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$QDBP PD ZDV FRQFHYHG 1Q D
O@ERDRY 1Q 7KH 1 HVKHUDQGY Z KHWH
GMFXWRQV DERXW WH UHDMRQWKISV
EHVE HHQ @H DQG @ KW®G VR Z DVIAU DV
WHP DMQJ @ONDQG DNH SO\ HU

0 [P LFNIQJ VKH P\ FBIVRI Z DVIAULQ QDVXUH
RXU ZDWU XQGHURHV D \HDURQ
SK\MFDO SWRFHW ZKIFK XGWP DVIAO
EUQJVIWOQVR D SRZ HUXOFRKHUIHQWWIVHA
© HILO@VKLY Z DWMULQVR D Z DQG P DGH R |
TXDWY JOW : KHQ VKH $QDOP P D
Z DQG FRP HV IQVR FRQVDFWZ MK UHJ X@U
ZDWU W WDOMRWP V' IW WDV DQG
LHQGHW MFRK HUIHQW

$ QD®P P DZ DV
EXLO\RQ QHDLD
¥ R GHFDGHVRI
LHVHDUFK

%I LQOIQJ 1O Z WK RXUILUAMMMXGLHV
RQ SMQWELIRSKRRQ HP DMMRQ D@ VKH
ZD W V Z KHQ RXU IRFXV \KLUWG

VRZ DUS KXP DQV Z H KDG D& D\V KDG D
XQURWP JRDORI H SRUQJ VKH HIHFW RI

$QDBP P DZ DWURQ ELRGRJ LEDO WP V/

$V D UHVXAV $QDBP P D Z DV EXIOVRQ

QHDUO VE R GHFDGHVRI UHVHDUFK

7KLV KDV WHP DIQHG RXU P MR Q HYHU
MOFH VR X\H D WFIHQWILE DSSIR BK 1Q

GLFRYHUQJ VKH WKH SRZ HURI FRKHUHQW
Z DU
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7KLV GRFXP HQW VXP P DUJHV RXU
P RWMP SRUDQWUHVHDUFK WXGLHV VR

GDWA 7KH P DNRUW RI H SHUP HQW
ZHH SHURWP HG E\ LQGHSHQGHQW
IOWMIXVRQV ~ ZKRWMH  VFLHOWMW
DODO] HG ViKH GDVD DQG SUHVHOWMG

WHP 1Q VKH IRPP R \FLHQWIF

WHSRUV + HH Z HKLI KQ KWKHP R W
LOVAHWOJ 11QGLQJI V DQG GIMFXW R YU
S@QV | RUIXWKHUUHVHDUFK

7KH GRFXP HQWLY GLYIGHG LQWR VE R

SDUNV RXU OWAMWMAXGLHY RQ KXP DQ

SDUAFLSDQW DQG HDUIHU WXGLHV R Q
SOQW DQG \RIO $ GGIMRQDOGDVID LV

SUHVHOWMG LQ VIKH $ SSHQGLFHV
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7KHWXG\ Rl $73 GIYHWLQKXP DQV
7KHKXP DQP LFWRELRP HWXG\

7KH* O FDQ$ J HWXG\

3H@P LODU WHVHDUFK RQ EWDIQZ DYHV

o * HQHWDCHI I HFW RQ VSHPD DQG FRKHUHQFH
o ( IIHFWRQ GHOD EWIQZ DYHV

3$57, ())(&7621 3/$176%$1' 62,/

7KHFKHUW VRP DVR WXG\

o &KHP LFDOFRP SRUMRQRI VRIO

o ( 1IHFWRQ IXQJ DOSIRSHUAHY

o $QDOWVRI EDFWUDCFRP SRMMRQ DQG GLYHUAW
9dRSKRVRQ HP MMRQ UHVHDUFK

o YRSKRVRQHP DMRQRI VRP DVR I LKIW

o YRSKRVRQHP DMMRQRI Z KHDWWHHGY

o /RQJ WP ELRSKRVRQ HP DMMRQRI Z KHDW

/ DMARI $ SSHQGLFHV

$SSHQGL $ $SSHQGI % $SSHQGI & $SSHQGL ' $SSHQGI ( $SSHQGL )
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7KHWXG\ Rl $73 GIYHWLQKXP DQV

7TKHDP RI VMHWXG\ Z DVVR P HDVXWH VKH HITHFWR ISLIR R QHG $ QDBIP P D Z DWAU

FRQVXP SWIRQ RQ EQRRG $ 73 GIYHWR IKXP DQ SDWAFLSDQW

$GHQRVIQH WISKRVSKDW  $73 LV
FRP P RQ® WHIHUHG VR DV VKH HQHU\
FXUHQR\ Rl VKH FH® W WMKXFXWH LV
VP S® IWFRQUWWNRI DEDWH D VXJ DUDQG
WUHH VHUD@® @ONHG SKRVSKDWA J UIRXSV
7KHHQHU\ R $73 IV WRUHG LQ VKH ERQG
EHZ HHQ W \WFRQG DQG  WKLG
SKRVSKDW JWRXS : KHQHYHU WKLY ERQG
IV EWRNHQ K\GWRO]JHG  HQHU\ LV
HBDVHG

7KH PDWMUW R FHX®U $73 LV
Vi QWHV] HG 1Q VKH P WRFKRQGUD DQG
WHQ H FKDQIHG DV IXHO IRU RWHU
EIRFKHP LFDO ULHDFURQV $73 M QUKHWY
DQG K\ GLROMY DH 1Q D FRQWDQWR\ F®
DQG ERVK QHHG VR EH P DIQWIQHG IRU
SWRSHU FHOX@U | XQFIRQLQJ ,QDGHT XD\
SWIRGXFIRQ Rl $73 DGYHUHO® DIIHFW
QXP HIRXV FHIX@U SWRFHWHV DQG FDQ
KDYH GHBMAURXV HIIHFW RQ KXP DQ
KHDOK
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$73 IV XWIHG 1Q D QXP EHU RI
ELR®J IFDOSWIRFHWHV  WXFK DV' 1$
DOG 51$% MQWHW P XVF®
FROAWDFVIRQ ~ QHXWRQDO LP SXOH
SWRSDIDVIRQ DQG P DQ\ RWHWY/ 7KH
WRGI Rl $73 1Q P X\VF® FRQWDFVRQ LV
P XOMR®G  $73 LV QHFHWDUY IRU
JHQHIDMQJ IRFH DQG P DIQVDIQIQJ
IRQ WDQVSRW DFLRW P HP EWDQHV
P DNIQJ LW HWHQWDO IRU  HYHU GD\
P XVF®! | XQPRQLQJ

(YHQ PRWH GHP DQGIQI LV VKH
XWI DMRQ Rl $73 1Q VKH EWDIQ $
VIQJ B QHXLRQ K\ GURO] HV QHDU® RQH
EITIRQ $73 P ROFX®V IRUD QI ®i
HSROU] DMIRQ ~ HYHQW  Z KIFK
KDSSHQVHYHU WP H IMQHHGV VR VHQG
DQ P SXOH VR D QHUJKERUQJ FH®D
1 RWVXLBUMQI® VKH EWIQ LV VKH
KLJ KHWWFRQUXP HURI $73 \VSHQGLQJ
DIRXQG R VRWO DYDIDE®
HOHU\ LQ VKH ERG\



7KHWXG\ Rl $73 GIYHWLQKXP DQV

(:3(5,0(17%/"' (6,*1

2% (&7,9( 7R DWHW VKH HITHFWRI SLIRBRQJ HG $ QDBP P D Z DWAUFRQUXP SWMRQ RQ $73
GIYHYLQ VIKH E®RRG RI KHD@K\ DGXOKXP DQV

3$57,&,3%$176 KHDOK\ DGXO\KXP DQ VXEMIFW DJHG %0 , NJ P

678' < ' (6,1 7KH WXG\ ZDV GHMJIQHG DV D GRXE® EQQG SMFHER FROWRGADIG
WDQGRP 1] HG SDWD@HOJ IRXS FAQLFDOWXG\ 3 DUAFLSDQW Z HIH WIDQGRP ® GIYIGHG LOVR
WUHH JURXSV DQG JLYHQ DGHT XDV DP RXQW Rl $QDOP P D: DWU Q  7HW: DViAU

Q  RUQRQ WHDWMG Z DWiU 3 ®FHER &RQWROQ 7KH VHWS Z DV GRXE® EQQG Z WK
QHIVKHUVIKH S DUAFLS DQW QRUVIKH FALFDOLQYHVAS DVRWY DZ DUH Rl KRZ  VIKH VXEMIFW Z HH
GLMEXWG LOVR J IRXSV $ @SDUWFLSDOW Z HUH LOWKFWAG VR FRQVXP HDAWGDW  / RI VIKH
JIYHQ Z DWIUIRU ~ GD\V Z VK UHI X@UFRP SADQFH DWHWP HOWFKHFN XSV $ 73 GIYHY RI
D@SDUAFLSDQW Z HIH P HDVXUHG 1Q Z KR®I E®RRG VDP SOV REVIIQHG SURUVR WHDV® HQW
"D\ DQG RQ VWH @MWGD\ RI WHDV? HQW' D\ 5 HOVMIYH $ 73 GIYHY Z HUH GHWARVIG
XMQJ D WDQGDWS] HG NWEDWHG RQ ILHO® OFUHDWH ELIROXP IQHVFHQFH : DNR 3XWH
&KHP LEDO,QGXWMHVY 2 \DND - DSDQ

' $7$$1$/<6,6 TKHFKDQIHIQ$73 GVHYEHVE HHQ' DI DQG' D\ Z DVFDBEXDWG
IRU D@ JWRXSV 6VIMAMMEDO GUIHHQFH EHVE HHQ WH P HDQ YDOXHV REVBIQHG 1Q VIKH
$QDBP P D : DWUJWRXS DQG WH 3@FHER &ROQWROJRXS Z DV DQDO] HG E\ RQH Z D\

DQDOMVRI YDUDQFH $12 9%

5(68/76
7KHFKDQIHLQ $73 GIYHW LQ VKH $ QDBIP P D JWRXS Z DV S Z KL VKH FKDQJ H
1Q$73 GIYHY IQ VKH 3 ®FHER &ROWRQJ LRXS Z DV S 7KH GUIHWHQFH EHVZ HHQ ViKH

P HDQV Z DV WJ QULFDQW 7KHHIRWIH VKLY WXG\ LQGLFDAV WMDWFRQVXP 1QJ $ QD®BP P D
Z DWUIRU  GD\ V\LJ QU LFDQV® LOQFUHDVHVE@RRG $ 73 GIYHYLQ KXP DQV

,167,787,21 (ﬂ})

5DSWP 5HWHDUFK 3YW/ V& 1 DYLO XP EDL ,QGLD RAPTIM RESEARCH LTD

& ,1,&%$/,19(67,*$725 ' U<DWYDQW KDILH

&@QIFDA&R ,QYHWIWJ DVRU ' U 1 DQGNMWKRU* DP HW.0 %%6 ' US5DYWDM DIGKDQLO %%6 0 ' 3KDWP DFR®RJI\
Y4RDQDO VIFDO QYHWII DVRU ' U 0 LOQG DI XO0 3KDWP 3K

WRWIMMIFIDQ 9HHWDEDEX <HILO 6F 6VIDMMAFV

+ HDG RI 4 XD@W $ WXIWDQFH 8 VKD 5 DP DNUMKQDQ % 3 KDUWP
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7TKHKXP DQP LFWIREIRP HWXG\

,Q D SIRWWXG\ Z DV SHURWP HG RQ VWH HIHFW RI1$QD®P P D : DWU
FRQVXP SMIRQ RQ VKH P IFWIREIRP H R IKXP DQ DGXAQV $WWMKHWP H R |Z UMQJ VKLV
WHSRUVRQO DWKRUWWXP P DUY RI VIKH UHVXQV Z DV DYDIDE®A

7KH P DIQ RXVBXWRI VIKH WXG\ Z DV WKH G\ VELRW LQGH[ Z KLFK GHVFUEHV VKH
GHJ ULHH Rl GHYLDVIRQ LQ VKH P LFLRELRP H 7KH G\ VELRVY LQGH] VIPNHV LQVR DFFRXQW
D@ H GL | HIHQWE DFVAUDOS K\ @ DQG VSHFLHV DV'Z HGDVVKHLUZ HL KWQJ IDFVR U

,Q VIKH $QDOP P D : DWIUJWRXS 1Q Z KIFK SDWFLSDQW FRQUXP HG $ QD®P P D
Z DVIUIRUD SIR®RQJ HG SHURG RI IP H VMH G\ VEIR WIQGH [P SIRHGIQ R YR
SDUWIFLSDOW ,Q WMH &ROWR QIR )S 1Q Z KIFK SDUAFISDQW FR QXP HG
XQWHDVIG Z DVIAU VIKH G\ VELIRWVIQGH] 1P SIRHGLQ RXWR | SDUWFLSDOW

2 YHLD@ VKH WXG\ VKRZ V D P SLIRYHP HOWRI ViKH G\ VELRWV LQGH[ LQ VKH
$ QDO P D: DWHUJLRXS FRP SDUHG VR &RQWRO

7KH I X@WHWHDUFK LHSRUARI VIKH KXP DQ P LFURELIRP H SIRRW
WXG\ Z KGEHDYDIME®IE\ ) HEWXKDU WK
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* ® FDQ$ J HWXG\

e ’

,Q D * OFDQ$JH WXG\ Z DV SHURWP HG R Q DGXQVKXP DQV FR QXP LQJ
$QDBP P D : DWU IRU VKULHH P ROQWY 7KH * OFDQ$JH VMWW P HDVXWHV JOFDQ
SWRRIBV Rl ,P P XQRIXEXM) * Z KIFK WHYHDY VKH EIR R IFDODJH R IVKH KXP DQ

P P XQHW WHP

+$7$5( */<&$16"

* OFDQVDWH VXJ DUP RBIFX®N DWIDFKHG VR
SIRWIQV 7KH P DIQ DOMERG\ SIRWMLQV RI
WH KXPDQ [PPXQH  \i\WP
P P XQRJ@®EX@V FDQ EH P DINHG Z VK
GUIHHQW JOFDQV  Z KIFK GHWALP LOH
Z KHVKHUVKH SLRVALQ V LR®H Z LADEH DQW.
LQI@P P DVRU RUSLR LQI@P P DVRU

YR IXQFVIRQV DIH QHFHWDU  EXWAR LV
WH EDDQFH EHVE HHQ VKHP 9 DURXV
HOYLLRQP HQVIDO IDFVRY/ FDQ WKUW VKLV
EDDQFH VRZDWG  SWR IQI@P P DVRY
JOFDQV GDGIQ) VR BRZ JWGH i WP LF
IQI@P P DARQ Z KIFK XQGHUIHV |DWHU
DJ LQJ DQG LQFUHDVHG UMN RI GIVHDWH
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7KH * @ FDQ$ J H VIMW\DQDO] HV
WHSWHWHQFHRI *  * DQG 6
JOFDQV @ONHG VR VKH P RW/

FRP P RQ DOMERG\ 1Q KXP DQ
E®RRG ,P P XQRIGREXAQ *

J*

J*V P DNHG Z WK * JOFDQV
DUIHSLR LQI@P P DVRY DQG VKHLU
GIYHY JHQHD® LQFHDVH Z WK

DIH DQG 1Q 1QO®P P DMRQ
DWRFIDWMG GIMDW 2Q WH

RMHUKDQG * DQG 6 JOFDQV
SIRP R SWRWFIYH  DQW
IQI@P P DVRU ROV RI ,J* DQG
DUH VKHUHIRUIH FROMGHWHG VR EH
EIRP DINHW Rl KHDOK DQG
\ RXVIKI XQ@HW $ @VIKLHH P DUINHWY/
DIH XVHG IRU FDBGX@MRQ R
RYHW® ER®RIIFDO DIH Rl DQ
LQGLYLGXDO



* O FDQ$ J HWXKG\

(:3(5,0(17%/"' (6,*1

2% (&7,9( 7R DWHW VKH HIHFWRI SIRRQIHG $QD®IP P D: DWIUFRQVXP SVMRQ RQ VKH
J* JOFDQ SWRILB EIR®RILFDCDIH RI KHDOK\ DGXO\KXP DQV

3$57,&,3%$176 KHDOK\ DGXO\KXP DQ VXEMIFW DJHG

678' < ' (6,1 $OSDWAFISDQW Z HH JLYHQ DGHTXDWA DP RXQW RI &RKHUHQW: DVIAU
$QDOP PD: DWUQ  DQG LOWMKFWAG VR FRQUXP HDWBIDWY /  R] Rl Z DWAUIRU
GD\V 1R RWHU FKDQIHV 1Q GIHW H HUFMH RU @HVW® HIIP HV Z HH P DGH 3URU \R
WHDW HQW' D\ DQG RQ VKH @WGD\ RI WHDVIP HQW ' D\ EQ®RRG \DP SOV Z HH
REVILOHG E\ [1QJ HUSUFN [LRP D@SDWIFLSDOW %R * ®FDQS$ J H WMV Z HIH SHURWP HG 1Q
WKKH* HORV* ®FR 5 HVHDUFK / DERUDVRU

' $7%$ $1$/<6,6 )RUHDFK SDWFLSDQWWKH LHVXAOV Rl VIKH ILIAMDQG VHFRQG * ®FDQ$ J H
WAWZ HIH FRP SDUHG VR VIKH SRSXMWRQ DYHWDJH EDVHG RQ DIJH DQG JHQGHU DQG VKH
Gl HHQFH EHVE HHQ WKH [LWAVDQG VHFRQG * ®FDQ$ JH MWWZ DV FDBX@WHG 7KLY YDOXXH LV
UHIHUHG VR DV AKH ELR®RJ LEDODI H LHYHUDBYDXH 7KH UHVXAV Z HIH FRP ELQHG VR GLDZ

FROFOXMRQV DERXWWKH FKDQJ HV 1Q ELRGRI LFDODI H Z KIFK RFXUHG LQ ViKH WW(UHH P RQVKV R

FRQWXP 1QJ $QD®P P D: DWfU

5(68/76
$0Q RYHZ KH® 1QJ P DNRUW RXWRI SDUAFISDQW H SHUHQFHG ELIR®JLFDO DIH
WHYHU/DO 7DE®H 2Q DYHWDIJH VKH ELIR®RJILFDODJH GHFUWHDVHG E\ \ HDW/ DIVIHU

P RQWKV Rl FRQVXP LQJ $QD®P P D : DWU 1 DWW® WH IHYHWDOGUIHHG EHVE HHQ
LQGLYLGXDOSDUAFLSDOQW Z MK VRP H SDUAFLSDQW H SHUHQFIQJ  \ HDUDQG RWHW/ XS VR
\HDW/ Rl ELR®RJILFDO DIH WHYHUDO 7KHWH WHVXQOV LQGLFDWA VIKDW $QD®P P D : DWAU
HQK DQFHV DOV LQI@P P DVRU DFVIXYIW RI VIKH KXP DQ P P XQHW WP DV LQGLEDVIAG E\
FKDQJ HVLQ VKH J ® FDQ SWRILIRI ,J *

167,787,216 c
*HORVGRR =DJWHE &WRDUD ;

GENOS’
5(6($%$5&+ 5(3257 )25 (7$,/6 6(( $33(1" ; &
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* ® FDQ$ JHWXG\

7DE®  5HVXAVRI KH * OFDQSJHWXG\ Z W FKURQR®J LFDODQG ELRMRJ LFDODI H MAMG | RUHDFK

SDUAFLS DQW&KDQJ HV1Q FKUIRQR®J LFDO5 HVXAV  DQG ELRGRI LFDCDIH 5 HVXAV  Z HIH GHGXFWAG VR

REVILQ VKKH ELRGRI LFDODJ H IHYHWDOYDOXXH ( QG LHVX@V P HDVXUHG DIU P RQWV Rl $ QDBP P D
DWAUFRQVXP SVIRQ

Supiect | CHronowocicaL ace | CHromowocicaL ace | Resur GrvcanAce CrvcanAce Resuur END REsuLT
1. SAMPLE 2. SAMPLE 1 1. SAMPLE 2. SAMPLE 2 -(1-2)
1 52 53 +1 70 58 “12 -13
2 3z 32 o 42 40 -2 -2
3 76 76 o 78 7 -7 -7
4 29 29 o 45 43 -2 -2
5 48 48 o 27 20 -7 =7
6 46 a7 +1 20 20 o =1
7 52 53 +1 56 56 o -1
8 39 40 +1 20 20 o -1
9 36 37 +1 44 33 -1 -1z
10 46 47 +1 25 21 -4 -5
1 68 68 o 65 64 - 1
12 a1 42 +1 54 5 -3 =4
13 42 42 o 57 56 -1 -1
14 63 B4 +1 59 58 -1 -2
15 51 51 o 59 55 -4 -4
16 38 39 +1 28 20 -8 -9
17 51 51 o 20 20 o o
18 46 46 o 54 56 +2 +2
19 18 39 +1 30 29 -1 -2

5(6($5&+ 5(3257 )25 (78,6 6(( $33(1" ; &
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3UHOP LQDU WHVHDUFK RQ EWDLQZ DYHV

,Q ZH SHURW HG RXU IlWWSWHIP 1QDY H SHUP HQW RQ VKH HIIHFW R |

$QDOP P D : DWIU RQ KXP DQ EWIQ DFIMW $ KR WP H SHUP HQWZ DV

SHURW HG RQ D JWIRXS RI DGXAQVKXP DQV DQG D ® Q VWP H SHUP HQWZ DV

SHURWP HG RQ D SDMHQWGIDI QRVHG Z MK $ QKHIP HUV GIMHDWH

%4DIQZ DYHV DIH WMH Mt QFKLRQY HG HBIPWFDO
SXOHV HP MWMG E\ P DWHV R QHXWRQV
FRP P XQIFDVQJ Z MK HDFK RVKHU 96.DIQZ DYH
DFIMW FDQ EH P HDVXWHG E\ T XDQWVDVIYH
HOIFPWRHQFHSKD®RIWDP  T((* Z KIFK VP RW
FRP P RQO GLYLGHG LQVR |RXUIHT XHQF\ EDQGV
GHOD ? +] WHWD ? +] DSKD ? +]

DQG EHD ? +] 7KH BRZ HU IWHT XHQR\

EDQGV GHOD DQG WHVD DWH DFWH 1Q P RUH
UHXO WMV Z KLY KLIK [UHT XHQF\ EDQGV
DSKD DQG EHVD WKRZ LQFUIHDVHG DFIMW 1Q

FRJ QIMYHO HQJ DI 1QJ \WIMAV

$Q P SRUDQW LQIRWP DURQ DERXW EWDIQ
IXQFVIRQ LV VIKH HI I LFLHQR\ RI FRP P XQLFDURQ
EHVE HHQ GLIHHQWELWDLQ DIHDV 2 QH Z D\ R
TXDOW\ VKLV IV E\ P HDVXUQJ ViKH FRKHUHQFH
VSHRPWDO FRUHDMRQ Rl VLR T((* WJQDW
EHVE HHQ VE R GLIHHQWELDIQ GRFDMRQV ,Q ViKH
IRGRZ Q) H SHUP HQW ERVWK VSHPWDOT( ( *
W QDY DQG WKH FRKHUHQFH EHVE HHQ VKHP
Z HUH DWVHWHG

5(6($58&+ 5(3257
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5 HFHQW WXGLHV LQGIFDW  VKDW
H SRXWH VR HOFWRP DJ QHAF
IIHBY (0)V JHOHIDWG E\
P REI® SKRQH WGIDMRQ DiIHFW
D@FRP P RQ IWHTXHQR\ EDQGV
GHOD VKHVID DSKD EHVID DQG
RVKHL/

,Q VKH IR@RZ 1QJ H SHUP HQW
VKRUMMLP H SRVXWH VR P REL®
SKRQH WGIDARQ Z DV XVHG R
QHIDWYH® DIIHFW EWIQZ DYH
DFVIYIW DQG Z DV P P HGLDVH®
IRGRZ HG E\ FRQVXP SVRQ Rl
$QD®P P D DMU ZWK D
UHSHDWAG P HDVXUHP HOWRI VKH
VDP H DVSHFW 7KH YHU WP D@
WP H GUIHHQFH EHE HHQ VKH
VE R P HDVXUHP HQW DQRZ HG IRU
D WHIDE® DWHWP HQW Rl \KH
P P HGLDVM HIITHFWRI $ QDBP P D
DWIURQ KXP DQ ELDLQ DFVIMW



* HQHUWDCH! | HFW RQ VS HFWD DQG FRK HUHQFH

(:3(5,0(17%/"' (6,*1

2% (&7,9( 7R GHWALP IQH Z KHWHU $QDOP P D : DWAU FRQUXP SMIRQ DIIHFW SRZ HU
GLWUEXVIRQ DQG FRP P XQLFDWRQ EHVEZ HHQ EDLQ DUHDV LQ DGX@\KXP DQV

3$57,&,3$176 6l DGXO\KXP DQ VXEMFW DJHG

678' <' (6,1 7KHH SHUP HQWZ DV SHURWP HG DV D GRXE® EQQG SMFHER FROWRADIG
WXG\ 3 DUAFLSDQW Z HIH GIYIGHG LQVR VE R JUIRXSV $QDBP P D: DWIUJWRXS Q  DQG
3@FHER &RQWRAIWRXS Q  Z WK QHVIKHUVIKH SDUAFLS DQW QRUVKH LQYHWS DVRWY DZ DUH
Rl WH GMMEXVRQ LQWR JRXSV $ @SDUAFLSDQW Z HIH H SRVHG VR FHABKRQH WDGIDARQ
YID P LOXW FHEBKRQH FD®@ DQG LOWAKFWAG VR GUQN D J @W RI Z DU DIVIMUVIKH FD@,Q
WH $QDBP P D : DWAUJWRXS SDUWIFLSDQW FRQVXP HG $QD®P P D : DU DQG LQ VKH
3@FHER &RQWRQOJLRXS SDUAFLSDOW FRQUXP HG XQWHDVIAG Z DWAU T( (* P HDVXUHP HQW
Z HIH SHURWP HG DWEDVHIQH EHIRWH FD@ DIVMUVKH FHEBKRQH FDADQG P LOXVIAV DIVIAU
Z DWMUFRQVXP SMIRQ 0 HDVXUHP HQW Z HUH VDNHQ LQ VIKH IRTRZ 1QJ IRXUFRQGIMRQV H\ HV
FRMHG (& HHVRSHQ (2 ZKLIBIWHDGIQJ (25 DQG Z KI® Z DVFKIQJ DP RYIH (20
6SHPAWDOLQIRWPP DMRQ Z DV REVIIQHG IRU  GUIHIHQWEWDIQ RFDVMRQV ,Q VRVDO ~ DVSHFW
Z HH P HDVXUHG EWIQZ DYH VSHAWD 1Q D@ @RFDMRQV 1Q (& (2 (25 DQG (20 DQG
FRKHUHQFHV EHVE. HHQ GLUT HIHQWE LDLQ GRFDVRQV DWWHYHQ GLHUHQWI LHT XHQR\ EDQGV 1LRP
GHOD VR EFMD P HDWUWHG 1Q (& (2 (25 DQG (20 $@GDVD Z HH FRP SDIHG Z VK
UHIHUHQFH YDOXHVLQ VKH 7KDVFKHUT ( (* GDVIDEDWH

@8°neiWeNi f700J 3N 58n3°@Nd N5°@ 0408 «Ni kAYC @°-Ne & @ -N

5 0°835@8«VNL n°83 W NP7V -u«e 3@FKY 0 + u-BVvdNa& & O
0a&Y o °8¢a F7V° -u *Ne -°8NAa U-+MN kAY° - YO -°@«°No°° «&4&
U-N @8eii ON° 3P N 7Ve -u«e 3@a° 408 M Ne o@ @ -u O
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7KL H SHUP HOWSWRGXFHG D KLJK DP RXQWRI GDWD ) RUMP S@FIW VKH FKDQJ H LQ HDFK
DVSHFW GHWFWAG E\ YIVXDOLQVSHFMRQ Z DV H SIHWHG DV D QXP EHWHG YDOXH WQJ LQJ
IWRP R &XP XOMYH YDXHV Z HH REVDIOHG ILRP D@  DVSHFW DQG SIHVHOWAG DV
VRVIDCFK DQJ H YDXXHV IRUHDFK Rl VIKH V. R WIDWAV DI VMUVIKH FD@DQG DI VIAUZ DVIAULOQVIDNH
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* HQHUDCHI | HFW RQ VS HFWD DQG FRK HUHQFH

5(68/76

7KH UHVXQVRI VKH H SHUP HOWDIH\KRZ Q1Q) LIXIH EH®RZ 7KHJWSK WKRZ VVRVIBCFKDQJ H
1Q VSHPWDODFMW DQG FRKHUHQFH EHVE HHQ GLITHIHQWEWDIQ GRFDVMRQV DV P HDVXUHG IRU
VE R WDVAV DIVIMU H SRVXUIH VR FH@BKRQH WDGIDMRQ EQXH EDWY/ DQG DIVKU Z DVIAU LQVIDNH
RWDQIHEDW 2 YHUD@P RUH FKDQJ HV LQ VSHRFWDODFVYIW DQG FRKHUWHQFH Z HUH P HDVXUHG
LQVKH $ QD®P P D: DWHU JIRXS RWDQIH EDWY/LQ ViKH BIVWSDOQHO VKDQ VKH 3 @FHER * LRXS
RUWDQIH EDW 1Q WH UJKWSDQHO $ OKRXJK VKH VP DEVDP S®i V] H GIG QRWDARZ |RUD
WIMBMEDODQDOMY VKH WIDN GLIH  HUIHQFH EHVE. HHQ VKH VEZ R J UIRXSV DQHDG\  LQGLFDVAV VIKDW
FRQVXP SVIRQRI $QD®P P D: DVWULP P HGLDWA® DI IHFW KXP DQ EWDLQZ DYH DFVIYIW 7KH
QXP EHURI DVSHFW DQDO] HG LQ VKLY H SHUP HOWZ DV YHU @UJ H DQG RQ® DARZ VD J HQHWDO
IGHD Rl $QD®P P D: DWUHIIHFW RQ KXP DQ EWDLQ DFIVMW + RZ HYHU VKH REVHUYHG WHQGV

RITHUDQ H FH@IOWWIDUAQJ SRIOW RUIXWKHUUHVHDUFK

$QDBP P D: DWU 3 @FHER &RQWRO
B OWUFHGBKROHFD® [ DIMIUZ DVWAULOVENH

7RVIDOT ( ( * FKDQJH YDXHV

YWUXWH  7RIDOFKDQIH LQ T( (* DVSHFW VSHFWD DQG FRKHIHQFH P HDVXUHG DIVWU P 1Q
H SRVXWIH VR FHEBKRQH WDGIDMRQ EOXH DQG DIAUZ DWAULQVDNH RLDQJH - 9 DOXHV DUH VKRZ Q
IRU HDFK  LQGLYIGXDO SDUAFLSDQWIQ VIKH $QD®P P D * IRXS Z KHIH SDUFISDQW FRQUXP HG
$QDOP P D : DWIU GIWSDQHO Q  DQG VIKH 3@FHER &RQWROJWRXS Z KHWH SDUAFLSDQW
FRQUXP HG XQWHDWG Z DWAU W KWSDQHOQ  7KHVH YDOXHV'Z HUH REVIDLOHG E\ P HDVXUQJ
T((* DVSHFW GHWUELQJ ViKH SRZ HUGIMMEXVRQ DQG FRKHWHQFH 1Q DQG EHVE HHQ ~ GLITHUHQW
EWIQ QRFDVMRQV ( DFK DVSHFWZ DV VIKHQ JLYHQ D YDOXH EDVHG RQ VKH DP RXQWRI YIVXDO
FKDQJH REVHUHG IRUHDFK Rl ViKH VE R WIVIAV DiVIAU FD@DQG DIVIAU Z DWAU LOVDNH  DQG ViKH
FXP X@WYYH YDOXXHV Z HUH GHSLEWAG KHUH DVVRVIDOFK DQJ H
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3UHOP LODU WHVHDUFK RQ EWDIQZ DYHV

())(&7621"' (/7% %b3$,1: $9(6

$QKHP HWW GMDWH LV D SWRIUHWLYH
QHXURGHJ HQHIDWYH FRQGIVIRQ J HQHWDED
FKDWDFWU] HG E\ D GHFQQH 1Q P HP RU
IXQFMRQ 1 HXWRQDO GDP DJH Z KIFK
XQGHUIHV $ QKHP HUV GLVHD\VH LV FDXVHG
E\ DFFXP XOMRQ Rl EHD DP \®RIG
SOMTXH RXWIGH QHXWRQDO FHWY DQG
QHXWRILEUGDY VDQJ BV LOVGH ViKH FHQY

%RP DINHW DWH P HDVXWDE®! ELRMRILFDO
FKDUDFVUMAFY RIIAQ XVHG |RU GLDJ QRVY
RU WDFNIQJ GMHDWH SWRJIUIHWIRQ 2 QH
WSH RI EIRP DUNHUZ KLFK FDQ EH XVHG VR
DWHW WKH SWIRILWWMRQ Rl $ QKHP HUV
GIMHD\H IV WH FKDQIH 1Q EWIQZ DYH
DFMW P HDVXWHG E\ WKH ((* MOQFH
DEQRWPP DOMHV Rl HOFWIF  SRWQUDY
HFRWGHG 1Q WKH FRUM[ DWH GUHAV®

IHDWG VR VIKH SDWR®J LFDOFKDQJ HV RI

WH VWXFXWH DQG IXQFIRQ Rl FRUAFDO
@\ HY/

5(6($5&+ 5(3257
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$ OQXPEHU R WGV KDYH
WHSRUWMG  ((* MRZIQ 1Q
SDMHQW  GIDIQRWHG  Z WK
$QKHP HIV  GMIDWH  ((*
VRZ IQJ LV GHIIQHG DV DQ
IQFHDWH 1 ®&®RZHU  ((*
ILHTXHQFLHV GHOD DQG VKHVID
EWLQZ DYHV DQG D GHFUHDH LQ
KWKHU [WHTXHQFIHV P DIQO
DCSKD EWDIQZ DYHV

+HH ViKH DPMW 1Q GHOD DQG
WHD [WHTXHQR. EDQGV Z DV
P HDVXWHG 1Q D IHP D® SDMHQW
GIDIQRHG Z WK $QKHP HUV
GMHDVH 6LOFH ((* V®RZ IQJ LV D
Z HENQRZ Q SKHORP HQRQ @ONHG
VR $QKHP HWV GMDWH VKLY
SDWDP HWU Z DV VHBIFWMG DV D
P HDVXWDE®!  EIRP DINHU  IRU
DWHWP HOWRI VKH HIIHFW Rl
SIRARQIHG $QDBP P D : DWU
FRQVXP SVIRQ RQ EWDLQ DFVIYLW



( 'HFW RQ GHOD EWDLQZ DYHV

(:3(5,0(17%/"' (6,*1

2% ( &7,9( 7KIVWXG\ DIP HG VR GHWALP LQH VKH HITHFW Rl SIRGRQIHG $ QDBP P D: DU
FRQUXP SVIRQ RQ GHOD EWDIQZ DYH DFIYIW RI DQ $ QKHLP HUV SDVHQW

3$57,&,3%$176 2QH DGXQVKXP DQ VXEMFW DIHG SWHYIRXVD GIDIQRWHG Z K
$ QKHIP HUV GIVHDWH

678' <' (6,51 7KH SDUHQWZ DV IQWUKFWG VR FROUOXD@ FRQVXP H$QDOP P D: DWU
RYHUD SHURGRI  GD\V  ZHHNV 7KH T((* P HDVXUHP HQW Z HUH VIDNHQ DWEDVHOQH
SURUVR H SHUP HQW DQG DW D\ DQG Rl ViKH H SHUP HQW) LHTXHQR\ P DSV
Z HH REVDIQHG |RU GHOD +] DQG \MHWD +] EDQGV $GGMRQD® VKH
P P HGIDWMHIHFW Z MKIQ P LOXWV RI $QDOP P D: DWAUFRQVXP SWRQ RQ GHOD DQG
WHVD EWDIQZ DYH DFVIMW Z HUH P HDVXUHG L1Q QRUP DOFRQGIVIRQV DQG DIVIAU H SRVXUH VR
FHIBKRQH WDGIDARQ YID P LOXWA FD@ $ @P HDVXUHP HQW Z HUH REVIIOHG 1Q VKH (\ HV
&®RVHG FRQGIMRQ

5(68/76

2 YHUD SHURG Rl  GD\V VKH SDVHQW GHOD GIYHY H[ KLEIVHG D J UDGXDOGHFUHDVH DV
HYLGHOWE\ VKH LQFUHDVIQJ GIYHY Rl J LHHQ FRBRULQ VIKH GHOD EDQG ) LIXH 7KLV Z DV
XQFRP P RQ IRUDQ $ QKHP HUV SDMHQWIQGLFDAQJ D WARQJ HIIHFWRI $QDGP P D: DWAU
RQ EWIQ DFIMW 6lQFH GHOD EWIQZ DYHV DIH P RWDFWYH 1Q GHHS MBHS WIVAV D
GHFUDWH 1Q GHOD EWIQZ DYH DFMW FDQ EH FRUHDWAG Z WK GMW GLRZ MQHW
&RUHVSRQGIQI® ViKH SDUWAFLS DQWK HWHD UHS RWHG LOFUHDVHG YVDAW DQG G ALHGQHW
) XUMKHWP RUH [LHTXHQR\ P DSVREVIIQHG LP P HGLDVIA® DIVIHUFRQVXP SVIRQRI $ QDBP P D
DVIHUFGHDUD GHP RQWUDWA D GHFUHDVH LQ GHAD GIYHY ) LIXUHV  DQG 7KLV HIHFWZ DV
REVHUYHG ERVK 1Q WHIXDU FRQGIMRQV )LIXUH  DQG DU H SRVXIH VR FHOBKRQH
WDGIDMRQ ) LI XUH

, 167,787,216

1 HXIRVKHWDSIIH &HOWKXP  + LYHU/XP  + LOYHU/XP  7KH 1 HIKHUDQGV -II ||

* XXVWH5RR] HP RQG 0 6F 1 HXUIRWKHWDSLMWV
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( 'THFW RQ GHOD EWLQZ DYHV
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-V alues Absohute Amplitude:  Condition: Eyes Closed Age: 58
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( 'THFW RQ GHOD EWLQZ DYHV

[EValues Absolute Ampitude:  Condition: Eyes Closed Age: 68

1 * 1 . . 25Hz 3Hz . 35z = 4Hz . .
LI * & & . & & - & & -
Q‘ﬂﬂ

T P L, PRI . PR wF‘ iy

65Hz - 7H= * 7.5z 8H2 85Hz -

L] L] - - ' s 0

’ * . * . L] * * * * . & -
. -

r-u r-!- o !lll FF ro-=,
-3.0 3.0[-30 30030 30|-3 30|-30 30|

|$<

L I

I,P_-Vdu&e Absolute Amplitude:  Condition: Eyes Closed Age: 68
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YLIXWH ) IHTXHQR P DSV IRUGHOD +] DQG KHD +]
EDQGV P HDVXWHG 1Q D SDMHQWGIDI QRVHG Z WK $ QKHIP HUV GIVHDVH
0 HDVXUHP HQW Z HIH REVIDIQHG RYHU WH FRXUH Rl Z HHNV GXUQJ
Z KIFK ViKkH SDMHQWFRQVXP HG $QD®P P D : DWAU 7KH GD\ Rl HDFK
P HDVXUHP HQW LV LQGIFDWG RQ VKH GIW 7KH GHOD EDQG WQIH LV
P DINHG Z MK D JUH\ ER[ 5 HG FR®U LQGLEDWAV LQFUHDMQJ EWDIQZ DYH
DFIMW  Z KI®H J LHHO FRERU LQGLIFDVAV GHFUHDMQJ  EWDIQZ DYH DFVAYIW
$ QKHIP HUV SDVIHQW KDYH EHHQ WHSRUMG VR H] KIEMIQFUHDVHG GHOD
DFIMW +HUH DFIMW 1Q ViKH GHOBD EDQG JWDGXD@® GHFUHDVHG LQ DQ
$ QKHIP HUV SDMHQWZ KR FRQVUQXDE FRQVXP HG $QDOP P D: DU
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( 'THFW RQ GHOD EWLQZ DYHV
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YHRWHS$ QDBP P D: DWUFRQVXP SVIRQ

|E-\.‘al'..les.ﬁ.bsohteﬂmplilude: Conditior: Eves Closed Age: 68
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YWXW ) WHTXHQR P DSV IRUGHOD +] DQG VIKHD +]
EDQGV P HDVXUHG 1Q D SDMHQWGIDI QRVHG Z MK $ QKHIP HUV GIVHDWH
0 HDVXUHP HQW Z HH REVBIQHG RQ ' D\ RI D FROWQXRXV H SHUP HQW
VHH WH VW WIRUGHVIDLY  + HIH VIKH P HDVXUHP HQW Z HIH REVIIOHG 1Q
HIX@U FRQGMRQV VRS SDQHO DQG VKHQ P P HGIDW® DIVIAU
FRQVXP SVIRQ Rl $QD®P P D : DWU ERWRP SDQHO 7KH GHOD EDQG
WQIH LV P DINHG ZIMK D JIH ER[ 5HG FR®RU LQGLFDVIAV LQFUHDMQJ
EWIQZ DYH DFIMW Z KL®1 J LHHQ FRARULQGLFDWAV GHFUHDMQJ EWDIQZ DYH
DFIMW $V HYIGHQWE\ VIKH FKDQJH ILRP  SUHGRP LQDQV® RWDQJH LHG
VRQHV 1Q VKH VRS SDQHOVRZ DUG JUHHQ VRQHV 1Q VKH ERWRP  SDQHO
$QDOP P D : DWAU FRQVXP SMIRQ FDXVHG DQ LP P HGIDW GHFUHDWH 1Q
GHOD EWIQZ DYH DPYIW
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( 'THFW RQ GHOD EWDWLQZ DYHV
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$IVHU P LOXVH H SRVXWHVR FH@3KRQH WDGLDVRQ

TDB2Z Judith_Couthuno_R13.3855.0at 15/11/2019 16:13:25 SD=1.8 N=0 P=8% 118epochs L& eyes closed age: 68 4th tial afl
73/ alues Absolute Amplitude:  Conditior: Eyes Closed Age: 68
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,P P HGIDWAO® DIVIHU$ QD®IP P D: DWUFRQVXP SVIRQ

TDB2 Judith_Couthuno_R17.3855.Dat  15/11/2013 16:44:48 SD=1.93 N=0 P=3% 70epochs L& eves closed age: 68 Sth tial af
7 alues Absolute Amplitude:  Condition: Eves Closed Age: 68
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YLWIXWH ) HTXHQR\ P DSV IRUGH®D +] DQG \MHD +]
EDQGV P HDVXUHG 1Q D SDMHQWGIDI QRVHG Z WK $ QKHIP HUV GLIVHDVH
0 HDVXUHP HQW Z HIH REVDIQHG RQ ' D\ RI D FRQUQXRXV H SHUP HQW
VHH WH W[ WIRU GHVDY 7KH SDMHQWZ DV H SRWHG VR FHEBKRQH
WGIDMRQ P 1Q SKRQH FD® DQG FRQVXP HG $QDOP P D : DWAU
P P HGLDV® DIVIAU 0 HDVXUHP HOW Z HUH VBNHQ DIVKIU ViKH SKRQH FD@
VRS SDQHO DQG DIVMU FRQVXP SVIRQ RI $QD®P P D : DWU ERWRP
SDQHO 7KH GHOD EDQG WQIH LV P DINHG Z WK D JUH\ ER[ 5HG FR®U
LQGLEDWAV LQFUHDMQJ EWIQZ DYH GIYHY Z KIB J LHHO FRERU LQGLEDWAV
GHFUHDMQJ EWIQZ DYH GIYHY $V HYIGHQW E\ ViKH FKDQJH IWRP
SWHGRP LODQV®D LHG VRQHV LQ VIKH VRS SDQHOVRZ DUG J LHHQ VRQHV LQ VIKH
ERWRP SDQHO$QD®P P D: DWAUFRQUXP SWRQ FDXVHG DQ [P P HGLDVM
GHFUHDVH LQ GHOD GIYHY
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/KHFKHW VRP DVR WXG\

,Q D VHUHV RI H SHUP HQW Z DV SHURWP HG R QFKHW VR PDVR S@QW J R ZQ
XQGHU GU ITHIHQWZ DVAUQJ WHI P HV Z IMK VIKH SXWBR ¥ R IDWHWQJ VIKH HITHFW R
$QDBIP P D : DWU RQ SMQW SK\MR®J\ DQG WRIOP IFLIREIRP H 7KH P RWV

LOVUHALI LHVXOVRI VIKLY VWXG\ DUH SUHVHOWAG LQ VKH I RER Z1QJ VHFR ¥

7HUHWMDOS DQW DUH I KV® QONHG VR \VRIO
P LFURRU DQIWP V EDFWWAUD DQG IXQJL 7KH
IP SRUBQFH Rl RO P IFRREIRP H LV
KL K@ KWAG E\ VIKH | DFWWKDWS @QW LQYHWW
\RP HZ KHH EHZ HHQ DQG Rl VIKHLU
SKRVRV QUKHWFD@ 1] HG FDUERQ DVZ HE@DV
? R VKHU VRO QMRIHQ LOWR
FRP SRXQGV XVHG E\ ViKH P LEUIRRU DQM\P V
VXURXQGLQJ VIKHIW LRRW ,Q WD EDFWAUD
DQG IXQJL DFVIYH® SDUWAFLSDVM LQ RU DQLE
P DMAU GHFRP SRUMRQ VKXV HODMQJ
QXWIHQW DQG I XUWKHUQI S@QWI LRZ ViK
2Q WH RWMHU KDQG \RP H SDVIKRJHQIF
P IFIRRUDQMWP V  IXQIL SRW VHURXV
VK UHDWR S@QUKHDOK ,QIHWIMRQ RI FLRSV
ZIWK SDWRIHQIF IXQIL FDQ KDYH
GLMDWRXY HIIHFW RQ IRRG SIRGXFVRQ
DQG FRQWHTXHOW® RQ J GREDCHFRQRP \

5(6($5&+ 5(3257

E «c¢ éééi

Q WL/ WKXG FKHW VRP DR
SOQW ZHH WHDWIG Z WK
GUIHHQW Z DWUQ] WHDVP HQW
IOFOGIQ)  $QDBP P D : DWU
6L) QU LFDQWHI |HFW Rl $ QDGBP P D

DWU Z HH IRXQG LQ VHYHWDO
FKHP LFDOSDDP HVWALY LHDWAG VR
VIKH QMRIHQ R\ FO®I 1Q VKH WRLO
QONIQJ $QDBP P D : DU Z WK
| DFVRY/ FRQQHFWG VR VRLOI HUADN
DQG SURGXFMW

$GGIMRQD@® $QDBP P D : DWU
FDXVHG D LHGXPVIRQ LQ D J HQXVRI
SDWMRIHOIF IXQIL DQG DQ
LOFUHDVH LQ EDFVIAUDO GLYHUAW
7KHWH SUHTP LQDU LHVX@V RITHUXV
IOVI KW IQ/R SRWE®! HIHFW Rl
$QDBP P D: DWAURQ VRIOIHWAOW
DQG ELRGLYHUMW DQG @ KW RXU
SDVIK VRZ DUG | XVIXUH UHVHDUFK



7KHFKHW VRP DVR WXG\

(:3(5,0(17%/"' (6,*1

3MQWJ RZ VIK FRQGIMRQV 7KH WXG\ VRRN S@FH LQ D FQP DV FRQWR@BIG J IHHQKRXH
GFDWG 1Q 6FKIHGDP 7KH 1HWHUDQGY 2Q ' D WKKH VRIOZ DV GIMMEXWAG RYHU D
FRQFUHVIA VXUDFH DQG @U HUFKXQNV Z KHUIH FUKVKHG VR DFKLHYH D P RUH HYHQ J WDIQ M] H
7KH \RIOZ DV IDQGRP ® GIMMEXWMG IQR  SOWIF SOQWSRW Z WK D GIDP HWWURI ~ FP
DOGDKHJKWRI  FP  7KH SOWAV FROWLOHG D FHOWDOKR® IRUGWDIODIH 7KH  Z HHN R@G
FKHW VRP DR SOQW JWRZ Q E\ . Z HNHUM3RRW 6FKIHGDP  7KH 1 HVKHUDQGY Z HWH
HSRWHG ILRP VKHIURWIIQDO FP SRWIQRWH  @UHUSRW DMDQGRP  7KH SRWHMG
SOQW Z HIH NHSWLQ DQ MROWAG SDUARI VKH J LHHQKRXVH QRWHDMO® HDFKDE®1 E\  VIKLLG
SDWHV 7KH WXG\ VWS Z DVWDQGRP ] HG Z WK WAH  S@QW WQGRP O GLYIGHG LQWR
JWIRXSV  S@QW SHUMHDVP HQW GHWLJ QDG VR LHFHLYH  GLLTHUHQWZ DWAUQJ WHDVP HOW
' XUQJ VKH IIVAV  GD\V D@S@QW WHFHLYHG RQO 5 DIQZ DU Z KLFK Z DV GRVHG XMQJ DQ
DXVRP DWG VI WP  ( DFK SOQWHFHLYHG P / RI WDIQZ DWAUDW DP &( 67

DVIHUWHDVP HQW 7Z R WSHV Rl Z DVMUZ HIH VIMWKG 1Q VKLY WHDVP HQWQDP HG :  DViAU
DQG: DWAU ,QVKHIR@RZ LQJ W W$ QDO P D: DWAUZ LADUHI HUVSHFL LFDQ VR : DWAU
&RKHUIHQWZ DVIMU Z DV SIHSDWIHG DERXWD P RQWK SURU VR EHJIQQIQJ RI VKH WXG\ DQG
WRUIHG 1Q WIQGDUG Z DViAU MUY FDQV 2 Q ' D\ VKH S@QW EHRQIIQJ VR ViKH \DP H
WHDVP HQWJ WRXS Z KHIH S@FHG QH WVR HDFK RVKHU VR DARZ HDMHU WHDVIP HQWDQG
P HDVXUHP HQW 7KH WHDV? HQW Z HH DV IRQRZ V' 5DIQZ DWU  5DIQZ DWAU RU DQIF
IHAQ HU  $QDBP P D: DWU $QDBP P D: DWU RUDQF IHWAMHU  : DWAU

) LHTXHQR\ Z DWAU ,Q WHDW? HQW DQG  DSSUR[ IP DO J Rl RU DQIE |HWA) HU
)D 2 WDSRZ HU $P HMRRW1/ Z DVXWHG SHUS@QW) WRP ' D RQZ DUG HDFK S@QW
WHFHLYHG P/ Rl VKH DMJQHG ZDWUGDI® DW DP &(67 XMQJ VKH DXVRP DWG
GRVQJ A WHP

167,787,216

DWU /LUKW69 $P HUMRRUN7KH 1 HIKHUDQGV

. Z HNHUMB RRW6 FKLHGDP  7KH 1 HWKHUDDQGV
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&KHP [FDCFRP SRVMRQ RI VRLO

$1$/<6,62) &+(0,8$/ &20326,7,21

2Q' D\ Rl VKH H SHUP HQW D EDVHIQH \DP S®I Rl WH VRIOXVHG 1Q VKLV WXG\ Z DV
FROPFWG DQG GHIYHHG VR WKH * (IRHQ $JWR &RQWRO MERWDVRY ' HQIDXZ 7KH
1 HIKHUDQGY  $ WMKH HQG RI ViKH JUIRZ ViK SHURG ' D\ VRIOVDP S®V Z HIH FRADIFWAG
IRP WMH  SRWIQ Z KIFK FKHUW VRP DVR SMQW Z HH JRZ Q XQGHUVSHFLLE Z DVAUQJ
WHILP HV 6RIOVDP S®V Z HIH GHOYHIHG VR VKH * LIRHQ $J IR &RQWROMERUIVRY ' HOJ DXZ
7KH1 HHUDQGY &KHP LEDCFRP SRUMRQ Z DVP HDVXUHG | RUD@VRIODP SGIV

5(68/76

6IOFH P RLH VKDQ  SDWDP HWAW Z HH P HDVXLHG XMQJ  GUIHIHQWJWRXSV Rl \RIO
\DP SOV ¥DVHIQH DW D\ WHDVP HQWDW D\ D @ H GDVVHWZ DV REVIIQHG ) RU
VP SQFIW ViKH GDVD VKRZ Q KHWH Z DV LHGXFHG VR RQO® VIKH P RWMUHBIYDOWLQIRWP DMRQ
7KH FKHP LFDOSDWDP HVIAW P HDVXUHG IRUVKUHH J URXSV %DVHIOH $ QDO P D: DWAUDQG
5 DIQZ DU DUH VKRZ Q 1Q GUIHHQWIWSKYV 1Q ) LIXWH  7KH P HDVXUQJ XQIW RI HDFK
SDWDP HWUDUH QMG LQ 7 DE B
7KH P DNRUW Rl SDWDP HVWY WHP DIQHG @UHO XQFKDQIHG EHVE HHQ WKH $ QDO P D
DWAUDQG 5 DIQZ DWAUJLRXS + RZ HYHU VHYHWDOSDUDP HVIAWYY SRIOWAG VRZ DUG LOVAUHWALQJ
FKDQJ HV RFXWQJ 1Q WMHWH VE R JURXSV ) UMD LLRQ FRQWQWZ DV KLI KHULQ $ QDBP P D
DWAU JWRXS FRP SDUIHG VR FRQWRO 1 H W LQWAHWMOQI GUIHHQFHV Z HH IRXQG LQ
SDWDP HIAY QONHG VR DYDUDELOW DQG XW@ DMRQ Rl VRIOQMRIHQ 7KHWH UHVXQV DH
VKRZ Q LQGLYIGXD@® 1Q ) LIXIH  7RVDOQIWRI HQ DQG 1 IMRIHQ GH@YHY FDSDFIW Z HWH
WLJ QU LFDQV® KL KHULQ VIKH$ QD®P P D JURXS FRP SDUHG VR 5 DLQZ DVIAU 7RVIDOQIARI HQ LV
VKH P DNRULQGLFDVRURI VRIOIHWAMA DQG TXDAW LQ DQ DI UFXOXWOHFR WP Z KL VIKH
QMRI HQ GHOYHU FDSDFIW LV ViKH DP RXQWRI QIMRI HQ ILRP  RU DQLE P DWMUVIKDWFDQ EH
P DGH DYDI@E ®1 VR S@QW RYHUD RQJ HUSHURG RI VIP H
1 MRIHQ LV DQ HWHOWDO S @OWQXWHQW EXWVKH P DNRUW RI VRIOQIARI HQ DSSHDWY LQ
GLIHHQWRU DQIF IRWP V Z KIFK S@QW DIH XQDE® VR VBNH XS LOVR VIKHLU FHQY + RZ HYHU
S@OW FDQ WHDGI® VDNH XS P IQHWDO IRP V Rl QMRIHQ VXFK DV QMDA BRIO
P LFURRW DQIWP V FRQYHUWARU DQIF IRWP VRI QMRIHQ VR P LQHIDOIRWP VVKIRXJK D SURFHW
FDQBG P LQHWDM DMRQ Z KLFK LQYROHVGHFRP SRUMRQ RI RU DQLE P DWIU

, 167,787,216

* IRHQ $ J IR &RQWRO' HOJIDXZ 7KH 1 HWKHUDQGV
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&KHP IFDCFRP SRVMRQ RI VRLO

YWXW 0 HDQ YDXHV Rl FKHP LFDOSDWDP HAW P HDVXUHG IRU VKUHH JWRXSV Rl VRIOVDP SGV
YDVHIQH $QDOP P D: DWAUDQG 5 DIQZ DWAU &RQWRO YDVHIOH VDP SNV Z HIH REVIDIOHG RQ' D\
DQG WHDWAG VDP SBVRQ' D\ RI VMHH SHUP HOWQ  7KHP HDVXUQJ XQUW DUH QMG LQ 7 DE G

7KH SDUDP HWALY DLH J LRXSHG DFFRUGIQJ VR VP LOUW LQ YDOXH 5 HG ER[ HV LQGLEDVW SDUDP HVIAWY/
Z VK GlIHIHQFHVEHVE HHQ $ QDBP P D: DVWAUJ LRXS DQG 5 DIQZ DVIAUJ LRXS
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&KHP [FDCFRP SRVMRQ RI VRLO

$ SDUWDP HVULHIHUHG VR DVVIKH FDUERQ VR QIMRIHQ UMR & 1 UMR  SIRYIGHVIQIRIP DMRQ
RQ KRZ HDMO QIRJIHQ FDQ EH IHBIDVHG ILRP RUDQIF P DWMAU$ BRZ & 1 UDVR LQGLEDVAV
KUK GIYHY Rl QUMRIHQ LQ RUDQIF P DMAU DQG D KLJK GIYHORI GHFRP SRVMRQ DQG
P IOHDA DMRQ +HWH VKH & 1 YDOXH RI VRIOWHDVWAG Z VK $ QDG P D : DWU Z DV
WLJ QU LFDQW® @RZ HUVKDQ LQ VRIOWHDVAG Z VK 5DIQZ DWAU ) LIXIH  LQGLFDVQJ KLIKHU
P LQHWD@ DVIRQ DVIAV

$ OKRXIK WHVH UHVXOV DUH RQO SWHIP QDY DQG D @MW HUVDP S®I M H LV QHHGHG IRU
P RUH HDERWDW FRQFOXMRQV VKH\ DUH DQHDG\ VRAG LQGLFDVRY VKDWS$ QDGP P D : DWAU
KDV D WRQJ P SDFWRQ WMH QMRIHQ F\ FON Z KLIFK XQGHUIH VRIOHUWADV ,Q VIKH IXVXUH W
Z LEH H FIMQJ VR EURDGHQ VIKHWH 1LQGLQIV Z IMK P RUH LQ GHSWK UHVHDUFK RQ VKH HITHFW

Rl $QDO®P P D : DWURQ SMQWSK\VMR®I\ DQG FWRS \HG DV ERVK DWH DIIHFWG E\
FKDQJ HV1Q QIARJ HQ DYDIDE LDV

YLUIXUH ' UIHHQFHV 1Q VRBOQMRIHQ QIMRIHQ GHOYHY FDSDFIW DQG FDUERQ VR QIRI HQ UDVR
& 1 MR EHVE HHQ VRIOZ DWALHG Z IViK $ QDB P D: DVIAUDQG 5 DIQZ DVifU ' D\ 7KHP HDVXUQJ
XQIW Rl HDFK SDUDP HWIUDUH MAMG LQ 7DE®!  7KH EDWVKRZ P HDQ's 6' YDOXHV Q  $ WMV
LQGLFDVMA WIVMMAAFDOWI QULFDQFH 6VKGHQWY 7 VIS
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&KHP [FDCFRP SRVMRQ RI VRLO

7DE®! 7KH P HDVXUQJ XQW Rl  FKHP LFDOSDWDP HWAW P HDVXUHG 1Q
VKH WG\ GHVFUELQJ VKH YDOXHVWKRZ HG 1Q) LIXUHV  DQG

3$5%0(7(5 81,7
2 U DQIF FDLERQ &b
& 1 MR
3KRVSKRWXV 3 3$( 4 PJ3NJ
YRIRQ PJ%NJ
&RSSHU PJ&X NI
,LIRQ PJ)HNJ
0 ROEGHQXP PJORNJ
$FIGIW S+

2 UDQIF P DWHU
&DUERQDWG QP H

1 IMRJ HQ GHOYHY FDSDFIW NJ 1 KD SHU\ HDU
3KRVSKDWA 3Z 4 G PJ3 2 |/
3KRVSKDW 3 $/ 4 G PJ3 2 J
3RDWIXP . +&O0 PJ. 2 J

. QXP EHU
SRIDWXP . 3$( PJ. NJ
0 DJQHVIXP PJ0OJ2 NJ
6RGLXP PJ1DNJ
0 DQJ DQHWH PJOQN)
&M KXP XVFRP SO &(& PP RONJ
I XVXP
1 MRJ HQ VRVIDO! PJ1NJ
6 3% ( / VDELOW PJ6NJ
6XEKXUGHIYHUQJ FDSDFIW NJ 6 KD SHU\ HDU
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( 11HFW/RQ | XQJ DOSLRSHUHV

$1%$/<6,62) )81*%$/ &20326,7,21

$ WiH HQG RI VKH J LIRZ VK SHURG ' D\ VRIODP SGIVZ HH FRGFWG ILRP VMH ~ SRW
IQ Z KIFK FKHUY VRP DVR S@QW Z HH JWRZ Q XQGHU \SHFLLIE Z DWAUQJ WHILP HV BRIO
VDP SGV ZHH GHOYHHG VR WKH * (RHQ $JWR &RQWRO MERUDVRU ' HDIDXZ 7KH
1 HWIKHUDQGY $ QDOMYRI 1XQJ DOSURSHWAHV Rl VKH VRIOFRQVMMG RI P HDVXUQJ \ViKH YDOXH
NQRZ Q DVFR®RQ\ IRWP 1QJ XQSHUJWDP RI JWIRXQG &)8 J 7KH&)8 YDOXXH UHIHW/ VR VIKH
QXP EHURI YIDE®i P LEURELDOFH@YLQ D\VDP SO

5(68/76

7KH UHVXOV Rl VKH DQDOMY DIH SUMVHOWAG 1Q 7DE®H  : KLB1 VHYHUDOJ IRXSVRI 1XQJILZ HUH
IGHQWIIHG RQ ViKH J HQXV ®IYHO GHQRWAG E\ ViKH QDP H RI WH JHQXV IRGRZ HG E\ \S
RVIKHWY/ Z HUH J LIRXSHG VRRI HKHUDV RVIKHUP RGBV %RV VIKH VRVIDOQXP EHURI 1XQJ LDQG VKH
VRVDOQXP EHURI RHUP R@GVIRARZ HG D VP [MUSDWAD Z MK KLI KHVWAQXP EHUGHWFWG
1Q VRIOWHDWAG Z MK 5 DIQZ DVIIUDQG VKH BZ HWQXP EHULQ VRIOWHDWAG Z MK 5 DIQZ DViAU
VXSS®P HOWG Z MK 1HUAQ] HU IRQRZ HG E\ $QDBP P D: DWAU ) LUXUHV DQG  6LOFH
IXQJ DOFRP P XQMHV LQ VIKH VRIODQG VKHLUUHDMRQWKLSY Z VK GLHTHIHQWS @QW DUH KLI K®
FRP S®{ VKHWH UHVXAV GR QRWRIIHULP P HGIDW FRQFOXMIRQV + RZ HYHU E\ (RRNIQJ DW
LQGLYIGXDOJHQHWD ) LIXUH  IWDSSHDWY WMDWKH IXQILIURP WKH J HOXV &@MGRVSRUXP
Z HH ®MW DEXQGDQWIQ VRIOWHDVMAG Z IViK $ QDB P D : DWAU VIKDQ 5 DIQZ DWAU 7KLV LV
LOWAUHVRJ Z VK UHI DUGV VR VIKH NQRZ Q SDWKRJI HQLF QDVXUH RI GLIHIHQWVSHFLHV ILRP VKLY
JHQXV &MGRVSRUXP 1XQJLFDQ FDXVH E@FN SRIQWQ FHUHDOVSHFLHV VIKH\ FDXVH VFDE 1Q
&XFXIEMD VSHFIHV DQG EWRZ Q ®DI VSRW IQ VRP DR ,Q KXP DQV WH P DIQ® FDX\H
DE@UJLF UWHDFMRQV ZKIFK VRP HMP HV ®DG VR DWKP D 7KH WHGXFMRQ LQ \RLO
&MGRVSRUXP DIVIHU $QD®P P D : DVIHU WHDVP HQW SRIQW VR D EHQHILFLDO LR®1 R
$QDOP P D: DWULQ P DIQVDLQLQJ D KHDOK\ VRIOP LFLRELRP H $ OKRXJIK WHWH UHVXOV
Z HH QRWWIMMEFDE DQDO] HG WH DUH DQ [P SRUDQWMMS 1Q VIKH GLLHFVIRQ RI [ XUWAKHU
DQG P RUH VSHFLLF DQDOWHVRI VKH HIHFWRI $ QDOP P D: DWAURQ VIKH 1 XQJ DOSIRS HUAHV
RI VRIO

, 167,787,216

* IRHQ $ J IR &RQWRO' HOJDXZ 7KH 1 HWKHUDQGV
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( 11HFW/RQ | XQJ DOSLRSHUHV

7DE®! ) XQIDOS) 8 J IRUD@Z DWAUQ) FRQGIMRQV DQG LQGLYIGXDOS@MQW 5 HG VI WFRERULQGLFDWAV

YDOXHV DERYH VKH XSSHUGHWFVIRQ @P LW %XH VW WFRERULQGLFDWAV YDOXXHV EH®RZ VKH (RZ HU

GHWFRQ @P W ) RUHDMHUUHDGIQJ G HIHQWYDOXH FDVAJ RUHV Z HUH KL K@ KVWWG DV IRGRZ V
&) 8 J LHSUHVHOMQJ D ®RZ DP RXQWRI IXQJ DOFH@Y KL K@ KWAG LQ \ HIRZ

&) 8 J WHSUHVHQWQJ DQ DYHWDIH DP RXQWRI IXQJ DOFH@Y KL K@ KWAG 1Q JUIHHQ DQG P RWH WKDQ
&) 8 J LHSUIHVHQOMQJ DKLIK DP RXQWRI IXQJ DOFHAY KLJ K@ KWG LOIFG
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( 11HFW/RQ | XQJ DOSLRSHUNHV

YJUXWH 7RIAXQIDCFRP P XQW IWRP VRIOWDP S®VREVIIQHG DIVIMUWKH J LRZ VK SHURG
Rl FKHW VRP DVR S@QW Z DVALHG Z IMK GLIHWHQWZ DVWAUQJI WHDW HQW ( DFK ER[ SGRRW
VXP P DU] HV&) 8 J RI IRXUVDP SGIVSHUZ DWAUQJ FRQGIVIRQ

YJUXWH 7RWAXQIDCFRP P XQW ILRP VRIOWDP S®IVREVIIOHG DIVAUWH J LRZ VK SHURG
Rl FKHW VRP DR S@OQW Z DVALHG Z IMK GLITHWHQWZ DWAUQI WHDW HQW 7KH JUWDSK
WKRZ V IXQIDO FRP P XQMHY QRW FKDWDFWAU] HG RQ VKH JHQXV GIYHO EXW JWIRXSHG
VRI HIKHUDV D VHSDUWDW FDWMIJRU Rl RKHUP R@V ( DFK ER] SGRWUXP P DU HV&) 8 J RI
IRXUVDP S®VSHUZ DVWAUQJ FRQGIMRQ
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( 11HFW/RQ | XQJ DOSLRSHUNHV

YLIXWH ) XQIDOFRP P XQMHVRI VUHH J HOHWD &MGRVSRUXP VS JUH\  7UFKRGHWP D
VS \H@RZ DQG)XWDUXP V8 EOGH P HDVXWHG LQ VRIOVDP S®N REVIIQHG DiVIAU WKH
JWRZ W SHURG RI FKHUW VRP DVR SMQW Z DWALHG Z WK GLIHIHOWZ DWAUQI WHDVP HQW
( DFK ER[ SGRWUXP P DU] HV&) 8 J RI IRXUVDP SV SHUZ DWUQJ FRQGIMRQ
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$ QDO VWV RI EDFVAUDCFRP SRVMIRQ DQG GLYHUAW

1 H WJ HQHIDIRQ VHT XHQFLQJ 1* 6 LVVKH
OWMV VHTXHOQFIQ) WIFKQR®RI\  XVHG R
GHWAFW QXFOIRIGH VHT XHQFHV R HOWLH
JHQRP HV RUVDU HWG HIIRQVRI ' 1$ RU
51$ 7KH P RWFRP P RQ® X\HG P DINHU
IRUHYDOXDWRQ RI EDFVUDOFRP SRVMIRQ R
DVDP S®IVWH 6 51$ JHQH 7TRVDO 1$
IV [ LWAVH WDFWAG ILRP D VDP S®f VXFK DV
\RIO IRGRZHG E\ DP S@IFDWRQ RI D
VSHFULF WHIIRQ IQ WKH 6 51$ JHOQH
1HW D® DP SAIHG IWIP HQW DWH
VHT XHQFHG DQG VIKHVH VHT XHQFHV DUH VIKHQ
FRP SDIHG Z W D YDWGDVDEDVH Rl 6
B1$ WHTXHQOFHV ILRP NQRZ Q \SHFLHV RI
EDAWUD DAOR NQRZQ DV WHIHWHQFH
VHT XHQFHV

8MQJ WKLV P HMRG VKH \DP S®V FDQ EH
VFUHHQHG IRUSUHVHQFH RI D @MU H QXP EHU
Rl GUIHHQW EDFVWUDO VSHFLHV RU P RWH
FRP P RQD JWRXSV Rl MP LU VSHFLHV
WD $GGMRQD® WH FKDQIH IQ
EDFWUDO GLYHWMW FDQ EH DQDO]HG
EHVE HHQ GLIHHQWDP SGIV

5(6($5&+ 5(3257
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1* 6 SIRYIGHVVE R FRP P RQ WSHVRI
GLYHMW LQGH HV D®KD GLYHUAW
DQG EHVID GLYHUAW

$ GSKD GLYHUAW VK@Y XV KRZ P DQ\
GLIHHQW \SHFLHV DIH GHWFWG 1Q
HDFK \DP S® \SHFLHV UFKQHW
DQG DOR DERXWKRZ DEXQGDQWHDFK
VSHFIHVLY HYHQOHW ) RUH[ DP S®
LFDQ VWXV VKDWVOP S®1$ FROVDLQV

Gl HHQWSHFLHV RI EDFWUD Z KL
\DP S®! % FROWIQV RQD  $GKD
GLYHMW vV JUHDWU LQ \DP SO®I $
$ GKD GLYHUW GRHV QRWERN LOVR
WH LIGHOWNV Rl VSHFLHV REVHUHG LQ
HDFK VDP S® RQO VKH QXP EHU

Y4HVID GLYHUAW P HDVXUHV VIKH FKDQJ H
LQ VSHFLHV GLYHWMW EHVE HHQ VE R RU
P RIH VDP S®V ,WFRXQW KH VRVDO
QXP EHURI VSHFLHV VKDWDWH XQLT XH
VR HDFK Rl WKH \DP SGN EHQJ

FRP SDIHG %MD GLYHUWW SWRYIGHV
LQIRWP DARQ DERXWWS HFLHV LGHQVIWV



$ QDO VLVRI EDFVHUDCFRP SRVIMIRQ DQG GLYHUAW

1(:;7*(1(5%$7,216(48(1&1*

$WVKH HQG RI VIKH JRZ W SHURG \RIOVDP S®N Z HH FRGIFWG ILRP  SRW IQ Z KIFK

FKHUW VRP DVR S@QW Z HUH J LIRZ Q XQGHUGLLIHIHOWZ DVUQJ WHI P HV 5 DIQZ DWU&RQWRO
Q DQG 5DIQZ DWIUWHDWG Z MK $QDBP P D: DWIUQ  6RIOVDP SGNVZ HH GHQYHUHG
VR VKH YDWRGDU @ERWDVRY  /HGHQ 7KH 1 HWMHUDQGY IRU DQDOWY Rl EDFWAUDO
FRP SRUMIRQ DQG GLYHUAW 7KLY DQDOMYZ DVSHURWP HG E\ QH WJ HQHUDVIRQ VHT XHQFLQJ

XMQJ WMH 6 51$ P DINHU 7KH P HDVXUHG SDUDP HVIAW Z HUH DVIRGIRZ V DBKD GLYHUAW

2 EVMUHG UFKQHW BKDQQRQV IQGH DQG 6P S\VRQV IQGH  EHVD  GLYHUAW

5HGXQGDQF\ DQDOWY 5' $ DWRFIDARQ WAMRJ ' LLIHHQWDO $ EXQGDQFH $ QDOMY

' $$ DQG/ LQHDUGLVFUP LODQWDQDOMWY (ITHFWEL H / (16(  %-MGHV SLIRVIGIQJ \WIMMMEDO
GDVID ViKHVH DQDOMY LQGLFDVIA H IMMQFH Rl . H\ %4RP DINHU DQG 6LJ QDVXUH 6 SHFLHV 1Q D
JLYHQP LFWREIRP H GDVIVHW

5(68/76

7KH1* 6 EDFVUDCSLRILIQI GDVID \KRZ HG VIKDWDCS KD GLYHUW WLJ QU LFDQV® LQFUHDVHG LQ
VRIOWHDWAG Z VK $ QDO P D: DWHUFRP SDUHG VR 5DIQZ DVHU&RQWRO ) LIXIH 7KLV
LQGLEDVIAV W DWHKH QXP EHURI GL I HUIHQWE DFVAUDO] D DQG VIKHIUDE XQGDQFH Z DV @MU HULQ
VRIOVDP SOV WHDWG Z MK $QDOP P D : DWAU %MD GLYHUAW P HDVXUHG E\ VKH 5' $

DQDOMWY Z DV QRWWLI QULEDQV® GLITHIHQWEHVE. HHQ Z DWAUVHDVI? HOW

8MQJ P DFKIQH ®DUWQIQI P HKRGV ' $$ DQG / (16H VKH VE R JURXSV Rl \DP SGIV Z HH
DQDO] HG IRUGL IHIHQFHV IQ BRZ DEXQGDQWEDFWAUD LH EDFVAUDOI HQHWD Z KRVH UHDWYH
DEXQGDQFH LV GMW VIKDQ $OKRXIK VKHVH UHVXGV GIG QRW WHDFK WIMMAEDO
WJ QUIFDQFH VIKH\ GLG LQGLFDVA VHYHWDQJ HQHWD Z KLFK Z HUH GLITHUHQUD@ DWRFLDWAG Z VK

WH XVH RI VSHFLLE Z DVWUWHDVI? HQW 7DE®!  7KHVH UHVXAV J LYH LOWI KW LOVR SRWE G
VSHFULE HIHFW Rl $QD®P P D: DVWUMHDVP HQWRQ VRIOEDFWAUD ) RULQWIDQFH EDFVIAUD
RI VKH JHQXV &KHDVYRWDQV Z KIFK Z DV DWRFIDVAG Z VK VKH $QDGP P D : DVIHU
WHDVP HQWZ HUH UHFHQV® VKRZ Q VIR GHFUHDVH VIKH VR LFLW RI DOVIP RQ\ DQG LW XSVIDNH

LOVR UFH VKXV VHYLQJ DQ HFR@RJ LFDOWR® LQ tHP HGLDVIRQ RI VRIOFRQVDP LODVIRQ Z VK

VR[ LF HOPP HQW 7KLVIIQGIQJ Z RX@ EH YHU LOVAUHVRI VIR GRRN LOVR LQ VIKH I XVIKUH

, 167,787,216

YDWHEBIDU%9  / HIGHQ 7KH 1 HVKHUDDQGV
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$ QDO VLVRI EDFVHUDCFRP SRVIMIRQ DQG GLYHUAW

) LUXWH S5HWAOV Rl 6 SWRIIAQJ $GKD GLYHUMW Z DV KLJKHU 1Q VRIO
VWHDWAG Z MK $ QDGIP P D: DWU EXXH ER[ S&RW RQ VKH W KW FRP SDUHG VR
5DIQZ DWAU WHG ER[ SBRW RQ VKH Gl W $ GKD GLYHUAW Z DV P HDVXUHG XMQJ

VIKUHH LQGLFHYV 6 VIMMAFDOWJ QULFDQFH Z DV P HDVXWHG 1Q 2 EVHUYHG UFKQHW

GIWSDQHO DQG 6 KDQQRQVIQGH P LGG®I SDQHO S

7DE®! S5HWOVRI 6 SWRILIQJ / LMMG LQ VKKH VIDE®I DUH LHVXOV Rl DSKD DQG EHVID GLYHUAW
DODOWY DQG YDFWAUDOYARP DINHU* HOQHWD @RZ DEXQGDOWSHFLHV GLIHHQUD® IRXQG LQ
WH$ QDB P D: DWAUJRXS XMQJ P DFKIOQH GIDWIQ) P HMRGY ' $$ DQG/ ( I6H

&RP SDWHG YHVID GLYHUMW YDFVAUDOYRP DINHU
xSy $ GKDGLYHUAW S < « HOHLD
&RQWRO $QDBP P D: DWU
. DwU 2 EVHUYHG UFKQHW 12 !3Y°l{l\ﬁ1 8., @
$QDBP P D 6KDQQRQ VLQGH| RwW8 & 5Y O f
. DWU @V te N - @
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%23+2721 (0,66,21 5(6($5&+

7KH IRCRZ IQ) WXGIHV Z HH EDWHG RQ
EIRSKRRQ HP DMMRQ DQDOMY Rl SMQW
WHDWAG Z MK $ QDOP P D: DViU %4R@R] LFDO
RU DQIP V FROUDXRXV® HP LWXGUWD Z HDN
SKRRQ HP MRQ DOR NQRZQ DV
EIRSKRIRQ HP DMMRQ  %4RSKRVRQV DWH
JHOHIDWAG YID WHD DMRQ Rl HOIPWRQLF
H FIVG WIVAV 1Q ViKH FRXUH RI R[ LGDVIYH
P HVDERQF SURFHWHV DQG R[ LGDVIYH \MHW
LHDFVIRQV Z KIEK WHI X@W RFFXULQ @NQJ

RUDQIWP V 7KLV SKHQRP HQRQ KDV EHHQ
REVHWHG 1Q YIUXD@® D P HIDERIFDD®

DFVYH A WP V ILRP  VIiKH BIYHORI EDFWAUD

DQG IXQJL DFLRW JHWP LODWRJ VHHGV DQG
Z KR®! SOQW VR DQIP DOVMAXH FXOXUHV
DQG Z KR®I RUDQIWP V LQFXGIQI KXP DQ
EHQIV

%HFDXVH VIKH SKHQRP HQRQ Rl ELRSKRVRQ
HP IWIRQ WH®FW R[ IGDVIYH SWRFHWHV
HVKHUP HVDERQF RUMUHW LHIVWAG IWFDQ
EHZ LGH® XVHG DV D QRQ LQYDVLYH VRRO RU
P RQWRUQJ VKH SK\ VIRGRJLFDO WDV Rl
ELRQRJ LFDOA WHP V

5(6($5&+ 5(3257
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9%dRSKRVRQV DWH HP MWMG E\
RUDQM V 1O WKH Z DYH®IQI WK
WDQIH IWRP VR QP
YARSKRVRQ HP LMMRQ DQDOMY FDQ
EH GLYIGHG QR VE R FDVIAJ RUHV
VSRQVDQHRXV HP IMRQ 6( DOR
FD@IG XOW ZHDN SKRWRQ
HP MRQ 83( DQG GHD HG
OXP LQHVFHQFH ' /

YRW Rl VIKHVH SLIRSHUAHV 6( DQG
' ZHH DQDOJHG lQ WKH
IRGRZ IQJ  H SHUP HOW  XVQJ
@Z QRMH SKRVRP XGISAHU \WEHV
DQG KLUK® WHOMWH FKDUH
FRXS®IG GHYLEH FDP HWDV



ARSKRVRQ HP DMMRQRI VRP DVR | LKW

(:3(5,0(17%/"' (6,*1

3 MQWAHDVIP HOW3 @QW Z HIH J LRZ Q LQ WIQGDLG VRIOIQ FOP DV FROWREHIG J LHHOKRXVH
FRQGMRQV 3 ®QW Z HUH GIMIGHG LOVR VE R J LRXSV DFFRUGIQJ VR VIKH Z DWAUQ) WHDVP HQW
YJLIXWH 2 QH JWRXS Z DV Z DWMILHG Z WK XQWHDWG VDS Z DWIU &RQWROQ  DQG VKH
RVKHUJ LRXS Z IV $ QDBP P D WHDWAG VIDS Z DU $QDOP P D: DWAU 7UHDWIG Q 3 @QW
Z HWH J WRZ Q XQWOMH | IXMUSHQLQD WIRJ H SURGXFLQJ LHG VRP DVRHV

6DP S@QJ DQG ELRSKRVRQ HP MMRQ DQDOWY ) XIWVDP SBV Z HH KDWYHWHG RQ
GLIHHQWGD! V1Q WMH SHURG EHVE HHQ DQG 2 Q HYHY KDUWHWGD\
RQH 1XIWZ DV KDUHWHG SHU S@QWDFFRUGIQJ VR D SUHGHILQHG SWRVRFRO 7KH 1XIWZ DV
P P HGIDW® XWHG IRU EIRSKRVRQ HP DMMRQ DQDOMY '/ DQG 6( $IVAU WH ' /
P HDVXUHP HQW ViKH VRP DVRHV Z HUH GDWN DGDSWAG IRU P RUIH WKDQ KRXW/ DQG
VXEVHT XHOWD VKHIU 6( MJ QDY Z HIH WHFRWGHG 7KH ' / GDVD Z DV DQDO] HG XMQJ
GLIHHQWP RGHY DQG 6( GDVID XMQJ  GUIHIHQWP RGHY 7KH P RGHY XVHG | RUWIMAMEDO
DQDOMVRI EIRSKRVRQ HP WMRQ GDVID DUH GIVFXWHG 1Q $ SSHQGL )

YLUIXUH  3@QWZ DWAUQ) WHDVP HOWMHVXS LQ D FOP DWW FRQWRADG J IHHQKRXVH 7RP DR S@QW
ZHH JWIRZ Q XQUDWKH IIXMUSHQIQI SHURG DQG Z DWHG Z VK HVKHU XQWHDWAG VIDS Z DWAU

&ROWRO®IWRU$ QDBP P D WHDWAG Z DWWAU WKW 7KLV Z DVIRERZ HG E\ VRP DVR | KK DUYHWQJ
DQG ELRSKRVRQ HP MMRQ DQDOWY

, 167,787,216
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WRSKRVRQ HP IMMRQRI VRP DVR | IKIW

5(68/76

7KH '/ DQG 6( DQDOWHV WKRZ HG WKDW
Z DWAUQJ WHDVP HOQWMARQI® LQICXHQFHG
WH HQHU\ WRWDJ H SIRSHWAHV Rl VRP DVR
KW

8MQJ VIKUHH GLIHHQWWIMAMMEDO P RGHY
HDFK Z MK IW RZ Q VHWRI SDWDP HVIAY W
Z DV \KRZ Q VKDWVRP D\R [LXIW Rl S@QW
ZDWHG ZIWK $QDBP PD : DWU
H KIEMAG WJQUIFDQWD  GUIHHQW ' /

SWRILBVVIKDQ | IXIW Rl S@QW Z DWHG Z VK

XQWHDWG Z DU 6VIMMEDO GLLTHIHQFHV
Z HH IRXQG LQ VKH P DNRUW RI SDUDP HVIAY/
Rl D@VKWHH P RGHY 7DEG®! ) RUHDMHU
YLVXDQ DMRQ Rl VKHWH GUIHUHQFHV VE R
SDWDP HWAW QDP HO ' /B0 HDQ DQG 7 DWH
WKRZ Q IQGLYIGXD® 1Q ) LIXUH 7R
FROFOXGH KLIKHU DYHWDJH DP RXQW Rl

GHD\ HG XP LQHVFHQFH LQGLFDVIAV KL KHU
HOHW\ WRWDJH FDSDFIW Rl IWXIW
SIRGXFHG E\ S®QW WHDWG Z LK

$QDOP P D: DWU

$ GGIMRQD® \VKH VEZ R Z DU WHDVP HQW
UHVXOKWG 1Q WHYHWDO GUIHHQFHV  1Q
EIRSKRRQ HP DMMRQ 6( 2QH Rl ViKH
SDIDP HIAW WKRZ Q VR EH \WIMMAFDQD
GUIHHQW EHEZHHQ WHDWP HOW  6(
BWHQIVK LV WKRZQ 1Q )LIXWH  /DUHU
VSRQDQHRXY ~ EIRSKRVRQ  HP DMRQ
P HDVXWHG LQ IXIW Rl S@QW WHDWAG Z VKK
$QDOP P D : DWU LQGIFDW LQFUHDVHG
P WMRFKRQGUDO DFIMW DQG M®RZ HU
ELRGRJ LFDCDJ LQJ

)25 (7$,/6 6(( $33(1' ,; )
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7DEGI ' UIHHQFHV 1Q '/ SDWDP HVIAW
EHVE HHQ VRP DR IXIW Rl S@QW WHDWG
Z VK $QDOP P D: DWUDQG &RQWRO&KDQJIH
YDOXHV W DUH VKRZ Q IRU D@ SDDP HWAWY R
WH P RGHY 6L]QULFDQW GLIHHQFHY DH
KL K@ KWG LQ JUHHQ S




%ARSKRVRQ HP DMMRQRI VRP DVR | LKW

YLIXWH 0 HDQV DQG YDUDQFHV IRUSDWDP HWALY/ ' / BO HDQ DQG 7 RI WH K\ SHEERGF GHFD\ P RGHO
0 RGHO XVHG IRU GHD\ HG OXP IQHVFHQFH ' / DQDOMY 7KH SDWDP HWAY \KRZ \WIMMAFD@®

LJ QULFDOWGLITHHQFHV 1Q ' / P HDVXUHG EHVE HHQ VRP DVR | IXWMADP SGIV RI S@QW JRZ Q XQGHU
VE R GLIHHQWZ DVAUQ) WHDVP HOW QRQ WHDVWHAG VIDS Z DVIAU &RQWRO DQG $ QDBP P D WHDWAG DS

Z DWAU 7UHDWAG

JLUXWH 0 HDQV DQG YDUDQFHV IRU SDIDP HWAU 6VWHQIVK RI WKH [LDFVBAW P RGHO XVHG IRU
VSRODQHRXYV HP DMMRQ 6(  DQDOMY 7KLY SDUDP HMAUVKRZ V \WIMMMEDED \J QU LFDQWGLTHUHQFH 1Q
6( LOWQUW P HDVXUHG EHVE HHQ VRP DVR IIXMADP SGBV RI S@QW JWRZ Q XQGHUVE R GLIHHQW
Z DWUQJ WHDVP HQW QRQ WHDWG VS Z DWAU &RQWRO DQG $QDBP P D WHDWG VDS Z DWAU
7UHDWAG
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WRSKRVIRQ HP IMMRQRI Z KHDWWHHGV

(:3(5,0(17%/"' (6,*1

6 HHG JHWP LODVIRQ : KHDWWHHGVZ HUH SOFHG IQWKWIHHVTXDWH [ FP 3HWLGDKHVILEG
Z WK P/ Rl HWKHUXQWHDWG VIS Z DWAU &RQWRO $QDGIP P D: DWU 7UHDWAG RU7HW/
: DWiU 7TUHDWG  DQG DA@RZ HG VR JHWP LODVWA

%dRSKRVRQ HP LWIRQ DQDOMY $IVAUVE R GD\V Rl JHP IQDMRQ Z KHDWMHHGAQJV Z HH
WDOVMHUHG VR FXYHWWV  IRUHDFK Z DMUWSH 2 QH FXYHWM Z DV BIWHP SW IRU
EDFNJ LRXQG P HDVXUHP HQW ' HD\ HG OXP LQHVFHQFH Z DV P HDVXUHG XMQJ D SKRVRQ
FRXQWQJ MWHP  Z WK D P XGAS@HU WXEH LQ WH VSHPADOWQIH Rl QP ,Q DD
H SHUP HOW \DP S®V Z HH S@FHG 1Q WQGRP RUWGHU 1Q VIKH FDURXVHO ' HD\ HG
OP LQHVFHQFH Z DV P HDVXUHG GXUQJ GD\V ,Q VRO H SHUP HQW Z HIH SHURWP HG
ILRP 0 DUFK VR -XQH XVQJ VHHGV SHU H SHUP HQW ' / YDOXHV Z HH
P HDVXUHG IRUHDFK VDP S® DQG SRWHG RQ JWDSKV 7KH' / YDOXH FRUHVSRQGV VR
WH P HDQ YDOXH EHVE HHQWH VK DQG W VHFRQG DIVWUH] FIVIVIRQ

5(68/76

,Q RXWRI  FDVHV VIKH VHHG@QJ VI HWP LODVWAG LQ $ QDOP P D: DWAUH KLELVAG VIKH KLI KHWW
DYHWDIH' / YDOXHV UHVXAVRI RQHH HP S@U H SHUP HQWKRZ QLQ) LIXIH 7KLV
LQGLFDWAV VIKDW VHHGY JHP LODWAG LQ $QD®P P D : DVWU KDYH VIKH KLJ KHVW HQHU\
WRWDJH FDSDFIW  Z KIFK IV GILHFV® QONHG VR R[ LGDWYH SWRFHWHV XQGHWOLQJ VKHWH
KLIK® VHQUVIYH WIBJ HVRI HDU® SOQWAH

, 167,787,216
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WRSKRVIRQ HP IMMRQRI Z KHDWWHHGV

YLUXWH '/ YDOXHV Rl Z KHDWMHHGQQJ V JHP LODWG XMQJ XQWHDWG
VS Z DWU &RQWROEQXH FLLFGV $QDOP P D: DWAU 7UHDWG HG FILFGN RU
7HW DWIU  7UHDWG JUHHQ FLLFON 6HHGV WHDWAG Z MK $ QDOP P D: DVAU
SWRGXFHG VKKH KL KHW' / YDOXXHV 7KLV JWDSK VKRZ V UHVXQV Rl RQH
HSUHVHQVDMYH H[ SHUP HQW $ MP LU WHQG Z DV REVHUHG 1Q  RXWRI

H SHUP HQWSHURWP HG GXUQJ ViKH FRXUH RI K WXG\

5(6($%$5&+ 5(3257 )25 (7$,/6 6(( $33(1" ,; )
h z

E «¢ éééi



/ RQJ VAP ELRSKRVRQHP IMRQRI Z KHDW

(;3(5,0(17%/"' (6,1

3 @QWWHDVP HQW 0 DVWH Z KHDWVHHGY Z HH KDUYHWMG IUIRP  DGXAVS@QW JWRZ Q 1Q
WDQGDWG FRQGMRQV 6HHGV Z HIH GMAMEXWG RQ VRIODQG NHSWIQ WIDQGDUS JRZ VK
FRQGMRQV 6HHGV Z HUH GLYIGHG LQVR VE R JWRXSV Z KIFK GUIHHG RQO LQ WH WSH R
Z DWUQ] WHDVP HOW ,Q WMH FROWROJWRXS VHHGV Z HH Z DWLHG Z MK XQWHDWG VDS
Z DWiU DQG 1Q VKH $QDOP P D : DWAU JUIRXS VHHGV Z HH Z DWALHG Z MK $QDOP P D
WHDWG VBS Z DWAU * HWP LODWQJ VHHGY DQG VKH UHVXGAQJ VHHGAQIV Z HH JWRZ Q DQG
DQDO] HG IRUELRSKRVRQ HP DWMRQ

9%4RSKRVRQ HP MMRQ DQDO WY 8 GWD Z HDN SKRRQ EIRSKRVRQ HP MMRQ Z DV P HDVXWHG
XMQJ ®Z QRIVH SKRVRP XGWSAHU WKEHV DQG KLIK® VHOVMEH FKDUH FRXS®IG GHYIFH
FDP HWDV %RSKRVRQ HP DMMRQ Z DV P HDVXUHG DW  GUIHIHQWMP H SRIQW RYHUD SHURG
Rl GD\V %RVK JUIRXSV Rl VHHGVJRZ 1Q] S@QW Z HH DQDO] HG XMQJ VIKH VRIVE DUH
FRXS®IG VR ViKH P HDVXUQJ DSSDUDWV

5(68/76

7KH VSHPWDO GDVD REVDIQHG E\ ELRSKRVRQ HP MMRQ DQDOMY R FROWROVHHGY DQG
$QDBP P D WHDWG VHHGV WKRZ HG VE R GIMOQFWSDWHAWDY ) LIXUH  &RQWROVHHGV GLG
QRWH[ KLEIWD UHI X@UYDUDVMRQ LQ EIRSKRVRQ HP DMMRQ UHDMYH VR IP HRI GD\ ) LI XUH
HG @H 2 Q WH RWHUKDQG $ QDBP P D WHDWAG VHHGV \KRZ HG D GIMQFWHP [GLXUQDO
SDWHQ Rl EIRSKRWRQ HP DMRQ ) LIXWH  EOH @QH  7KHVH UHVXQV LQGLFDWA VIKDW
WHDVP HQWZ VK $ QDG P D Z DU DI IHFW SK\ VIRGRJ LFDO SUIRFHWHV Z KLFK XQGHUIH
ELRSKRVRQ HP IMRQ GXUQJ HDUWD SMQWIWRZ VK HJ R[ LGDVIYH P HVDERQF SLRFHWHV
$ QDO P D WHQGHW/ VIKHVH SLIRFHWHV P RUH SHURGLF |RQRZ LQJ D GIWMWQFWGDLY F\ F® DV
HYLGHQWE\ VZ R SHDNV DQG VKHQ VZ R GLRSV LQ ELRSKRVRQ HP DMRQ $ OKRXJIK LWLV
XQF®DU KRZ WKLV DIIHFW VIKH JWRZ IQJ S@QW WH UHVXAV VARQI®  LQGLFDWAV \VKDW
$QD®P P D Z DWAUDIIHFW R[ LGDVRQ LQ VIKH S@QWDQG VIKDWVKLY KDSSHQV Z IViK UIHVSHRVWR
ViKH QDVDOGD\ QLI KWF\ FO

, 167,787,216

DWAU /LUIKW69 $P HUMRRUN7KH 1 HIKHUDQGV
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/ RQJ VAP ELRSKRVRQHP IMMRQRI Z KHDW

) LI XUH %dRSKRVRQ HP DMMRQ Rl VHHGY WHDWG Z VK $ QDB P D
FRKHUHQWZ DWAU EOH @OH YV FRQWRO LHG GQH  $ QDB P D WHDWHG
VHGY HKIEEW D WP IGIXWQDO SDMAWL Rl EIRSKRWRQ HP DMRQ
A QFKURQL HG Z IMK VIKH ( DUA VMGHV \ HIRZ GRWIG QQH

KHQ VKH UHVHDUFKHUY SGRWHG VKH ELRSKRVRQ HP WMMRQ GDVID DJ DLQWWIKH ( DUK V
VIGH GDVID IWZ DV HYLGHQWKDWWKH VZ R SDWHLDV Z HUH FRUHDWAG ) LIXUH  \ HARZ
GRWHG @OH  Z IMK ERVK @OHV \KRZ 1QJ GIMOPWEXUM DQG GLRSV IHDMIYH VR ViKH GDLO
F\F®! ( DWKE WGHV DUH FDXVHG E\ ViKH GLIIHHQFH LQ J IDYWIMRQDOIRUFHV ILRP VIKH
0 RRQ DQG WKH 6XQ RQ VKH GLIHIHQWMGHV RI ( DUM 7KH UHOMYH SKDWH Rl iKH 6XQ
DQG 0 RRQ FDXVH DQ HDWIF GHIRWP DMRQ Rl VKH ( DK UHVXGIQJ 1Q D GLXUDDODQG
VHP L GLXUDDO SHURGIE YDUDVMRQ 1Q ViKH GMWDQFH EHVE HHQ WKH ( DUA V FIXMWDQG
FHQWURI P DW &RUHVSRQGIQJ VR VKH YDUDMRQ LQ GIMWBQFH LV VIKH YDUDVMRQ LQ WKH
J IDYVMRQDODFFHBIUDVMRQ Z KLFK FDQ EH P HDVXUHG DWDQ\ J LYHQ GRFDVMRQ RQ ( DUK

WHHUHG VR DV IGH GDD H SIWAWHG 1Q P IFLIRIDY 7KH DSSDUHQWW QFKLRQL HG
EHKDYLRURI $ QD®P P D WHDWHG S@QW Z VK VKH ( DUK V IGHV LQGLFDVAV D VWURQJ
FRQQHPVIRQ EHVZ HHQ $ QDG P D FRKHUHQWZ DVIHUDQG VKH IGDOI RUFHV Rl H[ VIHLQDO
S@OHVIDU ERGLHV LQ VKHLU QDVKWDOR FON 7KLY FRUHOMRQ Z DV DAWWKH YHU DWW
WUNIQ) DQG KDG MQFH VIKHQ VSDINHG QXP HIRXV TXHWIRQV UHIDWGIQ) VKH IX@

SRWIQMDCRI FRKHUHQWZ DVIAU
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7KH UHVXOV RQ EIRSKRVRQ HP DMMRQ Z HUH

DP RQJ VKH HDUDHWW IIQGIQIV RQ WKH
HIHFW Rl $QD®P P D Z DU RQ SOMQW

7KH UHVXOV Rl VKH RQJ VWP H[ SHUP HQW
SHURWP HG RQ Z KHDW DWH LQVAHWRQJ

Z VK UHAVSHFW VR ViKH \R FDGBIG FLLFDGLDQ

F&®FN DQ HQGRJHQRXV P HFKDQIWP \VIKDW
S@OW X\H VR DGMWWWHLU JWRZ i DQG

SK\MR®J\ VR GDI® HQYILRQP HQVDOFXHV

VXFK DV VKH GDIO® WK\ VKP V Rl @ KWDQG

WP SHIDWUWH $ KHDOK\ S@OWLY D Z HD

DGMWHG SMQW7KH DSSDIHQWS HURGLFLW

1Q R[ LGDWYH SWIRFHWHV Rl \ RXQJ S@QW

VRIHWMHU Z MK D SRWE®!I FRQQHFVRQ

ZIVK VKH ( DUV WGDO IRFHV RSHQV
H FIMQJ TXHWRQV | RUIXWIKHUUHVHDUFK 2

FDQ FRKHHHQW Z DWU KHS SOQW
EHFRP H P RIH DQ WXQHE Z VK QDVXLDO
RFGV P RWH SUP HG VR ULHVSRQG R

FKDQIHV 1Q VKHW HQYLLRQP HQW $QG

VIQFH Z H DV KXP DQV DOR SRWHW RXU
RZQ LQWIQUF FLUFDGIDQ FGRFNV FDQ

FRKHUHQWZ DWAUKDYH D VP LADUHI | HPARQ

XV

5(6($5&+ 5(3257
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7KH UHVXGV REVDIQHG 1Q VKHWH
H SHUP HQW VRJHVKHUZ IMK J HQHWDO
IOWIKW [LRP @RQJ WP XVDJH RI
$QDBP P D : DWU 1Q JUHHOKRXWH
FRQGMRQV GG VR WMH FRQFONMRQ
VDWW QDBP P D: DWAUKDG DQ HIIHFW
RQ S@QW SK\MR®J\ DQG RYHWD®
KHDOM

7KHWH 1LQGLQJ V KDYH EHHQ RI XV RW
IP SRUBQFH 1Q \KDSIQJ RXU
SHUSHAIYH  DQG  HWREQKIQJ
FXUHQW  FREDERUDMRQV  Z WK
@ERWVRY J URXSV IVHDUFKIQJ S@QW
SK\MR®J\ : H DWH FXUHQV® LQ ViKH
IWW WDJH Rl D WHHDIFK WXG\
EHQJ SHURWP HG LQ FRADERUIMRQ
EHVE HHQ VKH ) DFXQV RI $JURQRP \
DILIDWAG Z VK 8 QLYHUMW LQ =DJ UHE
7KLY WXG\ Z L@H SR VKH HITHFW/
Rl $QDGP P D: DWURQ UHVMDQFH
RI EDMO S@QW VR FRQGIMRQV RI
GIRXJKW YID DWHWMQJ P XGIS®
P RUBKR®JLFDO SK\ VIR®RJ LFDO DQG
ELRFKHP LFDOSDLDP HVIAWY
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7KHWXG\ Rl $73 GIYHWLQ KXP DQV

$ ,19(67,$7256%1' 678' <$' 0,1,675$7,9( 6758&785(

TKHWXG\ Z DVSHURWP HG LQ FREDERWDMRQ Z IMK 5 DSWP 5 HVHDUFK 3YW/ V& 1 DYLO XP EDL ,QGLD
7KHDGP 1.QMADWYH WAKFVWH RI VMHWXG\ LV GHVFUEHG LQ 7DE® $

7DE®I$S $GP LOMADWYH VWVAKFWH R VIKH WXG\

&RQWDFWS5 HVHDLFK 2 L DQL DVRQ

1DP H $ GGLHW

&@OLFDO,QYHWO DVRRU
' U <DWYDQW KDILH 0 %%6 ' LS@&®P D
1Q $ QHWIKHVID

&@OIFDO&R , QYHWAS DVRU

" U1 DQGNIVKRU* DP HWL O %%6 5DSVIP 5 HVHDUFK 3 YW/ Vi&
' U5DYLLDM DIGKDQLO %%6 0 &@OIFDB KDWP DFRARJ\ 8 QW& MQIF DQG 3DWMR®I\  $
3KDWP DFR®RJ\ 6FLHHQIQJ ) DFLOW 3$3 3$3$  DQG3$3 $
%4RDQDOWFDCDQG %RWIMMAFDCS QIWS
%4RDQD®VFDO, QYHWAI DVRU 77& ,QGXWMDGHUHD 0 DKDSHO ,' & 1 DYLO XP EDL? ,QGID
" U0 LIQGYDIXO 0 3KDP 3K 7HOLR ([WLR  &@OQIF 3DWMRM®RI\

%ARDQDOWFDCDQG 6VIMMMEDO ) O 1R
Y RWIVMMMEFLDQ
0 U9HHWDEDEX <HILO 6F 6VIMMAFY

+HDG RI 4 XDAW $ WXUDQFH
0 W/ 8 \KD5DP DNUMKQDQ % 3KDUP

, QGHSHQGHQW( VKLFV&RP P IWHH

+XP DQ&DWH ,QGHSHQGHQW WIFV&RP P MMHBKRS 1R / RGKD ( @M 1 HDUL LOW 5 DI Dv 6VIMRQ / RGKD + HDYHQ
' RP ELYDQ ( DWW 7KDQH ,QGID
7HOLR
( P DIOKXP DQFDUHHVKLF\# JP DICFRP

6 SRQVRUB/5 HS UHVHQVIMAH

0 DGKXVXGDQ 5 DN RSD@Q ' LLHFVRU
: DWIUDQG / LJ KW SSAFDVRQV, QGLD 3 UYDWA/ P LWHG $ . DCSDVIDUX ( WA -9 / LON 5 RDG $ QGKHUL( DVAD XP EDL

&M@OLFDOB DVKRARJ\ / DERWDVIRY

,Q KRXVH &@QIFDCB DKRARJ\ / DERUDVRU
5DSVP 5HWHDUFK 3YW/ V& $ 77& ,QGXWMDOS UHD 0 DKDSH 0 ,' & 1 DYLO XP EDL? ,QGID
7HOLR ([ WQR
)O 1R
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$ A1 (3(1 (17(7+,&68&200,77(( (&

7KH WXG\ SURVRFRO YHWRQ GDWG 6XEMIFW,QIRPP DMRQ 6KHHWDQG ,QIRWP HG

&ROHOW RP 6,6 ,&) YHMRQ  GDWG (QI@K +1QGL DQG 0 DUDWL ,QYHWAI DARQDO

3WRGXFW,3 ,QIRWPP DVIRQ DQG RVKHUS ULRVRFROHIWHG GRFXP HQW Z HUH LHYLHZ HG DQG DSSURYHG E\

+ XP DQ&DWH ,QGHSHQGHQW( VIKIFV&RP P IWHH LQ WH P HHVIQJ KHT RQ

7KH WXG\ SURVRFRODP HQGP HQW YHWMRQ GDWIG VR SIRVRFRO YHUARQ GDWG
DQG RVKHU SIRVRFROUHIDMAG GRFXP HOW Z HUH UHYLHZ HG DQG DSSWRYHG E\ + XP DQ&DWH

,QGHSHQGHQW WLFV&RP P WHH LQ iKH P HHVQJ KHGB RQ

$ (7+,&%/ &21' 8&72) 7+( 678" <

7KH WXG\ Z DV FRQGXFWAG LQ FRP SADQFH DQG DFFRUGDQFH Z VK ViKH HVIKLFDOS UQFLS BV VIKDWK DYH
WHLU RUJLQV 1Q VKH ' HFOUDVMRQ RI + HOIONL ( WKLFDO3 UQFLS®V IRU 0 HGLFDOS HHDUFK ,QYROYIQJ
+XP DQBXEMFW VK : RUE 0 HGLFDOS WRFIDWRQ ?* HQHWDOS WHP E® ) RWIDG] D %D] LO2 FVREHU
* RRG &@QIFDO3WAFH , QUAUDDMRQDO&RXQFIOIRU +DWP RQUDMRQ ? (5 * XIGHIQHV
&XUHOWBWAS 9HURQ GDWAG 1RY 1HZ ' XJVDQG &IQIFDO7UDY $P HQGP HQW 5 X®BV
> D] HMA QRVULEDVRQ * 6 5 ( GDWG * 65 ( GDWG @
0QMM Rl +HDOK DQG )DP IO : HODUH * RYHWQP HOWRI ,QGID &' 6&2 * XIGHIQHV IRU
YdRDYDIMELDWN  Y4RHT XLYDB®IQFH 6 \WGLHV 0 DU ,QGLDQ &RXQFLORI 0 HGLFDO5 HVHDUFK ( IKLEDO
* XIGHIQHV 1RU 94RP HGLFDO 5 HVHDUFK RQ +XP DQ 3 DUAFLSDQW DQG RWHU DSSQFDE®
WHI X@VRY HTXUWHP HOW ,Q RUGHUVR DFKIHYH DQG FRP SO Z VK WH HWLFDOSUQFLSBV P HOURQHG
LQ DERYH J XIGHIQHV FAQLIFDCP RQIVRUQJ Z DVSHURWP HG LOWATUW RI GDVd Z DVP DIQVDLOHG GXUQJ
W JHQHIDMRQ DQG RQ® TXDOW DWXWQFH DSSWRYHG GDVD Z HH XVHG IRU HWP DURQ RI
SKDWP DFRNIQHWF 3. SDWDP HWAUDQG DWHWP HQWRI VDIHW LQ ViKH SUHVHQWAX G\

$ 68% (&7,1)250%$7,21 $1' &216(17

$ OWH VXEMIFW VELHHOQHG |RUMKH WXG\ UHFHLYHG LQIRWPP DARQ ERVIK YHIED@ DQG 1Q Z UMAQ IRWP 1Q
(QI@K ®QIXDIH WHIDWGIQJ WH SXIBRWH DQG SURFHGXUHV IQYROHG 1Q VIKH VELHHQLQ) 6 FUHHQIQJ

SWRFHGXUHV Z HIH SHURWP HG RQO DIVIAU REVIIQIQJ VFLHHQLQ) FROVHOWILRP  ViKH VXEMIFW $ WIKH
WP H Rl HQLR@P HOWIQ WKH WKXG\ WH VXEMIFW Z HIH VHBIFWAG [LIRP VKRVH TXDAILHG GXUQJ ViKH
VFUHHQLQJ  SWIRFHW DQG IHFHLYHG LQIRWP DURQ ERVK YHIEED® DQG 1Q Z UMAQ IRWP 1O ( QI@K

@QI XDI H H SMIQLQJ WKH SXUSRVH DQG QDVKH RI VIKH WG\ DQG IW SURFHGXUHV DVZ H@DV SRWQUDO
UMV DQG EHQHIIW Ul DQ\  DWRFIDWAG Z IMK ,3V DV SHUWKH 6,6 ,&) 7KH VXEMIFW Z HIH SWRYIGHG
HORXJK VP H DQG RSSRUXQIW VR WHDG WKH 6,6 ,&) 7KH VXEMIFW Z HIH HQFRXWDJHG VR DW
TXHWIRQV DQG FOUWI\ WHUGRXEW EHIRUIH MJ QIQJ ViKH ,&) 1O WKH SUHVHQFH RI DQ LOYHWIO DVRURU
TXDAIHG P HGLFDOSHWRQQHORI 5DSWP 5 HVHDUFK 3YW/ W& ,QGLD SURUVR SDUAFLSDVMRQ LQ VKH
WXG\ 6 XEMFV \LJ QDVXH Z DV REVIBLOHG 1Q ViKH UHVSHPVIYH YHUODFX@U,&) $ FRS\ RI VKH WJ QHG
DQG GDWAG WXG\ VSHFLLF 6,6 ,&) Z DVSURYIGHG VR VIKH LQGLYLGX DOVXE MIFW
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$ 29(5%$//678' <' (6,1

7KLV ZDV D GRXE® EQQG SMFHER FROWRMG WQGRP JHG SDWDABO JURXS FAQLFDO WXG\
FRQGXFWG [Q  QRWP DOKHDOK\ DGXOVKXP DQ VXEMFW 6XEMIFW Z HIH DQGRP 1] HG LOVR VE R
WHDVP HQW\HT XHQFH JWRXSV 7KH WXG\ Z DV FRQGXFWG LQ IRTRZ IQJ SKDVHV EDVHG RQ VKH
DFVYMEHY SHURWP HG

$ 6&5((1,1* 3+$6(

7KH IRGRZ 1Q) WWHHQIQ) DFVIVMMHV Z HH SWHIRWP HG  Z IMKIQ GD\V SURU VR FKHFN LQ
5 HJ MADVMRQ LGHQWIFDURQ 1Q ViKH EIRP HWIF VWP REVDIQIQJ Z UWKQ LQIRWP HG FRQVHQWIRU
VFLHHQIQJ  GHP RJWDSKIF SDWDP HWAWY JHQGHU WDFH HVKQIFIW DIH KHIKWZ HUKWERG\ P DW
IQGH P HGLFDODQG P HGLFDVRQ KIWRU  SK\ MFDOH[ DP LQDMRQ YWDOWI QV P HDVXUHP HQW EGRRG
SUHWXUH SXOH D ERG\ WP SHUDWH DQG UMVSILDVRY DWW Z HDEHIQ) ~ ®DG ( &* WHFRWGLQJ
O@ERWDRY  IQYHWMIDMRQV KHP DIR®J\  EIRFKHP IMAI  VHIR®RJ\ DQG XUQH DQDOMY  XUQH
SUHIQDQR. VMW J\ QHFR®RI LEDOKIWRY  IRU IHP D® VXEMIFW DQG HYDOXDVRQ Rl LQFOXMRQ DQG
H FOX(MRQ FUVAUD 6 XEMIFW Z HUH J LYHQ DZ DUHQHW LOWAKFVRQV | RUFRURQD YLLXV GIMHDVH FRQVHQW
Z DVVINHQ DQG DWHWP HQWZ DVSHURLWP HG IRU&2 9 '

$  75($70(173+$6(

7KH IR@RZ 1QJ DFWYIMHY Z HH SHURWP HG IWRP VKH GD\ RI FKHFN LlQ XQVMO SRWWWXG\ \DIHW
DWHWP HQW

$ YDVHOQH $ FVYIMHV ' D\

2 QH GD\ SURUVR FRQVXP SVIRQ Rl $QDBP P D : DWU 7HW: DWAU RU3@FHER GUQNIQJ Z DWAU
P XGWS®I DFIYMHV Z HUH SHURWP HG LQFOXGLQJ EIRP HWIF IGHQWIIFDMRQ REVIIQIQJ WXG\ VSHFLLF

Z UMAQ LQIRWP HG FRQWHQW SK\ MFDOH] DP L.ODARQ YWMDOMJI QV P HDVXUHP HOW E®RG SUHWXUH

SXOH D ERG\ VP SHIDVXUH DQG UHVSLLDVRY WDV DWHWIQJ J HQHWDOZ HEDEHIQJ MOQFH @WWIMW
DQG HYDOXXDVRQ RI LOFOXMRQ DQG H FONMRQ FUVIAUD

%IRRG \DP SOV Z HH REVIDIQHG DW/DVHAQH ' D IRU$ 73 GIYHCDQDOWY

+ HDOK\ VXEMIFW Z HWH WDDQGRP ] HG VR LHFHLYH HVKHUS$ QD@ P D: DWAU 7HW DWU RU3®FHER
IRU  FRQWFXWYH GD\ V

$ 7UHDVP HQW

" XUQJ VKH WHDVW? HOWSKDWH ' D\ " D\ VXEMIFW Z HH LOWAXFWAG VR FRQVXP H D GDI® GRWH
Rl DAWGDWY  / RI VKH Z DVWWUVKDWZ DV VXSSAHG VR VIKHP  DFFRUGLQJ VIR VIKH LDQGRP [} DMRQ VFKHGX®
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$ &RP S@DQFH FKHFNV DQG VDI HW DWHWP HQW

DWAUFRQVXP SVIRQ FRP SADQFH DQG VDIHW Z HUH DWHWHG GXUQJ &RP SADQFH &KHFN 9 MW 7KH
VDIHW RI VXEMIFW Z DV DWHWHG E\ P RQWRUQJ IRURFFXUHQFH Rl DQ\ DGYHWH HIIHFW DV Z HE®DV
YOI QV DQG J HQHWDOZ HIDEHIQI GXUQJ WKH LQ KRXVH WD\ 9 VBOWLI QV P HDVXUHP HQW E®RRG
SUHWXWH SXOH WA ERG\ WP SHIDWUH DQG LHVSLLDVRY WDV DQG Z HDEHIQJ Z HUH HYDOXDWAG $ @
VXEMIFW YIMWG VIKH IDFLOW HYHY ~ GD\VXS VRGD\  IRUZ DWAUFRQVXP SWRQ FRP SADQFH FKHFN
IHRQ' D\ ' D GD\ GD\ ' D\ ' D\ DQG ' D\ 7TDE®I$  6XEMIFW Z HH
DAERZ HG VR YIMMWMKH IDFION s GD\VIWRP DERYH VFKHGX®IG GD\V $ SRWMXG\ VDIHW DWHWP HOW
Z DVFRQGXFWG DWAKH HQG RI VKHWXG\ ' D\

7TDE®I$ 6WXG\ DFIMMIHVRUW DQL HG E\ SKDWH GD\ DQG YIMWQXP EHU

3KDWH ‘D 9MW R $ UMW
YURRG \DP S FRAIFIRQ IRUS 73
. . .
VDVHIQH" D D BIYHCDQDOMY
b . DWIUFRQWXP SVIRQ FRP SADOFH
FKHEN
o . DVIUFRQWXP SVIRQ FRP SADQFH
FKHEN
&RP SADQFH o . DVMUFRQWXP SVIRQ FRP SADQFH
&KHFN FKHEN
o . DWIUFRQUXP SVIRQ FRP SQDQFH
FKHEN
o . DVMUFRQWXP SVIRQ FRP SADQFH
FKHEN
%RRG \DP S®I FREFIRQ
$73 GYHORI o IRU$ 73 BIYHWRI Z KR®IE®RRG DQG
Z KRBIERRG . DVMUFRQWXP SVIRQ FRP SADQFH
FKHEN
, . DWUFRQWXP SVIRQ FRP SADQFH
D FKHEN
&RP SAQDOFH
&KHEN o . DWAUFRQUXP SVIRQ FRP SQDQFH
FKHEN
3RWSWXG\ ,
SDIHW S VMR HOW D 3RVAMXG. VDIHW DWHWP HOW

5(6($5&+ 5(3257

E «c¢ éééi



$33(1' ,;; $

$ 6(/(&7,212) 678" <3238/$7,21

7KH VDL HWMG WG\ SRSX@MRQ Z DVGWDZ QIWRP D RFDOSRSXMVRQ GDVDEDVH RI 5 DSWP 5 HVHDUFK
3UYDWA / IP IMAG 1 DYLO XP EDL ,QGID &QQIFDO,QYHWI DVRU TXDALHG RQ® WRWH YROXQWAHWY |RU
HOW LQVR VIKH WG\ Z KR P HWWKH IRTRZ 1QJ LOFOXMRQ FUMAUD DQG QRQH RI WH H FONMRQ FUVIAUD
DWVFLHHQLQJ DQG GXUQJ FKHFN LQ SURFHGXUHVIRUHDFK WXG\ SHURG

$ ,1&/86,21 &5,7(5,%
$ VXEMFWZ KR I XOLEBIG VKH IRARZ 1QJ FUVAUD Z DV IQFXGHG LQ VIKH SUHVHQWWAK G\

e : LAQJ VR SWRYIGH Z UWHQ LQIRP HG FROVHQW RUSDUWAFLSDVMRQ 1Q VWMH WXG\  DQG DQ DELOW VR
FRP SUHKHQG VKH QDVXUH DQG SXUSRWH RI ViKH WX G\

« : LAQJ VR EH DYDIDE® |RUKH HQWH WXG\ SHURG DQG VR FRP S® SURVRFROLHT XLLHP HOW

« 1RWP DOKHDOK\ DGXAVKXP DQ VXEMIFWRI \ HDL/ ERWK LOFOXMYH RI DIH

« %RG\ P DWIQGH LQWH WDQIHRI ? NJ P ERW LOFOX(WYH

« 1RWP DOKHDOK WMWKV DVGHWAP LOHG E\ EDVHIQH P HGLFDODQG P HGLFDWRQ KIWRY  DWAKH WP H
Rl VFLHHQIQ) DQG YWROMJIQV P HDVXUHP HQW DQG SK\MFDO H DP IQDMRQ DWVKH WP H RI
VFUHHQLQJ DVZ H@DV SURUVR EDVHIQH GD\ YIMW

« 1RWP DORU FIIFD® QRQ WJ QUIFDQW@ERWVRY YDXHV DV GHWAWP LOHG E\ KHP DVRERJ LFDO
ELRFKHP A WAVW DQG XUQH DQDOMY

« 1RWP DORUFQQIFD® QRQ W QUIFDQW ®DG ( &* WHFRUGLQJ

« 1RQ WP RNHW

+ 1RQ$®RKRAF

« )RUIHP D®IVXEMFW

« 1 HJ DVilYH XUQH SUHI QDQR\ VAWGXUQJ VFLHHQIQJ YIMW

$ (; & 86,21 &5,7(5,%
$ VXEMFWZ IMK VIKH IRTRZ 1QJ FUMAUD Z DVH FXXGHG ILRP VIKH WXXG\

« $Q P HGLFDORUVXU LFDOFRQGIMIRQV Z KIFK P LJ KWW QULFDQW® LOWAUHLH Z IV VIKH | XQPVIRQLQJ
Rl J DWRIQVAMOQDOADRADQG Rl EGRRG IRWP 1QJ RU DQV

6L QUIFDQWKIMRY RUFXUHQWHYIGHQFH RI P D@ QDQF\ RUFKWRQIF  LQIHFVIRXYV FDUGLRYDVFX@U
HQDO KHSDMF RSKVKD® LF SX® RQDU QHXWR®RILFDOP HVDERIF HQGRFUQH KHP DVRGRJLFDO
JDWRIQWAMOQDO GHWP DVRRILFDO [P P XQR®RIIFDO RU SV FKIDWMF GMHDVHV  RU RUDQ
G\ MXQFVIRQ

¢ $Q P DNULEDHWRUKRVSIVDA HG Z IMKLQ  GD\ VSURUVR WH EDVHEQH GD\ YIMW

e SHTXIUQJ P HGIFDWRQ IRUDQ\ DI® HOWKDYIQJ HQJ\ P H P RGU\ LQJ DFMW Z WKLQ RQH P RQVK
SURUVR EDVHIQH GD\ YIMMDQG VKURXJ KRXWIKH WKG\

« 8WHRI DQ\ GHSRWMOQWFARQ RUDQ IP SOQWRI DQ\ GXJ Z MKIQ P RQVKV SURUVR EDVHIQH GD\
YIMWDQG VIKURX.J KRXVWAKH WX G\

5(6($5&+ 5(3257

E «¢ éééi



$33(1' ,;; $

« 8\HRI DQ\ SIHFUEHG P HGLIFDMRQ LQFOXGLQJ KHIEEDOP HGLFIOHV DQG YWIP 1Q VXSS®P HOW RU
2 7& SIRGXFWZ IMKIQ  GD\ VSURUVR EDVHIQH GD\ YIMMDQG WKIRXJ KRXVWH WX G\

« ODFFIQDWAG GD\V SURUVR EDVHIQH GD\ YIMWDQG Z LaQJ VR J HWYDFFLQDWAG VIKURXJ KRX\WMKH
WXG\

e +DWRU RUSUHVHQFH RI \J QULFDQWI DWMF DQG RUGXRGHQDOXGHUDMRQ

« 8HRI DQ\ IHFUHDVIRQDOGXJ RUKIWRY RI GUXJ DGGLFVRQ

« 3DWIFISDWMG 1Q DQ\ FAQIFDO IQYHWAI DURQ WHTXWIQJ HSHDWAG EQRRG \DP S@QJ RU KDYH
GRQDWG ERRG LQ SDW  GD\ VSURUVR EDVHIQH GD\ YIMW

«  3RVMYH XUQH DEFRKRCDQG XUQH GLXJ RI DEXVH AWV GXUQJ EDVHIOH GD\ YIMW

« 5HDPYH IWWIRU+ XP DQ ,P P XQRGHILFIHQR\ 9ULXV +,9 WSH , ,, DOVMERGLIHV RU+ HSDWAY %
VXUDFHDQWI HQ + 9% J RU+ HSDVMY & YLLKV DOVMERGLHV

« / DFVDVIQJ RUQXUAQJ I1HP D®I VXEMIFW

« ) HP D®I VXEMIFW XMQJ KRWPP RQDOFROWDFHSVIYH HIVKHURWDOP S@MQW

« +DWRU RI GUIFXOV LQ DFFHWELDW RI YHIQVLQ DWP V

$ 5(029%/2)68%(&76)520 7+( 678" <

6XEMIFW Z HH VR EH WHP RYHG ILRP VKH WXG\ RUWXG\ HYDXDVMRQV IRUDQ\ RI VKH IR@RZ LQJ
WHDVRQV

e | MGUWDZ DO 6 XEMFVE GHFIMRQ VR Z MKGUWDZ KLV KHUYROXQVIDY SDUFLSDMRQ DQ\ WP H GXUQJ
VIKHWXG\ SHURG

e 7HWP IODMRQ 7KH FAQIFDOQYHAS DVRUP D\ AP LQDVI D VXEMIFMIRP  VIKH WXG\ IRUDQ\ RI ViKH
YDAG HDVRQV Z KIFK LV DSSURSUDWM 1Q YIHZ RI ViKH VDIHW DQG Z H@EHIQJ RI VXEMIFW * &3
SUQFLS®N RUREMIFVIYHV R VIKH WG\  1Q SDUAFX@UIRUEXWQRWIP LG VR
o $Q VHURXVDGYHUH HYHQW6S ( GXUQJ WKH WXG\

o $Q\ LADPHW LHTXLUQJ VXU IFDOSURFHGXUHV RUDGP LOMADMRQ Rl RUKHUP HGLEDARQ V' GXUQJ
VMHWKG\ Z KIFK FRXGS LP SDFWH 3. SURILBI R LQYHWI DARQDOSRGXFW

o 3URVRFROYIRDMRQ RUQRQFRP SADQFH VIR VMHWXG\ SIRVRFRCE\ VKH VXEMIFW

o ) XUMHUFRQUQXDMRQ 1Q VIKH WXG\ H SRVHV VIKH VXEMIFVWWR SRWQMDOS ( VDWP D\ SURYH
KDWP IXOM VIKH VIXE MIFW

o 6SRQWRW GHFIMRQ VR VWP LODW WKH WXG\ EDWHG RQ VDIHW DAXHV LHDWAG VR ViKH
LQYHWAD DURQDOS UIRGXFW

6XP P DU RI GHP RJWSKIF DQG EDVHINH GDWID IRU D@WKH HQURM@IG VXEMIFW 1Q VKH WXXG\ DQG
VXEMFW FROVMGHHG HQJ LE® | RUFQQLFDCOWHWP - HOWDUH SUHVHOWAG LQ 7DEMH $

5(6($5&+ 5(3257

E «c¢ éééi



$33(1' ,;; $

TDEM$

' HP RJIWSKLF DQG EDVHOQH GDVID RI D@VXEMFW HQURMIG LQ VKHWXG\ Q
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$ 5%$1'20,=$7,21 81" % ,1' 1*
$ 68%(&75%1'20,=%$7,21

$VSHUWKH WXG\ GHVIQ $ DQG % WQGRP 1] DMRQ VFKHGX®! Z DV.J HQHUDVAG E\ D YdRWIMMAFLDQ DW
5DSWP 5 HHDUFK 3YW/ V& ,QGIDE\ 352 & 3/$1 SURFHGXUH VXFK VIKDWIKH GHWJ Q EHIQJ EDDQFHG
RYHUVIKH SHURG DQG VHT XHQFH FRP ELQDMRQ XMQJ 6 VIVMMEFDCS QDOMY6RIVE DIH6$ 6p 9 HUMRQ
6$6 ,QWWXW ,QF 8 6$ BXEMIFW Z HUH DARFDWAG VHT XHOWDOQXP EHW/ WBWAQJ ILRP RQ VKH
GD\ Rl FKHFN L1Q IRUSHURG , DQG Z HUH DWLJ QHG WDQGRP 1] DMRQ VHT XHQFH DV SHUWHLU QXP EHU
WIWAG LQ WDQGRP 1] DMRQ VFKHGX®1 7KH QXP EHW D\WLI QHG VR VXEMIFW Z HUH DVIRARZ V

DWU GRWHG 6 XEMIFW DQG
DWAU GRWHG 6 XEMIFW DQG

3 MFHER GRVHG 6 XEMIFW
DQG

$ % ,1'" 1*

7KH SUAVHOWMXG\ Z DV GHW QHG DV D EQQGHG 7KH WXG\ VXEMIFW ViKH &QQLFDO, QYHWI DVRU ViKH
WXG\ WIDII LQYROYHG LQ WXG\ DFIYMHV EIR WIMMAFIDQ ELR DQD®WADQG VIKH VSRQVRUZ HIH EQQGHG
IRUVIKH WHDVP HQWDGP LOMAMUHG VR VXEMIFW2 QO 3KDUP DFIMWVIKH DWMWBQWSKDUP DFMAZ KR DUH
UHVSRQME®! IRU GLVSHOMQJ Rl LQYHWAD DARQDO SLIRGXFW DQG VKH 4 $ DXGLVRU P RQWVRUQJ VIKH
GLVSHQMQJ DFVIMW KDG DFFHW VR VIKH LDQGRP 1] DARQ VFKHGX®1 DQG VIKH\ Z HUH QRWEH LQYROHG LQ
DQ\ RVKHUWXG\ UHDWAG DFVMMIHV XQWOFRP SGMRQ RI ViKH DQDOMY

7KH SKDUWP DFMADWAI QHG VIKH WHDVP HQWFRGH  Z KIFK LV DQ DESKDEHVF FRGH LH ; RU< RUDQ\
RVKHUQRVIMRQ |RUVIKH LDQGRP 1] DMRQ QRVIMRQ LH LI'$ % 7 5 RUDQ\ RVKHUQRVIMRQ J LYHQ LQ VIKH
5DQGRP 1] DRQ VFKHGX®! J HQHIDWAG E\ WiKH 94R WIMAMFLDQ |RUWAVWRU S@FHER WHDVP HQW 7KH
WHDV? HOWFRGH DWL] QHG |RUVMAVDQG S@FHER Z DV UHFRUGHG LQ VKH 4 WL QP HOWRI WHDVP HQW
FRGH IRUEQQGHG WXG\ GHWJ QBIRWP DWZ KLFK Z DV NHSWQ D VHD®IG HQYH®&RSH LQ VIKH SKDWP DR\
7KH SKRVRFRS\ RI VKLV IRWPP DWZ DV SIRYIGHG VR EIRWIMMAFLDQ DIVMUFRP SGMRQ RI FAQIFDODQG
DIVUFRP SGMRQRI $ 73 GIYHCDQDOMYRI VKH WXG\ | RUWIMAAFDCDQDO MY

) RUFRGH ELHDNLQJ SURFHGXWH 1Q FDVH RI RFFXUHQFH RI DQ\ 6$( RULQ DQ\ HP HUHQF\ FRQGIMRQ
FIMQJ VDIHW FRQFHWD RI VIKH VXE MIFW LQGLYLGX DOHQYHMRS H FRQVDLQLQJ ViKH MEHCE. [V ViKH GHVIDLOY R
VXEMIFW QXP EHU DQG VKH WDQGRP ] DWRQ VHTXHQFH Rl VIKH VXEMIFW Z DV SWHSDUHG E\ VKH
3KDWP DFIMWSURU VR EDVHIOH GD\ YIMW 7KHWH @EHY Z HH YHWIHG Z IM{ VKH WDQGRP 1] DURQ
VFKHGX® E\ ViKH DWIMIBDQWSKDWP DFMADQG WWH 4 $ DXGIVRU 7KH VHD®BIG HQYHERSHV Z IV VXE MIFW
QXP EHUZ UMWMQ RQ Z HUH NHSWIQ D VHFXUH S@FH LQ 3KDWP DR\ RUZ Vi & QQLFDO, QYHWAD DVRU
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$ ,19(67,*$7,21%/ 352" 8&76

,QYHWO DARQDOSIRGXFW ,3V Z HUH VXSSAHG E\ WKH 6 SRQVRUDQG IHFHLYHG E\ VKH SKDUP DFMADW
5DSWP 5 HWHDUFK 3YW/ V& ,QGID ,3V IHFHLYHG Z HUH YHUILHG LQVDFWFRQGIMRQ Rl SDFNDJLQJ  7KH
IGHOQWAHY Rl VIKH ,3V DIH SWRYIGHG 1Q 7DEG®! $ 2Q WXG\ FRP SGMRQ WMH TXDQWN RI
LQYHWAD DURQDO SIRGXFW LHFHLYHG VMW SLIRGXFW DQG  IHHIHQFH SWRGXFW ILRP WKH 6SRQVRU
GLVSHQWHG XQGLVSHQWHG TXDQUV DQG XQXVHG GLVSHQWHG TXDQWW Z HUH IHFRQFLBIG DQG IHVIDLOHG
DV SHULQ KRXVH 62 3 IRUVKH HWIP DVRQ RI VIKH EDDQFH TXDQWW RI ,3

$ @VIKH XQXVHG ,3V Z HUIH UHVXUOHG VR VKH SKDUWP DR\ DQG WRUHG LQ VH VDP H IRWPP X@MRQ FDELQHW
Z VK VKDWRI ViKH XQGLVSHQWHG ,3V

$ 35(3$5$7,212) &2+(5(17: $7(5
7KH LQGLYIGXDO Z KR SWHSDIHG WKH FRKHUHQWZ DU Z DV LOWAKFWAG VR XVH ViKH : DWAU 7XEH
H FOCVLYH® VR SURGXFH FRKHUIHOWGUQNIQJ Z DWAUIRUKXP DQ FRQVXP SVIRQ Z DWAURI JRRG TXDOW

VKDWKDV DQHDG\ EHHQ [LOWHG DQG SXUILHG DQG VKDWLY TUHH ILIRP  FKHP LFDODQG RU EIR®RJ LFDO
SR@VRQ

7DEGI$S ,QYHWII DMRQDCSE IRGXFAGHVIDLY

3DWDP HWAU 7THWSLRGXFW$ 5 HI HWIHQFH SLRGXFW %

$QDOP P D: DWU

3LRGXFWQDP H CH DL 3@FHER
: DVIMUDQG / L] KW SSTFDVRQV, QGID : DWAUDQG / L KW SSAFDRQV, QGLD
0 DQXIDRVKLHU 3UYDWA/ IP WHG 3UYDWA/ IP VHG
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$ 75($70(176

$

JIRP ' D\ \R' D\

75($70(17%$' 0,1,675$7,21

VXIIFIHOWYROXXP HVRI $QD®P P D: DWU 7HW. DU RU3 MFHER GUONIQJ

Z DU Z HIH SWRYIGHG VR DOOVXEMFW DFFRUWGLQI VR VKH DQGRP I} DMRQ VFKHGX® 6 XEMIFW Z HUH
/ Rl Z DWAUGDI®O 6 XEMIFW Z HH LOWKFWG VR LHFRWG VKH
GHILY TXDOWW GDW DQG WP H RI Z DVWAUFRQVXP SMIRQ 1Q VIKH VXEMIFWGLIDU ILIRP GD\ VR GD\

LOWKFWAG VR FRQVXP HDP LQIP XP RI

" VDY RI Z DVAUMHDVWR? HOWDGP LONMMIDWMRQ DUH SIRYIGHG LQ 7TDE®H $

7DE®I$ 7UHDVP HQWDGP LOMADVMRQ GHVIDLY

3DWDP HWAU 7HWAB LRGXFW$ 3MFHER %
' : DWU $QD®BP P D: DWAU .
RVDIHIRWP DOG 7THWN DV : DwWAU
5 RXwA 2 W0 20O

" RWHDQG 0 RGHRI DGP LOMADVMRQ

$QDBP P D: DVMURUTHW
: DWU  Z DVSIRYIGHG \R
VXEMIFW Z IV LQWKFVRQ VR
FRQUXP HDP IQIP XP Rl /
Rl Z DWUGDIO ILRP GD\ R
GD\  DDP ELHQW
WP SHUDVXH

3 @FHER GUOQNIQJ Z DWAUZ DV
SWRYIGHG VR VXEMIFW Z IV
IQWKFVIRQ VR FRQUXP HD
PIQIPXP Rl / Rl Z DWU

GDIO IlRP GD\ VRGD\  DW

DP ELHQWAP SHUDWUH

YDVHAQQH' D\ ' DA ' D\ * LRXS

7WHDVP HOWSVIDUN DVIA ' D\ * LRXS

3RWWBWG\ ' DW
"D\ * LIRXS

SRWWBWG\ ' DW
"D\ * LIRXS

$

&RQVXP SMIRQ Rl QRWP DO GUONIQJ Z DVWU LH Z DWAU QRWVXSSQHG VKLRXIK ViKH WXG\

5 HWUFVIRQVRI | XLG DQG RVKHUVXEWIDQFHV

Z DV

WHWIFWG GXUQJ WKH GXUIMRQ RI VKH WXG\ 6 XEMIFW DEWRIOQHG IUIRP WP RNIQJ RU FKHZ LQJ
VREDFFR SIRGXFW DEFRKRORUDBFRKRIF SUIRGXFW [ DQVKIQH RU W GHUYDWYH FROVIIQLQJ IRRG RU
EHYHWDJ HY DQG J WDSHIKKMRUIW MILFH
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$ 6%$03/,1* 0($685(0(176%1' $1%$/<6,6
$ H22' 6%03/( &2//(&7,21 $1' 352&(66,1*

%®RRG \DP SOV P/ ZHH FRFWG GXUQJ ¥DVHIQH GD\ 9IMW  DQG GXUQJ SRWWAXG\
\DIHW DWHWP HQWRQ' D\ 9IMW  %IRRG VDP SOV Z HH FROFWG 1Q SUH MEH®IG YDFXVIDLOHLY/
FROVDIQIQJ . (' 7$ DV DQ DQWUFRDIXMQWS VRVDORI VE R E®RRG \DP S®V Z HH FRAEPIFWMG IRUS$ 73
GIYHODQDOMY $ IVMUVDP S®I FREHIFURQ YDFXVILQHW Z HUH WRUHG LQ VIKH UHI WL HDVRU DW 1& VR 1&
$1WMU FRGHIFIRQ Rl \DP SGV ILRP D@ VXEMFW \DP SGN Z HH WKISSHG DW r& VR & VR VKH
ELRDQD®WFDO DFLOW RI 5 DSWP 5 HVHDUFK 3YW/ VG $

$ YRRG RW

7RVCERRG BRW I RUD VXEMIFWGXUQJ VKH WXG\ GLG QRWH FHHG P/ IRUP D®IVXEMFW RU
P/ IRUIHP D® VXEMFW

$ %2%$1%$/<6,6
$ $73 P HDVXUHP HQW

YRRG $73 GYHY Z HH P HDVXUHG E\ WH ILHO® EIRXP LOHVFHQFH DWD\ NIW $0 (5,& $73 NW

DNR 3XWH &KHP LFDO,QGXWMHYV 2 \DND -DSDQ DFFRUWGIQI VR VKH SWIRVRFROVXSS@HG E\ VKH
P DQXIDFVWUHU $ 73 GIYHYZ HIHP HDVXUHG ILRP  Z KR®IEQRRG VDP S®BIVRI DAS DWFLS DQW REVIDLOHG
RQ' D\ EDWIQH DQGRQ' D\ DIVIUZ DVIMUFRQVXP SVMIRQ

$ 67%$7,67,&%/ $1$/<6,6

6 VIVIMEDCDQDOMY Z DVSHURWP HG XMQJ 6$6p 9HWMMRQ  RUKLIKHU 6$6 ,QWINWA ,QF 86$ 7KH
LQGLYIGXDODQG GHWFUSWYH VXP P DU WIMMAFV Z DV SHURWP HG IRU$73 GIYHY Rl Z KRB ERRG
EHRW FRQVXP SURQRI ZDWU ' D\ DQG DIVWUFRQVXP SWRQR! Z DVi4U ' D\ 0 HDVXUHP HOW
REVDQHG RQ' D\ Z HIHFRP SDWHG Z VK %DVHIQH P HDVXUHP HQW ' D\ IRUHDFK SDUAFLSDQW
DQG VKH SHUFHQVDJH RI FKDQJH Z DV FDBXOMWAG 7DEG®I $ $ RQHZ D\ DQDOMY Rl YDUDQFH
$129$% Z DVSHURWP HG RQ $73 GIYHY GDVID VR VAWM QULFDQFH RI FKDQJH YDOXHV EHIRWH DQG
DIVMUFRQVXP SVMIRQ Rl Z DWAU EHVEZ HHQ $QDBP P D: DWAUJURXS DQG 3MFHER JWRXS 7DE®! $

0 HDQ FKDQJH YDXHV IQ $ 73 GIYHY FDEX@WAG IRUZTHVW. DWAU  J URXS DUH SUHVHQWAG LQ 7DE®I $

$ QDOMVRI YDUDQFH Z DVQRWSHURWP HG IRUVKH 7HW DWAU  J URXS UHDVIYH VR 3 @FHER

$ 5(68/76

7KH P HDQ FKDQIH LQ $73 ®IYHY FDEXOWHG IRUVIKH $ QDB P D : DWAUJWRXS Z DV s

PHDQs WRQGDWG GHYIDMRQ 7KH P HDQ FKDQIH IQ $73 GIYHY FDEXMWAG |RUVIKH
3@FHER JWRXS Z DV s P HDQ s WDQGDUG GHYIDWRQ $FFRWGIQI VR $129$
WH FKDQIH LQ $73 ®IYHY P HDVXUHG EHIRWH DQG DIVAU FRQUXP SVIRQ RI Z DViAU Z DV \LJ QU LFDQV®
KL KHULQ WH JURXS FRQVXP LQJ $QDOP P D: DWAU : DWAU WKDQ 3MFHER Z IMiK WH SUREDELOW
YDOXHRI 7DEGIS$
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7DEM$ $73 GIYHWZ HHHP HDWXWHG EHRWH ' D DQG DIVMUFRQVXP SVIRQ Rl Z DWAU ' D\
0 HDQ FKDQIH LQ $ 73 ®GIYHV Z DVFDEXMWHG IRUS QDOP P D: DWAUJWRXS Q  DQG 3MFHER JWRXS
Q 0 HDQ YDOXXHV DQG WBQGDUG GHYIDVMRQV 6'  DUH OMMG

* LIRXS $QDOP P D: DWUQ 3@FHER Q

&KDQIHLQ$ 73 BIYHO
P HDQs 6'

7DE®I$ $QDOVVRI YDUDQFH $129$ SHURWP HG IRUYDXHVRI FKDQIHLIQ $ 73 GIYHY EHIRWHDQG
DIVIHU FRQVXP SVIRQ RI Z DViWU EHVE HHQ $QDOP P D : DVMUJ LRXS DQG 3MFHER JWRXS 7KH P DIQ
$129$ SDWDP HWW VXP RI VT XDUHV P HDQ VT XDWH ) YDOXHDQG S YDOXXH DUH SUHVHQWKHG

0 HDQ )
6XP RI 6 TXDWHV VT XDUH 9 DOXH S YDXH 5 HvXQV
6LJ QU LEDQW
3¢ VKCH UHVX QALY 613 QULEDQW
131 WH UHVXOWY 1 RQ 613 QULFDQW

7TDEG$ $73 GIYHY Z HH P HDVXUHG EHIRWIH ' D DQG DIVMUFRQVXP SVIRQ RI Z DWAU ' D\
0 HDQ FKDQJH LQ $73 GIYHY Z DV FDBEXOWAG IRUZTHW: DWIU JWRXS Q  DQG 3MFHER JUWRXS
Q 0 HDQ YDXXHVDQG WIDQGDUG GHYIDWRQV 6'  DUH MAMAG

* LRXS THW DWU Q 3OFHER Q

&KDQJHLQ$ 73 BIYHO
P HDQs 6’
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$ 3267678 <6$)(7<$66(660 (17

3RWWIXG\ VDIHW HYDOXDWRQVZ HIH SHURWP HGRQGD\ ' XUQJ SRWWIXG\ VDIHW DWHWP HOW
SK\ MIFDOH DP [QDMRQ YIVDOWJ QV P HDVXUHP HQW E@RRG SUHWXWH SXQH WA ERG\ VWP SHUDVUH
DQG UASULDRY WDW Z HOEHQJ DQG E®RRG \VDP S®! FRGIFIRQ IRU MERWDVRY  DQDOMY
KHP DIR®RJ\ DQG EIRFKHP MMl 6HXP FUHDWOQIQH 6* 27 $67 6* 37 $/7 WHXP ELMXELQ?7RVDO
VHXP E@RG XUHD QMRIHQ Z HIH SHURWP HG 7KH VFKHGX®I Rl WXG\ HYHQW 7DEGI$  DQG D @MW

RI @ERWDRY WAWW SHURWP HG 7DE®I $ DV SDUWWRI VKH VFHHQIQJ DQG SRVWWMXG\ VDIHW
H DP LQDVRQV DUH SUMVHQWAG EHIRZ

7TDE®$ T7KHFRP SGMAWKHGX® Rl WXG\ HYHQW
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7DEM$ /DERIDVRY VMMW SHURWP HG GXUQJ VIKH WXG\

$ 6$)(7<$66(660(17&5,7(5,$

6DIHW DQG VRBIDELOW Z DV DWHWHG LQ WALP V Rl DGYHUH HYHQW $(V VHURXV DGYHUH HYHQW
6$( U DQ\ RUDQ\ LAIDHW LHT XILQJ DGP LQMADMRQ Rl RIKHUP HGLFDVRQ V' GXUQJ VKH WXG\  YIVDO
WIQV DQG MERWVRY DWHWP HOW Z HH SHURWP HG GXUQJ WKH HQWH FRXUH RI VKH WXG\
$ GYHUH HYHQW Z HUH HYDOXDWAG EDVHG RQ IIHT XHQR\  VHYHUW J LDGHV FDXVD@W DQG RXVFRP H

$ 6$)(7<$66(660(175(68/76

e 1 RDGYHUH HYHQW Z HIH LHSRUMG GXUQJ WG\ SHURGV
« 1R DGYHUH HYHQW Z HIH LHSRUMG GXUQJ SRWMXG\ VDIHW DWHWP HQW
e 7KHWHZ HHQR 6$ ( VUHSRUMG GXUQJ VIKH WXG\

$ ' $7$6(76

o %RDQDOMYGDVDMHWEDP SGIVRI D@  VXEMIFWZ HWH DQDO] HG IRU$ 73 BIYHY

e 2 YHD® WIMMAFY GDVVHW $V SHU VKH WXG\ SWIRVRFRO GDVD $73 GIYHY Rl VXEMIFW
FRP SGMOQJ WXG\ SHURG Z DVFROVGHWHG | RUWIMMAFDCDQDO MY

e $WHWP HOWGDVDVHW' DVID RI VXEMIFW IRU: DVWAU VXEMIFW DQG 3 MFHER VXEMFW
Z HH FROMGHWHG |RU WIMMFDO DWHWP HQW + RZ HYHU GDVD RI VXEMIFW IRU: DWU
VXEMIFW DQG 3 @FHER VXEMIFW Z HUH HYDXXDWAG DQG WHSRUMG DV DGGIMMRQDAQIRWP DMRQ

e 6DIHW GDVIDVHW6 XEMIFW 1 IRUVAMAS LRGXFWDQG 1 IRUS@FHER Z KR WHFHLYHG DWBIDWV
RQH GRWH Rl HWKHURI ViKH , 3V Z HUH HYDXDWAG | RUVDIHW
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$ '$7$48%/,7<$6685%81&(

7KH FQQLFDO, QYHWA DVIRUGHW QHH HQVXUHG VKDWMKH GDVD HOWALHG 1Q VKH &5) V Z HIH DV SHUVKH

FXUHQWLQ KRXWH 62 3V DQG LQ FRP SADQFH Z MK VIKH WXG\ SLRVIRFRO 4 XDOWN FRQWROSHWRQQHO
FKHFNHG GDVD Rl DE&5) VDV Z HIDV SIH WXG\ DQG SRWMMXG\ GRFXP HQW | RUFRUHFVQHW

FRP SGMAQHW DQG GU LELONV RI VKH HOWIHY * XUQJ VIKH WXG\  VIKH 4 XDOW $ WXWDQFH SHWRQQHO
SHURWP HG WH TXDOW DXGIW RI LQYROYHG GHSDUR HQW FQQIFDO SDWMR®J\  ELRDQDOWFDO DQG

EIRWDAMMEY DQG FRQILWP HG VKDW VIKH WXG\ FRQGXFW ELRDQDOMY SWRFHGXUHV DQG VKH

GRFXP HQVMRQ Z HIH SHURWP HG 1Q FRP SADQFH Z WK VKH ,&+ * &3 JXIGHIOHV WXG\ SWRVRFRO
DQG VIKH UHVSHFVIYH LQ KRXVH 62 3VIRUHDFK DFVIYIW

$ 5()(5(1&(6

$WEZ HD /DXJIKAQ 6% $Q HQHW\ EXGJHWRUWI QDAQJ 1Q WMH JUH P DIMAURI WH EWDLQ -
&HHE %®RRG) BRZ 0 HVIDE

YDUFD\ &- ( QHU HMFVRI FROAWDFVIRQ &RP SU3K\ MRO

&RP P RQ 7HP LQR®RJ\ &UWAUD IRU$ GYHUH ( YHOW &7&$( 9HMRQ  3XE@KHG 1 RYHP EHU
8 6 ' HSDUP HQWRI + HDOK $ QG + XP DQ 6 HUIFHV

" HFOWWMRQ Rl + HMONL ( VKLFDO 3UQFLS®V IRU 0 HGLIFDO5 HVHDUFK ,QYRQIQJ + XP DQ 6 XEMIFW
RU® 0 HGLFDGS WRFIDWRQ ?* HQHWDCGE WHP E® ) RWID® D %D] LO2 FVREHU

* RRG &QQIFDO3WFFH , QUALODRQDO&RXQFIOIRU+DWP RQMMRQ ? (5 * XIGHIQHV &XUHQW
6WS YHUWMRQGDWAG 1 RYHP EHU

* XIGHIQHV IRU %4RDYDIMELMN DQG YARHT XLYDBIQFH 6WGLHV &' 6&2 &HQWDO' XJ 6VDQGDLG
&RQWRO 2 LI DQ DMRQ ' LLHFVRUIDWA * HQHWDOR! + HDOK 6HWIFHV O LQMAM Rl +HDOK ) DP LO
HODUH * RYHUWQP HOWRI ,QGID 1 HZ ' H&L 0 DUFK

( VKLIFDO* XIGH@OHV IRU%RP HGLFDO5 HWHDUFK RQ + XP DQ 3 DUAFLSDQW ,QGIDQ &RXQFLORI 0 HGLFDO
5 HVHDUFK

1HZ ' XJV DQG &IQIFDO7UDY $P HQGP HQW 5X®V > D] HWM QRWILFDVMRQ * 65 (
GDWIG * 65 (  GDWMG @0 IQMM Rl +HDIK DQG )DP IO : HIDWH
* RYHUQP HQWR! ,QGLD

6WKFXUH DQG &ROWIQWR! &QQIFDOBVWXG\ 5 HSRUV , QUALODVMRQDOS&RQIHUIHQFH RQ + DP RQL DARQ ?
( &XUHQWAMMS YHURQ ?
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TKHKXP DQP IFWREIRP HWXG\

' DWZ IKEHDYDIME®IE\ ) HEKDU WK
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* OFDQS J HWXG\

& $'',7,218$//,7(5$785( ¥ & *5281"

* OFDQV DWH VXJDU P RBIFX®N VIKDWVXURXQG DQG P RGU\ SWRMQV 1Q VKH KXP DQ ERG\ 7KH
JOFRP H KDV DOR EHHQ VKRZ Q VR KDYH D FRQWEXWRQ DV D P DNRU LHIX@VRU Rl VIKH [P P XQH

VAP W LHIXOWAY NH  SDWRSK\ MRMRILFDO WISV Z WKIQ 7 FH® EIR®RI\ VXFK DV 7 FHD
GHYH®RSP HOW DQG K\ P RA\W VHBIFMIRQ 7 FH@ DFIMW DQG WJQD@QJ DV ZH@ DV 7 FHD
GUIHHQMDARQ DQG SWRAHUMRQ ,Q VKLV FROWIW JOFDQV DIH FUMFDO GHWALP LODQW 1Q
DXVRUHDFVYH UHVSRQWHY ERWK E\ GLLHAV® UHI XOMQJ 7 FH@DFAYMW DQG IKLRXJ K VIKH FUHDVIRQ R

DEQRUWP DOJ ® FRDQWI HQV VIKDWFDQ DFVYDWA DQ DXVRUHDFVYH P P XQH UHVSRQWH 3 DUAFXMUWD VKH
G\MHIX@MRQ R WH 1 JOFR @MRQ SDWZ D\ KDV EHHQ DWRFIDWG Z MK DXVRIP P XQH @\NH
SKHQRWSHV ( YIGHQFH DGGUHWIQJ KH LHIMRQWKLS EHVE HHQ VIKH G\ LHI X@OMRQRI 1 J OFRV @MRQ
DQG KXP DQ DXVRIP P XQIW Z DVREVHUHG LQ P XGIS® VFBIRWY 0 6 SDUHQW

7KH JOFRSIRWIQ IP P XQRIGEXAQ * ,J* VD P DNRUHIHFVRUP RBIFX®I Rl VIKH KXP DQ KXP RWDO
P P XQH UVSROWH $ QMERGIHV Rl ViKH ,J* FOW H SUIHW ViKHU SUHGRP [QDQWDRMIW GXUQJ D
VHFRQGDU DQMERG\ UHVSROWH ,Q VKH VHXP P RWIH VKDQ  GUIHIHOW,J* JOFRIRWP V FDQ EH
IGHQWIHG DQG WMH SDWHLQ RI ,J* JOFRV MARQ SLIRP RWA ELQGLQJ Rl ,J* VR GLIHIHQWHFHSVRWY 1Q
WLV Z D\ P RGXOMQJ DFVIRQ Rl VKH IP P XQH VWP E\ FKDQJLQJ WH ,J* IXQFVMRQ ILRP SR WR
DOWIQI@P P DVRY DQG YIFH YHUD 7KH WSH Rl J ®FDQV DWDFKHG VR ,J* DUH Z HOUHVHDUFKHG DQG
LW J ®FRV @MMRQ KDV EHHQ Z H@WGHI LOHG

* DOFVR WMRQ DGGMRQ Rl D JDDFVRWH P ROFX®! VR D JOFDQ VWRQI® GHFUHDVHY ViKH
SWRIQ@P P DRY IXQFMRQ Rl ,J* $ GHFUHDWH 1Q ,J* JDDFVR MRQ LV VHHQ 1Q DIIQJ DQG
WL JHUHG E\ IDFVRWY @\H H FHVWMYH RU XQUXIVIDE®! GLHWRU | VQHW WHI P HQ KRWP RQDOFKDQJ HV
HWQIF EDFNJRXQG DQG VR[ IF HQYILRQP HQVBOIDFVRY 7KLV FDXVHV FKURQIF WHU®B! @RZ JWDGH
IQI@P P DMRQVIQ VKH ERG\ DQG FRQWIE XAV VR VIKH SDWRJI HQHVY RI DI H UHDVHAG GLVHDVHV SURFHW
FDQ@IG IQI@P P DIIQ) &ROMGHUQJ ViKH [P SRUDQWIR®G! Rl ,J* JOFDQV 1Q LQI@P P DMRQ DQG
EHFDXVH WH LQFUHDVH 1Q DIH SWRP RWAV LQI@P P DARQ FKDQIHV 1Q ,J* JOFRV @MRQ VHHP R

HS IHVHOWD | DFVRUFRQWIE XWIQJ VR DJ LQJ
& 0(7+2°

7KH * OFDQ$ J H WAVWFROVMAV RI VIKUHH GLIHUIHQWFRP SRQHQW  7KH A ®FDQ P DWUH LQGH BZ KLFK
LV GHVLP LQHG E\ WH DSSHDWDQFHRI *  JOFDQVRQ ,J* A OFDQ KHDOKBZ KLFK LV GHWWP LOHG
E\ ViKH DSSHDWDQFH RI *  JOFDQV RQ ,J* DQG A OFDQ \ RXWKB Z KIFK LV GHWALP LQHG E\ KH
DSSHDWDQFHRI 6 JOFDQVRQ,J *
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*  JOFDQV JOFDQV Z MKRXW JDDFVRVWH DH
NORZQ VR SWRP RW IQI@P P DMRQ R D®
GMDWY WDW KDYH DQ IQI@P P DWRU

EDFNJ UIRXQG ? VKLV IV DFWDAD Z D\ P RUH GIVHDVHV
WDQ ZHP D\ WKION 7KHVH JOFDQV GR VIKDWE\

DFVYDVQJ WH FRP SO HOWM WP VIKURXJ K VIKH
GFIQ SDWZ D KXV ®Z ONHY Rl * DWH
JHQHD® FROMGHWHG VR EH EHQHILFIDO IRU
J HOHUDOKHDOK 2 Q DYHWDJH VKH RGHUD SHURQ
IV VIKH ®RZ HUBIYHORI *  DQG VKH KL KHUBIYHOR!

* VR VIKH (RZ HUUHVX@X RX KDYH VIKH EHWIAU

QDZD VKHRSSRUMM Rl * * JOFDQV DFW
DOWIQI@P P DVRY LH SIRWFIYH YWV
IQI@P P DMRQ $V ZH DIH RXU GIYHY R *
GHFUHDVH ' HFUHDVHG GIYHOYRI *  DUH DWRFLDWAG
Z MK GLIHHQWDXVRIP P XQH DQG LQI@P P DVRU
GOMVHDVHV VKXV KLJK GIYHY Rl *  DUH FROUGHWHG
VR EH ELRP DINHWY/ Rl \ RXVKIX@HW $ QR EHRWH
P HQRSDXVH Z RP HQ WIQG VR KDYH KLJ KHU BIYHY
Rl * WXV IQ D ZD EHQ SIRWMFMG IRP
IQI@P P DARQ ' XUQJ P HQRSDXVH WHWH LV
XVXD@® D \KDUS GRS 1Q * P HDQIQJ VMDWIKHLU
ERG\ MJHEW QULIFDQW® GXUQJ WKLY SHURG DQG
IV GW SIRWFIG DJ DIQW IQI@P P DURQ DIViAU
P HQRSDXWH

<RXWK JOFDQV RU 6 JOFDQV DIH VKH P RW/
P P XQRVXSSUIHWWMYH P HP EHW Rl WKH ,J*

JOFRP HDQG DIH EHIHYHG VR EH HWHQWDO RUVKH
DOQWIQI@P P DIRY  DFUIMW Rl LQWDYHQRXV
P P XQRJREXID SIHSDUMRQV + LJK GIYHW Rl 6

JOFDQV DIH DWRFIDWMG Z MK WMH DEVHQFH Rl

GUIHHQW DXVRIP P XQH DQG  LQI@P P DVRU

GIVHDVHV DQG DWH JHQHWD@® FRQUGHWHG VR EH
ELIRP DINHWY/ Rl JRRG KHD®K WLV VIKRXJ KWVKDW
WVPH GWXJV WDW DH DFXD® SRROIG
P P XQRJ@EX@QVIWRP P DQ\ GRQRW RZ H WHLU
DOWIQI@P P DIRY  DFIMW VR WKLV JOFDQ
FRP SRQHQW
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JOFDQ LQGIFHV P HDVXUHG LQ D SHURQ Z KRWH
ELRGRILFDODIH HYHUDOYDOXH Z DV \ HDW/
DIVIAU V(UIHH P ROWYV Rl $QDOP P D : DViAU
FRQUXP SVIRQ



$33(1' ,; &

& 5()(5(1&(6

3HHLDO 6 $OHV, 9LIFHQWO &DP SDU$ * OFDQVDV. H &KHFNSRIQWRI 7 &H@$ FAMW DQG
) XQFVIRQ ) IRQVHW/LQ ,P P XQRARJI\

3X0 1RYRNP HAO 0 DQIIQRO 7KDTL. 5XGDQ3 1 RYRNP HWL HWDO * OFDQV$ LHD 1 RYHO
%RP DINHURI &KURQR®RJ LFDCDQG Y4R®I LFDOB JHV - * HURQVRCS YARCBFLO HG 6FL ?

) IDQFHWKL & * DUDJQDQL 3 3DUQL 3 HWDO Q@P PDIIQ] DQHZ P P XQH P HVDERQE
YIHZ SRIQWRUDI H UIHDWAG GLVHDVHV 1 DW6 HY ( QGRFUQRO ?
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3HIP QDY UHVHDUFK RQ EWDIQZ DYHV

*(1(5$/())(&7621 63(&75$ $1' &2+(5(1&

3$57,&,3%$176

$JIH JHQGHUDQG WHFHLYHG WHDW? HQWRI VIKH SDUAFLS DQW DUIH VXP P DU} HG LQ 7DE®H'

7DE®'  6WXG\ SDUAFLSDOW Z VK QWHG LOMDY \H|
DJ H DQG WSH Rl WHDVP HQWHFHLYHG

-& ) $1$/(00$
% ) $1$/(00$
1+ ) 3/$&( W
) ) 3/$&( %2
- 0 $1$/(00$%
%6 ) 3/$&( W

T((* 0($685(0 (176

7KH P HDWXUHP HQW FROQUMMG Rl IX@FRQWHFXWYH T( (* P HDVXUHP HQW FRQGXFWG Z IViK
P LOXVM LOWUDY

T((* EDWHP HDVXUHP HQWO

T((* P HDWUHP HQADIVAU P LQXW FH@BSKRQH FD@ 0

T((* P HDWUHP HQW P LOXVIAVDIVIMUGUQNLQJ VIKH GHVL) QDWWG Z DVIAU 0

$ @GDVD DUH LOWALBIHMG Z IMK UIHIHUHQFH VR = VFRWHV LH GHYIDWRQV IWIRP - VIKH H SHFVWAG YDXH |RU
KHDOK\ LQGMIGXDY RI D FHUBDIQ DIH JWRXS WH WHHHQFH YDXHV XWHG DWH IWRP  VKH
LOVALRDVMROD@ DFFHSWAG 7 KDVWKHUGDVIDEDWH IRUT ( ( *
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) RUHDFK FRQGIMRQ P LOXW P HDVXUHP HQW Z HIH VIBNHQ DWD \DP S@QJ WDWA Rl
VDP SN SHUVHFRQG Rl VIKH GDVID Z HUH XVHG DIVIAUDWAAI DPWUHP RYDOVIKXV UHQGHUQJ
P LOXVifl DYHWDJ HV SHUFRQGIMIRQ EDVHG RQ DERXW \VDP S®NV SHURFDVRQ

"$7%(9%/8%7,21
,Q RUGHU VR VP S@\ VKH RYHUD@HYDXDVRQ Rl VR P DQ\ GDVD RUJLQDMQI IWRP T( ( *
P HDVXUHP HOW D YDOXH EHVE HHQ DQG  Z DV DARFDWG VR ViKH IR@RZ 1Q)  DVSHFW
IQGIFDMQ) KRZ P XFK WMH GUIHHG XSRQ YIVXDOIQVSHFVIRQ ILRP VIKH T( (* Z WK Z KIFK
WH Z HHEHIQJ FRP SDUHG

6SHPWD (& (2 (25 (20 P D VRVIDOYDXH
) LHT XHQF\ EDQGV[ &RKHWHQFH (& (2 (25 (20 P D[ VRVIDOYDOXXH

' HOD +] [ &RKHWHQFH (& (2 (25 (20

7KHD +] [ &RKHHQFH (& (2 (25 (20
$ KD +] [ &RKHWHQFH (& (2 (25 (20
Y-V +] [ &RKHWHQFH (& (2 (25 (20
%WVD O +] [ &RKHWHQFH (& (2 (25 (20
WD |, +] [ &RKHWHQFH (& (2 (25 (20
Y-V +] [ &RKHHQFH (& (2 (25 (20

( DFK DVSHPWZ DV HYDOXDVIG | RUVKH | RXUGLHIHQWFRQGIMRQV H HV FGRVHG ( & H\ HVRSHQ
(2 WHDGIQJ (25 DQG ZDWKIQJ DP RYIH (20 ( YDOXDMRQ Z DV QRWFRQGXFVG LQ WKH
VHOWH Rl SRUMIYH RU QHI DMYH WIQGHQF\ DV FKDQJH LQ WH® Z DV FROMUGHIHG VR EH ViKH
P SRUWDQWDVSHFW7KH LHDVRQ Z DV VKDWRQ WH GRQJ XQ SRVVIYH VIHQGHQFLHV DUH XX D@D
SUHFXUHG E\ GIMOWAI DRI G\ M XQFRQDOFLLFXIW EHIRWH P RUH 1 XQPVIRQDOFLLFXIW DUH
IRLP HG VR FKDRVEP D\ WP SRUDU® VHHP VR RFFXU

7KHHRWMH Z KHQ VRVDOYDOXHV DUH SUAVHOWAG 1Q D JWDSK VIKHVH YDOXHV DUH GHUYHG [LRP
DGGLQJ WWH DARFDVIG FKDQJ H YDOXHV EHVE HHQ  DQG
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())(&7621"' (/7$%b6$,1: $9(6

7R IXUWKHU DWHW ViKH HITHFWRI $QDGP P D : DU RQ GHOD EWIQZ DYHV DGGLMRQDO
VSHPADOJ LDSKYV Z HIH REVIDLOHG | RUD VSHFLLE FHQWD@ GRFDWAG EWDIQ GRFDWRQ 3] Z KIFK
1V QRWYHU VXVEHSVE®! VR DUMIDFW 7KH LHVXQVDIH\KRZ Q LQ) LIXUHYV'  DQG'  6LP DU
WIQGHQFLHV KDYH DOR EHHQ |RXQG | RURVIKHUE LDLQ GRFDVIRQYV QRWWKRZ Q

YJLUXWH' (& 6SHAWKP RI GRFDMRQ 3] EDVHIQH P HDVXUHP HQW
JUHHQ @OH DQG P HDVXUWHP HOWREVBDIQHG P P HGLD® DIViU
FRQVXP 1QJ $QDBP P D: DWAU LHG @QH %DFN QQHV GHSLFWWKH
UHI HUHQFH YDOXH |RUKHDOK\ LQGLYIGXDY WG GHY
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JWUXWH' (& 6SHPWKP Rl RFDVRQ 3] P HDVXUHP HQWDI VAU FH@®
SKRQH H SRVXWH RWDQIH @QH DQG P HDVXWHP HQW REVDIOHG
P P HGIDWA® DIVIAU FRQVXP LQJ $QDBP P D : DWAU SION @QQH
%DFN QQHV GHSLFWH UHIHIHQFH YDOXH | RUKHDOK LQGLYLGX DY

W& GHY
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YHOQ\V. 5RQGRXIQ * 9HWQHV & 7RXFKRQ - ' IDJQRWIF YDOXXH Rl T XDQWYVINH
((* 1Q$ QKHP HUB/GIVHDWH 1 HXURSK\ MRC8.AQ 2

[ XWMQEHUHU & 0 XWEDFK 0 " ¥AlU5 6FKPIG 05 . XWWMU1 $FKHWP DQQ 3 +XEHUS5
6VIP XOMRQ Rl VIKH EWDIQ Z IVIK WDGLRIWHT XHQF\ HBIFWRP DJ QHWF | LH@ SXAOHV DITHFW
VBIHS GHSHQGHQWSHURW DQFH P SIRYHP HOQWDIOQ 6P XO

3HHQWRV 1 &WRIW5- OF. HQIH 5- &RVF , 7KH DSKD EDQG Rl VKH UHWAQJ
HOFPVWRHQFHSKD®RI WDP - XQGHU SXOHG DQG FRQUOXRXV WDGIR [UHT XHQR\ H[ SRWXUHV ,( ( (
7WDQVYRP HG ( QJ ?

6DQNDIL= $GHD+ $GHDQ$ QWDKHP VSKHUF LOWAKHP VSKHUE DQG GLWRO( ( *
FRKHUHQFH LQ $ QKHLP HUY GLVHDVH &0 1 HXURSK\ RO
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JWRRP ' D WR' D\ S@QWZ HH NHSWQ DQ MROWHG SDUARI D FQP DV FRQWREBIG J LHHOKRXVH 1Q
WP IMUFRQGMRQV ) LUXWH(  )WRP ' D\ XQWOVKH HQG RI VIKH WXG\  SMQW Z HUH GIMMEXWG
DFFRWGIQ] VR WKHLU GHVL QDWAG JURXSV VR WHFHLYH VIKH VSHFLULHG Z DVAU WHDVP HQWXMQJ DQ
DXVRP DWG GRMQJ M WP 7KH H DFWGIMMEXVIRQ LV \KRZ Q 1Q ViKH VFKHP DWF LHSUIHVHQVIMIRQ 1Q

) LI XUH(

JUXWH ( SOOWIWRZWK VXS ILRP ' DI VR ' D\ $@SOQW Z HH JWIRXSHG VRIHWHU 1Q D
F@P DWW FROWR@IG JWHHQKRXWH DOQG Z DWALHG Z IK 5DIQZ DVWAU XMQJ DQ DXVRP DWAG GRMQJ

W WHP
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YLUXWH( $ WKHP DWF IHSUMVHQVIMRQ RI VKH S@QWILRZ iK VXS TLRP ' D VR ViKH HQG RI ViKH
WXG\ 3MQW Z HH JWRXSHG DFFRWGIQI VR WHLU GHWL QDWAG Z DWAUQJ WHDVIP HQWLQ D FAQP DV
FROWR@IG J IHHQKRXVH 3 @QW Z HUH Z DVIALHG Z VK ViKH VS HFLLHG Z DWAUWSH XMQJ DQ DXVRP DWAG
GRVQJ A WP

5(6($5&+ 5(3257

E «c¢ éééi



$33(1' ,; (

( &+(0,8%/ &20326,7,212) 62,/

0 HDQ YDXHV Rl D@  SDWDP HWAW P HDVXWHG 1Q VKH FKHP LFDOFRP SRUMRQ DQDOMY Rl \RIY
WHDWAG Z VKK GLITHIHQWWSHVRI Z DWAUDUH @AMG LQ 7 DE B (

7TDEM( 2 YHWIHZ Rl VKH FKHP LFDCDQDOMY\WKRZ 1QJ VKH P HDQ YDOXXHV SHUZ DVWAUQJ FRQGIMRQ
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( ())(&7621)81*%/3523(57,(6
( * HOHUDVIRQ RI J LDSKV

* IDSKV WKRZ LQJ VIKH VRVDOQXP EHURI 1XQJL HIVKHUD®IXQJL RMHUP R@GV RULQGLYIGXDOJ HQHWD
Z HH JHQHDWAG EDVHG RQ &) 8 J YDOXHV : KHQ WKHWH YDOXHV Z HUH KL KHU VIKDQ VIKH GHVAFVIRQ
WUHVKRT ! RUMRZ HUVKDQ VIKH GHVFRQ QP LW/ VIKH\ Z HUH HQWALHG DV DQG

UHVSHPIYHO  LOVR VIKH FDEX@MRQV |RUVKH J IDSKLFDOUHS UHVHOVIMRQ $ @KRXJ K VIKHVH YDOXHV DUH
QRWH] DPWHS IHVHQVMIRQV R VIKH VRO XQJ DOFRP SRUMIRQ GXH VIR GHWIFIRQ @P W ViKH\ GR \KRZ

WHQGV LQ DEXQGDQFH RI GLIHHQWI LIRXSVRI IXQJL

( $1$/<6,62) %$&7(5,8/ &20326,7,21 $1' ' ,9(56,7<

(0 HKRGV

7KH IR@RZ 1QJ GHWFUSVIRQVZ HUH SIRYIGHG LQ KH VFLHQWI L LHSRUWAGHOYHUHG E\ %DVHE BIDU%9

$ GKD GLYHUMW  $ GKD GLYHWMW WIHHW VR WW(H DYHUDI H VSHFLHYV GLYHUW 1Q D KDEIVIMWRUVSHFLILF
DUIHD $ GKD GLYHUW LV D GRFDOP HDVXWH : H P HDVXWH DGKD GLYHUW DV ViKH REVHWYHG UFKQHW
QXP EHURI Vif D RUHYHQQHW VKH UHOWYH DEXQGDQFHV RI VKRWH Vi D RI DQ DYHWJH VDP SO
Z \WKLQ D KDEIVIDWWSH

YHVID GLYHUAW  : H TXDQW\ EHID GLYHUAW DV VIKH YDUDELAW 1Q FRP P XQW FRP SRMMRQ VKH
LGHOWW RI Vi){ D REVHWYHG DP RQJ VDP S®IVZ IMKLQ D KDELVIDW

5'$ 5HGXQGDQF\ DQDOVY DOR FDABG SUQFISDO FRP SRQHOW DQDOMY Rl LOWKP HQVIDO
YDUDE®V LV D WFKQLT XH IRUVE R VHW Rl YDUDE®N RQH VMMWEHIQJ GHSHQGHQWRI VIKH RWHU ,W DIP
VP D[ IP 1] DMRQ RI VIKH H SMIOHG YDUDQFH RI VH GHSHQGHQWYDUDE BV E\ D GQHDUFRP ELQDMRQNRI
WH H S@QDVRY YDUDEGN 7KH SUQFISDO FRP SRQHQW RI D FRGFARQ Rl SRIQW IQ D WHDO
FRRUGLODVM VSDFH DUH D VHT XHQFH RI' S XQWHFVRWY Z KHUH WH L YHFVRULY ViKH GLLHFVIRQ RI D @QH
VK DWE HVM W ViKH GDVD Z KLB EHIQ) RWKRIRQD! VIR VIKH I IUML  YHFVRWY + HUH D EHMMDMQJI @QH LV
GHILQHG DV RQH VKDWP LQLP 1] HV ViKH DYHUDJ H VT XDUHG GIWBQFH IUIRP VKH SRIQW VR VIKH @QH 7KHWH
GLLHPVIRQV FROWIXVIA DQ RUKRQRUP DOEDWY 1Q Z KLFK GLITHHQWQGLYIGXDOGIP HQVRQVRI VikH GDVD
DUH QOHDUD XQFRUHDWAG

$WRFIDAIRQ 7HWIQJ ' $$ 7KLV VHPVIRQ DIP V DWGHWPQJ GLIHTHHQWD@ DEXQGDQWP LFLREIRP H
IHDWUHV VSHFLHV2 78V EHVE HHQ VE R SWHGHILQHG FOMWHV Rl VDP S®V Z KHWH D P LFWREIRP H
IHDWKUH LV FROMGHUHG GLIHHOWD® DEXQGDQWL W P HDQ SURSRUARQ LV LI QULFDOV® Gl HHQW
EHVE HHQ VZ R FRQGIVIRQV
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$0.DMO 0 <lQ: /IFKWO $7 6RIO8&DUERQ DQG 1 MR HQ &KDQJ HV DV, QI OXHQFHG E\ 71amJ H
DQG &RSSIQJ 6\ WP VIQ6RP H,RZ D6RLY $JUF ( FRV W/( QYLLRQ ?

YHHQGWHQ 5/ 3IHWMUH &0 - ¥DNNHU3$+0 7KH WKL RVSKHWHP IFLIRELRP HDQG S@QWKHDK
7WHQGV 3 MOW6 FL ?

"DZVRQ: +,U- (JHUAD YDQ. ®XQHQO 3HWHUO $ 6P DL XP EHURI / RZ DEXQGDQFH
%DFWAUD' RP LQDVMA 3 @QWE SHFLHV VSHFLLE 5 HVSRQVHV GXUQJ 5 K1} RVSKHUH &RARQL DIRQ ) IRQVHWY/
QO LFLIREIR®RI\

' HO&KIHUFR ) $QFRULD O O DUFDFFLO &DP P ¢ & 3XWIQDQL/ &RQW 6 &KRIFH Rl 1 H W
* HQHUIDMRQ 6HTXHQFLQJ 3ISHIQHY ,Q %DFWAUDO 3DQJHQRP IFV 0 HIKRGV DQG 3WRVRFRY HGV
0 HQJRQL$ * DDWGIQLO )RQGLO  ?  6SUQIHULHZ <RWN

* XSWD 9 6LYDMWKDP SDWDP . SHGIYDOFH Rl 3 MAQWS5 RRW3 DWKRIHQV VR 6RIO %dR®J LFDO
) HAMMWV ,Q $EERW/. 0 XWBK\ ' 9 HGV 6RIOARM®RI IFDO HWMW 6 SUQIHU' RUGUHFKW

1HOHQ 01 : LOGIQI $ 0 IFLRRUDQMP V DV IQGIFDRWY Rl \RIO KHDOK 1 DARQDO
( QYLLRQP HQVIDCE HVHDUFK , QWAMXWA ' HQP DIN 7HFKQLEDOHSRUM. R

2JUUHNS /H®W DQ$ 3XV : HWDO &KDWDFWMUMAFY DQG VID{ RQRP \ RI &@GRVSRUXP IXQJL
0 LNRQRI LD/ HNDUND

=KDQJ 0 /L= +}JIJE®RP 00 <RXQJ/ /L) +H=/X* ; X5 6XQ; 4IX/ 6XQ: YDFAUD

UHVSRQVE®! | RUQMIDWA GHSHQGHOWDQWP RQIVK R LGDVRQ 1Q DOVIP RQ\ FRQVDP QDG SDGG\ \RIO
WHYHD®IG E\ VIKH FRP ELQDMRQRI ' 1$ 6,3 DQG P HVIRJ HQRP LFV 6RIOVARM®RI\ DQG YHRFKHP MMM
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WRSKRVRQ HP MRQ UIHVHDUFK

) %23+2721(0,66,212) 720%$72)58,76

* 7(&+12/2*<

" HD\HG OP IOHVFHQFH ' /  DQG VSRQVDQHRXV

XOW ZHDN SKRVRQ HP MWRQ 6( Rl LOQVIDFW

VRP DR IXIW ZHH P HDWXWHG XMQJ D
SKRVRP XGAS@HU GHYIFH 7KH GHYIFH LQFOXGHV D
GDINVDP SBIFKDPEHU FP ™ FP ™ FP
ZMK D YHWFD® SRVMRQHG SKRVRP XGWSQHU
WEH 307 (®IFPWRQ 7XEHV ( QWMABUMHY / VG
5XIMIS 8. WSH 4% 7KHVDP S® FKDP EHU
ZDV NHSWDW  r& )LIXWH)  7KH Z IQGRZ
RSHQIQJ VR VKH 30 7 KDV D GIDP HWURI P P
7KH VHOUMMW Rl WH 307 LV 1Q WH WDQIH
EHVE HHQ  DQG QP 7KH30 7 Z DVFRROIG
VR r& R LHGXFH iKH GDIN FRXQWIDW VR
FRXQW SHUVHFRQG $ IDWSUHDP SQIHU 257( &
86% WSH Z DVXVHG VR HQ@UW H VKH SKRVRQ
HP DMMRQ MJQDO $ 3& Z MK D FRXQUQJ FDUG
1 DARQDO ,QWXP HQW 86$ WSH ZDV
XVHG | RUGDVD DFT XIMMRQ

)  $1%$/<6,6

7KH GHD\HG OP LQHVFHQFH Z DV IHFRWGHG 1Q
FROWHFXWYH  VHFRQG WIP H LQWWYDY IRUD

P IOXW SHURG \HEGIQJ D VRWORI GDVD
SRIQW 7KH GHFD\ FXUH \KRZ 1QJ @ K\MOQWAQUW
GHFUHDWH 1Q WP H Z DV DQDO] HG DFFRWGILQJ VR
WKUHH FRP P RQ P DVIKHP DVFDOP RGHY XVHG E\
RVIKHU UHVHDUFKHWY ( DFK P RGHO XVHV IW RZ Q
RUWJ LODOYDUDE®N SDUDP HVIAY/
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YJUXWH ) 3KRWRP XOIS5QHU VKEH DQG D GDWN

FKDP EHU  XVHG
P HDVXUHP HQW

IRU EIRSKRWRQ HP MRQ
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0 RGHO K\ SHWERQMF GHFD\ P RGHO FROVILQV ViKH
SDWDP HMW/0 HDQ' / ' /B0 HDQ ,QMDAQWHOMW
,  GHFD\ SIRSHUAHV 7DX %D DQG 7 DQG VKH
JRRGQHWRI 1lW5

0 RGHO GRXE® H SRQHQWDOP RGHO FRQVIDLQV
WH SDWDP HWAY ,QMDO LOWIQMW  \ VKH
SIRSHWHV VLR GHFD'V $ WDQG$ W DQG
WH JRRGOHWRI 1IW5

0 RGHO K\ SHIERIF FRUQH P RGHO FRQVIDLQV VK H
SDIDP VAW RI D GHFD\ FXUrH WMDWIRQRZ V D
K\ SHEERQF DQG D VKUIWOQFXGLQJ WKH SDUDP HALY/
$ % & DQG WMHJRRGQHWRI IIW5

6WDG\ WIDVA VSRQDQHRXV HP DMMRQ Rl @KW
HOHU\ 6( Z DV UHFRUGHG LQ FRQVHFXWIYH
VHFRQG SHURGVIRUD VRVDORI P LOXWAV \ IHTBLQJ
D VRVIDOR GDVD SRIQW 7KH | XFWKDVRQV LQ
SKRVRQ QXP EHW/ 1Q WP H Z HIH VKHQ DQDO] HG
DFFRWGLQJ VR VE R P RGHY ( DFK P RGHOXVHV W
RZ Q RWJLODOYDUDE®N SDWDP HWAW

) DFVDAW P RGHO FRQWDIQV VKH SDUDP HVAW/
BWHQIWK )DOQR IDFVRU WP H FXWH YDUDE®N

IOWIFHSWDQG V&SH DQG D L[ HG VP H ) DQR
) DFVRU ) )

4 XDQWP VTXHH] HG WIMA P RGHOFRQVIDLQV WKH
SDWDP HWAY $ %6BD U 7KHVD 3KL 665 66, 6

$© SDIDP HVWAWYW DWH GHWUEHG 1Q VWKH ERRN
S5RHDQG 9DQ : M <X <DQ (GXDUWs 9DQ : LW

%RSKRWRQ WAFKQR®JI\ 1Q HOHU\ DQG
YVMDON  GIDDQRWIFV  $ P XOUGIMLS@ODU
VWHP V EIR®RI\ DQG ELRVFKQRMRI\ DSSURDFK

0 HXQD : DIHQIQIHQ 7KH 1 HVIKHUDQGV
) 5(68/76
6 VVIMAFDOGDVID GHVFUELQJ VIKH 6( SDUDP HWALW/ R

VRP DVR | XIW Rl S@QW WHDWAG Z WK $ QDBP P D
DVIAURU&RQWRCDUH VKRZ Q LQ 7DE®)
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7DE®I ) " UIHHQFHV  EHVE HHQ  6(
SDIDP HAHV Rl VRP DR IXIW R S@QW
WHDVAG Z VK $QDBP P D : DVWifU RU &RQWRO
&KDQIH YDOXHV W DH WKRZQ IRU D®
SDDP HAHV Rl VKH P RGHY 6LJ QULFDQW
Gl HHQFHV DUH LQGLIFDWAG LQ UHG S
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$IQHZ " & (DUM IGHV ,Q +HWQJ 7 (G 7WHDVIMH RQ * HRSK\MFV 9RXP H  * HRGHW
( QHYIHU%9 $P \WHLGDP

% DGIRLG . - © DULHDMRQV LQ VHHG JHWP LIODARQ ,Q . LJHO- (G 6HHG GHYHIRSP HQWDQG
JHWP LODWRQ 5RXVBIGIH 1 HZ <RWN

&UW 0 3RW 103 8 WD Z HDN SKRRQ HP DMMRQ IWIRP  ELR®RILFDOVDP SOV ' HILQMRQ
P HFKDQMWP V' SIRSHWIHV GHWIFIRQ DQG DSSQFDWRQV -RXWDDO Rl 3KRRFKHP MM DQG
3KRVREIRMRI\ % %ARARI\

* DS &0 GRV 6DQWRV 65 3KRVRQ FRXQW GXUQJ JHWP IODMRQ Rl Z KHDW 7UMFXP
DHWIVXP  1Q Z DWHMZ DVWUVHGLP HOWROMRQV FRUHDVHG Z WK VHHGAQJ J UIRZ VK 6 HHG 6 FLHQFH DQG
7HFKQRRJI\ ?

ODWQ 0* 1IFKR@ 3 &RRSHU &( 5H HYDOXXDWRQ RI VKH QHDU LQIDWIHG VSHFWD R
P WMRFKRQGUDOR VRFKWRP HF R[ LGDWH ,P S@FDUMRQV IRUQRQ LQYDMYH LQ YLYR P RQWVRUQJ RI VBAXHV
YWRFKIP LFD HWARSK\MFD$ AVD  %4RHQHW HFV

1R|XH. O0D®RI -1 ' IXUQDOWHI X@OMRQ Rl S@QWI LRZ W 3MQWE&HD  ( QYLLRQP HOW

3DQJ - )X - <DQJI O =KDR: YDQ: IMI( : DQJ 0 )DQ+ +DQ- &RUHDMRQ EHVE HHQ
GLIHHQW VIKHWIDSHXWE  SIRSHWAHV Rl &KIQHVWH P HGLFIQDO KHEEV Z MK GHD\ HG OP LQHVFHQFH
I XP L.QHVFHQFH

6VAQEUHFKHU 7 / HXEQHUO HWJ HU* 7KH EIRP HFKDQIFV Rl VHHG JHP LQDVRQ - RXUQDOR
([ SHUP HQWDO/RVDQ\ ?

6XQO0 /L/ : DQJO YDQ: IMI( +HO YDQ: W5 . RYDOS +DQNHP HHU7 YDQ GHU* LHHI - : HL6
(IIHFW Rl JWRZ W DOWXGH RQ FKHP LFDO FROWMMXHQW DQG GHD\ HG OXP LOHVFHQFH
SIRSHWIHVLQ P HGLFLQDOKXEDLE - 3KRVRFKHP 3 KRVRELROY

6XQ0 YDQ: LMI5 YDQ: IMI( : DQI 0 YDQ: LHWP DUFKHQ + +DQNHP HHU7 YDQ GHU* UHHI -
' HD\HG OP IQHVFHQFH DQ H SHUP HQVDO SWRVRFRO IRU &KIQHWH KHUEDO P HGLEIQHV
I/ XP LQHVFHQFH GRL EIR

YDQ: W5 <DQ< YDQ: LMI( %RSKRVRQ WFKQR®RJ\ 1Q HOHU\ DQG YWVIXAOW GLDJ QRWMEV $
P XQUGIMFISAODY W WP V EIRRJ\ DQG EIRWIFKQR®J\ DSSWRDFK 0 HXQD : DUHQIQIHQ 7KH
1 HIKHUDQGV

5(6($5&+ 5(3257

E «¢ éééi



