UNIVERSITYW

" #S l % & &( & #+, #" H+ #-
l % & )&(*&N* 0f, 10) '1 2 3% 415
6! , 5 P + 4 8
I % 9 9/
, ! ! I< % # % 41
[ <1l 111 1 4 | # <
% < % I I I &
=4 1 1< I
! < < > # <
% : I % 1 ! 2

A White Rose

\ | university consortium
‘\ /‘ Universities of Leeds, Sheffield & York




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

1LFN\ OLOQUIRAKDHO %D PDRIHMK %HOOHMQ & &RQWWDQWLQRYV
&KDW]LSD @BDIQQRQ &KDQYWDO &RPHE FOBDRWIWN & )LWWRQ
%HFN\ .QL3RWDQG .UKUMIH /LMYOHIHHGKDRIU\ . 5REVRQ
&KDUORWWH & % DIRACGHMNORU

'"HSDUWPHQW RI $UFKDHRORJ\ 7KH .LQJ V 0OQR&. 8QLYHUVLW\ RI <RUN
'"HSDUWPHQW RI 3K\VLFV 8QLYHUVLW\ RI <RWBN +HVOLQJWRQ <RUN <2
$UFKDHRORJ\ 6%/& 8QLYHUVLW\RIODQFKHVWHU U® ®R/DICH O 6 GRKRIFS\HW HAX
0 3/ 8.

&HQWUH IRU $QDWRPLFDO DQG +XPDQ 6FLHQFHV +XDCRURNUKNKRUIGLFD O 6FKI
"t 8.

'"HSDUWPHQW RI +LVWRU\ DQG $UFKDHRORHU 8&8X}LYPRBUVEW\ RI &KHVWHU &

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

6 XPPDU\

Q DQ HQJUDYHG VKDOH SHQGDQW ZDV IRXQGDGRULQJ H
OHVROLWKLF VLWH Rl 6WDU &DUU 8. (QJUDYHG PRWLIV R
H[WUHPHO\ UDUH ZLWK WKH H[FHSWLRQ Rl DPEHDY3®QGDQW
7KH DUWZRUN RQ WKH SHQGDQW LV WKH HD U® LW K M INEDRIEMH GH
OLQHY PRWLILVY FRPSDUDEOH WR VW\OHV ROPWKN FROW LQH Q
ZDV ILUVW XQFRYHUHG WKH OLQHV ZHUH EDURKMO/LFDEDMJIE X
WHFKQLTXHV LW KDV EHHQ SRVVLEOH WR H[QRAMMHWKHP H® G
HQJUDYLQJDV ZHOO DV WKH RUGHU LQ ZKLFK \WQKH-HGLGH\RPL J
PLFURZHDU DQG UHVLGXH DQDO\WHV ZHUH DSSOIIHBNWR HI
VKRZHG VLIJQV WKDW LW KDG EHHQ VWUXQJRE ZRHQ PDGE ZK F
PRUH YLVLEOH WKURXJK WKH DSSOLFDWLRQ RIBWIRPGWY D
'DQLVK DPEHU SHQGDQWV 7KLV DSSURDFK RIDQDQWR¥OW L
WHFKQLTXHV KDV QRW EHHQ XVHG SUHYLRXVO\UD@WGHSURY L
H[DPLQDWLRQ RI VLPLODU DUWHIDFWV LQ WKH IXWXUH

,QWURGXFWLRQ

'XULQJ WKH H[FDYDWLRQ VHDVRQ DW 6WDU &DUWK)LJIXUF
OLQHV HQJUDYHG LQWR LW ZDV IRXQG LQ W KIHUGIHN BIFWG Z B \G F
ILUVW XQFRYHUHG LW ZDV WKRXJKW WR EH D \§ DRUXZD\D | X IOHOF |
RI VHGLPHQW DQG WKH HQJUDYLQJV ZHUH QRWYIH\OLE DEDR Q
IURP WKH KROH DQG RQ FORVHU LQVSHFWVREOHDRQ R HQ VU



0 10 20
sy Millimeters

JLIXUH SKRWRJUDSK RI WKH SHQ WDQWQWUKRZLQJ WKH IDLQW HQJ

$OWKRXJK VKDOH EHDGV D SLHFH RI SHUIRUDWRIGDMPHEGI U E
DQLPDO WHHWK KDYH EHHQ UHFRYHUHG IURPWWIDW&DUU &O
WKLV ODWHVW GLVFRYHU\ UHSUHVHQWY WKHYHGVWHSHUQRUD
7KH DUW LV W\SLFDO IRU WKLV SHULRG LQ LWYX YH¥RPHW UL
SRUWDEOHFRMIMBW2WKHU SHQGDQWY DUH NQRZQ IURP QRU\
SDUWLFXODU )IWFKBIWNDQG 9DQJ 3HWHUVHQ IRUWKFRPLQJ
SHWHUWRKMW@Q'KFRPLQJ 9DQJ 3SHWHUEMN® IRUWRBFBBYEGE SHQGD
XQLTXH IRU %ULWDLQ )XUWKHUPRUH WR RXUHQQBROHGJH
SHQGDQWYV IURP (XURSH DUH PDGH RI VKDOH WKKBUHGRP|
DPEHU DQWOHU DQG ERQH $QGHUVHQ *UDPVFK KR
VWRQH SHQGDQW KDV EHHQ IRXQG IURP %UXQVWDG 1RUZD

*UDKDPH &0ODUN WKH RULJLQDO H[FDYDWRU DWG6W@WU &DUU
HQJUDYLQJY OLNH WKLY DW WKH VLWH +H ZDV (X®RZ®YHU LC
(XURSHDQG ZURWH D FRPSUHKHQVLYH FKDSWHU RQHVNKH DUW
(DUO\ OHVROLWKLF LQ KLV ERRNRQ WKHOHVROHW&XQPB WM WW

W LV WKHUHIRUH XQIRUWXQDWH WKDX\QW KOHH M @ WJKDDY(H B
PHWUH IURP WKHHQG RI &ODUNYV &XWWLQJYH WKKNBKDQEg W
WR VWXG\ WKLY SLHFH 7KH DUHD ZKHUH WKH SHQGBDRW ZD\
IRXQG D ODUJH TXDQWLW\ RI ERQH DQWOHHID PW®G YRRIGDNVQFO
KHDGGUHVVHYV PDGH IURP UHG GHHU VNXOOV DGH&® GDOGW O H !
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DSSHDUV WR EHIURP WKH VDPH GHWULWDO PXGNM@ODRIGMK WKHFE
WKHVH RWKHU ILQGV )LJXUH
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JLIXUH /IRFDWLRQ RI WKHILQG 7KH GHM/DW D NH @ ODRJNWK H [FODQ WY B E C
WKH PRQRJUDSK ZLWK GHWDLOV RI WKKZARRG IS WIWHRDO G pPEZVBFKIEWH
ODUJH TXDQWLW\RI ERQH DQWOHU DQGWEHEN XAMKHEZ RIRSSLLQY SOCDIJINHT L B IOLDK
QRW SODQQHG EXW ZKLFK DOVR FRQW D IPRXHF& WKW K H ULHQWGW RD & GDALR 1.0 B [
SURGXFHG ODUJH TXDQWLWLHY RIDRBWHIR DR W XHWLYAWDQV IRU WKL

7KH VPDOO VL]H Rl WKH SHQGDQW DQG WKH | D LIQMHGDWXUJH F
DSSOLFDWLRQ RI D UDQJH RI WHFKQLTXHWLIQPRUGHUIRER DD L
EHWWHU XQGHUVWDQGLQJRIWKHFUHDW RR® RWWLRB ORIH\D F
57, ZKLWH OLJKW 'VFDQQLQJ OLJKW PLFURVFRS\ DQG VF
6(0 7KH SHQGDQW KDV EHHQ H[DPLQHG XQGHU ORRWQG KLJ
XVH ZHDU WUDFHV ZKLFK PLIJKW LQGLFDWH Z K,NWKKHWUDLOW IRD G
EHHQ VXJJHVWHG E\ &0DUN IRRW QR WRHE M MVAKVDWPID W \A
KDYH EHHQ PDGH YLVLEOH E\UXEELQJLQ D GDUNHXVXEVWD(
LQ UDWKHU VLPLODU LQFLVHG ERQH ZRUNY DOK EBVUKDSL BHHKC
ZDV XVHG WR LQILOO WKH GHVLJQV RI WERRIW Q Q\GK 9DWPLEGAK
3SHWHUWRMW@Q'KFRPLQJ 9DQJ 3HWHUVHQ IRUWKFRPLQJ DV ZF
ODOPHU DQG ODJQXVVRQ 7KHUHIRUH ZH KDY8 MLDWPL QHC
RUJDQLF UHVLGXHV XVLQJ UHIOHFWHG OLJKWVFREURVFRS)\ |
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7KLY SDSHU SUHVHQWYV WKH UHVXOWYV RI WKIIBWYIQ GO QANWMNILWR
WKH ZLGHU FRQWH[W RI (XURSHDQ OHVROLWKDP SRHWREOH I
GDWD LQ RUGHU WR SURGXFH D ELRJUDSKLFE MW RKQWKR I
VDZ LW EHLQJ GHSRVLWHG SHUKWXWH WDWXDBOGIHLQ WKH ZC

%DFNJURXQG WR WKH VLWH

Scarborough

North Sea

Palaeo-Lake Flixton

e

J)LIXUH /RFDWLRQ PDS RI 6WDU &DUU 6 WDRX®MBUKIDZMHVE K@ & IRI) H & DAVR
ODNH QRZ NQRZQ DV SDODHR ODNH )OL[WRQ

6WDU &DUU LV RQH RI D QXPEHU RI (DUO\ OHVROLVWKLF VLW
DURXQG SDODHR /DNH )OL[WRQ LQ WKH HDVWHU@9DOH RI 3
JLIXUH 7KH SDODHR ODNH IRUPHG DW WKH VWDUW R WK
FDO %& D ZDUP SKDVHDW WKH HQG RHWYXHVODH/®V , F
DV D ZDWHU ERG\ XQWLO WKH HQG PAWKH OHVROLWKLF F

-RKQ ORRUH D ORFDO DPDWHXU DUFKDHRO R JL\QAM KHJYWHFED U
IURP &ODUN [YLL DQG LGHQWLILHG VRWHYV DUR
H[FDYDWHG D WUHQFK DW 6WDU &DUU LQ DQG IBRP
WKH 8QLYHUVLW\ RI &DPEULGJH FRQGXFWHG WK&BGBIUINUWK I
)XUWKHU ZRUN LQ WKH DUHD KDV EHHQ FDH WDHG RXW VL
3LFNHULQJ 5HVHDUFK 7UXVW LQ RUGHU WR PDS WKHBI[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 LPSOHPHQW RQ D@WHRDBIE K RLFS (
XQGHUVWDQGLQJ KXQWHU JDWKHUHU OLIHZD\V DOQIGNKLQ \
HQYLURQPHQW FKDQJH GXULQJ WKH HDUO\ SDUW RI WKH SRV
%& T ,Q RUGHU WR DGGUHVV WKLV DLP H[FDYDWLRQW KDYH
RYHU WKUHH VHDVRQV IURP

'"HVFULSWLRQ RI WKH SHQGDQW

7KH SHQGDQW ZDV IRXQG ZLWKLQ FRQWH[W DOPPXGRZQ J
FRQWDLQLQJ D KLJK SURSRUWLRQ RI RUJD GiLFRRDWH WIVDIDUZL
FXUUHQWO\ EHLQJ GDWHG DQG PRGHOOHG XVLQJ %D\HVLD
+LVWRULF (QJODQG EXW DW SUHVHQW LW L WSIRWWIHETOBWY R \
DURXQG FDO %& 7KH SHQGDQW ZDV GHSROHWN & K@WR D/ K
PHWUH GHHS DQG DSSUR[LPDWHO\ P IURP WKH ODNWNKRUH
RI DTXDWLF SODQWY ZHUH DOO JURZLQJ LQ WRHHMW BHBK DW
VZDPS HQYLURQPHQW

7TKH SHQGDQW LV VXE WULDQJXODU LQ VKDSH PB8DFRKULQJDE
WKLFN )LIXUH (" ;5) HQHUJ\ GLVSHUVLYH ][ UD\IOXRUHVFF
RXW WR FRQILUP ZKHWKHU LW ZDV PDGH RI VKD QEHPRIZDMH\ D C
FRQFHQWUDWLRQV ZHUH PHDVXUHG XVLQJDQ 20\PSXV '"HOW|
7KH HOHPHQWDO FRPSRVLWLRQ GDWD ZDV FRE$SBWHGBOZLWK

DQG FDQ EH GHPRQVWUDWHG WR EHLAWRRQLR WWHKQMNO AL W
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JLIXUH ,OOXVWUDWLRQ RI WKH SHQGDQW E\ &KORH :DWVRQ



8QIRUWXQDWHO\ WKH DUWHIDFW VXVWDLQKIG BDWPHD B HWKRIP \
HQJUDYHG VXUIDFH 7KHVH PDUNV DSSHDU DV OLJKW VFU
GLIIHUHQWLDWH IURP WKH ILQH HQJUD Y HKGWKLHD 8 R WHHWL\T R
ODPLQDWH KHQFH PXFK FDUH KDV EHHQ WDNHQ K QKD QG
JORYHV ZHUH ZRUQ WR DYRLG FRQWDPRLQD®AVRY LQ DGYDQF

7KHUH LV D SHUIRUDWLRQ LQ RQH RI WKH YHUW I FHWUWR K DKV K
IURP WKH HQJUDYHG VLGH RI WKH SHQ G D QW RQXH{ \HLGEIHU D ® GQ J°
WKH OLQHV DUH YHU\ IDLQW WKH VPDOOHVW@HQABRWKHWKD |
ZLWK WKH QDNHG H\H 7KHDUWZRUN XVHV WKH L @PIRQRQ PHW
DQG OHDVW VSHFLDOLVHG RI (DUO\ OHVROLWHKLFBUQZRQE \
GULOOLQJWR FUHDWH GRWV &ODUN OR\ON @ HW K 1D Q GQ KV
&ODUNYVY WHUPLQRORJ\EDUEHG OLQHV RI pmQ B W & f ULOH. QOLEY
ULJKW DQJOHV &ODUN

2Q WKH UHYHUVH VLGH WR WKH HQJUDYLQJ WKHUH LV D QLF!
VKDOH LQ WKHFHQWUDO UHJLRQ VKRZQ FOHDRM \ )IIURPRIWKH (

7KLY PD\KDYH KDSSHQHG DFFLGHQWD OO ERVRRBRMWHAQAWUR Q
KDUG VWULNLQJ WKLYV VXUIDFH EHIRUH LW ZDV GHSRVLWHG

JLIXUH $ODVHUVFDQRIWKH SHQ G D QWVAKLFXI PO MBI URGD W K Ri 20QWM QK BD Y H ¢
WKH SHQGMRM7,9( 6&$1 72 *2 +(5( 7+$7 7+( 5($'(5 &$1 527$7(

7KLV DUWHIDFW LV EHLQJ WHUPHG D uSHQ G DROW K HEQW D R OH
LPSO\LQJ WKDW LW PD\ KDYH EHHQ VXVSHQGHG DQG ZRUQ |
SHUIRUDWHG VKDOH REMHFWY DW WKH VLWH ZHUHHWEKH L Q H C
SHUIRUDWLRQV DUH PRUH RU OHVV FHQWUD QL | R RKIDG H[F
&ODUN ZKLFK FRXOG LQ IDFW DOVR EHXAODV V,WILLHNG D\
XQFOHDU KRZ WKH VKDOH EHDGV IURP 6WDU &DUWHPWYRIZRUC
MHZHOOHU\ RU SHUKDSV HWSDOTX oD QUM WIQIEQAT&RQ QR U

)XUWKHU XVH ZHDU DQDO\VLYV RQ WKHVH RWK P W RHDIGBUIHWV § C
WKLV TXHVWLRQ 21 WKH WKUHH SLHFHV RI [DPEDBI S HRXGD® VR Q
WKLV SLHFH KDV KROHV DW WKH WRS )LJXUHIURPPDKHYV RI



RULJLQDO HI[FDYDWLRQV E\ &ODUN FDQ EH IRXQG IDQUUWKH $U
&DUU $UFKLYHV 3URMHFWHW:ODIWDN OLOQHU

JLIXUH 7KHVKDOHEHDGV IURP 6 WD U & DWW QK WS & X\OHAKLP R U $ LERHKIDGHTR
DQG $QWKURSRORJ\ &DPEULGJH DFFHVVLRQ QXPEHU

J)LIXUH 7KH SHUIRUDWHG DPEHU SHQGD QDM @ 2 QMR R B RORKID HERIOPREIY L C
DFFHVVLRQ QXPEHU

, Q WKH HIFDYDWLRQ WZR IXUWKHU VKDOH EHLGYVOHRUH GL
WKH PDMRULW\ RI EHDGV IRXQG E\ &ODUN VKDBEWHDGQRWWHR U
QRWIRXQG LQ WKHVDPHFRQWH[WDV PRVWRIWKEWWRBUNDU
HIFDYDWHG ,QVWHDG WKH\ ZHUH UHFRYHUHG IURP WKH Z
DSSUR[LPDWHO\ \HDUV ODWHU WKDQ WKH SRDQWHDV) RS Z\KK_HF K
KHDGGUHVVHYV EHORQJ $OWKRXJK &ODUN LVWULBEXOWRMWMDHR



PDQ\ RI WKH DUWHIDFWV IURP KLV H[FDYDWLRQV IK® KLV PR(
GHSWKV ZHUH QRW UHFRUGHG DQG WKH DUFKLYH BI®SMDUV Wi
DO D )URP RXU FXUUHQW XQGHUVWDQGLQJ RIRWKHKMW UD V
DUWHIDFWVY LW LV OLNHO\ WKDW WKH VPDQ @ K K H®H &EB DBV
VKDOH SHQGDQW ,W LV DOZD\V SRVVLEOH WKRWP WHK®D OREH
SHQGDQW ZHUH FRQWHPSRUDU\ ZLWK WKH HQJUDWYIQ® SHQG
FRQWH[WXDO LQIRUPDWLRQ IRU WKFP\DH QLRGWVH WKQYHIKG SR W

JLIXUH /IRFDWLRQ RIWKHILQG LQ UHXBHWARARVWR GO BEHN GV P DW N HIG-RWQ/ W
DVUHG ZHUH DOVR IRXQG LQ ZLWKLQ DUQ VW R U&FIRDQU/NH MARW K BIQ W.IQHS W [
HQJUDYHG VKDOH SHQGDQW

$QDO\WLQJ WKH HQJUDYLQJV

OHWKRGYV

$ QXPEHU RI LPDJLQJ PHWKRGY KDYH EHHQ HPSORKHG WR DV
OLQHV WR XQGHUVWDQG WKHLU UHODWLBG®N ¥ LCSQ\E FS K D ¥ KRV
7R GR WKLV ZH LQWHJUDWHG OLJKW PLFURVFR®\U BHIOHFWD (
ZKLWH OLJKW ' VXUIDFH VFDQQLQJ DQG &MDQQLQJ HOHFW



/JLJKW OLFURVFRS\ ZDV XVHG EXW ZDV OLPLWHG WRD®RZ SRZ}
VWHUHRVFRSH ZLWK [ WR [ PDJQLILFDWLRQUDKHQIKDOO
SUHVHQWHG D FKDOOHQJH IRUDVVHVVLQJ WAKRPSREBBHGHU
E\WKH SUHVHQFH RI KLJKO\ UHIOHFWLYH JROG@RWR XWKHG LU
VXUIDFH VHH EHORZ ZKLFK PDGH DQDO\VLV ZLWK FRQYF
FKDOOHQJLQJ WKHIL[HG DQG GLUHFW OLJKVD ORX UG M IP\DLNELOCH
7KLV LV D FRPPRQ SUREOHP ZKHQ DQDO\VLQJ VKDOORZ HQJ!
WKXV GLILWDO PHWKRGY DUH LQFUHDVLQJDV PG YWKFOGHWRD \
EH XVHG LQ WDQGHP ZL%K GI@RD 8V FRISW ] JULW] DQG 7RVH
* o W K 7RVHOOR DQG 9LOODYHUGH

,Q FRQWUDVW 6(0 DQRQ OLJKW EDVHG WHPRKRU TUHV X DAVO/GRK
WKLV VXUIDFH 7KH UHIOHFWLRQ IURP WKH JROWH®ORXUL
UHPRYHG E\ WKH 6(0 PDNLQJ OLQH RUGHU UHODWLRQVKLSV
DQDO\WH $ +LWDFKL 70 30XV WDEOHWRS VFDQQLQJ HOHF\
XVHG WR LPDJH NH\GHWDLOV RI WKHHQJUDY KGVOSICHRAH RUJ X L
HTXLSPHQW ZDV FKRVHQ RYHU RWKHU 6(0 RSWLRQV VLQF!
DUWHIDFWYV 1R VSXWWHU FRDWLQJV VXFK DV JBOBUFDUEF
LPDJLQJ XVLQJ WKLV 6(0 DPDMRUDGYDQWDJH WBONUDWGLWLF
6(0 LPDJHY ZHUH FROOHFWHG LQ VHFRQGDU\ HOHFWURQ PRG
PRGH DQG IURP [ WR [ PDIJQLILFDWLRQ

JLIXUH $Q H[DPSOHRIDQLPDJHWDNHQ ZLW W B ROGLHA-RQWRVQRW P HWK , W
SRVVLEOH WR DVVHVV WKH GLUHFWLR QLWHKDAR WNLHLUQ BRWPL® 9| WDW FP D G HK
LQVWDQFH ,PDJH FDSWXUHG DWH F[RIBII\I HFDHFIWROR RVR R G 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 FDWWRQ K& LDQN VHPRQGDU\ HOHFW

JLIXUH 6(0LPDJHVKRZLQJWKHRUGHU RURXNHDLMW QD UTKLHHRH @ MWAJKDOWW K H (
JURRYHVY HQJUDYHG ODWHU (DFK JURRY BWDR/YEUDZIQIURPDAZION IFHRPW. WD OF
FDSWXUHG DW [ PDJQLILFDWLR@ ®RIGH) VHFRQGDU\ HOHFWUR

6LPLODUO\ WKH FRPSRVLWH LPDJHV SURGXFHG QVIRQW 57,

VRXUFH WR DQ REOLTXH SRVLWLRQ ZLWKLQMWEKMW VRHWZDRI® | R
DVVHVVLQJ WKH UHODWLRQVKLSY EHWZHHQ HQ WIDNIHREQMIOQ H
SKRWRJUDSK\ $ VHW RI SKRWRJUDSKV RI DQ REMHIFOW DUH FI
DQG LQ HDFK SKRWRJUDSK WKH REMHFW LVWQRW VBRWRZID GHII



FDOOHG 57, EXLOGHU WKHVH SKRWRJUDSKYV DQHUW WHIQDRR P E
LOWHUDFWLYH LPDJH ZLWKLQ ZKLFK WKH XVHWHBIRQ WKW UR
OLJKW 57, :RUNV E\FDOFXODWLQJ WKH VXU I|DFHHDIULDPRREMHF
RIHDFK SLIHO ZKHQ OLW IURP PXOWLSOH OLIEW SRVHWWRRQ
DQG DQ DQJOH RI VORSH EDVHG XSRQ LWV DSISRW R DWQEF HHKAIFW
GDWD VHW 8VLQJ WKH UHVXOWLQJ VXUIDFH PRROMOLRY LV
DOJRULWKPV WR HQKDQFH VXUIDFH HFWDDUOD FWHULVWLFV 0D

57, KDV WKH FDSDFLW\ WR UHYHDO FRPSOH[ VXUIDEW GHWDL
ZHDU PDUNV 5LULV DQG &RUWHOHWWL D QKGH KCHMEHLHOH)GV |
H[DPLQDWLRQ RI DUFKDHRORWLB DO -FRIDMWUDDO 1 HZ®PO Q
LQFOXGLQJ ILQGV IURP 6WDU &DUU 'XKIN PHWK® @& KDW L Q
KHOSHG WR HQKDQFH WKH LQFLVHG VXUIDFH BREXWDQLOHVRQ W
LQFLVLRQV LV PDGH PXFK FOHDUHU WKURXJK WKBIW QMKHQFH

LQWHUVHFWLRQ RI OLQHV )LJXUH 57, K DWRDGOHNRHBHRISD RV
RYHUDOO LPSUHVVLRQ Rl WKH SDWWHUQLQJ WKVUSKBKOVKH S
HQKDQFHPHQW )LJXUH 6SHFXODU HQKDQFHPW®W DOOR

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

JLIXUH 57, YLHZHUDOORZLQJWKH UHDGIRW WK HPIVEFAQRHHKH SH Q G D Q
11 %( ,17(5$&7,9(



JLIXUH $Q LPDJH RI WKH SHQGIID@QWHAVHQW VSHFEFXODU HQ

7KH OLJKW EDVHG PLFURVFRSH ZDV XVHG WR VXSSRUW D O
HVWDEOLVKHG WKURXJK WKHVH GLILWDO PHWKRGINLEWWQJ X
WKH SHQGDQWYTV XQPRGLILHG VXUIDFH 7KH XV ®RHRVKHVH
\LHOGHG D EHWWHU XQGHUVWDQGLQJ RI ZKDW HV RIYHU\ I
HQJUDYHG OLQHV LQ SDUWV KHDYLO\ PR G LWKDXRD GRWLVQ JBHE
PHWKRG LQ LVRODWLRQ PLJKW KDYH DOORZHG

,Q DGGLWLRQ ZHDWWHPSWHG WR VXUIDFH VFDWDLIOM BEMHF
UHFRUG SDUWLFXODUO\LQ OLJKW RI WKH PRBW WWRLQ YHILUA HL
OLJKW ' 6XUIDFH VFDQQLQJ ZDV FDUULHG RXW XVLQJ D %UH
%UHXFNPDQQ *PE+ OHHUVEXUJ 7RUHQVWUD H %RWK

LQGLYLGXDOO\DQG VXSHULPSRVHG XVLQJFRPRRERWRGPD!
VFDQV XVLQJWKH LPDJH SURFHVVaQVXMROWDWLREYAFRHQF H
,QF 7KH PHVK ZDV WKHQ FOHDQHG XVLQJ OHVK/DE Y 9l
67, &15 7KLV SURGXFHG D 'PRGHO RI WKH SHQBRBW ZKL
RULJLQDO FRORXU ZDV DEOH WR KLJKOLJK\RI\WYK HDIFDH. GW W
HQJUDYLQJ DQG WKH PLVVLQJ QLFN RQ WKH QRQ HQJUDYHC

SHVXOWYV

7KURXJK WKH DQDO\VLV RI WKH SHQGD QW XEIRYHWIKWM ZIVDHF K (
SRVVLEOH WR JDLQ D VHQVH RI WKH RUGHUQGXRNWKHR DW®&H V
HQJUDYLQJVY 7KHVH DUH SUHVHQWHG LQ D FRPSR\GIWWH LPDJ
VKRZ ZLWK D QDUUDWLYH DQG UDWLRQDOH



JLIXUH $FRPSRVLWHLPDJHRISKDVLQKREV)RMWWRXW RQRUKH Q®DGH\R Q
IROORZLQJ GLVFXVVLRQ WKH SH QFERRUG KQNWEHH QQ 8 UWIG BB LIQIWRK H W |

127( 72 5(9,(:(56 7KLV VHFWLRQ ZLOO BMKRIZRDFEHCRBM I R O LLGH
KDYH WH[W RQH VLGH RI WKH VFKHUB @ Q@ GV WH R HP OB WERE ROLF!
IRUWK WKURXJK WKH LPDJHV DOOWIRU&HHRKRZ LPDJHVY ODEHOC

3KDVH WKH SHUIRUDWLRQ

7KH XQLFRQLFDO VKDSH RI WKH SHUIRUDWLRQ WHBWL\RWQV ZR
ZLWK WKH HQJUDYHG VXUIDFH EHLQJ WKH ZRUNL QJWEBPMW 2XU
SHUIRUDWLQJ VKDOH SRVHV WKH ULVN RI EUG BRRYHI \W R S\HKEH.
HGJH DV LQ WKLV FDVH WKXV LW LV SUREDEOHMVKH® SLHF
VXEVHTXHQWO\ HQJUDYHG 7KHUH LV QR RYHG ®IDS EBYWAHH Q
WR WHVW WKLY GLUHFWO\ +RZHYHU WKH HQJUWB QLRI MGRH V V
SHUIRUDWLRQ DQG DV WKH GULOOLQJ DFWERBFMQ FRRDEBG
SRWHQWLDOO\ EUHDN LW WKHUH ZRXOG EHJD KYORB WIWLKN F
REMHFW ZDV SHUIRUDWHG DIWHU LW KDG EHHQ HQJUDYHG



7KH YLVLEOH WUDFHV RI ZRUNLQJ ZLWKLQ WKHFEBWIRWBO W LR ¢
URWDWLRQDO GULOOLQJ DFWLRQ 7KLV LV OALNHOD WR K
QDUURZ SURILOH SRLQWHG UHWRXFKHG WR R[5 MXFKHDWD ©
UHSOLFDWLRQ FRQILUPHG WKLV LQWHUSUHWBWDR® G ZLW
XQL FRQLFDOO\ ZLWK UHODWLYHO\ OLJKWGHEGHYNW K H UD/MDCD 1
KDIWHG FORVHO\ UHVHPEOLQJ WKH SHQGDQW KHH QHD
QRQ HQJUDYHG VLGH Rl WKH SHQGDQW FOHDUOIXKWREEWQ W
VXSSRUWYV DQ LQWHUSUHWDWLRQ RI XQL FRQLFDO ZRUNLQ.

3KDVH (QJUDYLQJV
7KHUH LV D VHULHV Rl QLQH JURRYHV UXQQLQJLGLWKHRAWO\ ¢
GLUHFWLRQ Rl WKH ORQJ D[LV RI WKH SHQGDQM KHONHIRUW
JURRYHV KDYH EHHQ JURXSHG RQ WKH EDVLVSH VE® IO §HP L «
RULHQWDWLRQ OLNHO\ LQGLFDWLQJ WKH XQHWRKIHWKIHP YD P H
SKDVH RI ZRUNLQJ $V WKH\ GR QRW GLUHFWOQ 1L QBWHLWQDIFW

FDQQRW EH DVFHUWDLQHG 7KH ZRUNLQJ RI WKLWR/ HULHV
VRXWKHDVW $ ORQJHU FHQWUDO JURRYH VWQUGDVWFW LIV BIFU



NH\ VLIJQLILFDQFH LQ SKDVLQJ WKH HQJUDYL®D YKRWWIHRRY
JURRYH LQ DVVRFLDWLRQ WR LW RQ WKH $BIIQ FYBAWK HDVWLI

7KH IRXUWK JURRYH IURP WKH SHUIRUDWLR@D®@ WHKR R XDHNM D
GUDZQ IURP LW LQ WRWDO KHQFHIRUWK UHIHGWDWGEWR DV
EDUEHG OLQH RI W\SH & &ODUN

7KH HLJKWK JURRYH IURP WKH SHUIRUDWLRQ WW WRW DDU Z1
QXPEHU RI EUDQFKLQJ JURRYHV WKDW VWHP IHRRP H® W RLBQVW
E DOVR D EDUEHG OLQH 7KH QLQH JURRYHV FRIGWHL RXAVLQ
SKDVHV DDQG E $00 RIWKHJURRYHV IRUPLQJURRYHS/ E GL
RI SKDVH ZKHUH WKH\ PDNH FRQWDFW ,W VKRXOOGWH QRW|
ODEHOV DQG GR QRW UHIOHFW WKH RUGHU RI SKPVEQY 7KH
KDYH EHHQ DGGHG DW DQ\ ODWHU SKDVH RWLSRRHIMWMLIOCHO
SKDVHV $V WKH\ RQO\ FXW WKH JURRYHV RI SKIWNRRYHMIG GF
IURP DQ\ RWKHU SKDVH LW LV LPSRVVLEOH WR\BQWBGFWKQVD V ¢
WKRXJK WKH PRVW SDUVLPRQLRXV K\SRWKHVLDWH®BRBQW WK
WRIJHWKHU IRUP EDUEHG OLQH PRWLIV W VYHRNKDENHMGJL
RULHQWDWLRQ WKDW WKH\ ZHUH HQJUDYHG DG ONKHWIBDBH



SKDVH OLNHO\ XVLQJ WKH VDPH HQJUDYLQJ WRRI®G 7KH JU
IURP VRXWKZHVW WR QRUWKHDVW ZKLOH WKH JURRMBVWI E
WR VRXWKZHVW 7KDW LV DOO JURRYHV RI WKHVRILQXERSKDV}
FRQWDFW ZLWK DQ H[LVWLQJJURRYH LQ SKDMH | URPQODHIQ S H
SRLQW Rl FRQWDFW

3KDVH HQJUDYLQJV

3KDVH FRQVLVWY RI WZR PDMRU JURXSV RI JURRYHV JUR)
JURRYHV WR WKH QRUWK HDVW RI WKH FHQWUDO YMRRYH D
JURRYHVY WR WKH VRXWK ZHVW RI WKH FHQWUDO JURRYH (
VXE SKDVH RQ WKH JURXQGV RI VLPLODULW\KH) LSQUR N IORHQWK L
ZKLFK VXJIJHVW WKH VDPH RUVLPLODU WRRO ZDV XVIHVG WR S
RULHQWDWLRQ 7KH JURRYHV FRPSRVLQJ VXE SKBVYWKD DUH
HDFK JURRYH FXWWLQJ WKH SURILOH RI WKH FHQWMQUDRWUR
JURRYHV FRPSRVLQJ D LV VRXWK ZHVW WR QRUWKI HDVW
VRXWK HDVWHUQ H[WHQW RI D HDFK KDYH WKH PRGVHFWL]I
HQWLUHO\ REOLWHUDWHG ,QLWLDOO\ WHKRXJKWX®\WRYV KIDRHP
XVH ZHDU DQDO\VLV GLVFXVVHG LQ VHFWLRQ VXIJIHVWV W
SRVW GHSRVLWLRQDO IDFWRUV 3'60 7TKH JURRYHW WR WKH
VLIQLILFDQW LQ WKDW LW GLVUXSWV WKH WHUIPALK) XV RI W
FRQILUPLQJ WKDW VXE SKDVH D DQG E\ HIWHQOQRXRQHIHUKD !
WKDQ SKDVH

SDUDOOHOLQJVXE SKDVH D VXE SKDVH EFRQVU\DWWRI ILYH
FXWWLQJ WKH FHQWUDO JURRYH DW WKH S RIIDFW RRXQRIHWMD F\
WKDQ SKDVH 7TKH GLUHFWLRQ RI ZRUNLQJ IRRWXKURBY WWWHR !
VRXWK ZHVW $V LGHQWLILHG LQ SUHYLRXV SEGD¥HDVWUHURRY
HQJUDYHG IURP D SRLQW RI FRQWDFW ZLWK DQ HIDUOLHU J!
SHUSHQGLFXODU RULHQWDWLRQ UXQQLQJIURZDYXHY RPRWKKHS



VRXWKHUQ HIWHQW RI E DW WKH JURRYH PLG SEHG®W DQG I
SDUWO\ REOLWHUDWHG DV ZDV QRWH® IRUWHURR RHVDWR W

3DUDOOHOLQJ WKH SDWWHUQ LGHQWLILHGAWL®RISKXPMBO EIL
SHUSHQGLFXODU OLQHV VWHPPLQJ IURP ORQIJHW WRRYHV D
IXUWKHU VXFK JURXSLQJVY VXE SKDVH E FRPSRVHG RI \%
WKH IDU VRXWKHUQ JURRYH RI VXE SKDVH E DQG VXW SKDVF
JURRYHV FRQWDFWLQJ WKH IDU QRUWKHUQ JURRYH RI VXE
JURXSHG LQWR VXE SKDVHV RQ WKH JURXQGV R WWPR DO DMKLHNV\
VDPH WRRO PLIJKW KDYH EHHQ XVHG &SXWGHWDLOHG DERYH



6 XE SKDVHV E DQG E FRQIRUP WR WKH SDWWHUDRQFEKXKHVFULE
JURRYH FXWWLQJ WKURXJK WKH SURILOH RI JURRH\DWH QR C
WKDW DOO VKRUW JURRYHV EHORQJLQJ WR VXE KKQVHV E
JURRYHVY EHORQJLQJ WR VXE SKDVH E 6KRUW JURRYHV DVV
KDYH EHHQ HQJUDYHG IURP QRUWKZHVW WR VRXWKHDVW .
VXE SKDVH E KDYHEHHQ HQJUDYHG IURP VRXWIKQHDMWE @R QF
FRQIRUPV WR WKDW VHHQ IRU HDUOLHU SKDVHWZX2DUH WKH
IURP FRQWDFW DW D SHUSHQGLFXODU DQJOH WR WKH HDUC

3KDVH HQJUDYLQJV

7KH JURXSLQJV RI SKDVH DUH PRUH FRQWHQWLREW LQ SC
FRQWDFW EHWZHHQ SKDVHV SUHYLRXVO\ GHVFULKHDGV/DQG D
GR QRW FRQIRUP WR WKH VDPH SDWWHUQ ZIHQKJWHZRNHNVNQWH
7TKUHH VXE SKDVHV DQG WZR DGGLWLRQDO VXE SKIDWHHWOL QN
DUHHYLGHQW EXW WKH SKDVLQJ RI WKH SLHF I EHUHKEDHNF R P |
SKDVH IROORZV SKDVH RFFXS\LQJ RQH RI WHKMXHEZDWHFD QW
RULWFRXOG EH WKH HIDFW RSSRVLWH DFWXB OZ\WHK & KIRWY H(
SKDVHV DOUHDG\ GHVFULEHG HQJUDYHG DW @ BIWSHFORWH BH
LQ JUHDWHU GHWDLO LQ WKH SKDVLQJ VXPPDU\ EHORZ



6XE SKDVH D FRQVLVWYV RI WKUHH JURRYHV HQJUDYHG IUF
JURRYHV KDYH EHHQ JURXSHG EDVHG RQ GLUHRNWK® RI ZR
VLPLODULW\ LQ SURILOH VKDSH 7KH IDU ZHVWWR HUFXRWH L
E\ JURRYHV DVVRFLDWHG ZLWK VXE SKDVH E GHVFULEHG
VXIJIHVWLQJ D PD\EHDQ ROGHU FRPSRQHQW RIHIKZALWHH 6L
DQRPDORXV VHW RI WZR SRVVLEOH JURRYHV PD\ EGHHRDQYVRFLD
WKHLU RULHQWDWLRQ +RZHYHU WKH VSDBN\ Z68 @GQ DYRW R M |
GLVVLPLODULW\ LQ SURILOH VL]HDQG VKDSH PDNVHW MXHK D C
WKH\ DUH DVVRFLDWHG WKLV ZRXOG EH KWHONVRLOQLIRABEBQ
ZD\ WR GLUHFWO\ OLQN DQG RUGHU SKDVHV SDEMXoWZHRBHYH
WKHVH JURRYHVY DQG VXE SKDVH E FRXOG QRW EH GLVFHL

6XE SKDVH E LV PRUH FRPSOH[ DQG GLVVLPLODU WRWRVW F
IRUPHG RI JURRYHV VHHPLQJO\ ZRUNHG LQ WARSRKBNVHBWRIQJ R
VL[ JURRYHV EURDGO\ VHW RXW LQ WZR JURXSV RI WKUHH
JURXSHG ODUJHO\ RQ WKH JURXQGV RI WKHLG WE&RYH VSI
GLVVLPLODULW\ WR WKH RWKHUZLVH VWUXFWXW H& BWDNV W H |
JURRYHV IURP WKH HDVWHUQ FRPSRQHQW RI WXKAHRIWNRKG LQJ



IURP HDVW WR ZHVW DQG GLVUXSW WKH IDU ZHVWHUQ JUR
GLVFXVVHG DERYH 7KLV ZRXOG VXJJHVW VXE SKDWH E LV \R
7KH JURRYHV IRUPLQJ WKH ZHVWHUQ FRPSRQHQW RI VXE Sk
LOWHUSUHWHG DV KDYLQJ EHHQ HQJUDYHG IURPFRIRBWKZH
LOWHUDFWLRQ RI WKHVH JURRYHV DW FRQWD®WWM G WEPEL DXR
DOQRPDORXV QRUWK VRXWK RULHQWDWHG JURRYWKLQWHU
VXE JURXSYV

6XE SKDVH F FRQVLVWYV RI JURRYHV WKDW KDYH EHHQ Jl
RULHQWDWLRQ SURILOH VKDSH DQG GLUHHFWLRW RUW IR DML C
RWKHU JURXSLQJY DQG VR DUH FKDOOHQJLQJ WR L\QWHU S
DVVRFLDWHG ZLWK WZR IXUWKHU VXE SKDVHV FWRRG F Z
EHDUV D VWULNLQJ UHVHPEODQFH WR EDUEHG OL@Q® JURXSL
DERYH 7KH JURRYHV IRUPLQJ F KDYH EHWW HQJUDYHG IUR

6XE SKDVH F LV DVVRFLDWHG ZLWK WKH IDU VRXWKHUQ JU
FRQVLVWV RIILYHVKRUW JURRYHV 7KH\KDYH HHVKDIBIHR XSHC
RULHQWDWLRQ DQG GLUHFWLRQ RI ZRUNLWH UK BN HBIOEHRC
DERYHRIKDYLQJEHHQ ZRUNHG DW D SHU S H QIAWIRFRKYODRIDRJOH
ZLWK ZKLFK WKH\LQWHUDFW GHPRQVWUDWLQDYHKEHHQ@ H \R'
ZRUNHG IURP QRUWK WR VRXWK 6XE SKDVHFF LV \RXQJHU

6 XE SKDVH F LV DVVRFLDWHG ZLWK WKH IDU QRUWKHUQ JUL
FRPSRVHG RI VKRUWJURRYHV WKDW KDYH EHHQRSKDIVBE WR
VKDSH RULHQWDWLRQ DQG GLUHFWLRQ RI ZRIDWIHG IURR JUF
VRXWK WR QRUWK LQ DOO FDVHV 6XE SKDVH F SDUDOOHC
JURRYHVY KDYH EHHQ ZRUNHG DW D SHUSHQGLFX®@DWKBQJOH \
LQWHUDFW IURP VXE SKDVH F UXQQLQJDZD\IBBYHWWKHKERLQ
JURRYHV RI F GLVUXSW WKHJURRYHIURP F GHPRIQLWWUDWL
WR VXE SKDVH F DUH\RXQJHU WKDQ VXE SKDVH KL¥KH FOR
SDWWHUQ RI VXE SKDVHV ZKHQ FRPSDUHG WR VLPLODU JUR?
DQG PD\VXJIJHVW D UHODWLRQVKLS WKH SHQGBVRAWPHB\ KDY
HYHQW WKH SKDVHV SHUKDSV UHIOHFWLQJ PRPHWOWBU\ SD



REMHFW ZDV UHSRVLWLRQHG UDWKHU WKDMWZ8RQ BKDWHW RR
ZRUNLQJ

3KDVH PRGHUQ GDPDJH

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

6XPPDU\ RI SKDVLQJ

$QDO\VLV RI OLQH RUGHU UHYHDOV WZR PDMRUKIDVHV Rl Ol
7KH PDMRULW\ RI OLQHV FRQIRUP WR D SDWWR UHQR IUIDQW 8 I V |
DW D SHUSHQGLFXODU DQJOH 6RPH RI WKHVH DUUDQJHPHQ

EDUEHG OLQH W\SH & GHVLJQV $ UHSHDWLQJIHPHO@WQW H
ZLWK ORQJHU OLQHV ODWHU LQWHUVHFWHG&W2IDWIO MK 1D L



VPDOOHU WLJKWO\ SDFNHG JURXSV RI OLQHV H[SUHVVHG
EDUEHG OLQH JURXSV DOZD\V IHDWXUH WR WK® JRXWOH QRN W
DQG UHSHDW DFURVV PXOWLSOH RULHQWDWLRQW WHLIM Y H !
PLJKW KDYH EHHQ SURGXFHG FRQWHPSRUDQHRRQODQ@Q WK
DGGLWLRQDO SKDVH HPHUJHV ZKLFK GRHVVQORWOH QW HWHIOU HF
JURXSHG SDUDOOHO DQG RID VLPLODU OH@IJW¥KL WHKRXPE@PW
VSDWLDO GLVORFDWLRQ LQ WKRVH OLQHV UXQQLQJ QRUWK

7KH FKURQRORJ\ Rl WKHVH GLIIHULQJ ZRUN LTKHUW\DHQRYV G
XQDPELJXRXV SRLQW RI FRQQHFWLRQ EHW Z MK $RONWHVK V)
WKH PRUH HUUDWLF SDWWHUQ LV WKH HD UO UHNVKHHRIWHD Y L C
KHDYLO\ RUGHUHG SKDVHV PLJKW KDYH FXW RYRUZXKFKVRS R
WKLV LV WKH UHPQDQW 7KLV PRGHO QHFHVVLEMDLWH B MDY\J
PXFK Rl WKH HDUOLHU GHVLJQ WKURXJK D FRPELQYWQRQ RI
WKH VRIW UDZ PDWHULDO WKLV LV D IHDVLEPRUHQWHUS
SDUVLPRQLRXV PRGHO ZRXOG LQVWHDG SODFSKWKH WHKDIW L
ILOOHG DUHDV RI HPSW\ VSDFH ,W LV LQWHIKLPKL® D W RUIR
VPDOO JURXSHG OLQHV DUH QHYHU VXEV H VXRIEDXWHW\YXWL E Q C
KROGV WUXH WKHUH ZDV QR IXUWKHU URRRURZHN®\ BRQW O
HDVW ZHVW WR WKH VRXWKHUQ KDOI RI WKH ISHH B A V@MW QLY +
DUUDQJHPHQWY UXQQLQJ QRUWK VRXWK QQNKDHDIG GWMXMGR U
IXUWKHU ORQJ OLQHDUV XVHG WR ILOO WRfl ODSMV,Q@RMK MW\
EURDGHU SDWWHUQ RI ZRUNLQJ EXW UHIOHFW IWKXOWMD\FIUR D \
SURSHUO\UHSHDWLQJ WKH SDWWHUQ RI ZRUN LR WHKHWLR/X V V
JLYHQ WKH ODFN Rl GLUHFW GLVFHUWH\EOB @EHODWLRQVKLS

7KH SUHVHQFH RI D UHSHDWLQJEDUEHG OLQH SBIVBWBVIKV &OL
RI WKH HQJUDYLQJ LV VLIQLILFDQW LQ SRWMKHHOQWDLIDLAM\\VOXH\S K
GRZQ RI OLQHV DFURVYVY WKH VXUIDFH RI WKH SHERXNVQWR ,W Z
YLHZ D YHU\ VSHFLILF GHVLJQ SDWWHUQ IHDW )XRYHRYORLRRXOV
WLPH VFDOHYV EXW ZKLFK PDLQWDLQHG D ULJLBWHORBQHYW YV W
HPXODWHG HDUOLHU SKDVHV RQH PLJKW VWLOO WHHH 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 UL
FRQWH[WV KDV VKRZQ WKDW WKLV PHWKRG FDRUGHYHDOOQV L J
RUQDPHQWYV PDQXIDFWXUH D@ DXOQIF WALIRLQ/MERMWID@MEL D Q L

IDUVVRQ SHWBG LWK WKLVLQPLQGPLFURZHDUDQDO\
RXW RQ WKH SHQGDQW 8VLQJ D ORZ SRZHU VWHUHRVFRSH
IROORZHG E\ KLJK SRZHU DQDO\VLV ZLWK DWHLLFIU'RV F R S DOV
PDJQLILFDWLRQV UDQJLQJIURP|[ [ ZLWK H\MXIHEEWDUAL
VXUIDFH Rl WKH SHQGDQW ZDV DQDO\VHG IRU ZHDU WUDFH

$QDO\VLYV zZzDV PDGH GLIILFXOW E\ WKH DPRXQWREKDWO\ U
DSSHDUHG WR EH LURQ S\ULWH VHH UHVLGXH VHHWLRQ L



PRGLILFDWLRQ 3'60 ZKLFK KDV UHVXOWHG LQ WKHRHQWLUH
MHEULIJKWQHVVY 7KLV EULJKWQHVV LV FD XV HEGOE\WLRR VDIFQVAR U
DJHQHUDO DEUDVLRQ WR WKH VXUIDFH FDXVHGVEVWBEBEHQG
VLWWLQJ LQ PXG DQG ZDWHU IRU \HDUV

7KH VOLJKWO\ PRUH ZRUQ DUHDV RI WKH HQJUDBNV®J PHQWL
J)LIXUH GLVSOD\ QR ZHDU SROLVK WKDW JHADIL E HD BWMYUW ME
PLFURVFRSLFDOO\ WKHUH LV QR GLVWLQFWLRQHRVMH WKH V.
ORFDWLRQV IURP RWKHU SDUWV RI WKH VXHANIBBMH @XHH WRS O D
WKHLU KLJKHU WRSRJUDSK\ KDYH EHFRPH PRUHIXHHN¥FRVHG D
QDWXUDO SURFHVVHYV

1R GLVFHUQDEOH HYLGHQFH IRU ZHDU WUDFHVXZHOIDWRPQJ WF
ZLWKLQ RUDURXQG WKH SHUIRUDWLRQ +RHEBHOG DLQMWIHPD L
VXVSHQGHG DQG ZRUQ EXW IRU VXFK D OLPLWNG@ BRUDWLR
WUDFHV ,QGHHG LW LV DOVR SRVVLEOH WKHD W X AKZIDW R Q W
FHUHPRQ\ ZKLFK LV XQOLNHO\WR OHDYH DQ\DAHQWWBUHV R
RI WKH QHDUHVW YHUWH[ GLG KRZHYHU GLV DQB\CDWRWIKHN C
RWKHU HGJHV 7KLV LV DOVR WKH ORFDW LR QQUKZRMNDSREH. VK
H[SHFWHG LI WKH SHQGDQW ZDV VXVSHQGHSXQB/ WWK B BSEU |
D[LV Rl WKH WULDQJOHDW WKH ERWWRP DAV V RDS HQ G HEDMMA
ZRUQ DV D SHQGDQW EXW DV WKLV ORFDWD P® GVFDRO\WR WY EB L
FKDUDFWHULVISG D VWPROKPR DQG GLVSOD\V QR FOHDU GLUF
VWULDWLRQV RUURXQGLQJ DQG JLYHQ W KDMWKDK H H/EW HQH \
VXFK DQ LQWHUSUHWDWLRQ FRPHV ZLWK D VWURQJ FDYHD\

YLIXUH 6(0 VKRZLQJ DUHDV Rl HQJUDY L Q JWHIGD V8 LKFDEYTHE B M HIQR R EQDD W/ X
SURFHVVHV &DSWXUHG DW [ RIIILUL AFDOMLFRAQU R'QL PR GHH F



SHVLGXH DQDO\VLV

$LPV

7KH SHQGDQW ZDV LQYHVWLJDWHG IRU DQ\ PLFURWFRSLF \
LQGLFDWH KRZLW KDG EHHQ PDGHDQG XVHGNEHW K RGRYWGE
PDWHULDOV VXFK DV RFKUH FKDUFRDO RU UHVLQVKDG EHH
JRXU UHVLGXHV ZHUH LGHQWLILHG EURZQ VWIMRIORJIQFDIRO
VWUXFWXUHV DQG ZKLWH FU\WWDOV ,Q DGGLWLIR[W WWZR VRL
WKH SHQGDQW ZHUH WHVWHG DV FRQWUROV IRQJJFRQULDALQ |
HQYLURQPHQW

OHWKRGYV
7KH SHQGDQW ZDV ILUVW DQDO\WVHG XVLQJ UHIOHFOWWHG OLJK)
XVLQJ REMHFWLYHV UDQJLQJ IURP [ WR [ DRG D[Q H\HSLH

(DFK HQJUDYHG OLQH RQ WKH SHQGDQW ZDV V\VWHRINLFD O
RIPLFURVFRSLFUHVLGXHV ZHUH PDSSHG $ VHULHV RI] VWDF
IRU HDFK PLFURVFRSLF UHVLGXH WR PDNH D FRPSRVLWH LF
VRIWZDUH 6RLO VDPSOH FRQWUROV ZHUH SUHSBYHGVEKGLUF
GRXEOH VLGHG WDSH DQG H[DPLQHG ZLWK UHIORFBRMMIBGO LJIK
UHVLGXHV ZHUH LQYHVWLJDWHG ZLWK D YDULDEOH SUHVVXL
RXWOLQHG LQ 6HFWLRQ

S5HVLGXHV ZHUH IXUWKHU DQDO\WHG ZLWK PLFURVFRSLF FR
OLFUR 5DPDQ OLFUR 5DPDQ LV D VSHFWURVFRSLF WHFE
LGHQWLILFDWLRQ RI FU\WWDO DQG PROHFXODU VWUXFWX
YLEUDWLRQDO DQG VWUHWFKLQJ PRGHV ZLWKKQJW K MW WXRS O
FKHPLFDO QDWXUH RI PLFURVFRSLF UHVLGXHV ZLWK D K
OLFUR 5DPDQ LV PLQLPDOO\ GHVWUXFWLYH WR WKHRHVLGXFE
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 LQYHVWLJDWWIGWAL WK (
ZLWKLQ WKH HQJUDYHG OLQHV JROG FRORXUHG VWUXFW
ELRORJLFDO VWUXFWXUHVY DQG ZKLWH FU\VMBPOV ZLWKLQ
REMHFWLYH ZDV XVHG WR UHFRUG LPDJHV RI WRHHLR[DR® ORF
HDFK UHVABXHVSHFWUD RI VXVSHFWHG S\ULWH FU\VWDOYV
FROOHFWHG KRZHYHU IOXRUHVFHQFH RI WKH PDWHULDC
PLFURWRSRJUDSK\ RI WKH VDPSOH RIWHQ UHVXODMHWR. Q VS



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

SHVXOWYVY EURZQ VWDLQV

7KH GHSUHVVHG DUHD ZLWKLQ WKHHQJUDYHQIOIQUH FRQWD
OLFUR 5DPDQ DQDO\VLYV ZDV FRQGXFWHG WR LGHQWILQHWKH S
SKDVHV LQ WKHVH DUHDV WKDW FRXOG EH DVVRFWINWHG ZL
+RZHYHU WKH UHVSHFWLYH VSHFWUD VKRZHG QR HYLGHQ
FROOHFWHG IURP WKH EURZQ GHSRVLW ZLW& IPPWHKHLDOLA) HY
RUJDQLF LQ QDWXUH )LJIXUH DQG LW LV PHUKID EXHOD W/ K|
HQYLURQPHQW ZKLFK KDV EHFRPH HQWUDSSHG ZLWKLQ WK

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

YLIXUH OLFUR 5DPDQ VSHFWUD WDNHWKRIGEHRZQBHSRULYHURRBRAHDU S
Rl RUJDQLF PDWHULDO LV LQGLFDWHG OLNHO\ SHDW



SHVXOWYV JROG VWUXFWXUHYV

$ ODUJH QXPEHU RI JROG VWUXFWXUHV ZHUH VHRH@QZARWWKH S
OLJKW PLFURVFRS\ 7KHVH VWUXFWXUHV ZHUH ORRBIWHG RQ
HQJUDYHG OLQHV LQ WKH SHUIRUDWHG KROBFNQ@3 WRHKR ZL
SHQGDQW 7ZR W\SHV Rl JROG VWUXFWXUHVOHWH DRXQG

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

JLIXUH *ROG VWUXFWXUHV ZLWK WULDQJXODU IDFHV /O

YLIXUH +LJK GHQVLW\ RI JUDQXOD U HGS KH WIKAIO WFHH V@ILIFON PORIAD R/Q
QRQ HQJUDYHG VLGH RI WKH SHQGDQW /0

W ZDV QRWHG WKDW S\ULWH KDG SUHYLRXV O\XE/HHHGQDIR X Q G
ILUHOLJKWHUV &ODUN WKRXJK QRQHHKBXWHEXHPHQ IR
DUFKLYHV HWL @@HD IRU FRPSDULVRQ 2QH K\SRWKHVLV RQ C
S\ULWH RQ WKH VKDOH SHQGDQW ZDV WKDW LWW®LWKWSKDYH
UHIHUHQFH SLHFH IURP WKH QHDUE\ FRDVW ZDV SRXQGHG |



UHVXOWLQJ UHVLGXH PRXQWHG RQ D VOLGH IRW REW HNKLDA L
SURGXFHG DQJXODU SLHFHV DV RSSRVSHHGQWR QWK H) L RXUPH IR

JLIXUH *ROG DQJXODU S\ULWID OBHFEMNMWKH UHIHUHQFH F

7KH IUDPERLGDO VWUXFWXUHYVY VHHQ XQGHU WKH OWJKW PLF
6(0 DV RYHUDOO VSKHURLG VKDSHV ZLWK LQGLYLGXDO FX
JLIXUH FI' %XWOHU DQG 5IHFWNDWG W\SIEPD RI S\ULWH
SsDPDQ GDWD REWDLQHG VXSSRUW WKH VXJIJHVWIKRQ WKD\
WULDQJXODU IDFHVY DQG WKH IUDPERLGYV ZHUH IB\WRJILWKIH )LJX
VSHFWUD REWDLQHG IURP WKHVH VDPSOHYV

JLIXUH &ORVH XS RI D S\ULWH IUDPERLG ZRWK\ ¥ WDFR R F& D KEHIERNWF D W
HOHFWURQ PRGH



JLIXUH OLFUR 5DPDQ VSHFWUXP VRROW HRFRVWE&H UB B PVERRH GJIHG VWU XFW?

$QLVRWURSLF S\ULWH FRQWDLQV WZPQGWHGVBIEHRREW 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 SHDNIWVDIWPLQRUDQG
SHDN DW FPQGERRN Rl 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 IRU DQLVRWURSLF S\UXWH $V FD
. WKH ILUVW WZR SURPLQHQW EDQGYV DUH FO KD SGI\DSWBHW H Q
FP QRWHG E\ OHUQDJK DQGDTUXGE6 GH /3R® Q LV QRW
FRPSOHWHO\ FOHDU 7KH WKLUG SHDN PD\ E W RSN/ 8 R MW WERX V
VLIQDO WR QRLVH GLVWRUWLRQ LQ WKH VSHFWUXP

W LV FRQFOXGHG WKDW WKH JROG FRORXUHG GDWWWDD®V IF
S\ULWH QRW DQ DQWKURSRJHQLF DGGLVELRIOM IS\ NFHRZ\Q W
IRUP QDWXUDOO\ E\ WKH GHFRPSRVLWLRQ RYRHIJBEHB BDOV H L
HW DO 7ULDQJXODU DQG IUDPERLG S\ULWH FU\VWDO IRUPI
ZLWKLQ WZR VRLO VDPSOHV WDNHQ HIR®PDW KWHZPR/Q\R X G L Q

SHVXOWY ELRORJLFDO VWUXFWXUHYV

BHYHUDO XQLGHQWLILHG IUDJPHQWYV RI ZKDW QINMSRI@IUF W R
PLFURIDXQD VXFK DV IDLU\VKULPS FRSHSRGV FODGRFHUDOQ
LGHQWLILHG ZLWKLQ WKH HQJUDYHG OULH) HADR P W® W \8 HRDGSS(\
WR ORFDWLRQ ZLWKLQ OLQH RQ WKH SHQIG\DRWREDEIDFMK H
UHPDLQV RIDFRSHSRG D YHU\VPDOO FUXVWDFHDWKHR PLFU



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

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

Y)LIXUH JUDJPHQWDU\ PLFURIDXQDO BRBEBER%G ORNDB\WLBQUWILRIHD 6(C
VHFRQGDU\ HOHFWURQ PRGH

7TKHUH 2DV VRPH TXHVWLRQ DV WR ZKHWKHU WM KHAHXWDWLY
SHUKDSV PLQHUDO LQ RULJLQ 7KXV RQH RI WKHMH VWUXF
SHQGDQW VHH )LJXUH ZDV LQYHVWLIDWHG ZR@Y/K TIKRHUR 51
SUHVHQFH RI FDUERQ LQ WKUHH VSHFWUD FRQILUPHG LW Z



JLIXUH /IRF %LRORJLFDO VWUXFW X BH DSFFROWY DEXD\OD V& VDRADRPV RREZBI G
VWUXFWXUH LV FDUERQ ULFK BQG/ MXMXY ODNHO\ RUJDQLF /R

JLIXUH 5DPDQ VSHFWUXP FROOHFWHGORQHWVOVQHFWRIGHPR F WKIWDEKH D R F
GHPRQVWUDWLQJ WKDW WKLV LV RUJDQLF

7KH FRQFOXVLRQ IURP WKH OLFUR 5DPDQ DQDO\WWXWHNKDW
EXW D QXPEHU RI VSHFLDOLVWY KDYH EHH QJXQLSH®H I\WRDLAEH
7KH\ DUH QRW UHODWHG WR WKH XVH RU PDQXIDBEWXUH RI
DGKHUHG ZLWKLQ WKH HQJUDYLQJV GXH WKR QVWKISBOQGE B GG H
GHSRVLWY ZKHUH VXFK PLFURIDXQD QDWXUDOO\ RFFXU

5HVXOWV ZKLWH FU\WWDOV ZLWKLQ WKH SHUIRUDWLR

&OHDU DQG ZKLWH WUDQVOXFHQW JOREXODBHEBURVUWD/OR Q@ RU
WKH SHQGDQW 7KHVH FU\WVWDOV ZHUH QRW DQJXHODDU EX\
ZHDWKHULQJ DV WKHLU HGJHV DUH URXQGHG )LJXUHV D (



J)LIXUH 5RXQGHG TXDUW] FU\WW.IR@QV RA LWKH (5 MMKE DN | ROU D

YLIXUH 6(0 LPDJH RI WKH SHUIRWDKLIR QWD Q B DRI\ WU BWXUHG DW [ F

7KHVH FU\WWDOV ZHUH LQYHVWLJDWHG ZLWK OLFUR 5DPDQ
PLQLPDO QRLVH DQG IOXRUHVFHQFH ZHUH DEOH WHRFEIH REWL
RQH RI WKHVH FU\WWDOV )LJXUH $FFRUGLQJ WRHLQJPD D
PRVW SURPLQHQW 5DPDQ EDQGW. Q RKDWMWG BWX LFKPLYV

GHWHFWHG LQ RXU VSHFW UXPKBIW DFURKQRQ +PMGERRN RI 0LQ
5DPDQ 6SHRBWRBRD TXRWHV DRPWKH PRVW LQWHQVH IUHT)
SRZGHUHG TXDUW] PDWFKLQJ WKH PDMRU SHQG \ZH HREMDH @ +
WR WKH 5DPDQ DVVLJQPHQW RI TXDUWHEWUM FD OV R GG MFDRA



JLIXUH OLFUR 5DPDQ VSHFWUXP FRO OGIRRAMMGH G RE \I KELUQ WWKIHOSHILD RQ D
SHQGDQW

,Q FRQFOXVLRQ WKH 5DPDQ VSHFWUXP PDWFKHV FORVHO\
TXDUW] &OHDU FU\VWDOV ZKLFK ZHUH KH[DJRRDB DQWRZR G
QRWHG LQ RQH RI WKH VRLO VDPSOHV DOWKRXRVWKHVXIIHYV
FKHPLFDO QDWXUH 1R TXDUW] FU\VWDOV VLPL&EDRQ WKBISSHI
KROH RI WKH SHQGDQW ZHUH DEOH WR EH ORRAD W WG/ KR YVMXGE V
EH QRWHG WKDW RQO\ WZR VRLO VDPSOHV IURP R/ KRIFR QW H
VDPSOHV WKDW ZHUH LQ GLUHFW FRQWDFW ZLWK WKH SHQ
HIFDYDWLRQ DQG WKXV LWLV SRVVLEOH WKDW WKQN & XWKWHR >
VDPH TXDUW] VDQG DV IRXQG ZLWKLQ WKH KROH

7KH UHDVRQ IRU WKH TXDUW] LQ WKH SHUIR WD W Y RAMK DW Q\RKMH
VDQG KDG EHHQ XVHG LQ WKH PDQXIDFWXUH RI WKHKH RMWKMHH KR
ODVW \HDU RQ VKDOH KDYH VKRZQ WKDW EHFDXVHWRDOH 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 HQLJPDQTXDHWH FU\V!
HOVH RQ WKH SHQGDQW DQG QRW ZLWKLQ WKHWRL® LWDPSO
SUHVHQW RQ WKH VLWH DQG LQ VRPH FDVHV ZLWIXVY.Q DUHD
ZDVKHG GRZQ IURP WKH GU\ ODQG 7KHUHIRUH LMWWRHEH W
ZLWKLQ WKH KROH DV SDUW RI WKH GHSRVLWLR®E SDRFHVV
ZDWHU KDV ILOWHUHG WKURXJK WKLV KROH



7KH SHQGDQW LQ FRQWHI[W

2YHUYLHZ RI HQJUDYHG SRUWDEOHQDYWDLQ VRXWKHUQ ¢

2YHUDOO HQJUDYLQJV RQ OHVROLWKLF SHQ G[F & %W LDRUHRH[W |
DPEHU SHQGDQWYV IRXQG LQ VRXWKHUQ 6FDQGLQIMYQAD 34aRC
IRXQG RQ D QXPEHU RI RWKHU W\SHV Rl SRUWDE®H DUWH I
PDWHULDOV LQFOXGLQJ ERQH IOLQW D@WOWKUL Y QG ER® E
DUJXHG WR EH '"HQPDUN GXH WR WKH VKHHU TXBQWRXMQ ®I H[D
WKHUH RWKHU SLHFHV KDYH DOVR EHHQ IRXQG YQLEZHGHQ
(VWRQLD )UDQFH %HOJLXP 6SDLQ DQG %ULWDLI® KRRQND

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

$Q H[DPSOH RIDQ HODERUDWHO\ GHFRUDWHG RMH RQDQWC
WKH cPRVH RQ WKH LVODQG Rl =HDODQG 'HQPDUMN IZ&LFK ZD

$QGHUVHQ WULQFK SHWHUVHQ WV VXUIDFH KDC
ZDV GHFRUDWHG ZLWK JHRPHWULF PRWLIV RKRDDQ KOOMEB B @ Q (
LOQWHUSUHWHG DV D KXPDQ EHLQJ )LJXUH D VOHHSLQJ \

WUDQFH SRVVLEO\XVHG LQ FRQQHFWLRQ ZLGWKQ@LRRQWU®J U
FRYHUHG E\ SDUDOOHO LQFLVHG OLQHV ZKLFK PD\ UHSUHYV

,Q WHUPV RI SHQGDQWYV D WRWDO RI GHFRUDRMYGGDIREHU ¢
'HQPDUN 6NDQLD LQ 6ZHGHQ DQG +ROVWHLQ LQ QRUWKHUC
3HWHUVHQ IRUWKFRPLQJ VHH)LIXUHV DQG IRWLM[DPSOF
DUH VWUD\ILQGY H J )LVFKHU DQG 9DQJ 3HWH UMHRQRUWKF
VHYHQ DUH GHULYHG IURPLQ VLWX FRQWH[WV ILY®MDIQ&P =HD
DQG QRUWKHUQ *HUPDQ\ $QGHUNW®O )SQBKHWYWBQG 9DQJ
3HWHUVHQ IRUWKFRPLQJ +DUW] +HQULNVHOQ 7RIW
IRUWKFRPLQJ 9DQJ3HWHUVHQ IRUWKFRPLQJ $DORDKRXJIK WK
IURP DPEHU DQWOHU DQG ERQH KDYHDOVR EHHQ XVHG $QGH
7KH SHQGDQWY DUH SHUIRUDWHG DQG RIWHQ SROURKHG Z
SUHSDUDWLRQ EHIRUH GHFRUDWLRQ KDQGOQQJ DRG XVH L
ZDWHU UROOLQJ 9DQJ 3HWHUVHQ IRUWKFRPLQJ 6RPH DOV
$QGHUVHQ 9DQJ 3HWHUVHQ IRUWKFRPLQJ ZKLFK UHV
LQGLFDWHY WKDW WKHVH REMHFWV ZHUH DWWQHARN®WR D F
SHQGDQWYV RU DPXOHWV H J &ODUN *UDPVFKQ 7RIW
IRUWKFRPLQJ 9DQJ 3HWHUVHQ IRUWKFRPLQJ DN®R®WKRXJK
FHUWDLQ



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

KWWS VDPOLQJHU QDWPXV GN '2

$ UDQJH RI PDUNLQJV ZHUH SURGXFHG XVLQJ WKUHH WHFKC
LOQFLVLRQ &ODUN 7KHVH WHFKQLTXHV KDY H\EHWHQVRE VH
GDWHG WKURXJKRXW WKH OHVROLWKLF LQ 'HQPDWNLIJRP WK
WKH .RQJHPRVH OLGGOHOHVROLWKLF DQG (UWHEQXGH /DWHI
YDULDWLRQV RQ OLQHV DQG EDUEHG OLQHV FWRWHIRDN Q

ORJHQJHVY YDULDWLRQV RI FURVV KDWFKHG OLQHV DQG KL
1DVK

JLIXUH $ VHOHFWLRQ RIDPEHU SHQGD QWW VUH R LI QW IHON USIRYPHHGRE IMQHH V
WR WKH SHQGDQW IRXQG DW 6WDU &D U @ 22WH FKQ LA KX P RIOR/ B/WRDGX-F W IOH. G R
3KRWRJUDSK E\ $SUQROG OLNNHKOMHE) VDWOR Q DIOW XOMHWMRKY GN '2




JLIXUH $ FORVH XS RI VRPH RI WKH DPEHU EHBIG BIQKN ¥ L WRW KH QGHRRDJWND ¥
PHWKRG DQG WKH EDUEHG OLQH WHFKQLAXXKP BEHOVRDDW LRQ®RWGW WW R WIRG
SHQGDQW KDYHEURNHQ 1RWHDOVR WKDWY RVEHIUE RQ O I/Q RVQRQ Z\KKLHF IO HYW

WKH SHQGDQW IRXQG DW 6WDU &DUU SKRWRJUDMKR ED OPXYREWE (
KWWS VDPOLQJHU QDWPXV GN '2




2YHUYLHZ RI DUW LQ %ULWDLQ

YLIXUH '"HFRUDWHG ERQH DG]H +DPPHUMRUWK.QH 'BRRVBW H G 6D\RD
3KDOOXV 1DE +HDG 6W\OLVHG 9HQXRRWRER®BFOYH ZREDVEBHOLQHYV
,QFLVHG PRWLIRQ FDYH ZDOO /RQJ +ROH +HDGFLVHGFINEHBOSHZEGIN RWD P

'DUDLFK ,QFLVHG SHEEOH 6) 5KXGG®PQ5KXGQGPOIMHG SHEDEOVHG SHEE
6) 5KXGGODQ ,QFLVHG SHEEOH 6) 5KEBGBBRQ 5KX®EQVAGS ,QFLVI
SHEEOH 6) 5KXGGODQ ,QFLVHG SHEEOH % /ODQGHJIDL

$OWKRXJIK IDU IURP XELTXLWRXV GHFRUDWLY\WKDRWZRRNW V
WKH DUFKDHRORJLFDO UHFRUG RI WKH %ULWPYROBUYROLWE



*HRPHWULF SDWWHUQV LQFLVHG LQWR PDWHWDBOEXOWKH H
%ULWLVK ,VOHV IURP &DPD\WODWDMAFRO6NWR 5KXGGODQ
'"HQELJKVHIXUBQHOO®O 7UHYRVH +HDG &RUQZDOO 6PLWK

DQG +DPPHUVPLWK6ARWKBRQ )LJIJXUH ,Q DGGLWLRQ
VFXOSWXUH uLQ WKH URXQGYT KDV EHHQ G HP R (DONXD/W B B PW K |
1DE +HDG 3HPEURNHVKLUH 'DYLG DQG :DONHU DWHKLOVW
KDV EHHQ VXJJHVWHG IRUWZR LQVWDQFHV RI ID@QFLMHBIFD Y H
+ROH B6RPHUVHW 0XO0ODQ DQG :LOVRQ

&KURQRORJLFDOO\ GDWLQJ HYLGHQFH VXJJHN]RXW MIXWM D |
OHVROLWKLF $FFHOHUDWRU ODVV 6SHFWURPHWU\ $06 & C
DFWLYLWLHV LQ WKH WK WKDQG WKPLOGHQQORW BD® Vo & W
RQO\ WKH /ODQGHJDL SHEEOH FDQ SRW BGWW B ®QOBH Q RQ B HFC
%& XQOLNH LQ QRUWKHUQ (XURSH ZKHUH DUW H[IO\HWWV 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

% &

KDJHOQXW
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 | &ODWBINHDO
% 3 % &

/ODQGHJDL| ,QFLVHG SH FDO | ,QIHUUHG I

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

/\QFK D

O0XVVRQ

7TDEOH GDWHV RI OHVROLWKLF DUW |IRZXQGWHV WHKR PY%RIWMW LYK OV & XIE/O 15
FDOLEUDWHG XVLQJ 2[FDO DQG U ,QW&DO

‘KLOVW VHYHUDO DXWKRUV QRWH WKH SUHVHQFH RI
OHVROLWKLF %ULWDLQ IHZ KDYH RIITHUHG E®WHYGS WHIWWI\N L
DFWLRQV %\ IDU WKH PRVW GHEDWHG SLHFH RI WDWKHULDO
OHVROLWKLF DUW LV WKH 1DE +HDG VKDOH piRXO FW K GILKUK R
GHVFULEHG WKLV DV D UGXFN KHDGY DOWKRXDRVOEBWBU FR
LYHQXV SKDOOLFDY *RUGRQ :LOOLDPV $ WK H YRUE WHLFONVW |
QRWLQJ WKH VLPLODULWLHY WR ERWK DV3K BOD X R I®E WKKLH/ W
OHG %UHXLO WR LQWHNMSX 6\ EEROBND 6 LFRGHKEIHUHQFHYV WR JH
IHUWRQIHAX\LO -DFRERFREL LGHQWLILHV D IXUWKHU SLHFF
WKH 1DE +HDG DVVHPEODJH ZKLFK VKRZV VLIQVRRPREBHNLQJ

VW\OLVHG UHSUHVHQWDWLRQV Rl WKH IHPDOHWRMHRDEKH FR
+HDG HSKDOOXVY KDV DOVR EHHQ QRWHG D6 B/MRUM KKV.DU KPDQ €
DORQJVLGH QLQH &KIDVO\WN HAHDREY

WKHYV

&ODW’NMDUN OLQNHG WKH FKHYURQV REVHUYHG RQ WKH !
DQG +DPPHUVPLWK ERQH DG]H WR VLPLODU DUWLVWLF SDW
VWDWHY WKDW WKH\ ZHUH FUHDWHG WKURXJK LQRGGVWR D VEZ L\
WKHVH PHWKRGV RI GHFRUDWLRQ DUH H[HPSOLILH®B\ WKH D
+ROPHJNUG LQ '"HQPDUN &ODUN 7KHVH IRBERGHW UW RI
DQG DQWOHU DUWHIDFWV IHDWXULQJ pV L @ BIMHRKAHKHIRIQAKR PV
DUH pVFDWWHUHG LQGLVFULPLQDWHO\ RYHU VQWH &XRON R |

+RZHYHU GXH WR WKH LVRODWHG QDWDOWHRLKLV
FXOWXUH GHFRUDWLRQ ZLWKLQ %ULWDLQ &ODUWKIZX®D XQDE
SDUDOOHOV EHWZHHQ WKH %ULWLVK H[D P SSOHGVVD QPR KKH.WYV V
FRQVLGHUDWLRQ RI DUW RQ WKH EDVLV Rl uFRQMHFWXUHT



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

%HUULBYXHQQGHO®O SURYLGHV VRPH RI WKH PRVW GHWDLC
GLVFXVVLRQ RI WKH DUWZRUN IURP 5KXGGODQGEBBANLQYY WK
ZLWK DQ H[DPSOH IURP D GDWHG OHVROLWKLF FRQRIH[W WKL
WKH PHWKRGV RI GHFRUDWLRQ )LJXUH + HQ RWIHYFW KB @/ V
OLQHV RQ 6) DQG 6) FDQ EH FRQVLGHUHG DV pPRWGIVY IRU |
WKDW WKH IRUP RI WKHVH PRWLIV KDYH YHU\ FORVH SDUD(
(XURSH +H FRQWHMWWWYLOHWDUOLHU VXJIJHVWLRQ WKDW L
FDQ EH LQWHUSUHWHG DV DQ DQWKURSRPRU XNV IWKHIH Z
EURDGHU WUHQG RI 1IRUWKZHVW (XURSHDQ QHYWHRTOXLWKILVF DD U
FRQVLGHUDWLRQ RI WKH RYHUDOO IRUP Rl WRMW & HVEEROWHNL\D Z +
WRJHWKHU WR IRUP D FRPSOHWH VW\OLVHG ILJXHMHGNZR FK
DW\SLFDO Rl WKH ZLGHU ERG\ Rl OHVROLWKH®W DWWZRUN -D
WHQWDWLYHO\ VXJIJHVWYV WKDW WKH VKDSH GHBELF WH)GGRQ 6
QRWHV WKH VWURQJ IRUPDO VLPLODULW\ EHWWH K DWW R/IS
ZRRGHQ ILVK WUDSV IURP WKH /DWH OHVROLWKLEMLWHYV RI
=HDODQG LQ 'HQPDUN

&ODWHNWHDO SURYLGHDPHWKRGLFDO GLVFXVVLRQRIDVHULLE
WKHHGJHV RIDEHYHOOHG SHEEOH WRRO I[URPMKHPOVFEDWRDLF
VLPLODULWLHY EHWZHHQ WKH IRUP RI WKH LQFLWHEB @QHWQG
SDWWHUQV JRRPRUSKV RUDQWKURSRPRUSKLF ILDQUHYV RE\
OHVROLWKLF DUWZRUN 7KH\ DOVR QRWH WKDWFDWH OLQH
LOQGLYLGXDO RZQHUVKLS DV WKHVH DUHDYV HARX 0K HH ERYHH W



ZHUH KDIWHG RU ERXQG ,QVWHDG WKH\QHD QSNRIZDHDIWDWHKH
RI ELQGLQJ JXLGHV IRU ZKHUH DQG KRZ DQ REMHBWHVER XO
TXDVL IXQFWLRQDO SXUSRVH LQ SURYLGLQJ SXO¥WDWHKLN\RU
LQWHUSUHWDWLRQ LV SUHVHQVDIDG R @M DAWKLHY ® D K N&ROI DELLN/HF |
RI PDQ\ Rl WKHVH WKHPHV ZLWKLQ EURD RO IGLNERXUVHV F

7KH 6wWDU &DUU SHQGDQW LQ WKH ARECHWOQHFHM RI WKH (XU

7KH OHVROLWKLF DUW IRXQG VR IDU LQ % ULWWDRBLKEDOA EHW® F
D VKDUS SLHFH RIIOLQW SRVVLEO\ZLWK WKR &LISFRH\DIPUH U |
LQFLVHG RQ ERQHDQG DQWOHU EXW WKH PDISREBE®WMD UMLIQF |
QRWHZRUWK\ WKDW DUW DOVR DSSHDUV L Q \F DAKHHVOL@ % VY RW D
WKH 6WDU &DUU SHQGDQW DUH XQOLNH DQ\ RWKKHH\LDIS [DHSWD H \
PRUH IRUPDOO\ H[HFXWHG ZLWK FDUHIXOO\ SB\§WHDQ MRV
VRPH RI WKH ORQJHU OLQHV 7KLV LV D SDWWHHQMIUMNR IRXC
DQG SHUKDSV VWUHQJWKHQV WKH DUJXPHQW MRGHHIIPDW RW K H
VXFK DV WKH DPEHU SHQGDQW EDUEHG SRLQWV DQG KHDGG
&DUU WKDW WKHUH ZDV D VWURQJ FRQQHFWLRRIRWYHY ORQJ
SDUWLFXODUO\ QRWHZRUWK\ LV WKDW SHQPRIVGMY EDWH VK
ZHVWHUQ GLVWULEXWLRQ 7RIW DQG %ULQFK 3HWWRUVHQ I
FRQQHFWLRQV DURXQG WKH 1RUWK 6HD RU 'RJJHUODQG
IRUWKFRPLQJ

7KLV DUWHIDFW LV XQLTXH LQ D %ULWLVK FRQVFRND WM @/ KDV
SHQGDQW GXH WR WKH SHUIRUDWLRQ UDPWKHW WK B BW SHEE
WR D QXPEHU RI WKH QRUWKHUQ (XURSHDQ H[DPSOHV 8QOL
WHQG WR EH FUDIWHG IURP DPEHU WKLV H[DPSEBHURWDQGYV F
VKDOH ,WLVDOVRRQHRIWKHIHZ GHFRUD W& IHQYEDQWY Z
DUFKDHRORJLFDO FRQWH[W DQG QRW DV D VWUD\ ILQG

,Q VXPPDU\ WKLV H[DPSOH RI OHVROLWKLF DUW KDRR/RPH VL
%ULWDLQ LQ WKDW OLQHV KDYH EHHQ HQJUD Y HBGWRXWKLHQ 1D
'DQLVK H[DPSOHV LQ WHUPV RI WKH EDUEHG WNM®ID B DW W\HW®
HDUOLHVW NQRZQ OHVROLWKLF DUW LQ % ULWWWK® UGDRULH J
OLNHO\WR EHDW OHDVW \HDUV HDUO L HR MDKED:} IVE 1D QR0 O R
$YHOLQHYTV +ROH

7KH ELRJUDSK\ RI WKH SHQGDQW

7KH SHQGDQW KDV EHHQ FUDIWHG RXW RI IVISQ HWHK R IQLKIDXOUHD
IRUP RI WKH SHEEOH DV RSSRVHG WR EHLQJ ZRWB®NHG LQV
PDQXIDFWXULQJ WUDFHYV ZHUH YLVLEOH RQ WKH VXUIDFH R
GLVFXVVHG DERYH WKHVH PD\ QR ORQJHU EH YLVLH®WH 3LHF



DUH IRXQG ORFDOO\ ERWK DW WKH FRDVW DQG MKRVVHU WHF
XQGHUO\LQJJODFLDO WLOO LQ GLWFKHYV DQRVMLELWE WQ WKL
WKH VKDOH SHQGDQW ZDV EURXJKW WR 6WDU &DUU IURP 11X

2Q0H RI WKH XQUHVROYHG TXHVWLRQV FRQFHU QWI RVUKHAWSLURHF L
ZDV PDGH ZDV LW WKH ILUVW PRGLILFDWLR @ WH QMKMW "S1KH H
DUJXPHQW IRU WKH ILUVW SKDVH FRPHV I URP WKKHORJLF W
SODFLQJ RI WKH KROH DQG WKDW D KROH LVRDDNMHOR WRKKD Y F
SRVVLELOLW\ RI EUHDNLQJ WKH RENMHMV¥W GXULQJ WKH SHUI!

7KHUH LV WHQWDWLYH HYLGHQFH WKDW WKH $SHEZBRQW ZD\
HYLGHQFH LV LQFRQFOXVLYH WKRXJK D VOLJKVWG\LE D MIKWWHH |
RI LW KDYLQJ EHHQ VWUXQJ :H FDQQRW U X QH R K XMWHLDMK W &
IRU VXFK D VKRUW GXUDWLRQ RI WLPH WKDW QXRHZKDUHNUDFI
VLQFH EHHQ REVFXUHG E\ 3'60 7KH OLQHV WKHPVHOYHV DUH
HYLGHQFH WKDW WKH\ ZHUH DFFHQWXDWHG ZLWKNRKRORXU
HQJUDYLQJV ZHUH QRW LQWHQGHG WR EH FOHDUO\ YLVLEO

7TKHHQJUDYLQJV VXJIJHVW WZR SRVVLEOH SKBMHWMIZQWK WWZR
LVLPSRVVLEOH WR VD\ KRZ ORQJ WKH SURFHVYV RRBQBUDYLQ
PD\ KDYH DGGHG WR LW 7KHUH FRXOG IRU H[DRRQHW EH DW
SURGXFLQJWKHWZR GLVWLQFWLYH VHWY RIOLQHXSPD\EH PF
PD\EH IULHQGV RUPD\EHHYHQ GLITHUHQW PHPEHUV RI WKH \
WKHVH OLQHYV PHDQ LV RSHQ WR VSHFXODWRR QV KRIVHUHKRW
KDYH VHHQ LW KDYH LQFOXGHG D WUHH D PDS D O HIRQWDOO
RI WKH ZRRGHQ SODWIRUPV ZKLFK KDYH EHW REERXWICG- R &/DAIV
SLHFH RI VKDOH ZDV GHFRUDWHG LQ WKH ILUVWISSODEKH DC
RWKHU VWRQH EHDGV DW 6WDU &DUU DQGWRHFREUBRWEG\ D

7KH RWKHU QRWHZRUWK\ PDUN RQ WKH DUWHIDEWLGHWKH Q
7KHUH LV QR YLVLEOH HYLGHQFH IRU KRZ LW ZDVEB GH WKR X.
VRPH IRUP Rl SHUFXVVLRQ 3HWHU 5DZVRQ SHUVRQDO FRP
DFFLGHQWDO GDPDJH RU SHUKDSV GHOLEHUWBWH®\ @RIP\DJ
FRQWH[W 7RIWDQG %ULQFK 3HWHUVHQ IRUWKFRPRWQH +RZF
WKH UDZ SLHFH RI VKDOH ZDV FROOHFWHG DG @AXVKQDHVG IV & W
QLFN ZDV PDGH EHIRUH RU DW WKH PRPHQW W K QW KMKHDI\HQ (
HGJH GHSRVLWY HYLGHQFHG E\ WKH FOXVWHULQI\RI LUR(
DFFXPXODWHG ZLWKLQ WKLV IHDWXWDHWVLQFH GHSRVLWLRQ

)LQDOO\ LWLV LPSRVVLEOHWR VD\ZKR PDGMW KSRNVSHEGDRRW |
WLV QRWHZRUWK\ WKDW WKH EHDG FRPHV IURPRBGXMBNG SLFI
VLIQLILFDQW QXPEHUV RIDQWOHU IURQWOHWM ® VRRKWHH P |



EHHQ XVHG E\ VKDPDQV 2QH SRVVLELOLW\ LVUMKRWIWWIXD S|
SDUDSKHUQDOLD XVHG E\ D VKDPDQ RU FRQVLGHUHG WR E}
&ODUN 9DQJ 3HWHUVHQ IRUWKFRPLQJ ,W LRVLONHG SRV
LQWHQWLRQDOO\LQWR WKH ODNH DV DVZDN RQ WQXG LYV W WE DR\
'DQLVK SHQGDQWV 7RIW 9DQ 3HWHUVHQ IRUWKFRPLQJ

&RQFOXVLRQV

7KURXJK LQWHJUDWLQJ D EURDG YDULHW\XH W WIRH\DWMX G FVIKQ |
HQJUDYHG SHQGDQW GLVSOD\LQJ WKH HDUOL®BVIHWKHDFRUGH
GHYHORSHG DQ LQ GHSWK XQGHUVWDQGLQJ RHWKR/GORNHO
HQJUDYLQJ DQG LWV GHSRVLWLRQDO KR G WBHYWQ JHRN DVKHGLLC
HQJUDYHG DFURVV LWV VXUIDFH DOORZ XV WR FRQ\QIGEMHU WK
SODQQLQJ LQYROYHG LQ WKH SURGXFWLRQ RI WKH DUW

$ EDWWHU\ Rl VFLHQWLILF PHWKRGYV ZHUH XVHG KMRYEHWH FW
EHHQ DSSOLHG WR HQKDQFH WKH HQJUDYLQJ UKMLGRMW UH
ZHUH DSSOLHG RU DW OHDVW KDYH QRW VXUYLYWG VEQ® L\
DQG PLFUR RUJDQLVPV LGHQWLILHG GXULQJ WKHKHOQDO\V}
SHQGDQWYIV GHSRVLWLRQDO FRQWH[W %HFDWHLRVMBEEEUL
3'60 XVH ZHDU DQDO\VLV ZDV XQDEOH WR SURKDGHBHOL QLW
VWUXQJ EXW FRQVLGHULQJKRZ XQLTXH DQG VQPEKOLYHDQ R
EHHQ ZRUQ IRU D VSHFLDO RFFDVLRQ OHDYLQJ QR GHWHE
LOQWHUSUHWDWLRQ PD\KDYH UHVRQDQFH Z IHQK WKYHSRIMY DE L
VKRUW SHULRG RI WLPH DQG WKH XQXVXDO RRQ WIHW LLQVZAK/L
SRVVLEOH WR FRQVLGHU WKH PDNLQJ XVH DHQOL. GBI SRVXWERQ
VXFFHVVLRQ $ IXUWKHU FXULRVLW\ LV WKH QLFN RQ WKH Q
EHHQ XQDEOH WR GHWHUPLQH ZKHWKHU WKW K HZ B U HP\DHEQHF IHOR/
S\ULWH ZLWKLQ WKH QLFN GHPRQVMWIUXRWHKNY WKDW LW KDSS

2Q FRQWH[WXDOLVLQJ WKH DUW RQ WKH 6 WD b & DE&NEGEHRIRDQ
DUW LQ OHVROLWKLF %ULWDLQ DQG 'HQPDUN OHFWLRWY VRH U
OHVROLWKLF DUW LQ (XURSH ZH GLVFRYHUHG FAXIOIDW BVRKWMK W
GLVWLQFWLYH EDUEHG OLQHV RI &ODUNYTV W\ B &H BQRBWHIOH F
DOLJQHG ZLWK ZKDW LV NQRZQ IURP VRXWKHUQ BWDQGLWRY
DFNQRZOHGJH WKDW GHVSLWH WKH EURDG V SHIFOMY X RVKILVF |
REMHFW UHYHDOLQJQHZDQG XQSUHFHGHQWHW®W HDAWNK\EVQ
UHPDLQ HQLJPDWLF ZH FDQ RQO\VSHFXODWH DKDWRVEKBW W
SURGXFWLRQ DQG SRVVLEO\ ZHDULQJ DQG GILSAHSROIO R DW KLY F
DORQJ WKLYV ODNH HGJH GXULQJ WKH QLQWK PLOOHQQLXP



$FNQRZOHGJHPHQWYV

‘H ZRXOG OLNH WR WKDQN WKH ODQGRZQHUV ®IJBWING &DUU
1DWXUDO (QJODQG IRU JUDQWLQJ SHUPLVVLRQ WRE[RDYDW
KDYH EHHQ IXQGHG E\ (XURSHDQ 5HVHDUFK &RXQFLO 3267

(QJOLVK +HULWDJH JUDQW QXPEHUV DQQJ 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 D B/ IQFEOCHQMRQ V R
DQG 3HWHU 5DZVRQ IRU GLVFXVVLRQV DERXW WKH SURSHU

SHIHUHQFHYV

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

$QGHUVHQ 6 + 5LQINORVWHU (UWHE{OOH GVNDOSSHUYV |
(DVWHUQ --RX0DROG RI 'DQLVK $UFKDHRORJ\

$QGHUVHQ 6 20GWLGHQ L - DGIRNVUWWNH Q D.QEHHKIY Q )RUODJIHYV
6HVDP

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

$QRQ +DQGERRN RI OLQHUDOV BRRDQE1L6SHFWUD

%HOOR 6 0 'H *URRWH , DQG 'HOEDUUH * QVLRSBOLFD
PLFURVFRS\ DQG PLFUR &7 VFDQQLQJ WR WKH DQD@\VLV RI 0
ERQH DQG -REWOQBO RI $UFKDHRORJLFDO+6FLHQFH

%BUHXLO + 6WDWXHWWH ELVH[XpH GDQV OM RUREGRIF VW K
SHPEURNHVKER®IUQV 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



% XWOHU , % DQG S5LFNDUG ' JUDPERLGDDWLRQVWH IRU
LURQ ,, PRQRVXOILGH E\ KVGARFXL@  MWVPOOBWL&RIVPRFKLPLFD

+

&KDWWHUWRQ 5 6WDU &DUU 5HDQDO\WHG ,Q / %HYD(
SHRSOLQJ WKH OHVROLWKLF LQ D 1BBWKHUQ CPNIWRQPF
$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 (XURKBUBLEEZLQJ WK
<RUN *UHHQZRRG 3UHVYV

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

&RQQHOOHU & OLOQHU 1 7D\ORU % DQG WIMORPHQW LQ
WKH (XURSHDQ (DUO\ OHVROLWKLF QHEQWHVHKRMWRK DW 6WLC

&ULVWLDQL ( &4LYDOMHYLUG , DQG %RULU 'UQDPHRHWLG X
VXVSHQVLRQ WHFKQLTXHV LQ SUHKLVWRU\ &\PUIDQNE SKDU

OHVROLWKLF EXULDOV DWRSORDVODFRIEKMUEKDHRORJLFDO 6F
+

&ULVWLDQL ( )DUEVWHLQ 5 DQG OLUDFOHQW LQ VEKRUQTE
(DVWHUQ $GULDWLF 7KH 8SSHU 3DODHROLWKLEFW\Q BJRKPVRO
9HOD 6SLOD -RMBERWAODR!I $QWKURSRORJLFRO $UFKDHRORJ\

'‘DYLG $ DQG :DONHU ( :DOHV 'XULQJ WKH OH\OROOHL. WKL
(G OHVROLWKLF 6FRWODQG DQG LWV QHLJKERXUY WKH H
6FRWODQG LWV %ULWLVK DQG ,ULVK FRQWH[W DQG VRPH 1
SS * (GLQEXUJK 6RFLHW\ RI $QWLTXDULHV RI 6FRWC

'"HPRLVVRQ ) OXOOHW 0O DQG +XPEHUW % PH&\IWXRVH R[LC
RYHUDOO UHDFWXBIDEBDWRLD\QWHUIDFH $QD#O\VLV

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



(DUO * %DVIRUG 3 %LVFKRII $ %RZPDQ $ &URZWKHU &
,VDNVHQ / .RWRXOD ( ODUWLQH] ( 3DJL +QDQG 3LTXH
%RZHQ 6 'XQQ DQG . 5HIGEFVWDQFH WUDQVIRUPDWLRQ LPDJ
DQFLHQW GRFXPHQWDQGE DY WMDIHFWWRQLF 9LVXDOLVDWLRQ

JLVFKHU $ DQG9DQJ 3HWHUVHQ 3 )RUWKFRPLQJ WPEHU St
RI WKH 1RUWK 6HD ERWWOHG PDLO IURP WKH EWRPQI& $JH |, (
* 1 %DLOH\2K8UWQV RI $UFKDHRORJ\

JULW] & 7RZDUGY WKH 5HFRQVWUXFWLRQLRKGBINJ GIX®H QL
&RQWULEXWLRQ RI OLFURVFRSLF $QDPEVLG R $BREKDHRORS$
-RXUQDO +

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

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

*ULITLWKYV 6 SRLQWYV LQ 7LPH 7KH OHRRODWX IWKHHR (
&KURQRORJ\ RI /DWH 5RG OLRUROGWRX UL Q MURWIDURKDHRORJ\

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

9HU|IITHQWOLFKXQJHQ ]XU EUDQGHQEXUJMDRKGEQ /DQGHVDL
+

*oWK  $ 8VLQJ ' VFDQQOLQJ LQ WKH LQYHVWLWKXWERQ

HQJUDYLQJV ILUVW UHVX-®RWNVQRD O BLPRAMKVWRKGRILFDO 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 VEXNOWDXWPH DWW R |
(QYLURQPHQW LQ 3UHKLVWRULF :DOHV %ULWLVK $UFKDHR(



-RQHV $ 0 &RFKUDQH $ &DUWHU & 'DZVRQ , ODD] *XDU

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

PLFURFU\VWDODOIOH @R HMLICADF PLQHUDORJEVW

IDQJOH\ 0 & DQG 2T&RQQRU 6 <HDU ROG 1DQ¥VDULX
7LPRU /HVWH WHFKQRORJLFDO DQE&XX\WHD ZHDUS$ D RIDMHRIDWR .
6FLHQFKWWS 27272Z VFLHQFHGLUHFW FRP VFLHQFH DUWLFOH

IDUVVRQ / $ WRRWK IRU D WRRWK 7RRWK RUWRRHQW\
FHPHWHULHY R$FWBIMQEKNHRORJILEBUXHNG HQVLD *
IySH] % XHQGtDb $ 0 :KDWHOH\ O . * %DVWLGD - DQGO

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

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

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

ODO]JEHQGHU 7 *HOE ' :ROWHUV + DQG =XFNHRIPDQ %
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&OGUBUHIQQN $UFKDHRHO R J\

OLOQHU 1 /DQH3 7D\ORU % &RQQHOOHU &W CDU&DEFK DG O

D3RVWJODFLDO /IDNHVFDSH -RXD QWY R IRBIH Y MIDWDRKG $UFKDHR
+

OLOQHU 1 6DXO + DQG (OOLRWW %MHFW 6WDU &DUU $LU
|2,



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

0OXOODQ * DQG :LOVRQ / SRVVLEOH OHVROOWRIGF KD YH I
$ OD]JHO * 1DVK DQG & DGGBEQWWRWQOKGAM SKRU 7KH 3UHK
5RFN $UW RI SYLWDLQ 2[IRUG $UFKDHRSUHVV

1IDVK * 6WDWXV ([FKDQJH DQG ORELOLW\ 3RUWDEOH $U\
OHVROLWKREG $UFKDHRSUHVV %ULWLVK $UFKDHRORJLED
BHULHYV

1HZPDQ 6 ( $SSOLFDWLRQV RI 5HIOHFWDQFH 7WRQVIRU

WKH VWXG\ RI ERQH VXUIDAHXBROGDI IRADMWIFKQ@QWRORJLFDO 6F
+

1LHOVHQ 3 2 SHFHQW ([FDYDWLR@RXDQIO' LRV FPQH WVIKF
$UFKDHRORJ\

3RSD 5 .LQNOH % . DQG %DGHVFX $ S3\ULWH )UDPERL
,ZURQ 6XOIXU*HRWIHPMELRORJ\ -RXUQ@DO

34ARQND 7 7KH SRUWDEOH DUW RI OHVYURPAWAKLRGRURISHWZR
8QLZHUV\WHWX :URFaDZVNLHJR

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

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

5LULY 3 DQG &RUWHOHWWL 5 $ 1HZ 5HFRUG IRQ 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 . /& B I XO IQR/DIW L RIDW
KDQGKHOG HQHUJ\ GLVSHUVLYH [ UD\ IOXRUHVFHQFH
FKHPRVWUDWLJUDSK\ D&KH PHRB R HMHR@RU\

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



6FK*ONH $ (W XQLNW PHVROLWWLVN DQ@KHQJILIRJDVIU X Q V
DUNHRORJLWALQGERN, ,,

6PLWK * DQG +DUULV ' 7KH ([FDYDWLRQ®R ¥WAHMREBLWKIL

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

6PLWK 5 (IDPSOHV RI OHXRIOAWKWEVRUWXVHXP 4XDUWHL
+

7RIW 3 $ :KDW JRHV ZKHUH" ,QWUDV LW YOWKRR\H\DR)I G

DUW DQG IOLQW SLENV RI WKH ODJOHPRVH DQG .RQJHPRVH &

BFKXOWLQJ * :DUUHQ DQG 3 RRREPDWK(EWFRUL]RGE 9ROXP
2[IRUG 2[ERZ %RRNV

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

7RVHOOR * DQG 9LOODYHUGH 9 3RUWDEOGPEWWK 5HFR
(G (QF\FORSHGLD RI *OREDSS$UFKODHRORHBZ <RUN 6SULQJH

O9DXJKDQ 3 8VH ZHDU DQDO\VLV RI IODXHERQVRBQH WYWRR/Q W\
$UL]RQD 3UHVV

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



