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$QWT XIW 1 RZ LV DQ XSGDW DQG WHYLHZ RI DFVIYIMIHV DQG RS SRUMKQLHY
LQ VKH 0 DFDGMWHU&ERGMIH ' HSDUP HOWRI VKH & @WLFDOO HGLYHUDQHDQ
DQG 0 LGG® ( DWW ( DFK HGLRQ VK DUHY WX GHQWDQG | DFXQV QHZ V DQG
KLJ K@ KW DXP QLDOXXP QDH Z KR FRQVQXH VR GR P SRUDQWDQG
LOVHLHWIRJ VKLQJ V DIRXQG VIKH JQREH I \ RX KDYH DQ\ VKLQJ VR VKDUH Z VK
XV SGIDVH HP DLOF@MWIFV# P DFDBIWHUHGX VR FRQQHFWZ VK RXUHGLYRW/

7KDQNRX DQG EHWAZ KHY Eo™U SOEAE\ A, EUY A- A-AE
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DUP J UHHWQJI VVR RXU& @WEDOD HGIMAUDOHDQ DQG
0 LGG®I ( DW\FRP P XQIW
HKRSH\ RX D@DUH VWUYIQJ DQG 11QGIQJ KDSSIOHW IO
\ RXUZ RN 1UHQGV DQG IDP LaHV

+ HHRQWH UG IGRRURI 2 @G0 DIQ Z HKDYH D® R

ILONWKHG VKH [LWAMKDO Rl VKH DFDGHP LF \ HDU " o2
: HDUWH FHOEWMOJ RXUVHFRQG \ HDURI EHIQJ VRJ HKHULQ VKH FCD)V\/{RRP

DQG RQ FDP SXV DIVKU VHOWKVVFLDP EQQJ VR UHP RV LOVAKFVRQ
7KHUH DUH ®WRI H FIMQJ VKIQJ VVR LHSRUMWKLY ID@: HKDYH P DNVRWDQG
P IQRW DQGRYHU  WXGHQWIWRP DFIRWFDP SXVVNIQJ $ WDELF
* IHHN + HEUHZ DQG / DWQ 2 XUS@QVIRU- DOXDUY VIXG\ [Q5RP HDWHIQ
S@FH DQG Z H DIH S@QQIQJ D QHZ VHDVRQ RI H FDYDWRQVIQ 0 D\ DW/HO
6KDBP MDHO WWXGHQWIQ VKH $ GYDQFHG $ UFKDHR@RJI\ VHP LODULQWALDHG
WLVID@Z WK 7KH  * LIRXS D FX@XWDOHVRXUFH P DQDJ HP HOWFRP SDQ\ 1Q
WH 7Z 1Q &IMHV 7KH $ WDELE KRXVH FROMOXHV VR KRWAD | X@WIVA Rl @QJ XDJ H
DQG FX@XWCHYHQW ,Q WH\SUQJ Z HZ L@¥ HBRP H GLFLS@RDY H SHWW\WR
FDP SXVVR FRQGXPWDQ H] VMUDDOGHSDUR HQVDOHYILZ : HEDXSGDWA\ RX RQ
WKCHLUIHHGE DN LQ I XVIXUH DAXHV
3WRIHAWRY . OVRYD / X\WK 2 YHP DQ DQG 6HYHY + RYHQ DUH DWIGXRX\O
Z RINQJ RQ WHIWUHVS HFYH ERRN DQG DUWAE®! SIRMIFW Z KO
VP XODOQHRXMWO QXWXUQI VKHIUMMKGHQW 2 XUZ RQGHUXCOGHSDWR HQW
FRRUGLQDVRU& DU = HIGD EXR\ VRXUVSLUW DQG NHHSV DWH Z KHHY RQ VIKH
EXV VD SUYIGBU H VR Z RUIN Z WK VXFK HQJ DI HG DQG FUHDVIYH FREBIDI XHV
1 RZ DLV RXUWLD 7KH \SUQJ DMUXH Rl $ QW XIW 1 RZ Z L@ HDW(UH WKH
QHZ VRI RXUDXP QL6R, DP DAXIQJ VIKH FD@ RUDQ XSGDWA RQ\ RXU
DPAYVHY 3 GIDVH GMXVNQRZ Z KHUH\ RXUSRWO DFDBMMUSDVIK KDV
VBNHQ\ RX JR@P DQ# P DFDOMMUHGX F] HDGD# P DFDOMMUHGX : HDWH
HDJ HUVR VS UHDG VIKH Z RUG Rl VKH DFFRP S@KP HQW Rl RXUVDBIQWG
0 DFDBMAMUI IDGXDWAV
HUH GRRNIQJ IR DUG VR KHDUQJ ILRP \ RX
1 DOHWM * RGP DQ
' HSDUWP HQWA.KDWU




7KLV VHP HWHU 3 LRIHWRUYHW 6HYHUY + RYHQ LV
VWDFKLQJ D LA HDUFRXUH ) <& HQWABIG 2 pin)
2 Bhu20)S ®2SgMWEu(mdpu b 2 y S niHu2SHP2u
$ W0 DFDOMMU | LA HDUFRXWHVDIP VR JLYH
WXGHQW D VXS SRUAYH HOYILRQP  HQWWAC HLUI LAV
VHP HWMUDWO DFDBMMUE\ SURYIGIQJ D VSDFH WWKDW
WDFKHVWHP KRZ VR QDYL) DWW @H DV D FREMI H
WXGHQWS BQJ Z I EHIQJ D FRXUWH DERXW5 RP DQ
QMIDWWH 3 IRIHWVRUBHYHY + RYHQV) <& Z LG LYH
WXGHOW WIKCH QHFHWDU VRROY VR VIXFFHHG KHUH DW
0 DFDOMMU

JS 2ped  ySiuy GMALYD P DVRULQ WH GHSDWR HQWZ KR LVDAR D
0 HARQ 0 D\VIHARZ 7KLVID@KH VRRN D WS VR &KLEFDI R VR SUHVHQWWRP HRI
KLV UHVHDUFK 7KLV 1V Z KDWKH KDG VR \D\ DERXWKH H SHUHQFH  ( YHU \ HDU
WH O HARQ 0 D\ V8 QGHW IDGXDWM ) HIRZ KIS SWRIWDP KRGV DQ DFDGHP LF
FRQIHUWHQFH DWZ KLEK IW [HERZ V SUHVHQWAH UHVHDUFK VIKH KDYH EHHQ
Z RINQJ RQ VKURXJ KRXVWAKCH \ HDU 7KLY\ HDU, KDG WH RSSRUXQIW VR
SUHVHOWP \ IHVHDUFK RQ KRP RHIRWFIVP  1Q $ QFLHQW UHHFH DVWikKH
8 QLYHWMW RI &KIFDIR 7KRXJK GDXQWQJ IWZ DVD J IHDWRSSRUMXQIW VR EH
IQ FRP P XQIW Z IMK RWHUXQGHUHS UIHVHOWAG WXGHOW LQ WKH + XP DQIMHV
Z RINQJ RQ HQIDJIQJ DQG IOWAHWMOQI IHVHDUFK 0 \ UHVHDUFK SURNAFW
H DP LQHVWKH [P SCFDMRQVRI VKH FXUWHOW QJ @K YRFDEXMU XVHG 1Q WH
| LH@ VR WDQVDMA * UHHN Z RUGVRI D VH[ XDOQDVUH DQG [P DI LQIQJ WH QHZ
SRWE LOAHV VIKDWEDQ DUMH LL Z H XVH VWPV SURGXFHG E\ VKH TXHHU
FRP P XQIW VRGD\ UDWHUWKDQ WRWH RI D KLJK® DFDGHP LIF QDWH ) RUP H
Z KDWY DWWINH KHUH LV VKH SRWELDV Rl Z UMQJ KIMWRY IUIRP VWWH P DU LQV
DQG EUQJ QI LOWR @ KWP DU LODA HG QDUDWYHVIURP DO XIW UDWKHUWKDQ
FHQWAUQJ DQG SURUW LQJ WRWH Z KR FDUIHG WWH P RWASRZ HUDP RQJ
VRFLDCDQG SROAFDOMXFWUHV IURP  DOWT XIW



$ VWKH EHI LOQIQJ RI ViKH
VHP HWHU WX GHQW DQG
IDFX®V Z HUH DE®I R
P HHVWRUUHXQIWM RYHU
RP H GHIEIRXVIRRG
IRP 6KIK $IVMUD
\XP P HUDSDWIWZ DV
H FIMQJ VR VHH\R P DQ\
IDFHV QHZ DQG RG
FRP HVRI HWHUVR VDO
DERXW\& @WEV

2 Q6HSWP EHU W VWKH&DWFV
GHSDWP HQW/RRN D WS VR VHH D SURGXFURQ
Rl ( XUSIGHV WDIHG\ X @®u 15 SH Pdo
$ IVAUEHIQ) SUMMHQWAG Z IV VRP H
FRQW[ WDAQIRWP DMRQ ILRP 3 RIHWRU/ X\K
WX GHQW DQG |DFX@V Z HUH DE®I VR J UDVS WH
FRP SGI IW DQG QXDQFHVRI WH SIHFH

7KIVVHP HAWMU WKH $ WDELF SURJ LDP

LOYIVMG SRHWO D\D$EX $ O+ D\ DWR
FRP H DQG \KDUH\RP HRI KHUDWV
Z W WXGHQW 1Q $ WDELF MQJ XDJ H
FOWHV 6 KH UHDG VHBIFWG SRHP V

IIRP KHUERRN& P! S pHZuns:H
muST $ IVAZ DGV WXGHQW Z HUH
DE®1 VR KHDUDERXWKHUSRHP VDQG

IOVSILDMRQVGXUQJ D4 DQG $
VHWRQ



o/H RUH VW GHQW UHJ IMAAUHG | RUVIKH
XSFRP 1QJ VSUQJ VHP HWHIU ViKH
GHSDWR HQWKRWHG DQ LQIRWP DO
XQFK VR SUHVIHZ FOOWHVVKDWZ L@

EHRIIHHG 6VWXGHQW D Sl ] D DQG
KRDJ IHV DQG VIDOHG VR SURIHVRY/
DQG SHHWY DERXVQH WWHP HWALV

RIIHUQJ V

7KH $ WDELF KRXVH KRWHMG DP RYIH
QUKWRQ1RYHP EHU WWR Z DK
WHO RIRFFDQII® AGuC 0 |
2Sp H7KHFRP HG\ LV GLHFWAG E\
$@D ( GGIOH S MAP DQG Z DV
UHBIDVHG 1Q 6\MGHQWKDG D
EUH GID®&J XH GMARQ EHIRUH WH I 1P
DQG VDOHG DERXWKHP HVIQ $ WDEIF
DIVAZ DGV

H Z L@EH KDYIQJ RXU&@WFV & RRNIH
3DUWNV RQ' HFHP EHU WK LQ VIKH + DUP RQ
5RRP Rl WHQEWY . HHS DQ H H RXW
IRUD SKRVR FDSVIRQ FRQWAWILQ \KH
\SUQJ QHZ VBMWMUZ LW SKRVRVILRP

VIKH HYHQW



7KLV-DOXDU I DFX®OV DQG WXGHQW Z L@EH VSHQGIQJ VE R Z HHNVIQ5RP H
Z WK RXUUHIQWIVMG - DQXDU LlQ5RP HSWRI WP $ IWWAUD SDXVH GXH VR
&29, WHSWRIWP ZI@HXP HWIV\HDUZ MK \IXGHQWDQG
IDFXQOV 2 YHUVKH VKLWMHQ GD\ VIQ VDO \WXGHQW Z LAYIMWP DQ\ QRVIDE O
VMV DQG P XVHXP VIOFOXGIQJ 3RP SHILDQG 9 DMEDQ & W 7KH J RDORI ViKH
WIS LVVR FRQGXPWD VXWH DQG H SRUMRQ RI VKH P DNRUVSDFHV VIXWYLQJ
P RQXP HOW DQG DUAIDFWRI WH FIW RI 5RP HIWRP  H HDUIHMW
RFFXSDWRQ RI VKH 3 DOMOH DIRXQG 68 (VIR VKH [LLAWAP DVRU& KUMADQ
EXIGIQIVIQWH WK W FHQWUHVE ( %4H RUH VKHIUGHS DUMXH
SDUWAFLS DQW KDYH GRQH FRXWHZ RUN VR ®IDUD DERXWKH KR RI VIKH
\SDFHVVKH\ Z L@EH YIMWQJ DQG Z KIBI Q5 RP H Z L@ LYH SUHVHOVIMRQV
DE RXVAW HLUDFVAYIHY

2 Q-XQH W5 0 DFDBMMUB & DWMFV
' HSDWRP HOWOQYIWG DXP QL IDFXOV DQG
WXGHQW VIR FHBIE UDVWA VWKH VE HOVHVIC
DQQLYHUDY RI WKH 2 P UMH] FDYDVWRQVLQ ,MIDHO
7KLV HYHOWK L] K@ KWWG VKH P ROXP HQVO
Z RN XQGHWINHQ E\ WH GHSDW®? HQWDWKH
MV GXUQJ IWVE HOW \ HDW/RI H FDYDMRQV
DQG UHVHDUFK ,Q DWMIQGDQFH Z HUIH DOXXP QL
ILRP WKH YHU LA HDW/ RI Z RUN DVWIKKH MM
AZu2u: SR Puo@AAW BASUEG] 2udu2 QA
DQGhS: 2 §@P®eu GAAADTSUMIQWG RQ
IP SRUWBQWRSIEV Z IMKIQ VWKH FROWA WRI ViKH
H[ FDYDWRQV 7KHUHVD VSRNH DERXVWKH
WDQMMRQ VR 2 P MDQG ViKH HDUD \ HDLY DVWKH
MUH 0 [FKDHOMMHG DERXWFRQVWHWYDMRQ DQG
FX®XUDOK HUVIDI H DWACH MWW DQG EH\ RQG DQG
- DVRQ \SRNH RQ WH W QUIFDQFHRI 2 P UW
DIVWU  \ HDW/



3 IRIHARWY/$ QGUHZ 2 YHWP DQ DQG 1 DQHWH
* RGP DQ Z L@EH GIDGLQJ DQ H FDYDMRQ VKLY
VXP P HUDWIHOBKD®P 1Q ,MDHO7HOBKD®P VD
5RP DQO O &DP S ILRP WKHWP HRI VIKH
( P SHURU+ DGUDQ DQG ViKH %DU. RFKED 5 HYRO\?
&( MH QG -HZ MK 5 HYRG\DI DIQW
5RP DQ X®ILQ - XGHD 6WGHQWIWRP \WKH
GHSDWP HOWZ L@¥ RN Z IMK LOVMVIRQV ERVK
ILRP VIKH 8 6 DQG , MIDHOVR ®DUD P RUH DERXV\WKH
KIMRUY Rl VKH FDP S DQG EURDGHQ RXU
XQGHUAMDQGLQJ RI WHWP H SHURG

SOhp2uHH ppo @\AAKDVDXWRUHG D ERRNRQ 2 YIGV) DM
VKDWZ DV IHBIDVHG RQ' HFHP EHU WARI WKLY\ HDU $ QQD D 9 IMWQJ
$ WIWBOWS LRIHWRURI & WIFVDW QR[] & R H SXWIRW DUG DQ

RW LODOAMDQVIMRQ Rl W(H FOMAF SRHP  VKDWKRSHV VR ®IDG ViKH
UHDGHUWKURXJ K D\ HDULQ DQFIHOWS RP H 7KH WDQVDMRQ DBRQJ
Z VK DQ IQIRWP DVYH LOWRGXFVRQ DQG FRQFIVMH FRP P HQVIDY

DARZ VVKH UIHDGHUWR P P HOH WHP VHOHV LOVR \KH SRHP

3 WRIHAWRU3DP HD . ®WRYD KDV UHFHQWD SXEDKHG DQ
DWF®I IQWHAh P2 S6 TnSHI HLPUD: &y I8S ®
oyS Hp p2 HP®RR: WBIG $ 7\ IDQVR// HIDR\ 1Q 0 HGLHYDO
6\UD $O DMAME < \XI RQ 7UDAQ ,EQ & VANILK/ + IMRU R
' DP DVFXV 7KH DUAF®! SURYIGHV D FAGRVH UHDGIQJ RI RI D
EIRJWSK\ RI DO DMAME < \XI DO7KDTDIa G VIKH
IQIDP RXVWWDQWRI MDP  [IRP VKHP RQXP HQVI2O
ELRJ WDSKIFDOGIFMRQDY E\ ,EQ $VANIU G 7AUNK
P DGODW [P DT +MRU RI' DP DWXV 3WRIHWRU
. MVRYD DU XHVWDWEQ & VANLUFDUHIX@ VMXFWUHG WWH
ELIRJWSK\ VR GIQG VXSSRUWR KLVRZ Q VWHR®J LFDO
$ WKDOUWW SRUMRQVRQ VWWH G IMP DR\ RI DQ XQMMAXBIU
DOG WH WIVXV RI D MOOHULO , VDP



USHX8u wpd / @AALVDO DFDBMMU
&OWEFVP DVRUZ KR VSHQWLY VHP H\WAU
WXG\ 1QJ DEUWRDG WKURXJ K & RIpI H < HDUIQ
$WHQV 6KHZ DVZ LaJ VR SIRYIGH \RP H
IOV KWQVR KHUH SHUHQFHV IRUDQ\ RQH
IOVAUHWMG 1Q VKH SURJ LDP
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