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7K SXEGFDARQ ZDV D MNRIQN FRIERWDARQ
EHEZHHQ 3@ DQG ) MO 7KHDS\ ' U . DM
S5HQKDZ DXWRU DQG 3@ WRRP  7KHWDS\
1 DI 6 FILD DXVKRU

w8 gGy

S5HQKDZ .  6FLD 1 OXITQ) WH
YIGIH : K\ 3@ 7KHWDSMV 0 XVAN& ROMEX\WM
VR 5HVHDUFK |RU %R 7 UHDW? HQW/9 DIEDARQ
DQG 3WFWFH ([FH®IFH 3@ DQG ) AP0
7KHWDS\ DQG 3@ URRP 7KHUDS\
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$ URXQG WKH Z RUTS WWHUH 1V DQ HYHU
IOFUHDVMQJ | RFXV RQHYIGHQFH EDVHG
SWDFWEH 1Q P HQBCKHDOM GVFISTRHVY Z WK
IXQGIQ) DARFDWIG VR SLRIHWIRQVZ KR
KDYH DQ HWREQ/KHG HYIGHQFH EDVH DQG D
UHSXVIMRQR! GHOYHUQ) HYIGHQFH EDVHG
SWFWEH ( P HU IQ) RUVP DU
SIRIHWMRQV @H3® 7KHDS\ FROAQXH
VR Z RUN KDUG VR KDYH WKHUHYIGHQFH
UHFRJ QVHG DQG DVAEXOW WKHP VHOHV DV

GHO/HUQ) HYIGHQFH EDVHG SUDFWEH
3 URIHWIRQV WDWZ RUNZ MK FKLGUHQ DQG
DGX®V KDYH D Z IGHUFDWKP HQWR GUZ RQ
Z KHQGHWL QQJ DQG IHFLKMQ [RU
UHVHDUFK WWGLHV : KHUHDV SDHGIDWIE
VSHFLIE SRSXOMRQV @\HWRH Z KR
DFFHW 3@ 7KHWDS\ KDYH DVP D@IUSRRO
VR GUDZ |URP | RUUHVHDUFK DQG DV FKIGUHQ
DUH GHHP HG DP RUH YX@HUDE®!
SRSXOMRQ HWIEV 1V J HQHWD@® KLI KHUUWN

DG FROHQADWHOANFRQUGHIDWRQV P RUH
FRP SG[ 7KL/ RIWMQUHVXOV QP DU

UHVHDUFK SDWAELSDQWQXP EHLY | RUF@QIEDO
UHVHDUFK VGIHV P DNQ) \WIVAMEDO

SRZ HUDQG J HQHUIDDVOELON RQJ RIQ)
FKD@IQI HV

7KH P SHUDWYH | RULREX\VWHVHDUFK
HYIGHQFH KDV UHDOZ RUGS [P STFDARQV [ RU
SWFWEH 5 HFHQWSRTF\ GHYHBSP HQW
VXFK DVWH 1' ,6 HYIHZ 1Q$X\WWDID
WDANHVXOMG LQO XVIE 7KHWDS\ DQG$ WV
7KHDS\ EHQJ IQUD® HP RYHG | LRP

| XQGHG VXSSRUNGHP ROMDWM KRZ \IKH
DEVHQFH Rl FODU® DUAEXOWG HYIGHQFH
FDQ GILHFVD WWUHDWAQ VHIYEH SURYIMRQ
$1WIUD QDARQ Z IGH DGYRFDR\ FDP SDUJQ

DQLQGHSHQGHQAHYIHZ Z DV DQQRXQFHG VR
H[ DP 1QH WH HYIGHQFH Rl HI T HPAYHQHW
SUDFWARQHUT XDOLEDMRQY DQG FRW
HITHPRYHQHW RI WKHVH WHUWDSIHY 7KLY
FDVH LOMADWY WDAHVHDUFK L QRW

P HUH® DQDFDGHP IF H HFIVH IMGILHAVD
IP SDFW Z KHWHUFKLGUHQ DQG | DP LOHV
FDQ DFFHW WWKHUDSHXWE VHEHV

& QBA™ARV)ERINVG B W



3@ 7KHDS\ Z WKRXW/SHFLLE

UHFRI QURQIQP DQ IXQGQI i WP V

| DFHV VP LOUYX@QHWDELOAHY Z WKRX\D
FODO DWEXOWG DFFHVWE®! HYIGHQFH
EDWH : KHQSWRI HWIRQV FDOCRWEGDLD
GHP RQOMDWM WHUHI | HPAYHQHW WURXI K
UHVHDUFK 1XQGIQ) ERGIHVP D\ SHUFHLYH
WHP DV@FNQJ W RU UHI DIGBWRI WH
DRVWDOF@QEDAP SDRVWKH GHOYHU 7KLY
SOFHV WH EXUEHQRQWH 3@\ 7KHWDS\

I HG VR QRARQD SWDPWEH HI | HRWYH® EXW
DOR Vi VWP DAFDE® GRFXP HOADQG

GMVHP LCDW HYIGHQFH Rl WKDW
HI | HPYHQHW

3@ 7KHWDSIMWV DUH IOKHIHQAD FXURXV
DQG RSHQVR DZ IGH WDQI H Rl SRVMELDAHV
7 KHVH DUH QDMUDAHVHDUFK
FKDUDFVWUMAEY \ HAGHVSIVWA WL P DQ\
3@ 7KHDSIMWP D WIQN , DP QRAD
UHVHDUFKHU  UMVHDUFK IVVRRKDUG  DQG
GRQWINHP DV ,URQED® P DQ 3@

7 KHUDSMW DUH QDW(DAHVHDUFKHLY DQG

Z KHQZ H®DUQP RUH DERXVWKH GLLI HUIHQW
Z D VWDWHVHDUFK FDQ FRQMEXWM VR 3 O\
7KHWDS\ IMFDQEHHP SRZHUQJ WP D\
HYHQRSHQGRRWZ D\ V DQG RSSRUMQMHY

| RUXVVR J DIQ LW KWDQG P DNH YDODEGH
FROMEXWRQV | RUH DP S®I IWFDQIQI RWP
DQG WHQI WHQ RXUSWDFWEH IWFDQ DGG R
WH IREXWQDWH R 3@\ 7KHWDS\ DG
P RWIP SRUEQWD JURZ UHFRI QUWRQDQG
UHVSHFWRU3 @\ 7KHWDS\ DV HYIGHQFH
EDVHG SWDPWFH

7KH2 QEH (WP R®J\ ' IEMRQDY
SWRYIGHV | DVFIQDAWQ) EDFNJ LRXQG RQWH

ZRWG IHVHDUFK  Z KIEK LV EHIHYHG VR KDYH
RW IQDWG | URP / DWQFILFDIHVR JR
DERXWZ DQGHU WDYHWH  WURXJ K VR WH
2 @) HQFK DQG ) UHQFK UHFHUFKHUVR
VHHN RXWVHDUFK FEVHO

~

% RS GMA™AR J)E-RIE

7KHVH SKIDVHVP D IHVRQDM VARQI ®
ZIW 3O 7KHDSMV DQG WHUFGQIEDO

SUWDFWEH Z RUIN $ GGIMRQD® \KH P RGHLD
GD. &DP EUGIH' IFWRQDY GHILOHV WH

Z RUE UHAVHDUFK DVWH GHVIIBIG WXG\ RI D
VXEMPWHVSHFID® 1Q RUGHUVR GVFRYHU
QHZ 1Q RUP DARQ RUXQGHUAMRQG \KH
VXEMPAEHWMU 7 KLY GHVFUSWRQP D\
FROQHPV\ERW 3@\ 7 KHUDSMA DQG 3 @\
7KHUDS\ UHVHDUFKHY GHP RQMDWQ \WH
WRQ) FIRWRYHULQWH | XQPURQR! WKH
ZD 3@ 7KHDSMVK\ SRIKHVVH DAMCH
REVHUH DQG IQMI DM QHZ 1Q RUP DARQ
J DICHG GXUQJ WHWDS\ VR FRQYH\
XQGHUARQGEIQ) VR KHUF@HQW

7KL P HDQV WDWHP EHGGHG Z IWIQ WH

SURIHWRCDAGHOAN RI D3 @\ 7 KHIDSIMWAY
WH3D® 7KHDSMNS HVHDUFKHU 6 WS SIQJ)

LR VIKH GXDCBURI HVIRQDAGHQWN DV
3@ 7TKHDSMADQG 3@\ 7KHWDSMV
5 HVHDUFKHUFDQ EH D SUIRFHW QXUMUHG
WURXJ K SHURWP 1Q) WKLY GXDAR®GI Z I WH
FRAERWWYH VXSSRWARI FRGIDI XHV
SURIHWIRQDCSHHLY VXSHUYVRY DQG WKH
FRP P XQW VHWMQJ VIQZ KIEK \KH 3 O\
7KHIDSMAZ ROV & RUIGHMIHWDO
GHVFUEH WH SIRFHW DV I RGRZ V

%HFRP IQJ IUIRP SHURWP IQJ DOR

FROMEXWG VR WH FR FROMXFURQR!
SWRI HVWIRQDAGHQAN WURXI K
FRADERUDMRQ Z VK. RMHUSRI HWIRQDY
Z MIQIOAD SURI HVWIRQDDQG LOMU
SWRIHWIRQDOFRP P XQWHVRI SUDFWEH

6WISSIQI LOR WH SURI HWIRQDAGHQOWA Rl
ERW 3@ 7KHDSIMADQG3 @\ 7 KHWDSMN

5 HVHDUFKHUUHT XIWHV \WH SHURWP 1QJ R
ERWK WWHUDS\ DQG UHVHDUFK | RUEHFRP LQJ
VR EH H SHUHQFHG Z W LOFUHDVQJ

FRQI IGHQFH



To WAGRRWEOSF g WEG

aya F)yR7 oj)w.83
)g V=X3F nay~w3IM& ~& (g
y&)? q GBG.REF )) WaG
ayy wis& can fHyfvg )y i
> & .80 BOFRG- i~ BB ") G A
aw L SEyy . Sie

3UDPWEH FRQOM W
IQARP DARQ

& GHA™ARYV)ERINVG S5 &



@R G gnaG )G.R&.B ™0

Gqpf~awsdy =) Gy .
>gat Gy y-whG

)") G .Aéaw .Sy

Y YVBOKDWKH | IHG Rl 3@\ 7KHWDS\ EHFRP H
P RUH DGHSVDWDUAEX@WQ) VKDWIKKHUH DUH VE R
FROMEXVRWY/ VR WH HYIGHQFH $ 3@ 7KHWDS\ IV
DQHYIGHQFH EDVHG LOMUYHQWRQ WDAFUHDWAY
FQQIFDO® W QULIEDQAFKDQI H DQG % 3 @\
7KHDSIMW SUDPWEH IV ( YIGHQFH 9%DVHG
3DFPUFH (%8 $ GEMRQDD ML YIVEOKDAB O\

7 KHIDSIMW XQGHUMDQG Z K\ & ERWK WH

WHDVP HOAHI I HFW HYIGHQFH EDVHG UMVHDUFK
DQG (%3 P DMAUIRU3 @ 7KHWIS\ R IBXWWK DG
' WWHFROM WRI EUGTIQ) WH3 @ 7KHDSMV

SUDFWARQHU UHVHDUFKHUGLYIGH 8 QGHUABQGLQ]

WKLY GMAQPMRQLY | XQGDP HQO3 @ 7 KHUDS\
P XVGHP ROMDW ERVK VKDWIZ RUNY

WHDW? HONHITHFW DQG KRZ VR SWIDFWFH IW
HI I HFAYHO 1QUHDOZ RUG VHWMQIV ( %3
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3O 7KHWDS\ IV HP SIUFD® VXSSRUMG Z IW
GHFDGHV Rl UAHVHDUFK FRQ WP 1QJ W
HIIHFWHQHW 5D S HWHDUFK
FRQGXFWG EHVE HHQ SXEQKHG

TXDOWV 3@ 7KHDS\ WXGHV IFOGQ
0 HW DQDOWHV > HYHO  KIHDUFK\ RI
HYIGHQFH@ 5 DQGRP [} HG & ROMROYUDY
5&7V ¥ HYHO KIHWDUFK\ Rl HYIGHQFH@
TXDVLH SHUP HQWQJ URXS GHWI Qv HYHO @

H SHUP HQWOQI ® FDVH GHWI Q> HYHO
@G  UHSHDWG P HDVXUHV RI MQJ ®f
JURXS GHMJIQVf HYHO @5D $37
QG 3M 7KHWDS\ KDV D GHGIEDMG MRXUDO
SXEQKHGE\ WH$P HUFDQ3 \ FKR®J LFDO
SWRFIDARQ $3% WH ,QMUDARCDO RXWDO
R 30\ 7KHWDS\ GHP ROMDMY WH | IHG V
FRP P W HOANR W RURXV UHVHDUFK
GIMWHP IODWRQ
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e YDMQHDO | RXQG DQ RYHWD®
HI IHRA] HRI DFIRW  WXAEHV
OU HWHDW HOAH | HFW

e /HADQF 5IWKIH UHSRUMG
DFIRW  WXAEHV P HGXP \R QU H
WHDW? HOAHI | HFW

e /1Q YUDMQ IRXQG | RUFKL(@

FHOMUHG 3@\ 7KHWDS\ DFLIRW  WXGEHV
P HGXP WHDW HOMHI [HFW

© KDALY

' HP ROMDIWQ
KDAQMUYYHQARQY
FUHDW P HDVXUDE®

FKDQIH

e 3DUNHUHVDO |RXQG P RGHUIDW HI | HFW
MIHV  IRUEHKDYIRIDGBURE®P VDFIRW
FKLGUHQ Z VK SDUAEXOUD VARQ) HIIHFW IRU
\ RXQ) FKIGUHQ P HGIDQDIH  \ HDW/

e /10 YDMQ | RXQG HYHQ KLY KHUHI | HFW
M] HV I RUFKIGUHQR! FRBU
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e  6FKRROEDVHG .OMUHQARQV\VKRZ \ADWMEDD
W QLLIEDQWP SUIRYHP HQW

o (ITHPYHQHW GHP ROMDMG LQ RXVBDAHQN
FOQFV UHMGHQADOMHWQIV DQG P HGIFDO
VHMQI V

o YR LQGYIGXDDQG J IRXS WKHWDS\ |RWP DV
VKRZ VP [@UH | HFVWA] HV

e 2 SWP DOHI I HFW RFFXUIQ) DIRXQG
VHWIRQVZ KHQWHD/R HQALY SURYIGHG E\
P HQBOKHDOK SR HWIRQDY / H/6DQF
5 WK %4 DAMRQ HWDO

o 3DUHONQYROHP HQW) LIDCY KHUDS\
DWRFIDMG Z VK HQKDQFHG RXVRRP HV

3@ 7KHDS\ GHP RQAMDWAYV UREXVAHI | HPVRYHQHW
DFLRW | RXULQMUFRQQHAWMG GRP DIQVRI FKIT

GHYHBSP HOADQGZ HEBHQ) P HQBCKHDOK DQG
ZH@BHQ] WDXPDDQG37 6 UHFRYHU

GHYHBRSP HQBOXQHIEION DG GIVDEIOV

& GRA™ARV)ERWYA SA A
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6WRQ 3@ 7KHWDS\ HYIGHQFHH MWIRU 6 XEWRQAYH HYLGHQFH GHP RQMDWAV WDXP D
SRVMEFH P HQRCKHDOK RXWRP HV DFLIRW UHFRYHU RXWRP HVIQ3 @ 7KHWDS\ ( YIGHQFH
GYHIH SUIHVHAIMRQV ( YIGHQFH KLI KD KW KL K@ KW IQFOXGH W WHP DAF IHYIHZ V\WKRZ Q)
LOFG(GH P RGHIDW VR QU H HI THFVW] HVIRU SWRP IMQJ IHVX@V | RUDXP D | RFXVHG 3@\
ERKDYIRXUIDMDQG HP RURQDGBIREGP V DMRQ  7KHUDS\  HITHPWHQHW Z KHQWDXP DFR RFFXWY/
HWDO 1Q  YdDMRQ HITHPYHQHW 7 (W RIHUFRQGIMRQY FDVH WXGIHV
DFLIRW DI HWDQIHV SIHVFKRROMURXI K GHP RQMDAQ] VXFFHWI XOADXP D SURFHWIQJ

DERGMFHQFH - EHCHIIWIRUERW FAQEDIDQG SDUHQAWHHGEDFNFRQILLP LQJ A P SVRP LHGXFURQ
VXEF@IFDGBRSXOMRQV DG [P SIRYHP HOV - DG HP HUI IQ) HYIGHQFH | RUFRP SBf WDXP DDQG
UHSRUMG E\ FKIGUHQ SDHQV DQGWIDFKHY  pGYHWH FKIGKRRG H SHUHQFHY + DDV HADO

3 DUNHUHVDO
3O 7KHWDS\ HIHAWYHO DGEHWHV

OMLDDAQ) SIREGP V DY IHW GHSIHWMRQ 3@\ 7KHWDS\ SWRYIGHV GHYHBRSP HQEM

VRFIDY IWGDZ DOl HDU HP RWRQDO DSSWRSUDM WDXP D IQMUYHQARQV | RUFKIGUHQ
G VHIXOMRQ  H WALLDDMQ) SIREGIP V Z KR KDYH H SHUHQFHG DEXVH QHI BIFWGRP HVWMF
DU JIHWMRQ GMXSWYH EHKDYIRXW VHD YIRBIGFH FRP P XQW YIRBIGFH QDWIDGEVDWMLY

FROARGGEL I LEXGAHY DWAQARQ FKD@HQJ HV P HGIEDOADXP D ®WDQGJUH EXOIQ
RSSRUMRQDCEHKDYIRY  VRFIDOHP RWRQDO WDXP DUF VHSDUMRQ DQG FRP SGf
GLIEXGHYV VHD FROFHSWHP RURQDO GHYH®SP HQROADXP D 7WDXP D VSHFLLIE
BZ DIHQHW VRFIDON@ IHDMROWKLS WAHW RXWWRP HV IQFOGH LHGXFWRQIQ376' W P SWRP V
HP RURQDZ HIHW  DQG S FKRVRFIDO GHFUHDVHG WDXP D IHDWAG DJJ IHW DQG | HDU
GlLIHFXGHYV RYHDOEHKDYIRXUDAP SIRYHP HOV - SIRFHWIQ) KURXJK A P ERTE S@  IHBDVHRI
FRSIQ) W@ SIREGP VROIQ GHFMRQ ERG KHG VWWHW DQG WQURQ IHWRUIDARQRI
P DNQJ  DCDSWYH I XQPVMRQAQ) BDWRQHMDO  \ HW DQG FRQWROIP SURYHG HP RUWRQDO

3 R 5 GRAMAR Y)ERDOG UHI XOMRQ DQG IHFRQQHFRQ Z IV FDUHJ LYHLY

6 WZ DWHWDO
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3@ 7KHWDS\ VSDWFXOWD HI IHAWYH | RUWDXP D
EHFDXVH FKIGUHQ FDQH SUHW H SHUHCQFHV VRR
GLILEXOWR YHEEDDH SO\ SUIRYIGHVDVOH

W P ERGF GMBQFH WKHWIDSIW IR@Z WH FKLG V

SDFH MIHWRUHV FRQAROQG P DWMUY  DGGUHWHV
ERG. EDVHGWDXP DUHVSRQWHV DQGZ RUNV Z IWIQ

WH WHUDSHXWE LHDMROQWKIS VR UHEXI@G WKWV

6 SHFLDAFROUGHWDARQV LOFGGH Hi | HFWYHQHW | RU

FKIGUHQ Z MK WDXP DDQG FR RFFXUIQ)
GMVDEIOAHV 5HQKDZ — 6FLLD LOMI UDMRQ
Z M WDXP D | REXVHG WHWDS\  SUGFIS®NV

A VWP [E WDXP D QI RUP HG FDUH DQG QHXUR
DIWP IQ) FXOMWD® UHVSRQOULYH DSSURDFKHV

B ~ ThF G&?
uf%G cap))Y

3@ 7KHWDS\ VXSSRUN FKIGHQ H SHUHQFIQ)
GHYHBRSP HQEOYXQHWDELMAHY DFLRW P XGAS G
GRP DQVIQFOGQ) J REDACHYHERSP HQBAGHD
VSHHFK DQG @QI XDJH GHD\ P RVRUGHD) V

FRJ QWYH GHD\ V VRFIDOHP RARQDO

GHYHBRSP HQEOGHD V' DQG DEDSWYH | XQPURQQ)
GHD\V 5HQKDZ  6FID 5 HQUKDZ

6FILD

3@ 7KHWDS\ GHP ROMDWAV HI | HPAYHQHW 1Q
SWRP RWQJ GHYHBSP HQADFLRW FRP P XQFDARQ

DQG @QIXDIH YHUEDOH SIWRQ HP RURQDO

=Of cﬁ(} ayAG y~ .13 G- 9)QGNO
F GIRG.BM 7D )G

O XDIH QRQ YHUEDTFRP P XQEDARQ
UHFHSWYH XQGHUARQGIQ) P RVRUGHYHBSP HQW

1LQH DQG J IRW P RIRUWN.@ P RIRUSOQQQ]
ERG\ DZ DIHQHW FRI QWYH GHYHBRSP HQW
SWRE®P \ROIQ) FDXVH DQG HIIHFW
XQGHUAMDQGEIQ) i P ERTE WIQNQJ P HP RU
DMIQARQ VRFIDOHP RARQDAGHYHBSP HQW
HP RARQDOHFR] QURQ VRFIDON@ SHHU
IOMUDPURQ HP SDM\  VHD UHI XOMRQ DQG SO
WN@GHYHBRSP HQAV/SURI IMWIRQWURXI K SO\
WRJ HV A P ERTF DQG SIWWQG S@  VRFIDO
HQI DI HP HQWIP DI IQDAYHS®. 5 HQUKDZ
6FILD S5HQKDZ 6FLD

5 HVHDUFK HYIGHQFH KLJ K@ KW KDWEKIGUHQ Z WK
GHYHRSP HQEOYXQHWDELON | RGRZ VP [OU
GHYHRSP HQECSDMZ D\ V DV QHXUIRWSIEDCSHHWY/
EXWRIWQP RIHMBZ ® 5 DWQDNXP DU
EHQHIMIURP S@\ VFDSDFIW VR FUHDW DQG
WHQI WHQ QHXUDCBDWZ D\ V 6LY1L \KRZ
JUHDMUIP SLRYHP HQWZ VK SO\ [QMYHOARQY
FRP SDUIHG VR QRQ SO\ [QMYHQARQY 0 RUDHW
DO DQG GHP ROMDM P SIRYHP HOVIQ

RYHUID@ XQFURQQ) VHO FRQIGHQFH DQG
FRP SHWQFH ' RXJKHW 5D

& QGRA™ARJ)@ERAVE S .AD
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3@ 7KHIDS\ GHP ROMDMY LREXWW mﬁm ER;‘F\) FL%N""”K%’::;/QR&B'W
HI I HPYHCHW Z IV FKIGUHO GID) QRVHG Z WK 0y PR VN@G i "RFRP o P
GMOEIOAHV 5HOKDZ  6FLLD (MBHFH | P P XD FROCHAICY
H MW RUSXWSP 6 SHPWKP * IVRUGHU / HYHY

DG QMMFWDO IVDEIOW ' RZ Q6\ QGLRP H H““SQ“E“W:“ Vﬁ:;::mé DQGfHFEEL[S/OHP
Arla2Unesiot SlneL O} JPERllPInoRltIzg FI[:{PPX DARQVI—H)DG%T??:D:\ FR UHJ XOMRQ
P SDILP HQ3\\ FKRVRFIDJGVDELOW DQG o

1 HXURGHYH®SP HOROGEVRUGHY VR WHO IHI XOMRQ VHD FDUH  IQGHSHQGHQFH 1Q
GO VIV FRP SHWIQFH EXICEIQ) P DWMU

&KIGLHQZ MK $XWP Z KR SDUAELSDMG [Q3 D) ﬂ[PS:S'PM'QFVHI\Q/F VRFLDOSZWSHFWH VENQ)
7KHWDS\ H SHUHQFHG W QULIFDQUD LHGXFHG IDORG! H SRUIDMRQ IQMBUHVIDARQ

GUIEXOHVIFOIGQ) H WADDAQ) SIREGPY VRH[;?XHV QR-UPE\AEARQsiﬁp VLSFLDO
DWIOIRQGILI EXGAEY DOG DI JIAWIRQ 5HOKDZ O HooP HOWE Qw DMRQ DQG

6FILD &RP SDIDWH WGV IQVSHRDoW O P DQDJ| :Exvl 'QF“ RJ“H [lA 201 'X$ARQQ]
VFKRRY VKRZ HG WWHUIDSHXVE SO [QMUYHQARQY m'el %H DQ(; RO
VR EH P RWAIP SDPWXQ RUFKICELHQ Z WK [ DA DA ST QR AV BN

OMMBEWDO MEIOW Z MK RAFRP HVIGFoG) T SOMRQ
IP SURYHG @QI XDUH SO WA DQG VRFIDO _

FRQQHFWGCHW 0 RIDHVDO ISAYB & cAnYR F oM~ W
30\ 7KHDS\ GHP ROMDWA H I HEYHGHW V5 G wiRygOmiyZz
DFLRW M. | XQFVIRGDCFDSDFIW GRP DIQVHWHQADO . A B e ~
| RUFKIGUHQZ WK GMVOEIDAHY 5HQKDZ  6FILD f G0 Yanay)~YiE OF a)Gw

P REIOV 11CH DQG JWIRW P RIRUWNO VWV (_})5_:.{3()15‘,&)? q G(;FN)—&
S AD.& GRA™RAR )RV WVap)DS i
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5 HVHDUFK GHP RQMDMV\WKDAB @\ 7 KHDS\ L GHYHEBSP HQEM DSSRSUDM DQG QHXWR
DIWP Q) P DNQJ MSDUAEXDU® Hi | HPRYH EHFDXVH M DFFHVWE®! FKIGUHQ GR QRW
QHHG VR UHO RQZ RUGVDBRQH  GHYH®SP HQB@® DSSURSUDW P HHW FKIGUHQ Z KHUH
WH DH QHXWR DI IQ)  UHVSHFW QHXURGLYHU HOAZ D\ VR EHIQD  HITHPWYH Z KHQ
YHUEEDOKHWSIHV IDOSHQWKDZ ~ 6FILD DQG WKW EDVHG UHFRI QMQJ FKIGUHQV
W KW\R FRP P XQEDM WURXJI K WHUSUH HUHG P RGH S@ 8 QWG 1 DARQV

&KITIHQ Z I, GVDELMAHV DUH P RUH @NHO VR H SHUHQFH FR RFFXUIIQI HP RWRQDO
EHKDYIRWDODQG P HQBCKHDIK GLLI LEEXGAHY 0 RUD HWDO 3@ 7KHWDS\ HIIHAWYHO
DGGUHWHV P HQMOKHDOM FKDEBIQI HVWDWER RFFXUZ W GVDEIDN WDXP D H| SHUHQFHG
E\ FKIGUHQZ IW GMDELMAHY &RP P RQZ HDOK RI $ X\VWDID HP RURQDADQG

EHKDYIRXWDOHVSRQUHV VR GVDEIDN UHDWG H SHUHQFHV VRFIDAVROARQ DQG LGHQAN
GHYHBSP HQV3DFNP DQ %4 DWRQ 7 KHVH | XQPUWRQDOFDSDFIW [P SLRYHP HQW

WDQUDW GILHPVD VR HQKDQFHG LQGHSHQGHQFH FRP P XQW SDUAFISDARQ DQG TXDOW Rl
@H
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6 HYHUWDAP SRUBQAB @M\ 7KHWDS\ WP HZ RV DUH FRP P RQ DFURW D@ RXU
LOMUFRQOHFWG GRP DIQV

7KH 7 KHWDSHXWE 3RZ HW/RI 3@\ KDUHW WKH | RXUGRP DIQV UHJ DUEBMW/RI SUVHOAQY
GlLIEXGHV $WRFIDARQIRUS@\ 7KHWDS\ QG | DFIOVIWQ] FRP P XQEDARQ | RAWMUQY
HP RURQD HApHW LQFUHDMQ) SHYWRQDOMIHQI WKV DQG HQKDQFIQ) VRFIDAHOMRQUKISY

7KH 7 KHUDSHXVIE 5 HODMRQVKLS SURYIGHV VDI HW WURXJ K DAYQHG UHVSRQULYH
FRQQHFRQ VXSSRUV HP RURQDADQG EHKDYIRXWDAMHI XOMRQWURXI K FR UHI XOMRQ
EXI@V VHO Z RUM URXJ K XQFRQGIMRCDCDFFHSVBQFH DQG RI 1 HW D VHFXUH EDVH IRU
H SRUMRQDQG JWRZ\W 1 RFIRW : DP SRG

6\ VWHP LF DQG) DP 1O &HQWLHG $ SSURDFK GHP ROMDMY WKDASDUIHQAIQYROHP HQW
HQKDQFHV RX\WRP HV %4 DARQ HWDO ) LD KHWDS\ DQG SDIHQAFRDFKIQ) DUH
HIIHFWYH IRWP VRI 1DP 1O FDSDFIW EXI@Q) WKDWEUHDW VXMIICDE®I FKDQIH DG
FRADERWDARQZ MK EURDGHUFDUH WIDP VP [J 1P IVHV P SDFW

' HYH@RSP HQVIDO HQVIVIYIW HQUXUHV GHYHBSP HQB@ DSSURSUDWM LOMYHOARQY

P HHW FKIGUHQZ KHUH WH DUH DFNQRZ BIGJ HV DQG UHVSHFW IQGLYIGXDAGHYHERSP HQMO
WP HIQHV DQG XVHV SO\ DV FKIGUHQV QDWIDAP RGH Rl H SUMWIRQ SURFHWIQJ DQG
KHD@

, QWILHFVIRQDOW UHFRI QVHV WKDWADXP D DQG P HQBAKHDOK, | UHTXHQWD FR RFFXU
GHYHERSP HQEO/XQHWDEIDV DQG GIVDEIDV RIWIQRYHUDS P HQBCKHD®K GLLI LEXGHHV DUH
FRP P RQLQ FKIGUHQZ MK GIVDEIMAHY DQGWDXP D P SDFW GHYHBSP HOV3 @ 7KHWDS\ V
KROME DQG M WMP LE DSSURDFK FDQ DGGUHW LOMUFRQOHAMG QHHGV VP XORGHRX\VO

~
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- KIGI3@\ 7KHWDS\ KDVDFFXP XOWG

WJ QLLEDQAHYIGHQFH DFLRW P HQUBCKHDDK
WDXP D GHYHBSP HQEGGHD\ DQG GVDELOW
FUMEDQJ DSV UHP DQVSDQQQ) 1LYH FDAMI RUHV

U 80 0D )ya?
Z2)F )-8)00u

6WG GHVI QLAXHV IQFOGH VP DDVDP SO
V] HV WSIEDOQ SDHGIDME UHVHDUFK @ WG
WIMYMEDCSRZ HU @FNRI DGHTXDW FRQARCRU
FRP SDUMRQJ LRXSVIQVRP HWXGHV DQG
YDUDE® WHDW HQNIIGHDV / 1Q %4 DWRQ

| RXQG WJ QLLIEDQAD @ HUHI T HRWA] HV

| RUWI RIRXV SIRRFRY FRP SDLHG \R
®Z HUI LGHDN \WXGIHV 0 HDVXUHP HQW
FKD@IQJ HV LOFO(GH LOFROMMQARX\FRP H
P HDVXUHV DFLRW VWXGIHV @ WG XVHRI SO\
EDVHG DQG DWW EDVHG DAWHWP HQNRRY | HZ
WXGIHV P HDVXUQJ P HFKDQMWP VRI FKDQIH
DQG FKI@ YRIEH UDUIHO FDSWUHG

VXGO™ . Enw
* pf)IG.faq& g8 wagy&s

0 HFKDQWP VRl DFWRQVWXGLHV DUH QGHHGHG \R
XQGHUAMZQG DFWYH KHUDSHXVE 1Q) UHGIHQOW

Z KIFK WHUIDSHXWE SRZ HW/RI S@ DGGLHW

Z KIFK RXVFRP HV QHXUR®J [EDCFKDQI HY GXUQ)
3@ 7KHWDS\ KRZ P HQBCKHDOM WDXP D
SIRFHWMQJ  GHYHBRSP HQBQJ LIRZ WK DQG

| XQPURQDOFDSDFIW QI OX(HQFH HDFK RWHU DQG
KRZ SO\ DFWYDWV QHXWDCSDMZ D\ V

GLLI HIHQA | RUGLI HIHQAQHHGY

&RP SO FR RFFXUIQI FRQGIMRQV LHTXILH
UHVHDUFK RQ P HQUBOKHDOM FR RFFXULIQJ Z WK

UHVXOAY [URP WDXP D IOMUHFVRQY ON\H
SXWP 376" 6SHHFK / DQIXDIH' HD\
RSWP DADSSWRDFKHV IRUFRP SGf

SUHVHQIMRQY DQG SURIMMQ) IQMYHMRQ
VL HW Z VK P XGOAS®! QHHGV

' RVDJ H DQG IQMOQUW TXHWIRQV LHP DIQ
DERXWRSWP DOAHDV? HQN RUFKI@UHQ Z IMK
FRP SGf WDXP DUHTXIUQ) H WQGHG

SIRFHWIQ)  FKIGUHQZ W GHYHERSP HQ/O
YXQHWDELMAHY RUGVDEIMAHY Z KR P D\

SIRIHWP RHVBZ © Z KHWHURSWP DO
GRVDIH YDUHVE\ DIH GDJ QRVY RUVHYHUW
P 1QAP XP HIIHFWYH GRWH | RUGL I HUHQWV

FRQFHUQV DQG VHWIRQI IHTXHQR [P SDFW

-BREn?F G&HAIAY) Gy

> anvy

5 HVHDUFK QHHGHG RQUHDOZ RUES HI | HFWHQHW
1Q FRP P XQW P HQUBOKHDK, XQGHU IHVRXUFHG

VHWMQIV [P SGP HQIBMRQ EDUIHLY DQG
| DFLO/@VRY/ | DFVRY/ D I HAWQ) HQJ DI HP HOADQG

UHWIQARQ FXGUDDGDSVIDMRQ Z KB

P DQWIQQ) [IGHON DQG GHIYHUY 1QUHDOZ RUG
YHW/XV UHVHDUFK FRQGMRQV : RUNIRUFH
TXHWMRQV IQFOGH HTXILHG TXD@EDARQY DQG
WDIQQ) VSHFIDOIVHG WDIQQJ | RUGILIHUHQW
SRSXOMRQV DQGWDIQQ) DQG VXSHYIMRQ

HI T HPAYHQHW 6\ VWP LOWT LDWRQ TXHWRQY

IQYROH KRZ 3@\ 7KHWDS\ IXQPURQVZ WKIQ
P XQAGMVFISADY WDP V FRRUGIQDARQZ WK

RWHUVHWIEHV YDAXH DGG Z WIQ
FRP SUHKHOWLYHW WMP V DQG P RGHY' IRU
HI I HFWYH FR@ERWDWRQ

1SAYR & ANYRAWEYfF f A~

GHYHRSP HQRAGHD WDXP DIQFKIGUHQZ IWK V\) G) )yé(-}r_?,”) Q/fﬁycpm\ﬂ: Ga?

GIVDEIDAHV GHYHBSP HQEOYX@HUDELOWV
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&RDQG YDOH DQDOMY QHHGHG FRP SDUQJ 3@\ 7KHWDS\ VIR DOMLDAYHY FRWRI QRW
SIRYIGIQ) 3@\ 7KHWDS\ UMD RQLQYHWR HQARUHDLD [QMYHOARQ FRW VDYHG
WURXJ K SUIHYHQARQ RSVIP DOHVRXUFH DIRFDARQ DQG FRP SDUDWYH FRWRI SO\ EDVHG
YHW/XV VB! EDVHG YHWXV EHKDYIRUDADS SURDFKHV

-3 )Wy F )GOGEEG.RE n? F  GAYOGES anw

7 IDQVDMRQ.J DSV H MAZ KHUH HYIGHQFH LV QRWHI | HRYH® WDQUDWG QR SRIF\ DQG
IXQGIQI GHFIMRQV VFDMAHG HYIGHQFH LV QRWFRP SIBIG DFFHVWIE® UHVHDUFK 1 lQGIQI

GRQWHDFK SUDPWARGHWY/ LQXVDE®! I RWP V' DQG J DSV H, MAEHVE HHQ Z KDWHVHDUFK
VKRZ VDQG Z KDIWA VWP VIXQG $Z DUHQHW.J DSV P HDQH MAQI HYIGHQFH LV QRWZ IGHD

NQRZ QDP RQJ GHFIMRQ P DNHWY SWDFWARQHWY P D\ QRWNQRZ. WH HYIGHQFH EDVH IRU
VSHFLLLE SRSXOMRQV | DP I@HV DIH XQDZ DIHRI 3@\ 7KHWDS\ DVHYIGHQFH EDVHG DQG

| XQGHW DUH XQDZ DUIHRI WH EUHDGW Rl 3@\ 7 KHWDS\ HYIGHQFH ' DMAVHP IQDWRQ
FKD@®IQJ HV IQFAGH IHVHDUFK SXEQKHG 1Q LQDFFHVWIE®! DFDGHP IE MMXUWDY GHHGIRU
HYIGHQFH VXP P DUHVIQSROA  [UHQGO IRWP DW O@FNRI FDVHH DP S®V DQG SWDFWFH

JIXIGHIHV DQG IQUXI | IFIHQASMIQ @QJ XD H UHVRXUFHV [ RUIDP 1OV

) XWUH UIHVHDUFK | RFXMQI RQWHWH | LlYH FUMFDQJ DSV Z 1@ XWMHUHQKDQFH WH \WQGIQ)
R 3@ 7KHWDS\ DURXQG WH Z RUG

S RS QRA™RALR )RV
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0 HQVDO HDOK ( |1 HFAYHQHW | RUEHKDYIRXUDADQG HP RURQDCSUREGP V' HIIHFW
VI HV HYIGHQFH | RUDQ IHW GHSUHWIRQ H WALLDDAQ) EHKDYIRY VRFIDO
HP RARQDAGHYHBSP HQWY4DMRQ HWDO /1Q %DMRQ 3 DUNHUHWDO

7WDXP D 3URP IMQJ HYIGHQFH | RUAMDXP DSUIRFHWIQJ 376" WA P SVRP UHGXFURQ
HI I HPWYHQHW Z KHQWDXP DFR RFFXWY Z IV RIKHUFRQGIMRQY

' HYH@RSP HQVIDOY XQ@HWDELDV ( 11HPWYHQHW | RUFRP P XQEDARQ P RVRU
FRJQWYH VRFIDOHP RARQDODQG S@ WN@GHYHBRSP HQVHYIGHQFH KDAS O
MHQJ WHQV QHXUDCSDWZ Dy V' 5 DWQDNXP DU LY

' VDELOW 5 REXWHYIGHQFH IRUSXWP ,QM@MIFWDO MVDELOV ' RZ Q6\ QGURP H
&HUHEWDCB DO DQG RWHUGVDEIDAHY | XQPWRQDAFDSDFIW P SURYHP HQWDFURW M|
GRP DIQV 0 RIDDHWDO S5HQKDZ 6FLD

6HMQIV (| HPAYHQHW DFLRW VHMQIV VFKRROFGIE FRP P XQW

) RUP DWORWK LQGLYIGXDADQG J URXS | RUP DW DUH HI T HFWYH DQG SDUHQWQYROHP HQW
) LIDOY KHWDS\ | XUKHUHQKDQFHV RXVFRP HV %4DMRQ HWDO

& QA™ARY)ERANG S A4



7KH UHVHDUFK [P SHIDWYH IRUS @\ 7KHWDS\ IV QRADERXWSWRYIQ) IWZ RNV Z H KDYH

VXEWRQADCHYIGHQFH Rl HI  HFWYHCHW DFURW P HQAKHDOM. WWDXP D UHFRYHU
GHYHRSP HQEGCCHD DQG GMOEIMW . QMMDGWH 3@\ 7KHWDS\ UHVHDUFK [P SHUDWYH

IV DERXWGHHSHQIQI XQGHUMIQGIQI RI P HFKDQIVP V DQG RSWP DADSSURDFKHY

H WIQGIQ) NQRZ BIGI H VR XQGHUAXGIHG SRSXOMRQV DQG VHWQI V [P SURYIQ)
IP SGP HQMARQ I RUUHDOZ RUTS GHOYHY DQG DFFHW GHP RQMDAQ) YDOXH WURXI K

HFRQRP LF DQG FRP SDUDWYH DQDOVHY WDQUDMQI H] MAQI HYIGHQRH VR UHDFK

GHFIMRQ P DNHWY IXQGHWY DQG 1 DP LOHV DQG XQGHUAMDQGIQ) LOMWHPWRQY EHVE HHQ
P HQECKHDOK WDXP D GHYHRSP HQADQG GVDELOW

7KL P HDQV WDWSWDFWARCHU UHVHDUFKHWYY GR QRWHHG VR | RFXV RQ SWRYIQJ EDME

HI I HPWYHQHW EXWIDMHURQ UHIIQQ) RSWP IMQJ DQG HQUXUQI DFFHW/\R DQ
HYIGHQFH EDVHG IQMUYHQARQ KDWDGGUHWHY VIKH KROME QHHGV Rl FKIGHUHQ DFLRW

P HQROKHDOM WDXP D GHYHB&SP HONVDQG GVOEIMW

¢ O-.«YOG~ F nQAqYR) w gy&
LEYORGF WBCR F OONeh~
BAASAYR & ANYRWR  §
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3M 7KHDS\ DGKHUHV WR ( YIGHQFH YDWVHG
3 DFWEH (%8 GHIIQMRQVIWRP P XGASG!

DXWRWIMYH ERGHV IQFGQI ([ THFWYH & KIG

7KHIDS\ &DORWID ( YIGHQFH 9%DVHG
&BDUQIKRX\WH &( %8 DQGWH$P HUFDQ

3 \{ FKR®J IFDWRFIDARQ $3$  7KH
$WRFIDARQIRU3 @ 7KHWDS\ $3 7 FROMGHWY

(%3 VR EHWHDW HQNV RUDSSURDFKHY WDWK\WH

VFIHQALLE HYIGHQFH VR GHP RQMDM
1P SIRYHP HQW Z IMK QHHGV RUGLLI LEEXGAHV
IP SGP HQMG E\ DQH SHUAFGIFIDQ QD

FOHQMFHOAHG FXOYWD® VHOMYH Z D
$WRFIDARQIRU3 @ 7KHWIDS\ QG

> & (.[89.B0F G- A~
n)7ZAqu0.R  Se

YHW\HYIGHQFH g UHBIYDQAUHVHDUFK Z IWK
UREXW\P HWKRCR®J\

& QQIFDCH] SHUAVH @ DFRP EIQOMRQRI WH

FQQFIDQV H SHUHQFH HGXFDWRQ DQG
FQQIFDON@HW

& THQMWDOXHV & IQFOGIQ) SHWRQDO
SUH HIHGFHV H SHAVIDMARQV DQG FRQFHLDY

3 WDFVIFH FRQW[ WQ RWP DURQ ¢ \WH
FKDUIDFWUMAEY RI VWH VW 1QZ KIEK WH
FOHOAY UHFHIYIQ) WKHUDSHXWE VXSSRUNURP

WH SUDPARGQHU

' HILQMRQ
,QMJI IDAQ) WKH
EHVWDYDIOE®!

HYIGHQFH FQQIFDO
H SHUAVH FQHQW
YDOHV DG
SUWFWEH FRQM W
IQ RWP DARQR
IQRWP FOIFDO
GHFIMRQ P DNQJ

SEAB & ENWWRE~ Gi~.R&
=Of 570y SHG-CB & )g
IGYATER Y

3O 7KHWDSMNV DUH FROAMXRXMO UHT XILHG VR
XSWOMURXI KRXWMHUFDUHHY/ $V SUDFWEH
H SHUHQFHJURZV VR VRR GRHV WH O\HIKRRG R

HQFRXQMUQ) QRYHIDQG KL K WINHY VWDARQY
0 DF RQD@ HWDO WHTXIUQ) QHZ
NQRZ ®IGI H WURXJ K SURI HWIRQDAGHYHBRSP HQW
DQG WDIQQ) VR P HHVWH FAHQW QHHGV & DUHHU
®Q FAQFDO/XSHWYIMRQE\ DP RUHH SHUHQFHG
DQG KL K® WDIQHG VHIRUWKHUIDSMAY FUMFDOR
NQRZ GBIGI H GHYHBSP HQADQG DSSTEDARQVR
SWFWEH ,Q FAQIFDOXSHYIMRQ 3@\ 7 KHIDSMV
DUH VXSSRUMG VR FDVH FRQFHSWDOVH DQG
GVFXW WHDVR HQADSSURDFKHV VSHFLLIE \R
IQGLYIGXDIFDVHV 7KH URGI Rl VKH FGQIEDO
VXSHUIVRUY VR HGXFDM DQG VR RYHWHH WH
HWIFDIDSSTEDARQRI FAQFDON@ E\ [QMI UDAQ)

DQG DSSOLQY] UHBIYDQAUHVHDUFK VR VXSSRWAKH
VXSHWIVHH V FEEDCGHFIMRQ P DNQJ

,QVRP HUHJ IRQV @\H$ XMDID FOQEDO
VXSHWIMRQKRXWY DUH P DQGDMG E\ SURIHVWIRQDO
UHJ MMUQ) ERGIHV GHSHQGIQ) RQ BIYHCR

H SHUHQFH DQG QXP EHURI I DFH WR | DFH FRQEFW
KRXWY $@B @ 7KHWDS\ DWRFIDARQV P XWV

FROVGHUWKLY WRQGDLG RI SUDFWFH DV DQHDM WR
P DQCDWMZ D Rl HOVXUQ) 3@\ 7KHWDS\ V(%3
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$CRWHUP HWRG Rl | RAWMUQ) P SGP HQMDARQ VFLHQFH LV DFFHW VR J RRG TXDIW
UHVHDUFK LQIRWP HG SURI HVIRQDAGHYHBSP HQW3 @\ 7KHWDS\ DWRFIDARQY UHYLHZ LQJ

SR HWIRQDAGHYHERSP HQATRUHQGRWHP HQWFDQ SURP RM SURI HVRQDAGHYH®SP HOW
WDWZ LOKHS EUGI HWKH J DS EHVE HHQ OWMAHVHDUFK DQG SWDPWEH + RZ HYHU EDULIHLY

| RUIHVHDUFK [QI RUP HG SURI HVIRQDAGHYHBRSP HOASLRYIGHWY VKRX@ EH FROMGHUHG VR

VP S@\ WLV SUIRFHW WXV SURP RWQJ J RRG TXDIW SURI HVRQDAGHYH®SP HQMR EH SXW
|RWZ DUG | RULHYIHZ DQG HQGRUHP HQW

S5 AH.5 GMA™ARY)@ERIOE
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7UHDVW? HOAHI | HFW UHVHDUFK HMIREQKHY FUHGIEION DQG HIIFDR  Z KIFK GHP ROMDWMV
WDVWB @\ 7 KHWDS\ FUHDWAV P HDVXIDE®! FKDQIH 7 KLY HYIGHQFH IV HWHOADA RU
SURI HWRQDOFUHGIEIOW DQG UHFRI QWRQ | XQGEIQI DQG UHIP EXWHP HQAGHFIMRQV
IQFOMRQ IQWHDVW? HQAI XIGHIDHY DQGWDIQQ) SURIWDP  DFFUHGIVIMRQ

)7) Gy .Aaw SEyy . SB wag&

( %8 UHVHDUFK HQUXUHV UHDOZ RUTS HI | HPAYHQHW DQG VXWIICDELOV E\ GHP RQAMDWJ
KRZ LOMUYHQARQYZ RUNIQ DFVWDCSUDFWEH VHWQJ V/ Z VK UHDOZ RUG FRP SOf IW 7KLY
LQFOGHV P SGP HQAMRQ | DFVRY DQG EDWIHLY FXGXUDADQG FROM IKDCDGDSVIMRQY
FRVWHI | HFWYHQHW DQG VXWELQDELIDN DG FAHQWHQI DI HP HQADQG VD DFVRQ

7 KH GMAQPMRQP DIMAY/ IQ SRIF\ DQG I XQGIQJ) GHFIMRQV ) RUH DP S®! 1Q$ XMDID WH
FXUHOM ' ,6 IQGHSHQGHQAHYLHZ FUMAUD I@MADMY Z KDAGHFIMRQ P DNHY DUH BRRNQ
IRU 1 DARQDO IVDELOV ,QUXUIDQFH$ JHQR\ 7KHHYIGHQFH R HI T HPWHQHW
WHDRP HOAHI I HFW UMVHDUFK 7 KH TXD@IEDAWRQY DQG UHI MADARQVRI SURYIGHLY
SWIRIHWIRQDOAMBQGDUEY  7KH SUFIQ) DQG FRAHI T HPWHQHW RI VXSSRUV

1P SGP HQARQ DQG VXWIICDELON

7KL UHDOZ RUG H DP S® GHP ROMDMY WKDWAMHDW? HQAHI | LEDR\ DBRCH LV LOQVXI T LFLHQW

7KH [ LHG P X\WDOR GHP RQMDM UHDOZ RUT P SOP HQAMRQ HI | HAWYHQHW SUDFWARGQHU
FRP SHWIQR WEQGDUEV DQG VXWIICDE®! GHIYHY P RGHY

7KLY P HDQV VKDAER WHDVP HQAH! | HPWIHVHDUFK DQG ( %48 UHVHDUFK \AMHDP V DUH
HWHQADA RUSURI HWIRQDAHFRI QURQ DQG VHWYIEH VXWEIQDEIDN 3@ 7 KHWDS\
DWRFIDARQV DQG 3@\ 7 KHUIDSMV DINH FRQI LGHQWD DVAEXOMQ) ERW WH HYIGHQFH EDVH
IRUS@\ 7KHWDS\ DQG3 M 7KHWDS\ DV ( %63 WWAHQI WHQV WH SRUMRQRI 3@ 7KHWDS\ 1Q
WKH FKIG WHIDS\ @QGVFDSH
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7TKHIIHGRI 3@ 7KHDS\ QHHGV SIDRWARCHU UHVHDUFKHW/ | RUWUHH FUMFDOHDVRQV

=

Sayy A aw .R

q b)Y

8 QI XH FQQIFDAVLI KW WDWRQD SIDFVWARCHY SRWHW
3 WFFH EDVHG HYLGHQFH J HOHUWDWRQ HWHOQADA RU( %8 WIHVHDUFK
3 IRl HWIRQDCFUHGIEION QHFHWDY | RUILH@ DGYDQFHP HQW
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3@ 7KHWDSIMV SRWHW YDOXDE®! FAQEDIWHW @\H WHUXQGHUAMBQGIQ) R FKIGS
GHYHBSP HQAMDWQ RUP VWHIUGHYHBSP HQBX® VHQVMYH WHIDSHXWE DSSURDFK
$GGMRD®  WHUHDOZ RUTS (VL] KW DUH YDWAGKH VR KHIUZ RUN DFLRW D Z IGH IDQI H R
FOQFDADQG FRP P XQW FROM W Z I GLYHWH FGHQABRSXOMRQV 7KLY P HDQV VIKDWIAKH
QRYHCBHW/SHRWYH DQG VSHFIDON@ R D3 @\ 7 KHIDSMAZ RX@ EH DQ DWHWIR DQ. FKLG
| REXVHG UHVHDUFK SIRMFWDQG MY FUMEFDOKDAB @\ 7 KHDS\ SUDFVEH LW KW DUH
VKDUHG Z WK \WH Z RUG

DOWYR G gvéG )G.OR &?.% ~ ThF G-

$V SDHGIDME VSHFIDDAV 3@\ 7 KHUDSMV LOWAT DWW DWBFKP HOAVQHXURVFIHQFH FKIG
GHYHBSP HONSD@\  FKLE DAVHWP HQWDQG WKHUDSHXWE W@ LOR WWHUSDPAEH 7 KLY
WDQVGVFIS@DY LOWAT UDMRQLY QI RWP HG E\ UHVHDUFK [LRP QXP HURXV GIVFIS@DU | IH@V
LOFO(GIQ) EHKDYIRXUDOFIHQFH DQG QHXURVFLHQFH VWDWH] SOIQ WWH KROME DQG YIVO
EHQHIIWRI SO 1 DARQDQQMIMM IRUS@ QG

3@ VSWH Z IWHG QR KXP DQQHXIREIRBI\  Z MK SO QHXWDCFILFXME LQWH P IGEWDIQ
YIVBQ RUWH Z IUQJ Rl WWH ELDQV FRUAFDOHI IRQ 1 DARQDQQWMIMM IRUS®. QG ,Q
3@ 7KHWDS\ FKLGUHQ FRQOHFWZ VK WWHIUWHDSIMADQG H SUHW WHP VHOYHV WKURXJ K
WHUQDWUDP RGHRI FRP P XQFDARQ SO\ 3@\ 7KHWDSIM DUH KL KO WDIQHG VR LH
FUHDM RSWP DOFRQGIMIRQV | RUJ URZ VK DQG GHYHBSP HOWKHD@Y DQG Z HEHQ)

HWHQD® DP S@\ 1IQ) WH QHXUREIR®] IFDCSRWMQADCRI SO\

$ Z KR®I FKIG GHYHRSP HOWOADQVGIVFIS@ DY SHYW/SHFWYH VD XQTXH3 @\ 7 KHWDS\
UHWHDUFK DWHW

~
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3@ 7KHWDSIMWV SRWHW VSHFIDD/HG NQRZ BIGI H DERXWGHYHRSP HQBCBURFHWHV KDW
IVRIWQP MMQJ 1URP SDHGIDWIE VHUYLIEH DQG FKIE DQG | DP 1O FHQAHG UHVHDUFK GHWVLI Q
&KITUHQ DIH QRWDE D\ VDEG! RUZ LA VR FRP P XQEDM WRXIK Z RWEV SO IV

FRP | RWEE®! DQG XQLYHWDCEHFDXVH MY D FKIGY SUP DY @QIXDIH ,QAMI IDAQ) SO\
LOWR UHVHDUFK LV QHXWR DI P IQ) GHYH®SP HQB@® VHQUMYH DQG XSKRGV FKIGUHQV
WKW 8 QWG 1 DARQV 3@ 7KHWDSIMW DUHWDIQHG VR FRP P XQEDM Z W, DD
FKIGUHQ UH] DLGBWRI QHXURWSH FRP P XQEDAWRQ SUHI HIHQFHY FKURQR®] LFDADI H
GHYHBRSP HQBOQHHGY FXOXUDAGLYHUMEY RURKHUGLLIHIHQFHY 3@\ 7 KHWDSWW
FOQIFDOH] SHWAYH FDQ EH DQ DWHWRUUHVHDUFKHLY Z DQAQJ VR H SDQG WKH Z D VWKH
FROIPWGDD DQG FRGH DQG LOMUSUHVFKLES SHYSHPAYHY $ GGIMRQD@D WL H SHWAWH FDQ
EH XVHG VR GHVJ QZ RUINS@FH A VWP \/ VKDWQWAT LDV FKI@S SHY/SHPWYHV QR

DWHWP HQV JRDOHMQI WDFNQJ FAEDCSURI UHW DQG SURI LDP - HYDODVMRQ

. A QP.AEN?F GEIAES G)) WR A2 G WEG
q &~ W& OF OBV

3@ 7KHDSIMWVZ RINQJ IQFRP P XQW VHWQ] V HQFRXQMULP SGP HQARQ | DFVRY/ WDW
FROARGIG UHVHDUFK WXGIHV P D\ QRWFDSWWH Vi WP FRRUGICDWRQ EDUIHY 1 DP 1O
HQI DI HP HQWFKD@IQI HY | XQGQI @ IMMRQY DQG RWHULHDOZ RUG LHTXILHG
DGDSVIMRQV &RP P XQW EDVHG 3@\ 7KHWDS\ FAQFIDQVP D\ EH FUMEDO RUERW
UHVHDUFK GHVLI Q DQG HQJ DI HP HQADV Z HODV [P SGP HQARQ | RUERW UHVHDUFK DQG
UHVHDUFK LQUR SUDPWEH VXFFHW

G &) JAOIEG.MF n? F GAIOEOR fAfETEG
OG- ~f&R  an-E)00w

&KITUHQ Z M GVDELMAHV DUH P RUH @HO VR H SHUHQFH HP RARQDOEHKDYIRXUIDADQG

P HQBCKHDOK GLLI LEXTAHV : IWKRXVDFFHW VR GHYHBSP HQB@® VHOUWYH WWHUWDSIHY Q\H
3@ 7KHDS\ IOMYHOARQY UWMNEHIQ) IQDFFHVWIE®I DQG LOHI T HPWYH & KIGUHQP RW
QDWLDE® FRP P XQEDW WURXJ K VR V FUHDAYH UMVRXUFHV DQGS@. WH. P D\ QRW

D@ D\ VEH DE®! QRUZ MK VR H SUAW WHP VHOHV XMQJ ZRWGV 3@\ 7KHDS\ IV WHUH RWH
D GHYH®SP HQ® DSSRSUDM IRWP Rl FKIG SV FKRWHDS\ DAL ERW QHXUR

DI LUP 1Q) DQG DFFHWIE® | RUDQFKIGIHQ XSKRTGIQI $UAFGI Rl WHS 1 &5& WH WKW

VRIUHHGRP Rl H SUHWIRQ 8 QWG 1 DARQV
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3M\ 7 KHDSMV IRXWOHO P RQVRUFKIG RXWRP HV DQG FRIFWGDVD VR GRFXP HQWDQG
UHSRUWARQ SWRJ IHWWR | DP 1QHV FDUH WADP V DQG D@HG KHDOK SURIHWIRQDY 3 M\

7 KHUIDSIMW UHI XD HQJ DI H 1Q FDVH FRQFHSWDDVDWRQ Z KHUH WH FKIES V KIMWRY

| DP 1® FRQW] WDQG WKHUDSHXWE QHHGV DUH Z RYHQIQWR D FRKHUHQWFDVH WXG VR

IRWP XOW D WHUDSHXWF WHDW? HOAS@Q 3@\ 7 KHUDSIWV Z RINM WMP LIFD@ DQG RIWWQ
FDUWY RXAWDWHWP HQW DQG REVHWYDARQY WDWP D\ LOFO(GH SDUHQMVFKIG UHDMRQUKISV
YRW TXDQAAWYH DQG TXDOVIDAYH DWHWP HQV IQ RP WHUDSHXWE WHDVW? HOAS@OQV DQG

P D DOREHXVHG IQGH IGHQAMIHG IRWP DWVWR IQ RWP FDUHWDP VR VXSSRUWV
FR@ERWWH GHFIMRQP DNQJ ' DWW P D DOR EH XVHG 1QZ RINSOFH TXDIW

IP SIRYHP HQAQMDWYHV

wwi- GIaG.# O/ fF Ga)0G

3@ 7KHWDSIMW DH KL KO WDIHG LQ FKI@ DAWHWP HOMADFNQ) WHIDSHXWE SUR] UHW
DQG FAQEDAHSRUZ MO $V FKLE GHYHRSP HQWSHFIDOAV WH DAHW P RQWRU DQG
UHSRUARQ Z KR®! FKI@ GHYHBSP HQOERP DIQV DQG Z HEHIQ) IQGEDRY 3@
7KHIDSIMW | RIP XOW LQGLYIGXDOMHG FXGXUDD® VHOUMYH DWHWP HOMFKHGX®N EDVHG
RQDFKIGV@HKMRY FKURCRBJI IEDAI H GHYHRSP HQBCSUHVHQDARQ DQG
QHXURWSH 7KH XVH ERW WBQGDUEVHG P HDVXUHP HQW i VWP DWE REVHUDMRQ DQG
SO RUDW EDVHG DAVHWP HOV VR DAWHW P RQYRUDQG LHSRURQ RXVFRP HV

“Yir- F iR &-ER O jOG

3@ 7KHWDSIMWZ RINV VWP IEDD® FDUY 1Q) RAMDWHWP HQW DQG REVHUYDARQV R WH
FKIG WH SDUHQAFKLG UHDMRQUKISV 1DP 1O UHOMROUKISY DQG RWHUM \AMP
IXOFMRQQ) HJ VFKRROEDVHG IHDMRQUKISV Z VK WIDFKHLY DQG SHHY - %R
TXDQADAYH DQG TXDQAWYH DAHWP HQV IQ RWP \KHDSHXWE WHDW HQAS@QV DQG P D
EH XVHG LQ GH IGHQWIHG |RWP DW\VR IQ RUP FDUH WDP V| RUFREERUIDWYH GHFIMRQ

P DNQJ  RUVXSSRUAFKIQ DGYRFDR\ Z I LHBIYDQWDI HQFLHV

& GRA™ABY)ERANA SA R



&DVH H DP S®NVDUH DUFK VRXUFH R 1Q RUP DARQUSH | RUVKRZ FDMQJ WWH XQTXH
H SHUNHRI 3@ 7KHWDS\ [LRP KRZ DQIQMYHMRQLY SOQOHG VRKRZ SWRIHW IV
P RQVRUHG DQG FKDQJ H WDFNHG 5 IEK FDVH GDVD LY LIRXWOHO FRIIFMG LQ3 @\ 7 KHUDS\
SWFWEH IQFOGIQ)

,QMDCE WHWP HQWQ RWP DURQ &RP S®M P HGEDOGHYH®SP HQBODQG | DP 1O
KMRY  \WBQGDUGVHG TXDQADAYH DQG TXDIIWYH DAWHWP HOW HABEQUKLQ) EDVHIDHV

7 UHDVP HOAB @QQLQ) & RIERIDAYHO GHYH®S P HDVXDE®! J RDY DD QHG Z WK
HYIGHQFH EDVHG I LDP HZ RUNV GRFXP HQAIQMUYHQWRQ DSSURDFK EDVHG RQ FKLG V IQWDO
DWHWP HQAIQ RUP DARQ DQG VKHWDSHXWE J RDY

2 QRIQYJ 0 ROWVRUQY] : HHAN® VHWIRQ CRWV FDWAJ RUVH DQG WDFN SURJ LHW WIURXJI K
SO\ EDVHG REVHYYDWRQ DQG UHFRWGIQI Rl VKHP DAE FRQMQWS HI XOUSDUHQW

FROVXODARQY GRFXP HOMNBIERUHG SV FKRHGXFDARQ GHOYHY DQG SDIHQWHHGEDFN
6 FKRROEDVHG DAVHWP HQADQG P RQVRUQ) WURXJ K 1Q VFKRROFKL@ REVHWYDARQY DQG

WDFKHY/ FRP SGMJ EUHI SUH DQG SRWADWHWP HOAP HDVXUHP HOWV FDQ DWWAIQ
KROME [QMYHOARQ P RQVRUCQY

6\ WHP IF' RFXP HQIMRQ &DVHQRWAVRI P HHWQI'V Z IW D FKI@ V P XOAGVFLISTDY
VXSSRUWWMDP  WDWP D\ IQFAXGH 6 SHHFK DQG 2 FFXSDAWRQDOY KHIDSIMWW 3V FKR®&J MW
3 DHGDWIFIDQ HW  FDQWDFN VWH FRRUGIODWAG WHDVW? HOADSSURDFK

2 XVERP H O HDVXUHP HOW:  KHQUHTXHWAQ) DEGMRQDAXQGIQ) RULHSRUAQY) RQWKH
3@ 7KHDS! IQMYHOIRQ 3@\ 7 KHDSMA SURGXFH FAQEDAHSRUNV WDWGRFXP HQADQ

RYHUWHZ Rl WH IQMYYHOARQ WHDW HOA RDY SURJ UIHW DQG UHFRP P HQGDWRQV

$ MQ G FDVHWXG FDQJ HQHUWDW D Z HDWM RI SUDFWFH EDVHG CDW IOFXGQI SIH SRWY

TXDQAEWYH DAHWP HOAGDD M \VWMP DAE REVHUYDARGQDOGDVD DFLRW P XGAS®! VHWQT V/
WHDVP HQWIGHOW GRFXP HQUDARQ | DP 1 HQJI DI HP HQADQG VDY DFARQ GDVD

| XQPWRQDCFDSDFIW FKDQJ H DFLRW P XGAS®! GRP DIQV KRDME KHDOM DQG P HQOKHDOM
IQGIFDRY/ P SGP HQMARQ | DFVRWY 1Q UHDOZ RUG VHWQ) V' DQG FRAERUDAYH FDUH

HI I HFWYHCHW GDVD

7KL FRP SUIHKHQWYH GDvib VHW.J HHUDWAG WURXJ K URXWH FAIFDCSWDRFWEH  [GMADWMY
KRZ SWAWARCHU UHVHDUFKHY FRQMEXW VR HYIGHORFH Z MKRXWHT XIUIQ) VHSDUDWA
UHVHDUFK SUIRVRFRAY WKDWEXUGHQ FAREDY. RUIN B2

© KHQW VWP DAFD® FROIFWG DQG SIRFHWHG VXFK URXWGH FAQIFDAGRFXP HQMARQ
EHFRP HV YDO(DE®! SUDFWEH EDVHG HYIGHQFH LHTXIUQJ P IQIP DADGGIMRQDCEXUGHQ Z KB

FROMEXWQ) P HDQIQJ | XAQW KW DERXVWAHDVR HOAH | HFWYHQHW RSVP DOMHUIDSHXE
GRVH DQG P SBP HQBMRQ DFVRY/
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5 HVSRQGLQU VR HYLGHQFH EDVHG SWDFVIFH P DQGDWAV ) XQGIQJ ERGIHV IQUXUDQFH
SWIRYIGHY DQG VHWYIEH VA VWP V IQFUHDMQI ® UHT XILH HYIGHQFH EDVHG SWDPWEHV

- IMRXWFRQAQXDAREXVWHVHDUFK FROMEXWRQ DQG DFFHVWIE®! FXUHQAB @ 7 KHUDS\
GRFXP HQWRQ VR GHP RQMDM WHDR HOAHI T HFW DQG ( %8 3@\ 7KHWDS\ UMV

H FOMRQIWRP I XQGHG VHIEHV 1 DARQDO IVDELOW ,QUXWDQFH $.J HQR\

6 HFXUQJ LQVXUDQFH FRYHLDJ H DQG IQWIKVIRQDOVXSSRUNO DQ. LQUXUDQFH SURYIGHWY

DQG J RYHUP HOAIXQGIQ) M VWMP V UHT XILH HYIGHQFH R HI T HPYHQHW EHI RUH DSSLRYIQ)
FRYHWDI H YR LIREXWB @\ 7KHWDS\ UHVHDUFK VXP P DU GRFXP HQIWRQ DBQI VIGH

DPVYH UHVHDUFK FRQMEXVRQY VWHQI WHQV WH FDVH IRU3 @ 7KHWDS\ IQFOMRQ

3 IRl HWIRQDO® IMP DR\ 1Q LOVALGIVFLIS@ODU VHWIJV 3@\ 7KHWDS\ vV SUIRIHWRQDO
FUHGEELOV IV VWAHQI WKHCQHG E\  IW UHFRJ QVHG SRVMRQ Z IVKIQ EURDGHUKHDOK VA WMP V ,Q

$XVWADID 3@ 7KHDS\ IV UHSUHVHOMGE\ $@HG + HDOK 3 UIRIHWMRQV$ XWADID $+3$
Z WK P XGAS®! DVRFIDARQV P DQWIQQ] DI LIDW P HP EHUKIS  $ @HG + HDOK 3 UIRIHWRQV

$XVADID QG ,QMUDARQD® 3@\ 7KHWDS\ 1V IHSUHVHQMG KURXJ K WKH , QMUDARGQDO
&RQRUKP R 3@\ 7KHWDS\ $WRFIDARQV ,& 37$  Z KIEK GHI IQHV IQMUDAWRCDO
WEQGDLEV , QMUDARQDCE RQURMXP RI 3@\ 7KHWDS\ $WRFIDARQY QG 7KLY

SR HWIRQDAQ IDWAKFWUH VXSSRUN UHVHDUFK GAMHP IODARQ WDIQIQ) WIQGDLGVDMRQ
DQG DGYRFDR\ | RUHYIGHQFH EDVHG SWDPWEH UHFRJ QURQ

ISEAYB & gAnYWy
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0 DQ 3@ 7KHDSMVDOHDG HQJ DJ H 1Q DPRYIVIHY WDWFRQWAMWA UHVHDUFK. VIKH\

VP S® QHHG A WP DAF SIRFHWHV\R | RUP DOVH Z KDWKH DOHDG\ GR 6 HWIQJ XS

A WP VIR WDFN TXDOW [P SURYHP HQALY D SUDFMEDOABUAQ) SRIQARUSUDFWARQHU
UHVHDUFKHWY DQG WHIURW DQVDMRQY 61 SUDFWEH EDVHG VRXUFHVRI TXDOW

IP SIRYHP HOAGD\WWD/B @\ 7 KHUDSIMA FDQ XVH DUH RAIQHG EHEBZ $ EUHI H DP SG
KL KO KW KRZ \A VWP DAFD® FROFWQ) GDVD XVIQ) FROWMMQAP HDVXUHP HQW FDQ
VXSSRUMHSRUAQ] RQJ RDA DD QHG Z WK | XQPVRQDAFDSDFIW GRP DIQV

6 VIDQGDUGLVHG 2 XVIERP HO HDVXUHP HOW

3O 7KHDSMNV XVH Rl WIQGDUEVHG DWHWP HONRRQ DNIQWENH P IG WHDW HOADQG
GMKDU H D@Z V| RUFRQUMXRXV RXWRP H P HDVXUHP HOAP RQVRRUQJ DQG DD QV Z IW

ERVK FQIEDCSUDPWEH DQG UHVHDUFK 1 DP HZ RUW - KHQIGHQA 1Q) \WBQGDUEVHG
RXWRP H P HDVXUHP HQAV WKDADD QZ VK VIKH FAHQWSRSXOMRQ WHUH Z I@EH GLLI HHQW
P HDVXUHP HQW VR P RQVRUP HQUBKHDOK. WDXP DUHFRYHU | XQPWRQDOFDSDFIW DQG
GHYHBRSP HQBOYXQHWDELDAHY & KRRVH P HDVXUHP HQA WWDADUH DSSURSUDW | RUH
FOHQASRSX@MRQY |RUH DP S®! P HDVXUHP HQW IKDWDUH VHQUMYH VR VSHFLLLE DI H
UDQJ HV DQG FXEXWDM VHOUMYH 9%4IH  YDIEDWAG P HDVXUHV DAIQWBNH P IG WHDVP HQW
DQG GIVFKDU H FDQEH DQHI T HFWYH Z D\ VR WEBUADQ P SGIP HQUIMRQ URXWCH

6\ WP DUF &DVH' RFXP HQIDMIRQ
6 WKPVMUHG VHVWIRQ QRWAV Z VK WWH FROWMQAIGFOMRQR! SUH IGHQWHG FDWI RUHV |RU

H DP S® SO WHP HV HP RURQDOFRQMQVFKLE UHVSRQVHY WWHUDSHXWE IQMUYHOARQY
XVHG UHBYDQASWDFWEH | DP HZ RNV HJ  WKHUDSHXWE SRZ HWRI SO DQG SWRI HW

VRZ DUG J RDY FDQ FUHDWA TXDODAYH GDVID DP HQDE®! VR DQDOMQ) DQG LHSRUAQJ Rl
WHQGV

3 DUHQW& DUHJ LYHU) HHGEDFN
3@ 7KHIDSMNFDQP RQYRUWH TXDON RI WHUVHYIEH SUIRYIMRQWKURXJ K EUHI
VDAY DPWRQVXUH GDVD DQG TXDOYMYH | HHGEDFN WDWFDSVIKUHV VIKH VXEMIPWYH P SDFW
R WHWDS\  $VFKIEG W KWIDGYRFDWMV 3@\ 7 KHIDSMA FDQDOR P RGHOMH FRIFURQRI
FKIGUHQV SHIFHSWRQVRI 3@\ 7KHWDS\ WURXIK SO\ DQG DUV EDVHG P HWRGV 7KHWH
WSHVRI HYDODWRQ GOV FDQ SURYIGH [P SRUBQWABNHKRGHUSHW/SHPWYHY DQG UHDO
Z RU [P SDP\GDVD
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7KHWDSHXWE 3 RFHW' RFXP HQIDMRQ
' RFXP HOWQ) WH WHUDSHXWE SURFHWE\ UIHFRUEQ) GDVID RQ GLLI HIHQWSLDFWEH
| DP HZ RUNV FRQQHFW FOQIEDCSUDFWEH VR WIHRUHWEDCP HFKDQIVP V ) RUH[ DP SGI QRAQY
Z KIFK Rl VIKH KHUDSHXWE SRZ HW/RI SO\ DUH DPWYDWAG E\ WWH FKI@S DG WWKH WKHUDSIMAY
SWRYIGHV WKHUDSHXWE SURFHW GDVD VMDWFDQ EH UHSRUMG | RUERW WKH FKIS V
WHWDSHXWE SURFHW DQG WKH WHDSIMAT DFVRYY WKDADFWYDM | DFLOYVDAM WKLY SURFHW
$WRFIDARQIRU3@\ 7KHWDS\ QG

,P SGIP HQDARQ 7 LDFNLQJ
' REXP HOAQ) DQG DGGUHWIQI DVSHRW WD DFLOVIMA HQJ DI HP HQAIQWHDVR HOADQG
DOR DQ EDUIHY/VR WHDW® HQVH J  DMAQGDQFH HQJ DI HP HOAWM WP FRRUGIQDVRQ
FDQIQRWP WKH [P SBP HQBMRQVFIHQFH R 1P SURYHG VHEH GHOYHU

3 DUFLSDVMRQLQ 3 IDFVIEH %DVHG 5 HVHDUFK 1 HVEZ RUNV
- RQQ) FRAERWDAYH UHVHDUFK [QUWDWYHV DIBRZ V IQGYIGXDCS IDPWARGQHLY VR FRQMEX\WM
VR @ HUGDIVHW Z KLB! IHFHIYIQ) P HVKRGR®J LFDOVXSSRUN3 IDFWEH EDVHG UHVHDUFK

QHVE RUWP D\ EH GRFDORUHYHQ IQMUDARQDO3 @\ 7KHDS\ VSHFLLIE RUADQVGIVFLS DU
DQG YDU LQM] HIURP P DOVFDG! QHVE RUNVVRR @ H VFDB! QHVE RINQI RSSRUMQUMHY

$ %4UHl ([DP S®IRI 7WDFNLQJ ) XQFVIRQDOS DSDFLW

3@ 7KHDSIMVZ RINQI Z MK FKIGUHQZ KR DFFHW 1 ' ,6 VXSSRUVIQ$ X\ADID

| RUGHYHBSP HQEOYXQHWDELOAHY RUGVDEIMAV P D' DOHDG. EHWDFNQJ

| XQPVURQDOFDSDFIW DFURW WH M, UHSRWEE®! GRP DIQV P REIOV GDLQIQ)]

FRP P XQEDARQ VHO FDUH VRFIDOXQPMRQQ) DQG VHD P DQDJ HP HQW1 DARQDO
' VDEIOW ,QUXWIDQFH$IHQR. QG 7KLY URXWOH FOQIFDAGRFXP HQWMRQLY D
JRRGH DP S®! Rl FGIEDO/RXUFH IQI RUP DARQKDAFDQ EH A WP DAFD® FRGHG
DQG SURFHWHG VR FROMEXWM VRZ DUG SUDFWEH EDVHG HYIGHQFH 3@\ 7 KHWDSIMW
P LJKVWP RQURUI XQPURQDOFDSDFIW WURXJ K WDFNQJ 11QH P RIRUMN@D

GHYHBRSP HQAIMURXIK SO DFWYIMHY WUHDGIQ) GUZ IQ) SDIQAQ) SO\ GRXJK
P DQSXOMRQ GRFXP HOAQJ VRFIDON@SBURI IHWWIRQWKURXJ K SUMWQG SO\
HQI DI HP HQWP RQVRUQ) HP RARQDALHI XOMRQ FDSDFIW WRXJI K FR UHI XOMRQ
H SHUHQFHV DQG IHFRWEIQ) FRP P XQEDWRQ GHYH®SP HQADV FKIGUHQ GHYHBS
YHUEDODQG QRQ YHUEDTP HWKRGV | RUH SUIHWWQI HP RARQY

7KLY GW Z KHQW WMP DWFD@® FR@IFWG XMQJ FROMMMQAP HDVXUHV FDQ

EHFRP H YDXDE®! SWDFWFH UHVHDUFK HYIGHOQRFH Z IW P 1QIP DADGAEMRQDAEXUEHQ
VR FAAFDOSUDFWEH
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3 WDPWEH UHVHDUFK WD DPYDMIG WURXJ K FRAERUDAYH UHVHDUFK RSSRUMQIVHY FDQ
SWRYIGH SIDFWEDCZ D\ VIRU3 @\ 7 KHUDSMV DQG RU DQVDMRQY VR NEN WEWIKHIU
UHVHDUFK FROMEXWRQV 7 KUHH Z D\ VVR HQJ DI H 1Q FRAERWAYH UHVHDUFK SURWFW DUH

DFDGHP [E SUDFWEH SDUGHUKISY P XGUVWAVWKGIHY DQG~ FRP P XQW EDVHG
SDWAFISDWRY UHVHDUFK

$FDGHP LF SUDFVIFH SDU/QHU/KLSV Z IV XQYHWMHV FDQEH P XVXD® EHQHI IFIDAORU
SUDFWARQHUDQG LOAMINMRQ 8 QLYHWAHY UHT XILH SUDFWEH SDUAZHLY VR FDSVIKUH UHDO

Z RUGS IHVHDUFK DQG SUDPWARGQHY EHQHIWURP DFDGHP LE H| SHWAWH

0 XOU VIV HI | HFVIYHQHW WXGLHV WWDASRROGDVI DFLRW P XGAS®! SUDFWEH VWAV FDQEH
DQHIIHPWYH Z D VR LQFUHDVH VDP S®1 M) HV DQG J HQHDQVDELDN Z KIGH VKDUQ) WH
UHVHDUFK EXUGHQ

&RP P XQW EDVHG SDUAFLSDVRU UHVHDUFK HQI DI HV1DP LOHV VFKRR® DQG

FRP P XQWHV DV UHVHDUFK SDUWZHLY 7KLY WSH RI UMVHDUFK FDQ HQUXUH UHBIYDQFH DQG

P HDQQJ | RUWBNHKRGHLY/

IR )?)G.R wAGER Enay)-Y

7TKHUHHDWHDIHZ Z D V\ RX FDQWRBWEXLGIQ] \ RXURU\ RXURW DQVDWRQV IHVHDUFK
FDSDFIW  + HUH DUH WUHH IGHDV

/ RRN T RUMDIQLQ) RSSRUAXQIMHVY | RUSWDFVIMQJ 3 @\
7KHWDSMW 2 QIRIQ) HGXFDAWRQ DQGWDIQQ) | RFXVHG RQ
UHVHDUFK P HWRGV RXVFRP H P HDVXUHP HQW DQG GDVD
FROIFWRQ DQG DQDOMY EXIGV SIDFWARQHUFRQ LGHQFH DQG

FRP SHWIQFH
0 &RQVIGHUP HQVRU/KLS SLRI LDP V WDWSDIUGM H SHUHQFHG

yo UHVHDUFKHLY Z MK VHDVRQHG UHVHDUFKHU SUDFWARGHY SURYIGIQ)
-0  KDQGV RQGDUIQ) DQGVXSSRUWV, I WIHVH SURI UDP VV DUH CRW
3 o DFFHWE®! FRUGHUUHVHDUFK VXSHUYIMRQ DV D P HQRUAKLS
RSVRQ
8 VUDVH WFKQR®J\ VRRQY | RUGDVID FRGBFVIRQ DQG DQDO LY/
i~ ' LI MBCS@ARLP VIRURXVFRP H P HDVXUHP HQWVHBIPWRQE KHDOM
@@ WHFRUBVZ WK EXIOMQ GDVDWDFNQ)  DQG XVHU | UHQG® DQDOMY
>  \RI\ZDWH FDQUHGXFH EDWIHY/ VIR UHVHDUFK SDUAFLSDVMRQ DQG
IP SURYH VSHHG DQG DFFXUDR\ Rl DQDOWY DQG UHSRUAQ)
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8 QGHUAMRDQGEIQ) FRP P RQ EDUIHY/ WDW @\ 7 KHUDSMWV | DFH Z KHQ FRUGHUQ) HQJI DI 1Q
1O SUDFWEH UHVHDUFK. HVSHFIDE WRVH XQTXHVR 3@\ 7KHWDS\ IV YVBAQP DNQJ | IHG

ZIGH3@\ 7KHDS\ UHVHDUFK SURIUHW ,GHQAN LQJ LQMDO/ROMRQY WDWFDQEH

| DFLODMG E\ SIDFWARQHY RU DQVDARQY DWRFIDWRQY DQG WDIQQ) SLRYIGHWY FDQ
SRVIMYHO FRQMEXWM VR RYHUFRP [QJ EDUIHY

C-FFQOGB agn) guwsO3 G & )G.RAESAYRB & ganYR
Saay-y Ao w agy&
71P H DQG UHVRXUFH FROWUDIOWV 3 IDPWARQHLY | DFH FRP SHWQJ GHP DQGVRI GILHFW
VHWYIEH GHOYHY  GRFXP HOMWRQ ELAY) VFKHGX@Q FAIFDOXSHYIMRQ DQG DMAQGLQ]
SR HWIRQDAGHYHBSP HQW
/ DFNRI UIHVHDUFK WDIQIQU 0 DQ 3@\ 7 KHDSIMWV GIG QRWHFHLYH UHVHDUFK WDIQIQJ 1Q
WHULQMDOADIQQ) SURIUDP V RUKDYH @ VMG H SRVXUH VR LHVHDUFK P HWRGV 7KLY FDQ
FRQOMEX\WM VIR EHOH VWDWKH. DUH QRAUHVHDUFKHWY DQG P SDPASUDPWARGQHUFRQ IGHQFH
VR HQJ DJ H 1Q GDV FRBIFURQ
, QMIXVIRQDOVXSSRUAZP VIMRQV 3 UYDWA SUDFFHV DQG VP D@D HQFIHV RIMQ @FN
UHVHDUFK 1Q UDVAKPVYUH DFFHW VR HWIEY UHYLHZ. SURFHWHY RUHI | LELHQAGDVD
P DQDU HP HOMNA VWP V
( VKLFDCDQG FRQVHQWFRQVIGHIDARQY © RINQJ Z IVK FKIGUHQ UHTXILHV FRP S®
FROVHOAMDWHOASURFHGXUHV SDUHQAQYRYHP HQADQG KHL KWQHG HWILEDOFUAME,
© KHQXQGHWENQI UIHVHDUFK Z I YX@HWDE®! SRSXOMRQY @\H FKICGHUHQ  SUDFWARQHLY/
VKRX@ H SHAWP RUH FRP S®f UHVHDUFK SURFHGXUHV DQG KHLI KWQHG HWKIEDO
UHTXWHP HQW 6 SHFIDDMHG SRSXOMRQV LH FKIGUHQ Z WK GIVDELIDAHY RUWDXP D

EDFNJ URXQGV DGG DGGIMRQDAFRP SOf IW WDWFDQ | XUMHUGHWUSUWDFWARCHUY/ | LRP
UHVHDUFK
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(P HULQJ 3WRIHWIRQ6VIVXY ,QP DQ WHJIRQV 3@\ 7KHWDS\ OFNVHWEBEQKHG

LQ IDWAKFWUH | RULHVHDUFK VXSSRUVS QINH 3\ FKR®J\ RUO HGIFICH Z MK GHGEEDWMG
UHVHDUFK [QAMMMY 3@\ 7 KHIDSMM RIWIQ @FN DFFHW VR UHVHDUFK P HQIRUKLS | XQGIQJ

P HFKDQWP V RUIQWMWRQDO/XSSRUV

6P D@1 5HDMN 3DHGIDME VSHFLIE SRSXOMRQV DUH VP DAUVKDQ.J HQHUDAP HQMDOKHDOK
SRSXOMRQV DQG KDYH DGGMRQDAHWIEDCFROMDIQN FRP SDUHG VR UAVHDUFK Z VK DGXOV' $
VSHFLIE | RFEXV RQFKI@ WHWDS\ FDQ UHVXANQ VP DABIUVDP S®! ] HVWDWP Di QRWHDFK
WIMYMEDOAI QLIEDQFH LQWDGMRQDDQDOVHY GHVSIW FAQIEDOA] QULIEDQFH

5 HJ MADVRQ' LYHUAW 0 XGAS®! UHJI MADWRQ SDWZ D\ V DQG SUR HVWIRQDADWRFIDWRQV ERVK
LOMULDARQD® DQG QOMRQD® LQVRP H UHJ IRQV FDQ FUHDW YDUDELOW LQWDIQIQ) WIQGDLEY
FQQIFDOFRP SHWIQFLHY DQG UHVHDUFK SUHSDUHGQHW 7 KLY UHI MADARQ GLYHUAW FRQOMEXWMY
VR P DNQJ | IHG Z 1GH UHVHDUFK [QUDAYHY FKDEIQI LQJ VR FRRUGICDM

- RINS@FH 6 VIXKFWUH 0 DQ 3@\ 7KHDSMV Z RUNIQ SUYDW SUDFWEH RUVP D@D HQFLHV

Z MRXWHD DFFHW VR UHVHDUFK 1Q IDWKFVUH XQE@NH KRVSIVARUXQLYHWAW EDVHG
SUDFWARQHLY Z WK EXIOVMQ UHVHDUFK VXSSRUV

“OFJORMRONR G 4 F GRGESEAYR & gnYSEyY A w agi&

6 WHDP QQHG UHVHDUFK SIRVRFRY ' HYHBSIQI EUHI XVHU 1 UHQGO SURRFRY WDWFDQEH
HDVI® LQMJ DG LR IRXWGH SUDFWEH IDMHUWKDQ DGGIQ) VR SIDPWARQHUEXUEHQ
7HFKQR®RI\ LOWAJ LDVIRQ 8 VIQJ H MAQ) HBIFWRQIE KHDOM UHFRUG Vi VWP V DQG FBXG EDVHG
SOWRLP V| RUGDV FRBIFURQ DQG WRWDI H $ FFHW VR H VWRWDI H WKDWP HHW ERW FQQIFDO
SWDFWEH WBQGDUEV DQG LV FRP SIDQAZ WK KXP DQUHVHDUFK HWIEV P D EH D EDUIHUIRUVRP H
3@ 7KHWDSIMWVZ KR Z RUN DBRQH RUIRUVP DORL DQVDARQY

) XQGLQI DQG LOFHQUYH WUKFWUHV 3 LRI HVMIRQDIDWRFIDARQV RI I HUQI UHVHDUFK J WDQW
UHGXFHG FRQ HUIHQFH | HHV I RUHVHDUFK SUHVHQUIDMARQY DQG UHVHDUFK UHFRJ QURQ SURJ LDP V
3 LRI HWIRQDOGHYH®RSP HQARSSRUXQWHY : RUWKRSV Z HEIQDY DQG FRXWHV | REXVHG RQ
SUWFWEH EDVHG UHVHDUFK P HWRGV TXDOW [P SUIRYHP HQADQG SLRI UDP HYDOXDARQ

| WDP HZ RUNV DQG GDVID UFK DAWHWP HQAWP RQVRUQJ P HDVXUHP HQW

S .B0.s QRA™RAR J)E-RYOVA'
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) RUOMHIIHGRI 3@ 7KHWDS\ VR FROMXHWR JWRZ DQG I BXWWK RQI RIQJ UHVHDUFK
FROMEXWRQV DUH QHHGHG DFURW ERW WHDVR HOAH! | HFW UHVHDUFK DQG ( %68 UHVHDUFK

MWga+ G yuws wagyklt w

5L RUIRXV 5 &7V Z VMK GLYHU/H SRSXAMRQV :  HOGHWI QHG LDQGRP IVHG FROARDIG
WD Z MK DGHTXDM VDP S®IM] HV IHSUHVHQOWMY) GLYHWH FX@XUWDOVRFIRHFRQRP IE DQG
GIDJ QRWIE SRSXOMRQV Z RX@ EXI@ RQWH FXUHOAB @ 7KHDS\ WHDV HOAHI | HFW
UHVHDUFK

0 HFKDQWP RI DFVIRQ WXGLHV ) XUMHUUHVHDUFK 1V QHHGHG H] DP LQIQJ KRZ 3@\
7KHWDS\ Z RUW |RUH] DP S®! Z KDWKHUDSHXWE | DFVRWY P HGIDW FKDQIH Z KDW

SK\ VR®J IFDIDQG RUQHXDCP HFKDQVP V DUH DFWYDWIG DQG Z KDASURFHWHY BGIDG VR
EHVARXVFRP HV

&RP SDUDVIYH HI | HFVIYHOHW UHVHDUFK ' LWHPWFRP SDUVRQRI [QMUYHQWRQY VR | XUMHU
UHI LOH VXIVEELOW | RUGLLT HIHQASRSXOMRQV SURYIGHWY DQG A WP V 96XIGQ) RQWH
QMIDMUH FRP SDUQJ 3@ 7KHWDS\ VR RIKHUWHUDSHXVWE DSSURDFKHV DQG H] DP 1QIQY

Z KIFK FKIGUHQ EHQH IMP RWIILRP Z KIFK DSSURDFKHV Z RX@ EH EHQHI LELDOR WH | HG

/ RQ VWP IRCRZ XS WXGLHV / RQIWXGIQDB @ 7KHWDS\ WXGHV KDWADFN

RXWRP HVP RQMV DQG\ HDWY D VMUWHDR HQAFRP SGMRQZ LODGG VIR RXUXQGHUADQGEQ)
Rl KRZ WWKHUDSHXWE J DIQV DUH VXWIGHG DQG L 1 XVKUH GLLI LEXGAHV DUH SUHYHQWG RUWH
VHYHUW WHGXFHG $OKRXIK IRTRZ XS WXGHV H MAIQWH 3@\ 7KHIDS\ QMDXH P RUH
WYGHV HVSHFID® GQJHUVMP QI WXGIQDOAMGIHV Z RX@ SURYIGH RXVFRP H

LQ RUP DRQ DFLRW WWH @ HVSDQ

B SB wagsr w

7WDIQIQI DQG VXSHUYIMRQ HI | HFVIYHQHW 5 HVHDUFK RQKRZ WHUDSMN GHYHBS

FRP SHWQR\  Z KDAWXSHWYIMRQ DSSURDFKHV DUH P RWAH I HPWYH DQG KRZ WDIQIQY
WDQUDVWV VR SIDPVEH RXWRP HV IV HP HU LQJ DV D UHVHDUFK SURUW ) XUKHULQYHWR HQW
QWL DUHDRI ( %8 UHVHDUFK LVZ DUDQMG HVSHFID® [LRP 3@\ 7KHWDS\ WDIQQ)
SWRYIGHWY/

& QRA™ARY)ERANA S @Y



$ GDSVIMRQ DQG FX@OXWDAHVSRQLYHOHW ([ MAQI WWXGIHV KDYH H] DP IQHG KRZ 3@\

7KHWDS\ DGDSW DFLRW FXAMUHV @QI XD HVY DQG FRQW W Z KIB1 P DIQWIQQ] 11GHOV DQG

HITHPWYHQHW + RZ HYHU' LYHWMW ( TXIW DQG,QFOMRQ ' (, 3@\ 7KHWDS\ HVHDUFK

UHP DIQV HQGXUQI ® [P SRUEQW

& RVWWHI | HFVIYHQHW DQG VXWILQDEL@N 7 KHUH DUH FXUHOW @ MG 3@\ 7KHWDS\ VSHFLLLE

HFRQRP [E DQDOVHY GHP ROMDAQ] YDOH | RUQYHWR HQWRSWP DAGRVDI H DQG VXWWIICDE®

GHIYHY P RGHY VR P RUH DUH QHHGHG & XUHQWD 3@\ 7KHWDS\ FAIEDOH | HRWYHQHW \WXGIHV

SWRYIGH WH SUHGRP ICDQMWRXUFH R 1Q HUHG HFRQRP I YDOH UDWHUWKDQ GILHPWHFRQRP LE

P HDVXUHP HQW 7 KH FRVWHI I HPRYHQHW DQG VXWRIQDEIOV Rl 3@\ 7KHWDS\ IV FXUHQM

VMHQJ WKHQHG WURXJ K DD QP HOWZ WK HFRQRP LE UHVHDUFK | LRP

e« (DWW FKIGKRRG +HFNP DQV UHVHDUFK HWEEQ/KHG WWH J RG WIQGDLS | RUGHP RQMIDWO]
@®Q WP 52, IIRP JRRG TXDIW HDUWD FKIGKRRG VXSSRUV LOMUIHQARQY XMQJ W RURXV

HFRQRP IF P HWRGR®J\ + HFNP DQ * DUFDHWDO $GGMRCD® VKH 3 HUY
3UHVFKRRGBWG. GHP ROMDWIG @HWP H HFRQRP [E EHQHI W I RUHDUD LOMUYHQARQ
* DUFDHADO DQG + HFNP DQHWDO UHSRUMG RQP XA J HOHUDARQDCEHQH W

$QQQ 3@ 7KHWDS\ LQYHWR HQWN LQHDUD \ HDW/ Z MK WH + HFNP DQ UHVHDUFK DQG WH
3HW 3 IHVFKRROMHVHDUFK Z RX@ VXJ J HWWXEVWBQADCHFRQRP LE UMWV IRUS @\ 7 KHUDS\
GHOYHWHG Z IVKIQ HDUD FKICHKRRG DQG LWL HQHUDARQDEHQH W

e &KL KHDOK 5HVHDUFK RQSO\ LQKHDOK VHWQ) V FRQGXFWMG E\ WKH 1 DARQDO- HDOK
6HWIEH 1+6 KDV GHP RQAWMDWG DRYDIFRWWDYIQ] V GDVD Z MK UHDCSDAHQW 1Q
RSHUDWRQDOMHMQI V SLRYIGIQI GILHPWHYIGHQFH WDAS@.  EDVHG IQMUYHQARQY UHGXFH
KHDOMFDUH FRAW 3@ 7 KHUDSMV FDQ XQGHWINH WLV WSH Rl Z RINWKDAZ RX@ \ 1HG
VEQJ [EGI FRAWWDYIQIV KRZ HYHU 3@\ 7 KHUDSIMA KDYH H SHWARCRZ BIGJ H DQG W@ WDW
DUH @D HO QRAHP EHGGHG RUXWIVHG LQ KHD®K VHWQI VWDWP D | XUMHUHQKDQFH
HFRQRP LE YDOH Z KHQIQMI UDAQ) SO | XOKHIDSHXEV LQUR KHDOK VHWQT V

e 0 HQDOKHDOK SLRP RURQ DQG SLHYHQURQ %HQH W H FHHG FRWV | RUHDUD FKIGKRRG
GHYHBRSP HQABLRIUWP V . QDSS HDO DQG SUHYHQUIWYH SDUHQAQ) SURJ LDP V\KRZ
52, |RUFKI@KRRG P HQBCKHDIK GVRIGHY 1 DARQDA HQWBGOH HDIK & RP P MARQ
3@ 7KHWDS\ IVDQHDUWD FKIGKRRG P HQBKHDIK VXSSRUADQG ) [IDY KHIDS\  GHOYHHG
E\ 3@ 7KHDSMVVR SDIHQAV DQG | DP LGHV' 1V D SUHYHQIWYH SDUHQAQ) DSSURDFK
5HIDWGIQI 3@\ 7KHWDS\ DVDQHDWD FKIGKRRG GHYHRSP HQBADSSURDFK DQG SDUHQWQJ
DSSURDFK P HDQV EHCHI W H FHHGIQ) FRVW WDWGHP ROMDM HERQRP IE YDOXH FDQEH
IQ HUHG

e 7KHFRWRI OV LOYHWP HQW7 HDJ HUHWDO LHSRUMG RQKRZ LQYHWR HOAIQ
FKIGUHQ LH  SUHYHQARQ DQG HDUWD LOMUYHOWRQ LOYHWR HOQN FDQHFRQRP LED@ UHLD
P RIH VXSSRUAQ) WH HFRQRP IE FDVHIRU3 @\ 7KHWDS\ LOMYHOWRQY EHQJ LOMI DG [Q
SUHYHQUWRQ DQG HDUD LQMUYHQARQ VHUYLEHV | RUFKIEUHQ DQG | DP LOHV

& QHOWSUHI HUHQFH DQG HQI DI HP HQWAXGLHY © KLGIWHH IV J URZ 1Q) 3@\ 7 KHUDS\

UHVHDUFK RQ FAHQWSHW/SHPVYHVY DQG HQJ DI HP HQWI XUWKHUUHVHDUFK 1V QHHGHG VR H] DP ICH

P RUH EURDGO Z KDWEKL@GUHQ DQG | DP [@HV YDOH 1Q DQG DERXWB @\ 7KHWDS\ | DFVRLY DI | HPWQ

HQI DI HP HQADQG UHMIQARQ DQG VDWW DPARQZ WK VHUYIEHV

7 KHVH UHVHDUFK SURUMIHV DUH QRWH] KDXVMYH EXWHSUHVHQWKLI K LP SDFWDUHDV Z KHUH 3 @\
7KHWDS\ UHVHDUFK FDQP HDQQJ | X@ DGYDQFH WH | HG , QELYIGXDCSIDPWARGQHLY FRX@ VHBIFW
SURUMHV DD QHG Z WK WWHIUSUDFWEH FROWM] WSRSXOMRQ DQG LOMUHVW DQGDP VR
FROMEXW Z KHUH WKH. DUH SRVMRQHG VR J HQHUDWA VIKH P RAAYDOXDE®! LWL KW

~
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YXITQ) WH EUGI H EHVE HHQ UHVHDUFK DQG SUDPWEH UHT XLLHV DPARQ LOVIKUHH VSKHUHV R WH
3@ 7KHDS\ OQGVFDSH

U=y ) ) fadSaYn & canYISgy-))0G g

6 VIDUAZ VK \A WIAP DVIE RXVEERP H P HDVXUHP HOW&KRRVH  EUHI YDOGDWAG P HDVXUHV
UHBIYDQMR \ RXUSRSXOMRQ DQG XVHWHP FROWWMQM Z I HYHY FQHQW

' RFXP HOWXFFHWI XCDGDSVIMRQV DQG LQQRYDVRQV : KHQDQDSSWRDFK IV P RGILIHG |RUD
VSHFLLIF FKLG RUFRQW WGRFXP HQAZ KDA RX GIG Z K\ DQG Z KDWKDSSHQHG 7KLY FRQMEXWV
VR NQRZ BIGJ H DERXV\DGDSVIDARQ

- RIQ SWRI HWIRQDOHVHDUFK LQMIDVYHY 3 DIFLSDW 1Q DWRFIDWRQ VSRQURUHG UHVHDUFK
SIRMFW P XM VIV VWXGIHV RUSUDPWEH EDVHG UHVHDUFK QHVE. RUW

3 XU/XH DGGIMIRQDOHVHDUFK WDLQIQJ RUUHVHDUFK VXSHUYIMRQ 7 DNH FROAQXIQ) HGXFDURQ
FRXWHV RQUAVHDUFK P HWRGV RXWRP H P HDVXUHP HQWVRUGDVD DQDOMY 6 HHN VXSHUYIMIRQ
IURP D UHVHDUFKHU SUDFWARGQHU

,P S®IP HOADQQXDOGDVID FRIFVIRQ FRGIQI DQG LHSRUAQ 6 HDMGH WP H DQQXD@D VR HYIHZ
\ RXURXVFRP H GDV LGHQW\ SDMADY DQG LHSRUNLQGIQI VIRUTXDOV [P SURYHP HQAP RQVRUQ]
DQG RUHYDOXXDARQRI VHUYIEH

-YHEQYISAYR & canYB )G .I1500 gaF w

, QVIAJ LDVIA LHVHDUFK P HVIKRGR®RJ\ LOVIR FXULFX® , QM DM UHVHDUFK GHVL Q RXWRP H

P HDVXUHP HQAMBWMEY DQG ( YIGHQFH %DVHG 3WDFWEH (98 LOWR FRXWHZ RWN

( WDEQ/K SUDFVIEH UHVHDUFK SDUQHU/KLSV & UHDW | RUP DOHOMRQUKISY EHVE HHQ DFDGHP LE
SWRI WDP V DQG SWDFEH VHWQJ V | RUFREERWDAYH UMVHDUFK DQG WXGHQMWADIQIQ]

& UHDWA VXSHUWYLVHG UHVHDUFK H[ SHUHQFHV 5 HTXIWH \WXGHQW VR FRP SGMA SLIDFWEH EDVHG
UHVHDUFK SLIRMFW VXFK DV TXDOV [P SUIRYHP HQAP RQVRUQJ 7KLY FDQEH VP XOWG LQD VP DD
VFDBI Z D\ GXUQI WDIQIQJ VR VXSSRUAMMGHQN VR J DIQ FRQ IGHQFH IQ FROIFWQ) \A \WAP DVE
RXVWWRP H P HDVXUHP HQAGDVD FRGIQJ DQG IHSRUAQ) VR WHIUFGIEDOXSHUVRU

' HYH®S WHVHDUFK P HQVRU/KLS SLIRIWDP V : MK VIKH VXSSRUARI WH XQYHWW RUIQAIMVRQ

| DFX@V UHVHDUFKHWY RI 1 HURQI RIQI UHVHDUFK P HQIRUKLS EH RQG J LDGXDVMRQ

& QA™ARY)ERANG S AR
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3 IR HWIRQDCDWRFIDWRQV FDQ | DFIOVIVM UHVHDUFK FROQMEXWRQWURXI K UHVHDUFK
UHFRI QURQ DQG IQFHQWYHV 1Q LDAKFVUH GHYHBRSP HOMADIQQ) DQG VXSSRWWDGYRFDR

DQG SRIF\ HQJ DI HP HQWDQG HQFRXUDI HP HQUWIR LOWLI LDWA TXDON [P SURYHP HQAILDP HZ RUW
IO SUDFWEH

5 HVHDUFK 5 HFRJ QVIRQ DQG , QFHQVIYHV
e  &UHDW UHVHDUFK DZ DUBV DQG IHFRI QURQ SURJ LDP V

o (WEEQK UHVHDUFK LOMUHVWI LRXSV DQG P HQRUKLS P DWKIQ)
o +LJKQ KWSDFWARQHU UHVHDUFKHLY IQ DWRFIDARQFRP P XQEDWRQV
,Q LDWUXFWUH' HYHGRSP HQW
e SHFRP P HQG WEQGDLGEVHG DAHWP HOASLRRFRY | RUP HP EHLY XVH
e 3URP RW | DFIO/MDM P XU MW UAVHDUFK QHVE RUNY | RUFRAERWDAYH WXGLHV
o (VWEEQK GDVID IHSRVWRUHV | RUGH IGHQAIIHG SUDFWEH GDVD HJ - RU DQVDARQDOT XDOV
IP SURYHP HOALHSRUAQ) DQG FDVH WXGIHV
e 3URYIGH LHVHDUFK FRQUXGIMRQ VHUYIEHV VR P HP EHLY
7WDIQQI DQG 6 XSSRUN
o ,QMJIUDM SIDPWEH EDVHG UHVHDUFK LQUR FROWOXIQ) HGXFDWRQ UHT XILHP HQW
e 2 1IHUZ RIWKRSVRQRXVWRP H P HDVXUHP HQADQG GDVD FRBIFURQ DQG UHSRUAQJ
e ' HYHBRS UIHVRXUFHV RQ HWIEDOHVHDUFK Z WK FKIGUHQ
e &UHDM UHVHDUFK P HWRGR®J\ FROMOQAIQ DWRFIDWRQ SXETEDMWRQY VXFK DV QHZ VML
P D D] LQHV RURXLODY
$GYRFDF\ DQG 3RAF\ ( QJDJHP HQW
e &RP P MRQHYIGHQFH VXP P DUHVIRUSRTF\ P DNHWY
e (QDIHIQUHVHZ VRI IXQGEIQ) FUMUD VXFK DVWH IQGHSHQGHQL ' ,6 WHYIHZ 1Q
$X\VWDID
e  &RMERWM Z I XQYHUMHY RQ SUDFVEH UHVHDUFK SDURHUKISV
o $GYRFDW | RUIHVHDUFK 1UHQGD SRIFIHV IQVHWYIEH VA VWP V
4 XDON ,P SUIRYHP HOW QWA LDARQ
e ) WDP HRXWRP HP RQVRUQ] DV TXDIW P SIRYHP HQWRIWIQH HP SWIRP 1X@* XP DQ
5 HVHDUFK ( WIEV &RP P MMHV >+ 5 ( &V@5 % UHYIHZ
e 3URYIGH WP SOWVIRU WP DAF FDVH GRFXP HOIMRQ
e 6XSSRUAZ RINS@FH UIHVHDUFK FDSDFIW EXI@HQ)]
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,PDILOHDIXVWHZ KHIH3 @\ 7KHWDS\ WHVHDUFK FXOXWH GRRNV ON\NH VKLY

(YHY 3@ 7KHDSMARXOHO FROMEXWAV VR ( %8 WURXJ K A VWP DAE RXVWRP H

P RQVRUQY

& KITUHQ DQG | DP LOHV DPAYH® SDWAFLSDWA LQ UHVHDUFK DV SDWZHY Z WK \KHUYRIEHV
LOFO(GHG LQ UHVHDUFK

3 IR HWIRQDODWRFIDWRQV SURP RV RSSRUMQMENV | RUP XA VA HI | HPRYHQHW
XGHV SRROIQ) GOV VR DQVZ HUTXHWRQY QR MQJ B SUDFPWEH FRX@ DGGUHW DBCH
) XQEQI ERGIHVHFRIQWH 3@\ 7KHWDS\ DV DQ HWHQWDOHYIGHQFH EDVHG

LOMUHQARQ | RUFKICHQ Z WK KHD®IK P HQUDOKHDOK. GHYHBSP HQUDOYXQHUDELIDAHY
GIVDEIMAHV DQG D @/HG H SHUHQFH Rl DGYHWW RUWDXP D 6\VWM Rl 9 [EVRUD

&RP P RQZ HDOM Rl $ X\VADID

8 QLYHWIMHV DQG SWDFWFH VHWQJ V P DIQWIQ DRAYH SDUGHUKLSY Z MK SUDPARGQHLY/
FROMEXWQ) UHDOZ RUG H| SHUAYH VR UHVHDUFK GHML Q DQG DFDGHP IEV SLRVIGIQJ

P HWKRGR®J LFDADQG IHVHDUFK VXSSRUV

3@ 7KHDS\ VH STEMD UHFRI QVHG IQ 1 XQGIQJ 1P HZ RUNV Z MK GHGEEDMG
VXSSRUFDWAI RUHV

5 HVHDUFK HYLGHQFH FOIDUD GHP RQAMDMY QRABIIDAB @\ 7KHDS\ Z RUW EXW
KRZ MZ RNV IRUZKRP  XQGHUZ KDWFRQGMRQV DQG DAZ KDAFRW

3@ 7KHWDSIMW DH IHFRI QVHG DV GIDGHWY 1Q FKLG P HQAKHDOK UIHVHDUFK. XQTXHO
SRVMRQHG DV FKI@ W KW DGYRFDMV DQG H| SHW IQ FKIGUHQV SUP DY @QI XDJH

SO\ 8 QWG 1 DARQY

7KLY YIMRQ UHT XIUHV FRGIFWYH DPRQ IQGLYIGXDB @\ 7KHDS\ SIDFWARQHY HP ELDFLQ]
UHVHDUFK DV D SURIHVWRQDOHVSROVELIDN WDIQIQ) SURJ WDP VEXI@HQ) IHVHDUFK
FDSDFIW DQG SURI HVWIRQDARW DQVDARQY FUHDWO) 1Q LDWAKFWUH | RUFRAERWDAYH
UHVHDUFK 7 KHVH FRGIFPWYH H I ROV DUH RXUEHWSDWZ D\ VIRZ DGV VMHQI WHQLQD \WH
FUGIHEHVE HHQ SO\ LIRRP DQG SXEQKHG IHVHDUFK RQH FROQMEXVRQ DAD WP H

7KLY YMRQL DFKIHYDE®! ,WHT XUWHV GHWHUUHYRGMRQDY  FKDQJ HV QRUXQSUHFHGHQMG
UHVRXUFHV RQO FR@IFWYH FRP P W HONR L.OMI DWW UHVHDUFK LQVR SUDFWEH DV

WBQGDUE FDIH RQH3 @\ 7 KHIDSMARQH Z RINS@FH RQH DWRFIDARQ DAD WP H

& QA™ARY)ERANG S @4
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3O 7KHDS\ \HDQ RWHUWHWDS P XW\FRQUWOXH VR GHP ROWADW ERW W(DWMZ RUNV
WURXJI K WHDW? HOAHI T HFWHVHDUFK HYIGHQFH EDVHG DQGKRZ WZ RUNV 1Q UHDOZ RUG
SWAWFH WURXIK ( YIGHQFH YDVHG 3 WDFWEH (%8 7 KHVH VI R UHVHDUFK VWAHDP V DUH
FRP SGP HQBY DQGHTXD@ HWHOADOR WH I IHG Rl 3@\ 7KHWDS\  7KH FDVH IRU3 @\

7KHWDS\ UHVHDUFK FRQMEXVRQ LV VAHQI WHQHG E\ XQGHUAMRQGEIQ) Z KDAB @\ 7 KHUDSIMV
DOHDG\ GR DQG KRZ WY FDQEHFRP H VIKH EUGI H EHVE HHQ SUDFWEH DQG UHVHDUFK

3@ 7KHDSIWW 3@ 7KHWDS\ Z RINSOFHV DQG 3@\ 7KHWDS\ WDIQQJ SURYIGHWY KDYH
DQ HWIEDOREQ DARQ VR FROMEX\M VR WKH HYLGHQFH EDVH | RUMH SURIHWIRQ $V FKIG

W KW DGYRFDMV DQG LQNHHSIQ) Z I WH 8 1 & RQYHOARQRQWH 5L KW Rl WH &KL

8 QWG 1 DARQV 3@ 7KHWDSIMV DH XQATXHO SRUMRGQHG VR FRQMEX\WM UHVHDUFK
WDWKSKRGV FKIGUHQV U KW VR H SUAW WHP VHOHV WURXI K SO\ DFFHW KHDOMFDUH
DQG HQR RSSRUMQUAHV I RUHVWEGIVXIH DQGS@. :  HKDYH D SR FVWWMIRQDADQG HWIEDO
RE@ DARQVR GHP RQWDWA WH HI | HFAYHOHW Rl RXUZ RUN HQUXUH Z H DUH SLRYIGIQ) WH
EHVSRWE®! FDH DQG FRQMEXWM VIR NQRZ BIGI H WIDWEHQH! W DAFKICGUHQ 7KLY

REQ DMRQH] WIQGV EH\ RQG LQGLYIGXDCSDFWARGHY VR WDIQIQ) SURJ LDP V\WKDWSUHSDUH
IXVUH3 @\ 7 KHUDSMW DQG RU DQVDMRQY WKDWXSSRWNKH SURI HVWIRQ

7TKHHYIGHQFH IV FGIDU 3@\ 7KHWDS\ Z RV Y4 DWRQ HDO /1Q  YUDMRQ
3 DUNHUHWDO SHOKDZ 6FLD SHOKDZ 6FLD 1RZ WH

SURIHWIRQP XWWHQUXUH WKLY HYIGHQFH LV YIME®! DFFHVWIE®! DQG FRQAQXRX\VO
WHQI WHQHG ( YHU 3@\ 7 KHUDSIMAKDV D UR®H QWKLY FROIFWYH UHVSRQUELOV

YXITHQ) WH EUGI H EHVE HHQ S@\ LRRP DQG SXEMAKHG UHVHDUFK UHT XILHV DB @\
7KHDSIMW VR EHI LQHP EWDFIQ) UHVHDUFK DV IQMI DOR WHIUSURI HWIRQDAGHQAN 7KLY
P D LQWD@® P HDQUH GIFWQ) RQWH QHHGVRI WWH FRP P XQW | DP IQHV DQG FKIGUHQ\ RX
ZRUINZ MK Z KHUH LGHQAN LQJ WHIUGQHHGV FRX@ KHS \ RX VR HWEQUK VRP H IQWDO
UHVHDUFK SURUMEV 7 KH IQUWDCSURUMEV P D EH 1Q KRXVH TXDDW P SURYHP HQWRU
SWRIWDP HYDODWRQ RUP D\ EH IGHQMIHG DVP RUH | RUP DOHVHDUFK <RX RUWKH

RU DQVDARQ\ RX Z RUN I RUP LI KVWIKHQ UHDFK RXVWR HWREQUK DFDGHP LE- SUDFWEH

& QA™ARY)ERANG S @



SDYWZHUAKISV R | RVAUFR@ERWWYH IHVHDUFK $ FDGHP IF SUDFWFH SDIRHUKISVP D EH

Z M EXWQRWIP WG VR D UMVHDUFK LOWAAMVRQ RUD XQYHWW ) RUH[ DP S®I DFFHWQJ
UHVHDUFK VXSHWYIMRQ FDQ EH DMEUAQ) SRIQATRULHILQIQ) \ RXUIGHDV $ GMUODAYHO

FRQQHAWQ Z VK DQLQGHSHQGHQARLI DQVDARQ VKDWY DD QHG Z WK VKH UHVHDUFK \RSIE 1Q
Z KIFK \ RX DUH .QMUHWMG P D EH D1 XMIXGFR@ERWDARQ $FDGHP IE SUDPWEH

SDWHUKISY FDQRSHQDJDWZ D VR IHVHDUFK SUDFWFH SDUIRHUKLISY WDWP D HYRGOH
[QR FR@ERWWYH UHVHDUFK SIRMFW WY 1P SRURQNRU3S @\ 7 KHUDS\ WDIQIQJ SUWRI WP V
VR SUHSDUH WXCHOAB @\ 7 KHUIDSIVW VR EHFRP H UHVHDUFK FDSDE®! J IDGXDWAV DQG IRU

SURI HWMRCDARW DQVOMRQY VR FROMGHUWHVHDUFK FDSDEIOW Z KHQ DFFUHGW) 3@\

7KHWDS\ WDIQQJ SWRI WDP V DQG Z KHQ HQGRWQJ SURIHVMIRQDAGHYHERSP HQW3 DFWEH
UHVHDUFK J XIGDQFH LV [P SRUBQAQ IDMXFWUH\WKDAB @ 7 KHUDS\ DWRFIDARQV P X\

FROVGHUIQWH VHYYIEHV WH Rl THUVR WKHIUP HP EHWY/

7KHIXWWHRI 3@ 7KHWDS\ GHSHQGV RQRXUFRGIFWYH FRP P VP HQAWR UHVHDUFK ( YHU
FROMEXWRQP DWMAY 1URP \KH SIDFWARQHUGRFXP HOWQ) RXVFRP HV\A WP DAED@® \R
WHWDIQQ) SIRIWDP GHYHRSIQ) UHVHDUFK FXUWEXO(P 7RI HWHU Z H EXI@ DEUGI H
EHVE HHQ UHVHDUFK DQG WKH S@\ LRRP WWDWZ L@HQVXUH FKLGUHQ DQG | DP 1@HV KDYH DFFHW
VR HYIGHQFH EDVHG HITHPWYH GHYHBSP HQB@ DSSURSUDM WHDSHXWE VXSSRUAZ KHQ
WH QHHG WP RWW7KLY: RINQJ 3 DSHULY D FD@ RUFR@IFWYH DPWRQ VIR VWHQI WKHQ WKH
IIHGR 3@\ 7KHWDS\

S5 .BA.& QUEA™RAR V)E-RYOVA'
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$ FFHWIE®! 2 0 DNH UHVHDUFK FRQMEXWRQ | HDME®! | RUEXVA SUDFARQHLY

5 HBIYDQW ( QuXUH UHVHDUFK DGGUHWHV UHDOZ RUG SUDPVEH QHHGV

4 XDOW 20 DQMIQP HWMRGREJ [FDALI RXUZ KIG! QFUIHDVMQ) SDUAFISDARQ

,P SDFWg & RQUHPWHVHDUFK VR [P SLIRYHG RXWFRP HV' | RUFKLGBUHQ DQG | DP LOHV

6 XWILQDE®! @ 9@ BQ WP FDSDFIW | RURQJ RIQ) UMVHDUFK FRQMEXWRQY
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5 HVHDUFK IV RQO | RUDFDGHP IFV Z IWK

5HD@V 3 WDPWEH EDVHG UHVHDUFK HQFRP SDWHV
P DQ DPWYMEVWDAB @ 7 KHIDSMWDOHDG. GR
|RUH DP S® i WP DME FDVH GRFXP HQVMRQ
RXVWWRP HWDFN.QJ  DQG UHI GIFYH SWDFWEH $
GRAVRIDM 3K IV QRAWHTXILHG IQRGHUWR
SDWAFLSDWM 1Q RU DQVDARQ EDVHG TXDIW

IP SIRYHP HQARUSWRI LDP  HYDOXDARQ RU
FRAERWDAYH UHVHDUFK WXGIHV

0\W
HYHW W)

, HHG+5( & ,5%DSSURYDARU

5HD@V 0 DQ SUDFWFH EDVHG UIHVHDUFK
DRIV | DOXQGHUT XDON [P SURYHP HQARU
URXVIQH RXWRP HP RQVRUQI ZKIEK P D QRW
UHTXILH I X@* XP DQ5 HVHDUFK ( WIEV &RP P MMH
+5(& ,5%WHYIHZ 6P SGIRXVWRP H

P HDVXUHP HQAVFDVH GRFXP HQIARQ DQG

RU DQVDARQ EDVHG VHUYIEH HYDXDARQ RIWAQ
TXD@O\ DVWBQGDUE SUDFWEH P SUIRYHP HQW
UDWHUWDQ| RUP DOHVHDUFK

0\W 5 HVHDUFK VBNHV VRR P XFK WP H DZ D\
IURP FQHOV

5HDMWV : HOGHWI QHG SUDFWEH EDVHG
UHVHDUFK FDQLOWAT DM VHDP GO [QR DQG
FRP SGP HQAFGQEDY RN %IH RXVWRP H
P HDVXUHV GLJ VDOGDVD FRBIFPURQ DQG

A WP DAE GRFXP HQIWRQ FDQHI | HAYH®
HQKDQFH VHUYIEH HYDXDWRQ DQG FOQIEDO
GHFIMRQ P DNQJ Z KIB! FROMEXWQJ VR WH
HYLGHQFH EDVH

0\WK 0\ P DOSWDFWEH FDQWSURGXFH
P HDQQJ I XQHVHDUFK

5HD@WV 61Q1® FDWHWXG GHVI QV WP DOQ
WXGHV DQG SDWFISDURQLQ P XOA WA GHVY RUNV
D@Z W’ DOQSWDFWFHY VR FROQMEXW YDXXDE®!

HYIGHQFH ( YHQ RQH Z HOGRFXP HQWG FDVH FDQ
SWRYIGH IP SRUWBQAIOWI KW | RUWH | HG

0\W
YDXDE®!

5 HVHDUFK P XW\EH SHUHFWIR EH

5HD@V 3 WPWEFH EDVHG HYIGHQFH HP EWDFHV
UHDOZ RUG P HWIGHW 6\WWGHV Z VK SUDFVEDO
@ VDARQY M@SLRYIGH YDOXXDE®! QI RIP DARQ
DERXWZ KDWZ RUNV XQGHUWSIEDOFRQGIMRQY

Z KIFK FRP SGP HQW P RUH FROARDIG UHVHDUFK
AXGIHV

0\ VK
DQDOMYV

, GRQWKDYH W@ 1OWIWMFDO

5HD@V 0 DQ. UHVHDUFK FROQMEXWRQV GRQW
UHTXILH FRP SB[ WDWMEV ' HVFUSWYH GDVD

A WP DAE REVHUYDVRQ DQG SDWFISDUARQLQ
FRAERWAYH WXGHV Z KHUH RWHLWY KDQGO!

DQDOMY DUH DOYDODE®! | RWP VR UHVHDUFK
FROMEXVRQ
& QRA™AR J)ERANVE S3 .RY



0\VK  5HVHDUFK VMGV FAEDCFUHDWYIW
5HD@V 3 WDFWFH EDVHG UIHVHDUFK VXSSRUNV
IQQRYDARQE\ SWRYIGIQJ i WP DAE Z D\ V\R
GRFXP HQAZ KHQ FUHDWYH WKHUDSHXWE
DGDSVIMRQVZ RIN 7 KLY WHQKHSV IGHQAN Z KIEK
P RGLIEDWRQV P SUIRYH RXWRP HV DQG VKRX@ EH
HSTFDWMG

0\VK  3DUHQNZ RQWFRQUHQMR UHVHDUFK

5HDOW 0 DQ 1DP LIHV DSSUHFLDWA WH
FROMEXWRQWH FDQP DNHVR [P SUIRYIQJ
WHDVP HOWDQG VHUYIEH DFFHW | RURVKHU
FKIGUHQ :  KHQUAVHDUFK LV LDP HG DV TXDOW

IP SIRYHP HQADQG RXWRP HWDFNQ) FRQVHQW
UDWAV DUH WSLED® KLIK

0\VWK  5HVHDUFK UHVX®VZ RQWFKDQIH
DQ WIQJ DQ ZD

5HD@W 3 WDFWFH EDVHG UIHVHDUFK GILHFVD

LQ XHQFHVWHDW? HOA XIGHTHV 1 XQGEQ) DG
LQUXWDQFH FRYHUD) H GHFIMRQV DQG WDIQQ)
WEBQGDUEV 7KH 1' ,6 HYIHZ RI 0 XVIE
7KHWDS\ DQG $ U KHWDS\ GHP ROMDWAV KRZ
UHVHDUFK HYIGHQFH  RUVKH SHUFHSVRQR! D@FN
WHUHR  GILHAVD [P SDFW Z KHWHUVHWYIEHY DUH
IXQGHG 3 IDPWARQHUFRQMEXVRQY KHS HQUXUH
WKDASRIFIHV UH GIFWHDOZ RUT SUDFWEH IDHU
WKDQ MVHVHDUFK FRQGIMRQV

S5 .Mb.& QRA™A.R J)E-RYVA'

0\ VK , P MVWRQH SHURQ P\ GDD
Z RQWP DMAU

5HDMWV , QGLYIGXDCBUDPWEHY SURYIGH FUKFIDO
SIHFHV R WH O HUHYIGHQFH SX] ] ®F 7KH
XQTXH SRSXOMRQ VHWQJ RUDSSURDFK R
IQGYIGXDSB @\ 7KHWDSMN P D\ [1@P SRYBQW
J DSVIQWH UHVHDUFK EDVH WWDADLI HUOWXGLHV
P IW &DVHH DP SGV GHP RQMDW KRZ D
VIQI B! Z HOGRFXP HQMG FDVH FDQ LOMADM
WHDVR HOASLRFHWHV [P SGP HOMIRQ

| DFVRY DQG RXVFRP HV DFURW P XGAS®I

GRP DIQV 1Q RUP DARQVKDWFDQ EHQHI MWKH
HOWH | HG
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* qGw

$@HG + HDOK 3 B HMRQVS XYMDD $+33 QG $ERXVS+3$ SHWHYHGIURP

KW8V DKSDFRP DX

$P HUFDQ3 W FKR®JIFDBWRFIDARQ $3$ QG ( YIGHQFH YDVHG 3 BFWFH O3 \ FKR®J\
5HWHYHG IIRP KW8Y ZZZ DSDRU SWDFPWEH UHVRXUFHV HYIGHQFH

$P HUFDQ3 W FKR®J IFDBWRFIDARQ $3$ QG ,QMUDARQDO RXUDAR 3@\ 7KHWDS\
5HWHYHG ILRP KW8V ZZZ DSDRU SXEV XDV SO

$WRFIDARQIRU3 @ 7KHIDS\ QG 5HVHDUFK 5 HWIHYHG | IRP

KW8V ZZZ D SWRU SDUH 3 XEQE5 HVHDUFKS HVRXUFH

$WRFIDARQIRUB @ 7KHIDS\ $37 QG 7KHWDSHXWE 3RZHWRI 3@ 5HMHYHG | UIRP

KWBV FGQ\PDZVFRP ZZZ D SWRU UMVRXUFH UHVP JUHGXFDARGB BADIQQ) WWKHUDSHXWFESRZ
HYERIESD\ B SG

%WDMQ 6 & 5D ' S5KIQH7 -RQHV/ 7KHHIILEDR Rl SO\ WHWDS\ Z WK FKIGUHQ $
P HVID DQDOVIE UHYLHZ Rl WHDP HQARXVWRP HV 3 BRI HWIRQDCB W FKR®J\ 5 HVHDUFK DQG 3 DPWEH

&DORWID ( YIGHQFH %DVHG & BIDUQI KRXVH IRUEKIG: HODWH &( %8 QG +RPH 5HWHYHG
IURP KWBV ZZZ FHEF FZ RU
&RP P RQZ HDOK Rl $ XMDID ) LQDCB HSRUN( [ HFXWYH 6XP P DI 2 XUYIMRQ| RUDQIQFOMYH
$ XAMDID DQG 5 HFRP P HQGDMRQY 5R\ DA&RP P MRQIQR 9 IRBIGFH $EXVH 1 HI BIFDQG
([ SBVDARQRI 3HRSGIZ WK ' IVDEIDN 5 HWHYHG | IRP
KWBV GMVDEION LR DBRP P MRQJRY DX Vi WP | LBV )IQDO  UHSRWV

([HXWYH  6XPPDY & 2XU VYMRQ IRU DQ IQFOMYH  $XMDD
DQG  5HFRP P HQGDMRQVSG
&RUHWO 3DBIPR & $\K 6 3 B HVMIRQDAGHQAN UHVHDUFK 1Q VKH KHDOM
SUIRIHWIRQW $ VFRSIQJ UHYIHZ $ G/DQFHVLQ + HDOM, 6 FLHQFHV ( GXFDVMRQ 2
KWBV GRLRU Vv
' RXJKHW - 5D ' LLIHUHQWDAP SDAVRI SO WHWDS\ RQ GHYHESP HQEGBIYHY RI
FKIGUHQ , QMUDARQDO RXUDAR! 3@\ 7 KHWDS\ g KWBV GRLRU

(IIHPWYH&EKIG7KHDS\ (&7 QG +RPH SHWHYHGIURP KWBV H I HPYHFKIGWHDS\ RU
( YIGHQFH YDVHG &KIG 7KHDS\ QG 0 HVID $QDOVHY DQG 5 HYIHZ V' 5 HWIHYHG | URP

KWBV  HYIGHQFHEDVHGFKIGWHWDS\ FRP P HVID DQDOVHY UHYLHZ V

*DFD- /| +HFNPDQ- - 5RQGED 9 7KH OWQ) HITHFWR! HDW® FKIGKRRG
HGXFDARQRQ SURP RWQJ WH WN@ DQG VRFIDCP REIOV R GVDGYDQU HG'$ IUFDQ$ P HUEDQV DQG
WHUFKIGUHQ - RXUQDAR| 3ROAFDQ FRQRP \

*DFD- /| +HFNPDQ- - /HD ' ( 30GRVO - 4 XDQAM\ LQJ WWH@H F\ F®I
EHQH IWR! DQIQ OHQADHDU® FKICKRRG SR WP - RXUQDCR! 3ROAEDQ FRQRP \

~
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* qGw

+DDV6 & 5D ' & &K@ FHOMUHG SO WHUWDS\ Z IW FKLGUHQ DI HFWAG E\ DGYHUH
FKIGKRRG H SHUHQFHV $ MQI ®f FDVH GHMJI Q |, QMUDMRQDO RXUDARI 3@\ 7 KHUWDS\ 4]
KW8V GRLRU SO

+HDWB @ QMMM QG $3 75HVHDUFK ,QRIWSKIE 5HWHYHG | IRP

KWBV ZZZ KHDYBM® LOMIMWM FRP UHVHDUFK

+HENP DQ - - 6FKRRY W@ DQG\WA QDSVHV ( FRQRP IE, QT XY

+HFNPDQ- - *DFD- / YHQKRII )  /HD ' ( 7KH G\ QDWIE EHQHIIWRI HDUD
FKIGKRRG HGXFDARQ 8 QYHWAW Rl &KIFDI R %HFNHU) UHGP DQ, QAIMWM | RU( FRQRP IEV:  RUINQJ
3DSHULR

 QMUODARQDRRORUKP RI 3@\ 7KHDS\ $WRFIDARQY & 37 QG $ERXW& 3 7 5HWHYHG
IURP KWBV ZZZ IE SWDFRP

.QSSO0 OF DG' 3DUWRQIHO 0 HQUBCKHDOM SURP RURQ DQG P HQEQMHW
SUHYHOWRQ 7KHHFRQRP [E FDVH ' HSDUWR HOAR! + HDOM / RQGRQ 5 HWHYHG | LRP

KWBV HSUQN OH DF XN 0 HQEKHDOMESURP RURQEDQGEP HQDBMMHWESUHYHQARQ
DX\WRU  SG

/HADQF 0  SWRKIH 0 $ P HVD DQDOMVRI SO\ WHWDS\ RXWRP HV & RXQUHIQJ

3 W FKR®J\ 4 XDUMD

/IQ< %DMQ6 & $ P HVID DQDOME UHYIHZ Rl FKI@ FHQMUHG SO WHWDS)
DSSURDFKHV - RXUQDAR & RXQUHO) DQG' HYH®SP HQW

KWBV_GRLRU M [

O0DF RDG - % 4XIQDQ ( 7KRQ 0  /DDXV 0 0 DQDJ QI XQFHUBIQW 1Q

SWRI HWIRQDCSWDFWEH SUDFWEH J XIGH 7KH$ XAMDIDQ, QAMYMW Rl ) DP 1® 6\WGHY 5 HWIHYHG | URP
KWBV_DILV.JRY DX VWAV GHI DXOM LBV B DQDIIQ) XQFHWEION 1Q SURIHWMRQDO
SWFWEH SG

ORD/ YDQGHEI®I . 1H®/ $QHYDODARQR! SO WHDS\ | RUFKIGUHQDQG\ RXQJ

SHRS®I Z VK [QM@IFVDOGVDELMAHY 5 HVHDUFK DQG 3 DFWEH 1Q, QM@IFDDQG' HYHBRSP HQEO

' \VDEIMHV g KWBV GRLRU

1 DARQDO IVDEIOV ,QUXWDQFHS JHQR 1' ,$ 4 XDUMUD® 5HSRUY DQXDUY VRO DUFK
5HWHYHG IUIRP KWBV ZZZ QGVJRYDX P HGD GRZ QBDG

1 DARQDO VDEIOV ,QUXWIDQFHBFKHPH 1' .6 QG &KDQIHVVR1' ,6 GUIMIMRQ 5HWHYHG | IRP
KWBV ZZZ QGVJIRYDX FKDQIHV QG G IMDMRQ

1 DARQDO MOEIOW ,QUXWIDQFH6FKHP H 1" ,6 QG ' RHV\ RXUIP SDUWP HONWXEVWRQAD® UHGXFH
\ RXUI XQFMRQDAFDSDFIW" 5 HWHYHG TURP KWBY - RXU XIGHTRHY QG JRY DX KRP H EHFRP 1QJ

SDWAFISDQADSSOLQ) QG GR \ RX P HHWGLVDELIDNV UHTXIWHP HQA GRHV \ RXULP SDILP HQW
VXEWEBOQAD® WHGXFH \ RXU I XQPWRQDOFDSDFIW

& QGRA™MARV)ERIVE 33 R4



* qOGw

1 DARCDQQMIMWM IRUIB@ 1,)3 QG 3@ 7KHYDMEV 5HMHYHG | UIRP

KWBV QIS® RU ZKDMY SO WH EDVMEV  FKICUHQ FUMFDO

1 DARCDQQMIMWM IRUIB@ 1,)3 QG 6FHQMIE' MFISAHVS HVHDUFKIQ) 3@ 5HWIHYHG | URP
KWBV QIS® RU SO VFIHQFH VFIHQAIIE GIVFISAHY IHVHDUFKIQ) SO

1 DARCDAD HQWOH HDOK &RP P MRQ 3 DUHOWQ LOMUYHQARQY | RUMH SUHYHQARQR
DY IHW GVRGHWY IQ FKITGUHQ 6\ GQH\ $ XAMDID 5 HWHYHG | IRP

KWBV ZZZ P HQBBHDOKFRP P MMRQJRY DX SXEGFDARQY SDUHOMY)  [OMUYHQARQY SUHYHOURQ
DQ HW GVRWGHY FKIGUHQ

1+6 (QOG 5 HGXFIQ) WH XVH Rl J HQHUDADQDHWKHWEY IQ SDHGIDME 0 5, $ SO B1G
DSSURDFK DA RUK ' HYRQ+ RVSIVZO,Q3 @\ Z HD* XIGHEHVIRUFRP P MRQQI DQG GHVLI QQ
KHDOK S@ VHWIEHV 5HWHYHG IUIRP KWBV  ZZ Z HQI @QG QKVXN BQ) UHDG SO\ Z HOD
JXIGHIHV IRUFRP P MWMRQQ) DQG GV QQI KHDOK SO VHWYIEHV

1IRPDQEQ/ %DM - %JIQ0 )RAI\ 3 ( QUON . 3@ FRP SBMRQSWHGIFW

| HZ HUFKI@S SV FKR®J IEDOGL IEXGHY $ ®RQIVXGIQDOAMXG. Rl P HQRQ Q) SIRFHWHY

, QMUDARQDO RXUDAR! 3@ 7KHUDS\ g KWBV GRLRU S0)

1RFIRWV - : DP SRG % ( YIGHQFH EDVHG WHWDS\ IHDMRQWKISV 5 HVHDUFK FRQFOMRQV
DQG FAEDCSWDPVEHV 3 W FKRWHUDS KW8V GRLRU D

3DFNPDQ - %DMRQ 6 & $ VFKRROEDVHG J URXS SO\ DFWYIW WWHWDS\ [OMYHQOIRQ
Z WK ®DURQ) GVDEGIG SUHDGROMFHQOW H] KIEMQ) EHKDYIRUSUREGP V ,QMUDARQDG RXUDCRI
3@ 7KHWDS\ KWBV GRLRU K

3DNHUO 0 +XQQEXWWRGBIEDXIK . 0 .HOD & 7 ([ SRUQI WH P SDRARI FKI@
FHOMUHG S@ WHWDS\ | RUFKLGUHQ H KIEMQJ EHKDYIRIDGBURE®P V $ P HVD DQDOWY

, QMUDARQDO RXUDCR! 3@ 7KHUDS\ g KWBV GRLRU S0)

3RUEXVY QG 1HZ SRTIF\ UHVHDUFK RQWH YDOHRI : KRBI&KIEG' HYHBSP HQWS HWIHYHG | IRP
KWBV ZZZ SRMEXVFRP HQ DWME®N QHZ SRIF\ UHVHDUFK RQ WH YDOH RI Z KR®I FKIG
GHYH®SP HQW

3 X FKRWHWDS\ DQG & RXQVHAY ) HGHDARQR! $ XD 3$8)$ QG &RMUHRI &UHDWYH DQG
([ SHUHQADOY KHIDSIHV &&( 7 5HWHYHG I RP

KWBV SDFIDRU DX 3RWIOS ERXWE.R@ HV FUHDAYHEDQGEH SHUHQWDBMHWDSLHY DVS]

5 DMQDNXP DU 3@ 7KHDS\ DQG &KIGUHQZ WK, QMMIFWDO VDEION 6KDQDY
,QMUDARQDO RXUDCR! ( GXFDAWRQ g SHMHYHGIWRP

KWBV [ IBNHUE HG JRY | XQM W - sa

5D ' & 0 DFK 7KH ( YIGHQFH %DWH' HWALP IODARQ $ 0 RYIQJ 7DU HWS WRFIDWRQ|RU
3@ 7KHWDS\ 0 DI IQH 5HWHYHG IRP KWBV ZZZ P RGHUQSXEVRQEHFRP 3D\

7KHDS\ 3@\ 7KHWDS\ 0 DFK KW OlQGH KW OSDUH  RWIQ WHDGHU

S5 .MmA.s QuRA™A.R J)E-RYOVA'



* QG w

5D ' & 5HVHDUFK QSO WHIS\ ,Q' &WHQWKDZ $ 6WZDW ' 5D (GV 30
WHIDS\ $ FRP SUHKHOWYH J XIGH VR WHRY DQGSWDFWEH QG HG SS * XIORUG
SHQWKDZ .  6FLD 1 3@ 7KHWDS\ DQGWH1' ,6 +RZ 3@ 7KHIDSMVVXSSRUM ' 6

FKI SDUAFLSDQW DQG WHIUI DP LOHY 3@\ DQG) LIDOY KHDS\ DQG 3@\ URRP 7KHWDS\ 5 HWIHYHG
|URP

KWBV ZZZ SO DQG LMDKHDS\ FRP BIBV XJGF DB G HDFDG IHDH ED H

sG

5HQKDZ .  6FLD 1 3@ 7KHDS\ ( YIGHQFH6XP P DU 3@ DQG) IADY KHDS\ DQG

3@ WRRP 7KHWDS\ 5HWMHYHG | RP

KWBV ZZZ SO DQGIIDWHDS\ FRP BIBMV XJGF DB E D El ECGH

sG

6IYM 6 O $ %DQ0 RWYDMGVR 3D ,QUIKWIQRWH 1 HXUREIRRI\ Rl 3@\ | XQHW

%HKDYIRXU g  KWBV GRLRU :

6VIWM Rl 9 IFVRUD $ XAMDID ' HSDUWR HOAR! ) DP I@HV ) DILOHW DQG + RXMQJ 0 DUFK

,QFOMYH 9 IEVRUD \WIDM GIVDELON SOQ 2 5 HWIHYHG | URP

KWBV ZZZ YIE JRY DX VWAV GHI DXOM LBV ,QFOMYH 9 IFVRUD \WIDM GIVDELON S@Q
SGl

6WZDUMS 5D ' ' XIDQ( 9DQGHU XWHQ. '\VRQ3 * DQA5 - /DQIHQ7 /1O - 3

S5IYHH 6 /HHEW - - XQH © K\ 3@ 7KHWDS\ IV$ SSURSUDW | RU& KITHUHQZ VK

6\PSWRPVRI 376 S5HDVRQV: K\ 3@ 7KHWDS\ IV DQ( I1HPWYH 7UHDR HON& KRIEH | RUSKITUHQ
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