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"HFODUDWLRQ

7KHHSURMHFW BURVHQMODO VWXGLHV RQ VNHOHWDO UHPDLQYV
$UFKDHRORJLUDWULDREBRQWD )LQDQFLDO VXSSRUW IURP WKH
MRLQWO\ SURYLGHG E\ WKH 8QLYHUVLW\ RI &DJOLDUL DQG -D
ZHUH DOVR VKSERWWMHP BHIJLRQH $XWRQRPD GHO®DRDQEH J
SURMHFW % LQ WUDQVQDWLRQDO PRELOLW\ IURP WKH 8Ql

.QRZ WKH 6HD WR /LYH WKH 6HD SURMHFW [URP WKH &RPXC

, GHFODUH WKDW WKLV WKHVLV LV P\ RZQ RULJLQDO ZRUN X
WKHVLY RXWSXW LQFOXGHV PDQXVFULSWVLQ K\DKWM KDF PHER H B\
SURMHFGNXQVXEPLWWHG RQHV HRXKWGOLOHNE QW RKDHS WHW ¥ RA

GLVFXVVLRQV DQG VXPPDULVHG LQ WKH FRQFOXVLRQ

SRVVHOOD 3DED



SEFNQRZOHGJPHQWYV

, ZRXOG OLNH WR H[SUHVV PYXAHUFHUHR UV D BURIX GHPWRKRP SV
'RPHWW 3URI ®DUORQ/QXDOIL BBWIR&EDDQMOEHNROU WKHLU VXSSR
HQFRXUDJHRMXQW OLNH WR DOVR WKDQN 3RV S HIF1HD@® &\KKOBJI NI
7LP PHQWIRIMHRGQGGIRU NHHSLQJ PH PRWLYDWHG WR .DWH IF
VWUDQJH SDQGHRLKMHPIHD PG RQ WERE 8 HWW BDSH WW P M H ARQ

PH DQG PDNLQJ PH D EHWWHU UHVHDUFKHU

7KDQN \RX WR -DPHV &RRRZQQYYEOWNIWWRGEXGH WH IHHO ZH
ZLWKLERO&RDHGLFLQH DQG 'HQWLVWU\ WKH &ROOHJH RI 6RF
UHVSHFWLYHO\ 7KDQN \RX WR DOO WKH SHRSOH WKDW , KDY
ZDURPWQHHGHG LQ GLTIKD R WWRXRP SIERMVM. JLQDO DQG 7RUUHV 6

SDVW SUHPHQWNI®8HWKLY DPD]LQJ ODQG $XVWUDOLD

7TKDQN \RX WR WKH OXVHXP RI 2EVLGLDQ LQ 3DX D QKDIIFKIHUXJ

ZKR VXSSRUWHG PH LQ WKH FRQWH[WXDOLVDWLRQ RI WKH VN

$ JUHDW WKDQNV WR WKH OXVHXP 6D "RVMRX VRN VGL UBFW RIUQ(6
ZKR PDGH DOO WKLV SRVVLEOH WR KHU JUHDW WHDP ZKR V
DOORZ PH WR FRPSOHWH P\ GDWDL PR CcMHDFV MBRRY MD UEUWYSE HRL

NHHSHU RI WKRIKW) RO HGIMHO HI[FDYDWLRQ RI WKH 1HFURSRO|

7TKDQN \RX WR WKH '"HSDUWPHQW RI /LIH DQG (QYLURQPHQW ¢

DFFHVV WR WKH FROOHFWLRQ LQ WKH $QWKUR S KMRID LOAXK HDX)



WUWRWDOORZ PH WR SUHVHQW7RBEBRBWXBHVWIRULWKBLR UVW IRL

WDNLQJ SLFWXUHY DQG WKH KRXUV VSHQW WRJHWKHU WDON

7KDQN \RX WR W KFH\ &R S\WM K H QW M@®&IRR GIDW D GBRRRLY CRYFEHWLK/W D Q F
DQG 6RXWKRBDUGYRQD PH WKH SHUPLVVLRQ WR VWXG\ WKH C
GDWD DQG WR DFFHVV WKH OLWHUDWXUH DUFKLYH $IG/SHFL
PH WKKRROW WK H ISURMWM FWWR ,JQD]LR 6DQQD ZKR HQKDQFHG F

DUFKDHRWKKH B{BBHULHQFH ZLOO DOZD\V EH FKHULVKHG

O9DOXDEOH VXJJHV WY RDANGSISRW WUISRFPWDRNHL RQU\ VWDUW ZDV J
$OYLWR LIDPRSIROR 3LJD /$%$12) 3URI 5REHUWR &DPHULHU

8QLYHUVLW\YV UHVHDUFK WHDRBDRODWLBRDJQRUODQGR DQG 3URI

7KDQNV WR P\ IDPLO\ ZKR KDYH EHGWHKYKR& I QVRH VD QB XWQIBR |
ZLO®O@E@SLUDWLRQ WR P\ QLHFH DQG QHSKHZV ZKR \WR D NEIHDIL

YLD VPDUWSKRQH

$QG RI FRXUVH W KDREX\WRWRWEO bDREH@VLVWHUYV ZKR FKHHUHG V
OHIW PH VLQFH HYHQ EHIRUBKWKHKDQUWYVEMBRLR\QLYHFRDP\ JUR >
WKURXJKRXW WKH WKHVLV ZHUH WKHUBXIFKUWPAHHN DQG& DORSYSR UR

\RX DUH



IDWXUH |&RQWULEXWLRQ 1DPHV DLMGOSHIVL O
$VVLVWD &R&ERQWULEXWRUV
,QWHOOHK3URI &DUOR /XJOLp DU|[8QLYHUVLW\ RI &D
VXSSRUWUHVHDUFK
$VVRFLDWH 3URI .DWH 'FE-DPHV &RRN 8QLYI
PHWKRGV UHVH
'U  $QQD :LOOLV DQWKI(-DPHV &RRN 8QLYI
UHVHDUEK
3URI 7LP 7KRPSVRQ DQW7HHVVLGH 8QLYHU
UHVHDUEK
'U 'DULR 'fRUODIUF KO 8QLYHUVLW\ RI &D
'U  $QGUHD $OYLWR  * 7HUDYLVWD

SKRWRJUDPPHWU\

‘U -HQV .QDXHU SURRI UH

-DPHV &RRN 8QLYI

JLOQDQFLI

VXSSRUW

'"HSDUWPHQW RI +LVWRU\ &
VWXGLHV JUDQW

&ROOHJH RI OHGLFLQH DQC

8QLYHUVLW\ RI &LC

-DPHV &RRN 8QLYI

'‘DWD FRC(

BXSHULQWHQGHQF\ RI WK

&DJOLDUL DQG WKH 3UF

SHUPLVVLRQ DQG DFFHVYV
0%$'1 DFFHVV WR W K
'"HSDUWPHQW RI /LIH DQG (

DFFHVV WR WKH UHPDLQV

OLQLVWHU RI1 &XO\

BHQRUEW@RXQF

8QLYHUVLW\ RI &D




SEVWUDFW

6DUGLQLD KDV EHHQ D FHQWUH RI FXOWXUDO DQG HFRQRPLF
7KLV VWXG\ SURYLGHV WKH ILUVW FRPSUHKHQVLYH HYDOXDW
SHULR®W GQQRUNVW ®LIGGIOH VW B R BQ WH\ W ILBIKWM HVAN H O HRVBXO U H P
JRUUX GH LV 6LQ]XUGHGRGEYWHMHL QRTDMKH /XQD 1HFURBBRWOILEHIGQ

LQIRUPDWLRQHUDWKH 3XQLF

7KH DSSOLFDWLRQ RO \WGE ¥ D QVRI BDFRKIE WMHAMAOHD FRPSRVLWLRGQ
UHPDKIQ®SHG WR DVVHVV MMXHKHK QHWBU\ZKLAKH 200V D PDMRU
SURGXFWLRQ DQG OLNMWURSENWAR RN DF R R WA IHDE VIVGY RE@&L & 3V \
REVLGRMQN BBNDTGRWAX OMHFKQLTXH DSSURIDIFKWO B VRN B HRB ORKHF
RI FUHPDWLRQ EXULDOV DW W KHQ@ARQWHHH® O FHLQ Q@ I WPMMGH 600 I G@ESL(
1HROLWK LA B HY QRIGIDUA IRXIDMBHY. @H U V W DIQ\G HORAKMKMIH GXULQJ
LQWHUBRRZIRQNADKIRW IRBRQ RP IDFOFEROW XUDO 7KLV VXJJHVW)\
ZDV SUDFWLFHG LQ WKH UHJILRGIEROQMIEKN WX D\ HHOW O YD & MK
WKDW WKH 1HROLWKLF '"HPRJUDSKLF 7UDQVLWLRQ KDG DQ LP
SHRSOH VWDUWHG WR OLYH LQ PRUH GHQVHGHB®& YR DA !
KHDOAYBRV® LQFUHDVH LQ GLVHDAKH DYG IPRE& \RDBGDWG U@MWHK DV
LVRODWLRQ DQG ORZ OHYHOV RI JHQHWLF DGPL[WXUWMK WK
VHDIDULQULQHWEEBOHROLWKOMKH LVODQG ZDV BRUHQS$RBKE
3XQLF 5RPDQ (U\DWRMDIEHN UH @HML FEWHIWZ IDHDQ IPVR IGHHW QS HIRE®IHQ R D

WKH OLGGOH 1HROLWKLF



7KHHJLRQDO GIXHHWRIMFKKM DUULYDO RI IDUPLQJ FRPPXQLWLFE
GLIITHUHQFHVFRRXOGA KOWHG WR WKH HYRQXMDLURDLQ DIV & H KW
/XQD IROORZ WKH VDPH WUHQG FDULHV ZDV DJH SURJUHVVL
WRRWK ORVV BWX0R REHIEB QU F DI RIE/DEDW BXEHW R DIQFWR UV
WR GLHW IHUWLOLW\ DQG EHKDYLRXUDO IDFWRUV 7KH GH
VXJIJHVWLYH RI FKDQJHV LQ GLHW DQQ GLRDAUR UWURILOWW H ¥ R
VKRZHIBWHY RI VXEWGXRPW EFRUKVORFDOLWLHY VXJIJHVWLQJ D S
WKH OLGGOH 1HROLWKLF DQG 3XQLF (UD 7KH VWDWXUH DQG
VXJJHVWHG PDOHV ZHUH KHDOWKLHU WKDQ IHPDOBKRRKL\Q E
KDYLQJ WKH VDPH DFFHVV WR TXDOLW)\ IRR&DQJRIH@HWQF

SUHGLVSRVLWLRQ WRVEDOBINVIBD WXIFIK DV EHWD

7KH RVWHRELRJUDSK\ RI 7TRPE LQ WKH\RKXKQWHRRQD 1HFURE)
LQ DQ DW\SLFDO SURQH GHSRVLWLRQ KDYLQJ GLVWXUEHG D!
RI DJH 7 VXITHUHG WZR GLVWLQFWLYH W\SHV RI SHULPRL
WUDXPD WR WKH RFFLSLWDODBK®H HD® ¢ KDVBDOBOFHX W&DXE D>
JRRGVY DOORZ D YHU\ VSHFLILF GDWLQJ RI WKLV EXULDO WR \
FXOWXUHV WKRKDBIUDFRQWCHULVWLFV RI WKH \RXQJ ZRPDQYV V

XQGHUVWRQKBUDU DQG FXOWXUDO EHKDYLRXU DW WKH WLPH

$Q XQGHUVVWVHRWHKWHIRI JHRJUDSK\ ZDV REWDLQHG WKURXJK
PRGHOOLQJ WKKHOQBPGOG\WR LGHQWLI\ RWKHU SRWHQ@QIF2L6 QW I
SHRSOH DQG FXOWXUHV VXFK DV WKH HQYLURQPHQW DQG W
FDQ KHOS WR H[SODLQ R&IB\DWNUNNIBBRY AERMGY IDRXGJ ZK\ FHUWD
EHKDYLRXU PD\ KDYH RFFXWKHIEEORYHH\D AWIBEPHX V HIX DO XQGHU

G\QDPLFV RI WKH DQFLHQW Q& FALKMLUH ¥ HWIKHHIMU K MWPKD BINVQ K



WKHLU DFWLRQVQDQGGEKNKLIRWIGRMIN DD GHP XMW X @ H MRHIOEF KR Q J

DOR MQYROYH WKH FRPPXQLW\ LQ WKH SUHVHUYDWLRQ RI WK

7KH VLIJQLILFDQW FRPSOH[LW\ RI 6DU®LQE OF QUR DWWV SRV LY
LQGHSHQGHQW GHYHORSPHQW RI WKH LVODQG EXWURWK D
GXUMWXH OLGGOH 1HROLWKLF DQG WKH 3XQQREZQIRUPROM/L K
GHPRJUDSK\ KHDOWK DQG HQYLURQPHQWDO VWH FWR IL@ WX
WKH UHVSHFWLYH BK$XODWH RIQYFWKREZ Y 6 R\WPIPRAOLDNULHWL M W SO L
VHYHUDO PLOOHQW¥H® BDQGLHKDHBRQMVAXQWXUDO DQG KLVWRL

SURYLGHY YDOXDEOH LQIRUPDWLRQ WR DLG IXWXUH UHVHDU
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7T$%/( 28217(176

/ILVW RI )LIXUHYV

/ILVW RI 7TDEOHYV

 QWURGXFWLRQ

8QGHUVWDQGLQJ WKH SDVW

6DUGLQLD HQYLURQPHQWDO DQG DUFKDHRORJLFDO I1UD

6QDSVKRWY LQ WLPH 6X )RUUX GH LV 6LQ]JXUUHGGXYV

SHVHDUFK DSSURDFK

$ ELR VSDWLDO SRLQW RI YLHZ

2EMHFWLYHV

7TKHVLV 6WUXFWXUH

S$UFKDHRORJ\ FRQWH[WXDOLVLQJ 6X )RUUX GH LV 6LQ]XUL

$UFKDHRORJLFDO 2YHUYLHZ

7KHRUHWLFDO $SSURDFK

7KH 1HROLWKLF DQG WKH VLWH RI 6X )RUUX GH LV 6LQ]>

7KH 3XQLF (UD DQG WKH VLWH RI ORQWH /XQD 1HFURSRC

7KH +XPDQ 5HPDLQV D OLIH LQ GHDWK DW 6X )RUUX GH 1

1IHFURSROLYV



ODWHULDOYV

6X )RUUX GH LV 6LQ]XUUHGGXYV

ORQWH /XQD 1HFURSROLYV

$IDWHDWK HVWLPDWLRQ PHWKRGYV

6H[ HVWLPDWLRQ PHWKRGV

SHVXOWY DQG 'LVFXVVLRQ

3DX

ORQWH /XQD

'LVFXVVLRQ

/ILPLWDWLRQV DQG ELDVHV

5LVLQJ IURP WKHVWHNKKQYLTXHPXOAWIO\WLFDO DSSURDFK WR

VWXG\ IURP D OLGGOH 1HROLWKLF EXULDO LQ 6DUGLQLD ,WELC

 QWURGXFWLRQ

$UFKDHROWWLRDIO VH

*HRJUDSKLF DQG FXOWXUDO FRQWHI[W

7KH FROOHFWLYH EXULDO RI WKH 6X J)RUUX GH LV 6LC

ODWHULDOV DQG OHWKRGYV

+XPDQ UHPDLQV



,5)

)7,5

SHVXOWY DQG GLVFXVVLRQ

01,

+HDWGXFHG FKDQJHV

(OHPHQWDO FRPSRVLWLRQ

JUDJPHQW FRPSRVLWLRQ

8QGHUVWDQGLQJ IXQHUDU\ ULWXDOV LQ WKH OLGGOH 1t

&RQFOXVLRQV

"HOQWDO KHDOWK

JRRBQG GHQWDO KHDOWK

$JH DQG VH[ DQG GHQWDO KHDOWK

'"HQWDO SDWKRORJLHYV

6 XEVLVWHQFH DJULFXOWXUH DQG GHQWDO KHDOWK

JHUWLOLW\ DQG GHQWDO KHDOWK

'HQWDO KHDOWK LQ 3DX DQG ORQWH /XQD

ODWHULDOV DQG PHWKRGYV

$IHD@HDWK DQG VH[ HVWLPDWLRQ



'"HQWDO SDWKRORJ\

6WDWLVWLFDO DSSURDEFK

SHVXOWYV 3DX

SUHVHUYDWLRQ RI WHHWK DW 3DX

&DULHV DW 3DX

5HVXOWVY ORQWH /XQD

SUHVHUYDWLRQ RI WHHWK DW ORQWH /XQD

&DULHV DW ORQWH /XQD

SHULDSLFDO /HVLRQV DQG $QWHPRUWHP WRRWK ORV\

&RPSDULVRQ RI '"HQWDO +HDOWK LQ 3DX DQG ORQWH /X

'"HPRJUDSK\ RI WKH VDPSOHYV

&DULHV

6XPPDUBLRVXOWYV

3DX

ORQWH /XQD

3DX DQG ORQWH /XQD

'LVFEFX®VLR

6DUGLQLDQ GHQWDO KHDOWK



+HDOWK DV DQ LQGLFDWRU RI VWUHVYV

,QWURGXFWLRQ

6H[XDO GLPRUSKLVP

6WDWXUH

(QDPHGRSODVLD

ODWHULDOV

6X )RUUX GH LV 6LQ]XUUHGGXV 3DX

ORQWH /XQD 1HFURSROLYV

OHWKRGYV

6H[ HVWLPDWLRQ

6WDWXUH

(QDPHO +\SRSODVLD

SHVXOWYV

6XYRUUX GH LV 6LQ]XUUHGGXV 3DX

ORQWH /XQD 1HFURSROLYV

SHVXOWY 6XPPDU\

6H[ HVYWLPDWLRQ

6WDWXUH



/ILQHDU (QDPHO +\SRSODVLD (+

'LVFEXVVLRQ

6DUGLQLD 6 WDWXUH 2YHUYLHZ

(QDPHO +\SRSODVLD 2YHUYLHZ

6DUGLQLD *URZWK IURP OLGGOH 1HROLWKLF WR 3XQL

ILPLWDWLRQV DQG ELDV

$Q XQXVXDO FDVH RI SURQH SRVLWLRQ LQ WKH 3XQLF 5RF

,WDO\ OLFMFOQOBYOHOPWNWORWLRQ RI 7RPE

 QWURGXFWLRQ

$UFKDHRORJLFDO FRQWH[W

*HRJUDSKLF DQG KLVWRULFDO EDFNJURXQG

7KH QHFURSROLV RI ORQWH /XQD

7KH DUFKDHRORJLFDO IUDPHZRUN RI WKH 7RPE

$QWKURSRORJLFDO VHWWLQJ

+XPDQ UHPDLQV IURP WKH 7RPE

*HQHWLFV IDFWRUV

7TUDXPD

'LVFXVVLRQ



7TKH WUDXPD DQG LWV FXOWXUDO VLJQLILFDQFH

7KH EXULDO DUFKDHRORJ\

&RQFOXVLRQ 7RPE DQG LWV ZLGHU VLJQLILFDQFH

+XPDQ UHPDLQV LQ WKH FXOWXUDO VSDFH 7KH VWXG\ |

SKRWRJUDPPHWU\

,QWURGXFWLRQ

ODWHULDOV DQG PHWKRGYV

:KDW UHPDLQV

6XYRUUX GH LV 6LQ]XUUHGGXV 3DX

ORQWH /XQD 1HFURSROLYV

SUWHIDFWV

SHVXOWYV

6X )RUUX GH LV 6LQ]XUUHGGXV 3DX

ORQWH /XQD 1HFURSROLYV

'LVFXVVLRQ

6X JRUUX GH LV 6LQ]JXUUHGGXV 3DX

ORQWH /XQD 1HFURSROLYV

&RQFOXVLRQV



'LVEXVVLRQ

2EMHFWLYH 8QGHUWDNH DQ DQDO\VLV RI WKH GHPRJU
RI WKH VNHOHWDO UHPDLQV DW 3DX DQG ORQWH /XQD IRFX

DQG H®WHIQURIO FRQWH[W WR LQYHVWLIJDWH WKH OLIH KLVW

6X )RUURLEHXWUHGGXV 3DX

ORQWH /XQD 1HFURSROLYV

2%-(&7,9( $SSO\ QHZ WHFKQRORJLHV \WORKI MXRV SN FW
DQG )%/ WR VWXG\ EXULDO DQWHW LQ® KSKWREWE [WKRI ELR

HQYLURQPHQWDO LQIOXHQFHV RQ SHRSOH

2% -(&,9( 8VH ' PRGHOOLQJ *,6 PDSSLQJ DQG DHL
FRPSUHKHQG WKH ORFDOLW\ LQ ZKLFK SHRSOH OLYHG KRZ

PRGLILHG E\ LW

2%-(&7,9¢( BURGXFH D VIQWKHVLV RI OLIH KLVWRULHV |
1HROLWKLF DQG 3XRUAR (WBEH)RQWB&MHY ZLOO EH FRPSLOHG
FXOWXUDO DQG WHPSRUDO HQYLURQPHQWY DFURVV (XURS

SRRUO\ SUHVHUYHG DQG RU FRPPLQJOHG

&RQQHFWLYLW\ DQG H[FKDQJH D VXPPDU\

8QGHUVWDQGLQJ 3DX DQG ORQWH /XQD

&RQFOXVLRQV

SHIHUHQFHYV /LVW

$SSHQGLI[ $



$SSHQGL[ %

$SSHQGL[ &

$SSHQGL[

$SSHQGL[ (

$SSHQGL[ )



/,67 2),*85(6

J)LIXUH 6DUGLQLD

JLIXUH ORQWH /XQD 7RPE\BWWHVXP VLQJOH RU GRXEOH FKD
() HQFK\WULVPRV EXULDO ZLWK XUQ &RVWD

J)LIXUH ORQWH /XQD -HZHOOHU\ DQG WDOLVPDQ 7RGGH
5D DPXOHW LQ ERQH JROG OHDI RUQDPHQW

J)LIXUH 3DX 3UHYDOHQFH RI WKH W\SH RI SHUPDQHQW WRR'

JLIXUH ORQWH /XQD ([DPSOHV Rl OHYHO RI IUDJPHQWDWLR
UHJLRQV

J)LIXUH ORQWH /XQD ([DPSOH RI WKH SUHVHUYDWLRQ RI RQ

J)LIXUH ORQWH /XQD 'HPRJUDSKLF SURILOH RI WKH WHHW
DVVHPEODJH

JLIXUH ORQWH /XQD 3UHYDOHQFH RI W\SH Rl SHUPDQHQW \
DJH UDQJHYV

J)LIXUH *HQHUDO ZADSNRIURHEDWIWGED QLD ,WDO\ ZLVBIRX X2BR UU >
D@ RWKHU PDMRU 0OLGGOH 1HROLWKLF VLWHV O0DS & /XJOL

J)LIXUH +HDMWRDREXFHIGD QIJH RQ DUFKDHRORJLFDO KXPDQ EF
3KRWR & /XJOLq 5 3DED

JLIXUH 6SDWLDO GMVWQEXWILRPGRRERWWHU\ YHVVHOV 01
YHVVHOV LGHQWLILHG ZLWK GUDZLQJV RI WKH PDLQ YHVVH
VHOHFWHG IRU GHWHUPLQLQJ WKH PLQQPXP&QXKEBUGRE LADGE
)DQWL YHVVHO GUDZLQJV / )DQWL & /XJOLg

JLIXUH OQWDRQ RI WKH VWUDWLJUDSKLF XQLWV LQ WKH 6X )I
GLVSHUVLRQ RI EXUQW ERQHV QRWDEO\ WHHWK GHWDLO L
)DQWL



JLIXUHFDYDWLRQ RI WKH VWUDWLJUDSKLF XQLWV LQ WKH 6X
D 0% 6DQ &LULDFR ERZOKRWRWK DXUBEZg LPDJH / )DQWL

YJLIXUH 2VWHRORJLFDO FRQW URXRZ @ IWAHKPHSHHS [E\R R BN V E YeLRG
7KRPSVRQ SKRWR 5 3DED

J)LIXUH &,(/$% ' FKXWURORI P®EHOV DQG ERQHV VDPSOH I
86 7KH SDUW LQ JUHHQ LQGLFDWHY WKDW PRVW RI WKH
*UDSK 5 3DED

J)LIXUH &RQWUROV HOHPHQW SHUFHQWDJH RI &D 3 )H DQGC
D[LV HOHPHQWDO SUHVHQFH LQ SHUFHQWDIKLFRKKHVUUWKD EB}
WHPSHUDWXUH RYHU f DQG f& EDVHG RQ WKH HOHPHQW

J)LIXUH &, &3 FKDUW RI FRQWUROV DQG VHOHFWHIGLERQHYV
LQWHQVLW\ WHPSHUDWXUH *UDSK 5 3DED

J)LIXUH *UDSKLF UHSUHVHQWDWLRQ RI WKH FRUUHODWLRC
FRORXU LQ &,(/$% DQG K\SRWKHWLFDO SRVLWLRQ ,PDJH 5

J)LIXUH 3DX 3UHYDOHQFH RI FDULHV E\ WRRWK W\SH DQG [
J)LIXUH 3DX 'LVWULEXWLRQ RI FURZQ FDULHV EDVHG RQ VF
J)LIXUH ORQWH /XQD 3UHYDOHQFH RI FDULHV SHU WRRWK V
J)LIXUH ORQWH /XQD 'LVWULEXWLRQ RI FURZQ FDULHV EDVI

J)LIXUH ORQWH /XQD 3HULDSLFDO OHVLRQV GLVWULEXWLR

J)LIXUH ORQWH /XQD $07/ GLVWULEXWLRQ EDVHG RQ WRRW
J)LIXUH 3DX DQG ORQWH /XQD 3UHYDOHQFH RI FDULHV EDVI

YLIXUH ORQWH /XQD ODOH VWDWXUH PHDQ DQG FRQILG!
UHJUHVVLRQ HTXDWLRQV

JLIXUH ORQWH /XQD )HPDOH VWDWXUH PHDQ DQG FRQIL!
UHJUHVVLRQ HTXDWLRQV



J)LIXUH 6XPPDU\ RI 6DUGLQLDYY PDOH SRSXODWLRQLWWDW)
FRPSDULVRQ ZLWK RWKHU (XURSHDQV FRXQWULHYVY $GDSWH
LQGLFDWHY WKH DYHUDJH PDOH VWDWXUH IURP ORQWH /XQD

J)LIXUH 6XPPDU\ RI 6DUGLQLDYYVY IHPDOH SRSXODWLRQ VWDV
FRPSDULVRQ ZLWK RWKHU (XURSHDQV FRXQWULHV $GDSWH
LQGHVDWKH DYHUDJH PDOH VWDWXUH IURP ORQWH /XQD

J)LIXUH TRPE &RVWD UVWDE\H;&,R| HIEDYDWLRQ H[KLEL
UHG RYDO LQ WKH ULJKW FRUQHU UHSUHVHQWLQJ D ORZH!

YLIXUH *HQHUDO(PDW RDBBXQ®KD ,WDO\ ZLWK WKH DUFKDI
BHQRUEU DQG RWKHU PDLQ VLWHV PHQWLRQHG LQ WKH SUH

JLIXUH $HULDO SKRWRJUDSK\ RI ORQWH /XQD DW S WRHWRIQW
DQG SODQLPHWU\ 5 3DED

J)LIXUH 7TRPE JUDYH JRRIG¥HQVHQQERRGIROWHQGHQ]D $UF
GHOOH

JLIXUH *UDSKLF UHSUHVHQWDWLRQ RI W R W LKX.FRBQ DUHP B RQ\
7KH \HOORZ OLQHV LQGLFDWH WKH FUDQLXP DURXQG ZKLFK 2
SUHVHUYHG UHPDLQV DUH LQGLFDWHG LQ WKH VNHOHWRQ
ORFDWLRQIRXQ@G LQ WKH SURQH SRVLWLRQ DQG UHSUHVHQW
WKH VNHOHWDO GLDJUDP WR WKH OHIW 3DED 5

J)LIXUH (YLGHQFH RI PHWRSLVP 5HG DUURZV DQG :RUPLDQ
FDOYDULXP 3DED 5

JLIXUH (YLGHQFH RI KHDOHG WUDXPD LQ WKH PLGVKDIW RI
ZLWK IRFXV RQ WKH KHDOHG WUDXPD LQ UHG UHFWDQJOH I
WUDXPD /DL *

JLIXUH (YLGHQFH RI WUDXPD RQ WKH RFFLSLWDO ERQH DG
5 % HFWRFUDQLDO VXUIDFH ZLWK UDGLDWLQJ IUDFWXUHYV
YLHZ VKBEPRGEHOOLQJ OLNHO\ IURELSMXUWRMDE DOX\D XIUPJ FOE
GLVDUWLFXODWLRQ GXH WR D GLDVWDWLF IUDFWXUH DORQJ
HYLGHQW RQ WKH HQGRFUDQLDO VXUIDFH 7KH IODNH ZDV QF



JLIXUH VNXOO (YLGHQFH RI IURQWDO WUDXPD LV&KRZH $
XS RI WKH ULJKW IURQWDO ERQH WUDXPD % HFWRFUYDQLDO
FORVH XS RI WKH LQWHUQDO HGJHV RI WKH WUDXPD HFWRF
ULJKW VLGH ( LV WKGHL®Y | HAKIHMHHBE HY WKRIZ H[SRVHG GLS(¢
WUDXPD * (QGRFUDQLDO YLHZ LQGLFDWLQJ EHYHOOLQJ RI

JLIXUH 1DLO IURP 6LVLQL /DL *

J)LIWU 3DX *HRJUDSKLFDO ORFDWLRQ DQG FDUWRJUDSKLF |
SRVLWLRQ RI 3DX ZKLOH WKH JUHHQ DUHD LQGLFDWHV WKH
ULIKDMQG LPDJH UHSUHVHQWY WKH SOQPH] RRQ® K HLFDY VWWIBMIRLC

JLIXUH ORQWH /XQD ' PRG HO® RUHNWKH VDMO RQWK WIKQUIOH D
WKH SURFHVVLQJ SKDVH XVLQJ $JLVRIW OHWDVKDSH 3URIHVV

J)LIXUH ORQWH /XQD 5DVWHU ILOH XVHG WR REWDLQ VKDSH
QHFURSROLYV

JLIXUH 3DX 0DSSLQJ RI DOO IDXQDO DQG KXPDQ ERQH
LWV YROXPHWULF FXUYHV 7KH HQWUDQFH LV ORFDWHG WR V

J)LIXUH 3bX 0DSSLQJ RI bOO WHHWK 1 SHG GRWYV LQG
ZKLOH \HOORZ GRWV VKRXZXQDKIHH EW KXPEBWHGI RQWVR Q

JLIXUH 3DX O0DSSLQJ RI DOO KDQG DQG IHHW ERQHV WRWLE
J)LIXUH 3DX 0DSSLQJ Rl WHHWK DFFRUGLQJ WR DJH UDQJH"

YJLIXUH 3DX 01, Rl KXPDQ UHPDLQV WHHWK LV DVVRFLD!
RUQDPHQWYV

JLIXUH 3bX /RFDWLRQ RI WKH VHOHFWHG FUHPDWHG UHPD
JLIXUH ORQWH /XQD '(0 SLFWXUH

JLIXUH ORQWH /XQD &RQWRXU PDS RI WKH KLOO 7KH WRP
EHHQ EDFNILOOHG DQG UHPDLQ RSHQ

JLIXUH ORQWH /XQD 0DS RI WKH GLVWULEXWLRQ RI WKH Gl
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ORQWH
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01, SHU WRPE

SHSUHVHQWDWLRQ RI WKH LQGLYLGXELC

'LVWULEXWLRQ RI

7TRPE $

TRPE %

TRPE

7TRPE

7TRPE

TRPE

TRPE

7TRPE

7TRPE

7TRPE  $

TRPE %

7TRPE

7TRPE

TRPE

7TRPE $

TRPE F%

LQGLYLGXDOV ZL\

6DUGLQLD FLWHG VLWHY DQG ORFDWLRQV



[,67 2Y$%/(6

7TDEOH
7TDEOH
7TDEOH
7TDEOH
7TDEOH
7TDEOH

7TDEOH
VHI

7TDEOH
7TDEOH

7TDEOH

6DUGLQLD &KURQRORJ\ 5HYLVHG IURP 7\NRW
3DX 7RWDO QXPEHU RI WHHWK SHU DJH FODVYV
3DX 'HFLGXRXV WHHWK
3DX 3HUPDQHQW WHHWK FRXQW

ORQWHQWQDLHG HOHPHQWY EDVHG RQ DQDWRPLFDO
ORQWH /XQD ,GHI®\8EN\EQ LIDOHWVPMIQOWHMWLRR W K

ORQWH /XQD 7RWDO QXPEHU RJVDPISOW KDEP®IWHR R Y &

ORQWH /XQD 'HFLGXRXV WHHWK FRXQW

ORQWH /XQD 3HUPDQHQW WHHWK

6X )RUUX GH LV 6LQ]XUUHGGXV WHHWK DQDO\VLV 5,

ULJKW GHFLGXRXV LQFLVRU

7TDEOH

6X J)RUUX GH LV 6LQ]XUUHGGXV SKDODQJHV DQDO\VL

VLEGRGORZLQJ *DUULGR 9DUDV DQG 7KRPSVRQ

7TDEOH

6X )RUUX GH LV 6L XKUUHBQG&VBY¥DPSOIYDORWHG E\

WHFKQLTXH DSSURDFK

7TDEOH

,GHQWLIUHELRQDWRPLEP®OH IURP 86 DQG 86

WHFKQLTXH DSSURDEFK

7TDEOH

3DX 'HFLGXRXV WHHWK DIIHFWHG E\ FDULHYV

7TDEOH &BOWXHV GLVWULEXWLRQ LQ GHFLGXRXV WHHWK XVLQ
VHSDUDWHG E\ FURZQ DQG URRW

7TDEOH

3bX 7KH SUHYDOHQFH RI FDULHV LQ SHUPDQHQW W



7TDEOH 3DX DQWHULRU DQG SRVWHULRU GHQWLWLRQ

7TDEOH MO BQHH RI FDULHY DV UHFRUGHG E\ OHYHO RI VHY
OHVLRQ DQG DV GLYLGHG E\ WRRWK W\SH DQG DJH FDWHJRU)

7TDEOH 3DX PD[LOODU\ DQG PDQGLEXODU PRODUV LQ FRPSD
7TDEOH ORQWH /XQD 'HFLGXRXV WHHWK DIIHFWHG E\ FDULH

7DEOMRQWH /XQD &DULHV GLVWULEXWLRQ XVLQJ %URWKZHC
E\ FURZQ DQG URRW

7DEOH ORQWH /XQD 7KH SUHYDOHQFH RI SHUPDQHQW WHH
7DEOH ORQWH /XQD 3URSRUWLRQ RI FDULHV LQ WHHWK
7DEOH ORQWH /XQD 3URSRUWLRQ RI FDULHV LQ WKH DQWH

7TDEOH ORQWH /XQD )UHTXHQF\ RI FDULHVY DV UHFRUGHG E'
DQG URRW OHVLRQ SHU WRRWK W\SH DQG DJH FDWHJRU\

7TDEOH ORQWH /XQD &DULHV LQ WKH PD[LOODU\ DQG PDQGL

7TDEOH ORQWH /XQD 7KH IUHTXHQF\ RI SHULDSLFDO OHVLI

7DEOH 3DX DQG ORQWH /XQD WHHWK VDPSOHYV
7DEOH 3DX DQG ORQWH /XQD 7KH SUHYDOHQFH RI SHUPDQI
7DEOH 3DX DQG ORQWH /XQD 3UHYDOHQFH RI FDULHV LQ W

7TDEOH 3DX DQG ORQWH /XQD )UHTXHQF\ RI WKH VHYHULW\
DQG SHU WRRWBRWHSRUDQG DJH F

7TDEOH 3DX DQG ORQWH /XQD )UHTXHQF\ RIIRK H IV[H O DUDLUWV \I
PDQGLEXODU PRODUYV

7TDEOH 3DbX (+ W\SH RI RFFXUUHQFH HVWLPDWHYV

7TDEOH ORQWH /XQD 6HFWLRQ 3RLQWYV $QDO\VLV IURP KXPFE



7TDEOH

7TDEOH

7TDEOH

PHWKRG

7TDEOH

ORQWH /XQD

ORQWH /XQD 6WDWXUH FP DVVHVVPHQW EDVHG RQ

ORQWH /XQD )HPXU 6WDWXUH FP DVVHVVPHQW

ORQWH /XQD ODOHVY VWDWXUH HVWLPDWLRQ IURP K

JHPDOHVY VWDWXUH HVWLPDWLRQ IUR

VDPH PHWKRG

7TDEOH

7TDEOH

7TDEOH

7TDEOH

7TDEOH

7TDEOH

7TDEOH

7TDEOH

7TDEOH

7TDEOH

7TDEOH

7TDEOH

ORQWH /XQD ODOKHU V PHDQ VWDWXUH FP GLIIHUE

ORQWH /XQD 6WDWXUH FP HVWLPDWHV 7*$ |IHPXI

ORQWH /XQD ,QFLVRUVY (+ HYWLPDWLRQ
ORQWH /XQD &DQLQHVY (+ HYWLPDWLRQ
ORQWH /XQD 3UHPRODUVY (+ HYWLPDWLRQ
ORQWH /XQD ORODUVY (+ HYWLPDWLRQ

ORQWBIO/KX @G )HPDOHYV IUHTXHQF\ RI (+ EDVHG RQ
ORQWH /XQDVK PXIOWL IGXDM K\BIRSODVWLF OHVLRQV
ORQWH /XQD 6XEBGKDOGHDRWGWHHINXD OAL WK K\SRSOD!
ORQWH /XQD 6WDWRQHIREPNQRBQ(Y HIVMIPDWIG XD OV
ORQWH /XQD 6WDWXUH HVVOIMPDMWNR @ RRUB NQRZQ VH

ORQWH /XQD 7RPEV DQG JUDYH JRRGV



SFURQ\PV

$' DIWHU &KULVWYTV ELUWK
$07/ DQWH PRURWHP WRRWK O
%& EHIRUH &KULVWTV ELUWK
&(- FHPHQWRHO MXQFWLRQ
(+ HQDPHO K\SRSODVLD

01 OLGGOH 1HROLWKLF

3/ SHULDSLFDO OHVLRQV
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7KH SUHKLVWRULRNUDW GER@ISDH] DQG G\QDPLF HIWHQGLQJ IL
RFFXSDWLRQ LQ WKH 3DODHROR@WBLF &D0Oz MQYWILD HDUO\
FODVVLFDO DOQWLTSRLW{VVHQW.LDO WR XQGHUVWDQGLQJ ERW|
RI WKH 6DUGLQLDQ FXOWXUDO DQG ELRORJLFDO ODQGVFDSH
FUHDWHG WKH DUFKDHRORJLHD@EG UBXLROUGENQ JN X/ERAHR. B XOWPID WA

DELOLW\ WR DGDSW WR WKHLU QDWXUDO DQG FXOWXUDO HC
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)LIXUGDUGLQLD

$QWKURSRORJLFDO VWXGLHV LQ WPHGWQXUD BEAGDQQL® LUK

REVHUYDWLRQV GHVFULSWLRQV DQG FODVVLILFDWLRQV RI |



UHVHDUFK IRFXVVHG RQ DQWKURSRPHWU\ VWDWXUH FUDQL
PLJUDWLRQ $UGX RRHIRWR J)UDVHWWR OD[LD 0L
OD[LD DQG )HQX *HUPDQ] JORULYV
WKH SDVW IHZ GHFDGHV PROHFXODU DQWKURSRORHY KR YU
PLJUDWLRQ DQG JHQHMWIF SWFXOLDULWUBDYFD OQREBD HW DO
6DQQD )UDQFDODFFL HW DO OBSRFDWDDBW DO &KLDQJ |

ODUFXV HW DO

,Q UHFHQKH\WWNXG\ Wl 6DUGLQLDQ KXPDQ UHPDLQKREBIW HIJS B\Q
H[SORUDWLRQ RI EHKUDNQRWWHIEODVGE AW\D OWEUHVHQWY D QH:
WKLV SURMHFW LV WR FRQWULEXWH W R6 DQGWKILDS A& R ROEIXO
DQDO\WHV Rl KHDOWK IXQHUDU\ EHKDYLRXU DQG FXOWXUF}
HQYLURQPHQW LQ ZKIHF KVBHRISIH I LOAHN NGULHW\ Rl 6DUGLQLDC
JDLQLQJ DFFHVV WR W KRHWVKXPDLY UBPBYWLIDWHY WKH OLIHZE
DGYDQFHG OLGGOH 1HR®EWRIORG RQH IURP WKH 3€Q L F K(HW\DH

SHULRGMN FKRYM@®WRILIQLILFIFXWWREDR FKDQJHV WKB OLGG
IURP KXQWKHUHU WR IDUPLQJ VXEVLVWHQFH DQG YLOODJH

LOWURGXFWLRQ RI PRQRFXOWXUH

81'(567%$1',1* 7+( 3%67

7KH VWXG\ RI WKH SDVW KDV EHHQ XVHG WR GLVFRYHU WKFt
VRFLHWHEHWWW®R XQGHUVWDQG KXPDQ HYROXWLRQ LQ WHUP\
XQGHUVWDQG SDVW OLIHVW\OHY DQG KHDOWK WHFKQRORJ\

KLOH WKH PHWKRGV IRU VWXG\LQJ WK K F\DKDW K CDYCHZ B K\D @ HHH!¢
RQ ZKDW ZDV OHIW EHKLQG E\ SHRSOH IURP ZULWWHQ UHEFR

$UFKDHRORJ\ SOD\V DQ LPSRUWDQW UROH LQ WKH VWXG\ RI



DSSURDFKHV |URPWHKH D/OVEEBRVI®YQ IRUG DUWHIDFWYV DQG
:DWVRQ 5HQIEKZ O MLMEVEXULREBXLUBGAVDQG KXPDQ UHPI
%XLNVWUD$OO RI WKH DSSURDFKHV FRXOG EH DSSOLHG W
HOLURQPHQWY WR LQIRUP DERXW WRKZHODQIGI HRMHE H@ SOHV WQ
JHRPRUSKRORJ\ DQG FIOUWDWH FKDQDBQLQR VeBNKRXREFD

HYROXWQRQ DQG EHKDYLRXUODWA BIGRDRPL¥FFDOL

TKNWXG\KXRHPDQYNGVWRB IEHHEKWRGRORILWHROWN RUNY DOVR NQ
OLWHUDU\ KLVWRU\ LV WKH SHULRG IURP WKH ILUVW VWRQI
UHFRUGY DQG ILUVW ZUIEWNVRE WVRYWHPH DEISHODRDQEW RI ZULW
(J\SW DQG GDWLQUIJWRU HW& O OLWWHQ UHFRUGYV FDQ SURYLG
LQIRUPDWLRQ WKDQ PDWHULDO UHPDLQV KRZHYHU UHFRUG
LQWHUSUHW DQG WKHUH LYLWKB EQEMUWHOXVEPRUHWKLE RQH
ZULWWHQ GRZQ DIWHU PDQ\ \HDUV RI RUDO WUDQVPLVVLRQ |

E\ DFFLGHQW RULBQRSJXH®RNG

SUPKHRORJLFDO GDWD W R JHRADKYHHU E2A MK W R) PFOMYMNHLCBRUER XSLDAHD/G L
WKHRUHWLFDO SHUVSHFWLY®QW HU & KD®EBBRIDGE B DL QD@L Q G |
FRPELQHG WKH VWXG\ RI ZULWWHWHUHBR UGN\ VG WIKHSDRY¥ a8V
RI WHFKQRORJLFDO HYROXWLRQ LQ DUFKLWHFWXUH WKH PD

DQG ULWXDO EHKDYLRXU

7KH IRFXV RI DUFKDHRORJ\ LV RQ SHRSOH DQG ERRUVRJXMHIX
UHPDLQV 7KLV FDQ EH GRQH XVLQJ D KXPDQLVWLF LQW
RVWHRDUFKDHRORJ\ DSSURDFK 6RDIHU 7KLV ZDV RXW
RI FXOWXUH E\ (GZD V& XoXN)QUHMRW RN\ DIRONIHDQ LQ LWV ZLGH H

LV WKDW FRPSOH[ ZKROH ZKLFK LQFOXGHV NQRZOHGJH EHC



FDSDELOLWLHYVY DQG KDELWYV RFYREUH®W\E\ PDQ D WV RGFHJPIEHIR
FXOWXURIWRBAMOHNGIH DFTXLUHG IVRR FD KPURRDXGSYV DR/HPRIP IEH-WQ D (
DSSO\LQJ DQ HYROXWLRQD@D G5 NAXNCERWWHH DMV VOQR WWHDV HTX

ELRORJLFDO VSHFLHYV

JUDQ] %RDV H[SDQGHG WKLV 1 GXO WX GRRTAB O LR\ HEDRMENELGEOWOLD

S(WKQRORJLFDO SKHQRPHQD DUH WKH UHVXOW RI WKH S
RI PHQ DQG RI LWV GHYHORSPHQW XQGHU WKH LQIO
6 XUURXQGLQJV DUH WKH SKRXDMDW FR@E&GLWKHRQARRIR®
SKHQRPHQD L H WKH UHODWKRQPRIURD ® KAHR VADXQG\ RI1 W
VXUURXQGLQJV LV LQVXIILFLHQW WKH KLVWRU\ RI WKH
WKURXJK ZKLFK LW KDV SDVVH&G R ZWWKPZHKBBWMRRNP B Q

FRQWIXNWW EH FRQVLGHUHG®

7KBHR S OMKBIUFH Q W U HWRIHL Q\@ WHHADE WH RISWWK WK H RRUBEGWHS E
WKH HQYLPB®QPHOBOXFVO\HWI®RE NWVKHLU ORFDO DQBVJY®REDO
LQGLYL@WBOFRQQHFWYV EHK D YLFSYAD G5 WRIG X DR 0 RUHDIDOS HEF | KL
FROW[WGGLWLRQ WR WKHLU SK\WLFDO HQYLURQPHQW SH
UHODWLRQVKLSY DQG H[FKDQJHFRK RK\H HDUW KRRRXQ K FWRFA DVC
VWUXFWXUHV SROLWLBDRSSMRENFEY DG ZRMHDE X BEX MK VD |
WKH SURGDIOPMWWWQFH DQG WWD®XUKU W KHRIZ QW W HW B WHRQLW R
$UFKDHRORJLFDO UHPDLQV DUH SLHFHV RI D ODUJHU SX]]OH

SURILOH DQG LWV HYROXWLRQ

+XPDQ ERMGHHMWMKRGXFW RI WKH HQYLURQE HOQRH BHRONWLRQVI

EHKDYLRXU DQG HYRORWQ R} DVUWRBUNGHFMULR XKWWK RVWHRORJL



GLVHDVH DQG HQYLURQPHQWDO VWUHVV 6SHQFHU +C
8QGHUVWDQGLQJ WKH FRQQHFWLRQ EHWZHHQ ELRORJ\ DQG
/IDUVHQD E GHSHQGV RQ WKH ZD\ REMHFWV WKH IRFXV RI D
RVWHRORJ\ DUH LQWHUSUHWHG +LVWRULFDOO\ WKLV DSSU
UHPDLQV WR XQGHUVWDQG KXPDQ EHKDIREPWGE D QW KWRSR'
%LQIRUG 7KLV VGMHEDWHIE LQ VRFLDO DQWKURSRORJ\ +LQ
7RUHQ SREHUWVRQ DQGQNBBKDHRORJI\ -RKQVRQ

OHVNHORQ WKH FRQQHSEWRRQHEB WG MHKH D U,FX IVHRIOBR J MFKDHD GUL
UHPDLQHG WKURXJK LQVWLWXWLRQDO GLVWLQFWLRQ EHWZ}
VRFLDOLMQRQREXRDQ EHKDYLRXU +RZHYHU UHVHDUFKHUV Z
OHRGWKH FRQFHSWXDOLVDWLRQ Rl WKH ERG\ DV HYLGHQFH

,QJROG *HO O 7DUOWXKH L QW HKINRHNREDRADER)XY R |

FRPELQH EWWBMGPGREHRF B QW & WDADY WWRV K HDRDWHULDO UHPDLQV

OLIGRIDHU

,Q ,WDO\ WKH GLYLGH EHWZHHQ DUFKDHRORJ\ DQG DQWKURE
WKH FULVLV RI FRORQLDOLVP DQG QHZ VRFLDO DQG SROC
LOQWHU®DARALEFBOODERUDWLRQ &RVVX DOWKRXJK WKH
HVSHFLDOO\ DW XQLYHUVLWLHYV $ QXPEHU RI VSHFLDOLVW V
LVRODWLRQ WKHUH LV DOZD\V WKH W LW K HRF FPR BAMOQHD ¥ X\RKOHOREIW.

DQG VFLHQFH FDQ SURYLGH ORULQ

,Q WKH ODVW GHFFRRGLHWKHSHUWEHR®YRYH 5HPRWWL )DEI
D WRRO WR RYHUFRP R KWH A DEIDWY GHAX/FELHA/QZAHHH & Y HK XVAKCHRW D V H L
XQGHWHUPLQHG VXEMHFWY ZKR IRUP REMHFWY DQG WKHPVH:¢

PRGLI\ ERWK WKHLU HIWHUQDO DQG LQWHUQDO HQYLURQPH¢



+XPDQV DUH DEOH WR RVW KFX.QWKYYL WRQPERQRSW SO ORYLR
XQGHWHUPLQHG DV WKH LQGLYLGXDOYTV DFWLYH FUHDWLRQ F
UROH WR WKH FRPPXQLW\ ZKLFK GHYHORS DQ LGHQWS®MHN\DIW
RI D ZLGH UDQJH RDPMWMWRRQWRR®HDWK VXFK DV DWWHPSV
P\WWWLI\LQJ VORZLQJ GRZQ DRBWEBGRFNNERQ EW VHHIY H Q WK
JLYLQJ WKH ERG\ WR IHHG DQLPPQQJDV}HFKQKRKRBW LY PQIG |
([DPSOHV FDQ EH IRX®GLB®PPKH.FDSDRQYVEURFHVV /RE
6\ULDQ PRQNVYT PRUWLILFDWLRQ RI WKH ERG\ )LORUDPR
FU\RJHQLF WHRIQQLTXHV ,BRRUWDQWO\ DOO RU VRPH RI WKH
XVHG E\ GLIIHUHQW VRFLHWLHY WKURXJKRXW KLVWRU\ )DYR(
RI KXPDQLW\ DV WKH ERG\ LV WKH SK\VLFDOL®WR HUKB & IZKQ
HYLGHQFH )DYROH 'XULQJ WKHLU OLIHWLPH DQG LQ GH
WUDQVIRUPDWLRQ $OORYLR '"HDWK QHHGV WR EH SHU
EXW KDV WR WDNHKHVISHUGHR WQWR ROFFRXQW 5HPRWW
ELRORJLFDO DQG DUFKDHRORJLFDO GDWD WR6IEHRWGEHU XQ

*ROGVWHLQ 6FKLIIHU

)XQHUDU\ ULWHV DUH D JRRG H[DPSOHWK) @ KOLF® BHRWLZGIHH@WW
J)DYROH +RZHYHU LW ZRXOG EH D PLVWDNH WR WLH D U
GLYHUVLILFDWLRQ EHWZHHQ WKH GLIITHUHQW ULWHV 7DUWDI
I[URP SRERXOWW SRSXODWLRQ DQG IXUWKHUPRUH WKLV FDQ
VDPH EHOLHIV FDQ EH H[SUHVVHG YLD GLIIHUHQW ULWHV 7D
LOQOWHUDFWLRQ ZLWK WKH OLYLQJ WZU\HY KRXFOW K UM VP 5 IDNQLGN Y,
6DOLVEXU\ SRBRBQH]R JXUWKHUPRUH WKH GHDG DUH PRX
DQG FDQ EH WUDQVIRUPHG LQWR VRPHWKLQJ WKH\ ZHUH QRYV

DV D PHDQV WX VHRWHVWKHWKH OLYLQJ 3HDUVRQ (DF



LQWHUSUHWHG XVLQJ DQ LQWHUGLVFLSOLQDU\ IUDPHZRUN W
LQIRUPDWLRQ +RZDUWK /KH VHSDUDWLRW RI WKH EXP
FRXOG OHDG WR D PLVLQWHUSUHWDWLRQ RI WKH RULJLQDO
HDFK LQGLYLGXDO EXULDO QHHGV WR EH DQDO\VHG DV UHSU

:LOOLDPV DQG *LOHYV

7TKH DQDARNVD VNHOHWRQ SURGXFHV XQLTXH FXOWXUDO DQG |
RI DQ LQGLYLGXDO EXW FDQ DOVR LQGLFDWH FKDQJHV DW L
UHPDLQVY WRJIJHWKHU ZLWK ULWHYV MKG WKMXOUW R | DF KA LAALD
HQYLURQPHQW DQG DOORZ WKH VWXG\ RI WKH SURFHVVHYV Z
/IHDWKHUPDQ3$UFKDHRORJLFDO LQYHVWILUBRR IGRQNH WRH KX PIIHR J
DUHDV RIIHU QHZ LQIRUPDWLRQ RQ FXOWXUDO GLYHUVLW\
DUFKDHRORJLFDO GDWD DOORZV IRUD ZLGHU SHUVSHFWLYH
DV WKH UHVXOVEIROFRKIQAWXO XK DQRPHQD WKH GHWHUPLQDWIL
DJH DQFHVWU\ HQKDQFHV NQRZOHGJH DERXW GHPRJUDSK\

7KH DQDO\VLV RI SHRSOHTV KHDOWK VXFKKD\W yG D/XNPIDW
SURYLGH DQ LQVLIJKW LQWR WKH HYROXWLRQ DQG GHYHORSP
:DONHU $UPHODJRYV 5D[WHU HW DO &DUGRVR
DQG VWXGLHG FDQ EH WIKIN @ @ RHPYSRBOUXHNGL RYGRDLG HMQUD MHFW R U\ F

7KH VWXG\ RI ELRORJLFDO LQIRUPDWLRQ WKURXJK W
SRSXODWLRQV DQG WKHLU SK\WLFDO DQG FXOWXUDO HQY
DUFKDHRORGIHF@POH LQ RUGHU WR GHWHUPLQH KRZ DQG ZK\ G

EHKDYLRXU PLIJIKW KDYH FKDQJHG WKURXJK WLPH



6$5',1,% (19,5210(17$/ $1' $5&+$(2/2*,&$/ )5$0(:25.

6DUGLQLD LV D OHGLWHUUDQHDQ LVODQ@GA PIQ GV EH YAHHIMWHKILO
HUD WKURXJKRXW LWV KLVWRU\ LV GLVWLQJXLVKHG E\ D V!
EHKDYLRXU $UFKDHRORJ\ DQG JHQHWLF VWXGLHE KDYGH L
3KRHQLFLDQ 83 XQL&E HUDHDPRPHQWYV LQ WK HHQMH Q B WK HWKRH

ZLOO EH UHIHUUHG WR DV WKH 3XQLF (UD DV WKH 3KRHQLFLL

6DUGLQLDYY SRVLWLRQ LQ WKH FHQWWHW R J WWWKHKIH UHBLLWKH U WE
YDULHG JHRSIODSKE DQ LPSRUWDQW UROH LQ LWV GLYHUVLW)
PDLQOOWRER EH ELRJHRJUDB R GF [RAVR QDD WRIO DFRHDSD \PEBBGHLOH. ®
DWWUDFWLYH WR D ZLGH UDQJBKRW IGH | PH.DHMMWY CBLRDS REEDDNGHLGG
DORQJ FRPPRQ D QF L HTRMWWKHHXHR U VG MBQIBDMIS® UDWHY WKH LV (
E\ DERXW WRNPKWKH GWVWDQ¥H WRFGSWDR[Q PDWRVIKH %DOHDL
,VODQ@BWHKH VRXWK VKRUH LV NP RARIPV®ROTD DRB WRR QR
7KH LVFRY@®VD UBHSRR[LPDWHNGORI SODLQV BRBQMRILIFRDW W O

ELRGLYWWUN\SLWDO RI WKH 0HRGIWRH B UHEFEDEH B UHH\D

7KH LVADDQRUPHGEX WBIRDMBHUD XS WR PLOOLRQ WRHV %
20LJRFHQH 6DUWIKHLODBBRAONUEW WERDOUHTKULF ,VOD QIRW YR G .
$IULFD ZHUH SDUWHRWWHK B @RKRVBEH WR JHRG\QDPLF HYHQWYV
OHGLWHUUDQHEQHEXBRUQ% MNWIH. JDOLDQR W RH CROBLHRIL QH DRIVW K
EDVLQ IRUFHG WKH WHVHWNBKUVE G RQ VDKVWPRADLR @ RHBMRVL WV

FXUUHQW SRVLW&RQPDRQGDMRFDW DRI

7KH NP RO LFGHXYDW DHFGV HUIDU JH XPE HFR ¥ B0 HRHWARFENAO XGLQJ

VFKLVW JUDQLWH &DPRYQMRAQW DQ&HVXRIQJ FRDVWIMEREYV DL



GHHS ED\V QXPHDAZVBEBHDRXMWPDOOHU LVODQGV RII WKH F
WKH LVODQGHE FKPRPEWHUQV DQG UDQJHV ZLWK PXDAHLSOH
E\ WZR ODUJH LXDWOQ NI Q RWEWRSDLGARQBRHKWKH |0 LY POQEH

RYHU NPRI IHUWLOH ODQG 7KH LVODQG KDV D IHZ PDMRU UL’

7KHEXUUHOQWDWH LV W\SLFDO RI WKH YWGEMMDHDEE DQ WKWK
VXPPHU DQ® LQ WKH ZLQWHU )UHH]LQJ FRQGLWLRQV RQO\ R
RI WKH LVODQG LQ ZLQWHU 7KH HQYLURQPHQW FKDQJHG IUR
LQ FRDVWDO RRGMUHIDWRRQVGYDQFH DQG ULYHU BRRWK HW.
DO | RED O/RRIFHER Q MRILG FXOWXUDO FKDQJHV H J IURP OH)\
OLGGOH WR /DWHQWRIRRD W ISRE RGXW K 8 JFO KPIDMAHHE O D W RHBFE
EDVRIGAQ WKH DQDO\VL YK FOI L P HSABHIBDON. IOFDEDOCHODRKB R W KHDLW
FOLFDMFHOODWHG EHWZHHQ®BUP BQGHBRDBXYH B LRWGD/ ZDV FKI
E\ D YHU\ VWDEOH FOLPDWH DQG IDYRXUDEOH FRQGLWLRQV

3IXQ+tFRPDQ FLWLHV LQ WKH LVODQG 3DVFXFFL HW DO

JORUD DQBUM XY@\ VLPLODU LQ WK HHH®IQVMH DB Q HOD VDR &
LVRODWLRQ LW KDV TXLWH D IHZ HQGHPLF VSHFLHV XS WR
*ULOO HW DO $VWHUDFHDH W D [ DK HD ® 8 V3D YURESDLUHL \DHE

SODQW IDPLOLHV IRU LWV UHJLRQDO HQGHPLVP ZKLOH KHPL

WD[D DUH WKH PRVW IUHTXHQW )RLV DV LV W\SLFDO RI
7KH IDXQD RLGPOXEEBBEFLHY LQFOXGLQJ PDPPDOV UHS'
DERXW W\SHV RI ELUGYV ERWK VHGHQWDU\ DQG PH1LIJDDN R U

SRQ\ WKH GRQNH\ VKHHS IR[ JRVKDZNV VSDURWHYRDQY W
WKH 6DUGLQURQDS XN DVDIWGHINV DQ RFKRWRQLG FORVHO\

UDEELWV ZKLFK ZDV FRPPRQ LQ WKH OLGGOH 30HLVWRFHQH



7KH VXLWH RI IHUWLOH SODQHV QMIHKHVY I QY& FND\OKL BRI VIG
WHPSHUDWH ZHDWKHU PDGH 6DUGUQWKHUMMXVWDE® HD SO HR
KHUGHUV 6BBBVRHBXEXB¥FXSLHOQBPDQBEHRODKAVKLPRGL % &

DQG KDV D ROQYHWD R GVGMRU\ GHPRQVWUDWHG E\ PDWHULDO D

JURP WKH EHJLQQLQJ Rl WKH %&ROSWWMFH URDRI &DUGLDO ZD
W K U R X J KRHXGL WHKHQFQOKXBQQJ LD NPMWGLQLDXJOZKWHVWLILHYV
6DUGLSODWYFLSDWLRQ DGLD U R EHNRDMIXG L HFLRIF R BUDRNELLGIRD W H
$UFL 6DUGLQLD LQGLFDWH HYHQ HDUOLHU LQWHUUHJLRQDO
QRUWKHUQV,RWVOMKHDQQUDQFH /XJOLqg 7KHVH UHJLRQDC
&RSSHU DQG (DUO\ %URQIHARJOWKH DLGGOH WWKRIQH LSIH Y LGH
HSLVREBQW D FAMZ Z1A/SIR UWK/HI $ R HKEF@ [KLGH ID@MIGR OAFHHIIQ FHUDPLF
'KLOH WKH 6DUGLQLDQ 5HF H®WDPQ 6 V/ DODWWHEHRGOE SQHD FW LY |
ZLVBKHWH DQG &\SUXV, QMKHGHSBH@\W XU\ %& 3KRHQLFLDQV HV
RWKH LVODQG IROORZ®G3E QWK B KSRDKUMHRIEMIUR O R1 WKH LV C
%&%DUWRORGQ@KH 5RPDQV FRQTXHUHG WKH LVODQG LQ %
LPSRUWDQW VRXUFH RI JUDLQ DQG PLQHUDOV LQ %@WHUUH.

IDQQRX

7KH LVODQGYYV YDULHG DUFEKRABRARDIG- BKEGI UOWQJIXL K /. BBNNDW (GBI
O H BAKOKD WHF H Q W XKWAIW RANH IXPBWHULDO FXOWXUH D Q G/ XWK<H DUH |
VHWWOHPHQWY WRPEVIXDDG&GKMKKHIHMUUDGLWOQRQDOLY ZHOO

GRFXP¥WHG DQG SURY MWHHNWOBVQICH\H/QUEBHAME R XWWRW LR QV

/IXJOLq VKRZHG SIRZIWHIEWSWRHDO H G L W W U D @ H DORHEMIRARHLON
IHROLWKLF %& DVX3EAH GHYHORSPHQW RI7WHKWHI BWRER QYW I WO

GHYHORSHG DQG HVWDEOLVKHG WAK& BEDPYMHIA R G LFLOWPOIWDLAR Q


https://it.wikipedia.org/wiki/206_a.C.
https://it.wikipedia.org/wiki/124_a.C.

HIFKDQJH DORQJ WKH OHGLWHUUDQHDQ ZKLFK ZHUH LQWH!
'"HSDOPDV 7KH VXFFHVVLRQ ROQFRQWXHWWN YKWMHEWN EBLPQV Wk
%& IROORZHG E\ Wk 5BP BRIV R Q WKWHDMPEERUWD QEZHWK WK

UHJD UFRWQ O/BRIOH OHGLWHUUDQHDQ QMIRXGH URXWHV

7KH DUFKDHMERIBWRU\ RI DEFAYIODR) E\SEBSXPDOMWQWRQV WKDW
FKDQJHG WKURXJK WLPH EULQJLQJ LQ QHZ FXVWWDR/NBIQULWH
TXHVWLRQV DERRW WWKH VGAQ DHPL. FRAHRIHF WEBW YRBREQW QR W IKH\

KDYH D VRFLDO DQG RU SROLWLFDO GLPHQVIFRQLYDWHQ KH'UH

7KLV VWXG\KHYSHIERERMZ R/ VSHFLREFHRPWHIKH 1HROLWRHFIBRBLF
WKH 3XQKHBHYB WKH X)W BYWXRY 6L Q |XQUX¥DAIERQMW H GXFIDR SRO LV
LGHQRUWEHVSHPWILYHEW ERWKXPDWQHYEZRDOQEH D Q DDGWD® PXH/G (
DQDO\WLFDO W HRKQUAPKHY LV DK RIQDORNFHM.F HOHPHQWW DQG
FDOFLS®PWDVVLXP LURK\ GDRG VSBRIOWDRORQJ DQG *,6 PDSSLQ
LQIRUPDW WRHQHDBRXQ/GLYLGXDOV D QA WEM DB G FIKQ BE® & VEHH K

SUHVHQWHG

$QFLHQW DQG FRQWHPSRUDU\ 6DUGLQLDWKI @RPHYQKYYHRE F
FHQWPKWH LVRODWLRQ RI WKH LVODQG P D NAHMW KWR W& OOIRRAD
(XURSIH*DHWDQR HWHKH LVODQG KDWLEHE QVR\EPWKHHHQ D U
1HROISMRISFOHY &KLDQDQI® DD O\VHYV RI JHQRPHV KDWKHLQF
1HRO DVQWKF /DWH %®RQ]$IJHYV &DUDPHTKOHL HW RPKRQGULDO 5
LQGLYLGXDOV OULRWKMWKHUDHVB& KDYH EHHQ VXFFHMWGKGN V
DO 7KLV DOORZHG D PRBSDQL¥ROGRIDL® IRV LD} QAKIG@®HQV L F

VKLIW ZLWK WKH DU UL VDGO R Z M HE \I [DURSQAIU IR GFHAWLVR LLO/HR QVIKWM L

JHOQHWIUHBRRGKW®WLYHO\ VWDEOH IURP WKH 1HROLWKLF WR



VLIJQLILFDQW GLYMKH. IDBEDWYRQ RLWWKKH IKKRHEHELDQVLYHG
PHUFKDQWY DQG LQWHJUDV8HG DA IWRKQ W 86D ) RYB@AREAGRXI/X Q RF V

%&WKH 5RPD@\ $' FKDOOWRHBHG SRZHU RIYGIG MK GMNC
X U E\DHQW W OMR FKQ/MID/W K RHRU FRQKMHJ ROMRU WUDGH URXWHYV EHW:z

*UHHBPRQHWWR HW DO 6DQQD

$QFLHQW ZULWWHQ DHWFRDE R ®RINR D/X DIFEWNH [DHPVE OFH | LID G X@ |
DQFLHQW 5R RADHI HIUX W R RAUDULGI\VDLOX B UTRXYRWWD QG GHVFULEHL
HQGHPLF GLVMINCHVFRIQVK PDODULD ZKL©OK \Z\WIVQBRERRQQ R Y/
LQGLJHQRXV SHRSOH %UWRHYWLIDWLRQV RI 6DUGLQLDYTV JH
ORQJ KLVWRU\ RI SDVWRUDOLVP DQG WUDQVKXP BQSK DWKLIR €
DQG JHQHWLF GLVHDVHV VXFK DV WKDODVVHPLD PDMRU DQ

UHVSRQVH WR HQGHPLF PDODULD

7KLV GHPRQVWUDWHY WKH UHOHYDQFH RGDFWRP E D@LAQ Z IDLUF\K B
ZKHQ VWXG\LWQHPRXPMQ 7KH IRFXV RQ KHDOWK GLVHDVH DQ¢
IURP SUHKLVWRULF DQG KLVWRULF 6DUGLQLD DGGV VLJQLIL]
DQG DGDSWHSHE X B BERRIWHK WROHIK NIARIFPHRU H GIUYH UR QVE HW K
LQIOXHQFH RI QHRGABZEOMWN ROV *$00 WKDW UHPDLQWLV O
LQYHVWLJIDWLR QD QWKW RASRRVIDESEENDUBER/P E LLWKL BG YDQFHG DQ
W H F K Q LITHZH W H F K QIR'BHR B LY HEGK WHRI X O WQRH B HL\Y HRA®RDVE IDD®R WHR
KROLDVIWGEHUVWDQGLQYURKBSBRWROLNFBI® VWXGLHY KDYH JHQHU
JUDYH JRRGV DQG DQFLHQW EXLOGLQJV ZLWK D IRFXV RQ ¢
UKOWHG LQ D KLJK YROXPH RI UHSRUWVY RQ DUFKDHRORJL
SRSXODWLRQV ,Q FRQWUDVW WKH DLP RI WKLV ZRUN LV WR

FUHDWHG WKH DUFKDHRORJLFDO UHFWRKB QDRWYWXVKRY H DM



JHQHWLFV KDV EHHQ KHOSIXO LQ WKH VWXG\ Rl KXPDQ UHPL
VL]H RI KXPDQ UHPDLQV LV VPDOO RIWHQ HYHQ SUHYHQWLQ.
WR KXPDQ UHP DARQMWURYQHGVDOG DSSURYDOV DUH GLIILFXO
VWDQGDUG WHFKQLTXHV DQG DGYDQFHG QHZ WHFKQRORJLH
KXPDQ UHPDLQV 7KH QHZ ILQGLQJV PD\ HYHQ EH UHOHWRBW

XVH RI GHVWUXFWLYH WHFKQLTXHV LV ZDUUDQWHG

6QDSVKREWAMPH 6X )RUUX GH LV 6lHQIXQDHGGXV DQG ORQ)\

7KH VHFRQG KDOI RI WKH 0LGGOH “f4IR®DAMXQ EX I/ HFER @D KID EI
JRUUX GH LV 6LQDNLQHYREQW DBWHD LV ORFDWHG QHDU RQH |
REVLGLDQ VRXUFWAMD@IGy ZRUKYKRIHILRQ LV ORFDWHG OHVV
RI 2ULVWEFRRHBORJIJLFDO UHVHDUFK FR QIBW FUWHRR QW18 (X B/&/ 1L«
SRSXODW L RQWSKHRL U CLHOWV H U D F WIRURB @G W\KK A DZLQEOHIUQ GH G L W H U
7KH UHVHDUFK LV EDV KG&PO® W KRIN@ENQ DA VFROWXUH DQG V\I
VRFLDO GLPHQVLRQV RI WKH SRSXQGWLEBYQNQFHVZ L\@H PG
PHWKRGRORJLHYV KDYH HQD PG GG WIRMXIDE OHQ MQ W Y WWR LXDW R

Rl WKH S UMHKE VWRWDRAUXBFHY LQ 6DUGLQLD

7KH 3XBEBRRORIQWH AXFIHQW %U) $&KYV OLWRHAGKH XUEDQ VHW:
6D QW X 7KHIFX) R SIRRECLYW XL VHRIXVLIQLILFDQW LQWHUHVW IURP D
WKH FLW\ HYHQWXDOO\ UXOHG RYHU RI WKH HQWLUH DUHD R
E\ WKH PDLQ R/IHVBWO RMHQWDULYTYV 3XQLF QDPH %RWK FLWL
&DUWKDJH WKH PDLQ 3XQLF FLW\ LQ WKH :HVWHUQ OHGLVW
)XUWKHUPRBUR SRSIUGBVHQWY D VQDSVKRW RI WKH WLWHQ@IKHQ
IRU FRQWURO RYHU WKH OHGLWHUUDQHDQ EDVLQ LW LV IX|

,PSHULDO DJHV DQG WKH QHFURSROLYVY DOVR SUREDEO\ VXUY



$OWKRXJIK DUFKDHRORJWHDD UGHFR D W B QVGE-DEUBRHH X ZIBH RMVA
DSSURDFKHV KDYH SURYLGHG QHZ HYLGHQFH RQ KHDOWK W

VWUXFWXUH DW WKLV WLPH RI FKDQJH

5(6($5&+ $3352%&+

7KH KXPDQ IWHRPDWEKW 1HRO&XY KRB USD GHH QR]IX DOMIGBOQML R Q W H
IXQDHFUR®RGILWKH IRFXV RI WK i LRDHNHKOW ROMRX GE D O VWS S UR
LQWHUSUHW WKH UHPDLQV DV VA\WWHP LQWHUFRQQHFWHG :
*UDYOHH 7TKIFKDHDEWWLF RIRW & Bl ULB\DANH@E LIVWGHHUDMIR [ D P LVOKIH

ELRORJLFDO SHREB@HVRAKWRKKD YL/ O R WBE LWLHG1 W K H

7KH LPSRUWDQFH Rl HQYLURQPH QXD EHGVEKREZDQYWRXRXOKL Q
RI D OLIH FRXUVH FRQFHSWFRRDIFFERQ EHWZHHQ OLYHV DG
LV GUDZQ WKURXJK LQWHJUDWLRQ RI DUFKDHRORJLFDO KL\

DQG %HFN

%RQH VWUXFWXUH QIO BEERW 1 RAQK B UHI WL @ HGOIL UEDRDAVRHIRA
DV GLHW KHDOWK GLVHDVHOD\@G JHOMN\ RDIK BDIEW P RO L | H

UHODWRR GWRISSNK A X O V)DUMOQIDORQPHQW DQG KLVWRU\ DQG
SRSXODWRIFRQ® SHURZEBBPWGYBMH® .Q HYROXWLRQ RI PHGLFDC(
SDWKRORJ\ JHQHWLFRYDD DY GDEYE MQLDXPD 2UWQHU %
DQG +XQW +HDOWK SURILOHV RI LQGLYLGXDOV PD\ SURYLG
FDUH DQ LQGLYLGXDO UHFHLYHG EDVHG RQ WKHLU VWDWXV

VRFLHW\ LQ D SDUWLFXODU SHULRG



7KH VWXG\ ZLOO |R ORIRW KWK EL ROLUFHK®IHROWR J L F QOH D /S B R DVALKR |
WKH GHPRJUDSK\ +RSSD 9HQSHO 6X0OO0LYDQ W K UR X
RI LQGLYLGXDOVDOBWHDWXDNMNUD DQG 8EHODNBUHVHQRHRR
SDWWHUQLQJ EHWZHHQ VRFLDO FR®Y WOV RWY FOIQW KW KHY K G
SDWKRWOREK FDWLHY SHULDSLFDO OHVLRQV DQAMBPRSWRPL
FRPSDUDWLYH LQIRUPDWLRQ RQ G HEGQMZBO & HEROMKS ERWRGAL
$QGHUVRQ OLWBKHD®WLRQV LQ HQDPHO K\SRSODVLD (+
UHFRQVWUXFW WKH OLIH KLVWRU\ DQG KHDOWK VWDWXV RI
6FKLDQ®BWRMDQRZVNL +LOOVRQ OTKUH. RWRVDLL Q V
ZLOO EH LQWHUSUHWHG LQ UHODWLRQ WR WKH ODQGVFDSH |

7TKRPDV SLFKDUGV 7LOOH\ YHQGHU

7TKH ELRDUFKDHR ORIOG K& ©OS SWUR BWK/AV HQ WKIWQRSGDUPMWMIR@GR I QH
DQG KRZ KHDOWK DQG LWV SHUFHSWLRQ HYROYHW KHDR/HIE RXQ\

WKHVH WZR NH\ WUDQVLWLRQLDG ISHIDLRGY LQ WKH KLVWRU\ F

$ ELR VSDWLDO SRLQW RI YLHZ

7KBQDO\VLV RIHW K H W SD Q O HXSIH )DONQHU HW DO

(UULFNVRQ HW DO WZRL G 6@ YEHD KX @ @O EW B W@ L \DH W VD QIGP H
WKH ORPDKH RMRREYV 7KH PDSV REWDLQHG ZLOO DOORZ D VW
LQ WHUPV RDWHDWEH KHDOWK DBIG WHITRHRD ZLUWARK \D UFFK D H R
H[D P S\OMU D WD QUBDIS KM JRKGVELRVSDW L DWRB Q BVGI\[WALX/D IOH & B VW K |
W KZH. G FXJO W X U D @ RAHHARWMEOKIGD RIVIY@ B BXKWWAFPR FD UWR HPGR R W

FRPSUHKHQVLY HOEHKRGRIQBUAQMBN X UDO HQYLURQPHQW LQ ZK



2%-(&7,9(6

7KBLPV WR XQFRYHU SDWWHUQV KXP® QAW EQ GY LW RN [EFAD
ZLWK HDFK WWK WBHRNHLRGV LQ 6DUG RYIGHIY SBVIWLQ LQVLIKV
RHDFKVWHM QNOLGKH HVWLPDW IRMHW RQ &VE&HDUKYPDLQV ZLOO
D FRPSDULVRQ ZLWKLQ DQG EHWZHHQ WKH WLPH SHULRGYV

7KH DLP LV WR H[SORUH ELRORJLFDO DQG VRFLDO ¢
DQWKURSRORJLF DBL QG KEHFERFDIORREPY RI KXP DO R/HEPDHQ W WD
LPDJL@KLVY PD\ EULQJ WR OLJKW QHZ LQIRUPDWLRQ RI PDW
XQGHUWDNHQG BMHORBOBEQIS S@RUFDBYRQFHG ELRDUFKDHROR.
ORUHBYWMHZGOO EH DSSOLFDEOH WR RWKHU JHRJUDSKLEDO
ZLOO EH EHQHILFLDO WR IXUWKHU UHVHDUFK DQG ZLOO LC

DQDO\WLFDO PHWKRGV VXFK DV FKHPLFDO DQG JHQRPLF SUR

7KH REOWLRQ RI QHZ WHFKQRORJLHV ZLOO SURYLGH DQ LQ\
WLPH 7KLV ZLOO SURYLGH QHZ LQIRUPDWLRQ RQ WKH KLVW
OHGLWHUUDQHDQ 7KH VWXG\ DLPV WR DEKQ@®RMKHKRR2GR VWO D

WKH\ LQWHUPL[HG

7KHVH UHVXOWYV ZLOO EH PDGH UHDGLO\ DYDLODEOH RQ PXO
UHVHDUFK EXW DOVR WR HQFRXUDJH ZLGHU SXEOLF HQJDJHP
RGDWD VKOURSHDQ &RPPLVVLRQ 'DWD *RYHUQDQFH $FW

$FW

7KH EURDG DLP FDQ EH GLYLGHG LQWR WKH IROORZLQJ REMEF



x 8QGHUWDNH DQ DQDO\VLYV RI WKH GHPRJUDSK\ SDOHRSD!
WPDLQV DW 3DX DQG ORQWH /XQD IRFXVLQJ RQ WKHLU
HQYLURQPHQWDO FRQWH[W WR LQYHVWLJDWH WKH OLIH

X $SSO\ QHZ WHFKQRORJLHV VXBE\D\OXBH A WRHRGKHE WIRPG W
X Q G H UE/YWLLLQ@®/ KU RWOW D Q DSKWLLVF RO F K D @GXHY VRR BVRKQHH H | 1+
ILUBHHVXOWYVY DUH FRQEMRMRILEDVH & RBL D G- RIDAVGH HAW L U R C

x 8VH ' PRGHOOLQJ *,6 PDSSLQJ DQG DHULDO SKRWRJUD
ZKLFK SHRSOH OLYHG KRZ WKH\ PRGLILHG WKH DUHD D

x B3URGXFH D ZLGHU VI\QWKHVLV RI OLIHZD\V ZLWKX@ IDFQG E
(UD )XUWKHUPRUH DV ILUVW FRPSUHKHQVLYH VWXG\ R
FRPSLOHG VXLWDEOH IRU WKH VWXG\ Rl RWKHU FXOWXU

SDUWLFXODUO\ ZKHUH VNHOHWDO FRM®PPHRWQRQ@Y DUH SR

7+(6,66758&785(

7KLV WKHVLV LV FRPSULVHG Rl ERWK SXEOLVKHG BK®NS WOV
7ZFRSURYLGHV LQIRUPDWLRQ DERXW WKH H[FDYDWLRQV DQG D
GH LV 6LQ]XUUHIREQWHD/X®DVRHFURSROLY &KDSWHU 7KUHH
SUHVHUYDWLRQ RI KXPDQ UHPDLQV DQG WKH GHPRJUDSKLF
H[SORUHV WKH DSSOLFDWLRQ Rl FKHPLFDO DQDO\VHVKLQ D |
OHYHO RI IUDJPHQWDWLRQ RI WKH KXPDQ UHPDLQRXUWRDV
$UFKDHRORJLFDO 6FRKIMFMHBHERHWRPSDUHY WKH RUDO KHE
3DX DQG ORQWH /XQD 7KH RUDO KHDQWKDWDHDONRY NQROGEAC
SHULDSLFDO OHVLRQV DQG DQWH PRUWHP WRRWK ORVV &K
JURXSV IURP 3DX DQG ORQWH /XQD YLD LQGLFDWRUV RI VWU

DUH FRPSDUHGVEZRWAHHHQV WEKIDSWHU 6HYHQ SURYLGHYV DQ RV



/IXQD WKLV FKDSWHU KD V- RHHDD 6 XEOAKIKHHEO RQ L WEBIXOR H Q F
GLVFLSDEIKYWRDFK WR LQWHUSUHW ELRORJLFDO GRWW R FDK
VRXUFHV LV SURSRVHG &KDSWHU (LJKW SUHVHQWY DQ DQDC
ORQWH /XQD $UFKDHRORJLFDO ILQGLQJV W\SH RI EXULDOV
SURILOHV DUH OLQNHG WR WWEEUGINVYEVFAUEH REXKVDSRAPHHLY 1RIQH
LQWHJUDWLQJ WKH UHVXOWV RI WKH VWXG\ ZLWK WKDW RI
DGGLWLRQDO LQIRUFSSWMIQREQ[DY¥ MRRDRZDORQWH /XQDYV LQ
SUHVHUYISMIRELSUHVHQWY ORQWH /XQD$8 SHRYGHLY & HIRQWH P }
WHHWK E\ $SSHQIGAXDMHQDPHO K\SRSODVLD DGGLWLRQDO WD
$SSHQGIRQWDLQV VXSSOHPHQWIBUWHY BE W VDWIGHS S B B KHIGE DI R

GHWDLOV WKH FRAWKREXWLRE® F VNRBRIFBRX RWHGE G XULQJ WKH



$5&+$(2/2*< &217(;78%/,6,168)2558 '( ,6

6,1=855(''86 $1'0217(/81%$1(&5232/,6

7KLV FKDSWHU IRFXVHV RQ WKH DUFKDBRORJRB R D 6 B QORI
7KH IRFXV LV RQ WKH UROH Rl DUFKDHRORJ\ ZLWKLQ D El
DUFKDHRORJLFDO FRQWH[W LQ WHUPV RI PDWHULDO FXOWXL
WKH DQDO\VLV RISKEKDH FBHRIL@WZHIUP UHFRUG RI EURDGHU
DQG WUDMHFWRU\ RI LQWHUSUHWDWLRQV 7KH SDVW FDQ EH
RI D ZLGH UDQJH RI DUFKDHRORJLFDO SURGXFWLRRNXVXEK C
DUFKDHRORJ\ LV SHRSOH DQG WKHLU EHERBN LRXWH ESHDH \W DWWV L
SRSXODWLRQ PRYHPHQWY DQG UHJLRQDO DQG XQ@GHIMMD QRC
SUHVHQW 2YHU WKH SDVW WZR GHFDGHV WKH DUFKDHRORJL
$UFKDHRORJ\ %LQIRUG ZKLFK FRHOMQWWXEBUHWDWLYH IUDF
SDUWLFXODU UHIHUHQFH WR WK®Z RWIRHRIGDUAKDHR O R JKHD OR U
SURFHVVHV DSSURDFK WDNHV L Q@RRXFRINRIBELLLDW LRIYD G K Q!

FROODERUDWLYH LQWHUSUHWDWLRQ RI DUFKDHRORJLFDO UF

$UFKDHRORJLFDDVSGDEW UHFRYHU\ DQDO\WLY DQG LQWHUSU
PHWKRGRORJLFDO IUDPHZRUN ,W LV LPSRUWDQW WR XQGH.L
UHVXOW RI FXREN®UDWREBEIWMGYHY 7KH LQFOXVLBQHW DN HRE\RL
DUFKDHRORJLFDO UHFRUG 6FKLIIHU IRVWHUV DQ X
RUJDQLVDWLRQDO FDSDFLWLHV RI SDVW VRFLHWLHV 7KH C
VHFRQGDU\ DQG WHUWLDU\ S®&DWKH 6EBMYWHSKDVH WKH DUWH

VHFRQGDU\ SKIRPEH GIHWKRWWN KIDFWIHG RU GHVWUR\HG RQH L



)LEQDOO\ WKH WKLUG SKDVH UHIHUV WR GDPDJHG RU GHVWL

ORDWLRQ RXW RI FRQWH[W .XQD

1HZ $UFKDHRORJ\ KDV DOVR KDG D JUHDDWAKDEBRDABHARQ V
LQW HIBGSWWY W S S BDRD WLVRIQQGHG EH\RQG WKH WUDGLWLRQDO
XQGHUVWDQGLQJKRE VEKMW DHIDO WIKRHQO IKYL Q 1 | Bl QFG FD KIBR®HIRGRE
WKH L@HBURIHIDFW LWV FUHDWLRQ DQG LWV DSSOLFDWLRQ
REMHFW FDQ EH LQWB8H 3 USRNWUB® VZH WKU DD D@WRQ 8 L @ @&/ KEH
PHVVHQJHU RI D VWDWXV OLQNHG FXOWXUDOO\ WR WKH OLY
OLYLQJ DQG WKH GHDG .XQD ,Q WKLY DNE CRY HW X HHZHFSIF
UHODWLRQVKLS HEHORIINQQG GHEGR B WHKD¥MR ORJLFDO UHVHE
LQFUHDVLQJO\ LPSRUWDQW LQ LQWHUSUHWLQJ7WKWH WVSRD RQ
DQDO\VLV KDV EHHQ SDUWLFXODUO\ XVHIXO IRU LQWHN WU W
DUWHIDFWV IRXQG LQ WKH JUDYH EXW DOVR WXHGHQR H USRHRP
ZKR ZHUH EXULHG LQ LW %LRDUFKDHRORJLFDO DQDO\VLV

LQGLYLWXMOERG\VERESUMHR/HIQWLHFH WR LQFOXGH LQ WKH DQD

7KH SHUFHSWLRQ RI WKH LOLYQ@MHDQ EWALHRIG/ ZQ® KWWKH HQYL!I
DQG VSDFH 7KHVHWIBH UMW Q RIQQ/G VEMIFHERMARGHFWHG LQWR |
UHYLVLRQV RI VRFLDO LQWHUDFWLRQV DQG SHUVSBBWLWBYV
SHEODOLVEXU\  +5RADUH]R 7KH DUFKDHRORJLFDO UHF
LQWR DFWLYH DQG LQDFWLYH SURGXFWV 7KH IRUPHU LV PI

ZKHUHDV WKH ODWWHU UHIHUV WR KXPDQ UHPDLQV



$58&+$(2/2*,&%/29(59,(:

$ VXPPDU\ RI WKH PDLQ FKURQRORJLFDO SHULRGV RI 6DUGLQ
RI 6DUGLQLD ZDV SUHYLRXVO\ WKRXJKW WR GDWH WR WKH
/LOOLX +RZHYHU VWIRI) K6 IDWPRN HDIAWRM DVVLIQHG WR WK
DW QXPHURXFDVREWB\GH ®R@AXGWGURVD MUMLQQLQX  VKLIW
GDWH RI ILUVW DUULYDO WR WKH LOA@DQG MR WHHH 1D @GDHHVIN
UHPDLQV DW\RPEEMHRG/DWKRD UWLDO KD Q & RSKTHIDEDH | R HQ B QLD
1XRUR GDWHG WR \HDUV BRR GIBHBUH b \WDM@MEROLWRDE WL
+RZHYHU VLQFH WKH ERQH KBS THW WK HE HF KIDFGQ R G R W\E F
GLVDJUHHV ZLWK WKHLU VWUDWLJUDSKLF SRVLWLRQ WKH C

/IXJOLq &KHUU\ DQG /HSSDUG /IXJOLq

7TDEOC DUGLQLD &KURQRORJ\ 5HYLVHG IURP 7\NRW

3HULRGR ‘'DWD]LRQI

,QIHULRU ! % &
SDOHROLWK|OLGGOH

6XSHULRU % &

OHVROLWKLF % &

1HROLWKLF|[(DUO\ % &

% &

OLGGOH % &

/IDWH. QDO % &

(QHROLWKLE(DUO\
% &

$GYDQFHG

/DWH. QDO % &

%URQ]H $JH|[(DUO\ % &
OLGGOH % &

% &

BHFHQW % &

/IDWH. QDO % &




,URQ $JH *HRPHWULF % &

2ULHQWDO % &
$UFDLF % &
+LVWRULF ([3XQLF % &
5RPDQ %& $'

$ VHULHV Rl JODFLDWLRQV GXULQJ WKH 30HLVWRFHQH VKR!
_.OHLQ +RHAVWH DU 80O]HJD 6DQQ@RBLFK IDFLOLWDWHG Wt
KXPDQV WR 6DUGLQLD 6DQQD 6DUGLQLD DQG &RUVLFE
VHSDUDWHG IURP WKH 7XVFDQ DWHIKQ SHROPHR HEY BBBEWLQINP
80]HJD ODUWLQL DQ WKH 8SSHU 3D®DHRWOKNUKH. ZDV D F
UHJUHVVLRQ RI WKH VHD VKRUWHQLQJ WKH GLVWDQFH EHW:
7KLV LV FRQVLGHWH® WSRHBPHRGKHR BRVKHOLUVW KXPDQ PL
7KH ROGHVW DOEHLW IUDJPHQWDU\ HYLGHQFH RI |
&DUERQLD GDWHV WR WKH OHVROLWKLF /XJOLq
DVW ULE X WHPGE O\ORH QU HX P % & &X &R U BSKIQGOBIWQ +RIPHMHU HW C
ODUWLQL+RZHYHU WKH SHUPDQHQW SUHVHQFH RI KXPDQV

6DQQD /IXJOLq HW DO SLWWDX HW DO

'XULQJ WKH 1HROLWKLF DJULFXOWXUH ZDV LQWURGXFHG D\
HYLGHQFH IRU QHZ W\SHV Rl FKLSSHG WRROV PDGH IURP RE\
WH[WLOH SURGXFWLRQ UHKNQRO®RDJ LQGX VW YR OOXME R@RFFLRR k
GHYHORSPHQWYV 6DQQD /XJOLg )DQWL HW DO

OLQHDU SRWWHU\ FXOWXUH LV FRQFHQWUDWHG LQ WKH QRU
PDQO\ IRXQG LQ WKH OHGLWHUUDQHDQ ,W LV XQFOHDU LI WK
GLIIXVLRQ&RRGKIO HW D5XELQL H ORJGDDIQD 3LQKDYERQ

EUDPR@XEDGHOR@UDPHR@®XEDEGHOQKDVL 3LQKDVL HW/XIDL(q



(YLGHQFH FRQVLVWHQW ZLWK WKH GHPLF GLIIXVLRQ PR

UHSUHVHQW WKH YHU\ ILUVW SRSXODWLRQ RI WKH LVODQG W

7KH 1HROLWKLF LV VXEGLYLGHG L QWoR W BKG{ DIHR OILHW\RKOLIFN K L |

% & DQQL@MNWAH 1HROLWK K& 7T\NRW 7DQGD /IXJOLq
ODQHQ HW DO 7KH (DUO\ 1HROLWKLF LV FKODXU®&®PWUHRIIYX

LQ WIOH HAMDNBIX DQG WXHSHAXHGLDO DQG OLQHDU FDUYHG SRW
ILQGLQJV DUH ORFDRMMEKLQUWMBHRF MWHAUIDMD DQG 7KH LQODQG
DUH OHVV ILQGLQJV WR GDWH )LQG LDQ.IV [DQGHVRDKNDRUHNIFMAH AXKLI

ORVW RI WKH DUWHIDFWV KDYH EHHQ IRXQG LQ FDYHYV
/XJOLg 'XULQJ WKLV SHULRG HFRQRPLF DFWLYLW\ ZDV
SLJV DV ZHOO DV JDWKKIUQRY DQG DXKWLEX®GXH HHROLWKLF L
PDLQ FXDRMMHEIQMLQQLGGOH 1HROLOWIQLE LILIMFFROH 1HROKWKLF
ROGHVW DUWHRQRW ¥KEIDMKKH KDYH EBHB @B FRB QHS 61XQ 7&/MWH. U U L
®OVVDUL 3HRSOH RI WKLV GZHONDXHIH/ ZH WK BREQOY EMAAZXY RB H Q \
VR IDU 6DQWRQL D E 8VDL 6PDOO VWDWXH
FKDUDFWHUARQXF JMOMWOHUH W) IAKQWWVKBRE VWDWXHYV UHS
FRQFHLYDEOH WKDW WKH\ SHUVRQLI\ D GLYLQH EHLQJ RUD Y
DUH DOZD\V IRXQG LQ VHSXOFKUHV D O RQF ZX W UMIDEWDW \ LR/
FRPISWHG Rl WZHQW\ GHSRVLWLRQV RI PL[HG W\SRORJLHV PL
DQG SRVVLEO\ D VLPSOH JURXQG SLW ORVW WRPEV FRQW
FRQWDLQLQJ WZR LQGLYLGXDOV ,Q RQD RIXBKGFHNHWWRPEN |
,QGLYLGXDOV ZHUH GHSRVLWHG LQ D OHIW ODWHUDO GHFXE|
SRWWHU\ GLVKHV DQG +P HQWH®R\Q HIZQ GWDKHX BER YHIUP DED D QG
&LUL®XAWXUH OQWRHGRFEBUW\ LQ ZKLFK W KU I LLLQV W KHY DG HH

7THUUDOED 2ULVWDQR LV FKDUDFWHULVHG E\ DQ LQWHQVLII



EHLQJ DRQWMKHDSUHTL /XJOLq 2 U D Q7 IHNRJEDX 0L FRBIQG D
FXOWXUH DSSHDW @GXO LIQURW KW KDMWHHRSOH RI WHKLW FXO
VHWWOHPHQWY XVLQJ FDYHV PXFK OHV\GRPXVXE GMBIDQ® H \

K\SRJHLF UQ XXWRKU\ KXPDQ UHPDLQV 7DQGD

7KH (QHROLWYXE®P ISKONWBQLXP %& KDV D KLJK GHJUHH RI FRQ\
VLPLODU VHWWOHPHQW W\SHV DQG EXULDO SUDFWLFHV +RZ}
SURGXFWLRQ BDRGD OHOLV ZLWK ORFDO GLVWLQFW
VRXWK SDUW RI WKH LVODQG 0 RRPXNWABIQNEDRDWHHE 8 5 R WILW |
H[FOXVLYH K\SRJHXP OLWKLF F\VWV SLW D®@ FDYH W&EPELW
EDVHG RQ DUFKDHRORJLFDO VWUDWLJUDSK\ DQG ILQGLQJV 7
DQG VRRFRARPLF GHYHORSPHQW ZLWK WKH SURGXFWLRQ RI QI
DQG IDUPLQJ WHFKQLTXHV/LORQW X 7\NRW 8JDV
7KLV SHULRG LV QRWHG IRU WKH J D IVQGHIDXW\KRRXNREFER\E B O O Bilg
GRPHV VWLOO NRLY LBV BURAEDR RS O XY BMUXPLOHQDQID ULD
9LOODQRYBYROBRYV 8JDV 7KH WRROV SURGXFHG LQ 6|
RUQDPHQWYV REVLGLDQ DQG IOLQW ZHUH IRXQG LQ RWKH!L
IHUPHQW RI WKLV WLPH 'XUWUDFWIKENVSYWHE GR QI G Q/RRIBER | SW
,QLW DO GFQLID® LWKEKLOW G ¥WLIRIY] WK MAKHU DJLF F L ZIHWLIH D W L
HLWRHYHG RXW Rl RU EXLOW ZLWK URFNV ZLWK RQH RU PXO\
'HSDOPDV OXFK ODWHU LI)WVEW H WBR@ BDIEQ/G L YS IGW DADRIRJEN
XVHBKHVHGXHQHWKH JURKPIGWRMBNU H G RFINGRQ/RFLDWHG ZLWK

JRQIRQIDFFLDQL

'‘XULQJ WKH ,URQ %&H WKHUH ZDV OLYHO\ FXOWXUDO FRQW|

QHLIJKERXUV LQ WKH OHGLWHUUDQHDQ VSHFLILFDD&®\ DMK


https://en.wikipedia.org/wiki/Sardinia
https://en.wikipedia.org/wiki/Megalithic
https://en.wikipedia.org/wiki/Gallery_grave
https://en.wikipedia.org/wiki/Bronze_Age
https://en.wikipedia.org/wiki/Nuragic_civilization

2ULHO®OWHHN SRSXODW®HRQVBJIDV 3KRHQLFLDQV ILUVW VH\
RI WKH L6/IDQDWQT REBIIXHDUR DQG IRXQGHG ORFDO FRPPXQLWLH
WKH OHGLWHUUDQHDQ D Q@G SO D Q W L §URROQUE HW K B-HIWREIY \ K D O
WKH 3KRHQLFLDQV HVW DERXMH/EHRIWWN HR IKRIQUVWRB G VXF
*LRUJLR 6DQ 9LWWRUH ORQWH 6LUDL 6XOFLV 2WKRFD 7K
%HUQDUGLQL 7KH LQOWHUFRQQHFWLRQ EHWZHHQ 1XUDJ
LV HYLGHQFHG E\ WKH PDWHULDO FXOWXUH IRXQG LQ QHFL
IXQHUDU\ ULWH ZDV FUHPDWLRQDWIL\RR REORDGAHEZ FHUHW RO R

3XVFHGGX HWHMPHQWXU\ %& LV FKDUDFWHULVHG E\ WKH
3XQLF LQIOXHQFH DORQJ WKH OHGLWHUUDQHDQ 7KH 5RPDQV
LVODQG RUDSDQGL %& ORVFDWL 7KH PDLQ DVVHWV ZHL
DIJULFXOWRQWH /XQD DQG PLQLQJ L H $QWDV DQG HVWDE
LPSURYHPHQW RI WKHJFRDAMW\HP 3 Q RIVQILEWRGFRPOBUBLDQ KL
)XQHUDU\ ULWHV VHH D FKDQJH WR LQKXPDWLRQ LQ WRPEV F
E\ ULFK IXQHUDU\ DVVHPEODJHV Rl SRWWHU\ MHZHOOHU\ DC
RI WKH 3XQLF HPSQGHERYHQVWKHRKQGD %& ZKHQ WKH 6DUG
ZLWK WKH 5RPDQV DQG GHIHDW RUKMQSXQ F& DBWWEBREDWW
+RZHYHU D VPDOO 3XQLF SUHVHQFH PD\ KDYH FRQWLQXHG I

WKHEHQWXU\ $' ODVWLQR HW DO

7+(25(7,8&%$/$3352%&+

7TKEHRO MWW WIHF KL3OXLIKWY WKH VWDUW R WRH WXRUWNE @ L \KKH
DFWLYLW\ DQG LQWHUDFWLRQV ZKLOH WKH 3XQLFUVDWHVHRIG
DQG HODERUDWH V\VWHP RI JRYHUQDQFH EDVHG RQHD QRIQIDVDL

LOQOWHUDFWLRQV DUNH JUHBWDFBIUWQA® S\OCH GHYHORSPHQW R



EHKDYLRXU 7KH ZLGHU FRQFHSW Rl JOREDOLVDWLRQ DOOR?Z
WUDGH PLJUDWLRQ LQWHUQDWLRQDOLVP DQG RLUXWDRQHV
WKHP +RGRYV ,Q WKLV DSSUR BHKS HWY IGRHQ W QIEQ & SIIRRHV Bl U
GHYHORSPHQX ®WSUDDWHAD UHQHVY $W HDFK SRLQW LQ WLP

DQG DQ DZDUHQHVV RI ORFDO GLIITHUHQFHV +RGRYV

7+(1(2/,7+,& $1' 7+( 6,7(@9)2558 '( ,6,1=855(''86 ,13$8

$W WKH EHJLQQLQJ RI WKH 1HROLWKLF WUDGLQJ RI REVLGL
3DQWHOOHULD /DOBUQCRGWEIPHPWRODBDUGLQLD 7\NRW ‘
HVWDEOLVKHG 7KH ORQWH $UFL DUHD LV FKDUDFWHUL]JHG E\
D SURSHU WUDGH DORQJ WKH OLGGOH 1HROLWKLF L\GKHBQ WRt
D ZLGHU FRQFHSW RI 3JOREDOLVDWLRQ  +RGRV LV UHIC
RI ZRUN /XJOLg YPLOQHWKKP %& WKH UDZ PDWHULDO LV F
DOPRVW H[FOXVLYHO\ I[URP WRIRHPRXWEHN \R Z MWWKK D OLBHF [EIR6 O
ODVXOODV DQG 3DX UHVSHFWLYHO\ 7\NRW /IXJOLg HW
DQG TXDQWLWDWLYH DEXQGDQFH RI WKHVH GHSRVLWV WKD
RFFXMYOLg HW DXJOLq )XUWKHUPRUH WKLV SHULRG VHF
VIVWHP ZLWK WKH UDZ PDWHULDO LQLWLDOO\ EHLQJ SURFH\
WKH FUHDWLRQ Rl VWDEOH SUBGRBWER QJFWE QOIYRIYRESAHIEH (i)
ZKLFK DUH WKHQ VKD S HLG LWBER XAHHW WD B RMMWIYFWBQGD HW D
7UDGH Rl WKHVH DUWHIDFWV IORXULVKHG DQG WKH\ FDQ E

&EDWDOXEDMD*%WDR HWDH®D HW DO



7TKHUH DUH VHYHUDO DUHDV RI1JDQWKHUHI) W RIUN IBQ X RIHWEKBIGUK
/IXJOLq , Q D QDWXUDO FDYLW\ PHWHUV DERYH VI
ZDV IR\ XDV D FKDUDFWHULVWLF GRPH YDXOW RUWUX LGH WK
6LQIXUUMHDEXHXWQJI 3WKH RYHQ RI WKH EDWV"™ [/XJOLgq HW DO
HYLGHQFH RI SHRSOH OLYLQJ RXWVLGH WHKHVKBYHQLVQ GPHR &H WV
IRXQG D VWUDWLJUDSKLF VHTXHQFH IRUPHG E\ DOWHUQDWH
W ZDV K\SRWKHVLVHG WKDW WKH WKLFN DFFXPXODWLRQ RI
VKRZHG WKDW WKB RUHYHM@IZOWHPNHRXQIOH RI PHWHUV ORZHL
VXUIDFH ,QVLGH WKH FDYH WKHUH ZDV HYLGHQFH RI QXPHU
HYLGHQFH RI FRQWHPSRUDU\ KXPDQ DQG DQLPDO SUNVHQFI
FRPSOLFDWHG VFHQDULR WKH ILQGLQJV ZHUH PDLQO\ KXP
REVLGLDQ 7KH ERQHV ZHUH KLJKO\ I[IUDJPHQWHG DQG VKRZH
WR D VHFRQGDU\ GHSRVLWLRQ ULW&DO /XIJUDIPHAWD RI ER
ORFDWHG YLD D V\VWHP BWE R @B FO WLHRRK Q L WKKHWHBIQG UHF
FRRUGLQDWHYV 7KLV OHG WR WKH GHWHFWLRQ RI D VPDOO
DVVRFLDWHG ZLYKUWKN NOQIRRAQLPH LQ /L OXUL $U]JDFKHQD C
I[UDJPHQWY VKRZLQJ PRUSKRORJLF DQG PDQXIDFWXULQJ IHD
/IXJOLq HW DO 7KLY HYLGHQFH LQGLH®OKEQ GMKUHP VLV
VHWWOHPHQW QHDU WKH DUHD RI PDVV SURGXFWLRQ RI RE\
VXJIJHVWY WKDW SHRSOH ZHUH SHUPDQHQWO\ VHWWOHG LQ O

SURGXFWLRQ RI REVLGLDQ /XJOLg HW DO

7TKH SRWWHU\ IRXQG PRVWO\ FRPSULVHG IUDJPHQWYV RI WKLQ .
7KH PRWSEBRORJ\ DQDO\VLVY VKRZHG WKH ILQGLQJV WR EH RI
YHVWDQGWMKGERQFERWWHU\ ZLWKDER LK) E R XV @S HQUWIKHVIP RR'

FOHDQ $ GRPLQDQW IHDWXUH RI WKH SRWWHU\ LV WKH VKL(



DQG H[W H USDDON RMAOND V 6DQWRQL HW DGBOED /XXDQLq

D 8VDL /XJOLg HWQ@ML 7KH PRVW FRPPRQ VKDSH UH
FDULQDWHG ERZO W\SLFDO RI WKLV WLPH SHULRG FKDUDFV
GLDPHWHU RI WKH ERZO 7KHUH DUH PMOVURIG SHRAVG/LHUHY D Q
J)LIXUH )DQWIDO 7KH SRWWHU\ DQG OLWKLF DUWHIDFWYV DU

IRXQG DW FRHYDO VLWHV LQ WKH QRUWKIIOUG@ SDWN RUDWPKRH) L

HW DO DFQOFPRDL

7+(381,&(5% $1' 7+( 6,7( §)217(/81%$1(&5232/,6 ,6(125%1

7KH PLGGOMERQWKXH) %& PDUNV WKH DFWXDO FKURQRORJLFD:
3XQLF GRPLQDQFH 7KLV LV HYLGHQW LQ BDIKHIDEBUFR MDVQ® P!
FXOWXUH DV WKH\ H[SDQG DORQJ WKH ZHVWHUQ OHGLWHUU
DJULFXOWXUDO DQG PLQHUDO UHVRXUFHV 5HFHQW VWXGLH
WKH ORFDO OHYHQWHRISISDVLQJIO\, WKH VPDOOHU WKH FDVH
HQFRXQWHUHG 4XHHQ DQG 9HOOD RSHQLQJ D GHEDW
KHJHPRQ\ 7KH QHZHVW VWXGLHV RQ WKLV PDWWHU IRFXV R
WKH IRUPDWLRQ Rl WKHLU FXOWXUDO LGHQWLW\ WKURXJK DL

7KH VID\W 8 W R DBQILILO D KDFIHKEHHQ LQWHUSUHW BB URM D L
HW DO ORVFDWL HW6DOWRGRBRDUGLQEZKLY LV EDVHG RQ QH
SRWWHU\ DQG WKH FKDQJH LQ EXULDO SUDFWLFHV IURP FU
FLV3WHWUD %DUWRORQL DQ® RMADWILUBWHRIZHYHU WKH DQ
RI WVEKKULDO SUDFWLFHV VKRZV D PRUH QXDQFHG SIDAVQXWLH J&
LQ 6DUGLQ G WH DWKISURUWK $IULFDQ H[DPSOHV WKDW VXSS

GHYHORSPHQW RI IXQHUDU\ SUDFWIBEFRAVVHHEGBVWWR BER IBPDO\V



7KBRQWH /XQD 1IHFHMRESRUBWRLEOMW HQ WKH FRQWHPSRUDU\ GHE
DQG QHZ LQWHUSUHWDWLRQV DERXW WKH FXOWXUDOLGLYHU
ORFDW H/®R X @ KMBOIW-VD H U QP H WHUWHMWWB HPHQW RI 6DQWX 7HUX

H[FDYDWLRQ FDPSDLEQRXJKW WR OLJKW D WRWDO RI WRF
RSHQHG DQG VFDYHQJHG VRPHWLPH LQ W®HOSDRUNU R B G HRHYHH
RQ WKH HDVWHUQ VLGH GDPDJHG VHYHUDO WRPEV UHVXOWL
UHPDLQV DQG IXQHUDU\ REMHFWV 7KH DUUDQJHPHQW RI WR
PD[LPLVH WKH XVH RIRQSDMAVHEWFXKLWK SUDFWLFHV LQ RWKH
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&RVWD GRFXPHQWHG WKH)WASHM RH WBR MRV LHYF IDYUIHWI
SLW WRPE W\SH ZLWK WKH K\SRJHD URRP RSHQLQJ RQ WKH V
WHUPV RI WKH SRVLWLRQ DQG QXFPEGH W BRH WREBPND GO\ $HL WK
WUDSH]RLGDO 7KH FDUYHG ZDOOV XVXDOO\ DOORZ IRU HDV\
7KH 7\SH $ SHOWWRBEWXDOO\ FORVHG RIl @ LWRKSDRO LPW WWKRHQ M
KRZHWHRWPHWLPHY URFNV DUH FHPHQWHG WRJHWKHU XVLQJ |
JHRPHWULF SDWWHUQV DQG WKHUH DUH UHSRUWY DERXW '
SDLOQWLQJV DQG D VWXFFR ILQLVK &RVWDFKDPEHXIN WR WH IR
ZHUH HYHQ IXUQLVKHG ZLWK VPDOO WREPHNURG YSRRWLVY W\BUH
RQH DQG WZR ERGLHVY UHVSHFWLYHO\ :KHUH PXOWLSOH GHS
DUH D UHIOHFWLRQQRI BMKH) WRIREFHK® UDWKHU WKDQ PXOWLS
WLPH 7\SH % SLW WRPEV GKDFRBWER YWBR@ O VEH DMMGDWKH ER
DW WKH ERWWRP RI VWKGHBI\BRUHK R V2G HMH SW WPLHR QN & H YIRS
D SUHIHUHQFH IRWKWEBA\RHHRSWRPE LQ GKKHERWRKX QG QHZ DUH
UHSOD FHRRBRHO XMW WRPEV 6RPH RWKHU EXULDOV VLPLODU LC
WRPEV KDYH EHHQ IRXQG FDUYHG LQWR WKH URFN LQVWHDC(
WKH ZzDOOV DUH FRYHUHGDRQDNHW K KOWRMW®WRQ H \B6G BB @WAWHY/

FRQWDLQHUV IRU FUHPDWHG KXPDQ UHPDLQV KDYH EHHQ G
ZHUH PRVW RI WKH RWKHU W\SHV RI FUHPDWLRQ FRQWDLQHU
ZDV PDUNHG E\ URFNV EKH WIRPERWFHWV FOQ\ DUUDQJHG DV I
K\SRIJHXP $ DQG $ DQG VLPSOH SLWV & DUMWKH @WRXW\ D
%& WKH HJO RG WAKHIQW XU\ %& DUH FKDUDFWHULVHG EMAWRPE
LQ WKH JURXQG $FHRIWXYN WKHY W\SH EHFDPH PRUH SURPL
GLVSODFLQJ SLWY ZIMEKQPKDVFEWWRM IXQHUDU\ VHWV VKRZHG |
WA\SH RI WRPE DQG WKH IXQHUDU) BEWHRFIN G HACOHLWQ WV DR}G LH

DEDQGRQPHQW RI WKH FLW)\ WRH GDFRMSVIRI@ HIEX WWIXW\R K IBIFWRK/H V X



)LIXUHD QG RDHUAI WRRAROWYWLHRBN VFUDSHU 7RGGH 7KLV L\

KLVWRUNAN®Y ERIQVZHHQ WKH 3XQLFV DQG 5RPDQV WR JDLQ GI

JLIXUMHRQWH /XQD -HZHOOHU\ DQG WDOLVPDQ 7RGGH JURP OHIW DF
ERQH JROG OHDI RUQDPHQW

,QKXPDWLRQV DUH WKH PRVW FRP® R HQ@QWHUD\U% & UDE WR B W LL
WR EHFRPH PRUH FRPPRQ YHOHW MK PL GG G HG R P WHHN\E XE X A&
SUREDEO\ GXH WR HFRQRPLF RU VSDW LQIOXPRONL\R Q B LQRRN & R
VXFK DV SODF&QHWHKIE DHOOSDLQWHG ERG\ RQ ZRRGHQ WDE(
VXGDUEGRWK 7KH ERG\ ZDV SODFHG LQ D VXSLQH SRVLWLRC
FKDPEHU HORVKRKG®WVYSOH EXULDOV WKH PDOH ZDV GHSRVLW]

RQ WKH ULJKW 7KH PDOH XVXDOO\ KDG WKHLU KHDG SRLQW!



VXEDGXOWY ZHUH RULHQWHG ZLWK WKH YKHMH® FBIFR Q ¥ XAEKOHG K (

SODFHG RQ WKH EHOO\ RI WKH ZRPHQ RU EHWZHHQ WKHLU Ol

)XQHUDU\ REMHFWV IURP WKH FLW\ RIGFIXKGWXO ZEUXNBBHR{YE
ZKLFK LV ODUJHO\ WKXRP3XQRSRUVBH&ZIZWKHY &RVWD
3XQLF W\SH FRQVLVWY PRVWO\ RI GHFRUDWHG FRPPHUFLDO T
/IDUJH DPSKRUDH ZLWK IORUDO GHFRUDWLRQV DUH D®YR SUF
ODPSV 7KHUH DUH DOVR D IHZ HIDREFGHVSHUE®® LFREA 3HBRGW)
RI WKH FLW\ LV VKRZFDVHG E\ WKH SUHVHQFH RI MHZHOOH!
GLRUDPDV LQ JROG VLOYHUODQ@®\RMZKRHUWKN WD @VY 3D UWH 6 BC
JROG QHFNODFH ZLWK DQ DFRUQ IRXQG LQ 7RPE &RVWD
6ROLQDV 7TRGHBHUHIKH LFRQRJUDSK\ DQG PDWHULDO
FRQVLGHWDMNARY YDKH ULQJVY DUH GHFRUDWHG ZLWK IHPDOH
H\HV EHHWOH DQG WKHUH DUH GLRUDPDV ZLWK JROG OHD)
FKDOFHG&BRQUH/KHUH DUH DPXOHWYV PDGH RI D®IBVKDVGORY WL
SDVWH ZLWK LFRQRJUDSKLF UHSUHVHQWSWWRHFWR RX HADWR H\[
RU RWKHU ERG\ SDUWV DQREGXURRPWUYSKEW W RWUNMHG IURP ER(
EXWWRQV PDVNV DNWKOBOW LBORMWHEM PHLFW SDUWV 7KHUH DU
ZHXWHG WR PDNH UD]RUVWEH®RHRD R RUURWH DML QJ WKH ERG)
FRLQV IURP WKH 3XQLF HUD DQG VRPH UHXVHG LQ 5RPDQ W
3LVDQR $TXDUR 6ROLQDV 7RGGH 7K
IXQHUDU\ VHWVY DQG GHSRVLWLRQDO DUHD SURYLGHV WKH F
RUGHU WR KDYH D EHWWHU LQWHWSUHWRRBILLIRG FHUW EHFWAF

GHSRVLWLRQ



7+( +80%$15(0%,16 $ /,)( ,1 '($7+ $68)2558 '( ,6
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7KLV FKDSGWHHWFWKBHSUHVHUYDWLRQ RI KXPDQ UHPDLQV IRU
IROORZLQJ VIHFWULRQ@XFIHOWKH PHWKRGV XVHG MR FEMHPRJIR R W
SURILOHV IRU ERWK 3DX DQG ORQWH /XQD ZLOO VOKIPQWEMHWIURE

DQG ELDVHYV

0$7(5,%$/6

6X )RUUX GH LV 6LQ]XUUHGGXYV

7KH KXPDQ UHPDLQV UHF®Y BRI GXL GHWKHLERIMDMURI G GKHWS U H V
PRUH WKDQ IUDJPHQWHG KXPDQ ERQH HOHPHQWYV PDQ\
WR WKH KLJK OHYHO RI IUDJPHQWDWLRQ PRVW RI WKH HOHI
DQDWRPLFDO DUH DD FIH@G& DX OUDVWN HFOHWRQ KHUH SRVVL
LGHQWLILHG VLGHG VH[HG DQG DJH& X KNV UDQWKE BERIOR
'KLWH DQG )RONSHPRWYJ WKH IUDJPHQWYV WHHWKWQG
ZHUH VHOHFWWG DWRBQMWEMKHF ZHUH DFERW B GQQ XW E HELDRA H
FROOHVFWUR QY LJ U D/SWR WS & /W UMIHVOLHRDD DK H W K A H QWEKKHUREH U H
XQEXUQMQYBABLILF WUDLWV 7HHWROZ BHBWW %G RMXZIRO G HQ
/RYHMR\ G H QDAQDEO VKHIDHOVAIX® DXUONH\FDRIE®R B ODVLD  +LO
DQGEWHDDKYVWHBDWLQJ HLWKHU GHQWDO FDOFLILFDWL
ZHDU VH WRWD VWLGRXD 8 K\ B B\ KH\O CZRIFUDHW H G HDAQIRBHILR RVBR. J MWK H
QX P ESIRV L WLRSGW K H DEREIH HVWZ RBQ ISRW/XIENOHVUD DQG 8EHOL

6FKHXHU DQG %DDBNGR 9DUDV DQG 7KRPSVRWHUYDWLRQ RI



HOHPHQWY ZDV YHU\ SRRU DQG DV VXFK QR VH[ HVWLPDWL
FRQILGHQWO\ JURXSHG DV EHORQJLQJ WR DQ LQGLYLGXDO

FRPPLQJOHG FROOHFWLRQ

ORQWHQRD 1HFURSROLYV

7KH ORQWH /XQD QHFURSROLV RULJRDIDYOHU ARGHR/MERQHIBN L R @
ORRWLQJ DQG LQDGHTXDWH VWRUDJH ERQHV ZHUH RQO\ UH
WRPEV ZHUH XVHG PXOWLSOH WDBK® WAL \EK UEH\EG ZHHOK IMZ D W
VXEDGXOWY DQG \RXQJ FKLOGUHQ ZHUH SUHVHQW WKHUH Z|
WRPE 7KH GHWDLOV RI UHPRYDO DQG VWRUDJH RI KXPDQ Ul
FROOHFWHGZDWK YR/ RBUNB/LQFWLRQ EHWZHHQ LQGLYLGXDOV
FRPPLQJOHG EXULDGDYDWLRQ BRPW\VLY ,Q RWKHU WRPEV I
VHSDUDWHO\ EDVHG RQ VWUDWLJUDSK\ ZK QMK LIQWE R YIPG®X\DLAR §
RQ FDUGLQDO SRLQWV ,Q D VXEVHTXHQW DQDOVWRIMVHGEGKH\
DQDWRPLFDO URIJLIEFRRIPQGG AKIGHE BRESHPIOMLPE ERQHV KXPH
DQG XIDQMRZHU OLPREVERRIJBMU WL@EEGB XD PDWFKHBUWMBR W H

LOQGLYLGKXKOBWRQYV

$*( $7'($7+ (67,0$7,21 0(7+2'6

7KH 3DX DQG ORQWH /XQD VDPSOHYV ZHUH VWXGLHBJEW.QJ D |
GHDW{ WR WKH KLJK OHYH®R RP UQ DOWgADWV DA R REHUVOME FLQH W
SUHFLVH QXPEHU RI MKW HAXKDORGY RBIUHW/WHIDW LRQ ZDV DSSOL
7KLV LV GRQH E\ P HOAWQMLLVOLIYW K N DW G\NDWR @D VW KH GHIJUHH R
HUXSWLRQ DQG ZHDU FUDQLDO VXWXUH FORVXUH HSRWK\VH

D SHUVRIQBJARPSDULQJ WKHP W R RIGRZI. Q/KER QBWH) GD UG Q J H



LQ DVFHQGLQJ RUGHU DKERWGH W JOWHR UMK DO Y XHQFH LV X

HVWLPDWH WKRQ@IAHRBABRN VHULHV

(VWLPDWLRQ RI DJH IRU \RXQJHU LB LFRIGHK DDOAF XWDD/'WEHHB Q G
QDUURZHU DJH UDQJHV 7KLV LV GXH WR PDQ\ FKDQJHV RFFX
DQG DW NQRZQ UDWHV %XLNVWUD DQG 8EHODNHU \HDBNKH:
ROBQG VXEDGXOWHDIWDRBIGEDVHG RQ WRRWK GHYHORSPHQW
IRUPDWLRQ FDOFLILFDWLRQ DQG HUXSWLRQ ZHUH DVVHVVH
DQG RVVLILFDWLRQ FHQWUHY ZHUH REVHUYHG WIRQWWHWHMW I
20LYHU DQG 3DQHMXVH .RVBXLNVWUD DQG 8EHODNHU
6FKHXHU DQG %ODFN *D DKWY REDREW R IHBWHD RXNDOH +DQC
SEHODNHWRUJRJIQLIIIBDFFLDQL%WXLNVWUD DQG 8EHODNHU
DQG %ODFN +RZHYHU LQ VXEDGXOWYV LW LV HVVHQWLD
LQ WLPLQJ DQG UDWHV RI JURZWK WKDW FRXOG EH GLVRBQW

LQIOXHQFHG E\ GLVHDVH DQG PDOQXWULWLRQ 6KHUZRRG HV

$IHDGHDMWMWLPDWLRQ PHWKRGY LQ DGXOWV RQO\ DOORZ IR
WHFKQLTXHVY DUH EDVHG RQ ERQH UHVRUSWLR®HJIBEDIARMLQV L
0D\V %XLNVWUD DQG 8EHODNHU 8QWLO WKH DJH
JURZLQJ DQG VRPH HSLSK\VHV DUH VWLOO IX)HA®H PHWY KR E Y
IROORZ VWDJHV EDGHGHRA ZHRURDROIKE B\RHDURYHU WLPH 7KH
SURFHVVHV FRPPRQO\ IROORZ D OHVV UHJXODU SURJUHVVLR
DV WKH\ DUH DOVR LQIOXHQFHG E\ EHKDYLRXU DFWLYL
FRQVLGHU RRARNRSEKIOP GLITHU LQ WKH WLPLQJ RI WKH GHJHQ
DQG 8EHODNHU +RSSD KLWH HW DO KHUH SR

6PLWK /IRYHMR\ %XLNVWUD DQG SEHRIERNHRIQUOQLOD



DQIX®FFLDQL VNXOO HQGRFUDQLDO D Q Gt HFIMREVMDHMNDIOU VX W X |
OHL@EBXBRYHMR\ SXELF V\PSK\VLVY DQG DXULFRGDBU PRIUGEROR
DQ®YHMR\ 6 XFKHURRNY DQG YDULDWLRQ RI WKHUARBRRUWK DQ |

ZHUH XVHG IRU DJH HVWLPDWLRQ

7TKH DEPRHYQHWLRQHG VWDQGDUG PHWKRGY DOO KDYH VRPH OLF
7KH GHJUHH RI LPSUHFLVLRQ LQHIMOR WNKHOMHRNDNU R 8 PDL S
PHWKRGYV ZHUH RULJLQDOO\ EDVHG 7KH FRQWURO VDPSOHYV
RQ D VHOHFWLRQ RI D GHFHDVHG SRSXODWLRQ 7KH DVVXPS)
RI LOQOWHRIAWKHRWM™>PH SDWWHUQ REVHUYHG LQ WKH FRQWURC
WKLV DVVXPSWLRQ LV HVVHQWLDO LQ RUGHU WRDDEHWHDM BW
RI WKH SRSXODWLRQ EHLQJ VWXGLHGFRRQLAGHUHG ™ @WIBIX At
GHWHUPUIQWHIDWVKLW FDQ EH VHULDWHG ZLWKLQ WKH SRSXO!

0D\V HWM W & 7TKH TXDQWLILFDWLRQ RI WRRWK Z

DFFRUGLQJ WR /RYHMR\

$QDO\WLQJ WKH PRUSKRORJ\ Rl WKH SXELF V\PSK\VLV DQG
UHOLDEOH PHWKRG7R®GHYVW L PEOXWK HDYJH % URRRVDIWHU R
HSLSK\VHV KDYH IXVHG DQG WK HHOP&GDHE/HAV/XGRQWURZXE LOY
VIPSK\VLV DQG WKH DXULFXODU VXUIDFH 7KHVH FKDQJHV KD
UHVXOW LQ FKDQJLQJ GHJUHHV RI SRURVLW\ JUDQXODULW\
DUH KLJKO\ VH[XDDRGGSLPRUSKERH\ %URRNYV 3UL\I

DXULFXODU VX UHOEBDEIORRERHBILQGELYLGXDOV +DUWQHWW

7KH FKHVW SODWH LV DIIHFWHG E\ SURJUHVVLYH RYPGLIADIFWWY
RIFEWK DJH DUF&HWHDPO VWDQGDUGLVHG D PHWKRGRORJ\ ED)

FRVWRFKRQGUDO MRLQW RI WKH IRXUWK ULE QRWLQJ VSHFL



WKH MRLQW VXUIDFH DQG ERQH WWH BDXHEG IRPGCPRHIGK RW R J1LKL
DUH KLJKO\ LQIOXHQFHG E\ DJH VH[ SDWKRORJ\ DQG SK\VLI

JHQHUDO L QQGBERDHDLVRK) R

&UDQLDO VXWXUH FORVXUH LV RQH RI WKH VXMDXMM QJ YO UDE
%XLNVWUD DQG 8S8EXWRWKHHQGRYDEBJOHPHVNPpULDQG HFWRFUD
OHLQE@E@®RYHMR\ FORVXUH DQDO\VLVY DUH EDVHG RQ D VFRUL
REOLWHUDWHOWKHVWLPDWHG EDVHG RQ WKH PHDVXUHPHQV

FRUUHODWHG ZLWK D PHDQ DJH DQG DJH UDQJH

7TKH HVWLPDBRWROQRVRID GXOWNMNRBOGBWDKORXOG FRQVLGHU DOO P!
IROORZHG E\ PXOWLIDFWRULDO DQDO\VLV 7KLV LV Rl FRXU
LQGLYLGXDO VNHOHWRQV 7KH 3DX DQG ORQWH /XQD VNHOHYV
ITWPHQWDWLRQ DQG GLVDUWLFXODWLRQ DQG WKLV PXOWLIDF

D VPDOO QXPEHU RI PRUH FRPSOHWH LQGLYLGXDOV

6(; (67,0$7,21 0(7+2'6

7KH HVYWLEDWRWOQRMHIRDBPKDOOHQJLQJ RQ VX BDRGSE \ROEDANHHEVIA KVRDGO\
IRGHWHUPLQLQJ VH[ DUH RIWHQ XQUHOLDEOH LQ LPPDWXUH L
LV ORZHU WKDQ LQ DGXOWYV $V KRUPRQHV DUH NH\ LQ WKH
VXFK DV WKH VL]H DQGSH®»DYSH RWWHKWHVINDODOMOXDE® PD\ QRW EH
LOQGLYLGXKKODHDAWHU DQG % DOIOHBIHIRUH LW FDQ EH GLIILFXOW W
EHWZHHD POGOWEDOHG RQ PREKIXKRQQRIJWKLYVY VWXG\ WKHGHWH
VH[ ZzDV RQO\ DWWHPSWHG IRU DGXOWYV DJHG \HDUV DQG R«
%DVV DQG SHOYLF %UX]HN OXubL HW DO PRU

ZHUH WDNHQ &UDQLDO DQG SHOYDR BRUPIKR® RN PEMU RRIT X \QF



PHWULF UHVXOWY VXFK DV ORQJ ERQH PHDVXUHPHQWYVY [|URI
PHWULFV IURP RWKHU FRPPLQJOHG ERQHV 7KXV VHFWLRQ S
LQGLYLGXDOBWAROE¥HDEVHG WR HVWLPDWH WKH VH[ RI VRPH OF
QXPEHU RI LQGLYLGXDOV IDFLOLWDWLQJ WKH GHYHORSPHQ'
SRSXODWLRQ 7KLV PHWKRG LV GHVFULEHG DQHQGIONW¥ KV \RH &/

LQ FKLOGKRRG YLD HVWLPDWLRQ RI VWDWXUH DQG OLQHDU

5(68/76 $1" ,6&866,21

3DX

TKHKHDOWIK RS YOKDHWLRQ RI 3DX LV SUHVHQWHGVREO@EKWRVR X JF
ERQH VIMISRIRUO\ SUHVHUDNEHF E® BPADKE\M K GHFLGXRXV W
SHUPDQHQW WHHOM HVDODWDOMDWLRQ ZDV QRW ®RWILEQE KXIK W
RI lUDIJIPHQWHDWRRQOHWH XSSHU ULJKW LQFLVRUV ERWK SHI
HVWDE®GLQK PXPHQXPEHU B1,LGOGHYVYEKERNKOZDYV FDOFXODWHG WF

VL[ VXEDGXOWYV

2Q0\ RI WKHZHUMW NKWKFLHQW ®WSOHBDMWYHG WR GHWHUPL
DQG SRVLWLRQ LQ WKH GHQWLWLRQ WKHLU ZHDU DQG KHI
%YURWKZHOO 6 PLWK /IRYHMR\ % M U NR/WWPUHBG D/QRS BBN
DJH UDQJHV RI L QXELD/&XOMWMHO AU BN WIKI LGRS DV \REDMWKHARRHS H
RI WRRWK \WRBWXHX H D#FEESFHQW Z HU ARXURIXBE&OBW DG XOW
\R PDWXUH DOXRWIKGXOWR DRG DQ XQNQRZQ DJH FDWHJRU

UHFRUGDEOH ZHDU 7DEOH

7TKBURSRUWLRQ RI WHBHWHKDAMW W KDWHDFK\ VKRZHG D WRWDO R

FODVVLILHG DV VXEDGXOWR DGV K LQLQRRRAODMW HIR U\ 7KH PI



RI WKH DGXOW WHHWK ZHUH LGHQWLRLHG WRI BAHK HJ R/FR WRDXAD ¥V |

D WRWDO RI RI WHHWK FRXOG QRW EH DJHG 7DEOH )L JI X

7TDEGIHDX 7RWDO QXAHHDJIRM MOTHWK S

$JH
$JH FO VXEFO
\HD U\

7TRWDO

6XEDG

$G X0\

8QNQR.,
7 RDAD

Unknown

45+ yo

36-45vyo

Adult

26-35vyo

16-25yo

10-15vyo

Subadult

0-9vyo

0% 5% 10% 15% 20% 25% 30% 35% 40% 45% 50%

JLIXUFIDX 'HPRJUDSKLF SURILOH RI WKH WHHWK RI WKH 3DX



7TKRDMRULW\HFIL &XRIXYV WHHWK DIJHG ZLWKILWRWEH7DEOH Ol

WKH SHUPDQHQW WHHWK ZHUHRURPGLERGLMEOXHDOV DIHG

7TDEGBIDX 'HFLGXRXV WHHWK

'"HFLGXRXV 7HHWK
,QFLVR &DQLQL ORODU 7RW

\R
\R

8QNQR?Z
7RW

+
+

7TDEGBHDX 3HUPDQHQW WHHWK FRXQW

SHUPDQHQW 7HHWK
,QFLV &DQL' 3UHPRt' OROD 7RW

\R

I+

I+

\R
<RXQ.
$GXO

\R
$GXO

\R
0DWXI
$GXO

\R
20G $c
\R

B8QANQR
7TRW




'"HFLGXRXV LQFLVRUV ZHUH WKWHHRWK FRPPR®Q®PR GU WKHUY H G|

PRODUV ZHUH PRVW FRPPRQO\ SUBVHBRABOUVRODRKRIHG E\

vors |
Wm0O-9yo

m16-25yo

26-35yo
m36-45yo
W 45+ yo

0% 5% 10% 15% 20% 25%

JLIXUIDX 3UHYDOHQFH RI WKH W\SH RI SHUPDQHQW WRRWK LQ

ORQWH /XQD

7KB1l, ZDV FDOFXODWHKH UEHDS/HHIWARLQ@®Y OGP RQ WKRPEKH 01, LV
DG XOAM WK IHPDOHV DQG PDOHV LGHDWQIGE HG WXE DEFHX €

JURXSHG WR \WRBYH FARVVXERDBKOWWHIRLDDIHURXQG



JLIXUMRQWH /XQD ([DPSOHV RI OHYRO\RUQY B YRH\G MDRXLIKQDRO@® R P L F D

$ WRWDO RI FUDQLDO DQG SRVWFUDQLDO HOHPHQWYV ZHUF
IRU SUHVHQFH Rl WUDXPDWLF DQ® SBW,RQRWRHL\WR® BIF LMDPGRH

ZHUH DEOH WR EH HVWLPDWHG IRU VH[ ZLWK LGHQWLILHC

JLIXUMRQWH /XQD (WDSMSHOWH BRYIDR\QLHR @ Q G DEIDG %D O



7DECOHRQWH /XQD ,GHQWLILHG HOHPHQWY EDVHG RQ DQDWRPLFL

,QGLYLC &UDQLX $[LDO VN 8SSHU /I /IRZHU /L TRW

ODOH

JHPDOF

8QNQR:
7RW

SHUFHQWDJH RI WKH WRWDO DPRXQW RI FDVHV EDVHG RQ WKH WRWDO DPRXQW

7TDEOOHRQWH /XQD ,GHQWLILHBUDQHPIBQWWHOG WKH SRVW

8QNQRZ

(OHPHQW ODOH YJHPDOH 7RW

&ODYLFOH
+XPHUXV
5DGLXV
80QD

YHP XU
7LELD
YLEXOD
3DWHOOD
JLUVW OHW

3HOYLYV
7TRW

SHUFHORMD VJ HKH REVHUYHG WUDLW DPRQJ VDPH HOHPHQW EDVHG RQ WKH
SHUFHRWWEKH WRWDO DPRXQW RI REVHUYHG WUDLW DPRQJ DOO WKH HOHPHQWYV

TKHUH ZHUH SRVWFUDMAHID OZ HWWO K PSFDOQWHNO OGH QWMWK PRV W FF
IROORZHG E\ KXPHUL IHPRUD DQG ILUVW P
DOORFDWLRQ RI VH[ ZLWK LGHQWLILHG DV IHPDOH DQG

FUDRRDXQG SHOYLV 7DEOH

The preservation ofhe dentition (teeth and tooth positions)

7KH GHWDLOV RI WKH SUHVHUYDWLRQ VWDWXV RI WKH WHHW
VRFNHW ZLWK RU ZLWKRXW D WRRWK DUH SUHVHQWHG 7KLV

XVHG WR DQDO\WH WKH GHQDWIOR DMK KKORIWRUWKHHS R S X



$ WRW D OWRIIHW K GHFLGXRXV DQG SHUPDQHQW DQG
SUHVHUYHG 7PEOW QXFPKHRXV WRNBW B GREBWHRWPHQWLQJ RYH
WHHWK H[DPLQHGXU#KLY PD\ PHDQ WKH VDPSOH LV VRPHZKD
DGXOWV DQG VLQFH GHQWDRJKHDOMWK LYW WWDRGQLUWRUNW W
DERYH VH[ HYWLPDWLRQ ZDV QRW SRVVLEOH IRU WK H IPEDOHR U
RI ZKLFK WKH PDMRULW\ LVRIURRLR YOPBGNAWWRQVLC
FRPSDUHG WR WKH ZKROH WRRWK VDPSOH DV WKH ERQH Z
XQDVVRFLDWHG ZLWK D7R B QGL\EDRI RWWRIRYIPMDMID VDPSOH RI
Q E\ WRRWK W\SH LQGLFDXNHYHWKRDAMW ARBDXYNQWO\ SUHVE
FDQLQHYV DQG WKH @DLEXFHKVR GV VWULEXWLRQ ® SHUPDQ
7DEOH ELPOWHW®KDW PRODUYV DUH PRVW IUHTXHQW
LQFLVRUYV DQG FDQLQHV HFLGRR®W D Q GRS K (
VDPSOHV WKH SRVWHULRU WHHWK DUHERR\QW PR NWOQ XPRI ERIX:
VDPSOHV W '7 37 7DEOHV DQG ,Q FRQWUDVW
DQWHULRU GHQWLWLRQ GLIIHUV EHWZHHQ GHFLGXRXV DQG
UHSUHVHQWHG UV KODYOHH WRIFLORZHVW OHYHO RI SUHVHU

LQFLVRUV DUH PRVW QXPHURXYV ZLWK WKH FDQLQHYV

7TKH WRRWK FRXQW PHWKRG VKRZV D SUHYDOHQFHQWYV R

\R 7DEOH J)LIXUH

7DEOCHRQWH /X QDX FBRMMIVA HWK DQG WRRWK SHINIIEBWGLHRIDMIKE O M{KH VDP SOH

$JH 7RWEL
$JH FC VXEFC W7HRHWWE WRR\
\HD U SRVLW

6XEDG




$GXO

8QNQR

TRW

3DuUwLDOO\ FRPSOHWH WHHWK DUH LQFOXGHG LQ WKH FRXQ'

LGHQWLILHG

7TRRWK SRVLWLRQ LV GHWHUPLQH 8 REJWHM ORAL

XQUHPRGHOOHG DQG UHPRGHOOHG VRFNHWYV

Unknown

Adult

Subadult

1'\!"”
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0% 10%
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B % based on number of teeth B % based on tooth positions

JLIXUFRQWH /XQD
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,Q WKH DVVHPEODJH RI GHFLGXRXV WHHWK PRQSHREZNRR\

,Q WKH SHUPD QK& VK IGHKOWWWLRYHO RI SBROBUYDWLRQ
DQG SUHPRODIRWORZHG E\ LQPIQMRBEDQLQHM IXURKH KLJKHVW
UHSHWLWLYH HOHPHQW LQHWQKHGIHHFWGWRRQ B BDEHS PRIFDYR UY

UHVSHFWLYHO\

m0-9vyo
Y Premolars I -
B 10-15vyo

Young Adult (16— 25 yo)
m Adult (26— 35vy0)

B Mature Adult (36— 45yo) Canines I l
Old Adult (45+ yo)
Incisors I I

0% 5% 10% 15% 20% 25% 30% 35%
JLIXUHRQWH /XQD 3UHYDOHQFH RI W\SH RI SHUPDQHQW WHHWK DPRQJ VXEI

,6&866,21

7KH GHPRJUDSKLFHR@IWHEG E QIQW & § VWARWRGIS H (B\RVE X Q B W LVRIQHV W U
3DX DQG ORGRMPXQDMMDISWRODQ LPSURYHG SASKODBWDRG LD R

SDVW VRFKHEWIMRNKR GCHUMWIKWHUIUKW LQWR WKH VRFLDO DQG FXOV



WLPBHQW DIQIRPILAY MM HE HDDV}G PDR}P DOHMELR KLQ B VD DSV R
LPSRUWPWW[DOKEOK SHUFHQW D OHDRF IPROWEIUHVW WKDW WKH\
YXOQHUDEOH WR GHDWK WKDQ IHPDOHV +RZHYHU ZKHQ FI
FRQWH[W DQ DOWHUQDWLYH H[S\DORKDBAL RWX R HPHMRPUH E SIS D
VLWH HJ 8JDV )XUWKHUPRUH GHPRJUDSKLF GDWD FD
VDPSOH ZKLFK FRXOG LQGLFDWH W K D W HSHJHNV BIIQQV HBGRKX S \D R U
VLWHPRJUDSKVMVQRQRQDULW\ FDQ DDUHEFGNH DB K WHYIVE XPADLVRIGR/Q L
ZD\V :RRG HW DO J)LUVW PRUWDOLW\ SDWWHUQV LQ D
D VWDEOH SRSXODWLRQ UHNXEDGBLMEK \L'\§ UG IDX\/R @ @Q REDW RG \
VWDWLRQDU\ SRSXO DW WEBGEWH RAMKON BIHERWIGRQ FDQ EH DIIHF
WKH VH[ UDWLR RYHU WLPH DV PRUWDOLW\ UDWH\LO® VAKE\ \
DIEWHIBNMWULEXWLRQ PD\ EH DIIHFWHG E\ FKDQJHV LQ WKH D.
UHVXOW LQ FKDQIHVEN)RA R HYE\ERMHD XO\DQ B W H DWVKD SURI[\ IR
WKH QXPEHU RI LQGLYLGXDOV G\LQJ ZLWKLQ DQ DJH LQWHU

GLVWULEXWLRQ RI WKH SRSXODWLRQ LV'IQ:RW VWH ADRIG B AMRRXAW

% ULDO VLWHYV D UENKRDWHDRFGLLWWW WU BHKEK DV FRQVWUXKWLRQ
DUULYDO RI D QHZ SRSXODWLRYHP DR UK B Y M UXIS WX E\Y WREI ULDQOFU
SURFHWXAK DV HURVLRQ WQS KRHDRWPK IF ULKQIQ JH VF ID® B VR FD G
GDPDIHQG DIIHFW SHKVHDO DM WRIPRY HU W DR URQ DGGLWLRHC
GXULQJ DQ DUFKDHRORJLFDO VXUYH\ H[FDYDWLRQ RU DQDC
GXH WR LQDSSURSULDWH KDQGROIYQW D:O ORI ROLQWDLQ DY D

SRSXODWLRQV GLIIHU IURP OLYLQJ RQHV O0D\V :DOGURAQ



7KH GHPRJUDSK\ RI 6DUGLQLD LV QRW ZHOO XQGHUVWRRG G
WR GDWH EDVHG RQ JHQBWYP @ADL\ WHKVF ' %k WERSKIDDWLRQ
6DUGLQLD ZDV HVWLPDWHG DV QXPEHULQJ RQO\ LQ WKH WHQ
DQG 3XQLF HUDV ZHUH FKDUDFWHULVHG E\ IHPDOH PRELOLW
DQG PXOWLFXOWXUDO QDWEPHWKI MWK H & RFLHW\+ RRAEDNHME RI X
VWXGLHYVY DUH QHFHVVDU\ WR VKHG OLJKW RQ WKH GHPRJUD

DQG VH[ GLVWULEXWLRQ WKURXJK WLPH

7KH 3DX DQG D\RIPSHD FHX@DUWIH W BKILIMKH G HEMHO R MKEBIHA R Q W DWK
GHPRJUDSKLAFDQURQICOHAH SUHVHQWHG LQ WHUPV RI WKH PLQI
DJH UDQJHV DQG VH[ GLVWULEXWLRQ ORQWH /IXQD RRQWDTLK
D VLPLODU SURSRUWLRQ RI VXEDGXOWV ZLWK DQG

LQ 3DX LQFOXGHG ERQHV IURP IRHWDO DQBUDIR Q DVWER®M HQ G L
DQG ROGHU VXEDGXOWXQ L RWKDIEIG\ ZDY QROQMMLGHQFH RI VXEL
\HDU Rl DPRQWKY ZKLFK PD\ KDYH EHHQ GXH WR GHFD\ DQ

IRHWDO DQG LQIDQW ERQHYV DW WKDW ORFDWLRQ HWHYV DO\

,Q ERWK VDPSOHV WKH PIWMRURWXQ R DD & XCO/EIDEHHGH RA WK H D
GHQWDO VDPSOHV 2QO\ RI WKH 3DX VDPSOH DQG RI
FODVVLILHG DV ROGHU DGXOWV +LVWRULFDOO\ LQIDQWYV
7ULQNDXVI9RON DQG $WNLQVR@DGROWHREGOMSG KQBMX OO [DFH/(
UDQJH RI KHDOWK ULVNV WKDW FRXOG OHDG WR SUHPDWXU
PRUH FRPPR @ E B RDXXBNHRV\ V WIDHIGALFW®VN QRZOHGJH DQG WHF}
$GGLWLRQDOO\ GLVHDMHAVDOHUH @ $RHSX ODMWIL® GIW S LWK ZHDN

WRLWACHAIQ XWULWLRQ RU KHDOWK SUREOHPYV



WV SRVVLEOH WR LQYHVWLJDWH SRWHQWLDVKIE WIZRISQREN®L
RDQDOWKKMIPRIUDSKLF GDWD @ KIHOISQWRUPDMILVREY BOUHIJLRQD
LQVLIJKW LQWR WKH KHDOWK VWDDWOHRIFRY D8 HGEILVIHD \J H RXB
H[SHFWDQF\ DQG Q&R\PSDAGIHRFEFOIQ) VKD FAMKBIWICH RORRVKLF DQG
FDQ KMHROBGHQWLI\ WUHQGY DQG FKDQJRKLM KEDIMBERHOER QWM BR |
ZLWK JHQHWLF GRWBUW W B QGY @I RIEG MWIHRBEBMPARRJIUD SKLF G
FDQ EH FRPSDUHGL I HWURESHERVEIRD DVBLHROWL [\ O R F DEA. \BDIVML WU (
DQG LQHTRKMHDPNMUKMNK HU FKDSWHUV ZLOO DQDO\VH DQG GLVFX
WR LQWHUSUHW IXQHUDU\ EHKDYLRXU KHDOWK DQG VWUHV\
WKHVQWQMWHJIJUDWH DOO LQIRUPDWLRQ JDLQHG WR GHYHORS

IHROLWKLF DQG 3XQLF HUD

[,0,7$7,216 $1' %,$6(6

7TKH ELRDUFKDHRORVVRKB/EEWGESRBIFRI KXPDQ UHPDLQV LV UF
OLYUQRXWRKLFK SMKINERH@RQJIJHG T7KRPEZEX@OWLQWHUSUHWHG W
REVHUYDWDRQO® LRKYDP@&IODHKHUH DGR WBQXWXONVHUIHULQJ ZLWK
IROORZLQJ WHIJWHYUIPWORQ DQG VXEVHTXHQW FXUDWLRQ :K

LQIRUPDWLRQ DERXW WKH SRSXODWLRQ DV D ZKROH IRXU |

Xx TKH SURSRUWLRQ RI GHDG WKDW ZHUH EXULHG
X TKH SURSRUWLRQ RI WKIRYWH ZXWH F®& ZKXRVHHGHROQ R XJK WE
X 7TKH SURSRUWLRQ GLVFRYHUHG

X TKH SURSRUWLRQ UHFRYHUHG



'XH WR WKH H[WULQVLF HIITHFWV RI WKH QDWXUDO DQG FXOW

/IXQD DUH SRRUO\ SUHVHUYHG ZL@K D KLJK OHYHO RI IUDJPH

7KH VDPSOH IURP 3DX LV PDGH XS RI LVRODWHG HOHPHQWYV
RQO\ LVRODWHG WHHWK SURYLGLQJ YDOXDEOH LQIRUPDWLR

LOQIRUPDWLRQ RQ WKH SRSXODWLRXIW FXOWXUH DQG IXQHUD

7KH VDPSOH IURP ORQWH /XQD LV FKDUDFWHULVHG E\ VNHOF
EXULDOV LGHQWLILHG QRW DOO ZHUH H[FDYDWHG (DFK R
FUHPDWLRQV ZLWK PRVWO\ GV RMKRWBHIG HQHXPEQ W \RIUPIRB M HAURH

ZHUH UHFRYHUHG

7KH RQO\ DUFKDHRORJLFDO DUWHIDFWYV RXWHRH $IHWKIHRG® I
'RPX 1RVOWIDG WKH $UFKDHRORJLF&DIODDHHR QD @/ HDOWFHKP IRX Q (

WHEV SURYLGHG YDOXDEOH LQIRUPDWLRQ DERXW WKH FXOW X

(VWLPDWLRQ RI GHPRJUDSK\ DQG 01, XVLQJ VWDQGDUGYV EDV

NQRZQ DJH O0D\V KDYH WR FRQVLGHU WKH IROORZLQJ O

X $ VLCEEPXOH.DO PD\ QRW EH LQGLFDWLYH RI SDUWLFXODU Fk
Xx 7TKH QDWXUDO YDULDELOLW\ RI VRPH VNHOHWDO IHDWXU
WKH GHYHORSPHQWDO DQG GHJHQHUDW LQYYRH Q WREH VR/AHLP
GLHW DQG JHQHWLF RVWHRJHQHVLVY DQG GHQWDO HUXS
X 6WDQGDUGYVY EDVHG RQ PRGHUQ SRSXODWLRQV DVVXPH
FKURQRORJLFDO HYHQWY W LV HVVHQWLDCQ DAVWUR. PR DR Q G
VWDQGDUGYV ERWK DW DQ LQGLYLGXDO DQG SRSXODWLR

GLVHDVHV DQG PDOQXWULWLRQ FDQ DIIHFW WKH GHYHC



X ,W LV PRUH UHOLDEOH WR XVHRDWQOKDWMW WARRHRWERDW H

$Q LGHDO PRGHO RI DQDO\VLV LV EDVHG RQ FRPSOHWH VNHO
HVWLPDWLRQV RI DVSHFWV RI WKH ELRORJ\ RI LQGLYLGXDOV
IRXU PHWRQ@BONVRLYDLQ DQ XQGHUVWDQBVMEARH PHSRBXIODW L
6MRYROG%XLNVWUD DQG 8EHODNHU +RZHYHU DQFLHQW
IUDJPHQWHG DQG WKHUHIRUH RWKHU PHW KRGW WIRY WG XA\ HS

KDYH EHHQ GHYHORSHG

7KH SUHVHQFH RI SDUWLDOO\ SUHVHUYHG LQGLYLGXDOV

DJH UDQJHV DW ORQWH /XQD DOORZHG D FRPELQDWLRQ RI P
DQG WR YHUYDOWEHW\ RQ D 6DUGLQLDQ SRSXODWLRQ 7KH
FRQVLVWHQW HVWLPDWHY DQG DUH WKHWHQRW M LFERX®\CLIG/H B HR

SURILOH HVWLPDWLRQ

7KH OLPLWDWLRQV RXWOLQHG DERQHH DD WHWSEHW DWKHR Q HR

DQG KHDOWK VWDWXV RI WKH SRSXODWLRQV DQG DUH FDUHI



5,6,1* )520 7+( $6+® 08/7,7(&+1,48( $1$/<7,&%/
$3352%&+ 72 '(7(50,1( &5(0%7,351&$6( 678'< )520

$0,'/( 1(2/,7+,8%85,%/ ,6$5',1,$ ,7%$/<
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7KH VWXG\ RI FUHPDWHG KXPDQ UHPDLQV IURP DUFKDHRORIJL
OHVXDEIMH WKDQ WKH VWXGWYXRIWR KAKKHH 6 REFRGOLHHY W\ RI WKH D
WKH IDOVH EHOLHI WKDW OLWWOH VXUYLYHV WKH EXUQLQJ
EHLQJ UHPHGLHG PRUH UHFHQWO\ WKURXJK VHYHUDO SXEOL
J)DLUJULHYH 6FKPLGW DQG 6\PHYV VXPPDULHV
DQG IUHTXHQW FRQWLQXRXV UHVHDUFK H J 7KRPSVRQ

D E 6DQGKRO]JHU HWHBOQW PHWKRGRODKRHRBEBWILFDO GH
DLPLQJ WR UHMRBKRORPNFWKHDQVIRUPDWLRQ RI WKH KXPD

KLIKOLJKWHG WKHLU SRWHQWLDO Q& UF X8\Y

WHFKQRXKRIAWWRPH ESQBQW LHLKUN VW D B RVGI\GL GWHRUBLRYKW X C
FKDQBXUQW ERQH DQG QRZ LW LV SRVVLEOH WR VWXG\ WKH
WKURXIK\ ;) OXRUHVFHQBHE\ BYIITUDFWLRQ ;57UDQUIRRRULMIWL

VSHFRRGBRV)7,5 7KH DSSOLFDWLRQ RI WKHVH PHWKRGV KDV >

7KLY FKDSWHU LV ZULWWHQ D % >0E 0 W\DIQHERXARXMIOHRR ¥WE B O HRORUIEGBO 6F|
GRWWSV GRL RUJ M MOVWVWHX WKHUH ZLOO EH VRPH UHS
VHFWLRQV SDUWLFXODUO\ LQ UHJDUG WR FRQWH[W DQG PDWHULDOV



'DO 6DVVR HW DO6WLQHU HW DGLJD HW DRMJ ;5' DQG )7,5 3LJ!

DO

7TUDGLWLRQDOO\ WKH DUFKDHRORIHEG /G &G RQWA] Y\ R/IWRAGHRHD/
IURP HLWKHU WKH SUHVHQFH RI D FRQWDLQHU VXFK DV DQ

EXUL®XOHY WR WKH GLIILFXOW\ RI LMHH YWIXIGA Rl FDHR D WEHGYUd
FKDOOHQJLQJ 7T1RWKHW WKGEHOFDYHROLWKLF/WXGERG OGHFRIWHL YK |
ZDV EURXJKW WR OLJKW LQVLGH WKH 6X )RUUX GH LV 6LQ]XU
FDUULBGURMKH ORQWH $UFLFEKY BRBARGHEWIHI\ WKH GLDFKUF

REVLGLDQ H[SORLWDWLRQ IURP WKH (DUODXUHRO®LWKLF &VR W
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JLIXUHHQHUDO PDSZRIVWHQUWUEDAU GLQLD GWDIOA 6Z QWU HZBEUMXG RWKHU PDMRU C
1HROLWKLF VLWHVY O0DS & /XJOLqg / )DQWL



"XULQJ WKH HVFDYD WRRWOW RIS®WURI[L P D WHNH O HW D QJ HFRIYAHIQHVG

VKRZHIGDWIR EHHQ DIIHFWHG E\ W&IH UHPWDHDQERO BAHRIRIEAN W R B 7 L W\

JLIXUHHDW LQGXFHG FRORXU FKDQJH RQ DWFKDWR OWRD & KR@GKYPW Y ERQ
3KRWR & /XJOLg 5 3DED

IRQHWKHOHVYVY QR HYLGHQFH RI ILULQJ LQVLGH WKH FDYH K
FRQWH[W UDLVHG DQ@HUHPEEHFFDWH® L WDWWXHFRQGDU\ EXULDO U
FUHPDWLRQ RI VHYHUDO LQGLYEZBXDGVEHI|WKKLYR QOGN VWK B QRL

6DUGLQLDQIHURQHW KL[P P S O H VHR HDESHHMWIL@ FRHYDO VLWHYV



%UHD HW D®XFK D FUXFLDO VKLIW RI ULWXDO EHKDYLRU IURF
LQ WKH LQWHUUHITRQUHG JUHDWHU XQGHUVWDQGLQJ RI WKL
7KHQWKURSRORJLFDO PDWHULDO ZDV DQHFEWS® E¥ KWXK D U HR
DQG KXPDQDUNADU®WH ZDV FOHDUO\ SOD\HG B\YWRKRKE P WIXW D
LWHU\ GLIILFXOW WR UHO\ RQO\ RQ WKH VSDWLDO DQRO\VL\
GHWHUPLQH WKH |X&HWY FIR\Q SWHNAMML FORSE QIHEED WLLGRW H HYDHW IDROQ
D QD O\W L F DIOQ PRHWGKEREHURW W Q& W X GOl TRMVE VBRR@D O GLVWULE X
RI ITUDJPHQWHG KXPDQV UHPDLQV $V D FRQVHTXHQRH \WK™MHXC
ILUVWWKHPBI'S SRONSFHIPWLLRRE KR W RRMBW)Z BV 5§ Q GHUWDNH Q

7TKH DSSURDFK LV DRIOWLRAMDEBDIWHG LQ WKH

X BHOHFWLRQ DQG VSDWLDO GLVWULEXWLRQ DQDO\VLV RI W|
E\ *,6

X $QDO\VLV Rl ERQH V FRORXBEKWE PIS HDQ &/ XV HD VW R B RIXWK
VSHFWURSKRWRPHWU\

X &KDUDFWHUL]DWLRQ Rl WKH HOHPHQWDO FRPSRVLWLRQ RI

X OROHFXODU FRPSRVLWLRQ DQG &U\VWDOOLQLW)\ ,QGH[ DQD

X $00 WKH GDWD ZHUH WKBEGFRWDBWQ Y WL BOEG K DAOHRK @ HTX H

VWDWLVWLFDW DWW @\ QGVFRUNHODWLRQ PHDVXUHV

7KLY DLPV WR GHYHORS D PHWISEGRWRILIFID G DA RIRAOD Q) XKoL WD E®
RFUHPDWHG KXPDQ UHPDLQV LQ FRAMKOHH RWUWW BXHEWONBRHOR/OW R )

EHKDYLRXU LQ WKH OHGLWHUUDQHDQ DQG (XURSHDQ FRQWH]



$58&+$(2/2*,&%/ 6(77,1*

*HRJUDSKLF DQG FXOWXUDO FRQWHI[W

7KH VIBWH ROHY 6LQ]XUUKDBWXG L\DDSIDWNGR.QOD QG IDU IURP WKFE
WKDW LQ SUHKLVWRU\ ZDV UHDFKHG H[FOXVLYHO\ E\ VHDIDU
JURXSV ZDV VW UIMY WQREDHBUG V. VOKRDND W VRQHE B BIGHKER ORJLFD O
ERWK LQ WKH PDWHULDO DQG LQ WKH VIPEROLF UHFRUG 6L
(DUO\ 1HROLWKLF 9, PLOOHQQLXP %&( LQWHUUHJLRQDO FR
VIPPHWULFDO FXOWXKH & X-PYORO RRRPRRQRWLHY VHWWOHG RQ
VXUURXQGLQJ ZHVWHUQ OH G LSF R QU D/DKHD QH Z XU DR EfY DI MBI D O \
HYLGHQFH RI KXPDQ GLVSODFHPHQWYVY IURP WKH LVO-DV@GHW R Z
VHDVKRUHV Rl WKH OHGLWHUUDQHDQ ,Q IDFW IURP WKH OR
FHQWHYW EDFNVKRUH RI 6DUGLQLD VHYHUDO GLVFUHWH RE\
H[SORLWHG DBIG6$GBE%WULEXWQG 6RDOHRFRXPY 7\NRW /X,

/IXJOLg )LIXUWHWZHHQ WKH 9, DQG 9 PLOOHQQLXP %&(
VWRQH ULQJV OLQNHGRWWHK RYQWOQG\ZLN\PK G\DK H VWUHQJW
LQWHUUHJLRQBWZRBKVQDHFRUGLQJ WR WKH LQWHUQDO GHY
2Q WKH RWKHU KDQG WKH WUDQVPLVVLRQ RI VIPEROLF EH
ILJXUDWLYH H[SUHVVLRQV Rl SRWWHU\ GHFRUDWRAG WRUWF
ZHDNO\ WR IXQHUDU\ ULWXDOV ,Q WKH ODWH 9 PLOOHQQLX!
EHORQJLQJ WR WKBD®GYBRBMREX WL SUHYLRXVO\ XQGHFRUDW
FDUYHG JUDSKLF VFKHPHV OWNNWMKIDY \POUQHG DQLL G HLEDV V HF
6 TXDORKWRBRWWHU\ 603 FXO3WRUG RADVNRBLIR DQG %LDJL

KRUL]JRQ ZDV FHUWDLQO\ LQ FRQWDFW ZLWK WKH 7\UUKHQLEC



REVLALDPQWVHWDPRUSKLF VWHDWLWGD WE®IDOLD \DIQRQWHE HL® D

WKH $SHQQLQH EHWZHHQ 7XVFDQ\ DQG (PLOLD OLFKHOL

$V WR WKH IXQHUDU\ $HYDB\M QFEHD URARPR @WDILNWW OrHH DR RGP\D W L
OLPLWHG H[FOXVLYHO\ WR WKH FDVH RI WK H&BEWRIW DB HDHRRQ
WR WKH HBURGQN ,(RIAMXXUH D VHULHV Rl QLQH VPD@® XQG
DURX QL B/RBIMW KH 9QRX®OK&( VKRZHG D VSHFLILF ULWXDO RI
ZLWK WKH ERG\ O\LQJ DORHJBIGMKHLQHHW D DGHRUQWLRQ 6DQW
6D QWRQEUBRWY REMLFBALY @ @E W R P H W FEKLLWR G B B\R IGJ R P

RQH WR WKUHH KXPDQ ILJXULQHV PDGH LQ VWRQH DUH DOZEC
VIPEROLF EHKDYLRU PDWFKHV WKH XVXDO IXQ3OLOLD &6H URXD
%UHD HW DO 6 X US DIORZLID)\ D@XGUR R U HAE BIGIHRYLSEK-DINGR 0 1

WKLV EXULDO SUDFWLFH LMVIXOW RN W [W R SVFGFQOVRIE WXRIDD® D W \
FXOWXUH RI WKH VWR/QH XQH B O H QIDFEKRIRO S\Q WWQD QRW ZK
LGHQWLILHG GXH WR WKH ODFN RI V8K H VG RDEWKIREY | K Q WEKDIUH

GLVFRYHUHG WKXYV IDU

7KH FROOHFWLYH EXULDO RI WKH 6X )RUUX GH LV 6LQ]XU

7KH 6X )RUUX GH ,V 6LQ]XUUHGGXYV E XIUHRBDWD W &@ HERKWOVR-RDQV |
IODQNV RI WKH ORQWH $UFL YROFDQLF PDVVLI IFQQWMABD @ LV W
6DUGLQURUH 7KH IXQHUDU\ ORFXV LV D VRHEPQLRDYRQWR DX @Y
ZKLFK UXQV PDWMYRXHK UXK\ROLWLF GRP KK ZULMAWD RRD LBMHRIPH W
EDFNILOOLQJ RI WKH IDXOW WKH RULJLQDO HQWUDQFH RI \

JURXQG OHYHO WKXV SURYLGLQJ D SYRMHBWIKBG DQG EDUHO
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JLIXUIBSDWLDO GLVWYWLEEHXWERQLRFRISRWWHU\ YHVVHOV 019 PLQLPXP Q>
GUDZLQJV RI WKH PDLQ YHVVHO SURILOHV RUQDPHQWY EHDGV DQG Kk
QXPEHU RI LQGLYQMLBXDRYOIO4,5 3DED / )DQWL YHVVHO GUDZLQJV |/

$ ORWBUP H[FDYDWLRRI WKH VWUDWLJUDSKLF VHTXHQFH LQ
VXFFHVVLRQ RI VHYHUDO SKDVHV RI PDVVLYH YDXOWWIRHK OD
01 WRKH SUHRVHHOMW VW DQG PDLQ SKDVH RI RF&EXQ DM URQ FRHPX
GDWHG EDFN WR WKH VHFRQG KDOI RI WKH 9 PLOOHQQLXP %&
WKH ROGHVW GLUHPRBWYHH F LKHDEH IRR@WAIRFXIBW KHU VHWWOLQJ
GXUMWHRSSHU $JH DQG 1XUDJLF OLGGOH %URQ]JH $JH ZHUH D
SURJUHVVLYH UHGXFWLRQ RI WKH URRP EHFDXVH RI WKH ILC

HYHQWVDQ@WKURSRIJHQLF OD\HUV EURXJKW WR OLJKW ERUH



EHWZBBQIKNROLWH ERXOGHUVHV/X® WV IIKID WY L REKIVF KVDOKARILI RVXKI\K

HIFDYDWLRQ

6X J)RUUX GH LV 60QPOUIHE ENDIANY HU\QEER QG FHIGLEFXR @WQ

RXWFURS RI 6& REVLGLD QW KUWZV PUDMHIUW. DRQN KSLGSRZ MWDKV LR Q |
LQIHUHQFH LV VXSSRUWHG E\ WKH SUHVHQFH RI REVLGLDQ I
ZLWK WKH 01PPXPNMQ AKHH VDPH VWUDWLJUDSKLF SRVLWLRQ R
VHYHUDO SRWWHU\ VKH U6 B HRAGKDIIARGURI OWKE 0LUVWO\ WR
WKLV KRUL]JRQ DQG VHFRQGO\ WR FRQILUP GHKDQV XPX BlE&Q JW
VIVWHPDWLF DQG PDVVLYH H[SORLWDWLRQ RI WKH 6& REVLG
/XJOLg $00 WKH GLDJQRVWLF DUWHIDFWV ZHUH GLVSC
DQG VRXWBRWRNWE ZDO G'Q\RD QWJKOHH EDLYQH D KX JBIDDP RR QWM R K K|

ERQHV DQG LQWHUPDQHDWGRZ LARIQ WHHYW U DBIXKE KEBDQ UHPDL!
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JLIXUK[FDYDWLRQ RI WKH VWUDWLJUDSKLF XQLWV LQ WKH 6X J)RUUX GH
EXUQW ERQHV QRWDEO\ WHHWK GHWDLO LQ WKH IRFXV ZLQGRZ



JLIXUK[FDYDWLRQ RI WKH VWUDWLJUDSKLF XQLWV LQ WKH 6% s®QUX GH
&LULDFR ERZO ZKLWH DAJWRRED J H3 K/R WIRQ W L

SRWWHU\ LV WKH PRVW UHOLDEOH FXOWXUDO O X WFKL®R ®RQ
DW 6X )RUUX GH LV 6LQ]XUUHGGXV W DSSHDUV ZLWKLQ DOO

WKH GLVWULEXWLRQ RI KXPDQ ERQHYV DORQJ)WKKHIMRXWKHUQ



'"HVSLWH WKH UHODW L RH G\ KKH. DR/ VIHPEFOHIQW CDMIAR Y KH VP DO O G
WKH PRUSKRORJ\ Rl YSIWNWOWYHGWRURAW®FDULQDWB G WKRZ
WHFKQRORJLFDO IHDWXUHV VKDUHG E\ DOO WKH SRWWHU\ D
01 %6DQ &LUZRERWWWUFKDUDFWKPHURXY RRQWHPSRUDQHRXYV
LVODRIXUH6DQWRQE 8JIMDV HMQWAQL/XJOLq D 8\
/XJOLq JLIXUH )DGWVLDO )LIXUMQG )DQWL)LIXUH

%DVHBFR®QW RI ULP W\SHV DQG IDPLO\ VKHUGV IURP WKH V\

9RVV DQG $OOHQ PLQLPXP QXPEHU RI  YHVVHOV KDV I
$ORQJVLGH VWHRH SMRBRERWIFDLODULWLHY DPRQJ WKH YHVVH
6LQ]XUUHGGXV DQG SRWWHU\ I[URP WKH VLWHY ORFDWHG DO
QRWDEO\ GRIRWRIULNORQL 6DQWRQL HW DWOVWHUQ BQGGL
DUWPUURXQGLQJ WKH JXOI RI XN RKLQ R6 CK¥K\$ & DIDYEWWUDR B GLW K H
VLWH RI 6DTH&UDDEERH/XJOLq D HW)DQWLWKH VSHFWU;
FRPSDULVRQV FRQQHFWYV WKH SRWWHUW B \DVEP EBGBK & i MEIF
D ZLGH QHWZRUN Rl UHODWLRQVKLSY DQG FRQWDFWV HQF]
WRZDUGV IMKMD GQBRDRYLFD DQG WKH QRUWK 7MW KHQLDB DUI

%RXUGRQQHF HW QIO DR QDUDPR /XJOLq

0$7(5,%$/6 $10(7+2'6

+XPDQ UHPDLQV

%HVLGHY D UHVWULFWHG QEREBRW RV FRQOKHEP >YRIWPE HE\R @®RHRB/L W
KXPDAPDLQV IRXQG LV PRUH WKDQ R IF KD P HWQ MWDLW IHRSQE \'
UHFRYMWUXDV REKBUWHMWEBLQYV ZHUH SDUWLDOO\ LQKXPHG EXW

KDG BEHBERVHG WARHYUBHQFHG WKURXJXWFHRQRRBRBW KWRBHUHPDL



FKDUDFWHULQHE\ IKBBWXUH SDWWHUQV ERQH ZDHNAUQLE H/G
LQWKHWHUDWXUH %RQXFFL DQG *UD]LDQL 6KLSPDQ HW
OF&XWFKHRQ 0D\V :DKO * R:@EONCHYUH M VA \BRD O
WKLV VWXG\ WHHWK Z B Qi CHDRBD@IHY WKH H[FDYDWHG 6W
EHFDXVH WKH\ DUH WKH RQOH[FRF 5 @H\EHXREREELD BWLRQ \RK IF

IUDJPHQWHG KXPDW UBWDJ QW I IR X ZDV V \WXIERLQHI GUKR
SUHVHERH QRIKHWERIQHEMURXQG RBIWYWRQH VODE IURP WKH FRC(
DQKDYH EHHQ BVWREHDNOHQGHG FKERWRBWRHB\DVVRFLDWHG SRW
SKDODQJHV DQG WKH PL[HGRPIDREAW Q QRGHIMHMERE X HNFRW GBI ® QG 8
'KLWH DQG )RONHODDJPHQWYKZHHUH VRUWHG DFFRUGLQJ WF
RU DSSHQGLFXDQE WKHQHMERH@MWLILHG WR VNHXQWG B QO HIPH

FDWHJRU\

4.3.1.1 Minimum number of individuals and health conditions

7HHWK DQG SKDODQJHV ZHUH WKH R Q CD QZKR}VHWERN H @ W WRDEDWHH
PLQLPXP QXPEHAMGERDQQYGIKH\ ZHUH V RAWWHDGN E J UTCSARHYFHGIDVY. M
VNHOHWDO HOHPHDWG BXKHDWHDEEXBHMWHJIRU\ IRU VSHFLILF V
GHQWDO ZHDU %URWKZHOO GHQARD B MR DHW BDO@KXDHRYO DFDLL
+LOOVRQ DQG DJH HVWLPDWLRQ 3KDQ@OREWNGHHUH U
HV W L P D WLRFH D\Q)GU ZPHGIWYRNHQKH ILUVW SUR[LPDODSKDRGRQ

O9DUDYVY DQG 7TKRPSVRQ

4.3.1.2 Heatinduced colourchange

&GRORXU ENDH)OBRIQGLRIFWRBDWLRQ 6KLSPDQ HW DO *R

(OOLQJKDP HWIOHDO FRORUDWLRQ YDULHV ZLWK WHPSHUDWXUH



D GDUN EQWREZN) DWf DfQJWWK DW f& FKIXKAMH RYHU WE® @ KL W&
ZLWK EOXH \HOORZ VKDGfRYV EKMWIZHRQH W KM & PN\OMHEFEDMMWAIGI VD E
XQLWVDQG XQGHUZHQWUMY SHAMWWHU RRSKRWWRHDWVHVYV FRORX
ZDV FDOLEUDWHG ZLWK ZKVYWXI SB B/BNH F @B § DRIMWH R O B QINF D O
DQG WKH VHOHHWHGJNBPRBOWEOIOQD G &,(/$% OXQUR HW DO

DO 7TKH VDABWBHEMDQHG ZLWK D EUXVK WR FUHDWH D PP

FRYHUHG E\ WKH VS HFAMH RBHKRWFRAHPWMIQW CHYVWDNHQ RQ WKF
WKH KIHKSNWOWXUH(RFKEXDQBQH Z /K WHHHCRMLGHKG VDPH SRLQ)

PHDQ UHVXX®XW RYHGDJHV ZHUH H[SRUWHG WR ([FHO 2IILFH

4.3.1.3 Osteological Controls

7KH HITHFWLYH DIDENNVHEG RKBEQDW LQ BRRBIOIWRW BV RKDIKROR'
WR H[SHULPHQWDOO\ EXUQHG ERQH LQ RUGHU WR YDOLGDW
VLIRDPRXQW RI VKHHS ERQH DQ DFFHSWHG DQLPDO DQDOR
GHIOHVKHG DW NQRZQ WHPSHUDWXUHYV WR f& LQ
PLQVY 6DPSOHV ZHUH FUXVKHG DQG FRPELQMESOW R RHW OH W

DQG GHIOHVKHG DW HDPKMWMHPASHUDWXUH LQWHUYDO
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JLIXURVWHRORJLFDO FRQWUROV RI VKHHS ERQHYV EXUQW DW NQRZQ WHF
3DED

7KHVH H[SHULPHQWDO VWXGLHV GRHAOPHQWHKIGPIRW W@PSOH (
HW DO 3LHW DO 7KRPIKR®SVRQ HW DO 7KRPSVR
ODUTXHV HW SBUPQWGHUWL\OWDMKKE HIIHFW RI WHPSHUDWXUH

SUHVHQFH RI VRIW WLVVXBG XFO BWHKLDQJ HHWEMRE IORIDREG & X bl
WKH VIZXMHIO¥HEMHFWHG WR E7FRQRXU DQDO\VLY WR FUHDWH V)

5HVXOWY DQG DSSOLFDWLRQ RI WKHVH H[SHULPHQWDO VWX



,5)

. 5D\ IOXRUHVFHQFHMKR®)Q SURPLVH LQ WKH VWXG\ RI ILUH XVI

DQG LQ GHWHUPLQLQJ ZKHWKXWR D VH@J ®HL QISR B X5 W DESHX
DQDO\VLQJ HOHPHQWDO FRQFHQWUBRGRRQNM K DKX® DREDRIQH
SRUWDEDOHOQXRUHVFHQFH 1LWRQ ;/ W *2/"'" 6SHFWURPHWHU D
8. ZDV XVHG $IWHU WKH FDOLEUDWLRQ DQG VDIHW\ FRQWU
OLQLQJ H[SORUDWLRQ DQG *HRF K H®L A-DIH PIOOW W HV. UV R/ G\ ¥
FRQWUROV ZHWHKISE UNVKBHPWGP SO HVMWRP WL B b DISKRDFH-SIQH W \Z H U
FOHDQHG WR PLEGRPMBPUKIEWERQ VXUIDFH FRQWDPLQDWLR
EHFDX$B\WHQHWUDWH D IHZ PLOOLPHWUHV EH\RQG WKH V>
6KDFNOH\ UHFRBOGL@YDNBEQUMKUHH WLPHY DQG WKH DYHUDJ!

6366

)7,5

JRXULHU 7UDQVIRUP ,QIUDUHG 6 S HNFAMAKROWRFIRFRE H )X VBA KGHV VIWKKHS \
EXUQW KXPDQ UHPDLQV ,W MDGHVKWRDQ KIRZLMKDQEHN L& & 3
DUH XVHIXO WR HVWRBPB WO YW M PHEM IDEDS X R © 7KRPSVRC
7KH WRDHQXQGHUWDNHQ E\ D %UXNHU $OSKD ,, 3
2386 VRIWZDUH DQG FDOLEUDWHG XVLQJ SUHYLRXV NQRZQ GI
D SRUWLRQ RI JIUDJPHQW ZDV VHOHFWHG WKHQ BDFNJUR
ZDV FOHDQHG ZLWK SURSDQRO EHIRUH DOO XVH 7KH VSHEFW
IROORZLQJ SXEOLVKHG PHWKRIGRP SSTKQ UHHWE BIiWZBIE @ DQBP
FPDW D UHVROXAMMRKQ RVFPRV VQVHDFKFDRDB\WKH SRVLWL
VSHFWUD DQG WKH UDWLR WKHPVHOYHV H[DPLQH GLIIHUHQW

SURSRVHG E\ 7TKRPSYRQHWVBG



&2 3 FPi FPi

7TKHUHIRUH &2 3 GHVFULEHV @RZA WHPESGOD W & WHIf Q/Q 8/\& 3

KLJK LQWHQVLW\ EXUQLRTKRPISYRY HW DO

5(68/76 $1' ',6&866,21

01,
$QDO\WVLV RI WKH WHHWBQWARY K HH G Pl R W &YHO O %RXYL
IRYHMR\ VXEDGRRYI DGXOWDWXUH DGXRWG DGXOW

7TKH LQFLVRUV ERWK SHUPDQHQW DQG GHFLGXRXV HVWLPD
DGXOWAHHBER DQG \U WKH PDMRULW\ RI ZKXQ6 KWAKHU 8 UEHHAM Z
VLIVXEDGXOWV El) WPHHDPXUWKHUPRUH WHHWK RI \RXQJ DG>
Rl ZKLFK ZHUH FRQVLVWHQW QO/HYHRE J D W AMMUERHVEH ARG H G
ZLWK GHQWDO FDOFXOXV DWHDH/LHOH REVRIW WKRAKBOID WHHH WER C
RI ZKLFK WKHZDWHK WRHK PIRW WHMDAHMHYDEOH +DQG MR ERQHV

VXSSRWHWVHOG QGKWHKWHR FH RI GLITHUBROAWHDJIH UDQJHYV



7TDEOHBX )RUUX GH LV WHGRIMK WDHXED@AVLYV 5, 8SSHU ULJKW SHUPDQHQW LQ
LQFLVRU

7TRWDC 5, 5GL +\SRSOD &DOFXO &DULHYV

THHW

7DEOBX )RUUX GH LV $KDPOWUHEGXYDO\VLY 3UR[LPDO OHIW DQG ULJKW S
*DUULGR 9DUDV DQG 7KRPSVRQ

7RWD +DQG YHHW 1
Q
3UR[ / B3URJ[ 5
OHWDFDU S '06p¢ skpopc OHWDWD
Q RI
LGHQW
ERQH’

RI ZKLFK DUH VXEDGXOWYV

+HDIMMPGXFHG FKDQJHYV

'XH WR WKH KLJK OHYHOVRIP BUDHW ZOIWBWHFRUGHG LQ &,(/$%
GDWD +HUH WKH SUHYDOMRBBHRFRORXUYW (DG HOR \WEMEHW K G Y
ZHUH EXUQHG DW WHPSHUDWXUHV RYHU f& O0D\V (OOL

7TKH ' FKDUW VKRZV WKDW PRVW RI WEKQG/DP AN WFHDYVY EXUQW
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JLIXUK,(/$% ' FKDUW RI FRQWUROV ODEHOV DYWGDBERIQHWD YDEFEXRQLWY XH
7KH SDUW LQ JUHHQ LQGLFDWHYV WKDW PRVW RI WKH VDPSOH ZDV EXL

(OHPHQWDO FRPSRVLWLRQ

7KH HOHPHQWD® RARPSRVRWLHQ WYV [URP WHHHRDE OHQ V& EBIPS
7TKLUMBOHE®HQWY ZHUH GHWHFWHG LQ KLJK HQRXIKLXRQEHQ
DDXPLQLXR O$BGREKRAMSKRUXUSRXBKORULERWOYVLWWD.QLXP 7L
FKURPLXPPDEQUDQHVIHROQ WHURQW LX@® BUL XP  +1  +LJ¥K GLHRHO V
VXJJHVW WKDW WKH ERQH PLQHUDO FRPSRVLWLRQ KDV EHHQ

SHUURQH HWKB®UHVHQFH RI $O XVHG WR SDFWB UHWKKHHKKP Y



KDV DOVR DIIHFWHXEG WHAR M HIHW @O WR O O RVZGIIBHW . K/MV IS Q M M DREXW |

)XOWRQ HW DO
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5RGUMRIXHDOMHO G )IRY @G L GH G/ VRR) IRFX3 6U
/HDICQP ZGFHUH QRW EHBWSIGWHG A QWKH FRQWUROV VKRZ

)H DQG 6U FDQ EH ILQG LQ EXUQXQH EH\RQG
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Sr

100 200 300 400 500 600 700 800 900 1000

)H DQG 6U

SUHVHQFH LQ SHUFHQWDJH 7KH UHG EDUV GHILQH WKH SRLQW RYHU ZKL
RQ WKH HOHPHQWY *UDSK 5 3DED

. VKRZV D QRQOLQHDU HYROXWLRQ WKURXJMKDWKHR &EQF3JHDWMW

IRU WKH RID WRHPISWDOQ® X0WH&D VKRZVZQOWXKHWKIHHYKQEBWYHDYV
WHPSHUDRLXYUHQGLFDWHY WKDW WKH G SESR0QHD WRWRWRR L D %) HRSC
HIDPLOQDWLRQ JLYHV HQRXJK LQIRUPDWLRQ WKDW WKLV PHW
WHFKQLTXHVY RQ WKH VDPSOHVY DUH QRW SHUPLVVLEOH )XUYV
&D 3 DQG E\ WIKR 6XJ&BVWODWD Q RPQLORDN BWODQFHG G&EHOOH
IDPEHUW DQG RPANGCHW W

ZLWK PRVW RI WKH FRQWULEXWI



EHFDXWHPHRQLPXP SUHVHQHFKLKRI IRDBGRRVXKVWHQW IRIRWGKFW & W H/(

UHVLGXHV LQ FRHYDO SRWWHU\ I[IURP WKH QHDUHVW VHWWOF

JUDJPHQW FRPSRVLWLRQ

)7,5 ZDV DSSOYBBSWRY DJDLQ GXH WR WKH IUDJPHQWDWLRQ

DOMRDO\WHKBIEWH DQGD,EDPH

7TDEOHBX )RUUX GH LV 6LQ]XUVWG B WV IWDFSKD G GURPADQ DO\VHGY EFRKKLH RPX O
DSSURDFK

7RWD _ ;5LWH __ ;5) )7.5 "5LWH ;5) )7,

7KH RVWHRORRHBD R USRAGIZOWR B DQG &2 3 IROORZ WKH WUHQG\
ZKLFK VXJJHVW WKH UHOLDEDOKXWY RIKWEHV&DWDV H

VDPSOH KDV EHHQ EXUQW DW KLJK WHPSHUDWXUH ORZ DV
WHPSHUDWXUH 7KH UHPDLQLQJ VDPBONUNS¥RWHWOH GW DI
WKH SUHVHQFH RI WKH SMRN BXW QL ER EOLYIPNVQW &DMER Y

GLDIJHQHVLV WR EH H[FOXGHG
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JLIXUK, &3 FKDUW RI FRQWUROV DQG VHOHFWHG KRQK \L QMRMW IRW WW H P\8
*UDSK 5 3DED



7KH UHVXOWYV KHUH VK HIHMMDIQ LIVQ Q/RI\V@ VAIRDWVRNVWHQW ZLWK |
DQG 6PLWKDEVROXWHO\ H[FOXGHG HYHQ E\ WKH DUFKDHROH
6LQ]XUUHGGXWEBKEDV SRR/ FREORIGBHQW®O®\WKH UHPDLQV E\ DQ

WR EHWWHU FODULI\ ERGLO\ SRVI/WER® ZLWKLQ WKH IXQHUD

7TDEOHGHQWLILHG DQDWRPLFDOWHDMRQVDKY@ESOMOQRP\VHG E\ WKH |
WHFKQLTXH DSSURDFK

TRWI 1° 6NXO 5LEV 9HUWHE 8S /LPE /Z J/LPE 1'/LPE\

Q

%DVHG RQ WKH UHVXOWVYPEW DYGFUNROONKBDUWH WHHTXHQWO
WHPSHWXWM¥IIHH VWY WKH SRVLWLRQ RI WKH ERG\ UHODWLYH \
VRIW WLVVXH 7KLV LV FRQVLVWHQW ZLWK WKH VWIDW MHY HED
VLGHG ULEV OHIW /] ULJKW 5[ DQG RQH 5[ KXPHUXV IUD
OHIW VLGH RI WKH ERG\ ZDV PRVW LPSDFWHG E\ KLJK LQWHC

D OHIW ODWHUDO GHFRBAKKW BRYVEMKBRIQLUHODWLYH W



Significance between anatomical regions Sample Lab Colour Side
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JLIXUMUDSKLF UHSUHVHQWDWLRQ RI WKH FRUUHODWLRQ EHWZHHQ DQDW|
K\SRWKHWLFDO SRVLWLRQ ,PDJH 5 3DED



81'(567%$1',1* )81(5%$5< 5,78%/6 ,1 O+(/( 1(2/,7+,&

7KHVH UHARROWLWY XD O R V H F REHG DWIRF BKMHHEU RIHL Q WRVF X O W X U D (
VXJIJHVWHE ERPEQGH@INSRADO SRWWHU\ DQG RQQDWPIHFWMF, ®
&LULDFR EXULDO ULW XD ONVEKDVONQXRD® K@ GPRRENJEQWLUHO\ V
KDRI WKH 9 PLOOHQQLXP %&( 7KLV VWXG\ UHYHDOHG WKDW
6LQ]XUUHGGXV FDYH GXULQJ WKH DGYDQFHG 01 ZHUH LQWH
RXWVLGH RI WKH K\SRJIJHXP 'XW K& JUW M \TRK Y PEDRAGILRIYZRHUWKH
SODFHG RQ WKH ILUH ZLVBR\DVDEOW NHIGSHL Q Bl FAKKEH. WWXMD G LW L R G
LQGLYLGXDOVS$DXEGXWKHLY1$UULXV JUD¥INWH BDIUNGR/Q IED UER Q
DQG DVKHVHEMWHE GRE®R®QJ WKH ZDOOV Rl WKH FDYH SRVVLI
SHULVKDEOH PDWHULDO WRJHWKHU ZLWKDBFARDGRB QW R WX
&XFFXUX LV $UULXV JUDPMHM 6DAWREBQ\ SDHEWHRY WKH SHBNRBY
GXH WR WKH DSSDUHQW ODFN Rl WKHUPDO DOWHUDWLRQ R
HVWDEOLVK WKDW WKLV XQFRPPRQ ULWH ZDV IROORZHG ZLW

DQG SRVVLEO\ WR VH][

7KH DG REBIWRR@G D U\DEWWIKNBEOPDO WUHDWPGIQI B WIKHHYV ERGN R
UHJLRQDO (\WUDGHWLRB@®QX ,JKLQX DQG ODWHU 6DQ OLFKHC
SUDFWLFHENHVMABRWIRHG\LSGLR DOXKDMOBGW LY H GUHIS\RYH FWL RYQH/C
DUWLILFLDO K\SRJHD 6R IDU LQ 6DUWK®OUDN D QW K IQGHDQF H
ERWK LQ (1 DQG 01 EXULDOV 6HFRQGDU\ GHSRVLWLRQV RI E
IXQHUDWHPFRWY R 1R UDMBRUWH , WKDLOWUD )LGHQD 0RBHP B L DRHR ]
EHORQJLQJ WR WKH IRUPHU 6TXDUH ORXWKHG 3R WS8\DHAF\L GD 3

&DWHQD 3DUPD DVVLIQHG WR WKH IROORZGRRRHEOV3D ¥KRDWV



VHFRQGDU\ GHSRVLWLRQ Rl VHOHFWHG ERQHV JDDVRFQDWH
ZLWK VRPH UHPDLQV RI D GRFDOEHBBY LYQH O B OFE O [YQUEH.OL FHIO D
EHHQ VXJJHXAMGP /G DM RIH. GR\ZHLE O\ FR 8 AHDI\Q B SO UDDGH. F
PDWHULDO $W 3RQWH *KLDUD RWKHU EXULDOV RI WKH VD
FROOHFWLYH SULPDU\ LQKXPDWLRQV SODFHG LQVLGH SLWYV
LQFOXNGUH FRQWUDFWHG SRVWXUH RQ WKH OHIW VLGH 6LPLO
EHHQ UHFRJQL]JHG VFDWWHUHG EHWZHHQ WKH GZHOOLQJ XGQ
3ULPDU\ PDOH DQG IHPDOH LQKXPDW LIRW K HPE RQODWI F\D H G FERR
O\LRQ® WEHIW VLGH \HW WZR SRVVLEOH IHPDOHV RI WKH 60
*HQHUDOL VLWH EXULH G QUWHKRWK IVUDKY LOGAHF@PH IRQ \V RSMH U LW
WKH VLWH RI *DRXR) H UDA HOH D ¥ ROKGLGDEBHH BEWRBGHG 7ZR
JUDYHV Q ZHUH LGHQWLILHG DR IHPDROFHINRES D LUFIDRK W
EHDGHUH UHRBRAUMKIGH ERGRCHUM®EZz %UHD HW DOHYHQ D@WaJ
JRUUX GH LV 6LQ]XUUHGGXV VPDOOWHFMERFDD W HDE® ZQ WV K KK
UHPDLQV WKRXJK LQ WKLV FDVH EHFDXVH RI WKH KLJK IUDJ
WR LGHQWLI\ WKH JHQGHWUGRD @\K H$ PB®H W RIGHR@EUHPDW LR
(PLOLD WHUULWRU\ ZHUH VXSSRVHG WR kD G HROQR RIYW H QMW
FDOFLQDWLRQ %HUQDEz %UHD HW DO ,Q WKH 1RUW
FUHRMWRI| VHYHUDO LQGLYLGXDOV GXULQJ WKH 01 ZDV UHFR
ODWWD DOVR NQRZQ DV *URWWD GHO 6DQJXLQHWR LQ WKH

6LPLODUO\ LQ 6RXWKHUQ ,WDOXD LUQWDX\W G RDFR/O O iFBWE
VKRZLQJ SRVVLEOH FDOFLQDWHG ERQHV KDV EHHQ LGHQWI
&RVHQ]D ERGLHV ZHUH DVVRFLDWHG ZLWK SDLQWHG SRWW
VRPH VLFNOMWEB DXEHVWHY FDVH WKH ULWXDO RI FUHPDWLRC
EXUQLQJ WKH ERGLHY SODFHG DERYH SUHYLRXV EXULDOV R

WKHUPDO D®NHIGDIVME BRIOR RWWXPM ERQHV &DPRD@FLQL DQG *XH!



7KLV SDWFK\ JHRJUDSKLF GLVWULEXWLRQ RI WKH RFFXUUHQF
PLOOHQQLXP %&( LV SRQFREOLWFKID@WWO R OW RO H[FD WDKWH. R C
SDVW WKH VFDQW\ DQURW K DW WSHHUELS U B HALBHQIVOO \ ZLKVHIH DRIG
DVKHV DUH QRW SUHVH QDG EQ D ARDM B WPHW CARIGJISRWWH U
EH WKHEGIDWGLQLD FRQVLGHULQJ WKH ODFN RI LQERKPDWRRQ
GHVSLWH WKH QXPEHU Rl GZHOOLQJ VLWHV LGHQWLILHG WK
01$ %RQX ,JKLQX BrQED QY KHDWSHFRVVEHHQ DUJXHG LQ VHWWOH
PRUH FOHDUO\ LQ SRWWHE\ SURGXGWLRIQW DXJOLg WKH VKD
ULWXDOV ZLWK WKH VXGGHQ DSSHDUDQFH RI FUHPDWLRQ VW
ERWHKHUFXGREVRQDBYHDWLW M EH XD ®®E FUHBDWGRQLDHDG
WKH 60®FLHV Rl WKH 3R 30DRQWKXRIHWWD @ \WK.DWWVKBIYH SOD
WKH GLIIXVLRQ RI WKLV SUDFWLFH 7KH SUHYLRXV DQG FRH)
SODFHG RQ WKH OH IV @ LIBHR AIX\HEH SFRALQ@WIDR H B® DHY B H WHZGIFHHD DI
WUDGLWLRQ DGBPWKBLMS3 VLQFH WKLV VWXG\ UHYHDOHG W
LQGLYLGXDOV KDYH EHHQ FUHPDWHG ZLWK WKHLU ERELGIV O
LQYHVWLIJDWLRQ ZLOO QRW IRVWHU WKH GHJUHH RI DGRSWI
UHJLRQDO VFDOH ZH PXVW WER QWP UH UROHWIIXFW GV E H W IRHF L
EXULHG DW 6X )RUUX GH LV 6MKMNUBLHGKX B Q® GWYHH OURCSFPHH @ ¥
REVLGLDQ V\VWHP RI SURGXFWLRQ@VIOH G RPSOWY H[GWDIQUID
HQFRPSDVVLQJ 6DUGLQLD 6RXWKHUQ JUDQFH DQG WKH 1RU
VIVWHPDWLF DSSOQRMHVUR® HRG WRDO\WLF DSSURDFK SUHVHQ
ERQHV IURP WKH IHZ 01 VLWHV NQRZQ WR GDWH LQ WKH 3R

RULJLQ DQG FLUFXODWLRQ RI WKLV IXQHUDU\ ULWXDO DW WE



&218&/86,26

7KH DSSOLFDWLRQ RI WKLY PXOWLGLVFLSOLQDU\ DSSURDFF
GLVSHUVHG DQG IUDJPHQWHG ERQHV LQ WKH 6X )RUUX GH LV
UDLVHG UWEBEBIUGHBHQW SUHKLVWMRUEX/R R | MX \ZW GRIIU 6 DQ\E HQ U
HQFRPSDVVLQJ WKH ZHV\WH UL WHGUWWURQ QHDWZHHQ 6SHEW
)7, ,5KDEMH WERZQ WR EH D SRZHUIXO WRRO IRU VXFK GHPDQGLC
IXWXUH WR EHGVWHKHBPXQGBUMPMD@RYH LQIHUHQFHYV RQ VRPH \
KXPDQ JURKSWSSURDFK DOORZHG W K HF WHKAE BWHIHAEQXIQ FH EDHAKLDOV
ZLWK WKH HVWLPDWLRQ RI WKH WHPSHUDWXUH UHPERHGJE\
6XEVHTXHQW OM X WIBIWWDHIEY WRRQH FDVH RlI WKH ERG\ SRVLWL
PDNL@RVVLEOH WR IXUWKHW KQVHL WL WXDX IEFRRW RYWHS IR
WR IRUPXODWH D ELRDREKXKDE ROKRH\SDIVRUHADBLWH WKH VXFF
VRPH OLPLWDWLRQV 7KH VWXG\ ZRXOG EHQHILW IURP D JI
VDPSOHV DQG JUHDWHU XSWDNH RI WKH PHWKRGV LQ DUFK

FRQIQREBHH LQ RXU UHVXOWYV )XWXUH H[SHULPHQWDO VWXGLHV



(1T7S$) +(S/T+

7KLY FKDSWHU ZLOO |IRRMWKRQS WKSHORIUDPXOUKHG AOMK WKH VLWH
JREXVRQJIJRUDO KHDOWK LQ SDVW SRSXODWLRQV LV HVVHQWL

ZHEEBLQJ RI LQGLYOERIBFOV WIORRQDOHY HO

JURP D ELRDUFKDHRORJLFRO ISHDOWHKFRELOBE/LWE G MBNVXVEDQ G W
WKDW KDYH VKDSHG WKH OLIH RI LQGLYLGXDOV DQG FRPPXQ
LVVRRM)IOXHQFHG E\ D FREERQRWIFFD® DIQG FXOWXUDO HOHP
DOQ®GHU 3URZVH %\ HI[DPLQLQJ WKH ELRDUFKDHRO
LQVLIKWKHPWR/ K DQG BAXHEERY MMODIYWLRQV *RRGPDQ DRKLFKD W |
FDQ WKHQ DOVR EH XVHG |IRU FRPOWXW VY B QEXB R IRN\AW UL MX

SEHODNHU %ULFNOH\ DQG OF.LQJOH\

BRFLDO FKDQJH VRFLDO VWU X FKADXYUHHD Q Q¥ KHHB /L) B X D@ E BIGI
D JURXS Rl SHRSOH ZLWKLQ ID@® JHQOWIRUIR HE WD DL RPQ WKIDWA |
(OGHU *LHOH DQG (OGHWBXOWXBHRIZWIBHUFHLYHG DV DG
DVSHFWWXXWRPY EHOLHIV UHOLJLRXV SUDFWLFHV WDERR)
WR EH LQFOXGE&NM® R FYRIH B 9D O WK \OL@G DG BRISHKOBMRVGRMQ D Q C
/IHDWKHUPDQ BNEHVRITXRIIQMEL YL G XD OV DIHW DRIGV/EWRL GV K |
FRPSDUNW.RQLZLWK L Q/ DGHEDVOZ B @ GHLP EKDWDH & VD DAFIHYH\N DY G D

DQG 8EHODNHU %ULFNOH\ DQG OF.LQJOH\

7TKH VWXGKRDBWERGSGURYLGHWIQN UHMDWIIKRKR XV RI D SRSXODW

GRFXPFAK@OPW IRV D@ KHDOWK REHQWOW LPBIQ\ IDFWRUV KDYH EHHC



RUDO KKNBPOWM GRGIXGLQJ QXWULWLRQ GHPRJUDB®ESG JHQWWAQI
SUHGLVSRVLWER® SRRRGUREHIOUHR E IORRIHHRYHU W DRIHHXILKFW R U
LQIOXHQFHG E\ WKH EURWHHHIG IFRRFPXON VWO\L YWHKE®WQ LQFOXG

VWUDWRGRHMRRQRPLF VWDWXYV

)22 $1' (178 +($/7+

0DQ\ VWXGLHV KDYH SRLQWHG WR WKH UROH R)RR® G Q DHWWH
FDQ OHSGDWRH |RD®06 WLRENIHKIHRB/R Q W D @ F @/HRUHHIYMIVQ J G R Z
FDUE R K\IQ\DRV 8 ¥ P WEHUD@D F H O FIDIX WAKBLIRWHH BYHK/IL\R Q@ FRQM X G
ZLWK KLJK GHQWDO DWWULWLRQ FD\QX g BIR®WH EADBHY/GRHDYEH BRI
SHULDSH¥DRQ@YWBBRUWHP$WHRRWIO ORRYKLOH RUDO SDWKRO
FRUUHODWHGERKVNEUW KWH FIRQWHQW RI IRRG .DQGHOPDQQ

RI WKHLU FRQVXPSWLRQ KDV NIPRWH VLJQDIWYR QWO HK M FI\C

UHODWLRQVKLS EHWZHHQ GLHW DQG RUDO KHDOWK LV GLVF>

$*( $16(; $1'(L7$/ +($/7+

7KH VH[ DQG DJH RI DQ LQGLYLGXDO DUH LPSRUWDQW YDULTE
*HQHUDOO\ RUDO KHDOWK GHFOLQHV ZLWK DJH EXW WKH YD
VH[HV UHIOHFWYV X Q GRUWG DLA) JDRX® WK\WDRL A ORURBDO GLIIHUHQF
DQG VH[XDO GLYLVLRQV RI ODERXU DIIHFWLQJ DEFHVV WR IRF
VHYSHFLILF GLIIHUHQFHV LQ KRUPRQH OHYHOV DV HAHQ\O D'
SUHJQDQF\ DQG PHQRSDXVH PD\ DIIHFW WKH PLFURELDO EDC
FKDQJHV LQ RUDO KHDOWK :LOOLV DQG 2[HQKDP 6H[ KR
WKH LPPXQH UHVSRQVH WR RIOX® GBTHNVWRHH QVV ND RE RUKXY G|

OHQDNHU IDLQH HW DO YSGIBEOIQF & KIH KB HIDUFH \D @ @ R



DQG GHQWDO SODTXH IRUPDWLRQ GXH WR VDOLYDU\ JODQG \

DO

"(17$/ 3%7+2/2*,(6

&DULHV SHULDSLFDO HMLRQ\H PRGWWRRRPWPR @ FBVHQLYOD @ KID W
OLWHURMW PBORRXNHSHULDS VEPRG GHRRWRIQ D BOW MG HS FDULHV D
DWW GIHPRRYWUDWLQJ D EBYAVIHA Q) FAOKCHVIHR @\KKILHSH SDWKROR
DSSHDULQJ DIYMM@HLWKHWUREKE RU LYRPW\GHRRDWHRQORI Wt
HQDPHO GHQXA (R PH WERRWH®/ KER FW HB DV D LYGIBTXH 6RDPHV
BRXWKDP +LOOVRIQH FDYLWLHV FDQ H[SRVH WKH SXOS FK

DQG HYHQWXDOO\ WR SHULDSLFDO OHVLRQV DQG DQWHPRUW

7KH WRSHRHRBWHARRNLQJ WHFKBL RXHRQUXAXWORQ DQG KRZ |
FDQ LQIRUPXEQLWWHQFH VWUDWHJILHV \FRD B/ SRS G UDHVD IORF \R L
DQG (JJHUV 7KH D QD O\EHW KHHQX\HD O HODHDWL RRYYVB RS VX E
VXJINDIPWX QG HEDREXDWMIMCHR FH RQ WR GWKHW DOF IS® MGERMRY H
SURJUHVVLRQ ODUNOW LY/ H\W SIRQ W DWQKH VW R PR B MWL GHUNVKH LQ
KLVWRU\ DQG WKH DR DHOQ YHBRQR PQRV D OK DDYFHW R Q MO XAHKDAM
GHYHORS®HQWDR SDWKRORJ,IQHMHVWEKDDWLBDD ULKN OLIH KLVWI
KHOS WR LGHQWLI\ ULVN IDFWRUV WKDW FRQWULEXWH WR Wi
XQGHUVWDQGLQY EWKMDIEY S URFINRRDIOR SDRVKRORJLHY PD\ SL

XQGHUVWDQGLQJ RI WKH DHWLRORJ\ RI FDULHVLDQ@RMQKH LQI

6 XEVLVWHQFH DJULFXOWXUH DQG GHQWDO KHDOWK

'HQWDO OHVLRQV KDYWKREHIMORERBUYHEODWLRQVKLS ZLWK

ODUNOHLQ HWKHOLQLWLDO SDUDGLJP VXJIJHVWHG WKDW WK



SHUPDQHQW VHWWOHPHQWY VDZ DQ LQFUHDVHR®@ LBRGVBUIRIC
WRISHFLILF GLHWDU\ DQ%RG XYWL R VSDWEMHDANOWRRLDWHG ZLV

Rl FDULRXVR®HWWRQV IXNDFV 'RPHWW DQG 2[HQKDP

:KLOH HDUO\ VWXGLHV VXJJHVWHG WKDW WKRYHQOQOBIKBXVFM LI
RUDO SDWHKRPRQMWHVWXEERLY WONH HHODWLRQVKLS EHWZHHQ V
K\JLHQH SUDFWLFHV DQG RUDO KHDOWK ODUNOHLQ HW DO
DSSURDFK KDV LGHOQWWKH WKW URPULDG K HR (DO Q RBEHKR | RZIKILL

GLHW

(DUO\ ELRDUFKDHRORJLFDO VWXGLHV QRWHG D VKLIW LQ RUL
ZDRULJLQDW DU SD HMIF @ ECOWKHR D DVOHS OLIHVW\OHV &KLA&BKHQ
+RZHYHU WKV YXADWENEXGLHY &RKHQ &RKHQ |
$UPHODJRYV ZKLFK VKRZHG DQ LQFUHDVH LQ SDODH
KHDOWK DQG VSHRDIMRPIAFRKDWXHMO LQWURGXFWLRQ DQG |
/DUVHQ .HOOH\ HW DO /IDUVHQ HEVQBO
OLQGHUPDQ DQY®PS a8 :DW VR QARD DFKDHROR HFBO V'
IRFMMHG RQ WKH UHODWLRQVKLS EHWR HPHDQ! iR U QOH § BWYLR A O VDIEDR
DQG KRDEWWELWLBGRMOSRSXRIPMHERRDNQ DQG $UPHDO JRWD O WK
DIIHFW H® EE D) DWK R QVRS HFRR)IVDEFRME RUDREQH SUDMWKREHRUDO
K\JLHQH SDQ 6WSLLFHHYD O H QFRR B | UBHRAX D GHRE@W D O  KRHRIDOAM K X H Q W C
WKH LQWURGXFWLRQ RI DJULFXODV ¥ H & HAJLDED QRN B E R YNUHDDLR)
DSSHD WKW ISDWWHUQ ZDV PRUHWRPGS GIRFDVOIDG F RW® G KRN D)X
SDWKRORJRMMK HU SRS XOHGLRIQ W PPBMH GBMMEPD. RYDROYKIEDOWK ¢

HW DO



6W X RIOHR U D @ KPR QWWEKR R WEHEWAWKEK Q I/\W KB Q 16 UD J WDLF @ WXOD W L
2Q0H Rl WKH POLOQFWRSGH® WV RGKHFWLRQ RI GRPHVWLFODIWWGL @
DYDLODEOH PRRVBKWRREMIHIKYHIGIUHTXHQFLH VLR WRIUBO WD WE PO
UHWXIOHUHRI| 7KL VKDY HRAVBKNANIBVRIDOVE L AR R BXKH  G-HDVO WK
SURIRGBVW SRBXNNDFNVRQ /DUVHQ +LPROWRDPSOH WKFE
IUHTXHQFLHV LQ R UDIOWSDW B R IOERIR EBMRM @HR/ MKHG U HIY XGDDWV R |
LQWURGXFWLRQ RI DJULFXOWX0 B Wo-DW BRI BRBYVMAM EDRX H Q FL H'
Rl FDULRXVUBHVHEOVHWHG DV SRSXODWLRQVUVER ZBRHMG B O WL
HW DO 7XUQHU ODQVWXGLHV IRQHWKHALRADUR| FIORNER IQ\RBW B &/ WK
LQWURGXFWLR @ | D3 IDFXFOSMKLRH) K CHRQID.ID WH P B®AK D HHB WV R ¢
GLHWDU\ FKDQJH LQ WKH WUDQVLWLRQ WR DJULFXOWXUH EHI
RI FDULHV GXH WR FDUERK\GUDWHV FRQVXPSWLRQ 5RRVHYH
$OWKRXIKHWRH HRYL FDULRJHQLFLW\ DVVRFLDWHG ZLWK |
DO 'RPHWW 2[HQKDP VWXGLHV KOIBYXH WKR Z(
FRQVXPSROLIRE REARKHQ DQG $UPHODJRMQH U DDA\ MK H- DQE HW
LQFUHDRWHKVDJHQGJILY DOVR P R USRYWHDLRHIQ GHQGM BARBIRIDF \D Q G
:LOOLV DQG 2[HQKDP 'KLOH VRENGIN YLDE QR NV BRG
FXOW LYIDRML BRZHOO &XFLXQNMDAW DO DQG :LOOLV DQG 2
DJUMKDW WHKLIHKH W\SDHYDOHQFH RI FD UH A B (HYVG DV R REVHIHOIRY ¢
ULFBIUPLQJ SRBXARXWKRQVKL\SVICDOXVWUDWHY WEDMDWQ B & UD/F

GLUHQW SREXODMWFIRQND U\ WR XQGHUVWDQG WKH QXDQFHG L

JHUWLOLW\ DQG GHQWDO KHDOWK

$GYDQFHV LQ ZHWH FRROQFXWH HQW ZLWK SRSXODWLRQ LQFUHEL

&RKHQ DQG $UPHOWHFWHO DQG 5RVH 7KH 1HROLWKLF



1'7 IURP D XKDX\\QMHHWHU WR D VHGHQWDU\ OLIHZD\ DIIHFWHG W
KHDOWK 7KH WZR PDLQ HIIHFWV RI WKH 1'7 DUH FRBQKIDWGLQ
DQG KLIJKHU OHYHOV RI IHUWLOLW\ RQ WKH RWKHUKHXDNDWV L
GHFDOMWXGLHYV KDYH VKRZQ WKDW SUHJQDQW ZRPHQ PD\ EI
KRUPRQDO FKDQJHV DQG FKDQVRFLIDQW R GDAL W KJ ISHUGIH KIDEE\W Y+
JLQJLYLWLV SHULRGRQWD/XNDLFHDQK MYGDMR/BWEDEHFD\ /XN

HW DO JHUUDUR DQG 9HLUD :DWVRQ HW DO

7KH 1'7 LV FKDUDFWHULVHGWE\ DREVGRXHDWH SIRSE XHDIDWILARIQ L (
OLIH H[SHFWDQFLHV &RKHQ DQG $UPHODJRV BWHFNHO
OLIHVW\OH WR VHGHQWLVP DQG WKH DFFRPSDQ\LQJ FKDQJH
'RPHWVW[BQ&DP OF)DGGHQ DQG 2[HQKDP KDYLQJ D
LQWHURPOMS®HO DQG 1BMQOZRRG DQG 2[HQMBRWH RUDO SD
EHLQJSDRJUHVVLYH WKH\ KDYH EHHQ VKRZQ WRWHVPRUHBUY
IXNDFV :LOOLV DQG 2DWGRPNPZKHUH ,® R R RWIHCOQOMEBEL R Q
LQFUHDVH LQ GHQWDO FDULH YV, @LROROQ RH) RDRIHDOY & 8 UZAD WLKIH I
PRUH DBKHSMQFUHDY B Q @ HF PXIEKVPRUH VLIJQLILFDQW GXH WR

DQG IHUWRLOLWDQG 2[HQKDP

'HQWDO KHDOWK LQ 3DX DQG ORQWH /XQD

&DVHOLWNVKRZHG GHQWDO OHVLRQW K& RWH DWKIR GP RGHEDQD @ O P
(XURSH DQG VSHFLILFDOO\ /'R WRIG HHGW W @ G UMDIKQHH BI QI HDRWA IR | (
FOLPDWH UGH QRHD/O RIDWIKHRW R U O HEK B QL0 MHRUMAVBRWMERREW HQY/ D O D

HOQYLURQPHQWDYH FBIPWRUV ODUNOHLQ HW DO



,Q WKLV FKDSWHU WKH RUDO KHDOWK R IVWEKRHW & USR/OXCCHINIHR K
FDULHVY SHULRGRIQWDKBU¥KDWMROBDEBISOHY RI 3DX DQG ORQV

D XQLTXH RSSRUWXQLW\ WR DQDO\WVH DQG FRPSDUH WKH GHC

7KH VWXG\ RI GH® WDHX MM IOBR@WRH S¥XRDPLGHY LQIRUPDWLRQ F
DQG OLIHWNWKDW EQWFROXHQFH RUDO KHDOWK VXFK DV GLHW |
WKLV UHVHDUFK FDQ SURY LG /8 DIUGGV ERKENWQOLDOMLAR QWK KV B EDLED. SV
HQYLURQPHQWY DQG WKH LPSDFW RI KXPDQ LRR ELFOXWAHRRHK
FRQVLGHUV KRZ KXPDQV LQWHUDFW ZLWK WKHLU HQYLURQP
KHDOQM/KDSSOLHG WKURXJK WKH DQDSHVLR® | (RUGIEMD K HHIRWY K \F
(UD HQYLURQPHQ@MPLQJARIRKLQEDRXQJ RU DGXOW DJH DQG

IRRG DQG K\JLHQH KDELWV OLQNHG WR V(O[GHQG HYHQWXDOO

7KH DQDO\VLV RPRKDWKMHHBRYBBHFWLRQ EHWZH HQUER G G X |
KLVWRULF DQG D KWW RADLFFH FRHRW H P/B KLLFROL DO HOIR G FXOW X
LQWHUSUHWHG W B QR NLBQB/OROWRK YIQ B 6 'Y R B/DMIBWDRQ TV OL |
6XEVHTXHQWO\ W KMD NDLQEVFRRREG\WY LEFRGW K GLVSDULWLSINUDRG VL
WRZDUGV D EHWWHU LQWHUSUHWDWLRQ LQ WHUPV RI D OLIH

WKH FKDSWHU SUHVHQW YV WIKN Q O D Q WHE YOIRF RRELITND W K
DQG WHFKQRORJLFDO FKDQJHV ZKLFK RRAK\UURGHL R 3L0G D QL
RXWOLQHG WKURXJK WKH DQDO\VLV RI WKH RLPIDA. &W D Q WKH\
7KLV DOVR FRQVLGHUYV WKQG DR RN RIWBH M LIGXDLOY UGINDX@KLW Z L W
LV FRQVLVWHQW ZLWK WKH E HPBKDRDRHHR O R DLDAD IOR DY KW B CEFHKW
DQG VRFLDO SURFHVVHV 7KH DLP LV WR L Q SHWWRR BDAQ HWK K H
6DUGLQLDQ SRSXODWLRQ 7KH DUFKDHRORJLFDO VDPSOHV R

VWXG\ WR REWIRDWROHRGPDWULREXWLRQ RI RUDO GLVHDVHV D



DQG 3XQLF SR@KGIDMWICRDIMNEQDKULS EHWZHH @ IGIH © R/DEDQWE ML IREQ \
OLIHPMAHQVLWLYH WLPHV \RVKAK NQRE QKD R JHRJIJUDSKLFD

WUHQGYV LQ WKH OHGLWHUUDQHDQ

7TKH DQROWRUVODKHBDXWKURYLGHY DQ LQVLAKWQMDIVOR IV KIR RAPL
I[URP KKWWKHUHU VRFLHW\ WR SHUPDQ PQW WHWWOMRH R G
LWV LQIOXHQFHG EDODRFAHFRREOLW LB FW RRUHF HBWR ZANHX G L H\
SURYLGHG YDOXDEOMHQVYDIXKW IRRGR QGG HHXWL HRRKDDO SDW

HW DO SDEZKIWKOEDQ DVVLVW LQ WIKRHS BRERGUHDUDV WHDQGW K .

7KH VHGHQWD U\0B R S/X-O@X\VPIEREDHDR R -LHQ KL VW R U\ Z KRI'QHW KWK IR
OHGLWHEWDIQH B&PD @ PRSEKBO 0K BHUGIVHQFH RI HODERUDWH
KLMWDWXV PDWHULDO FXOWXUH DQG WKH SUHVHQFH RI F
VHWWOHPHQW KDG D KLJR ®®HBE\ RV IZ K RIFHD U VKHLRW KV W L JC

LQ WKH SUHVHQW VWXG\

'HQWDO ELRPDUNHUV FDQ EH XVHG WR BEKBIVW B H RIRGH VRKISI\I
DQG TXDQWLW\ KRUPRQHV 7RIRUWVKLG H WK ORS ® IGBEMS EGE@RBV-W U D
6FKHXHU DQG %ODFN $MDOGKYWOD HWDWO /RYHMR\

SEHODNHUZHUH YWARHBVWIBWWBIWRG RUDO SDWKRORJLHV VXFK
OHVLRQV DQG D QW HRRIHAFRPU &/RE WY MDBE BHOKOHG VWDQGDU
%URWKZHOO IXNDFV +LOOVRQ 7KH IUHTXHQF)
LV DQDO\WVHG E\ DJH D Q GKAHR[PBOWW M RSR Y \/ WEE KH DVY TR E $IRS2HIH

FRXQGULUFDWHDOKEOMDOWK FKDQJHG RYHU WURH @Y RDGRW B OQKDt

OLIHVW\OH LQ WKH &MHP®L QI FRROSNADDAWY R Q



0$7(5,%$/6 $1' 0(7+2'6

7KH GHQWLWLRQ RI KXPDQ UHPDLQV IURP 6X WRIULXQ B H) H¥ bR €
DU Y HV W.IQI DWKH 8 W VB X@ADLOHG K®I ERMDIIMFWLR@N FRQVLVW
LQFOXGLQUOPWGGRE[LO ODKLFERFIHYQRW EH DV VY RILYGGMR D L
IUDJPHQWDW PRQY \DRB \8 BRW/K DHRWIW DOVR YHU\ KLJK GXH WR
DQG FX®DWRH\KH WRIW RHW DM HRWRRWK KO QB BIPWIKREK

LQFUHDVHVY WKH SRZHLW RIH W R RAY K WHRDOPDNORPOVHR &/IK G HSQUMLY O
FDULHV SHULDSLFDO OHVLRQV DIQ® HIMFKHW REKW KPFD QIR K L &V

Rl WKLV PHWKRELDV WAKWMR DVGEHDQVIYE 3LYLG XD (

FRXQW EZBDWKRE®H WR BAHP XU B GSEDROW B H ZUHRURHD BHDWHKIH XIO O\ E U X\
RU ZD WIKOHNEOXMHR S U H VAHDUOYRHX W XW D Q G REDRORZ 1L @/IXKNMHRYCHMH W K X Q G H
PDFURVFRSLF HI[DPLQDWLRQ WR HVWLPDWH GHQWDOHAHRQ VI L

DQG DQWHPRUVDNPGW R/PW &R BYMZRD O *RRGPDQ DQG 5R°

$IHDGBHDNXKXG VH[ HVWLPDWLRQ

%XLNVWUD DQG SEVWWDRBODYWGY DQG /RYHMR\TV GHQWDO
XVHG WR HMVAWHPDWKHW KH GHQWLWLRQ ZDV DVVRFLDWHG ZLWK
GHQWDO ZHDU DQG WRBHARIR EGIQHKEO REWHK QDN HZ HV WRLPKO\W HW | |
PRUSKRORJ\ DQG WKH VWDWH RI HSLSK\VHDO IXVLRQ %RWK
XVLYKH PHWBRBRGNVRMMUD DQG 8EHODNHUTYV DQG 6FKHXH
GHYHORSPHQW GDWD ,Q DGGLWLRIHZDRUHVWRPDWHEG &NEDRG

IRUPDWLRQ VWDJHYVY GHYHORSHG E\ 3UL\DGDUVKLQL HW DO



TKRHWKRGV WO RDIDF VLILFDWLRQ R I1VX B BENG/ K GENRODNRQ NIQRIZ %Y R
DIBXEDGXOWVWKHH GLYLGHG LQWRDPWZR REDVID® R W\SH RI
DOQWRRWK GHY HDOHREBEKQW D ZBUH GLYLGHG L QWRX(RIXDGXIHWU D

\R DGXOWR PDWXUH DBRXOWG ROG DRGEODWHG RQ WRRWK Z

GHYHORBWPBRWDLOHG LQ &KDSWHU

6HZDV HVWHPODWMWCHEBQ PRUSKRORJLFDO |HDMNWXW BPD RE VEKOHH b H®
DQG 8EHODNGHH &KDSWHWRVW RI WKH VDPSOH WKLV ZDV QRYV
LOQFRPSOHWR W NHKDBYW RQWXIILFLHQW LQIRUPDWLRQ WR OLQN
KHUH SRVVLGROGHWD K@YV ZHWHWHRROPME QG XQNQRZQ VH[ 6XE

WKH VDPSOH DU M RREGXERMROHVHE

'"HQWDO SDWKRORJ\

'"HQWDO ZKZLILWODOWKHVVHG E\ UHFRWUWUKTLQHFBNWERWD O SHUDDSLFDO
DOWHPRUWHP WRRWK ORVV $V PRVRJIGHNKMHYEBHYXW WRORHUH
DFFRUGLQJ WR WKHLU DJH 7KHVH GDWD ZRIORJWKKBHAXDNAG W

ORQWH SRGRODWLRQV

$ QXPEHU RI PHWKWGEG VDN HMXNE®W FKDUDFWHULVIWMLFYHRW R/K
6FRWW %URWKZHOO 6PLWK IRYHMR\ 7KH %X
PHWKRGRWW DQG %URWKZHQO®RVW DPROFDEOHKWRH 6P LWK
DQDO\WLFDQ® PRWHKRELWDEOH IRU LQFLV® PR QWRWMBWWY DQG
SUR YD G HD VV HEDARIGRWYK H | X ORCD GHDQPP\S D\N LARI QL IFEEOHABMYQURIPELL \DW Q J

WK IRUPDWLRQ ID®P O DRAMHEPYHEUKRY IPRWW FRPSUHKHQVLYH

HDFK WRRWK



&DUEZBNGHQWLILHG IROORZLQJ +LOOVRQ ZKR\BWVYRQLRH"
HQDPHO FHPHQWXP DQG GHQWLQ WKDW FDQ HYH&QDUXIRXY\
OHVLRQV PRWY\HORMETX ISQMAMPRODU DQG PR ®DEDROARY ¥ DIDWF WK |
FROQWDFRQSER@W PHVLDO DQ®\BHVWDR[VAEEDFBIMLHO\ RFF XU
VPRRWK FURZQ VXUIDFHDUBRFRRW WK G| WARH DFDSHHW PRUH FRPPF
$00 HUXS WHLGS WRIHW B Q @ ISUHYPMIQHBNIRU ERWK FURZQ D
DQG FODV VL MHIEG B SH.W K A UD O* BILY GRRIHULAHA/DWHDMKHG WKH GH
RWUDGHHUIRUDIWURWKZHOBGHWK ZLWK WHEZSRD BIRWHOUHAZIHRUHY

FRXQWHDS B@H ORYBREZHYHU WHKH HRULWHB LQIHFWLRQ ZDV U}t

SHULDSLFD/R ODHWMLBEWVR NQRZQ DAH REWAHMMHY HLWKHU DV DQ D
GUDLQDJH FKDQQHO RI WRIE BEWEHDWWHU % XL N RNRBIRAHURO WWU
UHPRYDO RI WKH DOYHRODU ERQH ZLWK H[SRVXUH Z”HHUWKH

FDOFXDWWHE® SRUWLRQ RI SHMIKBHR QKEE HIWHMIWR Q \GR LKV L R QN\D F

D O Y HERROIHJ

$OQOWHPRUWHP WRRWH EROWMVK H@OEHEVHQFH RI D WRRWK DVVRFLE
UHPRGHXMIDWHBUERQH LQ WKH VXUURXQGLQH DMVERR®G X O DIWNH

DYSUR S RRINVIKNRRQ®POFEHU RI WRRWK SRVLWLRQV

6WDWLVWLFDO DSSURDFK

JLVKHUTV W)DFW MM/ WLIQLILFDQFH VHW DW S ZHUH SH!

WR GHWHUPLQH LI WKHUH ZHUMKBIQ\UWTRHQSBMRIK\R ORI L H
+RZHHU GXH WR WKH VPDDPSOHW B(7VRRPXOWGXERWER BHUWIRUF
YDOXHVIHVYV WKDQ7 LV SRVVLEOH EXW YV GRHV QRW DOOR

FRPSDULRIKHQ %YHZLFN HW DO .LP



5(68/76 3%$8
SUHVHUYDWLRQ RI WHHWK DW 3DX

7KH VDPSOH FROREBENPNG XRXV DQG SHBRRKEQMBDWRDHNYNHESQZH VIRH
PD[LOOD SUHYHQWHQL DRILFD\O LO/HKIR DR PEQ@QG WH7KSSHU ULJK
SHUPDQHQW D/Q & HOH+ X& KXW R HHWWDL BNDRMEKGW KIHGXIQWY DQG V

6HH &KDSWHUK QXPEHU RI WHEXIN QRZDWHMHWK DEEUVHHEZDYV

D YHU\ VLPLODU S UWKH Q\RERERI XRAMHDDERHL @ Q G UHVSHFWLYH

DQG \RXQJ DGXOWYV $CXOWHWPHDO SXHMHQWGL @ GPGX FBXG B

&DULHV DW 3DX

2Q0\ RQH GHFLGXRXV WRRWK ZDV LY IWRKW H/® EDBHVEIRBURK YV O |

*UDGH ZDV LQ DQ LQFDWRU FURZQ 7DEOH

7TDEOBDX 'HFLGXRXV WHHWK DIIHFWHG E\ FDULHYV

&DULHV "HFLGXRXV 7THHWK $ 2
,QFLVRL &DQLQH ORODUYV 7TRW

\R
\R
8QNQRZ(
7RW
$ $ITHFWHG 2 2EVHUYHG

+ I+

7DEOBDX &DULHV GLVWULEXWLRQ LQ GHFLGXRGL QWHR WEHX\ R@N IDDRBWK
FURZQ DQG URRW

+ \R 1
&URZQ FDL 5RRW FDU

7TRW

,QFLVR




&DQLQ
3UHPRC
ORODU
3HUFHQWW FIDQ¥XODWHG SHU WRRWK W\SH DV WKH QXPEHU RI DIIHFWHG

,Q WKH SHUPDQHQW WHHWK Z ¥ K ® O BHEFCBVUHRBY B 'O FHI)
RlI FDUQHWYHEDWKGDJH UHDFKLOHTXPDELP XA ROUG DRXO&SDULHYV
ZDV UHFRIW®HEGLFD QWIDT XMHRWHO\ LQ WKH SRVWHULRU GHQWL
GHQWLWLRQOXH S 7DEORKHLHMWHTXHQF\ RI FDULM WP RZODUNR

IROORZHG E\ SUHPRQDIXWH

7DEOBDX 7KH SUHYDOHQFH RI FDULHVY LQ SHUPDQHQW W

&DULHV 3HUPDQHQW 7H

,QFLN &DQL 3UHPR OROL 7RW

6 XEDC
+
\R

<RXQ

$GXO

+

\R

$GXO
+

\R

ODWX
$GXO

+
\R
20G $¢

\R

B8QNQF

7TRW

$ $IIHFWHG 2 2EVHUYHG

7KH SHUFHQWDJH LV FDOFXODWHG DV WKH QXPEHU RI FDL
SURSRUWLRQ RI WKH WRWDO QXPEHU Rl WHHWK SHU DJH U|

7KH SHUFHQWDJH LV FDOFXODWHG SHU WRRWK W\SH LQ H
WKH QXPEHU RI FDULHV DWW XPRISB IRW MWRHHRIKWKH WRWD
SUHVHQW DJH UDQJH

7KH SHUFHQWDJH LV FDOFXODWHG SHU WRRWK W\SH DV W
FDULHV DV D SURSRUWLRQ RI WKH WRWDO QXPEHU RI WHHW




Molars
B Unknown

m Old Adult (45+ yo)
m Mature Adult (36 —45 yo)
B Adult (26— 35vy0)

Young Adult (16— 25 yo)
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JLIXUBDX 3UHYDOHQFH RI FDULHV E\ WRRWK W\SH DQG |

7KH TUHTXHRWLRRAYV OHVLRQN LQ \RDWDIX DG XN | LKKIDIEWO\LQ W

SRVWHULRU GHQW IWHKRWKRRPGWHH G RAULEHOX\H WLRQEOH

7DEOBDX DQWHULRU DQG SRVWHULRU GHQWLWLRQ

3DX

$QW 3R
$QWH! 3RVWH| 'HQWLW
'"HQWL 'HQWLW 'LITHUHC
)(7 SYDO:

6 XEDGX
+ \R

<RXQJ $¢
+ \R

$GXOW
+ \R

ODWXUH
+ \R

20G $G
\R




7TRW

6WDWLVWLFDOYXDOMWMHQLILFDQW S

*UDGH FURZAQIURHHPUGHWQW LQ RI WKH WRWDOUDOBYILRRWR ZC
FDUL®YV DQG RQO\ D VPDOO SHUFHQWBDJIHURINHEDBHY F
ZHWPHRVW IUHTXHQWO\ DIITHFWHG E\ *UDGHV FPULRV FRW®BR ZH (

E\ LQ ROG DXRXDODQYG LQ WKH PDW XY H\RG X)QWXUH

,Q FRQWRWVAAHIUWHEIVH ZLWARRQ®O®K VKRZLQJ *UDGHERWRFDWHGL

LQ SUHPRODU URRWYV

7DEOBDX 3UHYDOHQFH RI FDULHV DV UHFRUGHG E\ OHYHO RI VHYHULW\
OHVLRQ DQG DV GLYLGHG E\ WRRWK W\SH DQG DJH FDWHJR

&URZQ FDU 5RRW FDL

$JH 7RV
5DQJI
JQFLV
6XEDc &DPQL(

s
\R 3UHPR
1

OROD

,QFLV

<rxo &PQL

$GXC

OROD

,QFLV

$GXO gpoLe

\R
1 3UHPR




OROD

JQFLV

0D W X &DQL(

$GXC
* UHPR
\R
1
OROD
,QFLV

o &DQL

$GXC
\R 3UHPR

1
OROD

,QFLV
&DQL(

8QNQF 5uHPR
1

OROD

7TRW

SBHUFHQWDJH LV FDOFXODWHG SHU WRRWK W\SH LQ HDFK DJH UL
DV D SURSRUWLRQ RI WRWDO QXPEHU RI WHHWK SUHVHQW

BHUFHQWDJH LV LV FDOFXODWHG SHU WRRWK W\SH DV WKH QXP
RI WKH WR W Bi® \@ K FSELHHY RQ W

7KH VHYHULW® BR]LPIDWUHVD QG P DRIB\L FHEID U | F3RIDENINSE O H

7DEOBDX PD[LOODU\N DQG PDQGLEXODU PRODUV LQ FRPSDI

3D X
%D[gD%Plﬂ?QgLEOD[LOODU\OE
o 1 )(7 SYDOXH

SBHUFHQWDJH LV $ 2 $IIHFWHG 2EVHUYHG



Molars

Premolars

yo)

Canines
Incisors
Molars
Premolars

Canines

(36—45yo)

Incisors
Molars

Premolars

yo)

Canines

Adult(26—-35  Mature Adult | Old Adult (45+

Incisors
Molars

Premolars

—25vyo0)

Canines
Incisors
Molars

Premolars

15vyo)

Canines

Subadult (10— Young Adult(16

Incisors
0% 20% 40% 60% 80% 100% 120%

Hlm2 m3

J)LIXUBDX 'LVWULEXWLRQ RI FURZQ FDULHV EDVHG RQ VHYHULW

$V PHQWLRQ D® BDHIR®BE XHUNW ROBWHHGHQWLQJ WKH UHFRUGLQJ
SHULDSLFDO OHVLRQV DQGO$®EMH/ PHEV B LAMR\QGNEW WIRLPIBNMVIR \WWKK

ORQWH /XQD

5(68/76 0217(/81%

SUHVHUYDWLRQ RI WHHWK DW ORQWH /XQD
7KBH ZHUH D WEBMHLG RRAVPDPEHQIW WHHWK LQ WK REQM HZ LY\
WKH PDMRULW\ EHLQJ LVRODWHG WHHWK 'DWD RQ WRRWK SR
DQG VH[ GHWHUPLQDWLRQ zZDV DOVR DY D BO/MPECHD | R X RIWMP RO

KDYHXQRQRZDAHDHREK QJ DGXOWUYH WKH GRPLQDQWKHUH J



ZHUH ORZ QXPEHWWX\WRWWMKWK IIRUCPRERGHV 8 Q W DQG

UHVSHFWLYHO\

&DULHV DW ORQWH /XQD
2Q0\ WZR GRRDEURMNV DIIHFWHG E\ FDUADMBOH ZLW K FDRM/ R X V

OHVLRQWKH FURZQ FODVWOIEEIOHG DV *UDGH

7TDEOBRQWH /XQD 'HFLGXRXV WHHWK DIIHFWHG E\ FDULL

&DULHV "HFLGXRXV 7THHWK $ 2
,QFLVRU &DQLQH" ORODUV 7TRW

+ \R
8B8QNQRZC
7RW
$ $IIHFWHG 2 2EVHUYHG

7DEOBRQWH /XQD &DULHV GLVWULEXWLRQ XVLQJ %URWKZHOO V JuD
+ \R 1
&URZQ F 5RRW FL
7RW
,QFLV
&D QL
3UHPR
OROD

SHUFHQWWOD FDQ¥FXODWHG SHU WRRWK W\SH DV WKH QXPEHU R
D SURSRUWLRQ RI WKH WRWDO QXPEHU RI WHHWK SUHVHQW

,Q WKH SHUPDQHQW WHHWK Z H 7 HDH MTHXARDHF® WEL HAD
JHQHUDOO\ZL@YKUBIDW HWHDFKLQJ D PD[LPXP RR +RIARBG DG,

ORRNLQJ DW FDULHV SHU WRRWRRWDSH WKBRWBHRW KK & LREE V



UDWH RI PODWIRH RXWXH SRVWHULRU GHQWLWLRQ PRODUYV

SUHPRODUYV DOQWKH LQFLVRUV

7TDEOBHRQWH /XQD 7KH SUHYDOHQFH RI SHUPDQHQW WHHWK D

&DULHV 3HUPDQHQW 7HHWK
,QFLVY &DQLC 3UHPR' OROD! 7RW

<RXQ
$GXC
+
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$GXGQC
+

\R

0DWX
$GXC

+
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206G

$GXC
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8QNQF

7TRW

$ $ILTHFWHG 2 2EVHUYHG
7KH SHUFHQWDJH LV FDOFXODWH® ISHRWHGE WHBRX\VXK DWW WKH Q
D SURSRUWLRQ RI WKH WRWDO QXPEHU RI WHHWK SUHVHQW
7KH SHUFHQWDJH LV FDOFXODWHG SHU DJH JURXS DV WKH Q.
D SURSRUWLRQ RI WKH WRWDO QXPEHU RI WHHWK SUHVHQW
7KH SHUFHQWDJH LV FDOFXODWMHGRE BUI DEW HG® RNKFEHBAK VDKH Q.
D SURSRUWLRQ RI WKH WRWDO QXPEHU RI WHHWK SUHVHQW
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JLIXUBRQWH /XQD 3UHYDOHQFH RI FDULHV SHU WRRWK W\

,Q WKH ORQWH YWD VRQSIOHIHPDOHYV MRG0 G EBQHAKHUHP ZEH B
QR FDULRXV OHVLRQV LQ PDOH WHHWK DQG WHKH ISUHITXH QF\
7DEOHLWKLQ WKH IHRDBHXRURPOU LWNHLQF U BDW KGR @ IG\WM k

IHPDOHV VKRZL®HWHBD/KRBHK/HYV W 7TDEOH

7TDEOBHRQWH /XQD 3URSRUWLRQ RI FDULHV LQ WHHWK

ODOH YHPDOH S8QNQRZQ
o1 o 1 )(7 YDOX o1 7RW
<RXQJ $G
+ \R !
$GXOW
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ODWXUH %
+ \R

20G $GX
\R

BQNQRZC

7TRW

Q QXPEHU RI WHHWK ZLWK FDULHV
1 WRWDO QXPEHU RI REVHUYDEOH WHHWK

6WDWLVWLFDOYXDOWHQLILFDQW S

7TDEOBRQWH /XQD 3URSRUWLRQ RI FDULHVY LQ WKH DQWHULRU

ORQWH /XQD
$QWHU 3RVWHU $QW 3R
'"HQWLW 'HQWLW| 'HQWLW

Q1 Q1 "LIIHUHC
)(7 SYDOYX

6 XEDGX
+ \R

<RXQJ $CG
+ \R

$GXOW
+ \R

ODWXUH
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20G $GX
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7TRW

Q QXPEHU RI WHHWK ZLWK FDULHV
1 WRWDO QXPEHU RI REVHUYDEOH WHHWK

6WDWLVWLFDOXMOXHQLILFDQW S

,Q WHUPV RI WKH VHYDGHYU RH ¥ HEFNQ MR QQ RI WKH WRWDL
*UDGH LQ DQG RQO\ D VPDOO S H\DRHQWDBHEHQM 7*KUHD B RO D U\
ZHWPHRVW IUHTXHQWO\ DIIHFWHW® KE \RT WDISHHW KE®Q LDMBRVDNGR

LQ \RXQV DGXABW DQG LQ PDWXUR DGEXN®WA FRQWUDV



WRRW FPDUBVH ZLWK RQO\ IRXU WHHWK VKRZLQJ HLWKHU *UI

FDULHV 7KUHH RI V¥ KKEHRRPOURBRBRMDVF DANIBEIOHU H

7TDEOBRQWH /XQD )J)UHTXHQF\ RI FDULHVY DV UHFRUGHG E\ OHYHO RI VHYH
WRRWK W\SH DQG DJH FDWHJRU\

&URZQ FDUL| 5RRW FDUL

$JH

5DQJF TRW
QFLV]

<RXQ.

sgxo &PQLC

\R 3UHPR:

1
ORODL
CQFLVI

$GX0O &DOQLC
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\R BUHPR!
1
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,QFLVI
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1 3UHPR
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&DQL
20G $C QLG
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JQFLVI

&DQL
8QNQR QLG
1
3UHPR!
ORODU\
7RW

SBHUFHQWDJH LV EDVHG RQ WKH WRWDO DPRXQW RI W\SH RI DIIHFW
WRWEDROXQW RI DITHFWHG WHHWK LQ HDFK DJH UDQJHYV

SHUFHQWDJH LV EDVHG RQ WKH WRWDO DPRXQW RI W\SH RI DIIHFW
WRWDO DPRXQW RI DITHFWHG WHHWK LQ WKH VDPSOH

7KH VHYHULW\ RI FDULHVY EHWZHHQ WKH ORQWH /XQD PD[LO¢
VWDWLVWLFDOO\ VEUQIGHFDQMVERWK PRUWHKH PDQGLEXODU P
*UDGH OHVLRQV LQ WKDHORPHD[LOOD DBD®HXHS

UHV S HF W/LDYBH3CH

7DEOBHRQWH /XQD &DULHV LQ WKH PD[LOODU\ DQG PDQGLEX

ORQWH /XQD

OD[LOOD ODQGLE:
0O 0 1 0 0 oO

OD[LOODU\ 0DQ
)(7 SYDOXHV

6WDWLVWLFDOYMONWKHQLILFDQW S
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JLIXUBRQWH /XQD 'LVWULEXWLRQ RI FURZQ FDULHV EDVHG RQ VH'

SBHULDSLFDO /HVLRQV DQG $QWHPRUWHP WRRWK ORVV D\

2Q0\ D VPDOO QXPEHU RI WRRWK SRVLWLRQV ZHUH DIIHFWH

7KH PDRIRWKWYVYH ZHUH LQ PDOHV ZLWK RQOEXW WRHILI
GLIITHUHQFH ZDV QRWYDIODQH ILFD QWLFDELISOHVLRQV ZHUH PRVYV
LQ ROG DGXOWYLWKG DGXiIODW PQOMBM)RQALFDQWO\ KLJKHU ITUH
WKDQ ROG DGXOW | HPYIDADH\H +RZHYHU LW KDV WR EH HPSH

DQDO\WVLVGZRQ BDMNIFDSOOR YQ1H

$QWHPRUWHP WRRWK ORVV ZDV HYLGHQW LQ7KH IUHTXHRIFW

$07/ ZzDV YHU\ VRPOGBNMUDR@ IHPDOHYV DQG Y DOEKWHS H F \



&RQVLVWHQW ZLMWRQSBHWKIBEI$SPDO HO'HGHQFH ZDV PRUH |
KRZHYHU ROG D GX@RWL UHAD KPROWEVHDUH FW H G FRPSI
ROG DGXOW PDOHYDOXH )(7 S +LJK UDWHV RI $07/ ZHUH D

DJH IHFDO

JLIXUHDWGVKRZ D KLJK SURSRUWLRQ RI ERWK SHULDSLFDO Ol



7TDEOBRQWH /XQD 7KH IUHTXHQF\ RI SHULDSLFDO OHVLRQV DQG DQWH PRUWHP WRR!

3HULDSLFDO OHVLRQV $07/
6H[ GI

6H[ GI
ODOH JHPDO SYDO  8QNQRZ 7RW ODOH )HPDO SYDO. 8QNQRI 7RW
) (7

) (7

<RXQJ $
* $ 2

$GXOW
+ $ 2

ODWXUH
+ $ 2

20G $G)
$ 2

B8ONQRZQ

TRW $ 2

6WDWLVWLFDOXMOKH QLILFDQW S
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JLIXUBRQWH /XQD 3HULDSLFDO OHVLRQV GLVWULEXWLRQ EDVHG R

Unknown -
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Young Adult (16— 25yo) |
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Unknown mFemale mMale

JLIXUBMRQWH /XQD $07/ GLVWULEXWLRQ EDVHG RQ WRRWK FRXQ



&203%$5,621) "' (17$/ +($/7+ ,13%8 $1'0217(/81%

'"HPRJUDBKWKH VDPSOHV

7KH GHQWDO VDPSOHV RIIEIDHK WWR G HURMHWRENRRDQWLDOO\ GLIIH
KLIJKHU QXPEHU RI WHHWK SUHVHUYHG IURP ORQWH /XQD Q

7KLV GLIIHUHQFH FRXOG ELD ¥ RQKH GIHUM® VZAHKH Q@ @R FESRNK @ Bi
VDPSOHV KDG RUMWIRBURS WRHHWK IURP \RXQJ DGXOWV )XUW}
WRRWK FRXQW SRVLWLRQV SHULDSLFDO Q@B8VWR 8 \3DDEXGDPE0
WR WKH DEVHQFH RI PD[LO ODWWKDWQIGL ¥ CFQOOHHENNE @ @ RQE UW R F

WKH @ WIDEHWMIHURBKQG W\SH RI WRRWK

7DEOBDX DQG ORQWH /XQD WHHWK VDPSOHYV

TRRWK FRXQW DQG DJH |
3D X ORQWH /.

7TRW 7TRW

$JH VXE

$JH FC \HD U\

I+

6 XEDG

I+

$GXO

+ 1+

8QONQR

7TRW




&DULHV

7KH VDPSOHBX KREJDL I LKIDAWBTXHBBURHYV FRPSDUHG WR
/XQD VDPSOH YDOXH S$W ERMKDQG 0R @\ HILGRMISG DAD WK

UHDFBLRD[LPXP LQ WKH ROG DGXOW GDWHJIRIMSHFWRYHO\ DQ
&RQVLVWHQWO\ ERWK VDPS®H \F VBEREWKG W R 10 BHUDNKIAYIWBU DIWKH
VLIQLILKIDEWO\SUHYDOHQFH FRPSDUHGYWRYRQWH /XQD

7TDEOH)LJXUH



7TDEOBDX DQG ORQWH /XQD 7KH SUHYDOHQFH RI SHUPDQHQW WHHWK DIIHFWHG E

,QFLVRUV

&DQLQHV
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$GXQ
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7KH SHUFHQWDJH LV WKH SURSRUWLRQ EHWZHHQ WKH WRWDO DPRXQW RI FDULHV RQ WKH WRWDO DPRXC
7KH SHUFHQWDJH LV WWHK K WRSRLOV DRR XEHW RHH@ULHYV RI HDFK WRRWK W\SH RQ WKH WRWDO DPRXQW R
7KH SHUFHQWDJH LV WKH SURSRUWLRQ EHWZHHQ WKH WRWDO DPRKQWSH E@MWKHNHROGID/IFK WRRWK W\SH |

6WDWLVWLFDOXMOXHQLILFDQW S
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H Subadults (10 - 15yo) m Young Adult (16— 25yo) mAdult (26—-35yo0)

W Mature Adult (36—45yo) B Old Adult (45+yo) Unknown

JLIXUBDX DQG ORQWH /XQD 3UHYDOHQFH RI FDULHVY EDVHG RQ

5.7.2.1 Caries: Anterior vs Posterior

&DULHV OHVLRQV LQ WKH DQWHULRU GHQ@WIGW2R®ZRQH DD WH

FDQLQH IURP 3DX H[KLELWHG FDULHV ZKLOH LQFLVRL
IXQD VDPSOH TKKRZDVG QYD P BIDIIWEYH T XRQFDULHYV L
WKH SRVWHULRU GHQWLWLRQ FRPSDUHG DMORXHRQ

ORUHRYHU WKHVH GLIITHUHQ@EW¥W DEHU 1B JHO U 8 Q\GIHIQBL W K

VXEDWG XOWR T+



7TDEOHBDX DQG ORQWH /XQD 3UHYDOHQFH RI FDULHVY LQ WKH DQWHULRU DQG SRVWH

$QWHULRU '"HOWLWL SRVWHULRU "HOWLWLHE

6LWH GLIIHU 6LWH GLIIHU
3DX ORQWH / SYDOXHYV 3D X ORQWH / SYDOXHV

6 XEDGX
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<RXQJ $¢
+ \R

$GXOW
+ \R

ODWXUH
+ \R

20G $GX
\R

8QNQRZ

TRW ,

6WDWLVWLFDOXMONXHQLILFDQW S



5.7.2.2 Caries: Tooth Type
7KHUHTXRRFDULHV LQ HDFK WRRWK W\SH7XKBH HERVRDDQ B D \IVH ¢
LQFLVRUV LQ WKH 3DX VDPSOH 7KH ORQWH /XQD LQFLVRU V
JURXS \RDOHEHMAMW Y H WY H/TPXOHOIF \ YLIX 21 ARQH FRQLDQH
\RXQJ DGXOW ZDV DENHABWHEGW KH 3DX VDPSOH FWRBDARDHG OWH
IRXQGROIMVH /XQD7KHUBVWDRJIQL I LKADBWO\SURSRUWLRQ RI SUHPF
WKH 3DX VDPSOH WWRKHBRQWWHHIXQD VDPSOH YDOXH
TKHHTXRQFDULHY LQ SUHPROD WWIKH WK BHKBIVXV VLOP SFROX
IRQOIE EDWXUH DGXOWY VBKIHPROD U YR Q WGIGPDQL R X V
UDWHVY WHQGHG WR EH ORZHU LQ WKH \RXQJHU DJH JURXSYV
7KHUH YDYQR | LKKIDDEAWO\SUR SR U VBILRHP ROBEQ IROIKAY. DX FRPSDU
WBRQWH /XQDYDOXIS 6LPLODUQYQWIK KDL WAHDRY SJRSRUW
PRODUV ZIDMOXDULHYV ZKHEKRPSDUHG ZLWK ORQWH /XQD
YDOXH EDULURFPDEHPRIDPDGNQW LQ DOO DJH JURXSV ZLW
WKHIKHVW I UHTXHQBOWKRXRK\RXQJ DG XMW H R OlBFBDAUHL.GI \E W R F
WKLV FRXOG EH LQI|OXHRFGIEG \EN] W KHRRODD @ RQRWAH PDQDR R XV
UDWWWHDGLO\ LQFUHDVHG ITURP WKH \RXQJHU WR WKH ROGH!I
ROG DGXOWYV , QQPRPMWWAH DJIH JURXSYVY 3DX PRODUV VKRZHG

FRPSDUHG WR WKH ORQWH /XQD VDPSOHV 7DEOH

5.7.2.3 Caries: Severy
*UDGH DQG FURZQ FDULHWHHWK HYRB HEW EQHR:KDO HWR AU\ |
VPDOO SHUFHQWDJH RI *UDGH FURZQ FDULHV ZHUH REVHUY

KLIKHHTXRQBVIHFWHG WHHWK7 K@ WEWH\G R IV DRSO HRFDYUH LMV L



ZHUH YHU\ VLPLODU EHWZHK&@DWKH QN BQGIMRBIH D G H FDULI
GHFUHDVH ZLWK DJHVLAIREKRWKEMDOHS EMWE G GXROAHW HQ BIBEQ W H
D VLPLODWDOWH RRRRIXQY WVGROWKRXJK LW KDV WR EH FDXWL
LVPDOKH UDWBIGRH FDULG]Y LD/ IDIMORRBEKY HU W KIRDK IZ\DW HIXRWV S |

ZLWK LQBPUBNB®BR/MWH /XQD 7DEOH

7TDEOBDX DQG ORQWH /XQD )JUHTXHQF\ RI WKH VHYHULW\ RI FDULHV JUD
DQG DJH FDWHJRU\

*UDGH *UDGH *UDGH
ORQV (7 | 55y ORQVY (7 spx ORQV (7
/XQC SYDO) /XQO SYDO /XQD SYDO:

3D X

6XEDG
+
\R
<RXQ/
$GXOW
\R
$GXOW
\R
0D WXI
$GXOW !
\R
20G $¢cC
\R
B8ONQR

7TRW !

SHUFHQWDJH LV EDVHG RQ WKH WRWDO DPRXQW RI W\SH RI DIITHFWHG W
Rl DIlTHFWHG WHHWK LQ HDFK DJH UDQJHYV

SBHUFHQWDJH LV EDVHG RQ WKH WRWDO DPRXQW RI| WK SHWVRIWDO CH B W RNGQWL
DIlIHFWHG WHHWK LQ WKH VDPSOH



7DEOBDX DQG ORQWH /XQD

JUHTXHQF\ RI WKH VHYHULW\ RI FDULHV JUDGH

OD[LOODUNO 0 O

ODQGLEXODU\NO O

OD[LOODU\ DQG ODQGLE?

6HYHL 3DX ORQWH / )(7
JUDG 1 1 SYDO]

3D X ORQWH / )(7

1

1 SYDO

3D X
1

ORQWH
1

) (7
SYDOX

6WDWLVWLFDOXMOXHQLILFDQW S

IRU PDJ



7KH WRWDOPQKFREMNURIDQG PDQGLEXODU PRODUV DIIHFWH
VLIJQLILFDQWO\ ORZHU LQ 3DX FRPSDBIUNERFEDIROWBQXEQL
*UDGH FPD[HYOLU\ WHIBWX DWRP ORRMKH /XQD ZHUH VLPL!
WKH PDQGLEXOD W RROMHUH SHREBGWMWWEEDH ZDV D VLIQLIL
KLIKHHTXRQEUDGH FD U IWKIBO X )(7 YDOXH ,Q
FROWWKWWPDQGLEXNAP WRRDHWE I L | KKIDAWBTXRDQFYUDGH
FDULHV FRPSDUHG WR ORQWBXMNQD HDE GH

$GGLWLRQDOO\ 3P VKOBZWBDRP® |UHTPBOGF\ RDULHYV LQ ER

PD[LOODU\ DQG PDQGLEXIODK PROBQARQWH /X QD

6800%$5< 2)5(68/76

3DX
$W 3DX R1 WOHHWRV 2 8 UBNY KHFD P DRNMR DK MWRAK ZHUH *UDGH
DQG *UDGH DI'RFWHROWEKHVWPHR VW FRPPRQ LQ WKH S|
GHQWIIHVISRHFLDO O\ WKHDRRXORDV KLJKO\ DJH WKR JULHKWHLYWH

IUHTXHQF\ ROHFR U RHOG5 IR G X ORV

ORQWH /XQD
$VORQWH /RQDLHY ZDV GHRHPWH®/ KQ$ WRAMBF® WRHIRULVHG
DVUDGH IROORZHIBY EDGHRDUEZBY PRVW FRPPRQ LQ WKH
GHQWLWLRQ VSHFLILFDOO\ LQ PRODUYQ WKH YR DQ¥D
DYDLODEOH ZLWK VHiP DBCHHWH K PV R W IMWR W@ F WRHDGUEMW K W K H
DJEURJUHMORQL QJ WKH TKUIGRAVW LQ ROGHWD IFRQWHD VW

PDOHV VKRZHG QR FDULHV 2QI0ODG S HU LW R RE\DAKEGIR\HNR (R\Q



SURSRUWLRQ REVHUWK® (IHPROBWBHULDSLFDO OHVLRQV Z
FRPPRQ LQ ROG DGXrOOW &V PDOHV KHDWK. QJ D KLIKRBSDUHH&H C
WROG IHPDOHYV $ ORNVFRADNVHPHW RB®KG LQ RlI WKH
VKRZBK&EIJKHU SURSRUWLRQ FRPRBOSM GZ MWRIORONIKHPW OB M PR

IUHTXHQWO\ DIITHFWHG WKDQ ROG PDOHYV

3DX DQG ORQWH /XQD
7KBH ZDV D KLJKHU 1UHS WPHD@MAH QR WOZRW K ERPSDUHG WR W
ORQWH /XQD VDPG@EHRWK ORFDW LR QLQ FUKIHD VDGV FZLBWKF D UH +
PRVW FRORPRRQGPROWRBRQYW H PXO@OG L E X O D UHRER B DIV MYHHD G
O H YRIIOAMU D G H DQG D ORZHU UDWH RI *UDGH
FRPSDUHG WR PD[LOODU\ IPR® DUV UHV S HAIOYH @D X
VDPSOH *UDGH PDMRJLOPROIVXWWHGDRE D ORZHU *UDG
OHLRQV FRPSDUHG WR PDQGLEXOBH PUWRHDTIXHQ F\
RFUDGH VID®LILFDQEHWZKHIHEBDX DQG ORMMKHXQD )(7 S

7TDEOH

,6&866,21

6DUGLQLDQ GHQWDO KHDOWK

7KHUH DUH QRW PDQ\DQWKHHEQAWD R @ HHDWVEK QBQJIJHOLQL HW

OXUJLD HW DO DQG PDQ\ DUH SDUW RI EURDGHU
FDQ EHRMHUORBRREVRQ HW DO 7KH SUHVHQW VWXG
FKURQRORHEPDOD\HSB REPSDPY DQ LQVLIKW LQWR FKDQJH\

RQZVKH LVODQG 7KH GHQWDO VDPSOM\SHURR SMEIKPHDOD. MIWR |



VHW WY ZPHGWEHLQJ HV W DEDWIARFIRBDBRMILRRY EQ I HROLWKLF
IURP WKH PDLQODQG ,Q FRQWUDVW WKH VDPSOH IURP OF
LQ ZKLFK XUE D ® D/G1 \E WG PHIEFQWPED ISREXD DWLRQV IURP $1
HDVW DQG ZHVW OHGLWHUUDQHDQ 7KH GH®W B LK) VRAP®L
ZKLAKDYH VKRZQ JHQHWLF XQLIRUPLW\ DPRQJ SRSXODW
XQLSDUHQWSIOLPRUMMUBKOLY LV FKDUDFWHULVWLF RI WKH
RI WKH LVODQG IROORZHG E\ D SHULRE|RW E@\WBHKER ML MALDK

DQG 3XQLF (UD ODUFXV HW DO

7KH IRFXV RQ WKH LQWHUSUHWDWLRQ RI RUDO KHDOWK \
KLIKOLJKWHG WKDW F D U LFRIGI\® HNIRKRIRWH DYQX D Q KOG DD 8 W
7KLRDV SURPSBMDA/E HVVPHQW RD QUK H @Y ROFRROAKRINBADK H

JURXSR EHWWHU XYQGIHUNRNIDUERHET Y\RCHF\D ULKIIW LQFOXGHV 1D
VXFK DRMRGUDSK\ FXOWXUH EHKDYLPRXQG WS LIURRRUEDBRQW 3

KHDOWKNOHLQ HW DO

7KH 1HROLWK LZDVQD6DHIGLRGE R FXOWXUDO D @& OMHFKQRHGR
SODQWQHRRBG DKW M \L QW SRFIOHAHG HW 3@ D ORV HBR W W H U\

UHVLGXHV IURP WKUHH 6DUGLQYRRZHICE QGUEREDIOH\E K L F

SULPDULOLRX®WXUH DQG D)@IPDIO HVX VIEIDRQGLUN KLF 6 DUG L
UDLVHG VKHHS JRDWV SLJV DQG FDWWOH DQG DOVR JU
7KLV ZDV VXSSOHPHQWHG ER ZLDIGL QUX DG AROUMINRANELQ J7 K
WKH GLWWFEDNMQ DQLPDO SXRWHIRQQWQGQMIDQLQJ JRRG
)X UW K H UPRREEUHR FHY @ Y Q O Y H G/ LPFDPLHQUONQJ DQG ERLOLQJ UDW|
)DQWL HW DLV LQ FRQM X Q PYWPLDRIQD Z ISW K FODLQNM § YWLYCH WHWV GV
1HROLWKLF 6DUGHQDIWQY KO\GK® IFGR\G M\ UMM SIX/@LXMAHLOD RUKGI

FHUEZBOYW DOORZHG WR EH FXOWLYDWHG ORFDOO\ RZLQJ "



VXSSOPDMKH FLW\ RI &DUWKDJH 3HVFHDQ 'RPRNEHWL
%DUWROR®RZHYHU WXIHWHIQ W WRIHBQEOKWELQJ ILVK DQG \
VKHHS JRDWYXBHYV IUXLWNQ G HIBHNMERIMA R X J R E DD D\H
JUDLQ LQ WKH OHGIGWRIRUQ DD BHELURQGLQJIV LQ 6DUGLQ
DUH FRQVLVWHQW ZLWK WKH SURFHVVLQJ RI FHUHDOV DQ

DQG ILVK SURGXFWV RLO DQG ZLQH 5DPRQ 7RUUHYV

,QWHUHVWLQJOHNQW KWK HPE R BLEXE/D W H® X URPGWIKRQ W H /X
VDPSWOKRZ VRPH VLPLODULWLH\K D QOZ R FERHPZSHIDHHN HISF B W T
E\ IRYMMKRXVDEBBYVVWID VSDWLDO GLVWDQFGLRHUHNRWD\G G N
IRRGV H[SHFWHINLIKOSDRHAUHVVLYH DQG ZLWKL@ MLKH ORC
IHDWXUH RI GH/QM DHY KEHIDTRMEBX/J KW KH DQWHFRRUIWHP WRRW
DQG SHULDS IZKB® HD WRIYRDOLFOIQMWHU IUHTXHQF\ ,RI VERRK L H\
IHRWKLF WHHWK ZHUH PR UHVYXSR® X\G VWIRQ B DIRDMLEN IR

7HHWK ZHUH DOV@LYAKHG RMWRFREONQ BO @\ | XWUKMK Wb HO/DH
.OLQJHU HW DO PDNLQJ WXW R Q\XB QWRH E® HF /VRL B Y\
UDWGHHWSLWH SRWHQWLDOO\ PRUH H[SRVXUH WR SURFHV
IDFWRUV GLG QRW SURPRWH FDULHV VXFK DV JRRG RUD

FRQFRPLWDQW H[SRVXUH RI KRUPRQDCHBKMWXIRY Z\RKIHW FL

7KNLPLODIUWWHK REWIKI LOHY DW 3DX DQG ORQWH /XQD LQ \
WKH LQFUHDVH LQ VHYHULW\ ZLWK DJH DV H[SBIFWHG

UHSUHVHQWD QAR QW WUREHWWGDRRBHN RERQ®W XUDO UHVRX
ZRXOG KDYH SURYLGHG D VWDEOH DQG VORKKWRXIW L R HC
JYXUWKHWEKRUHHQHWLF SURILOHV RI SHRSSDH LIGH OB KQE D

S UHWDHGIW LPDLWAXAY HWIBOWKHU VXSSRUW RO MWYISH K MHS RX\QKH



IRUHLJQ GRPLQDWLR QMK®IGL DXGQ WHKQRXQY IBEQUBOY DMMY Q HG
WKHLU JHQHUDO EMHKZADWWD¥E IMKIRZ\QLQ RUDO KHDOWK SUF



+($/7+ $6 $1 ,1',&$72p675(66
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7KNRFLDO DQ G UDFPRIZRRIN Z L WFRIFP X@[LBKWN KDV D GLUHFW
RQ WHKBIOM K D®ESNWIHQPAHGEBHSHMRISOB SK\WLRORJLFDO |
SHUFHLYHG WKUHDW RU GDQJHUWRK® VS KA\ Q FDWYHKINDY QFNDET
KDYH D SK\VLFDO DQG HPRWLRQDO GLPHQVLRQ DQG GRHV
RQ KHBOMARUH HW DO * R F5GIR.DWY HHRD DDQG OF,0YDLQ
'KHQ D VWUHVVIXO HYHQW RMFRDY GKDIY®JDFRDOGKRRGL JQ
EH LPSUHVVHG RTKWWH /DN NDHHWAUR QRIDIN K VLIHQ XHOW MKGHFDHOMVIKE R >
DQG OLRHS\DWVO 15 R XD W LROXVHG DV D SUR[\ IRU HVWLPD\
*RRGPDQ HW DRGPDQ D®G $UPHMHRLWRWHPD DQG OF,0YDLQ
7KH DQDOXWIHRRRRLAMOWKH RRQWH[W R WK HVSRR 'S X DIHMW MR
WKH RULJLQ RI HWFBBOWRPLFNXFKGDYROLWLFDO LQVWDELOL
HQYLURGHHQWOGDWLRQ VWK HDOWB[SHYIRHQFHG E\ LQGLYLG
ELRORJLFDO UHVSRQVHYV DW D FRPPXQLW\ OHYHO %XLNVYV
HW DO *RRGPDQ DQG 5RVH 7 H P SSIUHH \DH)@BW* R RVGKR

IRRMHGWKH DQDO\WVLYVY RI VWDWXUH DQG HQDPHO K\SRSODV

7KURXJKRXW OLIH HYKHHUKSIRBFERBRGRI IDVW DQG VORZ JUR
JHQHWLF VRFLDO DQG HQYLURQPHQWDO IDFWRUV %RJI

*DJH HW DO (DFK VWD JHD RS DIUMRIZFKO @ ¥ GB/EINOY H (
GHYHORSPHQW FKBKGHYJUMDOWMRGYWRQG PDWXUDWLRQ R
DQG VH[XDO EHKDYLRXU %RJLQ RI DQ'XQIGIDY WERHWI HIWN LF
UHODWLRQVKLS EHWZHHQ QXWULWLRQ GLVHDVH LPPXQ

IDFWRUV 1RFOVGWQRRW R @\SLFDOO\ WKH IDVWHVW SHULRGYV



GXULQSUMRIBWDO SHULRGERMRRBOLGESOAQGHQW RQ QXWULW
%UDJJ DQG PDWHUQDO KHDOWK %RJLQ 7KH P
DQWLERGR WRPH GLVHDVHV WKURXJK WKH SODFHQWD LQ
FRQWLQXHG WKURXJK EUHDWOWGH®LQGE LRIRGWMOEN V
%DUNHUS$Y DQ LQIDQW GHYHORSW HQWRQEF HRRIYEFHHEK &/ PW(
DQG QHZ IRRGV DDUHGLID WKRGX PG H{SHULHQFH PDOQXWUL
QHZ GLHW 7KH QHZ GLHW DQG WKH DFTXLVLWLRQ RI PRW
UD QJHQRH FWLRXVRPLWKBYH HQYLURQ®HKQWD QWORZ WK FIM/HY
| D F WPFOU VO HRDAWWH R O R J L RDOWAKIHUKKPDQ VNHOHWRQ %RJLQ

%UDJJ

'XULQJ FKLOGKRRSLFDIORZWHKOHREZS BEXBKQLQJ SXEHUW\ XQG
L Q10 X HKQRFUHP RIRHRYEGX W ULW/IMR @ LPH LV DOVR LBREU'DQW WR
7KHVH WZR FXHLID\GHKRRG DQBUBGWRRHVEFHDFW LQIOXHQFHG
IDFWRUFRIYE TV QW OAQXVXDO WR VHH RO G W HFKLDWE R Y QF
EXULD O XVLLVOHWWWARH Y HOR S P H Q @/D\0 UBRINMIGRREW JURZWK DQG
WKH DWWDRQMEK H 6XEGXUAWH U VW D W X U HHES Bl G K B @/F/H B DS HUWDLYR
UHWDWREB K GXULQJ FKLOGKRRG DQG SXEHUW\ $OOHQ
+RZHYKKWVAVSHULRGV DUH WRKSMRBKQIO\R ZRMICAKEHGE. @ F (i H D V H
JURZW@®ORZ ISHULRG Rl UHWDUGDWLRQ ZKHQ WKH FDXVH L
LW DQG %RHU¥PBX¥X JURZWK GRHV QRW DORRD\V RFF

DGHTXDWH QXWULWLRQ 3DQGR HW DO

JURP WKH PRPHQW R| FREOEGSWDRY W& W WHKEEAWRRCH E H W 2
SODFHQWEPARMWKG U WKDW F X D QWOKHR GARHHIQMKEY DG X OW KR F
+RGVROQ 7KH D QM@DON VLN HRO HYVX@ER\®W BBEXQ8H LQIRUPD)

ROVKH QXW UL VDIQRX VK HRK BAKGHW KQGLYLGXDO GXULQJ FKL



DGXOWKWER®Q L QWRUHP PIREARKKMU TV QXWULWLRQ DQ@XQ&HDOW
S URMLIQEV L J K WJ HQWKBHIDAXW K R | W K$H FIKFOFCPOXHDQ. WH L Q XVLQJ SK'
VWUHVV PDUNHUV WR PHDVXUH KHDOWK LQ SDVW SRSXOD
LQEOWRUV RI VWUHVV LQ WKH DEVHQFH Rl FRQWH[WXDO L
DO )RU H[DPWRH LQWHUSUHWDWERPSRILAMKWMNE E D UWNKHHU |
VRPH VWUH V VERDBDXWH/GFB\QDD 6 WREK RW ICRQ\DUWL GHILFLHQ
LQIHFWLRXV GLVHDVH DQG HQYLURQPHQWDO VWUHVV 7}
FRQVLGHU WKH EURDGHU HFRQRPERQ WRAQWKLLFIKOW R B G/ M)
UHPDLQV ZHUH GHSRVLWHG 6WEBFNHOHBERBQ5RWHDO L
+RGVRQ DQG *RZSPRRUGVDKHWER.RDUFKDHRORJLPmD®G DSSU
HQDPHO K\SRSDDMLBKHQRPHQD VKDSHG E\ ELRORJLFDO
9HUFHOORWWL HW DO 7KH D QIDADWRQW IR IDVMED(+ ELRPDUN
SURYLGH LQVLJKW LQWR WKH KHDOWK Rl WKH SHRSOH RI
3XQLF HUDV 1) RUBDKHILRRWDK G \E\QHY SWKAHL | L F L VE\L R P DWKNHH/BYV D
EHWWHU XQGHUVWDQGLQODWKWKH BQGL WRIGEKFINRRHEED D F W F
KHDOWK Rl WKB (G ESIXDIKARHRVOLRQ RKEDWWKRQVLPH DQG
FXOWXUH DQG HQYRO®MRUQWDEXHHWRR\WD OLIH FRXUVH

UHVSHFWLYH 'HRIPRPW®LW\ :LOVRQ SHLWVHPD DQG OF

6(;8%/ ',0253+,60

6HVSHFLILF SDWWHUQV RI SK\VLRORJLFDO PDUNHUV RI V
DVVRFLDWLRQ ZLWK VRFLRHFRQRPLFV ODERXU DQG LC
'"H:LWWH *HQHUDOO\ IHPDOHV KDYH D VWURQJHU L
FRQVLGHUHSULFE®RAHHG /RQ]JDQR HWRIDAM HW DOLHILQJ 7K
HYLGHQW DV HDUO\ DV LQ XWHUR ZLWK WKHWID®ONMWRHWY

WKDQ WKH IHPDOH 6WLQVRQ /IDPS DQG -HDQW\



HQYLURQPHQWHYG FYWHARYRPURODWWGWEBGWHDVH GXULQJ
VWDJHV 6WLQURQQXWULWLRQ DQG HQYLUBGRHQWDQH F
LQGLYLGXDOV ZLWK SRRUHU KHDOWK DUH OHVV DEOH WR
WKHLU YXOQHUDELOLW\ WR GLVHDVH ZKLFK WKHQ IXUWK
UDQJH RIYRIHRRWFRPHY LQFOXGLQJ SK\VLFDO VWXQWLQJ
DQG LQFUHDVHG ULVN RI PRUWDOLW\ 6RFLRHFRQRPLF LC
RI PDOQXWULWLRQ HQYLURQPHQWDO FRQGLWLRRWHDQG
OLNHO\ WR VXIIHU IURP SRRU QXWULWLRQ DQG LQDGHTX
KD]JDUGRXV HQYLURQPHQWDO FRQGLWLRQV %\ PHDVXULQ.
DQG ERG\ PHDVXUHPHQWY LW LV SRVW.EROH XMRHUG& © WULH

PDOQXWULWLRQ DQG LWV DVVRFLDWHG KHDOWK HIIHFWYV

67$785(

6WDWXUH LV D YDULDEOH XVHIXO WR JDLQ LQIRUPDWLRQ
JRUPLFROD DQG +ROW 7KLY ELRPHWWDRWDULDEC
+ 6DQQD HW DO /HWDAMQIHVVFKHOUF (YR\ =ROHG]LHZV
EXW HQYLURQPHER@ROPDP GDFRVRLKRY DOVR LQIOXHQFH V
6WHBRIFOVH /L HW DO ODF*UH3RURIOD IHW DO '
DQEDQQD ORRUHSRYE 3KHQRW\SLF RU GHYHORSPHQWDC
LQ UHVSRQ V&M NEERDHW K3 L HW U X D BBYING J ODDW
&RKHD@&UDQHDPHU VRFLDO3HABEMKYGEHUJ %LHOLENL H
6]NODUVND QXW WBIMAHFRNH O /D D\OHQ E L R O B PILADKDG V H |
+RURZLW] 5%AVWDIVVRQ HWXDWKHUPRUH YDULDWLRQ
LQIOXHQFHG E\ WKH QDWXUH RI VXEVLVWHQFH VWUDWHJL
DQSROLWLFD® RFIIMIIH Y 0DOLQD HW DDQ®RPORYLMDV

JUD\HU SXII



7KH DFFXUDF\ DQ&WWHCVVINVELVPILIWH RQ SDWMWI KR M G DBV LVRHQY\H
IDFWRUV VXFK DV WKH PHWBRG YW\KHGT XDICH WD RS OWK N LGB V

RI HVWLPDWHY KDV GX$SUW R H/GK R YGEEM\BEHPR IS R @D\ KRED EL O L W

RIODUJHU V)BI®SHNDRDE Q G\ 6FLXOOL HW D®QG )R
JUDQFHVFKL DQIMLODOQG 5D[WHU HW DO OHUF
$XHUEDGBXII ODLMPBINQDQHQ 7KHPDLQ DSSURDFKHYV

HVWLPDWLQJ VWDWXUH XVH HLWKHU DQDWRPLFDO RU P
PHWKRGRORJ\ DQDWRPLFDO PHWKRGVY SRVLWLRQ D
RVWHRPHWULFLYDEBE&RLV)LRVVGEHERZHYHW RWKHEY P P SAKIRFON L |
VRPHWLPHV GLIILFXOW WR XVH GXH WR WKH LQFRPSOH
DQDWRP L F IFGR FPEHLVDHIB/G X UHRA HYODAU L R RV \8 Bl H WAKHFRCKH R QV K H
IHP XU DVQ & LKDX WHRUKKWWLPDWH VWDWXUH LQFOXGLQJ D FRUL
DQG 3LQHDX 5D[WHU HWWPHWKRG LV KLJKO\ UHOLDE
UHVX®WYS DQG +HQQEERMULW LV QRW DSSOLFDEWK WR
LQFREHWH S U i$VHUY DWW MREMKDWW DYWH. FPDV P IBWER BEYHP HQW V
RWIORBRQBMDUVRQ 7URWWHU DQG *OHVHU
5XI11 HW D@®QG WBUFWBOWW DO D Q &R U DUHWIH

OHDGRZVH -DQW]*URRWH WR GHYHORS UHJUHVVLRQ F
7KLV PHWRE®& QBWS\HARQDMH DY GIH COLDEMHHG WR D SRSXODWLF
DQFHVWU\ DQG HQYLURQPHQW %RFFR @HWHKN WD DS S URIRA
FRPELQDWLRQ Rl ERWK WKH DQDWRPLFDO DQG PDWKHPD
PHDVXUHG LQ D FRQWHPSRUDU\ SRSXODWLRDRWHG RED W KW
LGHD WKDW WKH VL]H DQG VRD/SKHRV WK H @B QHWD SH R UWE
7KHQKH UHJUHVVLRQ HTXDWLRQV DUH XVHG WR FDOFXOD

EDVHG RQ WKH WIRRPERQHWVPIRUIQV 5XII HW DO SURG



GDWD IRU LQGLY LISIX-DVWON VN B/BHYOQREBW D O 9HUFHOOR

$XHUEDFK

(1%0(/ +<323/%6,%

(QDPHO K\SRSODVLD (+ LV D PDUNHU ZKLFK SURYLGHV H
WKH GHQRWKWLRYHORSPHQW LV D FRP SUH[F®U R BNV EHWY
JHQHWLF DQG HQYLSWOIPMIXWMBORADPWRUSURYLGH D SHUPD
DQG GHYHPORSPEHOWMIO\ GLVUXSWLRQV WK D&X PIDQ K DD R
JFDQ *RRGPDQ DQG 5RVH 7KHVH GLVUXSWLRQV
FKURQRORJLFDO UHFRUG RI VWUHVV GXULQJ FURZQ IRUPD
VHQVLWLYH WLPH LQ ZKLFK WKH IRUPDWLRQ RI WKH WF

FKOGKRRG

&URZQ IRUPDWLRQ RFFXUV YLD D ODPHOODU GHSRVLWLF
, QLWLDOO\ FXVSDO HQDPHO LV GHSRVLWHG ZKLFK LV WK
GXULQJ WKLV SURFHVV D VWUHVVRU MMDXWRH\EHVEHVRMRPLEE
IROORZLQJ LQFUHPHQW ZLOO EH IRUPHG OHDYLTKILWKH S|
UHFRUG LV SUHVHUYHG LQ WKH |IRWPY RG H@MH RO &NYRIOARE
GLVUXSWLRQV LQ WGH SIRMRAMHRIBIQBIPIHKOG/ RY FDOOHG D K\S|
JURRYH DQG KDV EHHQ VWXGLRIREGGERQ KD @ B FYHRNHFIRVGR.@ D O
7THPSOH DQG PLFUR¥RRSKHIIBOOOVRAQ
7THPSOH 1DND@I¥FXBNRNMDW Y% RRBDMHQELOOVR@DUHY +HQULTXH
DQXHQKDP ZLWK WKH ODWWHU EHLQJ FRQVLGHU
WKH WLPLQJ RI D GLVUXSWLRQ DQG WKH LQWHUYDOV EHV
LQ SUHVV 7KH DHWARPORURRYKVSREOROWLIDFWRULDO DQ

QXWULWLRQDO GHILFLHQFLHV GLRWMDNKPIBXOWIRRORJILFD



%YHOFBWND® $FFRUGLQJO\ SRSXODWLRQV ZLWK D
GLVHDVH JHQHUDOO\ VXIIHU IURP KLJK UDWHV RI HQDPHC

THPSOH J)ROD\DQ

7UDGLWLRQDOO\ ELRDUFKDHROWIS K D\Q CRWXVPHQ JRR) HIIQDRE
%URWKZHOO )PGPUDWLRQ 'HQWDLUH ,QWHQRIDE/LR
VSHFLILFLW\ ZLWKLQ DQG EHWZHHQ SRSXODWLRQV XOWLI
VWUHVV 7KLV PDFURVFRSLWRB RERMHAKY HU M ONDQ®V D QG
LQGLYLGXDO YDULDELOLW\ WKHUHIRUH OLPLWYV FRPSDULYV
ELRDUFKDHRORJLVWY KDYH HVWDEOLVKHG D PLFURVFRSL
RI FKURQROMRY OGRGDMQWHUY DOWHRQ EH U*X BlWHID® L L

5HLG DQG 'HDQ 7HPSOH HW DO WKURXJK W
FDVWLQJ LPDJH SURFHVVLQJ DQG VWDWLVWLFDO DQDO\
HUWNR DQG GHOLYHU PRUH UHOLBEDHYBQG \WRIP\SE DWABHORI D
WLHG WR VRSKLVWLFDWHG PDFKLQHU\ VXFK DV D VFDQQL!

DOzD\V DFFHVVLEOH DQG GHSHQGHQW RQ WKH DSSURSUL

2Q0H IRFXYVRUMZBWRBFK[DPLQH KRZ K!|BREQDWW VR FKURQR
DJH 7RRWK GHYHORSPHQW RFFXUV MXHH LG E WDE DR
IRUPDWURBFRILRFFNHDMKQUSHFL MIFOWYREBNRJILQ 7KH

IRUPFFDQVR1 WHHWK LQY RIDW HRQWRIH GRHZIDMMED @M LOL IR

OD\HUSR SODVWUFHODWHG WR GLVUXSRRIAERDWQ LMQWE KARNVSUR |
5HLG DQG 'HDQ HOHDVKRIGIPHQW RI WKH GLVWDQFH EF
OLQH DQG WH@DPHPHRWRFWLRQ &(- LQ UHODWLRQ WR W
DOORZV DQ HVWLPDWH Rl WKH FKURQRORJLFDO DJH DW Z

*RRGPDQ DQG 5RVYE DQG 5HDQ +LOOVRQ
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6X )RUUX GH LV 6LQ]XUUHGGXV 3DX

/TKHUH ZHUH QR FRPSOHWH ORQJ ERQHV DYXMHLDEOBHRHC
RIUDJPHQWDWLRQ RI WKH KXPDQ UHPDLQV 7KHWGHHQWDO

GHFLGXRXV DQG SHUPDQHQW WHHWK

ORQWH /XQD 1HFURSROLYV

7KH KXPDQ UHPDLQV UHFRYHUHG IURP WKH WRPEV DW 0
ELRORJLFDO VH[ VWDWXUH DQG SUHVHQFH RI (+ 7KH UH

PDOHVY ZHHE DQOOXVHG DV D UHIHUHQFH WR RWKHU V
VHFWLRQ SRLQW DQDO\VLVY EHORZ QDPHO\ FODYLFOHYV

WLELDH SDWHOODH DQG ILUVW PHWDWDUVDOV 7K

O(7+2'6

6H[ HVWLPDWLRQ

6H[ ZDV DVVHVVHG YLD DQDO\VLV Rl SHOYLF PRUSKRORJ
PHWKRG IROORZHG E\ WKH PRUSKRORJ\ RI WKH FUDQLXP
*OHNRQ DQG 7XUJXW %U®]HN : KOKK@ DLW HZAD \D
SRVVLEOH WR HVWDEOLVK DQ DQDWRPLFDO UHODWLRQYV
HOHPHQWYV ZHUH PLVVLQJ GLVFULPLQDQW PRUSKRPHWUL
DQG VSHFLILF PHDVXUHPHQWYV BG ERQBHWVRUH D QD O\ VHKGE
% ODFN 6WHZDUW 6WHZDUW DQG OF&RUPLFN
DQG 5XELQL &DQFL DQG OLQR]]L 6LQFH WKHVH
DUH VWURQJOASSIRSE XNGD WLRIQMWLRIQYV SR WSBEOLHG XVLQJ

WKH RI WKH DYHUDJH PDOH DQG IHPDOH PHDVXUHPHQWYV



OHQJWKYV GHULYHG IURP VNHOHWRQV ZLWK DW OHDVW
ERQHV RI XQNQRZQ VH[ WKIPWDERYH RKHHVWRDQRQ SRLQW
PDOH ZKHUHDV WKRVH FP EHORZ ZHUH GHHPHG WR EH
VLGH RI WKH VHFWLRQ SRLQW LQGHWHUPLQDWH VH[ $Q
ZDV WKHQ DS SO\ G BIMELRYM® SDUDPHWHU WR YHULI

SRLQW DQDO\VLV

6WDWXUH

/IRQJ ERQHV IURP LQGLYLGXDOV ROGHU WKDQ \R ZLWK 1>
RVWHRPHWULF ERDUG WD&NH PIBEBYXXRGIH MHEGWEF DPCHIDEVHUM P
IROORZLQJ WKH PHWKRGV RI ODUWLQ DQG 6DOOHDQG %

'H *URRWH DQG +XPSKUBSHQ@GLTDEOHYV

6LQFH WKH UHPDLQV ZHUH IURP FRPPLQIDOH® PRIASOKNON\ML &
UDUHO\ LQ DQDWRPLFDO SRVLWLRQ RU DUWLFXODWLRQ
VLQJOH HOHPHQWY :KLOH UHJUHVVLRQ HTXDWLRQV IRU O
VWDQGDUG HUURU YDOXHYV 6WIREDG W KR V)HR CRRIEHPSIHDHY PK.IP E
5XII HW DONKLVY VWXG\ SUHVHQWY VWDWXUH IRU DOO

D UDQJH RI HTXDWLRQV EHIRUH DVVHVVLQJ ZKLFK UHVXO\

6W DW2OM FDOFXO DV WG QNBXK®DOLVKHG UHJUHENYRGQ RDXD!
SUHGRPLADQ®ODQ SRSXODWLRQV *&BRRKHFFKLQEXDIQBW R
DV IROGRDUVRQ 3($ 7 U RRAUW (HKU BDEDHEIP QOUH \FHDLD
7*: H 7*$ T7URWWHU H *OHWRO GXIRR S H D Q *DRRSE R@HKG U
VDPS®HN H 6-2 DGKII HW ®)O 3HDUVRQ 6M{YROG DQ
HTXDWIRIQEDVHG RQ (XUREBRDBYSIRIS XDKHVORWR SHDQ [RUP X

DQRG *OHVHU DUH PRVW FRPPRQOYIDEEEG@H HEBK WMERIH(HRBARSI E D Q



7KH $RHRULFBQY KRG LV PRUH DFFXUDWH ZKHQ DSSOL
, WDOLDQ SUHKLVWRU\ )RWR LSFRIIXD DAMHLRD PHBORBPEMBEI\ | UR P
WKH 1HROLWMLKH SHGLQREGBHD IHWFFKL @HHFERIILKHQ WKH
VDPH ERQHV IURP ERWK WKH OHIW DQG ULJKW VLGH RI |
FDOFXODWHG XVLQIJHERWR BERQHVYV AKRRKGUHJUHVVLRQ H
VXLWDEOH WR XVH RQ WKH VNHOHWDO VDPSOHY DYDLODE
WHVW ,Q DGGLWLRQ VLQFH WKH VNHOHWRQV ZHUH PR
VWDWXUH HVUWLIRBVWXPHXXNVL@®QG IHPXU LQ LQGLYLGXDOV
RUGHU WR YDOLGDWH WKH ERQH ZLWK WKH OHDVW GLIIK
JROORZLQJ WKLV VH[XDO ERG\ VWDWXUH GLPRUSKLVP ZD

GLVE&EBVLMW) JURZWK EHWZHHQ VH[HV )UD\HU HW DO €

(QDPHO +\SRSODVLD

TKMWUDGIPWER@VYBRSLF DSREIUJGRM\HIG ADR GH 9/RI$S QMmN IR/ E MH/O

VXFK DV WUDQVY  WWRWHQ@B DQHWMKWHYRRY HOFH Rl D WRRWK +
7KH\ ZHUH UHFRUGHG IROORZLQJ WKH JUDGLQJ V\VWHP R
8" WZR RU PRUWHRWKQHEO JPGPUDWLRQ '"HQWDLUH ,Q
7KH GLVWDQFH Rl DQ IH@RPPW® HK &SR SADDN PBADY/XDSHEU Z L W F
UHFRUGHG LQ PLOOLPHWUHY 7KHVH PHDVXUHPHQWYV ZHUI
DW WKH WLPH RI IRUPDWLRQ XVLQJ *RRGPDQ DQG 5RVHTV
OLQHV ZHUH SUHVHQW WKH\ ZHUH FR®Q VEIKW UHI&QDW KHKHR ]
DQG WKH ROGHVW OLQHDU RFFXUUHQFH :HDU ZDV HVWLP

RQO\ WHHWK ZLWK D FURZQ SUHVHUYHG DW D PLQLPXP RI
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6X )RUUX GH LV 6LQ]XUUHGGXV 3DX

1R HVWLPDWABWXUH ZHUH SRVVLEOH IRU WKLV VDPSOH

6.7.1.1 Enamel Hypoplasia (EH)

7KH SHUPDQHQW WHHWK VKRZHG RI WKH WRWDO VDPS
QXPEHU RI OHVLRQV E\ WRRWK W\SH 'DUH\ SRIS\OOL\OW IGF L&H 7
ZHUH GHWHWWHWK QVHYHQ Rl ZKLFK ZHUH LQ WKH IR
GLVSOD\HG SLWWHG HQDPHOZIRQEBIFOXGNG] REWWIH QP8 C
(+DQG FREQO®®GRWY DJH RI RAFRAXKMHB QFHYLGHREFEP DS LWV W
7DEOH/KH HDUOLHVWIB ZONDIRKQBMKH DQHGYMNRY HHQ
\HDUV |IROORZAHGNEZHHDQQHQHY ZKLOH WKH GBWHW¥W HiG L
LQ WKH PRODUV RFFXUUHQU\EHWHRQPUNOQRLRQ EHWZHE
DSSHDUDQFHEHQEXKYIHW LV QRMOHY R QWKY LVGEKIMYWK B UWLKQ (W

IRUP RI SLW\G DH)G DM QRHX/QJ DGXOWYV 7DEOH

7DEOBDX (+ W\SH RI RFFXUUHQFH HVWLPDWHYV

1 1 +\SRSO

7’RR 7HH\ OLQHV ,QWHUY $IHDWHEL

K

<RXQJ $
+ \R
<RXQJ $
+ \R
<RXQJ $
+ \R
<RXQJ $
+ \R
<RXQJ $
+ \R
<RX@EX
+ \R

I+

o
I+

o
I+

3

I+

0

I+

7RW

SHUFHQWDJH EDVHG EHWZHHQ $ 2



ORQWH /XQD 1HFURSROLYV

6.7.2.1 Sex estimation

'XH WR WKH KLJK OHYW® HR P DIMRRIGHIQERDMHIVRDOHUH LVRODWH
DPRQJ WKH QLQH NQRZQ LQGLYLGXDOV LW ZDV QRW DOZ
OHQJWK 7KH PD[LPXP OHQJWK RI RI WKH KXPHULL DQ
7KH DVVRFLDWLRQ ZLW KDOIORKHIG D Y YW RDWSHD VHY R1 |
IHPDOHV $SSHBEBWLRQ SRLQW DQDO\VLV 7DEOH RI WK1
ERQHV IURP WKH VH[HG LQGLYLGXDOV ZDV WKHQ XVHG

UHVXOWLQJ LQ WHKDWLRWYKRIUQL@MORDIOHY DQG IHPDOHYV

7DEOBRQWH /XQD B6HFWLRQ 3RLQWYV $QDO\VLV IURP KXPHUL

BHFWLRQ 3RLQW $QDO\VL\
+XPHUXV PD[LPXP C JHPRUDO PD[LPXP C

BHFWLRQ SRLQW
ODOH ! !
,QGHWHUPLQDWH V + t
YJHPDOH

$YHUDJH RI PDOH DQRl IIHPOLOH ®XHWW YHWK D VH[ HVYWLPDWH IURP WKH VNXO

6.7.2.2 Stature

6WDWXWHPBWHWDOFXODWHG QURPHRRUHUDKXPVHQLID UDQJH |
HTXDWLRQV 3($ 7*: 7*$ 6-2 6-2 58)) DQG WKH UHVX(
IRU DYHUDJH VWDWXUH EXW DOVR WKH PLQLPXP DQG PDJ

DQG

7KH UDQJH RI WKH BHWMULFPIHNVPLNOR WKBW XUH EDVHG RQ W
YDULHG IURP FP XVLQJ WKH 58)) PHWKRG XS7KHR F
IH®POH DYHUDJH VWDWXUHYV YDULHG IURP FP 3($ PHW
7TDEOHQ DOO RI WKHE®HWKREWRWXUH RIWDOBWWZDIHPRREDQ

WR WKH VMWHEDABHUIH R



7TDEOBRQWH /XQD 6WDWXUH FP DVVHVVPHQW EDVHG RQ PDJL

+XPHUXV
ODOH 1 JHPDOH 1
OLQ OHDQ O0D] 6' OLQ OHDQ 0D][ 6'
3(%
7*:
7*$
6-2
6-2

I'H

VLIQLILFDQWO\ GLIITHUHQW 3

7DEOBRQWH /XQD

58))
"HOFKTV 7HVW ZDV XVHG WR FRPSDUH WKH PHDQV IRU PDOHV DQG

JHPXU 6WDWXUH FP DVVHVVPHQW

YHP XU

ODOH

1

YJHPDOH 1

6 1

OLQ

OHDQ

0D]

6 1

OLQ

OHDQ O0D]

3($
7*:

7*$
6-2
6-2

IHPDOHV IRU HDFK PHW!

58))
"HOFKTV 7HVW ZDV XWH®D QAR IRRIPED O HVWXMHG

VLIQLILFDQWO\ GLITHUHQW 3



PEA FEM
PEA HUM
TGW FEM
TGW HUM
TGA FEM
TGA HUM
SJO1 FEM
SJO1 HUM
SJO2 FEM
SJO2 HUM
RUFF FEM
RUFF HUM

# O 4 b O O ¢ « » 1 o

»*

JLIXUBRQWH /XQD ODOH VWDWXUH PHDQ DQG FRQILGHQFH LQWHUY
HTXDWLRQV

Female

165-
e PEAFEM
Ll g T T - m  PEAHUM
1 } % A TGWFEM
DE 150- } } A o ! v TGW HUM
= 145 + TGAFEM
o0 TGA HUM
1A O SJO1FEM
135 T A SJO1HUM
1 v SJO2 FEM
& SJO2 HUM
+ RUFF FEM
x  RUFF HUM

JLIXUBRQWH /XQD )HPDOH VWDWXUH PHDQ DQG FRQILGHQFH LQWHL
HTXDWLRQV



7KH PHWKRG WKDW SURYLGHG VWDWXUH HVWLPDWHYV Z]
FDOFXODWHG IURP WKH IHPXU DQG IRRKD WK HERKXPHURSRAL
PRVW VLPLODU WR WKH UHIHUHQFH SRSXODWLRQ 6WDWXL

WKH 7*: DQG 7*$ PHWKRGYVY ZHUH PRVW VLPLODU OHDVW G

7DEOH DQG DQG IXUWKFADORWH GAHIHU IQ@RW K H WMZIH |
IHPDOHVYDRKH R IRU 7*: ZDVVRDQULFDQWM QR WKH P
WKMIBOXH IRU 7*$ ZDRVRVW VLRDEDW ,Q IHPDOHV QRQH

HVWLPDWHY GHULYHG WKH IHPXU DQG KXPHUXV ZDV VLJQ

XVHG 7KH 7*$ PHWKRG YXIDGBXW KH RRMWHWVWWPE ODU 7TDEOH

7TDEOBRQWH /XQD ODOHVY VWDWXUH HVWLPDWLRQ IURP KXPHUXV D
PHWKRG

3($ +XP 7*: +XP 7*$ +XP  6-2 +XF 6-2 +XF 58)) +XP

3($ )HP
7% )HP
7*$ )HP
6-2 )HP
6-2 )HP
58)) JHP

6LIJQLILFDQWO\ GLIIHUHQW 3

TDEOHRQWH /XQD )HPDOHVY VWDWXUH HVWLPDWLRQ IURP KXPHULL
PHWKRG

3($ +XP 7*: +XP 7*$ +XP  6-2 +XF 6-2 +XF 58)) +XP

3($ )HP
7% )HP
7*$ )HP
6-2 )HP
6-2 )HP
58)) JHP

7R IXUWKHU HQVXUH WKH 7*$ PHWKRG ZDV WKH PRVW DSS

IHZ LQGLYLGXDOV ZLWK ERWK D KXPHUXV DQG D IHPXU



JROORZLQJ WKDW ODOKHUTfV PHWKRG ZDWDGSODOMG I

ZKHUH WKLV ZDV SRVVLEOH WKH 7*$ HVWLPDWHY VKRZHG



7TDEOBRQWH /XQOV PHOKQHUWDWXUH FP GLIIHUHQFHVY FRPSDULVRQ PHWKRG

ODOH JHPDOH
7 B,1'$ 7 B,1'$ 7 B,1'$ 7 B,1'% 7 B,1'%
+XP JHP 'LIIHUL +XP JHP 'LIITHUF +XP )YHP 'LIIHUF +XP )HP 'LIIHULF +XP )HP 'LIIHU}
3(%
7*:
7*$
6-2
6-2
58))

7KH OHDVW GLIIHUHQFHUHHBYKXOW\R QURPXWKH R O$



7TKHUHIRUH WKH 7*$ PHWKRG ZDV VHOHFWHG DV WKH PRVW
EDVHG RQ WKH IHPXU ZHUH WKH PRVW DFFXUDWH ZLWK WKH
PDOH VWDWXUH DW FRD/QH /Q D RHW D WX UIHFRD ADE OH 7KH

ZDV D ZLGHU UDQJH FP RI VWDWXUH LQ IHPDOHV FRPSDL

7TDEOBRQWH /XQD 6WDWXUH FP HVWLPDWHV 7*$ |IHPXL

ODOH YHPDOH

$YHUDJH VWD
1

OLQLPXP VWD’
OD[LPXP VWDV
5DQJH #PR[Q
6WDQGDUG Gt

6.7.2.3 Enamel Hypoplasia (EH)

,Q WKH VDPSOH RI SHUPDQHQW VXEDGXOW DQG DGXOW W

K\SRSODVLEDHMIHRQVY ZHUH GLYLGHG E\ WRRWK W\$HBSRQGERW

(DFK WRRADK WOSH/WHUHG WR KLJKOLJKW WKH LQWHUYDO RI
WR WKH DJH RI WKH ODVWKGMIMKRZ FHOEANRDWKWKH GHQFH RI (
WKH WHHWK ZLWK WKH HDUOLHVRV DRSGGIRUHD® EN LBRHFWZRIKWY Z L

OLNHO\ WR GHYHORS EHWZHHQ \R DQG \R 7KH RFFXUUH



DOORFDWHG W RQWDWHWW®H Y M CERRS/KEHH HQY WLHWDWLRQ RI WKH D!

RI (+ XED&@XZADN WKH VDPH

7TDEOBHRQWH /XQD ,QFLVRUVYT (+ HYWLPDWLRQ

1
1 7THE +\SRSOI

7RRV OLOR:

7TRW
SHUFHQWDJH EDVHXEEHWZHHRFWHG 1XPEHU 2EVHUYHG

7DEOBRQWH /XQD &DQLQHVY (+ HYWLPDWLRQ

1 +\SRSC
7TRRW} 1 7HH OLQH\




7RW

SBHUFHQWDJH EDVHG EHWZHHQ $ 2



7TDEOBRQWH /XQD 3UHPRODUVY (+ HVYWLPDWLRQ

1

1 7HH +\SRSO
7TRRW OLQH

7TRW
SHUFHQWDJH EDVHG EHWZHHQ $ 2




7TDEOBRQWH /XQD OROWIUAMIWEROQ

1
1 7THH +\SRSO

7TRRW OLQH

7TRW
SHUFHQWDJH EDVHG EHWZHHQ $ 2

7KH IUHTXHQF\ Rl WKNLGRLIHERDQRIOIDZ RRIKHU LQ PDOHYV

7TDEOH ,Q ERWK VH[HV WKH PDQGLEXODU FDQLQHV Z

7DEOBRQWH /XQD ODOM DUHI XHPBFORY (+ EDVHG RQ WRRWK FRX

ZTRRWK ODOH JHPDO|

7TRW

S3HUFHQWDJH LV EHWZHHQ PDOH DQG IHPDOH
HVWLPDWLRQ RQ WRWDO REVHUYHG WHHWK IRU HDFK

7KH DQDO\VLV RI LQGLYLGXDOV IHPDOHYV DQG PDOHV
RFFXUUHG ZDV EHWRHBEBQG BRWZWH Q7D EGRH 7TKHUH ZDV Q
GLITHUHQFH LQ WKH DJH RI RFFXUUHQFH EQ@WIZHHIXXPOWYHME

IHPDOHV DIIHFWHG E\ K\SRSODVLD GLHG DV \RXQJ DGXOWYV



PDWXUH DGXOWV 21 WKH IRXU PDOHV ZLWK (+ RQH ZDV D \F
PDWXUH DGXOW $OOKRXWK G KHPRDDOMY BUWK (+ ZHUH SUREDI

DV D \RXQJ DGXOWYV FRPSDUHG WR PDOHV 7DEOH

7TDEOHBRQWH /XQD ,QGLYLGXDOV ZLWK PXOWLSOH K\SRSOD

1+\SRSOD\

,QGLYL{ 7RR QWHU 5 60HV $IIHF

$IHDWHEL

YHPDOHYV

<RXQJ $
+ \R

<RXQJ $
+ \R

13
w Ro -
I+

$G X0\

(QN\WULV . \R

I+

<RXQJ $
+ \R
<RXQJ $
+ \R

I+

I+

<RXQJ $
+ \R
<RXQJ $
+ \R
$G X0\
+ \R
<RXQJ $
+ \R
ODWXL
3 $G X0\
+ \R
ODWXL
$G X0\
+ \R
<RXQJ $
+ \R

I+

R | R O w |l x (R R~

I+

39 &

I+

Ro
I+

ODOHYV

ODWXL
$G X0\
+ \R

I+

O www

<RXQJ $
+ \R
$G X0\
+ \R
, $G X0\
& + \R

39

I+




, QWKW PSOMHRIWK RI NQRZQ VH[ WKHUH ZDV QR VLJQLILFDQW
FRPSDUHG ZLWK WBHWEXHLW KHDXON (RI WKH PDOH VDPSOH ZLW
DIDRROG DGXOWVQUIZGHRDHORV VEKW KRXMAHUH \RXYIRFEXOWODWL

EHWZHHQ DQ HDUOLHU DJH RI R PRBEMBUHDQEFEKH IRWXBD & & VDH \FRAXK)(

7TKH WHHWK IURP WKUHH VXEDGXOWYV LQ WKH VDPSOH 7DE

DVVRFLDWHG ZDWEKGMIONVKDUOLHVW

7DEOBRQWH /XQD 6XEDGXOW LQGLYLGXDOV SHUPDQHQW WHHW

1
+\SRSOL $JHDW
QGLYLJ 7RR QwH J2EYs S hpy
WHHW
&
3
0 + 6 XEDC
& +
3
0
o 6 XEDC
- B67 3 * +
' 6 XEDC
- B67 3 * +




6.7.2.4 Stature and EH

7KH LQGLYLGXDOV WKDW ZHUH DQDO\VHG IRU ERWK VWDWXU

DQG IHPDOHV ZLWK (+ KDYH D VWDWXUH HLWKHU FORVH WR V

7DEOBRQWH /XQDFBWD@®XUYH HVWLPDWLRQ IRU NQRZQ VH[ LQGL

7*$ 7%

,QGLYL( QWH L YHP 6HI[

+ YHP D

+ YHPD

f + 0DO

f + 0DO
7*$ ODOH HVWLPDWH IRU WKH VDPSOH +XPHUXV ! JHP XU
7*$ YJHPDOH HVWLPDWH IRU WKH VDPSOH +XPHUXV ! YHP

,QGLYLGXDOV RI NQRZQ VH[ ZLWKRXW (+ KDG D VWDWXUH HL

7DEOBHRQWH /XQD B6WDWXUH HVWLPDWLRQ IRU NQRZQ VH[ LQG

7*$ 7*$

LQGLYLGXI R VHP 6H[ $JHDWHDW
YHP D <R)§Q\‘]R$G
¢ JHPD OD\iVX\URHS
y JHPD ODViVX\URHE
ro SO7EW
oo 206 $GX

7% 0DOH HVWLPDWH IRU WKH VDPSOH +XPHUXV ! YHP XL

7*$ )HPDOH HVWLPDWH IRU WKH VDPSOH +XPHUXYV ! JHF
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6H[ HVWLPDWLRQ

$QDO\WLQJ WKH PD[LPXP OHQJWK RI ERWK WKH KXPHUXV DQ

VHFWLRQ SRLQW DQDO\WVLY DOORZHG WKH LGHQWLILFDWLRQ

6WDWXUH

7KH 7*$ UHJUHVVLRQ HTXDWLRQ ZDV VWKHQOWQWH /WQB BRY
8vLQJ WKH IHPRUDO OHQJWKYV WKH DYHUDJH PDOH WWDWXU

FP ZKLOH WKH DYHUDJH IHPDOH VWDWXUHFPDV FPFP ZLV

/ILQHDU (QDPHO +\SRSODVLD (+

6.8.3.1 Su Forru de is Sinzurreddus

3DX SHUP D @H IHW VWWHHGH B/\K ( + KDG WKH PDMRULW\ ZLW

DITHFWHG E\ K\SRSODVWLF OLQHV DOORLQ7WHK Hi DRHXOQH DB XBO5/%

GHIHFWV RFFXUUHG BRWERGBQRZHGRE\ EHWRZHBIQG D ILQDO L
EHWZHHQ \R

6.8.3.2 Monte Luna Necropolis

$VORQWH /XQD R | SMHKHP DWWHRWKR |ZHE\MK\G ESODVWLE GHIHI
KLIJIKHVW OHYHO RI RFFXUUHQFH ZDV IRXQG RQ ORZHU FDQLQ
DQG XSSHU LQFLVRUV 7KH HDUOLHVW DSSHDWDQRBORZEBIH
DOQRWKHU LQWHUYDO \EHW@BHD WKLRG RQW EBMIZHWEHUWR P

DIIHFWHG E\ K\SRSODVWLF GHIHFWV WKDQ IHPDOHYV DQG



,6&866,21

&KLOGKRRG VWUHVV LQ 6DUGLQLDQ SRSXODWLRQV IURP WKt
DQG KLWMERIUFDWO GR QRW WYKISQ FRDUDRMD WALURRYY \WHEREZLARKAH BIDI | H F W V
VWUHVV RQ VNIKORWIOWUISRYW KSR S X QMW L RIOW VK DY W R FAQKHHU D R
GXULQJ FKLPOREKRIRG DQG $UPHODJRYV *RRGPBRPBSEGC H\UPO
LQJ 7KHVH VWXGLHV VXJJHVW WKDW VWUHVV GXWDIQ®W FKI
GHQGMDYHOR IRH@MOKIGD QJHYV LQ ERQH VL]H VKDSH DQG VWU

LPSDFW RI HQYLURXFKQQNDOLVWD YN \CRRURGND RQAMHFX W MWAH VV R U

&KLOGKRRG KHDOWK DQG GLVHDVH SURILOHV RI SDVW SRSXO
HQDPHO K\SRSODVLD VLQFH ERWK DUH VHQVLWLYR MR B RPHB
VWDWXV GLVHDVH DQG QXWULWLRQ +LOOVRQ %HOFDV
OF(YR\ DQG 9LVVEKHWWXGLHVIR®ZWR DK GXSWDRFEUH KDYH
WKH LPSRUWDQFH RI HOWOM.GBWHR Y IRR Q) IDWEW RGHE K QR K I? D/OQ ¥
LQWHUDFWLRQV EHWZHHQ HQYLURQPHQWDO FRQVWUDLQW
SVI\IFKRORJLFDO GLVUXSWLRQV *RRGPDQ HW Ds®IVHDUFRHRS
GHPRQVW WDK\HGH VDOBWPHR[XBIOLF GLIITHUHQFHY LQ WKH DSSHD
DQIURZWK DQG KMWDAMALHHHQFH LV LPSRUWDQW DM WINF WIRFUO |

FRQWULBPRWEQG MWR DQE:EPRWHMDIQ®/ :RRG "H:LWWH T

,QIRUPDWLRQ RQ WKH PRUELGLW\ DQG PRUWDOLW\ RI D SRSX
VWUHVV DQG WKH IUDLOW\ RI DQ LQGLYLGXDTK R | GLLOMNY LHED\FW
OLIH H[SHIPWBDWHADHMXDPHO K\IRBE®DMLDWXUH RI LQGLYLGXD!
GLVWLQJIJXLVK WKH WKUHH SIRM)HQWLKLM® GKHQGKRBEGFDWDQH
YXOQHUDEOH FRQGLWLRQ PHGLX®UH® LPHBKLIOGUD Q) REY S W \

'RPHWW



JUDLO FKLOUKRWIQ DKURH KDYH D ZHDNHQHG SK\WLFDO FRQGLWL
DJH SRRU QXWULWLRQ FKURQLF MHOGYQRNMNHV WRKUH B HRRHWHL i/
HIRMWUWQDO IDFWRUV DQG PD\ WULJJHU DFXWH UHVSRQVHV WKH
ZLWK DQ HDUO\ RFFXUUHQFH RI (+ RU QR HYLGHQFH RI (+ EXV

DV EHORQJLQJ WR WKLV FDWHJRU\

OHGLXP IUDLDUMKIRO/GIUAHKQR DUH QRW DV ZHDN DV WKH IUDLOF
DWWHQWLRQ WR P IIKHW N K@ INMRRLIICHKHHE@BPYOXWWIKKUWIRXI K WUDXPDW
E\ RYHUFRPLQJ HSLVRGHV RI VWUHYV VO DR HQBERHDKIWWKRKL W KHQ I
VNHOHWDOKUWHYBYRVLW\ RI WKHVH PDUNV LV KLIJKO\ GHSHQG
DQG WKH DELOLW\ WR FRSH ZLWK WKH HYHQWW RD WW.IQHM W L €
ZLWK VHDYMHY RPHO DMER ZQ OO GLH, Q8 LWXENGBOINGH YHETWH

GLH DV DGXOWW KRW W Bl O 0GMWEB QGUGJ RQ ZKHWKHU WKH\ ZHU

SHULRG RKISFDMEKV K

6WURQJ MBKUHD W KHR¥H ZKR DUH JHQRDMEAO\PKHHIO.GWR\ F Z QW8 KWQLF
LOOQHKNHNMUH H[SHFWHG WR KDYH D KLJK OHYHO RI LPPXQLW
7TKHUH ZRXOG EH PLQLPXP HYLGHQFH RI VWUHVYV RQ WKHLU V

ZLWK D DRZHRRW OHYHO RI HQDPHO K\SRSODVLD WDOO VWDW

6DUGLQLD 6 WDWXUH 2YHUYLHZ

SHVXOWY RQ VWDWXUH FKDQJHV WKURXJK WLPH LQ 6DUGLQ
GLIITHUHQW HWKQLF JURXSV RU WKH GLVSDULWLHYV LQ WKH (
6WXGLHV RI ORQJ ERQHV IURP W KA& (D Y@DR UUIHMROLWKOFUWHOOL
'‘DQXELR HW DO VKRZ WKDW WKH DYHUDJH VWDWXUH IR

FP IRU IHPDOHVY 6WDWXUH LQ W& /BB/NH UHERRPUWHKGFDY VOLJ



FP IIRDVOHV DQG FP IRU IHPDOHV )ORULYV ODUWH

%HWZHHQ WKH (QHROLWKLF B/@G WHKIRQYHYDHH VWDWXU |
W R FP IRU PDOHV DQG FP IRU IHFODODHV )OROQK¥LR H\

ZKLFK LV FRQVLVWHQW ZLWK WKH VWDWXUH RI RWKHU
*LDQQHFFKLQL +HUPDQXNMYBQ +RZHYHUXBMWKHU VWXGLHYV
UHPDLQV UHSRUW WG D B5QJH URAD WDVOWBPWXQG IHPDOHVFP
*HUPDQj 7KLV LQIRUPDWLRQ LV FRQVLVWHQW ZLWK OLWHUD
FRQVLGHUDWLRQ DQG IXUWKHU LQYHVWLJDWLRQP ZWHG LYWW
VKRUW EDVHG RQ RWKHU VWH\GLMWHYDGNEMRIRW MHOGLWHUUD
DYHUDJH VWDWXUH Rl 6DUGLQLDQV VDZ D QHZ SKDVH RI GHF!

%&( WR FP IRU PDORVY DEEDOHY FBDIUWHOOD HW DO
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JLIXUBXPPDU\ Rl 6DUGLQLDYV IHPDOH SRSXODWLRQ VWDWXUH IURP WKH
RWKHU (XURSHDQV FRX@WMEHR H\EDIWHG IURPH EODFN VWDU LQGLFDWH
ORQWH /XQD



,Q WKH SUHV D@WOULWRBN\L RVKRI PXOWLSOH PHWKRGRORJLHV W
DQG *@®W \PHWRKR &I SLIHHDSO B ZDV PRVWRAVW WHIB/OH WKRH
RI ERWK PDOHV D Q@R QMPHD OXIQ/DLW MFEFBRIEEGW R FSUH Y L ROR WIWX G

ODUWHOOD HW DO '‘DOQXNELWIHW IDFDO GLIIHUHQFH L
PDOHV DQGSIHPDOZADN IBXMPWQWH ZXQ@QBKWVZ HISHFWHG GXH W
GLPRUSKLVP :HOOV 7KH DYHUDJH VWDW XU RRW IENRWHKQ
ZLWK WKWHWVPDMEKQURIUQVEGHY LRMW VIWRTDOHME LR HW DO 0ODU\

ZKLOH PDOHV LQ WKH ORQWH /XQD VDPSOH KDG D VOLJKW

UHSRUWHG 'DQXEPR HW DOJXUWG

7KH FKDQJHV LQ DYHUDJH 6DUGLQLDQ VWDWXUH KDYH EHHC
DJULFXOWXUH FKDQJHV LQ GLHW DQG IRRG FRQVXPSWLRQ
+RZHYHU WKHUH ZHUH VXEVWDQWLDO GLVSDULWLHV LQ WKF#
3HV HW DO DQG 6DERQVHBWREW®W WKDW OLPE OHQJWK
LQFUHDVHG GXH WR HQYLURQPHQWDO DQG RU QXWULWLRQTE
%RJILQ 6LQFH WKH OHJ OHQJWK LQFUHDVHVY PRVWO\ SUL
UHVRIOWUHSXEHUWDO PDOQXWULWLRQ /HLWFK 2WKHU
GLVHDVHV DQG LQIHFWLRQV VXFK DV PDODULD 7RJQRWWL
ZKLFK FRXOG KDYH DIIHFWHG SUHJQDBYWORSPH® WRG ¥WIDJIE
*HQHWLF GLVHDWHD O\DXFKH PVDE HFWWROG DOVR EH FRQVLGI
VWDWXUHWHDWED®WDRRQHPLD LV SD PR GRIIDEIO) LR PZAKRIQ H QN K H
R1 FDUULH UNMWRH GV XHHQRX MAR REQEADL POMRISETD-R HW DO FR U U HIGKIBIW L
EHWZHH® KDFOWDVHBXBHG JURDWIE WHKERRMLWWDWXUH KDV EH
VHYHUDO VWXGPRG BBQGXKBDWH ®QG RW K HIDRS®L WW RIOWKH ZRE
HW DO 3HV HW=RIDP QL HWSDDEHUH I ERIQ VINKMHQW VKRUW

VWDWXUH RI 6DUGLQLDQV FRPSDUHG WR RWKHU (XURSHDQ S



VWXG\ FRXOG EH GQXHL BRRQEMMW DKOD WKV HP LD XUWWVEKBIWGLQYBV W L.
SRVVLEOH VNHOHWDO PDUNHUV RI WKDODVVHPLD ZLOO EH

VNHOHWDO VDPSOH

(QDPHO +\SRSGDYLB Z

'DWD RQ WKH RBBPUHIOHRFEHORG BIVIMDSRSXODWLRQYURIO6PUGDQ
6WXGLH\GRIMWMMMFOXGHG LQ %D F K HHO\R X WDABBAHDD WMRRS WP OK\O )
EH SXEOLVKHG DQO®WKRHMNWRSRIWDQW Q RO/ HBAVKRH FVE SO E RP W1
GLIIHUHQW PHWKRGRORJLHV +\SRSODVWLF GHIHFWV ZHUH
VWXBOWKRXJIK EREFOHDIRTRN EFHD GG ZRQ W WHGRHW DD GGV

GLVFXRYLRREPWKH SHRSOG RRQWK DXQQ D

7KH HDUOLHVW DSSHDUDQFH RI K\SRSODVWLF OLQHV DRV 3DX
DQG EHWZHHQ \R \BHVSHFWLYHO\ )XUWKHUPRUH DW ORQ\
FRUUHVSRQGHG ZLWK D VKRUWPDOWWVDWRGH HBDBORMWKZAD 8 HV

(+ WKDQ PDOHYV

6DUGLQLD *URZWK IURP OLGGOH 1HROLWKLF WR 3XQLF (U

7TKH QXDQFHV LQ VWXG\LQJ VWDWXUH DUH QXPHURXV LQ W
PLOOHQQLD DQG EHWZHHQ VH[BVVWHOMNXH HMW PLHO SR S X O O @Y LRI
SXEOLVKHG GDWD RQ VWDWXUH GXULQJ WKH 1HROLWKLF ZHU
GLG QRW \LHOG GDWD VXLWDEOH IRU FRPSDUDWLYH VWXGLH

VPDOOQMO®RPLWHG FRPSDULVRQV ZHUH SRVVLEOH

'XULQXDUEDHLVWBREBABY FRQQHFWHG WR WKH ,WDOLDQ FRQ\

SRVVOHGOW®RFADOH LPPLJUDW LSRIQ RMURWARK W KLV DY JODFLDW I



TKBUFKDHRORJLFDO HYLGHOQFEKWWWREH ILFIOD@ G H/OLH B O RN R \GBH
6DUGLQLDQV ZHUH LQYROYHG $QFHDVWHQVLYH/ XWODLGEH DFWEKL
RI SHRSOH DQG WKHLU JHQHV LV UPIFRW YWDIDIVDKN R IBIRIRNKHG H U
DQFLHQW VNHOQRWDOKHHPLDNIOQVIHROLWKLF WR WKH OLGGOH $.

'‘DQXELR HW DO

IXWULWLRQ KDV WR EH FRQVLGHUHG DV D SWXVHE @MY FDXAWH W
LQIOXHQFHYV JURZWK GXULQJ FKLOGKRRG $Q LQDGHTXDWH |
VKRUW VWDWXUH LQ DGXOWKRRG %RJLQ DQG 6PLWK 9L
LQIOXHQFHG E\ ERWKGGLQE UHHXAFHWVLRRQUIERVHG RQ DUFKDHR
I1HROLWKLF WKH LQWURGXFWLRQ RI DJULFXOWXUH SUREDEO
GDLU\ DQG PHDW ZKLOH RWKHBNVEXG I RRGU DO\ \PXRIUH VRQH & OF
IRXQG LQ OLGGOH 1HROLWKLF SRWWHU\ )DQWL HW DO
%URQ]H $JH FRXOG EH H[SODLQHG E\ WKH UHSRUWHG KLJK L
DQG VKHHS 3HV HW DO V,IOVWK @ 3 RQ D F U(IWUAX OMKH) W WD QG F
D VXSSOLHU RI JUDLQ WR WKH PDLQ FLW\ RI &DUWKDJH 3HVF
%DUWRORQL $UFKDHRORJLFDO ILQGLQJV VKRZ D GLHW
VHDIRRGEOOVDY GRPHVWLFDWHG DQLPDOV VXFK DV VKHHS JR
7KHUH ZHUH SUREDEO\ VRFLHWDO GLIIHUHQFHV LQ DFFF

DQG GHFUHDVHG VWDWXUH LQ VRPH SHRSOH

)XUWKHU® RHAW LIRKWVGULXHK DV PDODULD DUH UHSRUWHG WR

JHQHWLF SRWHQWLDO IRU VWDWXUH DV 8HMRBORYS B B SEROBCINVL
HW DO obobULD ZDV HQGHPLF WR 6DUGLRQKBQ ULRWP Z3M
HUDGLFDWHG %UEQYHDVH ZIKH FRQVLGHUHG FULWLFDO LQ

HFRQRP\ DQG FXOWXUH WKURXJKRXW KLVWRKH % UWRZXD LD O}



YHFWRRSKHOHV OZBEVIQFRUHMY RMMVODQG DQG H[LVWHG ZHO
7TUDSLGR SLWNHQ 7KH &DUWKDJLQLDQV SUREDEO\
SRSXODWLRQ@W URP 1RUWK $IULFD WR WKH LVODQG WR KHOS |

7KH 7TUH[HQWD WKH DUHD LQ ZKLFK ORQWH /XQD LV ORF
FKDUDFWHULVHG E\ PXOWLSOH VZDPSV 7KH HFRORJLFDO D

VSUHDG RI PRVTXLWRHYV DQG KHQWVWIP/DXOWH LD \$RMVAIEWG LBJ LH

ORUHRYHU JHQHWLFV KDV D VLIQLILFDQW UROH LQ LQIOXHQ
DO 7KH 6DUGLQLDQ SRSXODWAIRQOIDW KHPKO\ D | JH W MG
PDODULD &DR HW DO ZRUMK LW IDW X BHLPDMWRG X LWK VRJ
FRQGLWLRQ FDXVHV D GHOD\HG RQVHW RI SXEHUW\ GXH WHF
K\SRJRQDGLVP OHDGLQJ WR VWXQWHG JURZWK DQG GHYHOR
WKDODVVERUWOUHDFK WKHLU IXOO SRWHQWLDO DGXOW VWDW.
WKDODVVHPALBHPRORRRI\IRXMG VOWDW KN XUYLYH XQWLO WKH GH
WUHDWPHQWY LQ PRGHUQ WLPHV &BRWHWRRERVU R S5WKDOH ¥

UHVXOWLQJ VKRUWHU VWDWXUH PD\ KDYH VXUYLYHG 3HV HW

,QWHUSUHWLQJ WKH KHDOWK DQG IUDLOW\ Rl 6DUGLQLDQ FKI
RXWOLQHG LQ WKH RVWHRORJLFDOKSDY DR L YRR & B-OM DAL
KHWHURJHQHL WQKERRB JUDISEWE QR G\OMKRIXRQDMKMYH ZDV D Ul
UHSUHVHQWDWLRQ RI VXEDGXOW UHPDLQV LQ ERWK VDPSOHV
/XQD VDPSOH HHKDSMKHJ SUKYDOHQFH RI HQDPHO K\SRSODV
VXEDGXOWYVY GLHG IURP DFXWH FRQGLWLRQV EHIRUH VNHOHMW
D KLJKHU IRHARIMD@®F\O K\SRS®XWDLD® WKH ORQWH /XQD VNPSOH
WKLV LV VWLOO WKH VHFRQG KLJKHVW IUHTXHQF\ LQ WKH V

WKHVH FRPPXQLWLHY KDG D KLJK SURSRUWLRQ RI IUDLO FKL



RRG HW DO 'RPHWW V LQ7RBE X\ DXQI] MRAXVOAV/XQD VKRZ
K\SRSODVLD ZKLFK LQ ORQWH /XQD LV DOVR DVVRFLDWHG
DYHUDJH IRU ERWK VH[HV 7KLV PD\ VXJJHVW WKH SUHVHQFH
D QXPEMWWRYY HYHQWYV DQG UHDFKHG DGXOWKRRG DOEHLW Z
VWDWXUHV RI (XURSHDQ SRSXODWLRQV 'DQXELR HW DO
VXJIJHVW WKDW WKH\ H[SHULHQFHG WS IZKREK VD RHPWBQ® XWU
7TKHUHIRUH WKH VOLJKWO\ WDOOHU VWDWXUH RI PDOHV LQ (
HW DO ODUWHOOD HW DO LQ FRQMXQFWLRQ ZLW
VWUHVVRUV KDMAWVRE GBDWW WHRZWK :KLOH WKH VWDWXUH
VWDWXUH UHSRUWHG LQ RWKHU VWXGLHYV 'DQXELR HW DO
IHPDOHV ZHUH XQDEOH WR UHDFK SVKUHRZUWIH @ EDWEHR PISRUMINM\ WAL
VXITHUHG GXULQJ HYHQWYV RI VWUHVYV LI DGHTXDWH QXWULW
LQ VKRUWHU VWDWXUH 6WLQVRQ JHPDOHYVY DUH FRQVLG
DQG SRVVLEOEOWMWY BDVM FUWHQGWDQG HW DO 7KH
LQ ORQWH /XQD KDG D VKRUWHU WKDQ DYHUDJH VWDWXUH S
ZKHQ LOO RU D JHQHWLMWEDBOVVSESRYDW MWKH WROEHWIB AK L F K
FKURPRVRPH JXUWKHU VWXGLHV XVLQD\VVRAWRRSHUDKQ DW K\HL

FRQGLWLRQ RI WKH ERQHYVY ZLOO EH FDUULHG RXW

ILPLWDWLRQV DQG ELDV

7KH VWXG\ RI VWDWXUH DQG (+ VXIIHUV WKH IROORZLQJ OLPI

X TKH PHWKRGV XORGHGEHED\GHY IRQ GLITHUHQW SRSXODWLER
Xx 7TKH UHVXOWVY RI WKH SUHVHQW VWXG\ FDQQRW EH FRPSI

GXH WR WKH DEVHQFH RI PHDQ DQG RU VWDQGDUG GHYLI



7TKHVH OLPLWDWLRQV DQGDBISoDMHY JZBIl PEK OB G PHWWKHRG RORJLFI
VH[ DQG VWDWXUH +\SRSODVWLF GHIHFWV ZKLFK ZHUH RQ

JHQHUDO LQGLFDWRU RI VWUHVYV
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,Q WKH ODVW IHZ GHFDGHV WKH KLJKO\ GHWDLOHG DQDO\VL
WKH\ UHSUHVHQW KDV VHHQ D WXUQVWED Q) &/ XAHFINR | L Q WH
LQGLYLGXDO RVWHRELR JBSURKYLDGHRD GHH/GV XSHRSWDHVOING L Q J |
DV ZHOO DV DGGLQJ GDWD WR WKH SRSXODWLRQ SHUVSHFWL
EH H[DPRQIKERUG 'RPHWW HW DO .H\ WR WKH XQGH
EDVHG RQ WKHLU ELRORJLFDO HYLGHQFH LV WKH FRQVLGHU|

DQG SK\VLFDO HQYLURQWHR®A BLRD GEMEDRK R JIRZDOMED QG

$ UM[DPLQDWLRQ RI DQ ROG SKRWRJUHIBE YDIWHR® EUR P) MIKHI 13
1HFURSROLV RI 0RQWH /&KMWG 6GIQIR WBMMLPXODWHG WKH SUHVH
WKH LQGLYLGXDO LQ D SURQH GHSRVLWLRQ DQG VXUURXQGH
SRVLWLRQ LV ROMNQOXRWBKLGHUHSS LI LW LV GWKHIBRWPWRDC
SHULRG DQG RU SRSXODWLRQV RQ ZKLFK WKH H[DPLQDWLRQ

UHJDUGOHVV RI FXOWXUH SHULRG DQG JHRJUDSKLFDO DUHI

7KLY FKDSWHU YWEZQGW WRQHDNRXE OQ D IOHBRXEMOME®HR| $SUFKDHRORJLFDO 6F|
GRKWWSV GRL RUJ M BWDWXHS8 WKHUH ZLOO EH VRPH UHS
VHFWLRQV SDUWLFXODUORDWHWHIDIOMG WR FRQWH[W DQG



VRFLHW\ LQ SDUWLFXOMKHEP\VQ G&GLH DHAUKH QWRLAMD WWEHUYV 7KHVE
FLUFXPVWDQFHY VXFK DV DQ LQGLYLGXDO JXLOW\ RI FULPLQ!
DQG SHRSOH DIIHFWHG E\ GDQJHURXV D& DQHNSQKEDEOK GL
FDVH UHIOHFWYV VSHFLILF VRFLDO DQG UHOLJLRXV EHOLHIV

ZD\ WR SUHYHQW WKH SHUVRQYV UHWXUQ IURP WKH ZRUOG F
WKH OLYLQJ FRPPXQLW\ 7KMAKH BRI DNMHUVIWH FVRROQOLHG LIWRD O WL
LQ 6DUGLQLD 3LJD HOWRQ&D]]XOR 4WHKHDWLBURYLGH D EDVLV IRL
FDVH SUHVHQWHG KHUH KRZHYHU WKHUH DUH VRPH DVSHF
GHYQW EXULDOV 7KH DLP LV WR H[DPLQH DOO WKH DYDLO
DORQJVLGH D GHWDLOHG DUFKDHRORJLFDO DQDO\VLV RI WK
ELRORJLFDO GDWD IURP WKH VNHOMsWB® VURPD LKDVY KRV KIHHROVH
LQWHUSUHWDWLRQ RI WKH V\PEROLF EHKDYLRXU XVHIXO W

XQGHUVWDQG WKH LGHRORJ\ RI WKH FRPPXQLW\ WKDW EXULF



JLIXUHRPE &RVWD WDE ;&,,, )JLUVW OD\HU RI H[FDYDWLRQ H[KLE
ULJKW FRUQHU UHSUHVHQWLQJ D ORZHU OD\HU LV WKH FU



$58+$(2/2*%,8&%/ &217(;7

*HRJUDSKLF DQG KLVWRULFDO EDFNJURXQG

7KH VIORQWH /XQD LV V&XWKHHBBQIWMWMORI 6DUGLQLD QHDU W
NP QRUWK IURP &DJOIKMHUQHFURKSROLY LV WKRXJKW WR EH C
RI 6DQWX 7THERPD@XRZAQ DFWLYH |URKQWKIHO WK GALHDW B O\ Wol
DV D GLUHFW HPDQDWLRQ RI WKH FLW\ Rl &DJOLDUL .5/< |
.DUDOLV .DUDOHV GXULQJ WKH 5RPDQ SKDVH 'XULQJ WKH 3.
WKH HQWLUH D UH D/ ZKRADINVGDEQ WX THUK WKLY VHWWOHPHQW L
PDQDJHG E\ WKH FLW\ RI .5/< XQGHU WKH GLUHFWLRQ RI
OHGLWHUUDQHDQ &DUWKDJH 7KH WRZQ RI 6DQWX 7HUX ZDYV
OLQNHG WR WKH PDQDJHPHQW RI FHUHDO SURGXFWLRQ SUR
GHPRQVWUDWHG D KLJK OHYHO RI ZHDOWK DV VXJJHVWHG
ORQWH /XQD QHFURSROLV DFWLYH P& RVR/ KHK H Q5GR ARD QN KHIS X/¥
7RGGH ORUH LV NQRZQ DERXW WKH VHWWOHPHQW RI 6D
DJHV DWWHVWHG E\ DQ LQVFULSWLRQ )RUFL ZKLFK VV
,PSHULDO DJHY UHRNPE®MIAIRWKH ,PSHULDO DJH SKDVHV LV GL
6DQWX 7HUX VHHPV WR KDYH VXUYLYHG EH\RQG WKH HQG RI !
DV LV HYLGHQFHG E\ VRPH /DWH $QWLWKH DG IREQGDRN D/Q \8
WKHBPROHG DFURSROLV 7KH DFURSROLV ZDV D SODFH ZKHUH
Rl WKH PHGLDHYDO YLOODJH DWWHVWHG E\ WKH DJLRWRSR

UHODWHG WR WKH ZRUWKIGBWRI I6YODH W W D/AKHH RVARRW KW ZKROH DU
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JLIXUMHQHUDO PD$DRIWGRRWELQLD ,WDO\ ZLWK WKH DUFKDHRORJLFDO D
PDLQ VLWHV PHQWLRQHG LQ WKH SUHVHQW SDSHU 0DS

7KH QHFURSROLV RI ORQWH /XQD

7KH QHFURSROLV RI 0RQADN /AXIDYH \PWEBKDMWRORJIJLFDOO\ GXULQ
WKH HDUO\ V E\ $SQWRQLR ODULD &RVWD DV ,VSHWWRUH |
BRSULQWHQGHQ]D DL %HQL &XOWXUDOL 6XSHULQWHQGHQW
QHFURSROLVWADY EXMDDW OHDVW WRPEV ZHUH SDUWLDO

VLIQLILFDQW ODFN RI FRQWH[WXDO LQIRUPDWLRQ UHFRUGH:

8VDL






JLIXUMBHULDO SKRWRJUDSK\ RI ORQWH /XQD DW SUHVHQW 5HG DUURZ LQ
5 3DED



'XULQJ WKH LQYHVWLIJDWLRQ &RVWD GHVFULEHV WZR GLIIHLU
IURP WKRFHQWXU\ %& PEBEDWHG\LIPQ IURQW RI WKH KLOO RI
WRPEV DQG WKMH¥FHRBRO RWRWDQDQG 8VDL ZHYW PUIRFU I
ORQWH /XQD ZKLFK ZDYC DVIEW QWK Ul REPENKKINHOWX KN $LITIQID ® U
IXQHUDU\ DUHD Rl ORQWH /XQD LV FRPSRVHG RI FKDPEHU WF
XVHG LQ WKH QHFURSROLV RVRREY[HAGX 7@ RD J O LIDAR.Q B ZWW
DV FLVW WMRFEVWUQIP EXULDOVF &RRRMHDRI WKH WRPEV VXFK
NQRZQ ARV SULYRUSHVWIY D QXPEHU RlI WKH LQKDELWDQW
WKH\ ZHUH EXULHG ZLWK IXQHUDU\ JRRGV LQFOXGLQJ PDVW

3LVDQR $V WR WKH ULWXDOV WKHUH LV HYLGHQFH IRU
IRUPHU LV WKH PRUH FRPPRQQHPUR S 8 BV QNR\P-IHD L\ KH.W W O |
RQO\ WRPEV ZHUH H[FDYDWHG 7KLV IXMHFWDRJXOBD UV FR

WRPEV DQG ZHUH SUREDEO\ LQ XVH DIWHU WKH QHFURSROLYV

7TKH DUFKDHRORJLFDO IUDPHZRUN RI WKH 7RPE

7TRPE LVWIRBEW)LIXRLHUYHG LQWR WKH VWRQH RI WKH KLOO
DUWHIDFWM.VRWRBELQQWR&XGH D SLWFKHU D E DHWD BLRIGXH WR
DQG D MXJ DQG FXS RIBURLBUVRODEGNJQORYVYGHQFH RI WKH FKI

7ZR FRLQV DQG VRPH JODVV EHDGV WKDWGZHUHXSBUW RI D Q



JLJIXURRPE JUDYH JRRGV /LFHQUOGMHBRBELQWHQGHQ]D $UFKHRORJL
DUWL H SDHVDJJLR SHU OD FLWWj PHWURSROLWDQD GL &DJOLDUL H OH
SURKLELWHG

7KH SLWFKHU PD\ EH DQ H[DPSOH Rl WKH ODVW HYROXWLRQ
UGQG FHQWXU\ %&DUQMLRD®DALLWLHY ZLWK VRPH RI WKH Y
7XYL[HGGX %DUWRORQL SS DQG FRXOG EH FRQVLG!
SHUKDSV FXOWXUDO FRQQHFWLRQ EHWZHHQ & BXMLINRAEDQ G
RQH 5RPDQ HPLVVLRQ RYHUVW®WIXERN FRRYL @ QDHBIURIL B D U/ IUFXFRO

7KH ODWWHU KHOSV WR GDWH WKH FRQWH[W WR EHWZH
EHJLQQLQJ RI WKH QG (YHQ PRUWRJIBEDIG LSRL QWRPI Y IFKKZU RLV W
SRWWHU\ FXS LGHQWLILHG DV D /DPERJOLD ) ORUHO IR
QG FHQWXU\ %& ORUHO 7KH $8QHUDU\ DUWHIDEWV Rl 7RPE
EXUIRIMOWFH[W GDWHVY IURP DW OHDVW WKH ODVW GHEDGHV RI \

RWKHU DUWHIDFWY D PRUH SUHFLVH FKURQRORJ\ LQWR WKH

GHFDGHV LV VXJIJHVWHG



$17+5232/2*,&$/ 6(77,1*

7KH QHREOUWR/SRI ORQWH /XQD FRQWDLQHG WRPEV EXW KXPC
WRPEV 7KH PDMRULW\ Rl WKXVHG MRRPAENLDHQHE BOWR HHQ
ZLWKLQ RQH WRPE :KHQ VXEDGXOWYV DQG \RXIQJL VKRQ@G\UH Q!
PD[LPXP Rl WZR LQGLYLGXDOV VXEDGXOW LQFOXGHG ZLWK
DQDORJRXV WRPEV 7RPE DQG WKDW HDFK OLNH 7RPE
DQG RQH VXEDGXOW ,Q VEGWWLRYRWEH LIGWR LRERAMDIWEK W UL
DQG SUHVHQFH RI JUDYH JRRGV DV 7RPE W LV SRVVLEOH \
EDVHG RQ IDPLOLDO OLQHDJH :KHWKHU WKH SHRSOHHIG HDF

WKURXJK '1$ DQDO\VLV LQ IXUWKHU VWXGLHYV

'XH WR SRRU SUHVHUYDWLRQ DQG FRPLQJOLQJ RI WKH KXPD(
WRPE LV XQGHUWDNHQ LQ D V\VWHPDWLF PDQQHU DV IROOR.
DQRG VLGHHODR &GRXKLEOH XSSHU OLPE ERQHV KXPHUXV UL
LQGLYLGXDO DV DUH ORZHU OLPE ERQHV LOLXP IHPXU W
GHVFULEHG DQG PHDVXUHPHQWY DUH WDN H G\W KBNBG NRHY OIRW H:
HVWLPDWHG DQG SDWKRORJ\ DQG WUDXPD DUH GHVFULEHG

6FKDHW DO

7TKH PLQLPXP QXPEHU RI LQGLYLGXDOV 01, EDVHG RQ WKH

WKH WRPERDVWBEAHGFHIHEDOFXODWHG DW DGXOWV RYHU
DQG VXEDGXOWWMEBWZGHRAK® DIGBU 1R VXEDGXOWYV OHVYV

KDYH EHHQ IRXQG ZKLFK VXJJHVW\SKHRVYGCERVYQEDDH GCLIMYDH Q

XQERUQ DQG QHZERUQ SHULQDWHVY WKDW ZDV FRPPRQ LQ 3k



+XPDQ UHPDLQV IURP WKH 7RPE

*LYHQ WKDW WKH H[FDYDWLRQ GLDU\ ZzDV PLVVLQJ WKH DQD

ZDV HVVBAXWGHOVYWDQGLQJ WKH GHSRVLWLRQ RI 7RPE ,
WR REVHUYH D GHHS JUDYH [ P VKRZLQJ WZR GLVWL
GHSRVLWLRQ RI RQH DUWLFXODWHG VNWBHWRRPEKQLR KDRFHFG S
OD\HU DQG WKH ORFDWLRQ RI DORWKARAXO®NMHSH ¥V NGHSRVR ¢ |
FRUQHU %DVHG RQ WKH DUWLFXODWHG QDWXUH RI WKH SU
LQGLYLGXDO ZDYRWKWIMHFRIKHA GFHWDQLXP ORFDWHG LQ WKH X.

ZDV WKH ILUVW GHSRVLWLRQ 0/B7 WKDW ZDV GLVWXUE
UHPDLQV RI 0/B7 ZHUH IRXQG DW YtH GGHHHUS H HNQA@BI RRW OMOXaHH Y K

ZHUH UHFRYHUHG IRU ERWK LQGLYLGXDOV

JLIXUMUDSKLF UHSUHVHQWDWLRQ RI SRVLWLRQ DQG FRQVHUYDWLRQ RI \

LQGLFDWH WKH FUDQLXP DURXQG ZKLFK ZDV IRXQG WKH SRVWFUDQLDO U
WKH VNHOHWRQ VFKIKPFDUWR OKGHYLURWLFDWH WKH ORFDWLRQ RI 7

UHSUHVHQWHG E\ WKH SUHVHUYHG UHPDLQV VKDGHG LQ WKH VNF



7KH IRUPHU GHSRVLWLRQ O0/B7 ZDV HVWHPWHEDRVMR VERIRE
HUXSWLRQ DQG HSLSK\VHDO IXVLRQ $00 VHFRQG SHUPDQHQ
WKLUG SHUPDQHQW PRODUV ZHUH RQO\ KDQOKVRBERHLS/ DUHE XL
WKH SUR[LPDO DQG GLVWDWL HB®KIKWHKW IUDRBWKVKRBIKE WKH
SURFHVV LV SDUWLDOO\ IXVHG DQG WKH FRUDFRLG LV XQIXV
DUH XQIXVHG WKH XQIXVHG GLVWDO HSLSK\VLWHWIDWOKH ULJI
6H[ ZzZDV HVWLPDWHG WKURXJK SHOYLRAHWQBOFUE@RWD DL PR Q SKR
\RXQJ DIJH VNHOHWDO VH[XDO GLPRUSKLVP PD\ QRW \HW EH

IXUWKHU VWXG\ VXFK DV WKWRXBWHQ@DBWOHSWHBWLGH DQDO

7KH SURQH GHSRVLWLRQ 0/B7 ZDV HVWLPDWHG WR EH D
FUDQLDO PRUSKRORJ\ %XLNVWUD DQG 8HEHBOW NGHRIND BIHUD JHG
$IHDEHIXWK HVWLPDWHRPEOWLIPFWRULDO DSSURDFK LQFOXGL(
DQG HSLSK\VHDO IXVLRQ 7KH IHPRUDO KHDG IHPXU DQG LOLLEL
ZHUH HVWLPDWHG UHVSHFWLYHO\ DV FP DQG U NJ PHC
3HDUVRQ SXKKH VWDWXUH DQG ZHLJKW FDOFXODWLRQV
(XURSHDQ SRSXODWLRQV DV WKHUH DUH QR IRUPXODH EDVF
RI WKH SHRSOH HEXWRSRKOLY WKBERYHG RQ PHDVXUHPHQWYV RI

LV FP IRU ZRPHQ DQG FP IRU PHQ

*HQHWLFV IDFWRUV

7KH FUDQLDO YDXOWYV RI 7 DQG 7 ERWK KDYH D UHWDLQ
LOQOWHUVHFWLRQ RI WRHWODPE2EXWXGBRK BQBXWBDLWY DUH QRW
QHFURSROLYVY ,Q RWKHU FDOYDULD ZLWK RVVLFOHV WKH\ DU

VXWXUH DQG QRW DVVRFLDOBMWH® ZUWKGRMRARSWYIPW UIRHWH %



LQ ERWK LQGLYLGXDOV DQG LQ WKH DIRUHPHQWLRQHG 7

DUHDV ZLWKLQ WKH QHFURSROLYV

~

O

O

JLIXUKYLGHQFH RI PHGVREIWWNRZY DQG :RUPLDQ ERQHV 5HG FLUFOHV LQ 7
5

7KH PHWRSLF VXWXUH XVXDOO\ FORVHV E\ \HDUV RI DJH W
DQG 5XELQL RU DGXOWKRRKGEOHGLROHD IHNG DA GXDOV ZLV
KDYH EHHQ UHSRUWHG WR KDYH ODUJHU WUDQVYHUVH FUL
UHODWHG WR PRUSKRJHQHVLV %RON 6FKXOW] W K
)XUWKSBRVW WR D PRUH JH GHWULIFV WHHWQ ERIORIJWIKWH WKMW RSLF V
ZKLFK FDQ EH KHUHGLWDU\ DQG LV PRUH FRPPR®@Q®RHWRIRH H

7TKHUH DUH VRPH HIWHUQDO IDFWRUWLWXFR D\ DWKRWRO
VXFK DV K\GURFHSKDO\ WKDW PD\ DOVR MFEDOXW AVKW DHEHR $HUWR
DUH H[FOXGHG LQ 7 ,Q WKLV FDVH DFFRUGLQJ WR WKH VW

PHWRSLVRGNUAHRQWR EH D KHUHGLWDU\ WUDLW



/IDPEGRLBD®LDQ ERQHV DUH WKH UHVXOW RI H{WUD RVVLILFD
XQGHUVWRRG %HOODU\ HW DO ,Q VRPH FDVHV WKH\ L
ZLWK PHFKWQHNMODQG WKH HJBUDRQPH QW UGHD[@PISKDIH LQ VRP
VOHHSLQJ LQ D VXSLQH SRVLWLRQ SODFHV SUHVVXUH RQ Wk
RFFLSLWDO VXWXUH DQG/BUDFK\FH SKDHIFIBQGHEIE HIQ WKH FDV
DQG 7 EHEDXVH WKHLU VNXOOV DUH QRW EUDFK\FHSKDOLF
WR VSHFLILF SDWKRORJ\ VXFK DV K\GURFHSKDO\ RU FUDQL
DVVRFLDWHG ZLWK @XPHURXDPQBRODUJH :RUPLDQ ERQHV DQC
DQG VL]H ODUJHU WKDQ PP E\ PWK P ODMWR BW VIXQIHVWH
ZLWK WKH GHYHORSPHQW RI :RUPLDQ ERQHV LQFOXGH H
FUDQLRV\QRVWRVLYV DQG SUHPDWXUH VXWXUH FORVXUH QR
VXFK DV DGGLWLYH SRO\JHQLF FRPSOH[ RU RVWHRJHQHVLV L
ZLWK WKHP &RSSD DQG 5XELQIHPBWUR® RWHIN® @MU\ HW DO

HW DO UHSRUWHG WKDW JHRJUDSKLF DQG HWKQRJUD.

JHQHWLF EDVLV ZLWK D ORZ IUHTXHQF\ LQ (XURSH SRSXODW

7KH SUHVHQFH RI ERWK WKHVH XDWOLDWQ)E QWKHQDERW & PMKRIIVF
DQG FUDQLDO GHIRUPDWLRQ PD\ VXJJHVW 7 DQG 7 ZHU

VXFK DV '1$ ZRXOG EH UHTXLUHG WR EH FHUWDLQ

, QWHUHVWLQJO\ LQ WKH QHFURSR®ORWFEW K HD\VODNWPKIR KR R GALKAH. RH

\HDUV ROG WKKWQRH) 81 PHWRSLVP ZKLOHDWYHR UKE BG X CODNVF
RSHQLQJ WKURXJK WKH IURQWDO ERQH XS WR WKH FRURQDO
7TRPE LQGLYLGXDOV DOVR KDYH :RUPLDQ ERQHV OURPHWHK® &B

DQG QXPEHU RI RVVLFOHYV



7TUDXPD

,QGLYLGXDO 7 WKH \RXQJ DGXOW IHPDOH SUHVHQWV ZLV

VXJIHVWLQJ WKH SUHVHQFH RI ERWK DQWHPRUWHP DQG ¢

7TKHUH LV D KHDOHG IUDFWXUH LQ WKH PLG6HEKDILWYW JRKDWKH HWYLX
WKLFNHQHG PLGGOH KDOI RI WKH FODYLFOGHKLOKKRR GVIEHY W'
UHVXOW IURP D[LDO ORQJLWXGLQDO FRREBRQWONYIHV VRRFFEDW |
IDOO RQWR WKH VKRXOGHU RU WKH RXWVWUHWFKHG KDQG F

FRXOG EH DFFLGHOQWROLRW WEWLROADO YLROHQFH %ORXQW



JLIXUKHYLGHQFH RI KHDOHG WUDXPD LQ WKH PLGVKDIW RI WKH ULJKW FOI
KHDOHG WUDXPD LQ UHG® IURHFWDHZ OX DHEG PRMIVRZ SRLQWYV DW WKFE

7ZR WUDXPDWLFHLQWDGH®W RQ WKH FUDQLXP SRVVEREM RF
WULD QKDSMHGE OHVLRQ PHDVXULQJ [ PP LV ORFDWHG RQ
ERQH MXVW SRVWHULRU WR WKHQOBPERR WG AV KK VKDWH E YL
FRQVLVWHQW ZLWK DQ LQWHQ®GR BDDQEDRB\.RIBHKCEHMH R ¥ DR |
IODNH )LJIJXWHKLFK LV FRPPRQO\ VHHQ ZLWK EOXQW IRUFH W!

HIWHUQDO DVSHFW LQZDUGYV :HGHO DQG *DOORZD\ 7K



I UDFWXUH OLQHV RXW IURP WKH PHGLDO DVSHFW RU WKHKOH

YHORFLW\ LPSDFW RQ D FRPPRQ SRL®W .LHVHU HW DO

JLIXUKYLGHQFH RI WUDXPD R Q@ @/M B FRIFOAVL SR VXK IEFOH IW ODPEGRLG VXWXUH $ 31

UDGLDWLQJ IUDFWXUHV UHG DUURZV & WKH ODPEGRLG VXWXUH BRMRBUDQLEL

ZLWK QRUPDO DJLQJ XQ@B®MFIDROLQXH \BRVID GWDR¥WDWLF [UDFWXUH DORQJ WKH VXV
HYLGHQW RQ WKH HDIGR FUDQH ZO® WXQRWFIRXQG /DL *

7KLV WUDXPDWLF OHVLRQ LV SRVVLEO\ D OHRWGAL QUDW RD WV LSH
GLDVWDWLF OHVLRQ ZKLFK FDXVHG WKH OHIW ODPEGRLG VX)\

HW DO S 7KLV VXJJHVWLRQ LV VXSSRUWHG E\ WKH REV



FRURQDO VDJIOWMWEGRD® GDUHIKWLIJKWO\ PRUH IXVHG WKDQ
SEHODNHU &Q YWIXVIFKRVVLEOH WR VHH ZKHUH WKH GLVD
D FKDQJH LQ WKH VXUIDFH RI WKH VXWXUHMD WR \DX0RXRIGRGWI
UHDFWLRQ ZLWKLQ WKH ILUVW ZHHN WK RXIHK WHRRXBDD ®\RJ EH
IURP QRUPDO VXWXUH FORVXUH ZLWK DJLQJ &RQVLGHULQJ W
DQG WKH RSHQQ QB EIEIRRGIWKKMKXUH WKLV LV OLNHO\ EOXQW I

D IDOO RQWR WKLY DUHD RI WKH KHDG

7KH VHFRQG FUDQLDO OHVLRQ ZDV ORFDWHG RQ WKH ULJKW °
WKH RXWVLGH LQZDKK VKR H| PP RI WKH OHVLRQ VXJJH
LQMXU\ ZDV LQIOLFWHG XVLQJ DQ REMHPW ZQW K DVLRI®WDW U
LV XQOLNHO\ DV WKHUH DUH QR DVVRFLDWHG FXW P DWW M QWM
ZLWK WKH XVXDO WUHSKLQDWLRQ SUDFWLFH LQ WKH 5RPDQ
7KHUH LV D GHSUHVVLRQ DQG H[IROLDWLRQ DURXQG WKH DU
LPSDFW DQG WKHUH LV OW REEHY HGOHQ JRR MWW KHOHKEDDQ b M
)DFFKLQL HWPDA@DVL HW BDROWK DUH FKDUDFWHULVWLF RI
D KLJKO\ ORFDOLVHG SRLQW RI LPSDFW DVVRFLDWHG ZLWK F
7KHUH LV QR HYLGHQFH RI ERQWXUHPREH@D WKL V) LDELIEHQW
%DUELDQ HW DO 7KH VKDSH RI WKH OHVLRQ LV VLPLO

7KHVH QDLOV DUH D FRPPRQHRBNHH[W LD SR RIMY QWSO BP QL |



JLIXUH VNXOO (YLGHQFH RI IURQWDO WUDXPD L% &RRYE XS RIXWEHKH LW
IURQWDO ERQH WUDXPD % HFWRFUDQLDO YDLDHZ®RRWHKKSWRIDWRB V& WHLL

WKH WUDXPD HFWRFUD QLD SSRWWXHHULRU VLGH ' LV WKH ULJKW VLGH
HGJHVY VKRZ H[SRVHG GLSORH GXH WR WKH SHULPRUWHP WUDXPD * (QG
3DED 5
' 6&866,21

7KH VNHOH@YWDW®IUHPD D \RXQJ ZRPDQ EXULHG LQ D WRPE DW

QRWHZRUWK\ QRW RQO\ EHFDXVH RI WKHLU XQXVXDO SURQH



WUDXPD 7KH QHFURSROLV DQG WKH SHR@EWHUEHYVW HUOGRPLW K
SHUVSHFWLYH DV LW SURYLGHYV DQ LQVLIJKW LQWR D FULWLF

5RPDQ GRPLQLRQ 6BQWXK AHRLW\ RI

7TKH WUDXPD DQG LWV FXOWXUDO VLJQLILFDQFH

7 SUHVHQWY ZLWK PXQWLROQH WHDXAGWMIUD OWMXUR RI WKH

FUDQLDO SRVVLEO\ SHULPRUWHP OHVLRQV

7KH FUDQLDO OHVLRQV DUH LQ WKH SRVWHULRU DVSHFW RI
ULJKW I[URQWDO ERQH 7KH RFFWSS WD GRH VELRYQQ WL UIRKWHH W UL
GLUHFW IRUFH MXF® DD\D QHREDB R @ WEKMHIQMDLAR QDO FUDQLDO
DVVRFLDWHG ZLWK PXOWLSOH WUDXPDWLF OHVLRQV RIWHQ
RQ WKH OHIW VLGH *X\RPDUFfK HW DO 7 GRHV KDY
FUDQLDO WUDXPD RQ WKH IURQWDO ERQH KRZHYHU WKLV OH
YLROHBOBWHG WUDXPRH ,RRY &G UWRBWKWU Q FUM/KKK HIKIYW EULP O]
WKH OHVLRQ LV PRVW FRRVWDWBE® ALR\PK DD (D OQM XWHPHU HW

GLVFRXQWHG KRZHYHU WKDW WKH ZRPDQ KDV IDOOHQ DIWH

7KH OHVLRQ RQ WKH ULJKW IURQWDO ERQH DV GLVFXVVHG
SHQHWUDWS QRUFK LQMXULHV :HGHO DQG *DOQREPBKLQL HHP

7KH GLVWLQFWLYH VKDSH RI WKLV SHULPRKDNSIHPGOHYR R
VHFWLRQ RI QDLOV FRPPRQO\ XVHG LG)YL HERFRRP BDPHE V6K KK
LQ WKH FRHYDO DQG QHDUE\ VLWHIRUHKBLKEQLLQL2QDD® GV |
VHFWLRQ RI PP | PP ZKLFK LV FRQVLVWHQW ZLWK WKH
PP 7KH QDLO OHQDWE& MMKLY RHOSV WR H[FOXGH WKH SRVVL

RFFLSLWDO OHVLRQ DV WKH VDIJLWWDO PHDVXUHPHQW IURP



9LGHR UHSUHVHQWDWKRIQVLQQS BADGEH R R VIRONVBIQRKD® QB

RI GHDWK LV PRUH IXOO\ GLVFXVVHG EHORZ

SRPDQ EDOOLVWD EROWY KDYH D VLPLODU TXDGUDQJXODU F
DO +RZHYHU WKHUH DUH QR ILQGLQJV RI 5REHQ@ W B OKF
XVHG RQO\ GXULQJ ZDUIDUH 7KHUH LV QR HYLGHQFH IRU V1
UHJLRQ DURXQG 6DQWX 7HUX ,Q DGGLWLRQ WKH JHQGHU RI

FDXVHG WKLV LQMXU\ DVQZBRHBERUSWHG DYFBEQR EPIBIO DQG WU

JLIXUADLO IURP 6LVLQL /DL *

7KH EXULDO DUFKDHRORJ\

7TRPE LWRBEWDUYHG LQ WKH VWRQH RI WKH KLOO RI ORQYV
EXULDO REMHFWYV IURP D WUDQVLWLRQ SKDVH EHWZHHQ 3XQ

SHSXEOLFDQ SHULRG RI WKH 6D UFRIQWHDRSWUPBHODBQHV#HOQFH R



FRLQ DQG WKH 3XQLF %ODFN JORVV SRW®WHHQW ¥X'S %RREFIEU KD ¢

WKH ILUVW GHfFDI®NVWXBY WEH

7KH IXQHUDU\ DUWHIDFWY DOVR VXJJHVW R KD VW WH HIXH ZO \O
RI &DJOLDUL DQG LWV KLGWRPDQ DJE \G XU ORIFGNRIA BRUDCNP H Q W

MDU IRXQG LQ 7RPE LV VLPLODU WRYDR [HRWPXFRRPBROR OR X

S DQG LQ WEHX@HQUWDDVXORUHD *HVLFR 68 7URQFKH
JLIXUH
7KH HQWLUH IXQHUDU\ FRQWH[W RI 7RPE LQFOXGLQJ WKFE

W\A\SLFDO RI D VLQJOH GHSRVLWLRQQ WHDWHKHYHWHKRRWEZR RQ W/l
VLQJXODU GHSRVLWLRQV VXKKIDAD PR PAK U RRERED R JR DOWR & W\H /X
&RFFR SS FRQWDLQ D VLPLODU QXPEHU RI DUWHIDF
K\SRWKHVLV WKDW WKH SBBQKDYHGEWHXDQWHUUHG ZLWKR X
7 PD\ HEKW IXUWKHU HYLGHQFH RI GHYLDQF\ 6KD\ 7K
HYLGHQFH WR VXSSRUW WKH FDVH RI 7RPE UHSUHVHQWLQJ

WKH ERG\ WKH SHULPRUWHP FUDQLDO WUDXPD DQG WKH OD

(WKQRJUDSKLF VRXUFHV VXJJHVW D ZLGH UDQJH RI UHDVRC
LQFOXGLQJ DV SXQLVKPHQW IRU D SHUFHLYHG IDXOW )RU H
EH EXULHG IDFH GRZQ IRU WKH VLQWHRG KQV*LIDWKHUYV W/ DYDWR |

%XW SHUKDSV WKH PRVW FRPRREGURS PRBREHIEDYLDY \LRFWUD QL
IHDU WKDW WKH FRUSVH FRXOG GLVWXUE WKH OLYLQJ 7VDO
WKH OHGDWHWHIDRY ZHUH OLQNHG WR ZLWFKHV Z HWHZDRNOXYUHAA

4 X HUFQ&ED ]]XOR



$W\SLFDO EXULDO ULWHV KDYH DOVR EHHQ DVVRFLDWHG ZL\
7VDODNIG 7D\ORU LQ 0XUSKN\ SBU H[DFRHAH WKHLQOGH!
I1DWXUDOLW'+LVWGRHMAULEHYV D FRQQHHFVHIGR § HRIHAMR DHPQGD EFHUOR
HYLO H\H 7KLV OHG WR 5RPDQVY EHOLHHYW MXRKQQS RVBEKBH SP
FDOPRIGER VWEDRW SUHYLRXVOY IGSB\WRRUEMEBYVERQAXKRY %& LQ R
WKH ILUVW VFLHQWLILF WUHDWLYVHHV ORWBRWEDF BRRH WKLY WMDR/SL
WKRXJKW WR LOQKOXIBGGIHP FFRWHRI LPSXULW\ ERWK IRU WKH LC
VLQFH WKH\ EHOLHYHG WKDW HSLOHSV\ ZDV FRQWDJLRXV )I
PRVWO\ UHODWHG WR D SXULILFDWLRQ ULW N LG-HGIENDAY H/GK W
(OGHWRWH VYHHYKMHK U\ $' WKDBWHA DUBRAWAREBGSLOHSWLF VHL]XL
QDLO WKH SDUW RI WKH ERG\ §QHA/MKHGW WKH WUIDXY DREHRD @/ |

LOQWR WKH FRPWX@LWHBGWBOULROLY +LVWRDRE UHTXLUHV SXULIL

7KLV UDLVHV WKH SRVVLELOLW\ WKDW WKH IURQWDO ERQH C
QDLO ZDV QRW OHIW LQ WKLV WRPE (OYMLZEW WH H QX WXKCHO OM !
WRPE DV DWWHVWHG5DG WHIOAV LIRXKY X ROMOHQWRDUNHG ZLWK \
D¥FKDUDNOHWMNMHUY DQG VLIQV LQVFULEHG RQ D POJEWREMHF
-XGEBRULVWLDQ DQG RWKHU UHOLJLRXV SUDFWLFHV %HYLOD
ZLWK DXVSLFLRXV DQG DSRWURSDLF IXQFWLRQV 1DLOV ZHL
DVVRFLDWHG ZLWE&HWKHPHRQEGIWRIIL] GRZQ RU IDVWHQ VR
FRQWH[W WKHVH REMHFWYV DUHDQOCQRNBBKEKR VISIRHFQGILFO U Z WX D
WR FHOHEUDWH UHFXUULQJ RU RIILFLDO HYHQWYV VXFK DV W
\HDU 7KH\ DUH OLQWHBE XOO/DHH®BMWYWRRMOWWBEOHWY XVXDOO\ P|
ZHUHH®Y FHG E\ QDLOV DQG KLGGHQ LQ SODFHV QHDU WR WKH
DV WKH ZDWHU ZDV D XVHIXO PHGLXP WR OLQN WKH OLYLQJ

GHVFULEHG E\ 30LQ\ LV FOHDUO\ QDQMONG AXKR PKKHR X R GHEUBW



SDUWLFXODU RFFXUUHQFH %HYLODFTXD S 7TKH XVH
DIWHU GHDWK 6XFK LV WKH QDWXUH RI SHULPRUWHP LQMXL

SHULPRURVGWDO OHVLRQ LQ 7 RFFXUUHG MXVW EHIRUH RU

2QH VXFK K\SRWKHWLFDO H[SODQDWLRQ IRU 7 PD\ EH WK
VHL]XUHV WKDW FRXOG KDYH ILUVW UHVXOWHG LQ WIGHWHFO D
WKH EOXQW IRUFH WUDXPD WR WKH RFFLSLWDO ERQH SHUK
KHDG DJDLQVW VRPHWKLQJ KDUG ,Q IDFW DV SUHVHQWHG L
E\ HSLOHSV\ DUH WKUHH WLMKNPRRON HOL IGEXO L QIR VIHLNXXWHHY |
FRPPRQ W\SHV RI LQMXU\ WKDW PLJKW EH VHHQ RQ D VNHOH)
1JX\HQ HW DO &DPILHOG HW DO 7TKH EOXQW
PD\ KDYH EHHQ WKH FDXVH RI GHDWK DQG WKH VKDUS IRUFH
WKH PLDVPD DVVRFLDWHG ZLWK WKH HSLOHSV\ VSUHDGLQJ W

WKH SURQH SRVLWLRQ IXUWKHWE\REPR®EHMWEIJ KHU DEHUUDQ

7KHUH DUH RI FRXUVH RWKHU SRVVLEOH H[SODQDWLRQV IR
HYLGHQFH )RU H[DPSOH SURQH EXULDOV DUH VRPHWLPHV
SDUWLFXODUO\ KDUVK FULPRIWXTANSIXOLNL @G 7DARRKHYHU LI
WKLV ZDV WKH FDVH LW LV XQOLNHO\ WKDW VXFK D SHUVRQ .
D UHODWLYHYV JUDYH DQG ZLWKLQ WKH FRPPXQLW\ QHFURS
WKH FODYLFOH IUDFWXUH XQUHODWHG WR D VHL]XUH DQG WI

WKH XQXVXDO QDLOLQJ WR UHOHDVH SUHVVXUH LQ WKH FUD(

&RQFOXVLRQ 7RPE DQG LWV ZLGHU VLIJQLILFDQFH

7KH ELRDUFKDHRORJLBEHEONR@E A\Y IWKRII ORQMWXH /XQD QHFURSR

VRPH VWULNLQJ SRVVLELOLWLHY DURXQG OLIH DQG GHDWK L



Rl VLIQLILFDQW FXOWXUDO FKDQJH IURP 3XQLF WR S RPDQ \
ZRPDQ VXIIHUHG SHULPRUWHP FUDQLDO LQMXULHYV WKH VHT
FRQFOXVLYH EXW JLYH FOXHVY DQG UDLVH WKH SRVVLELOLW\
ZLWK GLVHDVH D QDLOKDJIX3 BURWWH WXHLPROVHAMWMLDO VXSHU
PRVW VLPLODU WR 5RPDQ (UD FXOWXUH VXJIJHVWLQJ WKDW !
SODFH DW WKLV HDUO\ VWDJH RI WKH WUDQVLWLRQ IR®P 3X
WKH QXDQFHV RI OLIH LQ WKX&DS VWD OEWRWNURWBHWREBD H5 DO

FRQWUDVW WR WKH ODUJHU VFDOH KLVWRULHV RI HPSLUHV [
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7TKH LQWHUDFWLRQV EHWZHHQ KXPDQV DQG QDWXUH DIIHFW
SRSXODWLRQV 6H\PRXU IDWXUH LQIOXHQFHYVY KXPDQV
ODQGVFDSH GOERPOWW\ RYDDZ PDWHULDOV DQG ZLOGOLIH 7
FKDUDFWHULVWLFYVY DQG EHKDYLRXU RI SRSXODWLRQV 7KHU
GHVFULEH D ODQGVFDSH DV WKH VXP RI SODAMKLWHVWRXUWF
HFRQRPLF DQG KLVWRULFDO LQIRUPDWLRQ 'DUGHO $V
LQKDELWHG DQG PRGLILHG E\ D SRSXODWLRQ WKURXJK UH\
HFRQRPLF SUDFWLFHYV FR QG DOHF+ R | WKRLR/OR/XXWKADO UHODWLRQ
VIPEROV HPEHGGHG LQ WKH ODQGVFDSH IXUWKHU LQIRUP RQ
QDWXUH 7KH\ VI\PERMWXUWKWHHRBRMDRQVKLS WKH FRQWLQX

ODQGVFDSH DQG WUDQVIRUP LW LQWR D KXPDQLVHG VSDFH 7

6LQFH DW OHDVW WKH V FXOWXUDO PDWHULDOV KDYH EH

. RSLWRI| 7KH\ DUH WKH UHVXOW RI W HRPKQBO RIIL\F B
D SRSXODWLRQ DQG FDQ EH XVHG WR GHGXFH DVSHFWV RI S
WKH ZRUOG 7KHUH LV D UHFLSURFDO OLQN EHWZHHQ SHRSOI
WRROV DQG LQ WXUQ@XWARI®VDRHWMUBPDYHRUR® LQGLYLGXDOV
&XOWXUDO PDWHULDO DQDO\VLWDRFWW MEFWK R VWXGR D/ Y B R W

DUFKLWHFWXUH LQ RUGHU WR JDLQ DQ XQGHUVIHBRGWEU RO



PDWHULDQAWQ@UBGB/EY DUFKDHROR JLIVOQWL MRV X QHEMIUEY @/ [ROG MIGT
FRPSOHPHQWLQJ DSSURDFKHV )LUVW WKH DFWXDO PDWHUL
WR OHDUQ DERXW WKH W\ZKWVRKHWD WHWBIL X\ H PASWDIRQN SR UW H
WKHLU DYDLODELOLW\ DQG WKH WHFKQRORJLFDO UHTXLUHF
PRUSKRORJ\ RI WKH ODQG DQG ORFDWLRQ RI PDWHULDOV
DUFKDIHHFD@WRUHFRUG 6HFRQGO\ FXOWXUDO PDWHULDOV DUH
XVDJH DQG LPSOLFDWLRQV IRU FXOWXUDO LGHQWLW\ DQG \

&XOWXUDO PDWHULDOV DUH KLJKO\ UHORXB QW ZQ W KWM\H D&

7KH RJUHHDWLRQ RI DQFLHQW ODQGVFDSHV LV JUHDWO\ DVVLV
WHFKQLTXHVY KDYH VXEVWLWXWHG PDQXDO FDUWRJUDSKLF |
UHSUHVHQWDWLIRSH RE KMLK-HK Q © EWHARE W RV BRKRW RJUDPPHWU\
DHULDO SKRWRJUDPPHWU\ LV XVHG WR FUHDWH ' PRGHOV
6LPXODWHG ' PREHWOWEQWHUREW X\LWHHGREN®B BW YV FDQRH QW VL L
FUHDWLQJ D PRUH LPPHBNRYHHHIB BUHBGQEW PRIBO@D BEGLBED WL
DHULDO SKRWRJUDPPHWU\ DQG *,6 PDSSLQJ WR SURGXFH "' P
WKH ODVW GHFDGH JUHDWOGDDBOVWILRWNVQIFRPREGEKDHRORJLKBWOHH
DOVR IDFLOLWDWHG WKH XVH RI VSDWLDO GDWD DQDO\VLV L(

ZKLFK SURGXFHV D PRUH DFFXUDWH RYHUYLHZ RI WKH O
WDQ FDQ UHVXOW IURP ILHOG H[FDYDWLRQV RQO\ :LOKHOPV
DLGV WKH UHFRQVWUXFWLRQ RI DUFKLWHFWXUDO VSDFHV Z
DQG DVVHVV WKHLU HYHQWXDO GW DOV R ICPGEORDW R H QDM \ V|
LQ PLOQXWH GHWDLO DQG WR WKHQ HIWHQG WKH UHVWAMOWEY Wi
WXUQ SURGXKXFANUPRAUWRBGABHOWUDGLWLRQDO PHWKRGYV DQG €
SDWWHPQOH[Q FRODPLF HEKHWHR QPANQWWV DUH VXLWDEOH IRU

VXFK DV UHVHDUFK WHDFKLQJ PXVHXP GLVSOD\V DQG FRPP



7KH pWULSDUWILQV HL FOSUSAMIHARO RRIXPDQV DQG KW@ HV WIVE BP D
VLPXBRMMWD\ ELRORJLFDO UHSUHMVRDIWDWTRIQWD ® S\B Q RDHENEAN H |
VNHOHWRQ QRW MXVW DV D SK\WLFDO REMHFW EXW DOVR DV
LGHQAMILW\IRVWHUV D EHW WHRIQXQMEMULRWY DEHANL. DHHRY WKH LQGL
DQG WKH FRQWH[W RQ MWW R LEXEWGEFXS DRMGIBEHRH DQRIVDLPHYV
VSHFLILF SREXD®WGILRIORQ D ELRDUFKDWRIOR BLFDOWLE & WR RF K
LQ LWV YDULRXV VWDWHV DQG KRZ LW FDQ UHSWIRFHBW\DR
HQYLURQRKB® DQG $UPHODJRYV /IDUVHQ 7 AR \WW D!
DSSURDFK D GHHSHU XQGHUVWD®QGLRRIQR P ISFH R'SVDHA X'V O KIH
EDFNJURDX@GBHLU FXOWXUDOHNWGJIDRBHBO UFKIDGWDOWIL\ FDQ [
LQVLIJKWY LQWR KRZ SHRSOH LQWHUDFWHG ZLWK WKHLU HQ"
WKH\ UHVSRQGHG WR,8[WHKUWQ D® JOQUOG XWEKFHHELVSHUVDO DQD
RXW WIRQBEQDOO WKH LQIRUPDWLRQ UHTXLUHG IURP WKH HQYL
OLYHMH DQDO\VLV RI KYPRIPRY H BB MMSHRMULDO LQIRUPDWLRQ U
EHKDYLRXU LQFOXGLQJ VHGHQWLVP YW HUHODWRIR@W LMRE LQE
DQG KHDOWK SDWWH U QM BANKHRHWWEG RDUWKFKR@AMHDO OLIHZ

*RRGPDQ /IDUVHQ 3HWH %XULDOV FDQ EH
IRU WKH PDLQW®BDDmF R DQRBFUDO VWUXFWXUH &KLDMLRQV
KHOS WR VXVWDLQ 5DIGH GR RZMO [ D/ASIOM V L Q F O XRIHQ SPIUILEF
HQJDJHPHQW YROXQWHHULQJ LQ WKH FRPPRQIGW XBSRBWD W
EXVLQHVVHV 7KHVH DFWLRQV KHOS WR FUHDWH D VHQVH RI
WKH VIVWHP UHPDLQV NWUR QU @GV B HPWILHRW RAER&E LD O H[SHFWD
RU WR JDLQ UHFRJDQ® WRKH | 2 RE HSFFRMRGHI GHZ Y \ ,Q WKLV |
WKH XQGHUVWDQGLQJ RI EXULDO ZD\V FRXOG HQKDQFH WK

VI\PEROLF RU PDWHULDO



7KH DQDO\VLV RI KXPDQ UHPDLQV DQG WXWHU HDQBWHRMW KU BT
XVLQJ WKH QHZ WHFKQRORJLHVY PHQWLRQHG EHIRUH UHVXC
PRUWXDU\ SDWWHUQV DQG WKH SURFHVVHV LQYROYHG LQ V
7KH KXPDQ UHPDLQVDDHHFRB@W MXDDQGHG ZLWKLQ WKH JHR
VSKHUH JUDYH JRRGV 7KH PIDE SELPRIGRIFKXPDQ RHRPDYQNZ RI
Rl WKH UHPDLQV RDBWHDRHIROWK[ WUDXPD QXPEHU RQ G QG I
W\SH RI EXULDO ULWH )ROORZLQJ WHIMWH®QYKHGEZ RW R JWKBIOD
GDWD LQ WHUPV RI VWUDWLJUDSK\ JUDYH JRRGV DQG W\
L G HIOADIW ISDQVRIHUQV DQG WRIH @ G '8 HR)S W KSD EWAKXEMIDDAKE HO O D
WR JDQQVLJIKW LQWR WRKH DFFRWIREBMYIHRIPY. Q H  ZKHHUEH HYUH WY KEA\
FRQVFLRXV RU XQFRQVFLRXV IDFWRUV $GGLWLRQDOO\ SRV

EHKDUFRQ EH VWXGLHG

9LVXDO UHSUHVHQWDWLRQ LV D SRZHUIXO WRRO IRU XQGF
FROQFEBEWRDHROBKMN BWHMRIQW FRPSOH[ LGHDV LQ D ZD\ WKDW
DQG YLVXDOO\ VWLPXODWLQJ 9LVXDQQUHB UMHRWHIOW. W HR QD B
SDWWHRDR\VQRKD BH REYLRX\V \ZKOEMDHRN ¥ \NVIEFBRMW GLVWULEXWIL
OD\RXWV DQG U HNUMRKHUBPURIAYWIWUDFWLYH PRGHOV RU VLPXC
WR H[SODLQ DQG H[SORUH DUFKDHRWOWDIRN¥RQ WMKGE K RH\S \DRYL
XVH RI " LPDJLQJ DQG WR POWHUSUHW WKH EHKDYLRXU DQG
R@QRLQJ SURFHVV /HXVHQ &KDQGOHU ODFFKL -jQLF
FRQVWLWXWSHR CBRKEAWSXQY SODFLQJ DOO DYDLODEORJILQRRUPF
ORQWH /XQD LQ FRQWH[W WR IDFLOLWDWH DQ LPSURYHG XQG

WKDW VKDSHG LW



0$7(5,%$/6 $1' 0(7+2'6

:KDW UHPDLQV

7KH UHPDLQV IURP 3 DXHREMED R QMG WRQUODHFRQVWUXFB/XWRM OL
WKHLU SK\VLFDO KHDQWKPLGUBDWLRREDWWHUQY DV ZHOO D
DQDO\VLV RI WKH UHPDLQV LQFOXGHV WKH PDFURVFRSLF LC
HOHPHQWYV )XUWKHUPRUH WWH DWQ DO\IVYN RR RMGKH DEXG PIRRW \N K
WR LQIHU WKH FXOWXUDO BNKQY FR®& B @RGEDW KK R @WIRIOI DBPXPRAQWWN
LOQOWHJUDWH DOO GDWD RQ WKH KXPDQ UHPDLQV WKHLU HQYI
WKH OLIH FRXRAODWEHRUBU\FRQQHFWLRQ EHWZHHQ OLYHV DQG
GUDZRXWK D FORVH RROVIFEBBHRWRRODFDO KLVWRULFDO DQG |

DQG %HFN

7KH IROORZLQJ GDWD VHWY DUH SUHVHQWHG IRU ERWK EXUL

X 7TKH PLQLPXP QXPEHU RI LQGLMIB®RBODODWKOIUDSKLFDQG\ S

WR XQ G H UVMAERDENYEHSRWHQW LD Or EXSIXEBOS DWW BXQOL Y

x $ OLVW RI SDWKRORJLHV LV DOVR UHIHUHQFHG VSDWLD
YOULDWLRQV W KWHXJI O W WU HEWBMR UFR WRDWOLLD K\SHURV WR
WUDXPDW L% URWHK RHYO *RRGPDQ DQG 5RVH 6F|

+LOOVRQ ODULRWWL

X 7KH UHPDLQV DUH SXW LQWR FRQWH[W ZDFWKVWKR DHDRR
WKH VRFLDO DQG FXOWXUDO HQYLURQPHQW GXULQJ WKF

E\ 3DX DQG ORQWH /XQD 7KRPDV SLFKDUGYV 7LC



6X )RUUX GH LV 6LQ]XUUHGGXV 3DX

7KH H[F DWW IWKIR@W HD$IHT. )LIJXDMH EHHQ RQJRLQJ VLQFH

RI ' DQG VSDWLDO DQDO\¥LAK MW BDERQRIT WHWH BAXAXYI\L ZDV WR ¢
ILQGLQJV VWUDWLJUDSKLFDOO\ 7KH FDOREZDY PDSSHG ER @
6\WWHRQG *36 *OREDO 3RVLWLRQLQJ 6\WVWHP 6WRQH[ DQG /H
ZHUH HP SORKIBR-R6WZDUH ZDV XVHG WR FUHDWH D FDUWRJL
LQFOXGLQJ DOWLWRGHLVDYGH WK BRGDIQEG YHU VR RKWEDOM IS U F

VRIWZBDINMRU VSDWLDQ WRB G\WHVHQW VWXG\

JLIXUBDX *HRJUDSKLFDO ORFDWLRQ DQG FDUWRJUDSKLF PRGXO RI WK
ZKLOH WKH JUHHQ DUHD LQGLFDWHY WKH VLWH KD ®X LRD UK GHSIHGHQW
RI WKHRED//DHL.QH® REHQPDQG /MLFD VWDWLRQ



ORQWH /XQD 1HFURSROLYV

7TKUBHPHQVLRQDO GDWD IURFURISR MRQ WHUMX@ERBRIDW HF WHGE L C
DXWKRWH BDRDSSHG E\ DHULDO KIRQMRDWDIRFHBIWRRDIIXLSSHG

ZLWKDWVVHOEORGEDPHIU WRWDCS RRIVRWHD NBIRP WKHOPRROWWD QW
DOWLWXGHIKIUKGKXULQJ WKH HDUDLWR >RSWRRDID ZMDWKQIG FRC(
D Q0 DHWN\7KH FDPHUD ZDV VHW LQFRD@WD® R RRE A DA VWOK QJIJW
,62DQG VKXWSHHIEH LVRIW 0 HBWBVHKDBIRRYEZDBWIERSWHG IRU S
WUHDWRHIWMR GRPH RVKH) IVEBRWENHVWORXG GHQVHIEWRYG(OH YR

ORGH@ ZLWK D UHVRGOPWILIHDE)@® |12 U W K RIHR\RDXFVAER @ LRH O

JLIXUBRQWH /XQD ' PRGHO RI WKH DUHD ZLWK WKH UHSUHVHQWDWLRQ
SKDVH XVLQJ $JLVRIW OHWDVKDSH 3URIHVVLRQ@DO

'(0 DQG 2UWK RR BMSBIRUWHREKH Q®ENQYFH VRIWZDUH 4*LV IRU V
9HFWRULDO UHSURGXFWLRQ RI VKD SHRY RERRDW B LY BLGR MWRKPY (

ILOHJXUH



JLIXUBRQWH /XQD 5DVWHU ILOH XVHG WR REWDLQ VKDSH DQG OLPLWYV

$SUWHIDFWYV

7KH JUDYH JRRGV IRXQG LQ WRPEV ZLWKS MEGILOHHA WM WHHIGY HC
7KH DVVRFLDWLRQ EHWQ@EHQXMRP B HPODWAVDIEWREDHUYHG

EHKDYLRXU LQ WHUPV RI VSDWLDO GLVSHUVLRQ EHWZHHQ

WRPE DUWHIDFW

7TDEOBRQWH /XQD 7RPEV DQG JUDYH JRRGV

7RPE $UWHIDFW 6H[ 6XEDC 01, 7RPE 7\SH
+\SRJHXP 6L
7 ,JURQ ULQJ HOLS )HPD S KDPEH U

$PSKRUDH

$PSKRUDH
&RPPHUFLDO DP
%DUWRORQL

+\SRIHKRQ JC
7 $PSKRUDH 0DO &KDPEHU
&RPPHUFLDO DP

$PSKRUDH
JURQ NQLIH
7 QHFNODVHV Y )HPD 3LW DQG FK




&\OLQGULFDO ¢
&RQLF SLWFK
3LWFKHU
ILWWOH SRW I
EURQ]H FRLC

&XS

7 ITHN\WRYV JHPD

&XS

'LVK
$PSKRUDH
$PSKRUDH
6LOYHU SHQG
SXQLF FRLQ

7 $PSKRUDH 0DO

+\SRJIJHXP 6L
&KDPEHU

+\SRJIJHXP 6L

&KDPEHU

$PSKRUDH

2LO ODPS
7 6LOYHU HDUU )HPD +“g?;J;H%L
. *ROG ULQJ ZLWK H pp +\SRJIHXP 6L
+RUXV H\H &KDPEHU

5(68/76

6X )RUUX GH LV 6LQ]XUUHGGXV 3DX

7KH GLJLWDO WRH RR\QUDMULIM\R SKEF W WLHQ PIRRIMEBIGR| IUHTXHQF\
GHQWRIWWKH GLVVSRVWWWLR QR B QD PIHE®XQ REVILGEDKXPDQ UHP
GLVWULBWKMLRQ RIUDJPHQWYV Rl KRRDGO RRIQGIHN Y G RIGNHWKY H Q

FRQWRXUV RI WKHXBBYH ZDOO



J)LIXUBDX O0DSSLQJ RI DOO IDXQDO DQG KXPDQ ERQH IUDJPHQWV 7
FXUYHV 7KH HQWUDQFH LV ORFDWHG WR WKH QRUWK LU

7KH GLVWULEXWLRQ RI WHHWIK K@ QIGI XIN®]& IRRW ERQHV LV V



JLIXURBDX ODSSLQJ RI DOO WHHWK 1 SHG GRWV LQGLFDWH WKHUPDC
VKRZ WKH LQKXPDWHG RQHV XQDIIHFWHG E\ FUHPDWL

7TKH GLVWULEXWLRQ RI WKH UHPDLQV LV QRW VHSDUWIRMHG D

FUHPDDWAHG/K ZHUH LQWHUPL[HG DQG GLVWULEXWHG DORQJ W



JLIXURBDX ODSSLQJ RI DOO KDQG DQG IHHW ERQHV WRWDO

+DQG DQG IRRW ERQHYVY ZHUH DOVR GLVWULEXWHG DORQJ WKF

VHSDUDWLRQ RI ERQHV IURP GLIITHUHQW DQDWRPLFDO UHJLR



JLIXUBDX ODSSLQJ RI WHHWK DFFRUGLQJ WR DJH UDQJH

*HQHUDOO\ WKH GLVWULEXWLRQ RI WHHWK EDVHG RQ DJH Gl

ZHUH QR PDWXUH DQG ROG DGXOWYV EXULHG LQ WKH HDVWHU



JLIXUBDX 01, RI KXPDQ UHPDLQV WHHWK LV DVVRFLDWHG ZLWK PLQ

7KH FDOFXODWLRQ5RD Q%G [EQWMGHRRQH KDQG DQG EDVHG RQ
EHDGV )LIKQMVKH RWKHU VXJJHVWVY WKDW WKH DUWHIDFWV

SUR[LPLW\ WR WKH WHHWK



J)LIXUBDX /RFDWLRQ RI WKH VHOHFWHG FUHPDWRHFG VPO LQV WR I

7KH GLVWULEXWLRQ RI D VHOHFWHG VDP3RH RQ B O HPLDMRIRY K
VDPSOH VKRZHG WKDW WKH ERQHV RUIIRQNWHES |BR O R3LIHHEL
RI GLIIHUHQW7BHHGIWRX SSRLQWYV DUH VSUHBRBQRXWRH DHRMDY W
DQDWRPLFDO UHJLRQ DQG RU DJHSIDURXBEEDE LY RW FRQNHQW

WKH LGHD W KIDOWL WK\ FRPSENHG RI LQGLYLGXDOV IURP D YD

WKH GLVSRVDO XQ LCHPIAY &PWOU HD G

ORQWH /XQD 1HFURSROLYV

7KH " UHFRQVWUXFWLRQ RI WKH FRQWHPSRUDU'$WLW &HDMWQ®@K

WKH H[FDYDWLRQ D VPDOO QXPEHU RI WRPEV ZHUH QRW EDF



JLIXUBRQWH /I XQDWXWBLF

J)LIXURZDV XVHG WKH WHDSRHAUVESRIZEQGCG HFEBMRIQ WR XUV RI ORQW

YJLIXUH



JLIXUBRQWH /XQD &RQWRXU PDS RI WKH KLOO 7KH WRPEV LQGLFDWHG |
HPDLQ RSHQ



JLIXUBRQWH /XQD 0DS RI WKH GLVWULEXWLRQ RI WKH GLIIH

7KH GLVWULEXWLRQ RI WKH GLITHUHQW7WHS PN M~ WHRIN BR? H\/ ¥
RI WKH K\SRJHXP VLQJOH FKDPEHU W\SH IROORZHG E\ SLWYV

FKDPEHU



JLIXUBRQWH /XQD 01, SHU WRPE

7KH ERQHV DQG WHHWK IRXQG LQ D WRHPE DREH VXK H IGU WS $IWVR
DJH DQBVVBHVFULEHG LQ SKHYUWLRXXORMKD W HH VZURXKS BE VLWQ W |
WZR LQGLWZRXDQBLYPBXBOWKDQGVZR6LQEQAM LEGKOROWLWLRQV
DEXQGDQW DQG PRWRWH3 WWHMKHOD ZKLOH WKH XSSHU DUH

RU PRUH LQGLYLGXDOV )LJXUH

7KH WRPEV LQ WKH FHQWUH XSSHU DUHD ZLWK D 01, RI WZR L
D VXEDGXOW 7KHUH DUH ORRP¥WVJRDNUWHKBHWG R BN REP BWK BN W KWP R

WKDQ WZR LAHILHKIHCD\WNE Y FRQWDW RUE S L Q B QWBLYEHRDOWD L QL Q



EHWZRXQ WR WZHOYH WRBE YALGNKK ONK H7 K HIRKRDWW' iF R BDQWN\ZID V |

RI VSHFLILF PHIDOLWKLF WRPE&UBDUN A RYHWKH URFN IURP

JLIXUBRQWH /XQD 5HSUHVHQWDWLRQ RI WKH LQGLYLGXDOV ZL

7KH GLVWULEXWLRQ Rl WRPEV ZHWHKLPQ®/LRLEBXBQE RRWQRKR
VLQFH ERWK IHPDOHV DQG PDOHV ZHUH HLWKHU EXULHG DC
6LPLODUO\ LQGLYLGXDOV RI NQRZQ VH[ DUH QRW DVVRFLDW

DOzZD\V EXHHWWKEUWRLWK DW OHDVW RQH DGXOW )LJXUH



JLIXUBRQWH /XQD 'LVWULEXWLRQ RI LQGLYLGXDOV ZLWK SDWKRORJLH®

7KH GLVWULEXWLRQ RI ERQHV ZLWK HYLEWQHN\R | 5A&V WRIDKXJ
JLIXUHVXJIJHVWY WKDW IUDLO RU LOO LQGLYLGXDOV ZHUH QF
WKHLU SDVVLQJ 7KH GHWDLOHG DQDO\VLV RI SDWKRORJ\ W
DQG SRIBRMWRNWWRVLY HQYLURQPHQWDO VWUHVVKWUWY ZDOB @R

LQYHVWLIDWHG LQ WKH QHDU IXWXUH

7KH LQIRWDKDWO R QW K HD E BYWG DIFMMMRBREBREKDWK WRPED JURDYW & H I

RI LQVLJKR\FDQYWRSGOHVHQCHELGXDOV SUHVHQWHG 7DEOH



,6&866,21

3URFHVVXDO D URKIDHRD\RIDFLDVWDWHG WKH LQWHUSUHWDWL
SDVW OLYHV 7KLV KDV EHHQ [SAKR®YHIG EN \GHDUHRKR S § B Q D WK
WKH PHDQLQJ RI JUDYH JRRGV EXULDO SUDFWLF H\WHFAR®MGE W/\K H
WR H[8AGRWBHRSOH LQ WKH SDVW LQWHUDFWHG ZLWK WKHLU +
KRZ WKHLU OLYHV ZHUH VKDSHG E\ WKHLU VRFLDO DQG HFRQ
LOQWHUSUHWDWLRQ KDQVDOMNREAHES WAKLIW BREEBNKANBIQG WKH GLY
SDVW VRO [MWLHYV 7KH EXWUKPPNQ ERWBLQV DQG PDWHWIRDO F.
UH I OHKAW\HRERRLGRR PLF VWD W XV HW/HEH K B YPLIRWKGUHWMWRIRW KB Q@ G L Y |
RU WKHD B HAK R E X USLKILGO W/ H P *RRGHQRXJK +RZHANHURU
SRSWRFHVVXDO DUFKDHRORJ\ DUJXHV WKDW EXULDOV DUH

SRSXODWLRQ '1$65RDWNIR 7LOOH\ 7LOOHDUH QRIENMHARW
UHODWHG HER®RWPRFLBVSHFWYVY RI D VRELHW\ WKH DQDO\VLYV
GLDOHFWLF Rl SHRSOH DQG WKLQJV +RGGHU 7KH LQW!
WKH EXULDOV SURLYQWRWMXHARIREFRRFKWWWD WXV RI LQGLYLGXDO"
LQ 3DX DQG ORQWH /XQD 7KH PHWKRGRORJ\ KDV VKRZQ WR
XQGHUVWDQG SDVW SRSXODWLRQV /DQGHVEKL 7KLV

K\BWKHVHV DQG DQVZHUHG TXHVWLRQV UHODWHG WR WKH

FXOWXUH DQG ODQGVFDSH

6X )RUUX GH LV 6LQ]XUUHGGXV 3DX

+XPDQ UHPHIWBVGLVIQREX WHRMH WIDKZEWKHQR LQWSDWLWQRQ |
GHVLJODWBIKMLNRKHXPDWLRQ RAD FHIG RROIDWDL B BK D H R @ R/J KIPIVOE H.K
VXJIJHVWKB RMHRDMUMH BB YIH YRWLYH DUHD 7KH VSDWLDO DVV

SRWWHU\ DQGWBKO6 HIRMWRWKH DWIIRUR WVILIWHODU WR FRHYDO



ORFDWLRQV )R3IRG@WHr SRHD ULMDG X Q L GXH NEDFREDGDHQAHFWHG E
EHORQJLQJ WR D FUHPDWHG ZRPDQ ZDV DVVRFLDWHG ZLWK \
FDOFLWH EHDBD WMWUDOG Rz WokUH VLWH Rl *DLROQMKRIMHQ@HON QF R
RIFUHPDWLRRXQ@QBIURWKH LQGZMUBXIDGOHWQWLILHG DV IHPDOH D¢
F\OLQGULFDO VWHDWLWH EHDGV ZHHUWHGEEFEEWUHG |, QRW KWK H
I1RUWKHUQ 7\UUKHQLDQ UHJLRQ IXUWKHU HYLGHQBHGRACORUHEF

IHROZWK LU FHFRUGHG LQ WHKHR \NVQM GO\ ORIEB

REBPARER )HOLJQR 6D
/LIXULD 'HOILQR

7KHDWBLDO GLVWULEXWIR QHRIKWKHAVEWEXDWDAY ULWHY DQG
FXOWXUH KDYH DOORZHGKVWR W K H 8V QBZ QRN KKMWGKQ WDKHW KH 0L
7KREVLGURG XV WIWRHIPR Q W H Z0NF LL QMAHQ WIRWF R P S O HQ HHYZ RV IH
UHVXOWLQJ QRW RQO\ LQ WUDGH EXW FXOWXUDO DQG EHKD)

OHGLWHUUDQHDQ EDVLQ

ORQWH /XQD 1HFURSROLYV

7KH GLVWULEXWLRQ RI WKH WHHRXIDHROWRRPEDW®W \ BLH) CLQG VWKW
VXSSRUW WR WKH K\SRWKHVLV WKDW W KHU W+ BHDQWIRUNMHH K X P
PDMRUMMRPEY ZHUH RI WKH ROGHVW K\SKRWWP VLQJOH FK/XI
GLVWULEXWLRQ RI PDOHVY DQG IHPDOHV GRHV QRW VKRZ D F
ZLWK VXEDGXOWY 7KHUH ZDV QR HYLGHQ®RK) RLABWW@.D WIKHG
RI D ORFOKBHFLILFDOO\ IRU WKHVH DHOODQ&6HYPIOXKUBXUHUDOV
OHD¥WQGDQW DQG DOzZD\V ORFDWHG DW WKH ERWWRP RI WK
ZLWK WZR RU PRUKHXGEGIKLGXMDEHW RI WRPEV ZLWK PXOWLSOF
I[UHTXH@RWBOQMHE WR EXU\ RWKHUV LQ VRPHKEEDMW EKWBQWR/ Wb DR

LQ RWKHU 3XQLF FHPHWWRREHY DLQGGU BGRQMIH, 6 &DHXROLJ J XLV



SS 7TKHUH LV DOVRRHY.QG@HIUHHY LRXY EXURDEBY RWRRHRDI
L WRPELQ@PLQLVWHUR SHU L %HQL &X¥OWXS8BOL HBREPEHHQEWHE
IROORZV WKHX\DIWSWHENXIWL RO VBHHGEGBOXDOLQHG BSLFD O O\XVZIKHXQ DU H
WRPE WKH BXAWURBWRUDHR Q@ VERW DWEGR QU D YHH U IR RGM | | H MWWKHG Z |
ERQHV RI WKH SUHRHLURXY RRBHIGOWH WS D F H 3HQ WRIKQHD OVUKDAKIHDW
MHZHOQ\HWWHRGLLVFUDQBURUQDP HRUPVSPRIXW Rl WKH IXQHUDU\

DGGLWLRQ WR P/DRH XV WKH PR'WMPEOHG IXQHUDU\ LWHPV LQ |

7TKBHQHUDO SIDWWUH B WRRAREY JFH W W Bl WZ W BHH B KD WDXUDH®\ IRU SDUW
EXULDKOHV FHQWUH DQG XSSHU DUHD RI WKH KLOO ZHUH PDGt
VXEDGXOW VXJIHRNOL@® K MYDBBWBRIGHGLFDWHG WR IDPLOLHV
IXUWKHU VXS SRHUWUWHG BNUDRVY VXFK DV :RUPLDQ ERQHV DQ
DQG &KDSWHU 6HYHQ FRPPRQ LQ WKH FHQWUH XSSHU DU

WR DLOOO®PO OLQHDJH ZLOO EH IXUWKHU LQYHVWLJDWHG YLD '

7TKBUWHIDFWV DUH PDLQOVY4Y%®HW HG RV RARIHAVK Z IH\H @ RVQR/HL VW H Q W
RI EXULDO 7KH SUHVHQFH RI SUHFLREREPHIRODG BYQIOHH® \BV
SHUVRQDQ XKWWK Yy WDW XV RI WKH VHWRNHOIEKRHQUW UT R/GIGH/ DV \
LQGLYLGXDOV LQGLFDWH D SUHIHUHQFH IRU PHWDOV LQ WK
SHUVRQDO XGH IRVIMWDROHY ZKLOH SUDFWLFDO REMHFWYV VXF

PDOH GHSRVLWLRQV $0OVR FRPPHUFLDO DPSKRUDH DUH SUH

7KH K\SRWKHVLV RI WSHKHBQBVWRHAHHRUVIVHQFH RIDMY D QHW KII

QHFURSROLV UHTXLUHV IXUWKHU LQYHVWLJDWLRQ



8.4.2.1 Social engagement

7TKMSDWLDO WEBOANVWW RIKDR/ QAR VYHBDYHU\ XVHIXO ZKHQ LQWH
DQG DUFKDHRORJ\ RI WKH QHFURSROLV 7KHW®BWHRE R W R GW

OXVHX®'l LQ 6HQRUEuUu WR EH XVHG IRU IXUWKHU VWXGLHV D

&RQFOXVLRQV

7KH SUHVHQW VWXG\ DLPHG WR GHPRQVWUDWH WKDW WKH
NQRZOHGJH RQ WKH OLIHAD\$ORN KSFDAVIW QRSKOMDMLKBLVFHUQL

EHFDPH HYLGHQW WKH UHVXOWY GLG SRLQW WR SRVVLEOH (



' 6&866,21

7K 8 UR K ENAMDHEBIOHL |H RD\WZR 6DUGLQLDQ FRPPXQLWLHV 6X )RU
3DX DMXERQWH /XQD 1HFURSROLV IURP 6HQR WEBHWHKGNV H®Y
OLGGOH 1HROLWKLF 01 DQG WKH 3XQLF SHULRGV LQ 6DUG
FKDWBBELVHG E\ GLIIHUHQW FXOWXUDO DQG KEIMWUIRVRFLO V¥R
ZLWK D GHFLVLYH PRPKIMH RIQFKWDRGE XF W L R QWK IO BO MFR WXL
WUDQVLWLRQ IURP D QRPDGLF WR FRWE®HMHWINO ZPKN @W QRUI B +
RQ WKHLRQVWRB G X § DZ SHHHIRBER S @ IX LEDD/GIG HFRQRP\ WKDW PT

DQ LPSRUWDQW FURVWURIEGYN LQ FRPPHUFLDO

,Q WKH SWHMEKHRMQ UHPDLQV IURP 32K WDH) O QURWHIEDNQIIR Q W R
QDWXUDO DQG FXOWXUDO HQYLURQPHQWY GUDZLQJ FRPSD
EURDGHU 6DUGLQLDQ ELRD(DFKD RR@ R FEMAD® | GHRHZIRAHNG L Q ¢
EHORZ VXPPDULVLQJKBQGHV®®WYURBWQILQME SIILWRIP WK H VWH
GLVWDQFH EHWZHHQ W K HZ MUEHR PAFRRP® ¥ & DW/LXHAD OV BB PIH QW YV D
IRU WHKRIS X OD WHIRQH UHVXOWYV VXJIJHVW WKDW WKH OLIHVSD(

ORQU WKDQ DVVXPHG



2%-(&7,9( 81'(57%$.( $1 $1%$/<6,6 2) 7+( '(02*5%$3+<
3$/(23%$7+2/2*< $1' 0(75,& 9%$5,$%/(6 2) 7+( 6.(/(7$/ 5(0%$,16 $7
388 $1°0217(/81% )2&86,1* 21 7+(,5 63(&,),& $5&+$(2/2*,&$/
&8/785%/ $1' (19,5210(17%$/ &217(;7 72 ,19(67,*$7( 7+( /,)

+,6725,(6 2) 7+( 3(23/(

7TKH LQWHJUDWLRQ RI WKH DUFKDHRORJLFDO DQG ELRORIJL
XQGHUVWDQGLQJ RI WKH OLIHVW\OHV RI WKH 3DX DQG ORQW!
LQ SURYLGLQJ D SURIQCBAHRIWVKHE  WER VRAWOXGHG WKHLU VXI
DQG WKH ZzD\ WKH\ LQWHUDFWH GKAH. W& WKKHRSR OR F DD B QYL E
ORQWH /XQD UHYSDOHRWLWKD VW RWRNH XML QNRRAMRIKIX WBWLRQ D
FUHPDWQRQLWKHU FDWHK WEFRW UHPDILEBQW OHYHO RI IUDJPHQ
XQGHUUHS8QHNH YW B WIN HOWRWIO WIHPBDYQWHVSLWH WKLV WKH
UHYHDOHG WKH PLQLPDO QXPEHU RIDWIKR Y RG X DHOQ/Y LOUR Q DH @

DQG IHPDGHVRDULHEXWLRQ ORQWH /XQD RQO\

6X )RUUX GH LV 6BQKXUUHGGXV

7KH 1HROLWKLF ISHWURG XMDZLWRHR| QHZ WHFKQRORJLHV VXFK
DQG SRWWHU\ WKH GRPHVWLFDWLRQ RI DQLPDOV DP®DG Wil
SDUWLFXODU WKH OLGG @& ZHWERBWKIRGXFWLRQ DQG LQWHQV
D UW HDIQFGV W U D Q V P D U LSGDHD \IHEBW Bl @ DIFFVSIRRIAWD QW UROH OHDGLQ
JDWKHUHU OLIHVW\OH WRKBVRRIED VW IGH® W R UDIBIEHVWHP W KD
UHFWQRHVY $W]HQOLg HW DLEDMD %DR HMWDQGD HW /DX@GGIW

DO



6DUGLWYLBK LQ UDZ PDWHULDOV UIZKH WO \DWBGUGDLWW D /& & DK
RI SHRGBED\LQJ WKH HNWDLEXQ LMK PFRPEQE\H W E/ROMSDAMIGHWPRD L Q O D (
, WDODORQH 7KH QDWXUDO EDUULHUV SUHVHQW RQ WKH LVOL
KDYH ORQJ SOD\HG D UROH LQ LVRRPWHGLWBUGDQIHD QU K M/
LVODQG WR GHYHOGBPIRNV BZQ PG VDWW RQ F\WU R KIHOBEER/ORN X UH D C
WUDG IBWWRKRKIK WKHUH LV D SDXFLW\ RI GDWD IURP BWKHU
JHQ HVUDHQG! DG MWHR WKWK LF "HPRJUDISS KL F3AHBRBOWHGRKEYLVWHQF
VWUDWHJLHV D QBGW BWK K RORIGE DYHEDWBRQRPb WHDYHM G SRSXODW
E\ WKHADRQJH$SWH QL &DPSXV HW DO 9D QM WRKLL BIWRD O

*LDQQLWUDSDQL 3DOPLVDQR

7KH OLGGOH 1HROLWKLF VLWH Rl 3DX ZDV H[SHFWHG WR
GHYHORSPHQW SURPSWHG E\ QHZ UHVRXUFHV DV ZHOO DV |
BHOIRQ DQG OLPLWHG DGPL[WXUH Z&MK]ORFD @ ISRFBEIXOBWQR/QV
DOQWGYXEDGXOWYV IRXQG DW 3 KXSIRWKRQ Y VVRV HI &HPLW KV B/WKHID C
WKH XVH RI PRVW RI WKH LVODQ® XYQHRRGIRJLZ/ADXEQLFKHV HQ XC
obuwLQL HWGkR® WR WKKHUHIRUH GHPRJUDSKLF GDWD DUH
FRQVHUYDWLRQ RI WKH UHPDLQV DQG ZKDW KDV EHHQ IRXQ(
VLWHV WKHRISVUREBGYWQWREY LV H[SHFWHAWKR BHQEHW2RHOQQ H
PDOHV WR IHPDOHV DQG KLJK PRUWDOLW\ UDWHV LQ WKH 38
ROG SHRSOH :DOGURKYH RIMWKKWRSXODWLRRRWRML® K VDNV
JURXSV RI VXEDGXOCRMHMW XDV L QH RIXDEX HY G KOHVIDMRVW KH KLJK C
I[UDIJPHQUWRWHRMHVWLPDWLRQ FRXHGSRIS XODWLRGQG RYXW KE QYGU
\RX@LOAW JURX S HD UXZK LKOHH HMD G H U O \WFKORV B BI® VY WIDWQ W AHIGL V

ILIXUH ZDV ORZHU WKDQ H[SHFWHG OLNHO\ GXH WR SRRU

UHSUHVHQWDWLYH RI WKH OLYLQJ SRSXODWLRQ DW WKH WLF



7KH DQDO\VLV RQRWKW GHQWW® VDPSOHV IURP 3DX ZDV OLP
FDULRXV OHVLRQV 6LQFH WKH LVRODWHG WHHWK KDG QR D
FRXOG QRMHE®RDH KROLVWLF XQGHUVWDQGLQJ RDGIHQWDO |
VWURQ BDHSHIBEEMKWIKHU SUHYDOHQFH LQ P R @HREMNO DHF WRIGD
EVWUDGH O&KDBWWU ILYH 7KH LQWURGXFWLREWY QRG DED
QHZ SURFHVVLQY ZHWIORBW WHK® RKR/GIV PD\ KDYH GDPDJHG WK
IDYRXUDEOH HQYLURQP HQDQ IRQYF BB PW H ULEDI VBHEIHD Gl ¥ TORURMERKGHV
OLIHWLPH RI 4RZHWHG XDPRRUGLQJ W RHVEXDL F HARBHHBH D O \KRH
DIIHGEVEM D SRVVLEOH LQFUHDVH I0Q QNHW LGLLIWA U M R F HRAHIO WX
ODFN RI LQIRALARIVRUR B DRQW/IDH SO & LRDWKHGLQWHUSUHWDWLRQ
GHQWDO HQDPHO K\SRSORQ DL VIAWIKR Wi FIWFWADWR|I HQDIVURQP
VXJJIHVWHRAU BO VKKIHD O WW BHRIMKHMNLQJ WKH DV VHAS WY RQN QUFH
RI HD/WOUHVV \RG X UIMPB U X PIRIPH QW L Q ZKIIRZWKWULWLRQDO
PDWHUQDO EUHDVWLPSORYH KNMH@RAK VRKWFRPHY VXFK DV I
GHYHORSWKBAVWRIERUQ V LERXQIB EWWHPPHG LQ WKH 1'7 PRG
RIWKH D VVXPHEPNHW LG LSWM\HDQBRBPBY KIMfBEHULHQFHG DQ LQI
IHUWLOLW\ ZLWK VXEVHTXHQW KLJKHU UDWHV RI SUHJQDQF
VXIILFLHQW DP R XQ WWR RV XVAELHV Y EXOBIO\RIR R GEXUFHHIVARMNRIZ BIOMMG K

OHG WR HSLVRGHV RI VWUHVV IRU LQIDQWYV

7KBDX SRSXODWLRQ IURP SVKHBQG®EWH UHRK QR M K HFG\HH Y ORKSSR
RI' D QHZ OLIHVW\OH VKDSHG E\ WKH VXREMHIGKEIWHR § VRX @\JR
WKH GHOQWDWKHBOWISRSXODWLRQ KDV VKHG OLJKW RQ WKH
VXFK DV WKH HPHUJHQFH RI FDULHV DG DHQ AW D W HSRERONY X H
SUHVHUYDWLRQ RI WKH UHPDLQV LW KLIFIERYYHEOMW)LWRWAX DD

DQG GHUMOQGDPHQWDO LQ VKDSLQJ WKH RUDO KHDOWK RI WK



ORQWH /XQD 1HFURSROLYV

,Q WKHLOOHQQLXP %& WKWMLRQWRI UR IS R JEIMAME/H DHS/HV D IEDD.@ K P
ODWBOH DJULFXOWXUDO DIQIBOKEIXGIHBI WK R GGRRFAH R DA KD WD R/@)
SLJV DQG KRUVHV DQG WKH FXOSWL Y\DKV I/ R L RIHUAL/D M. R QY D\C
DQG WHUUDFLQJ ZHUH GHFR VK& W® E\CRH Pl BLNGHDAMKH-HPRDIDADEUDHY G
OHUFXUL7KISHUZRBONIRDUDFWBULWHWG EFHY LQ WHKPRIDIDS k
FHQWUHV WKH SR DX D\WDR@ LSDRUMAOW B® B W R QI \AMWHPURN |
Z D W,iQUF R Q WWOWYIO DRIGE B QWDIDHI\DH V\VWHPV BIRS K MEW HRQV OXJ
ZHUH ORHEMBD $FFRUGLQJO\ WKH DFURSRO LN GRD 6BIH WU WH O
VXLWDPOULRADNXD® LPSRUWD QW NWXR UN) L\ K6 BE@IEFDE O\ Z |
VPDOO WRVPHGELXPEDDR FAHKQWUHY EDVHG RQ DUFKDHRORJLFC

UHPDLQV GLVFRYHUHG LQ ORQWH /XQD

7KH VNHOHWDO VDPSOH ZDV XVH DGR W\D MRX® D WWX B DELX ORN
LQGLYZEXBOSDUWLD QBLGRPBIOM\RMWKHU UHPDLQV ZHUKH RPP|
SURSRUWLRQZDIVVXEBIGOGUNWR 3DX BWZHUY WK HIRH HYDNG HQ FH
LQID@WYJHU WKDQPRGOERKEWJHY PLVVHOWLRQ RI WHKRIX ORSKID W
WR WKH SRVVLEW®BKIDVGHVQBB RWIBG EXULDO VLWH IRU XQERU
ZDV FRPPRQ LDQ3RRBQEFQLF WLPHRZHMB O DES KKPAKEHHQ ORFL
LQ RU FORVH WR WKH ORQWH /XQD QHFURSROLVY WR GDWH
SURSRUWHRRWHWXQD VN HOADBGHMOXEDIRK@K HDJH JURKS UV

ZKLOHOWR B VIURXERW ZHOZILRIQON V REWSEHWHU 7KUHH

7KBHZDRI VXEVLVWHQFH EDVHG RRI D UDLRXO V@S B GNRURGK W
XVH RI WK H D3IEQ &K FIDIS W DAEROQLWIKGPHHODAE ®H [) X PE 8 B BRSSP D QG |

ODGULJDOLI»RWK RI WKHVH DVSHFWV FDQ UHDGLO\ DIITHFW WK



RUDO KBDCSMK LR SLFD0 DOMQWEPRUWHRBOWRRWKVOWMIRQJO\ DJ
GHSHQGWHKAWLQJ DQ LQFUHDVH7EKHWK @-EXRD RIL\QHEPIDUIHWK H

DQWHULR & GCHIEMH WMDR@\ \ERVVSRIDQYEW LHWDU\ S RH /KB DYNQ
DQG FDUE PRIGL DRDERUKLY ZDV SURE D E Q) XW\EQ LD REPW & B

DQG PHGLPHG WRIQNVFWKTWGO IDUPLW B MG NG IVRIRGE SURFHVYV
SRVVLEO\ SRRU,RUWMIOHKVPIHIMH VDPSOH IRU ZKLFK ELRORJLFEL
IHPDOHV ZH U HGHM QRFWENSHDENVWHVHH PHORDPSWKH UDWH R1 FDULHV
KRZHYHU WKHUH ZDV D SDUWLF X@& B CDJRR WHJI B D W HQ LIOR W WHI R
PDOHV KDG D KLJKHU UDWH RI 3/ WKDQ IHPDOHV ZKLOH $07/
PRVWO\ WKH PDWXUH DQTKRMXGJHEWYWVRDWHIHRRLLGINY ORVW
FDULHV ZKLOH PDOHV ORVW WKHLU WHHWK DV D FRQVHTXHC

LQ WKH GHQWDO SDWKRORJ\ SURILOH EHWZHHQ PDOHV DQG |

7KH GHQWDO KHDOWK RIIFBOHG BQGHHARWHKNM EVIDFWRUV VX
ODUNOHLQ HW DWW DWXV RIKARPHQ LQ SKRHQLFLDQ DQG 3XQLF
PRELOLW\ DQ®& WRFOXFORQLMMERERY K HW DO OHDGKHW WR
ZRPHQ ZHUH SDUW RI WKH JUDLQ SURGXFWLRKQHKDIO®\D @&
FRQVHTXHQFH HRG HQMNDWHWRHIBRWWHOHVAHDWHDMSBPRYVRPSWLRQ
WH[WXUH IRRG SURFHVVLQJ SRSXDDE MWRMH & H/ONODNEK. @LIH/HAHIA. QH
IHPDOHV GXH WR WKWK@& LKIRRJWPHRQWM LDOR VIDCIHOED B\ @/BXBIER/L W L

:LOOLV DQG 2[HWKRDXIMB&LIJKHU SUHYDOHQFH RI FDULRXV O

ZKLFKLOPWHRDVHG KHWH DOV HYOGHR ARHLK)I A EOREA\IWK H

SUHYDOHQFH RI SAKNHDED WA O RPVOLRK@WH EHHQ GXH WR FDULF
E\DQ LQIHFWLRQ FUDFNHG RU EURNH®WHHHRWK RSIVHUHIR & RQW\H

ZKLFK FRXOG RFFXU LQ ROG DJH ,Q WKLV UHJDUG WKIR SUH"®



DOVR VKRZHG QR HYLGHQFH RI SHUL DSH BMBEXE MOFRILMQAMH UP O H®

DJJUHVVLYH FDUIHDW RHUIQS\WRNV WIRESHHWH QW WKH WRRWK ORVYV

(+LYHWRQWH VRO NERZBQ HDUO\ RQVHW EHWZHMIQHUB BR&GOH \
SKDVH EHWZHHQ DQG \HDUV DQG D GRWH R 5 WIK\HH HDH.
RFFXUYWL®HIHFWY ZHUH BONHORQRBQEW® WRWUHVV FDIDUVHD® @)
DQG SURFHVEHBRPURIQRRUH LPSRUWDQW GXULQJ WKH SURIF
DSSHDUDQFH RI (+ LV DVV\RW LDNBREE &/HEWK KK W DQD MWHKH S U |
YHU\ IUDLCS FKRFOUE GHERW WKH RQO\ RU PDLQ FDXVH RI JURZW
JHQHWLFV VH[XDO GLPRUSKL VHF RQRAIR/Q FHFQWRLY MGG G/ RVFR
ZHOYRU H[DPSOH IHPDOHV ZLW\ R4 RN B/OEY PR ® 8 Y DI MR X J
FRUUHODWLRQ EHWZHHQ DQ HDUOLHU DD BIERMH RFFKHLWHGHAH \

& KD SSWHHIQ

IRQERQAHHDVXUHPHQWVHD Q/G PRWBRRIQWHH WOPBOURY UEHE KH U

LQIRUPP@WKRHDOWRILOH 7KH 6DUGLQLDQ VWDWXUH SURILOH

SUREDEO\ GIXVR O/RWWREH LVODQG DQG WKH HDUO\ LQWHUUHJ
JORULVY UWH®DOD HW DO 'DQXELRVHW. POUWHRIQYWHKHE ¥ W
FRQVLVWHQW ZLWK KK M 0D @QNHUDMRQU W RZDWKL MRXOWXUH WKR:
FKDQJHV LQ VWDWXUH 7\KHN QL V. (E H DICIRHMB RVIVEEBEIDQ B G UIR Z H U
GLEWLPKNMR VZLOXWQLWLRY MW BHBOWKR EH XQGHUVWRRG LC
DURXQG WKKWRKK®WEBPRUH WKH FRH[LVWHQFH RI GLIIHUHQW
SRWHQWLDOV IRU VWDWXUH OLNHO\ FRQWULEXWHG WR WKH
FRQGLWLRQV OLNHO\ KDG DQ LPSDFW RQ WKH FKDQJHV LQ V\

OLYLQJ FRQGLWLRQV ZRXK® @ LVNHIFOX H< D @ HS RRRAEHUOY DAOGDBHWNIV/A (



3HV HW DO ODOHV DUH DV H[SHFWHHM YWHYHYADLQWO\

FRQVLGHUDEO\ ZLGHU UDQJH RI WKD®WHHY LQ IHPDOHV 7DE

%RWK PDIGHH@OHD/QLLWK (+ ZHUH VLIQLILFDRWW\ WKRD Y/ HEY VKD X
WKDW IROORZLQJ WKH 1'7 WKHUH ZDV D UHOLDEOH DFFHVYV
+RZHYHU WKH GHQWDO SDWKRORJ\ SURMRBBMNO(HY D@G&G VMDD
GLVSOD\HG GLIITHUHQW QOH RHXW\F ARRR HWVH WIRO IMKEHWHD FEBDDQUHEG WF
UHVLOLHQW DJDLQSWURKBISY/GIKWR DGUHW Mg VBHRW WHUQDFFHVYV WR
7KH\ DOVR PD\ KDYH WG DBW P H IQWHQONHEDBEDI &MHE/ R[ PHFWD Q F\
SUHYDOHQFH RI RUDO SDWKRORJLHVR PHH BB OHHRW VY X D) QB W/ KOHREL
GLIlIHUH@OWOREZHW OHYHO RI FDUH ZKHQ LOO RU PD\ UHSUHVH
RPPXQLW\ DQG KDG D JHQHWLF SUHGLVSRVLWLRQ WR HLWKI

+RZHYHK\S\RWKWVEDVHG RBDRP@OY DMP SOH

2%-(&7,9( $33/< 1(: 7(&+12/2*,(6 68&+ $6 63(&7523+2720(75<
; 5$< )/825(6&(1&®1')7,5%37572 678'< %85,$/ 5,7(6 $1' 3+<6,&$/
&+$1*(6 ,1 7+( &217(;7 2) %,2/2*,&3K,$/ $1' (19,5210(17%/

1)/8(1&(6 21 3(23/(

7KH WKHUPDO DOWHUDWLRQ Rl WKH VNHOHWDO UHPDLQV IUFR
VSHFWURSKRSDRPOHKWRUHVFHQFH :5375DQW §YD¥ FUXFLDO WR

FRQWH[WXDO DQDO\VLV RI WKH WHFRILRPAL FW BB Gi § X DWRXQUFDHID
DQDO\WHVHBDQPRYW I[URP DUFKDHRORJLFDO H[FDYDWLRIGQD UH >
TXDQ®HWW WIFMBIONH) ] PXVW EH NHSW W@ YID@VPHESKRGBLEMW H W K®IL
DGYDQWDJH RIHSWDRLOLHGG @ (MRK RIWDRQV ZL W KR X \8 MWKMHUG AWG F

OHWKRGV VXFK )DOV583PHDQGEH XVAWLWRWKEHVRXUFH RI PDWH



YDULDEOHV WKDW PD\ EH)XRSWRKHVUP QR WHW B IRWNANHHE UBHKW & © D W |
UHVWULHAHWVDLRIQMXPHDQ UHPDLQV LQ ,WDO\ VSHFLDO FDUH PXYV
DUH IROORZHIX GHKKULVREWYDLQLQJ SHUPLWYV IURP WKH DXWKRU
SHUIRUPHG HWKLFDOO\ DQG UHVSRQVLEO\ DQG UHVSHFWL
FRPPXQLW\ WKDW PD\ EH DIIHFWHG E\ WKH UHWMDKH KHWHDLUY
FRQGXFWHG LQ D zD\ WKDW SUHVHUYHV WKH GLJQLW\ RI WKt
XWPRVW WHVS HPW R UW D QWK DR K-XPPIKQ WRWREDDL) W R FIRIQW H GOHRONA
WR EH FXOWKQDWXEODQWIHRDLQV |UR K IDUHYX DHRO RN @ U DL
YDOXHDBIGHU WKH UHV SRIQM VL DU W RIXW®/E 0 DQL Y &HRD J H
EXOWXWKIHDUH VXEMHFW WBQXDW\ Q &RGH RI &XOW:
IDQGVFDSHVYQRFROMEHNLILF FODXW KHXWH L UDENKKISDDK & WWH D C

DQG ELRORJLFDO KHULWDJH

%LRDUFKDHRORJ\ KOWDGIHH BIGBDBYWRG \D \N R G ROHRZLIPHS\U RARH
DQG PD[LPLVH WKH LQIRUPDWLRQ WKDW FDQ EH REWDLQHG Il
KDPGH LW SRV V IGEDOANDHNAR FFRRADHOVH BV DREHIH \RH LDY@DAY NMRBYG H G
QHZ DQJOHV RI UBRFBMPHYIDRXIV@®) XQDYDLODEOH 6RPH RI WKF

XVHG LQ WKH SUHVHQW VWXG\

&RPELQLQJ DGYDQFHG ZLWRONMRZFLMRIURD PG WHFROSUXKWQV L
WKH ELRORJLFDO DQG HQYLURQPHR QID®ZRRDDMKNH B G D WK BRW V
7KH VNHOHWDO UHPDLQV IQUR®PH 8 /XD BB QDR WHERSEKR W R P
JOXRUHVFHQFH ;5)7UDQS | RRIFPH EHBISH FWURVFRISLV )ZD3V DLPHC
DGGLQJ QHZ G DWDHWHWN [ MVRV HRW KRGV K HDHR\E  Q MZK R GFHDVX WU )\

RI WKH FRKEHWHYHG LQ WK H KK PXVG! RHANDDRR@MIXG\WLFRDVPHW I



SURYHG HIITHFWLYH LQ SURYLGLQJ LQIRUPDW LR X BRQ@WMKW QR

3DX

&UHPDWLRQV LQ WKH UHJLRQ XVXDOO\ GDWH WR WKH 3XQLF
RU RI D GLVWLQFW EXULDO ORVFDWL 3LJD TURQFKH
HDUOLHVW FUHPDAMWIURIQMR XQEGDQGAURHDOLGGOH 1HROLWKLF VL
RI FUHPDWLRQ LQ WKH OLGGOH 1HROKMWRERNVNWQARERWWEHQY DI
*KLDUD GL MW'SIHIQBQQLXKHU&E D XQLTXH VHFRQGHG\ ERSRW |
EHORQJLQJ WR D FUHPDWHG ZRPDQ ZDV DVVRFLDWHG ZLWK \
FDOFLWH EHDG %HUQ DBKZE YoRHUTHCHWW MDA DWH R *D L ROCGAHUH

UHFRD@WH@GHD VW 2RW N LIWHDQYHAMARIREU HZR RI WKH JUD WHR/DZH B H
DDHPDOH DQG D RUW®RPHRIWNEVERD HW DO WKH 1RUWKHUQ 7\UUKI
IXUWKHU HYLGHQFH RI FUHPDWLRQ RI VHYHUDO LQGLYLGXDO

RFURWWD GHQOWREIQWABR )HOLJQR 6DYRQD /LIXKDSOSWHMHOIRXL

7KH HYLGHQFH IURP 3DX VXJJHVWV WKH SUHVHQFH RI DQ LC
H[FKDQJH EHWZHHQ PRSXOMHWUPQWHDRQ BKHLQ GXULQJIKWKH 0L
ORQWH $UFL REVLGLDQ SURGXFWILRW R \WANWVABRD §G QWWNLQW
BRXWKHUQ )UDQFH DQG WKH QRUWK Rl WKH ,WDOLDQBINLQOI
DPRQJ WKH FUHPI\RRGWHHRBUQMMWYVWKDW WKH SRSXODWLR
VRSKLVWLFDWHG V\VWHP RI FXOMN X0 D H/) GTARPQROMLLAL W | FIKQ
WKHUPD @ ISDWHPHDBQ RQEK H ( RLIDWDIOWRSSRUWYV WKAHBROQE® X
%UHD HW DRUWKHKPMRHWULGHQFH IURP 3DX VXJIJHVWV WKDW V
FXOWXUDO H[FKDQJH QHWZRUN DMIQREK P G PIGWIHRA RARV DIMKSH €
EDVLQ 7RUW @HLWHBO\ SOD\HG DQ LPSRUWDQW UROH LQ WKH G

DV LW DOORZHG DRIWWIKNHWEQRORIRHY DQG JRRGV EHWZHHQ



LQ WXUQ DOORZHG IRU WKH GHYHORS VNVOWHR VR A § QKK)IOROR L

D VLIJQLILFDQW LPSDFW RQ WKH GHYHORSPHQW RI WKH UHJLI
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&KDSWHU RQH LQWURGXFHG %RDVT FRQFHSW\\RUF®IORB Q

FXOWXUDO HDRAN®R @ R BHFW QXKML F DBHY NBRSPO QW RI D FRPPXQ
LQIOXHQFLQJ WKH ZD\ SHRYQHRDPHQOWP® LD PWMRD¥VWDQ DOVI
RI DQ RUJDQLVP LQIOXHQFL®J L) WQYDDULRZ WK HD QRSUE B MO RICR R |
YDOXHV FDQ EHVIRFIOKMOEHWEGDEUYPLO\ S HHIUS/HFRE®D © B O WXL
DUWHIDFWVY LV D NH\ SDUW Rl XQGHUVWDQGLQUDWRB\VE M Q W
SRVVLEOH WR JDLQ LQVLJK®RZL\ @R NKHRE REROMECGW HUDFVGH G Z L
DOQRWKHU %\ VWXG\LQJ WKH VKDISH DWIWH | DFQVS/ P D WRHDLHDRO
LQIRUPDWLRQ DERHW VOWNECKVHEBKQORIORPIGGLWLRQDOO\ WKH $
WV\SHV RI DUWHIDFWYVY VXFK DV UHO LMSROUL WW B © \D & & MAH\D S|
DQDO\EXWIRIOV DQG MXFHWEW\ SOLMWFHWP HQW RI WKH UHPDLQV
W\VSH RI EXEH XGRNBD® UW WH Q GEHHOMMHME YDOXHV RI SBX®GSR S X
+XPDQ VLJQV FDQ EH LQWHUBIRWHG bR ALHMH FRWUL B VW
SHRSOH SHUFHSWLRTQKLV3&EEBXWR ARIQWHBWWDQGLQJ RI VLJI
LQIOXHQFH RQ SHRSO®H FOFPDLMVRICRQ FDQ EH XVHG WRDYDWL Q |
VRFLDO VWXUDRFW3SHEGHUSORQRDBWHO\ WKH LGHQWLW)\ RI SDV

DQG PXOWLIDFHWHGLBRQFKISVE KW\LBRO AAHPDLQQ\OLQ & WV K& WR



EHOLHIV Y DO XBW D)Q EHEHXKBEXYH@EW H IJGIDIW W@ RPIHWKRGV IDFLC

FRPSUHKHQVLRQ RI ERWK EHKDYLRXU DQG LGHQWLW\ RI SDV'

7KH GLVSHUVDO DQDO\VLVY &KDSWHU HLJKW RI WKH KXPDC
DVVRFLDWHG EXULDO SV DZAHWLF HQ\VDIQLEJDODYG GRRBORSLQJ Q
PDSSLQJ SURYLGHG D VSDWLDO DQDO\VLV Rl WKH UHPDLQYV

RI WKH UHPDLIMMYODMQGDXLBKDOV LUUHVSHFWLYH RI DJH ZHL
WKH LQQHU ZDOO RI WKH FDYH OXOWLSOH GHSRVLWLRQV D
SRWWHU\ DQG EWDGWSIPDWHRFRBOHQGH W 0 RGIKWIREWUWDRQ O}
RI VWDWXV RU UHVSHFW 7ZKHW K G® Q¥ KIHRERAFDGQYEMD QJHV LQ E
DEX QG D QM W Y QKKKDIRIRW URI QSR E@H Y D ODWQIG BRV VL E \UDQWL F|
PDULWXPMH{BODQKH VSDWLDO DQDO\VLV DMP S QUM H\XIQQF SRR\
DUHECHW RWHG WR | FOLMG DD DR WEFE BRMDUMY RW Y IRX QG LIQWKH V
DVVRFLDWHG Z LRDK) VEBHM VHMRRBIBPAX G\ IDPLO\ UHODWLRQVKLS\
UHOLJLRXV SUDFWLFHV $GGLWLRQDOO\ ULWXDO BB®WHYLWL
DQ®MBLQ WHUPV RO@KWRZYWWHMM ZHUH UHO DA IB® WYR BMOKH U B PR ¢
Rl B S KFRXBHS XVIOG DWR) PRUH DERXW WKH UHOLJLRXV VBKIBFWL
GHDWK R WK H) IYGDMKIR XJGID D W L FOR\GKIHWE RWZKHHUQU HOLJLR XV
FR XEMB[ S OBRWRHIJDLQ D EHWWHRI MWKGHWWAMDQBKY EHOLHIV RI WK

/XQD
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7KH WBRHPHZE WRRNLIGIH) LILFDQWR AHRZMKR) SHRSOH YRID6 WK @ L IQ LU
FRPSUHKHQVLYH ELRDUFKDHRORJLFDO VWXG\ RI6 KXEGD@L D H
SRSXODWREQ@NEIIRUPDWLRQ WKDW FDQ EHWKWHUE O XMIIER R Q (

KLIKOLJKWY KRDWKHHKEXDQ LV PUR® B \HWLDPKHEF WOQF WIXBI OHGLWH

&RQQHFWLYLW\ DQG H[FKDQJH D VXPPDU\

7KH JHRJUDSK\ DQG FRDVEMH @®ID6PDGRYLUDFWRU OHDGLQJ Wi
FXOWXUHV DQG ISR S XD EHBPWHUUDLQ H[6DRLOLY HK® RAEDIMBY IRC
FROQWULEXWHG WR WKH LVODQG PR GLAVMQAW RV SHR KO H D SBIOFP
DQG VKKIHISIWKILSFHR UG LWQKHWRHROLWKLF 'HPRJUDSKRBPLQDQV
FRPPXQLWLHVY UHDFKHG KIKKDIGY O BRDEKERINGOD ONRHIH W 7K
FXOWXUDO EUHDN EHWZHHQ WKH 06 WWRKCH\XIS BERRIDY 8  WHKRIOK V8 R
D GHPLF VSUHDG BRQ®JWKHAX®WKXWRH PRVW RI WKH LVODQG V
FRPPXQLWLHV 7DQGD JHQX HW DO ODUWLQL HW D
LQWURGXFWLRQ RI QHZ WHFKQRORJLHV VXFK DV WKHFADWIRRI
RI DQLPDOV DQG WKH FRQVW U X FAVKILRAGERIES SHU P\D Q B ER R/ KOV HINK QU
OLIHVW\OH WR D PRUH VHGHQW D WB\DR@HR UDKL /K VIWHAPD & ® DW\K 1@
WLPHV $W]HQL \WH, @ LD WHREGDWKLF LV FKPMDFAMQFUH RH G

VRFLDO DQG UHOEZKIFEAXVHSODRWQFHWODWHG WR WKH GHYHOR



HYLGHQFHGI [EKDRHHREVLGLDRRWRRGVWKH FRQQWI XWFWMAHR@W R
VHWMODMAEA KD QJIHV LQ WK HEXW RGRH VL RIG X QWW\RGXFWLRQ DQG L
SURGXFML @RUHDVH LQ WKH QXPEHU RI VSHFLDOL]HG DUWLVE
EHFRPLQJ LQFUHDVI7RBIOV SPHSHER MR K R XW W IOHH GU IR R K
HVWDEOLVKPHQW RI WUDGLQJ QHWZRUNV DQG W KH. WH\K V& Ft
DQRUWKHUQ ,WDO\ &RUVLFD DQG JDQGQGBHH{WLEOMD % D/K HW.
$GGLWLRGBOBPVHG SURGXFWLRQ RDBWWW X UJHVO\G/ RWKKOHA @
PDWHULDO FXOWXUH ZH YU WRKHHUEIRLRIED @A W K MMR WBLHPYHH O R SV X E
DQG WHFKQRORJLHV WR FRSH ZLWK WKHOOMNL®R @ GG FBLHR D W\
%URQJH $JH $W]HQL &DPSXV HW DO /IR 6FKLDY]
*LDQQLWUDSDQL 3DKOD DWKQURR SRIJHQLVDWLRQ RI WKH
LQWURGXFWLRQ Rl QHZ WHBK®QRIQRIDAHIWHDYE SQ WFKH. BRS X0 D
PLOOHQQILXKBRFP&VWLFDWLRQ RI DQLPDOV DOORZHG IRU WKH
IRU PRELOLW\WRQ G LDUHAWRQWFHY WKDW ZHUH QRW DYDLODE(
DJULEPOWSUDFWLFHY DOVR DOORZHG IRU DQ LQFUHDVH LQ W

SRSXODWLRQ JURZWK DQG WKH GIHORIQRSPHQWHRFXWUEDQ FHC

(YLGHQFBURWRPH W UD QMIRIRW WKW PHEQOH GUREG DWRLBRIQ Z |
%URQ]JH DQG ,URQ $JHV .QDSS DQG 'HPHVWLFKD ODUWL
HDV\ DFFHVV WR WKH 3KRHQLFLDQ PDULWLPH QHWZRUN EDV!

7KH DQDO\VLV RI WEHG DIRS RRGIDKMISRRYELOLW\ Rl WKH 3K
LVODQG DQG WKHLU UHODWLRQV ZLWK &PDWHKOIBONRE STD N B (
DPSKRUDH ZHUHSDR &R RN B@WBIRRIQVD P S K R U DOHR AIROH$ BIRIEQXFHW V
IURP WKH PDLQ $IULFDQ FLW\ $V &DUWKDJH HVWDEXQWKBEGH
ODUJH XUEDQZVWWWOBERQWWH DUFKLWHFW X WH HD @6 FELXHUOL\DHC

LPSRUD/RSRRMUMXODJIJHVWAKRANVRRQYPLF SHULRG VDZ D VKLIW DzZD\ 11U



EDVHG DFWLYLWLHYV WRZDUGYV ERVHGOBFIWOYYWGEHDYQ @ KMAE ¥ K
HYLGHQW LQ WKH DUFKDHRORJLFDO UHFRUG ZLWK WRW DSS
VXJIHVW DQ LQWHQVLILFDWLRQ RI DJULFXOWXUDO SURGXFW
LOQFOXGHG VPDOO VHMAWOAMHEHROW X UDWPW HUUDEBY HGK Bl FYAKLLY W
DOVR OLNHO\ VDZ D GHFUWBGHIR® GWK HURY? HD E U RPSRDRORD O Q\U
SURGXMWHBRSSD DQG ODGUHIPHOUD O®HUWKE VZDY DQ LPSRUWD
GHYHORSPHQW RI KXPDQ VRFLHW LM DKRY GG WX BN VD MGZ IR

FRFROBH[HWODWKHE&XIUBGH QHWXKRUG N YIH@WRIFS PKI@RMOHR & B V

7KH UHJLRQDO GLY MUR/JIHW KRH UDNKLIHRIW/MOHR @'G HHERXHICEI YH L Q1O X H (
WKH SRSXODWLRQ RYHU WLPH GXHWWKR WK B S4D RKRND BVWHID O (
RI UHVRXUFHV ZRXOG KDYH DIIHFWHG WKH GHYHORSPHQW R
ZKLFK LQ WXUQ ZRXOG KDYH LPSDFWHG WKH GHPRJUDSKLF P
WKH VHD DY RREBXARPHOB KDYH EHHQ KLJKO\ EHQHILFLDO WR
DQG LQ ILVKLQJ YLOODJHV ZKLOH WKRVH OLYLQJ LQ WKH PR
RQ IRUHVWU\ DQG KXQWLQJ ,Q DGGLWLR@EEHWKWKWKGHMHORS |
WUDQVSRUWDWLRQ QHWZRUNV ZKLFK ZRXOG KDYH LPSDFWH
LVODQG )LQDOO\ WKH LVODQGYfV FOLPDWH DQG JHRJUDSK\ |
SURGXFWLRQ ZKLFKUIZRKK® GVKBYWHWSHWHBBRSY WKDW FRXOG
Rl IRRG IRU WKHKEIRFE®DVWRRQOD PRGWOO UHFHQW WLPHV !
6DUGLQLD V HFRQRPMKWEDY QVIXWHRB @A) DRDWSLIV XQWLO WKH
IDQQRX 7KURXJK D WRSRQRPBUWWRUDODXGERPPXWORWLHYV KDY
HVWDEOLVK D VI\PELRWLF UHODWLRQVKLS ZLWK WKH ODQG \
&RUULIJD DV ORQWYT pH VWWISHW W W AVROHUWR RR WKXGG POLMY\Y M D
KRXVHZLIHfVGEEOPS \GHOYRBWXQIDV®DY ADAMKHQD pHRWXDOH

QLQJYV2EBEFWWDX7KIBURIRIOWKH 6DUGLQ ISU® \GHRGW & OEARIMHE R C



UHVLOLI®DGCPBWR®LRQ WR WKH HQYLURQPHQW LQ D UHFLSURF
WKH ODQG DQG WKH VXEVHTRAXMQUWD LD UQLQJI KH R H EKDUHRFOMRL
WKH FHUDPLF UHPDLQV RI 3DX KDYH VK RFG WKW RIKPLG NHIK
DV ZHOO DV SODQW IRRG )DQWL HW DO OLON DQG PHDW

IRXQG ZKHQ DQDO\VLQJ ILQGV DQG IDXQDO UHPDLQV LQ
UHPDLQV FROOMEW H® DR BORZQ WKDW WKH 3XQLF GLHW ZDV

DV VKHH®P QIRBWW DV ZHOO DV HHQUG ME D | ORHG X PBIFR QU XR WWH \

8QGHUVWDQGLQJ 3DX DQG ORQWH /XQD

7TKH FDVH VWXGLHV I[URP WKH OLGGOH 1HROLWKLF DQG 3XQLF

DQXPEHUH\ GLIIHURDQLRHOW D@\

x /IDWH LQWURGXFWLRQ RI IDUPLQJ FRPPXQLWLHV ODORGQH

X 'LIIHUHQWLDO FQDF BMWHF E KD DHD 3DOPLVDQR

Xx 5HILRQDO HQYLURQPHQWDO YDULDELOLW)\ LQEHKMBDHFHG
KXPDQV DQG QDWXUH VKDSLQBHMX®G® EUROR XE \WhRDA\HQFH

&RUULJID 3RZHPBO FIJIDKH Q D E OD[LD

7KHVH IHDWXUHY KDYH SOD\HG D FUXFLDO UROH LQ WKH FRP!
FXOWXUDO FRPSRQHQWYV RI WKH SHULRG EDVHG RQ GLIIHUH
VWXGLHVHGLYVRXVYDU UHYHDOV D UHODWLRQDO XQGHUVWDQ((

IROORZULRQLIODULWLHYV

Xx 5XUDO VHWWOHPHQWY )LJXUH

X 6HDIDULQJ DQG PDULWLPH DFWLYLWLHY $OFLDWL 2

ODGULJDOL



X ,QWHQERMXWR@IDX ULWHV ORVFDWL 3LJD TURQFKH
FKDSWHU WKUHH

X BURWHLQ LQWDNH PDLD@G IJRK VEKHMHRBQ JARIJW W V ODOF

X 6HGHQWDULYV S DY@®R UDI KVAMVOHP 0DORQH /IXJOLq
7JURQFKHWWL %DUWRORQL 5RSSD DQG 0DGULJD

X (QGHPLF PDODULD %URZQ TRIQRWWL 6HW]HU

7KH LOQOWHUSUHWDWLRQ RI WKHVH IDFWRHQ W XK Q/HSHERIRR[ U
WKH JHQHWLFV DQG HQGHPLVP RI WKH LVODQG 7KH ODWH D
WKH JHQHWLF SURILOH SUHVHQ@W HEK EADOD WIFRKHE DIGWD@ PV K H H
WKH 1XUDJLF SHUWIRZG® YADMWEARITY QRWHG ZLWK WKH DUULYDO F
IURP DOO RYHU W KHKHHIGUW WUWRKHIARHQIFUBQY ZKR FDPH
SUH \GHQ WH E DIRR@ R ZWE HER/XRKR FDPH IURP &D WGWKDYXQLYUH\
7KHQ GXULQJ WK US/RRMEIXD) OHLQ@BIDJHY FRQWLQXHG WR DUULY
SRSXODWLRQV KDV UHVXOWHG LQ D XQLTXH JHQHWLF FRPSR
SHULRBYQRMRODWLRQ DQG VXEVHTXHQW PL[LQJ &KLDQJ HW D
UHSUHVHQWLQJ WZR WHPSRUDOO\ GLVWEKGFSHRB B WXAED OR{H
/XQD KDYH VLPLODU GHPRJUD S K/IKEBQ EW B.H $ UTHUWCH B UID\O GHHFDLA
WKH FRQWH[W RI VPDOO UXUDO RMQUMHWYKVOW KDMV \SOHIE @ DIE O
KLVWRULFDOO\ LVRODWHG IDQG B QB R QN & PLHG HFRFIRP LRRGO\ F

ZLWK RWKHU FRHRD O ISR KGLWHUUDQHDQ

ODODULBPHKRVZLGHO\ UHSRUWHG DMYQH@GHPHK LXEXRUWRM)LLAH
%URZQ DQG WKH GLVHDVH LV FRQVLGHUHG FUBRBRI®DO L

FXOWXUH WKURXJKRXW KRMWRRUW KIWUIRZISHDUDQFH RI WUDQVK



ZLWK WKH VHYHULW\ RI PDODULD DV SHRSOH ZHUH PRYLQJ V
ZLQWAWRZQ 7RIQRMWBULPD QY AP BRBISKXHOHY OIXBWDQF
IOGLJHQRXV WR WKH LVODQG DQG H[LVWHG EHIRUH KXPDQ V!
LQ 3XQLF W LLPHHYW UWGDIFH BYBWB VIRUWK $IULFD 7RJQRWWL
3DXV FOWRRVEBRQWH $UFL ORQWH HXQDUWVY CORESDWHG RQ WK I[H
FKDUDFWHULVHG E\ QXPHURXV PDUVKHV XQWLO UHFHQW W
FRQGLWLRQV ZHUH IDYRXUD E DO MKBIWPHEXTHOLGV RHWY RB G5 LV H D
WULJJHULQJ EHRDHEVRXUDODWEYRR® QV  7RIQRWWL 7KHB6HW]
P D O DULLWDX V &IDIHR/RVYW RBHQ UR G X FHW & IEWRIRGG LFGICHZ\D \U HROHPDNG
SDUDVLWHV :$IARQGMWKIDRED LUV WKH SURGXFWLRQ DQG RU D
WR RAIXGIDIDLDOMODHDL WHUDEQ®YW\ WR FRQWUDFW PDODULD §
UHVSRQVHV WKDODV\SKHRFISKDWE GEBKFRYRJHQDVH * 3' KDY
SUHWLIQQWKR 8BBUGLQLD %URZQ SIDIRWHIW DQG OHMG KDV
EHHQ VKRZQ WKDW WKLV KDHPDWRORJLFDO GLVRUGHU ZDV
OHDGLQJ WR WW KD WE R SWEWEBRAV)L. OO0 D W/KHWQIPZ WIRVXDWLRQ |
$VD@GDSWLYH UHVSRED D MWRDIMFRQIOR SDPRYRBWY DIDXQWVMO PR
FDXVHV RWKHU GLVHDVHV VXFK D VOHDR BHMKRL B G F\DDQXK R P
&DUWHU DQG OMQI®IFW WKDODVVHPLD PDMRU SURGXFHV WK#
OHDGV WR GHDWK LQ HDUO\ FKLOGKRRG LI QRW WUHRWHG
FRQWUDVW LQGLYLGXDOV ZLWK WKDODVVHPLBDRLGRIQVERRQ|
FRQGLWLRQ E\ OOLLYIHY WDOKIH MKMK\HE\ VXUYLYLQJ ORQJHU DQC
7RIQRWWL DQG ORMWHWODDRQ GHILBOW®RFKQVLQIOXHQFHG E
LQWDNH OHDGLQJIUW R KY JIKQPRUWBBRRG DQG VWUHVV LQ OD\
OHDGV WR GHOD\HG SXEHUW\ GXH WR LQVXIILFLHQW SURGXF
LQ VWXQWHG JURZWK DQG GHYHORSPHQW V$KDMDBPVX W\ D

UHDFK WKHLU RDGHB\RWHNQYMIMDDO PLJKBEKQBKQ PMHOH) O/RZD W X L



FDOFXODWHG IRU D QXPEHU R LFR MPKD\BW IDENRQWY 6 DX GD Q L ORE

ODUWHOOD HW ROHW DO 'DQXEL

$ HYLHZ RI WKH OLWHUDWXUH DQG LQWHUSUHWDWLRQ RI WK
/XQD SUHVH@WHG \KHWKDW HQYLURQPHQWDO DQG VRFLDO F
DORQJ ZLWK WKH HQ YQHR@P VIQRE CEEDDKRESWKIH BB UGLQLDQV Z
WR EH VWXGLHG IURP D ELR DY FKIPH R O/RA WD @ VS W YA SIH EW WY FF
ZRUNWZGDUGLQLD QVBREXVHMNAVR YR GHILQH WKH XVHIXOQHVV F
WR GHYHORS3KMHZQERWIDWLRQ JDLQHG E\ WKH DVVRFLDWHG
DQG KHLJKW DGGHG DQ RYHUYLHZ ZKLFK HQFRP S DRXVHKR XWR J
WKLV WZR GLIIHUHQW 6DUGLQLDQ WLPHV SODFHV DQG FXVV
DOLJQHG ZLWK WKH PRVW UHFHQW VWXGLHVY RQ OHGLWHUUI

DOORZLQJ WKH XQGHUVWDQGLRRWKIHYHAZ FRQQHFWLRQV DQG

&218&/86,216

$ FRPSUHKHQVLYH ELRDUFKDHRORJLFDO DQDO\VLV RI WKH S
WR SURYLGH GDWD DOLJQHG ZLWK RWKHU VWXGLHV RQ OF
LQIRUPDWLRQ RQ WKH HQYLURRPEQ®H G QAL VO GOWFD SHD LKHL
DUFKDHRORJLFDO PHWKRGYV DQG VSHFLILFDOO\ GDWD YLD
DGYDQFHG DQDO\WLFDO WHFKQLTXHY KDYH VKRZQ WR EH EHC
RI DGYDQFHGHW HFEKR. SURYYBWIGYE QRYURDFK DOLJQLQJ ZLW
Rl FXOWXUDO KHULWDJH 7KH VSHFLILF WKHRUHWLFDO DQG
SODFH WKH KXPDQ UHPDLQV ZLWKLQ DQ DURBEBRORV LF ED \F

IXWXUH VWXGLHV



50)(5(1&(6/,67

$$ 99 /ID 6DUGHJQD )HQEWIRRIBR (HSBE PXMHM BDROILVXRUR ,00LV
$JDUZDO 6 & DQG *OHQFUGRALO®R B U AFKEHROBD\IRAODFNZHOO

$O0OHQ / + 1IXWULWLRQDO ,QIOXHQFHV(RQRSBHBQURXRG
RI &OLQLFDO 1&X\SB.ONHFFRHD W 6

$OORYLR 6JDQWEMRISKRVYL OR VFDQGDOR GHOOD SXWDHID]LR
WUDVFHQGBQFRVMWUX]LRQH GHOO>H@ILGHQWLW] ROWUH OI
DQWURSR&SRQMHWIQR 6FLHQWLILFR ,QWHUQD]JLRQDOH ,,, LQF
$UFKHRORJLD D FRQIURQWR 6WDGLR 'RPL]LDQR 5RPD

$O4DKWDOHMFWRU 0 3 DQG /LYHUNWGHHFRPPXQLFDWLRQ 7KH
RI KXPDQ WRRWK GHYHOFPSHRHE®QD (RX IO VWRIRIX\VLFDO $QW
KWWSV_GRL RUJ DMSD

$PDGDVL $ OD]]JDUHOOL ' OHUOL ' %UDQRRBQBIFV$HULY® L
JUHTXHQF\ RI &KLSSLQ&RQWB®WW £)XQQVHEWW ORXOQBN )RUHQVLF

$QGHUVRQ $ PHGLHYDO EODGGHU VWRQ HQ WHWQ DRUARFHKO I-R
2VWHRDUFKDHRQR J\

$QWRQD $,0 PHIJDOLWLVPR IXQHUDULR LQ *DOOXUD $OFXQH
OXURLYLVWD GL 6FLHQ]H 3UHLVWRULFKH

$UDR]DQL 0 .KH\UDQGLY¥K 0®R IKDGNEIDR ( $ 6\WWHPDV
DQG OHWDM\VLY RI 6WDWXUH *UR BN R CSCRPVSHCPLLATD \MICREDO B § WRL
*OREDO +HDOWKGRL DRJK

$UQQLV &R QW WDLEX VSR W G R H RO R HIBH 6 R B L5RWPjDELD
$QWURSRORJLD

$UPHODJRV ®KDSWHU %LRDUFKDHRPRIKDHROPQRWIKFRIRCE B O BB
$PHULFDQ $QWKURSRORJI#tFDO $VVRFLDWLRQ

KWWSV GRL RUJ KWWSV GRL|RUJ DS D

$UPHODJRW®WDUOVRQIDQ6 *HUYHQ '"TKH WKHRUHWLFDO IRXQ
GHORSPHQW RI VNHOHWS®I®QFE HR® IGM WERW\ RI SK\VLFDG: DQWK
1HZ <RUN $FDGHPLE 3UHVV SS



$XHUEDFK % O OHWKRGV IRU HVWLPDWLQJ PLVVLQJ
GLPHQVLRQV HPSOR\HG LQ WKH UHYLVHG 5POOLFRRAFKRDOTRH
SKIWFBOWKBRBRSRO

%DJROLQL % DQGD62BOD GH 7TUHQWH HW OH PRPHQW GH VW
GHV YDVHV j EBRYXHKNWRUUDPHOSLQD

%DUELDQ /7 DQG 60HG]LN 3 6 + H D OR. QU Q)IRA (RR Z)IRQH
6FLHQFHV [KWWSV GRL RUJ M|

%DUNHU ' - '"HYHORSPHQWD B REQLIEQAMHBDBKURQLF GLVF
%DUQHV ( $WODV RI '"HYHORSPHQWDO )LHOBADORREZ A DK
1HZ -HUVH\

%DUWRORQL 3 /D QHFURSR GU BQ XN LI B GEAHOLMW HREIR B
JHQLFL

%DVV 0 : +XPDQ 2VWKHRWOWRRXUL $UFKDHRORJLFDO 6RFLHW\ ¢

%HIID * 3HGURWWD HWEROBREDWBGWLRY DQG ILUMR KIWKWR
HDVWHUQ 6DUGLQLD ,WDO\ XQGHU FKDQ@HIGWLHRERRK HQQG F O
$UFKDPRERW: KWWSV GRL RUJ Y

%HOODU\ 6 6 6WHLQEHUJ $ OLU]D\DQ *DGRRLWBIPG OR X RODOB/E

0 "RUPLDQ ERQHV $ &QUHMUADXO $QDWRP)
KWWSV__GRL RUJ FD
%HQGHU % 7LPH.RQGHOMNQ SYWBSIRBEROR J\

%HQGHU % +DPLOWRQ AH\DNHUDILGEHVWR Q HQZRUIDGAL YOHOA 19
ODQGVFDBFHWHGLQJV Rl WKH 3UHKLVWRULF 6RFLHW\

%HUQD ) *ROGEHUJ 3 .ROVND +RUZLW] / %ULQN - +RO
OLFURVWUDWLJUDSKLF HYLGHQFH RI LQ VLWX IDYH LIRWKH Ut
&DSH SURYLQFH36BR&XWK $IULFD

%YHUQDEz %UHD O ODIIDQED OV EAHUZ/HYWLPRQLDQ]H IXQHU
JHQWH GHL 9DVL D %RFFD 4XDGUDWD LQ (PLOBDYRNMLE IBQVEB L
SUHLVWRULFKH

%HUU\ $ & DQG %DSUIHGBGHWLF YDULDWLRQ RROUWGRD RX DO N



%HYLODFTXD * &KLRGL PDJLFL LQ $UFKHRORJLD FOD\
VWRULFKH DUFKHRORJLFKH H DQWURSRORJLFKH GHOO DQWL

KWWSV GRL RUJ

%HZLFN 9 &KHHN / 6WDWQAVWLFV UHYLHXHVMW]\D @ L ViZAM R\ BD G/D
&DUH +

%LHOLFANNODUVND $ BHFXODU WUHQGY LQ VWDWXUH
VSHFS$QFEDOHV LQ +XPDQ %LRORJ\

%LQIRUG /% &RQVLGHUDWLRQ Rl $UFKDHRPOHRULFDQ $GWHDXI
+ [GRL 6725

LQIR®G / ORUWXDU\ 3BUDFWLFHYV 7KHLUWBWRIGUW RGWKH L6WR B
$PHULFDQ $UFKDHRORJ\

%LQIRUG / BHHKDYLRUDO DUFKDHRORJ\ DRBEURDID SBRPGWIKIUR E
SHVHDUFK

%ODFN ,,, 7 . $ QHZ PHWKRG IRU DVVHVVLQJ VH[ RI IUD.
FLUFXPIMPHQERDQO-RKBKRD/VLFDO $QWKURSRORJ\

%ODFN 6$00 7KDW 5HPDLQGDD ®RPH+REX\GHBWKRQGRQ

%ORXQW )UDFWXUHV LRQOPKIDIPUBI@QG :LONLQV %DOWLPRUH

YR DV 6RPH SULQFLSOH® FRIQRXWHAKAQIEERIQ  +

%RDWZULJKW 0 7 'RPHQ DQG *HQBWHLQL® MKIHRRURP VB R
$PHULFDQ 3KLORORJLFD@ $VVRFLDWLRQ

%RJIJL®Y .HHS 5 (LJKW WKRXVDQG \HDUV RI HFRQRPLF D
UHYHDOHG E\ D®@EWRBRPXMOLQ %LRORJI\

%RJIL®D (YROXWLRQDU\ 3HUVSHBOWKDI® BA YDHZIVQLYU RGW K

%RILQ %3DWWHUQV RI +XPDREUUBAWKQLYHUVLW\ 3UHVV &DI
RILQ %7KH JURZWK R1IHKZXRRQNWILOMH\

%RJIJLQ % 7KH (YROXWLRQ RI +XPDQ %UDLQ D Q33 Y%HR\G DURZ W K
HGWROXWLRQ RI 1HIYRXV §O/NHRHFU<RUN

%RILQ % +XPDQ *URZWK HGE® @ LIFKBDE RSP HGINK BN QLEH £ QP |
(Y R @/ $FDGHPLF 3UHVV /RQGRQ



%RJIJLQ % DQG 6PLWK % + (YR O XW LARVQL & V RUX H%RIR.DQ
$VKPRUH 2 5RX#XPHD QHBYRORJ\ $Q (YROXWLRQDU\SIBQG %LRF
"LOH\WYHZRUN

%RON / 2Q PAHHWREDWP-RXUQDO RI $QDWRP\

%RQHWWR - &DUURURILQHOMWHOOIHW DO 1RUD H LO P
DUHH VRPPHUVH H# XEBRDGHHN QL ARGRYDY HUVLW\ 3UHVV 3DC
%RQLQL &ULRSUHVHUYD]JLRQH LQ (QFLFORSHGLD GHOO

GHOOY(QFLFORSHGLD LWDOLDQD

%RQXFFL ( DQG *UD]RR®BDUDWLYH 7KHUPRIWUDQG H\WHE®
OLFURVFRSBWQRBVWII%XUQW %RQH IURP 5HF HRQNW L$ ® FQH R
GHOOY$FFDGHPLD 1D]JLRQDOH GHL /LQFHL

%ULFNOBIQGP.LQOH\ - , HGMUGHOLQHV WR WKH 6WDQGDUGYV
SHPDLOR'XWKDPSWRQ %$%$2

WULFNOHD@GXHFNEHUU\ 3LFNLQJ XS WKH SLHFHV 8WLOL]JLQJ "
SRRUO\ SUHVHUYHGQWHIHPDWORRQDO MRXUQDO Rl SDOHF

KWWSYV GRLMUMSS

%URWKZHOO %LRVRFLDO DQG ELRDUFKDHRORJLFDO DVSHFW
DQG +DUGLQ$QFLHHLNV 98 EDUBWURXG 6XWWRQ

%URWKZHOO 'LBILQJ XS ERQHV WKH H[FDYDWLRQ WUHDWRPI
UPDL@QRUQHOO 8QLYHUVLW\ 3UHVV WKDEFD

%URZQ 3 & X O W X U D OR$ GDGN\PLL\W LCRDQDVD WD B ALLGF B O WSGLVQK. DR S R

+

%URZQ 3 &XOWRGBDBIQHWLF $GDSWDWLRQV WR 0OXPDUID SL
(FRORJ\ %

%UX]HN - $ PHWKRG IRU YLVXDO GHWHUPL@BPWURRKED Q1
-RXUQDO RI 3K\ WVLFDO $QWKURSRORJ\

%XHWWQHU ' G6NHPS 6 %OXH JRQHV O$NWRICAD QU RRPX W ¢
RI' /LIHVW\OH OHG LEKWOMEY GRL RUJ

%XLNVWDOQEEHQDNHU ' + 6AMVM@MWQGDUGYV IRU 'DWD &ROOHFWLR
5HPDLIDAHWWHYLOOH $UNDQVDYV $UFKDHRORJLFDO 6XUYH\

NWXLNVWODRWGHF(/ $ %LRDUFKDHRORJ\ 7KH &RQWH[WXDO $QI
$FDGHPLF 3UHVV S



% XLNVWUIEBR EHUWNGV 7KH *OREDO +LVWRU\ RI 3DOHRSDW
SURVSHFWYV 1HZ <RUN 2[IRUG $FDGHPLF

KWWSV GRL RUJ DESURI RVREO

%XLNVWDRWGHEN / $ %LRDUFKDHRORJ\ 7KH &RQWBHWPORLQ Q|
VW BBXWQHGWIEY GRL RUJ

%XLNVWUD %LRFXOWXUDO GLPHQVLRQV RI DUFKDHRGRJLFDO
% ODNHG\LRFXOWXUDO DGDSWDWLRQ IR+SUBRLYWRVLLW\1RIUWH
SUHY¥WKHQV

%XWRQDO3LFH 7 '7KH XVH DQG DEXVH R| \BHRXGLUHWOMHP H@IW
Q% LRIJHRFKHPLFDO $SSURDFKHVHGER +3P 6 H DEEHW D WY HQDHU VY L
+ .OXZHU $FDGHPLF 30HQXP 3XEOLVKHUV 1HZ <RUN

&DOz & 0 OHOLV $ 9RQD *DWBGUQNVDQ BRSXODWLRQ ,V
SHYLHZWHUQDWLRQDO -RXUQDO R ORGHUQ $QWKURSRORJ\

&DPILHOG & DQG &DPILHOG 3XUHV DOQNXUJWVHWURRY \SHUVI
FKLOGKRRG RQVHW HSLOHESDAMMHG $ VBRGEGXXAQWMHWLRQ

GRL RUJ M VHL]JIXUH

&DPSDQDUR "0 /DQGHVFKL * '"HQOBQWR ' T, 6/HOR 6 XOWHRL
KHULWDJH UHVWRUDWLRQROUQRIKAWRH E&ROWZXRBOI®RULWDJIH

&DQFL $ OLQR]JSUFKHRORJLD GHL UHVWL XPDQ&DGRPEIR YRPI

&DSRFDVD 0 $QDUMARMWRX 3%DWWDJJILD & % HIUQURQVWQIE 6
JHRJUDSKLF DQG JHQHWLF LVRODWIBQLDI FRREXIERMIRRINVY
$QWKURSRORJLFDO 6FLHQFH

&DUDPHOOL ' 9HUQHVL & 6DQEWNG GHRHWMMFURD/ULDWLLRQ LQ
6DUGERPDQ *HQHWLFV

&DUDQFLQL */ DQG *XHU]JRQL 5 3 *U HWKIRY & DQHDOQR
"RQLR &6 LQ $WWL ;:9, 5LXQLRQH 6FLHQRWHIREDHGHOOT,,33
JLUHQ]H

&DUGRVR $JH (VWLPDWLRQ RI $GROHVFHQW D Q 6NHFO-H\ REKBX
,, (SLSK\VHDO 8QLRQ DW WKH 8SSHU /LPE IRQUMWEBRISXB BWHD
6DPS®AHULFDQ -RXUQDO RI 3K\WLFDO $QWKURSRORJ\

&DUPLJQDQL / 2%DERIRROWL 3 (OWUXGLV $ )XQHGGD $
, *HRORJLD GHO:ARWHU®HOIQDNUDWLYH GHOOD &DUWD JHR
,VWLWXWR 3ROLJUDILFR H =HFFD GHOOR 6WDWR 5RPLC

&DUUROO (/ DQG &PALWXL QW TXHVWLRQV ,QYHVWLJIJDWLRQV
GLIIHUHQW SDWWHUQV RI FKDQJH WR ERQH LQ-BREIQ®HQWL
$UFKDHRORJLFDO 6FLHOFH 5HSRUWYV



&DVHOLW] ZDULSIYFLHQW 30DJXH RJ +XP DROIW QW QW D O
$QWKURSRORJI\ LHQ 6S WOIHUIHI

EHUBRPjQ - HVVPODL@O&SDPV + &HEWDWLRQ DQG WKH $SUFK
'"HDW&QLYHUVER2WRBGHVYV

&KDQGOHU - (ITHFWLYH DSSOLFDWLRQ RI DXWRPDWHG (
UHVHDUFW K 6 XUIDFH BURFHVVHY DQG /IDQGIRUPV

&KHUU\ -) *DPEOH & 6KHEDPE®LAJ HGVRRQWISPSRDBROSEIL WL
%ULWLVK 6HULHV 2[IRUG $UFKDHRSUHVV

&KLD&J . ODUFRXV 6LGRUMLGGDGD 3O *HQRPLF KLVWRU\ RI
6DUGLQLDQ SRWXOBWHRGWLFV GRL \%

&KLOGH 9 * $UFKDHRORJLFDO DRMV QDO WH FK R IR GAROMLK L
, QVWLWXWH RI *UHDW %ULWDLQ DQG ,UHODQG

&KLOGH 9 *KDW KDSSHQHG HR KRVWRIHQJIJXLQ ERRNYV
&KLOGH 9 ODQ PDNHV KHAPA¥RON 1HZ $PHULFDQ /LEUDU\

&KLOGH 9 BLHFLQJ 7TRIJIHWKHU WKH 3DVW WKH LQWHUGRIM W I
SRXWODOHGBHHDQ 3DXO

&KULVWHQVHQ $ ODQERRWRV 030 9DOLGDWURY IRIXRUHVFHQF
GHWHUPLQLQJ RVVHRXV RU GHQWDXJ @DDJRQ )RIUXQN GR BF LA

&ODUNH $UFKDHRORJ\ WKH ORWQWRTXLWQRFHQFH
GRL 6 - 66|

&ODUNH '/ $UF KRDW\R@RR F HIGRAH/ T X LW\

&O0DYDO 3 7KH /IDQJXDJHV RI 5XUDO /DQGVFDSHV ,Q 3D
* HGEWYURSHDQ 5XUDO /DQGVFDSHV 3HUVLVWHQFH DQG &K|
6SULQJHU [RUGUGHMFK®WRL RUJ B

&RFER /D 1HFURSROL GL OLW]D 4R 8 HGJGD | 2 EMHMIPEGIGAK V-

&RKHQ@ O 7KH )RRG &ULVLYV LQ 3UHKLVWRU\ 2YHUSRSXODW|
1HZ +DYHQ <DOH 8QLYHUVLW\ 3UHVYV

&RKHQ - 6WDWLVWLFDO SRZHU DQG DQDOXA W ER U IWIKHD @ H K DDY
(UOKP $VVRAHYWHRWN



&RKHQ1DQ¥xUPHOBPJRYVY 3DOHRSDWKRORJ\ DQG WKRWRWLQIGRV
$FDGHPLEKWHYY GRL RUJ DMSD

&RKHQ 0O 1+HDOWK DQG WKH ULNMHA RDYVHYPLAQLZ]DMIORHQS8QLYHU\

&RKHQ 01 DQDRHDQHO $QFLHQW KHDOWK VN HRXOMXA DQ AL
HFRQRPLF LQVWBIQQYHIW¥FDWALRQHVYV Rl JORULGD *DLQHVYLOOH

&RRN " & 3RZHOO 0/ 7KH HYROXWLRQ RI $PHULFDQ SC
/I $ (GWLRDUFKDHRORJ\ 7KH &R QW HY WXDLOSFOGMHP\VA \B URH VX |
'LHIJR SS H

&RSSD $ DQG 5XBHILOD FRQRVFHQ]D GHO SDWULPRQIGR EL
'"HQWL $WODQWH FBUHLWM ©BIW &/HMAR QUMY Q% / VEKHUP D J O

&RVVX 7 $QWURSRORJLD H DUWKFHRWWR I QD FORDNAREBNQ W B H
IKWWSV GRL RUJ | PHGHD

&RVWD $ 06DQWX BRQWH /XQD FDPSDJQH GLWADWIR GL 6 WXG
&RVWD $ 0 D /D QHFURSROL SXQLFD GL YOLR/QWDH
GL 6WXGL )HQLFL

&RVWD $ 0 E ORQWH /XQD XQBO®MHQULR/IRLFID S X@ L§W VELL
,QWHUQD]LRQDOH GL 6WXGL IRRQHPEHHXQLFL 5RPD

&RVWD $ 06DQWX GRQWH /XQD FDPSDJQH GLYMWDWIRGL 6WXG]|

&RVWD $ 0 DQGC BYOWX+tOROWH /XQOVHR 6D 'RPX 1RVWD

&ULWWHQGHQ $ 1 6RUUHQWLQR - ORRQLH 6 $ SHWHUVF
2UDO KHDOWK LQ WUDQVLWLRQ3IWKIRHDGHD IRUDJHUV RI 7DQ

&XFLQD $ DQRQG 9 7LHVOHU '"HQWDO &DULHV DQG $QWH
$UHD OH[LFR $ %LRFXOWXUDO 3HUVSHFWLYH RQ 6RFLDO 6\
$PHULFDQ -RXUQDO RI 3K\VLFDO $QWKURSRORJ\

&XFLQD $ &DQWLOOR & 3 6RVDADUERXOWQOCHNMIHR/@WHDQSG PDL
DPRQJ WKH SUHKLVSDQLF OD\D DQ DQDO\VLV RI $PPARDNIMD C
-RXUQDO RI 3K\ VLFDO $QWKURSRORJ\

"T$IRVWLQR % 6RFLHWj) GHL YLYL FRPXQLWj GHL PRUV
DQWURSRD®RIRL GL $UFKHRORJLD 5RPD

'f{2UODQGR ' JURP XUEDQ WR UXUDO WUDGH DQG SURC
OUGLQLD ,WDO\ L Q¥H820HDIWLRQDO $VVRFLDWLRQ IRU 5]



+HOOHQLVWLF 3HULRG HY ODQXIDFWXUHUV DQG PDUNHWYV
HFRQRPLHVY ODUJH DQG VPDOO $WKHQV *UHHFH SS

'DO 6DVVR *0 /MBREOLQL , O0$ULWDQ / 8VWPRQH GHLDWHRO
YDULDELOLW\ DW PXOWLSOH EXULDO SKDVHY BW $68 FWURNF R
3DODHRJHRJUDSK\ 3DODHRFOLPDWRORJ\ 3DODHRHFRORJ\

'DO 6DVVR * ODULWDQ / 8VDL ' $®RBRPELGILIIW QIHEWM MRLGFIU
VFDOH %RQH DOWH U P\ DRV SSDHV W XWIQD/O GXKUL\OHY DW $0 Kl
EHWZHHQ WKH (DUO\ +RORFHQH3DQDH RIAR JYDEDOIW KO LPH W
3DODHRHFRORJ\

'DQXELR 0 ( 6DQEDFXODU FKDQJHV LQ KXPDQ ELRORJLFDO Y
DQ XSGDWH UHYLHRXUR®@WKMRER SRBUH Q F H

'‘DUGHO /[f+RPPH HW ODWHXUMHJBH OD UpD&OLNVép JpHIKULIHS KL TBXH
JpRIJIUDSKLH GX 4XpEHFKWWSYV GRL RUJ DU

'H *URRWH , DQG +XPSKUH\ [ 7 %RG\ PDVV DQG VWD
PHWDWDUVDO L3P HEKXPD@V -RXUQDO R SK\WWLFDO $QWKL
KWWSV GRL RUJ DMSD

'"HOILQR ( /LIJXULD 3UHHSRROWKFDH GDO 3DOHROLWLFR VXSH
/[LIXULD H QHOSGNEDWDBD @A UXEBIYRQD

'"HSDOP®V ,O %URQ]R PHGLR BSMHMWO @ HOOBHIQ@DS5LXAQLRQH
SUHLVWRULD H OD SURWBWRWIWDL GHOORPAQUGHDYNVDUL

'HSDOPDV $ OHOLVKH ZXUDJLF 3HRSOH 7KHLU 6HWWOHPHQ
8VH RI WKH /DQG 6DUGLQLD ,WDO\ ,Q/DIDAMFIDSBHYV, D @& H\RZ
6SULQJHU 'RUGUHFKW KWWSV GRAL RUJ

'H:LWWH BQ&WRMDQRZVNL ®KHO2VWHRORJLFDO 3DUDGR] <
SVSHFWLYHV )XW DO HRFAVURRWHRORJIJLFDO 5HVHDUFK

'"H:LWWH 6 1 DQRG :RREHO-HFEWLYLW\ RI %ODFN 'HDWK ORU\
SUHH[LVWLRURHTHBAURIV RI WKH 1DWLRQDO $FDGHP\ RI 6FLH(

'H:LWWH 6 1 + DWW K LIDBAVIMRQGR®IH SDWWHUQV RI S
QHZ ERQH |IRUP WMREHPLF SKBKXODADICRRXUQDO RI 3K\VWLFDO ¢
KWWSV _GRL RUJ DMSD

'L *DHWDQR & )LRWLWR5RVBMW\WXO 6DUGLQLDQV *HQHWLF %]
([SODLQHG E\ 5XQV RI +RPR]\JRVLW\ DQG *HQRPIMRGHRIARQV
H



'‘RPHWW . O 7KH BHRSOHQR+ LW RDP/XP )KDRDQG 57KRKRVDL
2ULJLQV RI WKH &LYLOL]DWLRQ RI $QJNRU 9ROXPRINRNH7KH
7KDL )LQH $UWV '"HSDUWPHQW

'RPHWWODQXHQKDP) 7KH '"HPRJUDSKLF 3URILOH Rl WKH
6DPSMH2[HQKDP 0 + ODWVXPXUD DDQ@® PDF 'W&H HEDYDWLR
IHROLWKLF 6LWH LQ7 KR UWRHEBE@D L HW@LMOLY &DQEHUUD $1

'RPHWW . 0+HDOWK LQ /DWH 3UHXLRW®R U$ B FKKMHRODUHG/ V

'RPHWW 1HZWRQ - &ROEHUW $ &KDQJ 1 DQG +DOFURZ 6
FRQWH[WXDOL]HG FDVH VWXG\ I[URP %URQ]H $JH QRUWKHDVW
(GV7KH 5RXWOHGJH +DQGERRN RI %LR DQBKHKRIOFRIFK L8 §F6 RHO.

1HZ <RUN 1< 86$'XSRZWOWGJH O\WWLI\LQJ 5RPDQ
$QQDOLV 'HIL[LRQHV DQG OLQNLVL LQ )RUFH\ &5%$&DZWKRU
BURFHHGLQJV RI WKH 6HNMH® WRPHEQ X DOK DKHRROURMNE RQIJK DA QF
2[IRUG 2[ERZ %RRNV SS

"ZLIKW 7 OHWKRGV RI HVWLPDWLQJ WKHIGK H D DK 8\H RRRIFG S

(OGHU * BPQEMGHU * + 7KH /LIH &RXUVH DWKH®BOR:
"HYHORSPHOWWWSY GRL RUJ

(OGHU * + 7LPH +XPDQ $JHBFBHNYGHRWLDBVABRRRWEE /L
3V\FKRO®RJ\+ [KWWSV _GRL RUJ

(OLDV 5 : +LUDR < DQG 3DKHNHUWHXP YE QW LRQ RI WKH QD\
RI FDOFLXP DORQJ QXWULHQW SDWKzD\V E\ THRFRVYBKHL LH!
&RVPRFKLPLFD $FWD

(OOLQJKDP BKRPSVR®@ 7VOGDPQTGO\ORU * (VWLRDWHBSHUDW X
HISRVXUH RQZENXUWPHW ER@RORGEEBQGWIWWHEH +

(OOLQJKDP BKRPSVR® 7VQDP 7KH HITHFW RI VRIW WLVYVX
HVWLPDWLRQ IURP EXUQW ERQH XVLQJ )REFLHQEBENWYVARUP

(UULEFNVR@QBKRPSVRQ 7 -8 +MBDQ S5HEBDARWKHU 'LPHQVLRC
$SSOLFDWLRQ RI ' ,PDJLQJ LEF VG H PR SWIDWY &SRIPVEW VG J H

J)DELHWWL(GHPHQWL GL DQWURKRRGOIERUEXOWNXYHLDEYHW] OLOL

J)DFFKLQL ) 5DVWHOOL ( 3MHCPRIMWYWHPRFODQLDO YLDQOM XUDMM
LQ 6W 3HWHUTV &DWKRGHL® DWRBERD@D-RWDO®DMO RI 2VWHRDU

J)DLUJULHYH )Y RUHQVLF &UHPDWLRQ 5KBBRYGHIUHVINQBEHQDO\VLYV



J)DONQHMQ@RUJDQ ' $HULDO ODBWKRIGY DQG $S88XIF B WHERQWK
1HZ <RUN

YDQWL / %H\RQG WKH VXUIDFH )XQFWLRQDO DQDO\VLV RI S
1IHROLWEKQF&L'ULYHAR/ WPV OOHQQLXP FDO %& 516DUWVGALE) LGL HWD
SUHLVWRULHAPKW O\ HRLWLRQ

)DQWL / 'ULHX / OD]X\ $ %ODVFR 7KHXUROH RI SRNWUHW)
1HROLWKLF VRFLHWLHV RI ZHVWHUQ 0 H G DV Yl&D Q H VK D QHIGG\
LQWHJUDWHG PRIUISK® PHMRPRO KM¥HODU D-RX ULY ROFRDIHFRDRIUF
6FLHQFH + KWWSV GRL RUJ M MDV

)DYROH $5HVWL GL XPDQLW] 9LWD VRFUDBQW RBUHLO/ B RIHIR DG RS

JHLQPDQ * 7KRXJKWV RQ 1HZ $SSURDFKHV WR &RPELQLQJ W
SHFRURBXUQDO Rl $UFKDHRORJLFDO OHWKRG DQG 7KHRU\

JHQX3 ODUWLQL ) DQG*QLW]BDMLYY QHOOD JURWWD 6X &RORU
H SURVSHWWBYMLVWDLEHGFRIHQ]H 3WHLVWRULFKH

JHUUDUBRQ®LHLUD $ J[SODLQLQJ *HQGHU 'LIITHOKQWHVD E QY R
$SSURDFK WR D OXOWOQOWHRWRDWDRQDWHIRHUIJQDO RI '"THQWLVWLU

JLORUDPR ORQDFKHVLPR:RUYTLHDWDRORN|ERQEBGLDQD (GL]JLRQL 9

JORULV 6 XOOHYROX]LRGH BIMWMRUEGLDE&EDRDIR. ,Q )ORULYV
GL/MXRPR LQ 6DUGHJQD $VSHWWL GL DQWRIRPREGR WRUID 6K\

JRLY )DUULV ( &DOYLD * &DPSXV * )HQX * 3RKNHHGGKRLF®%LC
O9ODVFXODU )ORUD RI 6DUGLQLD $ '"\QDPLF &KHFNOLVW ZLW
&RQVHUY DW3iR QM MX V GRL SODQWYV 30,
30&," 30&

JROD\DQ 02 (O 7DQWDZL 0 2JLQQL $ % $ODGH 0 $C
ODOQXWULWLRQ HQDPHO GHIHFWV DQG HDUO\ ¥KEDG KR RIGUR
SRSXOBMIBRIQH H GRL MRXUQDO SRQH

JRQ]JR 2 3DFFLD®AL LQXPDWL QHOOD QHFURSRDUFRL 0LR@W
$OHVVDQGUR 8V/BILVPXPXWXUBLGL ORQWIH 3UDPDS8RQWHVWR
5RPD

JRUFL $ / HSLJUDIH GL ODUFXV $UUHFLQXV +HOLXV HVHJHVL
LVFUL]JLRQH DWWL GHOOD *LRUQDWD @GLVYWXG § %$EQRUEW L V|
BHULHYV 2[IRUG 7HPSXV 5HSDUDWXP

JRUPLBRODQG +ROW S%HYRXUFH DYDLODELOLW\ DQG VWDWXUH
(XURSRXUQDO RI $QWKURSRORJLFDO 6FLHQFH



JUDQFD® MRFUHOBRJIL ¥V % H U X6WHHL Q ) HWWD O /RZSDVV$
VHTXHQFLQJ RI 6DUGLQLDQV RKLARRRMRPXIF \864 OIRQ R H D

JUDQFDDDREHOBRGHUKEOIO0 GLH3IDVVDULHIRO 3HRS®LQJ
WKOHIELWHULYDQRYBYVAFDGDQEDF LIOQ | H BEUHEK URPRERPBIOHOLF
YDULDERBUWRXQY QDO $RWKBEBRSRORJ\

JUDQNOLQ 1PWXUH DQG 6 R/MRLIDOR DK U H

JUDVHWWR &RQWULRLERWERHRD QWWHHRGR®D 8 HMW H WIAXK®K HW UL FR
S D O HW QRFOGRROM\E RO P DGHONMYV PWARLQ J U HIVW R U, MVDLOANEN Q R

JUD\HU ' : %LRORJLFDO DQG FXOWXUDO FKDQJH LQ WKH (X
+RORFHQH ,Q 6PLWK ) +7KIBSRHOQRHQY RHGPRGHUQ KXPDQV D
IRVVLO HYLOM\WFH1HZ <RUN

JUD\HU ': DQG :ROSRII 0 +LPRUSKE®/PXDAD '5HYLHZ RI $QW
JULVFKHU % JURP GLJLWDO LOOXVWUDWLRE /® % LHGW L
%H\RQG LOOXVWUDWLRQ ' DQG ' GLJLWDO WHFKQRABBILHYV
 QWHUQDWLRQDO 6HULHV 2[IRUG SS

)XOWRQ % $ OHORDQ & ( BQIBVMHREDIDIY YFDWWHUHG DQC
E\ WUDFH HOHRXQWD ODRV URWHQVLF &FLHQFHYV

*DJH 7 % 'H:LWWH 6 1 DQG :RRG - : '"HPRJUDSK\ 3
LQ 6WLQVRQ 6 % %RJLQ DXQRDQ HILFRORINH $HIGW ROXWLRQD L
3HUV S HHFREIRNHQ % ODHANZHOO

*DMHQGUD 6 .MOBU 2UDO +HDOWK D QG 3 ¥ VQID/QHF \' HE BH
-RXUQDO

*DUULGR 9DDQMKRPSVR@ 7 OHWULF GLPHQVLRQV RI WKH SUJ
WKH KXPDQ KDQG DQG WKHLU UHODWLRQWRDS WRXWQOB RS
&RPSDUDWLYH +XPDQt %LRORJ)\

*DWL ' O9LHLUD(O$GHUO\ DW *UHDWHU 5LV NDWR W B R ROV G\ UILDH
5LVNV ZLWK (PSKDVLV RQ * HQMHNMULFIYWLR/FBIGWREUQDW\RI 'HQ\

KWWSV GRL RUJ

*HHUW ] L, QWHUSUHWD]L,RPQMHX G L FX OWKWRIJ QD

*HOO $ $UW DQG $IJHQF\ 7RZDUGYV D 1HZ [$RBEBXDRIRNGRIL BDE

*HUPDQ $ DQG +RFKEHUJ = 6H[XDO 'LPRUSKLVP RI |
JURQWIOHINWGLDWUHKWWSY GRL RUJ ISHG




*HUPDQj ,(QUXSSTFO QRUDGBENRVHMIBVL UBVLEQDVVBQWURSRORJILD
3DOHRSDAMNREOBRU DYV DUL

*HUPD)Q] (W QQHU D JL®DGH UG QHIEDG L WHWUDKBLHRLO O HDQ QLR
$WWL GHO ,, & RQYHJQR GL 6WXGL ©8Q PLOOHQQLR GL UHOD]!
OHGLWHUUDQH&BJBHDDI RIY\P E UH SS

*HUPD)Qj )RUPHPDGIEXOWMNWHBILQWHDR L RMRHWRMERPIS/X \D
FXUD/BLFXOWXUD GL 2]LHUL SURE O H PWW.LE RS WH QB3R XGELLRF T X
2]LHYS

*HUPDQj /T XRRARS DU G HIOZD O H RO OQHFED KCADBIR | LGRWRUH
6DVVDUL

*HUPDQj ) *OL XOWLPL SDOHRVDUGL DVSHW WD DGGIEHIESR O R
6R S UL Q WSHIFKHHRI®RWSKB B Y LEED HO HPWLLV W D Q R

*LHOH DQ&GHU * +{tGV-U OHWKRGV RI OLIH HRODWMA DWYMB |
TXDQWLWDWLYHKHRDSOODUREEPKHNYXEOLFDWLRQV ,QF

*LOFKULVW 5 DQGS50RKDEA ¥KH OHGLHYDO ORQDVMIOQFGRRBQPH
OXVHXP RI /IRQGRQ $UFKDHRORJ\ 6HUYLFH

*LOOLQJV 0 *RRGULFBHQVXRXV DQG UHIOHJ[LYH *,6 H[SORUI
,(QWHUQHW $UF$WI]DI-H.ID<IE/\INHSDV\LOWDUFK DE XN MRXUQDO LVVXEHE

*LXIIUD 9 DQG )RUQDBHBDDRDWLRQ LQ ,@WEUQDWHRIQHDD -R
2VWHRDUFKDHRORJG|RL RD

*ROGVFKPLGWQ WKH UHODWLRQVKLS EHWZHHBD@ ELRORJ\ DQG

*ROGVWHLQ 6SDWLDRUJH VWRELWO RUJDQL]DWLRQ UHJLRQDO
OLVVLVVLSSIBMG@EX¥RELWUKHG 3K ' GLVVHUWDWLRQ 1RUWKZHVW

*RQoDOYHV ' O9DVVDOR $5 ODPHGH&XQAKDDNKBXO XHV3Q BDO

GH &DUYDOKR / $ ( &U\WWDO FOHDU O9LEUDWLRQDO VSt
DQG LQWHUVNHOHWRQ YHPWHLOWDRQ R RQUKQCP® & IERQWVFDO $QW I
GRL M S DD

*RQoDOYHV 7KH PLFQMRO\VLYV RI KXPDQ EXUQHG&EBRHHYRYY REF
Y+ ok

*RQoDOYHV ' DRXXBKRP SY RQ8 7 DHLIKW UHIHUHQHRHXW DRU E.
VNHOHWDO UHPDLQV IURRXRQUMNXRAHRHY HBOQWVISOBNLHQFHYV

*RQODOYHV ' D&IXRRPSYR@ 7 BVWHRPHWULF VHR|GEHWIQURSL
KXPDQ VNHOHVRXO QIH® RUJGMJIDO DQG )RUHQVLF OHGLFLQH



*RQODOYHV ' 7KRBPBY&QQKD ( ,PSOLFDWLRM@GREHKGHBFWDQJF
ERQH RQ WKH LQWHUSUHWDWLRQ RIXIXQBIO RV \$EH K D ¥IRFOXR IDR]

+ *RQ]DERHJULIXDH)RZOHU * $ VWXG\ RQ WKH GLVRULPLQ
VNHOHWRQVDXVMDXRUYUHVFHQFH DQG FKHPRPHWULF) RURIRXWV FL ¢
6FLHQFH ,QWHUQDW LR Q DHD

*RRGPDQ $MPRHODJRV *QIDQW FKLOGKRRG PRUELGLW\ DQ
DUFKDHRORJLF DROUSRSS X OPRADLHRREOR J \

*RRGPPO DYBDWKHUPBEGQGV7 %XLOGLQJ D 1HZ %LRFXOWXUDO
(FRQRPLF 3HUVSHFWLYHW Q@ $XPRPY BQRORUVLW\ Rl OLFKLJID

*RRGPDQ IRGDODUWLR SHFRQVWUXFWLQJ +HDOWK 3URILOHYV
BWHENHO 5 + DQG 7-KH: %TRANE RGN Rl +LVWRU\ +HDOWK DQC
+HPLVSK¥DPPHEULGJH &DPEULGJH 8QLYHUVLW)\ 3UHVV

*RRGPDQ BQ®RVH & $VVHVVPHQW RI 6\VWHPLF 3K\VLRORJ
'"HQWDO (QDPHO +\SRSODVLDV D&GUXVSRALHDWIHGEG --RDMIDQD@R RIL
S$QWKURSRO®RJ\

*RWR 7 $UDPDNL O JRVKLRBRUVUBL *+ +DVHJDZD < 7TDNDK
)XNXVKLPD < .RVDNL . /IDUJH IRQWDQHOOHYV DUH D \
581; DQG IDWWERDWRRQUUPLWDO $ERRPHD O IEHV

*RZODQOQ®VHO & HGOMFLDO $UFKDHRORJ\ R2[)RUQIBU 2B RH F
%RRNV

*UDGROL 0 * %DuP®Q3 %UJH 7 'XQVHWK =& O6WHUED -
6DEDWLQL 6 )LVRKRBHUXS DQG 6DUGLQLDIK) WXWUWD/IDWHNDER G
DW +DOD 6X ORI BB RNNRB REPOHQFH 5SHSRUWYV

KWWSV GRL RUJ KWWSV GRL RUJ M MDVUHS

*UDXHU $ / HERGLHV RI (YLGHQFH 5HFRQVWUXFQDLAQY I\ VW
':LOHLHZ <RUN

*UDYOHH & &RZ UDFH EHFRPHV ELRORJ\ HPERBHBHRMNQ RM RORU
RI SK\VLFDO DQWKURSKORMSY GRL RUJ DMSD

*ULOO $ &DVXOD 3 /HFLV 5 OHQNHQ 6 (QGHPLVP LC
HGV 3K\ORJHRJUDSK\ R 6RXWKHU®SU(RURBHDQRUGBWIK
[KWWSV GRL RUJ B |

*XLODLQH 3URWRPpPIJDOLWKLVPH ULWHV IXQpUDLUHV HW P
OpGLWHUUDQp RS BXGHKPW DW bl D

*XOHNRQDQG 7XUJXW + + 7KH H{IWHUQDO RFFLSLWDO Sl
WKH GHWHUP LCRXWIQR® RIVRUHQW.F 6FLHQFH



*XUJXLV 01HFURSROL IHQLFLD H SXQLFD GL ORQWH 6LUDL
6DQGKL 2UWDFHVXV

*XVWDIVVRQ $ ‘HUHGHOLQ / 7XOOEHUJ % 6 J/LQGHQIRUYV

LQ 6ZHGHQ IURP WKH WK WR WKPH BIOF® @ |- RVKUHQ D O/ KR IF H ® RV
+

*X\RPDUB K &DPIDI@WMDQFRXUW 0 .UHPHU & 6DXYDJHDX
IDOOV DQG EORZV LQ EOXQWWHD®-WSE8®RD FRI PROMQVLF 6FL
GRL M [

+DUDZD\ ' -5HP®RHOOLQJ WKH KXPDQ zZD\ RI O0LQK WKHUGRR
SK\WLFDO DQWKYRSRQRBIWRFNLQJ %RQHY B®RGLHV %HKDYL
RQ %LRORJLFDO $SOWKURBRIORY® 8QLYHUVLW\ RI :LVEFRQVLQ =2

+DUGLQJ -( DQG -RKQVWRQ % 0 5 HBXUWRGXW WRR @ Q)G U M
'HYHORSPHQW

+D\QH - (YLGHQFH RI XQHB\&RDIBQDU\ +DELWV IURP 3URWI
6$*91790 3/$ 9 =+ GRL 6$*91790

+HUVFK & $ 2YHUVWULNHY DV HYLGHQFH IRU WKKHH KLV
I1XPLVPDWLF &KURQLFOH DQG -RXURMBLAHWL WKH 5R\DO 1XPLVP

+HUW] 5% &RQWULEMKVEMWX®L WRI WKH &ROOHFWLYRIHBHGKBIRHQYV
5RCGE@HEODXGLD '"HDWK DQG WRKHS5)JUKW 3DEWGY *OHQFRH ,/

+LFNV 0 DQG +LFKWY WPDOO REMHFWV LQ ((FPY MNWKIHRQNMGW
FXUD GL J)UDQFHVFR ' $QGULD H 'DY&BQXHGRI KB XKWIBYHRS /HFEF

+LOOVRQ '8QWDO $QWKRWDPERQORIH &DPEULGJH 8QLYHUVLW\ 3

+LOOVRQ 6 '"HQ YD D WDPMKERRIJV $ DQG 6 %ER 6RIDREH
$QWKURSRORJ\ RI WKS3HS + X P D DHENHROHW RIQO H\

+LOOVRQ 6 SHFRUGLQJ 'HQWDO &DULH\WWH$QBKLIRROR]
RI 2VWHRDUFKDHRORJ\

+LOOVRQ 7T(HHHWIIOPEULGJH &DPEULGJHQE (GHWNVNRY\ 3UHVV

+LOOVRQ @KH FXUUHQW VWDW-H ,RID@KQWDURTHBYQOTXH DQ
$SSOLFDWLRQ LQ 'HQWDPE WBIQGVKURBSRG@GRHY LQ %LRORJLFI
$QWKURSRORJ\ SS &DPEULGJH &DPEULGJH 8QLYHL
GRL & % 2



+LOOVRQ 6 DQG 6 %RQG 5HODWLRQVKLS RI (QDPHO +
*URZWK VEXVYPRQLFDQ -RXUQDO RI 3K\WLFDO $QWKURSRORJ\

+LQGH 5 $$ ELRORJLVW ORRNYDQWHZQMKUWRIFRORJ\

+LSSRFUDWRHWER 6DFUR

+RFNH\ - DQG -DPHMRZEQJ 8S DQG *YRELQI RQG 'HSHQYEBHQF\
/ILIH &RXBQIBERQ 6DJH

+RGGHU , MG\ PEROLF DQG 6WUXFW&EDPBUBG FK DEHRORIIV LW
&DPEULGJH

+RGGHU EG6\PEROV LQKQRWURRDHRORJILFDO VWX&GDMEURGPEB Wt
8QLYHUVLW\ 3UHVV &DPEULGJH

+RGGHU | 7KLV LV QRW DQ DUWLFRXUDDROX R/ MEIMMHKUWLRX
DUFKDHRORJ\

+RGGHU , 'HYHORSLQJ D UHIOH[LYH PHWKRRE® U Q VDU i KDH
PHWKRG LQ DUFKDHRORJ\ WKH'RPFGCOG® HQDMW dWWWEKRUNSUFKI
&DPEULGJH

+RGVRQ & O %BHWZBIOE PROQBGKRBXVHVVLQJ 3HULQDWDO
3LGGLQJWRQ 1R UMK MPBSQR(DV[IKIWWSY 777 MVWRU JRUJ VWDE

+RGVRQ *®&D0DQG 5 /LNH ORWKHU /LNH &KLOG ,QYHVWLJDW

+HDOWK 6WPBHGYLHODIRMMGRQ ,Q *RZODQG 5 ,ODDEWRIZH[KYV

LQ $SQWKURESRDBBKDHRORJ\ DQ&SBHREOUBO 7&HRRUKIWWSY GR
B

+ROFN 3 &UHPDWHG %YRQBQWKUORGSRERPROLFDO 6WXG\ RI $UFKD
&UHPDWLRQ BXQWXOMNRSRORJIJLVNH 6NULIWHU $QDWRPLFDO

+RSSD 5 ' DQG 9D®RSHO 3DOHRHGHPRJUDSK\ $JH 'LVWULEXV
6DPSO&D/PEULGIH &DPEULGJH 8QLYHUVLW\ 3UHVV

+RZDUWK *HDWK'D@QJ $ 6RFLRORIJLFBROQWUBGHY¥WLKDQPEUL!

,QJROG 7,QWURGXFKOL\WRQYQRRDIOP ,QJROG HG 288 :RUOG
$UFKDHRORRQGRQ 8QZLQ +\PDQ

,QJROG 7)URP FRPSOHPHQWDULW\ WR REY LD VEHRVZ HRH® G/RALR
DQG ELRORJLFDO DQWKURSRORJ\= HOLUWFKDHHROW J\ ZIXQ G(\8 K K

-DFREVRQ ' . +RQDS 7 3 ORQURH & /XQG - +RXN % $
ODULQL ( DQG /HZOXQEBWQRQDO GLYHUVLW\ RI PLFURELDO H



DQFLHQW KXP D@GFRISQ RO BWHEEE XBDOUAW L R Q3R ROBGIAK M/ \
% LRI BBHOQ F H V KWWSV GRL RUJ UVWE

"-RKQVRQODR@QQ $ 8QLWHG 6WDWHV RI $PHUHGFDVWRUGEFHQT
3K\WLFDO $QWKURSRORSS $& (QFNERBSHEGDIDODQG 3XEOLVKLQ

-RKQVRQ 0 &RQFHSWLRQV RI DJHQF\ LQ DUFRRDIHRORJLFEID
$QWKURSRORJLEDO $UFKDHRORJ

-RXITYUR\ %RHVFK & *RGHOLHU 0 +DUULV 3ULPHDOHD KIDQ GV
WKH KXPDQ KDQG LK% WRR W RH OV RRONVGE&H S¥KIDRDTLRRBRW EM ¢

DQG KX@®DQ 3ULPPWRVLD RI WKH )\VAMHRQU BER % B IS HRIWRER L
KWWSV__GRL RUJ DFSURI RVR

.DQ] ) *URVVVFKPEEBWG LQMXULHV RI PpRPBPQVIEGDEFILHWYPRHYV, QW
GRL M IRUVFLLQW

.DULPL O DQG .DUPPOCIKU +DPEKRUW WWDWRUVUWHIPQ DE R WPR L
OHGLFDO 6FLHQFH OR®RLWRU

.LHVHU - :KLWWOH . :RQJ % :DGGHOO -1 8QGHUV\

D ELRPHFKDQLFDRUSHUMSHIDMYX RQ IS | |

_B

LP+< 6WDWLVWLEDO QRWHYV |RAT XDUIQE B BVWH D BB U)LKHKL

5HVWRUHDMWPMEERGRQWLFY  GRL UGH

.UHPHU & DQG 6DXYDJHDX $ 'LVFULPLQDDVL R QDRIPD C

$VVHVVPHQW RI 3UHGLFWDELOLW XKQYRX K &RPEQYHB &RLIHQH
GRL M

XK '/ 3RZHU & DQG 5RGJHUV % BHFXODU 7UHQGV L

$CGXOWKWRWHUQDWLRQDO -RXUQDO RI (SLGHPLRORJ\

.XQD 0 &DWHJRULHV RI.UHWWLHP HOW \GEBRNBQ LDGL\
7XUBQGIBQ 1IHXVWEBQUDGLJIJP IRXQG DUFKDHRORJLFDO WKHR!
HVVD\V LQ KRIDRXH XMV KSRYZ % RRENW G

.X]DZD & : DQG %UDJJ - 0 3ODVWLFLW\ LQ +XPDQ /LI
&RQWHPSRUDU\WKRQ@ODBUWBH (YRRKRVXRBQHRIW HQXWK& RSROR
6 6

IDPEHUMWD QBI\GHURPH\HU - 7KH )XQGDPHQWDO 5HODWLRQVK
'LHW DQG WKH ,QRUJDQLF &RQVWLWXHQWYV RI %8B PKID$\R PHHWLLY

+

IDQGHVEFKL * $SHO HW/POGBWHWOQODFWLQJ WKH VHTXHQFH FF
PHWGAMR WR VWXG\ D SPHKKD/MRRORHA FDOHD QG $QWKURSRORJIL!



KWWSV GRL RUJ \Y,

IDQGHVFKL * 'HOOY8QWR 1 /XQGTYLVW . )HUGD®L ' &
0 * 6 DV D SODWIRUP IRU YLVXDO DQDO\ViR/X U@L® RV L.
$UFKDHRORJLFDO#FLEBDBEEHPLF 3UHVYV

/IDQIUDQFBQ@3HUV 6 7KH XVHIXOQHVV Rl FDULHV IUHTXHQF)
GHWHWQRLEDULRJHQLFLW\ DQG SDVW VXEVLVWHQFH $ WHVW
3HUXYLDQ SRBUMFDQ -RXUQDO RI 3K\WLFDO $QWKU
KWWSV GRL RUJ DMSD

IDUVHQ & 60HKDYLRXUDO ,PSOLFDWLRQV RI 7-HRPKSJRIALDID RAK D C
$UFKDHRORJLFDO 6FLHQFH

IDUVHQ & LRDUFKD&ARPERINGIH 8QLYHUVLW\ 3UHVV &DPEUL

IDUVHQ & 6 %LRDUFKDHRORJ\ WKH -RXYU-QL DRI ®WU FKK\DWM R
SHVHDUFK

IDUVHQ & LRDUFKDHRORJ\ ,QWHUSUHWLQJ %HXDWIGRU IUR|
&DPEULGJH &DPEULGJH 8QLYHUVLW\ 3UHVYV

IDUVHQ & 6 PDPIOBYLWIBRQ 'HQWDO &DULHV (YLGHQFH IRU 'L
$UFKDHRORJLFDO &RQWH[W EQ 6 HEBGW\D® FH VDG 'HDAWBQ $Q W
1HZ <RUN /1L\OH\

/IH %RXUGRQQHEXSHDX * /XJOLg & *NBQAW $/HBEOVRWE 6
3DVTXHMWQTEWDPRQL 31HZ GDWD DQG SURYHQDQFH RI REVLGI
1IHROLWKLF FRQWH[WV RQ &RU ¥&RPE WAHW BHHQUGKR/HESHCVR I BEFD@
GH 3DULV VpULH 3DOHYRO

/H IDQQRXDVYWRUL H FRQWD@&DQO LLIDUGD UHHIM D RUUH
IJHWWUH * *HQHWLF UHXXUDW DRWQ 2FSIL Q GRQ W QF B/HDGVLDDUNHU |

JHXVHXQO YDQ &DUWRJUDSKLEDORIGHD6LQQ LRQD BHANOHD -
DOG , 6FROGRBESYXVMBIMQJ WKH 3DVW &RPSXWHU $SSOLFDWLR
$UFKDHBORJ\ &%$$ $DUKXV 8QLYHUVLW\ 3UHVV $DUKXV

/L 0 ; /LX 3 < /L <0 4LQ < - /LX <= 'HQJ + : $ P
KHLIJKW LV VXJJHWXHN® BRQPRKL@HAV H

ILYHUVLGIWXFNEHDWE@EDUTXHDPQAW  $JH HVW LIPOWLRWQRD Q
%LRORJ\ ‘2,

IREHWWL (WHUQDO %RG\ 7KRHXP PLUDH GVBYFHMOIFAD R QDB R BL
D FXUBBEN WR WKH )XW&DPERILEKH 8FRE&RRODUV 3XEOLVKLQJ



JRYHMR2 & 'HQWDO ZHDU LERWXGIDWEEBQ ,WV IXQFWLRQDO
GHWHUPLQDWLR D RE B 6 DXMPR UWVINHDQHWRXO QDO RI 3K\WLEDO $QW

/IXJOLg & /H %RXUGRQQHF ) ; 3RXSHDX * S$W]HQL I "XEHL
(DUDHNROIREKLBELEGDUG LEVIWHRIGLWHU WBKEDQU RESFR XUQDO RI
SUFKDHRORUHG BB

/XJOLgq &D/D FHUDPLFD GL IDFLHV 6 &LULDFR QHO 1HROLWLFF
LQWHUQD H DSCGRIDWEWM W UD2 GLX QLR GH GEIVHBULLIERIQR
JLUHQ]H

/IXJOLqg & LUVW 5HSRUW RQ WKH 6WXG\ Rl 2EVLGLDQ 3UHKL)

RI ORQWH $UFLL@GDUBRYLOUHY SUHPLQUHV 8GW K LT X658 MIQOS U

5LJDXGG &OHOHMWOH $FWHV GH OD 7DEOH URQGH LQWHUQDYV
MXLQ 3UpKLVWR L2KHH \BW 6BOGS S O

/XJOLg &/ REVLGLHQQH QpROLWKLTXH H® ©RBPW HWW DO pSURI
ODWLQUHY PLQPUDOHY SUpPFLHXVHW GM +ODRRFHUYKCRLAKH j D X
%ULWLVKORUERDBRSHSRUWRUG 6

/IXJOLq & )URP WKH SHUVSHFWLYH RI WKH VRXUFH 1HROLWK
$UFL REVLGLIZAV WHAHIQWEENNGVWYDD5 XEULFDW XP

/XJOLq & /D FRPSDUVD GHOOJHFRQRPLD SURGXWWDVD HIQD® S
&RUSRUD GHOOH DQWLFKLWj GHOOD 6DUGHJQD /D 6DHIGHJIQD
$ ORUDYHOWOLL YRG @MGSOED &DUOR 'HOWRQBRVOGDU L

/IXJOLg & <RXD SDWK OHG WHKUHR KPKH WK BHHRI 1HROLWKLF
&RUVAX¥DWHUQDU\ ,QWHUQDWLRQDO

/IXJOLq &EG6RFLHWj) GL SURGX]LRQH H VLPERORJLI) RHRPDL RLOF
'HD /H UDIILIXUD]LRQL IHPPLQLOL QHOOD 3:WKHMWHNERREBDYVH%ID
&DJOLDUL

/IXJOLg & /H %RXUGR®BHBX)* %RKQ 0 RQHORQDQG 7P@GIL

$ PDS RI WKH ORQWH $UFL 6DUGLQLD ,VODQG :HVWHUC
VHFRQGDU\, MRXWFHWLRQV IRU 1HROLWKREWH\R B HQ B @ FHGWWX
GHV 6FLHQFHV GH 3DULV VpULH 3DOHYRO

/IXJOLqg & 3DED 5 )DWWWUDJLRQL WUDQV PDULQH QHO 1HRC
&RPSREPDWHULDOL H LPPDWHULDOL QHOOYRUL]JRQWBDAMDQ &
2UVWDQWRWL GHO .QRZYWEEBRVHD W&RRQRWH MUKH L\OHPDUH SHU
&DJOLDUL

/IXJOLgq & O6DRQWSRIGIVMRE QHFURSROL LSRJHLF D& DB E SRDOEFXWDQ RV
1XRYL HOHPHQWL GL HIBQRORARB HDV¥ RODEXWDWD (YROX]LRQH
DSSURFFL LQWBUYGCRWW@EY) FROLY $WWL GHO &RQYHJQR GL 6
*DUGD PDJJLR



IXNDV - 5 'HQWDO 3DOHRSDWKRORJ\ OHWKRGV IRU 5HFR
HQQHG\ . $ 5 DQG O5HFBROQFDVUMNXBWLRQ RI /L HEZ IYREPNW KLH 6IN
/LVV

IXNDFV - b &RPPHQWXVRVHRKRILFDO 3DUDGR[+BDRBEHIR\RR I
6NHOHWD &XDBEQMVSQWKURSRORJ\

IXNDFV - B 'HQWDO 3DOHRSDWKRORJ\ DQG $JULFXOWXUDO |,
(YLGHQFH IURP %URGMHSYILF BQOBRSIK\VLFDO $QWKURSRORJ\

IXNDFV - 57KH p&DULHV &RUUHFWLRQ )DFWRUY $ 1HZ OHWK
5DWHV WR &RPSHQVDWH IRU $QWHPQDUDWHRQBU V-RX{ /GBI R 2

IXNDFV5 6H[ 'LITHUHQFHYV LQ '"HQWDO &DULHV 5D/ BR XWW K
SVLOXUUHQW $QWKURSRORJ\

IXNDFV - 5)HUWLOLW\ DQG $JULFXOWXUH $FFHQWXDWH 6H][
&EXUUHQW $QWKURSRORJ\

IXNDFV - 5*HQGHU 'LIIHUHQFHV LQ 2UDO +HDOWK LQ 6RXWK
OXOWLIDFWRULDO %LROR B PG -KRXQ\VQ B ODRI &XRDPV% LR O

IXNDFV - 5 DQG//DUJDHYSOBDQLRUIHHHQFHY LQ 'HQWDO &D!
SUHYDOHQFH 6DOLYD +RUPRQHYWEREGCEBIDIBV-RXUQDO RI +XP|

IXNDFY DQ@.QGHUADQ 'HQWDO SDWKRORJ\ DQG DJULFXOWXU
1HROLVEKDPOWROLWKLF SHULRGY DW OHKUJDU& HGEROXFK LV WD
$VLDQ $UFKDHRORQRJUDSKV LQ :RUOG $ BHKHXHRORUILARUHV\
ODGLVR®

IXNDFV - 5 DQQG 3DVHFRWULQPGWFHG 3DWWHUQV RI '"HQWDO $E!
SDNLVWDQ (YLGHQFH IURP ORHHKWUIPDUK - RXE GFDOU RS IXK\VLFDO $

IXNDFV - 5 DQ®G DKRPSHR@MDWLHY 3UHYDOHQFH E\ 6H[ LQ 3L
ODJQLWXGH DQG OHDQLQJ LQ ,UHFKQLTXH RQGHSBRQFDWLR
$QWKURSROR&DPEULGJH &DPEULGJH 8QLYHUVLW\ 3UHVV

IXQG\ - . /ILYLQJ VWDWXUH IURP ORQJ OLBRXBRIQEWLOD
-RXUQDO RI 6FEHQFH

IXQG\ - . 7KH PDWKHPDWLFDO YHUVXVY DQDWRPLFDO PH'
7KH $PHULFDQ -RXUQDO RI )RUHQVLF OHGLFLQH DQG 3DWKRO

IXQG\ - . $ UHSRUW RQ WKH XVH RI )XOO\T\L @ PRWRWDE
VNHOHWDRXHUODDQRI )RUHQVLF 6FLHQFH



ODDW * - 5 7ZR PLOOHQQLD RI PDOH VWDWXUH GHYHOR
WKH /RZ &R RQOMAUIQDWLRQDO -RXUQDO Rl 2VWHRDUFKDHRORJ\

ODFFKLFDQ* 6SD]LR H RBQLMWIDODQXDOL 8QLYHUVLWj] GHJOL

ODFJUHJRU 6 &RUQHV % . ODUWLQ 1 * O9DWWGFKHULWDELC
VHOHSRUWHG DQG FOLQLFDOO\ PHDVXRMG *HHIHWWFNVQ $XVWU

ODKOHU 5% IRUPDOL]HG DSSURDFK WR FKRRVLQJ WKH EHVW
WKH FDVH R SRRUO\ SUHVHUYNBGULHV V
$UFKDHRPHWUX KWWSV GRL RUJ DUFP

ODLMDQHQ #HVWLQJ DQDWRPLFDO PHWKRGV IRU VWDWXUH H’
%DVV 'RQDWHG 6N H&KWQIDER IQ GHHIFGE R Q

ODLMDQHQ + 1LVNBAHASDULQHWMWPWWULRQ PHWKRGV RQ OHG!I
"HVWHUKXV)HQZBEBMPDQGLD $UFKDHRORJLFD

ODLMDQHRVNDQHQ 01HZ UHJUHVVLRQ HTXDWLRQV IRU VWDW
6FDQGLQIMNYRDOWRRQOBOWHRDBEKDHRO

ODOLQD 50 B5H\HV 0 ( /LWWOH % % BHFXODU FKDQJH
=DSRWIHDNLQJ FRPPXQLW\ LQ 2D[DFmHUYRME KHRXY QUH]L RR
$QWKURSRORJ\

ODOOHJQL ) S5XBIHAXGHUR GHL PDWHULDOL VJFIKIH C8H %/8J LS RPXP

ODORQH & THROMMDIOWLD G VQ W-REKVUIQD R | RIH:NRRIDWGF BU HK LY
-+

0DQQ 5 : +XQW 'S5 3KRWRJUDSKLF 5HJLRQDO $WOD
3DWKRORJLF DQG 1RUPDO 9DULDWLRQV LQ WKH +XPDQ 6NH
6SULQJILHOG

0DQQ 5 : +XQW 'G5 3KRWRJUDSKIHWSHUIRE RQDDWWDQGE §
9DULDQWYV LQ WKH +XPDQ 6NHOHWRQ &KDUOHV & 7KRPDV 3X

ODQQLQR 0 7DODPR 6HW I® ROAFPIGRVPEHQYLURQPHQWDO F

DURXQG \HDUV DJR IDYRXUHG LQFUHDVHV LQ FHWDFHD
JDWKHUHUV H[GFARBWSBIGBWWKHPWWSY GRL RUJ | VUHS
ODQRXYULHU / /HV YDULDWLRQV GX SRLGVY DEVROX HW

EXOEH HW OHXU & RBWHH SIHONDWEHRQDLD FPH. QW VD RQRQ $VVRF
IUDQOoDLVH SRXU OfDYDQFHPHQW GHV VFLHQFHYV



ODUFXV -+ 3RVWK &W5SDQJEMEHWLFE KLVWRU\ I[URP WKH 0
SUHVHQW RQ WKH OHGLWIDUDQEDMUH VGEREBXQRIFDWLRQ

KWWSV GRL RUJ Y

ODULQHOOL & &DQGLOAMRPS)D &XFEABSD $ UL]LRR®KLOQF
SRSROD]LRQH LWDOLDQD GDO 1HROLWLFR DOQY,(WjREGHU YNV R
1D]JLRQDOH $$, 'HVWBRPIRLRQH 8RPR

ODULQDQ@® ZLVY & 0 -IXQFWLRQDO GLYHUVLW\ RI PUBBRELDC
DQFLHQW KXPDQ FRSUR O LMKHD RS IGLHF@W DWW UBRIO/MXEMKVR Q V' F
IRQGRQ B6HULHV % %LRORJLFDO NKFLWOFHVGRL RUJ UV W

ODULRWWL 9 )DFFKLQL ) (OWHO-FDR/SDUWWRKLHY SURSRVDO RI I
PHWKRG DQRBQ¥KRIODILEORVEQWURSRORILFXP

ODULRWWL 9 )DFFKLQL ) 7KéHOWNGWBR (QWKHDHW BQRBHEEGIL
BFRULQJ OHWKRA KRU H ZB QW HEHY RLBRBRBDOHWRP® $QWURSR
+

ODUNOHLQ . 3RXIRU&HVLQJ / 0 +XHEH 3WHFDULRXV 6WDWH |
6 XEVLVWHQFH S5HHYDOXDWLQJ '"HQWDO 3DWKRORJLFDO /HVLF
*DWKHUHU &XsiuBbW $QWKURSRORWSY GRL RUJ

ODUTXHVY 03 0 ODPHGH $H3W DOWWVIDWRGXFBHG %YRQH 'LDIJHQH
E\ OLEUDWLRQDGBESHBHWURWW®WSYV GRL RUJ \v4

ODUWLQL ) 6DUWL / 3LW]DODVJURWINIG QH®EX &RORUX HQ ¢
FDGUH FXOWXUHO GH OD KDXWH OHU 7\UUKpQLHQGH 'DXQ@MDV R |
- &HVDRUHMG IDTXHU&R®VH HW 6DUGDLJQH SUpPKLVWRULTX
GDQV OH FRQWH[WBFWHVL\EHRQDOPH®DWLRQDO GHV VRFLp
VFLHQWLILTXHV HoM W RRWR KHY 3R U HS S%D VWADU DN Uel@ G X &F
GHV WUDYDX[ KLVWRULTXHV HW VFLHQWLILTXHV

ODVWLQR $ =XFFD 6DUGHIJQD QHOOH URWWH PHGLWHUUDQ
*LRUJLR )DVFH 6LQ®BOQDHOHAOWMD OGIJLR LO YLDJJLURI@RND PR
(&,* S 1XRYD $WODQWLGH JowWwWws HSULQWYV XQLVV LW

oObwubDQJD $/ 3DVFBEDSIWHWVH RI DUFKDHRORJLFDO GDWD |
$ )J)HGHULFR +* ®RI7+ ( (GV $FDGHRLF 3UHVV SS

KWWSV GRGRIURBWWSY %

ODXVV 0 6RFLRORJLH HW I3 HWKBWFSROIRHBIV LBMDUMIHYV GH )UD
OD[LR DQKBQX 6 XOOTDQWURSRORJLD GAFRQRURY RVDU GR WD
ULW U R YBPHRGHW DRYS WX QJIJLD GG GR IEQQGLBREOQ WRIDFARRO W j
6FLHQSQLYHL ¥ DWQ IGD W L

OD[L& DQ®R@YLY 2VVHUYD]LRQXCGODUDQWHRISRORJLD HG HWQR.



GDO QHROLWLFR DO SHULRGR QXUDJLFR VHWWRQGRI®@IUHWVURY I
GEFLHEQWURSRORIRPHKRH GRIOMN ORUHQR

0D[L D& 6X00T$QWURISIRORWIRDED Q BUFRQ R J L M.IA\BA D
$QWURSRORJLD

OD[LD '®0O 9LOODJJLR DOOD VHOYD / XPDQL]]D]LRQH. GBYROOF
SDVWRUDOH GHODOHUPREBRSISNBD DOLOH &RUUHLD BLUH
PRGLILFDWLRQ RI ERQH $ OMRWUH D \RIFWHHS KOR QURFRIINABE FDRWHN
+XPDQ 5HADEWY +DJOPQG 06RUJ &5& 3UHVE86$QF

OD\V 6 $ SHUVSHFWLYH RQ KXPDQ R VWHWRHDWFBRXIFODEDD\RL Q
2VWHRDUFKDHRGRJ\

OD\V 6 7KH $UFKDHRORJ\ RERXWD®E GIRQHRQGRQ

OD\V 6 B5RJHUV - DQHSRWWEOH FDVH RI K\SHUSDURBRWK\UR
WK FHQWXU\ $' GDWH IURP :KDQWBP BHWERQMIGCGRRGQDO RI

+

OF&XWFKHRQ %% XUQHG $UFKDH RHFLLAOHE tBRO® 0HGE WO L Q
$FDGHPLF6BQHVYWIR

OF(YR\ % 3 O9LVVFKHU 3 0 * H Q(HF\R Q R\DLEISHKXP® @6 KRIQ RKIW

OF)DGGHRQEHQKDP) 5DWH Rl QDWXUDO SRSXODWLRQ LQ
PHDVXUH R{RMIRZDVK RI $UFKDHRORJLFDO 6FLHQFH 5HSRUWV

OF.LQOH\ - 7KH DQDO\VLV RI FUKPDWHL/EREBRILIWY,Q $UFKD
YRUHQVLF BBIM @QFHR.R[ DQG & OPUMHQZLFK OHGLFDO OHGLD /W

OHLQGO 5 6 /RYHMR\ 2 (FWRFUDQLDO B6XWXUH &O
'"HWHUPLQDWLRBQHR® B DMEBHHGD RQ  VSIONY FOWM R USIBGf WLXARDKIWQ DO R |
3K\WLFDO $QWKUR SROR J2], DMSD

OHOLV 'BESDOPPV'L 5LWD ) ORQWLV YL ®DFRKLBWHQHR
HQYLURQPHQWDO FKDQJHV DORQJ WKH FRDVADREXH DWQBUQ 6
3ODQHWDU\ &KDQXWWSV GRL RUJ KWWSV GRL RUJ M

OHORQL //H FHUDPLFKH %RQX ,JKLQXHWUIBY Q BRIRDF RQGLO GBIX |
3X[HGEXDGHBERSEULQWHQGHQ]D DL %HQL $UFKHRORJLFL SHU C

OHUFXUL $ O OD]]JDQWL O % )ORUHQ]DQR $ ORQWHF
20HXJODQ&DVWDTKHD2-& JURXS DV SROOHQ HYLGHQFH RI
LQGXFHG HQYLURQPHQW V4XD® WHBIQ, WD O, QIMGH B B Q WQ \RXQMDID



OHVNHOO 7KH LUUHVLVWLEOH ERG\ DQG WRRQMMBGKXFWRLRQ RH
&KDQJLQJ %RGLHV &KDQJLQJ OHDIQQ GDMW LEWKX®/L HR RE RDKH ¥
5RXWOHGJH

OLFKHOL 53HUVRQDO RUQDPHQWYV 1HROLWKLF JURXSV DQG
1RUWKHURFXWYHQWD 3UDHKLVWRULFD

OLFKHORLQ@®D]]LHUL 37KH FLUFOH DQG WKH VTXDUH VWHDWIL
RUQDPHQWY PDQXIDFWXULQJ GXULQJ WEKH YOMINGED B XIEHR- G DW/KKL

OLQFHY +DUULV%HUU¥YDQ 7KH $ % ) 2 6WRRORNWWHKCLRISP HQ
DQG LWV XVH DV DQ HVWLRBWRQDR RKBRIGHRORILFDO DJH

OLQLVWHUR SHU L %HQL &XDWXUHD®EXHWREEHQWHVRPED VHS
D & DO VHFROR G & LQ XQ QXRY R RPMMQDR R \GHOID DV P
&DJOLDUL OXVHR $UFKHRORJLFR 1D]LRQUIDIHFD B DRQPR-HDRORY I \

OLWFKHOO 33U&ROXPELDQ WUHSRQHPDO GLVHDVH IURP WK
LPSOLEDWLRQV IRU WKH PH G L$PYDUQ AHLDQY/ WRHMUUQ DIOGR WHKAY D B

+

ORGL $ 7DVVL HWG6ROFRRBSOHWHRFKRQGULDO VHTXHQFHYV

6DUGBOLBQFH 5HSRILWWSY GRL RUJ VUHS
OROQDU 6 +XPDQ WRRWK ZHDO Y\DRIR\WE HIXIQAWOL RRIX D Q C
3K\VLFDO $QWKURBSRORIRRUH 0. B5RVV $+ 6WDWXUH

'L*DQJL ( ORRUBHWHBGBNK PHWKRGV LQ KXFPIGHPNHGHWWDWY EL
ORUHG - &pUDPLTXH FDPSDQLHQQH OHV IRUPHV

ORULQ ( /D WHVWD EHQ IDWWD 5LIRUPDGGIHOS®H QWI¥HEQDRH Q
&RUWLQD (GLWRUH OLODQR

ORVF®&WL ,WDOLD IXQDEBERS /LEUL 6SD

OXQR] BDHVWUR 10 %DQIAKRI] - $ *UCDQMWV XH] 7UHMR SLRV
6H] DRIEWHDHWKVLPDWLRQ IURP WKH VWHRMHD GUIFQ Q TR PHWHK RF
ZRUNJIDO OHGLFLQH

OXQUR( / /RQJVWDDIGI&)LWH' & %XUQLQJ DQG ERLOLQJ RI PR
HITHFWV RQ FU\WWDOOLQLW\ DQG R[\JHQ LVR3IDRODHRRPBRYD S
3DODHRFOLPDWRORJ\ 3DODHRHFRORJ\

OXUDLO 3 %UX]HN - +RXHW3)D 3 RRDIRU SUREDELOLVWL
ZRUOGZLGH YDULDELOLW)\ UXKRDFHWRQM HWDOVPPRHLRHYWOH OD 6
GH 3DULY +



OXUSK\ (O ,QWURGXFWLRQ QY LOQNEKY¥ XL ([QOB3URKEDHROF
SHFRZGRUG 2[ERZ 3XEOLVKHU

OXUUX &RUWIAJOH *PRQWDJIJQH @EOVFNDREL GBIV

1HZPDQ *RZODQG&BIIHEO $ 1RUWK DQG VRXWK $ FRPSUHKF
QRDGXOW JURZWK D QQ GKKHMMOM B O Q) FMWARHD/XWE R Q QBRHDGMK D Q
"-RXUQDO RI 3K\WLFDO $QWKBURSRORJIGRL RUJ DMSD

1JX\HQ 5 DQG 7pOOH] =HQWHQR - )  OQMXULHV LQ HE
IDFWRUV  W\SH Rl LOMXULHWXURDPRJI\S U,HWWHOQUDLLRHL R Q D O
KWWSV GRL RUJ QL H

1LFHIRUR $ /H YDULHWPKPDHQRLFIWRFHIDOLFKMWEIERBDODIDAD U Gt
5RPD@PQWURSRORIJILD

1XQQ ' 7D\ORU * - +HDWOH\ ) JUDFW X &KWV UMHIGN G
2ZUWKRSDHGL+V

2UUs * &RQWX 0 3 &DVXOD ( 'HPRORWQROHL 660X%WUERH
ODVHUDWL % &6WMDQIRY 9 D&RHEBRWWL SHULRGRQWDO PLFU
6DUGLQLDQ FKLO G UW®RIG B P\SIDRIS @H G DV RR SRHMHMYGIAV R1 3HGLDW
1IHRQDWDO ,QGLYLGXDOL]HGHHGKRLOIV -3ARL RUJ

2UWQHU ' - ,GHQWLILFDWLRQ RI SIDWKRORJLFDO &RQGL
3UHVV &DPEULGJH

2[HQKDP 0 ) %LRORJLFDO 5HVSIRIQY BY HKR VRV DR 93 HHWW $ BI P W

3DED 5 'f2UODQGR ' :LOOLV $ /XJOB® &QXVRKMHOWRDVH
GHSRVLWLRQ LQ WKH 3XQLF 5RPDQ QHFURSROL\GRVFLRS®WAD
LQWHUSUHWDW-IRRXQ @D GRRPIESUFKDHRORJLFDO 6FLHQFH S5HSRL

3DED 5 7TKRPSVRQ 7XJ®LQD&WL [/ 5LVLQJ IURPWMIKHK CLVKKHH
DQDO\WLFDO DSSURDFK WR GHWHUPLQH FUHPDWLRQ $ FDVH
,WDO\ -RXUQDO SRIFKDHRORSEEBIQFBEHSRUWYV

KWWSYV GRL RUJ KWWSV GRL HUJ M MDVUHS

3DQGR XDEDWQVNL * S3KLRWUEWLRXXS QU RRMKEERI 3HGLDWL
*DVWURHQWHURORIJI\SPQG61XWUELWLRQ 03* E H I EIH

3DUNHU 3HDUVRKH BRZHUIXO GHDG $UFKDHRORJLFDO UHODW
WKH GBPEGIHFKDHRORIUBGDO

SDVFXFFL 9 'H )DOFR * 'HO 9DLV & ©6DQQD&QLPE@HMHY 5 7
FKDQJHVY DQG KXPDQ LPSDFW RQ WKH OLVWUDWBBDYWDO ED
*HRORJ\ % KWWSV GRL RUJ KWWSV GRL RUJ M PDL



3HDUVRQ . ODWKHPDWLFDO &RQWULEXWLRQV WR WKH 7
RI WKH 6WDWXUH RBBUGKYRYRILAIFOSDEBYVDHEWYL RQ VYRRIGR QH &t
$ &RQWDLQLQJ 3DSHUV RI D ODWKHPDWLFDOSQUYHUVLWD @ R
IRQGRQ

3HDUVRQ . %HOO $-VWXG\ RI WKH ORQJ ERQHV RI WKH (QJC
WLRBL¥FBOLWHD/SHUVY &RPSDQ\ BHEBROVHKVAMWA RI /RQGRQ

3HQWD ) B5RVVL & OGFKID@RFO®O EHKDYLRU RI WKH KPSGHWR D
DQG ODFKLQH 7KHRU\
KWWSV GRL RUJ KWWSV GRL RUJ M PHEKPDFKWKHRU\

3HUROD O 6DPPDOLVWR 6 +LHNNDOLQQD 7 oODUWLQ 1 *
&RPELQHG JHQRPH VFDQV IRU ERG\ VWDWXUH LQ (X
&DXFDVLB/R® RMRQHWLFN

S3HVFH * /D 6DUGHIQBBXOYGIDNULFH 6DUGD )UDWHOOL )RVVD

3LD]]ID $ &DSSHOOR 1 20LYIBWWQHW I5H & GS@RWB\OR/I RW DXOR D (
*HQHWLF\

3LFR GHOOD OLZDQ@RBBRPLQLY '(GRILRDWHWXGLR 7HVL 3RUC

SLHWUXVHZVN\ 0 7VDQJ & $ SUHOLPLQDU\ DVVHVVPHC

UHPDLQV IURP 6KL 6DQ +DQJ D SUHKLVMRWKFRBRRRULEQPDO
+

3LJD *XLUJXLV 0 7KRPSVRQ 7 -8 ,VLGUR $ (Q]R 6 O0DOJI
FRPEXVWHG SUHJQDQW |HPOOW L6 PURIS BERW L FOLFDAWVH 6LUDI
,WD®RPR 3HUURQH $ )LQOD\VRQ - ( %DUWHOSSSOLFDWC
RI SRUWDIEOMOXRUHVFHQFH :5) IRU VRUWLQJ RRFPALQUIDHHGES
+XPDQ 5HRDRQWLQHU

3LJD * ODOJRVD $ OD]]JDUHOOR 9 %DQGHERWIKUWBRSRODRIV FD
SK\VEKRPLFDO LQYHVWLIJDWLRQ RQ WKH EXUQW UHPDLQV R
QHFURSRO+WDEIDVMMDIUB URQOQMV BUKPDWLRQDO -RXUQDO RI 2VWHI

3LJD * 6OXPEMRER $ OR\D 6ROj 6 %UXQHWWL $$QOBOIRVD !
'LIIUDFWLRQ ;5D\DQ®RUHVFHQFH :5) LQYHVWLJDWLRQ LQ K
IURP +RORFHQH WR-BX®®DK® RULDMKIFHRORJLFDO 6FLHQFH

3LJD * *XLUJXLV 0 %DUWRDR®L(QBR WDXOJRYDU\ ULWH VW
3KRHOQ#3KI@D.F QHFURSROLV RI ORXQW ,®MWMHWQ DADLRELIA D - R
2VWHRDUFKHRORXWWSYV GRL RUJ RD




3LJD * ODOJRNPSWRQxBXKUJIXIDQ@®]IR 6 $ XQLTXH FDVH RI
SRVLWLRQ LQ WKH SULPDU\ FUHPDWLRQ 7RPE RI ORQWH 6
, QWHUQDWLRQDEBDBRKDDROORIJLVWH

3LSHUDWD % $ +XEEH 0 DQG GRSPHODUINLRQ YDULDIWURY DQ
LWV UHODWLRQVKLS WR SHURRHRFLHG VKHDOXWK DLQ)G WKHD O H [L F D
,PSOLFDWLRQV IRU $PHRDEPKDHRRBQPDO RI 3K\VWLFDO $QWk
KWWERL RUJ DMSD

3LSHUDWD % $ +XEEH 0 DQG GRSPKHODIWLRQ YDULQWURQ LQ
LWV UHODWLRQVKLS WR SHUWREHPLHG VRHIDVOXWK DLQG WHKHD O H[LF D
,PSOLFDWLRQV IRU $PHRDEPKDHRR®BQPDO RI 3K\VWLFDO $QWHk
KWWSV _GRL RUJ DMSD

3LVDQR *6DQWX GHOQRUEL QRWH VX DOFXQL JLRLHOOL GDC
1XRYH ULFHUFKH SXQLFKH LQ 6DUGHJQD

SLWWDX 3 [/XJOLg & %XRVL & 3bDQ@AORJLHIDOSLARWHUSUH
(DUO\ 1HROLWK LOFL BROWMWIDIXK Q B/ VAWM  WQ) B O U-RIXQLEID Q VRD O\
$UFKDHRORJLFDO &GFLH®&®WWSY GRL RUJ KWWSV GRL RUJ

30LQ\ WKH HaABGWXUPOLY KLVWRULD

BROLELR $ /H VWRIOGX]LRQH GL *LRYDQQL %DWWR®YWD &ROG
%LEOLRWHFD 6WRULFD (GLIDBRQDIBFLHQWLILFKH ,WDOLDQH

3RSNLQ % AXWULWLRQDO 3DWVWRGOQU DWIGRVUDQE LWYRQRSPH
'RLKWWSV GRL RUJ

3RZHOO O 7KH DQDO\VLV RI GHQWDO ZHDU DQG FDULHV IRU
, - + OLHONHKH(B@DO\VLV RI SBHEGHWWIRRUBE FBM\HW2WJ ODQGR

3RZHOO D@&RRN ' & +RZ 'RHV 7KH +LVWRU\ R)X\WOUIR'S D'
LQ $ &RPSDQLRQ W R 3DOHBSDWKR QR J\
KWWSV GRL RUJ KWWSV _GRL RJUJ FK

3UDGHU $ 7DQQHU -0 O9RQ HSUQDREWK IROORDVPEKLOOQ!
$Q H[DPSOH RI GHYHORSPHQWDRXFQQRO OR ]DIMRID W GIRRD Q
\Y; 30,

SBUL\DGDUVKIQQIN & 33X& DD 6HQWDO $JH (VWLPDWLRQ OHWKR
, QWHUQDWLRQDO -RXUQDO RI $G¥Y®PQFHG +HDOWK 6FLHQFHYV

3URZVH 7/ 'LHW DQG 'HQWDO +HDOWK WKURXJK VWRHLDOH :«
%LRDUFKDHRGRJ\ /OHVNHOO 5 8% -R\FH 6 & $JDUZDO
*OHQFKRWWSY GRL RUJ FK




4XHUFLD $ &D]]XOR 0 YHDU RIVWKH 5GRPD®" 1R K YW KOHU/D
75%& BURFHHGLQJVLRWW KK JXBEQWKHRUHWLFDO 5RPDQ $!
/JHLFHVWHU

5SDGFMURZQ $ 5 HG 7KH VRFLRORJLFDO WKHRU\ R
SURFHHGLQ3DPRXBWKLHQFH &RQJUHVV -DYD 6WUXEFEWXUH O
(VVD\V DQG ¥BGGRQOVKRARKHQ DQG :HVW

5DLROD * *DODWL 0& 'H 6DQFWLVY 9 HW DO *URZ
"RXUQDO RI 3H GLPRNVDRQIEH Q) IERE® X\SFS O 30,

5DNLWD * ) 0 %XLNVWUDOGLDPWYHFEN, OMBBIWUDFWLQJ ZLWK W
SHUVSHFWLYHV RQ ORUWXDU\ $UFKBHRERUVIRV\ WKHVIVH 2 QRO

5DPzQ 7TRUUHVDY DQIRUJWXRRQEBNVRGHO OHGLWHUUjJMMTDRUFHQR@D C

5D[WHU 0 + 5XIl &% $]DR® L P(MQDE® DZ R G $( O 6WDWXUH H
LQ DQFLHQW (J\SWLDQV D QHZ WHFKQLTXH EDVEBHRQFDQD
-RXUQDO RI 3K\WVLFDO $QWKURSRORJ\

5D[WHU + % 0 $XHUEDFK DQG & % 5XII SHYLVLRQ |
(VWLPDWLQIPHNDWDXQHRXUQDO RI 3K\ WLFDO $QWKURSRORJ\

5D[WHU 0 + 5XII &% $]DE $ (UIDQ6DZDER®LPDQ ®W DDV
HVWLPDWLRQ LQ DQFLHQW (J\SWLDQV D QHZ WHFKQLTXH E
$PHULFDQ -RXUQDO RI 3K\WVLFDO $QWKURSRORJ\

SHEBDOLVEXU\ . B6RUHVHQ 0 / %RGHMWBDUWWGEQG %RGLH
&KDQJIJLQW LKW D QG RPHIRILBRRNV 2[IRUG

5HIXODWLRQ (8RI WKH (XURSHDQ 3DUOLDPHQWDDQG RIQWKHF
(XURSHDQ GDWD JRYHUQDQFH DQG DPHOBW®OJ* RN HUDDWERIQS F
ZLWK (($ UHBHYDQFBE(9 (/,[KWWS GDWD HXURSD|HX HOL UHJ

5HLGVPD ) + YDQ +RHVHO GHIJNQQ 2VD®G-%URKBEDEGVER)Q
3K\WLFDO DQG FKHPLFDO FKDQJHV GXULQJ ODERUDWRU\ VLP X
UHOHYDQFH IRU WKH VWXG\ -RIX LLQMHO XK H$B® O0SFKBSRREVR \

s

SHLWVHPD /- DQG OF,OYDLQH % . SHFRQFLOLQJ 3\
DQWKURSRORJ\ :KDW FDQ ELRDUFKDHRORJBPWYLEBERURXURE
3K\WVLFDO $QWKURSR[XRMWSY GRL RUJ DMSD

5SHPRWWL JXRJKL H FRUSL $QWURSRORJLD GHOO®RGCDDMR
%YRULQJKLHUL 7RULQR

SHPRWWL )DUH XPDQLWj , GUDPPL EEHMORIWDLQ MDWR-BLR R 1%4-DALL

5HQIUHZ & 7KH HPHUJHQFH RI FLYLOLVDWLRQ 7KH &\FODGH



PLOOHQQ/IRPGRQ OHWKXHOQ

SHYHUWH &RPD 3UHKLVWRULF FUHP@WRRIQNGILQ IS RILQVKH W
OHHWLQJ Rl 3BDOHRSBWKRORJ\ LQ 6LHQD

SLFHO 3 SRWWHU\ $QDO\VLV S KKRXBOQAHEHRRNW\ RI &KLFDJR

5LFKDUGV & ORQXPK\QW® O7ERRUMREMNDISEG HWDW LS $UF
= 2[IRUG %HUJ

5LVVHFK & *DUQWH]L DQG 7XWBE&BOODWLRQ RI GHFHQWO\ 3X
(XURSHDQ )RUPXODH IRU $JH (VWLPDWLRQ Rl 6XEDGXOW 6
JRUHQVLF $QWKURSRORJ\ D QReXUXYDAVOHRFIUPRDHRURBE 6FLHQT
6 [KWWSV _GRL RUJ

5REE - ( 7KH LQWHUSUHWDWLRQ RI VNHOHWD QOQWHMFDMHWVV R\
-RXUQDO R 2VWHRDUFKDHRQRWWSYV GRL RUJ 6,

$.2% ! &2 .

5SREHUWVDQ@@GDIFKHVWHU7KH DUFKDHROVRIDMRIH®O RXFHVWHU 7
+LVWRU\ 3UHVV

SREHUWVRQ %KM GHYHORSPHQW RI PHDQLRXURMMOR RH QU KIHQE
$QWKURSRORJLFD® ,QVWLWXWH

5RELQVRQ 0 +XQWHU . 3HPEHUMRID G6DWRRRIRY\ 2[IRUG
8QLYHUVLWW3NWSWYV GRL RUJ RVR

5RRVHYHOW ®BREXODWLRQ +HDOWK DQG WKH (YROXWLRQ R
&RQIHUHQFH LQ &RKHQ 0 1 DIP®OKHMRSBWRRORJIJRBW GAKH 2ULJ
2UODQGR $FDGHPLF 3UHVYV

SRVH - & % X UIH/W /Q 44 D) G6 % O HHXHU 3DOHRSDWKRORJ\
2ULJLQV RI ODL]JH $JULFXOWXUH LQ WKH /RZHU OLVVLVVLSSL
0 1 DQG * - $UPRBODOBHRVMHWKRORI\ DW WKR2ODDGCR/ RFIGU
SUHVYV

5RVVL & 66DYHYRLQD $ G5HLQD * t3SRBORUBDWEB GRH U U
$UPRXU + KWWSV GRL RUJ =

SXII & &OLPDWH DQG ERG\ VKDSHRXQU @B PLRILE6XRDRO\W DXV L

SXIl & ORUSKRORJLFDO DGDSWDWLRQ WR FOKMPDWHRIRN AR
SK\WLFDO $QWKURSRQRNEYV GRL RUJ DMSD




SXIl & %RG\ PDVV SUHGLFWLRQ IURP $RHO HMIDP - RMOPQHE
SK\WLFDO $QWKURSRORJ\

5X11 & 9DULDWLRQ LQ KXPPMOERG\ 5VH.Y HHRQRR J}$ QIVKH R S

5XI1I & +ROW % 7ULQNDXV ( KR V DIUDLG RI WKH EL
IXQFWLRQDO$PIBDISFDIWIRRXQ QDO Rl 3K\WLFDO $QWKURSRORJ\

5X11 & %RG\ VLIH SUHGLFWLRQ |$RM WFDHQ LROXH @ B B ORI\
$QWKURSRORJ\

5XI1l & 7ULQNDXV ( +ROOLGD\ 7 : %RG\ PDVV DQG H
1DWXUH

5XI11 % +ROW % 0 1LVNDQHQ 0O 60DGpPN 9 %HUQHU 0 *
ODLMDQHQ + 1LLQLPINL 6 6DOR . 6FKXSOHURYi ( 7RPS
HVWLPDWLRQ IURP VNHOHWDO UH P DSPQMDIQRQ- RXKIKD (B URIS HB B §
$QWKURSRORJ\

5XI1I & % 1LVNDQHQ 0 -XQQR -$ -DPLVRQ 3 %RG\ I
LOLDF EUHDGWK LQ WZR KLJK ODWLWXGH SRSXODWLRQV ZL
"RMQDO Rl +XPDQ (YROXWLRQ

6DQFKIMJD 3 $ *UDKDP -0 -U +LQJ $9 /HH - &XQg
PRUSKRJHQHVLV RI :RUPLDQ ERQHV $ VWXG\ Rl FUDQLRV\QR
$PHULFDQ -RXUQDO RI OHGLFDO *HQHWLFV $

6DQGKRO]JHU D $.REXXQVN\ $ 0 :DOPVOH\ & ' [/XPOH\ 3 -
; UD\ VFDWWHULQJ HYDOXDWLRQ RI XOWUDVWUXFWXUDO FKD
-RXUQDO RI )RUHQVLF 6FLHQFHYV

6DQGKRO]JHU 0 $ :DOMPVAH\ $3'- DQG /DGBGGQRROGRDIFXDWLRQ
KHD@GXFHG VKULQNDJH DQG VKDS N VIDHVRIZFERW IQP® MRl KRB BI
5DGLRORJ\ DQG ,PDJLQJ

6DQQD , ®RSRODPHWIRG HORD L L HHIDU&&(&&DJOLDUL
6DQQD 1HOOD 3UHLVWRULD QB(RU&DUQILISWHL 6DUGL

6DQQD /DULFRVWGEXOEREEY R FBHSIRES R O DE H ® BRG NI DW H
PRUIRPAWDIIDRFLDOH ,Q )ORULV *O HXORRLGWEGRIGY $QWUR
(WQRJUBSLD (GL]LR@QEDJOLDUL

6DQ®D -DFNVRQ $ 8 1DJDUDMD 5 :LOOH&RPPR®KHHQLDQWHW
*') 84&& UHJLRQ DUH DVVRFLDWHG ZUWW XWDH FBOHRQAVW KXP



6DQQD $SSURGL H 7UDIILFL 7UDQVPDULQL QHOOD
DUFKDHRORJLF 3 W WHERIFFRHORZQWKH VHD WE&RR QRYH HUKHLDOHBD
YLYHUH &O JRODLWDH L

6DQQD 6 -DFNVRQ $8 1D&BEPROQ YDUHMNDEE WKIHRQ DU
DVVRFLDWHG ZLWK YDULDWKRE@ EQQKIWPIDRY KHLJKW

6DQWRQLD&DEUDV H &XFFXUX 6 $UULX 1RWD SUHOLRPYIQ\DWB ¢
GL 6WXGL )HQLFL

6DQWRQL 90 PR@GR GHO VDFUR G6RLHWJHQHROLWLFD

6DQWRQL 9 DREDEARNLI*QL /'RUL]JRQWH 1HROLWLFR 6XSHULRU
&DEUDV /H VDFFKH & 6 $ QQ I1Q/D &XOWXMD GL 2]JLHUL /D ¢
OHGLWHUUDQHR QHO ,9 HG, &DFPLSXO/HQ QW WL&GHO ,, FRQYHJQ
2]LHUL RWWREUB 7RUFKLHWWR 2]JLHUL

6FKDHIHU 0 D0 FKHBHOU /{XYHQLOH RVWHRORJ\ $ ODERUDW
$PVWHUGDP $FDGHPLF

6 FKHXHQ¥%O D BN '"HYHORSPHQWDO -XY/RQIGRQ 2$WHRIRLIR 33Ul

6FKLIIHU 0 %RZDUG WKH ,GHQWLILFDWLRRHR L FR QPO IRTX BWK

6FKLITHU 0 YRUPDWLRQ 3URFHVVHV RI WKH)GEXKOHKRIOR] LA
OHRER8QLYHUVLW\ RI 1HZ OH[LFR 3UHVV

6FKLOODFRQ®WRBMDQRZVNL 3¥RVWPDULWDO UHVLGOBQEBDWLER® |
3XHEOR ®RIQUMWQ -RXUQDO RI 3K\VLFBEO $QWKURSRORJ\

6FKPLGWD@3IPHVS$6 7TKHQDO\VLV RI % XUQHG +¥PNVE BIHHPWD IL WY X
86%

6FLXOOL 3 : DG +HWOBPWOBWXUH HVWLPDWLRQ IRU SUHKLVW
SRSXODWLRQV EDVHG RQ UHY LISVIFRKPWH RO RVIK HR ) X O & W W Bl @ KIRLUT

BFLXOOL 3 : 6FKQHLGHU .1 GHWDQHIHO & WLPBWRRQF L DD B/
$PHULFDQVS$RPHYKIE®Q -RXUQDO RI 3K\WLFDO $QWKURSRORJ\

6FRWW ( & '"HQWDO ZH®AHVERDQQ R XWHFX® IRNXHK\VLFDO



6HPOHU 2 &KHXQJ 0 6 *ORULHX[:RUPLDED ERKQHN LQ RVV

LPSHUIHFWD FRUUHODWLRQ WRFIOUWIQAFQ ORXQGDQJIN | DDGIG LIFHI
+

6HUUDW 0 $ .LQJ ' /RYHMR\ & 2 THPSHUDWXUH UHJX

GLUHRWGAOPWLQJ FDYWRRHDHGE LUK ZRSKDICHRE B\W L IRQ PHDV +
KWWSV GRL RUJ SQDV

6H\PRXU 9 TKIDWXBPBOQSHODWLRQVKLS DQG ,WV ,PSDF

SHYLHZRQWLHUWHD®BWEOGRL ISXEK

6KDFNOH\ HB ; 5D\ )OXRUHVFHQFH 6SHFWURPHWU\ S5) LC

6SULQJHU 1HZ <RUN

6KDFNOBD @GOOLDQ &KHUPDO DQG HQYLURQPHQWDO HIIHFW)
([SHULPHQWDO DQG DUF QDK QR BIERMDO RH Y)LEHQFGG GMDW RQ
/R\G7 02ULJIHUG ')YHGULFNVR@XOWXUDO 5HVRXUFHV 3XEOLFEL
JLUBHLVWRU\ 8 6 %XUHDX RI /DQG ODQDJHPHQW 6DFUDPHQWR

6KDQNV 0 DQG 7183 PRQVAWUXFWLQJ $UFKDHRORJDPEKHBWN C
&DPEULGJH 8QLYHUVLW\ 3UHVV

6KD\ 7 'LITHUHQWLDWHG WUHDWPH®W QR D GWXIURGRORW
DUFKHRORJLFRROURMWHRILPOQOWKURSROROLFIBG $UFKDHRORJ\

6KLSPDQ 3 DRERKRHJLQIHWYUQW ERQHV DQG WHHWK DQ
FRORU PRUSKRORJ\ PUKVYW@PNRXUMIDYOF RIXSYWFBEQBRORALFDO 6F

6LHUS , +HQQHEHUJ O 5HFRQVWUXFWLRQ RI ERG\ KHL
GLITHUHQW PHWKRGV IRU FRBQWKBRIB@BQHRUVIWKHLU UHVXOWYV

6LOGHQDYDQDNBBUWGYV ( < 6WURQWLXP DQG 3DOHRGLHWDU\
<HDUERRN RI 3K\VLFDO $QWKURSRORJ\

6MiYROG 7 $ UHSRUW RQ WKH KHULWDELCHW LRIFVW\RB B |
,Q 9DQ 9DUNHOOYR:: HGAOWRIUMWDULDWH 6WDWLVWLFDO OHW
S$QWKURSBORIJ\ %RVWRQ ' 5HLGO

6PLWK 3 +RURZLW] [/ . $UFKDHRORJLFDO DQG VNHOHMW
/IDWH 30HLVWRFHQH (DUO\ +RORFHQH LQ WKH /HYDQW .,
SDOHRSDWKRORJ\ DW WK35 RULJI$® DRA HPIURL BAIMBEWEKR) H

6PLWHR DQ®ULQ@EHU 'HYHORSPHQWDO HYROXWLRQDU\ DQG E
RUDO KEDOMEKHUO\ $ 3O0ORPS3DQ@® HRRASKODHWKR/R HRGM DQG (YROXWL
, QWHJUDWHG $S SURPEFE $FDGHPLHIRUG 'RL

KWWSYV GRL RUJ RVR




6PLWK HGLFWLRQDU\ RI *UHHN DQESDYR PG BHRNHSHKM\W\ %

6RIDHU -7KH %RG\ DV ODWHULDO &XOWXUH $ 7RKHARFWHWQ F
&RQWHPSRUDU\ $UFKDHRORJ\ &DPEULGJH &DPEUL
GRL & % 2

BRQGDDU 3 < (OEXUJ 5 .OH$Q %ROAWMVHWU+* HVBIEDSRODPHQ
GHOOD 6DUGHJQD QHO WDUGR 30HLVWRFHQH OQXRYD DFTXL
&RUEHEAG®XVWD 6FLHQ]H 3WHLVWRULFKH

6SHQFHU 7KH ULVH RI DFDGHPLF \SKQVMWHOHbSEQW/HAER SROR J
$PHULFDQ -RXUQDO RI 3K\VLFDO $QWKURSRORJ\

6TXLUHV 7KRPSVR@ 7,VODP®DQ&KDPEHUODLQ7KH DSSOLFDWLEF
KLVWRPRUSKRPHWU\ DQG )RXULHU 7UDQVIRUP ,QIUDWHKEQ6 SHF
EXUQHG ERWQODPDO RI $SUFKDHRORJXFDO 6FLHQFH

6WDQGULQBQPXOWRPLD GHEDWIDDQDWRPLFKH QHRVDBDDLSHWD WILEELC

6WHFNHO 5 + DQG YRWHEDRNERQH RI KLVWRU\ KHDOWK DQ
+HPLVSKHOPHEULGJH 8QLYHUVLW\ 3UHVV &DPEULGJH

BWHFNHO 5 + BWDWXUH D&E WO \RW D DRE@RIFL R I/ 1OM M UQ

6WHFNHGR®H - & $ KHDOWK LQGH[ IURP VOWHFDR-NVWEIBOSHRE H R D L
HGLWRHMVEDFNERQH RI KLVWRUQ WHKB OMKWIHQY® S K UV SVKLHRUOH L

&DPEULGJH 8. &DPEULGJH 8QLYHUVLW\ 3UHVYV

6WHZDUW - + OF&RUPKHNIJHQGHU SUHGLFWLYH7 KB GXRH WRL DA
-RXUQDO RI )RUHQVLF OHGLFLQH DQG 3DWKRORJ\

6WHzZzDUW 1 $ *HUODFK 5 ) *RZODQG 5 /6H{URHW H U-PL QmB(
RI KXPDQ UHPDLQV IURP SHSWBG$Y LQ WBBWK HQDPHO

GRL RUJ SQDV

6WHzZzDUW 7(VVHQWLDOV RI )RUHQVLF $QWKURSRORJ\ (VSHF
6WDWHKDYDUOHY & 7KRPDV 6SULQJILHOG

6WLQHU 0 & XKQ'LBHUHWULQRODQJ UHFU\WWDOOL]DWLRQ
DUFKDHRORJIJRXDQ®SHKIREBHRORJIJLFDO 6FLHQFH

BWLQHU 0 & 6XURNWODUGLILQHGQRPUDVXUHYV Rl ERQH PLQHU
H[SHULPHQWDRXUSIUWKBEPKRORILFDO 6FLHQFH



6WLQL : $ *URZWK UDWHY DQG VH[XDO GLPRUSKLVP LQ
DQG - + OLHOGKH $®@¥O\VLV RI 3BBKLVWRULF 'LHWV

BWLQVRQ 6 *URZWK 9DULDWLRQ %LRORJLFDO DQG &XO\
295RXUNHXPFDWQ %LRORJ\ $Q (YROXWLRQDU\ -DRYER RoH @ F XIO0MNX
%ODFNZHOO

6XOOLYDQ5HFRQVWUXFWLQJ UPRDWDRQWKLISWENIRDYWDWE&H P |
*LOEHUWLQH 3ULRU\ RI 6W $®BHIWILZF D)Q V-RKWIDDAOH R kK BYNV LF D

7DQGD * *OL DQHOORQL30OHWLWR UMD HQ B5QQD

7DQGD * VLWL GHO QHROLWLFR DQWLFR H OJWREUMQ\VEH p I6 W\
&RUVBIUGDLJIQ@H

7DQQHU 6 +HDOWK DQG GLVHDVH ([SORULQJ WKH UH
QXWULWLRQ VWDWERHURODBQIPRURIHYBK\VLFDO $QWKURSROR
KWWSV GRL RUJ DMSD

7TDUORZ 6 %YHUHDYHPHQW DQG &RPPHPRUDWLRQZ2[$RUSUFKDF
%ODFNZHOO

7buwbuL M WHUUD H LO IXRFR , ULWL IXQHEUODHOWHFRQV |
SRPD

7D\OHV 'RPHWW . +DORWURY GHQWDO FDULHV EH LQWHUSUH)
7KH $VLDQ H[SHULHQFH ,Q .RSSH 7&RPH\BWD W L Y W QW D q @\
SS * .DUJHU %DVHO

7D\ORU $ $VSHFW. RO GOYIiRHOBG BEKL WOL OH HIGVQW % X UL |
LQ $UFKDHRORJSSDO 5BFRUG 2[ERZ 3XEOLVKHU

7HPSOH ' + 3ODVWLFLW\ DQG &RQN W WDIHYW RV 5SBRBR.D
-RPRQ 3HULRG )RUDJHUV IURP -DSDQ (Y2IGYWQBERPIRQF/WHP H
OLFURVWUXFWX$PMHVURF DQD-RX® QDO RI 3K\WLFDO $QWKURSROF

7HPSOHDQMUVHQ & 6 'HQWDO FDULHV SUHYDOHQFH DV
VXEVLVWHQFH YDULDWLRQ GXULQJ WKH 4DXRD G HWQWRISUISW I$W
HFRQRP\ LQ WRIDQMVADM RRIUIK\VLFDO $QWKURSRORJ\

KWWS G[ GRL RUJ DMSD

7THPSOH ' +7KH *OREDO +LVWRU\ RI 3DOHRSDW(IGROWRUG BLRQ'
%XLNEWDDORWWHZSREHNWY< 2[IRUG 8QLSBIPHW\FBRWYHMR/X UQL
SBK\WLFDO $QWKURSRXRMWSYVY GRL RUJ DMSD




7HPSOH '+ DQG *RRGPDQ $ + %LRDUFKHRORJ\ KDV D
SVWUHVV’' DQ 6 LRMDPKWHIR OIRFILAHDWDL EBIQ HRYBRDO Rl 3K\VLFDO
KWWSV GRL RUJ DMSD

7TKLHPH ) 3 DQG 6FKXOO :DWLRQ I|I&HRPGW MAHDMR H® R /AR
+

TKRPDV - 7KH SROLWLFV RI YLVLRQ DQG WKH DUFKDH
IDQGVFDSH 3ROLWLFWH®9G 3HBVYSH BAMIUYIH V

7KRPSVR@®@ 7 7KH DVVWVRPNB[ LQ FUHPDWH 6DXWALRQBX\DQFR
&DQDGLDQ 6RFLHW)\ RI )RUHQY¥LF 6FLHQFH -RXUQDO

7KRPSVR@®@ 7 S5HFHQW DGYDQFHV LQ WKH VWIKXRS ORIFEXWLRIDE
IRUHQVLF DQWKURB¥RERFH ,QWH BB ®BQ R DO

7KRPSVRQ8 7 +HDWGXFHG GLPHQVLRQDO FKIRXQWHVT K& GEFRIQ/H
IRUHQVLF DQWKURSRORI)YRUHQVLFEG6FLHQFHYV

7KRPSVRQ8 7 %XUQHG KXPDQ+DIFEEIRRN RI1 JRUHQVLF $QWHI
$UFKDHRIGGR/WODRGSEHODNHU /HIBRDVW :DIOHOAW &UHHN &$

7KRPSVRQS8 7 7KH $QDO\VLMW GXFHI® V& U\VW D DQ LIQR K & KD Q.
$QDO\WLV RI %XUQHGHEXPDQ6FKPRDGOVDQG 6 HOBHWPHIMHU /WG

7KRPSVRQ8 7 $QWKURSRORJ\ &UMPIWKNER IR@IFIFORSHGLD
JRUHQVLF DQIGLALIR A

TKRPSVR@ 7*DXWKDRQWODP 0 7KH DSSOLFDWLRQ RI D QHZ P
7TUDQVIRUP ,QIUDUHG 6SHFWURVFRSRWBQDKHRD GD6G K\DLH/RBIRE b
+

7KRPSVR@ 7,VODPQBRQQLHUH $0QHZ VWDWLVWLFDO DSSURD

WKRH\VWDOOLDOWHBHGHHRMOH PLQHURXUQRP® )R, 55 VEKDBWROR JL
-+

7KRPSVR@®@ 7,VODP 0 I CEOWEHO $$Q LOQYHVWLJIJDWLRQ LQW
DQG H[WHUQDO YDULDEOHgGEHWLMLDY R QRKWAVFUD D0OR QY WRUP | C
RO XQDOWHUHG BQOG EXRIHRG ERSXY 3DODHRFOLPDWR@RJ\ DC

7KRPSVRQ8 76]LJHWL - #REQ@@WEGEKHU 5 'HDWK RQ WKH IUF
OLOLWDU\ FUHPDWLRQ SUDFWLFHV-RRUWRED QRYWRKKRHRERRDK
SHSRUWYV

7KRUQWRQ $ DQG&KIOIMG RHQTV )DOEHKUWV/RQGRQ



7LJQBU $GHOPDQ - 3ROODUG RUOSVLTRIHWKHULHRKREW $S
1IRUWRQ

7LOOH\ & 3KHQRPHQRORJ\ Rl /IDQGVFDSH 3Q@DRHNG 3BMKN D
7LOOH\ & HWDSKRU DQG 0Dy HULAD GHEDHIVOX U H
7RGGH 0 6 DRV HH/UOQD LQ $$ PSR GHIOPHYNVRL 1XRUR

TRGGH O S5LFHUFKH VXO WHUULWRUIR H E F@QI\QIRKAEND & R

7RJQRWWL3HU XQDGWCRIULDDODULD LQ ,WDOLBFR®&MHR 6WEa
OLODQR )UDQFR$QJHOL

7RIJIQRWWL [ URJUDP WR HUDGLFDWH P& OPUAHU LIQQ & D, QGH RW I
'LVHDWHMOWHUYV IRU 'LVHDVH &RWYODRY D QEH BUHYHQWLRQ

TRIQRWWL ( ORQVWBHOOBDRGIUHHUDHZZ 2VWHRORJILFDO 'DWD R
6DUGLQLD IURP $QWLTXLWUWRVWKH ORGHUQ (UD

7TRUHQ & ODNLQJ KLVWRU\ WKH VLIJQLILFDQFHARRSFHUDWGEKR
DQWKURSRORDQRHZBEEGLH\-

7UDPRO@IQ®$QQD $ /H 1pROLWKLTXH OR\HQ GIR ®PHORHWH GLRH)
QRXYHOOHV SHHFHSDWMDPPINYD GHV &KDVVpHQV« 5HWRXU VXU

SDUDOOQOHVY 6HSXOFUHV G HHEGW3IMU BLEKX DFDER)Q REDMIEE R ] D

*RXGH $FWHV GX FROORTXH LQWHUQDWLRQDO WHQX j 3DU
$UFKLYHV GTeFRORJLH 3UpKLVWRULTXH 7RXORXVH

7UDPRQL 3 ' $QQD $ 3DVT XDHMBKISVVOLODBLWQUWH GH 7LYXC
SRUWWRFKLR GRENDBIMIHOHY FRIIUHV PpJDOLWKLTXHV GX VXG Gt
%XOOHWLQ GH OD 6RFLpWp 3UpKLVWRULTXH )UDQoDLVH

7ULQJKDP 5 RXVHKROGV ZLWK IDFHV W B H HKKIVOVIRHUQ FH DRIIF K it
UHPDLQV ,Q *HUR - 0 DOQIGVWERORQEB\HWLYI) $UFKDHRORJ)\
SUHKLVS'SRU\ 2[IRWEGODFNZHOO

TURQFKHWWL & /ID FHUDPLFDOOW®ODDGOLU 6L REIRAPHDL
$ U F K B RFEOIR
7VDOBNL 8QXVXDO EXULDOV DQG QHFURSKRELD $Q LQVLJ

OXUSK\ (0 '"HHIGD/QW % XULDOV LQ $UFKDHRQARUIG D2Q EFRHF RXIEO L

7X0O0R ( 7UHSDQDWLRQ DQG 5 RRA DRV WH® DRLFRXHD HR FFRPLS
PDWHULDO FXOWXUFRKBQ-® XWQWWRQ WKHWR\DO &ROOHJH RI
+ GRL -5&3(



7XUFR $ 3DHVDJJLR SUDWLFKH5HMUIQRXCRILUQLED PRQEDVLYV

7XUQHWE * 'HQWDO $QWKURSRORJLFDO ,QGLFDWLRQV RI $Jl
RI &HQWUDO -DSDQ ; 3HPSULED |- RKHQIIF RILBK\VLFDO $QW

7\NRW 5 +&KDUDFWHUL]DWLRQ RI WKH ORQWH $RXUQDBDDURBIL
$UFKHRORJLFDO 6FLHQFH

7\ORU % SULPLWLYH &XOWXUH 5HVHDUFKHV LQWR WKH 'HY
S5HOLJLRQ /DQJXDJH &PPEWUDLCGOHEYWRPUVLW\ 3UHVYV

S8EHODNHU '+XPDQ VNHOHWDW DWEXPQVDVKLQIJWRQ

B8EHODNHU ' 7KH IRUHQVLF HYDOXDWLRQ Rl EXUQRG HQNLFH
6HQFGHMW QDWLRQD @

BFFKHUX 6DX 6 /XJO&YRS DQG ZLOG SODQW H[SORLWDWLRQ
SHULRG 1HZ GDWD IURP 6X 0XOLQX 0DQQXRBURG®GOHR1 HREG KW K
6FLHRHFSHIRUWY KWWSV GRL RUJ KWW SMDVGRE RUJ

8JDV * /D 7TRPED GHL tEX'HEUBRRYICW]XRQL GEDIDDLDRUUH

8OLMDV]HN 6 - DQG)URFORWLVWRU\ RI $QWKURSRPHWU\ WR
, Q& * 1LFKRODYDOORBLHENLUD <DVXNRXFKHLG WX\WPID@O BID BI0D \M D
JURP WKH /DERUDW®¥%\ WR WKH )LHOG

8vDL ( 6X DOFXQL JLRLHOOL GHOOD QHBURISRWODL GL 6RFWH
VXSSO

8VDL / ,0 1HROLWUIFRNVRHGLR) 5LXQLRQH 6FLHQ W& DLIFL DEHO
%DUXPLQL 6DYRBHPEUHUHQI]H

8vDL /XLVDQQD , O IBRQUIWVLVMRRBEHB IR SURWRVWRULD GHOO
SLXQLRQH BP LHKAWAL,VWLWXWR ,WDOLDQR GL 3UHLVWRULD H 3UTI
QRYHPEUH&DJOLDUL %DUXPLQL 6DVVDUL ,VWLWXWR ,WDOLDQ

9DQ 'RPPHBOHQ2Q &RORQLDOHUBMQ@WQYHUVLW\

9DQ /HXVHQ 30 &DUWR J U DEOLMH BRGE O Q LSIIG HW DHOH G O7
&RPSXWLQJ WKH 3DVW &RPSXWHU $SSOLFDWLRQV DQG 4XD
$DUKXV 8QLYHUVLW\ 3UHVV $DUKXV

SHUFHOORWWLO0* -EMWXV + 0 6FLXOOL 3 : 6WDWXUH HV
T BROLVK SRSXODWLRQ WHVWLQJ WKH DFFXUDF\ RI |
VDPSEPHULFDQ -RXUQDO RI 3K\ WLFPO $QWKURSRORJ\



SHUFHOORWSHUDWD % $ $JQHZ $ O :LOVRQ : 0 'XIRXU '
-XVWXV + 0 /DUVHQ & 6 O6WRXW 6 ' DQG 6FLXOOL 3 :
VWDWXUH YDULDWLRQ LQ WKH SDVW W& URLXYILKQB RSFBEXILIFE DR/ (
-RXUQDO RI 3K\ VLFDO $QWKKWWBURJIJEGRL RUJ DMSD

9RQD * 7KH SHRSOLQJ RI 6DUGDQIGD H |, B BWQ KWV RGO -R
$QWKURSRGRJ\

9RQDDQ&DOz & 0 +LVWRU\ Rl 6DUGLQLDQ SRSXODWLRQ ,WD
LQIHUUHG IURP JHQHWLF DQDO\¥XKPD @ JEQBW IS L VEREDIDHADHINFGKY
6LIJQSRYWYDQGXP .HUDOD ,QGLD

O9RVV % / DQG $OXHQHS5WR & HUSOPQFXMIBWLRQ 4XDOLWDWLY
$QDOWWMHPAKQLFDO %ULHIV LQ +LVWRULFDO $UFKDHRORJ\

'DJQHU 5 8HEHU GLH IRVYWHOWOHUQVIHDRIWHQXQG 9|JHO GHU

EHVRQGHUHU %H U +RNRFKHKOWEUXQIL 66 WD Q G HE KL QVGACHXARIHHKU ©
%D\HULVFKHQ $NDGHPLH GHU :LVVHQVFKDIWHQ

‘DKO ,QYHVWLJDWIRMNVQRMQBUBHRPDQ &UHPDWLRQ UHPDLC
*HUPDQ\ 5HVXOWV 3RWHG@VKIHD HQ /QHAL \D RE %DPLGWHAG ¥XPDQ
6FKPLGW DQG 6 $ 6{PMMYLHU /RQGRQ

:DONHU 3 / $ ELRDUFKDHRORJLFDO SHYWYGKB W L5HHY RH)Z
$QWKURSRORJ\

'DONBIU OLOOHWBDQIAFKPHPQ 7LPH 7HPSHUDWXYWDDQ BEA[OLH

DQ ([SHULPHQWDO 6WXG\ Rl WKH (IITHFWV Rl (QYLURQPHQWDO

RI &UHPDWHGKHR@D O\VLV RI %XUQHIG V¥ X P DEF KRPO®WQIVQG 6 $
(OVHYLHU /RQGRQ

:DQJ & OXUJLD 0 $ %DSWWDWNED QLDEGWDHOWDU\ DQDO\VLV 1
RI WKH OLRVHUDPDMOXBH(WKQKWWEBRG GRL RUJ Y

:DUQLHB - &RQVWUXLUH OD EXTXWRRPPH FRWEPUIQHVDOMW DYHF VI
38) WDUHDQLRQ /D FXOWXUD PDWSHULD®RPD OHOWHPL

':DWVRQ - 7 )LHOGV 0 DQ®WDBWXBOWLRQ RI $JULFXOWXU
'RPHQYV 2UD®PHWDRBW®E -RXUQDO RI +XPDQ %LRORJ\

‘DWVRQ/H%ODQM @HHBPDQ & ([SODQDWLRQ LQ $UFKDHRORJ\
6FLHQWLILF 88SSBRBEB 8QLYHUVLW)\ 3UHVYV

*HGHO 9 / DQG *DOORURNHE) %RQHV $QWKURSRORJILFDO
7TUDXPDG (GLWLRODHBGSUILIQRXKDUOHYV & 7KRPDV SS

"KLWH 7' )RONHQNKH3+XPDQ %R Q$IFOBGRDEO 3UHVV



KLWHKHDG 3 6DFFR $RFKRWBUUBSKLF $WODV IRU 3K\V
1RUWRQ 3XEO &R &RORUDGR

'LOKHOPVRI@QO#8QWR 1 9LUWXDO WDSKRQRP\ D QHZ PH
SREWRFHVVLQJ RI KKPDUWL IBHI@DBDREVQDO RI 3K\WLFDO $QWKUR

LOOLDPVMQ*&OHYVY 0 HGUFKDHRORJLVWWVOQRGHWYKRWRBIGHYVYV

'LOOLWDQHHQKDP 0 ) 7KH QHROLWKLF GHPRJUDSKLF WUDQV|I
BRXWKHDVW $VLDOPHUBHADQHQRKUQDO RI 3K\WLFDO $QWK
KWWSV _GRL RUJ DMSD

:LOVRQ - - S3DUDGR[ DQG SURPLVH 5HVHDUFK RQ WKH U
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0/B7 BO7

0/B)5 BO7

0/B7 B,1'$B07

0/B7 B,1'%BO07

0/B7 B,1'$B07

0/B7=B07

0/B7=B07

0/B71BO07

0/B71BO07

0/B79BO07

0/B79BO07

0/B79BO07

0/B79BO07

0/B79BO07

0/B''-,B67 B&$BO07

0/B''-,B67 B&$BO07

0/B''-,B67 B&$BO07

0/B''-,B67 B&$BO07

0/B''-,B67 B&$BO07

0/B''-,B67 B&$BO0O7

0/B''-,B67 B&$BO0O7

0/B''-,B67 B&$BO0O7

0/B79B%,

2B07

0/B79B%

,2B07

0/B79B%,

2B07

0/B79B%,

2B07

0/B79B%

,2B07

0/B79B%,

2B07

0/B7 B%,

2B0O7

0/B7 B%,

2B0O7

0/B7 B%,

2B0O7

0/B7 B%,

2B0O7

0/B7 B%,

2B $B0O7

0/B7 B%,

2B $B0O7

0/B7 B%,

2B0O7

0/B7 B%,

2B0O7

0/B7 B%,

2B,1'$BO07

0/B7 B%

,2B,1'$B07

0/B7 B%,2B,1'$B07

0/B7 B%,2B,1'$B07

o|lOo|O|O

0/B''-B&$B B %,

2B0O7

alo|~|~lo|~lo|~|a|~ [ Slalo|S|la|lajajala|lo|la|S|S|lajalalo|la|S|la|jala|>|la|>|la|la|joa|~|o|~




$GXOWYV PHWUEBBDQWXM SRVW

IHO9

HO19

10X3IAdMH4A OddTMNHG

OAHNI 4dTMAIDAMNMYE®

OHO NAOX41NM¥MO1S9

ACOHO 41MA1d®1S9

HN3 odldd nd 4410

O NAOXIAWMMHIAd X IAdA’

MO 41MAdT4dA NHMAHN«

DAldd Nd HMAO1dddd*

9 MMOTZ 47HOISMAI?

H13XS OAHA\MBOKINAMHIS

3HOYLV

0/B7 B $B&;
0/B7 B $B&;
0/B7 B %B&;
0/B7 B %B&;

0/B7 B&;

0/B7 B,1"%B&;
0/B7 B,1'"%B&;

0/B71B&;

B $B&;
B $B&;
B&;
B&;

0/B7
0/B7
0/B7
0/B7




$33(1',;: &

$JIH &DOFXO
: 7RR{ &RQVHUY /RYHMR\B6A 5DQJ &DULHV $§ sHwuD| PPT0R] /(+ $68'$6 | % XUl 6H] 1RW
% 0D F N

0/B7 16,78
0/B7 16,78
0/B7 16,78
0/B7 16,78
0/B7 16,78 2%/21*
0/B7 16,78 (0
0/B7 16,78
0/B7 16,78
0/B7 16,78
0/B7 16,78 (0
0/B7 16,78
0/B7 16,78
0/B7 16,78 71
0/B7 16,78 79/
0/B7 16,78 71
0/B7 16,78
0/B7 16,78
0/B7 16,78
0/B7 16,78




0/B7

,1 6,78

0/B7

,1 6,78




$JIH

/IRYHMR\E

&DOFXOXV

, 7TRR| &RQVHU| o* by 5DQ| &DULHV § 5HWUL “ - Crwkzng /(+ $68'$6 %XU 6H] 1RV
0/B7 16,78 | & )(0$/(
0/B7 16,78 | & )(0$/(
0/B7 16,78 | & )(0$/(
0/B7 16,78 | & )(0$/(
0/B7 16,78 | & )(0$/(
0/B7 16,78 | & )(0$/(
0/B7 16,78 | & )(0$/(
0/B7 16,78 | & " )(0$/(
0/B7 16,78 | & " )(0$/(
0/B7 16,78 | & " )(0$/(
0/B7 16,78 | & " )(0$/(
0/B7 16,78 | & " )(0$/(
0/B7 16,78 | & " )(0$/(
0/B7 16,78 | & " )(0$/(
0/B7 16,78 | & " )(0$/(
0/B7 16,78 | & " )(0$/(
0/B7 16,78 | & " )(0$/(
0/B7 16,78 | & " )(0$/(
0/B7 16,78 | & " )(0$/(
0/B7 16,78 | & " )(0$/(
0/B7 16,78 | & " )(0$/(
0/B7 16,78 | & " )(0$/(
0/B7 16,78 | & ' )(0$/(




N 7RR| &RQVHU ?AJJOHDFN IRYHMRAE 55 6| gpULHV ¢ 5HWUD &O/SSRFV);E)Z(XO I(+ $68'$6 %XU 6H[ 1RV
0/B7 % 0 ) (08
0/B7 % '& ) (08
0/B7 % 70" ) (08
0/B7 % /9 ) (08
0/B7 % 7 ) (08

! 7RR| & RQVHU| $JH /RYHMR\B6FK 5DQ| &DULHV 4 5HWUL &‘VE)LJOFIQ:V)\(IE)Z(I\—{O /(+ $68'$6] %XU 6H| 1R\
0/B7 BO0S$; ,1 6,78 | * + )(0$/(
0/B7 BOS$; ,1 6,78 | * + )(0$/(
0/B7 BOS$; ,1 6,78 | * + )(0$/(
0/B7 BO0S$; ,1 6,78 | * + Y(0$/(
0/B7 BO0S$; ,1 6,78 | * + Y(0$/(
0/B7 BOS$; 16,78 | * + '& ) (0$/(
0/B7 BO$1 16,78 |, ) (0$/(
0/B7 BO$1 ,16,78 |, )(0$/(
0/B7 BO$1 16,78 |, ) (0$/(
0/B7 BO$1 16,78 |, ) (0$/(
0/B7 BO$1 16,78 |, )(0$/(
0/B7 BO$1 16,78 |, )(0$/(
0/B7 BO$1 16,78 |, ) (0$/(
0/B7 BO$1 16,78 |, )(0$/(
0/B7 BO$1 16,78 |, ) (0$/(
0/B7 BO$1 16,78 |, )(0$/(
0/B7 BO$1 16,78 |, ) (0$/(
0/B7 BO$1 16,78 |, ) (0$/(




$JH

/IRYHMR\E

&DOFXOXV

, 7RR| &RQVHU| o "G5 EN 5DQ| &DULHV § sHWUD " "ok zud /(+ $68'$6] %X 6H]J 1RWH
0/B7 .1 6,78 | % 9 15 [ &DOF| 6+29(/ Y(0$/(

0/B7 ,16,78 | % 9 15 [ &DOF Y(0S$/(

0/B7 ,16,78 | % 15 [ &DOF Y(0S$/(

0/B7 .1 6,78 | % 15 [ &DOF )(0$/(

0/B7 ,16,78 | % 15 [ &DOF Y(0S$/(

0/B7 ,16,78 | % 9 15 [ &DOF| 6+29(/ Y(0S$/(

0/B7 .1 6,78 | % 9 15 [ &DOF| 6+29(/ Y(0$/(

0/B7 .1 6,78 | % 9 15 [ &DOF Y(0$/(

0/B7 ,16,78 | % 9 15 [ &DOF Y(0S$/(

0/B7 ,16,78 | % 15 [ &DOF Y(0S$/(

0/B7 ,16,78 | % / 15 [ &DOF Y(0S$/(

0/B7 ,16,78 | % 15 [ &DOF Y(0S$/(

0/B7 ,16,78 | % / 0" 15 [ &DOF Y(0S$/(

0/B7 ,16,78 | % 0 15 [ &DOF Y(0S$/(

0/B7 ,16,78 % / 15 [ &DOF Y(0$/(

0/B7 ,16,78 | % 15 [ &DOF Y(0S$/(

0/B7 ,16,78 | % 15 [ &DOF Y(0S$/(

0/B7 ,16,78 | % /9 15 [ &DOF Y(0S$/(

0/B7 ,16,78 | % /9 15 [ &DOF Y(0S$/(

0/B7 ,16,78 | % 9 15 [ &DOF Y(0S$/(

0/B7 ,16,78 | % /9 15 [ &DOF Y(0S$/(

0/B7 ,16,78 | % /9 15 [ &DOF Y(0$/(

0/B7 ,16,78 | % / 15 [ &DOF Y(0S$/(

0/B7 .1 6,78 | % 15 [ &DOF Y(0$/(| ,1),$00%$7,2

0/B7 BO$1| | 16,78 |, | | | | | )os/(] |




. 7RR| &RQVHUY $JH /RYHMR\B6FKH| 5DQJ &DULHV $| 5HWUD| &DOFXOXV %| /(+ | $68'$6| % XU 6H| 1RV
0/B7 ,1 6,78
0/B7 ,1 6,78
0/B7 ,1 6,78
0/B7 ,1 6,78
0/B7 ,1 6,78
0/B7 ,1 6,78
0/B7 ,1 6,78
0/B7 ,1 6,78
0/B7 ,1 6,78
0/B7 ,1 6,78
0/B7 ,1 6,78
0/B7 ,1 6,78
0/B7 ,1 6,78
0/B7 ,1 6,78
0/B7 ,1 6,78
0/B7 16,78




7RR| &RQVHU| $JH /RYHMR\B6FKH 5DQ| &DULHV $| 5HWULO &DOFXOXV 9 /(+ | $68'$6| % XU 6H] 1RV
0/B7 $ )(0$/(
0/B7 $ )(0$/(
0/B7 $ ) (08/(
0/B7 $ )(0$/(
0/B7 % Y(0$/(
0/B7 $ )(0$/(
0/B7 % Y(0$/(
0/B7 $ Y(0$/(
0/B7 $ Y(0$/(
0/B7 % 79 Y(0$/(
0/B7 % 79 Y(0$/(
0/B7 % Y(0$/(
0/B7 % 79 Y(0$/(
0/B7 % 79 Y(0$/(
0/B7 ) Y(0$/(
0/B7 $ ) (08/(
0/B7 $ 7 Y(0$/(
0/B7 % 7 Y(0$/(




0/B7 % Y(0$/(
0/B7 $ ) (08/(
0/B7 % Y(0$/(
0/B7 $ ) (08/(
0/B7 $ )(0$/(




$JIH &DOF X (
, 7RRW| &RQVHU OIRYHMR\BB 5DQJh &DULHV § sHWUL “~~o i /(+ $68'$6] %XUQ| 6H]J 1RWH
% O D F N

0/B7 B,1'$B& 16,78 | & Y(0$/(

0/B7 B,1'$B& 16,78 | & Y(0$/(

0/B7 B,1'$B¢& ,16,78 |, ) (0$/(

0/B7 B,1'$B& 16,78 | & ) (0$/(

0/B7 B,1'$B& 16,78 | & ) (0$/(

0/B7 B,1'$B& 16,78 | & ) (0$/(

0/B7 B,1'$B& 16,78 | & ) (0$/(

0/B7 B,1'$B& ,16,78 | ) (0$/(

0/B7 B,1'$B& ,16,78 |) Y(0$/(

0/B7 B,1'$B& ,16,78 | Y(0$/(

0/B7 B,1'$B& ,16,78 Y(0$/(

0/B7 B,1'$B& ,16,78 Y(0$/(

0/B7 B,1'$B& 16,78 | & Y(0$/(

0/B7 B,1'$B& 16,78 | & Y(0$/(

0/B7 B,1'$B& .1 6,78 | * ) (0$/(

0/B7 B,1'$B¢& $07/ ) (0$/(

0/B7 B,1'$B¢& $07/ ) (0$/(

, 7RR| & RQVHU ;JOHDFN /RYHMR\E 5DQ| &DULHV § 5HWUL &W?SRFJ\(/?Z(L/O I(+] $68'$6| %X 6H] 1RV
0/B7 B,1'%B| $07/ Y(0$/(
0/B7 B,1'%B| $07/ Y(0$/(

, 7RR| &RQVHU| $JH /RYHMR\B6FK 5DQ| &DULHV 4 5HWUL &W?l?;V)\(/g)Z(I\-(O I(+] $68'$6| %X 6H[ | 1RV
0/B7 B,1'$B& ,16,78 | + 0%/(
0/B7 B,1'$B& ,1 6,78 0$/(




0/B7 B,1'$BY | 16,78 | + | | | los/(| |
&DOFXOXV .

, 7RR| &RQVHU| $JH /RYHMR\B6FK 5DQ| &DULHV § 5HWUD “ "o w7l /(+| $68'$6/ %XY 6H[ | 1RV
0/B7 B,1'$B& ,16,78 | $ 08/(
0/B7 B,1'$B& ,16,78 | & 0%/(

7RR| &RQVHU| $JH /RYHMR\B6FK| 5DQ| &DULHV $§ 5HWULO &DOFXOXV ¢ /(+|$68'$6 %X 6H[ | 1R\
0/B7 B&%B 6,1%/( $ )(0$/(
0/B7 B&%B 6,1%/( $ 7 )(0$/(

$JH /RYHMR\ &DOF X ,

, 7RR| &RQVHU % ODEN 5DQ| &DULHV & 5HWUD o [ Rwk /(+ $68'$6| %XY 6H[| 1RV
0/B7 B,1'$B&, .1 6,78 , 0%/(
0/B7 B,1'$B&, 16.78 ’ 0$/(
0/B7 B,1'$B&, 16,78 , 0$/(
0/B7 B,1'$B&, .1 6,78 , 0%/(
0/B7 B,1'$B&, .1 6,78 , $%69 0%/(
0/B7 B,1'$B&, $07/ 0%/(
0/B7 B,1'$B&, $07/ 0$/(
0/B7 B,1'$B&, 16,78 , 0$/(
0/B7 B,1'$B&, .1 6,78 , 79 03/(
0/B7 B,1'$B&, .1 6,78 , 0%/(
0/B7 B,1'$B&, 16,78 , 0$/(
0/B7 B,1'$B&, .1 6,78 , 0%/(




0/B7 B,1'$B&, $07/ $%6 0%/(
0/B7 B,1'$B&, $07/ $%6 0%/(
0/B7 B,1'$B&, 16,78 |+ 03$/(
0/B7 B,1'$B&, 16.78 |+ 0%/(
0/B7 B,1'$B&, 16,78 |+ 0%$/(
0/B7 B,1'$B&, 16,78 |+ 0$/(
0/B7 B,1'$B&, 16,78 |+ 0%/(
0/B7 B,1'$B&, 16,78 |+ 0%$/(
0/B7 B,1'$B&, 16,78 |+ 03$/(
0/B7 B,1'$B&, 16,78 |+ 0%$/(
0/B7 B,1'$B&, 16,78 |+ 0%/(
0/B7 B,1'$B&, $07/ 0$/(
, 7RR| &RQVHU| $JH /RYHMR\B6FK| 5DQ| &DULHV § 5HWULO &DOFXOXV 9 /(+|$68'$6 %X 6H 1R\

0/B7 B,1'%B 6,1%/(

0/B7 B,1'%B 6,1%/( $

0/B7 B,1'%B 6,1%/( $

0/B7 B,1'%B 6,1%/(

, 7RR &RQVHU| $JH /RYHMR\B6FK|5DQ| & DULHV § 5HWUL &DOFXOXV /(+ $68'$6 % XU 6H[| 1R
0/B7 B,1'$B4 6,1%/( & 0$/(
7RA &RQVH( $JH /RYHMR\B|] 5D &DULHV ]| 5HWU &DOFXO| /(| $68'$| %X 6HI LRWH
' K Q % ODFN H \; Q %WURWKZ + 6 w
"o
3/37 B,1'%E 6.1/ 2 %(0$/




0/B7 B, 17%E 6 1/( |a %(0$/ ‘52282(V;/+(

0/B7 B, 17%E 6 1e/( | % %(0$/
$JH &DOF X

,' 7RR &RQVHU /RYHMR\BG6| 5DQ{&DULHV {5HWUL o 00UAL /(+ | $68'56 %XU  6H 1RWH

%O D F N

0/B739B0% 16.78

0/B739B0$ 16,78

0/B739B0$ 16,78 |) *

0/B739B0% 16,78 |) *

0/B739B0$ 16,78 |) *

0/B739B0% 16,78 | &

0/B739B0% 16,78 | &

0/B739B0% 16,78 | &

0/B739B0% 16,78 | &

0/B739B0% 16,78 | &

0/B739B0% 16,78 | % 6KRY H

0/B739B0$ 16,78 | % 6KRY H

0/B739B0% 16,78 | %

0/B739B0$ 16,78 | %

0/B739B0% 16,78 | &

0/B739B0% 16.78 | &

0/B739B0% 16,78 | &

0/B739B0$ 16,78 |15




0/B739B0$ 16,78 |15
0/B739B0$ 16,78 | &
0/B739B0$ 16,78 | &

&I126( ., 7+
0/B739B0$ 16,78 |DPWO 32526 7<
0/B739B0$ 16,78 | (
0/B739B0$ 16,78 | (
0/B739B0$ 16,78 | (
0/B739B0$ 16,78 | (
0/B739B0$ 16,78 |°
0/B739B0$ 16,78
0/B739B0$ 16,78 | %
0/B739B0$ 16,78 |15 2%/217
0/B739B0$ 16,78 |15 29/217
0/B739B01 16,78 | 08$/(
0/B739B01 16,78 08$/(
0/B739B01 16,78 08/ (
0/B739B01 16,78 08$/(
0/B739B01 16,78 |15 08$/(
0/B739B01 16,78 |° 08/ (
0/B739B01 16,78 08$/(
0/B739B01 16,78 08/ (
0/B739B01 16,78 08$/(
0/B739B01 16,78 08/ (
0/B739B01 16,78 08/ (
0/B739B01 16,78 |15 08$/(
0/B739B01 16,78 |° 08$/(




0/B739B01 16,78 ! 0%$/(
0/B739B01 ,16,78 |$ ) (0$/(
0/B739B01 16,78 |$ Y(0$/(
0/B739B01 16,78 |$ Y(0$/(
0/B739B01 ,16,78 |$ ) (0$/(
0/B739B01 16,78 |$ Y(0$/(
0/B739B01 ,1 6,78 | $ )(0$/(
0/B739B01 16,78 |$ Y(0$/(
0/B739B01 16,78 |$ Y(0$/(| 127 (5837(
0/B739B01 ,16,78 |$ ) (0$/(
0/B739B01 16,78 |$ Y(0$/(
0/B739B01 ,1 6,78 | $ )(0$/(
0/B739B01 16,78 |$ Y(0$/(
0/B739B01 ,1 6,78 | $ Y(0$/(| 127 (5837(
0/B739B01 16,78 | &
0/B739B01 16,78 | &
0/B739B01 16,78 | &
0/B739B01 16,78 | &
0/B739B01 16,78 | %
0/B739B01 16,78 | %
0/B739B01 16,78 | %
0/B739B01 16,78 | %
0/B739B01 16,78 | %
$JIH &DOF )
, 7RRVW &RQVHU /RYOHMR\BE 5DQJ| &DULHV {5HWUL o o\l /(+ |$68'8§ %XU 6H 1RW
% ODFN

0/B''- BOS$; ,1 6,78




0/B''- BOS; 16,78 | (
0/B''- BOS; 16,78 | (
0/B''- BOS; 16,78 |
0/B''- BOS; 16,78
0/B''- BOS; 16,78
0/B''- BOS; 16,78
0/B''- BOS; 16,78 |
0/B''- BOS; 16,78 |
0/B''- BOS$1" 16,78 |(
0/B''- BOS$1" 16,78 | (
0/B''- BOS$1' 16,78
0/B''- BOS$1' 16,78
, 7RR| &RQVHU| $JH /RYHMR\B6FKI|5DQ| &DULHV $| 5HWULO &DOFXOXV ¢ /(+ |$68'$6 %X 6H| 1R\
0/B7 BOS$: 16,78 | %
0/B7 BOS$: 16,78 | %
0/B7 BOS$: 16,78 |* /0
0/B7 BOS$: 16,78 |*
0/B7 BO$1' 16,78 /9
0/B7 BO$1' 16,78
0/B7 BO$1' 16,78 |*
0/B7 BO$1' 16,78 |*
0/B7 BO$1' 16,78
0/B7 BO$1' 16,78 &9 9
0/B7 BO$1' 16,78 /9
0/B7 BO$1' 16,78 /9
0/B7 BO$1" 16,78
0/B7 BO$1" 16,78 |*




0/B7 BOS$1® ,1 6,78 *

0/B7 BO$1® ,1 6,78 +

0/B7 BO$1® ,1 6,78 % /9
0/B7 BO$1® ,1 6,78 &

0/B7 BO$1® ,1 6,78 (

' &9

0/B7 B0$1 ,1 6,78 ( 352927+

0/B7 BO$1® ,1 6,78 (

,! 7RR &RQVHU| $JH /RYHMR\B6FK| 5DQ| &DULHV § 5HWUL &DOFXOXV ¢ /(+|$68'$fq %X 6H 1RW
0/B''- B67 B0$ ,1 6,78 $07/ $%6&(66 g$'1
0/B''- B67 B0$ ,1 6,78 $07/ $%6&(66
0/B''- B67 B0$ ,1 6,78 $07/

0/B''- B67 B0$ ,1 6,78 )

0/B''- B67 B0$ ,1 6,78 $07/
0/B''- B67 B0$ ,1 6,78 $07/
0/B''- B67 B0$ ,1 6,78 $07/
0/B''- B67 B0$ ,1 6,78 $07/




K 7RR| &RQVHU| $JH /RYHMR\B6FKI|5DQ| &DULHV § 5HWUD &DOFXOXV 9 /(+]| $68'$6 %X{ 6H 1R\

0/B)5S BOS 16,78 | %

0/B)5S BOS 16,78 | %

0/B)S BOS 16,78 | %

0/B)5S BOS 16,78 |°

0/B)5S BOS 16,78 | %

K 7RR] &RQVHU| $JH /RYHMR\B6FK|5DQ| &DULHV § 5HWUD &DOFXOXV 9 /(+| $68'$6 %X 6H[ | 1R\

0/B7 BOS; 16,78 |° 3&2/1 206/21]

0/B7 BOS; 16,78 |° 206/21]

0/B7 BOS; 16,78 |)

0/B7 BO$1 ,1 6,78 * 7 )(0$/(

0/B7 BO$1 ,1 6,78 * 7 )(0$/(

0/B7 BOS1 16,78 |* 85227+ 7 ) (08/(

N 7RR &RQVHY $IH (;)ROYDHFMNR\BG 5DQ &DULHV { 5HWUI iag\FNXKOZ /(+)$68'86 %X 6H[ 1RWH
0/B7 BOS; 16,78 | 7
0/B7 BOS; $%68&(66
0/B7 BOS: 16,78 |+ 7
307/ $1°

0/B7 BOS; 16,78 |+ 7 $07/ ’
0/B7 BOS: 16,78 7
0/B7 BOS; 16,78 7
0/B7 BOS: 16,78 7




0/B7 BOS$; 16,78 | ( 7

0/B7 BOS$; 16,78 | ( 7

0/B7 BOS$1' ,1 6,78 | $07/ 7

0/B7 BOS$1' 16,78 | % 0$/(

0/B7 BOS$1' .1 6,78 | % 0%/(

0/B7 BOS$1' 16,78 | % 0$/(

0/B7 BOS$1' .1 6,78 | % 03$/(

0/B7 BOS$1' .1 6,78 | % 0%/(

0/B7 BOS$1' 16,78 |, 0'& Y(0$/(

0/B7 BOS$1' 16,78 |, & Y(0$/(

0/B7 BOS$1' 16,78 |, 03& 0'& Y(0$/(

0/B7 BO$1' 16,78 |, 03& 0'& Y(0$/(

0/B7 BOS$1' ,16,78 |, )(0$/(

0/B BOS$1' ,1 6,78 Y(0$/(

0/B BO$1' ,1 6,78

0/B BOS$1' ,1 6,78 *(0

0/B BO$1' ,1 6,78 *(0

0/B BOS$1' ,1 6,78 *(0

0/B BO$1' ,1 6,78 *(0

0/B BO$1' ,1 6,78 *(0
, 7RR &RQVHU $JIH (/,/OROYDHFMNR\BesoQ &DULHV {5HWUI iagCVXKOZ /(+ $68'$4 % XU 6H 1R\

0/B73 B68%B0$;BO ,1 6,78 0

0/B73 B68%B0S$;BO ,1 6,78 0

0/B73 B68%B0$;BO ,1 6,78 0 *(0

0/B73 B68%B0S$;BO 16,78 0

0/B73 B68%B0S$;BO 16,78 0

0/B73 B68%B0S$;BO 16,78 0




0/B73 B68%B0$;BO 16,78 0
0/B73 B68%B0$;BO ,16,78 0 *(0
0/B73 B68%B0$;BO ,16,78 0
0/B73 B68%B0$;BO ,16,78 0
0/B73 B68%B0S$;BO 16,78 0
0/B73 B68%B0S$;BO 16,78 0
0/B73 B68%B0S$;BO 16,78 0
0/B73 B0$1' 16,78 | & '
0/B73 B0$1® ,16,78 | &
0/B73 B0$1' 16,78 | &
0/B73 B0$1' 16,78 | &
0/B73 B0$1' 16,78 | &
0/B73 B0$1' 16,78 | &
0/B73 B0$1' 16,78 | &
0/B73 B0$1' 16,78 | &
0/B73 B0$1' 16,78 | &
0/B73 B0$1' 16,78 | &
0/B73 B0$1' 16,78 | $
! 7RR &RQVHU $JIH ;JROY[';FMNR\B 5DQ| &DULHV {5HWUI ci[&%m% I(+ | $68'$6 %X 6HJ 1RWH
0/B7 BOS$1] ,16,78 |) ) (0$/(
0/B7 BOS$1] .1 6,78 |) ) (0$/(
0/B7 BO$1 ,16,78 | + Y(0$/(




0/B7 BO$1! .1 6,78 | + )(0$/(
0/B7 BO$1] ,16,78 $%6 0%$/(
: 0$7&+,1*
0/B7 BOS$; .1 6,78 |) 0%/( 081" %2/$
! 7RR| &RQVHU| $JH /RYHMR\B6FK| 5DQ| &DULHV § 5HWULO &DOFXOXV ¢ /(+ |$68'$6 %X| 6H] 1RWH
0/B7 BO$1" ,16,78 ' 79 Y(0S$/(
0/B7 B0$1' .1 6,78 ' )(0$/(
' %1
0/B7 BO$1 16,78 |& YOS/ 55574
0/B7 B0$1' .1 6,78 & )(0$/(
0/B7 B0$1' .1 6,78 & )(0$/(
0/B7 B0$1' .1 6,78 * )(0$/(
0/B7 B0$1' .1 6,78 " ( )(0$/(
. 7RR &RQVHU| $JH /RYHMR\B6FK|5DQ| &DULHV § 5HWUL &DOFXOXV { /(+ $68'$6 %wX| 6H[|1R
0/B7 B,1'$B0S$1 ,16,78 | & 79
0/B7 B,1'$B0S$1 .1 6,78 | & 79
0/B7 B,1'$B0S$1 16,78 | & /
0/B7 B,1'$B0$1 16,78 | & 790
0/B7 B,1'$B0S$1 16,78 | & &' 790
0/B7 B,1'$B0S$1 16,78 | & &93 71"




0/B7 B,1'$B0S$1 ,16,78 | &
0/B7 B,1'%B0$1 16,78 | % )(0$/(
0/B7 B,1'%B0$] 16,78 | % Y(0$/(
0/B7 B,1'%B0$] 16,78 | % 3 $%6 Y(0S$/(
0/B7 B,1'%B0$1 16,78 | % 7" Y(0$/(
0/B7 B,1'%B0$1 16,78 | % 70 )(0$/(
$JH /RYHMR\B¢ ‘ &DOFXO .

, 7RR &RQVHU % ODEN 5DQ| & DULHV {5HWUI %WURWEKz /(* |$68'$6%X{ 6H[ 1RWH
0/B75 B0$1' 16,78 | % Y(0$/(
0/B75 B0$1' 16,78 | % Y(0$/(
0/B75 B0$1' 16,78 | % Y(0$/(
0/B75 B0$1' 16,78 | % 71/ Y(0$/(
0/B75 B0$1' 16,78 | % 9 Y(0$/(
0/B75 B0$1' 16,78 | % Y(0$/(
0/B75 B0$1' 16,78 | % Y(0$/(
0/B75 BOS$1' .1 6,78 | % )(0$/(
0/B75 B0$1' 16,78 | % )(0S$/(
0/B75 B0$1' 16,78 |)
0/B75 B0$1' 16,78 | ( ,31)7/7$013$7,21
0/B75 B0$1' 16,78 | ( ,31)7/7$013$7,21
0/B75 B0$1' 16,78 | ( / )(0$/( ,1)/ $071/




0/B75 BO$1' 16,78 | ( ) (0$/(
0/B75 BO$1' 16,78 | ( / ) (0$/(
0/B75 BO$1' 16,78 |) ) (0$/(
N 7RR &rRQVHY $IH (/,/OROY[;*FMNR\B‘ 5DQ| & DUSEVF| 5HWU I (i%g\FNXKOZ /(+] $68'34 % x| 6H[| 1R
0/B"'- B67 B&$B B&,7B 16,78 |, 08/(
0/B"'- B67 B&$B B&,7B 16,78 | * 08/(
0/B''- B67 B&S$B B&,7B 16,78 | ( 7"
0/B''- B67 B&S$B B&,7B 16,78 | (
0/B''- B67 B&S$B B&,7B 16,78 | (
0/B''- B67 B&S$B B&,7B 16,78 |+ 9
0/B"'- B67 B&$B B&,7B 16,78 | + 9
0/B''- B67 B&$B&,7BOS 1’ 16,78 | +
0/B''- B67 B&$B&,7BOS 1L’ 16,78 | + 288
0/B''- B67 B&$B&,7BOS 1" 16,78 | +
0/B''- B67 B&$B&,7BOS 1" 16,78 | +
0/B''- B67 B&$B&,7BOS 1’ 16,78 | %
0/B''- B67 B&$B&,7BOS 1’ 16,78 | % 39
0/B''- B67 B&$B&,7BOS 1’ 16,78 | * 3288
0/B''- B67 B&SB B&,7B 16,78 | &
0/B''- B67 B&$B B&,7B 16,78 | &
0/B''- B67 B&$B B&,7B 16,78 |
0/B''- B67 B&$B B&,7B 16,78 |
0/B"'- B67 B&$B B&,7B 16,78 | &
0/B''- B67 B&S$B B&,7B 16,78 | &
0/B''- B B&,7B0S; 16,78 |+




0/B''- B B& 7B0S$1" 16,78 |) *
0/B''- B67 B&SB B&, 7B 16,78 | * +
, 7RR &rRQVHY $IH C/VOROYDHFMNR\stDQ &DULHV { SHWUI i%g\FNXKOZ I(+ | $68'$6 %X | 6HJ 1RWH
0/B7 B&,7B0S 16,78 | % 6+29(/ ) (0$/( g‘éf?’ ST
0/B7 B&,7B0S 16,78 | % 79 6+29(/ ) (0$/(
0/B7 B&,7B0S 16,78 | % ) (0$/(
0/B7 B&.7B0S 16,78 | % ) (08/(
0/B7 B&,7B0S 16,78 | % ) (08/(
0/B7 B&,7B0S 16,78 | % ) (08/(
0/B7 B&,7B0S 16,78 | % ) (08/(
0/B7 B&,7B0S 16,78 | % 6+29 (1 ) (08/(
0/B7 B&,7B0S 16,78 | % 6+29(/ ) (08/(
0/B7 B&,7B0S 16,78 | % 70 ) (08/(
0/B7 B&,7B0S 16,78 | % ) (08/(
0/B7 B&,7B0S 16,78 | % 79 ) (0$/( g‘é;“ A
0/B7 B&,7B0S 16,78 | % ) (08/(
0/B7 B&,7B0S 16,78 | % ) (0$/(
0/B7 B&,7B0$ 16,78 | % ) (0$/(
0/B7 B&,7B0S 16,78 | % ) (0$/(
0/B7 B&,7B0S 16,78 | % ) (0$/(
0/B7 B&,7B0$ 16,78 | % ) (0$/(
0/B7 B&,7B0S 16,78 | % ) (0$/(
0/B7 B&,7B0S 16,78 | % ) (08 /(
0/B7 B&,7B0S 16,78 ) (08 /(




0/B7 B&,7B0S 16,78 | % ) (0$/(
0/B7 B&,7B0S 16,78 | % ) (0$/(
0/B7 B&,7B0S 16,78 |* 79 ) (0$/( g‘;f?’ T
0/B7 B&,7B0S 16,78 |+ 79 ) (0$/
0/B7 B&,7B0S 16,78 |+ 79 ) (08
0/B7 B&,7B0S 16,78 | & ) (0$/( géos T
0/B7 B&,7B0S 16,78 | * ) (0$/
0/B7 B&,7B0S 16,78 | * ) (0$/
0/B7 B&,7B0S 16,78 | * ) (08
0/B7 B&,7B0S 16,78 | * ) (08
. $JH /RYHMR\B &DOFXO .
, 7RR &RQVHU Ry AM 50Q &DULHV {5Hwul  EPOFXOl/ (4| s68 56 wx| 6H 1RWH
0/B7 B&,7B0$ 16,78 |) 08/( g‘éf? T+ 6.8/ %1
0/B7 B&,7B0S 16.78 |) 08/ (
0/B7 B&,7B0S 16,78 |) 08/(
0/B7 B&,7B0$ 16,78 |, 08/( g;_‘” T+ 6.8/1 81
0/B7 B&,7B0S 16,78 |, 08/(
0/B7 B&,7B0S 16,78 |, 08/(
0/B7 B&,7B0S 16,78 |, 08/(
0/B7 B&,7B0S 16,78 |, 08/(
0/B7 B&,7B0S 16,78 |, 08/(
0/B7 B&,7B0S 16,78 |, 08/(
0/B7 B&,7B0S 16,78 |, 08/ (
0/B7 B&,7B0S 16.78 |, 08/(
0/B7 B&,7B0S 16,78 | &




0/B7 B&,7B0$ 16,78 | (
0/B7 B&,7B0S$ 16,78 | (
0/B7 B&,7B0$ 16,78 | &
0/B7 B&,7B0$ 16,78 | &
0/B7 B&,7B0$ 16,78 | &
0/B7 B&,7B0S$ 16,78 |
0/B7 B&,7B0S$ 16,78 | &
0/B7 B&,7B0$ 16,78 | &
0/B7 B&,7B0$ 16,78 | (
0/B7 B&,7B0S$ 16,78 | (
0/B7 B&,7B0S$ 16,78 | (
0/B7 B&,7B0S$ 16,78 | (
K 7RR| &RQVHU| $JH /RYHMR\B6FK|5DQ| &DULHV $ 5HWUD &DOFXOXV 94 /(+| $68'$d %X 6H 1R\
0/B7 B&,7B0$ 16,78 | % 79
0/B7 B&,7B0$ 16,78 |&
0/B7 B&,7B0$ 16,78 |&
0/B7 B&,7B0$ 16,78 |&
0/B7 B&,7B0$ 16,78 |,
0/B7 B&,7B0$ 16,78 |,
0/B7 B&,7B0$ 16,78 |)
0/B7 B&,7B0$ 16,78 |)
0/B7 B&,7B0$ 16,78 | %
0/B7 B&,7B0$ 16,78 | %
0/B7 B&,7B0$ 16,78 | %




K 7RR| &RQVHU| $JH /RYHMR\B6FK|5DQ| &DULHV $ 5HWUDO &DOFXOXV 9 /(+|$68'$d4 %X{ 6H[ | 1R\
0/B7 B&,7B0$ 16,78 |* )(0$/(
0/B7 B&,7B0$ 16,78 |* )(0$/(
0/B7 B&,7B0$ 16,78 |* )(0$/(
0/B7 B&,7B0$ 16,78 |* )(0$/(
0/B7 B&,7B0$ 16,78 |* )(0$/(
0/B7 B&,7B0$ 16,78 |, )(0$/(
0/B7 B&,7B0$ $07/ )(0$/(
0/B7 B&,7B0$ 16,78 |* )(0$/(
0/B7 B&,7B0$ 16,78 |* )(0$/(
0/B7 B&,7B0$ 16,78 |* )(0$/(
0/B7 B&,7B0$ 16,78 |* )(0$/(
0/B7 B&,7B0$ 16,78 |* )(0$/(
0/B7 B&,7B0$ 16,78 |* )(0$/(
0/B7 B&,7B0$ 16,78 |* )(0$/(
0/B7 B&,7B0$ 16,78 |* )(0$/(
0/B7 B&,7B0$ 16,78 |* )(0$/(

$JH &DOF )
, 7RRV &RQVHU /RYOHMR\BE 5DQJ| &DULHV §5HWUL o ol /(+ |$68'S§ %XU 6HI[ 1RW
% ODF N
0/B7 B6$&&$ B&,7B( 16,78 |* /
0/B7 B6$&&$ B&,7B( 16,78 |*
0/B7 B6$&&$ B&,7B( 16,78 | %




0/B7 B6%&&$%$ B&,7B(

,1 6,78

%

K 7RR &RQVHU| $JH/RYHMR\B6FKH|5DQ| &DULHV § 5HWULD &DOFXOXV {/(+]| $68'$6 %X{ 6H][ 1RWH
0/B70B&,7B0S$ 16,78 | & 08/ Saéf? N
0/B70B&,7B0S$ 16,78 | & 08/ Saéf? N
0/B70B&,7B0S$ 16,78 | & 08/ Saéf? N
0/B70B&,7B0S$ 16,78 | & 08/ 545;03 N
0/B70B&,7B0S$ 16,78 | & 08/ 35;03 N
0/B70B&,7B0S 16,78 |& 08/ g‘é;‘” LT
0/B70B&,7B0S 16,78 |& 08/ g‘;;” LT

N 7RR &rRQVHU $IH (/%ROYDHFMNR\B 5DQ &DULHV { 5HWUI iag\FNXKOZ /(+| $68'$6 %X 6H 1RWH
0/B''- B B&,7B0$ 16,78 | &
0/B''- B B&,7B0$ 16,78 | &
0/B''- B B&,7B0S$ 16,78 | &
0/B''- B B&,7B0$ 16,78 | & g§%53$1180(5$




0/B''- B B&,7B0$ 16,78 | &
0/B''- B B&,7B0$ 16,78 | &
0/B''- B B&,7B0$ 16,78 | &
0/B''- B B&,7B0$ 16,78 | &
0/B''- B B&,7B0$ 16,78 |)
0/B''- B B&,7B0$ 16,78 | (
0/B''- B B&,7B0$ 16,78 |(
$JIH
IRYHMR\B ¢ &D O F X
7RR &RQVHU %ODFN|5DQ &DULHV {5HWUL %URW|/(+|$68'$68 %Xl 6H] 1RWH

16,78 0 0 *(0 O
0/B''-B&$B B68%B&,7B0 *(0 &203/(7(

16,78
0/B''-B&$B B68%B&,7B0 *(0
0/B''-B&$B B68%B&,7B0 16,78
0/B''-B&$B B68%B&,7B0 ,1 6,78
0/B''-B&$B B68%B&,7B0 ,1 6,78
0/B''-B&$B B68%B&,7B0 ,1 6,78
0/B''-B&$B B68%B&,7B0 ,1 6,78
0/B''-B&$B B68%B&,7B0 ,1 6,78

16,78
0/B''-B&$B B68%B&,7B0 (0

16,78
0/B''-B&$B B68%B&,7B0 (0




,1 6,78

0/B''-B&$B B68%B&,7B0 *(0
16,78
0/B''-B&$B B68%B&,7B0 *(0
0/B''-B&$B B68%B&,7B1
/$9$7(BOS$1 16,78 |) 0$/(
0/B''-B&$B B68%B&,7B1
/$9$7(BOS$1" 16,78 |) 0$/(
0/B''-B&$B B68%B&,7B1
/$9$7(BOS$1 16,78 |) 0$/(
0/B''-B&$B B68%B&,7B1
/$9$7(BOS$1" 16,78 |) 0$/(
0/B''-B&$B B68%B&,7B1
/$9$7(BOS$1" 16,78
0/B''-B&$B B68%B&,7B1
/$9$7(BOS$1" 16,78 3&
0/B''-B&$B B68%B&,7B1
/$9$7(BOS$1" 16,78 |3
0/B''-B&$B B68%B&,7B1
/$9$7(BOS$1" 16,78 |)
0/B''-B&$B B68%B&,7B1
/$9$7(BOS$1" 16,78 |3
0/B''-B&$B B68%B&,7B1
/$9$7(BOS$1 16,78 | (
0/B''-B&%$B B68%B&,7B1
/$9$7(BOS$1 16,78 | (
0/B''-B&%$B B68%B&,7B1
/$9$7(BOS$1 16,78 | %
0/B''-B&%$B B68%B&,7B1
/$9$7(BOS$1 16,78 | %
0/B''-B&%$B B68%B&,7B1
/$9$7(BOS$1 16,78 | (
0/B''-B&%$B B68%B&,7B1
/$9$7(BOS$1 16,78 |(
0/B''-B&$B B68%B&,7B1
/$9$7(BOS$1 16,78 |(
0/B''-B&$B B68%B&,7B1
/$9$7(BOS$1 16,78 |(




0/B"'-B&$B B68%B&,7B1
/$9$7(BOS 1" 16,78
0/B"'-B&$B B68%B&,7B1
/$9$7(BOS 1’ 16,78
0/B"'-B&$B B68%B&,7B1
/$9$7(BOS 1’ 16,78

K 7RR| &RQVHU| $JH /RYHMR\B6FKHK 5DQ| &DULHV $| 5HWUD &DO FXOMRMWK /(+ $68'$6 %X 6H 1RV
0/B71 ,BOS; 16,78 |& 7
0/B71 ,BOS; 16,78 |& 7
0/B71 ,BOS; 16,78 |& 7
0/B71 ,B0S; 16,78 |& 9
0/B71 ,BOS; 16,78 |& &'

. &09

0/B71 ,BOS; 16,78 |& E0574
0/B71 ,B0S; $07/
0/B71 ,BOS; $07/
0/B71 ,BOS; 16,78 9
0/B71 ,BOS; 16,78 9
0/B71 ,BOS; 16,78 0 9
0/B71 ,BOS; 16,78 9




0/B71 ,B0S; ,1 6,78 & 9
0/B71 ,B0S; ,1 6,78 &
0/B71 ,B0S; ,1 6,78 &
0/B71 ,B0S; ,1 6,78 ' 9
0/B71 ,B0S; ,1 6,78 ' '& 9
0/B71 ,B0S; ,1 6,78 15 5227+ 9
0/B71 ,B0S$; ,1 6,78 '
0/B71,BO0$1'E $07/
0/B71,BO0$1'E $07/
0/B71,BO0$1'E $07/
0/B71,BO0$1'E $07/
0/B71,BO0$1'E $07/

. 7RR &RQVHU| $JH /RYHMR\B6FKI| 5DQ| &DULHV $§ 5HWUDO &DOFXOXV 9 /(+|%$68'$6 %X| 6H 1R\
0/B715 B&%$66 BO ,1 6,78 ' 9
0/B715 B&%$66 BO ,1 6,78 ' 9
0/B715 B&%$66 BO ,1 6,78 ' 7
0/B715 B&$66 BO ,1 6,78 '
0/B715 B&$66 BO ,1 6,78 ' 9

. 7TRR &RQVHU| $JH /RYHMR\B6FK| 5DQ| &DULHV ¢ 5HWUDLO &DOFXOXV 9 /(+|$68'$g %X| 6H| 1R\
0/B7 BOS; ,1 6,78 '
0/B7 BOS; ,1 6,78 '
0/B7 BO0S$; ,1 6,78 & 9
0/B7 BO0S$; ,1 6,78 & 9
0/B7 BO0S$; ,1 6,78 $ '
0/B7 BO0S$; ,1 6,78 ' 7
0/B7 BO0S$; ,1 6,78 ' 7




0/B7 BOS, ,1 6,78
0/B7 BOS$; ,1 6,78
0/B7 BOS$; ,1 6,78
0/B7 BOS$; ,1 6,78
0/B7 BOS$; ,1 6,78
0/B7 BO$1' ,1 6,78
0/B7 BOs$1® ,1 6,78
0/B7 BOs$1® ,1 6,78
0/B7 BOs$1® ,1 6,78
0/B7 BOs$1' ,1 6,78
0/B7 BOs$1' ,1 6,78
0/B7 B68% ,1 6,78
0/B7 B68% ,1 6,78
0/B7 B68% ,1 6,78
0/B7 B68% ,1 6,78
0/B7 B68% 16,78




$33(1,;"

3bX 3HUPDQHQW WRRWK FRXQW DQG (+ IUHTXHQFLHV

1
+\SRSOI 7RW
OLQH'

1 $IIHF)

7TRRW TRW ZHHW K

- 0O 0O 0O W W R -

O 0O W W R -

0

7TRW

$IITHFWHGQWBAM®KQJ ERWK HYLGHQFH LQ IRUP RI OLQHY DQG SLWV $O0OWK
WHHWK DUH H[FOXGHG E\ WKLV FRXQWLQJ EHFDXVH WKH JUDGH RI Zt

W\SH

S3HUFHQWDJH LV EHWZHHQ $ 2 WHHWK RI WKH VDPH FDWHJRU\

SHUFHQWDJH LV EHWZHHQ DIIHFWHG WHHWK IRU HDFK W\SH RQ WRWDO I




ORQWH /XQD 3HUPDQHQW WRRWK FRXQW DQG (+ IUHTXHQFLF

1
+\SRSOI 7RW
OLQH'

1 $IIHF)

7TRRW TRW ZHHW K

O 0O 0 W W R -

N~N| oo o ww -

RW

$IITHFWHGQWBANK®IKQJ ERWK HYLGHQFH LQ IRUP Rl OLQHV DQG SLWV $0OW
DQDO\VHG

WHHWK DUH H[FOXGHG E\ WKLV FRXQWLQJ EHFDXVH WKH\ ZHUH QRW
FRQVLGHUHG JHQHULSDBPRXBSHROBUZHU RI
3HUFHQWDJH LV EHWZHHQ $ 2 WHHWK RI WKH VDPH FDWHJRU\
3HUFHQWDJH LV EHWZHHQ DIIHFWHG WHHWK IRU HDFK W\SH RQ WRWDO



$33(1',; (

6XSSOHPHQWDU\ PDWHULDO &KDSWHU 7ZR O0ODS ZLWK DOO V

J)LIXUBDUGLQLD FLWHG VLWHY DQG ORFDWLRQV

6XSSOHPHQWDU\ PDWHULDO &KDSWHU 6HYHQ 9LGHR UHSUF
VLPXODWLRQ

S3DED HW DO B8Q XOXVXDO FDVH RI SURQH GHSRVLWLRQ




$33(1',;)
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