKLHYHGï 7KH GHVFULSWLRQV ZHUH QRWHG GLUHFWO\ RQWR ORJJLQJ
VKHHWV DV UHSURGXFHG LQ HQFORVXUH êðì WR êðäï ëîåð$ðì KDG DOUHDG\ EHHQ H[DPLQHG E\ KLP LQ
SUHYLRXV VWXGLHV VR LW ZDV GHHPHG XQQHFHVVDU\ WR UHðORJ WKDW FRUHï :KHUH FRUHG LQWHUYDOV ZHUH
IRXQG WR EH LQ D SRRU VWDWH RI SUHVHUYDWLRQñ DYDLODEOH FRUH SKRWRJUDSKV õWDNHQ VRRQ DIWHU WKH FRUHV
ZHUH DUFKLYHGô ZHUH XVHG WR SURYLGH DGGLWLRQDO LQIRUPDWLRQï :KHUHYHU FRUH SKRWRV ZHUH
DYDLODEOH WKH\ ZHUH DOZD\V XVHGñ LQ FRQMXQFWLRQ ZLWK WKH FRUH LWVHOIï ,Q QHDUO\ DOO FDVHV WKH FRUHV
UHTXLUHG WKRURXJK FOHDQLQJ EHIRUH H[DPLQDWLRQ FRXOG SURFHHGï

$OO OLWKRORJLFDO LQWHUSUHWDWLRQV RQ WKH FRUHV ZHUH PDGH XVLQJ D KDQGðOHQV RU WKH QDNHG H\Hï 7KH
SUHVHQFH RI DFFHVVRU\ PLQHUDOV õHVSHFLDOO\ S\ULWHô ZDV QRWHG ZKHUH ODUJH DQG REYLRXV PDVVHV
ZHUH VHHQ WR H[LVW LQ WKH FRUHVï
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:HOO QDPH /RFDWLRQ
ILHOG

õ2ULJLQDOô
2SHUDWRU

)HHW RI
&KDON
&RUH

)HHW RI FRUH
GHVFULEHG
WKLV SURMHFW

&RPPHQWV

ìîêðì %DVLQ î GU\ 6KHOO ìí í 1R FRUH GHVFULSWLRQ SHUIRUPHG

ìîêðå %DVLQ î GU\ $PRFR í ð

ìîäðì 7RPPHOLWHQ
$OSKD

6WDWRLO çèí í 3UHYLRXV FRUH GHVFULSWLRQ E\ 7ï+DUODQGñ
3KLOOLSV

ëîëðë +LGUD 7HUUDFH 6DJD í ð

ëîëðê %DVLQ î GU\ 6DJD í ð

ëîéð$ðå (NRILVN 3KLOOLSV çêå í 3UHYLRXV FRUH GHVFULSWLRQ E\ 7ï6LHPHUVñ
3KLOOLSV

ëîéð%ðìä$ (NRILVN 3KLOOLSV çíí í 3UHYLRXV FRUH GHVFULSWLRQ E\ 3KLOOLSVñ
7ï6LHPHUV

ëîéð%ðìä (NRILVN 3KLOOLSV ìéç í 3UHYLRXV FRUH GHVFULSWLRQ E\ +\GUR

ëîèðì 7RU $PRFR åéê åéê -&5 FRUH GHVFULSWLRQñ %ï6HOOZRRGñ WKLV VWXG\

ëîèðæ %DVLQ î GU\ $JLS ìíæ í 3UHYLRXV FRUH GHVFULSWLRQ E\ 3KLOOLSVñ
7ï+DUODQG

ëîèðä %DVLQ î GU\ $PRFR í ð

ëîæðë %DVLQ î GU\ 3KLOOLSV èå èå -&5 FRUH GHVFULSWLRQñ %ï6HOOZRRGñ WKLV VWXG\

ëîæðé (GGD 3KLOOLSV êåè í 3UHYLRXV FRUH GHVFULSWLRQ E\ 7ï6LHPHUVñ
3KLOOLSV

ëîæðå (DVW (OGILVN 3KLOOLSV í ð

ëîæðìè (DVW (OGILVN 3KLOOLSV í ð

ëîæðêí 6ORSH î GU\ 3KLOOLSV éìì í 3UHYLRXV FRUH GHVFULSWLRQ E\ 3KLOOLSVñ
-ï%UDVKHU

ëîæð%ðìì (OGILVN 3KLOOLSV æìå í 3UHYLRXV FRUH GHVFULSWLRQ E\ 7ï6LHPHUVñ
3KLOOLSV

ëîåð$ðì 9DOKDOO $PRFR êéè í %ï6HOOZRRG SUHYLRXV FRUH GHVFULSWLRQ

ëîììð$ðë +RG $PRFR ëéå í %ï6HOOZRRG SUHYLRXV FRUH GHVFULSWLRQ

ëîììð$ðëî7ë +RG $PRFR ìäé í %ï6HOOZRRG SUHYLRXV FRUH GHVFULSWLRQ

ëîììð$ðëî7ê +RG $PRFR í ð

7RWDO 1ã ëì èêèê äíì

0)%ðæ 'DQ 0�UVN çëå çëå -&5 FRUH GHVFULSWLRQñ %ï6HOOZRRGñ WKLV VWXG\

0ðä; 'DQ 0�UVN êíí ìêì -&5 FRUH GHVFULSWLRQñ %ï6HOOZRRGñ WKLV VWXG\

5RDUðë 5RDU &KHYURQ ìëë ìëë -&5 FRUH GHVFULSWLRQñ %ï6HOOZRRGñ WKLV VWXG\

5RDU ë$ 5RDU &KHYURQ í ð

%DURQðë 6\G $UQH +\GUR êéì êéì -&5 FRUH GHVFULSWLRQñ %ï6HOOZRRGñ WKLV VWXG\

/XOXðì +DUDOG 0�UVN êëè ëíç -&5 FRUH GHVFULSWLRQñ %ï6HOOZRRGñ WKLV VWXG\

0RQDðì ,QYHUWHG +LJK 0�UVN ìíëä ìíëä -&5 FRUH GHVFULSWLRQñ %ï6HOOZRRGñ WKLV VWXG\

7ðì 6YHQG 0�UVN éíí í &RUH GHVFULSWLRQ QRW SHUIRUPHG

(ðé; 7\UD &KHYURQ êëì í &RUH GHVFULSWLRQ QRW SHUIRUPHG

$GGDðë $GGD &KHYURQ ð ð

$GGDðê $GGD &KHYURQ ð ð

%Rðì 9DOGHPDU &KHYURQ ð ð

7RWDO '.ã ìë êéçç ëéèæ

êíîæDðë 3KLOOLSV ççé ççé -&5 FRUH GHVFULSWLRQñ %ï6HOOZRRGñ WKLV VWXG\

êìîëçDðìí $PHUDGD ììë ììë -&5 FRUH GHVFULSWLRQñ %ï6HOOZRRGñ WKLV VWXG\

7RWDO 8.ã ë ææç ææç

7RWDO IW FRUHã äèäè éìêé

7DEOH êðìã &RUH DYDLODELOLW\ DQG GHVFULEHG FRUHV LQ WKLV SURMHFW
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6DPSOLQJ SURFHGXUHV ZHUH GHWHUPLQHG GHSHQGLQJ RQ WKH GHJUHH RI YDULDELOLW\ REVHUYHG LQ WKH
FRUHG VHFWLRQVï ,I WKH URFN VXFFHVVLRQ ZDV UHODWLYHO\ XQLIRUPñ WKHQ RQH VDPSOH ZDV WDNHQ HYHU\
PHWUHï ,Iñ KRZHYHUñ WKHUH ZHUH IDFLHV EUHDNVñ KDUGJURXQGVñ FRQJORPHUDWLFñ JODXFRQLWLF RU RWKHU
IHDWXUHV VXJJHVWLQJ VLJQLILFDQW FKDQJHV WKHQ PRUH FORVHO\ VSDFHG VDPSOHV ZHUH WDNHQ DFURVV WKH
IHDWXUHV REVHUYHG LQ WKH FRUHVï ,Q WKLV ZD\ LW ZDV KRSHG WKDW D PRUH UHILQHG ELRVWUDWLJUDSKLF
EUHDNGRZQ FRXOG EH DFKLHYHGï

&RUH GHSWK VKLIWV ZHUH UHFRUGHG IRU PDQ\ RI WKH ZHOOVñ DV VKRZQ LQ WDEOH êðë EHORZï $OO FRUH
GHVFULSWLRQ VKHHWV DQG DOO ELRVWUDWLJUDSKLF GDWD LQ WKH &KDSWHU é GLVWULEXWLRQ FKDUWV DUH LQ RULJLQDO
FRUH GHSWKVï &RUHV DUH RQO\ VKLIWHG WR ORJ GHSWKV RQ WKH ZHOO ORJ FRPSRVLWHV õHQFORVXUH èðì WR èð
ëäïôï 7KLV PHDQV WKDW WKH VDPSOH GHSWKV IURP FRUHVñ DQG KHQFH ]RQH ERXQGDULHVñ RQ WKH UDQJH
FKDUWV DQG JDSRJUDPV PD\ QRW FRUUHVSRQG WR WKLV GHSWK RQ WKH ORJ FRPSRVLWHVï

'HSWK VKLIW
:HOO QDPH

&RUH LQWHUYDO /RJ GHSWK  
ìîêðì 1R FRUH
ìîêðå 1R FRUH
ìîäðì $OO LQWHUYDOV 1R VKLIW
ëîëðë 1R FRUH
ëîëðê 1R FRUH
ëîéð$ðå $OO LQWHUYDOV 1R VKLIW
ëîéð%ðìä äæèè ð äåìå

ìíìåí ð ìíêæí
FRUH ð ìç IW
FRUH ð ëí IW

ëîéð%ðìä$î7ë $OO LQWHUYDOV FRUH ò ìí IW
ëîèðì äääè ð ìíëäì

ìíëäë ð ìíêçå
ìíêçä ð ìíêåë
ìíêåê ð ìíæíì
ìíæíë ð ìíåæä

1R VKLIW
FRUH ò é IW
QR VKLIW
FRUH ò ê IW
QR VKLIW

ëîèðæ êêíê ð êêíå
êêìë ð êêëì
êêëç ð êêêè
êêêä ð êêéå

FRUH ð ìñè P
FRUH ð ëñê P
FRUH ð èñê P
FRUH ð ìñæ P

ëîèðä 1R FRUH
ëîæðë $OO LQWHUYDOV 1R VKLIW
ëîæðé ìíêçí ð ìíêææ

ìíêåì ð ìíêäì
ìíéíè ð ìíéèä
ìíéçí ð ìíéæê

FRUH ò ç IW
FRUH ò é IW
FRUH ò ë IW
FRUH ò é IW

ëîæðå 1R FRUH
ëîæðìè 1R FRUH
ëîæðêí $OO LQWHUYDOV FRUH ò ëí IW õXSSHUô

FRUH ò ëè IW õORZHUô
ëîæð%ðìì äåìë ð äåéä

äåéä ð ääää
ìííçí ð ìíçéä

FRUH ð êç IW
FRUH ð ìë IW
FRUH ð é IW

ëîåð$ðì $OO LQWHUYDOV 1R VKLIW
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ëîììð$ðë 1R ORJV LQ FRUHG WUDFN
ëîììð$ðë 7ë 1R ORJV LQ FRUHG WUDFN
ëîììð$ðëî7ê 1R &RUH
0)%ðæ $OO LQWHUYDOV FRUH ð é IW
0ðä; $OO LQWHUYDOV FRUH ò ì IW
5RDUðë $OO LQWHUYDOV FRUH ò ì IW
%DURQðë ëåëì ð ëåéæ

ëåéæ ð ëåæì
ëåæë ð ëäíí
ëäíí ð ëäëç

FRUH ò íïåê P
FRUH ò íñæì P
FRUH ð íñèæ P
FRUH ò íñêä P

/XOXðì äíêê ð äíçè
äíæê ð äììæ
äëëä ð äêèå

FRUH ò å IW
FRUH ò ç IW
QR VKLIW

0RQDðì $OO LQWHUYDOV 1R VKLIW
êíîæDðë äçäç ð äæçç

ìíìíí ð ìíììè
ìíìçì ð ìíëëè
ìíëëä ð ìíëèë
ìíêæä ð ìíéäå
ìíéää ð ìíèää
ìíçìê ð ìíæëì
ìíæêí ð ìíåéç

FRUH ð íñè IW
FRUH ò äñè IW
FRUH ò äñè IW
FRUH ò ìëñè IW
FRUH ò éñè IW
FRUH òèñè IW
FRUH ò æñè IW
FRUH ò ìñè IW

êìîëçDðìí $OO LQWHUYDOV 1R VKLIW

7DEOH êðëã &RUH GHSWK VKLIWV

êïê 6HGLPHQWRORJLFDO REVHUYDWLRQV

)HDWXUHV VXFK DV EXUURZV ZHUH LGHQWLILHG WR LFKQRJHQXV ZKHUHYHU SRVVLEOHï 7KH SUHVHQFH RI
&KRQGULWHVñ =RRSK\FRVñ DQG 3ODQROLWHV LQ RWKHUZLVH VWUXFWXUHOHVV FKDON ZDV WDNHQ WR LQGLFDWH D
SHODJLF PRGH RI GHSRVLWLRQï 2EYLRXV WXUELGLWLF OD\HUV DUH SUHVHQW DV JUDGHG VNHOHWDO DQG SHORLGDO
JUDLQVWRQHV DQG SDFNVWRQHV õVRPHWLPHV DV UXGVWRQHVôï /DUJHðVFDOH RYHUIROGV ZHUH WDNHQ WR PDUN
WKH SUHVHQFH RI VOXPSVï 6PDOOHU VFDOH RYHUIROGV ZHUH DOVR ORJJHG DV UHSUHVHQWLQJ PLQRU VOXPSVñ
EXW VXFK IHDWXUHV PD\ RFFXU DW WKH EDVHV RI YHU\ WKLFN VHGLPHQW SDFNDJHVñ WKH IROGV JLYLQJ ZD\
ODWHUDOO\ WR D YDULHW\ RI RWKHU IHDWXUHV VXFK DV LQWUDFODVWLF ZDFNHVWRQHV JHQHUDWHG WKURXJK GRZQð
VORSH PRYHPHQW DQG ORFDOLVHG VKHDUðGLVUXSWLRQï ,W LV QRW SRVVLEOH WR SURYLGH D UHILQHG
LQWHUSUHWDWLRQ RI VXFK IHDWXUHV RQ WKH EDVLV RI FRUH VDPSOHV RQO\ D IHZ FHQWLPHWUHV LQ GLDPHWHUñ
KRZHYHUï 7KXV IHZ LQIHUHQFHV DERXW WKH WKLFNQHVVHV RI VOXPSHG SDFNDJHV FDQ EH PDGHï 'HEULV
IORZ XQLWV PDUNHG E\ FKDON IORDWVWRQHV RIWHQ KDYH GLVFUHWH EDVHV DQG WRSVï 7KLFN XQLWV FDQ
IUHTXHQWO\ EH PDWFKHG ZLWK D ORJ PRWLI RQ WKH ZLUHOLQH ORJV õDV LQGLFDWHG IRU LQGLYLGXDO ZHOOVôï
3DUWLFXODU LQWHUYDOV GRPLQDWHG E\ UHðVHGLPHQWDWLRQ DUH RUJDQLVHG E\ KDYLQJ GLVFUHWH WXUELGLWHV
RYHUODLQ E\ WKLFN GHEULV IORZVï 7KLV PRWLI ZDV QRWHG LQ D QXPEHU RI ZHOOV DQG UHIOHFWV LQGLYLGXDO
HPSODFHPHQW HYHQWV LQ ZKLFK GRZQVORSH PRYHPHQW ZDV WULJJHUHGñ IDVWðPRYLQJ JUDLQ\ WXUELGLWHV
UXVKHG LPPHGLDWHO\ GRZQ VORSHñ WR EH IROORZHG VRPH WLPH ODWHU E\ WKH PRUH VOXJJLVK GHEULV
IORZï

0DVVLYH XQLWV ZKROO\ ODFNLQJ LQ GHILQLWLYH VWUXFWXUHV SRVH SDUWLFXODU SUREOHPV LQ LQWHUSUHWDWLRQï
7RWDO KRPRJHQLVDWLRQ PD\ KDYH EHHQ DFKLHYHG WKURXJK HDUO\ SRVWðGHSRVLWLRQDO ELRWXUEDWLRQï ,W
PD\ DOVR KDYH EHHQ SURGXFHG WKURXJK WKH VHGLPHQW KDYLQJ EHHQ DXWRVXVSHQGHG DQG GHSRVLWHG
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HVVHQWLDOO\ LQ VLWX õLïHï VOXUULHGôñ DV IRU H[DPSOH WKURXJK HDUWKTXDNH VKRFN RI D WKL[RWURSLF
õZDWHUðVDWXUDWHGô VHGLPHQWï 0DVVLYH XQLWV KDYH EHHQ LQWHUSUHWHG E\ DVVRFLDWLRQ õLïHïñ DV SHODJLF LI
IRXQG DVVRFLDWHG ODUJHO\ ZLWK REYLRXVO\ EXUURZHG LQWHUYDOV HWFïôï

êïé 0DLQ &KDON IDFLHV

)RU WKH FRPSRVLWH ZHOO SDQHOV õILJXUHV èðìë WR èðéìôñ WKH FRUH GHVFULSWLRQ VXPPDU\ ORJV
õILJXUHV êðìì WR êðëíô DQG WKH FKDON IDFLHV PDSV õILJXUHV êðëì WR êðëèôñ LW ZDV QHFHVVDU\ WR
PDNH D VLPSOLILHG LQWHUSUHWDWLRQ RI WKH PDLQ GHSRVLWLRQDO IDFLHV DV VHHQ LQ WKH FRUHVï ,Q WKH -&5
FKDON FODVVLILFDWLRQ V\VWHPñ D FKDON OLWKRW\SH LV FKDUDFWHUL]HG E\ KDYLQJ D GLVWLQFW FRPELQDWLRQ RI
GHVFULSWLRQ FRGHVï /LWKRW\SH LV FRQVHTXHQWO\ D VWULFWO\ GHVFULSWLYH XQLW DQG VKRXOG QRW EH
FRQIXVHG ZLWK OLWKRIDFLHVï 7KH ¦IDFLHV§ WHUP KDV KLVWRULFDOO\ EHHQ XVHG LQ PDQ\ GLIIHUHQW ZD\V LQ
WKH JHRORJLFDO OLWHUDWXUHñ JXLGHG E\ WKH SXUSRVH RI WKH VWXG\ï ,Q RXU VWXG\ñ WKH GHSRVLWLRQDO IDFLHV
UHSUHVHQW DQ LQWHUSUHWLYH JURXSLQJ RI WKH FKDON XQLWV WR UHIOHFW ODUJH VFDOH RU UHJLRQDO
VWUDWLJUDSKLF HYHQWV WKDW PD\ EH UHFRJQLVHG EHWZHHQ ZHOOV DQG ILHOGVï 6Rñ SHODJLF FKDON KDV EHHQ
VHSDUDWHG RXW IURP WKH RWKHU IDFLHV FKDUDFWHULVHG E\ KLJKHU HQHUJ\ RULJLQñ VXFK DV VOXPSVñ GHEULV
IORZV DQG WXUELGLWHVï $OVR +DUGJURXQGV DUH WUHDWHG DV VHSDUDWH IDFLHVï ,Q DGGLWLRQñ KRPRJHQRXVñ
PDVVLYH FKDON KDV EHHQ VHSDUDWHG RXWñ EHFDXVH WKLV IDFLHV W\SH PD\ HLWKHU EH SHODJLF RU
DOORFKWKRQRXV õPXG IORZVôï

:KHUH WKH FKDON FRQVWLWXWHV WKLQ LQWHUEHGV RI PDVVLYH DQG ODPLQDWHG FKDON PXGVWRQHñ RU
LQWHUEHGGHG ELRWXUEDWHG DUJLOODFHRXV FKDON DQG WKLQ WXUELGLWHV RU GHEULV IORZVñ LW KDV EHHQ
QHFHVVDU\ WR OXPS VHYHUDO GHSRVLWLRQDO IDFLHV WRJHWKHU LQ RQHï )LJXUH êðì DQG WDEOH êðê VKRZV
WKH GHSRVLWLRQDO IDFLHV XVHG LQ WKH ZHOO FRUUHODWLRQ SDQHOVñ DQG FRUUHVSRQGLQJ -&5 OLWKRW\SH
GHVFULSWLRQVï )LJXUH êðìE VKRZV WKH IDFLHV NH\ IRU WKH FRUH VXPPDU\ ORJVï

0DLQ FKDON IDFLHV &KDON OLWKRW\SHV -&5
QRPHQFODWXUH

,QWHUSUHWHG GHSRVLWLRQDO
FKDON IDFLHV

0DUO
0DLQO\ 3HODJLF FKDON x /DPLQDWHG &KDON 0XGVWRQH

x /DPLQDWHG $UJLOODFHRXV &KDON
0XGVWRQH

x %XUURZHG 0DVVLYH
$UJLOODFHRXV &KDON 0XGVWRQH

x %XUURZHG /DPLQDWHG
$UJLOODFHRXV &KDON 0XGVWRQH

x 3HODJLFî
DXWKRFKWKRQRXV FKDONV

x 3HULRGLWHV

0DVVLYHî KRPRJHQRXV
FKDON

x %XUURZHG 0DVVLYH &KDON
0XGVWRQH

x 0DVVLYH &KDON 0XGVWRQH

x 0XGIORZV
x 'LVWDO WXUELGLWHV
x 3HODJLF FKDONV

5HZRUNHG FKDON x 0DVVLYH 3HEEO\ &KDON
0XGVWRQH

x 0DVVLYHî/DPLQDWHG &KDON
:DFNHVWRQH

x 0DVVLYHî/DPLQDWHG &KDON
3DFNVWRQH

x 0DVVLYHî/DPLQDWHG &KDON
*UDLQVWRQH

x *UDGHG /DPLQDWHG &KDON

x 'HEULV IORZV
x 7XUELGLWHV
x &DOFDUHQLWHV



$ MRLQW &KDON 6WUDWLJUDSKLF )UDPHZRUN -RLQW &KDON 5HVHDUFK

ð ìä ð &KDSWHU êã'HSRVLWLRQDO )DFLHV 'HFHPEHU ìäää

6OXPSHGî GHIRUPHG
FKDON

x 'HIRUPHG &KDON 0XGVWRQH
x 'HIRUPHG 3HEEO\ &KDON

0XGVWRQH
x 'HIRUPHG /DPLQDWHG 3HEEO\

&KDON 0XGVWRQH
x 'HIRUPHG &KDON :DFNHVWRQH

x 6OLGHV
x 6OXPSV
x 6KHDU GHIRUPDWLRQ

+DUGJURXQG x 'HIRUPHG %XUURZHG
:DFNHVWRQH

x &RQJORPHUDWHV
x (URVLRQ VXUIDFHV
x +LDWXV

7DEOH êðêã 0DLQ FKDON IDFLHVñ -&5 OLWKRW\SHV DQG GHSRVLWLRQDO IDFLHV

0DLQO\ SHODJLF FKDON

0DVVLYH2KRPRJHQRXV FKDON

6OXPSHG2GHIRUPHG FKDON

5HZRUNHG FKDON

Y Y Y Y Y
YYYYY

Y Y Y Y Y
YYYYYY

Y Y Y Y Y +DUGJURXQG

0DUO

)LJXUH êðìã ,QGH[ RI PDLQ FKDON IDFLHV

)LJXUH êðìEã ,QGH[ RI PDLQ FKDON IDFLHV LQ FRUH VXPPDU\ ORJV

.H\ WR &RUH 6XPPDU\ /RJV



-RLQW &KDON 5HVHDUFK $ MRLQW &KDON 6WUDWLJUDSKLF )UDPHZRUN

'HFHPEHU ìäää &KDSWHU êã'HSRVLWLRQDO )DFLHV ð ëí ð

0DLQO\ SHODJLF FKDONã

7KLV IDFLHV W\SH FRPSULVHV DOO FRPELQDWLRQV RI EXUURZHGñ ODPLQDWHGîPDVVLYH DQG DUJLOODFHRXV
FKDON OLWKRW\SHV H[SHFWHG WR KDYH EHHQ GHSRVLWHG LQ VLWXñ VXFK DV ODPLQDWHG DUJLOODFHRXV FKDON
PXGVWRQHñ EXUURZHG PDVVLYH FKDON PXGVWRQHñ RU EXUURZHG ODPLQDWHG FKDON PXGVWRQHï
&RPSDUHG WR WKH 3KLOOLSV FKDON IDFLHV QRPHQFODWXUH LW LQFOXGHV DUJLOODFHRXV FKDONñ EXUURZHG
DUJLOODFHRXV FKDONñ EXUURZHG ODPLQDWHG FKDON DQG ODPLQDWHG FKDONï ,Q FDVHV ZKHUH RULJLQDOO\
SHODJLF FKDON LV REVHUYHG GHIRUPHGñ VXFK DV VOXPS IROGVñ WKH ODWHVW HYHQW õVOXPSLQJô LV
FRQVLGHUHG PRVW LPSRUWDQW WR RXU VWXG\ï

0DVVLYHîKRPRJHQRXV FKDONã

:KHQ WKHUH DUH QR HYLGHQFHV RI GHSRVLWLRQDO SURFHVVHV LQ WKH FKDON FRUHñ WKH FKDON LV FODVVLILHG WR
WKLV IDFLHV JURXSï ,Q WKH 3KLOOLSV V\VWHPñ KRPRJHQRXV FKDON LV LQWHUSUHWHG WR EH GHSRVLWHG
WKURXJK VHGLPHQWðJUDYLW\ðIORZ IURP WXUEXOHQW PXG FORXGV RU PXG IORZVï +RZHYHUñ LW LV DOVR
SRVVLEOH WKDW VXFK IDFLHV DUH SXUHO\ SHODJLF LQ RULJLQñ DQG FRPSOHWHO\ UHZRUNHG E\ EXUURZLQJï ,Q
WKLV VWXG\ñ EXUURZHG KRPRJHQRXVîPDVVLYH FKDON PXGVWRQH LV FODVVLILHG DV SHODJLFñ EXW LI QR WUDFH
IRVVLOV FDQ EH VHHQñ LW LV FODVVLILHG DV D PDVVLYH FKDONï

5HZRUNHG FKDONã

7KLV IDFLHV W\SH ZDV VHOHFWHG WR UHSUHVHQW FKDON UHGHSRVLWHG WKURXJK PDVVðJUDYLW\ IORZVñ VXFK DV
GHEULV IORZV DQG WXUELGLWHVï 7KXVñ LW FRPSULVHV DOO FRPELQDWLRQV RI SHEEO\ PXGVWRQH DQG
ZDFNHVWRQHîSDFNVWRQHîJUDLQVWRQHï ,Q WKH 3KLOOLSV V\VWHPñ LW LV W\SLFDOO\ WKH SHEEOH IORDWVWRQH DQG
FDOFDUHQLWHVï ,Q D UHJLRQDO VWUDWLJUDSKLF VHWWLQJñ WKLV IDFLHV W\SH LV EHOLHYHG WR UHIOHFW WKH WUDQVSRUW
RI VHPLðOLWKLILHG RU VRIW FKDON PDWHULDO HURGHG RU VZHSW IURP EDVLQ PDUJLQV RU LQYHUVLRQ ULGJHVñ
DQG VHWWOHG LQWR WKH GHHSHU EDVLQ DUHDVï

6OXPSHGîGHIRUPHG FKDONã

6OXPS IROGV DQG RWKHU GHIRUPDWLRQ VWUXFWXUHV PD\ UHSUHVHQW VHPLðUHJLRQDO RU ORFDO GRZQðVORSH
WUDQVSRUW RI VHPLðOLWKLILHG ð WR VRIW FKDONñ RU LW PD\ UHSUHVHQW VRIW FKDON GHIRUPDWLRQ GXH WR
RYHUO\LQJ VHGLPHQW ORDGï &RQVLGHULQJ WKH XQFHUWDLQ VLJQLILFDQFH IRU UHJLRQDO FKDON UHZRUNLQJñ
VOXPSV ZHUH VHSDUDWHG RXW IURP WKH UHZRUNHG FKDON JURXS RQ WKH ZHOO FRPSRVLWH ORJVï +RZHYHUñ
VLQFH WKH VOXPSV RIWHQ UHSUHVHQW UDWKHU WKLQ LQWHUYDOVñ WKH\ ZHUH LQFOXGHG WRJHWKHU ZLWK GHEULV
IORZV DQG WXUELGLWHV LQ WKH IDFLHV PDSV õILJXUHV êðëì WR êðëèôï

+DUGJURXQG

+DUGJURXQGV DQG FRQJORPHUDWHV DUH DOVR WKLQ LQWHUYDOV DQG YHU\ UDUHñ EXW WKHLU VLJQLILFDQFH DV
HYLGHQFH IRU PDMRU VWUDWLJUDSKLF EUHDNV MXVWLILHG D VHSDUDWH IDFLHV JURXS IRU WKHVHï

êïè 0LFURIDFLHV REVHUYDWLRQV

,Q RUGHU WR LOOXVWUDWH WKH YDULRXV FKDON IDFLHV W\SHV LQ RQH VLQJOH ZHOOñ PLFURIDFLHV SKRWRJUDSKV RI
WKLQðVHFWLRQV IURP ZHOO ëîéð$ðå RQ WKH (NRILVN )LHOG DUH SUHVHQWHG LQ ILJXUH êðë WR êðìíï 7KH
PDLQ FKDON IDFLHV LQGH[ LV VKRZQ LQ ILJXUH êðìï

7KH ZHOO ëîéð$ðå ZDV FRQWLQXRXVO\ FRUHG IURP WKH 9nOH )RUPDWLRQñ WKURXJK WKH (NRILVN DQG
PRVW RI WKH 7RU )RUPDWLRQVñ D WRWDO RI çäí IHHW RI FRUHG VHFWLRQï $SSUR[LPDWHO\ ìèí VDPSOHV
ZHUH FROOHFWHG E\ 13' IRU WKLQ VHFWLRQ SUHSDUDWLRQ LQ ìäåíñ KRZHYHU QR GHWDLOHG FRUH
GHVFULSWLRQV IRU WKHVH WKLQ VHFWLRQ VDPSOHV H[LVWï 7KH WKLQ VHFWLRQ SKRWRJUDSKV VKRZQ LQ WKH
SUHVHQW VWXG\ ZHUH FKRVHQ DPRQJVW WKHVH SUHSDUDWLRQV DQG WKH SKRWRJUDSKV ZHUH WDNHQ DW '7,ï

7KH SKRWRJUDSKV FRYHU DQ DUHD RI WKH WKLQ VHFWLRQ PHDVXULQJ ìïä PP [ ìïé PPï 7KH VDPH VFDOH
ZDV XVHG RQ DOO SKRWRVï /DUJH YDULDWLRQV LQ WKH VL]H RI IRUDPLQLIHUDO WHVWV FDQ EH REVHUYHGï &KDON



$ MRLQW &KDON 6WUDWLJUDSKLF )UDPHZRUN -RLQW &KDON 5HVHDUFK

ð ëì ð &KDSWHU êã'HSRVLWLRQDO )DFLHV 'HFHPEHU ìäää

RI 0DDVWULFKWLDQ DJH ZLWK UHZRUNHG IRUDPLQLIHUD RU DEXQGDQW FHQRVSKDHUH LQ VPDOO FODVWV FDQ EH
REVHUYHG LQ WKH (NRILVN IRUPDWLRQï

7KH GHJUHH RI GLVVROXWLRQ RU GLDJHQHVLV FDQ EH LQGLFDWHG E\ WKH VKDUSQHVV RI WKH IRVVLO WHVWVï
$ORQJ VW\OROLWHV SDUWO\ GLVVROYHG IRVVLOV FDQ EH REVHUYHGï

7KH GHVFULSWLRQ RQ WKH WKLQ VHFWLRQV DUH LQ DFFRUGDQFH ZLWK WKH -&5 QRPHQFODWXUH GHYHORSHG LQ
ìääçñ DV WKH FKDON GHVFULSWLRQ VFKHPH IRU GHSRVLWLRQDO WH[WXUH KDYH EHHQ XVHGï

êïç )DFLHV LQWHUSUHWDWLRQV LQ ZHOOV

7KH VLPSOLILHG FKDON IDFLHV GLVWULEXWLRQVñ LQ WKH LQGLYLGXDO FRUHG ZHOOV WKDW ZHUH GHVFULEHG LQ WKLV
SURMHFWñ DUH JLYHQ LQ ILJXUHV êðìì WR êðëíñ DQG VXPPDULHV RI WKH FRUH GHVFULSWLRQV DUH JLYHQ LQ
WKH EDFN RI WKLV VHFWLRQï

ëîåð$ðì

7KH SRVWðFKDON FOD\VWRQHV ZHUH GHSRVLWHG DIWHU D FRQVLGHUDEOH WLPH JDSï 7KH EDVH LV PDUNHG E\
DQ DEUXSW FKDQJH WR GDUN JUH\ FOD\VWRQH DERYH WKH XQGHUO\LQJ FKDON LQWUDFODVW FRQJORPHUDWHï 7KH
VHGLPHQWV UHSUHVHQW GHHSðZDWHU FOD\V WKDW DFFXPXODWHG XQGHU JHQHUDOO\ ZHOO R[\JHQDWHG
FRQGLWLRQVï 7KH (NRILVN )RUPDWLRQ LV UHSUHVHQWHG LQ WKLV ZHOO E\ ê PHWHUV RI UHZRUNHG FKDON RI
0DDVWULFKWLDQ DJHñ GHILQHG HTXLYDOHQW WR WKH LQIRUPDOO\ QDPHG (OOH PHPEHU õ6LNRUD HWï DOï ìäääôï
6HH DOVR ILJXUH èðæï

7KH 7RU )RUPDWLRQ LV ODUJHO\ DOORFKWKRQRXV LQ RULJLQï 6KHDUðIUDFWXUHG ]RQHV W\SLFDO RI ORFDOO\ð
PRYHG VOLGH VKHHWV DUH SUHVHQW DQG PXFK RI WKH VHTXHQFH FRQVLVWV RI FRQJORPHUDWLF FKDONV
UHSUHVHQWLQJ GHEULV IORZVï 7KH 7RUî0DJQH ERXQGDU\ñ DV GHILQHG SDODHRQWRORJLFDOO\ñ RFFXUV
ZLWKLQ D FRPSOH[ KDUGJURXQG LQWHUYDO D IHZ PHWUHV WKLFN õGHVLJQDWHG WKH ¦'HQVH =RQH§ LQ ROGHU
UHSRUWVñ 0DJQH LQ WKLV VWXG\ôï

7KH 1DUYH IRUPDWLRQ LV ODUJHO\ UHSUHVHQWHG E\ SHODJLF SHULRGLWHV ZLWK DVVRFLDWHG WKLQ PLFURð
WXUELGLWHVï :KDW HYLGHQFH WKHUH LV RI WHFWRQLF DFWLYLW\ñ DV UHIOHFWHG LQ UHðVHGLPHQWHG XQLWV RU
VOXPSðVFDUVñ LV VSDUVHï 6OXPSðVFDUV DQG LQWUDFODVWLF KRUL]RQV RFFXU DW D YHU\ IHZ KRUL]RQVï $W WKH
EDVH WKH VHTXHQFH EHJLQV DV D VHULHV RI ILQHO\ ODPLQDWHG FKDONV ZLWK DVVRFLDWHG FOD\ DQG
JODXFRQLWLF LQWHUEHGVï ,QLWLDO FKDON GHSRVLWLRQ FRLQFLGHG ZLWK WKH RQVHW RI WHFWRQLF DFWLYLW\ï 6XEð
R[LF DQG DQR[LF ERWWRP ZDWHUV JDYH ZD\ XSZDUGV WR QRUPDOO\ YHQWLODWHG ZDWHUV DQG EXUURZLQJ
EHFRPHV FRPPRQ DZD\ IURP WKH EDVHï

7KH %ORG�NV )RUPDWLRQ FRQVLVWV RI ODPLQDWHG JODXFRQLWLF FOD\VWRQHV DQG ODPLQDWHG FKDONVñ VRPH
VOXPSðIROGHGï 7KH VXFFHVVLRQ DFFXPXODWHG XQGHU DQR[LF WR VXEðR[LF FRQGLWLRQVñ EXW PRUH
QRUPDO YHQWLODWLRQ LV UHIOHFWHG LQ WKH DEXQGDQFH RI ,QRFHUDPXV WRZDUGV WKH WRS RI WKH IRUPDWLRQï
/DPLQDWHG FOD\VWRQHV DUH VRPHWLPHV NHURJHQLF DQG WKH VHGLPHQW FRXOG KDYH PLQRU VRXUFHðURFN
SRWHQWLDOï

7KH +LGUD )RUPDWLRQ DFFXPXODWHG DV D UHJXODU SHODJLF SHULRGLWH FKDONï 7KHUH DUH QR VLJQV RI
VOXPSLQJ RU WHFWRQLF GLVWXUEDQFH GXULQJ GHSRVLWLRQï 0LQRU ODPLQDH PD\ EH PLFURðWXUELGLWHVï 7KH
WRS RI WKH +LGUD LV ULFK LQ VKHOO PDWHULDO DQG PD\ EH D ILUPJURXQG UDWKHU WKDQ D KDUGJURXQGï



-RLQW &KDON 5HVHDUFK $ MRLQW &KDON 6WUDWLJUDSKLF )UDPHZRUN

'HFHPEHU ìäää &KDSWHU êã'HSRVLWLRQDO )DFLHV ð ëë ð

0$*1(

1$59(

)LJXUH êðììã ëîåð$ðì FRUH VXPPDU\ ORJ



$ MRLQW &KDON 6WUDWLJUDSKLF )UDPHZRUN -RLQW &KDON 5HVHDUFK

ð ëê ð &KDSWHU êã'HSRVLWLRQDO )DFLHV 'HFHPEHU ìäää

ëîèðì

7KH (NRILVN )RUPDWLRQ LV SUHGRPLQDQWO\ SHODJLF FKDONV WRZDUGV WKH WRS EXW KDV VRPH
UHGHSRVLWHG LQWHUYDOV õPRVWO\ WXUELGLWHVô LQ WKH PLGGOH DQG ORZHU SDUWVï 7KH PLGGOH SDUWV RI WKH
IRUPDWLRQ DOVR H[KLELW UDUH VOXPSVñ DV GRHV WKH EDVHñ ZKLFK LV DOVR VLOLFLILHGï 7KH 7RU )RUPDWLRQñ
UHSUHVHQWHG E\ =RQHV 8& ëí DQG 8& ìäñ FRPSULVHV VRPH UHðZRUNHG LQWHUYDOV RI GHEULV IORZVñ
VOXPSV DQG WXUELGLWHV HPSODFHG ZLWKLQ D EDFNJURXQG RI SHODJLF VHGLPHQWVï

<<<:

0$*1(

)LJXUH êðìëã ëîèðì FRUH VXPPDU\ ORJ



-RLQW &KDON 5HVHDUFK $ MRLQW &KDON 6WUDWLJUDSKLF )UDPHZRUN

'HFHPEHU ìäää &KDSWHU êã'HSRVLWLRQDO )DFLHV ð ëé ð

ëîæðë

7KH 7RU )RUPDWLRQ LV KHUH UHSUHVHQWHG E\ SHODJLF VHGLPHQWV RQO\ñ WKH FRUHG LQWHUYDO EHLQJ
HQWLUHO\ ZLWKLQ =RQH 8& ëíï

/8/8ðì

$OO RI WKH FRUHG VHFWLRQ LV LQ WKH (NRILVN )RUPDWLRQï =RQH 117Sè LV UHSUHVHQWHG E\ SHODJLF
FKDONVï 7KH XQGHUO\LQJ VHGLPHQWV õ=RQH 117Séô FRQVLVW RI GHEULV IORZV DQG VOXPS RYHUIROGHG
ZDFNHVWRQHV DQG IORDWVWRQHV RIWHQ ULFK LQ FRDUVH VNHOHWDO GHEULVï 7KH 0LGGOH SDUWV RI WKH ]RQH
ZHUH QRW FRUHG EXW ZKHUH FRUHG FRPSULVH HVVHQWLDOO\ PDVVLYH FKDONV ZLWK VRPH HYLGHQFH RI ERWK
GHEULV IORZ DQG VOXPS DFWLYLW\ï 7KH ORZHU SDUWV RI WKH FRUHG VHFWLRQ õEDVH RI =RQH 117Sé DQG
=RQHV 117Së DQG 117Sìô DUH SUHGRPLQDQWO\ SHODJLFV ZLWK UDUH VOXPS RYHUIROGVñ QRWDEO\ FORVH
WR WKH EDVH RI WKH FRUHG VHFWLRQï

)LJXUH êðìêã /XOXðì FRUH VXPPDU\ ORJ



$ MRLQW &KDON 6WUDWLJUDSKLF )UDPHZRUN -RLQW &KDON 5HVHDUFK

ð ëè ð &KDSWHU êã'HSRVLWLRQDO )DFLHV 'HFHPEHU ìäää

021$ðì

7KH 7RU )RUPDWLRQ ZDV FRUHG DOPRVW LQ LWV HQWLUHW\ õ=RQHV 8& ëíñ ìäñ ìåñ DQG ìç DOO EHLQJ
UHSUHVHQWHGôï 8& ëí FRQVLVWV PRVWO\ RI GHEULV IORZV DQG VOXPSðIROGHG FKDONV ZLWK WKLQ
LQWHUYHQLQJ SHODJLF XQLWVï 8& ìä KDV SHODJLFV ZLWK WKLQ WXUELGLWHV LQ LWV XSSHU SDUW DQG D PDMRU
XQLW RI GHEULV IORZV LQ LWV ORZHUï 8& ìå LV D SUHGRPLQDQWO\ SHODJLF LQWHUYDO ZLWK WKLQ WXUELGLWHVñ
DQG VOXPSV DQG GHEULV IORZV PDUNLQJ LWV EDVHï 8& ìç LV UHSUHVHQWHG E\ ODUJHO\ SHODJLF IDFLHV
ZLWK UDUH WXUELGLWHVï 7KH FRQWDFW ZLWK WKH XQGHUO\LQJ 0DJQH IRUPDWLRQ LV DEUXSWï 7KH WRS RI WKH
0DJQH IRUPDWLRQ LV D ERUHG KDUGJURXQG DERYH D UHG OLPHVWRQHñ SUREDEO\ ODUJHO\ SHODJLF LQ
RULJLQï %HORZ WKLVñ WKH 1DUYH IRUPDWLRQ õ]RQHV 8& ìì DQG ìíô LV DQ LQWHUYDO RI GHEULV IORZV DQG
VOXPSV LQ ZKLFK WKH FODVWV DUH SRO\PLFW DQG LQFOXGH QRQðFKDON FODVWV VHW LQ D EXII FRORXUHG
PLFULWLF PDWUL[ï $Q DEUXSW FKDQJH RI IDFLHV PDUNV WKH EDVHï 7KH %ORG�NV )RUPDWLRQ LV
DSSDUHQWO\ QRW SUHVHQW LQ WKH ZHOOï %HORZ WKLV LV D UHWXUQ WR UHG PLFULWHV ZLWK FKHUW EDQGV
õSUREDEO\ SHODJLFôï 7KLV LV GDWHG DV 8& ê +LGUD )RUPDWLRQï

)LJXUH êðìéã 0RQDðì FRUH VXPPDU\ ORJ



-RLQW &KDON 5HVHDUFK $ MRLQW &KDON 6WUDWLJUDSKLF )UDPHZRUN

'HFHPEHU ìäää &KDSWHU êã'HSRVLWLRQDO )DFLHV ð ëç ð

%$521ðë

3RVWðFKDON õ9nOH )RUPDWLRQô LV UHSUHVHQWHG E\ GHHSðZDWHU FDOFDUHRXV FOD\VWRQHV ULFK LQ
=RRSK\FRVï 7KH FRQWDFW ZLWK WKH XQGHUO\LQJ (NRILVN )RUPDWLRQ LV LQGLVWLQFWñ EHLQJ PDUNHG E\ DQ
RYHUDOO LQFUHDVH LQ WKH DPRXQW RI FDUERQDWH DQG D FRUUHVSRQGLQJ GHFUHDVH LQ WKH FOD\ FRQWHQWï
7KH (NRILVN )RUPDWLRQ LV UHSUHVHQWHG E\ =RQHV 117Sé WR 117Sëï 7KH XSSHU DQG PLGGOH SDUWV
RI =RQH 117Sé DUH SUHGRPLQDQWO\ SHODJLF VHGLPHQWV ZLWK UDUH VOXPSðIROGHG XQLWVï 7KH ORZHU
SDUWV KDYH PDVVLYH EHGVñ VOXPSV DQG UDUH VLOLFLILHG GHEULV IORZV ZLWK LQWHUYHQLQJ SHODJLFVï =RQHV
117Sê DQG 117Së DUH UHSUHVHQWHG E\ HVVHQWLDOO\ DOORFKWKRQRXV õUHðGHSRVLWHGô XQLWV DV VOXPSV
DQG GHEULV IORZV ZLWK UDUH SHODJLF LQWHUYDOVï 7KH 7RU )RUPDWLRQ LV DEVHQW LQ WKLV ZHOOï 7KH
FRQWDFW ZLWK WKH 0DJQH IRUPDWLRQ õ=RQHV 8& ìè DQG 8& ìéô LV DEUXSWñ UHSUHVHQWLQJ D ERUHG
KDUGJURXQG LPSUHJQDWHG ZLWK D JUHHQ PLQHUDO õ" JODXFRQLWHôï %HORZ WKLV KDUGJURXQGñ WKH 0DJQH
DQG 7KXG IRUPDWLRQV DUH UHSUHVHQWHG E\ HQWLUHO\ SHODJLF FKDONVï 7KH FRQWDFW EHWZHHQ WKHVH DQG
WKH 1DUYH IRUPDWLRQ õ8& ììô SHODJLF FKDONV LV D VXEWOH FOD\ VHDP ZLWK EXUURZVï

)LJXUH êðìèã %DURQðë FRUH VXPPDU\ ORJ



$ MRLQW &KDON 6WUDWLJUDSKLF )UDPHZRUN -RLQW &KDON 5HVHDUFK

ð ëæ ð &KDSWHU êã'HSRVLWLRQDO )DFLHV 'HFHPEHU ìäää

52$5ðë

3RVWðFKDON IRUPDWLRQV FRPSULVH GDUN EURZQ DQG EODFN FOD\VWRQHVï ,PPHGLDWHO\ RYHUO\LQJ WKH
FKDON LV D WKLQ UHGðEURZQ FOD\VWRQHï

7KH (NRILVN IRUPDWLRQ õ=RQH 117Sëô FRQVLVWV RI SHODJLF FKDONV DSDUW IURP D UHðZRUNHG OD\HU LQ
WKH ORZHU SDUWï

)LJXUH êðìçã 5RDUðë FRUH VXPPDU\ ORJ



-RLQW &KDON 5HVHDUFK $ MRLQW &KDON 6WUDWLJUDSKLF )UDPHZRUN

'HFHPEHU ìäää &KDSWHU êã'HSRVLWLRQDO )DFLHV ð ëå ð

0)%ðæ

7KH (NRILVN )RUPDWLRQ õ=RQHV 117Sé WR 117Sëô FRPPHQFHV EHORZ DQ HURVLRQ VXUIDFH DW WKH
WRS ZLWK SUHGRPLQDQWO\ SHODJLF PDWHULDOï ,W FRPSULVHV ODUJHO\ SHODJLF FKDONVñ EXW ZLWK GLVFUHWH
GHEULV IORZ XQLWV DQG WXUELGLWHVï 7KH ORZHU SDUWV RI WKH IRUPDWLRQ H[KLELW VRPH IOLQW EDQGVï 7KH
EDVH RI WKH XQLW LV D FOD\ VHDP õSRVVLEO\ VW\OROLWLFô UHVWLQJ XSRQ D JODXFRQLWLVHG KDUGJURXQG DW WKH
WRS RI WKH 7RU )RUPDWLRQï %HORZ WKH JODXFRQLWLVHG WRS RI 7RU )RUPDWLRQñ WKH UHVW õ=RQHV 8& ëí
DQG 8& ìäô FRPSULVHV HVVHQWLDOO\ SHODJLF FKDONVï

)LJXUH êðìæã 0)%ðæ FRUH VXPPDU\ ORJ



$ MRLQW &KDON 6WUDWLJUDSKLF )UDPHZRUN -RLQW &KDON 5HVHDUFK

ð ëä ð &KDSWHU êã'HSRVLWLRQDO )DFLHV 'HFHPEHU ìäää

0ðä;

7KH (NRILVN )RUPDWLRQ õ=RQH 117Sëô FRQVLVWV RI SHODJLF FKDONVï

7KH 7RU )RUPDWLRQ õ=RQHV 8& ëí WR 8& ìåô LV DOVR UHSUHVHQWHG HQWLUHO\ LQ SHODJLF IDFLHVñ ZLWK
UDUH ILUPð RU KDUGJURXQG VXUIDFHVï

)LJXUH êðìåã 0ðä; FRUH VXPPDU\ ORJ



-RLQW &KDON 5HVHDUFK $ MRLQW &KDON 6WUDWLJUDSKLF )UDPHZRUN

'HFHPEHU ìäää &KDSWHU êã'HSRVLWLRQDO )DFLHV ð êí ð

êíîæDðë

7KH (NRILVN )RUPDWLRQ õ=RQHV 117Sé WR 117Sëô LV UHSUHVHQWHG DOPRVW HQWLUHO\ E\ SHODJLF
VHGLPHQWVï 2QH GHEULV IORZ XQLW RFFXUV WRZDUGV WKH WRS RI WKH FRUHG VHFWLRQ DQG QRW IDU DERYH D
KDUGJURXQGï 7KH 7RU )RUPDWLRQ õ=RQHV 8& ëí DQG 8& ìäô LQ EXON WHUPV FRQVLVWV PRVWO\ RI
EDFNJURXQG SHODJLFVñ EXW WKHUH DUH D VLJQLILFDQW QXPEHU RI GLVFUHWH GHEULV IORZ XQLWV WKURXJKRXW
WKH FRUHG LQWHUYDOñ VRPH RI ZKLFK FRQWDLQ ODUJHU VNHOHWDO IUDJPHQWVï 6RPH LQWHUYDOV DUH UHODWLYHO\
VWUXFWXUHOHVVï 7KH 1DUYH IRUPDWLRQõ8& äô LV E\ ZKROO\ SHODJLF PDWHULDOï

ï

5

0$*1(

7+8'

1$59(

)LJXUH êðìäã êíîæDðë FRUH VXPPDU\ ORJ



$ MRLQW &KDON 6WUDWLJUDSKLF )UDPHZRUN -RLQW &KDON 5HVHDUFK

ð êì ð &KDSWHU êã'HSRVLWLRQDO )DFLHV 'HFHPEHU ìäää

êìîëçDðìí

7KH 7RU )RUPDWLRQ õ=RQH 8& ëíô LV UHSUHVHQWHG PRVWO\ E\ SHODJLF FKDONV ZLWK WKLQ õVRPHWLPHV
VLOLFLILHGô VOXPSHG OD\HUVï 7KH GHHSHVW LQWHUYDO õDOVR ZLWKLQ =RQH 8& ëíô LV D VOXPSðIROGHG XQLWï

;53:·

;693·

)LJXUH êðëíã êìîëçDðìí FRUH VXPPDU\ ORJ



-RLQW &KDON 5HVHDUFK $ MRLQW &KDON 6WUDWLJUDSKLF )UDPHZRUN

'HFHPEHU ìäää &KDSWHU êã'HSRVLWLRQDO )DFLHV ð êë ð

êïæ 'HSRVLWLRQDO IDFLHV GLVWULEXWLRQ

7KH FKDON IDFLHV LQ DOO FRUHG VWXG\ ZHOOV KDYH EHHQ SORWWHG RQ UHJLRQDO PDSV IRU HDFK
OLWKRVWUDWLJUDSKLF IRUPDWLRQñ LQ ILJXUHV êðëì WR êðëèï 7KHVH PDSV VKRZ WKH UDZ FRUH GHVFULSWLRQ
GDWD LQWHUSUHWHG LQWR EORFNV RI WKH VLPSOLILHG IDFLHV DV GHILQHG LQ VXEFKDSWHU êïéñ DQG SODFHG RQ
WRS RI WKH PDLQ /DWH &UHWDFHRXV VWUXFWXUDO HOHPHQWVï (DFK ER[ UHSUHVHQWV WKH FRPSOHWH IRUPDWLRQ
EHWZHHQ WKH ORZHU DQG XSSHU IRUPDWLRQ ERXQGDULHVñ UHJDUGOHVV RI ZKLFK ELRVWUDWLJUDSKLF ]RQHV
DUH SUHVHQW RU DEVHQW ZLWKLQ WKH IRUPDWLRQñ DQG UHJDUGOHVV RI WKH DFWXDO WKLFNQHVV RI WKH
IRUPDWLRQï (PSW\ LQWHUYDOV ZLWKLQ WKH ER[HV UHSUHVHQW QRQðFRUHG VHFWLRQVï û1R FRUHû LQGLFDWHV
WKDW WKHUH ZHUH QR FRUH WDNHQ IURP WKDW IRUPDWLRQï &URVVHGðRXW ER[ PHDQV WKDW WKH IRUPDWLRQ LV
DEVHQW LQ WKH ZHOO ORFDWLRQï $Q RSHQ ZHOO V\PERO ZLWK QR FRQQHFWHG ER[ PHDQV WKDW WKH ZHOO ZDV
QRW GULOOHG GRZQ LQWR WKH IRUPDWLRQ RU WKDW LQIRUPDWLRQ DERXW FRUH DYDLODELOLW\ LV PLVVLQJï

1DUYH IRUPDWLRQ õILJXUH êðëìôã

:HOOV ZHUH UDUHO\ GULOOHG GRZQ WR WKH &RQLDFLDQ ð 7XURQLDQ VHFWLRQVñ DQG RQO\ D IHZ KDYH FRUH
PDWHULDO ZLWKLQ WKLV IRUPDWLRQï 7KH ZHOOV DORQJ WKH /LQGHVQHV ULGJH õëîììð$ðëñ ëîåð$ðì DQG ëîæð
%ðììô DQG WKH $UQH ULGJH õ%DURQðëô VKRZ WKDW PDLQO\ SHODJLF VHGLPHQWDWLRQ WRRN SODFH RQ WKH
LQYHUVLRQ ULGJHV E\ WKDW WLPHñ ZLWK RFFDVLRQDO KDUGJURXQGVï 7KH H[FHSWLRQ IURP WKLV LV 0RQDðìñ
ZKLFK KDV PDLQO\ UHZRUNHG PDWHULDOï

7KXG IRUPDWLRQ õILJXUH êðëëôã

7KH PDS VKRZV WKDWñ RI WKH IHZ ZHOOV WKDW ZHUH GULOOHG WKURXJK WKLV IRUPDWLRQñ QRQH KDYH FRUH
PDWHULDOï 7KLV IRUPDWLRQ LV DOVR OLPLWHG WR WKH EDVLQ DUHDVñ WKXV PLVVLQJ LQ PRVW ZHOOV LQ
VWUXFWXUDO KLJK SRVLWLRQVï

0DJQH IRUPDWLRQ õILJXUH êðëêôã

0RVW ZHOOV ZHUH GULOOHG LQWR WKH 0DJQH IRUPDWLRQñ EXW RQO\ IHZ ZHOOV ZHUH FRUHGï 2Q WKH
LQYHUVLRQ ULGJHVñ WKLV IRUPDWLRQ LV PRVWO\ FKDUDFWHULVHG E\ KDUGJURXQGVñ FRQJORPHUDWHV RU
FRQGHQVHG VHFWLRQVï 0RQDðì ZDV WKH VLWH RI UHG FKDON GHSRVLWLRQ DW WKLV WLPHï

7RU )RUPDWLRQ õILJXUH êðëéôã

7KH VRXWKHUQPRVW DUHD õZHOOV 0)%ðæ DQG 0ðä[ô ZDV SUHGRPLQDQWO\ VXEMHFWHG WR SHODJLF
GHSRVLWLRQñ UHIOHFWLQJ D JHQHUDO ODFN RI ERWK JURZWK DQG GLVWXUEDQFHï 'XULQJ ODWH &DPSDQLDQ
õ8&ìçôñ QRQðGHSRVLWLRQDO KLDWXVHV RFFXUUHG LQ D EURDG VZDWKH UXQQLQJ IURP ëîëðë LQ WKH QRUWKñ WR
%DURQ ðë LQ WKH VRXWKï 1RQðGHSRVLWLRQñ RU HYHQ HURVLRQñ RFFXUUHG RYHU ëîèðìñ ëîììð$ðë DQG
%DURQðë õZKLFK KDV QR 7RU VHGLPHQWV DW DOOôñ WKH JHQHUDO DUHD RI WKH /LQGHVQHV 5LGJHï 6OXPSLQJ
DQG PDVV IORZ PRYHPHQWV DSSHDU WR KDYH EHHQ FRQILQHG WR WKH DUHD DGMDFHQW DQG WR WKH 6: RI
WKH KLJK FHQWUHG RQ WKH VLWH RI ëîèðìï

,Q 0DDVWULFKWLDQñ SHODJLFV DUH LQWHUEHGGHG ZLWK GLVFUHWH VOXPSV ZKLFKñ LI FRQWHPSRUDU\ ZLWK
GHSRVLWLRQ DQG QRW MXVW WKH ¦URRWV§ RI ODWHU GLVWXUEDQFH HYHQWV WUDQVODWHG GHHS LQWR WKH VHGLPHQWñ
UHIOHFW D VLJQLILFDQW LQFUHDVH LQ WKH GHJUHH RI WHFWRQLF DFWLYLW\ï ,Q DGGLWLRQñ VLJQLILFDQW GHEULV IORZ
DFWLYLW\ LQ 0RQDðì RFFXUUHGï ,Q %DURQðë WKHUH LV QR 0DDVWULFKWLDQ FKDON SUHVHQWï 3RVLWLYH
PRYHPHQWV RYHU WKH LQYHUVLRQ ULGJHVñ HLWKHU DW WKLV WLPH RU LPPHGLDWHO\ ODWHUñ PDQLIHVWV LWVHOI E\



$ MRLQW &KDON 6WUDWLJUDSKLF )UDPHZRUN -RLQW &KDON 5HVHDUFK

ð êê ð &KDSWHU êã'HSRVLWLRQDO )DFLHV 'HFHPEHU ìäää

WKH SUHVHQFH RI PDQ\ HURVLRQîFRUURVLRQ VXUIDFHV RYHU D YHU\ EURDG DUHDï 1HLWKHU VOXPSV QRU
VLJQLILFDQW EUHDNV RFFXU LQ WKH DUHD RI 0)%ðæ DQG 0ðä;ñ DZD\ IURP WKH PDLQ ULGJHVï

(NRILVN )RUPDWLRQ õILJXUH êðëèôã

0RVW ZHOOV KDYH D VLJQLILFDQW EUHDN DW WKH 7RUî(NRILVN ERXQGDU\ñ ZKLFK SUREDEO\ UHIOHFWV WKH
FRPELQDWLRQ RI ERWK VHD OHYHO IDOO DQG PRUH LQWHQVH JURZWK DORQJ WKH LQYHUVLRQ ULGJHVñ IURP
ZKLFK VOXPSLQJ LV DVVXPHG WR KDYH EHHQ WULJJHUHGï 7KH EUHDN LQ %DURQðë LV PDUNHG E\ D PDMRU
JODXFRQLWLVHG KDUGJURXQG ZKLFK PD\ KDYH IRUPHG RYHU D YHU\ ORQJ WLPH LQWHUYDOï

7KH (NRILVN )RUPDWLRQ LV JHQHUDOO\ DEVHQW LQ WKH FHQWUDO UHJLRQ HPEUDFLQJ ëîåð$ðì DQG ëîììð$ð
ëñ H[FHSW IRU D WKLQ OD\HU RI UHZRUNHG 0DDVWULFKWLDQ FKDONñ QDPHG LQIRUPDOO\ (OOH 0HPEHU E\
6LNRUD HWï DOï õìäääôï (URVLRQ VXUIDFHV ZLWKLQ WKH ]RQH DUH DOVR QRWHG WR WKH QRUWK RI WKLV FHQWUDO
DUHDï 0RVW RWKHU ZHOOV FRQWDLQ SHODJLFV DQG PDVVLYH FKDON ZLWK VRPH VOXPS GLVWXUEDQFHñ
ZKHUHDV DUHDV WR WKH HDVW õ/XOXô H[KLELW VLJQLILFDQW VOXPSVï 7KH VRXWKHUQ DUHD LV GRPLQDWHG E\
SHODJLF FKDONVï



-RLQW &KDON 5HVHDUFK $ MRLQW &KDON 6WUDWLJUDSKLF )UDPHZRUN

'HFHPEHU ìäää &KDSWHU êã'HSRVLWLRQDO )DFLHV ð êé ð

êïå 6XPPDU\ RI FRUH GHVFULSWLRQV

ëîèðì

117Sé
äääèö ð ìíñíæäö (VVHQWLDOO\ SHODJLF ZDFNHVWRQHV DQG PXGVWRQHV ZLWK VSDUVH EXUURZLQJ

LQFOXGLQJ &KRQGULWHV DQG UDUHU 3ODQROLWHVï =RRSK\FRV RFFXUV VSRUDGLFDOO\ï
%XUURZV DUH GDUNðILOOHG EHORZ FOD\ OD\HUVï $ TXHVWLRQDEOH WXUELGLWLF
õDUJLOODFHRXV DQG JUDLQ\ô OD\HU RFFXUV DW äääæöï 7KH XQLW EHFRPHV WKLFNHUð
EHGGHG GRZQZDUGV DQG KDV ELRWXUEDWHG EHG FRQWDFWVï 08&+ 58%%/('
6(&7,21ï

117Sé
ìíñíæäö ð ìíñìëåöçû 3HODJLF EDFNJURXQG FKDON ZDFNHVWRQHV ZLWK &KRQGULWHV DQG 3ODQROLWHVï %XW

WKHUH DUH LQWHUEHGV RI JUDLQ\ JUDGHG WXUELGLWHV õSDFNVWRQHV DQG JUDLQVWRQHV HDFK
DURXQG çû WKLFNô ZLWK XQGXORVH VKDUS EDVHV DQG EXUURZHG WRSVï 5DUH GHEULV IORZ
OD\HUV RFFXU õHïJï DW ìíñíæäö ð PDUNLQJ WKH WRS RI WKH LQWHUYDOôï

117Sé
ìíñìëåöçû ð ìíñìæìö (VVHQWLDOO\ LQWHUEHGGHG SHODJLF FKDON ZDFNHVWRQHV õZLWK &KRQGULWHV DQG

3ODQROLWHVô DQG VOXPSðIROGHG XQLWVï 58%%/(' %(7:((1 ìíñìéì DQG ìíñìçíöï
117Sé
ìíñìæìö ðìíñìäèö (VVHQWLDOO\ SHODJLF FKDONV ZLWK &KRQGULWHVñ 3ODQROLWHV DQG RFFDVLRQDO

=RRSK\FRVï =RRSK\FRV EHFRPHV PRUH FRPPRQ GRZQZDUGVï
117Sé
ìíñìäèö ð ìíñëêëö 3HODJLF FKDON ZDFNHVWRQHV ZLWK &KRQGULWHVñ 3ODQROLWHV DQG GLIIHULQJ IURP WKH

XQLW DERYH E\ WKH SUHVHQFH RI UDUH WXUELGLWHVï
117Séî117Sì
ìíñëêëö ð ìíñëèêö 3HODJLF FKDON ZDFNHVWRQHV ZLWK RFFDVLRQDO WKLQ õçû WR åû WKLFNô VOXPS SDFNDJHVï

6LOLFLILHG VOXPS XQLW DW EDVHï

ìíñëèêö ð ìíñëäìö *$3 %(7:((1 &25( ìí DQG &25( ìì

8& ëí
ìíñëäìö ð ìíñêíìö 8QLW ZLWK HVVHQWLDOO\ SHODJLF FKDON DW WKH WRS õZLWK &KRQGULWHVô DQG WKLQ

LQWHUYHQLQJ WXUELGLWHV õDW ìíñëäæöôï
8& ëí
ìíñêíìö ð ìíñêìéö 7KLQ FKDON IORDWVWRQH õGHEULV IORZ XQLWô RYHUO\LQJ D WKLFNHU VOXPSðRYHUIROGHG

XQLWï 3225 &25( 35(6(59$7,21ï
8& ëí
ìíñêìéö ð ìíñéåäö $ ODUJHO\ UXEEOHG VXFFHVVLRQ EXW SUREDEO\ PRVWO\ FRPSULVLQJ SHODJLF

ZDFNHVWRQHV õZLWK &KRQGULWHVôñ EXW ZLWK RFFDVLRQDO WXUELGLWH SDFNVWRQHV
õìíñêåæöñ ìíñéëçöôñ GHEULV IORZV õìíñêèèöô DQG VOXPSV õìíñêçêöñ ìíñéçìö DQG
ìíñéæëöôï

8& ëí
ìíñéåäö ð ìíñèêæö /DUJHO\ SHODJLF FKDON ZDFNHVWRQHV ZLWK &KRQGULWHVñ 3ODQROLWHV DQG RFFDVLRQDO

=RRSK\FRVï 5DUH VKHDU GHIRUPDWLRQ DOVR RFFXUVï 58%%/(' 6(&7,21ï
8& ëí
ìíñèêæö ð ìíñçìçö 58%%/(' 6(&7,21ï 7KLQ VOXPSHG VXFFHVVLRQ õWR ìíñèéêöô ZLWK WKLQ

LQWHUYHQLQJ SHODJLFVñ SDVVLQJ GRZQ LQWR D PDMRU VHULHV RI FKDON IORDWVWRQHV
õGHEULV IORZVôñ HDFK VHSDUDWHG E\ WKLQ SHODJLF OD\HUV ZLWK &KRQGULWHVñ 3ODQROLWHV
DQG RFFDVLRQDO =RRSK\FRVï

8& ëí
ìíñçìçö ð ìíñçèíö 7KLFNHUðEHGGHG SHODJLF LQWHUYDOV ZLWK WKLQ LQWHUYHQLQJ XQLWV RI VOXPSV DQG

GHEULV IORZV õHDFK XS WR êö WKLFNô DQG ZLWK WKLQ WXUELGLWHV õHDFK XS WR DERXW çû
WKLFNôï



$ MRLQW &KDON 6WUDWLJUDSKLF )UDPHZRUN -RLQW &KDON 5HVHDUFK

ð êè ð &KDSWHU êã'HSRVLWLRQDO )DFLHV 'HFHPEHU ìäää

8& ëí
ìíñçèíö ð ìíñçèåö 7KLFN FKDON IORDWVWRQH õGHEULV IORZô XQLWï 6SDUVHO\ VFDWWHUHG ZHOOðURXQGHG FKDON

FODVWV LQ FKDON ZDFNHVWRQH PDWUL[ï
8& ëí
ìíñçèåö ð ìíñæééö 3UHGRPLQDQWO\ SHODJLF XQLW ZLWK &KRQGULWHVñ 3ODQROLWHV DQG RFFDVLRQDO

=RRSK\FRVï 7KLQ GHEULV IORZV DQG WKLQ VOXPSHG LQWHUYDOV DUH SUHVHQWï $
FRPSOH[ RI WXUELGLWHñ GHEULV IORZ DQG VOXPS OD\HU LV WDNHQ DV WKH EDVH RI WKH
XQLWï

8& ëí
ìíñæééö ð ìíñæåäö 7KH XQLW FRPSULVHV D PDMRU VXFFHVVLRQ RI VOXPS DQG DVVRFLDWHG GHEULV IORZ

XQLWVï 7KLV LV SUREDEO\ D VXFFHVVLRQ RI GHEULV IORZV HDFK DVVRFLDWHG ZLWK D
VXFFHHGLQJ VOXPSï

8& ìä
ìíñæåäö ð ìíñåæäö õ%DVHô $ ODUJHO\ SHODJLF LQWHUYDO FRPSULVLQJ FKDON ZDFNHVWRQHV ZLWK &KRQGULWHVñ

3ODQROLWHV DQG RFFDVLRQDO =RRSK\FRVï 5DUH WXUELGLWH DQG GHEULV IORZ OD\HUV
RFFXU õìíñåèìðìíñåèèöôï 7KH WXUELGLWH EDQG DW ìíñåéìö KDV D VLOLFLILHG EDVHï

ëîæðë

8& ëí
äåæçö ð ääêéö õ%DVHô $OWHUQDWH XQLWV RI SDUDOOHO EDQGHG DQG PDVVLYH õLQFOXGLQJ REYLRXVO\

ELRWXUEDWHGô FKDON ZDFNHVWRQHVï /DUJHO\ SHODJLFñ DOWKRXJK SDUDOOHO EDQGHG XQLWV
PD\ UHSUHVHQW HLWKHU PLFURðWXUELGLWHV RU XQGLVWXUEHG VDSURSHOLF FKDONVï %XUURZV
PRVWO\ UHSUHVHQWHG E\ &KRQGULWHVï 5DUH VNHOHWDO IUDJPHQWV DUH SUHVHQWï

/8/8ðì

117Sèî117Sé
äíêêö ð äíèìö %DGO\ UXEEOHG VHFWLRQ EXW DYDLODEOH PDWHULDO VXJJHVWV DQ HVVHQWLDOO\ SHODJLF

VXFFHVVLRQ RI &KRQGULWHV FKDONVï
117Sé
äíèìö ð äìííö 6SDUVH IORDWVWRQHV õFKDON GHEULV IORZVô ZLWK URXQGHG FKDON LQWUDFODVWV VHW LQ D

FKDON PDWUL[ï 6RPHWLPHV VOXPS IROG GHIRUPDWLRQ LV SUHVHQW DQG RYHUSULQWV WKH
IORDWVWRQH OLWKRORJ\ï 7KLV VXJJHVWV WKDW WKH RULJLQDOO\ GHSRVLWHG GHEULV IORZV
ZHUH VXEVHTXHQWO\ VXEMHFWHG WR PRUH SODVWLF VOXPS GHIRUPDWLRQï 7KH EDVH LV
DEUXSW DQG IURP äíåëö WR WKH EDVH WKH PDWUL[ LV JUDLQ\ õZHOO GHYHORSHG ILQH
VNHOHWDO ZDFNHVWRQHô ZLWK DEXQGDQW VNHOHWDO GHEULV LQFOXGLQJ ,QRFHUDPXVï )OLQW
õDSSDUHQW FODVWVô RFFXUV DW WKH EDVHï

117Sé
äìííö ð äììåö /DUJHO\ PDVVLYH RU YDJXHO\ EDQGHG FKDON ZDFNHVWRQHVñ UDUH JUDLQLHU EDQGV õILQH

VNHOHWDO ZDFNHVWRQHVôï %DQGLQJ ORFDOO\ FU\SWLFDOO\ IROGHG õ"VOXPSHGô DQG UDUHO\
VLOLFLILHG õIOLQW EDQGV DQG QRGXOHVôï

äììåö ð äëëäö *$3 ð QR FRUH

117Sé
äëëäö ð äëæëö 5HODWLYHO\ PDVVLYH FKDON ZLWK FU\SWLF RYHUIROGLQJ õYHU\ UDUHô DQG UDUH EDQGV RI

VFDWWHUHG URXQGHG FKDON LQWUDFODVWVï 6W\OROLWHV DQG XQGXORVH VXUIDFHV DUH IDLUO\
FRPPRQ EHFDXVH EXUURZV DUH HQWLUHO\ DEVHQW WKURXJKRXWï 7KLV HYLGHQFH IRU
VOXUU\ DFWLYLW\ PXVW EH UHJDUGHG DV HTXLYRFDOï $ SURPLQHQW SUHVVXUHðVROYHG FOD\
VHDP LV WDNH DV WKH EDVH RI WKH XQLWï

117Sêî117Së
äëæéö ð äêìêö ,QWHUEHGGHG ZKLWH FKDON PXGVWRQHV DQG WKLQQHU GDUNHU õDUJLOODFHRXVô FKDONV DQG

WKLQ FOD\ VHDPVï %XUURZV õGDUNðILOOHGô GHVFHQG IURP EHG FRQWDFWV õ=RRSK\FRVñ



-RLQW &KDON 5HVHDUFK $ MRLQW &KDON 6WUDWLJUDSKLF )UDPHZRUN

'HFHPEHU ìäää &KDSWHU êã'HSRVLWLRQDO )DFLHV ð êç ð

3ODQROLWHV DQG ORFDOO\ &KRQGULWHVôï (VVHQWLDOO\ D SHODJLF XQLW õSHULRGLWHô ZLWK
SRVVLEOH FU\SWLF UHðVHGLPHQWDWLRQ UHIOHFWHG E\ WKH SUHVHQFH RI GLVFUHWH PDVVLYH
EHGVï

117Së
äêìêö ð äêéèö (VVHQWLDOO\ SHODJLF FKDONV ZLWK =RRSK\FRV DQG &KRQGULWHVï 6RPH &KRQGULWHV

FOD\ðILOOHG DQG VRPH PRUH DUJLOODFHRXV VHDPVï
1173ì"
äêéèö ð äêèåö õ%DVHô 7RS RI 8QLW LV PDUNHG E\ D IOLQW EDQG WKDW RYHUSULQWV D PLQRU VOXPSHG OD\HUï

5HPDLQHU RI VXFFHVVLRQ FRPSULVHV WKLQ VOXPS RYHUIROGHG õFU\SWLFô XQLWV õGPð WR
PHWUH WKLFNQHVVô DOWHUQDWLQJ ZLWK LQWHUEHGGHG SHODJLFV ZLWK &KRQGULWHVï

021$ðì

8& ëí
ìíñêìíö ð ìíñéëéö 0DQ\ JDSV RFFXU LQ WKH FRUHG VXFFHVVLRQï 8QLW DSSHDUV WR FRQVLVW SULQFLSDOO\ RI

VOXPSV DQG PLQRU GHEULV IORZV ZLWK LQWHUYHQLQJ GLVWXUEHG SHODJLF LQWHUYDOV
FRQWDLQLQJ GHIRUPHG =RRSK\FRVñ &KRQGULWHV DQG 3ODQROLWHVï

8& ëí
ìíñéëéö ð ìíñéêåö 7KLV LQ VLWX SHODJLF LQWHUYDO ZLWK XQGHIRUPHG =RRSK\FRVñ &KRQGULWHV DQG

3ODQROLWHVï 6RPH EXUURZV DUH GDUNðILOOHG õLïHï FOD\ SUHVHQWôï
8& ëí
ìíñéêåö ð ìíñéèíö 0RVWO\ GHEULVðIORZV EXW ZLWK D EDQGHGñ VOXPSHGñ XQLW DW WKH WRSï

8& ëí
ìíñéèíö ð ìíñéèäö 5HJXODUO\ EHGGHG SHODJLF LQWHUYDO ZLWK LQ VLWX &KRQGULWHV DQG 3ODQROLWHVï

8& ëí
ìíñéèäö ð ìíñèíèö 0DMRU XQLW RI GHEULV IORZV ZLWK WKLQ VOXPSVï
8& ëí
ìíñèíèö ð ìíñèçëö 5HJXODUO\ EHGGHG SHODJLFV GRPLQDWHG E\ &KRQGULWHV DQG 3ODQROLWHV EXW ZLWK

RFFDVLRQDO =RRSK\FRVï 9HU\ UDUH ,QRFHUDPXV SUHVHQWï
8& ëí
ìíñèçëö ð ìíñççêö 0DMRU VXFFHVVLRQ RI GHEULV IORZV DQG PLQRU VOXPSVñ FDSSHG E\ D WKLQ XQLW RI

VOXPSV DW WKH WRSï 0RVW FODVWV FRQVLVW RI FKDON EXW ZLWK RFFHDVLRQDO ,QRFHUDPXV
UHPDLQVï

8& ëí
ìíñççêö ð ìíñçåæö 6OXPSðEHGGHG FKDONV ZLWK ZHOO GHYHORSHG RYHUIROGLQJï 0DWUL[ RIWHQ FKDON

IORDWVWRQHV õGHEULVðIORZV WKDW KDYH EHHQ VXEVHTXHQWO\ GHIRUPHGôï
8& ëí
ìíñçåæö ð ìíñæëéö 3HODJLF FKDONV PDVVLYHO\ ELRWXUEDWHG ZLWK =RRSK\FRVñ &KRQGULWHV DQG

3ODQROLWHVï 6RPH VFDWWHUHG VNHOHWDO PDWHULDO ORFDOO\ï
8& ëí
ìíñæëéö ð ìíñæëçö 0DMRU WXUELGLWH EHGï 9HU\ FRDUVH FKDON FODVW FRQJORPHUDWLF EDVH DQG JUDGHG WRS

ZLWK SDUDOOHO ODPLQDWLRQV DQG HVFDSH EXUURZVï
8& ëí
ìíñæëçö ð ìíñæêäö /DUJHO\ SHODJLF FKDON ZLWK &KRQGULWHV DQG UDUH VOXPS EHGVï

8& ëí
ìíñæêäö ð ìíñæèäö 0DMRU VOXPS RYHUIROGHG XQLW ZLWK UDUH GHEULV IORZVï

8& ëíî8& ìä
ìíñæèäö ð ìíñåêëö 3UHGRPLQDQWO\ SHODJLF LQWHUYDOï &KRQGULWHV EXUURZVï 5DUH FRDUVH JUDLQHG

WXUELGLWHVñ DQG VOXPSVï
8& ìä
ìíñåêëö ð ìíñäìèö &URVV EHGGHG WXUELGLWH FDSSLQJ FRPSOH[ XQLW RI VOXPSV DQG GHEULV IORZVï 0DWUL[

ODUJHO\ FKDON IORDWVWRQHV ZKLFK VKRZ VOXPS RYHUIROGVï



$ MRLQW &KDON 6WUDWLJUDSKLF )UDPHZRUN -RLQW &KDON 5HVHDUFK

ð êæ ð &KDSWHU êã'HSRVLWLRQDO )DFLHV 'HFHPEHU ìäää

8& ìäî8& ìå
ìíñäìèö ð ìíñäæéö 3UHGRPLQDQWO\ SHODJLFV ZLWK WKLQ JUDLQVWRQH DQG SDFNVWRQH WXUELGLWHVï 7KHUH LV D

èö WKLFN VWDFN RI WXUELGLWHV DQG PLQRU VOXPS EHGV DW WKH EDVHï &KRQGULWHV
SUHVHQWï

8& ìå
ìíñäæéö ð ììñíåæö 3HODJLF &KRQGULWHV DQG =RRSK\FRV FKDONï 9HU\ UDUH WXUELGLWHV DQG HHYHQ UDUHU

GHEULV IORZVï
8& ìå
ììñíåæö ð ììñíääö 8QLW RI VSDUVH IORDWVWRQHV õGHEULV IORZV ZLWK VFDWWHUHG FKDON FODVWVôï

8& ìåî8&ìç
ììñíääö ð ììñìéçö $UJLOODFHRXV XQLW GRPLQDWHG E\ VOXPSVï

8& ìç
ììñìéçö ð ììñìäëö %XII FRORXUHG DUJLOODFHRXV XQLWñ HVVHQWLDOO\ SHODJLFñ ZLWK &KRQGULWHV DQG

3ODQROLWHVñ EHFRPLQJ SLQN LQ FRORXU WRZDUGV WKH EDVH RI WKH XQLW õEHORZ
ììñìåëôï %RUHG KDUGJURXQG PDUNV WKH EDVH RI WKH XQLWï

8& ìç
ììñìäëö ð ììñëíèö 3LQN FRORXUHG SHODJLFV ZLWK 3ODQROLWHV DQG FDSSHG E\ ERUHG KDUGJURXQG

UHSUHVHQWLQJ PDMRU KLDWXVï
8& ìèî8& ììî8& ìí
ììñëíèö ð ììñëéëö 3RO\PLFW IORDWVWRQHV õGHEULV IORZVôñ VRPH SLQN DQG VRPH JUH\ LQ FRORXUï 6RPH

VOXPSLQJ DQG RYHUIROGHG EDQGVñ DQG FKHUWVï &ODVWV FRPSULVH FKDONñ IOLQWV DQG
VKDOHï

8& ê
ììñëéëö ð ììñëääö 5HG PLFULWHVñ SHODJLFñ ZLWK LUUHJXODUO\ VSDFHG FKHUW EDQGV DQG QRGXOHVï

&RPSOH[ ]RQH RI IDXOWLQJ õììñëåéðììñëååôï =RRSK\FRV DEXQGDQW LQ ORZHU SDUWV
RI XQLWï
6KDUS XQGXORVH EDVH WR XQLWï

%$521ðë

117Sæî117Sç
ëåëì ð ëåêä P *UH\ ELRWXUEDWHG PDUOV õDUJLOODFHRXV FKDONVôñ S\ULWLF LQ SODFHVñ ZLWK 3ODQROLWHVñ

=RRSK\FRV DQG &KRQGULWHVï 6RPH GDUNHU DQG OLJKWHU DOWHUQDWLRQV õGPðVFDOHô ZLWK
VFDWWHUHG WKLQ FOD\ VHDPV õDFFHQWXDWHG E\ SUHVVXUH GLVVROXWLRQôï 6XEWOH FKDQJH WR
FOHDQHU OHVV FOD\H\ VHGLPHQW DW ëåëçPï $ WKLQ OD\HU ZLWK VOXPS RYHUIROGHG
GHIRUPDWLRQ RFFXUV DW ëåêä DQG LV WDNHQ DV WKH EDVH RI WKH XQLWï

117Sé
ëåêä ð ëåéêïè P 3UHGRPLQDQWO\ OLJKWHU JUH\ FKDONV õJHQHUDOO\ OHVV DUJLOODFHRXV WKDQ DERYHôï

2FFDVLRQDO FOD\ VHDPV DQG GDUNHU DUJLOODFHRXV OD\HUVñ DUJLOODFHRXV FRQWHQW LV
HQKDQFHG LQ WKHVH EHFDXVH RI H[WHQVLYH SUHVVXUH GLVVROXWLRQ VHDPLQJï =RRSK\FRV
LV SUHVHQWñ DQG VRPH VOLJKWO\ GHIRUPHG E\ RYHUIROGLQJï

117Sé
ëåéêïè ð ëåéæ P 0DVVLYH FKDON ZDFNHVWRQH WR PXGVWRQHñ EXUURZHG E\ 3ODQROLWHVñ =RRSK\FRV DQG

&KRQGULWHVï $Q XQGXORVH IOLQW EDQG RFFXUV WRZDUGV WKH EDVH FRQWDLQLQJ
LQWUDFODVWVï 7KLV UHSUHVHQWV D WKLQ VLOLFLILHG GHEULV IORZ OD\HUï $W WKH EDVH LV D WKLQ
JUHHQ FOD\VWRQH FRQWDLQLQJ EULJKW JUHHQ FOD\ FODVWV õ"FKORULWLFôï

117Séî117Sêî117Së
ëåéæ ð ëåæäïçP 7KH XQLW FRPSULVHV VOXPS RYHUIROGHG LQWHUYDOVñ YHU\ UDUH WXUELGLWHV õLïHï DW

ëåèæïèPñ ëåçíïêP DQG ëåæäPô DQG LQWHUYHQLQJ LQWHUYDOV ZLWK XQGLVWXUEHG
SHODJLF FKDON ZDFNHVWRQHVîPXGVWRQHVï 7KH SHODJLF LQWHUYDOV FRQWDLQ &KRQGULWHV
DQG ]RQHV ZLWK =RRSK\FRV DVVRFLDWHG ZLWK PLQRU FOD\ VHDPVï /RFDOO\ XQGXORVH
XQLWV ZLWK FOD\ VHDPV DQG SVHXGRQRGXODU FKDONV DUH SUHVHQW õHïJï DW ëåçíP DQG
ëåæåPôï 7KH VOXPSHG XQLWV H[KLELW GLVFUHWH RYHUIROGHG ODPLQDHñ VRPHWLPHV ZHOO
GHYHORSHG EXW VRPHWLPHV PRUH FU\SWLF EXW VKRZQ XS E\ WKH SUHVHQFH RI IROGHG
EXUURZV VXFK DV =RRSK\FRV õHïJï DW ëåæéPôï



-RLQW &KDON 5HVHDUFK $ MRLQW &KDON 6WUDWLJUDSKLF )UDPHZRUN

'HFHPEHU ìäää &KDSWHU êã'HSRVLWLRQDO )DFLHV ð êå ð

17Së
ëåæäïç ð ëååçïèP 7KH XQLW LV LQWHQVHO\ S\ULWLF DW WKH WRS DQG WKH WRSPRVW EHG LV FXW E\ VSDUðILOOHG

IUDFWXUHVï &RPSOH[ LQWHUYDO GRPLQDWHG E\ FKDON IORDWVWRQHV õGHEULV IORZVô
FRPSULVLQJ FRDUVHñ PHGLXP DQG ILQHðJUDLQHG FODVWV õUDUHO\ DOVR VKDOHô VHW LQ D
FKDON PDWUL[ï 6RPH PDVVLYH IORDWVWRQH XQLWV H[KLELW IROGHG VKHDU EDQGLQJ
VXJJHVWLQJ WKDW WKH\ KDYH EHHQ VOXPS IROGHG DIWHU WKHLU LQLWLDO HPSODFHPHQW DV
GHEULV IORZVï ,Q SODFHV IROGHG EDQGV KDYH EHHQ VLOLFLILHG DQG WKH XQLW FRQWDLQV
VHYHUDO IOLQW EDQGV DQG QRGXOHVï 7KH EDVDO SDUWV RI WKH XQLW DUH GLVFUHWHO\
RYHUIROGHG DQG UHVW RQ D ZHOOðPDUNHG JODXFRQLWL]HG VXUIDFHï

117Sëî*DSî8& ìè
ëååçïè ð ëååæïè P 0DUNHU %HGï 0DMRU KDUGJURXQG FRPSULVLQJ D JODXFRQLWLF ZDFNHVWRQH FXW E\

WUXQFDWHG IUDFWXUHV GHVFHQGLQJ IURP WKH WRS VXUIDFHï )UDFWXUHV FRQWDLQ JUHHQ
FOD\ õ"FKORULWLF RU JODXFRQLWLFôï /DUJH EXUURZ V\VWHPV DUH SUHVHQW
õ"7KDODVVLQRLGHVôñ DV DUH DEXQGDQW ILQH VNHOHWDO JUDLQV õIRUDPLQLIHUDQVñ
PROOXVFDQñ "VSRQJHôï %XUURZV KDYH PXOWLðSKDVH ILOOLQJVï 7KLV EHG UHSUHVHQWV D
VLJQLILFDQW KLDWXV DQG , VSHFXODWH WKDW LW FRXOG PDUN WKH 7RUî+RG FRQWDFW LQ WKLV
ZHOOï

8& ìèî8& ìéî8&ìêî8& ìëî8& ìì
ëååæïè ð ëäëçïè P õ%DVHô (VVHQWLDOO\ D VHW RI WLJKW SRUFHOODQHRXV FKDON PXGVWRQHV ZLWK UHOLFV RI 3ODQROLWHV

DQG RWKHU EXUURZV õLQFOXGLQJ &KRQGULWHV DQG UDUH =RRSK\FRVôï /RFDOO\ QRGXODU
DQG SVHXGRQRGXODU LQWHUYDOV DUH SUHVHQWñ DV DUH UDUH IOLQWVï 2QH IOLQW EDQG
DSSHDUV WR UHSUHVHQW D VLOLFLILHG GHEULV IORZ õDW ëäíåïèPôñ EXW WKLV OD\HU LV XQLTXH
LQ WKLV LQWHUYDOï 0RVW RI WKH VXFFHVVLRQ LV D SHODJLF RQH ZLWK VRPH ]RQHV KLQWLQJ
DW PRUH UHJXODU DOWHUQDWLRQV RI FOD\ ULFKHU DQG FOD\ SRRUHU EDQGV RQ D GPðVFDOHï
6KHDUðIUDFWXULQJñ ZKLFK LV GLVFUHWHñ PD\ UHIOHFW WKH VWUHVVHV WUDQVPLWWHG LQWR WKH
XQLW DV D UHVXOW RI GRZQðVORSH PRYHPHQWV LQ WKH RYHUO\LQJ 7RUï 1HWZRUN QRWH D
EUHDN >*DS@ DW DERXW ëäëëïçP DQG WKLV PD\ FRUUHVSRQG ZLWK D UHODWLYHO\
LQGLVWLQFW EXUURZHG FRQWDFW DW ëäëêïëèPï 7KH SHODJLF FKDONV EHORZ WKLV GHSWK
õWR EDVH RI FRUHô DUH GDWHG DV 8& ìì E\ 1HWZRUNï

52$5ðë

3RVWð(NRILVN
ççêæö ð ççéíö *UHHQ FOD\VWRQH ZLWK UDUH &KRQGULWHV DQG =RRSK\FRV EXUURZVñ IRVVLO IUDJPHQWV

õLQFOXGLQJ EU\R]RDQV DQG VSRQJHô DQG URXQGHG FKDON FODVWVï &OD\H\ GHEULV IORZ
DW WKH EDVHñ ZKLFK SDVVHV XS LQWR GHHSðZDWHU FOD\VWRQHVï

117Sêî117Së
ççéêö ð çççèö 0DVVLYH DQG JHQHUDOO\ ELRWXUEDWHG FKDON ZDFNHVWRQH WR PXGVWRQH ZLWK IHZ

GLVWLQFW IHDWXUHV H[FHSW RQH EDQG ZLWK PROOXVFDQ IRVVLOV DQG D SVHXGRQRGXODU
IDEULF õDW ççèçöôï 5DUH &KRQGULWHV WRZDUGV WKH EDVH RI WKH XQLWï 7KH EDVH LV WDNHQ
DW D ûVFRXUðOLNH VXUIDFHû ZKLFK KDV EHHQ HQKDQFHG E\ SUHVVXUH GLVVROXWLRQ
õSRVVLEO\ D VOXPS VFDUôï

117Së
çççèö ð ççæéö &KRQGULWHV DQG =RRSK\FRV LQ SHODJLF FKDON ZDFNHVWRQH WR PXGVWRQHï

117Së
ççæéö ð ççåèö 0DVVLYH FKDON ZDFNHVWRQH ZLWK VPDOO SDWFKHV RI "JODXFRQLWH JUDLQV õSRVVLEO\

ODUJH EXUURZ ILOOVô DQG RFFDVLRQDO S\ULWHðILOOHG EXUURZV XS WR ìö ORQJï 7KHVH
FKDONV PD\ EH UHðVHGLPHQWHG EXW HPSODFHG DV VOXUULHV UDWKHU WKDQ FODVWðULFK
GHEULV IORZVï

117Së
ççåèö ð çæêéö (VVHQWLDOO\ D =RRSK\FRV õDQG &KRQGULWHVô SHODJLF FKDON ZDFNHVWRQHï =RRSK\FRV

DUH DEXQGDQWï 5DUH XQGXORVH VXUIDFHV õHïJï DW ççäèöô PD\ UHIOHFW VOXPS VFDUVï
5DUH OD\HUV ZLWK VOXPS RYHUIROGLQJ DUH SUHVHQW õHïJï DW çæíäö DQG çæìêöôï $ IOLQW
EDQG RFFXUV DW WKH EDVHï



$ MRLQW &KDON 6WUDWLJUDSKLF )UDPHZRUN -RLQW &KDON 5HVHDUFK

ð êä ð &KDSWHU êã'HSRVLWLRQDO )DFLHV 'HFHPEHU ìäää

0)%ðæ

117Sç
æêèåö ð æêçìö %LRWXUEDWHG VOLJKWO\ FDOFDUHRXV FOD\VWRQH õPDUOô ZLWK IORDWLQJ FKDON FODVWV FORVH

WR WKH EDVHï %DVDO GHEULV IORZ DQG RYHUO\LQJ GHHSðZDWHU FOD\Vï
117Sèî117Sé
æêçìö ð æêäêö &KDON ZDFNHVWRQHV ZLWK UDUH VFDWWHUHG VNHOHWDO PDWHULDOï (VVHQWLDOO\ SHODJLF DQG

FRQWDLQLQJ &KRQGULWHVñ 3ODQROLWHV DQG ORFDOO\ =RRSK\FRVï 5DUH FOD\ VHDPVï
"3KRVSKDWLF LQWUDFODVWV DVVRFLDWHG ZLWK XQGXORVH FOD\ VHDP DW WKH EDVHï

117Sé
æêäêö ð æéëíö 0DVVLYH DQG EXUURZHG FKDON ZDFNHVWRQHVï &KRQGULWHVñ 3ODQROLWHV DQG UDUHU

=RRSK\FRV SUHVHQWï 8QGXORVH FOD\ VHDPVñ VFDWWHUHG IOLQW QRGXOHV õDVVRFLDWHG
ZLWK UDUHñ WKLQñ GLVFUHWH GHEULV IORZ OD\HUVôï

117Sé
æéëíö ð æéèìö *HQHUDOO\ ELRWXUEDWHG DQG PDVVLYH FKDON ZDFNHVWRQHV EXW ZLWK PRUH DEXQGDQW

IOLQW EDQGV DQG QRGXOHV WKDQ HLWKHU WKH XQGHUO\LQJ RU RYHUO\LQJ XQLWVï 3ODQROLWHVñ
&KRQGULWHV DQG UDUHU =RRSK\FRV DUH SUHVHQW WKURXJKRXWï 6RPH PRUH GLVWLQFW
IOLQW EDQGV DUH WKLFNHU WKDQ QRUPDO DQG DSSHDU WR FRQWDLQ VLOLFLILHG FKDON FODVWV
õWKLQ GHEULV IORZ XQLWVñ DV DW æéëäöôï 5DUH FOD\ VHDPV RFFXU õDV DW æéèìöôï

117Sêî117Së
æéèìö ð æéçåö 3HODJLF FKDON ZLWK =RRSK\FRV DQG 3ODQROLWHV EXUURZVï 6HYHUDO IOLQW EDQGV DUH

SUHVHQW õPRUH DEXQGDQW WKDQ DERYHô DQG LUUHJXODU XQGXORVH FOD\ VHDPVï
8& ëí
æéçåö ð æéçäö 9HU\ GLVWLQFWLYH OD\HU õáìö WKLFN RYHUDOOôï $ VLJQLILFDQW FOD\ VHDP UHVW ZLWK DQ

XQGXORVH FRQWDFW XSRQ D YHU\ KDUG DQG ELRWXUEDWHG ZDFNHVWRQHîSDFNVWRQHñ
VSHFNOHG ZLWK GDUN õ"JODXFRQLWHô JUDLQVï +DUGJURXQG VXUIDFHï

8& ëí
æéçäö ð æéäëöêöö 0DVVLYH DQG YDJXHO\ EDQGHG FKDON ZDFNHVWRQHV ZLWK UDUH =RRSK\FRV DQG

DUWLFXODWHG ELYDOYH VKHOOVï 3HODJLFï

æéäëöêöö ð æèêçö *$3 %HWZHHQ &RUH é DQG &RUH è

8& ëíî8& ìä
æèêçö ð æääçöéöö õ%DVHô 3DUDOOHO EDQGHG DQG UHJXODUO\ EHGGHG SHODJLF FKDON ZDFNHVWRQHV WKURXJKRXW

ZLWK GLVFUHWH EXUURZV õ3ODQROLWHVñ ZLWK UDUHU =RRSK\FRV DQG &KRQGULWHVôï
=RRSK\FRV EHFRPHV JHQHUDOO\ PRUH DEXQGDQW GRZQZDUGVñ WRZDUGV WKH EDVH RI
WKH FRUHï %DQGLQJ DQG ODPLQDWLRQ PD\ UHIOHFW HLWKHU UHVWULFWHG R[\JHQDWLRQ RU
PLFURðWXUELGLWH GHSRVLWLRQï 6FDWWHUHG ,QRFHUDPXV RFFXU DW YDULRXV ORFDWLRQV
WKURXJK WKH XQLWñ DV GR UDUH IOLQW QRGXOHVï %DQGLQJ PD\ EH UK\WKPLF LQ SDUW EXW
VRPH SDUWV RI WKH VXFFHVVLRQ DUH UXEEOHGï

0ðä;

117Së
çèêçö ð çèèíö 0DVVLYH WR LQWHUEHGGHG FKDON ZDFNHVWRQHñ SHODJLFñ ZLWK RFFDVLRQDO FOD\ VHDPV

DQG UDUH IOLQW EDQGVï
8& ëí
çèèíö ð çèèèöæû 7KH IOLQW EDQG DW çèèíö LV SUREDEO\ HTXLYDOHQW WR WKH SHDN LQ WKH GHQVLW\ ORJ DW

DERXW çèèêö õORJ GHSWKôï 7KLV IOLQW PDUNV D VXEWOH FKDQJH RI IDFLHV WR PRUH
UHJXODUO\ ELRWXUEDWHG DQG IOLQWðIUHH SHODJLF FKDONV õEHORZô E\ FRPSDULVRQ ZLWK
WKRVH DERYHï

8& ëí
çèççö ð ççíçö 3HODJLF FKDON ZDFNHVWRQHV EXW ZLWK REYLRXV &KRQGULWHVñ 3ODQROLWHV DQG

=RRSK\FRVï 6RPH EXUURZV DUH GDUNðILOOHGï 7KH VXFFHVVLRQ LQ LQWHUEHGGHG
õ"UK\WKPLFô RQ D ìö WR çû VFDOHï



-RLQW &KDON 5HVHDUFK $ MRLQW &KDON 6WUDWLJUDSKLF )UDPHZRUN

'HFHPEHU ìäää &KDSWHU êã'HSRVLWLRQDO )DFLHV ð éí ð

8& ëí
ççéêöèû ð çæìèö (VVHQWLDOO\ SHODJLF FKDON ZDFNHVWRQHV DV DERYH EXW ODFNLQJ LQ IOLQWVï 3RVVLEOH

ILUPJURXQGVîKDUGJURXQGV RFFXU DW çççèöñ ççææö DQG ççäíöï 7KH ILUPJURXQG DW
ççææö õFRUH GHSWKô LV SUREDEO\ HTXLYDOHQW WR WKH VXEWOH ORJ FKDQJHñ ZKLFK RFFXUV
DW ççåíö õORJ GHSWKôï 7KDW DW ççäíö õFRUH GHSWKô LV HTXLYDOHQW WR WKH ORJ EUHDN DW
ççäêö õORJ GHSWKôï 5XEEOHG VHFWLRQ RFFXUV EHWZHHQ çæíêö DQG çæìëöï

êíîæDðë

117Sé
ìíñìíí ð ìíñìéíö *HQHUDOO\ PDVVLYH SHODJLF FKDON ZLWK FOD\ðILOOHG &KRQGULWHV DQG VRPH XQLWV

ZLWK LQGLVWLQFW 3ODQROLWHVï 2QH UDUH IORDWVWRQH XQLW DW ìíñìëíö õSRVVLEOH GHEULV
IORZôï =RRSK\FRV PRUH FRPPRQ WRZDUGV EDVH RI XQLWï

117Sé
ìíñìéí ð ìíñìçìö 7RS PDUNHG E\ VKDUS FRQWDFW DQG D WKLQ OD\HU VKRZLQJ LQWHUVHFWLQJ IUDFWXUHV

DQG SRVVLEOH LQFLSLHQW EUHDNðXSï 7KLV LV SUREDEO\ D FKDON KDUGJURXQG RU
ILUPJURXQGï %HORZñ WKH VXFFHVVLRQ LV D 3ODQROLWHVñ =RRSK\FRV DQGñ ORFDOO\ñ
&KRQGULWHV FKDONñ HVVHQWLDOO\ SHODJLF LQ RULJLQ DQG ZLWK QR VLJQV RI UHð
VHGLPHQWDWLRQï 7KHUH LV D PLQRU ORJ SHDN RQ WKH VRQLF SRVVLEO\ FRUUHVSRQGLQJ
ZLWK WKH KDUGJURXQGï

117Séî117Sê
ìíñìçì ð ìíñëèêö 7KH XQLW LV FDSSHG E\ D SURPLQHQW VHW RI XQGXORVH FOD\ VHDPV ZLWK UHOLF OHQWLFOHV

RI FKDONï 7KH EXON RI WKH XQLW FRQVLVWV RI =RRSK\FRV FKDON ZLWK ORFDO XQLWV ULFK
LQ &KRQGULWHVñ 3ODQROLWHV DQG "7KDODVVLQRLGHVï 'DUN LQ FRORXU ORFDOO\ DQG ZLWK
VRPH ZHOOðGHYHORSHG FOD\ VHDPVñ WKLV SHODJLF XQLW PD\ EH VOLJKWO\ PRUH
DUJLOODFHRXV WKDQ RYHUO\LQJ XQLWVï

ìíñëèê ð ìíñêæäö *$3 EHWZHHQ &RUHV è DQG çï

8& ëí
ìíñêæä ð ìíñéíäö 0DVVLYH FKDON IORDWVWRQH ZLWK DEXQGDQW VNHOHWDO GHEULV DV ZHOO DV FKDON FODVWV DOO

VHW LQ D FKDON PDWUL[ï 7KHUH LV D GRZQZDUG LQFUHDVH LQ WKH GLDPHWHU RI FKDON
FODVWV DQG WRZDUGV WKH EDVH ODUJH VNHOHWDO IUDJPHQWV DUH YLVLEOH LQFOXGLQJ
VROLWDU\ FRUDOVï 7KH EDVH RI WKH XQLW LV PDUNHG E\ D WKLQ EXW GLVWLQFWLYH JUDGHG
JUDLQVWRQHï 7KH ZKROH XQLW SUREDEO\ UHSUHVHQWV RQH FDWDVWURSKLFDOO\ LQWURGXFHG
GHSRVLWï 6ORSH LQVWDELOLW\ õSRVVLEO\ WULJJHUHG E\ HDUWKTXDNH VKRFNô FDXVHG SUHð
GHSRVLWHG FDUERQDWH VHGLPHQW WR EHJLQ LWV GRZQVORSH PRYHPHQWï &RDUVHU
VNHOHWDO PDWHULDO PRYHG VZLIWO\ GRZQVORSH DQG IRUPHG DQ RUJDQLVHG WXUELGLW\
FXUUHQWï 0RUH FRQVROLGDWHG PDWHULDO VOLSSHG PRUH VORZO\ DV D GLVRUJDQLVHG
GHEULV IORZï 7KLV XQLW KDV D GLVWLQFWLYH ORZ GHQVLW\ FKDUDFWHU RQ WKH ZLUHOLQH ORJï

8& ëí
ìíñéíä ð ìíñééåö 3ODQROLWHVñ &KRQGULWHV DQG =RRSK\FRV FKDON ZLWK RFFDVLRQDO FOD\ VHDPV õDOO

H[DJJHUDWHG E\ SUHVVXUH GLVVROXWLRQôï 7KLV LV D SHODJLF LQWHUYDOï
8& ëí
ìíñééå ð ìíñéæìö &KRQGULWHV FKDON ZLWK UDUHU 3ODQROLWHV DQG =RRSK\FRVñ LW LV GLIIHUHQWLDWHG IURP

WKH RYHUO\LQJ XQLW EHFDXVH RI WKH SDXFLW\ RI FOD\ VHDPVï ,W LV D SHODJLF XQLWï
8& ëí
ìíñéæì ð ìíñéåäö 0RVWO\ SHODJLF FKDON ZLWK &KRQGULWHVñ EXW ZLWK GLVFUHWH UHðVHGLPHQWHG XQLWVã D

WKLQ WXUELGLWH SHQHWUDWHG E\ &KRQGULWHV DW WKH WRS õDW ìíñéæìöðìíñéæëöôâ D
JUDLQVWRQH WXUELGLWH õDW ìíñéæçöôâ DQG GHIRUPHG VOXPS EHGV õDW ìíñéææöñ DQG
ìíñéæåöôï

8& ëí
ìíñ éåä ð ìíñèìíö $W WKH WRS LV D FKDON IORDWVWRQH XQLW ZLWK D WKLQ JUDGHG JUDLQVWRQH DW LWV EDVH õDW

ìíñéääöçûôñ HVVHQWLDOO\ D WXUELGLWHîGHEULV IORZ FRXSOHW DV GHVFULEHG IRU WKH
ìíñêæä ð ìíñéíä LQWHUYDOñ EXW ZLWK QR VNHOHWDO GHEULV LQ WKH PDWUL[ï %HORZ WKLV



$ MRLQW &KDON 6WUDWLJUDSKLF )UDPHZRUN -RLQW &KDON 5HVHDUFK

ð éì ð &KDSWHU êã'HSRVLWLRQDO )DFLHV 'HFHPEHU ìäää

WKHUH LV D VOXPSðGHIRUPHG OD\HU DQG WKH UHVW RI WKH XQLW LV FKDON IORDWVWRQHV ZLWK
WKHLU WRSV SHQHWUDWHG E\ &KRQGULWHVï

8& ëí
ìíïèìí ð ìíñèéæö 0RVWO\ &KRQGULWHVñ 3ODQROLWHV DQGñ UDUHUñ =RRSK\FRV FKDONV õSHODJLFô EXW ZLWK D

GLVFUHWH WKLQ WXUELGLWLF JUDLQVWRQH DW ìíñèêçöçû DQG D WKLQ VOXPS DW ìíñèëéöï
8& ëí
ìíñèéæ ð ìíñèèëö &KDON IORDWVWRQH ZLWK VNHOHWDO DQG FKDON FODVWV VHW LQ D FKDON PDWUL[ï 6LOLFLILHG

RYHUIROGV RFFXU DW ìíñèèíöï 7KH EDVH LV PDUNHG E\ D WKLQ JUDLQ\ WXUELGLWLF
ZDFNHVWRQHï

8& ëí
ìíñèèë ð ìíñèåêö 3HODJLF VXFFHVVLRQ RI &KRQGULWHV FKDONV ZLWK ORFDOO\ LQWHQVH VW\OROLWH VHDPVï $

UDUH VOXPS EDQG RFFXUV DW ìíñèççöï
8& ëí
ìíñèåê ð ìíñèäëö 'HEULV IORZ XQLW ZLWK D FRDUVHU DQG PRUH GHQVHO\ SDFNHG FKDON ZDFNHVWRQH

WXUELGLWH DW WKH EDVH DQG D IORDWVWRQH XQLW ZKLFK EHFRPHV SURJUHVVLYHO\ PRUH
VSDUVH ZLWK UHVSHFW WR FODVWV XSZDUGVï

8& ëí
ìíñèäë ð ìíñçííö 3HODJLF FKDONV ZLWK =RRSK\FRV DQG &KRQGULWHVï

ìíñçíí ð ìíñçìíö *$3 LQ &RUHG 6HFWLRQ

8& ëí
ìíñçìí ð ìíñæëëö 3UHGRPLQDQWO\ SHODJLF FKDONV ZLWK &KRQGULWHV DQG 3ODQROLWHV EXW ZLWK

LUUHJXODUO\ VSDFHG LQWHUEHGV RI WXUELGLWLF JUDLQVWRQHV õVRPH YHU\ FRDUVHñ DV DW
ìíñçåíöô DQG PLQRU VOXPS EHGVï 6RPH SDUWV RI WKH VXFFHVVLRQ FRQVLVW RI PDVVLYH
VWUXFWXUHOHVV FKDON DQG LW LV QRW SRVVLEOH WR WHOO ZKHWKHU WKHVH DUH SHODJLF RU
VOXUU\ GHSRVLWVï

ìíñæëë ð ìíñæêíö *$3 LQ &RUHG 6HFWLRQ

8& ëí
ìíñæêí ð ìíñæéêö 0RVWO\ PDVVLYH FKDONV ZLWK UDUH EXUURZVñ VRPH GLVWLQFW DQG FOD\ðILOOHGï

3UREDEO\ D SHODJLF XQLW LQ ODUJH SDUWï
8& ëí
ìíñæéê ð ìíñæèåöö &KDON IORDWVWRQH ZLWK FPðVFDOH FKDON FODVWV DQG ODUJH õYHU\ FRDUVHô VNHOHWDO

FODVWVñ GHSRVLWHG DV D GHEULV IORZï 7KH FKDON FODVWV EHFRPH VSDUVHU DQG WKHUH LV
DQ XSZDUG JUDGDWLRQ WR PDVVLYH FKDONï 7KH WRS RI WKH XQLW LV WDNHQ DW D
VLJQLILFDQW VW\OROLWHï

8& ëíî8& ìä
ìíñæèå ð ìíñåéåöçû 3UHGRPLQDQWO\ SHODJLF FKDONV ZLWK 3ODQROLWHVñ RFFDVLRQDO =RRSK\FRV DQG UDUHU

&KRQGULWHVï *UDLQVWRQH WXUELGLWHV DQG PLFURðWXUELGLWHV RFFXU VSRUDGLFDOO\ñ DV GR
PLQRU VOXPSHG LQWHUYDOVï

ìíñåéåöçû ð ììñääèö *$3 LQ &RUHG 6HFWLRQ

8& ìí
ììñääè ð ìëñíèèö (VVHQWLDOO\ SHODJLF FKDONV ZLWK =RRSK\FRVñ &KRQGULWHV DQG 3ODQROLWHVï

=RRSK\FRV LV ORFDOO\ VR LQWHQVH WKDW LW JLYHV DQ DSSDUHQW EDQGLQJ õSVHXGRð
EDQGLQJôï 2FFDVLRQDO IOLQW QRGXOHV H[SODLQ SHDNV RQ WKH VRQLF ORJ FRUUHVSRQGLQJ
ZLWK ììñääæöñ ìëñííéöñ ìëñííå ð íäöñ DQG ìëñíìäöï 3RVVLEOH WXUELGLWHV RFFXU DW
ìëñííìö DQG ìëñííäö EXW WKHVH DUH YHU\ FU\SWLF DQG ORFDOO\ VLOLFLILHGï
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'HFHPEHU ìäää &KDSWHU êã'HSRVLWLRQDO )DFLHV ð éë ð

êìîëçDðìí

8& ëí
åêæä ð åéíéö (VVHQWLDOO\ SHODJLF FKDON PXGVWRQHV ZLWK RFFDVLRQDO IOLQWV WRZDUGV WKH EDVH RI

WKH XQLWï %XUURZV GRPLQDWHG EW 3ODQROLWHV DQG &KRQGULWHV ZLWK RFFDVLRQDO
LQWHUYDOV FRQWDLQLQJ =RRSK\FRVï 6W\OROLWHV FRPPRQï $W åéíéö LV D VKHDUð
GHIRUPHG õZDWHUðHVFDSH"ô OD\HU H[KLELWLQJ D GLVUXSWHG IDEULF QRZ UHSODFHG E\
VLOLFDï 7KLV XQXVXDO EDQG SURYLGHV WKH RQO\ HYLGHQFH WKDW WKHUH PD\ EH D EUHDN DW
WKLV GHSWKï

8& ëí
åéíé ð åéææö (VVHQWLDOO\ SHODJLF FKDON PXGVWRQHV ZLWK RFFDVLRQDO IOLQWV Wï %XUURZV GRPLQDWHG

EW 3ODQROLWHV DQG &KRQGULWHV ZLWK RFFDVLRQDO LQWHUYDOV FRQWDLQLQJ =RRSK\FRV ï
5DUH YHUWLFDO EXUURZV DUH DOVR SUHVHQWï 6W\OROLWHV FRPPRQï

8& ëí
åéææ ð åéåéö 'HIRUPHG XSSHU OD\HUV õ"VOXPSHGô RI FKDON ZDFNHVWRQH RYHUO\LQJ D &KRQGULWHV

õSHODJLFô FKDONï

åéåé ð åèçëö /$5*( *$3 %(7:((1 &25( ì DQG &25( ë

8& ëíî8& ìä
åèçë ð åèçäö õ%DVHô 6OXPSðGHIRUPHG FKDON ZDFNHVWRQHV ZLWK GLVUXSWHG 3ODQROLWHV EXUURZV õVOXPSð

RYHUIROGVô DVVRFLDWHG ZLWK SRVVLEOH VNHOHWDOð DQG FKDONðFODVW GHEULV IORZ EDQG DW
WKH EDVH RI WKH FRUHï



-RLQW &KDON 5HVHDUFK $ MRLQW &KDON 6WUDWLJUDSKLF )UDPHZRUN

'HFHPEHU ìäää &KDSWHU éã %LRVWUDWLJUDSK\ ð éê ð

é %,2675$7,*5$3+<

éïì ,QWURGXFWLRQ

éïìïì $LP RI WKH VWXG\ã

7R V\QWKHVLVH WKH ELRVWUDWLJUDSKLF GDWDEDVH DYDLODEOH IURP WKH &KDON VXFFHVVLRQ DURXQG WKH
&HQWUDO *UDEHQ ¦WULSOH MXQFWLRQ§ õ1RUZD\ñ 'HQPDUNñ 8ï.ïô DQG WR XWLOLVH WKLV GDWD WR SURYLGH D
FKURQRVWUDWLJUDSKLF IUDPHZRUN IRU WKH VHGLPHQWDWLRQ DQG VWUXFWXUDO GHYHORSPHQW RI WKH DUHDï

éïìïë 6FRSH RI WKH VWXG\ã

7KH VWXG\ GLYLGHV LQWR WKUHH GLVFUHWH VHFWLRQV DV IROORZVã

ìï 7KH LQWHUSUHWDWLRQ RI QHZ DQDO\VHV WR EH FDUULHG RXW RQ VHOHFWHG VDPSOHVï
ëï 7KH GLJLWDO SORWWLQJ RI ROG ELRVWUDWLJUDSKLF GDWD LQWR D XQLILHG IRUPDWï
êï 7KH LQWHUSUHWDWLRQ DQG LQWHJUDWLRQ RI ERWK WKH DERYH VHWV RI GDWDï

éïìïê 'DWDEDVHã

%LRVWUDWLJUDSKLF DQDO\VHV RI PRUH WKDQ éííí VDPSOHV DUH LQFOXGHG LQ WKH SURMHFW GDWDEDVHñ DV
VKRZQ LQ 7DEOH éðì EHORZï

([LVWLQJ GDWD 1HZ GDWD WKLV SURMHFW:HOO QDPH

1DQQRð
SODQNWRQ

0LFURð
SDODHRQW

3DO\QRð
PRUSK

7RWDO
H[LVWLQJ
DQDO\VHV

1DQQRð
SODQNWRQ

0LFURð
SDODHRQW

3DO\QRð
PRUSK

7RWDO QHZ
DQDO\VHV

ìîêðì ìé ìé ëí GF ëí

ìîêðå éí èí äí ëí GF ëí

ìîäðì ëè ìêê ìèå ìå F î ëê GF è éç

ëîëðë í ìê GF ë GF ìè

ëîëðê èí èí ìíí ìé GF ì GF ìè

ëîéð$ðå éå éå

ëîéð%ðìä ëè é ëä êë GF ê êè

ëîéð%ðìä$î7ë ìëä ìëä

ëîèðì ëëç êèí èæç ìè F î ìê GF êF îWV êì

ëîèðæ ëç èí æç ê ê ç

ëîèðä éí èí äí

ëîæðë ëíí ëíí é F î ìé GF ìå

ëîæðé çê èä ìëë æF æ

ëîæðå æí æí ìéí ä GF ìGF ìí

ëîæðìè ìëè ìíê ëëå êê GF ë GF êè

ëîæðêí åé êê êê ìèí ìä GF ìä

ëîæð%ðìì çì ìêè ìäç ëå F ëå
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ð éé ð &KDSWHU éã %LRVWUDWLJUDSK\ 'HFHPEHU ìäää

ëîåð$ðì éí êí ìå åå

ëîììð$ðë ëè êì ä çè ë ë

ëîììð$ðëî7ë ëë êè ìí çæ ë ë é

ëîììð$ðëî7ê êæ èç ìí ìíê ê ê ç

0)%ðæ í æé F æé

0ðä; ìíí ìíí ìé F ìé

5RDUðë ìíí ìíí ììF ìì

5RDU ë$ ìé ìíí ììé

%DURQðë í éì ëì WV é çç

/XOXðì ìíí ìíí ëé F ëé

0RQDðì í ìëä ìëä

7ðì ìí ìí

(ðé; ìíí ìíí

$GGDðë ìíí ìíí

$GGDðê ìí êè êè

%Rðì ìíí ìíí

8. êíîæDðë ìíí ìíí çæ çæ

8. êìîëçDðìí í ìè F î ìå GF êê

727$/ êèéí çæç éí ìí æëç

GF  GLWFK FXWWLQJ F  FRUH VDPSOH WV  WKLQ VHFWLRQ

7DEOH éðìã %LRVWUDWLJUDSKLF VDPSOH GDWDEDVH IRU WKH SUHVHQW VWXG\

1HZ $QDO\VHVã
$QDO\VHV KDYH EHHQ FDUULHG RXW RQ VHOHFWHG VDPSOHV IURP WKLUW\ðWZR ZHOOVñ FRPSULVLQJ
QLQHWHHQ LQ WKH 1RUZHJLDQ VHFWRUñ HOHYHQ LQ WKH 'DQLVK VHFWRU DQG WZR LQ WKH 8ï.ï VHFWRU RI WKH
1RUWK 6HD %DVLQï

$ WRWDO RI æëç VDPSOHV KDYH EHHQ DQDO\VHG FRPSULVLQJã

çæç QDQQRSODQNWRQ DQDO\VHV
éí PLFURSDODHRQWRORJLFDO DQDO\VHV
ìí SDO\QRORJLFDO DQDO\VHVï

'DWD UHðSORWWLQJã
0XFK RI WKH GDWD DYDLODEOH ZDV LQ WKH IRUP RI ROG ELRVWUDWLJUDSKLF UHSRUWV õD WRWDO RI VL[W\ôñ
VRPH RI ZKLFK ZHUH DOPRVW WKLUW\ \HDUV ROGï 7KHVH UHSRUWV DOVR RULJLQDWHG IURP WZHOYH
GLIIHUHQW VRXUFHV õH[SORUDWLRQ FRPSDQLHV DQG FRQVXOWLQJ FRPSDQLHVô DQG WKHUHIRUH H[LVWLQJ
IRUPDWV ZHUH H[WUHPHO\ YDULDEOH DQG RIWHQ RI SRRU TXDOLW\ï ,W ZDV WKHUHIRUH QHFHVVDU\ WR
FROODWH WKLV GDWDEDVH LQWR D XQLIRUP IRUPDWñ ZKLFK LQ WKLV FDVH ZDV ¦6WUDWDEXJV§ñ WKH PRVW
DFFHVVLEOH ELRVWUDWLJUDSK\ IRUPDW DYDLODEOH ZLWKLQ WKH LQGXVWU\ DW WKH SUHVHQW WLPHï

0LFURIRVVLO GLVWULEXWLRQ GDWD GHULYHG IURP GLIIHUHQW VRXUFHV QHHGHG WR EH LOOXVWUDWHG VHSDUDWHO\
RQ WKH UDQJH FKDUWVï 7KLV DSSOLFDWLRQ KDG WR EH GHYHORSHG GXULQJ WKH FRXUVH RI WKLV VWXG\ï
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&RGHV XVHG WR LGHQWLI\ WKH VRXUFHV RI GDWD DUH DV IROORZVã

$*3  $JLS
$02  $PRFR 1RUZD\ 2LO &RPSDQ\î$PRFR +RXVWRQ
%67  %LRVWUDW
(3$  (GHOPDQñ 3HUFLYDO ÷ $VVRFLDWHV õIRU 3KLOOLSVñ %DUWOHVYLOOHô
*(2  *HRODE
*(5  *HDUKDUW *HRFRQVXOWDQWV
*(8  *HXV
13'î13'ð1  1RUZHJLDQ 3HWUROHXP 'LUHFWRUDWH
16&  1HWZRUN 6WUDWLJUDSKLF &RQVXOWLQJ /WGï
3+,/  3KLOOLSV 3HWUROHXP &RPSDQ\ 1RUZD\î3KLOOLSV %DUWOHVYLOOH
369  3DOHRVHUYLFHV /WGï DQG 3DOHR 6HUYLFHV /WGï
55,  5REHUWVRQ 5HVHDUFK ,QWHUQDWLRQDO
6,30  6KHOO ,QWHUQDWLRQDO 3HWUROHXP 0DDWVFKDSSLM
6/%  6WUDWODE
637  6LPRQ 3HWUROHXP 7HFKQRORJLHV

éïìïé 'DWD LQWHJUDWLRQ DQG LQWHUSUHWDWLRQã

,Q RUGHU WR LQWHJUDWH GDWD IURP WKH ODUJH QXPEHU RI VRXUFHV DYDLODEOH IRU WKLV SURMHFW VHYHUDO
EDVLF SUREOHP DUHDV KDG WR RYHUFRPH EHIRUH DQ\ LQWHUSUHWLYH ZRUN FRXOG EH FDUULHG RXWï

Lô 7D[RQRPLF YDULDWLRQVã 7KH DJH RI WKH UHSRUWV DYDLODEOH PHDQW WKDW WKHUH ZDV FRQVLGHUDEOH
YDULDWLRQ EHWZHHQ WKH UHSRUW DXWKRUV DV WR WKH WD[RQRPLF QRPHQFODWXUH XVHGï ,W ZRXOG EH
LPSRVVLEOH WR XQLI\ WKH ZKROH RI WKH WD[RQRP\ ZLWKRXW UHFRXUVH WR WKH RULJLQDO VOLGHîVDPSOH
PDWHULDOñ KRZHYHU LW ZDV GHFLGHG WR XSGDWH IRVVLO QDPHV ZKHUH WKH QHZ DOWHUQDWLYH ZDV
REYLRXV õSDUWLFXODUO\ IRU ]RQDO LQGH[ PDUNHUVôï 2WKHUñ OHVV VWUDWLJUDSKLFDOO\ LPSRUWDQW WD[D
ZRXOG EH OHIW ZLWK WKHLU QDPHV XQDOWHUHGï

,Q RUGHU WR LOOXVWUDWH WKH ]RQDO LQGH[ PDUNHUV XVHG LQ WKLV VWXG\ñ ERWK PLFURIDXQDO DQG
QDQQRIORUDOñ D IXOO OLVW RI DYDLODEOH LOOXVWUDWLRQV LV JLYHQ DV DQ DSSHQGL[ï

LLô =RQDO 6FKHPHVã ,W LV H[WUHPHO\ LPSRUWDQW LQ DQ\ VWXG\ RI WKLV QDWXUH WR XVH ]RQDO VFKHPHV
ZKLFK DUH ZLGHO\ DSSOLFDEOH DFURVV WKH ZKROH UHJLRQ DQG QRW IRFXVVHG RQ D VPDOO JHRJUDSKLFDO
DUHDñ RU D SDUWLFXODU SURGXFLQJ ILHOGï 3XEOLVKHG ]RQDO VFKHPHVñ LQ FRPPRQ XVDJHñ ZHUH
WKHUHIRUH XVHGñ WKHVH EHLQJ WKDW GHILQHG E\ .LQJ HW DOï õìäåäô IRU WKH PLFURIDXQD DQG WKH UHFHQW
VFKHPHV RI 9DURO õìääåô DQG %XUQHWW HW DOï õìääåô IRU WKH QDQQRIORUDï

1HLWKHU RI WKHVH VFKHPHV LV SHUIHFW IRU WKH SXUSRVHV RI WKLV VWXG\ñ DV WKH\ ODFN GHILQLWLRQ DW WKH
UHVROXWLRQ DYDLODEOH RYHU FHUWDLQ VWUDWLJUDSKLF LQWHUYDOVï 7KHUH KDV EHHQ QR DWWHPSW EHIRUH WKLV
VWXG\ WR FDOLEUDWH WKH PLFURIDXQDO DQG QDQQRIORUDO ELRPDUNHU HYHQWVñ ZLWK WKH H[FHSWLRQ RI WKH
UHFHQW ZRUN RI %HUJHQ ÷ 6LNRUD õìäääôñ ZKLFK LV FRQFHQWUDWHG RQ WKH VRXWKHUQ 1RUZHJLDQ
&KDON IDFLHV DURXQG WKH 9DOKDOO DUHD DQG WKHUHIRUH ODFNV WKH ZLGH VFDOH DSSOLFDELOLW\ QHFHVVDU\
LQ WKLV VWXG\ï

,Q RUGHU WR LQFUHDVH WKH UHVROXWLRQ RI WKH ]RQDO VFKHPHVñ VXE]RQHV KDYH EHHQ DGGHG WR WKH
PLFURIDXQDO VFKHPH RI .LQJ HW DOï õRSï FLWô DQG WKHUH KDV EHHQ VRPH PRGLILFDWLRQ RI WKH
%XUQHWW HW DOï õRSï FLWïô QDQQRIORUDO VFKHPHï :KHUHYHU SRVVLEOH GLUHFW FRPSDULVRQ KDV EHHQ



$ MRLQW &KDON 6WUDWLJUDSKLF )UDPHZRUN -RLQW &KDON 5HVHDUFK
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PDGH EHWZHHQ UHFRUGV RI PLFURIDXQDO DQG QDQQRIORUDO ]RQDO LQGLFHV RQ WKH EDVLV RI
RFFXUUHQFHV LQ WKH VDPH FRUHG VHFWLRQVï 5HIHUHQFH KDV DOVR EHHQ PDGH WR XQSXEOLVKHG UHVHDUFK
õ%DLOH\ HW DOïñ LQ SUHSïô RQ WKH &RQLDFLDQ WR PLGGOH &DPSDQLDQ VHFWLRQ DW 6HDIRUG +HDGñ
6XVVH[ ZKHUH IXOO\ FDOLEUDWHG QDQQRSODQNWRQ DQG IRUDPLQLIHULG GLVWULEXWLRQ GDWD ZHUH
DYDLODEOH DW RQH PHWUH LQWHUYDOV IRU WKH ZKROH VHFWLRQï

'HILQLWLRQV RI DOO ]RQHV DQG VXE]RQHV XVHG LQ WKLV VWXG\ DUH JLYHQ LQ 6HFWLRQ ë RI WKH
%LRVWUDWLJUDSK\ï 7KHVH DUH SUHVHQWHG LQ GHVFHQGLQJ RUGHUñ GHVSLWH PXFK RI WKH GDWD EHLQJ
GHULYHG IURP FRUHG LQWHUYDOVñ DV WKH\ DUH EDVHG RQ RIIVKRUH ZHOO VHFWLRQVï
6RPH FRPPRQO\ XVHG DEEUHYLDWLRQV KDYH EHHQ LQFRUSRUDWHG LQWR ]RQDO GHILQLWLRQVñ WKHVH DUH
DV IROORZVã

/$' ð /DVW DSSHDUDQFH GDWXP
)$' ð )LUVW DSSHDUDQFH GDWXP
/'2 ð /DVW GRZQKROH RFFXUUHQFH
)'2 ð )LUVW GRZQKROH RFFXUUHQFH
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éïë 6WUDWLJUDSKLF ]RQDWLRQV

%LRVWUDWLJUDSKLF ]RQDWLRQ VFKHPHV XVHG LQ WKLV SURMHFW DUH SUHVHQWHG LQ ILJXUH éðìñ éðìEñ éðë
DQG éðëEï

éïëïì 1$1123/$1.721 =21$7,21

éïëïìïì 3$/(2&(1(ã

=RQH DQG VXE]RQH GHILQLWLRQV IRU WKH 3DOHRFHQH EURDGO\ IROORZ 9DURO õìäåä ÷ ìääåô ZLWK
UHIHUHQFH WR 9DQ +HFN ÷ 3ULQV õìäåæô DQG 3HUFK 1LHOVHQ õìäæäô ZLWK PLQRU DPHQGPHQWV DV
GLVFXVVHG EHORZã

=RQH 117Såã

$XWKRUã 9DURO õìääåôï

$JHã /DWH 3DOHRFHQHï

'HILQLWLRQã )URP WKH )'2 õ/$'ô RI FRPPRQ &KLDVPROLWKXV HGHQWXOXV WR WKH LQIOX[ 3ULQVLXV
PDUWLQLL DQGîRU FRPPRQ 1HRFKLDVWR]\JXV SHUIHFWXVï

&RPPHQWVã 7KLV ]RQH KDV EHHQ UHFRJQLVHG RQO\ UDUHO\ LQ WKH VWXG\ DUHDï 7KLV FRXOG EH GXH WR
D QXPEHU RI IDFWRUVñ LQFOXGLQJñ VDPSOHV ZHUH VHOHFWHG IRU WKLV FKDON VWXG\ EHORZ VHGLPHQWV RI
WKLV DJHñ QRQ GHSRVLWLRQ RI VHGLPHQWV RI WKLV DJH RU VHGLPHQWV RI WKLV DJH DUH QRQ FDOFDUHRXV
DQG WKHUHIRUH EDUUHQ RI QDQQRSODQNWRQï

'LVWULEXWLRQã 7KLV ]RQH LV UHFRJQLVHG LQ WKH IROORZLQJ ZHOOã ëîéð$ðå õEHORZ ìíñíæçöôï

=RQH 117Sæã

$XWKRUã 9DURO õìääåôï

$JHã /DWH 3DOHRFHQHï

'HILQLWLRQã )URP WKH LQIOX[ 3ï PDUWLQLL DQGîRU FRPPRQ 1ï SHUIHFWXV WR WKH )'2 õ/$'ô RI
FRPPRQ 3ULQVLXV GLPRUSKRVXVï

&RPPHQWVã 7KLV ]RQH LV RQO\ UDUHO\ UHFRJQLVHG LQ WKLV VWXG\ï :KHQ UHFRJQLVHGñ VHGLPHQWV RI
WKLV DJH DUH UHFRYHUHG IURP WKH 9nOH )RUPDWLRQ DQG DUH FKDUDFWHULVHG E\ ORZ DEXQGDQFH DQG
ORZ GLYHUVLW\ DVVHPEODJHVï

/DUJHU IRUPV RI 3ULQVLXV VSSï õLQFOXGLQJ 3ï PDUWLQLL DQG 3ï ELVXOFXVô GRPLQDWH WKH
DVVHPEODJHVï

'LVWULEXWLRQã 7KLV ]RQH LV UHFRJQLVHG õXQGLIIHUHQWLDWHGô LQ WKH IROORZLQJ ZHOOã ëîéð%ðìä
õäñæçíö ð äñææèöôï



$ MRLQW &KDON 6WUDWLJUDSKLF )UDPHZRUN -RLQW &KDON 5HVHDUFK

ð éå ð &KDSWHU éã %LRVWUDWLJUDSK\ 'HFHPEHU ìäää

:LWKLQ WKLV ]RQH WKH IROORZLQJ VXE]RQHV DUH UHFRJQLVHGã

6XE]RQH 117Sæ%ã

$XWKRUã 9DURO õìääåôñ HPHQGHG KHUHLQï

$JHã /DWH 3DOHRFHQHï

'HILQLWLRQã )URP WKH LQIOX[ 3ULQVLXV PDUWLQLL DQG FRPPRQ 1HRFKLDVWR]\JXV SHUIHFWXV WR WKH
/'2 õ)$'ô RI 7RZHLXV SHUWXVXVï

&RPPHQWVã )RUPV RI 1ï SHUIHFWXV UHFRYHUHG IURP VHGLPHQWV RI WKLV DJH DUH JHQHUDOO\ ODUJHU
WKDQ ROGHU IRUPV DQG DUH FKDUDFWHULVHG E\ D VOHQGHUñ PRUH HOHJDQWñ PRUSKRORJ\ DQG D YHU\ ORZ
DQJOH FHQWUDO DUHD ö;öï )RUPV RI 7RZHLXV VSSï DUH RIWHQ GLIILFXOW WR VSHFLDWH LQ WKH OLJKW
PLFURVFRSH LQ VHGLPHQWV RI WKLV DJHï

7RZHLXV SHUWXVXV KDV EHHQ XVHG DQ DOWHUQDWLYH IRU 7RZHLXV VHODQGLDQXV õ:HOO ëîéð$ðåô IRU WKH
SXUSRVHV RI WKLV VWXG\ï

'LVWULEXWLRQã 7KLV VXE]RQH LV UHFRJQLVHG LQ WKH IROORZLQJ ZHOOVã ëîéð$ðå õDERYH ìíñíäíöô ÷
ëîæð%ðìì õäñåìëö ð äñåêëöôï

6XE]RQH 117Sæ$ã

$XWKRUã 9DURO õìääåôñ HPHQGHG KHUHLQï

$JHã /DWH 3DOHRFHQHï

'HILQLWLRQã )URP WKH /'2 õ)$'ô RI 7RZHLXV SHUWXVXV WR WKH )'2 õ/$'ô RI FRPPRQ
3ULQVLXV GLPRUSKRVXVï

&RPPHQWVã 6PDOOHUñ LQGHWHUPLQDWHñ IRUPV RI 7RZHLXV VSSï PD\ VWLOO EH IRXQG LQ WKLV VXE]RQHñ
WKHUHIRUH PDNLQJ GLIIHUHQWLDWLRQ IURP WKH RYHUO\LQJ VXE]RQH GLIILFXOW LQ SRRUHU TXDOLW\ VDPSOH
PDWHULDOï

'LVWULEXWLRQã 7KLV VXE]RQH LV UHFRJQLVHG LQ WKH IROORZLQJ ZHOOVã ëîéð$ðå õEHORZ ìíñìííöô ÷
%$521ðë õëñåëíPôï

=RQH 117Sçã

$XWKRUã 9DURO õìääåôï

$JHã /DWH 3DOHRFHQHñ ûODWHû 'DQLDQ WR ûHDUO\û 7KDQHWLDQ IRU WKH SXUSRVHV RI WKLV VWXG\ï

'HILQLWLRQã )URP WKH )'2 õ/$'ô RI FRPPRQ 3ï GLPRUSKRVXV WR WKH /'2 õ)$'ô RI FRPPRQ
1ï SHUIHFWXVï



-RLQW &KDON 5HVHDUFK $ MRLQW &KDON 6WUDWLJUDSKLF )UDPHZRUN

'HFHPEHU ìäää &KDSWHU éã %LRVWUDWLJUDSK\ ð éä ð

&RPPHQWVã 7KHUH LV D FRQVSLFXRXV LQFUHDVH LQ WKH DEXQGDQFH RI 3ï GLPRUSKRVXV ZLWKLQ WKLV
VXE]RQHñ DOWKRXJK ODUJHU IRUPV VXFK DV 3ï PDUWLQLL VWLOO GRPLQDWH DVVHPEODJHVï 6HGLPHQWV RI
WKLV DJH DUH FRQVWUDLQHG WR WKH ORZHU SDUW RI WKH 9nOH )RUPDWLRQ LQ WKH VWXG\ DUHDï

'LVWULEXWLRQã 7KLV ]RQH LV UHFRJQLVHG LQ WKH IROORZLQJ ZHOOVã ëîéð$ðå õDERYH ìíñììíöôñ ëîé%ð
ìä õEHORZ äñæåíöôñ ëîé%ðìä$ õEHORZ äñåêäöôñ ëîèðæ õEHORZ êñìåäöôñ ëîèðä õêñëèëP ð êñëèåPôñ
ëîæðêí õìíñëçíö ð ìíñëäíöôñ ëîæð%ðìì õäñåéíö ð äñåéêïèöôñ 0)%ðæ õæñêçíö ð æñêçìöô ÷ %$521ðë
õëñåëêïëP ð ëñåëçïêPôï

=RQH 117Sèã

$XWKRUã 9DURO õìääåôï

$JHã (DUO\ 3DOHRFHQHñ LQIRUPDOO\ WHUPHG ûODWHû 'DQLDQ IRU WKH SXUSRVHV RI WKLV VWXG\ï

'HILQLWLRQã )URP WKH /'2 õ)$'ô RI FRPPRQ 1ï SHUIHFWXV WR WKH LQIOX[ RI 3ï GLPRUSKRVXVï

&RPPHQWVã 7KHUH LV DQ LQFUHDVH LQ WKH DEXQGDQFH DQG GLYHUVLW\ RI QDQQRIORUDO DVVHPEODJHV
UHFRYHUHG WKURXJK WKLV ]RQHñ UHIOHFWLQJ WKH LQFUHDVLQJO\ FDOFDUHRXV QDWXUH RI WKH VHGLPHQW IURP
WKH 9nOH )RUPDWLRQ LQWR WKH (NRILVN )RUPDWLRQï

'LVWULEXWLRQã 7KLV ]RQH LV QRW UHFRJQLVHG õXQGLIIHUHQWLDWHGô LQ DQ\ ZHOOVï

:LWKLQ WKLV ]RQH WKH IROORZLQJ VXE]RQHV DUH UHFRJQLVHGã

6XE]RQH 117Sè%ã

$XWKRUã 9DURO õìääåôï

$JHã (DUO\ 3DOHRFHQHï

'HILQLWLRQã )URP WKH /'2 õ)$'ô RI FRPPRQ 1ï SHUIHFWXV WR WKH /'2 õ)$'ô RI 1ï SHUIHFWXVï

&RPPHQWVã 7KH ERXQGDU\ EHWZHHQ WKH 9nOH )RUPDWLRQ DQG WKH (NRILVN )RUPDWLRQ IDOOV
ZLWKLQ WKLV 6XE]RQH LQ WKH VWXG\ DUHDï )RUPV RI 1ï SHUIHFWXV DSSHDU VPDOOHU DQG PRUH UREXVW
WRZDUGV WKH EDVH RI WKHLU UDQJH DQG PD\ EH FRQIXVHG ZLWK 1HRFKLDVWR]\JXV PRGHVWXVï 7KH
LQFHSWLRQ RI WKH JHQXV 7RZHLXV DSSHDUV ZLWKLQ WKLV 6XE]RQHï

'LVWULEXWLRQã 7KLV VXE]RQH LV UHFRJQLVHG LQ WKH IROORZLQJ ZHOOVã ìîêðå õêñêåèPôñ ëîéð$ðå
õìíñìëíö ÷ ìíñìäíöôñ ëîé%ðìä õDERYH äñåìåöôñ ëîé%ðìä$ õDERYH äñåçéö DQG EHORZ äñåæíöôñ ëîèðì
õäñäæíöôñ ëîèðæ õDERYH êìäåP DQG EHORZ êñìåäPôñ ëîæðå õäñæìíöôñ ëîæðìè õEHORZ êñíííP DQG
DERYH êñííçPôñ ëîæðêí õìíñêííöôñ 0)%ðæ õæñêçëö ð æñêçëïèåöôñ /8/8ðì õäñíêêö ð äñíéíöô ÷
êíîæDðë õEHORZ ìíñìíìöôï

6XE]RQH 117Sè$ã

$XWKRUã 9DURO õìääåôï

$JHã (DUO\ 3DOHRFHQHï



$ MRLQW &KDON 6WUDWLJUDSKLF )UDPHZRUN -RLQW &KDON 5HVHDUFK

ð èí ð &KDSWHU éã %LRVWUDWLJUDSK\ 'HFHPEHU ìäää

'HILQLWLRQã )URP WKH /'2 õ)$'ô RI 1ï SHUIHFWXV WR WKH LQIOX[ RI 3ï GLPRUSKRVXVï

&RPPHQWVã $V VHGLPHQWV EHFRPH OHVV DUJLOODFHRXV GRZQKROH ZLWKLQ WKLV VXE]RQHñ
QDQQRIORUDO DEXQGDQFH DQG GLYHUVLW\ LQFUHDVHVñ WRJHWKHU ZLWK WKH SURSRUWLRQ RI VPDOOHU IRUPV
RI 3ULQVLXV õLïHï 3ï GLPRUSKRVXVôï &KLDVPROLWKXV HGHQWXOXV DQG 3ULQVLXV PDUWLQLL DUH VWLOO
PDMRU DVVHPEODJH FRQVWLWXHQWV ZLWKLQ WKLV VXE]RQHï

6LJQLILFDQW DPRXQWV RI /DWH &UHWDFHRXV UHZRUNLQJ DUH RIWHQ QRWHG ZLWKLQ WKLV VXE]RQHï

'LVWULEXWLRQã 7KLV VXE]RQH LV UHFRJQLVHG LQ WKH IROORZLQJ ZHOOVã ëîé%ðìä$ õDERYH äñåæíöôñ
ëîæðé" õìíñëëéöô ÷ 0)%ðæ õæñêçéöôï

=RQH 117Séã

$XWKRUã 9DURO õìääåôï

$JHã (DUO\ 3DOHRFHQHñ LQIRUPDOO\ WHUPHG ûODWHû 'DQLDQ IRU WKH SXUSRVHV RI WKLV VWXG\ï

'HILQLWLRQã )URP WKH LQIOX[ RI 3ï GLPRUSKRVXV WR WKH /'2 õ)$'ô RI 1HRFKLDVWR]\JXV
HRVDHSHV DQGîRU WKH )'2 õ/$'ô RI FRPPRQ 3ULQVLXV WHQXLFXOXVï

&RPPHQWVã 7KLV ]RQH RFFXUV H[WHQVLYHO\ WKURXJKRXW WKH VWXG\ DUHD DQG UHSUHVHQWV WKH
PDMRULW\ RI (NRILVN )RUPDWLRQ VHGLPHQWV LGHQWLILHG LQ WKH VWXG\ DUHDï

7KH ORZHU SDUW RI WKLV =RQH õSULQFLSDOO\ 6XE]RQHV 117Sé&ð$ô PD\ EH FKDUDFWHULVHG E\
PDVVLYH UHðGHSRVLWLRQ RI /DWH &UHWDFHRXV VHGLPHQWVñ IRUPLQJ WKH SULPDU\ UHVHUYRLU ZLWKLQ WKH
(NRILVN )RUPDWLRQï 6HGLPHQWV FKDUDFWHULVHG E\ ODUJH VFDOH UHðGHSRVLWLRQ DQG UHZRUNLQJ PD\
EH GLIILFXOW WR GDWH GXH WR HIIHFW RI PDVNLQJ E\ WKH DOORFKWKRQRXV WD[Dï $V D UHVXOW UDUH PDUNHU
WD[D PD\ EH GLIILFXOW WR ILQG DQG DEXQGDQFH FULWHULD EHFRPHV XQUHOLDEOHï 7KHUHIRUHñ VRPH RI
WKH VHGLPHQW GDWHG DV ûPLGGOH ð ûHDUO\û 'DQLDQñ =RQHV 117Sêðë PD\ LQ IDFW EH LPSRYHULVKHG
ûODWHû 'DQLDQ 117Sé VHGLPHQW PDVNHG E\ UHZRUNLQJï

7KH UHðGHSRVLWHG VHGLPHQWV DUH FRPPRQO\ GHULYHG IURP WKH /DWH 0DDVWULFKWLDQñ 7RU
)RUPDWLRQï

'LVWULEXWLRQã 7KLV ]RQH LV UHFRJQLVHG õXQGLIIHUHQWLDWHGô LQ WKH IROORZLQJ ZHOOã ëîèðæ
õêñëíèPôï

:LWKLQ WKLV ]RQH WKH IROORZLQJ VXE]RQHV DUH UHFRJQLVHGã

6XE]RQH 117Sé)ã

$XWKRUã 9DURO õìääåôñ HPHQGHG KHUHLQï

$JHã (DUO\ 3DOHRFHQHï

'HILQLWLRQã )URP WKH LQIOX[ RI 3ï GLPRUSKRVXV WR WKH /'2 õ)$'ô RI FRPPRQ &KLDVPROLWKXV
HGHQWXOXV DQGîRU FRPPRQ 3ï PDUWLQLLï



-RLQW &KDON 5HVHDUFK $ MRLQW &KDON 6WUDWLJUDSKLF )UDPHZRUN

'HFHPEHU ìäää &KDSWHU éã %LRVWUDWLJUDSK\ ð èì ð

&RPPHQWVã 9DURO õìääåô LQLWLDOO\ GHILQHG WKH EDVH RI WKLV 6XE]RQH RQ WKH LQFHSWLRQ RI
&KLDVPROLWKXV HGHQWXOXVï +RZHYHUñ IRUPV RI &ï HGHQWXOXV DUH FRQVLVWHQWO\ UHFRUGHG ORZHU LQ
WKH 'DQLDQ DQG LW LV SURSRVHG WKDW WKH /'2 õ)2ô RI FRPPRQ &ï HGHQWXOXV DQG 3ï PDUWLQLL DUH
HYHQWV RI EHWWHU FRUUHODWLYH XWLOLW\ ZLWKLQ WKH VWXG\ DUHDï

2QFH DJDLQñ /DWH &UHWDFHRXV UHZRUNLQJ PD\ EH QRWHG LQ WKH XSSHU SDUW RI WKLV 6XE]RQHï
6SDUVH HYLGHQFH IRU UHZRUNLQJ RI ûPLGGOH ð HDUO\û 'DQLDQ DJH VHGLPHQWV PD\ DOVR EH UHFRUGHG
LQ WKLV VXE]RQHñ SDUWLFXODUO\ LQ WKH (OGILVN DQG (NRILVN ILHOGVñ DQG SULPDULO\ LQ WKH IRUP RI
+RUQLEURRNLQD HGZDUGVLL DQG 3ULQVLXV WHQXLFXOXVï

'LVWULEXWLRQã 7KLV VXE]RQH LV UHFRJQLVHG LQ WKH IROORZLQJ ZHOOVã ìîêðå õEHORZ êñéííPôñ ìîäðì
õêñíéäïìæP ÷ êñíèéïéêPôñ ëîèðì õEHORZ ìíñííèöôñ ëîèðä õêñëçæPôñ ëîæðé õìíñëêìö ð ìíñëçìöôñ
"ëîæðå õäñæêíöôñ ëîæðìè õDERYH êñííçPôñ 0)%ðæ õæñêæíïæèöô ÷ êìîëçDðìí õEHORZ åñëäíöôï

6XE]RQH 117Sé(ã

$XWKRUã 9DURO õìääåôñ HPHQGHG KHUHLQï

$JHã (DUO\ 3DOHRFHQHï

'HILQLWLRQã )URP WKH /'2 õ)$'ô RI FRPPRQ &ï HGHQWXOXV DQGîRU FRPPRQ 3ï PDUWLQLL WR WKH
)'2 RI FRPPRQ 1HRFKLDVWR]\JXV VDHSHV DQGîRU 1ï HRVDHSHVï

&RPPHQWVã $VVHPEODJHV WKURXJKRXW WKLV LQWHUYDO PD\ EH FKDUDFWHULVHG E\ ORZ GLYHUVLW\ DQG
ORZ DEXQGDQFHñ GRPLQDWHG E\ 7KRUDFRVSKDHUD VSSï WRJHWKHU ZLWK &RFFROLWKXV SHODJLFXV DQG
&KLDVPROLWKXV LQFRQVSLFXXVï )RUPV RI 1HRFKLDVWR]\JXV VSSï RFFXU RQO\ UDUHO\ LQ WKLV VXE]RQH
õWKH LQIRUPDOO\ WHUPHG 1HRFKLDVWR]\JXV ¦FULVLV§ôï

5DUH HYLGHQFH IRU UHZRUNLQJ RI ûPLGGOH ð HDUO\û 'DQLDQ DJH VHGLPHQWV PD\ EH UHFRUGHG
KHUHLQñ EXW /DWH &UHWDFHRXV UHZRUNLQJ LV UHGXFHG LQ FRPSDULVRQ WR RWKHU VXE]RQHVï

'LVWULEXWLRQã 7KLV VXE]RQH LV UHFRJQLVHG LQ WKH IROORZLQJ ZHOOVã ìîêðì õìíñåííö ÷ ìíñåèíöôñ
ìîêðå õDERYH êñéêíPôñ ëîé%ðìä$ õäñåæíöôñ ëîæðé õEHORZ ìíñëææöôñ ëîæðìè õEHORZ êñíììïéëPôñ
ëîæðêí õEHORZ ìíñêìéöôñ ëîæð%ðìì õEHORZ äñåèëöôñ 0)%ðæ õæñêææïèåö ð æñêåäïìäöôñ %$521ðë
õëñåêåïëP ð ëñåèìïåPôñ /8/8ðì õäñíèíö ð äñììçöô ÷ êíîæDðë õDERYH ìíñìéíöôï

6XE]RQH 117Sé'ã

$XWKRUã 9DURO õìääåôï

$JHã (DUO\ 3DOHRFHQHï

'HILQLWLRQã )URP WKH )'2 RI FRPPRQ 1ï VDHSHV DQGîRU 1ï HRVDHSHV WR WKH /'2 õ)$'ô RI 1ï
VDHSHV DQGîRU (ï PDFHOOXVï

&RPPHQWVã 1DQQRIORUDO DEXQGDQFH DQG GLYHUVLW\ LV LPSURYHG LQ WKLV VXE]RQH UHODWLYH WR WKH
RYHUO\LQJ VXE]RQHï )RUPV RI 1HRFKLDVWR]\JXVñ SDUWLFXODUO\ 1ï VDHSHV EHFRPH FRQVSLFXRXV
DVVHPEODJH FRQVWLWXHQWVï



$ MRLQW &KDON 6WUDWLJUDSKLF )UDPHZRUN -RLQW &KDON 5HVHDUFK

ð èë ð &KDSWHU éã %LRVWUDWLJUDSK\ 'HFHPEHU ìäää

'LVWULEXWLRQã 7KLV VXE]RQH LV UHFRJQLVHG LQ WKH IROORZLQJ ZHOOVã ìîêðì õìíñåèíö ð ìíñäèíöôñ
ìîêðå õêñééëPôñ ìîäðì õêñíçíïèçP ÷ êñíççïååPôñ ëîéð$ðå õìíñëìíö ð ìíñêêíöôñ ëîèðì õDERYH
ìíñíåëöôñ ëîæðé õDERYH ìíñêçèöôñ ëîæðìè õDERYH êñíìéPôñ ëîæð%ðìì õDERYH äñäëäöôñ 0)%ðæ
õæñéíëïìçö ð æñéêìïççöôñ /8/8ðì õäñëêíö ð äñëæíöôñ êíîæDðë õìíñìéëö ð ìíñëíëöô ÷ êìîëçDðìí
õåñêêíöôï

6XE]RQH 117Sé&ã

$XWKRUã 9DURO õìääåôï

$JHã (DUO\ 3DOHRFHQHï

'HILQLWLRQã )URP WKH /'2 õ)$'ô RI 1ï VDHSHV DQGîRU (ï PDFHOOXV WR WKH /'2 õ)$'ô RI 3ï
PDUWLQLLï

&RPPHQWVã (ï PDFHOOXV RFFXUV YHU\ UDUHO\ ZLWKLQ WKH VWXG\ DUHDñ WKH LQFHSWLRQ RI 1ï VDHSHV LV
WKHUHIRUH D PRUH UHOLDEOH HYHQW UHJLRQDOO\ï 7KH DEXQGDQFH RI (ULFVRQLD VSSï PD\ EH VHHQ WR
LQFUHDVH ZLWKLQ WKLV VXE]RQHï

6XE]RQHV 117Sé% DQG 117Sé& PD\ EH GLIILFXOW WR LGHQWLI\ LQ GLWFK FXWWLQJV VDPSOHV GXH WR
WKHLU UHOLDQFH RQ LQFHSWLRQ HYHQWVï

2YHUO\LQJ VXE]RQHV ZLWKLQ =RQH 117Sé DUH FKDUDFWHULVHG E\ SUHGRPLQDQWO\ SHODJLFñ
DXWRFKWKRQRXV GHSRVLWLRQñ ODUJH VFDOH /DWH &UHWDFHRXV UHZRUNLQJ FKDUDFWHULVH WKLV DQG WKH
XQGHUO\LQJ VXE]RQHVï

'LVWULEXWLRQã 7KLV VXE]RQH LV UHFRJQLVHG LQ WKH IROORZLQJ ZHOOVã ìîêðì õììñíííö ÷ ììñíèíöôñ
ìîäðì õêñíæìïêíPôñ ëîèðì õìíñíååö ð ìíñëííöôñ ëîèðä õêñëæçP ð êñëäéPôñ ëîæðé õìíñêçåö ð
ìíñêçäöôñ "ëîæðå õäñåìíö ð äñåæíöôñ ëîæðêí õDERYH ìíñêçêöôñ ëîæð%ðìì õEHORZ äñäéêïèöô ÷ êìîëçDð
ìí õåñêèíöôï

6XE]RQH 117Sé%ã

$XWKRUã 9DURO õìääåôï

$JHã (DUO\ 3DOHRFHQHï
'HILQLWLRQã )URP WKH /'2 õ)$'ô RI 3ï PDUWLQLL WR WKH /'2 RI 1HRFKLDVWR]\JXV PRGHVWXVï

&RPPHQWVã /DUJH VFDOH /DWH &UHWDFHRXV UHZRUNLQJ LV FRPPRQO\ UHFRUGHG ZLWKLQ WKLV
VXE]RQHñ SDUWLFXODUO\ RQ WKH (NRILVN )LHOG VWUXFWXUHï

6SHFLPHQV RI 1ï PRGHVWXV KDYH EHHQ UHFRYHUHG IURP PRUH SHODJLFñ DXWRFKWKRQRXVñ KRUL]RQV
LGHQWLILHG ZLWKLQ DQG DERYH UHðGHSRVLWHG VOXPSV GHULYHG IURP WKH 7RU )RUPDWLRQ DQGñ
WKHUHIRUHñ SURYH WKDW D PDMRU HSLVRGH RI VOXPSLQJ DQG UHðGHSRVLWLRQ RFFXUUHG ZLWKLQ WKH 1RUWK
6HD %DVLQ ZLWKLQ WKLV VXE]RQHï

'LVWULEXWLRQã 7KLV VXE]RQH LV UHFRJQLVHG LQ WKH IROORZLQJ ZHOOVã ìîäðì õêñíæìïêíP ÷
êñíæêïäèPôñ ëîé%ðìä$ õäñåäæö ð ìíñììëöôñ ëîèðì õìíñëìçö ð ìíñëéåöôñ ëîèðäP õêñêííP ð
êñêæèPôñ ëîæðêí õìíñêæëö ð ìíñèëêöôñ ëîæð%ðìì õDERYH äñäçìïèöôñ %$521ðë õëñåèåïæèPô ÷
52$5ðë$ õçñççíö"ôï



-RLQW &KDON 5HVHDUFK $ MRLQW &KDON 6WUDWLJUDSKLF )UDPHZRUN

'HFHPEHU ìäää &KDSWHU éã %LRVWUDWLJUDSK\ ð èê ð

6XE]RQH 117Sé$ã

$XWKRUã 9DURO õìääåôï

$JHã (DUO\ 3DOHRFHQHï

'HILQLWLRQã )URP WKH /'2 RI 1ï PRGHVWXV WR WKH /'2 õ)$'ô RI 1HRFKLDVWR]\JXV HRVDHSHV
DQGîRU WKH )'2 õ/$'ô RI FRPPRQ 3ULQVLXV WHQXLFXOXVï

&RPPHQWVã 7KLV VXE]RQH PD\ EH GLIILFXOW WR LGHQWLI\ LQ GLWFK FXWWLQJV VDPSOHV DV LW UHOLHV RQ
WKH UHFRJQLWLRQ RI LQFHSWLRQ HYHQWV LQ VHGLPHQW GRPLQDWHG E\ UHZRUNHG /DWH &UHWDFHRXV
PDWHULDOï

'LVWULEXWLRQã 7KLV VXE]RQH LV UHFRJQLVHG LQ WKH IROORZLQJ ZHOOVã ìîêðå õêñééèPôñ ëîé%ðìä$
õìíñììæö ð ìíñìêéöôñ 0)%ðæ õæñééíö ð æñéèìïèåöô ÷ êíîæDðë õìíñëìéö ð ìíñëëçöôï

=RQH 117Sêã

$XWKRUã 9DURO õìääåôï

$JHã (DUO\ 3DOHRFHQHñ LQIRUPDOO\ WHUPHG ûPLGGOHû 'DQLDQ IRU WKH SXUSRVHV RI WKLV VWXG\ï

'HILQLWLRQã )URP WKH /'2 õ)$'ô RI 1ï HRVDHSHV DQGîRU WKH )'2 õ/$'ô RI FRPPRQ 3ï
WHQXLFXOXV WR WKH )'2 õ/$'ô RI +RUQLEURRNLQD HGZDUGVLLï

&RPPHQWVã 7KLV GLVWLQFWLYH ]RQH LV FRPPRQO\ REVHUYHG LQ WKH 'DQLVK VHFWRU DQG RQ WKH
(OGILVN %UDYR VWUXFWXUH LQ WKLV VWXG\ñ EXW LV W\SLFDOO\ DEVHQW RQ VWUXFWXUDO KLJKV ZLWKLQ WKH
1RUZHJLDQ VHFWRU RI WKH VWXG\ DUHD VXFK DV WKH (NRILVN DQG (OGILVN $OSKD ILHOGVï

'LVWULEXWLRQã 7KLV ]RQH LV UHFRJQLVHG LQ WKH IROORZLQJ ZHOOVã ìîêðå õêñéçíPôñ ëîé%ðìä õEHORZ
ìíñìæäïèíöôñ ëîæðé õìíñéìèöôñ ëîæðêí õìíñèçåö ðìíñèæëïåöôñ ëîæð%ðìì õäñäæåïèö ð äñäåäöôñ 0ðä;
õçñèéèöôñ %$521ðë õëñåçíP ð ëñåçæïçPôñ 52$5ðë õçñçéíö ð çñçèíöôñ "52$5ðë$ õçñçåíö ð
çñæëíöôñ /8/8ðì õäñëåíö ð äñêííöô ÷ êíðæ$ðë õìíñëêåïìçö ð ìíñëèíöôï

=RQH 117Sëã

$XWKRUã 9DURO õìääåôï

$JHã (DUO\ 3DOHRFHQHñ LQIRUPDOO\ WHUPHG ûHDUO\û 'DQLDQ IRU WKH SXUSRVHV RI WKLV VWXG\ï

'HILQLWLRQã )URP WKH )'2 õ/$'ô RI +ï HGZDUGVLL WR WKH /'2 õ)$'ô RI &UXFLSODFROLWKXV
SULPXVï

&RPPHQWVã 6HGLPHQWV RI ûHDUO\û 'DQLDQ DJH DUH ZHOO GHYHORSHG LQ WKH 'DQLVK VHFWLRQ RI WKH
VWXG\ DUHDï 6HGLPHQWV RI WKLV DJH DUH UDUH RQ VWUXFWXUDO KLJKV ZLWKLQ WKH 1RUZHJLDQ VHFWLRQ RI
WKH VWXG\ DUHD DQG ZKHUH LGHQWLILHG DUH FRPSOLFDWHG E\ UHZRUNHG /DWH &UHWDFHRXV VHGLPHQWVï
õ1ï%ï WKHVH FRXOG LQ IDFW UHSUHVHQW LPSRYHULVKHG 117Sé VHGLPHQWV ð VHH GLVFXVVLRQ DERYHôï



$ MRLQW &KDON 6WUDWLJUDSKLF )UDPHZRUN -RLQW &KDON 5HVHDUFK

ð èé ð &KDSWHU éã %LRVWUDWLJUDSK\ 'HFHPEHU ìäää

7KH UHOLDQFH RQ LQFHSWLRQ HYHQWV IRU PDQ\ RI WKH VXE]RQHV ZLWKLQ WKLV ]RQHñ /DWH &UHWDFHRXV
UHZRUNLQJ DQG D VRPHZKDW ZHDNHU GDWDEDVH GXH WR WKH SDXFLW\ RI VHGLPHQWV RI WKLV DJH ZLWKLQ
WKH VWXG\ DUHDñ PDNH VXEð]RQDO DWWULEXWLRQV GLIILFXOW ZLWKLQ VHGLPHQWV RI WKLV DJHï

'LVWULEXWLRQã 7KLV ]RQH LV QRW UHFRJQLVHG õXQGLIIHUHQWLDWHGô LQ WKH ZHOOVï

:LWKLQ WKLV ]RQH WKH IROORZLQJ VXE]RQHV DUH UHFRJQLVHGã

6XE]RQH 117Së*ã

$XWKRUã 9DURO õìääåôï

$JHã (DUO\ 3DOHRFHQHï

'HILQLWLRQã )URP WKH )'2 õ/$'ô RI +ï HGZDUGVLL WR WKH /'2 õ)$'ô RI FRPPRQ 3ï
WHQXLFXOXVï

&RPPHQWVã 7KH FRðRFFXUUHQFH RI PRGHUDWHO\ FRPPRQ 3ï WHQXLFXOXV DQG +ï HGZDUGVLL
HQDEOHV WKLV VXE]RQH WR EH UHDGLO\ LGHQWLILHG LQ WKH VWXG\ PDWHULDOï

7KH RFFXUUHQFH RI VPDOOHUñ VXEðFLUFXODUñ IRUPV RI 3ï GLPRUSKRVXV õSHUKDSV FRQIXVHG ZLWK 3ï
WHQXLFXOXVô LQ WKH ¦HDUO\§ 'DQLDQ PD\ KLQGHU SRVLWLYH LGHQWLILFDWLRQ RI WKLV DQG XQGHUO\LQJ
VXE]RQHVï

'LVWULEXWLRQã 7KLV VXE]RQH LV UHFRJQLVHG LQ WKH IROORZLQJ ZHOOVã ìîäðì õêñíåíïçäP ð êñíäéPôñ
ëîé%ðìä õDERYH ìíñìæäïèíö"ôñ ëîæðêí õìíñèæåöôñ ëîæð%ðìì õäñääçïèö ð äñäääöôñ 0)%ðæ õæñéçíö ð
æñéçæïéëöôñ %$521ðë õëñåæêïìP ð ëñååèïçPô ÷ 52$5ðë õEHORZ çñççíöôï

6XE]RQH 117Së)ã

$XWKRUã 9DURO õìääåôï

$JHã (DUO\ 3DOHRFHQHï

'HILQLWLRQã )URP WKH /'2 õ)$'ô RI FRPPRQ 3ï WHQXLFXOXV WR WKH /'2 õ)$'ô RI
&KLDVPROLWKXV GDQLFXV DQGîRU +ï HGZDUGVLLï

&RPPHQWVã 7KH UHFRUG RI +ï HGZDUGVLLñ LQ DVVRFLDWLRQ ZLWK &ï GDQLFXVñ LQ WKH DEVHQFH RI 3ï
WHQXLFXOXV PDNHV WKLV VXE]RQH UHDGLO\ LGHQWLILDEOH ZKHUH VDPSOHGï

'LVWULEXWLRQã 7KLV VXE]RQH LV UHFRJQLVHG LQ WKH IROORZLQJ ZHOOVã ëîéð$ðå õEHORZ ìíñêéíöôñ
ëîèðä õêñêåìPôñ ëîæðé õEHORZ ìíñéëìöôñ ëîæðìè õEHORZ êñíìéPôñ ëîæðêí õìíñèæåöôñ 0ðä;
õçñèèíöôñ 52$5ðë õDERYH çñçäíöô ÷ /8/8ðì õEHORZ äñêìíöôï

6XE]RQH 117Së(ã

$XWKRUã 9DURO õìääåôï

$JHã (DUO\ 3DOHRFHQHï



-RLQW &KDON 5HVHDUFK $ MRLQW &KDON 6WUDWLJUDSKLF )UDPHZRUN

'HFHPEHU ìäää &KDSWHU éã %LRVWUDWLJUDSK\ ð èè ð

'HILQLWLRQã )URP WKH /'2 õ)$'ô RI &ï GDQLFXV DQGîRU +ï HGZDUGVLL WR WKH /'2 õ)$'ô RI
FRPPRQ 3ï GLPRUSKRVXVï

&RPPHQWVã $VVHPEODJHV FRQWDLQLQJ FRPPRQ 3ï GLPRUSKRVXV õRIWHQ VPDOOHU DQG PRUH VXEð
FLUFXODU LQ RXWOLQH WKDQ LQ \RXQJHU VHGLPHQWô DQG QR RWKHU \RXQJHU PDUNHU VSHFLHV DUH
DVVLJQHG WR WKLV VXE]RQHï

'LVWULEXWLRQã 7KLV VXE]RQH LV UHFRJQLVHG LQ WKH IROORZLQJ ZHOOVã ìîäðì õêñíäçïæíPôñ ëîéð$ðå
õDERYH ìíñêèéö DQG ìíñèìíö ÷ ìíñèëíöôñ ëîé%ðìä$ õìíñëíæö ÷ ìíñëíäöôñ ëîèðæ õêñëçæP ð
êñëåéPôñ ëîæðé õDERYH ìíñéëäöôñ "ëîæðå õäñååíö ð äñäëíöôñ %$521ðë õëñååèïäP ð ëñååçïêPôñ
52$5ðë õçñæííö ð çñæéíöô ÷ /8/8ðì õDERYH äñêêíöôï

6XE]RQH 117Së'ã

$XWKRUã 9DURO õìääåôï

$JHã (DUO\ 3DOHRFHQHï

'HILQLWLRQã )URP WKH /'2 õ)$'ô RI FRPPRQ 3ï GLPRUSKRVXV WR WKH /'2 õ)$'ô RI 3ï
GLPRUSKRVXVï

&RPPHQWVã 7KLV LV FRPPRQO\ WKH ROGHVW SRVLWLYHO\ GDWHG VXE]RQH LQ WKH VWXG\ DUHDï 7KH
UHFRUG RI UDUH 3ï GLPRUSKRVXV LQ YHU\ ORZ GLYHUVLW\ DVVHPEODJHV LV UHFRUGHG ZLWKLQ RU MXVW
EHORZ õLQ WKH (NRILVN 7LJKW =RQHô WKH PDMRU XQLW RI UHZRUNLQJï

'LVWULEXWLRQã 7KLV VXE]RQH LV UHFRJQLVHG LQ WKH IROORZLQJ ZHOOVã ìîäðì õEHORZ êñìííïçëPôñ
ëîéð$ðå õìíñèëäïåíö ð ìíñèçéöôñ ëîé%ðìä õìíñìæäïèíö ð ìíñëíäïéëöôñ ëîé%ðìä$ õìíñëììö ð
ìíñëêäöôñ ëîèðæ õêñëäéP ð êñêéèPôñ ëîæðìè õDERYH êñíêåPôñ ëîæðêí õEHORZ ìíñèåéöôñ %$521ðë
õëñååçïçP ð ëñååæïéPô ÷ /8/8ðì õäñêéíöôï

6XE]RQH 117Së&ã

$XWKRUã 9DURO õìääåôï

$JHã (DUO\ 3DOHRFHQHï

'HILQLWLRQã )URP WKH /'2 õ)$'ô RI 3ï GLPRUSKRVXV WR WKH /'2 õ)$'ô RI &RFFROLWKXV
SHODJLFXVï

&RPPHQWVã 5DUHO\ SRVLWLYHO\ LGHQWLILHGñ WKH UHFRJQLWLRQ RI WKLV VXE]RQH PD\ EH D IXQFWLRQ RI
SRRUO\ SUHVHUYHGñ ORZ GLYHUVLW\ DVVRFLDWLRQV PDVNHG E\ UHZRUNLQJ LQ VRPH FDVHVñ DOWKRXJK
ZKHUH UHFRUGHG ZLWKLQ WKH (NRILVN 7LJKW =RQH LW LV PRUH OLNHO\ WR UHIOHFW SHODJLF GHSRVLWLRQ RI
¦HDUO\§ 'DQLDQ DJHï

'LVWULEXWLRQã 7KLV VXE]RQH LV UHFRJQLVHG LQ WKH IROORZLQJ ZHOOVã ìîêðå õêñéæëP ð êñéåéPôñ
ìîäðì õDERYH êñìíìïèíPô ÷ ëîæðêí õDERYH ìíñçíåöôï

6XE]RQH 117Së%ã

$XWKRUã 9DURO õìääåôï



$ MRLQW &KDON 6WUDWLJUDSKLF )UDPHZRUN -RLQW &KDON 5HVHDUFK

ð èç ð &KDSWHU éã %LRVWUDWLJUDSK\ 'HFHPEHU ìäää

$JHã (DUO\ 3DOHRFHQHï

'HILQLWLRQã )URP WKH /'2 õ)$'ô RI &ï SHODJLFXV WR WKH /'2 õ)$'ô RI &UXFLSODFROLWKXV
LQWHUPHGLXVï

&RPPHQWVã 5DUHO\ SRVLWLYHO\ LGHQWLILHGñ WKH UHFRJQLWLRQ RI WKLV VXE]RQH PD\ EH D IXQFWLRQ RI
SRRUO\ SUHVHUYHGñ ORZ GLYHUVLW\ DVVRFLDWLRQV PDVNHG E\ UHZRUNLQJï

'LVWULEXWLRQã 7KLV VXE]RQH LV UHFRJQLVHG LQ WKH IROORZLQJ ZHOOã ëîæðé õìíñéêèöôï

6XE]RQH 117Së$ã

$XWKRUã 9DURO õìääåôï

$JHã (DUO\ 3DOHRFHQHï

'HILQLWLRQã )URP WKH /'2 õ)$'ô RI &ï LQWHUPHGLXV WR WKH /'2 õ)$'ô RI &ï SULPXVï

&RPPHQWVã 9HU\ UDUHO\ SRVLWLYHO\ LGHQWLILHGñ WKH UHFRJQLWLRQ RI WKLV VXE]RQH PD\ EH D
IXQFWLRQ RI SRRUO\ SUHVHUYHGñ ORZ GLYHUVLW\ DVVRFLDWLRQV PDVNHG E\ UHZRUNLQJï
'LVWULEXWLRQã 7KLV VXE]RQH LV UHFRJQLVHG LQ WKH IROORZLQJ ZHOOã ëîé%ðìä$ õìíñëéìö ð ìíñëæéöôï

=RQH 117Sìã

$XWKRUã 9DURO õìääåôï

$JHã (DUO\ 3DOHRFHQHï

'HILQLWLRQã )URP WKH /'2 õ)$'ô RI &ï SULPXV WR WKH )'2 õ/$'ô RI LQ VLWX /DWH &UHWDFHRXV
UHVWULFWHG VSHFLHVï

&RPPHQWVã $VVHPEODJHV UHFRYHUHG IURP VHGLPHQWV DVVLJQHG WR WKLV ]RQH DUH FKDUDFWHULVHG E\
LPSRYHULVKHG UHFRUGV GRPLQDWHG E\ 7KRUDFRVSKDHUD VSSïñ 1HRFUHSLGROLWKXV VSSï DQG
%LVFXWXP VSSï

,W ZDV QRW SRVVLEOH WR GLIIHUHQWLDWH EHWZHHQ 6XE]RQHV 117Sì% DQG 117Sì$ DV GHILQHG E\
9DURO õìääåô GXULQJ WKLV VWXG\ï

'LVWULEXWLRQã 7KLV ]RQH LV UHFRJQLVHG õXQGLIIHUHQWLDWHGô LQ WKH IROORZLQJ ZHOOVã ëîé%ðìä
õìíñëìçö"ôñ ëîèðì õìíñëèëö"ôñ ëîèðæ õêñêéçïèP ð êñêéæïèPôñ ëîæðé õìíñééèö ð ìíñéèìïèöô ÷
/8/8ðì õäñêèíö" ð äñêèåö"ôï

:LWKLQ WKLV ]RQH WKH IROORZLQJ VXE]RQHV DUH UHFRJQLVHGã

6XE]RQH 117Sì%ã

$XWKRUã 9DURO õìääåôï



-RLQW &KDON 5HVHDUFK $ MRLQW &KDON 6WUDWLJUDSKLF )UDPHZRUN

'HFHPEHU ìäää &KDSWHU éã %LRVWUDWLJUDSK\ ð èæ ð

$JHã (DUO\ 3DOHRFHQHï

'HILQLWLRQã )URP WKH /'2 õ)$'ô RI &ï SULPXV WR WKH /'2 õ)$'ô RI 3ODFR]\JXV VLJPRLGHVï

&RPPHQWVã 7KLV VXE]RQH ZDV QRW GLIIHUHQWLDWHG LQ WKH SUHVHQW VWXG\ï

6XE]RQH 117Sì$ã

$XWKRUã 9DURO õìääåôï

$JHã (DUO\ 3DOHRFHQHï

'HILQLWLRQã )URP WKH /'2 õ)$'ô RI 3ODFR]\JXV VLJPRLGHV WR WKH )'2 õ/$'ô RI LQ VLWX /DWH
&UHWDFHRXV UHVWULFWHG VSHFLHVï

&RPPHQWVã 7KLV VXE]RQH ZDV QRW GLIIHUHQWLDWHG LQ WKH SUHVHQW VWXG\ï

1ï%ï 6HGLPHQWV DWWULEXWHG WR =RQH 117Sì KDYH EHHQ LGHQWLILHG DW WKH EDVH RI WKH (NRILVN
)RUPDWLRQ ERWK LQ WKLV VWXG\ DQG E\ QXPHURXV SUHYLRXV ZRUNHUVï 6HGLPHQWV DVVLJQHG WR =RQH
117Sì DQG WKH ORZHU SDUW RI =RQH 117Së DSSHDU WR EH FRLQFLGHQW ZLWK WKH PRUH DUJLOODFHRXV
VHFWLRQ õUHIOHFWHG E\ WKH KLJKHU JDPPD UD\ VLJQDWXUHV RI WKH (NRILVN 7LJKW =RQHô DW WKH EDVH
RI WKH (NRILVN )RUPDWLRQï

+RZHYHUñ GDWD JHQHUDWHG GXULQJ D GHWDLOHG VWXG\ RI WKH (NRILVN VWUXFWXUH UHYHDOV WKH
RFFXUUHQFH RI 3DOHRFHQH UHVWULFWHG WD[D ZLWKLQ VHGLPHQWV SUHYLRXVO\ LGHQWLILHG DV /DWH
0DDVWULFKWLDQ DJH 7RU )RUPDWLRQ EHORZ WKH GLVWLQFWLYH KLJK JDPPD UD\ VLJQDWXUHV DQG
DUJLOODFHRXV OLPHVWRQHV RI WKH (NRILVN 7LJKW =RQH DW WKH EDVH RI WKH (NRILVN )RUPDWLRQï 7KHVH
RFFXUUHQFHV DSSHDU UHVWULFWHG WR WKH QRUWKHUQ SDUW RI WKH (NRILVN ILHOGï

7KH LPSRYHULVKHG QDWXUH RI VHGLPHQWV DVVLJQHG WR WKLV =RQH 117Sì PD\ EH IDFLHV UHODWHG DQG
VHGLPHQWV DWWULEXWDEOH WR =RQH 117Së PD\ RFFXU EHORZ WKHPñ DOWKRXJK FRPSOLFDWHG E\
UHZRUNLQJï õFïIï (OOH 0HPEHU GHVFULEHG E\ 6LNRUD HW DOï õìäääôï

$ FRQJORPHUDWLF ûODJû GHSRVLW PD\ DOVR EH UHFRUGHG DW WKH EDVH RI WKH (NRILVN )RUPDWLRQñ
UHSUHVHQWLQJ UHZRUNLQJ DQG ELRWXUEDWLRQ EHWZHHQ WKH (NRILVN DQG 7RU )RUPDWLRQVï

éïëïìïë /$7( &5(7$&(286ã

=RQH DQG VXE]RQH GHILQLWLRQV IRU WKH /DWH &UHWDFHRXV EURDGO\ IROORZ %XUQHWW HW DOï ìääå ZLWK
DPHQGPHQWV DV GLVFXVVHG EHORZã

=RQH 8&ëíã

$XWKRUã (TXLYDOHQW WR =RQH &&ëç RI 6LVVLQJK ìäææï

$JHã /DWH 0DDVWULFKWLDQ õûODWHVWû 0DDVWULFKWLDQô



$ MRLQW &KDON 6WUDWLJUDSKLF )UDPHZRUN -RLQW &KDON 5HVHDUFK

ð èå ð &KDSWHU éã %LRVWUDWLJUDSK\ 'HFHPEHU ìäää

'HILQLWLRQã )URP WKH )'2 õ/$'ô RI /DWH &UHWDFHRXV UHVWULFWHG WD[D LQFOXGLQJ FRPPRQ
$UNKDQJHOVNLHOOD F\PELIRUPLV DQG 0LFXOD VWDXURSKRUD WR WKH /'2 õ)$'ô RI 1HSKUROLWKXV
IUHTXHQVï

&RPPHQWVã 7KLV ]RQH KDV EHHQ HPHQGHG IRU XVH LQ WKH 1RUWK 6HD %DVLQ GXH WR WKH SDXFLW\ RI
/LWKUDSKLGLWHV TXDGUDWXV UHJLRQDOO\ï

7KLV ]RQH KDV EHHQ UHFRJQLVHG LQ PRVW RI WKH ZHOOV VWXGLHGï ,W LV UHSUHVHQWHG LQ VRPH ZHOOV
õLQGHHG GLVFUHWH DUHDVô DV WKLQ ODPLQDWHG DXWRFKWKRQRXVñ SHODJLF VHGLPHQWV õW\SLFDOO\ áèP
WKLFNô \LHOGLQJ GLYHUVH DQG ZHOO SUHVHUYHG DVVHPEODJHV õSHUKDSV PRUH GLVWDO WR IORZV RU RQ
VWUXFWXUDO KLJKVôï 0RUH FRPPRQO\ LW LV UHSUHVHQWHG DV D WKLFN DOORFKWKRQRXV GHSRVLW õWHQV RI
PHWUHV WKLFNô FKDUDFWHULVHG E\ ORZ GLYHUVLW\ñ SRRUO\ SUHVHUYHG DVVHPEODJHV GRPLQDWHG E\
PRUH UREXVW IRUPV VXFK DV 0ï VWDXURSKRUDñ /XFLDQRUKDEGXV FD\HX[LLñ 3UHGLVFRVSKDHUD
FUHWDFHD DQG $ï F\PELIRUPLV õSHUKDSV PRUH SUR[LPDO WR VRXUFH DQG LQ EDVLQDO DUHDV"ôï
(YLGHQFH IRU LQWUD 0DDVWULFKWLDQ UHZRUNLQJ ZLWKLQ WKHVH DOORFKWKRQRXV GHSRVLWV FDQ EH VHHQ LQ
WKH UDUH RFFXUUHQFH RI WD[D FKDUDFWHULVWLF RI ROGHU ]RQHV VXFK DV *DUWQHUDJR REOLTXXPñ
6HULELVFXWXP SULPLWLYXP õ=RQH 8&ìäô DQG 5HLQKDUGWLWHV OHYLV õ=RQH 8&ìåô ZLWKLQ WKLV ]RQHï
7KLV ]RQH LV HTXLYDOHQW WR =RQHV 1.ì DQG 1.ë RI 0RUWLPHU õìäåæôñ EXW FDQQRW EH DFFXUDWHO\
FDOLEUDWHG WR =RQHV .1ìðé RI %HUJHQ ÷ 6LNRUD õìäääôï 3ULQFLSDOO\ WKLV LV EHFDXVH WKH %HUJHQ
õìäääô LQWHUSUHWDWLRQ VXJJHVWV WKDW 1ï IUHTXHQV UDQJHV EHORZ WKH )'2 õ/$'ô RI *ï REOLTXXP
DQG 6ï SULPLWLYXP RQ WKH 9DOKDOO VWUXFWXUH DQG PD\ UDQJH LQWR WKH (DUO\ 0DDVWULFKWLDQ
LPPHGLDWHO\ WR WKH 1RUWK DQG (DVW RI WKH 9DOKDOO )LHOGï %HUJHQ ÷ 6LNRUD õìäääô DWWULEXWHV WKLV
WR GLDFKURQLVP LQ WKH UDQJH RI 1ï IUHTXHQV DQG WR D SUHIHUHQFH IRU KLJK ODWLWXGHVï 7KH UHVXOWV
IURP WKLV VWXG\ñ KRZHYHUñ VXJJHVW QR VXFK SDWWHUQ ZLWKLQ WKLV DUHD RWKHU WKDQ ZLWKLQ UHð
GHSRVLWHG VHGLPHQWVï 7KH FRðRFFXUUHQFH RI 1ï IUHTXHQV ZLWK *ï REOLTXXP DQG 6ï SULPLWLYXP
RQ WKH 9DOKDOO )LHOG LV UHODWHG WR UHZRUNLQJ RI =RQH 8&ìä õRU ROGHUô VHGLPHQW LQWR =RQH
8&ëí VHGLPHQWï 7KH FRðRFFXUUHQFH RI 1ï IUHTXHQV DQG 5ï OHYLV REVHUYHG E\ %HUJHQ ÷ 6LNRUD
õìäääô WR WKH 1RUWK (DVW RI 9DOKDOO DSSHDUV DWWULEXWDEOH WR UHZRUNLQJ RI =RQH 8&ìå õRU ROGHUô
VHGLPHQWñ D IHDWXUH DOVR VHHQ WR WKH 6RXWK RI 9DOKDOO õ*DOODJKHU ÷ +DPSWRQñ KHUHLQôï

,Q DUHDV RXWVLGH RI WKH WHFWRQLF FRQWURO RI WKH &HQWUDO *UDEHQñ WKH UDQJHV RI WKHVH WD[D GR QRW
RYHUODS õLïHï :HVWHUQ $SSURDFKHVñ %XUQHWW HW DOï ìääåôï *DOODJKHU ÷ +DPSWRQñ KHUHLQ VXJJHVW
WKLV RYHUODS RFFXUV SULPDULO\ RQ WKH HDVWHUQ IODQN RI 9DOKDOOï

'LVWULEXWLRQã 7KLV =RQH KDV EHHQ UHFRJQLVHG õXQGLIIHUHQWLDWHGô LQ WKH IROORZLQJ ZHOOã ëîæð%ð
ìì õìíñíçíöôï

:LWKLQ WKLV =RQH WKH IROORZLQJ VXE]RQHV DUH UHFRJQLVHGã

6XE]RQH 8&ëíûLLLûã

$XWKRUã (TXLYDOHQW WR =RQH 1.ìñ 0RUWLPHU õìäåæôï

'HILQLWLRQã )URP WKH )'2 õ/$'ô RI /DWH &UHWDFHRXV UHVWULFWHG WD[D LQFOXGLQJ
$UNKDQJHOVNLHOOD F\PELIRUPLV DQG 0LFXOD VWDXURSKRUD WR WKH )'2 õ/$'ô RI 1HSKUROLWKXV
IUHTXHQV DQG &ULEURVSKDHUD GDQLDHï

&RPPHQWVã 7KLV VXE]RQH LV HTXLYDOHQW WR =RQH 1.ì 0RUWLPHU õìäåæô DQG =RQH .1ì %HUJHQ
÷ 6LNRUD õìäääôï $VVHPEODJHV UHFRYHUHG IURP WKH WRS RI WKH 7RU )RUPDWLRQ õ/DWH
0DDVWULFKWLDQ DJHô DUH W\SLFDOO\ FKDUDFWHULVHG E\ ORZ GLYHUVLW\ DQG SRRU SUHVHUYDWLRQ SRVVLEO\
UHODWHG WR UHðFU\VWDOOLVDWLRQ RU KDUGJURXQG GHYHORSPHQW DW WKH WRS RI WKH 7RU )RUPDWLRQï



-RLQW &KDON 5HVHDUFK $ MRLQW &KDON 6WUDWLJUDSKLF )UDPHZRUN

'HFHPEHU ìäää &KDSWHU éã %LRVWUDWLJUDSK\ ð èä ð

$Q DOWHUQDWLYH H[SODQDWLRQ LV SURYLGHG E\ %HUJHQ ÷ 6LNRUD õìäääô IRU WKH DEVHQFH RI 1ï
IUHTXHQV DQG &ï GDQLDHï ,W LV DWWULEXWHG WR D VKRUW SHULRG RI FOLPDWLF ZDUPLQJ LPPHGLDWHO\
SULRU WR WKH HQG RI WKH &UHWDFHRXVï

'LVWULEXWLRQã 7KLV VXE]RQH LV UHFRJQLVHG LQ WKH IROORZLQJ ZHOOVã ìîêðå õêñäéíPôñ ëîé%ðìä$
õìíñäëí©ôñ ëîëðê õêñìíèP ð êñìëíPôñ ëîèðì õìíñëäíö ÷ ìíñëäéïèí©ôñ ëîèðæ õêñêéåïëèPôñ ëîìì$ð
ë 7ê õêñêæëPôñ 0ðä; õçñèèêïç©ôñ 52$5ðë õçñæéè© ÷ çñæèí©ôñ %2ðì õçñæåæ©ô DQG êíîæDðë
õìíêåéïêê©ôï

6XE]RQH 8&ëíûLLûã

$XWKRUã *DOODJKHU ÷ +DPSWRQñ KHUHLQï

'HILQLWLRQã )URP WKH )'2 õ/$'ô RI 1ï IUHTXHQV DQG &ï GDQLDH WR WKH /'2 õ)$'ô RI &ï
GDQLDHï

&RPPHQWVã:KHUH SUHVHQW WKLV VXE]RQH LV W\SLFDOO\ FKDUDFWHULVHG E\ GLYHUVHñ PRGHUDWHO\ ZHOO
WR ZHOO SUHVHUYHG DVVHPEODJHVñ RIWHQ FRQWDLQLQJ FRPPRQ WR DEXQGDQW /LWKUDSKLGLWHV
VSHFLPHQV DQG PD\ UHIOHFW SULPDULO\ DXWRFKWKRQRXVñ SHODJLF GHSRVLWLRQ ZLWKLQ WKH /DWH
0DDVWULFKWLDQï

,QFUHGLEO\ñ WKH /'2 õ)$'ô RI &ï GDQLDH KDV QRW EHHQ HPSOR\HG DV D VXE]RQDO LQGH[ E\
%HUJHQ ÷ 6LNRUD õìäääô RU RWKHU DXWKRUV ZLWKLQ WKH 1RUWK 6HD %DVLQñ EXW ZDV XWLOLVHG E\
%XUQHWW HW DOï õìääåô WR RWKHUZLVH VXEGLYLGH =RQH 8&ëíï

'LVWULEXWLRQã 7KLV VXE]RQH KDV EHHQ UHFRJQLVHG LQ WKH IROORZLQJ ZHOOVã ìîêðìõììñìíí© ð
ììñìèí©ôñ ìîäðì õêñìíéP ð êìíæïèPôñ ëîéð$ðå õìíñèçä© ð ìíñçæí©ôñ ëîé%ðìä õìíñêìç©ôñ ëîèðì
õìíñêíì© ð ìíñéäç©ôñ ëîèðä õêñêåéPôñ ëîæðé õìíñéèè© ð ìíñéæê©ôñ ëîæðêí õìíñçëí© ð ìíñççå©ôñ
êíîæð$ë õìíñêäì© ð ìíñéèæïìç©ôñ êìîëçð$ìí õåñêæí© ð åñêåìïè©ôñ 0)%ðæ õæñéçæïåé© ð æñéäí©ôñ
0ðä; õçñèçç© ð çñèåæ©ôñ 52$5ðë$ õçñæêä© ð çñææê©ôñ 021$ðì õìíñêìí© ð ìíñéìíö DQG
ìíñéëíö" ð ìíñèíç©"ô ÷ êìîëçDðìí õåñêæíö ð åñêåìïèíöôï

6XE]RQH 8&ëíûLûã

$XWKRUã (TXLYDOHQW WR =RQH 1.ë 0RUWLPHU õìäåæôï

'HILQLWLRQã )URP WKH /'2 õ)$'ô RI &ï GDQLDH WR WKH /'2 õ)$'ô RI 1ï IUHTXHQVï

&RPPHQWVã 'HVSLWH WKH UHOLDQFH RI WKLV VXE]RQH RQ /'2 HYHQWV LW KDV EHHQ IRXQG WR KDYH
SDUWLFXODU XWLOLW\ ZKHQ ELRVWHHULQJ KRUL]RQWDO ZHOOVï /'2 HYHQWV DUH XVHIXO ZKHQ WKH ZHOO ERUH
LV FOLPELQJ XS VHFWLRQ VWUDWLJUDSKLFDOO\ñ ZKHUH IRU H[DPSOH WKH RFFXUUHQFH RI 1ï IUHTXHQV PD\
LQGLFDWH SUR[LPLW\ WR WKH RYHUðSUHVVXUHG /LVWD )RUPDWLRQ õLïHï 9DOKDOO )LHOGô RU SHQHWUDWLRQ RI
WKH FKHUW ULFK ORZHU (NRILVN )RUPDWLRQ õLïHï (NRILVN )LHOGôï

7KLV VXE]RQH õDQG RYHUO\LQJ VXE]RQHVô DUH FKDUDFWHULVHG E\ ODUJH PRUSKRW\SHV RI $ï
F\PELIRUPLV õHTXLYDOHQW WR $UNKDQJHOVNLHOOD PDDVWULFKWLDQD RI %XUQHWW HW DOï ìääåôï

'LVWULEXWLRQã 7KLV VXE]RQH LV UHFRJQLVHG LQ WKH IROORZLQJ ZHOOVã ìîêðå õêñéäçP ð êñèëíPôñ
ìîäðì õêììíïèP ð êñìæêïìêPôñ ëîéð$ðå õìíñçåí© ð ìíñæéí©ôñ ëîé%ðìä õìíñêìåö ð ìíñêççöôñ ëîé%ð



$ MRLQW &KDON 6WUDWLJUDSKLF )UDPHZRUN -RLQW &KDON 5HVHDUFK

ð çí ð &KDSWHU éã %LRVWUDWLJUDSK\ 'HFHPEHU ìäää

ìä$ õìíñëäëïè© ð ìíñéìçïëí©ôñ ëîèðì õìíñèìç© ð ìíñåíí©ôñ ëîèðæ õêéìéïèPôñ ëîæðë õäñååíö ð
äñäèíöôñ ëîæðé õìíñéæå© ð ìíñèåí© DQG ìíñçíèö" ð ìíñçääö"ôñ ëîæðêí õìíñçæä© ð ìíñæéå©ôñ ëîììð$ë
7ê õêñêæåP ÷ êñêåéPôñ 0)%ðæ õæñèéí© ð æñäìí©ôñ 0ðä; õçñèäè© ð çñæíëïæè©ôñ 52$5ðë
õçñæçë© ð çñæåí©ôñ %2ðì õçñæåë©ô DQG êìîëçð$ìí õåñéíí© ð åñèçë©ôñ êíîæð$ë õìíñéçä© ð ìíñåíå©ô
÷ 021$ðì õìíñèìç© ¤ ìíñæåèïçç©ôï

=RQH 8&ìäã

$XWKRUã %XUQHWW HW DOï ìääåñ HPHQGHG KHUHLQ

$JHã /DWH 0DDVWULFKWLDQ

'HILQLWLRQã )URP WKH /'2 õ)$'ô RI 1ï IUHTXHQV WR WKH )'2 õ/$'ô RI 5HLQKDUGWLWHV OHYLVï

&RPPHQWVã 7KLFN DOORFKWKRQRXV VHTXHQFHV RI WKLV DJH KDYH EHHQ UHFRJQLVHG ZLWKLQ WKH VWXG\
DUHD õSDUWLFXODUO\ RQ WKH (OGILVN ILHOG DQG WKH 021$ðì ZHOO LQ 'HQPDUNôñ EXW LW LV FRPPRQO\
UHSUHVHQWHG DV D SHODJLF FKDON ZLWK OLWWOH UHZRUNLQJï

'LVWULEXWLRQã 7KLV ]RQH LV UHFRJQLVHG õXQGLIIHUHQWLDWHGô LQ WKH IROORZLQJ ZHOOVã ëîæðêí
õìíñææíöô ÷ êìîëçDðìí õåñèçèö" ð åñçííö"ôï

:LWKLQ WKLV =RQH WKH IROORZLQJ VXE]RQHV DUH UHFRJQLVHGã

6XE]RQH 8&ìäûLLLûã

$XWKRUã (TXLYDOHQW WR =RQH 1.ê RI 0RUWLPHU õìäåæôï

'HILQLWLRQã )URP WKH /'2 õ)$'ô RI 1ï IUHTXHQV WR WKH )'2 õ/$'ô RI 6HULELVFXWXP
SULPLWLYXP DQGîRU *DUWQHUDJR REOLTXXPï

&RPPHQWVã 7KLV VXE]RQH LV RFFDVLRQDOO\ DEVHQW LQ WKH VWXG\ DUHD GXH WR GLVFRQIRUPLWLHV õHïJï
:HOO ìîêðå DQG :HOO ìîäðìô DQG PD\ EH GLIILFXOW WR LGHQWLI\ GXH WR UHZRUNLQJï 'HVSLWH
TXHVWLRQV UDLVHG E\ PDQ\ ZRUNHUV DV WR WKH YDOLGLW\ RI WKLV VXE]RQHñ LW DSSHDUV SUHVHQW DQG
UHFRJQLVDEOH LQ FRUH PDWHULDO DQG WKHUHIRUH RI XWLOLW\ LQ WKLV VWXG\ DUHDï 7KLV VXE]RQH LV RIWHQ
WKH ILUVW VXE]RQH UHFRJQLVHG XSRQ SHQHWUDWLRQ RI WKH 7RU )RUPDWLRQ GXH WR HURVLRQ RU QRQð
GHSRVLWLRQ RI \RXQJHU /DWH 0DDVWULFKWLDQ VHGLPHQWV õSDUWLFXODUO\ RQ SDUWV RI WKH (OGILVN
)LHOGôï

$VVHPEODJHV UHFRYHUHG IURP WKLV VXE]RQH PD\ DSSHDU VLPLODU WR DVVHPEODJHV IURP 6XE]RQH
8&ëíûLLLûï 6XE]RQH 8&ëíûLLLû DVVHPEODJHVñ KRZHYHUñ GLIIHU LQ WKH SUHVHQFH RI FRPPRQ $ï
PDDVWULFKWLDQD õODUJH $ï F\PELIRUPLV PRUSKRW\SHVôï

([WUHPHO\ ORZ GLYHUVLW\ DVVHPEODJHV GRPLQDWHG E\ 0ï VWDXURSKRUD PD\ EH UHFRUGHG ZLWKLQ
WKLV VXE]RQHï

'LVWULEXWLRQã 7KLV 6XE]RQH KDV EHHQ UHFRJQLVHG LQ WKH IROORZLQJ ZHOOVã ëîé%ðìä õDERYH
ìíñåííöôñ ëîèðì õìíñåíåö ð ìíñääíöôñ ëîæð%ðìì õìíñíåìö ð ìíñìíçöôñ ëîåð$ðì õëñéæåPô ÷ 52$5ðë
õçñåííö" ð çñååè©"ôï



-RLQW &KDON 5HVHDUFK $ MRLQW &KDON 6WUDWLJUDSKLF )UDPHZRUN

'HFHPEHU ìäää &KDSWHU éã %LRVWUDWLJUDSK\ ð çì ð

6XE]RQH 8&ìäûLLûã

$XWKRUã (TXLYDOHQW WR =RQH 1.é RI 0RUWLPHU õìäåæôï

'HILQLWLRQã )URP WKH )'2 õ/$'ô RI 6ï SULPLWLYXP DQGîRU *ï REOLTXXP WR WKH )'2 õ/$'ô RI
=HXJUKDEGRWXV FRPSDFWXV DQGîRU &DOFXOLWHV REVFXUXVï 7KH XQSXEOLVKHG 6ï SULPLWLYXP =RQH RI
5ï5ï, õìäåå RQZDUGVô LV HTXLYDOHQW WR WKLV VXE]RQH DV LV =RQH .1é RI %HUJHQ ÷ 6LNRUD
õìäääôï

&RPPHQWVã /DUJH IRUPV RI 6ï SULPLWLYXP õ%ï PDJQXP RU 6ï SULPLWLYXP JUDQGLV RI RWKHU
DXWKRUVô DUH FRQVSLFXRXVñ EXW QRW QHFHVVDULO\ FRPPRQñ LQ WKLV VXE]RQHï

'LVWULEXWLRQã 7KLV VXE]RQH KDV EHHQ UHFRJQLVHG LQ WKH IROORZLQJ ZHOOVã ìîêðì õììñêèíöñ
ìëñêííö ÷ ìëñêéíöôñ ìîêðå õêñèëèPôñ ìîäðì õêñìåéïêëP ð êñëååPôñ ëîéð$ðå õìíñæèíö ÷ ìíñæçíöôñ
ëîé%ðìä õìíñåçíö ÷ ìíñäëíöôñ ëîé%ðìä$ õìíñèëêö ð ìíñèèìöôñ ëîèðì õEHORZ ììñíèíöôñ ëîèðä
õêñêäçP ð êñèåëPôñ ëîæðë õìíñíííö ð ìíñìêíöôñ ëîæðé õìíñæíåöôñ ëîæð%ðìì õEHORZ ìíñììæïèíöôñ
ëîåð$ðì õëñéæåïèíP ÷ ëñéæåïçëPôñ 0)%ðæ õæñäçíö ð æñäæäïíåöôñ 021$ðì õEHORZ ìíñæäçöôñ
%2ðì õçñåìëöô ÷ êíîæDðë õìíñåëíö ð ìíñåéæöôï

6XE]RQH 8&ìäûLûã

$XWKRUã (TXLYDOHQW WR =RQH 1.è RI 0RUWLPHU õìäåæôï

'HILQLWLRQã )URP WKH )'2 õ/$'ô RI =ï FRPSDFWXV DQGîRU &ï REVFXUXV WR WKH )'2 õ/$'ô RI
5HLQKDUGWLWHV OHYLVï

&RPPHQWVã 7KH )'2 RI =ï FRPSDFWXV õ=ï ELFUHVHQWLFXV RI RWKHU ZRUNHUVô KDV SURYHQ WR EH D
PRUH UHOLDEOH HYHQW WKDQ WKH )'2 RI &ï REVFXUXVñ ZKLFK RFFXUV RQO\ YHU\ UDUHO\ DQG
VSRUDGLFDOO\ WKURXJKRXW WKH VWXG\ DUHD LQ WKLV VXE]RQHï

'LVWULEXWLRQã 7KLV 6XE]RQH KDV EHHQ UHFRJQLVHG LQ WKH IROORZLQJ ZHOOVã ëîé%ðìä õìíñäåíö ð
ììñìííöôñ ëîèðì õDERYH ììñìäíöôñ ëîæð%ðìì õDERYH ìíñêåíöô ÷ 021$ðì õDERYH ìíñäêíöôï

=RQH 8&ìåã

$XWKRUã (TXLYDOHQW WR =RQH &&ëé RI 6LVVLQJK õìäææô DQG =RQH 1.ç RI 0RUWLPHU õìäåæôï

$JHã (DUO\ 0DDVWULFKWLDQï

'HILQLWLRQã )URP WKH )'2 õ/$'ô RI 5ï OHYLV WR WKH )'2 õ/$'ô RI 7ï RULRQDWXVï

&RPPHQWVã 7KH RFFXUUHQFH RI &ï REVFXUXV DSSHDUV PRUH FRQVLVWHQW ZLWKLQ WKLV ]RQH DQG 5ï
OHYLV PD\ EHFRPH PRUH FRQVSLFXRXV ZLWKLQ LW DOORZLQJ VXEðGLYLVLRQ õHïJï RQ WKH 9DOKDOO
)LHOGôï

6SHFLPHQV RI $ï F\PELIRUPLV VKRZ D JHQHUDO GHFUHDVLQJ VL]H WUHQG ZLWKLQñ DQG EHORZñ WKLV
=RQHï



$ MRLQW &KDON 6WUDWLJUDSKLF )UDPHZRUN -RLQW &KDON 5HVHDUFK

ð çë ð &KDSWHU éã %LRVWUDWLJUDSK\ 'HFHPEHU ìäää

'LVWULEXWLRQã 7KLV 6XE]RQH KDV EHHQ UHFRJQLVHG LQ WKH IROORZLQJ ZHOOVã ìîêðì õìëñéêíö ÷
ìëñéåíöôñ ìîêðå õêñäìäPôñ ëîé%ðìä õììñìäíö ð ììñêìíöôñ ëîèðì õììñëííö ð ììñééíö DQG ROGHUôñ ëîèð
æ õêñèçíP ð êñèåèPôñ ëîæðå õäñäèíö ð ìíñíèíöôñ ëîæðêí õìíñåííö ð ìíñåäíöôñ ëîæð%ðìì õìíñêäíïèíö
ð ìíñéíåïèíöôñ ëîåð$ðì õëñéæåêïçëP ð ëñéåæïéëPôñ ëîììð$ë 7ê õêñêäíPôñ 021$ðì õìíñäêèö ð
ììñìíèïèíöô ÷ %2ðì õEHORZ çñåëæöôï

=RQH 8&ìæã

$XWKRUã (TXLYDOHQW WR 6XE]RQH &&ëêE RI 6LVVLQJK õìäææôñ DQG =RQH 1.æ RI 0RUWLPHU
õìäåæôï

$JHã (DUO\ 0DDVWULFKWLDQï

'HILQLWLRQã )URP WKH )'2 õ/$'ô RI 7ï RULRQDWXV WR WKH )'2 õ/$'ô RI %URLQVRQLD SDUFD
FRQVWULFWDï

&RPPHQWVã 7KLV =RQH KDV SURYHQ GLIILFXOW WR LGHQWLI\ LQ WKH VWXG\ DUHD GXH WR ZLGHVSUHDG
GLVFRQIRUPLWLHV DQG WKH YHU\ UDUH RFFXUUHQFH RI 7ï RULRQDWXV õ7ï SKDFHORVXV RI RWKHU ZRUNHUVôï

'LVWULEXWLRQã 7KLV ]RQH KDV EHHQ UHFRJQLVHG LQ WKH IROORZLQJ ZHOOVã ìîêðì õìëñéåíö ÷ ìëñèìíöô
÷ ëîèðä õêñèåéP ð êñæëçP RU ROGHUôï

=RQH 8&ìçã

$XWKRUã (TXLYDOHQW WR 6XE]RQH &&ëíE RI 6LVVLQJK õìäææô DQG =RQHV .1åðìê RI %HUJHQ ÷
6LNRUD õìäääôï

$JHã /DWH &DPSDQLDQ õFXUUHQW UHFRPPHQGDWLRQ IURP WKH ,QWHUQDWLRQDO 6WDJH %RXQGDU\
6XEFRPPLVVLRQôï

'HILQLWLRQã )URP WKH )'2 õ/$'ô RI %ï SDUFD FRQVWULFWD WR WKH )'2 õ/$'ô RI (LIIHOOLWKXV
H[LPLXVï

&RPPHQWVã 7KH ERXQGDU\ EHWZHHQ WKH 7RU DQG 0DJQH )RUPDWLRQV IDOOV ZLWKLQ WKH XSSHU SDUW
RI WKLV =RQHï

,Q VRPH ZHOOV UHZRUNLQJ RI VHGLPHQWV õSRVVLEO\ IURP =RQH 8&ìì RU ROGHUô ZDV REVHUYHG LQ
WKH XSSHU SDUW RI WKLV ]RQHñ õLïHï (ï H[LPLXV DQG +ï WUDEHFXODWXVô ZLWKLQ WKH ORZHU SDUW RI WKH
7RU )RUPDWLRQï

'LVWULEXWLRQã 7KLV ]RQH KDV EHHQ UHFRJQLVHG õXQGLIIHUHQWLDWHGô LQ WKH IROORZLQJ ZHOOVã ìîêðì
õìëñèìíö ÷ ìëñèèíöôñ ëîèðæ õêñçíåP ð êñçèæPô ÷ 021$ðì õDERYH ììñììçö ð ììñëíéöôï

:LWKLQ WKLV =RQH WKH IROORZLQJ VXE]RQHV DUH UHFRJQLVHGã

6XE]RQH 8&ìçûLLLûã

$XWKRUã (TXLYDOHQW WR 6XE]RQH &&ëêD RI 6LVVLQJK õìäææô DQG =RQHV .1åðìí RI %HUJHQ ÷
6LNRUDñ ìäääï



-RLQW &KDON 5HVHDUFK $ MRLQW &KDON 6WUDWLJUDSKLF )UDPHZRUN

'HFHPEHU ìäää &KDSWHU éã %LRVWUDWLJUDSK\ ð çê ð

$JHã /DWH &DPSDQLDQï

'HILQLWLRQã )URP WKH )'2 õ/$'ô RI %ï SDUFD FRQVWULFWD WR WKH )'2 õ/$'ô RI 5HLQKDUGWLWHV
DQWKRSKRUXVï

&RPPHQWVã 7KH )'2 õ/$'ô RI %ï SDUFD FRQVWULFWD LV HVVHQWLDOO\ FRLQFLGHQW ZLWK WKH
LQFHSWLRQ RI WKH DPPRQLWH 3DFK\GLVFXV QHXEHUJLFXV õ%XUQHWWñ +DQFRFN HW DOï ìääëôï 7KH
,QWHUQDWLRQDO 6WDJH %RXQGDULHV 6XEð&RPPLVVLRQ UHFRPPHQGV WKLV DPPRQLWH HYHQW DV WKH
GHILQLQJ FULWHULRQ IRU WKH &DPSDQLDQî0DDVWULFKWLDQ ERXQGDU\ï 7KLV GHILQLWLRQ õSHQGLQJ
FRQILUPDWLRQô LV DGRSWHG LQ WKLV VWXG\ï

:LWKLQ WKLV VXE]RQH WKH DEXQGDQFH RI 5ï OHYLV LV VHHQ WR LQFUHDVHï 9HU\ UDUH VSHFLPHQV RI
4XDGUXP VSï õFïIï 4ï JRWKLFXPîJDUWQHUL"ô PD\ DOVR EH REVHUYHG ZLWKLQ WKLV VXE]RQHï
2FFDVLRQDO UHZRUNLQJ RI ROGHU VHGLPHQWVñ SULQFLSDOO\ LQ WKH IRUP RI (ï H[LPLXV DQG +ï
WUDEHFXODWXV PD\ EH REVHUYHG LQ WKLV VXE]RQHï

'LVWULEXWLRQã 7KLV VXE]RQH KDV EHHQ UHFRJQLVHG LQ WKH IROORZLQJ ZHOOVã ìîêðå õêñäéíPôñ ëîèðä
õêñæéìP ð êñææëPôñ ëîæðìè õêñíéëP ÷ êñíéèPôñ ëîæðêí õìíñäëíöô ÷ ëîììð$ë 7ê õêñéíëPôï

6XE]RQH 8&ìçûLLûã

$XWKRUã *DOODJKHU ÷ +DPSWRQñ KHUHLQï

$JHã /DWH &DPSDQLDQï

'HILQLWLRQã )URP WKH )'2 õ/$'ô RI 5HLQKDUGWLWHV DQWKRSKRUXV WR WKH )'2 õ/$'ô RI
%URLQVRQLD SDUFD SDUFD DQGîRU WKH )'2 õ/$'ô RI +HWHURPDUJLQDWXV EXJHQVLVï

&RPPHQWVã 7KH H[WLQFWLRQ HYHQW RI 5ï DQWKRSKRUXV LV VHHQ WR RFFXU ODWHU LQ WKH &HQWUDO
*UDEHQ WKDQ RQVKRUH 8ï.ï õ%XUQHWW HW DOïñ ìääåôñ SHUKDSV UHIOHFWLQJ WKH SURYLQFLDOLVP LQ WKH
1RUWK 6HD %DVLQ GXULQJ WKH &DPSDQLDQï

'LVWULEXWLRQã 7KLV VXE]RQH KDV EHHQ UHFRJQLVHG LQ WKH IROORZLQJ ZHOOVã ëîæðå õìíñíæíö RU
ROGHUôñ ëîæðìè õêñíéåP ð êñíèæPôñ ëîæðêí õìíñäèíö ð ìíñäåíöôñ ëîæð%ðìì õìíñéìäö ð ìíñéëíöô ÷
ëîåð$ðì õëñéåæïèíP ð ëñéäåïëíPôï

6XE]RQH 8&ìçûLûã

$XWKRUã *DOODJKHU DQG +DPSWRQñ KHUHLQï

$JHã /DWH &DPSDQLDQï

'HILQLWLRQã )URP WKH )'2 õ/$'ô RI %URLQVRQLD SDUFD SDUFD WR WKH )'2 õ/$'ô RI
(LIIHOOLWKXV H[LPLXVï

&RPPHQWVã 7KH WRS RI WKH 0DJQH )RUPDWLRQ ZLWKLQ WKLV VWXG\ DUHD FRPPRQO\ IDOOV ZLWKLQ
WKLV VXE]RQHï

7KH )'2 õ/$'ô RI 0RQRPDUJLQDWXV TXDWHUQDULXV DOVR RFFXUV ZLWKLQ WKLV VXE]RQHï



$ MRLQW &KDON 6WUDWLJUDSKLF )UDPHZRUN -RLQW &KDON 5HVHDUFK

ð çé ð &KDSWHU éã %LRVWUDWLJUDSK\ 'HFHPEHU ìäää

'LVWULEXWLRQã 7KLV VXE]RQH LV UHFRJQLVHG LQ WKH IROORZLQJ ZHOOVã ìîêðì õìëñçäíö ÷ ìëñæëíöôñ
ìîêðå õêñäèåPôñ ëîé%ðìä õììñêéíöô ÷ ëîæðìè õêñíçíP ð êñíççPôï

=RQH 8&ìèã

$XWKRUã (PHQGHG IURP %XUQHWW HW DOï õìääåô KHUHLQ IRU XVH LQ WKH 1RUWK 6HDñ HTXLYDOHQW WR
=RQHV .1ìéðìç RI %HUJHQ ÷ 6LNRUD õìäääôï

$JHã /DWH &DPSDQLDQï

'HILQLWLRQã )URP WKH )'2 õ/$'ô RI (ï H[LPLXV WR WKH )'2 õ/$'ô RI 6DHSLRYLUJDWD ELIHUXODï

&RPPHQWVã &RUUHODWLRQ EHWZHHQ WKH &HQWUDO *UDEHQ DQG RQVKRUH VHFWLRQV SURYHV GLIILFXOW
GXULQJ WKH &DPSDQLDQ GXH WR VWURQJ SURYLQFLDOLVPï 7KH 8& ]RQDWLRQ KDV FRQVHTXHQWO\ EHHQ
HPHQGHG IRU XVH LQ WKH 1RUWK 6HD %DVLQ WR LQFOXGH HQGHPLF PDUNHUV VXFK DV 2UDVWUXP
FDPSDQHQVLVñ %LILGDOLWKXV JHPLQLFDWLOOXV DQG 6DHSLRYLUJDWD ELIHUXODï 7KHVH WD[D KDYH EHHQ
REVHUYHG LQ 1RUWK 1RUIRON õ*DOODJKHU ÷ +DPSWRQñ LQ SUHSïôñ ZKLFK PD\ UHSUHVHQW WKH
VRXWKHUQ OLPLW RI D ¨QRUWKHUQ© SURYLQFHï

7KH DEXQGDQFH RI $ï F\PELIRUPLV GHFUHDVHV ZLWKLQ WKLV ]RQHï 7D[D VXFK DV &ï REVFXUXVñ 5ï
DQWKRSKRUXVñ /XFLDQRUKDEGXV VSSïñ 3UHGLVFRVSKDHUD VSSï DQG :DW]QDXHULD VSSï GRPLQDWH
DVVHPEODJHVï

'LVWULEXWLRQã 7KLV ]RQH LV UHFRJQLVHG õXQGLIIHUHQWLDWHGô LQ WKH IROORZLQJ ZHOOã ëîåð$ðì
õëñéäåïêíP ð ëñèííïæèPôï

:LWKLQ WKLV ]RQH WKH IROORZLQJ VXE]RQHV DUH UHFRJQLVHGã

6XE]RQH 8&ìèûYûã

$XWKRUã (TXLYDOHQW WR 6XE]RQH 8&ìèH%3 õ%XUQHWW HW DOïñ ìääåôï

$JHã /DWH &DPSDQLDQï

'HILQLWLRQã )URP WKH )'2 õ/$'ô RI (ï H[LPLXV WR WKH )'2 õ/$'ô RI 2UDVWUXP FDPSDQHQVLVï

&RPPHQWVã 2FFDVLRQDO UHZRUNLQJ RI (ï H[LPLXV LQWR WKH EDVH RI WKH 7RU )RUPDWLRQ PD\
FRPSOLFDWH WKH DFFXUDWH LGHQWLILFDWLRQ RI WKLV VXE]RQHï

'LVWULEXWLRQã 7KLV VXE]RQH KDV EHHQ UHFRJQLVHG LQ WKH IROORZLQJ ZHOOVã ìîêðå õêñäçéP ð
éñííêPô ÷ ìîäðì õêñëäæP ð êñêìèPôï
6XE]RQH 8&ìèûLYûã

$XWKRUã (TXLYDOHQW WR =RQH 1.ä RI 0RUWLPHU õìäåæôï

$JHã /DWH &DPSDQLDQï
'HILQLWLRQã )URP WKH )'2 õ/$'ô RI 2ï FDPSDQHQVLV WR WKH )'2 õ/$'ô RI +HOLFROLWKXV
WUDEHFXODWXVï



-RLQW &KDON 5HVHDUFK $ MRLQW &KDON 6WUDWLJUDSKLF )UDPHZRUN

'HFHPEHU ìäää &KDSWHU éã %LRVWUDWLJUDSK\ ð çè ð

&RPPHQWVã 2ï FDPSDQHQVLV LV D GLVWLQFWLYH ERUHDO PDUNHU VSHFLHV DQGñ DOWKRXJK QHYHU
FRPPRQ LQ DVVHPEODJHVñ LV XVXDOO\ FRQVSLFXRXV DQG UHDGLO\ XWLOLVHGï

'LVWULEXWLRQã 7KLV VXE]RQH KDV EHHQ UHFRJQLVHG LQ WKH IROORZLQJ ZHOOVã ìîêðå õéñíëìP ð
éñíçíPôñ ëîèðì õììñéçíö ð ììñåííö DQG ROGHUôñ ëîæðêí õììñíííö ð ììñíæíöôñ ëîììð$ë 7ê õêñééìP
÷ êñéçåPôñ %$521ðë õëñååæïäíP ð ëñåääïëíPô ÷ %2ðì õDERYH çñåëæö ð çñåéëöôï

6XE]RQH 8&ìèûLLLûã

$XWKRUã *DOODJKHU ÷ +DPSWRQñ KHUHLQï

$JHã /DWH &DPSDQLDQï

'HILQLWLRQã )URP WKH )'2 õ/$'ô RI +ï WUDEHFXODWXV WR WKH )'2 õ/$'ô RI %ï JHPLQLFDWLOOXVï

&RPPHQWVã 7KH FRQFHSW RI +ï WUDEHFXODWXV XVHG LQ WKLV VFKHPH LQFOXGHV DOO IRUPV ZLWK D
QRQðD[LDO FURVV õLïHï ;ðVKDSHGô JUHDWHU WKDQ æ PLFURQV LQ VL]Hï

7KH H[WLQFWLRQ HYHQW RI +ï WUDEHFXODWXV LV UHFRUGHG LQ (DUO\ &DPSDQLDQ VHGLPHQWV LQ VRXWKHUQ
(QJODQGñ EXW LV FRQVLVWHQWO\ VHHQ LQ /DWH &DPSDQLDQ VHGLPHQWV LQ WKH 1RUWK 6HD %DVLQ DQG
1RUWK 1RUIRONï

'LVWULEXWLRQã 7KLV VXE]RQH KDV EHHQ UHFRJQLVHG LQ WKH IROORZLQJ ZHOOVã ëîæðë õìíñäííö ð
ììñíäíöôñ ëîæð%ðìì õìíñéëèïèíö ð ìíñéêäïèíöô ÷ 021$ðì õììñëììöôï

6XE]RQH 8&ìèûLLûã

$XWKRUã *DOODJKHU ÷ +DPSWRQñ KHUHLQï

$JHã /DWH ð (DUO\ &DPSDQLDQï

'HILQLWLRQã )URP WKH )'2 õ/$'ô RI %ï JHPLQLFDWLOOXV WR WKH )'2 õ/$'ô RI &\OLQGUDOLWKXV
ELDUFXV RU /LWKDVWULQXV JULOOLLï

&RPPHQWVã %ï JHPLQLFDWLOOXV LV DQ H[WUHPHO\ XVHIXO PDUNHU õDOWKRXJK QHYHU FRPPRQô LQ WKH
1RUWK 6HD EDVLQ DQG LQ 1RUWK 1RUIRON FRDVWDO VHFWLRQVñ DOWKRXJK LW LV RI OLPLWHG XWLOLW\ RXWVLGH
RI WKHVH DUHDV õLïHï 6RXWKHUQ (QJODQGôï

'LVWULEXWLRQã 7KLV VXE]RQH KDV EHHQ UHFRJQLVHG LQ WKH IROORZLQJ ZHOOVã ìîêðå õEHORZ
éñíåìPôñ ëîèðä õEHORZ êñæåêPôñ ëîæðìè õêñíçäP ð êñììëPôñ ëîæðêí õììñíåíö ÷ ììñìííöô ÷
%$521ðë õëñåääïèèP ÷ ëñäíêïëíPôï

6XE]RQH 8&ìèûLûã
$XWKRUã *DOODJKHU ÷ +DPSWRQñ KHUHLQï

$JHã (DUO\ &DPSDQLDQï

'HILQLWLRQã )URP WKH )'2 õ/$'ô RI &ï ELDUFXV RU /ï JULOOLL WR WKH )'2 õ/$'ô RI 6ï ELIHUXODï



$ MRLQW &KDON 6WUDWLJUDSKLF )UDPHZRUN -RLQW &KDON 5HVHDUFK

ð çç ð &KDSWHU éã %LRVWUDWLJUDSK\ 'HFHPEHU ìäää

&RPPHQWVã %RWK &ï ELDUFXV DQG /ï JULOOLL DUH YHU\ UDUH DW WKH WRS RI WKHLU UDQJH DQG IRU
SUDJPDWLF SXUSRVHV WKHVH HYHQWV DUH GHHPHG VLPXOWDQHRXVï

'LVWULEXWLRQã 7KLV VXE]RQH KDV EHHQ UHFRJQLVHG LQ WKH IROORZLQJ ZHOOVã ëîæðë õììñìäíö RU
ROGHUôñ ëîæðêí õììñìëíö ð ììñìææöôñ ëîììð$ë 7ê õEHORZ êñéæäPô ÷ %2ðì õçñåèæöôï

=RQH 8&ìéã

$XWKRUã %XUQHWW HW DOï õìääåôñ HPHQGHG KHUHLQ IRU XVH LQ WKH 1RUWK VHD %DVLQñ HTXLYDOHQW WR
=RQHV .1ìæðëì RI %HUJHQ ÷ 6LNRUD õìäääôï

$JHã (DUO\ &DPSDQLDQï

'HILQLWLRQã )URP WKH )'2 õ/$'ô RI 6ï ELIHUXOD WR WKH /'2 õ)$'ô RI %ï SDUFD SDUFDï

&RPPHQWVã 7KH WRS RI WKLV ]RQH KDV EHHQ HPHQGHG WR FRLQFLGH ZLWK WKH H[WLQFWLRQ RI 6ï
ELIHUXOD õUDWKHU WKDQ WKH LQFHSWLRQ RI 0ï SOHQLSRUXVôñ SURYLGLQJ JUHDWHU XWLOLW\ LQ WKH 1RUWK 6HD
%DVLQï

'XH WR WKH SDXFLW\ RI VHGLPHQW RI WKLV DJH ZLWKLQ WKH VWXG\ DUHDñ WKH GDWD VHW KDV EHHQ
VXSSOHPHQWHG ZLWK UHIHUHQFH WR RQVKRUH VHFWLRQV LQ WKH 8ï.ï

6HGLPHQWV RI (DUO\ &DPSDQLDQ WR 6DQWRQLDQ DJH õ7KXG )RUPDWLRQ DQG EDVDO 0DJQH
)RUPDWLRQô DUH QRW ZLGHO\ UHSUHVHQWHG LQ WKH VWXG\ PDWHULDOñ DV WKHUH KDV EHHQ D ELDV WRZDUGV
VDPSOLQJ IURP ZHOO ORFDWLRQV RQ SRVLWLYH VWUXFWXUHVï

'LVWULEXWLRQã 7KLV ]RQH KDV EHHQ UHFRJQLVHG õXQGLIIHUHQWLDWHGô LQ WKH IROORZLQJ ZHOOã ëîèðä
õDERYH êñåäæPôï

:LWKLQ WKLV =RQH WKH IROORZLQJ VXE]RQHV DUH UHFRJQLVHGã

6XE]RQH 8&ìéûLYûã

$XWKRUã *DOODJKHU ÷ +DPSWRQñ KHUHLQï

$JHã (DUO\ &DPSDQLDQï

'HILQLWLRQã )URP WKH )'2 õ/$'ô RI 6ï ELIHUXOD WR WKH /'2 õ)$'ô RI %ï SDUFD FRQVWULFWDï

&RPPHQWVã 6ï ELIHUXOD LV D YHU\ GLVWLQFWLYH PDUNHU VSHFLHV ZLWKLQ (DUO\ &DPSDQLDQ DJH
VHGLPHQWV ZLWKLQ WKH &HQWUDO *UDEHQ EXW LV QRW ZLGHO\ UHFRUGHG IURP RQVKRUH VHFWLRQV õUDUH LQ
1RUWK 1RUIRONôï

'LVWULEXWLRQã 7KLV VXE]RQH KDV EHHQ UHFRJQLVHG LQ WKH IROORZLQJ ZHOOVã ëîèðæ õêñäçìP ð
êñäæíP RU ROGHUôñ ëîæðå õEHORZ ìíñëéíöôñ ëîæðìè õEHORZ êñììèPôñ ëîæðêí õììñëííö ð ììñëåíöôñ
ëîæð%ðìì õEHORZ ìíñééêïèíöô ÷ ëîììð$ë 7ê õDERYH êñéæäPôï



-RLQW &KDON 5HVHDUFK $ MRLQW &KDON 6WUDWLJUDSKLF )UDPHZRUN

'HFHPEHU ìäää &KDSWHU éã %LRVWUDWLJUDSK\ ð çæ ð

6XE]RQH 8&ìéûLLLûã

$XWKRUã *DOODJKHU ÷ +DPSWRQñ KHUHLQï

$JHã (DUO\ &DPSDQLDQï

'HILQLWLRQã )URP WKH /'2 õ)$'ô RI %ï SDUFD FRQVWULFWD WR WKH /'2 õ)$'ô RI %URLQVRQLD
HQRUPLV RU &\OLQGUDOLWKXV FUDVVXVï

&RPPHQWVã 2XU WD[RQRPLF FRQFHSW RI %ï SDUFD FRQVWULFWD LV UHVWULFWHG WR IRUPV ZLWK D FHQWUDO
DUHD WR ULP UDWLR õEîD UDWLRô RI OHVV WKDQ ì õLïHï WKH ZLGWK RI WKH FHQWUDO DUHD LV OHVV WKDQ WKH
ZLGWK RI WKH ULPôï :H UHFRPPHQG WKH DFFXUDWH PHDVXUHPHQW RI VSHFLPHQV WKURXJKRXW
VHGLPHQWV RI WKLV DJHñ DV WKLV UDWLR PD\ EH GHFHSWLYHï

'LVWULEXWLRQã 7KLV ]RQH LV UHFRJQLVHG LQ WKH IROORZLQJ ZHOOVã ëîæðêí õììñëåíö ð ììñêçíöô ÷ ëîæð
%ðìì õDERYH ìíñééèöôï

6XE]RQH 8&ìéûLLûã

$XWKRUã *DOODJKHU ÷ +DPSWRQ õKHUHLQô

$JHã (DUO\ &DPSDQLDQï

'HILQLWLRQã )URP WKH /'2 õ)$'ô RI %ï HQRUPLV RU &ï FUDVVXV WR WKH /'2 õ)$'ô RI 5ï OHYLVï

&RPPHQWVã %RWK %ï HQRUPLV õWD[RQRPLF FRQFHSW IROORZV 7KLHUVWHLQñ ìäæéô DQG &ï FUDVVXV
õVHH WD[RQRPLF FRQFHSW RI 6WRYHUñ ìäççô VKRZ ELRVWUDWLJUDSKLF XWLOLW\ LQ VHGLPHQWV RI WKLV DJHï
7KHLU RPLVVLRQ IURP SUHYLRXV VFKHPHV PD\ EH GXH WR WD[RQRPLF XQFHUWDLQW\ï

7KH ERXQGDU\ EHWZHHQ WKH 0DJQH DQG 7KXG )RUPDWLRQV IDOOV DWñ RU QHDU WRñ WKLV OHYHOï
+RZHYHUñ GXH WR D ODFN RI GDWD IURP WKLV LQWHUYDO ZLWKLQ WKH VWXG\ DUHD WKH H[DFW UHODWLRQVKLSV
EHWZHHQ OLWKRVWUDWLJUDSK\ DQG ELRVWUDWLJUDSK\ FDQQRW DFFXUDWHO\ EH FRQVWUDLQHGï 'XH WR WKH
ODFN RI VHFWLRQ DYDLODEOH LQ WKH VWXG\ PDWHULDO GDWD IURP RQVKRUH *HUPDQ\ DQG 6RXWKHUQ
(QJODQG KDV EHHQ LQFRUSRUDWHGï

'LVWULEXWLRQã 7KLV VXE]RQH KDV EHHQ UHFRJQLVHG LQ WKH IROORZLQJ ZHOOVã ëîé%ðìä õììñêæíö ÷
ììñéííöôñ ëîæðå õDERYH ìíñëæíö DQG EHORZ ìíñëåíöôñ ëîæðìè õDERYH êñìèëPôñ %$521ðë
õëñäíçP ð ëñäìèïìíPô ÷ %2ðì õçñåæëöôï

6XE]RQH 8&ìéûLûã

$XWKRUã *DOODJKHU ÷ +DPSWRQñ KHUHLQï

$JHã (DUO\ &DPSDQLDQï

'HILQLWLRQã )URP WKH /'2 õ)$'ô RI 5ï OHYLV WR WKH /'2 õ)$'ô RI %ï SDUFD SDUFDï

&RPPHQWVã ,GHQWLILFDWLRQ RI WKLV ]RQH PD\ SURYH GLIILFXOW LQ SRRUO\ SUHVHUYHG PDWHULDO ZKHUH
EDGO\ SUHVHUYHG VSHFLPHQV RI =HXJUKDEGRWXV ELSHUIRUDWXV FDQ EH PLVWDNHQ IRU 5ï OHYLVï



$ MRLQW &KDON 6WUDWLJUDSKLF )UDPHZRUN -RLQW &KDON 5HVHDUFK

ð çå ð &KDSWHU éã %LRVWUDWLJUDSK\ 'HFHPEHU ìäää

'LVWULEXWLRQã 7KLV VXE]RQH KDV EHHQ UHFRJQLVHG LQ WKH IROORZLQJ ZHOOVã ìîêðå õDERYH
éñëííPôñ ëîé%ðìä õììñéêíöôñ ëîæðë õììñëäíö"ôñ ëîììð$ë 7ê õêñéåçP ð êñéäåPô ÷ %2ðì õçñååæö
ð çñäêëöôï

=RQH 8&ìêã

$XWKRUã %XUQHWW HW DOï õìääåô HPHQGHG KHUHLQï

$JHã ¦HDUOLHVW§ &DPSDQLDQî6DQWRQLDQï

'HILQLWLRQã )URP WKH /'2 õ)$'ô RI %ï SDUFD SDUFD WR WKH /'2 õ)$'ô RI $ï F\PELIRUPLVï

&RPPHQWVã ,GHQWLILFDWLRQ RI WKLV ]RQH LQ GLWFK FXWWLQJV VDPSOH PDWHULDO PD\ SURYH GLIILFXOW DV
ERWK WKH XSSHU DQG ORZHU ERXQGDULHV DUH GHILQHG RQ LQFHSWLRQ HYHQWVï

7KLV ]RQH ZDV LQLWLDOO\ UHVWULFWHG WR WKH (DUO\ &DPSDQLDQ õ%XUQHWW HW DOïñ ìääåôï +RZHYHUñ $ï
F\PELIRUPLV LV VHHQ WR RFFXU LQ WKH (DUO\ 6DQWRQLDQ LQ *HUPDQ\ñ 6RXWKHUQ (QJODQG õ*DOODJKHU
÷ +DPSWRQñ LQ %DLOH\ HW DOïñ LQ SUHSïô DQG 1RUWK (DVW (QJODQG õ%XUQHWW ÷ :KLWKDPñ ìäääôï
7KHUHIRUHñ WKLV ]RQH DV HPHQGHGñ UDQJHV LQWR WKH (DUO\ 6DQWRQLDQ õ0ï FRUDQJXLQXP HFKLQRLG
=RQHôï

'LVWULEXWLRQã 7KLV ]RQH KDV EHHQ UHFRJQLVHG õXQGLIIHUHQWLDWHGô LQ WKH IROORZLQJ ZHOOVã ìîêðå
õEHORZ éñêíêPôñ ëîé%ðìä õììñéçíö" ð ììñèëíö"ôñ ëîèðæ õêñäæçP" ð êñäæäP"ôñ ëîæðå õDERYH
ìíñêçíöô ÷ %$521ðë õEHORZ ëñäìçPôï

6HGLPHQWV UHSUHVHQWDWLYH RI WKLV ]RQH DUH DEVHQW LQ PRVW VHFWLRQVï

:LWKLQ WKLV ]RQH WKH IROORZLQJ VXE]RQHV FDQ EH UHFRJQLVHGã

6XE]RQH 8&ìêûLLLûã

$XWKRUã (TXLYDOHQW WR =RQH &&ìæ RI 6LVVLQJK õìäææôï

$JHã ¦HDUOLHVW§ &DPSDQLDQ ð /DWH 6DQWRQLDQï

'HILQLWLRQã )URP WKH /'2 õ)$'ô RI %ï SDUFD SDUFD WR WKH /'2 õ)$'ô RI FRPPRQ &ï
REVFXUXVï

&RPPHQWVã :LWKLQ WKLV VXE]RQH WKHUH LV D FRQVSLFXRXV LQFUHDVH LQ :DW]QDXULDFHDH GLYHUVLW\
õSRVVLEO\ LQ UHVSRQVH WR DQ HQYLURQPHQWDO VLJQDO"ôï

7KH ILUVW RFFXUUHQFH RI 2UDVWUXP FDPSDQHQVLV KDV EHHQ VXJJHVWHG E\ VHYHUDO DXWKRUV WR EH RI
ELRVWUDWLJUDSKLFDO XWLOLW\ DW WKLV OHYHOï +RZHYHUñ LQ RXU VWXGLHVñ HVSHFLDOO\ LQ 6RXWKHUQ (QJODQGñ
WKH UHFRYHU\ RI WKLV WD[RQ LV LQFRQVLVWHQWï ,Q WKH 1RUWK 6HD EDVLQñ WKLV WD[RQ LV UHFRUGHG LQ
VHGLPHQWV DV ROG DV 7XURQLDQï

'LVWULEXWLRQã 7KLV VXE]RQH ZDV QRW GLIIHUHQWLDWHG LQ DQ\ RI WKH VWXG\ ZHOOVï



-RLQW &KDON 5HVHDUFK $ MRLQW &KDON 6WUDWLJUDSKLF )UDPHZRUN

'HFHPEHU ìäää &KDSWHU éã %LRVWUDWLJUDSK\ ð çä ð

6XE]RQH 8&ìêûLLûã

$XWKRUã *DOODJKHU ÷ +DPSWRQñ KHUHLQï

$JHã 6DQWRQLDQï

'HILQLWLRQã )URP WKH /'2 õ)$'ô RI FRPPRQ &ï REVFXUXV WR WKH /'2 õ)$'ô RI &ï FUDVVXVï

&RPPHQWVã 7KH ILUVW GRZQKROH RFFXUUHQFH RI =ï ¨IORUDO© PD\ EH XVHGñ LI DQ LQFUHDVH LQ WKH
DEXQGDQFH RI &ï REVFXUXV FDQQRW EH VHHQ õLïHï SRRU VDPSOH TXDOLW\ RU LQ PRUH RFHDQLF
VHWWLQJVôï

'LVWULEXWLRQã 7KLV VXE]RQH ZDV QRW GLIIHUHQWLDWHG LQ DQ\ RI WKH VWXG\ ZHOOVï

6XE]RQH 8&ìêûLûã

$XWKRUã *DOODJKHU ÷ +DPSWRQñ KHUHLQ

$JHã 6DQWRQLDQï

'HILQLWLRQã )URP WKH /'2 õ)$'ô RI &ï FUDVVXV WR WKH /'2 õ)$'ô RI $ï F\PELIRUPLVï

&RPPHQWVã 7KH WD[RQRPLF FRQFHSW RI &ï FUDVVXV XVHG KHUHLQ IROORZV 6WRYHU õìäççôï 7KH ILUVW
RFFXUUHQFH RI &ï FUDVVXV LV RI XWLOLW\ LQ WKH &KDON )LHOGV RI WKH &HQWUDO *UDEHQ DQG FDQ EH VHHQ
ZLWKLQ WKH UDQJH RI WKH SODQNWLF FULQRLG ]RQDO LQGH[ 8ï VRFLDOLV LQ WKH 1RUWK 'RZQV DQG LQ
1RUWKHUQ *HUPDQ\ï

7KH WD[RQRPLF FRQFHSW RI $ï F\PELIRUPLV XVHG KHUHLQ LV UHVWULFWHG WR ODUJHU DUNKDQJHOVNLHOOLGV
ZLWK D ZLGH FHQWUDO DUHD SODWH DQG D VLQJOH ULP F\FOH YLVLEOH LQ WKH OLJKW PLFURVFRSHï

'LVWULEXWLRQã 7KLV VXE]RQH ZDV QRW GLIIHUHQWLDWHG LQ DQ\ RI WKH VWXG\ ZHOOVï

=RQH 8&ìëã
$XWKRUã %XUQHWW HW DOï õìääåôï

$JHã 6DQWRQLDQï

'HILQLWLRQã )URP WKH /'2 õ)$'ô RI $ï F\PELIRUPLV WR WKH )'2 õ/$'ô RI 4XDGUXP
HSWDEUDFKLXPï

&RPPHQWVã 7KLV LV D GLIILFXOW ]RQH WR LGHQWLI\ GXH WR WKH UHOLDQFH RQ LQFHSWLRQ HYHQWV DQG WKH
UHODWLYHO\ VKRUW DPRXQW RI WLPH WKDW LW HQFRPSDVVHVï

7KH DEXQGDQFH RI /XFLDQRUKDEGXV VSSï LV VHHQ WR GHFUHDVH ZLWK DJH WKURXJK WKLV ]RQHï

'LVWULEXWLRQã 7KLV ]RQH KDV EHHQ UHFRJQLVHG LQ WKH IROORZLQJ ZHOOVã ìîêðå õDERYH éñêêêPôñ
ìîäðì õêñêìåPôñ ëîæðìè õêñìèåP ð êñëëìP RU ROGHUô ÷ %$521ðë õDERYH ëñäëèP"ôï



$ MRLQW &KDON 6WUDWLJUDSKLF )UDPHZRUN -RLQW &KDON 5HVHDUFK

ð æí ð &KDSWHU éã %LRVWUDWLJUDSK\ 'HFHPEHU ìäää

=RQH 8&ììã

$XWKRUã %XUQHWW HW DOï õìääåôï

$JHã (DUO\ 6DQWRQLDQ WR /DWH &RQLDFLDQï

'HILQLWLRQã )URP WKH )'2 õ/$'ô RI 4ï HSWDEUDFKLXP WR WKH /'2 õ)$'ô RI /ï JULOOLLï

&RPPHQWVã )RU WKH SXUSRVHV RI WKLV VWXG\ 4ï HSWDEUDFKLXP LQFOXGHV DOO VHYHQ UD\HG
SRO\F\OROLWKDFHDQV ZLWKRXW D FHQWUDO DUHD GLDSKUDJPï

$VVHPEODJHV WKURXJKRXW WKLV =RQH DUH GRPLQDWHG E\ :ï EDUQHVDHñ *ï REOLTXXPñ (ï H[LPLXV
DQG 7ï RULRQDWXVï

3HQHWUDWLRQ RI WKLV ]RQH LV FRLQFLGHQW ZLWK SHQHWUDWLRQ RI WKH 1DUYH )RUPDWLRQï

7KHUH DSSHDUV WR EH D UHJLRQDO VWUDWLJUDSKLF EUHDN DW WKLV OHYHOï 6HGLPHQW RI WKH 7RU DQG 0DJQH
)RUPDWLRQV õ=RQHV 8&ëí ð 8&ìéô FRPPRQO\ RYHUOLH VHGLPHQW RI =RQH 8&ìì õ1DUYH
)RUPDWLRQô DJHï 7KH DEVHQFH RI 7KXG )RUPDWLRQ VHGLPHQWV RQ VWUXFWXUH FRXOG EH GXH WR VHD
OHYHO IDOO DQGîRU :HUQLJHURGH 3KDVH WHFWRQLFVï

'LVWULEXWLRQã 7KLV ]RQH ZDV UHFRJQLVHG õXQGLIIHUHQWLDWHGô LQ WKH IROORZLQJ ZHOOVã ëîèðì
õììñåëíö"ôñ ëîèðæ õêñäåêP ð éñíçèïèP RU ROGHUô ÷ ëîæðìè õêñëêìP ð êñëéäïìæPôï

:LWKLQ WKLV ]RQH WKH IROORZLQJ VXE]RQHV DUH UHFRJQLVHGã

6XE]RQH 8&ììûLLLûã

$XWKRUã *DOODJKHU ÷ +DPSWRQñ KHUHLQï

$JHã (DUO\ 6DQWRQLDQï

'HILQLWLRQã )URP WKH )'2 õ/$'ô RI 4ï HSWDEUDFKLXP WR WKH )'2 õ/$'ô RI FRPPRQ +ï
WUDEHFXODWXVï
&RPPHQWVã 3UDJPDWLFDOO\ WKH EDVH RI WKLV ]RQH LV FRLQFLGHQW ZLWK WKH 6DQWRQLDQî&RQLDFLDQ
ERXQGDU\ï +RZHYHUñ GHWDLOHG DQDO\VLV RI RQVKRUH VHFWLRQV LQ (QJODQG DQG *HUPDQ\ VKRZ WKLV
]RQDO ERXQGDU\ OLHV MXVW DERYH WKH 6DQWRQLDQî&RQLDFLDQ ERXQGDU\ï

'LVWULEXWLRQã 7KLV VXE]RQH KDV EHHQ UHFRJQLVHG LQ WKH IROORZLQJ ZHOOVã ìîêðå õéñêêäP ð
éñéíëPô ÷ ìîäðì õêñêëéPôï

6XE]RQH 8&ììûLLûã

$XWKRUã *DOODJKHU ÷ +DPSWRQñ KHUHLQï

$JHã /DWH &RQLDFLDQï

'HILQLWLRQã )URP WKH )'2 õ/$'ô RI FRPPRQ +ï WUDEHFXODWXV WR WKH )'2 õ/$'ô RI
7RUWROLWKXV YLUJLQLFDï õ8VHG XQGHU WKH QDPH RI :ï YLUJLQLFD LQ %HUJHQñ ìäääñ DQG RULJLQDOO\
GHVFULEHG DV 7ï FDLVWRUHQVLV ¦ODUJH§ E\ WKH FXUUHQW DXWKRUVôï



-RLQW &KDON 5HVHDUFK $ MRLQW &KDON 6WUDWLJUDSKLF )UDPHZRUN

'HFHPEHU ìäää &KDSWHU éã %LRVWUDWLJUDSK\ ð æì ð

&RPPHQWVã 7KH )'2 õ/$'ô RI FRPPRQ +ï WUDEHFXODWXVñ ILUVW LGHQWLILHG E\ 0RUWLPHU
õìäåæôñ DSSHDUV WR EH DQ HYHQW RI JRRG FRUUHODWLYH YDOXH LQ WKH 1RUWK 6HD %DVLQ DQG FDQ EH
UHFRJQLVHG LQ RXWFURS VHFWLRQV DFURVV 6RXWKHUQ (QJODQG DQG LQWR *HUPDQ\ï

%HUJHQ ÷ 6LNRUD õìäääô UHJDUG WKH )'2 õ/$'ô RI +ï WUDEHFXODWXV WR EH GLDFKURQRXV DFURVV
WKH 9DOKDOO VWUXFWXUH õZKLFK LV RQO\ D IHZ NLORPHWUHV DFURVV LQ GLDPHWHUôñ KRZHYHUñ RXU
UHJLRQDO GDWD SOXV GDWD IURP RQVKRUH VHFWLRQV LQGLFDWHV WKDW LW LV D UHOLDEOH HYHQWï

'LVWULEXWLRQã 7KLV VXE]RQH KDV EHHQ UHFRJQLVHG LQ WKH IROORZLQJ ZHOOVã ìîäðì õêñêëçïìèP ð
êñêëäPôñ ëîé%ðìä õììñèåíö ð ììñåëíöôñ ëîæðë õììñêäíö ÷ ììñèííöô ÷ %$521ðë õëñäëçïèíP ð
ëñäéíPôï

6XE]RQH 8&ììûLûã

$XWKRUã *DOODJKHU ÷ +DPSWRQñ KHUHLQï

$JHã /DWH &RQLDFLDQï

'HILQLWLRQã )URP WKH )'2 õ/$'ô RI 7ï YLUJLQLFD WR WKH /'2 õ)$'ô RI /ï JULOOLLï

&RPPHQWVã 6SHFLPHQV RI (SUROLWKXV IORUDOLV DQG 4XDGUXP JDUWQHUL EHFRPH PRUH
FRQVSLFXRXV ZLWKLQ WKLV VXE]RQHï

'LVWULEXWLRQã 7KLV VXE]RQH KDV EHHQ UHFRJQLVHG LQ WKH IROORZLQJ ZHOOVã ìîäðì õêñêëäP ð
êñêëçïëíPôñ ëîé%ðìä õììñååíöô ÷ ëîåð$ðì õEHORZ ëñèíìïèêPôï

=RQH 8&ìíã

$XWKRUã %XUQHWW HW DOï õìääåôï
$JHã /DWH WR (DUO\ &RQLDFLDQï

'HILQLWLRQã )URP WKH /'2 õ)$'ô RI /ï JULOOLL WR WKH /'2 õ)$'ô RI0LFXOD VWDXURSKRUDï

&RPPHQWVã 7KHUH LV DQ LQFUHDVH LQ SRO\F\FOROLWKDFHDQ GLYHUVLW\ WKURXJK WKLV ]RQHï

'LVWULEXWLRQã 7KLV ]RQH LV UHFRJQLVHG õXQGLIIHUHQWLDWHGô LQ WKH IROORZLQJ ZHOOVã ëîèðì
õììñåëíö"ôñ ëîæðìè õEHORZ êñëèåPôñ ëîåð$ðì õëñèíëP ð ëñèëíïèíPô ÷ ëîììð$ë 7ê õêñèíéP ÷
êñèíæPôï

:LWKLQ WKLV ]RQH WKH IROORZLQJ VXE]RQHV FDQ EH UHFRJQLVHGã

6XE]RQH 8&ìíûLLûã

$XWKRUã %XUQHWW HW DOï õìääåôñ HPHQGHG KHUHLQï

$JHã /DWH WR 0LGGOH &RQLDFLDQï



$ MRLQW &KDON 6WUDWLJUDSKLF )UDPHZRUN -RLQW &KDON 5HVHDUFK

ð æë ð &KDSWHU éã %LRVWUDWLJUDSK\ 'HFHPEHU ìäää

'HILQLWLRQã )URP WKH /'2 õ)$'ô RI /ï JULOOLL WR WKH )'2 õ/$'ô RI 4XDGUXP LQWHUPHGLXP
DQGîRU +HOLFROLWKXV WXURQLFXV õ +ï YDOKDOOHQVLVôï

&RPPHQWVã 7KH )'2 RI +ï WXURQLFXV LV QRWHG DERYH WKH /'2 RI 0ï VWDXURSKRUD LQ WKH 1RUWK
6HD %DVLQï ,W LV UHFRUGHG DV EHORZ WKLV HYHQW LQ RQVKRUH QRUWKHUQ (XURSH VHFWLRQV õ%XUQHWW HW
DOïñ ìääåôï

'LVWULEXWLRQã 7KLV VXE]RQH KDV EHHQ UHFRJQLVHG LQ WKH IROORZLQJ ZHOOVã ìîäðì õêñêêçP ð
êñêäíPô ÷ ëîåð$ðì õDERYH ëñèíìïèêPôï

6XE]RQH 8&ìíûLûã

$XWKRUã0RUWLPHU õìäåæôï

$JHã0LGGOH WR (DUO\ &RQLDFLDQï

'HILQLWLRQã )URP WKH )'2 õ/$'ô RI 4ï LQWHUPHGLXP DQGîRU +ï WXURQLFXV WR WKH /'2 õ)$'ô
RI0ï VWDXURSKRUD

&RPPHQWVã )RU WKH SXUSRVHV RI WKLV VWXG\ DQG LQ JHQHUDO IRU LQGXVWULDO XWLOLW\ +ï WXURQLFXV
LQFOXGHV ODUJH IRUPV RI +HOLFROLWKXV ZLWK WKH FHQWUDO DUHD FURVV VWUXFWXUH DOLJQHG PRUH RU OHVV
ZLWK WKH ORQJ D[LV RI HOOLSVHï

'LVWULEXWLRQã 7KLV VXE]RQH KDV EHHQ UHFRJQLVHG LQ WKH IROORZLQJ ZHOOVã ìîäðì õêñêääPôñ ëîé%ð
ìä õììñäéíö ð ìëñìëíöôñ ëîèðì õììñäæíö ð ìëñíæíöôñ ëîæðë õììñçííö ÷ ììñæííöôñ ëîæð%ðìì õìíñéçíö ð
ìíñéæêöôñ 021$ðì õììñëìèïìçöô ÷ êíîæDðë õEHORZ ììñääèöôï

=RQH 8&äã
$XWKRUã %XUQHWW HW DOï õìääåôñ HTXLYDOHQW WR =RQHV .1êíðêë RI %HUJHQ ÷ 6LNRUD õìäääôï

$JHã (DUO\ &RQLDFLDQ WR 0LGGOH 7XURQLDQï

'HILQLWLRQã )URP WKH /'2 õ)$'ô RI0ï VWDXURSKRUD WR WKH /'2 õ)$'ô RI 4ï HSWDEUDFKLXPï

&RPPHQWVã 7KH /'2 õ)$'ô RI 0ï VWDXURSKRUD LV FRLQFLGHQW ZLWK WKH )'2 õ/$'ô RI
5HWHFDSVD ¨JUDQXODWD©ñ D ODUJH DQG GLVWLQFW WD[RQ ZLWK D ¦UXQQLQJ WUDFN§ RXWOLQHñ D UHWHFDSVLG
ULP DQG ODUJH JUDQXODU FHQWUDO DUHDï 7KLV PD\ EH HTXLYDOHQW WR 0ï ILFXOD õ%HUJHQ ÷ 6LNRUDñ
ìäääôñ DOWKRXJK QR FHQWUDO DUHD FURVV FRXOG EH LGHQWLILHG LQ VSHFLPHQV REVHUYHG LQ WKLV VWXG\ï

'LVWULEXWLRQã 7KLV ]RQH LV UHFRJQLVHG õXQGLIIHUHQWLDWHGô LQ WKH IROORZLQJ ZHOOã ëîåð$ðì
õëñèëìïèíP ð ëñèêêPôï

:LWKLQ WKLV =RQH WKH IROORZLQJ 6XE]RQHV FDQ EH LGHQWLILHGã

6XE]RQH 8&äûLLûã

$XWKRUã (TXLYDOHQW WR 6XE]RQH 1.ìê' RI 0RUWLPHU õìäåæô DQG =RQH .1êí RI %HUJHQ ÷
6LNRUD õìäääôï



-RLQW &KDON 5HVHDUFK $ MRLQW &KDON 6WUDWLJUDSKLF )UDPHZRUN

'HFHPEHU ìäää &KDSWHU éã %LRVWUDWLJUDSK\ ð æê ð

$JHã (DUO\ &RQLDFLDQï

'HILQLWLRQã )URP WKH /'2 õ)$'ô RI 0ï VWDXURSKRUD WR WKH )'2 õ/$'ô RI FRPPRQ
+HOLFROLWKXV WXURQLFXVï

&RPPHQWVã 6SHFLPHQV RI 5HWHFDSVD ¨JUDQXODWD© DSSHDU FRQVLVWHQWO\ ZLWKLQ WKLV VXE]RQHñ
WRJHWKHU ZLWK DQ LQFUHDVH LQ WKH DEXQGDQFH RI 3UHGLVFRVSKDHUD FROXPQDWD DQG 0DUWKDVWHULWHV
IXUFDWXVï

'LVWULEXWLRQã 7KLV VXE]RQH LV UHFRJQLVHG LQ WKH IROORZLQJ ZHOOVã ëîé%ðìä õìëñìèíöôñ ëîììð$ë
7ê õêñèìíP ð êñèëåPôñ %2ðì õEHORZ æñìèçöô ÷ êíîæDðë õDERYH ìëñíèèöôï

6XE]RQH 8&äûLûã

$XWKRUã *DOODJKHU ÷ +DPSWRQñ KHUHLQï

$JHã /DWH ð 0LGGOH 7XURQLDQï

'HILQLWLRQã )URP WKH )'2 õ/$'ô RI FRPPRQ +ï WXURQLFXV WR WKH /'2 õ)$'ô RI 4ï
HSWDEUDFKLXPï

&RPPHQWVã 0DQ\ ZRUNHUV SODFH WKH /'2 õ)$'ô RI 0DUWKDVWHULWHV IXUFDWXV ZLWKLQ WKLV
VXE]RQHï +RZHYHUñ UDUH VSHFLPHQV KDYH EHHQ QRWHG LQ ROGHU VHGLPHQWV ZLWKLQ WKH VWXG\ DUHD
õ*DOODJKHU ÷ +DPSWRQñ KHUHLQô DQG ZH WKHUHIRUH TXHVWLRQ WKH XWLOLW\ RI WKLV DV D PDUNHU HYHQWï
4ï HSWDEUDFKLXP LQFOXGHV DOO VHYHQ UD\HG IRUPV ZLWKRXW D FHQWUDO DUHD GLDSKUDJPï

'LVWULEXWLRQã 7KLV VXE]RQH LV UHFRJQLVHG LQ WKH IROORZLQJ ZHOOVã ëîé%ðìä õìëñìåíö ÷ ìëñëìíöôñ
ëîæð%ðìì õìíñéæäïèíö ð ìíñçéåïèíöô ÷ ëîììð$ë 7ê õEHORZ êñèééPôï

=RQH 8&åã

$XWKRUã %XUQHWW HW DOï õìääåôï

$JHã0LGGOH WR (DUO\ 7XURQLDQï

'HILQLWLRQã )URP WKH /'2 õ)$'ô RI 4ï HSWDEUDFKLXP WR WKH /'2 õ)$'ô RI (ï H[LPLXVï

&RPPHQWVã $ VWUDWLJUDSKLF EUHDN LV FRPPRQO\ VHHQ õLïHï RQ WKH 9DOKDOO VWUXFWXUHô DW WKLV
VWUDWLJUDSKLF OHYHO ZKHUH VHGLPHQW RI =RQH 8&ä UHVWV XQFRQIRUPDEO\ RQ =RQH 8&æîç
VHGLPHQWï

'LVWULEXWLRQã 7KLV ]RQH LV UHFRJQLVHG õXQGLIIHUHQWLDWHGô LQ WKH IROORZLQJ ZHOOã ëîæðìè õDERYH
êñêíéïíêPôï

:LWKLQ WKLV ]RQH WKH IROORZLQJ VXE]RQHV FDQ EH UHFRJQLVHGã



$ MRLQW &KDON 6WUDWLJUDSKLF )UDPHZRUN -RLQW &KDON 5HVHDUFK

ð æé ð &KDSWHU éã %LRVWUDWLJUDSK\ 'HFHPEHU ìäää

=RQH 8&åûLLûã

$XWKRUã *DOODJKHU ÷ +DPSWRQñ KHUHLQï (TXLYDOHQW WR =RQHV .1êêîêé RI %HUJHQ ÷ 6LNRUD
õìäääôï

$JHã0LGGOH 7XURQLDQï

'HILQLWLRQã )URP WKH /'2 õ)$'ô RI 4ï HSWDEUDFKLXP WR WKH /'2 õ)$'ô RI .DPSWQHULXV
PDJQLILFXVï

&RPPHQWVã 7KH /'2 õ)$'ô RI 5HWHFDSVD ¨JUDQXODWD© DSSHDUV FRLQFLGHQW ZLWK WKH /'2
õ)$'ô RI .ï PDJQLILFXVï

'LVWULEXWLRQã 7KLV VXE]RQH LV UHFRJQLVHG LQ WKH IROORZLQJ ZHOOVã ëîåð$ðì õëñèêêïçèP ð
ëñèæíPôñ ëîììð$ë 7ê õDERYH êñèèæïèíPô ÷ %2ðì õDERYH æñëìçöôï

6XE]RQH 8&åûLûã

$XWKRUã0RUWLPHU õìäåæô

$JHã0LGGOH WR (DUO\ 7XURQLDQï

'HILQLWLRQã )URP WKH /'2 õ)$'ô RI .ï PDJQLILFXV WR WKH /'2 õ)$'ô RI (ï H[LPLXVï

&RPPHQWVã 3DUWLFXODUO\ RYHU WKH 9DOKDOO VWUXFWXUH WKLV VXE]RQH LV RIWHQ DEVHQW GXH WR
WHFWRQLVP õSHUKDSV WKH (DUO\ ,OVHGH SKDVHôï

'LVWULEXWLRQã 7KLV VXE]RQH LV UHFRJQLVHG LQ WKH IROORZLQJ ZHOOVã ëîììð$ë 7ê õêñèçæPô ÷ %2ð
ì õæñëêìöôï

=RQH 8&æã

$XWKRUã0RUWLPHU õìäåæôï

$JHã (DUO\ 7XURQLDQï

'HILQLWLRQã )URP WKH /'2 õ)$'ô RI (ï H[LPLXV WR WKH /'2 õ)$'ô RI 4XDGUXP JDUWQHULï

&RPPHQWVã 7KH GDWD VHW IRU VHGLPHQW RI WKLV DJH LV YHU\ UHGXFHGñ SDUWLFXODUO\ RYHU WKH 9DOKDOO
VWUXFWXUHï 7KLV VXE]RQH LV RIWHQ DEVHQW SUREDEO\ GXH WR WHFWRQLVP õSHUKDSV WKH (DUO\ ,OVHGH
SKDVHôï

'LVWULEXWLRQã 7KLV ]RQH LV UHFRJQLVHG LQ WKH IROORZLQJ ZHOOVã ëîæðìè õêñêíæP" ð êñêèäP"ô ÷
ëîåð$ðì õëñèæëP ð ëñèåíïéèPôï

=RQH 8&çã

$XWKRUã %XUQHWW HW DOï õìääåôï



-RLQW &KDON 5HVHDUFK $ MRLQW &KDON 6WUDWLJUDSKLF )UDPHZRUN

'HFHPEHU ìäää &KDSWHU éã %LRVWUDWLJUDSK\ ð æè ð

$JHã (DUO\ 7XURQLDQï

'HILQLWLRQã )URP WKH /'2 õ)$'ô RI 4ï JDUWQHUL WR WKH )'2 õ/$'ô RI +HOHQHD FKLDVWLDï

&RPPHQWVã $Q LQFUHDVH LQ WKH DEXQGDQFH RI SRO\F\FOROLWKDFHDQV LV QRWHG ZLWKLQ WKLV ]RQHñ
WRJHWKHU ZLWK WKH )'2 õ/$'ô RI 5KDJRGLVFXV DVSHUï

'LVWULEXWLRQã 7KLV ]RQH LV UHFRJQLVHG LQ WKH IROORZLQJ ZHOOVã ëîåð$ðì õëñèåíïèíP ð
ëñèåìïêíPôñ ëîììð$ë 7ê õDERYH êñèæëP" ð êñçíèP"ô ÷ %2ðì õæñëçìö RU ROGHUôï

=RQHV 8&è DQG 8&é õXQGLIIHUHQWLDWHGôã

$XWKRUã %XUQHWW HW DOï õìääåôï

$JHã (DUO\ 7XURQLDQ WR /DWH &HQRPDQLDQï

'HILQLWLRQã )URP WKH )'2 õ/$'ô RI +ï FKLDVWLD WR WKH /'2 õ)$'ô RI &ï ELDUFXVï

&RPPHQWVã 'XH WR WKH FRPELQDWLRQ RI H[WUHPHO\ SRRU SUHVHUYDWLRQ DQG UHFRYHU\ñ WRJHWKHU
ZLWK WKH VFDUFLW\ RI FRUHG PDWHULDO IURP WKLV LQWHUYDOñ QDQQRIORUDO UHVROXWLRQ WKURXJK WKLV
LQWHUYDO ZLWKLQ WKLV VWXG\ LV SRRUï

'LVWULEXWLRQã 7KLV XQGLIIHUHQWLDWHG ]RQDO JURXSLQJ LV UHFRJQLVHG LQ WKH IROORZLQJ ZHOOã %2ðì
õæñëæçöôï

=RQHV 8&êñ 8&ë DQG 8&ì õXQGLIIHUHQWLDWHGôã

$XWKRUã %XUQHWW HW DOï õìääåôï

$JHã &HQRPDQLDQï

'HILQLWLRQã )URP WKH /'2 õ)$'ô RI &ï ELDUFXV WR WKH /'2 õ)$'ô RI &RUROOLWKLRQ NHQQHG\L

&RPPHQWVã 7KHVH ]RQHV FDQ EH IRXQG GHVFULEHG LQ %XUQHWW HW DOï õìääåôñ EXW DUH QRW LQFOXGHG
ZLWKLQ WKH VFRSH RI WKLV VWXG\ï

'LVWULEXWLRQã 7KLV XQGLIIHUHQWLDWHG ]RQDO JURXSLQJ LV UHFRJQLVHG LQ WKH IROORZLQJ ZHOOVã
021$ðì õììñëææöô ÷ %2ðì õæñëäìö ð æñçìíöôï



$ MRLQW &KDON 6WUDWLJUDSKLF )UDPHZRUN -RLQW &KDON 5HVHDUFK

ð æç ð &KDSWHU éã %LRVWUDWLJUDSK\ 'HFHPEHU ìäää

éïëïë 0,&52)$81$/ %,2=21$7,21

éïëïëïì 3$/(2&(1(

=RQH 07æã õ&RVFLQRGLVFXV VSïæ =RQHôï

$XWKRUã %DLOH\ñ KHUHLQï

$JHã ¦ODWH§ 7KDQHWLDQï

'HILQLWLRQã 7RS GHILQHG RQ WKH KLJKHVW RFFXUUHQFH RI WKH GLDWRP &RVFLQRGLVFXV VSïæï 7KLV
]RQH HTXDWHV ZLWK WKH ¦XQQDPHG§ =RQH 163ê RI .LQJ õìäåäôï

&RPPHQWVã 7KLV ]RQH RFFXUV ZLWKLQ WKH ORZHU SDUW RI WKH 6HOH )RUPDWLRQ WKURXJKRXW WKH
&HQWUDO *UDEHQ DUHDï

'LVWULEXWLRQã 7KLV ]RQH LV UHFRJQLVHG LQ WKH IROORZLQJ ZHOOã ìîêðå õêñìêçPôï

=RQH 07çã õ6SLURSOHFWDPPLQD VSHFWDELOLV =RQHôï

$XWKRUã %DLOH\ KHUHLQï

$JHã ¦PLGGOH§ 7KDQHWLDQï

'HILQLWLRQã 7RS GHILQHG RQ WKH KLJKHVW RFFXUUHQFH RI WKH DJJOXWLQDWLQJ IRUDPLQLIHULG
6SLURSOHFWDPPLQD VSHFWDELOLVñ ZLWKLQ D PLFURIDXQD GRPLQDWHG E\ DJJOXWLQDWLQJ IRUDPLQLIHULGVï
7KLV ]RQH HTXDWHV ZLWK 6XE]RQHV 16%ìF DQG ìE RI .LQJ õìäåäôï

&RPPHQWVã 7KLV ]RQH HTXDWHV HIIHFWLYHO\ ZLWK WKH /LVWD )RUPDWLRQ WKURXJKRXW WKH VWXG\ DUHD
DQG FDQ EH UHFRJQLVHG RQ WKH EDVLV RI WKH GDWD FROODWHG IURP YDULRXV ELRVWUDWLJUDSKLF UHSRUWVï
:KHUH D 9LGDU )RUPDWLRQ KDV EHHQ UHFRJQLVHG LQ WKH ìîêðå ZHOOñ LW LV FRQVWUDLQHG ZLWKLQ WKLV
]RQHï

'LVWULEXWLRQã 7KLV ]RQH LV UHFRJQLVHG LQ WKH IROORZLQJ ZHOOVã ìîêðå õDW êñìéèP ÷ êñêíìP ¤
êñêéíPô DQG ëîëðê õëñäìíP ¤ ëñäéíPôï

=RQH 07èã õ&HQRGLVFXV OHQWLFXODULV =RQHôï

$XWKRUã %DLOH\ KHUHLQï

$JHã ¦HDUO\§ 7KDQHWLDQï

'HILQLWLRQã 7RS GHILQHG RQ WKH KLJKHVW RFFXUUHQFHñ RIWHQ LQ DEXQGDQFHñ RI WKH UDGLRODULDQ
&HQRGLVFXV OHQWLFXODULVï 7KLV ]RQH HTXDWHV ZLWK =RQH 163ë RI .LQJ õìäåäôï



-RLQW &KDON 5HVHDUFK $ MRLQW &KDON 6WUDWLJUDSKLF )UDPHZRUN

'HFHPEHU ìäää &KDSWHU éã %LRVWUDWLJUDSK\ ð ææ ð

&RPPHQWVã 7KLV ]RQH LV UHFRJQLVHG WKURXJKRXW WKH &HQWUDO *UDEHQ DUHD DV WKH &HQRGLVFXV
&OD\VWRQH 0HPEHU RI YDULRXV DXWKRUVñ RFFXUULQJ DW WKH EDVH RI WKH /LVWD )RUPDWLRQï ,W LV WKH
ORZHVW QRQðFDOFDUHRXV XQLW ZLWKLQ WKH 3DOHRFHQH VXFFHVVLRQï

'LVWULEXWLRQã 7KLV ]RQH LV UHFRJQLVHG LQ WKH IROORZLQJ ZHOOVã ìîêðå õêñêèèPôñ ëîëðê õëñäéíPô
DQG ëîæðêí õìíñëèí©ôï

=RQH 07éã õ3ODQRURWDOLWHV FRPSUHVVD =RQHô

$XWKRUã %DLOH\ KHUHLQï

$JHã ¦HDUO\§ 7KDQHWLDQï

'HILQLWLRQã 7RS GHILQHG RQ WKH ILUVW DSSHDUDQFH GRZQKROH õ)$'ô RI WKH SODQNWLF
IRUDPLQLIHULGV 3ï FRPSUHVVDñ *ORERURWDOLD SVHXGREXOORLGHVñ 6XEERWLQD WULORFXOLQRLGHV DQGñ
RFFDVLRQDOO\ñ 3ODQRURWDOLWHV FKDSPDQLï 7KLV ]RQH HTXDWHV ZLWK 6XE]RQH 163ìF DV GHILQHG E\
.LQJ õRSï FLWïôï

&RPPHQWVã 7KLV ]RQH PDUNV WKH GRZQKROH SHQHWUDWLRQ RI FDOFDUHRXV VHGLPHQWV GHILQHG LQ
WKLV VWXG\ DV WKH 9nOH )RUPDWLRQñ EXW UHIHUUHG WR HOVHZKHUH DV WKH 0DXUHHQ )RUPDWLRQ DQGîRU
WKH 1RUWK 6HD 0DUOï

'LVWULEXWLRQã 'HILQLWH =RQH 07é 9nOH )RUPDWLRQ FOD\VWRQHV KDYH EHHQ UHFRJQLVHG LQ WKH
SUHVHQW VWXG\ RQO\ LQ WKH ZHOO ëîæð%ìì õDW äñåìëñFRUHôñ DOWKRXJK 9nOH )RUPDWLRQ FOD\VWRQHVñ
ZKLFK FRXOG EH DV \RXQJ DV ¦HDUO\§ 7KDQHWLDQ KDYH DOVR EHHQ UHFRUGHG LQ WKH ìîäðìñ ëîèðäñ
$''$ðëñ (ðé;ñ /8/8ðì DQG 021$ðì ZHOOVï
=RQH 07êã õ*ORERURWDOLD SVHXGREXOORLGHV =RQHô

$XWKRUã %DLOH\ KHUHLQï

$JHã ¦ODWH§ 'DQLDQï

'HILQLWLRQã 7RS GHILQHG E\ WKH RFFXUUHQFH RI WKH SODQNWLF IRUDPLQLIHULG DVVRFLDWLRQ GHVFULEHG
LQ =RQH 07éñ SUHVHUYHG ZLWKLQ D FKDON OLWKRORJ\ï

&RPPHQWVã 7KLV OLWKRORJLFDO FKDQJH õDW WKH 9nOHî(NRILVN IRUPDWLRQDO FRQWDFWô HTXDWHV FORVHO\
ZLWK WKH )$' RI 3ODQRURWDOLWHV FKDSPDQL LQ WKLV UHJLRQ DQG WKLV ]RQH HIIHFWLYHO\ FRUUHVSRQGV
WR 6XE]RQH 163ìE DV GHILQHG E\ .LQJ õRSï FLWïôï 7KLV VSHFLHV LV RQO\ UDUHO\ UHFRUGHG
UHJLRQDOO\ PDNLQJ WKH UHFRJQLWLRQ RI WKH SUHFLVH ]RQDO WRS GLIILFXOWï

'LVWULEXWLRQã 'HILQLWH =RQH 07ê (NRILVN FKDON KDV EHHQ UHFRJQLVHG LQ WKH ZHOOV ëîæðë
õäñççí©ðäñæíí©ôñ ëîæðå õDW äñæìí©ôñ 0ðä; õçñéìç©ñVFðçñéæí©ñVFôñ 52$5ðë$ õçñççí©ðçñçäí©ôñ
%$521ðë õëñåìëPñVFðëñåêäPñFRôDQG %2ðì õDW çñæèí©ô DQG FKDONV ZKLFK FRXOG EH DV \RXQJ
DV WKLV ]RQH KDYH DOVR EHHQ UHFRUGHG LQ WKH ZHOOV ìîäðìñ ëîëðêñ ëîèðìñ ëîèðäñ ëîæðéñ $''$ðëñ
/8/8ðìñ 021$ðì DQG 52$5ðëï



$ MRLQW &KDON 6WUDWLJUDSKLF )UDPHZRUN -RLQW &KDON 5HVHDUFK

ð æå ð &KDSWHU éã %LRVWUDWLJUDSK\ 'HFHPEHU ìäää

=RQH 07ëã õ*ORERFRQXVD GDXEMHUJHQVLV =RQHô

$XWKRUã %DLOH\ KHUHLQï

$JHã ¦ODWH§ ¤ ¦HDUO\§ 'DQLDQï

'HILQLWLRQã 7RS GHILQHG RQ WKH KLJKHVW RFFXUUHQFH RI *ï GDXEMHUJHQVLVñ HTXDWLQJ WKLV ]RQH
ZLWK 6XE]RQH 163ìD DV GHILQHG E\ .LQJ õRSï FLWïôï

&RPPHQWVã 7KH WRS RI WKLV =RQH DOVR HTXDWHV ZLWK WKH WRS RI WKH *ï GDXEMHUJHQVLV =RQH DV
LOOXVWUDWHG E\ %DQJ õLQ 5DVPXVVHQñ ìäæåôï 7KHUH LV DOVR OLPLWHG HYLGHQFH ZLWKLQ WKH UHJLRQ WKDW
WKH ]RQH PLJKW EH VXEGLYLGHG RQ WKH RFFXUUHQFH RI *ï GDXEMHUJHQVLV JLJDQWHDñ ZKLFK LV
NQRZQ WR RFFXU LQ ERWK WKH 1RUZHJLDQ DQG 'DQLVK VHFWRUV RI WKH &HQWUDO *UDEHQ DUHDï

'LVWULEXWLRQã 7KLV ]RQH FDQ EH VXEGLYLGHG LQWR WZR VXE]RQHV LQ D OLPLWHG QXPEHU RI ZHOOV
DQG XQGLIIHUHQWLDWHG =RQH 07ë (NRILVN VHGLPHQWV DUH UHFRJQLVHG LQ ZHOOV ëîæðìè õëñääíPð
êñíìéPôñ ëîæð%ìì õäñäêå©ñFRðäñääå©ñFRôñ 52$5ðë$ õçñæíí©ðçñæêè©ñFRô DQG %2ðì õDW
çñæèæ©ñVFôï 3RVVLEOH 07ë DJH VHGLPHQWV KDYH DOVR EHHQ UHFRUGHG LQ ZHOOV ëîèðìñ ëîæðé DQG
52$5ðëï

7ZR VXE]RQHV FDQ EH UHFRJQLVHG ZLWKLQ WKLV ]RQHñ WKHVH DUH GHILQHG DV IROORZVã

6XE]RQH 07ëEã

$XWKRUã %DLOH\ KHUHLQï

$JHã ¦ODWH§ ¤ ¦PLGGOH§ 'DQLDQï
'HILQLWLRQã 7RS GHILQHG RQ WKH KLJKHVW RFFXUUHQFH RI *ï GDXEMHUJHQVLVñ ZLWK WKH EDVH RI WKH
VXE]RQH WDNHQ DW WKH )$' RI 3ODQRURWDOLWHV FRPSUHVVDï

&RPPHQWVã 7KH SUHFLVH GDWLQJ DW WKH EDVH RI WKLV VXE]RQH LV XQFHUWDLQñ KRZHYHU LW IUHTXHQWO\
FDOLEUDWHV FORVHO\ ZLWK WKH RFFXUUHQFH RI WKH VKRUWðUDQJLQJ ¦PLGGOH§ 'DQLDQ QDQQRIRVVLO +ï
HGZDUGVLLï

'LVWULEXWLRQã 'HILQLWH 6XE]RQH 07ëE (NRILVN FKDONV KDYH EHHQ UHFRJQLVHG DFURVV WKH VWXG\
DUHD LQ ERWK WKH 1RUZHJLDQ DQG 'DQLVK VHFWRUVñ LQ ZHOOV ìîêðå õêñêåèPðêñéçíPôñ ëîéð%ìä
õäñæçè©ñFRðìíñìåè©FRôñ ëîæðë õäñæëí©ðäñåéí©ôñ ëîæðêí õìíñëæí©ðìíñOèêè©ñFRôñ %$521ðë
õëñåéêïæíPñFRðëñååçïçíPñFRô DQG 0ðä; õçñéæë©ñVFðçñèêè©VFôï

6XE]RQH 07ëDã

$XWKRUã %DLOH\ KHUHLQï

$JHã ¦HDUO\§ 'DQLDQï

'HILQLWLRQã 7RS GHILQHG RQ WKH )$' RI 3ODQRURWDOLWHV FRPSUHVVDñ EDVH FRLQFLGHQW ZLWK D
¦IORRG RFFXUUHQFH§ RI WKH (RJORELJHULQD VSSï JURXSï



-RLQW &KDON 5HVHDUFK $ MRLQW &KDON 6WUDWLJUDSKLF )UDPHZRUN

'HFHPEHU ìäää &KDSWHU éã %LRVWUDWLJUDSK\ ð æä ð

&RPPHQWVã 5HFRJQLWLRQ RI WKLV XQLW LV H[WUHPHO\ GLIILFXOWñ SDUWLFXODUO\ RQ WKH EDVLV RI WKH
GDWDEDVH DYDLODEOH LQ WKLV VWXG\ï ,Q SUDFWLFDO WHUPVñ LW IUHTXHQWO\ FRYHUV 'DQLDQ VHGLPHQWV
ZKLFK SUHðGDWH GHILQLWH 6XE]RQH 07ëE FKDONï

'LVWULEXWLRQã 'XULQJ WKH FRXUVH RI WKH SUHVHQW VWXG\ WKLV VXE]RQH KDV EHHQ FRPELQHG ZLWK
SRVVLEOH =RQH 07ì VHGLPHQWVñ DV LW KDV SURYHG LPSRVVLEOH WR VHSDUDWH WKHP GXH WR WKH YHU\
OLPLWHG PLFURIDXQDO GDWDï +RZHYHUñ 6XE]RQH 07ëD ð "07ì FKDONV KDYH EHHQ UHFRUGHG LQ
ZHOOV ìîäðì õêñíéäïìæPñFRðêñíäåïèíPñFRôñ ëîéð%ìä ìíñëíè©ñFRðìíñëìè©ñFRôñ ëîèðä õêñêíêPð
êêåìPôñ ëîæðå õäñæêí©ðäñäêí©ôñ $''$ðë õçñäíë©ñVFðæñíìì©ñVFôñ /8/8ðì õäñìäæ©ñVFðäñêçí©ñVFôñ
0ðä; õçñèéí©ñFRðçñèèí©ñFRô DQG 021$ðì õäñäæç©ñVFðìíñëæí©ôï

=RQH 07ìã õ3ODQRURWDOLWHV DUFKHRFRPSUHVVD =RQHô

$XWKRUã %DLOH\ KHUHLQï

$JHã ¦HDUO\§ 'DQLDQï

'HILQLWLRQã 7RS GHILQHG RQ WKH DEXQGDQW RFFXUUHQFH RI (RJORELJHULQD VSSïñ QRUPDOO\ UHFRUGHG
EHORZ WKH )$' RI 3ODQRURWDOLWHV FRPSUHVVDï 5DUH UHFRUGV RI WKH LQGH[ WD[RQ 3ï
DUFKHRFRPSUHVVD KDYH EHHQ UHFRUGHG LQ SDUWV RI WKH &HQWUDO *UDEHQñ KRZHYHU WKLV VSHFLHV LV
QRW QRWHG LQ DQ\ RI WKH VWXG\ ZHOOVï

&RPPHQWVã 7KLV LV D YHU\ SRRUO\ UHSUHVHQWHG XQLW WKURXJKRXW WKH VWXG\ UHJLRQ DQG KDV RQO\
WHQWDWLYHO\ EHHQ LGHQWLILHG RQ UDUH RFFDVLRQVï ,W PD\ HTXDWH ZLWK WKH (RJORELJHULQD
HREXOORLGHV DVVHPEODJH 6XE]RQH LGHQWLILHG E\ %DQJ õLQ 5DVPXVVHQñ RSï FLWïôï

'LVWULEXWLRQã 6HH FRPPHQWV IRU WKH RYHUO\LQJ VXE]RQHï

éïëïëïë &5(7$&(286

=RQH )&6ëêã õ3VHXGRWH[WXODULD HOHJDQV =RQHôï

$XWKRUã .LQJ HW DOï õìäåäôï

$JHã /DWH 0DDVWULFKWLDQï

'HILQLWLRQã 7RS GHILQHG RQ WKH ¦ODVW DSSHDUDQFH GDWXP§ õ/$'ô RI 3ï HOHJDQVï õ6HH .LQJ HW DOñ
ìäåäñ IRU GHWDLOHG GLVFXVVLRQô

&RPPHQWVã %HUJHQ ÷ 6LNRUD õìäääô FOHDUO\ LOOXVWUDWH D FRPSDULVRQ RI WKLV ]RQH ZLWK WKH
SODQNWLF IRUDPLQLIHUDO GLVWULEXWLRQ UHFRUGHG RYHU WKH 9DOKDOO DQG +RG ILHOGV ZLWKLQ WKHLU =RQH
1&)ì DQG WKH WRS RI =RQH 1&)ëï 6LPLODU UHFRUGV RI SODQNWLF WD[D KDYH QRW EHHQ REVHUYHG
ZLWK VXIILFLHQW FRQVLVWHQF\ ZLWKLQ WKLV VWXG\ WR PDNH DQ\ YDOLG FRPSDULVRQVï

'LVWULEXWLRQã :LGHVSUHDG WKURXJKRXW WKH VWXG\ DUHDñ XQGLIIHUHQWLDWHG )&6ëê FKDON KDV EHHQ
UHFRUGHG LQ ìîäðì õêñìíçïèPñFRðêñìäéïêèPñFRôñ ëîëðë õëñèìíPðëñèìêPñVFôñ ëîèðì õìíñçèç©ñFRð
ììñìíí©ôñ ëîèðä õêñéëçPðêñèçìPôñ ëîììð$ë 7ë õêñêæåPðêñêäíPôñ ëîììð$ë 7ê õêñêæåP ¤
êñêåéPôñ $''$ðë õæñíëí©ñVFðæñíäí©ô DQG TXHVWLRQDEO\ LQ /8/8ðì õäñèäí© ¤ äñåêí©ôï



$ MRLQW &KDON 6WUDWLJUDSKLF )UDPHZRUN -RLQW &KDON 5HVHDUFK

ð åí ð &KDSWHU éã %LRVWUDWLJUDSK\ 'HFHPEHU ìäää

,Q VHYHUDO ZHOOV EURDGO\ GDWHG 0DDVWULFKWLDQ FKDON ZDV UHFRJQLVHG UDQJLQJ EHWZHHQ =RQHV
)&6ëê DQG )&6ëëâ WKHVH DUH ìîêðå õêñèêèPðêñççèPôñ ìîäðì õêñìääïèPñFRðêñêìèPôñ ëîæðé
õìíñçíè©ñFRðìíñçìí©ñFRôñ 0ðä; õçñçëç©ñVFðçñææí©ô ÷ 52$5ðë õçñæåë©ñVFðçñåçé©ñFRôï

7KLV ]RQH KDV EHHQ GLYLGHG LQWR ILYH VXE]RQHV LQ WKH SUHVHQW VWXG\ï 7KHVH DUH DV IROORZVã

6XE]RQH )&6ëêHã

$XWKRUã %DLOH\ KHUHLQï

$JHã /DWHVW 0DDVWULFKWLDQï

'HILQLWLRQã 7RS DQG EDVH GHILQHG E\ WKH DEXQGDQW RFFXUUHQFH UDQJH RI 3VHXGRWH[WXODULD
HOHJDQVñ 5RVLWD FRQWXVD DQG 5DFHPLJXHPEHOLQD IUXFWLFRVDï

&RPPHQWVã 7KLV VXE]RQH HTXDWHV FORVHO\ ZLWK 1&)ìD RI %HUJHQ ÷ 6LNRUD õìäääôï

'LVWULEXWLRQã 7KLV LV D ZLGHO\ UHFRJQLVHG VXE]RQH WKURXJKRXW WKH &HQWUDO *UDEHQ DUHD VHHQ LQ
ëîéð%ìä õìíñêìå©ñFRðìíñêëå©FRôñ ëîèðì õìíñëäç©ñFRðìíñêìè©ñFRôñ ëîæðé õìíñéçì©ñFR ð
ìíñéçè©ñFRôñ 0ðä; õçñèèì©ñFRðçñèèä©ñFRôñ /8/8ðì õDW äñêçê©ñVFô ÷ 021$ðì õìíñëåí©ð
ìíñêíí©ôï

,Q VHYHUDO ZHOOV 6XE]RQHV )&6ëêHðF FDQQRW EH GLIIHUHQWLDWHG DQG D FRPELQHG VXE]RQDO XQLW LV
UHFRJQLVHGâ ëîèðä õêñêåéPðêñéììPôñ ëîæðêí õDW ìíñæêí©ñFRôñ 52$5ðë õçñæèí©ñVFðçñæåí©ñVFô
DQG êíîæDðë õìíñééí©ðìíñæíí©ôï $Q XQGLIIHUHQWLDWHG )&6ëêHðG XQLW LV UHFRJQLVHG LQ WKH 7\UD
ZHOO (ðé; õçñçéí©ðçñççè©ñFRôï

6XE]RQH )&6ëêGã

$XWKRUã %DLOH\ KHUHLQï

$JHã /DWH 0DDVWULFKWLDQï

'HILQLWLRQã 7RS GHILQHG E\ WKH ORZHVW DEXQGDQW RFFXUUHQFH RI WKH SODQNWLF IRUDPLQLIHULGV
OLVWHG DERYHï %DVH GHILQHG E\ D UHJLRQDOO\ SHUVLVWHQW DFPH RFFXUUHQFH RI %ROLYLQRLGHV GUDFRï

'LVWULEXWLRQã 7KLV VXE]RQH LV UHFRJQLVHG DV D GLVFUHWH XQLW LQ ILYH ZHOOVã ëîæðé õìíñéæì©ñFRð
ìíñèìå©ñFRôñ ëîììð$ë õDW êñêçåPôñ 0ðä; õçñèçê©ñVFðçñçëê©ñVFôñ /8/8ðì õDW äñêæå©ñVFô ÷
021$ðì õDW ìíñêìê©ñVFôï 8QGLIIHUHQWLDWHG 6XE]RQH )&6ëêGðF FKDONV ZHUH UHFRJQLVHG LQ ëîéð
%ìä õìíñêéæ©ñFRðìíñêçç©ñFRô DQG ëîèðì õìíñêëí©ðìíñçéå©ñFRôï

6XE]RQH )&6ëêFã

$XWKRUã %DLOH\ KHUHLQï

$JHã /DWH 0DDVWULFKWLDQï

'HILQLWLRQã 7RS GHILQHG E\ WKH DFPH RFFXUUHQFH RI %ï GUDFRï %DVH GHILQHG E\ WKH ¦ILUVW
DSSHDUDQFH GDWXP§ õ)$'ô LQ WKLV UHJLRQ RI 3ï HOHJDQVï



-RLQW &KDON 5HVHDUFK $ MRLQW &KDON 6WUDWLJUDSKLF )UDPHZRUN

'HFHPEHU ìäää &KDSWHU éã %LRVWUDWLJUDSK\ ð åì ð

&RPPHQWVã %HUJHQ ÷ 6LNRUD õìäääô UHJDUG WKH EDVDO RFFXUUHQFH RI 3ï HOHJDQV DV EHLQJ
GLDFKURQRXVï 1R HYLGHQFH KDV EHHQ UHFRUGHG IURP WKH SUHVHQW VWXG\ WR FRQILUP WKLV DQG WKH
HYHQW KDV SURYHG D YLDEOH FRUUHODWLRQ PDUNHUï

'LVWULEXWLRQã 'LVFUHWH 6XE]RQH )&6ëêF FKDON KDV EHHQ UHFRJQLVHG WKURXJKRXW WKH VWXG\ DUHD
LQ ëîæðë õìíñííí©ðìíñìåí©ôñ ëîæðé õìíñèêë©ñFRðìíñèåí©ñFRôñ %2ðì õçñæçí©ñVFðçñææí©ñVFôñ /8/8ð
ì õäñêåë©ñVFðäñèèæ©VFô ÷ 021$ðì õìíñêéí©ñFRðìíñêåç©ñVFôï ,W KDV SURYHG GLIILFXOW WR
VXEGLYLGH WKH HDUO\ SDUW RI WKH /DWH 0DDVWULFKWLDQ LQ WZR ZHOOV DQG DQ XQGLIIHUHQWLDWHG
)&6ëêFðD XQLW LV LQFOXGHG LQ ëîììð$ë õêñêåíPñFRðêñéíæïæPñFRô ÷ (ðé; õçñçæí©ðçñåæí©ôï

6XE]RQH )&6ëêEã

$XWKRUã %DLOH\ KHUHLQï

$JHã /DWH 0DDVWULFKWLDQï

'HILQLWLRQã 7RS GHILQHG E\ WKH )$' õ/'2ô RI 3ï HOHJDQVï %DVH GHILQHG E\ WKH /$' õ)'2ô RI
*DYHOLQHOOD PXOWLSXQFWDWD õWKLV HYHQW KDV QRW EHHQ HVWDEOLVKHG WKURXJKRXW WKH ZKROH VWXG\
DUHD DQG PD\ EH RI PRUH ORFDO VLJQLILFDQFH LQ WKH 9DOKDOO DQG +RG DUHD ZKHUH LV UHFRJQLVHG
ZLWK VRPH FRQVLVWHQF\ôï
&RPPHQWVã )RU SUDFWLFDO SXUSRVHV WKLV VXE]RQH KDV EHHQ FRPELQHG ZLWK WKH XQGHUO\LQJ XQLW
LQ WKH SUHVHQW VWXG\ï

6XE]RQH )&6ëêDã

$XWKRUã %DLOH\ñ KHUHLQï

$JHã /DWH 0DDVWULFKWLDQï

'HILQLWLRQã 7RS GHILQHG E\ WKH /$' RI *ï PXOWLSXQFWDWDï %DVH GHILQHG E\ WKH /$' RI
%ROLYLQRLGHV PLOLDULVï

&RPPHQWVã 7KH SUHVHQFH DQG SRVVLEOH WKLFNQHVV RI WKLV XQLW LV ODUJHO\ GHSHQGDQW RQ WKH
GLVWULEXWLRQ RI DOORFKWKRQRXV FKDON PDVVHV ZLWKLQ ZHOO VHFWLRQVï ,W LV WKRXJKW WKDW WKLV DQG WKH
RYHUO\LQJ VXE]RQH UHSUHVHQW WKLQ ORFDOO\ UHZRUNHG XQLWV ZLWKLQ WKH /DWH 0DDVWULFKWLDQï

'LVWULEXWLRQã $Q XQGLIIHUHQWLDWHG )&6ëêEîD 6XE]RQH LV UHFRJQLVHG LQ WZR 'DQLVK ZHOOVã %2ð
ì õçñæåí©ñVFðçñåëí©ñFRô ÷ 52$5ðë$ õçñææç©ñVFðçñåëë©ñVFôï

=RQH )&6ëëã õ%ROLYLQRLGHV PLOLDULV =RQHôï

$XWKRUã .LQJ HW DOñ ìäåäï

$JHã (DUO\ 0DDVWULFKWLDQ ¤ /DWH &DPSDQLDQï

'HILQLWLRQã 7RS GHILQHG RQ WKH ¦ODVW DSSHDUDQFH GDWXP§ õ/$'ô RI %ï PLOLDULVï õ6HH .LQJ HW DOñ
ìäåäñ IRU GLVFXVVLRQôï



$ MRLQW &KDON 6WUDWLJUDSKLF )UDPHZRUN -RLQW &KDON 5HVHDUFK

ð åë ð &KDSWHU éã %LRVWUDWLJUDSK\ 'HFHPEHU ìäää

&RPPHQWVã 7KH H[WLQFWLRQ SRLQW RI %ï PLOLDULV KDV EHHQ LGHQWLILHG FORVH WR WKH WRS RI WKH
(DUO\ 0DDVWULFKWLDQ LQWHUYDO LQ VHYHUDO VWXGLHV RI VWDQGDUG RQVKRUH VHFWLRQV ZKHUH WKH EHQWKLF
IRUDPLQLIHULGV DUH FORVHO\ FDOLEUDWHG ZLWK WKH QDQQRSODQNWRQ GLVWULEXWLRQ DQG RWKHU
VWUDWLJUDSKLF FULWHULD õ6FK|QIHOG ÷ %XUQHWWñ ìääìñ 6FK|QIHOG HW DOñ ìääçôï 2FFXUUHQFHV RI WKLV
WD[RQ LQ \RXQJHU VHGLPHQWV PXVW EH WUHDWHG ZLWK FDXWLRQ GXH WR WKH KLJK OHYHOV RI UHZRUNLQJ
WKURXJK WKLV SDUW RI WKH FKDONï

'LVWULEXWLRQã 6HGLPHQWV GDWHG DV DQ XQGLIIHUHQWLDWHG =RQH )&6ëë DUH UHFRJQLVHG LQ ëîëðë
õëñèçíPðëñçêíPôñ ëîåð$ðìõëñéåæïèPñFRðëñéåäPñFRôñ ëîìì$ðë 7ë õDW êñéíëPôñ ëîìì$ðë 7ê õDW
êñêäèPôñ 0ðä; õçñæåí©ñVFðçñåçè©ôDQG 52$5ðë$ õçñåëë©ñVFðçñçêå©FRô DQG WHQWDWLYHO\ LQ ëîèðä
õêñèåëPðêñæçåPô DQG êíîæDðë õDW ìíñåëí©ôï

7KLV ]RQH KDV EHHQ GLYLGHG LQWR IRXU VXE]RQHV LQ WKH SUHVHQW VWXG\ñ KRZHYHU UHFRJQLWLRQ RI
WKHVH KDV SURYHQ GLIILFXOW RQ WKH SRRU TXDOLW\ GDWD DYDLODEOHï )RU SUDFWLFDO SXUSRVHVñ RQO\ WZR
VXE]RQDO XQLWV KDYH EHHQ UHFRJQLVHG LQ WKH ZHOOV DQDO\VHGï 7KH VXE]RQHV DUH GHILQHG DV
IROORZVã

6XE]RQH )&6ëëGã

$XWKRUã %DLOH\ñ KHUHLQï

$JHã (DUO\ 0DDVWULFKWLDQï

'HILQLWLRQã 7RS GHILQHG RQ WKH /$' RI %ï PLOLDULVï %DVH GHILQHG E\ WKH WRS RI WKH XQGHUO\LQJ
VXE]RQHï

&RPPHQWVã 7KLV VXE]RQH KDV EHHQ FRPELQHG ZLWK WKH XQGHUO\LQJ VXE]RQH IRU FRUUHODWLRQ
SXUSRVHV RQ WKH GDWDEDVH IURP WKLV VWXG\ï

'LVWULEXWLRQã $ XQLW GDWHG DV 6XE]RQHV )&6ëëGðF LV UHFRJQLVHG LQ WKH 'DQLVK ZHOOV (ðé;
õçñååí©ñFRðçñäåí©ô DQG /8/8ðì õäñåçí©ðäñäéç©ñVFôï

6XE]RQH )&6ëëFã

$XWKRUã %DLOH\ñ KHUHLQï

$JHã (DUO\ 0DDVWULFKWLDQï

'HILQLWLRQã 7RS GHILQHG E\ WKH /$' RI $QJXORJDYHOLQHOOD EHWWHQVWDHGWLï %DVH GHILQHG E\ WKH
WRS RI WKH XQGHUO\LQJ VXE]RQHï 7KLV VXE]RQH HTXDWHV ZLWK 6XE]RQH )&6ëëE LQ .LQJ HW DOï
õìäåäô

&RPPHQWVã %HUJHQ ÷ 6LNRUD õìäääô ULJKWO\ QRWH WKDW WKH LQGH[ VSHFLHV IRU WKLV VXE]RQH LV
H[WUHPHO\ UDUH DQG ORJJHG RQO\ RFFDVLRQDOO\ LQ &HQWUDO *UDEHQ FKDONVñ QHYHUWKHOHVV LW GRHV
RFFXU DQGñ ZKHQ IRXQGñ SURYLGHV DQ H[WUHPHO\ VKRUWðUDQJLQJ PDUNHU HYHQWï ,W KDV WKHUHIRUH
EHHQ PDLQWDLQHG DV D VXE]RQDO PDUNHU LQ WKH SUHVHQW VWXG\ï

'LVWULEXWLRQã 6HH QRWHV IURP RYHUO\LQJ XQLWï



-RLQW &KDON 5HVHDUFK $ MRLQW &KDON 6WUDWLJUDSKLF )UDPHZRUN

'HFHPEHU ìäää &KDSWHU éã %LRVWUDWLJUDSK\ ð åê ð

6XE]RQH )&6ëëEã

$XWKRUã %DLOH\ñ KHUHLQï

$JHã (DUO\ 0DDVWULFKWLDQï

'HILQLWLRQã 7RS GHILQHG E\ WKH DFPH RFFXUUHQFH RI XQNHHOHG SODQNWLF IRUDPLQLIHULGVñ
SDUWLFXODUO\ 5XJRJORELJHULQD UXJRVDñ +HWHURKHOL[ JOREXORVD DQG *ORELJHULQHOORLGHV VSSï %DVH
GHILQHG E\ WKH WRS RI WKH XQGHUO\LQJ VXE]RQHï

&RPPHQWVã %HUJHQ ÷ 6LNRUD õìäääô LQGLFDWH D OHYHO RI GLDFKURQHLW\ IRU WKLV /RZHU 7RU
PDUNHU HYHQWñ KRZHYHU WKH DEXQGDQW RFFXUUHQFH RI XQNHHOHG SODQNWLFV LV IUHTXHQWO\ ORJJHG E\
GLIIHUHQW DQDO\VWV DQG WKHUHIRUH SURYLGHV D XVHIXO VXE]RQDO LQGH[ ZLWKLQ WKH OLPLWV RI WKH
SUHVHQW VWXG\ï

'LVWULEXWLRQã $ XQLW GDWHG DV 6XE]RQHV )&6ëëEðD LV UHFRJQLVHG LQ WKH 'DQLVK ZHOOV (ðé;
õæñííí©ðæñëíí©ô DQG /8/8ðì õäñäåí©ðìíñéêí©ôï

6XE]RQH )&6ëëDã

$XWKRUã %DLOH\ñ KHUHLQï

$JHã (DUOLHVW 0DDVWULFKWLDQ ð /DWH &DPSDQLDQï

'HILQLWLRQã 7RS GHILQHG E\ WKH KLJKHVW FRPPRQ RFFXUUHQFH RI $UDJRQLD DUDJRQHQVLVï %DVH
GHILQHG E\ WKH WRS RI WKH XQGHUO\LQJ =RQHï

&RPPHQWVã 7KLV VXE]RQH LV NQRZQ WR RFFXU ZLWKLQ WKH 9DOKDOOî+RG DUHD DQG ZDV RULJLQDOO\
LGHQWLILHG LQ WKH RQVKRUH VHFWLRQV DURXQG /lJHUGRUIñ LQ QRUWKHUQ *HUPDQ\ õ6FK|QIHOG ÷
%XUQHWW ìääìôï ,WV SRWHQWLDO XVH KDV WKHUHIRUH EHHQ PDLQWDLQHG LQ WKH SUHVHQW ]RQDWLRQï

'LVWULEXWLRQã 6HHQ RQO\ LQ ZHOO ëîììð$ë õDW êñééíPñFRUHôï

=RQH )&6ëì õ%ROLYLQRLGHV GHFRUDWXV =RQHôï

$XWKRUã .LQJ HW DOïñ ìäåä

$JHã /DWH ¤ (DUO\ &DPSDQLDQ

'HILQLWLRQã 7RS GHILQHG E\ WKH /$'©V õ)'2©Vô RI *ORERWUXQFDQD DIIï DUFD DQG 7ULWD[LD
FDSLWRVDï

&RPPHQWVã 7KHVH HYHQWV DUH HTXDWH FORVHO\ ZLWK WKH DEXQGDQFH RI 5HXVVHOOD V]DMQRFKDH
V]DMQRFKDH XVHG E\ .LQJ HW DOï õRSï FLWïô WR GHILQH WKH WRS RI WKLV ]RQHñ KRZHYHU WKH\ DSSHDU WR
EH PRUH ZLGHVSUHDG DQG OHVV SURQH WR SRWHQWLDO GLDFKURQHLW\ï 7KH ]RQDO LQGH[ñ %ï GHFRUDWXVñ LV
IUHTXHQWO\ UHFRUGHG LQ WKH VRXWK RI WKH VWXG\ DUHD õ'DQLVK ZHOOVôñ EXW LV QRW FRPPRQ LQ WKH
1RUZHJLDQ VHFWRU DQG KDV WKHUHIRUH QRW EHHQ XVHG WR GHILQH WKH ]RQHï



$ MRLQW &KDON 6WUDWLJUDSKLF )UDPHZRUN -RLQW &KDON 5HVHDUFK

ð åé ð &KDSWHU éã %LRVWUDWLJUDSK\ 'HFHPEHU ìäää

,Q WKH 1RUZHJLDQ VHFWRU RI WKH &HQWUDO *UDEHQ WKH WRS RI WKLV ]RQH IUHTXHQWO\ HTXDWHV ZLWK WKH
¦8SSHU 5HG 0DUNHU§ DV GHVFULEHG E\ .LQJ HW DOï õìäåäôï 7KLV HYHQW KDV EHHQ IUHTXHQWO\ XVHG
WR GHILQH WKH WRS RI WKH /DWH &DPSDQLDQ VHFWLRQ LQ PDQ\ UHSRUWVñ KRZHYHU FXUUHQW SURSRVDOV E\
WKH ,QWHUQDWLRQDO 6WDJH %RXQGDU\ 6XEðFRPPLVVLRQ õ6HH GLVFXVVLRQ LQ 1DQQRSODQNWRQ
=RQDWLRQ 8&ìçLLLô SODFH WKLV ]RQH ZLWKLQ WKH /DWH &DPSDQLDQï

'LVWULEXWLRQã &KDONV GDWHG DV GHILQLWH XQGLIIHUHQWLDWHG =RQH )&6ëì DUH UHFRUGHG LQ ZHOOV ëîëð
ë õDW ëñçæíPôñ ëîèðæ õDW êñäæíPôñ ëîìì$ðë õêñééíPñFRðêñéåèPñFRôñ ëîìì$ðë 7ë õêñéìéPð
êñéåèPôñ %2ðì õëñåäëïæPñFRðëñäíëïäèPñFRôñ 52$5ðë õçñåäì©ñVFðçäæí©ôñ 52$5ðë$
õçñåéë©ñFRðçñäéí©ô ÷ êíîæDðë õìíñäëí©ðìíñäåí©ôï 7HQWDWLYH )&6ëì =RQH VHGLPHQWV KDYH EHHQ
UHFRUGHG LQ ìîêðå õêñäçéPðéñíéåPôñ ëîèðì õììñéæí©ðììñçíí©ô ÷ ëîæðêí õìíñäëí©ðììñíéí©ôï

7KLV ]RQH KDV EHHQ GLYLGHG LQWR WZR VXE]RQHV LQ WKH SUHVHQW VWXG\ï 7KHVH DUH DV IROORZVã

6XE]RQH )&6ëìEã

$XWKRUã .LQJ HW DOïñ ìäåä

$JHã /DWH &DPSDQLDQ

'HILQLWLRQã 7RS GHILQHG RQ WKH /$'©V õ)'2©Vô RI *ï DIIï DUFD DQG 7ï FDSLWRVDï %DVH GHILQHG
E\ WKH WRS RI WKH XQGHUO\LQJ VXE]RQH

&RPPHQWVã 7KLV VXE]RQH LV ZLGHO\ UHFRJQLVHG WKURXJKRXW WKH VWXG\ DUHDñ HTXDWLQJ FORVHO\
ZLWK WKH FKDQJH LQ ORJ UHVSRQVH ZKLFK GHILQHV WKH WRS RI WKH 0DJQH )RUPDWLRQï

'LVWULEXWLRQã $ GLVFUHWH )&6ëìE VXE]RQDO XQLW KDV EHHQ UHFRJQLVHG LQ IRXU RI WKH VWXG\
ZHOOVâ ëîëðê õêñéèéPðêñéçíPôñ ëîèðäP õêñææëPðêñåëèPôñ ëîæðìè õêñíêåPðêñíçêïìPô DQG
/8/8ðì õìíñéèí©ðìíñçíè©ñVFôï $ XQLW UDQJLQJ LQ DJH IURP =RQH )&6ëë"ð6XE]RQH )&6ëìE LV
UHFRUGHG LQ WKH ZHOO ëîæðå õäñäèí©ðìíñíæí©ôï

6XE]RQH )&6ëìDã

$XWKRUã .LQJ HW DOïñ ìäåäñ DPHQGHG %DLOH\ñ KHUHLQï

$JHã /DWH ð (DUO\ &DPSDQLDQï

'HILQLWLRQã 7RS GHILQHG RQ WKH /$' RI 6WHQVLRHLQD JUDQXODWD LQFRQGLWDï %DVH GHILQHG E\ WKH
WRS RI WKH XQGHUO\LQJ =RQHï .LQJ HW DOï õRSï FLWïô XVH *DYHOLQHOOD XVDNHQVLV WR GHILQH WKLV
VXE]RQHñ EXW DV %HUJHQ ÷ 6LNRUD õìäääô SRLQW RXWñ WKLV WD[RQ LV H[WUHPHO\ UDUH LQ WKH RIIVKRUH
DUHDï $Q DOWHUQDWLYH HYHQWñ QRWHG E\ .LQJ HW DOï õRSï FLWïô DV D VXSSRUWLQJ FULWHULRQ IRU WKH
VXE]RQDO GHILQLWLRQñ WKH )'2 RI 6ï JUDQXODWD LQFRQGLWDñ LV WKHUHIRUH XVHG KHUHï

'LVWULEXWLRQã 7KLV VXE]RQH LV IUHTXHQWO\ RQO\ UHFRJQLVHG DV D YHU\ WKLQ XQLWñ KRZHYHU LW LV
FRQILUPHG LQ ZHOOV ëîèðä õêñåéêPðêñåæäPôñ ëîæðìè õDW êñíæèPôñ ëîæð%ìì õDW ìíñéèí©ñFRôñ
/8/8ðì õDW ìíñçëä©ñVFô ÷ 52$5ðë õçñäåí©ðçñääí©ôï 6HGLPHQWV UDQJLQJ LQ DJH IURP =RQHV
)&6ëìD ¤ )&6ëí DUH UHFRUGHG LQ ëîæðå õìíñíäí©ðìíñëèí©ô ÷ (ðé; õæñëëí©ðæñèíí©ôï



-RLQW &KDON 5HVHDUFK $ MRLQW &KDON 6WUDWLJUDSKLF )UDPHZRUN

'HFHPEHU ìäää &KDSWHU éã %LRVWUDWLJUDSK\ ð åè ð

=RQH )&6ëíã õ6WHQVLRHLQD H[VFXOSWD JUDFLOLV =RQHôï

$XWKRUã .LQJ HW DOïñ ìäåäï

$JHã (DUO\ &DPSDQLDQï

'HILQLWLRQã 7RS GHILQHG RQ WKH /$' RI 6ï H[VFXOSWD JUDFLOLVï 6HH .LQJ HW DOï õRSï FLWïô IRU
GLVFXVVLRQï

&RPPHQWVã 6HGLPHQWV RI WKLV ]RQDO DJH DUH YHU\ UDUHO\ UHFRJQLVHG LQ WKH VWXG\ DUHD GXH WR WKH
HURVLYH HIIHFWV RI PLG &DPSDQLDQ 3HLQH WHFWRQLVPñ KRZHYHU WKH\ DUH SUHVHQW LQ QLQH RI WKH
VWXG\ ZHOOVï

'LVWULEXWLRQã 8QGLIIHUHQWLDWHG =RQH )&6ëì FKDON LV UHFRJQLVHG LQ ZHOOV ëîæðìè õêñíåìPð
êñìëìïìèPôñ ëîæðêí õììñíäí©ðììñêêé©ñVFôñ ëîìì$ðë õDW êñíååPñFRôñ $''$ðë õDW æñììí©ñVFôñ
%2ðì õDW çñåëç©ñFRô ÷ êíîæDðë õììñííí©ðììñìíí©ôï

7KLV ]RQH KDV EHHQ GLYLGHG LQWR WZR VXE]RQHV LQ WKH SUHVHQW VWXG\ï 7KHVH DUH DV IROORZVã

6XE]RQH )&6ëíEã

$XWKRUã %DLOH\ñ KHUHLQï

$JHã (DUO\ &DPSDQLDQï

'HILQLWLRQã 7RS GHILQHG RQ WKH /$' RI 6ï H[VFXOSWD JUDFLOLVï %DVH GHILQHG E\ WKH )$' õ/'2ô
RI 6WHQVLRHLQD SRPPHUDQDï

&RPPHQWVã 7KH )$' RI 6ï SRPPHUDQD LV GLIILFXOW WR UHFRJQLVH LQ RIIVKRUH VHFWLRQV ZKHUH
RQO\ GLWFK VDPSOHV DUH DYDLODEOHï +RZHYHUñ ZKHUH FRUHG VHFWLRQV DUH DYDLODEOH LW LV SRVVLEOH WR
FRUUHODWH WKH IRUDPLQLIHULG GLVWULEXWLRQ XVHG KHUHLQ ZLWK WKH DFFXUDWHO\ GDWHG RQVKRUH VHFWLRQ
DW 6HDIRUGñ 8ï.ï õ%DLOH\ HW DOïñ LQ SUHSïô ZKHUH WKH LQFHSWLRQ RI 6ï SRPPHUDQD LV FDOLEUDWHG
ZLWK QDQQRSODQNWRQ DQG PDFURIRVVLO GDWDï

'LVWULEXWLRQã 7KLV XQLW FDQ RQO\ EH UHFRJQLVHG LQ FRUHG VHFWLRQ DQG WKH RQO\ H[DPSOH
UHFRJQLVHG GXULQJ WKH SUHVHQW VWXG\ LV LQ ZHOO ëîìì$ðë 7ë õDW êñíååPñFRôï

6XE]RQH )&6ëíDã

$XWKRUã %DLOH\ñ KHUHLQï

$JHã (DUO\ &DPSDQLDQï

'HILQLWLRQã 7RS WDNHQ DW WKH )$' õ/'2ô RI 6ï SRPPHUDQDï %DVH GHILQHG E\ WKH WRS RI WKH
XQGHUO\LQJ ]RQHï

&RPPHQWVã 6HH DERYHï

'LVWULEXWLRQã 7KLV VXE]RQH KDV QRW EHHQ GLIIHUHQWLDWHG GXULQJ WKH FRXUVH RI WKH SUHVHQW VWXG\ï



$ MRLQW &KDON 6WUDWLJUDSKLF )UDPHZRUN -RLQW &KDON 5HVHDUFK

ð åç ð &KDSWHU éã %LRVWUDWLJUDSK\ 'HFHPEHU ìäää

=RQH )&6ìäã õ6WHQVLRHLQD H[VFXOSWD H[VFXOSWD =RQHô

$XWKRUã .LQJ HW DOïñ ìäåäï

$JHã /DWH ¤ 0LGGOH 6DQWRQLDQï

'HILQLWLRQã 7RS GHILQHG RQ WKH /$' RI 6ï H[VFXOSWD H[VFXOSWD .LQJ HW DOï õRSï FLWïôï

&RPPHQWVã 1RWH WKH FORVH UHODWLRQVKLS EHWZHHQ WKLV HYHQW DQG WKH KLJKHVW RFFXUUHQFH RQ
VSKHULFDO UDGLRODULD õ&HQRVSKDHUD VSSïôï 7KLV KDV EHHQ FRQILUPHG LQ WKH SUHVHQW VWXG\ DQG WKH
UDGLRODULD KDYH EHHQ XVHG DV DQ DOWHUQDWLYH PDUNHU LQ WKH DEVHQFH RI WKH IRUDPLQLIHUDO ]RQDO
LQGH[ï

'LVWULEXWLRQã 7KLV ]RQH KDV EHHQ UHFRUGHG LQ ZHOOV WKURXJKRXW WKH VWXG\ DUHDñ KRZHYHU LW LV
IUHTXHQWO\ YHU\ WKLQ DQG WUXQFDWHG E\ DQ XQFRQIRUPDEOH ERXQGDU\ ZLWK WKH RYHUO\LQJ VHFWLRQï
7KLV LV PRVW OLNHO\ WKH HIIHFW RI WKH /DWH 6DQWRQLDQ ¤ HDUOLHVW &DPSDQLDQ :HUQLJHURGH WHFWRQLF
SKDVH ZKLFK PD\ ZHOO KDYH UHðDFWLYDWHG SRVLWLYH VWUXFWXUHV LQ WKH UHJLRQ 0RUWLPRUH HW DOï
õìääåôï

&KDON RI =RQH )&6ìä DJH LV UHFRUGHG LQ ZHOOV ìîêðå õéñëäæPðéñêèæPôñ ëîèðæ õDW êñäæäPôñ
52$5ðë õæñííí©ðæñíçí©ôñ 52$5ðë$ õæñííí©ðæñíåí©ôñ %$521ðë õDW ëñäìçPôñ $''$ðë
õæñìéè©ðæñìçç©ôñ $''$ðê õæñëëí©ðæñëêæ©ô ÷ êíîæDðë õDW ììñìëí©ôï $ WHQWDWLYHO\ GDWHG )&6ìä
LQWHUYDO LV QRWHG DW WKH EDVH RI WKH ZHOO ëîæðêí õììñêäí©ðììñéíæ©ñVFô DQG VHGLPHQWV UDQJLQJ LQ
DJH IURP )&6ìä ¤ )&6ìå DUH UHFRUGHG LQ ëîëðë õDW ëñæêíPô DQG ëîëðê õêñéæëPðêñéäíPôï

=RQH )&6ìåã õ6WHQVLRHLQD JUDQXODWD SRORQLFD =RQHô

$XWKRUã .LQJ HW DOïñ ìäåäï

$JHã0LGGOH ð (DUO\ 6DQWRQLDQï

'HILQLWLRQã 7RS GHILQHG RQ WKH KLJKHVW FRPPRQ RFFXUUHQFH RI 6ï JUDQXODWD SRORQLFDï

&RPPHQWVã 7KHUH KDV EHHQ FRQVLGHUDEOH GRXEW SODFHG RQ WKH VWUDWLJUDSKLF YDOXH RI WKLV WD[RQñ
DV WKH /$' RI WKH VXEVSHFLHV DSSHDUV WR EH GLDFKURQRXV ZLWKLQ WKH UHJLRQ õ%HUJHQ ÷ 6LNRUDñ
ìäääôï 7KLV GLDFKURQHLW\ FRXOG EH GXH WR D QXPEHU RI IDFWRUV LQFOXGLQJ UHZRUNLQJñ
PLVLGHQWLILFDWLRQ RI WKLV ZLWK RWKHU PRUSKRORJLFDOO\ VLPLODU IRUPV õHïJï *DYHOLQHOOD ZKLWHLñ
6WHQVLRHLQD EHFFDULLIRUPLVô DQG WKH SRWHQWLDO IRU WKLV WD[RQ KDYLQJ D ORQJHU UDQJH õLïHï
EHFRPLQJ H[WLQFW ODWHUô LQ WKH GHHSHU ZDWHU DUHDV RI WKH &HQWUDO *UDEHQï

$OO RI WKH DERYH FULWHULD KDYH EHHQ UHFRJQLVHG LQ WKH SUHVHQW VWXG\ IRU WKH /$' RI 6ï
JUDQXODWD SRORQLFDï +RZHYHUñ WKH FRPPRQ RFFXUUHQFH RI WKH WD[RQñ ZKLFK LV WKRXJKW WR
UHSUHVHQW D ZLGHVSUHDG IORRGLQJ HYHQWñ LV XVHG WR GHILQH WKH ]RQH KHUHï 7KLV DSSHDUV WR EH D
UHOLDEOH VWUDWLJUDSKLF GDWXP ZKHQ FDOLEUDWHG ZLWK WKH QDQQRSODQNWRQ DQG LV ZLGHO\ UHFRJQLVHG
E\ PRVW SUDFWLFLQJ ELRVWUDWLJUDSKHUV ZRUNLQJ LQ WKH DUHDï ,W KDV WKHUHIRUH EHHQ UHWDLQHG LQ WKH
SUHVHQW VWXG\ï



-RLQW &KDON 5HVHDUFK $ MRLQW &KDON 6WUDWLJUDSKLF )UDPHZRUN

'HFHPEHU ìäää &KDSWHU éã %LRVWUDWLJUDSK\ ð åæ ð

'LVWULEXWLRQã 7KH ZLGHVSUHDG RFFXUUHQFH RI WKLV ]RQH RYHU PDQ\ RI WKH VWUXFWXUHV SUHVHQW LQ
WKH VWXG\ DUHD VXSSRUWV WKH YLHZ WKDW LW UHSUHVHQWV D PDMRU IORRGLQJ HYHQWï ,W LV SUHVHQW DV D
GLVFUHWH ]RQDO XQLW LQ ZHOOV ìîäðì õêñêìåPðêñêëíPôñ ëîéð%ìä õììñéçí©ðììñèëí©ôñ ëîèðì
õììñçìí©ðììñåëí©ôñ ëîèðä õDW êñåäæPôñ ëîæðë õììñëéí© ¤ììñèéí©ôñ ëîæðå õìíñëæí©ðìíñééí©ôñ ëîæð
ìè õêñìèåPðêñìäéPôñ ëîììð$ë õêñéäèPñFRðêñèíêPôñ ëîììð$ë 7ë õêñèíèïåPñFRðêñèìèPñFRôñ
ëîììð$ë 7ê õDW êñéäåPñVFôñ $''$ðë õæñìäìñVFðæñëæéñVFôñ %2ðì õçñåéëñFRðçñäéçPñFRôñ
52$5ðë õæñíäí©ðæñëëí©ô DQG 52$5ðë$ õæñíäí©ðæñëêí©ôï &KDONV GDWHG ZLWK D ]RQDO UDQJH RI
)&6ìåð)&6ìæ KDYH DOVR EHHQ UHFRUGHG LQ ZHOOV ìîäðì õêñêëéPðêñêêçïçPôñ ëîëðë õDW ëñæèíPô
DQG êíîæDðë õììñìçí©ðììñéäí©ñVFôï

=RQH )&6ìæã õ6WHQVLRHLQD JUDQXODWD JUDQXODWD =RQHôï

$XWKRUã .LQJ HW DOïñ ìäåäï

$JHã /DWH ð (DUO\ &RQLDFLDQï

'HILQLWLRQã 7RS GHILQHG RQ WKH /$' RI 6ï JUDQXODWD JUDQXODWDï 6HH .LQJ HW DOï õRSï FLWïô IRU
GLVFXVVLRQï

&RPPHQWVã %HUJHQ ÷ 6LNRUD õìäääô VKRZ WKH H[WLQFWLRQ SRLQW RI 6ï JUDQXODWD JUDQXODWD
ZLWKLQ WKH 6DQWRQLDQ õ=RQH 1)&äô DQG WKH SUHVHQW DXWKRU DJUHHV WKDW WKLV WD[RQ GRHV RFFXU
VSRUDGLFDOO\ WR WKH PLG 6DQWRQLDQï +RZHYHUñ IURP D SUDFWLFDO VWDQGSRLQW WKH PDMRULW\ RI WKH
UHFRUGV QRWHG LQ WKH YDULRXV ELRVWUDWLJUDSKLF UHSRUWV DYDLODEOH KDYH ORJJHG WKH FRPPRQ
RFFXUUHQFH RI WKH VXEVSHFLHVñ ZKLFK LV UHVWULFWHG WR WKH &RQLDFLDQ 6WDJHï

'LVWULEXWLRQã $ GLVFUHWH )&6ìæ ]RQDO XQLW LV UHFRUGHG LQ ZHOOV ìîäðì õêñêéíPðêñéííPôñ ëîæðå
õìíñéçí©ðìíñèëí©ôñ ëîåð$ðì õDW ëñèíìïèêPñFRôñ $''$ðë õæñëåí©ñVFðæñèéí©ôñ %$521ðë õDW
ëñäëçïèíPñFRô DQG %2ðì õçñäèí©ñVFðæñíæèñVFôï /RQJHU UDQJLQJ XQLWV FRYHULQJ VHFWLRQV IURP
)&6ìæ ¤ )&6ìç DUH DOVR UHFRUGHG LQ ZHOOV ëîèðä õêñäíêPðéñíëêPôñ ëîìì$ðë õêñèìèPð
êñèéåïèPôñ ëîìì$ðë 7ë õêñèëëPðêñèêåPñFRô DQG ëîìì$ðë 7ê õêñèíéPðêñèéíPôï

7KLV ]RQH KDV EHHQ GLYLGHG LQWR WZR VXE]RQHV LQ WKH SUHVHQW VWXG\ñ UHFRJQLVDEOH SULQFLSDOO\ LQ
WKH 'DQLVK VHFWRUï 7KHVH DUH DV IROORZVã

6XE]RQH )&6ìæEã

$XWKRUã %DLOH\ KHUHLQï

$JHã /DWH &RQLDFLDQï

'HILQLWLRQã 7RS GHILQHG RQ WKH /$' RI 6ï JUDQXODWD JUDQXODWDï %DVH GHILQHG E\ WKH KLJKHVW
FRPPRQ RFFXUUHQFH RI 0DUJLQRWUXQFDQD PDUJLQDWD DQG WKH /$'©V RI WKH UDGLRODULD
2UELFXOLIRUPD YDFDHQVLV DQG 'LFW\RPLWUD FRQVWULFWDï

'LVWULEXWLRQã 7KLV VXE]RQH LV RQO\ UHFRJQLVHG LQ WZR ZHOOV LQ WKH 'DQLVK VHFWRUã $''$ðê
õæñëèë©ñFRðæñæè©ñFRô DQG 52$5ðë õæñëéí©ðæñéíí©ôï



$ MRLQW &KDON 6WUDWLJUDSKLF )UDPHZRUN -RLQW &KDON 5HVHDUFK

ð åå ð &KDSWHU éã %LRVWUDWLJUDSK\ 'HFHPEHU ìäää

6XE]RQH )&6ìæDã

$XWKRUã %DLOH\ñ KHUHLQï

$JHã /DWH ð (DUO\ &RQLDFLDQï

'HILQLWLRQã 7RS GHILQHG RQ WKH KLJKHVW FRPPRQ RFFXUUHQFH RI 0ï PDUJLQDWD DQG WKH /$'©V
RI WKH UDGLRODULD 2ï YDFDHQVLV DQG 'ï FRQVWULFWDï %DVH GHILQHG E\ WKH WRS RI WKH XQGHUO\LQJ
=RQHï

&RPPHQWVã .LQJ HW DOï õRSï FLWïô PHQWLRQ WKH DEXQGDQFH RI NHHOHG SODQNWLF IRUDPLQLIHULGV
ZLWKLQ =RQH )&6ìæñ EXW GR QRW XVH WKLV IDFWRU WR GLYLGH WKH ]RQHï +RZHYHUñ WKLV VXJJHVWV WKDW
WKLV PDUNHU HYHQW LV RI ZLGHU UHJLRQDO VLJQLILFDQFHï

'LVWULEXWLRQã 7KLV VXE]RQH LV UHFRUGHG DV D GLVFUHWH LQWHUYDO LQ WKUHH 'DQLVK VHFWRU ZHOOVã
$''$ðê õDW æñëåë©ñFRôñ %$521ðë õDW ëñäéíPñFRô DQG 52$5ðë õæñéëí©ðæñèëí©ôï 7KH
VXE]RQH LV DOVR UHFRUGHG LQ WKH 1RUZHJLDQ VHFWRU LQ WZR ZHOOVñ KRZHYHU LQ WKLV DUHD LWV©
GLIIHUHQWLDWLRQ LV OHVV FOHDU DQG LQ ZHOO ëîæðë D )&6ìæDð)&6ìè XQLW LV UHFRUGHG IURP ììñèçí©ð
ììñäëí© DQG LQ ZHOO ëîæðìè 6XE]RQHV )&6ìæDð)&6ìçD DUH UHFRUGHG EHWZHHQ êñìäæP DQG
êñëëæPï

=RQH )&6ìçã õ6WHQVLRHLQD JUDQXODWD OHYLV =RQHô

$XWKRUã .LQJ HW DOïñ ìäåäï

$JHã (DUO\ &RQLDFLDQ ¤ 0LGGOH 7XURQLDQï

'HILQLWLRQã 7RS GHILQHG RQ WKH /$' RI 6ï JUDQXODWD OHYLVï 6HH .LQJ HW DOï õRSï FLWïô IRU
GLVFXVVLRQï

&RPPHQWVã %HUJHQ ÷ 6LNRUD õìäääô LQGLFDWH WKDW WKH LQGH[ WD[RQ IRU WKLV ]RQH RFFXUV RQO\
UDUHO\ DQG VSRUDGLFDOO\ DQGñ ZKLOVW WKLV LV WUXHñ LW LV UHFRUGHG PRUH IUHTXHQWO\ LQ WKH GDWD
DYDLODEOH IURP WKLV VWXG\ WKDQ WKH PRUH UHFHQWO\ GHILQHG SODQNWLF IRUDPLQLIHULGV WKH\ VXJJHVW
DV DOWHUQDWLYH PDUNHUVï

'LVWULEXWLRQã $ GLVFUHWH )&6ìç =RQH LV RQO\ UHFRJQLVHG LQ $''$ðë õæñèéè©ñVF ¤ æñçéí©ñVFôñ
DOWKRXJK WKH GHILQLQJ WD[RQ LV NQRZQ WR RFFXU RYHU WKH 9DOKDOO VWUXFWXUH SURYLQJ LWV©
ZLGHVSUHDG GLVWULEXWLRQï

7KLV ]RQH KDV EHHQ GLYLGHG LQWR WZR VXE]RQHV LQ WKH SUHVHQW VWXG\ï 7KHVH DUH DV IROORZVã

6XE]RQH )&6ìçEã

$XWKRUã %DLOH\ñ KHUHLQï

$JHã (DUO\ &RQLDFLDQ ¤ /DWH 7XURQLDQï

'HILQLWLRQã 7RS GHILQHG RQ WKH /$' RI 6ï JUDQXODWD OHYLVï %DVH GHILQHG RQ D GRZQKROH
DEXQGDQFH OHYHO RI SODQNWLF IRUDPLQLIHULGV LQFOXGLQJ0ï PDUJLQDWD DQG 3UDHJORERWUXQFDQD FIï



-RLQW &KDON 5HVHDUFK $ MRLQW &KDON 6WUDWLJUDSKLF )UDPHZRUN

'HFHPEHU ìäää &KDSWHU éã %LRVWUDWLJUDSK\ ð åä ð

VWHSKDQL õ7KLV LV DQ LQWHUQDO GHVLJQDWLRQ XVHG LQ 5REHUWVRQ 5HVHDUFK UHSRUWV IRU D GLVWLQFWLYH
PRUSKRW\SH RFFXUULQJ DW WKLV OHYHOï ,W SUREDEO\ HTXDWHV ZLWK WKH IRUP GHVLJQDWHG 'LFDULQHOOD
FIï RUDYLHQVLV E\ %HUJHQ ÷ 6LNRUD õìäääô ZKLFK RFFXUV DW WKH VDPH VWUDWLJUDSKLF OHYHOôï

&RPPHQWVã 7KLV VXE]RQH LV GLIIHUHQWLDWHG SULQFLSDOO\ RQ WKH UHFRJQLWLRQ RI WKH XQGHUO\LQJ
VXE]RQHï ,W LV QRW UHFRJQLVHG DV D GLVFUHWH XQLW LQ DQ\ RI WKH SUHVHQW VWXG\ ZHOOVï

6XE]RQH )&6ìçDã
$XWKRUã %DLOH\ñ KHUHLQï

$JHã /DWH ð 0LGGOH 7XURQLDQï

'HILQLWLRQã 7RS GHILQHG RQ WKH DEXQGDQW RFFXUUHQFH RI 0ï PDUJLQDWD DQG WKH /$' RI 3ï FIï
VWHSKDQLï 7KH EHQWKLF IRUP 6WHQVLRHLQD JUDQXODWD NHOOHUL KDV EHHQ UHFRUGHG UDUHO\ ZLWKLQ WKLV
VXE]RQHï ,Q WKH XVDJH RI .LQJ HW DOï õRSï FLWïô WKLV ZRXOG GHILQH WKH WRS RI =RQH )&6ìèñ
KRZHYHU WKH UDULW\ RI WKLV ]RQDO LQGH[ KDV PDGH LWV XVH LPSUDFWLFDO GXULQJ WKH SUHVHQW VWXG\ï
%DVH GHILQHG E\ WKH WRS RI WKH XQGHUO\LQJ =RQHï

&RPPHQWVã 7KH ZLGHVSUHDG GLVWULEXWLRQ RI WKH SODQNWLF IRUDPLQLIHULG DEXQGDQFH HYHQW DLGV
LWV UHFRJQLWLRQ WKURXJKRXW WKH VWXG\ DUHDñ LQ VSLWH RI WKH ODUJH UDQJH RI VSHFLHV QDPHV UHFRUGHG
DW WKLV OHYHOï

'LVWULEXWLRQã 6XE]RQH )&6ìçD LV UHFRJQLVHG DV D GLVWLQFW XQLW LQ ERWK WKH ëîèðä õDW éñíëêPô
DQG ëîåð$ðì õëñèêìïäèPñFRðëñèçäïìäPñFRôï $Q LQWHUYDO GHILQHG RQ WKH WRS RI )&6ìçDñ EXW
UDQJLQJ LQWR )&6ìè LV UHFRUGHG LQ ëîæðå õìíñççí©ðìíñæåí©ôï

=RQH )&6ìèã õ¦&HQRVSKDHUD§ =RQHôï

$XWKRUã .LQJ HW DOï õRSï FLWïôñ DPHQGHG %DLOH\ñ KHUHLQï

$JHã0LGGOH ¤ (DUO\ 7XURQLDQï

'HILQLWLRQã 7RS GHILQHG RQ WKH KLJK DEXQGDQFH DQG GLYHUVLW\ OHYHO RI UDGLRODULD LQFOXGLQJ
&HQRVSKDHUD VSSï DQG 'LFW\RPLWUD PXOWLFRVWDWDï

&RPPHQWVã 7KHUH LV VRPH HYLGHQFH WR VXJJHVW WKDW D QRQðVHTXHQFH RFFXUV ZLWKLQ WKLV ]RQH LQ
WKH VWXG\ DUHDï 7KLV LV GLIILFXOW WR SURYH VROHO\ RQ WKH ELRVWUDWLJUDSKLF GDWDñ EXW WKH HYLGHQFH
ZRXOG VXSSRUW D VWUDWLJUDSKLF EUHDN DW WKLV OHYHOï

'LVWULEXWLRQã 8QGLIIHUHQWLDWHG =RQH )&6ìè FKDON KDV EHHQ UHFRJQLVHG LQ ZHOOV ëîèðä
õéñíèêPðéñíèäPôñ ëîæðìè õêñëêìPðêñêííPôñ ëîåð$ðì õëñèæíPñFRðëñèæçïæèPñFRôñ ëîìì$ðë 7ë
õêñèéèPñFRðêñèäåPô DQG ëîìì$ðë 7ê õêñèèäPðêñèääPôï

7KLV ]RQH KDV EHHQ GLYLGHG LQWR WKUHH VXE]RQHV LQ WKH SUHVHQW VWXG\ï 7KHVH DUH DV IROORZVã

6XE]RQH )&6ìèFã

$XWKRUã %DLOH\ñ KHUHLQï



$ MRLQW &KDON 6WUDWLJUDSKLF )UDPHZRUN -RLQW &KDON 5HVHDUFK

ð äí ð &KDSWHU éã %LRVWUDWLJUDSK\ 'HFHPEHU ìäää

$JHã0LGGOH 7XURQLDQï

'HILQLWLRQã 7RS GHILQHG RQ D KLJK DEXQGDQFH DQG GLYHUVLW\ OHYHO RI UDGLRODULDQ WD[Dñ LQFOXGLQJ
&HQRVSKDHUD VSSï DQG 'ï PXOWLFRVWDWDï %DVH GHILQHG RQ WKH /$' RI 6WHQVLRHLQD JUDQXODWD
KXPLOLVï

&RPPHQWVã ,W LV RQO\ SRVVLEOH WR GLIIHUHQWLDWH WKLV VXE]RQH LQ FRUHG H[SDQGHG VHTXHQFHVï

'LVWULEXWLRQã ,Q WKH SUHVHQW VWXG\ WKH VLWXDWLRQ GHVFULEHG DERYH RQO\ RFFXUV LQ WKH ZHOO ëîæð%ð
ìì õìíñèäè©ñFRðìíñçéä©ñFRôï

6XE]RQH )&6ìèEã

$XWKRUã %DLOH\ñ KHUHLQï

$JHã0LGGOH ð (DUO\ 7XURQLDQï

'HILQLWLRQã 7RS GHILQHG RQ WKH /$' RI 6WHQVLRHLQD JUDQXODWD KXPLOLVï %DVH GHILQHG RQ WKH
GRZQVHFWLRQ LQIOX[ RI FRPPRQ SODQNWLF IRUDPLQLIHULGVñ LQFOXGLQJ 3ï VWHSKDQLñ 3ï JLEED DQG
'LFDULQHOOD DXPDOHQVLVï

&RPPHQWVã 7KH LQGH[ WD[RQ IRU WKLV VXE]RQH LV RQO\ YHU\ UDUHO\ UHFRUGHG LQ &HQWUDO *UDEHQ
ZHOOV DQG LW KDV QRW EHHQ REVHUYHG UHOLDEO\ GXULQJ WKH FRXUVH RI WKH SUHVHQW VWXG\ï

6XE]RQH )&6ìèDã

$XWKRUã %DLOH\ñ KHUHLQï

$JHã (DUO\ 7XURQLDQï

'HILQLWLRQ 7RS GHILQHG RQ WKH GRZQVHFWLRQ LQIOX[ RI FRPPRQ SODQNWLF IRUDPLQLIHULGVñ
LQFOXGLQJ 3ï VWHSKDQLñ 3ï JLEED DQG 'LFDULQHOOD DXPDOHQVLVï 7KLV HYHQW PD\ ZHOO HTXDWH ZLWK
WKH WRS RI =RQH 1&)ìê DV GHILQHG E\ %HUJHQ ÷ 6LNRUD õìäääô IRU WKH 9DOKDOOð+RG DUHDï %DVH
GHILQHG RQ WKH WRS RI WKH XQGHUO\LQJ ]RQHï

&RPPHQWVã 7KLV SODQNWLF ULFK VXE]RQH UHSUHVHQWV D ZLGHVSUHDG IORRGLQJîWUDQVJUHVVLYH HYHQWñ
DV VXFK LW LV HDVLO\ UHFRJQLVHG LQ VHYHUDO ZHOOV DFURVV WKH VWXG\ DUHDï

'LVWULEXWLRQã 7KLV VXE]RQH LV UHFRUGHG LQ ZHOOV ëîèðì õììñäêí©ðìëñíèí©ôñ ëîæðå õìíñåìí©ð
ìíñååæ©ô $''$ðê õDW æñçìæïéë©ñFRô DQG 52$5ðë õæñåæí©ðæñäçí©ôï 8QGLIIHUHQWLDWHG )&6ìèDð
)&6ìé VHGLPHQWV DUH DOVR UHFRJQLVHG LQ ëîåð$ðì õëñèåíïéèPñFRðëñèåëïêPñFRô DQG êíîæDðë
õìëñêçí©ñVFðìëñèæè©ñVFôï

=RQH )&6ìéã õ3UDHJORERWUXQFDQD VWHSKDQL =RQHô

$XWKRUã .LQJ HW DOï õRSï FLWïôñ DPHQGHG %DLOH\ñ KHUHLQï

$JHã (DUO\ 7XURQLDQ ¤ /DWH &HQRPDQLDQ



-RLQW &KDON 5HVHDUFK $ MRLQW &KDON 6WUDWLJUDSKLF )UDPHZRUN

'HFHPEHU ìäää &KDSWHU éã %LRVWUDWLJUDSK\ ð äì ð

'HILQLWLRQã 7KH )$' RI WKH EHQWKLF IRUDPLQLIHULG /LQJXORJDYHOLQHOOD JORERVD DQG WKH
FRPPRQ RFFXUUHQFH RI WKH XQNHHOHG SODQNWLF :KLWHLQHOOD DUFKDHRFUHWDFHD KDYH EHHQ XVHG WR
GHILQH WKH WRS RI WKLV ]RQHï 7KH EDVH LV GHILQHG RQ WKH KLJKHVW RFFXUUHQFH RI 5RWDOLSRUD
FXVKPDQLï
&RPPHQWVã 7KLV ]RQH VSDQV WKH %ORG�NV )RUPDWLRQ DQG PLFURIDXQDO UHFRYHU\ LV
FRQVHTXHQWO\ YHU\ SRRUï =RQH )&6ìé HTXDWHV YHU\ FORVHO\ WR =RQH 1&)ìé RI %HUJHQ ÷ 6LNRUD
õìäääôï

'LVWULEXWLRQã $ GLVFUHWH =RQH )&6ìé XQLW LV RQO\ UHFRJQLVHG LQ WKH ZHOO 52$5ðë õæñäæí©ð
åñííí©ôï 2WKHU VHFWLRQV KDYH FRPELQHG )&6ìèDð)&6ìé XQLWV õVHH DERYHôï

=RQH )&6ìêã õ5RWDOLSRUD FXVKPDQL =RQHô

$XWKRUã .LQJ HW DOï õRSï FLWïôï

$JHã &HQRPDQLDQï

'HILQLWLRQã 7RS GHILQHG RQ WKH /$' RI WKH SODQNWLF IRUDPLQLIHULG 5ï FXVKPDQLï 6HH .LQJ HW
DOï õRSï FLWïô IRU GLVFXVVLRQï

&RPPHQWVã =RQH )&6ìê VSDQV PRVW RI WKH &HQRPDQLDQ 6WDJH DQG DV VXFK FRPSULVHV DW OHDVW
WZR PDMRU WUDQVJUHVVLYHîUHJUHVVLYH F\FOHVï ,Q XQGLIIHUHQWLDWHG )&6ìê LQWHUYDOVñ LW LV XQFOHDU
ZKLFK F\FOH LV UHSUHVHQWHG RQ WKH EDVLV RI WKH IRUDPLQLIHULG GDWD DORQHï

'LVWULEXWLRQã 2QO\ D OLPLWHG QXPEHU RI WKH ZHOOV VWXGLHG ZHUH GULOOHG WKURXJK DV FRPSOHWH
/DWH &UHWDFHRXV VHTXHQFH LQFOXGLQJ WKH +LGUD )RUPDWLRQï +RZHYHU VHFWLRQV RI WKLV DJH ZHUH
UHFRUGHG LQ ZHOOV ëîèðì õìëñìèí©ðìëñèæí©ôñ ëîæðë õìëñëíí©ðìëñêíí©ôñ ëîåð$ðì õëñèåèPñFRð
ëñçííïìPñFRôñ $''$ðê õæñçæëïéë©ñFRðæñçæäïêê©ñFRô ÷ 021$ðì õììñëæë©ñFRðììñëåí©ñFRôï

7KLV ]RQH KDV EHHQ GLYLGHG LQWR WKUHH VXE]RQHV LQ WKH SUHVHQW VWXG\ñ WKH GHILQLWLRQV RI WZR RI
ZKLFKñ )&6ìêF DQG )&6ìêDñ IROORZ .LQJ HW DOï õRSï FLWïôï 'HILQLWLRQ RI 6XE]RQH )&6ìêE KDV
EHHQ PRGLILHG KHUHï 'HILQLWLRQV IRU DOO WKUHH DUH DV IROORZVã

6XE]RQH )&6ìêFã

$XWKRUã .LQJ HW DOï õRSï FLWïôï

$JHã /DWH ¤ 0LGGOH &HQRPDQLDQï

'HILQLWLRQã 7RS GHILQHG RQ WKH /$' õ)'2ô RI WKH SODQNWLF IRUDPLQLIHULG 5ï FXVKPDQLï %DVH
GHILQHG RQ WKH )$' RI 5ï FXVKPDQL DQG WKH /$' RI WKH EHQWKLF /LQJXORJDYHOLQHOOD FLU\L
LQIODWDï

&RPPHQWVã 7KH WRS RI WKLV VXE]RQH LV FOHDUO\ GHILQHG RQ WKH SODQNWLF HYHQW õ)'2 5ï
FXVKPDQLô EXW WKH FRQWDFW ZLWK WKH XQGHUO\LQJ VXE]RQH LV RQO\ SRRUO\ GHILQHG ZLWKLQ WKH
SUHVHQW VWXG\ ZHOOVï



$ MRLQW &KDON 6WUDWLJUDSKLF )UDPHZRUN -RLQW &KDON 5HVHDUFK

ð äë ð &KDSWHU éã %LRVWUDWLJUDSK\ 'HFHPEHU ìäää

'LVWULEXWLRQã $ GLVFUHWH 6XE]RQH )&6ìêF LV UHFRJQLVHG RQO\ LQ ZHOO ëîæðìè õDW êñêææïìåPôï
8QLWV HQFRPSDVVLQJ 6XE]RQHV )&6'ìêF WR ìêE DUH UHFRUGHG LQ WKH 'DQLVK ZHOOV %2ðì
õæñëåë©ñFRðæñéäí©ñFRô ÷ 52$5ðë õåñííí©ðåñêíí©ôï

6XE]RQH )&6ìêEã

$XWKRUã .LQJ HW DOï õRSï FLWïôï

$JHã0LGGOH ¤ (DUO\ &HQRPDQLDQï

'HILQLWLRQã 7RS GHILQHG RQ WKH )$' RI 5ï FXVKPDQL DQG WKH /$' RI WKH EHQWKLF /ï FLU\L
LQIODWDï %DVH GHILQHG RQ WKH /$' RI WKH EHQWKLF VSHFLHV 6LJPRLOLQD DQWLTXDï

&RPPHQWVã 1RW UHFRJQLVHG DV D GLVFUHWH XQLW ZLWKLQ WKH VFRSH RI WKH SUHVHQW VWXG\

'LVWULEXWLRQã $ XQLW GDWHG DV 6XE]RQH )&6ìêEîD LV UHFRUGHG LQ WKH $''$ðë ZHOO õæñçèí©ð
æñæíí©ñVFôï

6XE]RQH )&6ìêDã

$XWKRUã .LQJ HW DOï õRSï FLWïôï

$JHã (DUO\ &HQRPDQLDQï

'HILQLWLRQã 7RS GHILQHG RQ WKH /$' RI 6ï DQWLTXDï %DVH GHILQHG RQ WKH WRS RI WKH XQGHUO\LQJ
=RQH õ)&6ìëô ZKLFK LV RI /DWH $OELDQ DJH DQG IDOOV RXWVLGH WKH VFRSH RI WKH SUHVHQW VWXG\ï

&RPPHQWVã 7KLV VXE]RQH LV RQO\ UHFRJQLVHG ZKHUH WKH &HQRPDQLDQ LQWHUYDO LV FRPSOHWHâ LQ
WKH SUHVHQW VWXG\ WKLV LV LQ MXVW WZR ZHOOV LQ WKH 'DQLVK VHFWRUï

'LVWULEXWLRQã 'LVFUHWH 6XE]RQH )&6ìêD VHGLPHQWV DUH UHFRJQLVHG LQ ZHOOV %2ðì õæñèíí©ð
æñçìí©ñVFô DQG 52$5ðë õåñêêí©ðåñêäí©ôï



-RLQW &KDON 5HVHDUFK $ MRLQW &KDON 6WUDWLJUDSKLF )UDPHZRUN

'HFHPEHU ìäää &KDSWHU éã %LRVWUDWLJUDSK\ ð äê ð

éïê %LRVWUDWLJUDSKLF DQDO\VHV

éïêïì 6DPSOLQJ

:HOO VHOHFWLRQ FULWHULD KDYH EHHQ FRYHUHG HOVHZKHUH LQ WKLV UHSRUWï 2QH RI WKH SULPDU\ ZHOO
VHOHFWLRQ FRQWUROV ZDV WKH DYDLODELOLW\ RI JRRG TXDOLW\ FRUH PDWHULDO IRU VWXG\ï 2I WKH WKLUW\ WZR
ZHOOV VWXGLHGñ QHZ FRUH VDPSOHV DQG ROG FRUH GDWD ZHUH DYDLODEOH IURP HOHYHQ ZHOOV DQG ROG
FRUH GDWD ZDV DYDLODEOH IURP D IXUWKHU WZHOYH ZHOOVï

&RUH VDPSOHV IRU ELRVWUDWLJUDSK\ ZHUH FROOHFWHG E\ PHPEHUV RI WKH -&5 ZRUNLQJ JURXS DQG
GHVSDWFKHG WR 1HWZRUN 6WUDWLJUDSKLF &RQVXOWLQJ /WGï IRU SURFHVVLQJ DQG DQDO\VLVï )RU WKH
RWKHU ZHOOV ZKHUH RQO\ GLWFK FXWWLQJV VDPSOHV ZHUH DYDLODEOHñ VDPSOHV ZHUH VHOHFWHG IURP
HLJKW RI WKHVH IRU QHZ DQDO\VHVï

éïêïë 6DPSOH SUHSDUDWLRQ

0LFURSDODHRQWRORJ\ã
2QO\ éí QHZ PLFURSDODHRQWRORJLFDO DQDO\VHV KDYH EHHQ FDUULHG RXW GXULQJ WKH FRXUVH RI WKLV
VWXG\ñ FRPSULVLQJ WKH IROORZLQJã

x WZHQW\ WKLQ VHFWLRQV FXW IURP FRUH VDPSOHV IURP WKH %$521ðë ZHOOñ
x VL[WHHQ GLWFK VDPSOHV IURP IRXU ZHOOV õìîäðìñ ëîéð%ìäñ ëîèðìñ ëîèðæ ÷ ëîììð$ë 7êôñ
x IRXU FRUH VDPSOHV õIURP WKH %$521ðëã ì VDPSOH ÷ WKH ëîììð$ë 7ë ã ê VDPSOHVôï

7KH GLWFK FXWWLQJV VDPSOHV ZHUH VLPSO\ ULQVHG FDUHIXOO\ LQ GHWHUJHQW WR UHPRYH ILQH ûGXVWû
IURP WKH PLFURIRVVLO VSHFLPHQV DQG WKH FRUH VDPSOHV ZHUH EURNHQ GRZQ IRU H[DPLQDWLRQ
XVLQJ WKH *ODXEHUV 6DOWV IUHH]HîWKDZ WHFKQLTXHï 7KLV UHTXLUHV VXEMHFWLQJ WKH FRUH VDPSOHV WR
UHSHDWHG IUHH]HîWKDZ F\FOHVñ KDYLQJ ILUVW VRDNHG WKH IUDJPHQWHG FKDON LQ D VDWXUDWHG VROXWLRQ
RI 6RGLXP VXOSKDWH õû*ODXEHUV 6DOWVûôï

&DOFDUHRXV QDQQRSODQNWRQã
7KH ¦VLPSOH VPHDU VOLGH§ WHFKQLTXH DV GHVFULEHG E\ %RZQ ÷ <RXQJ õìääåô KDV EHHQ XVHG IRU
DOO VDPSOHV DQDO\VHG LQ WKH SUHVHQW VWXG\ï 7KLV LV DV IROORZVã

ìï 7ULP DOO RXWHU VXUIDFHV RI WKH VDPSOHï
ëï 6FUDSH D VPDOO SRUWLRQ RI VHGLPHQW RQWR D JODVV FRYHUðVOLSï
êï $GG D GURS RI GLVWLOOHG ZDWHU DQG PDNH D WKLFN VHGLPHQW VXVSHQVLRQ XVLQJ D IODW VLGHG

WRRWK SLFN RU SODVWLF VWLUULQJ URGï
éï 6PHDU WKH VXVSHQVLRQ DFURVV WKH VXUIDFH RI WKH FRYHUðVOLS ZLWK D WRRWK SLFN RU SODVWLF

VWLUULQJ URG DQG GU\ UDSLGO\ RQ D KRWðSODWHï
èï /DEHO D JODVV PLFURVFRSH VOLGH DQG DIIL[ WKH FRYHUðVOLS õVPHDU VLGH GRZQô XVLQJ

õ1RUODQG RSWLFDO DGKHVLYHô PRXQWLQJ PHGLXPï

3DO\QRORJ\ã
$OO QHZ VDPSOH SUHSDUDWLRQV KDYH EHHQ XQGHUWDNHQ XVLQJ VWDQGDUG SDO\QRORJLFDO WHFKQLTXHV
LQYROYLQJ WUHDWPHQW ZLWK +\GURIOXRULF DFLG DQG R[LGDWLRQ XVLQJ 1LWULF DFLGï 3DO\QRPRUSKV
KDYH EHHQ VWDLQHG ZKHUH QHFHVVDU\ XVLQJ 6DIUDQLQ UHGï



$ MRLQW &KDON 6WUDWLJUDSKLF )UDPHZRUN -RLQW &KDON 5HVHDUFK

ð äé ð &KDSWHU éã %LRVWUDWLJUDSK\ 'HFHPEHU ìäää

éïêïê 6DPSOH DQDO\VLV

0LFURSDODHRQWRORJ\ã
6HPLðTXDQWLWDWLYH DQDO\VHV ZHUH FDUULHG RXW RQ WKH ZDVKHG VDPSOH UHVLGXHV RI FRUH DQG GLWFK
FXWWLQJV VDPSOHVñ DV ZHOO DV RQ WKH WKLQ VHFWLRQV H[DPLQHG IURP WKH %$521ðëï

&DOFDUHRXV 1DQQRSODQNWRQã
6HPLðTXDQWLWDWLYH DQDO\VHV KDYH EHHQ FDUULHG RXW RQ DOO VDPSOHV VWXGLHG DV SDUW RI WKLV SURMHFWï

3DO\QRORJ\ã
1HZ DQDO\VHV KDYH EHHQ XQGHUWDNHQ RQ D VHPLðTXDQWLWDWLYH EDVLVï

éïêïé 'DWD LQWHJUDWLRQ

$OO WKH UHVXOWV IURP WKH QHZ PLFURSDODHRQWRORJLFDO DQDO\VHV ZHUH SORWWHG GLUHFWO\ LQWR D GLJLWDO
IRUPDW XVLQJ û6WUDWDEXJVû VRIWZDUHï 'DWD GHULYHG IURP ROG UHSRUWV RQ WKH VDPH ZHOOV ZHUH UHð
SORWWHG LQWR WKH VDPH IRUPDW ZKLFK DOORZHG ERWK QHZ DQG ROG GDWDVHWV WR EH LQFRUSRUDWHG RQWR
WKH VDPH ILQLVKHG GLDJUDPVï

,W ZDV DOVR QHFHVVDU\ WR FROODWH WKH SUHðH[LVWLQJ GDWDEDVH LQWR WKH VDPH XQLIRUP IRUPDWï 7KLV
ZDV GRQH E\ LQLWLDOO\ WUDQVIHUULQJ DOO WKH SUHðH[LVWLQJ PLFURIRVVLO GLVWULEXWLRQ GDWD LQWR DQ
ûH[FHOû IRUPDWñ ZKLFK FRXOG WKHQ EH HDVLO\ LPSRUWHG LQWR û6WUDWDEXJVûï

0LFURIRVVLO GLVWULEXWLRQ GDWD GHULYHG IURP GLIIHUHQW ODERUDWRULHV IRU WKH VDPH ZHOOV DQG RIWHQ
VDPSOHV IURP WKH VDPH GHSWKV QHHGHG WR EH LOOXVWUDWHG VHSDUDWHO\ RQ WKH ILQDO UDQJH FKDUWVï 7KH
DELOLW\ WR SURGXFH WKLV W\SH RI SUHVHQWDWLRQ IRUPDW ZLWK VDPSOH GDWD DOORFDWHG WR GLIIHUHQW
DQDO\VWV KDG WR EH GHYHORSHG GXULQJ WKH FRXUVH RI WKLV VWXG\ï

,Q RUGHU WR LQWHJUDWH GDWD IURP WKH ODUJH QXPEHU RI VRXUFHV DYDLODEOH IRU WKLV SURMHFWñ VHYHUDO
EDVLF SUREOHP DUHDV KDG WR EH RYHUFRPH EHIRUH DQ\ LQWHUSUHWLYH ZRUN FRXOG EH FDUULHG RXWï

7KH ZLGH DJH UDQJH RI WKH UHSRUWV DYDLODEOH PHDQW WKDW WKHUH ZDV FRQVLGHUDEOH YDULDWLRQ
EHWZHHQ WKH GDWD DQDO\VWV DV WR WKH WD[RQRPLF QRPHQFODWXUH XVHGï ,W ZRXOG EH LPSRVVLEOH WR
XQLI\ WKH ZKROH RI WKH PLFURIRVVLO WD[RQRP\ ZLWKRXW UHFRXUVH WR WKH RULJLQDO PLFURIRVVLO
VOLGHV DQG VDPSOH PDWHULDOñ KRZHYHU LW ZDV GHFLGHG WR XSGDWH IRVVLO QDPHVñ SDUWLFXODUO\ IRU
]RQDO LQGH[ PDUNHU WD[Dñ ZKHUH WKH QHZ DOWHUQDWLYH ZDV REYLRXVï 2WKHUñ OHVV VWUDWLJUDSKLFDOO\
LPSRUWDQW WD[D ZRXOG EH OHIW RQ WKH UHYLVHG FKDUWV ZLWK WKHLU QDPHV XQDOWHUHG DV JLYHQ E\ WKH
RULJLQDO DQDO\VWVï

,Q RUGHU WR SURYLGH UHIHUHQFH WR LOOXVWUDWLRQV RI WKH ]RQDO LQGH[ PDUNHUV XVHG LQ WKLV VWXG\ñ
ERWK PLFURIDXQDO DQG QDQQRIORUDOñ D IXOO UHIHUHQFH OLVW RI LOOXVWUDWLRQV LV JLYHQ DV DQ DSSHQGL[
õ$SSHQGL[ ìïôï

)XOO PLFURIRVVLO GLVWULEXWLRQ FKDUWV IRU ERWK WKH PLFURIDXQD DQG QDQQRIORUD DUH
LQFRUSRUDWHG ZLWK WKLV UHSRUW IRU DOO WKH ZHOOV VWXGLHG õ(QFORVXUHV éðêè WR éðìíéô



-RLQW &KDON 5HVHDUFK $ MRLQW &KDON 6WUDWLJUDSKLF )UDPHZRUN

'HFHPEHU ìäää &KDSWHU éã %LRVWUDWLJUDSK\ ð äè ð

éïé %LRVWUDWLJUDSKLF ]RQDWLRQ RI LQGLYLGXDO ZHOOV

:HOO ìîêðì

([LVWLQJ GDWD DYDLODEOHã
6,30 õìäçåô 5RXWLQH %LRVWUDWLJUDSK\ã YHU\ VSDUVH GDWDï
16& õìääçô 3DO\QRORJ\ã ìíñíåíö ð ìíééèöã 3DOHRFHQHï
16& õìääæô 1DQQRSODQNWRQã ìíñìæíö ð ìíñêëíöã 9LGDU )RUPDWLRQï

([LVWLQJ GDWD HYDOXDWLRQã
6,30 ìäçåã 5HSRUW EDVHG RQ ììä GLWFK FXWWLQJV VDPSOHVñ êì VLGHZDOO FRUH VDPSOHV DQG ì FRUH
FRYHULQJ WKH LQWHUYDO èëíö ð ìèñêçíöï 0LFURSDODHRQWRORJ\ñ 1DQQRSODQNWRQ DQG 3DO\QRORJ\
LQFOXGHGï 6WUDWLJUDSKLF VXFFHVVLRQ LV LQFOXGHGñ EXW WKH 8SSHU &UHWDFHRXV LV QRW GLIIHUHQWLDWHGï
5HFRYHU\ IURP FXWWLQJV ZDV HYLGHQWO\ YHU\ SRRUï

1HZ DQDO\VHVã
0LFURSDODHRQWRORJ\  í
1DQQRSODQNWRQ  ëí GF
3DO\QRORJ\  íï

$OO ëí GLWFK FXWWLQJV DUH RI H[WUHPHO\ SRRU TXDOLW\ DQG SURYHG YHU\ GLIILFXOW WR ZRUN ZLWKï
7KLV LV XQGRXEWHGO\ GXH WR WKHLU DJH DQG WKH PHWKRGRORJ\ HPSOR\HG DW WKH WLPH WKH\ ZHUH
FDXJKWï 7KHVH VDPSOHV KDG WR EH VRDNHG DQG ULQVHG VHYHUDO WLPHV LQ RUGHU WR \LHOG LGHQWLILDEOH
FKDON JUDLQV DQG SURFHVVHG ZLWK JUHDW FDUH õRFFDVLRQDOO\ DV LQGLYLGXDO JUDLQVô WR HQVXUH
UHOLDEOH VOLGH SUHSDUDWLRQVï 1HYHUWKHOHVVñ FDYLQJ DQG PL[LQJ RI OLWKRORJLHV UHPDLQHG D SUREOHP
DQG DVVHPEODJH TXDOLW\ LV LQHYLWDEO\ FRPSURPLVHGï 6LJQLILFDQW VDPSOH JDSV H[LVW EHWZHHQ
ììñìèíö DQG ììñêèíö DQG EHWZHHQ ììñêèíö DQG ìëñêííöï

6WUDWLJUDSKLF LQWHUSUHWDWLRQã

'HSWK )RUPDWLRQ $JH =RQH
ìíñìíí© ¤ ìíñìéí© /LVWD /DWH 3DOHRFHQH 07ç

&RPPHQWVã 'LYHUVH DJJOXWLQDWLQJ IRUDPLQLIHULG IDXQD UHFRUGHG DW ìíñìéí©ñ LQFOXGLQJ 6ï
VSHFWDELOLVï 3DO\QRPRUSKV UHFRYHUHG IURP WKH VDPSOH DW ìíñìíí© DQG ìíñìèí© DUH DOO WKH UHVXOW
RI FDYLQJ IURP ODWHVW 3DOHRFHQH DQG \RXQJHU VHGLPHQWVï

'HSWK )RUPDWLRQ $JH =RQH
ìíñìèæö ð ìíñêëçö 9LGDU /DWH 3DOHRFHQH ,QGHWHUPLQDWH

&RPPHQWVã /DUJH VFDOH UHZRUNLQJ RI /DWH &UHWDFHRXV QDQQRIRVVLOV LQ WKH VDPSOH DW ìíñìæè©ï
5HZRUNLQJ RI /DWH 0DDVWULFKWLDQ PLFURIDXQDV SUHVHQW EHWZHHQ ìíñìäí© DQG ìíñêëí©ï
&RQLDFLDQî7XURQLDQ UHZRUNLQJ DOVR QRWHG DW ìíñìäí©ï 3DO\QRPRUSKV UHFRYHUHG IURP WKH
VDPSOH DW ìíñëäí© DUH DOO WKH UHVXOW RI FDYLQJï

'HSWK )RUPDWLRQ $JH =RQH
ìíñêëçö ð ìíñèéåö /LVWD /DWH 3DOHRFHQH ,QGHWHUPLQDWH



$ MRLQW &KDON 6WUDWLJUDSKLF )UDPHZRUN -RLQW &KDON 5HVHDUFK

ð äç ð &KDSWHU éã %LRVWUDWLJUDSK\ 'HFHPEHU ìäää

&RPPHQWVã 7KH VDPSOHV H[DPLQHG DW ìíñêèí© DQG ìíñééè© RQO\ \LHOGHG VSDUVH SDO\QRPRUSK
DVVHPEODJHVñ ZKLFK DUH WKH UHVXOW RI FDYLQJ

'HSWK )RUPDWLRQ $JH =RQH
ìíñèéåö ð ìíñçåçö 9nOH ¦HDUO\§ 7KDQHWLDQ ,QGHWHUPLQDWH

&RPPHQWVã 7KH LQWHUYDO LV QRW ]RQHG GXH WR WKH SRRU TXDOLW\ RI WKH PLFURIDXQDO UHFRYHU\ñ
KRZHYHU D GLYHUVH SODQNWLF IRUDPLQLIHULG DVVRFLDWLRQ DW ìíñçëí© LV FRQVLVWHQW ZLWK DQ ¦HDUO\§
7KDQHWLDQ ¤ ¦ODWH§ 'DQLDQ DJH UDQJHï

'HSWK )RUPDWLRQ $JH =RQH
ìíñçåçö ð ììñíëæö (NRILVN ¦ODWH§ 'DQLDQ 117Sé(ð&

&RPPHQWVã $W ìíñåíí© GRZQ WR ììñíèí© QDQQRSODQNWRQ VXE]RQHV 117Sé(ð& ZLWK YDU\LQJ
DPRXQWV RI UHZRUNLQJ DUH UHFRJQLVHGï 7KLV LV EDVHG SULPDULO\ RQ WKH RFFXUUHQFH RI FRPPRQ 3ï
GLPRUSKRVXV DQG RQ WKH RFFXUUHQFH RI 1HRFKLDVWR]\JXV VSSï 7KH /'2 RI 1ï VDHSHV DW ìíñäèí©
LV XVHG ZLWK FDXWLRQ LQ GLWFK FXWWLQJV VDPSOHVï

'HSWK )RUPDWLRQ $JH =RQH
ììñíëæö ð ìëñèéäö 7RU /DWH 0DDVWULFKWLDQ ð

/DWH &DPSDQLDQ
8&ëí¦LL§¤ 8&ìç

&RPPHQWVã 7KH (NRILVNî7RU )RUPDWLRQ ERXQGDU\ LV HVWLPDWHG EHWZHHQ ììñííí© DQG ììñíèí©
ZLWK 1DQQRSODQNWRQ 6XE]RQH 117Sé& UHVWLQJ XQFRQIRUPDEO\ RQ 1DQQRSODQNWRQ 6XE]RQH
8&ëí ¦LL§ õEDVHG RQ WKH RFFXUUHQFH RI &ï GDQLDHôï +RZHYHUñ WKH RFFXUUHQFH RI 'DQLDQ WD[D LQ
WKH VDPSOH DW ììñíèí© LV DWWULEXWDEOH WR FDYLQJ JLYHQ WKH ORJ SLFN IRU WRS 7RU )RUPDWLRQ DW
ììñíëæ©ï 6DPSOHV DW ììñêèí© DQG ìëñêíí© LQGLFDWH 1DQQRSODQNWRQ 6XE]RQH 8&ìä¦LL§ RYHU WKLV
H[WHQVLYH LQWHUYDOñ EDVHG RQ WKH RFFXUUHQFH RI *ï REOLTXXP DQG 6ï SULPLWLYXPï $ ODUJH VDPSOH
JDS H[LVWV EHWZHHQ ììñêèí© DQG ìëñêíí©ï

=RQHV 8&ìåñ 8&ìæ DQG 8&ìç DUH UHFRJQLVHG DW WKH EDVH RI WKH DQDO\VHG LQWHUYDO EHWZHHQ
ìëñéêí© DQG ìëñæëí©ñ EDVHG RQ WKH RFFXUUHQFHV RI 5ï OHYLV DQG 7ï RULRQDWXV UHVSHFWLYHO\ï

'HSWK )RUPDWLRQ $JH =RQH
ìëñèéäö ð ìêñìèçö 0DJQH /DWH &DPSDQLDQ 8&ìç¦LL§ RU ROGHU
&RPPHQWVã 7KH VDPSOH DW ìëñçäí© FRQWDLQV WKH )'2 RI FRPPRQ 5ï OHYLV ZLWK %URLQVRQLD
SDUFD SDUFD DQG 5ï DQWKRSKRUXV LQ D UHG OLWKRORJ\ï

'HSWK )RUPDWLRQ $JH =RQH
ìêñìèçö ð ìéñíêëö 7KXG

&RPPHQWVã 7KH VSDUVH PLFURIDXQDO GDWD DYDLODEOH IURP WKLV LQWHUYDO LV LQVXIILFLHQW IRU DJH
DQG ]RQDO DWWULEXWLRQVï

'HSWK )RUPDWLRQ $JH =RQH
ìéñíêëö ð ìéñêíìö 1DUYH

&RPPHQWVã 1R ELRVWUDWLJUDSKLF GDWDï



-RLQW &KDON 5HVHDUFK $ MRLQW &KDON 6WUDWLJUDSKLF )UDPHZRUN

'HFHPEHU ìäää &KDSWHU éã %LRVWUDWLJUDSK\ ð äæ ð

'HSWK )RUPDWLRQ $JH =RQH
ìéñêíìö ð ìéñêåíö %ORG�NV

&RPPHQWVã 1R ELRVWUDWLJUDSKLF GDWDï

:HOO ìîêðå

([LVWLQJ GDWD DYDLODEOHã
%67 õìääæô 5RXWLQH %LRVWUDWLJUDSK\ UHSRUWï

([LVWLQJ GDWD HYDOXDWLRQã
5HFHLYHG RQO\ SDUW RI WKH H[LVWLQJ UHSRUW õ/DWH 3DOHRFHQH ð 7XURQLDQô DQG GLVWULEXWLRQ FKDUWVï
*RRG TXDOLW\ SDO\QRORJ\ñ PLFURSDODHRQWRORJ\ DQG QDQQRSODQNWRQ GDWD DUH SURYLGHG
WKURXJKRXW IURP VDPSOHV RI SRRU TXDOLW\ DQG ORZ UHFRYHU\ï

1HZ DQDO\VHVã
0LFURSDODHRQWRORJ\  í
1DQQRSODQNWRQ  ëí GF
3DO\QRORJ\  íï

16& ìäääã $OO ëí GLWFK FXWWLQJV DUH RI H[WUHPHO\ SRRU TXDOLW\ DQG SURYHG YHU\ GLIILFXOW WR
ZRUN ZLWKï 7KLV LV XQGRXEWHGO\ GXH WR WKH PHWKRGRORJ\ RI GULOOLQJ WKH FKDON VHFWLRQ LQ WKLV
ZHOOï 7KHVH VDPSOHV KDG WR EH ULQVHG VHYHUDO WLPHV LQ RUGHU WR \LHOG LGHQWLILDEOH FKDON JUDLQV
DQG SURFHVVHG ZLWK JUHDW FDUH õRFFDVLRQDOO\ DV LQGLYLGXDO JUDLQVô WR HQVXUH UHOLDEOH VOLGH
SUHSDUDWLRQVï 1HYHUWKHOHVVñ FDYLQJ DQG PL[LQJ RI OLWKRORJLHV UHPDLQHG D SUREOHP DQG
DVVHPEODJH TXDOLW\ LV LQHYLWDEO\ FRPSURPLVHGï

6LJQLILFDQW VDPSOH JDSV H[LVW EHWZHHQ êñèëèP DQG êñäìäPï

6WUDWLJUDSKLF LQWHUSUHWDWLRQã

'HSWK )RUPDWLRQ $JH =RQH
êñìêäP ð êñìéèP 6HOH ¦ODWH§ 7KDQHWLDQ 07æ

&RPPHQWVã *RRG GLDWRP UHFRYHU\ñ LQFOXGLQJ &RVFLQRGLVFXV VSïæ DW êñìêäP

'HSWK )RUPDWLRQ $JH =RQH
êñìéèP ð êñëíëïèP /LVWD ¦PLGGOH§ 7KDQHWLDQ 07ç

&RPPHQWVã $ PDUNHG GRZQKROH LQFUHDVH LQ DJJOXWLQDWLQJ IRUDPLQLIHULG GLYHUVLW\ RFFXUV DW
êñìéèPï

'HSWK )RUPDWLRQ $JH =RQH
êñëíèP ð êñëåìP 9LGDU ¦PLGGOH§ 7KDQHWLDQ 07ç

&RPPHQWVã 6SRUDGLF UHFRUGV RI 'DQLDQñ /DWH 0DDVWULFKWLDQ DQG XQGLIIHUHQWLDWHG /DWH
&UHWDFHRXV UHZRUNLQJ EHWZHHQ êñëììP DQG WKH GLWFK VDPSOH DW êñêíìP



$ MRLQW &KDON 6WUDWLJUDSKLF )UDPHZRUN -RLQW &KDON 5HVHDUFK

ð äå ð &KDSWHU éã %LRVWUDWLJUDSK\ 'HFHPEHU ìäää

'HSWK )RUPDWLRQ $JH =RQH
êñëåìP ð êñêèéïèP /LVWD ¦PLGGOH§ 7KDQHWLDQ 07ç

&RPPHQWVã 'RZQKROH UHðDSSHDUDQFH RI DJJOXWLQDWLQJ IRUDPLQLIHULGV QRWHG DW êñêíìPñ ZLWK
KLJKHVW UHðDSSHDUDQFH RI 6SLURSOHFWDPPLQD VSHFWDELOLV DW êñêìçPï

'HSWK )RUPDWLRQ $JH =RQH
êñêèéïèP ð êñêæéP 9nOH ¦ HDUO\ § 7KDQHWLDQ 07è

&RPPHQWVã $EXQGDQW &HQRGLVFXV OHQWLFXODULV DW êñêèèP FRQILUPV ERWK =RQH 07è DQG DJHï

'HSWK )RUPDWLRQ $JH =RQH
êñêæéP ð êñéæäïèP (NRILVN ¦ODWH§ 'DQLDQ 117Sèðé

07ê ð 07ëE

&RPPHQWVã 3ODQNWLF IRUDPLQLIHULGV õLQFOXGLQJ 3ï FRPSUHVVDô DUH UHFRUGHG IURP FKDON
OLWKRORJLHV DW êñêåèP FRQILUPLQJ =RQH 07ê ZLWKLQ WKH ¦ODWH§ 'DQLDQï =RQH 07ëE LV UHFRUGHG
EHORZ êñéííP RQ WKH RFFXUUHQFH RI *ï GDXEMHUJHQVLVï 6SRUDGLF UHFRUGV RI 0DDVWULFKWLDQ ¤
&DPSDQLDQ 7RU UHZRUNLQJ LV QRWHG ZLWKLQ WKH XQLWï

7KH RFFXUUHQFH RI 1ï SHUIHFWXV DW êñééèP LV WDNHQ WR LQGLFDWH 1DQQRSODQNWRQ 6XE]RQH
117Sè%ï 6XEVHTXHQW VDPSOHV FRQWDLQ FRPPRQ 3ï GLPRUSKRVXV DQG &ï SHODJLFXV WRJHWKHU
ZLWK UDUH 1HRFKLDVWR]\JXV VSSï õ117Sé(ð)ô LQ RWKHUZLVH SRRU TXDOLW\ DVVHPEODJHVï
5HZRUNLQJ LV UHFRUGHG LQ PLQRU DPRXQWVï 7KH /'2 RI 1HRFKLDVWR]\JXV VSSï LV WHQWDWLYHO\
XVHG WR LQGLFDWH 117Sé$ DW êñééèPï

7KH SUHVHQFH RI ¦PLGGOH ð HDUO\§ 'DQLDQ VHGLPHQWV LV EDVHG RQ WKH )'2 RI FRPPRQ 3ï
WHQXLFXOXV DW êñéçíP õ117Sêôñ DQG WKH /'2 RI 3ï GLPRUSKRVXV õWHQWDWLYHO\ 117SëF DW
êñéæëPôï /DWH &UHWDFHRXV UHZRUNLQJ LV ORZ WKURXJKRXW WKH (NRILVN )RUPDWLRQ LQ WKLV ZHOOñ
ZKLFK LV VLPLODU WR WKDW VHHQ UHJLRQDOO\ RQ WKH (OGILVN %UDYR )LHOGñ EXW GLIIHUV PDUNHGO\ IURP
WKH (NRILVN )LHOG DQG (OGILVN $OSKD )LHOGï

'HSWK )RUPDWLRQ $JH =RQH
êñéæäïèP ð êñäèëP 7RU /DWH 0DDVWULFKWLDQ ð

/DWH &DPSDQLDQ
8&ëí¦L§ð 8&ìç ¦LLL§

&RPPHQWVã 7KH (NRILVNî7RU )RUPDWLRQ ERXQGDU\ LV HVWLPDWHG EHWZHHQ êñéåéP DQG êñéäçPñ
KRZHYHUñ FDYLQJ LQ WKH GLWFK FXWWLQJV VDPSOHV LV VXVSHFWHG ZLWK 1DQQRSODQNWRQ 6XE]RQH
117Së& UHVWLQJ XQFRQIRUPDEO\ RQ 1DQQRSODQNWRQ 6XE]RQH 8&ëí¦L§ õEDVHG RQ WKH
RFFXUUHQFH RI 1ï IUHTXHQVôï 7KH )'2 RI *ï REOLTXXP LV DW êñèëèP LQGLFDWLQJ 1DQQRSODQNWRQ
6XE]RQH 8&ìä¦LL§ï 7KH UHPDLQGHU RI WKH LQWHUYDO GRZQ WR êñäìíP LV QRW SRVLWLYHO\ ]RQHG GXH
WR SRRU DVVHPEODJH UHFRYHU\ DQG SUREDEOH UHZRUNLQJï

7KH )'2 RI 5ï OHYLV DW êñäìäP LQGLFDWHV 1DQQRSODQNWRQ =RQH 8&ìåï 6XEVHTXHQWO\ WKH )'2
RI %ï SDUFD FRQVWULFWD LQGLFDWHV 6XE]RQH 8&ìç¦LLL§ DW êñäéíPï

0LFURIDXQDO UHFRYHU\ ZDV YHU\ SRRU WKURXJKRXW WKLV ZHOOñ ZKLFK ZDV ORJJHG DW WKH ZHOOVLWHï
7KH RFFXUUHQFH RI 6ï SRPPHUDQD DW êñèêèP LV XVHG WR LQGLFDWH D JHQHUDO 0DDVWULFKWLDQ DJH
õ=RQHV )&6ëêðëëôñ VXSSRUWHG E\ UHFRUGV RI 5XJRJORELJHULQD VSSï DW êñçëèPï



-RLQW &KDON 5HVHDUFK $ MRLQW &KDON 6WUDWLJUDSKLF )UDPHZRUN

'HFHPEHU ìäää &KDSWHU éã %LRVWUDWLJUDSK\ ð ää ð

'HSWK )RUPDWLRQ $JH =RQH
êñäèëP ð éñìëèP 0DJQH /DWH ð (DUO\

&DPSDQLDQ
8&ìç¦L§ð 8&ìé¦L§
")&6ëì

&RPPHQWVã 7KH )'2 RI %ï SDUFD SDUFD LV WDNHQ WR LQGLFDWH 6XE]RQH 8&ìç¦L§ RU ROGHU DW
êñäèåPï 7KH RFFXUUHQFH RI (ï H[LPLXV DW êñäçéP FRQILUPV SHQHWUDWLRQ RI 0DJQH )RUPDWLRQ
VHGLPHQWV õ6XE]RQH 8&ìè¦Y§ôï 7KH HIIHFWV RI FDYLQJ RI WKH GLWFK FXWWLQJV VDPSOHV PD\ KDYH
VXSSUHVVHG WKHVH ]RQDO WRSVï 7KH )'2©V RI 2ï FDPSDQHQVLV DQG %ï JHPLQLFDWLOOXV LQGLFDWH WKH
SUHVHQFH RI 6XE]RQHV 8&ìè¦LY§ õéñíëìPô DQG 8&ìè¦LLL§ õéñíåìPôï

$ YHU\ WHQWDWLYH )&6ëì GDWH LV DSSOLHG WR WKH VHFWLRQ EHORZ êñäçéP RQ WKH EDVLV RI D
GRZQKROH LQFUHDVH LQ WKH UHFRYHU\ RI 5XJRJORELJHULQD VSSïñ ZLWK *ORERWUXQFDQD OLQQHLDQD
ORJJHG DW éñíéåPï 5HFRYHU\ LV H[WUHPHO\ SRRUï

'HSWK )RUPDWLRQ $JH =RQH
éñìëèP ð éñêêæP 7KXG (DUOLHVW &DPSDQLDQ

ð 6DQWRQLDQ
8&ìê ¤ 8&ìë
)&6ìä ¤ )&6ìå

&RPPHQWVã 7KH FRQVLVWHQW RFFXUUHQFH RI &HQRVSKDHUD VSSï DW DQG EHORZ éñëäæP LQGLFDWHV D
SUREDEOH 6DQWRQLDQ DJH EHORZ WKLV GHSWKñ ZLWKLQ WKH UDQJH RI =RQHV )&6ìäð)&6ìåï
,GHQWLILFDWLRQ RI 7KXG )RUPDWLRQ VHGLPHQWV LV QRW SRVVLEOH ZLWK WKLV QDQQRSODQNWRQ GDWD VHW
GXH WR WKH HIIHFWV RI FDYLQJ DQG SRRU TXDOLW\ DVVHPEODJHVñ DOWKRXJK WKH ZHDN DVVHPEODJHV
UHFRYHUHG IURP éñìçèP DQG éñêíêP DUH FRQVLVWHQW ZLWK D =RQH 8&ìê ðìë DWWULEXWLRQï

'HSWK )RUPDWLRQ $JH =RQH
éñêêæP ð éñèìäP 1DUYH ¦HDUOLHVW§ 6DQWRQLDQ 8&ìì¦LLL§

&RPPHQWVã 7KH )'2 RI 4ï HQHDEUDFKLXP DW éñêêäP FRQILUPV SHQHWUDWLRQ RI WKH 1DUYH
)RUPDWLRQ õ1DQQRSODQNWRQ 6XE]RQH 8&ìì¦LLL§ôï 6DPSOH TXDOLW\ LV SRRU WKURXJKRXW WKLV
LQWHUYDOï

:HOO ìîäðì

([LVWLQJ GDWD DYDLODEOHã
55, õìäææô 5RXWLQH %LRVWUDWLJUDSK\â
55, õìäååô 6HOHFWHG FRUH IURP WKUHH ZHOOVâ
13' õìäåíô 0LFURSDODHRQWRORJ\ 5DQJH &KDUWâ 13' õìäåí"ô 1DQQRSODQNWRQ 5DQJH &KDUWï

([LVWLQJ GDWD HYDOXDWLRQã
55, õìäææô 0LFURSDODHRQWRORJ\ GLVWULEXWLRQ FKDUWV RQO\ï *RRG TXDOLW\ GDWDï
55, õìäååô 5HSRUW EDVHG RQ ëç FRUH VDPSOHV RYHU WKH UHOHYDQW VHFWLRQ FRYHULQJ WKH LQWHUYDO
êíéäïìæP ð êêêçïëíPï 0LFURSDODHRQWRORJ\ GLVWULEXWLRQ FKDUWVï *RRG TXDOLW\ GDWDï
13' õìäåíô 0LFURSDODHRQWRORJ\ GLVWULEXWLRQ FKDUW RQO\ï ìç VDPSOHV ð *RRG TXDOLW\ GDWDï
13' õìäåí"ô 1DQQRSODQNWRQ GLVWULEXWLRQ FKDUW RQO\ï 0RGHUDWH TXDOLW\ GDWDï



$ MRLQW &KDON 6WUDWLJUDSKLF )UDPHZRUN -RLQW &KDON 5HVHDUFK

ð ìíí ð &KDSWHU éã %LRVWUDWLJUDSK\ 'HFHPEHU ìäää

1HZ DQDO\VHVã
0LFURSDODHRQWRORJ\  è GF
1DQQRSODQNWRQ  ìå Fòëê GF
3DO\QRORJ\  íï

$OO ìå GLWFK FXWWLQJV DUH RI H[WUHPHO\ SRRU TXDOLW\ DQG SURYHG YHU\ GLIILFXOW WR ZRUN ZLWKï
7KLV LV XQGRXEWHGO\ GXH WR WKH DJH RI WKH VDPSOHV DQG WKH PHWKRGRORJ\ HPSOR\HG ZKHQ
FDWFKLQJ WKH VDPSOHVï 7KHVH VDPSOHV KDG WR EH ULQVHG VHYHUDO WLPHV LQ RUGHU WR \LHOG
LGHQWLILDEOH FKDON JUDLQV DQG SURFHVVHG ZLWK JUHDW FDUH õRFFDVLRQDOO\ DV LQGLYLGXDO JUDLQVô WR
HQVXUH UHOLDEOH VOLGH SUHSDUDWLRQVï 1HYHUWKHOHVVñ FDYLQJ DQG PL[LQJ RI OLWKRORJLHV UHPDLQHG D
SUREOHP DQG DVVHPEODJH TXDOLW\ LV LQHYLWDEO\ FRPSURPLVHGï

*RRG TXDOLW\ FRUH VDPSOHV ZHUH DYDLODEOH IRU DQDO\VHVï

6WUDWLJUDSKLF LQWHUSUHWDWLRQã

'HSWK )RUPDWLRQ $JH =RQH
êñíìèP ð êñíêäP 9nOH ¦HDUO\§ 7KDQHWLDQ

ð ¦ODWH§ 'DQLDQ
07é ¤ 07ê

&RPPHQWVã 7KH KLJKHVW UHFRUG RI FRPPRQ SODQNWLFV DW êñíëèP FRQILUPV WKLV LQWHUYDO ZLWKLQ
WKH UDQJH RI =RQHV 07é ¤ 07êï

'HSWK )RUPDWLRQ $JH =RQH
êñíêäP ð êñìíêP (NRILVN 'DQLDQ 117Sé) ð 17Së&î'

07ëE ð "07ì

&RPPHQWVã 6HGLPHQWV RI ¦ODWH§ 'DQLDQ DJH DUH UHSUHVHQWHG E\ 6XE]RQHV 117Sé) WR
117Sé% EHWZHHQ êñíéäïìæP DQG êñíæêïäèPï 7KLV LV EDVHG RQ DEXQGDQW 3ï GLPRUSKRVXV DQG
FRPPRQ 3ï PDUWLQLL DW êñíéäïìæPñ DQ LQFUHDVH LQ 1HRFKLDVWR]\JXV VSSï DW êñíçíïèçPñ WKH
/'2 RI 1ï VDHSHV DW êñíççïååPñ WKH /'2 RI 3ï PDUWLQLL DW êñíæìïêP DQG WKH /'2 RI 1ï
PRGHVWXV DW êñíæêïäèPï

=RQH 07ëE LV LQGLFDWHG EHWZHHQ êñíéäïìæPõFRUHô WR êñíåæïåP õFRUHô RQ WKH RFFXUUHQFH RI *ï
GDXEMHUJHQVLV GRZQ WR WKH ORZHVW LQðVLWX 3ï FRPSUHVVDâ EHORZ WKLVñ WKH SUHFLVH GDWLQJ LV
XQFHUWDLQï

1R VHGLPHQWV RI ¦PLGGOH§ 'DQLDQ DJH 117Sê ZHUH LGHQWLILHGñ KRZHYHUñ D VDPSOH JDS H[LVWV
EHWZHHQ êñíæêïäèP DQG êñíåíïçäP ZLWKLQ ZKLFK WKLV =RQH PD\ EH UHSUHVHQWHGï 7KH FRð
RFFXUUHQFH RI +ï HGZDUGVLL DQG FRPPRQ 3ï WHQXLFXOXV FRQILUPV WKH SUHVHQFH RI 6XE]RQH
117Së* DW êñíåíïçäPï 6XEVHTXHQW VXE]RQHV DUH EDVHG PDLQO\ RQ LQFHSWLRQ HYHQWV LQ FRUHï
3XOVHV RI /DWH &UHWDFHRXV UHZRUNLQJ RFFXU DW êñíåæïåæP DQG êñìííïçëPï

'HSWK )RUPDWLRQ $JH =RQH
êñìíêP ð êñëäæïëP 7RU /DWH 0DDVWULFKWLDQ 8&ëí¦LL§ ¤ 8&ìä¦LL§

)&6ëê



-RLQW &KDON 5HVHDUFK $ MRLQW &KDON 6WUDWLJUDSKLF )UDPHZRUN

'HFHPEHU ìäää &KDSWHU éã %LRVWUDWLJUDSK\ ð ìíì ð

&RPPHQWVã 'HILQLWH /DWH 0DDVWULFKWLDQ õ)&6ëêô FKDON EHWZHHQ êñìíêïäèPõFRUHô DQG
êñìíçïèP õFRUHô PDUNHG E\ WKH KLJKHVW RFFXUUHQFHV RI 5ï IUXFWLFRVDñ %ï GUDFR DQG 3ï HOHJDQVï
7KH /'2 RI 3ï HOHJDQV DW êñìäéïêèP õFRUHô FRQILUPV =RQH )&6ëê WR WKLV GHSWKï

1DQQRSODQNWRQ DVVHPEODJHV FRPSRVHG RI /DWH &UHWDFHRXV UHVWULFWHG WD[Dñ SDUWLFXODUO\ 1ï
IUHTXHQV DQG &ï GDQLDH FRQILUP SHQHWUDWLRQ RI 7RU )RUPDWLRQ VHGLPHQWV RI /DWH 0DDVWULFKWLDQ
DJH õ6XE]RQH 8&ëí¦LL§ôï 6XE]RQH 8&ëí§L§ LV SUHVHQW EHWZHHQ êñììíïèP DQG êñìæêïìêP
EDVHG RQ WKH RFFXUUHQFH RI 1ï IUHTXHQV LQ FRUH PDWHULDOï 6XE]RQH 8&ìä¦LL§ LV SUHVHQW EHWZHHQ
êñìåéïêëP DQG êñëååP EDVHG RQ WKH )'2 RI *ï REOLTXXP DQG 6ï SULPLWLYXPï

'HSWK )RUPDWLRQ $JH =RQH
êñëäæïëP ð êñêìéP 0DJQH &DPSDQLDQ 8&ìè

&RPPHQWVã 7KH )'2 RI (ï H[LPLXV LV WDNHQ WR LQGLFDWH WKH SUHVHQFH RI 0DJQH )RUPDWLRQ
VHGLPHQWV RI &DPSDQLDQ DJH õ6XE]RQH 8&ìè¦Y§ô DW êñëäæPï

'HSWK )RUPDWLRQ $JH =RQH
êñêìéP ð êñçèíP 1DUYH (DUO\ 6DQWRQLDQ ð

&RQLDFLDQ
8&ììðìí
)&6ìå ¤ ìæ

&RPPHQWVã 6ï JUDQXODWD SRORQLFD LV UHFRUGHG DW êñêìåPñ LQGLFDWLQJ WKH LQWHUSUHWDWLRQ RI WKH
WRS 1DUYH )RUPDWLRQ ZLWKLQ WKH EDVDO SDUW RI WKLV ]RQHï 7KH UHFRUGV RI 6ï JUDQXODWD JUDQXODWD
EHORZ êñêéëP FRQILUP WKH &RQLDFLDQ DJH EHORZ WKLV GHSWKï

7KH )'2 RI &ï FUDVVXV DQG %ï JHPLQLFDWLOOXV LQGLFDWH D 6XE]RQH 8&ìé¦LL§ DWWULEXWLRQ RU ROGHU
DW êñêìåPï 7KH SUHVHQFH RI 1DUYH )RUPDWLRQ VHGLPHQWV RI /DWH &RQLDFLDQ 6XE]RQH 8&ìì¦LL§
DJH LV EDVHG RQ WKH RFFXUUHQFH RI 4ï HSWDEUDFKLXP DQG FRPPRQ +ï WUDEHFXODWXV DW êñêëéPï
7KH )'2 RI 7ï YLUJLQLFD DW êñêëäP LQGLFDWHV 6XE]RQH 8&ìì¦L§ï 7KH 6XE]RQH 8&ìí¦LL§
DWWULEXWLRQ DW êñêèæP LV WHQWDWLYHO\ EDVHG RQ WKH DEVHQFH RI /ï JULOOLLï 7KH RFFXUUHQFH RI 4ï
LQWHUPHGLXP DW êñêääP FRQILUPV WKH SUHVHQFH RI 6XE]RQH 8&ìí¦L§ï

:HOO ëîëðë

([LVWLQJ GDWD DYDLODEOHã
55, õìäåêô 5RXWLQH %LRVWUDWLJUDSK\ñ EXW QR GLVWULEXWLRQ FKDUWV DYDLODEOHï

([LVWLQJ GDWD HYDOXDWLRQã
55, õìäåêô 6XFFHVVLRQ SDJH RQO\ ð QR DGGLWLRQDO GDWDï /LWWOH PLFURIDXQDO GDWD RI DQ\
VWUDWLJUDSKLF YDOXHï

1HZ DQDO\VHVã
0LFURSDODHRQWRORJ\  í
1DQQRSODQNWRQ  ìè GF
3DO\QRORJ\  ë GFï

$OO ìè GLWFK FXWWLQJV DUH RI PRGHUDWH WR SRRU TXDOLW\ DQG SURYHG GLIILFXOW WR ZRUN ZLWKï 7KLV LV
XQGRXEWHGO\ GXH WR WKH DJH RI WKH VDPSOHV DQG WKH PHWKRGRORJ\ HPSOR\HG ZKHQ FDWFKLQJ WKH



$ MRLQW &KDON 6WUDWLJUDSKLF )UDPHZRUN -RLQW &KDON 5HVHDUFK

ð ìíë ð &KDSWHU éã %LRVWUDWLJUDSK\ 'HFHPEHU ìäää

VDPSOHVï 7KHVH VDPSOHV KDG WR EH ULQVHG LQ RUGHU WR \LHOG LGHQWLILDEOH FKDON JUDLQV DQG
SURFHVVHG ZLWK JUHDW FDUH õRFFDVLRQDOO\ DV LQGLYLGXDO JUDLQVô WR HQVXUH UHOLDEOH VOLGH
SUHSDUDWLRQVï 1HYHUWKHOHVVñ FDYLQJ DQG PL[LQJ RI OLWKRORJLHV UHPDLQHG D SUREOHP DQG
DVVHPEODJH TXDOLW\ LV LQHYLWDEO\ FRPSURPLVHGï

6WUDWLJUDSKLF LQWHUSUHWDWLRQã

'HSWK )RUPDWLRQ $JH =RQH
ëñéäíP ¤ ëñèìíP 5RJDODQG ð ð

7KH GLWFK FXWWLQJ VDPSOHV H[DPLQHG DW ëñéäíP DQG ëñèìíP IRU 3DO\QRORJ\ RQO\ \LHOGHG WD[D
GHULYHG DV D UHVXOW RI FDYLQJ IURP WKH +RUGDñ %DOGHU DQG 6HOH )RUPDWLRQVï

'HSWK )RUPDWLRQ $JH =RQH
ëñèìêïèP ð ëñæíèïèP 7RU /DWH 0DDVWULFKWLDQ 8&õëíîìäôð8&ìç¦LLL§

&RPPHQWVã 7KH VSRUDGLF UHFRUG RI 1ï IUHTXHQV õEHORZ ëñèèíPô LQ DVVRFLDWLRQ ZLWK 6ï
SULPLWLYXP DQG *ï REOLTXXP õEHORZ ëñèëíPô DQG PLQRU UHZRUNLQJ õLïHï 5ï OHYLV DW ëñèçíPô LQ
GLWFK FXWWLQJV VDPSOHV RI SRRU TXDOLW\ FRPSOLFDWHV WKH VXEðGLYLVLRQ RI WKH 7RU )RUPDWLRQ WR
WKH H[WHQW WKDW RQO\ D EURDG 1DQQRSODQNWRQ =RQH 8&ëí ¤ 8&ìä LV DSSOLHGï 7KH )'2 RI 5ï
DQWKRSKRUXV DW ëñççíP LQGLFDWHV 1DQQRSODQNWRQ 6XE]RQH 8&ìç¦LL§ LQ WKH /DWH &DPSDQLDQï

$ =RQH )&6ëê DVVLJQPHQW LV QRWHG EHWZHHQ ëñèìíP DQG ëñèìêPñ MXVW DERYH WKH ORJ SLFN IRU
WKH WRS 7RUâ WKH GLIIHUHQFH LV WKRXJKW PRVW OLNHO\ WR EH FDXVHG E\ D PLQRU ORJ WR VDPSOH
GLVFUHSDQF\ï 7KH SUHVHQFH RI 5ï IUXFWLFRVD WR ëñçêí©ñ LI LQ VLWXñ VXSSRUWV D /DWH 0DDZVWULFKWLDQ
GDWH WR WKLV GHSWKï

'HSWK )RUPDWLRQ $JH =RQH
ëñæíèïèP ð ëñæèêïèP 0DJQH &DPSDQLDQ 8&ìè¦LY§¤ 8&ìé¦LY§

&RPPHQWVã 7KH UHFRUG RI 2ï FDPSDQHQVLV DW ëñæíèP õVOLJKWO\ DERYH WKH ORJ EUHDNô DQG 6ï
ELIHUXOD DW ëñæëèP LQGLFDWH 6XE]RQHV 8&ìè¦LY§ DQG 8&ìé¦LY§ UHVSHFWLYHO\ï

55, UHFRUG 7ï FDSLWRVD DW ëñçæíPñ FRQVLGHUDEO\ DERYH WKH ORJ SLFN IRU WKH WRS 0DJQHï 7KLV
GLVFUHSDQF\ FRXOG EH GXH WR PLVðLGHQWLILFDWLRQ RI WKH WD[RQï $Q (DUO\ &DPSDQLDQ =RQH )&6ëí
DJH LV LQGLFDWHG DW ëñæêíP RQ WKH RFFXUUHQFH RI 6ï H[VFXOSWD "JUDFLOLVñ DOWKRXJK WKLV ZDV DOVR
PLVðLGHQWLILHG DV 6ï H[VFXOSWD H[VFXOSWD LQ WKH RULJLQDO UHSRUWï

:HOO ëîëðê

([LVWLQJ GDWD DYDLODEOHã
55, õìäåêô )XOO UHSRUW ZLWK FKDUWV DQG VXPPDU\ ORJ

([LVWLQJ GDWD HYDOXDWLRQã
55, õìäåêô 6XFFHVVLRQ SDJH RQO\ ð QR DGGLWLRQDO GDWDï



-RLQW &KDON 5HVHDUFK $ MRLQW &KDON 6WUDWLJUDSKLF )UDPHZRUN

'HFHPEHU ìäää &KDSWHU éã %LRVWUDWLJUDSK\ ð ìíê ð

1HZ DQDO\VHVã
0LFURSDODHRQWRORJ\  í
1DQQRSODQNWRQ  ìé GF
3DO\QRORJ\  ì GF

$OO ìé GLWFK FXWWLQJV DUH RI PRGHUDWH WR SRRU TXDOLW\ DQG SURYHG GLIILFXOW WR ZRUN ZLWKï 7KLV LV
XQGRXEWHGO\ GXH WR WKH DJH RI WKH VDPSOHV DQG WKH PHWKRGRORJ\ HPSOR\HG ZKHQ FDWFKLQJ WKH
VDPSOHVï 7KHVH VDPSOHV KDG WR EH ULQVHG LQ RUGHU WR \LHOG LGHQWLILDEOH FKDON JUDLQV DQG
SURFHVVHG ZLWK JUHDW FDUH õRFFDVLRQDOO\ DV LQGLYLGXDO JUDLQVô WR HQVXUH UHOLDEOH VOLGH
SUHSDUDWLRQVï 1HYHUWKHOHVV FDYLQJ DQG PL[LQJ RI OLWKRORJLHV UHPDLQHG D SUREOHP DQG
DVVHPEODJH TXDOLW\ LV LQHYLWDEO\ FRPSURPLVHGï

6WUDWLJUDSKLF LQWHUSUHWDWLRQã

'HSWK )RUPDWLRQ $JH =RQH
ëñäìíP ¤ ëñäçèP /LVWD ¦PLGGOH§ 7KDQHWLDQ 07ç

&RPPHQWVã 55, UHFRUG FRPPRQ DJJOXWLQDWLQJ IRUDPLQLIHULGV DW ëñäìíPñ LQFOXGLQJ 6ï
VSHFWDELOLVñ WKHUHE\ FRQILUPLQJ WKH ¦PLGGOH§ 7KDQHWLDQ =RQH 07ç DJH DW WKLV GHSWKï 7KLV
]RQDO DVVLJQPHQW LV FRQWLQXHG WR ëñäçíP EDVHG RQ WKH UHODWLYHO\ KLJK DJJOXWLQDWLQJ
IRUDPLQLIHULG GLYHUVLW\ WR WKLV GHSWKï &RPPRQ 'DQLDQ UHZRUNLQJ RFFXUV WKURXJK WKLV XQLWï

'HSWK )RUPDWLRQ $JH =RQH
ëñäçèP ¤ êñííéP 9LGDU ð ð

&RPPHQWVã ¦/DWH§ 'DQLDQñ ¦HDUO\§ 7KDQHWLDQñ SOXV /DWH &UHWDFHRXV UHZRUNHG WD[D GRPLQDWH
WKH QDQQRSODQNWRQ DVVHPEODJHV UHFRUGHG EHWZHHQ ëñäæíP DQG êñíëíPï

1ï%ï $ VLQJOH VDPSOH KDV EHHQ H[DPLQHG IRU SDO\QRPRUSK FRQWHQW DW êñíìíPï 7KH
DVVHPEODJH LV GRPLQDWHG E\ WD[D GHULYHG IURP +RUGDñ %DOGHU DQG 6HOH )RUPDWLRQVï 1R WD[D
ZKLFK GHILQLWHO\ SURYH D 'DQLDQ DJH KDYH EHHQ UHFRUGHGï

'HSWK )RUPDWLRQ $JH =RQH
êñíìçïèP ¤ êñíäíïèP (NRILVN ¦ODWH§ 'DQLDQ 117Sé(î'

&RPPHQWVã $EXQGDQW 3ï GLPRUSKRVXV DW êñíéíP ZLWK 1ï VDHSHV DQG 1ï PRGHVWXVï

$ EURDG 'DQLDQ õ=RQH 07êîëô DJH LV LQGLFDWHG E\ WKH UHFRUG RI *ï SVHXGREXOORLGHV DW
êñíêíPï

'HSWK )RUPDWLRQ $JH =RQH
êñíäíïèP ¤ êñéííP 7RU /DWH 0DDVWULFKWLDQ ð

/DWH &DPSDQLDQ
8&õëíîìäôð 8&ìç¦LL§

&RPPHQWVã 7KHUH LV DQ LQIOX[ RI /DWH &UHWDFHRXV VSHFLHV DW êñíäèP DQG VSRUDGLF UHFRUGV RI
1ï IUHTXHQV õEHORZ êñíäèPô LQ DVVRFLDWLRQ ZLWK *ï REOLTXXP õEHORZ êñììíPô DQG 6ï
SULPLWLYXP õEHORZ êñìëèPôï 0LQRU UHZRUNLQJ õLïHï RGG RFFXUUHQFHV RI 5ï OHYLV DWñ DQG EHORZ



$ MRLQW &KDON 6WUDWLJUDSKLF )UDPHZRUN -RLQW &KDON 5HVHDUFK

ð ìíé ð &KDSWHU éã %LRVWUDWLJUDSK\ 'HFHPEHU ìäää

êñìëèP LQ 55, GDWD VHWô LQ GLWFK FXWWLQJV VDPSOHV RI SRRU TXDOLW\ FRPSOLFDWHV WKH VXEðGLYLVLRQ
RI WKH 7RU )RUPDWLRQ WR WKH H[WHQW WKDW RQO\ D EURDG 1DQQRSODQNWRQ =RQH 8&ëí ¤ 8&ìä LV
DSSOLHGï 7KH )'2 RI 7ï RULRQDWXV DW êñêèíP LQGLFDWHV 1DQQRSODQNWRQ =RQH 8&ìæ DQG WKH
)'2 RI 5ï DQWKRSKRUXV DW êñêæí LQGLFDWHV 1DQQRSODQNWRQ 6XE]RQH 8&ìç¦LL§ï

7KHUH DUH QR ]RQDO LQGH[ PLFURIDXQDO VSHFLHV UHFRUGHG ZLWKLQ WKH 7RUñ KRZHYHU WKH SUHVHQFH
RI 5XJRJORELJHULQD VSSï DW êñììíP DQG %ï LQFUDVVDWD JLJDQWHD DW êñìäíP VXSSRUW WKH
0DDVWULFKWLDQ GDWLQJï

'HSWK )RUPDWLRQ $JH =RQH
êñéííP ¤ êñéäèP 0DJQH /DWH &DPSDQLDQ )&6ëìE

8&ìç¦LL§ ¤ 8&ìè¦LLL§

&RPPHQWVã $Q LQWUDð/DWH &DPSDQLDQ DJH õ6XE]RQH )&6ëìEô LV GHILQHG DW êñéèéP E\ WKH
RFFXUUHQFH RI 7ï FDSLWRVD DQG *ï DIIï DUFD LQ SLQN VWDLQHG FKDONVï 7KLV HYHQW LV QRUPDOO\
FRLQFLGHQW ZLWK WKH WRS 0DJQH DQG WKH PLQRU GLVFUHSDQF\ EHWZHHQ WKH WZR LQ WKLV VHFWLRQ LV
SUREDEO\ GXH WR FDYLQJï

$W êñéæëP WKH )'2 RI 2ï FDPSDQHQVLV ZLWK (ï H[LPLXV DQG +ï WUDEHFXODWXV LQGLFDWHV DQ DJH
ZLWKLQ WKH UDQJH RI 1DQQRSODQNWRQ 6XE]RQHV 8&ìç¦LL§ ¤ 8&ìè¦LLL§ï

:HOO ëîéð$ðå

([LVWLQJ GDWD DYDLODEOHã
13' õìäæçô FKDUW ZLWK éå VDPSOHVâ 'DWD IURP 16& õìääåô (NRILVN )LHOG 6WXG\ï (GHOPDQQ ÷
3DUWQHUV 0LFURSDODHRQWRORJ\ 5HSRUW õìääéô FDUULHG RXW IRU 3KLOOLSV 3HWUROHXPï

([LVWLQJ GDWD HYDOXDWLRQã
13' õìäæçô 0RGHUDWH WR SRRU TXDOLW\ GDWDâ (GHOPDQQ ÷ 3DUWQHUV GDWD KDG WR LQWHUSUHWHG ZLWK
FDXWLRQñ DV 'DQLDQ¤/DWH &UHWDFHRXV PLFURIDXQDV LQFOXGHG WD[D QRUPDOO\ GHVFULEHG IURP
0LRFHQHñ 2OLJRFHQH DQG (DUO\ &UHWDFHRXV LQWHUYDOVã 16& õìääåô *RRG QDQQRIORUDO UHFRYHU\
IURP FRUH VDPSOHVï

1HZ DQDO\VHVã
0LFURSDODHRQWRORJ\  í
1DQQRSODQNWRQ  í
3DO\QRORJ\  íï

6WUDWLJUDSKLF LQWHUSUHWDWLRQã

'HSWK )RUPDWLRQ $JH =RQH
ìíñíæç© ð ìíñììê© 9nOH ¦HDUO\§ 7KDQHWLDQ 117Såðç

&RPPHQWVã $EXQGDQW &ï HGHQWXOXV DQG 1ï SHUIHFWXV DW ìíñíåí©ï

7KH SUHVHQFH RI UDUH SODQNWLF IRUDPLQLIHULGV DW ìíñíåæ© õFRUHô LQGLFDWH =RQH 07é DW WKLV
GHSWKï



-RLQW &KDON 5HVHDUFK $ MRLQW &KDON 6WUDWLJUDSKLF )UDPHZRUN

'HFHPEHU ìäää &KDSWHU éã %LRVWUDWLJUDSK\ ð ìíè ð

'HSWK )RUPDWLRQ $JH =RQH
ìíñììê© ð ìíñèçç© (NRILVN ¦ODWH§ 'DQLDQ 117Sè% ð 117Së'

07êð07ëE

&RPPHQWVã 7KH DWWULEXWLRQ RI =RQH 117Sè% LV EDVHG RQ WKH RFFXUUHQFH RI 1ï SHUIHFWXVñ
KRZHYHUñ D PDMRU LQFUHDVH LQ 3ï GLPRUSKRVXV LV QRWHG DW ìíñìèíö DQG LV XVHG WR GHILQH VXE]RQH
117Sé(î)ï

7KH LQWUD IRUPDWLRQDO UHZRUNLQJ PDNHV ]RQDO GHWHUPLQDWLRQ GLIILFXOW LQ WKLV ZHOOñ KRZHYHUñ WKH
FRQVLVWHQW RFFXUUHQFH RI 1ï HRVDHSHV IURP ìíñëìíö VXJJHVWV WKH SUHVHQFH RI =RQH 117Sé'ï

$ ODUJH LQFUHDVH LQ UHZRUNLQJ õSULQFLSDOO\ /DWH 0DDVWULFKWLDQô LV QRWHG EHWZHHQ ìíñëëíö DQG
ìíñëêíöï

7KH LQWHUYDO EHWZHHQ ìíñêéíö DQG ìíñèëíö LV WHQWDWLYHO\ DWWULEXWHG WR =RQH 117Së(î)ñ
VXJJHVWLQJ DQ DEVHQFH RI =RQHV 117Sê ð é&ï +RZHYHUñ WKLV LV EDVHG RQ WKH VSDUVH LQ VLWX
DVVHPEODJH UHFRYHUHG DQG WKH DEVHQFH RI WD[D LQGLFDWLYH RI D \RXQJHU DJHï

7KH LQWHUYDO ìíñêéíö WR ìíñèçéö LV GRPLQDWHG E\ PDVVLYH UHZRUNLQJ RI PDLQO\ /DWH
0DDVWULFKWLDQ DJH VHGLPHQWVñ LQGLFDWHG E\ ERWK WKH QDQQRIORUDO DQG PLFURIDXQDO UHFRYHU\ï

$Q DOWHUQDWLYH LQWHUSUHWDWLRQ LV WKDW WKH LQWHUYDO EHWZHHQ ìíñêéí© DQG ìíñèëí© UHSUHVHQWV DQ
LPSRYHULVKHG =RQH 117Sé$ð& LQWHUYDOñ PDVNHG E\ PDVVLYH UHZRUNLQJï

6DPSOHV DQDO\VHG EHWZHHQ ìíèëäïåö DQG ìíèçéö VXJJHVW WKH SUHVHQFH RI ¦HDUO\§ 'DQLDQ DJH
VHGLPHQWV õ117Së'ô EDVHG RQ YHU\ ORZ GLYHUVLW\ DVVHPEODJHV ZLWK VPDOO YDULHWLHV RI 3ï
GLPRUSKRVXVï 0RGHUDWH DPRXQWV RI UHZRUNLQJ DUH VWLOO SUHVHQW LQ ZKDW LV HTXLYDOHQW WR WKH
(NRILVN 7LJKW =RQHï

7KH UHFRUGV RI *ï SVHXGREXOORLGHV DW ìíñìëë© õFRUHô DQG *ï GDXEMHUJHQVLV DW ìíñëää© õFRUHô
FRQILUP =RQHV 07ê DQG 07ëE UHVSHFWLYHO\ï

'HSWK )RUPDWLRQ $JH =RQH
ìíñèçç© ð ìíñæçí© 7RU /DWH 0DDVWULFKWLDQ 8&ëí¦LL§ ð 8&ìä

)&6 ëêHðF

&RPPHQWVã 7RU )RUPDWLRQ VHGLPHQWV DUH FRQILUPHG DW ìíñèçäö IURP DQ LPSRYHULVKHG
DVVHPEODJH FRQWDLQLQJ 1ï IUHTXHQVï 7KLV VXSSRUWHG E\ WKH UHFRYHU\ RI &ï GDQLDH EHWZHHQ
ìíñçííö DQG ìíñçæíöï

7KH LQ VLWX UHFRYHU\ RI 3ï HOHJDQV EHORZ ìíñèæè© FRUHñ WRJHWKHU ZLWK %ï GUDFR DW ìíñèää©
õFRUHô DQG FRPPRQ 5ï IUXFWLFRVD UHFRUGHG DW ìíñæéå© õFRUHôï

:HOO ëîéð%ðìä

([LVWLQJ GDWD DYDLODEOHã
16& õìääèô GDWD IURP é VDPSOHV RQO\â 13' õìäæç"ô 1DQQRSODQNWRQ GLVWULEXWLRQ FKDUWï 16&
õìääåô (NRILVN &RUH 5HYLHZ VWXG\ GDWD VHWï



$ MRLQW &KDON 6WUDWLJUDSKLF )UDPHZRUN -RLQW &KDON 5HVHDUFK

ð ìíç ð &KDSWHU éã %LRVWUDWLJUDSK\ 'HFHPEHU ìäää

([LVWLQJ GDWD HYDOXDWLRQã
*RRG TXDOLW\ GDWDï

1HZ DQDO\VHVã
0LFURSDODHRQWRORJ\  ê
1DQQRSODQNWRQ  êë
3DO\QRORJ\  íï

$OO êë GLWFK FXWWLQJV DUH RI PRGHUDWH TXDOLW\ DQG SURYHG UHDVRQDEOH WR ZRUN ZLWKï 7KHVH
VDPSOHV ZHUH ZDVKHG ZLWK UHSHDWHGO\ LQ RUGHU WR \LHOG LGHQWLILDEOH FKDON JUDLQV DQG SURFHVVHG
ZLWK JUHDW FDUH õRFFDVLRQDOO\ DV LQGLYLGXDO JUDLQVô WR HQVXUH UHOLDEOH VOLGH SUHSDUDWLRQVï
1HYHUWKHOHVVñ FDYLQJ DQG PL[LQJ RI OLWKRORJLHV UHPDLQHG D SUREOHP DQG DVVHPEODJH TXDOLW\ LV
LQHYLWDEO\ FRPSURPLVHGï

6WUDWLJUDSKLF LQWHUSUHWDWLRQã

'HSWK )RUPDWLRQ $JH =RQH
äñæìì© ¤ äñæææ© 9nOH ¦HDUO\§ 7KDQHWLDQ 117Sæ

&RPPHQWVã 7KH /'2 RI FRPPRQ 7RZHLXV VSSï DW äñææè©ï 7KH IRUDPLQLIHULG UHFRYHU\ DW
äñæçè© LV JRRG DQG LQFOXGHV VSHFLPHQV UHIHUUHG WR *ï SVHXGREXOORLGHV DQG *ï GDXEMHUJHQVLVï
7KH SUHVHQFH RI WKH ODWWHU ZRXOG VXJJHVW D ¦ODWH§ 'DQLDQ DJHñ EXW WKH QDQQRSODQNWRQ GDWD
FRQILUPV WKH 9nOH )RUPDWLRQ LV RI ¦HDUO\§ 7KDQHWLDQ DJH DW WKLV OHYHOï 7KHUH LV FRQVLGHUDEOH
UHZRUNLQJ SUHVHQW LQ WKH VDPSOHV DQG WKH SRVVLELOLW\ WKDW VRPH RI WKH 'DQLDQ WD[D KDYH EHHQ
UHZRUNHG FDQQRW EH UXOHG RXWï

'HSWK )RUPDWLRQ $JH =RQH
äñæææ© ¤ ìíñëìë© (NRILVN 'DQLDQ 117Sè% ¤ 117Sì"

&RPPHQWVã %HWZHHQ äñæåí© DQG äñåìå© WKH RFFXUUHQFH RI 1ï SHUIHFWXV DQG FRPPRQ &ï
HGHQWXOXV LQGLFDWHV 6XE]RQH 117Sçîè%ï

7KH FRPPRQ RFFXUUHQFH RI 3ï WHQXLFXOXV DW ìíñìæäïè© LQGLFDWHV =RQH 117Sêï

1DQQRSODQNWRQ 6XE]RQH 117Së' LV EDVHG RQ UDUH 3ï GLPRUSKRVXV DQG PRGHUDWH DPRXQWV RI
UHZRUNLQJï

'DQLDQ FKDONV ZLWKLQ 6XE]RQH 07ëE DUH UHFRJQLVHG WR ìíñìäè© RQ WKH SUHVHQFH RI 3ï
FRPSUHVVD WR WKLV GHSWKï

'HSWK )RUPDWLRQ $JH =RQH
ìíñëìë© ¤ ììñêåì© 7RU /DWH 0DDVWULFKWLDQ ð

/DWH &DPSDQLDQ
8&ëí¦LL§ ¤ 8&ìç¦L§

&RPPHQWVã $ JRRG 7RU )RUPDWLRQ VHTXHQFH ZLWK WKH RFFXUUHQFH RI 1ï IUHTXHQV DQG &ï
GDQLDH õìíñêìç©ô LQGLFDWLQJ 6XE]RQH 8&ëí¦L§ï 1ï IUHTXHQV SHUVLVWV GRZQ WR ìíñêçì©ï $
VDPSOH JDS H[LVWV EHWZHHQ ìíñêçç© WR ìíñåíí©ï 7KH )'2 RI *ï REOLTXXP DW ìíñåçí© DQG &ï
REVFXUXV õìíñäåí©ô DUH XVHG WR VXEðGLYLGH =RQH 8&ìäï



-RLQW &KDON 5HVHDUFK $ MRLQW &KDON 6WUDWLJUDSKLF )UDPHZRUN

'HFHPEHU ìäää &KDSWHU éã %LRVWUDWLJUDSK\ ð ìíæ ð

$W ììñìäí© WKH )'2 RI 5ï OHYLV LQGLFDWHV =RQH 8&ìå ZLWK UHZRUNLQJ RI (ï H[LPLXV DQG +ï
WUDEHFXODWXV FRPSOLFDWLQJ DVVHPEODJHV VOLJKWO\ï

7KH )'2 RI 5ï DQWKRSKRUXVñ 0ï TXDWHUQDULXV DQG %ï SDUFD SDUFD DW ìêñêéí© LQGLFDWHV
6XE]RQH 8&ìç¦L§ï

'HSWK )RUPDWLRQ $JH =RQH
ììñêåì© ¤ ììñèìì© 7KXG (DUO\ &DPSDQLDQ ð

6DQWRQLDQ
8&ìé¦LYî¦LL§ ¤ 8&ìë

&RPPHQWVã 7KH )'2 RI 6ï ELIHUXODñ %ï JHPLQLFDWLOOXV DQG &ï FUDVVXV DW ììñêæí© LQGLFDWHV
6XE]RQH 8&ìé¦LYðLL§ï 7KH )'2 RI =ï ELSHUIRUDWXV DW ììñéíí© FRQILUPV 6XE]RQH 8&ìé¦LL§ï

7KH /'2 RI %ï SDUFD SDUFD LQ WKH DEVHQFH RI 5ï OHYLV LQ FXWWLQJV WHQWDWLYHO\ VXJJHVWV 6XE]RQH
8&ìé¦L§ DW ììñéêí©ï

=RQH 8&ìê EDVHG RQ WKH RFFXUUHQFH RI $ï F\PELIRUPLV GRZQ WR ììñéäí© LQ FXWWLQJV DQG =RQH
8&ìë EHORZ WKLVï

7KH OLPLWHG QXPEHU RI PLFURSDODHRQWRORJ\ DQDO\VHV FDUULHG RXW EHWZHHQ ììñéçí© DQG ììñèëí©
FRQWDLQ ERWK 6ï JUDQXODWD SRORQLFD DQG *ï DUQDJHUHQVLV LQGLFDWLQJ =RQH )&6ìå RYHU WKLV
LQWHUYDOï

'HSWK )RUPDWLRQ $JH =RQH
ììñèìì© ¤ ìëñæçë© 1DUYH &RQLDFLDQ ð 7XURQLDQ 8&ìì¦LL§ ¤ 8&ä¦L§

&RPPHQWVã $W ììñæíí© WKH LQFUHDVH LQ WKH DEXQGDQFH RI +ï WUDEHFXODWXV LQGLFDWHV 6XE]RQH
8&ìì¦LL§ï 7KH )'2 RI 7ï YLUJLQLFD VXJJHVWV 6XE]RQH 8&ìì¦L§ DW ììñååí©ï

7KH )'2 RI 4ï LQWHUPHGLXP DW ììñäéí© LQGLFDWHV 6XE]RQH 8&ìí¦L§ ZLWK FRPPRQ +ï
WXURQLFXV LQGLFDWLQJ 6XE]RQH 8&ä¦L§ DW ìëñìåí©ï

'HSWK )RUPDWLRQ $JH =RQH
ìëñæçë© %ORG�NV (DUOLHVW 7XURQLDQ ð

/DWH &HQRPDQLDQ
ð

&RPPHQWVã 1R DQDO\VHV FDUULHG RXWï

:HOO ëîéð%ðìä$î7ë

([LVWLQJ GDWD DYDLODEOHã
3+, õìäåçô 5HSRUW ZLWK WD[D OLVWVâ $*3 õìääèô 5HSRUW ZLWK GLDJUDPV DQG FKDUWVï

([LVWLQJ GDWD HYDOXDWLRQã
3+, õìäåçô *RRG TXDOLW\ GDWDï

1HZ DQDO\VHVã
0LFURSDODHRQWRORJ\  í



$ MRLQW &KDON 6WUDWLJUDSKLF )UDPHZRUN -RLQW &KDON 5HVHDUFK

ð ìíå ð &KDSWHU éã %LRVWUDWLJUDSK\ 'HFHPEHU ìäää

1DQQRSODQNWRQ  í
3DO\QRORJ\  íï

6WUDWLJUDSKLF LQWHUSUHWDWLRQã

'HSWK )RUPDWLRQ $JH =RQH
äñåêç© ¤ ìíñëæä© (NRILVN 'DQLDQ 117Sè% ¤ 117Së$

&RPPHQWVã 7KH RFFXUUHQFH RI 1ï SHUIHFWXV ZLWK FRPPRQ 3ï GLPRUSKRVXV DW äñåêä© LQGLFDWHV
6XE]RQH 117Sè%ï 7KH /'2 RI 1ï SHUIHFWXV DW äñåçé© VXJJHVWV 6XE]RQH 117Sè$ðé) EHORZ
WKLV GHSWKï

7KHUH LV D VLJQLILFDQW VDPSOH JDS EHWZHHQ äñåæí© DQG äñåäæ©ï

6XE]RQH 117Sé% DW äñåäæ© LV EDVHG RQ WKH /'2 RI 3ï PDUWLQLLï 7KLV VXE]RQH LQFOXGHV SXOVHV
RI UHZRUNLQJ DW äñåäæ©ñ äñäçæ© DQG äñääê©ï 0RUH VLJQLILFDQW UHZRUNLQJ RFFXUV EHWZHHQ ìíñìèä©
DQG ìíñëíé©ï

6XE]RQH 117Së DWñ DQG EHORZñ ìíñëíä© EDVHG RQ WKH UHðDSSHDUDQFH RI FRPPRQ 3ï
GLPRUSKRVXVñ UDUH 3ï GLPRUSKRVXV õìíñëìì©ô DQG &ï SULPXV õìíñëéì©ôï

+LJK DPRXQWV RI UHZRUNLQJ RQFH DJDLQ SUHVHQW LQ WKH (NRILVN 7LJKW =RQH DW ìíñëæí©ï

'HSWK )RUPDWLRQ $JH =RQH
ìíñëæä© ¤ ììñêää© 7RU /DWH 0DDVWULFKWLDQ 8&ëí¦LLL§ ¤ 8&ìä¦LL§

&RPPHQWVã 7KHUH LV DQ LQIOX[ RI /DWH &UHWDFHRXV UHVWULFWHG VSHFLHV DW ìíñëäí©ï 7KH
RFFXUUHQFH RI 1ï IUHTXHQV EHWZHHQ ìíñëäëïè© DQG ìíñéìçïë© LQGLFDWHV 6XE]RQH 8&ëí¦L§ï

7KH LQWHUYDO ìíñéìçïë© ¤ ìíñèëê© LV QRW ]RQHG GXH WR WKH UHFRUG RI ¦H[RWLF§ WD[D TXRWHG E\
SUHYLRXV DXWKRUVï

$W ìíñèëê© *ï REOLTXXP LQGLFDWHV 6XE]RQH 8&ìä¦LL§ï

:HOO ëîèðì

([LVWLQJ GDWD DYDLODEOHã
55, õìääíô 6XPPDU\ ORJ õQR UDZ GDWDôâ 55, õìäæíô PLFURSDODHRQWRORJ\ FKDUW DQG GLVFXVVLRQâ
3DOHRVHUYLFHV õìäåìô UHSRUW DQG GLDJUDPVâ *HRODE õìääí FKDUWôï

([LVWLQJ GDWD HYDOXDWLRQã
55, õìääíô LQWHUSUHWDWLRQ QRW SRVVLEOH WR IROORZ ZLWKRXW UDZ GDWDâ 3DOHRVHUYLFHV õìäåìô DQG
*HRODE õìääíô GDWD VHW ZHDN WKURXJK (NRILVN )RUPDWLRQñ EXW DGHTXDWH WKURXJK 7RU )RUPDWLRQ
DQG YHU\ ZHDN LQ WKH 0DJQH )RUPDWLRQ DQG EHORZï 0LFURIDXQDO UHFRYHU\ LV SRRU IURP WKH
ZHOO LQGXUDWHG FKDON GULOOHG LQ WKLV ZHOOï



-RLQW &KDON 5HVHDUFK $ MRLQW &KDON 6WUDWLJUDSKLF )UDPHZRUN

'HFHPEHU ìäää &KDSWHU éã %LRVWUDWLJUDSK\ ð ìíä ð

1HZ DQDO\VHVã
0LFURSDODHRQWRORJ\  ê
1DQQRSODQNWRQ  ìè F ò ìê GF
3DO\QRORJ\  í

6WUDWLJUDSKLF LQWHUSUHWDWLRQã

'HSWK )RUPDWLRQ $JH =RQH
äñäæí© ð ìíñëæç© (NRILVN 'DQLDQ 117Sè% ¤ 117Sì"

&RPPHQWVã 0LFURIDXQDO UHFRYHU\ WKURXJK WKH (NRILVN LV YHU\ SRRUñ EXW WKH UHFRYHU\ RI UDUH
*ï SVHXGREXOORLGHV DQG *ï GDXEMHUJHQVLV DW äñäæí© FRQILUP D ¦ODWH§ 'DQLDQ DJH DW WKLV GHSWKï

'DWD VHW ZHDN WKURXJK WKH (NRILVN )RUPDWLRQ ZLWK YDU\LQJ DPRXQWV RI UHZRUNHG /DWH
&UHWDFHRXV WD[Dï 7KHUH LV QR HYLGHQFH WR VXSSRUW WKH 55, õìääíô LQWHUSUHWDWLRQ RI D UHSHDW
VHTXHQFH LQ WKH (NRILVN )RUPDWLRQ IURP WKLV GDWD VHWï

7KH KLJK UHODWLYH DEXQGDQFH RI 3ï WHQXLFXOXV DW ìíñíëè© LQ WKH 55, õìääíô GDWD VHW PD\ EH GXH
WR LQWUDðIRUPDWLRQDO UHZRUNLQJï

$W ìíñííè© WKH )'2 RI LQIOX[ 3ï GLPRUSKRVXV LQGLFDWHV 6XE]RQH 117Sé)ï %HORZ ìíñíåë© WKH
DEVHQFH RI 1ï VDHSHV VXJJHVWV 6XE]RQH 117Sé& DQG EHORZ ìíñëíí© WKH DEVHQFH RI 3ï
PDUWLQLL LQGLFDWHV 6XE]RQH 117Sé%ï

7KHUH LV WHQWDWLYH HYLGHQFH IRU WKH SUHVHQFH RI =RQH 117Sì DW ìíñëèëöñ DQG WKHUHIRUH D
SRVVLEOH KLDWXV ZLWKLQ WKH (NRILVN )RUPDWLRQï

'HSWK )RUPDWLRQ $JH =RQH
ìíñëæç© ¤ ììñêää© 7RU 0DDVWULFKWLDQ 8&ëí¦LLL§ ð 8&ìå

)&6ëê ¤ )&6ëë

&RPPHQWVã 3RRU UHFRYHU\ DQG ORZ GLYHUVLW\ DVVHPEODJHV IURP WKH WRS RI WKH 7RU )RUPDWLRQ
DW ìíñëäéïèöñ VXJJHVW WKH SUHVHQFH RI 6XE]RQH 8&ëí¦LLL§ï $ PRUH RU OHVV FRPSOHWH /DWH ð
(DUO\ 0DDVWULFKWLDQ VHTXHQFH õ=RQH 8&ëí WR 8&ìåô FDQ EH LGHQWLILHG EHWZHHQ ìíñëäéïèö DQG
ììñééíöï +RZHYHUñ WKH DVVHPEODJHV UHFRYHUHG IURP ììñéêíö DQG ììñééíö DUH LQWHUSUHWHG DV
FDYHG JLYHQ WKH ORJ HYLGHQFH IRU 0DJQH )RUPDWLRQ DW ììñêääöï

$ GHILQLWH ODWHVW 0DDVWULFKWLDQ GDWH õ6XE]RQH )&6ëêHô LV FRQILUPHG E\ WKH UHFRUGV RI 3ï
HOHJDQV DQG 5ï FRQWXVD EHWZHHQ ìíñëäç©õFRUHô DQG ìíñêìè© õFRUHôï 3ï HOHJDQV LV SUHVHQW LQ
FRUH WR ìíñçêç© FRQILUPLQJ 6XE]RQH )&6ëêF WR WKLV GHSWKï 7KH UHFRYHU\ RI WKH RVWUDFRG
1HRF\WKHUH FIï YLUJLQHD WR ììñíêí© VXSSRUWV D /DWH 0DDVWULFKWLDQ õ=RQH )&6ëêô GDWHï

7KH UHFRUGV RI ERWK $ï EHWWHQVWDHGWL DQG FRQVLVWHQW 5XJRJORELJHULQD VSSï DWñ DQG EHORZ
ììñêíí©ñ FRQILUP WKH (DUO\ 0DDVWULFKWLDQ =RQH )&6ëë DW WKLV OHYHOï

'HSWK )RUPDWLRQ $JH =RQH
ììñêää© ¤ ììñçíç© 0DJQH /DWH &DPSDQLDQ 8&ìè¦LY§



$ MRLQW &KDON 6WUDWLJUDSKLF )UDPHZRUN -RLQW &KDON 5HVHDUFK

ð ììí ð &KDSWHU éã %LRVWUDWLJUDSK\ 'HFHPEHU ìäää

&RPPHQWVã $VVHPEODJHV õLQFOXGLQJ 2ï FDPSDQHQVLVñ 5ï DQWKRSKRUXV DQG %ï SDUFD SDUFDô
FKDUDFWHULVWLF RI 6XE]RQH 8&ìè¦LY§ DW ììñéçíö VXSSRUW WKH ORJ HYLGHQFH IRU WKH SUHVHQFH RI
VHGLPHQWV EHORQJLQJ WR WKH 0DJQH )RUPDWLRQï 5HG FRORXUHG FKDON LV ORJJHG DW ììñéåí©
VXSSRUWLQJ WKH VXJJHVWLRQ WKDW WKLV LV FORVH WR WKH WRS RI WKH 0DJQH )RUPDWLRQï

7KH GDWD IURP EHWZHHQ ììñèåíö DQG ììñåííö LV YHU\ ZHDN DQG WKHUHIRUH WKH DJH LV
LQGHWHUPLQDWHï

'HSWK )RUPDWLRQ $JH =RQH
ììñçíç© ¤ ìëñíçí© 1DUYH (DUO\ 6DQWRQLDQ ð

7XURQLDQ
)&6ìå ¤ )&6ìç
)&6ìèD

&RPPHQWVã 6DPSOHV EHORZ ììñçëí© FRQWDLQ &HQRVSKDHUD VSSï WRJHWKHU ZLWK WKH SODQNWLF
IRUDPLQLIHULGV *ï EXOORLGHV DQG :KLWHLQHOOD EDOWLFDï 7KHVH WD[D DUH FKDUDFWHULVWLF RI 6DQWRQLDQ
WR &RQLDFLDQ FKDONV DQGñ ZLWKLQ WKH 1DUYHñ RFFXU LQ EDVDO =RQH )&6ìå WR )&6ìçï 7KH
SUHVHQFH RI FRPPRQ &HQRVSKDHUD VSSï DW ììñäéí©LV XVHG KHUH WR LQGLFDWH 6XE]RQH )&6ìèDñ
ZLWKLQ WKH (DUO\ 7XURQLDQï

7KH )'2 RI (ï IORUDOLV DW ììñåëí© LQGLFDWHV D EURDG =RQH 8&ììîìíï 7KH 6XE]RQH 8&ìí¦L§
DWWULEXWLRQ DW ììñäæíö LV FRQVLGHUHG FDYHGï

:HOO ëîèðæ

([LVWLQJ GDWD DYDLODEOHã
6KHOO õìäåéô PLFURSDODHRQWRORJLFDO UHSRUW DQG GLDJUDPV õèí VDPSOHVôâ $JLS õìääéô
1DQQRSODQNWRQ UHSRUW GLDJUDPV õëç VDPSOHVôï

([LVWLQJ GDWD HYDOXDWLRQã
6KHOO õìäåéô 0LFURSDODHRQWRORJLFDO GDWD XQLQWHOOLJLEOHñ YHU\ SRRU TXDOLW\ñ YHU\ ORZ GLYHUVLW\
QDQQRSODQNWRQ GDWDâ $JLS õìääéô 1DQQRSODQNWRQ GDWD RI JRRG TXDOLW\ï

1HZ DQDO\VHVã
0LFURSDODHRQWRORJ\  ê GF
1DQQRSODQNWRQ  ê GF
3DO\QRORJ\  íï

6WUDWLJUDSKLF LQWHUSUHWDWLRQã

'HSWK )RUPDWLRQ $JH =RQH
êñìçåïèP ¤ êñìæèP 9LGDU ,QGHWHUPLQDWH ,QGHWHUPLQDWH

&RPPHQWVã0LQRU ODWH &UHWDFHRXV UHZRUNLQJ LQ WKH QDQQRSODQNWRQ DVVHPEODJH DW êñìæëPï

'HSWK )RUPDWLRQ $JH =RQH
êñìæèP ¤ êñìåäïäP /LVWD ,QGHWHUPLQDWH ,QGHWHUPLQDWH

&RPPHQWVã 1R GDWD DYDLODEOH



-RLQW &KDON 5HVHDUFK $ MRLQW &KDON 6WUDWLJUDSKLF )UDPHZRUN

'HFHPEHU ìäää &KDSWHU éã %LRVWUDWLJUDSK\ ð ììì ð

'HSWK )RUPDWLRQ $JH =RQH
êñìåäïäP ¤ êñëíéP 9nOH ¦HDUO\§ 7KDQHWLDQ ð

¦ODWH§ 'DQLDQ
117Sç ¤ 117Sè%

&RPPHQWVã 7KH ìäåé 6KHOO GDWD LV RI SRRU TXDOLW\ EXW VXJJHVWV 6XE]RQHV 117Sçðè% IRU WKH
9nOH )RUPDWLRQ DW êñìåäïäP EDVHG RQ FRPPRQ 3ï PDUWLQLLñ FRPPRQ &ï HGHQWXOXV DQG
FRPPRQ 3ï ELVXOFXVï 7KH /'2 RI 1ï SHUIHFWXV LV DW êñìäåPï

'HSWK )RUPDWLRQ $JH =RQH
êñëíéP ¤ êñêéæP (NRILVN 'DQLDQ 117Sé ð 117Sì"

&RPPHQWVã 5HVROXWLRQ EH\RQG D JHQHUDO 117Sé DJH IRU WKH (NRILVN )RUPDWLRQ DW êñëíèP LV
QRW SRVVLEOH GXH WR SRRU GDWD TXDOLW\ï

$ çëP VDPSOH JDS H[LVWV EHWZHHQ êñëíèP DQG êñëçæPñ ZKHUH 6XE]RQH 117Së( LV LGHQWLILHGñ
RQFH DJDLQ FRQILGHQFH LQ WKLV DWWULEXWLRQ LV ORZ GXH WR SRRU GDWD TXDOLW\ï

7KHUH LV D PDMRU LQFUHDVH LQ 0DDVWULFKWLDQ UHZRUNLQJ DW êñëåéPñ FRQVWUDLQHG WR 6XE]RQH
117Së( EDVHG RQ DQ LPSRYHULVKHG LQ VLWX DVVHPEODJHï &RQILGHQFH LQ WKLV GDWD VHW LV ORZï
5HZRUNHG /DWH 0DDVWULFKWLDQ DVVHPEODJHV FRQWLQXH WR GRPLQDWH GRZQ WR êñêéåP PDNLQJ
]RQDO DWWULEXWLRQ H[WUHPHO\ GLIILFXOWï

'HSWK )RUPDWLRQ $JH =RQH
êñêéæP ¤ êñæëçP 7RU /DWH 0DDVWULFKWLDQ ð

/DWH &DPSDQLDQ
8&ëí¦LLL§ ð 8&ìç

&RPPHQWVã 7KH LPSRYHULVKHG DVVHPEODJH UHFRYHUHG IURP êêéåïëèP LV FRPSRVHG HQWLUHO\ RI
/DWH &UHWDFHRXV UHVWULFWHG WD[D ZKLFK VXJJHVWV 6XE]RQH 8&ëí¦LLL§ DW WKH WRS RI WKH 7RU
)RUPDWLRQñ KRZHYHUñ FRQILGHQFH UHPDLQV YHU\ ORZ GXH WR H[WUHPHO\ SRRU GDWD TXDOLW\ï

7KH LVRODWHG VDPSOH DW êñéìéïèP FRQILUPV /DWH 0DDVWULFKWLDQ VHGLPHQWV WR DW OHDVW WKLV GHSWK
õ6XE]RQH 8&ëí¦L§ EDVHG RQ WKH RFFXUUHQFH RI 1ï IUHTXHQVôï $JH LGHQWLILFDWLRQ DW VDPSOHV
êñéèåP DQG êñèéäP LV QRW SRVVLEOH GXH WR YHU\ SRRU GDWDï

7KH VXEVHTXHQW RFFXUUHQFH RI 5ï OHYLV DW êñèçíP VXJJHVWV WKH SUHVHQFH RI (DUO\ 0DDVWULFKWLDQ
DJH VHGLPHQWV DQG WKH RFFXUUHQFH RI %ï SDUFD FRQVWULFWD DW êñçíåP VXJJHVWV =RQH 8&ìç DW
WKLV GHSWK LQ RWKHUZLVH SRRU DVVHPEODJHVï

'HSWK )RUPDWLRQ $JH =RQH
êñæëçP ¤ êñäèèïèP 0DJQH /DWH &DPSDQLDQ 8&ìè ÷ 8&ìé¦LYðLL§

&RPPHQWVã &RQILGHQFH LQ WKLV DJH DWWULEXWLRQñ EDVHG RQ WKH RFFXUUHQFH RI (ï H[LPLXV DW
êñäçíPñ UHPDLQV ORZ JLYHQ WKH ORJ HYLGHQFH IRU WRS 0DJQH )RUPDWLRQ DW êñæëçP DQG WKH YHU\
SRRU TXDOLW\ RI WKH QDQQRSODQNWRQ GDWDï
$ 6XE]RQH 8&ìé¦LYðLL§ DWWULEXWLRQ DW êñäçìP PD\ EH FRPSOLFDWHG E\ FDYLQJï



$ MRLQW &KDON 6WUDWLJUDSKLF )UDPHZRUN -RLQW &KDON 5HVHDUFK

ð ììë ð &KDSWHU éã %LRVWUDWLJUDSK\ 'HFHPEHU ìäää

'HSWK )RUPDWLRQ $JH =RQH
êñäèèïèP ¤ êñäåêP 7KXG 6DQWRQLDQ 8&ìê"

)&6ìå ð ")&6ìæ

&RPPHQWVã 7KH =RQH 8&ìê" DWWULEXWLRQ DW êñäæäP õEDVHG RQ D ORZ GLYHUVLW\ DVVHPEODJHô
VXSSRUWV WKH ORJ HYLGHQFH IRU SUHVHQFH RI VHGLPHQWV EHORQJLQJ WR WKH 7KXG )RUPDWLRQï
7KH UHFRUGV RI 6ï JUDQXODWD SRORQLFD DW êñäæíP LQGLFDWH D 0LGGOHð(DUO\ 6DQWRQLDQ DJH DW WKLV
GHSWK DQG ZRXOG HTXDWH ZLWK D OHYHO ORZ LQ WKH 7KXG )RUPDWLRQï 7KH DJH LV IXUWKHU VXSSRUWHG
E\ UHFRUGV RI &HQRVSKDHUD VSSï DQG 6ï H[VFXOSWD H[VFXOSWD DW êñäæäPï

'HSWK )RUPDWLRQ $JH =RQH
êñäåêP 1DUYH &RQLDFLDQ 8&ìì

&RPPHQWVã 1DUYH )RUPDWLRQ VHGLPHQWV RI =RQH 8&ìì RU ROGHU DUH VHHQ DWñ DQG EHORZñ
êñäåêP EDVHG RQ WKH RFFXUUHQFH RI (ï IORUDOLV õ$JLS UHSRUW WH[Wôï

:HOO ëîèðä

([LVWLQJ GDWD DYDLODEOHã
67/ õìääëô 5HSRUW DQG GLVWULEXWLRQ FKDUWVâ $02 õìä;;ô 'LVWULEXWLRQ FKDUWï

([LVWLQJ GDWD HYDOXDWLRQã

1HZ DQDO\VHVã
0LFURSDODHRQWRORJ\  í
1DQQRSODQNWRQ  í
3DO\QRORJ\  í

6WUDWLJUDSKLF LQWHUSUHWDWLRQã

'HSWK )RUPDWLRQ $JH =RQH
êñëèíP ¤ êñëèäïäP 9nOH ¦HDUO\§ 7KDQHWLDQ ð

¦ODWH§ 'DQLDQ
117Sç

&RPPHQWVã 0RGHUDWHO\ FRPPRQ 1ï SHUIHFWXVñ UDUH 3ï GLPRUSKRVXV DQG FRPPRQ 3ï PDUWLQLL
DW êñëèëPï 7KH /'2 RI 1ï SHUIHFWXV LV DW êñëèåPï

7KH RFFXUUHQFH RI *ï SVHXGREXOORLGHV DW êñëèëP LQGLFDWHV DEURDG ¦HDUO\§ 7KDQHWLDQ ¤ ¦ODWH§
'DQLDQ DJH UDQJHï

'HSWK )RUPDWLRQ $JH =RQH
êñëèäïèP ¤ êñêåíïéP (NRILVN 'DQLDQ 117Sé) ð 117Së)

&RPPHQWVã 7KH LQFUHDVHG DEXQGDQFH RI 3ï GLPRUSKRVXV DQG FRPPRQ &ï HGHQWXOXV DW êñëçæP
LQGLFDWHV 6XE]RQH 117Sé)ï $W êñëæçP 117Sé& LV VXJJHVWHG E\ WKH DEVHQFH RI 1ï VDHSHVï
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7KH /'2 RI 3ï PDUWLQLL DW êñëäéP ZLWK 1ï PRGHVWXV UHFRUGHG GRZQ WR êñêæèP LQGLFDWHV
6XE]RQH 117Sé%ï

$Q LQFUHDVH LQ WKH DEXQGDQFH RI 3ï WHQXLFXOXV LV QRWHG DW êñêèæPñ EXW LV QRW XWLOLVHG IRU ]RQDO
VXEðGLYLVLRQ DV LW PD\ EH GXH WR LQWUDðIRUPDWLRQDO UHZRUNLQJï

$W êñêåìPñ WKH ORZ GLYHUVLW\ LQ VLWX DVVHPEODJH DQG UHODWLYHO\ KLJK UHZRUNLQJ FRPSRQHQW
õ6XE]RQH 117Së)ô PD\ LQ IDFW EH SDUW RI WKH ¦ODJ§ GHSRVLW EHWZHHQ WKH (NRILVN DQG 7RU
)RUPDWLRQVï

7KH )'2 RI *ï GDXEMHUJHQVLV JLJDQWHD DW êñêííP FRQILUPV D OHYHO ZLWKLQ =RQH 07ë DW WKLV
GHSWKï

'HSWK )RUPDWLRQ $JH =RQH
êñêåíïéP ¤ êñæéèïæP 7RU /DWH 0DDVWULFKWLDQ ð

/DWH &DPSDQLDQ
8&ëí¦LL§ ð 8&ìç
)&6ëêH ð ")&6ëë

&RPPHQWVã $W êñêåéP WKH )'2 RI &ï GDQLDH LV XVHG WR GHILQH 6XE]RQH 8&ëí¦LL§ï 7KHQ
DVVXPLQJ 1ï JRUNDH LV HTXLYDOHQW WR 1ï IUHTXHQVñ 6XE]RQH 8&ëí¦L§ LV UHFRUGHG GRZQ WR
êñèåéPï 5HZRUNLQJ RI (DUO\ 0DDVWULFKWLDQ VSHFLHV LV UHFRJQLVHG DW êñèåéPï

=RQH 8&ìä LV DVVLJQHG EHWZHHQ êñèåéP DQG êñçéçP RQ WKH RFFXUUHQFH RI 6ï SULPLWLYXPï $Q
LQFUHDVH LQ &ï REVFXUXV DW êñççíP PD\ LQGLFDWH 6XE]RQH 8&ìä¦L§ï

7KH )'2 RI 5ï OHYLV DW êñçäêP LQGLFDWHV =RQH 8&ìå LQ WKH (DUO\ 0DDVWULFKWLDQ DQG WKH )'2
RI %ï SDUFD FRQVWULFWD DW êñæéìP LQGLFDWHV =RQH 8&ìçï

7KH FRPPRQ RFFXUUHQFH RI 3ï HOHJDQVñ ZLWK 5ï FRQWXVDñ EHWZHHQ êñêåìP DQG êñéììP
FRQILUPV 6XE]RQHV )&6ëêHðF EHWZHHQ WKHVH GHSWKVï 3ï HOHJDQV FRQWLQXHV LQ FXWWLQJV WR
êñèçìP LPSO\LQJ )&6ëê WR WKLV GHSWKï $ EURDG ")&6ëë ]RQDO GDWH LV LQGLFDWHG EHORZ WKLVñ EXW
WKLV LV QRW FRQILUPHG XQWLO WKH )'2 RI *ï EXOORLGHV DW êñæìæPï

'HSWK )RUPDWLRQ $JH =RQH
êñæéèïæP ¤ êñåäæP 0DJQH &DPSDQLDQ 8&ìç ¤ 8&ìé

)&6ëìEðD

&RPPHQWVã 7KH VDPSOH DW êñææëP FRQWDLQV DQ LQFUHDVHG DJJOXWLQDWLQJ IRUDPLQLIHULG FRQWHQWñ
ZLWK 'RURWKLD UHWXVDñ EXW ODFNLQJ WKH ]RQDO LQGH[ 7ï FDSLWRVDï 1HYHUWKHOHVVñ WKH IDXQD SUHVHQW
LV FKDUDFWHULVWLF RI =RQH )&6ëìï 7KH GDWLQJ LV DOVR VXSSRUWHG E\ UHFRUGV RI FRPPRQ
5XJRJORELJHULQD VSSï DW êñæåêP DQG 5HXVVHOOD V]DMQRFKDH DW êñåíæPï 7KH )'2 RI VSHFLPHQV
UHIHUUHG WR 6ï JUDQXODWD LQFRQGLWDîSHUIHFWD DW êñåéêP LV XVHG WR GHILQH 6XE]RQH )&6ëìDï 7KH
VSHFLPHQV RI 6ï JUDQXODWD SRORQLFD DW êñåçìP DUH EHOLHYHG WR EH UHZRUNHGï

&DYLQJ RI =RQH 8&ìç DVVHPEODJHV LQWR WKH WRS RI WKH 0DJQH )RUPDWLRQ LV HYLGHQW GRZQ WR
êñææëPï

%ï JHPLQLFDWLOOXVñ (ï H[LPLXV DQG 2ï FDPSDQHQVLV ZLWK 5ï OHYLV DW êñæåêP LQGLFDWHV 6XE]RQH
8&ìè¦LLL§ RU ROGHUï
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'HSWK )RUPDWLRQ $JH =RQH
êñåäæP ¤ éñíææïèP 1DUYH 6DQWRQLDQ ¤ 7XURQLDQ 8&ìì RU ROGHU

)&6ìå ¤ )&6ìè

&RPPHQWVã &RQVLVWHQW 6ï JUDQXODWD SRORQLFD RFFXUV EHORZ êñåäæP LQGLFDWLQJ =RQH )&6ìåï
$ FRPSOHWH VHTXHQFH RI ]RQHV LV UHFRUGHGñ GHILQHG E\ WKH UHFRUGV RI 0DUJLQRWUXQFDQD VSSï
õEHORZ êñäíêP ð ")&6ìæôñ ZLWK 0ï SVHXGROLQQHLDQD DW êñäêêPñ 6ï JUDQXODWD JUDQXODWD DW
êñäèìP õ)&6ìæðìçôñ FRPPRQ UDGLRODULD LQFOXGLQJ 'ï FRQVWULFWD DQG 'ï PXOWLFRVWDWD DW
êñääêPñ 6ï JUDQXODWD NHOOHUL DW éñíëêP õ)&6ìçDô DQG FRPPRQ &HQRVSKDHUD VSSï DW éñíèêP
õ)&6ìèôï

)'2 RI 4ï HQHDEUDFKLXP DW êñääêP LQGLFDWHV =RQH 8&ìì RU ROGHUï $VVHPEODJHV DERYH WKLV
GHSWK DUH FRPSOLFDWHG E\ FDYLQJï

5ï DVSHU DW éñíæéP VXSSRUWV WKH (DUO\ 7XURQLDQ DJH LQGLFDWHG E\ WKH PLFURIDXQDï

'HSWK )RUPDWLRQ $JH =RQH
éñíææïèP %ORG�NV ð ð

&RPPHQWVã ,PSRYHULVKHGñ QRQðDJH GLDJQRVWLF QDQQRSODQNWRQ DVVHPEODJH DW éñíåçPï

:HOO ëîæðë

([LVWLQJ GDWD DYDLODEOHã
55, õìäæìô 0LFURSDODHRQWRORJLFDO UHSRUW ZLWK FKDUWVï

([LVWLQJ GDWD HYDOXDWLRQã
7KH FRUH DQG GLWFK FXWWLQJV VDPSOHV DQDO\VHG IRU QDQQRSODQNWRQ \LHOG JRRG WR PRGHUDWH
DVVHPEODJHVï

1HZ DQDO\VHVã
0LFURSDODHRQWRORJ\  í
1DQQRSODQNWRQ  éF ò ìé GF
3DO\QRORJ\  íï

5HDVRQDEO\ FOHDQ FRUH VDPSOHV DYDLODEOH IRU DQDO\VHVï 0RGHUDWHO\ FOHDQ GLWFK FXWWLQJV
VDPSOHV DYDLODEOH IRU DQDO\VHVñ KRZHYHUñ PLQRU PL[LQJ RI OLWKRORJLHV PHDQW FDUH ZDV
QHFHVVDU\ ZKHQ VHOHFWLQJ JUDLQV IRU SUHSDUDWLRQ RI QDQQRSODQNWRQ VOLGHVï

6WUDWLJUDSKLF LQWHUSUHWDWLRQã

'HSWK )RUPDWLRQ $JH =RQH
äñçéäö ð äñæìèö 9nOH ¦HDUO\§ 7KDQHWLDQ ð

¦ODWH§ 'DQLDQ
07ê



-RLQW &KDON 5HVHDUFK $ MRLQW &KDON 6WUDWLJUDSKLF )UDPHZRUN

'HFHPEHU ìäää &KDSWHU éã %LRVWUDWLJUDSK\ ð ììè ð

&RPPHQWVã 5DUH SODQNWLF IRUDPLQLIHULGVñ LQFOXGLQJ 6ï WULORFXOLQRLGHV DQG *ï SVHXGREXOORLGHV
RFFXU EHORZ äñççí© LQGLFDWLQJ =RQH 07êï

'HSWK )RUPDWLRQ $JH =RQH
äñæìèö ð äñåèçö (NRILVN 'DQLDQ 07ë%

&RPPHQWVã 'HILQLWH ¦ODWH§ 'DQLDQ FKDONV DUH SUHVHQW DW äñæëí©ñ EDVHG RQ WKH )'2 RI *ï
GDXEMHUJHQVLV DW WKLV GHSWKï 7KLV ]RQH LV FRQWLQXHG WR äñåéí© DV 3ï FIï FRPSUHVVD LV ORJJHG WR
WKLV GHSWKï

1R VHGLPHQWV DVVLJQDEOH WR WKH (NRILVN )RUPDWLRQ ZHUH VHOHFWHG IRU QDQQRSODQNWRQ DQDO\VHVï

'HSWK )RUPDWLRQ $JH =RQH
äñåèçö ð ìíñéèéö 7RU /DWH 0DDVWULFKWLDQ ð

/DWH &DPSDQLDQ
8&ëí¦L§ ð 8&ìä¦LL§
)&6ëêF ð )&6ëëî"ëì

&RPPHQWVã 7KH KLJKHVW GHILQLWH /DWH 0DDVWULFKWLDQ PLFURIDXQDO GDWH LV SURYLGHG E\ WKH )'2
RI 3ï HOHJDQV õ6XE]RQH )&6ëêFô DW ìíñííí©ï 0LFURIDXQDO GDWD EHORZ WKLV LV YHU\ VSDUVH DQG LW
LV RQO\ WKH FRQVLVWHQW RFFXUUHQFH RI 5XJRJORELJHULQD UXJRVD EHWZHHQ ìíñëíí© DQG ìíñèçí©
ZKLFK SHUPLWV WKH UHFRJQLWLRQ RI =RQHV )&6ëë ¤ )&6ëìï

6HGLPHQWV RI 6XE]RQH 8&ëí¦L§ OLH RQ VHGLPHQWV DVVLJQHG WR 6XE]RQH 8&ìä¦LL§ EHWZHHQ
ìíñíííö DQG ìíñìêíö EDVHG RQ WKH RFFXUUHQFH RI *ï REOLTXXP DQG 6ï SULPLWLYXPï 7KHUH LV D èíö
VDPSOH JDS EHWZHHQ äñäèíö DQG ìíñíííöï 7KH FRUH DQG GLWFK FXWWLQJV VDPSOHV DQDO\VHG LQ WKLV
LQWHUYDO FRQWDLQ JRRG QDQQRIORUDO DVVHPEODJHVï

1R VDPSOHV ZHUH VHOHFWHG IRU QDQQRSODQNWRQ DQDO\VHV EHWZHHQ ìíñìêíö DQG ìíñäííöñ EHORZ
ZKLFK VDPSOHV ZHUH VHOHFWHG DW ìííö LQWHUYDOV

'HSWK )RUPDWLRQ $JH =RQH
ìíñéèé© ¤ ììñëëí© 0DJQH &DPSDQLDQ 8&ìè¦LLL§ ¤ 8&ìè¦L§

&RPPHQWVã /RJ HYLGHQFH IRU WKH SUHVHQFH RI 0DJQH )RUPDWLRQ VHGLPHQWV DW ìíñéèéö LV
VXSSRUWHG E\ WKH QDQQRSODQNWRQ VDPSOHV DQDO\VHG EHWZHHQ ìíñäííö DQG ììñíäíöï 7KH
RFFXUUHQFH RI (ï H[LPLXVñ +ï WUDEHFXODWXV DQG 2ï FDPSDQHQVLV VXJJHVWV D /DWH &DPSDQLDQñ
6XE]RQH 8&ìè¦LLL§ DJHï 1DQQRIORUDO UHFRYHU\ LV VOLJKWO\ UHGXFHG WKURXJK WKLV LQWHUYDOï

7KH ILUVW GRZQKROH RFFXUUHQFH RI /ï JULOOLL LV WDNHQ WR LQGLFDWH WKH SUHVHQFH RI 6XE]RQH
8&ìè¦L§ RU ROGHU RI (DUO\ &DPSDQLDQ DJH DW ììñìäíöï

'HSWK )RUPDWLRQ $JH =RQH
ììñëëí© ¤ ììñéèå© 7KXG (DUO\ &DPSDQLDQ ð

6DQWRQLDQ
8&ìé
")&6ìå

&RPPHQWVã $Q LQIOX[ RI SODQNWLF IRUDPLQLIHULGV DW ììñëéí©ñ LQFOXGLQJ *ï OLQQHLDQDñ LV XVHG WR
GHILQH WKH WRS RI =RQH )&6ìåñ ZKLFK LPSOLHV D 6DQWRQLDQ DJHï 7KLV GDWLQJ LV VXSSRUWHG E\ WKH
)'2 RI *DYHOLQHOOD "DUQDJHUHQVLV DW ììñëçí©ï
7KH SUHVHQFH RI VHGLPHQWV RI (DUO\ &DPSDQLDQ DJH LQ WKH ZHOO VHFWLRQ LV VXSSRUWHG DW ììñëäíö
E\ WKH RFFXUUHQFH RI %ï JHPLQLFDWLOOXV DQG &ï ELDUFXVï 7KH RFFXUUHQFH RI =ï ELSHUIRUDWXV DW
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WKLV GHSWK PD\ VXJJHVW SHQHWUDWLRQ RI VHGLPHQWV DVVLJQDEOH WR 6XE]RQH 8&ìé¦LL§ñ VXSSRUWLQJ
ORJ HYLGHQFH IRU SHQHWUDWLRQ RI WKH 7KXG )RUPDWLRQï

'HSWK )RUPDWLRQ $JH =RQH
ììñéèå© ¤ ìëñëåì© 1DUYH &RQLDFLDQ RU ROGHU 8&ìì¦LL§ ¤ 8&ìí¦L§

)&6ìæDð)&6ìè

&RPPHQWVã 7KH RFFXUUHQFH RI WKH SODQNWLF 0ï PDUJLQDWD EHWZHHQ ììñèçí© DQG ììñäëí© LV
XVHG KHUH WR LQGLFDWH D ]RQDO UDQJH RI )&6ìæD ¤ )&6ìèñ LïHï &RQLDFLDQ ¤ 7XURQLDQï
0LFURIDXQDO UHFRYHU\ LV JHQHUDOO\ YHU\ SRRUñ DOWKRXJK LW GRHV LPSURYH FRQVLGHUDEO\ EHORZ
ììñåíí©ï

7KH 55, UHSRUW LQFOXGHV UHFRUGV RI WKH &HQRPDQLDQ õRU $OELDQô SODQNWLF IRUP 5RWDOLSRUD VSSï
EHORZ ìëñëíí©ï 7KHVH DUH HLWKHU PLVðLGHQWLILHG RU UHZRUNHG DV WKH\ ZRXOG RFFXU ZHOO DERYH
WKH %ORG�NV )RUPDWLRQï

7KH LQFUHDVH LQ WKH DEXQGDQFH RI +ï WUDEHFXODWXV DQG :ï EDUQHVDH DW ììñêäí© LQGLFDWH WKH
SUHVHQFH RI 6XE]RQH 8&ìì¦LL§ñ DQG WKH SUHVHQFH RI VHGLPHQWV EHORQJLQJ WR WKH 1DUYH
)RUPDWLRQ RI /DWH &RQLDFLDQ DJHï 7KH ELRVWUDWLJUDSKLF SLFN RFFXUV çåö DERYH WKH ORJ SLFN IRU
WKH WRS RI WKH 1DUYH )RUPDWLRQï

6XE]RQH 8&ìí¦L§ LV LGHQWLILHG EHWZHHQ ììñçííö DQG ììñæííö EDVHG RQ WKH RFFXUUHQFH RI
7RUWROLWKXV YLUJLQLFD DQG 4ï LQWHUPHGLXPï

'HSWK )RUPDWLRQ $JH =RQH
ìëñëåì© %ORG�NV ð ð

&RPPHQWVã 1R UHOLDEOH ELRVWUDWLJUDSKLF GDWD DYDLODEOHï

:HOO ëîæðé

([LVWLQJ GDWD DYDLODEOHã
3+, õìääìô 5HSRUW ZLWK WD[D OLVWVâ $*3 õìääèô 'LVWULEXWLRQ FKDUWâ 3+, õìääéô 5HYLHZ RI GDWDï

([LVWLQJ GDWD HYDOXDWLRQã
3+, õìääìô *RRG TXDOLW\ GDWDâ $*3 õìääèô *RRG TXDOLW\ GDWDñ EXW GLIILFXOW WR UHðLQWHUSUHWâ
3+, õìääéô *RRG TXDOLW\ GDWDï 0LFURIDXQDO LGHQWLILFDWLRQV DQG WD[RQRP\ TXHVWLRQDEOH
ZLWKRXW FRQVLGHUDEOH FDYLQJîFRQWDPLQDWLRQï

1HZ DQDO\VHVã
0LFURSDODHRQWRORJ\  í
1DQQRSODQNWRQ  æ F
3DO\QRORJ\  í

5HDVRQDEO\ FOHDQ FRUH VDPSOHV DYDLODEOH IRU DQDO\VHVï

6WUDWLJUDSKLF LQWHUSUHWDWLRQã
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'HSWK )RUPDWLRQ $JH =RQH
ìíñíäè© ¤ ìíñìçé© 9nOH ,QGHWHUPLQDWH ,QGHWHUPLQDWH

&RPPHQWVã %DVHG RQ ZLUHOLQH ORJ GDWD RQO\ï

'HSWK )RUPDWLRQ $JH =RQH
ìíñìçé© ¤ ìíñéèå© (NRILVN 'DQLDQ 117Sè$ðì

07êð07ë

&RPPHQWVã 1DQQRIRVVLO DVVHPEODJHV UHFRYHUHG IURP EHWZHHQ ìíñëëéö DQG ìíñêçåö VKRZ DQ
HVVHQWLDOO\ FRPSOHWH VHTXHQFH IURP 6XE]RQH 117Sè$ õìíñëëéöô WR 117Sé& õìíñêçåöôï
/DWH &UHWDFHRXV UHZRUNLQJ LV UHFRUGHG LQ WUDFH DPRXQWV WKURXJK WKLV LQWHUYDO ZLWK WKH
H[FHSWLRQ RI WKH VDPSOH DW ìíñëäêöñ ZKLFK LV FKDUDFWHULVHG E\ DEXQGDQW 0DDVWULFKWLDQ
UHZRUNLQJï

6LJQLILFDQW 0DDVWULFKWLDQ PLFURIDXQDO DQG QDQQRIORUDO UHZRUNLQJ LV UHFRUGHG EHWZHHQ ìíñêëæö
DQG ìíñêååöï

$Q LQFUHDVH LQ WKH DEXQGDQFH RI LQðVLWX 3DOHRFHQH UHVWULFWHG WD[Dñ LQFOXGLQJ DEXQGDQW 3ï
WHQXLFXOXV LQGLFDWHV WKH SUHVHQFH RI ¦PLGGOH§ 'DQLDQ DJH VHGLPHQWV õ=RQH 117Sêôï

6HGLPHQWV RI ¦HDUO\§ 'DQLDQ DJH DUH UHFRUGHG EHWZHHQ ìíñéëìö õ6XE]RQH 117Së(î)ô DQG
ìíñéèìö õEDVH 117Sìôï &RQVSLFXRXV 0DDVWULFKWLDQ UHZRUNLQJ LV UHFRUGHG ZLWKLQ WKLV LQWHUYDOï
7KH SUHVHQFH RI D SODQNWLF DVVRFLDWLRQñ FRPSULVLQJ * SVHXGREXOORLGHV DQG 6ï WULORFXOLQRLGHV
õDW ìíñëêäñ FRUHô DQG 3ï FRPSUHVVD õDW ìíñëéå©ñ FRUHôñ FRQILUPV D 'DQLDQ õ=RQHV 07ê ¤ 07ëô
DJH RQ WKH EDVLV RI WKH PLFURIDXQDï

'HSWK )RUPDWLRQ $JH =RQH
ìíñéèå© ¤ ìíñååìïé© 7RU /DWH 0DDVWULFKWLDQ 8&ëí¦LL§ ð 8&ìä¦LL§

)&6ëêH ¤)&6ëë

&RPPHQWVã 7KH 7RU )RUPDWLRQ VHGLPHQWV DQDO\VHG LQ WKLV ZHOO EHWZHHQ ìíñéèèö DQG ìíñæíåö
DUH DOO RI /DWH 0DDVWULFKWLDQ DJH õëèêö DQDO\VHGôñ SULQFLSDOO\ 6XE]RQH 8&ëí¦L§ EDVHG RQ WKH
RFFXUUHQFH RI 1ï IUHTXHQVï 6XE]RQH 8& ëí¦LL§ ZDV LGHQWLILHG DW WKH WRS RI WKH 7RU )RUPDWLRQ
EHWZHHQ ìíñéèèö DQG ìíñéæêöï 6XE]RQH 8&ìä¦LL§ ZDV LGHQWLILHG LQ WKH ERWWRP VDPSOH DQDO\VHG
DW ìíñæíåöñ EDVHG RQ WKH RFFXUUHQFH RI *ï REOLTXXPï

7KH WRS 0DDVWULFKWLDQ LV LQGLFDWHG E\ WKH SUHVHQFH RI +HWHURKHOL[ VSSï DW ìíñéçì©õFRUHôï 7KH
RFFXUUHQFH RI DEXQGDQW 3ï HOHJDQV DW ìíñéçè© LQGLFDWHV 6XE]RQH )&6ëêH DW WKLV GHSWKï %ï
GUDFR LV UHFRUGHG DW ìíñéäè©õFRUHô VXSSRUWLQJ WKH )&6ëêG DVVLJQPHQW DQG WKH RFFXUUHQFH RI
3ï HOHJDQV DQG 5ï IUXFWLFRVD WR ìíñèåí©õFRUHô FRQILUPV )&6ëêF WR WKLV GHSWKï
%HORZ WKLV OHYHO WKH PLFURIDXQDO GDWD LV YHU\ VSDUVHñ ZLWK RQO\ WKH /'2 RI %ï GUDFR ORJJHG DW
ìíñçìí©ï 7KLV RFFXUV ZLWKLQ WKH UDQJH RI ]RQHV )&6ëê ¤ )&6ëëï

'HSWK )RUPDWLRQ $JH =RQH
ìíñååìïé© 0DJQH ð ð

&RPPHQWVã 1R ELRVWUDWLJUDSKLF GDWD DYDLODEOHï



$ MRLQW &KDON 6WUDWLJUDSKLF )UDPHZRUN -RLQW &KDON 5HVHDUFK

ð ììå ð &KDSWHU éã %LRVWUDWLJUDSK\ 'HFHPEHU ìäää

:HOO ëîæðå

([LVWLQJ GDWD DYDLODEOHã
55, õìäæêô 0LFURSDODHRQWRORJLFDO DQG 1DQQRIORUDO UHSRUW DQG FKDUWVï

([LVWLQJ GDWD HYDOXDWLRQã
55, õìäæêô GDWD VXJJHVWV SRRU QDQQRIORUDO UHFRYHU\ IURP GLWFK FXWWLQJV VDPSOHVï 0LFURIDXQDO
GDWD JRRGñ WD[RQRP\ FRQVLGHUDEO\ RXW RI GDWHï

1HZ DQDO\VHVã
0LFURSDODHRQWRORJ\  í
1DQQRSODQNWRQ  ä GF
3DO\QRORJ\  ì GF

0RGHUDWHO\ FOHDQ GLWFK FXWWLQJV VDPSOHV DYDLODEOH IRU DQDO\VHVñ KRZHYHUñ PL[LQJ RI OLWKRORJLHV
PHDQW JUHDW FDUH ZDV QHFHVVDU\ ZKHQ VHOHFWLQJ JUDLQV IRU SUHSDUDWLRQ RI QDQQRSODQNWRQ VOLGHVï

6WUDWLJUDSKLF LQWHUSUHWDWLRQã

'HSWK )RUPDWLRQ $JH =RQH
äñæééö ð äñäéêö (NRILVN 'DQLDQ 117Sè% ¤ 117Së(

07ë

&RPPHQWVã :HDN DVVHPEODJHV UHFRYHUHG IURP WKH (NRILVN )RUPDWLRQñ EXW WKH\ VXJJHVW D
¦ODWH§ 'DQLDQ VHTXHQFH EHWZHHQ äñæìå© DQG äñåæí©ï 0DDVWULFKWLDQ UHZRUNLQJ LQFUHDVHV EHORZ
äñæäíöñ GRPLQDWLQJ WKH DVVHPEODJH EHWZHHQ äñåìíö DQG äñåäí©ï 7KH /'2 RI 1ï SHUIHFWXV LV DW
äñæìí©ï

6HGLPHQWV RI ¦HDUO\§ 'DQLDQ DJH DUH LGHQWLILHG EHWZHHQ äñååíö DQG äñäêíö õWHQWDWLYHO\ DVVLJQHG
WR 6XE]RQH 117Së(ô RQFH DJDLQ EDVHG RQ VSDUVH LQ VLWX 'DQLDQ WD[D DPRQJVW UHZRUNLQJï

¦/DWH§ 'DQLDQ PLFURIDXQDV ZHUH UHFRUGHG EHORZ äñæìí©ñ SUREDEO\ ZLWKLQ WKH 9nOH LQWHUYDOï
7KH LQWHUYDO LV GRPLQDWHG E\ UHZRUNHG 0DDVWULFKWLDQ WD[Dï

'HSWK )RUPDWLRQ $JH =RQH
äñäéê© ¤ ìíñëæê© 0DJQH /DWH ¤ (DUO\ &DPSDQLDQ 8&ìç¦LL§ ð 8&ìé

)&6ëë"ð )&6ëí

&RPPHQWVã 7KH VDPSOH DQDO\VHG DW äñäèíö DSSHDUV WR EH RI (DUO\ 0DDVWULFKWLDQ DJH õ=RQH
8&ìåôï 7KH QDQQRSODQNWRQ HYLGHQFH LV VXSSRUWHG E\ PLFURIDXQDO GDWD SURYLGHG LQ WKH 55,
UHSRUWï 1R /DWH 0DDVWULFKWLDQ DJH VHGLPHQWV õ=RQHV 8&ëí DQG 8&ìäô KDYH EHHQ LGHQWLILHG LQ
WKLV ZHOOï

7KH GDWD IURP WKH VDPSOH DW DQG EHORZ ìíñíìíö LV VRPHZKDW ZHDN DQG WKH =RQH 8&ìå
DWWULEXWLRQ GRZQ WR ìíñíèíö LV SUREDEO\ GXH WR SRRU VDPSOH TXDOLW\ DQGîRU FDYLQJ JLYHQ WKH ORJ
SLFN IRU WRS 0DJQH )RUPDWLRQ DW äñäéê©ï 0LFURIDXQDO GDWD õWRS 7ï FDSLWRVDô DW ìíñíèí©
LQGLFDWHV 6XE]RQH )&6ëìEñ ZLWKLQ WKH 0DJQH )RUPDWLRQï 7KH (DUO\ &DPSDQLDQ 6XE]RQH
)&6ëìD LV LQGLFDWHG E\ WKH UHFRUGV RI 6ï H[VFXOSWD JUDFLOLV DW DQG EHORZ ìíñíäí©



-RLQW &KDON 5HVHDUFK $ MRLQW &KDON 6WUDWLJUDSKLF )UDPHZRUN

'HFHPEHU ìäää &KDSWHU éã %LRVWUDWLJUDSK\ ð ììä ð

7KH 6XE]RQH 8&ìç¦LL§ RU ROGHU DWWULEXWLRQ DW ìíñíæíö LV EDVHG RQ D VLQJOH VSHFLPHQ RI 5ï
DQWKRSKRUXV LQ DQ RWKHUZLVH LPSRYHULVKHG DVVHPEODJHï

3RRU QDQQRIORUDO UHFRYHU\ EHWZHHQ ìíñíäíö DQG ìíñëìíö SURKLELWV DFFXUDWH ]RQDO
GHWHUPLQDWLRQï

7KH RFFXUUHQFH RI %ï SDUFD SDUFDñ (ï H[LPLXVñ +ï WUDEHFXODWXVñ 2ï FDPSDQHQVLV DQG 6ï
ELIHUXOD LQ VOLJKWO\ LPSURYHG DVVHPEODJHV DW ìíñëéíö FRQILUPV WKH SUHVHQFH RI VHGLPHQWV RI
(DUO\ &DPSDQLDQ DJHñ 6XE]RQH 8&ìé¦LLLîLY§ LQ WKH 0DJQH )RUPDWLRQï

7KH VLQJOH GLWFK FXWWLQJ VDPSOH H[DPLQHG IRU SDO\QRORJ\ IURP WKLV LQWHUYDOñ DW äñäçí© \LHOGHG
QR LQ VLWX WD[Dï

'HSWK )RUPDWLRQ $JH =RQH
ìíñëæê© ¤ ìíñéçí© 7KXG (DUO\ &DPSDQLDQ ð

6DQWRQLDQ
8&ìé¦LL§ ð 8&ìê
)&6ìå

&RPPHQWVã 7KH )'2 RI %ï HQRUPLV DW ìíñëåíö LQGLFDWHV SHQHWUDWLRQ RI VHGLPHQWV RI 6XE]RQH
8&ìé¦LL§ RU ROGHUñ FRPSOLPHQWLQJ WKH ORJ GDWD IRU WKH SUHVHQFH RI 7KXG )RUPDWLRQ VHGLPHQWV
DW ìíñëæêöï

7KH )'2©V RI 6ï H[VFXOSWD H[VFXOSWD DQG 6ï JUDQXODWD SRORQLFD DW ìíñëæí© LQGLFDWH DQ DJH
ZLWKLQ WKH 6DQWRQLDQñ FRQVLVWHQW ZLWK WKH 7KXG LGHQWLILFDWLRQ DW ìíñëæêï

'HSWK )RUPDWLRQ $JH =RQH
ìíñéçí© ¤ ìíñååæ© 1DUYH &RQLDFLDQ ¤ 7XURQLDQ )&6ìæ ¤ )&6ìèD

&RPPHQWVã $Q DSSDUHQW FRPSOHWH VXFFHVVLRQ LV UHFRUGHG WKURXJK WKLV LQWHUYDO RQ WKH EDVLV RI
WKH PLFURIDXQDO GDWD SUHVHQWHG LQ WKH 55, UHSRUWï 7KH )'2 RI 6ï JUDQXODWD JUDQXODWD DW
ìíñéçí© õ)&6ìæô LV FRLQFLGHQW ZLWK WKH WRS RI WKH 1DUYH )RUPDWLRQ 2WKHU ]RQDO LQGH[ PDUNHUV
DUH UHFRUGHG WKURXJKRXW WKH LQWHUYDOï

7KH ZHDN QDQQRSODQNWRQ GDWD VHW EHORZ ìíñéçíö DJDLQ SURKLELWV DFFXUDWH QDQQRIORUDO ]RQDO
GHWHUPLQDWLRQñ KRZHYHUñ WKH RFFXUUHQFH RI 0ï IXUFDWXV DW ìíñçèíö DQG (ï IORUDOLV DW ìíñæêíö LV
FRQVLVWHQW ZLWK D 7XURQLDQî&RQLDFLDQ DJHï

:HOO ëîæðìè

([LVWLQJ GDWD DYDLODEOHã
55, õìäåíô 0LFURSDODHRQWRORJ\ DQG QDQQRSDODHRQWRORJLFDO UHSRUW DQG FKDUWVï ,.8 õìäåíô
0LFURSDODHRQWRORJ\ DQG QDQQRSDODHRQWRORJLFDO UHSRUW DQG FKDUWVï

([LVWLQJ GDWD HYDOXDWLRQã
ìäåí 1DQQRSODQNWRQ GDWD LV UHODWLYHO\ ZHDNï +RZHYHU D JRRG GDWD VHW KDV EHHQ JHQHUDWHG E\
WKH QHZ DQDO\VHVï



$ MRLQW &KDON 6WUDWLJUDSKLF )UDPHZRUN -RLQW &KDON 5HVHDUFK

ð ìëí ð &KDSWHU éã %LRVWUDWLJUDSK\ 'HFHPEHU ìäää

1HZ DQDO\VHVã
0LFURSDODHRQWRORJ\  í
1DQQRSODQNWRQ  êê GF
3DO\QRORJ\  ë GFï

5HDVRQDEO\ FOHDQ GLWFK FXWWLQJV VDPSOHV DYDLODEOH IRU DQDO\VHVñ KRZHYHUñ PL[LQJ RI OLWKRORJLHV
PHDQW JUHDW FDUH ZDV QHFHVVDU\ ZKHQ VHOHFWLQJ JUDLQV IRU SUHSDUDWLRQ RI QDQQRSODQNWRQ VOLGHVï

6WUDWLJUDSKLF LQWHUSUHWDWLRQã

'HSWK )RUPDWLRQ $JH =RQH
ëñäåêP ð êñííéP 9nOH ¦ODWH§ 'DQLDQ 07ê ¤07ë

&RPPHQWVã 3ODQNWLF IRUDPLQLIHULGV DUH UHFRUGHG EHORZ ëñääíP õ07êô ZLWK *ï GDXEMHUJHQVLV
EHORZ ëñääçP õ07ëôï 7KHVH UHFRUGV DUH VOLJKWO\ RXW LI SKDVH ZLWK WKH OLWKRVWUDWLJUDSKLF SLFNVâ
WKLV EHLQJ UHJDUGHG DV D ORJ WR VDPSOH GLVFUHSDQF\ï

'HSWK )RUPDWLRQ $JH =RQH
êñííéP ð êñíêåP (NRILVN 'DQLDQ 117Sè% ¤ 117Së'

07ë õLQ SDUWô

&RPPHQWVã 5HODWLYHO\ WKLQ ¦ODWH§ 'DQLDQ VHTXHQFHï ,QFUHDVHG 0DDVWULFKWLDQ UHZRUNLQJ DW
êñíììïéëP DQG êñíìëPï

7KH /'2 RI 3ï FRPSUHVVD DW êñíìéP DJUHHV ZLWK WKH QDQQRSODQNWRQ GDWDñ LPSO\LQJ RQO\ D WKLQ
¦ODWH§ 'DQLDQ VHFWLRQ WR WKLV GHSWKï

¦(DUO\§ 'DQLDQ DJH EDVHG RQ VSDUVH LQ VLWX QDQQRIORUD DPRQJVW UHZRUNHG 0DDVWULFKWLDQ
DVVHPEODJHVï ,PSOLHV LQWUD 'DQLDQ KLDWXVï

7ZR GLWFK FXWWLQJ VDPSOHVñ DW êíííP DQG êííçPñ KDYH EHHQ DQDO\VHG SDO\QRORJLFDOO\ IURP
WKLV LQWHUYDOï %RWK DVVHPEODJHV LQFOXGHG WKH GLQRF\VW $OLVRF\VWD UHWLFXODWD DQG WKDW IURP
êíííP 6SLQLIHULWHV ¦PDJQLILFXV§ï 7KHVH WD[D LQGLFDWH D /DWH 'DQLDQ DJHñ =RQH 37ëï

'HSWK )RUPDWLRQ $JH =RQH
êñíêåP ð êñìéåP 0DJQH /DWH ð(DUO\ &DPSDQLDQ 8&ìç¦L§ð 8&ìé¦LL§

)&6ëìE" ¤ )&6ëí

&RPPHQWVã 7KH )'2 RI 7ï FDSLWRVD DW êñíêåP LQGLFDWHV DQ )&6ëìE RU ROGHU DJH DW WKLV
GHSWKï 7KLV DJH LV FRQILUPHG E\ WKH UHFRYHU\ RI *ORERWUXQFDQD VWHSKHQVRQL DW êñíéåPï 7KLV
VSHFLHVñ UHFRUGHG E\ ,.8ñ LV FRQVLGHUHG V\QRQ\PRXV ZLWK *ï DIIï DUFDï

$Q (DUO\ &DPSDQLDQ GDWD LV UHFRUGHG DW êñíæèP EDVHG RQ WKH )'2 RI 6ï JUDQXODWD LQFRQGLWDï
)XUWKHU HYLGHQFH IRU WKH DJH LV SURYLGHG E\ UHFRUGV RI 6ï H[VFXOSWD JUDFLOLV õ=RQH )&6ëíô
EHORZ êñíåìPï

1R HYLGHQFH IRU /DWH 0DDVWULFKWLDQ DJH VHGLPHQWV õFRPSDUDEOH WR :HOO ëîæðåôï 2FFXUUHQFHV RI
%ï SDUFD FRQVWULFWD õêñíéëPôñ 5ï DQWKRSKRUXV õêñíéåPôñ 0ï TXDWHUQDULXV DQG %ï SDUFD SDUFD
õêñíçíPô LQGLFDWH /DWH &DPSDQLDQ õ6XE]RQH 8&ìç¦L§ôï



-RLQW &KDON 5HVHDUFK $ MRLQW &KDON 6WUDWLJUDSKLF )UDPHZRUN

'HFHPEHU ìäää &KDSWHU éã %LRVWUDWLJUDSK\ ð ìëì ð

7KH )'2 %ï JHPLQLFDWLOOXV õêñíçäPô LQGLFDWHV SUHVHQFH RI 6XE]RQH 8&ìè¦LL§ RU ROGHU
VHGLPHQWVï 1DQQRIORUDO UHFRYHU\ UHGXFHG EHWZHHQ êñíçäP DQG êñììëPï ,PSURYHG UHFRYHU\
WRJHWKHU ZLWK WKH )'2 6ï ELIHUXOD VXJJHVWV 6XE]RQH 8&ìé¦LY§ RU ROGHU DW êñììèPï

6SHFLPHQV RI 6ï JUDQXODWD SRORQLFD UHFRUGHG DW DQG EHORZ êñìëìïìèP DUH UHJDUGHG DV EHLQJ
GXH WR WKH GLDFKURQHLW\ SUREOHP RXWOLQHG IRU WKLV WD[RQ E\ %HUJHQ ÷ 6LNRUD õìäääô RU VLPSO\
GXH WR UHZRUNLQJ RU PLVðLGHQWLILFDWLRQï ,Q WKH DEVHQFH RI WKH RULJLQDO PDWHULDOñ QR FKHFN FRXOG
EH FDUULHG RXWï

'HSWK )RUPDWLRQ $JH =RQH
êñìéåP ð êñìåíP 7KXG 6DQWRQLDQ 8&ìë RU ROGHU

)&6ìå

&RPPHQWVã =RQH 8&ìë DWWULEXWLRQ WHQWDWLYH GXH WR UHOLDQFH RQ DEVHQFHV õLïHï $ï F\PELIRUPLVô
LQ DVVHPEODJHV UHFRYHUHG IURP GLWFK FXWWLQJV VDPSOHVï
&RQVLVWHQW 6ï JUDQXODWD SRORQLFD DUH UHFRUGHG EHORZ êñìèæïæêP FRQILUPLQJ =RQH )&6ìå DW
WKLV GHSWKï

'HSWK )RUPDWLRQ $JH =RQH
êñìåíP ð êñêçéP 1DUYH &RQLDFLDQ ð 7XURQLDQ 8&ìì ¤ 8&æ

)&6ìæD¤ )&6ìè

&RPPHQWVã 7KH FRPPRQ RFFXUUHQFH RI 0ï PDUJLQDWD EHORZ êñìäæP LPSOLHV DQ DJH ZLWKLQ
WKH VXE]RQDO UDQJH )&6ìæD ¤ )&6ìçDï $ PRUH GHILQLWH 7XURQLDQ õ)&6ìèô DJH LV LQGLFDWHG DW
êñëêíïååP E\ WKH UHFRUGV RI 'LFDULQHOOD FIï LPEULFDWD DQG 'ï DIIï SULPLWLYDï

)'2 4ï HSWDEUDFKLXP LQGLFDWHV SHQHWUDWLRQ RI WKH 1DUYH )RUPDWLRQ õêñëêíïååPôï /RZ
FRQILGHQFH WKURXJK WKLV LQWHUYDO GXH WR SRRU QDQQRSODQNWRQ GDWDï $VVHPEODJHV FRQVLVWHQW ZLWK
D &RQLDFLDQ ð7XURQLDQ DJHï

'HSWK )RUPDWLRQ $JH =RQH
êñêæçP ð êñêäèP +LGUD /DWH &HQRPDQLDQ )&6ìêF

&RPPHQWVã 7KH SUHVHQFH RI 5ï FXVKPDQL DQG 5ï UHLFKHOL DW êñêææïìåP FRQILUPV WKH /DWH
&HQRPDQLDQ DJH õ)&6ìêFôï

:HOO ëîæð êí

([LVWLQJ GDWD DYDLODEOHã
55, õìääèîçô 'LVWULEXWLRQ &KDUWâ 16& õìääçô 'LVWULEXWLRQ &KDUW DQG UHSRUWï

([LVWLQJ GDWD HYDOXDWLRQã
55, õìääèîçô *RRG TXDOLW\ UDZ GDWD IURP FRUHñ GLWFK FXWWLQJV DQG VLGHZDOO FRUH VDPSOHVï 16&
õìääçô *RRG TXDOLW\ UDZ GDWD IURP FRUH VDPSOHVï



$ MRLQW &KDON 6WUDWLJUDSKLF )UDPHZRUN -RLQW &KDON 5HVHDUFK

ð ìëë ð &KDSWHU éã %LRVWUDWLJUDSK\ 'HFHPEHU ìäää

1HZ DQDO\VHVã
0LFURSDODHRQWRORJ\  í
1DQQRSODQNWRQ  ìä GF
3DO\QRORJ\  íï

0RGHUDWH TXDOLW\ GLWFK FXWWLQJV VDPSOHV DYDLODEOH IRU DQDO\VHVï &DUHIXO ZDVKLQJ DQG
SUHSDUDWLRQ HQVXUHG UHOLDEOH DVVHPEODJH UHFRYHU\ï

6WUDWLJUDSKLF LQWHUSUHWDWLRQã

'HSWK )RUPDWLRQ $JH =RQH
ìíñëíí© ¤ ìíñëçí© /LVWD ¦PLGGOH ¤ HDUO\§

7KDQHWLDQ
37é& ÷ 37é% ¤ 37ê

&RPPHQWVã 7KH RFFXUUHQFH RI DEXQGDQW 3DODHRSHULGLQLXP S\URSKRUXP DW ìíñëíí© VXJJHVWV
D ¦PLGGOH§ 7KDQHWLDQñ =RQH 37é& DJHñ ZKHUHDV WKH VXEVHTXHQW RFFXUUHQFH RI ,VDEHOLGLQLXP
YLERUJHQVH DQG 3DODHRF\VWRGLQLXP EXOOLIRUPH õ55,ô LV LQGLFDWLYH RI DQ ¦HDUO\§ 7KDQHWLDQ DJHï

'HSWK )RUPDWLRQ $JH =RQH
ìíñëçäö ð ìíñêêèö 9nOH ¦HDUO\§ 7KDQHWLDQ ð

¦ODWH§ 'DQLDQ
117Sè% ¤ 117Sç
07é ¤ 07ê
37ë

&RPPHQWVã 1DQQRIORUDO UHFRYHU\ LQFOXGHV FRPPRQ 1ï SHUIHFWXV DQG 7RZHLXV VSï DW ìíñëçí©
DQG ìíñëäí©ï 7KH UHFRUG RI D QDQQRIORUD FKDUDFWHULVWLF RI =RQH 117Sç DSSDUHQWO\ DERYH WKH
WRS RI WKH 9nOH )RUPDWLRQ LV SUREDEO\ GXH WR D VDPSOH WR ORJ GHSWK GLVFUHSDQF\ï

3ODQNWLF IRUDPLQLIHULG UHFRYHU\ DW DQG EHORZ ìíñëæí© FRQILUPV D ]RQDO UDQJH RI 07éð07êï

7KH UHFRUGV RI 6SLQLIHULWHV ¦PDJQLILFXV§ DW ìíñëæí© DQG $ï UHWLFXODWD DW ìíñêíëïíí õFRô SURYH
D ¦ODWH§ 'DQLDQñ =RQH 37ë DJHï

'HSWK )RUPDWLRQ $JH =RQH
ìíñêêè© ð ìíñçêè© (NRILVN ¦ODWH ¤ HDUO\§ 'DQLDQ 117Sé ¤117Sê

07ëE
37ì

&RPPHQWVã 5HODWLYHO\ WKLFN õ!ëíí©ô ¦ODWH§ 'DQLDQ VHTXHQFH LQFOXGLQJ 6XE]RQHV 117Sé(ð%ï
6XE]RQH 117Sé) QRW UHFRJQLVHG DOWKRXJK D VDPSOH JDS H[LVWV EHWZHHQ ìíñêíí© DQG ìíñêìé©ï
0DMRU 0DDVWULFKWLDQ UHZRUNLQJ FRQFHQWUDWHG DW ìíñêää© DQG ìíñéçê©ï $JH LQGHWHUPLQDWH DW
ìíñèèì© GXH WR GRPLQDQFH RI UHZRUNHG 0DDVWULFKWLDQ WD[Dï

7KH SUHVHQFH RI FRPPRQ SODQNWLF IRUDPLQLIHULGVñ LQFOXGLQJ 3ï FIï FRPSUHVVD WR ìíñéæë©ñ
LQGLFDWHV DQ DJH QR ROGHU WKDQ 07ëE WR WKLV GHSWKï 5HZRUNHG PLFURIDXQDV RFFXU EHORZ WKLV
GHSWKñ GRPLQDWLQJ WKH DVVHPEODJHV UHFRUGHG EHWZHHQ ìíñèèì©õFRUHô DQG ìíñçíè©õFRUHô

7KH LQWHUYDO ìíñèçå© ¤ ìíñèæë© LV GRPLQDWHG E\ UHZRUNHG 0DDVWULFKWLDQ WD[Dï $JH õ=RQH
117Sêô LV EDVHG RQ LQFUHDVH LQ WKH DEXQGDQFH RI 3ï WHQXLFXOXVï



-RLQW &KDON 5HVHDUFK $ MRLQW &KDON 6WUDWLJUDSKLF )UDPHZRUN

'HFHPEHU ìäää &KDSWHU éã %LRVWUDWLJUDSK\ ð ìëê ð

¦(DUO\§ 'DQLDQ õ=RQH 117Sëô VHGLPHQWV LGHQWLILHG RQ WKH RFFXUUHQFH RI +ï HGZDUGVLL DW
ìíñèæå©ï

7KH RFFXUUHQFH RI D SDO\QRPRUSK DVVHPEODJH ZLWK VLJQLILFDQW QXPEHUV RI 6HQRQLDVSKDHUD
LQRUQDWD DW ìíñèæå©õFRUHô FRQILUPV DQ ¦HDUO\§ 'DQLDQ DJH DW WKLV GHSWK õ=RQH 37ìô

'HSWK )RUPDWLRQ $JH =RQH
ìíñçêèö ð ìíñäëí© 7RU /DWH 0DDVWULFKWLDQ ð

/DWH &DPSDQLDQ
8&ëí¦LL§ ¤ 8&ìç¦LL§
)&6ëêHð"F

&RPPHQWVã 7KH RFFXUUHQFH RI &ï GDQLDH DQG 1ï IUHTXHQV DW ìíñçëí© LQGLFDWHV WKH SUHVHQFH RI
/DWH 0DDVWULFKWLDQ VHGLPHQWV DVVLJQDEOH WR 6XE]RQH 8&ëí¦LL§ï 6XE]RQHV 8&ëí¦L§ õìíñçæä©ô
DQG 8&ìä õìíñææí©ô DUH DOVR SUHVHQWñ VXJJHVWLQJ DW OHDVW ìæí© RI /DWH 0DDVWULFKWLDQ VHGLPHQWVï

(DUO\ 0DDVWULFKWLDQ VHGLPHQWV õ=RQH 8&ìåô DUH EDVHG RQ WKH RFFXUUHQFH RI 5ï OHYLV DW ìíñåíí©
DQG %ï SDUFD FRQVWULFWD õ6XE]RQH 8&ìç¦LLL§ô DW ìíñäëíö LQGLFDWHV SHQHWUDWLRQ RI /DWH
&DPSDQLDQï 1R HYLGHQFH IRU =RQH 8&ìæ ZDV LGHQWLILHG LPSO\LQJ D KLDWXVñ KRZHYHU WKLV PD\
EH D IXQFWLRQ RI SRRU QDQQRIRVVLO UHFRYHU\ LQ WKH GLWFK FXWWLQJV VDPSOHVï 6XE]RQH 8&ìç¦LL§ LV
UHFRJQLVHG DW ìíñäèí© EDVHG RQ )'2 RI 5ï DQWKRSKRUXVï 7KLV LV FRQVLGHUHG FDYHG JLYHQ WKH
ORJ HYLGHQFH IRU 0DJQH )RUPDWLRQ DW ìíñäëí©ï

'HILQLWH /DWH 0DDVWULFKWLDQ PLFURIDXQDO HOHPHQWV DUH UDUH EHLQJ UHVWULFWHG WR 2VDQJXODULD
QDYDUURDQD DW ìíñæíç©õFRUHô DQG 3ï HOHJDQV DW ìíñæêí©õFRUHô ZLWKLQ DQ )&6ëêHðF UDQJHï

'HSWK )RUPDWLRQ $JH =RQH
ìíñäëíö ð ììñëíìö 0DJQH &DPSDQLDQ 8&ìè

")&6ëì

&RPPHQWVã 7KH SUHVHQFH RI 0DJQH )RUPDWLRQ VHGLPHQWV LV FRQILUPHG DW ììñííí© ZLWK WKH
RFFXUUHQFH RI 2ï FDPSDQHQVLV WRJHWKHU ZLWK (ï H[LPLXV õììñíìí©ôï 7KH VXEVHTXHQW RFFXUUHQFH
RI %ï JHPLQLFDWLOOXV õììñíåí©ô DQG /ï JULOOLL õììñìëí©ô VXJJHVW WKH SUHVHQFH RI VHGLPHQWV RI
(DUO\ &DPSDQLDQ õ6XE]RQHV 8&ìè¦LLðL§ô DJHï

7KH WRS RI "=RQH )&6ëì LV YHU\ WHQWDWLYHO\ EDVHG RQ WKH RFFXUUHQFH RI FRPPRQ 5ï UXJRVD DW
ìíñäëí©ï 7KH PLFURIDXQDO GLVWULEXWLRQ ZLWKLQ WKLV XQLW LV GLIILFXOW WRR LQWHUSUHW DV 55, UHFRUG
(DUO\ &DPSDQLDQ ¤ 6DQWRQLDQ HOHPHQWV DW ììñíìí©ï

'HSWK )RUPDWLRQ $JH =RQH
ììñëíì© 7KXG (DUO\ &DPSDQLDQ 8&ìé

)&6ëí ð")&6ìä

&RPPHQWVã $ 6XE]RQH 8&ìé¦LY¤LLL§ VXE]RQDO DWWULEXWLRQ IRU WKH 7KXG )RUPDWLRQ LQ WKLV
LQWHUYDO LV \RXQJHU WKDQ RWKHU DWWULEXWLRQV IRU WKLV )RUPDWLRQï 7KLV LV FRQVLGHUHG WR EH GXH WR
FDYLQJ RI WKH GLWFK FXWWLQJV VDPSOHV LQ WKLV ZHOOï

0LFURIDXQDO UHFRYHU\ LV YHU\ SRRU LQ WKLV LQWHUYDO DQG D EURDG (DUO\ &DPSDQLDQ DJH LV
LQGLFDWHG RQO\ E\ WKH UHFRUGV RI WKH )'2 RI :KLWHLQHOOD EDOWLFD DW ììñíäí© DQG WKH /'2 RI
3XOOHQLD VSSï DW ììñêêé©õVZFôï $EXQGDQW &HQRVSKDHUD VSSï RFFXU DW ììñêäí© DQG



$ MRLQW &KDON 6WUDWLJUDSKLF )UDPHZRUN -RLQW &KDON 5HVHDUFK

ð ìëé ð &KDSWHU éã %LRVWUDWLJUDSK\ 'HFHPEHU ìäää

ììñéíæ©õVZFôñ VXJJHVWLQJ D SRVVLEOH /DWH 6DQWRQLDQ õ")&6ìä =RQHô DJH EHWZHHQ WKHVH GHSWKVñ
DW WKH EDVH RI WKH /DWH &UHWDFHRXV VHTXHQFHï

:HOO ëîæð%ðìì

([LVWLQJ GDWD DYDLODEOHã
(3$ õìääéô 6XFFHVVLRQ SDJH ZLWK GLVWULEXWLRQ FKDUWâ 55, õìäåëô )XOO UHSRUWâ 16& õìääèô
5HSRUW RQO\â 13' õQR GDWHô 'LVWULEXWLRQ FKDUW RQO\ï

([LVWLQJ GDWD HYDOXDWLRQã
55, õìäåëô *RRG TXDOLW\ GDWDâ 16& õìääèô *RRG TXDOLW\ FRUH GDWDâ 13' õQR GDWHô 0RGHUDWH
TXDOLW\ GDWDï 7KH (3$ DQG 55, PLFURIDXQDO GDWD LV IUHTXHQWO\ GLIILFXOW WR FRPELQH
WD[RQRPLFDOO\ DQG RSHQ WR VRPH GXSOLFDWLRQâ VRPH LGHQWLILFDWLRQV DUH DOVR YHU\ TXHVWLRQDEOHï

1HZ DQDO\VHVã
0LFURSDODHRQWRORJ\  í
1DQQRSODQNWRQ  ëå F
3DO\QRORJ\  íï

*RRG TXDOLW\ FRUH VDPSOH PDWHULDO DYDLODEOH IRU DOO DQDO\VHVï

6WUDWLJUDSKLF LQWHUSUHWDWLRQã

'HSWK )RUPDWLRQ $JH =RQH
äñæèé© ð äñåíè© 9nOH ¦HDUO\§ 7KDQHWLDQ 117Sæîç

07é

&RPPHQWVã 0RGHUDWHO\ FRPPRQ 3ï PDUWLQLL DQG 1ï SHUIHFWXV WRJHWKHU ZLWK 7RZHLXV VSï LQ
FRUH VDPSOHV GRZQ WR äñåéêïè© LQGLFDWHV WKH SUHVHQFH RI VHGLPHQWV DVVLJQDEOH WR WKH 9nOH
)RUPDWLRQ õ6XE]RQHV 117Sæ%îçôï 7KLV GLIIHUV IURP WKH ORJ LQWHUSUHWDWLRQ ZKLFK SODFHV
VDPSOHV DWñ DQG EHORZñ äñåíè© ZLWKLQ WKH (NRILVN )RUPDWLRQï 7KLV LV DWWULEXWHG WR D FRUH WR ORJ
VKLIW RI DSSUR[LPDWHO\ êç©ï

$ VSDUVH SODQNWLF IRUDPLQLIHULG õ=RQH 07éô DVVHPEODJHñ QRWHG DW äñåìê©ñ LV EHOLHYHG WR
RULJLQDWH IURP WKLV LQWHUYDO GXH WR WKH FRUH WR ORJ VKLIWï

'HSWK )RUPDWLRQ $JH =RQH
äñåíè©ð ìíñíèç© (NRILVN 'DQLDQ 117Sé ¤ 117Së

07ë

&RPPHQWVã $ VHTXHQFH UHSUHVHQWDWLYH RI 6XE]RQHV 117Sé%ð' FDQ EH LGHQWLILHG LQ WKLV
LQWHUYDOï 6XE]RQH 117Sé) ZDV QRW LGHQWLILHGï 0DDVWULFKWLDQ UHZRUNLQJ LV UHFRUGHG LQ PLQRU
DPRXQWV ¤ D IHDWXUH ZKLFK GLVWLQJXLVKHV WKH (OGILVN %UDYR VWUXFWXUH IURP (OGILVN $OSKD DQG
(NRILVNï

=RQH 117Sê LV DVVLJQHG EDVHG RQ WKH LQFUHDVH LQ WKH DEXQGDQFH RI 3ï WHQXLFXOXV DW äñäæåïè©ï
7KLV ]RQH LV FRPPRQO\ DEVHQW LQ WKH VWXG\ DUHD DQG LWV SUHVHQFH RQ WKLV VWUXFWXUH DJDLQ GLIIHUV
IURP DGMDFHQW VWUXFWXUHVï



-RLQW &KDON 5HVHDUFK $ MRLQW &KDON 6WUDWLJUDSKLF )UDPHZRUN
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7KH )'2 +ï HGZDUGVLL FRQILUPV WKH SUHVHQFH RI ¦HDUO\§ 'DQLDQ VHGLPHQWV õVLPLODU WR :HOO
ëîæðêíô DW äñääçïè©ï 7KHUH LV D VDPSOH JDS EHWZHHQ äñääí© DQG ìíñíçí©ï

0LFURIDXQDO UHFRYHU\ IURP WKH WRS RI WKLV LQWHUYDO LV SRRUñ ZLWK WKH ]RQDO VSHFLHV *ï
SVHXGREXOORLGHV DQG 3ï DIIï FRPSUHVVD QRW UHFRUGHG XQWLO äñäêå©õFRUHôï

'HSWK )RUPDWLRQ $JH =RQH
ìíñíèç© ð ìíñéìêö 7RU 0DDVWULFKWLDQ 8&ëí ¤ 8&ìå

)&6ëê

&RPPHQWVã 7KH LQIOX[ RI /DWH &UHWDFHRXV WD[D LV WDNHQ WR LQGLFDWH SHQHWUDWLRQ RI WKH 7RU
)RUPDWLRQï 7KH SUHVHQFH RI 6XE]RQH 8&ëí¦LL§ LV FRQILUPHG DW ìíñíçí© ZLWK WKH RFFXUUHQFH RI
&ï GDQLDH DQG 1ï IUHTXHQVï 6XE]RQH 8&ìä¦LLL§ RFFXUV DW ìíñíåì©ï 7KH ILUVW GRZQKROH
RFFXUUHQFH RI 6ï SULPLWLYXP DW ìíñììæïè© VXJJHVWV 6XE]RQH 8&ìä¦LL§ñ KRZHYHUñ WKH RFFXUUHQFH
RI &ï REVFXUXV õ13' GDWDô LQ VRPH VDPSOHV VXJJHVWV 6XE]RQH 8&ìä¦L§ï &RQILGHQFH LQ WKLV
DVVLJQPHQW LV ORZ DQG WKH ZKROH LQWHUYDO LV JLYHQ D 6XE]RQH 8&ìä¦LLîL§ DWWULEXWLRQï 7KLV LV DQ
XQFKDUDFWHULVWLFDOO\ WKLFN =RQH 8&ìä VHFWLRQ DQG FRQILGHQFH UHPDLQV ORZ GXH WR WKH
RFFXUUHQFH RI 'DQLDQ FRQWDPLQDQWV LQ WKH FRUH VDPSOHV DQDO\VHG GRZQ WR ìíñìëç©ï

0DDVWULFKWLDQ IRUDPLQLIHULGV RFFXU FRPPRQO\ EHORZ ìíñíçí©ñ EXW WKH )&6ëê ]RQDO LQGH[ñ 3ï
HOHJDQVñ LV RQO\ UHFRUGHG DW ìíñíæë©õFRUHôï 7KH (DUO\ 0DDVWULFKWLDQ VSHFLHV $ï EHWWHQVWDHGWLñ
UHFRUGHG EHORZ ìíñìëç©õFRUHô KDV EHHQ LQWHUSUHWHG DV EHLQJ UHZRUNHGñ DV KDV WKH UHFRUG RI 7ï
FDSLWRVD DW ìíñëêå©õFRUHôï

$W ìíñêäí©ñ WKH )'2 RI 5ï OHYLV LQGLFDWHV =RQH 8&ìå LQ WKH (DUO\ 0DDVWULFKWLDQï 5HZRUNLQJñ
LQ WKH IRUP RI +ï WUDEHFXODWXVñ LV DOVR REVHUYHGï 7KLV WD[RQ RFFXUV LQ &DPSDQLDQ DQG ROGHU
VHGLPHQWVñ EXW LV FRPPRQ ZLWKLQ =RQH 8&ìì õ&RQLDFLDQôï

'HSWK )RUPDWLRQ $JH =RQH
ìíñéìê© ð ìíñéçí© 0DJQH &DPSDQLDQ 8&ìç ¤ 8&ìé

)&6ëìD

&RPPHQWVã 7KH )'2 RI 0ï TXDWHUQDULXV DQG 5ï DQWKRSKRUXV LQGLFDWH WKH SUHVHQFH RI /DWH
&DPSDQLDQ VHGLPHQWV õ6XE]RQH 8&ìç¦LL§ô DQG LPSOLHV DQ XQFRQIRUPLW\ EHWZHHQ WKH 7RU DQG
0DJQH )RUPDWLRQï 7KLV ]RQH XVXDOO\ UHSUHVHQWV WKH EDVDO ]RQH LQ WKH 7RU )RUPDWLRQñ KRZHYHU
ORJ HYLGHQFH DW ìíñéìê© VXJJHVWV 0DJQH )RUPDWLRQ õGXH WR FRUH WR ORJ VKLIWôï 0DJQH
)RUPDWLRQ VHGLPHQWV DVVLJQDEOH WR 6XE]RQH 8&ìè¦LLL§ õ)'2 (ï H[LPLXVñ +ï WUDEHFXODWXV DQG
2ï FDPSDQHQVLVô DW ìíéëèïè©DQG 6XE]RQH 8&ìé¦LYðLLL§ õ)'2 6ï ELIHUXODô DW ìíñééêïè©ï

/RQJðUDQJLQJ WD[D GRPLQDWH WKH PLFURIDXQD WKURXJK WKLV LQWHUYDOñ DOWKRXJK WKH /'2 RI 6ï
SRPPHUDQD DW ìíñééé©õFRUHô DQG WKH )'2 RI *DYHOLQHOOD VWHOOLJHUD DW ìíñéèí©õFRUHô DUH
FRQVLVWHQW ZLWK 6XE]RQH )&6ëìD DW WKLV OHYHOï

'HSWK )RUPDWLRQ $JH =RQH
ìíñéçí© 1DUYH &RQLDFLDQð7XURQLDQ 8&ìí ð 8&ä

)&6ìèF
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&RPPHQWVã 1DUYH )RUPDWLRQ LV FRQILUPHG DW ìíñéçíö ZLWK WKH )'2 RI +ï WXURQLFXVñ (ï
IORUDOLV DQG DEXQGDQW :ï EDUQHVDH LQGLFDWLYH RI 6XE]RQH 8&ìí¦L§ï 7KH LQFUHDVH LQ WKH
DEXQGDQFH RI +ï WXURQLFXVñ LQ WKH DEVHQFH RI 0ï VWDXURSKRUDñ DW ìíñéæäïè© LV WDNHQ WR LQGLFDWH
WKH SUHVHQFH RI 6XE]RQH 8&ä¦L§ RI /DWH 7XURQLDQ DJHï
'HVSLWH WKH H[WHQVLYH PLFURIDXQDO DVVHPEODJH UHFRUGHG E\ 55, DQG (3$ WKURXJK WKLV VHFWLRQñ
IHZ UHOLDEOH RU VWUDWLJUDSKLFDOO\ VLJQLILFDQW WD[D DUH UHFRUGHGï 7KH GRZQKROH LQIOX[ RI
&HQRVSKDHUD VSSï EHWZHHQ ìíñèäè©õFRUHô DQG ìíñçéä©õFRUHô KDV EHHQ XVHG KHUH WR LQGLFDWH WKH
0LGGOH 7XURQLDQ 6XE]RQH )&6ìèF DW WKHVH GHSWKVï

:HOO ëîåð$ðì

([LVWLQJ GDWD DYDLODEOHã
55, õìäåëô )XOO UHSRUW ZLWK VXPPDU\ ORJ DQG GLVWULEXWLRQ FKDUWVâ 369 õìääìô 5HSRUW RQ ê
VDPSOHV RQO\â 369 õìääêô 5HSRUW ZLWK VXPPDU\ ORJâ 16& õìääæô 5HSRUW RQ ìå VDPSOHVâ 16&
õìääåô 5HSRUW RQ 2YHUEXUGHQ 6HFWLRQâ .31 õìääëô 'LVWULEXWLRQ FKDUW IRU æ VDPSOHVâ $02
õìääåô PXOWLGLVFLSOLQDU\ 'LVWULEXWLRQ FKDUW

([LVWLQJ GDWD HYDOXDWLRQã
.31 õìääëô 3RRU TXDOLW\ GDWD VHWâ 369 õìääìô PRGHUDWH TXDOLW\ GDWD VHWâ 16& õìääæ ÷ ìääåô
*RRG TXDOLW\ GDWD VHWVâ $02 õìääåô *RRG TXDOLW\ GDWDñ EXW LQ KRXVH WD[RQRP\ DQG
LQWHUSUHWDWLRQV GLIILFXOW WR GHFLSKHUï

1HZ DQDO\VHVã
0LFURSDODHRQWRORJ\  í
1DQQRSODQNWRQ  í
3DO\QRORJ\  íï

6WUDWLJUDSKLF LQWHUSUHWDWLRQã

'HSWK )RUPDWLRQ $JH =RQH
ëñéìåP ¤ ëñééíP %DOGHU ¦(DUOLHVW§ (RFHQH 07åñ 37å

&RPPHQWVã 3DO\QRORJLFDO UHFRYHU\ DW ëñéìåPõFRUHô DQG GLDWRPV UHFRUGHG DW ëñéëëPõFRUHô
FRQILUP WKH %DOGHU )RUPDWLRQ DW WKLV OHYHOï

'HSWK )RUPDWLRQ $JH =RQH
ëñééíP ¤ ëñééæP 6HOH ¦ODWH§ 7KDQHWLDQ 37æ&

&RPPHQWVã 7KH LQIOX[ RI $SHFWRGLQLXP VSSï DW ëñééíPõFRUHô LQGLFDWHV 6XE]RQH 37æ&ñ DQG
WKH WRS 6HOH )RUPDWLRQï

'HSWK )RUPDWLRQ $JH =RQH
ëñééæP ¤ ëñéçêP /LVWD ¦PLGGOH§ 7KDQHWLDQ 07çñ 37è%

&RPPHQWVã 7KH DEXQGDQW UHFRYHU\ RI DJJOXWLQDWLQJ IRUDPLQLIHULGV DW ëñééæïíPõFRUHôñ
LQFOXGLQJ 6ï VSHFWDELOLVñ LQGLFDWHV =RQH 07ç DW WKH WRS RI WKH /LVWD )RUPDWLRQï $Q LQIOX[ RI
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$UHROLJHUD JLSSLQJHQVLV DW ëñéèåïèíP õFRUHô LQGLFDWHV D OHYHO ZLWKLQ WKH ¦PLGGOH§ 7KDQHWLDQñ
=RQH 37è%ï

'HSWK )RUPDWLRQ $JH =RQH
ëñéçêP ¤ ëñéçèïåP "9nOH ¦HDUO\§ 7KDQHWLDQ ð

¦ODWH§ 'DQLDQ
37é% ¤ 37ë

&RPPHQWVã 7KH DVVRFLDWLRQ RI ," YLERUJHQVH DQG 3ï DXVWUDOLQXP UHFRUGHG DW ëñéçêïíPõFRUHô
LV FKDUDFWHULVWLF RI WKH ¦HDUO\§ 7KDQHWLDQ 6XE]RQH 37é% ZKHUHDV WKH RFFXUUHQFH RI $ï
UHWLFXODWD DQG 6ï ¦PDJQLILFXV§ DW ëñéçèïåP õFRUHô LQGLFDWHV D =RQH 37ëñ ¦ODWH§ 'DQLDQ DJHï

'HSWK )RUPDWLRQ $JH =RQH
ëñéçæïëP ð ëñéæíP "(NRILVN "'DQLDQ ,QGHWHUPLQDWH

&RPPHQWVã %DVHG RQ ORJ HYLGHQFH ¤ QR GLUHFW HYLGHQFH IRU 'DQLDQ DJH LQ QDQQRSODQNWRQ
VDPSOHV RU LQ UHFRUGHG PLFURIDXQDñ WKHUHIRUH DVVHPEODJHV UHFRYHUHG UHSUHVHQW ìííø
0DDVWULFKWLDQ UHZRUNLQJï

'HSWK )RUPDWLRQ $JH =RQH
ëñéæíP ð ëñéäæP 7RU /DWH 0DDVWULFKWLDQ ð

/DWH &DPSDQLDQ
8&ìäð8&ìç¦LL§
)&6ëë

&RPPHQWVã 1R VDPSOHV VHOHFWHG IRU DQDO\VHV EHWZHHQ ëñéçäP DQG ëñéæåPï 7KH FRUH VDPSOH
DW ëñéæåP FRQWDLQV DQ DVVHPEODJH FKDUDFWHULVWLF RI 6XE]RQH 8&ìä¦LLL§ï 7KH VXEVHTXHQW )'2
RI 6ï SULPLWLYXP DW ëñéæåïèPõFRUHô LQGLFDWHV 6XE]RQH 8&ìä§LL§ï

/DWH &UHWDFHRXV PLFURIDXQDO HOHPHQWV DUH UHFRUGHG IURP ëñéæåïèPõFRUHôñ LQFOXGLQJ 5ï UXJRVD
DQG %ï GUDFR õDW ëñéæäïèPñFRUHôï 7KH UHFRUG RI %ï PLOLDULV DW ëñéåæïèPõFRUHô FRQILUPV =RQH
)&6ëë DW WKLV GHSWKñ ZLWKLQ WKH ODWHVW &DPSDQLDQï

(DUO\ 0DDVWULFKWLDQ õ=RQH 8&ìåô LV EDVHG RQ WKH )'2 RI 5ï OHYLV DW ëñéæåïçëPõFRUHô õQRWH
WKLV LV DQ LVRODWHG RFFXUUHQFH DQG WKLV WD[RQ GRHV QRW RFFXU DJDLQ XQWLO ëñéåçïäêPñFRUHñ
WKHUHIRUH FRQILGHQFH LV ORZôï

$Q LQWUD 7RU )RUPDWLRQ KLDWXV LV LPSOLHG E\ WKH UHFRJQLWLRQ RI 6XE]RQH 8&ìç¦LL§ DW
ëñéåæïèPõFRUHô õ)'2 5ï DQWKRSKRUXVô DQG WKH DEVHQFH RI VHFWLRQ UHSUHVHQWLQJ =RQHV 8&ìæð
ìç¦LLL§ï ,W LV QRWHZRUWK\ WKDW %ï SDUFD KDV QRW EHHQ UHFRUGHG DV SDUW RI WKLV GDWD VHWï

'HSWK )RUPDWLRQ $JH =RQH
ëñéäæP ð ëñèíìïèP 0DJQH &DPSDQLDQ 8&ìè

&RPPHQWVã 3UHVHQFH RI VHGLPHQWV DVVLJQDEOH WR WKH 0DJQH LV VXSSRUWHG E\ WKH )'2 (ï
H[LPLXV DW ëñéäåïêPï 1R VLJQLILFDQW PLFURIDXQD UHFRUGHGï 1R VLJQLILFDQW SDO\QRIORUD UHFRUGHGï

'HSWK )RUPDWLRQ $JH =RQH
ëñèíìïèP ð ëñèåìïèP 1DUYH &RQLDFLDQ ð 7XURQLDQ 8&ìì ¤ 8&ç

)&6ìæ ¤ )&6ìé
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&RPPHQWVã $Q XQFRQIRUPLW\ EHWZHHQ 0DJQH DQG 1DUYH )RUPDWLRQV FDQ EH LGHQWLILHG LQ WKLV
ZHOOñ HIIHFWLYHO\ UHPRYLQJ WKH 7KXG )RUPDWLRQ õ1DQQRSODQNWRQ =RQHV 8&ìëðìéôï

0DUNHU VSHFLHV UHFRJQLVHG ZLWKLQ WKLV VHFWLRQ LQFOXGH 4ï HQHDEUDFKLXP DQG +ï WXURQLFXV
õëñèíëPô DQG 4ï LQWHUPHGLXP õëñèëçïíéPô LQ DVVRFLDWLRQ ZLWK WKH /'2 RI 0ï VWDXURSKRUD
õëñèëíïèPôñ 0ï IXUFDWXV õëñèêêPôñ (ï H[LPLXV DQG .ï PDJQLILFXV õëñèæíPôï

$ UHOLDEOH VHTXHQFH RI PLFURIDXQDO PDUNHUV LV UHFRUGHG E\ 55, ÷ $PRFR EHWZHHQ
ëñèíëïèPõFRUHô DQG ëñèåëïêPõFRUHôï

5HODWLYHO\ GLYHUVH DVVHPEODJHV RI GLQRF\VWV DUH SUHVHQW LQ WKH OLPLWHG QXPEHU RI FRUH VDPSOHV
H[DPLQHG IURP WKLV LQWHUYDOï 7KH RFFXUUHQFH RI 6WHSKRGLQLXP FRURQDWXP DW ëñèêìïçP õFRUHô
SURYHV DQ DJH QRW \RXQJHU WKDQ 7XURQLDQ DW WKLV GHSWKï

'HSWK )RUPDWLRQ $JH =RQH
ëñèåìïèP ¤ ëñèåêïèP %ORG�NV ð ð

&RPPHQWVã 7KH VDPSOH DQDO\VHG IURP WKH %ORG�NV )RUPDWLRQ LV EDUUHQ RI QDQQRSODQNWRQ
õëñèåëïêPôï

'HSWK )RUPDWLRQ $JH =RQH
ëñèåìïèP ¤ ëñèåêïèP +LGUD &HQRPDQLDQ )&6ìê

&RPPHQWVã 7KH UHFRUGV RI DEXQGDQW +HGEHUJHOOD VSSï EHORZ ëñèåèPõFRUHô DQG WKH )'2 RI
WKH DJJOXWLQDQW (JJHUHOOLQD PDULDH DW ëñèäíïçPõFRUHô FRQILUP D &HQRPDQLDQ DJHñ ZLWKLQ =RQH
)&6ìêï

:HOO ëîììð$ðë

([LVWLQJ GDWD DYDLODEOHã
369 õìääìô 5HSRUW DQG VXPPDU\ ORJâ .31 õìääëô 'LVWULEXWLRQ FKDUW RQO\ï

([LVWLQJ GDWD HYDOXDWLRQã
369 õìääìô 0RGHUDWH TXDOLW\ GDWDâ .31 õìääëô 3RRU TXDOLW\ GDWDï

1HZ DQDO\VHVã
0LFURSDODHRQWRORJ\  í
1DQQRSODQNWRQ  ë F
3DO\QRORJ\  í

3RRU TXDOLW\ FRUH PDWHULDO DYDLODEOH IRU DQDO\VHVï

6WUDWLJUDSKLF LQWHUSUHWDWLRQã

'HSWK )RUPDWLRQ $JH =RQH
êñêçåP ð êñéìæP 7RU 0DDVWULFKWLDQ 8&ëí¦LL§ ¤ 8&ìå

)&6ëêDðGñ )&6ëëD



-RLQW &KDON 5HVHDUFK $ MRLQW &KDON 6WUDWLJUDSKLF )UDPHZRUN

'HFHPEHU ìäää &KDSWHU éã %LRVWUDWLJUDSK\ ð ìëä ð

&RPPHQWVã 7KH RFFXUUHQFH RI 1ï IUHTXHQV EHWZHHQ êñêææP DQG êñêåèP LQGLFDWHV WKH
SUHVHQFH RI 6XE]RQH 8&ëí¦L§ï 7KH RFFXUUHQFH RI *ï REOLTXXP DW êñêåäP LQGLFDWHV 6XE]RQH
8&ìä¦LL§ DW WKLV GHSWKï 1R VDPSOHV ZHUH DQDO\VHG EHWZHHQ êñêäìP DQG êñéíæPï

7KH DWWULEXWLRQ RI (DUO\ 0DDVWULFKWLDQ õ=RQH 8&ìåô LV EDVHG RQ WKH )'2 RI 5ï OHYLV DW
êñéíæïèPï 7KH RFFXUUHQFH RI %ï SDUFD õ.31 ìääëô LV FRQVLGHUHG UHZRUNHG RU PLVLGHQWLILHGï
1R VDPSOHV ZHUH DQDO\VHG EHWZHHQ êñéìèP DQG êñéêäïèPï
/DWH 0DDVWULFKWLDQ FKDONV DUH LQGLFDWHG E\ 3ï HOHJDQVñ %ï GUDFR DQG 5RVLWD ZDOILVFKHQVLV DW
êñêåíPõFRUHôï %HORZ WKLV GHSWK PLFURIDXQDO UHFRYHU\ LV UHODWLYHO\ SRRUñ EXW DW êñééíPõFRUHô
WKH RFFXUUHQFH RI $UDJRQLD DUDJRQHQVLV FRQILUPV WKH SUHVHQFH RI WKH (DUO\ 0DDVWULFKWLDQ ð
/DWH &DPSDQLDQ õEDVDO 7RUô 6XE]RQH )&6ëëDï

'HSWK )RUPDWLRQ $JH =RQH
êñéêäïèP ð êñèíêP 0DJQH &DPSDQLDQ 8&ìè¦Y§ ¤ 8&ìé

&RPPHQWVã 7KH )'2 RI (ï H[LPLXV DQG 5ï DQWKRSKRUXV LV WDNHQ WR LQGLFDWH SHQHWUDWLRQ RI
0DJQH )RUPDWLRQ VHGLPHQWV RI 6XE]RQH 8&ìè¦Y§ DJHï 7KH VXEVHTXHQW RFFXUUHQFH RI 2ï
FDPSDQHQVLV õêñéééPô LQGLFDWHV 6XE]RQH 8&ìè¦LY§ñ WKH RFFXUUHQFH RI +ï WUDEHFXODWXV
õêñéçéPô LQGLFDWHV 6XE]RQH 8&ìè¦LLL§ DQG 6ï ELIHUXOD õêñéäéïçèPô VXJJHVWV 6XE]RQH
8&ìé¦LYðLL§ï 'DWD VHW UHODWLYHO\ VSDUVH IRU WKLV LQWHUYDOï
&RPPRQ 5XJRJORELJHULQD VSSï DW êñéçíPõFRUHô DQG WKH )'2 RI 7ï FDSLWRVD DW êñéçéPõFRUHô
DUH FRQVLVWHQW ZLWK WKH /DWH ¤ (DUO\ &DPSDQLDQ õ=RQH )&6ëìô GDWH IRU WKLV LQWHUYDOï 7KH
SUHVHQFH RI 6ï H[VFXOSWD JUDFLOLV DQG 5ï V]DMQRFKDH SUDHFXUVRU LQGLFDWH DQ )&6ëí GDWH DW
êñéååPõFRUHôï 5HFRUGV RI 6ï JUDQXODWD SRORQLFD DW êñéäéïìèPõFRUHô DQG êñéäèïíPõFRUHôñ
ZLWKLQ WKH (DUO\ &DPSDQLDQ 0DJQH )RUPDWLRQ DUH LQWHUSUHWHG DV UHZRUNHG LQ WKLV LQVWDQFH
õ6HH %HUJHQ ÷ 6LNRUDñ ìäää IRU GLVFXVVLRQô

'HSWK )RUPDWLRQ $JH =RQH
êñèíêP ¤ êñèíäP 7KXG 6DQWRQLDQ 8&ìë RU ROGHU

)&6ìå

&RPPHQWVã 7KH UHFRUG RI 6ï JUDQXODWD SRORQLFD DW êñèíêPõFRUHô LV WDNHQ WR EH LQ VLWXñ
WKHUHE\ LQGLFDWHG DQ HDUOLHVW 6DQWRQLDQ õEDVDO )&6ìå =RQHô DJH DW WKLV OHYHOï

)URP WKH GDWD LW ZRXOG DSSHDU WKDW WKH QDQQRIORUDO UHFRYHU\ LV YHU\ SRRU IURP WKLV VDPSOH DQG
WKHUHIRUH WKH LQWHUSUHWDWLRQ UHPDLQV WHQWDWLYHï 7KH DVVHPEODJH UHFRYHUHG õSDUWLFXODUO\ LQ WKH
DEVHQFH RI $ï F\PELIRUPLVô LV FRQVLVWHQW ZLWK D =RQH 8&ìë RU ROGHU DWWULEXWLRQï

'HSWK )RUPDWLRQ $JH =RQH
êñèíäP ¤ êñèéåP 1DUYH &RQLDFLDQ ð 7XURQLDQ 8&ìí¦L§RU ROGHU

)&6ìæðìç

&RPPHQWVã 7KH )'2 RI 6ï JUDQXODWD JUDQXODWDñ WRJHWKHU ZLWK 0ï PDUJLQDWD DW êñèìèPñ
GHILQHV WKH WRS RI D XQLW EURDGO\ GDWHG DV =RQHV )&6ìæ ¤ )&6ìçï
7KH )'2 RI 4ï HSWDEUDFKLXP DQG +ï YDOKDOOHQVLV õ+ï WXURQLFXVô DW êñèíäP FRQILUP WKH
SUHVHQFH RI VHGLPHQWV EHORQJLQJ WR WKH 1DUYH )RUPDWLRQñ 6XE]RQH 8&ìí¦L§ RU ROGHUï

1R VDPSOHV ZHUH DQDO\VHG IRU QDQQRSODQNWRQ EHWZHHQ êñèëìP DQG êñèéëPï



$ MRLQW &KDON 6WUDWLJUDSKLF )UDPHZRUN -RLQW &KDON 5HVHDUFK

ð ìêí ð &KDSWHU éã %LRVWUDWLJUDSK\ 'HFHPEHU ìäää

:HOO ëîììð$ðë 7ë

([LVWLQJ GDWD DYDLODEOHã
369 õìääìô 5HSRUW DQG VXPPDU\ ORJï

([LVWLQJ GDWD HYDOXDWLRQã

369 õìääìô 0RGHUDWH TXDOLW\ GDWDï

1HZ DQDO\VHVã
0LFURSDODHRQWRORJ\  ë
1DQQRSODQNWRQ  ë F
3DO\QRORJ\  í

0RGHUDWH TXDOLW\ FRUH PDWHULDO DYDLODEOH IRU DQDO\VHVï

6WUDWLJUDSKLF LQWHUSUHWDWLRQã

'HSWK )RUPDWLRQ $JH =RQH
êñêæåP ð êñéééP 7RU 0DDVWULFKWLDQ ð /DWH

&DPSDQLDQ
8&ëí¦L§ ¤ 8&ìç¦LL§
)&6ëê ¤ )&6ëì

&RPPHQWVã 7KH RFFXUUHQFH RI 1ï IUHTXHQV LQ WKLV LQWHUYDO LV WDNHQ WR LQGLFDWH WKH SUHVHQFH RI
VHGLPHQWV RI /DWH 0DDVWULFKWLDQ DJHñ 6XE]RQH 8&ëí§L§ WKURXJK WKLV LQWHUYDOï

7KH )'2 RI 5ï OHYLV DW êñêäçP FRQILUPV WKH SUHVHQFH RI =RQH 8&ìå LQ WKH (DUO\
0DDVWULFKWLDQï $ 6XE]RQH 8&ìç¦LL§ DWWULEXWLRQ LV EDVHG RQ WKH )'2 RI %ï SDUFD DW êñéëíPï

$ EURDG /DWH 0DDVWULFKWLDQ õ=RQH )&6ëêô DJH LV LQGLFDWHG DW êñêæåPñ EDVHG RQ D YHU\ VSDUVH
PLFURIDXQDï 7KH UHFRYHU\ RI ERWK *ï DIIï DUFD DQG 7ï FDSLWRVD DW êñéìéP ZDV RULJLQDOO\
LQWHUSUHWHG DV =RQH )&6ëìñ KRZHYHU VXEVHTXHQW LQWHUSUHWDWLRQ VXJJHVWV WKDW WKHVH RFFXUUHQFHV
PD\ EH GXH WR UHZRUNLQJï &RPPRQ 7ï FDSLWRVD DW êñéêåPñ WRJHWKHU ZLWK $ï DUDJRQHQVLV
VXJJHVWV D PRUH GHILQLWH WRS )&6ëì =RQH DW WKLV OHYHOï

'HSWK )RUPDWLRQ $JH =RQH
êñéèçP ð êñéäèP 0DJQH /DWH &DPSDQLDQ 8&ìè

)&6ëì

&RPPHQWVã 6HGLPHQWV EHORQJLQJ WR WKH 0DJQH )RUPDWLRQ DUH FRQILUPHG DW êñéèçP EDVHG RQ
WKH RFFXUUHQFH RI 2ï FDPSDQHQVLVñ VXSSRUWHG DW êñéçëP E\ WKH RFFXUUHQFH RI (ï H[LPLXVï 7KLV
VXJJHVWV D 6XE]RQH 8&ìè¦LY§ õ/DWH &DPSDQLDQô VXE]RQDO DWWULEXWLRQ DQG SURYLGHV FRUUHODWLRQ
ZLWK ëîìì$ðëï

'HSWK )RUPDWLRQ $JH =RQH
êñéäèP ð êñèíèïåP 7KXG (DUO\ &DPSDQLDQ 8&ìé RU ROGHU

)&6ëí



-RLQW &KDON 5HVHDUFK $ MRLQW &KDON 6WUDWLJUDSKLF )UDPHZRUN

'HFHPEHU ìäää &KDSWHU éã %LRVWUDWLJUDSK\ ð ìêì ð

&RPPHQWVã 7KLV LQWHUYDO UHSUHVHQWV D WKLQ VHTXHQFH RI VHGLPHQWV EHORQJLQJ WR WKH 7KXG
)RUPDWLRQ EDVHG RQ WKH )'2 RI %ï HQRUPLV DQG WKH /'2 RI %ï SDUFD SDUFD DW êñèííïåPï 7KH
ZHDN DVVHPEODJH UHFRYHUHG IURP WKH GLWFK FXWWLQJV VDPSOH DW êñèíéP LV FRQVLVWHQW ZLWK D
=RQH 8&ìê DWWULEXWLRQ EDVHG RQ WKH SUHVHQFH RI $ï F\PELIRUPLVï

7KH FRUH VDPSOHV DW êñéäèP DQG êñéäåP FRQWDLQ H[WUHPHO\ ¦PL[HG§ PLFURIDXQDVñ LQFOXGLQJ
VSHFLPHQV RI 6ï JUDQXODWD LQFRQGLWDñ 6ï H[VFXOSWD JUDFLOLVñ 6ï H[VFXOSWD H[VFXOSWDñ 6ï JUDQXODWD
SRORQLFD DQG *DYHOLQHOOD DUQDJHUHQVLVï *LYHQ WKH (DUO\ &DPSDQLDQ 7KXG LQWHUSUHWDWLRQ IRU
WKLV YHU\ FRQGHQVHG VHFWLRQñ DW OHDVW WKH ODVW WZR RI WKHVH DUH PRVW OLNHO\ UHZRUNHGï

'HSWK )RUPDWLRQ $JH =RQH
êñèíèïåPð êñèäåP 1DUYH 6DQWRQLDQ ð 7XURQLDQ 8&ìì ¤ 8&å

)&6ìå ¤ )&6ìè

&RPPHQWVã 7KH )'2 RI / VHSWHQDULXV õ4ï HSWDEUDFKLXPô DW êñèìíP DQG VXEVHTXHQW LQFUHDVH
LQ WKH DEXQGDQFH RI +ï WUDEHFXODWXV õêñèìëPô LV WDNHQ WR LQGLFDWH WKH SUHVHQFH RI 1DUYH
)RUPDWLRQ VHGLPHQWV RI ¦HDUOLHVW§ 6DQWRQLDQ ¤ /DWH &RQLDFLDQ DJH õ=RQH 8&ììôï $
VWUDWLJUDSKLF VXFFHVVLRQ WKURXJK WKH 1DUYH )RUPDWLRQ LV UHYHDOHG E\ WKH )'2 +ï YDOKDOOHQVLV
õ+ï WXURQLFXVô WRJHWKHU ZLWK WKH LQFHSWLRQ RI 0ï VWDXURSKRUD DW êñèìçïæP õ6XE]RQH 8&ìí¦L§ôñ
DQ LQFUHDVH LQ WKH DEXQGDQFH RI +ï WXURQLFXV DW êñèéíP õ8&ä¦L§ RU ROGHUô DQG WKH /'2 RI .ï
PDJQLILFXV DW êñèåìPï 7KH GDWD VHW SURYLGHG IURP ERWK FRUH DQG GLWFK VDPSOH LQ WKLV LQWHUYDO
LV UHODWLYHO\ ZHDNï

7KH SUHVHQFH RI &HQRVSKDHUD VSSï DW êñèíèïåP LQGLFDWHV D 6DQWRQLDQ DJHñ SUREDEO\ ZLWKLQ
=RQH )&6ìåï $V LQ WKH PDLQKROH VHFWLRQñ WKH KLJKHVW RFFXUUHQFH RI 6ï JUDQXODWD JUDQXODWD FDQ
EH UHFRJQLVHG DW êñèëëPñ GHILQLQJ WKH WRS RI WKH )&6ìæ ¤ )&6ìç ]RQDO LQWHUYDOï 7KH
DEXQGDQFH RI UDGLRODULD EHORZ êñèéèP VXSSRUWV D =RQH )&6ìè GDWH EHORZ WKLV GHSWKâ ZLWK 6ï
JUDQXODWD KXPLOLV SUHVHQW DW êñèäåP VXJJHVWLQJ D SRVVLEOH )&6ìèE GDWH DW WKLV GHSWKï

:HOO ëîììð$ðë 7ê

([LVWLQJ GDWD DYDLODEOHã
369 õìääìô 5HSRUW DQG VXPPDU\ ORJï

([LVWLQJ GDWD HYDOXDWLRQã

369 õìääìô 0RGHUDWH TXDOLW\ GDWDï

1HZ DQDO\VHVã
0LFURSDODHRQWRORJ\  ê GF
1DQQRSODQNWRQ  ê GF
3DO\QRORJ\  í

7UDFH FKDON RQO\ LQ VDPSOHV UHFHLYHG õPL[HG OLWKRORJLHVôï



$ MRLQW &KDON 6WUDWLJUDSKLF )UDPHZRUN -RLQW &KDON 5HVHDUFK

ð ìêë ð &KDSWHU éã %LRVWUDWLJUDSK\ 'HFHPEHU ìäää

6WUDWLJUDSKLF LQWHUSUHWDWLRQã

'HSWK )RUPDWLRQ $JH =RQH
êñêæëP ¤ êñêæåïèP (NRILVN" 'DQLDQ ,QGHWHUPLQDWH

&RPPHQWVã 7KH RFFXUUHQFH RI *ï SVHXGREXOORLGHVñ &ï GDQLFXV DQG (ï FDYXV LQ WKH VDPSOH DW
êñêæëP VXJJHVWV WKH SUHVHQFH RI D ¦ODJ§ GHSRVLW RQ WRS RI WKH 7RU )RUPDWLRQ RI 'DQLDQ DJHï

'HSWK )RUPDWLRQ $JH =RQH
êñêæåïèP ð êñéëæïéP 7RU /DWH 0DDVWULFKWLDQ ð

/DWH &DPSDQLDQ
8&ëí¦L§ ¤ 8&ìç¦LLL§
)&6ëê ¤ )&6ëëîëì

&RPPHQWVã 7KH RFFXUUHQFH RI /DWH &UHWDFHRXV UHVWULFWHG WD[D DW êñêæåïèP LV WDNHQ WR LQGLFDWH
WKH SUHVHQFH RI 7RU )RUPDWLRQ VHGLPHQWVï 7KH RFFXUUHQFH 1ï IUHTXHQV FRQILUPV D /DWH
0DDVWULFKWLDQ DJH õ6XE]RQH 8&ëí¦L§ôï

7KH )'2 RI 5ï OHYLV LQGLFDWHV SHQHWUDWLRQ RI WKH (DUO\ 0DDVWULFKWLDQ õ=RQH 8&ìåôñ 7KLV
WRJHWKHU ZLWK WKH UHFRUG RI WKH EHQWKLF IRUDPLQLIHULG $ï DUDJRQHQVLV DW êñêäèP õ=RQH )&6ëëôñ
SURYLGH JRRG FRUUHODWLRQ SRLQWV ZLWK :HOOV ëîìì$ðë DQG ëîìì$ð7ëï

%DVHG RQ WKH )'2 RI %ï SDUFD DW êñéíëP 6XE]RQH 8&ìç¦LLL§ LV DVVLJQHGï $Q LQFUHDVH LQ WKH
QXPEHUV RI 5XJRJORELJHULQD VSSï DW êñéíåP VXSSRUWV WKH (DUO\ 0DDVWULFKWLDQ WR /DWH
&DPSDQLDQ GDWLQJï

7KH GDWD IURP êñéìéP DQG êñéëçP GRHV QRW SURYLGH VXIILFLHQW LQIRUPDWLRQ WR GDWH WKHVH
VDPSOHVï

'HSWK )RUPDWLRQ $JH =RQH
êñéëæïéP ð êñéåçP 0DJQH &DPSDQLDQ 8&ìè

&RPPHQWVã 7KH SUHVHQFH RI 0DJQH )RUPDWLRQ LV FRQILUPHG E\ WKH RFFXUUHQFH RI 2ï
FDPSDQHQVLV DW êñééìP õ8&ìè¦LY§ôï 7KH VXEVHTXHQW RFFXUUHQFH RI /ï JULOOLL õêñéæäPô
VXJJHVWV SHQHWUDWLRQ RI 6XE]RQH 8&ìè¦L§ RI (DUO\ &DPSDQLDQ DJHï $JDLQñ FRQILGHQFH LV ORZ
GXH WR D ZHDN GDWDEDVHï 9HU\ SRRU PLFURIDXQDO UHFRYHU\ WKURXJKRXW WKLV LQWHUYDOï

'HSWK )RUPDWLRQ $JH =RQH
êñéåçP ¤ êñéäåP 7KXG (DUO\ &DPSDQLDQ 8&ìé

&RPPHQWVã =RQH 8&ìé ¤ 8&ìë LV EDVHG RQ WKH FRQWLQXHG RFFXUUHQFH RI %ï SDUFD SDUFDï
+RZHYHUñ WKH DJH DWWULEXWLRQ LV YHU\ WHQWDWLYH GXH WR WKH ZHDN QDWXUH RI WKH GDWD LQ WKLV
LQWHUYDOï 6DQWRQLDQ PLFURIDXQDO HOHPHQWV UHFRUGHG DW êñéåçP DUH UHJDUGHG DV UHZRUNHGï

'HSWK )RUPDWLRQ $JH =RQH
êñéäåP ð êñçíèP 1DUYH &RQLDFLDQ ð 7XURQLDQ 8&ìí ¤ 8&ç

)&6ìå ¤ )&6ìè

&RPPHQWVã 7KH RFFXUUHQFH RI 7ï YLUJLQLFD DQG FRPPRQ +ï WUDEHFXODWXV DW êñéäåP LV
LQWHUSUHWHG DV 6XE]RQH 8&ìì¦L§ LQ WKH 1DUYH )RUPDWLRQï



-RLQW &KDON 5HVHDUFK $ MRLQW &KDON 6WUDWLJUDSKLF )UDPHZRUN

'HFHPEHU ìäää &KDSWHU éã %LRVWUDWLJUDSK\ ð ìêê ð

7KH )'2 RI +ï YDOKDOOHQVLV DW êñèíéP VXSSRUWV WKH ORJ HYLGHQFH IRU WKH SUHVHQFH RI 1DUYH
)RUPDWLRQ VHGLPHQWVï 7KH VXFFHVVLRQ WKURXJK WKH 1DUYH )RUPDWLRQ LV JHQHUDWHG SULPDULO\ RQ
WKH PLFURIDXQDO GDWDï 1DQQRIORUDO GDWD VXSSRUWV WKLV DOWKRXJK LW LV UHOLDQW XSRQ LQFHSWLRQ
HYHQWV WKURXJK WKLV LQWHUYDOï

&RPPRQ &HQRVSKDHUD VSSï DUH UHFRUGHG DW êñéäåP LQGLFDWLQJ DQ HDUOLHVW 6DQWRQLDQ RU ROGHU
DJH DW WKLV GHSWK õFIï ëîìì$ðë 7ëôï 7KH SUHVHQFH RI 6ï JUDQXODWD JUDQXODWD WRJHWKHU ZLWK 0ï
PDUJLQDWD DW êñèíéP LV XVHG WR GHILQH WKH WRS RI WKH &RQLDFLDQ ¤ 7XURQLDQ õ=RQHV )&6ìæð
)&6ìçô LQWHUYDOñ DV VHHQ LQ WKH RWKHU WZR FRPSDUDEOH ZHOOVï /LNHZLVHñ D GRZQKROH LQFUHDVH LQ
WKH UDGLRODULDQ DEXQGDQFHñ UHFRJQLVHG LQ WKLV ZHOO DW êñèèäPñ LV WDNHQ WR LQGLFDWH WKH WRS RI WKH
7XURQLDQ =RQH )&6ìèï

:HOO 0)%ðæ

([LVWLQJ GDWD DYDLODEOHã
1RQHï

([LVWLQJ GDWD HYDOXDWLRQã

1HZ DQDO\VHVã
0LFURSDODHRQWRORJ\  í
1DQQRSODQNWRQ  æé F
3DO\QRORJ\  í

*RRG TXDOLW\ FRUH VDPSOHV DYDLODEOH IRU DQDO\VHVï

6WUDWLJUDSKLF LQWHUSUHWDWLRQã

'HSWK )RUPDWLRQ $JH =RQH
æñêêì© ð æñêèæ© 9nOH ¦HDUO\§ 7KDQHWLDQ 117Sç

&RPPHQWVã 7KHUH LV D PLQRU GLVFUHSDQF\ EHWZHHQ ORJ DQG ELRVWUDWLJUDSKLF GDWDñ SRVVLEO\
DWWULEXWDEOH WR D VPDOO FRUH WR ORJ VKLIWï 2FFXUUHQFH RI 7RZHLXV VSï WRJHWKHU ZLWK PRGHUDWHO\
FRPPRQ 1ï SHUIHFWXV DW æñêçí© LQGLFDWHV WKH SUHVHQFH RI 9nOH )RUPDWLRQ VHGLPHQWVï

'HSWK )RUPDWLRQ $JH =RQH
æñêèæ© ð æñéçé© (NRILVN 'DQLDQ 117Sè% ¤ 117Së*

&RPPHQWVã ¦/DWH§ 'DQLDQ VHTXHQFH EHWZHHQ æñêçë© DQG æñéêìïçç© õ117Sè%ðé'ôñ ZLWK RQO\
UDUH 0DDVWULFKWLDQ UHZRUNLQJ UHFRUGHGï 2FFXUUHQFH RI 117Sé$ DW æñééí© LPSOLHV D PLQRU
LQWUD 'DQLDQ XQFRQIRUPLW\ñ DOWKRXJK D ä© VDPSOH JDS H[LVWV EHWZHHQ æñéêìïçç© DQG æñééí©ï

7KH RFFXUUHQFH RI +ï HGZDUGVLL DQG FRPPRQ 3ï WHQXLFXOXV DW æñéçí© LQGLFDWHV WKH SUHVHQFH RI
D WKLQ ¦HDUO\§ 'DQLDQ VHTXHQFH õ6XE]RQH 117Së*ôï $JDLQñ DQ XQFRQIRUPLW\ LV RQO\
WHQWDWLYHO\ LPSOLHG GXH WR D VDPSOH JDS EHWZHHQ æñéèìïèå© DQG æñéçí©ï



$ MRLQW &KDON 6WUDWLJUDSKLF )UDPHZRUN -RLQW &KDON 5HVHDUFK

ð ìêé ð &KDSWHU éã %LRVWUDWLJUDSK\ 'HFHPEHU ìäää

'HSWK )RUPDWLRQ $JH =RQH
æñéçé© 7RU /DWH 0DDVWULFKWLDQ 8&ëí¦LL§ ¤ 8&ìä¦LL§

&RPPHQWVã 7KH PLQRU GLVFUHSDQF\ EHWZHHQ FRUH VDPSOHV DQG ORJ GHSWK PD\ EH DWWULEXWDEOH
WR D VPDOO FRUH WR ORJ VKLIWï $ /DWH 0DDVWULFKWLDQ DJH IRU WKH WRS RI WKH 7RU )RUPDWLRQ LV
LQGLFDWHG E\ WKH RFFXUUHQFH RI 1ï IUHTXHQV DW æñéçæïåé©ï 7KH RFFXUUHQFH RI &ï GDQLDH GRZQ WR
æñéäí© VXJJHVWV D 6XE]RQH 8&ëí¦LL§ DWWULEXWLRQ WR WKLV GHSWK DOWKRXJK D VDPSOH JDS H[LVWV
EHWZHHQ æñéäí© DQG æñèéí©ï %HWZHHQ æñèéí© DQG æñäìí© DQ H[WHQVLYH LQWHUYDO GDWHG DV 6XE]RQH
8&ëí§L§ RQ WKH RFFXUUHQFH RI 1ï IUHTXHQV LQ FRUH VDPSOHVï ,QWUD 0DDVWULFKWLDQ UHZRUNLQJ PD\
DFFRXQW IRU WKH WKLFNQHVV RI WKLV VXE]RQHï 7KH DEVHQFH RI 1ï IUHTXHQV DWñ DQG EHORZñ æñäëí©
PD\ EH WDNHQ WR LQGLFDWH WKH SUHVHQFH RI VHGLPHQWV DWWULEXWDEOH WR =RQH 8&ìäñ VXSSRUWHG DW
æñäçí ZLWK WKH )'2 RI *ï REOLTXXP õ6XE]RQH 8&ìä¦LL§ôï 1R VDPSOHV ZHUH DQDO\VHG EHORZ
æñäæäïíå©ï

:HOO 0äð;

([LVWLQJ GDWD DYDLODEOHã
55, õìäåèô 5HSRUW RQ è FRUH VDPSOHVâ 369 õìäåíô 5HSRUW ZLWK VXPPDU\ ORJ DQG GLVWULEXWLRQ
FKDUWVï

([LVWLQJ GDWD HYDOXDWLRQã
369 GDWD RI PRGHUDWH TXDOLW\ï

1HZ DQDO\VHVã
0LFURSDODHRQWRORJ\  í
1DQQRSODQNWRQ  ìé F
3DO\QRORJ\  í

*RRG TXDOLW\ FRUH VDPSOHV DYDLODEOH IRU DQDO\VHVï

6WUDWLJUDSKLF LQWHUSUHWDWLRQã

'HSWK )RUPDWLRQ $JH =RQH
çñéìçïíö ð çñèèí© (NRILVN 'DQLDQ 117Sê

07ê ¤ 07ëE

&RPPHQWVã *ï SVHXGREXOORLGHV LV UHFRUGHG IURP FKDON VDPSOH VDW çñéìç©õVZFôñ LQGLFDWLQJ D
¦ODWH§ 'DQLDQ =RQH 07ê DJHï 7KH SUHVHQFH RI *ï GDXEMHUJHQVLV DW DQG EHORZ çñéæå© LQGLFDWHV
WKH WRS RI 6XE]RQH 07ëEñ ZKLFK LV FRQWLQXHG WR WKH /'2 RI 3ï FRPSUHVVDñ UHFRUGHG DW
çñèêè©õVZFôï

7KH RFFXUUHQFH RI 3ï WHQXLFXOXV DW çñèéè© LQGLFDWHV WKH SUHVHQFH RI =RQH 117Sê RI ¦PLGGOH§
'DQLDQ DJHï

$Q ¦HDUO\§ 'DQLDQ DJH LV LPSOLHG DW çñèèí©ñ EDVHG RQ WKH DEVHQFH RI &ï GDQLFXV DQG 3ï
WHQXLFXOXV ZKLFK RFFXU LQ WKH RYHUO\LQJ VDPSOHï 7KLV GDWH LV VXSSRUWHG E\ WKH UHFRUG RI
FRQVLVWHQW (RJORELJHULQD VSSï EHORZ çñèéè©ï



-RLQW &KDON 5HVHDUFK $ MRLQW &KDON 6WUDWLJUDSKLF )UDPHZRUN

'HFHPEHU ìäää &KDSWHU éã %LRVWUDWLJUDSK\ ð ìêè ð

'HSWK )RUPDWLRQ $JH =RQH
çñèèí© ¤ çñåçè© 7RU 0DDVWULFKWLDQ 8&ëí

)&6ëêH ¤ )&6ëë

&RPPHQWVã 7KH RFFXUUHQFH RI D /DWH &UHWDFHRXV UHVWULFWHG DVVHPEODJH DW çñèèêïç© FRQILUPV
SHQHWUDWLRQ RI 7RU )RUPDWLRQ VHGLPHQWV DVVLJQDEOH WR 6XE]RQH 8&ëí¦LLL§ï 7KH VXEVHTXHQW
RFFXUUHQFH RI &ï GDQLDH GRZQ WR çñèåæ© FRQILUPV WKH SUHVHQFH RI D ZHOO GHYHORSHG 6XE]RQH
8&ëí¦LL§ï 1ï IUHTXHQV RFFXUV LQ FRUH VDPSOH GRZQ WR çñæíë© SURYLGLQJ DQRWKHU H[DPSOH RI D
WKLFN 6XE]RQH 8&ëí¦L§ï

7KH UHFRUGV RI 5ï FRQWXVD DQG 5ï IUXFWLFRVD EHWZHHQ çñèèì© DQG çñèèä©õVZFô GHILQH WKH ODWHVW
0DDVWULFKWLDQ 6XE]RQH )&6ëêHï 7KH /'2 RI 3ï HOHJDQV DW çñçëê©õVZFô FRQILUPV 6XE]RQH
)&6ëêF WR WKLV GHSWKï %HORZ WKLVñ WKH PLFURIDXQD LV OHVV DJH UHVWULFWHG DQG LW LV RQO\ WKH
FRPPRQ RFFXUUHQFH RI 5ï UXJRVD DW çñæåí©õVZFô DQG $UDJRQLD VSï DW çñèåí©ñ ZKLFK LQGLFDWH
WKH (DUO\ 0DDVWULFKWLDQ =RQH )&6ëë DW WKLV OHYHOï

:HOO (ðé;

([LVWLQJ GDWD DYDLODEOHã
369 õìäæçô 5HSRUW ZLWK VXPPDU\ ORJ DQG GLVWULEXWLRQ FKDUWVï

([LVWLQJ GDWD HYDOXDWLRQã
369 GDWD RI PRGHUDWH TXDOLW\ RQO\â WD[RQRP\ RXW RI GDWHï

1HZ DQDO\VHVã
0LFURSDODHRQWRORJ\  í
1DQQRSODQNWRQ  í
3DO\QRORJ\  í

6WUDWLJUDSKLF LQWHUSUHWDWLRQã

'HSWK )RUPDWLRQ $JH =RQH
çñéäíïíö ð çñçêí© (NRILVN 'DQLDQ 07é" ¤ 07ì"

&RPPHQWVã *ï SVHXGREXOORLGHV DQG 6ï WULORFXOLQRLGHV DUH ERWK UHFRUGHG IURP WKH VDPSOH DW
çñéäí© LQGLFDWLQJ D ¦ODWH§ 'DQLDQ õ=RQH 07êô DJHñ DOWKRXJK LW FRXOG EH DV \RXQJ DV ¦HDUO\§
7KDQHWLDQï 7KH LQWHUYDO KDV EHHQ JLYHQ D EURDG 'DQLDQ GDWLQJ EDVHG RQ WKH YHU\ OLPLWHG
PLFURIDXQDO GDWD UHFRUGHGï

5DUH WUDFHV RI /DWH &DPSDQLDQ õ0DJQHô UHZRUNLQJ DUH QRWHG DW çñçëè©õFRUHôï

'HSWK )RUPDWLRQ $JH =RQH
çñçéí© ¤ æñëíí© 7RU 0DDVWULFKWLDQ ð /DWH

&DPSDQLDQ
)&6ëêH ¤ )&6ëë

&RPPHQWVã $ GHILQLWH ODWHVW 0DDVWULFKWLDQ õ6XE]RQHV )&6ëêGðHô LQWHUYDO LV UHFRUGHG
EHWZHHQ çñçéí© DQG çñççè©õFRUHôâ WKH /'2 RI 3ï HOHJDQV LV DW çñççè©ï $ JHQHUDO ODWH



$ MRLQW &KDON 6WUDWLJUDSKLF )UDPHZRUN -RLQW &KDON 5HVHDUFK

ð ìêç ð &KDSWHU éã %LRVWUDWLJUDSK\ 'HFHPEHU ìäää

0DDVWULFKWLDQ õ)&6ëêFðDô GDWH LV DSSOLHG WR WKH VHFWLRQ çñçæí© ¤ çñåæí©ñ VXSSRUWHG E\ UHFRUGV
RI $EDWKRPSKDOXV PD\DURHQVLV DW çñæìí©õFRUHô DQG WKH )'2 RI 5ï UXJRVD DW çñåìí©ï

7KH )'2 RI %ï PLOLDULV DW çñååí©õFRUHô LV XVHG WR GHILQH WKH WRS (DUO\ 0DDVWULFKWLDQ
õ6XE]RQHV )&6ëëFðGô LQWHUYDOï $Q LQWHUYDO ZLWKLQ 6XE]RQHV )&6ëëDðE LV DOVR UHFRJQLVHG DW
æñííí©ñ EDVHG RQ WKH FRPPRQ RFFXUUHQFH RI 5ï UXJRVD DW WKLV GHSWKï 7KLV XQLW H[WHQGV WR
æñëíí©ñ WKH GDWLQJ EHLQJ VXSSRUWHG DW æñìåí© E\ WKH KLJKHVW RFFXUUHQFHV RI *ï EXOORLGHV DQG 5ï
V]DMQRFKDHï

'HSWK )RUPDWLRQ $JH =RQH
æñëëíö ð æñèííö 0DJQH /DWH ¤ (DUO\ &DPSDQLDQ )&6ëì ¤ )&6ëí

&RPPHQWVã 'HILQLWH /DWH &DPSDQLDQ DJHG 0DJQH VHGLPHQWV õWRS =RQH )&6ëìô DUH QRWHG DW
æñëëí©ñ EDVHG RQ WKH )'2 RI 7ï FDSLWRVDï 7KH 369 UHSRUW LQFOXGHV UHFRUGV RI 6ï H[VFXOSWD DW
WKLV GHSWKñ EXW WKH LGHQWLILFDWLRQ RI WKLV LV TXHVWLRQHG JLYHQ WKH RWKHU WD[D SUHVHQWï 5ï
V]DMQRFKDH LV ORJJHG DV FRPPRQ DW æñëçí© VXSSRUWLQJ WKH /DWH &DPSDQLDQ GDWLQJï 7KLV
LQWHUYDO LV FRQWLQXHG ZLWKRXW DQ\ VLJQLILFDQW FKDQJH WR æñèíí©ñ WKH ZHOO 7'ï

:HOO 52$5ðë

([LVWLQJ GDWD DYDLODEOHã
369 õìäåíô 5HSRUW ZLWK VXPPDU\ ORJ DQG GLVWULEXWLRQ FKDUWVï

([LVWLQJ GDWD HYDOXDWLRQã
369 õìäåíô 5HSRUW ð *RRG TXDOLW\ñ GHWDLOHG GDWDEDVHï

1HZ DQDO\VHVã
0LFURSDODHRQWRORJ\  í
1DQQRSODQNWRQ  ììF
3DO\QRORJ\  í

*RRG TXDOLW\ FRUH VDPSOHV DYDLODEOH IRU DQDO\VHVï

6WUDWLJUDSKLF LQWHUSUHWDWLRQã

'HSWK )RUPDWLRQ $JH =RQH
çñçêå© ð çñçèí© (NRILVN ¦PLGGOH ð HDUO\§ 'DQLDQ 117Sê ¤ 117Së

07ê ¤ 07ë

&RPPHQWVã 7KH SUHVHQFH RI *ï SVHXGREXOORLGHV LQ FKDON FRUH DW çñçêå© LQGLFDWHV DQ DJH
ZLWKLQ WKH ]RQDO UDQJH 07ê ¤ 07ëï

7KH ILUVW VDPSOH VHOHFWHG IRU QDQQRIORUDO DQDO\VLV DW çñçéí© LV FKDUDFWHULVHG E\ DEXQGDQW 3ï
WHQXLFXOXV LQGLFDWLQJ D ¦PLGGOH§ 'DQLDQñ =RQH 117Sê DJHï ,W LV XQXVXDO IRU WKH WRS RI WKH
(NRILVN )RUPDWLRQ WR EH DV ROG DV WKLV LQ WKH VWXG\ DUHDï

7KH RFFXUUHQFH RI +ï HGZDUGVLL õçñççí©ô LV WDNHQ WR LQGLFDWH WKH SUHVHQFH RI VHGLPHQWV RI
¦HDUO\§ 'DQLDQ DJH õ117Së)î*ôï 7KH VXEVHTXHQW /'2 RI +ï HGZDUGVLL õçñçäí©ô DQG &ï



-RLQW &KDON 5HVHDUFK $ MRLQW &KDON 6WUDWLJUDSKLF )UDPHZRUN

'HFHPEHU ìäää &KDSWHU éã %LRVWUDWLJUDSK\ ð ìêæ ð

GDQLFXV õçñæìí©ô VXJJHVWV SHQHWUDWLRQ RI VWUDWLJUDSKLFDOO\ ROGHU VHGLPHQWV ZLWKLQ WKH ¦HDUO\§
'DQLDQ õ6XE]RQHV 117Së(ôï

/DWH &UHWDFHRXV UHZRUNLQJ LV LGHQWLILHG LQ PLQRU DPRXQWV WKURXJKRXW WKLV LQWHUYDOï

'HSWK )RUPDWLRQ $JH =RQH
çñæéíö ð çñåæåö 7RU /DWH 0DDVWULFKWLDQ 8&ëí¦L§ ¤ 8&ìä¦LLL§

)&6ëêH ¤ )&6ëë

&RPPHQWVã 7KH UHFRYHU\ RI GRPLQDQWO\ /DWH &UHWDFHRXV UHVWULFWHG WD[D LQ WKH FXWWLQJV
VDPSOH DW çñæéí©ñ õLQFOXGLQJ 1ï IUHTXHQVô FRQILUPV WKH SUHVHQFH RI /DWH 0DDVWULFKWLDQ DJH
VHGLPHQWV õ6XE]RQH 8&ëí¦L§ôï 7KH DEVHQFH RI WKLV WD[RQ DW DQG EHORZ çñåíí© VXJJHVWV
SHQHWUDWLRQ RI 6XE]RQH 8&ìä¦LLL§ï

$Q LQIOX[ RI 0DDVWULFKWLDQ WD[D LV UHFRUGHG DW çñæéí©ñ LQ DJUHHPHQW ZLWK WKH OLWKRVWUDWLJUDSKLF
GDWDï 3ï HOHJDQVñ 5ï FRQWXVD DQG 5ï IUXFWLFRVD DOO RFFXU DW çñæèí© DQG 3ï HOHJDQV LV QRWHG LQ
VLGHZDOO FRUH VDPSOHV GRZQ WR çñæåí©ñ JLYLQJ D VXE]RQDO UDQJH RI )&6ëêHðF GRZQ WR WKLV
GHSWKï 7KH PLFURSDODHRQWRORJLFDO UHFRYHU\ EHWZHHQ çñæåë© DQG çñåçé© LV GRPLQDWHG E\
FDOFLVSKHUHVñ W\SLFDO RI WKH ORZHU SDUW RI WKH 7RU LQ WKLV DUHDï 7KLV IDFLHV ZDV GHVFULEHG IURP
WKH 'DQLVK DUHD DV WKH ¦6NMROG§ 0HPEHU õ6YHQGVHQñ ìäæäôï

7KH UHFRYHU\ RI ERWK %ï PLOLDULV DQG FRPPRQ 5XJRJORELJHULQD VSSï DW çñåæí© LQGLFDWHV D
GHILQLWH (DUO\ 0DDVWULFKWLDQ õ=RQH )&6ëëô DJH DW WKLV GHSWKï

'HSWK )RUPDWLRQ $JH =RQH
çñåæåö ð çñääíö 0DJQH /DWH ¤ (DUO\ &DPSDQLDQ )&6ëì

&RPPHQWVã 7KH PLFURIDXQDO UHFRYHU\ DW WKH WRS RI WKH 0DJQH õçñåæå©ô FRPSULVHV PDLQO\ WD[D
ZKLFK UDQJH DFURVV WKH 0DDVWULFKWLDQ ¤ &DPSDQLDQ ERXQGDU\ï +RZHYHUñ WKH SUHVHQFH RI
*DYHOLQHOOD PRQWHUHOHQVLV DW çñååí© LQGLFDWHV D /DWH &DPSDQLDQ DJHñ SUREDEO\ ZLWKLQ =RQH
)&6ëìï 7KLV LV VXSSRUWHG E\ WKH UHFRYHU\ RI %ROLYLQRLGHV GHFRUDWXV DW çñåäì©õVZFôï

'HILQLWH (DUO\ &DPSDQLDQ GDWHV DUH SURYLGHG E\ UHFRUGV RI %ROLYLQRLGHV VWULJLOODWXV DQG 6ï
JUDQXODWD LQFRQGLWD DW çñäåí©ñ VXSSRUWHG E\ 5ï V]DMQRFKDH SUDHFXUVRU DW çñäæí©ï

'HSWK )RUPDWLRQ $JH =RQH
çñääíö ð æñëìåö 7KXG 6DQWRQLDQ )&6ìä ¤ )&6ìå

&RPPHQWVã 7KH )'2 RI 6ï H[VFXOSWD H[VFXOSWD DW æñííí© SURYLGHV VWURQJ HYLGHQFH IRU D /DWH
¤ 0LGGOH 6DQWRQLDQ õ)&6ìäô DJH DW WKLV OHYHOï 7KLV GDWLQJ LV VXSSRUWHG E\ WKH UHFRYHU\ RI
&HQRVSKDHUD VSSï DW WKH VDPH GHSWKï $ 0LGGOH ¤ (DUO\ 6DQWRQLDQ õ)&6ìåô DJH LV LQGLFDWHG DW
æñíäí© E\ WKH )'2 RI 6ï JUDQXODWD SRORQLFDï

'HSWK )RUPDWLRQ $JH =RQH
æñëìåö ð æñäæäö 1DUYH (DUOLHVW 6DQWRQLDQ ð

7XURQLDQ
)&6ìæE ð )&6ìé
õLQ SDUWô



$ MRLQW &KDON 6WUDWLJUDSKLF )UDPHZRUN -RLQW &KDON 5HVHDUFK

ð ìêå ð &KDSWHU éã %LRVWUDWLJUDSK\ 'HFHPEHU ìäää

&RPPHQWVã 7KLV VHFWLRQ SURYLGHV SUREDEO\ WKH EHVWñ PRVW FRPSOHWH H[DPSOH RI WKH 1DUYH
)RUPDWLRQ LQ WKH VWXG\ DUHDï 7KH VXFFHVVLRQ RI ELRVWUDWLJUDSKLF PDUNHU HYHQWV DOORZV
UHFRJQLWLRQ RI YLUWXDOO\ DOO WKH PLFURSDODHRQWRORJLFDO ]RQHV GHILQHGï 7KHVH FRPSULVH )'2 6ï
JUDQXODWD JUDQXODWD DW æñëéí© õ)&6ìæEôñ DEXQGDQW &HQRVSKDHUD VSSï DW æñéëí© õ)&6ìæDôñ
FRPPRQ 0ï PDUJLQDWD DW æñèèí© õ)&6ìæD ¤ )&6ìèôñ 3ï JLEED DW æñåæí© DQG 3ï SUDHKHOYHWLFD
DW æñååí© õ)&6ìèDô DQG DEXQGDQW &HQRVSKDHUD VSSï DW æñäæí© õWRS )&6ìéôï

'HSWK )RUPDWLRQ $JH =RQH
æñäæäö ¤ Fñåííí© %ORG�NV (DUOLHVW 7XURQLDQ ð /DWH

&HQRPDQLDQ
)&6ìé õLQ SDUWô

'HSWK )RUPDWLRQ $JH =RQH
Fñåííí© +LGUD &HQRPDQLDQ )&6ìê

&RPPHQWVã )XOO &HQRPDQLDQ 6WDJH SUHVHQWñ )&6ìêEðF PDUNHG E\ 5ï FXVKPDQL õåñííí©ô DQG
6XE]RQH )&6ìêD E\ /ï MDU]HYDH õåñêêí©ôï

:HOO 52$5ðë$

([LVWLQJ GDWD DYDLODEOHã
369 õìäåíô 5HSRUW ZLWK VXPPDU\ ORJ DQG GLVWULEXWLRQ FKDUWVï

([LVWLQJ GDWD HYDOXDWLRQã
369 õìäåíô 5HSRUW ð *RRG TXDOLW\ñ GHWDLOHG GDWDEDVHï

1HZ DQDO\VHVã
0LFURSDODHRQWRORJ\  í
1DQQRSODQNWRQ  í
3DO\QRORJ\  íï

6WUDWLJUDSKLF LQWHUSUHWDWLRQã

'HSWK )RUPDWLRQ $JH =RQH
çñççíö ¤ çñæêä© (NRILVN ¦ODWH ð PLGGOH§ 'DQLDQ 117Sé% ¤ 117Sê

07ê ¤ 07ë

&RPPHQWVã 7KH RFFXUUHQFH RI 1ï PRGHVWXV DW çñççí© VXJJHVWV D ¦ODWH§ 'DQLDQ DJH õ6XE]RQH
117Sé%ô IRU WKLV VDPSOHñ DOWKRXJK GDWD IURP WKLV VDPSOH LV ZHDNï 7KLV GDWLQJ LV VXSSRUWHG E\
WKH IRUDPLQLIHULG GDWD õ)'2 *ï SVHXGREXOORLGHV ¤ 07êô DW çñççí©ï

7KH )'2 RI DEXQGDQW 3ï WHQXLFXOXV DW çñçåí© LV WDNHQ WR LQGLFDWH WKH SUHVHQFH RI ¦PLGGOH§
'DQLDQ =RQH 117Sêï 7KLV LQWHUSUHWDWLRQ UHPDLQV WHQWDWLYHñ DV GDWD TXDOLW\ LV SRRUï

7KH KLJKHVW RFFXUUHQFH RI *ï GDXEMHUJHQVLV DW çñæíí© LQGLFDWHV WRS =RQH 07ëñ ZKLFK LV RI
¦ODWH ¤ PLGGOH§ 'DQLDQ DJHï



-RLQW &KDON 5HVHDUFK $ MRLQW &KDON 6WUDWLJUDSKLF )UDPHZRUN

'HFHPEHU ìäää &KDSWHU éã %LRVWUDWLJUDSK\ ð ìêä ð

'HSWK )RUPDWLRQ $JH =RQH
çñæêäö ð çñåêåö 7RU /DWH 0DDVWULFKWLDQ 8&ëí¦LL§

)&6ëêF ¤ )&6ëë

&RPPHQWVã 7KH RFFXUUHQFH RI /DWH 0DDVWULFKWLDQ WD[Dñ LQFOXGLQJ 1ï IUHTXHQV DW çñæêä©ñ
FRQILUPV SHQHWUDWLRQ RI WKH 7RU )RUPDWLRQï 7KH RFFXUUHQFH RI &ï GDQLDH DW çñæèé©õFRUHô
FRQILUPV D /DWH 0DDVWULFKWLDQ 6XE]RQH 8&ëí¦LL§ DJH DWWULEXWLRQï 'DWD TXDOLW\ DWñ DQG EHORZñ
çñåíì© LV SRRU DQG SURKLELWV DJH GHWHUPLQDWLRQï

7KH LQðVLWX RFFXUUHQFH RI 3ï HOHJDQV EHWZHHQ çñæçé©õVZFô DQG çñææé©õVZFô GHILQHV 6XE]RQH
)&6ëêF ZLWKLQ WKH /DWH 0DDVWULFKWLDQï %HORZ WKLV GHSWKñ WKH DVVHPEODJHV DUH GRPLQDWHG E\
FDOFLVSKHUHV RI WKH ¦6NMROG§ 0HPEHU DV GHVFULEHG LQ WKH 52$5ðëï

7KH )'2 RI %ï PLOLDULV DW çñåëë©õVZFô LQGLFDWHV D GHILQLWH (DUO\ 0DDVWULFKWLDQ LQWHUYDO DW WKH
EDVH RI WKH 7RU )RUPDWLRQï

'HSWK )RUPDWLRQ $JH =RQH
çñåéíö ð çñääíö 0DJQH /DWH ¤ (DUO\ &DPSDQLDQ )&6ëìð )&6ëí

&RPPHQWVã 7KH )'2 RI %ï GHFRUDWXV DW çñéåë© õFRUHô KDV EHHQ XVHG KHUH WR GHILQH WKH WRS RI
=RQH )&6ëìï 7KLV VSHFLHV SURYLGHV D JRRG DOWHUQDWLYH WR 7ï FDSLWRVD DQG *ï DIIï DUFD ZKLFK
DUH PRUH FKDUDFWHULVWLF RI GHHSHU ZDWHU FKDONVï

7KH WRS RI WKH (DUO\ &DPSDQLDQ =RQH )&6ëí KDV EHHQ WDNHQ DW WKH )'2©V RI 6ï H[VFXOSWD
JUDFLOLV DQG 5ï V]DMQRFKDH SUDHFXUVRU õERWK DW çñäèí©ôñ DOWKRXJK WKH )'2©6 RI 6ï JUDQXODWD
LQFRQGLWD DQG %ï VWULJLOODWXV DW çñäåí© SUREDEO\ FRPSDUH PRUH FORVHO\ WR WKH ]RQDO SLFN LQ WKH
52$5ðëï

'HSWK )RUPDWLRQ $JH =RQH
æñíííö ð æñíåíö 7KXG 6DQWRQLDQ )&6ìä ¤ )&6ìå

&RPPHQWVã 7KH WRS 6DQWRQLDQ )&6ìä =RQH LV GHILQHG KHUH RQ WKH )'2 RI 6ï H[VFXOSWD
H[VFXOSWD DW æñííí© DQG WKLV GDWLQJ LV VXSSRUWHG DW æñíìí© E\ WKH )'2 RI &HQRVSKDHUD VSSï
7KH UHFRUG RI WKH )'2 RI WKH SODQNWLF *ORELJHULQHOORLGHV URZHL DW æñíèí© LV D XVHIXO PDUNHU DV
WKLV VSHFLHVñ DOWKRXJK LQIUHTXHQWO\ UHFRUGHG FDQ EH QR \RXQJHU WKDQ /DWH 6DQWRQLDQ õFïIï
%DLOH\ HW DOïñ ìäåêôï

'HSWK )RUPDWLRQ $JH =RQH
æñíäíö ð æñëêíö 1DUYH (DUO\ 6DQWRQLDQ )&6ìå õLQ SDUWô

&RPPHQWVã 7KH SUHFLVH WRS IRU WKH 1DUYH IRUPDWLRQ LV QRW NQRZQ LQ WKLV ZHOOñ EXW LW LV OLNHO\
WR RFFXU ZLWKLQ WKH )&6ìå =RQH DV GHILQHG KHUHï 7KH SUHVHQFH RI *ï DUQDJHUHQVLV DW æñëìí©
FRQILUPV DQ DJH QR \RXQJHU WKDQ HDUOLHVW 6DQWRQLDQ DW WKLV GHSWKï



$ MRLQW &KDON 6WUDWLJUDSKLF )UDPHZRUN -RLQW &KDON 5HVHDUFK

ð ìéí ð &KDSWHU éã %LRVWUDWLJUDSK\ 'HFHPEHU ìäää

:HOO %$521ðë

([LVWLQJ GDWD DYDLODEOHã
637 õìääëô 5HSRUW ZLWK VXPPDU\ ORJ DQG GLVWULEXWLRQ FKDUWV

([LVWLQJ GDWD HYDOXDWLRQã
*RRG WR PRGHUDWH GDWD TXDOLW\ï

1HZ DQDO\VHVã
0LFURSDODHRQWRORJ\  ì ò ëí WV
1DQQRSODQNWRQ  éì F
3DO\QRORJ\  éï

*RRG TXDOLW\ FRUH VDPSOHV DYDLODEOH IRU DOO DQDO\VHVï

6WUDWLJUDSKLF LQWHUSUHWDWLRQã

'HSWK )RUPDWLRQ $JH =RQH
ëñåìëP ð ëñåëçïèP 9nOH ¦HDUO\§ 7KDQHWLDQ ð¦ODWH§

'DQLDQ
117Sçðæ
07é

&RPPHQWVã %DVHG RQ WKH RFFXUUHQFH RI FRPPRQ SODQNWLF IRUDPLQLIHULGV W\SLFDO RI =RQH 07é
DW ëñåìëPõVZFôñ ZLWK 7ï SHUWXVXV SUHVHQW DW ëñåëíP DQG ERWK &ï HGHQWXOXV DQG PRGHUDWHO\
FRPPRQ 1ï SHUIHFWXV LQ WKH FRUH VDPSOH DW ëñåëçïêPï

$ ¦ODWH§ 'DQLDQ DJH LV FRQILUPHG DW ëñåëêïëP õFRUHô E\ WKH SUHVHQFH RI $ï UHWLFXODWD DQG 6ï
¦PDJQLILFXV§ï

'HSWK )RUPDWLRQ $JH =RQH
ëñåëçïèP ð ëñåçåïèP (NRILVN 'DQLDQ 117Sé( ¤ 117Së

07ê

&RPPHQWVã 7KH )'2 RI *ï SVHXGREXOORLGHVñ UHFRUGHG E\ 55, DW ëñåêíPõFRUHôñ SURYLGHV D
WRS IRU =RQH 07ê ZLWKLQ WKH ¦ODWH§ 'DQLDQï 7KH )'2 RI *ï GDXEMHUJHQVLV KDV EHHQ ORJJHG DW
ëñåéêïæPõFRUHô ZLWK D GRZQKROH LQIOX[ RI UDGLRODULDï 7KLV HYHQW GHILQHV WKH WRS RI 6XE]RQH
07ëEñ ZKLFK UDQJHV WKURXJK WKH ¦ODWHðPLGGOH§ 'DQLDQ WR ëñååçïçPõFRUHô WKH /'2 RI 3ï
FRPSUHVVDï 9HU\ ODUJH VFDOH UHZRUNLQJ RI 0DDVWULFKWLDQ IRUDPLQLIHULGV ZDV UHFRUGHG EHWZHHQ
ëñååíPõFRUHô DQG ëñååæïéPõFRUHôï

1R VDPSOHV ZHUH DQDO\VHG IRU QDQQRSODQNWRQ EHWZHHQ ëñåëçïêP DQG ëñåêåïëPï 7KH
RFFXUUHQFH RI DVVHPEODJHV LQFOXGLQJ DEXQGDQW 3ï GLPRUSKRVXVñ FRPPRQ &ï SHODJLFXVñ UDUH &ï
HGHQWXOXV DQG UDUH 1HRFKLDVWR]\JXV VSSï VXJJHVWV D 117Sé( DWWULEXWLRQ EHWZHHQ
ëñåêåïëPõFRUHô DQG ëñåèìïåPõFRUHôï $ VDPSOH JDS H[LVWV EHWZHHQ ëñåèìïåP DQG
ëñåèåïæèPõFRUHôï 7KH /'2 RI 1ï PRGHVWXV DW ëñåèåïæèP VXJJHVWV DQ DJH QR ROGHU WKDQ
117Sé% DW WKLV GHSWKï

7KH RFFXUUHQFH RI FRPPRQ 3ï WHQXLFXOXV DW ëñåçíP LQGLFDWHV WKH SUHVHQFH RI VHGLPHQWV RI
¦PLGGOH§ 'DQLDQ DJH õ=RQH 117Sêôï



-RLQW &KDON 5HVHDUFK $ MRLQW &KDON 6WUDWLJUDSKLF )UDPHZRUN

'HFHPEHU ìäää &KDSWHU éã %LRVWUDWLJUDSK\ ð ìéì ð

7KH RFFXUUHQFH RI +ï HGZDUGVLL DW ëñåæêïìP DQG ëñååèïçP FRQILUPV WKH SUHVHQFH RI ¦HDUO\§
'DQLDQ VHGLPHQWV õ117Së*ôï 'DQLDQ UHVWULFWHG WD[D DUH RQO\ UHFRUGHG LQ PLQRU DPRXQW
EHWZHHQ WKHVH GHSWKVñ DV VDPSOHV DUH GRPLQDWHG E\ UHZRUNHG 0DDVWULFKWLDQ DQG &DPSDQLDQ
UHVWULFWHG WD[Dï 7KH /'2 RI +ï HGZDUGVLL õëñååèïçPôñ WKH /'2 RI &ï GDQLFXV õëñååèïäPô DQG
WKH /'2 RI FRPPRQ 3ï GLPRUSKRVXV õëñååçïêPô DOO LQGLFDWH SDVVDJH WKURXJK ¦HDUO\§ 'DQLDQ
VHGLPHQWV õ6XE]RQHV 117Së(ð'ôï 7KH VDPSOH DW ëñååæP LV FKDUDFWHULVHG E\ SRRU UHFRYHU\
DQG UHZRUNHG /DWH &UHWDFHRXV WD[Dï

7KH WKUHH FRUH VDPSOHV õëñåæäïèèPñ ëñååèïìèP DQG ëååçïçíPô H[DPLQHG IRU SDO\QRORJ\ RQO\
\LHOGHG IUDJPHQWV RI S\ULWLVHG UDGLRODULD DQG VSRQJH VSLFXOHVï

1ï%ï $ PLQRU FRUH WR ORJ VKLIW H[SODLQV WKH DSSDUHQW GLVFUHSDQF\ EHWZHHQ WKH FRUH GDWD DQG
ZLUHOLQH ORJ GDWD DW WKH 0DJQH ¤ (NRILVN ERXQGDU\ï

'HSWK )RUPDWLRQ $JH =RQH
ëñååçïèP ð ëñäíéïåP 0DJQH &DPSDQLDQ 8&ìè¦LYðLL§

)&6ëì

&RPPHQWVã 7KH RFFXUUHQFH RI DVVHPEODJHV FRPSRVHG RI /DWH &UHWDFHRXV WD[D LQFOXGLQJ 2ï
FDPSDQHQVLV VXJJHVWV SHQHWUDWLRQ RI 0DJQH )RUPDWLRQ VHGLPHQWV DVVLJQDEOH WR 6XE]RQH
8&ìè¦LY§ RI /DWH &DPSDQLDQ DJHï 7KLV LQGLFDWHV D VLJQLILFDQW XQFRQIRUPLW\ EHWZHHQ WKH
0DJQH DQG (NRILVN )RUPDWLRQVñ HIIHFWLYHO\ UHPRYLQJ WKH ZKROH RI WKH 7RU )RUPDWLRQï 7KH
RFFXUUHQFH RI %ï JHPLQLFDWLOOXV DW ëñåääïèèP VXJJHVWV WKH SUHVHQFH RI 6XE]RQH 8&ìè¦LL§ï

0LFURIDXQDO UHFRYHU\ LQ WKH 0DJQH )RUPDWLRQ LV QRW JRRG DQG WKH KLJKHVW RFFXUUHQFH RI
*ORERWUXQFDQD EXOORLGHVñ ZLWK WKH )'2 RI 5ï V]DMQRFKDH V]DMQRFKDH DW WKH VDPH GHSWK KDV
EHHQ XVHG WR LQGLFDWH D &DPSDQLDQ GDWHñ ZLWKLQ =RQH )&6ëìï

'HSWK )RUPDWLRQ $JH =RQH
ëñäíéïåP ð ëñäëçïèP 7KXG &DPSDQLDQ ð 6DQWRQLDQ 8&ìé ¤ 8&ìë"

)&6ìä

&RPPHQWVã 7KH RFFXUUHQFH RI %ï HQRUPLV DW ëñäíçP LV WDNHQ WR LQGLFDWH WKH SUHVHQFH RI
6XE]RQH 8&ìé¦LL§ï 7KH =RQH 8&ìê DWWULEXWLRQ EHWZHHQ ëñäìçP DQG ëñäëèP LV EDVHG RQ WKH
DEVHQFH RI %ï SDUFD SDUFD DQG WKH FRQWLQXHG RFFXUUHQFH RI $ï F\PELIRUPLV LQ FRUH VDPSOHVï
+RZHYHUñ WKH RFFXUUHQFH RI $ï F\PELIRUPLV LV IODJJHG DV TXHVWLRQDEOH LQ WKLV LQWHUYDOñ ZKLFK
PD\ VXJJHVW DQ DJH DV ROG DV 6DQWRQLDQ =RQH 8&ìëï

$ 6DQWRQLDQ õ)&6ìäô DJH LV LQGLFDWHG DW ëñåìèPñ RQ WKH EDVLV RI WKH UDGLRODULDQ DVVHPEODJH
UHFRUGHG E\ 55,ñ WRJHWKHU ZLWK WKH SODQNWLF *ï OLQQHLDQDï

'HSWK )RUPDWLRQ $JH =RQH
ëñäëçïèP ¤ ëñäèêïèP 1DUYH /DWH &RQLDFLDQ 8&ìì

)&6ìæ

&RPPHQWVã 7KH RFFXUUHQFH RI 4ï HSWDEUDFKLXP LQ DVVRFLDWLRQ ZLWK FRPPRQ +ï WUDEHFXODWXV
õëñçëèPâ FRUH VKLIW RI DSSUR[LPDWHO\ ìPô FRQILUPV WKH SUHVHQFH RI 1DUYH )RUPDWLRQ
VHGLPHQWV RI /DWH &RQLDFLDQ 6XE]RQH 8&ìì¦LL§ DJHï



$ MRLQW &KDON 6WUDWLJUDSKLF )UDPHZRUN -RLQW &KDON 5HVHDUFK

ð ìéë ð &KDSWHU éã %LRVWUDWLJUDSK\ 'HFHPEHU ìäää

7KH &RQLDFLDQ DJH LV VXSSRUWHG E\ UHFRUGV RI 0ï PDUJLQDWDñ 0ï SVHXGROLQQHLDQD DQG 'ï FIï
LPEULFDWD GRZQ WR ëñäéíPï

:HOO /8/8ðì

([LVWLQJ GDWD DYDLODEOHã
369 õìäåíô 5HSRUW ZLWK VXPPDU\ ORJ DQG GLVWULEXWLRQ FKDUWVï

([LVWLQJ GDWD HYDOXDWLRQã
*RRG TXDOLW\ PLFURSDODHRQWRORJ\ GDWD RQO\ï

1HZ DQDO\VHVã
0LFURSDODHRQWRORJ\  í
1DQQRSODQNWRQ  ëé F
3DO\QRORJ\  íï

*RRG TXDOLW\ FRUH VDPSOHV DYDLODEOH IRU DQDO\VHVï

6WUDWLJUDSKLF LQWHUSUHWDWLRQã

'HSWK )RUPDWLRQ $JH =RQH
äñíëåö ð äñêçí© (NRILVN 'DQLDQ 117Sè% ¤ 117Sì"

07éîê ¤07ì"

&RPPHQWVã 7KH KLJKHVW RFFXUUHQFH RI *ï SVHXGREXOORLGHV DQG 6ï WULORFXOLQRLGHV DW
äñíëè©õVZFô SURYLGHV D UHOLDEOH WRS IRU WKH (NRILVN FKDONï $ ¦ODWHðPLGGOH§ 'DQLDQ õ6XE]RQH
07ëEô DJH LV FRQILUPHG DW äñìäæ©õVZFô E\ WKH )'2 RI *ï GDXEMHUJHQVLVï

7KH 117Sè% DWWULEXWLRQ LV EDVHG RQ WKH /'2 RI 1ï SHUIHFWXV DW äñíéí©ï +RZHYHUñ WKH
DVVHPEODJH DV D ZKROH ORRNV PRUH OLNH =RQH 117Sé EDVHG RQ KLJK DEXQGDQFH RI 3ï
GLPRUSKRVXVñ &ï LQFRQVSLFXXV DQG &ï SHODJLFXVï 7KH SUHVHQFH RI 6XE]RQH 117Sé( LV
FRQILUPHG DW äñíèí© E\ WKH DEVHQFH RI 1ï SHUIHFWXV LQ ZHDN DVVHPEODJHV GRPLQDWHG E\ 3ï
GLPRUSKRVXV DQG &ï SHODJLFXVï 6DPSOHV EHWZHHQ äñíçí© DQG äñíåí© DUH GRPLQDWHG E\
UHZRUNHG /DWH &UHWDFHRXV WD[Dï 1R VDPSOHV RU GDWD ZDV PDGH DYDLODEOH EHWZHHQ äñììç© DQG
äñëêí©ï $Q LQFUHDVH LQ WKH DEXQGDQFH RI 1HRFKLDVWR]\JXV VSSï LQ LPSURYHG TXDOLW\
DVVHPEODJHV LV WDNHQ WR LQGLFDWH WKH SUHVHQFH RI 6XE]RQH 117Sé'ï 7KH /'2©V RI 1ï
PRGHVWXVñ 1ï VDHSHV DQG 3ï PDUWLQLL DOO RFFXU LQ WKH VDPH VDPSOH DW äñëæí© SRVVLEO\ LPSO\LQJ D
PLQRU XQFRQIRUPLW\ DW WKH EDVH RI 6XE]RQH 117Sé'ï

7KH RFFXUUHQFH RI 3ï WHQXLFXOXV DW äñëåí© LV WDNHQ WR LQGLFDWH WKH SUHVHQFH RI =RQH 117Sêï
7KH RFFXUUHQFH RI PRGHUDWHO\ FRPPRQ 3ï GLPRUSKRVXV DQG &ï GDQLFXV VXJJHVWV DQ DJH QR
ROGHU WKDQ 6XE]RQH 117Së( DW äñêêí©ï 7KH DVVHPEODJHV UHFRYHUHG EHWZHHQ äñêéí© DQG äñêèå©
DUH LPSRYHULVKHGï 7KH FRQWLQXHG RFFXUUHQFH RI 3ï GLPRUSKRVXV DW äñêéí© VXJJHVWV DQ DJH QR
ROGHU WKDQ ¦HDUO\§ 'DQLDQ DJH 117Së DW WKLV GHSWKï 7KH LPSRYHULVKHG DVVHPEODJHV DW DQG
EHORZ äñêèí© DUH FRQVLVWHQW ZLWK DQ 117Sì DWWULEXWLRQ EHORZ WKH LQFHSWLRQV RI 3ULQVLXV VSSï
DQG &UXFLSODFROLWKXV VSSï



-RLQW &KDON 5HVHDUFK $ MRLQW &KDON 6WUDWLJUDSKLF )UDPHZRUN

'HFHPEHU ìäää &KDSWHU éã %LRVWUDWLJUDSK\ ð ìéê ð

'HSWK )RUPDWLRQ $JH =RQH
äñêçíö ð ìíñéççö 7RU /DWH 0DDVWULFKWLDQð /DWH

&DPSDQLDQ
)&6ëêH ¤ )&6ëë

&RPPHQWVã 7KH /DWH 0DDVWULFKWLDQ FKDON LV UHFRJQLVHG DW äñêçí© RQ WKH EDVLV RI D YHU\ SRRU
PLFURIDXQDï +RZHYHUñ DW äñêçç© WKH )'2 RI 3ï HOHJDQV SURYLGHV D JRRG PDUNHU HYHQW IRU
6XE]RQH )&6ëêGï 7KLV GDWLQJ LV VXSSRUWHG DW äñêæå©õVZFô E\ WKH UHFRUG RI %ï GUDFRï %RWK 3ï
HOHJDQV DQG 5ï IUXFWLFRVD DUH UHFRUGHG LQ VLWX WR äñèèæ©õVZFô GHILQLQJ 6XE]RQH )&6ëêF WR WKLV
GHSWKï %HORZ WKLV GHSWK D JHQHUDO /DWH 0DDVWULFKWLDQ GDWH LV LPSOLHG RQ WHQWDWLYH GDWDï
7KH )'2 RI %ï PLOLDULV DW äñåçí© GHILQHV WKH WRS RI WKH (DUO\ 0DDVWULFKWLDQ 6XE]RQHV
)&6ëëFðGñ DQG EHORZ WKLVñ DW äñäåí©ñ FRPPRQ 5ï UXJRVD FRQILUP 6XE]RQHV )&6ëëDðEñ ZKLFK
UDQJH LQWR WKH /DWH &DPSDQLDQï

'HSWK )RUPDWLRQ $JH =RQH
ìíñéççö ¤ ìíñçëä© 0DJQH /DWH &DPSDQLDQ )&6ëì

&RPPHQWVã 7KH )'2 RI 7ï FDSLWRVD DW ìíñéåí© SURYLGHV D UHOLDEOH PDUNHU IRU 6XE]RQH
)&6ëìEñ ZKLFK HTXDWHV FORVHO\ ZLWK WKH WRS 0DJQH )RUPDWLRQï 369 UHFRUG 6ï JUDQXODWD
SHUIHFWD LQ WKH EDVDO VDPSOH H[DPLQHG DW ìíñçëä©õVZFôñ KRZHYHU LW LV FRQVLGHUHG PRUH OLNHO\
WKDW WKH VSHFLPHQV REVHUYHG ZHUH WKH UHODWHG IRUP 6ï JUDQXODWD LQFRQGLWDï ,I VRñ WKLV HYHQW
ZRXOG LQGLFDWH WKH EDVDO /DWH &DPSDQLDQ 6XE]RQH )&6ëìD DW WKH EDVH RI WKH /DWH &UHWDFHRXV
FKDON VHFWLRQï

:HOO 021$ðì

([LVWLQJ GDWD DYDLODEOHã
369 õìäåêô 5HSRUW ZLWK VXPPDU\ ORJ DQG GLVWULEXWLRQ FKDUWVï

([LVWLQJ GDWD HYDOXDWLRQã
*RRG TXDOLW\ PLFURSDODHRQWRORJ\ GDWDï 1R QDQQRSODQNWRQ GDWDï

1HZ DQDO\VHVã
0LFURSDODHRQWRORJ\  í
1DQQRSODQNWRQ  ìëä F
3DO\QRORJ\  íï

*RRG TXDOLW\ FRUH VDPSOHV DYDLODEOH IRU DOO DQDO\VHVï

6WUDWLJUDSKLF LQWHUSUHWDWLRQã

'HSWK )RUPDWLRQ $JH =RQH
äñåæêö ð äñäíåö 9nOH ¦HDUO\§ 7KDQHWLDQ ð¦ODWH§

'DQLDQ
07èîé

&RPPHQWVã 7KH UHFRUGV RI &HQRVSKDHUD VSSï DW äñååí© SRVVLEO\ UHSUHVHQW &ï OHQWLFXODULV DQG
WKHUHIRUH WKH ¦HDUO\§ 7KDQHWLDQ 07è =RQHï +RZHYHUñ DV QR PDWHULDO ZDV DYDLODEOH IRU UHð



$ MRLQW &KDON 6WUDWLJUDSKLF )UDPHZRUN -RLQW &KDON 5HVHDUFK

ð ìéé ð &KDSWHU éã %LRVWUDWLJUDSK\ 'HFHPEHU ìäää

H[DPLQDWLRQ WKLV FRXOG QRW EH FRQILUPHGï 7KH SUHVHQFH RI WKH IRUDPLQLIHULGV *ï
SVHXGREXOORLGHV DQG 3ï FRPSUHVVD DW äñäíí© FRQILUP =RQH 07é DW WKLV GHSWKï

'HSWK )RUPDWLRQ $JH =RQH
äñäíåö ð ìíñëæåö (NRILVN 'DQLDQ 07éîêð"07ì

&RPPHQWVã 3ODQNWLF IRUDPLQLIHULGV GRPLQDWH WKH DVVHPEODJHV UHFRUGHG WKURXJKRXW WKH
(NRILVN )RUPDWLRQñ ZLWK WKH )'2 RI *ï GDXEMHUJHQVLV DW äñäæç©õVZFô LQGLFDWLQJ 6XE]RQH
07ëE DW WKLV GHSWKï +LJK OHYHOV RI /DWH 0DDVWULFKWLDQ UHZRUNLQJ DUH SUHVHQW EHWZHHQìíñíêç©
DQG ìíñíåí©ï 0LFURIDXQDO UHFRYHU\ LV SRRU WRZDUGV WKH EDVH RI WKH LQWHUYDO DQG LW LV LPSRVVLEOH
WR SURYLGH D SUHFLVH GDWLQJï

'HSWK )RUPDWLRQ $JH =RQH
ìíñëæåö ð ììñìäè© 7RU /DWH 0DDVWULFKWLDQ ð

/DWH &DPSDQLDQ
8&ëí¦LL§ ¤ 8&ìç
)&6ëê ¤ )&6ëë

&RPPHQWVã 7KH 7RU )RUPDWLRQ LQ WKLV ZHOO LV FKDUDFWHULVHG E\ DQ H[SDQGHG /DWH
0DDVWULFKWLDQ VHTXHQFH õ!çíí©ôï 7KH RFFXUUHQFH RI &ï GDQLDH GRZQ WR ìíñèíç© VXJJHVWV
6XE]RQH 8&ëí¦LL§ GRZQ WR WKLV GHSWKñ DOWKRXJK WKLV ORZHVW RFFXUUHQFH RI WKLV WD[RQ LV IODJJHG
DV TXHVWLRQDEOH DQG RFFXUV åç© EHORZ WKH SUHYLRXV RFFXUUHQFHï 7KH UHPDLQGHU RI WKH /DWH
0DDVWULFKWLDQ VHTXHQFH LV UHSUHVHQWHG E\ 6XE]RQH 8&ëí¦L§ EHWZHHQ ìíñèìç© DQG
ìíñæåèïçç©õFRUHôñ EDVHG RQ WKH RFFXUUHQFH RI 1ï IUHTXHQV WRJHWKHU ZLWK VRPH LQWUD
0DDVWULFKWLDQ UHZRUNLQJï 6XE]RQH 8&ìä¦LL§ LV UHFRUGHG EHWZHHQ ìíñæäç© DQG ìíäêí© RQ WKH
RFFXUUHQFH RI *ï REOLTXXPï

7KH )'2 RI 5ï OHYLV DW ìíñäêè© LV WDNHQ WR LQGLFDWH WKH SUHVHQFH RI (DUO\ 0DDVWULFKWLDQ DJH
VHGLPHQWV õ=RQH 8&ìåôï 7KH VXEVHTXHQW RFFXUUHQFH RI %ï SDUFD SDUFD DW ììñììç© LV WDNHQ WR
LQGLFDWH SHQHWUDWLRQ RI /DWH &DPSDQLDQ DJH VHGLPHQWV õ=RQH 8&ìçôñ DOWKRXJK QDQQRIORUDO
UHFRYHU\ ZDV QRW RI VXIILFLHQW TXDOLW\ WR VXEðGLYLGH WKLV LQWHUYDO IXUWKHUï

7KH /DWH 0DDVWULFKWLDQ GDWLQJ LV FRQILUPHG DW ìíñëåí© E\ WKH )'2 RI 3ï HOHJDQV õ6XE]RQH
)&6ëêHôï 7KH UHFRUG RI 5ï IUXFWLFRVD ZLWK %ï GUDFR DW ìíñëäí© LV FRQVLGHUHG WR GHILQH
6XE]RQH )&6ëêG DQG WKH /'2 RI 3ï HOHJDQV DW ìíñêåç©õVZFô PDUNV WKH EDVH RI 6XE]RQH
)&6ëêFï %HORZ WKLV GHSWK PLFURIDXQDO UHFRYHU\ ZDV YHU\ SRRU IURP WKH FRUHñ DOWKRXJK WKH
)'2 RI *ORERWUXQFDQHOOD KDYDQHQVLV DW ìíñåèí©õFRUHô LQGLFDWHV D 0DDVWULFKWLDQ DJHï 7KH
FRPPRQ RFFXUUHQFH RI 5ï UXJRVD DW DQG EHORZ ììñìëí© LQGLFDWHV DQ (DUO\ 0DDVWULFKWLDQ
õ6XE]RQHV )&6ëëEîDô DJHï

'HSWK )RUPDWLRQ $JH =RQH
ììñìäèö ð ììñëìë© 0DJQH &DPSDQLDQ 8&ìè¦LLL§ RU ROGHU

&RPPHQWVã 1DQQRIORUDO UHFRYHU\ LV YHU\ SRRU LQ WKLV DQG DGMDFHQW VDPSOHVï +RZHYHUñ WKH
)'2 RI (ï H[LPLXV DQG +ï WUDEHFXODWXV DW ììñëìì© VXSSRUWV WKH SUHVHQFH RI 0DJQH )RUPDWLRQ
VHGLPHQWV DQG LV WDNHQ WR LQGLFDWH 6XE]RQH 8&ìè¦LLL§ RU ROGHUï

'HSWK )RUPDWLRQ $JH =RQH
ììñëìëö ¤ ììñëéë© 1DUYH &RQLDFLDQ DQG ROGHU 8&ìì ¤ 8&ìí



-RLQW &KDON 5HVHDUFK $ MRLQW &KDON 6WUDWLJUDSKLF )UDPHZRUN

'HFHPEHU ìäää &KDSWHU éã %LRVWUDWLJUDSK\ ð ìéè ð

&RPPHQWVã 7KH RFFXUUHQFH RI 4ï JDUWQHULñ (ï IORUDOLV DQG /ï JULOOLLñ LQ DVVRFLDWLRQ ZLWK
LQFUHDVHG :ï EDUQHVDH DQG 0ï VWDXURSKRUD õDW ììñëìêïêê©ôñ VXJJHVWV SHQHWUDWLRQ RI =RQH
8&ìì DQG 1DUYH )RUPDWLRQ VHGLPHQWVï $QDO\VLV RI D FODVW UHFRYHUHG IURP WKH FRUH DW WKLV
GHSWK UHYHDOV DQ $OELDQ RULJLQ IRU WKLV UHZRUNHG PDWHULDOï 7KH UHFRYHU\ RI +ï WXURQLFXV DQG 7ï
YLUJLQLFD DW ììñëìèïìç© VXJJHVW SHQHWUDWLRQ RI VWUDWLJUDSKLFDOO\ ROGHU VHGLPHQWV õ6XE]RQH
8&ìí¦L§ô RI /DWH &RQLDFLDQ DJHï 7KH UHFRYHU\ RI 0ï VWDXURSKRUD LQ FRUH VDPSOHV GRZQ WR
ììñëéë© VXJJHVWV DQ DJH QR ROGHU WKDQ =RQH 8&ìíï 6DPSOHV EHORZ WKLV GHSWK DUH FKDUDFWHULVHG
E\ SRRU UHFRYHU\ DQG WKHUHIRUH WKH\ DUH DJH LQGHWHUPLQDWHï

'HSWK )RUPDWLRQ $JH =RQH
ììñëéëö ð ììñëääïè© +LGUD &HQRPDQLDQ 8&ê RU ROGHU

&RPPHQWVã 7KH UHFRYHU\ RI *ï QDQXP DQG 5ï DVSHU DW ììñëææ© LQ DQ RWKHUZLVH LPSRYHULVKHG
LQWHUYDO VXJJHVWV =RQH 8&ê RU ROGHU RI &HQRPDQLDQ DJH DQG WKH SUHVHQFH RI VHGLPHQWV
DVVLJQDEOH WR WKH +LGUD )RUPDWLRQï &RUH VDPSOHV H[DPLQHG IRU PLFURIDXQD \LHOGHG D SODQNWLF
DVVHPEODJH GRPLQDWHG E\:KLWHLQHOOD EDOWLFDï

'HSWK )RUPDWLRQ $JH =RQH
ììñëääïèö 5�GE\ $OELDQ %&ëæ

&RPPHQWVã 3HQHWUDWLRQ RI WKH (DUO\ &UHWDFHRXV &URPHU .QROO *URXS õ5�GE\ )RUPDWLRQô LV
FRQILUPHG DW ììñëääïè©õFRUHô ZLWK WKH RFFXUUHQFH RI *ï SUDHREOLTXXPï

:HOO $''$ðë

([LVWLQJ GDWD DYDLODEOHã
369 õìäåìô 5HSRUW ZLWK VXPPDU\ ORJ DQG GLVWULEXWLRQ FKDUWVï

([LVWLQJ GDWD HYDOXDWLRQã
369 GDWD RI PRGHUDWH TXDOLW\ RQO\ï

1HZ DQDO\VHVã
0LFURSDODHRQWRORJ\  í
1DQQRSODQNWRQ  í
3DO\QRORJ\  íï

6WUDWLJUDSKLF LQWHUSUHWDWLRQã

'HSWK )RUPDWLRQ $JH =RQH
çñåéíö ð æñíìì© (NRILVN 'DQLDQ 07ê ¤ 07ì"

&RPPHQWVã *ï SVHXGREXOORLGHV LV UHFRUGHG IURP WKH FKDON VDPSOH DW çñåéí© LQGLFDWLQJ D
¦ODWH§ 'DQLDQ õ=RQH 07êô DJH DW WKLV GHSWKï 7KLV GDWH LV VXSSRUWHG EHORZ çñåéé©õVZFô E\
UHFRUGV RI 6ï WULORFXOLQRLGHVï 5DUH WUDFHV RI /DWH &UHWDFHRXV UHZRUNLQJ DUH DOVR QRWHG DW
çñåéé©õVZFôï



$ MRLQW &KDON 6WUDWLJUDSKLF )UDPHZRUN -RLQW &KDON 5HVHDUFK

ð ìéç ð &KDSWHU éã %LRVWUDWLJUDSK\ 'HFHPEHU ìäää

7KH )'2 RI *ï GDXEMHUJHQVLV DW çñäíë©õVZFô LQGLFDWHV WKH WRS RI WKH ¦ODWHðPLGGOH§ 'DQLDQ
6XE]RQH 07ëEï 7KLV LQWHUYDO KDV EHHQ H[WHQGHG WR D TXHVWLRQDEOH 07ì ]RQDO GDWHñ EXW WKHUH
LV QR GHILQLWH HYLGHQFH WR FRQILUP WKLVï

'HSWK )RUPDWLRQ $JH =RQH
æñíëí© ¤ æñíäí© 7RU 0DDVWULFKWLDQ )&6ëê

&RPPHQWVã 'HILQLWH /DWH 0DDVWULFKWLDQ õ=RQH )&6ëêô FKDON LV UHFRUGHG EHWZHHQ æñíëí© DQG
æñíäí© EDVHG RQ WKH )'2 RI 3ï HOHJDQV DQG 6ï SRPPHUDQD DW æñíëí©ï 3ï HOHJDQV RFFXUV WR
æñíèí© õVZFô LPSO\LQJ 6XE]RQH )&6ëêF WR WKLV GHSWKï 1R HYLGHQFH IRU (DUO\ 0DDVWULFKWLDQ RU
/DWH &DPSDQLDQ FKDONV LV UHFRUGHGï

'HSWK )RUPDWLRQ $JH =RQH
æñíäíö ð æñìççö 0DJQH (DUO\ &DPSDQLDQ ð /DWH

6DQWRQLDQ
)&6ëí ¤ )&6ìä

&RPPHQWVã (DUO\ &DPSDQLDQ 0DJQH VHGLPHQWV DUH QRWHG DW æñììí©õVZFôñ EDVHG RQ WKH )'2
RI 6ï H[VFXOSWD JUDFLOLVï *ï EXOORLGHV DQG 5XJRJORELJHULQD VSSï ZHUH QRWHG LQ D YHU\ VSDUVH
PLFURIDXQD IURP WKLV VDPSOHï $ /DWH 6DQWRQLDQ DJH õ=RQH )&6ìäô LV LQGLFDWHG DW æñìéè©õVZFô
E\ WKH )'2 RI 6ï H[VFXOSWD H[VFXOSWDâ WKLV GDWLQJ LV VXSSRUWHG E\ WKH UHFRUGV RI DEXQGDQW
&HQRVSKDHUD VSSï DW WKH VDPH GHSWKï

'HSWK )RUPDWLRQ $JH =RQH
æñìæíö ð æñëçíö 7KXG (DUO\ 6DQWRQLDQ )&6ìå

&RPPHQWVã 7KH SUHVHQFH RI 6WHQVLRHLQD JUDQXODWD SRORQLFD DW æñìäì©õVZFô VXJJHVWV WKH
SUHVHQFH RI D WKLQñ "EDVDOñ 7KXG )RUPDWLRQ XQLWï 7KH =RQH )&6ìå GDWH LV VXSSRUWHG E\ WKH
DEXQGDQFH RI SODQNWLF IRUDPLQLIHULGV ORJJHG DW æñëëå©õVZFôï

'HSWK )RUPDWLRQ $JH =RQH
æñëçí© ¤ æñçéí© 1DUYH (DUOLHVW 6DQWRQLDQ ð /DWH

7XURQLDQ
)&6ìå ¤ )&6ìç

&RPPHQWVã 7KH WRS RI WKH 1DUYH )RUPDWLRQ RFFXUV ZLWKLQ PLFURIDXQDO =RQH )&6ìåñ JLYLQJ
WKH WRS RI WKH XQLW DQ HDUOLHVW 6DQWRQLDQ GDWLQJï $ /DWH &RQLDFLDQ GDWH LV SURYLGHG DW
æñëæé©õVZFô E\ WKH KLJKHVW UHFRUG RI 6ï JUDQXODWD JUDQXODWDñ ZKLFK LV FRLQFLGHQW ZLWK WKH
/'2 RI 6ï JUDQXODWD SRORQLFD LV WKH VDPH VDPSOHï 6HYHUDO RFFXUUHQFHV RI WKH (DUO\ &RQLDFLDQ
PDUNHU 6ï JUDQXODWD OHYLV DUH UHFRUGHG LQ WKLV ZHOOñ SURYLGLQJ D UHOLDEOH WRS IRU =RQH )&6ìç DW
æñèéè©õVZFôï 7KLV GDWLQJ LV VXSSRUWHG E\ FRPPRQ UHFRUGV RI 0ï PDUJLQDWD DW WKH VDPH GHSWKï

7KHUH LV QR HYLGHQFH RI 0LGGOH 7XURQLDQ WR /DWH &HQRPDQLDQ VHGLPHQWV LV WKH ZHOO DQG D
PDMRU XQFRQIRUPLW\ LV WKRXJKW WR H[LVWV EHWZHHQ WKH 1DUYH DQG +LGUD )RUPDWLRQVï

'HSWK )RUPDWLRQ $JH =RQH
æñçèí© ¤ æñæíí© +LGUD 0LGGOH ð (DUO\ )&6ìêEîD

&HQRPDQLDQ



-RLQW &KDON 5HVHDUFK $ MRLQW &KDON 6WUDWLJUDSKLF )UDPHZRUN

'HFHPEHU ìäää &KDSWHU éã %LRVWUDWLJUDSK\ ð ìéæ ð

&RPPHQWVã &RQVLVWHQW UHFRUGV RI WKH EHQWKLF IRUDPLQLIHULG /LQJXORJDYHOLQHOOD FLU\L LQIODWD
EHORZ æñçèí© LQGLFDWH D 0LGGOH ¤ (DUO\ &HQRPDQLDQ õ6XE]RQHV )&6ìêEîDô GDWH IRU WKH
VHFWLRQ GRZQ WR æñæíí©ï /DWH $OELDQ õ5�GE\ )RUPDWLRQô IRUDPLQLIHULGV ZHUH QRWHG LQ WKH 369
UHSRUW DW DQG EHORZ æñæëí©ï

:HOO $''$ðê

([LVWLQJ GDWD DYDLODEOHã
*(86 õìääåô 5HSRUW RQ WKH ¦0LFURIDXQDO DQG 1DQQRIORUDO DQDO\VLV RI WKH &UHWDFHRXV RI WKH
$''$ðê ZHOO§ï *(86 õìääæô 5HSRUW RQ WKH ¦3DO\QRORJLFDO DQDO\VLV RI WKH 8SSHU &UHWDFHRXV
RI WKH $''$ðê DQG %2ðì ZHOOVï

([LVWLQJ GDWD HYDOXDWLRQã
9HU\ OLPLWHG PLFURSDODHRQWRORJLFDO UDZ GDWDâ VRPH FRQIOLFWLQJ PLFURIDXQDO GDWDï 1R
QDQQRSODQNWRQ GLVWULEXWLRQ GDWDï ([WHQVLYH 3DO\QRORJLFDO GLVWULEXWLRQ FKDUWVâ EXW GDWD RI
OLPLWHG YDOXHï

1HZ DQDO\VHVã
0LFURSDODHRQWRORJ\  í
1DQQRSODQNWRQ  í
3DO\QRORJ\  í

6WUDWLJUDSKLF LQWHUSUHWDWLRQã

'HSWK )RUPDWLRQ $JH =RQH
çñäêìö ð çñäéç© 9nOH" ¦ODWH§ 'DQLDQ 07é

&RPPHQWVã $ ¦ODWH§ 'DQLDQ DJHñ =RQH 37ë LV LQGLFDWHG E\ WKH RFFXUUHQFH RI $ï UHWLFXODWD DW
çñäêìïíP õFRUHôï &RPPRQ LQGHWHUPLQDWH SODQNWLFV ZHUH ORJJHG DW çñäêì©õFRUHôñ VXJJHVWLQJ
=RQH 07é RU ROGHUñ FRQVLVWHQW ZLWK WKH ¦ODWH§ 'DQLDQ DJH LQGLFDWHG E\ WKH SDO\QRORJLFDO GDWDï

'HSWK )RUPDWLRQ $JH =RQH
æñëëíö ð æñëêæö 0DJQH" /DWH 6DQWRQLDQ )&6ìä

&RPPHQWVã 1R GHILQLWH OLWKRVWUDWLJUDSK\ LV DYDLODEOH IRU WKLV ZHOOï 7KH SUHVHQFH RI 6ï
H[VFXOSWD H[VFXOSWDñ WRJHWKHU ZLWK 6ï H[VFXOSWD JUDFLOLV DW æñëëí©õFRUHôñ VXJJHVWV D /DWH
6DQWRQLDQ õ=RQH )&6ìäô DJHñ YHU\ FORVH WR WKH 6DQWRQLDQî&DPSDQLDQ VWDJH ERXQGDU\ï 7KH
DJH LV VXSSRUWHG E\ D GLYHUVH SODQNWLF DVVRFLDWLRQ UHFRUGHG DW æñëêæ©õFRUHô ZKLFK LQFOXGHV
DEXQGDQW &HQRVSKDHUD VSSïñ XVHG HOVHZKHUH WR PDUN =RQH )&6ìäï 3ODQNWLF IRUDPLQLIHULGV
UHFRUGHG LQFOXGH LPSRUWDQW ]RQDO LQGH[ VSHFLHV UDUHO\ñ LI HYHUñ SUHYLRXVO\ ORJJHG LQ 1RUWK 6HD
ZHOOVï 7KH SUHVHQFH RI WKHVH WD[Dñ ZKLOVW LQGLFDWLQJ D /DWH 6DQWRQLDQ DJHñ LV XQYHULILHG LQ WKH
SUHVHQW VWXG\ï

$ VLJQLILFDQW GLVFUHSDQF\ H[LVWV LQ WKH DJH LQWHUSUHWDWLRQ EHWZHHQ WKH *HXV SDO\QRORJLFDO DQG
PLFURIDXQDO UHSRUWV RQ WKLV ZHOOï 7KH SDO\QRORJLFDO GDWD IURP WKLV LQWHUYDO LV LQWHUSUHWHG E\
*HXV DV LQGLFDWLQJ D /DWH &DPSDQLDQ DJHï :LWKRXW H[DPLQDWLRQ RI WKH RULJLQDO PDWHULDOñ WKLV
GLIIHUHQFH FDQQRW EH UHVROYHGï



$ MRLQW &KDON 6WUDWLJUDSKLF )UDPHZRUN -RLQW &KDON 5HVHDUFK

ð ìéå ð &KDSWHU éã %LRVWUDWLJUDSK\ 'HFHPEHU ìäää

'HSWK )RUPDWLRQ $JH =RQH
æñëèëö ð æñçìæïéë© 1DUYH &RQ LDFLDQ ð 7XURQLDQ )&6ìæ ÷ )&6ìèD

&RPPHQWVã 7KH )'2 RI 6ï JUDQXODWD JUDQXODWD DW æñëèë©õFRUHô SURYLGHV D &RQLDFLDQ
õ6XE]RQH )&6ìæEô DJH DW DQG EHORZ WKLV GHSWKï 0LFURIDXQDO UHFRYHU\ LV QRWHG DV SRRU EHORZ
æñëçë©õFRUHôñ DOWKRXJK UHFRUGV RI D GLYHUVH UDGLRODULDQ DVVRFLDWLRQ DW æñëåë©õFRUHôñ LQFOXGLQJ
'ï FRQVWULFWDñ LPSO\ 6XE]RQH )&6ìæDñ VWLOO ZLWKLQ WKH 0LGGOH &RQLDFLDQï

$ ORZHU UDGLRODULDQ DEXQGDQFH HYHQW RFFXUV DW æñçìæïéë©õFRUHôñ LQFOXGLQJ FRPPRQ
&HQRVSKDHUD VSSïâ WKLV HYHQW LV XVHG HOVHZKHUH LQ WKLV VWXG\ WR GHILQH WKH (DUO\ 7XURQLDQ
6XE]RQH )&6ìèDï

7KH WZR FRUH VDPSOHV H[DPLQHG E\ *HXV IURP WKH XSSHU SDUW RI WKLV LQWHUYDO õæñëèëïí© DQG
æñëçëïí©ô DUH FRQVLGHUHG E\ WKHP WR FRQWDLQ SDO\QRIORUDV ZKLFK LQGLFDWH D /DWH &DPSDQLDQ DJH
EDVHG RQ WKH RFFXUUHQFH RI &DVVLFXORVSKDHULGLD LQWHUPHGLDï 7KH GLIIHUHQFHV EHWZHHQ WKLV
LQWHUSUHWDWLRQ DQG WKDW SUHVHQWHG KHUH FDQQRW EH UHVROYHG ZLWKRXW UHFRXUVH WR WKH RULJLQDO
PDWHULDO

3DO\QRPRUSK UHFRYHU\ LPSURYHV PDUNHGO\ DW DQG EHORZ æñéêäïìæ© õFRUHôï $Q LQIOX[ RI
2GRQWRFKLWLQD VSSï DW WKLV GHSWK LV FRQVLVWHQW ZLWK WKH PLFURSDODHRQWRORJLFDO GDWLQJ IRU WKLV
LQWHUYDOï

'HSWK )RUPDWLRQ $JH =RQH
æñçæëïéë© ¤ æñçæäïêê© +LGUD &HQRPDQLDQ )&6ìê

&RPPHQWVã 7KH SUHVHQFH RI DEXQGDQW +HGEHUJHOOD VSSï DW æñçæëïéë©õFRUHôñ WRJHWKHU ZLWK WKH
EHQWKLF VSHFLHV *DYHOLQHOOD FHQRPDQLFD DQG *ï EDOWLFD FRQILUPV D &HQRPDQLDQ õ=RQH )&6ìêô
DJH DW WKLV OHYHOï 7KH SDO\QRPRUSK DVVHPEODJHV UHFRUGHG EHWZHHQ æñçåëïæè© DQG æñçåéïêê©
DUH FKDUDFWHULVHG E\ WKH SUHVHQFH RI /LWRVSKDHULGLXP VLSKRQLSKRUXPï 7KLV LV FRQVLVWHQW ZLWK
WKH PLFURSDODHRQWRORJLFDO GDWLQJ RI WKH LQWHUYDOï

:HOO %2ðì

([LVWLQJ GDWD DYDLODEOHã
369 õìäææô 5HSRUW ZLWK VXPPDU\ ORJ DQG GLVWULEXWLRQ FKDUWVï *(86 õìääæô 5HSRUW RQ WKH
0LFURIDXQDO DQG 1DQQRIORUDO DQDO\VLV RI WKH %2ðìñ ZLWK QDQQRSODQNWRQ GLVWULEXWLRQ GDWDï
*(86 õìääæô 5HSRUW RQ WKH ¦3DO\QRORJLFDO DQDO\VLV RI WKH 8SSHU &UHWDFHRXV RI WKH $''$ðê
DQG %2ðì ZHOOVï

([LVWLQJ GDWD HYDOXDWLRQã
7KH GDWDVHWV DUH RI JRRG TXDOLW\ñ DOWKRXJK GLVWULEXWLRQ FKDUWV ZHUH QRW DYDLODEOH IRU WKH *(86
QDQQRSODQNWRQ DQG PLFURIDXQDO UHSRUWï 0LFURIDXQDO HYHQWV DUH WKHUHIRUH WDNHQ IURP WKH UHSRUW
WH[Wï



-RLQW &KDON 5HVHDUFK $ MRLQW &KDON 6WUDWLJUDSKLF )UDPHZRUN

'HFHPEHU ìäää &KDSWHU éã %LRVWUDWLJUDSK\ ð ìéä ð

1HZ DQDO\VHVã
0LFURSDODHRQWRORJ\  í
1DQQRSODQNWRQ  í
3DO\QRORJ\  íï

6WUDWLJUDSKLF LQWHUSUHWDWLRQã ,W LV LPSRUWDQW WR DFNQRZOHGJH LQ WKLV ZHOO WKDW WKH PLFURIDXQDO
GDWD UHFRUGHG E\ ERWK 369 DQG *(86 FRQIOLFWV ZLWK WKH QDQQRSODQNWRQ GLVWULEXWLRQ UHFRUGHG
E\ *(86ï ,QWHUðIRUPDWLRQDO UHZRUNLQJ LV DOVR D SRVVLEOH SUREOHP LQ WKLV ZHOOï 7KH
VWUDWLJUDSKLF LQWHUSUHWDWLRQ SUHVHQWHG KHUH WKHUHIRUH UHSUHVHQWV D ¦EHVW ILW§ EDVHG RQ WKH GDWD
DYDLODEOHï

'HSWK )RUPDWLRQ $JH =RQH
çñæèíö ð çñæçíö (NRILVN ¦ODWH ¤ PLGGOH§ 'DQLDQ 07ê ¤ 07ë

&RPPHQWVã $ YHU\ FRQGHQVHG (NRILVN XQLW LV SUHVHQW LQ WKLV ZHOO ZLWK *ï SVHXGREXOORLGHV DW
çñæèí© LQGLFDWLQJ =RQH 07ê DQG *ï GDXEMHUJHQVLV DW çñæèé©õVZFô LQGLFDWLQJ =RQH 07ëï

'HSWK )RUPDWLRQ $JH =RQH
çñæçíö ð çñåìçö 7RU /DWH 0DDVWULFKWLDQ 8&ëí ¤ 8&ìä

)&6ëê

&RPPHQWVã 7KH WRS RI WKH 7RU )RUPDWLRQ õ6XE]RQH )&6ëêFô LV GHILQHG PLFURIDXQDOO\ E\ WKH
)'2 RI %ï GUDFR DW çñæçí©ï 7KH /'2 RI DQ DVVHPEODJH LQFOXGLQJ %ï GUDFRñ %ï LQFUDVVDWD DQG
*ORELJHULQHOORLGHV PXOWLVSLQD DW çñææí©õVZFô LV XVHG KHUH WR GHILQH WKH EDVH RI WKLV VXE]RQHï

7KH VDPSOH DW çñæçæ© FRQWDLQV HYLGHQFH IRU LQWUD /DWH &UHWDFHRXV UHZRUNLQJ LQ WKH IRUP RI %ï
SDUFDï 7KH RFFXUUHQFH RI 1ï IUHTXHQV FRQILUPV D 6XE]RQH 8&ëí¦L§ DWWULEXWLRQ DW çñæåë©ï 7KH
RFFXUUHQFH RI *ï REOLTXXP DW çñåìë© LV WDNHQ WR LQGLFDWH WKH SUHVHQFH RI 6XE]RQH 8&ìä¦LL§ï

7KH SDO\QRORJLFDO GDWD UHFRUGHG IURP WKUHH SURGXFWLYH FRUH VDPSOHV H[DPLQHG IURP WKLV
LQWHUYDO DJUHHV ZLWK WKH /DWH 0DDVWULFKWLDQ DJH LQWHUSUHWDWLRQ EDVHG RQ WKH QDQQRSODQNWRQ DQG
PLFURIDXQDï

'HSWK )RUPDWLRQ $JH =RQH
çñåìçö ð çñåæëö 0DJQH &DPSDQLDQ 8&ìè

)&6ëí

&RPPHQWVã $Q (DUO\ &DPSDQLDQ õ=RQH )&6ëíô GDWH LV UHFRUGHG DW çñåëç©õFRUHô RQ WKH
SUHVHQFH RI 6ï H[VFXOSWD JUDFLOLVï 7KH PLFURIDXQDO DVVHPEODJHV UHFRUGHG DW WKLV GHSWK DQG LQ
WKH VDPSOHV DW çñåéë©õFRUHôñ çñåèæ©õFRUHô DQG çñåçç©õFRUHô LQFOXGH VHYHUDO WD[D ZKLFK DUH
FRQVLGHUHG WR EH UHZRUNHG IURP WKH XQGHUO\LQJ 7KXG )RUPDWLRQï

3HQHWUDWLRQ RI WKH 0DJQH )RUPDWLRQ LV FRQILUPHG LQ WKH QDQQRSODQNWRQ VDPSOH DQDO\VHG DW
çñåéë© EDVHG RQ WKH )'2 RI 2ï FDPSDQHQVLV DQG 5ï DQWKRSKRUXV õ6XE]RQH 8&ìè¦LY§ô DQG WKH
VXEVHTXHQW )'2 RI /ï JULOOLL DW çñåèæ© õ6XE]RQH 8&ìè¦L§ôï

'HSWK )RUPDWLRQ $JH =RQH
çñåæëö ð çñäèèö 7KXG (DUO\ &DPSDQLDQ 8&ìé



$ MRLQW &KDON 6WUDWLJUDSKLF )UDPHZRUN -RLQW &KDON 5HVHDUFK

ð ìèí ð &KDSWHU éã %LRVWUDWLJUDSK\ 'HFHPEHU ìäää

&RPPHQWVã 7KH SUHVHQFH RI VHGLPHQWV EHORQJLQJ WR WKH 7KXG )RUPDWLRQ LV LPSOLHG E\ WKH
RFFXUUHQFH RI %ï HQRUPLV DW çñåæë© õ6XE]RQH 8&ìé¦LL§ô DQG VXSSRUWHG E\ WKH /'2 RI 5ï OHYLV
LQ WKH VDPH VDPSOHï 1DQQRIORUDO UHFRYHU\ IURP çñäéè© ZDV QRW VXIILFLHQW WR DFFXUDWHO\ GDWH
DOWKRXJK WKH DVVHPEODJH LV FRQVLVWHQW ZLWK D =RQH 8&ìêðìë DWWULEXWLRQï 1R QDQQRIORUDO GDWD
ZDV SURYLGHG IRU WKH LQWHUYDO çñäéè© WR æñìèç©ï

7KH VLQJOH SURGXFWLYH VDPSOH UHFRYHUHG IURP WKLV LQWHUYDO \LHOGHG D VSDUVH GLQRF\VW
DVVHPEODJH ZKLFK GRHV QRW DOORZ D SUHFLVH DJH GHWHUPLQDWLRQï

'HSWK )RUPDWLRQ $JH =RQH
çñäèèö ð æñëçí© 1DUYH (DUOLHVW 6DQWRQLDQ ð

7XURQLDQ
8&ä ð 8&ç
)&6ìå ¤ )&6ìèîìé

&RPPHQWVã 7KH )'2 RI 6ï JUDQXODWD JUDQXODWD LV UHFRUGHG DW çñäèí©õVZFô DQG WKH ODVW LQ VLWX
GRZQKROH RFFXUUHQFH RI 6ï JUDQXODWD SRORQLFD LV UHFRUGHG DW çñääé©õVZFôï 7KHVH WZR WD[D RQO\
FRðH[LVW ZLWKLQ HDUOLHVW 6DQWRQLDQ FKDONV õFïIï .RFKñ ìäææô LPSO\LQJ WKDW WKLV LQWHUYDO
UHSUHVHQWV =RQH )&6ìåï %HORZ WKH /'2 RI 6ï JUDQXODWD SRORQLFDñ WKH VHFWLRQ LV GDWHG DV
¦ODWHðPLGGOH§ &RQLDFLDQ õ=RQH )&6ìæô RQ WKH SUHVHQFH RI 6ï JUDQXODWD JUDQXODWD GRZQ WR
æñíåí©õVZFôï

0LFURIDXQDV EHORZ æñíåí© DUH UHODWLYHO\ SRRU DQG D JHQHUDO &RQLDFLDQð 7XURQLDQ DJH LV
LQGLFDWHGï +RZHYHUñ DW æñëéë©õFRUHô WKH )'2 RI :ï DUFKDHRFUHWDFHD LQGLFDWHV D OHYHO HLWKHU
YHU\ ORZ LQ =RQH )&6ìè RU LQWR )&6ìéï 7KLV LQWHUSUHWDWLRQ ZRXOG VXJJHVW WKH SRVVLELOLW\ RI D
QRQðVHTXHQFH ZLWK WKH ORZHU SDUW RI WKH 1DUYH )RUPDWLRQï

1DQQRIORUDO GDWD LV YHU\ VSDUVH WKURXJK WKLV LQWHUYDO VXJJHVWLQJ SRRU UHFRYHU\ñ DOWKRXJK
DVVHPEODJHV DUH FRQVLVWHQW ZLWK D =RQH 8&ä ð 8&ç DWWULEXWLRQï

7KH RFFXUUHQFH RI D UHVWULFWHG GLQRF\VW DVVHPEODJH GRPLQDWHG E\ (XU\GLQLXP VD[RQLHQVH DW
æñëéìïí© õFRUHô LV W\SLFDO UHJLRQDOO\ RI VHGLPHQWV RI HDUOLHVW 7XURQLDQ ¤ ODWHVW &HQRPDQLDQ DJHï

'HSWK )RUPDWLRQ $JH =RQH
æñëçí© ð æñëçë© %ORG�NV (DUO\ 7XURQLDQ ð /DWH

&HQRPDQLDQ
ð

&RPPHQWVã 7KH ¦IORRG§ RFFXUUHQFH RI &HQRVSKDHUD VSSï UHFRUGHG DW æñëçì©õFRUHô LV
FKDUDFWHULVWLF RI WKH %ORG�NV )RUPDWLRQï

'HSWK )RUPDWLRQ $JH =RQH
æñëçë© ¤ æñçìí© +LGUD &HQRPDQLDQ 8&è ¤ 8&ê

)&6ìê

&RPPHQWVã 7KH VSDUVH SODQNWLF IRUDPLQLIHULG DVVRFLDWLRQ UHFRUGHG EHWZHHQ æñëåë©õFRUHô DQG
æñéèí© VXSSRUWV D /DWH &HQRPDQLDQ õ6XE]RQH )&6ìêEðFô DJH WR WKLV ODWWHU GHSWKï 0LFURIDXQDO
UHFRYHU\ UHPDLQV SRRU WKURXJK WKH UHVW RI WKH /DWH &UHWDFHRXV VHFWLRQñ DOWKRXJK WKH UHFRUGV RI
/ï MDU]HYDH EHORZ æñèíí© DQG 6ï DQWLTXD EHORZ æñèëí© LQGLFDWH DQ (DUO\ &HQRPDQLDQ õ6XE]RQH
)&6ìêDô DJHï

7KH )'2 RI 5ï DVSHU LV WDNHQ WR LQGLFDWH SHQHWUDWLRQ RI =RQH 8&èñ WKH )'2 RI *ï WKHWD DW
æñëäì© DQG *ï QDQXP DW æñêèì© FRQILUPV D &HQRPDQLDQ DJH õ=RQH 8&ê RU ROGHUôï



-RLQW &KDON 5HVHDUFK $ MRLQW &KDON 6WUDWLJUDSKLF )UDPHZRUN

'HFHPEHU ìäää &KDSWHU éã %LRVWUDWLJUDSK\ ð ìèì ð

5HODWLYHO\ ULFK DQG GLYHUVH GLQRF\VW DVVHPEODJHV DUH SUHVHQW WKURXJK WKLV LQWHUYDO DQG DUH
W\SLFDO RI WKH &HQRPDQLDQ ZLWK /ï VLSKRQLSKRUXP KDYLQJ LWV KLJKHVW RFFXUUHQFH DW æñëåíïí©
õFRUHôï

:HOO êíîæDðë

([LVWLQJ GDWD DYDLODEOHã
536 õìääéô &RUUHODWLRQ SDQHOâ *(5 õìäåêô 5HSRUW DQG 6XPPDU\ ORJ ZLWK GLVWULEXWLRQ FKDUWVï

([LVWLQJ GDWD HYDOXDWLRQã
*(5 PLFURSDODHRQWRORJ\ RI PRGHUDWH WR JRRG TXDOLW\ï

1HZ DQDO\VHVã
0LFURSDODHRQWRORJ\  í
1DQQRSODQNWRQ  çæ F
3DO\QRORJ\  í

*RRG TXDOLW\ FRUH VDPSOHV DYDLODEOH IRU DOO DQDO\VHVï

6WUDWLJUDSKLF LQWHUSUHWDWLRQã

'HSWK )RUPDWLRQ $JH =RQH
ìíñíççö ð ìíñíåæ© 9nOH ¦HDUO\§ 7KDQHWLDQ 07é

&RPPHQWVã 7KH RFFXUUHQFH RI ERWK *ï SVHXGREXOORLGHV DQG 6ï WULORFXOLQRLGHV DW ìíñíåí©
LQGLFDWHV DQ ¦HDUO\§ 7KDQHWLDQ õ=RQH 07éô DJHï

'HSWK )RUPDWLRQ $JH =RQH
ìíñíåæ© ð ìíñêææ© (NRILVN ¦ODWH ð PLGGOH§ 'DQLDQ 117Sè% ð117Sê

&RPPHQWVã 7KH UHFRYHU\ RI 7RZHLXV VSï LQ DQ RWKHUZLVH ZHDN DVVHPEODJH WHQWDWLYHO\
VXJJHVWV 6XE]RQH 117Sè%ï 7KH RFFXUUHQFH RI DEXQGDQW 3ï GLPRUSKRVXV DWñ DQG EHORZñ
ìíñìììïå© LQ DVVHPEODJHV FRQWDLQLQJ FRPPRQ &ï LQFRQVSLFXXV DQG UDUH 1HRFKLDVWR]\JXV VSSï
LV WDNHQ WR LQGLFDWH 6XE]RQH 117Sé( RI ¦ODWH§ 'DQLDQ DJHï /DWH &UHWDFHRXV UHZRUNLQJ LV
UHFRUGHG LQ RQO\ PLQRU DPRXQWVï 7KH /'2 RI 3ï PDUWLQLL DW ìíñìéë© VXJJHVWV 117Sé' EHORZ
WKLV GHSWKï )XUWKHU SHQHWUDWLRQ RI WKH ZHOOSDWK WKURXJK ¦ODWH§ 'DQLDQ VHGLPHQWV LV LPSOLHG E\
WKH /'2 RI 1HRFKLDVWR]\JXV VSSï DW ìíñëíë© VXJJHVWLQJ 117Sé"$ EHORZ WKLVï

=RQH 117Sê LQ WKH ¦PLGGOH§ 'DQLDQ LV EDVHG RQ WKH RFFXUUHQFH RI FRPPRQ 3ï WHQXLFXOXV DW
ìíñëêå©ï 1R VDPSOHV ZHUH H[DPLQHG IRU QDQQRSODQNWRQ EHWZHHQ ìíñëèí© DQG ìíñêåéïêê©ï

2QO\ ORQJðUDQJLQJ 'DQLDQ PLFURIDXQDV DUH UHFRUGHGï
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'HSWK )RUPDWLRQ $JH =RQH
ìíñêææ© ð ìíñåäæ© 7RU /DWH 0DDVWULFKWLDQ 8&ëí¦LLL§ ¤ 8&ìä¦LL§

)&6ëê

&RPPHQWVã $Q DVVHPEODJH FRPSRVHG RI /DWH &UHWDFHRXV UHVWULFWHG WD[D DW ìíñêåéïêê©
FKDUDFWHULVWLF RI /DWH 0DDVWULFKWLDQ =RQH 6XE]RQH 8&ëí¦LLL§ï ,QWUD /DWH &UHWDFHRXV
UHZRUNLQJ LV DOVR QRWHG LQ WKLV VDPSOH õFRLQFLGHQWO\ FRPSDUDEOH WR :HOO %2ðìôï 7KH
RFFXUUHQFH RI 1ï IUHTXHQV DW ìíñêäì© DQG &ï GDQLDH DW ìíñéíê© FRQILUP WKH SUHVHQFH RI
6XE]RQH 8&ëí¦LL§ï 6XE]RQH 8&ëí¦L§ LV DJDLQ UHSUHVHQWHG DV D WKLFN VHTXHQFH EHWZHHQ
ìíñéçä© DQG ìíñåíå©ï 7KH /'2 RI 1ï IUHTXHQV LV DW ìíñåíå©ï 7KH )'2 RI 6ï SULPLWLYXP DW
ìíñåëí© LV WDNHQ WR LQGLFDWH SHQHWUDWLRQ RI 6XE]RQH 8&ìä¦LL§ï 1R HYLGHQFH IRU 6XE]RQH
8&ìä¦LLL§ ZDV REVHUYHGï

7KH )'2 RI 3ï HOHJDQV DW ìíñééí© LV XVHG WR GHILQH WKH WRS RI D 6XE]RQDO XQLW IURP )&6ëêH ¤
Fâ WKLV LV FRQWLQXHG WR WKH /'2 RI ERWK 3ï HOHJDQV DQG 5ï FRQWXVD DW ìíñæíí© õLQ GLWFK
FXWWLQJVôï

$ TXHVWLRQDEOH (DUO\ 0DDVWULFKWLDQ GDWH LV UHFRUGHG DW ìíñåëí© RQ WKH RFFXUUHQFH RI
*ORERWUXQFDQD EXOORLGHVñ KRZHYHU WKLV XQFRUURERUDWHG UHFRUG FRXOG EH GXH WR UHZRUNLQJï

'HSWK )RUPDWLRQ $JH =RQH
ìíñåäæö ð ììñìèéïæö 0DJQH &DPSDQLDQ ¤ /DWH

6DQWRQLDQ
)&6ëì ¤ )&6ìä

&RPPHQWVã 7KH )'2 RI *ï DIIï DUFD DW ìíñäëí©ñ WRJHWKHU ZLWK DEXQGDQW 5XJRJORELJHULQD
VSSï DW WKH VDPH GHSWKñ SURYLGH UHOLDEOH PDUNHUV IRU WKH /DWH &DPSDQLDQ =RQH )&6ëìï $Q
(DUO\ &DPSDQLDQ LQWHUYDO LV UHFRJQLVHG DW ììñíéí© EDVHG RQ WKH )'2 RI 6ï H[VFXOSWD JUDFLOLVï
7RZDUGV WKH EDVH RI WKH 0DJQH DW ììñìëí© FRPPRQ &HQRVSKDHUD VSSï RFFXU WRJHWKHU ZLWK 6ï
H[VFXOSWD H[VFXOSWD LQGLFDWLQJ WKH SUHVHQFH RI D WKLQ /DWH 6DQWRQLDQ õ)&6ìäô LQWHUYDOï

'HSWK )RUPDWLRQ $JH =RQH
ììñìèéïæö ð ììñèìëö 7KXG 0LGGOH 6DQWRQLDQ ð /DWH

&RQLDFLDQ
)&6ìå

&RPPHQWVã 7KH WRWDO UDQJH RI 6ï JUDQXODWD SRORQLFD LQ WKLV ZHOO õììñìçí© ¤ ììñéçí©ô HTXDWHV
FORVHO\ ZLWK WKH 7KXG )RUPDWLRQï $Q (DUO\ 6DQWRQLDQ õ=RQH )&6ìåô DJH LV LQGLFDWHG

'HSWK )RUPDWLRQ $JH =RQH
ììñèìëö ð ìëñèèèïåö 1DUYH &RQLDFLDQ ð 7XURQLDQ 8&ìí ¤ 8&ä

)&6ìæ ¤ )&6ìé

&RPPHQWVã 1R VDPSOHV RU GDWD ZHUH SURYLGHG IRU QDQQRSODQNWRQ EHWZHHQ ìíñåéæ© DQG
ììñääè©ï 7KH RFFXUUHQFH RI +ï WXURQLFXV LQ DVVHPEODJHV GRPLQDWHG E\ :ï EDUQHVDH VXJJHVWV
6XE]RQH 8&ìí¦L§ RU ROGHUï 7KH RFFXUUHQFH RI D TXHVWLRQDEOH VSHFLPHQ RI 0ï VWDXURSKRUD DW
ìëñíèë© PD\ UHVWULFW WKLV WR 6XE]RQH 8&ìí¦L§ñ EXW JLYHQ WKH XQFHUWDLQW\ RI WKH LGHQWLILFDWLRQ
WKH LQWHUYDO PD\ EH DV ROG DV =RQH 8&ä õ(DUO\ &RQLDFLDQôï

0LFURIDXQDO HYLGHQFH IRU WKH DJH RI WKLV LQWHUYDO LV YHU\ SRRU DQG LW LV GDWHG DV =RQHV )&6ìæ ¤
)&6ìç E\ LWV VWUDWLJUDSKLF SRVLWLRQ EHORZ WKH /'2 RI 6ï JUDQXODWD SRORQLFD DQG RQ WKH
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RFFXUUHQFH RI 0ï PDUJLQDWD WR ìëñííí©ï 7KH UHFRUG RI *DYHOLQHOOD SUDHLQIUDVDQWRQLFD DW
ììñçäí©õVZFô LV FRQVLVWHQW ZLWK WKLV GDWLQJï

$EXQGDQW +HGEHUJHOOD VSSï UHFRUGHG DW ìëñêçí© DUH FRQVLVWHQW ZLWK DQ (DUO\ 7XURQLDQ
õ)&6ìèô RU ROGHU GDWHñ EXW WKLV LV YHU\ WHQWDWLYHï

'HSWK )RUPDWLRQ $JH =RQH
ìëñèæèö ð ìëñ äìë© +LGUD &HQRPDQLDQ )&6ìê

&RPPHQWVã 7KH SODQNWLF IRUDPLQLIHULG DVVHPEODJHV UHFRUGHG DW DQG EHORZ ìëñçíí© õLïHï ILUVW
VDPSOH EHORZ WKH %ORG�NVô LQFOXGH FRQVLVWHQW +HGEHUJHOOD GHOULRHQVLV LPSO\LQJ D
&HQRPDQLDQ õ=RQH )&6ìêô DJHï 7KLV GDWH LV FRQILUPHG DW ìëñåíí© E\ WKH )'2 RI WKH
DJJOXWLQDQW $UHQREXOLPLQD FIï DGYHQDï

:HOO êìîëçDðìí

([LVWLQJ GDWD DYDLODEOHã
637 õìäåêô 5HSRUW ZLWK VXPPDU\ ORJï

([LVWLQJ GDWD HYDOXDWLRQã

1HZ DQDO\VHV
0LFURSDODHRQWRORJ\  í
1DQQRSODQNWRQ  ìå GF ò ìè F
3DO\QRORJ\  í

$OO GLWFK FXWWLQJV UHFHLYHG DUH RI YHU\ SRRU TXDOLW\ õKHDYLO\ FRQWDPLQDWHG ZLWK /&0ô DQG
SURYHG GLIILFXOW WR ZRUN ZLWKï 7KLV LV XQGRXEWHGO\ GXH WR WKH PHWKRGRORJ\ HPSOR\HG ZKHQ
FDWFKLQJ WKH VDPSOHVï 2QO\ ìå RI WKH ëç DYDLODEOH FRXOG EH SUHSDUHG IRU QDQQRSODQNWRQï 7KHVH
VDPSOHV KDG WR EH ULQVHG LQ RUGHU WR \LHOG LGHQWLILDEOH FKDON JUDLQV DQG SURFHVVHG ZLWK JUHDW
FDUH õRFFDVLRQDOO\ DV LQGLYLGXDO JUDLQVô WR HQVXUH UHOLDEOH VOLGH SUHSDUDWLRQVï 1HYHUWKHOHVV
FDYLQJ DQG PL[LQJ RI OLWKRORJLHV UHPDLQHG D SUREOHP DQG DVVHPEODJH TXDOLW\ LV LQHYLWDEO\
FRPSURPLVHGï

6WUDWLJUDSKLF LQWHUSUHWDWLRQã

'HSWK )RUPDWLRQ $JH =RQH
åñìéåö ð åñëíæö 9nOH ¦HDUO\§ 7KDQHWLDQ

&RPPHQWVã &RPPRQ 1ï SHUIHFWXV DQG FRPPRQ 3ï PDUWLQLL LQ WKH VDPSOH DW åñìåí© DUH
FRQVLVWHQW ZLWK D 9nOH )RUPDWLRQ DVVLJQPHQWï

'HSWK )RUPDWLRQ $JH =RQH
åñëíæö ð åñêçíö (NRILVN ¦ODWH§ 'DQLDQ 117Sé
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&RPPHQWVã ,QWHUSUHWDWLRQ RI DVVHPEODJHV WKURXJK WKLV LQWHUYDO LV FRPSOLFDWHG E\ FDYLQJ IURP
RYHUO\LQJ VHGLPHQWVï +RZHYHUñ WKH DVVHPEODJHV UHFRYHUHG DUH FKDUDFWHULVHG E\ GRPLQDQWO\ 3ï
GLPRUSKRVXV WRJHWKHU ZLWK &ï SHODJLFXVñ &ï LQFRQVSLFXXV DQG UDUH 1HRFKLDVWR]\JXV VSSï
VXJJHVWLQJ 6XE]RQHV 117Sé)ð'ï 7KH EDVDO RFFXUUHQFH RI 1ï VDHSHV DW åñêêí© WHQWDWLYHO\
VXJJHVWV 117Sé& DW åñêèí©ï /DWH &UHWDFHRXV UHZRUNLQJ ZDV UHFRUGHG LQ RQO\ PLQRU DPRXQWVï
1R VDPSOHV ZHUH H[DPLQHG IRU QDQQRSODQNWRQ EHWZHHQ åñêèí© DQG åñêæí©ï

'HSWK )RUPDWLRQ $JH =RQH
åñêçíö ð åñçìæ© 7RU /DWH 0DDVWULFKWLDQ 8&ëí ¦LL§

&RPPHQWVã 7KLV LQIOX[ RI /DWH &UHWDFHRXV UHVWULFWHG WD[D DW åñêæí© LV WDNHQ WR LQGLFDWH
SHQHWUDWLRQ RI WKH 7RU )RUPDWLRQ DQG DQ DEVHQFH RI ¦PLGGOH§ WR ¦HDUO\§ 'DQLDQ VHGLPHQWVï
7KH VDPSOH LV FRPSOLFDWHG E\ FDYLQJ IURP RYHUO\LQJ VHGLPHQWVï 7KH RFFXUUHQFH RI &ï GDQLDH
DW åñêåí© DQG åñêåíïè© FRQILUPV WKH SUHVHQFH RI 6XE]RQH 8&ëí¦LL§ï $ WKLFN VHFWLRQ HTXLYDOHQW
WR 6XE]RQH 8&ëí¦L§ LV UHFRJQLVHG EHWZHHQ åñéíí© DQG åñèçë© RQ WKH FRQWLQXHG RFFXUUHQFH RI
1ï IUHTXHQVï

6DPSOHV DWñ DQG EHORZñ åñèçè© DUH VRPHZKDW GLIILFXOW WR LQWHUSUHWï ,I WKH RFFXUUHQFH RI *ï
REOLTXXP LQ WKH DEVHQFH RI 1ï IUHTXHQV DW WKLV GHSWK LQ FRUH LV WDNHQ DV LQ VLWXñ WKHQ WKH
RFFXUUHQFH RI 1ï IUHTXHQV LQ VXEVHTXHQW GLWFK FXWWLQJV VDPSOHV FDQ EH LQWHUSUHWHG DV FDYHGï
7KLV ZRXOG LQGLFDWH D 6XE]RQH 8&ìä¦LL§ DWWULEXWLRQï +RZHYHUñ LW KDV EHHQ UHJLRQDOO\
UHFRJQLVHG WKDW *ï REOLTXXP FDQ EH UHZRUNHG LQWR =RQH 8&ëíñ DOWKRXJK WKLV ZRXOG EH
GLIILFXOW WR LQWHUSUHW LQ GLWFK FXWWLQJV DQG DQ DOWHUQDWLYH H[SODQDWLRQ IRU WKLV LQWHUYDO ZRXOG
GDWH LW DV 6XE]RQH 8&ëí¦L§ ZLWK LQWUD 0DDVWULFKWLDQ UHZRUNLQJï

'HSWK )RUPDWLRQ $JH =RQH
åñçìæö ð åñäçê© 0DJQH ð ð

&RPPHQWVã 5ï OHYLV KDV LWV )'2 DW åñçëí© LQ 0DJQH )RUPDWLRQ DFFRUGLQJ WR ORJVï

'HSWK )RUPDWLRQ $JH =RQH
åñäçê© %ORG�NV ð ð
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éïè 5HZRUNLQJ

éïèïì ,QWURGXFWLRQ

7KLV VHFWLRQ GHDOV SULPDULO\ ZLWK WKH UHZRUNLQJ RI /DWH &UHWDFHRXV FDOFDUHRXV QDQQRSODQNWRQ
LQWR WKH (DUO\ 3DOHRFHQH (NRILVN )RUPDWLRQñ DOWKRXJK LPSRUWDQW QHZ HYLGHQFH IRU LQWUD
IRUPDWLRQDO UHZRUNLQJ ZLWKLQ DOO WKH &KDON *URXS IRUPDWLRQVñ XWLOLVLQJ ERWK PLFURIDXQD DQG
QDQQRIORUDñ KDV EHHQ UHFRUGHG DQG ZLOO EH GLVFXVVHGï

7KH H[WHQW RI /DWH &UHWDFHRXV UHZRUNLQJ ZLWKLQ WKH (NRILVN )RUPDWLRQñ LWV SURYHQDQFHñ HIIHFW
RQ WKH VWUDWLJUDSK\ ZLWKLQ WKDW IRUPDWLRQ DQG LPSOLFDWLRQV IRU K\GURFDUERQ UHFRYHU\ KDYH
UDUHO\ EHHQ LQYHVWLJDWHG LQ SXEOLVKHG OLWHUDWXUHï 7KH UHFHQW SDSHU E\ /RWWDUROL DQG &DWUXOOR õLQ
SUHVVô DQG WKH SURSULHWRULDO ZRUN E\ <RXQJ õ33&R1ô DUH WKH RQO\ WZR VRXUFHV VKRZLQJ DQ
DSSUHFLDWLRQ IRU WKH LPSRUWDQFH WKLV UHZRUNLQJ SOD\V LQ UHVHUYRLU FKDUDFWHULVDWLRQ DQG
VWUDWLJUDSKLF LQWHUSUHWDWLRQï

5HZRUNHG /DWH &UHWDFHRXV WD[D PD\ DFFRXQW IRU XS WR ìííø RI WKH DVVHPEODJH UHFRYHUHG LQ
FHUWDLQ VHFWLRQV UHSUHVHQWLQJ WHQV RI PHWUHV LQ YHUWLFDO WKLFNQHVVï 7KHVH VHFWLRQV RIWHQ
UHSUHVHQW WKH EHVW UHVHUYRLU ]RQHV ZLWKLQ WKH (NRILVN )RUPDWLRQï

0HWKRGRORJ\ã &DOFDUHRXV QDQQRSODQNWRQ VXIIHUHG D GUDPDWLF H[WLQFWLRQ HYHQW DW WKH
&UHWDFHRXVî7HUWLDU\ ERXQGDU\ï 7KH UHVXOWDQW UDGLDWLRQ DQG EORRP LQ QDQQRIORUD WKURXJK WKH
3DOHRFHQH JDYH ULVH WR WD[D WKDW ZHUH PRUSKRORJLFDOO\ YHU\ GLVWLQFW IURP /DWH &UHWDFHRXV
IRUPVï $V D UHVXOW WKH LQ VLWX 7HUWLDU\ UHVWULFWHG FRPSRQHQW RI WKH DVVHPEODJH FDQ EH UHDGLO\
GLVWLQJXLVKHG IURP WKH UHZRUNHG /DWH &UHWDFHRXV FRPSRQHQWï $FFXUDWH LGHQWLILFDWLRQ RI WKH LQ
VLWX 3DOHRFHQH UHVWULFWHG IORUD DOORZV WKH WLPLQJ RI WKH UHZRUNLQJ WR EH FRQVWUDLQHG DQG D ]RQDO
DWWULEXWLRQ DSSOLHG õDFFRUGLQJ WR WKH 3DOHRFHQH VFKHPH XWLOL]HG LQ WKLV VWXG\ñ ILJXUH éðìôï

,W PXVW EH VWUHVVHGñ KRZHYHUñ WKDW D ]RQDO DWWULEXWLRQ GHWHUPLQHG IURP WKH LQ VLWX FRPSRQHQW RI
WKH DVVHPEODJH PD\ QRW EH SRVVLEOH LQ DVVHPEODJHV ZKLFK DUH GRPLQDWHG E\ õLQ VRPH FDVHV E\
ìííøô UHZRUNHG /DWH &UHWDFHRXV WD[Dï ,Q WKLV LQVWDQFH WKH WLPLQJ RI WKH UHZRUNLQJ LV
FRQVWUDLQHG WR DQ DJH UDQJH GHWHUPLQHG E\ RYHUO\LQJ DQG XQGHUO\LQJ LQ VLWX DVVHPEODJHVï ,Q
VRPH FDVHVñ SDUWLFXODUO\ RQ WKH (NRILVN )LHOGñ WKLFN VHTXHQFHV RI UHGHSRVLWHG /DWH &UHWDFHRXV
VHGLPHQWV RIWHQ FRQWDLQ WKLQ SHODJLF KRUL]RQV FRQWDLQLQJ LQFUHDVHG DEXQGDQFHV RI LQ VLWX
3DOHRFHQH UHVWULFWHG WD[Dï

$FFXUDWH DJH GHWHUPLQDWLRQ RI UHZRUNLQJ ZLWKLQ WKH (NRILVN )RUPDWLRQ LV DOVR OLPLWHG E\ WKH
QDWXUH RI WKH ]RQDWLRQ VFKHPHï 7KH 'DQLDQ FDOFDUHRXV QDQQRSODQNWRQ VFKHPH XWLOLVHV ERWK
FKDQJHV LQ DEXQGDQFHV DQG WKH SUHVHQFH RI VRPHWLPHV UDUH LQGH[ IRVVLOVï ,Q VHFWLRQV ZKHUH WKH
LQ VLWX DVVHPEODJHV DUH ¨GLOXWHG© E\ DOORFKWKRQRXV WD[Dñ DEXQGDQFHV DQG DSSDUHQW DEVHQFHV RI
PDUNHUV FDQQRW EH UHOLHG XSRQ WR JLYH DQ DFFXUDWH ]RQDO DWWULEXWLRQï

7KHUH DUH VHULRXV OLPLWDWLRQV LQ WKH LQWHUSUHWDWLRQ RI WKH UHZRUNLQJ ZKHQ XWLOLVLQJ GDWD
JHQHUDWHG E\ ZRUNHUV ZKR KDYH FOHDUO\ QRW UHFRUGHG LWñ WKRVH ZLWK GLIIHUHQW WD[RQRPLF
FRQFHSWV RU ZKHQ XVLQJ ROGHU GDWD JHQHUDWHG EHIRUH VRPH RI WKH PRUH UHFHQW DGYDQFHV LQ
QDQQRIRVVLO ELRVWUDWLJUDSK\ õLïHï 9DURO ìäåä ÷ ìääå DQG YDQ +HFN DQG 3ULQV ìäåæôï

&HUWDLQ IORUDO DQG IDXQDO DVVRFLDWLRQV ZLWKLQ WKH UHZRUNHG DVVHPEODJHV KDYH DOVR EHHQ XVHG LQ
GHYHORSPHQW VWXGLHV õSDUWLFXODUO\ ZKHQ ELRVWHHULQJ KRUL]RQWDO ZHOOVô WR IXUWKHU GLYLGH WKH
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UHZRUNHG XQLWVï 7KHVH DVVRFLDWLRQV PD\ EH UHODWHG WR GLVFUHWH VOXPSV RU IORZ GHSRVLWVñ SHUKDSV
UHSUHVHQWLQJ PDWHULDO IURP GLIIHUHQW VRXUFHVï

$ GLVFXVVLRQ RI WKH PHFKDQLVPV RI PDVV UHGHSRVLWLRQ DQG VOXPSLQJ DQG WKH GHWHUPLQDWLRQ RI
SUR[LPLW\ DQG GLUHFWLRQ RI VRXUFH LV QRW ZLWKLQ WKH VFRSH RI WKLV VWXG\ DQG ZDUUDQWV D GHWDLOHG
VWXG\ RI LWV RZQï

7KH UHVXOWV DQG LQWHUSUHWDWLRQV JHQHUDWHG LQ WKH FRXUVH RI WKLV VWXG\ DUH LQWHQGHG WR DFW DV DQ
LQWURGXFWLRQ WR WKH SRWHQWLDO RI D GHWDLOHG VWXG\ LQWR WKH UHZRUNLQJ ZLWKLQ WKH FKDONV RI WKH
&HQWUDO *UDEHQñ DV WKLV LV E\ QR PHDQV D FRQFOXVLYH LQYHVWLJDWLRQï 7KHVH UHVXOWV DUH OLPLWHG E\
PDQ\ VDPSOH JDSVñ WKH XVH RI ROG GDWD DQG VDPSOH ELDV õPDQ\ VDPSOHV ZHUH VHOHFWHG WR DQVZHU
VSHFLILF TXHVWLRQV XQUHODWHG WR D UHZRUNLQJ VWXG\ôï

éïèïë 5HVXOWV

'XULQJ WKH FRXUVH RI WKLV DQG RWKHU VWXGLHV RQ FRUH VDPSOHV UHFRYHUHG IURP WKH (NRILVN
)RUPDWLRQ ZLWKLQ WKH &HQWUDO *UDEHQ RI WKH 1RUWK 6HD %DVLQñ WKH DPRXQWñ W\SH DQG WKH ODWHUDO
DQG YHUWLFDO GLVWULEXWLRQ RI UHZRUNLQJ KDV EHHQ FDUHIXOO\ UHFRUGHGï

*HQHUDOO\ WKH UHZRUNHG /DWH &UHWDFHRXV DVVHPEODJHV UHFRYHUHG DUH GRPLQDWHG E\ ODUJH UREXVW
WD[D VXFK DV $UNKDQJHOVNLHOOD F\PELIRUPLVñ .DPSWQHULXV PDJQLILFXVñ /XFLDQRUKDEGXV
FD\HX[LLñ 0LFXOD VWDXURSKRUD DQG 3UHGLVFRVSKDHUD FUHWDFHDï +RZHYHUñ PDUNHU WD[D NH\ WR WKH
SURYHQDQFLQJ RI WKLV PDWHULDO DUH DOVR UHFRUGHGï 7KH PDMRULW\ RI UHZRUNHG /DWH &UHWDFHRXV
VHGLPHQWV ZLWKLQ WKH (NRILVN )RUPDWLRQ DUH GHULYHG IURP VHGLPHQWV RI /DWH 0DDVWULFKWLDQ
DJHñ DV LQGLFDWHG E\ WKH UHFRYHU\ RI &ULEURVSKDHUD GDQLDH DQGñ PRUH FRPPRQO\ñ 1HSKUROLWKXV
IUHTXHQVï /DWH &DPSDQLDQ WR ¦HDUO\§ /DWH 0DDVWULFKWLDQ DJH UHZRUNLQJ KDV DOVR EHHQ
LGHQWLILHG WR D OHVVHU GHJUHHñ EDVHG RQ WKH RFFXUUHQFH RI WD[D VXFK DV 6HULELVFXWXP SULPLWLYXPñ
*DUWQHUDJR REOLTXXPñ %URLQVRQLD SDUFD FRQVWULFWDñ 5HLQKDUGWLWHV DQWKRSKRUXVñ 5HLQKDUGWLWHV
OHYLVñ (LIIHOOLWKXV H[LPLXV DQG 2UDVWUXP FDPSDQHQVLVï

7KH UHVXOWV DUH UHSUHVHQWHG RQ ILJXUH éðêï :KHUH UHFRUGHG WKH UHZRUNLQJ LV UHSUHVHQWHG DV D
\HOORZ EORFNñ WKH WKLFNQHVV RI WKH EORFN LV SURSRUWLRQDO WR WKH DPRXQW RI UHZRUNLQJ UHFRUGHGï

9HU\ OLWWOH HYLGHQFH IRU UHZRUNLQJ RI VHGLPHQWV GHULYHG IURP WKH 0DJQHñ 7KXG DQG 1DUYH
)RUPDWLRQV LQWR WKH (NRILVN )RUPDWLRQ KDV EHHQ REVHUYHG GXULQJ WKH FRXUVH RI WKLV VWXG\ï
:LWKLQ WKH VWXG\ DUHDñ UHGHSRVLWLRQ RI /DWH &UHWDFHRXV DJH VHGLPHQWV LV FRQFHQWUDWHG LQ ILYH
GLVWLQFWîVHSDUDWH KRUL]RQVîSKDVHV ZKLFK LQ GHVFHQGLQJ VWUDWLJUDSKLF RUGHU DUH GHVLJQDWHG
=RQHV $ ð ( IRU SUDJPDWLF SXUSRVHVã

=21( $ã ,QFOXGHV WKH 9nOH )RUPDWLRQ DV UHFRUGHG LQ WKLV VWXG\ DQG WKH XSSHUPRVW (NRILVN
)RUPDWLRQ õ=RQHV 117Sç ð 117Såôï

=21( %ã %HWZHHQ WKH XSSHU SDUW RI 6XE]RQH 117Sé) DQG 6XE]RQH 117Sè%ñ õ¦ODWH§
'DQLDQôï

=21( &ã %HWZHHQ 6XE]RQHV 117Sé$ DQG WKH ORZHU SDUW RI 6XE]RQH 117Sé(ñ õ¦ODWH§
'DQLDQôï



-RLQW &KDON 5HVHDUFK $ MRLQW &KDON 6WUDWLJUDSKLF )UDPHZRUN

'HFHPEHU ìäää &KDSWHU éã %LRVWUDWLJUDSK\ ð ìèæ ð

6LJQLILFDQW UHZRUNLQJ LV QRW W\SLFDOO\ UHFRUGHG LQ =RQH 117Sêñ D NQRZQ SHODJLF KRUL]RQ
ODFNLQJ DOORFKWKRQRXV LQSXW õH[FHSW ZHOO "ëîæðêíñ EXW WKLV PD\ EH GXH WR +ï HGZDUGVLL QRW
EHLQJ LGHQWLILHGôï

=21( 'ã %HWZHHQ 6XE]RQHV 117Së' DQG 117Së*ï

=21( (ã %HWZHHQ 6XE]RQHV 117Sì$ DQG 117Së&ñ DVVRFLDWHG ZLWK DUJLOODFHRXV VHGLPHQWV
DW WKH EDVH RI WKH (NRILVN )RUPDWLRQï

'LVWULEXWLRQ RI =RQH $ã

:HOO 'HSWK UDQJH =RQHV 3HUFHQWDJH $JH UDQJH

ëîéð$ðå ìííæçöðìíììíö 117Såðç XS WRìíø /DWH 0DDVWULFKWLDQ

ëîéð%ðìä äæçíö 117Sæ 7UDFH /DWH 0DDVWULFKWLDQ

ëîèðæ êìåäPðêìäåP 117Sçðè% 7UDFH (DUO\ 0DDVWULFKWLDQ

ëîèðä êëèåP 117Sç ëèø 0DDVWULFKWLDQ

ëîæðìè ëäåêPðëäåêïääP 9nOHõXQ]RQHGôèíø /DWH &DPSDQLDQ

ëîæðêí ìíëçíöðìíëäíö 117Sç ìíø /DWH &DPSDQLDQ

ëîæð%ðìì äåìëöðäåéêïèö 117Sæ%ðç 8S WR ìíø /DWH ð (DUO\
0DDVWULFKWLDQ

ëîåð$ðì ëéçæPðëéçäïêP 8Q]RQHG 8S WR ìííø /DWH 0DDVWULFKWLDQ
õ$V ODJ GHSRVLWô

ëîììð$ðë7ê êêæëPðêêæåP 8Q]RQHG 8S WR ìííø /DWH 0DDVWULFKWLDQ
"õ$V ODJ GHSRVLWô

0)%ðæ æêçí©ðæêçì© 117Sç 8S WR ìíø /DWH 0DDVWULFKWLDQ

%$521ðë ëåëí©ðëåëçïê© 117Sçðæ 7UDFH 0DDVWULFKWLDQ

2QO\ OLPLWHG GDWD LV DYDLODEOH IRU =RQH $ õZLWKLQ WKH 9nOH )RUPDWLRQô ZLWKLQ WKLV VWXG\ï
7KH FRQJORPHUDWLF ODJ GHSRVLW SUHVHQW RQ WKH 9DOKDOO VWUXFWXUH LV LQWHUSUHWHG DV ¦ODWH§ 'DQLDQ
¤ ¦HDUO\§ 7KDQHWLDQ LQ DJH DQG SRVVLEO\ UHSUHVHQWV DQ RQ VWUXFWXUHñ ORFDOO\ KLJKHU HQHUJ\ñ
ODWHUDO HTXLYDOHQW RI WKH 9DOH )RUPDWLRQï

'LVWULEXWLRQ RI =RQH %ã

:HOO 'HSWK UDQJH =RQHV 3HUFHQWDJH $JH UDQJH

ìîêðå êêåèPðêéêíP 117Sè%ðé( èøðëíø /DWH &UHWDFHRXV
õ8QGLIIHUHQWLDWHGô



$ MRLQW &KDON 6WUDWLJUDSKLF )UDPHZRUN -RLQW &KDON 5HVHDUFK

ð ìèå ð &KDSWHU éã %LRVWUDWLJUDSK\ 'HFHPEHU ìäää

ëîëðê ëäæíPðêíëíP 117Sè% êíøðèíø 0DDVWULFKWLDQ ð
/DWH &DPSDQLDQ

ëîéð$ðå ìíìëíöðìíìäíö 117Sè% ð 8S WR ìíø /DWH 0DDVWULFKWLDQ ð
117Sé(î) /DWH &DPSDQLDQ

ëîéð%ðìä äæäíö 117Sè% 8S WR ìíø /DWH 0DDVWULFKWLDQ

ëîéð%ðìä$ äåêäöðäåéçö 117Sè% ð ìíøðêíø 0DDVWULFKWLDQ ð
117Sé) &DPSDQLDQ

ëîèðì ääæíöðìíííåö 117Sèðé) ëíø /DWH 0DDVWULFKWLDQ

ëîæðé ìíëëéöðìíëçìö 117Sè$ðé) 7UDFH 0DDVWULFKWLDQ ð
/DWH &DPSDQLDQ

ëîæðå äæìíöðäæêíö 117Sè%ðé) 7UDFH 0DDVWULFKWLDQ

ëîæðìè êíííPðêííçP 117Sè%ðé) 8S WR ëíø 0DDVWULFKWLDQ

ëîæðêí ìíêííö 117Sè% ìèø /DWH &DPSDQLDQ

7KLV SKDVH RI UHZRUNLQJñ UHFRJQLVHG LQ WKH XSSHU SDUW RI WKH (NRILVN )RUPDWLRQ õ¨=RQH %©ôñ
DSSHDUV WR EH FHQWHUHG DURXQG DQG WR WKH 1RUWK RI WKH (NRILVN DQG (OGILVN VWUXFWXUHVï

/DWH &UHWDFHRXV WD[D UHFRYHUHG IURP WKLV SKDVH GR QRW W\SLFDOO\ FRPSULVH PRUH WKDQ êíø RI
WKH DVVHPEODJHï 5HZRUNHG ¦HDUO\§ 'DQLDQ WD[D PD\ DOVR EH UHFRUGHG ZLWKLQ WKLV =RQHï

6LJQLILFDQW UHZRUNLQJ LQ ¨=RQH %© KDV QRW EHHQ UHFRJQLVHG LQ WKH 'DQLVK 6HFWRU ZHOOV VHOHFWHG
IRU WKLV VWXG\ï

'LVWULEXWLRQ RI =RQH &ã

:HOO 'HSWK UDQJH =RQHV 3HUFHQWDJH $JH UDQJH

ìîêðì ìíäèíö ð ììíèíö 117Sé&ð' ëèøðèíø /DWH 0DDVWULFKWLDQ

ìîêðå êééëPðêééèP 117Sé'ð& 7UDFH 0DDVWULFKWLDQ

ìîäðì êíçíïèçPðêíæêïäèP 117Sé'ð% 7UDFH 0DDVWULFKWLDQ

ëîëðê êíèíPðêíåèP 117Sé'î( 0LQRU 7UDFH 0DDVWULFKWLDQ

ëîéð$ðå ìíëìíöðìíêêíö 117Sé' 0LQRU 7UDFH /DWH 0DDVWULFKWLDQ ð
õèíø ìíëìíöô /DWH &DPSDQLDQ

ëîéð%ðìä$ äåäæö ð ìíìêéö 117Sé%ð$ 6SRUDGLF SHDNV 0DDVWULFKWLDQ ð
õèíøðìííøô &DPSDQLDQ



-RLQW &KDON 5HVHDUFK $ MRLQW &KDON 6WUDWLJUDSKLF )UDPHZRUN

'HFHPEHU ìäää &KDSWHU éã %LRVWUDWLJUDSK\ ð ìèä ð

ëîèðì ìííååöðìíëéåö 117Sé%ðé' 6SRUDGLF SHDNV /DWH &UHWDFHRXV
õéíøðìííøô õ8QGLIIHUHQWLDWHGô

ëîèðä êëæäPðêêæèP 117Sé&ðé% ,VRODWHG SHDN 0DDVWULFKWLDQ
#êëæäPõèíøô

ëîæðé ìíëææöðìíéíäö 117Sé'î(ð 6SRUDGLF SHDNV /DWH 0DDVWULFKWLDQð
117Sé& õXS WR åíøô /DWH &DPSDQLDQ

ëîæðå äææíöðäåæíö 117Sé&" ,QFUHDVLQJ 0DDVWULFKWLDQ
õXS WR åíøô

ëîæðìè êíììïéPðêíìëP 117Sé'î( èíø /DWH ð (DUO\
0DDVWULFKWLDQ

ëîæðêí ìíêìéöðìíèëêö 117Sé(î&ð' 6SRUDGLF SHDNV
õXS WR äíøô 0DDVWULFKWLDQ

ëîæð%ðìì äåèëöðääçìïèö 117Sé(î' ð 0LQRU 0DDVWULFKWLDQ
117Sé%î&

%$521ðë ëåêåïëPðëåçæïçP 117Sé(ðé% 0LQRU 0DDVWULFKWLDQ

/8/8ðì äíèí©ðäììç© 117Sé( 8S WR äíø /DWH 0DDVWULFKWLDQ

êíîæDðë ìíìéê©ðìíëêåïìç© 117Sé'ð$ 7UDFH 0DDVWULFKWLDQ

êìîëçDðìí åëäí©ðåêèí© 117Sé)ðé& 7UDFH /DWH 0DDVWULFKWLDQð
/DWH &DPSDQLDQ

6LJQLILFDQW =RQH & UHZRUNLQJ LV DJDLQ FRQFHQWUDWHG PDLQO\ LQ WKH 1RUZHJLDQ ZHOOV LQ WKH
*UHDWHU (NRILVN DUHDï =RQH & UHZRUNLQJ LV QRW W\SLFDOO\ QRWHG LQ WKH 'DQLVK ZHOOV VHOHFWHG IRU
DQDO\VLV õZLWK WKH H[FHSWLRQ RI /8/8ðìñ SRWHQWLDOO\ GXH WR LWV ORFDWLRQ FORVH WR WKH 1RUZHJLDQ
VHFWRU DQG WKHUHIRUH LQIOXHQFHG E\ WKH VDPH UHZRUNLQJ SKDVH DV WKH *UHDWHU (NRILVN DUHDô RU LQ
WKH %ULWLVK 6HFWRU ZHOOV VHOHFWHG õSHUKDSV UHIOHFWLQJ WKHLU ORFDWLRQ RQ WKH *UDEHQ PDUJLQôï

'LVWULEXWLRQ RI =RQH 'ã

:HOO 'HSWK UDQJH =RQHV 3HUFHQWDJH $JH UDQJH

ìîêðå êéçíP 117Sê 7UDFH (DUO\ 0DDVWULFKWLDQ

ìîäðì êíåíïçäPðêìíìïèP 117Së* ð 8S WR çíø /DWH 0DDVWULFKWLDQ ð
117Së&î' õ9DULDEOHô /DWH &DPSDQLDQ

ëîéð$ðå ìíêéíö ð ìíèëíö 117Së(î) æíøðìííø /DWH 0DDVWULFKWLDQ
õPDVVLYHô

ëîéð%ðìä$ ìíìèäöðìíëíäö 117Së( äíøðìííø /DWH 0DDVWULFKWLDQ
õPDVVLYHô



$ MRLQW &KDON 6WUDWLJUDSKLF )UDPHZRUN -RLQW &KDON 5HVHDUFK

ð ìçí ð &KDSWHU éã %LRVWUDWLJUDSK\ 'HFHPEHU ìäää

ëîèðæ êëçæPðêêéèP 117Së(ðë' 8S WR ìííø /DWH ð (DUO\
õPDVVLYHô 0DDVWULFKWLDQ

ëîèðä êëåìP 117Së) æíø 0DDVWULFKWLDQ

ëîæðé ìíéëìöðìíéëêö 117Së(î) ëèø 0DDVWULFKWLDQ

ëîæðå äååíöðääëíö 117Së( éíøðäíø (DUO\ 0DDVWULFKWLDQ

ëîæðìè êíìéP ð êíêåïåçP 117Së)ðë' 8S WR ìííø /DWH ð (DUO\
0DDVWULFKWLDQ

ëîæðêí ìíèèìöðìíçíåö 117Sê" ð 8S WR çíø /DWH 0DDVWULFKWLDQ
117Së&î'

0ðä; çèéè©ðçèèí© 117Sêðë(î) ìíø 0DDVWULFKWLDQ

52$5ðë ççéí©ðçæéí© 117Sêðë( 6SRUDGLF /DWH 0DDVWULFKWLDQ ð
ìíøðëíø /DWH &DPSDQLDQ

%$521ðë ëåæåïêPðëååèïìèP 117Së* 8S WR ìííø /DWH 0DDVWULFKWLDQ ¤
õPDVVLYHô /DWH &DPSDQLDQ

7KLV =RQH FDQ EH LGHQWLILHG LQ ERWK WKH 1RUZHJLDQ DQG 'DQLVK VHFWRUV DQG UHSUHVHQWV WKH EHVW
UHVHUYRLU ZLWKLQ WKH (NRILVN )RUPDWLRQï

6HGLPHQWV DWWULEXWDEOH WR WKLV ]RQH JHQHUDOO\ RFFXU DV WKLFN DOORFKWKRQRXV VHTXHQFHVîVOXPSV
ZKHQ ZHOO GHYHORSHGï

'LVWULEXWLRQ RI =RQH (ã

:HOO 'HSWK UDQJH =RQHV 3HUFHQWDJH $JH UDQJH

ìîêðå êéæëPðêéåéP 117Së& XS WR ëèø /DWH 0DDVWULFKWLDQ

ëîéð$ðå ìíèëäïåöðìíèçéö 117Së' êíøðèíø /DWH 0DDVWULFKWLDQ

ëîéð%ðìä ìíëííöðìíëìçö 117Së' ð 8S WR êíø /DWH ð (DUO\
117Sì 0DDVWULFKWLDQ

ëîéð%ðìä$ ìíëììöðìíëæéö 117Së$ð' êíø õXS WR /DWH 0DDVWULFKWLDQ
ìííø DW EDVHô

ëîèðì ìíëéèö ð ìíëæíö 117Sì 8S WR çíø /DWH &UHWDFHRXV
õ8QGLIIHUHQWLDWHGô

ëîèðæ êêéçPðêêéåP 117Sì 8S WR æíø /DWH 0DDVWULFKWLDQ

ëîæðé ìíéêèöðìíéèìïèö 117Së%ðì 8S WR åíø /DWH 0DDVWULFKWLDQ
õ3HDNVô



-RLQW &KDON 5HVHDUFK $ MRLQW &KDON 6WUDWLJUDSKLF )UDPHZRUN

'HFHPEHU ìäää &KDSWHU éã %LRVWUDWLJUDSK\ ð ìçì ð

/8/8ðì äêéí©ðäêèå© 117Së'ðì 8S WR ìíø /DWH 0DDVWULFKWLDQ

*HQHUDOO\ DVVRFLDWHG ZLWK DUJLOODFHRXV VHGLPHQWVñ SUHYLRXVO\ DVVXPHG WR EH HQWLUHO\ ûSHODJLFû
LQ WKHLU GHSRVLWLRQDO FKDUDFWHUñ DW WKH EDVH RI WKH (NRILVN )RUPDWLRQï

,QLWLDO UHVXOWV IURP RXU RQðJRLQJ UHVHDUFK LQ WKH *UHDWHU (NRILVN $UHD VXJJHVWV WKDW D
SUHYLRXVO\ DVVXPHG 117Sì DJH IRU WKHVH DUJLOODFHRXV VHGLPHQWV LV D IXQFWLRQ RI WKH
LPSRYHULVKHG DVVHPEODJHV UHFRYHUHG DQG WKLV DUJLOODFHRXV IDFLHV PD\ EH GLDFKURQRXVï 7KHUH
DSSHDUV WR EH HYLGHQFH IRU VHGLPHQWV RI \RXQJHU 117Së DJH FKDUDFWHULVHG E\ PDVVLYH /DWH
0DDVWULFKWLDQ UHZRUNLQJ EHORZ WKLV DUJLOODFHRXV XQLWï

éïèïê ,QWUD )RUPDWLRQDO UHZRUNLQJ ZLWKLQ WKH &KDONï

7KURXJKRXW WKH FRXUVH RI WKLV VWXG\ HYLGHQFH IRU LQWUD IRUPDWLRQDO UHZRUNLQJ ZDV UHFRUGHG
ZLWKLQ WKH FKDONï 7KH WUXH H[WHQW RI LQWUD IRUPDWLRQDO UHZRUNLQJ PD\ EH GLIILFXOW WR DVFHUWDLQ
GXH WR SUHVHQFH RI GRPLQDQWO\ ORQJHU UDQJLQJ WD[D õD UHZRUNHG ORQJ UDQJLQJ WD[RQ FDQQRW EH
GLVWLQJXLVKHG IURP DQ LQ VLWX ORQJ UDQJLQJ WD[RQôï 7KH SHUFHQWDJH RI LQWUD IRUPDWLRQDO
UHZRUNLQJ PD\ WKHUHIRUH EH KLJKHU WKDQ UHFRUGHGï

7KH EHVW HYLGHQFH IRU LQWUD IRUPDWLRQDO UHZRUNLQJ ZLWKLQ WKH (NRILVN )RUPDWLRQ LV LQ WKH IRUP
RI +ï HGZDUGVLL DQG 3ï WHQXLFXOXVï 7KHVH DUH W\SLFDOO\ ¦PLGGOH§ WR ¦HDUO\§ 'DQLDQ WD[D DQG
PD\ EH VHHQ UHZRUNHG LQWR ¦ODWH§ 'DQLDQ VHGLPHQWV õHïJï :HOO ëîé$ðåôñ =RQHV 117Sé'ðè$ï

5HZRUNLQJ LQ WKH /DWH 0DDVWULFKWLDQ 7RU )RUPDWLRQ LV GLVFXVVHG LQ WKH =RQDWLRQ VFKHPH õVHH
&KDSWHU éïìïëïìôï 5HZRUNLQJ ZDV DOVR UHFRUGHG QHDU WKH EDVH RI WKH 7RU )RUPDWLRQñ FRPPRQO\
LQ WKH IRUP RI (ï H[LPLXV DQG +ï WUDEHFXODWXVï 7KLV PD\ EH GXH WR UHZRUNLQJ RI 0DJQH
)RUPDWLRQ VHGLPHQWV RU PRUH OLNHO\ DVVLJQDEOH WR UHZRUNHG 1DUYH )RUPDWLRQ VHGLPHQWV
ZLWKLQ ZKLFK WKHVH WD[D RFFXU FRPPRQO\ï



$ MRLQW &KDON 6WUDWLJUDSKLF )UDPHZRUN -RLQW &KDON 5HVHDUFK

ð ìçë ð &KDSWHU éã %LRVWUDWLJUDSK\ 'HFHPEHU ìäää

éïç û*DSRJUDPVû

éïçïì û*DSRJUDPû FRQVWUXFWLRQ

$ VKRUWKDQG IRUPDW RI LOOXVWUDWLQJ WKH PDMRULW\ RI WKH ZHOOV LQFOXGHG LQ WKLV VWXG\ KDV EHHQ
GHYHORSHG E\ FURVVðSORWWLQJ WKH LQGLYLGXDO ZHOO VHFWLRQV DJDLQVW WKH LQWHJUDWHG ELR]RQDWLRQV
GHYHORSHG GXULQJ WKH VWXG\ï 7KH ]RQDWLRQV WKHPVHOYHV DUH SORWWHG DJDLQVW DEVROXWH WLPH
õ*UDGVWHLQ HW DOïñ ìääé ÷ ìääè DQG *UDGVWHLQ ÷ 2JJñ ìääçôï 7KHUHIRUHñ E\ FDOLEUDWLQJ WKH DJH
RI HDFK IRUPDWLRQ DJDLQVW WKLV WLPHVFDOHñ XVLQJ WKH ELRVWUDWLJUDSKLF FRQWHQWñ LW LV SRVVLEOH WR
LQGLFDWH WKH WLPLQJ RI XQFRQIRUPLWLHV DQG WKHLU GXUDWLRQ E\ KLJK OLJKWLQJ WKH DPRXQW RI
PLVVLQJ VHFWLRQ LQ HDFK ZHOOï

7KH HPSKDVLV RQ WKH PLVVLQJ VHFWLRQ IRU HDFK ZHOO JLYHV ULVH WR WKH û*DSRJUDPû WLWOH XVHG LQ
WKLV VWXG\ï û*DSRJUDPVû KDYH EHHQ SURGXFHG WR FRLQFLGH ZLWK HLJKW RI WKH VHLVPLF OLQHV UHð
LQWHUSUHWHG DFURVV WKH &HQWUDO *UDEHQï 7KHVH GLDJUDPV DUH LQFOXGHG DV )LJXUHV éðé WR éðìì RI
WKLV UHSRUWï 7KH OLQHV RI VHFWLRQ FRUUHODWHG DUH DV IROORZVã

/LQH ì
ìîäðì ð ëîæðé ð ëîéð$ðå ð ëîéð%ðìä$ ð ëîèðì ð ëîèðæ ð ëîëðê ð ëîëðë

/LQH ë
ìîêðì ð ìîêðå ð ëîèðæ ð ëîèðä ð 0RQDðì

/LQH ê
êìîëçDðìí ð ëîæðë ð ëîæð%ðìì ð ëîæðêí ð ëîæðìè ð ëîæðå ð ëîèðä

/LQH é
ëîéð%ðìä$ ð ëîéð$ðå ð ëîæðêí ð ëîæðìè ð ëîæðå ð ëîåð$ðì ð ëîììð$ðë 7ê

/LQH è
ëîæðé ð ëîæð%ðìì ð ëîåð$ðì ð ëîììð$ðë 7ê

/LQH ç
êìîëçDðìí ð ëîììð$ðë 7ê ð 0RQDðì ð /XOXðì

/LQH æ
êíîæDðë ð ìîêðì ð ìîêðå ð ëîëðë

/LQH å
0RQDðì ð %DURQðë ð 5RDUðë ð 0)%ðæ ð 0ðä;

)LJXUH éðìë VKRZV WKH ORFDWLRQ RI WKH JDSRJUDP FRUUHODWLRQVï
ö
7KH û*DSRJUDPVû KDYH EHHQ SURGXFHG LQ FRORXU LQ RUGHU WR LQGLFDWH ZKHUH JRRG TXDOLW\
ELRVWUDWLJUDSKLF GDWD H[LVWVï )RU WKRVH LQWHUYDOV WLJKWO\ FRQVWUDLQHG E\ ELRVWUDWLJUDSKLF GDWD WKH



-RLQW &KDON 5HVHDUFK $ MRLQW &KDON 6WUDWLJUDSKLF )UDPHZRUN

'HFHPEHU ìäää &KDSWHU éã %LRVWUDWLJUDSK\ ð ìçê ð

IRUPDWLRQ UHSUHVHQWHG LV VKRZQ LQ LWVö WUXH FRORXUï +RZHYHUñ LQ FRQWUDVW WR WKLVñ ZKHUH FKDON
OLWKRORJLHV H[LVWñ EXW WKHLU DJH LV QRW WLJKWO\ FRQVWUDLQHGñ WKHQ WKH OLJKWHU YHUVLRQ RI WKH FRORXU
LV XVHG RQ WKH ILJXUHï

'HSWKV DUH JLYHQ IRU WKH WRS DQG ERWWRP RI HDFK ELRVWUDWLJUDSKLF XQLW UHFRJQLVHGñ QRUPDOO\ RQ
WKH EDVLV RI HLWKHU QDQQRIORUDO RI PLFURIDXQDO FULWHULDï :KHUH WKHUH LV DOWHUQDWLYH LQIRUPDWLRQ
DYDLODEOH WR LQGLFDWH GHSWKV IRU SDUWLFXODU ERXQGDULHVñ WKHVH DUH LQGLFDWHG DV ORJ GHSWKV õORJôñ
VHGLPHQWRORJLFDO GDWD õVHGôñ PLFURIDXQDO HYLGHQFH õPLFô RU QDQQRIORUDO HYLGHQFH õQDQôï

2Q D QXPEHU RI RFFDVLRQV LQ ZHOOV ZKHUH RQO\ GLWFK VDPSOHV ZHUH DYDLODEOHñ ORJ GDWD KDV EHHQ
XVHG LQ SUHIHUHQFH WR WKH ELRVWUDWLJUDSKLF GDWDï 7KLV KDV UHVXOWHG LQ WKH ODWWHU EHLQJ RXW RI SODFH
EHFDXVH RI FDYLQJ DQG WKLV LV LQGLFDWHG RQ WKH GLDJUDPV õFDYôï
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)LJXUH éðìëã ,QGH[ PDS RI JDSRJUDP FRUUHODWLRQV

éïéïëï û*DSRJUDPû ,QWHUSUHWDWLRQ

$ FRQVLGHUDEOH DPRXQW RI UHVHDUFK FDUULHG RXW RYHU WKH ODVW WZR GHFDGHV KDV HPSKDVLVHG WKH
LPSRUWDQFH RI HXVWDWLF FKDQJHV GXULQJ WKH /DWH &UHWDFHRXVñ SDUWLFXODUO\ WKH SURJUHVVLYH ULVH LQ
VHD OHYHO IURP WKH HQG 7XURQLDQ WKURXJK WKH /DWH &DPSDQLDQ õ+DQFRFN ÷ .DXIIPDQ ìäæäôï ,I
WKLV ZHUH WKH FDVH WKHQ LW ZRXOG EH ORJLFDO WR H[SHFW WKDW FDUERQDWH VHGLPHQWDWLRQ ZRXOG KDYH
EHHQ EURDGO\ FRQWLQXRXV DFURVV WKH UHJLRQñ SDUWLFXODUO\ ZLWKLQ WKH &HQWUDO *UDEHQ EDVLQDO DUHDï
7KLV LV FOHDUO\ QRW WKH FDVH IURP WKH HYLGHQFH SURYLGHG E\ WKH û*DSRJUDPVû DQG DQ DOWHUQDWLYH



$ MRLQW &KDON 6WUDWLJUDSKLF )UDPHZRUN -RLQW &KDON 5HVHDUFK

ð ìçé ð &KDSWHU éã %LRVWUDWLJUDSK\ 'HFHPEHU ìäää

H[SODQDWLRQ KDV WR EH VRXJKW WR H[SODLQ WKH SUHVHUYDWLRQ RI WKH VHGLPHQWDU\ SDFNDJHV
LGHQWLILHGï

,Q QRQH RI WKH ZHOOV VWXGLHG LV WKHUH D ûFRPSOHWHû /DWH &UHWDFHRXV ð 'DQLDQ VXFFHVVLRQ
SUHVHUYHGï 7KLV LV SHUIHFWO\ XQGHUVWDQGDEOH LQ WKDW WKH PDMRULW\ RI K\GURFDUERQ H[SORUDWLRQ
ZHOOV DUH ORFDWHG E\ FKRLFH RQ SUHVHQW GD\ SRVLWLYH VWUXFWXUHV WKDW DUH OLNHO\ WR KDYH EHHQ
DFWLYH IRU D FRQVLGHUDEOH WLPHâ FHUWDLQO\ DV IDU EDFN DV WKH (DUO\ &UHWDFHRXVï 'HVSLWH WKH
SUHVHQW VWXG\ ZHOOV EHLQJ VHOHFWHG ODUJHO\ RQ WKH EDVLV RI WKHLU ûRIIðVWUXFWXUHû ORFDWLRQVñ QRQH
RI WKHP LV LQ D EDVLQDO ORFDWLRQ ZKLFK UHFHLYHG DQ XQLQWHUUXSWHG VXSSO\ RI VHGLPHQW GXULQJ WKH
GHSRVLWLRQ RI WKH &KDONï

0DQ\ RI WKH VWUXFWXUHV RQ ZKLFK WKH ZHOOV DUH ORFDWHG PD\ EH VROHO\ WKH UHVXOW RI WHFWRQLF
FRQWUROVñ ZKHUHDV WKHUH LV HYLGHQFHñ SDUWLFXODUO\ LQ WKH 'DQLVK VHFWRU WR LQGLFDWH WKDW VRPH RI
WKLV SRVLWLYH VWUXFWXUHV DUH DW OHDVW LQ SDUW KDORNLQHWLFDOO\ LQGXFHGï ,Q WKLV ODWWHU FDVHñ VDOW
PRYHPHQWV ZLOO DOVR KDYH EHHQ LQGXFHG E\ PRUH UHJLRQDO WHFWRQLF DFWLYLW\ï

:LWKLQ WKH /DWH &UHWDFHRXV SHULRGñ LW LV SRVVLEOH WR LGHQWLI\ HSLVRGHV ZKLFK DUH YHU\ SRRUO\
UHSUHVHQWHG LQ WKH FROXPQV RI VHGLPHQW SUHVHUYHGï 1RW RQO\ WKLVñ EXW WKH KLDWXVHV LQ
VHGLPHQWDWLRQ IUHTXHQWO\ IDOO DW EURDGO\ V\QFKURQRXV WLPHVï )RU H[DPSOH RQ /LQH ê LW LV
HYLGHQW WKDW YHU\ OLWWOH VHGLPHQW RI WKH 7KXG )RUPDWLRQ LV SUHVHUYHGñ DQG WKDW WKH WRS RI WKLV
IRUPDWLRQ UHFRUGHG IURP WZR RI WKH ZHOOV LV EDVHG SULPDULO\ RQ ORJ UDWKHU WKDQ ELRVWUDWLJUDSKLF
HYLGHQFHï

,W LV DSSDUHQW WKDW QR 6DQWRQLDQ WR (DUO\ &DPSDQLDQ FKDONV DUH SUHVHUYHG LQ WKHVH ZHOOVñ
GHVSLWH WKH OLNHOLKRRG WKDW FDUERQDWH GHSRVLWLRQ ZDV FRQWLQXRXV DFURVV WKH UHJLRQï $Q\
VHGLPHQW GHSRVLWHG GXULQJ WKLV SHULRG ZRXOG KDYH EHHQ HURGHG SULRU WR WKH RQVHW RI WKH QH[W
SKDVH RI GHSRVLWLRQï ,Q RUGHU WR GR WKLV RQ VXFK D ZLGH VFDOH LW LV UHDVRQDEOH WR VXVSHFW WKDW D
UHJLRQDO SKDVH RI XSOLIW RFFXUUHG ZLWKLQ WKH (DUO\ &DPSDQLDQ ZKLFK VWULSSHG DQ\ FKDON
GHSRVLWV RII WKHVH SRVLWLYH VWUXFWXUHVï

5HFHQW ZRUN E\ 0RUWLPRUH ÷ 3RPHURO õìääæô DQG 0RUWLPRUH HW DOï õìääåô KDV LQGLFDWHG
PDMRU SHULRGV RI WHFWRQLF DFWLYLW\ ZKLFK FDQ EH LGHQWLILHG ZLWKLQ WKH RQVKRUH VHFWLRQV RI WKH
$QJORð3DULV %DVLQ DQG 1RUWKHUQ *HUPDQ\ï ,W LV WKH FRQWHQWLRQ KHUH WKDW WKHVH VDPH PDMRU
WHFWRQLF SKDVHV ZHUH LQVWUXPHQWDO LQ WKH DFWLYDWLRQ DQG UHðDFWLYDWLRQ RI IDXOW OLQHV ZLWKLQ WKH
&HQWUDO *UDEHQ UHJLRQ ZKLFK GHOLQHDWHG WKH VWUXFWXUHV ZLWKLQ WKH VWXG\ DUHDï

7KH SKDVHV LGHQWLILHG E\ 0RUWLPRUH HW DOïõRSï FLWïô DUHã

(DUO\ ,OVHGH ð /DWH 7XURQLDQ ð (DUO\ &RQLDFLDQ

0DLQ ,OVHGH ð 0LGî/DWH &RQLDFLDQ ð HDUOLHVW 6DQWRQLDQ

:HUQLJHURGH ð /DWH 6DQWRQLDQ

3HLQH ð 0LG &DPSDQLDQ

7R WKHVH FDQ EH DGGHG VHYHUDO VPDOOHU WHFWRQLF HSLVRGHV NQRZQ WR RFFXU GXULQJ WKH (DUO\
0DDVWULFKWLDQ DQG LGHQWLILHG LQ 1RUWK *HUPDQ VHFWLRQVñ ZKLFK SUHFHGH WKH RQVHW RI WKH PDLQ
û/DUDPLGHû WHFWRQLFV ZKLFK UHVXOWHG LQ FRQVLGHUDEOH WHFWRQLVP DQG XSOLIW GXULQJ WKH /DWH
0DDVWULFKWLDQ XS WR DQG LQFOXGLQJ WKH &UHWDFHRXVî7HUWLDU\ ERXQGDU\ VHFWLRQï
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'HFHPEHU ìäää &KDSWHU éã %LRVWUDWLJUDSK\ ð ìçè ð

7KH H[DPSOH FLWHG DERYH IURP /LQH é LOOXVWUDWHV WKH ODFN RI VHGLPHQW SUHVHUYHG LQ WKH DUHD
UHSUHVHQWLQJ WKH PLG 6DQWRQLDQ WR (DUO\ &DPSDQLDQ LQWHUYDOï *LYHQ WKH WLPLQJ RI WKH
:HUQLJHURGH DQG 3HLQH WHFWRQLF SKDVHVñ LW LV PRVW OLNHO\ WKDW DQ\ VHGLPHQW GHSRVLWHG GXULQJ
WKLV WLPH ZHUH OLNHO\ WR EH UDSLGO\ HURGHG DV D UHVXOW RI XSOLIW FDXVHG DW WKH HQG 6DQWRQLDQ RU
GXULQJ WKH PLG &DPSDQLDQï

7KH VDPH /LQH ê DOVR VKRZV HYLGHQFH IURP DW OHDVW WKUHH RI WKH ZHOOV VWXGLHG IRU D VLPLODU
EUHDN LQ VHGLPHQW SUHVHUYDWLRQ RYHU WKH ODWHVW (DUO\ ð 0LGGOH 7XURQLDQ LQWHUYDOï 7KH WLPLQJ RI
WKH HDUO\ SKDVH RI WKH 3HLQH WHFWRQLF HSLVRGH PD\ ZHOO DFFRXQW IRU XSOLIW DORQJ WKHVH VWUXFWXUHV
UHVXOWLQJ LQ VHGLPHQW HURVLRQ SULRU WR WKH VXEVHTXHQW RQVHW RI GHSRVLWLRQ GXULQJ WKH ODWHVW
7XURQLDQï

$GGLWLRQDO SHULRGV RI UHJLRQDO QRQðSUHVHUYDWLRQ RI VHGLPHQWV FDQ DOVR EH UHFRJQLVHG RQ WKH
û*DSRJUDPVû DFURVV WKH &UHWDFHRXVî7HUWLDU\ ERXQGDU\ DQG SRVVLEO\ FORVH WR WKH
&DPSDQLDQî0DDVWULFKWLDQ 6WDJH ERXQGDU\ñ DOWKRXJK WKH ODWWHU LV RQO\ LGHQWLILHG SRVLWLYHO\ LQ D
YHU\ OLPLWHG QXPEHU RI ZHOOVï &HUWDLQO\ñ GXULQJ WKH 0DDVWULFKWLDQ DQG 'DQLDQñ WKHUH LV ZHOO
HVWDEOLVKHG HYLGHQFH IRU WKH DOORFKWKRQRXV UHðGHSRVLWLRQ RI FKDONV E\ PDVVðIORZ DQG WXUELGLW\
FXUUHQW PHFKDQLVPVï 7KHVH FRXOG HDVLO\ KDYH EHHQ LQLWLDWHG E\ WKH WHFWRQLF SXOVHV ZKLFK DUH
NQRZQ WR KDYH RFFXUUHG GXULQJ WKLV SHULRG RI WLPHï

7KH V\VWHPDWLF DQDO\VLV RI &KDON VHTXHQFHV VXFK DV WKDW FDUULHG RXW XVLQJ WKH û*DSRJUDPû
WHFKQLTXH FDQ FOHDUO\ EH XVHG DV DQ LQWHUSUHWLYH WRRO LQ WKH UHJLRQDO HYDOXDWLRQ RI /DWH
&UHWDFHRXV VHGLPHQWVï ,W HPSKDVLVHV WKH LPSRUWDQFH RI GHWDLOHG ELRVWUDWLJUDSKLF DQDO\VLV LQ
RUGHU WR HVWDEOLVK WKH DFFXUDWH VWUDWLJUDSK\ IRU LQGLYLGXDO ZHOOVï 7KH LGHQWLILFDWLRQ RI GLVFUHWH
ûSDFNDJHV RI VHGLPHQWû FDQ WKHQ EH XWLOLVHG LQ WKH EURDGHU VHTXHQWLDO LQWHUSUHWDWLRQ RI WKH
UHJLRQ DQG WKH VHLVPLF PDSSLQJ FDUULHG RXW DV SDUW RI WKLV RYHUDOO VWXG\ï
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ð ìçç ð &KDSWHU éã %LRVWUDWLJUDSK\ 'HFHPEHU ìäää

éïæ /LVW RI LOOXVWUDWLRQV IRU ]RQDO LQGH[ WD[D DQG VHOHFWHG
VWUDWLJUDSKLFDOO\ LPSRUWDQW VSHFLHV

éïæïì 0LFURIDXQDO 0DUNHUV

$QJXORJDYHOLQHOOD EHWWHQVWDHGWL +RINHU )LJï çñ 3Oï ;;;9,,,ñ LQ +DQ]OLNRYD õìäæëô
$UDJRQLD DUDJRQHQVLV õ1XWWDOOô )LJï ììñ 3Oï ìêñ LQ .RFK õìäææô
%ROLYLQRLGHV GUDFR õ0DUVVRQô )LJVïë ÷ êñ 3Oï ìëñ LQ .RFK õìäææô
%ROLYLQRLGHV PLOLDULV õ+LOWHUPDQQ ÷ .RFKô )LJïéñ 3Oï ìëñ LQ .RFK õìäææô
'LFW\RPLWUD FRQVWULFWD
(RJORELJHULQD DIIï WULYLDOLV
*ORERFRQXVD GDXEMHUJHQVLV õ%U|QQLPDQQô )LJVïç ð åñ 3Oï æñ LQ .RFK õìäææô
*ORERURWDOLWHV SVHXGREXOORLGHVõ3OXPPHUô )LJVïê ÷ éñ 3Oï æñ LQ .RFK õìäææô
/LQJXORJDYHOLQHOOD FLU\L LQIODWD0DODSULVð%L]RXDUG

)LJVï ìí ÷ ììñ 3Oåïëñ LQ .LQJ HW DOï õìäåäôï
/LQJXORJDYHOLQHOOD JORERVD õ%URW]HQô )LJVïåðìíñ 3Oïæïìåñ LQ +DUW HW DOï õìäåäôï
0DUJLQRWUXQFDQD PDUJLQDWD õ5HXVVô )LJVï ì÷ ëñ 3/ïçêñ LQ 5REDV]\QVNL HW DOï õìäæäôï
2UELFXOLIRUPD YDFDHQVLV õ3HVVDJQRô )LJVï ìðçñ 3Oïìæ LQ 3HVVDJQR õìäæêô
3UDHJORERWUXQFDQD DXPDOHQVLV õ6LJDOô )LJïìñ 3Oïéëñ LQ 5REDV]\QVNL HW DOï õìäæäôï
3UDHJORERWUXQFDQD JLEED .ODXV )LJVïì ÷ ëñ 3Oïééñ LQ 5REDV]\QVNL HW DOï õìäæäôï
3UDHJORERWUXQFDQD VWHSKDQL õ*DQGROILô )LJVïìð êñ 3Oïéåñ LQ 5REDV]\QVNL HW DOï õìäæäôï
3ODQRURWDOLWHV DUFKDHRFRPSUHVVD
3ODQRURWDOLWHV FRPSUHVVD õ3OXPPHUô )LJï èñ 3Oï æñ LQ .RFK õìäææôï
3VHXGRWH[WXODULD HOHJDQV õ5]HKDNô )LJVïè ÷ çñ 3Oï ìèñ LQ .RFK õìäææôï
5DFHPLJXHPEHOLQD IUXFWLFRVD õ(JJHUô )LJï äñ 3Oï ;;,9ñ LQ +DQ]OLNRYD õìäæëôï
5RVLWD FRQWXVD õ&XVKPDQô )LJVïì ÷ ëñ 3Oïêæñ LQ 5REDV]\QVNL HW DOï õìäåéôï
5RWDOLSRUD FXVKPDQL õ0RUURZô )LJVïì÷ ëïñ 3Oïåñ LQ 5REDV]\QVNL HW DOï õìäæäôï
5XJRJORELJHULQD VSSï %U|QQLPDQQ )LJVïì ð åñ 3Oïéäñ LQ 5REDV]\QVNL HW DOï õìäåéôï

éïæïë 1DQQRIORUDO 0DUNHUV

7RZHLXV SHUWXVXV õ6XOOLYDQ ìäçèô 5RPHLQ ìäæä
)LJï ëíñ 3Oï æïëñ LQ 9DURO õìääåô

&KLDVPROLWKXV HGHQWXOXV YDQ +HFN ÷ 3ULQV ìäåæ
)LJï ìêñ 3Oï ìñ LQ YDQ +HFN ÷ 3ULQV õìäåæô

3ULQVLXV PDUWLQLL õ3HUFK 1LHOVHQ ìäçäô +DT ìäæì
)LJï ìåñ 3Oï æïëñ LQ 9DURO õìääåô

1HRFKLDVWR]\JXV SHUIHFWXV 3HUFK 1LHOVHQ ìäåì
)LJï ëêñ 3Oï æïìñ LQ 9DURO õìääåô

3ULQVLXV GLPRUSKRVXV õ3HUFK 1LHOVHQ ìäçäô 3HUFK 1LHOVHQ ìäææ
)LJï ëéñ 3Oï æïëñ LQ 9DURO õìääåô

1HRFKLDVWR]\JXV HRVDHSHV 3HUFK 1LHOVHQ ìäåì
)LJï ëíñ 3Oï ìñ LQ YDQ +HFN ÷ 3ULQV õìäåæô

1HRFKLDVWR]\JXV VDHSHV 3HUFK 1LHOVHQ ìäæì )LJï ìäñ 3Oï æïìñ LQ 9DURO õìääåô
1HRFKLDVWR]\JXV PRGHVWXV 3HUFK 1LHOVHQ ìäæì

)LJï ìèñ 3Oï ìñ LQ YDQ +HFN ÷ 3ULQV õìäåæô
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'HFHPEHU ìäää &KDSWHU éã %LRVWUDWLJUDSK\ ð ìçæ ð

(OOLSVROLWKXV PDFHOOXV õ%UDPOHWWH ÷ 6XOOLYDQ ìäçìô 6XOOLYDQ ìäçé
)LJï çñ 3Oï æïèñ LQ 9DURO õìääåô

1HRFUHSLGROLWKXV IRVVXV õ5RPHLQ ìäææô 5RPHLQ ìäæä
)LJï ìèñ 3Oï æïìñ LQ 9DURO õìääåô

3ULQVLXV WHQXLFXOXV õ2NDGD ÷ 7KLHUVWHLQ ìäæäô 3HUFK 1LHOVHQ ìäåé
)LJï ëåñ 3Oï æïëñ LQ 9DURO õìääåô

+RUQLEURRNLQD HGZDUGVLL 3HUFK 1LHOVHQ ìäææ
)LJï èñ 3Oï æïìñ LQ 9DURO õìääåô

&KLDVPROLWKXV GDQLFXV õ%URQW]HQ ìäèäô H[ YDQ +HFN ÷ 3HUFK 1LHOVHQ ìäåæ
)LJï æñ 3Oï ìëïêñ LQ 9DURO õìäåäô

&RFFROLWKXV SHODJLFXV õ:DOOLFK ìåæìô 6FKLOOHU ìäêí
)LJï æñ 3Oï æïêñ LQ 9DURO õìääåô

&UXFLSODFROLWKXV LQWHUPHGLXV YDQ +HFN ÷ 3ULQV ìäåæ
)LJï ìêñ 3Oï æïêñ LQ 9DURO õìääåô

&UXFLSODFROLWKXV SULPXV 3HUFK 1LHOVHQ ìäææ )LJï ìëñ 3Oï æïêñ LQ 9DURO õìääåô
3ODFR]\JXV VLJPRLGHV õ%UDPOHWWH ÷ 6XOOLYDQ ìäçìô 5RPHLQ ìäæä

)LJï êñ 3Oï æïêñ LQ 9DURO õìääåô
1HSKUROLWKXV IUHTXHQV *yUND ìäèæ )LJï ìëñ 3Oï çïèñ LQ %XUQHWW HW DOï õìääåô
&ULEURVSKDHUD GDQLDH 3HUFK 1LHOVHQ ìäæê )LJï äñ 3Oï çïèñ LQ %XUQHWW HW DOï õìääåô
6HULELVFXWXP SULPLWLYXP õ7KLHUVWHLQ ìäæéô )LOHZLF] LQ :LVH ÷ :LQG ìäææ

)LJï äñ 3Oï çïçñ LQ %XUQHWW HW DOï õìääåô
*DUWQHUDJR REOLTXXP õ6WUDGQHU ìäçêô 1RsO ìäæí

)LJï êñ 3Oï çïäñ LQ %XUQHWW HW DOï õìääåô
=HXJUKDEGRWXV FRPSDFWXV )LJï ìëñ 3Oï çïëñ LQ %XUQHWW HW DOï õìääåô

õ =ï ELFUHVFHQWLFXV õ6WRYHU ìäççô %XUQHWW LQ
*DOH HW DOï ìääçô

&DOFXOLWHV REVFXUXV õ'HIODQGUH ìäèäô 3ULQV ÷ 6LVVLQJK LQ 6LVVLQJK ìäææô
)LJï ëñ 3Oï çïììñ LQ %XUQHWW HW DOï õìääåô

5HLQKDUGWLWHV OHYLV 3ULQV ÷ 6LVVLQJK LQ 6LVVLQJK ìäææ
)LJï äñ 3Oï çïëñ LQ %XUQHWW HW DOï õìääåô

7UDQROLWKXV RULRQDWXV õ5HLQKDUGW ìäççDô 5HLQKDUGW ìäççE
)LJï æñ 3Oï çïëñ LQ %XUQHWW HW DOï õìääåô

%URLQVRQLD SDUFD õ6WUDGQHU ìäçêô %XNU\ ìäçä VVSï FRQVWULFWD +DWWQHU HW DOï ìäåí
)LJï ìèñ 3Oï çïåñ LQ %XUQHWW HW DOï õìääåô

5HLQKDUGWLWHV DQWKRSKRUXV õ'HIODQGUH ìäèäô 3HUFK 1LHOVHQ ìäçå
)LJï ìíñ 3Oï çïëñ LQ %XUQHWW HW DOï õìääåô

%URLQVRQLD SDUFD õ6WUDGQHU ìäçêô %XNU\ ìäçä VSSï SDUFD
)LJï ìêñ 3Oï çïåñ LQ %XUQHWW HW DOï õìääåô

+HWHURPDUJLQDWXV EXJHQVLV õ*yUND ìäèæô &UX[ LQ &UX[ HW DOï ìäåë
)LJï èñ 3Oï çïìñ LQ %XUQHWW HW DOï õìääåô

(LIIHOOLWKXV H[LPLXV õ6WRYHU ìäççô 3HUFK 1LHOVHQ ìäçå
)LJï ëëñ 3Oï çïêñ LQ %XUQHWW HW DOï õìääåô

2UDVWUXP FDPSDQHQVLV õ&HSHN ìäæíô :LQG ÷ :LVH LQ :LVH ÷ :LQG ìäææ
)LJï ìåñ 3Oï çïììñ LQ %XUQHWW HW DOï õìääåô

+HOLFROLWKXV WUDEHFXODWXV õ*yUND ìäèæô 9HUEHHN ìäææ
)LJï ëäñ 3Oï çïêñ LQ %XUQHWW HW DOï õìääåô

%LILGDOLWKXV JHPLQLFDWLOOXV 9DURO ìääì )LJï ëëñ 3Oï çïììñ LQ %XUQHWW HW DOï õìääåô
&\OLQGUDOLWKXV ELDUFXV %XNU\ ìäçä )LJï ëêñ 3Oï çïéñ LQ %XUQHWW HW DOï õìääåô
/LWKDVWULQXV JULOOLL 6WUDGQHU ìäçë )LJï äñ 3Oï çïìêñ LQ %XUQHWW HW DOï õìääåô
6DHSLRYLUJDWD ELIHUXOD 9DURO ìääì )LJï ìçñ 3Oï çïììñ LQ %XUQHWW HW DOï õìääåô
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%URLQVRQLD HQRUPLV õ6KXPHQNR ìäçåô 0DQLYLW ìäæì
)LJï ìåñ 3Oï çïåñ LQ %XUQHWW HW DOï õìääåô

&\OLQGUDOLWKXV FUDVVXV 6WRYHU ìäçç )LJïììñ RQ )LJïæì LQ 3HUFK 1LHOVHQ õìäåèô
$UNKDQJHOVNLHOOD F\PELIRUPLV 9HNVKLQD ìäèä

)LJï êñ 3Oï çïåñ LQ %XUQHWW HW DOï õìääåô
/XFLDQRUKDEGXV FD\HX[LL 'HIODQGUH ìäèä )LJï ìçñ 3Oï çïìíñ LQ %XUQHWW HW DOï õìääåô
4XDGUXP HSWDEUDFKLXP 9DURO ìääë )LJï éñ 3Oï æñ LQ 9DURO õìääëô
7RUWROLWKXV ¦YLUJLQLFD§ %HUJHQ ìäää )LJï ëìñ 3Oï çïäñ LQ %XUQHWW HW DOï õìääåô

õ 7ï FDLVWRUHQVLV &UX[ LQ &UX[ HW DOï ìäåëô
4XDGUXP LQWHUPHGLXP 9DURO ìääë )LJï êñ 3Oï æñ LQ 9DURO õìääëô
+HOLFROLWKXV WXURQLFXV 9DURO ÷ *LUJLV ìääé )LJï êíñ 3Oï çïêñ LQ %XUQHWW HW DOï õìääåô
0LFXOD VWDXURSKRUD õ*DUGHW ìäèèô 6WUDGQHU ìäçê

)LJï ëèñ 3Oï çïìêñ LQ %XUQHWW HW DOï õìääåô
/LWKDVWULQXV VHSWHQDULXV )RUFKHLPHU ìäæë )LJï æñ 3Oï çïìêñ LQ %XUQHWW HW DOï õìääåô
.DPSWQHULXV PDJQLILFXV 'HIODQGUH ìäèä )LJï ìèñ 3Oï çïäñ LQ %XUQHWW HW DOï õìääåô
5HWHFDSVD ILFXOD õ6WRYHU ìäççô %XUQHWW ìääåE

)LJï åñ 3Oï çïæñ LQ %XUQHWW HW DOï õìääåô
4XDGUXP JDUWQHUL 3ULQV ÷ 3HUFK 1LHOVHQ LQ 0DQLYLW HW DOï ìäææ

)LJï ìëDñ 3Oï çïìêñ LQ %XUQHWW HW DOï õìääåô
+HOHQHD FKLDVWLD:RUVOH\ ìäæì )LJï ìéñ 3Oï çïæñ LQ %XUQHWW HW DOï õìääåô
/LWKUDSKLGLWHV DFXWXV 9HUEHHN ÷ 0DQLYLW LQ 0DQLYLW HW DOï ìäææ

)LJï ìéñ 3Oï çïìëñ LQ %XUQHWW HW DOï õìääåô
*DUWQHUDJR VHJPHQWDWXP õ6WRYHU ìäççô 7KLHUVWHLQ ìäæé

)LJï æñ 3Oï çïäñ LQ %XUQHWW HW DOï õìääåô
&RUROOLWKLRQ NHQQHG\L &UX[ ìäåì )LJï ìçDñ 3Oï çïéñ LQ %XUQHWW HW DOï õìääåô
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&KDSWHU è 6WUDWLJUDSKLF )UDPHZRUN ð ìçä ð

è $ -2,17 &+$/. 675$7,*5$3+,& )5$0(:25.

èïì 1RUWK 6HD &HQWUDO *UDEHQ IRUPDO FKDON OLWKRVWUDWLJUDSKLF
QRPHQFODWXUH

7KH ILUVW IRUPDO OLWKRVWUDWLJUDSKLF QRPHQFODWXUH IRU WKH FHQWUDO DQG QRUWKHUQ 1RUWK 6HD ZDV
SXEOLVKHG E\ 'HHJDQ ÷ 6FXOO LQ ìäææï 7KH &UHWDFHRXV DQG 7HUWLDU\ IRU 1RUZHJLDQ DUHDV ZDV
ODWHU UHYLVHG E\ ,VDNVHQ DQG 7RQVWDG õìäåäôï /LHEHUNLQG HW DOï SXEOLVKHG DQ LQIRUPDO
QRPHQFODWXUH IRU WKH FKDONV LQ WKH 'DQLVK &HQWUDO *UDEHQ LQ ìäåëï )RU 8. 1RUWK 6HDñ .QR[
DQG &RUGH\ SXEOLVKHG D UHYLVHG OLWKRVWUDWLJUDSK\ LQ ìääêï ,Q WKH -&5 &KDON 0RQRJUDSK
FRPSLOHG E\ $QGHUVHQ õìääèôñ 1RUWK 6HD FKDON OLWKRVWUDWLJUDSK\ LV VXPPDUL]HGï 7KH
VWUDWLJUDSKLF QRPHQFODWXUH IRU FKDON IRUPDWLRQV LQ WKH &HQWUDO *UDEHQ XVHG LQ WKH -&5 3KDVH
,9 LV VKRZQ LQ ILJXUH èðì EHORZï
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6KDOH
&KDON

0RGHUDWH WR VLJQLILFDQW JDS DORQJ WKH 7RU2+RG ERXQGDU\

)LJXUH èðìã &UHWDFHRXV DQG 3DOHRFHQH KLVWRULFDO OLWKRVWUDWLJUDSK\



-RLQW &KDON 5HVHDUFK $ MRLQW &KDON 6WUDWLJUDSKLF )UDPHZRUN

&KDSWHU è 6WUDWLJUDSKLF )UDPHZRUN ð ìæí ð

7KLV IRUPDO OLWKRVWUDWLJUDSKLF QRPHQFODWXUH LV EDVHG RQ WKH JXLGHOLQHV RI WKH ,QWHUQDWLRQDO
6XEFRPPLVVLRQ RQ 6WUDWLJUDSKLF QRPHQFODWXUH õ+HGEHUJ ìäæçô DQG û5HJOHU RJ UnG IRU
QDYQVHWWLQJ DY JHRORJLVNH HQKHWHU L 1RUJHû õ1\VWXHQ ìäåçôï 7\SH DQG UHIHUHQFH ZHOOV DUH
VHOHFWHG EDVHG RQ FRPSOHWHQHVV RI VHFWLRQñ TXDOLW\ RI HOHFWULFDO ORJV DQG DYDLODELOLW\ RI FRUHVï
7KH 1RUZHJLDQ IRUPDWLRQV DUH QDPHG IURP 1RUVH P\WKRORJ\ RU DIWHU 1RUZHJLDQ û9LNLQJû
NLQJVï 7KH QRPHQFODWXUH LV OLPLWHG WR WZR FDWHJRULHV RI OLWKRVWUDWLJUDSKLFDO VXEGLYLVLRQâ
JURXSV DQG IRUPDWLRQVï 6RPH DGGLWLRQDO LQIRUPDO ORFDO VXEGLYLVLRQ LV DOVR VXJJHVWHGï $JHV
UHIHUUHG WR DUH RI VWDJH OHYHO IRU WKH &UHWDFHRXV DQG VHULHV OHYHO IRU WKH 7HUWLDU\ï

7DEOH èðì LOOXVWUDWHV WKH FRUUHODWLRQ EHWZHHQ WKH OLWKRVWUDWLJUDSKLF FKDON IRUPDWLRQV DQG WKH
DJH RI WKH FKDONñ DV SUHVHQWHG E\ ,VDFKVHQ DQG 7RQVWDG õìäåäôï $V VKRZQñ WKH (NRILVN DQG
9LGDU IRUPDWLRQV PD\ FRQVWLWXWH UHZRUNHG FKDON RI ROGHU DJHñ FDXVLQJ SRWHQWLDO FRQIXVLRQ
DERXW WKH IRUPDO OLWKRVWUDWLJUDSKLF QDPH RI WKH FKDONï

*URXS )RUPDWLRQ $JH
2ULJLQ RI FKDON LQ
1RUZHJLDQ DQG

QRUWKHUQPRVW 'DQLVK
&HQWUDO *UDEHQ

2ULJLQ RI FKDON LQ
'DQLVK &HQWUDO *UDEHQ

5RJDODQG 9LGDU /DWH 3DOHRFHQH 5HZRUNHG ODWH
&UHWDFHRXVñ PDLQO\
0DDVWULFKWLDQ FKDON

1RW SUHVHQW

6KHWODQG (NRILVN 'DQLDQ 5HZRUNHG
0DDVWULFKWLDQñ SHODJLF
DQG UHZRUNHG 'DQLDQ
FKDONV

3HODJLF DQG LQWUDð
IRUPDWLRQDO UHZRUNLQJ

6KHWODQG 7RU /DWH &DPSDQLDQð
0DDVWULFKWLDQ

3HODJLF DQG LQWUDð
IRUPDWLRQDO UHZRUNLQJ

3HODJLF DQG LQWUDð
IRUPDWLRQDO UHZRUNLQJ

6KHWODQG +RG 7XURQLDQðHDUO\
&DPSDQLDQ

3HODJLF DQG LQWUDð
IRUPDWLRQDO UHZRUNLQJ

3HODJLF DQG LQWUDð
IRUPDWLRQDO UHZRUNLQJ

7DEOH èðìã )RUPDO &KDON IRUPDWLRQV LQ WKH &HQWUDO *UDEHQ DUHD

,Q DGGLWLRQ WR UHZRUNLQJ RI WKH FKDONñ WKH ELRVWUDWLJUDSKLF GDWD KDYH UHYHDOHG WKH SUHVHQFH RI
WLPH JDSVñ UHSUHVHQWLQJ QRQðGHSRVLWLRQñ HURVLRQ RU IDXOWLQJ RXWñ EHWZHHQ RU ZLWKLQ WKH FKDON
IRUPDWLRQVï

7KH OLWKRVWUDWLJUDSKLF QRPHQFODWXUH UHOHYDQW IRU WKH RLO DQG JDV UHVHUYRLU VHFWLRQV RI WKH FKDON
ILHOGV LQ WKH 1RUWK 6HD &HQWUDO *UDEHQ KDV EHHQ DGRSWHG DOPRVW FRPSOHWHO\ LQ WKH 1RUZHJLDQ
VHFWRU DQG WR VRPH H[WHQW LQ WKH 'DQLVK VHFWRUï ,W KDV IRU VRPH \HDUV EHHQ UHFRPPHQGHG WR
XVH WKH FKDON IRUPDWLRQ QDPHVñ HïJï +RGñ 7RUñ (NRILVN DQG 9LGDU RQ DOO FKDON ILHOGV LQ WKH
1RUWK 6HD &HQWUDO *UDEHQñ DQG WR NHHS D VWULFW VHSDUDWLRQ EHWZHHQ WKHVH OLWKRVWUDWLJUDSKLF
IRUPDWLRQ QDPHV DQG WKH FKURQRVWUDWLJUDSKLF DJH QDPHVñ VXFK DV 0DDVWULFKWLDQ DQG 'DQLDQï



-RLQW &KDON 5HVHDUFK $ MRLQW &KDON 6WUDWLJUDSKLF )UDPHZRUN

&KDSWHU è 6WUDWLJUDSKLF )UDPHZRUN ð ìæì ð

èïë $ SURSRVHG UHYLVHG &KDON OLWKRVWUDWLJUDSKLF QRPHQFODWXUH

7KH SUHVHQW VWXG\ñ EDVHG RQ WKH FRPSLODWLRQ RI PRUH WKDQ éííí ELRVWUDWLJUDSKLF VDPSOH
DQDO\VHV IURP êè VWXG\ ZHOOV LQ ERWK 1RUZHJLDQñ 'DQLVK DQG 8. VHFWRUVñ UHSUHVHQWV WKH PRVW
WKRURXJK VWUDWLJUDSKLF VWXG\ HYHU SHUIRUPHG RQ WKH 1RUWK VHD FKDONVï &RQFOXVLRQV DQG
UHFRPPHQGDWLRQV IURP WKH VWXG\ ZLOO EH SUHVHQWHG WR WKH QDWLRQDO VWUDWLJUDSKLF FRPPLWWHHVñ LQ
RUGHU WR LQIOXHQFH IRUWKFRPLQJ UHYLVLRQV RI WKH OLWKRVWUDWLJUDSKLF QRPHQFODWXUHVï ,Q WKH
IROORZLQJ VHFWLRQVñ WKH OLWKRVWUDWLJUDSKLF IRUPDWLRQV RU XQLWV DUH GLVFXVVHG RQ EDVLV RI
ELRVWUDWLJUDSK\ñ VHLVPLF GDWD DQG GHSRVLWLRQDO IDFLHVï )LJXUH èðë VKRZV WKH YDULRXV SXEOLVKHG
OLWKRVWUDWLJUDSKLFDO QRPHQFODWXUHV IRU WKH 1RUWK 6HD &HQWUDO *UDEHQñ LQ FRPSDULVRQ WR WKH
VWUDWLJUDSKLF IUDPHZRUN VXJJHVWHG LQ WKLV VWXG\ñ DQG ILJXUH èðë E JLYHV WKH GHWDLOHG UHIHUHQFH
WR WKH ELRVWUDWLJUDSKLF ]RQDO VFKHPHï
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)LJXUH èðëã 1RUWK 6HD &HQWUDO *UDEHQ VWUDWLJUDSKLF IUDPHZRUN

7DEOH èðë VKRZV WKH IRUPDWLRQ ERXQGDU\ SLFNV LQ WKH LQGLYLGXDO VWXG\ ZHOOVï 6RPH ZHOOV DUH
PDUNHG ZLWK 1$ õ1RW $YDLODEOHô LQ FDVHV ZKHUH PLVVLQJ ORJV DQG LQVXIILFLHQW ELRVWUDWLJUDSKLF
HYLGHQFH PDNH ERXQGDU\ SLFNV XQFHUWDLQï 13 õ1RW 3UHVHQWô PHDQV WKDW WKH IRUPDWLRQ LV QRW



-RLQW &KDON 5HVHDUFK $ MRLQW &KDON 6WUDWLJUDSKLF )UDPHZRUN

&KDSWHU è 6WUDWLJUDSKLF )UDPHZRUN ð ìæë ð

SRVLWLYHO\ UHFRJQLVHG IURP ORJV RU ELRVWUDWLJUDSKLF GDWDï 'HSWKV DUH VKRZQ LQ IHHW RU PHWHUV
DFFRUGLQJ WR RULJLQDO ORJV RU LQ ERWK WR IDFLOLWDWH FRPSDULVRQ ZLWK QHDUE\ ZHOOVï

ZHOO 7RSð%DVH
9LGDU

7RS
9nOH

7RS
(NRILVN

7RS
7RU

7RS
0DJQH

7RS
7KXG

7RS
1DUYH

7RS
%ORG�NV

ìîêðì ìíìèæðìíêëçö
êíäçðêìéæñèP

ìíèéåö
êëìèP

ìíçåçö
êëèæP

ììíëæö
êêçíñäP

ìëèéä©
êåëèP

ìêìèçö
éíìí P

ìéíêë
éëææP

ìéêíìö
éêèäP

ìîêðå ìíèíæðìíæçéö
êëíëñèðêëåìP

ììííçö
êêèéñèP

ììíæíö
êêæéP

ììéìçö
êéæäñèP

ìëäççö
êäèëP

ìêèêêö
éìëèP

ìéëëäö
éêêæP

ìéåëäö
éèëíP

ìîäðì 13 äåäëö
êíìèP

ääæíö
êíêäP

ìíìåíö
êìíêP

ìíåìåö
êëäæñëP

13 ìíäíèö
êêëéP

ììäæçö
êçèíñèP

ëîëðë 13 13 13 ëèìêñèP ëæíèñèP 13 13 13

ëîëðê ëäçèðêííéP 13 êíìçñèP êíäíñè êéííP 13 13 13

ëîéð$ðå 13 ìííæçö ìíììêö ìíèççö 13 13 13 13

ëîéð%ðìä 13 äæììö äæææö ìíëìëö 13 ììêåìö ììèììö ìëæçëö

ëîéð%ðìä$î7ë 13 äæçæö äåêçö ìíëæäö 13 13 13 13

ëîèðì 13 13 ääææö
êíéìP

ìíëæçö
êìêëP

ììêääö
êéæéñèP

13 ììçíçö
êèêæñçP

ìë íçí©
êçæçP

ëîèðæ êìçåñèðêìæèP êìåäñäP êëíéP êêéæP êæëçP êäèèñèP êäåêP 13

ëîèðä 13 êëèíP êëèäñèP êêåíñéP êæéèñæP 13 êåäæP éíææñèP

ëîæðë 13 äçéäö äæìèö äåèçö ìíéèéö ììëëíö ììéèåö ìëëåìö

ëîæðé 13 ìííäèö ìíìçéö ìíéèåö ìíååìñéö 13 13 13

ëîæðå 13 13 äæééö 13 ääéêö ìíëæêö ìíéçíö 13

ëîæðìè 13 äæååö äåèçö 13 ääçæö ìíêëåö ìíéêêö ììíêæö

ëîæðêí 13 ìíëçäö ìíêêèö ìíçêèö ìí äëí© ììëíìö 13 13

ëîæð%ðìì 13 äæèéö äåíèö ìííèçö ìíéìêö 13 ìíéçíö ìíäëèö

ëîåð$ðì 13 13 ëéçæP ëéæíP ëéäæP 13 ëèíìñèP ëèåìñè

ëîììð$ðë 13 13 êêæêP êêæåñè êéëæïéP êéåçP êéäåP êçíæñèP

ëîììð$ðë7ë 13 13 êêæêP êêæåñè êéëæïéP êéåçP êéäåP êçíæñèP

ëîììð$ëð7ê 13 13 êêæêP êêæåñè êéëæïéP êéåçP êéäåP êçíæñèP

0)%ðæ 13 æêêìö æêèæö æéçéö 13 13 13 13

0ðä; 13 13 çéìçö çèèíö 13 13 13 13

(ðé; 13 13 1$ ççêèö æëíæö 13 13 13

5RDUðë 13 13 ççéìö
ëíëéñëP

çæéíö
ëíèéñéP

çåæåö
ëíäçñèP

çääíö
ëìêíP

æëìåö
ëëííP

æäæäö
ëéêë P

5RDUðë$ 13 13 ççéìö
ëíëéñëP

çæéíö
ëíèéñéP

çåæåö
ëíäçñèP

çääíö
ëìêíP

æëìåö
ëëííP

æäæäö
ëéêë P

$GGDðë 1$ 1$ 1$ æíìèö æíäëö æìæíö æëçíö æçéíö

$GGDðê 1$ 1$ 1$ 1$ 1$ 1$ 1$ 1$

%2ðì çæèíö çæçíö çåìçö çåæë çäèèö æëçíö

%DURQðë 13 13 ëåëçñèP 13 ëååçñèP ëäíéïåP ëäëçP ëäèêñèP

/XOXì 13 åäéíö äíëåö äêçíö ìíéççö 13 13 13

0RQDðì 13 äåæêö ääíåö ìíëæåö ìììäèö 13 ììëìëö 13

êíîæDðë 13 ìííççö ìííåæö ìíêææö ìíåäæö ìììèéïæö ììèìëö ìë èèèïå©

êìîëçDðìí 13 åìéåö åëíæö åêçíö åçìæö 13 " åäçêö

7DEOH èðëã )RUPDWLRQ WRSV õLQ 0HDVXUHG 'HSWKô LQ VWXG\ ZHOOV



-RLQW &KDON 5HVHDUFK $ MRLQW &KDON 6WUDWLJUDSKLF )UDPHZRUN

&KDSWHU è 6WUDWLJUDSKLF )UDPHZRUN ð ìæê ð

)LJXUH èðé VKRZV WKH -&5 SURSRVHG IRUPDWLRQV LQ D VHTXHQFH VWUDWLJUDSKLF IUDPHZRUN LQ WKH
W\SHîUHIHUHQFH ZHOO ìîêðìï

6HTXHQFH VWUDWLJUDSKLF RYHUYLHZñ ZHOO ìîêðì

6HTXHQFH ERXQGDU\ñ WUDQVJUHVVLRQ

)RUPDWLRQ ERXQGDU\ñ WLPH WUDQVJUHVVLYH

6HTXHQFH ERXQGDU\ñ VPDOO KLDWXV

%DVLQ LQILOOñ
LQFUHDVLQJ DPRXQW RI
UHZRUNHG VHGLPHQWV

)RUPDWLRQ ERXQGDU\

6HTXHQFH ERXQGDU\ñ PDMRU RQODS

6HTXHQFH ERXQGDU\ñ RQODSñ KLDWXV

6HTXHQFH GHYHORSHG
RQO\ LQ EDVLQDO VHWWLQJ

6HTXHQFH FRQGHQVHG RQ KLJKVñ
KDUGJURXQGV ORFDOO\

6HTXHQFH ERXQGDU\ñ RQODS

5HZRUNHG FKDON

)LJXUH èðéã :HOO UHIHUHQFH VHFWLRQ ìîêðì



-RLQW &KDON 5HVHDUFK $ MRLQW &KDON 6WUDWLJUDSKLF )UDPHZRUN

&KDSWHU è 6WUDWLJUDSKLF )UDPHZRUN ð ìæé ð

èïê 7XURQLDQ WR &DPSDQLDQ FKDON VWUDWLJUDSKLF IUDPHZRUN

7KH RULJLQDO +RG )RUPDWLRQ õFIï 'HHJDQ DQG 6FXOOñ ìäææô ZDV LQIRUPDOO\ VSOLW LQWR D /RZHUñ
0LGGOH DQG 8SSHU XQLW õ,VDNVHQ DQG 7RQVWDGñ ìäåäôï ,Q WKLV VWXG\ñ DQ DOWHUQDWLYH VXEGLYLVLRQ
RI WKH 7XURQLDQð&DPSDQLDQ VHFWLRQ LV SUHVHQWHGñ SURSRVLQJ WKUHH QHZ IRUPDWLRQ QDPHVñ
1DUYHñ 7KXG DQG 0DJQHñ VWUDWLJUDSKLFDOO\ SODFHG EHWZHHQ WKH %ORG�NV )RUPDWLRQ DQG WKH 7RU
)RUPDWLRQñ VHH ILJXUH èðëï

èïêïì $ SURSRVHG QHZ û+RGû OLWKRVWUDWLJUDSK\

5HFHQW VHLVPLF HYLGHQFH VKRZV WKDW VHGLPHQWV DVVLJQHG WR WKH IRUPDO +RG )RUPDWLRQ DFWXDOO\
UHSUHVHQW WKUHH JHQHWLFDOO\ XQUHODWHG XQLWVñ VXFK WKDW WKH RULJLQDO FRQFHSW RI WKH IRUPDWLRQ
õ'HHJDQ DQG 6FXOOñ ìäææñ ,VDNVHQ ÷ 7RQVWDGñ ìäåäô LV QR ORQJHU WHQDEOHï :H KHUHLQ SURSRVH
WKH QHZ QDPHV 1DUYH õROGHVWôñ 7KXG õLQWHUPHGLDWHô DQG 0DJQH õ\RXQJHVWô IRUPDWLRQV IRU
WKHVH XQLWVñ ZKLFK DUH LQ HIIHFW VHLVPLF VHTXHQFHVï 7KH JHRPHWULFDO UHODWLRQVKLSV EHWZHHQ WKH
XQLWV DUH VKRZQ LQ JHRVHLVPLF FDUWRRQ IRUP RQ ILJXUH èðêï 7KH FULWHULD IRU GHILQLQJ WKHLU
ERXQGDULHV RQ VHLVPLFñ ELRVWUDWLJUDSKLF DQG ZHOO ORJ HYLGHQFH DUH GHVFULEHG EHORZ DQG
VXPPDULVHG LQ WDEOH èðêï 7KLFNQHVV DQG GLVWULEXWLRQñ OLWKRORJ\ DQG IDFLHVñ DQG ELRVWUDWLJUDSKLF
DQG DJH GDWD SHUWDLQLQJ WR WKH SURSRVHG XQLWV DUH DOVR GLVFXVVHG EHORZñ ZLWK IXUWKHU GHWDLOV WR
EH IRXQG HOVHZKHUH LQ WKH WH[W õVHLVPLF VHTXHQFH ERXQGDU\ GHILQLWLRQV DQG WKLFNQHVV DQG
GLVWULEXWLRQ GDWD LQ 6HFWLRQ ëñ OLWKRORJ\ DQG IDFLHV GDWD LQ 6HFWLRQ êñ DQG ELRVWUDWLJUDSKLF DQG
DJH GDWD LQ 6HFWLRQ éôï %RXQGDU\ SLFNV DUH WDEXODWHG LQ WDEOH èðëï ,QGLYLGXDO ZHOO FRPSRVLWH
ORJV KRQRXULQJ WKHVH SLFNV DUH JLYHQ LQ ILJXUHV èðìë WR èðéìï
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)LJXUH èðêã 6FKHPDWLF SUHVHQWDWLRQ RI WKH VHTXHQFH VWUDWLJUDSKLF UHODWLRQVKLSV
EHWZHHQ WKH 1DUYHñ 7KXG DQG 0DJQH IRUPDWLRQV



-RLQW &KDON 5HVHDUFK $ MRLQW &KDON 6WUDWLJUDSKLF )UDPHZRUN

&KDSWHU è 6WUDWLJUDSKLF )UDPHZRUN ð ìæè ð

%RXQGDU\ GHILQLWLRQ
)RUPDWLRQî
ERXQGDU\

6HLVPLF
òîð IHZ WHQV RI PHWUHV
õGHSWK FRQYHUVLRQô

%LRVWUDW
òîð IHZ PHWUHV
õVDPSOLQJô

/RJV
òîð RQH PHWUH
õWRRO UHVROXWLRQô

7RU

7RU î 0DJQH ERXQGDU\ 3RRUO\ LPDJHG
LQWUD8& ìç 8SKROH JDPPD

LQFUHDVH
0DJQH

0DJQH î 7KXG ERXQGDU\ 2QODS VXUIDFH LQWUD8& ìé

7KXG

7KXG î 1DUYH ERXQGDU\ 2QODS VXUIDFH 8& ìì

1DUYH

1DUYH î %ORG�NV
ERXQGDU\

%DVH FKDON UHIOHFWRU
8& ê 'RZQKROH JDPPD

LQFUHDVH
%ORG�NV

7DEOH èðêã 6XPPDU\ RI IRUPDWLRQ ERXQGDU\ GHILQLWLRQV DFFRUGLQJ WR WKH YDULRXV FULWHULD

èïêïë 1DUYH IRUPDWLRQ

1DPHã
1DUYH IRUPDWLRQ õSURSRVHGôï $IWHU WKH 1RUVH JRG 1DUYHñ ZKR ZDV WKH VRQ RI /RNH DQG 6LJ\Q
õ6WXUOXVRQñ ìäèéôï

:HOO 7\SH 6HFWLRQã
ìîêðåñ éèëíðéêêæ P 0'ï )LJXUH èðìê VKRZV WKH IRUPDWLRQ SUHVHQW LQ ZHOO ìîêðåï

:HOO 5HIHUHQFH VHFWLRQã
ëîåð$ðìñ ëèåìñè ð ëèíìñè P 0'ï

/RZHU %RXQGDU\ &KDUDFWHULVWLFVã
3LFNHG SULPDULO\ RQ ELRVWUDWLJUDSKLF DQG ORJ FULWHULDï 7KH ELRVWUDWLJUDSKLF FULWHULRQ LV
SHQHWUDWLRQ RI PLFUR]RQH )&6ìê RU QDQQR]RQH 8&êï 7KH ORJ FULWHULRQ LV D GRZQKROH JDPPD
LQFUHDVH LQGLFDWLQJ SHQHWUDWLRQ RI WKH VKDOHV RI WKH %ORG�NV )RUPDWLRQï

8SSHU %RXQGDU\ &KDUDFWHULVWLFVã
3LFNHG SULPDULO\ RQ VHLVPLF DQG ELRVWUDWLJUDSKLF FULWHULDï 7KH VHLVPLF FULWHULRQ LV DQ RQODS
VXUIDFH õILJXUH èðéôï 7KH ELRVWUDWLJUDSKLF FULWHULRQ LV SHQHWUDWLRQ RI QDQQR]RQH 8&ììï



-RLQW &KDON 5HVHDUFK $ MRLQW &KDON 6WUDWLJUDSKLF )UDPHZRUN

&KDSWHU è 6WUDWLJUDSKLF )UDPHZRUN ð ìæç ð

7KLFNQHVV DQG 'LVWULEXWLRQ WKURXJKRXW 6WXG\ $UHDã
7KH WKLFNQHVV RI WKLV IRUPDWLRQ UDQJHV IURP ]HUR WR D IHZ KXQGUHG PHWUHV LQ WKH VWXG\ ZHOOVï
,W LV DEVHQW LQ WKH ëîë ZHOOV LQ WKH 1RUZHJLDQ 6HFWRU DQG LQ WKH /XOXðì ZHOO LQ WKH 'DQLVK
6HFWRUï ,W LV WKLQ õW\SLFDOO\ OHVV WKDQ ìííP WKLFNô LQ ZHOOV RQ VWUXFWXUDO KLJKV VXFK DV 9DOKDOOð
+RG DQG 7RU LQ WKH 1RUZHJLDQ 6HFWRUñ DQG WKLFNHVW LQ ZHOOV LQ EDVLQDO ORZV VXFK DV WKDW LQ WKH
5RDU DUHD LQ WKH 'DQLVK 6HFWRUñ DQG LQ WKH QRUWKHUQ DQG ZHVWHUQ GHSRFHQWHUV LQ WKH 1RUZHJLDQ
VHFWRUï

/LWKRORJ\ñ 0DLQ 'HSRVLWLRQDO )DFLHV DQG (QYLURQPHQWVã
/LWKRIDFLHV DVVRFLDWHG ZLWK WKH FUHVWDO ELRIDFLHV RQ WKH 9DOKDOO 0HJDVWUXFWXUH õVHH EHORZô DUH
W\SLFDOO\ õWH[WXUDOô PXGVWRQHV DQG ZDFNHVWRQHVï 7KRVH DVVRFLDWHG ZLWK WKH ¦VKDOORZ ZDWHU§
SHODJLF ELRIDFLHV DUH YDULHGñ WKRXJK W\SLFDOO\ ELRWXUEDWHG WR ODPLQDWHG FKDONV RU
LQWHUODPLQDWHG FKDONV DQG FOD\V LQGLFDWLYH RI VORZ VHGLPHQWDWLRQï 7KRVH DVVRFLDWHG ZLWK WKH
¦GHHS ZDWHU§ SHODJLF ELRIDFLHV DUH W\SLFDOO\ PDVVLYH FKDONVï 5HFRJQLWLRQ RI DOORFKWKRQRXV DV
DJDLQVW DXWRFKWKRQRXV FKDONV LV UHQGHUHG GLIILFXOW E\ WKH SRRU EDWK\PHWULF UHVROXWLRQ DIIRUGHG
E\ WKH UDUH EHQWKRQLF IRUDPLQLIHUDï

/LWKRIDFLHV LQ FRUH IURP WKH ëîåð$ðì ZHOO LQFOXGH ELRWXUEDWHG FKDONV ZLWK &KRQGULWHVñ
3ODQROLWHV DQG =RRSK\FRVñ DQG DOVR DOORFKWKRQRXV GHEULV IORZV DQG VOXPSV ZLWK PLFULWLF
PDWULFHV DQG SRO\PLFWîQRQðFKDON FODVWV õVHH DOVR 6HFWLRQ êôñ LQGLFDWLQJ DIILQLW\ ZLWK WKH
¦VKDOORZ ZDWHU§ DQG ¦GHHS ZDWHU§ SHODJLF ELRIDFLHV RI WKH 9DOKDOO 0HJDVWUXFWXUH UHVSHFWLYHO\
õVHH EHORZôï $OORFKWKRQRXV FKDONV DUH DOVR REVHUYHG LQ FRUH IURP 0RQDðìï

%LRIDFLHV DQG LQWHUSUHWHG HQYLURQPHQWV RQ WKH 9DOKDOO 0HJDVWUXFWXUH LQFOXGH WKH IROORZLQJ
õ6LNRUD HW DOïñ LQ -RQHV ÷ 6LPPRQVñ ìäääôã

/RZ 3URGXFWLYLW\ &UHVWDO %LRIDFLHVïð &KDUDFWHULVHG E\ ORZ GLYHUVLW\ñ EXW RIWHQ KLJK
DEXQGDQFH DVVHPEODJHV RI XQNHHOHG SODQNWRQLF IRUDPLQLIHUD DQG UDGLRODULDñ DQG E\ UDUH
EHQWKRQLF IRUDPLQLIHUDï 7KLV LV WKH VKDOORZHVWñ PRVW FUHVWDO ELRIDFLHV VHHQñ WKRXJK SUREDEO\
VWLOO FRPSDUDWLYHO\ GHHS õEHORZ VWRUP ZDYHEDVHôï

¦6KDOORZ :DWHU§ 3HODJLF %LRIDFLHVïð &KDUDFWHULVHG E\ PRGHUDWH DEXQGDQFH DQG GLYHUVLW\
DVVHPEODJHV RI XQNHHOHG DQGñ ORFDOO\ñ NHHOHG SODQNWRQLF IRUDPLQLIHUD DQG UDGLRODULDñ DQG E\
UDUH EHQWKRQLF IRUDPLQLIHUDï 7KLV ELRIDFLHV LV JHQHUDOO\ FHQWUHG RQ WKH FUHVWðIODQN WUDQVLWLRQñ
DQG LQWHUJUDGHV ZLWK WKH ORZ SURGXFWLYLW\ FUHVWDO ELRIDFLHV XSðGLS DQG WKH ¦GHHS ZDWHU§
SHODJLF ELRIDFLHV GRZQðGLSï

¦'HHS :DWHU§ 3HODJLF %LRIDFLHVïð &KDUDFWHULVHG E\ KLJK DEXQGDQFH DQG GLYHUVLW\
DVVHPEODJHV RI õHSLSHODJLFô XQNHHOHG DQG õEDWK\SHODJLFô NHHOHG SODQNWRQLF IRUDPLQLIHUD DQG
UDGLRODULDñ DQG E\ UDUH EHQWKRQLF IRUDPLQLIHUD õLQFOXGLQJ GHHS ZDWHU IRUPV VXFK DV 6WHQVLRLQD
DQG 2VDQJXODULDôï 7KLV ELRIDFLHV LV JHQHUDOO\ FHQWUHG RQ WKH IODQN RU IODQNðEDVLQ WUDQVLWLRQñ
WKRXJK LW LV DOVR UHSUHVHQWHG RQ WKH FUHVWðIODQN WUDQVLWLRQ DQG FUHVW õDW WLPHV RI PD[LPXP
IORRGLQJôï

%LRVWUDWLJUDSKLF &KDUDFWHULVDWLRQã
0LFUR]RQHV )&6ìéð)&6ìåSSâ QDQQR]RQHV 8&éð8&ìì õVHH ILJXUH èðë DQG ILJXUH èðêâ VHH
DOVR &KDSWHU éôï



-RLQW &KDON 5HVHDUFK $ MRLQW &KDON 6WUDWLJUDSKLF )UDPHZRUN

&KDSWHU è 6WUDWLJUDSKLF )UDPHZRUN ð ìææ ð

/RJ SDWWHUQã

7KH 1DUYH IRUPDWLRQ KDV EHHQ SHQHWUDWHG LQ TXLWH PDQ\ ZHOOV LQ WKH 9DOKDOO DUHD õ/LQGHVQHV
5LGJHô DQG LQ WKH cO EDVLQ WR WKH ZHVW RI WKH ULGJHï 7KH JDPPD ORJ SDWWHUQV RI WKHVH ZHOOV
FRUUHODWH ZHOO LQ WKLV DUHDñ DQG D GHWDLOHG FRUUHODWLRQ RI GLIIHUHQW VXE]RQHV LV SRVVLEOHï $ ]RQH
RI FOHDQ FKDON ZLWK FRQVLVWHQWO\ ORZ JDPPD YDOXHVñ RYHUODLQ E\ D JDPPD VSLNHñ LV VLWXDWHG LQ
WKH PLGGOH RI WKH 1DUYH IRUPDWLRQï 7KLV ]RQH õLQIRUPDOO\ QDPHG +RGé E\ %3$PRFRô
FRQVWLWXWHV DQ LPSRUWDQW UHVHUYRLU LQ WKH 9DOKDOO )LHOG õVHH ILJXUH èðëäôñ DQG LW FDQ HDVLO\ EH
UHFRJQLVHG RQ WKH ORJVï +RZHYHUñ LWV ELRVWUDWLJUDSKLF DJH LV QRW FRQVLVWHQW EHWZHHQ WKH ZHOOVñ
DQG LW LV SRVVLEOH WKDW WKH ¦+RGé§ VXE]RQH LV GLDFKURQRXVï

$JHã
/DWHVW &HQRPDQLDQðHDUOLHVW 6DQWRQLDQ õIRU SUDFWLFDO SXUSRVHVñ 7XURQLDQð&RQLDFLDQôï

5HPDUNVã
(URGHG RQ FUHVWV RI VWUXFWXUHVï

èïêïê 7KXG IRUPDWLRQ

1DPHã
7KXG IRUPDWLRQ õSURSRVHGôï $IWHU DQ DOWHUQDWLYH QDPH IRU WKH 1RUVH JRG 2GLQ õ6WXUOXVRQñ
ìäèéôï 7KXG PHDQV ¦WKLQ RQH§ï

:HOO 7\SH 6HFWLRQã
ìîêðåñ éêêæðéìëè P 0'ñ VHH ILJXUH èðìêï

/RZHU %RXQGDU\ &KDUDFWHULVWLFVã
3LFNHG SULPDULO\ RQ VHLVPLF DQG ELRVWUDWLJUDSKLF FULWHULDï 7KH VHLVPLF FULWHULRQ LV DQ RQODS
VXUIDFH õVHH &KDSWHU ëôï 7KH ELRVWUDWLJUDSKLF FULWHULRQ LV SHQHWUDWLRQ RI QDQQR]RQH 8&ììï

8SSHU %RXQGDU\ &KDUDFWHULVWLFVã
3LFNHG SULPDULO\ RQ D VHLVPLF FULWHULRQ õRQODS VXUIDFHã VHH &KDSWHU ëôñ FRUUHVSRQGLQJ WR WKH
RULJLQDO LQIRUPDO PLGGOH +RG VHTXHQFH ERXQGDU\ï

7KLFNQHVV DQG 'LVWULEXWLRQ WKURXJKRXW 6WXG\ $UHDã
7KH WKLFNQHVV RI WKLV IRUPDWLRQ UDQJHV IURP ]HUR WR D IHZ KXQGUHG PHWUHV LQ WKH VWXG\ ZHOOVï
,W LV DEVHQW LQ WKH ëîë ZHOOV DQG LQ ZHOOV RQ VWUXFWXUDO KLJKVñ VXFK DV 9DOKDOOð+RG DQG (OGILVN
LQ WKH 1RUZHJLDQ 6HFWRU DQG LQ WKH /XOXðì ZHOO LQ WKH 'DQLVK 6HFWRUï ,W LV WKLFNHVW LQ ZHOOV LQ
EDVLQDO ORZVñ VXFK DV WKRVH LQ WKH ìîê DUHD LQ WKH 1RUZHJLDQ 6HFWRU DQG WKH 5RDU DUHD LQ WKH
'DQLVK 6HFWRUï

/LWKRORJ\ñ 0DLQ 'HSRVLWLRQDO )DFLHV DQG (QYLURQPHQWVã
3RRUO\ FRQVWUDLQHG RZLQJ WR WKH ODFN RI FRUH FRYHUDJHï %LRIDFLHV LQ FXWWLQJV VDPSOHV IURP
VRPH ZHOOV DUH FKDUDFWHULVHG E\ PRGHUDWHO\ DEXQGDQW DQG GLYHUVH SODQNWRQLF IRUDPLQLIHUD DQG
UDGLRODULD DQG JHQHUDOO\ UDUHU FDOFðDJJOXWLQDWHG DQG FDOFDUHRXV EHQWKRQLF IRUDPLQLIHUDñ
LQGLFDWLQJ DQ DIILQLW\ ZLWK WKH RSHQ PDULQH SODWIRUP RU ¦VKDOORZ ZDWHU§ SHODJLF ELRIDFLHV RI
WKH 9DOKDOO 0HJDVWUXFWXUHï



-RLQW &KDON 5HVHDUFK $ MRLQW &KDON 6WUDWLJUDSKLF )UDPHZRUN

&KDSWHU è 6WUDWLJUDSKLF )UDPHZRUN ð ìæå ð

%LRVWUDWLJUDSKLF &KDUDFWHULVDWLRQã
0LFUR]RQHV )&6ìåSSð)&6ëíSSâ QDQQR]RQHV 8&ìëð8&ìé SS õVHH ILJXUH èðë DQG ILJXUH èðêâ
VHH DOVR &KDSWHU éôï

/RJ SDWWHUQã
$ FRPSOHWH 7KXG IRUPDWLRQ KDV EHHQ SHQHWUDWHG LQ IHZ ZHOOVñ EHFDXVH RI LWV EDVLQDO VHWWLQJï ,Q
WKH QRUWKHUQ SDUW RI WKH UHJLRQñ WKH JDPPD YDOXHV LQ ìîêðì DQG ìîêðå õVHH ILJXUH èðìë DQG èð
ìêô LQGLFDWH D FOD\ FRQWHQW WKDW LV KLJKHU WKDQ LQ WKH 0DJQH )RUPDWLRQï 7KH UHODWLYHO\
DUJLOODFHRXV FKDONV VHHP WR DOWHUQDWH ZLWK FOHDQ FKDONVñ JLYLQJ ULVH WR D §ER[ðVKDSHG§ SDWWHUQ
RI WKH JDPPD ORJï 7KH WLPH HTXLYDOHQW WR WKH 7KXG )RUPDWLRQ LQ WKH 5RDUðë ZHOO õILJXUH èðêê
DQG HQFORVXUH èðìô LQ WKH 'DQLVK VHFWRU KDV GHYHORSHG D GLIIHUHQW ORJ DQG VHLVPLF SDWWHUQ
õFKDSWHU ëïêïêôñ DQG LV GHVFULEHG LQ FKDSWHU ëïéï

$JHã
/DWH (DUO\ 6DQWRQLDQ WR HDUOLHVW &DPSDQLDQ õIRU SUDFWLFDO SXUSRVHVñ 6DQWRQLDQôï

5HPDUNVã
/DSV RQ WR 1DUYH IRUPDWLRQ RQ IODQNV RI VWUXFWXUHVï

èïêïé 0DJQH IRUPDWLRQ

1DPHã
0DJQH IRUPDWLRQ õSURSRVHGôï $IWHU WKH 1RUVH JRG 0DJQHñ ZKR ZDV WKH VRQ RI 7RUñ DQG ZKR
VXSSRUWHG KLP DIWHU KLV JUHDW ILJKW ZLWK WKH JLDQW +UXQJQLU õ6WXUOXVRQñ ìäèéôï

:HOO 7\SH 6HFWLRQã
ìîêðåñ éìëèðêäèë P 0'ñ VHH ILJXUH èðìêï

:HOO 5HIHUHQFH VHFWLRQã
ëîììð$ðë 7ëñ êéåç ð êéëæñé P 0'ñ VHH ILJXUH èðêíï

/RZHU %RXQGDU\ &KDUDFWHULVWLFVã
3LFNHG SULPDULO\ RQ D VHLVPLF FULWHULRQ õRQODS VXUIDFHã VHH &KDSWHU ëôï

8SSHU %RXQGDU\ &KDUDFWHULVWLFVã
3LFNHG RQ VHLVPLFñ ELRVWUDWLJUDSKLF DQG ORJ FULWHULDï 7KH VHLVPLF FULWHULRQ LV D UHIOHFWRU
õZKLFK PD\ DOVR ORFDOO\ EH DQ RQODS VXUIDFHô VHSDUDWLQJ D ORZHU DPSOLWXGH LQWHUYDO EHORZ
IURP D KLJKHU DPSOLWXGH LQWHUYDO DERYHñ DW OHDVW LQ VWUXFWXUDOO\ KLJKHU DUHDV õVHH &KDSWHU ëôï
7KH ELRVWUDWLJUDSKLF FULWHULRQ LV SHQHWUDWLRQ RI PLFUR]RQH )&6ëìï 7KH ORJ FULWHULRQ LV D
GRZQKROH JDPPD LQFUHDVH õWKH 0DJQH LV PRUH FOD\ðULFK WKDQ WKH RYHUO\LQJ 7RUôï

7KLFNQHVV DQG 'LVWULEXWLRQ WKURXJKRXW 6WXG\ $UHDã
7KH WKLFNQHVV RI WKLV IRUPDWLRQ UDQJHV IURP ]HUR WR D IHZ KXQGUHG PHWUHV LQ WKH VWXG\ ZHOOVï
,W LV DEVHQW LQ WKH êìîëç$ðìí ZHOO LQ WKH 8QLWHG .LQJGRP 6HFWRUñ WKLQ õW\SLFDOO\ OHVV WKDQ ìíí
P WKLFNô RQ VWUXFWXUDO KLJKV VXFK DV 9DOKDOOð+RGñ (OGILVN DQG 7RU LQ WKH 1RUZHJLDQ 6HFWRUñ



-RLQW &KDON 5HVHDUFK $ MRLQW &KDON 6WUDWLJUDSKLF )UDPHZRUN

&KDSWHU è 6WUDWLJUDSKLF )UDPHZRUN ð ìæä ð

DQG WKLFNHVW LQ ZHOOV LQ EDVLQDO ORZV VXFK DV WKRVH LQ WKH ìîê DQGñ ORFDOO\ñ ëîè DUHDV LQ WKH
1RUZHJLDQ 6HFWRUï

/LWKRORJ\ñ 0DLQ 'HSRVLWLRQDO )DFLHV DQG (QYLURQPHQWVã
/LWKRIDFLHV DVVRFLDWHG ZLWK WKH FUHVWDO ELRIDFLHV RQ WKH 9DOKDOO 0HJDVWUXFWXUH õVHH EHORZô DUH
W\SLFDOO\ õWH[WXUDOô PXGVWRQHV DQG ZDFNHVWRQHVï 7KRVH DVVRFLDWHG ZLWK WKH RSHQ PDULQH
SODWIRUPñ KLJK SURGXFWLYLW\ XSSHU VORSH DQG EDVLQDO ELRIDFLHV DUH W\SLFDOO\ ELRWXUEDWHG
DUJLOODFHRXV ZDFNHVWRQHV DQG FKDONV RU LQWHUEHGGHG FKDONV DQG FOD\VWRQHV õVRPHWLPHV
UHIHUUHG WR DV SHULRGLWHVôñ LQGLFDWLYH RI VORZ VHGLPHQWDWLRQ RUñ LQ WKH FDVH RI WKH EDVLQDO
ELRIDFLHVñ LQFLSLHQW KDUGJURXQGVñ LQGLFDWLYH RI H[WUHPHO\ VORZ VHGLPHQWDWLRQ õVHGLPHQW
VWDUYDWLRQôï 7KRVH DVVRFLDWHG ZLWK WKH HXWURSKLF VXEðELRIDFLHV DUH ELRWXUEDWHGñ WKRVH
DVVRFLDWHG ZLWK WKH G\VR[LF VXEðELRIDFLHV DUH ODPLQDWHG õLïHïñ QRQðELRWXUEDWHGô S\ULWLF FKDONVï

%LRIDFLHV DQG LQWHUSUHWHG HQYLURQPHQWV RQ WKH 9DOKDOO 0HJDVWUXFWXUH LQFOXGH WKH IROORZLQJ
õ6LNRUD HW DOïñ LQ -RQHV ÷ 6LPPRQVñ ìäääôã

/RZ 3URGXFWLYLW\ &UHVWDO %LRIDFLHVïð $V LQ WKH FDVH RI 1DUYH IRUPDWLRQ õVHH DERYHôñ
FKDUDFWHULVHG E\ ORZ GLYHUVLW\ñ EXW RIWHQ KLJK DEXQGDQFH DVVHPEODJHV RI XQNHHOHG SODQNWRQLF
IRUDPLQLIHUD DQG UDGLRODULDñ DQG E\ UDUH EHQWKRQLF IRUDPLQLIHUDï 7KLV LV WKH VKDOORZHVWñ PRVW
FUHVWDO ELRIDFLHV VHHQñ WKRXJK SUREDEO\ VWLOO FRPSDUDWLYHO\ GHHS õEHORZ VWRUP ZDYHEDVHôï

2SHQ 0DULQH 3ODWIRUP %LRIDFLHVïð &KDUDFWHULVHG E\ PRGHUDWH DEXQGDQFH DQG GLYHUVLW\
DVVHPEODJHV RI SODQNWRQLF IRUDPLQLIHUD õDQG FDOFLVSKHUHVô DQG FDOFDUHRXV EHQWKRQLF
IRUDPLQLIHUD õWKH ODWWHU LQFOXGLQJ *\URLGLQRLGHVñ *ORERURWDOLWHVñ 5HXVVHOODñ %ROLYLQRLGHVñ
QRGRVDULLGV DQG IUHTXHQW EXW QHYHU FRPPRQ GHHS ZDWHU 6WHQVLRLQDôï 7KLV ELRIDFLHV LV
JHQHUDOO\ FHQWUHG RQ WKH FUHVWðIODQN WUDQVLWLRQñ WKRXJK LW LV DOVR UHSUHVHQWHG RQ WKH FUHVW õDW
WLPHV RI PD[LPXP IORRGLQJôï

8SSHU 6ORSH +LJK 3URGXFWLYLW\ %LRIDFLHVïð &KDUDFWHULVHG E\ KLJK DEXQGDQFH DQG GLYHUVLW\
DVVHPEODJHV RI õHSLSHODJLFô XQNHHOHG DQGñ HVSHFLDOO\ñ õEDWK\SHODJLFô NHHOHG SODQNWRQLF
IRUDPLQLIHUDñ DQG E\ UDUHU EHQWKRQLF IRUDPLQLIHUD õLQFOXGLQJ GHHS ZDWHU IRUPV VXFK DV
6WHQVLRLQD DQG (SRQLGHVôï 7KLV ELRIDFLHV LV JHQHUDOO\ FHQWUHG RQ WKH IODQNï

%DVLQDO %LRIDFLHVïð &KDUDFWHULVHG E\ KLJK DEXQGDQFH DQG GLYHUVLW\ DVVHPEODJHV RI SODQNWRQLF
DQG EHQWKRQLF IRUDPLQLIHUD õWKH ODWWHU LQFOXGLQJ GHHS ZDWHU IRUPV VXFK DV 6WHQVLRLQDñ
&LELFLGRLGHVñ $UDJRQLDñ $ODEDPLQDñ *DYHOLQHOODñ 'RURWKLDñ 6SLURSOHFWDPPLQDñ 3XOOHQLD DQG
2VDQJXODULDñ DQG YHU\ GHHS ZDWHU IRUPV VXFK DV 1XWWDOOLGHV WUXHPS\L DQG 1XWWDOOLQHOOD
IORUHDOLVñ ZKLFK SUREDEO\ LQGLFDWH PLGGOHðORZHU VORSH GHSWKVôï 7KLV LV WKH GHHSHVWñ PRVW
EDVLQDO ELRIDFLHV VHHQï

&DUERQDFHRXV %LRIDFLHVïð &DUERQDFHRXV õHXWURSKLF DQG G\VR[LFô VXEðELRIDFLHV RI WKH XSSHU
VORSH DQG EDVLQDO ELRIDFLHV DUH ORFDOO\ UHFRJQLVDEOHï 7KH HXWURSKLF VXEðELRIDFLHV LV
FKDUDFWHULVHG E\ D KLJK LQFLGHQFH RI LQIDXQDO WD[D VXFK DV %ROLYLQD LQFUDVVDWDñ
&RU\SKRVWRPXP SODLWXPñ 1HREXOLPLQD DQG 3UDHEXOLPLQDñ SUREDEO\ LQGLFDWLQJ D KLJK RUJDQLF
FDUERQ FRQWHQW LQ WKH VHGLPHQWï 7KH G\VR[LF VXEðELRIDFLHV LV FKDUDFWHULVHG E\ D GRPLQDQFH
RI WKH HSLIDXQDO WD[RQ 6WHQVLRLQDñ HVSHFLDOO\ 6ï JUDQXODWD SRORQLFDñ SUREDEO\ LQGLFDWLQJ
ERUGHUOLQH DQR[LD LQ WKH VHGLPHQWï



-RLQW &KDON 5HVHDUFK $ MRLQW &KDON 6WUDWLJUDSKLF )UDPHZRUN

&KDSWHU è 6WUDWLJUDSKLF )UDPHZRUN ð ìåí ð

%LRVWUDWLJUDSKLF &KDUDFWHULVDWLRQã
0LFUR]RQHV LQWUD)&6ëíSSðLQWUD)&6ëëâ QDQQR]RQHV LQWUD8&ìéSSðLQWUD8&ìçSS õVHH ILJXUH èð
ë DQG ILJXUH èðêâ VHH DOVR &KDSWHU éôï

$JHã
/DWH (DUO\ WR HDUO\ /DWH &DPSDQLDQ õIRU SUDFWLFDO SXUSRVHVñ &DPSDQLDQôï

5HPDUNVã
2QODSV 7KXG DQG RYHUVWHSV RQ WR 1DUYH õ"ô RQ IODQNV RI VWUXFWXUHVï *HQHUDOO\ DEVHQW RU WKLQ
RQ FUHVWV õFKDUDFWHULVHG E\ KDUGJURXQG GHYHORSPHQWôï



-RLQW &KDON 5HVHDUFK $ MRLQW &KDON 6WUDWLJUDSKLF )UDPHZRUN

&KDSWHU è 6WUDWLJUDSKLF )UDPHZRUN ð ìåì ð

èïé 7XURQLDQð&DPSDQLDQ VWUDWLJUDSK\ LQ 'DQLVK &HQWUDO *UDEHQ

7KH IRUPDO OLWKRVWUDWLJUDSK\ RI WKH &KDON *URXS LQ WKH 1RUWK 6HD õ'HHJDQ ÷ 6FXOO ìäææô ZDV
RQO\ WHQWDWLYHO\ FRUUHODWHG WR DQ LQIRUPDO ORJ VWUDWLJUDSK\ HVWDEOLVKHG LQ WKH 'DQLVK &HQWUDO
*UDEHQ E\ /LHEHUNLQG HW DOï õìäåëôï /DWHUñ VHLVPLF VHTXHQFHVñ ORJ PRWLIV DQG ELRVWUDWLJUDSK\
ZHUH LQWHJUDWHG DV D EDVLV IRU FRUUHODWLRQ DQG VXEGLYLVLRQ RI WKH &KDON *URXS LQ WKH QRUWKHUQ
SDUW RI WKH 'DQLVK &HQWUDO *UDEHQ E\ 1\JDDUG HW DOï õìääíôñ EXW D FRUUHODWLRQ IXUWKHU WR WKH
QRUWK ZDV QRW FRQVLGHUHGï

,Q UHFHQW SXEOLFDWLRQVñ WKH LQIRUPDO ORJ XQLWV RI /LHEHUNLQG HW DOï õìäåëô DQG DOVR WKH IRUPDO
IRUPDWLRQV RI ,VDNVHQ ÷ 7RQVWDG õìäåäô HVWDEOLVKHG IRU WKH 1RUZHJLDQ VHFWRU KDYH UDUHO\
EHHQ XVHG IRU WKH &HQRPDQLDQ ¤ 'DQLDQ FDUERQDWHV LQ WKH 'DQLVK &HQWUDO *UDEHQï

,Q WKH SUHVHQW VWXG\ SURJUHVV KDV EHHQ PDGH WR HVWDEOLVK D OLQN EHWZHHQ WKH 7XURQLDQ ¤
&DPSDQLDQ FDUERQDWHV RI WKH 1RUZHJLDQ W\SH DUHD DQG D 'DQLVK UHIHUHQFH DUHD UHSUHVHQWHG E\
WKH 5RDUðë ZHOOï

èïéïì /RJ VWUDWLJUDSK\ RI WKH &KDON *URXS

,Q WKH 'DQLVK VHFWRU RI WKH &HQWUDO *UDEHQ WKH &KDON *URXS RI 'HHJDQ ÷ 6FXOO õìäææô ZDV
VXEGLYLGHG E\ /LHEHUNLQG HW DOï õìäåëô LQWR VL[ LQIRUPDO ORJ XQLWVñ WKH &KDONðì 8QLW WR &KDONð
ç 8QLWñ VHH ILJXUH èðëï 7KH XQLWV ZHUH SULPDULO\ GHILQHG E\ WKH JDPPD UD\ DQG VRQLF YHORFLW\
õ*5 î '7 ORJô UHVSRQVHVï 7KH ERXQGDULHV EHWZHHQ WKH VL[ XQLWV DUH GLDFKURQRXV H[FHSW IRU WKH
&KDONðì î &KDONðë 8QLW ERXQGDU\ï 7KH &KDONðë 8QLWñ H[FOXGLQJ WKH ORZHUPRVW SDUW DQG WKH
&KDONðê 8QLWV ZHUH WHQWDWLYHO\ FRUUHODWHG WR WKH 1RUZHJLDQ +RG )RUPDWLRQï 7KH ORZHUPRVW
SDUW RI &KDON 8QLWðë LV UHSUHVHQWHG E\ D VKDOH DVVLJQHG D 7XURQLDQ DJH õQR ELRVWUDWLJUDSKLF RU
RWKHU HYLGHQFH IRU WKLV DJH ZDV JLYHQ LQ WKH WH[Wôñ DQG LW ZDV VXJJHVWHG WKDW WKH VKDOH LQWHUYDO
SUREDEO\ FRXOG EH HTXLYDOHQW WR WKH ORZHU SDUW RI WKH 3OHQXV 0DUO )RUPDWLRQï 7KH &KDONðê î
&KDONðé 8QLW ERXQGDU\ LV RI &DPSDQLDQ DJH DQG PLJKW EH HTXLYDOHQW WR WKH +RG î 7RU
ERXQGDU\ RI 'HHJDQ ÷ 6FXOO õìäææôï 7KH W\SH VHFWLRQV IRU WKH LQIRUPDO &KDONðë DQG &KDONðê
8QLWV DUH LQ WKH ZHOOV (ðì DQG 9ðìñ UHVSHFWLYHO\ñ ZKLOH WKH UHIHUHQFH VHFWLRQV IRU WKH WZR XQLWV
DUH LQ WKH ZHOOV 9ðì DQG 4ðìñ UHVSHFWLYHO\ï 1RQH RI WKHVH ZHOOV DUH LQFOXGHG LQ WKH SUHVHQW
VWXG\ï /LHEHUNLQG HW DOï õìäåëô IXUWKHU VXEGLYLGHG WKH 'DQLVK &HQWUDO *UDEHQ LQWR VL[
GHSRVLWLRQDO ]RQHV UHIOHFWLQJ GLIIHUHQW VXEEDVLQ DQG KLJK DUHDVï 7KH\ IRXQG WKH PRVW FRPSOHWH
&HQRPDQLDQ ¤ &DPSDQLDQ FKDON VHTXHQFH LQ WKH GHSRVLW ]RQHV LQ WKH HDVWHUQ SDUW RI 'DQLVK
&HQWUDO *UDEHQñ DQG VXJJHVWHG WKDW RQO\ WKH WKUHH \RXQJHVW XQLWV RI /DWH &DPSDQLDQ WR
'DQLDQ DJHV DUH SUHVHQW RYHU WKH ZKROH RI WKH 'DQLVK &HQWUDO *UDEHQï

èïéïë ,QWHJUDWHG FRUUHODWLRQ DQG VXEGLYLVLRQ RI WKH &KDON *URXS

1\JDDUG HW DOï õìääíô UHFRJQL]HG VL[ VHLVPLF VHTXHQFHV LQ WKH &KDON *URXS LQ WKH QRUWKHUQ
SDUW RI WKH 'DQLVK &HQWUDO *UDEHQï 7KH DUHD LV FKDUDFWHUL]HG E\ FRQVLGHUDEOH WKLFNQHVV
YDULDWLRQ DQG E\ D QXPEHU RI LQYHUVLRQ ]RQHVñ ZKLFK KDYH EHHQ DFWLYH LQ VHSDUDWH SKDVHV
GXULQJ /DWH &UHWDFHRXV WLPHVñ 9HME�N ÷ $QGHUVHQ õìäåæôï 7KH ORZHU IRXU VHTXHQFHV DUH RI
7XURQLDQ ¤ &DPSDQLDQ DJHVñ DQG WKH PRVW FRPSOHWH VHFWLRQ RI WKHVH VHTXHQFHV LV VHHQ LQ WKH
*HUWðì õ'.ô DQG .DUOðì õ'.ô ZHOOVñ QHLWKHU RI ZKLFK DUH LQFOXGHG LQ WKH SUHVHQW VWXG\ï
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èïéïê 7XURQLDQ ¤ &DPSDQLDQ VWUDWLJUDSK\ LQ 'DQLVK ZHOOV

7XURQLDQ ¤ &DPSDQLDQ FDUERQDWHV DUH RQO\ SUHVHQW LQ IHZ RI WKH 'DQLVK ZHOOV VHOHFWHG IRU WKH
SUHVHQW VWXG\ LïHï LQ 5RDUðëñ %DURQðë DQG /XOXðìñ DQG QRQH RI WKHVH WKUHH ZHOOV DUH LQFOXGHG LQ
WKH SUHYLRXV VWUDWLJUDSKLF VWXGLHV õFLWHG DERYHô LQ WKH 'DQLVK VHFWRUï ,Q WKH 5RDUðë ZHOOñ êêçP
RI /DWH &HQRPDQLDQ ¤ (DUO\ð/DWH &DPSDQLDQ FDUERQDWHV DUH SUHVHQWï ,Q WKH %DURQðë ZHOOñ
èëP RI /DWH &RQLDFLDQ ¤ /DWH &DPSDQLDQ FDUERQDWHV DUH UHFRUGHG DQG PRVW RI WKDW LQWHUYDO LV
FRUHGï ,Q WKH /XOXðì ZHOOñ èèP RI /DWH &DPSDQLDQ FDUERQDWHV DUH SUHVHQWñ DQG ILQDOO\ LQ WKH
0RQDðì ZHOOñ ëê P RI 0LGGOH &RQLDFLDQ ð /DWH &DPSDQLDQ FDUERQDWHV DUH FRUHGï

5HIHUHQFH VHFWLRQã
7KH 5RDUðë õ'. î ìäåìô ZHOO KDV D UDWKHU FRPSOHWH VHFWLRQ RI WKH ODWH &HQRPDQLDQ ¤ (DUO\ð
/DWH &DPSDQLDQ FDUERQDWHV LQ WKH LQWHUYDO ëéêç ¤ ëìíí P 0'ï 'XULQJ WKH ODWH &HQRPDQLDQ ¤
&DPSDQLDQ WLPHV WKH VHWWLQJ DW WKH ZHOO ORFDWLRQ VKLIWHG IURP D EDVLQ VHWWLQJ WR D IODQN VHWWLQJ
¤ KLJK VHWWLQJï

5HIHUHQFH DUHDã
7KH 5RDUðë õ'. î ìäåìô ZHOO DSSUDLVHG DQ DQWLFOLQDO VWUXFWXUH DW WRS FKDON OHYHO LQ WKH
QRUWKZHVWHUQ SDUW RI WKH 7\UD ¤ ,JRU 5LGJHâ VHH %ULW]H HW DOï õìääèôï 7KH VWUXFWXUH OLHV RQ DQ
HQGð&UHWDFHRXV DQG 7HUWLDU\ñ SUHGRPLQDQWO\ 0LRFHQHñ VWUXFWXUDO LQYHUVLRQ õ0HJVRQ ìääëôâ
VHH DOVR VHLVPLF UHIHUHQFH VHFWLRQ WKURXJK WKH 5RDUðë ZHOO LQ ILJXUH ëðìèï

%RXQGDULHVã
7KH ORZHU ERXQGDU\ LV DW WKH WRS RI D FOD\VWRQH OD\HU õ3OHQXV 0DUOôñ ZKLFK LV ZHOO GHILQHG
ZLWK KLJK *5 DQG VRQLF ORJ UHVSRQVHVï
7KH XSSHU ERXQGDU\ LV SLFNHG EDVHG RQ ELRVWUDWLJUDSK\ EHWZHHQ FDUERQDWHV GHWHUPLQHG WR WKH
)&6ëìð DQG )&6ëëDðE ]RQHVï 1R FKDUDFWHULVWLF FKDQJHV LQ WKH WUHQGV RI WKH *5 DQG VRQLF ORJ
UHVSRQVHV DUH VHHQ DW WKH XSSHU ERXQGDU\ï

7KLFNQHVV DQG GLVWULEXWLRQã
7KH WKLFNQHVV RI WKH 7XURQLDQ ¤ &DPSDQLDQ FDUERQDWHVñ LïHï DSSUR[LPDWHO\ WKH WKLFNQHVV RI
WKH &KDONðë DQG &KDONðê 8QLWVñ YDULHV IURP DERXW èí ¤ éííP LQ WKH ZHOOV VWXGLHG E\
/LHEHUNLQG HW DOï õìäåëôñ ZKLOH WKH WKLFNQHVV LQ WKH .DUOðì ZHOOñ GULOOHG LQ D EDVLQ VHWWLQJ
EHWZHHQ WKH 0RQD 5LGJH DQG WKH 0DQGDO +LJKñ LV PRUH WKDQ åèíPï 7KH 5RDUðë UHIHUHQFH ZHOO
KDV D UDWKHU FRPSOHWH êêçP WKLFN VHFWLRQ RI 7XURQLDQ ¤ &DPSDQLDQ FDUERQDWHV DQG LV
FRQVLGHUHG UHSUHVHQWDWLYH IRU WKH ORFDO VXEðEDVLQ RI WKH UHIHUHQFH DUHDï

/LWKRORJ\ DQG GHSRVLWLRQDO IDFLHVã
7KH 7XURQLDQ ¤ &DPSDQLDQ FDUERQDWHV KDYH RQO\ EHHQ FRUHG LQ IHZ ZHOOV LQ WKH 'DQLVK õDQG
1RUZHJLDQô 6HFWRUõVôñ DQG PRVW RI WKHVH FRUHV RQO\ KDYH DQ LQFRPSOHWH RU FRQGHQVHG VHFWLRQ
RI WKH FDUERQDWHV LïHï WKH FRUHG &RQLDFLDQ ¤ /DWH &DPSDQLDQ VHFWLRQ LQ WKH %DURQðë DQG
0RQDðì ZHOOVï 7KHUHIRUH D WLJKW LQWHJUDWLRQ RI ORJðñ VHLVPLFð DQG ELRVWUDWLJUDSKLF GDWD KDV
EHHQ FRPSLOHG LQ HIIRUWV WR FKDUDFWHULVHñ FRUUHODWH DQG VXEGLYLGH WKH 7XURQLDQ ¤ &DPSDQLDQ
FDUERQDWHVï

$ ORJ GHULYHG FKDUDFWHULVDWLRQ RI WKH OLWKRORJ\ LQ WKH &HQRPDQLDQ ¤ 'DQLDQ FDUERQDWHV KDV
EHHQ DSSOLHG LQ WKH 5RDUðë ZHOOñ DPRQJVW RWKHUVï 7KH FKDUDFWHULVDWLRQ URXJKO\ GHILQHV WKH FOD\
FRQWHQW LQ QRQðFOHDQ FDUERQDWHV DQG WKH SRURVLW\ LQ FOHDQ FDUERQDWHVï 7KH ORJðGHULYHG
OLWKRORJ\ LV SULPDULO\ IURP WKH JDPPD DQG WKH VRQLF ORJVñ UHVSHFWLYHO\ñ DQG LV KHUH FDOOHG WKH
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*5î'7ðOLWKRORJ\ï 7KH *5î'7ðOLWKRORJ\ LGHQWLI\ VL[ GLIIHUHQW OLWKRORJLHV RQ WKH EDVLV RI WKUHH
*5ð%DVH /LQH YDOXHV DQG WZR '7ð%DVH /LQH YDOXHVñ VHH 7DEOH EHORZï 7KH %DVH /LQH FRQFHSW
LV D SDUW RI D OLWKRORJLFDO LQWHUSUHWDWLRQ WRRO XVHG LQ WKH ORJ DQDO\VLV DSSOLFDWLRQ RI /DQGPDUN
6WUDWZRUNVï

ìï ¤ êï *5 %DVH /LQH
9DOXHV

á ìï ! ìï ÷ á ëï ! ëï ÷ á êï ! êï

ìï ð ëï '7 %DVH /LQH
9DOXHV

! ìï á ìï ÷ ! ëï á ëï

&KDON î /LPHVWRQH &OHDQ 6OLJKWO\
&OD\H\

&OD\H\ &OD\ð
ULFK

$SSUR[LPDWH
3RURVLW\©V

! ëèø ëè ð ìèø á ìèø

'LVSOD\ FRORXU RI
/LWKRORJ\

<HOORZ *UHHQ %OXH /LJKW
%URZQ

'DUN
%URZQ

5HG

7DEOH èðéã *5î'7ðOLWKRORJ\ RI WKH &HQRPDQLDQ ¤ 'DQLDQ FDUERQDWHV

,Q WKH 7XURQLDQ ¤ &DPSDQLDQ FDUERQDWHV VHYHUDO RUGHUV RI GLVWLQFW F\FOHV ZLWK FOD\H\
FDUERQDWHV ð FOHDQ FDUERQDWHV FDQ EH GHILQHG RQ WKH EDVLV RI WKH FRPELQHG SDWWHUQ RI WKH *5
DQG '7 ORJVï 7KH F\FOH WKLFNQHVV UDQJHV IURP D IHZ PHWUHV WR DURXQG KXQGUHG PHWUHVï

,Q WKH 5RDUðë ZHOO õHQFORVXUH èðìô WKUHH PDMRU F\FOHV KDYH EHHQ GHILQHG FRQVWUDLQHG E\
VHLVPLF PDUNHUV DQG ELRVWUDWLJUDSK\ LïHï D /DWH &HQRPDQLDQ ¤ &RQLDFLDQ F\FOH EHWZHHQ 7RS
8SSHU &UHWDFHRXV &\FOH õ7ï 8&& íê DQG íéñ ëééè ¤ ëêëéP 0'ôñ D &RQLDFLDQ F\FOH EHWZHHQ
7ï 8&& íé DQG íè õëêëé ¤ ëëêëP 0'ô DQG D 6DQWRQLDQ F\FOH EHWZHHQ 7ï 8&& íè DQG íç
õëëêë ¤ ëìêìP 0'ï 7KH ORZHUPRVW RI WKHVH F\FOHV LV FKDUDFWHULVHG E\ VHYHUDO FKHUW OD\HUVï
%HIRUH GHILQLQJ WKHVH PDMRU F\FOHVñ DQ DQDO\VLV RI WKH FRPELQHG *5î'7ðORJ UHVSRQVH
UHYHDOHG HOHYHQ PRUH RU OHVV GHYHORSHG F\FOHVñ ZKHUH WKH *5ðORJ UHVSRQVH FKDQJH IURP ORZ
IUHTXHQF\ ð ORZ YDOXHV QHDU WKH WRS RI D F\FOH WR KLJKHU IUHTXHQF\ ð KLJKHU YDOXHV LQ WKH ORZHU
SDUW RI WKH RYHUO\LQJ F\FOHñ Lï Hï IURP D UHODWLYHO\ FOHDQ FDUERQDWH LQWHUYDO LQ WKH XSSHUPRVW
SDUW RI D F\FOH WR D PRUH FOD\ðULFK LQWHUYDO LQ WKH ORZHU DQG î RU PLGGOH SDUW RI D F\FOHâ VHH WKH
WUDFN WR WKH ULJKW LQ HQFORVXUH èðìï

0RVW F\FOHV VKRZ D GHFUHDVH LQ *5 YDOXHV WKURXJK D F\FOHñ IURP PD[LPXP YDOXHV DW WKH EDVH
RU KLJKHU LQ WKH F\FOHñ WR WKH WRS RI WKH F\FOHï 7KH FRUUHVSRQGLQJ '7ðORJ UHVSRQVH WKURXJKRXW
D ZHOOðGHYHORSHG F\FOH LV RQH RI ORZHU VRQLF YHORFLWLHV LQ WKH PRUH FOD\ðULFK SDUW DQG KLJKHU
VRQLF YHORFLWLHV LQ WKH FOHDQ FDUERQDWHV DW WKH WRS RI WKH F\FOHï 7ZR RI WKH FRPELQHG *5î'7ð
ORJ UHVSRQVHV FDQ PDVN RU PDNH WKH LGHQWLILFDWLRQ RI F\FOHV GLIILFXOWï )LUVW ORJ UHVSRQVHñ
ZKLFK KHUH ZLOO EH GHVLJQDWHG D *5î'7ðKDUGJURXQG ZLWK JODXFRQLWHñ LV ZKHUH D KLJKHU *5
SLFN YDOXH FRUUHVSRQGV WR D KLJK VRQLF YHORFLW\ SLFNñ DQG WKH VHFRQGñ LV ZKHUH D YHU\ ORZ *5
SLFN FRUUHVSRQG WR D YHU\ KLJK VRQLF YHORFLW\ñ D UHVSRQVH ZKLFK FRXOG EH FDXVHG E\ D FKHUW
OD\HUï

7KH ILQDO GHILQLWLRQ RI WKH WKUHH PDMRU F\FOHV LQYROYHV DQ HYDOXDWLRQ RI WKH SRVLWLRQ RI WKH
VHLVPLF PDUNHUV DQG RI WKH ELRVWUDWLJUDSK\ñ DV ZHOO DV WKH XQFHUWDLQWLHV RI WKH ORJðñ WKH
VHLVPLFð DQG WKH ELRVWUDWLJUDSKLF GDWDï :KHQ FRPSDULQJ WKH WKLFNQHVV RI WKHVH PDMRU F\FOHV
ZLWK HTXLYDOHQW F\FOHV LQ WKH 1RUZHJLDQ ZHOO ìîêðåñ VH HQFORVXUH èðëñ LW DSSHDUV WKDW WKH
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VHFWLRQ LQ WKH 5RDUðë ZHOO LV YHU\ FRPSOHWHï 7KLV LV DOVR VXSSRUWHG E\ WKH ELRVWUDWLJUDSK\ï 7KH
&DPSDQLDQ FDUERQDWHV LQ WKH 5RDUðë ZHOO DUH YHU\ WKLQñ ëìêì ¤ ëìíí P 0'ï

$ FRUUHODWLRQ RI WKH PDMRU F\FOHV LQ WKH 5RDUðë ZHOO ZLWK VHOHFWHG ZHOOV LQ WKH 1RUZHJLDQ
VHFWRU LV VKRZQ LQ HQFORVXUH èðêñ DQG VHLVPLF SURILOHV DFURVV 5RDUðë DUH VKRZQ LQ ILJXUH ëðìè
DQG HQFORVXUH ëðèï
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èïè 7RU )RUPDWLRQ

1DPHã
1DPHG E\ 'HHJDQ ÷ 6FXOO õìäææô IURP WKH 7RU )LHOG LQ 1RUZHJLDQ EORFNV ëîé DQG ëîèï 7RU
ZDV D VRQ RI 2GLQ DQG RQH RI WKH SULQFLSDO *RGV RI 1RUVH P\WKRORJ\ï

:HOO 7\SH 6HFWLRQã
1RUZHJLDQ ZHOO ìîêðì IURP êåëå WR êêèé P õILJXUH èðìëô LV WKH W\SH ZHOO IRU WKH 7RU
)RUPDWLRQ õ7RQVWDG DQG ,VDNVHQ ìäåäôï

:HOO 5HIHUHQFH 6HFWLRQVã
7KH 0RQDðì ZHOO LV FKRVHQ DV D RQH RI WZR UHIHUHQFH VHFWLRQV IRU WKH 7RU )RUPDWLRQï 7KH 7RU
)RUPDWLRQ LQWHUYDO LQ WKLV ZHOO LV IURP êìêê WR êéìëP0'ï 7KH VWUDWLJUDSKLF VHTXHQFH LQ
0RQDðì LV UHODWLYHO\ FRPSOHWH ZLWK LQGLYLGXDO ]RQHV EHLQJ UHSUHVHQWHG E\ D VLJQLILFDQW
WKLFNQHVVï ([FHSW IRU WKH YHU\ WRS WKH 7RU )RUPDWLRQ LV FRUHG WKURXJKRXW WKLV ZHOOñ DV VHHQ LQ
ILJXUH èðè ð èðç DQG LQ ILJXUH èðêçï

'LVFRYHU\ ZHOO IRU WKH 7RU )LHOGñ ZHOO ëîèðìñ LV FKRVHQ DV D VHFRQG UHIHUHQFH VHFWLRQ IRU WKH
7RU )RUPDWLRQï 2QO\ WKH XSSHU KDOI RI WKH 7RU )RUPDWLRQ LV FRUHG EXW WKH ëîèðì ZHOO KDV DOO
7RU ]RQHV ZHOO GHYHORSHGñ DV VHHQ LQ ILJXUH èðè ð èðç DQG LQ ILJXUH èðëíï 7KH 7RU )RUPDWLRQ
LQWHUYDO LQ ëîèðì LV IURP êìêë WR êéæéïèP0'ï

$JHã
7KH DJH RI WKH 7RU )RUPDWLRQ KDV LQ WKLV VWXG\ EHHQ GHFLGHG WR HQFRPSDVV DOO RI WKH
0DDVWULFKWLDQñ LïHï QDQQRIRVVLO ]RQHV 8&ìæ WKURXJK ëí DQG LQWUD PLFURIRVVLO ]RQH )&6ëë
WKURXJK )&6ëêï $W WKH GHWDLOHG OHYHO WKH WRS RI ]RQH 8&ìçñ ZKLFK LV RI ODWH &DPSDQLDQ DJHñ
FDQQRW LQ DOO ZHOOV EH EURXJKW WR FRLQFLGH ZLWK ZHOO GHILQHG ORJ EUHDNVï 7KLV LV D SUREOHP WKDW
UHPDLQV HYHQ DIWHU FDUHIXO LQWHJUDWLRQ RI DOO GDWDï 8&ìæ DQG ìå DUH (DUO\ 0DDVWULFKWLDQï 8&ìä
DQG ëí DUH /DWH 0DDVWULFKWLDQï

/RZHU %RXQGDU\ &KDUDFWHULVWLFVã
êè ZHOOV DUH LQFOXGHG LQ WKLV SURMHFWï ëæ RI WKRVH DUH UHSUHVHQWHG ZLWK ORJ GDWDï ,Q IRXU RI WKHVH
WKH ORZHU ERXQGDU\ RI WKH 7RU )RUPDWLRQ LV QRW FRYHUHG E\ ORJV õëîéð%ðìäñ ëîéð$ðåñ 0)%ðæñ
0ðä;ôï 7KH %DURQðë DQG ëîæðìè ZHOOV FRQWDLQ QR 7RU )RUPDWLRQï 7KH ORJ FKDUDFWHULVWLFV
GHVFULEHG EHORZ PRVW RIWHQ DSSO\ WR D VWUDWLJUDSKLF OHYHO ZLWKLQ WKH 8&ìç ]RQHï

,Q JHQHUDO WKH ORZHU 7RU ERXQGDU\ LV GLIILFXOW WR SLFN RQ ORJVï $ GHFUHDVH LQ WKH *5 OHYHOñ
VPDOO RU ODUJHñ LV FRPPRQñ WKRXJK TXLWH RIWHQ QR FKDQJH RI WKH *5 OHYHO LV REVHUYHGï 7KLV LV
FRQWUDU\ WR ILQGLQJV E\ /LHEHUNLQG HW DO õìäåëôñ ZKR QRWHG QR FKDQJH RU D VPDOO LQFUHDVH LQ
WKH *5 OHYHO XSRQ HQWHULQJ WKH 7RU )RUPDWLRQî&KDONðé 8QLWï :HOOV VWXGLHG DUH QRW WKH VDPHñ
WKRXJKñ DQG /LHEHUNLQG HW DO©V REVHUYDWLRQV FRQFHUQV WKH 'DQLVK &HQWUDO *UDEHQ DUHD RQO\ï
)LJXUH èïäDñE VKRZV VL[ ZHOOV IURP WKH SUHVHQW VWXG\ñ VHOHFWHG WR UHSUHVHQW WKH YDULDWLRQ LQ
ERXQGDU\ FKDUDFWHULVWLFV REVHUYHGï

,Q WKH VWUDWLJUDSKLFDOO\ PRUH FRPSOHWH ZHOOV WKHUH VHHPV WR EH D UHJLRQDO HOHPHQW WR WKH ORJ
FKDUDFWHULVWLFVï ,Q WKH QRUWKHUQ EDVLQ ZHOOV WKH VRQLF ORJ VKRZV DQ LQFUHDVH LQ YHORFLW\ XSRQ
HQWHULQJ WKH 7RU )RUPDWLRQ IURP 0DJQH EHORZï 7KLV LV DVVRFLDWHG ZLWK HLWKHU QR FKDQJH RU D
VOLJKW LQFUHDVH LQ WKH GHQVLW\ UHDGLQJñ LïH ORZHU SRURVLW\ï )URP ëîæð%ðìì RQ WKH /LQGHVQHV
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5LGJH DQG VRXWKHDVWZDUGV WKH VRQLF ORJ VKRZV D GHFUHDVH LQ YHORFLW\ FURVVLQJ IURP 0DJQH WR
7RU )RUPDWLRQï 7KLV LV DVVRFLDWHG ZLWK HLWKHU QR FKDQJH RU D VOLJKW GHFUHDVH LQ WKH GHQVLW\
UHDGLQJñ LïH KLJKHU SRURVLW\ï :KHUH QDQQR]RQHV 8&ìçðìå DUH WKLQ RU PLVVLQJ D FKDQJH WR
ORZHU SRURVLW\ DVVRFLDWHG ZLWK DQ LQFUHDVH LQ YHORFLW\ LV REVHUYHG DW WKH ERXQGDU\ï 7KHVH DUH
REVHUYDWLRQV RI D JHQHUDO QDWXUH DQG H[FHSWLRQV FDQ EH IRXQGï

7KH UHVLVWLYLW\ ORJV WR VRPH GHJUHH PLUURU WKH VRQLF DQG GHQVLW\ ORJV LQ ZDWHU EHDULQJ FKDONï
:KHUH WKH YHORFLW\ DQG GHQVLW\ JR XS DQ LQFUHDVHG UHVLVWLYLW\ LV RIWHQ VHHQñ UHIOHFWLQJ D PRUH
GHQVH URFNñ DQG YLFH YHUVDï ([FHSWLRQV DUH ZHOOVñ ZKHUH WKH ERWWRP SDUW RI WKH 7RU )RUPDWLRQ
LV SRURXV DQG RLOðEHDULQJñ HïJï ëîæð%ðììï +HUH D GHFUHDVH LQ YHORFLW\ DQG GHQVLW\ LV
DFFRPSDQLHG E\ DQ LQFUHDVH LQ UHVLVWLYLW\ï

7KH ORZHU ERXQGDU\ HLWKHU FRLQFLGHV ZLWK WKH ERXQGDU\ EHWZHHQ ELR]RQHV 8&ìç DQG ìå
õ8&ìæ LV RQO\ VFDUFHO\ SUHVHQWô RU LV SODFHG PLGZD\ LQ 8&ìçï ,Q ZHOOV ëîëðëñ ëîæðìè DQG
0RQDðì PRVW RI 8&ìç LV VKRZQ DV EHORQJLQJ WR WKH 7RU )RUPDWLRQï 7KHUH LV RIWHQ D
GLVFUHSDQF\ EHWZHHQ WKH ELRVWUDWLJUDSK\ DQG WKH ORJ SLFNVñ VXFK WKDW WKH ORJ SLFNV WHQG WR EH
GHHSHU SODFHG WKDQ WKDQ WKH WRS RI QDQQR]RQH 8&ìçï

8SSHU %RXQGDU\ &KDUDFWHULVWLFVã
,Q JHQHUDO WKH 7RS 7RU LV RI WKH VDPH DJH RYHU WKH VWXG\ DUHDï 7KH GXUDWLRQ RI WKH 7RUî(NRILVN
KLDWXV PRVWO\ GHSHQGV RQ KRZ PXFK LV PLVVLQJ IURP WKH (NRILVN )RUPDWLRQï /RFDOO\ DOO RI WKH
(NRILVN LV PLVVLQJ GXH WR ODWHU LQYHUVLRQ DV VHHQ RQ WKH FUHVWDO SDUWV RI WKH +RG DQG 9DOKDOO
)LHOGVï +HUH WKH 7RU )RUPDWLRQñ RU UHZRUNHG 7RU )RUPDWLRQñ LV RYHUODLQ E\ 3DOHRFHQH VKDOHV
õëîåð$ðìôï

7KH *5 VKRZV D JUDGXDO RU ZHOO GHILQHG õWKRXJK PRVWO\ PLQRUô LQFUHDVHñ PRUH UDUHO\ DQ
DEUXSW LQFUHDVHï ,Q D IHZ ZHOOV WKHUH LV QR FKDQJH LQ WKH *5 OHYHO DFURVV WKH ERXQGDU\ õ'DQ
)LHOG ZHOOV DQG ëîèðäôï 7KH 7RS 7RU SLFN LV XVXDOO\ SXW ULJKW DW WKH VWDUW RI WKH LQFUHDVHï $
UHOLDEOH GHWHUPLQDWLRQ RI WKH ERXQGDU\ UHTXLUHV RWKHU ORJV LQ DGGLWLRQ WR WKH *5 DQG DERYH DOO
ELRVWUDWLJUDSK\ WR HVWDEOLVK WKH RYHUDOO IUDPHï

,Q DFFRUGDQFH ZLWK D VKLIW WR ORZHU SRURVLWLHV LQ WKH ERWWRP SDUW RI WKH (NRILVN )RUPDWLRQ WKH
YHORFLW\ VKRZV D FOHDU LQFUHDVH DW 7RS 7RUï $OWHUQDWLYHO\ WKH 7RS 7RU VKRZV XS DV D KLJK
GHQVLW\ SHDN ULJKW DW WKH ERXQGDU\ DQG WKH SRURVLW\ DW HLWKHU VLGH RI WKH SHDN LV DERXW WKH VDPH
YDOXH õWKH ëîè ZHOOVôï ,Q WKLV FDVH WKH 7RS 7RU SLFN VKRXOG EH MXVW DERYH WKH KLJK GHQVLW\ SHDNï
7KH XSSHUPRVW SDUW RI WKH 7RU )RUPDWLRQ FDQ EH ZHOO FHPHQWHG DQG DV D UHVXOW DSSHDU H[DFWO\
OLNH WKH (NRILVN RQ GHQVLW\ DQG YHORFLW\ ORJVï ,Q WKH DEVHQFH RI JRRG ELRVWUDWLJUDSKLF GDWD WKH
XVXDO VOLJKW LQFUHDVH LQ *5 VKRXOG HQDEOH DQ DFFXUDWH ORJ SLFNñ WKRXJKï

:KHUH WKH 7RS 7RU LV UHSUHVHQWHG E\ QDQQR]RQH 8&ìä D GHFUHDVH LQ YHORFLW\ DQG GHQVLW\ LV
VHHQ õëîëðë DQG ëîæðåôï

$ UHODWLYH GHFUHDVH LQ UHVLVWLYLW\ DFURVV WKH 7RUî(NRILVN ERXQGDU\ LV VHHQï 7KLV SLFWXUH LV
FRQVLVWHQW HYHQ WKRXJK WKH UHVLVWLYLW\ LQ WKH WRS SDUW RI WKH 7RU )RUPDWLRQ LV DIIHFWHG E\ SRUH
IOXLGV õZDWHUñ RLO RU JDVôï

7KLFNQHVV DQG 'LVWULEXWLRQã
7RU WKLFNQHVVHV LQ WKH VWXG\ ZHOOV YDU\ IURP íP LQ %DURQðë WR éæëP LQ ìîêðåï 7KH DULWKPHWLF
DYHUDJH RI WKH VWXG\ ZHOOV LV ìäåPï 7KH WKLFNQHVV YDULDWLRQV LQ WKH VWXG\ ZHOOV DUH QRW
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UHSUHVHQWDWLYH RI WKH 1RUWK 6HD %DVLQ &KDONî7RU )RUPDWLRQ GLVWULEXWLRQ DV PRVW ZHOOV DUH
GULOOHG RQ VWUXFWXUDO KLJKVï 5HJLRQDO WKLFNQHVV PDSV EDVHG RQ VHLVPLF LQWHUSUHWDWLRQ VKRZ D
JHQHUDO WKLFNHQLQJ RI WKH 8SSHU &UHWDFHRXV SDFNDJH IURP VRXWKHDVW WR QRUWKZHVW LQ WKH
&HQWUDO *UDEHQ V\VWHP õ%ULW]H HW DOñ ìääèñ =LHJOHUñ ìääíñ -DSVHQñ ìääåôï 7KLV JHQHUDO
REVHUYDWLRQ KDV DQ RYHUSULQW RI ORFDO HDVW RU ZHVW GHSRFHQWUHV JRLQJ IURP QRUWK WR VRXWKHDVW
DORQJ WKH *UDEHQ D[LV õ7KLV VWXG\ôï 7KLV SDWWHUQ LV FRQILUPHG E\ WKH VWXG\ ZHOOV DOVR IRU WKH
7RU )RUPDWLRQ DORQHï

6HLVPLF FKDUDFWHUã
$ JHQHUDO GHVFULSWLRQ RI WKH UHIOHFWRUV FDQ EH IRXQG LQ VHFWLRQ ëïêï 7KH 7RU )RUPDWLRQ VHLVPLF
SDFNDJH LV FKDUDFWHULVHG E\ ZHOO GHILQHG FRQWLQRXV UHIOHFWRUV LQ WKH XSSHU KDOIñ ZKLOH WKH
ORZHU KDOI PRVW RIWHQ VKRZ OHVV GLVWLQFW UHIOHFWRUVï 7KLV GLIIHUHQFH LV PRVW SURQRXQFHG LQ WKH
QRUWKHUQ SDUW RI WKH VWXG\ DUHDñ ZKHUH WKH IRUPDWLRQ LV DOVR WKH WKLFNHVWï ,W LV SUREDEOHñ WKDW WKH
ORZHU KDOI LV VLPSO\ EHWWHU GHYHORSHG WR WKH QRUWK DQG WKDW WKHVH GHHSHU OD\HUV KDV D YHU\ WKLQ
GHYHORSPHQW VRXWKHDVWZDUGV LQ WKH EDVLQ UHVXOWLQJ LQ PRUH SURQRXQFHG UHIOHFWRUVï 1HLWKHU WKH
%DVH QRU WKH 7RS 7RU ERXQGDU\ DUH VHLVPLFDOO\ GLVWLQFW UHIOHFWRUV DQG ZRXOG EH GLIILFXOW WR
SLFN ZLWKRXW ZHOOðWLHï 2QWR WKH /LQGHVQHV 5LGJH D PDMRU SDUW RI WKH 7RU SDFNDJH GLVDSSHDUVï
7KH ëîæ DQG ëîå ZHOOV VKRZ WKDW WKH PLVVLQJ SDUW LV IURP WRS GRZQï 7KH VDPH JHQHUDOLVDWLRQV
FDQQRW EH PDGH IRU WKH $UQHî%Rð-HQV LQYHUVLRQ ULGJHï

/LWKRORJ\ DQG 'HSRVLWLRQDO )DFLHVã
ìè RI WKH VWXG\ ZHOOV DUH PRUH RU OHVV ZHOO UHSUHVHQWHG E\ FRUH LQ WKH 7RU )RUPDWLRQï
1DQQR]RQH 8&ëí LV GHVFULEHG LQ FRUH PDWHULDO IURP DOO ILIWHHQ ZHOOVñ 8&ìä IURP WHQ ZHOOV
DQG 8&ìå IURP IRXU ZHOOVï =RQH 8&ìæ KDV QRW EHHQ FRUHGï

$OO GHSRVLWLRQDO PRGHV LGHQWLILHG LQ WKH FRUH GHVFULSWLRQV DUH SUHVHQW LQ WKH 7RU )RUPDWLRQï
7KHUH VHHPV WR EH QR V\VWHPDWLF FRUUHODWLRQ EHWZHHQ UHVHUYRLU TXDOLW\ DQG GHSRVLWLRQDO PRGHï
6WDWLVWLFDOO\ WKH WLJKWHVW LQWHUYDOVîEHGV DUH SHODJLF õQLQH RI ILIWHHQ H[DPSOHVôñ ZKLOH WKH PRVW
SRURXV LQWHUYDOV FDQ EH HLWKHU GHSRVLWLRQDO IDFLHV õSHODJLFñ KRPRJHQHRXVñ UHZRUNHG RU
VOXPSHGôï

7KH 7RU )RUPDWLRQ LV LQ JHQHUDO YHU\ FOHDQ ZLWK D ORZ FRQWHQW RI LQVROXEOHV õáèøôï 7KH FOHDQ
QDWXUH RI WKH FKDON LV UHIOHFWHG LQ WKH OLJKW FRORXU DQG WKH HYLGHQFH RI SUHVVXUH VROXWLRQ LQ WKH
IRUP RI GHQWDO VW\OROLWHVï 'HQWDO VW\OROLWHV DUH W\SLFDO IRU FOHDQ FKDONñ ZKLOH WKH SUHVVXUH
VROXWLRQ LQ WKH PRUH GLUW\ FKDONV DSSHDUV DV KRUVHWDLOV VROXWLRQ VHDPVï

7KH 7RU IRUPDWLRQ LV FRPSRVHG RI PL[HG SHODJLF DQG DOORFKWKRQRXV FKDONVï 7KHUH LV D JUDGXDO
XSZDUG LQFUHDVH LQ WKH DPRXQW RI DOORFKWKRQRXV PDWHULDO LQ WKH 0RQDðì W\SH ZHOO DQG LQ ZHOO
ëîèð ì RQ WKH 7RU )LHOGï $ VLPLODU GLVWULEXWLRQ LV REVHUYHG LQ ZHOOV GULOOHG RQ (NRILVNñ :HVW
(NRILVN DQG $OEXVNMHOOï

7KH GLVWULEXWLRQ RI VHGLPHQWDU\ IDFLHV LV GULYHQ E\ SDOHRWRSRJUDSK\ñ VR WKDW ZKDW LV VHHQ
WRGD\ LV WKH FRPELQHG UHVXOW RI SULPDU\ GHSRVLWLRQ DQG VHFRQGDU\ SURFHVVHV LQ WKH IRUP RI
UHZRUNLQJ DQG GLDJHQHVLVï 7KHUHIRUHñ WR XQGHUVWDQG WKH GHSRVLWLRQDO IDFLHVñ WKH ORFDWLRQ RI WKH
LQGLYLGXDO ZHOOV ZLWK UHVSHFW WR UHJLRQDO VWUXFWXUDO IHDWXUHV õEDVLQDO D[LVñ PDUJLQV DQG
LQYHUVLRQ ULGJHVô DQG PRUH ORFDO KDORNLQHWLF VWUXFWXUHVñ LV FULWLFDO õILJXUH ëðìñ WDEOH êðìôï

7KH /DWH &DPSDQLDQ 8&ìç QDQQR]RQH LV GHVFULEHG KHUHñ VLQFH WKH WRSPRVW SDUW LV RIWHQ
LQFOXGHG LQ WKH 7RU )RUPDWLRQï 7KH 8&ìç ]RQH LV DEVHQW IURP %DURQðëñ VLWXDWHG RQ DQ
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LQYHUVLRQ ULGJH DQG IURP êìîëçDðìíñ ORFDWHG RQ WKH ZHVWHUQ PDUJLQ RI WKH EDVLQï 7KH VSDUVH
FRUH LQIRUPDWLRQ IURP WKLV ]RQH VKRZV D YDULHW\ RI VHGLPHQWDU\ IDFLHVï ,Q WKH 0RQDðì ZHOO DOO
RI WKH 8&ìç LV SHODJLFñ RZLQJ WR WKLV ZHOOV VKHOWHUHG SRVLWLRQ RQ D JHQWOH ORFDO KLJK VRPH
GLVWDQFH IURP EDVLQ PDUJLQVï 7KH WKUHH UHPDLQLQJ ZHOOV ZLWK 8&ìç FRUHG õëîæð%ðììñ ëîåð$ðìñ
ëîììð$ðëô VKRZ D PRUH FRQGHQVHG VHFWLRQ UHSUHVHQWHG E\ VOXPSHG DQG UHZRUNHG FKDONï 7KHVH
WKUHH ZHOOV DUH ORFDWHG RQ WKH /LQGHVQHV LQYHUVLRQ ULGJH LQ WKH 1RUZHJLDQ VHFWRUï

=RQHV 8&ìæ DQG ìå DUH RI (DUO\ 0DDVWULFKWLDQ DJHï 1R FRUHV DUH DYDLODEOH IURP WKH 8&ìæ
]RQH 7KH 8&ìå LV FRUHG WKURXJKRXW LQ WKH 0RQDðì ZHOOñ ZKHUH WKLV ]RQH LV GHYHORSHG DV
SUHGRPLQDQWO\ SHODJLF FKDON ZLWK LQWHUPLWWHQW VOXPSHG DQG UHZRUNHG VHFWLRQVï

7KH FRUHV IURP ZHOOV ëîæð%ðìì DQG ëîåð$ðì VKRZ D UHODWLYHO\ WKLQ 8&ìå RI D KRPRJHQHRXV RU
UHZRUNHG DSSHDUDQFHï 7KH ëîæð%ðìì ZHOO ZLWK FRPSOHWH 7RU FRUH FRYHUDJH LV UHPDUNDEOH LQ
WKDW RQO\ RQH IDFLHV LV GHVFULEHG ¤ D KRPRJHQHRXV FKDONï 7KLV ZHOO LV ORFDWHG RQ WKH (OGILVN
VWUXFWXUH ZKLFK ZDV DIIHFWHG E\ LQYHUVLRQ DQG KDORNLQHVLVñ DQG GHSRVLWLRQDO IDFLHV PD\ EH
WRWDOO\ GRPLQDWHG E\ LQWHQVHîFRQWLQRXV UHZRUNLQJï 7KH 7RU )RUPDWLRQ LQ WKH ëîåð$ðì ZHOO LQ
WKH 9DOKDOO )LHOG VKRZV PDQ\ XQFRQIRUPLWLHV DQG FRQGHQVHG VHFWLRQV DV D UHVXOW RI EHLQJ
ORFDWHG RQ WKH /LQGHVQHV LQYHUVLRQ ULGJHï 7KH UHZRUNHG 7RU )P FKDONV RQ WKH /LQGHVQHV
5LGJH DUH RIWHQ SUHVHUYHG LQ ORFDO VXE EDVLQVñ DQG WKH DOORFKWKRQRXV FKDONV DUH LQ JHQHUDO
GLIILFXOW WR FRUUHODWH EHWZHHQ WKH ILHOGV RQ WKH ULGJHï

=RQHV 8&ìä DQG ëí DUH RI 8SSHU 0DDVWULFKWLDQ DJHï %RWK DUH UHODWLYHO\ ZHOO UHSUHVHQWHG E\
FRUHï 7KH PRVW H[WHQVLYH FRUH FRYHUDJH RI ]RQH 8&ìä LV LQ ZHOOV êíîæDðëñ ëîèðìñ ìîäðìñ ëîæð%ð
ìì DQG 0RQDðìï &RUHV RI WKH WRS SDUW RI ]RQH ìä RQO\ LV DYDLODEOH IURP ZHOOV ëîéð$ðåñ ëîæðéñ
ëîììð$ðëñ 0ðä; DQG 0)%ðæï 7KLV ]RQH LV PRVWO\ FKDUDFWHULVHG E\ SHODJLF RU KRPRJHQHRXV
FKDON ZLWK RQO\ IHZñ WKLQ LQWHUFDODFWLRQV RI UHZRUNHG PDWHULDO LQ WKH IRUP RI ZDFNHVWRQHV DQG
JUDLQVWRQHVï 6WUDQJHO\ HQRXJKñ WKH 0RQDðì ZHOO LV DQ H[FHSWLRQ LQ WKDW WKH PDMRU SDUW RI
8&ìä KHUH LV D WKLFN SDFNDJH RI JUDLQVWRQHVîGHEULV IORZVï 7KHUH LV DOVR D WKLFN SDFNDJH RI
UHZRUNHG FKDON LQ WKH XSSHU SDUW RI 8& ìä LQ WKH (NRILVN )LHOGï 7KLV LV QRW LPPHGLDWHO\
REYLRXV IURP PDWHULDO SUHVHQWHG KHUH õZHOOV ëîé%ðìäî ëîéðìä% LV QRW SRVLWLYHO\ FRUHG WKURXJK
8&ìäôñ EXW UHZRUNLQJ FDQ EH LQIHUUHG IURP RWKHU ZHOO GDWD IURP WKH (NRILVN )LHOG õ.HQQHG\ñ
ìäåèôï

6LQFH WKH /DWH 0DDVWULFKWLDQ ZDV D WLPH RI JOREDO KLJK VHD OHYHO ZLWK KLJK FKDON SURGXFWLRQ
DQG VHGLPHQWDWLRQ UDWHVñ WKH EDVLQ PDUJLQîVORSH DUHDV ZHUH SURQH WR UHGLVWULEXWLRQ RI XQVWDEO\
DFFXPXODWHG FKDON RR]Hï 7KH KLJK FKDON VHGLPHQWDWLRQ UDWHV VHUYHG WR GUDSH H[LVWLQJ
VWUXFWXUHV LQ WKH FHQWUDO SDUWV RI WKH EDVLQV õSHODJLF DQGîRU KRPRJHQHRXV WXUELGLWHVôï ,Q DOO
ZHOOV WKH WRS SDUW RI 8&ìä FRPSULVH SHODJLF RU KRPRJHQHRXV FKDONï

7KH 8&ëí ]RQH LV FRUHG LQ ìè RI WKH VWXG\ ZHOOVï ,W LV DOZD\V SHODJLF DW WKH ERWWRPñ
VXJJHVWLQJ D WHFWRQLFDOO\ TXLHW SHULRG DURXQG WKH 8&ìäîëí ERXQGDU\ï 8S WKURXJK 8&ëí WKH
FRUHV VKRZ LQFUHDVLQJ FRPSOH[LW\ RI IDFLHV LQ WKH 1RUZHJLDQ DQG QRUWKHUQ SDUW RI WKH 'DQLVK
VHFWRUï 7KH VRXWKHUQPRVW 'DQLVK ZHOOV DUHñ KRZHYHUñ SHODJLF WKURXJKRXWï $ OLQH UXQQLQJ
(1(ð:6: IURP WKH 5LQJN�ELQJð)\Q +LJK WR WKH 0LGð1RUWK 6HD +LJK VHSDUDWHV WKH 6RXWKHUQ
6DOW 'RPH 3URYLQFH õ¦DOO SHODJLF§ô IURP WKH UHVW RI WKH VWXG\ DUHDï

7KH WRS VHFWLRQ RI 8&ëí LV DOVR GRPLQDQWO\ SHODJLFñ H[FHSW IRU ëîéð$ðåñ ëîé%ðìäñ ëîæðéñ
êíîæDðë DQG ëîæð%ðììñ ZKLFK KDYH D UHZRUNHG RU VOXPSHG VHFWLRQ DW WKH WRSï
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%DVHG RQ ORJ FKDUDFWHULVWLFV WKH 8&ëí ELR]RQH LV WKH PRVW SRURXV ]RQHñ SDUWLFXODUO\ LQ WKH
XSSHU KDOIï 7KH LQWHUQDO FRQWUDVWV LQ SRURVLW\ DUH PRVW SURQRXQFHG LQ WKH ZHVWHUQPRVW ZHOOV
õêíîæDðëñ ìîêðåñ ìîêðìñ ëîæðéñ ëîæðëñ êìîëçDðìíôï ,Q WKHVH ZHOOV D PXFK PRUH EHGGHG
DSSHDUDQFH LV VHHQ FRPSDUHG WR WKH HDVWHUQPRVW DQG 'DQLVK ZHOOVñ ZKHUH DQ\ GHYHORSPHQW LQ
SRURVLW\ LV PRUH JUDGXDO ZLWK OHVV FRQWUDVWV DQG PXFK WKLFNHU EHGðFRPSRVLWHVï ,Q WKLV UHVSHFW
WKH 7RPPHOLWHQ DOSKD ZHOO ìîäðìñ WKRXJK ORFDWHG TXLWH IDU ZHVW ORRNV PRUH OLNH WKH HDVWHUQ
ZHOOVï 7KHVH YDULDWLRQV FDQ EH DVFULEHG WR WKH GLIIHUHQW VRXUFH DUHDV IRU UHZRUNHG FKDONVï 7KH
+LGUD +LJK DQG /LQGHVQHV ULGJH DUH WZR LPSRUWDQW VRXUFH DUHDV IRU DOORFKWKRQRXV FKDON LQ
8&ìäîëí ZKRVH SRVLWLRQ DQG FRQWULEXWLRQ KDYH FKDQJHG RYHU WLPHï

%LRVWUDWLJUDSKLF &KDUDFWHULVDWLRQã
%LRVWUDWLJUDSKLFDOO\ñ WKH 7RU )RUPDWLRQ HQFRPSDVVHV WKH XSSHU SDUW RI QDQQRSODQNWRQ =RQH
8&ìç WKURXJK WR =RQH 8&ëí DQG WKH WZR IRUDPLQLIHULG =RQHV )&6ëë DQG )&6ëêñ ERWK RI
ZKLFK KDYH EHHQ IXUWKHU GLYLGHG LQWR VXE]RQHV DV SDUW RI WKH SUHVHQW VWXG\ õVHH &KDSWHU éôï

%RWK WKH QDQQRIORUDO DQG PLFURIDXQDO DVVHPEODJHV XVHG WR GHILQH WKH ]RQDO VFKHPHV FRPSDUH
FORVHO\ WR VLPLODU DVVHPEODJHV IURP ODWHVW &DPSDQLDQ WR 0DDVWULFKWLDQ FKDON VHFWLRQV
GHVFULEHG IURP WKH DGMDFHQW RQVKRUH UHJLRQV RI 'HQPDUN õ6XUO\N ÷ %LUNHOXQGñ ìäææñ
6WHQHVWDGñ ìäæäôñ 1RUWK *HUPDQ\ õ6FK|QIHOG ÷ %XUQHWWñ ìääìô DQG WKH QRUWK 1RUIRON DUHD RI
(DVW $QJOLDñ 8ï. õ+DUW HW DOïñ ìäåäôï 7KHVH FRPSDULVRQV DOORZ D KLJK FRQILGHQFH OHYHO LQ WKH
]RQDO GDWHV DSSOLHG WR WKH RIIVKRUH VHFWLRQV H[DPLQHGï

7KHUH LV FRQVLGHUDEOH ELRVWUDWLJUDSKLF HYLGHQFH IRU LQWUDðIRUPDWLRQDO UHZRUNLQJ ZLWKLQ WKH 7RU
WKURXJKRXW WKH VWXG\ UHJLRQï 6HYHUDO ZHOOV FRQWDLQ VHFWLRQV ZKHUH /DWH &DPSDQLDQ DQG (DUO\
0DDVWULFKWLDQ 7RU VHGLPHQWV KDYH EHHQ UHðGHSRVLWHG GXULQJ WKH /DWH 0DDVWULFKWLDQ õHïJï ëîèðìñ
ëîæðéñ êíîæDðë DQG 0RQDðìôï 7KHUH LV DOVR HYLGHQFH RI UHZRUNLQJ ZLWKLQ WKH /DWH
0DDVWULFKWLDQñ ZKLFK FDQ EH SURYHQ E\ SUHVHQFH RI UHVWULFWHG =RQH 8&ìä QDQQRIORUDO PDUNHUV
FRðH[LVWLQJ ZLWK WKH UHVWULFWHG =RQH 8&ëí VSHFLHV 1HSKUROLWKXV IUHTXHQVï 'HVSLWH WKH IUHTXHQW
SUHVHQFH RI VWDFNHG DOORFKWKRQRXV FKDON XQLWV ZLWKLQ WKH 7RUñ WKH DJHV RI LQGLYLGXDO XQLWV FDQ
EH DVFHUWDLQHG RQ WKH EDVLV RI WKH FKDUDFWHULVWLF QDQQRIORUDO DQG PLFURIDXQDO DVVRFLDWLRQVï

0DQ\ RI WKH ZHOO VHFWLRQV H[DPLQHG LQFOXGH YHU\ WKLQ DQG FRQGHQVHG /DWH &DPSDQLDQ WR
(DUO\ 0DDVWULFKWLDQ LQWHUYDOV õ)RUDPï =RQH )&6ëëñ 1DQQRSODQNWRQ =RQHV 8&ìç ð 8&ìåôñ
VXJJHVWLQJ DFWLYH VWUXFWXUDO JURZWK GXULQJ WKLV SHULRGï $OWKRXJK RFFDVLRQDO UHZRUNLQJ ZLWKLQ
ORZHU 7RU VHGLPHQWV LV UHFRJQLVHG ZLWK &DPSDQLDQ RU ROGHU WD[D SUHVHQW ZLWKLQ (DUO\
0DDVWULFKWLDQ õ=RQH 8&ìåô FKDONV õHïJï ZHOOV ëîé%ðìäñ ëîìì$ðë 7ê DQG 0RQDðìôñ WKH
PD[LPXP SKDVH RI DOORFKWKRQRXV FKDON GHSRVLWLRQ LV GXULQJ WKH /DWH 0DDVWULFKWLDQ UHVXOWLQJ
LQ FRQVLGHUDEOH YDULDWLRQ LQ IRUPDWLRQ WKLFNQHVV DFURVV WKH UHJLRQï

6XEGLYLVLRQVã
,W KDV EHHQ GHFLGHG QRW WR SURSRVH DQ\ IRUPDO VXEGLYLVLRQ RI WKH 7RU )RUPDWLRQï $V
PHQWLRQHG LQ WKH VHFWLRQ RQ VHLVPLF FKDUDFWHU WKH 1RUWKðZHVWHUQ HQG RI WKH VWXG\ DUHD
VXJJHVWV SRWHQWLDO IRU VXEGLYLVLRQ KHUHï 0DQ\ 1RUZHJLDQ FRPSDQLHV KDYH SUHYLRXVO\
VXEGLYLGHG WKH 7RU )RUPDWLRQ LQ 4XDGUDQW ë LQWR 7$ õWRSôñ 7% DQG 7&ñ FRUUHVSRQGLQJ WR 8QLW
é DQG è LQ WKH 'DQLVK 6HFWRU õ/LHEHUNLQG HW DOïñ ìäåëñ FRUUHODWLRQ LQ $QGHUVHQñ ìääèôï 7& LV
WKH EDVLQ LQILOO IDFLHVï 7% DQG 7$ FRUUHVSRQG WR XSSHU 8&ìä DQG 8&ëí LQ ZHOO ëîèðìï
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èïç (NRILVN )RUPDWLRQ

$ VFKHPDWLF GLDJUDP LOOXVWUDWLQJ WKH VWUDWLJUDSKLF IUDPHZRUN RI WKH (NRILVN )RUPDWLRQ LV
VKRZQ LQ ILJXUH èðæï 1RWH WKDW WKH GLDJUDP LV EDVHG RQ ZHOO GDWD RQO\ñ WKH LQWHUQDO VHLVPLF
UHVROXWLRQ RI WKH (NRILVN )RUPDWLRQ GRHV QRW SHUPLW UHJLRQDO VXEGLYLVLRQ RI WKH XQLWñ DQG WKH
H[DFW HURVLRQDOîGHSRVLWLRQDO UHODWLRQVKLS LV XQFHUWDLQï $OVRñ UHJLRQDO YDULDWLRQV H[LVWñ DQG WKH
GLDJUDP LV QRW PHDQW WR LOOXVWUDWH WKH H[DFW VWUDWLJUDSK\ LQ D FHUWDLQ DUHDñ EXW MXVW WR JLYH DQ
DSSUR[LPDWH SLFWXUH RI WKH UHJLRQDO YDULDWLRQV IURP EDVLQDO VHWWLQJV WR VWUXFWXUDO KLJKVï

$ ILJXUH LOOXVWUDWLQJ W\SLFDO ZHOOV IURP WKH VRXWK WR WKH QRUWK LV VKRZQ LQ ILJXUH èðåï
)LJXUH èðä VKRZV WKH SUHVHQFH RI WKH YDULRXV ELR]RQHV LQ WKH VWXG\ ZHOOVï

)LJXUH èðæã 6FKHPDWLF GLDJUDP RI GHSRVLWLRQ DQG HURVLRQ RI WKH (NRILVN )RUPDWLRQ
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)LJXUH èðäã (NRILVN )RUPDWLRQ ELRVWUDWLJUDSKLF ]RQHV SUHVHQFH
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1DPHã
)URP WKH (NRILVN ILHOGñ 1RUZHJLDQ %ORFN ëîéï

:HOO 7\SH 6HFWLRQã
ëîéðèñ êìçéðêíêæ P 0' õ'HHJDQ DQG 6FXOOñ ìäææôï

:HOO 5HIHUHQFH 6HFWLRQVã
ìîêðìñ êêèéðêëèæ P 0'ï
8. ëëîìðë$ñ ëäåëïèðëäêè P 0'ï
ëîèðìñ êìêëðêíéì P 0'ï õ7KLV ZHOO ZDV DGGHG E\ ,VDNVHQ DQG 7RQVWDGñ ìäåäôï

$JHã
'DQLDQï 1DQQRSODQNWRQ ]RQHV 117Sìð117Sè%ï

/RZHU FRQWDFW FKDUDFWHULVWLFVã
7KH ORZHU FRQWDFW RI WKH (NRILVN )RUPDWLRQ LV GHILQHG E\ WKH GLVWLQFW VWUDWLJUDSKLF
XQFRQIRUPLW\ DW WKH &UHWDFHRXVð7HUWLDU\ ERXQGDU\ RYHU PRVW RI WKH VWXG\ DUHDï %DVHG RQ
OLWKRORJ\ñ WKH UHFRJQLWLRQ RI WKH FRQWDFW PD\ñ HVSHFLDOO\ LQ WKH FHQWUDO SDUWV RI WKH 'DQLVK
VHFWRUñ EH GLIILFXOW GXH WR ORZ FRQWUDVW LQ SK\VLFDO SURSHUWLHV EHWZHHQ WKH DGMDFHQW IRUPDWLRQVñ
DV VHHQ IRU H[DPSOH LQ WKH 5RDUðë ZHOO õILJXUH èðåôï ,Q WKH VRXWKHUQ DQG QRUWKHUQ SDUW RI WKH
'DQLVK DUHDñ WKH ORZHU VHFWLRQ RI WKH (NRILVN )RUPDWLRQ LV LQIOXHQFHG E\ FKHUW DQG FOD\ LQ
FRQWUDVW WR WKH SXUH FKDON RI WKH XQGHUO\LQJ 7RU )RUPDWLRQï 0RVW W\SLFDO IRU WKH FRQWDFW LVñ
KRZHYHUñ WKH HURVLRQDO KDUGJURXQG DW WKH WRS RI WKH 7RU )RUPDWLRQ õVHH &KDSWHU èïé DQG ZHOO
0)%ðæñ ILJXUH èðåôï

5HFRJQLWLRQ IURP ZLUHOLQH ORJV LV OHVV FOHDU WKDQ IRU WKH XSSHU FRQWDFWï ,Q WKH ZHOOV LQ WKH
'DQLVK VHFWRU VRXWK RI WKH 5LQN�ELQJð)\Q +LJKñ WKHUH LV QR GLVWLQFW EUHDN RQ WKH *DPPD 5D\ï
7KH HURVLRQDO KDUGJURXQG RQ WKH WRS RI WKH 7RU IRUPDWLRQ LV UHIOHFWHG E\ DQ LQFUHDVH RQ WKH
GHQVLW\ ORJ LQ PRVW ZHOOVï ,Q WKH %DURQðë ZHOOñ ZKHUH WKH 7RU IRUPDWLRQ LV DEVHQWñ WKH FRQWDFW
EHWZHHQ (NRILVN DQG +RG LV PDUNHG E\ D VLPLODU EUHDN RQ WKH GHQVLW\ ORJ õILJXUH èðåôï

,Q WKH 1RUZHJLDQ VHFWRUñ LQ WKH D[LDO SDUW RI WKH &HQWUDO *UDEHQ WKH FRQWDFW LV FRQIRUPDEOHñ RU
ZLWK D PLQRU KLDWXVñ VXFK DV LQ WKH (NRILVN ILHOGï 7KH ORZHU FRQWDFW LV RIWHQ PDUNHG E\ DQ
LQFUHDVH RI WKH *DPPD 5D\ VLJQDO LQWR D ]RQH FRPSULVLQJ DUJLOODFHRXV FKDON LQ WKH ORZHUPRVW
(NRILVN )RUPDWLRQñ LQIRUPDOO\ NQRZQ DV WKH (NRILVN WLJKW ]RQHñ IRU H[DPSOH LQ ZHOO ëîéð$ðå
õILJXUH èðåôï ,Q VRPH DUHDV WKLV ]RQH LV OHVV ZHOO GHYHORSHGñ DQG LQ ZHOOV LQ WKH 'DQLVK VHFWRU
VRXWK RI WKH 5LQN�ELQJð)\Q KLJK WKHUH LV QR GLVWLQFW EUHDN RQ WKH *DPPD 5D\ ORJï

2Q WKH IODQNV RI WKH &HQWUDO *UDEHQ DQG RQ WKH /LQGHVQHV 5LGJH WKH FRQWDFW LV PDUNHG E\ DQ
XQFRQIRUPLW\ñ DQG WKH ORZHU SDUW RI WKH (NRILVN )RUPDWLRQ LV JHQHUDOO\ DEVHQW õILJXUH èðæôï
+HUH WKH ORZHU FRQWDFW LV W\SLFDOO\ PDUNHG E\ D EDVDO KDUG JURXQG õZHOO ëîëðêñ ILJXUH èðåôï ,Q
VRPH SODFHVñ WKH (NRILVN )RUPDWLRQ LV YHU\ WKLQ RU DEVHQWñ VXFK DV LQ WKH +RG DQG 9DOKDOO
ILHOGVñ ZKHUH WKH 7RU )RUPDWLRQ LV ORFDOO\ RYHUODLQ E\ 3DOHRFHQH VKDOHï

7KH FRQWDFW LV LQ PRVW FDVHV HDVLO\ UHFRJQL]HG IURP ELRVWUDWLJUDSK\ñ DOWKRXJK UHZRUNLQJ RI
0DDVWULFKWLDQ IRVVLOV LQWR \RXQJHU GHSRVLWV RFFDVLRQDOO\ RFFXUï
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8SSHU FRQWDFW FKDUDFWHULVWLFVã
7KH XSSHU FRQWDFW LV FKDUDFWHUL]HG E\ DQ XSZDUG GLVWLQFW FKDQJH LQ OLWKRORJ\ IURP WKH SXUH
FKDON RI WKH (NRILVN )RUPDWLRQ WR PDVVLYH OD\HUHG VKDOHï ,Q VRPH FDVHVñ D PDUOðGRPLQDWHG
OD\HU LV IRXQG LQ EHWZHHQï ,Q VRPH DUHDVñ ERWK LQ WKH 'DQLVK DQG WKH 1RUZHJLDQ VHFWRUñ WKHUH
LV D JUDGXDO WUDQVLWLRQ LQWR WKH RYHUO\LQJ PDUOñ ZKLFK PD\ PDNH LW GLIILFXOW WR SLFN WKH H[DFW
WRS õ%DURQðëñ ILJXUH èðåôï

7KH XSSHU FRQWDFW LV REVHUYHG RQ VHYHUDO RI WKH ZLUHOLQH ORJVï ,W LV PRVW GLVWLQFW RQ WKH
*DPPD 5D\ ORJñ ZKHUH WKH FRQWDFW RIWHQ LV H[SUHVVHG DV D YHU\ VKDUS EUHDNñ ZKLFKñ KRZHYHUñ
LV PRUH JUDGXDO ZKHQ PDUO LV SUHVHQW DW WKH FRQWDFWï õ&RPSDUH %DURQðë DQG 0)%ðæñ ILJXUH èð
åïô 7KH VRQLF ORJ VKRZV D VLPLODU UHVSRQVHï

7KH GHQVLW\ ORJ LV DOVR VKRZLQJ D FOHDU FKDQJH DV D FRQVHTXHQFH RI WKH SRURVLW\ FRQWUDVW
EHWZHHQ WKH DGMDFHQW OD\HUVï 7KH FKDQJH RQ WKH QHXWURQ ORJ LV QRW DV GLVWLQFW DV LW LV PRGLILHG
E\ WKH SUHVHQFHîDEVHQFH RI K\GURFDUERQVîZDWHU LQ WKH SRUH VSDFHVñ EXW WKHUH LV XVXDOO\ D
GLVWLQFW EUHDN LQ WKH QHXWURQðGHQVLW\ VHSDUDWLRQ DFURVV WKH ERXQGDU\ õëîéð$ðåñ ILJXUH èðåôï

7KH FRQWDFW LV DOZD\V UHFRJQLVDEOH ELRVWUDWLJUDSKLFDOO\ï

)RUPDWLRQ WKLFNQHVV DQG GLVWULEXWLRQ DFURVV VWXG\ DUHDã
7KH WKLFNQHVV RI WKH (NRILVN )RUPDWLRQ YDULHV WKURXJKRXW WKH VWXG\ DUHDï ,Q WKH VRXWKHUQ HQG
RI WKH 'DQLVK VHFWRUñ WKH WKLFNQHVV LV VRPH êí WR éí PHWHUV ZKHUHDV LQ WKH FHQWUDO DUHD õ5RDUð
ëñ %Rðìôñ WKH XSSHU SDUW RU DOO RI WKH (NRILVN )RUPDWLRQ LV DEVHQW DQG WKH WKLFNQHVV PD\ EH
UHGXFHG VLJQLILFDQWO\ñ GRZQ WR D IHZ PHWHUVï

)XUWKHU QRUWKñ WKH WKLFNQHVV LQFUHDVHV DJDLQ õçì Pñ %DURQðëô WR PRUH WKDQ ìíí PHWHUV LQ
0RQDðì DQG /XOXðìï &RUHV IURP WKH (NRILVN IRUPDWLRQ LQ /XOXðì VKRZ VLJQLILFDQW LQIOXHQFH
IURP WXUELGLWHV DQG WKLV PD\ DOVR EH WKH FDVH LQ 0RQDðìñ ZKLFK GLVSOD\V D VLPLODU ORJ SDWWHUQï

7KH GHSRVLWLRQDO FHQWUH IRU WKH (NRILVN )RUPDWLRQ H[WHQGV DORQJ WKH D[LV RI WKH &HQWUDO
*UDEHQ IURP WKH 0RQD DUHD SDVW WKH (NRILVN DUHDñ ZLWK WKLFNQHVVHV UHDFKLQJ DERXW ìæí P
õìêä P LQ ëîéð$ðåñ ILJXUH èðåôï 0DMRU UHZRUNLQJ LV REVHUYHG LQ WKLV GHSRVLWLRQDO FHQWUHï

2Q WKH HDVW DQG QRUWKHDVW IODQN RI WKH &HQWUDO *UDEHQ WKH (NRILVN )RUPDWLRQ WKLQV DQG LV
ORFDOO\ DEVHQWñ DV IRU H[DPSOH LQ ZHOO ëîëðëï 2Q WKH ZHVWHUQ IODQN RI WKH &HQWUDO *UDEHQñ LQ
WKH ERUGHU DUHD EHWZHHQ WKH 1RUZHJLDQ DQG 8. VHFWRUVñ WKH WKLFNQHVV JHQHUDOO\ YDULHV
EHWZHHQ èí ðìíí P õHïJï êìîëçDðìí DQG ìîäðìôñ UHIOHFWLQJ DQ HQYLURQPHQW GRPLQDWHG SULPDULO\
E\ SHODJLF GHSRVLWLRQ DQG GHEULV IORZVï

'XH WR LQYHUVLRQ DORQJ WKH /LQGHVQHV 5LGJH WKH (NRILVN )RUPDWLRQ WKLQV UDSLGO\ RQWR WKH
ULGJH DQG LV ORFDOO\ DEVHQW LQ WKH +RG DQG 9DOKDOO ILHOGVï

/LWKRORJ\ñ PDLQ GHSRVLWLRQDO IDFLHV DQG HQYLURQPHQWã
,Q JHQHUDOñ WKH ORZHUPRVW SDUW õ1DQQRIRVVLO ]RQHV 117Sì DQG 117Së%î&ô RI WKH (NRILVN
)RUPDWLRQ LV DEVHQW IURP WKH VWXG\ ZHOOV LQ WKH 'DQLVK VHFWRUï 7KLV PD\ UHIOHFW WKH HURVLRQ RQ
WKH 7RUð(NRILVN ERXQGDU\ FRQWLQXLQJ LQWR WKH 'DQLDQï ,QGLFDWLRQV RI RFFXUUHQFH RI WKH ROGHVW
]RQH õ117Sìô DUH UHSRUWHG IURP /XOXðìï 7KH HQYLURQPHQW RI WKH (NRILVN )RUPDWLRQ LQ WKH
VRXWKHUQ SDUW RI WKH 'DQLVK VHFWRU LV GRPLQDWHG E\ SHODJLF GHSRVLWLRQ RI D ODPLQDWHGñ
ELRWXUEDWHG PXGVWRQH õ0)%ðæñ ILJXUHV êðìæ DQG èðåôï 7KH ORZHU SDUWV DUH RIWHQ DUJLOODFHRXV
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DQG FKHUW EHDULQJï 2QO\ PLQRU UHZRUNLQJ RI PDLQO\ /DWH 0DDVWULFKWLDQ VSHFLHV RFFXUVï 7KH
SHODJLF VWUDWD DUH RFFDVLRQDOO\ LQWHUUXSWHG E\ GHEULV IORZVñ LQ VHYHUDO FDVHV PDUNLQJ WKH
FRQWDFW EHWZHHQ DGMDFHQW ELR]RQHVï

,Q WKH FHQWUDO SDUW RI WKH 'DQLVK VHFWRU D VLPLODU HQYLURQPHQW LV IRXQG õ5RDUðëñ ILJXUHV êðìç
DQG èðåôï +RZHYHUñ VOXPSV DUH PRUH FRPPRQ FRPSDUHG WR WKH VRXWKHUQ SDUWï ,Q DGGLWLRQñ WKH
\RXQJHVW SDUW RI WKH IRUPDWLRQ LV DEVHQWï 7KH FKDON LV OHVV DUJLOODFHRXV DQG FKHUW LV UDUHï
&RQWLQXLQJ QRUWKZDUGVñ VOXPSV DQG WXUELGLWHV GRPLQDWH WKH ORZHU SDUW RI WKH (NRILVN
)RUPDWLRQ LQ %DURQðëñ ZKHUHDV WKH XSSHU SDUW LV GRPLQDQWO\ SHODJLF ODPLQDWHGñ ELRWXUEDWHG
PXGVWRQH õILJXUHV êðìè DQG èðåôï /LNH LQ 5RDUðëñ WKH \RXQJHVW SDUW RI WKH IRUPDWLRQ LV DEVHQWï

$SSURDFKLQJ WKH 1RUZHJLDQ VHFWRUñ WKH WKLFNHVW DQG VWUDWLJUDSKLFDOO\ PRVW FRPSOHWH (NRILVN
VXFFHVVLRQ LQ WKH 'DQLVK VHFWRU LV IRXQG LQ /XOXðì õILJXUH êðìêôï 7KH FRULQJ RI WKH (NRILVN
)RUPDWLRQ LVñ KRZHYHUñ LQFRPSOHWH LQ WKLV ZHOO VXFK WKDW WKH FRUHV FRYHU WKH XSSHU DQG ORZHU
SDUW EXW WKH FHQWUDO SDUW õDSSUR[LPDWHO\ êé Pô LV XQFRUHGï /XOXðì LV WKH RQO\ RI WKH 'DQLVK
VWXG\ ZHOOV ZKHUH WKH ROGHVW QDQQRIRVVLO ELR]RQH õ117Sìô LV REVHUYHGï 7KH ORZHVW SDUW RI WKH
VHFWLRQ LV GRPLQDWHG E\ DQ DUJLOODFHRXV PDVVLYH WR ODPLQDWHG FKDON PXGVWRQHï 7KH
DUJLOODFHRXV FRQWHQW VKRZV D F\FOLF YDULDWLRQ EXW JHQHUDOO\ WKH GHQVLW\ RI FOD\ VHDPV LQFUHDVH
XSZDUGï 7KH VHFWLRQ LV GRPLQDQWO\ SHODJLF DQG VOXPSV DUH UDUHñ PDLQO\ RFFXUULQJ LQ WKH
GHHSHVW SDUWï 7KH VHFWLRQ DERYH LV GRPLQDWHG E\ PDVVLYH SHODJLF PXGVWRQHï &OD\ LV OHVV
FRPPRQ WKDQ EHORZ EXW VW\OROLWHV DUH QXPHURXVï 6OXPSV DUH UDUH DQG PDLQO\ SUHVHQW WRZDUG
WKH WRS RI WKH ORZHU SDUW RI WKH FRUHG VHFWLRQVï 7KH VHFWLRQ XQFRUHG LQ /XOXðì LV NQRZQ IURP
RIIVHW ZHOOV WR EH GRPLQDWHG E\ UHZRUNHG FKDONï 7KH EDVH RI WKH XSSHU SDUW RI WKH FRUHG
VHFWLRQV LV GRPLQDWHG E\ SHODJLF PDVVLYH FKDON PXGVWRQHV DQG ZDFNHVWRQHVï 7R WKH WRS RI
QDQQRIRVVLO ELR]RQH 117Sé'ñ VOXPSV DQG GHEULV IORZV GRPLQDWH DQG UHZRUNHG FKDON WKXV
IRUPV D VLJQLILFDQW SDUW RI WKLV VHFWLRQï ,Q WKH XSSHUPRVW SDUWñ ZKLWH SHODJLF FKDON EHFRPHV
GRPLQDQWñ UHSUHVHQWHG E\ QDQQRIRVVLO ELR]RQH 117Sè%ï 7KLV ODWH 'DQLDQ ELR]RQH LV RQO\
IRXQG LQ /XOXðì DQG LQ 0)%ðæ LQ WKH VRXWKHUQPRVW SDUW RI WKH 'DQLVK VHFWRUï

7KH PRVW FRPSOHWH (NRILVN )RUPDWLRQ LV IRXQG LQ WKH (NRILVN ILHOG DUHD LQ WKH 1RUZHJLDQ
VHFWRUï 7KH ORZHUPRVW SDUW LV JHQHUDOO\ IRUPHG E\ DUJLOODFHRXVñ SHODJLF FKDON EHORQJLQJ WR
QDQQRIRVVLO ELR]RQH 117Sì DQG WKH ORZHU SDUW RI 117Sëñ XS WR 117Së'î( õëîéð$ðåñ ILJXUH
èðåôï ,Q WKH XSSHU SDUW RI WKLV ¦(NRILVN WLJKW ]RQH§ VRPH UHZRUNHG OD\HUV PD\ RFFXUï 8SZDUGV
WKH VHFWLRQ LV GRPLQDWHG E\ D WKLFNñ KHDYLO\ UHZRUNHG XQLW FRPSULVLQJ SUHGRPLQDQWO\
0DDVWULFKWLDQ IRVVLOVï 'DWLQJ LV SUREOHPDWLF GXH WR WKH H[WHQVLYH UHZRUNLQJñ EXW WKH ]RQH
VHHPV WR FRUUHVSRQG PDLQO\ WR WKH XSSHU SDUW RI 117Së DQG WKH ORZHU SDUW RI 117Sé õVHH
HQFORVXUH éðéåôï 7KH XQLW FRQVLVWV PDLQO\ RI PDVVLYHñ KRPRJHQRXV FKDON DQG SHEEOH
IORDWVWRQH LQWHUSUHWHG DV VOLGHVñ VOXPSV DQG GHEULV IORZVñ RFFDVLRQDOO\ ZLWK WKLQ SHODJLF OD\HUV
LQ EHWZHHQï 7KH XSSHU SDUW RI WKH (NRILVN )RUPDWLRQ LV DOVR YDULDEO\ UHZRUNHGñ EXW OHVV
H[WHQVLYHO\ WKDQ WKH ORZHU SDUWñ DQG JHQHUDOO\ FRQVLVWV RI VOXPSHGñ GHIRUPHG FKDON DQG GHEULV
IORZV ZLWK LQWHUEHGV RI SHODJLF FKDONï 5HZRUNLQJ WRRN SODFH HVSHFLDOO\ ZLWKLQ ]RQH 117Sé'ñ
EXW DOVR LQ WKH XSSHUPRVW SDUW RI ]RQH 117Sé DQG GXULQJ 117Sè$ï 7KH XSSHUPRVW SDUWñ
EHORQJLQJ WR ]RQH 117Sè% LV SUHGRPLQDQWO\ SHODJLF DQG JUDGHV LQWR WKH RYHUO\LQJ PDUO RI
WKH 9nOH )RUPDWLRQñ ZLWK QR VKDUS WUDQVLWLRQï

7KH VRXUFH DUHD IRU WKH UHZRUNHG ]RQHV LV EHOLHYHG WR EH PDLQO\ WKH /LQGHVQHV 5LGJH WR WKH
VRXWKZHVWñ EXW DOVR ZLWK VRPH FRQWULEXWLRQ IURP WKH HDVW DQG QRUWKHDVWï )XUWKHU DZD\ IURP WKH
/LQGHVQHV 5LGJHñ LQ %ORFN ëîèñ WKH UHZRUNLQJ VHHPV WR EH OHVV SHQHWUDWLYHñ DQG WKH (NRILVN
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)RUPDWLRQ LV GRPLQDWHG E\ LQWHUEHGGHG SHODJLF FKDON DQG WKLQ WXUELGLWHV ZLWK RFFDVLRQDO
WKLFNHU GHEULV IORZV õ:HOO ëîèðìñ ILJXUH êðìëôï

,Q WKH 9DOKDOO )LHOG RQ WKH /LQGHVQHV 5LGJHñ WKH 0DDVWULFKWLDQ FKDON ZDV UHZRUNHG WKURXJK
VKDOORZðZDWHU VKRDOLQJ DQG ZLQQRZLQJ DFURVV WKH FHQWUDO FUHVWñ IHHGLQJ FRDUVHUðJUDLQHG GHEULV
IORZV GRZQ WKH IODQN õ(OOH 0HPEHUâ %HUJHQ DQG 6LNRUDñ ìäääôï 7KLV UHZRUNHG XQLW VHHPV WR
FRUUHODWH DW OHDVW LQ SDUW WR WKH ORZHU UHZRUNHG 0DDVWULFKWLDQ GHSRVLWV DW WKH (NRILVN )LHOG
õ)LJXUH èðæôï $ PDMRU IORRGLQJ HYHQW DW DERXW çê 0D %3 WHUPLQDWHG WKH UHZRUNLQJ DW 9DOKDOOñ
DQG \RXQJHU 'DQLDQ FKDON LV D KLJKO\ FRQGHQVHGñ VWUDWLJUDSKLFDOO\ GLVFRQWLQRXVñ GHHSðZDWHU
DXWRFKWKRQRXV GHSRVLW õ6LNRUD HW DOïñ ìäääôï

2Q WKH IODQNV RI WKH 1RUZHJLDQ SDUW RI WKH &HQWUDO *UDEHQñ DV ZHOO DV LQ WKH ZHOOV IURP WKH
8. VHFWRUñ WKH ORZHU SDUW RI WKH (NRILVN )RUPDWLRQ LV JHQHUDOO\ DEVHQWï 3HODJLF FKDON ZLWK
WKLQ WXUELGLWHV GRPLQDWHñ ZLWK RFFDVLRQDO WKLFNHU UHZRUNHG ]RQHV õLïHï êíîæDðëñ ILJXUH êðìäôï

,Q VXPPDU\ñ WKH (NRILVN )RUPDWLRQ FRPSULVHV D KLJKO\ YDULHG UDQJH RI GHSRVLWVñ ZLWK SHODJLF
FKDON GRPLQDWLQJ LQ WKH VRXWKHUQ DQG ZHVWHUQ SDUW RI WKH VWXG\ DUHDñ EXW LQ WKH DUHD DURXQG WKH
(NRILVN ILHOGñ ZKHUH WKH WKLFNHVW DQG PRVW FRPSOHWH VHFWLRQ LV IRXQGñ UHZRUNHG FKDON
GRPLQDWHVï 7KH PDLQ VWUDWLJUDSKLF EUHDNV DSSHDU DW WKH EDVH DQG WRS RI WKH IRUPDWLRQï

6HLVPLF FKDUDFWHULVWLFVã
2Q WKH W\SH RI VHLVPLF VHFWLRQV XVHG LQ WKLV VWXG\ 7RS &KDON LV UHFRJQLVHG DV D FOHDU VHLVPLF
WURXJK UHVXOWLQJ IURP DQ LQFUHDVH LQ DFRXVWLF LPSHGDQFH õ6(* UHYHUVH SRODULW\ VWDQGDUGôï ,Q
DUHDV ZKHUH WKHUH LV D JUDGXDO WUDQVLWLRQ IURP WKH (NRILVN )RUPDWLRQ WR WKH RYHUO\LQJ PDUOV
WKH WRS PD\ EH GLIILFXOW WR SLFN H[DFWO\ï3UHVHQFH RI K\GURFDUERQV RU H[FHVVLYH KLJK IRUPDWLRQ
SRURVLW\ PD\ UHVXOW LQ GHYLDWLRQV IURP WKH QRUPDOO\ H[SHFWHG VHLVPLF DSSHDUDQFH ZLWK WKH WRS
RI WKH FKDON IRUPDWLRQ VKRZ GLPPLQJ RU HYHQ SKDVH UHYHUVDO RI WKH VHLVPLF VLJQDOï

:KHUH WKLFN HQRXJK WR EH UHVROYHGñ WKH LQWHUQDO VHLVPLF FKDUDFWHU RI WKH (NRILVN )RUPDWLRQ
WHQGV WR EH FKDRWLFñ DQG LQWHUQDO XQLWV FDQ RQO\ EH LQWHUSUHWHG ORFDOO\ï 6HH DOVR &KDSWHU ëïêï

%LRVWUDWLJUDSKLF FKDUDFWHULVWLFVã
$OO VWXG\ ZHOOV ZLWK FRUHV IURP WKH (NRILVN IRUPDWLRQ KDYH EHHQ DQDO\VHG WR LGHQWLI\
GLDJQRVWLF QDQQRIRVVLO DVVHPEODJHVï ,Q WKH SUHVHQW VWXG\ñ VRPH ìæ QDQQRIRVVLO ]RQHV KDYH
EHHQ LGHQWLILHG õILJXUH èðäôï ,Q WKH ZHOOV LQ WKH 'DQLVK VHFWRU XS WR VHYHQ RI WKHVH ZHUH IRXQG
LQ LQGLYLGXDO ZHOOV DQG IRXU ZHUH QRW REVHUYHG DW DOOï $V FRUH FRYHUDJH LV LQFRPSOHWHñ WKHVH
DUH PLQLPXP QXPEHUVï +RZHYHUñ WKH VWUDWLJUDSKLF EUHDNV VHHP WR RFFXU DW VRPH GLVWLQFW
OHYHOVñ QDPHO\ WKH ORZHUPRVW ]RQHV 117Sì WR 117Së&î'ñ WKH LQWHUPHGLDWH ]RQHV
117Sé$î%î& DQG WKH XSSHU ]RQHV 117Sé(î) DQG 117Sè$î%ï 7KHVH ]RQHV DUH HLWKHU
VSDUVHO\ UHSUHVHQWHG RU DEVHQWï

7KH ZHOOV LQ WKH VRXWKHUQPRVW SDUW RI WKH 'DQLVK VHFWRU õ0)%ðæñ ILJXUH èðåñ DQG 0ðä;ô DUH
VKRZLQJ WKH ODUJHVW GLYHUVLW\ LQ WHUPV RI ELR]RQHV SUHVHQWï 7KLV LV LQ DJUHHPHQW ZLWK WKH
GRPLQDQWO\ SHODJLF GHSRVLWLRQDO HQYLURQPHQW DV LQWHUSUHWHG IURP WKH FRUHVï $OWKRXJK WKH
LQWHUYDO LV FRUHGñ WKH ROGHVW ]RQHV KDYH QRW EHHQ LGHQWLILHG LQ WKHVH ZHOOVï 7KLV PD\ EH GXH WR
DEVHQFH RU FRQGHQVLQJ RI WKH ]RQHVï $OVRñ LQ WKHVH ZHOOVñ UHZRUNLQJ RI IRVVLOV RI
0DDVWULFKWLDQ DJH LV REVHUYHGñ HYHQ LQ WKH VKDOORZHVW VDPSOHVï 7KH ZHOOV LQ WKH FHQWUDO SDUW RI
WKH 'DQLVK VHFWRU õ5RDUðë DQG %DURQðëñ ILJXUH èðåô VKRZ D SDWWHUQ VLPLODU WR WKH VRXWKHUQ SDUW
H[FHSW WKDW WKH XSSHU ELR]RQHV DUH DEVHQWï 7KLV IROORZV JHQHUDOO\ WKH REVHUYDWLRQV IURP ORJVï
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$OWKRXJK WKH QXPEHU RI ELR]RQHV SUHVHQW LV ORZñ WKH IRUPDWLRQ LV UHODWLYHO\ WKLFN õêíðçí Pôï
7KLV LV DW OHDVW SDUWO\ FDXVHG E\ VLJQLILFDQW UHZRUNLQJ RI ROGHU VWUDWD HVSHFLDOO\ LQ WKH ORZHVW
(NRILVNñ ZKHUH 0DDVWULFKWLDQ IRVVLOV GRPLQDWHï 5HZRUNLQJ LV REVHUYHG FRQWLQXRXVO\ XSZDUGV
WKURXJK WKH IRUPDWLRQ DQG IRVVLOV DV ROG DV &DPSDQLDQ DUH IRXQGï 7KH RFFXUUHQFH RI VXFK ROG
IRVVLOV DW WKLV OHYHO LV OLQNHG WR WKH 7RU IRUPDWLRQ EHLQJ WKLQ RU DEVHQW LQ WKLV DUHDï

7KH WKLFNHVW (NRILVN VHFWLRQ LQ WKH 'DQLVK VHFWRU LV IRXQG LQ WKH /XOXðì DQG 0RQDðì ZHOOVï
1HYHUWKHOHVVñ UHZRUNLQJ VHHPVñ LQ WKH VWXGLHG FRUHVñ WR EH LQVLJQLILFDQW õILJXUHV êðìê DQG êð
ìéôï 6RPH UHZRUNLQJ LV IRXQG LQ WKH XSSHU SDUW RI WKH IRUPDWLRQ DQGñ DV PHQWLRQHG DERYHñ WKH
XQFRUHG FHQWUDO VHFWLRQ LV NQRZQ WR EH GRPLQDWHG E\ UHZRUNHG FKDONï 1RWHñ KRZHYHUñ WKDW WKH
VDPH ELR]RQH õ117Sé'ô LV REVHUYHG LPPHGLDWHO\ EHORZ DQG DERYH WKH XQFRUHG VHFWLRQï 7KLV
ELR]RQH LV PRUH WKDQ çè P WKLFN LQ /XOXðìï 7KH VDPH ]RQH LV UHVSHFWLYHO\ í DQG ëí P LQ WKH
FHQWUDO ZHOOV 5RDUðë DQG %DURQðëï ,W LV WKH \RXQJHVW ]RQH LQ WKH (NRILVN )RUPDWLRQ IRXQG LQ
WKHVH ZHOOVñ ZKLFK PD\ EH GXH WR HURVLRQ RI WKH \RXQJHU ]RQHVï +RZHYHUñ LQ WKH SHODJLFð
GRPLQDWHG 0)%ðæñ WKH ]RQH LV ìë P WKLFNï 7KH /XOXðì GHSRVLWV DUH WKHUHIRUH OLNHO\ WR
UHSUHVHQW D FRPELQDWLRQ RI LQ VLWX GHSRVLWV DQG D VLJQLILFDQW YROXPH RI UHGHSRVLWHG õROGHUô
VHGLPHQWVï

,Q WKH 1RUZHJLDQ VHFWRUñ D IDLUO\ FRPSOHWH VWUDWLJUDSKLF VHFWLRQ LV IRXQG LQ WKH D[LDO SDUW RI
WKH &HQWUDO *UDEHQñ ZKHUH DOO ìæ QDQQRIRVVLO ]RQHV KDYH EHHQ LGHQWLILHGï 8S WR DSSUR[LPDWHO\
WHQ ]RQHV KDYH EHHQ IRXQG LQ LQGLYLGXDO ZHOOVï 7KH VWUDWLJUDSKLF EUHDNV WKDW ZHUH QRWHG LQ WKH
'DQLVK ZHOOV PHQWLRQHG DERYH FDQ DOVR EH REVHUYHG LQ WKH 1RUZHJLDQ ZHOOVñ DOWKRXJK
VRPHZKDW VKLIWHG LQ SRVLWLRQ õILJXUH èðäôï ,Q WKH GHSRFHQWUH LQ WKH (NRILVN DUHDñ GHSRVLWLRQ
WRRN SODFH UHVXOWLQJ IURP HURVLRQ IXUWKHU VRXWKñ DVVRFLDWHG ZLWK VRPH RI WKH DERYH PHQWLRQHG
VWUDWLJUDSKLF EUHDNVñ EXW DOVR KHUH ELRVWUDWLJUDSKLF EUHDNV FDQ EH REVHUYHG LQ LQGLYLGXDO ZHOOVï

=RQH 117Sì KDV EHHQ IRXQG LQ VRPH ZHOOV LQ WKH D[LDO SDUW RI WKH &HQWUDO *UDEHQï =RQHV ë$ð
ë& LV VSDUVHO\ UHSUHVHQWHG LQ WKH GDWDñ HYHQ LQ WKH GHSRFHQWUHï $ VLJQLILFDQW HURVLRQDO HSLVRGH
WRRN SODFH ZLWKLQ ]RQH 117Sëñ HURGLQJ LQWR WKH 0DDVWULFKWLDQ GHSRVLWV RQ WKH /LQGHVQHV
5LGJH DQG GHSRVLWLQJ D WKLFN UHZRUNHG XQLW LQ WKH EDVLQñ SDUWLFXODUO\ GXULQJ ]RQHV ë(ð)ï $
WKLQ 'DQLDQ XQLW FRPSULVLQJ PDLQO\ UHZRUNHG 0DDVWULFKWLDQ FKDON KDV DOVR EHHQ GHVFULEHG DW
WKH 9DOKDOO )LHOG õ%HUJHQ DQG 6LNRUDñ ìäääôï 7KH GDWLQJV FRUUHVSRQG DSSUR[LPDWHO\ WR ]RQHV
117Sì DQG DW OHDVW SDUW RI ]RQH ëñ DQG WKH XQLW SUREDEO\ UHSUHVHQWV WKH HURVLRQDO UHPDLQV OHIW
EHKLQG RQ WKH ULGJH õ)LJXUH èïìíôï =RQHV 117Së*îêîé$ DUH DJDLQ OHVV IUHTXHQWO\ UHSUHVHQWHG
LQ WKH GDWDñ DQG WKH DPRXQW RI HURVLRQDO GHSRVLWV LV OHVV PDUNHGï 7KHVH ]RQHVñ LQ SDUWLFXODU
]RQH êñ DUH PRUH FRPPRQ LQ WKH PRUH SHODJLFDOO\ðGRPLQDWHG 'DQLVK ZHOOVï $ IORRGLQJ HYHQW
WRRN SODFH RQ WKH /LQGHVQHV 5LGJH DW DERXW WKLV WLPHñ DQG WKH \RXQJHU 'DQLDQ FKDON LV
UHSUHVHQWHG E\ D WKLQñ FRQGHQVHG GHHSðZDWHU VHFWLRQ õ6LNRUD HW DOïñ ìäääôï $ QHZ VLJQLILFDQW
HURVLRQDOîGHSRVLWLRQDO SXOVH RI 0DDVWULFKWLDQ PDWHULDO VHHPV WR KDYH WDNHQ SODFH ZLWKLQ ]RQHV
117Sé%ðé&ï ,Q WKH ZHOOV IURP WKH DUHDV IODQNLQJ WKH GHSRVLWLRQDO FHQWUHñ ERWK RQ WKH
1RUZHJLDQ DQG WKH 8. VHFWRUñ PRVW RI WKH VHFWLRQ XS WKURXJK WKH ORZHU SDUW RI ]RQH 117Sé
LV PLVVLQJ õëîëðêñ ILJXUH èðåôï

$ FKDQJH LQ GHSRVLWLRQ FDQ EH VHHQ LQ WKH (NRILVN DUHD LQ WKH PLGGOH SDUW RI ]RQH 117Séñ
DSSUR[LPDWHO\ ]RQH é'ñ ZKHQ WKHUH LV D PDUNHG UHGXFWLRQ LQ UHZRUNLQJñ DQG HVSHFLDOO\ LQ
LQIOX[ RI 0DDVWULFKWLDQ PDWHULDOï 7KLV LV DVVRFLDWHG ZLWK D PRUH ZLGHVSUHDG GHSRVLWLRQ RI WKH
(NRILVN )RUPDWLRQ RYHU WKH VWUXFWXUDOO\ KLJK DUHDVñ ZLWK OHVV HURVLRQ RI WKH XQGHUO\LQJ 7RU
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)RUPDWLRQï 6LJQLILFDQW VOXPSLQJ DQG GHEULV IORZ FRQWLQXHGñ KRZHYHUñ DOWKRXJK OHVV WKDQ LQ
WKH VHFWLRQ EHORZï

+LJKHU XS LQ WKH VHFWLRQñ SHODJLF GHSRVLWV DUH PRUH GRPLQDWLQJñ EXW D QHZ HSLVRGH ZLWK
UHZRUNLQJ RFFXUUHG LQ WKH XSSHU SDUW RI ]RQH 117Sé DQG ORZHU SDUW RI ]RQH 117Sè
õ117Sé(î)ðè$ôñ DSSUR[LPDWHO\ FRLQFLGLQJ ZLWK D VWUDWLJUDSKLF EUHDN REVHUYHG ERWK LQ WKH
'DQLVK DQG 1RUZHJLDQî8. ZHOOV õ)LJXUHV èðæ DQG èðäôï

=RQH 117Sè% LV ZLGHVSUHDG LQ WKH 1RUZHJLDQ VWXG\ DUHDñ EXW KDV QRW EHHQ LGHQWLILHG LQ WKH
8. ZHOOVï ,W LV GRPLQDWHG E\ SHODJLF GHSRVLWVñ ZLWK D JUDGDWLRQDO WUDQVLWLRQ LQWR WKH RYHUO\LQJ
PDUOVï

6XEGLYLVLRQã
,Q WKLV SURMHFW LW ZDV GHFLGHG WKDW QR VXEGLYLVLXQ RI WKH (NRILVN )RUPDWLRQ ZLOO EH SHUIRUPHGñ
LPSO\LQJ WKDW HDFK FRPSDQ\ FRQWLQXHV WKHLU RZQ QRPHQFODWXUH IRU ]RQDWLRQï +RZHYHUñ VHH
VXEFKDSWHU èïå IRU UHFRPPHQGDWLRQV RQ QDPLQJ RI UHZRUNHG ]RQHVï
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èïæ /DWH 3DOHRFHQH FKDON XQLWVã 9LGDU )RUPDWLRQ

5HZRUNHG FKDON RI (DUO\ 3DOHRFHQH WR /DWH &UHWDFHRXV DJH DUH REVHUYHG LQ WKH ODWH 3DOHRFHQH
VHFWLRQï &KDON EHGV YDU\LQJ IURP RQO\ D IHZ FP WKLFN DQG XS WR EHGV RI æí PHWUHV WKLFN DUH
FRPPRQï 2QO\ RQH IRUPDWLRQ KDV EHHQ QDPHGñ WKH 9LGDU )RUPDWLRQï

1DPHã
9LGDU ZDV D VRQ RI WKH 1RUVH JRG 2GLQï

:HOO W\SH VHFWLRQã
1RUZHJLDQ ZHOO ëîìðé IURP êìêå WR êíæè Pï 1R FRUHVï

:HOO UHIHUHQFH VHFWLRQã
1RUZHJLDQ ZHOO ìîêðì IURP êìéæ WR êíäè Pï 1R FRUHVï

/RZHU %RXQGDU\ &KDUDFWHULVWLFVã
7KH ORZHU ERXQGDU\ UHSUHVHQWV D VKDUS WUDQVLWLRQ IURP WKH FOD\VWRQH RI WKH /LVWD )RUPDWLRQ RU
WKH PDUO RI WKH 9nOH )RUPDWLRQ WR WKH RYHUO\LQJ OLPHVWRQHV RI WKH 9LGDU )RUPDWLRQï 7KLV LV
PDUNHG E\ D GLVWLQFW GHFUHDVH LQ JDPPDðUD\ UHDGLQJV DQG DQ LQFUHDVH LQ YHORFLW\ï )LJXUH èðìí
VKRZV WKH SUHVHQFH RI WKH 9LGDU )RUPDWLRQ LQ ZHOOV ìîêðåñ ëîëðê DQG ëîèðæï

8SSHU %RXQGDU\ &KDUDFWHULVWLFVã
7KH XSSHU ERXQGDU\ UHSUHVHQWV D WUDQVLWLRQ WR WKH FOD\VWRQHV RI WKH /LVWD )RUPDWLRQñ
FKDUDFWHULVHG E\ D GUDPDWLF LQFUHDVH LQ JDPPDðUD\ UHDGLQJV DQG D GHFUHDVH LQ YHORFLW\ï 7KH
XSSHU ERXQGDU\ FDQ EH SLFNHG VHLVPLFDOO\ï

7KLFNQHVV DQG GLVWULEXWLRQ WKURXJKRXW 6WXG\ $UHDã
7KH WKLFNQHVV YDULHV IURP OHVV WKDQ D IHZ P WR DERXW æí P LQ WKH VWXG\ DUHDï :KHUH WKH 9LGDU
)RUPDWLRQ LV ZHOO GHYHORSHGñ LW LV HDVLO\ LGHQWLILHG RQ WKH VHLVPLF OLQHVñ DV VWURQJ UHIOHFWLRQV
ZLWK SRRU FRQWLQXLW\ñ LQGLFDWLQJ DQ LQFUHDVH LQ DFRXVWLF LPSHGDQFH õILJXUH ëðìëôï %DVHG RQ WKH
VHLVPLF LQWHUSUHWDWLRQñ WKH 9LGDU )RUPDWLRQ LV UHVWULFWHG WR WKH QRUWKHUQ SDUW RI WKH &HQWUDO
*UDEHQ õILJXUH èðììôñ DQG LW LV IRXQG LQ WKH IROORZLQJ RI WKH VWXGLHG ZHOOVã ìîêðìñ ìîêðåñ ëîëðê
DQG ëîèðæ õILJXUH èðìíôï

/LWKRORJ\ñ PDLQ 'HSRVLWLRQDO )DFLHV DQG (QYLURQPHQWVã
+RPRJHQHRXV OLPHVWRQH LV WKH GRPLQDQW OLWKRORJ\ï 7KLQ VKDOHV RFFXU ZLWKLQ WKH FKDON EHGVï
7KH FKDON EHGV RI WKH 9LGDU )RUPDWLRQ PD\ RFFXU DW GLIIHUHQW OHYHOV LQ WKH /LVWD )RUPDWLRQï
3UHVHQFH RI UHZRUNHG FKDON RI HDUO\ 3DODHRFHQH DQG ODWH &UHWDFHRXV DJH LQGLFDWHV WKDW WKH
9LGDU )RUPDWLRQ &KDON RULJLQDWHV IURP WKH 6KHWODQG *URXSï 0DVV IORZV IURP HDFK VLGH RI WKH
&HQWUDO *UDEHQ DUH WKH PRVW SUREDEOH WUDQVSRUW PHFKDQLVP IRU WKLV UHZRUNHG XQLWï

%LRVWUDWLJUDSKLF &KDUDFWHULVDWLRQã
$OO FKDONV RI WKH 9LGDU IRUPDWLRQ DUH UHZRUNHG 'DQLDQ RU /DWH &UHWDFHRXV RI DJHï

$JHã
/DWH 3DOHRFHQHñ FRQVLVWLQJ RI UHZRUNHG FKDON PDLQO\ RI 'DQLDQ DQG 0DDVWULFKWLDQ DJHï
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èïå $ -RLQW OLWKRVWUDWLJUDSKLF QRPHQFODWXUH IRU UHZRUNLQJ

7KH IRUPDO OLWKRVWUDWLJUDSKLF IRUPDWLRQV LQ WKH YDULRXV FKDON ILHOGV DUH XVXDOO\ VXEGLYLGHG E\
WKH RSHUDWRU LQWR LQIRUPDO VXEð]RQHVñ EDVHG RQ FKDON OLWKRW\SHV RU RWKHU VWUDWLJUDSKLF
LQIRUPDWLRQï $ GHWDLOHG GHVFULSWLRQ RI WKH VXEð]RQHV LQ WKH 7RU DQG (NRILVN IRUPDWLRQV RQ WKH
(NRILVN ILHOG ZDV SXEOLVKHG E\ 3HNRW DQG *HUVLE õìäåæôñ DQG -�UJHQVHQ õìääëô KDV SXEOLVKHG
D VXEGLYLVLRQ RI WKH 'DQ ILHOGï 7KLV ORFDO VXEð]RQDWLRQ ZLWKLQ WKH YDULRXV FKDON ILHOGVñ
FRPELQHG ZLWK WKH ELRVWUDWLJUDSKLF DQG OLWKRVWUDWLJUDSKLF FRPSOH[LW\ RI WKH FKDON IRUPDWLRQVñ
PDNHV LQWUDIRUPDWLRQDO RU ]RQDO FRUUHODWLRQ EHWZHHQ WKH ILHOGV GLIILFXOWï

)RU WKLV VWXG\ñ LW KDV EHHQ DJUHHG WKDW LW ZLOO QRW EH SRVVLEOHñ DQG QRW HYHQ DWWUDFWLYHñ WR
GHYHORS D MRLQW DQG FRPPRQ QRPHQFODWXUH IRU OLWKRVWUDWLJUDSKLF VXEðIRUPDWLRQ OD\HULQJï 6XEð
IRUPDWLRQ OD\HULQJ PD\ KDYH PDQ\ GLIIHUHQW SXUSRVHVñ IURP WKH SXUH VHGLPHQWRORJLFDO î
VHTXHQFH VWUDWLJUDSK\ DQG WR SXUH SHWURSK\VLFDO î SRURVLW\ JXLGHG OD\HULQJï 7KH OD\HU
ERXQGDULHV ZRXOG WKHUHIRUH QRW IROORZ WKH VDPH OLQHV LQ WKH YDULRXV FDVHVï 8VLQJ WKH MRLQW -&5
ELRVWUDWLJUDSKLF QRPHQFODWXUH DQG WKH OLWKRVWUDW IRUPDWLRQV DV D FRPPRQ EDVLVñ LW LV DOZD\V
SRVVLEOH WR VHH LI WKH DFWXDO PRGHO OD\HU DV DQ H[DPSOH EHORQJV WR WKH XSSHU (NRILVN RU WKH
ORZHU (NRILVNï

+RZHYHUñ IRU UHZRUNHG FKDON XQLWVñ LW ZLOO EH D JHQHUDO DGYDQWDJH WR EH DEOH WR LGHQWLI\ WKHLU
SUHVHQFH DQG WKHLU RULJLQ DV FORVH DV SRVVLEOHï )RU WKLV SXUSRVHñ WKH IROORZLQJ QRPHQFODWXUH
KDV EHHQ DJUHHGã

2QFH D UHZRUNHG XQLW KDV EHHQ LGHQWLILHG WKURXJK ELRVWUDWLJUDSKLF DQDO\VLVñ LW LV JLYHQ DQ
DGGLWLRQDO QDPHWDJñ FRQVLVWLQJ RI WZR SDUWVï 7KH ILUVW SDUW RI WKH QDPHWDJ WHOOV ZKLFK
OLWKRVWUDWLJUDSKLF IRUPDWLRQ LV WKH KRVW IRU WKH XQLWñ LïHï ZLWKLQ ZKLFK IRUPDWLRQ LW LV SK\VLFDOO\
SUHVHQW WRGD\ï 7KH RWKHU SDUW RI WKH QDPH WHOOV WKH DJH RULJLQ RI WKH JXHVW FKDON XQLWñ LïHï LQ
ZKLFK JHRORJLF WLPH ZDV LW RULJLQDOO\ GHSRVLWHGï 7DEOH èðè LOOXVWUDWHV WKH SRLQWï 7KLV QDPH
WDJJLQJ ZLOO RIWHQ KHOS XQGHUVWDQGLQJ WKH UHVHUYRLU FKDUDFWHULVWLFV RI VSHFLILF OD\HUVñ QRW RQO\
IURP WKH IDFW WKDW WKH FKDON KDV EHHQ WUDQVSRUWHG DQG WKXV FKDQJHG LWV RULJLQDO WH[WXUHñ EXW DOVR
IURP WKH IDFW WKDW WKH VL]H RI QDQQRIRVVLOV KDV FKDQJHG RYHU WLPHï 0DDVWULFKWLDQ FRFFROLWKV
ZHUH JHQHUDOO\ ODUJHU WKDQ 'DQLDQ FRFFROLWKVñ WKXV KDYLQJ GLIIHUHQW FDSLOODU\ DQG SRURVLW\
îSHUPHDELOLW\ SURSHUWLHVï
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)RUPDWLRQ ([DPSOH RI
ROG ]RQDWLRQ

([DPSOH RI
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9Uð'DQ &KDON RI 'DQLDQ DJH UHGHSRVLWHG ZLWKLQ 9LGDU
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7ì 7Uð/&PS &KDON RI /DWH &DPSDQLDQ DJH UHGHSRVLWHG
ZLWKLQ 7RU )P
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7DEOH èðèã ([DPSOHV RI QRPHQFODWXUH IRU UHZRUNHG XQLWV

,Q WKLV VWXG\ñ ZKHUHYHU UHZRUNLQJ KDV EHHQ LGHQWLILHG LQ WKH ELRVWUDWLJUDSKLF DQDO\VHVñ WKH
QRPHQFODWXUH IRU UHZRUNLQJ KDV EHHQ DSSOLHG LQ D VHSDUDWH FROXPQ LQ WKH ELRVWUDW UDQJH FKDUWV
õHQFORVXUHV éðêè WR éðìíéôï

1DPHWDJV XVHG LQ WKH VWXG\ ZHOOV DUHã

x 9Uð'DQã &KDON RI 'DQLDQ DJH UHGHSRVLWHG ZLWKLQ WKH 9LGDU )RUPDWLRQñ DV VHHQ LQ ZHOO
ìîêðåï

x 9Uð/0DDã &KDON RI /DWH 0DDVWULFKWLDQ DJH UHGHSRVLWHG ZLWKLQ WKH 9LGDU )RUPDWLRQñ DV
VHHQ LQ ZHOOV ìîêðì DQG ìîêðåï

x (Nð'DQã FKDON RI 'DQLDQ DJHñ UHZRUNHG DQG ILQDOO\ GHSRVLWHG ZLWKLQ WKH (NRILVN
)RUPDWLRQñ DV VHHQ LQ ZHOO ëîéð$ðåï
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x (Nð/0DDã FKDON RI /DWH 0DDVWULFKWLDQ DJHñ UHZRUNHG DQG ILQDOO\ GHSRVLWHG ZLWKLQ WKH
(NRILVN )RUPDWLRQ ñ DV VHHQ LQ PDQ\ RI WKH ZHOOV LQ WKH VWXG\ DUHD õìîäðìñ ëîéð%ðìäî$ñ
ëîéð$ðåñ ëîèðæñ ëîæðéñ ëîæð%ðììñ 0RQDðìñ 0)%ðìô

x (Nð(PDDã FKDON RI (DUO\ 0DDVWULFKWLDQ DJHñ UHZRUNHG DQG ILQDOO\ GHSRVLWHG ZLWKLQ WKH
(NRILVN )RUPDWLRQ ñ DV VHHQ LQ ZHOOV ëîæðìè DQG ëîæðåï

x (Nð/&PSã FKDON RI /DWH &DPSDQLDQ DJHñ UHZRUNHG DQG ILQDOO\ GHSRVLWHG ZLWKLQ WKH
(NRILVN )RUPDWLRQñ DV VHHQ LQ ZHOOV ëîæðéñ ëîèðäñ ëîéð%ðìä$ñ ëîéð$ðåï

x (Nð&RQî7XUã FKDON RI &RQLDFLDQ RU 7XURQLDQ DJHñ UHZRUNHG DQG ILQDOO\ GHSRVLWHG ZLWKLQ
WKH (NRILVN )RUPDWLRQñ DV VHHQ LQ ZHOOV ëîæðêí DQG ëîéð%ðìäï

x 7Uð/PDDã FKDON RI /DWH 0DDVWULFKWLDQ DJHñ UHZRUNHG DQG ILQDOO\ GHSRVLWHG ZLWKLQ WKH 7RU
)RUPDWLRQñ DV VHHQ LQ ZHOOV ìîäðìñ êíîæDðë DQG 0ðä;ï

x 7Uð(PDDã FKDON RI (DUO\ 0DDVWULFKWLDQ DJHñ UHZRUNHG DQG ILQDOO\ GHSRVLWHG ZLWKLQ WKH
7RU )RUPDWLRQñ DV VHHQ LQ ZHOOV ëîììð$ðëñ ëîèðìñ êíîæDðë DQG 5RDUðëï

x 7Uð/&PSã FKDON RI /DWH &DPSDQLDQ DJHñ UHZRUNHG DQG ILQDOO\ GHSRVLWHG ZLWKLQ WKH 7RU
)RUPDWLRQñ DV VHHQ LQ ZHOOV ëîæðéñ ëîéð%ðìäñ ìîäðì DQG êíîæDðëï

x 7Uð&HQã FKDON RI &HQRPDQLDQ DJHñ UHZRUNHG DQG ILQDOO\ GHSRVLWHG ZLWKLQ WKH 7RU
)RUPDWLRQñ DV VHHQ LQ ZHOO ëîéð%ðìäï

x 0Jð&RQã FKDON RI &RQLDFLDQ DJHñ UHZRUNHG DQG ILQDOO\ GHSRVLWHG ZLWKLQ WKH 0DJQH
)RUPDWLRQñ DV VHHQ LQ ZHOO %DURQðëï



-RLQW &KDON 5HVHDUFK $ MRLQW &KDON 6WUDWLJUDSKLF )UDPHZRUN

&KDSWHU è 6WUDWLJUDSKLF )UDPHZRUN ð ëíë ð

èïä :HOO FRPSRVLWHV

)LJXUHV èðìë WR èðéì DUH FRPSRVLWH ORJñ FRUH DQG VWUDWLJUDSKLF SDQHOV VKRZLQJ WKH NH\ ZHOO
ORJV WRJHWKHU ZLWK OLWKRVWUDWLJUDSKLF IRUPDWLRQVñ ELRVWUDWLJUDSKLF ]RQHV DQG PDLQ FKDON IDFLHV
IURP FRUH GHVFULSWLRQVï 7KH SDQHOV GRFXPHQW WKH OLWKRVWUDWLJUDSKLF LQWHUSUHWDWLRQ DQG JLYH D
XVHIXO RYHUYLHZ RI KRZ WKH GLIIHUHQW GDWD VHWV FRUUHODWHï 7KH SDQHOV DOVR GRFXPHQW WKH
OLPLWDWLRQV RI ELRVWUDWLJUDSKLF UHVROXWLRQ LQ WKH GLIIHUHQW ZHOOVï 'LVFUHSDQFLHV EHWZHHQ WKH
OLWKRVWUDWLJUDSKLF LQWHUSUHWDWLRQ DQG ELRVWUDWLJUDSKLF ]RQHV DUH RIWHQ FDXVHG E\ VDPSOLQJ DQG
GDWD TXDOLW\ï 7KH JXLGHOLQHV IRU WKH FRPSLODWLRQ RI WKH SDQHOV DUH OLVWHG EHORZï

x &RUHð WR ORJ GHSWK VKLIWV ZHUH SHUIRUPHG RQ WKH PDLQ FKDON IDFLHV FROXPQV DFFRUGLQJ WR
WDEOH êðëï 7KH ELRVWUDWLJUDSKLF GDWD FROOHFWHG IURP FRUH VDPSOHV KDYH EHHQ GHSWK VKLIWHG
DV IDU DV SRVVLEOH LQ WKH FRPSRVLWHVï %LRVWUDWLJUDSKLF ]RQHV PD\ WKHUHIRUH DSSHDU VOLJKWO\
RII VFDOH FRPSDUHG WR WKH ELRVWUDWLJUDSKLF ]RQH ERXQGDULHV LQ WKH GLVWULEXWLRQ FKDUWV RI
&KDSWHU éñ LQ ZHOOV ZLWK VLJQLILFDQW GHSWK VKLIWVï :KHUH REYLRXV PLVWLHV RFFXU EHWZHHQ WKH
ELRVWUDWLJUDSKLF ]RQHV DQG WKH OLWKRVWUDWLJUDSKLF IRUPDWLRQ ERXQGDULHVñ WKLV LV PRVW OLNHO\
GXH WR WKH ELRVWUDWLJUDSKLF GDWD RULJLQDWLQJ IURP GLWFK FXWWLQJV RU IURP VKRUW QRQðVKLIWHG
FRUH VHFWLRQVï

x $SSDUHQW PLVWLHV EHWZHHQ ELRVWUDWLJUDSK\ DQG OLWKRVWUDWLJUDSK\ FDQ EH VHHQ LQ WKH XSSHU
VHFWLRQ RI VRPH RI WKH ZHOO FRPSRVLWHVñ ZKHUH D 'DQLDQ DJH LV GHILQHG IRU VHGLPHQWV ZHOO
DERYH WKH (NRILVN )RUPDWLRQï 7KLV LV GXH WR WKLQ VWULQJHUV RI UHZRUNHG OLPHVWRQH WKDW
IUHTXHQWO\ RFFXU DERYH WKH 9nOH )RUPDWLRQï 7KHVH OLPHVWRQHV DUH UHJDUGHG DV WLPH
HTXLYDOHQW WR WKH 9LGDU )RUPDWLRQñ RULJLQDOO\ GHULYHG IURP 'DQLDQ DJH VHGLPHQWVï ,Q WKHVH
FDVHVñ WKH ELRVWUDWLJUDSK\ LV RYHUUXOHG E\ WKH OLWKRVWUDWLJUDSKLF LQWHUSUHWDWLRQï

x 7KH ELRVWUDWLJUDSKLF ]RQH FRGHV DUH JHQHUDOO\ VLPSOLILHG DQG GR QRW LQFOXGH WKH VXEð]RQHVï

x :HOOV ëîììð$ðëñ ëîììð$ðë 7ë DQG ëîììð$ðë 7ê DUH WUHDWHG DV VHSDUDWH ZHOOV LQ WKH
ELRVWUDWLJUDSKLF FKDSWHUñ ZLWK VHSDUDWH ELRVWUDWLJUDSKLF VXPPDU\ ORJV DQG GLVWULEXWLRQ
FKDUWVñ ZKHUHDV WKH ê ZHOO WUDFNV DUH FRPELQHG LQWR RQH FRPSRVLWH ZHOO SDQHOï 7KH ORJV
DQG WKH GHSWK VFDOHV UHSUHVHQW ëîììð$ðë 7êï ,Q VSLWH RI WKH WUDFNV EHLQJ YHU\ FORVH LQ
VSDFHñ GHSWKV DUH QRW H[DFWO\ WKH VDPHï &RQVHTXHQWO\ñ WKH ELRVWUDWLJUDSKLF ]RQHV LQ WKH WZR
RWKHU WUDFNV DSSHDU VRPHZKDW VKLIWHG FRPSDUHG WR WKH IRUPDWLRQ ERXQGDULHVï )XUWKHUñ WKH
FRUHV ZHUH UHFRYHUHG SDUWO\ IURP ëîììð$ðë õëéå IWô DQG SDUWO\ IURP ëîììð$ðë 7ë õìäé IWôñ
EXW LQ WKH ZHOO FRPSRVLWH WKH FRUHV DUH FRPELQHG LQWR RQH VHFWLRQñ ZLWK GHSWKV
UHSUHVHQWLQJ ëîììð$ðëï %LRVWUDWLJUDSKLF GDWD LQ ëîììð$ðë 7ê DUH IURP GLWFK FXWWLQJV DQG
DUH QRW GHSWK VKLIWHG WR WKH FRUHV LQ WKH RWKHU WUDFNVï

x :HOOV 5RDUðë DQG 5RDUðë$ DUH WUHDWHG DV WZR VHSDUDWH ZHOOV LQ WKH ELRVWUDWLJUDSKLF
FKDSWHUñ EXW VLQFH 5RDUðë$ KDG QR DYDLODEOH GLJLWDO ZLUHOLQH ORJVñ WKH WZR ZHOOV DUH
FRPELQHG LQWR RQH FRPSRVLWH ZHOO SDQHOï 7KHUH DUH RQO\ PLQRU GHSWK GLIIHUHQFHVï

x 0LVVLQJ GLJLWDO ZLUHOLQH ORJV LV DOVR WKH UHDVRQ WKDW QR ZHOO FRPSRVLWHV ZHUH PDGH IRU
(ðé; DQG $GGDðêï 7KHVH ZHOOV DUH LQFOXGHG ZLWK ELRVWUDWLJUDSKLF GLVWULEXWLRQ FKDUWV LQ
&KDSWHU éï



-RLQW &KDON 5HVHDUFK $ MRLQW &KDON 6WUDWLJUDSKLF )UDPHZRUN

'HFHPEHU ìäää &KDSWHU çã 5HIHUHQFHV ð ëíê ð

çï 5()(5(1&(6

$1'(5621ñ 0ï$ïñ ìääèã 3HWUROHXP 5HVHDUFK LQ 1RUWK 6HD &KDONï -RLQW &KDON 5HVHDUFK
3KDVH ,9ñ $PRFR 1RUZD\ 2LO &RPSDQ\ DQG 5) ð 5RJDODQG 5HVHDUFKñ 6WDYDQJHUï ìæä SSï

%$,/(<ñ +ï :ïñ *$//$*+(5ñ /ï7ïñ +$03721ñ 0ï -ïñ 0257,025(ñ 5ï ÷ :22'ñ &ï
-ï õLQ SUHSïô ,QWHJUDWHG %LRVWUDWLJUDSK\ RI WKH &RQLDFLDQ WR &DPSDQLDQ 6XFFHVVLRQ RI
6HDIRUG +HDG VHFWLRQñ 6XVVH[ï

%(5*(1ñ -ï$ï ÷ 6,.25$ñ 3ï-ï ìääåã 0LFURIRVVLO GLDFKURQLVP LQ VRXWKHUQ 1RUZHJLDQ 1RUWK
6HD FKDONVã 9DOKDOO DQG +RG ILHOGVï ,Qã -RQHVñ 5ï:ï ÷ 6LPPRQVñ 0ï'ï õHGVïô
%LRVWUDWLJUDSK\ LQ 3URGXFWLRQ DQG 'HYHORSPHQW *HRORJ\ï *HRORJLFDO 6RFLHW\ñ /RQGRQñ
6SHFLDO 3XEOLFDWLRQVñ ìèëñ åèðìììï

%2:1ñ 3ï 5ï ÷ <281*ñ -ï 5ï ìääåï 7HFKQLTXHVï ,Qã %RZQñ 3ï5ï õ(Gïô &DOFDUHRXV
1DQQRIRVVLO %LRVWUDWLJUDSK\ñ &KDSPDQ ÷ +DOOï

%5,7=(ñ 3ïñ -$36(1ñ 3ïñ $1' $1'(56(1ñ &ïñ ìääèã *HRORJLFDO PDS RI 'HQPDUN
ìãëííñíííï 7KH 'DQLVK &HQWUDO *UDEHQñ %DVH &KDON DQG WKH &KDON *URXSñ 'DQPï *HROï
8QGHUVïñ 0DS 6HULHVñ 1Rï éåï

%851(77ñ -ï $ïñ *$//$*+(5ñ /ï 7ï ÷ +$03721ñ 0ï -ï ìääåï 8SSHU &UHWDFHRXVï ,Qã
%RZQñ 3ï5ï õ(Gïô &DOFDUHRXV 1DQQRIRVVLO %LRVWUDWLJUDSK\ñ &KDSPDQ ÷ +DOOï

%851(77ñ -ï$ïñ +$1&2&.ñ -ï 0ïñ .(11('<ñ :ï -ï ÷ /25'ñ $ï 5ï ìääëï 0DFURIRVVLOñ
SODQNWRQLF IRUDPLQLIHUDO DQG QDQQRIRVVLO ]RQDWLRQ DW WKH &DPSDQLDQî0DDVWULFKWLDQ
ERXQGDU\ï 1HZVOHWWHUV LQ 6WUDWLJUDSK\ñ ëçï

%851(77ñ -ï$ï ÷ :+,7+$0ñ )ï ìäääï &RUUHODWLRQ EHWZHHQ WKH QDQQRIRVVLO DQG
PDFURIRVVLO ELRVWUDWLJUDSKLHV DQG WKH OLWKRVWUDWLJUDSK\ RI WKH 8SSHU &UHWDFHRXV RI 1(
(QJODQGï 3URFï <RUNVï *HROï 6RFïñ èëï

&5$%75((ñ %ïñ )5,76(1ñ $ïñ 0$1'=8,&+ñ .ïñ 02(ñ $ïñ 5$60866(1ñ )ï2ïñ
6,(0(56ñ 7ïñ 6�,/$1'ñ *ï ÷ 7,56*$$5'ñ +ïñ ìääçã 'HVFULSWLRQ DQG FODVVLILFDWLRQ
RI FKDONVñ 1RUWK 6HD UHJLRQï -RLQW &KDON 5HVHDUFK 3KDVH ,9ñ 1RUZHJLDQ 3HWUROHXP
'LUHFWRUDWH õ13'ôï

'((*$1ñ &ï(ï $1' 6&8//ñ %ï-ïñ ìäææã $ VWDQGDUG OLWKRVWUDWLJUDSKLF QRPHQFODWXUH IRU
FHQWUDO DQG QRUWKHUQ 1RUWK 6HDï ,QVWLWXWH RI *HRORJLFDO 6FLHQFHV 5HSRUW ææîëèñ 13'
%XOOHWLQ 1Rïìï

*5$'67(,1ñ )ï 0ïñ $*7(5%(5*ñ )ï 3ïñ 2**ñ -ï*ïñ +$5'(1%2/ñ -ïñ 9((1ñ 3ï YDQñ
7+,(55<ñ -ï ÷ +8$1*ñ =ï ìääéï $ 0HVR]RLF WLPH VFDOHï -ï *HRSK\Vï 5HVïñ ääï

*5$'67(,1ñ )ï 0ïñ $*7(5%(5*ñ )ï 3ïñ 2**ñ -ï*ïñ +$5'(1%2/ñ -ïñ 9((1ñ 3ï YDQñ
7+,(55<ñ -ï ÷ +8$1*ñ =ï ìääèï $ 7ULDVVLFñ -XUDVVLF DQG &UHWDFHRXV WLPH VFDOHï ,Qã
*HRFKURQRORJ\ 7LPH 6FDOHV DQG *OREDO 6WUDWLJUDSKLF &RUUHODWLRQñ 6(30 6SHFï 3XEOï
1Rï èéï

*5$'67(,1ñ )ï 0ï ÷ 2**ñ -ï *ï ìääçï $ 3KDQHUR]RLF WLPH VFDOHï (SLVRGHVñ ìäï

+$1&2&.ñ -ï 0ï ÷ .$8))0$1ñ (ï *ï ìäæäï 7KH JUHDW WUDQVJUHVVLRQV RI WKH /DWH
&UHWDFHRXVï -Oï *HROï 6RFï /RQGïñ ìêçï



$ MRLQW &KDON 6WUDWLJUDSKLF )UDPHZRUN -RLQW &KDON 5HVHDUFK

ð ëíé ð &KDSWHU çã 5HIHUHQFHV 'HFHPEHU ìäää

+$57ñ 0ï HW DOï ìäåäï &UHWDFHRXVï ,Q ã -HQNLQVñ 'ï*ï ÷ 0XUUD\ñ -ï:ï õ(GVïôï 6WUDWLJUDSKLF
$WODV RI )RVVLO )RUDPLQLIHUD õ6HFRQG (GLWLRQôï (OOLV +RUZRRG /WGïñ &KLFKHVWHUï

+('%(5*ñ +ï'ïñ ìäæçã ,QWHUQDWLRQDO 6WUDWLJUDSKLF *XLGHã $ JXLGH WR VWUDWLJUDSKLF
FODVVLILFDWLRQñ WHUPLQRORJ\ DQG SURFHGXUHï ,QWHUQDWLRQDO VXEFRPPLVVLRQ RQ
6WUDWLJUDSKLFDO &ODVVLILFDWLRQ RI ,8*6 &RPPLVVLRQ RI 6WUDWLJUDSK\ï 1HZ <RUNñ :LOH\ ÷
-RQVï

+(&.ñ 6ï (ï YDQ ÷ 35,16ñ %ï ìäåæï $ UHILQHG QDQQRSODQNWRQ ]RQDWLRQ IRU WKH 'DQLDQ RI WKH
&HQWUDO 1RUWK 6HDï $EKDQGOXQJHQ GHU *HRORJLVFKHQ %XQGHVDQVWDOWñ êäï

'©+(85ñ 0ïñ ìäåéï 3RURVLW\ DQG K\GURFDUERQ GLVWULEXWLRQ LQ WKH 1RUWK 6HD FKDON UHVHUYRLUVï
0DULQH DQG 3HWUROHXP *HRORJ\ñ YROï ìñ S ëììðëêåñ $XJXVW ìäåé

,6$.6(1ñ 'ï ÷ 72167$'ñ .ïñ õ(GVïô ìäåäã $ 5HYLVHG &UHWDFHRXV DQG 7HUWLDU\
/LWKRVWUDWLJUDSKLF 1RPHQFODWXUH IRU WKH 1RUZHJLDQ 1RUWK 6HDï 1RUZHJLDQ 3HWUROHXP
'LUHFWRUDWH õ%XOOHWLQñ 1Rï èôñ èä SSï

-$36(1ñ 3(7(5ñ ìääåã 5HJLRQDO 9HORFLW\ð'HSWK $QRPDOLHVñ 1RUWK 6HD &KDONã $ 5HFRUG RI
2YHUSUHVVXUH DQG 1HRJHQH 8SOLIW DQG (URVLRQï $$3* %XOOï 9ïåëP 1Rï ììñ 3ï ëíêìð
ëíæéï

-2+1621ñ +ï $1' /277ñ *ï.ïñ ìääêã ëï &UHWDFHRXV RI WKH &HQWUDO DQG 1RUWKHUQ 1RUWK
6HDï ,Qã .QR[ñ 5ï:ï2ö%ï DQG &RUGH\ñ :ï*ï õHGVôã /LWKRVWUDWLJUDSKLF 1RPHQFODWXUH RI
WKH 8. 1RUWK 6HDï %ULWLVK *HRORJLFDO 6XUYH\ñ 1RWWLQJKDPï

.(11('<ñ :ï -ï ìäåèãï 6HGLPHQWRORJ\ RI WKH /DWH &UHWDFHRXV DQG (DUO\ 3DOHRFHQH &KDON
*URXSñ 1RUWK 6HD &HQWUDO *UDEHQï 1RUWK 6HD &KDON 6\PSRVLXPñ 0D\ ìäåè õ-&5ñ 3KDVH
ìôï S ìðìéíï

.,1*ñ &ï ìäåäï &HQR]RLF RI WKH 1RUWK 6HDï ,Q ã -HQNLQVñ 'ï*ï ÷ 0XUUD\ñ -ï:ï õ(GVïôï
6WUDWLJUDSKLF $WODV RI )RVVLO )RUDPLQLIHUD õ6HFRQG (GLWLRQôï (OOLV +RUZRRG /WGïñ
&KLFKHVWHUï

.,1*ñ &ïñ %$,/(<ñ +ï :ïñ %85721ñ &ï-ï ÷ .,1*ñ $ï 'ï ìäåäï &UHWDFHRXV RI WKH 1RUWK
6HDï ,Q ã -HQNLQVñ 'ï*ï ÷ 0XUUD\ñ -ï:ï õ(GVïôï 6WUDWLJUDSKLF $WODV RI )RVVLO
)RUDPLQLIHUD õ6HFRQG (GLWLRQôï (OOLV +RUZRRG /WGïñ &KLFKHVWHUï

/,(%(5.,1'ñ .ïñ %$1*ñ ,ïñ 0,..(/6(1ñ 1ï $1' 1<*$$5'ñ (ï ìäåëï /DWH
&UHWDFHRXV DQG 'DQLDQ OLPHVWRQHï ,Qã 2ï 0LFKHOVHQ õ(Gïôñ *HRORJ\ RI WKH 'DQLVK &HQWUDO
*UDEHQï *HRORJLFDO 6XUYH\ RI 'HQPDUNñ 6HULHV %ñ 1Rï åñ Sï éäðçíï

/277ñ *ï .ï ÷ .12;ñ 5ï :ï 2ö%ï ìääéã 3RVWð7ULDVVLF 6WUDWLJUDSK\ RI WKH 6RXWKHUQ 1RUWK
6HDï ,Qã .QR[ñ 5ï:ï2ö%ï ÷ &RUGH\ñ :ï*ï õHGVïô /LWKRVWUDWLJUDSKLF QRPHQFODWXUH RI WKH
8ï.ï 1RUWK 6HDñ æï %ULWLVK *HRORJLFDO 6XUYH\ñ 1RWWLQJKDPï

0(*621ñ -ï %ï ìääëï 7KH 1RUWK 6HD &KDON 3OD\ã H[DPSOH IURP WKH 'DQLVK &HQWUDO *UDEHQï
,Qã 5ï )ï 3ï +DUGPDQ õ(Gïôï ([SORUDWLRQ %ULWDLQï *HRORJLFDO LQVLJKWV IRU WKH QH[W GHFDGHï
*HRORJLFDO 6RFLHW\ 6SHFLDO 3XEOLFDWLRQ 1R çæñ /RQGRQñ Sï ëéæðëåëï

0257,0(5ñ &ï3ï ìäåæï 8SSHU &UHWDFHRXV &DOFDUHRXV 1DQQRIRVVLO %LRVWUDWLJUDSK\ RI WKH
6RXWKHUQ 1RUZHJLDQ DQG 'DQLVK 1RUWK 6HD $UHDï $EKDQGOXQJHQ GHU *HRORJLVFKHQ
%XQGHVDQVWDOWñ êäï

0257,025(ñ 5ïñ ÷ 320(52/ñ %ï ìääçï 8SSHU &UHWDFHRXV WHFWRQLF SKDVHV DQG HQG
&UHWDFHRXV LQYHUVLRQ LQ WKH &KDON RI WKH $QJORð3DULV %DVLQï 3URFï *HROï $VVRFïñ ìíåï



-RLQW &KDON 5HVHDUFK $ MRLQW &KDON 6WUDWLJUDSKLF )UDPHZRUN

'HFHPEHU ìäää &KDSWHU çã 5HIHUHQFHV ð ëíè ð

0257,025(ñ 5ïñ :22'ñ &ï -ïñ 320(52/ñ %ï ÷ (5167ñ *ï ìääçï 'DWLQJ WKH SKDVHV RI
WKH 6XEKHUF\QLDQ WHFWRQLF HSRFKã /DWH &UHWDFHRXV WHFWRQLFV DQG HXVWDWLFV LQ WKH
&UHWDFHRXV EDVLQV RI QRUWKHUQ *HUPDQ\ FRPSDUHG ZLWK WKH $QJORð3DULV %DVLQï =EOï *HROï
3DOlRQWï 7HLO ,ñ +ïììîìëï

1<*$$5'ï (ïñ $1'5(6(1ñ &ïñ 0�//(5ñ &ïñ &/$86(1ñ &ï.ï $1' 6728*(ñ 6ïï ìääíï
,QWHJUDWHG PXOWLGLVFLSOLQDU\ VWUDWLJUDSK\ RI WKH &KDON *URXSã DQ H[DPSOH IURP WKH 'DQLVK
&HQWUDO 7URXJKñ ,Qã -ï%ï %XUODQG õ(Gïôñ &KDONã SURFHHGLQJV RI WKH ìäåä ,QWHUQDWLRQDO
&KDON 6\PSRVLXPã /RQGRQñ ,PSHULDO &ROOHJHñ Sï ìäèðëíìï

3(5&+ð1,(/6(1ñ .ï ìäæäï &DOFDUHRXV QDQQRIRVVLO ]RQDWLRQ DW WKH &UHWDFHRXVî7HUWLDU\
ERXQGDU\ LQ 'HQPDUNï ,Qã %LUNHOXQGñ 7ï ÷ %URPOH\ñ 5ï *ï õHGVïô 3URFHHGLQJV RI WKH
&UHWDFHRXVî7HUWLDU\ %RXQGDU\ (YHQWV 6\PSRVLXPñ &RSHQKDJHQñ ,ï

5$60866(1ñ /ï %ï ìäæåï *HRORJLFDO DVSHFWV RI WKH 'DQLVK 1RUWK 6HD VHFWRUï 'DQPï *HROï
8QGHUVïñ ,,,ñ 1Uïééï

6&+g1)(/'ñ -ï ÷ %851(77ñ -ï ìääì %LRVWUDWLJUDSKLFDO FRUUHODWLRQ RI WKH &DPSDQLDQð
0DDVWULFKWLDQ ERXQGDU\ã /DJHUGRUI ð +HPPRRU õQRUWKZHVW *HUPDQ\ôñ '6'3 6LWHV èéå$ñ
èéä DQG èèì õHDVWHUQ 1RUWK $WODQWLFô ZLWK SDODHRELRJHRJUDSKLFDO DQG
SDODHRFHDQRJUDSKLFDO LPSOLFDWLRQVï *HRORJLFDO 0DJD]LQHñ ìëåï

6&+g1)(/'ñ -ï ÷ 6&+8/=ñ 0ïð*ïõFRðRUGVïôï ìääçï 1HZ UHVXOWV RQ ELRVWUDWLJUDSK\ñ
SDODHRPDJQHWLVPñ JHRFKHPLVWU\ DQG FRUUHODWLRQ IURP WKH VWDQGDUG VHFWLRQ IRU WKH 8SSHU
&UHWDFHRXV ZKLWH FKDON RI QRUWKHUQ *HUPDQ\ õ/DJHUGRUI ¤ .URQVPRRU ð +HPPRRUï0LWWï
*HROð3DOlRQWï ,QVWï 8QLYï +DPEXUJñ ææï

6,.25$ñ 3ï -ïñ %(5*(1ñ -ï $ï ÷ )$50(5ñ &ï /ï ìäääï &KDON SDODHRHQYLURQPHQWV DQG
GHSRVLWLRQDO PRGHOã 9DOKDOO ÷ +RG ILHOGVñ VRXWKHUQ 1RUZHJLDQ 1RUWK 6HDï ,Qã -RQHVñ 5ï
:ï ÷ 6LPPRQVñ 0ï 'ï õHGVïô %LRVWUDWLJUDSK\ LQ 3URGXFWLRQ DQG 'HYHORSPHQW *HRORJ\ï
*HROï 6RFï /RQGRQñ 6SHFï 3XEOïñ ìèëï

6,66,1*+ñ :ï ìäææï %LRVWUDWLJUDSK\ RI &UHWDFHRXV FDOFDUHRXV QDQQRSODQNWRQï *HRORJLH HQ
0LMQERXZï èçï

6729(5ñ /ï (ï ìäççï &UHWDFHRXV FRFFROLWKV DQG DVVRFLDWHG QDQQRIRVVLOV IURP )UDQFH DQG WKH
1HWKHUODQGVï 0LFURSDOHRQWRORJ\ñ ìëï

6785/8621ñ 6ïñ ìäèéï 7KH 3URVH (GGD ð 7DOHV IURP 1RUVH 0\WKRORJ\ã 7UDQVODWHG IURP WKH
,FHODQGLF E\ -ï <RXQJï 8QLYHUVLW\ RI &DOLIRUQLD 3UHVVï

69(1'6(1ñ 1ï ìäæäï 7KH &UHWDFHRXVî7HUWLDU\ FKDON LQ WKH 'DQ ILHOG RI WKH 'DQLVK 1RUWK
6HDï ,Qã %LUNHOXQGñ 7ï ÷ %URPOH\ñ 5ï *ï õHGVïô 3URFHHGLQJV RI WKH &UHWDFHRXVî7HUWLDU\
%RXQGDU\ (YHQWV 6\PSRVLXPñ &RSHQKDJHQñ ,,ï

7+,(567(,1ñ +ï 5ï ìäæéï &DOFDUHRXV 1DQQRSODQNWRQ ¤ /HJ ëçñ 'HHS 6HD 'ULOOLQJ 3URMHFWï
,Qã 'DYLHVñ 7ï $ïñ /X\HQG\Nñ %ï 3ï HW DOïñ ,QLWLDO 5HSRUWV RI WKH 'HHS 6HD 'ULOOLQJ 3URMHFWñ
;;9,ï

7280$5.,1(ñ 0ï DQG /87(5%$&+(5ñ +ï ìäåèï 3DOHRFHQH DQG (RFHQH 3ODQNWLF
)RUDPLQLIHUDï ,Qã 3ODQNWRQ 6WUDWLJUDSK\ï õ(GVï %ROOLñ +ï0ïñ 6DXQGHUVñ -ï%ï DQG 3HUFKð
1LHOVHQñ .ïôñ &DPEULGJH 8QLYHUVLW\ 3UHVVñ &DPEULGJHñ SS åæðìèéï

9$52/ñ 2ï ìäåäï 3DOHRFHQH FDOFDUHRXV QDQQRIRVVLO ELRVWUDWLJUDSK\ï ,Q ã &UX[ñ -ï$ï ÷ YDQ
+HFNñ 6ï (ï õ(GVïôï 1DQQRIRVVLOV DQG WKHLU $SSOLFDWLRQVï (OOLV +RUZRRG /WGïñ &KLFKHVWHUï

9$52/ñ 2ï ìääåï 3DOHRJHQHï ,Qã %RZQñ 3ï5ï õ(Gïô &DOFDUHRXV 1DQQRIRVVLO %LRVWUDWLJUDSK\
&KDSPDQ ÷ +DOOï



$ MRLQW &KDON 6WUDWLJUDSKLF )UDPHZRUN -RLQW &KDON 5HVHDUFK

ð ëíç ð &KDSWHU çã 5HIHUHQFHV 'HFHPEHU ìäää

9(-%�.ñ 2ï9ï $1' $1'(56(1ñ &ï ìäåæï &UHWDFHRXV ¤ (DUO\ 7HUWLDU\ LQYHUVLRQ WHFWRQLVP
LQ WKH 'DQLVK &HQWUDO 7URXJKï 7HFWRQRSK\VLFVñ ìêæñ Sï ëëìðëêå

=,(*/(5ñ 3ï $ïñ ìääíï *HRORJLFDO $WODV RI :HVWHUQ DQG &HQWUDO (XURSHï (QFORVXUH éìï 6KHOO
,QWHUQDWLRQDOH 3HWUROHXP 0DDWVFKDSSLMï
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