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&DUROLQH 0DQDRUHO 0D)LQDQFLYV 1GXAPX$Q]DC
/XND &LFLQ 6HHAHQD 1JRZL
'"HSDUWPHQW RI OHGLFDO /DERUDWRU\ 6FLHC
7HFKQRORJ\
'"HSDUWPHQW RI +XPDQ 3DWKRORJ\ $JD.KDQ
.HQ\D OHGLFDO 5HVHDUFK ,QVWLWXWH :HOOF
.HQ\D $,'6 9DFFLQH ,QLWLDWLYH ,QVWLWXWF
‘HSDUWPHQW RI 9LURORJ\ +HOPKROW] ,QVW
6RNRLQH 8QLYHUVLW\ RI $JULFXOWXUH

,QWRGXPURQ $1UFDV XQH SHAMGO P IG5 &2 9, RXWRP HV GHVSIWM &Z
YDFFLODWRQ DQG KLIK +,9 SUHYDBIOFH VXJJ HWASLRWIPAYH LP P XQH IDRRWY $
2 QH + HDOK DSSURDFK LV FUKFIDOJLYHQ 6$56 &R9 V] RRORWE RWIIQ  : KLG
7 FHQ DQG DOMERGIHV FRQIHU SIRWMIPARQ  6XE 6DKDUDQ $1UFD @FNV GDVD RQ
6$56 &R9 VSHFULF 7 FH@Y DQG FLRW UHDPWYH P P XQW [WRP HQGHP IF

FRIRQDYLLXVHV (P HULQJ YDUDQW FKDEBQIH YDFFIQH HILFDR  QHFHWIVDAQY
WXG\ R YLLDOP XVIMRQV RQ [P P XQIW

2 EMPAYHY 7KH WXG\ DIP V VR UHYHDOLP P XQH P HFKDQLWP V EHKLQG $1UFDV
P LGHU &29,' RXWRP HV E\ FRP SDUQJ * HP DQ DQG . HQ\DQ FRKRUWV
WWRXIK  TXDQW\LQJ 6$56 &R9  VSHFULE 7 FHD UHVSRQVHV DQG FLRW
UDPWYIW Z I HQGHP LF KXP DQ FRURQDYLLXVHV +&R9V JHOHDWQI D
QEWDU R 6$56 &R9  YDUDQW VR DWHW FDSDFIW Rl QHXWD LQJ DQAERGLHV
DJ DIQWWDUDQW Rl FRQFHUD 9R&V

0 HWKRGR®RJI\ 7KLV UHMMRVSHAWYH WXG\ FRP SDIHG 6$56 &R9 P P XQW
DFLIRW VZ R FRKRUWV XMQJ DUFKLYHG VDP SGV ILRP DFXW &2 9 FOVHV

FRQYDBMFHOW  YDFFLQDWAG LOGLYLGXDY DQG SUH SDQGHP LE FROARY



2EMPAYH  DWHWHG 7 FHODIP P XQIW XVIQJ 6$56 &R9  DQG +&R9 SHSWGH
WP XOMRQ |RARZ HG E\  LQADFHIX@U A VRNLOH WILQIQJ  DQG P XGASDUDP HWU
IGRZ P VRP HAl VR TXDOW\ P\ VRNLOHV DQG 7 FHISKHORWSH FKDLUDFWAL] DARQ

2EMPAYH  JHOHUDWMG 969a* ) OXF SVHXGRYLLKVHV EHDUQJ 6SLNH YDUDQW YID
VIV GLLHAWG P XV HOHVLY VR HYDOXDW VHXKP - QHXWDT DARQ E\ ,QFXA\ Wi DQG
OXFLIHIDVH UHDGRXW 2 EMPWYH  SURILGBIG DOW R VRNLIQH DXVRDQWERGIHYV DQG
DXVRLP P XQH DXVRDQUERGIHV 1Q S@WP D XMQJ P XGAS®{ DWD\V R GHLOH

SUHYDBIQFH DQG GMMEXVRQ

5 HVXQV

2EMPWH  3WHSDQGHP IF +,9  FRKRUW\VKRZHG KLIKHU &' FRXQW
SUHGRP LQDQW QDWH DQG FHQADOP HP RU 7 FHWY Z KL FRQYDBMFHOW KDG
HBIYDMG & @M HIHARUP HP RU SKHQRWSHV 71) } VHFUHMRQ H FHHGHG
)1 LQ SWH SDQGHP LF VDP SGV

2 EMPWYH 6$56 &R  SVHXGRWSHV ZHH WXFFHWMX® JHQHDMG
IQFRIBRUIDMQI %MD DQG 2P IFIRQ VXE MQHDUH P XVIMRQV 1 HXWD[Q DMRQ
SRWQR\ Z DV LHGXFHG DJ DIOWMKH % DQG % YDUDQW FRP SDUHG
ZIW WH DQFHWADO WADIQ  ZKIB WH * HP DQ FRKRUNV VKRZHG QR FODU
HYLGHQFH Rl DOMERG\ Z DQIQJ DFLRW VDP SBIG WP HSRIQW

2 EMPWYH $XVRIP P XQH $XWDQUERGHY $,0$V DQG $ QAR VRNIQH
SXVRDQMERGIHV  $&$V  LQGIFDM KHWMRIHOHRXV P P XQH G\ VUHI XOMRQ
SDMALDV IDAHUWDQ GIVHDVH VSHFLLLE VLI QDWLHY VXJ J HWAQJ EWRDG P P XQH
SHUXUEDARQV

&RQFOXMMIRQ ' DMAQFW P P XQH SDMAY HP HUHG ZLKIQ WKH Gl HHQW
SRSXOMRQV 1 HXWD[M DMRQ SRWIQR  GHFIOHG DI DIQW\R6 DQG %

YDUDQW  IQGIFDAQ) PP XQH HWDSH  +HMRIHQHRXY  DXVRDQUERG
GVHIXOMRQ $,0$V $&$V WDWHU WDQ GIMHDVHVSHRLLE WL QDWUHY

VXJJHW YDUDQWHYROMRQ DQG DXVRIP P XQW FKDEHQIH P P XQW $ 2 QH
+ HDOM DSSURDFK LV QHHGHG VR H SMLQ SRSXMMRQ VSHFL LF RXVFRP HV

. HZRWGY P P XQH VSRV 6356 &R9  3VHXGRYULKXWHV &29/



+HOHQD 'HODOHQD 1JRULF %HKBEBEDVVLH .XPR
%DVVLURX %REBRKHG\ .ZDVL $GGR
1RJXFKL OHPRULDO ,QVWLWXWH IRU OHGLFD
1HOVRQ ODQGHOD $IULFDQ ,QVWLWXWLRQ R
10 $,67 7DQ]DQLD
&HQWUH 6XLVVH GH 5HFKHUFKHV 6FLHQWLII
&{WH G ,YRLUH

,QWRGXPVRQ YDFNJ LRXQG 2 EMIPIYHV ,Q WH IRRG LQGXWM  ( QUMLRFRFFXV
VSHAHV S@ D GXDOWRG! IXQPUWRQLQI DV EHQH LFLDO SIREIRWEY 1Q FKHHH
IHP HQMRQ Z KB DOR DPAQJ DV VSRIMJI H RU DQMP V 1Q P HDW 5HFRI Q] HG
DV IQGIFDWRW RI [HFDOFRQWP IODMRQ WH  KDYH EHHQ P SQFDWMG LQ ERWK
| RRGERUQH DQG QRVRFRP LDOLQ HAMRQY &HWBLQ VWADLQV SIRGXFH EDPWURFLQV
WDWMOQKLEIWSDWRI HQV VXFK DV / DMAMUD P RQRA VRIHOHV WHUHE\  HOKDQFLQJ
IRRG VDIHW KRZHYHU WHU IX@ SRWQWDO 1Q WH IRRG VHRRU UHP DIQV
XQGHH SRWHG 7KLV WKG\  LQYHWI DWMG EDPMURFIQ SURGXFUWRQ  ELRIL®
IRWPP DWRQ DQG DQWP LFLRELDO LMMMEBQFH $05 SWRIGN Rl ( QMRFRAFXV
IDHDQY LWROW WHRYHHG IWRP 5HDG\ VR HDW 57( IRRGV DQG ZDMU
VP SOV 1Q $FRD *KDQD VR DWHW WHU SRWQADO SXEQF KHDOK
P SCFDARQV

0 HIKRGR®I\ ( QMRFRFFXV IDHFDQY LWROWAY UHFRYHIHG IWRP 57( IRRGV
DURXQG 0 DDP REL * HQHDO+ RVSIMEODQG . DOHVKIH 3ROFQQIF 1Q $FAWD Z HH
UHYLYHG [LRP 9 & JOFHROWRFNV VXEFXOXIHG RQ QXWIHQWDIDU DQG
FRQIWP HG XMQJ 0$/' ,72) 06 $QAP LFLRELDO VXVFHSWELON \WAMQJ Z DV
SHURWP HG XVIQJ WH ( SVIBRP WU ( VWM P HWRG VR GHWAP LOH P LQIP XP
LOKIEMRY FROFHQADMRQV Z IMK HP SKDVV RQ GHWPWQJ YDQFRP \ FLQ UIVMEBQW
(QMRFRFFXV 95( ZKI®i EIRILP |RWP DARQ ZDV DAVHWHG XMQJ D ZH®
P LFLRWAMUS@W FY WEBOYLRGMDWD:



$GGIMRQDO SKHQRWSIF DAWVD\V DQG ZKR®IJHQRP H VHTXHQAIQ)  ZHH
FRQGXFWG VR FKDUDPWA] H DOWP LFURELDOUHVIMBQFH  YLLX®IOFH GHWALP LODQW
DQG JHQRP LF I HDWUHV Rl WH LVRDWAY ) RXUMHQ LVROWAY Z HH DQDOD] HG XVIQU
SKHORWSLE DWD\V DQG ZKR®IJHQRP H VHTXHQFLQ) VR LGHQW\ UHVMEQRH
GHMLP LODQW  YLLK®IQFH DWRFLDWAG J HOHV  DQG J HOHWE UHIVWIGQHW

S5HVX@V * HQRP IF DQDOMY HYHDBIG WDW Rl WH  VROWV KDUERIHG
EIRIL® DWRFIDMG JHQHV HES$ HES% HES& DOMRXIK RQD HJIKW
GHP RQWMDWMG SKHQRWSIF ELRIL® |RP DARQ VXJJ HWQI IKDWHQYLLRQP HQWO
RUUHI XOVRY | DAVRYY LQI OXHQFH J HOH H SUIHWWIRQ $ QWP LEURELDOVXVFHSVELOW
WMQI VKRZ HG WDWILYH WVRDWA ZHH P XGAGUXI UMVMEQW Z W QRVEE®
UHVIMBOFH VR HYWKURP \ FIQ DQG  @OH RAG $ GGIMRQDO
UHVIMBQFH SDIMADY LOFOXGHG FKARWDP SKHQIFRO SHQIFLAI) DQG FLSWRI®] DFIQ
UHVIMBQFH 1Q VER VROWV DQG WADR FIH DQG YDQFRP \ FLQ UHVIMBQFH 1Q
IRXU IVROWY &RUHVSRQGLQ) IWMMBQFH JHOHV LOFOXGIQI OD'$  FDW HLP %
WA  DQG WME ZHH GHWRMG DRQIMGH P XGAS®! SOWP LG HSAFRQV
S D UB$ S7: LS E WS US WS W Us8e FROO
LQGIFDWQ) WWKH SRWIQWDO [RU KRU] RQWO JHQH WDQVIHU  &QQLFD@®  LHBIYDQW
VHTXHQFH WSHY LOFOXGLQ) 67 67 67 67 67 DQG 67
ZHH IGHOMIHG KLIK@KWQI) WH SUHVHOFH Rl WADIQV Z WK NQRZ Q FAQIFDO
WV QULFDQFH ZWIQ WH IRRG FKDIQ 3K\ GRIHQHAE DQDOMY GHP ROMADWMG
FRVH JHOHWF LHDWIGQHW DP RQJ IVRDWAV [LRP  GLYHUH IRRG VRXUFHV DQG

ZDWIQ) ZDWU ZIWK FOOMUIQI SDWMLQV VXJJHWQI VKDLHG FRQUP [QDARQ
SDIKZ D\ V

&RQFOXMRQV 2 XVERRN 7KH LOMP [ Q) Rl LVROWAV DFLRW Gl I HHQWAVDP SO
WSHY (QGIFDMV SRWE®! FLRW FRQEP LOOWRQ GXUQJ IRRG SUHSDUDMRQ
KDQGOQ RU WUWRXJK HOYILRQP HQWO LHVHURILY VXFK DV ZDWMU XVHG IRU
ZDWKIQI 2 YHD® WH FRH IMMQFH RI DQOWP LFURELDO UMMMEBQRH  YLLX®IQFH
DWRFIDWMG WDIW DQG J HQHAF LHIWGQHW DP RQJ (| DHFDQY VROWMV | LRP
57( IRRGV XQGHWFRUHV WHU HP HULQJ WR®I DV IRRG VDIHW KD DGV 7KHWH
ILQGLQIV KLI K@ KWWKH QHHG | RUFRQWOXRXY JHQRP LF VXUHEDQFH P SLRYHG
K\ J LHQH SUDPUWFHV DQG WHQI WHQHG DQWP LFLIRELDOWMZ DUBVKLS Z WKLQ IRRG
SURGXPURQ DQG GMMEXWRQ A WP V

.HZRWV ERIP UDG WRHDW57( IRRG DOWP LFIRELDOUHMMEBQFH $0 5
( QMRFRFFXV [ DHFDDY : KR®IJHQRP HVHTXHQFIQ) : * 6



$UOHWWH 20DE\DWXIDHJLQD .UHBBHOHUDHUWYV
6ROHGDG &ROBPPENWLURX %RQIRK
&HQWUH 6XLVVH GH 5HFKHUFKHYV 6FLHQWLILT1
&{WH G ,YRLUH
,QVWLWXWH RI 7TURSLFDO OHGLFLQH $QWZHL

,QWRGXPVRQ YDFNJ LRXQG 2 ENPYHV 2 YHU WKH SDWWGHFDGH UHVHDUFK. RQ
Z LG50 H DWRFLDWAG | RRQRWE GVHDVHV KDV LOFUHDVHG VXEVWBQAD®  + RZ HYHU
SWHYIRXV ZRWN KDV KLIK@ KWG P SRUBQNV@P MMRQV LOFOGIQI D WARQJ
VB[ RQRP IF EIDV VRZ DUG SUP DWV Z W FRP SDIDWYHD @P WG DMWIQURQ R

(RGHQV DQG D @FN Rl LQMEGMVASOODY [OMIWDARQ ZIW RQD® D VP DI
SURSRUARQ Rl WXGIHV DGRSWQJ D 2 QH + HDOK DSSURDFK

$V D UHVXGV FXUHQW HYIGHQFH UHP DIQV IWDIP HQWG DQG LQVXI | LFLHQW WR
FDSWUWH KRZ ] RRQRWE UMNV HP HUH DQG HYROH DFLRW WH WDQVP DMRQ
SDKZD  SDUAFX@UW DW WH KXP DQDQP DO IQWMUDFH ZKHH H SRVXWH
RFFXW/ ,Q DGGMRQ VRAR HFR®JLFDO GUYHW LQFOXGIQ] KXP DQ EHKDYIRW/
HOYLLRQP HQUBO FRQGIMRQV  DQG QYHIKRRG FROWDIQW DIH RIWQ GHVFUEHG
EXW WDUHO LOWI IDWMG LQR DQDOWFDO [LDP HZRINV @ONIQJ H SRWXWH R
LQI HAMRQ RXWFRP HV

UXIABIQ] RQ WHVH JDSV WLV WXG\ DIPV VR L P DS URGHQWERUWH GIVHDVH
H SRVXUH DFIRW WH WDQWP IMWIRQ SDWZD\ DQG IL IGHQW\ NH VRFIR
HFR®J LFDO GUYHY DQG HYIGHQFH JDSV VR LQIRWPP DPWRQDE®! 2 QH + HDOK
DWW LHY

0 HKRGR®I\ $ VWP DWF WHHZ ZDV FRQGXFWG IRGRZIQJ 35,60 $
IXIGHIOHY UHVXOAMQ 1Q WKH LOFOMRQRI  WXGIHV ' DV Z HH H WDRWG



FRQFHSWDO 1LDP HZ RIN WAKPWUHG DLRXQG NH WRUHV Rl WDQWP DMMRQ
UHVHURWU KXP DQ H SRVXIH WDQWP IMRQ DQG KXP DQ LQHPMRQ 6RFIR
HFR®J LFDOGUYHWY LOFOXGIQ] NQRZ BIGIH DWAXGHV DQG SWDPAFHY . $3  Z IG5
P HDMHDWG SWAWFHY  HQYLLRQP HQBO FRQGIMRQV  QYHIKRRGY  DQG
VWKPWWDO IDARY ZHH W\ WP DAFD@®  IGHQWIHG DQG P DSSHG DFLRW
SDMZ D WRIHV $Q HYLGHQFH VR DPARQ J DS DQDOMY Z DV WHQ SHURWP HG \R
DWHW WH GIYHORI HYLGHQFH DYDIME®! DAMHDFK WIRIH LGHQW\ UHVHDUFK J DSV
DQG SURSRVH SURUW DPWRQV DA QHG Z IVK D 2 QH + HDMK DSSURDFK

5HVXQV 7KH WHYLHZ KL K@ KW KDWHYLGHQFH LV XOQHYHQ® GMMEXWG DFLRW
WH WDQWP DMMRQ SDWZD DQG UHP DV MUHO GHVFUSWH 0 RGHDM
HYLGHQFH LV DYDIDE®! DWWKH H SRVXUH WRIH  Z KHUH | UHT XHQWKXP D@ LRGHQW

LOWMDPARQV DUH GRFXP HQWMG WURXJ K DPWYIMHV VXFK DV KXQUWQJ  KDQGOQ)
DQG GRP HWIF FRQWFW 7KHVH LOMDPARQV DIH VKDSHG E\ P XGMS® VRFIR

HRRIIFDO GUYHYW IQFXGIQ]  HOYILRQP HQEO FRQGIMRQV  QYHIKRRG
WDWI WV DQG EHKDYIRWDO IDARY/ +RZHYHU HYIGHQFH LV QP WG IRU
WDQWP MRQ DQG KXP DQ LOIHAMRQ WRIHY Z WK YHY [HZ WKGLHV SIRYIGIQJ
LREXVWGDVD RQ VSIARYHU P HFKDQIWP V RU FODU DAMIEXWRQ R LQIHPARQ R
LRGHQWH SRVXIH $FIRW DDOWRIHY @ONV EHVE HHQ IGHQWLHG GUYHWY DQG
LI HPMRQ RXWRP HV DUH LDLHO TXDQWIHG DQG IOMGIVASAODY  LOWA UMRQ
UP DQV ZHDN 7KH HYIGHQFHVR DFURQ P D[ I XUMHU VKRZV KDW Z KI®
H SRVXUH FROM W DIH (HDWYHO Z HI® GHVFUEHG  FUMFDO JDSV SHOMMWIQ

XQGHUAMEQGLQ) WDQWP MMRQ G\ QDP IFV DQG GONIQJ H SRVXWIH VR KHDOK
RXVWWRP HV

&RQFOXMRQV 2 XV&RRN 7KLV WHIHZ P DSV UIRGHOWERWH GMVHDVH H SRVXWH
DFLRW WWH WDQVP DMMRQ SDIKZ D UHYHDAQ) XQHYHQ DQG @MU HD GHVFUSWYH
HYIGHQFH : KL®1 H SRVXUH LV UHIDMYHY Z HEDGRFXP HOWG DWKXP DQ2 LRGHQW
IOMIDFHV  HYIGHQFH UHP DIQV @P WG |RU WDQVP DMMRQ DQG LIOIHPARQ  Z IWK
Z HDN DAMIEXVRQ Rl LQIHPARQ VR (RGHOWH SRVXWIH 6RFIR HFR®RJ LFDOGUYHWY/
IQFXGIQ] . $3 SWDPWFHY HOQYLLRQP HQVBO QYHIKRRG DQG WAKFWLDOI DRVRWY
VKDSH H SRVXUH SUP DU® DAWFRQPADQG H SRVXUH W HY  EXWWCHLU QONV VR
IQHPMRQ RXWRP HV UHP DIQ SRRUD TXDQWIHG DQG ZHDNO  LOWIUDMG
$ GGLHWIQJ WHVH J DSV UHT XLLHV WER H VSHFLLF 2 QH + HDOK DPURQV LOFOXGIQ)

LW LDWMG HFRERI LFDOVXUYHADOFH  LOWAU DFH EDVHG LOWMUYHOMRQY P SLRYHG
DQLP DRKXP DQ @ONDI HWXGLHY DQG WUHQI WHOHG KHDOK A VWP V

. HZRWV 5RGHMERUWH GIVHDVHV ([ SRVXIH SDIKZD\V  6RFIR HFR®J LFDO
GUYHY 2 QH +HDOM : HVADQG &HQWDOS | UFD



ODZXOLNSOLPL -RHO2SINBSD®%DVVD “ED®&DUD &LVVp
$QGUPH3ULVFOGRXU %DVVLURMRQIRK 'DQLHO+D\GRQ
-XVWLQ $NDNSR

(FROH ,QWHU pWDWV GHV 6FLHQFHYV HW GH OpGHFLQ
'DNDU

,QVWLWXW GH 5HFKHUFKH HQ 6DQWp GH 6XUYHLOOI
YRUPDWLRQ ,5(66()

&HQWUH 6XLVVH GH 5HFKHUFKHV 6FLHQWLILTXHV HQ
6FKRRO Rl %LRGLYHUVLW\ 2QH +HDOWK DQG 9HWHU
OHGLFDO 9HWHULQDU\ DQG /LIH 6FLHQFHY 8QLYHU\

,QWRGXFURQ  $ QWRSRIHAF SUIHWXUH DQG WDSLG @QG XVH FKDQJ HV DURXQG
SIRWPMG DUHDV LOMOWI\  KXP DQ @Q/HWRAN Z LA H LOMDPARQY | RAWMUQD

] RRQRWF HP HU HQFH -RQHV HWDO . DUIHVK HWDO 7KH HFR@RJI LFDO
VKUW UHVKDSH YHARU KDEMDW DQG HQKDQFH P RVTXIVR ERUQH SDWRJ HQV
WDQWP IMWIRQ  &KHYDIHU HWDO %D HWDO Z KB FROFXUHOWD

LQFUHDVMQI LRGHOWH SRVXWH VXVSHAMG DV FU SWF LHVHUYRLLY R LOWVSHRLHY
WDQWP MRQ 0 HHEXUW HADO +DQ HWDO ,Q 6HQHI DO LHSHDWG
RXVEUHDNV Rl 5UWODEBA ) HYHU 5)9 ZKLFK LV D YHRVRUERUQH GIVHDVH  RFFXWY
UHIXOUW SDUFXOW 1Q WH QRUKHLD WHIIRQ Rl 6DIQW RXLY ZKHH WKH
GHJ UHH RI FRKDELVIMRQ EHVE HHQ Z L@@ H DQG @QYHWRFN LV HVSHRLD® KLIK 7KH
@UH VFDBI 59) HSIGHP LF Z KIFK EHIDQ LQ WWH @WWT XDUMURI 1Q 6DIQW
/ RXLY DQG VXEVHT XHQW VSUHDG VR VHYHUIDORWHU UHI LRQV R 6HQHI DORI [HW/ D
XQTXH RSSRUXQW R IQYHWIDM WH P RGFXQU FKDIDAMUMEY R

FLUPX@WQJ WELQV DQG VR EHWMU XQGHUMEQG WH | DRVRLY WA J HUQI UHEXULHQW
RXVEUDNV : LWKIQ WLV [LDP HZRWN WKLY WXG\ DIP V VR DFKIHYH [LYH VSHFULF
REMPWYHY



YIWAMD VR HWP DM 59) VHIRSUHYDBIOFH 1Q VP D WKP LODQW 6HFRQGD R

FKDUDAMU] H FLLFX@WQJ YILDOJHQRP HV 7 KHUHDIWIU VR DWHW UWN | DRVRYY/ DW
WH KXP DQ DQLP DOHQYLLRQP HQMOWAUDFH ) XUMHLP RUH VR HYDOXDWA KHUGHLY:

NORZ ®IGJH DWWXGHV DQG SWDPWFHV WHIDWGIQ) WH 59) DQG QD@ R

LQYHWI DM URGHQW DV SRWMQWDOYLLDOKRVWALQ WKH HSLGHP LIR®RI\ RI WH 59)

0 DWAUDODQG P HIKRGV 7KLY UIHVHDUFK Z DV GHMLIQHG DV D FLRW VHRARQDO
IHG WXG HP SR\ LQJ WDWILHG FOOMU VOP S YIADI HY DV \WDWD  DQG
KHUGV DV FOOMMLY VR FRAPPWGDVD DURXQG VE R Z L@@ H LHVHUYHV LQ 6DLOW RXLY
6HOHIDO ) IRP 2 AREHUR ' HRHP EHU E®RG VDP SOV Z HH FROFWG
ILRP WP DDWKP IQDQW DFIRW  KHWBGV 1Q  YIaDIHV 6DP SOV Z HH
SIRFHWHG DQG WDQMHUHG VR WKH ~,QWIXW GH SHRKHUFKH HQ 6DQW  GH
BXUHADQFH  (SIGpP IRRILTXH HW GH )RWP DARQU  ,5(66() JHQRP LFV
@ERWDRY Q' DNDU ( SIGHP LRGRJ LFDOGD Z HH JDWHHG YID 2 SHQ ' DV . W
2' . P REL®! TXHWRQQDLHV

5HVXAQV ,QMDOGDW |WRP WH O@WA FR@HFWRQ SKDWH WKRZ D P DB WR
IHP DB LDWR R 1Q VDOP SGIG DQIP DY 7KH VDP SBIG SRSXOMRQ FRP SUVHV

VKHHS DQG JRDW DQQI ZIW WH LOMDOWU HWWG VSHALHV
IRFXV 7KH LQMDOSKDWH Rl NORZ GIGIH DMIXGH DQG SWDFWFH . $3  VXUH
HOWG VR WH 59) ZDV VXFFHWIX@ P SGP HOWMG DP RQJ KHWGY GXUQI
WH FHQVXV Rl VKHHS | GRFNV WDWMRRN SOFH DV WH [ LUAM IHG DRAYIW Rl VKLY
ZRWN 1Q WH [ LLWT XDUMURI

&RQFOXVIRQ  3UHIP LODY 1LIQGLQIV ILRP WKH . $3 VXUH KL K@ KWD FUMFDO
JDS 1Q GMVHDVH DZ DIHQHW HP SKDV LQJ WH QHHG |RU VLI HWAG FRP P XQIW
HGXFDARQ ORYLQ) IREZDUWGE WL WXG  Z LD LOMI DM FROAQXHG VP DD
KP LODQW DQG WRGHQW \VDP S@ ZIW (/.63 57 3&5 DQDOVHV DQG
VHTXHQFALQ) DAWKH ,5(66() 7KWIRXIK WLV ZRWN , Z LGHYH®RS FRP SHWQFH LQ
DGYDQFHG ELRIQIRWPP DAF DQG SK\ BRI HOHWE DQDOVHY 8 GIP DMO  WH UHVXOV
Z LGEH VKDUHG Z WK WH KHUGHW: FRP P XQMHV Rl WH WXG\ ] RQH GXUQJ DQ
HQJI DI HP HQAVHWIRQ LQYROLQJ DAXERFDOKHDOK, DQG @YHWRFN WINHKRAGBHW/

. H\ ZRWV UWIWDB\ |HYHU VP DOUXP LODQW 2 QH + HDOK



7RIJRODQL OBHYLQDOG .DYHHXHQD 'HOD
1LFKRODXV 0Q\DPEHXRBRNL OILQD¥HOHQD 1
*ORULD ,Y\ OHQVDK
.&0& 8QLYHUVLW\
1RJXFKL OHPRULDO ,QVWLWXWH
I1DWLRQDO ,QVWLWXWH IRU OHGLFDO
6RNRLQH 8QLYHUVLW\ RI $JULFXOWXU
, QWRGXPUWRQ %DFNJ LRXQG 2 EMIPVYHV 7DQ] DQID EHQJ DP RQJ WH $1UFDQ
GDGIQ) FRXQMHV 1Q QYHWRFN KXVEDQGY WH UW R WDQW IMRQ RI
P \ FREDAWUD EHVE HHQ KRWV LV KLJK * HOHWF LHDMRQWKIS RI P \ FREDPWUD
WVROWG | LRP KXP DQV DQG DQIP DY DQG VSHAULFD@® @QYHWRFN KDV QRWEHHQ
WRURXJ KO LQYHWI DWG 1Q 7DQ] DQD . D) Z DD HWDO WXGIHG 0 ERYLV IQ
VSHFLLIF XMQJ FOWIFDOP RGFXO®U WIFKQITXHV VXFK DV 5)/7 +RZHYHU WLV
FXUHQW WXG\ EWRDGO  IQYHWI DMV D@ WSHY Rl P\ FREDAMUD WDIQV
FILFXOMQJ EHVE HHQ KXP DQV DQG @QyHWRFAN XMVIQJ) WH QH W JHQHIDWRQ
VHTXHQAIQ)  \WGHWMLP LOHV WH MP L MUMHYV DQG Gl HIHQFHV EHVE HHQ WHWH
VR KRW 2QRIQ ' 1$ H WDPURQ DQG VHTXHOAQ) LV JRIQJ VR SLRYIGH
P RUH GHVILBG LQIRUP DAWRQ RQ WH VIP LAUMHV DQG Gl I HLHQFHV

0 HWKRGRM®JI\ 7KLV Z DV D FLIRW VHRFMRQDOWXG WDWQYROHG FR@HFWI DQG
SWIRFHWMQJ Rl DVHSWFD@ FR@HAMG WAXH ILRP QYHMRFN DQG
VSXWP [WRP KXP DQV 1Q &3& (LI KWMDDXJI KWAKRXVHV [WRP | LYH
WHIIRQV Z WK KL KHWWP HDWSURGXFWRQ Z HH LOFXGHG 7 KHWH VDP S®V Z HH
FXOXWHG RQ /- IRU WROMRQ Rl P\ FREDRMUD DWWH &HQAMDOS5H HHQFH 7%
OERDWRRY  &XOXWH SRUWYH VDP SGV 1 DIH VXEFXOQXWHG IRU ' 1%

H WDPARQ XVIQJ &7 $%EH RUH VKH QH WI HQHIDARQ VHT XHQFLQJ



5HVXQV $ VRVEORI \VDP SOV Z HH FXOXUHG $ VRVIDORI WAXH
\VDP SOV DQG KXP DQV KDYH EHHQ FRAPFWG DQG FXOXUHG
RQ/- P HGD 6P HDUP LFLRVFRS\ HSRUMG SRVMVW RQ WH WAXH DQG
RQ VSXWP VDP SGV 7KLV Z DV V@ KW KLIKHUE\ /- FXGXWH E\
UHVSHPYHD 0 RWWRI WH WAXH \VDP SGBV FDP H ILRP  FDMBI DQG WH
UHP DQIQ) ZHH IWLRP JRDW 2UWDQV IWRP ZKIFK WAXH ZHH FRGPMG
LOFOXGHG / LYHU | XQIV DQG /\ P SKQRGHV ' DUHV 6DDDP
®IG LQ WH QXP EHURI MAXH VDP SGN FREPIFWG Z KI®B1' RGRP D KDG WWKH @AW
0 RWH P DO SDAHQW Z WK FOMMEFDO7% A P SVRP V Z HH IHFUXUWMG DQG
FRGFMG D VDP SO WDQ IHP DBV 0 RWRI WH HQUR@IG SDAHOW ZHH
EHEHQWHDIHR VR \HDW : KI® P RWRI HQRGG SDAHQW Z HH
ILRP ' DUHV 6DDDP Rl HQR@G Z HH SUIHYIRXVO WHDWG 7% SDAHQW
Rl VKH VSXWP VDP SON WWUD RXWSRVIWWYH | RUFX@XUH

&RQFOXVIRQV 2 XV&RRN 51N RI WDQWP MMRQ Rl P \ FREDRAMUDO LQI HFMRQV
EHVE HHQ KXP DQ DQG QYHWRFN LV QRWQH] @I LE® LQ 7DQ] DD 7KLY WXG\ KDV
LGHQAI LHG WLJ QU LFDQWEXUGHQV DQG VP LMUMHY Rl VIKH WADLQ EHVE HHQ WKH VE R
KRW VXJJHWMQI FLRW VSHAHY WDQWP MMRQ (@ LQDMRQ RI P \ FREDRWIDO
IQHVMRQV 1Q KXP DQV WXFK DV 7XEHFXGWY WRQIO® WHTXUWHY D GHHS

XQGHUMIQGIQ) DQG HIP LODARQ Rl WH LQIHPARQ LQ DQLP DY DQG VSHFLLFD®
QHWRAN

. HZRUBV 0\ FREDAMUD WHDMRQWKLS KXP DQ DQIP DO DQG VHT XHQFLQJ



-XVWLQH <DZDYL ®RQQDQ 9DOHQWLQ .RQH

1ILNDERX .DPLQRX 1D NRDOGIND 'HBODHQD 1JRZL

ORXQHURX 6D®AXVLURX %RQIRK
,QVWLWXW 1DWLRQDO G-+\JLqQH /RPp 7RJR
/DERUDWRLUH GH ELROLP 8QLYHUVLWp GH /RP
,QVWLWXW 1DWLRQDO GH 6DQWp 3XEOLTXH $E
&HQWUH 6XLVVH GH 5HFKHUFKHY 6FLHQWLILTX
1RJXFKL OHPRULDO ,QVWLWXWH IRU OHGLFDO E
6RNRLQH 8QLYHUVLW\ RI $JULFXOWXUH 68$%

,QWRGXPVRQ YDFNJ LRXQG 2 EMIPYHV / LYHWRFN V\ VWP V DUH NH - GUYHW/
R DQAP LFREIDO IWMMBQFH $05 WWRXJK YHMUQDY DOUEIRWE XVH DQG
LQI RUP DOSURGXFW YDOXH FKDLQ G\ QDP LFV <HWWKH GDVD RQ 7RIRV H SDQGLQU
GDI VHAVRU DQG LHDWG UMNV UHP DIQ VFDUFH 7KLV WXG\ DIP V \R P DSV
DOWELRWE DFFHW DQG XVH DWHW KXP DQ VRFLDO DQG HOYLLRQP HQWOGLLYHWY/

Rl UHMMBQFH FKDUDPWMU] H UAVMBQRH J HOHV LQ NH GDILY SDWRIHQV DQG FR
GHYH®RS P W DARQ VWDWAJ LHV

0 H'KRGR®RI\ $ FIRWVHPMRQDO P I[ HGP HWRGY GHVIQ FRP ELQQ]
TXDOVIWYH DQG TXDQAYDAYH DSSURDFKHY Z DV HP SR\ HG LQ WH + DKR WHILRQ
' D RQ DQWEIRWF XVH SDMAQV GXJ VHBFWRQ GRWH DGKHHQFH SHHU
IQOHQFHG GHAMRQP DN DQG  VRARHFRQRP IF GHWAP LODQW  Z HH
FRFWG YID WXRAXUHG TXHWIRQQDILHY DQG 1Q GHSWK LOMXHZ V Z IWK

GDLY 1DLP HWY/ KRXVHKR@V PLN YHQGRWY  GXJ VHIBLY DQG
IRWP DO DQIP DO KHDOM SWDFWARQHY 6DP SOV FRIFWG LOFOXGHG FRZ
GXQ PN VRO FKHHWVH DQG  DQIP DOGUONIQJ ZDWAY $ VRFIR

H-RRILFDO IWDP HZRWN LV DSS@HG VR GHUYH FR@IFWYH DPARQ LQ $05
P IMJ DARQ WURXJIK SDUAASDIRY WIINHKR@HY/ J LIRXS P RGHMXY



SHVXAQV  7KH 1IDAVILQGIQIV HYHDO D SUHGRP LODQW WDGIMRQDO P REL®
VA WP ZIW @Rz VHDVRQDOP L \ LHEGV WDWI HOHUIDWA GRZ LHYHQXHV DQG
SUIHWXWIH RQ WHWDSHXWE GHAMRQV 7KH UHVXQOV LHYHDO WKDW Rl WKH
WINHKRGHY GHP RQWMDW DQ H WHP HO BZ GYHORI NQRZGBIGIH . 1 RQ
DOWELRWFY S 7KLV . 1 GHLFWY FUMFDA Z IGHVSUHDG Z IWKLQ VAAHHW
GUXJ YHQGRU/ DQG P LN VHIBLY GXH VR WHU GRZ QUMHDP  SRUMRQ RXWIGH R
WH YHWMUIQDY DQG KHDOK VWP VBLUHW 2 Q0 RI WENHKRGEHWY P DIQWIQ
D JRRG RYHD@® SHFHSMRQ R $05 UW GDYIQ] WH YDW/P DNRUW
FROFHSWYD LQJ DQWELRWFY DV RUGIQDY P XGASXUSRVH SURGXFW LDWHU WKDQ
UHI XOWG P HGLFLOHV 7KH FRQVHTXHQFH RI WKLV . 1 JDS LV WH QHDUXQLYHWDO
DGRSVRQ Rl LQDSSURSUDW SWDPAFHY : KL DAOQYHWRAN 1DP HY HQIDUH 1Q
SRRU SWDPWFHV GXH VR \WKFW{LDOFRQWADIQW DQG HFRQRP LF SUIHWXH QHDLD
Rl DQLP DOKHD®K SURIHWIRQDY DGP IMGLVSHOMQI DOUELRWFY Z IKRXWD
V\ WMP DAF  SIVFUSMRQ VR P DIQWIQ EXVIQHW YIDELON 7KHH A \WWP LF
FRQGMRQV | DFLOVM KLIK UVN EHKDYIRY/  LOFOXGIQI WKH | UHT XHQWIDIOXUH VR
REVHUYH P DQGDWRU  Z WKGLDZ DO SHURGV DQG WH HP SWUFDO FR
DGP [QMADARQ Rl WDGIMRQDO P HGIFIQDO S@QW  6VBNHKR@GHY  SUP DU®
IGHQA\  WDIQLQJ DQG  DZ DUHOHW WDIMQJ DV WH P RW YWRO
P MJ DARQ VADWMI LHV + RZ HYHU Rl UHVSRQGHQW DUH XQDE®! VR VXJ I HW
DQ VROMRQ XQGHUFRUQJ D WLJ QULFDQWEQQG VSRWRI . 1 1Q WH GDILY YDOXXH
FKDIQ 7R DFKIHYH H I HPWYH P (M0 DARQ  DQ LW LDMG VMDWI\ GHUYHG ILRP D
JURXS P RGHOEXI@HQJ Z LAODDM Q | LODQFDOLQFHQWYHY Z IWK UHI XAOMRQ DV $0 5
FXUHOQ® DFW DV DQ LQVIME®I Wi VKDWIQFUHDVHY SIRGXPURQ FRWY DQG
WUHDWIQV WH BRQI WP QYHIKRRGV DQG | RRG VHFXUW R KUWDOFRP P XQHY

&RQFXVIRQV  7KH $05 UW IV W\ WP LF GUYHQ E\ WUKXPXUWDO HFRQRP LF
DQG LOWWMWRQDOI DIOXUHY / IP WG YHWUQDY DFFHW KDV QRWP D@ HG LQIRWP DO
DOWELRWE P DINHW XQGHLP LQIQJ WWZ DUGVKLS  SHOMMOQW. 1 J DSV GUYH VHD
P HGLFDARQ 1Q D FRQM WRI SRRU UMGXH VXUHADQFH ) RWP DO HGXFDMRQ
UHP DIQV WH VWARQI HW GHWP LODQWRI  UDWRQDO DOMELRWE XVH  $Z DIVQU
@ERWDWRY UHVXAV  XLI HQMOQWA DG LOMIYHMRQV DUH IHTXILHG VR DGGLHW
$0 5 UVNV DANKH KXP D DQLP DBHQYLLRQP HQWQWU DFH

. HZRWGY $05 DQAEIRWFY ' DY YDOXXHFKDIQ 2 QH +HDAOK 7RJIR



7KRPDVRJH7LQJPFQ*ORULD\ OHQVBK/\GLDORVE OLFK}
OLOGHU

D :HVW $IULFDQ &HQWUH IRU &HOO %LRORJ\ RI ,Q
%DVLF DQG $SSOLHG 6FLHQFHV 8QLYHUVLW\ RI *K
E 'HSDUWPHQW RI %DFWHULRORJ\ 1RJXFKL OHPRI
5HVHDUFK &ROOHJH RI +HDOWK 6FLHQFHV 8QLYH
*KDQD

F '"HSDUWPHQW RI %LRFKHPLVWU\ &HOO DQG ORO}
DQG $SSOLHG 6FLHQFHYV 8QLYHUVLW\ RI *KDQD /F
G )DFXOW\ Rl OHGLFLQH DQG +HDOWK 6FLHQFHYV
7RZQ B6RXWK $IULFD

YDFNJLRXQG 0\ FREDAWUDO IQHPMRQV UHP DIQ D P DNVRU J@REDO KHDOK
FRQFHWD Z WK WEHIFX@®RWY 7% FDXVHG E\ WKH 0 \ FREDPMUXP \WEHUFXBWY
FRPS®{ 07%. FROAQXIQ) VR SRVH WIQULIFDQWP REEIGIW DQG P RUBOW
EXUWGHQV ,Q DGGMRQ WR 0 798 QRQMEHFX®XV P\FREDAMUD 170 DWH
IQFUHOMQI® WHFRIQ] HG DV P SRUBQW SDWRIHQV 1Q ERW KXP DQV DQG
DQP DV  (QYLLRQP HQEO FKDQIHV LQFOXGLQ) FIP DM YDUDELOW DQG
H SDQGIQ] KXP D@ DQP DO IQMDPARQV KDYH FROMEXWG VR WH UMQJ
SUHYDBIOFH Rl 170 LQHAWRQV DQG DUH I XUMHU FRP STFDAQ) GUXI UHVMEQW
7% WHDP HOW GXH VR KRU] RQEOJHH WDQVHY ,Q * KDQD D QDWRQZ LGH
WXG\ 1Q HSRUMG WDWRYHU Rl P\ FREDPWUDOWVR@WY ZHH 170 V
ZIW O\ FREDPAMUXP [RUMMKP LGHQWIHG DV WH SUHGRP LODQW VSHAHV
" HVSIW WHWH 1IQGIQIV WHH IV SDXFIW Rl GDW RQ WH WDQWP DWIRQ
SDKZD\V HYROMRQDUY WHDMRQWKISY DQG JHQRP LIF GUYHW Rl SDWRIHQAIW
DQG VSUHDG R O \FREDAWMUD DFRW WH KXP DQDQP DRHQYLLRQP HQW

LQWA DFH 1Q QRUMHLQ * KDQD

2 EMIPIYHV 7KLV WXG\ DIPV \R LQYHVWI DM WDQWP MMRQ G\ QDP LFV Rl
0 \ FREDFWUD Z WKLQ WH 2 QH + HDOK HFRV WHP  1Q QRUKHLD * KDQD DQG R
FKDIDAMU] H WHU HYROMRQDY  IHDMRQWKISY DQG IXQPARQDO JHQRP LF
GLYHWW DFLRW KXP DQ DQIP DO DQG HQYLLRQP HQOUHVHUYRLLY



0 HKRGRARJ\ $ FLIRW VHRARQDOWXG\ Z DV FRQGXFWG DFLRW WH 1 RUMHQ

1 RUK ( DWV DQG 8 SSHU( DWSHIIRQV Rl * KDQD $ VRVEOR \VDP SGV Z HH
FROFWMG FRP SUMQJ KXP DQ \DP SGV FDWB! WAXH
\VDP SOV DQG  HOYILRQP HQWOVDP SOV +XP DQ VDP SOV

LOFOXGHG VSXWP [LRP  SUHVXP SWYH 7% SDAHQW QDVDOVZ DEV |LRP  DEDWRIU
Z RINHWY DQG EXVRKHY DQG WHDP HQAWUHVMBQWZ RXQG VZ DEV & DWB! WAXHV
H KIEMQI 7%aNH GMRQV Z HH REWBLOHG GXUQJ SRWIWIDXJ KWAU LOVSHPARQV
( QVILRQP HQUBOVDP SGV Z DWU DQG VRIO Z HH FRGPFWMG |LRP GDP V' DEDWRIU
HOYLLRQP HQW FDW® P DINHW DQG JWD LQJ 1LIHGEV FKDUDPMU] HG B\ FGRWH
KXP D@ DQP DOLQWDPARQY ( QYLLRQP HQWOVDP SOV Z HH SIRFHWHG XVIQU
P HP ELDQH | LOMDARQ P DG '1$ HWDPWMG XVIQJ WH JXDQGIOH
K\GIRFK®RUGH P HMRG IRU P HMIJHQRP IF  QH WI HQHUDMRQ  VHT XHQFLQU
P1*6 +XPDQ VSXWP DQG FDMBI WAXHV DIH XQGHURLQJ P \ FREDAWUDO
FXOXWH IQ D %/ @ERWDWRY IRGRZHG E\ SKHQRWSLIF GUXJ VXVFHSVELOW
WMAQ) DQG Z KR®! JHORP H VHTXHQFLQU : * 6 1 DVDODQG Z RXQG VZ DEV DWH
EHQJ DQDO]HG XMQJ 6 51$ P HVMHQRP IF VHTXHQOFIQ) &RP SDUDAYH
JHORP LF DQDOMY Z [ADWHW HYRXMVRQDY LHIMRQVKLSV DQG | XQPARQDOI HOH
GLYHMW  ZKI® JHRVSDADO P DSSIQI DQG WIMYMFDO UWN P RGHAY  Z LD
LGHQAI\ WDQWP MRQ KRWSRW DQG SDWZ D\ V

5HVXQV $P RQJ KXP DQ SDUAFLSDQW ZHH P DB Z HH VSXWP
\VDP SOV QDVDOVZ DEV WH IHW\Z HH Z RXQG VZDEV $QR ILRP KXP DQ
SDUAFLSDQW Z HH DQLP DOKDQGOLY QHWRFN NHHSHY  WKH UHW
IDPP HY 21 WH FDWB! \VDP SOG H KIEEWG OXQJ ®GMRQV DQG
KDG OP SK QRGH LQYROHP HQW ( QYLLRQP HOWOVDP S FRYHUHG
KLIK UVN VWAV SUHGRP LODQWD GDP V * HORP LF DQG FXOUH DQDOVHV

DIH RQJRIQI VR GHWAP LOH VSHAHYV GMMEXWRQ UHVMBQFH SWRILGN DQG
FLRW IHVHUYRIUJ HQRP LF LHIWAGQHW

&RQFOXVIRQV 2 XVARRN 7KLV WXG\  LOWAJ UIDWAV JHQRP IF HSIGHP IR®J\ DQG
JHRVSDAWDOP RGHIQ Z IWKILQ D 2 QH + HDOK 1 DP HZ RUIN VR FOUI\ WDQVP WMMRQ
SDKZD\V Rl 0\FREDAMUD LQ QRUMHWD * KDQD ) LOGIQIV Z LG WHQI WHQ
VXUH@MQFH 1QRWP  VDUHMG FROQARO WADMILIHV DQG  FRQMEXW R
XQGHUMDQGIQ) WH RG®I Rl HQYLLRQP HQEO DQG ] RRQRWE IHVHURLLY 1Q
VXWILQLQJ P \ FREDFWMUDOWDQVP DMMRQ

. HZRWV 0\FREDAMUD 7XEHFX®RWY 2 QH +HDOK =RRORWE WEHIFX@RWY
7WDQWP RQ G\ Q0P LFV



5RVHHOLPD-*XHVVDQDOWHRXDPpUD .DWKU+LK®LW] 7RN
-DNRE =LQVVWAMDWUVLURX %RQIRK
&HQWUH 6XLVVH GH 5SHFKHUFKHY 6FLHQWLILTXHV
8QLYHUVLWpP $ODVVDQH 2XDWWDUD GH %RXDNp ¢
6ZLVV 7TURSLFDO DQG 3XEOLF +HDOWK ,QVWLWXW

,QWRGXPVRQ YDFNJ LRXQG 2 EMIPYHV  5DEIHV IV D SURUW ] RRORW
VDU HMG |RU HIP LODARQ E\ 1Q & W G,YRUH DQG 0 DR +RZHYHU
IUDIP HQMG LOWMUVHARWDOFRP P XQIFDWRQ UHP DIQV D WLJ QU LFDQWEDUIHU VR
FRRUIGIODMG FROARO : IMIQ D 2QH +HDOM IWDP HZRWN ZKHH GDW
LOWAI UDMRQ LV SDUDP RXQW EQRFNFKDIQ WFKQR®J\  RITHWY QRYHODYHQXHV IRU
WWHQI WHOLQ)  WINHKREHU FRRUGIODARQ WILRXJK VHFXUH DQG WDQUSDUHQW
LQIRWP DARQ VKDUQJ 7R DGGUHW WKHVH V\ WWP LF J DSV WH WDQVGLVALS @D
Y%RFANG DELHV $SS SLRWMMMSURMPWVEDVHG RQ EGRFNFKDLO Z DV HWBEQVKHG |RU
ERW FRXQMHV 9%W WIFKQR®J LFDO KHMVIMRQ NQRZ ®IGIH GHILFIW DERXW
VHRIXUW WDQVSDUHQR  VRFLDO DQG HW(LFDOFRQGIMRQV R LW DGRSWRQ 1Q WKH
SIRWDUHDV FUHDW XQFHIBIQW DERXWVKH LQMDOXSVBNH Rl WH DSSTFDARQ
7KLV WKG\  DQDOVHV WH VRAR WIFKQLFDO DQG LQWIARQDO G\ QDP LFV WDW
VKDSH WH FR GFMJQ SDUAFISDRU [P SGP HOWMRQ DQG LQWMDOXVH RI WH
DSS VR XQGHUAMIQG WH FRQGIMRQV |RUIW DGRSWRQ VFD®I XS DQG RQJ WMLP
YIDELOW

0 HMRGRMRI\ 7KLYV LQGXPWYH TXDOWYH WXG\ ZDV FRQGXPMG LQ &{ WM
G,YRUH DQG 0 DR WH VZR FRXQMHV Z KHH WKH %RFNSDELHV $SS LV EHQJ
P SGP HOMG $ \RWORI LQYROHG SDUAFISDQW Rl WKH SURMFW Z HH
UHFXIWG DRRW ERW  FRXQMHV LOFOGIQ)  IHVHDUFKHY  @ERWDRY
WFKQFIDQV  YHMUQDY DQG  SXEQF KHDOK SWIRIWMRQDY  VRIVE DUH
GHYHBRSHY GHFAIMRQ P DNHWY/ DQG FRP P XQIW UHSUHVHQUMEHY 1Q WKH WWXG\
vy,



' DV Z HH FROPFWMG WIRXJK L SDUAFLSDQWREVHUDARQ GXUQI LOARGXFURQ
ZRUINVKRSV DQG [HG WW 1Q WDELHV DQG YHMUQDY FHOMY L VHP L

WKPXWUHG  IQMYEZY  IRFPMQI RQ WENHKRGHY  SHUFHSMRQV  DQG
HSUVHOMMRQV DQG UL D FRP SUHKHOMYH GHW WHYIHZ Rl SLRMFW
GRFXP HQW DQG HWIFDO WHYLHZ SWRFHW GRFXP HOW  7KH WDQWFUEHG
UHFRWGIQI DQG SDSHUEDVHG GDW ZHH ERW FRGHG VXEMIFWG VR \KHP DUF
FROMQWDQDOMY DAMMMG E\ 1 YLYR 7KH GDWD DQDOMY Z DV JXIGHG E\

DSSURDFKHV | LIRP WDQVGLVALSADUW QHZ  LOWAMWRQDOHFRQRP PV WIKH HKLFV
Rl KHDOM WFKQR®J\  DQG WH VRAIR®RJ\ Rl LQQRYDURQ DQG XVH

5HVXAV 7KH UHVXOV KL KQ KWD G\ QDP LF RI VRAIDOLOWDPWRQ DQG LQFOXMLYH
SDUAFISDARQ DP RQJ WENHKR@GHY DIRXQG WIFKQR®J\  WHUHE\ |RWMUQ] LW
DFFHSVBQFH  7KH %RFNSDEIHV $SS ZDV [P SOP HOMG WWRXJK JRRG
FRADERIDARQ EHVE HHQ WDELHV FHQAHY YHWAUQDY VHMFHY UHVHDUFKHY 7
H SHW DQG @ERWDWRUHY 7KLY FLRW VHAVRU SDUHUKLS Z DV VXSSRUMG E\
P XWDO GDWIQ) DQG  LOAMMMWMRQDO DIWHHP HOW  KHSHG WXKFWUH GDVD
J RYHUDQFH DQG | DFLAVIWA WH FLUFX@ARQ RI 5 DELHV FDVHV LQIRUP DMRQ

7KH UHVX®V DOR VKRZ GRFDODGWWWR HOW DQG DGDSVIMRQV Rl WKH WIFKQR®RJ \
3UDPAFDOMDIQIQ) Z DV NH VR VXSSRUAVXVHY VR JUDGXD@ DGMWWDQG DGDSW
WH LOQMUIDFH DQG | XQPWRQDMAHV Rl WKH DSSQFDARQ VR SLRIHWIRQDO QHHGV
DQG SWDPAFHY  7KH LOMDOXVH RI WIFKQR®J\  UH GG D J LDGXDOLOWI UDMRQ
R WIQR H MQI SUIRIHWIRQDOSIDFWFHY  7KH DSSQFDARQ LV QRWUHWRMG
EXWIW DGRSWRQ UHP DIQV @P MG ,QIRUP DARQ P DQDI HP HOWFRQUOQXHV VR EH
K\EUG FRP ELQIQ] SDSHUIRWP V WIBISKRQH FRP P XQIFDWRQ DQG GLI MBOWRRY
GXH VR WIFKQLFDO FRQMDIQW  SDUARX@UD XQWEE®! DQG LUHIX@U , QWLDHW
DFFHW KLJ K@ KWAKH QHHG 1RUDQ RI1QQH YHMRQ

&ROFXVIRQV 2 XWRRN  7KH VYIDEIOW RI EGFNFKDIQ GHSHQGY RQ DQ
DSSWRSUDM GUDOIWP HZRWIN WH DYDIMEIOW Rl WHIDE®! ,7 LONUIDMWAKRMXIUH

WH LOQYROHP HOWDQG FRP P WP HOWRI WWH UHBYDQMOQWIAMRQY WOIQLQ)  DQG
XVHY: P RAYDMRQ

. H\ Z RUBV ( WLFDODQG VRFLDODGRSWRQ 2 QH + HDOK Z HWW\BIUFD %RFNFKDIQ
WIFKQR®RJ\



1RGMLPEFDGEDLS|§>JRBPDODPDQ '"MHGRX 0ODUWLQ
&DUROLQH 0ZLKDNL BOPPBGRXUQQJIJDU ODGMDGLQ
BULVFD $QGUpH $8RWYU 7RNSD .DWHOWNVNQURX %RQIF
ORQLTXH /HFKHOIQWVWDJ -DNRE
&HQWUH GH 6XSSRUW HQ 6DQWp ,QWHUQDWLRC
8QLYHUVLWpPp 3HOHIRUR *RQ &RXOLEDO\ .RUKR
6ZLVV 7TURSLFDO DQG 3XELLF +HDOWK ,QVWLW]
8QLYHUVLW\ RI %DVHO 3HWHUVSODW] %DVHO
&HQWUH 6XLVVH GH 5HFKHUFKHYV 6FLHQWLILTX
&{WH G ,YRLUH
eFROH ,QWHU eWDWV GHV 6FLHQFHV HW OpGHF
,QWRGXPRQ YDFNJ LRXQG 2 EMIFIYHV 7KH P SGP HOWARQ Rl WH ' LI MO
+HDOK 1Q &KDG 6$18 7' FOQFDOGHAMRQ VXSSRUN7RRODQG FRP P XQW
HQJ DJ HP HQW DJ DIQWV LDELHY DUIH LQQRYDARQV IRU P SIRYLQ) EDMF  KHDOK
VHUYLFHV DQG DFFHW VR 3RW\([ SRVXWH 3WRSK\ @[ IV 3(3 WELHV YDFFIQH ,Q
&KDG WH LQDFFHWIELOW Rl KXP DQ DQG DQP DO YDFFIQHV LV GXH R
JHRJWDSKLFDO LOWINMRQDO HFRQRP LIF DQG FXOXWDOGL I LEXGAHY 7KLY WXG\
DIPV \R HYDOXXDW WH P SOP HQMRQ Rl WH &@QIFDO' HAIMRQ 6XSSRUN
B\WMP &' 66 DQG FRP P XQIW HQJ DI HP HQWDWMYI LHV DIP HG DWP SLRYLQJ
DFFHW VR WDELHV FDUH

0 HWKRGRM®I\ 7KH VXUH Z DV FRQGXFWMG XMIQJ D P L[ HG P HWRG DSSURDFK
DP RQJ KXP DQ DQG DQLP DOKHD®M Z RUNHWY DQG FRP P XQIW GDGHY EDVHG RQ
WH ILYH GIP HMRQV R VXFFHWIXO &' 66 QDP H® DGDSVMRQ DGRSWRQ
IHDVELOW DFFHSVBELOV DQG VXWIRLQDELON ' DVD Z HH FRAPFMG XVIQJ ) * ' V
TXHWMRQQDILHV DQG LQGIYIGXDOLQWMUYHZ V' 7KH GD Z HH SIRFHWHG XVIQJ
6366 DQG 0 D[ TGD

S5HVXQV 7KH WHVXGV DIH SIHVHOWG DFFRWGIQI VR WH 1LYH GIP HMRQV RI
VXFFHWI XO&' 66 ,Q VAP V RI DGDSWRELDN WH P SGP HWVMMRQ Rl WH VRRO
ZDVFDIHX@ SWHSDHG E\ WHWDP  LQ RUGHUVR DGDSWW/R WKH GRFDOFRQM W



7KH6$18 7' VRROL/ DFFHSWG E\ WH P D\RUW RI XVHW DQG DSSUHFLDMG E\
WH EHQHLFIDY FRP P XQWHV ,W DGRSVRQ LV P DINHG E\ WH P RAYDVARQ R
DI HQW VR XVH WH VRRODQG WH FRP P XQIW V VDM DPARQ Z WK WH WHDVRP HQW
UHFHYHG ) HDVEELOW LV SRUMYHD LOIOXHQFHG E\  DFFHSVBQFH  EXWQHI DAYHO
IQOHQFHG E\  LQVXIILFIHQWSRZ HU VXSS® IRU UHFKDUILQ] VBEGW  $ QRWKHU
SRVIMIYH DVSHRWIRU VXWRLQDELAOW LV WH KLIK GYHORI DFFHSVBQFH DP RQJ
SDAHQW DQG FDUHILYHW  7KH SDUAFLSDQW 1Q RXUWXG WARQI® GHVILH WH
H WIQURQ Rl WH SURMPWR RWHU KHDOM FHOWY 7KH &' 66 VRROKDV KDG D
SRVIVIYH LP SDFWRQ KHDOKFDUH DRWYIVHY DAMKH XVHU GIYHODQG KDV VDM LHG
FRP P XQMHY ,Q WPV Rl FRP P XQW HQIDIHP HQWVADMI\ RQH P DNVRU
HOP HOWWEQGY RXW FRP P XQIW HQI DI HP HQWP DINHG E\ WH LQYROHP HOARI
FRP P XQW GDGHY DQG KHDOK Z RINHWY/ LQ DPAYMHV VR HQVXUH RZ QHUKLS
DQG VXWRIQDELMN 7KH XVH Rl &' 66 Z WKIQ WH 2 QH +HDOK [P HZ RN LV
DFFHSWAG DQG DSSUHFIDWG E\ KXP DQ DQG DQLP DOKHDOK DRVRWYY LQ WKH 1LJ KW
DIDIQW/] RRQRVHV  $JHQW @P HQWWH @FN R TXDALHG SHWRQQHO DQG
FRADERUIMRQ EHVEHHQ GUIHHQW VHRRY 7KLY WXG\ FRQMEXWNV VR WH
WHQIWHQQJ R WH ' DMMPW+ HDOK ,QIRLP DARQ 6\\WMP  SKDVH ' +6
P SGP HOMG E\ WH 0 LQMM Rl 3XEQF +HDOM DQG RSHQV XS UHVHDUFK
RSSRUMQHY | RUUHVHDUFKHWY 1O WKH I IHGS Rl GLI VBOKHDOK

&ROFOXVIRQV 2 XV@RRN 7KLY WKG\ KDV UHYHDBIG WH P SRUBQFH Rl XVIQJ
GLI MEOVRRY 8 VHY DIH VHHNIQJ) VXSSRUM LRP  SDUAHY DQG DXWKRUMHY |RU
WH VXWIRLQDE®! XVH DQG VFDAQJ XS RI WKLY VRRO

. HHZRWGV 500H GUMORRY FRP P XQW HQJ DI HP HQW VXUH@MOQFH &KDG



+HOOHQ 1MHUL ODL@IL 1GLAXXDULY ODWRNH 0XKL
&KHJH -DPHV 1J-D'@X-DV 1 .DUDKQWIIFN 1RDK VHQW
+HOHQD *RZL
'"HSDUWPHQW RI 9HWHULQDU\ 3DWKRORJ\ OLFL
8QLYHUVLW\ RI 1DLUREL
&HQWUH IRU %LRWHFKQRORJ\ 5HVHDUFK DQG '
5HVHDUFK ,QVWLWXWH
'"HSDUWPHQW RI 3XEOLF +HDOWK 3KDUPDFROR.
RI 1DLUREL
6RNRLQH 8QLYHUVLW\ RI DJULFXOWXUH 7DQ]D
,QWRGXPVURQ YDFNJ LRXQG / HVKP DQIDVHV LV D JURXS RI ] RRORWE [QI HPMRQV
FDXVHG E\ GLVKP DQID SDIDVMWY WDQWP IMWMG E\ VDQGI@HV DQG DIIHPWQJ D
ZIGH WDQIH RI KRW LOFOXGLQJ KXP DQV GRP HWAE DQG Z 1@ DQIP DY 7KH
GMDWH LIV SUHHOMG DV 9IVFHDO /HWKP DQDMY 9/  &XVBQHRXV
GLVKP DDV &/ RUP XFREXVDQHRXV 0 &/ IRWPV $VRQHR WH  : +2
VDU HMG QHJ GG WRSLFDOGIMHDVHY 17" IWWKUYHV LQ SRRU P DU LQDT HG
FRP P XQMHV @FNIQJ SLRSHU KRXVIQJ DQG KHDOKFDUH 8 QGHUMIQGLQ)  WKH
FRQOHAWRQV EHVZHHQ SHRS®! DQP DV DQG WH HOQYLLRQP HOWLV NH R
FROAR@QI W VSUHDG . HQ\ D LV RQH Rl WH 1LYH FRXQWIHV Z W WH KHDYLHWW
EXWGHQ Z W WH FXUHQWWDQWP MRQ |RFL DWVYBUQIR &RXQW ' RP HWF
GRIV DIH NQRZQ VR EH WH UHVHIRW IRU 9/ 1Q KXP DQV DQG &DQIOH
GLVKP DDV 8 QGHUABQGIQ) WH FRQOHPARQV EHVE HHQ SHRS®!  DQIP DY
DQG WH HQYLLRQP HQALY NH VR FROARAY WH VSUHDG RI LQIHPWRQV

2 EMPAYHY 7KH WXG\ DWHWHG WH UHMGHQAY NQRZ BIGIH DWAXGHY DQG
SWAWFHY . $3 UIDWGELQ) GIVKP DQIDVMY  GHWP LOHG WH SUHYDBIQFH Rl
GLVKP DQD IQHAMRQ 1Q GRIV DQG KXP DQV IGHOWIHG UW IDARY/ DQG
HFR@RJLFDO I DARY/ DWRFIDMG Z W LQIHPARQ  7KH GLVKP DQID J HQRWSHV
FLUFX@MQJ 1Q GRIV KXP DQV DQG YHAVRWY Z LGEH FKDUDRMU] HG



0 HMRGR®J\ $ FLRW VHPMRQDOWXG\ Z DV FDUIHG RXWQ YDUQIR &RXQW R
DWHW GLVKP DQIDVLY SIHYDBIQFH UVN DQG HFR®RJ LFDOI DRVRYY DQG . $3 DP RQU
UHMGHQW %RRG VOP SGV | RP KXP DQV DQG GRIV Z HH WMMG YID
5' 7 WKH SRUMYHV Z LGOEH FRQILLP HG E\ (/,6$ 3&5 6DQGIQHV Z HH FDSWWUHG
1Q WH VDP H GRFDOW ZKHWH GRIV DQG KXP DQV WMMG SRVMIYH XMQJ &' &
Q@KW WDSV ILRP WP W PRXQGV FDYHV WHH KRGV DQG IGHQMIHG
P RUBKRMRJ LFD® 1Q WH @E SHQGQJ ' 1$ H WDPWRQ DQG FKDUDAWAL] DARQ

SHVXQV 7KH . $3 VXUH Q UHYHDBIG KLIK DZ DUHQHW Rl WH
L HPARQ Z WK DQG Rl LHVSRQGHQW GHP RQWMDAWQ) RYHD®
P RGHDM VR JRRG NQRZ BIGIH DWMIXGH DQG SUDPAFH UHVSHPAYHO  $JH DQG
HGXFDWRQ WJQUIFDQ® SWHGIPWG . $3  +HDOK ZRWINHYW GHP RQMDMG
WFKQIFDO H SHUAH 1Q GHWIFMRQ DQG P DQDIHP HQW 3UHIP LODU GDW RQ
SUHYDBIQFH VKRZ HG DQG Rl KXP DQV DQG GRJV Z HH SRVM¥YH |RU
GIVKP DQD UHVSHAWYH® E\  5' 7 PLIRRWRS\  SHQGIQI (/6% 3&5
FROLWP DARQ . H UW IDPRWY LOFXGHG \RXQJ DJH P DB VH  VOHSLQ

RXWIGH P XGG\ FWDANHG KRXVHV WDWKHG WRRIV WP W P RXQGV DQG
SWR[ [P IW VR GRIV 9HPVRY/ IGHQWLHG Z HH 6HJHQRP \ ID 3 P DUAQL DQG 3

GXERWTLIWRP WP W P RXQGV KRXVHV VKHGV DQG YH] HMMRQ DV LGHQW HG
E\ WHUP RXW SDUN DQG J HQMIID

&RQFOMRQV 2 XV&RRN  7KH WXG  VKRZV UHVSRQGHOW KDYH \MRQJ
NORZ ®IGJH DMIXGHV DQG SWDPWFHV UHIDWGIQ) GIVKP DDV EXW J DSV
P DQ SDUAFXOW RQ GRIV DV UHVHUIRLWY $GCUHWMQI WHMH WIRXIK
VKRRY PHGD DQG D 2QH +HDOM DSSWRDFK LQYROLQ) YHWLQDUDQV
P HGIFDO DQG HQYLLRQP HQO SWIRIHWIRQDY DIH QHHGHG  VXSSRUMG E\

P HGLFDOSHWRQQHOV H SHUAVH DQG RQURIQI VXUYH.ADQFH

.HZRWV /HWKPDQD LQHWRQ +XPDQ GRIV SWHYDBIOFH . $3 UW
IDFVRU RQH + HDWK



YDWRX 1GRAHDQ $XJXVWLQ 'LHIBEERXQBKPDQH 6

$QGUpPH 3ULVFD $BRKQD $PLQLHO 1JRZL
,QVWLWXWH RI +HDOWK DQG 'HYHORSPHQW .6
8QLYHUVLW\ RI 'DNDU 8&$' O9ULMH 8QLYHUVLV
1IHWKHUODQGYV

,6(' )DFXOW\ Rl OHGLFLQH 3KDUPDF\ DQG 2GR
OLQLVWU\N RI +tHDOWK DQG 6RFLDO $FWLRQ 064
,6(" )032 8&$' 3XEOLF +HDOWK 8QLW ,QVWLW

(FROH ,QWHU (WDWV GHV 6FLHQFHVY HW OpGHFL

,Q : HWS$IUFD WH UHVXUWHQFH RI SDIKRIHQV VXFK DV &UP HDQ &RQIR
+HP RUKDJIF IHYHU &&+) DQG&RYIG  IRGRZIQJ WKH ( ER® RXVEUHDN KDYH
FDXVHG P DVRU VRFIDODQG SV FKR®RJ LFDO GIMXSVRQV  JHOHUIDWQJ  1HDU DQG
GHQIDORI GIVHDVH DQG FRQAROP HDVXUHV ' HVSIW SWRIUHW 1Q 2 QH + HDOK
2+ P SOP HQMMRQ WH DSSLRDFK RIWAQ LQVXI I LFLHQWD LOWAI DMV P HQWO
KHDOM DQG UHP DIQV SRRUD DGDSWG VR ®RFDOFRQWM W : KI®i ELRP HGIFDO
VDWW LHV KDYH VKRZQ D FHUBLQ GIYHORI HIHPWYHOHW WH SV FKRVRFLDO
GP HMRQV RIWQ RYHURRNHG HYHDO WWJQULFDQW JDSV IRU DIHRWG
FRP P XQMHV

7KLV WXG\ DIP V VR DAWHW WH SV FKRVRFIDO HIHFW DWRFIDMG Z W WH
HP HUHQFH Rl ] RRQRWE GIVHDVHV VR GHYH®RS DQ LOWAJUDWG SV FKRVRFALDO
IOM¥YHMRQ P RGHO Z IWKIQ WH HSIGHP LRARJ LFDO VXUHAMQFH W WP 7KH
UHVHDUFK GUDZ V RQ H SHUHQFHV 1Q 6HQHI DOIWRP  3HUP DOHQWBHFUAVBUDWRI
WH 1DWRQDO +LIK &RXQFIO IRU * GREDO +HDOKM 6HFXUW 2+ 1Q
HSIGHP LR®RJ LFDO LOYHWI DMRQV GXUQJ [IWWFDVH GHWIFIRQ &&+) 1Q

Z W, QUMIXWBDWMXUGH ' DNDULQ FREDERUDARQ Z VK 3UHYHOMRQ ' IMIMRQ ' 3
DQG &2 86 DWO LOMM Rl KHDOK DQG | XUKHU [ LHGS LQYHWI DURQ LQ $
P L HG P HWRG DSSWRDFK ZDV XVHG VR FREPFWGD WURXJK SDUAFLSDVRU
REVHODARQV 11HG LHSRUV ILRP 2+ SOMRWP P HHMQIV DQG  LOMMHZ V
ILRP ,3' ' 3 HSIGHP LRARJ LFDOLQYHWAI DARQ



. H LQRWP DOMOMNHZ V Z HH FRQGXPMG ERW Z WK J RYHUQP HOWDODQG
@RFDODRVRY LQYROHG LQ HSIGHP IF P DQDUHP HQW  @QYHWRFN NHHSHWY Z HH
VXUHHG VR DWHW WHU NQRZ®IGIJH RQ ] RRORWF GIMHDVHV DQG 2+
LOMIYHMRQV 1Q WHU GRFDMMHY GXUQI SXEQF KHDOK HYHQW &DVH WRUHV
ILRP  YIPAP V FDUHJLYHW DIIHAWMG E\ &RYIG WDELHV &&+)
DQG XQNQRZ Q GMHDVHY  DQG ILRP @YHWRFN NHHSHWY  ZKR RVWDQIP DY
GXH R WHVH GMVHDVHY

7KH WXG\  IGHQWIHG LQGIFDRWY Rl SV FKRERJI LFDO GMAHW DP RQI- YIFWP V
&DVH QDUDWYHV KLIKQ KWG WDW SV FKR®JLFDO GIMAHW ZDV @ONHG R
P XOAS®1 IDARY LOFOXGIQ) IHDU Rl IQHPMRQ DQG GHDW  H SHUHQFHG
WP DA DARQ WH GRW RI IDP L® P HP EHWY DQG @HWRFN VRFIR HFRQRP LF
FRQVHTXHQFHV DQG @P WG SV FKRVRFLDOVXSSRUADQG P HVOKHDOM, VHUYLFHV
GXUQI RXVEUDNV  Z KIB SUAVHOWQ) KHDOMFDUH SURIHWIRQDY Z MK FRP S®f
HWKLFDOFK DABIQI HV

$QDOVV R WH 2+ FRRUWGIQDARQ SOMRWP \KRZHG WDW HP HJHOR
UHVSRQVHV DIH SUP DU® RUDQ] HG DIRXQG P XGWHAVRWDO FRADERUMRQ
EHVE HHQ VHRVRYY  Z LMK RSHUDWRQDODPANIMHY @MU HO | RFXVHG RQ VXUHADQRH
FDWH GHWFMRQ DQG FROWFWWOFIQ) +RZHYHU WL FRRUGIODWRQ LDUHO
LOFOXGHV VRFLDOVAHQWANV SV FKRBRIIMW  UHVXGAMQ) 1Q QP WG LOWAI LDARQ R
P HQEO KHDOK FROMGHDARQV 1Q ] RRORUF GIVHDVH SUHSDUHGOHW DQG
UHVSRQWH 7KH WXG\  IXUKHU LGHQAILHG VXEVWBQWDO NQRZ BIGIH  GLVSDUMHY
DPRQ) FHOADO DXWRUMHY RSHIDWRQDO SHURQQHO DQG  FRP P XQMHV
WHIDWGIQI ]RRQRWE GMDVHV  $P RQJ QHWRFN  NHHSHWY/

GHP ROWMDMG QP WG NQRZ BIGI H GXH VR BRZ UWN SHUFHSMRQ Z KIFK VKRZ HG
D WJ QU LFDQWDWRALDMRQ Z M SRRU GIYHOR! |RUP DOHGXFDMRQ S

0 RWMDLP HWY/ WHSRUMG EHQJ XQDZ DIH Rl WH 2 + DSSWRDFK  11QGIQ)
WWH FRQFHSWDU H® XQI DP LaDU

7KH WYG\  VXJIHW IOMYHMRQV VKRX@ EH GHVLIQHG VR EUGIH FHOWDO
RSHUDWRQDO DQG FRP P XQIW GIYHY E\ LOWIUDWQI RFDONQRZ BIGIH  Z KL®H
WHQWHQAQ) FLIRW VHARU FRADERUMRQ  LQFOXGIQJ  VRFLIDO Z RINHY  DQG
P HQUOKHD®K DRVRL/



$0O0ODGRXPQJDU ODGMDRGHQDQDUGPH 6RXJRX
DWKUHHL W] 7TRNSEDEHBWR X% DVVL®WRQIRKDNRELQV V\
ORQLTXH /HFKHQQH
&HQWUH GH 6XSSRUW HQ 6DQWp ,QWHUQDWLRQ!
(FROH GRFWRUDOH GHV VFLHQFHV GH OD YLH G
O HQYLURQQHPHQW 'DNDU 6pQpJDO
‘PSDUWHPHQW GH VDQWp SXEOLTXH 8QLYHUVLYV
‘DNDU 6HQHJIDO
&HQWUH 6XLVVH GH 5HFKHUFKHV 6FLHQWLILTXH
'"HSDUWPHQW RI (SLGHPLRORJ\ DQG 3XEOLF +HD
3XEOLF +HDOWK ,QVWLWXWH %DVHO 6ZLW]HUO
8QLYHUVLW\ Rl %DVHO %DVHO 6ZLW]JHUODQG

YDFNJ LRXQG &KDG LV DQ HQGHP IF FRXQWI |RU WDELHV DQG JXIQHD ZRWP
GIMDVH 7KLY WXG H SBRUHV WH LOMDPARQY EHVE HHQ KXP DQ DQG DQIP DO
KHDOK J RYHUQDQFH VR LP SLRYH WH FRQARORI WWHVH ] RRQRVLY 1Q VHGHQU
DQG QRP DGIF FRP P XQMHV 1Q VZ R GMMFW RI 0 R\ HQ &KDULLQ &KDG

0 HMRGR@RI\ $ FLRW VHPMRQDOP L[ HG P KRGV WXG\ Z DV FRQGXFWG 1Q
' HFHP EHU LQYROLQ KXPDQ DQG  DQP DO KHDOK | DFLOAHV
4 XDOWWYH GO ZDV FRGFWG |LRP KXP DQ DQG  DQP DO KHDOK
SIRIHWIRQDY RQ VRFAR SIRIHWIRQDO FKDIDAMUMAEY  NRE VDM DPURQ
NORZ BIGIH DWIXGHV DQG SLDPAFHY LHDWAG VR WDELHV DQG GLDFXQFXADVY DV
ZHDDV IHVRXUFH DYDIMELDW DQG LOWUVHRVRUDO FREDERUDMRQ & QQLFDO GDVD
ILRP FDVHV EM H SRVWXUHV DEIHV DQG GUDFXQFXIDWY FDVHV  ZHH
FRGPWG |LIRP  KHDOK | DFLOAHY 6HP LMAKPMUHG LOMUYLHZ V Z HH FRQGXPWMG
ZIWK FRP P XQW P HP EHW DQG KHDOK J RYHUQDQFH WENHKRGHWY/

4 XDQWAMYH GDVID Z HH DQDOVHG XVIQJ 5 Z KLB! LOMIYLHZ WDQUFUSW Z HH
DQDOVHG WURXJ K WHP DWE FRQMQUWDQDOMLY 1Q 1 9LYR



SHVXQV +XP DQ KHDOK SWRIHWWIRQDY DH \RXQIHU DQG P RWH JHQGHU
EDDQFHG  Z KI® WHU DQLP DOKHDOK FREPDIXHY WQG VR EH RGHU P RWD
P DB DQG KDYH DERXWVELFH DV P XFK ZRW H SHUHQFH 7KH P D®i IHP DB
MR Z DV 1Q KXP DQ KHD® DQG LQ DQIP DOKHD® 7 KHVH LDARV
DUH UH GFWG LQ WH UH XVDOR! QRP DGIF ZRP HQ VR LOWMDRAWZ VK YHWALQDU
P HQ |RUWH REVHYDARQ RI D GRJ RUVR WHDWD VIFN UXP LODQW

5HIDUELQI Z RIN VDAM DPMRQ WKHUH LV D QRE®! Gl HIHQFH EHVE HHQ KHDOK
VHARY/ Rl KXPDQ KHDOK ZRWNHY DWH DWRFIDMG ZIW SRVWYH
VDAV DAURQ  Z KL Rl WHU DQP DO KHDOK FRGDIXHY UHP DIQ BW
VDAMIHG 7KH FDSDAIW DWHWP HQW WHYHDBIG WDW \WKH DYDIDELON Rl
HTXLSP HQMY YHY QP WG LQ DQLP DOKHDOK, WKXPMUHY FRP SDLIHG VR KXP DQ
KHDOK IDFLOAHV H S FR@ FKDIQ @MFNLQJ 1Q  LQ KXP DQ KHDOM FRP SDUHG \R
lQ DQIP DO KHDOM IDFLOMHY KL K@ KWQI WH XQGHUIXQGIQI Rl WH
DQIP DOVHARU DOR GHSGRUHG E\ KHDGV Rl YHWUQDU SRWV  &REDERUMRQ
DQDOMY VKRZ HG WWMRQJ HU LOWUQDO FRADERUDMRQ Z IWKLQ WKH KHDOK FHOWH
Z KL LOMVHAVRIDOFRADERIDARQ EHVE HHQ KXP DQ DQG DQLP DOKHDOK, VHRAVRL/
Z DV Z HDNHU + HDOM FHQWAY DRADV | IRQUIQH VWAKPWUHY DI DIQW] RRQRVY  EXW
YHWUQDUDQV DUH WH P DLQ GUYHW HQFRXUDI LQJ LOWVHRVRUDOFRADERUDARQ

+ HDOM, LHFRUEV VKRZ HG DQ DYHDIHRI LHSRUMG ~ ELWM FDVHV SHUI DFLOW SHU
P ROW & 2 &RP SDUHG Z IWK LQFLGHQFH HVAP DWAV ILRP - SUHYLRXV
WXGHY WKLY VXIIHW W QULFDQW XQGHUHSRUAQ) 9 HWAUQDY  LHI DMMHV
UHFRWGHG RQD  GRJV SOFHG XQGHU REVHUDMRQ GHVSIWM  LHSRUMG ELVM
FOVHV LOXMADAQ) ZHDN IRGRZ XS 7ZRKXP DQDQG  DQIP DOJXIQHD Z RUP
FDVHV KDYH EHHQ GRFXP HQWMG NRLOWD E\ KXP DQ KHDOM DQG WKH * XIOHD Z RUP
SIRIWDP  LOFOXGIQI WKH DQLP DOVHRARU Z KLFK UHP DIQV XQGHUHSRUMG

&RQFXVIRQ 7KLV WKG\ IGHQMLHV NH  UHVRXUFH DQG JRYHUWDQFH JDSV
LOFOGIQI XQGHUXQGLQJ Rl WH HBNDWRU VHRVRU D @FN Rl HTXLSP HQWDQG
FRADERWIDARQ EHVZ HHQ VHAVRYY WDWKLQGHU WH H I HAAYHQHW RI 2 QH + HDOK
LOWUYHQMRQV DQG ] RRORWE GIVHDVH FRQAROLQ LXWDODUHDV Rl &KDG

.HZRWY =RRORWW 2QH +HDOK +XP DQDQP DO LQMIDFH +HDOK
JRYHUODQFH &KDG



6RGMLQRXWL O0DKXGMHEH-QXNWBRADVVLURX %RQI
5LDQDWRX %DGD $ODPEHGML
,QWHU 6WDWH 6FKRRO RI 9HWHULQDU\ 6FLHQ
6RNRLQH 8QLYHUVLW\ RI $JULFXOWXUH 7DQ]
&HQWUH 6XLVVH GH SHFKHUFKHV 6FLHQWLILT
&{WH G-, YRLUH

,QWRGXFIRQ $QWLD LV D P DNRU] RRORWE GIVHDVH HQGHP IF 1Q %-Q1Q DQG LV
FRP P RQD DWRADWMG ZIW DUHDV FKDIDAMU] HG B\ H WIQUYH QHWRFN
SURGXFURQ \ WP V' 3DWRUDODUHDV  Z KHUH @QYHWRFN IDLP 1QJ UKP LODQW LV
ZIGHVSUHDG DUH SDUAFX@UWD SLRQH VR VSRWGIE FOVHV R $QWWY  / LYHWRFN
IDLP HWY DQG SRSXMMRQ LQ FARVH FRQBPWZ WK DQLP DY DQG WHUHQYLLRQP HQW
DIH P RWDWUW Rl FROADPWQ) $QMUDY $OQWUD WHHRWH WHSUHVHQW D
KLJK UWN 1RU KXP DQV DQG WH DQIP DOSURGXFURQ W\ \WMP  GXH VR VSRWDGIF
RXVEUD\V Z WK LQIHAWG DQIP DY DQG KXP DQV G\ IQJ HYHY \HDU ' HVSIWM
DQQXDOYDFFLQDWRQ SWRJWDP P HV DI DIQWS QMUY %HQLQ H SHUHQFHG UHI XQU
RXVEU-D\V Rl DOMUW 1Q WH 1 RUKHD P XQIFISDIMHV Rl YRXNRP Ep  &REQ®

0 DWW 7DQIXIpV 7 RXFRXQURXQD DQG 1 DWAQIRX 1Q DQG

ZKIFK LHVXOMG 1Q  GHDWV DP RQJ LQGLYIGXDY Z KR FRQUXP HG P HDM LRP

FDUFDAHV Rl DQIP D WKDW KDG GHG Rl DWW : IWKRXW ELRVHEXUW
P HDVXUHV DUHDV Z KHUH DQIP DY KDYH EHHQ LQIHAMG RUKDYH GIHG UHP DIQ DW
UWN IRU DQIP DODQG KXP DQ LQHPMRQV IRU GHFDGHY  7KH WXG\  VHHNV \R
VSDAD@ P DS DIHAMG ] ROHV DQG DWHW WKH SRWQWDOUWN RI SDWRI HQ
VSUHDG DV Z HIDDV WH UWN Rl KXP DQ DQG DQLP DOLQI HPARQV UVNV DWRFLIDMG
Z W KXP DQ DRIV DQG FOP DME VHDVRQV 7KH DIP LV VR WDIVH DZ DUHQHW
DQG J XLGH VLI HWG SUHYHQWYH P HDVXUHV



0 HIKRGV 7KLV Z L@ LQYROH FGRVH FREDERWDARQ EHVE HHQ YHWUQDU DQG
P HGIFDO HSIGHP [RRIMW P XQIFISDOMMHY ~ @RFDO FRP P XQWHV  DQG  NH

WENHKRGHY HQJ DI HG 1Q VHDVRQDODPAYMHY VXFK DV FLRS 1DLP 1QJ QYHWRFN
SIRGXPURQ DQG FKDUFRDOSURGXPURQ 7 KH DPWYIMHV Z LAFROMARI FRADPWQ)

GDV RQ WH LOFLGHQFH RI WH GIVHDVH 1 LRP - QDWRQDODUFKLYHV DQG LOWIARQY

$Q HSIGHP [R®RJLFDOIHEG VXUH IRU UWN IDRARY/ [GHQWLFDMRQ  6XVSHAMG
FRQUP LODWG VWAV Z LGOEH J HRUH HIHOFHG : KHWH |HDVIE®! VRIOVDP SOV Z L@
EH FROFWG DQG DQDOVHG XVIQJ HQYLLRQP HQWO 3&5 DWD\V [RU YDFLAXV
DOWLDAY VR FKDUDAMU] H WH GIYHO R HQYLLRQP HQWZO FRQWP LODWRQ DQG
DWRFIDWMG UMV 7KH UHVXGAMQ GDVD Z LADEH XVHG VR J HQHDW VSDWDOP DSV

LQGIFDAQ) WH GFDARQV Rl FRQWP LODWG @QG DQG VR HWP DM WWKH SRWIQADO
UWN Rl SDWRI HQ VSUHDG EDVHG UWN | DRVRWY

([ SHAMG LHVXQV 7KH RXWRP H Rl WKLV WXG\ Z LGDI DFLOVDM WKH DSIG DQG
VDU HWMG [P SGP HQIMRQ Rl SUHYHQWYH P HDVXUHV LQ DI THAWAG DUHDV 7KH Z LaD
KHS LP SLRYH WH SIRWFMRQ RI KXP DQ DQG DQIP DO KHDOK DQG JXIGH
DIUFXOXWDO SWDPAFHY  @QG XVH S@QQQ]  ,Q HP HUHOR  VIWDMRQV
NQRZ ®1GJ H RI DAUMN DUHDV Z RX@ DAR VXSSRUM DWMUDQG P RUH FRRUGLODWG
UHVSRQVHV E\ P HGIFDOWDP V DQG HP HUHQR VHUFHV WHUHE\ FRQMEXWQJ
VR D P RUH H I HAAYH RXVEUHDN P DQDU HP HQADQG FRQWRO

. H ZRWV DQMKW] ]RRORVY VSRWGIF



3DXO0 %X\XJXDUULHW S8XWUDGKXOL .LPGIUDO +D

+HJURQ 1RQ3DDQD 3DMILYD 0DQDQJIZD
6RNRLQH 8QLYHUVLW\ RI $JULFXOWXUH 7D(
8QLYHUVLW\ RI *ODVJRZ *ODVJRZ 8.
7DQ]DQLD 9HWHULQDU\ /DERUDWRU\ $JHQF\

,QWRGXPURQ %DFNJ LRXQG 2 ENHPAYHV $1UFDQ W SDQRVRP IDVV UHP DIQV D
P DVRU ] RRORWF DQG @QYHWRFN GIVHDVH LQ VXE 6DKDUDQ $1UFD ,Q 7DQ DD
ERWK $QPDO $IUFDQ 7USDQRVRP IDMV $$7 DQG +XPDQ $IUFDQ
7USDQRVRP IV +$7  SHUMWIQ WHWH LQIHWMG HFRV WP V' HVSHFLDED
QHDU ZIGMH DUHDV VXFK DV WH 6HHQIHW DQG . IERQGR GMMFW : KL®
Z @@ H DIH HFRI QY HG LHVHUYRLLY Rl 70 SDORVRP D EUXFHL LKRGHMHQWH WH
R® Rl VP DO KP IQDQWe JRDV DQG VKHHS® UHP DIQV SRRUD  XQGHUARRG
GHVSIWM WH.U DEXQGDQFH DQG F&RVH FRQBPWZ WK KXP DQV' 7 KHVH DQIP DY DUH
RIWQ RYHURRNHG 1Q VXWHAEDQFH SURJIWDP V WDWP DIQD VLI HWFDMBI 7KLV
WXG\ LOYHWI DAV WH LR®I RI VP DOIUXP LODOW 1Q $$7 DQG +$7 WDQWP WMRQ
E\ GHWLP LQLQJ W SDQRVRP H SIHYDBIOFH 1Q JRDW DQG VKHHS DWHWIQI WH
SUHVHQFH Rl WH KXP DQ IQIHAWYH 7 E UKRGHMHQVH  DQG LGHQWI\ LQJ DQLP DO
DQG P DQDIHP HOWBIYHO UWN IDRRY DW WH  Z LGB H QYHWRFNE KXP DQ

LOWU DFH

0 HMRGRARI\ 7KLY FLRW VHPMRQDOWXG\ XVHV P XGOUARI H FOOMAU VDP SQQJ
IQ VER HQGHP IF GMMFW 6HHQIHW DQG . IERQGR  VBUHAQ) KLIK UW
YL@ HY QHDUZ LGS@ H DUHDV Z WK VP DOUKP LODQW VDP SBIG ) LHTEZ RN LV
RQRIQ) ZIMW EGRRG FRGIFMG XQGHU D FRG FKDQ 0 RGFXDU DQDOWYV
IQFOXGHV ,76  3&5 VSHAHV IGHQALFDAWRQ 7% 3&5 7 EUXKFHLFRQILLP DWRQ

DQG 65$ 3&5 7 E WKRGHMHOH GHWMPMRQ 4 XHWIRQQDILHV FDSWH KH.G
P DQDJ HP HQWDQG H SRVXUH GDVD $ QDOMY FRP ELQHV SUHYDBIQFH HVAP DARQ
* 6 PDSSIQ) DQG P I HG HIHFW @RJMME UHIUHWIRQ R LGHQW\ UWN | DRVRY/
Z KB DFFRXQWQJ | RUFOMMUQJ



S5HVXQV ) IHG GDM FREFPURQ LV FXUHQW RQIRLQ 1Q 6HHQI HA GMMFW
,QMDO11OGLQIV LOGLIFDW WWDWD@ QYHWRFN NHHSHWY JUWD) H WHU VKHHS DQG
JRDV DQG D @UH SIRSRUARQ RI WHP | HTXHQW REVHUYH Z LGS@H
DQG WHWH 1@HV GXUQJ JWJ IQJ : KLBI P RWIDP HY UHSRUWXMIQ)
LOVHPAFLGHV YH) |HZ DGP LQIMWMU W SDQRFIGHY VR VP DDDWKP LODQW
GR QRWXVH WHP  ,Q DGGIMRQ D VXEWBQUWDOSIRSRUARQ Rl [DLP HY/
DUH XQDZ DIH WDWVKHHS DQG JRDW FDQ EH LQIHAMG Z WK $1UFDQ
W SDQRVRP IDVV . QRZ ®IGJH DERXWMVBHSLQ) VIFNQHW LV DOR YH) QP WG
Z WK RQD Rl UHVSRQGHQW DZ DUH Rl WWH GLVHDVH

&RQFOXVIRQV 2 XV&RRN  3UHIP IQDU  IQGIQIV  IQGIFDM KUK  QVHWRFN
H SRWXWH VR WHWH IQHWG ZIGAH (OMIDFHV DRQIMGH &Z D HU
DZ DUIHQHW Rl Wi SDORVRP LDV 1Q VP DA UXP LODQW DQG LW SXEQF KHDIK
UMV 2 QIRIQ] @E DQDOVHV Z LFOUI\ QI HPMRQ SUHYDBIQRH DQG UHVHUYRIU
SRWIQWDO VXSSRUAQ] VB HWG FRQWRO VWDWI LHV LQFOXGIQI  DZ DUHQHW
VXUHADQFH DOG 2 QH + HDOM LOMUYHQWRQV

.HZRWV $IUFDQ DQP DO W SDQRWRP IDMV  7USDQRWRP D EWXFHL
(KRGHVIHQWH 6P DIUXP LODQW 2 QH + HDOK 7DQ] DQD



-DFTXHOLQH 8GRRLQGLEHW 23BWRX OEHOHOH

-RQDV 1JRZPBYLG OWZHYWAVKHU * .LPBBD WXV /\LPR
‘HSDUWPHQW RI *OREDO +HDOWK DQG %LRPHGL
6FLHQFHV 1HOVRQ ODQGHOD $IULFDQ ,QVWLWX
$UXVKD 7DQ]DQLD
.LERQJ-RWR ,QIHFWLRXV 'LVHDVH +RVSLWDO 6L
'‘HSDUWPHQW RI OLFURELRORJ\ DQG ,PPXQRORJ\
+HDOWK DQG $OOLHG 6FLHQFHV 'DU HV 6DODDF
&HQWUH 6XLVVH GH 5HFKHUFKHV 6FLHQWLILTXH

,QWRGXPRQ YDFNJLRXQG 2 EMIPIYHV ~ 7XEHIFX®RWY 7% UPDQV D
SHUMMMQW SXEQE KHDOK FKDEQUH ZRUBZIGH SDUAEXOW 1Q VHMQIV
FKDUDAMU] HG E\ F&RVH KXP DQ DQG QYHWRFN LOMIDPARQY DQG FROWMDIQHG
GLDI QRWAF FDSDFIW ,Q 7DQ] DD SWRI UHW VRZ DUG 7% FRQWROLY LOFUHDMQI ®
WUDMHG E\ WH HP HUHQFH DQG FALFX@MARQ Rl P XGAGUXI UHVMEQW
WEHFX®W 0' 5 7% Z LK QP WG J HQRP LE GDVID DYDIDE® [LRP SDWRIDDAW
WHIIRQV 7KLY WXG\ LQYHWAI DG WKH J HOFME GLYHUMW  UHVMBQFH DWRFLDWMG
P XVBMRQV DQG SK\ RJHOHME UHDARQWKISY Rl 0\ FREDPMUXP  \WEHIFX@RWLY
FRP S®{ 0 7% \WMDIQV FILFX@WQJ LQ KXP DQ DQG FOW®! SRSXOMRQV LQ WKH
0 DQ\ DD 5HIIRQ RI QRUKHLY 7DQ] DD 6SHALLFDE IMDIP HG VR FKDUDRWAU] H
P XGAGXJ LMMWEQW 0 798 VADIQV E\  IGHOAN LQJ  SUHYDBIQW UHVMBQFH
P DINHY DQG GHWP LQQJ) WHU SK\ R HQHAE LHDMRQWKLSY DFLRW KXP DQ
DQG QYHWRFN KRW

0 HMRGR®I\  $ FLRW VHPMRQDOWXG\ Z DV FRQGXPWG EHVE HHQ 6HSWP EHU
WULRXJIK ) HELXDY 1Q 0 DQ DD WHIIRQ 7DQ DAD  HURAXQJ
SUHVXP SWYH KXP DQ 7% FDVHV DQG FRABIFWQJ FDW®! GHLLYHG \VDP SGV
' IDJQRWIF ZRIN®RZV FRP EIOHG * HQH SHWO0 7%5,) /RZHOAWMQ -HQVHQ
FXOXWH 03% DOW HQ GHWIFMRQ DQG Z KR®I JHORP H VHTXHQFLQ) © * 6 R

HQDE®! ERWK SKHQRWSLE DQG J HQRP LF FKDUDRW] DMRQ

5HVXAV $P RQI KXP DQ SDUAFLISDOW VSXWP VDP SV ZHH
* HOH SHUASRVIWYH DQG / - FXQMWH FRQILP HGDVO 7 XEHIFX®RWLY



,Q FDW®I VDP SOV OP SK QRGH DVSILDM LQ /- FXGOXWH \ IHBHG 0
7XEHIFXGWVY DV Z HD $ 0 XOWDUDM UHI UIHWWIRQ DQDOMY IGHQAILHG D SUHYLRXV
KIMRY Rl 7% DV WH RQO WIDWMFDE LI QU LFDQW LOGHSHQGHQW YDUDE®!
SIHGIPRU Rl 0 7XEHFXGMY SRMMW S )RU : KR®IJHQRP H
VHTXHOFLQ) RQD ILYH SRVMWH KXP DQ LWVROWAY KDG JRRG TXDODW DQG
UHYHDOG WH SUWVHOFH RI / LOHDUHY ~ ,QGR2 FHDQIF  ( DW\S1UFDQ ,QGIDQ
DQG  (XWR$P HUIFDQ 7KH LVROWV KDUERUIHG P XGAS® IMMMBQFH FRQIHULQU
PXWARQY W VRQADIG SUDPSIFQ (WDPEXWRO 3\ WD LQDP LGH
)OXRWIRTXIORBRQH OR UG DAQ DG  /HYRI® DFQ %HGDT XLOOH
BWHSVRP \ FIQ &@ID] P LOH DQG (WKLRQDP LGH UHVMBQFH QONHG LHVSHPAYHD
W PXVMRQV GHWIFWG 1Q NDW 6HU 7KU WBR% *@ *OX HPE%

OHW /HX SOF$ * X *@ S 78 IS $Vs *® PPS5
GXS* WBVO/\V OHW PPS5 GXS* D@ B GXS*& LOK$
F & TKHWH P XVMRQV VKRZ HG GUIHHQMWVSHY Rl YDUDARQ LQ WKH

JHQH QNH P DMAHQWH XSVWHDP BJ HOHBYDUDQW WRS JDIOHG  DQG 1P HVKLLW
ZKIFK LQGIFDM HGXFHG GLXJ  VXVFHSVELOW WDWFDQ FRP SWRP VH UHJ [P HQ
HIHFVAYHOHW  HVSHAD® 1Q FRP EIQDMRQ  WHWDSIHY 3K\ BRI HQHWF
UHFROWKPMRQ VKRZ HG FOMMMUQ) Z MK UHJ LRQDOVHT XHQFHY REVILOHG | LRP
SXEQF GDBEDVHV ZKLFK WHYHDY RQIRIQI RFDO FLLFXOMRQ DQG SRWQWDO
UHFHQMADQWP BMRQ HYHQW

&RQFOMRQV 2 XVE&RRN  7KHVH 1LQGLQIV VXJ J VMW WDW 7% WDQWP MRQ 1Q
0 DQ\ DD LV SUP DU® GXH VR KXP DQ R KXP DQ VSUHDG Z WK QP WG ] RRQRWF
FROQMEXWRQ 7KH DOR KLJ K@ KWD VIGIQW HAMLI QULFDQWEXGHQ RI 0 5 DQG
HPHUIQ) ;' 5 VWADIQV 1Q SDWRWDMWFRP P XQMHY 7KH LGHOWLFDARQ RI
YDURXV 0\FREDAMUXP WEHIFX&WY QHIHY ZIW  KLK FRQILGHOFH
UHVIMBQFH P XVMRQV SDUAFX@UD [Q NDW  LBR% DQG J\U$  LQGIFDMV WKH
@\HO SUHVHQFH Rl SKHOQRWSLE UAVIMIQFH WDWFRX@ FRP SLRP LVH ERWK | LW
DQG VHFRQG @H WHDW HQW 0 RURRYHU P XVIMRQV DWRFIDMG Z IM QHZ HU
GXJV O\H EHGDTXIOOH DQG F®RIDI P LOH WMVH FRQFHUWQV DERXW WH
GHYH®RSP HOWRI P RUH DGYDQFHG UHMMBQFH 6RP H Rl WKHVH P XVIDARQV DWH
RXWLGH WH GHWIPARQ VFRSH Rl LIRXWOH GIDI QRWMEFY H SRVIQI FUMFDQUJ DSV 1Q
FXUHQAMAMQI DQG WHDW HQWDSSURDFKHY 2 YHUDED WWHVH UHVXAY VWHW WKH
QHHG VR FRP ELQH JHQRP LF WXUHDQFH Z MK SKHORWSLE DWHWP HQW LQ
URXWOH 7% SURIWDP V VR HODE®! HDUDHU GHWIPARQ P RUH DFFXUDWA WHDVR HOW
DQG EHWMU FROARORI UHVIMEQW 7% VSUHDG 1Q QRUKHD 7DQ] DQID ) XVKH
UHVHDUFK Z WK @ HU VDP SV IV HWHQWDO VR YDIGDW DQG H SDQG WKHVH
IQGLQIV

.HZRUWV 3K\ RIHQMF /IQHDIHV 0 \FREDAMUD 7XEHFX®WY &RP SO
07% : KR®IJHORP HVHTXHQAQI 0 DQ DD



5LIJXHQRGML 'LQJDP $ERDBIGHRX 'LRBJDQGROR %RQ
,QVWLWXW GH 5HFKHUFKH HQ eOHYDJH SRXU
1-'MDPHQD &KDG
8QLYHUVLWpP &KHLFN $QWD 'LRS 8&$' 'DNDU

,QWRGXPUIRQ $ QWP LFLREIDO UMMMWBQFH $05 LV D JIRZIQ) SXEQF KHDOK
SIREGP $RXQG WH ZRUWE DV ZHDDV 1Q &KDG DOMEIRWE UHVIMWEQFH 1Q
EDAWMUD LV RQ WH UVH ERW LQ KXP DQV DQG DQIP D& 7KHVH EDRFWUD FDQ
EHFRP H UWVIMEQW\R DQMELIRWEY WIRXJK P XVIMRQ DP SMLFDMRQ RU WKH
DFTXIMMRQ Rl UMVMIMBQFH JHOHV 6RP H WXGIHV KDYH WKRZQ D \WRQ
FRUHDMRQ EHVE HHQ WH XVH RI DOMELRWFV LQ IDPP  DQIP DY VXFK DV SRXGM
DQG WH HP HUHQFH RI DQWEIRWE UHVIMEQFH 1Q FHWILQ EDRWUD DWRFLDWG
Z W KXP DQ |RRG ERUQH LAHWHV 3RXGM SLRGXFW VXFK DV P HDADQG HIJV
DQG SRXGM GLRSSLQIV DIH RIWQ FROVMGHHG VRXUFHV Rl FRQWEP LODARQ |RU
KXP DQV

0 HMRGRMRI\ : H LOWQG VR XVH WH 2 QH +HDOK DSSWRDFK VR LVROW DQG
DWHW WH DOWP LFRELDOUHVIMBQFH RI EDAMUD WDWZ LG EH LVROMWG | RP

HIJV GHQRP HDV P HDWDQG IHFHV ILRP SRXGM DQG SRXGM IDWP Z RINHWY DV
ZHDDV ILIRP SDAWHQW DGP IWMG VR KRVSIVEY 1Q 1 GNP HQD DQG LW SHUL XUEDQ
DD 7KHQ XWVQI ZKR®IJHQRP H VHTXHQFIQ] Rl DOWP LFURELDOUHVIEQW
VWDLQV Z H Z LOGHMLP LOH KH LHDMRQWKLS EHVE HHQ $0 5 JHOHV LQ UHFRYHHG
LVROWA DQG SRXOM  KXP DQV



5HVXQV &RQFXVIRQV 7KH UHVX@V RI WKLV Z RWN Z LAHQDE®! XV VR XQGHUAMIQG
WH SUHVHOFH DQG WDQVIHU P HEKDQWP V. DWRFIDMG Z W LWROWAY  7KH
NORZ BIGIH JDIQHG Z L EH XVHG 1Q WH VXWHEDQFH DQG FROARORI $0 5
DP RQ) IRRGERUH SDKRIHQV LHFRYHIHG ILRP SRXGM P HDW HI1JV DQG
GLRSSIQIV

- W WH FRP SOGMRQ Rl RXU [ LUMK HDU P DAMUV FRXUH LQ P LFLREIR®RI\ DW
8&$' ZH KDYH WBUMG RXU LWHDUFK Z M DQ H FKDQIH ZIWK RQH Rl WH

SRXGM 1DP LQJ DRRW ZKR P RQMRY/ SRXGM [DWP V 1Q WH SHUL XUEDQ DUHDV

R 1' NP HYD +H ZISXWXV 1Q FRQBFWZ M DNVBDWWE HOW IDLP V VRP H

VRZ DUV WH QRUMHUD H IMRI 1 ' NDP HOQD DQG WKH UHWWRZ DGV WH VRXWKHLD

H W

$@® RWDDIDP V SIRGXFH H1JV DQG WHUH DIH WDLHO ELURIGU FKLENHQ 1DLP V
0 RHRYHU GXUQJ WLV KHDEDYH SHURG PDQ KDYH UHWWBUMG DQG DWH
ZDWQJ IRU FKLIFNV VR UHWBUW : H KDYH QRWFHG WKDWWH SRXGM [DUP HY/
FRRSHUDWYH LV QRWRSHIDARQDO 7 KH TXHWRQQDLLH |RUSRXGM | DUP HWY Z LGEH
1L.QD@ HG DQG WH VDP S NIW DFTXLLHG E\ -X® $XJ XW DV Z HDDV WH
FX®OUH P HGLD DQG UHDJ HQW IRUWH @E ZRWN ' DV FREPPARQ DQG MERWDRY
DQDOVHY DIH S@QQHG |RU2 AREHUL RYHP EHU

.HZRUV $05 2 QH+HDOK &HQWDOSIUFD Z KRB JHQRP H VHT XHQFLQJ



1 HI PG WRSLFDOGLVHDVHY 17" V
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(VWKHU .LPDURE& -RKQ ODUK®IRD@QAHKW -RQHV
*DEULHO 0 6KLULPD
7KH 1IRQVODQGHOD $IULFDQ ,QVWLWXWLRQ RI 6F
$UXVKD 7DQ]DQLD
,QWHUQDWLRQDO /LYHVWRFN 5HVHDUFK ,QVWLW
(WKLRSLD
7KH ,QWHUQDWLRQDO 6HUYLFH IRU WKH $FTXLVL
,6$%%

YDFNJ LRXQG 1 HWP DSSIQJ LV D YDOXXDE®! VRROHWHQADO! RU LGHQW LQJ 2 QH
+HDOK 2+ WHDMRQWKISV FROQOHAMRQV IQMDPARQV DQG LQI OXHQFH DP RQU
2+ DPRW $Q H DP S®I Rl WL H HUFVH Z DV FRQGXPWG LQ 7DQ] DD XQGHU
&DSDFMMRQ 2 + 1Q ( DWMUD DQG 6RXWHUD $ 1 UFD SLRMPWMQ 6HSWP EHU
LQYROLQJ HONVDQW2 + WENHKREGHY 7KH DP ZDV VR XQGHUABQG KRZ
YDURXV SRWOMDO 2+ WONHKKRGHY IQMDFW DQG  IQIOHQFH  WH
P SGP HQMMRQ Rl WH 2+ VWDWAULE S@Q LQ 7DQ] DAD Z KLFK Z DV UHFHQW
UHYLHZ HG |RUWH SHURG

0 HIKRGR@®RJ\ 7KH QHW DSSLQJ  ZKIFK LV SUHFHGHG E\ SXUBRVYH \VDP SQQJ

Rl P XGOUVHAVRUDODQG P XGMGLVFAISAODY WDP V Z 1K NQRZ BIGIH LQYROHP HQW
DQG H SHIMWH ZIKIQ WH 2+ VHARU 7KH SWRFHW LQYROHV ILYH WMSV L

LGHQWI\ LQJ D VSHFLLE JRDOIL ,GHQWI\ LQJ UHBIYDQW2 + DRVRYY Z KR DUH LHBIYDQW
1Q UHVSRQGIQJ VR WH RYHWDUFKLQ) DMWXH LI XMQJ D WENHKRGHUV JUG R

SOFH WENHKRGHY DFFRWGIQ)I VR WH SHFHYHG ONHY Rl LQIOXHQFH DQG

IOMHW LY GHIQQI WH QONDIHV UHBYDOW VR P SGP HMMMRQ Rl WKH

IGHQAIHG JRDO LH P SGP HOMRQ Rl 2+ WDMIIF SOQ Y EXICQI

LQIOXHQFH VRZ HY GHSHQGIQ) RQ KRZ P XFK WH DRVRW FDQ LQIOXHQFH WKH

RYHDUFKLQJ J RDO DQG 11QDE DQDOMQI XVIQJ YIVXDA HUVRIVE DLH



SHVXQV )LYH NH QONDIHV ZHH GHIOHG IRU WXG\ LQJ WH FRQQHPUWRQV
QI OXHQFLQ) WKH P SOP HQMRQ RI WH 2+ WDWULF S@Q FRRUGLODARQ
IXQGQI FREDERWDARQ FDSDAIW GHYH®RSP HOQWDQG DGYRFDR ) LQGIQIV Z LD
EH Z HOGLVS@\ HG LQ D YLVXD@ HU LAOXMAMDWYH P RGH + HUH DUH VKH VXP P DU R
NH QONDJ HV
e &RRUGEODARQ 7KH 2 QH + HDOM 6HPARQ 2+6 DWAH 3UP HO LOMMUV
RIILFH VKRZ HG WWWRQJ FRRUGIODMRQ EXVWRP H 2 + DRVRW/ Z HH G\W
FRRUGLODWG
¢ )XQGEQ : HDN @QNDIHVRI IXQGIQI Z HH REVHUYHG Z WK I XQGV P DIQ®
FRP LQJ IUIRP  GHYHBRSP HOWDQG [P SGP HQAQJ SDUQHY |DYRUQJ

DFDGHP LD DQG QDARQDOUHVHDUFK. LAWY
« &RAERWDMRQ ) DILO JRRG FRADERWDARQ Z DV REVHYHG DP RQJ 2 +

DRRY/ Z I VWARQJ WHV Z LMK IKH 2 +6 RITLEH 0 LOMM Rl + HDOM 0 LOMW
Rl / LYHWRFN ' HYHBRSP HQADQG ) MKHUHV 02/)  DQG LP SOP HQAQ
SDURHLY/

« &DSDFIW' HYH®RSP HQW: HDN FDSDFIW GHYHBRSP HOQWDPWYIMHY Z HUH
QRWG LQGIFDWQJ D QHHG | RUVIBLI HWAG H | RUV DI QHG Z IWK WKH 2 +
DWW LF S@Q

« $GYRFDR EE\IQ) $GYRFDR\ ZDVZHDNDP RQJ 2+ DRRW/ ZIWK 2 +6
VKRZ 1QJ P RUH LQI OXHQFH WKDQ RWHWY 6RP HNH 2 + DRVRWY Z HH DOR

XQDZ DIHRI 2 + LQMDAYHV LQ 7DQ] DQD

&RQFXVIRQ ' HVSIW VRP H DGYDQFHP HQW Rl 2+ 1Q 7DQ DQD ZIK DQ
RSHIDAWRQDORIILIFH WH [LYH DAVHWHG @ONDIHV QHHG VR EH VWHQI WHQHG

7DQ] DD KDV VENHQ D VLI QULFDQWWMS VR RSHIDARQDM H 2+ HYHQ DW
VXEQDMRQDO BYHY +RZHYHU 2+6 QHHGY VR GHYH®RS D WP HZRW IRU
UHVRXUFH P RELQ] DARQ VR VXWILQ WKH 2 + DPWYIMHY ,P SRUBQW DGYRFDR RQ
2+ QHHGV \R EH P SLRYHG VR VWHQI WHQ LOWAI LDARQ DQG P SGP HQMMMRQ R

2+ DPWYIMHV * IDWLRRW FRP P XQMHV QHHG VR EH HQIDIHG WKWRXJIK
FRP P XQIW EDVHG RU DQL] DARQV Z KIFK QHHG VR EH FDSDFVVWG VR XQGHUWENH
2 + DPWYIMHV

. HZRUV 2QH+HDOK WENHKRGHY IQMDPARQV 1 HAO DSSIQU 7DQ] DQID



BHWK &KULVWRSKHU <R2BHK\SPUDED\RZD 2QLO
%HQMDPLQ 2EXNRZKR $ELNBHO 2PRZXPL (PLI
20DZDOH 20DZXPIU2Z@FH 1DQD TNILFN $GX
.ZDPH INUXPDK 8QLYHUVLW\ RI 6FLHQFH
OLQLVWU\ Rl $JULFXOWXUH 2JXQ 6WDWH
8QLYHUVLW\ Rl ,EDGDQ ,EDGDQ 2\R 6WD\

,QWRGXPIRQ YDFNJLRXQG 2 EMIPAYHY )RU PDQ \HDW/ ZDWAU VRXUFHV
@QG ZIGUH KXP DQ KHDOM DQG VDIHW KDYH DIEHHQ DGYHUHO P SDFWG
E\ WH XQUWADIQHG JWRZW RI LGB DO DUAVDQDO VP DIVFDB! JRE P LQIQU
$60 LQ$IUFD 7KHHIHPMWRP 2 QH KHDOM SHY/SHAWYHY KDG QRWEHHQ | X@
DWHWHG LQ * KDQD 7KLY WG DWHWHG WH HIHPAWRI L@ DOP LQIQJ IRP D

2 QH KHDOK BIQVH LQ D UXUDOGMMPWQ * KDQD

0 HIKRGR®J\ $ TXDOVIMYH H SRIDWRY GHWVI Q Z DV VHRFRWG |RUWLY WXG
" DW ZHH FRGFWG ILRP SDUAFSDQW ZKR ZHH SXIBRHX® VHBRMG

DQG IQMMHZ HG XWD LQJ DQ LOWUMHZ JXIGH 7KH TXDOVWYH GDW Z HH
P DQXD@® HYDXDWG XVIQJ %4DQ DQG &MNV WKHP H FROWMQUWDQDO WY

SHVXAV 7KH WXG IRXQG WKDW ZDWU SRMRQ GHDW Rl QVHWRFN
GHWXAURQ Rl @QGY VSUHDG Rl LQIHPMRXV GMHDVHY DQG HQYLLRQP HQWO
GHJWDGDARQ ZKHH WH HOYILRQP HOWO HIHFW Rl JDDP VH  DRWYIMHV
3DUAFISDQW FROUWWQ® QONHG JDDP VM VR KHDOM DWXHV  LOFOXGIQ]
RXVEUDN Rl LQHPARXY GMDWH GHP DR®RILFDO SIREGP ERG\  SDIQV
LQFUHDVH LOFIGHQFH RI KXP DQ GHDVWK DQG OXQJ LWXHV



3HUDIQIQ) VR VKH HIHPARI JDOP VA RQ Z DMUERGIHV VE R WHP HV HP HU HG
LHGXPURQ LQ Z DWU TXDIW DQG GHWAKPURQ Rl Z DWAU ERGIHV  3DUAFLSDQW
SUHHUHG WHDW HQWRSMRQV LQFOXGH VHD P HGLIFDARQ DQG XVDUH Rl KHEEDO
PHGIFIQH 1RWE® D® SDUAFLSDQW HSRUMG WH @FN Rl HGXFDWRQDO
SWRIWP V DV D P DVRU VHVMEDFN VR WH P IMJDARQ Rl JDO@P VH  DPAMMHY 1Q
WHUFRP P XQWHV

&RQFOXMRQ 2 XWRRN ,P SOP HQAQJ DQ LOMI UDMG HGXFDARQDOSIRI WDP 1Q
LP SDFWG FRP P XQMHV VR SURP R NQRZ B1GJ H DERXWWH DGYHUH HIHFW RI
JDOP V. DQG VXSSRUMH VXWEIQDE®! WADWAJLIHV IV DQ HIHPWYH ZD\ R
UHGXFH J DDP VH  DPAYIMAV 1Q * KDQD

. HZRUV 2QHKHDOK HIHFWJIDDP VH LG DOP IQIQJ * KDQD



$QJH 5pJLV 1RQYLJQRQ =RFODPQROUORXQRQOHQVDK
%UXQR (QDJQRQ /RNRGREOH 'ULNBL &DVVLQL
6HWK &KULVWRSKHU <BDBSSLOKRXIJQRQ $GROL.
*HRUJH <LO]JHP *XUXBMOQMDPLQ 2EXNRZKR (PLNSF
&\ULOOH .DGRpwWVBRXPRNERX )DURNORM G\ .ZDVL $!
%DVVLURX %RQIRK

8QLYHUVLW\ RI $SERPH\ &DODYL %HQLQ

&HQWUH 6XLVVH GH 5HFKHUFKHY 6FLHQWLILTX

1RJXFKL OHPRULDO ,QVWLWXWH IRU OHGLFDO

*KDQD

8QLYHUVLW\ RI $SERPH\ &DODYL %HQLQ

8QLYHUVLW\ RI 3DGRYD ,WDO\

.ZDPH INUXPDK 8QLYHUVLW\ Rl 6FLHQFH DQG

8QLYHUVLW\ RI -RV 1LJHULD

.ZDPH INUXPDK 8QLYHUVLW\ Rl 6FLHQFH DQG '

YDFNJ LRXQG 2 ENHPVIYHV ,Q VXE 6DKDLDQ $1UFD DERUAYH ] RRORVHV VXFK DV
EXFHRWY 4 [HYHU GSVRVSILRVY DQG QAMURY VHYHHO [P SDRAMDYHWRFN
SIRGXPWYIW DQG SXEQF KHDOK +RZ HYHU EDVHIOH HSIGHP IR®RJ LFDOGDWD |RU
VP DODUKP LODQW LQ FRXQWHY GNH %HQLQ UHP DIQ LI QU LFDQWD XQGHUHSRUMG
7KL WG\ DIP V VR XQGHUMIQG SV FKRP HME SDUDP HWAY  SUHYDBIQFH  DQG
UWN | DFVRY/ DWRFLDMG Z LMK DERUAYH ] RRQRVLY 1Q %4HQLQ

0 HIKRGR®RI\ $ FIRW VHPMRQDO WXG\ ZDV FRQGXPWMG EHVE HHQ $XJIXWV
DQG 6HSWP EHU DFLRW |RXU P XQIFLISDOMHV Rl %4QLQ 3DUWDNRX
' DMD=RXP p $ERP H &DDYL DQG &RVRQRX



$ WKPWUHG TXHWRQQDULH Z DV DGP LOMMUHG VR UHVSRQGHQW LQ IRXU
SWIRIHWMRQDO JWRXSV EWHHGHY SDIDYHWMUQDUDQY EXWKHY DQG P HDW
IQVSHARY, VR DWHW WHU NQRZBIGIH SHIFHSWRQ DQG DMIXGH . 3$

VRZ DG WHVH GMDVMHY 8S R VKHHS DQG JRDWVHD DQG WA/XH
VDP SV ZHH FRGBFPWMG UHVSHAWYHO [WRP IDWPV DQG DEDWRLLY 1Q IRXU
P XQFISDIMHV  3WHYDBIQFH DQG  DQIP DO WDQWP MRQ UWN IDRRY  Z HH
DWHWHG W(LRXJ K WH 5 RVH %44QJ DOWMMARQ | DLP V DQG P XGMS®{ T3&5 DWD\V
LQ DEDWRLLY

5HVX@V 7KH UHVSRQGHW GHP ROMDWG @P WG NQRZ BiGI H
KLIK® XQGI—M.LDE(Bi DWMIXGHV “ DQG NHO GHVILDE®! DWXGHY
VRZDUWG ] RRORWE GMHDVHV 0 RW SDUAFLSDQW  SHUFHLYHG
DERUAYH GIVHDVHV DV D VHURXV WUHDW \ WKLY DZ DUHQHW GLG QRWMDQVDMWA
QR VDIHUSWDPWFHY 7KH P DIQ® WIQN  7KH DUH VBNLQJ HORXJK SLRWIFMRQ
VRZ DUG DERUAYH ] RRQRWY  Z KHQ WH P RWWHSDUDWQI NQRZ BIGI H TXHWRQ
ZDV &I\ DWBDWWKUHH DERUAYH ] RRQRVHV  DQG WWKH P RWAFRP P RQ KDELWQ
P DQDILQJ DERUARQ FDVHV LV VR TXLFN® VHDWH DQP DY WDWKDYH DERUARQ

KMRUH — 9XFHERVY VHIRSUHYDBIOFH DAMKH IDLP BIYHOZ DV &,
oD V{ 25 &, DQG RWILQ IRP
3DIDNRX FRP P XQH 25 &, ZHH IGHOWIHG DV
WLJ QU LFDQWUMWN | DRVRYY $VWWKH DEDWRLU BIYHO %AXFHID \VSS  Z HH GHWIPMG LQ
&, R VDP SOV ZIMK PDBI VH DIDQ VARQIO
DWRFADMG ZIWK SRUMMW 25 &, &R LHID
EXUQHAL DQG / DMAMUD VSS  Z HH HDFK GHWIPMG LQ RQH VDP SO &,

FROMIMXWQI WH | LUAMP RBIFX@U HIGHQFH Rl WHVH SDWRI HQV 1Q
%HQQV VP DIDUXP LODQNSLRGXFPMRQ W WMP 1 R / HSVRVSLLD \VSS  Z DV GHWIPMG
LQ WAXH VDP SBV

&RQFXVIRQ 7KH P RWVFRP P RQ KDEIWWRI VHQGIQJ DQIP DY Z WK DERUARQ
KIMARY VR KXP DQ FRQVXP SWRQ VXJJHW D KLIK UW Rl LQI HPWRQ LQ DEDWRLLY
ZKHH Z RINHY/ XVXD® ZRWN P RIHWDQ KRXW D GD\ Z WK EDIH KDQGV 7KH
SUHVHQFH Rl EIKFHERVY OAMURMY DQG 4 |HYHU LQ DEFRP P XQHV HQKDQFHV
WH UWN Rl Z RUN GLVDELOW | RUDEDWRIUZ RUINHWY DQG | RRG VDI HW

. H ZRUBV $ERUARQ =RRQRVHV 6P DIIXP LODOW 1 H] BIFWMG WRSLFDOGIVHDVH
2 QH + HDIIK



&KHURWLFK -HVFD ®IGFK® 0DL@RHY &KHJH 1JDQJD
'DYLV .DUDQMD 1MPINXNL 1MDBQOBNBH 3ULVFD 1GI
1GRXU(VWKHU *ZDH .LB®DXRR (QDJQRQ /RNRQRQ
*ORULD ,Y\ OHQMRRHG\ .ZDVL $BBRVLURX %RQIRK
'"HSDUWPHQW RI 9HWHULQDU\ 3DWKRORJ\ OLFUR
)DEXOW\ Rl 9HWHULQDU\ OHGLFLQH 8QLYHUVLW'
'"HSDUWPHQW RI OHGLFDO OLFURELRORJ\ 8QLYH!
eFROH ,QWHU eWDWV GHV 6FLHQFHV HW OpGHFL!
'DNDU 6pQpJDO
1HOVRQ ODQGHOD $IULFDQ ,QVWLWXWLRQ RI 6FL
/IDERUDWRLUH GH %LRPDWKpPPDWLTXHV HW G-(VV
)DFXOW\ Rl $JURQRPLF 6FLHQFHV )6$% 8QLYHUV
$ERPH\ &DODYL
1RJXFKL OHPRULDO ,QVWLWXWH IRU OHGLFDO 5H
/HIJRQ $FFUD
&HQWUH 6XLVVH GH 5HFKHUFKHV 6FLHQWLILTXH

YDFNJ LRXQG 2 EMIPAYHY 7R[ RSOWP RV FDXVHG E\ 7R RSOWP D JRQGLL LV
D QHJ BFWG ] RRORVY KDWMKUHDWAQV SUHI QDQWZ RP HQ DQG WKH IRHWY \ HW
LRXWOH DQWQDVIOVFLHHQLQ) DQG LOWAT LDMG VXUYHEDOFH DIH @OFNLQY) $OR

GHVSIW WH JURZ W Rl SHULXUEDQ SLJ IDWP LQJ DQG WKH HWEE@KHG ] RRQRWF
UW SRVHG E\ 7 JRQGLL GDW RQ W IQHPRQ LQ SV UW IDARY DQG
WDQWP MRQ VR KXP DQV 1Q . HOD UHPDIQ @P WG 7KLV WXG DIPV R
GHYHRS DQ HSIGHP IRRIIFD® GUYHQ P REIBIEDVHG 2QH +HDOK HDUD

ZDWIQI WP IRUVR[ RSOVP RV 1Q SUHI QDO DQG HQKDQFH | RRG VDI HW

0 HMRGRARI\ $ 2 QH +HDOK FLRW VHPARQDOGHWLIQ Z DV XVHG VR JHQHIDM
WH HYIGHQFH WHTXWLHG VR GHYH®RS WH HDW ZDWIQ) WWWP  FRP ELQLQY
VWP DAF LHVIHZ  VHIR®RJ\ P ROFX@U DQDOMY DQG . $3 DWHWP HQW $
A WHP DWF LHYLHZ  IGHQWILHG HDUD Z DUQIQJ VLJQV UWN IDARY/  GIDI QRWAF
LQGIFDVRVY LQ SUHI QDQWZ RP HQ



3LHIQDQWZRP HQ Q 3XP ZDQL 0 DMWQIW +RVSIMZO DQG SV Q
SHLXWEDQ IDPPV ZHH WAWWMG IRUDQW7 JRQGL ,J* E\ (/,68 R 5' 7V
ZHH HYDXDMG DIDIQWV (/,63 SHVSRQGHOW VR WH . $3 VXUH ZHH
SUHIQDOWZRP HQ SLJ IDWPP HY DQG KHDOKFDIH SWDFWARQHY 3ROP HUDVH
&KDIQ 5HDPURQ 3&5 JHORWSLQJ DQG VHTXHQFAIQ) DIH RQIRIQ) VR DWHW
]RRORUF @ONDJH  7KH IOWMIWDARQ Rl KXPDQ DQP DO @ERWDWRY
EHKDYLRXUWDO DQG HOYLLRQP HQBOGDVD XQGHUKH 2 QH + HDOK | LDP HZ RWN Z L@D
GLHA® EH XVHG VR GHYH®RS D PREI® HDW ZDWIQJ VWP IRU
VR RS@WP RV

5HVX@V 6FRSIQI LHYLHZ WXGIHV L[GHQWIHG OP SKDGHQRSDW\ DQG
1OX @\H LAHW DV NH P DMUQDOVLI Qv FRQJ HQIVMBODQRP DOHV DQG P LVFDUIDI H
DV P DNRU | RAVBORXWRP HV LHSRUMG UWN | DRVRY/ LQFOXGHG FRQVBFWZ WK FDW
IDHFHV DQG FRQWP LODWMG VRIO FRQVXP SMRQ Rl XQGHIFRRNHG RUUDZ SRWN
PHDW UZ YHIHWEGN DQG FRQWEP LODWMG ZDWMU (/,63 P DNVRU GLDJ QRWF
DSSWIRDFK 3L VHIRSUHYDBIQFH Z DV DARFIDMG ZIW DIH SRRU
EIRVHFIXUW XQVDIH Z DMU DQG ®Z DZ DUIHQHW 0 DWILDOVHIRSUHYDBIQFH Z DV
5 7 VHQUMMW ZDV GRZHUWDQ (/,6$ . $3 WKRZHG ®Z DZ DIHQHW
DP RQJ SLJ IDWPP HY ZIW RQD KDYIQJ KHDUWG Rl VR RS@WP RV DQG
UVN SWDFWFHV LQFOXGIQ) WH SUMVHQFH Rl FDW DQG QP WG ELRVHEXUW
P HDVXUHV 3UHIP LQDU  J HOHBIPWRSKRUHVY VKRZ V SRMIYH EDQGV LQGLFDWQJ
SRWIQUDOVIILD HASUHVHOFH  KRZ HYHU 3&5 RSWP LVDAWRQ DQG DP S@ LFDWRQ DWH
WIDLQ SIRIHW DIWU Z KIFK 6DQJ HU RU QH I HOHUDWRQ VHTXHOFLQ) Z LGDEH

FRQGXFWG VR FRQILLP  YDUDQW

&RQFOXVIRQ 2 XVBRRN 7KH H SRVXWH \R 7R RS@W D JRQGLL 1Q SLIV DQG
SHHIQDQW ZRPHQ FRQUWPV RQRLQ ]RRORAF DQG  HOYILRQP HQWO
WDQWP IWIRQ 7KLV FD@ IRU LRXWQH DQWAQDVEO VRLHHQIQD  IP SLRYHG 1DUP

ELRVHEXUW VLD HMG HGXFDMRQ VWHQI WHQHG VXUHADQFH DQG LW UDMRQ
Rl D GLJIMZO2 QH + HDOK HDUD Z DUQIQ) VA \WWMP VR HQKDQFH P DWALQDOKHDOM
DQG IRRG VDIHW 1Q . HQ D 7KLV VWP Z LAHQDE®! WP HO GHWIFMRQ UWN

DUV DQG WU HWMG LOWIYHMRQ LQ DOWAQDWO FDLH DQG Sl SLRGXFWRQ
WP V

.HZRWV 7R RSOW RW HSIGHP IRRJ\ 2QH +HDOK (DU ZDUQIQU
VWP SLIV 3UHQDVBOKHDIK



(JHNLHO . 9LFOKILUOH\ 9LFWRULD BRBEDBRE\ OHQV
.RIIL <DR 'LGRADONVLURX %ROURKDPSDQH 'RQNRU
.HQQHG\ . $GGR
'"HSDUWPHQW RI OHGLFDO OLFURELRORJ\ 6FKR
*KDQD $FFUD *KDQD
%DFHULRORJ\ '"HSDUWPHQW 1RJXFKL OHPRULD!
5HVHDUFK 8QLYHUVLW\ Rl *KDQD $FFUD *KDQ!
8QLYHUVLW\ IRU '"HYHORSPHQW 6WXGLHV 7DPL
&HQWUH 6XLVVH GH 5HFKHUFKHV 6FLHQWLILTX
&{WH G-,YRLUH &{WH G-,YRLUH
YOFNI LRXQG 2 EMIPYHV 6NIQ UHDWIG 1 HIGRPWG WRSLFDO GIMHDVWHY - WNIQ
17"V VXFK DV %KXWXQ XEHU \ DZV DQG RWHU XGHDWYH WNLQ GIVHDVH FDXVHG
E\ +DHP RSKLOXV GXALH L UHP DIQ D SXEQE KHDWK FRQFHWD LQ BZ UHVRXUFH
FRP P XQMHV 1Q 1RUMHD * KDQD 7KHWH DIIHFWP DQ FKIGBUHQ QMU 1Q
VHMQIV ZIW QP WG DFFHW WR KHDOM FDUH DQG DUH QONHG Z IW FKURQLF
ZRXQGV WP D GVDEION DQG QHIDWYH SK\MFDO DQG P HQWO KHDIK
RXWRP HV 7KH @FN Rl LIRXWQH VFLHHQLIQJ RIWAQ DGV WR HP SLUFDOWHDW? HQW
ZKIFK P D GHD\ Z RXQG KHD@QJ SWRFHW UWN VHFRQGDU P IFUIREIDOLQI HFWRQ
SWRP RW DQWP LFURELDOUHVMBOFH DQG HYHOWDOWHDR HOM DIOXH 7 KH AKG\
DP VW LQYHWM DWW WH HSIGHP IR®RJ\ Rl ZRXQG FDXMIQJ WIQ 17" V DWHW

VHFRQGDY P LFLREIDO IQHAMRQY DQG IGHQW\  LQHPWRQ SDWZD\V DQG
LOWMUYHQUWRQ VDA LHV | RUSUHYHQURQ DQG FRQWROLQ LXUDOL RUMHUD * KDQD

0 HMRGR®J\ $ FLIRW VHPARQDO WXG\ ZDV FRQGXFWG 1Q WH 1 RUKHWD
5HIRQRI * KDQD $ WKPWUHG TXHWRQQDILH Z DV XVHG VR FRGFWGDD ) LRP
RQH SDUAFISDQW WUHH VZDEV DQG P ORI YHQRXV E®RRG Z HH DVHSWFD@®
REVDIIQHG 2 QH VZDE ZDV SWIRFHWHG IRU' 1$ H WDFURQ DQG RWHWY/ IRU
FX®YUH DQG DQAP LFURELDOVHOVMMYIW WAMQJ



6HXP IRWP E@RG VDP SGV Z HH WRUHG |RU P\ VRNLOH DQDOWY 3ROP HIDWH
FKDLQ UHDPURQ 3&5 Z DV XVHG VR GHWIPW7 UHSRQHP D SDAGXP VXE VSHALHV
SHUMQXH + DHP RSKLOXV GXFLH L DQG 0 \ FREDPMUXP XEHDQV ILRP XGHWY/

5HVXAV $ VRVIZORI LQGLYLGXDEY Z HH VFUHHQHG DQG VXVSHAMG Rl
\ DZV FRQVHOWG VR SDUAFISDWM LQ WH WXG\  $P RQJ WH WXG\  SDUAFLSDQW
ZHH P DBV DQG ZHHIHP DBV 2 QO WMMG SRVVYHY
IRUS' 7
) RUWRVH Z KRVH \VDP SBV Z HH WWWMG ZHHIWRP  FKIGBUHQ
DHG VR \HDW/ IlRP WMRWHDIHG 2 DQG
ZHH DERYH \HDW/ 3&5 GHWRWMG 7 SDAGXP 1Q R WH
UHSUAVHOWQD R WMMG GMRQV DQG Rl DODVXVSHAMG
FDVHV 7KH JHOHV GHWIRWG Z HH SRO$ 1Q V8 1Q
DQG 8 VBU 1O + GXFUH LZ DV GHWIRWG DP RQJ

Rl WH SDUAFSDQW DQG FRIQHAARQ ZDV GHWRWMG LQ
1 R GMRQ Z DV SRUMYH IRUP \ FREDRMUXP X®&H.DQV

+RXVHKRG D25 &, S DQG FRP P XQW D25
&, 2 S H SRVXUH ZHH WJ QULFDQW
SIHGIFRW/ Rl LQ HAURQ

) RUVHFRQGDY [QHAMG XGHY $ VRVEORI EDAWMUDOZ HH VROWG  7KH
SUHGRP IODQW  RQHV  LOFOXGHG ~ 6VIBSK\ RFRFFXV  DXUHXV

3WHXGRP RQDV DHXJILORVD DQG 6WHSVRFRFFEXV S\ RIHOHV
+ LUK IHWWMBOFH Z DV GHWRVWG DP RQJ WH ELRDG VSHRAKXP  DQWELRWRY VXFK
DV $P SIH@) QI LQJI ILRP WR DG HY WWRP \ FLQ W $OR

Rl WH DVROWAY Z HH P XOKGLXI LHMWRQWO ' 5

&ROFXVIRQ 2 XVWRRN  7KHWH [IQGIQIV VXSSRUW WH OHHG IRU URXWCH
@ERWDRY  FRQ WP DARQ DQG VLI HWWKHDS\  HDUWO KHDAOK VHHNIQJ EHKDYIRU

DQG WAHQI WKHQHG FRP P XQIW SUHYHOARQ P HDVXUHV

. HZRWGY  JQHAARXV PXAMIQHRXV XGHYW <DZV  +HP RSKIXV GXAH L
1 HIGFWG 7 WRSIFDO  IMHDWH



,VPDHO 'RJQLPLQ &RX®WREDDQ 9DOHQWLQ .RQp
'LGLHU <DR .RTOQRK INUXPDWWKHU .LPDUR
ODULMD 6WRMKRPDN -XQJKBG@MD )HUGLQDQG 9DQ
%DVVLURX %RQIRK
8QLYHUVLWp 3HOHIRUR *RQ &RXOLEDO\ .RUKR
&HQWUH 6XLVVH GH 5HFKHUFKHY 6FLHQWLILTX
&{WH G ,YRLUH
,QVWLWXW 1DWLRQDO GH OD 6DQWp 3XEOLTXH
3URJUDPPH 1DWLRQDO GH /XWWH FRQWUH O-8¢(
&XWDQpPHV 8OFpUDWLYHV (QGpPLTXHV $ELGMEL
‘LYLVLRQ ,QIHFWLRXV 'LVHDVHV DQG 7URSLFD(
8QLYHUVLW\ +RVSLWDO +HLGHOEHUJ *HUPDQ'
1HOVRQ ODQGHOD $IULFDQ ,QVWLWXWH RI 6FLI

YDFNJ LIRXQG 2 EMIPYHV : RXQGV DIH RIWQ WH UHVXAV Rl P XGAS®
LOMDPAQ) | DAVRY DWWH HFR®RILFDO VRFIDO HFRQRP LF DQG SXEQE KHDOM
LOMIDFH ,Q &{ Wi G, YRULH Z RXQG FDH KDV WSLFD® EHHQ GHQYHUHG WURXJ K
YHWFDO FOQIFD@® GUYHQ WAKPMUHY Z IWKIQ |RUP DOKHDOK, | DFLOMHY  KHDDK

FHOAHY GMMPWKRVSMEY WUADY KRVSMDY  Z WK QP WG FRP P XQIW KHDOM

ZRINHY &+: V LQYROHP HOWGHVSIW HYLGHQFH VXSSRUAMQJ FRP P XQIWEDVHG
LOMIYHQARQV IRU HDUD DPAYH FDVH GHWIPWRQ ) LRP W D
FRP P XQW EDWHG ZRXQG FDIH PRGHO &% 0 IRU HDW® GHWIPMRQ DQG
WHDP HQWRI Z RXQGV Z DV GHYHIRSHG LQ 7DDER +' 66 DQG HQGHP LF S@FH R

WQ GVHDHY 1Q & W G,YRUH 7KH P RGHO GHYHRSV WHIHG RQ &+: V
LGHQW LHG GRFD® DQG WDLQHG LQ HDUD GHWIPARQ DQG WHDWP HOWRI Z RXQG DW
KRXVHKR@ GIYHOLQFOXGIQ) EDVIF Z RXQG P DQDJ HP HQW SDAHQMRATRZ XS DQG
WHHUDOR! FRP SQFDWMG FDVHV VR | RUP DOKHDOM | DFLOAHY 7KLY WXG\ DIP V \R
DWHW WH SHURWP DQFH  H I HAAYHQHW DQG DWRALDWG VRFIR HFRQRP LF DQG

SV FKRVRFLDOEHQH LW RI WKH FRP P XQIW EDVHG Z RXQG P DQDI HP HOWP RGHO
P SGP HOMG



0 HMRGRARJ\ : H FRQGXPAMG D P If HG P HWRG FLRW VHPMRQDO WXG\ R
DWHW L WH SHURWP DQFH Rl WH P RGHO FRP P XQIW VDWM DPARQ  SHUFHYHG
EHQHIW DQG FRQGIMRQV IRU DGRSMRQ L WH FRWEHQHIWRI FDWH [(RP
SDAHQW KHDOM \\ WP  DQG VRFLHVBOSHWSHPAYHY DQG  LIL WH SV FKRVRFLDO
[P SDFW (HDWMG VR DY IlHW DQG GHSLWMRQ GMRWGHYW 7KH P RGHO
SHURWP DQFH GDVD [LRP  FRP P XQIW SHWSHPAWYH Z HH FRGPFWG |LRP
WDQGRP ® VHBFWG KRXVHKR@ KHDGV DQG SDAHQW Z M Z RXQGV LDQI QU
ILRP P LQRUWR FKIRQIF 6RFIRHFRQRP LF DQG SV FKRVRFLDOEXUGHQ SDUDP HWAY/
ZHH FRP SDIHG DFLRW SDAHQW ZKR UHFHLYHG WHDWP HQWFRP P XQW ®IYHO
Q KHDOK FHOAH Q GMMFWKRVSIMZO Q $ @ SDAHQV Z HH
IQFOXGHG 1Q WH VRFIR HFRQRP IF DQDOMY  7KH SV FKRVRFLDO DAWHWP HQW
DY LHW DQG GHSUHWIRQ Z DV FRQGXPWMG RQD DP RQI SDMHQW DUHG ~ \ HDW/
DQG RGHU Q XVIQJ WH +RVSIMBO$ Q LHW DQG ' HSUHWIRQ 6FD®H +$' 6
DQG HWBEQKHG FUWIUD LHSRUMG 1Q WH OWMUIDW(H  $ GGMRQDO TXDOMDAYH
GDVD Z HH FRGPPWG WRXJK  1Q GHSW LOMUYLHZ V Z LMK UHFRYHUHG SDWHQW
YIGDI H GDGHY  WDGIMRQDOKHDBLY  KHDOM WRII DQG DGXOVDQG DGROMFHQW
FRP P XQW P HP EHWY 4 XDQWIAWH GDW ZHH DQDO] HG XVIQJ GHVFUSWIYH
DQG QI HHQADO WIDMMMEFY Z KB TXDIMMAYH GDW ZHH H DP IOHG XVIQU
GHGXPWYH KHP DAF FROWIQADQDO MY

5HVXQV 1 LOHW VHYHQ Rl KRXVHKR@V WDWUHFHLYHG Z RXQG FDUH LQ WH
FRP P XQIW UHSRUMG VDY DPAWRQ Z WK WH &% 0 P RGHO 6L] QU LFDQWSRVIMIYH
DVSHAW IGHQWIHG ZHH KHDOQ  H | HAWYHQHW WH DYDIDELDN DQG
IUHQGAOHW Rl &+: V DQG WH VSHHG R FDUH GHOYHU 7KH
SUHYDBIOFH Rl DQ IHW DQG GHSUIHWIRQ ZDV ®RZ HU DP RQJ SDAHQW WHDWAG
HDO E\ &+: V FRP SDIHG Z M \WKRVH WHDWG DWKRVSIMEO !
7UHDP HOWFRW Z HH RZ HULQ FRP P XQIW FDUH 7 SHUFDWH WKDQ WH
KHDOM FHQAHV DQG GMMPWKRVSMDO 7 2

&RQFOXVIRQ 2 XV@RRN  7KH FRP P XQW EDVHG ZRXQG FDIH P RGHO
[P SGP HQMG LV KLJK® SHUFHYHG DV HIHPAYH GXH VR KHD@QJ H I HPAYHQHW
| LELON DYDIMELOW DQG IUHQGAOHW RI &+: V ,QMIWDWQI FRP P XQW
EDVHG LOMUYHQURQV LR Z RXQG P DQDI HP HQWFDQ WHGXFH WH HFRQRP LF DQG
SV FKRVRFIDOEXUGHQ Rl Z RXQGV Z KI®H [P SLIRYLQJ DFFHW VR DQG XSVENH Rl
FDUH LQ UKUDOVHMQI V

. H\ ZRUSV : RXQGV FRP P XQW EDVHG [QMYHMRQV &+: HDUO GHWIPARQ
DGGHG YDOH



7XR .- $KRXD $5&LDOOR $PRLNRQ 7/6LVVD .)
OHQVDK *$GGR ..%RQIRK.®Qp 0: =plp $
,QVWLWXW 1DWLRQDO 3RO\WHFKQLTXH )pOL[ +F
<DPRXVVRXNUR &{WH G-, YRLUH
&HQWUH 6XLVVH GH 5HFKHUFKHV 6FLHQWLILTX!
$ELGMDQ &{WH G-,YRLUH
8QLYHUVLWpP 1DQJIXL $%52*28% 81$ S$ELGMDQ
QVWLWXW 3LHUUH 5LFKHW GH %RXDNp ,QVWL\
%RXDNp &{WH G ,YRLUH
‘HVW $IULFDQ &HQWUH IRU &HOO %LRORJ\ RI ,G
$FFUD *KDQD
1RJXFKL OHPRULDO ,QVWLWXWH IRU OHGLFDO 5
8QLYHUVLWp )pOL[ +RXSKRXsW %RLJQ\ GH &RFR

YDFNJ LRXQG 2 EMIPAYHY 0 HQLQJ MY UHP DIV D LI QU LFDQW SXEQF  KHDOK
FROFHQ SWRP SWQJ D: +2 LQMDAYH |RUJGEDOHIP LODWRQ E\ © KL
DOWELRWFY DIH FXUHQ® WH SUP DU WHDW HQW WKHU H FHWLYH XWH KDV
DFFHBADWG WH HP HU HQFH Rl P XGAGUKI UAVIMQASDWRI HQV &RQVHT XHQWD

WHH IV DQ XUWHOWQHHG VR H SGRUH DOMIODWYH WHDSHXWEY  VXFK DV
LQGLI HQRXV P HGLFLQDOS@QW Z KLFK LHTXILH W RURXV ELR®RJ LFDOYDAGDARQ R
HQVXUH HILFDR\ DQG VDIHW

2 EMPWYH 7R IGHQA\ HIHPMYH BRFDO SOQW WDGIMRQD® XVHG DJ DIOW
P HQLQJ MY RU P HQIQIHDOWM P SWRP V DQG HYDOXXDM WWHU ELRERJ LFDO DRWYW

DI DIOWASDWRI HQV 1Q YIWR

0 HMRGR@RJ\  3MQW VSHAHV ZHH VHBFMG EDVHG RQ OMDMWH UHYIHZ
FRP ELQHG Z W HWQRERVBQLFDOVXUH V FRQGXFWG DP RQJ WDGIMRQDOKHDBLY
DQG KHUEDOSWDPWARQHWY 1Q 7HQI h@® DQG . RIKRIR  6HBIFWMG SOQWP DWUDY
Z HH KDUHWMG  SLIRFHWHG DQG |UHH| H GUHG 7 KH DOWR] LGDQWDPAMW RI WH
H WDFW Z DV HYDXDMG XVIQJ ' 33+ DGLIFDOVFDYHQILQJ DQG )5$3 ) HWF
5HGXAQ) $QAR[ LGDQWBRZ HU DWD\ V



S@QW H WDFW ZHH SUHSDIHG DQG XVHG |RU DOMEDRMUDODWD, 7KLY
DPAYIW Z DV DAVHWHG XMIQJ WH DI DU Z HDGUIXVIRQ P KRG 7KH H WDFW
ZHH VXEVHTXHQ® WMMG DI DIOW VHOFWG EDRMUDO WADIQV XVIQJ DI DU
GUIXVIRQ DAWD\V DQG WH P IQPP XP LOKIEMRY FRQFHOMDMRQ 0,& DQG
PIQP XP EDPMUFIGDO FRFHOADARQ 0% ZHH GHMP IOHG 1Q arXIG
PHEXP 7R LQYHI DM WH SRWQUWDOGHYHBRSP HOQAVRI UHMMMBQFH  EDRWUIDO
VWDLQV Z LAEH FRMOQXRXV® H SRVHG R VXE LOKIELMRY FROFHQAWDMRQV Rl WH
SOOWH WDRFW RYHU DQ H WIQGHG SHURG 5 HVIMBQWSKHQRWSHY LI REVILOHG
Z1@® XQGHUR ZKRO®IJHQRP H DQDOVY XVQI  QH WI HOHIDARQ  VHT XHQFLQJ
1*6 WR FKDDAWU] H JHQRP IF DOMUDMRQV DWRFIDMG ZIWK UHVIABQRH
)IOD®  FKWRP DWRJWDSKIF WIFKQITXHY Z1@® EH HP SR HG VR LVRODW DQG
LGHQW\ WKH ELRDFWYH FRP SRXQGV LHVSRQVE®! | RUWKH REVHUYHG DQAEDRWIUDO
DPMW

3UHOP QDU 5HVXQV S@QW KDYH EHHQ VHORWMG |RU DOWR] LGDQWDQG
DOMEDAMUDODAWYIW 21 WKH  SOQWH WDFW WAMMG DI DIQWP HQLQJ MY/
EDAMUID  \KRZHG KLJK DQWP LFURELDO DRWYW VKRZHG P RGHDWM
DPIMW ZKI® — H WDFW ZHH LOH THAWH  7KH DQAR] LGDQWDPAMW RI WKH
H WDFW WDQJ HG | LRP R ~0 YMIP LQ & HTXLYDBIQW

&RQFOXMRQ 2 XV@RRN 7KLY WXG\ EUGI HV (RFDONQRZ B1GI H DQG H SHUP HQWO
UHVHDUFK VR HYDOXDW VIKH DOWR] LGDQWDQG DQWEDFWIUDOSRWIQWDOR! VHBRWG
PHGFAQDO SOQV % IQYHWMWIDAQ] UHVWEBQFH  GHYHIRSP HOW DQG
FKDIDAMU] Q) JHORP IF DGDSVMRQV WH ZRW DOR DGGIHWHV NH
FKDEBIQI HV LHIWAG VR DQWP LFRELDOUHVIMEQRH ,Q @OH Z MK WH 2 QH + HDOK
DSSWIRDFK  WHWH 11QGLQIV VXSSRUN WH VXWERIQDE®! XVH Rl SOQWEDVHG
ELRDPWYH FRP SRXQGV DV SRWIQWDO DOMUDAYHY VR FRQYHQURQDO DQUELRWEY
FROMEXWQJ VR J GREDOKHDOK DQG HOYLLRQP HQUBOVXWWELQDELOW

. H Z RUBV %DRMUDOP HQQI MY P HGLFAL.QDOS@QW DQWP LFURELDOUHVIMQRH
DOWR] LGCDOWDPWYIW &{ \M G-, YRILH



%DQ]H .XPZLPED -HDQ -BFO®BV3DMMPRNR ODNLOD 0
*X\ .D]DGL /IXPSXQJIX(VWKHU * .LPDOURULD ,Y\ OHQV
.HQQHG\ .ZDVL $G®R'VLURX %RQIRK
6HUYLFH GH 3DUDVLWRORJLH )DFXOWp GH 0pGF
IXEXPEDVKL '5&
‘HSDUWPHQW RI =RRQRVHV 2QH +HDOWK ,15%
&HQWUH 1HXUR SV\FKR SDWKRORJLH &133 )DF
'58&
1RIJXFKL OHPRULDO ,QVWLWXWH IRU OHGLFDO 5}
/HIJRQ $FFUD
1HOVRQ ODQGHOD $IULFDQ ,QVWLWXWLRQ RI 6FI
&HQWUH 6XLVVH GH 5HFKHUFKHV 6FLHQWLILTXH

YDFNJ LRXQG 2 EMPAYHY 1HIGFWG 7WRSIFDO ' MDY 17' V. WXFK DV
7DHQDVY DQG 2 QFKRFHUFIDWY DIH GHYDWIMQI GMHDVHV 1Q  VXE 6DKDUDQ
$I1UFD LOFOGIQ) WH ' HP RAUDAF 5HSXEQE Rl &RQIR ,Q +DXW DWQID + .
SWRYLQFH ERW GIVHDVHV DUH KLIK® SUHYDBIQWZ IMK HWAP DWAV RI DURXQG

Rl SHRS®! VXITHIQI ILRP VBHQIDVY DQG RQFKRFHIADVMY (SLBISW LV DOR D
WLJ QULFDQWSXEQF KHDOK FRQFHWD LQ WHVH HQGHP LF DUHDV DP RQJ  SDAHQW
H DP LQHG |RU QHXWRERJ LFDOGIVRWGHY $ VXEWBQUWDOSIRSRUARQ RI HSIBISW
FDVHV KDYH EHHQ DWRFLIDMG Z MK WHVH LOIHPMRQY Z WK RYHU QONHG R
RQFKRFHUFIDVY DQG VR P\ WAFHUFRWY  7KHWH LV @P WG LQIRWP DARQ RQ
FXUHQWVHIRSUHYDBIOFH Rl WHVH VE R GIVHDVHV 1Q WKLY FRP P XQIW RI +DXW
.DEQID DD 3WHYIRXV WXGIHV FDUIHG RXWIQ + . SWRYIQFH GIG QRW
GHMP IOH WH VHRSUHYDBIQFH HWHU 1RU QHXURA WIFHIFRY  RU  [RU
ROFKRFHFIDWY 7KLV WXG\ DIPV VR GHWMP IQH WH VHRSUHYDBIQFH R
QHXWRA WAIFHIFRWY DQG  RQFKRFHUFIDVIY DP RQJ HSLBSWE SDAHQW 1Q + .

SWRYLQFH



0 HWKRGR®RI\ 7KLV IV D FLRW VHPARQDO WXG\ 1Q WH SWRYIQFH Rl +DXW
.DBQID $ RXWMKRG VXUH XMQ] D WKPXUHG TXHWRQQDILH ZDV
DGP LOMMHG R SHRS®! ZIW D 1LQDO VBU HWRI SDUAFLSDQW |RU
VDHQIDVY DQG RQFKRFHUFIDWY DWRFIDWG UWN [DRRY DWHWP HQW %RRG
\VDP SGV KDYH EHHQ VBNHQ ILRP SDAHQW RXWRI WH\VBUHWG  SDWHQW
GIDIQRVHG ZIWK HSLBSW DQG DGP IWMG 1Q QHXUR®RJLFDO FHOWAY Rl + DXW
. DWQID SWRYIQFH |RU HYDOXDMRQ Rl QHXURF VAFHIFRVY GXH VR P\ WRHUFRVLY
DQG RQFKRFHIADVMY $ SLJ-V VRQIXH SDSDMRQ Z DV GRQH 1RU P\ VMFHIFRWY
WAMADP RQJ 2 XWR VEU HWG SLIV 7 KHVH VDP SN KDYH EHHQ VBNHQ
VR WH @E | RUDQDOWY

([ SHAG RXVERP HV

« ' HWPARQRI 7DHQD VRIXP DOWI HQ VR GHWAP LOH WH VHURSUHYDBIOFH Rl
VDHQLDVLY

e ' HWIPMRQRI 2 QFKRFHUFD YRIYXOXV DQWI HQ VR GHWALP LOH WH
VHIRSUHYDBIQFH Rl 2 QFKRFHUFLDVLY LQ HSLBISWE SDAHQW

e 7KHVH VHIRSUHYDBIQRH LHVXQV Z LOKHS XV VR 110G RXWWKH UHDOLP SDPWR
WWKH DWRFADARQ Rl WWHVH GVHDVHY DP RQJ HSLBISWE SDAHQW LQ + .
SWRYLQFH

«  8QGHUMIQGLQ) WWH BIYHORI VIBHQLDVY LQIHPARQ LQ SLIV DV SUP DU
LOWAP HGLDWA KRWY

2 XV&RRN 7KLY WXG\  Z 1@ GHP ROMDM WH H MMQFH Rl D FR IQHAURQ Rl
7DHQID VRIXP DQG 2 QFKRFHUFD YRIYXOXV DP RQI HSIBISWE SDAHQW  7KHWH
UHVXOV Z LOVXJ I WD SRWLEG! LRB1 | RU SDUDVIVIF 1O HPMRQV 1Q WKH RQVHWRU
ZRUHQQJ Rl HSIBSW 1Q HQGHP IF DUHDV 7KLV WXG\ Z L@ DOR KHS XV
GHMP IOH WH GIYHO R NQRZ®IGIH SWPWFHV DQG DMIXGHV Rl WH
FRP P XQW Z KHUH WHVH HSLBISWE SDAHQW @YH UHI DLGIQI WHVH SDUIDVWAY W
Z L@DOR DARZ XV VR GHWILP LOH WWKH SUHYDBIQFH R A\ VAFHUFRWLY 1Q SLIV @VQJ
DURXQG WHVH SDAHQW 7KH WXG\  Z LOVWHQI WHQ VALHHQIQU Rl WKH GVHDVHV
DQG P DQDI HP HOARI WKHVH LQIHAMRQV LQ + DXW DVi2QJ D SLRYIQFH

. H\ Z RUGV 7DHQID VRIXP 2 QFKRFHUFD YROYXOXV SLIV HSIBISWE
+DXW DBQID



-RQHV $PR $PSRQWDKHOOD 1BBMIBD\LO 3REHH

1JD\ /IXNXVD ,SFRMRFK ODYDQUPLQ ODWRQGR

5DNLL\D 6LNDWDGBDWGEEQMW. 3\DQEHOAMWMPLQ $P RHQH

*ORULD ,Y\ OHQ¥DG®GZR $VDPRDK .X\QQHG\ .ZDVL $G(
8QLYHUVLW\ RI &DSH &RDVW
1RJXFKL OHPRULDO ,QVWLWXWH IRU OHGLFDO 5H
6FLHQFHVY 8QLYHUVLW\ RI *KDQD /HJRQ $FFUD
,QVWLWXW 1DWLRQDO GH 5HVHDUFKH %LRPHGLF
1RJXFKL OHPRULDO ,QVWLWXWH IRU OHGLFDO 5H
6FLHQFHYV 8QLYHUVLW\ RI *KDQD /HJRQ $FFUD
1RJXFKL OHPRULDO ,QVWLWXWH IRU OHGLFDO 5H
6FLHQFHY 8QLYHUVLW\ RI *KDQD /HJRQ $FFUD
1RJXFKL OHPRULDO ,QVWLWXWH IRU OHGLFDO 5H
6FLHQFHY 8QLYHUVLW\ RI *KDQD /HJRQ $FFUD

YDFNJ LRXQG 2 EMIPYHY  +XP DQ $I1UFDQ WI SDQRVRP IDVV +$7  FDXVHG

E\ 7 E JDP ELHOWH WP DIQV D SXEQF KHD®OK FKDAHQIH LQ : HWWDQG &HQADO

$IUFD : KLB WDGMRQD® FROVUGHHG DQ DQMURSRQRUF GMHDVH HP HUJ LY
HYLGHQFH VXJ J HVW WDWDQLP DOUHVHUYRLLY P D' FRQMEXW VR WDQVP DMMRQ

G\ QDR IFV FRP S@F-DWYJ HIP LODMRQ HIRWV 7KLY WKXG H SGRUHV DGYDOQFHV LQ
VHR®ILFDO SDIDVWRM®RILFDO DQG P ROGFX@U WRRY |IRU G-WFWQJ 7 E
JDP EIHOWH LOQ GLYHUH KRW

0 H'KRGR®RI\ )RUW KXPDQ 7 E JDP ELHQWH +$7 SRVMYH FDVHV DQG
QJDWYHFROARY  SLJ  JRDADQG  \KHHS EGRRG \DP SGV Z HH FRIFWG
ILRP . ZIOX 3WRYIQFH LQ WH ' HP RFUDWE 5HSXEQF Rl &RQIR ,P P XQR®J LFDO
&RUV +$7 6HRNG6H?7 5' 7 &$77 DQG 7U SDOROMVY WAWW SDUDVVR®RJ LFDO
P LOL$QRQ ([ FKDQIH &HQMIXIDMRQ 7HW P $(&7 DQG P ROFX@U / RRS
P HGIDMG ,\VRWHP DO $P SQLFDARQ /$03 WAWW ZHH XVHG VR FRQILLP
SRVMMW RI J+$7 1Q ERRG



: KR®I ERRG WP XOMRQ DWD\ ZDV GRQH XVIQJ /I7DV /I7DV  DQG
3K\ VRKHP DI JOMQIQ 3+$ DV WP XOQW IRUKXP DQ ERRG DQG 7 E EWKFHL
DOWI HQ LQ DGGIMRQ VR KXP DQ EGRRG WIP XMQW |RU D@DQP DOVDP SGV \R
LGHQW\ SRWIQWDODQIP DOUHVHYRILW RI 7 E JDP ELHQVH DQG FRP SDUH WKLY R
7 E EIXFHLH SRWXWH ,Q DGGMRQ  KXPDQ  SLJ DQG  JRDWE®RRG
\VDP SGV ZHH FRIFWMG ILRP * LHDMU $FRD 5HIIRQ 1Q * KDQD &RUV +$7
BHRNG6H? 5' 7 ZDV XVHG IRU VFUHHQIQJ * KDQD VDP SGV 3@WP D I(RP
KXP DQV DQG DQIP D ZHH WRUIHG DV R& DQG WAMG E\ P XGASG{ DWD\ R
P HDVXUH WWH FROFHOADARQV RI RVRNIQH EIRP DINHWY/ ,/ EHWD ,/  V/ 5
A R B )1 JDPPD V71)5, 71) DBKD DQG,/ S ' DM
Z DV HOMUHG LOWR 0 6 ([ FHODQG DQDO®] HG XVIQJ * WDSK3DG 3UMP

3UHIP LQDU 5HVXQV &RUV +$7 6HRNG6H7 5' 7 GHWIFWG QR FDWH Rl J+$7
LQ KXP DQ DQG DQLP DOVDP SV FRAPFWG LQ * KDQD +RZ HYHU &RUV +$7 6HR
N6H7 5' 7 DQG &$77 AW GHWIPWMG J+$7 FDVHV IWRP
KXP DQ ERRG SN JRDADQG QRQH Rl WH  \KHHS
EQRRG VDP SOG 1Q ' 5& 7V SDQROVY \WMWGHWRMG J+$7
FDVHV ILRP  KXP DQ ERRG DQG QR J+$7 1Q SLIV JRDW DQG VKHHS P $(&7
DQG / $0 3 WAWGHWIFWIG J+$7 FDVHV ILRP KXP DQ E®RRG DQG
QR J+$7 1Q SLJV JRDW DQG VKHHS $@  KXP DQ FRQWROVDP SBV ZHH
QUDWH E\ WH [P P XQR®RILIFDO SDIDWR®JILFDO DQG P RBFX@U WV
PHMRQHG DERYH +XPDQ DQG DQPDO S@WD IWRP ZKR®I E®RG
WP X@ARQ DWD\ V KDYH EHHQ DQDO] HG |RU P VRNLOH SLRGXPURQ DQG LHVXAV
DUH \ WWR EH DQDO] HG WIMMAFD® | RU SRWQWDODQG XVH XOELRP DINHWY |RU

OMNI +$7

&RQFOXVIRQ 2 XVBRRN 7KH GHWIPMRQ Rl 7U SDQRVRP D EUXFH. JDP ELHQWH
DFLRW VSHAHV 1Q KXP DQ DQG DQIP DY 1V HWHQWDOI RU H | HAWYH VXUHADQFH
WRXIK WDSIG HDWD GIDIQRVY DQG 2 QH +HDOK P DQDI HP HOW DWW LHV
,GHQALFDWRQ Rl SRIMQADOKRWVR VRNLOH ELRP DUNHWY WDWDIH SUHGLPAYH |RU
MW +$7 1Q SOVP D Z LEH QRYHO RUKXP DQV DQG GRP HWAF DQIP DY

.HZRWYV 60GHSIQ) VIFNOHW /DWIQW +XP DQ $IUFDQ 7U SDQRVRP LDV
7U SDORVRP D EUXFHL JDP ELHQWH KRW R\ VRNIQHV FKHP RNLQH ELRP DINHWY/
2 OH + HDOIK



%UDKERLKLOROOBRRXNWKMUGMLEMBEWN]RXPNDQDER)>
1JDQGR®RQJIJRDUp-XVWIDUQDYVWKHU.LPDUR3\DQBDV
%HEHQWR $QWIWLSOVMDQR &HFFKL
,QVWLWXWH IRU /LYHVWRFN 5HVHDUFK IRU 'HYH
'HSDUWPHQW RI $QLPDO 3URGXFWLRQ DQG +HDC
1IDWLRQDO 3URJUDP IRU WKH &RQWURO RI $IULF
31/7+% &KDG
JRRG DQG $JULFXOWXUH 2UJDQL]JDWLRQ RI WKH
BURGXFWLRQ DQG +HDOWK 'LYLVLRQ 5RPH ,WD
1HOVRQ ODQGHOD $IULFDQ ,QVWLWXWH RI 6FLH(
$UXVKD 7DQ]DQLD
'"HSDUWPHQW RI 3DUDVLWRORJ\ 5HIHUHQFH 1DW
$IULFDQ 7U\SDQRVRPLDVLV /157+% '5&
YDFNJ LRXQG 2 EMIPWYHV $1UFDQ W SDQRVRP IDVIV $7 LV D P DNRU SDUDMWF
GIVHDWH 1Q VXE 6DKDUDQ $1UFD DIIHPWQI ERW KXP DQV DQG DQIP D WLV
FDXVHG E\ H WDFH@X@U SWIRWR] RD Rl WH JHQXV 70 SDQRVRP D WDQWP WMG
E\ EGRRGIHHGIQ) YHARW R WH JHOXV * ®MQD WHWHY ,Q &KDG
WJ QU LFDQWFRQWROH | RWV KDYH ®1G VR D QRWE®! LHGXPWRQ LQ FDVHV 1Q FHUMILQ
KIMWRUFD® DPWYH IRFL +RZ HYHU WH FRQFHSWRI D “@WIQWI RFXVL GRHY QRW
X®! RXW WH MGIQW SHIMWMQFH Rl WH SDUDMW 1Q KXP DQ RU DQIP DO
UHVHURIWY 7R GDWM WH SDIDVVRERI LFDOWIVXY Rl VW SDQRVRP LDV 1Q MWIQW
| RFLUHP DIQV LQUXI | LFIHQWD GRFXP HQWIG SDUAEX@MUD 1Q 7DSRODQG * Rp 7KLV
WXG\ DIP V VR &RQGXPWD OMIDMIH HYIHZ DQG GHYH®RS WH QDARQDODMDV RI
WHWH 1@V DQG WASDQRVRP HV 1Q &KDG HYDXXDWM H IMWMQ) GDW DQG
NORZ ®1GIH RQ WH GLYHUIW RI Wi SDQRVRP DMV FLLFX@OMQJ DP RQJ DQIP DY
DQG WHWH 1@HV 1Q &KDG DQG WR IGHQW\ WH VSHAHY Rl W SDQRVRP HV
FLUFXOMQJ DP RQI WHWH |@HY DQG QYHWRFN 1Q WHWH VZ R MWIQWIRFL 7KH
RYHD® REMPWYH LV VR GHVLP LOH W SDQRVRP DOLQIHPWRQV 1Q DQIP DY DQG
WHWH [@HV 1Q WH * R DQG 7 DSROMWIQM RFL Rl VBHSLIQI VIENQHW 1Q &KDG
VR GH LQH DSSURSUDW VMDA LHV Z IMLQ D 2 QH + HDOK. DSSWRDFK



0 HWKRGR®I\ $ GDIEDVH KDV EHHQ FRP SLBIG XMIQJ D@DYDLME® GRFXP HQW
FROMIQQI GDVD RQ WHWH |@HV DQG $1UFDQ Wi SDORVRP IDVV $7  FROFWG
ILRP R IQ &KDG 7KHVH GDV> SHUBLQ VR UHVHDUFK DRWYIMHV RU
HIRUW VR FROAROWHWH 1@HV DQG $7 6XUrH V DUH EHQJ FRQGXPWMG 1Q WKH
OMQWIRFL Rl 7DSRODQG * Rlp &DSWHG WHWH 1@HV DH P RUSKR®RJ LFDAD
IGHQAILHG DQG WRUHG 1Q DSSWRSUDM WEHV $WWH VOPH WP H E®RG
\VDP SV DIH FREGFMG ILIRP GRP HWIE DQIP DY FDW®BI JRDV DQG VKHHS
*HORPIF ' 1$ LV H WDPMG ILRP  YDURXV P DMFHV WHWVH 10 WWXHY DQG
E®RRG $ OHWMG 3&5 BUJHWQI WH ,76 ,QWUQDO 7 IDQVFUEHG 6SDFHU
UHJ LRQ LV XVHG VR GHWIPAM SDORVRP HV

3UHDP LODU 5HVXQV 21 WH WDSSIQI VWAV VXUH HG WUHH VSHRLHY
DQG WXEVSHAHV Rl WHWH [QHV LQYROHG 1Q WH WDQWP DMMRQ Rl $1UFDQ
WI SDQRVRP IDWV 1Q &KDG ZHH GHWMRMG * WFKIQRIGHV *  IXVFLSHV
IXVFISHV DQG * P RUAVEQV VXEP RUMBQV * P RUAVBQV VXEP RUMEQV Z DV
WH P RWFRP P RQ VSHFLHV 1Q WH VXUH V Q IRAIRZHG E\ *
| XVFLSHV Q DQG *  VIFKLQRIGHV Q YRU 7$$
E@RG \DP S®V ZHH FROFWMG |LRP FDW! JRDW
VKHHS GRIV GRQNH\ V SV KRUWHV DQG  FDP HY 6l

KXQGUHG I[UWILYH DQPDY ZHH IQHWG ZIM IlYH VSHAHV Rl
W SDQRVRP IDMV 7 EWKFHL 7 FRQURGIQMH 7 VIO 7 JRGIWHL DQG 7
WP [DH 7$$ LV SURVHOWOQ WKH VRXW DQG VRXWHDWRI WH FRXQW  $ VRVEOR

WHWH | @HV D@EHRQILQI VR WH VSHEHV* | IXVFLSHV Z HUH FDSWULHG 1Q
VEZR IRFL ,Q DGGMRQ EQ®RG VDP SOV ZHH FRBBFAWMG 1Q YA HV
LOFOXGLQU VDP SGV ILRP  KXP DQV IlRP FDM®!  ILRP JRDW DQG

IIRP VKHHS $@RI WKHVH VDP SOV DUH FXUHQ® EHQJ DQDO] HG DWWH
5(" @ERWDRY

&RQFOXMVIRQ 2 XV&RRN 7KLY WXG  SWRYIGHV HWHQMDO IQUWIKW LR WH
GMMEXWRQ Rl WHWH 1@HV DQG $1UFDQ Wi SDORVRP IDVIV DV ZH® DV WH
FXUHQWFLLFX@MRQ Rl W SDQRVRP HV 1O WH 7DSRODQG * Rp IRFL / RRNLQU
DKHDG WKH FRP SGMRQ Rl 3&5 DQG JHRVSDADODQDOVHY Z LAHQDE®! D P RWH
HIQHG UMW DWHWP HOW WAHQIWHQ VBUHWG VXUHADQFH DQG  JXIGH
VXWIRIQDE®! SUHYHOURQ WADWAIIHV VBIARRIHG VR WH @RFDO HSLGHP LRERJ LFDO

FRQOW W



I1LNDERX .DPLQRX 1DNRX®MQH <DZDYKHHORQD
*ORULD ,Y\ OHQMRQRHG\ .ZDVL $8B8@MDPLQ (PLHI
ORXQHURX 6D®BXVLURX %RQIRK
8QLYHUVLWp GH /RPp T7RJR
,QVWLWXW 1DWLRQDO G-+\JLqQH 7RJR
1RIJXFKL OHPRULDO ,QVWLWXWH IRU OHGLFD
.ZDPH 1NUXPDK 8QLYHUVLW\ RI 6FLHQFH DQ
&HQWUH 6XLVVH GH 5 HFKHUFKHY 6FLHQWLIL
YDFNJLRXQG 7KH WWWP IF P LVXVH RI DQAEIRMEV 1Q ERW KXP DQ DQG
YHMUQDY P HGLFIOH GUYHV WH DFFXP X@ARQ Rl UHMGXHV 1Q DQIP DOVRXUFH
IRRGV DQG HQYLLRQP HQBOFRQVEP LODWRQ | RWMUQI KRU] RQWOJ HOH WDQM HU
DFLRW WH KXP DQ2 DQLP D@HQYLLRQP HOWFRQMOXXP  ,Q 7RIR DQWP LFLRELDO
UIMWBQFH  $05  VXUHGEDQFH UHP DIQV  SUHGRP LODQWD  KRVSLMBOEDVHG
®DYIQ) WH FRP P XQW QMHWRFN DQG IRRG FKDIQ GIP HMRQV @ HO
XQFKDIDAWMU] HG  &RQVHTXHO® P LN DQG W GHUYDAYHV 1Q XWDO GIHW
UHSUHVHOWD FUMFDO\ HWOQHI BPMG LHVHUYRLU DQG YHAVRU | RUWH WDQVP DMMRQ
Rl LMMMEBOWSDIKRIHQV 7KHDIP Rl WLV WXG\ LV VR FKDUDRWU] H WH P HGLFDO
VRFADO DQG HQYILRQP HQWDO GHWMLP IQDQW RI $05 ZKI®I TXDQW\ Q) KH
SUHYDBIOFH Rl VHORWMG LHVMEQWSDWRI HQV DP RQJ GDILY FRQUXP HW/ 1Q 7RIR
WWRXIK DQ IQMIIDMG VRAR HSIGHP IRRILFDO DQG P LFURELR®J LFDO
DWHWP HQW

0 HMRGRM®JI\ $ FLRW VHPMRQDOWXG\ Z LOEH [P SGP HOWG XMIQJ \WXPMUHG
LOMNHZ V VLI QI NH WINHKRGEHWY 1Q WH +DKR WHIIRQ 7KH LOWMEHZ V
Z 16D FRGFWGDWD RQ D EWRDG WDQIH Rl P HGIFR VRFIDO DQG HQYILRQP HQWO
LQGHSHQGHQW YDUDE®N HQFRP SDWMQJ  VHD P HGIFDARQ SWDFWFHY  FOQIFDO
SUIHFUSMRQ SDMADV KHDOK VHHNIQ) EHKDYIRW  VRFAIRHFRQRP IF DQG
HGXFDWRQDO SWRILGN VDQMMRQ LOIIDWMKPWH - K\ JIHOH SWDPAFHY  DQG
HQYLLRQP HOQWO FRQWP LODWRQ SDWZDV  $@ WHWH YDUDEGN Zl® EH
A VWP DAFD@® FRUHDWG Z 1K WH GHSHQGHQWYDUDE®! $0 5



$WRFIDWRQV EHVEHHQ UHVSRQWH YDUDEGN NORZGBIGIH DMIXGHY DQG
SWPWFHV DQG VRFIR GHP RIWDSKIF RU LQWIMXWRQDOFKDUIDPMUMARY Z HH 1LUAV
DAWHWHG XMQJ &KLVTXDIH VW  9DUDEGN Z IWK LI QU LFDQW DWRFLDWRQV
ZHH VXEVHTXHO® LQFOXGHG 1Q P XGAWDUDM @RJMAF UHIUHWWIRQ P RGHY
SHURWP HG XVIQJ 56WGIR

SHVXQV ,Q WH FRP P XQW DOMRXJIK Rl UHVSRQGHQW ZHH
DZDH R WEH RQO KDG DFWDO NQRZ BIGJH DERXW UVNV
DWRFLDWG Z WK DQLP DOEIMAV SUHYHOWYH P HDVXUHV QRVEE®! W QV Rl LDELHV
SWRIIHWWMRQ Rl GHFOUHG WEIHV DQG P RGHV Rl WDQWP MRQ 7KHMH ZDV D
P DINHG FROADWVEHVE HHQ DMXGH Z W, LQGIFDWQ) WH  Z RX@
JR VR D KHDOK | DFLOW LQ WH HYHQWRI D ELW Z KL31 LQ DRDOSWDRAFH RQO

Rl ELW YIPWP V KDG VRXJKWP HGIFDOFDUH 7KH GHWLP LODQW R
“VXI | LFLHQANQRZ B1GI Hu LOFOXGH P DUVDOWIVXY Z LGRZ HY DUH EMWMULQIRWP HG

ZIWK 25 DQG S YDOH RFFXSDWRQ HP S®\ HHV DQG WDGHY/ DWH
EHWMULQIRLP HG WDQ WH XQHP SR\ HG Z WK 2 5 DQG UHVSHAWYHO
DQG D S YDOH Rl GMW WDQ IRU ERIK DQG VRFIR HFRQRP IF WXV

UHVSRQGHQW ZIW ®Z VRAR HFRQRP IV WXV DIH EHWMAU LQIRWP HG
FRP SDUHG VR WRVH Z M DQ DYHWDIH VRFIR HFRQRP LF WIDXV Z WK 25

DQG S YDOH Z KIOMMKRVH Z WK D KLJ K VRAIR HFRQRP LF WIVXV DUH G\
Z HOLQIRWP HG WDQ WKH MWMUZ WK 2 5 DQG S YDOH WHBRQI QI R
WH YOP EDID HKQIF JURXS 1V DWRFIDIMG Z MK SRRUHU DMIXGH WDQ VR WKH
: R®R WKH P DNRUW HWQLF JWIRXS ZIWK 25 DQG S YDOH 7KHH
Z DV D QRE®! GLVSDUW DP RQJ VHUFH SURYLGHW Z LWK Rl DQP DOKHDMK
Z RUINHW KDYLQJ VX! I LFLHQWNQRZ ®IGIH  FRP SDUHG VR RQO Rl KXP DQ
KHDOK SURYIGHY 1 XWHV VKRZ HG P RUH DSSURSUDW DMIXGHV WDQ GRARL/
ZIW 25 DQG S YDOH SWREDE® GXH VR WHU SLR] [P W \R XUWDO
U-DIMHY ) IOD® RQO RIWH  GRJ RZQHY KDG YDFFLQDWMG WHU
DQIP D Z WK (RZ HUDFFHWLELOW LQ UKUDODUHDV

&RQFOXMRQ 2 XVERRN 5 DELHV FRQWROLQ . DITUQH LV KIQGHHG E\  LQVXI | LFLHQW
NQRZ BIGJH DQG XQI DYRXWDE®! SIDPAFHY WKDW@P IWH | HAMYH SUHYHQWRQ DQG
HIP LODWRQ RI WH GIVHDVH : H UHFRP P HQG WHQIWHQIQI WH WDIQLQJ R

KXP DQ KHDOKFDIH SLRYIGHY HQKDQFLQJ FRP P XQW DZ DUHQHW WIRXJK

LQFOXMLYH DSSURDFKHY UHYIMQI VKH UHI X@WRU [LDP HZ RIN' DQG VWAHQI WWHQLQU

LOWHAVRUDOFRADERUDMRQ LQ @QH Z WK WIKH 2 QH + HDOK DSSURDFK

.HZRWY $05 0 HGIFR VRFDOO L 2 QH+HDAK 7RIR



7TDELWKD .RQAHAPSVRQ 6RIIL ' <(PLNSH %)POHNH 2
=LHNDK OHQVDK *$GGR . .
1RJXFKL OHPRULDO ,QVWLWXWH IRU OHGLFDO 5
.ZDPH 1INUXPDK 8QLYHUVLW\ RI 6FLHQFH DQG 7
JRUHVWU\ &RPPLVVLRQ :LOGOLIH GLYLVLRQ $F
&HQWUH 6XLVVH GH 5HFKHUFKHY 6FLHQWLILTX!
YDFNJ LRXQG 2 EMIPAYHY <DZV D QHIGFWG WRSLFDO GIMHDVH FDXVHG E\
7USRQP D SDAGXP VXEVSHAHY SHUMOXH UHP DIQV HQGHP LF 1Q * KDQD
GHVSIW GHFDGHV Rl HDGIFDARQ HIRUN  5HFHQW HYIGHQFH VXJJHW QRQ
KXPDQ SUPDWMV 1+3V PD KDIERU 7 SDAGXP VXEVS SHUMOXH
SRMOAD® DPWQ) DV ZIGAH WHVHIRILY WDW FRP SOFDW  HIP LQDARQ
WDWI WV +RZ HYHU GDVD RQ WH SUHYDBIQFH DQG WDQWP MRQ G\ QDP LRV
EHVEHHQ KXPDQV DQG 1+3V IQ *KDQD UHPDQ QP WG 7KLV WXG
LOYHWI DIMG WH RFFXUHQFH Rl 7 SDAIGXP  VXEVS SHUMOXH LQ KXP DQV DQG
1+3V DWKXP DQZIGMH IOQMIDFHV 1Q * KDQD DQG DWHWHG NQRZ BIGIH
DMIXGHY DQG SIDPWFHY . $3 UHDWAG VR \ DZ V DP RQJ DWUMN SRSXMARQY

0 HMRGR@J\ $ FLRW VHRARQDOWXG\ Z DV FRQGXPWMG DA FFLD =RR . XP DVL
=RR DQG 0 R®! 1 DWRQDO3DWN LQ * KDQD 6WKPMUHG . $3 TXHWRQQDLULHY Z HH
DGP [QMMHG VR~ SDUAFISDQW ] RR WEII SDWN (DQIHWY DQG FRP P XQIW
PHPEHYW 1+3 VSHFHV VDP SOG LQFOXGHG &HUFRFHEXV DWV  Z KIW QDSHG
PDQIDEHV (U WUWRFHEXV SDVV SDMV P RONHV  &KERURFHEXV VDEDHXV
JUHQ P RONHV  3DSIR DQXELY RQYH EDERRQV  &HFRSIKHAXV SHDXUMD
GMHU VSRAWQRVHG P RONH YV DQG &HUFRSIMKHFXY P RQD P RQD P RQNH\V
. QRZOGIGIHZDVVRIHG DV ®Z 2 FRUHPWMHVSRQWHV PRGHDM 2 RU
KUK 2



YRU +,* +723 6\ SKIOQV $E WSIG GIDIQRWIF WMV Z DV XVHG |RU VHLR®RJ LFDO
VFUHHQIQJ Rl 7UHSRQHP D SDAGXP 1O 11QIHU SUFN EGRG RI KXP DV Q
DQG VMKP ILRP 1+3V Q 0 RGFX@U DQDOMY LOQYROHG ' 1$ H WDPURQ
ILRP KXP DQ WRROVDP SV Q DQG 1+3 LHABOVZDEV Q |RCRZ HG
E\ 3&5 DP SQLFDWRQ \BUHAQ 8 DQG SRG JHQHV VSHAULF R 7
SDAGXP VXEVS SHUMQXH $P SQFRQV ZHH YIVXD@ HG XMQJ  DIDIRVH JHO
HBPWRSKRUAMY

SHVXQV . $3 DWHWP HQW LHYHDBIG FUMFDO JDSV 1Q RFFXSDAWRQDO KHDMK
SUHSDUHGOHW 2 QO Rl SDUFLSDQW KDG UHFHLYHG |RUP DOWDIQIQ) RQ
] RRORUF GIMHDVHV  : KI®H FROMMMOWD ZRWH ERRW 33( XWVH ZDV
LOFRQVIMMQW QHYHUZ RIH J RYHV QHYHUXVHG P DNV DQG
QHYHUZ RIH FRYHD@ 2 QO KDG EHHQ YDFFIQDMG SUP DU® WDELHV DQG
&29, $ @SDUAFISDOW H SUHWHG [OMHWMO UHFHIYLQD \ DZ V HGXFDARQ
6HIRERI LFDOWMA Z HH QHI DAIYH LQ KXP DQV DQG 1 +3V ,Q FROWDW P ROFX@U
DQDOMY GHMPMG 7 SDAGXP VXEVS SHUMOXH ' 1$ 1Q RI
KXP DQ VDP S®V DQG R 1+3 VDP SGV 6SHFULFD® \8

Z DV DP SALHG 1Q Rl KXP DQ VDP S®V DQG R 1+3
\VDP SOV ZKI®I SRS Z DV GHWMPMG 1O Rl KXP DQV DQG

Rl 1+3V

&RQFOXVIRQ 2 XVRRN 7KLV WKG\ SLRYIGHV P RBFX@U HYLGHQFH WDWL + 3V 1Q
*KDQD KDWERU 7 SDAGXP WXEVS SHUMQXH ZIMWK WIQULIFDQW KLIKHU
GHWPARQ DMV WDQ LQ KXP DQV GHVSIW QHIDWH VHR®RI\ 1Q ERW

SRSXOMRQV 7KH GHWIFVMRQ Rl LGHQAFDO JHQH VBUHW 1Q ERW VSHFLHV DW
KXP DQ ZIG@MH LQMIDFHV FRP EIQHG Z WK FUWFDO JDSV 1Q RFFXSDWRQDO
KHDOM NQRZ GIGIH DQG ELRVHEXUW SWPAFHY  XQGHUFRUHV WH QHHG IRU
LOWA LDWG 2 QH + HDOK VXWHGDQFH <DZV HWDGIFDARQ SWRIWDP V |RFXVIQU

H FOMYHD RQ KXP DQ SRSXMARQV P D EH LQVXIILAHQW Z IMRXW Z L@@ H
PRQWUQ] : H UFRPPHQG LOFRIBRIDAQ) P RGFX@U GIDJQRWFV DQG

ZIGOH VXWHIDOFH QR QDARQDO FRQARO SWRIWDP V' DQG  VWHQI WKHQLQJ
RFFXSDARQDOKHDOK WDLQIQJ |RU] RR DQG Z L@@ H Z RUINHWY/

.HZRUWV <DZV 7WHSRQHPD SDAGXP VXEVS SHUMOXH QRQKXP DQ
SUP DMV



&RXUDJH *EH§NRVXD %RQVX .DADIANCHOL $PRDNR $V
1DQD %RDN\H $ODRDBPQE 7ZXP $ERBLIKWHRXV 6R
6HWK &KULVWRSKHU <BD$BSQBK (VVp 'LE\
*ORULD ,Y\ OHQMRRHG\ .ZDVL $GGR
'"HSDUWPHQW RI &0OLQLFB@DYAUREWRORU\'HY H(
BWXGLHY 7DPDOH *KDQD
2EVWHWULFV *\QDHFRORJ\ '"HSDUWPHQW 7DP
7DPDOH *KDQD
&RXQFLO IRU 6FLHQWLILF DQG ,QGXVWULDO 5H
%LRPHGLFDO DQG 3XEOLF +HDOWK 5HVHDUFK ¢
0SDKD +HDOWK &HQWUH 0SDKD &HQWUDO *RQ
*KDQD
'"HSDUWPHQW RI 6RFLRORJ\ DQG 6RFLDO :RUN
Rl 6FLHQFH DQG 7HFKQRORJ\ .XPDVL *KDQD
&HQWUH 6XLVVH GH 5HFKHUFKHV 6 FLHQWLILTX
&{WH G ,YRLUH
1RJXFKL OHPRULDO ,QVWLWXWH IRU OHGLFDO E
/IHIRQ $FFUD

YDFNJ LRXQG 2 EMIPAYHY  6FKMRVRP IDWY D QHIGFWG WRSLFDO GIVHDVH
FDXVHG E\ 6FKIMRVRP D SDIDVIWAY UHP DIQV HQGHP LF LQ VXE 6DKDUDQ $1UFD
DFFRXQAQI  [RU RYHU Rl JBREDOFDVHV ,Q * KDQD FRP P XQMHV QHDU
|UHVKZ DMU ERGLHV IDFH KLJK WDQWP MRQ DQG LQIHAMRQ UMN GXH VR \WKH
| LHTXHOWFRQWFWZ W Z DAMU FRQVEP LODWG Z IVK VDO LOWP HGIDW KRWY
$OMRXJK D FRPPRQ FKWRQF SDIDMMF IQHFPMRQ VRPH WSHV R
VFKIMRVRP IDVHV DIH RIWIQ  XQGHGIDIQRVHG DQG  SRRW  XQGHUAMRRG
FRP SRXQGHG E\ ®Z DZ DUIHQHW DP RQJ KHDOMFDUH SWRYIGHWY DQG DI I HAMG
SRSXOMRQV 7KL WXG\ DWHWHG WH HSIGHP IR®RJ\  FOQLFDOP DQU HWIMRQV
DQG NQRZ BIGIH JDSV VXURXQGIQI VFKIMRVRP LDV 1Q WKH &HQWDO * RQWD
" DMMFW



0 HIKRGR®RJ\ $ FLRW VHPARQDOWXG\ Z DV FRQGXPMG XVIQJ . RER 7RRER|
DGP LOMMUHG TXHWRQQDILHY VR FRGPFWGDW RQ GHP RIWDSKIFV NQRZ BiGIH
DMIXGHV SHUFHSMRQV Z DWMU K\ JIHQH DQG VDQDARQ SUDFWFHV DV Z HIDDV
WH GIDJQRWF DQG WHDW? HOWFDSDELOMHY Rl KHDOK Z RINHY/ DQG | DFLAOMHV
UHIDWGLQ)  VFKIMRVRP IV 3DUAFISDQW  LQFOXGHG  USDUDQ  FRP P XQIW
UHMGHQOW  KHDOKFDUH Z RINHWY DQG Z RP HQ Rl UHSURGXPWYH DUH  VHBIFWG YID
WDWIHG SXUWBRVYH DQG FRQYHQHOFH VDP S  8UQH WRRO DQG
KWK FHUYLFRYDILQDO VZDEV ZHH DQDOVHG XVIQJ XUQH VHGIP HOMMRQ \R
GHWPAWXUQDY VFKIMRVRP (DY . DVR . D WIFKQLTXH VR GHWALP LOH LOWMAGQDO
VFKIMWRVRP DV DQG 3&5 VR GHWIFW 1$ Rl VFKIMRVRP HV [RUIHP DB J HQMZO
VFKIMRVRP DV GIDI QRVY  UHVSHRWYHO

S5HVXQV $P RQJ SDUAFISDQW P HDQ DIH \ HDW/ IHP DO
XUQDY VFKIMRVRP [DVY SUHYDBIQFH Z DV ZIW KRWSRW LQ . RNRSH
. DNOR DQG . IND® FRP P XQMHV 0 DBV KDG KL KHU
LI HPARQ DAV FRP SDUHG \R | HP DBV ) * 6 SUHYDBIQFH DP RQJ
ZRP HQ Rl FKIGEHDUQ) DIH ZDV DQG WVARQI® DWRFLDWG Z WK
XUQDY VFKIMRVRP IDVV S 7KH FRP P XQW KDG VHYHH . QRZ ®IGIH
JDSV OFNHG  VFKIMRVRP IDVY  DZ DIHQHW  RQO KDG JRRG
NORZGBIGIH +HDOKFDIH ZRUINHWY  Q GHP ROMDMG QP WG ) * 6
NQRZ B1GJ H 3RRU : DMU 6DQMMRQ DQG +\JLHQH SWDPWFHV
H DFHUEDWG WDQVP DIRQ UVNV

&ROFOXVIRQ 2 XVBRRN  7KH WXG\ KLUIK@KW WH W QULFDQW EXWGEHQ R
VFKMRVRP IDMY DQG )* 6 1Q WH GMMFW H DFHEDWMG E\  JHRJUWDSKIF
GLVSDUMHY Z HDN P DW GUXJ DGP LOMADARQ [P SDRPADQG W\ WMP LE NQRZ BIGI H
JDSV $SSIRSUDW GIDIQRWEY FRP P XQIW HGXFDWRQ SWRYIMRQ RI : DWU
6DQMMRQ DQG +HDOK, LQIUDVWAKPMH DQG KHDOKFDUH Z RUNHU WDIQIQJ  DUWH
XU HQ® QHHGHG

.HZRUWV )YHP DB *HQWO 6FKMRVRP DMV . QRZBIGIH  3HUFHSWRQV
&HOWDO* RQWD' MMFW* KDQD



" HMP ICDQNV R / HSURV
1 IYHB( [ SHUHGFH
6\ P SWP V

1DPHRI" VHDVH

N\ e
J— /
N

%&* 6FDU

6 DQVMRQ

$GDEUH ,VDDF $SBDXQUPXQDYLV 3HDUO .ZDEOD
&KULVWRSKHU 6HWEKORSBLIDKY\ OHBDDNLURX %RQ
.HQQHG\ .ZDVL $GGR
JUHG 1 %LQND 6FKRRO Rl 3XEOLF +HDOWK 8Q
6FLHQFHV +RKRH *KDQD
6FKMRO Rl 3XEOLF +HDOWK .ZDPH 1NUXPDK 8QL
7HFKQRORJ\ .XPDVL *KDQD
1RJXFKL OHPRULDO ,QVWLWXWH IRU OHGLFDO
/HJRQ *KDQD
&HQWUH 6XLVVH GH 5HFKHUFKHY 6FLHQWLILTX
&{WH G ,YRLUH

YDFNJ LRXQG 2 EMIPYHV / HSLIRW  SHOWW DV D SXEQF KHDOK FKDEBIQIH LQ
VHYHWDO HQGHP LIF GIMMFW Rl * KDQD GHVSIW QDWRQDO HIP LQDARQ VIBLI HW
YRQIR ' DMMPMOQ WKH 8 SSHU ( DWAS HI LRQ KDV UHFRUGHG D WUHH | R@ LOFUHDVH
1Q FDVHV EHVE HHQ HP HULQ DV D GRFXP HOMG KRWSRW : KI®
LQGLYLGXDOUMN | DFVRYY DUH NQRZ Q WH FRP ELQHG LQIOXHQFH RI- VRFLRFX@XUDO
HQYLLRQP HQWO DQG FRP P XQIW BIYHO GHWLP LODQW Z WKIQ K\ SHUHQGHP LF
VHMQIV WP DV SRRW FKDDAMU] HG 7KLV WXG\  LQYHWI DMG  WKHVH

LOMIFRQQHAMG GUYHWY VR JHOHUIDM HYIGHQFH 1RU FROM WWSHFLLE  KHDOMK
SROA DQG SWDPWFH

0 HWRGRARJ\ $Q H S@QDWRUY  VHTXHQMDO P Lf HGP HKRGY GHVIQ
JWRXQGHG 1Q D 2QH +HDOK IWDP HZRWN ZDV HP SRVHG 7KH TXDQWAMYH
FRP SROHQWFRP SUVHG D P DWKHG FDVHFRQAROWXG ZIW  FRQILP HG
®SWIRW FDHVDQG ~ FRP P XQIW FROWRY P DWKHG E\ VH{ DIH UHMGHQFH
HGXFDMRQ RFFXSDMRQ DQG P DUVBOWIDW 9&* YDFFLQDWRQ Z DV YHUILHG
WURXJK VFDU LQVSHAMRQ 7KH TXDDVDAYH FRP SRQHQWIQYROHG ILYH IRFXV
JWRXS GIVFXWIRQV Q ZIW DIIHAMG SHORQV IDP 1O P HP EHWY KHDOK
ZRINHY DQG FRP P XQW GDGHY ' D ZHH DQDOVHG XVIQJ 67$7$ Y
TXDQWAYH DQG WKHP DAF DQDOMY 1Q 19LYR TXDIVMDAYH  Z MK LW UDMRQ
DWIKH LOMSUHVIMRQ WIJ H\R LQRWP SRR UHFRP P HQGDWRQV



S5HVXQV $PRQJ FDVHV ZHH GDIQRVHG ZIW P XGAEDFLAD
®SWIRA DQG SUHVHOWG Z WK * IDGH  GLVDELOW LQGLIFDWQI DGYDQFHG
GMDVH DQG GHD\ HG GHWIFWRQ %&* YDFFLODWRQ ZDV WARQI® SURWPWYH
DWRFADWG Z WK D HGXPURQ 1Q BISLRW RGGV D25 &,
S ( QYLLRQP HQWO UMNV Z HH HYIGHQW Z I RSHQ GH HFDARQ
VWQIIFDQ® PRWH FRPPRQ DPRQ FDWMHV W
S +HDOM QMDA Z DV SRRU RQD FRUHPAD LGHQAILHG JHP V
DV WKH FDXVH Z KB EHIH'V 1Q KHUHGIW Z WWKRDIW DQG
GLYIQH SXQIVKP HQW ZHH SUHYDBQW 6WIPD ZDV SWRIRXQG
Rl FROARY ZHH XQZ LaQ) VR EX\ IRRG ILRP DIIHAMG SHURQV
DQG ZRX@ QRW SHWP IW P DUWDIH QR DIHAMG |1DP LOHV
4 XDDVDWYH WHP HV IHYHDBIG GHD\ HG KHS VHHNIQJ  RIMQ | LUAVFRQVX@AQJ
WDGIMRQDOKHDBLY  VAKAMWDOKHDOK Vi WMP  EDUIHY FRWV GMEQRH  DQG
LQVXWDQFH JDSV  SHYDVIYH WP D GDGIQJ VR VRFIDOIVROMRQ DQG VWRQJ
VRFIRFXOXLDO EHIHV DMIEXWQJ GISLIRA VR VXSHLODWILDO FDXVHV DV NH

GHWMLP LODQW VXWELQIQ) WDQVP DMMRQ

&RQFOXVIRQ 2 XVERRN / HSLRV UHVXW HQFH LV GUYHQ E\ FRP SO LOWDPARQV
DFLRW VRFIRFXOYDO HQYLLRQP HWO DQG FRP P XQIW GIYHOM WP V' 3RAA
P SCFDARQV LOFOXGH ~ LOMIUDWQI BISLRA P HADILQJ LOR URXWOH KHDOK
HGXFDWRQ VR DGGLHW P IVFRQFHSMRQY  VWAHQIWKHQIQ %&* [P P XQ] DAWRQ
FRYMDUH ZIM FRP P XQW DZDHHW Rl W SIRWPWYH EHOHIW

P SOP HOAQ VBUHMG : $6+ LOMYHMRQV LQ HQGHP IE FRP P XQMHV
GHYHRSLQ) FRP P XQW GG DQAMWUIP D SWRIWDP P HV  DQG HOKDQFLQJ
VXUHADQFH DQG FROWFWWDFLQ)  7KHVH 11QGIQIV VXSSRUWWH QHHG 1RU
KROME P XOWHPVRIDOVWDWI IHV DDIQHG ZIWK WH : +2 17' 5RDGP DS \R
DFKLHYH ] HLR BISLRVA

. HZRWGY /HSIRW  +DQVHQV GIVHDWH  QHI BFRWIG WRSIFDOGIVHDVHV P L HG
P HWRGY WM P D KHDOK SRAR



$ERX 'LRSSQGUpH 3ULVFD 1GMR'XDIXN®DX&@DLOD 1JLW
%UXQR (QDJQRQ /RNFDIR® 2URX GHNROLH &DLOOHEL
ODPDGRX ODNKWDU OEDFNp /H\H
eFROH LOQWHU pWDWV GHV VFLHQFHVY HW PpGHFL:!
&XPPLQJV 6FKRRO RI 9HWHULQDU\ OHGLFLQH 'H!
'LVHDVH DQG *OREDO +HDOWK 7XIWV 8QLYHUVL\
YDFXOWp GH OpGHFLQH 9pWpULQDLUH 8QLYHUVL
'PPRFUDWLTXH GX &RQJR
8QLYHUVLWpP &KHLNK $QWD ',23 GH 'DNDU
/IDERUDWRLUH GH %YLRPDWKpPDWLTXHVY HW G-(VVW
G-$ERPH\ &DODYL %HQLQ
&HQWUH 6XLVVH GH 5 HFKHUFKHYVY 6FLHQWLILTXH)
YDFNJ LIRXQG 2 EMPAYHY  5DELIHV IV D QHIGFPWG GIVHDVH 1Q GHYH®RSIQJ
FRXQMHV KHDYLO EXUGHQQ) SRRUKWDOFRP P XQMHY DQG GLVSIRSRUARQDMOD
DI THAWQ) FKIGHHQ ,Q 6HQHJ DO LHSRUMG GDVID XQGHUHWP DM UHDOW  Z IV RQH
FDVH IRUHYHY V] XQUHSRUMG 7KH . DIIUQH WHILRQ LV SDUAEX@UD DDLP 1QJ
Z W VHYHIDOI DVBOFDVHV : KLB! VRP H WXGIHV RQ NQRZ BIGIH DWMIXGHY DQG
SWDAWFHY . $3  H W VRAIRFXOXWDO HFRQRPIF  DQG  LOWIMWRQDO
GHMP LODQW WP DIQ XQGHH S®RWHG 7KV WXG  H DP IOHV  IDRRWY/
IQOXHQFIQ)  WDELHV LHDWIG NQRZ BIGJH  DMIXGHY  DQG  SUDPWFHV  DP RQU
FRP P XQW P HP EHW DQG KHDOK SLRYIGHWY/ 1Q . DIIUQH 6HQHI DO

0 HMRGV 7KH WXG\ Z DV FRQGXPMG LQ WH . DIIUQH KHDOK GMMPWDP RQJ

FRP P XQW PHPEHY 7ZRWH FOOMMU WDQGRP \VDP SO  DQG
KHDOMFDUH SLIRYIGHY  1Q KXP DQ KHDOM DQG  LQ DQIP DOKHDOK ' DD
Z HH FRGPWG XVQJ VWAKPXUHG TXHWARQQDILHY



$WRFIDWRQV EHVEHHQ UHVSRQWH YDUDEGN NORZGBIGIH DMIXGHY DQG
SWPWFHV DQG VRFIR GHP RIWDSKIF RU LQWIMXWRQDOFKDUIDPMUMARY Z HH 1LUAV
DAWHWHG XMQJ &KLVTXDIH VW  9DUDEGN Z IWK LI QU LFDQW DWRFLDWRQV
ZHH VXEVHTXHO® LQFOXGHG 1Q P XGAWDUDM @RJMAF UHIUHWWIRQ P RGHY
SHURWP HG XVIQJ 56WGIR

SHVXQV ,Q WH FRP P XQW DOMRXJIK Rl UHVSRQGHQW ZHH
DZDH R WEH RQO KDG DFWDO NQRZ BIGJH DERXW UVNV
DWRFLDWG Z WK DQLP DOEIMAV SUHYHOWYH P HDVXUHV QRVEE®! W QV Rl LDELHV
SWRIIHWWMRQ Rl GHFOUHG WEIHV DQG P RGHV Rl WDQWP MRQ 7KHMH ZDV D
P DINHG FROADWVEHVE HHQ DMXGH Z W, LQGIFDWQ) WH  Z RX@
JR VR D KHDOK | DFLOW LQ WH HYHQWRI D ELW Z KL31 LQ DRDOSWDRAFH RQO

Rl ELW YIPWP V KDG VRXJKWP HGIFDOFDUH 7KH GHWLP LODQW R
“VXI | LFLHQANQRZ B1GI Hu LOFOXGH P DUVDOWIVXY Z LGRZ HY DUH EMWMULQIRWP HG

ZIWK 25 DQG S YDOH RFFXSDWRQ HP S®\ HHV DQG WDGHY/ DWH
EHWMULQIRLP HG WDQ WH XQHP SR\ HG Z WK 2 5 DQG UHVSHAWYHO
DQG D S YDOH Rl GMW WDQ IRU ERIK DQG VRFIR HFRQRP IF WXV

UHVSRQGHQW ZIW ®Z VRAR HFRQRP IV WXV DIH EHWMAU LQIRWP HG
FRP SDUHG VR WRVH Z M DQ DYHWDIH VRFIR HFRQRP LF WIDXV Z WK 25

DQG S YDOH Z KIOMMKRVH Z WK D KLJ K VRAIR HFRQRP LF WIVXV DUH G\
Z HOLQIRWP HG WDQ WKH MWMUZ WK 2 5 DQG S YDOH WHBRQI QI R
WH YOP EDID HKQIF JURXS 1V DWRFIDIMG Z MK SRRUHU DMIXGH WDQ VR WKH
: R®R WKH P DNRUW HWQLF JWIRXS ZIWK 25 DQG S YDOH 7KHH
Z DV D QRE®! GLVSDUW DP RQJ VHUFH SURYLGHW Z LWK Rl DQP DOKHDMK
Z RUINHW KDYLQJ VX! I LFLHQWNQRZ ®IGIH  FRP SDUHG VR RQO Rl KXP DQ
KHDOK SURYIGHY 1 XWHV VKRZ HG P RUH DSSURSUDW DMIXGHV WDQ GRARL/
ZIW 25 DQG S YDOH SWREDE® GXH VR WHU SLR] [P W \R XUWDO
U-DIMHY ) IOD® RQO RIWH  GRJ RZQHY KDG YDFFLQDWMG WHU
DQIP D Z WK (RZ HUDFFHWLELOW LQ UKUDODUHDV

&RQFOXMRQ 2 XVERRN 5 DELHV FRQWROLQ . DITUQH LV KIQGHHG E\  LQVXI | LFLHQW
NQRZ BIGJH DQG XQI DYRXWDE®! SIDPAFHY WKDW@P IWH | HAMYH SUHYHQWRQ DQG
HIP LODWRQ RI WH GIVHDVH : H UHFRP P HQG WHQIWHQIQI WH WDIQLQJ R

KXP DQ KHDOKFDIH SLRYIGHY HQKDQFLQJ FRP P XQW DZ DUHQHW WIRXJK

LQFOXMLYH DSSURDFKHY UHYIMQI VKH UHI X@WRU [LDP HZ RIN' DQG VWAHQI WWHQLQU

LOWHAVRUDOFRADERUDMRQ LQ @QH Z WK WIKH 2 QH + HDOK DSSURDFK

.HZRUWYV . $3 ' HMP LODQW VRFR HFRQRP LIF 5DELHV 6pQpd DO



7RQWLH ,QXVDK 6XOEMIQQ6HQRR 'RUEBHDQ $NRUID 2
JUDQFLYV 6HQD TMOWRHALD ,Y\ OHONWK &KULVWRSKHU
.HQQHG\ .ZDVL $GGR
8QLYHUVLW\ RI *KDQD
&HQWUH 6XLVVH GH 5HFKHUFKHV 6FLHQWLILTXH
1RIJXFKL OHPRULDO ,QVWLWXWH IRU OHGLFDO 5t
.ZDPH 1INUXPDK 8QLYHUVLW\ RI 6FLHQFH DQG 7F

YDFNJ LRXQG  6FKIMRVRP LDV UHP DIQV D P DNRU SXEQF KHDOM. FKDABIQI H LQ
* KDQD GHVSIW M WHQ \HDW/ Rl ODW ' XJ $GP IQMADMRQ 0' $  Z LW
SU LTXDOWO $OKRXIK QDARQDO SUHYDBIQFH KDV GHFIQHG WDQWP DMRQ
KRWSRW SHUMWWIQ VHYHDOGMMFW DQG 0' $ IDFHV IXQGIQI FROWDIQW
(ITHAYH QI WP FRQARODQG HIP LQDWRQ VDWW LHV UHTXILH LGHQWI\ LQU
IQHPMRQ SUHYDBIQFH KRWSRW  DWHWIQI  KRXVHKREG NQRZBIGIH R
VFKIMRVRP DYV XQGHUABQGLQ)  KHDOMKFDUHVHHNIQ)  EHKDYIRU  DQG
HYDOOWQI  ZLIEAQIQHW VR LOYHW 1Q SUHYHOWYH P HDVXUHV 7KLY WKG\
H DP LOHG WH SUHYDBIQFH Rl 6FKIMRVRP D KDHP DIRELXP DQG 6 P DQVRQL
IQHPMRQV  KRXVHKR@G DZ DIHOHW DQG  SHFHSMRQV  KHDOKFDUH VHHNLQU
SWDPWFHV DQG ZLAQIQHW VR SD\ IRU SIHYHOWYH FKHP RIKHIDS\ 1Q WH
. DAVHQD 1 DQNDQD ( DWDQG YRQIR ' MMFW Rl WKH 8 SSHU (DW5HIIRQ R
*K[Q:)

0 HMRGRARI\ 7KH WXG XVHG P I HG P HMRGV DSSWRDFK ZIW D FLIRW
VHAMRQDOGHWLI Q LQIRWP HG E\ WH + HDOK %H0H 0 RGHO +90 4 XDQWAMYH
GDD Z HH REVBIQHG [LRP VFKRRODIHG FKIGUHQ 2\ HDW/ DQG WHU
KRXVHKR@G KHDGV WIRXJK WAKPMUHG TXHWRQQDILHV DQG SDUDVIVRER] LFDO
DQDOMY Rl XUQH DQG WRROSDP SV



7Z HOQN RQH TXDOVDAYH LOMNHZ V Z HH FRQGXPMG Z I GVHDVH FRQARO
RIIIFIDY KHDOMFDUIH SWDAMARQHY DQG VHBPWG KRXVHKRG KHDGV R
XQGHUMIQG WKH FRQW \DOI DRVRYY DI THAWQ)  KHDOMFDUH VHHNLQ) EHKDYLRXU
4 XDOQMDAYH GDB ZHH DQDO] HG XMQJ GHVFUSWYH WWMEV @RI MAF
HJUKHWMRQ DQG FROWQIHQW YDOXDWRQ DQDOWY  Z KIOW TXDIMDMYH GDVD

XQGHZ HQMHP H DQDOMY

SHVXQV 7KH JHQHWDO SWHYDBIQFH Rl VFKIMRVRP IDWY ZDV &Z
2Q0 JRRG DFFXUIDM SHIFHSMRQ ZDV D WLJQULFDQWSUHGIRRU RI
QI HPMRQ DIWU DGMWMQJ |RU RWHU YDUDEGN 25 &, 2
S + RXVHKR@G NQRZ BIGIH Rl VFKIMRVRP LDV Z DV P RGHUIDM
Z WK VFRUQJ ! RXWRI WH P D IP XP SRWE® VFRWH RI 7KH
DYHWDIH Z [AQJ QHW VR SD : 73 |RU SUHYHOWYH FKHP RIKHDS\ Z DV DWW +&
6' 7KLV ZDV SRUMVHO @ONHG VR JRRG DFFXUIDM SHUFHSWRQ R
VFKIMRVRP IDWY  ~ &, 2 S DQG |HP DO
KHDGHG KRXVHKRG ~ &, 2 S EXWQHI DAWYHO
QONHG VR KRXVHKR@ ZHDOK LQGH  ~ &, 2
S +RXVHKR@ KHDOMFDIH VHHNLQD EHKDYIRXU ZDV DIHAMG E\
SHFHSMRQV Rl VXVFHSWELDW  VHURXVQHW EDUUHY DV DI DIQUWVEHQH W DQG
SDUAFLSDQW P RWYDMRQ VR VHHN KHDOK 0 RWKRXVHKR@V HIHG RQ KRP H
DQG KHUEDOUHP HGLHV | LUAMMR WHDWVFKIMRVRP LDV DQG RQD Z HQAWR KRVSLVIZO
ZKHQ WH KHEV IDBIG RUM P SVRP V ZHH VHYHH  7KHWH Z DV D I DYRWDE®
FRP P XQW DFFHSVDQFH Rl 0' $ 7KHH ZHH KRZ HYHU VRP H FKDGBIQIHV R
0'$ LQFOXGIQ)I KHDY\ GHSHQGDQFH RQ GRQRU IXQGIQI  LOFRQVIMMQW GLKJ
VXSSO LQDGHTXDW FRP P XQIW VHOVIW] DARQ  DQG | LODQFLDOFKDABIQJ HV

&RQFOXMRQ 2 XV&RRN 7KH WXG\ VKRZHG WL QULFDQW SWRIIHW KDG EHHQ
P DGH LQ (RZ HIQJ WKH SUHYDBIQFH Rl VFKIMRVRP LDV 6XWBLQDE®1 FRQARCZ LD
LHTXLLH WH LOFRUSRUDMRQ Rl VFKIMRVRP LDV FRQAROSURI LDP V LR SUP DU
KHDOKFDUH VHFHY  HOKDQFHP HOWRI FRP P XQW HQIDIHP HQW DQG \KH
FUDARQ Rl LQQRYDAYH 1LQDQFLDO DUDQIHP HQW 1Q WH ZDNH Rl GHFOQLQU
J@REDOVXSSRUV 7 KHVH VWDWAI LHV DUH LHTXLLHG VR EH ®1G E\ WH GRFDOSHRS®H
EDVHG RQ KHDOK EHIH V DQG EH HFRQRP LFD® YIDE®H

. HZRWGY 6FKMRVRP IDWV  3HYDBIOFH : LA OHW VR SD KHDOMFDUH
VHNIQ) EHKDYIRXU



7FKDZODVVRX -XGLWID ®MpOp 2VOBBILN 2URX 6HNR
6HWK &KULVWRSKHU <D@RSSISR. DK\ OH @D $GGR
%DVVLURX %RQIRK
(FROH ,QWHU (WDWV GHV 6FLHQFHVY HW OpGHFL!
.ZDPH INUXPDK 8QLYHUVLW\ Rl 6FLHQFH DQG 7t
1RJXFKL OHPRULDO LQVWLWXWH IRU OHGLFDO 5
&HQWUH 6XLVVH GH 5HFKHUFKHV 6FLHQWLILTXH

YDFNJ LRXQG 5DEIHV UPDQV D QHIGFMG WRSLFDO GMHDVH DIl HPAQ)
YX@HDE®! SRSXOMRQV 1Q %QQ ZIW QHDUD KXP DQ GHDWV UHSRUMG
EHVE HHQ DQG " HVSIW P XOWHRRDO FRQARO HIRW
WDQWP IWIRQ SHMMWV  SDUARX@UO 1Q $ERP H &DDMYL DQG &RRQRX &RQWRO
IV KIQGHHG E\ QP MG SXEQF DZ DUIHQHW HIDQFH RQ LOH | HAWYH WDGIMRQDO
WHD® HQW SRRU DFFHW VR KHDOMFDUIH DQG ZHDN FRRUGIODMRQ EHVE HHQ
KXPDQ DQG DQP DO KHDOK VHARY 7KHWH EDUIHY HOGFW EWRDGHU
VRARHFRQRP IF  YX@HDELMHY DQG  LOWIMMRQDO FROMDIQW 7KLY \WXG\
WHHRWH H DP LOHV GHWAP LODQW LQIOXHQFALQ) FDLH VHHNLQ) EHKDYLIRXU DQG
FRP P XQIW Z LGIQJ QHW R SD\ |RUWDELHV SURSK\ @) LV

0 HIKRGR®RI\ $ P L[ HG P HWRGV WXG\ ZDV FRQGXPWG LQ $ERP H &DDYL
DQG &RRQRX %HQQ 7KH TXDQWMYH FRP SROHOMOQFOXGHG KRXVHKR@V
IQYROLQ) D@ DYDIME®! KHDOK SWRYIGHYW DQG EMM YIFWP V IGHQWIHG [LRP
KHDOM DQG YHWUQDY HFRWGY +RXVHKR@V Z HH VHBRWG XVQU VE R \WRJ H
FOOMMU VOP SO ' DWW ZHH DQDOVHG XVIQJ GHVFUSWH WIDMRMEY &KL
VIXDIH WWV  DQG P XGWDUDM @RIME HIIHWRQ S VR LGHOW\
IDFRWY/ 1O OXHQFLQ)  WDELHV SUHYHQURQ NQRZ BIGIH  FDUH VHHNLQ)  EHKDYLRXU
DQG GRJ YDFFLQDARQ



7KH TXDIMDAYH FRP SROHQMOQYROYHG [RXUJURXSV ELW YIFWP V' GRJ RZ QHW/
KXP DQ KHDOM SWRYIGHY DQG YHWUQDY WBII 7ZR IRFXV JWRXSV ZHH
FRQGXFWG SHU FRP P XQW RQH ZIW EMA YIFWP V DQG GRJ RZ QHW
SDUFSDQW DQG RQH ZIW KHDOM  SWRYIGHW SDUAFLSDQW
FRP SGP HOMG E\ LQGLYLGXDO IQMMHZY 4 XDIMMYH GDD ZHH DQDO] HG
WUWRXIK WHP DWF FROMOWDQDOMY XMQJ 1YIYR  : LEXQUQHW VR SD\ IRU
KXP DQ SRWAH SRVXUH SIRSK\ @] LV 3(3 DQG GRJ YDFFLODARQ Z DV DWHWHG

XMQJ WKH FRQWOQJI HOWYDOXDWRQ P HKRG

5HVXQAV 7KH WXG WRZHG VOWDARUY WEIHY NQRZGIGIH DP RQJ

UHVSRQGHOW DQG VHUYLFH SWRYIGHY EXWRQO IX@® P DAMHG
SUHYHOWH P HDVXUHV  ZKIFK ZDV VJQUIFDQW DWRFIDMG Z WK HGXFDARQ
$25 S 7KRWH Z W JRRG NQRZ ®IGIH DOR GHP ROMDMG

DSSIRSUDM DWIXGHY DQG SWDPAFHY DQG P RW GRJ RZQHWY HSRUMG
YDFFLQDWQJ WKHUDQIP DY

$1WU DQLP DOELWY Rl YIPWP V GIG QRWFRQVX@VIRWP DOKHDMK VHUYLFHV
SDUAEX@WD 1Q $ERP H &DDMYL VRRN QR DPWRQ DQG HIHG RQ
WDGIMRQDOWHDP HQW  &DUH VHHNIQI EHKDYIRXU Z DV LlQIOHQFHG E\  LOFRP H
$25 UW SHUFHSWRQ $25 DQG @YIQJ HQYLLRQP HQW $25
6LP LU DAWRFIDMRQV Z HH REVHYHG |RU GRJ YDFFLQDWRQ  SDUAFX@UD
DP RQJ KRXVHKR@V RZQQJ GRIV 4 XDOVMYH GDVD KL K@ KWG EDUIHY R
FDIH LOFXGIQI KLJK FRWY Rl YDFFIQHV DQG 3(3 JHRIWSKIF FROMDIQW
UHIDQFH RQ WDGIMRQDO WHDW HQW QP WG FRP P XQIFDARQ DQG  Z HDN
FRRUGLODARQ EHVE HHQ KXP DQ DQG DQLP DOKHDOK, VHRVRL/

' HVSIW WHVH FRQMWMDIQW ZHH ZIaQJ W SD IRU KXP DQ SRWV/
H SRVXWH SWRSK\ @ LV DQG IRUGRJ YDFFIQDARQ Z W Z LGXQJ QHW \R
SD KUKHU IQ &RWRQRX HVSHAD® ZKHQ DYDIMELMN DQG DFFHWIELOW Rl
VHUFHV Z HH [P SLRYHG

&RQFOXMRQ 2 XV@RRN 5DELHV SUHYHOMRQ GHSHQGV RQ DZ DUIHQHW [ LQDQFLDO
DQG JHRJWDSKLF DFFHWIELDNV  6WHQI KHQLQI) DFFHW VR FDUH  YDFFLOH VXSS®
DQG 2 QH + HDOK FRRUBLODWRQ FDQ HGXFH H SRVXWH P SURYH FDUH VHHNIQJ
DQG DFFHBLDM SLRI UHW VRZ DUG HIP LODWRQ QDWRQZ LGH LQ DQ HTXIWVBE®! DQG
VXWELQDE®! P DQQHUI RUSXEQE KHDMK

. H Z RUGV 5DELHV + HDOK VHHNLQ) EHKDYIRU : LGDQJ QHW VR SDv 2 QH + HDOK
%QAQ



5LGKLZDQL + 0DQ\XWLe =XKXUD ,GG .LPHUD¢
(VWKHU * LPADOMVILURX %ROQJBKHQQHG)\ .ZDVL
OXKLPELOL 8QLYHUVLW\ RI +HDOWK DQG $0
1RJXFKL OHPRULDO ,QVWLWXWH IRU OHGLFELC
7KH 1HOVRQ ODQGHOD $IULFDQ ,QVWLWXWH
7DQ]DQLD
&HQWUH 6XLVVH GH 5HFKHUFKHYVY 6FLHQWLII
YDFNJ LIRXQG 2 EMIPYHV  5DELHV SUHYHQARQ WHTXILHV WP HO  FRRUGIQDARQ
DP RQJ KHD®K FDUH SURIHWIRQDEY DFLRW KXP DQ DQG DQLP DOKHDOM, VHRVRL/
DQG P RELGIEDVHG FRRWGIODARQ 0 %& FRX@ WIHDP @QH P XOAGLVFLS@ODY
FRADERWDARQ 1Q , @@ 0 XQIFISDAW ' DUHV 6D@DP  7DQ] DD Z KIB WHUH LV
@QP WG HYLGHQFH RQ WH DFFHSVEELOW DQG | HDVIELOW RI 0 %€ |RUFLRW VHRRU
WDELHV SUHYHOMRQ DP RQJ KHDOMFDUH SLRIHWIRQDY 1Q WKLY VHWMQI 7KXV WKLY
WXG DPPV VR DAHW WH DFFHSVEELON DQG IHDMELDW Rl P REL® EDVHG
FRRUGIQDARQ DP RQJ KHDOK SURIHWIRQDY LQ WKH KXP DQ DQG DQLP DOVHRVRW/
1Q , @D 0 XQIFISDOW D GHQVHO SRSXMWG XUEDQ DUHD Z I RYHU GRIV
D P DNRUUWN YHRPVRUI RUWDELHY WDQVP DMRQ

0 HKRGR®J\ $ FIRW VHFMRQDOWXG XMQJ D P [ HG P HWRG DSSURDFK
Z DV FRQGXPWG ILIRP  6HSWP EHU\R 1 RYHP EHU 4 XDOWRMYH GDVID Z DV
FROFWG XMQJ WH . RER VRRER] WHQ WDQVHUHG R 0 LFRVRIW([ FHO
FODQHG DQG DQDO] HG XVIQJ 6366 YHMRQ ~ 6HTXHQADM TXDOVDAYH GDVD
ILRP 1QGHSW LOMXHZV DQG IRFXV JUIRXS GIVFXWIRQV ZHH FRGFWMG R
KDYH FRP SGP HOBU LQIRWP DARQ RQ 0 %& DQG WHQ WH Z HH WKHP DAFD@
DQDO] HG DQG SUHVHOMG 1Q TXRVMRQV 7KH TXDIMDAYH DQDOWY Z DV
FRQGXFWG \R LGHQW\ UHFXUWIQI WHP HY DQG IO KW UHDWG VR 0 %8 Z LWK
TXRVIMRQV XVHG VR LONADM NH 1LQGLQIV



5HVXQV $P RQJ WH  KHDOMFDUH SLRIHWIRQDY Z KR SDUAFLSDWG

KDG D SRUMKYH SHIFHSWRQ Rl 0% : KI® DD UHVSRQGHOW
DFNQRZ B1GJ HG LW SRWIQWDOWR [P SLRYH LQIRWP DMRQ VKDUQJ  RQD

ZHH SRUMIYH DERXWXVQ) P RELG WIFKQR®RJ\ 1Q WHU ZRWIN . H EDUIHY
FIWG LOFOXGHG GL] V2O LAWADR SRRU 1Ol (DWXPXH DQG
ZRW RYHURDG 4 XDDDAYH  1IQGEIQIV  KLIKQKWG  DGGMRQDO
FKDEDIQJ HV VXFK DV D @FN RI | LODQFLDOVXSSRUMRU P RELG! FRP P XQIFDARQ
SRIA FROMDIOW DQG LQDGHTXDM WDIQIQJ  3DUAFISDQW DOR H SUIHWHG
FRQFHUQV DERXWMAIP D @P WG FRADERUDMRQ EHVE HHQ KXP DQ DQG DQIP DO
KHDOM SWRIHWMRQDY DQG GUILFXGAHV 1Q DFFHWIQ] UHIDE®! QHVERWN
FRYH.DU H

&RQFOXMRQ 0 % FRXE KHS LQIRWP DARQ VKDUQJ DFLRW VHRRWY/ EXWP DQ\

SURIHWIRQDY UHP DLQ FDXWRXV DERXWGDLO XVH &KDEHQIHV VXFK DV GLJ MBO
MDA ZHDN IQIDWKPXWIH KUK ZRINGRDGV  @P WG IXQGIQJ SRR

KXWGON DQG LQDGHTXDW WDIQIQ) ZHH WHSRUMG FRQFHOQV 7R P SLRYH
WDEIHV SUHYHOMRQ FRADERIDMRQ WIRXJK DQ IOWMGLMASAODY  RQH KHDOK
DSSWRDFK  WKH IRFXV P XWEH RQ EXI@GHQJ GLJMIOWN@Y HIDE®! QHVE RWN
DFFHW DQG VXSSRUMYH SRAFLHV | RUP REL®I FRP P XQIFDWRQ

.HZRUWV B5DEIHV OREI® FRRWGIOOWRQ 2QH +HDOK  $FFHSVEELOW
) HDVELOW



'RQQD /DFLQD 6RMRGLR %D\D %.PXDNLLQ +HLW] 7RN
(VWKHU *ZDH .LPDRRLD ,Y\ OH®DOKLURX %RQIRK
8QLYHUVLW\ RI )pOL[ +RXSKRXsW %RLJQ\ &{WH ¢
&HQWUH 6XLVVH GH 5HFKHUFKHV 6FLHQWLILTXH
1HOVRQ ODQGHOD $IULFDQ ,QVWLWXWLRQ RI 6FL
7DQ]DQLD
1RJXFKL OHPRULDO ,QVWLWXWH IRU OHGLFDO 5H

YDFNJ LIRXQG 2 EMIPYHV  3RRU KDQGMY DQG VDQMMRQ SWAWFHV  [1Q
DEDAMRLLYY SRVH WLJ QULFDQWWKUHDV VR KXP DQ DQIP DO DQG HQYLLRQP HQMDO
KHDOK 7KH ,YRUDQ JRYH.QP HOW KDV LOWMIXWG UHI XOMRQV SURKLEMOQU

SWDPWFHY WDWFRP SURP LVH VDQVY  WEQGDLGY Z IWLQ IW DEDWRLLY ,Q

WH 3RUMRXSWDEDWRIU Z DV LHOQRYDMG VR [P SLIRYH IWVDQMIY  \WBQGDUGY

' HVSIW WHVH LHOQRYDARQV \WH | DFLOW UHP DLQV FKDUDAWMU] HG E\ SHOMMQW
VDQMIY  GH LFIHQALHV DQG VXEVWBQGDLG K\ J IHQH SLIRRFRY LOFOXGIQJ [P SLIRSHU
Z DWHM P DQDJ HP HQW IRXORGRWY W QDQWILDLQZ DWAU DQG WKH SUHVHQFH Rl

YDURXV DUMIRSRG YHARWY/ 7KLV WXG DIP HG VR IGHQAIN WH |DRVRY/

FROQMEXWQJ VR SHOAMWWMQYWWXEWRQGDLG VDQWIY  SWDRAFHY DWWH 3SRUARXsW
CEDWRLU

0 HIKRGRM®RJ\ 4 XDDMDWYH P HWRGR®RJ\ EXIOV DIRXQG VHP LMAKPXUHG
IOMXYHZ V  GILHFWREVHUYDARQV DQG GRFXP HQY UHVHDUFK Z DV XVHG  7KH
SUQFIS®! Rl GMFRXUH VDXUDARQ ZDV XVHG DV D \VDP S WIFKQITXH
OQMIYLHZ IXIGHV ZHH VHOW R DARY/ GIYIGHG IQR  FDWIRUHV
YHMUQDUDQVY ~ EXWKHY  DQPP DOVHEBLY  MOXJIKWHG EHH FODOHY
UHDXUDWX LY/ K\JIHQH RIILFHU DQG PXWRP HY  $Q  LQGXPWYH
P HWMRGRM®J\ Z W WSRERJ LFDODQDOWY Z DV XVHG VR DQDO] H WH GDVID



5HVXQV 7KHWXG\ LQGIFDWY WDWSHIAMMQAMQVDQMEY  SUDPAFHY UHVX@M URP
DQ IQMSM R RWDAQ] DMRQDO FXGXWDO DQG EHKDYIRWO IDARY/  $W\WKH
RU DQJ DWRQDO GIYHO WKHVH SWDPAFHY UHVXAVILRP  MXRMLDO FRWADIQW
LQUXIILFLHQNV QYHWRFN  KRGEQ) FDSDFIW  LQDGHTXDR\ Rl VDXJ KWAUQU
LI IDWAKPWWH VR P HHW GDI® P HDWGHP DQG D @FN Rl FRP P XQIFDMRQ
EHVE HHQ KHDOK DXWRUMHY DQG Z RINHY DV Z HIDDV LQVXI | LFHOAMDIQIQ) RQ

LGHN LQJ DQG P DRI QI KHDOK UMNV

$WWH FXOXWDOBIYHO WH DUH LIRRWG 1Q UWN SHIFHSWRQV 7KHWH LV D JDS
EHVE HHQ SHUFHYHG DQG DRWDO UMNV D P LQIP I DMARQ R WKH GDQIHU R
KXPDQV DQG D EHIH WDW SUHSDUIDARQ DQG FRRNIQJI DWH VXIILFLHQW VR
QHXWDQ H KHDOK KD DGV $GGIMRQD®  11QDQFIDO DQG  VRAIDO UVNV  DUH
FROVIGHIHG P RUH XUW HQWDQG P RUH SIMWMQI VKDQ KHDMK VNV

$WWH EHKDYLRWDO GIYHO DRVRY/ GHYHRS DGDSVMRQ VWDWAIIHV EDVHG RQ
QHJ RUDARQ DQG UMN DFFHSVBQRH LDWHUWKDQ HIP LODARQ 6RP H VHHN VR QP W
WH HIHFW R UMWV WWRXJK FROARO SUDRWFHV WHIX@U FODQQ R
HOFRVXUHV |HHGLQI DQG WHDWQJ MIFN DQIP DY Z KB RWKHY FRQMEXW \R
WH FUDARQ Rl QHZ UMNV WILRXJ K SUDPWFHV VXFK DV FRUXSWRQ E\ SDMQJ

RI | LFLDOFKDQOHY  FOXQGHWAQH VIDXJ KWURUMIDXJ KWUQD 1Q Z DWM

&RQFOXMRQ 2 XVERRN 7KLV WXG\ VKRZ V KDWRU DQ] DMRQDO FXOXLDO DQG

EHKDYLRUDOI DFVRYY LOWDRWYR J HOHUDW XQVDQLBY  SUDPWFHY Z LWKLOQ WKH 3RV

YRXSWDEDMRLU 7KH SRVH D 2 QH +HDOM SLIREGP DV WH P XOBOHRX\VO®

WUHDWMQ KXP DQ DQIP DO DQG HOYILRQP HQBOKHDOK, $QG DV WH  FROWIMWM

DV WHP LF UMN WLV WXG\ VXJJHW \R

«  7WDIQ DEDWRLLY: DPVRY/ RQ WH UHDOKHD®K UVNV DWRFLDIMG Z IWK KH
LOVDQMMRQ SUDPWFHV

« 5HDQ H SWDPAFDOWXGLHV Z W DQLP DOVHIBY RQ LHFRI QL] LQJ KHDOK UVNV
IRUDQLP DY

« 2WDQJ HZRWWKRSY HHY V] P RQWYV VR VKDUH LQIRUP DARQ RQ KXP DQ
DQG DQLP DOGLVHDVHV LGHQW LHG Z IWKLQ WH DEDMRLU

« 3URGXFHHFRQRP LF JRRGV ILRP DEDWRLUZ DWWZ DU

«  5HA F®I DQG UHXVH Z DWMZ DWAULQ WH DEDWRLUSURGXPURQ A WP

. H\ZRUWGV ,QVDQMIMRQ SWDRWFHY KHDOK UWNV 2 QH + HDOK DEDAWMRLU
SRUAMARXSW



OELDOD 9%GDGL 1BPWXPED ..LPDUR (6DLOD 1JLWD *
QVWLWXW 2QH +HDOWK SRXU O-$IULTXH 8QLYH!
Y)DEFXOW\ Rl 9HWHULQDU\ OHGHFLQH 8QLYHUVLW
1HOVRQ ODQGHOD $IULFDQ ,QVWLWXWLRQ RI 6FL
7DQ]DQLD
&HQWUDO 9HWHULQDU\ /DERUDWRU\ .LQVKDVD

YDFNJ LRXQG 2 EMIPAYHY 4 XDOW ZDWMU VFDUAW IV D J@REDO FKDIBIQIH
QHFHWIVMQJ Z DMU UHXVH LQ DI UFX@XH DQG LQGXWA  SDUARX@UD 1Q XUEDQ
DUHDV 7KLV P XGMDFHWG IWXH LHTXLWHV D P XOWHRVRWDODSSIRDFK ,Q P DQ\
$1UFDQ FIMHV Z DWLERUQH GIVHDVHY UHP DIQ D P DVRUFRQFHUD Z KHUH DFFHW R
VDIH GUONQJ ZDWU DQG VDQMMRQ LV QP MG ,Q . LOKDWD  WYHMGH
FRP P XQMHV UHO RQ VXUDFH Z DWU IRU GRP HWIF DQG HFRQRP LF DRWIVHY
SRWQMD® H SRUQ] WHP VR HOWUFE SDMRIHQV 7KH ) XQD 5LYHU |@RZ LQU
WURXJK GHQVH® SRSXMWG DUV UHFHLYHV VXEWBQWDOMRDGY Rl | DHFDODQG
HQYLLRQP HQWO ZDWM 7KLV WXG\ DWHWHG ( QMREDAMUD UW DQG XVHU
SHUFHSVRQ UHI DUBLQJ ) XQD 5LYHU Z DWAU XVIQJ D 4 XDOWIMYH 0 LFURELDOS VN
$WHAWP HQW 405$% DQG VRFIRRILFDO VXUrH V WR LQIRWP SXEQF KHDOK

LOWMUYHQWRQV

0 HMRGR®J\ $ GHVFUSWYH FIRW VHPARQDOWXG\ Z DV FRQGXPMG 1Q WH
) XQD 5LYHUYDEDA Q. IQWKDWD ' 5& : HDQDO] HG  ZDMUVDP SGV ILRP |
VWDWA LIF VWAV GXUQJ GU DQG WDIQ\ VHDVRQV : H IVROWAG ( FRQ. 6D® RQHID
VSS . GEMHID \VSS  3LRWXV \SS  3LRYIGHQAD VSS  DQG 3VHXGRP RQDV \SS
XVIQI WBQGDUG FXOXUH P HIKRGY RQ 0 DF&RONH 66 DIDU (0 % DQG 7%
P HGID



7KH WXG IQFOGHG D VSDADO FKDWDRWMU] DMRQ Rl WKH KXP D DQIP D@
HOYILRQP HOWIQMUDFH XVIQJ D * HRIWSKIF ,QIRWP DARQ 6\\WWP  * .6 DQG
YIVXDO REVHUDMRQ  : H VXUMH HG IQGLYIGXDY XVIQJ) WH WYHU IRU
KRXVHKR@G QHHGV JDUEHQIQ! VDQG JDWHUQ)  DQG YHKLF®! Z DWKIQD $ QDOWY
IRFXVHG RQ VRFAR GHP RJWDSKIF FKDIDAMUMFY H SRVXIH FROQM W KD] DUG
NQRZ ®IGJH DQG UWN EHKDYIRW : H HWAP DWAG WH DQQXDOLQI HAMRQ UWN IRU
( FRQ DQG 6D® ROHM VS XVIQJ D EHV 3RMRQ GRVHE LHVSRQWH P RGHOZ WK
0 RQM &DUR MIP XOMRQV 6FHQDURV LOFOGHG EDMLQ) WLWIDWRQ DQG
ZDWKIQI XWIQUY RU YHKIFGN 6VIMMAMFDODQDOVHY Z HH SHURWP HG XVIQJ 5
VRIVE DUH

5HVXAV ) LOGIQIV IHYHDBIG FUMFDO SHIMMQM DHFDOFRQWP [QDARQ ( FRQ

2DV GFRWRWG 1Q R VOP SGV 0 HDQ &)8 P/ ZIWK R
WJ QU LFDOWMDVRQDOYDUDMRQ  LOGIFDWQJ  FKUIRQIF SRMWRQ 2 WHU EDRWAUD
VKRZ HG BZ HJ VSRWDGIF SIHYDBIOFH . GEMHIMD VS SLRYIGHOFID VS

SLRWXV VS 6D® RQHMDVS DQG 3VHXGRP RQDV Vs

4 XDQAWDAYH 0 LFURELDO 51N $WHWP HQW LHVXQV  LQGLIFDWG  WWDW
H SRVHG SRSXOMRQV IDFH DQ DQQXDO ( FRQ LQHPMRQ SUREDELOW
DSSURDFKLQJ XQGHU FHWDIQ VFHQDURV ZIWK D SUWREDEIOV R
LAHW 7KH VXUH VKRZ HG WDWZ KL Rl XVHY/ UHFRJ Q] HG KHDOK UVNV
RYHU FROAQXHG VR GLVSRVH Rl Z DWM LOFOXGIQI KXP DQ H FUAVD GLLHAVD
LOR WH UYHU 7KLV KLJK@ KW KRZ VRFR HFRQRP LF FROWDIQW DQG @FN RI
L IDVWAKPUH GUYH HQYLLRQP HQVBOEHKDYLRW/

&RQFOXVIRQ 7KH ) XQD 5LYHULY VHYHIHO FRQUP LQDWG Z W P LFURRU DQLVP V
SUHGRP LODQW) ( FRQ H SRVIQJ WYHUAGH SRSX@MRQV VR KLIK KHDOM UWN
" HVSIW UHFRJQMRQ Rl WH GDQIHU REVHUYHG EHKDYLIRW/ FRQMEXWM VR \WH
SHMMMQFH Rl SRXMRQ  7KHVH UHVXOV KLIK@ KWWH QHHG VR VWHQI WHQ
P LFUREIR®JLFDO P RQMRUQJ P SLIRYH VDQVIMRQ DQG DGRSW LOWI LDMG
LOWMUYHQUWRQV DEDSWG VR WWKH GRFDOFRQM W

. HHZRUWV : DIMERWH GMDVHV UMN  Z DWUUHXVH UWN . LOVKDVD



+XJXHVDSD\D ODNLQX,U +HQRFK ODNXPEXKHU .RIIL <
.DEHGL .DEHEDSKLQ 3KDQIXQDWROH .LEZRGK 1DSSEL
'LDIXND 6DLOD 1JLWD
8QLYHUVLWp GH .LQVKDVD 5pSXEOLTXH 'pPRFUI
7XIWV 8QLYHUVLW\ 0% 86%
3URMHW VXU O XOFqUH GH %XUXOL HW OHV PDO
,QWHUQDWLRQDO $ELGMDQ &RWH G-,YRLUH
&HQWUH 6XLVVH GH 5HFKHUFKHYV 6FLHQWLILTXH
G-,YRLUH
,QVWLWXW 1DWLRQDO GHV SHFKHUFKH %LRPpGL
GX &RQJR
$, SHVHDUFK (QJLQHHU &RQJR 7HFK 3DPRMD 8§,
‘PPRFUDWLTXH GX &RQJR
,QVWLWXW OpGLFDO (YDQJHOLTXH ,0( GH .LPSF
‘pPPRFUDWLTXH GX &RQJR
&HQWUH GH UpIpUHQFH GHY 0DODGLHV 7URSLFD
30DLHV &KURQLTXHV GH O-,0( .LPSHVH &503&,
GX &RQJR
6RFLHWp &RQJRODLVH GHV 30DLHV HW &LFDWUL
'‘PPRFUDWLTXH GX &RQJR
'LYLVLRQ 3URYLQFLDOH GH 6DQWp 3URYLQFH .:,
GX &RQJR

YDFNJ LRXQG 2 EMIPAYHY  9KX@ X®HU LHSUHVHOW D P DNRU SXEQF KHDOK
DVXH 1Q WH ' HP RAUDAF 5HSXEQF Rl &RQIR GXH VR W WLJ QU LFDQWKHDIK
VRFLDO DQG HFRQRP LE FRQVHT XHQFHV RQ DI | HAMG KRXVHKR@V ,Q WKH DEVHQFH
Rl H I HAWYH [ LODQFLDOSIRWIPARQ P HFKDQIVP V' SDAHQW DQG WH.U I DP LOHV DUH
H SRVHG VR D KLJK UW Rl FDEWARSKIE KHDOM H SHQGIWMUHV &+(  ZKIFK
PD IXUMHU GHHSHQ SRYHW DQG QP IWDFFHW VR KHDOKFDUH 7KLV WXG\
DQDO] HG WH GHWAP LODQW Rl &+ ( DQG KHDOKFDUH VHHNLQD SDWZ D\ V DP RQJ



IXKQXEHUSDAHQW  Z KL DWHWIQI DWRFIDWAG VRAIRHFRQRP LF LOHT XDDWHYV
WUWRXIK D P If HG P HWMRGV DSSWRDFK FRP ELQIQI TXDQWIMYH DQG TXDIVMVIYH

DQDOVHV

5HVXQV 7KH ILQGIQIV UHYHDOD KLIK SUHYDBIQFH Rl &+ ( LQGIFDAQ)
VXEVWBQUWDO! LODQFLDOYX@HDELOW DP RQJ KRXVHKR@V 0 XOWDUDW DQDOMY
IGHQW LHG Z HDOK WIVXV 2 5 GHD\ 1Q VHHNIQJ FDIH 25

DQG KRXVHKR@ ] H 25 DV WH P DIQ WLJ QU LFDQWGHWLP LODQW R
&+( )XUMHP RIH GHD\HG KHDOMFDUIHVHHNLQ) ZDV HWP DMG DW

P DIQO H SMIQHG E\ GIVHDVH NQRZ BIGIH 25 WDGIMRQDOEHIHV 25
DQG ELRP HGLFDOAKW/2 5

( FRORP HWIF DQDOMY XVIQJ : DI GHFRP SRVMRQ VKRZ \ VIKDWLOHT XDOMHY
IQ &+( DWH SUP DU® GUYHQ E\ GHD\ 1Q VHHNIQJ FDWH IRCRZ HG E\

Z HDOK WXV VRFLDO VXSSRUWV DQG GIVHDVH WRU H 2 WHU
YDUDEGN LOFOXGLQ) HGXFDMRQ GIYHO GMHDVH GXUMRQ DQG GIMEQFH R
KHDOK IDFLOAHV FRQMEXW P DUIOD® 6P AW GHFRP SRMMRQ Rl

KHDOKFDUH VHHNLQ) GHWALP LODQW LOGLFDWAY WDWNQRZ BIGI H WDGIMRQDO
EHIHV DQG ®Z ELRP HGLFDOWKWW/ DIH NH\ GUYHY 4 XDOVDAYH
IQGIQIV KL K@ KW WKDW GHD\ V 1Q KHDOKFDIH VHHNIQI DUH LQIOXHQFHG E\

FXOXWOIDAVRY XVH Rl WDGIMRQDOKHDBLY  HFRQRP IF FROWDIQV FRWRI

FDIH DQG JHRJWSKIF EDWHY GMBQFH ODGIQJ VR GIVHDVH SIRIUHWIRQ
DQG LOFUHDVHG KHDOKFDUH FRW

&RQFOXVIRQ 2 XVERRN & DIMARSKLE KHDOK H SHQGIWUHV DP RQJ XK@ XFHU
SDAHQW UHVXOMRP D FRP S®f LOWDFWRQ EHVE HHQ HFRQRP LE YX@HUDELDW
KHDOMFDUH VHHNLQ)  EHKDYIRU  DQG VKPWWDO EDUIHY VR DFFHW  7KHWH
IIQGEQIV XQGHUFRIH WH QHG VR WHUWHQ 1LQDQFIDO SLIRWPMRQ
P HFKDQMP V SURP Rl HDU® KHDOMFDUH XW@D DARQ DQG [P SURYH J HRJ WDSKLF
DFFHVMLELDW VR UHGXFH KHDOM LOHT XDDAHY

. HZRWGY %XWKQ XEGHU &DWMARSKIF KHDOK VSHQGIQJ  + HDOMK LOHT XDOWMHY
: DOWIIT GHFRP SRVMMRQ &DIHSDWWZ DV ' HP RFUDWF 5HSXEQF Rl &RQIR



' DVD 6FLHQFH 6VVIMMEV DQG 0 RGHDQJ

' 660
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%UXQR ( /RNROREKDUG % $PSHOLH &DLOOHDX
'DQLHO 7 +D\GYVLURX %RQIRK
8QLYHUVLWp G $ERPH\ &DODYL &RWRQRX %
&HQWUH 6XLVVH GH 5HFKHUFKHV 6FLHQWLIL
8QLYHUVLW\ Rl *ODVJRZ *ODVJRZ 8QLWHG

YDFNJ LRXQG 7KH JWRZLQJ EXUWEHQ RI KHDOM WUHDW 1Q $IUFD UWHTXUHV
LREXWW DQDOWFDO 1WDP HZ RNV WDW LOMIUDW GDW VFIHQFH  \WIMXMFDO
P RGHIQ DQG P DFKIQH GDUQLQ) Z IWKLQ D 2 QH + HDOK SHWSHAWYH 7KH 73
' 660 ' DV 6FIHQFH 6VIMMAFRY DQG 0 RGHAQJ LV D FRUIH FRP SROHQWRI WKH
$IUTXH 2 QH5($&+ SHVHDUK ([ FHEPIQFH 1RU$UFDQ &KDIBHQI HV LQ + HDOK

FRORUAKP : IIQ WKLV IWDP HZRWN ' 660 DGGUHWHY FUWFDO JDSV 1Q
DQDOWFDOFDSDAW Z KI® DGYDQFLQJ P RGHAQI DSSAFDARQV RQ KHDOK UMNV
DWKXP DQ DQLP DO DQG HQYLLRQP HQVOLQWAU DFH | RUGHFIMIRQ P DNLQJ

0 HMRGR@RJ\ 73 ' 660 DGRSW D FRP SUHKHOMYH [HIRZV DQG LOWIMWRQY
GHP DQG GUYHQ DSSWRDFK FRP ELQIQ) FDSDFAIW WHQIWHQLQ) DQG DSSAHG
P RGHIQ $PAMMHV LOFOXGH L GDVID TXDOW DWXWDQFH WIRXJK WHYIHZ R

WXG\ GHVLJQV YDUDEGN DQG DQDOWFDOWDMI IHV L WDIQIQ) DQG WFKQLFDO
VXSSRUMQ WIMMFDODQDOWY DQG P RGHIQ) WFKQITXHV



DQG L FREDERWDWYH P RGHIQ) H HUFVHY VLGRUHG R [HERZ V- UIHVHDUFK DQG
IOMMARQY VADMIIF QHHGY  &DSDAIW  GHYH®RSP HOWLY GHIYHIHG WURXJK
ZHN® ZRWWKRSV DQG RQIOH WDIQIQ) VHWIRQV FRP SOP HOMG E\
LQGLYLGXDOVXSHYIMRQ DQG Z HHNO® “RITLFH KRXU/L | RUFRQUOXRXY VXSSRUV,Q
SDID@IO ' 660 FRQGXAMG DSSAHG UWHHDUFK XMIQ) WRFKDWE HSIGHP LF

P RGHIQ P DFKIOH GDUIQI EDVHG UWN P DSSIQJ  DQG VA VWP DAE HYLGHQFH
VA QIKHVLY RQ SURUW KHDOK \KUHDW

5 HVXQV
&DSDFIW 6WHQI WMHQLQJ 2 XVERP HV

' 660 SWRYIGHV FRP SUHKHOVLYH DQDOWFDO VXSSRUV VR RYHU | HERZ V
FRYHUQ) WXG\ GHVJQ GDW P DQDIHP HQW WIMMMFDO WAMGQJ  UHI LHWWIRQ
PRGHIQ DQG P DOXVFUSW GHYHIRSP HQW 6XSSRUMG P HWRGV LOFOXGH
@®RIIMF HIUHWMRQ FKLVTXDUH WIWIQJ  3RMRQ UHIUHMWWRQ DQG DGYDQFHG
PRGHIQ ZRWN®ZV 7KH QXP EHU Rl IHIRZV VXSSRUMG KDV LQFUHDVHG
VXEWDQADE@ RYHUMP H UMQJ ILRP 1Q WRRYHU VR GDM

$ SSAHG P RGHMQJ DQG $, LQVLI KW

$SSAHG P RGHMQJ DRWYIHY J HOHIDWG NH\ LOVLI KW DFLRW GIVHDVH VA WP V/
) RU (ER® GIMHDVH WRFKDWF HSIGHP LIF P RGHAXQJ FRP ELQHG Z IMK 98\ HVIDQ
QI HHOFH GHP ROMDWG \KDW P DB VXUMYRU UHFRYHY G\ QDP IFV VARQI®
LI OXHQFH RXVEUHDN UHFXUHOFH  Z WK (RZ HU UHFRYHY (DM DWRFLDMG Z LWK

LOFUHDVHG KXP DQ GUYHQ WDQVP MMRQ

YRU+LIK® 3DMRIHQF $YIDQ ,QOHY D +3%, UW LQ : HWSIUFD P DFKIQH
®DURIQ) EDVHG VSDUR WP SRWDOP RGHIQJ LGHQW HG DQWURSRI HAF GUYHW/
SRRU FRP SHOQVDWRQ SDUAEXMW SRSXMARQ GHMW DQG SWR[ [P IW R
P DINHW DV P DRUGHWMP LODQW Rl +3$, UW 1Q: HW\IUFD 7KH FRDWIODQG
SHULXUEDQ DUHDV 1Q 1LJHUD %HQQ * KDQD 7RIJR DQG &{W G,YRUH ZHH
FROVMMQD LGHQAILHG DV WKH ] RQHV RI KLJTK UWN

$ V\\VWP DAF UHYIHZ Rl $, DSSQFDARQV LQ 2 QH + HDOM UHVHDUFK DFLRW 6XE
6DKDLDQ $IUFD WHYHDBIG LOFLHDVMIQ) DGRSWRQ Rl P DFKIQH  ®DUQIQ)
DSSWRDFKHV DERQIMGH SHIMMMQWI DSV 1Q FRP SXVIMRQDOLQ IDWKFMUH GDVD
JRYHUQDQFH DQG DYDLDELDV Rl WDLQHG VSHADDW LQ : VWS | UFD



&RQFOXVIRQV 2 XVARRN ,QMJ IDAQ)  FDSDAW VWHQIWHQIQ) Z WK DGYDQFHG
P RGHIQJ DSSWRDFKHY HQDEGN WH JHOHDARQ Rl DPURQDE®! LOWIKW IRU
GIMHDVH SIHYHOMRQ DQG FRQWRO $V SDUWRI $IUTXH 2 QH5($&+ ' 660

GHP ROWDWY KRZ VLI HWIG DQDO®WFDOVXSSRUAFDQ HQKDQFH UHVHDURK TXDOW
DQG GUYH VAHOWIF IQQRYDARQ $GGIHWIQJ  SHMWMOQW JDSV  1Q
LN IDWAKPWUH GDVID VW WP V' DQG KXP DQ FDSDFIW Z LGEH HWHQUDOWR | X@
KDUDHW WH SRWQMDO Rl $, DQG P RGHAQY 1Q $IUFD  6WHQIWHQIQ

IOMGLMVASAODY FRADERDARQ DQG VDI WOIQLQ) [QMDWYHY Z LGEH FUMFDO
IRU DGYDQFIQ) HVIGHQFHEDVHG SRAIAP DN DQG  LP SIRYIQU  KHDOK
RXWRP HV 1 H WMMSV LOFOXGH P RGHIQJ ZRW RQ +3$, (ER® 5LW9DMA

IHYHU DQG RWHU LHONDQWGIMHDVH $ WHYIHZ RI P RGHAQJ WFKQITXHV DQG
HYDOXDARQ P HWIFV XVHG VR DWHW H I HFAYHOHW RI 2 QH + HDOK LOWAYHOWRQY
1Q $IUFD ZI®EH FRQGXFWMG 7KH FRWAH IHPMYHQHW DQG DGGHG YDOXH RI

LOMIYHOARQV [P SGP HOWMG E\ IHIRZV ZIEH DAWVHWHG $ FREDERWDAWYH
SWRSRVDOZ MK SRWERFV ILRP RWHU 773V ZI@EH GHYHRSHG 2 QH + HDOK
P RGHY Z L@EH GHYHBRSHG VR LQIRWP  HYLGHQFH EDVHG SRR\

.HZRWGY 2QH +HDOK ' D 6FIHOFH 6VIMMAMFDO 0 RGH@MQJ 0 DRKIQH
/ HDWIQJ  $ VA LFLDO, QWA HOFH & DSDAW 9XILABLQI  + HDOM $1UFD



1 RQ&RP P XQUFDE®H ' LVHDVHV 1 &' V
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JUDQFLY 6HQD 1X*BWKHQN-DQ +DWWHQGRUI
6XOEHLQ 7TRQWLH DQXWDK7 +DVAREHUW )RNRX
.HQQHG\ .ZDVL $GBRRE =LQVEWBPHQFH (VVH 'LE\
%DVVLURX %RQIRK
JULHGULFK /RHIIOHU ,QVWLWXW *HUPDQ\
6ZLVV TURSLFDO DQG 3XEOLF +HDOWK ,QVWLW
&HQWUH 6XLVVH GH 5HFKHUFKHV 6FLHQWLILTX
6FKRRO RI 1XUVLQJ DQSXDYEDVIHUN Rl *KDQD §
8QLYHUVLW\ RI *ODVJRZ *ODVJRZ 8.
1RIJXFKL OHPRULDO ,QVWLWXWH IRU OHGLFDO

,QWRGXPURQ ,QHPMRXV @QYHWRFN GMHDVHV UHP DIQ D P DVRU FROWADIQWR
SIRGXPWW IRRG VHFEXUW DQG IDPP HU ZHEHQJ DFIRW VXE2 6DKDUDQ
$IUFD ,Q * KDQD &RQVIILRXV YRYIOH 3GIXURSQHXP RQID DQG 3HWM GHV 3HAWV
5XP LQDQW KDYH EHHQ LGHQW LHG DV WH GIVHDVHV Z WK VIKH J UHDWAWVQHI DAH
P SDFW RQ KP LODQW SIRGXFURQ ' HVSIW WH DYDIDEION Rl HIHPAYH
YDFFIQHV XSVENH UHP DIQV ®Z GXH VR EDUIHWY 1Q DFFHW DIIRUWGDELOW DQG
VHMFH FRRUGIODWRQ ) RWP DWYH SDUAFISDRU  UHVHDURK  VXJJHWMG  WDW
@D HG IDPHJ SOMRWPPV ZKIFK RUDQJH IDPHY VRIHWHU DQG
FRRUGLODW YDFFLODWRQ VFKHGX®N VKDUH LQIRWP DARQ DQG SRROUHVRXUFHV
FRX@ DGGHW WHH FROMDIOW : H FRQGXPWG D FOMMU WDQGRP 1] HG
FROARGIG WIDO VR HYDOXDM WH HIHPAYHOHW Rl WHVWH SOWRWP V RQ
YDFFIQDARQ XSVENH  DOQWP IFLREIDO XVH  QYHWRFN GRWHV  DQG  IDWP HU
Z HEHQJ 1Q WUHH GMMFW 1Q * KDQD

0 HIKRGR®RJ\ )RUN M| FRP P XQUMHV FOMMY ZHH WQGRP I HG W
LOMYHMRQ RU FRQARO DWP V' $ERXWWQ KRXVHKRGV SHU FOMMU Z HH
HQUR@G DQG |RARZ HG DAEDVHIOH P ROV DQG P ROV



,Q LOMUYHOMRQ FRP P XQMHY VZ R WDIOHG GRFDOGDGHY HWEEQVKHG 1DP HU
SOWRPV VR FRRWGIQDM YDFFIQH LQIRWP DARQ H FKDQIH  VFKHGX®
YDFFIQDARQ VHYIFHV DQG VKDUH YDFFIQDARQ FRWY  $QDOVHV IRCRZ HG DQ
LOWQARQ VR WHDW DSSWRDFK XMQJ P L HGHIHFW P RGHY ZIW DQGRP
IOMIHSW IRU FOOWMY 7KH SUP DU RXWRP H ZDV @QYHWRFN YDFFLODWRQ
XSVONH DV P ROV 6HFRQGDU RXWFRP HV LQFOXGHG DQWP LFLRELDOXWH [Q
WH SDAWP RQK QYHWRFN RWHV RYHU P ROV DQG Z HEEHQI P HDVXUHG
XVQ) WH : +242/ 9%() DRIRW SK\MFDO SV FKR®RILFDO VRFIDO DQG

HQYLLRQP HQVBOGRP DIQV

5HVXQV $ VRVDORI REVHUYDMRQV Z HH FRGFWG DFLRW WKUHH VXUH
ZDYHV ZIW KRXVHKR@V FROQMEXWQ) HQGIOH GDW $W P ROKV
YDFFLQDARQ XSVNH Z DV VXEWBQUDE® KLIKHU 1Q LOMUHOMRQ FRP P XQMHV
7KH SUHGIPWG SUREDEIOW Rl YDFFIQDAQ) Z DV & 2 1Q WKH
LOMYHOARQ DP  YHW/XV & 2 IQ FROARY DGMWMG 25
&, 2 S / LYHWRFN RWHY Z HH LI QU LFDQWD
UHGXFHG LQ LOWMUYHOMRQ FRP P XQMHV SUHGIFWG SLREDELOW RI FRP SDUHG
Z W 1Q FROARY DGMWMG 2 5 &, 2 S
$QUWP IFLREIDO XVH P DIQHG ®Z 1Q ERW JWRXSV ZIW QR WLJQULFDQW
Gl HIHQFH DWHQG@OH 25 S © HEEHQJ VFRUAV Z HH P RGHWD

KLI KHULQ WH LOWMUYHOMRQ DP - P HDQ Gl I HUHQFH S

&RQFOMRQV 2 XVERRN 7KLY FRP P XQIW@®IG SOMRLP  [OMYHMRQ ®G R D
WLJ QU LFDQW LOFUHDVH 1Q  YDFFIQDWRQ XSVBNH DQG D P DINHG  LHGXPURQ [Q
QWHWRFN P RUBOW DV P ROWV 7KHVH 1LQGLQIV GHP RQWDW WDWERFDAD
FRRUGLODWG GHOYHY P RGHY FDQ LP SLRYH XW( DARQ Rl H MAQJ  YDFFLQHV 1Q
UHVRXUFH FROMDIOHG  VHMQIV  $OKRXJK QR HIHFW ZDV REVHYHG RQ
DOWP LFLRELDOXVH DQG Z HEEHQJ JDIQV ZHH P RGHW WH HYIGHQFH VKRZ V
WDWVXFK @RFDOGUYHQ LQMDAWYHY FDQ RYHUFRP H SHOMMQWGHP DQG  DQG
VXSS® VIGH EDUIHY VR QYHWRFN YDFFLODWRQ RIIHUD SWDIP DAF SDKZ D\ \R
WHQIWHQ SUHYHOWYH KHDOK VHUYLFH GHOYHY  DQG HQKDQFH KRXVHKRG
Z HEHQJ

CHZRWY 2QH +HDOM ,QHPMRXY QMHWRFN GIMDVHY 9 DFFLODMRQ
$ QWP LFLREIDOXVH : HEEHQJ 7 DQVGLVALS@QDY



<DR 'LGLHU .BRRLQ *HRUJHWWH (R@B@OHPHQFH
%DVVLURX %RQIRK
3URJUDPPH 1IDWLRQDO GH /XWWH FRQWUH O-8:
&XWDQpPpHV 8OFpUDWLYHY (QGpPLTXHV &{WH G
&HQWUH 6XLVVH GH 5HFKHUFKHV 6FLHQWLILTX
8QLYHUVLWp )pOL[ +RXSKRXsW %RLJQ\ $ELGM

,QWRGXPIRQ YDFNJ LRXQG 2 ENPAYHY 7 KH QXWIMRQDODQG HSIGHP LRARI LFDO
WDQVMRQ LV DFFHBADMQI P RYLQJ 1LRP WKH W H RI GHFQQIQJ 1DP LOH VR WDW
Rl QRQ FRP P XQIFDE®I GMHDVHY 1&' V EOONHG VR QXWIMRQ DQG FRXS®IG Z LUK

QI HPARXY GMHDVHV  ,Q WKLV P XOMDFHWAG HFR®J LFDO DQG  VRFIR HFRQRP LF
HQYLLRQP HQW WKH KHDOK Rl FKLGBUHQ DQG DERGMFHQW RFFXSLHV DQ P SRUBQW
SOFH 1O WH KHDOK \\WWP  7KH WIS®! EXUGHQ Rl P DIXWIMRQ  LOI HPARXY
GMDWMV DQG 1& V WHHY W WH FRH MMOFH Rl XQGHOXWMRQ

P IFIRQXWIHQW GHIIFIHOFIHV  RYHUDXWIMRQ DQG HQGHP IF DQG  HP HULQU

I HPMRQV  LOFOXGLQJ  DQWP LFURELDO UAMMBQFH 7R RYHUFRP H WHVH WUHH
SXEQF KHDOM SWREGPV FRQFHUMG DPMRQV \BUHMQ FKIGHQ DQG
DGRBVFHOW LQ UXUDODUHDV Rl &{ W G, YRILH KDYH EHFRP H D SURUW 7KH DIP

IV VR SLIRP RWM WH QHW®! R FKIGBUHQ DQG DGRBMFHOW VR LP SLRYH WHU
KHDOM DQG KHDOK\ DILQI WKURXJIK D FRKRUMQ WH 7DDER ' HP RJWDSKLF DQG
+ HDOM 6XUHADQFH 6\ WP +' 66

0 HWMRGR®J\ %DVHG RQ ZRUIWKRSV DQG LQMIHZV Z W WENHKRGHY VR
DWHW VIWDWRQ DQDOMY NHV DUHD P RWDIHAMG GDW FRGFURQ RQ
SUHYDBIQFH Rl KHDOM FRQGMRQ KHDOM UWN P DSSIQI VR GHWP LOH
LQI XHQFLQU I DFVRYY JHRJWDSKLE  VRFLDODQG HFRQRP LF



SHVXQV DQ LOMIWDMG LOMIYHOMRQ P RGHO GHYHRSHG VR EH \WMWMG
LOFRIBRIDAQ] KHDOK VA WP VWHQIWKHQLQ) DQG VHMFH LOWAT DG Z DWAU
K\ JIHQH DQG VDQMMRQ FRXS®! Z M HOYLLRQP HQWBO KHDOK P XGUGIVHDVH
P XOWHRAVRWDO EHKDYIRUDOFRP P XQIFDARQ  GIVHDVHV SUHYHOMRQ DQG FRQARO
SWRIWP V P DMUQDODQG FKL@ KHDMK [RFXV WDXP D DQG Z RXQG SUHYHOMRQ
DWRFLIDWG \R P RQMRUQI  HYDOXDWRQ DQG DGDSWYH GDLIQ) 7 KH UHVXAV Z LAD
P SIRYH FKIGUHQ DQG DGROMFHQW: KHDOM  ZIW EHMAU  FRIQMYH
GHYHRSP HOQWDQG D LHGXPURQ LQ RYHZ HJKW REHMW DQG 1&' V GIDEHWAV
DQG K\ SHIMOMRQ 7KH LHVXQOVIQ WH RQJ WP LV \WKH HWEEQKP HQWRI
LQGIFDVRY | RUKHDOK\ DI LQU

&RQFOXMRQV 2 XVBRRN ,Q WH FROM WRI DQ DFFHBADWQ) QXWIMRQDO DQG
HSIGHP [R®RJ LFDO WDQVIMRQ 1Q XWDO &{ W G, YRUH DGGLHMQI WH WS®i
EXWGHQ Rl P DIXWIMRQ LQI HAMRXY GIMHDVHY DQG 1 &' V DP RQJ FKLABUHQ DQG
DGROMFHOW  LHTXILHV  IOMIUDMG DQG P XGWHRARWDO DSSWRDFKHV — 7KH
SIRSRVHG IQMYHOMMRQ P RGHO FRP EIQIQJ KHDOM VWP VWHQI WKHQLQJ

HOYLLRQP HQWOKHDOK Z DWU K\ J IHQH DQG VDQMDARQ  DQG EHKDYLRU FKDQI H
VDWW LHVE RITHW D FRP SUHKHQVLYH UHVSRQVH VLERUHG VIR GRFDOGHWLP LODQW

W [P SGP HOWMRQ Z IMIQ WH 7DDER +' 66 FRKRUMY H SHAWG VR J HOHLDWA
WREXWW HYIGHQFH RQ HIHAWYH FROW] WWSHFLLF IQMYHOMRQY GDGIQI R
IP SIRYHG KHDOK RXWRP HV HQKDQFHG FRIQMYH GHYH®RSP HOQW DQG D
HGXFURQ 1Q 1& UWN IDARY/ 8GIP DMO KLV DSSLRDFK SWRVIGHV D
VXWILQDE®! SDAZ D\ VRZ DG KHDOMIHU @ H WDMPVRUHY DQG WKH HWEEQUKP HQW
Rl LOGIFD/RY | RUKHDOK\ DI LQJ

.HZRWGY 1&' V IQHAMRXY GMDVHV P DQXWIMRQ KHDOK SWRP RURQ &{ W
G, YRULH



'RUHHQ 3KLOBWWDWFLY 6HQD &®OHUPHQFH (VVH 'LE
%DVVLURX % RAQOPIOGLQD 0PEDNBPHU 1JDGD\D
6D\RNL OILQDQWDXQR 6XQJX\D
OXKLPELOL 8QLYHUVLW\ RI +HDOWK DQG $00
1IDWLRQDO ,QVWLWXWH IRU OHGLFDO 5HVHDU
JULHGULFK /RHIIOHU ,QVWLWXW *UHLIVZDOG
&HQWUH 6XLVVH GH 5HFKHUFKHV 6FLHQWLILT
&{WH G ,YRLUH
.LOLPDQMDUR &KULVWLDQ SHVHDUFK ,QVWLW
.DPSDOD ,QWHUQDWLRQDO 8QLYHUVLW\ 7DQ

,QWRGXPURQ ([ FHWWLYH VDOVFRQVXP SWRQ LV D P DNRUP RGLLDE® UWN | DFVRU
IRU K\ SHWMOMRQ DQG FDUGIRYDVFX@U GIMHDVHY ,Q XUEDQ 7DQ] DD VWHHW
IRRG FRQUXP SWRQ LV FRP P RQ \ HAWNQRZ B1GJ H DQG SIDPAFHY LHDWAG VR VDIV
LOVINH DP RQU UHI X@U VAHHWIRRG FRQVXP HY UHP DIQ SRRUD XQGHUARRG

7KLV WXG DWHWHG NQRZ BIGJH DQG DWAXGHY UHJDUGIQI VDOVIQWNH DQG
H DP LOHG WHU DWRFIDARQ Z IMK VDOVHIWAG SUDPAFHY DP RQJ UHJ X@UVWHHW
IRRG FRQVXP HW/1Q' DUHV 6DD@DP

0 HMRGR@RJ\ $ FLRW VHPARQDOEDVHIQH VXUYH Z DV FRQGXFWG DP RQJ

UHI X@U VWAHHWIRRG FRQUXP HY DIHG »+  \HDW/ 1Q QIQH ZDWGV Rl ' DU HV
6DDDP  $@ QHG Z WK WH 2 QH + HDOK SHUSHAYH WLV WXG\ 1V LOWAT UDWQU

KXP DQ KHDOM DQG WH LR®I Rl IRRG V\ WP 1Q FDXVIQJ GIVHDVH  3DUAFLSDQW
ZHH HXIWG WWRXJK P XOMMIH VDP S@QJ IRP P DSSHG WHHW IRRG
YHQGLQ) VWAV 6DOVIQWINH ZDV HWP DMG XMQI WH ,17(56$/7 HTXDARQ
ILRP VSRWXUQH VDP S®V DP RQU SDUAFLSDQW ' DV Z HH DQDO®] HG XVIQU

GHVFUSWYH WIDRMEY @RI IMWF HIIWWMRQ [RU GHWP LODQW Rl KLJK VDAV
LOVINH DQG @OHDU UHI LMWIRQ VR DWHW WH DWRAIDAWRQ EHVE HHQ VDOMQUENH
DQG EGRG SUHWXUH



5HVXQV 7KHP DN\RUW KDG H FHWLYH VDOMOQWINH Z I D P HGLDQ LOVENH RI

J GD QDWW GRXE®! WH : +2 WHFRP P HQGHG P W +LJK VDAOVIQWNH Z DV
REVHWYHG DFRRW D@ SDUMASDQW JWRXSV )HP DB SDUAFISDQW  KDG
VI QUIFDOW KLIKHU RGGV Rl KLJK VDAOVIQWNH FRP SDUHG VR P DBV $25

&, 2 S ,Q P XOADUDE®! @HDU UHI LHWIRQ
DQDOMY VDOV IQMINH Z DV IQGHSHQGHOWD DWRFIDWMG Z W A\ WRIF EGRRG
SIHWXWH ~ & 2 S EXWQRWZ W GLDWRQF

EGRG SIHWXUWH DI WU DGMWR HOW

&RQFOXMVMIRQV 6DOMQVENH DP RQJ \WHHW RRG FRQUXP HY/ 1Q ' DUHV 6DDDP LV
P DINHGO KL KHUWDQ UHFRP P HQGHG BIYHY DQG LV LQGHSHQGHQWD DWRFLDWG
ZIW LQFUDHG WWRIF E®RRG SIHWXWH  7KHWH 11QGIQIV KLIKQ KW D
VXEWDQUWDO SXEQE KHDOM FRQFHWD DQG XQGHUFRWH WH QHHG |RU VIBL HWMG
LOWYHOARQV VR LHGXFH GV VDOMQVBNH LOQ WKLY SRSXOMRQ

. HZRWGY ' IHWRY VDOMOVINH 6WHHW RRG ERRG SLIHWXWH



.RVVLD 'HELD 7KpUqVH 1ERNMR .R&IQpPHQFH (VVF
%DVVLURX %RQIRK
&HQWUH 6XLVVH GH 5HFKHUFKHYV 6FLHQWLILT
&{WH G ,YRLUH
eFROH 1DWLRQDOH 6XSpULHXUH GH 6WDWLVYV
G $ELGMDQ &{WH G:,YRLUH
8QLYHUVLWp )pOL[ +RXSKRXsW %RLJQ\ S$ELG

YDFNJ LRXQG 2 ENMIFVYHV $ GROMFHQFH UHSURVHQW D FUMFDO VHFRQG Z LQGRZ

Rl RSSRUMQW [RUJWRZ W \ FAMIHP DIQV RQH Rl WH P RVAKQGHU UHVHDUFKHG
SHURGV 1Q WH QXWIMRQDOWDQMMRQ Rl 6XE 6DKDIDQ $1UFD ' HVSIW WLV
SXEQF KHDOK FKDEBIQIH DFFXUIDWMO FKDIDAMU] LQ) GIHVBU LOBNH 1O WLV
FRKRUMHP DLQV SUIRE®P DAF GXH VR VHYHDO DRVRW/

&XOXDA® DGDSWG GIHEY DWHWP HOW VRRY DUH HWHQWDO IRU UHIDE®
HSLGHP LR®RJ LFDOUHVHDUFK DQG FOQIFDOSIDPAFH 1Q QXWIMRQ + RZ HYHU VXFK

VRRY UHP DLQ VFDUFH | RU DGRBMFHOW LQ UHVRXUFH @P WG VHWQIV  HVSHALD®D

1Q: HWBIUFD ,Q &{ W G, YRILH QR YDIGDWG ) RRG ) LHTXHQR 4 XHWRQQDILH
))4 RUSKRWRIWSKIF IRRG DADV FXUHO® H MV QP IMQJ VKH DWHWP HQW
Rl GIHVBU SDMADV LQ WKLY SRSXMARQ 7KUHH SUP DU P SHIDWYHY L Z MKRXW
SUHFMH VRRYY @\H D ))4 WLV [P SRWE®I VR LGHQAI\ KH VSHFLILE GLHVIU

SDMADV GUYLQJ WKH GLYHU HQWKHD®K RXWRP HV L D 3KRWRJWDSKIF ) RRG

$ VDV LV HWHOWDOWR LHGXFH VKH UHFD@ELDV DQG HWAP DMRQ HULRW/  Z KLFK DUH
SDUAFX@UW SHYDBIQW IQ DGROMFHOW SRSXOMRQV ZKR RIWQ WKJIJ B \R

TXDQW\ SRUARQ M] HV DFFXIDMO® UL WH GHYHIRSP HOWDQG YDAGDMRQ R

WHH VRRY SWRYIGH WH OQHFHWDU  LQIIDWMKPWIH  IRU  (RQILWGLQDO
PROQWUQ] DIRZLQY WH GMIQ [P SOGP HOMMRQ DQG WH LP SDFW
HYDOXDMRQ Rl VLI HVWIG QXWIMRQDOLOWMUHQARQY



7KV WKG DIPV VR GHYHRS DQG YDIGDWM WH FRQMOWRI D FX@XD®
DSSWRSUDM ) ) 4 DQG D FRP SDQIRQ SKRVRJ LDSKLF SRUARQ V] H DUV GHWLI QHG
VR DWHW WKH GLHVIY LQVBNH RI DGRBVFHQOW LQ &{ WM G-, YRILH

0 HMRGRARI\ 5HVXAV ,Q SKDVH D SUHIP LQDU )) 4 Z DV GHYHRSHG XVQJ
WH : HW $IUFDQ IRRG FRP SRUMRQ WE®!I H IMAQI IRRGV @AV IWRP
QHIKERUQJ FRXQMHV DQG H SHIVFRQUXGIMRQ UHVXGMQ) IQD WP IRRG
QMWDFIRW  IRRG JIRXSV $ SKRVWRJWDSKLE DUV ZDV FRQMKPMG XVIQJ
PDOHV ILRP H IMAQ $IUFDQ DADVHV * KDQD 9XWINIQD )DVR  7RIR
VXSSP HQMG Z MK FRP P HUFIDOIP DUHV 0 WMMQJ P DIHV RI GRFDOIRRGV DWH
REVBLOHG W(RXJK D VP DEVFD®! | IHGEZ RWN LQYROMQJ WH SXUFKDVH Z HI KLQJ
DQG WEQGDUG!] HG SKRVRJLDSK\ Rl IRRG VDP SGV

,QSKDWH D SIRWWXG XVIQJ VER LHSHDMG ~ KRXUGLHVY  UHFDEY RQ QRQ
FROHPXWYH GDV  IQFOXGQ) RQH ZHNGD DQG RQH ZHHNHQG ZLl@® EH
FRQGXPWG 1Q VIR XUEDQ VWV DP RQJ WDQGRP ® VHBFWG DGROMFHOW
7KL VHFRQG SKDVH Z LGEH XVHG VR LHIOH WH ) ) 4 1RRG MMZ KIB! WMAQI WH
SKRVRJ WDSKLF DADV | RUIRRG LHFRJQMRQ P DIH XQGHUAMDQGLQ)  DQG SRUARQ
V] HHMP DARQ &RQMOWYDAGIW RI IKH GHYHIRSHG VRROZ LGEH DWHWHG E\ D
SDQHOR!I QXWIMRQ H SHIW XMQJ WH &ROMOWODAGIW ,QGH &9, 7KH ILQDO
YDOGDMRQ Rl WH ) ) 4 Z LaOLQFOXGH DAWVHWP HOWRI UHSURGXFLELOW DQG UHDWYH
YDAGIW DJ DIQMHSHDMG ~ KRXUGIHVIY  UHFDQY

&RQFOXMIRQV % SWRYIGIQI D VRROWKDWDFFRXQW IRUFRP P XQW HDWQJ DQG
@RFDOIRRG SUHSDIDARQ WLV WXG\ VKUW WH UHIDQFH ILRP  JHQHUF  HULRU
SURQH JBREDOVRRY VR FRQW] WSHFL LF LOWAKP HQW \WLJ QULFDQWD LP SLRYLQJ
WH TXDOW Rl QXWIMRQDO HSIGHP IRRJ\ 1Q : HW SIUFD 7KLY UHVHDUFK

FROMEXWV \R 11G0Q0 WH J REDOGDVD LHI DUGEIQI DEGRBVFHOMNQXWIMRQ LQ &RZ
DQG P LGG®! LOFRP HFRXQMHY /0 ,&V UHFRIQ LQJ WY SHURG DV D FUMFD

. HZRWYV $GROMFHON GIHEU SDMAD IRRG IWHTXHOR TXHWRQQDUH
IRRG DWDV &{ W G-, YRULH



8FKHFKXNZX ODUWKD &KXNBKBIFHMNMFKXNZX &KXNZ
$QWKRQ\ &KLQHGX $RUINRULY 6HQD 1XYH\
,JJHRPD $GDLJZH $PDHEXQR (QDJQRQ /RIDRGIRWX /D
,JQDWLXV 8FKH 1ZBEKHERQD 3URVSHU 2NRQNZR
(EHOH BWHOOD 1ZIRNRHNHW )BBNWRPL $GHVLQD 0DUX
&OHPHQFH (VVH%DBMMVLURX %RQIRK
1QDPGL $JLNLZH 8QLYHUVLW\ $ZND $QDPEUD
8QLYHUVLW\ Rl *ORXFHVWHUVKLUH *ORXFHVW
&MWUH 6XLVVH GH 5HFKHUFKHV BFLHQWLILTXF
JULHGULFK /RNMWQMXW *HUPDQ\
8QLYHUVLWp G-$ERPH\ &DODYL %HQLQ
2SHQ 8QLYHUVLW\ RI 7DQ]DQLD 7DQ]DQLD

,QWRGXPVRQ 3K\ VIFDOLQDPAMW LV WH | RXUK GDGIQI JREDOP RUBON UWN
IDFVRU ZIMK D SRROIG SUHYDBIQFH Rl DSSLR] P DMO DP RQ 1LJHUDQ
DGXAV 8QYHMW HP SR HV DH YX@QHDE®! GXH VR VHGHOWBU ZRW
HQYLLRQP HOW WDWKH. KWQ FDUGIRYDVFX@UGIVHDVH &9'  UWN ' HVSIWM WKLV
HYLGHOFH EDVHG  LOMUHOURQV VBLRUHG VR WKLY ZRINIRUFH UHP DIQ \VFDUFH
0 REL® KHDOK P +HDOK WIFKQRERJ LHV RI1HUD GZ FRWDYHOXH | RUEHKDYIRXU
FKDQIH WXV WL WXG HYDOXDWG HIHFW Rl P REL® DSSTEDMWRQ EDVHG
SHURWP DQFH IHHGEDFN 0 $98) RQ SK\ VIFDODPWYMW FDUGLRYDVFX@US VN DQG
TXDOW RI /UH DP RQJ 8 QLYHUMW 6V 1Q 1LJHUD $ 5DQGRP IVHG &RQWRMIG
7UDO

0 H'KRGR®RI\ $  ZHHN WUHDWP SDUDIBO WDQGRP WHG FRQWRMG WIDO
Z W TXDOMYH FRP SRQHQWZ DV FRQGXPWMG DP RQU WBIl DIHG 2
\HDV DV 1QDP GL $]INZH 8QYHMW 2 YHD®D SDUAFISDQW  Z HH
DQGRP VHG W 0$98) ZIWK KRXWD UHP LQGHY  &9' HGXFDARQ Q
0$9%8) RQ® &9' HGXFDMRQ Q RU  HGXFDARQ RQ® FRQARO
Q * RRIG! ) IWVHUYHG DV WH P +HDOK SOMRWP  ZIW 2P LRQ +-
SHGRP HWLY SLRYIGIQI REMIPAYH YDIGDMRQ 2 XWFRP HV LOFOXGHG WMS FRXQW



SK\VIFDO DPIMW 3$ OGIYHY VHGHQBU WP H &9' UW P DINHWY E®RG
SIHWWXWH 98 FKROMMIRO JOXFRWH ERG\ PDW IQGH 9%, ZDW
FLUFXP |HHQFH@ WWHW WRJH R FKDQIH DQG KHDOK LHIWG TXDOW Rl @H
+54R/  DWHWHG DAEDHIQH  ZHHW DQG  ZHH\WV $QDOVHV HP SR\ HG
QRQ SDUDP HWIF ) UHGP DQ$129% 4 XDGHV$1&29$ : LBR][ RQ 6LJ QHG 5DON
DQG 0 DQQ: KMH 8 WAW } (GIYHQ WBII FRP SGMWAG TXDIMMYH
LOWMYHZ V DODOVHG WHP DWFD@® DQG \WEII FRP SGMAG VXUrH RQ* RRI®H
) ADSS XVH DQG GL I XVIRQ

5HVXAV $SS DGRSWMRQ Z DV KLIK Z WK WHSRUAQJ 0 $98) DV
P RWYDMRQDO (DFK  SDUAFLSDQW LQOXHQFHG D P HGIDQ Rl DGGIMRQDO
LQGLYIGXDY GHP RQMDWQ) D VORZ EDEXY  GUIXVIRQ HIHFW %-MZ HHQ J LRXS
DQDOVHY LHYHDBG WKDWO $98) Z I KRXWD UHP LOGHWY SURGXFHG WLJ QU LFDQWD

JUDWU [P SLRYHP HQW 1Q SHGRP HWU VWMS FRXQW ) S
RVEO3$ ) S P RGHDW 3$ ) S DQG
VHGHOWMY WP H HGXPURQ ) s $FLRW DI JRXSV

WLJ QULFDQW [P SIRYHP HOW ZHH REVHUYHG 1Q GIDWRIF 98 %, ZDW
FLUFXP |HHQFH VRVBOFKRBMMRO +' /| FKROMMURO ERRG JOXFRVH  DQG \WHW
PO +54 R [P SLRYHG LQ ERW SK\ VIFDO 3&6 ) s

DQG P HOQWO 0 &6 ) s GRP DQV 4 XDOVDAYH 11QGLQIV
VKRZ HG SDUAFLSDQW VKL WG WHUXQGHIAMBQGLQJ R 3% 1LRP  LRXWOH VMV VR
IOMMRQDO H HFMH  IGHOW\ LQ)  FROW] WWSHFLLF  EDUWHY  LOFOXGLQU

L IDVWAKPUH GH LW WP H FROWDIQW DQG RZ VHD P RAYDARQ DV Z HIDDV
VRP H I DFLOAVRY/ VXFK DV VXSSRUVILRP IDP L® FRP P XQW DQG UHQ LRXV
VRXUFHV

&ROQFOXVIRQV 7KLV LV WH LMW1 LJHUDQ HYIGHOFH WDWD WHRU LQIRWP HG
DSS EDVHG LOMYHMRQ FDQ WP XOBQHRXV® HGXFH P XGAS®! &9' UWN
IDARY/ ZKIB IP SIRYH 4R DPRQI XQYHMW HP SR HV 7KH VWRQJ
EHKDYIRXWDO DQG FQQIFDO JDIQV REVHYHG VXSSRUVIQWMI DWW 0 $98) LOWR
LOWMIMWRQDOZ HIDHW SRIFIHV DQG VFDIQU XVH DFLIRW XQLYHUMHY W &Z
FRWV | HDMELON DQG DGDSVBELDN P DNH WD SUDPWFDOVRRO! RU VMHQU WWHQLQU

Z RINS@FH QRQ FRP P XQIFDE®I GIMHDVH 1&'  SUHYHQWRQ DQG DGYDQFLQU 2 QH
+ HDOM Z RUINIRUFH Z HEEH.QJ

. H Z RUBV 3K\ VIFDODPWYIW P + HDOK & DUGLRYDVEX@UUWN
© RUINS@FH LOMUYHQARQ 2 QH + HDOK



6DPSVRQ .DIXL '"MR@PQFLV 6HQD 19%YKQR /RNRQF
3DWULFN 1JDVVD$RWVRKRGN 'DQVR $8BHPHQFH (VV
%DVVLURX %RQIRK
.RUOH %X 7THDFKLQJ +RVSLWDO $FFUD *KDQD
8QLYHUVLW\ RI 3UHWRULD 3UHWRULD 6RXWK
6ZLVV 7URSLFDO DQG 3XEOLF +HDOWK ,QVWLW
&HQWUH 6XLVVH GH 5HFKHUFKHV 6FLHQWLILT)
&{WH G ,YRLUH
8QLYHUVLW\ RI 3UHWRULD 3UHWRULD B6RXWK
8QLYHUVLW\ RI *KDQD /HJRQ *KDQD

,QWRGXFIRQ * RED® RQH SHWRQ GIHV Rl GIDEHWV HYHY ILYH VHFRQGV ,Q
* KDQD  FXUHQWGLDEHWY SUHYDBIQFH H FHHGV WH VXE 6DKDUDQ $1UFD
66$ DYHUDIH " HVSIW WY JIRZ Q) EXUEHQ WHUH LV QR GHGLIFDWMG
QDAWRQDOEXGI HVBY DARFDMRQ 196 VR DGGUHW W 7KH LOFUHDVIQ) GLDEHWAV
SUHYDOIOFH WUHDWAQV WH SIRGXPAMW  @YHIKRRG DQG IRRG VHFXUW Rl WH
SRSXOMRQ 0 HDQZ KI® DGKHHQFH VR @ HW®! LOMNYHMRQY VXFK DV GIHW
WHDS\ DQG SK\ VIFDODPWMW UHP DIQ FKDEBIQILQ) IRUP DQ SDMHQW 7KLV
WXG\ HYDOXDWAV WWH UWN IDRVRY/ HFRQRP LF EXUGHQ DQG 4 XDAW RI /UH 4 R/

DP RQJ SHURQV @MQJ ZIMK WSH GIDEHWV 3/: ' 1Q * KDQD XVIQJ DQ LOWU
GIVALS@ODY 2 QH + HDOK DSSURDFK

0 HMRGRARI\ 7KHWXG\ ZL@DSSO® P L[ HG P HRGV LOFOXGIQI D A WMP DAF
HHZ  FLRW VHPMRQDOVXUYH  DQG D FRWAH | HPAYHO DQDOMY ,Q 3DV, WH
WXG\  Z1@® FRQGXFWD W\ WP DWE LHYIHZ VR \A QWHW] H HYIGHQFH RQ 4 R/
DPRQJI 3/:' DQG FKDEQUHV WR [P SGP HOAMQ EHKDYIRXWDO UWN | DFVRU
LOMIYHMRQV LQ 66$  LOFOXGLQI EXLOVHQYLLRQP HOWDQG | RRG A VWP EDULHLY/



(GPWRQIE GDWEDVHV 3XEO HG (0 9%%6( /,/$&6 &1$+/ $IUFDQ -RXUDDY
2QIOH $IUFDQ ,QGH O HAIFXV +,1$5, ,06($5 * RRI®I 6FKROMU DQG JH
QMDXH Z [QEH VHDUFKHG Z IWRXWDQI XDIH IWAMPWRQ 6FUHHQIQ) Z LGEH
FRQGXFWG XVIQJ 5D\ DQ DQG LQGHSHQGHQWT XDIW DSSUDLVDODWHWHG XVIQU
WDQGDLG UWN RI ELDV VRRYY 5DQGRP  RUIL HG HIHFW P HVid DQDOMY Z LGEH
DSSAHG EDVHG RQ KHWRIHQHW DWHWHG E\ WKH ;i WIMMME  DQG HYLGHQFH
TXDAW JUWDGHG XMIQJ WH* 5$' ( 1P HZRW 7KH SUIRVRFROLY LHI DAMUHG Z WK
352 63(52

3DWV,, Z1® HQWO D P XOMFHQMU FLRW VHPARQDO WXG\ 1Q M| WDQGRP ®

VHOPWG UHJ IRQDO KRVSMDY 1Q * KDQD LOYRMQY 30 $ WKPWULHG
TXHWRQQDILH Z KIFK LQFRUSRUDWY WKH YDIGDWG (XWRARO '/ LOWAKP HOW
Z IGEH XVHG VR DWHW GLLHAW LQGULHAWDQG LOWQI LE®! FRWV RI GIDEHWAV $

FRP SRUW YDUDE®! LQFOGIQ) QYHIKRRG SWRGXFWYIW  WDQUSRUAMRQ
QHERW SR P IW VR IDWIRRG KXEV Z DODE®! JUHHQ VSDFHV UHIDQFH RQ
@RFDO DJ UFX®XLDO SLRGXFW YV  XGAD SIRFHWHG [P SRUV  Z I EH XVHG \R

DWHW WH HTHRW Rl WKH SK\ VIFDOHQYLLRQP HOWDQG |RRG VW WMP  RQ SK\ IFDO
DFWYIW DQG GIHWDP RQJ 3/: ' ' HVFUSWYH WDWWMFY WWAW  UHI UAWIRQ
DQDOVHV SUREDELIW P RGHIQJ DQG FRQGMRQDO ®J FRWP RGHY Z LG EH
DSSTHGDAD  FRQIGHQFH BIYHO S XVIQ) 67$7$

,Q 3DV, WH WXG HWP DWAV FRWAH | HPAYHQHW Rl LOWRGXFLQJ D GIDEHWA
FDUH FRP SROHQWIQ * KDQD-V QDARQDOEXGI HAXVIQJ D \WEMA 0 DUNRY-V P RGHO
ZIW D RQH\HDUR F®! GIQIW DQG D \HDUWP H KRU] RQ 7KH P RGHOZ LD
FRP SDIH D LOWRGXFIQ] DQ 1% IRU GIDEHWAY FDIH ZIW E WH FXUHQW
WDQGDUG Rl SIDPWFH ZKHH 3/ : ' @UWHO EHDURXWRI SRFNHWFRW

([ SHAMG 2 XVFRP HV 7KLY WXG\ Z L@ HOHDW HYIGHOFH RQ WKH HFRQRP LF
EXWGHQ DQG 4R/ P SDFW R GIDEHWAV LQ * KDQD DQG HYDOXDW WH FRW
H | HAAYHOHW Rl GHGLFDWG QDARQDOIXQGLQI |RU GIDEHWAY FDUH ) LQGIQIV DUH
H SHAWWG VR LQIRWP SRIF\ P DNIQ) GIDEHWNV FRQWRO ILQDQFIQ)  VXSSRUV
LW LDMG 2 QH + HDOK VDWW LHV |RU GIDEHWAY FRQARO DQG FRQMEXWM VR
IP SIRYLQJ WHZ HEEHQJ R 3/: ' 1Q* KDQD DQG DFLRW 66$

.HZRWGY 7\SH ' IDEHWV 0 HIWXV 6\ WMP DAWF 5HYIHZ 0 DUNRY-V 0 RGHO
&RW\H | HFAWYHQHW DQDOVY  %4-KDYLRXWDOW H WW®B P RGU LFDWRQV



,QWRGXPIRQ &HUYLFDOFDQFHU LV WKH IRXUM P RWFRP P RQ FDQFHU DP RQU
ZRPHQ ZRUBZIGH ZLK DQ HWP DMG QZ FDWV DG
DSSUR] [P DWO GHDWV 1Q ,Q 9XUNLQD ) DVR - FHUYLFDOFDQFHU LV
WH P RWFRP P RQD GIDJ QRVHG FDQFHU DQG WH VHFRQG GDGIQI FDXWH R
IHP DB P RUBDW  Z WK GHDWV LHSRUMG LQ * HOH, SHUVDWD\ V DUH
WH SUP DU P HWKRG |RUGHWIPWQ) KLIK UWN + XP DQ SDSIGRP DYLLKV +39 1Q
UXINIQD ) VR + RZ HYHU WHU@P WG SDQHOUHVWIFW J HQRWSLE FRYHIDJ H DQG
WSLQ) DFFXWDR 7KLY WXG\ DIP V VR WRURXJK® FKDUDPWMU] H WH J HOHAE
GLYHMW DQG GMMEXWRQ Rl +39 JHQRWSHV LGHOWILHG E\ WH * HQH SHUV
SOWRP 1Q WH 9XINLQDEH SRSXDMRQ



0 HW'KRGR@®RJ\ 7KLV ZDV D FLRW VHPMRQDOWXG\ LQYROIQJ ZRP HQ DIHG
\HDWY RU RGHU VHBPWG IWIRP %RER' IRXOWR 1Q %XWNIQD )DVR  +LIK®
VHOVWYH YDJ LQDOVZ DEV Z HH FRGFWG DQG WH VDP S®V ZHH JHORWSHG
XMQI &HSKHGV * HQH SHOWA WP ' DV Z HH FRGFWG |LRP  KHDOKM FHQWU
DFLRW %XNLQD ) DVR  SDUARX@UD IRFXMQJ Rl &0$ ' { XWQ LQJ * HQH SHW
WIFKQR®J\ DQG WH ; SHYS +39 NIW 7KH DWD\  LHSRUNV +39 +39
DQG SRRGIG FKDQQHY IRU ~ +39 WSHV 3 3 3

' HVFUSWYH DQDOMY Z DV FRQGXPWG

5HVXQV 21 YDAOG WAWW ZHH SRM¥YH IRUKLIK UW +39 \ IHGLQ
D SUHYDBIQFH R 7KH P RWFRP P RQ +39 JHQRP HV LGHQWHG Z HH
RWHUJ HORWSHV DV D SRRBIG LHVX@V + 39
DQG FROWAMWQY Rl +39 SRVMYH ZRP HQ
&RQYHIHD  +39 +39 DQG IQHPMRQV LQYROMQI VER RU WUH
JHQRWSHV P XGAS®! +39 JHORP H LQHPMRQV Z HH GHWIPMG Q DQG
Rl FDVHV

&RQFOXMRQV 2 XVERRN +LIK UWN +39 LQIHPMRQV DP RQI ZRP HQ LQ 9%&XNLQD
) DVR Z HH SUHGRP LODQWD GXH VR J HORWSHY J LRXSHG DV RWHUKLI K UWN + 39

WSHV Z KLFK DFFRXQWG |RU 7KHVH 11QGLQIV KL KQ KWWH GLYHUW RI

FLUFXOMQJ +39 JHQRWSHY DQG XQGHUWFRUIH VKH QP IVDARQV Rl VIKH * HQH SHUW
DAWD 1Q SIRYIGIQ] GHBLBIG JHQRWSH VSHALLF LQIRWP DARQ ) XVKUH WKGLHV
VKRX@ WHHRWMH HP SR DGYDQFHG JHQRWSIQI P HKRGV VR DFFXUDWOD

FKDUDPWU] H FLLFX@MQJ +39 JHORWSHY DQG EFWMULQIRWP  YDFFLQH VHBIFURQ

1Q %XNLQD ) DVR

. HZ RUBV * HQH SHUW &HWLFDOFDQFHU + XP DQ SDSLERP DYLLXV
YXUNLOD ) DVR



,QWRGXPVRQ 5HRXUHQW GLRXJKW 1Q SDWRIDOW WHIIRQV Rl 1 RUMHWOQ
7DQ DD GIMXSW QYHWRFN EDVHG QYHIKRRGY [RRG WPV P RELOW
SDMADV DQG FRP P XQW VXSSRUNVQHVE RUINV : KI® WH HOYLLRQP HOWODQG
HFRQRP LF P SDFW Rl GURXJKW DWH Z HDGRFXP HOMG P WG DMAQURQ KDV
EHHQ JLYHQ VR KRZ HSHDWG FIP DAF VKRFNV UHVKDSH SV FKRVRFLDOW WHP V
DQG GUYH FRP P RQ P HQWO KHDOK GIVRUGHY DP RQJ @QYHWRFN GHSHQGHQW
SRSXOMRQV 7KLV WXG FROFHSWDM HV GLRXJKW QRW PHHO DV DQ
HOYLLRQP HQUBOH SRVXUH EXWDV D A WP V GIYHOWHWRU RSHIDWQ)  WURXJ K
VRFAIDO HFRQRP IF DQG FXAXWOSDWZD\V D ILWDP 1QJ WKDWDQ QV Z WK 2 QH
+ HDOK SUQFISGN @ONIQJ  HQYLLRQP HQVZO DQIP DO DQG KXP DQ KHDOK 7KLV
WXG WHHRWH DIP VR GHMP IOHWH P RQW SUHYDBIORH DQG FRUHDWY
Rl GHSLHWWIRQ DQG DQ lHV DP RQJ 0 DDVDL SDWRIDAMW LQ /RQIIGR DQG
0 RQGXQ GMMFW DQG VR H SBRUH FXOXWO SHIFHSWRQV Rl GLRXJKW LW
IQIOHQFH RQ P HQWEO KHDOK DQG WKH FRSIQI P HFKDQMWP V HP S&\ HG E\

DIIHAWMG FRP P XQMHV

0 HMRGR®J\ $ FRP P XQW EDVHG FLRW VHPARQDO P [f HG P HIKRGV WWXG\
ZIGEH FRQGXFWG DP RQJ DGXOVSDWRIDDAW 1Q / RQILGR DQG 0 RQGXQ@
GMMFW 4 XDQWWYH P HDVXUHV Z LD LOFOXGH KRXVHKR@ IRRG LQVHRXUW
+),$6 GHSLHWMRQ 3+4 DY IHW *$' o DQG DBHRKRO XVH
$8' 7



0 XOWDUDE®! ®RIIMWF UHIWHMRQ P RGHY DGMWMG [RU  YLGDJ H GIYHO
FOOMMUQ)  Z LODEH XVHG VR LGHQAI\  LQGHSHQGHOWSUHGIFVRWYY Rl P HVBOKHDOIK
RXWRP HV 4 XDIVDAYH GDWD Z L@ EH FREPAWMG WRXJIK 1Q GHSWK LOWMHZ V
DQG IRFXV JWRXS GIMVFXWIRQV VR H S®RWH FXOXWDOLGIRP V Rl GMAHW @RFDO
XQGHUMIQGLQIV RI- GURXJ KWIHDWG WWHW DQG SHUFHYHG SDIZ D\ V QONLQJ
GLRXIKWVR P HQROKHDOK ) LQGIQIV Z LGEH WIDQI XOWAG DFLRW WUHH GDVD
VRXUFHV  WH TXDQWAMAH VXUH  1Q GHSWK IOMXEZY DQG IRFXV JIRXS
GVFEXWIRQV

([ SHAMIG 2 XWFRP HV 7KLV WXG\  Z LG JHQHDM WKH 1 LDAV SRSXOMRQ BIYHO
HMP DMV Rl P RQM GHSUHWIRQ DQG DQ lHW DP RQJ 0 DDVDL SDWRIDDW
1Q / RQILGR DQG 0 RQGXQ VDWIHG E\ JHQGHU DIH DQG GURXJKWH SRVXWH

VHYHUW 0 XOAYDUDE®! @RI MF UHI IHWWIRQ Z LASIRGXFH D SUHGLRRY/ SLRI LG
IGHOAN L) LQGHSHQGHQW VRFIRGHP RJWDSKIF  HFRQRP I FXAXWDO  DQG

HOYILRQP HOWO GHMP IODOW Rl FRPPRQ P HQEO KHDOK GIVRUGHWY

4 XDODWYH FRP SROHQW Z LG GRFXP HQWFX@XDO SDIKZ D\ V. WILRXJK  Z KLFK

GIRXIKWLY SHFHYHG DQG H SHUHQFHG DV D GUYHU Rl P HQ/EO GMAHW

LQFOXGLQJ GRFDOIGIRP V Rl GMAHW WP D DQG WDGIMRQDOP HDQLQJ VA VWP V

7KH WXG\ Z L DOR JHOHDWM HYIGHQFH RQ DGDSWYH FRSIQI \MDWI LHV

IOFXGIQ] NIQWKIS QHERWNV VSILWDOW DQG QYHWRFN  GLYHUAILFDARQ

DRQIMGH P DDGDSWYH UHVSRQWMHV VXFK DV DBRKRO XVH DQG VRFADO
Z IWGUDZ DO FOUW\ 1QJ WHU RGN DV EXI1HY RUDP S@LHWY R GURXJ KWUHDWG
SV FKRRILIFDO GMAHW  &ROFPWHD  WHWH IIQGIQIV  ZI1@® DGYDQFH D
SW\ FKRVRFLDOV\ VWP V SHU/SHPWYH Z IWILQ WH 2 QH + HDOK HYLGHQFH EDVH DQG
IQRWP IKH LOWI UDMRQ Rl P HQVBOKHDOK VFUHHQIQI DQG SV FKRVRFLDOVXSSRUV
LOR GURXJKWHVSRQWH SWIRIUDP V' ZIWK GIHP LODARQ WKRXJK 7DQ] DDV
1 DWRQDOD HQO+ HDOK 3URJLDP DQG WH 2 QH + HDOM 3MAWRLP

. HZRWGY S5HXUHQWGIRXIKW 0 DDVDL 3SDWRIDDWY ' HSLHWRQ $ Q) IHW
&RSIQI 6\ WMP V



,QWRGXPVRQ YDFNJ LRXQG 2 EMIFYHV / LYHWRFN FROWIMXWAY D VLI QU LFDQW
DP RXQWR! KRXVHKR@ ZHDOM DQG SDWRIDOW GHSHQG RQ LWIRU WHU
QVHIKRRGV DQG Z HOEHQJ  / LYHWRFN KDV EHHQ XVHG VR P LW D UVN GLLHPVD
WURXJK WH VDB Rl DQIP DOSIRGXFW DQG LQGILHA®D E\ VHUYLQI DV FRADWALDO
DQG LQVXWDQFH 1RU LQYHWR HOW ,QYHWR HOWLQ QYHWRFN DQG VRFLDOFDSLMEZO
DUH DP RQU WH P RWWH I HPAYH FRSLQ) VWDWU LHV DQG IRWPP WH EDVIV Rl WKH
P DVRUW RI WWH KRXVHKR@V: VKRFN UHVSRQVH S@QV ) RUSDWRIDOWY LQ $1UFD
Z KR GHSHQG HQALH® RUP RW® RQ QYHWRFN | RUWHU QYHIKRRGY GURXJ KWL
WH GDGLQ) FDXVH RI @HWRFN GHDW 7KH GDP DILQU HIHAW RI GLRXJ KWDQG
WH UHVXGM KUK DM Rl QHWRAN GHDW FRX@ EH DYHUMG WRXJK WH
DGRSVRQ Rl ,QGH 9OVHG / LYHMRFN ,QUXWDQFH %, ,% , SLRYIGHV SURDPWYH
SIRWIPMRQ E\ SD\ LQJ KHUGHW EH RUH DQLP DY DUH W HQDEQQ) WHP VR VIDNH
SUHYHOWYH DPARQV VR \VDYH QYHWRFN DQG @QYHIKRRGV * LYHQ WH LOFUHDVQ)
WUHDW Rl FTP DM FKDQI H RQ SDWRIDDMERP P XQMHV GHYHRSLQU | HDVE®
DIIRWGGDE® DQG FRQW WWSHFLLF %, SWRGXFW LV FUXFLDO IRU VXWWILQDE®
QHWRFN P DQDIHP HQW SRYHUNV HGXPUARQ DQG FOP DM DGDSVIMRQ 7KLV
WXG H DP LOHV WH QYHIKRRG YX@HIDELON IQGH /9, UWNV DQG FRSLQ
VDWW LHV Rl SDWRUDOFRP P XQMHV VR J HOHUIDW HYLGHOFH RQ WWKH WIFKQLFDO
VRFARHFRQRP IF DQG P DINHW HDVEELOW RI ,% , 1Q . Z DD \WVDWA



0 H'KRGR@®RJ\ $ VRWO R KRXVHKRGYV VHBFWMG XVIQJ P XOMARIH
VDP S@Y  SURFHGXUH DFIRW HJIKWFRP P XQMHV ILRP WH IRXU $' 3 ] ROHV
ZHH VXUH HG XVIQ) WAKPXUHG LOMUYLHZ  / LYHIKRRG YX@HWDELOW LQGH|

/9, ZDV FDBXOWG XVQI D EDDQFHG ZHJKWG DYHIDUH P HMRG WKDW
LOFOXGHV LOWIMRQDO HQYLLRQP HQBODQG VRALRHFRQRP LF [ DRVRWY/ VR DWHW
WH GHIUHH Rl YX@HUDELOW EHVE HHQ ] ROHV 7KUHH IRFXV JURXS GIVEXWIRQV
DQG NH LQIRWPP DOMWQMIYLHZY . ,, Z WK FRP P XQW P HP EHW DQG KRXVHKRGS
KHDGV Z HH FRQGXPMG DFLRW QYHWRFN GHSHQGHQWFRP P XQMHV ILRP \KH
IRXU $' 3 JROHV VR IGHQM\ XVDIH SDMAQ R QMHAWRFN DV GRP HWIF
LQVXUDQFH 9 X@HWDELDW Rl QYHWRFN DWHAZ DV P RGHIBIG XMIQJ * LRXS 0 RGHO
UXIEBIQ] * 0 % VR EHWMU XQGHIAMBQG WKH P DIQ [HHGEDFN BRRSV WKDWIP SDFW
WH UHVIQHQFH Rl @Q/HWRFN DV GRP HWAF LQVXWDQFH 7R DWHW WH | HDVIELOW
DQG WH GHI UHH RI I DYRWDELOW RI LQAMRGXFLQ) ,% , 1Q . Z DD WIWA ELRSK\ IFDO
DQDOMY XMQJ JHRVSDADO GDW ZDV XVHG VR DWHW WH WDQIHDQG
GRP LQDQFH VHDVRQDOW DQG | RUDJ H DYDIMELAW . ,, Z WK FRP P XQW GDGHY

H WOMRQ DUHQW DQG FRP P XQW P HPEHW ZDV XVHG R DWHW \KH
VRARHFRQRP IF DQG LOWIARQDO! DFVRYY DM DYRW WKH LOARGXPURQ RI % ,

1Q WH WXG\ DUHD

SHVXQV 7KH /9, Rl Q/HWRFN GHSHQGHQWFRP P XQMHV DFIRW WKH ] RQHV
VKRZ FROVIGHWDE®! GLIHHQFHV 1Q VXVFHSMELOW E\ ®RFDARQ =RQH $ ZKIFK
KDV WH KL KHWV 9, VFRUH RI KDV WH KLI KHWWYX@HDELDW | RTRZ HG E\
=RQH % & ZIW /9, RI ®RZ HW YXEHDELOW
UHVSHAWHO ) LI +RXVHKRG VXUH  HYHDBIG D KLJK WHIDQFH RQ
QHWRAN @I XIGDMRQ |RUVKRANV Z WK ! XVIQJ) @QYHWRFN VDBV DV SUP DU
FRSIQJ P HFKDQMWP . H | DRVRWYY WDWFRXQWDV VKRFNV DQG WKH SHIFHQWI H R
KRXVHKR@Y XVIQ] @QYHWRFN VDBV VR FRP EDMKHP LQFOXGH ' LRXJKW
BHFXUW \WKUHDW $QP DO GIVHDVH RXVEUHDN P RUBAW 0 DUNHW
YROWIW DQG KHDOM HP HU HQFLHV )L " IRXIKWLY WH
J UHDWAWWWLY J HU GUYIQ) @YHWRFN VDBV | RU DGDSVIMRQ ) LYH 5HQIRUIAIQ) 5
DQG VI R YDMQFLQ) % |HHGEDFN BRRS WDWQI OXHQFHV VA WP EHKDYIRXUZ HH
LGHQW LHG GXUQJ WKH * 0 %Z RUNVKRS DQG WH P DNRUBIYHDI H SRIQAGHW LHG
LQ VKH WV WHP LV VR LHGXFH WH LP SDPWRI GURXJ KWIKURXJ K VIKH GHS@®\ P HQAR

,QGH EDVHG QvHWRFN LQVXIDOQFH



&RQFOXVIRQV 2 XV&RRN 7KH WHP DAF DQDOWY XQGHWFRUHV WDW Z KL
SDWRUDO @YHIKRRGY UHP DIQ HFRQRP LFD® DQG FXOXWD® | RXQGDARQDO LQ
.ZDD6VDM WH IDFH LOMIHPARQDO WAHWHY ILRP FOP DWF  \VKRFNV
LOVHEXUW  GIVHDVH RXVEUHDN  DQG P DINHWLQH | LELHQFLHY  <HW WKH UHVLAHQFH
GHP ROMDWG WIRXJK DGDSWYH [HHGIQI Q@YHIKRRG GLYHUULFDMRQ DQG
FRPPXQW PHGDARQ WHYHDY WJQUIFDQNV DGDSVMMRQ ) RWP DO
(HQIRFHP HOW WWRXJK  LQVXUDQFH  @MDR  |P SOP HMMMRQ Rl %,
IQUDWKPAXWH  DQG SROIA WKWE IV FHOWDO VR VMHQIWHQIQJ  SDWRLDO
UHMLOHQFH SDWZ D\ V

. HZRWGY [ IYHWRAN MWMP / LYHIKRRG  YXOHWDELDV LOGH ' IRXIKW
,QGH EDVHG QYHWRFN LOVXUDOQFH



,QWRGXPVIRQ YDFNJ LRXQG 2 ENHPAYHY  / DIMQW $XVRIP P XQH ' LDEHWMV  1Q
$GXAV /$'$ LV D ERWGHUIOH WSH Rl GIDEHWV ZIW JHQHWF DQG
P P XQR@RJLFDO FKDIDAMUMAEY Rl 7\SH ' IDEWWA/ 7 ' 0 DQG FQQIFDO
IDFVRWY VXFK DV RYHZ HJ KWREHMW DQG LQVX@Q UIMMMBQFH UIHVHP EQ@Q 7\ SH

' IDEHWV O HIDXYV 7 ' 0 ' HVSIW WH UHFRIQMRQ RI /$' $ DV D GMAQFW
WSH Rl GIDEHWV P HIMXV WHH LV D SDXFW Rl GDI RQ W SUHYDBIQFH
P P XQR®RJLFDO DQG P HVBERIF FKDIDAMUMAFY DQG RSWP DO GIDJ QRWF
DSSWRDFKHV Z WIQ $IUFDQ SRSX@MMRQV SDUAFXDUWD 1Q UHVRXUFH QP WG
VHMQIV ,Q 7DQ DD /$' $ UHP DIQV XQGHUGIDI QRVHG GXH VR @FN RI VHUKP
DXVRDQAERG, WMAQJ LQ LRXWOH VFLHHQLQ) Rl DGXAWRQ VHWGLDEHMY P HIMXV
&RQUHTXHO® P DQ SDAWHQW P D\ UHFHLYH VXERSWP DOP DQDJ HP HQW GDGIQ)
VR SRRUJOFHP IF FRQWRODQG DFFHBADWMG EHVD FHDGHFAQH 7KHHRWMH WLV
WXG DIP HG VR GHWAP lOH WH PDIQWGH Rl /$' $ DPRQJ 7 ' 0 DQG W
FKDUDAMU] H W P P XQR®J LFDODQG FAQLFDOI HDWUHY DWRFIDMG Z WK / $' $
VR IQIRWPP  EHMWMUGLDI QRWAF DQG P DQDI HP HQWSLDPAFHY



0 HMRGRARI\ 7KLV KRVSMBOEDVHG FLRW VHPMRQDO WXG\  GHMIQ HQURGBIG
SDUAFLSDQW DWXJ DQGR 0 HGIFDO&HQWMU %9 & [LRP  $XIXW W
$XIXW $ WEQGDUWE] HG TXHWIRQQDILH ZDV XVHG R JDWHU VRFLDO
GHP RIWDSKIE DQG SDMHQW: KIMRU [LRP WXG\ SDUAFISDQW ZKIFK ZDV
FRQUWPHG E\ WH H WDFWG P HGIFDO LHFRWGEV ILRP WH 9% & KRVSLMDO
GDWEDWH : H FRGFWMG E®RRG VDP SBV IRU WH +E$ F *§' DQG &
SHSWGH MERWDRY DQDOMY : H SHURWP HG WH DQDOVHY XVIQJ 5 VRIVE DH
DQG 67$7$ Y  DQG SUHVHOMG WKH GDW 1Q PHDQ P HGIDQ \WBQGDUG
GHYDARQ DQG SWRSRUARQ &RP SDUMRQV EHVEHHQ /$' $ DQG 7\SH
" IDEHWV JURXSV Z HH SHURWP HG XMIQJ WH 0 DQQ: KIMQH 8 WAW DQG WH
DWRFLIDARQ Z DV DQD®] HG XVIQUJ &KL 6TXDUH DQG / RJ MAF UHJ LHWMRQ

SHVXQV /$' $ DFFRXQWG IRU Rl WH WXG\ SDUAFISDQW  Z KHUHDV

ZHH FOMIIHG DV 7 ' 0 7KH P DIQ GUIHHQFHV EHVE HHQ WH VER

JWIRXSV ZHHREVHYHG IQ * $'  DXVRDQUERG\ GIYHY DQG ERG\ P DW LQGH

%, OHDQ *$' GVHY ZHH VI QULFDQWD KLIKHU IQ WH /$' $ JWRXS

“ 8 P/ FRPSDIHGZIW \WH7 ' 0 JWRXS “ 8P/ S

,Q FROADWY %9 , ZDV WQUIFDQ® GZHUDP RQJ /$' $ SDAHQW

NJ Pi WDQDP RQI WRHZIK 7 ' 0 “ NI Pi S

7KH GMMEXWRQ Rl Z HI KWFDWI RUHV DOR GlHIHHG WL QU LFDQWD

EHVEHHQ WH VER JWRXSV S $ JUDMU SLIRSRUARQ RI /$' $

SDAHQW KDG D QRWP DOZ HLJ KW Z KHUHDV REHVIW Z DV P RWH FRP P RQ

DPRQ 7 ' 0 SDAHQW +RZHYHU & SHSWGH OYHY +E$ F YDXHV

DQG GXUMRQ Rl GVHDVH P DQDI HP HQWGLG QRWKRZ. LI QU LFDQWGL T HIHQFHV
EHVEHHQ WH VER JWRXSV /RIMMF UHIUHWIRQ DQDOWY IGHOWILHG * $'

GVHY DQG %9, DV WH RQO YDUDEGN WLJ QULIFDQWD DWRFIDMG ZIWK /$' $

6SHAULFD® HDOFK  NJ Pi LQFUHDVH 1Q %, ZDV DWRFIDWG Z WK D

GHFUDVH 1Q WH RGGV RI KDYIQU /$' $ 25 S Z KLY HDFK
8 P/ IQFUDHIQ*$'  GIYHOLQFUHDVHG WH RGGVRI /$' $ E\ 25
s

&RQFOXMRQV 2 XV&RRN : H HAWBEQKHG WDW $' $ FROAIMWA D VXEWBQADO
VXEVHWRI DSSDUHQW? ' 0 1Q QRUKZ HWMLD 7DQ] DD /$' $ KDV EHHQ VKRZ Q
VR KDYH GIMAQI XIVKHG FKDUIDRMUMARY  Z KIFK LOFOXGH KLIKHUBIYHY RI * $'
DXVRDQUERG. DQG D VWKW VIP ERG\ WSH 7KH FXUHQWGIDIQRVIY DQG
WBQGDUG Rl FDH SUDPWFHV DUH LQDGHT XD 1Q WH SURSHU GLIDI QRVLY Rl DGXAV
RQWMWGIDEHWAY ZKIFK P D\ EH [P SLIRYHG E\ WH DGGIMRQ Rl DXVR DQMERG\
OERDRY WAMQJ

. HZRUSV / DIMQNSXVRIP P XQH ' IDEHWAV 1Q $CXAOV ,QUXAQ 5HVIMBQFH ~
FH@I XQPURQ



YDFNJ LIRXQG DQG 2 EMPAYHV  $V VXUMYDO [P SIRYHV Z W DQWHARYLLDO
WHDS\  $57 SHRSG!I @MQ) ZIW +,9 3/+,9 1O VXE 6DKDIDQ $IUFD
IQFUHOMQI®  H SHUHQFH P XGIP RIEIGIW ~ VSDQQIQJ  FDUGIRP HVBERQF
FRQGMRQV DQG DGYDQFHG +,9 GIMDWH  $+' 2IHDWG RSSRUMQMAF
IQHAMRQY ) IDIP HOMG VHMFH GHIYHY FDQ GHD  GHWPMRQ DQG
FRP SLIRP WMH FKWRQF GIMHDWH FROARO ZKI®I JDSV 1Q $+' SDFNDIHV
FRQMEXW VR SUHYHQE®I P RUBAW 7KLY 3K'  SURMPWDIP HG VR FKDLDFWAU] H
P X®IP RUELGIW EXUGHQ DQG VR HYDOXXDM SUDI P DWE LOMUYHARQ WDWAT LHV VR
LP SLRYH RXWRP HV DP RQU 3/ +,9 LQ 7DQ] DQLD DQG 8 J DQGD

0 HMRGRARI\  77KLY WHWY FRP SUVHV IRXU @ONHG WXGLHV $ FRW
VHAMRQDO WXG\ 1Q @UH +,9 FOQFV 1Q ' DU HV 6DODP \A WP DWFD®D
P HDVXUHG E®RRG SUIHWXWH DQG JOXFRWH DP RQJ FAQIFD@ WRE®G 3/ +,9
Z IMRXW NORZ Q K\ SHUMOVIRQ GLDEHWAV $ VHFRQGDU DQDOMYV Rl D
SWDIP DWF P XGUFRXQA  FOOMULDQGRP IVHG WIDO 7DQ] DQID DQG 8.JDQGD
FRP SDUHG EGRRG SIHWWXIH 98 FRQWROEHVE HHQ 3/ +,9 DQG SDUAFLSDQW



Z IWRXW+,9 UHFHYIQ)  LGHOWFDOK\ SHUMOMRQ P DQDUHP HQW  7KH ,17(

$)5,&% SUWIPDAF FOMMUWQGRP MHG WIDO HYDODWG  LOWA LDMG
P DQDIHP HOWRI +,9 K\ SHUMOMRQ DQG GIDEHWV YHWXV WIQGDUGS YHWAFDO
FDIH ZWMW FRSUP DY HQGSRIQW Rl WHMOWRQ DP RQI SHRS®I ZIWK
K\ SHUMQVMRQ GIDEHWAY DQG YILDO@DG VXSSUIHWIRQ DP RQJ 3/ +,9 7KH
75,3 WSSHGZHGIH P SOP HOAMRQ WXG  HYDODWG  @U H \VFDBI
FU SVRFRFFDO DO HQ  &$J  VFUHHQIQ) ZIW SWHHP SWYH WHDW HQW 1Q
LRXWOH VHUYIFHY  LOFOXGIQI P RUBAV RXWRP HV )LIXWH  VXP P DU] HV WKH
WHY RILE DFIRW WKH +,9 FDUH FROWQXXP DQG P DSV HDFK WXG\ VR WKH

WHBIYDOQWSDMZ D' DQG RXWRP HV p

5HVXQV $P RQ 3/+,9 DAVHWHG IRUJOFDHP D 1Q"' DUHV 6DD@DP

&, 2 KDG DEQRWP DOJ OXFRVH GIYHY DQG &, 2

Rl WRWH Z IWRXWD SURU K\ SHIMQMRQ GIDIQRVV KDG HBIYDWG %3
. LOFOXGLQU ZIW VHYHH K\ SHIMOMRQ -+ Q WH
P XOWFRXQW %8 DQDOMY Q K\ SHUMQULYH SDUAFLSDQW 3/+,9
%8 FROQARODW P RQWV Z DV GRZ HUDP RQJ 3/ +,9 WKDQ DP RQJ WRVH Z IMKRXW
+.9 w Z IV DQ DGWMG UMWN GL I HHQFH R & 2

s Q,17( $)5,&$ | DFLOAHY  UHWIQWRQ DP RQU. SDUAFLSDQW
ZIWK K\ SHWMOVRQ GIDEHWA Z DV KLIK LQ ERW DWP V W DQG
YILDOVXSSUIHWIRQ UHP DIOHG KLIK  Z WK QRQ LQIHURUW GHP ROWADMG
W Q753 Q &$J SRUMWW ZDV Q VFHHQQ)
IDFLOMHY P RUBONV ZDV KUKHW DP RQI  &$J SRUMYH WA P SVRP DWF
SDUAFLSDQW DQG WP DQHG HOYDMG DPRQ  &$J SRVIMIYH
D P S\RP DAF  SDUAFLSDQW FRP SDIHG ZIW  &W$J QHIDWYH
SDUAFLSDQW

&RQFOXVIRQV 0 X®WP REIGIW DP RQJ 3/+,9 1Q 7DQ DQAD DQG 8JDQGD LV
VXEWDQWDO DQG VSDQV ERW FDUGIRP HPERQF GIMHDVH DQG $+'  LHDWG
P RUBOW UW 7KHVH I LQGIQIV VXSSRUMMHQI WHQQI LRXWOH +,9 SOWRLP V
VR GHOYHU LOWI IDMG FDUGIRP HVBERQF VFUHHQIQI DQG P DQDI HP HQW Z KL
HQVXUQJ HIHAWYH P SGP HMMRQ Rl $+' P RUBOV SUIHYHQURQ SDWZ D\ V
VXFK DV &L$J VAUHHQIQ) DQG WP HO WHDW HQW

.HZRWV +,9 PXOPREIGW K SHIMMRQ GDEHMV DGYDQFHG +,9
GMHDWH



YDFNJ LRXQG 3LIRWIMWA FDQFHU 3&D P RUBIW [Q 1 LJHUD LV KWK GUYHQ E\
WH ®RZ VSHALLFIW Rl VKH WEQGDLG 3LRWIM 6SHALLF $QWIHQ 36$  VFUHHQLQ)
WAMAVDQG MW FAQIFDOSUHVHODARQ 7KLY GHD\ LV @ONHG VR FRP SO  KHDOK
VHHNLQJ EHKDYIRXWY WH KLJK FRWRI GIDIQRWFV DQG FXGOXWDO [HDW/ R
LQYDMYH SDIQIXO DQG XQFRP IRUWEBE®! EIRSMIHV ) XUKHP RIH \KH @FN R
%DFN SRSX@MRQ VSHFALLF JHQHAE P DINHWY DWRFIDWMG Z WK HDUD \WRJ H 3&D
7R EUGIH WLV JDS WKLV SLIRMPWWDQVDWMY SRSXOMRQ VSHALLF HSLY HOHWE
DQG P XVMRQ VJQDWUHV R FDUHENHU JHOHV 985  $5+*$3  DQG
DQGLRIHQ SDWZD JHOHV 3&$ ./. LOR D QRQIQYDUYH &OMMHG
SHIX@UW ,QWMVSDFHG 6KRUMBDAQGURP LF 5 HSHDADWRFIDWMG &DV D FRXS®IG
VR / RRS 0 HGIDWMG ,VRWHWP DODP S@LFDMRQ DAD. 7KLY SWRYIGHV D SDIQBMW

GIDI QRWIF DOMUODWYH GHMIQHG VR HP SRZ HU FRP P XQWHV DQG WDGIMRQDO
KHDOM SWDPMARQHY VR VKUW KHDOK VHHNIQD  EHKDYIRXW VRZDUWG HDUD

VFUHHQLQ]

0 H'KRGV ) R@RZ 1QJ HWLFDOFGDUDOFH SDUAFLSDQW 3&D FDVHV
"B+ DQG +HDOKM\ P HQ ZHH WHRKIWG DWWH / DIRV 6VWW 8 QLYHIIW
7THDFKLQ) +RVSIWMBO/$687+ 1 LIHUD %RRG DQG XUQH Z HH FR@FWMG DQG



ZH FRQGXPMG 6DQJHU VHTXHQAQ) Q IRU P XVIMRQ LGHQAILFDARQ DQG
065( 3&5 Q IRUP HM\ @MRQ SWRILAQJ RI . /. 3&$ o5  DQG

$5+*$3 $ &5,635 &DV D/$03 DWD\ ZDV GHYH®RSHG IRU P H\ @MRQ
EDVHG GHWIRPARQ

5HVXQV * HOHME VFUHHQLQ) LHYHDBIG QR 3&$ RU$5+* $3  YDUDQW Z KLG

%5 DQG ./. WKRZHG P XGAS®! YDUDQW Z LW XQUHI MMUHG 1Q
GE613 %5 W/ ROH R WH UHFXUHQWYDUDQW W/
w DQG W/ WHQGHG VRZ DUG 3&D DWRFIDWRQ 2 5

& > @ S GMFUP IQDARQ IWRP %QLJQ  3LIRWIME
+\SHSOMD %+ 25 & > @S DQG LP SLRYHG
36$ EDVHG GIDUQRVY 36$B$8& W B$8& e
YDUDQW VKRZ HG UWN WJ QDY W/ WHQGHG VRZ DGV GIVFUP LODAQ)
3&D IRP 9B+ S ZKHHDV DQ XQNQRZQ YDUDQW &!'$  FRUHDWG
VIQUIFDQ® ZIMK HDUD DIH 3&D \HDW S $5+*$3  ZDV
K\ SHP HW\ WG lQ 3&D FDVHV RQD $ |OXRUIHVFHQW&5,635 &DV D

/$0 3 DAD\ Z DV GHYHRSHG |RUP HW\ MWRQ LGHOW LFDARQ DQG DFKLHYHG
VHOUMMW DQG~ VSHFLLFAW

&RQFOXMRQ 7KLY WXG\ LGHOW IHG SRWIQWDOSRSX@MMRQ VSHFLLF YDUDQW DQG
VXFFHWIX@® GHYHRSHG D QRQ LOYDMYH |OXRUMVFHOW &5,635 &V D/ $0 3
GIDIQRWME SOMRWP QW LIDWQ) WHVH JHOHME DQG HSLI HQHAF VLI QDVWUHV
Z W FXUHQW36$ VFUHHQIQD SIRYIGHV D SWRP IMQJ QRQ LQYDMYH [LDP HZ RWN
IRULP SLRYLQJ HDU® 3&D GLDI QRVLY LQ LHVRXUFH @P WG VHMQI V 1Q 1 LJHUD

.HZRWY &5,635 FOV. D@P S 3WRWEIWA FDOQFHU . /. 3&% $5+*$3
%5 0 HW\ MWRQ



,QWRGXPUIRQ $OKRXJK P RUBOMW DP RQJ SHRS®! QMQJ ZIWK +,9 3/+,9 1Q
VXE 6DKDIDQ $I1UFD KDV GHFUHDVHG PDINHGO ZIW WH VFDBIXS R
DOWHARYLLDOWHDS\ $57 WH GHP RJWDSKLF FRQVHT XHQFHV Rl VKLY VXFFHW
UHP DIQ XQGHWH DP IQHG 7KLV WXG\ VRXJKWWR H DP LOH KRZ K\ SHIMQVIRQ
VKDSHV D@FDXVH P RUBOV WDOMFVRUHY DP RQJ SHRS® QI Z WK +,9 3/ +,9
DIHG  \ HDU/ DQG DERYH

0 HKRGY 8MQI WQ \ HDW Rl BRQIIWGIQDOGDW [LRP WH $1UFDQ &RKRUV
BWG  $)5,&26 2 IQ .HQD 7DQDQAD DQG 8JDQGD ZH
HWP DWMG WH DWRFIDARQ Rl K\ SHUMQVRQ Z M DEFDXVH P RUBOW DP RQU

DGXOV DUHG  \ HDW DQG R@HU : H FRP ELOHG GHVFUSWYH GHFUHP HQWBOM H

VEE®! DQDOMY Z MK GIVFUAWI P H BRI MMEF LHIUWWRQ DSSOLQ) ERW @JJHG
DQG H SROHOMD® Z HIKWG P RYIQJ DYHIUH (: 0$ H SRVXWH P RGHY \R
FDSVWUH FXP X@WYH UWN



5HVXQV  $W EDVHICH Rl SDUAFISDQW ZHH K\ SHUMQWLYH
H SHUHQFHG K\ SHUMOMRQ GXUQJ IRARZ XS DQG D@FDXVH P RUBQW Z DV
/ UHVBE®I HMAP DMV VKRZ HG FXP X@WYH H FHW P RUBOW aTC DP RQJ
K\ SHIMQWLYH SDUAFLSDQW LOFUHDVHG | LRP &, 1Q\ HDU
R &, E\ \HDU EHFRP LQJ WIMMAMFD® LI QU LFDQM LRP
\HDU RQZDUG &, ([ FHW P RUBQW Z DV @ HUDP RQJ
DGXQV DI HG \ HDW/ &, PHQ &,
E\ \HDU  XQGHZ H.J KWSDUAFLSDQW &, E\
\HDU  DQG WRWH Z W VXSSUIHWHG YILDO®RDG &, E\
\HDU  ,Q DGMWMG GIVFLHMWP H P RGHY FROARAXY IRUDIH VH  ERG\
PDW IQGH YWO®DG DQG FRXQW K\ SHUMOMRQ ZDV DWRFIDMG Z IWK

KLJKHU P RUBON XQGHU D WIQGDLG @J VSHFULFDWRQ D25 &,
2 DQG XQGHU (: 0$ H SRVXIH GHIQWRQV 25 &,
2 DW} ?5 &, 2 D} 0 RUZONV
RGGV ZHH KLIKHU DP RQJ SDUAFISDQW DUHG +  \HDW/ D25 2
&V 2 DQG WRWH Z WK KLIK YWDO®DG D2 5 2
&V 2 Z KI®! RYHZ HJ KWDQG REHVH SDUAFLSDQW KDG VXEWIQUD@®
®ZHJURGGVRI G-DK D25 &, 2 DQG D25 &,

2

&RQFOMRQV 7KHVH 11QGLQIV KLIK@ KWD GHP RJWDSKIF WDQVIRWP DARQ Rl
WH +,9 HSIGHP IF 1Q (DW\SIUFD ZKHH P RUBOW DP RQJ 3/ +,9 LOFUHDMQI ®
WHOFW D JWIRZIQJ IQOXHQFH Rl FKUIRQF GIVHDVHV 1Q DGGIMRQ VR LQIHPURQ
FRQOARO +\ SHUMOVIRQ KDV EHFRP H D NH GUYHUR! H FHW P RUBIW DQG D
GHP RJWDSKIF LQGIFDVRURI WKH UHI LRQV FRP SUHWHG KHDOK WDQVMRQ

. HZRWV +,9 K SHIMMRQ PRUBON QHFRXUH GHP RIWDSK\ (DWV/
$IUFD $)5,826



,QWRGXPUIRQ 1 RQFRP P XQIFDE®! GIMHDVHV 1&' V' DH D WLJ QULFDQWSXEQF
KHDOM FKDIBIQIH 1Q * KDQD WH®FWQI D J®EDOHSIGHP LRI LFDO WDQMMRQ
IIRP  LQIHPMRXV GIMHDVHV VR FKIRQIF FRQGIMRQV : RUBEZIGH DQQXDO1 &'
UHDWAG GHDVKV DLH SLRMIPMG VR UVH | URP P LIRQ 1Q W PILlARQ
E\ 7P HO DFFHW VR DSSLRSUDM 1&' FDIH S@\V D FXFIDO RGB! 1Q
VKDSLQJ LQGLYIGXDY KHDOK VHHNLQ) EHKDYIRXU +6% : KL® FKRLFH LV FHQWDO
W +6% LWLV RIWQ FROMDIOHG E\ WAKPXWDO IDRRY/ EH RQG LQGLYIGXDO
FRQARO ,Q /0 ,&V WHVH FROMDIQW DUH | XUKHU H DFHEDWG E\ WH GRXE®
EXUWGHQ IDFIQ) KHDOK WWWMPV ZKHH 1&' V P XWFRP SHM IRU QP WG
UHVRXUFHV DRQIMGH LQIHPURXY GIVHDVHV DQG P DWAUQDO DQG  FKI@S KHDMK
HGXFALQ) WH YIMELON DQG DYDIDEION Rl 1& VSHAULE VHUFHV : KHQ
KHDOMFDIH WPV DIH IQDFFHWIEG!T XQUAVSRQMYH DQG  XQDI | RUGDE®!
IQGLYIGXDY P D\ GHD\ VHHNLQJ FDLH WXUD VR LQI RUP DORUMDGIMRQDOSURYLGHWY/
RU IRUR WHDP HOWHQWHD $P RQI SDWRIDDMWSRSXOMRQV VXFK DV WKH
)XE@H )XOQL +6% LV VKDSHG E\ DGGIMRQDO EDWIHY * @QXDIH DQG
FRP P XQIFDMRQ FKDIDQIHV QP WG HGXFDMRQ DQG KHDOKFDUIH VHUYLFHV
| LODQFLDOFRQMDIQW GLHVIY WDQVMRQV VRFIDOWAI P D DQG XUEDQLVDARQ 3
IXUMHU VKDSLQJ  KHDOMFDUH XWIMDMRQ DQG SHIFHSVMRQV RI- KHDOK \A VWP V/
7KLY WXG\ WHH RWH H DP LOHV KHDOM VHHNIQI EHKDYIRXW NQRZ ®iGJH DQG
EDUWIHY VR 1&'  KHDOKFDUH XWIVDARQ DP RQJ WKH ) X@QL LQ WKH $ VDQM $ NLP
1 RUM 0 XQIFLISDOW RI * KDQD



0 HIKRGR®RJ\ 7KLV WXG\ HP SGR\V D FRQYHU HQWSDWD@IOP L HG P HKRG
GHMIQ $ P XGRARIH VDP S@QJ SURFHGXUH Z LAVXUYH ) X@QL LQGLYIGXDY
DFLRW ILYH FRP P XQMHV WUHH VHP LQRP DGLF DQG VE R WDQUKXP DOW 7KH
TXDOVIWYH FRP SROHOQMQFOGHY 2 IRFXV JIRXS GVFXWIRQV HBHWD P HQ
DQG ZRP HQ FDUHILYHWY VHP LQRP DGIF DQG WDQVKXP DQWQGLYIGXDY DQG 2

1Q GHSW LIQMMHZY 1&' SDAWHQW WDGIMRQDOKHDBLY DQG FRP P XQIW
DQG LHDI IRXV GDGHY  $QDOMY Z L@EH JXIGHG E\ D 2 QH + HDOK SHY/SHAWYH
UHFRIQMQI  LOMUFRQOHAMG IHDMRQWKISY EHVEHHQ KXP DQ DQIP DO DQG
HOYILRQP HQEO VWPV DQG WHU LQOHQFH RQ KHDOKFDUH XWIVDARQ
4 XDOQADAYH GDW Z I EH DQDOVHG ZLK 67$7$ XVQJ GHVFUSWYH DQG
L HIHQUDOWWIMMMEDOP KRGV Z KLB TXDOVIWYH GDV Z LGEH DQDOVHG Z WK
19lYR WWRXJK WHP DWF DQDOWYV )IQGQIV ZI® EH FRP SDIHG DQG
Vi QWHVIVHG VR SURGXFH D IX@1U DQG P RUH FROW] \XDIVHG LOMSUHVIMRQ R
WH UIHVHDUFK SLREGP

([SHAMG 2XWRP HV 7KV WXG ZI® JHOHDW LOWKW IOR QYHG

H SHUHQFHV FXOXWDOEHIHY GHAMRQ P DNIQJ SIRFHWHY J HQGHU G\ QDP LFV

DQG WAKPWUDOEDUIHY LI OXHQFLQ) 1&'  KHDOKFDUH XWIVDARQ DP RQU ) X@H
SRSXOMRQV W Z 1@ VKHG @KW RQ WH FRH MMOQFH Rl ELRP HGLFDO DQG

WDGIMRQDOKHD®KFDUH VA WP V Z LWKLQ WKHVH FRP P XQMEHV 7 KH HYLGHQFH Z LaD
IQRWPP  FXOXWD® DSSIRSUDM DQG DFFHWE® IQMYHOARQV DIP HG DW
HOXFLQ) WH 1&  EXWGHQ DPRQ  QYHWRFN GHSHQGHOW SDWRIDOW
SRSXMMRQV

. HZ RUWV 1RQFRP P XQIFDE® GIMDWHY  KHDOM VHHNIQ]  EHKDYIRXU
KHDOKFDUH XWIMDWRQ ) X@QL 2 QH + HDOK









,QWRGXPIRQ YDFNJLRXQG 2 EMIFIYHVY 2(QH  +HDOK 2+ DSSWRDAK

HSUAVHQW DQ HWHOWMDO [LDP HZRWIN IRU WH SIHYHQARQ DQG FRQARO RI
FRP S®{ SXEQF KHDOM WUHDW SDUAFX@UD 1Q UHVRXUFH QP WG VHMQIV W

HIHPAYHOHW GHSHQGV ERW RQ WH WDIQIQI Rl SUHVHMFHV DQG RQ WKH
FDSDFIW Rl KHDOK \A VWP V VR HQVXUH H I HPAYH P XGWHRVRUDOFRADERWDARQ
+RZHYHU 1HZ WXGIHV KDYH MWD H DP LOHG WHWH VER GIP HOMRQV \R
DWHW WHU FRKHHQFH LQ RSHIDARQDOLP SGP HOWMRQ 7KLY WXG\ DIP V \R
IGHQAI\ DQ XQGHUIOH FRQYHU HQFH DQG JDS WIRXJK LW UDWAG DQDOMY Rl
WKH IHDMRQWKLS EHVE HHQ DFDGHP LF WDIQIQJ DQG RSHIDARQDOIP SGP HOMRQ
Rl WH 2 + DSSURDFK LQ 6HQHI DO

0 HVKRGR®RJ\ $ VRFIR®RJ LFDOSHYWSHAWYH Rl FRADERWDWRQ Z DV DGRSWG WR

HDPIQH WH UHDMRQDO G\ QDP IFV  SRZHU WAXPWUHV DQG  LOWAMWRQDO
FROWDIQW VKDSLQJ P XOWHRVRWDOLQWMDPRQY L1Q WKH P SGP HOWARQ Rl WKH
2 QH +HDOK DSSWRDFK WKRXJK LOWIUDWG DQDOMY Rl VER GMOFWRRW
VHPMRQDOVXUH V' 7KH LAV FRQGXFWG DP RQU P HGLFDODQG YHWALQDY

WXGHQW DABKHNK $Q ' LIRS 8 QLYHUWW RI ' DNDU DWHWHG WKH LOWI LDARQ
Rl 2+ FRP SHMQFIHV QR FXUFX® DV ZHDDV WXGHQV: NQRZ BIGIH DQG
SHIFHSWRQV 7KH VHFRQG FDUUHG RXWDP RQJ 2 QH + HDOK DRVRYY LQYROYHG
1Q WH UHVSRQWM R WKH +LJKO 3DKMRIHAF $YIDQ ,QOXHY D +3$,

RXVEUHDN LQ 6HQHI DO H DP LOHG P XOWHPVRUDOFRADERWDARQ G\ QDP LFV



DGGIMRQDOWDIQQ] HFHYHG DQG LOWANMRQDOFROMDIQNV $ FLRW DQDOWY
DQG LOMBUMDAYH DSSLRDFK Z DV XVHG VR IGHQW\ FRQYHU HQFHV DQG JDSV
EHVE HHQ DFDGHP LF WDIQIQJ DQG RSHIDARQDOSDPWFHY

SHVXAV 7KH ILQGIQIV VKRZ XQHYHQ LW UDARQ Rl 2+ FRUH FRP SHWIQFLHV
Z IWKIQ WDIQIQ) SWRIWDP V' Z WK J UHDWAU DGYDQFHP HQWLQ YHWUQDY  HGXFDARQ
WDQ LQ P HGIFDOWDIQLQ) 9 HWIUQDY WXGHQW GHP RQWADWG KL KHUBIVHY R
NORZ BIGI H W s DQG JHOHWD® SRVIMIYH SHUFHSMRQV Rl
WH 2+ DSSURDFK 2Q WH IHB VIGH WENHKRGHY HSRUMG WDW
EH RQG SUH VHUYLFH HGXFDMRQ WKH. VWHQU WKHQHG WHUFRP SHWQFLHY P DLIQO
WWRXIK  FROAQXRXV WDIQQJ UWN  FRP P XQFDARQ DQG  FRP P XQW
HQIDIHP HQW HSIGHP IR®RJ\  VXUHADQFH DQG 2+ GDGHUKLS  UH GFWQ
DGDSVIMRQ VR RSHIDARQDO GHP DQGV  +RZ HYHU P XGOWHRVRWDO FRADERWDARQ
GXUQJ WH +3$, UIHVSRQWH Z DV SUIHVHOWEXWIP WG DQG XQEDDQFHG Z WK D

GRP IQDQFH Rl WH DQIP DO KHDOK VHAVRU DQG P DWRU LQWMMWRQDO
FROMDIQW  LOFOXGIQ)  LQUXITLFIHQW IXQGIQJ  IRU NRIQW DPWRQV
IUDJ P HQWG EXGJ HW DQG LOWIMARQDO! LDP HZ RUNV DQG Z HDN SXEQF

KHDOK LQI LDVWAKFWH

7KH FLRW DQDOMY KLI K@ KW VRP H FRQYHU HQFHV  SDUAEX@UD WKH VKDUHG
UHFRJQMRQ Rl WH 2+ FRQFHSWDQG WH FHOWDOWR®! Rl WWH DQLP DOKHDIK
VHARU LQ ERW DFDGHP LF DQG RSHIDARQDOVHMQIV +RZ HYHU IMDOR UHYHDY
P DVRUJDSV LOFOGIQ) QP WG LOMUELVALSAODUW Z IV XQGHU UHSUHVHQIMRQ
Rl WH HQYLLRQP HQOVHAVRU DV Z HIDDV WAKPWLDODQG LOWNRQDOEDULHY/
WDW KIQGHU WH RSHUIDAWRQDT DARQ Rl DFTXWWHG FRP SHWQFIHV DQG WH

WDQUIMRQ Rl FRADERUDWYH LOMOMRQV LOWR H | HAYH DPARQV

&RQFOXMIRQV 2 XVBRRN ' HVSIW JWRZ Q) LOWAJDARQ Rl WKH 2 + DSSWRDFK
IQR DFDGHP [F WDIQLQJ  IW WDQVIMRQ QR H I HAAYH FRADERUDWYH SUDPAFH
UHP DLIQV FROMDIQHG E\ WAKFWLDODQG LOWMARQDOEDUIHY VXJ J HQI WH
HIMMQFH Rl 2+ [P SOP HMMRQ JDS EHEHHQ DFDGHP IF NQRZ BIGIH
IQMIXWRQDO FDSDAW ~ DQG  RSHIDARQDO  SWDFWFH  6WHQI WHQLQU
IQMGMVASAODY  SHGDURIIFDO  DSSWRDFKHY QWU WDMG  J RYHUDDQFH
P HFKDQWP V' DQG VXWRLQDE® | LQDQFIQ] M WWMP V 1V HWHQWDOWR UHGXFH WHVH
JDSV ) XWWUH UHVHDUFK VKRX@S | RFXV RQ HYDOXDWQJ LW UDWG WDLQLQJ 2 DPARQ
P RGHV LQ Gl I HLHQS | UFDQ FROWA W VR LGHQW\ WKH P RVWAH | HAAYH VMDA LHV
I RULHGXFLQI VKHVH J DSV

.HZRWGY 2QH +HDOK P XOWHARWDO FRMERWMRQ DFDGHP LIF WDIQLQJ
NQRZ GIGJ H SIDAWFH I DS 6HQHI DO



,QWRGXPIRQ YDFNJ LRXQG 2 ENHPAYHY %XFHTRVLY LV D FRQVIR LRXV EDPMUDO
] RRQRUWF GIVHDVH Z KIFK DI THAW QVHWRAN Z L@@ H DQG KXP DQV WLV KLI KO

SUHYDBIQMQ FDMBI SRSXOMRQ LQ 7DQ| DQD R DQG DERVARQ DM
Rl XS R +XP DQV DUH SUP DU® LQIHAMG WULRXJK GLLHFWFRQUEPWZ WK
Ll HAMG DQIP DY RUE\ FRQUXP LQJ FRQVEP LODWAG DQIP DOSWRGXFW VXFK DV
XQSDWMXU] HG P LN 7KH FRP S®{ LOMSM EHE HHQ HFR®JLFDODQG VRFIR

HFRQRP LF IDARW/ FRP SRXQGHG E\ @P WG FRADERUIDMRQ DQG FRRUGLODWRQ
EHVE HHQ WH KXP DQ DQG DQLP DOKHDOK VHRVRYY KDV B1G VR WH SHOMMQFH RI

WH GIMDWH 7KHHRWH WLV WXG  LOWI UIDWV YDOXH FKDIQ DQDOMY Z WK
VWP V WIONIQ] VR LGHOW\ KRWSRW DQG DFURQ GIYHY LQIRWP Q] WH
GHYHRSP HOWRI D VB HWAG ELR HFRQRP LF LOMYHQARQ P RGHO

0 HWKRGR®I\ * XIGHG E\ VMWWWP V WIONKQJ) DQG YDOXH FKDIQ DQDOWYV
IWDP ZRIWV DQ H SRIDRY WXG GHVIQ ZDV HP SR HG R IGHQW\ UWN
KRWSRW DQG DFWRQ GIYHW DFLRW WH P LD DQG GDILY SURGXPWSLRGXPURQ R
FRQUXP SWRQ FKDIQ 1Q 0 RQGXQ GIMMFW $XVKD 7DQ] DD 6\ VWP V WIKLONLQJ
IXIGHV KRZ LOFHQWYHV DQG | HHGEDFN P HFKDQIWP V VKDSHY DRRWYY: UHVSRQVHV
VRZ DUBV UWN Z KLB1 YDOXH FKDLQ DQDOMY SWRYIGHV KRZ WH UWN  EUKFHIRVLY
WDYHY ZIW SWRGXFW DQG LQIRWP DARQ I®RZ 7KH LOMDPARQ EHVE HHQ
HFR®J LFDODQG HFRQRP LF | DFVRYY GHWALP LOHV VIKH UVN KRWSRW



' DD Z HH FRGBPMG WIRXJK D FRP ELQDARQ RI @MUIDWIH DQG GHWN HYLHZ
PDSSIQI Rl GDIY YDOXH FKDIQ QRQ SDUAFISDQWIIHG REVHYDWRQ  DQG
VHP LVWXPAUHG DQG NH LQIRIP DOMOQWUYLHZ V LQYROLQJ YDOXH FKDLQ DRVRWY/
VXFK DV Q/HWRFN IDLP HY Q PLN FRGFRY Q  SWIRFHWRW Q
WDQVSRUMY  Q HBIOLY Q FRQVXP HY Q GMMFW P HGLFDO
RIIFHY Q  DQG YHWUQDUDQY Q  7KH YDOXXH FKDLQ DQDOMY Z DV XVHG \R
LGHQW\ P DUNHAWWKPMUHY DQG UMN DQG LOWUYHQURQ QRGHV

5HVX@V 7KH GDWI YDOXXH FKDIQ LQ 0 RQGXQ@ Z DV KLIK® LQIRWP DO VHDVRQDO
DQG SUHGRP LODQWD |HP DB ®G Z WK P RWDRVRY EHQJ VHP LP REL®! 0 IO\ LV
FRGFWMG [LRP P XGAS®! VP DOVFDB! QHWRFN NHHSHY DW\VP D@D YRO(P HV
RIWQ QAHV SHUIDP HU ' XUQJ KUK VADVRQV EREHHQ  DQG
@AHV DIH FRGFWG D GD. DW86' SHU@AH 0 L FRGFRY/ VXSSO
KRWY DQG &RFDOFXWRP HY 1Q QHDE\ VRZ QV EXWVHGRP IRQRZ K\ JIHQH
SWDPWFHV WHUHE\ H SRMQJ P RWH ZRP HQ VR WKH UWN R FROADFWQJ WH
GMDWH %XFHIRVY UW KRWSRW LQFOXGH LQHAWG IDLP V P LON FRGPFURQ
SRIOW DQG UHVBLO RXVBW GXH WR KLIKHU WDQVDPURQ YROXP HV DQG SRRU
K\JIHQH ' HVSIW WH I®RZ RI GDILY SURGXFW DBRQJ WH YDOXXH FKDLQ WHUH Z DV
LQIRWP DARQ DAP P HAl P RWDRRW ZHH DZDWH Rl WH EWKFHGRVLY UMV
DARADMG ZIW WH GDIY YDOXH FKDIQ EXW @FNHG NQRZBIGIH Rl W
VP S\RP V

&RQFOXMIRQV 2 XVBRRN 7KH WXG\ LGHQWIHG IDP V P IO FRGFURQ SRIQW
DQG UHVILORXVBWW DV WWKH NH UMN KRWSRW LQ WH GDILY  YDOXH FKDIQ GXH R
KLIK KXP DQ LQYROYHP HOW SRRUK\ JIHQH DQG @MUWH P LN YROXP HV + RZ HYHU
GXH \R QP WG GDVD DYDIDELDN IMZ DV Gl I LFXOWR P DS DISWRFHWHY DRVRY/
DQG DRWDOHFRQRP LF WDQVDPWRQDOFRW EHVE HHQ SHRS®1 DQG SRIQW DRQJ
WH YDOXH FKDIQ QRGHV R LQIRWPP WH ELR HFRQRP LF P RGHO 7KHHRWH WKH
QH WWMS IV VR UHFRQWXPWWH YDOXH FKDIQ P DS XMIQJ WKH JURXS P RGHO
EXIQIQ) DSSURDFK JXIGHG E\ WH LOWAT LDMG FRQFHSWDOI LDP HZ RWN

. HZRWGV %XFHIRVY ' DY YDOXH FKDIQ ] RRQRWF GIVHDVH UWN KRWSRW
7DQ DD



OWRGXPRQ YDFNJ LRXQG 2 EMPWYHV +\ SHIMOVRQ LV KLIK® SUHYDBIQMQ
7DQ] DQD Z M. QRVEE®! IXWD®XLEDQ GLVSDUMHV DQG GRZ GIVHY Rl DZ DUHQHW
DQG SIHYHOMRQ : KIB WDGIMRQDO K\ SHIMOMRQ SUHYHQARQ HIRUN KDYH
SUP DU® |RFXVHG RQ LQGLYLGXDODQG ELRP HGLFDOM HNV®! UWN | DRRY/ WHUH L
@QP WG HYIGHQFH UHIDUBLQJ KRZ VRFIDOQHVE RUNV DQG EURDGHU VA WP BIYHO
FRQGMRQV LQIOHQFH WH DGRSWRQ Rl SLHYHOMRQ EHKDYIRWY/ 7KLV WXG\
H DP LOHG LQGLYIGXDO VRFLDO DQG A WMP - BIYHOGHWALP LODQW Rl K\ SHUMQVIRQ
SUHYHQWYH EHKDYLIRWY DP RQJ DGX@®V LQ LXDODQG XUEDQ 0 RIRJRLR

0 HIKRGR®I\ $ P L[ HG P HWRGV WXG\ Z DV FRQGXFWG LQ . LGRP EHRR ' DAMFW
&RXQFLO XWDO DQG 0 RWIRIRWR 0 XQIFLSDO&RXQFLO XUEDQ 4 XDOWYH GDVD
ZHH FROFWG [RP DGXOV XVIQJ D WXRAXUHG VXUrH DQG DQDO] HG
XVIQJ P XOWDUDE®! ®RIMAF UHIUHWRQ 4 XDOMYH GDWD ZHH REVBIOHG
WWRXIK  NH LQIRWP DOWIQMMHZ Y DQG  IRFXV JIRXS GIVFXWIRQV DQG
DQDO] HG XMIQJ WHP DAF DQDOMY 7KH WXG ZDV JXIGHG E\ D VRFIDO
HFR®RJ LFDODQG 2 QH + HDOK SHW/SHPAWYH E\ H DP LQLQJ KRZ LQGLYLGXDO VRFLDO
DQG A WP BIYHOI DRVRUY NRLQWD LI OXHQFH K\ SHUMQVIRQ SUHYHOURQ



5HVX@V $GRSVMRQ Rl KHDOK\ @ HW®1 EHKDYIRY/ SK\ IFDODPWYIW VP RNLQJ
DBERKROFRQVXP SWRQ DQG | XIWDQG YHI HVBE®! LOWBINH  Z DV KLI KHU 1Q LXWDO
WDQ XUEDQ DUHDV w S HOPAQ GUITHHFHV 1Q
SUHYHOMRQ DFLRW VHMQIV  $VWKH LOGLYLGXDO®IYHO DGRSVRQ Z DV LQI XHQFHG
E\ IOFRPH HP S®R\ P HQW DQG DJH LQ WKWODHV ZKI® LQFRP H ZDV \KH
SUP DU GHWAP LQDQWIQ XUEDQ DUHV $WWH VRFIDO®IYHO WH SWR[ P LW Rl
LI OXHOMDO QHVE RN P HP EHY ZDV DWRFIDMG Z WK SUHYHQARQ EHKDYIRU
QGLYIGXDY HSRUMG D KLIKHU QXP EHU Rl SHRS®! ZIWKLQ WHU SHUWRQDO
QHE RWIN Z KR @QYHG Z IWKLQ Z DINLQJ GIMBQFH DQG Z HH SHUFHLYHG R LQI OXHQFH
WHU @ HW®! ZHH P RUH @NHO VR DGRSWKHDOK\  EHKDYIRXW/ 1Q ERW UXWDO
?25 &, 2 DQG XUEDQ VHMQIV D25 &,
2 VXJJHWMOQI  WDW FGRVHU VRFIDO WHV P D\ | DALV EHKDYLIRXU
FKDQJ H WKLRXJ K P RUH | LHT XHQWQWIDPWRQ DQG VXSSRUN S WH A VWP BIYHO
HQYLLRQP HQWODQG WAKPMIDOFRQGIMRQY  LQFOXGIQI WKH EXLOVHQYLLRQP HOW
IRRG WWP V FRP P XQIFDMRQ LQIIDWAKPXWIH DQG JRYHUDQFH  VKDSHG
RSSRUXQMHY | RUKHD®K\ EHKDYIRWY E\ 1Ol OXHQFLQJ DFFHW VR VDIH VSDFHV |RU
SK\ VIFDODPWYW DYDIMELDV DQG DIIRUEDELOW RI KHDOK\ [RRGV DFFHW \R
KHDOM LQIRWPP DARQ DQG LHI XMWY HQIRUFHP HQW : HDN FRRUGLODWRQ DFLRW
VHARW/ LV HYIGHQMOQ WH QP WG LOWAI UDMRQ Rl KHDOK LOMDWYHV Z W XUEDQ
SOQAQ IRRG VWPV DQG FRP P XQW SOWRWPV $OMRXIK WMXPMUHV
VXFK DV QX\WIMRQ FRP P WWHV  VFKRRO KHDOK SWRIWDP V' DQG FRP P XQW
E\@ZVH MVWH RSHDM @U HO 1Q VROMRQ Z LK QR VXWILOHG P XOMWHRVRU
SOWRWP \R FRRWGIQDM DPARQ UHVXGAQ LQ [LDJP HOWMG SUHYHOWRQ DFLRW
ERW XWDODQG XLEDQ VHWMQIV 7RJIHWHU WHVH 11QGLQIV GHP RQWIDW \KDW
K\ SHIMOMRQ SUHYHRQ LV VKDSHG E\ LOWMDPAMQ) LQGLYIGXDO VRADO DQG
VI WWP BIVHOIDRRY  FROUMMQWZ IMK D VRFLDOHFR®J LFDOP RGHODQG D 2 QH
+ HDOK. SHYWSHPWYH WDWAOONV KXP DQ KHDOK VR ELRDGHU HQYLLRQP HQBODQG

LOVAYXMRQDOW WHP V

&RQFOXVIRQV 2 XVE&RRN  +\ SHIMOMRQ SUHYHOURQ LV VKDSHG E\  LQGLYLGXDO
VRFLDO DQG i\ WP BIYHOI DFVRWY RSHIDWQJ DFLRW LXUDODQG XUEDQ FROM W
6RFLDOSUR] [P W DQG HQYLLRQP HQWOFRQGIMRQV LQI XHQFH EHKDYLRUDGRSVRQ
KUKQW KW QP MMRQV Rl LOGLYIGXDOIRFXVHG DSSURDFKHY  6WHQI WKHQLQU
SIHYHOARQ HTXWWHV FROW[ WWSHFLLF DQG P XGWHRVRWDO \WDWAI LHY  Z LWK
RSSRUMQMHV VR H WIQG 2 QH +HD@K DSSURDFKHV VR QRQ FRP P XQIFDE®
GIMHDVHV



,QWRGXPVRQ YDFNJ LRXQG 2 EMIPYHV 7KH UHVXUHQFH Rl HP HULQJ DQG
HQGHP IF ] RRQRVHV UHSUHVHQW D P DNRU SXEQF KHDOK FKD@BIQIH J GREDQD
SDUAFX@WD 1Q : HWG | UFD Z KHH LOMIDPARQY EHVE HHQ KXP DQV DQIP DY DQG
HFRV VWP V DUH LOMQVLLHG 7KH 2 QH + HDOM. 2 + DSSURDFK DWUHFRI QL HV
WH LOMGHSHQGHQFH Rl KXPDQ DQP DO DQG  HQYLLRQP HOWO KHDOM
SWIRP RWQ] FREDERWDARQ FRRUGIODMRQ FRP P XQIFDARQ DQG  FDSDAIW
EXIGQI &V VR SLHYHOWDQG FRQARO] RRORVHY WEQGV DV DQ RSHQ FDAIRU
LOWMWHAVRLDO FRADERUDMRQ 0 XGWHRVRDO VWADWAI LHY DQG LOWMYHOARQY DUH
EHQ LQFUHDMQI® [P SGP HOWG Z IMIQ VKH | LDP HZ RIN Rl 4 XDGUSDUAM DQG
2QH +HDOK SOWRWP FUDWG LQ YDURXV $IUFDQ FRXQMHY LOFOXGIQI
6HQHIDO +RZ HYHU WHWH LV WGDD SDXFAW Rl NQRZ ®IGJH RQ WH HFRQRP LF
YDOH Rl [QWMMWRQDO FREDERWDARQ DQG FRRUGIQDARQ Rl 2+  LQMDWYHV
UXIEQI RQ WH H DP S®I Rl WH P DQDIJHP HQWRI UIHFHQWRXVEUHDNV Rl 5UW
9D |HYHU 59) LQ 6HQHIDO WKLY WXG\ DIP V VR DAWHW WH HFRQRP LF YDOXH
Rl P XGWHAVRUDOFRADERIDARQ DQG FRRUGIQDARQ LQ GIVHDVH FRQARO

0 HKRGR®IJ\ $ P HGP HKRG DSSWIRDFK ZDV XVHG LQYROIQI NH
LOWIARQV HQJ DI HG LQ 2 QH + HDIK LP SGP HMARQ LQ 6HQHI DO



' DD FROPURQ LOFOXGHV GRFXP HQMUHYLHZ  DPAYMIMHY LHSRUN DQG WP H Rl
HHHQFHV WR IGHQGIW 2+ DRVRW/ 3UP DY GDW ZHH FROPFWMG WIRXJK
SDUAFLSDQWREVHYDARQY GXUQ) DPAYMEV Rl WWH 2 + SOWRWP 1Q 6HQHIDO $Q
HFRQRP LF HYDOXDARQ RI 2 + FRADERUMRQ Z DV FRQGXPWMG Z W GDVD [LRP \IKH
LQFLGHQWDFURQ SM@Q [RU 1 RYHP EHU VR -DQXDU ( FRQRP LF HYDOXXDWRQ
LHIHV RQ $ PAMW %DVHG &RWQI $9%&  FDWIRU] LQJ FRWV DFFRWGELQ) VR WKH
© &W R 2QH +HDOM FRADERUMRQ FRP P XQFDARQ FRRWGEQDARQ DQG
FDSDFIW EXIQHQI  $1WAU HWAP DARQ R FRVWDPAYMMHY KDYH EHHQ FOMWLLHG

DFFRUGLQJ VR VKH BIYHOR! LOMUYHQARQ

5HVXQV 3UHIP LODU 1LQGLQIV KLI K@ KWD FRP S®{ DQG P XOMDFVRU A WP
IQYROIQ] SXEQF IQWMIXWRQV UHWHDUFK  ERGIHV  FRP P XQUWHV  DQG
LOMUQDARQDOSDUHY ' XUQJ WH 59) UHVSRQWH WKH 2 QH + HDOK DSSURDFK
IRWMHG WARQJ FRADERUIDARQ DP RQJ DRRWY QONIQI WFKQLFDO WDP V
SRQOF\ P DNHWY DQG SDUHY VR VXSSRUMRRUGIODARQ 1XQGIQI DQG LHVRXUFH
P RELQ} DARQ ) RUP DO WKFWIHV DW FHOWDDQG HI IRQDO GIVHY  HQVXUHG
FROFWH DPURQ ZKI® IQRWP DO FREERUDMRQY RQ WH JWRXQG
FRP SOP HOMG DQG WHQIWHQHG RYHD® UHVSRQWH HIHAWHOHW  &RWV
GMMEXWRQ DQDOWY VKRZ V WDWFRRUGIQDARQ LHSUHVHQW WKH @ HWWKDIH
Rl 1.QDQFIDO  UHVRXUFHV IRGRZHG E\ FRAERWDARQ
FRP P XQIFDAWRQ DQG FDSDFIW EXIABEQI ,Q FROADW DPAMW
ILHTXHQR LV P RUH EDDQFHG  Z WK FRAEDERWDARQ DQG FRP P XQIFDWRQ HDFK
DFFRXQUQJ IRU DQG UHVSHPYHD  VXJJHWAQU GLVSDUMHY EHVE HHQ
UHVRXUFH DERFDMRQ DQG  RSHIDARQDO HQIDIHP HQW ) XUKHP RUIH  EXGIHW
GMMEXWRQ LQGIFDWV D SWHGRP LQDQFH Rl UHJ LRQDOBIYHO [P SGP HQMRQ
FRP SDIHG VR  QDARQDOGIHO FRRUGLODWRQ UH OPUQ)
GHFHOADDVHG WHVSRQWH G\ QDP IFV  7KHWH  1IQGLQIV  UHYHDO WDW Z KL
FRRUGIODARQ LV UHVRXUFH LOMOVIYH | LIRQWIQH FRADERUDWYH DFWRQV  RFFXU
P RUH | LHTXHQWD Z VK UHDMYHO | HZ HUUHVRXUFHV

&RQFOXMIRQ 2 XV@RRN 7KLV WXG\ SWRYIGHV QHZ HYIGHQFH RQ WH HFRQRP LF
DQG RUDQJ DMRQDO GIP HMRQV Rl 2QH +HDIK P SGP HMMRQ 1Q 59)
FRQAROLQ 6HQHI DO 7KH UHVXAOV VXSSRUAVP RUH H I LFAHQWS@QQQU P SLRYHG
IOMIHARWDO FRRUGIODARQ DQG  VXWIRIQDE®!  LOWIAMMRQDD DARQ Rl 2 QH
+ HDOM, VADWAT LHV %4 RQG 6HQHJ DO WHVH 1 LQGLQI V R | HU YDOXDE®! LOVLI KW |RU
RWHU: HW\S | UFDQ FRXQWHY | DFLQJ UHFXULHOW] RRORWE WUHDW DQG VHHNLQU
FRVAH | HPWYH  LQW LDWG UHVSRQVH [ LDP HZ RUNV

.HZRWYV 2QH +HDOK (FRQRP IF HYDOXDWRQ &RADERUMRQ 5LW 9 Db
) HYHU 6HQHI DO



,QWRGXPIRQ YDFNJ LRXQG 2 ENPAYHY 9 HARRUERUQH GLVHDVHV FDXVH
Rl DOHP HULQJ LQIHPARXY GIMHDVHV GUYHQ E\ DQWKLRSL] DMRQ DQG GIMIKSMRQ
Rl HFRAWWP V 7KLV P DNHV WH HOYLLRQP HOWFRQGXFLYH VR WKH VSUHDG R

GIMDVHV @NH 17" V' 7KH UMQJ JGREDOSUFHV [RU* RS KDYH GG VR LOFUHDVHG

P LQQJ DPAYMHY RQ VHYHIDOFRQUWOHQW * KDQD LV RQH Rl WH ®DGIQ) JRG
H SRUMY 1Q $IUFD KRZHYHU WH SLIRUHDARQ R LGB DOP LQIQJ DRYIMHY
SRVHV D W.J QU LFDOWMKUHDWVR SXEQE KHDOK @B DOP LQIQJ FUHDWAV VIBLAQ) V
SRQGV WDWFDQ KDUERU P \ FREDAWMUD GDGLQI VR WH VSUHDG RI WNLQ LHDWAG
17' V +RZHYHU WHH LV QP WG UHVHDUFK RQ LGB DOP LQLQJ DRAMIVHY DQG VKH
WIQ 17' V QH XV 1Q DIHAWMG FRP P XQMHV 1Q * KDQD $ QHFGRVIZO LHSRUV
VXJ I HWWKH SUHYDBIOFH Rl VNLQ GIVHDVHV LQ LA DOP LQLQJ FRP P XQMHY EXW
VAHQWLE LQYHWI DARQV VHEGRP GV J UHI DM FDVHV VR GHWALP LOH Z KHWHU
WH DIHWIQ17' V 8 QGHIAMDQGLQ) WH QON EHVE HHQ LGB DOP LQIQJ DQG WNIQ
17" V Z LGWHQ WHQ WH RQH KHDOK DSSURDFK VR UHGXFH GIVHDVH UMN 7KLV
WXG\ H SERUHV WH HIHPARI LGB DOP LQIQI DRV RQ WKH HP HLI HQFH DQG
YX@HDELOV Rl UHMGHQW VR WIQ 17' V 6SHFULFD® WH WXG\ GHWMLP LOHV
WH GMHDWH EXWGHQ Rl WIQ 17' V IQGIFDRY Rl YX@HDEION DQG WH

HP HUHQFH Rl 6NIQ 17" V LQ LGBUDOP LQIQJ FRP P XQMHV DQG WH UHVIAHQFH
Rl FRP P XQMHV 1Q WH $P DQVIH : HW DAMPWR WKH KHDOK DQG QYHIKRRG
LP SDPWRI BNIQ 17" V



0 HMRGRMRI\ $ FRQFXUHQAP [ HG P HWRG GHVLI Q Z L@ XIGH WH FRQGXPWRI
WH WXG  3XUBRVIYH \VDP SO WIFKQTXHV Z I EH DGRSWG VR VHBRWWQ
LGB DOP LQIQJ DQG QRQ HQGHP LF FRP P XQMHV 1O WH $P DOVIH : HWGLMMFW
$ VRWORI FRP P XQW P HP EHY/ Z LG@EH VDP SGIG XMIQJ D P XGUARI H
FOOWMU VOP S IRU WH TXDQMDAYH DP Rl WH WYG  ,Q FROWDW/
SDUAFLSDQW VHBFMRQ [RU WH TXDDVMYH LOQMIYHZV Z I EH JXIGHG E\
VDXUDARQ 6HFRQGDY  GDVD LH \HDW/ RQ VHOFWMG WNIQ
17' V ZIGEH DQDO] HG R FRP SDUH WH SUHYDBIQFH RI WNIQ 17" V EHVE HHQ
PLOQI DQG QRQP IQQI FRP P XQMHV %RW GHFUSWYH DQG LQIHHQADO
WIDAMEV Z LGEH SHURWP HG |RUWKH TXDQWEMYH GDID XMQJ 67$7$ YHURQ
$ VI WWMS WHP DWF DQDOMY Z LAVHUYH DV VIKH | RXQGDVMRQ | RU TXDOMDAYH
GDVi> DQDOVY XVIQJ 19,92 VRIVEDIH 7KHWXG\ Z LOEH JXIGHG E\ WH VRAR
HFR®J LFDOP RGHOSIRSRVHG E\ 8 UH %RQIHQELHQQHU ZKIFK H SMIQV KRZ

LQGLYLGXDODQG HQYLLRQP HQVBO! DRVRLY LQI OXHQFH KHDOK RXVFRP HV

SHVXQV ' UIZLQ) RQ H IMAMQJ OMDWH WLV K\ SRWHV] HG WDW LGB DO
P 1QQJ] DRIV LQFUHDVH HOYLLRQP HQBOH SRVXUHV DQG WHUHE\  KHLIKWAQ
WH WDQWP MRQ YX@HWDELIW DQG HHP HUHQFH Rl WNIQ 17" V 1Q DIIHAWMG
FRP P XQMHV WY H SHAMG WDAJ DSV LQ FRP P XQIW NQRZ B1GJ H DQG KHDOK
VHNIQI EHKDYIRU FROQMEXW VR VXWEIQHG WDQWP MRQ DQG  GHD\ HG
WHDRP HQW Rl WHWH FRQGMRQV  $OR  HQYLLRQP HQWO GHJUDGDMRQ
XQGHP LOHV FRP P XQIW UHM@HQFH DI DIQAMIWNIQ 1 7" V

&RQFOXVIRQV 2 XV&RRN 7KH [LlQGIQIV DIH H SHAMG \R GHP ROMDWM KRZ
QU DOP LQQ) DPAYIMHV VKDSH HQYLLRQP HQVPO DQG VRFLDO FRQGIMRQV WKDW
LOFUHDVH WDQWP MMRQ YX@HWDELDV DQG WH EXUSHQ RI WIQ 1 7' V 1Q DI HAMG
FRP P XQMHV

. HZRUSV ,@UDOP IQQ] 9X@HDEIOW 5HVAHQFH 6NLQ 1 HJ BFWG WRSLFDO
GIMHDWH * KDQD
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