[ HWAUITLRP V\KH ' LLHFVIRU

, KRSH WKLV PHVVDJH ILQGV \RX DQG \RXU IDF
WKH ODVW \HDU , KDYH FRQWLQXHG WR JHW

ERWK LQ 7TRURQWR DQG DFURVV &DQDGD DQG
\RX WR KHOS &,7$ ZLWK LWV PLVVLRQ DQG ZLd
6LQFH RXU ODVW <HDU ,Q 5HYLHZ RXU ZRUO(
SRVLWLYH DQG YHU\ QHJDWLYH ZD\V :H KDYH
DQG YHWHUDQ DOLNH $UPHG FRQIOLFWYV URL(
QXPEHUV IURP DFKLHYLQJ WKHLU SRWHQWLDO
IDFLQJ WKH FKDOOHQJHV RI &29," DQG WR [
VXIIHU ZH DUH KHUH IRU \RX :H KDYH DOVR K
FUHDWLYH EUHDNWKURXJKVY ZLWKLQ RXU FRPF
XQLRQV DQG QHZ EHLQJV KDYH FRPH IRUWK D
FHOHEUDWH \RX DOO

7KH UROH RI WKH GWKHDRAY LD/AWH LRAWHRQ QRW WK
WKH NQREV DW WKH LQVSLULQJ H[SHULPHQWYV

HQJLOQHHULQJ 2XU ZRUN EHJLQV ZHOO EHIRU
EHDPVY DUH WXUQHG RQ 2XU PLVVLRQ LV 3RV
FDOOHG XS DW ZLOO RU PDQDJHG ZLWK FKDU
LQYLWH \RX WR FRQVLGHU WKH WLPH PDQDJHIH
/HR 6]LODUG ZKR VWUXJJOLQJ ZLWK KLV FKD
YRQ /DXH LQ D FROG %HUOLQ ZLQWHU UHPDU
KHDGZD\ ZLWK LW $Vv D PDWWHU RI IDFW , ZD
ZDV D SUREOHP WKDW FRXOG EH VROYHG $QG
D WLPH WR ZRUN LW LV D WLPH WR ORDI 6R ,
ZKDWHYHU FRPHV WR P\ PLQG $QG KH GLG *
ZLQWHU ZDONV 6]LODUG V ORDILQJ OHG WR
LQIRUPDWLRQ WKHRU\ OD\ \RXU ORDILQJ EH F
WKDW GHHS GRZQ \RX OLNH 6]LODUG DQG 'L
LQ SRVVLELOLW\ +DSS\ +ROLGD\V
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HORP LQJ 1HZ &,7%] HQV

& 7$ESUP DI P MRQV DIHVR [ RAMUIQMIDPARQ Z IWKLQ WH & DQDGEDQ
WHRUHAFDCDWARSK\ VIEV FRP P XQW DQG VR VHUYH DV DQ LOMUCDARQDO
FHOAH R H FHIIQFH | RUWHRUAWFDOAXGIHY 1Q DVARSK\ MEV &, 7$ KDV
RSSRUMQWAV | RUSHRS®! DWD@A HY R WHUUHVHDUFK FDUHHY ILRP
XQGHLI LDGXDW VXP P HUMMGHOW VR 3K WXGHQW DQG 3RW RARIDO
UHVHDUFKHY 7KURXIK WH &, 7$ 1 DARQDO) HIBZV3WRIUDP &, 7$ DOR
VXSSRUAV DVWARSK\ VIFV UHVHDIURK DWKQLYHOMHY DFURW &DQDGD

1HZ ) DFXQV

&,7$ IVZHBRP IQ) WUHH QHZ 1DFXAV WL\ HDU D ILUANQ RXUKIARY
7KLV IV DQH FWQJ P RP HQATRUXV DV RXUQHZ 1 DFX@V EURDGHQ WH

H SHUAYH D&, 7$ DQG H SDQGWHZ RINWDWZ HGR ) LIRP J LIDYMARQDO
Z DYH DWRQRP\ DQGFRWP R®J\ VR S@VP D SK\ EV WHVH WU-H

&, 7$] HQV DUIH DINQJ QHZ TXHVARQY DERXVWMH XQLYHIH DQG
QVFRYHIQI QRYHZ D\ VR DQVZ HUWHP : HBRP H3WRIV 0 D\ D

) WRKEDFK %DUABLSSHUED DQG 5HHG (WIFN 5HDG WHUIX@SURILBN RQ
SDIHV

1 HZ 3RWGRFVRLDO) H@RZ V

) HIRZ V FDUY . RXARUI LGDAUHVHDUFK 1Q WHRUHAEDCDVARSK\ VEV XQGHU
WH J HOHDOVXSHYMRQ R WH SHIP DQHQAIDFXAV Z KRVH LOMHAW
IOFOXGH DWARSK\ IEDOG Q0P LEV HDUD XQIYHWH SK\ IEDCFRVP RBJ\
IOMIAMMIDUDQG [QMLI DDFWE P DWAJ SOVP D SK\ IFV DQG FRP SDFW
REMPW JDO[\ WU EQFN KR®! DQG SOQHWRIP DARQ \WMMUSK\ VIEV
KLIK HQHLD\ DVARSK\ VIFV DQG J IDYMMRQDCY DYHV &, 7$ Z HBRP HG
WHIR®Z Q) 3' ) VIQ6HSWP EHU , RDQD =HDR &DILH<H ; IDRKDQ: X
+DXQTIQ) &KHQ 51P SH.&KIED DQG 6HDQ5HAWBL

$VSDUAR! W P DQGDWM VR SURP RWM UHVHDUFK WWIURXJ KRXAW&DQDGD WH
, QMMM SLRYIGH VXSSRUNRUSRWERPRIDAHIRZ VZ RINQJ 1O
WHRUHAFDCDVWARSK\ VIFV RUFGRVHD UHDWG | LHTBV DWE:DQDGDQ
XQYHMMHY RIKHUWDQ WH 8 QYHMW R 7RIRQR WILRXIK WH &, 7$

1 DARQDO) HIRZ KIS 3WRIWDP : H UH SGDVHG VR Z HBRP H RXUQHZ HW
1 DARQDO) HIRZ V &RQQRUBVRQH <D\ DDW&KDFKDQ +HDWHU) RQ) DQG
/ XFIDGR &RP EL

1HZ OHP EHWRI &,7% ,QF

2XU&,7$ ,OF PHPEHUKIS VRYHU  |DFXQV \VSDQQQJ &DQDAEADQ
8 QYHWMHV DV Z HODV &DQDADQV DEURDG 7KL\ HDU Z HZ HBRP HG \WH
IRTRZ IQ) IQAVIGXDY IQR &, 7$ ,F  * XUMD %MD 8 QYHMW R
$URD -RIRN SQYHMW R 7RIRQR -RVHSK %4.DP DOM 4 XHHQE
8QYHMW (YDQOF RQRXJIK 8QYHMWR! : IQQUSH) -HWO F,YHU
8 QYHIMW R %MK &ROP EID 6DWD6HDIHJ 0,7  $DURQILGFHOW
AXHH/ ' DVIG+RJJ 1<8 OIFN . DVSL 0 F* L@

&, 7$ <HDUIQ5HYILZ
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JUHDWSLRP VH DV
ZHZRW
FRGYIPWYHO RQ
VKDUHG YIMIRQV |RU
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&, 7% 1HZV

*$,$ +INH

$IWUWH WILG GDVD IHBDVH RN WH * DID 6 SDFH 0 MRQ &, 7$ RUDQ] HGWH* DID+INHZ RIWVKRS 7KLY &DQDGD
Z 1.GH HYHQWKRMG DWKH 8 QYHUAW Rl %4 MUK &ROP EID FROUMMG R DQ XQFRQYHQARQDCZ RINVKRS DIP 1QJ \R
ERRVEQ) WP CDARCDCFRMERUIDWRQY RQ* DID IHDWG VAHQFH 7KH Z RINVKRS OMMG |RUDQ HOMHZ HNR
FROPWYH ELDOARP 1Q) SIRWPAGHMI Q DQG FREDERWDWYH KDFNQI Rl WH QHZ ® UHBDVHG GDVD 7KH IRUP DW/

Z DV FROMXPWG DV DQDCD®RI\N RDKINH WHa  DAWMAQGHHV ELDIOMRUP HG LGHDV DQG SURGXFHG D LRDG P DS RI
SUIRWFW  WHQ WRUMG KDFNQJ RQ D Z HOP DUNHG WDLCY IW WWWRUDY  DQG I LAWKHG JRIQ) RIT WDIOIQWH Z 1B

Z W UWVHDUFK SR DQGFRAQ) $QG\ HV WHUH Z DV DQ DRMDAQVSLIUDARQDCKINA LQ WH P LGGBI Rl WH Z HHN
| RUD@WHVH KDFNHW VR JHAQHZ IGHDVILRP WH &KIH LQ6TXDP VK 7KH* DID+INHZ DVIQUWDWGE\ &, 7$
SRWERF 1 HIH) IDQNHOZ KR FR RU DQYJ HG IMIRI HMHUZ IW $DU D3DWO' DYIG:  +RJJ %AHMF OGP DQ -XQD

. R HHU +DQV : DOMU5L[ -XIR1DYDUR 7HG0 DANHHM &KUY +D HV $@Q0 F&RQUDFKIH DQG-HHP\ +H O

3RWERFRUIDC&RAQ) $GYDQFH

,Q0 DUFK DGR HQ&, 7$ SRWERFV WDGHG WH J UH QAW R 7RUIRQR V Z LOMUIRUYOH 0 RXQEIQVVQRZ\ BSHY
JDWHUIQ) IRUWUHH GD. VR FRIDERWDAYH Z RINDQG FRAQJ 7KLY HYHQAZ DV GXEEHG WH &, 7$ 3RWERF &RAQ)
$GYDQFH EHFDXVHDAR, 7$ ZHGRQWHMDW  TXISSHG-XQD. R® HHJ  7KH SRWERFV VSHONMHUP RWQQIV
Z RINQJ VRJ HWHU GDLQQ) KRZ VR SURGXFH S\ WRQ SDFNDIHV FRP SI®1 & FRGH DQG IKQ MBEV RQWH &, 7$

VHIYHU , QWH DIWLCRRQY WH. VRRNLQWH IUHVK DIUZ KIBIKINGQI WNLQI VQRZ VKRHQI DQG J HHN VBOIQ) RQ
WHWNL@W 7KDQN\ RX VR SRWERFV 1 HIH ) IDQNHODQG 3KIO DQAY 1RURLI DQY 1QJ

-DP ERUHH
&, 7$ KHT W DQQXDAL DARQDG DP ERIHHRQ2 PREHU W RUDQIHGE\ &,7$ SRWERFV=DFN/ LDQG' RQZRR
&KXQ) 7KL\ HDUE- DP ERUHH FDULHG RYHUWH CDARCDCK\ EUG IRUP DWLRP @AY HDU EXWFRP ELCHG IWZ W \WH
FROYHOARQDCSXUH WDSIG 1ILHIRWP DAR! SLHYLIRXV - DP ERUHHV 7KH - DP ERUHH VKRZ FDVHG &DQDADQ DMARSK\ VIEV
UHVHDUFK KDSSHQQ) ILRP FRDWWR FRDWWZ W SURVHOMLY ILRP QRAREVIAT RURQIR EXVWDOR RIWHU&DQDGDQ
LOAMMMRQY LOFOGEQ) 4 XHHQES QYHMW WH 8 QYHMW R &DODU  DQG WH 8 QYHWMW Rl %4 MK &ROP ELD

$WMQGHHV DQG SUWVHQMLY FDP HDZ D\ Z W D J UHDAWVHQUH Rl WH FRP P XQW HQFRP SDWMQJ WHWXGHONV
SRWERFV DQG | DEXAV WDWGUYH &, 7$ VELHQFH [LRP WH G QDP LFV R FRP SDPWREMPW VR WH HDUTHWA

PRP HOVR FRWP IF KMRUY  7KDQN\ RX VR HYHUY RQH Z KR SDUAFLSDMG DQG NHHS \ RXUH HV RAWRUDQ
DQQRXQFHP HWR! WKH -DP ERUHH

&, TS WERQ

&, 7$ LQDXIXUDWG IW I LDMP XGA/SRUAGD: [Q0 D 7KH HYHOWIQUWDMG E\ SRWERF 1 ) LDQNHO Q0P HG

&, 7$WERQ FROAMWG IQ EXI@QI DWDP R &, 7$\WOMA VR WDYHORI HWHUWH GRQJ HAFXP XOWYH GMBQRH
WH FDQ RYHUYDURXVP HDQVR WDYHOEINQ) NP KQQQI NP FDQRHQJ K 7KH DOR SOQQHG\R
KQP RIHDQGDGGIQVRP HVZIP P LQ] EXWAH SMQ Z DV D EMWRR DP EMRXV 3HKDSV QH W HDUQRZ WDWKH
DUHWDICHG 7KH &, 7$WEQWDP P HP EHWZHH 1HJIH) DQNHO1RWP 0 XUD -RKQ' XEIQWL 5DIQHU

© HQEHHU 0 DUACH/ R\NHQ 3KIO DQAY 1 DM&DUORQ DQG) H/ L 7RIMMHUWH FRYHHGRYHU NP DQG
VHAD [ LMBHURUP DQFH UHFRUG VR EHDWRYHUWH QH W HDLY 7KHWDP IV GRNQJ VIR LHFUKIMP RUH DIKGMAY 7KH,
IRXQG WH HYHQWAX® P HP RUDE®I DQG VR IXQWDWKH.  UHSHDMG IMRQWH IRTRZ LIQ) 6 DMUED, +, KDG D JUDW
WP HADWKIQ) RQWH J UDW GRZ QL@ VDIG 0 XULD,

&, 7% <HDUIQSHYILZ




&,7$ 3@QHV D

&,7$ ZHBRP HG DWRQRP HYILRP DFLRW &DQDGED YILD@ DQGIQ SHWRQ  IRURXUDQRXDCB@QHW D RQ
$XIXVW W 3 DUAFLSDQN GVFXWHG WH OWMAFKDIBIQJ HY DQG RSSRUMQMAV LQ WH | HTS DQG | RUHG QHZ
FRADERIDARQY 6 HVWIRQV LOFOXGHG ERW LQYIWIG DQG FRQMEX\WMG VBBV DQG FRYHIHG G QOP IFV SIRRSOQHEY
QW DQG SOQHGHMAURQ 2 Q$XIXW W WRVH J DIKHUHG LQ 7RUIRQR KDG D J UIRXS FDQRHQJ GD\ DAWH
KDUERXUURQW7KDQN\ RX VR &, 7$ 3' ) V-- =DQD]]L QRZ D 3HJ %IHIRZ DW8 & %-NHBA DQG6DP +DCGHQ
IRURU DQJ LQJ WKLY HYHQW

6FOQAMBP HM . RINKRS

&7$ KRAMGD D 6FIQMEP HAl Z RUINVKRS 1Q$XJ XVLQ SDUGHIKLS Z W WH' XQDS , QMMM 7KLY

Z RUNVKRS KDV SLRYHQ VR EH XVH XOR HDUW® FDUHHUUAVHDUFKHY 1Q J DWHUQT VRS H SHUV VR GVREXW WH
FXUHQADQGVDSH R WH IIHG 1 HZ UHVXOV Z HH VKRZ FDVHG DQG VBOV KL KQJ KWG WH FXUHQAEL] TXHWRQY
R WH IIHG DQG WH FOSDELOAHV R WH QHZ WIBMARSH | DALOAHY Z HH GHP ROMDMG 7KDQN\ RX VR 3R 8H /L
3HQ DQG WH GFDCRU DQ LQJ FRP P WWH

-HQQIHU< + &KDQ ' IVSDWKHV ILRP / RQGRQ

, JDYHP\ WHWY SU] H VB 0 LEKDHCBHQWRQ3UJ H DW
WHS. 5R\ DOSVWRQRP IFDOSRAHW 2 EQDY 5$6 0 HWQJ
102 AREHU ,WZ DVKHG IQK\ EUG ZIW IRXJK® a  SHRSG!
DMWQEQ) 1Q SHIVRQDQG  SHRSGIMIQQ) RQICH ,WZ DV
JUDWXQLOMDPAQ) Z WK VXK D Z IGH JLRXS Rl DXGHFHVR
GYHUH EDFNILRXQGV  XQGHUI DGV SRWILDGY DFDGHP LBV
DQG VHURXV DP DWIXUDMARGRP HY Z W GVAS@OHY LDQI LQY
IURP P DIV VRIG ( DUM JHRSK\ MIEV\R FRWP RRJ\  DQG,

Z DVVR J DM XQRUEHQ) DEGIVR P DNH IMIQ SHURQ

$ QRWHUKLI K@ KWZ DV YIMWQJ WH5$6 CELDY VR VHHVRP HR
WH WHDVXUHV 1Q WH FREPWRQ VXK DV WH J DW

SKRVRJ UDSKIF SOMV R WH 6 RDU( FIBVH WDWHULLHG
* HQHUDCE HDWYW UHFRWGV R WH &DULIQIVRQ ( YHOW KMRY P
JUDMAMWRDUMRP UHFRWGHG WHERRNR ' IDRIRGL 6WDU U\
* DOBR * DOBL/ IQFHR ' LDBIXH &RQFHQQ) WH7Z R &KIH

© RUB6\ VWPV DQGWHERRN R 61GHHXV 1 XQAXV 6\BLLY

0 HWHQIHU

& 7$ &DORH7US
Q2 AREHUD JWRXS Rl &, 7$ J WDGXDW XGHQW DQG SRWERFY DUDQI HG D Z HNHQG FDQRH WIS VR $ORQTXIQ
3WRYIQFAIDCBDIN 7KHJWRXS R V[ SDGGBIG NP IQR WH $ORQTXIQ EDFNFRXQW DQG FDP SHG | RURQH QLI KWIQ
WH SDUN 7 KH Z HHNHQGE® VALHQFH DRV LOFOXGHG UHDEQ) DQG GVEXWQ) SDSHLY DURXQG WH FDP SILLH
SIDPWALQ) HBIYDWRUSIWKHY DQG P RUH LQ GHSW VXN DERXWRXUUHVHDUFK DV Z H SDGGBIG REVHIQ) WH QUKW
W XCKIQGHHGE\ AW @KW DQG BRNQJ | RUDQDE] LHV VR RXUUAVHDURK .Q QDWIH 7KH &, 7$ &DQRH7US Z DV
RUDQ]HGE\ 1 DWDQ&DUDRQ Z MK KHS DQG LOSXWILRP WH IX@MP R DMIQGHHV +XDQTIQ) &KHQ 1 HJIH
) IDQNHOBKLYDQ. KX@U 3KIO DAY DQG5DIQHU: HQEHIHU

HUXV 1XQFLXV
LIHU < + &KDOQ

&, 7$ <HDUIQ5HYILZ




&RMERWDWRY (7% 6SUQ]
© HUHH FIWG VR VKDUH DQ XSGDW RQWH &, 7$ &RMERIDRY  Z KIEK IV EHQJ
EXIONQWHRGEWDY RQWH W IGRUR! 0 F HIQDQ

7KHSWIRSRHG QHZ &, 7$ &RMERDRY Z @SURYIGH D Z HBRP IQ) QHZ
JDWHUQ) VSDFH IRUWH , QUMM VR KRMERW GFDCDQG H WLLDCHYHQW 2QD
@ VRGED EDWY WH VSDFH Z [@DFFRP P RGDW I DFXAV  UHVHDURK DWRFIDMV
SRWERARIDOHIZ V DQG J IDGXDWIMNMGHWV W H SDQUYH YIHZ VR WH
AW DQRSHQIGRUSDQ DQG KLIK FHAQIV WL VSDFH BIQGV IWHD VR WKLY

H FAMQJ YIMRQR! D QHZ FHQWDQ) DWHUQ) VSDFH | RUWH &DQDGDQ , QAWM
|RU7 KHRUHAFDGE VWRSK\ VIFV

7KH&RMERDRY Z I(@IQFXGHERW DP HHAQJ WIRRP IRU  Z W YIGHR Z D@
DQG QM IDMG $9 WIFKQR®J\  DQLQIRUP DCP HHWQJ VSDFHZ W D WDQIH R

VRXFK GRZ Q SRIQNV IRUERW | RUP DODQG IQI RWP DOGVFXWIRQ DQG P RWW
IP SRUBQAD BRW R EQFNERDUGY

TKH&,7$ &RMERDRY LV VFKHGXGIG | RUFRP SGMRQ 1Q 6 SUQ)
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&, 7% ( YHQW

7KDQ\V VR DY KR VXEP IMMG SKRRV

* HAMQJ VRI HMHUVR VKDUH IGHDV TXHARQY VRV
DQG FKDOIQI HV IV RQH R WH J UHDWMASDUV R

&7$ : HNQRZ WDWHHQALE EUHDNWURXI KV VENH
LOVSLLDARQ DQG FKDWIQIH ILRP RQH DQRWHU DQG VR
Z HUDFK RADQG J DWHUIRUELDIQARLP 1QJ
GDQIQ) DQGP HARUKIS 7KIV\ HDU &, 7$] HV
JDWHHGIQ JWRXSVR DM} HV DERYHUWH FRXQA
) URP UHI QW IRFXV JURXSV R UHDGIQJ SDSHWY
DURXQG D FDP SILH WHHV QR EDG SOFH\R H SRWH

RXUVFLHQFH




&, 7% <HDULQ 5HYIHZ

HFRPHWR &, 7%

1HZ ) DFXQV 3LRILBNV

( YHUW! SIHFALQJ VRRIHWHUD FRQYHWDAWRQ\ RX
RQO FDXJ KVWKH OVMWHZ ZRUBVR" +RZ DERXW
UHFRQMXPWQ] D ELARQ\ HDUKMRY EDVHG RQ
RQ® WH OWHZ VHFRQGVR GDW' 7KLV IVRQHR
WH SICDWY/ R 3WR 0 D\ D) MKEDFKEZ RN
UHFRQMXPWQ) WH KMRUHV R P HJIQ) EOFN
KRBV B\ REVHYQ) WHUJ IDYVDARCDCY. DYHV
7KURXIK D FRP ELQDWRQ R GDV DQDOMY DQG
WHRUIHAFDCP RGHIR)  KHUUHVHDUFK VAMYHV \R
H SOIQKRZ ZKHH DQG Z KHQ EDFN KRBV DQG
QHXWRQWELY IRPP DQGP HUIH

) MKEDFK WBUMG KHU3K' WH VDP H P RQW WDW

JWDYMMRQDY. DYHV Z HH [ TDMGHMAMG VHMQJ

KHJU3K' Z RUN DI DIOWYNH EDFNGRS Rl WDWILUAWY

GDVD VHW) IVKEDFK GHYHBRSHG P HKRGV \R
DQDO] HWH WAV J UDYIVARQDOZ DYH HYHQW
IOFOXGQI KRZ VR FRP ELQH WH GDVD | URP

P XOAS®! HYHQA VR BDLQ DERXVIKH SRSXOMRQRI
E@FN KRBV DQG QHXWRQWELY 1 RZ Z IW GD
FROFWGIURP DB RW  HYHQW ) MKEDRK LV
SDUAR D VP D@EXWDSIGD JURZ QI FRP P XQW
R J UDYWWRQDCY DYH DWARGQRP HY/ Z KR DUH
XMQJ WLV QHZ VRROR REVHUIH WH XQYHOH |, Q
WH QH WILYH\ HDWY ) IMKEDFK KRSHV VR VHH
JWDYMIMRQDCY DYH DWARQRP \ EHFRP H

P DIQMHDP 1 MVADQRWHUVRROMDW
DVARGRP HY XVH DQG HQI WDICHG IQKRZ. ZH
VXG WH XQYHOH

) WMKEDFK ZDVD 1$6$ +XEE®!) HIRZ \KIS
3WRIWP ( IOAMQ3RWERARIDO) HIRZ DV

1 RUNZ HAMLQ 8 QYHWMW [Q ZKHH
VKH FRIDERIDMG Z W 3R 9IEN . DRIHDV
JWRXS 6KHFRP SOMIG KHU3K'  DWKH 8 QYHIMW
R &KIFDUR XQGHUWH DGYMRY R 3WR

" DQHOF RP DQG KHU%6 DAKDGI 8 QLYHIMW

5HVHDUFK +LJKOLJKWYV

7KH GLVFRYHU\ RI PLVVLQ
LQ WKH EODFN KROH PDVV
SUREHV WKH SK\VLFV RI ST
VXSHUQRYDH )LVKEDEFK

(YLGHQFH WKDW WKH EODH
HYROYHV ZLWK UHGVKLIW

7KH ILUVW JUDYLWDWLRQD,
PHDVXUHPHQW RI WKH +XE
I[URP FRPELQLQJ JUDYLWD
D JDOD[\ FDWDORJ )LVKED




&, 7$ <HDULQ 5HYLHZ

IRYH ZKDW \RX GR DQG \RXEOO QHYHU ZRUN D GD\
LQ \RXU OLIH 7KLV LV KRZ 3URI %DUW 5LSSHUGD
IHHOV DERXW EODFN KROHV HLSSHUGD GHVFULEHYV
KLPVHOI DV *QRW \RXU W\SLFDO DVWURSK\VLFLVW -
FRPLQJ WR WKH ILHOG E\ ZzD\ RI SODVPD SK\VLFV

,Q KLV ZRUN KH FRPELQHV IXQGDPHQWDO SODVPD
SK\VLFV WR XQGHUVWDQG DVWURSK\VLFDO
SKHQRPHQD +H LV H[FLWHG E\ WKH PRVW

HIWUHPH SODFHV LQ WKH XQLYHUVH WKH SODFHYV
WKDW ZH GRQEW XQGHUVWDCG

5LSSHUGDEV DSSURDFK LV JURXQGHG LQ

FUHDWLYLW\ +H LV WU\LQJ WR PRGHO XQGHUVWDQG

DQG SUHGLFW PXOWLPHVVHQ.HU VLJQDOV DQG

PXOWLZDYHOHQJWK HPLVVLRQV IURP EODFN KROH

DQG QHXWURQ VWDU MHWV FRURQDH DFFURWLRQ

GLVNV DQG PDJQHWRVSKHUHV ZLWK D

FRPELQDWLRQ RI WKHRUHWLF BB V@G RXX P HULEFDIX W V

JHQHUDO UHODWLYLVWLF NLQ@HQGHDY & DQXGL®J KRZ PDJQ

PHWKRGV &UHDWLYH WKLQNLQJUHFRIQIW NHHSY DW EODFN

5LSSHUGD H[FLWHG LQ WKLV ZRWKR HIJRQ\VGEDQ SURGXFH 10
RUELWLQJ 6JU $ DV REVH

5LSSHUGD LV GUDZQ WR HQLJIPDWlghy WKL QIVH KHQURP HWHU

KLV LQWHUHVW LQ EODFN KROHVy, ¥k QW HEMVIY YIREU WY

ZKHUH RXU XQGHUVWDQGLQJ EUHBM 3dR¥WAWHUMHH HW O
DURXQG EODFN KROHV UHTXLUHV PDQ\ LQJUHGLHQWYV

+ JHQHUDO UHODWLYLW\ TXD QWXPHPGIFKPRMHY\ RIQG PHFKD
DQ XQGHUVWDQGLQJ Rl WKH G\Q®RZFV RIKB FHWO KRQK HQH
GLIIHUHQW SDUWLFOHV DUH QHFIWNRPDWKHQHRHQWUKWRL]RQ
XQGHUVWDQG WKDW ZKLFK ZH FEQQRW KRGHY EDVHG RQ D

DOO ILUVW SULQFLSOHV SK

5LSSHUGD FRPHV WR &,7$ IURP Wi FQMMRIEWS WL ERUWR JHQ
$GYDQFHG 6WXG\ 3ULQFHWRQ ZKHNKEKHJVsPssHUGD 3KL
1$6$ +XEEOH )HOORZVKLS 3URJUDP (LQVWHLQ

JHOORZ 3UHYLRXVO\ KH ZDV D MRLQW

SRVWGRFWRUDO IHOORZ DW WKHLDQ®MIU R DJTHAMLLINXMAR DQ
1HZ <RUN &LW\ DQG DW 3ULQFHWSROD®$PDYWMXVEWOHQFH WKD
5LSSHUGD UHFHLYHG KLV 3K' LQ @DWIHPIDFWIMRQ Rl PDJQH
IURP .8 /HXYHQ 8QLYHUVLW\ LQ SRWHIGHLID WEHSRZHU HPL
DGYLVRU\ Rl 3URI 5RQ\ .HSSHQVKRGBRAWDEGUHWLRQ GLVNV D
3K\WLFV DQG (QJLQHHULQJ ERWK[WBRPH UHVROXWLRQ VLF
(LQGKRYHQ 8QLYHUVLW\ RI 7THFKGROKHJUGD HW DO -33
DQG KLV %6F LQ (QJLQHHULQJ D&KHRUQRRIMD]RY 5LSSHUGD
(LQGKRYHQ 8QLYHUVLW\ RI 7THFKQRORJ\




&, 7$ <HDULQ 5HYLHZ

$QDGYVRURGFHWRG 3R 5HHG ( \WMIEN WIDAKH
VHHP HG [QMHVMG 1Q XQGHIAMBQAQ)

HYHY WIQJ  DQG WDV RX KDYH VR XQGHIAMDQG
DEMR HYHY WIQJ VR GR $WRSK\ MEV (\WIEN
KDV QHYHUBRNHG EDFN © WKLV IRFXV RQ
TXHVMRQV DAKH KHDUAR WH I IHT MEHDV R
VHH WIDAKH | RXQG WH UJ KWW

© KDABK\ VIEV FDQZ HH SEUH Z I GHXWRQ
WELY' +RZ GR QGHXWRQWELY | MIQR \WH
EURDGHUSIEWIH R WH XQYHIH' : KDALY WHU
UIHDMRQWKLS \R EDFNKRBV' +RZ FDQZH

H SGWH FRQQHPWRQY EHVE HHQ WHRUHAFDO
FDBXOMRQY QXFODUH SHUP HQNV DQG
DWARSK\ IEDCREVHUYDARQY"

(WIENNGRZ VWHUH LV QR RQH SHIHPWA \WMP
WDWZ L@DQVZ HIDGRXUTXHMRQY +H VHHV WH
IHT P RYIQ) VRZ DUBV XMQJ P DG A VWP V
P XGNP HWHQI HUMJ QDY DQG CDD I LRP

QLI HIHQAFKDQQHY VR DSSURDFK DQ
XQGHIMIQAQ) R WDWZ KIFK Z HGR QRANQRZ
(WIENFLHAW KLY 3K DGYMRY ' U (UN

. DMDYRXQQVDQG3WR 1HIQ1 : HQEHJ
IRUWDFKIQ) KIP KRZ VIR DVN [OMHMQ)
TXHWMRQV DQG GR FDBXOMRQY VR WH BIYHOR
H FHIQFH WD, 7$ LIV NQRZ QIRU

(WIENWYGHVP DQ DVSHAW R H SHUP HQEO
JUDYIW ILRP GDVD DFTXIMMRQ TXDDW DQG
FDIEWDARQ R VHDUFKHV | RUDVARSK\ VIFDO

WJ QD DQG WHULOM SUHVIDARQ 0 RAWW
UHFHQWD KH KDV XVHG QHXWRQ WL VR \AXG,
P XGAS®I SIAWY/ R P RGHQ SK\ MIEV QXFGDU
SK\ MIEV DQG VWRQJ JLDYIW

( WMEN KH® SRAWERARIDA HIRZ \KLSV DAMH
3HUP HMU, QAWM | RU7 KHRUHWFDCB K\ VIFV
DQG \WH . DY@, QMMM IRU
&RWP RRJIFDCBK\ IFV 8 QYHMW Rl &KIFDIR
+HHDUQHGKIV 3K IURP WH

0 DWDRKXVHAW , QMMM R 7 HFKQREBI\

DQG KWV %6 1Q0 HAKDQFDQ QI LQHHUIQ)
Z W D VHFRQG P DVRULQ 3K\ VIFV [ LRP
- DVKIQIVRQ 8 QLYHUW LQ 6W/ RXLY

5HVHDUFK +LJKOLJKWYV

30D\HG D NH\ SDUW LQ PDQ
GLVFRYHULHV ZLWKLQ WK
&ROODERUDWLRQ /6& +H
WKH ILUVW SHRSOH WR VH
GHWHFWLRQV LQFOXGLQJ
GHWHFWLRQ RI JUDYLWDW
* > 35/ @ DQG
WKH ILUVW HYHU GHWHFW
ZDYHV IURP FRDOHVFLQJ E
VWDUV *: 35/ @
(VVLFN HYHQ VHOPDIMKH IL
DQQRXQFLQJ *: W R
HOHFWURPDJQHWLF REVHU
ODWHQF\

6KHG OLJKW RQ HIIHFWLYH

LQWHUDFWLRQV DQG WKH

EHWZHHQ WHUUHVWULDO

DVWURSK\VLFDO RE®¥HUYD
35/

@ ZLWK KLV ZRUN FRP
LQLWLR QXFOHDU WKHRU\
PRGHO DJQRVWLF DVWURS
FRQVWUDLQWYV




3XEQFDRQV

&, 7$] HQV SXEQK KXQAHGV R SDSHY/ HYHY \ HDU &RYHUQI VRSIFV ILRP J IDYMIMRQDCY DYHV VR WH HDLD
XQYHIHWR SRSXOUVHHFH WHH Z RNV FRFPWYHD LOAMRGXFHEL 1IGDV QHZ VROMRQV DQG GHYHBRSP HOV 1Q
WHRUIHWFDCDWARSK\ VFV VR GLYHIH DXAHQFHY 7KHIR@RZ 1QJ LV D WP DOVHBFWRQ R Z KDAKDV FRP H RX\WQ WH

WY HDU $P S@\ 1QJ \ RXUZ RINLY [P SRUBQWIR XV 3GDVH BMKVNQRZ DERXVDQ. |RUMFRP 1Q) SXEGFDWRQY WDW
\ RX Z RX@ @\H XV VR VKDUH

,RDQD=HDR &,7$ 8 QAYHWMW Rl 7RIRQR

7KHQDWUH R GDUINP DMAULY RHR! WH P RAMIP SRUBQNKQURIHG TXHWRQY LQVFIHQFH 6RP H GDUN P DAMU
FDQEGDWV GR QRAKDYH VX! LFHQAGQRQ J IDYMIARCDAQMDPWRQY VR EH SUREHG 1Q @ERIDRY RUDFFHBLDRU

H SHUP HOAV MY WXV P SRUBQMR GHYHERS DWARSK\ MFDOSUREHV Z KIFK FDQ FROAMDIQ RUBDG VR D GMFRYHU

R VXFK FDQAGDMY , XVH WM R WH DUAP HDVXUHP HOWV R VARQJ J IDYWARQD@® BIQVHG TXDVDLY VR FROMDIQ
IRXUR WH P RAMSRSXGUMMUIBI QHXVWIGQR P RGHY DQG DOR UHSRUAMH FROMDION [UIRP - RWHULQGHSHQGHQW

P HWRGY WDWDUH FRP SDUDE®! 1Q SURFHGXUH

=HDR , $ 7UHX 7 $EDDMDQ. 1 *1PDQ' %QRQS$ - %UUHI6 1HHEHI $ 0 . XHNR $
3K\ MEDGEHMLZ / HAMAY

/ HYRQ3RIRVDQ 6P RQ) LDVHUS QLYHUW

3R 3RIRVIDQE FREIERWDRLY DG KLP VHD XVHG WH ODMMFRVP REJ [EDOCDVD VR UHFRQAMKXPWAH UHGWKLLW
HYROMRQ R WUHH I XQPUWRQY GHVRUELQ) WH H SDOMRQKIMRY R WH 8 QLYHYH DQG.J LDYIVMRGQDCH [ HAW RQ @ KW
DQG P DWAULQ WH @I H VFDBI VAKPMUH 7KLY Z DV WH ILUAAP HWH WUHH IXQPARQY Z HH UHFRQMKFWG

VP XOEGHRX\WO DIRZ 1QJ VR WMAYDIEW R * HQHUDCE HDMMW RQ FRVP RBILFDOFDG! 7KH FKHANHG L OWA WP H
P RALIEDARQV R JUDYIW FDQ KHS UHVROH VRP HR! WH FRVP RBJ LFDOMOMRQY DQG WH VKRUADQVZ HULY

XQINHD

3RIRMDQ / 5DYHLO .RDPD. HADO,P SUQNR FRWP RBJIFDOMMRQY IQUHFRQMXFWG J IDYIW _1 DMUH
SWARCRP\

' RXJ - RKQARQH +HJEHU $VARQRP\  $VMRSK\ VIFV 1 DWRQDCE HVHDURK &RXQFLCR.DQDGD

8 91E JUDGXDM WXGHQW RIDQ) LDQAY QRZ D SRWVGRF 1Q/ HGHY ' RXJ - RKQWRQH DQG WH-&0 7 7UDQUHQW
WDP XVHG\WH-&0 7 DQG$/ 0 $ VR SUREH WH SK\ IEDOVAKFWIUH Rl WH HQYHBRSH VXURXQEQJ Rl D SIRRWEU
(& YD DFFUMMRQ EXUMHFKRHV

) WDQAY / RIDQ -RKQMRCH ' RXJ HWDO 7KH$\WRSK\ IFDO RXUDO

8 9IF JWDGXDM WYGHOW' RULYDNHD / RIDQ) DGR DRQI ZIW ' RXJ - RKQARQH DQGDWDP R RSWFDO
LIOMIHRP HAl H SHUV DQD®] HG VSDUWWH DSHUMUH P DWNQJ REVHUDARQV R WH\ RXQ) WBU/ N&D  DQG
IGHQAILHG VE R UQJV DQG DQLQQHUAWN 7KH SCSHULQARGXFHY D QHZ LQYHVIAS DWYH P HARG WDWZ LOEH XVHG Z WK
XS FRPIQJ * 72 -: 67 1,5,66 REVHIYDARQV R WDQURQ GM\V

%DNHD ' RW) DGR / RIDQ -RKQWRGH ' RXJ HWDO 7KH$VWRSK\ IFDO RXUDO

' RXJ - RKQARGH Z WK ILYH RIKHUMZUI RUP DARQ H SHIV Z LR D IHYLHZ « $ FFUAMRQ 9 DUDELDN DV D * XIGHWR
6\WDUO DW $WHP E®+ IRUWH XS FRP LQJ 3UIRRWELY DQG 3MQHV 9, , FRQYIHIHFH VR EH KHTG 1Q - DSDQIQ $SUO

)IMKHU : [@DP - +I@QEWDQG /\QCHS +HFAH) * IR - -RKQARCQH ' RXJ . IVSEOfJQHY ' XCKDP
0 LFKDHD DY LY H SUQW

&, 7% <HDUIQ5HYIHZ




. KDYHP DGH
SURIHWLIRQDO
FROQHPVRQV
DQG GIDUHG
DERXVWRSLEV

WDWZ RXE

RWHLZ [VH KDYH

SDWHGP HE\

3R 5REHYWADQGHQEHI HU
) RP HU&, 7$ &RXQFICRKDIU

&,7$ <HDUIQ5HYILZ

6LP RQ) RUHP DQ $ U] RQD 6 VW 8 QLYHMW

$ JURXS R IRXUIRWP HU&, 7$ SRWERFV DQG RQH IDFXQV P HP EHU

H DP LQHG WH SLIRVSHFW IRU P DSSIQ) WHXQYHUHIQ+' LH GRQJ
@QH [QMOUW P DSSLQI Z I LRIMRQDOADQUMRQY LQ WH K\ GLRIHQ
GHXWIUGH P ROFX®! 7KH UHVXGAMY) SDSHUIQ 3K\ MEDCBHYEZ ' Z DV
FKRVHQ DV DQ HAVRUV VXJ J HVWRQ DQG [ HDWUHG LQ 3K\ MEV 0 DI D) LGQH

WHWH3 & )RHPDQ6 .HDWYJ / & OHHY - OXubD 1
0 DSSIQ) WH 8 QYHIH IO K\ GIRIHQ G-XWAUGH 3K\ MFDGB HYLHZ

" HAYV/ HDK\ - 8 QYHUMW R &DA DY
3R /HXK\ SXEQKHG WHYHDOSDSHY RQ WH DQDOMY Rl $ VARG DW

REVHUDMRQVR 0 GRNQJ LOR WEUIRWP DARQKIMRY DQG

J DODPAE VWXFWH

/HK\ ' $ 3RWPD- ( 9XIENO /HDK\ & &WDIFAX 7

1HZ YIHZ V1IQWH XGADYIRBMR WH $QAURP HED DD \ HIDEGIGE WH
$VWR6$7 89,7 THBMRSH ,Q- @ $ GQ+HEHI6 1INDG
1DNDIDZD (GV 6RAHN R 3KRR 2 SWFDQ QAMXP HOBMRQ ( QILGHHY

63,( &RUHHFHGEHIH YRO H

JHDK\ ' OXIENO  /HDK\ & $\VWRGDWS 9, 7 &OMMU
3KRRP HM [QWH1RUIMHOQ' MR 0 7DM H

/HDK\ ' BHPICRI 1 /HDK\ & ) DUXGADYIRBMIR ) , 5
6SHPAWDOHQHU\ ' MAMEXWRQ0 RGHIQJ R WH 6\MIMDU) RIP DARQ
+DMRY R WHO  9%XQH ?DM H

&,7$] HQ/ LELDU

11FR®I/ ® G 5RQQQJ * UHDWD \ WMUHV IQ$\MRSK\ VIEV D
JXIGHWR Z KDWZ H GRQVWNQRZ

7KLY SRSXQUWFIHQFH ERRNH SGRUWHV J DSV 1Q WH FXUHQAHVHDURK
DERXVIMH XQYHUH |, 694

3WR * DY ) HBHU 0 RGHW 3K\ MRV
1HZ W WERRNIRUVRSKRP RUH GIYHAQAMRGXFWRQWR 0 RGHQ 3K\ MFV
,6%d

3R YDUEDD 5\ GHQ 6 WMUEWKPWUH DQG ( YROWRQ

* LDGXDW DGYDQRHG XQGH.I LDGXDM W] VERRN FR Z LMHQ Z IW, O DUF
3IQMRQQHDXOVS YDIDE®! $ XI XV 6%




3KDVH 7 LDQVIVIRQV

6P RQ) RUHP DQ
' U)) RUHP DQZ L@EH WBUAQ) D |DFXAV SRMRQLQ" HSDUR HOAR 3K\ VIEV
DA U] RQD 6V 8 QLYHIAW LQ - DQXDU

' DQ7DP DR
" U 7DP D R WEUMG D | DFXOV NRE DWADUYH 0 XGG &R@IH

* [@DQ: LORQ
' U LORQZ DVKILHG QR D QHZ DGP IQMADWYH BDGHUKLS SRUMRQ DV
91FH &KDQFHTRUI RUS HVHDUFK |, QQRYDWRQ DQG ( FRQRP L' HYHBRSP HQADW
WH 8 QYHMW R &DORUID 0 HFHG 6KH LY DOR XQGHU RIQ) WH SIRFHW
R EHQJ KILHG DV D IDFXOV P HP EHUIQWH 3K\ IFV' HSDUR HQW, Q

‘U LORQZDVHBPWGD) HIXZ R WH$P HIFDQ 3K\ IEDGBRFIHV  $36

INVZHWKZ DUSDP 0 DUML

* U 0 DUMLREVILQHG WIQXUH DWINH 1 DARQDOSHQAH IRUS DGR
$VIARSK\ VIEV 7DV, QAMIXWM Rl ) XQGEDP HQBCE HVHDUFK

&DUD- RKDQ + DWMU
' U + DAWMUNRLQHG WH 8 QYHOW Rl 1 HYDGD / DVOHIDV DQGIWQHZ ®
IRWP HG 1 HYDGD &HQMUIRU$VARSK\ VIEV DV DQ $\WMBQABLR HWRU

5DIQHU: HQEHJHU
' U HQEHUHJUZ IGEH MRQQ) / HEQ] , QUMMM | RUSVIMRSK\ VIFV 3RMGDP
$,3 1 DVD/ HEQ] MQRUJWRXS GDGHU

' RXJ - RKQARCH

' U - RKQMRQH Z DV DSSRIQMG VR D VE R \ HDUSRVIMRQ DV 3UHMGHQAW
BFHFHSGYVRU 6 HFURVIL VR 3UAMGHQAV 5 HVHDURK ( [ FHIDIQFH
$GMVRY &RP P WWH DAKH 1 DARQDCE HVHDUFK &RXQFLO8.DQDGD

/ LQGD 6 \WWKXEEH

' U 6WKEEH LV QRZ ZRINQJ DV D | UHHDIQFH ( GXFDWRQDOSRQUXGIIQAIQ
SK\ MIEV DQG DWARQRP \ KL KHUHGXFDARQ +HUFRQUXGMY) Z RINLQFOGHV
SUR HVMRQDOGHYHRSP HQAQWDFKIQ) HTXIW DQG LIQFOMRQ H WLLDO
HYDODWRQ Z RINVKRSV DQG FXUIEXOP GHMIQ

7 DIXQ 6 RXIDGHHS
' U 6RXWDGHHS EHIDQDV' LWHAVRUR! WH 5DP DQ'5 HVHDUFK , QUMM LQ
9%4HQI DX , QED

[/ DXUD. HDWQJ
' U. HDAQJ Z DV DZ DUBHG WH LQDXI XUDQ{ @ DEHW, * DUBQHUIHGBRZ \KLS DV
WHBFKRROR! 3K\ VIEV DQG $WWRQRP\ 8 QYHUMW Rl ( GQEXUIK

&, 7% <HUIQ5HYIHZ

' U O LEKDHQ HWV/
VSHQW HELXDU DQG
0 DUFK 10

) LODQG Z KHUH KH
VBXJ KD FRXUH RQ

&RP P XQLIFDWQJ
6 FLHOFH Z L\ \WKH
3 XEQF DWKH
8 QLYHUAW RI 7XUNX
DQG UHVHDUFKHG
FX@OXUWH V LR®I LQ
VFLHQFH
FRP P XQIFDWRQ

%HORZ 'U :HVW VWDQGYV I
EDFNGURS RI 1IRUWKHUQ




$ZDUGV +RORXU/ DQG $ FFRDMGHV

$Z DUBV DQG DFFROGHV VKIQH @ KVWRQ WH W QULFDQAIP SDRWKDAR., 7$ UHVHDURKHLY DQG DOXP QLKDYH ERW 1O WH
| IHT DQG LQWH Z RUS DAL H 7KH Z RINWDWY GRQH DARYHUWH Z RUG B\ &, 7$] HQV @\ VWH J URXQGZ RINIRU
IP SRUBQAGHYHBRSP HQA DFLRW WH VAHQRHY  H DUH IRUMQDM VR FRXQARXUP HP EHY DV WH J U-DWAMAP LQGV
DQG VBBV ERW LQ WHRUIHAFDCDWARSK\ VIFV DQG IQWH P DQ RAMHUIHDGV 1Q Z KIFK RXUDOP QLZ RIN 3GDVH MRIQ
XV 1Q FRQI UIDWOWQ) |HBRZ &, 7%$] HQV RQ WHVH DFKIHYHP HQAV

<DQTIQ: X 8 QYHMW R 7RIROR
3R XZDvDZDUEHGWH* XJIJHKHP ) HIRZ \KIS |RUKHUSURSRVDCRQWXG 1Q) WH VHI HP HOMG AW\

+ HON + RH\NWAD / HGHQ 2 EVHIYDVWRUY
3R +RH\VAD Z DV DZ DUEHG DQ$ GYDQFHG * LDQAILRP WH ( XURSHDQ 5 HVHDUFK &RXQFIOR VXSSRUAIMH VALHQWLE
DQDOMY Rl XSFRP 1QJ ( XFQOG GDD

<IQ =KHO D 8 QYHUMW R! . Z D=XX 1 DWO6RXW $1UFD

3R 0 DZDVHBRMG VR WHSFDGHP \ R 6 FIHOFHR 6RX\W $IUED 7KLY P HP EHUKIS R WH$FDGHP\ P DNV WH
VRS VFKRDULQ 6RXW $1UED 7KH$FDGHP\ Rl 6FHQFHRI 6RXAW SIUFD $66$1 IV WH QDARQDGBFDGHP\ R 6RXW
$1UFD HAEEQKHGE\ IW IIIAMGHP RAUDWE SUHVIGHQW1 REHOBHDFH 3UJ H/ DXUHDM 1 HORQ 0 DQGHD [Q

Z KIEK DIP V/ VIR VAHQI WHQ VFLHOFH LQWH QHZ. 1RUP HG GHP RFUDAE FRXQM

0 IFKDHQ HWV/ RZ HQR EVHIYYDWRU
‘U HWWZDVWHBRWGDVD 8 6 ) XBUIKW6FKRDU

1IFROI/ R G5RQQQ /RVSOPRVIDWRQIDO DE S8QYHWMWR 1HZ OH IFR / RVS@P RV
' U/ ® G 5RQQQI Z DV QDP HG DQ$P HIFDQ 3K\ MEDOBRAHW ) HBZ 1Q

6LP RQUBXIO 8 QYHIMW RI 9IFVRUD

' U UBRXIQ UHFHYHG D 3RWERF' IMAQI XIVKHG 3HURWP DQFH$Z DG IURP / RVS$@P RV 1 DARQDO DERIDRY
IRUKLY Z RN RQ DGYDQFHG FRP SXWIUMP XOMRQ WRKQT XHV VR GHYHBS LP SURYHG P RGHY R WH FROAMIMAYH
SK\MFVR ZKIMW GZ DUV 7KLY DZ DUG UHFRI Q] HV FROMEXWRQV VRZ DUEV RABQGEIQ) DQG XQUTXH UHVHDUFK
UHVXGAQJ 1Q D SRVIMYH LI QUIFDQAP SDFW

' RUJZR&KXQ &,7$ 8 QYHMW Rl 7RIRQR

' U &KXQI IV WH UHALSIHOAR! WH 94-DWIFH DQG 9LQFHQAT UHP DICH) HIBZ \KLS  Z KIFK 1V J LYHQ DQQXD@ 1Q
PHPRY R %-DMFH' DQGILQFHQW  7UHP DICH VR KRQRXUWHUQHRQI IQMHNIQ P DINHP DWFV VFIHFH DQG
DAY

8H/L3HQ & 7$ 8 QAYHMW R 7RIRQR
3WR 3HQZDV@P HGD) HBZ R WH5R\ DS RAHW R &DCDED DQG FRMERDMG RQ&+,0 ( ZKIFEK ZRQWH
LRANKRX\VH &DDED UL H

-XQD$ . RPHHU &, 7% 8 QYHUMW Rl 7RIRQR
3WR . R® HHJZ DV VHBRWG DV WH -DFTXHV6RAD , QMUODWRCDOKDUIQ 3K\ MEV $V SDUARI WL DZ DUG
VKHGAG D UMGHR 1QBKXKWHY Z KHH VKH GHDYHHG D VHUHY R GRMYURY RQ KHUUHVHDURK

&, 7% <HUIQ5HYIHZ




“HQQUHU< + &KDQ &,7$ DQG' XQDS 8 QYHMW R 7RIRQR
' U &KDQJ DYH KHUWHWY SU} H VXX 0 IEKDHOBHQWRQ3UJH DAHS . 5R\ DOSVARQRP LFDCE RELHW
2 WEQDY 0 HHMQ) 1Q2 PREHU 6HHWH IX@WRY RQSDIH

7KIHP +RDQJ . RUHD$WRQRP \ DQG 6 SDFH 6 FLHQFH , QUMM . RUHD 8 QYHUMW RI 6 FLHQFH
DQG 7 HFKQR®RJ\

' U +RDQ) Z DV DZ DUGHG WH $FDGHP IF $Z DUG IURP WH . RUHDQ $\WRQRP IFDOB RAHW [ RUKLY RAMBQGQ)
FROMEXWRQ VR WH GHYHBRSP HAR . RUDQ$MVARGRP \ WURXJK P DNQJ Z RUTS FOM/ UMVHDURK DFKLHYHP HQW RQ
WH DO QP HOAR! LOMIAMDUGKMWWH RUIIQ R P DI QHWF | HBV IQ RAWUVSDFH DQG WH VHDUFK [RU

H WDOWMUHMDOTH

$ OXP QL 8 SGDVAV

V&, 7$ V SUMBU HVR Z IMZHW WH DFFRP SO/KP HQWV DQG FHBEWDRY P RP HQV R RXUDOP QL DV Z HODV WHU
FKD@IQIHV : HDUH UHP LQGHG WD, 7$ LV QRARMVARGH P RP HQAIQ RXU@YHV DQG FDUHHLY , WY RXUFKHH.BDGHU

RXUVRXQAQ) ERDUG WH SOFH ERW SK\ IFDCDQG YILMDO Z KHIH TXHVRQY DQG IGHDV ILRZ ) RUWRVH MR V QGRW
VKDUHG Z HFHBEWDM Z WK \ RX  DQG I RUWRVH FKD@BIQJ HV QRAWRIFHG Z HKR@\ RX LQ RXUWRXI KW

' HIHN 5 LFKDUGVRQ 8 QYHIMW RI 0 DY @QG

3R 5IFKDUBVRQ UHSRUV WH VXFFHWIXQOP SDPAR WH1$6$ ' $57 VSDFHAUDIWZ WK LW VLI FADWMUIRG

' [P RUBKRV P RRQR DWMRG' IG PRV DV D IIWANMMMMDWIDGI R D NQHAF IP SDRVRUDY DVADWI\ 1RU

P IMJ DAQ) FRERQKD DUEVZ W ( DUK 7KHIRXIK®  KRXURIEMIOSHURG R WH P RRQZ DV UHGXFHG E\ DERXW
P IO\ LQEFDWQ] HWRVB ILRP \WWH LP SDRASLRYIGHG DQ H WD ERRWIR WH P RP HOMP WDQVIHU DV

H SHAWMG 5LFKDUBVRQLY DR IQYHWM DRUIRU' $57 DQG®DG R WH G QDP IEVZ RINQJ JURXS IRUWH P WIRQ

/ 1IQGD 6 WKEEH 6 \WWXEEH ( GXFDWRQDCERQVXOMJ
' U 6\WKEEH FR ®1G WH I 3DQ $1UFDQ 6 FKRRORU( P HULQJ $VIARQRP HY 3$6($ 1Q/ IMQIMRQH =DP EID 1Q
2 AREHU 7KH KDGDVXFFHWIXCBLRIUP ZIWa  XQYHMW WYGHOVILRP  FRXQMHV DFLIRW $1UFD

Z KR GDUGHG DQ LOARGXPURQ VR DWARGQRP \ WIRXIK LQTXILY EDVHG @EV LOMDPRYH BMRQY DG GVFXVWRQY
' U 6WKEEHIVWH&R ' WHARUIRU3$6($ Z KIEK VKH WBUMG Z KI®! D SRWERF DV&, 7$

SHWMUYDUOHY 6 SDFH 6 FLIHOFH , QWX

' U 9DUQHV LHSRUV D QXP EHUR! H FIMQJ GHYHBSP HOW LQ KLY UAVHDUFK. 7KH\ HFDUMBUMG Z IW VXEP BMMRQR! D

OUHP DI QHAE | IHG WYG R WHP DAMYHP RBFXOUFBRXG%) EDWGRQ&\F®I 62),$ $/0$ COW 7KW/

ZDVIRGZ HGE\ DQREVHYQ) WIS R 1 HZ =HDDQG Q- XQH [RUMHYHIDA @ KW DERDUG 62) ,$ 1RUIXUMHU

P DU QHVE [ IHT P DSSIQ) R WRU IRWP 1Q) FBXGVZ W WH+$: &  LOWMXP HOV XUQ) WIS D P DVRU1 6)

JUDQAZ DV DZ DUEHG VR VXSSRUNKH 7KIB 0 0 6 DQG UHDWG VXUH VR WHP RBFXOUO IO : D, Q$XIXW' 5 &
R KLV &+ D0 3 SLIRMPAZ HH SRUMG VR 1.$6$ V, QI UDEHG 6 FLHQFH $ UFKLYH IRUFRP P XQW DFFHW 7 KURXJ KRXW
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