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+ BWXGHQW 3DSHU SUL]JH ZLQQHUV +
+ &DOOV IRU YROXQWHHUV

+ ,((( UHQHZDOV DQG EHQHILWYV

,QWHUYLHZ 3URI *XQHV .DUDEXOXWUYDW 3RO\WHFKQLTXH 0
BWDUWXSV 7HFKQRORJ\ YHUVXV 3URGXF/MRW HUVXLV I X W IQFHV \
%ULQJLQJ RQVKRULQJ PDQXIDFWXULQJ EDFN WR $XVWUDOLD

ORGHOOLQJ WKH QRQ LQYDVLYH IHWDO HOHFWURFDUGLRJUDP

5HGXFLQJ IDOVH GLVFRYHULHV LQ UHVYWLWY YXWDWH VIKKRUFW L
FRUUHFWLRQ DQ 11,56 VWXG\

9LUWXDO 5HDOLW\ DVVLVWHG ORWRGBHPRYHU\ | R HDUHZ\ SRVV
,((( :RPHQ LQ (QJLQHHULQJ 9LFWRWRR® 6HFWLRQ $IILQLW\ *
((( (QILQHHULQJ LQ OHGLFLQH D Q B V¥4LRRIIDRY \6 BIRFA_HHQWY ,ERADH H
5RERW 6XPR +DFNDWKRQ

(((:,( \QWHUQDWLRQDO /HDGHUBROSUXPPLW ,/6 OHO
$1=68&21

3XEOLFDWLRQV &RUQHU

(GLWRUV 3DJH

,((( 9LFWRULDQ 6HFWLRQ $%1 PRXV LM PIU DXMLEQRQLW RI ,((( ,QF 7K® YUH ZW KHR[\SH HRV VB
DXWKRU V DORQH DQG GR QRW QHFISRVODBLBY RHSR KWO®WNWKIHWKH BHFWLRQ &RPPLWWHH

7KH FRYHU VKRZV D D QXPEHU Rl SKRADR LB S KWYWQWNQR UM WHMIG E\ ,((QJ FRRFW ZLWRIP WRIS
ODE WRXUV LQ 6W 9LQFHQWYV +RVBL\UDO6 1 HRRBRWQEXPRRUDPILWHKERQ V S®H R IOF MSCHD W N D\D HW/R
RUJDQLVHG E\ ,((( '"HDNLQ 6WXGHQWWoUDHQFR| DR WZ 8 HHDNV MWQSELVFXVVGROQDMVE MV KH $1=6&21

&RYHU GHVLJQ 0D\ $OKDMUL

&RS\ULJKW < ((( 9LFWRULDQ 6HFWGR QR $SDUJ WLRK WK LWHSKEOLFDWA RQY FDU EXOMREGH & G @ XU F
ZLWKRXW WKH SULRU ZULWW HQRSHIXRIW KK B Q @IRW R B VEHEPDINREIQ W D F W
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$V WKH \HDU LV FRPLQW WBRVDQHRRGQLVHG WKDW WKHUH ZDV
ZRXOG OLNH WR WDNHR KR HPEFHRIUWWWRLWSSO\ IRU VHQLRU P!
WR UHIOHFW XSRQ DQviiRVUHTHKUQHPHRESW RI KDYLQJ D VXIILF]
LPPHQVHO\ UHZDUGLQPHPFYyjuv DFW DV D UHIHUHQFH 7KLV :

WKH, QLEFWRULDQ 6HFWLRQ E\ KDYLQJ D
TKHUH KDYH EHHQ D ELH @-T‘Q N PHPEHL?V W KD W %UH
ZRQGHUIXO DQG HQJDJW HYH \}v'ﬁlﬂ

G DFW DV D UHIHUHQF!
ZHUH RUJDQLVHG E\ %g LUHP WV Q
YROXQWHHUV DFURVV WKH 9LFWIRQJ LRS S\HHU\? D

JURXSV DQG VWXGHQW EUDQFKHIWHURIZBXGR[WLMH IR KDQ®0 KDYH D Vw!
VLQJOH PHPEHU DQG YROXQW HHIX WRIR/RY 1§ s R RLI A RQIW K U MUZLOO
LQ PDNLQJ WKH 9LFWRULDQ 6HMWLRMRD HWHAFBPERK DLQSOHAIFWLRO DQG WKFE
6HFWLRQ DQG , DP DPD]JHG DERXMW R @ KO WRRH@W\ PG WK UHPHPEHU

UHOHQWOHVVQHVV RI PDNLQJ VRORS WRHFKQW BRQ W RN Y% o RPN o w
DQG FRQIHUHQFHV VXFK D VXFFHVV

2QH QRWDEOH HYHQW WKDW ZLORRQHQDE
2XU LQVSLULQJ PHPEHUV DQG YROWRWYRY VWK KHOBHFLWIR Lo RUJIDQLY
JURZ RXU PHPEHUVKLS EDVH LQ wkRQG(WKHIPHRWLRE) ,QIRUPDWLFV &
KDV EHHQ DZDUGHG ZLWK WKH KHOEY PR GG LR & oG W BRRYHUVLW\ RI 7H
OHPEHUVKLS 5HFUXLWPHQW DQG 5WWHRWMLRSY 3WKILRYPEREHLDO 6HFWLRO
7KHUH KDYH EHHQ D IHZ 10DJVKLS HY¥HQWNUWKLWIKHDU RPERI RI RXU 9l
WKH ELJJHVW ZDV WKH =, ( ,/6 LK EpL MMVRIBIPRIPER® Y JHWWLQJI GLUHF
E\ ORQDVK 8QLYHUVLW\ 9LFWRULDRQPFIWLRG FRF¥YLVAWWN . DP ORRNL
*URXS DQG VRPH RI RXU 9LFWRULB@ &IFML RS SREVWXBWHH wKkDW SURP
PHPEHUV S$QRWKHU QRWDEOH HYHRQWIKEYWKHHQWWKH LEMWRULDQ 6HFWLRC
(0%6 $VLD 3DFLILF ,QWHUQDWLRQDQ RSW EGEHE VS opMARUPT R RXU PHPEHU
ZKLFK ZDV KHOG DV D K\EULG HgHWRWV¢KRBIO0ARVIURZ DQG JDLQ H[SHU

FROODERUDWLRQ RI D WRWDO RipQd/¥X6HRW) E@WEN QBRERQDO FRQIHU
DFDGHPLF DGYLVRUV DFURVYV 50,7 ORQDVK 8QLYHUVLW\

8QLYHUVLW\ RI OHOERXUQH 6ZLERRWKHUS Y WWHRLQWLWRFRY ZLOO EH SOD
7THFKQRORJ\ DQG 'HDNLQ 8QLYHUVLBHW®RMWK HXGXOMMWUYZ BQIE DFDGHPLD WR
JUHDW VXFFHVV DQG , ZRXOG OLNHOW K HIREQJIH DWNKXIO B M/HOWKH RH QMQRAHOH G Jt
RUJDQLVLQJ FRPPLWWHHV RQ WKHDODHDWQJ HRS8HMGMIWIWRRGDIDEGEYDQFH WHI
DQG OHDGHUVKLS WDOHQW , NQRZ KRZ PXFK ZRUN ZHQW LQWR

WKLV HYHQW WR DFKLHYH WKHVH J%R/Q§Q$%§OQ\P|¥P§|%9R/QS'5‘G'RU WKH

, FDQ W EH PRUH SURXG LQ SHUVRQ HYHQW DQG , DP OREF

FHOHEUDWLQJ DOO RI \RXU DFKLHYHPH
7KH 9LFWRULDQ 6HFWLRQ ZDV GHODJIKWHWBRWMR VYXWEERERW DRO RKRJ UH WK WH
RXWVWDQGLQJ PHPEHUV (WKDQ VUHRRRX WONUHKDEXG WKDQN \RX DOO LQ

6XVPLWD 6DKD -LQJ =KX ZKR XQIRUWXQDWHO\ ZDVQ W DEOH
WR DWWHQG DQG 0D\ $0KDMUL WR\HwWHPEFWBYEHPR 6HFWLRQ ZRXOGC

DQG zH FDQ W zDLW IRU WKHP wRZYREFXE Wy MY W R oy SOHDVH

DQG OHDUQLQJV ZLWK RXU PHPEHURERXW EHLQJ DQ ., ((( FHPENU DQG , DP
WR D PHPRUDEOH \HDU

‘H KDG D FRXSOH RI K\EULG PRQWKO\ PHHWLQJIV WKLV \HDU
DV ZH VDZ &RYLG VWLOO KDYLQPBBLFPsBRUWKBHVERRsE&KALY ((( OSLFWR

ZHOO EHLQJ DQG IHHOLQJ DW HDVHR-YREENHRAERSKRNV Y RQ#4k HH RUJ
LV XQGHUVWDQGDEOH , VLQFHUHO\ KRSH WKDW WKH K\EULG
PHHWLQJV ZLOO EHFRPH D UHJXODU HYHQW IRU
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$QQXDO *HQHUDO OHHWLQJ FHOLBELOOWFVRRUHWEBURIHQHRXV 0XOV
6HFWLRQ 8VvLQJ QWHOOLJHQFH 7UDQVIHU

$00 PHPEHUV DUH ZHOFRPH WR DWMHQEHWWHRYSRFOMA Q@ ISQEHU S@>3H 9ZDV I
9LFWRULDQ 6HFWLRQ $*0 7KLV HYHQ W IRURWY K:H SOEEEERAWLDO 39 +RVWLQ
WKH WK RI '"HFHPEHU EHJLQQLQH BROWDJIPEQREEBON Q@ EDQG 3RZHOLEHEDO
KHOG DW WKH 6DYR\ +RWHO RQ VLW&DPYH &WXEE6LQV 6WUHHW RSSR
BRXWKHUQ &URVV 6WDWLRQ 7KH HYHQLQJ ZLOO FRPPHQFH
ZLWK UHSRUWYV RQ WKH \HDUTV OSPWL&KODUWHY RE\ W/KH  6SHPRRMIUR QFRPSHWL
&RPPLWWHH IROORZHG E\ D PDLQ FRRXWKWBRDIOD G KHRMNHHEQ W KDW WKH VW
ZLOO IHDWXUH D JXHVW NH\QRWHYWSNDNHK DS BBWYGRQLNKMWR FRQJUL
DFWLYLWLHV RI WKH 6HFWLRQ LQ SDSHP¥ G ISRNAN®I @ WD WIKRQ DRRIDUGYV 7Kt
SULJHV WR WKH 6HFWLRQ V 6WXGHGPW HQMN&HE DR WEKKWBIQRXADEP *HQHUDO (
ZLQQHUV DQG DOVR Rl 6HFWLRQ DZDUGV

&DOO IRU 9ROXQWHHUV IRU
7KLV LV D JUHDW RSSRUWXQLW\ IRU PHPEHUV WR FRPH DORQJ
DQG PHHW WKH &RPPLWWHH DQG 7IHOOHEZ SRAWRMWULVP QL GHBWLRQ KDV &K
UHOD[HG VHWWLQJ DQG KHDU DERMRXKDOW WWKNGHIW IFRUP XPKHY DQG D
DFFRPSOLVKHG DQG ZKDW WKH FRPLQWHNBIY W LIKRXEBVLB@KHVH DUH OLVWHC

ZHE VKWWSV U LHHH RQG U FAKRISMDHL
5HJLVWUDWLRQ IRU WKH $KWW¥VQRXWE¥\Q O RI WKHVH DUH UXQ E\ YR(
9LF$*0 /IRRNLQJ IRUZDUG WR VHHHWLERXRWKHUHBURIHVVLRQDOV DQG F
30HDVH GR UHJLVWHU HDUO\ DV WRHOH Q \P RUWHHIQX WV IOH PUWLROG DUW\RK Z
SODFHV DQ\ JURXS WKHQ VHQG DQ HPDLO WR §

I9LFWRULDQ 6HEFMWQRRENSKEBERUKRVVLDQ#LE

((( 5HQHZDO DQG %HQHILWYV

,((( PHPEHUVKLSY FDQ QRZ EH UHQHZ
KWWSV ZZZ LHHH RUJ PHPEBWVVKRX UHC
JR WKURXJK WKLV SURFHVV DOVR KD
SXEOLFDWLRQV DUH RIIHUHG ZLWK HDF|
<RX PLJKW EH VXUSULVHG E\ WKH 7z
((( BWXGHQW 3DSHU &RPSHWSEXEORBEDWLRQY DYDLODEOH ZLWK HDF
H[DPSOH LV WKH OLFURZDYH 7KHRU\ 7F
(DFK KDOI \HDU WKH 6HFWLRQ UXQNWBVFRPSHVWHHH. RYJ IRWPEHUVKLS FD!
DXWKRUV WKDW KDYH KDG D SDSHU OREHSMGIGEF WR B VWEIXIEE@I FHWKWB O "SURG X
7KH DLP LV WR KLJKOLJKW WKH JRREGXWREJN\HEN@MPFWNFR@L\)'WMGRQWJUH PRVW
PHPEHUV 7KH FRPSHWLWLRQ LV LQ > - _

,Q WKH VHFRQG KDOI \HDU ZH UHF the GreatEStMlndS

ZLQQHU RI WKH ILUvw'BpsHwWwarzoa [N the World
IRU D SDSHU HPGWRWIHG)DXOW 7
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83/,1. 3URI *XQHRROV ODUJHO\ RYHUWDNHQ WKLV L
.DUDEXOXW . XUW UHFRXQWHVIDYH D

((( 9HKLFXODU 7HFKQROQRJ\

o DWKHPD FV LV VWL RQH RI
6RFLHW\ WDON IRU $&(VWU%OL|é§ D1W£H JLOHHU O7OKH QPDWKI—
=HDODQG DQG RQ SN

Vv
LSD
R DPHZRUN IRU VA\VWHPDW.L
&KDSWHUYV ‘H WKRXJ G ¥RX(5% Y U Vi

EH LQWHUHVWLQJ IROBRERDW KRSy DUH FUXFLDO WR V

D FDWLRQV 7KH VRSKLVWLFDWH
ZLWK DQ 83/,1. LQWHU%(%_IO—“Z Q S G
GHQ\LQJ WKHLU FRQWULEXWLRQV DOV

83/,1.7THOO XV D OLWWOH DERXW \RXQ YHPHHUR QU HEBEENDIMRXRE LI XWLOLJHG
ZKDW DWWUDFWHG \RX WR HQJLOQHWWXGHOWE ZAKHMKRXRX KRDGHUVWDQGLQ.
VWXGLHG LW H[DPSOH , VXJJHVW HQJLQHHULQJ VWX

.., KDYH DOZD\V HQMR\HG EXL§%?8\J W@%ﬁi\gsﬁéBwLRQ 'RHUVP[;Z'T'F;Q‘
DFWXDOO\ ZRUN $OVR P\ JUDQGIDWKHUZ 28V D"V 6V8LEBWIRS v

@] HV
WR PH +H ZRUNHG RQ WUDLQ HQJL\855 DE\FB WHFKQLFLDQ DQG
GXULQJ P\ FKLOGKRRG KH DOZD\V H[SODLQHG WR PH

KRZ
WKLQJV IXQFWLRQ UDWKHU SDWWLX 8\%//0%'7K.]-|\PI-}NO%%% WI—ET/V\I%;/)E(E%JV \RXILQ

D GHJUHH LQ HQJLQHHULQJ , UHEHEYWECB SR 6 REH) fin ILHOGV R

+RQV  LQ HOHFWURQLFV DQG Hoégvﬂlﬁtﬁ\é’iiﬁ%égéﬁ&w é\Fl’ngllg \?—|in/wa
%RIDJLFL 8QLYHUVLW\ ,vwbDQExX0 ' XUkl Ig™ PUHBE Q v

0$ 6F DQG 3K' GHJUHHV LQ HOHMFWULFWRLOKQRIVQEHHAMLO®G DOVR WKH
IURP WKH 8QLYHUVLW\ RI 2ZWWDZD LDMWMDLOD JRDF&DQDPGMUH QWKH WZR PRVYV
DQG UHVSHFWLYHO\ ILHOG $V PDQNLQG VYHQWXUHV [IXUV
FRPPXQLFDWLRQ QHWZRUNV ZLOO K
83/,1. )URP \RXU RZQ H[SHULHQFHFKIDWWRJLRWHHYOQIZH NQRZ DERXW WH
WDXJKW GLIITHUHQWO\ RU WKH BHQUHQHROLGRPPXQUEBWOQRB RQ (DUWK
DSSURDFKHG GLIITHUHQWO\ LQ YD HRXM. FPBWQW®LHWVR RWUNMNKHUMHU GHV
XQLYHUVDO FXUULFXOXP" IXQGDPHQWDOO\ FKDQJHG IRU VSDFH L

* . 0\ H[SHULHQFH LV WKDW HQJL;%%%E&J\/HéQF\B\:\(bER V[:\:/\H/UZ KDS?DHV;ES
WDXJKW YHU\ VLPLODUO\ LQ YDUL Q\y\/'\é Xﬁ UULq-IV PI—%I% BUHG lV\)IY? I,
"SUPF P

R

RWKHU GLVFLSOLQHV :KLOH DFFRX%F\NP%GL FHELES S Q JURP
J
T

GLFDO 'S
DQG UXOHV FRXOG EH YHU\ ORFD WERIRGEBY T QRaPY EHWZAI

00
L§H|IE|
V I H ILUVYW WLPH
SK\WLFDO IRXQGDWLRQV DQG PDWK (l): O Pl-lk H(Sz\>J Dvé% LW L\y
R HT bUHPHQWV ZLO(
DERXW GHVLJQLQJ WKLQJV WKDW

DUH
EHQHILFLDO IRU KXPDQV 7KDW LV ngh\;—)LIIHUHQV\
QRW FKDQJH IURP RQH MXULVGLFW BD TR LPPFhWULFV FRGQ
EHOLHYH WKDW WKH FXUULFXOXP !
FRQYHUJHG :KDW FKDQJHV PRVW L
WKH LQGXVWU\ ZLWKLQ WKH FXUUI?/

¢
RQ WKH DYDLODELOLW\ DQG VFDOH HP%OQ%:E L\JNLKC%é]K \UE)

D FRXQWU\ WKLV SUDFWLFDO HOHP%—fT(()W L
WKLQN

83/,1. ,V VNLOO LQ PDWKHPDWLFV*VWLOQ(
RU OHDUQLQJ WR HQJLQHHU RU K%YA—bM$§
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LPSRUWDQW WR ORRN LQWR P XOIW<LS.0H/ LGN FELXSZIIHMH L V 70X W/ HIYDHAUHH BURE O
DGYDQFH LQ VFLHQFH KDV QHYHU DEHMHQ QIDV W FNUW H® VK D\QABR 0D UJH D QW HC
7KHUH LV D SRWHQWLDO WR LPSOHPHRPL \OL G U RBHYG PRIS\PKHRBNYQRQ WKLV U
ILHOG )RU H[DPSOH D ZHOO NQRYZGHVISQLEDWIRY ZIQODHEHWADLQWDLQLQ.
FRXOG EH YHU\ H\H RSHQLQJ IRU FRRERELEDWYR®LQH VBIQ UFEG WR HQG VH
7KHUHIRUH LQYHVWLJDWLRQ RI |LWOWGWHPX K IDW FEILRRAHF KRRERJIZLWK D K|
FRXOG SURYH VXUSULVLQJO\ LQQRYDWILX¥MQF\ EHWZHHQ WKH VDWHOOLW:?}
WHUUHVWULDO QHWZRUNYV

83/,1. <RX DUH D 'LVWLQJXLVKHG /HFWXUHU IRU WKH

((( 9HKLFXODU 7HFKQRORJ\ 6RFLHWS/, 1IF DRHRX WHHEP® W\R EH WZR GLVWLQ
ELW DERXW WKDW 6RFLHW\ DQG ZK[DMUL\V\SDFQiLFIRHQPFPLLJ\,KW BHSHWLWIQRRQ RI \

. , KHUH WKH ELJ VWD%GDUGV SOD\HUV Z
o DWLQJ EDFN WR HDUO\ WKW}JZI-I-'(%/VI\éﬁ \_' D\XIKE \“ x33 7KHQ WHKH

YHKLFOHV DQG WHOHFRP EHFDPH H GL R SPUW R oot Wwkow
RXU OLYHV WKH 9HKLFXODU 7HFK R</ éébﬂ\g\\/ KR RAAR wkHY GHILO!
DGGUHVVLQJ PDMRU HQJLQHHULQJ 3HB £ Wy SHHR N, WKDW
ERWK YHKLFOHV DQG WHOHFRP DUﬁOBULKJHDW F\{/HVFP\SRFQ%DY WLPH RU 7L
PRYHG IURP WKH HDUOLHVW YHKLFOHW ZEWK 2D\ U, %%LFB LMNR06 WKHUF

VSDFHFUDIW ZLWK VSDFH FRPP)&:%LG [LRQ DQG
SRVVLELOLWLHV RI QHZ HQJLQHHULQJ V\V WHPV VHHP HQGOHVYV
., WKLQN LW LV D TXHVWLRQ RI VHO

83/,1. VSDFH FRPPXQLFDWLRQV IRUVPRHXPHUN FRAPXQLFDWLRQ V\VWHPV
WR EHFRPLQJ UDSLGO\ D UHDOLW\FRQ KYRGLEBGG VOIREZ PREPRABLFDWLRQ V
FRPPXQLFDWLRQV ZLWK WKH QHZ\WQ PE RXWD Q\GKOH) G SYSHOUHV LIRIG/ ZLOO KDYH V
*OREDOVWDU DOOLDQFH 6SDFH: DRRUH OWEHOHQ MR QWRZLMK RSHUDWH Z
RWKHU EXVLQHVV PRGHOV IURP .XLVBHUUB@W WD O\Q@[VDMHPV , KHQFH EHOL
2PQLVSDFH "KDW GR \RX VHH DVEWNH Q)XD/8SWHR WFHFEIQQGLEH DGYDQWDJIHF
FKDOOHQJHV IRU VSDFH FRPPXQLFDWLRQV DQG DUH WKHVH

GLIIHUHQW IRU WKH GLIITHUHQW EX

* . 7KHUH DUH PXOWLSOH FKDOCh
JHQHUDWLRQ RI VDWHOOLWH FRPP
DOO ZLWK WKRXVDQGV RI ORZ R
PDMRU LVVXH RI QHWZRUNLQJ DQG
YLVLEOH SK\VLFDO V\VWHPV WKH
OD\HUV DWWDFNV DV ZH KDYH E|
MDPPLQJ DWWDFNV KHQFH WKH VI
QRW OHDVW VLQFH WKH\ QHHG |
WHUUHVWULDO FRPPXQLFDWLRQ Vg
UHODWHG WR LQWHU FRQQHFWLY L™
VWDQGDUGL]DWLRQ PD\ KHOS

HQYLURQPHQW 3RO\WHFKQLTXH ORQWUpPDO

83/,1. $QG ZKDW ZLOO EH WKH FULWLRRO SR WVowHOEWWWHEH Lo NQRZL
OLQN EXGJHW SHU VH RU PDLQWDRIRQLQUHERSOFHMNW R MPHHEO \RX FDQ Y

ODWHQF\ DV FXVWRPHUV QXPEHU VKW @EYHDY¥H, FRb\$PHKRBVHQ
EXLOGLQJ VSDFH QHWZRUNV ZLWK LQWHU VDWHOOLWH OLQNV RU MXVW

DFFHVV WR VSHFWUXP DOORFDWLRQV"
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83/,1. 'LOSUHHW %X[L LBWDQ LDFWW®&H REYLRXV D WHFKQRORJ\
&(2 DQG FR IRXQGHU RYBXHODbD® /'BE¥YOLFDWLRQV 4XDQWLI\LQ.
ZKLFK LV D VWDUWXS FRE SOPRMMZ¥RFBEDO\ DSSOLFDWLRQV LQ ¥

LV GHYHORSLQJ SUH R VV
IEILLI\ﬁb\I\gﬁ: I¥v§/§HF QLFDO PDUNHW VHJP|

WHFKQRORJ\ DQG LW
OHOERXUQH :KLOH \P/U'\b"h\’(‘ﬁD\(/WPHQ V. DUH LQWHUHVWHG

8QLYHUVLW\ 'LOSUHHW HFANR RXRI\U R
,((( ORQDVK 8QLYHUVLW\ VWXGHQW
EUDQFK 'KHQ ZH VSRNH WR FXVWRPHUV LQ FRU

FRDFKLQJ DERXW VXSSO\LQJ PHWULF

8V DQ LQWURGXFWLRQ :RUOGZLGH,\psPkRAWRR SHRSPHL WkH\ zHUH H[1
PLOOLRQ SHRSOH VXIIHU IURP %QH‘\NwiHDQBGGWFh\{VA’UQ.KHQ WKH\ U
GLVRUGHUYV UHVSHFWLYHO\ 3UR0883EGL\MH'IJ\I§WE)PVV QIIQLZ]HKH\UTDI'B&H DSS
VIPSDWKHWLF DURXVDO LQ WKH Ew EhW#%)E)VI\—INV%IF&L IK QV\QWM&\Q\M KDG D
DQG GLJHVWYT DFWLYLW\ LV D OHDGLQJ FDXVH ,QGLYLGXDOV
FOLQLFLDQVY DQG HQWHUSULVHYV W*-\élYEBQQQ\RXN['gJ&IﬁI-Yd\‘:LI-BQSDEL)&JLl_bVGLQJ =
WR GLDJQRVH ZKHWKHU WKH LQGL$YC5‘Q[XBQGKPVG#HL&;MGF%F&VEXWBG D SUR
VXIITHULQJ IURP WKHVH GLVRUGHUVZHDUDEOH 7KHUH ZDV QR ZD\ WKDW

.Q , KLW XSRQ WKH LGHD WRETXkBEWL AHPWBREQ K MRLEH GHFLGHG WR
DURXVDO :LWK P\ DFDGHPLF PLQGA/HWFAVWRRRX W ZHBYRAFYH WKDW LV I
EXLOG D SURWRW\SH WKDW TxDQWVYH r&H VABSB¥WIRYWER AV BHYURKY Do JUDGH .
XVLQJ D ZHDUDEOH +DYLQJ MxVWwYH Q¥ VR DY BRFK B\ JLWELW 7KLV |

IDVFLQDWHG E\ WKH LGHD RI VWD UWY BB IpRE FFEDI S cEN W AR IRV EXVL

VRPHRQH WR EX\ P\ SURGXFW FXVWRPHUV DQG LQYHVWRUV WKDW WKI
SHU SLHFH WKH FRQYHUVDWLRQV HQGH

VSHQW D \HDU UHDGLQJ XS RQ VWUHVV DQG HIIHFWV RQ
SHRSOH , WDONHG WR DERXW O VXIFFFIHR/QYX B VS UIRREXFE W VWR'OYHY  WKH
+5 SHRSOH DQG DQ\RQH ZKR ZDV L@WblWHNF}NOTU KX WMKRPH@G 7KLY PHDQV
FRQFOXGHG WKHUH ZRXOG EH &KW NDWHGHBWRE IRWR WKHLUDGDLO
TXDQWLILHG V\PSDWKHWLF DURXWDROLQIKERRLEDIPEARXDOEY ORYH WR KDY

LOQFRUSRUDWHG LQ 'HFHPEHU HROD PO HARWRX@GMR HQVXUH W KWDNVWRK H L
$OH[DQGHU 6HQLRU DQG P\VHOI WKDW ILQDQFLDO RSHUDWLRQDO DOQC
HOLPLQDWHG ,I XVHG SURSHUO\ D V

LHDUO\ IRXU \HDUV ODWHU RXU FRyIRXQGELOL WHBP JLOEOXEHR IR wihLu
OHODQLH - tKLWH KDV WXUQHG D WNKIQPDOBﬁ\/W?ﬁmLkWQNM%U RI FRQVI
D PLQLPXP YLDEOH SURGXFW EXLOW UHODWLRO 3 DI xH O HH
VHYHUDO SRWHQWLDO FXVWRPHUV KLOHG IRRG SHE §L9\HK|§ PWHGRvDo
ZD\V ZLWK VHYHUDO RWKHUV UDLVHG RYHU D PLOOLRQ GROODUV

DQG SLYRWHG WDUJHW PDUNHWY, YHYHURA W WLIRHN o lQVP\yLF% VHOO Lw

FRXQWOHVYV QLJKWYV RI VOHHS REB& H\H—'CPPR(S)VBI 5| R/% JURZ LQ WKH
SURGXFW LVVXHV DORQJ WKH ZD\ VXIILFLHQW SURILWDELOLW\ DQG KDYL

EULQJV LWV VKDU KROGHUV VXIILFLHQ
ZRXOG OLNH WR VKDUH RQH RI \Y§\5'\7\/JL|_bV I:I\l]'& QLQJV

%XLOGLQJ D VXFFHVVIXO WHFKQRORJ\ LV QRW WKH VDPH DV

EXLOGLQJ D VXFFHVVIXO EXVLQHV\:/K\l[?Fp,IZUII_'\WLW\F% VCP VPFXLV" ZRKW EHV
EXLOGLQJ D VXFFHVVIXO SURGXFW
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VHOO QR PDWWHU KRZ PDQ\ MRXU®DINXFFHSHUXOZEXRDRLWQKVYHZLOO VRXUFH
FUHDWHG %XW D VHDPOHVV H[SHVKXI@PHHRY DM HNEHREXVWISULFLQJ DQ
XVHUV WKDW OHDG WR WKHLU SUREORPVGHHLRS MFDEIDGE ADO/QVRPIBG VHUY
WR D VXFFHVVIXO SURGXFW +RZHWHUWUFLQJWRK HUROWMWWRPSQOWIWWRUYV 7K
VROG WR WKH ULJKW FXVWRPHWWABRXKEH WKRUKW SIIDBEW RW ILANDVOCFRPSHWL
QRW VHOO ZRXOG VHH LW WKURXJK FKDOOHQJLQJ
LI D ORFNGRZQ ZHUH WR KDSSHXSSHRS
JRU H[DPSOH 3KLOLD /DEVY WHFKWR ORI\ WKWD W X\DQR/GZALE&I EHFDXVH LW
VIPSDWKHWLF DURXVDO VLWV ZLWKKOWVWVWEHES VRBROQBXGFKHV YEHRIQTW /LN
DQG UHPRWH PRQLWRULQJ GDVKERDUK WEDO®HWGHOIKM WKHHVOWEZLFKHY Z
7KLV ZLOO EH VROG WR PLQLQJ ERPG®W IDHYUMRN RIHODMWLRQVKLS ZLWK
SHUVRQQHO ULVN DQG GHVLJQ VDIHU ZRUNLQJ HQYLURQPHQWYV

&DQ WKLV FRPSHWH zZLWK D )LWELW" ‘R & DWHWAR FHT RUR ERFHQWUHSUH
HYLGHQFH WKDW LW ZRUNYV WHF?('&'*LW&HUSWR%%‘%FWR kGG D VXFEFE
H[SHULHQFH DQG EXVLQHVV RSHUDWRSSTWpBYNGHWLEEFVWDEMVWHHQ LQ Wi
FXVWRPHU VXSSRUW 3kLOLD /DEVWEHQREWREPEN DREHWN ot WLHYV DUH A

WKDW )LWELW FDQQRW SDWKZD\ WR PDUNHW

IRU UHDGLQJ DQG KRSHIXOO\

7KH WHFKQRORJ\ KRZHYHU SOD\V EEEQQ%QP%W%L}JBF%FIIQQQG W KILG/ DU\
WKH SURGXFW EXVLQHVV 7KH PDYNHWLQI SHRSOMH BXMW EH 0 5obey

DEOH WR VD\ 3ZH DUH EHWWHU WKDQ RXU FRPSHWLWRUV
EHFDXVH ZH DUH WKH RQO\ RQHV FRPSXWLQJ V\PSDWKHWLF
DURXVDO 7KLV DOORZV XV WR SUHGLFW e m V)
IDWLJXH PRUH UHOLDEO\" $ FODLP OLNH /
VHYHUDO SLHFHV RI HYLGHQFH PRVWO\ IU
VHWWLQJV

,Q FRQFOXVLRQ ,fG OLNH WR GUDZ_DQ
WHFKQRORJ\ SURGXFW DQG EXVLQ
HJJ VDQGZLFK 7KH EHVW LQJUHGL
VRXUGRXJK EUHDG FKHHVH VOLFH
WHFKQRORJ\ ZKLFK FDQ PDNH D EL
WDVWH RI WKH VDQGZLFK 7KH SURGXFW
ZD\ WKH VDQGZLFK LV SULFHG DQG SDFNDJ
EUDQGHG WR WKH HQG FXVWRPHU )RU H[DPSOH]

IRU PD\ VHOO WR D ZKLWH FRERHODU ZRUNHU = JH W

DQG KLJK LQFRPH LQ WKH OHOERXUQH &%' EXW QRW DW D

SHWURO VWDWLRQ WR D EOXH FR%QB%KZFF\PNBPRLPPBR/‘EﬁéLEEW&LOLD

WKH EUDQG QDPH 30U &KHIYV VSH
RYHU D VDQGZLFK FDOOHG 30U )UXPSTT

RAPWS\/ZLQQLBEBBBEQ‘FWOD%

/IA0=?4>08097?
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83/,1. 5D\ .HHIGDQ/DILQLQH LWHP FDQ EH D ORW PRUH WKDQ L
'LUHFWREFHVVIXO (QGHRIWIRXERVW Rl 2ZQHUVKLS UHIHUV WR
3W\ /WG DQG LV D ,(@FBMQHRBURYHU WKH OLIH Rl WKH SURC
OHPEHU B6XFFHVVIXO YESHRYRXDIWHU WKH SURGXFW LV VROG
LV DQ HOHFWURQLFV GHVLJQ DQG
HPEHGGHG VRIWZDUH 70IDDVORSAR@WO &RVWY RU /LQH ,WHPV
FRQVXOWDQF\ IRFXVLRU FOOVNMPDDOVWR KH SDUWV \RX KDYH W
PHGLXP VLIHG $ ROV SOUWDM) RI RQH DVSHFW RI WKH 7RW
PDQXIDFWXUHUV ZKRRI MKGWSUR®RXFW , ZLOO XQSDFN WKLV
LPSURYH WKHLU H[LVWLQJ SURGXFWV WKURXJK GHYHORSPHQW RI
WKHLU QH[W JHQHUDWLRQ RI PDUNBW RIFRPISQULVRQ ZKHQ \RX EX\ D FDU
VWRS WKHUH <RX KDYH DQQXDO LC
2IIVKRULQJ LV WKH SURFHVV RUHWDNLQDWRS®UDWIORQAMUYLFH DQG PLC
KDSSHQLQJ RQVKRUH LQ RXU FDWIH H@V KXW R/ (CDULALYMH BRBHZKHUH WR S
PRYLQJ WKHP WR DQRWKHU FRXQMARJQIREHUWHKRWW WRKIH YHKLFOH SX
RSHUDWLRQ LV WKH XVXDO FLWH G UHDWIRRQV DR@GD 6 R&RV WHRSORQO\ SDUW
ZRXOG EH DZDUH RI WKLV KDSSHQLIZDWRVKQSXRW WK FMXFK DV
PDQXIDFWXULQJ DQG FDOO FHQWUHWK N \WDUH®Y QURLORQKHGHW IRU 7TRWDO &R
F4XDOLW\ UHOLDELOLW\ FRQILGHQFH
7KH SUREOHP LV WKDW LW LV D VLP3BRARYHPHQYHREVVRRUQDERXE
VROXWLRQ RQO\ ORRNLQJ DW UDZFE $WWREPDIWHNHREDOWVKRYWLQBOGXGLQJ S
LJQRULQJ DOO WKH SUREOHPV LW NYSBRWW VIXHE®GDWX DRR/WWR I
VNLOOHG MREV ORVV RI HFRQRPLHAVQRE VRPO H X' RW RIPHEXV W UL H V
WKDW UHPDLQ RQVKRUH DQG ORVV FR$ Q@R YRNUWMH IY DD K B SR ®RWA\W RRIQ WR WK
FULWLFDO VXSSOLHV ,Q RWKHU ZRUGV RIIVKRULQJ KDV D FRVW
WKDW WKH FRXQWU\ SD\V DQG WKH7RMADKR B R@ IV GR HK\Z QRW K L S

2QVKRULQJ LV WKH UHYHUVH SURFRKVV DV WL FADDHN GOV BDIWEM R IDDQHQHULF
LQGXVWU\ WKDW SUHYLRXVO\ ZHQWKRMVKWR PH @H) OV EQ/G QIQ QJIVKBSRUWHG
EDFN RQVKRUH 7KH EHQHILWV DUH \ZMEKH WX RDRY DROUO WKKKCHV R ERV W W K D WA
LQGXVWU\ )RU PDQXIDFWXULQJ W KAZ\DHH IDWKL & HRW ZIH FBQ RG XFANG DQG QRW M
LQGLUHFW MREV FUHDWHG IRUW WHIPHU\O LOIHJ IFWDQE&EWRROLQJ DPRUV
PDQXIDFWXULQJ VR LW FUHDWHYV DODRWHA WRLDH]W UPQISF W WY LW\ DRISRQED QW
LW 2QVKRULQJ PDQXIDFWXULQJ EXROGENW MRBW DYWGOMWKRVW \RX DIWH!
HFRQRP\ PRUH UDSLGO\ WKDQ DQ\ RBRERAVWQBXRWYWDNHKROGHUV DUH Q|
GLVVDWLVILHG VWDNHKROGHU FDQ FD.

2QVKRULQJ )UDPHZRUN FRPSOHWHO\ LQ WKH PDUNHW

/R EH VXFFHVVIXO DW RQVKRULQJ ZH KD4g
XVHIXO WR KDYH D VA\VWHPDWLF IUDPHZRUN
ZKDW QHHGV WR EH GRQH ,Q PDQ\ FDVHV WK
SURGXFWY DUH EURXJKW EDFN RQVKRU

FRXOG EH YHU\ GLITHUHQW LQ GHVLJQ $

7KH RQVKRULQJ IUDPHZRUN ORRNV DW WKH\ SUR G
&RVW RI 2ZQHUVKLS DQG QRW MXVW
7TUDQVDFWLRQDO &RVWYV 7KLV LV HVS

EHFDXVH QRW DOO FRVWY DUH WUDFNH D
8SOLQN
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7KH DERYH 2QVKRULQJ JUDPHZRUN7RRRZ) W KHU R BGHDWIR B

FRVWV DUH LQFXUUHG LQ %\ WKH HQG RI 3URGXFW

'HYHORSPHQW DOO WKH LPSRUWDQWWRHFGWIVRQY KDVHEEHBQGRQH ZHOC

PDGH 2QFH LQ 3URGXFWLRQ LW LEHKRUGHW RD QG VEKU ODA) AWHIOLAD JW KRHID \R X

7KH GHVLJQ LV GRQH WRROLQJ PMGHESURRASRAEW QA LDGIG GR \RXU SLOF

ODERXU UHTXLUHPHQWYV VHW DQG WHKEHUISGOPHRRDQ LHFQ@ID MRBROLQJ LV P

/JHWTV EULHIO\ ORRN DW HDFK RI WKH\DH BBGHOWRROLQJ DQG KRZ PXFK \RX
DXWRPDWLRQ LV D IXQFWLRQ RI WKH S

3URGXFW 'HYHORSPHQW ZDQW WR DFKLHYH

7KLV VHWV XS WKH UHVW RI WKH3SBRMAWWRIRU VXFFHVV $V

VWDWHG EHIRUH VXFFHVVIXO SURGXFWY DGHTXDWHO\ PHHW WKH

QHHGV RI HYHU\ VWDNHKROGHU 7K#WNMKIWKSERIQ@WM VREXVRRQW KDYH D OR

LV XQGHUVWDQGLQJ ZKDW HYHUEHYWORSRRQW®WHKD VQBIGBIGNDG\ VHW WKH

&RPPRQO\ IRUJRWWHQ VWDNHKROG+RX DUH FXRIGXF WLRH) SWOOULOMW GRLQJ

DQG ILHOG VXSSRUW B6RPHWLPHV HKYRISH WIOFDH B® FX V@R PHUG VKLSSLQJ X
UHZRUN

3URGXFW GHYHORSPHQW VKRXOG EH D VWUXFWXUHG SURFHVYV

DQG ZKLOH \RX PLJKW QHHG WR UHVHDUFK WKH EHVW ZD\ WR

GR FHUWDLQ WKLQJV IXQGDPHQWBG@RUMNVHDUFK LV DOUHDG\

FRPSOHWHG 7KLV GLDJUDP VKRZV D JHQHULF SURFHVV IRU

WKH HOHFWURQLFV DQG VRIWZDUH 53HZRW NR ILW KZD 8 WRIG X/AWM ZH LFKH. WP DQ\ S

ZKDW ZH GR HDFK GD\ <RX PXVW LGHQWLI\ IDXOWV UHFWLI\ R
ODERXU IDFLOLWLHY DQG PDWHULDOV \

,/ \RX DUH FRQWUDFWLQJ RXW WKH HOH
WKHQ UHZRUN PLIKW QRW VHHP OLNH 1
WKH PDQXIDFWXUHU ZLOO KDYH WR HI
FRYHU LW RU FKDUJH \RX IRU LVQ LI LW
LVVXH

$OQRWKHU /HDQ SULQFLSOH GHVLJQ WHF
SURGXFWLRQ FDSDELOLW\ DV PXFK DV \
WKH HGJH PD[LPLVHV WKH FKDQFHV RI
UHZRUN

Requirements Engineering
Capture Analysis

6R NHHS UHZRUN DV ORZ DV \RX FDQ 7|
Electronics Embedded LQ HIIRUW OHYHO WR JHW WR  UHZRU!
Design Software EH D EXVLQHVV FDVH GULYHQ RXWFRPH

2QJRLQJ ILHOG VXSSRUW

Prototype 7KLV DIIHFWV WKH WRWDO EXVLQHVV FI
PCB Layout
and Test KDG WKLV DV SDUW RI RXU GHVLILQWWKL
DQG VHUYLFH DUHDYV DUH RIWHQ QRW I
GHVLJQ EULHIV :H KDYH DOzZD\V I

FRQILJXUDWLRQ DQG ILUPZDUH XSG
_ FRPPXQLFDWLQJ SURGXFWV 3KRQHYV
Production VPDUW DSSOLDQFHV GR WKLV ,W VLJQ
&RVW RI 2ZQHUVKLS %HFDXVH SURGXF
FRVWLQJ \RX DIWHU \RX KDYH VKLSSHG
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7KH FRUH SUREOHP IRU RQVKRULQJ$IWHU UHYLHZLQJ WKH GHVLJQ DQG DO
SURFHVV WRJHWKHU ZH LGHQWLI\

%\ WKH WLPH \RX NQRZ \RXU UHDO VRWWHP &R VRD RLQZ WHH/ B&S VPDUWHU \
IRU WKH SURGXFW DOO RI WKH GHWRIJGROQE® BXRKHWDQEBOLYRBRWR FRQI!
KDYH EHHQ PDGH DQG WKHUH DUH 7XGIF FDWH @RV YWWUDBEO®Y WRH FRVW RI |
SOD\ ZLWK ,I LW LV GHVLJQHG LQLHMILG® QRW $WKH G RXNQ@HDY ORVV RI E
SUDFWLFHV WKHQ WKH GHVLJQ LVYVSHREREGHVDRMU LGKBO IRB&% LV WK
$XVWUDOLDQ PDQXIDFWXULQJ ,W LV GKAPSWDUWKDR) MXGFHUHVBE&% ZKHQ |
WKLV EHIRUH \RX VWDUW PDNLQJ WWKH STRRGXT W& RUWHRIORZQRUVKLS 7KH)\
RXU RQVKRULQJ SURMHFWVY LQYRODKHNBPBQ®URDRIHSERBRFWHOOLQJ WK
GHVLJQ DGMXVWPHQW WR PDNHFRQRF®DHQ F R DHVH D PV QU H

HFRQRPLFDO ,Q WKH FDVH VWXG\ SUHVHOWHG DW WKH HOG WKH

RQO\ WKLQJ ZH NHSW ZHUH WKH FR
SRZHU VXSSO\ %XW \RX FDQ KDYH
PDQXIDFWXUH LI \RX JR DERXW WKL

_|

/IRFDO PLQLPD JHQHUDOO\ GRQYW
PLQLPD XQOHVV WKH\ DUH WKH F
WKHRU\ RI FRQVWUDLQWYV JRU LC
FRVW JHQHUDOO\ JLYHV \RX D PR
RYHUDOO 7KH ULJKW OHYHO RI WEF
Rl DUHDV LQFOXGLQJ SURGXFW |
SURGXFW UHOLDELOLW\ HDVH RI
6SHQGLQJ WKH ULJKW DPRXQW RQ !
WKH KLIKHVW SURILW OHYHUDJWN R
WKH SURFHVV 8VH WKH GHVLJQ W
LOYHVWPHQW DIWHU DOO

—
DRW

5S - i ‘r.:nh‘- """ '.!Si““ %
#2000 V0 A T TR MR oY
6RIWZDUH LV XVXDOO\ RQH RI WKH WCouiniio o o viiy vy
\RX FDQ UHGXFH KDUGZDUH FRVW E\ GRLQJ PRUH LQ
VRIWZDUH :KLFK FDQ UHGXFH ERWKR QROX&RWVRY 3URFHVV
&RVW DQG 6XSSRUW &RVW ,Q RQH RI RXU SURMHFWYV
LQFUHDVLQJ WKH VRIWZDUH EXGJHWPEWVWRQILGIBAOWLWHKDMGIJUHDW SURGXF
LQ HIWUD SURILW WR WKH PORMNIDMRWOIAHWDOXH SURSRVLWLRQ FD(
$XVWUDOLD $XVWUDOLDQ PDQXIDFWXU
&DVH VWXG\ VWHDGLO\ VLQFH DQG WKH UHFHC
VKRZQ XV WKDW ORFDO MREV PDWWHU \
7KH H[LVWLQJ GHVLJQ IRU D VHFXWR\ESURGXOAMVPZXBK BBQXIEFWXULQJ EDF
D &KLQHVH IDFWRU\ IRU IUHH WHKHFW®ROQLDQA XUV FONOMR QU HH- UKD W HV I XQ
3&% FRVWYV D XQLW 7KH UHVW FROWMKDB VERR COFWMV LR BKRBPW DQG VSUHE
DQG DVVHPEOHG ORFDOO\ 3&%V |IFR®P2AMNQ PRHBUWYRROW WKDQ DQ\
LQVLGH WKH ZDUUDQW)\ SHULRG [7HIRGBEWRRD @GDIQFW XRILQI RMLFOHDQ DQ
7TKH $XVWUDOLDQ EXVLQHVV DSSURBRKGHWRX\FDWR/ ®RHIVMWKHDROG LPDJH R
UHSODFHPHQW 7KLV KDV WR EH G URIR PR WH{ SKRDGFHHDE CHD DN HWKHLQ PRGHU
QHHG WR UHWURILW WR H[LVWLQJEHIOH®G HX QWWWK RIX¥MHG G IDDG-RWH VWUD
WHUULEOH DQG FDQYW MXVW EH P\RGHIUWNHGE FRHRPUH YRIOHIWQQY WKLV DU
DJDLQ $Q $XVWUDOLDQ PDGH 3&% WKW LORUNKNW LQOKBRHE WR JR DERXW WK
SHU 3&% DOORZLQJ IRU 5 ' DPRUWSUBWMRIEQQKWHKH LED KW UDOLD
QHHGHG WR UHWURILW DOO WKHHU ILHOG XQLWV 6LQFH WKH\ D
DOUHDG\ ORVLQJ PRQH\ WKH\ GRJUWKHHYH KRR WACHNVLRMQ DERXW 6XFFH\
DIIRUG WR SD\ PRUH IRU WKH 3&% DYDLODE®WWSRP Z7ZZ VXEFEHVVIXO FRP I
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83/,1. (PHUVRQ .HHQDRQGBGVRWKHU VWUHVVRUV

5HVHDUFK )HOORZ +RXMYHWKHWKHUH DUH OLPLWDWLRQV
8QLYHUVLW\ RI OHOBERZUWHUL®Y SUDFWLFHV DV H[LVWLC
FRPSOHWHG KLV 3K' LOQWIPHWHYLERR )+5 W\SLFDOO\ XWLOL
(QJLQHHULQJ LQ FXVWORP PYUEKDQLFDOO\ GLUHFWHG WR
PHWKRGV IRU  VLPXQDWIRAd WK viigpo ORVV LI LQFRU

XQFWLRO Lo FROODERUONIEROHEROY ROYY ofe wR wKH sy
Q QLe HFK%R WK SR DLIJ_P Wk PRQLWR
2[IRUG DQG RWKHU LQWHUQDWLRRDO LOVWLWXWIRQV +LV 3K ZD =
DZDUGHG WKH -RKQ OHOYLQ 3ULJH (RS HRTROLW
7KHVLV LQ WKH )DFXOW\ RI (QJILQHHGTYN K PVWHYW¥H vwru

EHKLQG WKH ZRUN
Q 2Q0H RI WKH PRVW SURPLVLQJ WHFKQLT.

LV QRQ LQYDVLYH IHWDO HOHFWURFDU((

LV WKH VWXG\ RI HOHFWULFDO DFWLY
$OWKRXJK ZH PD\ QRW UHPHPEHUPWWHR QWRHDEGRMHQLQGKHH IHWDO (&*
PRQWKYV RI RXU OLYHV DUH VRPH BRWHERWLRWNVGXBIQWRURWY SDVVLYH OR
6WLOOELUWK GHILQHG DV WKH ORNKLAK MWUH DMWHY VXIZMHEY IRU ORQJ
JHVWDWLRQ UHVXOWY LQ RYHU PRERUOORRIQR GHDMWKIWH  QGXDODFWHULVW
ZRUOGZLGH ZLWK WKH PDMRULWRSEROWXQHOV\WR €HYHORS D FIRXAOOZO + |
SUHYHQWDEOH FDXVHV 7KLV FRUUENSROQE/ WR B DOFRARXKVO\ PRQLWRU
PRUWDOLW\ UDWH LQ WKH ODVWHWULPWMY MNHU RRWSMLKEIH) VEF\ KRKIBSUWDO HQ
LQ PDQ\ FRXQWULHYVY WKHVH H[WUHPH OHYHOV RI PRUWDOLW\ DUH

QRW VHHQ DJDLQ XQWLO zH DUH EH\REE HYH UV R pGHH VWLOO PDQY FK
DFTXLULQJ KLJK TXDOLW\ IHWDO \(&* UH!

,Q DGGLWLRQ WR WKH ORVV RIFOWWR EW ¥ JHQEHWEQ KH® DWW RSMHRQ LQ FOL
&+'V DUH SUHVHQW LQ DSSUR[LPDWHQLILFRQWLRH WKHWWKVFKDOOHQJHV L
ZLWK RI FKLOGUHQ ZLWK D \@W LEQmMQVL® WK HIW WHPHO\ ZHDN FRPSE
\HDU Rl OLIH )XUWKHUPRUH PDQ\ PRUI IORQ D GG \ROAFKDH DRWK YLW\ VLIQD
DV FRURQDU\ KHDUW GLVHDVH WWHWKHGSOBHFWRAMQWQ®! VHQVRUV ZL)
K\SHUWHQVLRQ KDYH EHHQ OLQRBMW H WAQRD ODI® WIDFCs DIQDWGR P\ DQG FKDQJ
LQWUDXWHULQH HQYLURQPHQW RVBKRSHUWHLNY RIQVEHW WKMUDKWHOLQH H(¢
RULJLQV Rl DGXOW GLVHDVH  K\SRWKHVLV 7KHVH LVVXHV

VXJIHVW WKDW LPSURYHG PRQLVWR UT FREHPIWDR G WORE FRQIVHHEXWRUV Y
WLPHO\ LQWHUYHQWLRQ LQ FDVHV EPPHWD oPrRPEYIRPRY H RRIOUDWLRQDC
QRW RQO\ VDYH OLYHV EXW DOVR YEPRYH GV dbREOBW BHAYH VLIQD

SODFHG WR WKULYH WKURXJKRXW NEY W KKRY EHHQ DQ DEVHQFH RI VIV
ZKLFK HQDEOH WKH VWXG\ RI KRZ GLI

&XUUHQWO\ WKH SULPDU\ UHDO W P PFHNW KRREDXV HG WIRI @V HWW OL W\ LQ |
IHWDO ZHOOEHLQJ LV FDUGLRWRFRJUDSK\ &7* ZKLFK UHIHUYV

WR WKH VLPXOWDQHRXV DVVHVVPH&WYRF MM P p!& idd1Rv RDB W@ G HUVW
)+5 DQG XWHULQH DFWLYLW\ &# t9'BEHRIVRIxBERBH WRRREPOLWERI WK
LW SURYLGHYV DQ XQGHUVWDQGLQJIWIFRRFHR BRWRRORY LW Ro PGV Y FKDC
VIVWHP IXQFWLRQ DQG LWV UHVSROWVHKVTHROIMRUVARASREYWLRQ
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'"HYHORSPHQW RI D IHWDO (&* VLPXOHDWD® QHRREHWU\ D SXEOLFO\ DGDLODE

ORWKHU 1XPHULFDO ORGHOV )(02180
7R VLPXODWH WKH SURSDIDWLRQ Ry {M R® GFHPOAR ZRU i GHFM WAFD K v L Q3

vLIJQDOV WR WKH PDWHUQDO DEGRIP[BQ@I-@W\{%UUJ%R/%Q%@IR@'_II_QDIBLLbJ 05. G
UHSUHVHQWLQJ WKH [IHWDO FDUZLRPK SQJﬁWbbld/Y—'\LHQQng\!JIEbJ IURP |

FRQGXFWLYH PHGLXP WKURXJIK ZKLEK, WKW YRoBY ®FRY WUDYHO

PXVW EH GHWHUPLQHG $ GLDJUDP Rl WKH FRUUHVSRQGHQFH

EHWZHHQ WKH PDWHUQDO IHWDO8V&RW MRKOHR/H 'DBREG HWKLWEKH VXUIDFH\
VLPXODWLRQ SURFHVV LV VKRZQ LQ HWXIYHFDVHRVD D KLJKO\ QRQ FRQG)>

IRUPV RQ WKH IHWDO ERG\ VXUIDFH
7R PRGHO WKH PDWHUQDO IHWDOp S MNIRORIERWKLYUBERYNMSUHVHOWHG

LQYROYHG ~ GHYHORSLQJ D SURRRGQIFMHAE WiPFQPWHU HOHPHQWY

G\QDPLF PDWHUQDO IHWDO (&* PL[WXUHV XVLQJ D ILQLWH

HOHPHQW PRGHO RI WKH PDWHUQUDRPI MKMNMY HDW D WIRPIXOTKUVHOHPHQWYV I
SURFHVV EXLOGV XSRQ SULRU ZRUNV JHWQIODWHR BMKIHOBEQV\QQ WHKM LQQ]
WRROERZZ IHEJV\Q FRPKLFK LQWRUWDMWMHYDKHGUDO HOHPHQWYV 8VLQJ D
FDSDELOLWLHV IRU VLPXODWLQJ PG WWHLUYQHRO [IHRWPD O/ KI&Y HP WWWUBKHGUDO |
LQFOXGLQJ EHDW WR EHDW YDULDWIRO IFW O FHONCDAOH PRKH PHQMFWQIGFDO SR\
SK\WLRORJLFDO QRLVH PDWHUQDO DEGRPLQDO VXUIDFH E\ FXL

WKH PDWHUQDO DQG IHWDO ERG\
7R JHQHUDWH D VLPXODWLRQ EDVHG RQ UHDOLVWLF PDWHUQDO

«+— Sensor

Physiology

Simulation

P wave QRS complex

1

h
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$SSOLFDWLRQV RI WKH VLPXODWLRPRPBSBMBG WR WKH IX0O FKDQQHO
DGGLWLRQDO VHQVRUV LPSDFWV FOLC
8VLQJ WKLV PRGHO D PHWKRG IR USDWWLHVQM QERW KRHU WP SWRW REHPRQVWUD)
DQDWRPLF YDULDWLRQV RQ WKH JHQRHGUHIDW F 6 Q H B/HD OX {&l* OWL BIGD AR RSWLPL
ZDV VXEVHTXHQWO\ GHYHORSHG D Q& TYYOL@IHGD WGV RBVDEKLEMHPDLQWDLQL
WKLY D GDWD FROOHFWLRQ SURMRFRG H[MLFXFWDB® XUHG
FKDQQHO IHWDO (&* GDWD ZLWK PLQLPDO VLJQDO GLVWRUWLRQ
DORQJVLGH XOWUDVRXQG 86 EDVH®PHDXYXUHPHQWYV IRU WKH
PDWHUQDO IHWDO DQDWRP\ ZDV XWLOLVHG
7KLV ZRUN GHYHORSHG D PRGHO IRL
7KLV PHWKRG ZDV EDVHG RQ PRGDRI\QXYHQBHURIHUDQFRPLF YDULDWLRQV
JHRPHWU\ XVLQJ VXEMHFW VSHFLI DN \DHQDW RV SRUWBEWHWAN IRU WKLV
LQFOXGLQJ WKH GLVWULEXWLRQ RH[YWIDFLW LFDIV HRVDO DR RAIVY WIRW PV Z LW
IHWDO ERG\ VXUIDFH WR FUHDWH X BYWUGRQIPDOR BHEG DROR@RP LFLWK D PHW!I
PRGHO IRU VLPXODWLRQ DQDWRPLF SDUDPHWHUV WR FRQVWU:
DQDWRPLF VLPXODWLRQ PRGHO
7R GHPRQVWUDWH LWV VXLWDELOLW\ IRU SUHGLFWLQJ DEGRPLQDO
SRWHQWLDOV WKH PRGHO V SHUIBUPQD MK H @G HFKDURSMG WILIRQIDWLRQ P
WKH DPSOLWXGH RI WKH IHWDO (&HWDID D&* LGD WID[EBVHYQDMFWXUDWH SUF
SDUWLFLSDQWV ZDV LQLWLDOO\ D{*HVVHED O) DPGRIMNIG W KLYG IL\EBWQWLIL
FOLQLFDO XWLOLW\ ZDV GHPRQVWHOWHG BS\OSAHGLFWLQRUDQ)+5 H[W
RSWLPDO VHQVRU SODFHPHQW LQ GHRRGDWDWWHRES HQKMHFFEMYHORSHG PF
GDWDEDVH RI VL[W\ FKDQQHO IHWDDF&FDIOFRREQQDWDRG IRU HVWLPD
LWV SHUIRUPDQFH EHQFKPDUNHG DQROUNRRIWD ®D KHDW MR QUDR/G IHWDO (&* \
H[WUDFWLRQ RSWLPDO VHQVRU SODFHPHQW VFKHP}
VHWWLQJ
7KH SUHGLFWLRQ HUURU RI WKH PRGHO ZDV KLJKO\ DFFXUDWH
XVLQJ D OHDYH RQH RXW DSSURDFI$ GHIMR®G\DW H DAKILEG K WK VF DK HROORZ X
GHYHORSHG PRGHO LV XVHIXO IRQDWRPUBDFWRGHDIQYJ WRH 1RQ ,QYDVL
DPSOLWXGH RI WKH IHWDO (&* VLJOHWKRBERRWRI\WKGGPEMNSHOULGDD/'LRQV  , ((
DEGRPHQ ,QVWUXPHQWDWLRQ DQG OHDVXUHPHQW
WLP RU YLVLW (PHUVRQ .HHQD
YXUWKHUPRUH WKH RSWLPDO  VISQVRKWWSM HARHGY EQNHKHHODQ QHW UH!
PRGHO SURYLGHG VLPLODU UHOLDELOLW\ IRU )+5 H[WUDFWLRQ
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8SOLQMNKLY DUWLWRHOODWIWH FKDQJHV RI R[\ KHPRJORELQ
EDVHG RQ D SDSKHPREKQRELQ +E5 FRQFHQWUDWLRQV
ZRQ WKH %HVWEWMHUMNA®VXHYV WR LQIHU WKH ORFDO
3XEOLFDWLRQ IREUMKH UHJLRQV RI LQWHUHVW 11,56 KE
9LFWRULDQ 6HFWVRR SRUWWEOH UHODWLYHO\ OHVV
+DOI <HDU 6WHK\GWMQIM. QLQJ DOWHUQDWLYH WR 105, |
3DSHU &RPSHWLWIHRWLQJ VWDWH QHXURVFLHQFH VWXGL

7KH SDSHU LV SH\GSXAL®JWKHVH DGYDQWDJHV 11,56
IDOVH GLVFRYHOQZADQWHQ QRLVH FRPSRQHQWYV VXFK [
UHVWLQJ VWDWH IXQFWLRQDO FRQDEBWYWWHPLFL GK\WHROWJIJERDQQERLVH
FRUUHFWLRQ DQ 11,56 VWXG\ E\ ,¥KDUDUBDSDWDWLREDAD +] DQG OD\H
'DUUHQ ODR <DQ 7 :RQJ DQG &ROHWWSWEUHG.DURP FHUHEUDO DQG RU
1HXURSKRWRQLFV -DQ Rl WKHGRWUDLQ )XQFWLRQDO FRQQHFV
13K (SXE -DQ JMKDEJDSRVHV VLJQLILFDQW FKDOOHQJ
3DUDQDZLWKDQD LV FXUUHQWO\ D SKKVURSORUDL B DX ' QFOLQY/GIL RDWHQ YLRODW
LQ WKH 'HSDUWPHQW RI (OHFWULFRQFRQUG HRARPEMNGEEHVEAVWHIPHUDO WHFK
(QJLQHHULQJ (&6( DW ORQDVK 8RURSRVH®\DRGGXWHGH WR UHPRYH V\VW
%LRQLFV ,QVWLWXWH OHOERXUGQNIBXBWYDDAMOVQ BRDWH 3RT KMKH PRVW Z
LQYHVWLIJDWLQJ ODQJXDJH GHYHORSPSRWD A QILIOQVE QIMYJ XPHWBERG LQ UF
EUDLQ IXQFWLRQDO FRQQHFWLYLWFRQQHFWLYLW\ VWXGLHVY WR UHPRYH S
ORZ SDVV ILOWHU ZLWK D FXW RIl IUHT
,QWURGXFWLRQ +RZHYHU ORZ SDVV ILOWHULQJ ZLWK
UHPRYH WKH SK\WLRORJLFDO QRLVH
7KH KXPDQ EUDLQ FRQVLVWV RI ZONMHYH Y¥KDPKH DOYRWR PO LQ WKH IUH
GLVWULEXWHG EXW IXQFWLRQDOG\ FRIQIOHFPHID® V QWWEZ R U QR QVEB XYW R QD C
FROOHFWLYHO\ ZRUN WR SHUIRUPIIFR® SQHP FAV QR YLH) WWLRGWF H VS X ULR
OLNH VSHHFK SHUFHSWLRQ DQG OD®YNXDYH CPREBEBRWQWIKRQLQWHUSUHWE
8QGHUVWDQGLQJ WKH LQWULQVLFQIKWERUWRYDQWR W YD @LYSHIMLIRQWR IW K D W
WKH UHVWLQJ EUDLQ FDQ KHOSHQ  H9MMHRISHE WMR KBEPRLIHHUXQZDQWHC
UHJLRQV RI WKH EUDLQ IXQFWLRG®RWSBOWRWY DM PUHYS6 RIUIQMOV WR N}
UHVSRQVH WR D WDVN )XUWKHKDMRHUHORDH\OWMXQF WWROQOHO FRQQHFWLY
IXQFWLRQDO FRQQHFWLYLW\ VWXGLHV KDYH SURYLGHG XVHIXO
LQVLIJKWY LQWR GHYHORSPHQWDO$BOGRQAXURSODVWLF FKDQJHV
RI EUDLQ QHWZRUNV LQ GLIIHUHQW VXEMHFW SRSXODWLRQV
LQFOXGLQJ LQIDQWVY \RXQJ FKLOGKRHON FEO QRHROSPRIUKMEYLRQ KDV EHH
FRFKOHDU LPSODQWV WKH VWDQGDUG PHWKRGY WR UHPRYH V
QRLVH IURP 11,56 VLJQDOV 2SWLFD
5HVWLQJ VWDWH IXQFWLRQDO PDJO@HWHFWRUWRRDIPEH QA RPD,BEQDUH FROOHF
105, VWXGLHV KDYH DOUHDG\ 2GHPRSWR®HDWRQWDIKH FRPSULVH VKRU
IHDVLELOLW\ Rl GHWHFWLQJ VLIZQIWEKFD/RWX U FHR GUWMOHFWLRRQ W HBSID UD W L R ¢
VSRQWDQHRXV IOXFWXDWLRQV EHWGHHQVGR Y WDR WV E H DV QW DUHIDBEQVORQJ C
LQ WKH ORZ IUHTXHQF\ UDQJH VAR X U)KHD B\M MRHFIMR @ MOHEDUDWLRQ RI DU
LQIUDUHG VSHFWURVFRS\ 11,56 LW DQ®WKHRWRQRQYBKDOHHOV PHDVXL
IXQFWLRQDO QHXURLPDJLQJ WHFKBHUXE UWIODWQBH V¥ROIBY EWRIRG IORZ FI
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FKDQQHOV DUH GHVLJQHG WR RQO)\QFDWWLWHVWKIEB\ EGRRGLNIRIZG LQ 1H:
FKDQJHV LQ WKH RXWHU OD\HUV FREEXBW HG- DO BX QFEWLRKQIMDO FRQQHFWL
RSWRGHYV DUH FORVH HQRXJK WRJHWKKRXWRY®RWWFBKWXQHOOERKWHFWLR
UHIOHFWHG IURP GHHS FHUHEUDORIODSKWY R XD FIREG URIQ DWKIRQV LQ FRQC
DVVXPSWLRQV WKDW V\VWHPLF QFRLMH RADSIXO DFRRERQWEWDWQDO\VLV ED
UHVSLUDWLRQ DQG OD\HU ZDYHV DRRUKRFR1R@HRMFBOGURYY DOVR NQRZ
WKH EUDLQ DQG WKH VDPH QRLVHINVOWUKE WX XMHGWVRLQHERWK V\VWHP|
ORQJ DQG VKRUW FKDQQHOV D VSDWRP ONVKD ORQ F F& EHQEOWLRQHGEG,56 GD
WR VXEWUDFW WKH V\VWHPLF UHVWRB VHVU FROBRDXQUAHHG RE\ WXR D/ SURD F K H
FKDQQHOV RXW RI WKH 11,56 PHDEXOHWNQWRVDRFXOR®HO\ TXDQWLI\ WK
FKDQQHOV $OWKRXJK WKHUH KDV &M W LIDQARF WAIRGVD @ @W MIZHRUW VL Q7 KH F F
GHYHORSLQJ PHWKRGV WR UHPRYHPSKOVKEBRJILRUDQQRLWHTYROF\ GRPDL
11,56 GDWD WKHVH PHWKRGV KDY HPEHDVX PHR VROD\QR 'X@GLHETWRUHG FRKHUFL
DQDO\]H WDVN UHODWHG UHVSRQVRYV VWRDRP\NRRERQERQQHAWLYLW\ JURX
VWXGLHV KDYH FKDUDFWHUL]HG W KHWIIXABX UDIOQR LWLHP IUHIPR YERUD L Q UHJLF
ZLWK WKRVH PHWKRGV LQ UHVWQGJ FROYWWRO IXKEBPWOQRQDGDLUV RQH
FRQQHFWLYLW\ VWXGLHV FRQQHFWLYLW\ DQG WKH RWKHU ZLV
UHVSHFWLYHO\ )LIXUH (
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3URPLQHQW SHDNV ZHUH REVHUYH®DWHUPB2 FRRO@HFWLYLW\ DEVHQW J
KHPRJORELQ FRKHUHQFH SORWYV |IRUHDRWHK KRRIR ORINRKVLBPIQEDELOLWA WK
FRQWURO FRQQHFWLYLW\ JURXSV DEFXWH WH OD UTRODMAV LI\1+QJ WKH ELODWH
&RKHUHQFH SORWY DUH D IUHTXHQB\ CRPRPQRIJRRYQHFRXNYLWKH GT YDOX
PHDVXUH 7KLV REVHUYDWLRQ VX PIHNQAW XAGKD WT WIKWH B | IHEKMH BHQFH RI1 +E
OD\HU ZDYHV SUHVHQW LQ 11,56 GDWIE AL WKV WKPUW BED®&EHO FRUUHFWLR
WKDQ ORFDOL]JHG WKXV LQWURGXFLHQUSHYE WUWIYRDXOX FRUUHODWLRQV LQ
ERWK FRQQHFWLYLW\ JURXSV $Q XSZDUG ULVLQJ WUHQG LQ
FRKHUHQFH FDQ EH REVHUYHG IRU&BRW R XMLRXSWV LQ W R

+] IJUHTXHQF\ EDQG 7KLV XSZDUG WUHQG LV SRWHQWLDOO\
GXH WR WKH VSXULRXV FRUUHODWIHR QWHV MR GWKFERHAT G2\ WMWY VS XULRD
OD\HU ZDYHV 7KH SHDNV RI FRKHOGDHEG IWUDHOREME LWRR FRQQHFWLYLW\
SK\WLRORJLFDO QRLVH O0OD\HU zDPH®XQUyvE8PUDWLERBYHDQEHTXHQFLHV .
KHDUWEHDW ZHUH VXSSUHVVHG LPBRRAWERQQHFWLYLW\ JURXSV

ZKHQ VKRUW FKDQQHO FRUUHFWLRQ zZDV HPSOR\HG )LJXUH
% 'H IRXQG WKDW WKH SULQFLSDO FRPSR

VKRUW FKDQQHO FRUUHFWLRQ WHFKQL

'LWK WKH UHPRYDO RI VSXULRXV FRYVHOVPMIKEY LBBHLELoPRIGY ZDYH
GXH WR OD\HU ZDYHV D UHGXFWLRORPY PARYLERY VR TEERFEWLYLWY PHD
GHYLDWLRQ RI FRKHUHQFH zDV REVHUYVHELRREERBWK' s FAVAHHQ KRPROF

ZLWK VKRUW FKDQQHO FRUUHFWLROZIIHNH RYG XDy  SHVWLQJIWV
LPSURYHPHQW LQ GLVFULPLQDELOLW\? Qb ZLWK VKRU\

SHU KRXW FRLU
FKDQQHO FRUUHFWLRQ 'LVFULPLGDE UHOLDEL
FDOFXODWHG WR TXDQWLI\ WKH VF‘DSI‘PD D QQHFWL
WZR FRKHUHQFH GLVWULEXWLRQY,,  FRVUHY RUH DFEX
KRPRORJRXV DQG FRQWURO FRQQHFWLYLW\ UR

VHSDUDWLRQ DQG VSUHDG ZHUH G HILQIG PYWKH,G LIHUHRRIHR! xvios
PHDQ DQG WKH VWDQGDUG GHYLDWRRYS FHWLRG WRREHPRVHRYWwHPLF sk
VXEMHFWV LQ WKH UHVWLQJ VWOWHg lagi QR FPRPLJYKOWDwWH vwxe

RYHUODSV ZLWK O0D\HU ZDYH IUHIXE®QfibY Vo FHWENHEDEOH DQG IHDVLE
KRPRORJRXVY ELODWHUDO FRQQHFWLYLW\ SUHVHQW DQG FRQWURO
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83/,1. 7KLV LV DQ DUWIRYOHP HEQWHEBKDW PD\ DVVLVW WKH PRW
RQ WKH SDSHU WKDWSDRQ HDRHY )LUVW
3XEOLFDWLRQ FRPSHWLWLRQ LQ WKH ILUVW
KDOlI \HDUJV 6HFWLR®INVVEWWGEHBQMRWRU LPDJHU\ 95 0, L\
3DSHU &RPSHWLWLRQDQG&KLUH®MWLYHO\ HFRQRPLFDO VWL
&KR\ 6WXGHQW OHPHMHKDEWQOLWDWLRQ WKDW KDV EHHQ VK
UHFHLYHG WKH % 6FYDGHRXNH VIMXGLHY 1HYHUWKHOHVV
3K\WLFV DQG WKH 0 68HTBHIWHE W® LPSOHPHQW 95 0, LQWR
3K\WVLFV  ([SHULPHQWS®WR FBBXWHFOMKLY DUWLFOH SURYLGHV
3K\WLFV IURP WKH 8QLYHUVLW)\ RIVOMWD\E R XU QWK H XV WW DDI DWHF KQRORJ\ L
DQG UHVSHFWLYHO\ +H LVPRRWHDMDI\HBXURMXLERVW VWURNH PRW
WKH 3K' GHJUHH LQ (OHFWULBDBPWDQGJ (DHWWUBRWEYH WR PHWKRC
(QJLQHHULQJ ZLWK 50,7 8QLYHUREWWDS®OWWUDOLD +LV
UHVHDUFK LQWHUHVWV LQFOXGH VWURNH UHKDELOLWDWLRQ YLD
PRWRU LPDJHU\ DQG YLUWXDO UHR®IINI7 $KELLRORIF DT $VII0QDO
SURFHVVLQJ DQG DUWLILFLDO LQWHOOLJHQFH
7KH RXWFRPH RI VWURNH UHKDELOLWD
7KH UHIHUHQFH WR WKH IX0O0 ISQSHWHD QB Q\MH W RY® W WW LPHIRRQFH D VWURN
LV p9LUWXDO 5HDOLW\ $VVLVWHG 7RRWR[W P [PVH HWN FRRAH UDUOWURNH VXUY
3RVW 6WURNH 5HFRYHU\ $ 5HYLHZMRBAR&K U HKODEL GKWDWLRQ KRXUV |
6KDXQ / &ORKHUW\ (OHQD 3LURSRODWKMQOBSSWRYDO RI D QHXURORJL\
)DQEAWWSY LHHH[SORUH LHHH RUJ7ERIFXRAD@QWEDUG FOLQLFDO UHKDELOLWE
RQ SK\WLFDO PRYHPHQW 3K\VLRW
,1752'8&7,21 RFFXSDWLRQDO WKHUDS\ DUH WKH PI
GHSHQGHQW RQ UHVLGXDO PRYHPHQV
BWURNH LV D VHULRXV QHXURORJSBDQHBORQG UW IR RQ WKIDML LR IMRMCR U | X Q F
OHDGV WR GLVDELOLWLHV DQG GBDWK WRMCRIN LP g WKHRHQWWIL@WHJILHV
SDUWLFXODU PDNHV LW GLIILFXOPWDFKLDHUWHRN HH OSIFWIUHG VY WWRL P X O D V
LQGHSHQGHQWO\ SHUIRUP DFWLYLBMIRORRIFOCOLDQWHYYBQWEIRQW ZKLFK L
SRVW VWURNH PRWRU IXQFWLRQ VBRRAN\HBRQNHWHYW HOW LVDIOH LFR QW UD U\
UHKDELOLWDWLRQ UHODWLYHO\ FRVW HIIHFWLYH PDNLQJ
VWURNH SDWLHQWYV ZLWK QR YROXQWDL
SHKDELOLWDWLRQ UHOLHV RQ QHXURSODVWLFLW\ WR UHZLUH WKH
EUDLQ D SURFHVV WKDW LV PRVWO BVIHFWLYH7&$WLQI7NKH dLBYW
PRQWK IROORZLQJ D VWURNH ,W.Q@V WKHUHIRUH FUXFLDO WR EHJ
PRWRU UHKDELOLWDWLRQ HDUORVERKM YWR RN HX $DOVL 8 ® WAH RKGYRQRJ\ GXUL
WKHLU DELOLW\ WR PRYH YROXQWDWROVLPX®GDWHDWKIRQ LEWHQGHG St
PRYHPHQW NQRZQ DV PRWRU LPODWHEBRNHSSRWLEBBWVDIQYHQ LI QR UHDO P
DOWHUQDWLYH ZD\ WR WULJJHU Q HWXUR SKRIBVHW [RA L W F W IQYGD WLl € F WM K H OP R W F
VWDUW PRWRU UHKDELOLWDWLRQSHDPDU\ZLRWRWRRW DRRUWK\VLFSOHPRWR
PRYHPHQW +RZHYHU WKH DELOLWYV X\SS OPBH@MDD\PR PHRRHRUN DUHD DG
PD\ GHWHULRUDWH RYHU WLPH DNWSDW W LFWSBRWHRQLIWKDI® BHEQIHQHUDO (
95 WHFKQRORJ\ SURYLGHV DQ 0,LPFPHPUMULWLIR QY LLQWHHDUD FWLRQ DQG LPEL
HQYLURQPHQW ZLWK DQ DYDWDUHQWRURQPLHQW VERKOGIEM VXIILFLHQW
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VWURNH SDWLHQWY DQG SURYLGHPPROWUMBQNR U\ IBBIGEWBRQNVRLWWHG \
SURPRWH PRWRU OHDUQLQJ 7KH PRVMQWMHBWERKBCGRRGIGEXRILQJ SURFHVV
PRWRU LPDJHU\ LV LQ WKH ILUVWDSHUWRQ UDHUWWBE FOYYY HHBUWXK HY RI W
PXVEFXODU VHQVDWLRQ KRZHYHU VHVSRQREWVHUXLQSEOFWDROWJI LQWHUD
LQ WKH WKLUG SHUVRQ SHUVSHFWANFRBGBG VRUORXDBWWYDLVOH WKHIDOV
PRWRU FRUWH[ DQG SURPRWH QHXWRSOD VIKIHF LWRJIJOHYV YLVXDOO\ VKRZ W
,PDJH PRYHPHQW RI WKH YLUWXDO DUPV DO
IHHGEDFN WR WKH KDQGV YLD WZR 2FX(
7KH HYDOXDWLRQ RI PRWRU LPDHFKQRQRILHFPASREUWROQW PLODU IXQFWLR
3HUIRUPDQFH RI PRWRU LPDJHU\ LYOPWIQOP VMKHGEQ HZG WKRRXW ((* QHXURIF
WKH PRWRU EUDLQ DUHDV ZKLFKP DN QMNWUDO/OH | D/FH@VRUWDLW R WRWI RN B WP RW R
UK\WKP PRGXODWLRQV LQ WKH . DOMKH IWHFXHQ@P\REDYG\SURYLGH DQ LOOX
+] (OHFWURHQFHSKDORJUDP ((UHWHPEQRQJIDNFDMLYMWLRQ Rl VWURNH ¢
WHFKQRORJ\ ZLWK KLJK WHPSRUDO UHVROXWLRQ IRU PHDVXULQJ
WKH RYHUDOO DFWLYDWLRQ RI BGRWRUEEW, EUBLQ) DABBDVS8DQB. LW
EHHQ DSSOLHG LQ 95 WHFKQRORJ\ WR GHWHFW EUDLQ VLJQDOV
$UWLILFLDO LQWHOOLJHQFH LQYRIONLRISHPWR\RAQ HRIF 19 5E DWHHFK Q RO R J\
IOH[LEOH ERXQGDU\ FRQGLWLRQVPRWRWX]]JLPPREBHOMVWRDQSRVW VWURNH P
FRQYROXWLRQDO QHXUDO QHWZRUWKREZY VSUWBIEWOH JRWROWPRORUVQILQ Uk
UHDO WLPH UDSLGO\ YDU\LQJ ((* VBERQDHQWLDOO\ DFWLYDWHV WKH PRW
LPDJLQDWLRQ RI PRYHPHQW WKXV SUR
7KH UHKDELOLWDWLYH PHWKRG ZRD\ WRWERHULQPPRWRU UBKDELORMBWLR
FRPELQDWLRQ ZLWK 95 KDV JDLQHS&DWXSRRUWNVEQWKUNWMBURKPRWRU LPSDL
EDVHG HYLGHQFH DQG PD\ WUDQVLWLRICR YAR \DWIDH\D M LFEIOWM KFHORQWFB® 0, VW X
SUDFWLFH )LJXUH LV D W\SLFDO UHPRABORKRWRREGHYMARKRNHQRYDWLYH
SDWLHQW FRQWUROV WKH YLUW XB QD PLUPDAW RR QWRIHW EH 19 (IHFWLYHQHVV D
SODWIRUP E\ LPDJLQDWLRQ )LEWYDMOD HXWQQYV W QRN IDHFKLDBLOLWDWLRQ
VLIJQDOV SUHGRPLQDQWO\ IURP WKH PRWRU FRUWH[ DUH
8SOLQN

-RXUQDO RI ,((( 9LFWRULDQ 6HFWLRQ
661 1RYHPEHU



(:809 49 924900=492 '4.?2:=4,9 $D.24:@; 114947

7K ,((( :RPHQ LQ (QJLQHHULQJ XQGHUWFVWRIXIDWH DQG JUDGXDWH IHP
6HFWLRQ DIILQLW\ JURXS KDV EHHBDDQ \DAFWLHHU JARRPHSQ XHYGBHQHHUY DQG |
WKH ,((( 9LFWRULDQ 6HFWLRQ VLRAMQG HOORJIBLDLIWALWRPMKRI WKH OHDGL
JRDOV RI WKH JOREDO ,((( :,( QHWWHRBN WHIFRQRORJ\ HQJLQHHULQJ
GHGLFDWHG WR SURPRWLQJ ZRP&7Q0 HQJLQHHUV DQG

VFLHQWLVWY DQG LQVSLULQJ ODGLHV LQ 9LFWRULD WR SXUVXH D
FDUHHU LQ VFLHQFH HQJLQHHULQJ DQG WHFKQRORJ\

7KLV \HDU KDV EHHQ H[FLWLQJ IRU XV ZLWK JOREDO ,(((
:.( FHOHEUDWLQJ LWV WK DQQLYHUVDU\ 7KHUHIRUH ZH

NLFN VWDUWHG WKLV \HDU E\ FROODERUDWLQJ ZLWK WKH ,(((

'"HDNLQ 8QLYHUVLW\ VWXGHQW EUDDRRFWKHLQ D RUDYYL¥FHEY DQW ZH RUJDQ
SDQHO GLVFXVVLRQ RQ WKH WRSBGRE VEIXFDIURHH R QVMBPMHIHS WOQHXUVKLS IF
FHOHEUDWLRQ Rl WKH WK DQQLYBHDPDQL@®I DERXW RARMVUHSUHQHXUVKLS
HYHQW ZDV KHOG LQ D K\EULG IRYPIDOD EIOM WRH WM. QKHLU R¥Q FRP
8QLYHUVLW\ :DXUQ 3RQGV FDP®&XWFXW/LRIEXZIDQL IDFLOLWDWHG E\ /DJI
(GLULVLQJKH IURP 50,7 8QLYHUVLMUOQEWRIH ,QLYFWRWALHD@WY LQ %UHD
BHFWLRQ :,( 7UHDVXUHU JXLGHG WRXQ GHLUW FRIV WKRD D\ $POHAXQGDWLRQ
FKDLU 7KH SDQHOOLVWVY LQFOXGHBF®ULRINVVRILBD GEBLWDHOKYHHVKD 3H!
IURP WKH 8QLYHUVLW\ OHOERXUQFR IRXRIGNVRWHUSBEKXQFW

JUDGD %XUVWHLQ IURP ORQDVK 8QLYHUVLW\ $QQLFN

%RJKRVVLDQ ,((( 9LFWRULDQ 6HFW:IHR R D&KD WMZ RI PPRRR) H HIOWHQUMDY SODQQHG |
'U :DQLWD 6KHUFKDQ IURP ,%0 ZLD@GEHUKH®OGOLQ 6HSWHPEHU 7KH ILU
+HWWLDUDFKFKL IURP '"HDNLQ 8QLYRQW)BMUQHVYV LQ ODFKLQH /HDUQLQJ
7KLV \HDU KDV DOVR EHHQ H[FLWMXLVRWHXYXQ DRD ORDVEW WR FUHDWH C
8QLYHUVLW\ KRVWHG WKH ,((( LQHTXDPWHWQRBWLRQDOJHQGHU EEBVHV
/JHDGHUVKLS 6XPPLW ,/6 LQ OHOERUQ®@H W BXIPD/Q KRXH ZKHQ PDNLQJ G
YROXQWHHUV KHOSHG WR RUJDQIDMARWKHUHO\U@J RKQLFXHFLVLRQV SURY]
SUHVHQWHG D JUHDW RSSRUWXWAWWHBQGYV DIZDWHREBEPVXRKE LQKHULW EL
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SUHVHQWHG E\ $VVRFLDWH 3URIHVWRBXWUYMHI\FRRBOQWWRR PHPEHU RI
50,7 8QLYHUVLW\ 2XU QH[W HYHQWDJIZIQHP UAH JD 97& IUQDCE OWKH $VLD 3DFLIL
WHFKQRORJ\ ZRUNVKRS IRU KLJK VBRRR® HON XSHHRPRWB® DHSDGHNW GLYHUVL
RI WKH ,((( (QJILQHHULQJ LQ OHGLF LO)}HGDIQBNH URORILR QDO O\
$VLDB3DFLILF ,QWHUQDWLRQDO 6WXGHQW &RQIHUHQFH DQG ZLOO
EH KHOG E\ RXU DPD]JLQJ YROXQWHS$UYODWDNVKH9,( 8DFWR,UR 3@
BHFWLRQ 7KLV ZRUNVKRS ZLOO EH DQ LQWURGXBW®@&D\ VHWQRQDFKFKL
RQ ZHDUDEOH WHFKQRORJ\ VKRZLQJ WKH IXQ SHWSHDRUFKRI $VVLVWDQW
HQJLQHHULQJ WR KLJK VFKRRO VWXGHQWYV E\ JLYRLEXOKDQRIV6EQHQFH (QJI
H[SHULHQFH LQ XVLQJ /LO\3DG $UGXLQR ERDUGV WRL®NWLJIJQYLURQPHQW
IXQ DQG H[FLWLQJ FLUFXLWYV 6FKRRO RI (QJLQHHULQJ
8QLYHUVLW\ 'DXUQ 3
'H DUH DOVR KRSLQJ WR RUJDQLVH D :,( JDWK&DROIVLQ 6KH LV FXUU
OHOERXUQH WRZDUGV WKH HQG RI ZWRKINL QHID UR IR U AKVHMAVQ W ID QBRZHU ~ V\V
SDVW :,( 9LFWRULDQ 6HFWLRQ YREOQWHRUMYV XQ® KVMXYGHQWHU EDVHG U}t
EUDQFK YROXQWHHUV WR HQJDJH DQG QHWZRUN ZLWK HDFK
RWKHU 6R VWD\ WXQHG DQG IHH® 8,0H6= WR>BROOCRR "O*0RQ
JLQNHG,Q WR EH XSGDWHG ZLWK RXU HYHQWV FKWHWKBQEWRMLDAHUHUD L
BHFWLRQ :,( &RPPLWWHH EHKLQG DOO WKH KDUGHERDNWHU DW WKH 9L
VHFWLRQ 6KH LV D WKLUCG
3,4= ,900>3, "0=0=, FDQGLGDWH LQ WKH 2SWLF
ODQHHVKD LV D ILQDO \HDU 3K' 3DWWHUQ 5HFRJQLWLRQ *l
&DQGLGDWH DW WKH )DFXOW\ BRQLYHUVLW\ RI OHOERXUQ!
(QJLQHHULQJ DQG ,7 DW WKH %LRLQIRUPDWLFV &RUH
8QLYHUVLW\ RI OBPERGORM &DQFHU &HQWUH $XVWUDO
ZRUNLQJ RQ UHQHZ DH®W HQKHWIOG ELRLQIRUPDWLFV ILHOG)\
IRUHFDVWLQJ DQG GHHS OHDUQLQJ
6KH LV DOVR D &R )RX@G#HD R:2D94>0= 1=,3 $,00/
OHOERXUQH EDVHG VWDUW XS 6ROVWLFH $, ODQHMVKEDKBE LV VHUYLQ.
EHHQ YROXQWHHULQJ ZLWK ,((( :,( 9LFWRULD@GFWHLFNWWRQRUJDQLVHU DW
VLQFH DQG LV SDVVLRQDWH DERXW HPSRIZAWR@LD 6KH LV D 3K' F
ZRPHQ LQ HQJLQHHULQJ DQG WHFKQRORJ\ 6KH LQ WKKHOIGHSDUWPHQW RI
&KDLU DQG KDV EHHQ WKH DFWLQJ FKDLU VLQMHQ&SUILMFWURQLF (QJLQHH
RI WKH :,( 9LFWRULDQ VHFWLRQ 8QLYHUVLW\ Rl OHOERXUQF

%=0,>@=0= #@B494 /4=4>49230
5XZLQL (GLULVLQJKH L8BOD/QOAFW,XBHB, DWW >347, 637?,=
50,7 8QLYHUVLW\ 5XZLQL LV D ,VKLWD KDV FRPSOHWHG K

SDVVLRQDWH DQG HIITHFWLYH(OHEWULFDO DQG (O]
DGYRFDWH IRU GLYHUVLW\ DQ@®JILQHHULQJ IURP 7KH 8C
LQFOXVLRQ $V WKH &R FKDLU Rl RMKHWHOERXUQH LQ 6 K
'"LYHUVLW\ DQG ,QFOXVLRQV FXUUHQWO\ VHUYLQJ DV D

$GYRFDF\ *URXS ',$* DW WKH $GYLVRU LQ 7ULQLW\ &RC
6FKRRO RI 3&30 VKH OHDGV WHDPV WR SURPRW IGAHUHUIMLW\RI OHOERXU
DQG VKH LV DOVR D PHPEHU RI 50HYHYBUIFKHQDQE&E $1ZRUN LQWHUHVWYV
')$* 5XZLQL LV DOVR D VWHHULQJ FRW PR MWAVDMH. FPGIPE W RIUDPPLQJ DFD
‘RPHQ 5HVHDUFKHUVY 1HWZRUN :5AD @ HPHQWVWHDFKLQJ DQG VR RQ
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:910=09.0 $ 3 >4, " . 414. (WIKDQ *URRE\
,QWURGXFWLRQ F o7
((( (0%6 ,6& $VLD 3DFLILF ZDV ) RELRPRIERWDRQ DQG H[SDQVLRQ RI ,(((

HQJLQHHULQJ FRQIHUHQFH RUJDC .VHG® HPERWXESQWY IRU
VWXGHQWY SULPDULO\ LQ WKH $VI ) RDFHREF &RHJIHRIH QFKHLPDIMQHUDO LQ
FRPSRQHQWYVY RI WKH FRQIHUHQFH 'HUH DMKNHWWQEE HEE VR S DG DIWHUZDU
FRPSHWLWLRQ NH\QRWHV SDQHO VHYVODRQIMEIRWNY RR S/ KB DEY HQW
WRXUV DQG PRVW LPSRUWDQWO\ QWWZRUNLQJ

R 6KRZFDVH WKH SRVVLEOH FDUHHU
7KH LGHD Rl KRVWLQJ WKH FRQIHU QF HDIMWEREHRIFHRELWEKS® HQIJLQHHULQJ HQ
(0%6 . 68HULHV ZKLFK VWDUWHG E[ N LOLFWRLQL DI\SW
7KLV VHULHV KDV VLQFH EHHQ IRL 'DROL¥RB E3DQHQO4B'VLRQV DQG ODE W
BWXGHQW $FWLYLWLHV &RPPLWWHH# 6$& WR EH WKDW ,6&V
RFFXU DURXQG WKH ZRUOG LQ WK | RHJARORY RIVIWAGHIDFYILWHFKQLFDO [
1RUWK $PHULFD /DWLQ $PHULFD ( URSHRZQGRUNVERISVDVYWYLHZLQJ SDSH
$IULFD HDFK \HDU <RX FDQ OHD Q PBDSHDEBRWWHU( RUDO DQG %LR'HV
(0%6 ,6& 6HULHV DQGKHUMLQJ RQF DQG WKURXJK RUJDQLVDWLRQ RI W

2YHUYLHZ

7KLV DSSHDUHG WR EH WKH SUL MW RIS REWYMHUHDFWRIRBOSRRVWVK WK 6H
WKH FRPPXQLW\ DQG VKRZFDVH WKMH FEXREROHWHKHRGIKRWR SRVW JUDG)
ELRPHGLFDO HQJLQHHULQJ ZLW KHWKIHF WRUQB LSXWVWIEOLB IRKWPDWH ERWK
RYHUDOO DLPV ZHUH WKHQ WUDQW®D WKREZ ERWR BN R HFRLFIBIO HRFH. QHH UL
WKHPH Rl 39LFWRULDQ (FRV\WWHWRKRI YHQX®HKDIQIHG ®YHU WKH FRXUV
OHGLFLQH DQG %LRORJ\" 7KLV ZDVZLXAKWKOHU EEWHRIPH QDXS AVMPVBRQFHQW TV +
JRDOV IRU WKH FRQIHUHQFH ZKLFK'BHUI®W ORQDVK 8QLYHUVLW\ DQG 'D\ I

r .7 RI OHOERXUQH
R ORWLYDWH DQG LQVSLUH WKH QHMYWUIHIRM UDXWLRQY RMKH GD\V ZH KDG
ELRPHGLFDO HQJLQHHUYV ZKLFK LQFOXGHG NH\QRWHV ODE WD
R +RZ .H\QRWH VSHDNHUV ODEWRRXWVDEBRWYKRIVWHYV ZRUNVKRSYV

SDQHO GLVFXVVLRQV DQG VWXGEIHOMN EUGI BHYWROD W RRAMWLWLRQ DQG D
o7
R $FFHVVLEOH DQG LQFOXVLYH &HQW IXERQPHQW IRU DOO
DWWHQGHHY SUHVHQWHUV DQGDRUJDQLVHUV
R +RZ )RFXV RQ GLYHUVLW\ HTXKMW\FPWQH RQFODAMLIR@I FRPPLWWHH (W
LQ WKH FRQIHUHQFH GHVLJQ ZAMUKNMWKWH VXGBRIUW REDTXH $QX  6DE
UHOHYDQW DGYLVRUV DQG FOXIEWW®RBRK N URGI) YRIQXHBDEULQD OHLNO
FKRVHQ DQG FRQIHUHQFH RIIHWKB IFRRQIHHHQ¥FR FRPSULVHG RI LQGL"
DQ\RQH LOQWHUHVWHG LQ EL R PKD3L FIDO/ WQV WXHSHHWIMD JFOXE H[SHULHQF!I
ERWK LQ SHUVRQ DQG YLUWXDWDHDAOHYDQW FOXEV DQG IRU WKH PRVW S
F o7 EHIRUHKDQG 3DVW FXUUHQW FOXE HJ[S!
R (VWDEOLVK FROODERUDWLRQ EMWEZWHOQPWEREVYL FAHR UZBQH IDPLOLDU
VWXGHQW ELRPHGLFDO HQJLQNMNMKMBERP SRXHEQYWY RI WKH FRQIHUHQFH |
R +RZ 7KURXJK HQJDJHPHQW RIUHQMWDQW FFRENVDWR'V IRU VSHDNHUV
RUJDQLVH YROXQWHHU DQG UGRPHYHQWVU\D WRMKLOIXWICHQJ FROODERULIL

FRQIHUHQFH DQG SURPRWLRQ )DPLOLDULW\ ZLWK
8SOLQN
-RXUQDO RI ,((( 9LFWRULDQ 6HFWLRQ

,661 1RYHPEHU



FRPPLWWHH PHDQW SHRSOH ZHUHPHWPRQW WRPNRORWIHELOHG WRH FRVWYV RI V
VSHDN IUHHO\ DQG ZH NQHZ HDFKJRWKHWYIYLWKSQEW® HWRHMHUHQFH
2YHUDOO WKLV PHDQW ZH ZHUH PRUH HIILFLHQW LQ RUJDQLVLQ
D FRQIHUHQFH ZKLFK ZDV HVVHQW I$SB@ UWY RQ DVDIOH \ZIH H HRU WWRE® H WR HRE W |
HQGHDYRXU FRQIHUHQFH IURP ,((( (0%6 ORQDVK
$VVRFLDWLRQ %LRQLFV ,QVWLWXWH
,Q DGGLWLRQ WR WKH FRUH RUJD Q,IQN BU FIRWP PR YDVH HH XGIHK N & LS 6 XPPLW
VHW RI DFDGHPLF DGYLVRUV WKDW SURYLGHG IHHGEDFN DQG
DVVLVWHG XV WKURXJKRXW WKH MRXUQH\ Rl RUJDQLVLQJ DQG
UXQQLQJ WKH FRQIHUHQFH 7KHQ PRVW LPSRUWDQWO\ ZH
LQYROYHG VWXGHQW FOXEV ,((( :,( ORQDVK $IILQLW\
*URXS OHOERXUQH %LR,QQRYDWLRQ 6WXGHQW ,QLWLDWLYH
0%6, %LRPHGLFDO (QJLQHHULQJ 50,7 6WXGHQW 6RFLHW\
% (566 3$&% (5 ORQDVK <RXQJ OHGT7HFK
,QQRYDWRUV 0<0, ,((( ORQDVK 8QLYHUVLW\ 6WXGHQW
%UDQFK DQG ,((( (0%6 6%3& DQG SURIHVVLRQDO JURXSYV
((( (0%6 9LFWRULDQ 6HFWLRQ DQG ,((( :,( 9LFWRULDQ
BHFWLRQ 7KHVH JURXSV DVVLVWHG ZLWK SURPRWLRQ RI WKH
FRQIHUHQFH UXQQLQJ HYHQWV ZLWKLQ WKH FRQIHUHQFH DQG
PRVW LPSRUWDQWO\ ZDV PHHWLQJ RXU JRDO WR IRUP
FROODERUDWLRQYV ODUNHWLQJ
$V ZH ZHUH D EUDQG QHZ FOXE ZDQWL
%HVLGHV WKLV WKHUH ZHUH QKFHQRX\WDMWRBIMON JDADS/ NH\ ,Q WKH LG
PHHWLQJV ZLWK SDVW FRQIHUHQGHF KRNV W R DFREHDHWPHDPREX UTHEG LOADW H U F
VWXGHQW FOXE OHDGHUV DQG RROGRRAWHUHWKBEW ZTHERYWOWEULWH SD
LQYDOXDEOH IHHGEDFN DQG DGYLF}D FRIE FoFR\BL DPRIGIBVOWR ANH ZHUH GHWHUP
WKH EHVW DYHQXHV IRU SURPRWLRQ
JLOQDQFLQJ VXSSRUWLQJ FOXEV DUH PRVW DFWLYH
5XQQLQJ D FRQIHUHQFH LV TXLWH DRDHJIS HOML LK) IRUEBNRQU ,Q DBIGLWLF
HVSHFLDOO\ ZLWK WKH DLP RI PIQHE DQ O LVOK HOH Y MW R R UUIHUGHHHY DQW VW X G H
WKH FOXE KDYLQJ LQ IXQGLQY WIZ HUWHLQ(ZLOWKE *(L(Y PQFPWIRLULDQ PHPEHUYV
EDVH SURSRVDO GRFXPHQW DQG YDULDQWV IRU WKH
FRQIHUHQFH ZDV FRQVWUXFWHG?2YMYGW RKEFRXMWWHGRI WRKH \HDU ZH ZH
LQGXVWULHV ,((( JURXSV DQG XQLYBQGLWLHROWRZWWFXRE /LQNHG,Q L
IXQGLQJ 7KURXJK WKLV SURSRVBI®SHPWHWHQUV)RDQWKH FRQIHUHQFH
QXPHURXV HPDLOV ZH ZHUH IRUW X®DWHWWRWRRWYULIQRRQGLRKRIXQWULHYV
IURP 'HSDUWPHQW RI %LRPHGLFDOFKQROQHBQGQJ FIRWSW®HHY UHVHDUFK |
8QLYHUVLW\ RI OHOERXUQH )DFXOW\ RI (QJLQHHULQJ DW
ORQDVK 8QLYHUVLW\ $OOLDQFH IRU 'LJLWDO +HDOWK DW
ORQDVK DQG ,((( 9LFWRULDQ 6HFWLRQ

2QFH WKH DERYH IXQGLQJ ZDV VHFXUHG ZH DSSOLHG IRU
PRUH VWDQGDUG IXQGLQJ IURP ORQDVK *UDGXDWH
$VVRFLDWLRQ ((( (0%6 DQG ,((( <RXQJ
BURIHVVLRQDOV VRPH RI ZKLFK UHTXLUHG SURRI RI LQLWLDO
IXQGV IRU PDWFKLQJ SXUSRVHV IRU LQVWDQFH 7KHUH ZHUH

DOVR DJUHHPHQWYV ZLWK VRPH RI WKH VWXCGHQW’PSXEPYkiF#1357@1>10
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&RQIHUHQFH 'HVLJQ RYHUDOO ZLQQHU $GGLWLRQDOB®BM WKH

BWXGHQW 3DSHU 3RVWHU DQGDZDPWIO 3UHVHQWDWLRQ

&RPSHWLWLRQ

7KH PDLQ SDUW RI WKH FRQIHUHQF®WEZDNXWKH VWXGHQW SDSHU

VXEPLVVLRQV DQG DVVRFLDWHG2QSRRWMKH PRGH RAUDTXH RITHULQJV |

SUHVHQWDWLRQV $V ZH ZDQWHG RDVNVJDQBEONRRUNV )RIXUSDJIH 7KHVH SURY

IRU XQGHUJUDGXDWHY DQG SDJHWR\ SRRIFDVBGWEKWHXYRZBG FODVV IDFL

QHHGHG WR GR WKUHH WK L QUH/Q HYLZNMWWIOL@\ 9ILEW RU IZDVL QFELRPHGLFDO HQ

FDOO IRUDSPEHUVLPSOLILHG ZRUG KHOSG /D AMRSDSHW ORFDWLRQV ZKLFK

WHPSODWHYV 7KHVH GRFXPHQWYV SURYR\GHGVD @ DQWK B VQHF MRV B UWD O

LQIRUPDWLRQ WR VWXGHQWY DQG VIRPSDHRLWGRWKFDSURFHVV IRU

WKHP 6HFRQG ZH SURPRWHG HDUR\ %ILR)DELQ 0D\

SURPRWHG ZLGHO\ L H QRW RQ®\FOLBWR BIODT $BYIDYHAHG WDBXIPXWXULQJ

LQWHUVWDWH DQG LQWHUQDWLRQDR®O\LJDW D®HID® X | CBRURPRIVDHG) DFLOL W)

FRQVLVWHQWO\ DQG SURYLGHG URRPRIRML HYWHOQWIRRRWVHDQBRODFLOLW\

DV /D7H; LV WKH LGHDO PHWKRG IRB ZEQLWIOQFURMFRE\OWLFURDQDO\VLYV

FRQIHUHQFH SDSHUV EXW PDQ\ VWXOHQWWRQ@OMK 8 Q LIYMLLUOALDNA

ZLWK WKLV ZH FROODERUDWHG ZLWK &6(62:,( ORQDVK

$IILQLW\ *URXS WR UXQ D ZRUNVKRS RVLBRERWIUFOHDQ DHBKFRXQMH DQG ,QWH

/ID7H; WHPSODWH 2YHUDOO ZH KBGD\ SS®ISYOHHI \DIWW RO BGHOERXUQH

YLUWXDOO\ R &RPSXWHU $VVLVWHG 5HKDELOLWE
&$5(1 /DE

2QFH ZH UHFHLYHG DOO WKH SC 3HUVO0HDHE RXD@WHGU MLR) &HQWUH ,PDJL!

FRPSOHWH D UHYLHZ SURFHVV V RVKRMQWWHK RHOWDPILBL®DJILQJ DW :DI

H[SHULHQFH LQ UHYLHZLQJ SDSHU DQ&DWRD,WVWIXNXNMHVRI WHKGMFDO 5HVE

VXEPLWWHG JHW IHHGEDFN 7R DFKLHYH WKLV ZH LQYLWHG D

FRPELQDWLRQ RI 3K' VWXGHQWY DQG DFDGHPLFV WR UHYLHZ

SDSHUV 7R VLPSOLI\ DQG IRUPDOLVH WKH SURFHVV ZH

FUHDWREJIDH IRUOO UHYLHZHUV WR VXEPLW WR

,Q WRWDO ZH KDG UHYLHZHUV DQG UHYLHZ SDSHUV ZH

HDFK SDSHU KDYLQJ DW OHDVW UHYLHZHUV 7KH UHYLHZHU

IHHGEDFN ZDV WKHQ SURYLGHG WR VWXGHQWVY ZKR WKHQ KDG

WKH RSSRUWXQLW\ WR DGGUHVV WKLV DQG UHVXEPLW

J)LEQDOO\ IRU SDSHU MXGJLQJ WHURXJK WKH FRPELQDWLRQ
LQLWLDO UHYLHZHU VFRUHV DQG VRPH IDQF\ PDWKV DQG
SXEOLFDWLRQ WHDP RI WKH RUJDQLVLQJ FRPPLWWHH SDSHUV
ZHUH VKRUWOLVWHG 7KHVH VKRUWOLVWHG SDSHUV ZHUH WKHQ
MXGJHG E\ DFDGHPLFV WR GHWHUPLQH WKH RYHUDOO ZLQQHUYV
RI WKH SDSHU FRPSHWLWLRQ

JRU WKH SUHVHQWDWLRQ VWXGHQWYV ZHUH JLYHQ  PLQXWH

VORWV IRU D PLQXWH SUHVHQWDWLRQ DQG PLQXWHV 4 $

DQG FKDQJHRYHU -XGJLQJ ZDV WKHQ FRQGXFWHG E\ RQH

DFDGHPLF WR GHWHUPLQH WKH RYHUDOO ZLQQHUV )RU WKH

SRVWHU SUHVHQWDWLRQV DFDGHPLEY DQG., LQGXVWU\gas/s. < 053
UHSUHVHQWDWLYH MXGJHG DOO WKHWOSRVWHE WREEHWRUPLQH® WRE@:9 %53
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:RUNVKRSV VXEPLVVLRQV IURP 6DOLP +DELE 8QL
7KH DLP RI WKH ZRUNVKRSV ZDV WRDWISRIRD®E SXH MUHFIKWQLLRD®DQ ODUFRYV
VNLOOV RI VWXGHQWY DV ZHOO D\WRXW RTRIUG HHW MWH SFOSSSRU VERYWHUIRMQ G R U
VWXGHQWY WR UXQ ZRUNVKRSV LXWXGERQUWWKBGXROMH UIHGFKBRMMXUUDGXDWH
ZRUNVKRSV ZHUH FRQGXFWHG ZKLFKHLRFQQABU®G DJUHXUWHIROORZYV
WKH ILUVW ZDV RQ OHGLFDO ,PDJLQJ XVLQJ ' 60OLFHU E\ 7RP
:LOOLDPVRQ WKH VHFRQG ZDV (&4HDQSDHDUW 5DWH
9DULDELOLW\ $QDO\WLYV XVLQJ S$UGKLQR/EX2(RPH®VRQ .HHQDQ
WKH WKLUG RQ %UDLQ &RPSXWHU JYWHUMFHRNY XL QWKHWKRYREAN PRWRU O
0%6, DQG ILQDOO\ :HDUDEOH 7HFI DROBUVDXNUDY SREWLQRRQDVK 8QLYHUV
/ILO\SDG E\ ,((( :,( SLFWRULDQ 6HFW ‘RQ (IIHFW RI 6HOl 5HSRUWHG /RZ 60H}
: :DONLQJ *DLW DQG WKH 8VH RI
6RQLILFDWLRQ WR 3URPRWH 1RUP|
-DEHU 50,7 8QLYHUVLW\
F ":>?2 =,/@,?20
R 7KH ,PSDFW RI WKH 1HRFRUWLFDO
&XUUHQW 6WHHULQJ E\ 6DEULQD
8QLYHUVLW\
R $OWHUHG )XQFWLRQDO &RQQHFWL
TUDQVFXWDQHRXV 9DJXV 1HUYH
W916 $ 6WXG\ XVL
ODIQHWRHQFHSKDORJUDSK\ 0(* E
.HDWFK 6ZLQEXUQH 8QLYHUVLW\
53A>1  *:>72?4;<? "< 12@ !105/584®35:2 ';5%&OLQLFDO (YDOXDWLRQ RI'D 3RUW
-0 1->@ %-@1 )->5-.585@E :-8E?529<A@1& 12é@DVHG OHGLFDO 'HYLFH IRU &KL
@1>2-/1? -:0 ;,@@;9 %534@ *1->-.81 L/4:;8';E%’HDVH ORQLWRULQJ E\ $QK 7UDC
5HVXOWYV JOLQGHUYV 8QLYHUVLW\
2YHU WKH FRXUVH RI WKH GD\ FRWQHWUHBRFEWHWSIQXYV WKH SUH
FRQIHUHQFH /D7H; ZRUNVKRS ZH KDGOPRUOK VBKDQ 0>? ":>?20= ? B,>, 240
SHRSOH DWWHQG RQOLQH DQG PR HRWKDO@PHWHDOO HQ DPAWWHQBWLRQ RI W
LQ SHUVRQ )LJXUH &KDQQHO JORZ )HDWXUHV DVVF
3ODWHOHW $FWLYDWLRQ E\ 0Dl
8QLYHUVLW\ RI OHOERXUQH
R 1RQ ,QYDVLYH 6FUHHQLQJ 7RRO WH
E\ $SMPDO $]J]HHV 50,7 8QLYHUVLW\
F &9/0=2=,/@,?0
R *O\FHURO 30ODVWLFLVHG 6LON 3UR

53A>1 $;?@1> &12??5;:? 12@ -E -24(0OBEWYRYESLQQLQI 9DVFXODWXUH
0 %534@ -E - (C5B1>?5@E ;2 1 i iA>RIKDL 8QLYHUVLW\ RI OHOERXUQH
‘H UHFHLYHG D WRWDO RI  SDSHBV ":SRVWH@Y?DQG

RUDO SUHVHQWDWLRQV IURP XQGF JJEDGRDWMM HGKXROFW LW Q& DSRY¥RQQHF WL
JUDGXDWH VWXGHQWY LQ GLIIH HQW7XDQVYHXWDWHRXY IDIWKKLQHUYH 6W
9LFWRULD $XVWUDOLD ZH KDG V EPLBWWORRVXVURE ORIPMHWKRHQFHSKDORJ
8QLYHUVLW\ 8QLYHUVLW\ RI OHOE 3XU@EHN &BEDO,UORWMWHUMDWFK B6ZLQEXUQF
DQG WKH 6ZLQEXUQH 8QLYHUVLW\ ‘I RHFQR®RRI S H,SMLHIH WODMHUDFWLRQV
ZH KDG VXEPLVVLRQV IURP JOLQGH ‘V 8@XEHBVIKDVBQEY HWDEMHDD O0LARJIURC

RI 6\GQH\ DQG 816: ,QWHUQDV .RQB@QY HWWLW\DG
8SOLQN
-RXUQDO RI ,((( 9LFWRULDQ 6HFWLRQ

,661 1RYHPEHU



%HVW 2UDO 3UHVHQWDWLRQ )LQDOO\ WKH FRQFOXVLRQ RI WKH G
F &9/0=2=,/@,20 0%6,7V  ZHHN 9LQXUL 'H 6LOYD %LR'HV
R &RPSXWDWLRQDO )OXLG '\QDRIDRV $WKHO\VILW FRKQ MKHHSHWLWLRQ DQG
(IITHFWV Rl 'XDO /XPHQ &DQQXQDXBRVLWLRIQNZDY LQ KRQRXU RI 9LQ X
(IWUDFRUSRUHDO OHPEUDQH ZRPMJB QDMORRDWEH VWDUW XS FR IRXQG
'RQJ =KXQ <XQJ ORQDVK 8QLYMWRVIWKH FKDLU Rl WKH FRQIHUHQFH R

R (YDOXDWLQJ WKH )XQFWLRQDQWWDQQGRREVLEQGLWHNIRG IRI WKH %LR
3DHGLDWULF $QNOH )RRW 2USK® V(UMW E®Q VARU XIFWSHHE VRQDO WKDQN
XVLQJ D &RPSRVLWH ' 3ULQWISWRVOL&ROIMDUSOR® \RRP WR SURBRWH E
D &RPPHUFLDOO\ )DEULFDWH®QRYQAWDRBQWQE\ FROODERUDWLRQ
.ULWLND :DUULHU ORQDVK 8QLRHWWH®XHY DUH YHU\ SDVVLRQDWH DER

F ":>?2 =,/@,?0
" R &HOOXODU 8SWDNH RI /LSLG RR@RSDWXDPWH\RQY IDR LVRKNM ZLQQHUYV

&U\WWDOOLQH 3KDVHV E\ 6XHoL/ROHWDX) 3AONVFK &RPSHWLWLRQ
8QLYHUVLW\ F 3HRSOHfV &KRLFH 9LVLRQ OHGLEDO

R 6LPXODWHG &RPSDULVRQ RI 'HF LAURMP BROABFUNYV, GYWGWXWH 3UL]H OR
IRU 6KDUHG %UDLQ &RPSXWHUF, QWO XULFHH&BQWUYROYRIR'HVLIQ &RPS
5SRERWLF $UPV E\ .LULOO .RNRULQG6LEDH HUVLW\ RI
OHOERXUQH

R &OLQLFDO (YDOXDWLRQ RI D 3RUWDEOH J)OXRUHVFHQFH
%DVHG OHGLFDO 'HYLFH IRU &KURQLF .LGQH\
'LVHDVH ORQLWRULQJ E\ $QK 7UDQ 7DP 3KDP
)OLQGHUYV 8QLYHUVLW\

53A>1 *5::1>? ;2 @41 )5:A>5 1 &58B-
;9<1@5@5;: ' "&5.81

&ORVLQJ 5HPDUNYV
7KLV ZDV D PDVVLYH XQGHUWDNLQJ
_DQXDU\ ZKLFK RYHUDOO ZDV D V3
((( (0%6 ORQDVK 8QLYHUVLW\ 6WXGHOQ
OLNH WR WKDQN HYHU\RQH WKDW KHO
HYHQW :H DUH FRQVLGHULQJ ZKHWH}
FRQIHUHQFH DJDLQ QH[W \HDU DQG D
H[SUHVVLRQ RI LQWHUHVW WR MRLQ W]
RU UXQ HYHQWV ZLWKLQ WKH FRQIH
LQWHUHVWHG LQ FRQWULEXWLQJ WR
53A>1  C->0? ;< 12@ '>:<4BE:<4B@ @RQIR@HQFH RU KDYH LGHDV IRU WKH
0 1>@525/-@1 -:0 %534@  C->0 AR hQyiEr W kMK HHPHEY PRQDVK#JPDLO FRF
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2Q 6HSWHPEHU WKH ,((( "HDNLQVIEMAX BBIG W RAUBD QFX WKDQ WKH\ ZHUH |
KHOG DQ KRXU VXPR URERW KDWMBIWERQ ZDMWB FXWDWRPVXFFHVV IRU W
URERWV DQG SDUWLFLSDQWYV IURP6UMDIQFHKH GLIIHUHQW IDFXOWLHYV

DQG LQVWLWXWHV IURP '"HDNLQ 8QLYHUVLW\ 5RERW VXPR LV D

ZHOO NQRZQ VW\OH RI FRPSHWLWLRQ LQ WKH URERWLFV

FRPPXQLW\ ZKHUH WZR URERWV ILJKW DQG WKH JRDO LV WR

SXVK WKH RSSRVLQJ URERW RXW RI WKH DUHQD 'XULQJ WKH
FRPSHWLWLRQ WHDPV RI XS WR WKUHH FROODERUDWHG WR

GHYHORS D KLJK OHYHO FRQWRRIRWHU RU 3ILJKWLQJ DOJRULWK

D FXVWRP URERW SURYLGHG E\ WKH 6WXGHQW %UDQFK 7KH

URERW QDPHG B6SDUSXFNXV KDV 7BLVFRKBOGWREZRKDHFLIPRON KDYH EHHQ S
IHDWXUHV WKDW PDNH WKH JDPH RRQBIQEQ VG WHASBRWINV JIURPWWKW ,((( 9LF
LV SURJUDPPHG WR UDQGRPO\ GLWOQLIDIY LMW GW XK WHWIRDL QWHOOLJHQ
HYHU\ QRZ DQG WKHQ E\ OLIWLQJ L\V\Q RWUID/ENR/QZ K:IHF KK RO HVRWKRO G WKLV
URERW YXOQHUDEOH WR DWWDFNMWKHAR QS&H UKD SFVD @ WF KIDQU JHQWHU X QLY
IRUZDUG DW HOHYDWHG VSHHGV ZKH B R VWBILPRY LIGH\R Y DBHPLRWHUHVWHG L
VSHFLDO DWWDFN WKDW FDQ EH XYHEBXRQXGHPDOQG W\ WK DUH KDSS\ WR
FRROGRZQ RI V 7KXV WHDPV KDGGWRRFRPHUKSZALKMKYH GHYHORSHG VF
ILJKWLQJ DOJRULWKPV FDSDEOH RW RMRRXI ZQ WH BXAXN\EDYENHIDQNUL QDG X D X
GHDOLQJ ZLWK UDQGRPLVHG URERW GHDFWLYDWLRQV 7R VSHHG

XS WKH VRIWZDUH GHYHORSPHQW SURFHVV SDUWLFLSDQWYV KDG

DFFHVV WR D UHDOLVWLF VLPXODWLRQ HQYLURQPHQW ZKHUH WKH\

FRXOG WHVW GLIIHUHQW VWUDWHJLHVY DQG WUDLQ DJDLQVW SUH
SURJUDPPHG RSSRQHQWYV

2Q WKH GD\ RI WKH FRPSHWLWLRQ HYHU\WKLQJ UDQ VPRRWKO\
DQG RQ VFKHGXOH 7KH HYHQW VWDUWHG ZLWK DQ LQIRUPDWLRQ
VHVVLRQ RQ KRZ WR FRQWURO 6SDUSXFNXV DQG KRZ WR XVH
WKH VLPXODWLRQ HQYLURQPHQW 7KLV ZDV IROORZHG E\ WZR
SURJUDPPLQJ VHVVLRQV ZLWK D OXQFK EUHDN LQ EHWZHHQ
DQG GXULQJ HDFK SURJUDPPLQJ VHVVLRQ HDFK WHDP ZDV
DOORFDWHG D PLQXWH ZLQGRZ WR WHVW WKHLU FRGH RQ WKH
UHDO URERWV $W ILUVW PRVW SDUWLFLSDQWY ZHUH FRQIXVHG DQG
XQVXUH RI ZKHUH WR VWDUW EXW E\ WKH HQG RI WKH ILUVW
SURJUDPPLQJ VHVVLRQ DOO WHDPV ZHUH XS WR VSHHG DQG
IXOO\ HQJDJHG LQ WKH WDVN ORVW WHDPV HYHQ FXW WKHLU
OXQFK VKRUW DQG GXULQJ WKH VHFRQG URXQG RI WHVWLQJ RQ
WKH UHDO URERWV PDQ\ LQWHUHVWLQJ VWUDWHILHV VWDUWHG WR
HPHUJH )LQDOO\ DW WKH HQG RI WKH GD\ DQ LQVWDQW
HOLPLQDWLRQ EUDFNHW WRXUQDPHQW ZDV KHOG ZKHUH WHDPV
SXW WKHLU DOJRULWKPV WR WKH WHVW DJDLQVW HDFK RWKHU RQ
WKH UHDO URERWYV 3UL]JHV IRU WKH WRS WKUHH WHDPV ZHUH
DQG UHVSHFWLYHO\ $00 SDUWLFLSDQWYVY ZHUH
YHU\ H[FLWHG GXULQJ WKH EDWWOHV DQG PDQ\ VWDWHG WKDW
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7KH )DFXOW\ Rl (QJZRHHMMQAWDBUHSDUDWLRQV VWDUWHG
ORQDVK 8QLYHUVLWWKBQGXWERIBPH RI WKH DSSOLFDWLRQ Sl
,((( 9LFWRULD 6HFWY{RRH®XPHREGRU WK DQG WK RI $XIXVW
XS DQG SXW LQ DQ RRYALWOMWLRRHY®R DW p7KH 3DYLOLRQT
KRVW  WKH  ((( ‘RRBHIoHY{0G FDPSXV 7KH 3DYLOLRQ ERC

(QILQHHULQJ QWEYRRWEROR® YLHZY DFURVV OHOERXU

/IHDGHUVKLS 6XPPLW, Q

LY D USRVH EXLOW SUHPLXP IXOFWL
LQ OHOERXUQH $X%ng LD 7TKH Q

R

DSSOLFDWLRQ OHG VRFLDWH
3URIHVVRU 6XGKD ORNNDSDWL ORQRYKpHQLYLHWHME EONSULVLQI (WKDG
VWURQJO\ VXSSRUWHG E\ WKH WKBHHRBLORAC PP Bk 80LYHUVLWI DO
$XVWUDOLDQ ,((( 6HFWLRQV 7KHW(E(\(ipiPreDYidlo Rz 'HDNLQ 8QLYHUVLW
Vi

\}jllj\F/\\:Vv::'RGQLQLQ$X(;/LVJVLUVDEODLQDHL?KH E\U\)%EF@LVY}&((ZS%(HE\Q DWWHQG LHHH
0

VHFRQG RU WKH ILUVW SRVW sDQaHPEREY8 R Pip% Moy e 242 PRQDVK
SXVWUDOLD HOJLOHHUIL QIQZL LFLVHG WKH HY]

YDULRXV VWXGHQW DQG HDUO\ FDUHHU
ORQDVK 8QLYHUVLW\TV )DFXOW\ RIVERFLRQ HRHQUDLVS ODIWIREPY VXFK DV

WRS (QIJILQHHULQJ VFKRRO DQGsOXPRQHQAHWYRUNODGBVWZLWWHU WR
VFKRROV LQ $XVWUDOLD UHQRZQHSDIRWUIOHIAL G H7 KU MAKHQWX DZOLAW DOV R ¢
RI' LWV WHDFKLQJ UHVHDUFK DQ®UWKYV FHAQIZEOHWRVHUWVDVVRFLDWH
JUDGXDWHYV SDUWQHUYV DQG ,((( VHFWLRQV DIILQLW\

7KH RUJDQLVLQJ FRPPLWWHH VDZOBDUKH 3L(Q]JL/6  DGEXNQ U\ 3RUWIROLR 0D
H[FHOOHQW SODWIRUP WR EULQJQWRIHMIHLI QROOGNKV8QIURIUVLW\ DQC
YDULRXV JRYHUQPHQW IXQGHG DJBRBGHVU DPEFDG HPURGDIY ® SSURDFRHG ST
LQGXVWU\ WR LQVSLUH RXU \RXQJINUYGILHQH WXMLRLY HRJW HPZXQH VSRQVRUYV
HQJLQHHUV 7KLV ZDV DQ RSSRUWEZQILYWHUNRLUNXVSQIRY BUWPLWXWRI OHIOWR XU C
\RXQJ HQJLQHHUV ZLWK WRROV WR Fi FIRFQVRGH QW HB WY RQLHQYY dRYQJ 3UR
VXFFHVVIXO LQ WKH SRVW SDQGHRRPHAQZRY @ILGHHWHLIU DIILQLW\ JURX!
KRSLQJ WR SURYLGH DQ RSSRUWXRUSRURW IVRIQHP5:W R D\QHH : RRGVLGH (QH
UDQJH RI FDUHHU SRVVLELOLWIGHDZLQV K KbBVNIWXMDQ PIQ GIWRP EXMKH  ILQDQF

VWURQJ QHWZRUN PDQDJHG DOO H[SHQVHV DQG ILIQOWFHV
8SOLQN
-RXUQDO RI ,((( 9LFWRULDQ 6HFWLRQ

,661 1RYHPEHU



7KH RUJDQLVHUV DUH JUDWHIXO WHMROM\ 68CH &KLBDZBFHLHQWEVW RI $XVWU
5RKDQ %HOO IRU RYHU VHHLQJ DRP WKHHIHYBFQWQWHQOWWH&6,52 3URI
DUUDQJHPHQWYV 7KLV HYHQW ZRXJIGGRRIN K®YHUEHNHGHQW $XVWUDO
SRVVLEOH ZLWKRXW WKHLU VXSSRBWLBQEHKD WS ZRIQHE HKOLFD® WWKHHU &K L
VFHQHV 9LMD\ 3DXO 'HSXW\ &KOLWQHHUVISKWRWDIDLD OV 6DOO\ $QC
BHFWLRQ &KDLU ,((( <RXQJ 3URIEVNDREBRDQQRYDWLRQV 'U .DWLH $OO0OHC
LQYDOXDEOH UHVRXUFH LQ SODQQHGHUDQG3IRUODREPWMOQW WKL&XH .HD\ &
HYHQW 7KH *HQHUDO &KDLU IRU WXWW,U® ®IVROM[WHIEV)BUIXVRQ &KLH
VSHFLDO WKDQN \RX WR 3URIHVYRUFHBDQ@RRXPKIMZRWRQYH OV -DQHOOH
'LUHFWRU ORQDVK 'DWD )XWXUHYFHQOWQWHKWHHFRWLYKHHU, %0 /HVOH\ 'l
JXLGDQFH LQ PDNLQJ WKLV HYHQW SHRWVRVWOMNFWXUHY 6KRUW ELRJUDSKLH'
FDQ EH IRXQ&WDSEY DWWHOG LHHH
'U 7ULQD ODMXPGDU ORQDVK 8QLPHO¥RWUOQGHG WISH DONRIFLDO
DUUDQJHPHQWY FRPPLWWHH 6KH PDGH WKLQJV KDSSHQ WR
SODQ ZLWK KHU FRQWDJLRXV HQWKXNVGEBOPLQB®FHAREBKV\ 2$0 FKDLUHG \
7RIHWKHU ZLWK 0V .ULV :LUWKHQWRKWKHQBYMHQWGCIRDG7IAW LW XS RQ D W
VKH ZDV UHVSRQVLEOH IRU PDNK®JSWDRXUDWKHFOREBG D GLVFXVVLRC
DUUDQJHPHQWY LQFOXGLQJ FDWNUUQSXVPRIWIDQERKD WRB D QHWZRUNLC
UHJLVWUDWLRQ GHVN DQG HQVXULQJ7WHKH SDQHDON UPQVVPRREKBY 0V -DC
6SHFLDO WKDQNV DQG 'XH WR 'U BDRDPG/RW IRDOWKHOWQRAH 0V 3DXOD %
DQG HIIRUW VKH KDV YROXQWHHUHGUIRIH WKRY FHYHRHW)XQJ 0V $QQLFN %RJ
OHKUQD] 6KRXVKWDULDQ DQG GLVFXV
7KH SURJUDP FRPPLWWHH OHG E\ YR OPRXW IBH WDLIRIXMD FXMAHU DGYDQFHPH
WRJHWKHU DQ LPSUHVVLYH SURJUDP E\ FRQYLQFLQJ HPLQHQW
VSHDNHUV IURP DFDGHPLD LQGXYW DG ®IQELRIG WHR QPKHQWUJDQLVHUV VS
RUJDQLVDWLRQV WR SDUWLFLSDWH LQ WIQR® YHQW HPAEHHUVURUWYV, (DU PHPE
HVSHFLDOO\ FRPPHQGDEOH FRQVL®MINIPQ OMKN IHRILVDMUIZBE IRU WKH ,/6
SXW WRJHWKHU LQ RQO\ D IHZ ZHWNVFH WILRPH WKKH U, /8 HUDVEXV\ VFKHGXOH
RSHQHG E\ 3URI &KULV 'DYLHV ,QWHMQ® 'HB K R)DH YOKMDWRWKH\ IRXQG WK
(QJLQHHULQJ ORQDVK 8QLYHUVLWEH®OQBIGWAVDNGRWRPQUWKHIGLQVLIKWY SUHYV
DURXQG WKH WKHPHV RI (PSRZHUPBQ®@ SOQWHOHEWMOHRQVRREHHU SODQQLC
DQG /HDGHUVKLS 7KH VSHDNHUVWKMFOQMEABUNUQARWERUWXQLWLHV FUH

8SOLQN
-RXUQDO RI ,((( 9LFWRULDQ 6HFWLRQ
661 1RYHPEHU
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$1=6&21 LV DQ $XVWUDOLDQ DQG MR KHDO KRE &WXIPYWEHLQJ SURPRWH:
FRQJUHVV DQG WKLV \HDU LW ZDWF K®RRIOS/ LDQGFWREHD EMWWHU XQGHU"
$GHODLGH 7KH 9LFWRULDQ 6HFWWR®@OVIDQW SRXY HWROHYWXQGHUWDNI
FRPPLWWHH PHPEHUV WR WKLV IRBDWHBUQG&EBVSDR®G KHYHUIDW KLJK VFKRR

VKRUW UHSRUW RI WKH HYHQW $XVWUDOLD WR DGGUHVV WKLV $OVR
LOWHUHVW LQ KRZ LW LV LPSRUWDQW \
0?7B:=6492 UHODWHG SURJUDPV DW DQ HDUO\ DJH

2QH EHQHILW Rl DWWHQGLQJ WKLV FRQIHUHQFH ZDV WR PHHW
ZLWK RWKHU VWXGHQWY UXQQLQJ VLPLODU RUJDQLVDWLRQV DV ZH
GR LQ 9LFWRULD DQG OHDUQ IURP ZKDW WKH\ DUH GRLQJ DQG
YLFH YHUVD

JRU H[DPSOH WKH VWXGHQWYV LQ WKH 9LFWRULDQ 6HFWLRQ
UHFHQWO\ UDQ WKH ,((( (QJLQHHULQJ LQ OHGLFLQH DQG

%LRORJ\ G6RFLHW\ (0%6 ,QWHUQDWLRQDO BWXGHQW
&RQIHUHQFH DQG ZH ZHUH DEOH WR GLVFXVV RSSRUWXQLWLHV

IRU RWKHU ,((( 6BHFWLRQV WR VXSSRUW WKH RUJDQLVDWLRQ RI
VLPLODU HYHQWV LQ WKHLU 6WDWHV 7KHUH ZHUH DOVR
GLVFXVVLRQV WR SURPRWH IXWXUH ,((( (0%6 HYHQWV LQ
9LFWRULD DQG VHQG VWXGHQW ®HOHJDWHV WR DWWHQG LI 9LFWRUL
RUJDQLVHV D VLPLODU FRQIHUHQFH QH[W \HDU 7KLV DOO

ZRXOG IXUWKHU HQFRXUDJH WKH VHW XS RI ,((( (0%6
BWXGHQW &OXEV ZLWKLQ XQLYHUVLWLHV LQ WKHVH RWKHU 6WDWHYV
D SOXV IRU WKH ,((( LQ $XVWUDOLD

$GGLWLRQDOO\ WKH RSSRUWXQWWHHY IRU FR RSHUDWLRQ IORZ
RWKHU zD\ WRR EHFDXVH ZKLOH QRW ,((( UHODWHG DW OHDVW
QRW \HW LW LV KRSHG WKDW WKH FRQQHFWLRQV PDGH DW
$1=6&21 ZLOO KHOS VHW XS VWXGHQW WHDPV IURP RWKHU
6WDWHV WR WDNH SDUW LQ WKH KHDUW KDFNDWKRQ FRPSHWLWLRQ
KWWSYV 7277 KHDUWKDEKDMKKRY AHRPRIOREDO

DUWLILFLDO KHDUW GHVLJQ FKDOOHQJH EHLQJ RUJDQLVHG E\
ORQDVK 8QLYHUVLW\

7KHUH zDV DOVR DQ RSSRUWXQLW\ WR PHHW ZLWK OHDGHUV RI
((( <RXQJ 3URIHVVLRQDOV WR GLVFXVV RQ WKH EHJLQQLQJ
VWDJHV RI DQ ,((( VWXGHQW FOXE DQG KRZ WR HQVXUH LWV
FROQWLQXLW\ )XUWKHUPRUH ZH WDONHG DERXW KRZ EHVW WR
LQFRUSRUDWLQJ ,((( <RXQJ 3URIHVVLRQDOV LQ ,((( (0%6
ORQDVK 8QLYHUVLW\ BWXGHQW &OXE DQG ,((( (0%6
6WXGHQW $FWLYLWLHYVY &RPPLWWHHYV IXWXUH HYHQWYV

53A>1 $5/@A>17? ;2 ?<1-71>? 0A>5:3 0-E
2WKHU SHRSOH WKHUH KDG D 67(0 6FLHQFHR #HFOQRBRIXS@E ;2 018-501
(QJLQHHULQJ ODWKHPDWLFV IRFXV DQG LW ZDV LQWHUHVWLQJ

8SOLQN
-RXUQDO RI ,((( 9LFWRULDQ 6HFWLRQ
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"=0>097,74:9> SURFHVV DQG FROODERUDWLRQ ZLWK
WKHQ GHYLFHV DFWXDOO\ JHW WUDQVO

BUHVHQWDWLRQV GXULQJ WKH URDD HRHU@FH VAHFDXKERYG 6LQFH 3URI

LOQWHUHVWLQJ NH\QRWH VSHDNHUY0,ZKRQ VKBDWWION\ LKLV KIRKOG EH D X!

FRPLQJ IURP WKHLU RZQ H[SHULHGQIHWH LA US RVHUVLB QDD OEKHFROODERU

DQG UHFHQW ZRUN LQ WKH ILHOG Rl HQJLQHHULQJ ORVW

QRWDEOH RQHV ZHUH WKH $UWLILFLDO ,QWHOOLJHQFH ODFKLQH

/JHDUQLQJ &RPSXWHU :RUNVKRS ,((( 6SHFLDO ,QWHUHVW

*URXS RQ +XPDQLWDULDQ 7HFKQRORJ\ 6,*+7 7HUHVD

-DQRZVNL %LVPD ODQ]JRRUDQG 3URI 6KDUDWK 6LUDPYV

UHVHDUFK SUHVHQWDWLRQ

53A>1 '1>17?- -:;C?75 ? <>1?21:@-@5;: ;: 81-
1@C;>7 @; 5:/>1-?1 E;A> 1@ C;>@4;2@41 #
&' ! -?2@ '>-17

7JHUHVD -DQRZVNL V SUHVHQWDWLRQ F
QHWZRUN WR LQFUHDVH \RXU QHW .
VWXGHQWY WR PD[LPL]H WKH EHQHILW
53A>1 $5/@A>1? 2>:9 | :9<A@1>2>HPFKDQILQI NQRZOHGJH DQG OHDUC
I-@4*;>7? C5@4 -B50 '51: 4->817 & @A[S@ Y58 Q-PB@OE 7KHUH ZHUH D IHZ WLS\
QHWZRUNLQJ VXFK DV DWWHQGLQJ HY|
&URVV GLVFLSOLQH ZRUN LQ HQJLDGEGURALU FPREBPEQRWRIVWDQWLQJ D FRC
LQFRUSRUDWH D ORW RI 0$7/$%QEBYHGXD QW LTXFHMVMMLRQWHOQGJEHLQJ DQ [
DQG PDFKLQH OHDUQLQJ 7KH ZRUNYK®RISIKIWHIG HKREHGKFEK\ NQRZOHGJH \R)
ODWK:RUNV VKRZFDVHG D QHZ ZRUNDMRZ FZH MW VOV K PHRQH SR OHDUQ VRPH
DQG VHYHUDO TXLFN YLVXDOLVDWLRQ WRROV WR EHWWHU
XQGHUVWDQG KRZ WR DSSURDFK WKHVH UHVHDUFK SUREOHPV

53A>1 > 5729- 7?2 <>1?1:@-@5;: ?2<%/NIB;8A@
5:0A?@>E -:0 /->11> ;<<:>@A:5@51? $: @41 ?
:35:11> C5@4 811@ &<-/1 '1/4:;8;3517?

53A>1 $>;2 &4->-@4 &5>-9H? <¥1N?1:.@-@5;: ;: - 05B1>

>-:31 ;2 9;:5@;>5:3 9105/-8 01B5/1?

%LVPD ODQ]JRRU V SUHVHQWDWLRQ RQ
3URI 6KDUDWK 6LUDPYV SUHVHQWDWSBOHVK@ERYWHG D QL YADUMHHU RSSRUW
UDQJH RI PRQLWRULQJ PHGLFDO \GHFW.RHUVVWDQWHGE EURPKRZLQJ WKH Il
PDWWUHVV FRYHUV IRU KHDOWK MRQLWRALDX WDRVHEOUWH IDEE KERHA VDW
PDVNV IRU &29," GHWHFWLRQ % H\OLREDO WRKRQEMHFWAWKWI DQG H[SORUHI
UHVHDUFK SUHVHQWHG LQ WKH ®HR/RIGENFDKHH Q RIRGH HFRIPPX QLFDWLRQ
VSDFH ZKDW ZDV UHDOO\ LQVSLULRDY®YV WRH GBEVWIQ WNKQREQQJIJDV WHU
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FRPPXQLFDWLRQ LW LV VWLOO KDQRON KR SAHRDYR GW K WA ULUQHRONKIBLHDED 6 XV F
FRYHUDJH WR KDUG WR UHDFK DU $DYDRW LWIKIARRWPH WKW &L ORRHUDQ 6BFWLR
SRSXODWLRQ GHQVLW\ 7KHUBERXHW LQNVSHOOLWHREQYHBXVWUDOLDQ\
FRPPXQLFDWLRQ FDQ SURYLGH DFFHORRY B WRHXEGHUHQDNH RYUHUHTXLVLW
JRU WKDW UHDVRQ WKHUH DUH SOHW@M @M NUKH JWEHFHK@HBD®LROW XGLHV
3DUWQHUVKLS 3URMHFW *33  WRZORIBN LIRRS O B R HRIW ZRXOG XOWLPDWH
VDWHOOLWH FRPPXQLFDWLRQ 1RYHUERMYWIKBOH[SRYHZAWNBOO\ JURZI
171 DQG PDNLQJ LW SDUW RI WKH (D QINDY®N X DWXKHH ZRKNQR U F H

%LVPD KLJKOLJKWHG HIIRUWV WRZDUG UHGXFLQJ WKH PDVVLYH

VL]H Rl WKH VDWHOOLWH WR QDQR'VL]H VDWHOOLWHYV WKDW LQ WKHL

RZQ ZD\ FDQ SURYLGH JOREDO FRQ@HAWIEXUW\QRW OHDVW LV IRRG ,W ZD\
JOXWHQ IUHH RSWLRQV VRPHWKLQJ \
FRQIHUHQFH RUJDQLVHUV SHUVSHFWLY!

9. 7@>4:9

6R \RX FDQ VHH WKHUH ZDV D ORW R
WUDQVDFWHG DW WKLV &RQJIJUHVV DQC
EXLOGLQJ RQ WKHVH OLQNV ZLWK OLN
PHPEHUV LQ WKH RWKHU 6WDWHYV ‘H

WKH ,((( 9LFWRULDQ 6HFWLRQ IR WKH
DQG SDUWLFLSDWH LQ WKH &RQJUHVYV |
DFTXLUHG DQG ERXJKW EDFN VRPHWKLC

53A>1 1813-@17 <>171:@5:3 @4852 ngl RUQJ“QE\PLQJ PRUH HYHQWYV KHUH LV
-/1/11??5.585@E ;2 A:01>?@-:05:3 81->

)LQDOO\ ODWW ,PKRII SUHVHQWHG RQ ,((( 6,*+7 ZKLFK L

(((fV PHFKDQLVP IRU KXPDQLWDULDQ SURMHFWYV &XUUHQWO\

WKHUH LV QR SURMHFWV RFFXUULQJ ZLWKLQ $XVWUDOLD ZKLFK
ODWW LV KRSLQJ ZLOO FKDQJH DIWHU WKLV FRQIHUHQFH 7R
DFKLHYH WKLV WKH FRQIHUHQFH LQFOXGHG D SLWFKLQJ
FRPSHWLWLRQ E\ WHDPV RQ SRWHQWLDO SURMHFWV 2QH WHDP

ZKLFK LQFOXGHG O9LFWRULDQ 6HFWLRQ DWWHQGHH (WKDQ

*URRE\ SUHVHQWHG RQ WKH SUREOHPRIY Q@?T—EH@OQ E;QE%@\%QR?ON @-7t 2>
XQGHUVWDQGLQJ DQG OHDUQLQJ $XVODQ $XVWUDOLDQ 6LJQ '
/IDQIXDJH DQG KRZ HQJLQHHUV FDQ SOD\ D SDUW LQ

DGGUHVVLQJ WKLV

53A>1 $5/@A>1? 2>:9 018-501 ,;;

JXUWKHU LQIRUPDWLRQ DERXW $1=6&21
KWWSV DWWHQG LHHH RUJ DQ]JVFRQ

~1=A5>191:@ :2 & | 275882 5: @41 ”plfd% 1018-501 i@
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"@-74.,74:9>
+HUH

SXEOLFDWURMXDO 5HDOLW\ $VVLVWHG
,PDJHU\ IRU (DUO\ 3RVW 6WURNH 5HH
5HYLHZ
45 &-:3 4:E
%! ' (:5B1>?4
'"HHS
7THFKQLT
(GJH

3XEOLFDWLRQ 'LVWULEXWHG
5HLQIRUFHPHQW /HDUQLQJ
$SSOLFDWLRQ 30ODFHPHQW LQ

&RPSXWLQJ (QYLURQPHQWYV,., 650 -ao.oF
118.;A>:1 (:5B]1

SXEOLFDWRRQ\ 1HRQDWDO &KHVW 6R
6HSDUDWLRQ IRU +LJK 4XDOLW\ +HDU

BRXQGV
@4-: >:.;.E

1,:-?24 (:5B1>7
3XEOLFDWLROQDFKLQH /HDUQLQJ %DVH
5LVN SUHGLFWLRQ 7RRO IRU +,9 DQG

7TUDQVPLWWHG ,QIHFWLRQV $FTXLVLW

1H[W ORQWKYV LDQJORQ]]
1,:-?4 (:5B1>7

SXEOLFDBWRBQAFLQJ 5HDOLVWLF (9 'HP
URILOHV IRU 'LVWULEXWLRQ 1HWZRU

-LOJ =KX
118.;A>:1 (:5B1

SXEOLFDWKROQQ LQ WKH /RRS $XGLWHR
&XHLQJ 6WUDWHJ\ IRU *DLW ORGLILFD

7LOD /< :X
1,:-?24 (:5B1>?

SXEOLFDBWVRQGQRQVWUDLQHG 6FKHGXO
(QHUJ\ +XEV $ 6WRFKDVWLF S 5K
2SWLPL]DWLRQ $SSURDEFK

2245 "-6-25 4-
1,:-?4 (:5B1>?5

SXEOLFDWUWRBRDELOLVWLF $VVHVVPHQ
6WDWLF /IRDG ORGHO 3DUDPHWH
5HQHZDEOH ULFK 3RZHU 6\VWHPV

15> “A257A> %
%! ' (:5B1>?%

IRU \RXU LQWHUHVW DUH VRPWLR{AHEW, WK BIVHWVRDQO BEXHEWLRQ PHPEHUYV

3EEVOR BDSMIGREF LQJ IDOVH GLVFRYHULHV LQ
ROVHMWL®J VWDWH IXQFWLRQDO FRQQHFWLY]
VKRUW FKDQQHO FRUUHFWLRQ DQ 11,56 VW)

VKDUD 3DUDQDZLWKD!

@E 1;:-?4 (:5B1>?5@E
3XEOLFDWDE@RULQJ 9DULDQWYV RI
XHKH ERVUKHY 3RO\QRPLDOV ZLWK OLQLPDO

BR®\QRPLDOV RI FRV & G

5 'DYLG $ :ROIUDP
>?5@E A?@>-85-: "-@5;:-8
(:5B1>?5@E -:.1>>-

X @)GE O LF DYADLGWQDWH WKH HITHFW Rl JUDSKHQH
WDQGGPLOQ@HG JODVV ILEUH RQ WKH WKHUPDC
DQG GLHOHFWULF SURSHUWLHV RI VLO
sHODVWRPHU ILOOHG ZLWK DOXP4-QL%P K\GUR
3XEOLFRWHRBHDG /LQHV DQ&' LI/
G5ROH RI 2XWGRRU ,QVXODWRUV 3UHSDUHG
AHMNDERUFH RI WKH ,((( '(,6 2XWGRRU
LRYXPDPMUL ROKFHFKQLFDO &RPPLWWHH

B XEOLFDMMIRQRSPHQW RI QRYHO K\EULG
JUDSKHQH R[LGH GLDPRQG PLFUR
FRPSRVLWH SRO\LPLGH ILOPV WR DPHOLR
DEGHFWULFDO WKHUPDO FRQGXFWLRQ
N36EBGEBMERRY LQJ WKH SRODULVDWLRQ DQC
GHSRODULVDWLRQ FXUUHQW PHDVXULQJ PH\

TP¥RLG JURXQG ZLUH LQWHUIHUHQFH  +1
9ROWDJH

U\

WLRQ

3XEOLFDWSBRYLQJ )DXOW 7ROHUDQFH DQG
sGHOLDELOLW) RI +HWHURJHQHRXV OXOWL $Jt
6\WWHPV 8VLQJ ,QWHOOLJHQFH 7UDQVIHU
LOXERILFDWISSS®\LQJ DVSHFWERUL HOMW HG
EHMLIQ PHWKRGRORJI\ WR POGDINWIBRH®Y DC
RI LQIRUPDWLRQ LQ LQWHUQHW RI WKLQJV V
18;A

@ E

3XEOLFDWRIARDOWLRQ .HUQHO (VWLPDWRUYV
3XEOLFBWQRD GLVWULEXWLRQDO WUHDWPH{¢
WRWRIWLPH VHULHY DQG DQ DQRPDO\ GHWHF
JVQYHYWLIJDWLRQ 41 4A
3XEOLFDWGEWQHDPLQJ +LH£§§F§§5§@©E
K/OXVWHULQJ %DVHG RQ 3RLQW 6HW .HUQHO
@E
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[47?2:=> " 20

:B B,> ?34> 0/4?4:9 .=0,?20/

6FULEXV LV IUHH DQG RSHQ VRXUFH GV RADNWRBYPXPDOEWOKH QRU 'PRVWRGHVNWE
,W LV GHVLJQHG IRU OD\RXW W\RHMVHWNWM . QR U DSAUR ISIWNEBQDW LTRX® OL W\ LF
KWWSV HQ ZINLSHGLDHWI AL NUHEHWYE)XGY IURP FRQWULEXWRMU ¥ R KBIRW K B
SODLQ WH[W WR UHPRYH KLGGHQ IRUPDWWRIFEG DLQ@QGWR DI 6FWKHXQVFS3I,1. WHI
DW D WLPH ,PDJHV DQG GLDJUDPWMJW WK HQRZEGHIURRQGVWKHVH: IRDJFK D
OHQJIJWK WR ILW FROXPQ RU SDIHDWRXMGDWVILRIY L¥KBURHRQ XJHWIGP D JDALIQHE\ W
ILQDO 6FULEXV ILOH LV H[SRUWHG WR ML3IH PWVXYORP RKRENBWREGLIMFWRU'
ZLNL *3/B*KRVWYFRIL W LWLRQ WDNHV VL[ PRQWKWN HGR®WMVMIKHWIIRDP DWURW
WKURXJK WR WKH ILQDO 3') RXWSXW

/4?:=> 1:= ?230 90C? 0/47?4:9 :1 &"
(DFK HGLWLRQ RI 8SOLQN KDV LWVFRRQUQWVIBW @RKRLG IDURMLF O3 H/RBOH VWX UFHC
LOQWR WKH 6FULEXV SXEOLVKLQJ WRE®G ZRURXQHQMFROOWHRBDARIMH O\ 8SOl

HQYLURQPHQW IRU \R X0 DB\OHIKOHMER QW D FW
[42:=> 1:= 234> 0/474:9

0D\ $OKDMUL

OD\LV XQGHUWDNLQJ 3K' VWXGLHV LQ &\EHWWRFXDMWH D\@ O R DIV K HBIAK/LHL
ZRUNHG DV 7HDFKLQJ $VVRFLDWH DW HMLR&XMOGLZKRWINEHLD DFKB QS UQ G XV WU
(QJLQHHU DW 7$41,$ 0D\ KROGV D 0 6FLWMHJURR DRQDEK BOHFHUVLW\ DQC
+RQV LQ QHWZRUNLQJ DQG WHOHFRIPPHKHMFOWUR@BYLWYWHRVYWURP 3U

(QQ 9LQQDO
(QQUXQV :LUHOHVV )UHTXHQF\ 6WXGLR D IPRUHAXNCPMDQOF \R V S/ASFHIOWX/R. QUK D

HILVWHQFH EHWZHHQ GLIITHUHQW UDGLRH®SHIWRWL FH\O V 3WHY ILRX WD\G KRl \Z\RAY
SHUIRUPDQFH DVVHVVPHQW +H LV SOHAW B LDQ R &R RO RMBR G MWHY & X L
&KDLU RI WKH 9HKLFXODU 7THFKQRORUHRKREBWWH R ID QY& HL ¥ QRAH Q/B Bl 3URSD.
7TKHRU\ DQG 7THFKQRORJ\ &KDSWHU

&KDPSDNH OHQGLV

&KDPSDNWH FXUUHQWO\ WKH &KLHI 'DWD 6 BLH Q@G MXWY FRY DUHLIFSAOXHU B b X& KD U O
FXUUHQWO\ VHUYLQJ DV WKH $VVW 7UHRDV XHHHKRROIG V(DO 93&' 7$@ &RPWXWLQJ
6\VWHPV DQG 0(QJ6F LQ OHFKDWURQLFV QURPQEQ EZDPNUN LRHPEHUOHRIER®H RI
UHVHDUFK JURXSV LQ $XVWUDOLD ¥IBXBPO/LPRWHRQYD QQFOKIGRQDWOERRN

3UL\D 5DQL

3UL\DV D /HFWXUHU DW 50,7 8QLYHUV&RVERQY,H(@R VY KHQBDNR WXKGLQJ &KDLU F
DW 9LFWRULDQ 6HFWLRQ LQ /X TWHDWKQAH V¥ KKHVLW KHH O YEWR DLDQ 6HF WL
$PEDVVDGRU ZLWK 6FLHQFH DQG 7HF K (DRIOR U\DE XL W I DT DI HRUHR/R/RRVLEY (0 DF

R2R
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