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YXLEBQ) |HHGEDFN @MU\ DXWHQAFD® LI MICSHHUIHHGEEDFN DSSURDFKHV \R HQKDGQFH
IXVXUH HP SE DELOW LQ FDUQ) SURIHW RQV

* DUK 6 \KO

6 FKRRCR ( GXFDURQ 8 QYHWW R! 4 XHHOUDQG
258,

* BQ V2 EHJ
6 FKRROR! ( GXFDURQ 8 QYHWW R 4 XHHQUDQG
258,

. IVAMQ) DILEDIL)
6 FKRRCR ( GXFDURQ 8 QYHWW R! 4 XHHOUDQG
258,

. DMO F/ D\
6 FKRROR! ( GXFDURQ 8 QYHWW R 4 XHHQUDQG
258&,

6 \MSKDQH 0 DFO DKRQ
6 FKRRCR ( GXFDURQ 8 QYHWW R! 4 XHHQUDQG
258,

. H® 0 DWHZ V

70, 8 QYHWW R 4 XHHQUDQG
258,

&KUY 1 RE®

0 HAFDG FKRRO8 QYHWW R 4 XHHQVWDQG
25&, ;

0 DD 6 DB
6 FKRRCR! + HDGK DQG 5 HKDELDIMRQ 6 FHQGFHY 8 QYHWAW R 4 XHHQUDQG
258,

$@RQ0 DQEXVIDN
6 FKRRCR! + HDAK 5 HKDELOBMRQ 6 FIHGFHY 8 QYHWAW R 4 XHHO/DQG
258&,

secpleco)
0 HAFDGB FKRRO8 QYHWW R 4 XHHQUDQG
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3 RVIMRQIQJ WH UHVHDUFK
%DFNI LRXQG

2 YHWHZ

. H SIREGP DWEV \R J XIGH IQYHW DWRQ

$ @ QP HQWZ W 7KH 8 QYHWW RI 4 XHHQVDQG 8 4
SURUMHYV

7 KH SURMIPWIDWRQD®H
$ GAIHWIQI VNIOGHYH®RSP HQAIQ \WWH FDUQ]
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3KDVH 5 HFUXWR HQW
3KDVH 6 HWQI WH QRWP V
3KDVH 3HHUWHYIHZ R\ FGNV
3KDWH &RQFOMRQ
' DVD DQDOWLY 2 YHWIHZ

4 XDQWEMYH $ SSURDFK

4 XDOEMWYH $ SSURDFK

7 KHP DWF DQDOWY

),1' ,1* 6

7 KHP DWE ) LOGQIV @ONHG R JXIGQ] NH\ DUHDV
,QFUHDVHG GHSW Rl FUMEDOUH GIFWRQ
FROFHLOQ) GHHS DQG P HDQLQJ I XOBIDUQIQ]
,QFUHDVHG FRQILGHQFH  UHVIQHQFH DQG
VHO HIILEDF\ DV D ®GIDUQHU

& KDQIH LQ DSSURDFK \R SURYIGIQ) DQG UHFHLYLQJ
SHHUIHHGEDEN




8 VHIX@HW Rl SIRMIFWP DQDJ HP HQAVRIVE DUH

,P SRUDGQFH Rl FRP P XQEFDWRQ DQG FRADERIDARQ

3 RIMQWDOLP SDPARQ WH Z IGHUFRP P XQW

&RP IRWRI SHHURQD IHHGEDFN

, QFUHDVHG FRQILGHQFH DQG EHOHIMRI XVIQ) GLJ WO
\RRY

&21&/86,21

5 HFRP P HQGDWRQV | RUWDFKIQI DQG GIDUIQJ
(P S® WXGHQAFHQWHG SHGDJ R IHV WDWDUH

HQIDILQJ  LOMUDPWYH DQG ULHVSRQOVLYH R GLYHWH
FRKRUN Rl GIDUOHLY

( YROH D FRKHVLYH VXM Rl VWXG. RSWRQV \WDW
GLHPD VXSSRUWNV FROAMXRXV QHRQI GIDURQJ
UHVSRQOVLYH \R \WWH QHHGV RI WH EURDG FRP P XQW/
ERW Z IWLQ 4 XHHQVDQG DQG DFLIRW WH $ VID

3 DFLLE




ce TOGae I1ISO ~ yE&

7KLY UVHDUK H SBUHG WH H WOMR Z KIEK D QJMIOSOMRP 5,6 & RQQHPWFDQ IRAMU
WH (DQIH R W@ DWRADMG Z MW [HHGEDFN QMDA |RUXGHON DAMAH 8 QYHWAW R
4 XHHODQG 84  5HVHDUK VXJJHWW IHHGEDFN @MIDR KDV \WH FDSDAW R HQKDQFH
AMGHON VHDHILEDR 1Q UHOMRQ \R JIYIQJ  WHFHIYIQ) DQG UMVSRQAQ) \R IHHEEDAN 1Q \WH
FROM WR WHUGVAS@H SUHSDUQ) WHP  |RU SUDRIFDORU FEQEDOVHWIIY 7KLY SURMPW
DAAHWHG WH 8QYHWMW R 4 XHHODQG 6WDWIIE 3DQ q VSHALIFD®
B HVY AW LHV 1O WH / HDUIQ) DQG 6 \WMGHQW( [ SHUHGFH 5 RDGP DS GRP DIQ\R EXIG D
QJMIODQG SHYRQDOVHG H SHUHGAH DQG CRAMUD VHQOWMH R EHBQIIQ) DQG Z HBHQ) IRU
DOBDHY B\ XVQ) D QIMICEOMRP \R |RAMUDXKHQNF SUDPIFH [Q RGHUWR GHYHBS WH
W@ DQG QVSRVMRQY HWHQIDOIRUWWH FDUQ) SIRHWIRQY 8 QYHWW R 4 XHHO/DQG
S 7KH BM-DUK DIP HG \R H SDQG RXUXQGHWABQAQ) R KRZ \R EVWWFDIIRG

84 \ANGHQON GDWIQ) VR\KH FDQHIHAYHO WDQUMRQ IURP \IH VWIKPMUH Rl XQYHW \R
VXSSRUAMG SUDPIEXP V' DQG \WHQ LR \KHUIX\MUH FDUHHLY

5,6 &RQUHPARIHY SURYIGHY D GJMIOSOMRP Z KIFK D@Z V SDWMFASDQN \R HQIDIH 1Q
UH®RWYH DQG FRMERDWH |HHEEDAN HWHUIQAYIGXD® RUDV SDWR D JURXS 6\MGHQW
B WHUSWDRIFH XSEDG VR WH VW DQG QYW RKHY \R BAVSRQG @ WIQ \WH SOWRP
WH 18 RQHAMRRO DIBZ V IQAYIGKDY \R SIQSROWVSHALIE VXFFHWHY DQG FKDOIQI HV
DFFRWEQ] R SUH VHAFUMAID DV Z HODV VXSSOLQ) Z UMKQ IHHGEDAN 7KLY DRYIW DABRZ V
KRQHG SHYRGQDOUH BFIRQ DQG |RAMY HQKDQFHG IHHGEDFN OMDR \KURXI K FRAIDERUDIYH
UH OFURQ

CHZRWGBY  WFHOMY W@ DIIHAWDQG GDQQ] FDUQ) SIRHWMRQY QI LEO\RRY
IHHGEDAN QMDA JWDGXDM DWIEXWMY - KLIKHU HOXFDMRQ  SHHU IHHEEDAN  SIRHVWIRQDO

GDWIQ) FRP P XQWAV VHOHIIEDR  WN@ DFTXIMMRQ WKWV




U@ <« OtGP

3 RVIMRQLQJ WH UHVHDUFK

+ LJ KHU HGXFDWRQ SUDPWARQHLY FROWDXH R
LOYHVW VI QUIEDQW WP H DQG HQHU\  1Q
FUHDWQ) DXWHQWE GIDUQIQ) H[ SHUHQFHV \R
SUHSDUH VWXGHQN 1RUWHLU IX\VMUH FDUHHWY/

+ RZ HYHU UHVHDUFK FRQWOXHV VR GRFXP HQW
WDW VWGHQN WKIJ®I GXUQI  WH
WDQVMRQ ILRP  XQYHWIW R HP S®&\ P HQW
6 \BKOHWDO 2 XU UHVHDUFK VRXJKW
W LQVHWA DW Z KDWWH GL] MPBOFRX@S RIIHU
0 WPV R HKDQFIQI WWMGHQN VND
DFTXIVIMRQ WWRXJK IRUIHIIRXQAQI F\ FBV
Rl IHHGEDFN DQG EXI@QI |HHGEDFN
QMWDF\ 7KHDIP Z DV \R GHQYHUHYIGHQFH

IQRWP HG SWDFWFDO WHFRP P HQGDMRQY RQ
KRZ ZH FDQ EHWMU VFDIIRG \AXGHQN

GDWIQ WWRXIK GIMIOP RGHV GHVLIQHG
W PDIPM  VWGHQN  GDWQQ

SUHSDUHGQHW VDWW DPWRQ DQG
RZQHUKIS $V SWDAMRQHY ZRWNQI 1Q
KLJ KHU HGXFDWRQ Z W D VFKROWD LOWUHW
IQ WDFKIQ) DQG ®DWIQ) ZH IHHO WL
IP SRUBQMR DCGHW WH SURUW DUHD R

HP SR\ DELOV VSHFUIFD® JLYIQ) AXGHQW
WH GP SR DEIOV HGJH DQG IIQEQ) ZD\V
R SUIRGXFH Z RN LHDG. JWDGXDWMV Z KR DUH
QRWRQD ERP SHWQW EXWDOR KDYH ERW
WH  GWISTDY  NQRZGIGIH  DQG
WDQVHDE®! WN@ WH  QHHG R KDYH
LP SDPVWDQG LQIOXHQFH LQ D WDSIG® FKDQI LQJ

JBEDO  Z RUINSOFH SQAYHWMW R

4 XHHQVDQG S

) RWP DWYH DWHWP HONVWSIED®  LQYRYHV
WUHH DIHQW g WDFKHU SHHU DQG VHO q

DQG KDV EHFRPH LQIWDIQHG 1Q P DQ
DVSHFW Rl KLJ KHUHGXFDWRQ

0 DQ H[ DP S®V Rl IRWP DWH DWHWP HQW
FROMXH VR EH WDFKHU GLHAMG DQG
FOWWRRP EDVHG ZKIFK FDQ RIWQ @P MIW
VFRSH GB6FKI@GNDPS HW DO
7KHHRWH WH XVH Rl RQIQH VHO DQG SHHU
DWHWP HQALY D JURZ Q] DUHD RI UHVHDUFK
IRU VFKROW ZKR DWH IQMHWMG 1Q Z KDW
WHWH IRPV R DWHWP HQW P D\ RIIHU
VWXGHQW VHHNIQU R P SLIRYH WHLU VN@
VHH ,JGMDV 31 tH HWDO . XODUWL
HW DO S WY IQ PIQG WL
SIRWFW DGGIHWHY WH VADWMILE  SURUW
DIHD Rl WH 84 6WDWILE 3@Q q

R CHIMHUQ@ KUKO®  VRXIKWDIWU
JWGXDWV ZKR DWH SWHSDIHG IRU IXWMH

WXFFHW  WWRXJK UFK DQG  EWRDG
HGXFDWRQDO H[ SHUHQFHY 8 QYHWW R
4 XHHQVDQG S
%DFNJ LRXQG

5HVHDUFK FRQAMDXHV R  GRFXP HQW WH
HOMRQWKIS EHEHHQ IHHGEDFN QMDA
DQG VHO SHHU DWHWP HQADV Z HDV \WH
P HVBFRJQWH SIRFHWHV ZKIFK DA®Z IRU
GHHS WHIGIPWRQ DQG FUMIXH +DQ  ; X

© KI®! LHVHDUFK GHP RQADWY \KDW
IRWP DWYH |HHGEDFN SURP RMV KL KHU®IYHO
WIONQI NQRZBIGIH DFTXMMRQ  DQG
DIJUHIDMG SHURWP DQFH RXWRP HV DQG
GDWQ) JDIQV WXGHV R WH DIIHPRYH
DVSHFW R SHHU IHHGEDFN 1Q KLIKHU
HGXFDWRQ WHPDIQ OUHO  QRQ H MAMQW
6 \BKOHWDO 7KHHIRWH ZH KDYH



VWKPMUHG RXUVWXMG. R IRFXV VSHFLLED®D
RQ WH DIHPWH DVSHFW R GJLMIO®
P HGADWG IRWP DWH SHHU IHHGEDFN R
FROVIGHUKRZ \WHVH DIIHFWYH DVSHFW P D\
IQRP HQUDIHP HOWDQG P RWDWRQ DV
Z H@DV D VHQVH Rl EHRQILQJ

2 YHUYIHZ

$V SDW Rl D WDP EDVHG \MDFKHU

SUDFWARQHU SUIRMIFW Z H VRXJKWWR H[ S&WH
ZKDWRQH GO SOMRWP FRX@ RITHU 1Q
WPV R HQKDQFLQY IRUP DWYH
DWHWP HQW VSHFULIFD® 1Q WHIHHQFH R
HOKDQFIQ)  AXGHQW [HHGEDFN ~ @MWDRA

YRXG 0 RMR - KIGI WH YO

ZDV P XGNDFHWG WH P DIQ SDUMQYROHG
VAXGHQW XWDAQ) \WH ,5,6 & RQQOHPWGL] MO
SOMRP \R WHFRWG DQG VKDWH YIGHRV Rl

WHP VHOHV SHURWP IQ)  VSHFUIF  VN@
HODWG \R WHWU GVFISTQH DUHDV 2 QFH
WHWH YIGHRV ZHWH XS®RDGHG MGHQW
ZHH DE®I W SWRYIGH DQG WHFHLYH
IHHGEDFN [URP  WHLU SHHWY UHIDUEIQ) WHLU
ZRW $W\ QFKLIRQRXV FRP SX\MUP HGDWMG
SHHU DWHWP HQW KDV EHHQ VKRZQ R
HQKDQFH THHOQIV Rl RZ QHUWKLS DQG IRWMU

P XW{DO WKVWWDQG D VHQVH Rl EHRQILQJ
/ DWRQ HWDO 2 XUP I HG P HWRGV

WYG ZDV GHVUJQHG R H[DPIQH WH
DIIHAWYH DVSHFW RI SHHU IHHGEDFN DV
LQMJI LDOR |1RWP DWYH DWHWP HQWXMVQJ D

GILMIO SOMRP DFIRW P XGIS®! FDUQJ
GVFLSTOHV P HGFIQH GHQMA
UHKDELQAMRQ VFIHQFH DQG HGXFDWRQ DQG
ZIW D GYHUH JWRXS R VWXGHQW Q

1Q RQH KLJKHU HGXFDWRQ VHWMQ) : RUINQJ
DFIRW  GLIHHQW GVFISTH DUHDV  RXU
DQDOVLY FROVIGHWY WH [OMUHDWG QDUMUH
R DIHFW DQG IHHGEDFN DV ZH® DV
NQRZ BIGIH DQG VN DFTXIVMRQ 1Q WH
WY GHQABIDUIQD H[ SHUHQFH

. K SUIREGP DWFV WR J XIGH

LOYHWA DWRQ

6 \WGHQN DIH DUHG IRU
IX\MUH P HOW

6 \WGHQON P D\ HQIDUH
QD GO
]

6 \WGHQON P D\ QRAGHYHES \WHU
W@ [Q IHHEDFN QMDA Z KIEK
P D\ @ MKHUH SHUIHQFH IQKLIKHU

HGXFDVRQ DQG KIQGHUWHU
GHYHBSP HQADV BDUHY

7HDFKIQ) DQG GDWIQ) 1QWH FDUQ]
SUR HWIRQV DUH QMIRYH DQG
UHTXIUH SHYRQDIVHG DSSURDFKHV

6 \WEHON GR QRADA D\ V IHHO
FRP |RME®! XMQJ WFKCRBI\ \R
HQKDGFH WHUSUR HWRQDONGY

DQG FRP SHMQAHV



$ @ QP HOAZ LW 7KH 8 QLYHWW RI 4 XHHOVDQG SURUMHV

7KLY UMVHDURK VXSSRW 7KH 8 QYHWW R 4 XHHQVDQG 84 QRZDG JRDCRAMIEHG [Q \WH 8 4
BWDMIE 30Q g \R CHIYHUKLIK® VRXIKVWDIMUJUDGXDWMV  Z KR DUH SUHSDUHG [RUIX\MUH
VXFFHW \MUIRXJK UFK DQG EURDG HGXFDIRQDOH SHUIHQFHYV 6 SHALED® \KMY ZRW DDIQV Z W
WIDMI LV VHWRXWIQ \WH CHDWIQ) DQG WMGHQWH SHIHQFH GRPDIQ \R EXIG D QAJMIODQG
SHYRCDOMHG H SHIHQFH DQG CQRAMU D VHOWH R EHBQIIQ) DQG ZHEHQ) IRU DO GDCHY
8 QYHWW R 4 XHHQUDQG S

QWHZD\HR \WH&29,  SDQEPIE 84 DIPV\R DAGHW WH QHHG IRUMHDP ®MW DQG |®f LE®I
GDQQ) RSSRINQUENV B\ GHYHBSHQ) @RXU HGXFDMRQDOP RGHOFRP EIQQ) RQIH DQG RQ FDP SXV
GDQQ) QD ZD WDWGHIYHY RQ WH KYDOH D33/ R RXUUEK FDP SXV GDWIQ) H SHUHQFHV DQG
CHYHBSHQ @HZ QIMICSOWRIP V Z W IQEAW BDAQ) SDMGHY HQUXUQ) Z H DUH XMQ) WH EHVW
WFKCR®Y IHV VR GHOYHUIB E®! KK TXDOWV HOXFDIRQ 8 QYHWAW RN 4 XHHQVDQG S  2xU
SURMPADDI QY Z MK KLY JRDOE\ XMIQ) WH GIMBOSOMRP ,5,6 &RQQHPW\R KPWUH DXWHQUE

SWDRIFH 1Q DQ DV GRKUIRQRXV BDUQQ) HOVILRGP HOMR HDE®! 84 \AXGHQN R GHYHBS DV SWH
VHYIEH WDRKHY DQG KHDAMFDUH SR HWIRQDY

7KH IQCRYDWH FRMERDWH DQG XVHUGIG IRWP DAWR WKLY SURJWDP DOR DOIQV Z W \WH 8 4
/ HDUQIQ) DQG 6 \WGHQW] [ SHUHGFH 5 RDGP DS N IQUIDIYHY

. &RPPHYH GHIYHY R 84 V/HDWQIQ) DQG 6\WMGHQM [ SHIHQFH 5RDGP DS ZIWK D IRFXV RQ
[P SLIRYIQU  AXGHQW VDI DFMRQ DQG SIRIMWIRQ WURXIK WDQVIRWP DIYH FXUWEXD® DQG
SHEDIRI\

. | HDG GHYHBSP HQADQG IDIRCDDVDMRQ R FUWFDOHGXFDWRQ WFKQR®RJ LHV  HQDEQ@Y GHOYHY
R HIHRARYH A VMP \ DQG DQDOVEY

. ' HYHBS 84 V AHRQ ODWIQI VWDM\ ZM \WH JRDOR JURZIQ) RXU SRAMIDGKDM
FRXWHZ RIN HQURE HQW DQG P D] [P IMQJ WH XVH R RXU&%  IDFAO DQG RQIOH RSWRQV
8 QYHWW R 4 XHHQUDQG




([ SDUEQI RQWH8 4 / HDWIQ) DQG 6 \MGHQN [ SHUHQRH 5 RDGP DS RXUZ RIND@ QY Z W D IDQIH
R SURIMV DFIRW P XQB6! GRP DIQV R KLY IWDP HZ RIN

. 2 1IHUP RGDOV R FRXWHY DWHDFK AR H Rl RUMNGHQNV GDUIQ) RXH,
GHVLI GHG \R EFVWHQKDGRH WHUGDLQQ
FRQOM W \R EDDGQFH | Bf LEGI BDLQQ

EHRQIIQY
. ([ SDQGZD\ VR HQIDIH DQG FRQUX DV [P SDRWXABDGHY DQG
SDUZHWY 1Q VKDSIQI H FHBIGAH 1Q GDIQ) DQGWNGHOW SHUHQRH
. &RQHPWRP P HQAQ) WNGHQW \R FRP P XQUWAV HCDE@Y

RSSRUMQMIAV R EXIC D VWIRQI FRKRUWW SIHUHGFH AHQI WHQIQ) RXUVMGHQW
VHOHR EHRQIIQ) 8 QYHWW R 4 XHHQYDQG S

IUDP HZ RUN UHVSRQULYH \R YDUHG DQG VKLV
P DUNHWEHP DQGV DI GHG \R RXUSURUMA  UHVRXURHV DQG FDSDELQIHY

. &RGEMIQ DQG VHIYIEHV Z W IQGXAAY  SDUGHLY

DQG IQQRYDIYH FXUIEXGP S

. ( QDJH DOAMGHQN LQ RSSRWHQWAV \R H SDQG WHUGHMI Q
VAHQDUR  DQG FUMFDOKIQNQ) VN WWURXI KRAWKHUGDLQIQ)
RXH S

GDWQQ) VSDFHY { WDW  HQFRXUDI H WXGHQW \R FRIERDM Z WK
SHHLY DQG HGXFDRWY
. 6 XSSRWWWDFKIQ) B \R P D) [P IVH \WH DIIREDQFHV R SK\ IEDODQG

YILWDOBDWIQ) VSDFHYV GUYIQ) LQQRYDUMRQ LQ SHEDU R IEDCSUDRWFH
S



7 KH SUIRNMFWWDWRQD®A

5 HVHDUFK KDV FROMXHG R LQYHVW D
ZDV R PMWDWM GW LV WKRFN DV
VXGHQW SWHSDWH IRU HP S® P HQW VHH
9 HHQP DQ 9IGHR DQQRRMMRQ DG
GVFXWIRQ 1Q WH ,5,6 & RQQHFWSMWRLP

KDV EHHQ XVHG IQ D WHFHOW WYG R
PMIDM WHH HIHFW WWRXIK  VHO

HIGIFWRQ DQG  SURIHVWIRQDO GHYH®RSP HQW
' HILV HWDO 9 1GHR DQQRIMRQ LV D
P XQUDFHWG VRRODQG  Z KI®I MLV GHVLI QHG
W IRWMU PRWH DXWHOWF GDWQQ

FRQGMRQY KRZ W IV XVHG 1Q WH
FOWWRRP  HOYILRQP HQW LHTXWWHY FDUHIXO
FROVIGHIDWRQ 2 XU SIRMFWLY LQIRWP HG E\

FROMP SRIDU  GDWIQI WHRY  ZKIFK
UHFRI QVHV \WMDWHI IHPRYH SHGDIRJ\ P RYHV
WH ®DUWQHU IRP D SDWIYH WHFHLYHU RI

NQRZ BIGIH VR DQ DFWYH SDUAFLSDQW / DYH

© HQIHU 6 LHP HQV

9\ JRWN © H DH LOMHWMG 1O
KRZ GJLMIO WRRY RSHQ XS VSDFHV IRU
GDUHY \R GHYHEBS

&DSWIONQ] RQWH ,5,6 & RQUHPASOWRUP
RXU SWIRMIFW IRIHIWIRXQGHG WH WRGI R
VWYGHQW 1Q IHHGEDFN SUIRFHWHV  Z KHUWH
ZH FROVIGHHG KRz GIIHHQN GJLMO
DSSWRDFKHV Z WIQ RQH SOMRWP FDQ ZRWN
R HOKDQFH WYGHQW DIHQR @ IOWRCQH HW
DO : H KHFRIQWH D SHYW/RQDOQVHG
DSSWRDFK VR VNI@Y DFTXIVIMWRQ KDV EHHQ
GRFXPHQMG W [PSWIRYH FRQILIGHQFH
+ DVEWRXFN HOFRXWDIH VWYGHQW
DIHQR : 1QWRQH HWDO . H DOR
WHFRIJIQWH D SHYWRQ@DOMHG DSSWRRDFK W
VWNQ@ DFTXIVIMRQ KDV EHHQ GRFXP HOWG R
[P SIRYH FRQIGHQFH +DVEWRXFN
HOFRXUWDI H UHIGIRRYH SIDFWFH 1 HXEHWV

0 F$ @AMU DQG WHGXFH IHHAQIV RI
MROMRQ DQG  XQFHUBIQW 1 HXEHW

6 \RYHU ) RAMUQD  UHIGIPRYH
SWDFWFH WURXJK IHHGEDFN DQG SURP RWQJ
D GVSRVMRQ WZDWGV RQRIQ GDRQI
DQG FRQWOXDO [P SIRYHP HQW WHP DIV D
SRZ HUXO GP HMRQ Rl IXUNHU ®IDWQQ]
VHH - RKQVRQ HWDO

© H WHFRIQVH \WWDWUHVHDUFK FROWDXHV R
GRFXPHOW WH WHOMRQWKIS EHEHHQ
IHHGEDFN QMWDAR DQG VHD DQG SHHU
DWHWP HQNV DQG  WH P HVBFRIQMYH
SIRFHWHV Z KIFK DA@RZ 1RUGHHS UH GIFWRQ
DQG FUMIXH +DQ  ; X Q WH
SUHVHQWUHVHDUFK DV AXGHQW UHFRWGHG
DG WKDIHG YIGHRV Rl WHP VHOHV
SHURWP IQJ VSHFUIF WN@ RQ WH ,5,6
&RQOHFWSOWRWP WH DRAYHO HQIDIHG
1Q SIRVIGIQJ DQG WHFHLYIQU [HHGEDFN ILRP
WHU SHHY UUDWEQI WHU ZRW
$ W\ QFKIRQRXV  FRP SXWIUP HGIDWG  SHHU
DWHWP HOWKDV EHHQ VKRZQ WR IRWMU
RZ QHUKIS Z KHQ WHWH LV P XWDOWKVADQG
D VHQ\H R EHRQIQI /DWRQ HW DO
2 YHD® WH P If HG P HKRGV WG
ZDV GAVJQHG \R H DPIQH WWH DIIHPRYH
DVSHFW Rl SHHU IHHGEDFN DFLRW P XGIS®
FDUQ) GVFISIDHV P HAFIQH  GHOWMAM
UHKDELDAMRQ VFIHQFH DQG HGXFDUWRQ  Z W
D GYHWH JWRXS R WMGHQON Q 1Q
ROH KUKHU HGXFDARQ VHWMQJ : RUINQU

DFUIRW WH GLIHUHONGVFIS@H DUHDV RXU




DQDOVY FROIGHY WH LOMUHDWG QDVWIH
R DIHFW [HHGEDFN DQG NQRZ ®IGIH
IPSIRYHP HOV  1Q  WXGHON  GDUQQ
H SHUHQFH

7KH XVH R YIGHR EDVHG SWRIHWIRQDO
GHYH®SP HQW GDWV EDFN VR \WH v
7WJ HWDO © HOK HWDO

3URU WDKK  1Q  YIGHR EDVHG
SWRIHWIRQDO GHYH®SP HQWIQ WH FDUQJ
SIRHWIRQY KDV @UH® IRFXVHG RQ
WDFKHWY 7KH PDNRUW Rl WHVH VWNGHV
IRXQG WDWYIGHR |RUP DW Z HIH HITHPWYH 1Q
[P SIRYLQ WDFKHWY NQRZ BIGIH VN@ DQG
SWDFWFH ZIW JUHDWMU HIIHFW RQ P RWH
WUHMG  IQMKPMRQ DV W RIIHWY
RSSRUMQWHV R VBLEBRUIHHGEDFN R VSHFLLLE
DVSHFW Rl [QMKFURQ $ GAMRQD®  HDUO
IHVHDUFK  SRIMRQV YIGHR IRWPDW DV D
YDODE®! UHVRXUFH IRU WHIGIPWH DQG
FRDERDWH ODWQQ ZKHH GDUQ)
ILRP WHWURZ Q DQG HDFK RWHUV \WDFKLQJ
SUWDFWFHV Z DV FHQADOR WH VWXG  9DQ( V

6 KHUQ

$ GGUHWILQJ VNLADGHYHMRSP HQW.Q WKH
FDUQJ SWRIHVWIRQV LQ KLJ KHUHGXFDWRQ
&DUQ) SIRHWMRQY VXFK DV QXUAQ]
SK\VIRWHWDS\ P HAFIQH DQG  WDFKIQU
WHTXILH QRWRQD NQRZ BIGIH Z WIQ WHLU
GVFISIH EXWDOR WH GHYH®SP HQWRI
ZKDW DIH FROMGHHG GRIW VNGO  @N\H

FRP P XQEDWRQ HP SDWQ\ DQG
SIRIHWMRQDO/P ZKIFK VXSSRWV

IQMDFMRQY ZIW  FTHON RU \AXGHQN
3HWHLD HWDO 7KHVH VN@' DWH
FRVHO HODWMG R RHV  SWRIHWIRQDO
IGHQMY DQG ZKIG®I WH. FDQ EH VBXIKW
WHU GHYH®SP HOV DOR HIHV RQ \WH

LOGEYIGXDOV SHWRQDOEHTHIV DQG

+ RIDWG o KI® WHWH

YDOHV ( @/
IV VRP H EHTH WDWMUADY VXGHQW 1Q D
FHUBLQ SWRIWDP Z MDOHDG DM Q Z W WH

SIRIHWIRQDO IGHQWV WDIW Rl WH

SIRHWMRQ EHIRWH WH EHIIQ WHU
IOMKFMRQ  KLKHU HGXFDMRQ LV RIWQ
FUNFMVHG IRU DQ  RYHWHP SKDW  RQ
NQRZ BIGIH GHYHEBSP HQW RIWMQ QHJ GIFWQJ
WHVH VRIWVNQY DV Z H®DV WH DIIHPWYH
GP HQVIRQV FROVGHHG FXFIDO \R  WH

FDUQJ SIRIHWIRQV * UIRRWMQERHU

(IHFWYH HGXFDWRQ SWRIWPYV IRU WH
FDUQ) SIRIHWIRQV WSIFD® HQFRP SDW D
P XGMGVFISOIODY  DSSURDFK WDWFRP ELQHV
H STFIW WHRUHWEDO XQGHUABQAQ! DQG
SWDFWEDO VN@ Z W VRIWVNQY  [RWMUHG
P SCEMD WWRXJK P RGH®IG EHKDYIRXU
FRP P XQFDWRQ DQG FREMERDWH ZRW
& BXGHU * LRRIMQERHU %
SIRYIGIQ) VWXGHQW [Q FDUQ) SWRIHWIRQV
Z W RSSRUMQUHV \R VIP XOW RU SUDFW/H

WHU  SIRHWIRQDO  FRQGXFW  WH
H SHRAVEMRQ LV WDWAXGHQWN FDQ GHYH®S



WHH N VNG  WWRXIK  DXWHQWF
H[ SHUHQFHV 1Q WH SIRIHWIRQ  $ XWKHQWF
GDWIQ) KRZHYHU IV QRW @P LIMG R
SOFHP HQW H SHUHQFHV  WURXJK  FDUHIXO
GHVIQ IWFDQ EH [P SGP HQMG RQ FDP SXV
DQG WWRXJK GJMIO PHGAXPV \R DIRZ
VAXGHQW R UH GIPWRQ WHIU DELDAHV EHIRWH
WH  EHIIQ W IOMDFW ZIK  FOHQNV
$® XKVIQ HWDO 2 1HO 6KRW
5 HIBIFWRQ SWRYIGHV WXGHQWN Z W
RSSRUNQMHV R IGHQM HOP HQV Rl WHLU
FKRVHQ SURIHVWIRQDOIGHQMY DQG GHYH®S
WLV IGHQMA WURXJ KRXWWHLU FDUHHU / DQH
5 REHUV 3DWPRWH  3UHVFRW

5 HFHQA LHWVHDUFK  VXJJHWV WH G LBO
OQGVFDSH ¢ Z KI®B! WDSIGY FKDQILQ q KDV
DQ [P SRUBQNVR®! R SO\ 1Q HQKDQFLQ
SURIHWIRQDOVNI@Y DQG DABRZ QY

RSSRUNQMHV |RU GHHSHU UHIGIFWRQ  %6XUNH

/ DUP DU . W WLV 1Q PIQG WLV
SIRMFWXVHG GLJMBO WFKQR®J\ \R RITHU
VWXGHONV RSSRUMQUAV |RU VHO UH GIPWRQ
SRYIGH WHP ZIW FROMKXPRH SHHU
IHHGEDFN DQG D@Z GHYH®SP HQN RI
SURI HVWIRQDOLGHQWAHV




,QCHYHBRSIQJ \WWH SURMFWZ H IUDP H RXUWICNQJ DURXQG WUHH NH DV SFW R KRZ ZH
HGXFDW 1Q WWH FDUCQJ SURIHVWIRQV

3 WFWEXP DQG VXSHWYIVHG H SHUHQFH

+DQGVRQ H SHIHQFH IV D FUXXADO F R SRHQVR WDIQQ)  IRU FDUQ]
SIRHWRQV 1Q KLIKHUHGXFDIRQ 6\MGHOW 1Q WH F D) SRHV YRQV RIWQ
XQGHUR P XUSEG! SWDRAFXP V RUVXSHYWY 16 H SHUIHQFHY DBZIQ) WHP \R
DSS® WHRUHFDONGRZ BIGT H 1Q UHDCZ RW VFHQDURY XQGHUWH JXICDQF HRY
H SHUHQFHG P HQRY 7KLY SUDRWFDOH SHUHGF HY GHV IGHG \R KHS \MHP
IRAMU HIHAYH FRP P XQFDWRQ DQG SUREGP VRYQ V MY $EERW
0 HHUDEHDX

3 LIRIHVMIRQDOABQGDLEY

QOMIDIRD® P RW KLIKHU HOXFDIRQ IQVMAIRYY GIZ RQ D VMWR
UHFRIQVHG SIRHWIRCDOMBIQEDUGY ZKIFK IQRP WH UP WR GDUIQ) R
YDUIQ) GHIUHHV 7KLY IV SDWR KRZ \WH FDUQ) SURIHV \RQY HP SKDVIVH \KH
IP SRMIGFH R P DIQEIQQ) KUK SURHWRQDOWEQEDGY DQG HBEQKIQ)
DSSURSUDW ERXQEDUHV IQ\WHUIQMIDRIRQY Z W FGHQN W/ YID SIRHV \RCDO
DQEDUGY \KDAWMMGHQN BDY \R QDYLIDIM VHQUMY HIWXHY Z MK FX@ADO
FRP SHMQFH FRQIGHQIDMW DQG D F R P MY HOMR WH Z HEBHQ) R \MRV H
IQAYIGXDY WH VHYH 3 DN HADO 7D0JDW

& RADERWDARQ

. KBl FRMERDIRY IV SDWR DOGDWIIQ) MY RWQ FROMGHHG D NH
FRP SRQHOMQ WH FDUQJ SIRHWIRQV : RINQ F RDERDWY ® RSHQV XS
IP SRUBQAVSDFHV \R FRP EICH DFDGHP IE N GZ ®IGIH  SUDPWF IH SHUHQFH
DQG D FRP P W HOMR RQJRQ) BDWIQ)  7KHV HF RDERIDWY HH SHUHQRHV
SUHSDUH AMGHQW IRUKHU IXWUH FDUHHY 1Q Z KIE KWH  Z OFRQV XVZ WK
SHHY \R DEAHW WH QYHYH QHHGV R FOHQN Z MRXWFRP SHIMRQ RU
QHIDWWH DIHRARYH BN - RKQURQ HWDO




2 XUS HVHDUFK 4 XHWARQV

7KHWHG. LQYROHG VHGHON XMDAQ) \WH 5,6 & RQQHF \BLIMDCSOMRIP \R UHF RE DQGV IOUH
YIGHRV R WHP VHIHV SHURWP 1Q) VSHALLIE WN @' UHDWG \R WHUGVF STH DDV 7R HQV XH
D GJWHH R FROMMMQR DQG FRP SDIDEGI GDW ZH XV I6 D VIR IOU P RGHODF BW \WH

AlHHNAEAVHSE@ H DUHDV




IY «°B Qty®° Qu<« yG pl

7KH WHRUHWFDO IRXQEDMRQY XVHG W DCDOWH WLV GO ZHH EXIOVDURXQG IRXU EURDG
WHP HV DCEDSWG IURP \WH_+ LIKHU(_ GXFDIRQ / HDWIQ] ) DP HZRWN +( /) . 1 XJHQAHWDO

( P ERGHV WH WDQVIRWP DIRQDORXICH RV ¥EHQON
\R EHFRPH AMYHQV R \WH ZRWG DE®! \R HKIED®
FROXPH HYDODW FUDW WDQMRP DQG DSSO
NQRZ BGIH 1Q WHUHYHY G @H DV ZHODV \WHU
RAFXSDMRQ QRZ DQG LOR WH I X\XUH

([SRQY FROMOMQ FROM WP DNHV \WH GDIQ)
HSHIHQFH PRM UWHBIYDQN P HDQQIIXO DQG
HYDIIQ) DQG GHYHBSV VWNGHON FDSDAW \R
DSS® GDWIQ) R QRYHIDQG XQDP LIDUFRQM W

( PRIRQV DU HWHQIDO IRU DQG IXQEDP HQEO R
SIRPRIY RU IKEMQ) GDWIQ) 7KH DIHF b
DVSHAWH MV DBQIMGH FRIQWH W@ VXF K DV
SUREGP VROIQ] GHAMRQP DNQJ  DQG F HDIWYH DQG
FUMFDOMICNG)

/ HDWQJ IV EXI®V\RQ SURUNQRZ BIGIH DQG HQIDIHV
WYGHQV 1Q GHHS DQG P HDQQIIXO WINQ) DQG
|HHOQ)




" HIQIQJ IHHGEDFN QMDA

7KH GHYH®SP HQW Rl IHHGEDFN QMUDR\
VN@ GXUQ) HGXFDWRQ DQG FDUHHUWDIQIQY
1\ FUXFLDOEHFDXVH |HHGEDFN DQG WHYIHZ Rl
IHHGEDFN DWH LOWIWDOWR P RWZ RINSOFH
HOMRP HOV  : H  IRHIWRXQG  WH
SDUNFXDU HBIYDQFH Rl IHHGEDFN QMUDR\
W WH EDUQ] SIRHWIRQV HJ P HGEFDO
KHDOM HGXFDURQ : LOARQH  &DUBW
D JLYHQ WHWH SIRIHWIRQV LQYROH
DQ DUD\ Rl Z KDWDWH FD@IG WRIVWNG DV
ZHO DV D KUK GYHO Rl LOMSHWRQDO
QM@ HQFH 6 RIWVNIGY  1Q WL FRQM W
WHHY W YDODE®! GDWIQI H SHUHQFHV
QRW FROM WDDVHG ZIWIQ GVFIS@DY
GDWIQ VXFK DV HWIFDO YIHZV DQG

LOMUSHWRODOWN@Y 1 XJ HOAHVDO

- WIQ WHFHQMHVHDUFK  |HHGEDFN QMDA
IV GHIQHG DV WH DEI@ON VR UHFHLYH
LIQMSUHWDQG DFWRQ IHHGEDFN 0 DQ HWDO
. KB WHWH DWH  FRP SHWY
GHIQWRQV DQG GLIHUQ)  IOMSUMIMRQY
ZH DH GDZQ R &DUWBW DQG %RXGV
IRXUNH GP HOQVIRQV Rl IHHGEDFN
QMDF\  ZKIFK JXIGHG RXU UHVHDUFK
7 KHVH DUH \WH DELON \R

DSSUHFLDW | HHGEDFN SLRYLGHG
P DNH MGJ HP HQW RQ WLV

| HHGEDFN
P DQDJH HP RWRQ RUDI | HFW

FUHDWAG E\ WH IHHGEDFN DQG
VDNH DFWRQ R LP SLRYH

Q RWGHU R EHFRPH IHHGEDFN QMWDWM
GDWHY P XW FRP SIHKHQG WH FUMWUD
DQG SIRFHWHV LOYROHG LQ IHHGEDFN 7KLV
DA@RZ V WHP \R DSSUHFIDWM IMDQG

IXUMHP RIH P DNH LQIRWP HG MGIHP HQN
DERXW WH TXDON R WHU RZQ ZRW
WUWRXIK WLV IHHGEDFN R IQRWP  IX\MH
EHKDYIRXWY : IQARQH  &DUBIW D

5HVHDUFK ~ VXJJHWW  WDW P DQDILQJ
DIIHFWYH UHVSRQVHV FUHDWG E\  IHHGEDFN
IV RIWQ WH P RWGLIIFXGVGP HMRQ Rl
IHHGEDFN @MWDF\ DV HP RWRQV FDQ [P SHGH
FRJQWYH SIRFHWHV DQG |HHGEDFN QMUDWM
VWXGHQW P XVWDYRIG GHIHQYHQHW DQG
EH RSHQWR IHHGEDFN : IOARQH & DUBIW

D

$ QRWHU VLI QULFDQW EDUWIHU \R EHFRP LQJ
IHHGEDFN QMWDW LIV  WH  SK\MFDO
HQYLLRQP HOW Rl W\ QFKURQRXV  [HHGEDFN
IOMDFMRQ ) RU HDPS®I WH VRFIDO
SIHWXUHV DQG SRZHU G\ QDP LFV \WWDWDUH
RWQ SHHON 1Q WH FOWRRP

HQYLLRQP HOWFDQ LQOHQFH WH DIIHFWRI
WH WFHIYHU DV SHU WH HFR®ILFDO

SHY/SHARWYH 0 DQ HW DO 7KH
VIWDWRQDO FROMW R D FOWWRRP RU

Z RUINS@FH FDQ HWHULQWODQ HOQYLLRQP HOW

R WKW FRQIGHQFH DQG FRP P XQIFDWRQ
RU FUHDM XQHDVH 1Q RSHQQI GID®IXH

DERXW WHFHLYHG IHHGEDFN =KRX HW DO
7KLV EDUHU KDV ®IG \R D VWRQJ
LOMUHWIQ H SBRUQI WH EHQHIIW RI RQIOH
VSDFHV IRU IHHGEDFN ERW \A QFKURQRXV
DQG DV QFKUIRQRXV  Z MRXWDXGEHQFH RU
RWHU VRFIDOWAHWRLY/  + DUEBDYH@ HWDO
) RUH DP S® D IHFHQAVWXG. RI SWH
VHW/LFH WIDFKHWY | RXQG WDWQHI DWYH



IHHGEDFN SURGXFHG WH ®GIDWV SRVIWYH
DIHFW IQ WHFHLYHY DQG P SDRAMG WHWU
VHQVH Rl VHO HIILFDR  HP SKDMMQJ WDW
IHHGEDFN QHHGV R EH SWRYIGHG 1Q D ZD\
WDW WP XOWV  SRIWYH  FRIQWYH

P RAYDWRQDO DQG  DIIHPRYH  SIRFHWHV 1O
WH UHFHLYHU 1Q RUGHU VR SUHYHQMQHI DWYH

LP SDFW RQ SHURUP DQFH DQG IQMUSHW/RQDO
HODWRQWKISY ~ 3UBRS HW DO
5 HIDWGBW Rl ZKHUH WH IHHGEDFN VBINHV

SOFH DQG WH IOMDFURQY HDWG R
JIIQ)  IHHGEDFN  IRWMUQ)  HIIHFWYH

IHHGEDFN QMWA  LQYROHY HQIDIHP HQW
Z W DSSUHFIDWRQ MGJ HP HQADQG SRVIWH
DIIHFW $ @WHVH FRP SRQHQN DWH HTXWHG
1Q RUBHU IRU GIDUQHY VR WRXJIKWK@® DSS®
WH IHHGEDFN WHFHLYHG R P SLIRYH WHLWU

Z RUN DQG RUSURIHWIRQDOFRP SHWQFLHV

/ HDUQLQJ | HHGEDFN VNLGY

7KH FDSDFIW \R VUNH RQ IHHGEDFN DQG
DEMVW\R P HHWWH H SHAVEMRQV Rl WH
SIRIHWIRQ LV FUXFIDOWR ®GIDUQIQI HITHPWYH
Z RINSOFH EHKDYIRXWY DQG VNL@Y

) XUNKHPP RIH ~ LHVHDUFK  FROMXHV  \R
KLJ KQ KWWDWODWIQI THHGEDFN VN@Y LV
OMIWDO W EXIGQ)  DQG P DIOMIQQY
OMBSHWRQDO IHODMRQVKISY & DUBIW

YRXG 0 R HWDO - IQARQH
& DUV D )RAMUQI WH N
DIRXQG  IHHGEDFN @MWDR  WWRXIK

HGXFDWRQ DQG WDIQQI DUXDE® IRWMLY D
JUHDMU GHSW Rl DZDHQHW Rl RQHV
VAHQIWY DQG Z HDNQHWHV DV ZH® DV
UHVIGHQFH 1Q RQHV GHVILH \R ®IDWD DQG
GHYHBRS +DWH  71P SHUBA 0 R@RA
HW DO ) XUMHWP RIH  UHFHLYLQU
IHHGEDFN HDW® 1Q RQHV SWRIHWIRQDO
HGXFDWRQ LV [P SRUBQN IRU  GDWRQ]

FRP P XQFDWRQ DQG FRRSHUDWRQ VNA@' DV
ZHD DV FRXWH FRUHFWY  GIVFISTRH

VSHFLLF SIDAFWFHV 1 JRRQ HWDO

0DQ ZRX@ DUXH IHHGEDFN QMDA LV
LOMI IDOR WH IRWP DMRQ RI D GIVSRVIMRQ \R
QHRQY ODWQ 7KHHRWH KRZ ZH
GHYH®S DQG SWFWH IHHGEDFN QMDA
Z W \VAXGHON KDV EHFRP H D NH\ IRFXV 1Q
HGXFDWRQDO HVHDUFK ~ ZKHWH  IRWMUQ]
IHHGEDFN @MWDRA IV FROVIGHHG LOMI LDOWR
HIHFWYH IRPPV Rl HGXFDWRQ 7R IRWMU
IHHGEDFN QMWDF  HIHPWYHO  UHVHDUFK
VXIJHW  IHTXILHV QRWRQD EXITHQI VN@Y
IQ WHFHLYIQU IHHGEDFN EXWDOR SWRYIGIQJ
IHHGEDFN W SHHYW ZOM WH VDPH
GP HMMRQV Rl IHHGEDFN @MWDRA 1Q P IQG

) RR 2 &RQORU 0 F&XUAD

- WMIQ VFKRDUKIS IRFXVHG RQ WH
HGXFDWRQ DQG WDIQQI Rl WRVH Z KR VHHN
W Z RW 1Q WH FDUQ) SIRIHWIRQV Z H KDYH
VHHQ D WHDOLQFUHDVH 1Q WH @WW\E HOW
\HDV R VWGHY RQ KRZ R IRWMU
IHHGEDFN @QMWDR\ HITHPRYHO 1Q ERW \WH



FOWWRRP DQG SWDFWEXP  HQYLLRQP HQW
5 HVHDUFKHY DUXH \WMDW HGXFDWRQ 1Q
FDUQ) SIRHWMRQY VKRXG  LQFOGH
FROVMMQW GVFISTODY VNGO SWDRWFH  1Q
JIIQY DQG  WHFHIIQU  IHHGEDFN RQ
SHURWP DQFH R [P SLIRYH EDVIF IHHGEDFN
OMDF EHRH MQQ WH SWRHWMRQ
+DWEDYH@ HW DO 3 LDPWEXP

H[ SHUHQFHV Z KIEK DUH HP EHGGHG 1Q WH
WDIQQJ) IRU WH FDUQ) SWRIHWIRQV DWH
XVHG DV RSSRUMQMHV VR SURYIGH |HHGEDFN
WR GDUHY RQ GVFISOH VSHFULF VN@
WDWFDQQRWEH DXWHQWED® HSTEDWG 1Q
GDWIQ) IQMMIRYY 7KHVH RSSRUMQMAHV
W WHFHLYH IHHGEDFN ILRP DQ H[ SHWRQ
GVFISIDY WN@ DQG P SIRYH WUWRXIK
HSHWARQ FDQ ERGMU GDWHY  VHO

HILFDR\ DQG VHQVH Rl IGHOWV Z WIQ WH
SIRHWIRQ 0 RGR HWDO © IQARQH
HW DO /INZIVH  SWDPWEXP

H[ SHUHQFHV VRFIDOVH GDUWHY QR WH
SIRHWIRQ RIIHUQ)  RSSRUMQWN R
REVHUH WH DFFHSWMG VRFIDOQRWP V Rl WH
ZRUWSOFH ZKIFK 1Q FDUQI SWRIHWIRQV
RIWQ LOFOGHY DSSURSUDWM  LQMUSHLYRQDO
HOMRQV Z W SDWHOWN RU WXGHOWNV DQG
WHFHLYLQ) FROWOXRXV IHHGEDFN IURP - SHHWY/
&RSH HWDO

6 XVWLQDE® | HHGEDFN
21 FRXUWH IHHGEDFN UWPDQV D
FRP SCEDMG SIFWWH  SHVHDUFK  RQ
IHHGEDFN QMWDR  KUKQ@KW WDW WH
TXDON DQG VW®I Rl IHHGEDFN SWRYIGHG FDQ
DIHFW WH UHFHLYHUV UHVSRQWMH  DQG
GDWRQ H[ SHUHQFH 7 IDGIMRQD®
IHHGEDFN KDV EHHQ SHWFHLYHG DV D
FRQWHTXHQFH Rl SHURWP DQFH  LDWHU WDQ
WH WBUMY SRIQVWR P SIRYH XSRQ DQ
LQWDODWHP SWRUDQ RSSRUMQW [RU

FROMXHG JUIRZW +DWH 7P SHUBA
© LQARQH HADO +RZ HYHU 1Q
PRWH WHFHQWVFKRDUKIS WLV P ROR®R]LF
IHHGEDFN SWRFHW KDV EHHQ KHDYI®
FUMFIVHG DV IQHITHRPWYH 1Q GHYH®SIQ) WH
IHHGEDFN @MWDR VNG QHHGHG IRU IXWWH

W DG  XGPDWO  SIRIHWIRQDO
H SHUHQFHV 1Q HP SR P HQW $NBZ L
YRXG ,Q FROADW + RXQVH®

GAVFUEHV WH [HDWWHY  WHTXWHG |IRU

VXWIBAQDE® | HHGEDFN
D VXIVPE®! HQYLLRQP HQWIRU GLD@®RJ LF
LOWMILDFWRQV
LP SDFWEH\ RQG WH FXUHQWWBVN

GHYH®RSP HQWDQG HQFRXLDI HP HOWRI
VHO UHI X@MRQ RI SHURWP DQFH

7KHVH IHDWUHY SWRYIGH D EDVV IRU WH
IP SIRYHP HQV 1Q  IXWWH H[ SHUHQFHV R
VXFK VWV - $NBZL  %RXG %
DEGRSWQ) D QHZ PRH VXWBIQDE®!
IHHGEDFN SUIRFHW UHFHLYLQD |HHGEDFN FDQ
EHFRPH DWHWPHQW IRU  GDWQQ
. BIORZW\L IQ ZKIFK \AXGHONV
HQDIH 1Q GHHSHU VHO HBFWRQ DQG
FROMKPNWH GD®RIXH UHIDGEQ WHU
IHHGEDFN &KDUMWY 6P DUGRQ




7KH P RYH R GLD®J LF | HHGEDFN

5 HVHDUFKHYW KDYH KLUKQIKWMG WDW \R
FUDM DQ HOQYILRQP HQV VXMZE®! IRU
GDRIXH DERXW DQG WHOGFMRQ RQ
IHHGEDFN WH VRFLDO DIIHFWH GIP HQVIRQ
R WH GDWQ HQYILRQP HQN P XWV EH
FROMGHHG  $NDZL UYRXG

8QHYHQ SRZHU G QDPLFV FRPPRQ IQ

WIDFKHU X GHOWUHOMRQUKISY FDQ FDXVH
GVFRP IRWZ W IQWDW)) GID®RIXH DERXW

WH IHHGEDFN SWRYIGHG +RZHYHU ZKI®
WY WQVIRQ FDQ EH WHVROHG WUWRXIK
WDFKHULQWDWG FRP P XQEDWRQ SRVIMYH
OQXDIH DQG FRUHPWH  VXJJHWRQY
YRXG 0 R © IQWRQH

& DUBIWV D ZH KDYH DOR VHHQ
IOFUHDVHG DWMQWRQ 1Q OMIDMH \R SHHU
IHHGEDFN ZKIFK ZRUW \R P MJDW VRP H
DVSHFW Rl WH SRZ HUG. QDP LFV

$ PDWU EHQHWR WH XwH R SHHU
IHHGEDFN IV WDW WHFHYHY RIWQ HHO

FRQI LGHOWTXHVWWRQQJ [HHGEDFN Z W SHHWY/

ZIWRXW IMWXHY R SRZHU DQG  ILQDON
0 DMHZV HW DO 7KH XVH Rl
FRIDERDWH RU GD®RJIF IHHGEDFN g

VSHFULED@ D GVFXWIRQ Rl WH P HDQQJ Rl
WH IHHGEDFN DQG QHJ RWDWRQ Rl FRUHFWYH
WADWIIHV q FDQ SWRYIGH IHHGEDFN
UHFHYHW ZIW D VHQWH Rl DIHQR RYHU
WHLUZ RN Z KI® DARZ LQ) WH H[ SHAVBMRQY
R WH ZRWN W EH FOUIHG &DUBW
URXG 0 DWKHZ V HWDO ) RU
HDPS®! IQ D WYKG Rl DQ DFDGHPIF
ZUMY FRXUH IQ . RHD : RRG

IRXQG \WWDWSDUAFLSDQW | HOVEHWHU DE®! \R
XWDH DQG DSS® IHHGEDFN  DIWU
GAVFXWIRQ DQG FOUIFDWRQ ' ID®RIXH
WHHRH IXO® D WHIXWHPHQW R
IHHGEDFN E\ UHGXFIQ) WH GIMBQFH

EHEHHQ WH FXUHQN DQG  GHVILHG

XQGHUADQEQ) +DWH 7P SHUBA

DQG VKUW WH ®IDWIQ) H[ SHUHQFH IIRP D
VWN VSHFULE FRP P HOW\MR DQ RSSRUNMQW
R GHYH®S DELOMHV Rl VHO UHI XOMRQ DQG
VHO IHGIPMRQ DDIQHG ZIW  VWFHQWU
VNLAY $NDZL URXG

7R FRQFOGH DFWH HQDIHP HQN 1Q
VXWBIQDE®!  [HHGEDFN  DFWYIAV — @\H
GID®JIF IHHGEDFN P RYHV GIDUWIQ) EH\ RQG
WH VBVN DAWKDQG DQG LQIRWP V WH EXI@Q)
R D JUHDWMU VN© VHW Rl FUMFDO DQG
HIGIFWH FDSDEIOAHY  $NBZL  Y%RXG
S5DWHU WDQ SRVIMRQQI WH
WFHYHU Rl IHHGEDFN DV D SDWAYH
UHFLSIHQWWH XVH Rl VXMBLQDE®! |HHGEDFN
DSSURDFKHV DARZ VV WH UHFHLYHUWR LGHQW
WHQGV 1Q TXDON DQG GHYHBRS HURU
GHWMAIMRQ W@ ZKIFK FDQ  FUHDWM
RSSRUNQMHV 1RU VHO IHHGEDFN 1Q IXWXWH
H SHUHQFHV +DWH 7P SHUBA
: IQAWRQH HWDO

) HHGEDFNDVD  VWFHQWU VNLGD

WAFHQXU VNQ@ DH D FREOIFWRQ R @H
DQG FDUHHUVN@Y GHHP HG [P SRUBQAQ WH
PRGHD J@®EDOMHG ZRUB 7KHWH VNG
HOWM R RUDQVDWRQ DQG MGJIHP HQWRI
IQRWP DMRQ WURXIK WIFKQR®I\  HIIHRWYH
FRP P XQIFDWRQ DQG FRADERIDWRQ DV Z HD
DV D FRQVIGHIDWRQ Rl WH HWLEV



DWRFIDMG ZIW  VRFIDO UHVSRQVIELDN
$QDQADGRX & MWR 7KHVH VNQY
JHHD® HQDIH KLIKHURWGHU WIQNQU
VXFK DV FUDWAW  FUMFDO WWIQNQU
HP SDW\ DQG DGDSWEIQW 0 F/ D\ HWDO

7KWIRXIK WH ®IQV Rl HP S®\ DELOW
WH GHYHBRSP HOMRI  WWFHQWU WNQ@ LV
EHIHYHG W LQFUHDVH KXP DQ FDSMIO DV
GDWQHY JDIQ FRP SHWMQFH QRW MWV 1Q
NORZGBIGIH DQG VNG HDWMG \R \WHLU
QVFISTH EXWIQ ZD\V R WIONQI DQG
SIRFHWMQJ  LQRWP DWRQ  $ QDQIDGRX
&R %DND\ 3UHVHQ® ZH
VHH HGXFDWRQDOV\ WMP V 1Q D SHURG Rl
WOQUMRQ ZRWNQI W DWIQ ZIMW DQG
HQFRXWDJH WH GHYHBSPHQN R W
FHOQXU WN@ )RU HDPS®I KUKHU
HGXFDMRQ [QMAMMRQY DIH WDQVIRWP QU
FRXUH VWKXPXUHY DQG DOMUQ) WH RGNV
ZIWNIQ WDFKIQIq®DWQ) SWIRFHWHV R
SRIMRQ ®DUHY DV PRWH  DPWH
SDUNFLSDQV 1Q HGXFDMRQ / IHVD 2 WV HW
DO

" HYH®&SIQJ IHHGEDFN OMWDR DV D WV
FHQMXU WO WHTXILHYV FDUHIXO

FROVIGHIDWRQ YRW WH WP X3V DQG \WH
GDWIQ) FRQGMRQV QHHG R DWHMQG R WH
DIIHPWYH QDWH Rl ®DWQQI ) HHGEDFN LV
PRW SWRGXFWH ZKHQ WHFHLYHG Z W
SRVIWYH DIIHFW 7KLY D@®ZV IRU D VSDFH
Z KHUH WH ®IDUHU FDQ VHSDIDWM HP RWRQV
IRP WH IHHGEDFN PDNH MGIHP HQN
DERXWHQDPMY WH IHHGEDFN DQG WHQ
GHYWVH FRQMXFWYH VROMRQV \R [P SURYH
SWDFWH 7KV VN@ WDQVIHU PD\  EH
HVSHFID®  HYIGHQW 1Q WH  FDUQ
SIRHWMRQV JLYHQ WH R®! LOMSHWRQDO
LM HQFH DQG D FDUQJ GLVSRVIMRQ SO\

$V RQH ZRX@ H SHFW  WWFHOMU VNG
DUH QMU LOHG DQG UHVHDUFK FRQWDXHV R
KL K@ KWKRZ WH GHYH®RSP HOARI VN@ 1Q
RQH DUHD LQOHQFHV WH GHYH®RSP HQWIQ
RWHWY %DND\ . RFDN HWDO

7KLY IRHIIRXQEV WH KROMF QDWWH RI
®DWIQI ) RUH[ DP S®! . RFDN HADO

IRXQG WDW FRP P XQFDWRQ DQG FUWFDO
WIONQ] W@ @H WRWH GHYHBRSHG
WWRXJK DFWH GDWIQI DRIV
FROMEXM GULHA® R SWREGP VROLQY
VN@ ) RUH DP S® D FRP SDIDWH P HVD
DQDOVIV WXG R DFDGHP IEV DQG +5
PDQDIHY IRXQG WDW ERW YDOHG
FRP P XQEDWRQ FR RSHIDWRQ DQG VHO
GLHAMRQ WN@ KRZHYHU DFDGHP LIFV
SOFHG PRWH P SRUBQFH RQ FRIQWH
W@ ZKI® +5 PDQDIHYW JDYH
SHHHQFH VR PRW EHKDYIRXWDO VNQ@
%DND\ 7KHVH WHVXQ@/ FDQ EH

IQOMSUHMG \R P SO WDWIWL FUKFIDO\R
GHYHRS WHVH G \WBQJ LEG! VRFIDOVN.EY \R
HQKDQFH HP S®\ DELDN SURVSHFW




WWFHQXUY WN@ DUH WHUHRWH NA W * IDGXDW  DWUEXWV DWH WH VHW R
HP SR DEION 1Q WH PRGHOD ZRUG DIIHFAYH WN@ UHOWG WR WH TXDOAMV D
HWREQ/KIQJ) WH 1P SRUMBOFH Rl GHYHERSIQ] SDUANFXDUXQYHWW Z RX@ @NH VR FXORYDW

WHP EHIRIH WXGHQN HQMU SIRHWMRQDO | 1Q IW JUDGXDWMV  * URRWQERHU Q
VSDFHV WH FROM WRI KLKHU HGXFDWRQ WHVH

GP HOVIRQV P LIKWHIHU\R WH YDOHV DQG
( QKDQFLQJ J UDGXDWA DWMEX WMV EHCHIV WDWQIRWP D JLYHQ FDUIHHUSDW RU

WFHOMXY WNQ@ DH WHFRIQVHG 1Q | WH HP RWRQDO LHVSRQUVH \WDW P RWYDWV
HGXFDWRQ IOAMMWRQY DFLIRW $XVADD DV |  VWMGHQW R FRQAMQXH ®GDWQQ)  VXFK DV
DQ LP SRUBOMFRP SROHOARI FXUIEXOPP ,Q | VHOHWMHP WKWV FR@MERDMRQ DQG
KUUKHU HGXFDWRQ WHVH WN@ VHW DWH |  LQMUHVW %HDUG HWDO * LRRIMQERHU
UHIHUHG \R DV JWDGXDW DWMEXWV DQG 7KHVH VRIWVN@Y DIH RIWQ VBXJ KW
WH DH UHIXOWG 1Q $XWDID E\ WH | [PSTEMP WWRXIK P RGHBIG EHKDYIRXU
7HUDY ( GXFDWRQ 4 XDON DQG 6\WBQEDWGY | JUIRXS ZRW DQG FRMERIDMRQ WRXJK
$IJHOR  ZKIFK GHIQWV WHP DV | WHWH IV VRP H FRQMQWRQ DURXQG Z KHWHU
QDQVIHIDE®!I QRQ GIVFISTOH VSHFLIE VW@ | YDOXHV EH@HIV DQG P RUDY DUH WIQIV \MDW
WDWD JWGXDW PD\ DFKIHYH WWRXIK | VKRX@G EH \BXJKW HVSHFID® 1Q KLIKHU
GDWIQI WDWKDYH DSSTFDMRQ 1Q WG HGXFDWRQ VHWQIV * URRWIQERHU
ZRW DQG @H FROMW +DP P HU HWDO

. KIG! WHVH VW@ P D\ KDYH EHHQ | 7KH JWDGXDW DWIEXWMV R $XVADIDQ
SHUFHLYHG DV P SCEMBIDWQIQ) 1Q WH SDWV | XQIYHWIWAV DUH SXEQF® DFFHWIE®! DQG D
HIXOWRUY ERGHV QRZ HFRJQIVH JWIDGXDW | FRQMQWDQDOWIY Rl WH Z HEVIWV Rl
DWUEXWMV DV IQGFDWRY Rl FXUIFXOP $ XVMDIDQ XQLYHWMAHV [RXQG WDVWKH P RW
TXDOW DUFKMAXWH  1Q KL KHU HGXFDWRQ FRP P RQ FRUH VN 1Q JWDGXDW DWUEX\MV
6XFK D FXUWIFXOP SWRPRMV OHRQY DWH FRP P XQEDWRQ VRFLDO UHVSRQVIELDN
GDWRQ  SWRIGHV DWHWPHQW Rl J@EDO SHWSHFWYH FUMFDO WIONQI  DQG

HGXFDWRQDO TXDOV \WWRXJK JWDGXDWM [ WDPZRWIN WN@ ' RQBIDY\ 7 KHVH
RXWRP HV DOQG FROQOHFW HGXFDWRQ \R | DWUEXWA DIH FODUWD FRVHO TNHG R \WH
IXMWH HP SR PHON  %RZGHQ FROFHSWRI  WWFHQXU VNG DQG WH
+DP P HUHVDO FROMXH WH GHYHBSPHQOW R QRQ

GVFISIDY W@ 1Q WUWDY  HGXFDWRQ
7KH  DWH HPEHGGHG IQR FRXUH
FXWEXOXP 1Q DFFRWGDQFH ZIW D
XQYHWW YV SURIMHY  %RZGHQ HW DO

( DFK KLJKHU HGXFDWRQ [QWYMWRQ
FXUDMV D VHBIFMRQ R VNQ@ WDW WH
XQYHWW  FRPPXQW DIWHHV D
GHVILDE®! IRU JWDGXDMV R GHYH®S
SUP DU® R ERGWMU IXXUH HP SE\ DELOW
%RZ GHQ HWDO




P SRUDQN R RXU WXG  WH JWDGXDWM
DWUEXWMV Rl WH 8 QYHWW RI 4 XHHQVDQG
84 HSUHVHQND FROIFWRQ Rl KROMF
FKDUDPWMUMAFY \WRXJKWAR EH GHVILDE®! 1Q
JWGXDWMV 84 DIP V \R SURGXFH J UDGXD\WMV
Z KR DWH
. DFFRP SQVKHG VFKRMDU/
. FRXWDJ HRXV WLONHU/
. FRQQHFWG FIW HQV
FXQOXUDA FDSDEG
LQI OXHQWDOFRP P XQIFDVRWYY DQG
. UHVSHFWXO®IDGHW/
84 SWRIWPV DH GHVIQHG ZIW WHWH
DWUIEXWMV 1Q PIOG D®RQIMGH VSHFULE

GVFLSTH FRQMQW

7KH LP SRUBQFH RI SHHUIHHGEDFN

7KH GHIQMRQ R IHHGEDFN QMWDR LV
H SDQGHG E\ FRQMP SRIDU QMWDWMWH R
IQFOXGH WH DEIDNV VR FRP SRVH XVHIXO
IHHGEDFN IRU RWHWY 3HHU [HHGEDFN
GHVFUEHV FRP P XQFDWRQ EHWEHHQ \ER
GDUHY WHIDWEQ] SHURWPDQFH DQG
WBQEDWEY : IOARQH & DUBIW E
DQQI ZM WH VRFID® \VIXDWMG
SWDFWFHV Rl VRFLDO FROVWAKFWYMAN WHRU
0 DQ HW DO 010 $V D
FRADERWDWYH DQG VRFIDO H HUFMH  SHHU
IHHGEDFN FDQ EROWU W@ R
FRP P XQIFDWRQ HP RARQDOUHI XOMRQ DQG
KL KHURWEHU WIONQI 0 DQ HWDO

- IQARQ & DUV E $V D
HFISIRFDO ~ SIRFHW ~ SHHU  IHHGEDFN
EHQHIW ERW WH UHFHLYHURI \WH |HHGEDFN
DQG WH FRP SRVHU 0 RG® HWDO Q
| DFW & DUBMY DQG %RXG DWHWAWKDW
WH JIMIQ) Rl IHHGEDFN LIV P RUH EHQHILFLDO
DV MUHTXIWHV P RUH FRIQUWAYH HQJ DI HP HQW
DQG KLJKHURUGEHU WIONQI VR DQDOVH DQG
SIRYIGH FROMKPWH  IHHGEDFN  RQ
DORWHUV Z RIN 7 KH DELOA R SURYIGH

XVHIXO IHHGEDFN \R RWHWY/ 1V FHQWDO \R
GHYH®SLQ D JIHDWIUXQGHUABQGQ) RI WH
SIRFHWHV IQYROHG 1Q IHHGEDFN VXFK DV
DQDOVIV DQG HYDODMRQ R SHURWP DQFH
DIDIQW FUMUD DQG  WHWHRWH D
VWMHQIWHQQI Rl RYHWD®I HHGEDFN @MUDF\
0 R HWDO

© KI®! GDUQHY P D\ YDOXH WH H SHUAVH RI
VXSHWIVRUIHHGEDFN 1 JRRQ HWDO
WY RIWMQ GLLILEEXOV RU WDFKHWY H[ SHUWV R
SWRYIGH WP HO DQG GHVBAGIG |HHGEDFN R
OUH FRKRW %RXG 0 R@®
7KIRXIK IRMUQI RSSRUMQWHV [RU SHHU
IHHGEDFN WAXGHQW FDQ WHFHLYH @UHU
TXDQMMHV R IHHGEDFN DQG P RUH GLIYHWH
RSIQRQV RQ WHW SHURWP DQFH 7KL FDQ
EHQHIIW WHU ODWQ DQG  WHVHDUK
VXJIJHW WHUH IV D IHDWRQVKLS EHE HHQ
WHFHLYIQ) IHHGEDFN DQG FRP SRIQJ P RWH
HIHPWYH IHHGEDFN : IQARQH  &DUBW
E 7KHVH RXWRPHV DDQ ZIW
9\JRWN V WHRY R VRFIR FRIQWYH
ODWQQ ZKIFK SOFHV P SRUBQFH RQ
VRFIDO IOMDAMRQY W EXIG  WRXIKW
GHYH®SP HQW 0 1Q ) XUMHUP RWH
WH FUWFDOWIONQJ DQG SWIREGP VROLQ
VN@' DWRFIDWG Z W SHHU IHHGEDFN DWH
DQHG ZIW WH  WWFHOMU VN
FROVIGHIHG FWXFIDO  IRU  VXFFHWIXO
HP S® P HQW & KRQJ



3 HHU IHHGEDFN H[ HUFLVHV FDQ EH XVHG R
VIPXOW PRWMH DXWHOME  SWRIHWIRQDO
IHHGEDFN H| SHUHQFHV DQG EXLG WXGHQN
VHOHILEDA 1Q SWRYIGQI  IHHGEDFN
) HHGEDFN WURXJK VRFLDO IQMUDPWRQ FDQ
VMEDRFFXULQ D WDGMRQDOXGHQWWDFKHU
IHHGEDFN H HFIVH WRXJK WH SRZHU
G QPIFV DQG SWHWXWH LQYROHG FDQ
IP SDAWWH GDUWRIQI H[ SHUHQFH DQG @ W
RSSRUMQWAHV R SHUFHLYH DQG FRP SUHKHQG
WH SIRFHWHV LQYROHG LQ IHHGEDFN %RXG
0 R@R CIOMRQH  &DUBW
D : KI® WHH LV WVHDIK
VXJIJHWQI  WDW WXGHQN  GRXEW \WH
WHIDELON DQG YDOH Rl SHHU IHHGEDFN
&KRQ + DUEDYH@ HWDO
0 DQ HW DO WWRXIK  WRXJKWKO
SOQUQ) DQG P RGHMY WXGHON EXI@G
ERW VHO HIILFDR\ 1Q SWRYIGIQJ IHHGEDFN DV
Z HODV WKWWMQ WH TXDON Rl WHLU SHHWY
IHHGEDFN 1JRRQ HW DO 7KL
SKRFHW D@®ZV GDUHY W DFW
DXWHQWFD® DV H SHW SUHSDUQI \WHP
IRU SURIHVWIRQDOH[ SHUHQFHV 0 DQ HWDO
VMHQI WHQQI WH VRFIDODVSHFW RI
IHHGEDFN DQG WHGXFIQ) WH SRZHU DQG
VWHW HOMRQWKIS Rl \MDFKHU |HHGEDFN
&DUDW  YRXG + DUEDYH@ HWDO

,Q DGGMRQ WR WH WHGXFWRQ Rl SRZHU

GLIHHOM® DQG SHURWP DQFH D LHW
SHHU IHHGEDFN DQ®Z V 1RU DGMUDM SRIQW

R YIHZ SWRYIGQI D JUHDWU TXDQWY DQG
YDUHW Rl IHHGEDFN : IQARQH  &DUBIW
E 0O SRVIW \WDW WH
JUHDWMWWXFFHW 1Q SHHUITHHGEDFN RFFXWY/
Z KHQ SDUWEHW/ KDYH GLLIHIHQWHQI WY 1Q
WHIU ZRIN DERZIQJ WHP R DWIMWHDFK
RWHU &\ FGN Rl SHHU IHHGEDFN H[ HUFLVHV
ZIWIQ JWRXSV DOR DWZ  IQFLHDVHG
HIDELON DV ®DUWHY FDQ FRP SDWH
FRP P HQW IUIRP GIIIHUQJ RSIQRQV \R FRP H
R D FRMGHHG FROFOVIRQ : IQWRQH
& DUBIWV E : IQMQ DG &DUBW
E  IXUMHUSRVIWIDWI LRXS H] HUFLVHV
HQKDQFH WDP ZRWN DQG  FRP P XQIFDWRQ
W@ WDW DH GLHAW® WDQVHWDE®! R
ZRUSOFH HQYLRQPHQNV  1RWE® \WH
VXFFHW Rl WHVH SIRFHWHV UHTHV KHDYL®
RQ DGHTXD\WM WDIQLQ)  SRVIMYH DIIHFW DQG

D IRFXV RQ [P SUIRYHP HQWVDQG ®IDUIQ)
UWDWHUWDQ FRUHAE@HW VHH 0 1Q

QWP V Rl IHHGEDFN RQ VSHFLLE GIDUQ)
DNV EHIQ) WH FRP SRVHU FDQ VHQUMYH
GDUHY R IGHOM TXDOWV Z RN DQG KHS

WHP  VHOHYDODW PRWH  HIHPWYHO
& DUBMV YRXG . IQARQH
& DUBMV E ,PSRUBQ® WH DFWRI

SWIRVIGIQJ [HHGEDFN JLYHV GIDUDHY QLI KW
IOR WH G QDPIFV DQG SWRFHWHV RI
IHHGEDFN DQG WH FRP SIHKHOMRQ R
FUMUD ZKIFK EXI@®V XQGHUABQAQ RI
KRZ WR UHFHLYH DQG LOWMUSUHWHHGEDFN RQ
WHURZQ ZRWN &KRQJ 0 DQ HWDO
0 RBA HWDO : KI®H 1Q HDUD
DWHP SW R SURYIGH |HHGEDFN GIDUDHLY



PD\ IHHOI@HTXISSHG RU OFNQJ 1Q VHD

HILEDR  &KRQ © IQARQH
& DUBMV E  H SHUHQFH EXIOWKURXIK
HSHWARQ DQG DGHTXDW WDIQQJ FDQ
HOQFRXWDJH GIDUWHY VR SWRYIGH |HHGEDFN
QRWRQD [Q HGXFDWRQDOSWDFWFHY EXWQR
IXWMUH HP S® P HQW O DQ HWDO 010
UX@EQI ODWHY  WN@  1Q
HYDODWYH MGIHP HQW DQG  DWHQWRQ \R
GABIO DV ZHD® DV  FROAMKARH
FRP P XQFDWRQ VN@ QFUHDVHV I X\MUH
HP S® DELON DQG SWRP RWMV J HQHUDOVRFLDO
WN@ 0 1Q 0 R HWDO

([ SGRUQJ WKH DI I HFWYH
GLP HOVIRQ Rl GDLOLQJ

,QMJWDOW KRZ ZH XQGHUMBQG |HHGEDFN
QMDA IV WH DIIHFWYH GLP HQVIRQ RI

GDWIQ 7KH DIHAWH GPHMVRQ R

GDWIQ) IRU WH P RW SDW HHY R D
OUH LOMUDFHG VSWHDG Rl YDOHV EHTHIV
DQG HPRWRQV ZKIFK FDQ GRWM D
VWGHOA H[ SHUHQFH R GDWIQ)  WWRXIK
WHLUP RAYDWRQ HQJ DI HP HQADQG LOMUHWWY
%HDUG HW DO 7KHVH DIIHRWYH
GIP HQVIRQV DIH QRWQHFHWDU®D VSHFLLLE \R
WH GVFISTH DQG PD\ YDU VLI QUIFDQW

IRP  GDWIQ) H SHUHQFH R GDWQ

H[ SHUHQFH

,Q FROMGHUQ) WH DIIHFWYH GIP HOVIRQ R
GDWRQ ZH DOR WFRIQVH WH

SIRIHWIRQDO P STFDMRQV  7KH  DIIHPWYH
GPHMMRQY R YDOHV DQG EHIHV q
IRWMUHG WURXJK SHGDJ RJ IFDODSSURDFKHV
g KDYH WWRQ @\ W XGHON
GHYHRSPHQW R D FRWH GWRIHWRQDO
IGHQWV Z KIBI WXG, 1QJ | RUWHLUFKRVHQ

FDUHHU ( @/
Rl WHVH SURIHWIRQDOYDOXHV DFFRUWGEIQI VR

+RIDWG ( [ DP S®V

* (RRIMQERHU DIH  HWIFDO
FROMVGHDWRYY 1Q @Z SWRHWMRY/
FRQVHYYDURQ 1Q HQYLLRQP HQWO VFHQFHV
RU HP SDW\ 1Q GDUQ) SWRIHWIRQV WLV
FROVIGHUHG LP STEVWKDWANGHQW LQ FHUBILO
WMDY SIRIWDP V Z 1@ DOHDG.  KDYH \WH
DIHAWH EHEHV YDOHV DQG HP RARQV
UHTXWHG R WDWSWRIHWIRQ DQG WHWH LV
DQ XQGHOIQI DWXP SWRQ WDWWRVH Z KR
GR QRWSRWHW WH QHFHWDU  YDOHV Z L@
QRW HQMU WDW SLIRIHWIRQ 1Q WH IX\UMUH
* LRRWQERHU

6P LOW HP SE DEIDN FDQ EH P SDRMG
E\ WH DIHPWH GP HOMRQ R HP RARQ

ZKIEK WHHY W ERW WHIXOMRQ R

HP RARQV DQG WH HP RWRQDO DVSHFW Rl

WDP ZRIN WN@ @H WKW DQG  UHVSHFW
=KRX HWDO 7KH HP RARQDOAIM

ZKHWHU DW DQ LQGEYIGXDO GIYHO RU D
FOWWRRP ®IYHO KDV WH SRZ HU\R GIFVI\W
WH SURJIHWWIRQ R ®IDWQI ) RUH] DP SO

FRP P XQDO SRVIMYH GIVSRVIMRQV FUHD\M
HOYLLRQP HOW Rl LQMUAVWHQI DI HP HOWDQG
P RAYDWRQ Z KLB! QHI DWYH DI HPWSUHVHON
DV ERIHGRP DQG ZRWN WHIXVDO 7 XMIR

7 DQQHU 6LUQUEDQ® 1Q VRFIDO
GDWRQ] HOYILRQP HQV @H FOWARRP V RU
XQYHWVMWH D VHQWH R EHRQIQ RU
FRP |RWFDQ | RMMUSRVIWYH DI IHFWDQG



FRIQFIGH ZIW WH IHHOQV R VKDPH RU
SUGH VXFFHW RU IDIOXH WDWEXIG DQG
PDIQEIQ D VHQMH R IGHOMV DQG VHO
HAMHP  9%HDWG HW DO 7KH
HP RWRQDODIHPWR!  LQGLYIGXDOVXGHQW LV
KHDYI® GIFVWG E\ WH VRFIDOFRQWM] WRI
GDWQ] VXFK DV DWHWP HQVSUIHWXH
FRP |RUADQG SRZ HUG\ QDP IFV

KB GDWHY  HVSHFID®  XQYHWAW
VWXGHQN DWH H SHAMG \R FRQARO \WHIU
HP RARQDO WHVSRQMHV  WHVHDUFK KDV
KUKQKWG P DIQBIQQ] VHD FRQARO KDV
DQ HOHUHW R® q lQ IDFW WH HIRW
H SHQGHG LQ P DIQBIQIQ) D QHXWDODIIHFW
1Q D QHIDWYH HQYILRQP HQMDQ QHJ DWYHO
LP SDFVWWH SIRGXPWIW Rl ZRWN %DNHU
=XYHD $1IHPWYH H SHUHQFHV DWH
GHSHQGHQARQ WH LOGLYIGXDODQG WH VDP H
H[ SHUHQFH FDQ EH SHUFHLYHG GLIHHQW
DQG UHDFWG \R GLIHIHQ® E\ SHRS® Z W
D GLIHHQADIHFWRU HP RWRQDOUHI XOMRQ
6 LMXDWRQV WDWHYRNH FRQXVIRQ DQIHU
IGVADMRQ RU DQ IHW FDQ FUHDM DQ
HP RWRQDORUUHDPWYH UHVSRQVH  Z KIFK FDQ
KIQGHU WH ODWQQ SWFHW  &UWRRN
9\ JRWN V VRFIDOFRJ QW/H
WHRY  VXJIJHW WDWWHWH IV D VWRQ

KXP DQ P RAWYDWRQ VR VHHN FRQQHFWRQ DQG
VKDIHG H SHUHQFH DQG WY \VAHQUI WHQV
GDWIQ)  H SHUHQFHV  7KWRXIK WML
DWXP SWRQ VKDIHG H[ SHUHQFHV ~ @\H
FRADERWDWYH ZRW DQG JWIRXS ZRW Z W
SHHWY VKRX@ SWRYIGH D SRVIMYH DIIHFWE

VHHQ) RWHY HSHUHQFH D MP LOU
GDWIQ)  MXWH &URRN

$ GCEMRQD® Z W FRADERWDWYH
H[ SHUHQFHV FRP H GUIHHQFHV 1Q RSIQRQV
DQG YHZV ZKIEK FDQ FUHDW FRIQMYH
GMWWRQDQFH DQG FDXVH LOGLYIGXDY \R

TXHWRQ WHUH] MM YDOHV EHIHIV DQG
IGHQMMHY  ZKIFK FDQ EH  HP RURQD@®
HHWYH 0 X@U 01D Q WH
FROM W R WH FXUHQW UHVHDUFK  \WH
DIIHFWYH GIP HQVIRQ FDQ LHDWM \R KRZ \WH
SDUNFISDQN YIHZ \WHP VHOHV DQG \WHIU
DELOAHV WH YDOHV DQG EHIHIV WH KRG
UHJDUEQ) WH VWXG. FRQMQWDQG KRZ WH\

UHVSRQG HP RARQD@® R WH RSIQRQV RI
WHL SHHY 21 SDUNFX@U LOMUHWWR WL

WHWHDUFK IV WH  UHDWRQWKIS  EHE HHQ
DI THAWDQG SHHUFR@MERWWRQ

9 LlGHR EDVHG SHHU
FRDFKLQJ

91GHR EDVHG SHHU FRDFKIQ) KDV EHHQ D
SDUAR! WH KLJ KHUHGXFDWRQ @QGVFDSH IRU
WH SDWVWILW \ HDW Z KHUH IWKDV EHHQ
XVHG IQ D YDUHW Rl ZD\V \R HQKDQFH
VWYGHOMBDLQQ) ,Q WLV HSRW ZH IRFXV
RQ VIR NH\ DVSHFW WHBIYDQWN R RXU
GDWRQ GHVIQ DV QFKIRQRXV GBI
DQG GID®J LF GIDURIQI DQG WH GIFWRQ




$ W\ QFKLURQRXV GiDLQLQJ

Q DQ LOFHDMQI® GUIMIO ZRWGB QHZ
WFKQR®RILIHV FROMXH \R EH GHYH®RSHG
ZKIFK DIP R SURYIGH DFFHVWIELDV Z WIQ D

YILXDO HQYLRQP HOW IRU  EXVIQHWHV
IQEYIGXDY DQG  HGXFDWRQDO [QMMMWRQY
$® XKMQ HW DO ' XUQ)  WH
&29, SDQGHP IE  HGXFDWRWY HIHG
KHDYIO RQ WFKQR®J\ W SWRYIGH DQ
DGHTXDW ®IDUIQ) H[ SHUHQFH ,Q WH WP H
VIQFH WHVH GLJ MBOWRREY KDYH EHHQ XVHG
DV DQ DEMUDWH R IDFHWIDFH RU
W\ QFKLRQRXV ®DWQ) R SWRYIGH JUHDWU
RSSRUMQWAY R DFFHW  IQRWP DURQ
FRQQHFW ZIW  JHRIWDSKIED®  GMEBQW
FRPPXQWHV DQG SWRYIGH [P P HGDW
IHHGEDFN ZKHQ QRW SLIHYIRXV® SRWIE®
$ ® XKVIQ HADO ' HILY HADO

© WIQ VYIGHR FRDFKIQJ  VSHFLLFD®

IHFHQWDGYDQFHV 1Q WFKQR®J\ DARZ IRU
IHHGEDFN 1Q D PRWH HWQRIWDSKIFD®

DXWHQWE  HQYILRQP HQW XQREVKFWMG E\
SK\ VIFDOREVHUHWY RUFRP P HQMWY GXH \R

WP H GHIHUHG RULQ HDUIHHGEDFN P HWRGV
$ ® XKVIQ HWDO + RW HWDO

KB WHVH  WDIQQJ P HWRGY D
DSSTFDE®! VR D@ SIRHWRQV 1Q ZKIFK
SHURWPDQFH RU FRPPXQFDMRQ LV
HTXWHG P RWV SXEQKHG WHVHDUFK RQ
DWQFKIRQRXYY  GDWRIQ  1Q  KLIKHU
HGXFDWRQ KDV IRFXVHG RQ LQMDOWDFKHU
HGXFDWRQ 7KLV IV EHFDXVH  YIGHR
FRDFKIQJ FDQ D@XZ SUH VHWIFH WDFKHWY/
W FRQGXFWD BMRQ XQGHU WHIU FXUHQW
SHGDIJRIIFDO SIDFWFHV 1Q DQ DXWHQWF
HQYWRQP HOW R WH FOWARRP  Z KL
SIRVIGQ)  RSSRUMQWAV R WHFHLYH
IHHGEDFN DQG VHO UHI BIFW Z KHWHULQ UHDO
WPH RU GHHUHG +RW HW DO

+ ROAMQ HWDO IRXQG WDW Z KL 1Q
FOWWRRP FRDFKIQJ H[ SHUHQFHV SURYIGH
PRUH DXWHQWE FROM W IRU WDFKIQJ
PIFIR WDFKIQ) VHMQIV RU URGISD\
H[ HUFVHV RXWIGH Rl FOWRRP V' SURYIGH
WOQVHDE®! W@ DQG RIIHU PRWK

|G LELON 1Q GIDUIQ) RSSRUMQUWHY

9 IGHR FRDFKIQ] LV IQFUIHDVIQI® EHIQD XVHG
1Q UHDOWP H LOMKFWRQ RU 1Q FROMKRMG
GDWIQ] HQYLWRQP HQNV W SWRYICH
RSSRUXQWHY W SWAWH SHGDJIRILFDO
WNQ@ DV SDUAMRI D K\ EUG ¢DWQIQ) P RGHO
7KLY DSSWRDFK DIPV W SWRYIGH JUHDWU
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