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%</$: 6 &20 0 ,77((

,QHYHU FDBIQGDU\ HDUHQGLQJ 1Q RU  WH &RADUIH ) DFXAV VKD@EH DSSRIQMG VR DQ $G + RF
FRP P IWMH VR UHYLHZ DQG XSGDW WKH &REIH % @Z V 7KHUHIRWH VKH E\ @Z V VKD@FHDVH \R
DSS® XQOMW WKH DUH UHFRP P HQGHG | RUDSSLRYDCDIDIQ E\ VKH % @Z V &RP P MAMH DQG DUH
SDWHG E\ D ED@RWYRW RI DVIP S®I P DNRUW RI VKH YRWQJ P HP EHU/ Rl VIKH | DFXQOV  7KHWH

% @Z VP XW\EH DSSURYHG LQ D VHFUIHWED@RWYRWQJ SURFHW DQG E\ WH 91FH 3 UHVIGHQW RU

) DFXOV ' HYHRSP HOWDQG $ GYDQFHP HQW 7KH &R@ H DGKHUHV VR WKH VFKHP H Rl RUI DQL] DARQ
DQG RSHUDWQJ SURFHGXUHV DV GHILQHG E\ VKHVH % @Z V

&855,&8/80 &200 ,77((6
0 HP EHW Rl W(HVH FRP P IWMHV Z l@P HHW WP HV SHUVHP HWMUDV QHFHWDU VR LHYIHZ QHZ
FRXUMHV SWRIWDP FXUIEXXP  DQG DQ\ RWKHUUHBIYDQWDFDGHP LF SLRILWDP VRSIFV

-0 0 ,&52 *5%$17 &200 ,77((

0 HP EHU/RI VKLV FRP P IMAH P HHWDWBIDWWWE R KRXU/ HDFK P RQVWK VIR UHYLHZ. \AMGHQW
DSSTFDARQVIRUD -0 0 LFLR * LDQW7KH DOR WHYIHZ DSSTFDMRQV LQ DGYDQFH RI WH P HHMQIV
DQG GHWALP LOH Z KHKHUVIKH VWXGHQW VKRX@ LHFHLYH DQ\ 1XQGIQJ DQG LI VR ViKH DP RXQW\WKH

PD P XP JWDQALY

3 7 127 237,21%/

7KH 3URP RAWRQ DQG 7HQXUH &RP P WMH VKD@EH FRP SRVHG Rl D@ | X@WMP H QXUHG DQG
WIQXUH HDURLQJ 1 DFXAV P HP EHUWY 7KH &RP P WMH &KDLUZ LG@EH VHBIPWMG E\ D P DNRUW YRWM RI
WHFRP P MWMH 7KLV FRP P IMAMH VKD@IP SGP HQASRAIFIHY DQG SURFHGXUHY FROFHUQIQJ

SWRP RMRQ DQG WIQXWH ( YDOXDMRQV VKD@EH FRQGXPWMG FROVMMQWZ IV H SLRP RWRQ DQG RU
WIQXUH FUVMUD DQG SLRFHGXUHV Rl ) RUGD 6VIVMA 8 QLYHUAW DQG WKH -0 & 7HDFKLQJ UHVHDUFK
DQG VHUYIFH Z L@DOR EH HYDOXXDWAG LQ DFFRUGDQFH Z WK VKH FXULHQWWIDQGDUGV LQ VIKH
SWIRIHWRQ VHH$SSHQGL $ RI KH-0 & E\ @Z V |RUFUMAUD SWRFHGXUHV IRUSLRP RURQ DQG
WIQXUH RI WIQXUHG WWAQXUH WDFN | DFXQV

3 0(5,7 63(&,%$/,=(" )$&8/7< 127 237,21%/

7KH &RP P IMAH VKD@EH FRP SRVHG Rl D@ | X@MWP H 6SHFLDA HG ,, DQG ,,, |DFXGV P HP EHW/
6SHFLDA HG | DFXOV FDQ RQM YRW RQ VSHFLDA HG | DFXOV P HP EHWY GRWIHUY/ 7KH &RP P WWH
&KDIUZ LG@EH VHBIPWG E\ D P DNRUW YRW Rl VH FRP P MMH ( YDOXDVMRQV VKD@EH FRQGXPMG
FROVMMQWZ MK WH SURP RURQ FUMAUD DQG SURFHGXUHV RI ) RUGD 6VIWA 8 QLYHUAW DQG WKH
-0 & 7HDFKIQJ DQG VHUYLFH Z LaDOR EH HYDOXDWAG LQ DFFRUGDQFH Z W, KH FXUHQWAWIQGDLGV 1Q
WKH SURIHWIRQ VHH $SSHQGL %1 RUFUMAUD SLRFHGXUHV IRUSLRP RURQ RI VSHALDA HG | DFXAV

6&+2/$56+,3 &200 ,77((6
7TKHWH FRP P WMHV Z L@HYIHZ D@QVFKROUKLS DSSTDMRQV DQG GHMLP LOH LHFLSIHOW | RUHDFK
VFKROUKILS RITHWHG WMIRXJK VKH -IP 0 RUDQ &RMIH 7KH XQGHUI LDGXDW VFKRMUKLS

FRP P IWMH Z Ll@P HHWRQFH SHU\ HDU DWiKH HQG RI WWH VsSUQJ VHP HWMU 7KH JUDGXDW
VFKROUKILS FRP P WMH Z LOP HHWDQQXDM LQ VKH | D@



7(&+12/2%< &200 ,77((

7KH-P 0 RWDQ &RMIH 7HFKQR®RJI\ &RP P WMH LV ULHVSRQUEE®! | RUFRQVIGHUQJ DQG
WHFRP P HQGLQJ DSSLRSUDW ) 68 DSSURYHG WIFKQR®RILHV 7KLV FRP P WWH Z LGEH
UHVSRQVE®! | RUFREDERIDWQ]  S@QQLQJ  DQG RYHUWHHIQI WIFKQR®RI\ [P SLRYHP HQW
7KH JRDORI VKLV FRP P WHH LV VR RI I HUVIKH EFVAQQRYDWYH WIFKQRERJI\ VHUYLFHV VR RXU
FROWUH 7KLV FRP P WH Z LDOR EH VIVNHG VR Z RUIN RQ WXGHQWMFKQRERI\ | HH
SURSRVDY | RUI XQGLQJ SXUSRVHV VIR HQKDQFH DUHDV VIKDWQHHG P DLOWAQDQFH RU
XSIWDGHV

KI' :44#P K

)$&8/7< 6(1$7(

7KH)) DFXOV 6HQDW VKDQEH WH EDVIE G IMDMYH ERG. Rl WH 8 QLYHUAW
\VWKD@ RWP XOW P HDVXUHV I RUWH P DIQWQDQRH RI D FRP SUHKHQWLYH HGXFDMWRQDO
SRIP DQGIRUWHP D[ IP XP XWI} DAWRQ Rl WH LOMBIPMDAHVRXUAHV R WH 8 QLYHUAW
VWKD@GHWLP LOH DQG GH LOH 8 QLYHUAW Z IGH SRTAHV RQ DFDGHP LF P DMAY/ LOFOXGIQU
/ IEHIDOBWWGIHY SRTIA  DGP MRQ JUDGIQI WEBQGDUEY DQG WH LHTXILHP HQW Z WKIQ
Z KIFK VHYHWDOGHI UHHVP D EH JWDQWG
$VWH HBPMG ERG. Rl WH* HQHUDO DFXAV WH 6HQDW P D\ DOR |RUP XOW IW RSIQRQ
XSRQDQ VXEMPARI [QMUHWR WH 8 QLYHUAW DQG DGRSWHVROMRQY WHUHRQ
5 HVROMRQV WHDARJ WRVH DUHDV Rl DXWRUW G DI UHVHUYHG VR WH 3UHMGHQWR! WH
8 QLYHUAW DQG WH %RDUG R * RYHUDRUY Z L@EH DGYIVRU
7KH 3UHMGHOWR! WH 8 QLYHUAW VKD@KDYH WH SRZ HUVR YHVR DQ\ DPMRQ RI WH 6HQDM
7KH YHVR VKD@EH FRP P XQIEDWG 1Q Z UMQJ VR WH 6HFUHVBU RI WH 6HQDW DQG
&KDILSHURQ Rl WH 6WHUQI &RP P IWAMH Z W UHDVRQVWHUIHRUIH Z WIQM[ W GD\V % D
VE R WILGV YRW WH 6HQDW P D\ DSSHDOR WH 9%RDLG Rl * RYHLORU/DQ\ DPARQ \R YHWRHG
8 SRQ WH UHVLJQDARQ UHWHP HQWRUGHDW. Rl WH 3 UHVIGHQWDQG XSRQ D LHTXHWAE\ WH
YRDUG R * RYHUQRY/ WH ) DFXOV 6HQDWA Z L@GHWLI QDM LIQGLYIGXDOY VR EH DYDLDE®! | RU
P HP EHUKLS RQDQ\ FRP P WWH LHTXHWMG E\ WH %RDLG Rl * RYHUDRU/ | RUWH SXLBRWH
Rl FRQUXGIMRQ LQ WH VHBIPARQ RI D QRP IQHH I RU3UHMGHQW

*5$' 8$7( 32/,8&< &200 ,77((

7KH* UDGXDW 3R &RP P MWWH VKDOFRQUGHUS QIYHUAW Z LGH SRIAHV LHDMQJ VR JUDGXDM
HGXFDWRQ 0 HP EHW/RI WLV &RP P WH VKDQEH DSSRIOWMG E\ WH 6WHUQJ &RP P IWMH Z WK WH
DGYIFH DQG FRQVHOWR! WH 6HQDWA | RUMAR J HUHG WUHH \ HDUWALP V' ( DFK FR@1H VKD@KDYH RQH
UHSUAVHQUMYH WH &REIHVRI ( GXFDMRQ %XMOHW DQG 6RADCBAHQAHY VKDAKDYH RQH
DGGIMRQDOHSUHVHQUMYH DQG WH &RIH R $ UV DQG 6 FHQFHV VKDOKDYH | RXUDGGIMRQDO
UHSUHVHQDAYHY 7KH 3 URYRWADQG ( [ HEXWYH 91FH 3 UMMGHQWRUS FDGHP LE $11DILY RUWHU
GHMJIQHH DQGWH' HDQRI 7KH* LDGXDM 6FKRRORUWHUGHWI QHH VKD@EH QRQ YRWQJ H
RIAR P HP EHY DQG P HP EHUKIS VKD@IQFO(GH VI R J UDGXDWA WX GHQAHSURVHQUAYHV [ LRP

GLLI HHQWAREY HV DSSRIQMG | RUD RQH \ HDUWLP E\ WH 3UHMGHQWRI 6\GHOW RYHUDP HOW
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$ P XQMDFHWG SIHFH Rl WIFKQR®J\ WH ' ERG\
VFDQQHU DARZ VIRUWH FREBIFURQ Rl RYHU

ERG\ P HDVXUHP HOQWLQ VHFRQGV + RZ HYHU WKH
FREGFURQ Rl ERG\ P HDVXUHP HOW LVRQ® WKH
LQMDOEHQHI MRI VKLY VWIFKQR®RI\ DVP DQ\
LOGXVWHV LQFOXGLQJ KHDOK [IMPHW DQG UMVDLODUH
VENLQJ DGYDQVRI H R VKLY H FIMQJ) QHZ

WIFKQR®J\ ) RUIQWIQFH VIKH UHVILOQGX VW LV
XMQJ ERG\ WFDQQIQJ IQVERSUP DU ZD\V R
DIG 1Q ViKH SIRGXPWGHYHBRSP HOWSURFHW DQG

VR HQKDQFH FXWRP HUH[ SHUHQFHV ' XUQJ
SURGXPWGHYHRSP HQWUHVIDLBILY XVH VIKH ERG\
VFDQQHUVR KHS HYDOXDV KH IIMRI D J DIP HOWDQG
P D\ XVHWHERG\ VFDQQHUVR KHS FREBIFWGDVD
RQ D VDU HAP DUNHVWIR DGMWVAM] 1QJ WIDQGDLEV VR
XLIVWACH QHHGVRI WHLUFXWRP HWY/

5 HVLOLY DUH FXUHQWD RRNIQJ [RUQHZ  LOQRYDWYH Z D\ VVRR GUYH | RRWADI I LF VR EUFN DQG P RUBU
GFDMRQV RQH VROMRQ LVVR RIIHUERG\ WDQQIQJ 1Q WRWH &XWRP HLY FDQ J HWWFDQQHG DQG
WHLUP HDVXUHP HQW FDQ EH XVHG VR LHFRP P HQG VIKH FRUHPVW] H DQG HYHQ VW®BNVVIKDWP LI KW
EH EHVWRUWHUERG\ WSH $ GGIMRQD® UHVBLGBIY FDQ XVH WH ERG\ VFDQQHUVR FUHDVIA DYDVIDLY
VR HQKDQFH IKHIUFXWRP HUV RQ@OH VKRS SIQJ H SHUHQFH

01PB Yy u H hSES! qu(6]H6WHDP 66  %RG\ 6FDQQHU
A2Spb b B 7WDIQIQJ E\ DIDFEXOV P HP EHULY UHT XILHG VR XVH WKLV HT XISP HQW
2 §ZUEPEH DACHEYP D HAp 2/ S8 7TKIV@E [V XVHG | RUIHVHDUFK DQG WIDFKIQJ  7KH VFKHGX®1 LV

FRRUGLIQDWG E\ WH IDFXOV QMG EHRZ 3 GIDVH HP DIOMKHWH IDFXAV VR VHWKS DQ DSSRIQW HOW
VR XVH WH VSDFH

| HS8H' U-HWIFD5IGIZ D &D\VRQ ' U/\RQ1DP RU U0 HUHGIWK 0 F4 XHUWY
m 8SH 56%



H# . P P# DGEPH .

1 HZ SWRGXPWGHW Q DQG GHYHBRSP HQWQ iKH
W[ MBI DQG DSSDUIHAQGXWA LVRSWP [} HG Z KHQ
DQ LOQRYDVRUXWA] HVVKHIURZ Q XQIT XH | DEUF
GHWJ Q FUHDMRQV ' HWJ QHW/Z KR DIH QP VMG VR
H IMAQJ SURGXPWVGN RIVAQ VAKJ J B VIR FUHDVA
DWX® XQITXHJDWP HOW LI VOM] MBI SUQMQJ LV
FKDQJLQJ VKLY UIHMMFVRQ ' HVLJ QHWY DUH QRZ

HP SRZ HUHG VR VINH SDUAQ ViKH HQWLH SUIRGXFW
GHYHBRSP HOWSURFHW EHJ IQQIQJ Z IVIK V4] WA
GHMIQ 8MQJ KLVWFKQR®RI\ WXGHQWZ L@
KDYH ViKH DELDW VR FUHDW W(HLURZ Q RQH RI D
NLQG DUAMAE IDEUF GHWJ Q

) XUMHP RUH VIKH XVH RI D GLI VDOM] VMBI SUQWAUDI | RUGY WX GHQW VIKH DE LDV VR LOFRUSRUDW
WFKQR®JI\ LOVR VIKH SIRGXPWGHYHBRSP HOWSURFHW 7KLY QRARQO HP XOWHAV FXUHQWAHQGV 1Q VIKH
LOGXVAI EXWDOR DERZ VIRUIXWKHUH] SGRUDMRQ Rl SURGXPWGHYH®RSP HOW) RUH DP S®! GLI VPO, WO
SUQW FDQ EH HQJ LOHHUHG VR KDYH D FROMQXRXV SUQWAG SDWHALD DFLRWVHDP  @QHV Z KIFK DARZ VIRU
J UHDWAUYIVXDOP SDPWDQG LOWEDR 1Q SDWHAQP DNLQJ 7KLY DELON VR HQJ LOHHUVKH SUQWDFLRW D@D
SDWHLD SIHFHV DOR SURYIGHV D IHDVRQDE® VXWILQDE ®1 SURFHW RI IDEUE FUHDARQ % HIP QDI
KDYIQJ VR SUQWDU H T XDQWAHVRI \ DUGDI H 1HZ HUUHVRXUFHV DUH Z DWMG LQ WKH SIRGXFURQ SWRFHW

01PB YV u HO XWRK 7; ' LJIMVDO7H WHI 3UQWAU 6WMDP - HW) DEUF ) IQIMKHU: DWKHU ' WHU

A2Spb b B 7KIVHTXISP HQWHT XLUHV VSHFIDA HG WDIQLQJ DQG D IDFXAV P HP EHUWV VXSHWIMRQ

2 §GUEPE DACHuYP D Hau 2/ S8 7KIVOE LV XVHG |RUIHVHDUFK DQG WMDFKIQJ  7KH VFKHGX®1 LV
FRRUGLODWG E\ WWH |DFXOV OMAG EHRZ 3 BIDVH HP DIOWHVH I DFXAV VR VHWKS DQ DSSRIQW HQWR X\H
WiKH VSDFH

|  HS8H' U-HWFD5IGJZ D &D VRQRU' U/\RQ1DP

m §SH> 56%



' PHHZU O 2@ mns!
. HORP H VR VH ( QUHSLHOHXUKLS DQG $ GYHWAW 5 HVHDUFK ( $5/ /DE

($5/ Z DVIRXQGHG LQ DV D UHVHDUFK ME GHGLEDWG VR Hl SGRUQI HQWHS IHQHXUIKLS Z IVKIQ FRQW] W
Rl DGYHWW 6SHFULFD® Z HIRFXVRQ VRSLEV IHDWG VIR WH FKDEBQJ HVIDFHG E\ YDURXVP DU LQDA HG
JURXSV LQFOXGLQJ WRVH DITHFWG E\ SRYHWV J HQGHULQHT XD@W WDFLDOGIMFUP IQDVMRQ P P LI UDMRQ
KXUWE®NV FUMHV DQG RKHUIRWP VRI GMVDGYDOVR H

© H EHQHYH VK DAHQWHS LHQHXUKLS FDQ EH D WDQURWP DWYH P HFKDQLWP 1 RUIQGIMIGXDAY DQG
FRP P XQMHVIDFIQJ GLIHHQWNSHVRI DGYHUW

7KWRXJIK RXUFRP SUHKHOWYH UHVHDUFK DJ HQGD DQG FREDERWDWYH HIIRW Z HZ RN RQ D YDUHG SRUARIR
Rl UMVHDUFK SURMIFW XMQJ ERVK T XDOVIMYH DQG T XDQWMYH UHVHDUFK P VKRGV Z KIEK DIP VR XQFRYHU
IOV KW VKDWFDQ HP SRZ HULQGIYIGXDAY DQG FRP P XQMHV VR QDYL DV DGYHUAW I \ RX DUH LOWAUHVMG 1Q
GDWIQJ P RWH DQG MRIQ RXUJURXS FRQIDFW U BX\VDQD & 6DQVRV

"HP. Gt P _P# 5 KPT4 ... P#5UP

7KH-1P 0 RDDQ &R HRI

( QUHSUHQHXUIKLS + DM/RUE

7H DI DQG &RWXP H & RTHIFURQ
EHIDQLQ Z VK D GRQDVMRQ
ILRP VIKH &KRDW IDP 1O RI
7DEKDWHH ) RUGD 2 YHUVKH

\ HDLY GRQDVIRQVKDYH FRP H
ILRP IDFXQV WGHQW DOXP QL
DQG RWHULQWAUHVMG SDUWAHV

7RGD\ KH &RMIFURQ FROVDIQV RYHU REMFW LOFOXGLQ) FRVIKIQJ W[ BV GRQY DFFHWRUHV
P SGP HQW DQG VRRY DWRFIDWG Z VK WWH FUHDMRQ Rl FARWIQJ DQG RUWA MBIV DQG DQ

DWRUP HOWRI SDSHUSWRGXFW LOFOXGLQJ SDWADV SHURG IDWIRQ SOWAV P DI D] lQHV ERRNV
DQG SKRVRJ IDSKV 7KH SXISRWH Rl VIKH & REIFURQ LV VR KRXVH LI QUIFDOWFRVKIQJ DQG W WBIVRI
KIWRUE DQG LAX\WDVYH YDOXH VIKDWZ LG DFLAVIVA IKH WIDFKIQJ  UHVHDUFK. DQG SXEQE IHDMRQV
DFMVIHV LQ WH &R H DQG 8 QLYHUW

A2Sp b (1 RWDIQIQJ QHFHWDL

2 §GURPE DACHHYP D Hou 2/ S§p( &RQVIDFWZ DUD + DENHWWMDFNHWA N2 F IVX HGX RU/ D\ WD/ \ W
@WH W F VX HGX VR VFKHGX® D IMW

| HS8H 7DWD + DFNHWARU/ D \ WD/ \ WM



' PHHZU D ( B
) RXQGHG LQ WKH / LI XRUL( QUHSUHQHXUKLS $QDOMY ' HYHRSP HQW/ ($' /DE DIP VVR EUGI+
DFDGHP IF UAVHDUFK Z IV, UHDOZ RUIS HQWHS UHQHXUDCOFK DABIQJ HV 7KH @E VZ RWN IV FKDUDFVWAU] HG E\ [
GXDARFXV VR FRQGXFWDFDGHP LEDA@ WJ RURXV UHVHDUFK DQG VR GHYH®S [P SDFVIXOSURI LDP VVIKDW
GLLHPV® EHOQHI MKH HQWHS UHQHXUDCFRP P XQIW DQG VRFIHW DWW H 7KLY\ QUWHMY R VFKRDUD
GHSVK DQG SUDFWFDCDSSTEDARQ IHBIFW' U/ LI XRUVEHTH 1Q VKH WDQURWP DYH SRZ HURI

HQWHS UIHQHXUKLS

7KH/($' /DE VIRXQGHG RQ WH SKIBRVRSK\ WDWXKQGHUMDQGLIQJ DQG BGIYHWDI LQJ VKH FRP S®
SKHQRP HQD RI HQWHS UHQHXUKLS UHT XILH P XGUDFHWAG SHWSHFWYHY %\ RQG IWFXWIQJ HGJIH
UHVHDUFK VIKH @E DFVYH® GHYH&RSVDQG P SGIP HQW SWRI LDP V/ VIKDWIDQVDMA DFDGHP F LOVI KW
LOVIR DFVIRQDE B VWADVIAJ LHV | RUHQWHS LHOHX WY 7KWRXJ K IWIQYROHP HQWZ MK FRP P XQIW
WIDNHKRGHWY HVSHFID@® WKH - P 0 RUDQ , QWAXWM |RU* BREDY( QUHSHOHXUKLS DQG LW LOWADMRQDO
QHVE RN RI UMVHDUFKHWY VKH/ ($' / DE VD YIEWDQWKXE | RUHQWHS IHOHXUDOQQRYDVMRQ 9% EDDQFLQ]
W RURXV LQYHWA DARQ Z MK VIKH FUHDVMRQ Rl SUDFWEDOHYIGHQFH EDVHG SWRJ DP V VIKH @E X QLT XHO
SRMMRQV IMHD DV D BIDGHULQ KDSIQJ WH IXVKUH Rl HQWHS IHQHXUAKLS UMVHDUFK  HGXFDVRQ DQG
SWDFWFH

mo ( mS! ! 2uRSEPu:
e ON8udu §u : HDIP VR DGYDQFH VKH GIVFIS@QH RI HOWHS UHQHXUKILS MURXJI K [P SDFVXOWXGLHY DQG
IQQRYDVIYH SURJWDP P 1QJ DQG Z H WMYH |RUH| FHBIQFH LQ DAWDWZ H GR
o X/ S8H: HFRQGXFWHVHDUFK DQG GHYH®S SWRJWDP P 1QJ VKDWY QRWRQ® DFDGHP IFD@ W RURXV EXV\DOR
SWDFWED® UHBIYDQW:  H VIINH GHIE HUDWA DFIRQ Z KHUH DSSURSUDW VR WDQUVDWA DFDGHP LF LOVI KW LIQVR
IRUP DW FDSDE® VR HIHFWYHO LQIRWP 1QJ SUDFWFH
o OHZIB: ,QUWAJUW LVDWIKH KHDWARI RXUZ RN :  H DGKHUH VR VIKH KLJ KHVABIYH RI SXEQFDMRQ HWKLFV HQUXUQJ
VIKDWRXUUHVHDUFK IV FRQGXFWMG DQG UIHSRUMG Z I KRQHW DFFXWDR  DQG WDQVS DUHQR\
o | @GB! 2SHhp 28R §u(: HEHIHYHFRADERUIMRQ VD IRUFHP XGWS@HU % HQIDJILQJ Z I GLYHUH
SHWSHFVWHV DQG H SHWAVH Z H IRWMUD UFK IQFOXMYH DQG G\ QDP LF HQYILRQP HQW7KIV LYV GHP RQWADVWMAG W UHH
ZD\V
o XHI®p8BP & S20 //2 S§8D : HOIYHDIHIQW KWIWRP YDURXV GIVFISARHY WHFRJ QI 1QJ WADWFRP S®f
HOWHS UHQHXUDOSKHQRP HQD UHT XILH P XGMDFHWAG SHY/SHRYHY

o Jo ! S68S2H u2 @ : 2 XUFRAERWMRQ H WIQGVJ RED® LQYRMQJ WKRMWY/ SWDFWARQHY DQG
[QWIAMRQV Z RUGBZ IGH VR HQUFK RXUUHVHDUFK DQG IW DSSTFDE LW

o ! Yy P B0 BSPuy pu H: HDPWHO IQYROHFRP P XQIW WINHKRGHW 1Q RXUWHVHDUFK DQG SWRJ WDP V
HQWXUQJ WKDWRXUZ RWN LV J LIRXQGHG 1Q IHDOZ RUES FKDABIQI HV DQG RSSRUMKQIMHYV

e ! HP P:mS2 bbb : HDWHGHGIFDWG VR I(H FRQWQXRXV SURIHWMRQDQJ URZ WK RI RXU/ DE WIDP
SWRP RQJ RSSRUXQIMHV IRUGDWQIQJ GHYH®RSP HQWDQG BGIDGHUKIS

o X 8P: b 7KH/($' @E LVDVSDFH Z KHWH IQGIMIGXDY Rl D@EDFNJ LIRXQGVFDQ WUYH : HDWHFRP P WWHMG \R
FUHDMQJ DQ LQFOXMYH DQG VXS SRWAYH HQYILRQP HQWZ KHUH HYHY WIDP P HP EHULY YDOXXHG DQG HP SRZ HUHG

o 2 8EO2 U/ B B 5HFRIQ] QI RXURMI Z IMKIQ WH EURDGHUFRP P XQIW Z HFRP P MR FRQGXFWQJ
UHVHDUFK. VIKDWDGGUHWHY VRFIHVIDOQHHGY DQG FRQWIE XVIAV SRMIYHO VR VRFIDODQG HFRQRP LF GHYH®RSP HQW

o X Hi2®b 8B & S28b : HFKDP SIRQ IQUALGIVFISTRDUW E\ QWA IDWQJ GLYHUH IIHGV IRP 67( 0 VR IKH VRFIDO
FIHQFHV DQG WH DWWV HQUIFKIQJ RXUHQWHS IHQHXUDOHVHDUFK Z IV D KRDMEF DQG QXDQFHG SHY/SHFYH



P* D KP KPT #

Q WH-LP 0 RUDQ &R H Z DV.J IDQWG DQ) 68 , QWAKPURQDO7HFKQR®RJ\ J IDQVWRR RXWMW
WKLY WIMA Rl VKH DUARP QL FKDQQHCSURGXPVRQ WXGIR FRP S®MA Z MK | X@SRGFDWQJ
FDSDELDNV VE R FRP SXVUM VP V D' 6/5 FDP HUD SURGXPWDI KVER] P RGHWD P X@UXH
IXUQMKWH VE R N YIGHR UHFRUGIQJ FDP HUDV J UHHQ WFUHHQV DQG VRXQG GDP SHQIQJ DQG DQW.
HFKR VA WPV 7KLV VWXGLIR SURVIGHV VIKH WXGHQW Z MK VIKH RSSRUXQIW VR FUHDW SURGXFWDQG
EWQG SUHMVHQUMRQV WDWZ L@XWJ H WRU VWARI  EWDQGLQI VADVWAT LHV VKRS Z IMKLQ D KRS
FRQFHSW SRS XS WRUHV FDWIRY P DQDI HP HQWDQG RVIKHUFUHDVYH UVIDIOP HUFK DQGIMQJ
SWDFWFHV VKDWZ LGS UHS DUH RXUMMXGHQW | RUHQWAUQJ ViKH Z RUNIRUFH DQG FUHDWQJ QHZ  YHQUXUHV

1Q VIKH LQQRYDVIYH DQG HYHUFKDQJ LQJ UMVRLOLQGX A

01PB YV n H' 6/5 &DP HWD 5 RGHFDWWU3 RGFDWZ HEFDP V @ KWQJ 3& 10 $& HW

A2Spb b B( <HDUUWRXQG WDIQIQJ LV DYDIME® Z IV DGYDQFHG VFKHGX@QRJ 7KHUH LVD P DQXDOJ XIGH
®RFDWG Z IWIQ WH 6\ GIR

2 §ZUEPEH DACHHYP D HAu 2/ S§u( 5 HVHYDMRQV DUH LHT XILHG

| HS8H (' U0 DUINO F1 HHV

m8&SH  : -% %



| #KT .4 G" 5 #HbH .

7KH 5 HVIDLOD HUFKDQGIMQJ / DE Z DV RWJ LOD@®
HWRE QKHG 1Q DVD WIWA Rl ViKH DUV
KDQGV RQ ®DWIQ) H SHUHQFH | RUWXGHQW
HQWAUQJ ViKH UHVIIOIQGX VA 5 HVIPLOK DV EHHQ
WDGLED@® WDQMRWP HG E\ GLJVBOFRP P HUFH
$ WRQLKIQI VMFKQR®J\ DGYDQFHV HQDE ®
UHVILBIY VR | RFXV RQ FRQVXP HUGDVD GHP DQG
DQG H SHUHQFH 7KH UHVBLOQGXW Z L@EH
UHVHWAQJ W FRQUXP HUMKRSSIQJ P RGHOR
UH GIPWKLY SOFIQJ J UHDWUHP SKDVYRQ
FUHDWQJ HQJ DI IQJ DQG H] FIMQJ \KRSSIQJ

H[ SHUHQFHV IRUFRQUXP HWY HVSHFLD@® RQIQH
DQG KIRXJ K HP HU LQUJ WFKQR®J LHV

5 HIQYHQWQJ RXUDE VR LOFOXGH HP HU LQJ VIFKQR®J\ DQG D P RWH GLJ WRCOH] SHUHQFH Z L@
SWRYIGH RXUWXGHQW Z IVK DQ XQP DVFKHG BIYHCORI SUHS DUMRQ | RUHQWAUQJ ViKH UHVIBLAIQGX VAR ,Q
DGGIMRQ VR KH WFKQR®RJ\ HQKDQFHP HQW WWDWKDYH EHHQ DGGHG Z H KDYH DOR UH.QYHQWAG WH
WDGIMRQDOHVIIOVS DFH VR LOFOXGH D@QHZ XSGDWAG 1] VKUQJ :  H Z LAFRQUOQXH VR SURYIGH VKH
VWXGHQWZ M EUFN DQG P RWBUUHVLOYIVXDOP HUFKDQGIMQJ WNIAY Z KLBI @\ HUQJ 1Q WH

RP QLIFKDQQHOYIVXDCOP HUFKDQGIMQJ H| SHUHQFH LQ RXUQHZ ® UHQRYDWAG 5 HVIBLOY( [ SHUHQFHV DQG
,QQRYDMRQ 6WGIR ’KH 6\WGLRE

01PB Yy p HO RFNWRWHFRP SOMA Z IMK 11 VKUHV FARWIQJ DQG SRSV

A25p b B(1 RWDIQIQJ WHT XILHG

2 8GUEP & DACHuYP D Hau 2/ S8 7KLV VSDFH IV XVHG | RUWIDFKIQJ DQG UIHVHDUFK 1 \ RX Z RX@
@\H D VRXURI WLV VSDFH FRQWFWRQH RI WH IRTRZ 1QJ IDFXAV P HP EHWY/

I H38H 5 R[ DQQH 3 DUNHU & KUMAH + DQG RU%IMIIQ 5 LA

m8&SH (: -%



P'" A4 5:. 4 GP. :

7KH7KHWP DL 2/( &RP IRW DEp +RP HVRViKHRQO G\ QDP IF \Z HDQJ WKHUP DOP DQINQ DD SXEQF
LIOWIMVRQ 1Q VIKH Z RUTS

7KLV @E Z DV UHFHQWD HWE QKHG 1O DQG RSHUDWAV XQGHUWKH GLLHFIRQ RI ' U0 HUHGIVK

0 F4 XHUW Z KR WKGIHVFGRWIQJ FRP IRWSK\MR®J\ RUKRZ IXQFVIRQDCDSSDUIHOP SDFWKXP DQ
SHURWP DQFH 7KHP DIQ HTXISP HQWQ WLV @E VD @ H HOYLLRQP HQVDOFKDP EHUVKDWKRXVHVS 1"
WH RQO WWHWP DCP DQINIQ 1Q VKH Z RUTS WDWFDQ VHQVH ERVIK KHDWERW DQG KHDWI DLQ WURXJ K
FRWKIQ) $1' , \VZ HDW Z DOW DQG IHSTFDWVKXP DQ SK\ MR®J LFDOHVSRQVHVIQ UHDOWP H LOFOXGLQJ
EUHDW(IQJ DV LOWALDDCERG\ WP SHUDW(WH \VZ HDWQJ UDWA WNIQ WP SHIDWH WWIQ ERRG IBRZ  DQG
HYHQ KRZ FRP IRWDE®! KH IHH® KURXJ KRXWDQ DFWVW :  KHVKHUZ H Z DQWHR UHSTEDWA WNLQJ 1Q
$VSHQ RUXQQLQJ DP DIDWRQIQ$UWI RQD $1' , SIRYIGHVXVZ VK WH FDSDELDNV VR GHWP LOH KRZ
WH FRVKIQJ Z HZ HDULP SDFW RXUDELDN VR SHURWP  SK\ IEDCDFWYIW

' U0 F4 XHW B/SUP DU IRFXVRI UHWHDUFK LVIP SIRYIQJ VKH
KHDWWAHW DQG P RELON RI VMAXFWDA LLHI L] KUV UQRXWI HDU
5 HFHQWWXGLHVFRP SGMAG RYHUVIKH ViXP P HULQFOXGH
DQ H VALDD® IXQGHG DIUJI DS WXG\ VR GHWAWP LOH KHDW
RW LQ WKW UDOMLDRXWXIW EDVHG RQ M] LQJ DQG 1IW
DQ H VALDD@® IXQGHG WXG\ ®fG E\ D UHFHQWI LDGXDW
WX GHQWR GHMUP LOH VIKH VIKHUP DOFRP IRUARI WDFLQJ VIXIW
WH HYDOXDWRQ Rl FRP SUHWRQ J LWGGVLQ | RRVED®
DSSTEDARQVIRUIP SIRYHG WIQ ERRG I&RZ  DOR H VLQD®
IXQGHG DQG ®1G E\ DQ XQGHLI LDGXDWA WXGHQW
DQ HYDOXXDVARQ RI DWKGIVXUHZ HDUGY J 1QJ VIRU\ RJ D DQG
Z HJ KMWQJ DSSTEDMRQV HFHQWD SXEQKHG E\ D
J UDGXDVM VWX GHQW

DQG IQGXWJ WAMQJ Rl DFVYH FRRAOQJ J DUP HQW

,Q DGGIMRQ VR UMVHDUFK ViKH @E Z HORP HVIQGXWI SDUQHLY
Z KR DUH LOWIUHWHIG [Q KDYIQJ VIKHIUS URGXFW VIVIMG X\ LQJ
WV Rl ViKH DUMMFK QRERI\ QRWDYDIDE®! VR VKHP  DQ\ Z KHUH
HOH RQ HDWAK ' U0 F4 XHUW B/IXVUH SOQVIRUVKLY VS DFH DUH
VR H SDQG VKH | DEUF BIYHCP HDVXUHP HQWFDS DEL@AHV DV \KH
KRSHVVR DFT XLLH D VZ HDWQJ J XDUGHG KRWS OV

01PH Yy p H D®UHHQVRQP HQWOFKDP EHUMKDWKRXVHV
$1' , WHRQO® WHWP DCP DQINQ IQ VKH Z RUB VKDWFDQ
VHOWH ERWK KHDWERRW DQG KHDWI DIQ WKURXJ K FRRKLQJ

AP P D 2Q0"' U0 F4 XHUWY DQG KHUDE DWIWBQW DWH
DXWKRU] HG VR XVH WLV VSDFH

2 §GUEPE DACHuYP D HAu 2/ S§u( 7KLV VSDFH LVRQO XVHG
IRUWIDFKLQJ DQG UHVHDUFK |, \ RX Z RX@ @\H D VRXURI WKLV
\SDFH FRQWDFW U0 F4 XHWY

I HS8H' U0 HWHGIWK 0 F4 XHUY

m8SH : -%



KPT S5P# T P:GKD |

7KH-0 & KDVDIHZ LOFXEDVRUVSDFHY IRUWXGHQW <RX FDQ IIQG P RUH IQIRWP DWRQ DERXVWKH
LOFXEDVRUSRJ WDP RQ SDJH

@P 8P} SH 2:/ S§p: S P HI ®U®T 2:HP®U HIAGu: p:/ S§u: S HShSES, @i 2iS8Pdb e
‘HSITH :8@Gu®PQ Y ppHP B: P Ui HAUo S21S:: RPHP D uadk Gu . FR@u Hi POHUR, P:b iy
@Shu/ 2uhbP:@ :pHP/ S// PH p Hi BOHIUWS/ [ 2 | 28Hu : HSIII

5. ] P#55 5P G

7KH,Q1 2/ ( YDMRQp &HQWAULY D FRZ RINQJ VSDFH Z KHUH WXGHQW FDQ FRP H 1Q IRUP HQVRUQJ
DQG FRQQHPWZ IV RIKHUMMXGHQW 7KH 6VXGHQW( QJ DI HP HOW& RRUGLODVRUDQG SHHUP HQVRWY/ Z L@
EH DYDIOME®! ViR DQVZ HUT XHWIRQV DQG SURYIGH VIXSSRUWV

01PB Y p H: KMAERDUGEY FRP SXWAU SUQWU MIBIFRQIHUIHQFH WIFKQR®RI\  $ GREH & UHDVIYH 6 X1V
2 §PURP®P D4 88y : (6WGHOWIQS$// ,QFXEDVRU3WRIWDP 7WDFNV ' DFRYHY &UHDWA ,QQRYDW
,JQWM KDYH DFFHW VR VKLV \SDFH 6\WGHQW Z KR DUH QRWQ VIKH ,QFXEDVRU3 IRJ WDP  DUH Z HBRP H
VR X} H WKLY \VSDFH IRUMY UHVRXUFHVO RQGD\ ?) UGD\ ILRP DP VRSP

| HSSHO D : DQJ

m 83H 56%

P' KDG: TPO K' ~

3 UHYIRXM® NQRZ Q DVVKH EUHDN LIRRP  IVQRZ KRP HVRWKH 6SWIRXWY 6KDZ $ @ DFXAV Wl DQG
WX GHQW FDQ XVH VKLY \VSDFH VR Z RUN RQ DWAJ QP HQW KRG J IRXS P HHVIQJ V HDWOXQFK HVFF

01PB§ p H: KMERDG
2 §PUOP® D4 §§: : ($ @WKGHQWDIHZ HBRP H VR XWa[} HWIVVSDFHO RQGD\ ?) UGD\ ILRP  DP
W SP

! HSSHOD : DQU

m §SH  56%



KPT S5P# T P:GKD |

P' G 5":TK 0 +4

7KH* UHHQKRX\H LV RXURWJ LODAQFXEDVRUVS DFH IRUD@) 68 WXGHQW LQ WH , QFXEDVRU3 LR LDP
7KLV ®RFDARQ KDVP RWHWRRP  IRUWXGHQWVR Z RUN DQG FRADERWDWM 7KLY/ \VSDFH 1V DOR XV HG E\
-0 & JWDGXDW WXGHQW DQG LVKRP H VR Z RUMWKRS DQG RWHUHYHQW

01PB Y pu H: KIWERDWBGY FRP SXWAU SUQWAU WBIFRQIHUIHQFH VWFKQR®JI\  $ GREH & UHDWYH 6 X1
&HIMQJ &DP HWD IRU3 WK 3 IDFWFH 5 RNX

2 §UOPE D4 §8: : (6WGHQWIQ WH ,QFXEDVRU3 IR WDP  KDYH DFFHW VR WLV VS DFH $@
WXGHQW Z DOWQJ DFFHW VR VKLV VSDFH KDYH VR DSSO® VR VKH LOFXE DVRUS R LDP

! HS8HO D : DQJ



#4 4: G 5 BKPHPTP

Cil TP plypc ILER ody” 1
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H#4 4. G 5 HKPPTP
G .: . S5PG DG5S TGK'#

2 XUO IMRQ

7KHP DMRQR! WH-P 0 RUIDQ , QAAIMWM

RU* GREDQ] QAUHSUHOHXUKLS LV VR FXODW WDLQ DQG LQVSLLH
HOAHSUHQHXUDOBDGHY WILRXJIK Z RUTE FIW H HEXWYH HGXFDWRQ

DSSTHEWDIQQJ SXEQF UIHRIQMRQ DQG GDAEQI HEIH VDU

3WRILDP V,QFOXGH

o 6P DAYHXMOHW ([ HRXWYH 3LRJLDP

e 1 RQSLRIM( [ HEXWYH 3LRILDP

o &(2 3HHU 3HHU* LRXSV

e P 0 RWQ, QMW &RQI HUIHQFH

e ([ SHUA6SHDNHUGHUHV

e P 0 RWDQBFKRODW/

o ( QUHSUHQHXUKILS %RRWDP S |RU9 HWALDQV $ FFHOILDW
o ( QAHSUHOHXUKLS %RRWDP S IRU9HWALDQV ) DP LQHV

o ([ HEXWYH ( GXFDWRQ | RU( QUWHSUHQHXU/

e /HRQ ( QUHSUHOHXUKLS DQG $GYHMW 3WRIWDP / ($3



+H#4 4: G 5 HKPHTP
G #5 .: # K

7KHWBII Rl WH-P 0 RUDQ , QVANMM V UHI LRQDORI | LEHV VHUYH HWE QK HG HQWHSUHOHX U/ EXVIQHW RZ QHUY/
DQG QRQSLRI MBDGHU/ WKLRXJ KRXW RUGD

3LRYIGIQI H HRXVYH HGXFDVRQ Z KLB! BIYHWDILQI KH LHVRXUFHVRI WH P 0 RWDQ , QWX WKH -0 , UHILRQDO
RII LFHV KHS WHUFTHQW EXVIOHWHY  DQG WH WIWAY HFRQRP \  JURZ DQG SLRVSHU

7KH-IP 0 RWDQ , QAWM V VHUYLEHV DLH SUP DUO |RUQRQSIRIMDQG | RU SLRIMEXMOQHWHY DQG DUH JHDLHG

VRZ DUG &( 2 V. HQWHSHQHXW/ EXVIOHW RZ QHYY DQG SURMGHQW Rl VP D@EXVIQHWHY Z KRVH FRP SDQIHV
KDYH EHHQ HWREQKHG | RUDWGIDMAMKUHH \ HDUY Z 1K VIKUHH RUP RUH HP S®\ HHV 6HUEHV DUH SURYIGHG | RU

QMBI VR QR FRW

QUL 2 27L&

ORNLAJFIOF LVIK SN
' IWHARU &HOADO ®RUGD
(P DIOWP IW# NP P RUDQIOWAIMWM VX HGX
3KRQH

2 |1 lFH $ GGLHW

1P 0 RUDQ-QWMWM IRU* BREDQ QUHSUHOHXUKLS

( QAHSLHQHXUKLS &RAERWDAYH &HOMU
(DWBD® $YHQXH
7DP SD )/



9?LUS PU 2?L&

6VIISKDQLH 5 R\ DO / DXUHQ / LW
' WHARU 1 RUMHDWY GRUGD 3WRIDP $\WRADW 1 RUMHDWY RUGD
VR\ D& NP P RUDQIOVAMWM | VX HGX @MBE NP P RUIDQIQWNMWM VX HGX

2 11 .FH $ GGLHW
1P 0 RUDQ-QMNMWM IRU* REDJ QAHSLHOHXUKLS

6DD/EXVY 5RDG 6XI\M
-DFNVROQYIEB! )/




9?LUSd PU 2?7L&

0 DUQD/ LFNVRQ . IP *USSD
' WHARU 1 RUMZ HWY RUGD 3WRIDP $\WRADM
P GENVRQ# NP P RUDQIOVWAWM 1 VX HGX 1 RUMZ HW ®RUGD

NJUSSD# NP P RUDQIQWAIMWM 1 VX HGX
0 %

2 |1 LFH $ GGLHW
1P 0 RWDQYXITQJ

6RXW 0 RQURH 6\WWHHW
7D@KDWHH ) /









































































































































































































































































