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e &RP SOMAG VK\ HDURI UHVHDUFK
RQ JX@Y DV LQGLFDVRU/ Rl VIKH KHDOK
Rl VKH 6 DOVK 6HD

e &RQGXFWAGIIHGBEZ RINDW MWWV
DFLRW FRDWIDOY6& VVAV LQ VKH
6DIMK6HDDQG MWV RXWLGH RI
VIKH 6 DOWK 6HD

e YDQGHG  * MXFRXV ZLQIHG
* X@ Z VK XQLTXH FRRXUEDQG
FRP ELODRQV

e &RPG EGRRG DQG | HDVIKHU
\VDP SOV LRP * @XFRXV
Z LQIHG* X@ | RURQIRLQJ KHDOK
JHQHIE DQG FRQVIDP LQDQW
DQDO VHV

" HS®R\ HG* 36 WDFNLQJ VIDJVRQ
DGXAOV MXFRXV Z LQIHG* X@Y

SKRRAHAW &R + 0P LORQ

( &&& UVHDURKHUSUHSDUQ) DIX@EGRRG\VEP S®i RUDQDOMVIQ
WHIHG ) XWHUDQDOVHVDIHARP SBMWGLQDOCERDRY VHMQ)
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K\ DQG: KR

7KHB6DDK 6HDLVDQLP SRWBQAZ LOMUIQI DUHDIRUP DQ VSHAHVR! P DUGQH ELLGVVIKDAL/
| DAQJ LORUHDMQJ SUIHWXUHILRP XUEDQ] DARQ SRSX@MRQJURZ VK DQGP DUCH
WDQUSRUWIMRQ 7 KHBDMWK 6HD* X@B LRWPAY SDUAR! VIKH 6D 6HDO DUCH9ALG

0 RQVRUQ] DQGE&RQHIYDMRQ3WRILP D\ HDUSWRILP VRP RQVRUP DUCHELLGVDV
LQAFDVRU/R! VIKH KHDOM, RI ViKH 6 DOVK 6HD DQG VR FREBPEDVHIRH GDVD | RUFRQHUYDURQ
SOQQQ) * X@VSHAHVDUH SIRMAMG XQGHUVIKHO LILDRY %4LEV& RQYHOMRQS PAR
DQG DUHLGHQW LHG DVDWHZ DUBWKLS SURUW E\ ( QVILRQP HQADQG & TP DA &KDQIH

&DQPAD ( &&&

2 XUUHVHDURK DWHWHVVIKH KHDOK R P DUCH ELLGVIQWKLYKLIK® KXP DQ LP SDRVG DUHD
| RFXMQI RQVIKH VXUYLYDOLDWAV P RYHP HQW KDEWVIDV GIHW SDVRIHQVDQG GMHDVHY DV
Z HODVARQVZP LQDQABVHYRI IXEVSHALHVLQVKH 6DDWK 6HD

7KH* @XFRXV Z IQIHG* X@VRQHR! VKH @ HWWSHAHVRI IX@/R RFFXS\ FROWEZO
KDELVIDLQ ERVIK XUEDQ DQG QDUDADUHDV LQVKH QRUMHDWMU 3 DRLLE 1 LRP 2 LHIRQVR
$ ON\D $ BRQ VKHFRDWRI %MK &ROXP ELD * @XFRXV Z LQIHG* X@YDUH DEXQGDQW
JHQHDDMY RUDI HY/ VKDWQFOXGH YDUDE®! DP RXQWR! ERVIK QDYUDAP DUQH DQGKXP DQ
| RRGVIQWHUGHW P DNQI WWHP H FHIBIQWP RQVRUYDQG LQGFDVIRY/R HARV AP
KHDOM

7 KLV SLRNMHPALY D FREDERUDWRQ EHVE HHQ ( &&& DQG DFDGHP LD GIGE\ ' U 0 DN
+1SIQHU ( &&& LQFRADERIDMRQZ VK' U 7RQ\ : LEDP V &HQWHIRU: LAB@H
(FRGRJ\ 6P RQ) LDVHUS QLYHUMW ' W/ $P\ : LORQDQGO DUH$ XJHUO HVK«

8 QLYHMW RI %4UMMK &RXXP EID ' U 7 KHUHWD %XW 8 QLYHUMW RI / HWKEUGIH
DVvZ H@DV' W . HWK + REVRQ DQG - RKQ ( @MRWV ( &&&
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) LUML DARQ( QI DIHP HOWDQG & RADERUIDARQ

$ @RI XVLQYROYHG LQVKH 6DIMK 6HD* X8 LRMIFW
UHVSHPWX@ DFNQRZ BIGIH VKDWKLY Z RUN VENHV S@FH RQ
VIKH VWDGIVIRQDO DQFHVDCDQG XQFHGHG VIAULVRUHV R

, QGLIHQRXV 3 HRS®IV LQ FROWDOYAUMAK &ROXP ELD $V
YIMVRUY DQG SXEQF VHUYDQW Z H KDYH D UHVSRQVELAW VR
VIKH QG DQG VR VIKH SHRS®1 Z KR KDYH WIHZ DUGHG VIKHVH
@QGVMQFHWP HLP P HP RUDO

HWULYH | RUP HDQLQU | XOHQI DIHP HOWZ VK ) LUAML DMRQV
LQ KRSHV VKLY SLRMIPAWFDQ SLRYLGH RSSRUMXQIMHV VR EXLAS
GHHSHUUHDMRQVKLSY DQG VR VXSSRUALQI RUP DIRQ VKDUQJ
VKDALY SXUSRVH XO RUMMZ DUGVKLS DQG UHFRQFLADVRQ

7KLV\ HDU UHVHDUFKHWY P HWZ LV * XDUGLDQV DQG

( QYLLRQP HQVIDAD RQIVRUW/ILRP WKHO XVTXHDP ,QGDQ

Y%DQG 6TXDP MK 1 DARQ 7 @&P 1Q 1 DMRQ 6RQIKHHV

1 DARQ * ZDVDMD 1 DNZ D[ GD[ Z 1 DWRQV / O . Z &DDP V

%DQG DQGVKH + DIGD 1 DMRQ $ @RI ViKHVH FRADERUDVRWYY IRRRIGINS QDS IHED!
SURYLGHG LOYDOXDE® LW KWDERQJ Z VK | LHEEZ RLN

DWIWIDQRH

HZ HUH LQYLVIAG VR VIDNH SDUALQ VIKH , QGLTHQRXVO DUGH
7 HFKQIFIDQ & HUM LFDWA3LRIWDP ,0 7&3 SLRYIGHGE\
1.DQZ DNRDV & RXQFLODQG 9 DQFRXYHU, VIDQG 8 QLYHUAW 1Q
&DP SEH@B LYHU 6VXGHQW VSHOAD GD\ LQVKH | LHGE Z LViK
UHVHDUFKHUY GDUQLQ) WDQM HUDE®H | LHES VNLAY LOFOXGLQY

VSHALHV LGHQW LFDARQ ELUG KDQG@QJ DQG FDSVKLH
VFKQLTXHV DV'Z HEDVVIAAXH VDP SQQJ DQG* 36 VI JLQ) Rl
* MXFRXV Z LQIHG* XQ¥

HZ RX@S @NH VR H| SUHW RXUMQFHUAVIAG LDVIVXGH VIR VKH
PDQ ) WAL DARQVZ KR UHYLHZ HG RXUUHT XHWRI | HHG
DFFHW VR VKHU@QGV DV'Z HE@DV VIKHLUI LHAEZ RWN
DWIMBQFH 7R EHFRP H LQYROYHG LQ | XWKUH | LHGS VHDVRQV RU
U \ RX Z RX@ @\H P RUH LQI RUP DVIRQ RQ VKLY SURMIFWSGIDVH
FRQDPAD DN + LS| QHU# HE JE FD

SKRRFUHAW S QIHND9 DGH SV
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&RP P XQW ( YHQW

KLBI WDYH@QJ | RUI LHEBZ RUN. UHVHDUFKHUY SUHVHQWAG XSGDVIAV RQVKH 6 DAMK 6HD* X@
3 LRMIPWR FRP P XQIMHV 7 KDQN\ RX VR VIKH P XQLFLSDOMHVRI ' DDMQJ * LGV / LRQVYD,
0 HVPKRVQ 6DDQIFK DQG: KI5 RFN I RURITHUQI \ RXUVSDFH DQG KRWALQJ XV 7 KDQN\ RX DV
ZHDRVIKH: KDBIO XVHXP 1Q: DWKLQIVRQBVIVA | RUVSHDNLQ) Z VK" U 0 DN+ LS| QHURQ
\ RXUBDIMK 6HD $ WRFIDARQRI 0 DUQH 1 DWDOVW 66$0 1 SRGFDW/DYDLME®! KHH

3KRRAHAW 7HAWD& DL

7HWD&LDL 0 6F 61P RQ) IDVHUS QYHMW DQG$ QQHNDY DQGHEDV 0 DUCH2 XWHDRK & RRUBICDRU ( &&&
SURYIAIQ) XSCDMVRQWHBEDDK 6HD* X@B IRMPAYRWHFRP P XQW Rl / IRQVYD. 94K &ROP ELD

1\ RXUFRP P XQW LV LOWUHWHG LQ GDUQLQ) P RUH DERXVWIKH 6 DIVK 6HD* X8 LRMIPWYLD
YLUXDOSUHVHQUMRQV DQG RULQ SHIWVRQ HYHQW SGIDVH FRQVDFWO_DUN + LS| QHU# HE JE FDIRU
DYDI@ELMW EDVHG RQ FDSDFLW DQG VFKHGX@Q) FROUGHDARQY
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0 DSR 6lVWAV

0 DS /RADWRQVR WHEDDK 6HD* X@B LIRWRANZ LOMU \VEP ST MWAVIQYIWK &RAXP EID %8  &DQDGED

60P S MWAVDHI REXMHGIQWHG6DDWK 6HD DEBQJ WHHDWMLOFRDWAR 9 DOFRXYHU, MIDQG DQGVRAWZ ML FRDWR
%& &RP SDUIMRQMVWYRXWGHR WH6DDWK 6HD DLH GFDWAG DBRQJ WHZ HWVWDQG QRUM FRDWWRI 9 DOFRXYHU, MDQG DV
Z HODVWHQRIM FRDWARI 968, LOFXAQU + OIGD* Z 0L
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6LV 6HBIPARQ DQG 6DP SQQJ

) LRP - DQXDU VRO DUFK ( &&8& FRQGXFVIAG | LHGB LHVHDUFK VIR DWHW VIKH VXUYLYDO

DAV P RYHP HQW KDELYW GLHW' SDVIKRJI HQV DQG GIVHDVHV DQG FRQVZP LODQAGBIYHOY R

* @XFRXV Z LQIHG* XA Z LOMUQI LQVKH 6DOMVK 6HD 7Z RWDP VRI ( &&& UAVHDUFKHUY/

YIMWGDVRDOR WAV VVAVZ WMKIQVKH6DOVK 6HDDQG VIV RXWLGH VIKH 6 DOMVK

6HD LQFOXGLQJ 7RILQR 8 FOXHBMW3RUM DG\ 3RUAO F1 HAD3 UQFH 5 XSHUNDV Z HEDV

6DQGVSIWENLGHIDWA * DDMIQ * LLGV 3RUA&BP HQW DQGO DWHWQ+ DIGD* Z DIL VHHO DS
SUHYLRXV SDIH

6DP SQQI DWIKH H VIALQDOWWIAY HQDE®N XV VR FRP SDUH VIKH KHDOK RI I X@ XQGHUVKH

GU | HIHQAHQYLLRQP HOMDOFRQGMRQV VKDWSUHYDLCY. IVKLQ YV RXWLGH RI ViKH 6 DOMK 6HD , Q DA
JHRIWDSKLF UHILRQV Z HVDP SGIG JXQ@LQ D YDUHW RI KDEWVIVWV SHV LOFOXGLQI QDVXLDO
EHDFKHV XUEDQ DUHDV DV Z HEDVVIKH 9 DQFRXYHU/ DQG! LAVRR H| SGRUH YDUDVRQ DP RQJ
KDELVIDAW SHY

5 HVHDUFKHU/ XVHG Bl KRG QRRHQQHWDSVVRFDSVWKUH ~ DGXAVDQG  MYHQL®

* MXFRXV Z LQIHG* X@Y VRVIDOQ 1Q VH7DE®! ) RUD@FDSWKUHGELLGY Z H
P HDVXUHG DQG FRABIFVIAG EGRRG DQG | HDVKHUVDP SGV | RUKHDOK JHQHVIFV GLHWDV Z HEDV
SDVIKRIHQ SDUDVVIA DQG FRQVIDP LQDQWDQD® VHV

7DE® 1 XP EHUR JXQ@FDSVWUHG DQGFREXUEDQGHGE\ UHIIRQIQWHZ LOMU I HGVDVRQ

5(*,216 6,7(6 *8//6
0 HWR9 DQRXYHU
EXQUKIGHERDWY
- XDQGH) XFDWR 6DDQAFK 3 HAQUXD
1 DQDIP RVRR&DP SEHTS LYHU

&RZ IFKDQ9 DIBA
1 RUM 9 DQFRXYHU, MDQG
© HW® DQRRXYHU,VDQG
1 RUK & RDMDQG+ DIGD* Z DL
/ DAY

7RIKY
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6L\ 6 HBIPVIRQ DQG 6DP SQQJ

2 | ViKH DGXQ\V X@Y FDSVKUHG DVXEVHMRI  ELUGV UHFHLYHG D UHFKDLD HDE®1 VR@U* 36 VID
VIR WDFN P RYHP HQW DQG KDEWVIDWKVH RYHUMP H 7 DIV DUH P HDQW/R UAVAHYHGDWIRU &
\ HDU/EH RUHVKH GHVAURUDWA | LRP HQYLLRQP HQVIDXCFRQGIIRQV DQG | DERI | VKH ELLG 7KLY
\ HDU Z H DOYR VRRN D VP D@EGRRG \VDP SG®1 | LRP * 36 VIR JHG ELLGVVRR GLLHAV® FRQQHFW

P RYHP HQAGDVD Z VK EGRRG VDP S®1 DQDO VHV

3KRWRAHGAW6RQ D3DWQ

$ QDGXOY OXARXV Z IQIHG* XY I D®D GRS KDUHWP RXQMG HKDU HDEGI VROU* 36 Vi) DQGFRBXUEDQGY
Z KMIRYHUIWH ROWHBIWBD DQGZ KIMARYHUDP HEAEDQGRQWHWKWBD 7 KIVIX@HHYHGD* 36 W L1Q

) HELXDU DQGZ DVIH IKWIGE\ DQ( &&& UHVHDLAKHUILRP WHEDDAK 6HD* X@B URMIPWG KRVRVSLRYIGH
YDOCEGILQ RIP DARQVR LI KWQIVEDD VR YHUL\ FREXUEDQGFRP ELQDARQ DVZ HODVWHWIDAVR WHELLGA/SK\ MFDO
ARQGMRQ

&TANVRVHHWHI IHBYIGR
) RUD I LUAMKDQG DFFRXQUR ( &&&8&/6DAMK 6HD* X@

SURMIFW LHTS P HVIKRGV Z DVFK VKH&LW RI : KLV

5 RFNAY/ YLGHR Rl VIKH UMVHDUFK VWDP LQ DPIRQ _* XD

5 HVHDUFK 3 LRMIPWQ . KLV 5 REN \ RXVKEHFRP
7KDQN\ RX VR VIKH&IW RI :  KIVIA5 RFN | RUVKDUQJ DQG
SWRYLGIQI VKLV | RRVIDIH
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* X@REXUYDQGS5 H 6LJKVMQIV) RWP

6LOFH HDFK J X@FDSVXUHG KDV EHHQ EDQGHG Z WK D
XQUTXH FRP ELQDARQRI ViKUHH FRERXUEDQGY DQG D 5 HSRUMLIKWQIVKHH
QXP HUFDQA HGHUDAP HVIDCEDQG * X@Y DLH EDQGHG Z VK KWV IRPVRIIEHRP UL 3* ]1+&IV

VE R FRRXUEDQGV RQWKHUGI WG DQG RQH FRRXUEDQG
RYHUD P HVIDCEDQG RQWKHUWIKWBY 7 KH FRERXUEDQGV
HQDE®! REVHUYHUY VIR UHFRI QL] H LQGLYLGXDOJ XA DQG
SURYLGH YDOXDE® UH VLI KV GDVID Z KHQ UHSRUMG VIR VKH
( &&& UAVHDUFK VHDP VIKURXJ K VIKH RQIOH I RWP DQG RU
VIKH & DODGLDQ %4 UG %DQGLQ] 2 11 LFH

' DVID FREGPIFPWAG | LRP VIKH FRERXU EDQG UH WKW | RUP
KHGV XV XQGHUMDQG IKH P RYHP HQW MW | LlGHAW  DQG
DIH VSHFL LF VXUYLYDORI JX@VSHFLHV RYHUMP H DFLRW
VIiKH 6 DOVK 6HD DQG EH\ RQG 5 HFHQW® D JX@EDQGHG LQ
3RUM DG\ %4UMIAK &ROXP ELD LQ) HEUKDU! ZDv
UHSRUMG RQO DQGDUM , MDQG QHDU9 LFVRUD 94UMAK
&ROP ELD 1Q- XCH SUHSDUQU LW QHW RUVIKH
EUHHGLQI VHMDVRQ 7KHIRWP GDVID KDV HYHQ D@RZ HG XV VR
FLRW LOWUQDVRQDOERUGHWY Z VK VHYHUDOWI KUV DQG
UHSRUN Rl FRARXU EDQGHG J XA LRP :  DVKLQIVIRQ 6VIDM
DQG$ @W\D 8 6$

B6LOFHVIKH Z UMK RI VKLY LHSRUNVZ H KDYH UHFHLYHG P RUH
WDQ  MIKVQIVRI FR&RXU EDQGHG IXQY 6LIKVIQJV
@\H\ RXUYKDYH DWHP HQGRXVLP SDPARQ RXUUHVHDUFK
DQG SKRVRIWDSKVRI \ RXUMLIKVIQIV I XUMHUVIKH YDOXH R

\ RXUWHSRUN/ DVZ HFDQ YHUI\ EDQG FRAERXU/ VR RXU
GDVIDEDVH DQG DWHW DI H UHIWAG FRQGIMIRQV VXFK DV VIKH
WDWARI P ROADQG EUHHGLQI VXFFHW

7KDQN\ RX VR ViKH FRP P XQIW P HP EHUVZ KR KDYH DQG
FROWOQXH VIR FROWLEXVIA VR VIKH J XQ@FRERXU EDQG WH
WIKVWQIVIRWP 3 BIDVH | HHOZ HFRP H VIR VKDUH VKH

$ QDGXOY OXFRXV Z LQIHG* XQ IW FRERXUEDQGFRP EIQDARQ

SRWHURQVIKH QH WSDJH Z VK VIKH @YH 4 5 FRGH DQG G BRI BROWGINGD CI52 KUMRYLP R
IRLP @QN VR LHSRUAFRERXU EDQGHG J X@WI KVIQIVLQ\ RXU ®0 ;

DWHD

3 KRR AHAWE KOG DFTXHYDQG- RKQ&RWHMITR
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