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© H DUH SURXG \R KRWMKH ICDXIXUWDO( $5$ &RAHMHQFH  ($5% 1Q %HID D AW
UHQRZ QHG IRU W SLYREOWRB! [Q ( XURSHDQ VAHGFH DQG IQCRYDIRQ GXUQ) \WH %4HID
6AHQFH: HIN ($5$% 1Q FRIDERIDIRQ Z W RXUSDWGHY \WHO O ' HEWFN & HQMU
DQG &KDUW 9HID PDUW WH FXPIQDWRQ R\ HDW/ R GHAFDWG SXETGF RAWHDFK
HIRW B\ ($5$ ZKIFK KDYH VQUEDQ® FROMEXWG \R \WH QRZ GRP ICDQAFTP DM R
RSHQUHW VXUWRXQAQ) IQAMAMRGDCDQP DOMVHDUK DQG W FRP P XQFDWRQ  ( $5$
EUQIV \RI HKHUI BEDCH, SHW 1Q UAVHDURK DQG FRP P XQEDMIRQ DFURW YDURXY GVASTHY
DQG P HAD SOWRWP V XQWMG B\ D VKDUHG REMIPYH R HP SRZ HUWH VAHQME FRP P XQW/
Q0 HXDQAQ) WH FOWY RSHQQHW DQG HIHAWHQHW R DQP DO UHVHDUK
FRP P XQEDIRQ

© H DQIFISDW \KDMKLY FRQHHGFH Z IO QW QHZ FRMERIMRQY DQG SUIRYIGH SUDRWFDO
JXIGHEHV \R VKDSH \WWH IXWUH R SXEQE HQJ DI HP HQAK \KLY FUXFIDOGRP DIQR! EIRP HAFDO
VFHGFH

. LN/ HHK o ® European Animal
($5$ ([ HRAWH' WHARU . Research Association






$ERXW( $5%$

7KH ( XURSHDQ$ QP DG HVHDUK $WRADIRQ ( $5$ IV D FRP P XQEDIRQY DQG
DGYRFDR P HP EHYKLS RUDQVDMRQ UHSUAVHQUG ERW \WH SXETF DQG SUYDM
IOAMMRQY 1O WH EIRP HAFDOMHPRU QRZ ZMWRYHU P HP EHWY Z R@OZ IGH
($5$VP MRQLV\R IQRP SHRS®I DERXVKH FROIDXHG QHHG IRU DQG EHHIW R
\WH KXP DQH XVH Rl DQIP D 1Q VAIHQIME UHVHDURK DQG \WH SUIRJ UMW RN QHZ
DSSURDFK P HWRGRBJ LV B\ SURIGQ) DFFXUDW DQG HYIGHQRH EDVHG IQIRWP DIRQ

w Ul
U

$ERXW ($59%

1 RZ \WDWP DQ FRXQUHV Z RUIZ IGH DUH HP EUDFLQ) RSHQQHW DQG WDQVSDUHGR, 1Q
DQIP DAMHMVHDUK RXUFRQIHUHQFH Z LOH SBUH \WH QH WANSV \R P SURYH \WH VHRRWY
DSSURDFK \R FRP P XQIEDURQ Z WK WH SXEQE DQG GHYHES IW XQGHIABQEQ) R WKLY
IP SRABQARSIE 2 QH R RXUP DIQDIP V IV \R SURVIGH SRMFRQIHUIHQFH J XIGHIHV R
VXSSRWERW [QAMAMRQY DG LQAYIGXDE [Q VKDSIQ) \WWH IXYUH R \KHU

FRP P XQEDVRQY UHI DLEQ) \WH VFHQME XVH Rl DQP DY
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* HOHUDAQIRWP DVIRQ

9 HOXH

0D ' HEWFN&HQMJ &DP SXV %HID %6XFK
5 REHWG | \WBI 6 \WD; H
UYHUD) o

$OHMRQVDHIQS[RQ  WIBRU H FHSW

- ROWKRS 0 HAD 7RROIWRU2 SHGHW $[RQ  WIBRU
. RWKRS  6RADM HAD%RRRDP S ' HGAM  © IGRU
- ROWKRS  : HEVOM,P SIRYHP HQV HQAM  © |GRU

, QUALQHW
© ), GANZRW P G-BRSHQ

6D\ IQWRXK Z WK ($5%

6 XEVFULEH RXU QHZVOH
UHFHLYH XSGDWHYV IURP

WROORZ XV RQ VRFLDO
RU YLVLW RXU ZHEVLW

3DUQHWYY DFNQRZ ®IGI HP HOW

00 ' HEWFN&HQMJ EDVHG DA R VWMV 1Q %HUID) 1 D UAMHDURK

LOAMAM |REXVHG RQH SBUQ) \WH FRP SOf LOMDRIRQY Z WWIQ
KXP DQEIRBJ\ \R EFWHUXQGEHYARIQG KHDWK DQG GVHDVH

&KDUMY + 8 QYHWMMP HGJ [Q 9HER LY RQH R \KH QU HMAXQYHWAW
KRVSMIY [Q ( XURSH ,W P MIRQ KDV D SDMEXDUIRFXY RQWH

IQMUIDFH EHE HHQ EDVIE DQG SDHQARUHQMG UHVHDUFK

7IHYHWXFKH YHIAMKHQ 799 IV D* HUP DQVFHQME IQUDMH
FRREQDWGE\ WH$ @QFH R 6 FIHQRH 2 U DQYJ DURQY WDW
SURVIGHV FRP SUKHQUYH XS R GDM  DQG | DPNEDVHG IQRUP DIRQ
RQ DQP DOMA DVBXETE® 1XQGHG UHVHDURK IQAMAMRQY
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7KXWGD\ 1 RYHP EHU
5HILVWUDWLRQ
2 SHQAQ) UHP DUW

0 DINH 6 DQGHU 6 FIHQME ' IWHARUR 0 O ' HEWAN & HQM.
$CQD,VDEHIB DQRY ( $5%$ &KDIUR WH %RDUG

2 SHQAQ) NH QRW
) IR(D) R 6 HHQFH O HAD & HOMH 8.

1HWZRUNLQJ UHIUHVKPHQWY H[KLELWLRQ

6HWMRQ  ( IIHAYH VAHQFH FRP P XQEDWRQ DQG P HAD

&KDIU) IRD) R 6 FAHQFHO HAD &HQRH 8.

6 DVFKD . DUEHJ ' HU7DIHWSIHIHO* HUP DQ

9RDHUG \R®] 6 FIHQRH 0 HAD & HQMU * HP DQ

$@DO REQfODWH 6SDQAVK$JIHGR IRUO HAFIGHV DQGO HAFDO HYIEHV 6 SDIC
$Q0 51G)ZD 8 QYHWWR WH: HWR ( QOQG 8.

6 HWIRQ ) OWK\UO\

IHWZRUNLQJ OXQFK H[KLELWLRQ

7KXWGD\ 1RYHPEU ——M ¢ $IWVUWQRRQ

6HWRQ 3 DIDMY RINVKRSV

- ROWKRS 0 HAD 7RROIWRU2 SHQGHW / RFDIRQ $[RQ "IBR
- ROWKRS 6RADM HADYRRRDP S / RADIRQ ' HQGMM ~ © IBR
- ROWKRS  : HEVWM,P SIRYHP HQW / RFDIRQ ' HQAWM  ® IGRU

6HWRQ &RP P XQEDIY HKIFV DQG ®GUDAWDP HZ RO
&KDU / XAH & W 5 HVHDURK ,QAMAM 5, 0 8 +& &DQDED
$WDQDWID 6 RIMRSRX® ) HQFK 5 &HQMU ) DGFH

6 \MDQ+ [SSHOAMO& KDWY 5 &HQMU* HWP DQ

. OV$EHORQ 8 QYHWW R & RSHQKDIHQ ' HQP DN
(PPDQXHBUWRAN ,16(50 (8 6PID ) WDQFH

3 RMMUVHWIR(

6HMRQ ) OVK \BID)

( YHQAQ) NH QR
/ XFAH & W 5 HVHDUFK ,QAMAM 0 8+& &DQDA

1HWZRUNLQJ GLQQHU




)UGD\ 1 RYHP EHU e 0 RWIQY

5HILVWUDWLRQ

- 2 SHQQI NH QRW
- 6XVDQRD/ RXKIP IHV ( XURSHDQ&RP P MRC

IHWZRUNLQJ UHIUHVKPHQWY H[KLELWLRQ

6 HWRQ 7WQVSDUHQR DQG RSHQCHW 1Q DQP DOHVHDUA
. &KDIW 5 RP DQ6WMY 7 IHYHWXFKH 9 HYARKHQ * HUWP DQ

. +DQYK + REVRQ 8 QGHUIABQAQ] $ QP Db HVHDUK 8.

. 9HD* OWHUO O ' HEWAN&HQMU* HP DQ

| - XID YHGHDAN & KDUWY %HED * HWP DQ

. 0 IFKDHD' ICERHFN 1 RYDWY 3KDWP D$*  6Z MWHIDQG

. - RVHS 6 ROHV 8 QYHWGDG & DIEHQDO HUHWD &( 8 6SDIQ

"1HWZRUNLQJ OXQFK H[KLELWLRQ

)UGD\ 1 RYHP EHU o $IVAQRRQ

. 6 SHAD® HWIRQ + RWRSIEV 1Q VAHQAH

- &KDU. WN/ HHFK ( XURSHDQ'$ QP DC5 HVHDURK $ WRFIDURQ 8.
. 9DFAICH KHVMBQR 0 LEKDHO) WVSDWEN 8 .

. * HQHW DMHGRUDQWP V5 REHWW RIIH * HWP DQ

. &@ DMFKDQIH -RVH =HQV * HP DQ

UHMD 6 FIHGFH: HHNZ M 799 DQG & KDUWY %4HI) m
IQ FRMERIDIRQZ MO ' &

YAHID=HWQZ HQGH 1Q GHU* HVXQEKHWM RWFKXQJ 2
IHIDQEZRWQ) XQG. RP P XQNDMRQLP 8 P JDQJ P IMT IHYHWXFKHQ ﬁm
LR s T AR
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0 HGLD 7RROIMIRU
2 SHQOHW

7WDIGHY

0 RQTXH QV
+DYHPDQV  6HUHKR
6XQAQ

6 RADQ HGLD
YRRWDP S

7WDIQHU

+ HBID 3 IQKHLR

HEVIWM
P SLRYHP HQW

7WDIQHU

1 XQR* RQEDOHV
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' RQWP HOMRQWHS$ Z RUG  7KHS8 .  NRXUQH\ VR RSHQQHW

7KV \BO! ZIO\INH WH DXAHQFH WURXIK WH 8. & RXWH R RSHQQHW RQ DQP DO
UAVHDURK ) URP WWH @D\ V Z KHQ \WH 6 FIHQFH 0 HAID & HQMH RSHQHG 1Q Z KHQ UAVHDURK
LOAMAMY DQG XQLYHIAMHY GHIEHIDWO KIG WHUXVH R DQP D IURP \WH P HAD DQG SXEAF
\R \WH FXUHQMANDMRQ Z KHUH P RMR WH 8 . UHVHDURK FRP P XQW DUH VL CDRUHV \R D
& ROFRUEDWRQ RSHQGHW 8 VIQJ UHDOFDVH WMGAHV ) IRQD ) Rl ZIOVKRZ KRZ \WH 60 & DQG
RIWHUFKDP SIRQV IRURSHQGHW IIQD® FROYIGFHG \WH VAHQME FRP P XQWY \KDWRSHQGHW
ZDV QRVRQD HWIFD® [P SRUBQN IWZ DV DOR WH EHVWZ HDSRQ DI DIQAVDQP DOW KW
HWHP WP DQG P MQRUWP DUWRQ

(<127(

) IRQD) R
&KIH ([HPAYH ) RXQAQ) ' WHARU 6 FLHQAH 0 HAD & HOMH 8 .

) IRD) R IV \WH FKIH H HPX\WWYH DQG IRXQAQ) QUHARUR! \WH 6 FIHQFH 0 HAD & HQWH
ZKIFK MQFH MZ DV HMBEQKHG 1Q KDV EHFRP H DQ IQAVSHQVDE®! UAVRXUFH IRU
VAHGFH XDV IQ\WH 8. 6KH D KDV D GHIUH 1Q RXWCDDP DQG P DQ \ HDW R
H SHIHQFH ZRIWNQJ 1Q PHAD WHOMRQY IRU KUK SWRIGI QDURQDO RUDQVDIRQYY
IQFOGAQ) DP RQIMARKHY WH ( TXDC2 SSRUMQUAY & RP P WHH DQG &$) 2
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6 FLHQFH MRXUQD@WP DQG VKH SXEQF GHEDW  7KH GL I LEXGAHV RI HP RURQD@N DQG
UDVIRQD@W LQ VAHQFH FRP P XQIFDVIRQ

6 AHQFH MRXWDOP VKRX@ EH EDVHG RQ IDPW DQG \WH VAHQME DMRQDOP HKRG  96XW
HP RIRQ LV D NH\ FRP SRQHQAIQ UHSRMQ) MY DQIHU SDMRQ QVIXVWHP SDWA HW \KDW
PDNHV KHDGEHV 7KHHRWM MY/ [P SRMEGI \R FRP P XQFDM VAHQME UHVXWV RU

H SHUP HON Z MRXWAROUGHUQ] \KH HP RIRCDCHRP SRCHQW

6 DMVKD . DUEHW
+ HDGR VAHHQFH VHRAIRQ 7DIHWSIHIHO* HP DQ

6DVFKD . DUEHJ KHDGV WH VFIHQFH GHSDUW HOADWIKH * HUP DQ  %HI) EDVHG CGDIO
QHZ VSDSHU “7DI HWSIHIHOM . DUEHJ WXGHG EIRRI\  DQG VFHQFH RXWDDP  DAWKH
) UHH 8 QYHIAW %HID Z KHUH KH FRQGXAMG UMVHDUK RQ' IRVRSKLD P HDQRI DAMUDW
WH QAMAM R * HQHWV +H ZDV D . QJKW6FAHQH -RXDDP ) HBZ DWWH
0 DWDFKXVHIW ,QAMA R 7HFKQRBJ\ [Q &DP EUGIH 0 DWDFKXVHIW 86$  DQG KDV
EHHQ DZ DUGHG \WWH + HXUHND 3 U H IRU6 AIHQAH - RXUDDP WH * 6. - RXUDOP 3ULH
DQG WH + RIVFKGHGHUS HVHDUFK 3 Ul H DP RQJ RKHLY

apH d0a OANHDX d g HEDOHEA HRNH T )
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5HSRUAQJ ([ SHUP HOQWMRQRQ 1 RQ+XP DQ3UP DWV D MRXUQDOME GLBP P D

6 AHQFH IV QRAUDG. \R HIP ICDM DODQP DOUHVHDUFK GMDBQH EDVIE BAVHDURK. GRQH RQ
QRQKXP DQ SUP DMV 7R UHBIQ SXETF WKWZ H QGHHG UMVHDUFKHY \WDWRUMFD®  HYDODWM
\WH XVH R DQP D& P IQP 1] H VXIIHUQ) DQG QXP EHY XVH DEMIDIWHV Z KHQ SRME®! DQG
\BNH SHYRQDO RZQHYKIS IRU WH ZHIDWH DQG HWIFDO MAMEDIRQ R HYHY  DQP DO
H SHUP HQW 5 HaXFAIQ) BHIDQFH RQ \MWAMDQP DY IV P RID® D JRRG \WIQ) DQG \WH 5
3 UQAS®NV 5 HVSRQUELDV 5 HSOFHP HQW5 HEXFURQ DQG 5 HIQHP HQAFDQ EH VXP P DU} HG
IQVXFK DZ D\ WDW/HHQIAN VKRXG UHXVH DQP DOH SHUP HQBMRQLL \WH RXHU 5 DUH QRW
REH\ HG $ UHVHDURKHUZ KR KDV QR HKIEDOTXD® V H SHUP HQMY RQ DQP D& VKRX@ CRAEH
D@Z HG GRQJ \WHP

7KH \WRXE®! |RURXIDOAV DUVHY Z KHQ VFHQMAV DUH DFFXVHG SXETFO R Z IRQIGRQJ 1Q
DQ R \WH DERYH P HQIRQHG GRP DIV ,Q VXFK KLIK® SXEQ [FHG VIXDURQY IMEHFRP HV
FUMFDO \KDWVAHQRH IRXICDOAV JDIQ HDWD DQG IDVAWDFFHW \R WKWWXOIQRUP DURQ 1URP
IOUGHY Z M GHHS NCRZ BIGTH Rl \WH FRP SB[ MV R WH SXETF® QVEXWHG FDVHV ,Q P\
SUHVHQORMRY , Z LOKLI KT KWRP H BMRQY BDWCHG DV D VAHGRH IRXICDOMFRYHUQ) KLIK®
SXEQH] HG DWIFNY RQ UMVHDUFKHY SHURWP 1Q) EDVIE UAVHDUFK RQ GRQ KXP DQ SUP DWWV DQG
Z KDWQAMAIRQY VXFK DV WH VAHQFH P HAD FHOMUJHP DQ. VKRX@ DQG Z OGR 1Q VXFK
VAMDIRQY

9 RMIHU 6 VR@RY
6 FLHGFH 0 HAD & HQMU * HUP DQ

7%
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(P SRZ HUQJ FDQFHUSDVHQW RQ 7IN7RN

7KV \BO! Z @DGAHW \WH RSSRWQWAV DQG FKDBIQIHY IRXQG 1Q XMIQJ 7INVRN DV D
SOWRP |IRU VAHQME FRP P XQEDIRQ 7KLY FRQHHFH Z1O IGFOGH XVHXO\RRY RU
VAHQIMMDQG FRP P XQFDURQ SURHWIRQDCY KR Z DQAIR H SBUH VFHQME FRP P XQDURQ 1Q
VRADCP HAD IURP \MIDWU LE FRP P XQEDMRQ \RRY \R VRAIDAP SDPWDQDOMY + DYIQ) FDQFHU
DQG EIRP HAFICH DV P DIQ \RSIFV # $BZ D\ BWBXQGHYARQG IV DQ H DP SBI RQ KRZ XVIQJ
XVHUIUHQED WHVRXUFHV KHBV \R GHP RADWE DFFHW \R VFHQME NQRZ BIGIH HP SRZ HUQJ
\WHP \R FUHD\M EHVWHIUVROMRQY

$@DO0 RWQS$ Oz UH
6 SDQVK $JHGR IRUP HAIFIGHV DQG P HAIFDOGHYIEHY 6 SDIQ

$@D KROV D 3K 1Q EIRP HAFIQH DQG ROFRBJ\ IIRP \WH 8 QYHWAW R 2 YIHGR DQG
Z RUW DV DQ H SHWQ VAHQME FRP P XQEFDMRQ DWIKH 6 SDQVK $JHQR IRUO HAFIGHV
DQG 0 HAFDO' HYIFHV $( 036 DQG ZRUW DV \WH &RP P XQFDIRQ 2 IIIEHU IRU \KH
( XURSHDQ + HDGV R 0 HAFIGHVS$ JHQAHV +0 $ QHERIN 6 KH KDV DQ IQMVH Z RN DV
D FRP P XQFDRULQ GLIHHQAP HAD Z HHND FROP QIQ( CG&RP HIAR D @FDOQHZ VSDSHU
DQG P RON® VHAIRY 1Q 2 QGDFHR  IQFOAQ) KHU 7INZRN DFFRXQWZ KHUIH VKH \BIOVM
HVSHAD® DERXWELRP HAIFIQH DQG FDQFHU UAVROIQ) GRXEW DQG ILJKUQ IDNH QHZ V

apH d0a OANHDX d g HEDOHEA HRNH T )
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+RZ $, lVWDOVRLP Q] VAHQFH MXUQD@AP  RSSRUMXQMHY DQG HWLFDO
TXHWRQV

$ WMFIDOIQM@ HQFH IV IQFBHDMQI® EHQJ XVHG B\ VAHQFH IRXWDOAV 1Q WHUZ RN 7KH
UHVXOV R DQ IQMEDIRQDOVXIYH R VAHQFH IRXUDOAN Z LOEH SUMVHOIMG UHYHDID) KRZ W
IV FXUHQ® EHQJ XVHG DQG WH RSSRUWYQUAV MY SUMVHQIQ 7KH VXUYH  11QGV \KDW
VAHQRH IRXICDOAN DUH JHQHID® RSP MIE DERXWIKH XVH R $, 1Q MRXUDOVP DWKH VDP H
P H DV KDYIQ). FRQFHWV VXFK DV 1Q UHDMRQ Bl DODFFRXQEELDN Z KHQ JHQHDIYH $, IV
SDWR \WH HAVRUDOSURFHWHY 7KH DUH DOR FRQFHUCHG DERXVWKH P STFDIRQV R $, IRU
VRP H RREV VXK DV 1Q GHVIQ DQG LOMIDIRQ 7KLY SUHVHQBMRQ DOR H SBUHV HKEDO
MXHV SUVHOMG B\ $, 1Q VAHQFH FRP P XQFDMRQ VXFK DV W SRWQIDOWR H DFHEDWM
H MY EIDVHV ) ICD® \WH SUHVHQBMRQ FROGHY VRP H SUDPIFDOAMSV \KDWP D\ P [MiJ DM

DWBDWWRP H Rl \WH FRQFHOV SUVHQMG B\ $,

$QC\ 51GJZ D\

$WRFADM' LUHARU 6 FKRROR $ SSTHG 6 AHQFHV

8 QYHWMW R WH: HWR ( QOQG 8.

$Q0 IV D 6HQRU /HAMWMU 1Q 6FHQFH &RPP XQFDIRQ ZIKQ \WH 6FHQH
&RP P XQFDURQ 8 QUDMWKH 8 QYHWW R WH : HMWR ( QIOQG 8: (v +H IV D
PHPEHUR WH \MDP IQYROHG ZIW \WH ( 8 IXQEHG &2 $/ ( 6&( SURWPW FUDIY D
( XURSHDQ &RP SHMQFH &HQWMH IRU 6 FAIHQFH &RP P XQFDIRQ %HRUH \WDWKH ZDV
IQROHG ZM \WH (8 IXQEHG 5(7+,1. SURWW HSBUQ GIMIO VAHQFH
FRP P XQIEDMRQ DFURW ( XURSH

apH d0a OANHDX d g HEDOHEA HRNH T )
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&RP P XQIFDWQJ 5V DQG HWKLFDCDGYDQRHP HQW

,Q 5XVVBHQ@&XUERW URBXMBVSULQFESSBEFHHEFHEHILQWBURYLGH
HWK LPO.G D QFEMFLHQWRYQWEXFIQUICPID[GHULPHA®WHWY HU\H D UD WLHA
UHPDLQV FKDOOHQJLQJ IRU 5V FHQWUHY WR KDYH D GLUHFW L
7KHUHQERKQWRUS )& 5 KDVRBULPPUVVLMRHURWAD QGPSOHPEQW

W K U R X JKRXQFHR WK HY GNH)& 5 HQFR XU DHY\S R Q WIREFOB/OME Q QRYDW L
UH V H DIXRKEUH V H CBWRM IS E\R V LFGRHP\S U H K VWD Y @ X §'S RRBMDF L H Q@ DG
GDWIHK D U LIDQQGR VWWUY Q V STRPPX\W L FDMWAER Q UB Q 8K W XIWH) H UD WIL R Q \
VFLHQWKNWW KDBHYHOBSRG FYWWY BWHIER Y F UHAWHSRQWE X LD G
VIQHUJERWRKQLUWR XWQKHHHBGQ GRDEBWHVHDUBRBABLVVHPMITBVH
DQGWKL&F@FOZOFD@RQWK\HFLHQW\RLHERQVWDNHKWWQHS&BOLFﬁ
*LY HOKLHP S R U WRIMDHNHY R Z.DHH G U R Y LIGH. \QH D UZ KV IBHYV W W/ KOHD WPHRVGM O V<
DQBHWKRGRQRLLYRY L VRUWRY L O LIFRRH DG HJX O DWRBWK LDDRU P DWKLHR
)& 5 H[WHQ VAR PRX Q L FEDBAKING Q R Y DMAL/RH@IXMKIDLAB R E X V WIQUHD\EMD\G
DZDUGQ & KHY R O XRVS. RIF WU A BIXO DIMQALRW N 7KW & 5 D O WA F R J QW KHV
DFKLHYHPFRHQWWHD URKIRDV D G Y D Q ALIQKS V LQ)UDQR/\HKURKQNVHUYLI—@Z
FRQIHUHQFHV ZHELQDUV DQG DZDUGYV o
7KH& 5DOYVR YRFRWYHIGF LH @RHSR O O D E RIUIRWE VAWR Y LGS QD WER O H §
6 K RLRAW HR/M K D U D QU V X IOV XGH. DIVDIOYRHX R O HVK LIVY R DG/Q H F H V V Di.
UH S HWILQ\S(RRP RWBHINQ V S DQHQ FWU H NQRE O HIGFH S WDIHG D WIHWHOOMW V
SRVLWXWH RIP\EY RW KR OGVD Q R IVEGH QMHKIH +D GL QWK(I8 DQGWOVR
LP SR UVWRNERW L \D U W L 2KMHIMUWOA\P DOYXV HBQ G RHV H DLWKIQ GEGS XEOLF
PRQH\
'HEDWBVHDUWLBBREVQIRJUDSRPEWVYQ @R F IPIMG IDDUBOWRHWRDLVLQJ
DZDUH@IWKBVDQO QLPHDVWKDPR QY KH QHB B POIQRE/ KGIH [JH QH U RW L R Q
UHVHDUFKHUV DQG WR SURPRWLQJ JHQHUDO NQRZOHGJH RI W]

$ WDQDWID 6 RWLRSRX®V

CWHARU) & 5, QUHP ) IDQRH

$WDQDWID 6 RMRSRX®V KROV D 3K 1Q &HO@U DQG 0 RBFXOU %URRI\ DQG IV D
5 HVHDUK ' WHARUDWQUHP  + HUVAIHQME Z RINIQWH 1 HXURP XVFXOU' HYHBSP HQW
* HQHWRV DQG 3K\ VIRSDIWRBJ\  \MDP  DWIWH , QA& RFKIQ IRFXVHV RQ FHOOUDQG
WDQVFUSMRQDOMI QD@ DQG WH XQGHIADQAQ) R DGXOWNHBMIOP XVFBI SOMIFW
61QFH" HAHP EHU VKH KDV EHHQ GUHRRUR WH * ,6 ) & 5 \KH ) UHQRK UHHUHQRH
FHOMH | RUDOTXHRQY UHDWG \R\WH 5V HKIEDCSUQAS®! 5 HSOFH 5 HGXFH 5 HICH
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YDMF FROUGHDMRQVRQ P RGHY P HWMRGVDQG WH 5V

%RP HAFDOUHVHDURK UHIHV RQ P RGHY DV QUHPWMNMAHV [Q KXP DQV DUH HWIFD® DQG
SIDRWFD® FROADIGHG 7 KLY SUHVHQUBMRQ DEGUHWHY \WH URBI Rl DQP DOP RGHY DQG 1 HZ
$SSIRDFK 0 HKRGRBJILV 130V ZIWMIQ WH IDPHZRWN R WH 5  SUQASGNV
5 HSOFHP HQW 5 HGXPUIRY 5 HIGHP HOV ZI\W D SDWFX@U IRFXV RQ KXP DQEDVHG '
PREHY . H DAXHV IQFOGH WH GHIQURQ BQEDWE] DIRQ DQG YDIEDWRQ R 1$0V DV
Z HODV WHUGMIPW/XMIELDN | RUEDVIE UHVHDURK FRP SDUHG R U XOWRY FRQM W

7KH 3 UHVHQIBMRQ HP SKDV] HV \WDWP RGHY DUH D D V VP SOIHG UHSUHVHQIMRQY Rl UHDONV
DQG \WDWWHU H SOQDWRY  SRZ HU YDUHV GHSHQAQ! RQ \WH FRQOM W Z KHWHU 1Q EDVE

UMVHDUK  SUFEIFDOMIXAHY RU BUXOWY VHMQIV $ FHOAMDO FRGFHWD IV WH FGDU
FRP P XQFDIRQ DQG GHIQURQ R WPV VXFK DV ~1$0 VMDQG “DEMEDIYHV™R DYRG
P WXQGHWABQAQIV 1Q VAHGFH DQG \WH SXEQF VSKHWH  + MRUIEDO GHYHBSP HON  IURP

FOWIEDODQP DOXVH \R P RGHD FHODQG RUDQRG FXAMUHV KUIKQKWWH GVXS\WH
SRWQIDCR KXP DQ EDVHG P RGHY' Z KI®! AHWMQ] WDVWKIHVH VKRX@ CRAEH VHHQ DV QUHFW
UHSOFHP HQW IRUDQIP DOAXGHV

9%\ RQG VAHQME FKDIQIHY \WH SUHVHQBMRQ XQGHWFRUHYV AKFMUDO \WFKQRE LFDO DQG
IQAYIGXDOIDRARY WDWIQGHFH \WH GWHP ICDIRQ R QZ P HWRGY ' HVSIW H MY
@ MMRQY W DU XHG WDVWKXP DQ EDVHG P RGHY DUH HWHQIDO RUVAIHQIME SURJUHW DQG
IRUMDQVOMRQ LOR IXWMUH P HAFIGH ) IOD® WH SUHVHQEBMRQ FDQ@' 1RUIDPYDO HYIGHGFH
EDVHG FRP P XQEDMRQ \KDWP DNHV WH RSSRUNMQUAV R QHZ  DSSURDFKHV YIME®! Z IKRXW

IXUKHUSROU] 1) WH HP RIRQD@® FKDW HG GHEDW RQ DQIP DCH SHUP HQIMRQ

6 Wil DQ + LSSHOWHO

3UIRHWRUR! ( [ SHUP HQBQQHARXY' IMHDVHV DQG 5 HVSILDWRY 0 HAFICH
&KDUW ¢ 8 QYHWIMWP HA 1Q H D

3R 'UPHG 6WDQ +ISSHQAHO LWHDUK IRFXVHY RQ PHRKDQWPV R IQQDWM
IP P XQW DQG \WWH GHYHBSP HOAR! IQQRYDWH P RGHY R WXG. IQHRIRXY GVHDVHY R
WH 0Q ) IRP \R KH VHYHG DV 6 AHQME &RREDRUR WH ' ) *
& RMERIDWH 5 HVHDUK &HQMU75 =, QQDW P P XQW R WH/ XQJ ™

EXUWHO® 3R +ISSHOAMHOL 6 SHONHUR WH ( IOAMQ &HQOMU 5 DQGR &KDUWY 5
DQG D FR IQUIWRUR VHYHUDGUHVHDURK SOWRWP V RQ KXP DQ] HG P RGHOA VWP V
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&RP P XQIFDWQJ WHILOHP HOWQ DQLP DOHVHDUK

7KHFRQFIRIWMKBY UHSODFHPHOX¥DQBBILQHPHIMMWQWURGXED® DP
5XVVBQEH[%XUE® DQE&DE¥HHIUXLGVQDPRQIMRE DWRIWPDFQA HQW LV
DQ® QL PDHO | ZURH N HHLY VUL Q P/ W KK UR S HBIQ RQUHFWLYH (8 ZDV
SXEOLWKKIEVZHUH[SOLFH@ WL RQX XW F D PFHRRWQ O'S UL Q FE SEBM®H JD O
UHTXLU HBHIEW R XQ W, QWHNURN H | L Q H VHKGIMU H FAMLDWAKISPW P EM W D W H V
VKDBOQVXUHILQHRHEUWHHGDBBRPPRGDWEDU B QR I P HW K RGAH GQ
SURFHGKOHFLQPWHGX PURKPMLQLPRO® SRV YV LEMMPX I ITHUGRQVMWEBHVV
ODVWLQJ KDUP WR WKH DQLPDOV ™
7KHlDHJHRZHY\HRJPRIFKDOOI—H)Q’J/HR\FLZ].\MLI—RCSOHPHLQI-WLQHHHQWFLQO%\
H[SHULPISQWRMBPHG XQHM PSRRI XFEFKDOOHWHOXFWBREOVYFLHQWRV W
DSSGHUV\LD—LIQQHPHQWXL(BBKWVFRHDRJU/XVSLIV\LIRW\MH{HILCPH-H&VKFFGR\XOGé
LQWHlZLW\!MKHH[SHULPHQWG@QWKHUHEQHumNmBQRQBx\mQRWKHéJ
H[DPSDWKGILIILFXQWICH\GD WG S P R Q VWW R B/W/IQE BM | R WWWODE Q
LPSUR Y HPW RIM) L FZIH@D | SUANHK HP P SRIBIQH VV H FW DD ORI RITLFLHQ
FRPPXQLFDWOHE LQHPH®E W R KWHF L HQRRLA B K QR /& W K\HAD N H K RLQG KL
RUGHU WR PDNH VXUH WKH PRVW UHFHQW DQG PRVW HIIHFWL¥
7K LU HV H Q WIDG\OLVRFQK RAR E H \RW H U F R/RKHH/KHD O O HALVBID U W LI RFORQ %
UHILQHPHQW RI DQLPDO PRGHOV FODVVLILHG DV VHYHUH LQFC

:

. MV$ EHORQ

3URHWRUR &RP SDUDWH 0 HAFICH

8 QYHWW R & RSHKDIHQ ' HQP DN

0\ $®D 0 DWULY 8SSVDD 8 QYHYW DWZKIEK , JUDGXDWM DV 0 DWMUR 0 HAFDO
6 AHQAHV 1Q DQGDV3K R &RP SDUMYH 0 HAFICH IQ 61Q7H , KDYH
EHHQ DI IADWMG \R \WH 8 QYHWAW R & RSHQKDIHQ ZKHUH, DP Z RINQJ DV 3 IRHWRU

0\ UMDUK IV P DIQD IRFXVHG RQ UHIQHP HOAR DQIP DOP RGHY  SDWFXOU® 1Q SDIQ
UHVHDUK , DP IQYROHG LQ EDVIE DQG FRQIIXIQ) HGXFDURQR! 3K VAMGHON SRWGRFV
DQG RWHUSRW\I UIDGXDWM DFDGHP IEV P DAMUMMGHQN \MFKQEIDQV DQIP DOFDUABNHY
DV Z HODV DQP DAFDUHABNHUMDIGHHY

, KDYH DOR EHHQ H WQUYH® HQIDIHG 1Q 6 FDQG/ $6 ZKHMH , ZDV SUMGHQWV

DQG Q) (/$6$ ZKHH , FXUHQ® DP 3 DW3UHVIGHOAMDI\MU VHYQ) 1Q \WH
( [HPX\WYH &RP P WWkH DV 7 UDVXUHU 3 UMGHQM BFW DQG 3 UMMGHQW
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1 RQ +XP DQ3UP DW 5HWHDUK 6FAHQAH (VKLFV DQG &RP P XQIFDWRQ

1RQKXPDQ SUPDMV 1+3V UHSUVHON R WH DQP DY IQWROHG 1Q EIRP HAFDO
UMDUK PRA® [Q PPXQRBJ\ YILRRJ\ QHXWRVAHQFH DQG QHXURBJ\  7KH  KDYH
FROUEX\MG DQG DUH VAMDFRQAUEX\UDY \R P DRU DGYDQFHV 1Q XQGEHYABQAQ) IXQEDP HQEO
EIR®J IFDOSUGAS®N DQG 1Q GHYHBSIQ) \WHIDSIHY $V VSHAHY FRVH UHDMYHV \R KXP DQV
QRQ KXP DQ SUP DV DUH DWIKH VDP H WP H KLJK® UHBIYDQAIRUSK\ MIRBJ\  DQG EHKDYIRUDO
QHXUIRVAHQRH  DQG DQ [P SRMBONHWIEDOMYXH DQG FRFHLD | RUVAHQIWAMDQG WH VRALEW DW
OUH +HH ZH ZIOWO! DERVWKH VSHALIFMAV R XMQJ 1 +3V IRUVAHQME SXISRHV
SUHVHQWRP H OQGP DUN FROUEXWRQY \R EIRBJ\ DQG P HAFDODSSTADIRYY  [GOVADM \KH
HIRW R WH VAHQME FRP P XQW IRUFRQIQXRXV [P SIRYHP HOW [Q 1 +3 UHVHDUK DQG
ZHIDWH EXWDOR P HOIRQ \WH P SRMUGFH R FRP P XQEDIRQ \RZ DBV VAHQIAV DQG \KH
Z IGHUSXETE

(P P DQXHGB LRR N
' IWHARUR 5 HVHDUK 6 WP & HODQG %4DIQ 5 HVHDUFK , QAN ) UDGFH

( PP DQXHO3URA\ N IV D QHXUREIRB MW VSHADDMAR QHXUDOG QDP LEV DQG IXQRIRYDO
RUDQ] DIRQ R WH ILRQEOFRWM 1Q SUP DMV + 1V UVHDURK KDV EHHQ GHYRMG \R
XQEHYABQAQ) \WH QHXUDCP HRKDQWP V XQGHDIQJ 168 [EGI DQG H SBIDRY GHAMRY 1Q
KXP DQ DQG QRQ KXP DQ SUP DMV 61QFH KH IV FR KHDG R \WH JURXS Rl UAVHDUFK
%R6 P ID \WDWIHGHDMY D) UHIFK OERDRUHY ZRINQ) Z W QRQKXP DQ SUP DM

PRGHY 1Q EIRPHAFDO UMHDUK RGP ID KDV EHHQ IRAMIQ) WDQVAVASEDY
VAHQME IQMDAIRY/ SWDRWFH VKDUQ) DQG HQIDIHG 1Q \WH \WIDWMI LFDODQG HMIEDO
DMAXHY VXUWRXQAQ) UMHDURK Z W 1+3V ) URP WHUH ( P P DQXHCOB URA\ N DQG 7KRP DV
WRAKIHU &156 OXQKHG D ( XURSHDQ YHWRQ R \WH FRORUNXP (8 6P ID \KDW
IHGHDMY IOAMAMY [URP ( XURSHDQ FRXQMHV ZRINQJ ZLK 1+3 PRGHY IQ
EIRP HAFDOUHVHDUFK

AN ZH dNDA 00 90d AJH [ANHDX d 7%
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$ &DQDGLDQ2 G\ WH\ IRU7DQVSDUHQR
7KH SXEGDIRQ R WH 8. &RQFREDARQ 2 SHQGHW 1Q SDYHG \WH ZD\ IRUP DQ
FRXQUHV \R DEDSVWDQG DERSWIKHURZ Q WDQUSDUHQR. DI UHHP HQNV KXV [P SLRYIQ) J@EDO
FRP P XQEDMRQ DERXWDQP DAHVHDUK
YXVZ KHUH IV 1 RW $ P HUFD VSHALLIFD® & DCDAD Z W UHVSHPR \WHVH HIRW!
) RP IDUDQG ZICH IURP FROWWR FRDW Z WIQ UHVHDUFK RU DQVDMRQY DRRRW W
SIRVIGFHV DQG \MUMRUHY ' U / XFIH & W Z IOHBPARQ &DQDCDV BQ) IRXWH \RZ DBV
WDQVSDUHQR. DQG WH UDSIG SURT UAW P DGH 1Q \WH SDVWY HDU
Q D 7WQVSDIHR : RINQJ * URXS ZDV HABEQAKHG Z W \KH DP EMRXV JRDOR!
FUHDIY D CDMRQDORDQVSDUHGR DI UHHP HOWE\ WH HQG R &DQDADQ RU DQAVDMRQY
DFURW WH FRXQN DUH RIQQ) ( $5$ DQG FRP P IR R EHVASLDPIFHY IRUFRP P XQEDUGY
DERXWWH XVH R DQP DY 1Q VAHQFH 5 HVHDURKHY IURP ERW \WH SXE@E DQG SUYDW
VHARY DWH FRP IQ) \RIHWHU R VKD IDFW P RIH RSHQD FRXQMUEDDGQAQ) CHIDWH
SUHW 7KH &DQDADQ SXETF IV HDIHUWR GDW PRMH DV WKRZQ E\ D QIR ICH
RSIQRQ SROFRP P MMRCHG E\ WH & DQDADQ & RXGACRQ$ QP DA’ DU &&$&
' U &TW Z LOSURYIGH IQRWP DIRQ RQ & DQDADV A WP Rl RYHWAI KWRUWH HWIEDCFDUH DQG
XVH R DQP DV 1Q VFHFH WH &&$& DQG IW URBI 1Q SURP RIY WDQUSDUIHR. 6 KH Z 1@
VKDUH KHU WRXJKW RQ \KH EDWHY R WDQVSDIHQR DQG ZK\ WHWH VHHPV R EH
PRP HQMP R IIQD® P RYH DZD\ IRP WH FX@UH R DYRGDQFH WDWKDV JHQHID® EHHQ

\WHQRP 1Q& DDA

(<127(

/| XAH &+ W

" WHARU 7KH 5 HVHDUK ,QAMAWM R \WH 0 P+ 18 QYHIAW +HDOK &HQMH 5, 0 8+&
$QP D HVRXUFHV' LYMRQ & DDA

/ XFH IV 9 HMICDUDQ DQG ' IHARUR! \WH $ QP DCB HVRXUFHY ' LYIMRQ DWKH 5, 0 8 + &
WDQ\HG RQ \WH \RS \WUHH 5 HVHDURK + RVSABY 1Q & DQDAED 6 KH 1V UAVSRQUE®! IRUDQP DO
FDUH FRP SIDQFH DQG RYHWHHV P XGWSHAHY RSHIDIRQY / XAH IV 3 UAVIGHOAR \KH
&DQDADQ $ WRADWRQ IRU/ DERIDRY $QP DO0 HAFAIGH &$/$0 MIGQRH DQG KDV
EHHQ GDAQ) D QDURGDOHIRWR P SBP HOAD 7WDQVSDUHQR $JUHHP HQMQ &DQDED
6 KH 1V 7 UHDVXUHUIRUWH & DQDADQ & RXQACRQ$ QP DORDUH &&$&  DQG \WH [IIMGQRQ
( XURSHDQ EDVHG YRDWE PHPEHUR ($5$% ,Q VKH UHFHYHG \WH &$/$0
9HWUCDUDQ $Z DG IRU RAMEQAQ) FROMEXUIRYY \R WH IIHG R OERIDRY DQP DO
VAHGFH 1Q & DQDAD IQFOEQ) KHUFRQUEX\IRQY \R \WH DGYDQRHP HOWR \WH 5V
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(<127
/ HDGIQJ WHZ D\ 7WDQVSDUHOR VR GUYH SLRJ LHW DQG LQIRWP HG ( (

H FKDQJ H LQ DQLP DALHVHDURK

7KHXURSHORPPLVVHROYRQHWKHORBTHRQ FKPIRIMUD QV S LGBHI@IER D O
UHVHDAWKFKR XUKHFWLYH (8 ZHKD YAR Q VLV & HPORWDMWREER P P L W RHRQ W
SURDFRMRPHAXQLFD@& RHQ QARG DAHW D MIKKERP P LW DN@MSU W KK LV

W DDINB DJ K OR X B'W J R IHQ DR UWWR\Q K D Q\FWHD Q V S DWBINKFL Q VW U XREB QMY L Q J
VFLHQSWRUPBY &R VW HDQQYI R U FIHFEK D QLGN KIHLH 8 ® Q L POV H DIUF &
WHVWLQJ

2 X F X U UHRQUKD VR F X VRH@ SJUD GMKEHIS5(6176 QRQ W H FKUR.NWEXBW D U \
GDW D E DMHNMQWH UTEFHQW H J URIVDIGR/@ Q ISHDGMWLL Q L @R ROLVGEQJ RY L G H
UHVHDUBIRKUWY \ P CONHBI KSX E @ L PEK WW RIRMORH D UBKD O\BB&QGHU VWD
WKH GDWD WDLORUHG WR VHUYH WKHVH YDULRXV QHHGYV
2XURFXPX VEVHR B8 X US RWHURQ V S ILPISQR\XIQBH UVWD QEDQ BIHWHD U FK
DQGURYLBLDEIWRDOLRBRSHGLD ORIREHYMKHYRIOVFDQQERABFKLHYHG
ZLWKRROW UXFUBROIRR WRRDERPSHQVBWKWDRNDFFXUEWEDQBPRG
PHD QL QG DXDW\R Q®VIRRBW KIHQ IR UP DAME QWKW VWHRHRPPLVVLRQ
W R JH WK MIH P E H&W D WDHMS/ W D N H K RIOIBVB BIY HO RIKH G D QEMSKU D FW L F L
H[DP S OIHRZ L WAX S RW KUHH V H CFURFPKP X QW RAW L &/IKNLNL GDBHAH FW HDOXW L Q J
WKDW IXOILOOLQJ WKLV OHJDO REOLJDWLRQ EHFRPHV D PHDQL
$VZHFRQW M@HHL G OR /DD Q GRX¥IBLMVPNUW RW U H Q $W K BMRFX-MWWF R X U D J H
H W K LUR-DVOH DSUUAKF WD BBV F L O E RO QVIME FSWERWWIMM ¥ L H QRARLPE K Q L MBIV
WRJIJHWKHU ZH FDQ HQVXUH WKDW RSHQQHVV EHFRPHV DQ HQG

6 XVDQQD / RXKIP LHV

3RIA &RREDRU
( XURSHDQ &RP P IWIRQ %HOLXP

6 XVDQQD / RXKIP IHV KDV EHHQ Z M \WH ( XURSHDQ &RP P MRQV ' ILHARIDM * HGHDO
IRUWH ( QVMURGP HOAGRH IRFXMQ) RQ DQYP DOZ HIDWH 1Q VAHQME FRQOM W $V
RH R WH RUWICDODX\WWRY VKH PDCQDUHV WH (8 ' IWHAIYH DIP HG DWSURMAILY

DQP DY XVHG IRU VAHQME SXISRVHV DQG DAGHWHY UHDWMG IMXHV 1Q VAHQRH

UHIXOMRQ DQG HOXFDURQ $ GAMRQD® VKH FRRUEICDMY \WH IQMIUDIRQ R GHZ WA

P HKRGV IQR \WH ( 8 V FKHP IEDY BUIMDMRQ 5 ( $&+
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2 SHOQHWIQWHS. +RZ WKH&RQFRUGDWKDQIHG WHZ D\ Z HFRP P XQLFDWM

7KH & RFRUEDVWRQ 2 SHOGHW Z DV OXQFKHG B\ 8 QGHWABQEQ) $QP D05 HVHDUK [1Q

\R SURYIGH WH 8. SXETF ZIW DFFXUDM DQG XS \R GDW IQRP DURQ DERXWKH XVH R
DQP DV 1Q VAHQME UM-DUK ,Q WH HDUD V EHRUH WH &RQFRUIEDAZ DV OXQFKHG
RQD D IHZ SHRSGI ZHH \BOLQ) DERXWKLY ZRW GDYIQ) \KH SXEQE \R P DNH \WWHURZ Q
FRQFOMRQV DERXWZ KDAWKDSSHQY 1Q DQP DO@EV $\WKLY W H SXEQF DMMGHY SRG
VKRZ HG \KDADFFHS\BQRH Rl DQP DOUVHDURK Z DV GHF@IQ) \ HWIKH SXETE Z DQMG P R
LQIRUP DIIRQ DERXWWWWR EH DE®! R P DNH DQ IQIRWP HG GHAMRQ

Q \WH 8. EIRVAIHGFH VHRRUFRP P WG \R GHYHBSIQ) D & RQFRUEDWDQG VHWIRI RXW
SUCAS®N IRURSHQGHW ) RBZIQ] \®R \ HDY R FROUXGRMRQ Z W WH EIRVAHQFH VHRRU

DQG WH JHQHIDOSXETE \WH & ROFRUEDWZ DV OXQFKHG DV D YROQIBU  SGIGIH R HFRXUIH
RSHQQHW RQ DQP DAMMVHDURK Z KI®! DOR EHQJ XQGHSIQOHG B\ SIDRWFDOAMSY RQKRZ \R

RWLY

$V \WH Z ROV IWAMRSHQQHW DI UHHP HOMKH & RFRUEDVWKDV LQVSILHG VP LOUDI UHHP HOW

DFURW WH Z R 1XQEDP HQB@ FKDQI Q) \WH FRQYHWDMRQ DURXQG DQP DAMMH-DUK 1 RZ
\KDAZ HUH QR \WH VHFRQG GHFDGH R WH &RFREDWZIW PRH WDQ VW QDRUHYV
Z KHH GR Z H JR QH WRUKDYH Z H UHDFKHG SHDN RSHQGHW!

+ DQQDK + REVRQ

+HDGR! &RP P XQFDMRQV DQG ( QI DIHP HQW
8 QGHUARQAQ) $QP DG HVHDUK 8.

+DQLDK KDV KDG D IHZ RRE URBNV GXUQ) KHU WQ \ HDIY DW8 QGHIABQAQ) $QP DO
S5HVDUK 1RZ DV +HDG R &RP P XQFDMRQV DQG ( QIDJHP HQW+ DQLDK BDGV \WH
&RQFREDWRQ 2 SHQHW RQ $QP DO5HVWHDURK D FRPP W HQWIRU 8.  EIRVAHQFH
RU DQVDMRQY \R HCKDQRH WHU DQP DOUHVHDUFK FRP P XQFDMRQY Z W \WWH SXEQF

+DQLDK DOR GDGV 8$5 V H WALDOFRP P XQFDMRQY \WDP  ZKIFK IQFGGHYV Z HEVIWM
FRQMQOADQG VRADOP HAD DQG SWRYIGHY VSHADDMAXSSRIWMRU8$5 P HP EHY DQG
RKHU WINHKRCHU RUDQVDMRYY  IFIAQ) VXSSRMQ) \WH 8. V / DERIDRY $QP DO
6 AHQFH $ WRADWRQ DV D P HP EHUR \WH FRP P XQFDMRQV \WDP 3 UHYIRXV R 8 $5

+ DQADK Z RINHG IQ UHI XOWRY \R] IFREJ\

MHNAHAHOA DA OT AMNHOOHSH 0a  \HOHNASAOM 2
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7WDQVSDUHQR  EXLABV WXW , QUWANKMRQDORSHQQHW LQ FRP P XQLEDWQJ DQLP DO
UHVHDUK
'KDWGRHNQVWLWRSHERQB@VRPPXQLFDWD®E@DQ$QGGRHWUDQVSDUF
FRPPXQLFDWLRQ DERXW DQLPDO UHVHDUFK GLIIHU IURP FRPPX
$W ZKDW SRLQW FDQ ZH VSHDN Rl WUDQVSDUHQF\ « LV LW VRPF
,QVWLWWWDR ¥ B DWHRQ@FMHS WFDIQEQ | O X HEARK® H U RDXFAW RWW T X DU H V
FRPPXQLFDWSR Q DWKDWN QR Z O HAGKIBYW H USSHO/DZ HLHYQY W L WX RLLHRQQDIO
REMH F\8 ROH WIDAFCHY ROUNGU R Z ISXE GILSHFW DWIDR QR D OL QUHRHY D $WMLR Q \
WKH VDPH WLPH LW PXVW FRQVLGHU WKH LQWHUHVWYV RI WKH
7UDQVSDDGD[BGW|PDQ:GJ\M:IBO-I-}(LGHQFHGELI]D\D-RGR)(Q-IWKDWIIDLUCWLFXO%\
ERWKIRWHRQ®BELPLWRWLRAUVHYWPHIKK RQBR G HDRLQ F O XQRHW
RQOQLPDO BBVHEXRNO VR FDDOW(EiUIQI-D\ANK.RVGK\F[K\RUJDQR[B’CR\GHO\%
GHULYHG IURP KXPDQ FHOOV

2X WS UHVHQ W D WQQRRY H WIKZHRIQ VW L WSHNLWRSHIFW K BMY X QLY H KRMS L WH
FRQ G X APVOILQIRFWDLOHIE WRIFSH GLLHF\DHOZUL RBH. U B B W IFFRQW DG & KRMWQ R Q
XQLYHUHIV\ND.LQ%K\NLN\F)Q(WRI@VKIIXQGDPHFQ—WIB(OQLR/IRHDGD\@IGLVHDVé
7RJHWPZIFHULOOXVK/\RLZD\AN—WU.@‘FWLWD(WNR.@@(DSH—RPPXQLFDWUFE)QJHJ%I
H[SHFWDWLRQV DQG FKDOOHQJHYV

7KURXAIRQF UHWPSOHVGHPRQVWRIPRRPXQLFDWERQVKDS B®R X U %
LQVW L WX WKRBIL\R 1V W U HHQQIWPKIU YO\Q/E U H G L E QOHWHCR HW K R:GIVD O VR

U H | ORIGWARKIHI R Z LL@J O X RQFEHY R FDFR X BK/R VHHI | R WY MU H D WIDQUSIR WL W L |
GHFLVLRQ PDNHUYV

' KLOMKXVIRIDQLPRQYVLH@®PNEHGHFOLQYRPBUHDBI\WPHUJPEWKP®W R
JLYH ULVH WR QHZ HWKLFDO DQG VRFLHWDO TXHVWLRQV

- X@D Y4HGHUDAN 9 HWD * MoHU

&RRUECDIRQ & RP P XQFDIRQ DQG &RP P XQFDWRQV 0 DQDIHU
3XEQF 5 HOMRQY &KDUWY 5 0D ' HEWFN&HQMUIRUO RBFXOU
8 QYHYMAWP HG IQ%HUD * HP DQ 0 HAFICH * HWP DQ

- XM YHGHDAN WXGHG EIRBJ\ 1Q 0 ¥QAMU DQG %HID
' XUQ) KHU GRARIDODQG SRAWERARIDOZ RIN DWIKH 0 Df

30N, QAMAM IRU %DIQ 5 HVHDURK [1Q ) IDQNXWY VKH
IRFXVHG RQ \WH QHXUDOSURFHWIQ) R YIVXDOWP X@IQ \WH
EDQ 61QFH VKH KDV FRRECDWMG &KDUMA/
FRP P XQFDIRQ RQ DQP DO UAWVHDUFK DQG  DEMIDWYH
P HWRGY 1Q KHU URBI DV GHSXW KHDG Rl &KDUW 5 »

DEGHMQI YDURXY B FWDXAHQRHV DFURW VAHQFH DQG
VRAHW

9HWD * @ HUVNMAHG WHDWH AXAHY DQG DWKIMRY  [Q
0 XQFK DQG %HU) 6 10FH VKH KDV EHHQ SDWR \KH
FRP P XQFDUWRQY GHSDWWHQN DW \WH 0O ' HEWFN
&HQMU 7KHH VKH FRONEX\MG \R HADEQ/KIQ) \WHO ' &V
FRP P XQFDIRQ RQ DQP DO UWVHDUK 6KH ®DGV \WH
HYHOW WDP  Z W Z KIFK VKH FRQIDXD® H SR QHZ
IRP DW R EUQ) EIRP HAFDOUMVHDUK DQG \WH SHRS®I
EHKIQG IMFRVHUVR \KH SXETF
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&DQ SHRS®I @YLQJ Z WK D GIMHDVH SDMHQW DQG DQIP DOUHVHDURKHWY GIDUQ | LRP
HDFK RWHU' +RZ DQG Z K\ "

$QLPDBVHDUFRBUWDIUR W KD W LHLQW[G H UL BQSE W L FQWEW Q H LLR\P
XQGHUVWDKIXIUSRWVHER Q G R WY L PLDHDY H B WFKKH.WHX Q L TRK$ISR U WR D L W \
WZR ZD\ H[FKDQJH DQG LQIRUPDWLRQ VKDULQJ
3DWLIQWIHPHQMRUBHYHDDBOKHYHORSBHG W L®Q/F FHO H WWQIEJ
WKSKDUPQGXDWBQFUHDBUGIXL URRHIWO DWBDWVRUKLMYYROYHPH
KD W KSR W H@\R I XDIOM RUPL PHHOV H D 2 PR KRHIW KR GQ | R U BIDAVIL B Q & V
WKEHURD SR EX O D\E RBVHIN SRV 6R Q G R DA L PDHOVIHEK\D QR S S R U WAKRD LW
FUHDMVOHE HUVWBRWL QWD IR DB R XWK KKLQP HQH H ®W G U H I H U HQ@QN KW
WUHDVRHW-IIQH/\R@GLMERC@JGQELVRQ-QQ/GSIVH@\MFIV\J—LCRIQ:IIXB-P\LQLVWUE_:
L Q F O XAMLIR/DHQUA DG B @ LDJQBR Q G % P\W X DLEYOMH. FRRW 8ROV H Q W& HCRAQOAL G H
L GH D UDQ L PAOROG HDQ G H V H DUKHUWNH T X E@ Q HHWE H F ILIFOLAD Q IS]BVG L H Qv
FRPPXQLMWIRHQKD QKB GHUD Q & IDYQIL PUDHDV H DIIF\W LIHRPWP X Q LAKIRBIVH 3
NQRZOH G LDELPHDHOV H IPLDRSO MU R O@ Q | R U PMRIS X O D\Y SRQ L WH ¥ B
7KLW[SHUWDR®H DVGRU H DIVAHH S WID@EXS S RRUDAD L PUDMH D UG K H GWB U L Y
LQQRYwamq@sDumolmuwPSRuwm@@/H\uuD@@RzaRHMKlD(WOXHQél
HDUWDHVHD URFEDWLEAD@WR LOHR Q RHEIHW WREFDSDW LB 8 DINER RWL P D
UH V H UK DMUW K IF R F H UIKQIV\F D\S D W IFFR@\W X Q LGN HWKK D @/R ZOH G JH'
5HDO OLYH H[DPSOHV ZLOO VXSSRUW WKH SRWHQWLDO WKDWEL
A~

0 IFKDHD ' LIOERHFN

+ HDG 3 DWHQN QI DIHP HQW
1 RYDWY 3KDWP D$*  6Z MMHDQG

0 IEKDHD LV \WH + HDG 3 DIHQA QJDUHP HQV3( DWL RYDWY GDAQ) WH 3( VADWI\

DQG [P SBP HQOMRQ DFIRW WH FRPSDQ  WHISHXWF DUDV WG [Q HDU®D
GHYHBSP HOMKURXIK \R UHI XOWRY DQG YDOH GRMHUVXEP MRV $ NH IRFXV IV \R
IQRP  GHYHBSP HOWGHFMRQY Z1\K \WH SDIHQWSHYSHAWH DQG 3( 6FAHQAH W
GHYHBS UREXWP KRGV [RU3 DMHOA( [ SHUIHQRH ' DWW 3(' JHQHUDMRQ \KDWYXSSRW
UIXOWY DQG SD\RU GHAMRQV DQG IDPWEDVHG DGYRFDR -+ HU UHP IWIQFXGHV 3 (

* RYHUDQFH & DSDEIMW EXI@IQ) DQG [P SDRAWP HDVXUHP HQWO IFKDHD MRIGHG 3 DWHQWN
( QIDIHP HOMQ DWU  \HDW 1Q &RP P HIFIDODQG O IFKDHDY DIP 1V P DNQJ

3D REXVHG' X ' HYHBSP HOAD WDV 1Q IQGXWWY



"D 7ZR

3 DWHQWHQJ DJ HP HOWDQG SXEQE FRP P XQIFDVRQ LQ DQIP DOHVHDUK

$V D RXWDOM, FDQ WD\ RX \WDW RXUDOAW GRN IRUWH QHZ  \WH VINQI Z KDALY RAR
\WH REQDY - RXACDOMW KDYH D UHVSRQUELDNW \R \MOSHRSG! Z KDWY KDSSHQAQ)  DQG \WH
Z @M R \ RX \R H SOIQ WH P SRMIGFH R \WH HYHOWV R JLIYH WHP  FRQM W7 KH EHVW
ZD \R KHS \WHP P SURYH WHUIQRUWP DIRQ DQG DSSURDFKHV IV \R EH KRHVWFBDUDQG
FRQAMVH \R EH DYDIDE®! DQG \R P DNH \WHUZ RIN HDVIHU 7 KDALY QRADZ D\ V HDV - EXV RX
FDQ UHO RQ\ RXUFRP P XQFDMRQ GHSDWW HQN' $V D VRAIDAHVHDURKHU \ RX FDQ KHS VRADO
VAHQIW P SURYH \WHUNQRZ BIGIH R DQP DOUVHDURK Z W GDIB 6 XFK DV WRVH RIHIHG
10 6SDIQ B\ WH 0 QM R $JUEXGMUH RQ WH XVH R DQP D& RURQ GERDRUHY DQG
UHVHDURK IQAMAIRQY $V D SHYRQ Z W D J HQHWF FRQGMRQ RQ Z KIEK \HUH IV UAVHDUFK DQG
DV D PHPEHUR D SDIHQAMDWRADIRQ R FRXWH P\ FRFHD IV \KDMKHH 1V TXDDW
UHVHDURK \KDWP SURYHV » RUDVSIUHV R [P SURYH » WH TXD@WV R @H R SHRS®! Z KR KDYH
KLY FRQGMRY $ QG \WWDWIKLY UVHDURK 1V FDUIHG RXAWZ WK \KH KL KHVWHKEDOUHT XIUHP HONV
EXVZ MY YME®! UHVXEOV DQG \WWDWAH DUH REVBAGHG 1Q \WH VKRUMMERWIEGI P H ( YHY \MIQJ
, FDQ WKDUH Z WK \ RX LV \KDW RX P XMWEH KRQHVWFBDUDQG HP SDIWHIF  EH DYDIDE®! DQG
RIHUWH IQRUP DMRQ\ RX KDYH $QG, WICN WDWD@R! WL IV VIXP P HG XS 1Q \WH FROFHSVR

MDQVSDUHCH

-RWHS 6 ROHV
$EOMGPVB IRHWRU
8 QYHWGDG & DEHDO HIMD &( 8 &( 8 8 QYHWAMAV 6 SDIQ

-RHS 6ROHV KROV D 3K 1Q &RP P XQEDIRQ 6FHIHV ILRP \WH 8 QYHWIGDG
$XWQRP D GH YDUFHRQD DQG IV DQ $ GMGPWE LIRHWRUDMKH &( 8 &DUEHQDO
+ HUWHUD 8 QYHWAW 9DBIGAID 6SDIQ  Z KHUH KH WDFKHV VXEMIPW VXFK DV 7KHRY DQG
BRARBI\ R &RP P XQFDIRY ,QARGXAURQ \R 6RARRJ\ RU 3ROFDO6 RARBI\  + 1V
UHVHDURK KDV IRFXVHG RQ \WH VWG R FRP P XQIFDMRQ DQG GVDEION UDUH GVHDVHY
DQG P LIDMRY +H IV FXUHO® \WH GUHFRRUR \WH &(8 2' ,6($6 ,QAMM IRU\KH
2 EVHYDIRQR! ' IVDEIMV DQG, @HW |RU6 RFIDGS FFHVWIEIDNY $ GAMRQD® KH 1V \WH YIFH
SUMGHOMNR $/ 98 \WH 6 SDQVK $ WRADIRQR! KHS IRUSHRS®G! Z W DEIQVP

MHNAHAHOA DA OT AMNHOOHSH 0a  \HOHNASAOM 2
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9 DFA.QH KHVVIDQR

2 YHURP IQ) YDFFIQH KHVMBGR.  UHTXWHY D FKDBIQIH R WH Z IGHUGW R VAHQME DQG
P HAFDCDXWRUAY

0 LFKDHO LWWSDWIFN

* HQHUDCB DRMRQHU
YDWRQ + RXVH + HDGK & HOH 8.

0 [FKDHO IVSDNEN LV WH DXWWRURI 0 0 5 DQGSXWP : KDVB DUHON 1 HGWR . QRZ

HEOHHA O1 ATISMAN +
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([ SHUHQFHVIWRP VAHQFH FRP P XQIFDWRQ DERXWS @QWI HOHWE HQJ LOHHUQJ

$I\WU VWO IQ) SDQVEIRMKQRRI\ DQG VB P\ GRARDW , EHIDQ P\ VAHQFH
FRP P XQEFDIRQ DERXWI HCHIF HQIIGHHUIQ) 1Q SOQAMHVHDUK DQG EUHHAQ) |, Z DOMG \R
EUQ) WH SHWSHRAH R VAHQRH QR \KH VRADAAVFRXWH RQ WLV KR® GHEDIMG\RSIE 1 HZ
P HWRGY R JHQRP H HAMZ VXFK DV &5,635 JDYH \WH G-EDM Q-Z PRP HOQXP  WKWKS

R \WWH FXUHQAGY MDWIWYH SURFHW \R B XOW SOQN EUHG XMQJ JHQRP H HAQMY DW( 8
GIYHO,, QUD® RQ 7Z WU OWUDOR RQ RKHUVRADCOP HAD DQG WA P DIQD RQ %OHBN.
UHSRWMG RQ P\ Z RUN DQG JRAIQYROHG 1Q GHEDWV , Z DV DOR ICFUHDMQI® FRQBFWG E\
RXLCDOAV DQG DSSHDUHG 1Q QXP HIRXV P HAD RQ 79 UDAR DQG 1Q SUQWUHSRMG) RQ \WH
VAHQME SHYSHAYH RQ WH IXQRAIRQ SRWMQIDO DSSTFDMRQY DQG VDIHW R JHQHWF

HQIIOHHUQY) RQ SOQW 1Q J HHIDADQG JHQRP H HAWY 1Q SDMFXOU ,Q P\ GFXUH , ZRXG
ONH R WKDUH DQG AVRXW P\ H SHUHQFHV IURP WKLY FRP P XQFDWRQ Z RN

5 REHUM-RIT1H
, QEHSHQGHON HVHDUK * URXS / HDGHU
[ HEQ] ,QMMM Rl 3 QN HOHWFY DQG &URS 3 @QMN HMHDUFK ,3. * HIP DQ

' U5 REHW RIlIH VWYGHG 3 OQMARMAKQREI\ DW HEQ] 8 QYHWIWW DQCRYHUDQG DV
SDWR KIV GRARIDW DAMKH / HEQ] ,QAMAM R 3OQN* HHWEV DG &URS 3 OQW
SHVHDUK ,3. ZRUHG ZIW JHQRP H HAMQY  [Q SDWFXOUWH &5 ,635 &DV JHQH
VAMRY  RQ EDB \R HMBEQK D QHZ YILXV UMVIMBIGQRH 1Q KLY 1P SRUBQAFHUHDOFURS
7RED. KH IV DQ IQGHSHQGHQAUHVHDURK JURXS BDGHUDW3.  IRPXMQI RQ \WWH IXUWHU
GHYHBSP HOAR' JHQRP H HAMQ P HKRGY IRUFURS SOQN %OVHG RQ LY UAVHDURK. KH
IV DOR LQYROHG 1Q VAHQFH FRP P XQFDMRQ DQG SURYIGHV IOWIKW IQR HYHY GD\ @H 1Q
\WH OERDDRY DV ) RYFKHS REHW 5 HVHDURKHU 5 REHWAM RQ VRAIDOP HAD DQG KDV
JLYHQ VHYHDOIQMYIHZ V IRU79  DAR DQG SUQAP HAD 5 REHW RIIIH LV FR IRXQGHUR
WH (FR3WILWMMYH 1HERN DQ HQMRP HQEO1* 2 WWDWIV FRP P MWHG \R DQ

HYIGHQFH EDVHG VXVBIQDELW GVFRXWH

HEOHHA O1 ATISMAN +
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6 FLHQFH XQGHU SUHWXUH

© KHQWBOIQ) DERXVWHHQFH Z H HFRXQMUHP RIRQV $IWUGQHDW®  \ HDWY/ 1Q P HAD DQG
PRHWDQ \HDWY [Q VAHQFH FRP P XQFDIRQ , DP REVHYIQ) D WKUWQ SXETF RSIQRQ
IURP P DIQD FXURVW DQG Z HOP HDQQJ DZ H\R P RUH DQG P RUH IHDUDQG VNHSWEVP 7KLY
IV H SBAMG DQG HKDQFHG E\ SROIFV P HAD DQG1* 2V WY DQ XSKIOEDNM \R GHYHBS
SRVIMYH QDUIDIYHV 1Q VAHQRH FRP P XQEDVRQ Z RXWIHYHMZ) \R \WH VDP H \BPWFY \KDW/
Z RX@ FDO@'HP RIRQ Z DUDUH™O0 \  SHYRQDOH SHUHQFH DQIHV IURP \BIBIQJ) DERXWF@P DM
FKDQIH DQG JHQHIFD® P RALHG RUDQVP V P DIQD SDQNV \R GVEXWIQI DQP DAHVHDUK
DQG P RAMUHFHO® JHRVAHCRHV Z W FROMNG \RSIEV VXFK DV K\ GDX@E IWDRMUQ) RU
K\ GIDXTF AP XOMRQ DD ~IUDANQ) ™ QXFODU Z DWM QVSRVDORUGVSRVQ) R &2 1Q \WH

XQEHJ URXQG

-RWHI = HQV
+HDGR &RP P XQFDIRQDQG 0 HAD
*) = + HE KRIV & HQAH IRU* HRVALHQRHV * HUP DQ.

- RXCDDP URP R
3 UHW 2 lIIEHU VAHQFH MIGFH

3 IRHWIRQDOADIQIQ) DV RXWDOAV

8 QYHYW WDIQQ) JHRIWDSK\ P HWRIRBI\  HFRQRP LEV

7DOLQ) DERXVWDQP DAHVHDUK DVW0 O ' HBWAN & HQMUIURP \R
7DOLQI DERXW HRVAHGFHY GVDMY DQG HP RURQV DW ) = VIGFH

HEOHHA O1 ATISMAN +
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$ _$JUHW ' MVDIUH 2 SHQQHW DQG ' IDRIXH Z W $ QP DO$ GYRFDIMV VR ) RWMU 0 X\DO

8 QGHUABQGLQ]
3/3 9DQ/RR,$&: T7IHERWK 6 $ & 9DQCH. ROl

$QP DO HIDWH %RG 8 WHRKWS WHRKE QYHWAW DQG 8 0 & 8 WHRKWIREI QDDDQ &$ 8 WHFKW
7KH 1 HMHDQGY

,QDQIQFIHDMQI® SROUJ HG VRAHW \WH $QP DO HIDUH %4RG. D8 WHRKWB QLYHIAW DQG 8 0 & 8 WHRKWKDV
FKRVHQ \R QWD DQG P DIQEIQ RSHQ GID®J XH Z W RU DQ] DIRQY \WDWDUH SUCHAISD® RSSRVHG \R DQP DO
H SHUP HQBMRQ 7KV RQIRQJ HQIDIHP HQWKDV IGFUHDVHG P XWDOXQGHWARQAQ! %DVHG RQ VKDUHG
YDOHV DQG DDVQHG JROOIRUWH P IG WP VHYHIDOSURWIFW Z HIH IQUDWG Z KIFK KDYH ®IG \R VXFFHWIXO
FRDERIDIRYY , QKLY SUHVHQIMRQ Z H Z I@VKRZ FDVH \KUHH NH. LQMDYHY

7KH3HW RQRU&RAHO ,Q SDURHUAKIS Z W 3 URH GHWYUIMD | RXQEDMRQ WWDWDIP V \R FRP SCMAO RS \WH

XVH R DQP DOMAY 1Q VAHQME UAVHDURK DQG HEXFDIRQ FIW HQV FDQ GRCDM \WHUGHFHDVHG GRIV DQG
FDW IRUYHWMUCQDY DQDWP \ HGXFDIIRQ IX@® UHSOFQ) WH XVH R OERIDRY DQP DO |RUWLY SXISRH

3 URVIFW [FHQUH 7 IDQVSDUHQR » 98 SXEQVKIQ) SURMPWIFHQVHY RQ RXUZ HEVIWW DQG HQI DI Q) 1Q GID®JIXH
VHWIRQY Z H SURYIGH DQP DOW KW RU DQ] DIRQY Z MK WH RSSRUMQW \R YRIEH FRQFHUV Z KIB! UAVHDUFKHWY
H SOIQ \WH QHFHWIW DQG P SDFWRI WHUZ RUN

/ DERIDRY 5 RGHQ/ GRSMRQ« 61QFH RYHU OERDRY DQP DY SUP DU WDV DQGP [FH KDYH
EHHQ UHKRP HG Z W \WWH VXSSRWR $ QP DCB LIKW 7 KLY FREIDERIDIRQ EHE HHQ UHVHDUFKHY FDUABINHY DQG
DQIP DOZ HIDUH DGYRFDMV KDV EHHQ D UMVRXQAQ) VXFFHW IQVSILQ] IOMEDIRCDADGRSMRY IQFGAQ) B\ D
6 Z HAVK DQP DO KW RU DQJ DIRQ

7KHVH IQUWWYHY GHP RQMDW KRZ FROAWKRIYH HQJDIHP HOAZ MY RSSRVQ)  SHYSHAYHY FDQ BDG \R
P HDQIQJ IXCBUR] UMW 1Q DQIP DO HIDUH DQG P XWMDOXQGHWABQAQ)



$ _7WDQVSDUHQR Z IWIQ WH LOMIXWRQ DV D EDVIV IRUSUYDW H WLQDOFRP P XQIFDWRQ DERXW

DQP DCH SHUP HQW
4+ HOQIQ) 9RIW. DWQ YXQENLFKHQ
3R 7HW HXWFKOQGHY9 3 RWDFK 7YEIQIHQ

© KIBI RIIFIDOFRP P XQEDURQY Z W WH P HAD VKRXG MDEH FRQGXAMG \WURXIK WH 3 UHW 2 lIIFH \KLY
VKRX@ CRWSUHYHQVHP SR HHV IURP JHWIY  LQYROHG [Q WH SUYDM VSKHH 7KHHRMH 1Q UHVHDUK
LOAMAMY LOQMEDOFRP P XQEDUMRQ DERXDQP DOH SHUIP HQNV SO\ V D FUXAIDOURGI LQ [P SURYIQ) \WH SUYDW
H WADOFRP P XQEDIRQR HP SB HHV

QWA VAIMICHD H WEDAFRP P XQFDURQ LY XELTXWRXY IRUH DP S®I LQWH IRP R FRP P HQW \WDWADQ
EH GIVRQ* RRIGI SIRILBNV R UVHDURK [QAMAMRQY + RZ HYHU DV FRP P XQEDURQ DERXVDQP DOH SHUP HOW
IV IQFUDMQI ® \BNQJ SOFH GLHAV® DQG QR BQHURQD YID WDGMRQDCP HAD \WH SUYDWM FRP P XQEDIRQ R
HP SB HHV IV EHFRP IQ). P RUH DQG P RUH [P SRUBQWV,Q RGHUR EH DE®! \R UHDPWDSSURSUDMO \R VXFK
VIMDURQY D Z HOIRXQGEHG LOMEDCFRP P XQFDURQ WDWI\ 1V HWHQIDO

,QMIDOHYHQN RQ WH VXEMFWRI DQP DOWWCY FDQ WHUHRUWH KHS \WR PDNH WH RWQ CHIDWHO

FRQCRIWG FRQFHSWR DQIP DOH SHUP HQW P RUH \WDQVSDUHQADQG P RIYDIM HP S& HHV  HVSHAD® \KRVH
ZKR GR QRWZ RN Z W OERIDRY DQP DY \WHP VHOHV \R DSSURDFK \WH VXEMIPARSHQD ) RUH DP S®I WH

“ D R \WH/ DERIDRY $QP DOVZ KIEK 1V DPXD® XVHG B\ DQP DA KW DRIYIVV R SURAMMAMDI DIQAMDQP DO
H SHUP HQN FDQ EH XVHG DV DQ RSSRUMQW | RUQMEDCHYHQW DERXWDERIDWY DQP DO

( IHAMWH 1QMEDO FRP P XQFDUWRQ HP SRZHY HP SB HHV \R DFWDV IQRWP HG DP EDAVDGRY 1RU WHU
IOAMMRQ FROUEXUY R D P RUH QXDQRHG SXETF SHUFHSWIRQ R DQIP DOMIQY , QUIDIYHY VXFK DV 3 UR7 HWW
' HXWRKDQG SURYIGH FRP P XQFDUMRQ VXSSRWADQG FDQ VHYH DV D URBH P RGHOWR HQFRXUI H VAHQWAV \R
FRP P XQFD\WM SURDRIYHO DQG \WWDQVSDUHQ® DERXVWHUUHVHDURK



$ 7RZDWGVD7WQVSDIHR $JUHP HOARQ$ QP DO HVHDUFK 1Q* UHHFH
* HRUIRV 3HHAY $CQDWIMRV ; DOKRSRX®Y ,RDQQY . \ WP SIMMDNY  ( YDQIHID 0 DNIL O DUDQKL
. DBQNRX ' DQDL/ HNDGW. RXNHWL 0 RQATXH + DYHWP DQV' $ QDVBMD 7 MIQJ RNERX

($5$ +6% $6 8 QYHVWR / BIH YRXGDG/ RXLY + [@HU / BIH YHOLXP

7 DQVSDUHGR 1Q DQP DOUHVHDURK IV NH \R EXICIQI SXETF WKVWIFRXQMUQ) P IMQIRIP DIRQ DQG SURP RUQJ
UHVSRQVEE®! VAHQRH FRP P XQFDIRQ : KIB DOHDG  ( XURSHDQ FRXQUHV KDYH [P SBP HQMG CDIRDO
7 DQVSDUHGR $JUHHP HON * UHHFH FXUHQU® OF\V D FRRUECDWG [UDP HZ RUN IRURSHQQHW DURXQG DQP DO
UHVHDUK 1 HYHURHOMY \WH + HIDIQE 6 RFEW [RU 1 HXURVAHQFH \WH + HIQE 6 RAHW R 94RP HAFDODQG
/ DERIDRY  $ QP DO6 FIHQFHV DQG \WH 3 DVMXU , QAMAM 1O * UHAH 1Q FRIDERIMRQ Z MW \WH ( XURSHDQ
$ QP D HVHDURK $ WRADIRQ KDYH IRUP HG D FOMMUR! RSHQGHW DQG WDQUSDUHQR

+HH ZH SUHVHOMNH UVXOV R D VXUYH DP RQJ SXEQE DQG SUYDW IQANMMRQY 1Q * UHHFH \WDWHQI DUH
DQP DV 1Q UHVHDUFK \R DWHW WH FXUHQAMENYY R RSHQQHW DQG HYDODW \WHULQMQURQ \R FRP P MR
JUDMUMDQVSDIHR B\ P HDQV R D 7UDQVSDIHQR $JUHP HQV7$  7KH WXUIYH IRFXVHY RQ IOAMARGDO
WDQVSDUHQR. RQ IQMIDADQG SXEQE FRP P XQFDMRQ HGXFDMRQ DQG HQJ DI HP HOWZ MY \KH P HAD

7 KH PXUHQMVXYH. GHVFUEHY \H FXWHQAMMYDMRQ 1Q * UHHFH DQG SUMVHQW D IHHUHGFH SRONR IRBZ. XS
Z W \KH XGHP DWW JRDOWH GHYHBSP HOAR! D * UHHN 7 UDQVSDUHQR $JUHHP HQW7KLY VXUYH  UHSUAVHOW D
WJ QUFDOAVANS \RZ DG J UDWUMDQUSDUHQR.  SXETF XQGHWARQAQ)  DQG DI QP HQAZ M ( XURSHDQ EHVW
SWDRAFHY : H 1QYIW FRIERIDIRQ DQG ICEXWURP \KH ZIGHU( $5$ FRP P XQUV \R VIHQI \WHQ KLY HIRWDQG
HQUXUH IW VXFFHW



$ 2 SHOQHW 1Q $QP DO5SHVHDUFK 9XI@QI 3XEQE 7KVWDQG 6 VENHKRGHU ( QI DIHP HQW

WWRXIK86%$52
6D® 7KRP SVRQ.WMUQ ' 90 3K 3DXD&QIRG $P HIFDQY IRUO HAFDGB URJWHW

8 QYHWWR! : DWKIQI\WQ * HEHEQ) + DOYR 6 HDWBI : $

2 SHQGHW 1Q DQIP DAHVHDURK I AXFIDARUIRAMUQ). SXETF WKVWSDUEXOUD 1RUKH SDIHQW Z KR XEP DIMO

EHQHIWURP  VAHQME DGYDQFHP HQWV 7KH 8 QMG 6 \BAMV $ QP DO HVHDUK 2 SHQQHW 86$52  IQUIDIWH
IRFXVHV RQ FUHDWJ D FX@UH R RSHQQHW DQG DFFRXQIEIDN B\ HQIDJIQ) WBN-KRTHY  SURP R FBDU
FRP P XQFDURQ DQG DEAHMQI SXETF FRQFHDY 7 KLY DEVIDPWZ LOGVEXW \KH VAMDWI LE IQUDMYHY \KDWAH
86 KDV XQGHWINHQ \R HOFRXUDJH BN-KRTHU EX\ [Q HP SKDV] IQJ) \WH P SRUBQFH R SDWHQRH DQG
SHYMMGFH 1Q P DNQJ RUIDQY] DURQY FRP IRWUE®! Z W RSHQQHW 8 6$5 2 V DSSURDFK LV J UDGXDODIP IQJ) \R
LOMI DM RSHQQHW 1QR UMHDURK SIDRWFHV 1Q D VXWABIQDE®! DQG HIHAWH P DQQHU & HQAMDOR \KLY
DSSURDFK DUH H HP SO+  IQAMMRQY DQG UAVHDUFKHY ZKR VXFFHWIX@® [P SBP HQVRSHQQHW.  DQG
DP EDWDGRY LQAYIGXDY RUJURXSV DGYRFDMQY |RURSHQQHW DQG KHSIQI VR VSUHDG EHVWBUDRUEHY DFURW
WH FRXQN 7KV SUHVHORMRYQ Z IO KUK KWFDVH WXGHY R VXFFHWIXO VABINHKRTHU HQI DI HP HQW
VKRZ FDMQJ KRZ 8 6$5 2 + IQUDMYHV KDYH BIG \R IQFUHDVHG FRP |RWDQG WKWIDP RQJ NH SO\ HWY IQ DQIP DO
UAVHDURK 7 KURXJ K VARDWAJ LF IQUDIYHY FREIDERUIDIRQ  DQG WH DGRSMRQ R RSHQCHW DI UHHP HQV 86$5 2

DIP V \R \VAUHQI WHQ \WH UHDMIRQUKLS EHE HHQ WH URVHDUFK. FRP P XQW DQG \WH SXETE 98 HQUXUQ) SDIFHQW
DQG WH EURDGHUFRP P XQW DUH ZHOIQRP HG 86$52 VHHW \R EXIG FRQIGHGH 1Q \WH HKIFDOXVH R

DQIP DV 1Q UAVHDUFK DQG GHP RQWIDWM \WH EHQHIW Rl VAIHQME SURTUHAW



$ "~ 7WFHV LQ VFIHQFH™ D P HP RUDOR KRQRUWH @ERWDRY DOLP DO D& KDUW
' U+DOODK 1IENBV ' U &OXAD$EWP MN ' U - XM %HGHDAN

&KDUWW 8 QYHWIWWP HE] 1Q 94HD) ) RWFKXQI VHQUEKWWQI HQ 134J( [ SHUP HQM®I 0 HA1 1Q ) ( 0
&&2 1OMQD IUWFKRZZH] 5DXP &DP SXVO MK & KDUWSOW %HUID

7R FRP P HP RIDIM , QMIDMRQDO DERIDRY $QP DO D\ RQ$SUD  WH P HP RUDOAMBI ™7 UDFHV 1Q 6 FIHGFH™
Z IOEH HHRAMG DAS.KDUMY KLY \ HDUVR KRQRUWH @ERIDRY  DQP DO XVHG IRUVAHQME SURTUAW W \KLY
P HP RUDOZ KIFK \R RXUNQRZ BIGI H LV WH RQD RGH R IW NIQG IQ* HUP DQ. \R GDWM \WH & KDUMWY 1V DAGUHWIQJ

W HWIFDCUHVSRQUELDN \RZ DUV OERIDRY DQP D DQG \WHUKMRUFDOFRQGHAURQ W P HAFDOSURI UMW RQ
\WH RQH KDQG Z KIB! RQ \WH RIHU \WH YIVIE®! DFNQRZ BIGIHP HOAR! \WWH MVXH RI DQP DOH SHUP HQBMRQ
VAUHQJ \WHQV WDQVSDUHQR DQG LQYIWMY GD®J Z W DOSDWHWY B\ SDIHQW VFHQIYAW DQG DQP DOFDUH AN

$ 45 FRGH SURYIGHV WH RSSRW¥QW W 110G RXWP RUH DERXWDQIP DOH SHUP HQN DAKH &KDUMW DQG 1L
QHFHWDY R P DNH FRQIBFW7 KH P HP RUDOVIW 1V \WHUH RUH LQIMQGHG \R SURYIGH IQRWP DIRQ HQFRXUDIH
SHRS®I \R UH GFWRQ \WHURZ Q DWMMGH \RZ DBV DQP DCH, SHUP HQW DQG SURYIGH DQ RSSRWMQW \R FHBEUDM
\WH DQQXDO D\ R \WWH/ DERIDRY $ QP DO



$ _$GYDQFIQ) RSHQQHW DQG WDQUSDLHQR\ 1Q DQIP DOLHVHDUFK D MRXUQH RI 3UGH ( GXFDMRQ
DQG ((QUDIHP HQW

. «YIQ3 ' KRQGN

&KDWBNV 5 IYHU/ DERDRUHY 5 HVHDUK 0 RGHY DQG 6 HNEHV IPS GRPDCH5R 1HU 6W
* HUP DIQ 1 XH®BNV

,Q RXU FRP P W HQMR DGYDQAQ) WDQVSDIHQR DQG RSHQQHW 1Q DQIP DOUMMHDURK  RXU FRP SDQ IV
OXQKIQ) D FRP SWKHOWYH IQUIIYH DIP HG DVIRWMUQ) D FXGMUH R SUCGH HGXFDURQ DQG H \WAGDO
HQIDIHP HQW) lWA® ZH DIP \R UMRUH \WH SUGH R FRQGXAIY HWIFDODQG FRP SDWIRQDW DQP DOFDUA

HP SKDV] IQJ RXU P MWIRQ \R VDYH KXPDQ @HV WURXIK WRWRXY DQG KXP DQH UMVHDURK  SUDRUFEHV

6 HFRQAD ZH Z L@WDIQ RXUMMI \R FRP P XQIFDWM DERXWIKHUZ RN Z W @ERIDRY DQP DY IQ D FD® DG
UHVSHPXOP DQGHU HQUXUQ) \WDWRXUGVFXWIRQ DERXVIRXUZ RUN Z W IDP 1©  UHDWYHV DQG 1UHQGY UHBFW
RXUFRP P W HQMR DQP DOZ HIDWH / DW® ZH ZIOHQJDIH Z W H \WMEDONH  RSIQRQ GBDCHY IQFOGAQ)

SROIFIDQY SDWHOADWRADMRQY DQG FMYHQY \R XQGHWFRUH \WH FUMFDCURG! R DQIP DOUHVHDURK 1Q P HAFDO
DGYDGFHP HQW DQG \R GHP ROAMDW RXUXQZ DYHUQ) FRP P W HQMR WHDWY DQP DY Z W FDUH  UMVSHRW
DQG AJQW 7KUWRXIK WHVH HIRW ZH VHHN VR HQKDQFH SXETF \WKWDQG XQGHWABQAQ)  KLIKDIKWY \KH
X@P DM EHCHIW R RXUUHVHDURK IRUSDUHQIWV DQG VRAHW DWDU H



$ 0 DWKD@AR5 HVRXUFHY WDQVSDUHQR\ DRARQV LQ DQLP DOHVHDUFK
| DXUHQFH %RQCHW

0 DUKD@YIRS HVRXUAHV ) UDQFH

0 DAKD@QARS HVRXUAHV LV D GDAQ) SURYIGHUR SXUBRWH EUHG GRIV DQG FDW | RUMHHQME UHVHDUK

,Q\WH OVWWHZ \ HDWY \WH FRP SDQ. KDV HAREQ/KHG \ZR EHHAQ) IDAOIAV Q) UDQFH GHAFDWG \R 0 DYKDO
%DIG GRIV %RK GFDIRQ/ KDYH IDFHG SIRMAW DQG SXEGF FUMAMVP  SURP SWY WH FRP SDQ \R
UHFRQVGHUIW DSSURDFK DQG DGRSWD P RUH WDQVSDUHQADQG HQJ DI HG SRVIMIRQ Z W \WH @FDCFRP P XQW DV

ZHODV Z W UHIIRQDO QDMRQDO DQG ( 8 SROADQY 7KLY FKDBIQIIQ) DQG RQJJRQ) MRXWH KDV DOHDG
VKRZ HG SURP IMQJ UHVXOV



$ 0 DWKD@YR5 HVRXUFHVY WDQVSDUHQR\ DRARQV
6 XH 3 UWMEN

0 DUWKDQ/RS HVRXUAHY 8 QWG . 1IQICRP

0 DUKDOARS HVRXUFHV IQ WH 8. IV D GDAQ) SUIRYIGHURI SXUBRWH EUHG GRIV DQG ) HUHW 1RU VAHQME
WHVHDUK

,Q SDWY HDY WH FRP SDQ. KDV HMIBEQVKHG D EUHHAQ) IDFAIMMAV IQ8 . GHAFDWG \R 0 DWVKD@Y/4-DI B GRIV
R VXSSO WH 8. UAVHDUK VHRRU RXURKHUMM IQFOGHY VP DOURGHQW IQFBAQ) D) HUHWDAOV 7KH 8.

%HDU B GRJ BFDURQ FRQIDXHV \R [DFH D SURMANFDP SDLJQ &DP S 9%4-DI®! DQG SXETF FUMFVP  SURP SWQY
\WH FRP SDQ. R UHFRQUGHUIW DSSURDFK DQG DGRSWD P RUH WDQVSDUHQADQG HQIDIHG SRVMRQ Z MW \WH
@FDOFRP P XQW DV Z HOGDV Z W UHJ IRQDO QDMRQDOMIBNHKRTHY DQG 8. SRMADQY 7KLY FKDBIQILQ) DQG
RQJRQJ) RXWH KDV DOHDG VKRZ HG SURP IMQJ VXAV



$ 7KH1HZ =HDDQG 2 SHQQHW $JUHHP HOQW  <HDW/ RQ Z KDWKDYH Z H BDLOHG!

.DQ6 DGDXKD

$XWIDID 1 HZ =HDDQG & RXQGAIARUWH &DUH R $ QP DV 1Q 5 HVHDUK DQG 7HDFKIQ) $1=8&$57 1=
+DWB G 5 IFKP RQG 1 HZ =HDDQG

7KH$1=8&$57 2 SHQQHW $JUHHP HOARQ $ QP DO6 HVHDURK DQG 7 HDFKIQJ IRUL HZ =HDDQG OXQRKHG 1Q
- X0 1HZ =HDDQG SRSXDMRQ R PI@RQ ZDV \WH IWMFRXQN Z W DQ 2 SHQQHW $JUHHP HQW
RAMGH R 8. DQG ( XURSH DQG KDV RYHU VI QDWRUHY DIUHQ) \R DQ RYRQI FRP P W HOMRZ DBV
JUDWURSHQCHW RQWH XVH R DQIP D [Q UAVHDURK DQGWDRKIQ) 1 HZ =HDDQG KDV DQ H WD FRP P WY HQW
UHDWMG VR RSHQQHW Z MW 0 ARUKH LG HQRXY SRSXOMRQ & RVGHDE®! SURJ UMW KDV EHHQ P DGH DQG LV
UHSRWMG DQQXD® B\ $1=&&$57 1= ,Q KV SUHVHORMRY , ZIO@GAVFXW FRP P RQ \WHQGV DQG EDUHY
WL CDRUHY KDYH IDFHG RYHOWH OW \ HDY/

" HVSIM WH SURIUHW P DGH B\ VI QDRUHY  IQGHSHQGHQAUHVHDURK FRP P MRQHG E\ $1=&&$57 1= R
\ HDLY DI\MU\WH OXQFK R \KH $JUHP HONRXQGWDW R UMVSRQGHQV GR QRATHHOZ HOIQIRWP HG DERXW
KRZ DQP DO DUH XVHG 1Q UMVHDUFK QRUVKH DSSURYDCSURFHW UHTXILUHG \R XVH DQIP DY 1Q UHVHDURK

2Q0 R UHVSRQGHQW ZHWH DZDUH R WH 1 = 2 SHQQHW $J UHHP HQNQGEDWG \KDWKHUH LV FROUGHIDE®!
Z RN QHHGHG \R WDIVH \WH DZ DUHQHW R WKLY DERQIMGH \WH RSHQGHW IQUDYHY R \WH VLI QDWRUHY

7KUH \ HDY DIWU W IQFHSWRQ $1=&&$57 1= FRQGXAMG D UVHZ R \WH $JUHHP HQWIGHQM 1QJ \WH
QHHG IRUD VXSSRUWWUFDMIRY , Z LOKLI K@ KWKH SIRFHW R WH UHYIHZ  KRZ IMZ DV FRP P XQEDMG \R
W QDWRUHY DQG \WH SXEQF RQ XSCDWV P DCH\R \WH 1 HZ =HDDIQG RSHQQHW DI UHP HQW



$ _,Q9LYR2 SHQQHW IRU( YHU RQH E\ ( YHY RQH
~ 8§JEHJ ODUD 3HMIAVRQ $QIHIFD &OHWRQ . DWD . IRRQ /10D $QRQARQ 0 DI $EHY
/ DWGRWHUG DD + DI WO KHIVH - 5 HKQEHU 5 RUEEHW
$QPDO6FAHQFH  7KHFKQRBILHV 5 HVHDURK DQG ( DU ' HYHBSP HQW & GIFDO3 KDUP DFREBJ\
6DIHWV6AHQH &366 94R3KDWP DFHXWDY'5 ' $WID=HQHD * RKHQEXU 6ZHGHQ
URVAHQAH 0 HBERDP 5 HVHDURK DQG ( DU ' HYHBSP HQWV& DWERYDVFX@U 5 HQDODQG 0 HUERDP
&950 R3KDWP DFHXWDY'5 ' $VWD=HQHD * RKHEXU 6ZHAHQ

7WDAMRCD® \RXWY R RXU,Q 9LYR IDAMIHY ZHWH @ MMG \R D IHZ JXIGHV UMAURY \KH DCDSWWELDV R
H SHUHQAHV RIHUIHG 2 XUQHZ DSSURDFK GHP RFUDWY HY WY SURFHW HQDE@Y HYHY RH IQYROHGIQ,Q9 YR
« IRP 6FHQNW \R $QP DO 7HKQEDQY DQG 2 SHIMRYY WBie \R KRWYMRY 7KY D@BZV IRU
SHYRDOHG \WXW \BIBUWHG \R QYHYH DXAHQFHV IQFOAQ) HOXFDMRQDO JURXSV DQG WFKQFDO
SIRHMRDY

7KH YMWRUFRUWGRULY QRZ HTXISSHG \R KRWAD YDUHW R DPRYIMIAV VXSSRUGY) \ RX\K HGXFDIRQ [Q ,Q 9 YR
VAHQFH  \WFKQFDORSHUMRQ H SOQDURQY DQG @H GHP ROMDMRQY R VSHFLLE P RGHY DQG SURFHGXUHV
. H XSJUDGHV IGFOGH IQMDPIYH \RXFKVFUHHQY FRQIHUHGRH VFUHHQY DQG HQIDILQ) SUQIMG JUDSKIEY VXK
DV @H M} HG SLJ FXWRXW DQG LQIRUP DWH VI QDIH 0 XEP HAD UHVRXUFHV IQFGEQ) YIGHRY  SUNVHQIBMRQY

DQG SRAMY KDYH EHHQ GHYHBSHG \R VXSSRWAKHVH DRAYMAV $ BQEDUE] HG \RXUVFUSWDWIMW D Z IGHU
WQIHR JXIGHV

7KH YIMVRUFRUIGRUIHDWUHY YIME®! DUHDV VXFK DV VXU IEDOVXIWMY [RUURGHQN DQG SLJV  DQ ICKDOMRQ OE
WDQVIHQE P RXVH P RGHOFUHDIRQ @EV DQP DCKRTIQ) URRP V' DQG \WH FDIH Z DVK DUHD 9 MWRY HQR\ IR
RSHIDMRCDOWBMMY D JXIGHG WM Z KHUH VRXUJIXIGHV DG DQG D WMDG. AW Z KHUH \WWH FDQ H SBUH
IQGHSHQGHQW QMDA Z W VP DWWAI Qv DQG REVHYIQ) @YH DRI

7K IQUYH HQKDQFHV WDQVSDUHQR.  DQG HQIDIHP HQWP DNQJ ,Q 9LYR VAHQFH P RUH DFFHWIE®!I DQG
XQEHYABQEDE®! \R DO



$ _$GD IQWH@OHR DOERWDWRY DQP DONHHSHU
. DDUCD"_IHGHUFK
. HQHZ H) * \WIHQ

/ DWY HDU Z H EURXJ KWKH SUIRHWIRQ Rn OERUDRY DQP DAFDUH P RUH LOR WH IRFXV Rl SXETF UHDMRQY Z RN
DQG VKRZ HGWH HYHY GD\ @H R D @ERIDRY DQP DAQXWH Z W DQ DME®! LQ RXUQHZ VSDSHU' 3 = DNXHD
DQG D VKRWI® Z H P DGH RXWHIHV < RX FDQ QG WH YIGHR XQGHUWH IRGZ 1Q) &N

KWBY 777 \RXMEHFRP ZDWEK'Y &6 T( Y( E3Y Z DQG \WH DMF®! KHUH

KWBY 777 GS] HX VHYIEH WAKDENQ) ] Z IVFKHQ IXWHUXQG IXHYRUH




% ' HYH®RSIQJ D &RP P XQIFDARQ 6 WDWI\ RQ $ QP DO( [ SHUP HQWMRQ DWIKH * HIP DQ 3 UP DM
&HQMU

6 XVDQCH" IHCHUIEK 6 WIDQ 7 UHXH

* HP DQ3 UP DM &HQMU / HEQ] ,QAMAM IRU3 UP DiM 5 HVHDUK ' HXWIKHV 3 UP DWQ) HQIKP * P E+

. H@HZ HY * | \WDIHQ

3XEGF WKWIQ VAHQME UMVHDUK IQYROIQ) DQP DO H SHUP HQIMRQ GHSHQGY RQ \WDQVSDUHOW DQG
UHVSRQUE®! FRP P XQFDMRQ 5 HFRIQ IQJ WY \KH * HUP DQ 3 UP DWM & HQMUGHYHBSHG D FRP SUHKHQUYH
FRP P XQFDURQ VWDWI\ \R DEGUHW ERW LOMEDODQG H \MEDODXAHFHY 7KLY SUHVHQIMRQ RXIHY RXU
DSSURDFK KLI K@ KW NH FKDEIQI HV DQG VXFFHWHVY 1Q IRAMUQ) RSHQGHW

,QMID® ZH HQDIHG UAVHDFKHY DQG I WIURXIK WDIQQ) VMWMRQV HWIFDOGVFXWIRQY  DQG FBDU
JIXIGHTHV RQ UHVSRQUE®!H WHDW HOQAR DQP DY 7 KHVH HIRW DIP HG \R HTXIS RXUMMMI Z W \KH \RRY' \RX
FRP P XQFDW FRQIGHQ® DQG FROMMMQ® DERXWIHVHDURK Z WY DQP DY IRAMIQ) D FXGMUH R RSHQQHW
Z LWKIQ \WWH IQAMO DQG EH RQG

([WUD® ZH GMIGHG \BIBWHG FRP P XQFDIRQ VADWIIHY 1RU GUHHQN WINKRGHY  [QFOAQ]
SRIF\ P DNHY RXUDDW VFKRRY DQG WH JHQHDOSXETF : H [P SBP HQMG D P XGVFKDQQHODSSURDRK
FRP EIQQ) DFFHVIE®! Z HEVIWW FROMQWVRALDCP HAD HQJ DI HP HQWSXETF HYHQWV DQG GLHPWAD®BI XH Z W
DGYRFDA. JURXSV $ NH FRP SRCHOAR RXUWDIMI\ 1V DEGUHMMQI FRQFHUIV SIRDPRYHD XMQJ HYIGHQRH
EDVHG P HWDJ Q) DQG SHYRQDOMRUHY \R KXP DQlJ H \WH UAVHDUK SURFHW @ RINQJ Z MW QHIKERUQ) DQG
FR RSHIDWQY  UHVHDURK LOAMAMY \R DDJQ P MDJIQ) DQG DP SO\ RXAWHDFK 1V DQ [P SRMBQAIDRRUDQG FDQ
EH FKD®IQI 1QJ

7KLY RO Z LOWKDUH IO KW IQR EREDRAFHY GWMWRQY GDUHG DOQG WH 1P SDRWRI RXUFRMERIDWYH HIRW

RQ SXETF SHUFHSWIRQ DQG IQAMMRCDOADQVSDUHR. © H LYW QVFXWIRQ RQ KRZ VIP IMUDSSURDFKHY FDQ
EH DEDSWG DFURW GLLHHQAHVHDURK, LOAMMRQY \R VAIHQI WHQ SXETE WKVWDQG HQI DI HP HQW



% _1DYLIDWQJ $ QP Db HVHDUFK 6 VMIMFV Z I WH ™. RP SDW 7 IHYHWXFKH™ Y0URFKXUH
6MAXY S5RPDQ %HJ /DXWD : IOHQ - DD ( AWRUDOYHDP 799 7UHXH 6\WMIDQ

7 IHYHWXFKH YHUARKHQ 799 + RKHY RILQUQ] 0 XHQAMU * HUWP DQ

7WDQVSDUHQR DERXWINH XVH R DQIP D' 1Q UMVHDURK IV HAHQIDOIRUIQRP HG SXEGE GVFRXWH + RZ HYHU

WDQVSDUHQR IV VRP HMP HV QRWHTXDOR P HDQIQ) IXCFRP P XQEFDMRQ $V D SURP IQHQWH DP S® \WWH RIIFID®

SXEQVKHG DQQXDOVBANAFY RQ MERIDRY DQP DOXVH 1Q* HIP DQ. RUWH (8 DUH 1Q IDPAYHY WDQUSDUHQN
DQG SURYIGH GHIABIG IQRWP DURQ +RZ HYHU \WH DUH YHY GLLIEXOWR LOMSUWZ MRWWSURUNGRZ BIGIH RU
FROM W 7R EUGIH WV JDS WH IQRUP DURQ IQUWDYH 7IHYHYXFKH YHWAMKHQ 799 GHYHBSHG \WH

~. RP SDW 7 IHYHWXFKH' 5FRP SDW RQ DQIP DV 1Q UVHDUK@ D YIVXD® HQJI DILQ) DQG DFFHVWIE®! EURFKXUA

\WDWSURYIGHV D FRP SUHKHQUYH RYHYIHZ R DQP DOUVHDURK BAMARFY [Q * HP DQ. - %4-\ RQG SUAVHQILY

W DQQXD® XSCDMG HAMRQY H SBUH NH VRSIFV DURXQG DQP DOHVHDURK DQG KLY KO KW UHFHQAWALHQIME

DGYDQFHP HQV \WDAWHD  DABDVQ SDWRQ WXGHV IQYROIQ) DQP DY 3 UHYIRXV HAMRQY KDYH FRYHUHG
\RSIEV VXFK DV WH GHYHBSP HOMR P51 $ YDFFICHY VSHAHY FRQVHLYDMIRQ UHVHDUK \IH URBI R SUP DWWV [Q
EIRP HAFDOUMH-DURK  IXQAQJ 1RUDSMIDWYH P HKRGY DQG WH ( 8 <V VMDWI IHV [RU SKDVIQI. RXWDQIP DO
H SHUP HQW 7 KH OWMAHGMRQ RITHWY DQLQ GHSW UHYIHZ R WH XVH Rl GRIV 1Q UAVHDUK. DQIP DOAXGHV 1Q
WH86$ DQGKRZ \R P HDVXUH \WH HIHRYHQHW R 5 DSSURDFKHV ,\WDOR H DP LQHV \KH [P SDRWR| DIMUFIDO
IOM® HQFH RQ DQYP DOUMHDUK  7KH ™. RP SDW 7IHYHIXFKH' IV SXEQKHG DQQXD® [Q $SUORQ \WH

,QMIDURCDO' DERIDRY $QP DO D HQRWFQ) W URBI DV D N UAVRXUH IRUMDQUSDUHQADQG IQIRWP HG
QAVFXWIRQV DERXWDQP DOUMHDURK M \KLY ELRFKXUH 799 SURYIGHV D YDODE®! WRROIRUQDYLI DU \WH

FRP SGf MV Rl DQP DAHVHDUFK \ABMYARFY EH RQG VP S®1 \ HDUWR \ HDUFRP SDUVRQY



% _ (QDIIQI 3ROAFIDQV 7KWRXIK 6WDWILF / REE\IQJ / HWRQV ILRP  $QIP DO 5 HVHDUFK
$ GYRFDR\

6 KXUDD =HS

7KH 1 HKHDQGY & DQFHU, QAMAM 3 BVP DQDDQ &, $PVMEDP 7KH 1 HKHDQGV

7KH HIHRANH FRP P XQFDWRQ R DQP DAHVHDUK 1P SRUBCQHRH UHTXIUHV HQJ DIHP HOAZ W SRTA P DNHY ZKR
VKDSH HIXOWRY WP HZRW 7KLY SUIRMPWDIP HG W GHYHBS DQG HYDADW D VWKRMUHG DSSURDFK \R

SROMFDOBER 1Q) IRUDGYDGAQ) XQGHYWABQAQ) R DQP DAHVHDURK GHFHW

) R®ZIQ) D VSHADOHG WDIQQ) 1Q SRMMFDO HYDIHP HQV ZH P SBP HOMG WH IRTRZIQ) \AMDWI\
FKDUDPWMU HG B\ WUHH IRFXV SRON IQYMMRQ HGXFDMRQ DQG GHP RQMDIRQ 3 DUDP HQBY FRP P WkH
PHPEHY ZHH IQMWG \R RXU UBWVHDUK IDAOW SURYIGHG Z W GHBIBIG EUHIQIV RQ DQP DO UMHDUK
QHFHWW DQG DQP DOZ HIDUH SUDRIFHY $ IWAZ DUBV WH. Z HUH JXIGHG WURXIK RXUMIBMM Rl \KH DUWADQP DO
FDQFHU UMHDURK IDAIOW 7 KH DSSURDFK. HP SKDM] HG FURW SDIW UHDMRQWKIS EXIQIQ) Z KIB P DIQEIQQY)
HYIGHQFH EDVHG DU XP HQEMRQ

. H RX\FRP HV IQFOIGHG P HDVXUDE®! LQFUHDVHY 1Q SDUDP HQBY DZ DUHGHW HYIGHQFHG B\ \WH IQRMI UDIRQ
R RXUP HAWDILQJ LQR VXEVHTXHQASROIFDOGHEDWY 3 RMFIDQV GHP RQMDWIG [P SURYHG XQGHIABQAQ) R
\WH EDOQFH EHEHHQ VAHQME QHRHWMW DQG DQP DOZ HIDUWH  SDIMFXOWD 1Q QVFXVWIRQY DERXWFDQFHU
UAVHDUFK. DGYDQFHP HQW & UMFDOVXFFHW IDRRY IGHQMHG Z HH HABEQKIQ) FROIMMOQAFRP P XQFDURQ
FKDQQHY' SURYIGQ) DRURQDE®! IQRWP DIRQ DQG GHYHBSIQ) FUHGAE®! SRVMRQY RQ UHVHDURK EHQHIW

2 XU H SHIHQFH GHP RQAMDWY \KDWVAMDMILIE SRIMFDO HQIDIHP HQV ZKHQ SURSH® WKFWMUHG DQG
PDQBICQHG FDQ HIHAWYHO DGYDQRH XQGHWABQAQ) R DQP DO UAVHDUK QHRHWAW ZKIB! HQUXUKQ
UHVSRQVE®! RYHWIKW:  H UHFRP P HQG UAVHDURK LQAMMRQY P DIQEIQ UHI XOUFRQIIFVZ MY HBRMG RIIIFIDY
EXIG BQ \WMP UHOMRQKISV EDVHG RQ WKW DQG SURYIGH FRQFUAM FD@' \R DRIRQ DIICHG Z W ERW
VAHQME DQG SROFDCREMPANYHY 7 KHVH IQUI KW FRQUEXW \R [P SURYIQ) VFHQRH FRP P XQEDURQ \MIDWI IHV
IQSRIA\ HQIDJHP HQW



% ' RHV 8 QGHUABQGLQ) WH 5 3UQFIS®I ,P SLIRYH $FFHSWQFH Rl $ QP DO( [ SHUP HQW' $

5 HSUHVHQMYH 6 WG\
( O/DEHW - XUDFN 1 IFRDV + DYHINDP S_9XUIDNYDD $TH6WIHQ 61P RQH' RK®I

2IIIFHRWH 5 &RP SHMQFH1HEZRW15: ' HDQV2 IIIFHR \WWHO0 HAFDO DRX@V 8 QYHWW R 9RQQ
9HQXVEHJ &DP SXV %X % YRQ* (509%81<

YDFNI URXQG

3 XEQF DFFHSWIQFH R DQP DOUHVHDUFK. UHP DIQV D FROARYHWIDOWRSIE  Z W FRGFHUQY DERX\WADQVSDUHGR
DQG HWIFDOFROUGHIMRYY 3 URU WXGAHY VXJJHWMKDWNQRZ BIGJH R DQP DOZ HIDUH UHIXOMRQY P D\
IQOHQFH DWXGHV \RZ DBV DQP DOH SHIP HQV 7KLY VWG H DP IQHV ZKHWHU SIRYIGQ) EDDQFHG
O\ SHYRQ IUHQED IQRP DIRQ RQWH 5 SUQAS®N 5 HSOFHP HQWS5 HEGXRIRQ 5 HILGHP HQWDIIHRW SXETF
DIWAXGHV \RZ DG DQP DAHVHDUK 1Q* HIP DQ\

0 HKRGY

$ VIQI®! IDARUDO EHE HHQ VXEMIPW H SHUP HQBOGHWLI Q Z DV HP SB HG XVIQJ D TXRWI VDP SO 1
UHSUAVHQEMYH R \WH * HUP DQ SRSXOMRQ 1Q WPV R DIH DQG JHQGHU 3 DWFISDQN Z HH UDQGRP ®
DWLIGHG R DQ H SHUP HOBOJWRXS UWHFHYIQ) D GHXWDOWWRQ 5 SUCFSBNV RUD FROMROJURXS R
IOMYHQIRQ 7KH SUPDY RX\WRPH PHDVXUHV IQFOIGHG DWAGHYV \RZDWG DQP DO UMHDUK DQG
FRP SUHKHOVRQR \WH 5 SUGQAS®V

5 HVXOV

2 YHDO H SRVXUH \R 5 UHDWMG IQRP DIRQ GG CRAWLI QUIFDQ® VKIMDWXGHY RZ DU DQP DOUHVHDURK
+ RZ HYHU JHQGHUDQG DIH GLIHHQFHY Z HH REVHYHG : RP HQ JHQHID® KHG P RUH QHI DIYH YIHZ V \KDQ
PHQ DQG IQAYIGXDY DIHG VKRZ HG D GMIPWSDWAD 1Q WHU UAVSRQMHY : KIB! \WH LOMYHQIRQ
IQFUDVHG DZDUHGHW R \WH 5 SUCHISGN  SDWFSDON VAKIJBIG \R GLIHHQNDW EHE HHQ \WH VSHFLLE
FRP SRQGHQV

&RFFOMRQ

3RVIAQ) IQRP DIRQRQWH 5 SUGQFS®N HQKDQRHV XQGHIARIQAQ) EXWERHY QRACHFHWDUD WDQUDW IQR
JUHDWMU DFFHSBQFH R DQIP DOH SHUP HQNV' 7 DU HMG FRP P XQEDMRQ ADWMI LHY DUH QHHGHG \R DEGHW
SUH H MY DWWGHY SDMEXOWD DP R Z RP HQ DQG FHWBIQ DIH JURXSV  7KHWH IIQAQIV KLI KD KWWH
FRP SB[ MV Rl SXETF SHUFHSURQ DQG WH QHHG IRUP RUH QXKDQFHG VFHQFH FRP P XQIEDMIRQ



% _ 3UHFOQIFDO5 HWWIONQ)  Z HELQDU 3URP RWQJ UHVSRQVIE®! DQG LREXVW DQIP DO UHVHDUFK
SUDFWEHV

6RSKIDSRWAU0 6F 3DVIXDBISHBUUWQL' U 8O7RHBK 3' ' U

48(67 &HOMJU IRU 5HVSRMEGI S5HHDUK %HID , QMMM R +HDIM %+  &KDUWe
8 QYHWIMWP HG] IQ %HID %HUI * HIP DQ

$QUD/ RXVD . DK 6\WD; H YHID

$ QP DCH, SHUP HQBMRQ S\ V D FUXKAIDOUR®! LQ SUHFERFDOHVHDURK. VHIYIQI DV D NH \ANS 1Q HYDODM \KH

VDIHW DQG HIFDR R SRMQIDO\WHIDSIHY EHRWH DGYDQAQ) \R FEQFDOWDY 7 IDQUDMRCDO | DIGUHV

KRZ HYHU UHP DIQ D SHUMMOAVFKD@IQIH GDAQ) \R W QUFDQMP HAFDO HARQRP IE VRAIDO DQG HIIEDO
FROWHTXHQFHV 7 KH ~3 UHFEQIFDOS HKIQNQ) ™7 HELQDUVHUHY Z DV OXQFKHG DV SDWR ' (&' ( ,, D SURMFW
IXQGHG B\ \WH * HP DQ ) HGHIDOO QWY R ( GXFDMRQ DQG 5 HVHDUK. %0 99 Z KIEK VXSSRW SUHFEIEDO
FRQIP DRY WXAHV 1Q * HPDQ  IGHOM IQ) KXUBBV DQG VXFFHW IDPRY GHYHBSIQ) EHVWSUDRIFH

IXIGHIHV IURP D P HVB UAVHDUFK SHWSHRIYH

2 YHUWH FRXUH R VHYHQ Z HEIQDWY QICH IQMIDMRQDOH, SHWSHDNHWY JDYH SUDRIFDOIQUIKW IQR

IP SIRVIQY H SHIP HQBOGAMJQ WDQUSDUHQR.  DQG \WH UHIDEIOW R SUHFEIFDOIIQAQIV \R SURP RWM
UHVSRQUE®! DQP DOHVHDURK [Q DDIQP HOAZ M \WWH 5 SUQAS®N 5 HSOFH 5 HGXFH 5 HIGH

7KH VHUHV VHYHG DV D P RQK® RSSRWNQW [RUVSHDNHWY DQG SDMASDQN R H FKDQIH NQRZ BIGIH DQG
QVFEXW VDM LHV \R HQKDGFH UAVHDURK. LREXW@HW DQG UHSURGXFEIDNV 98 0 DUK \WH VHUHY GUHZ
UHIMDVMRQY 1IRP DFDGHP ID DQG IQGXWWY  SIRHWIRQDY DRIRW * HPDQ ( XURSH DQG 1 RWK
$PHUFD KUKOKWY \WH VWRQ GHP DQG IRU RSHQ NQRZ BIGIH H FKDQUH $Q RQIRQ) HYDODWRQ IV
DWHWMQJ IW [P SDRMQFOGAQI SHIFHYHG XVHXQHW JDIGHG IQUIKW DQG IXMUH \RSIEV R IQMHW

7KLV \BO! Z LOVXP P DU H NH \ENHDZ D\ V IURP \KH 1IIAW'3 UHFEREDCS HMIQNQI ™7 HELQDUVHUHY DQG DAGUHW
FKDEIQIHV 1Q FRP P XQFDWQY UHVSROVE®! UMVHDURK SUDRPIFHY |, WZ [@DOR SUAVHQAHYDODURQ 1IQAQIV DQG
HS®RH KRZ WH ZHEIQDU Z1@ SRAMQID® HYROH EH\VRQG NQRZBGIH VKDUQI \R IRWMU BQ) \MP
FROERIDIRQ WDIQQ) IQUDIYHY RUSRIF GAVFXWIRQY X DIMO DGYDQAQ) SUHFERIFDOUHVHDURK



% _YDUIHY WR 6 FIHQFH &RP P XQIFDARQ $ ERXWS HVHDUFK ,QYROYLQJ $ QP DO [ SHUP HQWMRQ
6 HEDADQ/ VHU( PPD: HWDP S &DOXAD1 +DHIWMO/ HD 6 FKIHHEHQ 6 XVDQQH % JHKRD

35 3URMPWR \WH &5 & &RIQURQR ,QMDAIRQ DV8 QYHWIW R * | WD HQ
. DOZHJ * \WIHQ * HP DQ

5 HVHDURK IQYROIQI DQP DCH SHUP HQBMRQ IV D FRQARYHWID® GVFXWHG VRAR VFHQME MXH $V VXK IW
UHSUAVHQW D FKDEQI IQJ \RSIE IRUVAIHQFH FRP P XQEDIRQ 6& 2 XUV VAP DIF QMUIDMUH UHYIEZ. FRP SIBIG
FRP P XQFDIRQ EDWHY \WDWFDQ LP SDIU6 & DERXWUHVHDUK. IQYROIQI DQIP DOH SHUP HQBMRQ [URP
DFDGHP IF VRXUFHV IQFOXAQ) SDSHY RSIQIRQ SIHFHY  DQG FRUHUHQFH DEVDRW 7 KH GDBVHWKQGHZ HQAD
VWIKPMUQ) TXDRBAMYH FROMOADCDOMY 0 XSO B HY R GHEXRIYH DQG IQGXRIYH FRAQ) Z HIH FROGXAMG
DQG IQMYSHYHG Z W FROMHQUXY GVFXWIRQY EHIHHQ WH LQGHSHQGHQWFRGHY DQG DXWRWY 6 HYHQ
\WHP HV HP HUHG IURP \WH DQDOMY "7KH 6 FIHQME &XWMUH ' MHIDUBY 6&+ 6& ,V 1 RADQ $WIDRYH
( QGHDYRXUIRUS HVHDURKHWA 7 KH 5 HVHDURKHY $UH 1 RV HO6 XIWG IRU6 &+ "7KH 5 HVHDUK \V 1 RW  HD
6 XMMG IRU6 &+ "7KH 3XETF ,V' LWIEX® "7KH 0 HAD ,P SDILY 6 & $ERXWKH 5 HVHDUKs DQG"7KH ' IVFRXWH
( QVILRQP HOAV &RP STFDWMG DQG ' \ VIXQRURQD® 7 KH \MHP HV FRQBIQ VHYHUDOEDUWIHY WDWP D FDXVH RU
DJ.J WDYDW RHUEDUIHY DFIRW \WWHP HY ) RUH DP S®I \WWH GVUHI DG IRUB & 1Q VAHQIME FXGMUH IQYROHV D
OFNR 6& WDIQQ) ZKIEK P HDQV \WH UHVHDUFKHV DUH XQGHUHTXISSHG \R FRP P XQEDW \WHUUAVHDURK \R D
SDMID® KRWB! SXETF YDUWIHY FDQ DOR EH FROADGRRY  IRUH DP S®! \KH SXETF 1V ERW FKDUDRMIMVHG DV
DRIYHD RSSRVHG \R DQP DOUHVHDUFK EXWDOR DV GMQMMHVMG 7KLY UAVHDUK RIHY DQ RYHYIHZ R \KH
FKDEIQIHV FRP P XQFDRY R UAVHDURK IQYROIQI DQIP DOH SHUP HQBMRQ P LJKWDFH Z KIFK HQDE®V \KHP
\R SUHSDUH DFFREQI O« XGP DMO WHQJWHQQ) SXEGF GHEDM ) XUKHP R \WH WSRBJ\ R SRIMQIDO

EDUIHY FDQ J XIGH HP SIUFDAQYHM DURQV 1OR Z KIFK EDUIRY DUH P RMNHBIYDONKQ VSHHLLE FRP P XQEFDWRQ
FRQM W DQG Z KIFK FRP SHOVDRY VWIDWI IHV P LTKVWKHS



% _6KRUWIGRV Z IQFKDQIHWHZ D\ ZHFRP P XQIFDWM
$OQ" XERV / DXUHQN/RUI RV
* WFRU

$V WP H SIRIW YIGHRV DUH P RUH DQG P RUH SRSXOU 96 \WH VKRWWMUWH EHWHU DV 717 RN DQG RIKHU
VRADOGHE R VXIJHWV * IUFRUDIP V \R HGXFDM WH JHQHIDOSXETF DERXWDQP DOUVHDUK DQG W
DEMEDIYHY 1Q) WDQFH XQID \ HDW DIR ZH XVHG \R EDVH RXUFRP P XQFDMRQ P DIQD RQ Z UMNWQ DMFGN

$QG ZH GHAGHG \R FUHDM P RYIHV VKRZ 1QJ UMVHDURKHWY DQG RUDQIP DY 2 XUIIAYIGHR Z DV DERXVD DWKDO
04R5 HVRXUFHV D 86 FRBRUIDIRQ Z KIFK KDV UAMHDUFK EHDI®! IDWPV 1Q ) DGFH $@MRXIK ZH ZHWH YHY

DSSUHKHQUYH DERXWEURDGFDWIQY KLY [IAWIGHR  IMSURYHG VR EH D JUHDWXFFHW DV \KH JURXS UHAG \WH
YIGHR RQ \WH VDP HP RGHOQWH 8. DQGD 86 YHWIRQ LY FXUWHQ® EHQ) FRMGHHG : HYH VKRAD BW\R

RKHUIRRBUH Z W UAVHDUFKHLY | DFIOIAY DQG DQP DY EXWIKLY NQG R YIGHR FDQ\INH D BQJ \IP H R VKRRW
DQG HAWHVSHAD® DV ZH GR HYHY WIQJ IQKRXVH 6 R ZHYH EHHQ H SHUP HQMY ZMW D QHZ  YHU VKRW
IRUP DAWXFK DV MIEN RUVKRW  Z KIFK DUH TXIENHUDQG HDMHUWR P DNH © H UHFRUEHG YHY VKRWQMYHZ V
RQ SURHWIRQDCHYHQW Z M RQH TXHWIRQ RQH DQVZ HU B \WDQ D P IQXWM LQ VREIO 2 XUCDW VKRZ HG \KDW
\WHVH FRGAVH YIGHRV JHQHIDMG DWBDWY WP HV P RUH UHDRVRQY \WDQ WDAMRDCDMFBN

: HUH DOR WIONQI DERXVRWHUIRWP DW \WWDWDUH D QB G HUEXVWANDT XIEN DQG HDW R SURGXFH ©: HOMO
\ RX DODERXWKHUIP SDRNQ %I



% _ 6KHGGEQI / LJKWRQ $QP DO5HVHDUFK 7KWRXIK 6 RFIDO0 HAD ,QVWJKW IWRP 8 QiYHIWW

0 HGLFDOS:HQWAUO DIQ
6 DQAD 5 HEKHO

+DQQV" MU+ AFK : HJ 0Dqg * HPDQ

&BDU KRGHWIRP P XQFDIRQ RQ DQUP DOUHVHDUK IV HWHQIDOIRU EXIGIQ)  SXETF \WKVWDQG IRV
IQRWP HG ADRIXH ,Q WLV SUHVHQIMRQ ZH H SEUH D VHUHV R B HWG QLI MICDRURQY FDUIHG RXWYID \KH
SUP DY VRFIDOP HAD DFFRXQAR \KH 8 QYHWAW 0 HAFDO&HQMUO DIJ \R GHP\ M WH FRP SB[ MV R
DQP DOMHVHDUK

: H VKDUHG HQJDJLQ) SRV WDVW/SRWW K\MG WH CDIO HQGHDYRWY R DQIP DOFDUHILYHWY DQG \WWH GHAFDMG
VAHQME \WDP  IQYROHG 1Q H SHUP HQEOZ RN $CAMRD® DQ IQQRYDWH IQMYIEZ  IHDWUHG 1Q GHSW
FROYHYW/DVRQY Z W \WH KHDG R \H DQP DOIDAMV DQG WH 5 &HQMU RIHIQI XQATXH IQAIKW IQR \KH
HWIFDCDQG VAHQME GP HMRQV Rl DQP DOHVHDURK $ @VKDUHG YID \WH VRAIDOP HAD DFFRXQWV R \WH 80
QARIWDP ) DFHERRN <RXWEH DQG/ IQ\HGQ  $ BQERXVWHBP HQAZ IOEH DQ ,QARIWDP 7 DNHRYHUGKUQ)
\WH Z HHN VXUWRXQAQ) / DERIDRY $QP DO D\ ZKIFK ZI@SURYIGH D EHKIQG WH VFHQHY GRN DWIKH [ LHG
7KLY SUIHVHQEBMRQ GVFXWHY WH SOQQAQ)  H HIXIRQ DQG UHFHSURQ R WHVH DRIRQY : H UHBPWRQ WH
FKDEIQIHV HFRXQMUHG DQG WH BMRQY BDUHG GDZ1Q) FRFOMRQY DERXAWWH HIHRAIYHQHW R RXU
VRFIDCP HAD DRAMRQY DV D \RRORUFRQYH\ IQ) VHOUWMYH FRP SB[ \RSIEV 2 XUIQAQIV HIFRXUDI H IRUIXVMUA

FRP P XQFDIRQ HIRW 1Q DFDGHP IF DQG UAVHDUK HQYILRQP HQWV DIP L) \R SURP RW WDQVSDUHQR\  DQG
SXEQF HQI DI HP HQUZ W VAIHQIME UVHDURK



% _ 2SHQQHW 1Q $QP DO 5HVHDUFK 6WHQUIWHQQI 3XEQE 7KW 7KWRXIK  ( ITHPWYH
&RP P XQFDWRQ

6D® 7KRP SVRQ.WMUQL " 90 3K

8 QYHWWR! : DWKIQI\RQ * HEHEQ) + DOYR

2 SHQQHW 1Q DQP DOHVHDURK 1V FXFIDOIRUEXI@IQ) SXETF WKVADQG HQUXUQ) \KDWIHVHDURK. SUDRUFEHV DUH
QRARQD VFHQMED® W RUIRXY EXVDOR HKMED® VRXQG 7 KLY DEVIDPWKLI K@ KW \WH [P SRUBGFH R HIHAIYH
FRP P XQFDIIRQ [Q HKDQAQ) \WH SXETFV XQEHYARQAQ) R DQP DOUHVHDUK  SDIMFXOWD 1Q UHDMRQ \R W
EHCH W |RUSDMHQN Z KR UHO RQ VFIHQIME DGYDQFHP HQW 2 U DQ] DARQY WDVWSURUMY H RSHQQHW DV D FRUA
YDOH DUH P RUH @NHO \R EXICS VARQI HUUHDMRQUKLSV Z W \WH SXETF DQG UHIXOWRY ERGHY 7KH 8 QYHWAW
R: DKIQWQ 8: KDV H HP SOIHG KLY DSSURDFK WURXIK IW $&2 5V $QP DO&.DUH 2 XWHDFK DQG \WH
5V SIRIWDP  Z KIFK IRAMY RSHQQHW DQG SXETF HQIDIHP HQW

7KLY SUHVHQBMRQ Z OH SGUH \WH EHVWSIDRIFHY [P SOP HOMG B\ 8: R LQMIUDW RSHQQHW L1OR \KHU
DQP DOUMVHDURK SIRIWDP V' IQFOQQ) WH GHYHBSP HOAR \WHUGHAFDIMG $&2 5V ZHEVWW 7KH Z HEVIW
RIHY YDODE®! UMVRXUFHY RQ \WH 5V SUGASBNV 5 HSOFHP HQW5 HEGXRIRQ 5 HICHP HQW SUIRVIAQ) FBDU
IOAIKW IQR 8: & UMVHDURK SIRRFRY  HWIFDOFRQUGHIMRYY DQG \WH VRFHVIOIP SDRWRI \WHU I1IQAQIV
$CAMRD® 8: v RAWHDFK IQUDMYHY DQG SURTWDP V VXK DV' DIHWR &DUH ' & VHYH DV N ADWMI IHV
R HQUXUH \WH SXETEF LV Z HOIQIRWP HG DQG FRQIIGHQWQ WH HWIFDOXVH R DQP DY 1Q UAVHDUK

04 SURWMYIQ) RSHQGHW RUDQ]DMRQY @H 8: FDQ FUDW D P RMH IQRP HG SXETF DQG [P SURYH \WH
DFFHS\BIQFH R DQP DOUHVHDURK 7 KLY SUMVHQUIMRQ Z IR HUDPIRCDE®! BV [ RURKHULQAMAMRQY VHHNQ) \R
HQKDQFH \WHUFRP P XQEDIRQ VWD IHYV  KHSIQ) R 1RAWMUEHIU FRDERIMRQ EHE HHQ UHVHDURKHY \KH

SXE@E DQG SDWHQON DQG XEP DO HQUXUQ) \WDWDQP DOHVHDURK DO QY Z W VRAHMBIOYDOHY DQG EHQHIW



% _+RzZ \RWOI DERXVWDQP DOHVHDUFK RQ VRFIDOP HGID WIRXJ K FRERWWYH FDP SDL QV
0 DY +DWH
8%5 $EEH +RXWH 6 W RKQ 6 WHHW/ RQGRQ 8.

8$5 P DQDIHVWH8 . v & RGFRIEDVRQ 2 SHQGHW RQ$ QP DB HVHDUK 7 KIV SUHVHQIMRQ KLI KD KW 8 $5
FRDERIDWH VRADOP HAD FOP SDUQV. GHMIGHG \R HOFRXUJH 8. & RGFRUEDWWLI CDVRUHY \R \BX®! DERXW
\WHU DQP DO UWMHDUFK RQEH  7KHVH FDP SDLJQV SURYIGH D "VDIHW IQ QXP EHY+ DSSURDFK DQG DQ
RSSRWYQWY \R \BXO! DERXVWSHALLIE HBP HQWV RI DQP DOUVHDURK &DP SDIQV @H  $ QP DO,G6 HVHDUFK DQG
$QP DB \BW HFRXWDIH WL CDRUHY \R \BXO! DERXWKHU DQIP DOUHVHDURK. DQG DQQXDOVBANAMEY RQ VRAIDO
PHAED : HDOR KRAABNHRYHYA \WURXIK 8 $5 &V ,QABIWDP  Z KHUH Z H JLYH VLJ CDRUHY WH IUHHGRP VR SRW
DERXWDQP DOHVHDURK WURXJ K RXUDFFRXQWZ W VRP H BRVH JXIGHTHY 7KLY SURYIGHY DQ RSSRUMQW [RU
VI CDRUHY \R WDFK D QHZ DXAHQFH DOHDG. HQIDIHG Z W WH VXEMPAR DQP DOUVHDURK Z KIOW LYIQ)

RXU, QAR UDP |R@RZ HY EHKIQG WH VFHQHY DFFHW \R \WH OFE \MUIRXJK YIGHRV SKRRV DQG4 $V ZIW OE

\AMA|



% 8%$5 5HVRXUFHV R + HS <RX &RP P XQIFDWM <RXU$ QIP DO5 HVHDUFK Z LW WH 3 XEQE
$1CDQ & XADFH -+ DK + REVRQ
8 QGHYARQAQ] $QP DB HVHDURK $EEH. + RXVH 6WRKQBWHHW RQGRQ( & 0 ' =

8$5 ZRUWZ I \KHS . EIRVFAHGFH FRP P XQW\R H SDIQ\KH XVH Rl DQP DY [Q VAHQIME UHVHDUK

8 QGHABQAQ) $QPDOSHWDUK 8$5 IV WH 8.« RQD GHAFDWG DQP DO UAVHDUK DGYRFDR
RUDQVDMRQ : H H SOIQ KRZ DQG ZK\ DQYP DY DUH XVHG LQ P HAFDO YHWUCDY  DQG VAHQME UAMVHDURK
DQG HQFRXUDIH \WH VAHQME FRP P XQW \R EH RSHQ Z W \WH SXETF DERXWKHUIQYROHP HQAZ MY DQP DO

UHAVHDURK : H DUH IXQGHG B\ RXUP HP EHLY Z KR IQFOIGH XQYHWAA SURHWIRQDOVRAHMA QAN DQG
FKDUMAV

7KH &RQFREDWRQ 2 SHQQHW RQ $ QP DO5 HVHDUK [Q WH 8. IV D SXEGF® DFFRXQIE®! SBIGIH Z KHH
VI CDRUHY FRP P MR EHQJ FBDUDERXVWKRZ  ZKHQ DQGZ K\ \WH XVH DQP DV 1Q UHVHDUK \R HQJDIH Z W
P HAD DQG \WH SXEGF DQG \R UHSRWDQQXD® RQWHUSURI UMW 7 KH & RQFREDWZ DV OXQRKHG IQ0 Dy
DQGKDVEHHQWIQHGE PRIHWDQ 8. EDVHG RUDQVDURYY

2 XUWHVRXUFHV DUH GHMI CHG VR VXSSRWKH @H VAHCAHV 1Q FRP P XQFDMQ] P RH HIHAYHO DURXQG DQP DO

UHVHDUFK 7KH FDQ EH XVHG 1Q \ RXUH WATDODQG IQMIDOFRP P XQEDMRQY \R KHS \ RX H SOIQ ZK\ \KH
KXP DQH DQG UHVSROUE®! XVH R DQP DY IV HWHQIDO RUWH GHYHBSP HOAR QHZ P HAFIGHV KRZ WH 5V
DUH HP EHGGHG 1Q VAHQME UAVHDUK DQG KRZ  UMVHDUFK DQIP DO DUH FDUHG IRU 7KH UMVRXUFHV DUA
GHVLIQHG R HQUXUH \ RXUFRP P XQFDWRQY FRQBIQ EDDIQFHG IQIRUP DUMRQ DURXQG WH EHQHIW DQG KDWP V R
DQP DOMHVHDUFK $ @R RXUUHVRXUFHV DUH 1UHH VR XVH DQG HDVI® DFFHVWIE®! YID RXUZ HEVIW



& 2 UNRGRQWF P SOQWP LJWDARQ FRP P XQIEDARQ UHI DUGEIQU QRP LODARQ | RUQHI DWYH SUJ H

. DU YHANHU 5 REHW HEEHU HU

" HSDWW HQWIRU 2 WRGRQIFY DQG ' HQRIDFIDO2 WWRSHAFY &KDUWY « 8 QYHWAWAP HA] 1Q %HID
$i P DQQUKDXVHUS \WD; H UHAD * HP DQ

2 WKRGRQIF P LQLLP SOQW DUH IUBHTXHQ® XVHG 1Q JURZ LQJ SDWHQW DQG DGXOW Z KHQHYHUDGEMRCDOWNHBMIO
DQRKRIIH IV WHTXIHG ' HVSM WHVH 1P SOQN ZHH VXSSRVHG W EH IMRQDY  FERFDOREVHYDIRQ
IQEAFDWG \WDWAH. P LJKWP LJUDM Z MIQWH ERQH RQFH \WWH. DUH FROABQ® BDGHG

7R SRR WDWP SOQAP LJUDIRQ H MV WHSHDWG ' UDARJIWDSKY ZRXG KDYH EHHQ WHTXILHG 7KXV QR
FOQFDOVWXG ZRXG KDYH EHHQ MWMDE®! 7KHHRW D SUHFGIFDOVWXG 1Q WH UIDWABIOP RGHOZ DV
HADEQKHG ,Q  DQPDY P IFR PAVFDQY ZHH REWICHG DWGALIHHQOMP H SRON 6 XSHUP SRVMRQ
FRQLP HG \KDAP SOQN ZHH P LJUWY  DQG VKRZ HG WDWP LJUDRQ YHEAW Z DV VI QUIFDQ® DWRADWG
Z 1\ \WH GDAQ) P DIQWEH DQG GHRUHDVHG RYHUWP H

7R DYRG DQRKHU DQP DOH SHUP HQV \WH H MY ' WARIWSKY ZHH IXWHU HYDODWG DQG D
P DWHP DWDOP RGHOZ DV GHYHBSHG \R FRUHDW ERQH P LJ UMRQ DQG @FDOHWHY 1Q WH ERQH \WVXH
' HVSIM QR DQP DO Z HUH UHTXIUHG | RUWHVH DEAMRCDCDCDOVHY \WH UHVSHRAMH VWXG. Z DV QRP IQDWG IRUD
QHIDWH SUFH LH \WH SUFH IRUMH P RADEVXLE DQP DCH SHUP HQAURP GRARY DJ DIQMDQP DOUHVHDUK
U W IHIHQ 7IHYHWXFKH 7KLY FROADN \IH I DPAWKDVWAH VDP H WYG. Z DV SXEQKHG DV DQ H DP S®I R
5 SWAWH VIGFH WH 1Q YIYR VFDQV DQG DAGMRQDOHYDODMRQY R SUHYIRXY GDWD UHGXFHG \WH DP RXQAR!
DQP DY QHHGHG  DQG IQFUHDVHG \WH DP RXQAR VAHQIME GDWB REWBAQHG IURP D MQJ®1 DQYIP DO 7KLY WDIVHY
\WH TXHVIRQ Z KHWHUWH FRP P WH Z KR QRP ICDWG WXGHV IV DFFHSW) WH 5 UDWHUWDQ MWWYKH RQH
5 IRUWH UHSOFHP HQAR DQP DY



& _5REXWWH HSOFHP HQW $ VRROR VXSSRUNHVHDUFKHY/ DQG WHYLHZ HY/
-XOWVB ' XNV $P\ %HDB DQG&HBDQ&DP S

5 HSOFIQ) $ QP Db HVHDUK &DZ B + RXAVH &DQDCE \WHHWL RWIDJ KDP

8 QGHUWH 5V SUQFISBV 8. DQG( 8 ®UIMDMRQ UHTXIUHV DEMEDWYH DSSURDFKHV UHSOFQ) RUDYRAQ] \WH
XVH R DQP DV [QH SHUP HQW EH XVHG Z KHIHYHUVAHQMED® SRWE®!

+RZHYHU ZR@OZ IGH IP SBP HQBMRQ R 5V IV QRADV HIFIHQADV MVKRX@ EH 5 HSOFHP HQALY RIWQ QRW
WRUIRXIK® FROVGHIHG DQG VNHSWHAVP  DERXVWV DRKIHYDELDV IV Z IGHVSUWHDG 7 KHUH DUH A VWP LE IDICURV [Q
H M VXSSRWMRU UHVHDURKHY RQ H SHAMG UHSOFHP HOMH SBRUMRQ DQG KRZ \R HYIGHGFH WIQ WHU
@FHQFH DSSTFDURQY

$ UHSRWAE\ \KH 8. +V 1 DIRQDO HQMH IRUWH 5V FRGFOIGHG WDW5 HSOFHP HOAGRHY QRAWVHHP \R EH
FRYHIHG ZHOE\ DQ R WH UHYIHZ SURFHWHV DQG $QP DO; HIDUH DQG ( \WIFDO5 HYIHZ %RAHY DQG \WH
&RP SHMQAS X\WRUINA RZ Q ,QVSHRARY WDUHD VXJJ HWHSOFHP HQW DQG OFN \WH VAIHQIME NCRZ BIGIH \R
GR VR 7KH UHSRWDOR VXJJHWW WDMXQGHW SHHU UHYLHZ HY DUH 1Q SUP H SRVMRQ \R FKD@IQIH DQ
SURSRVHG XVH Rl DQIP DO EHRUH IXQAQJ 1V DZ DBHG

$ OFNR XQGHWABQAQ) R KRZ \R H SR WHSOFHP HQABDGY \R FRIXVIQJ RUP IMBDAQ] [QRWP DIRQ DV
VHHQ 1Q FXUHQAIXIGDGFH Z KIFK VXJJHW FRQGXAID WA VWP DUF UHYIHZ V RU P H\B DQDOVHV R DQIP DO
VINGEHY $ GMCDWH \WFKGREJ IHV DQG DSSURDFKHY DUH QRAMINHD \R EH IRXQG SXEGFDURQY Rl DQP DOAXGHY

© HKDYH FUHDIMG D 5 HSOFHP HQA& KHANDANR KHS UHVHDUFKHY H SGUH DQG VHDUFK |RUBHSOFHP HQW P RUA
UREXW®  DQG HYIGHQRH \WHVH VHDUFKHV' 1Q @QH Z MY U DOUHTXIUHP HQN 7 KH FKHANDAZ LGDOR EH XVHXOR
ERW UHVHDUFKHWY DQG UHYIHZ HY R DQIP DOUHVHDURK. SURVIPW DFURW \KH ( 8 \R KHS HQVXUH UHSOFHP HOMY
DCGUHWHG DQG VFUKMQIVHG DV BHTXILHG B\ (8 ' ILHAYH (8



& _$GYDQFIQI WH 5V1Q$ QP D06 HVHDUFK 2 SHQQHW DQG ,P SGP HQEMRQ DWKH 8 QLYHWIW R

© DVKLQI\RQ
6 D® 7KRP SVRQ .UMIQ ' 90 3K

8 QYHWWR! : DWKIQI\WQ * HEHEQ) + DOYR 6HDWBI : $ 86%

7KHSQYHWVW R : DWKIQIWQ 8: 5V SIRIWDP SURP RV WH HKIEDODSSTFDMRQ R1 DQP DOUHVHDUK E\

SURIMYIQ) WH SUGQASBV R 5 HSOFHP HOWS HOXFIRQ DQG 5 HIGHP HOVWH 5V 7KLY DEVDPAH SBUHV
\WH SIRIUDP V SIDRIFDAQMI IDMRQ R WH 5V 1Q UHAVHDURK. SUDRIFHY DQG VAIHQRH FRP P XQEDIRQ 7KH 5V
DUH IXQGEDP HQEOW HQVXUQ) DQP DOUHVHDUK IV FRQGXPMG UHVSROVE® DQG Z W P IQIP DOKDWP  Z KL
PD[IP [ IQ) VFIHQME P SDFW$WB:  \KHVH SUQFS®N DUH Z RYHQ LOR UAVHDUFK SIRRFRY  RAWHDRK HIRW

DQG HOXFDMRQDOHVRXUFHY KHSIQ) ERW UHVHDUFKHLY DQG WH SXETE XQGHIABQG \WHUM QUIEDQRH

7KH SUHVHQIMRQ Z OKKDKVWKRZ WH8: 5V SIRIWDP IRAMY RSHQQHW [Q FRP P XQFDUQY \KH HKIEDO
DVSHAW R DQIP DOUVHDURK \WURXIK W $ QP DO&DUH 2 XWHDFK DQG \WH 5V $&2 5V SOMRP 7KH
SIRIDP QRARQD HGXFDWV EXVWDOR VXSSRW \WH IGFRBRIDIRQ R \WWH 5V \KURXIK SIBWSIRWIPNIXQAQ)

RSSRUNQMA QAMG RQWH $&2 5V Z HEVM 7 KHVH SIBWSURVPN HQFRXUDI H UAVHDURKHWY \R I UDW \KH
5V IQR \WHUZ RN IXUWKHUSURP RIQJ HKLEDCSUDRIEHY DFURW 8 © sV UAVHDUFK FRP P XQW/

,Q DEAMRQ WH VHWIRQ Z ODGEHW KRZ ®UIMDMYH FKDQIHV [P SDPWUHVHDUK SUDRIFHY DQG KRZ 8
HQUXUAV IW UHVHDURK DI QV Z WY ERK HYROIQ) Bl DOMHTXILHP HQW DQG HKIFDOABQEDUGY % HP SKDV] L
RSHQQHW DQG FBDU FRP P XQFDIRQ \WH SURIUDP  IDAIMBWY D GHHSHU XQGHUABQAQ) R \WH HWIFDO
FROVGHIMRQY \WDWI XIGH DQP DOUHVHDUK. 7 KLY VHWIRQ Z LOSURYIGH IQATKW IQR WH 8 5V SUIRIUDP &/
VXFFHW 1Q SURP RIQY) HWIFDOSUDRWFHY RITHUQY D P RGHORURKHURU DQYJ DURQY GRNQJ \R LOFRUSRUDWM \WH
5V DQG DGYDQFH DQP DOZ HIDUH ABQEDUGY 1Q UAVHDURK



& _ YDOFIQ) 7WDQVSDIHQR 6 FIHQWIF ) ®f LELOW DQG 5HIXMWUY &RP SIDQFH 1Q $ QP DO
( [ SHUP HQEMRQ
6 YHQD 6 \MQHTHU

00 ' HEWFN & HQMUIRUO RBFX@UO HAHCH 3 RXGW DE 1 HXURQD®! 6 FKDAMHVH XQG 9 HIKDAMQ 0 O
" HEWAIN&HOMU O ' & 5 REHWS , WBI 6 WD H YHAD

$ QP DOH SHUP HQBMRQ SO\V D FXFDOWRG! 1Q VFHQME DGYDQRHP HQV QGHFHWABMG) D \ADQUSDUHOW
DSSURDFK \R TFHOVQ) Z KIB!I XSKRTGIQJ WH SUQFISBN R WH 5V 5 HSOFHP HQAV5 HOXRIRQ 5 HILGHP HQW
(IIHAYH [P SOP HQBMRQ R \WHVH SUQASBV 1Q @FHQWH DSSTFDMRQY IV HWHQIDO DEQIMGH [RAMIQ)
FROIQXRXV HOXFDIRQIQ 5 P HWRGRBJIHY DQDOHMVD DQG DQHVKHMD + RZ HYHU \WH DSSURYDOSURFHW IRU
DQP DOH SHUP HQBMRQ TFHQVHY IV RWQ GIQIWA  VRP HIP HV H WQAQJ XS W RQH \ HDU DQG IQYROIQU
P X@B®I URXQGV R TXHIRQY DQG BHAVIVIRQY 7KLY WP HIpH SRVHV FKDEIQIHV 1RU UVHDURKHY ZKR QHHG
|G LELOV \R UAVSRQG \R UHFHQUWFHQIME GHYHBSP HQW DQG UHYIHZ HUIQTXLUHY \R HQUXUH WP HD SXETFDURQ
DV RQD SXEQVKHG CDB FROMEXW \R VFHQME GMVFRXWH 7R DEGHW WY WH RSWRQ \R DP HQG VIQI B
H SHUP HQW Z MMIQ DQ DSSURYHG TFHQVH RIHY D SUDIP DIF VROMRQ H SHAMQ UAVHDUFK SURTUHAW Z KIGH
PDQNMQQ) FRP SIOQFH ZMW GUMDMYH WHTXIWHP HQV 7KLV DSSURDFK QRWRQD HCDEGN VAHQME
DEDS\WWELDN EXWDOR |IDADBWY \KH \IP HO [P SBP HQBMRQ R [P SURYHG DCDOHME WHDW HQN - HQKDQAIQJ
DQP DOZHIDW +RZHYHU H FHWIYH EXUDXADIF KXWEBNV FDQ EHFRPH D @MY IDARU UMUEW
VAHQME SURI UMW UDHU \WDQ HQDEG) HWIFDODQG WDQUSDUHQAMHVHDUFK 6 WINQJ D EDOQFH EHEZHHQ
UHIXOWY DEKHHQRH  VAHQME UAVSROWYHQHW DQG HWIFDOUHVSROUVIELD 1V WXV FUMFDOIRU DGYDQAQ)
KK TXDOV UHSURGXFLE®! UAMHDUK



& _&KDQILQI QXP EHY Rl DQIP D&Y XVHG IRUVFIHQFH Z KDW/ JRIQJ RQ'
3R QJ5$+ $ADQ ' U6 SNNHPDQ

1 HWHUDQGY 1 DMRQDCE.RP P IWikH IRUWH SURMAIRQ Rl DQIP DY XVHG 1Q VFHQRH
80 & 8 WHRKVW/ADIQ & HQMU 8 WHFKVE QYHWAW 7 KH 1 HWHDQGY

7KH' XWK JRYHP HQAKDV DVNHG WH 1 DMRQDOS:RP P IWiH IRUWH SUIRMAIRQ R DQIP DY XVHG [Q VAHQAH
1&DG \R DQDO] H WH ' XK UHI MIDIRQ GOV RQ DQP DOH SHUP HQW 1Q RGHUWR XQFRYHUZ KDWIRHV RQ
EHBZ \WH VXUDFH : H DQDO] HG WHQGV DQG GHYHBSP HOW 1Q \WH XVH R DQP DO RYHUWH OW  \ HDW/

DQG WHG \R [GHOM GUYIQ) IDRRY EHKIQG \WRVH GHYHBSP HQN : H DOR H SBRUHG 1Q Z KIFK
H SHUP HQEOIIHGY P RAMWHYHIH VXIIHUQ) RFFXY W WHVH QWKW ZH DIP HG \R IGHQM DUWDV R
RSSRUMQW | RUKH UHILQHP HOMUHSORHP HOADQG UHGXPIRQ RN DQIP DCH, SHUP HQBMRQ

$ I\MUVXFFHWYH \ HDWY/ Rl GHF@H \WH DP RXQAR| DQIP DOH SHUP HQW 1Q WH 1 HWHUDIQGY DSSHDWY \R KDYH

MDELD HG VIQFH ' HVSIW LOFUHDVHG DWHQIRQ IRUWH 5+ DQG JURZ 1QJ DYDIDEIOW R DEMGDWYH WA
P HKRGY WH \RIOQXP EHUR DQP D& XVHG IRUVAHQME SXSRVHV VHHP V \R UHP DIQ UHDMYHD \ADEG
EHEHHQ DQG DQP DY D \ HDU +RZ HYHU \WH DEVROWM QXP EHU GRHV QRWQHRHWDUD

SRWD. WH FRP SBM VWRY DV VAHQFH IV FRQIQXKRAMVO HYROIQ) DQG \WHUH 1V JUHDWYDUDIRQ EHE HHQ
QLIHHQMVSHY DQG SXISRVHY R DQP DOH SHUP HQN ,Q KLY SUAVHQEMRQ Z H Z VKD VRP H R RXUNH

IIQAQIV



& ' HYHRSP HQARI DQ RSHQ FRP P XQW FRP P XQIFDARQE\ WH H DP S®IRI 10 RXVH
' U-DQCH. DK 0 IW\R/ DP SH 6 LYDQ%HWYKDQ

10 RX\VH* PE+ 8 QYHWAW %4DQEHEXU 0 ¥KOIQW D YHUID =HKOIQERU

7KH RSWP [} DIRQ DQG GJMIQ DIRQ R 1O YIYR VAIHQRH DUH FXFIDOIRUIP SURYIQ) UHSURGXFIELON  UHIDELDV
DQG HMEDOVBQEDUGY 1Q SUHFEIFDOUHVHDURK 7 IDAMRCDOIQ YIYR VWGEHY DUH RIWMQ IQGHGFHG B\ KXP DQ
IOMDRAIRQ BDAQ) R REVHYHU EIDV DQG YDUDEIOW 1Q GDW FRBFIRQ ' LJMIOKRP H FDIH P RQURUQY

' +&0 RIHY D WDQVRP DIWH VROMRQ B\ HQDEGY FRQIOXRXY DXRP DMG DQG XQEIDVHG EHKDYIRUIDO
DWHWP HQAR OERIDRY DQYP DY IQWHUKRP H HQVILRQP HQW

10 RXVH 6 ROMRQV SIRGHHY DQ RSHQ VAHQME FRP P XQFDMRQ DSSURDFK \R DFFHBIDM \WWH DGRSURQ R
' +&0 IRAMIQ) WDQUSDIHR DQG FRIERIDIRQ DARW DFDGHP ID IQGXWWY  DQG BHIXOWY ERAHV 94
LOMI UMY P DFKIGH GDWIQ) DQG VHQURUEDVHG GDW DFTXIMMRQ ' +&0 HQKDQFHV \WH DFFXUDR  DQG
FROMMP R EHKDYIRDO SKHQRWASIQ) ZKIBI PIQP [11Q) MW IQGXFHG DMIDFW 2 SHQ DFFHW \R
YDIEDWG P HMRGRBUJLHY DQG GV VKDUQ) LQMDYHY 1XUKHU GUIYH BIQEDUE] DRQ DQG UHSURGXFELDN 1Q
SUHFQIFDOANGHY

7KLY DEVDPVKLI KDIKW KRZ ' + &0 UHGXFHV \WH KXP DQ IDRRUIQ H SHIP HQBCZ RINGZV DDIQQJ Z W \WH

5V SUCASGN 5 HSOFHP HQW 5 HGXAIRY 5 HIQHP HOV DQG P SUIRYIQJ  \WDQUDMRQDO YDOH [RU GLXJ
GHYHBSP HQV: H QVFXW WH URBI R IQMEVASEDY FRRSHIMRQ [Q VKDSIQ) GJMIOIQ YIYR VAHQRH DQG
HP SKDMIH WH QHHG IRU KDWP R} HG WIIQEDUEY R HQVXUH WHIXOWY DFFHSWBQFH $GYDQAQI RSHQ
VAHQME FRP P XQFDIRQRQ' +&0 IRAMY D FRIERIDIWH HRA WP XGIP DWW HQKDQRIQ) GOV LOMI UMV
UHSURGXFIELON DQGWH HIIFHQR R SUHFERIFDCUHVHDURK



& _( QKDQFIQU $ QP DO HODWH 7KURXJIK 9 IMIO6 L1 Q * XLGHG $ QDHVWHVID 0 DQDI HP HQW
0 DF=
IUIDMK $* P 6VRHND +HEHQ 6Z \WMHDQG

$ CDHVIKHVID P DQDIHP HQMQ SUHFERIFDOUAVHDUK. RIWQ UHDHV RQ 11 HG GRVDIHV UDWHU \WDQ WHDOWP H
SK\ VIRBJ IFDOUHVSRQVHY + RZ HYHU HP HUIQ) GDWI VIXJ J HAWAKDVWBIEUQ) DQDHWKHMD EDVHG RQ YMIOWIQ
PRQWUQ) « VXFK DV P DIQBIQQ) D \WUEGI UAVSILDRY DM R DSSUR[ IPDM® ~ EUHDWY SHUP IQX\M
FDQIP SURYH ERW DQIP DOZ HIDUH DQG UAVHDUFK RXRRP HV

7 KLY SRAMUSUAVHON IQAQIV ILRP VWYAHY XMQJ 0 $57$ D FRODPWUHH P RQWRUQI VL MP \R DWHW \KH
IP SOFWR' DQDHKHVID RQ VP DOURGHON %4 FRQIXRXVO WDFNQJ YMIOWIQY  UAVHDUFKHWY FDQ GHWFW
VXEVB! SK\ VIRBJ IFDOFKDQI HV DQG DAMVWSIRRFRY DFFREQI® 2 XU DSSURDFK. DGYRFDMY 1RU \ABIQEDLG
RSHIDI SURFHGXUAV 62 3V \WDWSURIMYH SK\ VIRBJ IFDOVBELONY RYHUUI LG GRVDIH JXIGHIHY  UHGXALQ)

WHUMN R XQGHU RURYHUDDHWKIHMD

$OQQ ZIW WH SUQFASBV R \WH 5V WKLY P HKRG HQKDGFHV WHIGHP HOAE\ P IQP MQ) \WHW DQG
SK\ VIRBJ IFDOIQABELDN XU DMO GDAQ) \R P RUH UHIDEGI GDW DQG [P SIRYHG ZHIDUH ) XUKHUP RUA

QMWW DO H P R IQR WRXILH SURFHGXUHV VXSSRW WDQUSDUHQWFRP P XQEDURQ R EHW
SUDRIFHV 1Q @H Z W HYRIIQJ ( XURSHDQ UHI XOWRY 1LDP HZ RUW

7KLY Z RN XQGHWFRUAV WH QHHG IRUD SDUDAIP VKU SUHFERIFDCDCDHWAHMVD P DQDIHP HQY - RQH \WDW
SOFHV DQP DOSK\ IRRJ\ DWIKH FHOMH R GHAMRQP DNQJ %4 DGRSUQY  YMIOWI Q JXIGHG DQDHWKHMD
UHVHDURKHWY FDQ HQVXUH P RUH HKLFDODQG UHSURGXFLE®! H SHUP HQEBIORXWRP HV Z KIBi DAYHO DGYDQAQ)
Z HIDUWH ABQEDUBY



& _$ 3RVIMRQ 3DSHURQ ELRP HGIFDOUHVHDUFK E\ WH' ) * V3 HP DQHQWG HQDWM &RP P MVIRQ RQ
$ QP DOb HVHDUFK

3UR " U %1l WK 9 R® DU 9 DBM\D 6 \MSKDQ

3 HWP DGHQV HODW & RP P MRQRQ$ QP DG HVHDUFK R WH' ) *

80 5RWRFN' ) *

8 QYHWIMWP HA 1Q 5 RARFN ,QANMAWISAJ ( [ SHUP HOM® &KIXUIH 6FKIGUD®H D

5 RARFN

~3 RVMRQ 3 DSHURQ 6 HEXUQ)  HIFIHQAELIRP HAIFDOUVHDURK Z KI®! P DIQEBAQIQY WH KLI KHVADQIP DOZ HIDUA

VDQEDBV™ 5 HFRP P HQEDMRQY SURSRVHG B\ \WWH ' ) * & 3 HUP DQHQW6 HQDW &RP P MRQ RQ $QP DO
5 HVHDUK

7KH WKWR IUHERP R UAVHDURK DV HQUKUGHG LQ \WWH %DME / DZ R WWH ) HGHUDG HSXETE R * HWP DQ. DQG
\WH FROAMAMRQDOREMAYH R DQP DOZ HIDUH DUH \ER [P SRUBQWYDOHY Z W KLIK UHBIYDQRH R DQIP DO
UHVHDUK 1Q* HPDQ. $1P LQJ \R P HADW EHE HHQ \WHVH \Z2R YDOHV DQG VWINGQJ D EDDGQRH \R DFKLHYH \WH

EHVARX\WWRP H IRUERW IQMIHVIV Z W UHIDUBY \R WH XVH Rl DQIP D 1Q UAVHDURK IV RQH R WH FRUH \BM\WV R

\KH ~3 HUP DQHQMG HQDW &RP P MWIRQ RQ $ QP DO5 HVHDURK™ Z KIFK IV DQ IQMEVASEDY FRP P WH R

H SHW R WH * HP DQ 5 HVHDUK ) RXQEDIRQ ' ) *  $CQDOMQI WH BNV TXR R DQP DOUHVHDUK 1Q
* HPDQ  \WH FRP P WH SXEQVKHG WH ~3 RVMRQ 3 DSHURQ 6 HEXUQ)  HIIFIHQAELRP HAFDOUHVHDUFK. Z K1

P DIQBIQQ) \WH KL KHWDQP DOZ HIDUH BIQEDLEV™Q 7 KH SRVMRQ SDSHUDIP V \R KLI KT KWGLIHHQN
DVSHRW DQG FRQAMRQY \KDWDUH CHRHWDW \R SURYIGH D SURVSHURXV JURXQG [RUVAHQIME IQQRYDMRQY DQG
DQIP DOZ HIDWH 1Q VAIHQFH 7 R \WDWHQG \WH SDSHUIRIP XOWV QGQH WHVHY \RXFKIQ) RQ RSIEV VXFK DV \WH

FKREH R PHKRGY DQG WH 5V EXWDOR RQ WDQUSDUHQWFRP P XQFDWRQ DQG SRONFDOIWDP HZ RUW

) XUKHP RUH \WH SDSHU SURSRVHV VHYHIDOUHFRP P HQEDURQY DEGHAWIQ) BNHKRGHY [Q VAHQRH DQG

SROMFV IQ REHUR FUDW D BQ WP DQG VXVBICDE®! DM\ \KDWDFLOBAMY \KH SURTUAW Rl UAVHDURK DQG

LOQRYDMIRQ DQG \WH Z HIDUH R DQIP DO XVHG 1Q VAHQFH






3 _$QP DO&DIHDQG8VH ( WIFV DQG/ HILVAMRQ WH 6 RXW $ I UFDQ SHY/SHAWYH
. IOARQ ¥HXNHV DQG URVKD 7 KRP SVRQ* UDKDP

6 WBIGERVAK 8 QYHYAW ' IYMIRQ IRU5 HVHDUK ' HYHBSP HQAV 6 \MMIQERVFK 8 QYHWW 6 \M@IQERVK
6 RXW $ IUFD

6 RN $1UFDV GUIMDWWH 1UDP HZ RN 1RUDQP DOUAVHDURK \WDFKIQI DQG IV VKDSHG B\ D FRP EIQDVRQ R
QDIRCDODZ V- HKIFDQI XIGHIHY DQG BHIXOWRY  UHTXWHP HQW DIP HG DWEDDQRQ) VAHQME DGYDQFHP HQW
Z W DQP DOZ HIDWH ) RXQEDIRQDOGU IMDMRQ  VXFK DV \WH $QP DV 3 IRMAIRQ $FW R DQG \KH
$QP DO HIDWH $ PWSURYIGHV B DOSURMARQY DI DIQMDQP DOFXHWV Z KIG! \WWH 6 RX\K $IUFDQ 1 DWRQDO
6\UQEDBY 6$16 RXWIH HWLEDOUHTXIUHP HQW IRUWH FDUH DQG XVH R DQIP DY 1Q VAHQME
UHVHDURK 2 YHWAJ KWWY FRQGXPWNG B\ 5 HVHDURK ( \MIEV &RP P WWHY 5 ( &V ZKIFK HQUXUH DGKHUHQFH \R
\WH SUQASBV R WH ) RXU 5V 5 HSOFHP HQW 5 HOXRIRQ 5 HILGHP HQW DQG 5 HVSRQUEIDW DQG ) IYH
) BHGRP V' <HWGHVSIM WHVH P HDVXUHV  FKDOIQIHY UHP DIQ IQFGAQ) LOFROIMMONHQI RIFHP HQWV P LWMG
FHQADO HG RYHYAJ KWDQG RQJRIQ) HWKIFDOFRQAHQY

7KV DEVWDPWSWRYIGHY DQ RYHYIHZ R 6 RXW $1UFDV GUIMDWH OQGVFDSH 1RU DQP DOUMVHDURK DQG
KLI K@ KW 6 WBIGERVFK 8 QLYHWINAY HIIRW VR SURP R FRP STDQFH Z W QDMRCDOHI XOMRQY 98 IRAMUQ) D
FXGMUH R IQMI UV DQG HKIFDOUHVSRQUELDV \WH XQYHWW KDV P DGH WU QUEDQASURI UAW 1Q DDIQQ) W
SUWDRFHY Z M \WWH SUQAS®N R 6$1 6 7KH QVFXWIRQ Z IOH SBRH KRZ SURP RIY HWIFDO
DZ DHQHW DQG IOAMMRCDO DFFRXQEEIQNV FDQ HKDQRH FRP SIDQFH  DEAHW H MY JDSV DQG
FRQUMEX\M \R \KH DGYDQFHP HOAR' ERI VAIHQME IQCRYDUMRQ DQG DQP DOZ HIDUH 7 KURXIK \KLY \KH DEVMDFW
XQGHYFRUAV \WH [P SRUBGFH R IQMIUDIQ  HKIEDOFRQUGHIMRYY 1QR UAVHDURK SUDRIFHY R HQUXUH D
VXVBICDE®! DQG UHVSROUE®! DSSURDFK R DQP DOXVH 1Q VAHGFH



3 2 SHQQI RXUKLIK FRQWIQP HQAWGRRY/ 7KH 3 LLEWI KWQWIMWMY NRXLOH VR RSHQQHW
| DXUHQ & UHWHU

7KH 3 LEW KWQAMAM $VK 5 RDG 3 ILEEUW KW6 XUWH * 8 1)

7KH 3WEWKW,QAMAM IV D ZR@ GDAQ) FHOMH R H FHBIFH 1Q UAVHDUK DQG VXWH@MQRH R YILDO
AVWHDVHV R O/HWRFN IQFOAQ) ] RRQRIF YILDOGVHDVHY 7KH XVH R' DQP DI 1Q KLY UAMHDURK I HWHQIDO

JLYHQWH FRP SGI IW Rl \WH KRWV YILXV IQMDRRQV

* LYHQ \WH QDWUH R WH , QAMAMY UVHDURK VRP H Rl \WH DQP DODFLOIAV DUH R D KLIK FRQBICP HOADWUA
GHVLI QHG R SURMPVYKH HOQYILRQP HQVURP \WH SDINRIHQV EHQI XVHG Z IWIQ 7 KH UG DFFHW R \HVH
IDALOIAY Z M DEAMRQDOFRQARY RQ HQW DQG H IWFRQMEXWG \R DQ KMRUE OFN R RSHQQHW + RZ HYHUIQ
7KH 3 ILEW KWQAMAM VI GHG \WH & RFRUEDWRQ 2 SHQQHW RQ $ QP DO5 HVHDURK DQG D VXEVHTXHQW

SHIRG R IQMIDOUHYLHZ  EURXIKWDERXWD WHQHZ HG IRFXV \R P HHWIW REMPYHV 7KLY HP SRZ HIHG \WH
, QAMARKY $ QP DO7 HRKQFIDQV R P DNH D SRVMYH LOBXVWQR KLY SURFHW Z KIFK LQFOGHG VKDUQJ R P DI HV
DQG IQFUHDVHG IQMDPURQ Z W 8 QGHIABQAQ) $ QP DO5 HVHDUK 7KLY 1Q VLD TXWKHU VMHQI WHQHG \KH
, QAMAMY FX@MUH R FDUH DQG FRP P MW HQR RSHQGHW



3 _+RZ R QXUMWH JHQXIQH HUIRU FXOXUHV IRUWH EHQHIWRI @E DQP DY « ) (/$6$
Z RUNVKRS UHVXQV

1 DEMVEKD ' IXGH &DURTH - RKQHU 6 DEICH - XIDQH YVFKRI 6 D@ 5 REIQURQ ( PP D 3IHMK ) BUDQ

$®[ DQGHU HKP HIV3 K
3R 7HW HXWFKOQGH9 3 RANDFK 7XHEIQIHQ * HP DQ

$ QP DOXVH 1Q UAMHDUK LV QHFHWDUD FRQARYHWIDO DQG DQ. P HDQIQI IXCSXEQF GHEDW UHIHV RQ D KHDEK\
GRVH R RSHQGHW %6XVRSHQGHW IV DOR UHTXILHG \R [P SURYH WDWZ KIFK LV IDUILRP SHUHFW QDP HD  RXU
RZQZRWZ W OE DQP D ,Q SUGAISBI “FXGMUHV Rl FDUH™Q DQP DOMHVHDUFK VKRX@ HQDE®! B \R AMYH
IRU FRQIDXRXV P SIRYHP HQW 1Q DQP DOZHIDWH WM ZHIDW VAHQME TXDOV DQG WDQUSDUHQR

+ RZ HYHU VXFK [P SURYHP HQW UHP DIQ @ \MG XQBMWY DQG XQIDKH P MENHV EHQJ P DCH IQ HYHY GD\ ZRWN
FDQ EH DEGUHWHG RSHQD DQG SUIRGXPYHD 7R EH HIHAIYH  HURUFXGMUHV GR QRASUP DU VHHN\R DAMIQ
EOP H EXWOQUWMDG HQFRXUDI H RSHQGHW DQG [P SURYHP HQW:  KIBH KLY JRDAY RWMQ SURFOIP HG DQG P DQ\
\RRY HJ  IRUFUMFDACAGHQAHSRMY DUH [UHHO DYDIDE®! \KHVH DUH UDUHO DGRS\WMG 1Q SUDRWFH DQG D IHDU
R KRB UHDRIRQY SHYIMW $Q RQIEH VP SRVIXP ZH KHTG 1Q $SUO VRXIKWR HQFRXUDJH GHEDWM
DP RQJ SIDAMRQHY RQ KRZ R DGRUHW DQG ®DWD ILRP RXUP MENHV _KWBV  XQUXENVEIHQFH ) HHGEDAN
IRP DPRQYJ W P RW® * HUP DQ SDWFSDQW VXJ.JHVW WWDWP RUH Z RUN LV QHHGHG RQ KRZ \R RYHUFRP H
VSHALLIE KXUBBN SUHYHQI FXGMUDOFKDQIH 1Q D JLYHQ ZRISOFH 7KWV IV ZK\  DWIKH ( XURSHDQ) ( / $6$
FRQUHUHQRH 1Q - XCH Z H KHG \BR VHSDUDW Z RIWKRS VHWIRQY GIYHUIIQ) D P RUH GYHWH JURXS R
SIRHWRQDY W IGHQM  SUDRIFDOKXUBBN \R FXGMDOFKDQIH 1Q RXUIHGY R ZRWN : H KHUH SUVHQARXU
SUHIP QDY UHVXOV DQG SRIQAR EHWSLDRIFHY Z R HP XOMZJ




3 % RQGWH+\ SH &RP P XQIFDAQJ WH 6 WHQI WV DQG/ [P LW RI 3 UHFQQLEDOD RGHY

( PP D3IHMK 6RSKID5 RIWU_L DIVFKD . QIUG' XCH 8 ©7, BK

OHID , QAMOM R+ HDAK DARKDUW 8 QYHWIMP HG 1Q %HUID %+ 4 8( 67 &HQAMUIRUS HVSRQUE®!
5 HVHDURK & KDUMWSOW YHID * HP DQ

$ QP DOP RGHY UHP DIQ FHORDOWR SUHFERIEDOUHVHDURK DQG DUH Z IGHD UHIDUEHG DV WH JRG WBIQEDLS 1Q
PDQ GVHDVH DUDV +RZHYHU VSHAHY VSHALE GUHHQFHY SRH WDQUDMRQDOFKD@®IQIHY ' RUDQ
P RGHY VXFK DV RUDQRGY DQG RUDQ RQ FKIS A VWP V KDYH HP HUIHG DV SURP IMQJ) KXP DQ UHBIYDQARRY
\R FRP SBP HQARU 1Q VHBIRMG FDVHY  UHSOFH DQP DOH, SHUP HOBMRQ + RZ HYHU RYHWIP SOIHG RURYH®
RSWP MIFE QDUDWYHY P D IQOWM SXEGE H SHABMRQY DQG REVFXUH VFHQME DQG \MPKQEDO@ MMRQY
&RQYHWHO  1QUXI 1 LFHQARKDUDRMU] DUMRQ DQG SRRUUHSURGXALELM UHP DIQ EDUIHLY R EURDG DFFHS\BGFH DQG
DGRSVIRQ 1Q SUHFEIFDOHVHDURK

7R IRMMUP RUH UHDQAF H SHABMRQY DQG IQRWP HG GHAMRQ P DNQJ |RU SUHFTRIFDOVAHQIWAV UHI DLEQ)
VXMBE®! P RGHOA WP V IRUWHUUAVHDURK. ZH DIP R DCGUHW \WH VAHQI WY DQG @P MIMRQY Rl ERW 1Q YIMIR
DQG 1Q YIYR SUHFIRIFDOP RGHY IRUKXP DQ GVHDVHY VA VWP DWFD@® 8 VIQ) VHBIFWMG FDVH WYAHY ZH IRFXV
RQ KDUWP RQJ 1Q) RXWWRP H P HDVXUHY DFUIRW P RGHY DQG DDQQ) \WHP  Z WY FAIFDE UHBIYDQAHQGSRIQN R
IQFUHDVH \WH WDQUDMRQDOYDOH R SUHFIRIFDOIIQAQIV ,Q GRQJ VR ZH VXSSRWWKH FKDUDRMU DWRQ RI
SUHF@IFDO P RGHY DQG G-PROMDW KRZ WH  FDQ SWRYIGH FRP SGP HQBU IQUIKW ZKHQ XVHG
WDQVSDUHQ® DQG Vi WP DIFD®  7KHVH HIRW DUH URRWG 1Q \WWH 5 IUDP HZRUIN ZKIFK H SDQGV \KH
WDGMRQDO 5V 5HSOFH 5HGXAH 5 HICH \R IQFOGH 5 REXMEHW 5 HIMIIDMIRQ DQG 5 HSRMZY 1Q RUEHU\R
SURP RM P HKRGR®J IFDO RU WDQVSDUHQR DQG UHSURGXFIEIQW

7KURXIK \KLY IQWI UDYH DSSURDFK DFURW 1Q YIYR DQG 1Q YMIR VAHQME FRP P XQUHV DQG SXETF RXWHDFK
IQWDMYHY ZH DIP \R EXIG \WKVWMQ ERK JRG ABQEDWG DQG QRYHODSSURDAKHY B\ FRP P XQIFDIY \WHU
WHQIWY DQG @ MIMRQY WDQVSDUHQ® DQG XA DIMO FROUEX\WM \R P RH UHVSROVEG!I DQG FOIFD®
P HDQIQJ IXCEIRP HAFDOHVHDUK



3 _$WHWQ DQP DIZ HIDIHIQ.  +39  WDQVJHQE P LIFH WHHIHFW Rl 3 HDUOP L@BW
$CD . )DMRSRKD  %DW| )ROMHD /DWD +DM. $WPDQER9 3 ORHR &DBV (

6DQRV ODUDUED 0 6 0 YDWRY S5XLOHGHRY +DWD2 %MR 5XL0 * IO@ &RWD
3DXD$ 2 QHLD
&HOWH IRUWH 5 HVHDUFK DQG 7HRKQRBJ\ R $JWR ( QYILRGP HQBODQG YARBI IFDOB AHQRHY &,7$%

, QANMAM IRU, QQRYDMRQ & DSDFIW 9XITIQ) DQG 6 XVBICDEIMW R $JUL) RRG 3 IRGXKAIRY ,QRY $JR 91D
5 HDO3 RWYJ DO

' HSDUW HQAR =RRWFKQEV 6 FKRRCR 6 FIHQFHV DQG 7HAKQRBJ\  &+5& < YRID 3RWIDO

) DFXOV R 6 FIHGFHV R %4] HWD 8 QYHWAW Rl & DUKDIH 7 XQV

5 HVHDURK & HQMUIRU( [ SHUP HQIODQG & @IFDCB DIWRSK\ IRBRJ\  DQG 3KDWP DFRBJ\ 1 ( & ) HGHIDO
8 QYHWIW R 0 DIDQK¥R 6¥R/ XV %I IO

/ DERIDRY 1RU3 BRFHW ( QIIQHHUIQ] ( QVILRQP HOAVYARMAKQRBI\ DQG( QHU\ / (3$% ) DFXWR
( QIQHHIQ) R WH 8 QYHVIWR 3RWR ) (83 3RWR 3RWJIDO

0 RBFXOU 2 FRRJ\ DQG 9ULDO 3DKRBI\ * BRXS SHHDUK &HOMU R ;32 3RWR &,

323 56(#&,,323 +HDWN 5HVDUK 1HERN 3RWIXHVH 2 FRBJ\ QAWM R 3RUR ,32
3RV 3RWR&RP SUHKHOUYH &DQFHUE HOMU 3RWR &&& 3RUR 3RWMIDO

' HSDWW HQAVR 9 HWUCDY 6 AHQRHY 8 QYHWAW R 7V RV 0 ROMY DQG $@R ' RXWR 91D 5 HDO
3RWJDO

+39  WPQWHQE P IFH DUH D VXMVE®! P RGHORUWH WYG R KXP DQ SDSI@P DYILXV +39  IQGXFHG

QVHDVHV 1Q DQP DY

+HH ZH SUMHOMKH HIHFW R GHWVXSSOP HOBMRQ ZW  DQG R 3HDUDP W 3 HQQVHXP

JOXFXP  1QWH Z HIDWH R Z IGWSH DQG WDQVIHQE DQP DY 7KH H SHUP HQECSURRFRODMMG |RXUZ HHW
DQG IRBZHG ( XURSHDQ DQG 3RWMIXHVH 1 DIRQDO GUIMDMRQ 6 HYHUDO SDUDP HMY ZHWH DAGUHWHG

WUIRXIKRAMKH VWG IFOGQ) ERG. FRQAMRQ ERG Z HIKWIRRG DQG Z DWMUIQENH SRWMUH FROWDQG
JRRPIQ) P XFRVDO HHV HDY DQG ZKIMNHY P HQEOWIMY UHVSRQUH GR H WALDOWIP X0 K\ GIDIRQ

VIV UHVSILDRY DWW ERG WP SHIDWUH  [HDFHV DSSHDUDQFH DQG SUHVHQFH R FXWRCHRXV SDSIA@RP DV

7KH VXSSP HOBMRQ Z W 3 HQQVHMP JOXFXP GG QRAFDXVH P RMBOW RUEHKDYIRIDOFKDQIHV [Q .
+39 P IFH DSSHDUQ) R EH VDIH IQ\MP VR DQP DX HIDWH



3 8%$5 5HRXUFHV R + HS <RX &RP P XQEEDW <RXU$ QIP DCB HVHDUFK Z LW \WH 3 XEQE
$1CDQ & XEEDFH -+ DK + REVRQ
8 QGHYARQAQ) $QP DB HVHDURK $EEH. + RXVH 6WRKQBWHHW RQGRQ( & 0 ' =

8$5 ZRUW ZIW\KWHS . EIRVAHQFH FRP P XQW \R H SOIQWH XVH Rl DQP DV 1Q VFRHQME UHVHDUK

8 QGHWNQEAQ) $QPDOSHDUK 8$5 IV WH 8. & RQD CGHAFDWG DQP DO UAVHDUK DGYRFDR
RUDQVDMRQ : H H SOIQ KRZ DQG ZK\ DQYP DY DUH XVHG LQ P HAFDO YHWUCDY  DQG VAHQME UAMVHDURK
DQG HQFRXUIH \WH VAHQME FRP P XQW \R EH RSHQ Z W \WH SXETF DERXWKHUIQYRIHP HQAZ WY DQP DO

UHVHDUK : H DUH IXQGHG B\ RXUP HP EHY Z KR IQFACH XQAYHWMAHY  SURIHWRQDOVRAEMAV  1IOGXM DQG
FKDUMAV

7KH &RQFREDWRQ 2 SHCHW RQ $ QP DO5 HVHDUFK [Q \WH 8. IV D SXETGF® DFFRXQIE®! SBIGIH Z KHH
WV CDRUHY FRP P IMVR EHQJ) FBDUDERXVWKRZ ZKHQ DQGZK\ \WH XVH DQP DO 1Q UAVHDURK \R HQIDIH Z W
P HAD DQG WH SXEGF DQG W BHSRWWDQQXD® RQ\WHUSURI UMW 7 KH & RQFRUEDWZ DV OXQRKHG 1Q0 D\
DQGKDVEHHQWQHGE, PRMWDQ 8. EDVHG RUDQVDURQY

2 XUUHVRXUFHV DUH GHVLI QHG R VXSSRWWKH @H VAHCQRHV 1Q FRP P XQFDWY P RUH HIHAYHD DURXQG DAQP DO

WHVHDUK 7KR FDQ EH XVHG 1Q \ RXUH WALDODQG IQMIDORRP P XQFDMRQY W KHS \ RX H SDIQ ZK\ WH
KXP DQH DQG UHVSROME®I XVH R DQP DY IV HWHQIDARUWH GHYHBSP HQAR QHZ P HAFIQHY KRZ \WWH 5V
DUH HP EHGGHG 1Q VAHQME UHWVHDIFK DQG KRZ  WHVHDUFK DQIP D DUH FDUHG IRU 7KH UHVRXUFHV DUH
GHVLI GHG R HQUXUH \ RXUFRP P XQFDMRQY FRQIBIQ EDDQFHG LQRUP DMRQ DURXQG WH EHQHIW DQG KDWP V R
DQP DAHVHDUK $ @RI RXUUHVRXUHV DUH 1UHH \RE XVH DQG HDVI® DFFHVWMIE®I YID RXUZ HEVIVM



3 _IORXVH O9L/XDOIQVSHAURQ  VHYHUW GIYHOVWDWIFDARQ XVIQJ D UHARIMEE® GLI MO
P RQMRUCY

0 II\R/ DP SH 5 RQDG 1 DXP DQQ 1 DAGH 6 XHQGHWP DQQ - DACH. DK

8.( /,9 0+% 0YKOQAW D YHID

7KH HMEDOXVH R DQP DY 1Q UVHDURK 1V SDUDP RXQNV7KH 5 SUGQAS®N » 5 HSOFHP HQA/S HGXPIRQ DQG
5 HIQHP HQM  SURYIGH D IUDP HZ RN IRUP LQIP [} 1Q) DQIP DOXVH BHGXAQ) VXITHUQ)  DQG HQKDQAQ) DQP DO
Z HIDUH 1Q VAHQIME \WXAHV

© KIB! UHSOFHP HQAMDWI IHV XMQJ 1Q YR P HWRGY DUH YDODE®! \WH FDQQRAWDE D\ V IX® UHSURGXFH \WH
FRP SB[ W R @1QJ VA AMPV P DNQJ DQP DOEDVHG VAXAHV IQAVSHQVDE®! |RUFXADOUHVHDUK  VXFK DV

DSSURYIQ) SKDUP DFREJ IFDCSURGXPW DQG XQGHWABQAQ) P XAVRU DQ IQMSO\

+RZHYHU DQP DO H SHUP HQRMRQ IDFHV I QUIEDQVFKDIQIHY 9 IVXDO IQUSHAIRY ~— VHYHUW  BIYHO
WIDMEDIRQ DV ZHODV SKHCRAVSIQ) R QGHZ® JHQHDMG VDIV SDMEXOWD Z M WDGMRQDOP HKRGY
LOYROIQJ VKRWP DQXDOGD WP H REVHLYDIRQY UHVXEY 1Q VXEMAIYH VFRUQIV P MAQI DGYHWH HYHQW
EHKDYIRXWY DQG VXEVB QY R GMIHW $GAMRD® WH P DQXDOYIVXDOLQVSHARQ  HVSHAD®  GXUKQ
SHIRGY R KUJKHUVHYHIW HJ SRWRSHIMRQ LQGXFHY DEAMRQDOVIHW QHIDIWHD DIIHAWY DQP DO
Z HIDWH DQG GDWB TXDDW WDQUFUS\RP [FV SURMRP IV GVHDVH WBEIMY  BDAQ) R YDUDEIOW DQG WHGXFHG
UHSURGXFLELOW

7KHHRWM \WHDP R 10 RX\VH + D UARIWIE®! GLJ MIOP RQURUQ) DQG UHFRWEQ) WP » IV \R UHGXFH \WH
IKHTXHQR R YIWXDOIQUSHAIRYY  \R DFTXIWWH DEGMRQDOGDW GDAQ) W D IREXWGEDW DFTXMMRQ DQG
UHIDE®! VHYHUAN ARDIMEDVRQ



3 _&DQZHWM' &RP P XQFDARQ EHVE HHQ DQLP DO DFLOW W | DQG UHVHDUFKHLY
$RIHO IORG ( YD' H&GIT 6RID 6ROV YHGQIFH ( OHU

,QAMAM |IRUYRP HAFDO( \MIEV %0 % DWWH 8 QYHWW R %DVHO %HORX@ADWH YDVHO
6FKZH]

$ QP DOWFKQFDQV DQG \WRVH UHVSRQVUEG! IRU P DIQRIQQ) DQJP DOIDAMIAY DUH D FRIGHWARGH R \WH
EIRP HAFDAUHVHDUK VHRARU QRARQD |RUWHUWNGAY 1Q DQP DCKXVEDQRY  EXWRUWHUGHHS FRP SDMRQIRU
DQP DY DQG WHUGHGFDURQ DQG AMHQFH & RP P XQFDMRQ EHE HHQ DQP DAIDFIOW \ABAT Z M UAVHDURKHY
FDQKDYH D FRMGHIDEGI HIHFWRQ 5 1P SBP HQBMRQ DQG DQP DY HIDUWH DV D Z KRB 7KV VWG GIDZ V RQ
DU IRP  IQMYIHZV Z W DQP DOWMFKQFDQV RUDQP DOIDAMV AUHRARY DFIRW 6 Z MWHIDQG 7KUIRXIK
UH®[ LYH \WHP DU DQDOMY Z H H SEUH \WH I DADBRY DQG EDUHY \R HIHARYH FRP P XQEDWRQ DQG RX\BEH
\WH [P SDRW R YDURXV DSSURDFKHV \R FRP P XQFDIRQ RQ ERW DQP D& DQG ARl DAWDQP DOIDFIOMY
7KURXIK \KHVH \KHP HV Z H GHYHBS UHFRP P HQGDIRQY \R P SURYH FRP P XQIFDMIRQ DQG @ERIDRY  DQP DO

IDFIOMAV DQG WXV IP SIRYH 5 ,P SBP HQBMRQ



3 ( VWEEQ/KP HQARI WH ,QMUODAWRQDO7 HFK:  HHN DQG IRXQGDMRQ RI D * HWP DQ\ Z IGH QHE RWN
DVIMH & KDUW!

&@XAD $ EWDP MN -+ DQODK 1 IENBV 6\MDQ 1 DIJHB IHEDVFK

) ROVAKXQIVHQUEKWQIHQ 134J ([ SHUIP HOM®I O HALIQ ) (0 &KDUW « 8 QYHIAWWP HAL IQ YHID
&DP SXV &KDUW 0 MK _ & KDUWSDW YHID ,QMD &&2 9IWFKRZZHJ

7KH ,QMODIRQDO DERIDRY $ QP DOV HFKQEIDQ: HHN 7HRK: HHN Z DV IRXQEHGIQ B\ WH $P HIEDQ
$WRFADIRQ IRU/ DERIDRY $ QP DO6 AHQRH DQG IV DQ DQQXDOFHBEUDMRQ \WDMHRIQ] HY \KH HWHQIDO
FROMEXIRQ 1Q VFIHQFH R DQP DOWFKQEADQY : MW W QYHWH ROAM DQG RQEH SIRIWDP  \WH 1AW
7HAG HHN DAWMKH & KDUMW HQDE®IG BT \R \BNH SDWWQ [XUWKHU WDIQQ) 1RU SIRHWIRQDODQG SHYRQDO
GHYHBSP HQV 7KLY ZDV RQH R \WH \WUHH IRFDOSRIQN R D &X@MUH R &DUH SURWIFW Z KIFK UHVXQV Z HUH
SUHVHQIMG DVYKH * HUP DQ 6 RFIHW R / DERIDRY $QP DOBFHQFH * 9 62/$6 FRAHHQFHIQ: AJEXU 1Q
Z Y \WWH FDOWR SDIWFSDW 1Q \WH FUHDIRQ R D* HUWP DQ. Z1GH QHERWN IRUWH 7HRK:  HHN Z W RQEEH
SUVHQIMRQY ZIW WH DIP R FROMXIQ) IWZ W D OUHU RUDQ] DMRQDOWDP  ( LJKWRWKHU VAHQME
IOAMARYY [P P HADMD DJUHHG \R \BNH SDIWDQG JIYH RQEH SUAVHOBMRYY  7KHVH FRYHUHG D YDUHW R
\RSIEV VXFK DV NHHSIQI DQG ZRINQJ Z W XQXVXDOVSHAHY  UHIGHP HQW B DOMVXHY DQG FXUWHQAGHZ

WRSIEV ,Q\MY ZD\ P DQ DQP DOMFKQFIDQV Z HH DE®! W JDIQ [P SUHWIRQY DQG H SHIHGFH ILRP RKHU
IDAQIV 1Q D BZ \MUHVKRT P DQQHUDQG FRP SO Z W \WH ®GUDOWDIQQ) REQIDIRQ ,WZ DV GHAGHG \KDADD

DQP DONHHSHY 1URP \KH SDWIFSDMY DALMY FRX@ VBNH SDWMQ \WH RQEH GFMUHV IUH R FKDUH
7THRKG HN DOR RUDQ] HGE\ &KDUWY Z LOEH FRQIXHG Z MW P RUH IQAMAMRQY 7 KH LOMIHADQG \WH
IHHGEDFN DIVMUHYDODUMRQ Z HUH VR SRVMYH \KDWKH * 9 62/ $6 1V IOMIHWNG IQ\BNQ) RYHUWH 7HRK:  HHN
DVD* HP DQ. Z IGH HYHQNQ WH IXWMUH



3 _* WD $UDVIQ3XEQF 3HFHSMRQ $ 6XWH RQ$ QP DO HVHDUFK LQ Y4RP HGLFDOB FIHQFH
(GIQENH1ICRX  &D\ YHQCH- &DUDJ (WD 7DRXIIN

+ HBIQE 3 DWKMXU, QAMAM & HBXOUDQG 0 RBEXOU 1 HXUREIRRI\ / DE + HIIQE 3 DVAXU, QUM
9 DVDMY 6 RIDV$YH $WHQV * UHHPH

3 XEQF XQGHWABQAQ) R WH URG! DQG UHI XOMRQ R DQP DOUHVHDUK 1Q EIRP HAFDOVFIHQFH UHP DIQV @ WG
DQG RIWQ VKDSHG B\ P IMQIRP DIRQ 7R H SBUH SUHYDI@Y YIHZ V DQG DEAHW FRP P RQ P IVFRGFHSURQY
ZH FRQGXPWG D SXETF HQJ DI HP HQWIGHR SURMIPWQ FHQRDOS \WHQY  XQGHUWH $FURSRLY 7 KURXIK \KH
VXOYH ZHKDG  SHRS®I DQVZ HUMKH RUIDOH TXHWIRQY EDVHG VRBID RQ \WHUEHMHY DQG XQEHIARQEQ)
DERXWDQP DOHVHDURK 2 QD R \KH SDIMFLSDQW Z HUH LQYROHG LQ EIRP HAFDOVAHQFHV

7KH TXHWIRQY DEAHAWHG FRP P RQ WIWP HQW VXK DV Z KHWHU DEMEDIYH P HKRGY KDYH UHQGHUHG
DQP DOP RGHY REVRBMM [ P HAFDOSWR] UMW Z RX@ UHP DIQ XQDIIHAWMG B\ \WHUDERDMRQ  DQG Z KHWHUWH
XVH R DQP DO IV VRBI® IRUKXP DQ EHQHIWA XDQMAMYH UHVXOV Z HH YIVXD@ HG 1Q SIH FKDIW DIVMUHDFK
TXHARQ IRBZHG B\ VKRUWWFHQFH EDVHG FOULEDIRQY : KIBI P RAMUHVSRQGHON DANGRZ BIGTHG \WH
P HAFDOEHHIW R DQP DO UVHDUFK RXWR WV QUEDQAP IVFRGFHSURQY SHIMMG UHJ DLEQ)
UHI XOMRQ HWIEDCRYHIAT KWDQG \WH FXUHQAMP MAMRQV Rt DIMCDWIYH P HKRGY

7KH IGR FRWHV ZIW D HEORIRQ RQ \WH SXEGEV XGFHMBIQN DQG \WH FODU QHHG IRU \WDQUSDUHOW
DFFHVWIE®! VAHQRH FRP P XQEDVRQ 7 KLY SURMPACRWRQD FDSUMUHG YDODE®! LOW KWOQR SXETE RSIQRQ EXW
DOR VHYHG DV D \RROR IQRP  FRUMHAWDQG IRAMUGDBRIXH WKL K@ KW \WH SRZ HUR! IQRWP DAFRQMQNDQG

VAIMBI \R KXP DQ] H FRP S®f  EIRHWIFDORSIEY DQG UH HQJI DI H FMY HQV 1Q HYIGHQFH EDVHG GVFXWIRQ



3 ( QKDQFIQI &RQIGHQFH LQWH 3HURWP DQFHRI ,Q 6 LlOFR 7RRY IRU$ FXW 2 WDO7R] LFIW $2 7
(YD2 JRHYF 0 IIFD* ®IRYDF * HP P D- DQHU

IRYDWY */2%/ +6( (7+,&6 5,6. &203/,$1&( 9HRWN\RYD 6, | MEGBCD
6 ®YHQD

$ UREXVWMQ VIQFR VWDWMI\ IRUSFX\WM 2 WDO7R IEW $27 IV QGHFHWDWY R UHGXFH DQP DOWMIY Z KIG
HQUXUQJ D UHIDE®! KD} DU IGHQMEDIRQ $Q$2 7 1Q IIFR P HWRGR®J\ EDVHG RQ \ER 1Q VIFR \RRY \KH
/ HDOWFRSH $2 7 0 RGHO6 XM DQG &$70R6 /' FRQVHQUXV P RGHO Z DV HYDODWG XVIQJ 1 RYDMWY
FRP SRXQGV GXJ WXEWBGRHV DQG IQMP HADWY IRUZKIEK 1Q IYR DW/' G ZDV DYDIDE®! $
& RQHYDIYH &RQMHQXV 0 RGHOIQIRGXFHG E\ * WDKDP  HWDO Z DV DSSOHG \R VHBPWIKH SUHARMG
P RWFRQHYDIYH * +6 FDWIRY IRU HDFK FRP SRXQG DQG FRP SDUHG \R \WH 1Q YIYR CDW : W \KLY

DSSURDFK $27 ZDV VDIHD SUHARWG IRU R WH FRP SRXQGV 2 XWR \KHWH P DWKHG \WH
H SHUP HQBO* +6 FDMIRY DQG ZHH DAMIQHG D WIEWU* +6 FDWIRY FRP SDUHG R WH 1Q YIYR
W 7KH DSSTHG P RGHOJHHDMG XQEHSUHARIRYY DQG IQFRGFOMYH SUHARIRQY 7KHWH

UHVXOV DUH DD QHG \R \WRVH SUHYIRXVD UHSRUMG IRU RKHU CDEVHW | WH GIYHOR XQGHSUHARIRYY LV
FROVGHHG DFFHSWEG!I WH 1Q I@FR SUHARIRYY FRXG EH XVHG \R IGHOM G&Z \W[ IFW FRP SRXQBV
SHAPMG * +6 FDMIRY ! RUGRAFOWLIHG  Z KIBH WH FRXG \WIJHUIQ YIYR $2 7 IRUFRP SRXQGV
SUHAPMG \R KDYH * +6 | RULQFRQFOMYH SUHARMRQY GXH R WH KLJK UDW R RYHSUHGARWRQY REVHYHG
7KLY DSSURDFK Z RX@ KDYH UHGXFHG R WHIQYLYR $2 7 VWHAHV \KDWZ HH FRQGXPMG | RUKLY GDUVHW



3 _3DWZD \R2 SHOOHW
3DCD\DWK\ 1 DCD * WMV O DY $QQ 0 DNRRQG$ QXSDK

YARFX@UH 0 DXUMKY /W& 6 HQOHI@ 5 MHH GV S QIXI®N 0 $85.7.86

7KHXVHR DQP D& HVSHAD® CGRQ KXP DQSUP DWV 1+3V 1Q EIRP HAFDAMMVHDURK KDV D& D\ V EHHQ D
VHOAMYH \RSIE : KHQ %RFXGMUH O DXUMXV /\8 %&0 ZDV IRXQEHG IQ IWRTRZ HG \WWH QG V
\WHQ WBIQEDUG DSSURDFK B XQGHUWKH UDGDUDQG UHVSRQG RQD Z KHQ GHFHWDY  \R DYRIG EDFNDWK 1URP
RXVR FRQM WRRIIH RUIP DIHV

OXWE\ \KH HDUD V WDWMBIQFH KDG EDFNILHG 7KH @FN R WDQVSDUHGR BIVD YRIG \KDWDRIYIMV
TXIEND IIGG IXHIY SXEQF P IVXQGHWARQAQ! DQG P MKW, WEHFDP H FBDU MBIGFH Z DV QR ®QIIHUDQ
RSWRQ 7KH IQGXW Z DV XUHG \R RSHQ XS+ DQG %80 D EWHHGHUDQG VXSSTHUR! 1+36V DINRXIK QRW
QUHA® LQYROHG IQ GERIDRY UAVHDUK AMSSHG XS

,Q FROERDIRY ZIW RKHU EHHGHY RQ \WH MDQG %80 EHIDQ RUDQ QI DQQXDOW P SRUXP V
ZRUIWKRSV DQG SXEQ/KIQI HEXFDMRQDOFRQMQW,Q MKRRN D ERCHUMMS B\ OXQRKIQI DQ RAWHDFK
SRILP IRFXVHG RQ GP\WI IQ) 1+3 XWH 1Q UBAWVHDUK 7KLY IQFOGHG VFKRROSUMVHQIMRQY  SXETF
AVFXWIRQY D VRAIDCP HAD SUAVHQRH IURP DQG DQRSHQ GRRUSRTR |RUWH P HAD

7KH UVXOV 6 WRQIHU BHDMRQUKISV Z W ERW GFDODQG IQMIDMRCDOSUIAW BDAQ) R IGFUHDVHG SXETE
DZ DIHQHW DQG WKW 7RED. %&0 & FRP P XQFDURQ VADWI\ IV P RUH VIKFWUHG DQG SURDRAH WY
FHQMUHG RQ DGYRFDR\ DIP HG DWHGXFDM WINHKRGHLY RQ \WH YMIOURBI Rl 1 +36 1Q DGYDQAQ) P HAFIQH
Z 1\ D FRQIXHG FRP P W HQAR WDQVSDUHGR.  DVKRP H DQG DEURDG

2 XUSRWMU SUMVHQBMRQ Z LORXWIH RXUE HQW ILYH \ HDURRXWH R RSHQQHW DQG KLIKQ KWWRP H Rl WH
NH GMRQY BDUINDEQ \WH Z D\



3 6WHDP @QQJ H SHUP HQWECDXGIR®R] LFDODQG YHWEX@UUHVHDUFK RQ P HGLFLQDOSURGXFW
B6HJIX3DUL $@D 8 QIXUHDQX $AUDQ6 RAKILFD ( XIHQX 1 IFROL 9 OGP U9 DIFD
1 IFROH 7 HAMP MUQX 6 \BAM 8 QYHWAW R 0 HAFIQH DQG3KDWP DR\ 5 HSXETF Rl 0 RGRYD
0" 6 WISKHQWH * UDWDQG\WWH + RO EOG  &KIMQDX 5 HSXEQE R 0 RGRYD

$CDOMY R CDIW RQ WH XVH R I HG GRVH FRP EICDIRYY ) ' &  1Q \WH WHDW HOAR! 1[QQHU HDU GVHDVHV
GHP ROAMDWG WH UHBIYDQFH DQG GHFHWIW R FRP SB[ FRQFRP MIQMKHIDS\ Z W P XSG GXIV IRUWLY
SDIWR®J\ DQG \WH P SRUBGFH R UAVHDURK 1O \WH GHYHBSP HOAR' FRP EICHG SKDUP DFHXWFDOSURGXFW
6 HQVRUQHXWDOKHDUQ) ®W 61+/ IV D FRQAMRQ \WDAP DQIHW FEQED® \MURXIK SHIFHSWDOKHDUQ)
IP SDILP HQV: MWKIQWH' UXJ ' HYHBSP HOAHQMUD) ' & P HAFIQDOSURGXPWE DV GHYHBSHG Z W SRMQIDO
HIHPWO WH WHDW HOAR YHIEX® FRFKGDUGVRGHY

$ @SURFHGXUHV GHVFUEIQ) H SHUP HQW IQYROIQ) GERIDRY DQP DY Z DV EH FRQGXAMG R WH ' ILHAYH

8( DQGQDMRDQ DZ (R 7KH UMHDUK DORIMP FROWMW R HBEQKIQ) \WH P HINRG
IRU IQGXFAQ) 61+/ DQG SHUSKHDO YHAEXBSDK  H SHUP HQEO DXARP HUE P HKRGY  RRDFRX\AF
HPMRQY 3UAHU BHE[ IRUPRQWUQ) 61+/ SUFEIFDOWMIY) R ADME DQG G QDP IE GFRP RRU

FRRECDIRY [Q : MBU WDV RSHQ [HG WWW KRU] RQBOZ DBIQ)  IRUFHG P RIRU DRIYIW \WMWR P DIQIIQ
EDDQFH

© MMQ WH QDURQDO SUIRWIFW CR 6( WH IRBZIQ DRNYMAV ZHH FDUHG RXW
' HYHBSP HQAR WH SURRFRORUIXQRIRQDCH] DP ICDMIRQ IQ OERIDRY DQP DY ' HYHBRSP HOWXEP MRQR
\WH 1B DQG REWMIQIQ) D SRVMYH RSIQIRQ R \WH IQAMAMRCDCS HVHDURK ( \MIEV &RP P MH QR

$FFREQ) \R WH DAIYIW SOQ 623 ([ DP IODWRQ R WH DXGWRY DQG YHWIEXDUDSSDUDMY 1Q DWW Z HUH
GHYHBSHG 7 KH SURGXRIRQWRKCRBI\ R \WH H SHUP HQEOMHUHY R WH) ' & KDV EHHQ HAREQKHG

5 HVHDURK \WURXJ K SUHRFIRIFDOAXGHV 1Q WH [IHG Rl DXAR®JI\ DQG H SHUP HQEBOYHWEEXGP R GHMUP ICHG
\WH EHCHIADOHITHAAR \WH VXYGAHG SURGKPWNIQ \WH FRP SGf WHDW HOARI 61 +/ DQG SHUSKHIDOYHWEEXDU
AVREHY



3 _3UHMP * QRRELRWE 3LJGMDV D 7 IDQVAMRQDOS QP DO0 RGHOIRUL HFLRW 1QJ ( QIMURFROAY
DQG 6 HSVLV
. DMUICD 3RDNRYD 6KDURQO ' RQRYDQ $@ 6 STFKDRYD 9 HID 1 HX] IO/XQHVRYD 1 INRCD RGUDFNRYD

( YD9ORYD ,JRU6 SGKDO
QMMM R 0 IFUREIRBI\ R WH &] HFK $FDGHP\ R 6 AHQAHV / DERIDRY R * CRREIRRI\ QAN R
0 IFREIRBI\ &) HFK$FDGHP\ R 6 AIHQRHV 1R\ + UGN &] HK 5 HSXETF

1HARYIQ) HOMRFRDW 1(& LV D VHYHH JDWRQMAIDOGVHDVH SUHGRP IQDQ® DIIHAY  SUAMUP
IQIDQN Z KHUH [P P DMUH IQMADOIP P XQUW DQG G VUHI XOWG UAVSRQVHY \R HDW® P IFUREIDOFRBQ] DIRQ
SO FUMFDORBN 1 ( & | DRI EDFMIDOMDQUEFDMRQ DQG VHSMY

7KH SUIHAMP JQRREIRIF SLIGMP RGHO VXMIEG! IRUGWHRAIY) P IFUREIRI KRAIQMDAIRYY 1Q HDW® QH

7KLV DQP DOP RGHOFRP EICHV WH DQDWRP LEFDODQG [P P XQR®J IEFDOMVIP LOUMAV R WH SLJ V I DWIRQMANDO
WDPAZ W WRVH R \WWH KXP DQ RIHUQ) VWYAHVY 1Q P IFUREIRBJ IFD® FRMRMIG FRQGMRQY 0 RHRYHU SLJ

HSIWHIRFKRUDOSOFHQBMRQ SUHYHQW \WH SOFHQEOADQVHUR [P P XQRIBEX@V Z KIFK RFFXWY 1Q KXP DQV

\MVD@Z V D P RGXOMRQR \WH LP P XQRFRP SHMQPH Rl QHZ ERQ VXU IFD@® GHUYHG FRBMKP 1UHH SLIBIW

+XP DQ [QDQAGHIYHG P IFUREIRB FREQ] HG WH J QRREIRIF SLI GMI DUARQMALDOWDRW+ RZ HYHU VRP H
EDAMIDOVADI)V WDQUBFDIMG  FDXVIQ) EDPMUHP ID DQG VHSWY  ZKIEK Z HUH FKDUDRMUL HG B\ LOMAIDO
KMRBJ\ WH H SHWMRQ R \WKWMQAIRY SIRMQV FOXAQ DG RFFOAQ 7/5 WQ@@Y DG
H DIJHDWMG IQOP P DRY P\ \RNCH BIYHY 1Q J QRIFELRWF SLIGW

2 XU IIQAQIV VXIJHW\WDWD FRP EICDIRQ R ERVIQH FRERWKP DQG EHCHILFIDO EDRMID  VXFK DV
ELLIGREDAMID DQG ORREDAM@ FRX@ EH XVHG DV \WH IIIAMMMS 1Q FRBQ] IQ) WH IQMAIH R VXU IFD®
GHUYHG SUGW 7KLY IQUIOFRBQ] DIRQ FRXG SUHYHQMKH GHWP HQBOHIHAW R EDRRMIDOVIADIQV Z W
SDWREIRIF SRMQUDO VXFK DV ( VRKHUEKID FRQ Z KIFK FDQ EH P HP EHY Rl \WWH HQUEKHG GHIQHG P IFUREIRWY
10 WH IRBZ Q) FRBQ] DIRQ WMS : H EHOHYH WH IXWUH H SHUP HQBOIQAQIV 1Q WH SUAMP  JCRIELRIF
SLIBW FRXG FRONEX\M \R \WH HDERIDIRQ R D FRBQ] DURQ SURRFROIRUKH IQMAIDORDPAR YXQHUDE®!
&HVDUHDQ ERQ [P P XQRFRP SURP IVHG SUHMUP QDN



3 _$GYDQFIQI WH 5V 1Q%RP HGIFDOs HVHDUFK WURXJK ,1) 5$)5217,(5
0 IFKDH® DHW * HP D9DBID 9D TXH $MDUS@. KDQ WH,1)5$)5217,( 5 &RQURMXP

,1)5$)5217,(5 (5,& ,QQROWUHGMJ DQGWIDWH 1 HXKHEHJ * HUWP DQ

1)5%$)5217,(5 WH ( XURSHDQ 5 HVHDURK , QUDVIKPMUH IRUP RGHTI KXP DQ GVHDVHY S\ V D SLYRWO
URG! 1Q DGYDQAIQ) WH 5V 1Q DQP DOUM-DUK % GIYHDILQ) FXWD HGIH \WRKQRBIIHV VXFK DV JHH
HAU A WP IE SKHCRIVSIQ)' DQG FRP SBf 1Q YMR P RGHY ,1)5$)5217,(5 IRAMY P RUH HKIEDODQG
HILFHQADSSURDFKHV \R GVHDVH P RGHTY

7KH ( XURSHDQ O RXVH 0 X\BQAS UKIYH (00'$ 1V WH \KILG QU HWCRQ SURIMP RXVH UHSRVMRY Z RUDZ IGH

MFRQUEXWY \R \WH UHGXRIRQ R DQP DO XVHG 1Q EIRP HAFDOUVHDUFK E\ P DNQJ FY RSUHVHYHG P RXVH
@HY SXEGF® DYDIDEG! 5 HIGHP HOADQG ABQEDUEVDMRQ R \KH FUY RSUHVHIYDMRQ \WFKQTXHV [URP DQIP DO
IP SRUIAMRQ\R TXDON FRQNROHQVXUH RSP DCRXWERP HV Z W P IQIP DADQP DOXVH

1)5$)5217,(5 IXUMHUHQKDQFHY WHICHP HOMKURXIK W A VWP IE SKHCRIVSIQ) SOMRP V' 7KH FRYHU
P X@$®! RJDQV DQG SK\ VIRBJ IFDO VWP V \MURXIK D Z IGH WDQIH R WAV \R IGHQIM  UHBIYDOASKHQRWSHY
7KH 1QMIWDM QRQ IQYDMYH WIRKQRBIIHY P SIRYHG H SHUP HQBOGHMIQV DQG DXVRP DIMG L WP V \R
UHGXFH \WH VHYHIW R SURFHGXUHV DQG [P SURYH DQP DOZHIDWH ZKIBI P DIQBIQQ) KUK TXDDW CDW
RXEXW

,Q \WH DUHD R UWHSOFHP HQW,1) 5$)5217,(5 IV H SDQAQ) IW SRWRIR \R IQFOGH FRP SB[ [Q YIMR
PRHY 1HZ (& IXQEHG IQUDWHY DUH GHYHBSIQ) RUDQRGY DQG ' EIRSUQMG WAXH P RGHY DV
VXEVMAMY [RUDQIP DOXVH HJ  1Q UHVHDUK RQ J DVWIRQMAIDODQG SDQRUHDW GVHDVHY 7 KHVH P RGHY
DIP \R UHSTFD\M SDWRSK\ VIRBJ\ DQG \WHUDSHXWF UHVSRQUHY REVHIYHG [Q YIYR

7KRXIK IQMIWDMG HIRW 1Q P RGHO GHYHBSP HQV WBQEDUEVDIRQ CDW VKDUQ) DQG LOMEDIRDO
FROERDIRQ ,1)5$)5217,(5 EUQIV WH 5V IQR \WH QH WIHQHDIRQ R EIRP HAFDO UMVHDURK
VXSSRMQ) ERWX VAHQME H FH®IQRH DQG DQP DO HIDUA



3 _<RXQ' $/$6 H FKDQIH HQUEKP HOWH S&RUDMRQ

1IN\P 5DV ) HIFID - R YDQ GHU) @HU ,\VDEH® + DWRQJ 5 DSK %RHU . [P EH®\ YDQ* DDBIQ 3 DVFDM
YDQ/ RR

8 WHRKVB QLYHWAW 9 HQXMDDQ +0 11HXZ / HNHDQG 1 HGHIDQG

<RXQ)' $/$6 FRQUHAI \WH QH WHHIDMIRQR OERIDRY DQP DAWH SIRHWIRQDY

QMWD 1Q WH QH WIHHIDMRQ R SIRHWIRQDY IV AXAIDOIRU WH IXWUH R OERIDRY  DQP DOWH
IQQRYDIRQY $ I\WMUD@ \RGD! &V WYGHQW DQG HDUD FDUHHUSURIHWIRQDY Z I@VKDSH KLY 1IHT IRUGHFDGHY R
FRPH <RXQ' $/$6 IRXQEHG IQ DV WH \RX\K RUDQIDIRQ R ' $/$6 ' XWK $WRFIDIRQ IRU
/ DERIDRY $ QP DOBFHQFH  HP SRZ HY WHVH \ RXQ) SIRHWIRQDY B\ RIHUQI \WHP D WBIH \R VSHDN XS
DY DQGFRQCHAW  IRUH DP S®!I B\ SDMFASDIY 1Q FRQIUAWHY DQG HQIDIIQ) GLHAV® Z W \KH | LHG

<RXQ)' $/$6 IV RSHQW VIXGHOW DQG D3P QLILRP YRFDURQDOO0 %2 DSS@HG +92 DQGDFDGPIF : 2
SWRIWPV FUHDIQI DQ IQFOMYH FRP P XQW \KDWEUGI HV HGXFDIRQDOBYHY DQG H SHWH : H RSHIDM
DRQ) WUH FRUH SI@/

W [FKDQIH * IRAMIQ) FRMERDIRQ EHEHHQ HGXFDIRQDO IQAMAMMY DQG SIRHWIRQDY R AP XOW
NCRZ BIGIH VKDUQJ

W QUEKP HOW*  SUIRVIAQ) RQIRQ) GHYHBSP HOMKMURXIK Z ROWKRSV  RRXUDOFGEV GRYUHY DQG W@
WDIQQ) [QOERIDRY DQP DAUHH VFAHGFH

Y [ SRUIMRQ » HDEGY HDWD HQJDIHP HOAZ W \WWH [1HG \WURXIK VM YW H SHWQMYIHZV DQG IXHW
GRXUHV KHSIQJI \ RXQI SURHWIRCD® JDIQ D UHDOAIF YIHZ RN FDUHHURSSRUMQUAY

$V D\ RXQ) DQG JURZIQ) IQMDIWH RXU SRWMU SUMVHQIBMRQ DIP V \R VKDUH RXUH SHUIHQFHY - SUAVHQARXU
DRYMAV DQG QYW IHHGEDFN IURP \WH IQMIDMRQDOFRP P XQW :  H KRSH \R JDWHUQHZ IGHDV RQKRZ R

IQFWHDVH WDQVSDUHGR DQG DRYH IQYROHP HOWRU\ RXQ) SIRHWIRQDEY HQUXUQ] \WH. DUH Z HOHTXISSHG R
FROMEX\WM \R \WWH I XWMUH RN UHVSRQVE®! DQG IQQRYDWYH @ERIDRY DQP DAWH UHVHDUK



3 $QP DOH SHUP HOWMRQ DQG =RRV" 7KH 5 R®I Rl 0 RGHQ =RRV 1Q & RQVHIYDARQ 5 HVHDUFK
$ 1 XUHP EHJ &DVH6\XG

/ XD 5 DXHQEXVK / RHQJ R YRQ) HWVHQ -, U %H\P DQQ

1 XUHP EHJ =RR $P 71HJDUMQ 1ACEHJ * (50%1<

0 RGHQ] RRV SO\ D FUMFDOURG! 1Q J GEDOFRQVHYDIRQ UAVHDUK : MY DFFHW \R D ZIGH (DQUIH R H RIF
ZIGOH ] RRV RIHUXQTXH FROGMRQY IRUBHVHDUK =RRV DUH SOFHV Z KHUH IQ VW DQG H - VWY FRQVHLYDIIRQ
FRP HV \RJHKHU Z WIQ \WH 1UIDP HZRIN R \WH ,8 &1 V 2 CH 3@Q $SSURDFK ) RUWH SXETF ] RRV DUH D
SUP DU GLVXUH | DAV Z KHUH RQH FDQ Z DWK DQG GDW DERXWQP DY 7 KHHRWH IMFDQQRWEH DWXP HG
\KDWHVHDUFK DQG HVSHAD@® DQP DCH SHUP HQBMRQE\ ] RRV IV DXVRP DWFD® H SHAMG RUDFFHS\MG

© KIG! WLV FDQ EH FROURYHWDODP RQYJ \WH SXEGE  IMKLIKQI KW \WH QHHG IRUMDQVSDUHQAFRP P XQEDIRQ
1 XUP EHJ =RR 1Q FRMERDIRQ Z M RXHU* HP DQ ] RRV \WH ) UHGUEK / RHIGU,QAMAW) /,  DQG RKHU
SDUZHY FROMEX\MG \R D WYG RQ$IUFDQ6ZICH) HYHU $6) B\ VHQAQ) | RR ERWD VSHAP HQV R $IUEDQ
SL VSHAHV \R \WH ) /, IRUGMDODQP DOH SHUP HQBMRQ $6) 1V D YILDOGVHDVH \WHDMQQ) IRXIKO IR

\WILBV R \WH Z RV SLJ VSHAHVY Z MW H WPURQ ,Q DGEMRQ WY IDWIOR GRP HWIF SLIV FDXVIQI VW QUEDQW
HRRPIF BN $ YOFFCQH IV QRW\ HWDYDIDE®!I 7KH UMVHDURK DW)/, ZDV FDUHX@® SUHSDUHG DQG
DFFRP SDQHG B\ SXEQF HDMRQY FRRUECDMG B\ 1 XUHP EHJ =RR  SDWFEXOW® HP SKDV LQJ \WH UVNY \KDW
$6) FDXVHV IQ FROVHYDURQ DV Z HODV \WH SRMQIDAP SDPWR \WH DQIP DCH SHUP HQBMRQ B\ FRQUEX\Y

VXEVBQUDOR \WWH GHYHBSP HQAR YDFAIGQHV

,Q UWFRIQURQ R WY WDQVSDUHQR. 1 XWHP EHJ =RR ZDV \WH (I RR \R UHFHYH D GMICRURQ B\ \KH
,QUDIYH 7 IDQVSDUHGR 1Q$ QP DO7HAIDY , QUDMYH 7 UDQVSDUHQM 7 IHYHWXFKH 7KLY IV XQGHWFRUQ WH
IP SRUDQFH R KRQHWED®I XH Z W VRALHW



3 _(IIHFW Rl ' WWHPWYH (8 RQ UHVHDUFK RQ Z LG FDXJ KWDQIP D&Y XVIQJ Z LGS P LFH DV
P RGHY
0 DO & DUIBR 6 RSKIH YRQO HWAMQ 0 DUDGD/ X] 0 DMIDV -RDTXIP 7 7DSMR
&(6$0 + &HAMH IRU( QVILRQP HQBODQG 0 DUCH 6\WAHY DQG ' HSDWW HOAVR $ QP DOYARBI\
) DFXOV R 6 FIHGFHV R \WH 8 QYHWW R / VERQ / MERQ 3 RWMIDO
&( & + &HOM IRU( FRBJ\ ( YROMRQ DQG ( QVILRQP HQIO&KDQIHV ) DFXA@ R 6 FAHQFHV R \KH
8 QYHWW R / MERQ / IVERQ 3RWYIDO
' HSDWW HQWR ( QYILRQP HOWDQG YARGYHWAW 8 QYHWAW Rl 6 DPEXU 6 DPEXU $XVAND

6P DOP DP P D& DUH WH P RWKVHG P RGHOIRUUAVHDUK 7KH XVH R ®ERIDRY DQP DO IRUH, SHUP HQBO
SXIBRVHV IV Z HOUHI XOWG [Q WH ( XURSHDQ 8 QRQE\ WH ' IHAYH (8 +RZHYHU \WH JXIGHEHV
DSSOHG W Z G FDXJKWDQP DY DUH P XFK ®W VSHFALE IQYROIQ) RQD [HZ DVSHRW UBHIDWEQ) SHWP IW
H SHUP HQBMRQ \WDQVSRW KRXMQI DQG UHBDVH DIMU H SHIP HOBMRQ : H FRQGXAMG D A AP DWWHG
OMDMUH UHYLHZ DIP IQ) VR HYDODW \WH HIHPAR WH ' LUHRYH U XOMRQY RQ WH WXG R Z 1@ VRXUFHG
DQP DY XMQ) WUH ZIGHVSWHDG IRGHON R WH JHQXV $SREP XV $ DIDUXV $ IOVIFR®Y DG $
A ODWXV DV PRGHY : H VHBIPWG WXGHV IQYROIQ) WRVH VSHAHYV DRIRW WH (8 SXEQKHG EHRWA

* $XIXVW Q) 6HSWPEHU o DQG DIMULP SBP HQBMRQ R \WH ' IWHAYH .

7KH DB FROPWG [URP \KH VHOIPMG VWXGEHV DUH IRFXVHG RQ WUHH P DIQ \RSIEV L DXWRUVDIRQ L
FDUH DQG DFFRP P REDUIRQ DQG LIl P HKRGY R NQ@QJ 2 XU UHVXOV VKRZ HG WWDWD KLJKHU SURSRWMRQ R
SXEDKHG WHAHY SWRYIGHG IQRWP DIRQ UHIDWEQ) DXWRU DURQ DIWU P SBP HQIMRQ ,Q FROADW
LQIRUWP DIRQ SURYIGHG DERXWFDUH DQG DFFRP P RADIRQ DQG P HWRGY R NG GG QRWALIHUMI QUEFDQ®
EHEZHHQ W H SHURGY $V WFK ZH FRQFOGHG WDWWHMH IV VMO URRP  IRU [P SIRYHP HOMR  UHDFK
FROAVIMGR 1Q \WH IQIRUP DURQ SURYIGHG 1Q VWAHVY LQYROIQJ Z 1@ VP DOP DP P DY 3 DWMEXOW® HAWRY DQG
IRXLDO VKRX@ SO\ D P DIQ URB! 1Q UATXILQ) 1URP DXWRWY P RUH GHVBIBIG IQIRUP DURQ DERXVIKH P HKRGY
XVHG 1Q\WH \AXGHV

) XUKHUWP R ZH DOR UHFRP P HQGHG WH DCAMRQ Rl VSHALIE IXIGHERHY R WH ' IUWHRAYH VR I XDUDQMH DQ

DGHTXDWM DFFRP P RODIRQ P DQSXOMRQ DQG YHMUCDY FRQAROR ZI@ DQYP DY NHSWIQ FDSWIW 1RU
UHVHDUK



3 _0\'$/$6 6WHQUWHQQ 1DWRQDO&RMERWDARQ DQG &RP P XQIFDARQ LQ / DERUDWRY

$ QP DO6 FLHQFH
JHIED -R YDQ GHU) @MU  3DVD® YDQ/RR . UMD +DDQMD  5RQDG YDQ GHU6 QLY

$QQP IHNHYDQ: DPHO

8 WHRKV8 QYHWAW R $ SSTHG 6 FIHQFHY 8 WHRKW1 HHUIDQGY

8 WHFKVE QYHWW $QP DQ HIDHY%RG. 8 WHRKWS WHRKWL HKHDQGV

3UQFHWO £] [P D & HQMUIRU3 HADWE 2 FRBJ\ 8 WHRKW1 HKHUIDQGY

$PWMEDP 8 QYHWW 0 HAFDO&HQMU 80 &  $FDGHP IE 0 HAFDO&HQMU $0 &  $P \AMEDP
1 HHDQGV

8 QYHUMW R * LRQAQIHQ * URQQIHQ 1 HWHIDQGV

0\' $/$6 IV D RQMQUDIH R ' $/$6 ' XWK $WRADIRQ IRU/ DERDRY $QP DO6AHGH DQG 63,
6K 3URHAHIXQAIH ,QRPDM  GHMIQHG \R FRQGHPWVDOSIRHWIRQDY ZRINQI Z W RU DIRXQG
OERDRY DQP DY DQG WHUDGMEDWYHY [Q WH 1 HMHDQGY 7KLY IQFGGHY DQP DOFDUHABNHY \MFKQEIDQY
UHVHDURKHY HGXFDRY AMGHQN  YHWAICDUDQY ®UDCH SHW DQG P HP EHY R DQIP DCZ HIDUH ERGHV

1RZ QHDUQY PHPEHY WHO\' $/$6 RQIH SOWRP IRAMY D VDIH DQG WKVIMG GLI MICHQYLLRQP. HOW
\R SURP RM RSHQ FRP P XQFDURQ NQRZ BIGIH H FKDQIH  DQG IQMEVASTDY FRMERIMRQ 7KH SOMRIP

HQDEGN RUDQ] DIRQY WXFK DV ' $/$6 DQG 1&DG \R GWHP ICDM LQRWP DIRQ EURDGD DFUIRW \KH
SURHWIRCDO @QGFDSH  ZKIBI DOR HP SRZHUQ)  SHHUWR SHHU IQMDRIRQ 0 HP EHY DRIYHD VKDWH
WBQEDUG RSHUIMQY SURFHGXUAV DWN TXHWIRQY  DQG FRQMEXWM \R GVFXWIRQY RQ FKDAQI HV 1DFHG 1Q GDIO

SWDRAFH ,QUDIYHY @H \KH DQQXDO™7 HAKZ HHN™IXUWHU XQW UAVHDUFK. FHQMY 1Q WKDUQJ  \MFKQEDO
H SHWYH

%H RQG LQRWP DIRQH FKDQIH 0\' $/$6 DOR VXSSRWWV IQUIDIYH EXICHQ) Z MIQKH FRP P XQW $ WXGHQWV
IOMQKIS GDWEDVH IRUH DP S®l HKDQFHV WDQVSDUHQR\  DERXWIQANAMRYY ZRINQ) Z 1\ OERDRY
DQP DY+  YMIORUMMGHQN VHHNQI SOFHP HQNV DV SDWR \WHUFHWFDURQ 6 1P LOWD D G QDP I FRXWH

DQG WDIQQ) GDNEDH DOUQHG ZMW OHBQ GDWRQ) SUQASBN VXSSRW FROMXHG SURHWIRQDO
GHYHBSP HQVRUD@P HP EHY R \WH [ HG

7KLY SRAMUSUHVHON \KH GHYHBSP HOADQG [P SDPARI 0\' $/ $6 DV D QDMRQDOFRP P XQIEDMRQ KXE IRUWH
OERDRY DQP DOVFHGFHY %3 WKDUQ) RXUP RGHO ZH DIP \R LQVSILH GDBIXH Z M H SHW 1Q VFIHGFH
FRP P XQFDIRQ DQG H SBUH RSSRWQUA \R H SDQG DQG [P SURYH FRP P XQFDURQ DRIRW GQVASEHY
IOAMAMRQY DQG FRXQUHV [QWH VSIUMWR RSHQQHW DQG SURIUHW



3 7KH ' FVUJQDMG 9HWMUQDUDQ $ &RUDHUARQH R &RP P XQIFDARQ LQ ( WIFDO $ QP DO
5 HVHDUFK
3 DWEN 9 IQFOIU 0 DWIP IGDQR YDUERWY $ BHWR ( ® L - DQ + ROHWFKOJHU $ GWD 0 RQMDGQR 9 DMV

1\ 0 DD 3HWH $XW@ 7KRP DV 1JDIH' HQQVRQ 9IRD* DWIRQL
( XURSHDQ 6 RAHW R / DERIDRY $ QP DCO® HAMUQDUDQY

7KH ' HVJCQDWG 9 HMICDUDQ ' 9 DOR UHHWHG \R DV 1 DP HG 9 HMICDY 6 XUHRQ 196 RUSWHQAQ
9 HMICDUDQ $9  RFFXSIHV D FHQADOURG! [Q HKIFDCRYHWAT KWDQG RSHUIDMRQDAIQMI UMW R DQP DOUHVHDUFK
%H RQG DQP DCKHDAN UMVSROVIEIMHY WH' 9 SO\ VD NH URGHQ NHHSIQI HYHY RH LQIRWP HG DQG Z RINQJ
\RI HWHU KHSIQ W EXIC D FXEMUH RN FDUH DQG RSHQGHW 1Q UHVHDUFK IQAMMRQY

OMID® WH' 9 IXQRIRQV DV D FUMFDOQMP HADY EHE HHQ UAVHDURKHY DQIP DOFDUH B \WH $ QP DO
. HIDH %R0 $: % RU,QAMAIRCDOS QP DO&DUH DQG 8 VH &RP P WH ,$&8& DQG DQP DOFDUH \AMAI

HQUXUQ) \KDWWH SUQAISBV R \WH 5\ 5 HSOFHP HQW5 HGXPURQ  DQG 5 HIQHP HQA/ DUH A VWP DIFD@®
LOMI UDIMG IQR UAVHDUFK GHMLI Q DQG P SBP HQBMRQ

([WAD® \WH' 9 SO\V D NH URGI 1Q EXITIQI SXETF WKWDQG HQIDIHP HQV: W VWRQ) VAHQME DQG
HWIFDOFUHGELDV \WH ' 9 FDQ FEDWD H SOIQ ZK\ DQG KRZ DQP DOUHVHDUK IV GRQH  DQG WH LX®N \KDW
JXICH IW,Q DQ HID FKDUDRWU HG B\ KHIKWQHG SXEQF VRO DQG GHP DQG IRUMDQUSDUIHGR. WH ' 9V
LQYROHP HQAIQ RXWHDFK DQG HAXFDMRQ 1V HWHQIDOIRUFRXQMUIQ P IMQIRWP DMRQ DQG P DIQEIQQ) SXETF
VXSSRIWRUFRQIXHG UAVHDURK LQYROIQJ DQP DY

" HVSIM IW SLYRBOSRVMRQ \WH ' HVLI QDWMG 9 HVAMUIGDUDQ RIMQ OFN \WH UHVRXUFHV DQG IQAMMRQDOVXSSRWY
QHHGHG \R SURYIGH WH DGYIVRY URB! KDWY H SHAMG

,QFRQFOMRQ WH' 9V HIHAIYHQHW 1V LQNQVEDD® GNHG R \WHUFRP P XQIEDWRQ DFXP HQ 98 DEGHMQJ
FRP S®[ HWIEDO VAHQME  DQG VRADOMXHY WH ' 9 KHSV SIRMPADQP DOZ HIDUWH  VXSSRW UHVSRQUE®
UHVHDURK  DQG SURP RMV P HQBOZ HOEHQ) B\ HQFRXUIQ) FBDU HKIEY DQG VKDUHG UMVSROUIEIDY 7KLY
DOR AHQI WHQV \KH YDOH DQG UHBIYDQRH R UAVHDURK 1Q VRFHW



6 HHQW LF FRP P MH

$QD,VDEHO RXWD 6 DQRY - XM Y4HGHOFN

1RYD OHGLFDO 6FKRRO 3RUWXJDO &KDULW« 5 8QLYHUVLW!WVPHGL]LQ %HUO!
&KUMD 7K, CH 5 HOHN\H 3 DXD &OIRG

JUHLH 8QLYHUVLW!W %HUOLQ *HUPDQ\ $PHULFDQV IRU OHGLFDO 3URJUHVV 86$%

6 DUDK - HX\WH 5 RP DQ 6 K Y

0D[ '"HOEU%FN &HQWHU IRU OROHFXODU 0HGLWL@W LYHUPDWYHUVXFKH YHUVWHKHQ
( YDO DAHWZ WL 9 DBM\D 6 \MSKHQ

JRXQGDWLRQ IRU %LRPHGLFDO 5HVHDUFK8@B¥HUVLW|WVPHGL]LQ 5RVWRFN *HUPDQ
+ DK + REVRQ OHD* OWHU

8QGHUVWDQGLQJ $QLPDO 5HVHDUFK 8. OD[ 'HOEU%FN &HQWHU IRU OROHFXODU OH

,DCD 9%XFK
$QLPDO 5HVHDUFK 7RPRUURZ 6ZLWJHUODQG

2 U DQIMQJ FRP P WMH

. 1N/ HHK - XM YHGHDMN

(XURSHDQ $QLPDO 5HVHDUFK $VVRFLDWLR®D&LW« 5 8QLYHUVLW!WVPHGL]LQ %HUO!
1 XQRO LIXHO RQEDGHV 0 DWKIDV 5 XQRZ

(XURSHDQ $QLPDO 5HVHDUFK $VVRFLDWLF®Q[ S8HOEU¥%FN &HQWHU IRU OROHFXODU 0OH
,QV 6 HIHCKR 9HD* OWHU

(XURSHDQ $QLPDO 5HVHDUFK $VVRFLDWLRQ[ 8HdOEU¥%FN &HQWHU IRU OROHFXODU 0OH
+ HBIQD 3 IQKHLR 1 DIBVKD' RXJIDO

(XURSHDQ $QLPDO 5HVHDUFK $VVRFLDWLRIQH@GRQ &RQIHUHQFH ODQDJHPHQW /WG
JUHQH O IQF] HU 5 RP DQ 6\

(XURSHDQ $QLPDO 5HVHDUFK $VVRFLDWLRQLWLDWLYH 7LHUYHUVXFKH YHUVWHKHQ
0 RQTXH 6 XQAQ+ DYHWP DQV -DQD: IOHQ

(XURSHDQ $QLPDO 5HVHDUFK $VVRFLDWLRQLWLDWLYH 7LHUYHUVXFKH YHUVWHKHQ



%4.RQ] HVSROWRW/

3DUMQHUQI VSRQVRWY
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