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7KV P HWMRGRBJ IEDOUWRXUFH RAEHY D \MWM R PHWRGY XVHG DV SDWR  WH
SHVFDUFK 0 RELOAV ,Q 3UPDY /MMDR  ( GXFDMRQ SURWFW (65&
(6 : FRIGAWGE 3R &DW 9THWGEKH | HG +D@P 8 QYHWUW ' U* L@
$CDPV 6KHIIHG +DM@MP 8QYHYW 3UR -XID* LBQ / DFDWMUIS QYHYW ' U7THWH
NQQ TKRPS\RQ 6WEY SQYHUW ' U $QD /IQBRRV &HPD\RYD  /DQFDWMU
SQYHYW ' U' DVMG 6KDQRQ ' U 3DUQWD 6KHWY DQG ' U3HAD 9DFNRYD D@DW
6KH | LHG +DM®P 8 QYHYW

7KH SURWPWDIP HG \R H SBUWH KRZ WWHDUFK @NHG \R @QMDR\  HGXFDWRQ P RYHV \R
DPRQ) DQG DUIRXQG SUP DV \WDFKHY : H Z HUH DOR LOMHVMG P RUH JHHD® 1Q WH
P REDDWRQR BMDFK  1Q WH DPN QWY OFWX PS.T PGXEJNEVBNT PSHBQITBUPOT
UFYUT UFDI OPNPHFT N FEB BCE BMIPSU N T BCE U FBEPW DFTFBD N PCNLUFT
$QRWMHUD\SHPWZ H Z HIH LOMBHVMG IQ IV KRZ WH “P HWDIH™R D SDWWEXDUSIHFH R
UHVHDUFK FKDQJ HV DV IMP RYHV ) RUIXUIHULG R DWRQ RQ WH SURVMPWDQG IW 1 IQEQIV
\HH RUUERRN3FTFBD . PCLFT JO 1SN B - JFBDZ &EVDBUPO ) PX 5FBDI FST
&CDPVOFS 3FTFBD 0 " O " HF PG &NEFCDF #BTFE 5FBDI JOH SXEQKHG E\
SRXVBIG] H DQG | UHO DYDIOE®! RQIEH 1O : HKRSH RXUIIQAQIVZ I@EH R YDOH
DG IQMBMVVR UNVFDUFKHY HGXFDRY \FKRRO GDGHY SRIF\ PDNHY QMDA
FKDUMHV WDFKHUHGXFDWRY DQG HOXFDWRQDOFRQUKEBQN

7KV BMRXUFH RITHY RXU WINQ)  DERXWWH P HMRGY ZH XVHG DQG LV DIPHG DW
UBM-DUFKHY R UMVHDUFK P RELONVDQG EHVRQG : H DOR KRSH WDWP RUH EURDGD RXU
P HWRGRBJ IHVZ LOEH R LOMBMAR BAMDUFKHY LQWH | HG R NGRZ BIGI H P RELDDWRQ
EXVDOR \RFIDOFIHFHV UVHDUFKHLY 1O WH EURDGHUVHOH Z KHWHUWH. DU IQMUIAMG
10 WH P HWRGR®J LEDODWHP EOJH RUDQ R WH P HWRGY RQWHURZ Q 0 RWAR \WH
HDPSBV ZH XH KHH \R GWDM KRZ WH PHWRGY ZRW DQG RU KRZ ZH
IP SBP HOMG WHP DUH 1URP WH SHWDUFK 0 RELOWAV SURWIFW KRZ HYHU \WH  DUA
FKRHQ \R WDWMKH DUH R D PR JHHDQDEG! (DMUH IDWHU WDQ R SURVFW
\SHFLLLE

BE



7KH VW R UNVFDUFKIQ) UHWDFK P RELOWAV LV 1P SRWE®! VR FODW® GHIHDWM  7KH

QP HURXV DRVRY/ \WWDWSDWFLSDW LQWH P RELON GHE RINFRP ELGH IQ ERW H SHPWG DQG

XQH SHAWG ZD\V 7KH IGHDV R & TFBD NPCNL DG STFBD > WHP VHOHV DUH

H WHP HO MIBSHY QRARQY DQG WXV WH ERGHY Z H SOFHG DURXQG RXUDWHD R HQTXWWY

ZHH FROMIQ® FKDIQIHG DQG DEAMMMG : KHQ ZH DVNHG WDFKHWY \R \BXO! DERXW
IAVFDUFK WH. Z RXG R WIQVBOIDERXWIMQ) \VWDWZ HUH QRAVHDURK DV Z H XQGHWMRRG
IWHYHQLL WHURU LQVP LI KWKDYH EHHQ

) IR WH RXWHWZ H Z DQAVR P DNH WH SRQAWDWIQ SUMHOAY RXUP HWRGRBJ\ ZH
DUH DIP IQ) VR \KRZ \WH YDUHW R SDW\/ Z H KDYH WMMG DQG VBNHQ 7KH SDWMV Z HIH GRW
VIADLI KWRZ DG QRAMBDWVGXH VR WP H FROMBDIQN R \WH SUIRWFW ,Q GHYHBSIQ) RXU
PHNMRGRBJ\ ZHZDOMG\RIIQGZD\VR HYDILQ Z MWV \MISSHICHW -RKQ/DZ DG
$QCHP DUH 0 R®Y IGHDV DERXWP HW DQG P XGISTFIWAY Z HH NH. 0 RO /DZ  ORO
/DZ -BX S \WPVXS WH GVFRIGHPWEHE HHQWH P HWIGHW R
@H DQG WH REHIQ) DQG RUDQMQ) IXQPWRQY R VRFAIDOWHGFH 1Q WH RSHQQ) \R KLY
\HP ICDCERRN " GFS. FU PE . FTT JO4PDBMIDFCDF 3FTFBD

BF



2 (HR WH FHOADORWRQYIQ RXUWIGNQ LV WDWP HWRGY GR QRABAEDSVMUH WDV EXW
KHS R \KDSH WHP 0 HMRGV DQG \RRY' GIDZ ERXQEDUHV DURXQG Z KDWY SRME®! RU

SOXME®I DQG Z KDWY FRUGHWHG BHBIYDQN 7KH DS-BUF QI-TFCDFT BCE BCTFCDFT

2 XUDSSUWRDFK ZDV \R X\H U FF TFUF PGNFU PET ZKIEK FRXG EH VHHQ DV RITHUQ)

EXEFFOU VBOBHF QPIOT EXWZKEK DO 1Q HIHFW ERXQEHG WVHDUFK P REIOWAV 1Q
QLIHHOAZD\V : HH SHAMG WHH VR HIDPWALT HHQANGQEV R HDOAN WDWZ H FRXT SXW
1Q GDBIXH Z W RH DQRWHUWR HQUFK RXUXQGHWEQEQ) R BMDFK P REIOMNA  7KH

PHWRGY DBZHG XV \WR VFH WH FRP SB[ IW GYHUHFH DQG PDQ WPHYV WH  ZHH

QMXSWY HDFK RIMHU 2 XUP HWRGVIGFOGHG
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- MW WHVH P HWRGVZ H DIP HG W DQZ HUIRXUS-TFBSD RVIFTUPOT

) PX EPFT FTFBIJ N PW WP BCE BN PCH UFBDI FST

8 | D MFBDZSTFBI JI DIOVNBUCH

) PX EPFT FTFB NPW %P NFBQICHT T1 JWJBT SFTFBDI N PVFT

) PX DBOX F Q¥PN PUF DSUDBMFOHBHFN FQUX U CFBEU PGFTFBDI
PSQSN B MFBDZ FEVDBUPO

. HZ RXG @H \R IWHW Z H GG QRADMP SWD P HWRGRE IFDOADQ) XOWRQ DQG RUMQJ ®f
FRP SUHKHQUYH RYHYIHZ R UMHDUFK P RELOWAV IQ SUP DV @MIDF\ HGXFDMRQ RUIQGHHG \R
NHFK D DQIH R GLIHHQAZ DV 1Q Z KIFK WMDUFK MDA DQG WDFKIQ) P DQLHWV ,Q
| DFWZ H DUH CRAFROMGFHG WDVWUXFK DQ DFFRXQALY SRME®! ,QAMDG \WH DWHP EDJH R
AYHYH \HWR PHMRGY HHORMG — DQG HIDRPMG — GlLIHIHQVSHYSHAWHHY VR WDFH
FROGHAWRYY [QMYHPWRQY DQG LOMUXSWRQ/EHE HHQWHH

7KLY UVRXUFH IV RIDQI HG DV IR®ZYV 6HRAWRQYY W H SOIQ WH WUWHH VAW R P HWRGY
ZHXVHG 1IQ P R GAMACDQG 6HFWRQ  EUH O RAMEHVVRP H R WH HWIFDOFRQUGHIDWRQY
DG R THY UH GRPWRQ/
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: H DPHG VR ZRIN DEQJMGH WDFKHY DV IDU DV SRME®! R XQGHWEQG KRZ WH

HEFRXQMUHG UMADUFK IQWHUHYHYGD @V Q) PIQEXCR WHUZ RINBDGV Z H Z DQMG
\R 11QG Z D\VIRUWHP \R S-DPE U FBFVWSZEBZ FCDPVOUFST X U NMUFSBDZ SFTFBD WDW
Z H GDVAQAKMYH EXWZ RXG DVWMH\VDP HWP H SURYIGH RSSRUMQWAV I RUWHP VR GVFX\W
WHVH UHFRGV IO \P D@ URXSV Z W WH UNVHDUFK WDP

7HDFKHWY Z HUH UHFOOWMG VR WH SURMIPWGXUQ) WH DFDGHP LF \ HDU QMR
Z HH FLUFXOWG \R D IDQIH R* DWRQDCDQG GFDODMUIDR. DQG WDFKHUBM-DUFK GHE ROV
DQG J URXSV YID HP DIODAV EXVDOR WURX] K VRFIDCP HAD DQG GHZ VBMWILY 2 XUUHFOWMR HQV
P DWUDY FD®G | RUWDFKHY Z W D SDUMEXQUIQMIVAIQ WH WDFKIQ) R QMIDF\ ( QY @K
IRP GLLIHHQMSHVR SUP DV \FKRRY' DQG DUDVR ( Q OQG

2 XUIQWDODSSURDFK LOMMG WDFKHY R Z RIN BQJ WA WURXIK D VHUHV R DRIV
EHIIQQQ) Z W D Z RINKRS WDWQARGXFHG WH SURVPADQG HIFIMG WDFKHWY WRUHV R
HFRXQMY Z W OQMDF\ UMVHDUK 1Q WHUHYHYGD. ©HV %M HHQ 0 DWFK DQG 1 RYHP EHU

\E HQV RQH WDFKHY SDMFISDWG 1Q VHYHUDO Z RIBKRSY  IRFXV JURXSV  DQG
LOMYEZ V $@MHVH Z HIH KHG RQIEH WH. Z HUH DQWFREHG DQG WDQWUEHG
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BB HFOFBUPO QPDFEVFT

: HIHHDWG VX R P DIQWSHVR CDVD

e UBD FSE NE-NPHHICH
o UBODSRUPOT PGU F POMOF N FFUCHT

TKHVH CDVIVHW DUH P X@P RGDO KHMRIHRXYY DQG XQMKXPMUHG ZKIFK SRHG
FKD@IQJ HV | RUWH \KEVHT XHQADQDOMY / LLHBJ J Q) HIDE®IG \WDFKHWY VR FDSVMUH WHU
HIFRXQMY Z W SUP DY @MDR\  HGXFDWRQ UMHDUFK 7KLY SURMGHG D WFRG R WH
UMDUFK WDWWH CQRWFHG  UHP HP EHUHG DQG Z HUH DE®I VR GREXP HQWV,Q WH RQIEH
P HAMQIV Z H QVFXWWHG WHVH BV SIRIAQ) \WDFKHLY Z MY DQ RSSRUMQW VR UH BPARQ
WHUHZFRXQMY DQG D@Z 1) XV\R J DIQ UEK LOLI KWIQR KRZ UMHDUFK WHDFKHG WHP

Z KHUWH DQG Z KHQ WH  DFFHWHG IWDQG KRZ WHVH H SHIHGFHV FDP H IQR UHDWRQKLS
Z W WHUHYHYGD. @HV

n& i O0& O

2 XU DSSIRDFK \R QHBJJIQ) EXTV RQ ) WRV

ZRW Z KH¥ "NIFNPHHIOH BT FU OPHSBQ Z
BUFNQUI WP BDDPNNPEBWF UF FMINFOT PG
NFTT BCE DI BPT UF PVWSI@X BCE DPN QWYJZ
PGPVSDPOUFN QPBS FBMLI™S RIHWQY DQ
DSSURDFK. WDWHDEGN LQAMGXDY VR FUHDW WHU
RZQ 1P HZ RN “WR JDWHU SIRFHW DQG UHWIHYH
LJRWP DWRJ™ S 7KV HDEGIG WDFKHY R
FUHDWYHD GUHPVIKH GHYHBSP HQAR! WY DSSURDFK
DQG DEDSWIWAR | IVXGREWKMYHD L1OR WHU EX\
oHV

BJ



,Q DEAWRY \R SIRMAQ) D PHDQ/ VR KRG RQ R WHWDUFK
HQFRXQMY WDWP LI KWRWHZ IMH EH VENHQ | RUJ UDQMG DQG
KDUH WHP ZIW XV W IDFIOWG WDFKHY  30PUDIOH

0 D\RQ RIHIQ RSSRWQWA IRU WDFKHY R
"EHAMU VHOQH DQG XQGHWEBQG WH FRPSG[ PHAD
JHHDWMG OQGWFDSH™) WR S ZKIEK WRIHWHU

Z M. RIHUP DIMIDOHFRXQMY P REIOH WMVHDUFK ,Q RUGHU
R SUDPWFD@® \XSSRWWAKH \WDFKHYS | REXV RQWH QHEBJ J 1)
DRRAW Z H VHQAZ HHND UHP LQGEHY RYHUVHYHUDOY HHW/

: H HFRXDIHG WDFKHY R H SBUW GIMIOPHAD WDW
Z HH BDA® DYDIDEG! \WH Z HiH FUDWH DQG DGRSWG D
WQH R \RRY DG WDMILHV 1Q WHU DSSURDFKHV \R
QOHRIJIQ) — WH WPL Q PWPT NBEF CPUFT TBWE
TDSFOT PO PO UFJB Q POFT BCE NBQUWPQT SFDPEFE
FNBM BCE TPDBMN FEB BM VIFE CPUFBBLIH CPU
EHIBVMBCE * QFO BCE QBQFS: EJIDVIT.PO CPBE BQQT
BFREQ DWRGG PRPHQV GXUQ WH GD\ RU DWUHI XOU
LOMYDY GXUQ) WH Z HHN DFFREQ) VR Z KDWZ RIHG EHWW
| RUMHP

6RPHR WHWH
®IVZHH

VFUHQKRW
IFAAQ)

HBP HQVR

P XQP RCDOV
VHH WH

H DP S®V

BK



6RPH ZHH SIFWMUHV WRPH ZHH

FRP EICDWRQ R \FUHQWKRW DG QRMV
DQG \RP H Z HH QRWV |RUH DP S®I IQD
QDY IRPDVDV WH HWDFW EHBZ
JUHBIJIQIV ZHH WHQ GMVPXWHG 10

| RFXV I URXSV DG IOMXYHZ V

+HOCG-OVIC 2K 3f -2 RO + S2ar s ARAOEH 4=
U fl + Car oK $Afr 1o \K-GAR XAA X

;) CERDK I f-E@ X3 H° B *CA-REFIAC
JOFR RV AA o X

1CEIK QT 2 fRA XA Vo A C)2D0G
OLACEEANT X CaedDCRYAS| DA 1a8uAR2 Rya ARIN 2 C.
OGN F XA Ve Xafa- AGYA * ] QKR OB r}biG
0FR+9 &=¢

7KH UDAQ) 10HJR DWE®!
@N QD ZHND HPDIQWRP

0 DV O\ DMARRNP HWR
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Q WH ZRWKRSV ZH
QVFXWHG Z KDW HFRXQMY
Z W QMDA UVHDUFK™P LI KW
DRMD® EH IRU H DP SO
KRZ WMDFK ZDV EHQJ
XHG ZKDWNQG R WFKRRO
UMFDIFK IQ RP HG
IQWWYHY  WH  WDFKHY
FDPH DFIRW ZKDW ZHH
WHU PHPRUIHV R UVFDFK
SUHYIRX\® DFFHWHG
ZKR ZKDWZDV WH \RXUFH
R WHUBM-DFK

: H HJFRXUD HG WDFKHW/\R H SGUH WH \SDFHV DQG REMIPW DURXQG WHP DV\WH. UH BRMG
RQ WHU HFFRXQMY 7KH QVFXWRYY IRFXHG RQ @NQ) 3HMDUFK VR WDFKHW RZQ
FOWRRP HOTXWY DQG SWDPWFH  7KH WDFKHWY Z HUH IQAWMG VR UH BFWRQ N PN FOT X | FO
FTFBD XBT CPBBCM Q- TFQUPSBCTFCOU KRZ UHVHDUFK @NHG VR WVRXUFHV RUNVFKHP HV
DQG WHUXVH R \RFIDCP HAD  7KH Z RIVKRSV | RTRZ HG D P LOUMAKRMUH $VIWKH EHI LQQQ)

Z H UMVMG HMEDOFRQUGHIDARQY DQG FRQHQWRP V
$IWUEUH  LQARGXPUWRY/

D ZD®P XS DFWW
IR®ZHG WH HDPSO
DERYH : H WHQ EUHO

IQARGXFHG WH 3FTFBIDI

. PCMUFT QPKDU WLV

T IKQUOIZIK W REMPN ZRO/ ZDVv WHQ IR®ZHG E
HOUHUZ KDWY WHVHDURKIQ SUP DY

QMDA ( QUOKR\ RX' AVFXWRQ  1Q  ZKEK

T KWV \RQU H SHIHGFH ZUN WDFKHLY \KDUHG

et Sl IR
QRWAQI DI HZ W UHVHDFKDQGZ K\

QHRIJIQ) R UWNVHDUK
HFRXQMY \HH ®IWWH
QVFXWRQSURP SW

CcC
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$IWUVHYHDOZ HHWR @JJIQ) Z H RUDQVHG GHAFDWMG | REXV J IRXSV DQG IQMYHZ V
| RUWDFKHWY VR VKD IQLT KW [IRP WHU®JIV /RIV Z HH XVHG DV SURP SW\R H SBUH
FROGHAWRQY  Z KDWIQMIMMG WHP DQG WHU H SHIHFH R DFFHWQ) ®JJIQ)

\KDUQ) DQG FRQGXFWY UHMDUFK ) XUKHUSURP SW R | DFIOIW WH GVFXWMRQ Z HH
X\VHG \HH EHBZ

7KLY W H SURGHG DQ RSSRUMQW | RUWDFKHY/ VR UH BFWRQ Z KDWIKH. KDG J DIMHUHG
$V )WR QRMV WDFKHY IRXQG “WH YHV HSHUIHFH R \DPS@Y DG WRZIQ ™
HQUFKIQ) ZKIFK HDM® SURP SWG IHOFWRQ ) WR ss ) LD® DiWU
\HYHUDCP R Z HHWR QHBRIJIQ) Z H LOMMG WDFKHWY VR SDUFISDW LQ DQIQMYIHZ. RU
IRFXV JURXS Z KHUH Z H GVPXWWHG WHUHGFRXQMY DWNHG WHP R \HBPADQG UH BFVWRQ
\ZR RUWUWH @IV RQ WHUH SHIHFHV R DFFHWQ) HQIDUIQ) Z W RU FRQGXPWY
UM-DUFK DQG RQWH ( QY@K QMIDR\ \RSIEVWDWFURSSHG XS 1QWHUHFFRXQMY

CD
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0 XOBB! SUKUBY RQ WDFKHY P HDQMAMDWZ H GG QRAMHFUMIWH SOQEHG QP EHY R
WDFKHY VR WH SURVPAIQWH | IIWRXQG 9X@IQ) RQZ KDWZ H KDG BDUHG GXUQ) WHH
HDL® LQMDPWRQY Z W WDFKHY DQG 1Q UASRQH VR WHVH FILFXP WRGFHY Z H DEDSWIG
RXULQWDOP HVRGRBJ\  SOQUQ) SDWFLSDWRQ YD D MQI B! 1RFXV JURXS IKFMUH  7KH
P XQ@S®! GHP DGV RQWDFKHY WP H SDUNEXDU® J LYHQ WH LOMOUYH H | RW DWFDWK XS
1O WLV SHIRG SRI&.2 9, @FNGRZQV P DGH \FKHGX@Y D VHUHV R P HAWQIV QLI EEXV
7Kl DGMIDWH P HWRG DIPHG R EFDSBTF CBSSFST P QBSUDIQBUPO DQG SURVCGH
RSSRUMQWAV \R WDFKHY Z KR P D\ KDYH EHHQ XQDE®! VR SDWWFISDW RYHUD SUIRBQIHG
SHURG

: H Z HW DE®I VR WDFK QHZ SDWFISDQN Z KR
RIHHG XV UMK IOLJKW XMQ) WH \SDFH \R
UH GFWRQ WHU H SHIHGFHY SURUIMHV DQG
GMUNV IRU WDFKHY HQIDIHPHQN Z W
UHMHDUFK. 7KHVH | RFXV J URXSV LOARGXFHG \WH
SIRWFWEUH® GVFXWHG HWMEFV DQG WH
IP STFDWRQ/R SDMWFISDMRQ WHQ IGFOGHG D
PL R TXHWRQ/ DQG DPMMWA \WDW
HQFRXUDI HG SDWFISDQN R UH BFWRQ WHU
HFRXQMY Z W WMHDUFK © H IRUH DP SO

DWHG WDFKHY R FUDM D YMXDO
UHSUAVHQEMRQ \VHH WH SDSHUMNHIK RQ WH
WKWR KRZ WH \DZ BWMDFK PRIQ) R
DQG IRP WHP DQG \KDUH WHH ZIW XV

6RP H R WHVH MQI ®1 | RFEXV.J BRXSVH | HAYHO

EHFDPH IOMYHZV ZKHQ RH RU PRM

WDFKHY ZKR KDG ERRNHG \SDFHV ZHMH

XQDE®! R SDWWFLSDM

CE



(eNO° °3 N8 J
«8OPW-N @

7KH SURMPWVMWHD EHFDPH D PHGADWRUIQ WH PRY-PHON R BMDUFK. | RU WDFKHU
SDWFISDQN ) RUH DP S® \RP H WDFKHY \BOHG DERWH H I HFAMDWRHE J 1)
KDG RQWHP \D\IQ) WDWWH DPWR QRWY DQ HIFRXQMU I REXWHG WHU DWHQARQ
2 (H KDG SXWD @MIDF\ SRGFDVARQ KHUVR @AMQ QMSBMRA® DG WH QHBJ JIQY
HGFRXUDI HG KHUVR QAMQVR WH HSMRGH GVFRYHUMKH HQR HG IMDQG QAMWRP H P RUH
2 WHUSDWFLSDQN P HQARGHG UVHDUFK VRXUFHV RUP HEDWRLY WDVRWHW \KEVHT XHQD
IRBZHG XS 7KH P HWRGVZ H XVHG EURXI KYWR HMHUSDWAFISDQN Z KR P D\ RWHZ M
QHYHU KDYH P HW RSHQQ) XS GLIHHQASRWELIDNY DQG FRQGHAWRQY 2 WHWY Z HUH
SURP SWG R P DNH WP H \R DPAYHO UH BPARQ WHUUVHDUFK HFRXQMY ,Q WHVH DQG
RMHUZ D\V SDWFISDVRQ 1Q WH SURWPADQG WH SDUEXDUP HWRGY WDWZ HB XVHG
KHGHG VR \KDSH WDFKHY HFRXQMY Z W UVFDUFK 3DWR WH SURWPWSOQZ DVIRU
VRP H SDWFLSDQN VR EHFRP H LQROHG [Q D OWUMBIH R WH SURWFW GHYHBSIQ)
UBARXFHV VR TVQQPSJUFBDI FST WP JIDPSPBUF FTFBD JOP UFBDI JH WLV Z DV

DCARWHUZ D\ WDWiKH SURMIFWICQ GHQFHG WDFKHWYA HQJ DI HP HQAZ W UHVHDUFK

'L EXGHAV 1Q WHFUAVR HQADQG SDMELSDUWRQ OHO 1Q SDINGXH VR WH SDUEXDUVRFIDO
DQG SRONFDOFLUFXP WBGFHY R WDFKHY Z RINQ) @HV DI THAWG WH SURWFW 6RP H
VD JHHDWRQ DRV LOMQGHG | RUJURXSV R WDFKHWY H | HARYH® EHFDP H RGH
R RH IQMYEZV @ WY RSSRWMQWAY | RUMKDUQ]  SHUSHPWYHY EXWHDEEY) P RUA
1Q GHSW | RFXVRQIQAMGXDGY H| SHIHGFHV

CF
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Q REHU \R DAMP SW\R
RU DQVH WH YDWADP RXQW/
R GMIBG XQMKFPMUG
L RWP DWRQ Z H X\HG \ER
\RRY

&YDFMVZ DV XVHG VR WHFRWS DQG & DOWDEKHYS P HOMRQVR UNVHDIFK \MLY Z RINZ DV FDUHG
RAWEDHG RQ WH WDQFUSWRQ/ $@WKH WDQFUSWRQY Z HH UHDG WURXI K DQG DO HQARQS
Z HIH WHFREHG LOR DQ ([ FHOIL®! VHH DERYH D P RGLLIHG H DP SGI IRP WH \SWDOKHWR
UHFRUEHG P HOARQY

7KH VHFRQG \RROWR “RUDQVH™IQRPDMRQ ZH XVHG ZDV / 73% 19DR IV &$4' $6
FRP SXWU DWIMMG TXDOQEMYH GOV DQDOVY\R \VE DB Z IGHO XVHG | RUTXDOEMYH DQG P I HG
P HWRGV UM-DUFK DQDOVY DV MY LOMQGHG | RUWH DQDOMY R XQMKPWUHG GDWD R YDURXY
WSHV \HH WH .OMUDFH EHBZ

19MR ZDV XMHG |RU
WHP DWF DCDOMY DG
WH SURFHGXUA A\

H SOIQHG EHBZ

CG



8\HR 19LYR KDG YDURXVDI | REDGFHV LFOGQ) WDWR HDE@Y UHVHDUFKHW/\R DPEF
TN VNBCFPVT BFREG REVHYDWRY/ DQG TXHWRQY DV P HPRV DQG HDM® H SGUWH
FRGHG CDVB 9%%\MWDGR 1UDJ P HOMG WH CDW GYRWFLQ) H WDFW [URP WH \SDFHV 1Q
ZKIEK WH Z HH JHHDWG WP RIQ) YMXDODQG SK\ MEDOFXHV WP SRUDUD GHBMEY
REMFW RWHU SDWFISDQN DQG RWQ REVEXUQ) WH PHEXP WRXIK ZKIEK WH
H FKDQIHV KDG EHHQ WFREGHG 2 XU FRIERDWH UHG[ IYH DSSURDFK KHSHG \R
P DIQEIQRXUDZ DIHHWR WHVH IMMHV \HH EHBZ | RUP RUH GHVBOY

558 o —IYO @

: H GHYHBSHG DQ MWADWH  IOMSBUHWYH DSSURDFK VR DQDOMY ZHDYIQ) \RJ HWHU
IQLUKW IRP TWPSIOH_U FNBUD BOBMIJI DQG D GAMAGIG DCDOMY R _FBDI FST®
NFOUPOT PGFTFBI 7KHVH SURVIGHG XV Z W GLIHHQVHQA SRION R WH CDVW

DDOMY
3N 8ua O

6VRYIQ) JHHDWG VWHCFUWFT BCE N BQQICHT PGICENEVBMUFBD FST FCDPVOUFST
Z W UHMDUFK WHDEGIG XVWR GDZ RAMWFRP SB[ P RYHP HOVRI UAMHDUFK VR WIDVH RXW

KRZ \WDFKHY [ HIVSRMMRCHG [Q WHDMRQ VR UM-DUFK DQG VR WDFH FRQGHPWRQY DQG
QVFROAMXIWAV

W THDV [P SRUBQN WDW WH
WRUHY UDWHU WDQ EHQJ
KHG R UHSUVHQV QI XOU
WO Gz WHDGHW
DMIQARD VR P XSO

LOMSUHEMRY/ DQG
SRMEIOMN 0 F&RPDFN
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2 XUDSSWRDFK VR WRUIQ) ZDV IQRPHG B\ * 1@/ EDFNIURXQG 1Q CDUDMYH UHV-DUFK
GHYHESIY) IQMSUYH WRUHY 1WRP  IQMYIEZ GDVD DQG &DWM YV GHYHBSP HQVR

SADFNQ) WRUHN DQ DSSURDFK M VESRQ) P XGASG! WG VR DQ HYHQMURP GlLIHIHQW
SHYSHPWYHV Z W WH IOMARQR SIRRNQ) “RSHQQIV FROADGEWRQY DQG BRVH HIBV™
%UHW 0 HFFKDQNV S

: HEHIDQWRULQY) B\ WHHDGAQ) DOWH WDQFUSW Z KIBI DWNQ) WH TXHWRQ $V Z H
WDG ZIW WVHDUFK P RELOMHV LP P REIOMAV 1Q PLQG Z KDWMAINAY XV'> © H Z LRM \KRW
SARUHV GUDZ 1) RXAP RYHP HQNV DQG QR TXHWRQY WDVWXUDFHG DV Z H DMP S\WMG
WR GHHBS DQ XTHWEQEQ) R WDFKHY HFFRXQMY Z W UMDIFK : H \Z DSSHG
WRUHY FRPP HQAY RQ HDFK RMHW GHYHBSIQ) H IMAQY WUWDGY DQG H SBUQ) QGHZ
RV 7KV JIFBUW QIPDFTT HIDEGIG XV\R DMV QHZ TXHWMRQY DQG EHIIQWR P DS \WH
FRP SO WAVR PRYHPHQVR SUP DV @MDR WVHDUFK VR [URP DQG DURXQG WDFKHWY
7KH WRUHV GUHZ. RQXHMDQG 0 HIFKDQAYWEIFNQI WRUHY 9 HW 0 HIFKDQW

S P HWRG XMQ) GLIHHQAMRUEY R HYHQN VR UHSUVHQAP X@STFW VR RSHQ XS
SRWELDNV Z W WRUHY™SIRYIGQ) D GLLI HIHQWENH EXWHDFK DOR SHIKDSVWRXETY \WH
oW

$VZHZURWM Z H DMP SWG R SURGXFH YMXDOHSUMHQEMRQ/ R UAVHDUFK P RYHP HQN
7KH \NHWKHV RUP DSSIQIV WDWZ H SURGXFHG Z HB P SOLIEDWRQ/ WDWKHGHG XV R
EHIIQ R H SBUW SDMAGQ/ 7KH PDSSIQY \HH DQ HDPS® RQ WH SWMRXV SDIH
H SBUV PRHPHQNV IIRP DQ HWDFWR DQ IQMYEZ Z W RGH \WDFKHU WH DURZ V
\KRZ 1Q) \WWH Z RINWDVWNH WDFKHUZ DVGRIQ) VR VHHNRXWVHDUFK




AY? Nt - L@@

7KHP DWE DQDOMY HDEGIG XV R GRN DFURW WH BV WDQFUSW DQG [P DIHV IRP \WH
RQIH PHMQV H DPIQQ) 1UIPHQNV 1Q GHSW DWJIQQ) FRGHV UHGRWY Z WIQ DQG
DFURW FRGHV\R IGHQM\ SDWALDY 1O WH CDVB 2 XUDDOMY DQDOWE P HP RV UH BFWRQ/
DQG W XOUFRQMHWDWRQY EHVE HHQ RXWHOHV DQG Z W WH Z IGHUSIRWIPWMDP  HIDEBIG
XV \R GHYHBS XQEHWEQEQ)V DQG GDZ RWRXUIIQAQIYV FKHP DWE DQDOMM FRYHY
P XOS®! DSSURDFKHY \R H SRUQ) DDOMQ) DQG IQMSWMY) SDWADY 1Q TXDOH
W XMQ FRAQN SIRFHWHV R GHYHBS WHPHY %DXQ & OUH TKHP DWE
DQDOMY KDV EHHQ GHVFUEHG DV WHRUIHMWED®D | B LEGMDWHUWDQ KDMQ) DQ XQEHDI)
SUVFUEHG WHRY %DXQ & OUH S KRZ HYHU D UH ®f YH WBXGFH Z DV DOR

[P SRMQNV

$ PEICH IV DQ IQMSUAYH SIRFHW R “CRIFLQ) SRMOAD® UHBDOAP HDQQ) ™ %4DXQ
& OUH S DQG NBCFMIDH IMZ WK D FRGH ,QUH ®f LYH WHP DWE DQDOWY FRAQ)

IVRJDQE DQG | ®f [EGI GHHSHAQ) DVIMSURI UV XQINH FRAQ) UHIDELON DSSURDFKHV
WDVWMQG VR HEKR VFLHQALE P HWRGY Z W WHP HV RN WQ GHYHBSHG SURUVR | XGDDOMY
IXGHGE\ WHRY DQG UHVHDUFK TXHWRQY %DXQ & OUH

3URUVR HP EDINQ) RQFRAQ] Z H IGFBDVHG RXUI DP IADUMDWRQ Z WK \WH GDVD WURXI K D
SURFHWR UHDAQ) DQG W WHDAQ) WDQFUSW FKHANGQ) DI DIQWMBFREQ) V DQG P DNQJ
QRM/ ,QWO® HDFK VHIPHQVR WH WDQFUSWUDMAG TXHRQ/ DERXWWH Z IGHU
FILFXP WRGFHY DERXWSRWE®I FRQGHPWRQY Z KDWZ DV P MIQ) DQG DERXMKRZ R FRGH
: H ZROHG RQ WHVH TXHWARQY [Q RXUBCBMUD N FN PT DQG WURXIK GMVFXWIRQY 2 XU
QVFXWRQ/ HDEGG XV VR SIREH KRZ N WPV ZHH XQCHWRRG DQG X\VHG B\
SDWWFISDQN DQG RWHU BM-DUFKHY $CDOME PHP RV 6D@DXD \RRNWH IRP R

IRXCDCHQAHY CRMV UH BPARQY DG TXHWARQ/WURXI KRXVWKH DCDOWE SURFHW/

CJ



23FTFBID 3 WWHD HP HJHG DV D YHY MIBSHY WP ZH PXVHG RQWLY IRUH DP SO 1Q
WHIR®ZIQ) PHPR
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$VZ H GHYHBSHG RUFRAQ)  Z H GHRIGHG DI DIQMFRGHERRN DSSURDFKHV [Q | DYRXU
R D P R RSHQH SEDWRY DSSURDFK +RZ HYHU Z H QRMG WDWFRAQ) \RSIEV DRRWY
DQG  HMGHEH WSHV PLIKWHQEIOD PRW GHVFUSWH DSSUWRDFK  Z W UH ®f LYH
WHP DWE DQDOVY @HO R EH P RUH DSSURSUDW | RURWHUFRGHY

7KHVH \Z R FRGQ) DSSURDFKHV Z HUH GHYHBSHG WIURXI K GVFXWRQ $VZ H FROMXHG
RXU | DP ADUMDWRQ ZIW WH DB WURXIK WH SURFHW R FRAQ] ZH QRMFHG
DGEWRQDA WDJ P HQV R GOV WDWZ HUH SRMQAD® UHBIYDQNUAKEMY 1QQHZ FRGHV
([ DP S®VZ HHDEHFHY DQ VRSIEV HFRXQMY RUDPVRY WDWZ HUH P HQARGHG RU

IP SCHG DVP MIQ)  (RWIMHUH RUKIGGHQ DQG 3 XAASE! P HOARQY  Z KDWKDSSHQV Z KHQ
WH\DP HWSIE UVHDUFK HW FRP HV XS TURP - AL HHQWRXUWFHV

CK



7KH GHWFUSWH FRAQ) DV 1Q WH H FHOVKHHWDV H SOIGHG DERYH DQG | XUMHU
EHBZ DOR IQRP HG \WH HDU® GHYHBSP HQAR FRGHV ) RUH DP S®I Z H KDG I[QUWD@®
SURSRHG D FRGH DRVRY Z W WH GHVFUSWRQ 3QAMGDY RUDQDMRYY WM W
SRIA \FKHPHV \RFIDOPHGED HYHQN SOFHV DQG \SDFHV FRPPHFID® $IWU
QAVFXWRQ ZH \SOMKH FRGH DQG FRGHG QLIHHQAVDRRY \KFK DV ERHY 1RU

IQEMGD® DG RUDQVMRYY  FKDQUHY' |RUMRFIDOP HAD E®JV DG WHVRXUFHV
| RUVFKHP HV \HSDUDWOD

7KLY WDIVHG TXHWARQY DERXZ KDWHVH GLLI HIHQADSSURDFKHVY Z H XVHG 1Q SDUD@IO
QG - KRZ ZH PLIKWEUQ) WHP VRIHWHU— DV Z HODV KRZ WH WHP DWE DQDOMY
IOMDFW ZIW WH WRUHY : H UDQ WHH DSSURDFKHV 1Q SDUD@®IO Z W \WHP HV
DRRYHO FHDWGE\ XV : HEHIDQE\ FRAQ) WH GO XMQJ 191R

7KH P RQMO WDP P HHWQ V DQG RWHUIQMDPWRQ/ DFURW WH GlLI HHQAMADQGY R

WH SIRMPWMQRP HG FRAQ) )RUH DPSGI DV ZH FRGHG WH |RFL IRUWH_EDVHV
ZHH HPHJIQ) DQG Z H DEGHG FRGHV\R KHS WDFH WHH 1O WH WDFKHUGDWD 1RU
H DP S®I 2 I\WMG ( Q) QK UHYIEZ RUSH GFWY SHDOWAV & RGHV DOR GHYHBSHG DVD
UBAXOR FROMHIDWRQY Z W WH Z IGHUSURWPWMDP | RUH DP S®! Z H VBOHG DERXW
WH GLILEXTV Z W WH FRGHV FKDQUHODQG EWRNHU DQG KRZ ZH GV XWKHG
EHE HHQWHP WX 1QD GHFMRQWR P HJ H \WHP

7KH VP XGBGHRY ZRW RQ WH \SWDGKHHWR P HOMRQE 1Q ([ FHO SURP SWG

FKDQI HVIQWUP IGRBJ\ DQG FDWAI RIMDWRYY | RUH DP S®I Z H UH LGHG FRGHV | XUWHU
E\ IRUH DP S® FKDQIIQ) \W WRUVFKHP H VR BARXUFH

DB




$Q H DP S®I ZDV D BFXUHQMMBDG WDWMHHP HG \LJ QLIEDQN “BO BTTFSUPO U BU
STFBD JT CFIXE PSBUUF CPUPN PGBO JOUBW¥ CVWU CPUWILCW WP
QBS.DIBOT™DDOWE PHPR  GDAQ) VR XV OWUDGEQ) D FRGH UMHDUFK EHKIQG
W DWXPHG ' H\SM WY MMDWH FR®ERDWH SWRFHW FRAQ) WP DIGHG
FKD@IQILQ) DVWLYH WDFWURP D UHVHDUFKHWV BXDOKRZ

1 >@%04G ek At @HalE 0EE6 >
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2 @FH Z H KDG Z RIHG WURXI K WH GDV \HYHDOWP HV UMMQ) DQG 1 LQDQIQ) FRGHV
DQG IHHIY FRQIGHQVWOWWH FRGH OEHY DQG GHVFUSWRQY WHSUAMHOMG WH
QAYHYW R WDFKHY HFRXQMY DQG FRP P XQFDWG RXULQMBMMOQ WRVH | HDMUHV
Z H \WBUMG R \WQN DERXWFRQUHPWRQY EHVE HHQFRGHV DQG GHYHBSIQ) WHP HY

Jo °8&Ni ON° °@

QUDOWHP HV Z HIH GHYHBSHG 1R FRGHV E\ H SEUQ) DWDV R P IOUP HDQQ)
DFIRW FRGHV DQG FOMMIQ) WHH SRMOAD® FRQGHAWG FRGHV : H EHIDQ B\
GRNQ) DWWH QWR DOFRGH DG WHU GHWFUSWRQY DBQIMGH WH UHMW-DUFK
TXHWRY )R WY ZH GHYHBSHG WITVBMN BQT FROAMKFWY WHH (QEMGO®
EHRM GVFXWRQ ) RBZIQ) GVXWRQ ZH WYHZ HG RXULQWDOWHP HV P DSSIQ)
QWD ZH ZHH JXGHG B\ %DXQ DQG & DUV TXHWARQY VR \XSSRUMM-P H

GHYHBSP HQADQG UHYMRQ

DC



) LWAVZ H FROUGHUHG Z KHWHUWH SDAMUDY/ Z H KDG | RXQG KDG ~DQIGHQNIDE®! FHQADO
RUDQMQ) FRFHSVWUDXQ & OUWH S 7KLY KHSHG XV FOUL\ Z KDVWKH
WHPH Z DV DERXWDQG IGHQM\ ZKIFK FRGHV FROAEXWG R IW $Q IQUWDOWHP H
WDFKHY UHVHDUFK UHDMRQKISV GHYHBSHG LQR UMWHDUFK \SDFHV FRQMDWRQY

UHDMRQKISV DV Z H GVFXWWHG GHFHQMUQ WDFKHLY HQXUQ) WDWD IDQJH R DRRY

Z HH (FOGHG $QRMHUIQWDOWHP H  SHUFHIYHG @FDOUHBIYDGFH LGFOGHG D QP EHU
R FRGHV \HYHDOR ZKIEK FRPP XQWAV HDEGLY DQG FUNDOWBGFH  Z HH OWU

QNHG VR WH UHYIVHG BVHDUWFK VSDFH - FRQYHIDWRQY DG BHHOMIRQKISVWIHP H

2 (H FRGH FUHAELON Z DV SURP RMG \R D WHP H DV IMEHFDP H FBDUHUWURXI K RXU
DQDOVY DQG GVFXWIRQY WDWIKLY Z DV D GMAFWH | HDWUH R WDFKHWS HFRXQMY
ZIW SUPDY OMDR UMDFK : KHH GOV HWDFW ZHWH DWMIQHG \R P XQE0!
FRGHV ZH WMVWMG WH H WDFW VR DAWP SWMR GHWP LGH WH P RUAADOHQW 7KH
IRBZIQ) HWDRWKRZ V WH P XGSTFW — ZH |HOVIWI W EHWAU WAMHDUFK \SDFHV

FROMWDWRQY DQG UHDMRQKLSY EXMB/ DER FRGHG DVFRP P XQWHV

SQLOMMANY \KQ) Z DV\KDADWZ HN, ZHQARQDQ+0 , ( QIOK

GDG MWMINA D \KRWWKDD DQ KRXU RQ Z KDWR H SHFAVGUQ)

LQSHANRY DG D QP BHUR \WDFKHY WHHD@\DIG Z HUDD P MW
\WHIGD R PHAMY DV D FRQRMXP \R PHINY \RIHAKHU Z L\

GFDOVARRY DG, \WRXIKWEDAN VR LHBRIY Z KDAZ HKDG \OIG
QWP H \WDAWYDWMQ) R WHRTE @ VDB RAAOWANDGG\ HV
UDD WDALY \WH SFUHFAMIRXP \R QAW BW R UHDUK \KDW
KDYH EHHQ XVHXODQG, \MIQN \KDAL @FANG) D QWBIEW: HZHH
DOUBLY) DERAVMKHH0 , VLG Z KHHER\ RX JHV RXULQRIP DIR)
P DQG YDURXY \AFRRY \OIG OK (() GRRXPHON DG ZH
UNHDUK BW DQG SHHA DQG IMBHCP H DSSDUHQARKDAUDD LI

\ RX KDG\WDNRWR [RXP R DFRQRIXP \KDW WLQN\ RX Z RX@
JHD BNR LQRP DIRQRVR \WDADVZ HD 7

DD



QUDONHP H GHYHBSP HQAZ DVDQ WIQ) EXVWIADLI KWRZ DG ) RUH DP SBI RHR XV
H SBUWHG XMQ) D P1QG P DSSIQ) VRRAQ 1 YIYR VR GHYHBS D PDS R WHP HVEXWRXQG
WHP ~TUVADWY) DV WH. UAVIEWWH BHOMRQKISY DQG WKW R \WH P DS™ | [HG
QRMV $V ZH KDG IRXQG 1Q RNHUMBI HV R DQDOMY Z KDWZ DV P RIWWDGDE®I Z DV
\KDUQY RXUZ RINIQ SURJ UMW Z WK HDFK RHU DUEXOWY) \WH UDWRQD®! | RUJ URXSIQ)
SDWWFEXOU FRGHV VRIHWHU SRUQ) DQG BSRQAQ) \R TXHWRQY EHRUH D | XWHU
WRXG R WMHZ DQG WYMRQ 6HH EHBZ HDPS®BV R WH IQWDOPDSV R FRGHV
GHYHBSHGE\ * 1@DQG 3DUL

DE



© H FROMXHG \R ZRIN MDWHD JHHDWY WOBWH WHPHY UMHZIQ) DQG
UMMQ) DV ZH ZRIHG Z KHWHUWHUH Z DV \iX | LELHQAP HDQQI | XODQG UFK CDVD \R
\XSSRWKH WHP H DQG Z KHWHUWH WHP H Z DVIP SRUBQAIQ UHDMRQ VR WH GV DQG
WH UMHDUFK TXHWRQY %DXQ & OUH S © H XVHG %DXQ DQG & DUV
TXHIRQ/ VR VKSSRWWMY UMHZ | RUH DP S® FRQIGHUQ) Z KHWHUZ H FRX@ LGHQA
WHPH ERXQEDUHV +HMH ZH ZRIHG ZIW RXU IQWO WHPHY  WURXIK \HYHUDO
MDMRQ/ R GHYHBS WHP H GAVFUSWRQY ) RUH DP S® | RUWH DSFECMZ WHP HZ H
JWRXSHG WH FRGHV WMG \RXUFHV FUHGEION SRSXOU GWRXUH  FKDQUHY
P DQUHWEMRQ/ HMGHQFH WSH EWHDGFUP E WDIODQG P XUB®! P HQARQY GHYHBSIQ)
DQIQWDAEHMFUSWRQ

-.89-*2* #4(:8843 (7*)."'.1.9>&3) -4< 842* 84: 7(*8
"*(&2* 8**3 &8 247* 47 1*88 97: 89*) 47 97: 89<479->p 9
*=5147*8 -4< (7*).'.1.9> &b5*&78 94 -& * '**3
&-.*;*)o 47 349p "* .)*39.+> 8*;*7&1 2&70*78 4+
(7%).".1.9> &) 9-* <& 9-*8* 4;*71&p "* '*, .3 '>
*=5147.3, 9-* 741* 4+ 2: 19.51* 2*39.438 .3 (43+77. 3,
(7%).".1.9>0"' *H47* ) 7&<.3, 4:9*=8251*84+8.,3. + *78
.3(1:).3, 574+°88.43&1 &3) 7*1&9.43&1 (7*)."'.1. 9> &3)
1.3*& *p 9-*7 2&70*78 .3(1:)* 7&9.+ (&9.43 9-74:, -
5:'1.(&9.430 7*843&3(* <.9- 545:1&7 ).8(4: 78 &3)
4+ (. &1 89&9: 8p

2H R %DXQ DG & DUV TXHWRYY |REXWHY RQ ERXQEDUHY DWNGQJ
UHVHDUFKHY Z KHWHUWH ERXQEDUHV R D WHP H DUH IGHQWIDE®! Z MY FOUW DERXW
Z KDAWMIGFOGHY DQG H FOGHY 7KLY WDIVHG TXHWRQY | RUXV—Z H | RXQG WDWK F CPU
DPVNE BCE DPVNE CPUEFOUE CPVCEBSFT PGU FNFT 7KLV Z DV HMGHQADWIMH ®IYHO
R (QAMGXDOGDW H WDFW DQG DWMWH GYHOR WH RYHUDWFKIQ) WHP HV 7KLY Z DV
SDWEXDU® GLIEXOZ KHB GOV H WDFW FED® | VP RUH WDQ RGH WHP H — DQG WY
\VHHP HG D | BHTXHQARFFXUHQFH :© H QRWMG WOWD | HDWUH R WH CDV DQG \WH WHP HV
Z DV"DPN QWY N FTTJOFTT VOQIFEDDUBCMZ VCDFSBIOZ BM BZT PQFOWP FFWFX ™
DQDOWE PHPR

DF



2 XUI LQDOM-P HV DSSHDUHG P RUH @H SHYSHPWYHY — \R IDWHUWDQ WHUH EHQJ [P
ERXQEDUHV Z KDWZ DVKHT WP SRIDUD" R HMHUIQ D WHP H Z DV DVWKH \DP H WP H
1Q IQMDPARQ Z W RIMHUWHP HV DQG \KULWG D QMBI DV Z H FRQMXHG \R HQJ DIH 1Q
DQOOMY ZIW WHRY DQG ZIW HDFK RWHU 7KV IDMVHG TXHWRQY DERXWKRZ  ZH
FROFHSWDOQHG WHP HVDQG KRZ. WY FRIFHSWDQDWRQ Z DV HQBQ) BIG Z W “WSLEDO
BHSUMHQEMRQ/R WHP HV R \WQ DV @V RUIQVBEBN \RP HAP HVDVD MP S®! GHE RN
KRZ IQ) BHOMRQKISV : H TXHWMRGHG Z KHWHUWHVH BHSUVHQEMRQ/ Z RIHG | RURXU
SURWFW WY GDW VAW WHH UVFDIFK TXHWRQY : RXG SHYSHRAWHY RU 101G
XQEHWEQEQ)V EHHQ P RUH DSSURSUDWM WDQWHP HYV' . HI UB NFTI B NBQ PSB
LBMEPTDPQF | FND VT SFQFFTFCUU F QBUFSOT BCE FMBUPOTI JOT N P DWBSZ
2 U SRWE® ZHEV HQEICGHG — IQMUXSWG \R H HPS@\ SDWWFEXOU SHISHRWYHY
SIRMAQ) J @ SVHVIQR WDFKHYS WRUHV

A5 FON @

: HXVHG D YDUHW R YAXDODWRQY IQ WY SDIWR \WH SURMPWN BQQICHT BT QBSUPG
EBWB BOBMITJT WIVBMIBUPOT JO EBUBB HFCFBUPO XJJ UFBDI FST BCE BSJTUD
FTQPOTFT BT QBSUPGPVSEBWB Q- TFOBUPO

$VQRWMG DERYH DQHDWD W H R GV DQDOMY LOYROHG XVP DNQJ \NHRKHV\R P DS
KRZ ZH\DZ WMDUFK P RYIQ) LQWH WDFKHW DFFRXQN ) RUMLY Z H Z ROHG Z W WH
QMYHZ COW 1QWD@ |RFEXAWMQ RQ RCH UMHDUFK HFRXQMU WHQ H SDQEQ) RXU
JO|H \R FROMGHUKRZ \WMY HFRXQMU UHDWG \R RWHY WDWWH \WDFKHU \BOHG
DERXW: H \KDWG WHH P DSSIQIV DBQJ Z W RXAUMRIHY R WHH HFRXQMY WH
TXHMRQ/ DG GMVFXMRQ WDWWMLY SURP SWG KHSIQ) XV VR \HH ERW Z KDW\WH
WDFKHY VBOHG DERXWX | BUX BT QEFTFOU BCE X | BUX BT BCTFOU : H DOR X\VHG
PDSSIQIV IQ WH WHP DWE DQDOMY UMHZ Q) FRGHV DQG EHIIQRQ) VR JHGHIDWM
WHP HV

DG



,Q DEDSWQ RXUDSSWIRDFK VR WH Z RN Z W WDFKHY ZH DWHG WHP W FUHDW D
YOXDOHSUMAHQAMRQ XMQ) RQIEH VWRYRUSDSHUGIDZ IQ) R KRZ WH \DZ UHIVHDUFK
PRMQ VR DQG IBRP WHP RCH WDWERNHG DFURW WHU HFRXQMY Z I BHVHDUFK

QW® ZH XVHG D SDEBW DQ RQEH ERDG \WDWHDEGIG SDMELSDQN VR SRW

FRP P HQV DQG [P DIHV DQG P RYH WHU SRW DURXQG 7KLV Z DV SIRGXFWH 1Q WH
RQIH JURXS \SDFH HDE@Y SDWAFISDQN \R VHH DQG LOMDPWZ I HDFK RWHW
SRWV / DWU SDUEXDL® Z KHUH WHUH Z DVRQD RGH WDFKHU SHQDQG SDSHUGDZ LIV
ZHH PRH RWQ XVHG  7HDFKHY \KDUWHG WHU YAXDQDWRYY \BOHG WURXIK \WH
UHSUMVHQEMRQ DQG WSRQGHG VR FRP P HQV DQG TXHWARQY 7KLV DSSURDFK Z DV

I GHFHG B\ RAUIQWDIDDOMYR WH IQMYLZ GDVD 1URP WH [ LWIABKDVH GHVFUEHG
DERYH

2 XUDMWMF  BHNVSRQHYVZ HIH SIRGFHG E\ /R 7IHCH
2727 IQMIDP FRP QWMNACH DU

DH



$QRWHUZ D\ WDWZ H XVHG YAXDQDWRQY QWY SDWWR \WH SURWIPAZ DV/1Q WH DURAAY
UASRQAV VR WH WDFKHUGDWD 2 XU LQMQARQ KHIH Z DV R Z RUN Z MY DQ DUKWR
DWHP SVWR UHSUHVHQAWH FRP SO IW R WDFKHWY HFRXQMY Z W UVHDUFK DQG WH
ZD\ WDWMMHVH Z HIH HQBQ) GG 1Q WHUZ RIN DG SHYRDODHY : H KDYH Z UAMQ
DERXWRXUFRMERIDMRQ Z W - P 5FSOFZ 10 WV E®J Z KHB \ RX FDQ DOR \HH WH
IP DJ HV SUIRGXFHG

7KH WDFKHUXS KL K RQD @GGHU VHBIFWY D ERRNP LT KWEH VHHQ DV UH BFWRQR WH

FKD@IQ) HV WDFKHWY | DFH 1Q DFFHWIQ) UMADUFK. \WH GIQIWY RULQ WY FDVH KHI KW

WH KDYHWR JRWR 7KH VHHP SUFDURXY \ FMXGFRFHIHG DVl KDELXDWG VR \WLY/
SUHFDUW ,"YH MWEHHQZ RINQJ Z MK WH P RYHP HQN GDV DI DIQ \WIQNQ) DERXWFKDIQ
UHDPWRQY DQG WLV P DIH BHSWHVHQNV D P RP HQARQ RGH FKDIQ WHDRPWRQ GHWAUEHG [Q
WH GOV 1UDJI P HQMADWDRMG DV P SHMV IRUWH GIDZIQ)  WH WDFKHU KDV EHHQ
|IR®BZ Q) WH 5HDAQ) | RUSGDVXUH SURWIPWH SRUQ) WDFKHY P 1Q UHDUFK SURMFW
WDVKDYH EHHQ XSEDGHG VR WH SURWIPAWZ HEVW DQG DVD UMVKEAY SOQQQ) DQHYHQW
| RUSDUHQN R IXSSRWWAKHP VR HIFRXUDI H FKLGIHQ\R WHDG P RWH Z IGHD

DI



7KH WKQRBI LIV XVHG 1Q WH SUIRGFFWRQ R DQ [PDIH IQOHFH W IRP DG
FROAEXWM R WH H I HFAMKDV RQ VIHZ HY 5RH ) RUH DP S® 3DGBMHDEGN
XVHWY/ VR VHDUFK RQIEH | RULP DI RV Z W VHDUFK. HQJ LGH DO RUMP V GHMUP 1QQ) UKV
WRVHBPWURP  RUMR XSBDG WHURZ QIP DIHV 19 LYR DARZ HG XV\R GHYHBS D PDS R
WHP HV DAMRXIK DV ZH KDYH QRMG WH G-MJQ R WH PDSSIQ) \RROFRQMBDICHG
SRWELDMHV 2 XUSHQDQG SDSHUP DSSIQIVDVSDWR WH DQDOMY Z HIH GHSHQEDQARQ
RXUMNQY DQG UHVAFWG LQR \E R GIP HURQVE WH P HGLXP

,Q DEAMRQ \R WH WFKQRBJ IHV XVHG  FRP SRMRDODQG \RFLDOP RGDMWAV DUH DR
IP SRUIQN5RH QHYDIIQ) FUMFD® Z W YAXDQDWRQY Z H P LI KAWFRQUGHUIRU
H DP SBI KRZ FRP SRMRDCDQG \RFIDCDVSHAW DUH DI IHAMG B\ Z KHUH DQG KRZ \WH
P DJ H FLUFXOWA DQG KRZ MV YHZ HG : H P LI KADVNZ KDAWKH P DNHURUWH UHVFDUFK
LOMQGHG DQG Z KDWINH [P DIHVGR

DJ
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$ WILG DSSURDFK VR DQDOMQ) WH \WDFKHU GDVD LQYROHG FDSWUQ  Z KDWWDFKHY
P HOMRQHG 1Q WHOMRQ R WHU HFRXQMY Z W OMDR UMVDWFK DQG KRZ WH
HEFRXQMUHG WL H UH HUVR \WHVH WPV DV N FOUPOT> EHFDX\VH Z KIB!H VRP H WPV
ZHH GAVFUEHG DAMBIQIW PDQ ZHMH EUH SDWIQ) UH HIHGFHV P DGH DV SDWR
JHHDOHG WEWP HQV DERXAD IDQJIH R UH HBHQFH SRIQV FRQM W DQG \RXUFHV R
IQRP DWRY 2 XU DSSURDFK ZDV VR PDNH DQ HQN RQ WH \SUHDGKHHWIRU DO
P HQARQY \WDWRAWP LT KMUHDW \R QMIDF\ WMDFK H FOGAQ) RQD WRH Z KHUH
SDWFISDQN H SEMD \DIG WH ZHH WHHUWY R RXHUNQEY R BARXFHV RU

IQARP DARQ

7KLY D@Z HG XV WR JDIQ IOLI KW 1QR WH IDQIH R UMADUFK WODWWH  HFRXQMUHG

DQG WH LQAYGD® DQG RU DQVDMRQY WDWP HADWMG WY UNVFDIFK @ H Z HBH WHQ
DEGI \R FRIGAWREZ XS [QrHWA DWRQ/ VR H SBUH WH NQBV R \RXUFHV \WDFKHWY

Z H¥ DFFHVMVQY) DQG WH UHDMRQKLS VR XQEHSIQRQ) UHVHDUFK

: H WHFRGHG DOUH HHFHY WH P DCH R IGHQAVIDE®! UVHDUFK \VRXUFHV DQG (RWMG
WH WQIH DQG BHOMYH SUHYDGIKFH R VRSIEV  UVFDUFK SURGKFHY VRXFHV UIMHDUFK

EURNHY DQG WVHDUFK P HADWY) FKDQCHY

0 HQARQY Z HIH ®J J HG RQ DQ( [ FHOSWDOKHMRIY WPQD TPVIF TPVIF ZQF

PSHIOT DQGDQ JOFSN FEBSFT ,QMP HADUHVIQROHG DQ. LQAMGXDORU DQVDWRQ
RUWFKQRBJ\ WDWSD)\ HG D URBI LQWH P RYHP HOAR BM-DUFK VR DP RQ) RUDIRXQG

WDFKHY 7KH WSIE Z DV AMGHG LIOR J HHDADAG VSHALIE TRUH DP SGI BWHDAQ) DVD

JHHDORSIE DQG HDAQ) FRP SWHKHQMRQDV\SHFLLIE 7RSIEVFRXG EH YHY JHQHIDO
\IXFK DV YHUEDQ HHGEDFN RUYHY \SHFLLLE 5RVHQKICHV SUGFISBNV

DK



6HH WH |IRBZ 1) H WDFWZ KIEK KDV EHHQ UFREGHG IQ@H  1QWH ( [ FHOWUHHQKRW
DERYH WH GHBIOBHSIRGXFHG EHBZ | RUFRQMHQHFH

, \WOIGQHS RQ WH 6RXQ0Y ;UMY 3KRQEY 3URIUP P H, KDYH ARQIOXHG \R UHDG
ZKDAMWH SXAMRADIG , WICN \KDA, P HQNRHG SUAMRA® \WDMKH KDYH D
SREDWMKDN, KDYH QAMHG \R DOG CRMDD MWMALONQ) EDAN , WKLQN \KDW
SHKDSV, P LIKWHYHD KDYH SDUNXOLO \RXIKWRXWKH | LIWARCH BHFDX\H, ZDV
GRQJ KLV QMIR URWHDLUK DG MDD HH3Y DLIRXQG 1Q D L) ALRBY DG, ZDV/
GRNQI DAZKHH, ZDvFRQGHAIY ZIW QMER URFOURK DG, WRXIKWRK ZK\

QRV, YHIRAKDMBKRIEY SRFDWRQP \ (R QAMQINBWEXP S WKS \R\WH\RS
DOG QXD VR\KDARCHDQG\WHD, FDQ ZUMWIVERZ QLQWHGEDY

> @XWWKHD BHDX\H , 56 OXMHG R RQH, ZHOA2K \KLY LV CRXYDD UHDD
XVHXOWLY LV KHILQ) P HGHYHBS P\ SUIRNHk DQG\WHD , ZHNDQG OXMHG \R
WHCH VWKUHHDVZHTOD/\WWH P HRAWSQG\R IW/DDRWR BXP SHEDLRXQGLQ
D AUFBI DQG , \KIQON \KDASRMED , P QRAMKUH LI \RX GR ZDQMR KHIU \KLY
BHDXVH\ RX GROWCHRHWOU® Z DOWR WLQN \WDA RXU UMLK KDV IQ GHAHG
P\ BHDARUBXWMEH LQWMD KDV DG W QXGIHG P HIQ\RH SBUQ) QHZ. DUV
RU QRVHZ. DHV PWJIRQ) GHBHU R 11QG \WIQIV CRMDD \KDW, P UHDD
LQMHIMSLOQ

@

BHDXVH, KD/H GRCH WH 6RXQG/: W WDQQ) , P RQ WHU P D) MR
ZKHQ WH  WILAG \KLY SRFDIDQG UHBDVHG WH | LLWAFBIVRGH WH VHARADR
HP DODYG , GR\HG DAMKH HP IODQG ZHQMIRK  ZKR ZRX@ HHJ QXD \R D
SRIDWERMBKRIFVIQWHUNSDIHW H $QG, RIINHGRQWHOONDQ ZD \R
WZDVWHHRQP\ SRIFDWDMIQGWHD, ZHIM K AV ILYHIWD W x

EB



6RP HWP HV WH ®JJIQ) R P HQARQY Z DV DL KWRZ DG EXWWM BTXHQ® LOROHG D
GHIWHR LOMSUIMRQ DQG HQAHVZ HH R WQIGFRP SGM ) RUH DP S®I D SDWWFLSDQW
P LJ KWP HQARQ WDWWH. X\H 7Z MMUEXWSURIGH QR \SHFLLIE HDP SG®I R WLV RUWH

PLUKWPHMRQ D SIHFH R WVHDUFK EXWCQRWKRZ WH  HFRXQMUHG W $ O WHH

LGFRP SGM UH HIHIFHVZ HH ®J J HG IQREHWMR J IYH D Z IGH IDQI LY PDS R WH NQGVR!

RSIEV UM-DUFK DQG P HADWRY WDW HDWWHG [Q WDFKHW @HV 7KH FRP SBMWCHW R

WH ( [ FHOIH GHSHQGHG RQWH FROM R WH SURVIGHG IQ R DWRQ Z KIEK RIMQAP HV
Z DVYDI XH RUYHY GlLIEX@WR SICBRQADQG FRQHTXHQ® P DQ. FHO WP DIGHG HP SW

Q FDMIRIMQ) PHQMRQ/ ZH QBZ RQ RXURZQ SIRHWRDOH SHIHFH FRPEIGHG
ZKHH QGHFHWDY  Z W IQMOHWMDFKHY R IGHOM RWIQV DQG RUWH (DWW R
RU DQVDWRYY DQG LQEYGXDW LOYROHG 1Q SUIRGXFIQ) RUEURNHUGQ) UAVFDUFK 7KLY SURFHW

ZDVIDUIRP WD KWRZ D5 ) RUH DP SG! 1Q UBHDMRQ R R DQVDWRQY DG 1QEYMIGXDY
WH FDIMIRY R FKDUW I(FAGHG RUJ DQMDWRQY Z W FKDUMZE®!I WA EXWZ W YHUY

GLIHHOASX SRV 7KH LGFOGHG \WEMPAVDWREIDWRQY @H 8./$  SUR HWIRQDOERGHV
OH & KDUMHG & RBUH R 7HDFKIQ) DV'Z HODV SXEQF | DFIQ) FKDUMIEV \XFK DV 1 DWRQDO
/ WMMUDR\ 7O

0 RUHRYHU LQEMGXDO R WQ KDYH P XGSG! URBNV 7HDFKHWY DQG DFDGHP IFVP D\ DOR EH
FROXWEQN DQG PDQ KDYH GXDO IRBV ZIMQ FRPPHFIDO FKDUWBE®! DQG RU
HGXFDMRDORU DAVDWRYY $QG IQAMGXDY DQG FRSRIW Z HEVMWY DUH QRAWVDE D\V
WDQSDUHQADERXWKHLUDIP VRUURB! 6HYHUDOI RUH DP S®! SUNVHQADV FKDUMBE®! ERGHV
EXVDUH HWHQAD® FRP P HIFIDOHQMSUMAY DQG P DQ GIVHUDI H SBMRXY H SHUIHQFH DV
DQDFDGHP IE DQG RUMDFKHUI RUFUHGEELON [QWHUFIRVRQFRP P HIFIDQY HEVWMV

7K\ \MP DME CGRAQ) R P HQARQY Z DV WHQ \VEMPWMR D SURFHW R FRORIEDWRQ \R
DYRG UHSHWARQ/— LH Z KHUH D SDIWFLSDQAKDG UH HUHG R WH \DP H \RXUFH RQP XG50
RFFDMRQ/ ) RUH DP S®! [QWH | LXASKDVH R \WH SURVIPWHBIYHO WDFKHWY SDUNELSDWG
LQD VHTXHGFH R DPWA WDWQRGHG DQ LQWDOZ RINKRS D SHUIRG R QHRJJIQ) D
Z RINKRS \R UH BPWRQ Z KDWWH KDG ®JJHG D IXWHUSHIRG R @QHRJJIQ) DQG D
ILDAQMYIEZ RUIRFXV.JURXS VR UH BIPARQ WY VHFRQG SKDVH DQG VR WWIQN DFURW \WHLU
H SHUHQFH

EC



&RQHTXHQ® RQ RFFDMRQ/ WH \DP H WP UHJ IMMUHG LQ P RW WDQ RGH GDVD \RXUFH
DQG Z KHH WH LQRP DWRQ Z DV WH \DP H WHVH Z HIH FRP EIGHG IQR D MQI®1 HQAY
SHSHDWG P HQARQY KRZ HYHU Z HUH UAMVIICHG L WH LG RUP DWRQ Z MIQWHP Z DV GMMFW
IQVRPHZ D\ ) RUH DP S®I D SDIMFLSDQAP L] KWP HQMRQWH 2 SHQ 8 QYHWW 5HDAQ) |RU
3GDWW ZHEVMM RQ RH RFFDMRQ DQG WH 2 SHQ 8 QYHWW 5HDAQ) |RU 3GDVXUA
FRQ HBHQFH RQ DQRWHU-\WHVH Z HIH B J HG VHSDUDMO  7KRXI K IQUWD@® Z H Z HWH KRSIQ)
VR FDS\MUWH \RP H TXDQNIHG WHIGY WH | BHTXHQVXQFHABIQN 1Q FDWAJ RIVDWRQ P DGH
TXDQA Q) H WHP HO GLLILEXOVIL QRAP SRME®! DQG WRXI K Z H P DGH \HYHIDCDWYP SW
\RPH R ZKIEK Z HH SUMHOMG DWFRQHHEFHY 1Q RXUIGDOSXEGFDMRYY Z H GHRIGHG
DI DIQMMH-P DVZ H I HOMKH Z RXG GMRWINH FRP SO LW

* IYHQWH QDM R WY DD MY [P SRUBQAR CRM KHUH WDWIMY BRI JLQ) R P HOARQY
\KRXG QRWEH WIDWEHG DV GHIQWH RU WHSUMAQEMIH HWHU R WHVH WDFKHY

HQFRXQMY Z W UM-DUFK RUR WH Z IGHUWDFKHUERG. WY TXIW SRWEG! WDWMHH
WDFKHY HFRXQMUHG UMHDUFK WOWIMH. GIG QRAP HQARQ VR XV DQG WDVRWHUWDFKHLY
Z RX@ KDYH HFRXQMUHG YHY GLLI HBHQWRXUFHY ,QIMDG WH \SUHDGWKHHWSURYIGHV D UEK
\DS\KRAR @MIDF\ \RXUFHV RUWIQV DQG P HADWRY NJRZQE\ D JURXS R WDFKHWY DAD
\SHFALLIE SRQMQ WPH D JWRXS R WDFKHWY ZKR ZH P LIKWWHD\RQDE® FRFFGGH DU
SDUEXOUD HQJ DI HG Z W BM-DUFK DQG RUDMUDR

3HKDSV P RWVIP SRVBQE® WY \SUHDGKHHWDFWG DV D SRUWEOWR D YDWUWDQIH R
UMDUIK \RXFHV \WV DQG IQMP HADUHY WDWFRXG EH LOHWM DIMG |XUHU |RU
H DP S® WRXIK WDFIQ) WH RWIQV R W{W FRQIGHIQ) WH WHOMRQKLS EHE HHQ
FROMQADQG | RWP DWSBMHQEMRQ DQG FRP SDUQ) DSSHDUDGFHV R UAVFDUFK [IQAQIVIQ
P XGAS®! | RWP DV

ED
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7KH QLI HHQADSSURDFKHV R EBUB HECFBUPO Z RINKRSV | RFEXV.JURXSV IQMYHZ VDQG

QHRJJIQ) DQGBOBMILT IQFRP EICDWRQHDEGIG XV VR [QrHMAI DM WDFKHWYA HFRXQMY
Z W UM-DUK 1Q WHUGDIO @V Z WIQ DQG DFURW WH IGFUHDMQI © EGUIHG ERXQEDURY
EHE HHQ Z RINDQG KRPH DV WH \RXJ KWRXWDQG FDP H DFURW UVHDUFK RQ YDUHW R
FKDQZHY' SURSH®IG E\ YDURXY P HADWY / LIHBIJIQ) VR HMHUZ W FRQMHUWDWRQY Z W
WDFKHY 1Q IOMYHZ V DQG IREXV JURXSV KHSHG XV VR VHH Z KDWVWMDUFK \WDFKHLY
HFRXQMUHG \R H SR KRZ WHUHFRXQMY Z HH \MYDMG KRZ WH FRQCHAWMG \R
RWHUD\VSHFW R WDFKHY @HV DQG HIFMSDWFLSDOAS UH GPWRQY RQWHVH  7KH DURAAS
IOMSBAMMRY/ R \WH CDWD M BSRVHG Z W H WDFW [ UIRP WDQUFUSW DFWG DV NG
YAXDOBP IQGHY WDVWP XGS®! LOMSUABMRQ/R \WH GOV Z HUH SRME®!

EE
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&RSXV CIXMAEY IV DQ HP SIWFDODSSIRDFK VR WG IQ) OQXDIH  WXVHY OUH
FROFWRQ/ R UHDOZ R W[ WGEDWD VR XQFRYHU NDHVITUD QBUFSOT BCE WFCET $
FREXM RUFRSRID [Q SCUDO VD OUH DQG WKRMUHG VR W W 1Q Gl MOl RWP DW
WHVH FDQ EH X SIFO TQPLFO RUHYHQ N VMIN PEBM & RSRID Z RXG RI\WWQ DOR KDYH
\RPH @\ HUR BOCPWBUPO |RUH DP SGI SDIWR \SHHFK VI J 1) WDWKHSV\R GRNIRU
\SHFLLIE WSHV R ZRBV \IXFK DV YHIEEV RUGP P DWDMRQ ZKIEK JURXSV ZRG IRPV
VRJHWHU IRUH DP SGI BDG BHDGV WDAQ) FRXG EH DOIRXQG XQGHUGPPD 5( $'
6RPHR WH N FKDUDFWUMAFY DQG DSSTFDWRQ/R FRUSXV @) XMAFV IGFOGH

e UBWB ¥SWWO BCBMTIJT WH HP SKDWV IV RQ H DP 1QQ) DQG GAVFUELQ)
DRMDADQI XDJ H X\VH 1Q (DUDAFRQM W

e -BSHF DPNADUPOT PGUFYUT D FRSXVIVD XWD® OUH \ WP DWFD®
RUDQ] HG FRBPWRQ R W[ W WDWUHSUVHQN D @QI XDJH RUD \SHFLLIE
SDWR D @QJXDIH IRUH DPS® FDWWDOFRQMHUIDWRY $ FRSXV FDQ
IQFOGH DQWQ) IBRP @MDY ZRUWW QHZ\SDSHY DQG RQEH W[ W \R

WDQFUSWRQ/ R \SRNHQ OQIXDIH 6RPH R WH H M FRSRID XQ\R
EIORQ/ R ZRGV EXWP XFK \P DU FRSRID DU DOR XVHG WHVH DUH

WSLED® FRSRUD WHSUHVHQAD) D \SHFIDOHG @QI XDIH X\VH |RUH DP S®I D
FRBXVR Z ROWR _&KDBN' IENHQ/IVOWWDQ P IARQZ REGV

EF



e 2VBOUBWY¥ BCE RVBMBWY NFUPET PG BCBMTNT  ERW
TXDQNRMYH WEMAFDCDQDOMY DQG | BTXHQR. FRXQV DQG TXDDEMYH
FROM \MDCDQDOMY P HWRGV DUH XVHG 7KLY GXDCDSSURDFK D@BZ VI RU
WH LOHVA DARQ R @ XMAF SDWMLEDY DQG WHQGV 1Q OQI XDIH X\VH DV
Z HODV 1Q GHSW DQDOWY R \SHFLLIE @JXMAF SKHRPHD 6R IRU
HDPS®I OUH JHHDOFRSRD \KRZ XV WDWRH R WH PR
T XHQMRXQY 1Q ( QI QK IV WH QRXQ WP H : KHQ ZH GRN FRVHUDW
KRZ WH ZRG IV XVHG ZH XQ@FRYHU WDWWH SDMME/ DIRXQG WP H
LGFOGH 1 DP LODUH SBAWIRQY \IKFK DV WP H \R >GR \RP HMIQ) @WP H R
SHJ \RXUQH WH \HDU\WH GD\ HF@WP H | RUMRP HML.Q) @DQG RWHU
YHY [ UHTXHQU®D XVHG SKUDVAV

e /BWSBM-BCOHVBHF 1PDFTTIH 1/3  &RSXV @XMV KDV D
\LJ QLIEDQAIP SDRPARQ FRP SXIMRQDOT XMAFVDQG 1/3  SIRYIAQ) WH
DD DQG IQLIKW GHFHWDUY IRUGHYHBSIQ) DQG WHIQQ) DORUMPV
XVHG [Q 1/3 DSSTFDWRQY \WFK DV PDFKIGH WDQOMRQ \SHHK
UHFRI QURQ W WWR \SHHFK  DQG RIWHUDIQ) XDJ H WIFKQR®Y LHV

e 7BSFWZ PGBQONDBUPOT DSDWWURP @YIXVAFY FRSXV @) XMEV IV
XVHG 1Q YDURXY RIMHUI HOV LGFOGQ) QMDY WYGAHY FXGMUDOWNEHY
SMFKRRJ\ DQG \RFIRRJ\ \R DQDO|H KRZ OQXDIH WHGFW DQG

1 GHFFHV\RFIDIDQG FXGMUDCSKHGRP HD

& RSXV @) XIMAEV IV XVHG [Q LOHWAI DWY \RPH R WH PDQ H IMAQY) RIWQ YHY OUH
FRERD IFOGAQ) DOR RMHU OQXDIHV IDWHUWDQ R (QIQK 6RPH R \WHWH
FRUSRWD DB R J HHIDODWUH DQG \ RX FDQ HDM® BRNXS XDIH R ZRBV IGFOGQ) 1Q
\SHFIDOHG UHIIMMY RWHU FRSRD DUH KUKO \SHADOHG IFOGAQ) |RUH DP SO
\SR\HQ RUKIMRUEDODQI XDIH ) RUFRQMP SRIDY %MK ( QY@K |RUH DPSGI WH QHZ
QAIMYK 1 DARCDOR.REXY  IVD YDODE®! UWVRXUFH RU&2 &$ |RUSP HIFDQ( QI @K 1RU
| XUNHUBARXUFHY SBDVH FKHAN |RUH DP S®I_ KHIH  $Q DOMIDWYH DSSURDFK DGRSWMG
LQWLY SURPWIY VR FUHDW \P DX \SHFIDDAMFRSRID

EG



Q WH SHVHDUFK 0 RELOAHV SURWIFW FRSXV T XMAFY P HWRGY Z HIH SUP DUD XVHG R
DQZ HUWH UNVFDUFK TXHMRQ § KIFK @QMDR\  UNVHDUFK LV FILFXOWR) "> © H IRFXVHG RQ
\Z R GLIHHQMSHVR FRSRID ERW IQDZD\ \HYQ) DVD (DSWKRWZ W QR FOIP V\R
UHSUVHQEMYHGHW R SXEQE GVFRXWH DURXQG WH WHP HVR QMDA : H FUDWMG \E R
FRSRUD |RUWLY SURWFW D_QHZ \SDSHUW W FRSXV VR \HH Z KIFK \RSIEV WH P HGAD
HFRA VMP LV IQMUBMMG IQ DQG D FRESXVR \RFIDP HAD IQMDAWRQY  BMWIRUP DOP R
YDUHG P RUH J HRJ UDSKIFD@® \SWDG EXVWDOR P RUH \SHFIDDHG

(+N - PN

: H FUHDWG DQG XVHG WUHH \WP DOM] H VSHAD@ HG FRBSRWD WDWKDYH EHHQ \SHFLLIFD®
FR®FWMG | RUWH SBRWMFW:  H XVHG WUHH WSHVR W \WDGCEDVW

e QHZ\SDSHM W P HGD FRSXV
. TZINMUCDWD
e WHWDOFUSWRO GOV FRIDEWG GXUQ) WH “WDFKHW HOFRXQMY™

$@WUH FRSRID DUH VDS\WKRW R GlLIHHQVGMWFRXWAHY DIRXQG @MDR\ \RSIEV 7KH
“WDFKHY  HEFRXQMY™ FRBXV UHSUVHQN KUIK® \SHFIDOHG SUR HWRDO \SRNHQ
QVFRXAYH  HIFIWG 1Q Z RINKRSV DQG_IQOMYEZV Z W DIHQED DQG W \RPH H \WQW
WHP HV \HWE\  RXU WVHDUFK WDP 2 XU QHZ \SDSHU FRSXV UHSUVHQN GMARXUH 1RU
DXAHGFHV Z W ERW \SHFID() HG DQG EURDG IQMIHVAIQ RXUVRSIE DV VHMDQG JXIGHG E)

P HAD SR HWRDYDQG VR \RP H H WQADER H SHWZ UM | RUGHZ \SDSHURXVBW

7KH 7Z MMUFRSXV DOR BHSUVHQN \SHFIDQ HG GMFRXWH ERW IQ WPV R W FRQMQW
DQG IRPDW7Z WM QRZ ;. LQIWIRWP DWEHQ) GMAPWYH Z W W \KRWAP HWAWDJ HV Z W
|BTXHQ® @NHG P X@P HAD FRQMQN ZDV DMMH WPH SHIFHYHG DV DQ LP SRWBQW
\RFIDOPHAD RX@W FRP SBP HQMY WDAMRDO GHZ\SDSHY 1Q WH FRQMP SRIDY

"KEUG PHAD XMMP ™ &KDGZ IFN 7Z MU ZDV DOR XQGHWWRRG EDVHG RQ
SUHMRXV WYGEHY DV EHQ) SURDIED® XVHG B\ WDFKHY R \KDUH DQG H FKDQIH L1GHDV
DQG FRQMQA/* XHW 7KQIV KDYH @HD FKDQIHG \KEWDQAD® DI WU ( BQ 0 XNV
VEN-RYHUR WH SOMRP KL KO KW \WH YROWDV R \RFIDCP HAD \SDFHV

EH
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1 HZ \SDSHUFRTIPWRQY DUH Z IGHO XVHG IQDPSQVT NCHVJITUDT BCE EJTDPVSTF BOBMITIT
R H SBUW KRZ YDURXV IGHR®J IHV DB GMWHP LADWG WIURXI K WH P HADV J DIMNHHSIQY
SURFHWHV ( GXFDWRQ LV DQ DWD WDWFRP P DQGV WH DMMQARQ R D ZI1GH IDQIH R
WENKRCGHY (FOAQ) FKIOUWHQ SDUHQN DQG SXETF ILUXWHV EHRQG MUWH SHW
UH OPWY W FUMFDOURB! 1Q \RFIHW DQG WH \J QLIFDQMP SDPADWP HAD GVFRXH
FDQ KDH RQ \KDSIQ) SXEQF SHFHSWRQ/ DQG SRIF\  7KH PHGAD JDWMNHHSIQ)
HFRAVMMP  BHSUMHQN DQ IQNEDM MVIMP  WIRXIK ZKIEK IQRP DARQ IV FXIDWG
\KDSHG DQG \KDUHG Z IW WH SXEGF XQGHYFRUQ) WH P HADVIQ GHGFH 1Q GHMUP LAY
Z KIEK 1GHDV DQG VIHZ SRIQN WDFK D Z IGHUDXAHEFH 7KH PHAD QHZ\SDSHU FREXV
Z DV WHH RIH HOMDIHG DV B QPYZ PGQVCAD EJIDPVSTF LH IGFOGQ) DAR PRM
JHHDOBMW/\SHFIDDHG DXGHJFH

QRXUSURVFWZ H FRIBFWG WH GHZ \SDSHUM WIWRP WH 1H V1 HZ VEDWEDWH Z KIEK
IV SDIWR WH FRP P HIFIDQY H MLH IV SOMRP R ZKIEK ZH KDG DFFHW WIRXI K RXU
XQHYW EDY \KEVUSWRY 7KH SOMRP SUWRMGHV D FROUGHIDE® DPRXQVR
UWRXUFHV DPRQ) ZKIEK IV WH 1HZV CDWED\H 7KH GDWEDH D@BZV IW X\VHY \R
FROMKPVWRSKIAEDWG TXHUHY EDVHG RQ W IQMIDOWKFWWUH WH XVHUFDQVSHFL 1O
DGAMRQ R WH VFDWFK WPV IRU HDPSGI WP HEH JHRIUDSKIFDO WHIIRQ RU D
SDWWEXOU GHZ \SDSHU : KIB! WHVH | HDWUHY D@BZ \ RX VR FROMHQHQ® (DURZ GRZ Q
\ RXUUHVXEV WH. FDQEH DOR LQVRP H FDVHV URIEWYH

2 HR WH N GHRMRQ/1Q GOV FRIIFWRQ @\H LY DU WH VHDUFK WPV YHU \SHFLLLE
WPV RUVRR PDQ WPV Z IOFRQIGHIDE® DURZ GRZ Q WH WX P RMH JHJHIDO
WPV RQWH RMHUKDQG P D\ SURGXFH \EWBQADADP RXQAR ~GRVH™ LWIHBYDQAGDVD

SHVHDUFKHY DOR GHHG R EH DZ DUH R UHJ IMMUGLLI HIHGFHY WH Z RGVWH. X\H IQWHU
\SHFIDQHG MURQ HJ QMDA UMVDUFK IQRXUFDVH P D\ KDYH GLLI HIHQAP HDQQIVIQ
PRMH JHHDO WHIIMMY \XFK DV QHZ\SDSHY 2IWQ WH EHWZD R JR IV
H SHIPHOAY IRUHDPS® ZH WG Z W D \HDUFK WDWQFOGHG \MPV QMDA

WM-DUFK DQG SUP DY — EHFDXVH Z H Z HUH LOMUHVMG LQ 3BMADUFK P RELOWAM 1Q SUP DU
QMDR\ > FRQM W+RZ HYHU WLV FRP EICDWRQ SURGXFHG \KEWBQADODP RXQAR  DUFGN
ZKHH WH ZR@V SUPDY DQG WWHDUFK UH HBHG VR SUP DY UAMVHDUFK 1Q DOVRW R

GWFISTHY WDWHUWDQ SUP DY QMDA
El



: H KDYH DOR FRQIGHIHG XMQ) NA Z RGV B HU \R \SHFLLIE QMDA DWDV \IXFK DV
UDAQ) DQGZUMY KRZ HYHU WHVH EHQ) YHY | BHTXHQAZ RBV 1Q J HHIDODQ) XDJ H
WH UKV SIRGFHG KXIH DPRXQVR QRVH ,Q WH [LQDOWRXQG R 11IGH \MQQ) \WH
NH Z RBV Z H DOR GHFIGHG \R GURS WH Z R UMHDUFK DV IMGRWRQD SURGXFHG QRVH [Q
WH GOV FRBIFWRQ DV P HOARGHG WH Z RE MHD VHHP HG @P I SHVHDUFK LV XVHG 1Q
WH GHZ \SDSHWY 1Q QP HIRXV Z D\ V DQG QRAGHFHWDUD RQD UH HUKY VR IMHDUFK> DV
FRFHSWDQAHG LQ DFDGHP ID - $ GAMRIDOMP V/ WDWDUH XVHG 1Q WH \VHQH UHBDQAIRU
RXUSURWIPNGFOGH |RUH DP S®I MG SURMPWDMEG! \KUYH © H | HOMNDWIP M) \WH
NAZRGVE\ DEAQ) BMDFK PD. DRYD® GDYH RAWPDQ  UHBIYDQMIXV ' XH \R
WP H FROMDIQN [Q WH GDVD FRBIFPWRQ SKDVH ZH \HABIG RQ WPV SUP DY @MIDR
DQG HOXFDMRQ 7KV GHFHWDUD R FRXUH P HDQV WDWRXUFRSXV FRYHY R \RP H
H \WQADSSHDIDQGFHV R @MDR. P R JHHD® KRZ HYHU WH DIIREDGFHV R FRSXV
@I XMAFY PHWRGY DU ZHDHTXSSHG \R GMMIXMK EHVE HHQ WHVH FDVAV 2 XU
FROFWRQ WP HIH ZDV GHAIGHG DUEMDU® VR FRYHU \HDU SHIRG WBWY RQ

DQG JRQ) \RPHZKDWAEH RQGWH  \HDWY/ XS \R WH PR
SRQAZ DVJIYHQE\ WH GDW R WH | LQDOFRBIFWRQ VIV Z RW QRAQ)  WDWIKLY SHURG
FRYHY WH 3BFNGRZ Q Z W W \FKRROFB\XUA

$VWH SURWMPAZ DV FRFHCHG Z W UMVHDUFK P RELOAV 1Q ( QY OQG Z H DER QDURZ HG

WH VFDUFK \R § QJOQG DQG : DBM WY CRAVSRWME®G! VR KDYH § Q OQG RQD 1O WH
IHL VHHWH \VFBHHOKRWURP WH 1 H IV GDWEDH EHBZ
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7KH FROFWG GDVB Z DV WHQ H SRUMG DQG P DQXD® FKHANHG VR UHP RYH GXS@EDWV DQG
LWHBNDQAUHNXIV DIWU WY SURFHGXUH ZH KDG D VREBOR! OFX TOBQFS BS.DWT

XPET 7KH DUWFGON ZHH WHQ "FEDHG™R FRQOMIQ RQ® WH W WR WH
DUEGN DQG \DYHG 1Q VM RIP DAKQEHUD XQTXH IGHONIHU : H FUHDWG DQ ( [ FHOWKHHW
ZIW DFFRPSDQIQ) PHECDW ZKHH ZH WFREHG WH GDM R SXEGFDWRQ WH
QHZ \SDSHUWH DWF®! Z DV SXEQKHG 1Q \WH DXWRU WH DMWFG! W@l DQG BIQI W 1QZ RBV
7KH P HEGDVD DOR FRQMIQY LG RUP DWRQ RQ Z KHWHUWH DWWFGI IGFOGHG DQ JUDSKIEDO

HEP HQV

0 HAD W[ W DUWH QRAVD P RQROME WARXFH HDFK QHZ \SDSHU IV FKDIDPMIMHG B\ W
XQTXH FKDUDPWMUMAEY 1Q WP V R LOMQGHG DXAHFFHY RUSRIAFDORUIHQEMRQ ,QWH 8.
IRUHDPS®I QHZ\SDSHY DWH RWQ GYIGHG IQR WERGY DQG EWRDGKHHV 7KV
GMAPWRQ Z DV BW UHBIYDQM RURXU I LDOFRSXV DV WGFOGHG R® YHY 1HZ \BERIG
DUNFGN IMWFDQ SHIKDSV EH \WMQEMYHD DU XHG WDWIKH VRSIE R SUP DV @QMIDR\ \HHP V\R
EHR ®OW QMBI MM RUBERG SDSHY KRZ HYHU MY DOR @HD WDWMZ DV RXAUFKREH R
WH VFDUFK \MUP VV WDWKNHZ HG RXUFRSXV VRZ DUBV EIRDGKHHW LY SHIKDSV WH IDMHU
WFKQEDOMP QMR WDWSURGFEHY WLV \NZ

© KHQ ZRWQ) Z W QHZ\SDSHUGDW \RPH EDVE FKDIDPMUMAEY R GHZ \SDSHUZ UMZY
DU ZRW FROIGHLY IRUHDPS® EUWRDGKHHW WG \R KDYH GQIHU DWEGN WDQ
\WEGIGV DQG UHI LIRQDOSDSHY WH YRFDEXOW XVHG DOR WQGV VR EH GLIHIHQWV: H KDYH
WHH RIH GYIGHG RXUFRBXV IQR WUHH \XEFRSRID (DMRQDOSDSHY — DUEGN P RWD
ERDGKHHW WIIRQDOSDSHY  DWWEGN DQG WH 7P HV ( GXFDWRQDOB XSS®P HQWV

DUFGN D \SHFIDQ HG DWRQDOGHZ \SDSHU SRSXOUZ W WDFKHY DQG HGXFDWRQDON
SEDVH QRM \WH 71P HV ( GXFDWRDOEXSSOP HQMMY KDV EHFRP H | URP DQ RQIH

SXEGEDWRQRQD DQG FROHTXHO® Z H GR QRAKDYH DQ WV DWAEGN | URP

7K AYMRQ LV [P SRWBQAZ KHQ FROUGHUQ) 1 HTXHGFIHV \R Z KIB! QWP VR \WH QP EHU
R DUFGN IGFOGHG LQWH FRSXV (DWRQDOGHZ \SDSHY BSUMAQN R WH FRSXVDQG
UH IRQDOSDSHWY MY WH RMHUZ D, IRXQG 1Q UHDMRQ \R WH QP EHUR ZRBV —
DWRDAGZ\SDSHYVBNAXS ~ DQGWIIRDAHZ\SDSHY  7KIVIVGXH VR WH DWAEG!
BQIW 3HKDSVXQXSIMQ® \WH ELIJHASDWAR WH FREXVIQWUP VR WH Z RG FRXQN
LVDRMD@® P DGH R DMF®N SXEQKHG LQWV ) RUDQ. | XAWHUDDOMY DQG LOMSUAMMRQR
WH 1 IQEQIV WYLV IP SRUBQAR NHHS [QP 1QG DVMVLYD KLI KO \SHFID@ HG SXEGFDWRQ
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7ZIWMU QRZ ;. IMZ DV'7Z IAMUDWKH WP H RL WH FRIIPWRQ DG WHUH RUH Z IQEH UH HIBG
\R DV 7Z MWMU Z DV FKRHQ DMKH WP H EHFDXVH IM/Z DV SHIFHYHG DV D \RFIDOP HAD
SOMRP IHBVDQMR RXUWRSIE DQG IMKDG EHHQ Z HOGRFXP HQMG DV X\VHG E\ \WDFKHWY
X HMWHVDO 7Z MU KDMQ) FKDQIHG \R ; DIWMU (@Q 0 X\WN \VBNHRYHU KDV
XQGHJ RGH WJ QLIEDQAFKDQI HV DQG W \XMVBELDN | RUWLYWSH R BVADUFK IV QR BQJ HUDV
FODU ( YHQWRXI K VENHRYHY @H WL GR QRAKDSSHQHYHY GD\ - IVKLI KO KW \WH XQWRE®!
DMH R VRADOPHGAD SOMRPY PRH JHHD® $Q WWHDUK IQR \RFIDOP HAD
SURMGHV P HUH \(DS\KRW WDWDUH ERXQG VR WPH ERM R SRWAQ DQG GDVD FRBIFURQ
WDWDUWH FROMDIGHG B\ XQGH®IQ) RSDTXH DORUMPY 7KH IRBZIQ) WHDWA \R RXU
\SHFLLIE SIRWPAEXWZ RXG EH 1QP DQ Z D\V\R DQ H \WQAVDSS@DEG! VR RMHUWSHV R
\RFIDCP HAD UM-DUFK

Q REHUVR FRIBPW/Z IWMUGDWD Z H DSSOHG |RU7Z MU' HYHBSSHUS FFRXQMR REVBIQ
RU7ZIWUS3, . H WY ZDV IWH DAMWH WPH R RXUFRBIPWRQ WH FRQAWRQY KDYH
FKDQIHG VKRWD DIVMUWDW : RNQJ 1Q WH (658 &HOAH IRU&RSXV $SSURDFKHY \R
6 RELDO6 FIHGFH DW DQFDWMUS QYHMW Z H Z HUH | RWMCDW VR DFFHW 5X JUFS$ PNADUPS

RO -RXOIQ -D\ Z W D XVHUIUHQGED [QMUDFH | RU7Z IWMUGDVD FRIFWRQ $1\WU
VRPH WPH R H SHUP HQAJ Z W RXU DK WPV \MHH WH GMAXWRQ DERH  ZH
VAMBIG RQ SUPDV \FKRRODQG OMDR : H FROFWG WUH \HDWV R CD\B |URP

R WY Z RW QRAY  KRZ HYHU WDWMILY QRASRWME®! VR FRIFW
DOE HHW WDM XO@WH DERYH SDUDP HMY 7Z MMUKDV IW RZQ  JHHD® XQNRZ Q
DORUP VI RUILGMIQ) DQG SURMGQ) UKV VR UBMADUFKHY \R | RUH DP S®I \WH CDVIVHW
Z H FRIBPWMG \HHP \V\R EH WNHZ HG \RZ DBV DFFRXQIVEDVHG LQWH 8.

7KH FRFWG 7Z MWMUGDVD FDQEH H SRWMG IQVHYHIDA RP DW ) RUWRVH XQ DP IIDUZ W
WH 7Z MU DD AKPMUH WH 1L XUV DAVWH GH WSDIH LOMADWM \WH 7Z MU CDVD
VWKPWUH DQG \KRZ Z KDWD \E HHWERN @H DAWWH SOMRP DQG Z KDMWERN/ OH
H SRUMG LQDQ [P QR DW

FB



2 Q2 AREHU XVHU#( YHBO RWRQ SRWMG D UHE HHWWDWLY \KH UHSRWMG D
\Z HME\ DQRMHUXVHU LWLV FDVH #Z KDW) 6DIG  7KH SIEWUHY EHBZ \KRZ \WH UAE HHW
DV RQ WH \RFIDOP HAD WM D WUHHQKRWR #( YHBO RURQV SR IBI [QRP DARQ WH
VHQGHUR WH UAZ HHW DQG D WFBHHQKRWR #Z KDW) 6DIGV SWR B! IQRP DARQ \WH
VHQGHUR WH RU IDOE HAW 7KH ERAMRP SIEVMUH \KRZ VKRZ WV ERN/IQ [P O

FC



Q WH \FUHHQKRWR WH [POILGI  FUDWMGSW IV IRBZHG B\ WH GDM ZKHQ WH
UAZHHWZ DV SRUMG DXWRBVHIDPH | W XV ZKR IV WH IQWDWRU R WH SRW
DXWRIDPH ! \KRZV WH @PH R WH DXWRU DXWRU HFUSWRQ ! IV WH \KRW
GHVFUSWRQ WDWIZ MNMUXVHLY KDYH GFDWRQ QXP EHUR! | RTRZ HY DQG RIMHULQ RUP DWRQ
DYDIDE®! | RBZ V 61GFH WLV IV D UAE HHWZ H DOR KDYH LQ RUP DWRQ DERXIKH DXMRUR

WH RU LGDOWE HHWIGFOGQ) WH P HAEV — UAE HHWUHS® @H DQG TXRWM FRXQN \WDW
\KRZ XV KRZ “\KFFHW XOMNH \E HHWZ DV 7KH W[ WR WH RUL [CDOVE HHWLY DWWH HQG
SEDVH GRM WH DXWRUGHVFUSWRQ/ | RZ HUDQG P HWIEV FRXQN P LI KWEH \RP HZ KDW
QLI HHQAEHFDX\VH 7Z MUY D G QDP IE SOMRP DQG WH GDV FRBIFWRQ SRQAZ DV DAD

QLI HHQMNAP H WDQWH VFUHHQ FDSWWURYV

$ RWHUH SRW RWP DN RUWH 7Z WHMUGDW ICFAGHG FWY (BN Z KIEK SUIRMGHV \WH \DP H
1Q REP DWRQLQ D WEXOUI RP DWFRAP Q/DQG WRZYV DV Z H SURFHWHG WH CDWD | XAWWHUIOQ
3\ WRQ WH P RMAFROMHQHQNRWP DWRUXVZ DVWH FWY

7KHH DUH SRMQID® PDQ ZD\V \R H SBUH \RFIDOPHAD GDW : H ZHW SUP DUD
LOMUBMMG 1Q Z KDWSHRS®! VBOI DERXWRQ 7Z MU 7KH P RUAIUHTXHQAASHVR QMDPWRQY
RQ7Z MMUDUH 3NV DQG $HE HHM DVH SOIGHG DERYH - $HS@HM DQG SXRMM DUH P XFK
OW I HTXHQVSOR WHVH LOMIDPWRQY KRZ HYHU VRP HKRZ. UWHDPVR WH RUL LQDOSE HHW/
DQG DUH WXV 1Q RH ZD\ RUDQRWHU DQ HFKR D WHSHWARQ R \WH \E HHW : H KDYH
FROFWG  DORI HWHU PG UFTF JOFSBDUPOT DQG \R PDNH WIQIV PR
P DQDIHDE®! ZH GHAGHG R |RFXV RQD RQVZ HHW Z KIFK Z H KDYH I XWHUGQYGHG IOR
JURXSVGHSHIEQ) RQWH QP EHUR WHUWAE HHW

$IWUVRP H H SBUIDMRQ WH FXMQ) SRIQATRUXVZ DV RXUBVE HAW EXWDGP MMGD WLV LV
D IDWHUDEMDY FXWRIT SRQAZ KIFK VHHP HG VR Z RUN I RURXUGDMIVHW 7R GR WLV ZH
XVHG D 3\ WRQ VFUSWIR MROW WH \VE HHWW W DQG GYGHG WHP LOR JURXSV EDVHG RQ
WH Q® EHUR WHUURE HHW 7R UH GPVWKH IQEYGXDOX HHAS FKDUDPWUMAEY Z H \DYHG
WHH W) W W Z W KHDAQIV FROBIQQ) WH DXWRUQ@P H WH GDW \WH \Z HHWZ DV
SRWMG QP EHUR UAEZ HHW BHSOHV TXRWMV DQG @HV IMKDV BFHYHG 7KHVH Z HIH \DYHG
DV MGV \R WDWZ H FRXG Z RINZ W WHP HDM® LQ RIWHUFRISXV @) XMAFV R \E DUH
WRRY 7KH VRBOQP EHUR B HHW Z H KDG Z DV DP RXQALY XPET 7KH | L0}
@DPH BR\HG OH WLV § B B57 B53 B4 B/ > PHDQQ) ; SRWMG D \ZHWRQ
-DQOU Z W QR BANZ HAW QR BIS@HV (R TXRMVDQG ZDVAHG WP HV 2 XWR
WHFROFWG\EHHW PO PG FFU X FF S X FFUFE N P U BOGPVSUN FT

FD



$SCRMHUZD\ IQR WH 7Z MU GDVD VHW@H WY FDQ EH IRUHDPSBI H SBUQ) X\VHU
QHVE R/ |RUH DP S®I Z W * HSKL RUJHRIWDSKIFDOVSWDG \WRXIK GFDWRQ LV GRADQ
REQI DVRY LQRP DMRQ DQG WHQ SHIKDSV SBME WHHRQWR D PDS D YHY HDX VR X\H
| UHH RQEH \R \E DU LI RUH DP SGI3DMAR GHYHBSHG E\ \WH 6\BQE RG 8 QYHWW

© HZ HH IQMIHMG DP R RMHUWLQIV Z KR WH ~1Q OHZFHWY™OQ RXUVSHFILIE GMVFRXWH
DB EDWHG RQ WH Q®PEHU R IRBZHY DQGG RMHU PHWEV ZKR WH GWFRXUH
SDWFISDQN D PR JHHD® H SEUQ) WHUDXWRUGHWFUSWROS DQG GRNQ) DW
WHP HV EHQJ GVAXWWHG WRXIK KDVKVJV 6RPH EDME FRAQ) \WNQ DU BITXLHG R
H S WH GDVD IQ\WIVZ D\ Z H KDYH SHURWP HG WHVH H SBUIDMRQ/1Q 3\ WRQ : W WH
OWMAGHYHBSP HQVIQWH $, //0 V / DU H/ DQJXDIH 0 RGHY\XFK DV&KDW 37 HYHYRGH
Z I@EH DE®I R H SEUH WLV NQG R DV HYHQ Z MWRXWFRAQ) W@ WRXIK YHY JRRG
XQEHWEQEQ) R\ RXUGDWD R EH DE®I VR FKHFNWH DFFXUDR\ R WH //0 v RABXZ L@

VNOEH UHTXIUHG

FE
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7TKH CDW | RUWLY FRBXV Z DV FRBIFWMG 1Q G WH Z RINKRSV | RFXV JURXSV DG
IQOMMHZV Z H KHG Z IW WH WDFKHY SDUWASDWI  1Q RAUSURMFW 7/KH Z RINKRSV | REXV
JURXSV DAG IOMMHZ V Z HIH BHFR(GHG DQG WHQ WDQFUEHG  7KH “WIDFKHYS HFRXQMUY/™
FRUBXV FROMV R BV R WBOTDSICFE 3F-DPSEJCHT DP RXQMJ R DURX(G

ZRGV 2 XUAWDQAFUEHUBFHYHG [URP XVD VAR WDQUWFUELQ) FROHQARQ/

: KHQZRINGQ) Z W WDQFUSWRQY/ R \SRNHQ DV WDQUWFUSWRQ FROMQARQY GHHG \R EH
GFGG IQ @H ZIW WH UBMDUK REMPWHY 7UDQFUSWRQ IV DQ [P SRUBQN
P HWRGRBJ IFDOVMS DV WH GMHOR GHBIOIGFOGHG @ W RURSHQY XS WH | X\WUH
DQDOMY  7KRXIK WDQWFUSWRQ \RIVE DB H MV WDQFUSWRQ FDQ WOEH | DIL® BIQ) W
SURFHW \R Z KIBI |RUH DP S®I D \RFIRT) XIMWE XG. Z RXG QHO GHHG D YHY GHVIIBIG

WDQFUSWRQ LGFOGQ SIRKGFIDWRQ DQG LORCDWRQ |HDMUHY DQG SRWE® DOR \WFK
| HDMUHV DV J HVMUBAY DQG BIQJW R SDXVHV |RURXUSXUBRH WY BIVHOR GHVBCY DV GRW

GHEG

: H YHY GRHO DEDSWG WH H M) WBQEDIGY XVHG 1Q WH WDQFUSWRQ R \SRNHQ
OQXDIH WXV\DMQ) WP H DQG WARXUFHY DWKY W H R WH SURWMPW) RUGMVAXWRQR
WDQFUSWRQY FROMHQUARQ/ VHH IRUH DPS®I /RYH HADO _ DQG &RV DQG +DUEH
_ ERWM SXEGFDWRQVDUH RSHQDFFHW 6HH EHBZ D \KRWH WDFWIURP RGH Rl WH

FROMHWDWRQY/DQG KRZ D P SOLHG WDQFUSWRQP D\ GRN

73 ¥"@ $KZHXVH WDWRR : H KDG \R GR D P DWIYH IXQADIMQI HIRWIR
EX\ DOKH TXDDWV \M W

73 H# OXIKV @
"@ 6RW P CRAWXUHZKDWKDWY ' IG\ RXVD\ &/ 33"
73 &HQWH IRU/ MDA 1Q3UP DY ( GXFDMRQ ° &/ 3( 7KH\ juH EWa@PQN

>73 \HDK@ 7KH KDYH DO WYV JUWDW&3' DQG PDWHV R
UHVRXUFHV [ DOQUHDD® JRRG VA

FF
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&RSXV @ XMAFV DQDOMY IV HAVHQWD® EDVHG RQ FRP SDUMRQ DQG WH XVXDOWBHLY
SRQMY D DPN QBSITPO PGGFRVFCDFT : H PD. Z DQMR FRP SDUH |IHTXHGFLHV R
Z RGV 1Q RGH CDVIVAWRUDFURW \HYHUDOGDVVHAW ) RUH DP SBI ZH KDYH GMGHG RXU
P HAD FRSXV IQR UH] IRIDODQG (DMRQDOGHZ \SDSHY 7KH Z RG HDAQ) RFFXWY 1Q WH
DWRDAGHZ \SDSHYWWEFRSXY WP HVDQG WH Z R Z UM RFFXW M QLLIEDQ GW
IBTXHQ® R® WP HV ,QWH UHJIRIDOSDSHY \KEFRBXV WDAQ) RFFXY WP HV
DGZWY  WPHV 7KHH DUH FD®IG BX GFRVFCDFT : KB DZ | WHTXHGFHV FDQ
EH FRP SDUHG Z \WWIQ RH GDVVHWWH DBOCPUCF DPN QBSFE BDSPTT EBWBTFU PG
EXEFFOUTIFT DV ZH DUH XQDE®! VR GAWP IGH Z KHWHUWH GLIHHGFHY EHE HHQ
WHVH Q<P EHYDW P HDQQI 1 XO

QREHUMR EH DE®! VR FRP SDUH | BHTXHQFLHV DFURWFRSRID R GLTHHOAN HY ZH GHHG
R CPINBM F UF GFRVFODFT 0DQ R WH FRSXV @ XMAF \R\E DU \RRY Z LOGR
WDWIRU\RX EXMH IRPXD IV VP SBI WH IDZ TBTXHR FRXQMY GMGHG B\ WH
QPEHUR ZRGV1QWH FRBEXV DQG WHQ P X®SQHG B\ Z KDMYHUEDWY IV FKRHQ | RU
QRPIQYJ RWQOMY PIARQ 6R IQWIYFDVH WH FDEXOMRQ/IVDVIR®ZY ~ QYIGHG
E\ QP EHUR ZREV IQ RAUUMRDOSDSHY WEFREXV P XGBOHG E\ P IARQ—
WH QRP DDHG | BITXHGR LV PHDQQ) WDWQD PIAURQZREV WDAQ) Z LORFFXU
WP HV ZKIBIZ WY ZIORFFXU WP HV




QFRP SDUMRQ 1Q WH UHI IRQDOSDSHY
UDAQ Z1O RFFXU WP HY SHU
PIGRQ ZRGV 7KV IV D WHAWY SRIQN
IRU  IXWHU  IQHMMDIRQY  7KH
IWTHX@FH R WDAQ 1Q WH ER
\KEFRSRD VHP GLIHHQN Z KHWHU
WH GQLHHFH DH  \WEMWDD

\LJ QLIEEDQACHHGVR EH \WMMG

7KHUH DUH VHYHIDORRY DYDIDE®! RGH R WH YHY HDW RGHV VR X\H 1V DYDIDE®! KHUH

KMBV ZZZ NRSXVF] FDB \RXPD GHHGWR\Z WK R WH ( Q) QK IQMUDFH YHYIRQ
IOWS W KWKDQG FRUHU  7KHUH DUH VHYHUDCRSWRQVVR FKRRH | IRP GHSHQEQ) RQZ KDW
\RX ZDQMR FRPSDW HJ VR ZR®GVIQRMH FRSXV \ER ZREVIQER FRSRD 7KH

WEMUMEDOMAGFOGHY D YAKDODMWRQ DQG J LYHV\ RX VHYHUDCFKREHVR \WEMYXNEDOMN

7KH \WJ QLIEDGFH ®IYHOL VHWRQ WH \@EHUEHBZ WH P DIQ BE®! \HH WH \FBHHQKRW
EHBZ Z KIEK \KRZ VV WDVWWH GlLI HBHGFH EHVE HHQ WH | BITXHA R WHDAQ) IQWH \ER

QHZ \SDSHW\XEFRSRD LV \WMYAED@D \LJ QLIEDQNV

FH



) BITXHGR FRP SDUMRQY FDQRP HWP HVEH YHY H FIWY) DQG IGFGGH D WMNR ~WHDAQ)
WRR P XFKMQR WHP 2 QH \KRX@ OFVES GDZ. FRFOMRQY EDVHG RQ | HTXHGFIHY RQD
DQG BM BZT FKHEN WH GDVD DJ DIQWWWH O HU FROM WWR VHH Z KDY EHKIQG WH
QPEHY $QRWHU FROIGHIDARQ IFOGHY WH (DWUH R @I XMAE | HDWUHY \WDWDUH
EHQ) FRP SDIHG HWHMD® WH \KRXG EH R D FRP SDIDE®I (DWUH $V D Z DY)
H DP SGIR D @Y X\MAFD® H WHP HO LQDGHTXDW DQG XQ RWWMDWM DQDOMYGDZ Q) RQ
Z RG\ | HTXHGAHV IV WH DCDOMY R 1 IEFRD 6\MUJ HRQV UM CDMWRQ\SHHK SXEQKHG 10
" DI® 0DIO EXWDER RMHUPHAD RQ ) HELODU 1Q ZKIFK |BTXHFLHV R
SIRQRXQ/ , PH P\ DUHFRP SDUHG \R | IHTXHFFIHVR SUIRSHUQRXQY 6FRQG  1RWRQD

SURGRXQV DUH IGKHUHQ® P XFK P RUH 1 UHTXHQV FRUGHIQ) WH JHQH LH WM DWRQ
\SHHFK \WH DUH VR EH H SHAMG

7KH SRMELOV WDWFRUBXV @) XIVAF VRRY' RN THU (P HO WH | &f LELOW VR TX DI FBTM
CFXX FFO RvBOUBW/Y BCBMTJI BCE RVBMUBW/YT BCBMUDBMQIPCFT IV DU XDE®
RCHR WH ELJJ HWARHQI WV R FRSXV @I XIMAF P HMRCRBI\ 2 (HR WH FRUH VWRY'1Q
WH TXDQMWYH DDOMY LV WH DPCDPSEBCDF

& RGFREDHFH \WKRZ V DOWH RFFXUWHFRHV R
WH ZR&G ZH DUH HDPIQQ RPHWP HV

FD@®IG ¥\ 1QD \RFDBG, 8 *$ N ZRG
1Q FRQM W | RP DW RUVHDIK ZR G LV 1Q
WH PIGEBI R WH WFUHHQ \WKURXQGHG E\ D
EWR FROMWRQ ERW MGHV \FHH \WH
VFBHHOKRW DV WH QHW SDIH  7KH
FRFREDGFH \KRZ VWH [ lW  @HVR WH

FRFREDFH R WDAQ) 1Q RXU 0 HAD

FRSXV WFUHQKRVVENH 1IRP $QBRF

\WROVHH EHBRZ
95 VRU & RIFREDGFH 9D\VHO
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7KH FRFRUEDGFH LV BND BCFUDBME TPSFE PO U F SHI Ul BCE TEF ZKIEK D@®ZVIRU
SDWHLD LGHQWIEDWRQ DVIQKHH \ RX FDQIP P HADWO GRWFH WH BHSHMRQR BDAQ)
DQG Z WY W@ DQG UHDAQ) DQG Z WY GHYHBSP HQV<RX P D DOR QRAFH WDVWRP H
@HY DUH BHSHDOWMG @HV DG DG @HV DG » KHKQHDPIQQ) WH \RXUH
WW WH IWWFROPQ ERM R WHH FRPH IRP UHIIRIDOSDSHY Z KHH WHW LV D
SWDFWFH R UHSUQAQ) DUFGN Z WK RQD P LQRUHAW RUQR HAW DVD@ WH DQDOWAP D\
WHQZ DQAR GHFAIGH KRZ \R FRXQAFDVHV @H WHH

QWH FREFREDGFH GMSOD\  WH XVHUFDQ\SHFLL\ D Q<P EHUR! SDUDP HWMLY | RUH DP S®!
U F T F PGU F DPOFYUPSTPSJCH QBBN FUFST 0 RWFRIBXV @ XMAE \RI\E DUH \RRY
DOR D®Z R H DPLCH WH IX® RUH WQGHG FRQM W KHUH MWZ RX@ EH 1Q DCRMHU
VFUHHQ 3 LBI YIHZ > DVWINH VRS P HQX

FJ



$QRWHU 1P SRWIQVWIQ] \R FROUGHU SDUWEXOWD 1Q WH OUHU FRSRD IV WH
EJNSCVUPOPGU F TFBD X PE BDPTT U F DPSIVT ' RHVIMRFFXUP DQ WP HVIQ MWV
D KDQEXOR DUMFGN RUGRHV IMRFFXUFRQIMMQ® LQP DQ DMWEBN' 7KH Z R WHDAQ)

PD\ VWP |UHTXHQMOQ RXUOQ HAD FRSXV EXWGRHV IWRFFXUIQ WH PDIRUW R \WH
DMWFGON : HZ1OIIQG RMWDWMRFFXYIQ W W RXR DQG \WRPH R WHH
W[WPD\ PHMRQUWDAQ) RI® RFH Z KB IQRNMHY BDAQ PD\ EH WH P DIQRSIE

7R XQGHWWBQG WH GMAEXWRQ P RIMFRSXV @ XIMAE \RI\E DUH VRRY DAZ VV \R FUDWM

QBT \HH SIPEWUH EHBZ 7KH VFBHHOKRMWKRZV KRZ WHDAQ) IV GVSHYHG 1Q WH

IQAMGDOW W 1Q WH FRSXV (DFK YHWDOEGH @H IQEFDWV RH SDUWEXOU
RFPXUHEFHR WDAQ) DG EH FONHG | RUH \WQGHG FRQM W

FK



@ N

. KB WH FRFREDGFH @HV DBZ | RUD GHVGIG DQDOMY R WH FRQM WDQG KHS \R
IGHQM\ UHSHDWIG SDWHMLDY RCH P D\ DWNZ KDWDERXWIL WHUH DUH ®WR WHP DVIQRXU

FDH R UDAQ) +RZ GR ZH DQDOWH WRXDQGY R HDPSBV 2H R WH PRW
FRP P RQ DSSURDFKHV 1Q WHH FDVHV 1Q FRBXV @I XMEY IV VR JHHIDWM D QAR
DPN®DBUPOT

&RIFDWRQ DV D GIXME SKHRPHIRQ FDSWUHV B | BCAYBMDP PDDVSS-CDF PG
XPET 7KIQNR ZRGV\RX Z RXG |RUH DP S® H SHAVWR 11QG IOWH FROM VR WHDAQ)
— WHH FRXG IGFOGH ERRNRUZ UMY DV ZH KDYH \HHQ DERYH & RUBXV @ XMAFV KDV
FRPH ZIW D ZD\ \R FDBXDW WH IHTXHGR R WHVH FR RFFXUWHGFHY EDVHG RQ \WH
FRSXV\ RX DU GRNQ) DW& RBFDWRQ LY FDEXOWG DVVE R Z REBVFR RFFXUIY) Z WILQ
WH SR IPIW R HDFK RWHU TUBUTUDBNE THQIGDBOM NPF GFRVFOM U BO CZ
D BODF

7TKHUWH DUH VHYHDOWRMANFDCOP HOVXUHV WIDWDUH XVHG DQG HYHY R WHVH P HDVXURY Z 1@
SURGXFH WV KW GLLTHHQMAW R DPNRDBUFT  7KHVH FR@RFDW QAN DUH CRAEH VBINHQ DV

JLYHQ EXWDV \iXJ J HARQY | RUIXUHU FRQUGHIDWRQ DQG DQDOMY  KRZ HYHU WH DQDOWW

VKRXG QRARVW FKHW  SIENTZ. KDWXIW WHP EXWCHHGY R SUIVHQAH SOICDE®I LHDVRQY
ZK WH GWDWEHG ZREGBV IRP WH FRGFDWRQ QW) RUH DP S®&I FRP P RQ SUDRWFH LV

R GVFDUG WH \R FDOIG IXQPWRQ Z RGV \KFK DVD WH IV IRY  DQG GRN DWB[ LFDO
ZRGVR® +DVQ) \DIG WDW\RP HWP HV MY WH | XGPWRQ Z RBV WDWFDQ BDG VR D
GVFRHY R IQMHY SDWAGY $CQRIHU SDUDP HWIU VR FROUGHU Z KHQ J HQHIDWY

FROFDWRQ/ LV D TQBO WDWY KRZ PDQ Z RBV R WH GIWDQG VR WH W KW RX Z DQW
WH SUIRIWDP P H R BRNIRU 7KIVP D\ GHHG VRP H H SHUP HQAY EXWDV D YHY JHGHIDO
UX® WH \SDQR! 11YH ZRGV R WH ®IWDQG W KWY D JRRG \SDQ IRU( QI QK R \WBW
ZIW 6HH WH QMR FRBFDMVR BDAQ) EDVHG RQ/ INHIKRRG P HDVXUH RQ WH QGH W
SDIH

GB



7KH FR®DWV FDQ EH H S®RUHG IXWHU W VFH WHP  1Q WHU FROM W 6HH \WH
FRGFREDGFFHMHZ R WHFR®FDWMBGYH QG FR&FDW R UHDAQ) DVDERYH

GC
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SQRWHUZD. 1QR WH FRSXV CDW IV WRXIK LFZXPET 7KIV P HWRG D@®ZV IRUD

ERMP XS H SRIDARQR \WH GDWD — Z KHQ\ RX GR QRAKDYH D MR Z RWBV\ RX Z DQMR

H DP ICH 1Q WH FRSXV EXWIDMHUZ DQMR H SBUH Z KDMY 1Q WH FRSXV $ NHZRG

WLV IV D GLIHHQASH Z RS WDQ WH DERYH PHQMRGHG IQWH . & VD ZREG WDW
PDDVST TWBUTUDBME GFRVFOUZ NPS PGFO 1O ZPVS EBWBB UBO O B FGFCDF

DPSVT $JDIQ MP LOWD DVZ M \WWH FRERFDWRQY YDURXY WEMMEDDSSURDFKHY H, IR

FDEXOW WH NA Z RGV . : V DG WHUH LV QR BHDAFRQHQKVZ KIEK LV \WH ~EHWM

7KH 3H Z RB P HWRG UV RQ WH DWXP SWRQ WDVWWRP H Z RUBV DUH P RUH “WSIEDOM RU
HDFK FRUSXV 0 [NH 6 FRMYBOY DERXW : VDV UHYHDEY WH “DERXVZHW™R WH W[ WH J
6FRW/ 6FRW 7UEE® 1 IXQPWRQ Z RBV RFFXURQ WH QUIWWH P D\
EH SRWE®! VWGB! IQEFDRY ) RUWLY BDVRQ WY P SRUBQMR FDUH X® FRQUIGHUWH
FKREH R WH SFG--CDF DPSVT WDWLY WH FRSXV \ RX DUH FRP SDUQ) \R 7KLV Z 1O
OUHD GHSHQG RQ \RXU BMDIFK TXHWMRQ 6R IRUHDPSGI L \RX DU D QMDY

VFIHQAXADQG \ RX DUH LOMUHIMG 1Q 9 IFVRIDQ OMIDWWUH \RX PD\ Z DQMR H SGUH WH
Q) XIMAE GLLI HIHGFHY EHVE HHQ & KDUBI' LENHQY DQG -DQH $XWMQ 2 GH SRWMEGI ZD\ R
GRQ WLV IVWURXIK . : VDQG WHUIH Z RX@ EH \Z R P DIQ DSSURDFKHV <RX Z RX@ HWHU
FRP SDUH' [ENHQVDQG $XWMQGLHAWD XMQ) RGH DV\ RAUMILI HAFRUBXV DQG WH RIMHUDV
\ RXUUH HHGFH FRSXV DQG WHQ \Z DS 7KH RIMHUDSSURDFK LGFOGHY FUDWY) D WILG
FRSXVR 9 IFVRIDQ QMDWWUH WDWGRHY QRAFRQEBIQ" IENHQY GRUS XWMQ DQG FRP SDUA
ERW IENHQVDQG $ XWMQ DI DIQIWMY FRESXV

2HR WH .: VFRPSDUMRQ/ ZH KDYH GRQH 1Q WH SHVHDUFK 0 RELOMV SURWFWZ DV
FRP SDUQ) RXUQ HAD FRSXV DIDIQID OUH QGHZ \SDSHUFRSXV SXEQKHG EHE HHQ
DQG DQG FRQMIQQ) DERXW  PLORQZRGY ZKIEK IVSDWR WH %4 &
0B LD +DZWH 0 F( GHY 7KH DE®! RQWH QH WEDJI H \KRZ VV\WH VRS WXV DV

JHHDWGE\ /DR DQGH SRIMGWR 1XP EHY

GD
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1 JWPV DU DQRMHUFRP PRQD XVHG WIFKQTXH / HBN VD QY R ZRGV WDWY
UHSHDWIG DFURW\WH W[ W/ 7KH 1 WBQGVIRUWH QP EHUR ZRWGV LH WH GIQIW R WH
VALY D EUJWDP FROMVR R ZREV ZKG®I JWPVR IIYH ZREBY 7KH ELJIHUWH 1

WH 1 HZ HUZ LO@EH H WDRWMG 1URP WH W{ W1 JWDPV D DOR \RP HWP HV UH HIBG \R DV
DMTUFST DQG MFYDBMCVCENAT 1 J UDP VFDQEH H WDRWG IQVHYHIDCZ DV GHSHQEQ) RQ
WHDQDOMYDIP $ ERAMRP XS DSSURDFK VR VHVINH GIQIW WH 1 DQG GMIMH \RI\EZ DUH
JHHDM DONH 1 JUDP VR WDWSDWWEXOUBIQJI W Z W O H GDMMVAW ZH P D\ Z DR
FRQIGHUD FXAR SROMRUWH UHSHMRQ/ HJ DO JUWDPV WDWRFFXU DAVBDVM LYH
WP HV 7KH SIEVMUH RQWH GH WSDI H \KRZ VWH | WM JWDP VIURP RXUQ HAD FRBXV
H] WH JWDP B\ WH COWRDOMMDR WKWV WH \RI\VEDUH E\ GH DXOVZ RIV/ 1Q FD\H
LOHQAYH PRGH WDWLY LJQRUAV FDSMIOBMWMY RFFXY  WPHVIQ  W[W /RQIHUL

JWDPVDW D XHXOZD\ R IGHON\ Q) VAWSKIDWHY | RIP XOIE @QIXDIH EXWDOR BQJ HU

W@\ DQG DP HV

GE



7KH SIFMUH RQ WH GIW
WKRZV  JWDP VDG WHU
[HDHGFHY  7KHH IV

DQRWHU ZD\ R

JHHDWY 1 JWPV
7KH SIEWUH EHBZ \KRZ V

JWDPVZ W RH “RSHQ
VBVMQEFDWG E\ WH
MJQ

7KH RSHQ\VBW  .QEFDWV WDW
WLV SRMRQ FDQ KDYH YDUDE®!
FROMQV/IGH  KUKQIKWMG 1Q
SIEMUWH  \MTY XV WDWKHUB LV D
YDUDWRQIQWH WL UDP

7KH GH WSLEWWWH \KRZ VVZ KDVWAH
YDUDWRQ BRYW @H 7KH  JUDP

WH QMDR\  WHY-DY WDWZ KB
PRWR WH REFXUHQFH DFFRXQN
IRUWH CDWRDOOMDR  WHUH

DUH DOR RWHUSRWMELDAN \KFK
DV WH SK\MEDOOMIDF\ DQG WH

FUMFDODMIDA

GF



| Z H DUH IQMUIHVIMG [Q D SDWEXDUZ R(G
ZHFDQDOR JHHIDM 1 JWDP VEDHG RQ
WDWWMP DV 1Q WH SIEWUH RQ WH GIW
+HH ZH XVHG WDAQ) DV WH ZRG
DIRXQG ZKIEK ZH ZDOMG VR \HH
AW UDP V/

A i@

7KHH DU VHVHIDOZD\V R “GRIQI ™FRSXV QI XMAFY  7KHMH DU VHYHIDOASHFIDDAHG
FRUSXV @ XMAE RQIEH LOQMUDFHY DQG VHYHIDOGRZ QBDGEDE®! DSSV ,FUDMQI® WRWH
WDWKDYH \RP H FRAQ) NRZ BIGJH X\VH 5 DQG 3\ WRQ WLV RSWRQ IV (RWIRQ) R EH
QVFXWHG | XWHU 0 DQ WVHDUFKHWY XVH FRP EICDWRQR! WIHVH DV FVWSZ BCBNMIUDBMUPPM
| BT 1T BG&PEBCDFT BCE NN JBUPOT

2 (HR WH DGYDQEU HVR WH RQIEH LOMUDFHVIVWDVWAH R IHUD QP EHUR SUHBDGHG
RI\WQRMHZ M IDFFHWEG! FRSRD VR H SBUH 6RPH R WHVH FRSRUD DUH YHY OUH
EIGRQ/R ZRGV 6NMK( QIICH |RUH DP SGI QRARQD RITHY WM R \WH DOWIQMUDFH
EXVDOR D FROMGHDE®! QP EHUR @) XIMAE UVRXUFHV IGFOAQ) RIMHUDIQI XDUJ HY UDWHU
WDQRQ (Q QK ,Q DEAWRQ R WDWMIGFOGHY FREXV EX@IQ) VRRY DQG DQ RSWRQ R
XSEDG \ RAURZ Q DWW \R H SBUH 6NAWRK( QIICH LV 1 WHH \R H SBUWH IRURH PROM. \MLY
LI RUP DWRQLY DFFXUIDWM DVWMHWP HR Z UMY 0 DUFK

GG



$QRWHUH FHBIQMRQEH IOMUDFH , PCBFYULY SBRYIGHG B\ _7KH QMW R WH & ] HFK
1 DWRCDO& REXV 7KH VRROL 1TUHH VR XVH EXWA RX @GHHG VR UHI IMWMU 7KH IQMUDFH KDV

(QQK YHVRQ DQG IWFRQEIQ/ VHYHIDO UARXUFHV 1Q ( Q@K DQG RWHU OQIXDIHV

IFOGQ) WH SDIDBIFREXV,QME RS | RUXVH LOFURW @) XWAE UNVHDUFK

7TKH ERVANRZ Q GRZ QBDGDE®! DSSV HDFK Z W Q<P HIRXV I XCPWRCDONHY DUH " A% PCD
- BADT#PY DG 8 PEAN I

" O$PCD IV GHYHBSHG B\ 3R /DXHEH $QNMRQ DQG LV DYDIDE®! |RU
GRZQBDG KHH KWBV  ZZZ OXHIFHDOMRQ GHMR\EZDW DQFRF W
IV I XOWD XSCDWG DG $QMRQV ZHEVMM DOR LQFOGHY @ VR \KRW
\WRID® $ 1UHQED WRIDOFDQ EH DER IRXQG DW-+HDWHU ) (RHKIFKY
ZHESDIH WMV \MRUDO IV \SHFLIED® DIPHG DWZIGHU IQMEWFISTEDY

DXAHEFHV

-BODT#PY KW8 FRSRD OQFVDF XN OP\ER] GHYHBSHG  DW
/ DFDWMUS QYHMW 8. E\ 3WR  9DFDY % LD DQG FRBDIXHV IV D YHY

SRZ HUXORROMDWKDY EHHQ WHFHQ FROUGHIDE® XSCDWG YRW $ Q& RF

DQG /DR DB GFF WP VTF

8 PEANI) KWBV ZZZ ®fED® HAVZRBPIW KDV EHHQRH R WH
| LVVRRY MY GHYHBSHG E\ 0 INH 6FRMDQG IV QRZ IQIW W YHWRQ 61Q) G
8\VHU/IFHFH FRW  * 98 (DFK R WH \RRY RIHY \RP HZ KDWGLI HHQN

IQMUDFHV DQG I XGPURQDOAA DQG WY @UHD GHSHIGHOWVRQ LQEMGXDO
SUH HBHGFHVZ KIEK VRROL RX 1 LG WH P RWXVEE®!

GH
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QWY VHAARQ ZH ZIOWKRZ VRP H \QSSHW [UIRP RXUDDOMY R WH 0 HAGD DQG 7Z WU
FRSRUD DVH DP SGV W IGMADW \WH DERYH GHVFUEHG WIFKQT XHV DQG FRGFHSW

kouo 8@ 3 - (il--Nd @4 Ny°
X 033 - 85V@

: HKDYH JHQHIDWG D VAR _. - VIURP \WH 0 HAD FRSXV DV\ RX KDYH VHHQRQSDIH__

$VH SOIQHG DERYH WH VHMR! . VZ L@GHSHIG RQ WH WEMIMEDOP HDVKUWH WDWLY XVHG
DQG RQ WH WHHHJFH FRBXY ERW QHHG \R EH FRQIGHBG 7KH \BEG®!I \KRZV .: V
JHHDMG 1Q_/DPWER[ ZIW D P XFK QU HUJ HHDOGHZ \SDSHUFRSXV DV D_UH HHFH
FRBXV 7KLY FRP SDUMRQ LV EDVHG RQ WH DWXP SWRQ WDWWH . © VZ LOWKRZ XV \SHFLLIE

ZRGVRFAAULY 1QRXUO HAD FRSXV IDWHUWDQ Z RGV WDWDUH WSIFDO RUGHZ VSDSHU
FRSXV UHI MMUI HHD®

2HR WH WS DQNQ .: VIVWH ZRG BWDAQ) 7KV IIQEQ) Z DV FROMMONZ W
IQEQIVIQWH RMHUSDW R WH SURWMPWZ KHUH $+DAQ)> ZDVRH R WH NA WHP HVR
WH SUPDYV @MDR\ GVWFRXUH ,Q REHUWR \HH Z KDWMXEWHP HV HP HJH DURXQG WH
FRFHSWR 3HDAQ)> ZH JHHDWG D QMR _FRIBFDMRY/ & OHIXRRG WIMYKEY \SDQ
. H GHFIGHG \R H FOGH IXFPWRQ ZRGY HJ  IRPV R WH YHE EH DQG KDYH
SIRRXQ/ GHMPICHY QPEHY |BHTXHQN SHSRMRY/ DQG FRMGAUWRQ DG \KRWY
DGYHUEV\XFK DVMVADQG RQD : HBRNHGDW  \IRQ) HWAFRGFDWA Z KIEK Z H [ XUWHU
QYGHG IQR WHP HV VHBIPWRQR! WH WHP HV\WDWHP HJ HG DUH \KRZ Q DViH GH WBDJIH



2 HR WH\ZR NA WHP HVWDWHP HJ HG [ URP \WH WHP DWFD@® RU DQVHG FRIBFDWRQ/
R WDAQ IVBCMED R UHDG Z KIEK LV FRQHAMG \R FKIGUWHOV 8HF> 6R ZH Z RX@ 11QG

Z RGV ONH DFTXMARQ WRQEDWG GIYHY DYHUDIH DWRILCP HOADQG DIHV \HDU HDW VHH
WH V¥ R [ LIWFRGP QVIQWH WE®I DERYH 6HHEHBZ KRZ \RPHR WHVH ZRGV KHKH ZH

LOMADM H SHAWG DELOW DQG GlLI EEXGHV REFXUIQWH FROM WR BDAQ) IQWH P HAD
GVFRXUH

7KH VFUHHQKRWDERYH \KRZ VD VHBFWRQR FRFRUEDGFH @HVR H SHAMG DVRGHR WH
FRGFOWMVY R WDAQ ,Q WYV \HBPWRQ ZH FDQ FEDW® \HFH WH SDWAD H SHAMG

WRAEADGIQ IRUR UHDAQ 1RM WH Z RG WRQEDWS [V DOR D FRG-DWM

GJ



2 (HR WH GRP LCDQAMHP HV IQWH 0 HAD FRUSXV IV WH ~GH IEMGEVFRXYH™WH GH VWHW
R FRFREDFH @HV R GLIEXGV \KRZV KRZ WH ZRG GLIEXS¥V RFFXY 1Q WH
FROMVWR UDAQ) 1 RM WDWIKH Z RG GRALY DOR RQWH FRTRFDM QAN

7KH DEIOWV VR BDG IVENGWR DI H VHHWH | RBZ 1IQ) H DP SGV

GK



$CRWMHUGRP ICDQMNMHP H Z H IGHONIHG IQ WH P HAD GMVFRXUYH 1V UHDWG \R 3HDAQ) |RU
SEDKWH 7KH P HAD QVFRXWH \HHP V\R KHDYI® SURP RM WH [GHD WDWFKIGIHO HWHU
®H HQR RUIMRXG ®YH HOR WDAQ) 6HHWH IR®ZIQ) H DP S®V

/RRNQ) EDFNDWKH @R FRBFDWV FROPQ RQSDIH__ \RX FDQ QRWFH WH ZRG
ZDU: HKDYH [QUWD® SOFHG WH FRTIRFDM Z DULQ WH L1 LEXGA FROP Q EXAKSRQ FGMHU
H DP LGDWRQ Z DURFFXWY H FOMYHO [Q WV DQG WY D@ D\V1Q D SKUDVH BWDAQ) ZDW D
FROFHSVWKDWZ I@EH R FRXWH NJRZ QVR \SHFIDOANV EXWY SHIKDSV G\ FBDU RUI HGHDO
DXAHFH \HH EHBZ

%N . : VDG FRBFDWRQVKHSHG XVWR IRP DQIGHD R RXU Z R0 HAD FRBXV
Z WRMWKDYIQ) R BHDG HYHY MQI G DIWFB! 7KLY SURFHGXUH Z RX@ Z RINHTXDM® Z HORQ

PXFK OUHJ COMAMAWV %R . : V DQG FRBFDWRQY DUH KHSIXO SROMY TRU | XUHU
TXDOMYH WXG

HB
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6P LOW® DV Z W WH 0 HAD FRSXV ZH JHHDMG . : VR GRNDWWH N WHPHV ZH
DOR FRP SDBHGWHZR . :  QV—0 HAD DQG 7Z MMU- VR IGHQM\ \KDUHG DQG XQTXH.. : V
7KH\KDUWG . : VDI DIQHP SKDVMVHG WH GVFRXH RQEHDAQ) > DQG RMHUOMDR, \NQY

] Re @M O@

7Z MU DV D \RFIDOP HGAD SOMRP KDV QP HIRXV \SHFALLIEV DQG FROMHQMRY/ 2 CH R

WHP DU | BTI BBHT : KHQ ZRINQ ZIW KDKBIV D XVHXOMMS 1Q WH H WDPWRQ 1V
GRNQ) 1RUYDUDQN 1Q D KDV \SHBY IRUH DPSGI WH KDWE IQEEDWY WH
. R@ %RRN' D\ FDQ EH \SH®IG DV ZRWMERRNGD, RU : ROPVARN D $V WHH DUH
FOD® \WH \DP H KDWY MY BHDVRQDE®! VR FRXQMMHP DV RGH WSH @ H GR\HG DW
| BT XHQAKDVKVRI VR \HH Z KIEK RGHV RFFXUDFURW WH WP H \SDQ FRQIMMOQM DQG Z KIEK
DUH ERXQG R \SHFLLIE SRQN IQWPH 7KH P RUMFRQIMMQD RFFXUIQ) KDVKVER V DUH YHY

JHHDODQG XQXSUIMQ) OMDR  HOFDWRQ SUPDY  WFKRRO WDAQ : H DOR
IGHQNIHG D FROUGHDE®I QP EHUR RMHUKDWKVIV BHOME VR WHP HV 3HDAQ) > DQG
ERRN b \HHEHBZ |RUD \HBIFWRQR! WH P RUH | UHT XHQARGHV

HC
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2H R WH WIQIV ZH ZHH IOMHMVMG 1O WH 7Z MU CDB ZHH 1QAYIGXDY DG
RUDQVDWRQY WDWZ HIH FRPPHQAY RQ OMDR 1Q SUPDY HGXFDMRQ 2 Q 7Z \WWU
DXWRY DFFRXQAKRTHY X\VD® SURIGH D \KRWGHVFUSWRQR Z KR WH DB : HZ HW
LOMUHMG LQ DFDGHP IF> DFFRXQN Z M WH DWAXP SWRQ WH. DUH P RIH @HO GNHG \R
INVFDFK  : H GHFIGHG R RSHIMRQDOH DFDGHPIE DFFRXQA/ DV DQ DFFRXQAVWDW
FROEIQVWH Z RE XQYHYW IQIWGHVFUSMRYQ : HIRXQG  XQTXH DFFRXQN WDWZ HUH
QVAEXWG DPRQY) IQAMGDY DQG QMR © H WHQ SBWHG WHVH RQ D
PDS \RVHHKRZ \WH DUH GMAEX\MG

3GD\VH QRM GFDWRQLY GRAD FRP SXGRV QI RUP DWRQ RQ 7Z MU \RP H DFFRXQN IGFOCGH

GFDWRQ LG RWP DWRQ DQG \RP H GR CRWDQG WH Z D\ MY IGFOGHG IV QRAMBQEDIEVHG
6RP H P DQDCDDOMY Z DV \WHUH R GHHGHG  7KH GFDWRQ Z DV WHUH RUH GHMP IGHG 1Q
WVREHU HOGFOUMRQ GHFUSWRQ L P RUIH WDQRH GFDWRQJILYHQ MIV\WH
FXUHQNVGFDARQ DWHU WDQ SDW HJ DOP Q. 6HH WH PDS EHBZ SWRGXFHG 1Q
3D@GAR |1RUD KPP DY YHYRQR WH J HRJ IDSKIEDCGMAIEXWRQ WFDQ EH DWKP HG \WDW
WH WNZ \RZ DBV DFFRXQN EDVHG IQWH 8. IV EDVHG RQWH | DPWKDAZ H FRIBFWMG \WH
W IQWH 8.

HD



$IWUH DP1QQ) WH GFDWRQ R DFDGHP IE DFFRXQN ZH DER H SBUHG 1Q Z KDWVHQH
WH DUH “DFDGHP IE™ 7KH Z RG XQYHYW Z RXG P RWM BHTXHQ® EH UHHUQ) VR DQ
DI IIDWRQR! [QEMGXDIFDGHP IEV D XQYHMW RUXQYHWW GHSDUWR? HQVTEWDW RUMP [OU
DQG DOP Q. BDVM WHTXHQ® IMZ RXG EH D WGHQV QMM © WHUWH VHHP HG R EH
QLI HHQM HRI UDSKIEDOAHQGY | RUH DP SGI DPRQ) WH 8. EDVHG DFFRXQN Z RX@
EH IQAFDWY DQ DI IIDAWRQ R DQ IQAMGXDODFDGHP IE Z KIBI DOP Q_Z RX@ EH RQD
7KHUH 1V DQ RSSRVW WHQG | RUDFFRXQN EDVHG IQ 3DNWBQ R® R WHP EHBQ \R
IQAMGOMFDGHP IFV ZKI®I  IQAFDWM DOP QL

SCRWHU IQMIAAY  REVHYDMRQ FRFHQ/ WH SKIDVH YHZV P\ RZQ : KBl \WH
DFDGHP IFV DUH KDSS\ VR GHFOWH WHUDI | LIDWRQ 1Q WHUKDQGEB! GHVFUSWRQ DOR
LGFOGH \RP H YHYMRQR WH SKIDVH"YHZ VP\ RZ NQDQH | RWWR GIMRFIDWM WHP VHOHV
IURP WHUIQINMARQY 7KHVH IDQIH IURP 1XQQ VR P DMMUR! | DPWAHH WH H DP SBV

7KHVH DB RQD \RPH HDP SBV R DQDOMY GRGH RQ 7Z MMU 7Z MU DV \RFIDOP HAD
D@Z VI RUQP HIRXV H SBUMRQ/WDWI R EH RQG FRUEXV @ XMAF P HWRGRBI\  QHE RIN
DQDOMY Z RX@ EH D WSIEDORGH : H Z HUH DOR LOMUHMG 1Q H SBUQ) \WH FRFHSWR
L OHJFH [Q 7Z MMUNSDFH 2 GHZD\ R GRNGQ) DWIKLY DQG WXV FRQUGHIQ) WH WMV
DQG WHDWH P SRWBGFH R D\ HHWIQ WH GMVFRXUWH IV WURXI K WAE HHW DV H SOICHG
DERYH RURWHUP HWEV \XFK DV @NHV $QRWHUZ RX@ EH VR FRQUGHUWH DFFRXQNV | RP
Z KIEK WH \& HHWZ DV VHQAIQ WP VR WH YROPH R WHUIR®Z HY 2 GH R WH ELIJ HW
DFFRXQN IQ RXUGDV Z DV |RUH DP S®I WH DFFRXQAR WH SXEQKHU3HQI XIQ +RX\H 8.
ZMWZHORYHU  PLORQIR®ZHY 2 GHR WH \KSUWHV Z DV WH DFFRXQAR 7KH 3UGFH
R : DBVDQG 7KH' XFKHWR &RUY DOXVHIDPH #& OUHFHRAH RZ WH . IQ) DQG
4 XHHQ Z W DERXRH PIARQ R IR®Z HY 7KH DFFRXQAZ RXG |RUH DP SGI IQRP W
| RGXZ HY DERXW\: DP [@® UHDAQ) VR KHUI IDQEFKIGUHQ

HE



adad/e BN @

' D YWXDDDWRQY SO\ LFHDMQI® P RW [P SRWBQAMRGI DOR 1Q & REXV/ IQIXMAEY : H
XVHG YAXDQDWRYY 1RU GLIHHQVSXSRAY 2 GH R WH LW YMDQDWRY/ DIP HG \R
H SBUW WH P HAD FRSXV WKRMU 1Q REHUWR VHH WH @DPHV R RXUDOWV RURWHU
FROMEXRY \R GZ\SDSHY : H SBWMG WHH QR D WEXDU | RP DWDQG XVHG WH

3D@AR \RRO | HH VRROGHYHBSHG B\ 6\BQ RE 8 QYHYW  WH YAXDQDWRQ EHBZ \KRZ
XDV Z W \ER RUP R DUWEGN 1Q WH FRSXV GNHG VR WHU GHZ \SDSHU 6RPH
SDSHY FEDW® KDYH RGH RUP RUH IRXUDOV GHAFDMG VR HGXFDMRQ Z KIBH WV 1Q WH
PIGGBIR WH SIEWMUWH \KRZ VD JBWDWYDUHW R P HV PDQ R Z KIEK DUH QRARRXCDDAN
EXW UHTXHQAFRP P HQEVRLY LQ WH HEXFDWRQ GVFRXH \KFK DV $6[ 4 XLJGh RUO HIDQ
"[RQ

HF



$QRWMHU YAXDO DWRQ ZH SURGXFHG Z DV Z KB DQDOMQ) WH RFFXWHEFH R WH ZRG
XQYHYW 1Q WH.0 HAD FRSXV +HWH Z H DI DIQ SGWHG WHH IQR D \BEXDUI RWP DWDQG

XVHG* HSKLVR YAXDA@) H Z KIFK HZ SDSHY Z UM DERXWZ KIFK XQYHMMAV \HH EHBZ

3DMGR DQG * HSKLDUH VRRY GHYHBSHG Z WIQ WH O HUFRQM WR ' L VO XP DQUWAV
+RZ HYHU DV WH P SRWDGFH R YAMDODWRQY R W \WDOGDWD JURZV \HH |RUH DP SGI
WH | UH RQIH VRRQR R DQWVZ KIFK RITHYD QP EHUR YAKDQDWRQY DQG RMHUDDOWDO
\RRY KRZ HYHU FDQZRWKDQGB! VRR OUH GDWMAN \RPH R WH FRSXV @ XMAF \RRY
RZ DOR RIHU YAXDODWRQ RSWRY/ )RUHDPS®  /DQPVR SURGXFHV FRIRFDURQ
YAXDODMRQ VAH WH 1LIXUH RQ WH QGHWSDIH Z KIFK \KRZ V FRBFDWRQV R WH Z R
XQYHYW LQRXU0 HAD FRESXV

HG



$Q& RF FDQSURGXFH WH P RUH WDAMRQDY RE FBXGY

HH
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2 XU WG P HMRGRBJIEDO DSSURDFK IRFXVHG RQ WDFIQ) WH “PRYHPHQN DQG
WDQUMRQ/MR \SHFLLLE “SIHFHVR BMHDUFK™ S HVHDUFK> P DWUDQAV IQ P DQ- GlLIHUHQN
ZD\V 1Q D IDPIIMUIRPDAR D RXIDODMWFGI RUSXEQKHG WHSRWZ W \WDQUSDUHQW
UM-DUFK P HWRGV DQG | LQAQIV EXWI BHTXHQ® Z H HFRXQMUHG 3M-DUFKs LQP\ UDG R

RWHUSIHFHP HDOIRWP DV DV D VMR EX@®MSRQN HP EHGGHG Z WIQ JXIGDGFH SRZ HU
SRQASUMHQEMRQ E®J RUVRFIDOP HAD SRWD WARXFH D JRYHIP HQAMI XIGDQGFH D

WDIQQ) VAWMRQ RUMP S® DQIGHD RUFRGFHSW

7KH EURDG WHRUMEFDODGFKRUQ) 1Q TPDIPN BUFSBMN FU PEPNIHFT Z DV IQSILDMWRDO
DQG FKD@IQJIIQ) DWWH \DPH WP H 7R KHS XV (DYLI DW WURXI K WHVH FKD@IQ) HV Z H
FUDWG D P HMRGR®J\ IQOGHJFHG B\ OFLXPS. FU CPHSBQI Z DPOSPVFSTZ N BQQICH
DQGN PF U BO| VN BODSSURDFKHV\R 30MYIHZ IQ) RENMFWS

© H GHYHBSHG WH P HWRGREJ\  WDWHD RYHUVHYHIDOP RQMY WURXI K_QICF DBTET
( DFK R WHVH FDVHVKDG IWRZ Q SDFH EHJ DQ DWELI HHQASRIQN IQWP H DQG P RYHG DW
QLI HHQMSHHGY Z W YDUIQ) BIYHOR GHVBIO 7KH [ IARCH Z DV (DWID®  SHEKDSV WH
P RWH SHIP HQEOEXWZ H BHDOHG RYHUWH FRXWH R WP H Z IW HDFK RH R WHP \WDW
DZD R ZRMNQ GHHBSHG IRURH FDVH Z @QRAWHFHWDUD Z RN IRUWH GH WRCH
Z MRXDGEYWR HQN

HI



7KH FDVHV Z HH DIWHG EDVHG RQ WH Z KR®I UVHDUFK WDP  GVFXWMRQY WH WDP \4
H SHWH DQG QEAQIVHP HJ Q) TURP WH Z RINZ MK WH WDFKHY & DVAV Z HH VHBFWMG
R P O IP MH GYHWIW DEURW \HYHIDOEP HMRQ/ QWD Z H Z DQMG HDFK R WH FDVAV
R EHJLQZ IV D SXETF® DYDIOE®! BMDUFK W] WKRZ HYHU WH FROFHSWRI RIVHDUFK W[ W
JWGO® H SDQEHG EHRQG SXEQKHG DFDGHPIE IRXIDO DMWFGN \R DOR I(FOGH
UHVFDUFK SURVIPWZ HEMWAY URVFDUFK UHSRW E®JV DQG \VE HHW WHRUIHWMEDOWUP V DQG

FRGFHSW DG G IMIOVSDFHV 1Q Z KIFK MWXYGHQWV DQG WDFKHY Z HIH HDFWQ \SHFLLLEF
UAVHDUFK

7KH P HWRGR®J [EDO DSSURDFKHY WHWKHG [Q VHPWRQY & XDOMMWYH DSSURDFKHV \R
WDFKHY HFRXQMWY DQG & REXV/ 1Q) XMAF\S FDQ HDM® DEDSWDQG IGFRISRIDM YDURXY
WHRUMEDOIUDP HZ RV ZH KDYH WHHRB 1Q WY BAWRXUFH LOMQARD® OU HO GIW
RAVRXUWHRUWEDCFROUGHIDARYY / HDYIQ) RAMRP H WHRUMEDCFRGFHSW IV KRZ HYHU
OUHD [P SRWE®! 1Q WY VHPWRQ DQG ZH Z LOEUH ® RAELH WH | DP HZ ROV WDWZ H
PRWD GHZ RQ 1HE RN (WQRIWDSK DQG&ROARYHY 0 DSSIQ) %R H STFMD [QMWM
UM-DUFKHY/\R “I RGRZ_ \WH DRVRY™/ DVRXU

Z°N 80N O85Yu

/ FXPS. &U CPHBQ Z 1( HQBLY IGHQM [Q) DQG DQDO] Q) WH FHDWRQ R GHE R/
DQG WH FRQGHPWRQY WDWP DNH XS WHVH GHE ROV 1 HE RN (WQRIUDSK\ DOR EUQIVD
VIARQ) | RFXVRQWH Z RINDQG GERXUWDW RHVIQR KRZ \WHVH GHVE RIWFRP HWR EH DQG
Z KDWAH GR 0 HMRGRBJIED® MV YHY XVH XA RUMMG [Q) P RELOMV LH R \HH Z KDW
VPRIQ) GRHVIMMEA WH \DPH RUGRHV MFKDQIH DV MP RYHV \HH %@ >0)
-XAHPDQ  6DQMRUCL

HJ



QWL SIRMFWZ H GBZ RQD JURZIQ) ERG R BMDUK HP SR IQ) 1( GHYHBSHG B\
+RZ DG DQG OWJ DEDSWG B\ %00 R MG FEVDBUPO QPNDZ
NPCMJFT ,QD UFHQASKAM R \WH DMWDWE®! %00 S GHMWUEHV1( DVD
“WANSRQUYH DQG DEDSWYH DWHP EQUH R BMADUFK VBPWEVMHFHWDY VR MG, ~WH
SURDHIDARQ R SRTF\ P DNQJ VWAV DQG DR DURXQG WH Z RWIE DQG WH IGFUHDMQY)
P REIOV DQG IGZ R HGXFDWRQ SRTIA ™2 | QMY IGHQM\ Q) DQG DQDO] Q) WH
FUHDWRQ DQG RSHIMRQR! J BEDCHGXFDWRQ SRIF\ GHVE RN/ DQG WH FRQIHPWRQY WDW
FROMDOM WP 6XFK GHVE RUW DUH QRAMMAD VAR FROGHPWRQY EHVE HHQ VWA EXW
DOR UHSUHVHQAD KIMRY R HTRWDQG YDURXY IRPV R P DMIDON DQG SHURWP DFH
>0) 2 XUIREXVIQ WLV SURMIPALY RQKRZ YDURXY GHVE RUW DQG DRVRY R LOMUBMNV
DUH LQH WEDE® [QMYZ LGHG KRZ IVWH QHVE RINDURXQG D" SIHFH R UVHDUFK™HYROIQ)
PXOMY PRYIQI ROAVSIMIY R IQRGZ GHE RN/

Q GHZRW/ DRRY DWHPE®G! [Q FHBIQ ZD\V DQG WH FRAUXIDMRY/ R WHH
DWHP EQUHV DUH DQPDWG E\ \RFIDODQG P DWUDO HDMRQY DQG DPWRQY  7KHVH
DQP DWRQY JHHIDWM HIHAW DQG HDEG! FHUIIQ HQMNY DR DRVRY 1GHDV
SOFHV HYHQN SUDPWFHV DQG PRGH VR FLUFXOW LQ YDUIQ) Z D\VDQG GHIWHHV 5RZH

S  ZUMWOWL( IV'H SBIDWY QMM DAY DQG WFUMOMQ) DG VHHNR
UH GPAD FUMNFDOBIQ/ WDWY MY HSMMP RBJ IED® FREFHUIHG Z W SRZ HUDQG WH
VX JBIR SRZ HIM

1( RIHYD ZD |RUUMDUFKHY \R DAMQG VR ERW WH \MMDMG DQG WH GASHYHG
6RP HWP HV UHHUHG \R DV K\EUG PHWRGRBJ\ LGFOGQ) JOEFQU FU CPHSBQ D
XP3. DVZHODV\RPH IRP R RVBOUBW¥ CFXPS. MLF BOBMTJT ,Q RUZD R
ZRINQ ZIW 1( ZH \HH WV DV PXFK PRMH WDQ PILHG PHWRGV 5REIQRQ

$QEHIRQ QIMDG Z H HP EUDFHG WH P XGE®! DQG FROADGRRY DVZH Z RIHG
ZIW (HZ RIN @\H DDOMY DEQ MGH GHHSHUHWRIUDSKIE Z RIN HDFK Z W WHURZ Q

XQATXH GOV LQULI KW DQG RFFDMRQDADQG RSSRWYGH LOMYHPWRQY

HK
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1( HOBI®' D Pl R PHWRGV ZKIEK PD LGFOGH  GHHS DQG H WQIYH [OMIHW
HDFKHY LGFOAQ) \RFIDOPHGED WDZ® E@JV SRGFDW WSRW \SHHFKHV Z KM

SDSHY RU DQ} DWRDOZ HEVMV  SUQMG FXUEXOP JXCDGFH RQEH WDFKHUMDIQQ)

PDMIDY SIDFWARGHURQIEH FRP P XQWAY DQG GDVBEDVHY — TXDOQMWYH DQDOWY R

GRPPHIV  IOMYLZ VDQG RURFXVIWRXSVZ W NA DRRY  IRBZIQ) N SHRS®!
RURJ DQ] DWRQ/ RQ\RFIDOPHAD RUERJY ~ REVHYDMRQ DG~ WH JHHDMRQ R

YAKDOP DSV 7KH GHIUHH R TXDOEMWYH VR TXDQARMYH Z RUN YDUHV \LJ QLIEDQ® DFURW
WWEH

Il N n°8@ x *55a O

$ POSPVWSTZ . BQQIH HDEGN BM-DUKHY R VBNH D FBVHU BRN DWVRPH R WH
SNBUPOT BCE TUDLZ QPO ZIWIQ QGHE R/ &RQARYHMHY DU CRWDED\V P HHO
GMDI WHHP HQAV DQG DU XP HQNV WH DUH J HGHIDWYH HYHQN KD RUA WH HIHFW
R WH XGFHWBIO DG SIRMRDOMMH R WH SIRGFWRQ R VFIHQNIE NJRZ BIGIH
FOIPV 9 HQMUQ DQG 0 XQN GHVFUEH FRQARYHWHY DV UFOTPOT X1 DI BON BUF
JTVFT

(DECQY REHYDWRQR WFIHFH IQWHPDNQ) &0 HJ OXQN (@Y 9 HQMUGL

OHQMUQL. O XN KHGV R | RUHI URXQG WH  XQQMQGHG FRQHTXHFHV R
WH ZD\V \FIHGFH P RELQ HV Z KDWIMP RE@ HV DG WH GLIMIOSOMRIP V Z KIEK \KDSH
WHH PREIOMY 9HOMUQ. 0 XQN 6XFK D IRFXV DD QV Z W RXU IQMIAMOQ
UM-DUFK P RELOMY ,QRP HG B\ $PRULHERN7KHRY $17 VHOUEIOMV &0 EXTCVRQ
WHZ D\ M DBVFROFWHDFWRG 9HQMUQ. 0 XQN S



%DFNP DQ E IXUMHU RSHQ/ XS WH QRARQ DQG YDOH R FROARYHWHV 6KH
TXHWARQY Z KDWWMG 1) FRQARYHMHV FDQ P DNH YIME®I QRAY Z KDWAKH UH HWY VR DV
WH ~KDXQREJ LEDA RIFHVMADWDUH GRAYR HDV® P DSSHG DQG @HD R EH REVEXUG B\
QJ MIOP HMRGY EDVHG RQ \HP DQIF DQG FROMOADQDOMY YDFNPDQ  E S
SWHQQ) \R Z KDAWEDFNP DQ FDO 3l PTUZ EBWB> S IRPPHG SDWR RXUZRW
UDFNP DQ D IRMIRXQGY WH IPSRWGH R PR TXDOBMWYH DSSURDFKHV 1Q
REU W IIQG DB HSBWH “WEPHIHG UDWHY G\SOFHG DRRY DQG
QVTXD@LEDWRQY WDWDUH R WQ FRYHIHG RYHU HAWWG RXWGEVFDUEHG RUH IMADV P LGRU
DI HFHVZ WMQ U WP DWAVFIHGFH™S [[Y

7KH VARQ) \RFIRP DWMUDO P 1) R &0 DQG @N\R G MICP HWRGV IV Z HOVMIWMG \R
HSERUWQY WH FRPSG[ MWV R WNVHDUFK P RELOMV WDWSD\ RXWRQEH RU WURXIK
IOMIHAY K\ EUG RQ RIGH FRYUXIMRY/ &0 DWHPSW \R (DMJDM D EDDGFH
EHE HHQ DB DJJ UHI DWRQ DQG PR \MWDWG GOV DQDOMY WDWI RFXVHY RQ WH
\SHFLLLE DQG SDMEXQUIQMDPWRQY GHVFUELQ) IWHD DV D ~TXDQ TXDQABMYH P HKRG™
OHQMUQ. O XN S

A YeNaa@ N n°8@ x *55a O58 =N (iul

&RQARYHYA 0 DSSIQ) IV YHY UFK P HWRGRBJIED® DQG YHY GYHUH LQ Z KDWASHFLLIE
DSSURDFKHV DI HP SR HG \WGHSHQGV RQ WH FROARYHW EHQ) WAEHG DQG WH
UARXUFHV DYDIOE®! | RUWH G MZOI HTZ RN +RZ HYHU VMG Q) D FROARYHY RIWQ
PRYHV WRXIK 1lYH WBIHV DWNQ) TXHWMRQ/ XIBU XIP IPX XIFF DG XI FO
IHQMUL O XN

8 | BU ) RP NQRZ BIGJ H FOIP \V\RR GHEDWV
8IP ) URP GHEDWAV\R DRVRLY"

) PX ) URP DRPVRW/\R GHE ROV

8 | FF ) URP QHVE RIW\R Z ROMHZ V

8 1 FO ) RP Z RIGYHZ VR FKDQIH



8MQ) P DU DSSURDFKHY DV 1HE RN (WQRIWDSK  &RQARYHWX 0 DSSIQ) ZRWW 1Q
LQCRYDWYH Z D\ VZ M P DSSIQ) DQG EX@IQ) FDURIUDSKIHY D P XGWYGH R SRME®! CDWD

YAXDD DAWRQY HIDE®! P X RCDADDOY

ORI 1HE RN (WQRIUDSK. DQG & RQARYHYX 0 DSSIQ) DUH IQGHFHG E\ \RFIRP DWILDO
SHYSHAWHV \KFK DV" DUWPS/ FIXPS. 51 FPSZ DQG 4 DFCDF BCE 5FDI CPWHZ 4 WEFT
$QG\R DAMQARQ LY SDIG \R WIQJ V DQG REMPW DV Z HGDV KXP DQ DRVRLY +HUH v/ Z KHUH
ZH WMUHG \R WH GRARQ R SOFSAFXJOH PCHEDU> $GDPV 7KRP S\RQ R
GHHSHQ ERW RXU DMWQQ) VR DQG DQDOMY R KXPDQWQI® IQMDPAIRY/ 1Q RXU
HWQRJWDSKIE |IHGZ RN $V D VWRQ) P RUH WDQ KXP DQ DSSURDFK  REMPWIQMYHZ V/
IRFXV RQ QRARQD KXP DQV EXWDAR QRQP DQ WIQJ V DV BHBIYDQASDWMFLSDQN [Q \RFIDO
VFHFH BMDIFK ,Q WY SURWFWWLY P HDQV IRFXMQ) RQ KRZ DWHPE@UHV R \WFK
DRVRWY \KDSH \KUWIHVHDUFK DQG P RYH UMVHDUFK VR HWHU $GDP V DQG 7KRP S\RQ
SURMGH \HYHDOKHXUMAFY | RUWH N PFF U BO| VN BO JOFSAFXT ,Q WL BAWRXUFH ZH
KL K@ KWWUH R WHH KHXUMAEY GPNRX JOH U F BDWPST EXTIQ) RQ / DRXWV

ZRWN JDWHIY DQG ZUMY GHWUSWH BOFDEPUFT DQG XQDYH@Y (SBOMNBUPOT

&D@BQ

A @N @

& DEBQV \VHP ICDOZ RN RQ WDQUDMRQ GHVFUEHY SADQOMRQ DV D VHUHV R ERWM
Q\SOFHP HQN DQG WDQJ RUP DWRQ/ GHFHMWDY R MG SRZ HUDQG WH “WKFWU) R
SRZ HU UHDMRQKISV™M S 7UDQUDMRQ HIDE®N UNVHDUFKHY VR H DP ICH KRZ \RPH
UM-DUFK P RYHV DUH IPEXHG B\ SRZ HUXODQG LQ GHQADODRRY DBQ) Z W \SHFLLLE
P DQLHWEMRQ/ RUP X\MRQ/ R D SIHFH R UWHDUFK. 7ADQUDMRQ H DP IGHV KRZ DRRY
LOMUDFH Z W RWHY Z LG © XQEHUFRHIFIRQ RUXQNRZIQI® WA/ WWURXI K WDQUDMRQ/
WDWHQANA P HHWKS DQG [QMDPWZ W RWHY WDQURP  EHFRP H @NHG RUGH FRXSBIG
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5 DWHUWDQ D ~FRQGHPWINH GRW™MDSSURDFK VR WDFIQ) UVFDUFK P RYHV Z H | LIMDWHGHG
\R DSSHDIDGFHVR WH IQWDCSIHFH R BMADUFK R LQMUAVAY: - H WHQ WBIMG VR WDFH \WMLY
UM-DUFK B\ IRBZIQ] DARY KXP DQDQG RMHZ M VR H SBUH Z KDWKH Z HIH GRQ)J
DQG Z KDAMRBVWH P LJKWSO\ [QEURNHIQ) UHNVHDUFK

) RBZ Q) \WH DRVRY P HDQ/DWMQQ) \R WDFIQ) VHDUFKIQY | RU DQG QR DSSHDUDGFHV
R DONQEGV R DRRY IGFOGQ IGDV SOFHV HHON SWDPWH PRGH  SRIFIHV
DMWY DADGFHV DQG RUDQ] DWRY/ WY HTXD® [P SRUBQMR NRZ Z KHQ \R RS
IR®Z Q) \RP H DPVRY R FXKH GHE RIN 7KDVWWDIG DSSURDFKIQ) WH WDFLQI V/Z WK DQ
RSHQGHW \R WH XQH SHAWG QMBI DQRP DOV DQG SRMELDNA Z MWIQ WH VHP QI ©
HYHWGED\ DQG P XQEDCH LVZ KDWI HHIDMV UEK CDVD

$1\WWUGHFIMRQ Z DV UHDFKHG RQ RXUEDVHY IQREGHUR |RTRZ \WH DRRY IWZ DV HWHQADO
R KDYH B TWBSIOH QPIOUBHIDUEBW R KRZ TXIEND HDFK Rl WHVH VHHP IQ) ® ERXQGEHG
“SIHFHVR UWHDUFK™EY DWHP EGIG DQG UH DWHP EGIG IQR D P\UDG Rl 1UDJ P HQN DQG
QHZ FRQLIXUIDWRYY +RZ HYHU DV\WWMG HDUIHU MY GRAD P DAMUR! FRQOHPWY) WH GRW
EXWDWHUGMY WH DSSHDUDQFH DQG PRYHP HQV R WH UVFDUFK RUDFNR YIMELDW
DQG WDPWRQ JXGH KRZ WH WDFIQIV XQRG — Z KIFK Z I@GHFHWDUW® EH EDFNZ DBV
|RZ DBV DQGMGHZ D\ VIQWP H DQG \SDFH
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&KRRUQ) QCH FDVHV ZDV D FKDBIQIIQ) VIWN CRWBDWVILYHQ WH Z1GH GIYHWIW R
OMDP\ WM-DUFK Z HVHHP HG VR EHVRXFKIQ) XSRQLOWH SURMFW:  H VHBPWG \WH FDVHV
R PD[IPJH GYHYW IQ WMPVR WH IR®ZIQ) SRQN WDWZ H | HIVZ H¥ P SRUBQMR

FDSWMUH IQRQH Z D\ RUDQRWHU

e BCTFCDF PS QFTFCDF ZIWIQ WH CDW FROFWG [Q WH RMHUSDW R WH
SURMFW \RP H |RFL Z HIH FKRHQ DV WH  Z HIH SUVHQAZ IWIQ WH WDFKHY
HOFRXQMY GDV RUGHZ VFRSRID DG \RP H EHFDXVH WH. Z HIH FRQSIEXRXA®
DEVHQV

e NMFSBIZ ®DVT \R HHOFWD DQJH R NQGV R OMIDR BMVDFK 1Q \MPV R
WSIEV PHMRGRBJ\ WBGFH 7KV ZDV 1Q @H ZIW RXU SURWFWIRFXY RQ

IOV DWY WH NQGV R UM-DUFK WDWZ HWH P REIMIQ) DQG WHU FXUHGR
IP SRWDGFH DQG SURP LGHIFH 1QZ IGHUGHEDWVIQ( Q) OQG DQG HOHZ KHUH

e FTFBD CPLFST \RH DPICHWH DPWW R D WDQJIHR SRMQADCERNHY WDW
DU Z W UAVSHAWMR SRZ HUDQG LQOHQFH FUHAEIOW GHSW DQG EWHDOM R
DRARQY DQG IRP VR OERXUWH HIDRPVWR P RELD) H UMHDUFK

e UF Q¥ TFCDF PGEHIBMBDUPST DQG H WIQAR GLI MICP HAIDWRQ DQG WDFHV \R
VDNH LIQR DFFRXQAVERM. SURP IGHQADQG B\W FRQWSIEXRXY GLI MIOVSDFHV DQG
WFKQRBJ IV WH IDQJIH R Z RIN XQGHYBNHQ B\ QLI MIODRRY WH HWIEV DQG
SUDFWFDOMAVR DFFHWIQ) SDIMWEXDUGL] MIOSDFHV DQG RABXW DQG WH WSHY
R GO \WH FRX@ JHHDM

e UF EFHFF PG QBOCFE WSIVT NPF TFFCEXQUPVT BDUPOT CZ
BDUWPST CPLFST WDWHFFRXIHG DQG | DFIMMWMG \SHFLIE PRYHPHQN R
UHVHDUFK

e UFNQPBMZ ZH\HBFWG UNVHDUFK REMIFW Z WIQRUW IQV1Q SXEQKHG UNVHDUFK
WWCEWY ITIRP WH VR




3FBEIXOH BPS1MBTVS-

11 PODT BCE U F* FBEXH X B OV SRQNV
\WH 2 SHO8 QYHWAW Z HEVIM
GV SRIQNV KWBY RXUS RU

SXEQKHG XD DO
P %D $ &UPIQ7 ORMDP 0 &RV
SHAQ) ZDYRIBDAQ) ) 3RZHD6 6DIRG .
UFREFIMRY' $ FUMFDO 7HDFKHYDVHDGHY
H DP ICOMROR! UREXVAHVADUFK T | R P XN
HYIGHOFH FXUEXGP SRIF\ DQG UDEY [ MDE 6\DUAQ) SRQV
WDFKH.Y SUDFWEHV| ROWDFKIQ) 5HVHDUFK
SKRQFVDQG WDAQ) 5HYEHZ R WHMEZ \FUEV
( GXFDWRQ H (QOK
2 IIMG
SXEQKHGO D\

0 QUFE 3FWFX

$ SLDBM POCFDUPQOT

6B SRIQNV
WH SRR HEVWM 3FGADUCH 3FBMLFT

KWBV ZZZ JRGDF XN FEOP XM XDOP F 6\ SRQW

UMFDORQHAWRQY/ &/3( SHOPWY 5HDONAV+6XYH R (WQE

KWBV  JROGWP M\P GINFRP SHSUHVHOEMRQZ MIQ8 . & KITGUHIV/ IWADVUH
WSRW E\ &/3(

3FBEXH'" MFCDZ 5PPMJJ

VBN SRQNV +POU F %PO
(() 7HDFKIQ) DQG/HDWQ) 7RROIWRQEEH VCET PG, CPXMEHF GVIMGY SRION
6\ SROQN ' 2 76 WDP
SKUDVH DQG FRGFHSW $5* /( GVZ HE\MV

10 6 14FDPCEBY X FFUPO%5I1 F 3FBEJCH BCE 7 PDBCVIBS 1PKH-DU

6VBUALY SRIQN
D\Z HHVE\ #2 836 HFRQEDY SRWMG Q) HE |URP DQDFFRXQADGP IQWMBHG E\ WH 2 83
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$VZH JDIGHG D VHOH R VRPHR WH P RYHP HQV R \SHFLLLE UVFDUFK Z H WHQ \HBIPWMG
YDURXY \WBYY SRQN 1RU FRIGEWY GLIHHQNDDOWHY 7KHVH DU DODOWE WY
SRIQV RXUSRQNR IQHWROIQR DOHDG. H MY \Z WY'R BM-DUFK P RYHV 7KH IIGW R
RUWBWY SRQN IV FROAMMOAZ W KRZ YDURXY WEN-KRGHY HFRXQMUUBMDUFK $QG
EHFDXVH WHUH DUH FRXQ®W HQM SROQN DQ UVFDWK RU BMDUFK P RYH DOHDG
FRQMIQVP RYHVDQG IGHDVIURP RIWHUMP HV DQG \SDFHV

( DFK WD SRQNZ DV GLIHHQN MHH WH SBWMRXY SDIH ) RUWH SKRQFV DG WH
5HDAQ) : DY MZ DVD SXEQKHG UNVHDUFK DUFG! | RUR I\IMG UHVHZ > WZ DV D SXEQKHG
UHSRW/+RZ HYHU $HDAQ) IRUIGDVKWS |RUH DP SGI KDG \E R WBMY SROQN D Z HEVWM
DQG D SXEQKHG UNVHDUFK DUWFGI $CRMHUFDVH MG KDG DV IW WY SRIQAD \E HHW
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7KH \ER DQHFGRWV KL KO KW/DFNP DQV QRIRQ R JKRWD CDW LH @/ RU
WDFHVR “\RP HMQ) HWH R ZKDWZ H P LI KWFD@I X\VWUH SRIMQADD ™ADWP D\ RSHQ R
\XEP HJHG DQG GMSOFHG DRRY DQG DIHFHV S $V WP SROQN Z HMH
WDVHG RXW YDURXY BRXWA RSHZHG DQG \RP H RMHUVHHP HG P RUH DV GHDG HQGV ) RU
H DP S®! 1Q & UMFDO& RQGHPWRQS ZH WMMG WUHH GlLIHBHQAMEAWY SRIQN DOZ HH
XWDAHG 1QWH | LWAKFRSIQ) WE H EXWMZ DV GRAXQADKH [ IAIQMYHZ Z DV FRQGXFWMG
WDVWAH [ LCDOWBAWY) SROMMH SIRVPWZ HESDUH Z DVFRQ P HG
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$V WH DERYH \KRZV SDUDP HMY |RUFDVH G VHBFWRY) FDQ EH Q<P HIRXY DQG DUH
QLI IEXOWR JHHDOH 6RFIRP DIMIDO! HTZ RN |RUHDFK WDFLQ) R D D FDVH FDQ VBNH
FRQIGHIDE®! WP H DQG UAWRXUFH +RZ HYHU WLV FDQ EH P DQDIHG B\ HDW® DQG RYJRQ)
GHFIMRQ/ RQ Z KHUH VR $XVWH GHE RN DQG GHRIAQ) RQ SUIRGXFWH @HVR P RYHP HQNV
WRWDFH 7KDWDIG WIVIVD IRP R TWX FTFBD /DZ  6IQIGMRQ

$V IV SHKDSV DSSDUHOMRP  WH LOARGXFWRQ GOV FRBIFWRQ Z DV (RAMADL] KWRZ DU
DG HOFK R WH FDVRV UHTXIUHG VRP HZ KDWAGL T HIHQACDW Z IW P XQME®1 CDW | RWP DW

' D FROFWRQ SKDVH DQG DQDOMY XQRG \RIHWHU 7KH PDIRUN R \WH GDW ZDV
FRFWG DQG FDSWWUHG G MP® DQG RQIH ,Q DGGMRQ VR 3ADFIQI\é Z H DOR FRBIFMG
DD WIURXI K LQMYLHZ VZ W SHRS®! Z KR Z H IGHQNIHG DV UHBNDQAIRURXUFDVHY : H GG
DWRBCR  IQMYEHZV 6RPHR RXUFDVHVIGFOGHG MURH IQMYHZ DQG IRUVRPH ZH
LQMYHZ HG VHYHIDOSHRS®! 7KH LOMYLZ VVZ HIH FROGXPMG RQWH 7HDP VSOMRP  7KH
Z HIH WFREHG DQG WHQ WDQWFUEHG 1L UHTXHMMG B\ \WH SDWFLSDQN DQRQ P MHG DQG
\DIHD WRUHG 6RP H R WH LQMYLHZ VVZ HB UHBIYDQAYRUNHYHUDGFDVHV

5HOIQY) RQ * RRIGI DQG RWHU VFDWFK HQIIGHV ZH ZHW DFXWMD DZDWH R WHU
BMIPSU N.D QPNLIDT  7KH QL MBOADFHV Z H HFRXQMUHG DQG IQMDRMG Z W DUH KL KO
SHURP DWH : H FROAXD® TXHWIRGHG X | BUX F X FSF TFFJOH BCE X1 Z $QGX I BUXF
NH UCPUCF TFFIOH %FDX\H ZH ZRIWHG RQEH ZH QHHGHG R NHHS GHVBIBIG WDFN
UFRG R WH SDIHVZ H YMWG DQG Z KHQ Z KDWZ H GRZ QBDGHG Z KHQDQG Z KHH ' XH
R WH |GG DQG FROMIQ® FKDQIIQ) (DM R IOMIHWZ H Z RXG DOR | BHTXHQ® \BNH
VFUHHQKRW RUMDYHG Z HESDI HV Z KIEK 1V SDAMWEXOW® UHBYDQAZ KHQZ RINQ) Z W GLI MO
W (DFK R WH UMDFKHY GHYHBSHG WHURZQ ZD R ZRINQ) \R PDNH WL

H WHP HO WP H IQMQULYH GDV FRBIFWRQ DV H | LEELHQADV SRWE®!
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' DV FROPWRQ DQG DADOMY XQ RTHG 1O WUHH GLLIHUHQAWE HVI RUHDFK R \WWH FDVAV 7KH
IQWDOKEIH *QLIBMVEYQWBUPOT FROMMG R WP H @ WG SHURG \R | RP XOWM DQIG-D™
R WH FD\H $I\WU RUDQMQI ™DQG GVXWMQ) WH [ IWWFRDFMG GOV \HW DQRWHU
FROPWRQ 4BHF " CBMITJT |IR®Z HG \R H SDQG RQWH SUHYIRXVRGH WMLV Z DV IR®Z HG
E\ DQDOWFD® RUHQMG RUDQVDWRQ R WH GOV DQG | XUMHUWDP GVAEXWMRQY 7KH WALG
FROFWRQ 4BHF " CBMITJT SHURG Z RX@ IGFOGH IRBZ Q) XS RQ\SHFLLIE SRIQV DQG
FRGAWY IQMYZV 7KHH IV DOR D IRXUM SKDWH ZKIFK IQROHG FUDAMY IQWDO
DUDAYHY EDVHG RQWH GDVB $VZ H WBUMG \R Z UMM WHVH QDUDWYHY Z H UAMUIHG R RXU
DWW DQG IQPDQ IQXBGFHY | XUMHUSXWXHG \SHFLLIE GILHPWRQY VR J DWHUP RUIH GHVLBIG
DD

Q\RPH FDVHV |RUH DP S® |RUNH SHDAQ) ) GHQR 7RROME ( () ZH KDYH DFFHWHG
SRIN GRRPHQN  MXUDODWGN DG~ ZHEMWV ,Q \RPH FDHV ZH FUDWG
DQUREMWG “WFUDSERRN/™| RUH DP S® WH $HDAQ) | RU3GDVKUH \FUDSERRN FRQBIQY
SDIHV Z W Z RGV DQG QP HRXV WFBHHOKRW WHH EHBZ | RUIGVAIMRY \R KRG
DWW EHQ) JHHDWG [QRMHUQMBGFHVZ H FUHDWMG \KDUHG GDVD | RGHY
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o SWWFXOW D VHOH R Z KDWY UVADUFK IV GRAV DQG ZKHH KRZ WADYHY' 1Q Z KDW
IRPVDQAEZKRVRPHR WHNA DRVRY DWHP EQJ HVP LJ KWEH
e * DXJHGHSW EUHDOW DQG YIDEIDW

e GHQOM\ SRIMQADIFRQARYHMHY WQURQY
e GHQN\ WHNH EURNHY\WDWFRX@ EH D | RFEXVIQWLY FDVH WXG,

a 8o

& RBPVEDME LG RUP DWRQ DERXVWH LQWDCSIHFH R UHVHDUFK

KDWY/ WL SIHFH WAMVHDUFK DERXWZ KDWY XQT XH DERXWZ KDWY IQ UAVSRQH \R

ZK WIVFKREHR SXEGFDWRQ RUGMHP LADWRQFKDQHO

e : KDWKDSSHHG ZKHQ WV SIHFH R WM-DWK EHFDPH SXEGF DQG KRZ GG IW
~DSSHDU™

o $WHH R WH GJMZODQG \WQI®© DRRY DQG WHUURB! 1Q WH P RELOV ZRINR WLV
UM-DUFK Z KDWEL MBCDRRYVHHP \R EH P SRUBQN

e : KDWMDQOMRY GG WYV BMDUFK JR WIRIK' : KDWWDYHBIG 1QBFWY : KDW

EHFDP HP RUH GLIXVH' +RZ Z DVIWIHGXFHG' 5H FROMMMG'
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Qn

) 1QG DQG JDWHUNSHFLLIE GDVB |RGZ WH DRRY 1Q P RUH 1Q GHSW DI LE Z D\V
H S@UH SRWE®! GOV DJ J UH) DWRQY

' HVFUEH DQG GR D WHDMRQDOD(QDOMY R DRVRY IGFOGQ) DWHQQ) \R WH OERXUR
SDWEXDUP RYHVR WH UMADUFK

%] LQVR GHYHBS GOV DQHFGRMV

6\BLVWR FROGXPWQMYIHZ VZ W KXP DQ SDMWFLSDQN

a 8o

" DUPST BCE " TTFN CNBHFT
GHOM\ WH @QHUDMR DRRYR IQMIAVWSARYP D\ LGFOGHDQ R WH IRBZ 1)
DQG PDQ RWHY QRAIQ WY QW FROXEBQN Z HE MV SUDPWARGHUFRP P XQUHV
RP \HWQJ PRGHY FRQHMEFHY JXX SHURP DFHV WINVBQNY ERIV UWHDUFK
RUDQ] DMRQ/ H SHW DQG @ H SHW FIM/HQV/ DQG FIW HQ VFLHQMAV \FIHQMLE
FDP SDLJGHY DQG SUR HFWRDOVFHSWEY QLI MIODRVRY P DWUDODRVRLY 1Q SK\ MEDO
\SDFHV QHZ \SDSHUDWMFGN K\ SHEN/ H WQEQ) DFURW WH IQMIOHWEX] ] SKUDVHV
SRIA D\SUDWRY/ WIXOWAY WUIPHY DQG \SHALIE GMRXYHV DQG SYXEQF

DUDWHV

" WY/QICH WP N PCLIFT VB U F TQFDIGD X PS. BCE NBCPVSPGQBS.IDVMBSN PVFT

o UR\HY Z KDADFWDCZ RINDUH WH GRQ) DQGKRZ KDYHWH. KDYH EHFRP H IQIROHG
LQDWHP EQRJ V DURXQG LY SDWEXDUUVHDUFK!

e ([DPSBVR KRZ WHSIHFHR UNVHDIFK IVEHQ) WDQDWG & DBQ

o ,GHON\ DQGEHIIQWR GHYHBS P RUH WDQ KXP DQ GOV DQHFGRWV
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" CBMTJr
4 XHVARQ/ VR P XOWM DCDOMY

VG GLHHOMKH \DPH NQG GHEDW EHQJ WP XOWG YV D VIV WH ZD\V WY
UHVHDUFK P RYHV!

TKIRXAIK WH HIRW QHJ RADWRQY DQG OERXUHDPWG 1Q WH YDURXY DWHP EQJ HV
Z KDVWSDFHV | RUBVADUFK DUH EHQ) HIDRPWG WDYHWHG RSHHG XS FRVHG GRZ Q)
GHQN\ \WWH SRMQADE® P RWATXIMXIDRRY DQG DWHP EQJ HVVR | XUHUDFH!

© KHUH GR Z H™FXVWKH GHE RN

NO° D <U@@AY° 3 -4 N8I
e (UN- 18 ©°0 8g

- KDALVPRMQ) DQG IQZKDWZD\V' : KDWRWR NRAVPDNQJ D WP SRIDY EUQI Q)
VRIHMHUR HHJ IRV IVIRQ) RQY

: KDWGRHV WL BMADUFK EHFRP H DV IWP RYHV' +RZ GRHVIW P HDQQJ DQG [P SDFW
KL

GHON\ \WQURQVDQG RUFRQARYHWHVDVZ HODVDQ DEVHGFHV
© RINWURXIK & DIBQV IRXUP RP HQV R WDQUDMRQ | RUVHBIFWMG H DP SBVR

WDQUDMRY/
QZKDWZ D\V GRHV WLV SIHFH Rl UVHDUFK DFFUXH WEMYY L GHQFH DQG RUSRZ HU
. KDWBHOMRQKISV VR RIMHUDRVRY DUH P DNGQJ LY SRWE®!!

+RZ IV VFIHQNIE H SHWH ®UMP DR\ DQG YIMEIOV R WLV SIHFH Rl UAVADUFK EHQJ
HDRMG' : KDWP HFKDQWP VDU QSO VR HWBEQK FUHGIELDN DQG DXWRUN!

+RZ DU QJMPO DQG RIMHUGRQ KXP DQDRVRY P STFDWG [Q \WH GASOFHP HQADQG
WDQJ RP DARQ R WY BM-DFK! :© KDWY D GLJ MEOMFKRBI\ H STFIVD RULP STFMD
RIHUQ) VR KHS R 1P HWONG) DQG QML SHIFHSWRY

+RZ KDV WY UMDUFK. RUIW HBP HQNV EHFRP H HP EHGEGHG 1Q “P DWUDOMMQIV 1O
@D R D HOFDWRQOMDF\ SIDPWFEHV

& RQUIGHUYDFNP DQV JKRWD DWW Z KDAEHFRP HV \IXEP HJ HG RUKIGGHQ E\
SDWEXDUUH] [P HVR YMELDN!

: KDWEDWHLDY DQG GVMGPMUHY FDQ EH VHHQ Z KHQZ H BHDG DFURW \WH FDVHV
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2 XULQMIHVAIQ TXDDBMYH GJ MIOADFLQ) Z RUN QR IMWBQAEQ)  ZH Z HIH DOR IQMBMMG
DQG H SHIP HOMG VR\RPH GHIWH  Z IWY GDVI DJ J B DWRQP HWRGY \WFK * RR1 G WGV
|UHD DFFHWEGI 0 HAD &BXG 2 SHQ WRXUFH SOMRP |RUPHAD DDOMY BTXLA
UHJ MADMRQ DQG\MiH & UDZ BIU Z HE GHE RINEFDWRQ DQG YIVXD@ DWRQRI VR DU UHT XY
U MADMRQ  7KHVH SRZ HUXOWRY \HHPHG [Q PDQ ZD\V R EH "WR SRZ HUXOMQ WH
FROM R \RP H R RXUFDVH WXGLHVZ KHUH WH GG QRWKDYH ™\KI | LELHQNGL] MDCSUHVHGRH
© HDOR | HOZ H QHHGHG D FHUBIQ GIYHCR GHVBCY. KIFK Z RX@ EH HDM® P IMHG LQWH CDVD
DJJ W DWRQ FRQUIGHIQ) WH SURMPWMP H FROMDIQN ZH IREXVHG RQ P RUIH TXDDEMIH
ZD\VR H SBUY

20Q WH GIW WH \FUHQKRW | RP
* RRI®! 7UHQGV \KRZV D FRP SDIMRQ
R UHDWH LQMSMV RYHU WPH R
RUMG SKRQP DG IHDAQ IRU
SEDKW : KB WHH \VHHPV \R EH
FRODMMQVIQMIAWIQ RVMG  Z W
WH ECH WHQG @H EHQ) PRH
BIXOU DQG SKRQF 3HDAQ) IRU
SEDWWH WH \HBZ @H EDWHO
UHJ ALY

) RUOWH W] VWR WH 2 1 WMG BHSRWZ H DOR H SHUP HOMG Z IW WH DDOMYVIQ9 R DQN
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OHAD FBXG SBRMGV
AWNEXWRQ R WSIEV ZIW
PR \SHALIFD® DOWWRE®I
SDUDP MY 7KH WS SIFVYUH
WKRZV WH GVWWEXWRQ R
RWMG 1Q %MK PHAD RYHU
D VHBRMG SHIRGWP H KHUH
D VP IOUSIEXWH HP HJ HV DV

WHRGHIURP * RRI Bl TUHGV

SRMHU  IXPWRDIV R
OHAD F&G IV WDW W
JHHDMY “7RS : RG™ WY
SIPMH \KRZV "WRS ZREB/™
IURP W[ W DERXWESKRQF\4
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$V $CDPV DG 7TKRPS\RQ ZWM BOFDEPWFT DU
GHVFUSWYH DFFRXQN 7KH \MOWRUHY WDWDUH GHVBIBIG DQG
SUIRYRFDWYH " OFDEPWFT BF B XBZ WP HBU FSEBWB U FZ
B EBUBB BCE BOFDEPUCH JT B N PGBOBMITJT 0 RM

WDQ KXPDQ DGHFGRMV GHVFUEH IQMDPWRQ/ EHE HHQ
SHRS® DG WIQV $QG 10 \R GRQ) WH  LOVMADW KRZ

\SHFLLLE SUDPWFHV DUH HIDPWMG DQG XQRG
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$QHFCRMY DWAQG VR WH GHWBIO 7KH DWMCH VR WH SDUWEXOU WH \SHFLLIE  Z KDWLY
KDSSHQQ 1Q WH P RP HQVWH FRIFUMW $QHFGRMY WIYH VR EUQ) JOAITICMLFT WP U F
CFHPVCE 7KH \KRXG FRQM D VR VHOH R Z KDWKDSSHQVDVMQ) VDQG SHRS®IJR
DERX\WWH HYHYGD, ZRINR WH Z RO $QHFGRMY \HYH DV D KHXUMAE VR \KDUSHQ \WH
VHOUEIOMAVR D BVHDUFKHUVR WH WIQI VR HYHWGD\ SUDFWEH

$AMRXIK GHAVBIBIG WH. DUH GRAP HHO D BWFMICR HQGEBIW GHVLY 5DWHU DQHFGRWMV DUA
FRP SHG DUDWHYWDW HDYH VR HWHUERW SHRSG! DQG \WQ) © WRYEHY 7KH SROAR
DQ DQHFGRWM \KRX@ EH HMGHQWV 7KH GHVOZ KDWY KDSSHAQ) RAVZ K\ IMKDSSHHG
$QHFERMV AJ GHHSHUWDQ | LW OGFH GHWFUSWRQV R SIDFWFH $V D BMHDUFKHUP RYHV
IQR DQDOVY DGHFGRMV KHS VR TXHWRQ DQG Z RQGHU H SBUH FXURMAV DQG XQEQ) G
Z KDWYVKDSSHQAQ) 1QWH XQT XH LOMUDFHV DQG [QMDPWRQ/ EHVE HHQ SHRS®! DQG WIQIV
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7KH FDVH WRAW Z W WH SXEGF-DWROQR! : \VH - %DCEXY DMWF®! Z KIEK DFTXURVDQ
DFDGP IF FMMWRQ 7KH W@ DQG WH FROMKXFWRQR WH UFYUPGU F BSUDW SURVIGH | XUHU

IO KW

2QSDIH WHDXWRY : \\HDQG %DEXY
\D\

7KH FGEDUWFOFTT R WHWDFKIQ) R AR AL 0P A DA SR GRIRDAT A B
WDAQ) JTR QBBNPVOUNQPSBCDF Ry WV IQEFDUR) WH PXUFQAMIMR QY

TKHH IVVRRQ © HYDGDWYH YRFDEXDW
HGXFDWRQM WMP V DQG FGFDUWFCFTT HIHPAHGHW [ SDUDP RXQMP SRUBGEH

T PV EH GAWMUP [CHG WURXI K SHP3PVT WRRXY ®ODYIQ) WH UHDGHUQ QR GREWDV\R
UHVHDUFK +RZ HYHU WH H WIQNIR Z KIEK Z KDWY DVWWNH 7KH GH VWHQIMGFH XVHVWH
UHBIDQAHVHDUFK HMGHQFH LV UH BRWMG IQ P REDOKRXG VX J HMALY . Z KDWAKH DXAWRY WICN

FXUEXOP SRTIF DQG \WDFKHY SUDPWEH LV ﬁm‘ﬁ' é@'ﬁp \*WTPS[L)\BMGWEQ
DIHAWGE\ D DQIHRI IQCGHFHV ' PS NG-!\MPI.Q-GMR)OKUURLRX\/JI KT'V'ZJ HR
FYBN Q¥ SROWDAGHR®I\ FDQEHDQ WH BDVRQY [QARGXFHG FDVXD® E\ |RUH DP S®I
1 GHFH ROQWH G-MHBRSP HOAR (DWR(DO VIIJHWY WHHDUWH PDQ RWMHUBDVRQS IV
FXUWEXD DAQG WDFKIQ) P HWRGV \RP HWP HV " SRONFDAGHRBI\ ™7KXV DARKHUTH Z H VHHN

WRIR®Z QWY FRQARYHY LD SRZ HUMAKI J G
FRQADY R WH UHVHDUFK HYIGHCH DV
K H A EHKQG QL HHQAQMBFWDDQG [GHRBJI IFDO
GRFXP HOMGE\ -DP HV

SRMRY/

9 DURXV RIMHU GHYEHV Z KIEK X\XD® DFFRPSDQ  SXEGFDWRQ R DQ DFDGHP IE RX.IDO
DUF®I P DINRXADQ DUD Rl LOMBMAZ KIEK WUV VR N DRVRY R HWHU MHHP VR EH D
WSLEDCDFDGHP IE DME®! L1Q D SHHUUHYIHZ HG MRXWDO WY EHQ) DG Z UNMQ DERXWDQG
FIMG %WKRZ GRHVIVIP RYH DQG Z KHB GRHVIWIR!

$CGDP VDG 7KRP S\RQ \IXJJHVAD | HZ _REMPWQMYHZ TXHMRQYWDWFDQEH SRVHG
R WBUWWH SURFHW R DQHFGRWY) )RUH DPS® ™ HWFUEH KRZ WH REMPWRU WL
DSSHDWRUMKRZ VXS ™ KDWKDSSHQV ™: KDWKDSSHQ/ GH W™ 7KHVH \RW R TXHVARQY
FDQ EH SRVHG R KXP DQ DRVRY DV Z HODV G MIOMQIV — N KHUWH IV VR JHWD VHQH R
Z KDWY KDSSHQQJ 1QWH P RP HQAVWH SDIMEXDUDQG \SHFLLLE P RYHVR UMVHDUFK DQG \WH
DRVRY DQG DWHP EQJ HV P STFDWG [QWHH P RYHP HQAV DQG P XVMRQY VR WH UMVHDUFK R

QMM

KB
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SQRWHU KHXUMAE IV \R XQDYHO WDQUDMRY/  ADQWDMRQ
HIDE®N BMADUFKHY R H DP IGH KRZ \RP H WM-DUFK P RYHV
DU IP EXHG B\ SRZ HUXODQG 1Q GHQADODRRY DBQ) Z W

\SHFILIE PDQHWIMRY/ RU PXMMRQ/ R D SIHH R
UMVFDFK 5BOMBLUPO LV D SRZ HUXO$ FVRU L HVE RUN 7KHRY

FRFHSW $RARU 1HZRWN 7KHRY DWW +RZ KDV WV
FRGFWQ R DRARY FRPH W EH DWHPEGG 2U
GAMDWHP EGIG' 2 UUH DWHP EGIG AL HIHQW!

2 XUGDWD Z DV LOIG Z W WDQUDMRYY ) RUH DP SBI WURXI K WH XVH R WY KHXUMAE Z H
ZHH DEGI VR WG KRZ UNVHDFK Z DV WDQUDWG LQR DQ HYHQMNDWFRXG EH WHDG
DERXW HYHQN WDWFRX@ EH “DWMQEHG™ DQG D FROARYHYX  SHVHDUFK Z DV WDQUDWMG
HJ Q\SOFHG DQG WDQIRP HG DV WP DMIDO HG 1Q B |HIYDY DG G MIOI LB V
FUWDWMG B\ \FKRROFKIGIHQ DQG WDFKHY HJ  1Q & UMFDO&RIGHAWRQS ,Q \RPH
IOXDGFHY IWZ DV WDQOWG WURXIK D VHUHV R PRYHPHQWV 1Q ZKIEK IWEHFDPH
FRP SUVVHG IQR D MQRXV FRIFHSWZ W P XGE®! DI HQEDV

7KH UMHDUFK Z H H, DP LGHG 1Q RXUFDVHV H SHUIHQFHG P XGIB®! WDQUDMRQ/ DQG B\ XMQJ
WH GRARQ R WDQUDMRQ DV D KHXUMAE Z H Z HIH DEGI VR JHAD \HQH R \WH DRRY \WDW

GQDZ \RIHMHU DIRXQG DQG WURXIK SDUWEXOUUVFDFK +RZ WH. IR FRQUHPWRQY
DQG DADJFHV DQG IQ\R GRQ) \KDSH KRZ UMHDUFK | BZ V 1Q SDWWEXDUZ DV DQG |RPV

P SRIQD XMQ) WDQUOMRQ DDOWD® HIDEGN VR VHH SRZHU DQG SRMEV  Z KDW
&DRQ S  GHWUEHVDVWH VWXFRWUQ) R SRZ HUHDMWRQKISV™

KC
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$V PHOMRGHG DERH WH IQCHFHV R _1HERWN
(WQRIWDSK DQG & RQARYHYX 0 DSSIQ) VRRNXV GHHSO IQR
GDV YIVXD@ DWRQY DQG P DSSIQ)

7KHDIP Z W WH PDQ Z D\VZ H DSSURDFKHG YMXDO DARQY Z DVVR W VR EUQ) QRARQD
HEZ RV IOR YHZ EXWWH Z RN DQG OFRXU LGFOGQ) IQAME®I OERXU \WDWDQP DM
WHH GHEZRWY : H H SBUWG D IDQJJH R YAXD@ IQ) DSSURDFKHV 1Q DQ DAMP SWHR QRW
“| ONMINGHE RIV/ Z KIEK 1V RWIQWH FDVH Z KHQVRP HRGH RUD G MEOMPKGRBI\  WHV
R GDZ \WHP RXWO HQMUQ DQG 0 XQN DGYRFDM | RUWH GHYHBSP HQAR P XSG
“P DSV'DQG IQEHHG WH DS-BUPOPGDBSPHBQ JFT BCE BUBTFT IQREHUIMR FRQM. \WH
QHHG | RUP X@E0®! GLIHBOANGGEVR YVXDD) DWRQYDVHDFK P DS IV GHFHWDUD SDWDO 7KH
JHGHDWYH SRMQOADCR P DSSIQ) "1V GRADFWD@® DQ DWHP SVWR UHSUVHQMMH WUIDIQ EXW
DQDWYP SWIR RFFXS\ WH \WUDIQDQG VR HQI DI H Z W VM) MV © DOKDP S

2 (HR RXUDWYP SW I(FOGHG YAMDOOMRQY R WH WSHV R DRVRWY ZH ZHH |IRGBZ IQ)
DQGPDSSIQY) Z H FDOMIG W SKHP HID>

KD



YRU/DZ DQG 61Q) BMRQ

I 30JIV3I@Ck oi3lr

7KH WBAY) SROQARU
WH 3§ XQBVR

. (RZ®IGIH FDHZ DV
WH ~SKUDH DQG
FRFHSW™HH

' DYIGVDQG 7HUH
/\QRVDGHFGRMV
DERYH

QWH)R FD\H WH
\MP DQG DFDGHP IE
FIVPMRQ FLLFXOW DV
DQ3P P X\RE®!

P REI®» /DZ DG
61Q GMRQ
EDVHG RQ/ DRXU
GHVFUEH DQ

IP P X\BE®! P REL®I DV
“\RP HMQ) \WDW

P RYHVDURXQG EXW
DOR KROVIW\KDSH™
S

WH FKDQIHV EHBZ WH \XUDFH D®Z WH “FRH R
WEELOV™R UHP DIQ WRE®! 7KLY P HDQ/ WDWQ SIDFWFH \WHVH | &Z V EHBZ \WH \IXWDFH
Z KDWHQGV XS EHQ) EOFNER] HG DQG WDQUDWG RAR YIHZ  DOMUWH PHDQQ) R WH
FRFHSVWY D MV Z KDWY SRWE®I RUSHP ME®! [Q WH \KUWY FXUEXOP DQG SRR

FRQM W,Q RIWHUZ RBV D FROWMIQ® FKDQIIQ) GHE RINR OERXUDQG UHDMRQY HDEBN
WH \VHHP Q) MREDP R \WH WIEG! UHDWRQ EHVE HHQ "IXQGV R NQRZ BIG H™DQG 0 ROHW

KE



QWH & UMFDOR RQCHPWRQS FDVH Z H EHFDP H LQAID XHG B\ WH Q<P EHUDQG YDUHW R DRVRY
PRVQ) 1QDQG RAMR WY UMVHDUFK SURMPWRYHU  \ HDWY 7KLV P DGH IMGL LEX@WR GAVFUEH DO
WH ZD\V IQ Z KIFK WLV UMVHDUFK. FROADD® W DWHP EGV \KWBIQQ) IWHD DV MERWM JURZ V
DQG GHFRP SRV 7KDW\DIG WH FRPSB{IW R WH DSW DPHG FUMFDO FRQCHPWRQY

UVHDUFK | REXVHG RXUVRFLRP DWIUDOHWCR] UDSKIE [IHGZ RUNVR DAMGH \R WH PDQ VWMV 1Q
Z KIEK \MLY UM-DUFK Z DVEHQ) HOIDPWIG WH FRQUHPWRQY WDWERQIAMM \WH J GEDOGHE RUY
ZKIFK KDYH IRPHG DQG WH \RW R P DWUDOW P STFDWMG 1Q \WH Z RN DQG @ERXUR

UHVHDUFK P RELOAAVIQWIVFDVH : H SURYIGH DQDEUG) HG YHWRQR RXULQWDODWDWYH DERXW
WH DUD\ DQG ZRINR DRRY WDWFIHDWG RUGNHG LOR GLI HHQADWHP EQUHVDVD ZD\ R

LOMADW WH YAXDD DWRQWDWZ H \WHQJ HHDWG

7KH FRP SB[ DPDODP R IXQGHYDQG IXQAQ) SDWHY WH IDQIH R P DIQIHDP
DQG FRP SBP HQBW \FKRRY 1QWH 8. DQG IQMIDMRD® WDFKHY DG WWGHQN
Z KIEK KDYH HYROHG RYHUWP H 7KH & & UVHDUFK DV SURMPWRUPSURMPADY UVHDUFK
HYRNHV D VHUHV R' SUVHQFHY DQG DEVHGFHY WDWZ RINVR EUQ) VRI HWHUGL HBHQW
DRVRY DQG J DODQ] H YDURXY | BZ V DQG FILFXOMRQY $V D WNVHDUFK SURWMIPWMGFH
&& KDV D KIMRY \XSSRWMG E\ VHYHIDOIXQAQ) VRXUFHY UHSBM Z W \WH

RQIRQ FKD@®QJ H DQG WMRQVR VHRXUKQY FROMXHG | XQEQ) | RUMIH SURWWFW

7KHUH IVD WWDG. SXETGFDWRQ RXABXWS FDGHP IE DIWEGN DQG ERJ SRV FROAMXH R
EH JHQHDMG B\ WH SURWFWHDFK ZRINQ) \R P RYH WH UAMDUFK B\ NHHSIQ) W
DFDGPIE RX\BXW YME® DQG FIFXOWY 7KH RSHQ DFFHW ) BOECPPL @S
5FBD FST $QGHIRQ O DFBIR.  &KXQ) IV QRARQD D KDQEERRN FUDWMG | RU
WDFKHY MDOR HIDFW D IDQJH R WMDWFK EDVHG H SHIHFHV R ZRINQ) Z W
WDFKHY DQG WGHQNV ,Q WH . VNMINCHVBM2AHIBMA PSZUFMIDH ERRN Z DV
SXEQKHG Z W 5RABIGI H

+HH VWH ) B ) HMYDO=RRP DG ( YHQEWM SURYIGH \SDFHV DQG FRREWRQR
WH RQIEH O | HYDY 9%WSHIDSV P RUWAP SRUBQD | RUNRP H DRVRLY WHUH 1/ \WH

DR IQVFKRRY

KF



7KHUH DUH P XSG HQAY SRIQV | RUDRVRY.J DWHUQ) DURXQG 1Q DQG WURXI K WH & &
SURMPWDQG WH Z HEVMM 3HRSG! RU DQ] DWRQY DQG DQ DEXQEDOMHYHUFKDQI QY
QI MIOHQRXDIH VHHP \R PRYH 1Q ERM FRREWG DQG PR RIDQE ZD\V
6RFIDODQG P DWUDOFRQGHAWRQY GHYHBS DWHYHQV \WFK FRQHHGEFHV LGFOGAQ)
WRVH KRAMG E\ WH SURWPNQ DQG DQRDAI® | HIYDY

DQG SOQUHG SDMHUGHE RINGQ) DQG FRP P XQW HQJ DI HP HQAJ DWHUQ)V [(FOGEQ)
WH' HSWRG&IGPD

&RXAYHV DW* RGP MV &3 VHWRQ 3K NGHQAKISY DQG WDFKHUDQG WWGHQW
QI MIOWRY W@ SURWFW J DUHUP RIH FRQGHAWRQY EHVE HHQ DRRY DQG \KDSH
\SHALIE WMDUFK PRYHV SHVRXUFHV DB UFK DQG DEXQEDQN |IRFXVHG RQ FBDU
XSSRUWADAWDOWEI HY SUH SURGXFWRQ SRWW7KH G DR R \FKRRY DQG SDWWFLSDQN
RYHUDQ H WMQGHG GQIW R WP H Z KR KDYH HQIDIHG Z W WY WNVHDUFK EHFRP H
UARXUFHV |RUWH SIRWFW SV GR WH G MIOWRUHY FUDWMG B\ WH WMGHQN DQG
| DI X@ DUFKLYHG B\ 9IPHR <RX7XEH DQG WH Z HEVMM DP SO\ IQJ WHDFK WURXI K
WP H DQG \SDFH DQG FUDWY D YME®! KMRY R HIRWDQG SHURP DWW R \WH
UMDUFK ' LJMBODQG SK\MEDOVSDFHV EUQ) VRI HMHU QLI MBODQG KXP DQ DRVRLY
QI MICP HADWRQ | DFIOAMWA WH J BEDOBDFK R WH SURMPADEQ) MGH GFDCHYHQNV
Z KIFK KLJ K@ KYWAH [P SRVBQFH R \SHFLLIE GFD®V

7KH FROMXHG Z RINIQ\VFKRRYIQRPHG B\ DQG IQRP Q) WY UWVHDUFK DBQJ Z W
WH DQQXDOMNGHOMHOAY 1Q WH IOMIDMWRDOI® | HAYDODQG DZ DBV Z RQ B\
WDFKHY JIYH WH \KFFHWHY R WY BM-DUFK D SUMHFH  7KH WHBNDQFH DQG
SRSXDUW R GLJMEO WRYWQRY \WH IOMZ HDMQJ R 1P PDNQ) EDVHG RQ WH
ZRWR -RH/DPEHWQWH 863 OQXDIH GDIQ) DG SIRWPWEDVHG GDRQ)
DBQ) Z W WH FUDWH SIRFHWR GIZ 1) RQRHVRZ Q@HG H SHUHGFH FROAMXH
R EH LP SRWBQAP HFKDQWP VR DIEXOMRQ SHYXDMRQ DQG ®U WP DWRQ WDWJ LYH
WH UMHDUFK DWHP EQJ H \KDSH DQG | REXV

1RGH R WHVH DRVRY RSHIDW DBH $QG WHUH DUH P XGE0! RHDSSIQ) GHE RUW
&DEQ UHHY VR WH GURWDARQ R PDULQY R PDQRHXYUH ZKIEK 1Q WLV
FDH SO\V RAMDFRW \SWDZ @Y GHE RV R UARXFFHV HYHQNV DQG SHEDJIRIIEDO
H SHIP HQNV

KG



QMIDWRDOFRIHAWRYY |RUH DP SBI VFKRRY 1Q 7DIZ DQ \MI® -DSDQ * HP DQ

&\S)V 0DD\VD $XVADM® (J\SW,QED M® 0DD\MD 7DZDQ 7XUH DG
6Z WHDQG DG IQMDPWRQY EHVE HHQ GLI HBHQAKEINHKRTHUI URXSY HQMUWH P [

1RWE®G! DU VHYHDOKLIK SURIIBI SDMEHY WH %MK ) I®  QIMDAM 7KH YAMIK
0OXVHXP DQG WH 0 XVHXP R /RQGRQ DQG WH 1DWRDOSHWRXFH &HOAH 1RU
6XSSOP HQRBY ( GFDWRQ 7KH && SURWFW YME®I RQ \RPH R WHVH SDWHU
Z HE\MMVDQG WH \BQI B R Z HE @ EHVE HHQHBP HOVR WH UNVFDUK IV J URZ 1QJ

DQG EHFRP 1Y) HYHQ P RW O\ HBG $QHWRVR FRIDERIDWYH Z RINDQG EGUIY) \WH
QHVEHE HHQ UAMHDUFK DQG SUDPWEH | UDP H WH Z KR! SURWIFW

)XQEQ) 1P VHYHIDOWRXUFHV \WFK DV WH 3DXO+DP 0Q ) RXQEDWRQ WH 4 DU
) RXQEDWRQ DQG IURP * RTW MV SURYIGH 1 LQDQFIDOUHVRXUFHY DQG H SHAVEMRQ/ R
FHUBIOQ NQGV R GHOHIDE®N DQG RABXW 7KH FDSDELOAV DQG FDSDFIW R \WH
UM-DUFK WDP LV [P SRUBQA 7KH SIRMPMAMDP KDV JURZQ IIRP $QEHIRQ DG
0 DFBIR VR DOR IFOGH' U&KXQ) DQG' USILHVHU VXSSRWMG B\ SIRMFWDGYMRY D
XSSRWWDP DQG D \RFIDOP HAD P DQDIHU 7KHW IV QR RGH FHQAIDOP DMMUP LQG
KXPDQ RURKHZ M GUHAWY DRVRY DQG DPWAY DEVRXIK WHW DUH \HYHIDO
SRZ HUXDQG LQ GHADDRVRY

$VDZD R 1Q8IUQN RUWNG DERMWFRQHPWRQY DQG P REIOMV ZH DWHG $1 BY 15

R SURYIGH D YMXDO DARQR WH QDUDWYH DERYH & KDW 37 DOR Rl HIHG D GHVFUSWRQ
$SFINFZOG)IQ) WH IGRAGFIDWF DWW R DQ Y\MXDO DARQ DG LOMSUMMRQ R W
H\SHAID® Z KHQJHHDWG E\ DQ$, DORIP  WH GHVFUSWRQ HYRNHG D @HD GVAXWRQ
LQ RXUUM-DUFK WDP ) RUH DP S®! 1Q W DFFRP SDQ Q) GHVFUSWRQ & KDW 37 WV WDW
~DWINH FHQMU D OUH |GXUMKIQ) WHH M P ERD HV WH FRUH UVHDUFK SURVIPVIMOALY Z KDW
ZH GHVFUEH DERYH \XFK D \XP P HMFDOFHQMUWG GHERIN 9 DURXV GLJMIO SOWRPV
P HOMRGHG DERYH ~DUH GHSIEWG DV BDWY SOWRP V WDWEN VR \WH WHH DQG VR HDFK
RWMHU KUKOKWY WHU WRB! 1Q AWHP ICDWY) LQRWP DWRQ DQG FRQGHAWY  SDWWFLSDQN
DFURW/WH J @EH™& KDW 37

KH



QMUIHALY WDVWAKH G MBOV\KRZ QDVARP HKRZ. | BDWY) LQ\SDFH DERYH SHRS®! DQG RIHU
Z RO WIQIV 7KDWDIG SHIKDSV WY [P DI H GRHVIQGHHG ~FDSWWUWH WH G QDP IE LOMSO\
R SHRSG! IGHDV DQG GJMIORRY DOFRQAEXWY VR WH J URZ W DQG \KWEACDELOW R \WH
UHVHDUFK SURVWIFVIM& KDW 37 H GDYH IVWR WH UDGHUVR GHALGH W \WHVH VHOUELDNA
IQP QG Z H1RXQG FUHDWH DQG DFDGHP LE YDOH DOR QWL WRXJ KWH SHIP HQV/

Kl
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( WLFDODSSURYDOI RUWLY SURWPWZ DV JIYHQ B\ 6KH I HT +D@P 8 QYHWW SHVHDUFK
(WIEV &RPPIMWH 7KH DSSURYDO DGAMWHG SDWFISDOM  WHFUAWR HQN SURFHW
SDWFLSDQM FROHQASURFHGXUAY FRQ LGHQADOV DQG GDVD SIRMPURQ Z KIEK IGFOGHG
DWW P DQDIHP HQVSOQ (WIEDOFRQUGHIMRYY ZHMH UHYHZ HG WHIXOWD DWWDP
P HHWQI V WURXI KRAWMWH SURMPWDQG Z HQAEH RQG LOMMARIDDHG SURFHGXUY DG
UHTXILHP HQN

: HZHH IX® DZDW R RUGAW R FDU VR SURWPWSDMFLSDQN 2 XUSUIRMPWGLHAD

IOYROHG D Z1GH IDQJH R SDUWFLSDQV 1Q GLIHHOMWRDQGY R WH WXG.  ERW 1Q GUHFW
DQG GW QAUHPWZ DV \WFK DV WURXIK WH FRBPMG GDVD : H Z RIHG GUHAWD Z W
WDFKHY LOMYHZ V 1REXV JURXSV DQG QHBIJLQ)  Z H KHG WENHKRCHUSDHY DQG

DV SDWR RXUVRFIRP DWLIDOHWCRIUDSK) LIOTXIY Z H FRGXAMG IQMYHZV : H DOR
HFRXQMUIHG SDWFISDQN IQAWAW® 1Q WH QJMIORQEEH \SDFH 7KH GYHWW R

SDWFLSDQN UDIVHG GYHYH SRMQADCHMEDCFRGFHIYDQG DADOWP HY Z H \WHDWMG WH
SDWFISDOM FROUEXWRQY ZIW FRQIGHDE®I FDUWH WY IQROHG IRU H DPS®!

SUIRMAQ) RSSRUMQWAV | RUSDWFLSDON VR UHGDFWSDW R IQMYIEZ WDQFUSW DQG
DGKHUQ) VR XQYHYIW SURRFRY | RUGDVD VHFXUW DQG P DQDJ HP HQNV

Q DD WDQFUSWRY/ RXU GH DXQVSRMMRQ Z DV \R SVHXGRQ P VH WDQFUSW DQG
HWDFWGHBIY R SOFHV RU LOMMARY/ WDWZ RXG P DNH IQAYGXDY IGHQNIDE®!

+RZHYHU Z IW WH HWCRI UDSKIE 1IOMYHZ V FRQGXAWG |RURXUFDVHY ZH RITHUHG WH
IQOMMHZ HHY WH FKDQGFH VR EH IGHQNIHG L WH Z DOMG VR EH DWRFIDWG Z IW \WH
ZRINZH ZHH G-MFUEIQY) ,Q DCAWRQ 1Q DOWIHVH FDVHV Z H RSHIDWIG FRQUGHIDE®!

FDAMRQIQVHBFWY H WDFWR! P DWUDOR VKDUH WURX] K SXEGEDWRQY RUSUVHQEMRQ
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7KH FRPELCDWRQ R WH WUHH P HWRGREBJ IFDOYDQEIH SRQN ZH DERSWG 1Q RXU
SURWFW SUVHOMG D [HWB JURXQG 1RU UHGPWRQY DFURW WH WDP  SHVFDUFK
P RELOAV DVDQ UMADUFK D@ DUH QI BIG XS LQD P XGWYGH R SHIRDO SROAFDO
\RFIDO FX@MDO DQG IGHRBJIEDO OQBWFDSHY ,GHMMBE® RXU RZQ SRMMRQDON DV
UHVHDUFKHY Z W RXUYDULQ) SHYRQDO \RFIDODQG FXGMUDOEDFNI IRXQGV KDV 1Q P DQ
ZD\V IQOHFHG WH DEDSWMRQ R P HMRGRBI IV IQMSBMMR) R WH FROFWG
DWW DQG UMVHDUFK RXFRP HV IV DR @\HD WDWZ H Z HIH QRADE D\ V IX® DZ DB R

WHVH SRUMRCDONA

7KH \RFIRP DWUDCHWCR] UDSK) Z RUNSDMEXDU® KL KT KWG WH O HUMMXHV LOKHHQWV
10 QI MIOWMDIFK : H ZHW DWDOWP HV DZDWH R \WH XQGH®ILY) DORUP V \WDW
IQ OHIFH RUGI MIOWDFIQ)  7KH XQEHOIQY) TXHMRQEHQ)  KRZ ZRX@ KDYH RXU
NQAQIV EHHQ GLIHHQAVKDYH ZH VHDUFKHG 1Q DQRWHU FRXQA RQ \RP HRGH HOHV
GHYIEH DAD GLIHBHQMP H XMQ) D GLIHHQAMHDUIK HQICH' 61P LOUFRGFHIY DURH
G WH_7Z MWMUGDVD FRBIPWRQ +RZ  UHSUVHQEMYH \WH GDVi DFYD® WD® Z DV

+RZ GG WH 7Z \WWMUDORIMP GHFIGHG \R \HBPWWH CDW IRUXV' 6RRQ DIWUZH
FROFWG WH 7Z WMUGDW 7Z MWMUEHFDPH : — DQG ZH SRHG D TXHWMRQ Z RXG ZH

KDYH WMOFKRVHQWH ;- GDVD | RUH SRUIDWRY

" HVSIW WH FROUGHIDE®! DP RXQAR XQFHWRAQARY Z H | HHOMDWP HMRGRBI IFD® ZH
Z HH DEGI W | 1QG RXAUXQTXH DQI G LlOR UWMHDUFK P RELOWAV DQG Z H MGFHUHO KRSH WLV
UHVRXUFH Z LQEH YDGDE®! iR RAHUUVHDUFKHY RQWHUH SGUDWRQ NMAXUWIH V

KK
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$EPV & TKRPS\RQ 7 / SHVHDUFKIQ) D 3RMWXPDQ : RIG ,QMYLZV Z W
' JMIC EMFW 3DOWDYH 0 DFP [aDQ

YDO6 - )RIBZIQ) SRI\ QHERWW GHE RINHMGRIUDSK DQG HEXFDWRQ SRTR
P RELOAV -RXUDR ( GFDWRQ3RME

D06 - ( GXFDWRQ SRIF\ QHE RN DQDOMY 7KH WM R \WH DWW ,QMIDAWRIDO
"RXIDMR ( GFDWRQ5HVHDIK

W06 - -XGPDQ & 6DORIQ ( GXQHW * GEDDDWRQ DQG ( GXFDWRQ
3RI\ 0 REIOV 5RABGIH

YDFNP DQ / D +DXQMG' DW $I1HFW7WDQP HAD : HLE6FIHGFH YERP \EXY

YDFNP DQ / E +DXQMG GD\'® WDQP HADOMRUWEY DilHAMW $WMQEQ) \R
FROMRHYEN DV PDMAY R JKRWMD FRFHD (SKHPHD 7KHRY DQG SRMEV 1Q
RU DQVDWRQ

uDXQ 9  &OUWH 9 2 H MH IIW DO : KDWFRXQN DV TXDOWV SUDFWEH [1Q
UHG[LYH \WHP DWE DQDOMY' 4 XDOEMYH 5HHDUIFK [Q 3\ FKREJ\

nDXQ9 &OUH 9 7KHP DWF $DOMY $ SUDFWFDQI XICH 6%$* (

WHICD 9 +DZWD$ OF QN 7 7KH : MAMQ %MK 1 DWRQDOS. RBXV -
GH\J QDQG FRP SDWDEIOV 7HW 7DD

ONCHWE $CDPV* * IO - 7TKRPS\RQ 7 / &HPDNRD $ 6KDQIRQ ' BKHW
3 SHVHDUFK 0 RELONAV 1Q 3UP DY /MWDR\ ( GFDWRQ +RZ 7THDFKHWY ( FRXQMU
SHVHDIK IQ$Q$IH R ( IGHIFH 9DVHG 7HDFKIQ) SRXAVBIGTH

WAUHWE * 1B - * XHW, 0OZHD% 7KRPS\RQ 7 / +RZ GRHV UMDUK
UHDFK WDFKHY" / IMWAUDR\
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OXCHMWE O HIFKDQW* SQERQ) WH ' LJ VPO 6RFIRP DWMUDDP DQG / MR
( GFDWRQ 5RABIGIH

&D@Q 0 6RPH HBPHQN R D \RFRRJ\ R WDQOMRQ ' RPHWFDWRQ R WH
\FD@SV DQG WH | MKHP HOR 6WOHXF 9%\ Q- /DZ (G 3RZHU$PWRQDQG %M $
1HZ 6RFIRBJ\ R . (RZBIGJH' SS SRABGIH . HIDQ3DXO

&KDXZ IEN $ 7KH +\EUG 0 HGD 6\WMP 3ROV DG 3RZHU G HG 2[IRG
8 QYHYW 3WHW

&RUD/ /|  +D@EH $ ODNQ XH R WDQFUSWRQ CDVD 1R TXDDEMYH
UVHDUFK Z MO D FRUBXV @ XIMAE SDUDAIP  IMMHY H SHIHGFHV DQG BFRP P HQEDWRYY
&RSRWD

UMMV GH( : DOKDZ 0 QURGFAWRY Q( GH)WMV 0 : DOKDZ (GV
$AMIDWYH 7KHRUMEDO) UDP HZ RUW | RUO DWHP DWFV ( GXFDWRQ SHVHDUFK. 7KHRY 0 HHW
' DM SS 6SUQIHU

JWR $ $V : H 6KRXG 7KN /UHRJJIQ) DV D 5HHPHJIQ) O HWMRG ,Q
XEMWFKNR 6 $ .DXQ $ (GOV ,QRYDWH 0 HKRGV IQ 0 HAD DQG &RP P XQFDWRQ
SHVADUIFK WWHG SS 6 SUQ) HU,QMIDWRIDBXEQKIQ)

+RZDWG 3 1 HE RINHWQRI WDSK\. DQG WH K\ SHIP HAD RUDQ] DWRQ GHZ PHAD

GHZ RUDQ] DWRQY/ QG-Z PHWRGY 1HZ O HAD  6RFIHW -

-RX0IQ-D $ 7Z HHW\& RBRRUO > RP SX\WUG R VX DUH@

/ DWRXU % SHDWHP EQY WH 6RFIDO $Q ,QARGFWRQ R $PRUGHE RIN 7KHRY
2 [IRG

IDZ - $IWUO0 HKRG 0 HWI1Q6 RFIDA FIHFH SHVHDUFK 5SRABIGIH

/DZ - 6LQIBMRQ 9 2 EMPW HWRQY 2 U DQ] DWRQ
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/DZ - 6IQIBMRQ 9 $17 DQG 3ROV : RINQ) ,QDQG2 QWH: R 4 XDDEWH
6RFIRBI\ -

IRH5 'HPEW & +D@EHS$ %HID 9 OF QU 7 7KH 6SRNHQ %4 &

' FMJQQ) DQG EX@Q) D \SRNHQFRBXVR HYHYGED FROMHIDWRY/ ,QMIDWRIDO RXIDO
R &RSXV/ 1Q) XAV

0 D\RQ - SHVHDUFKIQ) <RXU2 Z Q3WFWFH 7KH' MWASTH R 1RWFIQ) SRXVBIGIH
) DB HU
0 F&RWPDFN & BVRUIQ) WRUIHV D (DUDWYH DSSUIRDFK R 1Q GHSW. [QMYIHZ

FROMHUDWRYY ,QMIDWRDC RXUDR 6 RFIDBHVHDUFK 0 HWRGREJ\

0 RO$ TKHYRG 0 XA6E! 2 QRRI\ 1Q0 HAFDCBUDFWAH ' XNH 8 QYHYW 3UHW

ORO$ /DZ - &RP SB[ MAV $Q QARGFWRY Q- /DZ $ 0RO% 6P (
. HONDXE (G &RP SG[MAV 6RADOSWAEHV R . GRZBIGIH 3WDPWEHY SS T

8 QYHWW 3WLHW

0 RO 5H GFWRQDQG SRWEIOMY Q1 * RJDB] / & ORD & $PDQN
(GV )XV R .QRZOGIH 7KHRULY 3WDPNFHY 1Q +RAHKRTY &RPPXQWAV DQG
&OWRRPV | DZ WHEFH ( WBDXP $WRFIDWV

ORD/ & $PDQN& 1HI ' *RJD®| 1 ) XQBVR NIRZ ®GJ H | RUWDFKLQY
XMQ) D 4 XDOMWH DSSURDFK \R FRIGHPWKRP HV \R FOWRRP Y 7KHRY 1OR 3UDPWFH

OXNS . (@®WS$ % 0 DSSIQ) WH QHZ 1R@EE IMXH \FDSH +RZ \R (DWLIDM
D GLIXVH FROARYHWX Z W QIMIOP HMRGY ,Q* 7 -RKDAGHVRQ & 5HQ 5 YDQGHU

'XP (G TR (QGFRXQMY DG &RQARHYHY 2 QRBIIFDO3RMEV R 7RXIMP
' HYHBSP HQVSS $\KIDWM

SREIQRQ 6  $QEHIRQ & ! 1HERWN (WRIWDSK\ 1O -RXIDOP 6\WWAHY $
0 LLHG 0 HWRG $SSURDFK R 6\WG\ Q) 0 HAD ( FREBJIHV -RXUDDP 6\MAHY -
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SR * 9MXDOO0 HNRGRBIIHV $Q ,QRRGFAWRQ \R SHDUFKIQ) Z W 9 MXDO
ODWMIDY WHG 6$* (

5RZH ( 7KH DMPEDIH R QDQP DM REMFW 1Q HEFDWRIDO BM-DUFK
PDSSIQ) YHQMUH SKIDQMRS\ SRIF GHERW/ DG HYIGHFH ERNHY  QMIDARDO
"RXIDMR ( GFDWRDBHHDFK

6DCDXD - 7KH & RAQ) 0 DDA R4 XDOBWH 5HHDUFKHY 6$* (

6FRW/O QB6HDUFK R D %G 5SHHHFH &RBXV Q' $UKHU (G : KDWIQD
: RG OV QMW DWY : RG ) HTXHEP DQG . HZRG ([WDPWRQ SS 2 [IRG
$\WKIDWM

6FRM/O 3UREGP VIQIQMVM DWY N GHW Q0 9%RQE. 0 6FRWHGV . HGHW
IQ7THW SS -RKQUHQDP 1Q/

6FRW/ 0 TUEEGI & 7H\WDO3DWADY . HZREG DG &REXV $QDOMY 1Q

/ DQIXDIH ( GXFDWRQ - RKQ%AQIDP 1IQV

9 HQMUQY. 7 ' MQJ IQPDIPD +RZ \R H SBW FROARYHWHY Z W DPVRUGHE RN
WHRY 3XECF 8 QCHWEQEQ) R 6FIHGFH -

OHQMUQ 7 OXNS . &RQARYHY 0 DSSIQY $ ) IHB* XIGH 3RV

- KDWRH 6 - 0 DSSIQ) NJRZ ®BIGI H FRQARYHWHY 6FIHGFH GHP RFUDR\ DQG WH
UHGMAEXWRQR H SHWYH 3URJ UHW/IQ+XP DQ* HRJWDSK\ -
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DCHEFGRWMV WDFKHWY 3 HOARQS
SQBRF MEENQ) WRUHY
DUNAE BANSROHY YWXDODWRQY MRUYIQY

FRAQ “WHP DWF DCDOMY
_FRBFDWRQ WHP HY J HCHIDWY)
FRFREDGFH WDQUDMRQ & DBQ
& ROARYHYX 0 DSSIQ) 7Z \(NMUFRBXV
_FREXV @Y XMV Z RG [ HTXHFA
_GDV DJ.J UHI DWRQ . RUBPIW
AWWEXWROR Z RV IQD FREXV SBW ZRNKRSV

([FHO

| REXV.J URXSV DQG LOMYIHZ V
|RBRZ Q) WH DRVRY
JKRW® GD\V»
KDWWJV
NZREGV
I DCRAER
OHRIJIQ)
PDSSIQ)
PHAD HZ\SDSHU FRUBXV
QJIDPV
1 HE RINHWCR] UDSK)
SRWHQ)>
A9IR
REMPWOMMEHZ V
UH HHFH FRUSXV
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7KIV/Z RUNZ DVKSSRWMG E\ WH
( FRQRP E DQG 6RFIDCGEHVHDUFK & RXGFIO
JWDQAR (6 :

+RZ \R FI\WM

&HPD\RD $ $CAPV* UXCHME * LBQ - 7KRPS\RQ 7/ 6KDQIRQ' % GKHW/
3 9DFNRYD 3 QA DWW 5HVHDUFK 0 RELONAV $ P HWRGVUHRXUFH
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