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$ XQLTXH HQJUDYHG VKDOH SHQGDQW IURP WKH VLWH RI |
OHVROLWKLF DUW LQ %ULWDLQ

1LFN\ OLOQIRAKDHO %D PDRIHMK %HOOOHMQ & &BRQWWDQWLQRYV
&KDW]LSD @BDIQQRQ &KDQYWDO &RPHE FOBDRWIWN & )LWWRQ
%HFN\ .QL3R®WDQG .UKUMIH /LMYOHIHHGKDRIU\ . 5REVRQ
&KDUORWWH & % DIRACGHMNORU

'"HSDUWPHQW RI $UFKDHRORJ\ 7KH .LQJ V ODQRU 8QLYHUVLW\ RI <RUN
'"HSDUWPHQW RI 3K\VLFV 8QLYHUVLW\ RI <RUN +HVOLQJWRQ <RUN <2
$UFKDHRORJ\ 6%$/& 8QLYHUVLW\RIODQFKHVWHU ODQVILHOG &RRSHU %X
0 3/ 8.

&HQWUH IRU $QDWRPLFDO DQG +XPDQ 6FLHQFHY +XOO <RUN OHGLFDO 6FKI
"t 8.

'HSDUWPHQW RI +LVWRU\ DQG $UFKDHRORJ\ 8QLYHUVLW\ RI &KHVWHU &

H\ZRUGOWHVROLWKLF DUW SHQGDQW 57, 6(0 XVH ZHDU D

6 XPPDU\

,Q DQ HQJUDYHG VKDOH SHQGDQW ZDV IRXQG GXULQJ H
OHVROLWKLF VLWH RI 6WDU &DUU 8. (QJUDYHG PRWLIV R
H[WUHPHO\ UDUH ZLWK WKH H[FHSWLRQ RI DPEHU SHQGDQW
7KH DUWZRUN RQ WKH SHQGDQW LV WKH HDUOLHVW NQRZQ OH
OLQHY PRWLILY FRPSDUDEOH WR VW\OHV RQ WKH FRQWLQHQ
ZDV ILUVW XQFRYHUHG WKH OLQHV ZHUH EDUHO\ YLVLEOH EX
WHFKQLTXHV LW KDV EHHQ SRVVLEOH WR H[DPLQH WKHP LQ G
HQJUDYLQJDV ZHOO DV WKH RUGHU LQ ZKLFK WKH OLQHV PLJ
PLFURZHDU DQG UHVLGXH DQDO\WHV ZHUH DSSOLHG WR HJI
VKRZHG VLIJQV WKDW LW KDG EHHQ VWUXQJRU ZRUQ DQG ZKF
PRUH YLVLEOH WKURXJK WKH DSSOLFDWLRQ RI SLIPHQWYV D
'DQLVK DPEHU SHQGDQWYV 7KLV DSSURDFK RI XVLQJ PXOWL
WHFKQLTXHV KDV QRW EHHQ XVHG SUHYLRXVO\ DQG SURYL
H[DPLQDWLRQ RI VLPLODU DUWHIDFWV LQ WKH IXWXUH

,QWURGXFWLRQ

'XULQJ WKH HIFDYDWLRQ VHDVRQ DW 6WDU &DUU )LJIXUF
OLQHVY HQJUDYHG LQWR LW ZDV IRXQG LQ WKH ODNH HGJH GF
ILUVW XQFRYHUHG LW ZDV WKRXJKW WR EH D QDWXUDO SLHFI
RI VHGLPHQW DQG WKH HQJUDYLQJV ZHUH QRW YLVLEOH 2Q
I[JURP WKH KROH DQG RQ FORVHU LQVSHFWLRQ IDLQW HQJU
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JLIXUH 3KRWRJUDSK RI WKH SOM GIIQWDWKHRZVQJ WKH IDL

$OWKRXJK VKDOH EHDGV D SLHFH RI SHUIRUDWHG DPEHU E
DQLPDO WHHWK KDYH EHHQ UHFRYHUHG IURPWWIDW&DUU &O
WKLV ODWHVW GLVFRYHU\ UHSUHVHQWY WKH ILUVW SHUIRUD
7KH DUW LV W\SLFDO IRU WKLV SHULRG LQ LWV JHRPHWUL
SRUWDEOHFRMIMBW2WKHU SHQGDQWY DUH NQRZQ IURP QRU\
SDUWLFXODU )IWFKBIWNDQG 9DQJ 3HWHUVHQ IRUWKFRPLQJ
SHWHUWRKMW@Q'KFRPLQJ 9DQJ 3SHWHUEMN® IRUWRBFBBPYEGE SHQGD
XQLTXH IRU %ULWDLQ )XUWKHUPRUH WR RXU NQRZOHGJH
SHQGDQWYV IURP (XURSH DUH PDGH RI VKDOH WKH SUHGRP|
DPEHU DQWOHU DQG ERQH $QGHUVHQ *UDPVFK KR
VWRQH SHQGDQW KDV EHHQ IRXQG IURP %UXQVWDG 1RUZD

*UDKDPH &&0ODUN WKH RULJLQDO H[FDYDWRU DW 6WDU &DUU
HQJUDYLQJY OLNH WKLV DW WKH VLWH +H ZDV KRZHYHU L
(XURSHDQG ZURWH D FRPSUHKHQVLYH FKDSWHU RQ WKH DUW
(DUO\ OHVROLWKLF LQ KLVERRNRQ WKHOHVROLWKLF VHWW

WLV WKHUHIRUH XQIRUWXQDWH WKDW WKH HQJUDYHG
PHWUH IURP WKHHQG RI &ODUNYV &XWWLQJ,, )LIXUH LQW
WR VWXG\ WKLY SLHFH 7KH DUHD ZKHUH WKH SHQGDQW ZD\
IRXQG D ODUJH TXDQWLW\ RI ERQH DQWOHUDQG ZRRG LQFO
KHDGGUHVVHYV PDGH IURP UHG GHHU VNXOOV DQG DQWOH!
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DSSHDUV WR EHIURP WKH VDPH GHWULWDO PXGV DQG LV WKF
WKHVH RWKHU ILQGV )LJXUH

- Detail of Clark's Excavations
- Clark's Excavations
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JLIXUH /IRFDWLRQ RI WKHILQG 7KHLE&RWDYWWRN&QDURPWHRBYODW DV SX
WKH PRQRJUDSK ZLWK GHWDLOV R WXWHKE RREXK S/OWDHH B QRS LCEVL WU KLD W |
ODUJH TXDQWLW\RI ERQH DQWOHU O0DQG RO MXW EFWBX\VIHDASRIRGAO/LCOUNRVISD Zt
QRW SODQQHG EXW ZKLFK DOVR FRQWD2\Q A %AKKRH WKIH Q 8 V WDR)I & @ IDRILINOIDY H
SURGXFHG ODUJH TXDQWLWLHWRLYDWHDLGR® @RW BOD/QW IRU

7KH VPDOO VL]H Rl WKH SHQGDQW DQG WKH IDLQW QDWXUH F
DSSOLFDWLRQ RI D UDQJH RI WHFKQLTXHV LQ RUGHU WR JDL
EHWWHU XQGHUVWDQGLQJRIWKHFUHDWLRQ RIWKHOLQHV ¢
57, ZKLWH OLJKW 'VFDQQLQJ OLJKW PLFURVFRS\ DQG VF
6(0 7KH SHQGDQW KDV EHHQ H[DPLQHG XQGHU ORZ DQG KLJ
XVH ZHDU WUDFHV ZKLFK PLJKW LQGLFDWH ZKHWKHU LW KDG
EHHQ VXJJHVWHG E\ &0DUN IRRWQRWH WKDW SDWW
KDYH EHHQ PDGH YLVLEOH E\UXEELQJLQ D GDUNHU VXEVWD(
LQ UDWKHU VLPLODU LQFLVHG ERQH ZRUNY DQG LW KDV EHHC
ZDV XVHG WR LQILOO WKH GHVLJQV RI WERKRIW QQ\GK 9DPLEGAK
SHWHUWRMW@Q'KFRPLQJ 9DQJ 3HWHUVHQ IRUWKFRPLQJ DV ZF
ODOPHU DQG ODJQXVVRQ 7KHUHIRUH ZH KDY8 MLMWPLQHC
RUJDQLF UHVLGXHV XVLQJ UHIOHFWHG OLJKW PLFURVFRS\ |
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7KLY SDSHU SUHVHQWYV WKH UHVXOWY RI WKHVH LQYHVWLJD
WKH ZLGHU FRQWH[W RI (XURSHDQ OHVROLWKLF SRUWDEOH I
GDWD LQ RUGHU WR SURGXFH D ELRIJUDSKLFDO DFFRXQW RI
vDZ LW EHLQJ GHSRVLWHG SHUKDSV ULWXDOO\ LQ WKH ZC

%DFNJURXQG WR WKH VLWH

Scarborough

North Sea

Palaeo-Lake Flixton

JLIXUH /RFDWLRQ PDS RI 6WDU &DUU 6 WDAR&DGUKDLYW [FRKHGE VRIQHZKG I H
ODNH QRZ NQRZQ DV SDODHR ODNH )OL[WRQ

6WDU &DUU LV RQH RI D QXPEHU RI (DUO\ OHVROLWKLF VLW
DURXQG SDODHR /DNH )OL[WRQ LQ WKH HDVWHUQ 9DOH RI 3
JLIXUH 7TKH SDODHR ODNH IRUPHG DW WKH VWDUW Rl WK
FDO %& D ZDUP SKDVHDW WKHHQG RI WKHODVW ,F
DV D ZDWHU ERG\ XQWLO WKH HQG RI WKH OHVROLWKLF F

-RKQ ORRUH D ORFDO DPDWHXU DUFKDHRORJLVW ILUVW FDU
IURP &ODUN [YLL DQG LGHQWLILHG VLWHV DUR
H[FDYDWHG D WUHQFK DW 6WDU &DUU LQ DQG IURP
WKH 8QLYHUVLW\ RI &DPEULGJH FRQGXFWHG WKUHH IXUWKI
)XUWKHU ZRUN LQ WKH DUHD KDV EHHQ FDUULHG RXW VL
3LFNHULQJ 5HVHDUFK 7UXVW LQ RUGHU WR PDS WKH H[WHQW
VLWHV HW@WU 6LQFH 10 && DQG %7 KDYH EHHQ FR G
HI[FDYDWLRQV DW 6WDUH&DDO &RQGINODGIE ,Q WK H
3267*/$&,$/ SURMHFW FRPPHQFHG WKLV LVDILYH\HDU (XUR



IXQGHG SURMHFW DLPLQJ p7R LPSOHPHQWDQ LQWHUGLVFLS(
XQGHUVWDQGLQJ KXQWHU JDWKHUHU OLIHZD\V ZLWKLQ \
HQYLURQPHQW FKDQJH GXULQJ WKH HDUO\ SDUW RI WKH SRV
%& T ,Q RUGHU WR DGGUHVV WKLYV DLP H[FDYDWLRQV KDYH
RYHU WKUHH VHDVRQV IURP

'"HVFULSWLRQ RI WKH SHQGDQW

7KH SHQGDQW ZDV IRXQG ZLWKLQ FRQWH[W D EURZQ J
FRQWDLQLQJ D KLJK SURSRUWLRQ RI RUJDQLF PDWHULDO ZL
FXUUHQWO\ EHLQJ GDWHG DQG PRGHOOHG XVLQJ %D\HVLD
+LVWRULF (QJODQG EXW DW SUHVHQW LW LV SRVVLEOH WR \
DURXQG FDO %& 7KH SHQGDQW ZDV GHSRVLWHG LQWR VK
PHWUH GHHS DQG DSSUR[LPDWHO\ P IURP WKH ODNH VKRUH
RI DTXDWLF SODQWY ZHUH DOO JURZLQJ LQ WKH LPPHGLDW
VZDPS HQYLURQPHQW

7TKH SHQGDQW LV VXE WULDQJXODU LQ VKDSH PHDVXULQJDE
WKLFN )LIXUH (" ;5) HQHUJ\ GLVSHUVLYH [ UD\IOXRUHVFF
RXW WR FRQILUP ZKHWKHU LW ZzDV PDGH RI VKDOH 5RZOH\ DC
FRQFHQWUDWLRQV ZHUH PHDVXUHG XVLQJDQ 20\PSXV '"HOW|
7KH HOHPHQWDO FRPSRVLWLRQ GDWD ZDV FRPSBWHBOZLWK

DQG FDQ EH GHPRQVWUDWHG WR EH FRQVLVWHQW ZLW
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JLIXUH ,OOXVWUDWLRQ RI WKRIQSHQGDQW E\ &KORH :DW



8QIRUWXQDWHO\ WKHDUWHIDFW VXVWDLQHG GDPDJH IURP \
HQJUDYHG VXUIDFH 7KHVH PDUNV DSSHDU DV OLJKW VFU
GLIIHUHQWLDWH IURP WKH ILQH HQJUDYHG OLQHV 7KH VWR
ODPLQDWH KHQFH PXFK FDUH KDV EHHQ WDNHQ ZKHQ KDQGO
JORYHV ZHUH ZRUQ WR DYRLG FRQWDPLQDWLRQ LQ DGYDQF

7TKHUH LV D SHUIRUDWLRQ LQ RQH RI WKH YHUWLFHYVY WKDW K
IURP WKH HQJUDYHG VLGH RI WKHSHQGDQW 7KHHQJUDYLQJ'
WKH OLQHV DUH YHU\ IDLQW WKH VPDOOHVW OLQHV DUH KD
ZLWK WKH QDNHG H\H 7TKHDUWZRUN XVHV WKHLQFLVLRQ PHW
DQG OHDVW VSHFLDOLVHG RI (DUO\OHVROLWKLF DUWZRUN W
GULOOLQJWRFUHDWHGRWY &ODUN ORVW RIWKH OLQHYV
&ODUNYVY WHUPLQRORJ\EDUEHG OLQHV RI pW\SH &1 L H OLQ
ULIJKW DQJOHV &ODUN

2Q WKH UHYHUVH VLGH WR WKH HQJUDYLQJ WKHUH LV D QLF!
VKDOH LQ WKHFHQWUDO UHJLRQ VKRZQ FOHDUO\IURP WKH (

7KLY PD\KDYH KDSSHQHG DFFLGHQWDOO\RU LQWHQWLRQ
KDUG VWULNLQJ WKLV VXUIDFH EHIRUH LW ZDV GHSRVLWHG

JLIXUH $ODVHUVFDQRIWKH SHQ G D QWVAKLFXI PO MBI URGD W K R 20QWM QK BD Y H ¢
WKH SHQGMBRM7,9( 6&$1 72 *2 +(5( 7+$7 7+( 5($'(5 &$1 527$7(

7KLV DUWHIDFW LV EHLQJ WHUPHG D pSHQGDQWY EHFDXVH
LPSO\LQJ WKDW LW PD\ KDYH EHHQ VXVSHQGHG DQG ZRUQ |
SHUIRUDWHG VKDOH REMHFWY DW WKH VLWH ZHUH GHILQHC
SHUIRUDWLRQV DUH PRUH RU OHVV FHQWUDO WKH RQO\ H[F
&ODUN ZKLFK FRXOG LQ IDFW DOVR EH FODVVLILHG D\
XQFOHDU KRZ WKH VKDOH EHDGV IURP 6WDU &DUU ZHUH ZRUC
MHZHOOHU\ RU SHUKDSV BHWSDOTX p'D QIOHMWDIOIEQAT&RQ QR U

)XUWKHU XVH ZHDU DQDO\VLYVY RQ WKHVH RWKHU EHDGV LV SC
WKLV TXHVWLRQ 21 WKH WKUHH SLHFHV RIDPEHU IRXQG RQF
WKLV SLHFH KDV KROHV DW WKH WRS )LJXUH LPDJHV RI



RULJLQDO HI[FDYDWLRQV E\ &ODUN FDQ EH IRXQG LQ WKH $U
&DUU $UFKLYHV 3URMHFWHW:ODIWN OLOQHU

JLIXUH 7KHVKDOHEHDGV IURP 6WDURGUDW QW& W WIR 8 F HXWH MRPURPI B F K D
DOQG $QWKURSRORJ\ &DPEULGJH DFFHVVLRQ QXPEHU

JLIXUH 7KH SHUIRUDWHG DPEHU SHQGDQIWQ G $VNMXPURISRIOAKID HRMRRE U L (
DFFHVVLRQ QXPEHU

, Q WKH HIFDYDWLRQ WZR IXUWKHU VKDOHEHDGV ZHUH GL
WKH PDMRULW\ RI EHDGV IRXQG E\ &ODUN :KDW LV QRWHZRU
QRWIRXQG LQ WKHVDPHFRQWH[WDV PRVWRIWKHRWKHUDU
HIFDYDWHG ,QVWHDG WKH\ ZHUH UHFRYHUHG IURP WKH Z
DSSUR[LPDWHO\ \HDUV ODWHU WKDQ WKH SKDVH WR ZKLFK
KHDGGUHVVHYVY EHORQJ $OWKRXJK &ODUN SORWWHC



PDQ\ RI WKH DUWHIDFWV IURP KLV H[FDYDWLRQV LQ KLV PR(
GHSWKV ZHUH QRW UHFRUGHG DQG WKH DUFKLYH DSSMDUV Wi
DO D )URP RXU FXUUHQW XQGHUVWDQGLQJ RI WKH VWUDYV
DUWHIDFWVY LW LV OLNHO\ WKDW WKH VPDOO VKDOH EHDGV
VKDOH SHQGDQW ,W LV DOZD\V SRVVLEOH WKDW WKH DPEH
SHQGDQW ZHUH FRQWHPSRUDU\ ZLWK WKH HQJUDYHG SHQG
FRQWH[WXDO LQIRUPDWLRQ IRU WKRVH ILQGV WKLV K\SRW

JLIXUH /IRFDWLRQ RI WKH ILQG LQ WHKNODRNHL\N 9 RWRK & O B LIENHIDVGDVURDHUIDIF G R Q
DVUHG ZHUH DOVR IRXQG LQ ZL W K LRDIMEB DWW URA R@W H NAT WKW ® HNUKIH Q C
HQJUDYHG VKDOH SHQGDQW

$QDO\WLQJ WKH HQJUDYLQJV

OHWKRGYV

$ QXPEHU RI LPDJLQJ PHWKRGY KDYH EHHQ HPSOR\HG WR DV
OLQHV WR XQGHUVWDQG WKHLU UHODWLRQVKLS WR HDFK RV
7R GR WKLV ZH LQWHJUDWHG OLJKW PLFURVFRS\ UHIOHFWD (
ZKLWH OLJKW ' VXUIDFH VFDQQLQJ DQG VFDQQLQJ HOHFW



/JLJKW OLFURVFRS\ ZDV XVHG EXW ZDV OLPLWHG WR ORZ SRZ}
VWHUHRVFRSH ZLWK [ WR [ PDJQLILFDWLRQ 7KH VKDOO
SUHVHQWHG D FKDOOHQJH IRUDVVHVVLQJ WKH OLQH RUGHU
E\WKH SUHVHQFH RI KLJKO\ UHIOHFWLYH JROG FRORXUHG LU
VXUIDFH VHH EHORZ ZKLFK PDGH DQDO\VLV ZLWK FRQYF
FKDOOHQJLQJ WKHIL[HGDQG GLUHFW OLJKW VRXUFH PDNLQ.
7KLV LV D FRPPRQ SUREOHP ZKHQ DQDO\VLQJ VKDOORZ HQJ!
WKXV GLILWDO PHWKRGY DUH LQFUHDVLQJO\DGYRFDWHG D\
EH XVHG LQ WDQGHP ZL%K GIGMRD 8V FRISW ] JULW] DQG 7RVH
* o W K 7RVHOOR DQG 9LOODYHUGH

,Q FRQWUDVW 6(0 DQRQ OLJKWEDVHG WHFKQLTXH \LHOGH
WKLV VXUIDFH 7KH UHIOHFWLRQ IURP WKH JROG FRORXU
UHPRYHG E\ WKH 6(0 PDNLQJ OLQH RUGHU UHODWLRQVKLSV
DQDO\WH $ +LWDFKL 70 30XV WDEOHWRS VFDQQLQJ HOHF\
XVHG WR LPDJH NH\ GHWDLOV RI WKHHQJUDYHG OLQHV )LJXL
HTXLSPHQW ZDV FKRVHQ RYHU RWKHU 6(0 RSWLRQV VLQF!
DUWHIDFWYVY 1R VSXWWHU FRDWLQJV VXFK DV JROG FDUEF
LPDJLQJ XVLQJ WKLV 6(0 DPDMRUDGYDQWDJH WR WUDGLWLF
6(0 LPDJHY ZHUH FROOHFWHG LQ VHFRQGDU\ HOHFWURQ PRG
PRGH DQG IURP [ WR [ PDIJQLILFDWLRQ

JLIXUH $Q H[DPSOHRIDQLPDJHWDNHQWKNW 8(DREE PRIV &R QW WPIH H W
SRVVLEOH WR DVVHVV WKH GLUHFWLR @ LWKDIR WKIHQLQ FIRPL R 8 I:DW R DG i
LQVWDQFH ,PDJH FDSWXUHG DWHFRQ G\ ADW ERQ K LRRIG H



YLIXUH 6(0 LPDJH VKRZLQJ WKH SUHF LXK RRK RIDW K HE W KR UMD LLGH3/ D W
DQJOHV IURP D ORQJHU OLQH ,PQUH FDWWRKQ K LDQN VHPRQGDU\ HOHFW

JLIXUH 6(0LPDJHVKRZLQJWKHRUGHUBOH@ RRYHLIOIHDHHOEHQWZ LW K W K
JURRYHVY HQJUDYHG ODWHU (DFKJURRBB ZD0RRKYUDIZRQ Q RQ IMKADR HWQRAPUL W
FDSWXUHG DW [ PDJQLILFDWLRIRQAWRGEHVHFRQGDU\ HOHFW

6LPLODUO\ WKH FRPSRVLWH LPDJHV SURGXFHG XVLQJ 57,

VRXUFH WR DQ REOLTXH SRVLWLRQ ZLWKLQ WKH VRIWZDUH ¢
DVVHVVLQJ WKH UHODWLRQVKLSY EHWZHHQ HQJUDYHG OLQH
SKRWRJUDSK\ $ VHW RI SKRWRJUDSKV RI DQ REMHFW DUH FI

DQG LQ HDFK SKRWRJUDSK WKH REMHFW LV OLW IURP D GLII



FDOOHG 57, EXLOGHU WKHVH SKRWRJUDSKYVY DUH WKHQ FRPE
LOWHUDFWLYH LPDJH ZLWKLQ ZKLFK WKH XVHU FDQ FRQWUR
OLJKW 57, :RUNV E\FDOFXODWLQJ WKH VXUIDFH RI DQ REMHF
RIHDFK SLIHO ZKHQ OLW IURP PXOWLSOH OLJKW SRVLWLRQV
DQG DQ DQJOH RI VORSH EDVHG XSRQ LWV DSSHDUDQFH ZLW
GDWD VHW 8VLQJ WKH UHVXOWLQJ VXUIDFH PRGHO LW LV
DOJRULWKPV WR HQKDQFH VXUIDFH HFWDDUOD FWHULVWLFV 0D

57, KDV WKH FDSDFLW\ WR UHYHDO FRPSOH[ VXUIDFH GHWDL

ZHDU PDUNV 5LULV DQG &RUWHOHWWL DQG KDV EHHQ XV
H[DPLQDWLRQ RI DUFKDHRORWLB DO -RIDMWUDDO 1 HZ®PO® Q
LQFOXGLQJ ILQGV IURP 6WDU &DUU 'XII\ ,Q WKLV LG

KHOSHG WR HQKDQFH WKH LQFLVHG VXUIDFH GHWDLOV RQ W
LOQFLVLRQV LV PDGH PXFK FOHDUHU WKURXJK WKH HQKDQFH

LQWHUVHFWLRQ RI OLQHV )LJXUH 57, KDV DOVR EHHQ XV
RYHUDOO LPSUHVVLRQ Rl WKH SDWWHUQLQJ WKURXJK WKH S
HQKDQFHPHQW )LJXUH 6SHFXODU HQKDQFHPHQW DOOR

DSSHDUDQFH RI WKH FDSWXUHG REMHFW E\ VXSSUHVVLQJ W
PDNLQJ LW PRUH UHIOHFWLYH 8VLQJ WKLV WHFKQLTXH LW
XQGHUO\LQJ WRSRORJLFDO FKDUDFWHULVWLFV ZLWKRXW |
XVHIXO LQ REVHUYLQJ LQFLVLRQV RQ WKH VXUIDFH RI WKH VK
I[URP WKH RULJLQDO SKRWRJUDSKYV

JLIXUH 57, YLHZHUDOORZLQJWKH UBQ®HRB WW K HPERIH®DY $WHH SH Q G
11 %( ,17(5$&7,9(



YLIXUH $Q LPDJH Rl WKH SHQQRR@FKPH@IWVSHFXODU H

7KH OLJKW EDVHG PLFURVFRSH ZDV XVHG WR VXSSRUW D O
HVWDEOLVKHG WKURXJK WKHVH GLILWDO PHWKRGV EHLQJ X
WKH SHQGDQWITV XQPRGLILHG VXUIDFH 7KH XVH RI WKHVH
\LHOGHG D EHWWHU XQGHUVWDQGLQJ RI ZKDW LV D YHU\ I
HQJUDYHG OLQHV LQ SDUWV KHDYLO\PRGLILHG E\ SRVW GHSES
PHWKRG LQ LVRODWLRQ PLIJKW KDYH DOORZHG

,Q DGGLWLRQ ZHDWWHPSWHG WR VXUIDFH VFDQ WKH REMHF
UHFRUG SDUWLFXODUO\LQ OLJKW RIWKH IDFW LW LV YHU\ IL
OLJKW ' 6XUIDFH VFDQQLQJ ZDV FDUULHG RXW XVLQJ D %UH
%UHXFNPDQQ *PE+ OHHUVEXUJ 7RUHQVWUD H %RWK

LQGLYLGXDOO\DQG VXSHULPSRVHG XVLQJFRPPRQ ODQGPDL
VFDQV XVLQJWKH LPDJH SURFHVVaDQVXMROWDWLREYAFRHQF H
,QF 7KH PHVK ZDV WKHQ FOHDQHG XVLQJ OHVK/DE Y 9l
67, &15 7KLV SURGXFHG D 'PRGHO RI WKH SHQGDQW ZKL
RULJLQDO FRORXU ZDV DEOH WR KLJKOLJKW VXUIDFH GHW
HQJUDYLQJ DQG WKH PLVVLQJ QLFN RQ WKH QRQ HQJUDYHC

SHVXOWYV

7TKURXJK WKH DQDO\VLV RI WKH SHQGDQW XVLQJ WKH WHFK(
SRVVLEOH WRJDLQ D VHQVH RI WKH RUGHULQJ RI WKH OLQHYV
HQJUDYLQJV 7KHVH DUH SUHVHQWHG LQ D FRPSRVLWH LPDJ
VKRZ ZLWK D QDUUDWLYH DQG UDWLRQDOH



JLIXUH $ FRPSRVLWH LPDJHRI SKDVLIQUKRY JRW RWHLRI \RKHNW@WGWLR
IROORZLQJ GLVFXVVLRQ WKH SHIGR 6 RRKIIGL EBIWE VG LYRGWE EHLQJ WKHF

127( 72 5(9,(:(56 7KLV VHFWLRQ ZL@®@OVEH GHRIGKFEZ D@ ® KRSHIXOO)
KDYH WH[W RQH VLGH RI WKH VRWKHQ DQG WKH UMDGHWKH Q IOL
IRUWK WKURXJK WKH LPDJHV D BHWOOWHGLBOWY MKROHPDJHV O

3KDVH WKH SHUIRUDWLRQ

7TKH XQLFRQLFDO VKDSH RI WKH SHUIRUDWLRQ VXJJHVWYV ZK
ZLWK WKHHQJUDYHG VXUIDFH EHLQJ WKH ZRUNLQJIDFH 2XU
SHUIRUDWLQJ VKDOH SRVHV WKH ULVN RIEUHDNDJH HVSHFL
HGJH DV LQ WKLV FDVH WKXV LW LV SUREDEOH WKH SLHF
VXEVHTXHQWO\ HQJUDYHG 7KHUH LV QR RYHUODS EHWZHHQ
WR WHVW WKLV GLUHFWO\ +RZHYHU WKHHQJUDYLQJ GRHV V
SHUIRUDWLRQ DQG DV WKH GULOOLQJ DFWLRQ LQYROYHG
SRWHQWLDOO\ EUHDN LW WKHUH ZRXOG EH D KLJKHU ULVN F
REMHFW zZzDV SHUIRUDWHG DIWHU LW KDG EHHQ HQJUDYHG



7KH YLVLEOH WUDFHV RI ZRUNLQJ ZLWKLQ WKH SHUIRUDW LR
URWDWLRQDO GULOOLQJ DFWLRQ 7KLV LV OLNHO\ WR K
QDUURZ SURILOH SRLQWHG UHWRXFKHG WRRO VXFK DV DP
UHSOLFDWLRQ FRQILUPHG WKLV LQWHUSUHWDWLRQ ZLW
XQL FRQLFDOO\ ZLWK UHODWLYHO\ OLJKW SUHVVXUH DQG :
KDIWHG FORVHO\ UHVHPEOLQJ WKH SHQGDQW 7KH QHD
QRQ HQJUDYHG VLGH Rl WKH SHQGDQW FOHDUO\VKRZQ LQ W
VXSSRUWYV DQ LQWHUSUHWDWLRQ RI XQL FRQLFDO ZRUNLQ.

3KDVH (QJUDYLQJV
7KHUH LV D VHULHV Rl QLQH JURRYHV UXQQLQJ GLUHFWO\ ¢
GLUHFWLRQ Rl WKH ORQJ D[LV RI WKH SHQGDQW KHQFHIRUW
JURRYHV KDYH EHHQ JURXSHG RQ WKH EDVLV RI WKHLU VLPL¢
RULHQWDWLRQ OLNHO\ LQGLFDWLQJ WKH XVH RI WKH VDPH
SKDVH RI ZRUNLQJ $V WKH\ GR QRW GLUHFWO\ LQWHUDFW

FDQQRW EH DVFHUWDLQHG 7KH ZRUNLQJ RI WKLV VHULHV
VRXWKHDVW $ ORQJHU FHQWUDO JURRYH VWUHWFKLQJDFU



NH\ VLIJQLILFDQFH LQ SKDVLQJ WKH HQJUDYLQJ 7KLV JURRY
JURRYH LQ DVVRFLDWLRQ WR LW RQ WKH IDU VRXWK HDVWt

7KH IRXUWK JURRYH IURP WKH SHUIRUDWLRQ LQ WKLV DUUD
GUDZQ IURP LW LQ WRWDO KHQFHIRUWK UHIHUUHG WR DV
EDUEHG OLQH RI W\SH & &ODUN

7KH HLJKWK JURRYH I[URP WKH SHUIRUDWLRQ WR WKH IDU Z1
QXPEHU RI EUDQFKLQJ JURRYHV WKDW VWHP IURP LW LQ W
E DOVR D EDUEHG OLQH 7KH QLQH JURRYHV FRQVWLWXWLQ
SKDVHV DDQG E $00 RIWKHJURRYHV IRUPLQJ DDQG EGL
RI SKDVH ZKHUH WKH\ PDNH FRQWDFW ,W VKRXOG EH QRW|
ODEHOV DQG GR QRW UHIOHFW WKH RUGHU RI SKDVLQJ 7KH
KDYH EHHQ DGGHG DW DQ\ ODWHU SKDVH RU SRWHQWLDOO
SKDVHV $V WKH\ RQO\ FXW WKH JURRYHV RI SKDVH DQG GF
IURP DQ\ RWKHU SKDVH LW LV LPSRVVLEOH WR GLVFHUQ D V¢
WKRXJK WKH PRVW SDUVLPRQLRXV K\SRWKHVLV LV WKDW WK
WRIJHWKHU IRUP EDUEHG OLQH PRWLIV W VHHPV OLNHO\ JL"
RULHQWDWLRQ WKDW WKH\ ZHUH HQJUDYHG DW WKH VDPH



SKDVH OLNHO\ XVLQJ WKH VDPH HQJUDYLQJ WRRO 7KH JU
IURP VRXWKZHVW WR QRUWKHDVW ZKLOH WKH JURRYHV RI E
WR VRXWKZHVW 7KDW LV DOO JURRYHV RI WKHVH VXE SKDVHI
FRQWDFW ZLWK DQ H[LVWLQJJURRYHLQ SKDVH UXQQLQJ SFH
SRLQW Rl FRQWDFW

3KDVH HQJUDYLQJV

3KDVH FRQVLVWY RI WZR PDMRU JURXSV RI JURRYHV JUR)
JURRYHV WR WKH QRUWK HDVW RI WKH FHQWUDO JURRYH D
JURRYHVY WR WKH VRXWK ZHVW RI WKH FHQWUDO JURRYH (
VXE SKDVH RQ WKH JURXQGV RI VLPLODULW\ LQ SURILOH VKIL
ZKLFK VXJIJHVW WKH VDPH RUVLPLODU WRRO ZDV XVHG WR S
RULHQWDWLRQ 7KH JURRYHV FRPSRVLQJ VXE SKDVH D DUH
HDFK JURRYH FXWWLQJ WKH SURILOH RI WKH FHQWUDO JURI
JURRYHV FRPSRVLQJ D LV VRXWK ZHVW WR QRUWK HDVW
VRXWK HDVWHUQ H[WHQW RI D HDFK KDYH WKH PLGVHFWLI
HQWLUHO\ REOLWHUDWHG ,QLWLDOO\ WKRXJKW WR KDYH
XVH ZHDU DQDO\VLV GLVFXVVHG LQ VHFWLRQ VXIJIHVWV W
SRVW GHSRVLWLRQDO IDFWRUV 3'60 7KH JURRYH WR WKH
VLIQLILFDQW LQ WKDW LW GLVUXSWV WKH WHUPLQXV RI W
FRQILUPLQJ WKDW VXE SKDVH D DQG E\ HIWHQVLRQ SHUKD
WKDQ SKDVH

3DUDOOHOLQJVXE SKDVH D VXE SKDVH EFRQVLVWV RIILYH
FXWWLQJ WKH FHQWUDO JURRYH DW WKH SRLQW RI FRQWDF\
WKDQ SKDVH 7KH GLUHFWLRQ RI ZRUNLQJ IRU JURRYHV ER
VRXWK ZHVW $V LGHQWLILHG LQ SUHYLRXV SKDVHV JURRY
HQJUDYHG IURP D SRLQW Rl FRQWDFW ZLWK DQ HDUOLHU J|
SHUSHQGLFXODU RULHQWDWLRQ UXQQLQJ DZD\ IURP WKH S



VRXWKHUQ HIWHQW RI E DW WKH JURRYH PLG SRLQW DQG I
SDUWO\ REOLWHUDWHG DV ZDV QRWHG IRU JURRYHV WR W

3DUDOOHOLQJ WKH SDWWHUQ LGHQWLILHG LQ SKDVH EI
SHUSHQGLFXODU OLQHV VWHPPLQJ IURP ORQJHU JURRYHYV D
IXUWKHU VXFK JURXSLQJV VXE SKDVH E FRPSRVHG RI V
WKH IDU VRXWKHUQ JURRYH RI VXE SKDVH E DQG VXE SKDVF
JURRYHV FRQWDFWLQJ WKH IDU QRUWKHUQ JURRYH RI VXE
JURXSHG LQWR VXE SKDVHV RQ WKH JURXQGV RIVLPLODULW\
VDPH WRRO PLJKW KDYH EHHQ XVHG DV GHWDLOHG DERYH



6 XE SKDVHV E DQG E FRQIRUP WR WKH SDWWHUQ GHVFULE
JURRYH FXWWLQJ WKURXJK WKH SURILOH RI JURRYHV EHORC
WKDW DOO VKRUW JURRYHV EHORQJLQJ WR VXE SKDVHV E
JURRYHV EHORQJLQJ WR VXE SKDVH E 6KRUW JURRYHV DVV
KDYH EHHQ HQJUDYHG IURP QRUWKZHVW WR VRXWKHDVW .
VXE SKDVH E KDYHEHHQ HQJUDYHG IURP VRXWKHDVW WR QfF
FRQIRUPV WR WKDW VHHQ IRU HDUOLHU SKDVHV ZKHUH WKH
IURP FRQWDFW DW D SHUSHQGLFXODU DQJOH WR WKH HDUC

3KDVH HQJUDYLQJV

7KH JURXSLQJV RI SKDVH DUH PRUH FRQWHQWLRXYV LQ SC
FRQWDFW EHWZHHQ SKDVHV SUHYLRXVO\ GHVFULEHG DQG D
GR QRW FRQIRUP WR WKH VDPH SDWWHUQ ZLWK IHZHU LQWH
7TKUHH VXE SKDVHV DQG WZR DGGLWLRQDO VXE SKDVHV OLQNM
DUHHYLGHQW EXW WKH SKDVLQJ RI WKH SLHFH KHUH EHFRPI
SKDVH IROORZV SKDVH RFFXS\LQJ RQH RI WKHIHZ YDFDQW
RULWFRXOG EH WKH H[DFW RSSRVLWH DFWXDOO\UHSUHVHC(
SKDVHV DOUHDG\ GHVFULEHG HQJUDYHG DW D ODWHU WLPH
LQ JUHDWHU GHWDLO LQ WKH SKDVLQJ VXPPDU\ EHORZ



6 XE SKDVH D FRQVLVWYV RI WKUHH JURRYHV HQJUDYHG IUF
JURRYHV KDYH EHHQ JURXSHG EDVHG RQ GLUHFWLRQ RI ZR
VLPLODULW\ LQ SURILOH VKDSH 7KH IDU ZHVWHUQ JURRYH L
E\ JURRYHV DVVRFLDWHG ZLWK VXE SKDVH E GHVFULEHG
VXIJIHVWLQJ D PD\EHDQ ROGHU FRPSRQHQW RI SKDVH 6L.
DQRPDORXV VHW RI WZR SRVVLEOH JURRYHV PD\ EH DVVRFLD
WKHLU RULHQWDWLRQ +RZHYHU WKH VSDWLDO GLVORFDWI
GLVVLPLODULW\ LQ SURILOH VL]HDQG VKDSH PDNHV VXFK DC
WKH\ DUH DVVRFLDWHG WKLV ZRXOG EH KLJKO\ VLJQLILFDQ
ZD\ WR GLUHFWO\ OLQN DQG RUGHU SKDVHV DQG +RZHYH
WKHVH JURRYHVY DQG VXE SKDVH E FRXOG QRW EH GLVFHL

6XE SKDVH E LV PRUH FRPSOH[ DQG GLVVLPLODU WR PRVW F
IRUPHG RI JURRYHV VHHPLQJO\ ZRUNHG LQ WZR GLIITHULQJ RL
VL[ JURRYHV EURDGO\ VHW RXW LQ WZR JURXSV RI WKUHH
JURXSHG ODUJHO\ RQ WKH JURXQGV RI WKHLU FORVH VSI
GLVVLPLODULW\ WR WKH RWKHUZLVH VWUXFWXUHG SDWWH!
JURRYHV IURP WKH HDVWHUQ FRPSRQHQW RI WKH JURXSLQJ



I[IURP HDVW WR ZHVW DQG GLVUXSW WKH IDU ZHVWHUQ JUR
GLVFXVVHG DERYH 7KLV ZRXOG VXJJHVW VXE SKDVH E LV \R
7KH JURRYHV IRUPLQJ WKH ZHVWHUQ FRPSRQHQW RI VXE SK
LOWHUSUHWHG DV KDYLQJ EHHQ HQJUDYHG IURP QRUWKZH
LOWHUDFWLRQ RI WKHVH JURRYHV DW FRQWDFW LV DPELJXR
DQRPDORXV QRUWK VRXWK RULHQWDWHG JURRYH LQWHU
VXE JURXSYV

6XE SKDVH F FRQVLVWYV RI JURRYHV WKDW KDYH EHHQ JlI
RULHQWDWLRQ SURILOH VKDSH DQG GLUHFWLRQ RI ZRUNLC
RWKHU JURXSLQJY DQG VR DUH FKDOOHQJLQJ WR LQWHUSL
DVVRFLDWHG ZLWK WZR IXUWKHU VXE SKDVHV F DQG F Z
EHDUV D VWULNLQJ UHVHPEODQFH WR EDUEHG OLQH JURXSL
DERYH 7KH JURRYHV IRUPLQJ F KDYH EHHQ HQJUDYHG IUR

6XE SKDVH F LV DVVRFLDWHG ZLWK WKH IDU VRXWKHUQ JU
FRQVLVWV RIILYHVKRUW JURRYHV 7KH\KDYHEHHQ JURXSHC
RULHQWDWLRQ DQG GLUHFWLRQ RI ZRUNLQJ 7KHVH IROOR.
DERYHRIKDYLQJEHHQ ZRUNHG DW D SHUSHQGLFXODU DQJOH
ZLWK ZKLFK WKH\LQWHUDFW GHPRQVWUDWLQJ WKH\ DUH \R:
ZRUNHG IURP QRUWK WR VRXWK 6XE SKDVH F LV \RXQJHU

6 XE SKDVH F LV DVVRFLDWHG ZLWK WKH IDU QRUWKHUQ JUL
FRPSRVHG RI VKRUW JURRYHV WKDW KDYH EHHQ SKDVHG WR
VKDSH RULHQWDWLRQ DQG GLUHFWLRQ RI ZRUNLQJ 7KH JUF
VRXWK WR QRUWK LQ DOO FDVHV 6XE SKDVH F SDUDOOHC
JURRYHV KDYH EHHQ ZRUNHG DW D SHUSHQGLFXODU DQJOH
LQWHUDFW IURP VXE SKDVH F UXQQLQJDZD\IURP WKH SRLQ
JURRYHV RI F GLVUXSW WKHJURRYHIURP F GHPRQVWUDWL
WR VXE SKDVH F DUH\RXQJHU WKDQ VXE SKDVH F 7KH FOR
SDWWHUQ RI VXE SKDVHV ZKHQ FRPSDUHG WR VLPLODU JUR?
DQG PD\VXJIJHVW D UHODWLRQVKLS WKH SHQGDQW PD\ KDY
HYHQW WKH SKDVHV SHUKDSV UHIOHFWLQJ PRPHQWDU\ SD:



REMHFW ZDV UHSRVLWLRQHG UDWKHU WKDQ ORQJHU WHPSRL
ZRUNLQJ

3KDVH PRGHUQ GDPDJH

3KDVH LV FRPSRVHG H[FOXVLYHO\RI PRGHUQ H[FDYDWLRQ ¢
ZLWK D WURZHO ZLWK DW OHDVW WZR VWULNHV FDXVLQJ VRP
HYLGHQFH IRU D VFUDSLQJ PRWLRQ

6XPPDU\ RI SKDVLQJ

$QDO\WLV RI OLQH RUGHU UHYHDOV WZR PDMRU SKDVHV RI Ol
7KH PDMRULW\ RI OLQHV FRQIRUP WR D SDWWHUQ RI LQWHUV
DW D SHUSHQGLFXODU DQJOH 6RPH RI WKHVH DUUDQJHPHQ

EDUEHG OLQH W\SH & GHVLJQV $ UHSHDWLQJ HOHPHQW H
ZLWK ORQJHU OLQHV ODWHU LQWHUVHFWHG E\ VPDOOHU OL



VPDOOHU WLJKWO\ SDFNHG JURXSV RI OLQHV H[SUHVVHG
EDUEHG OLQH JURXSV DOZD\V IHDWXUH WR WKH RXWHUPRVW
DQG UHSHDW DFURVV PXOWLSOH RULHQWDWLRQV 7KLV YH!
PLJKW KDYH EHHQ SURGXFHG FRQWHPSRUDQHRXVO\ 2Q WKHI
DGGLWLRQDO SKDVH HPHUJHV ZKLFK GRHV QRW HQWLUHO\ F
JURXSHG SDUDOOHO DQG RIDVLPLODU OHQJWK WKRXJK PD
VSDWLDO GLVORFDWLRQ LQ WKRVH OLQHV UXQQLQJ QRUWK

7KH FKURQRORJ\ Rl WKHVH GLIITHULQJ ZRUNLQJ VW\OHV LV G
XQDPELJXRXV SRLQW RI FRQQHFWLRQ EHWZHHQ SKDVHV DQ
WKH PRUH HUUDWLF SDWWHUQ LV WKH HDUOLHVW HQJUDYLC
KHDYLO\ RUGHUHG SKDVHV PLJKW KDYH FXW RYHU WKH WRS R
WKLV LV WKH UHPQDQW 7KLV PRGHO QHFHVVLWDWHY KHDY\
PXFK RI WKH HDUOLHU GHVLJQ WKURXJK D FRPELQDWLRQ RI
WKH VRIW UDZ PDWHULDO WKLV LV D IHDVLEOH LQWHUS
SDUVLPRQLRXV PRGHO ZRXOG LQVWHDG SODFH WKH HUUDWL
ILOOHG DUHDV RI HPSW\ VSDFH ,W LV LQWHUHVWLQJ WR QR
VPDOO JURXSHG OLQHV DUH QHYHU VXEVHTXHQWO\ EXW E\ C
KROGYV WUXH WKHUH ZDV QR IXUWKHU URRP IRU DQ\ ORQJ O
HDVW ZHVW WR WKH VRXWKHUQ KDOI RI WKH SHQGDQW JLYF
DUUDQJHPHQWY UXQQLQJ QRUWK VRXWK ,QVWHDG WKH RU
IXUWKHU ORQJ OLQHDUV XVHG WR ILOO WKH JDSV ,Q WKLV P
EURDGHU SDWWHUQ RI ZRUNLQJ EXW UHIOHFW WKH LQFUHD\
SURSHUO\UHSHDWLQJ WKH SDWWHUQ RI ZRUNLQJ 7KLV PXVW
JLYHQ WKH ODFN Rl GLUHFW GLVFHUQLEOH UHODWLRQVKLS

7KH SUHVHQFH RI D UHSHDWLQJEDUEHG OLQH SDWWHUQ &OL
RI WKH HQJUDYLQJ LV VLIQLILFDQW LQ SRWHQWLDOO\ VXSSF
GRZQ RI OLQHV DFURVV WKH VXUIDFH RI WKH SHQGDQW W Z
YLHZ D YHU\ VSHFLILF GHVLJQ SDWWHUQ IHDWXUH RYHU PXOV
WLPH VFEDOHYV EXW ZKLFK PDLQWDLQHG D ULJLG VDPHQHVV W
HPXODWHG HDUOLHU SKDVHV RQH PLJKW VWLOO VHH VRPH
LQDFFXUDWH FRS\LQJ



J)LIXUH 7KH WZR PDLQ W\SHV RI OLQHV
8VH ZHDU DQG UHVLGXH DQDO\VLV

8VH ZHDU DQDO\VLV

5HFHQW PLFURZHDU UHVHDUFK FDUULHG RXW RQ OHVROLWK L
FRQWH[WV KDV VKRZQ WKDW WKLV PHWKRG FDQ UHYHDO VLJ
RUQDPHQWYV PDQXIDFWXUH DI\ DXOQIF WELURLQ/MERUWID@VEL D Q L

IDUVVRQ SHWBG LWK WKLVLQPLQGPLFURZHDUDQDO\
RXW RQ WKH SHQGDQW 8VLQJ D ORZ SRZHU VWHUHRVFRSH
IROORZHG E\ KLJK SRZHU DQDO\VLV ZLWK D/HLFD'O O UHIOHI
PDJQLILFDWLRQV UDQJLQJIURP|[ [ ZLWK H\HSLHEFH PDJOQL
VXUIDFH Rl WKH SHQGDQW ZDV DQDO\VHG IRU ZHDU WUDFH

$QDO\VLYV ZzDV PDGH GLIILFXOW E\ WKH DPRXQW RI KLJKO\ U
DSSHDUHG WR EH LURQ S\ULWH VHH UHVLGXH VHFWLRQ L[



PRGLILFDWLRQ 3'60 ZKLFK KDV UHVXOWHG LQ WKH HQWLUH
MHEULIJKWQHVVY 7KLV EULJKWQHVV LV FDXVHG E\WZRIDFWRU
DJHQHUDO DEUDVLRQ WR WKH VXUIDFH FDXVHG E\ WKH SHQG
VLWWLQJ LQ PXG DQG ZDWHU IRU \HDUV

7KH VOLJKWO\ PRUH ZRUQ DUHDV RI WKH HQJUDYLQJ PHQWL
J)LIXUH GLVSOD\ QR ZHDU SROLVK WKDW FDQ EH DWWULE>
PLFURVFRSLFDOO\ WKHUH LV QR GLVWLQFWLRQ RQ WKH V.
ORFDWLRQV IURP RWKHU SDUWV RI WKH VXUIDFH 2QH H[SOD
WKHLU KLJKHU WRSRJUDSK\ KDYH EHFRPH PRUH DIIHFWHG D
QDWXUDO SURFHVVHYV

1R GLVFHUQDEOH HYLGHQFH IRU ZHDU WUDFHV UHODWLQJ WE
ZLWKLQ RUDURXQG WKH SHUIRUDWLRQ +RZHYHU LW UHPDL
VXVSHQGHG DQG ZRUQ EXW IRU VXFK D OLPLWHG GXUDWLR
WUDFHVY ,QGHHG LW LV DOVR SRVVLEOH WKDW LW ZDV LQW
FHUHPRQ\ ZKLFK LV XQOLNHO\WR OHDYHDQ\VLJQDWXUHV R
RI WKH QHDUHVW YHUWH[ GLG KRZHYHU GLVSOD\D VOLJKWC
RWKHU HGJHV 7KLV LV DOVR WKH ORFDWLRQ ZKHUH SROLVK
HI[SHFWHG LI WKH SHQGDQW ZDV VXVSHQGHG ZLWK WKH SHUI
D[LVRIWKHWULDQJOHDW WKHERWWRP 7KLV PD\LQGLFDWH
ZRUQ DV D SHQGDQW EXW DV WKLV ORFDWLRQ LV MXVW D VOL
FKDUDFWHULVISGDWHPROKVNR DQG GLVSOD\V QR FOHDU GLUF
VWULDWLRQV RUURXQGLQJ DQGJLYHQ WKDW WKH HQWLUH \
VXFK DQ LOQOWHUSUHWDWLRQ FRPHV ZLWK D VWURQJ FDYHD\

YLIXUH 6(0 VKRZLQJ DUHDV Rl HQJUDY LW Bl WWDK/DI\G K B VIR EEDHEHI). REFOR. QL
SURFHVVHV &DSWXUHG DW [ ROIEILUL AHDOMLIFRVU R'QLPR GH F



SHVLGXH DQDO\VLV

$LPV

7KH SHQGDQW ZDV LQYHVWLJDWHG IRU DQ\ PLFURVERSLF \
LQGLFDWH KRZLW KDG EHHQ PDGHDQG XVHG ZLWK D SDUWLF
PDWHULDOV VXFK DV RFKUH FKDUFRDO RU UHVLQ KDG EHH
JRXU UHVLGXHV ZHUH LGHQWLILHG EURZQ VWDLQLQJ JRO
VWUXFWXUHV DQG ZKLWH FU\WVWDOV ,QDGGLWLRQ WZR VRL
WKH SHQGDQW ZHUH WHVWHG DV FRQWUROV IRU FRQWDPLQ]
HQYLURQPHQW

OHWKRGYV
7KH SHQGDQW ZDV ILUVW DQDO\VHG XVLQJ UHIOHFWHG OLJK)
XVLQJ REMHFWLYHV UDQJLQJ IURP [ WR [ DQGDQ H\HSLH

(DFK HQJUDYHG OLQH RQ WKH SHQGDQW ZDV VIVWHPDWLFDO
RIPLFURVFRSLFUHVLGXHV ZHUH PDSSHG $ VHULHV RI] VWDF
IRU HDFK PLFURVFRSLF UHVLGXH WR PDNH D FRPSRVLWH LF
VRIWZDUH 6RLO VDPSOH FRQWUROV ZHUH SUHSDUHG E\ GLUF
GRXEOH VLGHG WDSH DQG H[DPLQHG ZLWK UHIOHFWHG OLJK
UHVLGXHV ZHUH LQYHVWLJDWHG ZLWK D YDULDEOH SUHVVXL
RXWOLQHG LQ 6HFWLRQ

S5HVLGXHV ZHUH IXUWKHU DQDO\WVHG ZLWK PLFURVFRSLF FR
OLFUR 5DPDQ OLFUR 5DPDQ LV D VSHFWURVFRSLF WHFE
LGHQWLILFDWLRQ RI FU\WWDO DQG PROHFXODU VWUXFWX
YLEUDWLRQDODQG VWUHWFKLQJ PRGHV ZLWKLQ WKH VDPSO
FKHPLFDO QDWXUH RI PLFURVFRSLF UHVLGXHV ZLWK D K
OLFUR 5DPDQ LV PLQLPDOO\ GHVWUXFWLYH WR WKH UHVLGXFE
LOQWHUHVW DERXWEXUQMG E\ WKH LQFLGHQW ODVHU EHDP
+25,%% -RELQ <YRQ ;SORUD FRQIRFDO 5DPDQ PLFURVFRSH ZL
3UR VRIWZDUH IRU SHDN DQDO\VLV ZHUH XVHG WR FROOHFW
'"HSDUWPHQW 8QLYHUVLW\ RI <RUN

JRXU DUHDV RI WKH SHQGDQW ZHUH LQYHVWLJDWHG ZLWK (
ZLWKLQ WKH HQJUDYHG OLQHV JROG FRORXUHG VWUXFW
ELRORJLFDO VWUXFWXUHYV DQG ZKLWH FU\VMKBOV ZLWKLQ
REMHFWLYH ZDV XVHG WR UHFRUG LPDJHV RI WKH H[DFW ORF
HDFK UHVOABXHVSHFWUD RI VXVSHFWHG S\ULWH FU\VWDOYV
FROOHFWHG KRZHYHU IOXRUHVFHQFH RI WKH PDWHULDC
PLFURWRSRJUDSK\ RI WKH VDPSOH RIWHQ UHVXOWHG LQ VS|



QRLVHUDWLRYV 7KXV VHYHUDO VSHFWUD ZHUH GLVFDUGHG |
GLVFHUQ DQ\ SHDNYV

SHVXOWYVY EURZQ VWDLQV

7TKHGHSUHVVHG DUHD ZLWKLQ WKHHQJUDYHG OLQHV FRQWD
OLFUR 5DPDQ DQDO\VLV ZDV FRQGXFWHG WR LGHQWLI\WKH S
SKDVHV LQ WKHVH DUHDV WKDW FRXOG EH DVVRFLDWHG ZL
+RZHYHU WKH UHVSHFWLYH VSHFWUD VKRZHG QR HYLGHQ
FROOHFWHG IURP WKH EURZQ GHSRVLW ZLWKLQ WKH OLQHYV
RUJDQLF LQ QDWXUH )LJIXUH DQG LW LV YHU\ OLNHO\ WK
HQYLURQPHQW ZKLFK KDV EHFRPH HQWUDSSHG ZLWKLQ WK

JLIXUH 7KH HQJUDYHG OLQHV RQ WKF
FDQ EH VHHQ PLFURVFRSLFDOO\ DV G
JURRYHV ZLWK EURZQ LQILOOLQJ /0

YLIXUH OLFUR 5DPDQ VSHFWUD WD N HWKILEURZ DUGH SIREVAMQIF R PS&ZOHD U S
Rl RUJDQLF PDWHULDO LV LQGLFDWHG OLNHO\ SHDW



SHVXOWYV JROG VWUXFWXUHYV

$ ODUJH QXPEHU RI JROG VWUXFWXUHV ZHUH VHHQ RQ WKH S
OLJKW PLFURVFRS\ 7KHVH VWUXFWXUHV ZHUH ORFDWHG RQ
HQJUDYHG OLQHV LQ WKH SHUIRUDWHG KROH DQG DOVR ZL
SHQGDQW 7ZR W\SHV Rl JROG VWUXFWXUHV ZHUH IRXQG

GLDPHWHU DSSUR[LPDWHO\ —P DQG JUDQXODU VSKHUL
DSSUR[LPDWHO\ —P ZKLFK ZHUH ORFDWHG RQ WKH QRQ HC
ZLWKLQ WKH QLEN PDUN )LJXUHV DQG

JLIXUH *ROG VWUXFWXUHVEZLWK WULDQJXODU IDFHV

YLIXUH +LJK GHQVLW\ RI JUDQXODUWMHSX ZUWKDLQ@ FUKMWDLFW @REMN R
QRQ HQJUDYHG VLGH RI WKH SHQGDQW /0

W ZDV QRWHG WKDW S\ULWH KDG SUHYLRXVO\ EHHQ IRXQG
ILUHOLJKWHUVY &ODUN WKRXJK QRQH KDYH EHHQ IR
DUFKLYHV HWL @@H) IRU FRPSDULVRQ 2QH K\SRWKHVLV RQ C
S\ULWH RQ WKH VKDOH SHQGDQW ZDV WKDW LW PLJKW KDYH
UHIHUHQFH SLHFH IURP WKH QHDUE\ FRDVW ZDV SRXQGHG ¥



UHVXOWLQJ UHVLGXH PRXQWHG RQ D VOLGH IRU REVHUYDWL
SURGXFHG DQJXODU SLHFHV DV RSSRVHG WR WKH IRUPV IR

JLIXUH *ROG DQJXODU S\ULWID OBHFERNMWKH UHIHUHQFH F

7TKH IUDPERLGDO VWUXFWXUHY VHHQ XQGHU WKH OLJKW PLF
6(0 DV RYHUDOO VSKHURLG VKDSHV ZLWK LQGLYLGXDO FX
JLIXUH FI' %XWOHU DQG 5IHFWDWG W\SIEPD RI S\ULWH
SsDPDQ GDWD REWDLQHG VXSSRUW WKH VXJIJHVWLRQ WKD\
WULDQJXODU IDFHV DQG WKH IUDPERLGYVY ZHUH S\ULWH )LJIX
VSHFWUD REWDLQHG IURP WKHVH VDPSOHYV

JLIXUH &ORVH XS RI D S\ULWH IUDPEG® IPG ZU RVFKUEX& B QRVF W6 &K HESDUAN V F D
HOHFWURQ PRGH



JLIXUH OLFUR 5DPDQ VSHFWUXM G RGCERNFREQY WKIRPUWRERLGDO VWUXF

$QLVRWURSLF S\ULWH FRQWDLQV WZPQQGWHGVPBIEHRREW DW a
PLQRU SHDN DW OHBE®DJK DQG 7UXGX 7KH (16 GH
+DQGERRN RIOLQHUDOV SDRMQ 6 SHKWWBHV WKUHH 5DPDQ IUH'
LQ DQLVRWURSLF S\ULWH WZR VWURQJ SHDNV DW DQG
SHDN DW FPQGERRN RI PLQHUDO VSHFWUD (16 GH /\RQ
'"HPRLVWRA DO SXUH S\ULWH VKRZV VFDWWHULQJ VLJQE
FP %RWK 5DPDQ VSHFWUD IURP WKH WULDQJXODU FU\VWDO\
ZLWK UHIHUHQFH VSHFWUD IRUDQLVRWURSLF S\ULWH $V FD
. WKH ILUVW WZR SURPLQHQW EDQGYV DUH FOHDUO\ SUHVHQ\
FP QRWHG E\OHUQDJK DQGDTUXGE6 GH /3R® Q LV QRW
FRPSOHWHO\ FOHDU 7KH WKLUG SHDN PD\ EH SUHVHQW EXV
VLIQDO WR QRLVH GLVWRUWLRQ LQ WKH VSHFWUXP

W LV FRQFOXGHG WKDW WKH JROG FRORXUHG FU\VWDOV IF
S\ULWH QRW DQ DQWKURSRJHQLF DGGLWLRQ RI SLIPHQW W]
IRUP QDWXUDOO\ E\ WKH GHFRPSRVLWLRQ RIRUJDQLF PDWHU
HW DO 7ULDQJXODU DQG IUDPERLG S\ULWH FU\WWDO IRUPTE
ZLWKLQ WZR VRLO VDPSOHV WDNHQ IURP WKH FRQWH[W LQ

SHVXOWY ELRORJLFDO VWUXFWXUHYV

BHYHUDO XQLGHQWLILHG IUDJPHQWY RI ZKDW DSSHDU WR
PLFURIDXQD VXFK DV IDLU\VKULPS FRSHSRGVY FODGRFHUDQ
LGHQWLILHG ZLWKLQ WKH HQJUDYHG OLQHV Rl WKH SHQGDQ\
WR ORFDWLRQ ZLWKLQ OLQH RQWKHSHQGDQW VXUIDFH )L
UHPDLQV RIDFRSHSRG D YHU\VPDOO FUXVWDFHDQ 1R PLFU



VRLO VDPSOHVY DQDO\WHG DOWKRXJK VSHFLPHQV PD\ KDY
DJJUHIJDWHY DQG WKXV REVFXUHG

YLIXUH YUDJPHQWDU\ PLFURIDXQDO
OLNHO\ SDUW RI D FRSHSRG /RFDWLRQ

YLIXUH JUDJPHQWDU\ PLFURIDXQD ODURRPIHSRG ORNBDOALKRDUW /RQH 6
VHFRQGDU\ HOHFWURQ PRGH

7TKHUH 2DV VRPH TXHVWLRQ DV WR ZKHWKHU WKH SXWDWLY
SHUKDSV PLQHUDO LQ RULJLQ 7KXV RQH RI WKHVH VWUXF
SHQGDQW VHH )LJXUH ZDV LQYHVWLIDWHG ZLWK OLFUR 51
SUHVHQFH RI FDUERQ LQ WKUHH VSHFWUD FRQILUPHG LW Z



JLIXUH /IRF %LRORJLFDO VWUXFWKXKRWHR SPRPDIEDODGNVDWRPVOVKRZH
VWUXFWXUH LV FDUERQ ULFK/RFQG/WEKXY OLINHO\ RUJDQLF

JLIXUH 5DPDQ VSHFWUXP FROOHFWHO RQHXYISHEQY R P IRAFURKDK® OR
GHPRQVWUDWLQJ WKDW WKLV LV RUJDQLF

7KH FRQFOXVLRQ IURP WKH OLFUR 5DPDQ DQDO\VLV LV WKDW
EXWD QXPEHU RI VSHFLDOLVWY KDYH EHHQ XQDEOH WR LGH
7KH\ DUH QRW UHODWHG WR WKH XVH RU PDQXIDFWXUH RI
DGKHUHG ZLWKLQ WKH HQJUDYLQJVY GXH WR WKH SHQGDQW E
GHSRVLWYV ZKHUH VXFK PLFURIDXQD QDWXUDOO\ RFFXU

5HVXOWV ZKLWH FU\WVWDOV ZLWKLQ WKH SHUIRUDWLR

&OHDU DQG ZKLWH WUDQVOXFHQW JOREXODU FU\VWDOV ZHU
WKH SHQGDQW 7KHVH FU\WVWDOV ZHUH QRW DQJXODU EX\
ZHDWKHULQJ DV WKHLU HGJHV DUH URXQGHG )LJXUHYV D (



J)LIXUH 5RXQGHG TXDUW] FUWUDWMDLARWQ ZRIWWKK B B/HKBIGDHUNR /0

JLIXUH 6(0 LPDJH RI WKH SHYIRUDWLR Q\WQ G BUNVMDIEAW XUHG DW [

7KHVH FU\WWDOV ZHUH LQYHVWLJDWHG ZLWK OLFUR 5DPDQ
PLQLPDO QRLVH DQG IOXRUHVFHQFH ZHUH DEOH WR EH REWTD
RQH RI WKHVH FU\WWDOV )LJXUH $FFRUGLQJ WR .LQJPD D
PRVW SURPLQHQW 5DPDQ EDQGW. Q RKDWMWG BWX LFKPLV

GHWHFWHG LQ RXU VSHFW UXPKPW DSURKQRQ +PMGERRN RI 0LQ
5DPDQ 6SHRBWRBRD TXRWHVY DRPWKH PRVW LQWHQVH IUHT)
SRZGHUHG TXDUW] PDWFKLQJ WKH PDMRU SHDN ZH REWDLQF
WR WKH 5DPDQ DVVLJQPHQW RI TXDUW] ZHUH DOVR GHWHF\



JLIXUH OLFUR 5DPDQ VSHFWUXP FROQE FO/RKG \WHP . WEK\WWWIRH BHU IR U
SHQGDQW

,Q FRQFOXVLRQ WKH 5DPDQ VSHFWUXP PDWFKHV FORVHO\
TXDUW] &OHDU FU\VWDOV ZKLFK ZHUH KH[DJRQDO LQ WZR G
QRWHG LQ RQH RI WKH VRLO VDPSOHV DOWKRXJK QR VXJJHYV
FKHPLFDO QDWXUH 1R TXDUW] FU\VWDOV VLPLODU LQ DSSHI
KROH RI WKH SHQGDQW ZHUH DEOH WR EH ORFDWHG LQ WKH V
EH QRWHG WKDW RQO\ WZR VRLO VDPSOHV IURP WKH FRQWH
VDPSOHV WKDW ZHUH LQ GLUHFW FRQWDFW ZLWK WKH SHQ
HIFDYDWLRQ DQG WKXV LWLV SRVVLEOH WKDW WKLV VXUUR X
VDPH TXDUW] VDQG DV IRXQG ZLWKLQ WKH KROH

7KH UHDVRQ IRU WKH TXDUW] LQ WKH SHUIRUDWLRQ LV QRW
VDQG KDG EHHQ XVHG LQ WKH PDQXIDFWXUH RI WKH KROH KR
ODVW \HDU RQ VKDOH KDYH VKRZQ WKDW EHFDXVH VKDOH LV
FUHDWH D KROH ZLWK D IOLQW WRR OP gPXAK ®H IR Q@ BWKKD WW R (
VDQG ZRXOG QRW EH QHFHVVDU\

7KH RULJLQ RI WKLV VDQG UHPDLQV DQ HQLJPD TXDUW] FU\V!'
HOVH RQ WKH SHQGDQW DQG QRW ZLWKLQ WKH VRLO VDPSO
SUHVHQW RQ WKH VLWH DQG LQ VRPH FDVHV ZLWKLQ DUHD
ZDVKHG GRZQ IURP WKH GU\ ODQG 7KHUHIRUH LW PD\ EH W
ZLWKLQ WKH KROH DV SDUW RI WKH GHSRVLWLRQ SURFHVYV
ZDWHU KDV ILOWHUHG WKURXJK WKLYV KROH



7KH SHQGDQW LQ FRQWHI[W

2YHUYLHZ RI HQJUDYHG SRUWDEOH DUW LQ VRXWKHUQ ¢

2YHUDOO HQJUDYLQJV RQ OHVROLWKLEF SHQGDQWY DUH H[W!
DPEHU SHQGDQWYV IRXQG LQ VRXWKHUQ 6FDQGLQDYLD 3aRC
IRXQG RQ D QXPEHU RI RWKHU W\SHV Rl SRUWDEOH DUWHI|
PDWHULDOV LQFOXGLQJ ERQH IOLQW DQWOHU DQG ZRRG [
DUJXHG WR EH '"HQPDUN GXH WR WKH VKHHU TXDQWLW\ RI H[D
WKHUH RWKHU SLHFHV KDYH DOVR EHHQ IRXQG LQ 6ZHGHQ
(VWRQLD )UDQFH %HOJLXP 6SDLQ DQG %ULWDLQ 3&4RQND

PDQ\ SLHFHV H[LVW EXW 1DVK VXJIJHVWHG WKDW DW C
DUWHIDFWV ZLWK DUW LQVFULEHG RQ WKHP RULJLQDWH IU

$Q H[DPSOH RIDQ HODERUDWHO\ GHFRUDWHG SLHFH RI DQWC
WKH cPRVH RQ WKH LVODQG RI =HDODQG 'HQPDUN ZKLFK ZD

$QGHUVHQ WULQFK SHWHUVHQ , WV VXUIDFH KDC
ZDV GHFRUDWHG ZLWK JHRPHWULF PRWLIV RIDQDQLPDO DQ((
LOQWHUSUHWHG DV D KXPDQ EHLQJ )LJXUH D VOHHSLQJ \

WUDQFH SRVVLEO\XVHG LQ FRQQHFWLRQ ZLWK D KXQWLQJ U
FRYHUHG E\ SDUDOOHO LQFLVHG OLQHV ZKLFK PD\ UHSUHYV

,Q WHUPV RI SHQGDQWY D WRWDO RI GHFRUDWHG DPEHU ¢
'HQPDUN 6NDQLD LQ 6ZHGHQ DQG +ROVWHLQ LQ QRUWKHUQC
3HWHUVHQ IRUWKFRPLQJ VHH)LIXUHV DQG IRUH[DPSOF
DUH VWUD\ILQGY H J )LVFKHU DQG 9DQJ 3HWHUVHQ IRUWKF
VHYHQ DUH GHULYHG IURPLQ VLWX FRQWH[WV ILYHIURP =HD
DQG QRUWKHUQ *HUPDQ\ $QGHUNW®O )$QBKHWBQG 9DQJ
3HWHUVHQ IRUWKFRPLQJ +DUW] +HQULNVHOQ 7RIW
IRUWKFRPLQJ 9DQJ3HWHUVHQ IRUWKFRPLQJ $OWKRXJK WK
IURP DPEHU DQWOHU DQG ERQH KDYHDOVR EHHQ XVHG $QGH
7KH SHQGDQWY DUH SHUIRUDWHG DQG RIWHQ SROLVKHG Z
SUHSDUDWLRQ EHIRUH GHFRUDWLRQ KDQGOLQJ DQG XVH L
ZDWHU UROOLQJ 9DQJ 3HWHUVHQ IRUWKFRPLQJ 6RPH DOV
$QGHUVHQ 9DQJ 3HWHUVHQ IRUWKFRPLQJ ZKLFK UHV
LQGLFDWHY WKDW WKHVH REMHFWV ZHUH DWWDFKHG WR D F
SHQGDQWYV RU DPXOHWV H J &ODUN *UDPVFK 7RIW
IRUWKFRPLQJ 9DQJ 3HWHUVHQ IRUWKFRPLQJ DOWKRXJK
FHUWDLOQ



JLIXUH 7KH DQWOHYWRG.BEG HWRVYRP
cPRVH SKRWRJUDSK E\ $UQROG OLNI
IDWLRQDOPXVHHW

KWWS VDPOLQJHU QDWPXV GN '2

$ UDQJH RI PDUNLQJV ZHUH SURGXFHG XVLQJ WKUHH WHFKC
LQFLVLRQ &ODUN 7KHVH WHFKQLTXHV KDYH EHHQ REVH
GDWHG WKURXJKRXW WKH OHVROLWKLF LQ 'HQPDUN IURP WK
WKH .RQJHPRVH OLGGOHOHVROLWKLF DQG (UWHE{OOH /DWH
YDULDWLRQV RQ OLQHV DQG EDUEHG OLQHV FKHYURQV Q

ORJHQJHV YDULDWLRQV RI FURVV KDWFKHG OLQHV DQG KL
1DVK

JLIXUH $ VHOHFWLRQ RIDPEHU SHQGDEMHFIWR P [KRQPIDM N QIRIDHYRG OLQ
WR WKH SHQGDQW IRXQG DW 6 WDU &D UWO R KWU ¥ IGRIIPTRCIVWR B WRIGKKH GU
SKRWRJUDSK E\ $UQROG OLNNHOIWHS) VDWORQ DOW XOVHWHPAKY GN '2




YLIXUH $ FORVH XS RI VRPH RI WKH DPEHN 3K IQRKDH[\W I/E U RV'EHH) ARUU D \
PHWKRG DQG WKH EDUEHG OLQH W H F K LSTUXHV X3AHDUE @ UPMMAHR RV R WG K HWRRK
SHQGDQW KDYHEURNHQ 1RWH DOVR DK/DWZ\R ISH 8 HRUDDMLR @' Q B K HFEH.IWWV

WKH SHQGDQW IRXQG DW 6WDU &DUU SKRWRJUDBW L EQ DIUPXR/GIGI WC
KWWS VDPOLQJHU QDWPXV GN '2




2YHUYLHZ RI DUW LQ %ULWDLQ

YLIXUH '"HFRUDWHG ERQH DG]H +D P\PHIG DRMXIKHU WHER UBDRP V H\ (
3KDOOXV 1DE +HDG 6W\OLVHG 9HQXRRWRERGBFOGYH ZRDODVEBHOLQHYV
,QFLVHG PRWLIRQFDYH ZDOO /RQJ+RYRVH +BPGVHG,QIWEEBE SHEEOH &
'DUDLFK ,QFLVHG SHEEOH 6) 5KXE®®MDE 5KXGFALVBG SHE,QFLVHG SH
6) 5KXGGODQ ,QFLVHG SHEEOH 6)VHEKXIBEBOIDHGE) 5KXFAGODQ L QFI
SHEEOH 6) 5KXGGODQ ,QFLYBEJDPHEEOH % /0D

$OWKRXJIK IDU IURP XELTXLWRXV GHFRUDWLYHDUWZRUN LV
WKH DUFKDHRORJLFDO UHFRUG RI WKH %ULWLVK OHVROLWE



*HRPHWULF SDWWHUQV LQFLVHG LQWR PDWHULDO FXOWXUH
%ULWLVK ,VOHV IURP &DPDWODWDMAFRO6NWR 5KXGGODQ
'HQELJKVHIXUBQHOO®O 7UHYRVH +HDG &RUQZDOO B6PLWK

DQG +DPPHUVPLWK6RARWKBRQ )LIJXUH ,Q DGGLWLRQ
VFXOSWXUH uLQ WKH URXQGYT KDV EHHQ GHPRQVWUDWHG WK
1DE +HDG 3HPEURNHVKLUH 'DYLG DQG :DONHU ZKLOVW
KDV EHHQ VXJJHVWHG IRUWZR LQVWDQFHV RILQFLVHG FDYH
+ROH B6RPHUVHW 0XO0ODQ DQG :LOVRQ

&KURQRORJLFDOO\ GDWLQJ HYLGHQFH VXJIJHVWV WKDW Dl
OHVROLWKLF $FFHOHUDWRU ODVV 6SHFWURPHWU\ $06 & C
DFWLYLWLHV LQ WKH WK WKDQG WKPLOOHQQLD FDO %& V
RQO\ WKH /ODQGHJDL SHEEOH FDQ SRWHQWLDOO\EH OLQNH(
%& XQOLNH LQ QRUWKHUQ (XURSH ZKHUH DUW H[LVWV GXU

FRQWH[WV $QGHUVHQ

6LWH 7\SH "'DWH &DOLEUDWH 'DWLQJ QRW
+DPPHUVPLY ,QFLVHG ER| 2:$ FDO | 'LUHFW $06
IRQGRQ % 3 % & RQ GHFRUD
DUWHIDFW
5RPVH\ ,QFLVHG DQ 2[$ FDO | 'LUHFW $06
+DPSVKLUH % 3 % & RQ GHFRUD
DUWHIDFW
$YHOLQHIV| ,QFLVHG FD| 0OXOWLSOH FDO | ORGHOOHG
6RPHUVHW % & WKH FHVVD
DFWLYLW\ D
VHDOLQJ RI
FDYH SRW
EH HDUOLH
/RQJ +ROH | ,QFLVHG FD| "(DUO\ OHVH 1R DVVRFLD (DUO\ OHVR

6RPHUVHW GDWHV PDWHULDO
FDYH
1DE +HDG ,| 6KDOH EHD( 2[$ FDO
3HPEURNHV| VFXOSWXUH % 3 % &
2[$ FDO
% 3 % &
5KXGGODQ ( ,QFLVHG SH| %0 FDO | 'DWH RQ EX

'"HQELJKVKL

% &

KDIJHOQXW
IUDJPHQWYV
ZLWKLQ IHD
0 FRQWDL
RQH RI WKH
SHEEOHV

$VVRFLDWH




PLFUROLWK
WKLV PD\ E
\RXQJ

7TUHYRVH +H

,QFLVHG SH

OL[HG OHVR

1R DVVRFLD

&RUQZDOO FRQWH[W GDWHYV

&DPDV 'DUD| ,QFLVHG WHRHR % 3 DQG | 'DWHV FLWH

6N\H FDO | &ODWBINNHDO
% 3 % &

/ODQGHJDL| ,QFLVHG SH FDO | ,QIHUUHG I

%DQJRU % & DVVRFLDWL
URG PLFUR(
(DUO\ 1HRO
SRWWHU\ *

/\QFK D

0XVVRQ

7TDEOH GDWHV RI OHVROLWKLF DUW IBXG® W& WIKHR Po B UWILIVED,® GXE O
FDOLEUDWHG XVLQJ 2[FDO DQG U ,QW&DO

"KLOVW VHYHUDO DXWKRUV QRWH WKH SUHVHQFH RI
OHVROLWKLF %ULWDLQ IHZ KDYH RIITHUHG LQWHUSUHWDWL
DFWLRQV %\ IDU WKH PRVW GHEDWHG SLHFH RI PDWHULDC
OHVROLWKLF DUW LV WKH 1DE +HDG VKDOH UDPXOHWY 7KH RL
GHVFULEHG WKLV DV D uGXFN KHDGY DOWKRXJK ODWHU FR(
LYHQXV SKDOOLFDY *RUGRQ :LOOLDPV $EEp %UHXLO W
QRWLQJ WKH VLPLODULWLHY WR ERWK D SKDOOXV DQG WKH W
OHG %UHXLO WR LQWHNMISX I6\W EFRDBI) 6 FRIGMKGEIHUHQFHYV WR JH
IHUWRQIHAX\LO -DFRERFREL LGHQWLILHV D IXUWKHU SLHFF
WKH 1DE +HDG DVVHPEODJH ZKLFK VKRZV VLJQV RI ZRUNLQJ

VW\OLVHG UHSUHVHQWDWLRQV RI WKH IHPDOH IRUP 7KH FR
+HDG HSKDOOXVY KDV DOVR EHHQ QRWHG DSSDUHQWO\ KDYL
DORQJVLGH QLQH &KIDVOWN HAHDREQY

WKHYV

&ODWKNDUN OLQNHG WKH FKHYURQV REVHUYHG RQ WKH ¢
DQG +DPPHUVPLWK ERQH DG]H WR VLPLODU DUWLVWLF SDW
VWDWHV WKDW WKH\ ZHUH FUHDWHG WKURXJK LQFLVLRQ ZL\
WKHVH PHWKRGV RI GHFRUDWLRQ DUH H[HPSOLILHG E\ WKH D
+ROPHJIJNUG LQ '"HQPDUN &ODUN 7TKHVH IRUP SDUW RI
DOQOGDQWOHU DUWHIDFWYV IHDWXULQJ phVLQJOH FKHYURQV RIW
DUH hWFDWWHUHG LQGLVFULPLQDWHO\ RYHU WKH ZKROH RI

+RZHYHU GXH WR WKH LVRODWHG QDWXUH RI WKLV
FXOWXUH GHFRUDWLRQ ZLWKLQ %ULWDLQ &ODUN ZDV XQDE
SDUDOOHOV EHWZHHQ WKH %ULWLVK HI[DPSOHV DQG RWKHU V
FRQVLGHUDWLRQ RI DUW RQ WKH EDVLV RI pFRQMHFWXUHY



JLIXUH 7KH 5KXGGODQ ,QFLVIG BHEE®DHY $ 6) ( 6) ) 6)

%HUULBYXHQQGHO®O SURYLGHV VRPH RI WKH PRVW GHWDLC
GLVFXVVLRQ RI WKH DUWZRUN IURP 5KXGGODQ OLQNLQJ WK
ZLWK DQ H[DPSOH IURP D GDWHG OHVROLWKLF FRQWH[W WKL
WKH PHWKRGV RI GHFRUDWLRQ )LJXUH +H QRWHV WKDW V
OLQHV RQ 6) DQG 6) FDQ EH FRQVLGHUHG DV pPRWLIVY IRU
WKDW WKH IRUP RI WKHVH PRWLIV KDYH YHU\ FORVH SDUD(
(XURSH +H FRQWHMWWYLOHWDUOLHU VXJIJHVWLRQ WKDW L
FDQ EH LQWHUSUHWHG DV DQ DQWKURSRPRUSKLF ILIXUH Z
EURDGHU WUHQG RI 1IRUWKZHVW (XURSHDQ OHVROLWKLF DU
FRQVLGHUDWLRQ RI WKH RYHUDOO IRUP RI WKH SHEEOH DV ZF
WRJHWKHU WR IRUP D FRPSOHWH VW\OLVHG ILJXUH WZR FK
DW\SLFDO Rl WKH ZLGHU ERG\ Rl OHVROLWKH®W DWWZRUN -D
WHQWDWLYHO\ VXJIJHVWYV WKDW WKH VKDSH GHSLFWHG RQ 6
QRWHV WKH VWURQJ IRUPDO VLPLODULW\ EHWZHHQ WKLV VS
ZRRGHQ ILVK WUDSV IURP WKH /DWH OHVROLWKLRMLWHV RI
=HDODQG LQ 'HQPDUN

&ODWHNWHDO SURYLGHDPHWKRGLFDO GLVFXVVLRQRID VHULLE
WKHHGJHVRIDEHYHOOHG SHEEOH WRRO IURP &DPDV 'DUDLF
VLPLODULWLHY EHWZHHQ WKH IRUP RI WKH LQFLVLRQV DQG
SDWWHUQV JRRPRUSKV RUDQWKURSRPRUSKLF ILIJXUHV RE\
OHVROLWKLF DUWZRUN 7KH\ DOVR QRWH WKDW WKH OLQH
LQGLYLGXDO RZQHUVKLS DV WKHVHDUHDY ZRXOG EH FRYHUFE



ZHUH KDIWHG RUERXQG ,QVWHDG WKH\OHDQ WRZDUGV WKH
RI ELQGLQJ JXLGHV IRU ZKHUH DQG KRZ DQ REMHFW VKRXO
TXDVL IXQFWLRQDO SXUSRVH LQ SURYLGLQJ SXUFKDVH IRU
LOWHUSUHWDWLRQ LV SUHVHQYWIDG W IRQMW DNVKLHY & D F N&RDI DELN/HF
RI PDQ\ RI WKHVH WKHPHV ZLWKLQ EURDGHU GLVFRXUVHV F

7KH 6 WDU &DUU SHQGDQW LQ WKH FRQWH[W RI WKH (XU

7KH OHVROLWKLF DUW IRXQG VR IDULQ %ULWDLQ KDV EHHQ F
D VKDUS SLHFH RIIOLQW SRVVLEO\ZLWK WKH WLS RI D PLFUI
LQFLVHG RQ ERQHDQG DQWOHU EXW WKHPDMRULW\DUH LQFI
QRWHZRUWK\ WKDW DUW DOVR DSSHDUV LQ FDYHV LQ %ULWD
WKH 6WDU &DUU SHQGDQW DUH XQOLNH DQ\RWKHU H[DPSOHV
PRUH IRUPDOO\ H[HFXWHG ZLWK FDUHIXOO\ SDWWHUQHG V
VRPH RI WKH ORQJHU OLQHV 7KLV LV D SDWWHUQ DOVR IRXC
DQG SHUKDSV VWUHQJWKHQV WKH DUJXPHQW PDGH IRU RWKH
VXFK DV WKH DPEHU SHQGDQW EDUEHG SRLQWV DQG KHDGG
&DUU WKDW WKHUH ZDV D VWURQJ FRQQHFWLRQ RYHU ORQJ
SDUWLFXODUO\ QRWHZRUWK\ LV WKDW SHQGDQWYV ZLWK WK
ZHVWHUQ GLVWULEXWLRQ 7RIW DQG %ULQFK 3HWHUVHQ 1
FRQQHFWLRQV DURXQG WKH 1RUWK 6HD RU 'RJJHUODQG
IRUWKFRPLQJ

7KLV DUWHIDFW LV XQLTXH LQ D %YULWLVK FRQWH[W LQ WKDYV
SHQGDQW GXH WR WKH SHUIRUDWLRQ UDWKHU WKDQ D SHEE
WR D QXPEHU RI WKH QRUWKHUQ (XURSHDQ H[DPSOHV 8QOL
WHQG WR EH FUDIWHG IURP DPEHU WKLV H[DPSOH VWDQGYV F
VKDOH ,WLVDOVRRQHRIWKHIHZ GHFRUDWHG SHQGDQWYV Z
DUFKDHRORJLFDO FRQWH[W DQG QRW DV D VWUD\ ILQG

,Q VXPPDU\ WKLV H[DPSOH RI OHVROLWKLF DUW KDV VRPH VL
%ULWDLQ LQ WKDW OLQHVY KDYH EHHQ HQJUDYHG EXW LQ ID
'DQLVK H[DPSOHV LQ WHUPV RI WKH EDUEHG OLQH SDWWHUQL
HDUOLHVW NQRZQ OHVROLWKLF DUW LQ %ULWDLQ GDWLQJ
OLNHO\WR EHDW OHDVW \HDUV HDUOLHU WKDQ WKH IROOR
$YHOLQHYTV +ROH

7KH ELRJUDSK\ RI WKH SHQGDQW

7KH SHQGDQW KDV EHHQ FUDIWHG RXW RI D SLHFH RI VKDOH
IRUP RI WKH SHEEOH DV RSSRVHG WR EHLQJ ZRUNHG LQYV
PDQXIDFWXULQJ WUDFHYV ZHUH YLVLEOH RQ WKH VXUIDFH R
GLVFXVVHG DERYH WKHVH PD\ QR ORQJHU EH YLVLEOH 3LHF



DUH IRXQG ORFDOO\ ERWK DW WKH FRDVW DQG FORVHU WHF
XQGHUO\LQJ JODFLDO WLOO LQ GLWFKHVDQGULYHUEDQNYV
WKH VKDOH SHQGDQW ZDV EURXJKW WR 6WDU &DUU IURP 11X

2Q0H RI WKH XQUHVROYHG TXHVWLRQV FRQFHUQV WKH SUHFL)
ZDV PDGH zZDV LW WKH ILUVW PRGLILFDWLRQ WR WKLV SLHFH
DUJXPHQW IRU WKH ILUVW SKDVH FRPHV IURP WKH ORJLF W
SODFLQJ RI WKH KROH DQG WKDW D KROH LY OLNHO\ WR KDYF
SRVVLELOLW\ RI EUHDNLQJ WKH REMHFW GXULQJ WKH SHUI|

7TKHUH LV WHQWDWLYH HYLGHQFH WKDW WKH SHQGDQW ZD\
HYLGHQFH LV LQFRQFOXVLYH WKRXJK D VOLJKWO\ EULJKWH
RI'LW KDYLQJ EHHQ VWUXQJ ‘:HFDQQRW UXOH RXW WKDW WK
IRUVXFK D VKRUW GXUDWLRQ RI WLPH WKDW QR ZHDU WUDF
VLQFH EHHQ REVFXUHG E\ 3'60 7KH OLQHV WKHPVHOYHV DUH
HYLGHQFH WKDW WKH\ ZHUH DFFHQWXDWHG ZLWK FRORXU
HQJUDYLQJV ZHUH QRW LQWHQGHG WR EH FOHDUO\ YLVLEO

7TKHHQJUDYLQJV VXJJHVW WZR SRVVLEOH SKDVHV ZLWK WZR
LVLPSRVVLEOH WR VD\ KRZ ORQJ WKH SURFHVV RI HQJUDYLQ
PD\ KDYH DGGHG WR LW 7KHUH FRXOG IRU H[DPSOH EH DW
SURGXFLQJWKHWZR GLVWLQFWLYH VHWVY RIOLQHV PD\EH PF
PD\EH IULHQGV RUPD\EHHYHQ GLITHUHQW PHPEHUV RI WKH \
WKHVH OLQHVY PHDQ LV RSHQ WR VSHFXODWLRQ 'LITHUHQW
KDYH VHHQ LW KDYH LQFOXGHG D WUHH D PDS D OHDI WDOO
RI WKH ZRRGHQ SODWIRUPV ZKLFK KDYH EHW REERXWICGF R &/DEIV
SLHFH RI VKDOH ZDV GHFRUDWHG LQ WKH ILUVW SODFH LV DC
RWKHU VWRQH EHDGV DW 6WDU &DUU DQG PRUH EURDGO\ D

7KH RWKHU QRWHZRUWK\ PDUN RQ WKH DUWHIDFW LV WKH Q
TKHUH LV QR YLVLEOH HYLGHQFH IRU KRZ LW ZDV PDGH WKR X\
VRPH IRUP RI SHUFXVVLRQ 3HWHU 5DZVRQ SHUVRQDO FRP
DFFLGHQWDO GDPDJH RU SHUKDSV GHOLEHUDWHO\ GDPDJI
FRQWH[W 7RIWDQG %YULQFK 3HWHUVHQ IRUWKFRPLQJ +RZF
WKH UDZ SLHFH RI VKDOH ZDV FROOHFWHG DQG WXUQHG LQW
QLFN zDV PDGH EHIRUH RUDW WKH PRPHQW WKDW WKH SHQ((
HGJH GHSRVLWYV HYLGHQFHG E\ WKH FOXVWHULQJ RI LUR(
DFFXPXODWHG ZLWKLQ WKLV IHDWXUH VLQFH GHSRVLWLRQ

)LQDOO\ LWLV LPSRVVLEOHWRVD\ZKRPDGH SRVVLEO\ZRU]I
WLV QRWHZRUWK\ WKDW WKH EHDG FRPHV IURP DQ DW\SLFI
VLIQLILFDQW QXPEHUV RIDQWOHU IURQWOHWY DOVR WHUP



EHHQ XVHG E\ VKDPDQV 2QH SRVVLELOLW\LV WKDW WKLV St
SDUDSKHUQDOLD XVHG E\ D VKDPDQ RU FRQVLGHUHG WR ElI
&ODUN 9PQJ SBHWHUVHQ IRUWKFRPLQJ WLV DOVR SRV
LOQOWHQWLRQDOO\ LQWR WKH ODNH DV D ZD\ RIHQGLQJ LWV X\
'DQLVK SHQGDQWYV 7RIW 9DQ SHWHUVHQ IRUWKFRPLQJ

&RQFOXVLRQV

7KURXJK LQWHJUDWLQJ D EURDG YDULHW\ RIVFLHQWLILFDQ:
HQJUDYHG SHQGDQW GLVSOD\LQJWKH HDUOLHVW UHFRUGH
GHYHORSHG DQ LQ GHSWK XQGHUVWDQGLQJ RI LWV OLNHO)
HQJUDYLQJ DQG LWV GHSRVLWLRQDO FRQWH[W 'HWDLOHG L
HQJUDYHG DFURVV LWV VXUIDFH DOORZ XV WR FRQVLGHU WK
SODQQLQJ LQYROYHG LQ WKH SURGXFWLRQ RI WKH DUW

$ EDWWHU\ RI VFLHQWLILF PHWKRGY ZHUH XVHG WR GHWHFW
EHHQ DSSOLHG WR HQKDQFH WKH HQJUDYLQJ 7KLV ZRUN UH
ZHUH DSSOLHG RU DW OHDVW KDYH QRW VXUYLYHG :KDW L\
DQRG PLFUR RUJDQLVPV LGHQWLILHG GXULQJ WKH DQDO\Vl
SHQGDQWYYV GHSRVLWLRQDO FRQWH[W %HFDXVH RI WKH EUL
3'60 XVH ZHDU DQDO\VLV ZDV XQDEOH WR SURYLGH GHILQLW
VWUXQJ EXW FRQVLGHULQJ KRZ XQLTXHDQG VI\PEROLFDQ R
EHHQ ZRUQ IRU D VSHFLDO RFFDVLRQ OHDYLQJ QR GHWI
LOWHUSUHWDWLRQ PD\KDYHUHVRQDQFH ZLWK WKH SRVVLEL
VKRUW SHULRG RI WLPH DQG WKH XQXVXDO FRQWH[W LQ ZKL
SRVVLEOH WR FRQVLGHU WKHPDNLQJ XVHDQG GHSRVLWLRQ
VXFFHVVLRQ $ IXUWKHU FXULRVLW\ LV WKH QLFN RQ WKH Q
EHHQ XQDEOH WR GHWHUPLQH ZKHWKHU WKLV ZDV PDGH LQV
S\ULWH ZLWKLQ WKH QLFN GHPRQVWUDWHYV WKDW LW KDSS

2Q FRQWH[WXDOLVLQJ WKH DUW RQ WKH 6WDU &DUU SHQGDQ
DUW LQ OHVROLWKLF %ULWDLQ DQG 'HQPDUN WKH ODWWHU
OHVROLWKLF DUW LQ (XURSH ZH GLVFRYHUHG WKDW ERWK W
GLVWLQFWLYH EDUEHG OLQHV RI &ODUNYTV W\SH & DQG WKH F
DOLJQHG ZLWK ZKDW LV NQRZQ IURP VRXWKHUQ 6FDQGLQDY!
DFNQRZOHGJH WKDW GHVSLWH WKH EURDG VSHEFWUXP RI VFI
REMHFW UHYHDOLQJQHZDQG XQSUHFHGHQWHG LQVLJKWV L
UHPDLQ HQLJPDWLF ZH FDQ RQO\VSHFXODWH DV WR ZKDW W
SURGXFWLRQ DQG SRVVLEO\ ZHDULQJDQG GLVSOD\ RIWKLV F
DORQJ WKLYV ODNH HGJH GXULQJ WKH QLQWK PLOOHQQLXP



$FNQRZOHGJHPHQWYV

‘H ZRXOG OLNH WR WKDQN WKH ODQGRZQHUV RI 6WDU &DUU
1DWXUDO (QJODQG IRU JUDQWLQJ SHUPLVVLRQ WR H[FDYDW
KDYH EHHQ IXQGHG E\ (XURSHDQ 5HVHDUFK &RXQFLO 3267

(QJOLVK +HULWDJH JUDQW QXPEHUV DQG WK |
SHVHDUFK 7UXVW 8QLYHUVLW\RIODQFKHVWHU 8QLYHUVLW
'H WKDQN 3DWULFN ODUNV ZKR KHOSHG XV FROOHFW WKH 6(0
6i{UHQ + $QGHUVHQ (ULN %ULQFK 3HWHUVHQ $QGHUV )LV
7RPDV] 34RQND 3HWHU 7RIW DQG 3HWHU 9DQJ 3HWHUVHQ |
SHQGDQW DQG IRU VKDULQJ XQSXEOLVKHG DUWLFOHV RQ VF
DQG 3HWHU 5DZVRQ IRU GLVFXVVLRQV DERXW WKH SURSHU

SHIHUHQFHV

$QGHUVHQ 6 + (UWHEjOOHNXQVW 1\H jVWM\VNH
(UWHE{OOHRXORXVDJHU

$QGHUVHQ 6 + 5LQINORVWHU (UWHE{jOOH 7UDSSHUYV |
(DVWHUQ --RX0ROG6G RI 'DQLVK $UFKDHRORJ\

$QGHUVHQ 6 20GWLGHQ L - DGIRNVWNH Q D.QEHHEKIY Q )RUODJHYV
6HVDP

$QGHUVHQ . -{UJHQVHQ 6 DQGODLFRKHPRYH-K\WWHUQH
S8ONHVWUXSRUBLVNH J)RUWLGVPLQGHU 6HULH % + LQ TXDUW
'HW .RQJHOLJH 1RUGLVNH 20GVNULIWVHOVNDE

$QRQ +DQGERRN RI OLQHUDOV BARRDQE1L6SHFWUD

%HOOR 6 0 'H *URRWH , DQG 'HOEDUUH * $SSOLFD
PLFURVFRS\ DQG PLFUR &7 VFDQQLQJ WR WKH DQDO\VLV RI 0
ERQH DQG-REWQBO RI $UFKDHRORJLFDO+6FLHQFH

%UHXLO + 6WDWXHWWH ELVH[XpH GDQV OH PLFUROLWK
SHPEURNHVKER®GIUQV 3UpKLVWRULTXH GH JUDQFH &RPSWH
BHVVLRQ 6WUDVVEXUJHW] 3DULV 6RFLqQW(Q 3UpKLV
JUDQF LVH

%ULQFK 3BHWHUVHQ ( - JHU RJ E\WWH HW nUJDPPH
OXVHHW IRU +ROE N RJ 2PHJQ



%N XWOHU , % DQG S5LFNDUG ' JUDPERLGDO S\ULWH IRU
LURQ ,, PRQRVXOILGH E\ KVGARFXHL@  MVPOOBWL&RIVPRFKLPLFD

+

&KDWWHUWRQ 5 6WDU &DUU 5HDQDO\WVHG ,Q / %HYD(
SHRSOLQJ WKH OHVROLWKLF LQ D 1BBWKHUQ CPNIUWRQPF
$UFKDHRSUHVV %$5 QWHUQDWLRQDO 6HULHYV

&ODUNHL®D 0OBWMMWpYH] (VFPOBQD +DUG\ . 7KH 7LH 7KI
%LQGV" $Q LQFLVHG OHVROLWKLF EHYHOOHG DHHE/EROH. WUKRLFE & [
OLVFHOODOQ\

&ODUN * 7KH OHVROLWKLF 6HWWOHPHQW RI 1IRUWKHUQ (X
IRRG JDWKHULQJ SHRSOHV RITRUWKHUQ (XURSH GDHZLQJ WKF
<RUN *UHHQZRRG 3UHVYV

&ODUN * ([FDYDWLRQV DW 6WDU &DUU DQ HDUO\ PHVROLW:!
6FDUERURXJK <&ROABMKULAIH &DPEULGJH 8QLYHUVLW\ 3UHVYV

&RQQHOOHU & OLOQHU 1 7D\ORU % DQG 7D\ORU 0
WKH (XURSHDQ (DUO\ OHVROLWKLF QHEQWHWHKDWRK DW 6WLC

&ULVWLDQL ( &4LYDOMHYLG , DQG %RULUG D S5HVLG X
VXVSHQVLRQ WHFKQLTXHV LQ SUHKLVWRU\ &\SULQLG SKDU

OHVROLWKLF EXULDOV DWRSODVODFRIEKMUEKDHRORJLFDO 6F
+

&ULVWLDQL ( )DUEVWHLQ 5 DQG OLUDFOH 3 E 2UQL
(DVWHUQ $GULDWLF 7KH 8SSHU 3DODHROLWKLF DQG OHVRO
O9HOD 6SLOD -R¥BRDWODR!I $QWKURSRORJLFRBO $UFKDHRORJ\

'‘DYLG $ DQG :DONHU ( :DOHV 'XULQJ WKH OHVROLWKL
(G OHVROLWKLF 6FRWODQG DQG LWV QHLJKERXUV WKH H
6FRWODQG LWV %ULWLVK DQG ,ULVK FRQWH[W DQG VRPH 1
SS + (GLQEXUJK 6RFLHW\ RI $QWLTXDULHV RI 6FRWC

'"HPRLVVRQ ) OXOOHW 0 DQG +XPEHUW % S\ULWH RJ[LC
RYHUDOO UHDFWXBIDEBDWRLD\QWHUIDFH $QD#O\VLV

X1\ 6 OXOWL OLJKW LPDJLQJ IRU +HULYGRID $EBIMLAIKN
+HULWDJH



(DUO * %DVIRUG 3 %LVFKRII $ %RZPDQ $ &URZWKHU &
,VDNVHQ / .RWRXOD ( ODUWLQH] ( 3DJL + DQG 3LTXH!
%RZHQ 6 'XQQ DQG . 5HIQBWWDQFH WUDQVIRUPDWLRQ LPDJ
DQFLHQW GRFXPHQWPQGPY WMIOHDFWYRQLF 9LVXDOLVDWLRQ

JLVFKHU $ DQG 9DQJ 3HWHUVHQ 3 )RUWKFRPLQJ $PEHU St
RI WKH 1RUWK 6HD ERWWOHG PDLO IURP WKH 6WRQH $JH
* 1 %DLOH\2K8UQV RI $UFKDHRORJ\

JULW] & 7RZDUGY WKH 5HFRQVWUXFWLRQ RI 0DJGDOHQL
&RQWULEXWLRQ RI OLFURVFRSLF $QDPEVLG R $REKDHBRORS$
-RXUQDO +

JULW] & DQG 7RVHOOR * 7KH +LGGHQ OHDQLQJ RI )
5HFRUGLQJ 3DOHROLWRLEGDO RHWDPKOHRORILFDO OHWKRG
+

*RUGRQ :LOOLDPV - 3 7KH 1DE +HD® FKKOLEBRSQRJIL DO |
&DPEUHQVLV+

*ULIITLWKYV 6 SRLQWYV LQ 7LPH 7KH OHVROLWKLF*1HR(
&KURQRORJ\ RI /DWH 5RG OLRUROGWRX U Q DMURWIDURKDHRORJ\

*UDPVFEFK % 'LH 6FKPXFEFNIXQGH YRQ )ULHVDFEN )XQGSOD

9HU|IITHQWOLFKXQJHQ ]XU EUDQGHQEXUJMDRKGEQ /DQGHVDL
+

*oWK  $ 8VLQJ ' VFDQQLQJ LQ WKH LQYHVWLJIJDWLRQ

HQJUDYLQJV ILUVW UHVX-®RWVQRD O BLPRAMKVWRKGRJILFDO 6FLH
+

+DUW] 6 )U*KEIXHUOLFKH . VWHQEHVLHGOXQJLP ZHVWOLFK
*UDEHQQLHGHUXQJ :DQJHGV /& (LQ 9RUEHULFKW 211D

+HQULNVHQ % /XQGE\ KROPHQ SODGVHU DI ODJOHPRVH W\S
. EHQKDYQ 1DWLRQDOPXVHHW

-DFREL 5 O 7KH HDUO\ +RORFHQH VEWXNOWDXWPH QW R |
(QYLURQPHQW LQ 3UHKLVWRULF :DOHV %ULWLVK $UFKDHR(



-RQHVY $ 0 &RFKUDQH $ &DUWHU & 'DZVRQ , 'LD] *XDU

( DQG OLQNLQ / 'LJLWDO LPDJLQJ DQG SUHKLVWRULF L
WKH )RONW RB@ WULIRXW W\ ‘2, DT\
.LQJPD . - DQG +HPOH\ 5 - 5DPDQ VSHFWURVFFR

PLFURFU\VWDODOIOH @R HMLICADFP PLQHUDORJEVW

IDQJOH\ 0 & DQG 2T&RQQRU 6 <HDU ROG 1DVVDULX
7LPRU /HVWH WHFKQRORJLFDO DQE&XX\QHD ZHDU$ D RIDMHRIDWR .
6FLHQFKWWS 27272Z VFLHQFHGLUHFW FRP VFLHQFH DUWLFOH

IDUVVRQ / $ WRRWK IRU D WRRWK 7RRWK RUQDPHQW\
FHPHWHULHY R$FWBIMQEKNHRORJILEBUXHNGHQVLD *
IySH] % XHQGtD $ 0 :KDWHOH\ O . * %DVWLGD - DQGO

2ULJLQV RI PLQHUDO PDWWHU LQ SHDW PDUVRKR\WD B G GIHW MR B,
-RXUQDO RI &RDO *HRORJ\

J\QFK ) DQG OXVVRQ & $ SUHKLVWRULF DQG HDUO\ F
/ODQGHJIJDL QHDU %D Q BRIF KDRIRWIR IDPMHWEDPEUHQVLYV

ODOPHU 0 DQG ODJQXVVRQ ( OHVROLWKLVFKH +DU]JRUC
GHP /\E\ ORRU 6BKRBGHIQO

ODO]JEHQGHU 7 *HOE ' :ROWHUV + DQG =XFNHUPDQ %
6KDSH SBHUFHSWLRQ E\ 6XUIDFH 5SHIOHFWDQFH 7TUDQVIRUPDW
DQG + 3 6HLGHOLVGRQ ORGHOLQJ DQG 9LVXDOL]DWLRQ

1RYHPEHU SS 868 6WDQGIRUG

OHUQDJK 7 3 DQG 7UXGX $ * $ ODVHU 5DPDQ PLFURSI
JHRORJLFDOO\ LPSRUWD @GW HPALF DKL GHHR BIRFGM U DO V

OLOHV + 5 K&OGBUHIQQN $UFKDHRHO R J\

OLOQHU 1 /DQH3 7D\ORU % &RQQHOOHU & DQGGBFKDGO

D3RVWJODFLDO /I DNHVFDSH -RXD QWY R IRBIH WY MIDWDRKG $UFKDHR
+

OLOQHU 1 ©6DXO + DQG (OOLRWW % D 6WDU &DUU $L
|2,



OLOQHU 1 7D\ORU % &RQQHOOHU & D6WBEKDEOD/kEDHOLD
%ULWDLQ DIWHWRWUMNM ERX®FHO IRU %ULWLVK $UFKDHRORJ\

0XOODQ * DQG :LOVRQ / SRVVLEOH OHVROLWKLF FDYHI
$ OD]JHO * 1DVK DQG & DGGBEQWWRWOKGAM SKRU 7KH 3UHK
5RFN $UW RI SYLWDLQ 2[IRUG $UFKDHRSUHVV

1DVK * 6WDWXV ([FKDQJH DQG ORELOLW\ 3RUWDEOH $U\
OHVROLWKR®EG $UFKDHRSUHVV %ULWLVK $UFKDHRORJLFD
6HULHYV

1HZPDQ 6 ( $SSOLFDWLRQV RI 5HIOHFWDQFH 7UDQVIRU

WKH VWXG\ RI ERQH VXUIDARHXBROGDI IRADAWIFKQ@QWRORJLFDO 6F
+

1ILHOVHQ 3 2 SHFHQW ([FDYDWLRQ@RXDQIO' LRV F PQH WVIKF
$UFKDHRORJ\

3RSD 5 .LQNOH % . DQG %DGHVFX $ B3\ ULWH )UDPERL
,ZURQ 6XOIXU*HRWIHPMELRORJ\ -RXUQ@DO

34ARQND 7 7KH SRUWDEOH DUW Rl OHURPAWAKLRGRURISHWZR
8QLZHUV\WHWX :URFaDZVNLHJR

AXLQQHOO + %ORFNOH\ 0 5 DQGFBMDWLBRIHN BW 5KXGG
&0Z\G PHVROLWKLRRWRN PERBXBFDO IRU %ULWLVK $UFK

5LJDXG 6 GY(UULFR ) DQG 9DQKDHUHQ O 2UQDPHQW
QRUWK (XURSHDQ FXOWXUHV BRRBKRIQHSUIDIE RI IDUPLQJ

sLuLv 3 DQG &RUWHOHWWL 5 $ 1HZ 5HFRUG RI 3UH &
BUXELFL 6& %UD]JLO XVLQJ 3RO\QR PMDHU RHH[WY ¥ U H KODHSFRSQ R J
KWWS G[ GRL RUJ LD

5RZH + +XJKHV 1 DQGS5RELQVRQ . 7KH TXDQWLILFDW
KDQGKHOG HQHUJ\ GLVSHUVLYH [ UD\ IOXRUHVFHQFH
FKHPRVWUDWLJUDSK\ D&KH PHRB R HMHRARU\

5RZOH\ & DQG 1HHGKBRSKRUWRQ S;5)DQDO\VLV RI WKH GHFF
SHQGDQW IURP 6 WOQUSEEOUVKHG UHSRUW 8QLYHUVLW)\ RI <



6FK*ONH $ (W XQLNW PHVROLWWLVN DOQKHI}JILIRJDVIHU X QV
DUNHRORJLWALQGBGERMN,,,

6PLWK * DQG +DUULV ' 7KH ([FDYDWLRQ RI OHVROLWKIL

$JH VHWWOHPHQWY DW 3ROGRZURBRQQ&EWK $HNHKWGIR OR J\
+

6PLWK 5 (IDPSOHV RI OHKXRIOAWKWEVRUWXVHXP 4XDUWHL
+

7RIW 3 $ 'KDW JRHV ZKHUH" ,QWUDVLWH VWXGLHV RI Gt

DUW DQG IOLQW SLFNV Rl WKH ODJOHPRVH DQG .RQJHPRVH &

BFKXOWLQJ * :DUUHQ DQG 3 OCIRRREPIDWK(EWRUL]JRGS 9ROXP
2[IRUG 2[ERZ %RRNV

7RIW 3 $ DQG %ULQFK3HWHUVHQ ( )RUWKFRPLQJ )LYH 7KI
$PEHU 3HQGDQWYV IURP WKHLBPQXQKGHWHVROLWKLF

7RVHOOR * DQG 9LOODYHUGH 9 3RUWDEOH $UW 5HFRI
(G (QF\FORSHGLD RI *OREDSS$UFKODHRORBZ <RUN 6SULQJH

9DXJKDQ 3 8VH ZHDU DQDO\VLV RI IODXHERQVRBQH WYWRR/Q W\
$UL]RQD 3UHVV

9DQJ 3HWHUVHQ 3 )RUWKFRPLQJ $PEHULBH®RGOBAWV EHDU



