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$ FHUHP RQ\ Z DVKHGG VR RIILFID@® KDQG R YUWKH WDFKIQJ P DVIHUDY VR VKH , QGHS HQGHQW
/INQI &HQWH /&: 8 DV SDUMRI WH SIRMPWMBIG $ 6WIS $KHDG VRZ DGV LYHUAW DQG

,QFOVYIW ) DFLAVIMIQI / HDWQIQJ Rl %DMF 0 DVHP DVIFV DQG 6VIVMAFY VR 9%6I0G * LY DW
/ DKRUH &RAUH IRU: RP HQ 8 QLYHWW /DKR H 3DNMBQE 7KLV SIRNFWZ DV Z R QE\ ' U
$WID . DP DO 3 UQFISDO,QYHWIJ DVRU DQG' UO DUNDP +DIHH &R 3 UQFLSDO,QYHWI DVRU

) XQGLQJ Z DV DZ DUGHG E\ VIKH ( QHYLHU 0 DVIKHP DMFDO6 FIHQFHV 6SR QR WKIS ) XQG

0 66)

7KH LQIMDVIYH DIP V VR HP SRZ HUEQQG JILY E\ HTXISSIQJ KHP Z WK HWHOWDOVR RY DQG

UHVRXUFHV VR H FHOLQ EDVE P DVKHP DVEV DQG WIMMAEY 3WR 1 ' U 8]P D 4 XUHWKL VKH

© RUK\ 9LFH&KDQFHARU/ &: 8 JUWDFHG VKH FHUHP RQ\ DQG FRP P HQGHG VIKH HIIR WRI ViKH

3 UQFLS DO, QYHWAI DVRU &R 3 UQFLSDO, QYHWAI DVR UDQG VIKH HQWLH IDFXQAV R IVKH 6 VIVBAMEV
' HSDUR HOWILQ VXSSRWQJ YWXD® [P SDILHG WXGHQW LQ VIKHU GIDUQIQJ MR XOQH\  6KH

IOWADFMG Z WK VKH YWVXD@ P SDILHG WXGHOW HQFRXWDIIQ) VKHP VIR KDUQHW VIKHU
SRWIQUDOLQ 67(0 IHBV DQG WHDIIWP 1QJ KHU FRP P WP HQWWR IR WUQJ GLYHUMW 1Q

/&: 8 VHGXFDRQDCSWRFHW

) DFXQV P HP EHW/ ILRP  ViKH 6VIVIBMEY ' HSDUR HOQWZ HUH SUHVHOWDWMECH HYHQW!' U $\WP D

6HHP L 0 DON &KDUSHURQ Rl ViKH 6RER®J\ ' HSDUR HOW DQG ,QFKDUH R VKH

,QGHSHQGHQW IMIQJ &HQWAU/ &: 8 DR DFNQR ZGIGI HG VKH GHGLIFDWRQR I' U$MID. DP DO
DQG KHUWDP LQ DUDQJ LQJ P DWAUDY GHVL QHG VR P DNH EDVE P DVIKHP DWFV DQG WIMBMEV
P RUH DFFHWE®! DQG XQGHUMDQGDE®! VR EQQG WXGHQW VKHUHE\ SWRP RMQJ D P RWH

LOFOMMYH GDUDIQJ HQYILRQP HOWRUVKHP DW &: 8
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"US$MID. DP DO&2" ' HSDURP HOWR | 6 VIDMMAFV
/DKRWH &RM@UH IRU : RP HQ 8 QLYHUAW /&: 8

FKDWU FRQIHHQFH VHWMRQ 1Q % ,QWALODMRQDO
&RQIHIHQFH RQ ERQICFWO DQDI HP HOWLQ 6RXVIK

$MDE 1Q -DQ 7KH FR QHWHQFH Z DV

RUDQ HG Z DV' HSDW® HQWRI 3R MAFDO6 FLHQFH

/& 8

7 /- % % 0/7 %2- % 4 - % 4/2)." 02/'2! -
7 % 0

U $MID .DP DO &2' DQG 'U 1DM

$P NG $WWDQW 3WRIHARU IWLRP  VKH

' HSDWP HOWRI 6VIVMMFV / DKRWH &R GU H

IRU: RP HQ 8 QlYHWMW /&: 8

SDUWFISDWMG 1Q WH : RP HQ

(P SRZHP HOW 0 HQVRUQJ

SRRILP : (03 IWRP -DQ
“VR$SUO ¥

"'U $MID . DP DOVWHWHG DV D

P HQWRU DQG [P SDUMG

WDIQIQJ Z KIB1' U1 DI $ P NG

FRP S®GMAG WH SWIRIWDP DV D

P HOWH Y%RW Z HWH DZ DUGHG

&HUMLFDWAV Rl &RP SGMRQ E\

VWH 1DWRQDO $FDGHP\ Rl

+lJKHU (GXFDMRQ 1$+(

+LJKHU ( GXFDMRQ
&RP P MMRQ +(& 1Q
FRADERDMRQ Z MK /&: 8
/ DKRWH
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7KH 5 HVHDUFK DQG ' HYHA®RSP HQW5 ' VHFMRQRI ' )' , LQ FRADER DMR QZ MK / DERUDVRU
IRU, QUAGLMVALS@ODY 6 VIMMMEDOS QDOMY /,6$ /&: 8 VXFFHWIX@® R WDQL HG D VIKUHH GD\
Z RUNKRS 3 QGRFNIQJ ' DVD ,QWI KW Z IMK 3\ VKR Q) LRP  %DMFVVR $ QDOVIFVER Q0 DUFK
OIS 7KH HYHQWDIP HG VR SWRYIGH SDUAFLSDQW Z M ERWK VIKHR BMFDO
NQRZ ®iGJ H DQG KDQGV RQ H SHUHQFH LQ WH SWRIWDP P 1QJ @QIXDIH Z KIFK VEHFR PLQJ
LOFUHDMQJ ® YWALQ IHVHDUFK DFWR VD Z LGH WDQJ H Rl GLMVFLSAQHV
' U 6HKDU6D®HP DQG 0 W 1 RRUGKDKIG GIFVXUHY DW' HSDWP HOWRI 6VIVMMEV / &: 8
VHUHG DV UHVRXUFH SHURQV IRUVKH Z RUIMWKRS $ WJ QULFDQWQXP EHUR 1IDFXQV P HP EHWY/
IRP /& 8 DQG RWHULQWINWR ¥ DIRQJ Z MK WXGHQW DWHIQGHG WH Z RUIMWKRS 7KH
Z ROMWKRS SWRYHG KLIK® EHQHILFIDOIR UER W WXGHQW DQG DFDGHP LF UHVHDUFKHWY/ E\
LOWRGXFIQJ VIKHP VR RQH RI VKH P RWAWHU/DWB! DQG Z LGH® XVHG SR JDP P 1QJ @QJ XDIHV
IQ GDVD DQDOMY P DFKIQH GDWIQJ DQG WHVHDUFK DXVR PDWRQ 3 DUWAFLSDQW JDIQHG
SUDFVIFDOWNL@Y LQ FRGLQJ GDVID P DQISX@MVIR QDQG YLVXDA] DUR QIR RGMHMDOR P RGHLD
UHVHDUFK DQG DFDGHP LF SLIRMFW % LOWAI IDWQJ 3\ VIKRQ LOVR IKHIUZ RINIGR Z DWHQGHHV
FDQ HOKDQFH VIKH HIILFLHQR\ DFFXWR DQG WHSWR XFLELOW RI VIKHLWU DFDGHP LF Z RN ,Q
FROFOXGLQJ FHIHP RQ\ RI Z RUWKR S3WRI ' U=RKW 1 D] W. D\ DQL GUHFVRU' )", SUHVHOWAG
FHUAILEDVIAV DQG DS SUHFLDVWAG VIKH HIIR WRI VWDP 5
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7KH / DERIDVRU IRU, QUAGIVFLS@ODY 6VIMMEDOS QDOMY /,6$ /&: 8 RWDQY HG RQH GD\
Z RINKRS RQ M HQGHBAERQ )HE DW/ DKRWIH &R@WIH IRU: RP HQ 8 QLYHUWMW
/& 8 IDKRWH 7KHDIP Rl VH Z RINVKRS Z DV VR HTXLS SDUWFLSDQW Z MK VIKH WNLGY DQG
NQRZ ®IGIH VR HIILFIHOV® P DQDIH UHIHHQFHY RUDQJ H UHVHDUFK DQG FRADERWDWM Z VK
RVKHW LQ DFDGHP IF RU UAVHDUFK VHWAQIV ' U 6HKDU 6D®HP  / HRWUHU ' HSDUR HQWRI
BVIMBMMEV /& 8 Z DV VIKH UHVRXUFH SHURQ 6KH LV DQ DFVIYH UHVHDUFKHU Z MK H WAQWLYH
H SHUHQFH 1Q WHIHWHQFH P DQDIHP HQW VFKROMW FRP P XQIFDWRQ DQG GLI VDO UHVHDUFK
6KH KDV FRQGXFWIG QXP HLRXV Z RUINWKRSY DQG WDIQIQJ VHWIRQV DIP HG DWHQKDQFLQJ
IHVHDUFK  HIIFIHOR. WKWRXJK P XGIS®! VRRY +HU HQIDJIQJ WWDFKIQ) W® DQG GHHS
XQGHUAMDQGLQJ Rl LHVHDUFK P HVKRGR@®J LHV P DNH KHUD YDOXDE B UAVRXUFH | RUMXGHQW DQG
VFKROW DONH 7KWIRXJIK KHUJ XIGDQFH SDWIFLSDQW J DIQ SUDFVEDOVNLAY ViKDWALJ QU LEDQVD
P SUIRYH VKHLUUHVHDUFK RU DQL] DMRQ DQG SIRGX MW
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7KH' HSDU® HOWRI 6VIMMFV / &: 8 RUWDQ HG DQ

BXP QL 6HP IODIERQ $SUO % 7KH HYHQW

Z DV RUDQI] HG VR SWIRYIGH FXUHQWWXGHQW Z IVK

YDXDE® JXIGDQFH DQG WHDOZ R @ SHUWSHFWYHV

IIRP JXHWDXP QD ' U ,lXP 6DNDG ' DU $ WWBDQW

3WRIHWRU &R@IH Rl 6 VIVMFDOG FLHQFHV 8 QLYHUW

Rl VKH 3XQNDE / DKRWH Z KR WKDUHG KHU SIR R XQG

IOMJKW DQG H SHUHQFHV LQVSIUIQJ VKH DXGIHQFH

ZIW KHU MXWDH [WIRP WH KDMR ZHG KD Rl

DFDGHP LD VR ViKH GHP DQGLQJ Z R @ R ISR HWMR @O

@H 7KH $OXP QL 5HDMRQ 2 IIIFHU ' U $1UD VKHQ

GHOQYHUHG KHULQDXJ XUDCDGGUHW HP SKDM] 1QJ VKKH

VHP LQDUV WJ QU LFDQFH LQ EUGJ 1QJ WiKH J DS EHVE. HHQ VIKHRUHWEDONQR Z®iGJ H DQG SWDFWEDO
DSSAFDVMRQ  KLIK@ KVMQJ VKH LQYDXDE® R SR WQIW IR UMXGHQW VR GIDWD ILRP VKH
VXFFHWHY DQG FKD@HQJ HV IDFHG E\ VMHIUSWHGHFHWR M $WIDMWV7KH+2' ' U$MID. DP DO
DQG' U$ 1UD SUIHVHQWD ERXT XHWDQG FHWAM LFDVM R IDSSUHFLDVA VR VIKH LHVRXUFH SHUR QDVD
VRNHQ Rl J UDVIlXXGH DQG WHFRJ QIMIR QR WKHUMP H DQG FR QUEXVIR Q/R VHP LQDU

3% ). 12 /. P#6 72)4).' 1.$ B0l ')."
). TU%B). Q

7KH' HSDW® HOWR! 6VIMMAFY DW DKR H &R GU H
IRU: RP HQ8 QLYHUAW /& 8 RUWDQY HG DRQH
GD\ VHP LQDURQO D\ WG 29 : UMQJ
DQG / HYHWDI LQJ / LONHG, Q IRU- RE 3 @FHP HQVEVR
HOK DQFH WX GHQWBS LRI FVMRQDOGHYH®R P HQW
7KHVHWRQ ®IG E\ 0 V 516D 6RKDIO0 DQDJ HURI
WH &DIHHU &RXQWHIQJ DQG -R E 3@FHP HOW
&&-3 &HQWU IRFXVHG RQ HIIHFVIYH &9 Z UMQJ
WIRUQ) UWHVXP HV IRU \SHFLIF WRBY DQG
EXIGEIQI P SDFIXO! LONHG,Q SWRILBNV VR H S®& H
FDIHHU RSSRUXQMHV  6WGHQW  DFVIYHO
HQJ DJ HG LQ WMH Z RUIN\VKRS DQG DSSUHFLDWAG VKH
SUDFWFDOLOWI KW' 7KH HYHQWFRQFOXGHG Z VK D
VRNHQ Rl DSSUHFIDARQ SUHVHOWAG VR 0 V 6RKDIO
E\ VKH GHSDUP HQW
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2 Q ) HELKDY VKH ' HSDWP HQWRI 6VVIMAEY DW/ DKRUH &RQUH IRU: RP HQ

SQYHWMW /& 8 RUDQIHG D P HDQIQIIXO DQG P SDFWXO VHP LODU IRFXVHG RQ
P DQDJLQJ DFDGHP LE SUIHWXUHVDQG SWRP RVIQJ P HOVBCZ. HAHWDP RQJ WXGHQW

7KH HYHQW IHDXWHG VW R EDFNVREDFN WP IQDW 7KH IWWW VHWRQ \WHG
$FDGHP LF: RWN/UH Y%D@QFH Z DV ®G E\ 0V 5IGD 6RKDIO 0 DQDIHU Rl ViKH &DUHHU
&RXQWHIQJ DQG - RE 3@FHP HQW&&-3 &HQWAU 0 V 6 RKDLOVKDUHG SUDFWFDOWADVAT LHV VR
KHS® WXGHQW HIIHFWYHO EDD®QFH DFDGHP IF UHVSRQMELMHY Z MK SHURQDO @H
HP SKDM]IQJ VKKH P SRWDQFH RI ViP H P DQDJHP HQW VHO FDIH DQG VHWAQJ  KHDOK\
ERXQGDUHV VR SUHYHQWEXLORXW + HUVHWRQ KLI K@ KWHG KRZ P DIOWDIQIQJ D EDDMQFHG
@ HW® FRQWEXWV VR SIRGXFYIW KDSSLOHW DQG RYHWD@Y HEHLQJ

7KH VHFRQG VMWMRQ Z DV FRQGXFWG E\ 0 V 6DP LQD 8] DIU D &QQLFDO3 i FKR®RI MV DQG
IRFXVHG RQ 6WHW 0 DQDJ HP HQW 7KLV Z RUINVKRS SURYIGHG WXGHQW Z VK HAWHQWDOVRRY
VR IHFRI QU] H P DQDJ H DQG WHGXFH WWHW SDUAEXDUD HOMWAG VR DFDGHP LE GHP DQGV

OV  8]DWU  LQWRGXFHG
UHD[ DURQ VWAFK QLT XHV
P IQGIX@HW SWFIFHY DQG
FRSIQJ VWDWAJIHV DIP HG DW
SIHYHOMQ)  WWHW  IRP
EHFRP LQJ RYHZ KH® LQJ
7RIVKHU  VKHWH  VHWRQV
UHQIRUFHG ViKH GHSDUP HQVB/
FRP P V@ HOW VR IRWHUQJ
QRW  RQO DFDGHP LF
H FHGBIQFH EXWDOR P HQVDO
DQG HP RURQDO Z HDEHIQJ

6VXGHOQW ®IW WH  HYHQW
HTXISSHG ZIMK  YDXDE®

FRSIQ] P HFKDQMWP VR
QDYLIDW! VKH FKDQBIQJHV Rl
DFDGHP LF DQG SHU/RQDO @H

PRH FRQIGHOW  DQG
KHDOKLO
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"U $MID . DP DO &2' "U 6DGID . KD@O

$ WIMBDQWB LIRIHWRU 0 V 1 D] 6DXG $ WWDQW
SWIRIHAWRU DQG 0 V 1RRUGKDKLIG /HFWUHU

ILRP VKH ' HSDU® HQWRI 6VIMBMEV / DKRUH
&RUH IRU : RP HQ 8QYHUMW /& 8
DWHQGHG D VE R GD\ KDQGVRQ Z RUINWKRS
VW®IG DP DIH$ QDOVIFVIQ' DVID 6 FLHQFHEKHGS
IRP 0D " W * DW) RWP DQ
&KUMADQ &RAIH $ &KDUWMHG 8 QLYHUMW
7KH Z RINWKRS SWRYIGHG YDOXXDE®! SWDFWFDO
H SRWWH VR P RGHWQ P DIH SWRFHWMQJ
WAFKQITXHV P DFKIQH GIDUDIQJ DSSTFDARQV
DQG GHHS ®DWIQJ] P RGHY XVHG 1Q P DIH
DODOWEV 7KH VHWIRQV HOK DQFHG ViKH

SDUIFLS DOWB XQGHUMDIQGIQJ Rl KRZ XQWUKFWUHG P DIH GDVD FDQ EH GIYHWDIHG IRU
SUHGIFVIYH P RGHIQJ SDWWLWD WHFRIQIMRQ DQG GHFIMRQ P DNLQJ LQ GDVD WFLHQFH 7KLV
H SHUHQFH Z LG\ QULEDQV® FRQWEXW VR LOVAI LDMQJ DGYDQFHG DQDOVIEV LOVR MDFKLQJ
FXUWIEXQ(P  GHYH®RSP HOWDQG RQIRIQJ UHVHDUFK LQMDWYHY 7KH NQRZ ®iGJ H J DIQHG Z L@
DOR RSHQ QHZ DYHQXHV IRU IOWAGMAIS@ODY FRADERUIDMRQ HVSHFID® 1Q KHDMKFDWH
HQYLLRQP HQVDOP RQVRUQJ DQG VRFLDOVFLHQFHV Z KHWH [P DIJH EDVHG GDVD DQDOMWY LV

EHFRP 1QJ LQFUHDMQJ ® IHBIYDQW
4", + 14 4(%39- 0/ 3)5- 53!

' U 6DGID . KD@D $ WIMDQW3 RIHAWR U’ HSDUP HQWR |
BVDVMMFY /DKRWIH &R@UH IRU : RPHQ 8 QLYHUWMW
/& 8 ZDVIQYIVMG IRUD VXN DAWVIKH P SRUXP R Q
BGYDOFHV  1Q ,OWAGLMFISAODY  6VDVMMEY  DQG
&RP ELQDVRUFV DW\WKH 8 QLYHWMW R 1 RUK &DLR @H
81& *HHQERWR 86$ERQ-XQH % W 6KH
SUHVHOWAG UHVHDUFK VIMBHG ) LH@S 9 DAGDVMRQRI DO L VWWH

%dQDUY 557 0 RGHY $QDO] QI 3WHYDBIQFH 7KW DQG
0 HDVXUHP HQW( ULRULQ 6 HOMMIYH 7WDIW( MIP DVR @
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' U1DID$P MG $ \WMWDQWS LIRIHAWRU' U
0 DUDP +DHH $WWDQWBWRIHAWRU' U
6DGID . KDID $WMWDQW 3WRIHWRU
' HSDURP HOW Rl  6VIMBMFV  / DKRWH
&RAUH IRU: RP HQ 8 QLYHUMW /DKRWH
DWAQGHG MP SRUXP RQ ' DW
$ QDOVIFV DQG 6\VIVIMMEY 6' $6

ZWMW D WHPH R +DUWDHWMQJ
6\VIVMMEY DQG ' DVD $ QDOVIEV 1Q WMH $,
S5HYROVMRQ RQ )HEWDU
RUDQY HG E\ ' HSDUR® HOWRI 6VIMVBMEV
DW )RWP DQ &KUMADQ &RMUH $
&KDUMHG 8 QLYHUIW ) &&8 %5 0 6 DQG
3K' 6WGHQW Rl ' HSDUP HQW RI
6 VIVAMEV S UHVHQWHAG UHVHDUFK SRWHU

' U 1D $P DG DMAQGHG VIKH HYHQWDV
WH MGJH Rl SRWHU FRP SHWIRQ DQG

ZDv DZDWGHG [|IRU KHU  YDXDE®
FROQMEXWRQ DQG H SHUWAMH DV MGJIH 1Q
SRWHUFRP SHVIMRQ
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$ILK +DIHH /HPWUWHU ' HSDUWP HOW R
0 DQDJHP HQWB FLHQFHV 8 QLYHUMW R I16R X $ VD
/DKRUH 3DNMMDQ , DP DQ DXP QD RI VKH
' HSDU® HOWRI G6VIMBMEY DW/ DKRWH &R@UH IR U
© RP HQ8QYHUMW /& 8 WFXWHG QG SRURQ
IQP \ 0 6 6VIMMEV EDWK

$RQIMGH P\ WXGLHV , FRQWIEXWG VR UHVHDUFK
DV D 5 HVHDUFK $ WMMVBQWDW, %5 . DUDFKL Z KHWH |
JDIQHG YDXDE®! H SHUHQFH LQ GDVd DQDOMY DQG
DSSQHG UHWHDUFK 6KRUW® DIVIAU FR PSGMQJ P \
GHIUHH , EHIDQ P \ WADFKIQJ FDUHHUDV D 9 IMMQJ
/HFWUWHU DW )D|DID &R@UH Rl ( GXFDARQ IR U
© RP HQ : LVKIQ MVLYH P RQVKV P\ GHGLEDWRQ
DQOG SDWRQ IRU WDFKIQ] HDWQHG PH D
SHUWP DQHQW HFVXUHU SRUMRQ DWMEH 8 QLYHUMW Rl
BRXVK $MD Z KHWH , FROMQXH VR LOVSILH IXWWWH
WIVBMELDQV

0\ MXWH WHOFW KRZ FRP P WP HOW W@ DQG GHWAP LODVR QFDQ ®DG VR WDSIG
SIRIHWRQDO JIRZW , DP HDIHU VR IXUMHU FR QUEXW VR UHVHDUFK DQG KLIKHU
HGXFDMRQ P HQWRUQJ WXGHQW VR H[ FHOLQ WIMMAFDOMVFIHQFHV 0\ VXFFHW LV DOR D
SWIRXG P RP HOWIRU /& 8 \WKRZFDMQJ WH FDIEHU Rl W JWDGXDWAV DQG VKHLU
P HDQLQJ I XOFRQWEXVIRQV VIR DFDGHP LD




%. %7 3, %4492 34! 4)34)#3 $U0!24- % 4 , #7 5
#/ . 6/ #! 4)]. ,#7 5

] B
3-

. DUWED. KDQ $ 1K + DIHH]
* R@ 0 HGDOW 61YHUO HGD@MW
5R@RI + RQRU 5R@RI + RQRU
6 HWRQ 6 HWIRQ

) DUD. DWP LL 6 KDEQDP ,IVINKDU
* R@ 0 HGDAWW 6LO'HUO HGDOWV
6 HWRQ 6 HWRQ




