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7DEOH Rl &RQWHQWYV

6FLHQWLILF 'LUHFWRU V OHVVDJH
0DQDJLQJ 'LUHFWRU V OHVVDJH

<HDU E\ 1XPEHUYV

2YHUYLHZ RI 5HVHDUFK

SHVHDUFK 6SRWOLJKW

SHVHDUFK +LJKOLJKWYV

QVWLWXWH +LJKOLJKWV

$IILOLDWHG 5HVHDUFK 3URMHFWV

([FHOOHQFH LQ +LJKO\ 4XDOLILHG 3HUVRQQHO 7UDLQLQJ
7UDLQLQJ 3URJUDP &RPSRQHQWYV

BHPLQDU BHULHYV

SHVHDUFK ([FKDQJHV

+LJKO\ 4XDOLILHG 3HUVRQQHO 5HVHDUFK *UDQW $ZDUGV
(TXLW\ 'LYHUVLW\ ,QFOXVLRQ ,QGLJHQHLW\ ,QLWLDWLYHYV
2XWUHDFK ,QLWLDWLYHV

$QQXDO *HQHUDO OHHWLQJ 5HFDS

$ZDUG +LJKOLJKWYV

$ERXW 8V OLVVLRQ 9LVLROQ

$ERXW 8V 9DOXHYV

$ERXW 8V G6WUDWHJILF *RDOV ,QGLFDWRUV RI 6XFFHVV
$ERXW 8V ,PSDFW 6XPPDU\

([HFXWLYH $GYLVRU\ %RDUG

$GPLQLVWUDWLYH 7HDP

6FLHQWLILF /HDGHUVKLS 7HDP

6FLHQWLILF OHPEHUVKLS

+LJKO\ 4XDOLILHG 3HUVRQQHO OHPEHUVKLS

3DUWQHUV

J)LQDQFLDO 6WDWHPHQW

3DWHQW /LVW

3XEOLFDWLRQ /LVW

3UHVHQWDWLRQ /LVW

3KRWR *DOOHU\




6FLHQWLILF "LUHFWRU V OHVVDJH

‘U &DWKOHHQ &UXGGHAQ

<HDWKURHMHRXWPELWLRMXURQWEHUYMD YX®G
7UDQVIRUPOW)RMQHVHDEBRIJUBPVEHH® UXO\

DPD]LQJQ DGGLWWRROWKHD QWD VWLRQWIQGF

HQJLQH HHMXIRWAL © G DIEE R X \W KIR OOR 3DQ B V

RXUPLG WHUPYLHZDV PHWZLWKQ HQWKXVLDVWLF
HQGRUVHPHQW IURP WKH 1)5) 7 V WHDP RI H[SHUW UHYLHZHUYV

H\ VFLHQWLIJKP LIRWYX\GHEHYHORSRHRYHU QHZ1 KHWHURF\FOL
FDUEHQHM¥&V IRUXVHRQ VXUIDFIH¥G ELRFRPSDW+& GHURWHFWHG
QDQRFOXXVRNMHAGHYV FRY KD YEHNWHRURWHEWHSUR Y LV 5 R QVHIQQR X U
ODFURKHPIH &OLJIJDRBYWHXFFHV\ENBQIHERXQFWOR N HEK®@ IDFHV
SURYLGPSQURYDHEHVRRGR[RYHUFRRWSYD WHGAR D WHBHH @ K R X W
1+&V1+&WDYBOWKRZURLVHBURWHFWRBQBDUW URGHROG UD\
DSSOLFDRIRFFGWHP SRUWR WD O PE W DD FW XRXHWYL F UR H DRD V
PDGHUHDWULBRYILURLQUWS VD USURP L VLW H UL@GIY HO RBHD J
PDQXIDFWYRXWRWUQWH BFLWFXDR@X|DFW XH KQYWK R Z\@ K I W8 V
VHOHF W RGHPW WDXOU | DEGAKSHU HV HRIEB V X O VWU EXVB Q S U R WM K W/

P HW DB\ L&LH O HFWMWRZWVAKW R X S K\ VLFY & KHRUR X WK D YWKR Z Q
WKD¥WW&\FDOXQFWLRQPW KHQNHPP HWIORAD H [WH Q H U DWHIRRER QG X FWR L
FKLS@ QRWHEHBH®AN D ZHEHPRQVWWBRDWOFD P RRWRX PKH WD O
VXUIDPMRWKH QJVWURPD O QD OLQWKHPHDQRZH KDYMURGXFHG
ELRFRPSDVWMEROPH FRDHORLQMHQRFOXVWHB BVEL]BIGDULRWADWH U
VROXELD+&DQJD Q&M \FHD X V \W Bl VBH H\DW X GLLQf GWDURL QY LYRRKRZL Q J
LQFUHGLEOH SURPLVH IRU HQKDQFHG UDGLDWLRQ DQG SKRWR

7KHVBIFKLHYHPHROWGREHSRVVLEDWKRRXWG HG L FDDMHW DOHQWHG
VW X G HQQVGR VW G R FWVWHR/ BRE BBX UUHQMOIDUW UDLQLIQUIJKDXDOLILHG
SHUVR Q@O DW HKD YHJD G X DMWSHA VK HIKE H J U HRHIVD U H HUX/L W\
GLYHUVNQWO X\DLREQGLIHQMLWHPDLMNVHPDQGDWAHQW\ QL QH
JHOORZVKDLBEHHQZDUGIBQ®G DUOWKNUND @H O D XKHGN KBHVHDUFEK
([FHO O D@ PHNGR H O H E U Bl WHIDAFKKL HY H PRHOAMBYUR M TX LGN VHUYLQJ
JURXSYV

)LOQD VX8l 0& KDVUHFHLRGRBLQIQGLLAQWKBIPRX®W . \U IURRVKH
AXHH@WVMFH 3ULGRVSID® FIK FRIW HV H DHI[BK Q VIZRQWH D W K HMH G V
IDFLOLWDWHG WKH ODXQFK RI RXU ,QWHUQDWLRQDO 5HVHDUF

,WDQKRQRXMPOHDVEKIHfFHSWLWRDPKRDUM KB ULMNHHKL QGWK H
VXFFHWWNKKVWLWRWMR WERHFRJOWWKAR URIRXNHVWDARWRLO\
DQG OHJIJDQ ZLWKRXW ZKRP QRQH RI WKLV ZRXOG KDYH EHHQ ¢




obEbLJLQJ 'LUHFWRU V OHVVDJH

-\RWL .RWHFKD

M \KDUBEHOLWXEWKD YBHD F KHKRIL G S RIL@ WU
1HZ)URQWSHVNDYP¥®G 7UDQVIRUPBWLR® QW
, QM X WA UNHKHR UMD (ZWHK D YHHV W D E O&. W HDGD 7 L H U
LQV W LDMKX\HH QDWQ @HKDYBFKLHPBGWXFFEHVVHV
DFURNWIFRIRXUHVHDWRKPHWFURLFUR 1DQR
$FKLHYHPH/QWKDV WKHUHDWRRQHZ&DQDGLDQ
L QW H O CBHURMSXIBOVE O L F D WLIR@X/W B L MLOQYR X U
HTXLWLYHUNQWO XD DR@GLIJHQABLWLEZWUBBSODXB\MKIKQGLQJ
DJHQF\ V H[SHUW SDQHO ZKR FRQGXFWHG WKHLU PLG WHUP VL

'XHWRXWXFFHVVYHY® DIURI UDLRWHUBWKE 0&,LMURZLDIREDOO)
7KHUHIRBKHYDDHIRFX VRIGI [SDQGRRUQWH U Q 'R DRQE ® WKW RXKQ K
WKEDXQFIKVK& 0&,, QWHUQDMH\RHIDUHAKW ZRS®JIJH 7KHQHWZRUN
RIILFLODOQFK@EWREHU ZLWKKBIG G L VRLRKZA HV H DRIHFKE H UWR P
DFURVKE UL FIRDWLOGRPRIWKHYHPHPEHKD YEHHHDZDUGMGGLQJ
IRDWZR \HRUBW HDSURKMHFWRYHUHDUXKLB@MW KKDYWHHFHLDYHELWLQJ
VFKROMXWWG. WEBDUWLALBRWOQ XIHMH BB AW 7&K HV H DIWHKQ W V
DQGLVLWERRODUWHUFD/GISRVVLWRHRKIBGLQRMKH.FH 3ULQFLSD
5HVHDRAKBDMXHHQ3VRMHFQHGORF XRDVVHVRLAI&\DQG+&
SURWHFRWDHARFO X VVENURULPSURYWEEHUFXWRMUD SHRRGEM HG
HOHFWURFKQMNUBRQYHUDQRQN R U FRU URBIURWHRWVURQHZDEOH
HQHUJQIUDVW WXJPFMNXUIE YLURQPI@WEFHR Q W U MEROHL E URDIU& V
IRFDQFWWHDWRBHQMNL@QRYHPEHU ZHWJQHBUHVHDMFRKDQJH
DIJUHHPBEIQWKK$HQLYHURMZRN\RKLNJUHH P EIQMQ F VHWK® X P E HRU
LOQWHUQDWLRQDO UHVHDUFK H[FKDQJH RSSRUWXQLWLHV DYDL

ODQRIRXQHZROODERURWRUBOGDSXQEHZ LWKRDWKH $*0 LQ
oD\ %H VXUH WR FKHFN WKH DJHQGD DQG MRLQ XV IRU WKHLU

2YHW KR PLOQHD RK LRFXML. @ER H[SD Q GR YU H V H DS UDRG RVK L V
ZHZLORQW WMDRQHF U HFDMMQWH U Q FWORQE & SIDW MR G PUWRNOU R S H

WEBRVLWVRIDWR XSSPUWD QWSOLFD@HRSORWRADROL JL Q DURLPQ J
+RUL]JRQ (XURSH 3LOODU

2QDSHUVR@QPWHAR XA NVHR/ KDREFEXUUBQWDWWHDFPHPEHUR/W KHLU
DPD]JLERQWULEWRLIRMXIFFHVYIX)07JUD WG WHIHYLIBDD G ORRN
IRUZDUG WR RXU IXWXUH JURZWK VXFFHVV
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$UWV B6FLHPFMILQHHULQJ $SSOWHG 6HDBQYKH6FLHQFHYV




2YHUYLHZ RI 5SHVHDUEFK

* H DH DQ IQMODARQDO IOMEMASTDY  IOMMM R
UHHDUK  LOQRYDARQ HGXFDWRQ H FHBIQRH P DGH
SRMEGIE\ D 0 LA@RQ JIDQMWRP WH 1 HZ ) LRQUHY/
1Q 5 HVHDURK ) XQG 7WDQV RLP DWRQ 3LRILDP

) URP DXVRP REIBV \R EUGIHV DILSOQHY JUHHQ HOHU\  1QIUIDVMAKRMUH P IFIRHBRARQEY DQG
SUHAMRQ WHIDSHXWRY WL GLIHEXOWR [P DIICH P RGHQ OH GHYRG Rl P MY + RZ HYHU DV

P RUP HVBY DUH XQWEE®! 1Q R\ JHQ UFK HOYILRQP HOW D@P HEOLQ UDVAKRMUH UHTXILHY
FRMD IQVSHPARQ UHSDIU DQG FRURMRQ P MIDMRQ HIRW 7KH JRDORI WH & 0 & IV \R
GHYHBS D QRYHP HEGFRDWY) VDWW WDWZ I@KDYH [P SDRARQ DOBIQIW \FDBN

0 DAR GIYHO
‘ P SIRYHWEEIOVR P HEOADQSRYIMRQ DQG
HOHU\ 1Q UDWAKPMUH

0 IR ®IYHO

" FMIQCRYHIP IRIRHBRARQEYP DOXI DRMUCY
SURAHWHY

,P SIRHSUHAMRQ \DIHV ~ HIFFRWYHHWR
QDCRP HAHQHY DQG WHDSH\WR

285 ,1129%7,216 :,// 285 ,03%&7

o  5HEXPHFRW DWRADMG Z W 2 XUUHVHDURK P DNHVP HDQIQI I XGFRQAUEXWRQY
FROWKPMRQ DQG P DOMQDQFHRI RWHS 1 6XWHIQDEION' HYHBSP HOW RDY
WDOVSRUBMRQ DQG J UHHQ HOHUI
LQ UDVAXPXH

o &RQMEXW\R QH WHQHIMRQP HKRGV
IRU P DQXIDRXUQJ Rl P IFIRHBPARQIEY
LOWI LDMG FUEXW

o SHWOQVDIHUDQGP RUIHHIHRARH

SUHAMRQ WHUDSHXWA | RUFDQRHU
WHDW HOAP SURYIQJ KHDAOM RXWRP HV

*/2%$/ 3$571(56 7+( 7($0

&DQDGD (J\ SW) [QDIQG * KDQD -DSDQ 2 XUFRQURUXP RI LOGX\WI SDUZHLY

* HP DQ 1 FWHDQGY 1 LJHID 6RXW $1UFD VXSSRUN VFDBI XS DQG NORZ BIGIH
SQWG. IQIGRP  86$ P REID DARQ

H
] QDO /D
2 XUQHE RINRI SDUEHY IQFXGHV J@EDO .
DFDGHP LE UAVHDURK GDGHWYILRP \WH
GMVASEHVRI AKHP MAI - SK\ MEV HQILQHHUQ]
DG P HAHH




SHVHDUFK 6SRWOLJKW

TKL\MDKDRQFBID E HQIUHBWHURPUHYVHDSHWKY SHRWUWHVHDUFK
DFFRPSOLVRPHEDHYQR®RY HWKBGDVVWVHD WY HUUHFRHEDMI[FHOEBHQW
WKH)5) 7PLG WHWURUMHYLEBQ HZKXRFRQJUDW XOR WICWUHPHQGR XV
VXFFHVV DFURVY DOO WKUHH UHVHDUFK WKHPHV ODFUR OLFU

+LJKOLDWKRWY KLIVD UD¥ W L YILQWLGHX/GRIH S X EO L F D MLV P R U HQ
SUH S D UD,WWRD O 8B RIXIDIDVRPV KWHDPZRUKD\EHHOURWHEQ®HG
SDW HDGWO L F DAKILAFRH/D GAHD UBIRZHD U XGER PP H U F L D OHLIJIRW: IWR/Q
DUH@FWGYMF XV Y LREEKXWD Q X DF WWBMBRX L QG LRQVK HLUR G X FW V
DQ®RRRUZDWB/HHLOWKISDUWQHBRRHBRUXLWLRID FL O LMWKHAH
SDUW QH UAKKISYEH JXQH Y H U RN @UWDFAVEUHGORIJUDBPD QW .
RYHU \HDUV

7KHLUN@G X VARD\O D E RUIDYWH.WRIMKGLIV DEFPE UH SO R JURP ¥ H HBR
VSRQVRUBGFHOR U'GRIWWIRDO R EDMOHPH® X | D F WKRIR®DQ\PLOOLRQ
WRQQBMW HHKQSPHIQQVY 7KHREMH FRAW K8 Y R MM RQ Y H V WAL KDEVHH
RI1+&VL GUHYHQPRIUQRRIURQFRQEMA WU HDW AW URFRY IVRIW K H

D X W R P RMQLG XV TADLD B VWRKW K HQIG X VSMDW\W Q B D X B/IKRY BV KWH P L
FRQGXFWRU LQGXVWU\ DUH XQGHUZD\ WR FR VSRQVRU DGGLW

$OWKRMXDRKRUHPIUHVHDKFWURYLEHEHOOHQW
UHVXWW®BHYHOR SPIHQR\FRP S DIWRE®DWHR W HF W H G
QDQRFOXNRWIPISYV R YD RIFGLF LR L |1 L FAXKRD W
W U HFD\® F 1 R\D R IW KPR VIS D F WU X 8 XV R/IYW H
7KHVH[FLWUBY X DMUYKH HF HQSXE O L VIKPWEZ R
DUW LEQWMR XU RDWK$PHULRIKHPLBRGLHW\
KWWSV  GRL RUJ MDF&WRVSV ~ GRL RU
MDFV F DQG®&LJIKOLJKOQMKBXHHQ V
*D]HW WKHS X E O L UKHI\GX\DRARAV K D W& VS UR Y L G H
VW URQRWH A RWUR QFEO X VW BYUWRQ & QY LW UR
W K HAQ D EI@H LFOOHH D U B Q/F KIFIO X V \WWHKUWAR XVIKKH
UHQWV\® W B P & KIHQ W U R G RFEA RO J UFEDAHY\D Q W
I X Q F W L RRYQVOXEHDY X VWAKHUU DFFDHE Q D B/OBU J HWR. Q J
VROLG WXPRXUV

KLOWKHVHV XIODWW KAV EHHQLPLWRG LWUR
PRXVHWXGRMWHDPAH[FLWH® XWK$HU R V SRIIF W
PRYLQJ WKLV UHVHDUFK LQWR KXPDQ FOLQI




ODFUR 5SHVHDUFK +LJKOLJKWYV

2YHWKSDWNDWKBDFURHDPDWDGNLIQLILFDRIWBEXYEOLVBQG)
SDWHQ@HIDGYDQFHPHQWXFFHVNROWRFRSSHIX JROGX DQG

VW HZHL @1K & WV K U R ¥ RKE XOV@N WD E @ H | IPFRHG L | L F DR\DLDRIQWR/ KM HD PV

| LUNMRVO O D E RAXEWIL ¥ BDMLRIRY LV E R VEHQOL Q QV W HDHXOR X W KH+ &
UHGXRYVYG®D\HDFW IDQER WEB FOHD @CLIQUDW GULP IS5 DW H R W/ K H
GHSRVLRVERDWR QWRV HZHDA L O G WRQ J R LLQHIV H DDULFAKHIBE HY HOR S L Q J
K\GURSKREDW LQRW KHSWBILP HAMXP HW K RRAY X U | CPFRHG L | L F IRWEDR Q
SRZGHWWEK+&VXVL@PHFKDQRFKHRWR WWL JDYH DFEH G D WLHR® R
DOQRWSHRYLVSRYEQMWD@IS X EO L F W BR-COIPO VRX@W K R YW X UIDF H V
SURGXFNH®KHURBOD\LQVKEUHVHBFH &VKDYHPSURYYHRW URVLRQ
UHVLVWDQFH

)X UW KHQW K HD\O®SWLPL]RWLRHU 1+& FRQWDERQQIHIDAE HH Q
FDUURHN®QXSWR JVFDOBQWRIWKHSRO\PHUHEF R D W LKDIWEH H Q

V X F F H V \D W@ MKRH3N IRAIVO O R X\FB\J R 83X & XD Q & W HHYO®/ K VK R Z
UHVLVWDRKEBUWHUDQWNUFRUURVYOREQ FIYWRWH V HDWHSUHVBI QW V
FUXFVBVOLS GHYHORGRYMPQWL FR URRDM KY&INVAF & SRO\P HIMNV K
SRW H QD/8ISEDQ F DDNFIURRY/B/U L R R X V WBX [EMDWL. F IRWL RIDR UNVK Q GH U Z D\
DQG WKH WHDP V WKLUG SURYLVLRQDO SDWHQW ZDV ILOHG RC

3UHOLP IHIDDU\UR Q PP\ BWV H V V PX\DWDA FN F H) D O W/H. YH DVDKIEEW
PRVW?2 HPLVVLRQRHFKDQRFKHPHER®LMRMRKM RRHOHFW XV HIGW \
GXULWKM\QW K FWLRF HXRK/L OHR O Y M § VJIHWV K B U L P DID\F WIRQR W K H U
VIQW K AWWRKRGR[LFWMMWB/ODQZRUPNQGRXDTXDRVSHF VKR ZHG
WKRWEHVAMD QGLABWHWWDIBVEDNLQBGDLWHEHJIOLHERWMRI[LFLW\
&RPSDULYRORWKEHSRVQMHWKRIBYG+& GHULYDWUNE 8 H U Z\DR
PLQLPL]JHHSPLVVLRQV HQHUJ\ LQWHQVLW\ DQG WR[LFLW\

+9%) VSUD\HG VDPSOHV XVLQJ 1+& LPPHUVLRQ WUHDWHG FR:









































































































































































