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6FKRRCRI 7THFKQR®J\ DQG ( QJ LOHHUQJ 6FIHQFH : DZ DVDQ 2 SHQ
8 QLYHUW 3HQDQJ 0 DM\ D

P KXWKQIHK# Z RXHGX P \

$UBT5$ &7

&OWIIFDMRQ Rl 30  VRXUFH FDWAIRU LV HMVHQWDOIRU HIIHFVIYH DLU T XDOW
P DQDJHP HQWDQG SRE@XWRQ P MIDARQ VWADWAJIHV 30  V VP DU V] H
RQJHUDW RVSKHUF SHOAMAQFH DQG DEL@N VR FDUY VR IF FRP SRXQGVP D\H
WWKH SURUW VDL HW RUUHI X@OVRU. LOWUHOVRQ ,Q DGGIMRQ IMSRVHV J LHDVIAU
GDQIJHWE\ WHDFKIQJ GHHS XXQJ VAXH DQG HQWUQJ FLUFX@MRQ FRQWEXQJ
VR FKIRQIE FDUGLRYDVFX@U FHHELRYDVEX@U DQG RQFR®JI LFDOGMHDVHY 7KLYV
WXG\ SUHVHOW D P HWKRG IRU 30 VRXUFH DSSRUARQP HQW YID VKH
FOWLLFDMRQ RI VRXUFH FDVAJRUHV XMQJ D ) HHG ) R DUG 1 HXWDO1 HVE RN
)11 7KH P HW(RGR®J\ FRP SUMHG GDVID FR@IFURQ DQG RW DQMVMRQ
IRCRZ HG E\ 6KDSLLR : LI QRWP DOV WMADQG 6 SHDUP DQB/ FRUHDMRQ WMV VR
DWHW GDVD GIMMEXMRQ DQG IHOMRQWKLISY 0 1Q 0 D QRWP DOVDVRQ VR \FD®
IHDWUHV H SGRIDVRU DODOMY XMQJ ER[ SRWDQG ILQD® VKH GHYHRSP HQW
DOG HYDOXDWRQ Rl D FOWIIFDMRQ P RGHO 7KH P RGHO XUV D
FRP SUIHKHOMYH GDVDVHW Rl 30 FROFHOAMDMRQ DQG P HWRWR®RJ LFDO
SDIDP HMY/ VR FOWI\ HP DMMRQ VRXUFHV VXFK DV YHKLIEX@U HP DMRQV
LIQGX\WWUDO DFYMHY DQG  QDWWDO GXW 7KH 30 FROFHOQWDMRQ Z DV
FREBIFWG XMQJ ( %30 DQG VIKH FKHP LFDOFRP SRVMIRQV Z HIH WDFHG E\ ,&3
2 (6 7KHP RGHOQ VKLV WXG\ DFKIHYHV DQ RYHD@DFFXWDR\ Rl IRU30
VRXUFH DSSRUWIRQP HQW &@W \SHFULE SHURW DQFH P HWIFV LQFXXGLQJ
DFFXWDF\  SUHFIMRQ VHOVMMW DQG VSHFULFIW DUH DOR SUHVHOWAG |RUHDFK
30 \VRXUFH FDWJRU 7KH SWRSRWHG P HWRG RIIHWY D FRP SXVIMRQD®
HILFLHQW DQG WFD@E®! VROMRQ IRU WHDOWP H VRXUFH DSSRUARQP HOW
VXSSRUAQ) VDU HWG SREXRQ FRQWROP HDVXUHV 7KLV Z RN KLJ K@ KW VKH
SRWQWUDOR! P DFKLOH GDUQLQJ DSSURDFKHV VSHFULED® ) 11V 1Q HQKDQFLQJ
DWP RVSKHUF SRAXMVRQ VRXUFH LGHOW IEDMRQ DQG FROWIEXVMAV VIR DGYDQFLQJ

GDVID GUYHQ HQYLLRQP HQVIDOGHFIMRQ P DNLQJ

. HMZ RWGV 30 6RXUFH $ SSRUWARQP HQW ) HHG ) RZ DU5 1 HXWDWO1 HVZ RWN
)11 30 6 RXUFH & WA LFDVIRQ $ LU3 R@XMRQ ,&3 2 (6
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8 QLYHUMMZ7XQNX $ EGXCB DKP DQ . DP SDUO D@\ VD
VKDOOQLV# XVIDUHGX P \

SUBT5$ &7

,QGXWU IV VDQMRWP [Q) WH FROWUKFMRQ LOGXWUA WKUIRXJIK LOVAGDI HOW
WIFKQR®RI HV Z MK GLIMVDOVZ 1Q ' 7 VMFKQR®J\ HP HULQJ DV D NH VRROIRU
HOKDQFLQJ SHURWP DQFH GHFIMRQ P DNIQJ DQG HVSHFLD@® KHDAK DQG VDIHW
7KH &ROWIXFVRQ ,QGXWM ' HYHBRSP HOWMRDLG &,' % LQ 0 DM\ D MXQFKHG
VH &ROWKFMRQ  6VUDVIAJ LIF 3 @Q ? VR KHS WINHK RGHWY DGDSVWR
ViKH FKDQJLQJ GHP DQGV Rl ,QGXWU DWERVK QDMRQDODQG LOVAUDDRQDO
GIYHY +RZ HYHU P DQ\  WNHKRGHWY LQ ViKH 0 DD\ MDQ FROWKXFVIRQ LOGX\WMA
WHP DIQ XQDZ DWH Rl ViKH SRWQVIDOR! GLI IVDOVEZ 1Q VMFKQR®RI\ W HO GXH VR D
FROMOXHG WHIDQFH RQ WDGIMRQDOFRQWKFRQ SWDFAFHY 7KLY WXG\ DIP V VR
DWHW VIKH GIYHORI DZ DUHQHW DP RQJ LOGXWU  WINHKRGHWY UHI DUGLQI ViKH
DGRSVIRQ Rl ' 7 WFKQRM®RJ\ LQ FROWKFVRQ $ TXDQWWIMYH UIHVHDUFK P HVKRG
ZDV HP SRHG XMQJ D WKFXWHG TXHWMRQQDUH Z MK UHVSRQGHOW
FRP SUMQJ GHYHRSHWY P DIQ FROWDFVRY/ DQG VXEFRQWDFVRY/ SDUAFLS DAQJ
DQG \ LHGIQJ DQ UHVSROWH DWW 7KH 11QGLQI V LOGLEDVM VMKDWMKH KLI KHVW
DZ DUHQHW LQGH Z DV IHDWAG VR VMH XVH R ' 7 IRUP RQWRUQJ Z RUINHU
\DIHW DQG SWHGIFMQJ KD|DWGV IRARZHG E\ D IQGH  WH GIFQJ
DZ DUHQHW Rl ' 7B/ HITHFVIYHOHW LQ P SIRYIQJ KHDOK DQG VDIHW  &RQYHUHO
RQO® Rl UIHVSRQGHOW Z HH IX@ IDP LADUZ VK VIKH FRQFHSWRI GL] WDOVZ LQV
P DINIQJ ViKH (RZ HVWDZ DUHOHW VFRWIH  $ GGLRQD@ R UHVSRQGHQOW
EHIHYHG ' 7 WIFKQR®RJ\ LIV VDL KVIRWZ DG VR XQGHUAMDQG IRU P DIQVIQLQ]
VDIHW  7KHVH UHVXOV IDVH DQ DDWP 1QJ FRQFHWD UHYHDAQJ D WLJ QULFDOWI DS 1Q
DZ DIHOHW DQG VMFKQR®J LEDO DGRSVIRQ Z WKIQ VKH FROWUKFVIRQ \HFVRRU
" HVSIW ' 7B/ SURYHQ HITHPYHQHW LQ HOKDQFLQJ VDIHW DQG LHGXFLQJ UMV RQ
VW (WP SGP HOMRQ LV KIQGHHG E\ QP VMG XQGHUAMDQGLQI DQG UHVMQFH
VR FKDQIH 7KHHRWH WHWH LV DQ XWHOWQHHG IRU P RWIH FRP SUHKHOWYH
HGXFDAWRQ WDIQIQJ DQG HQJ DI HP HOWLOIMDWYHV VR SURP R ViKH DGRSVIRQ R

' 7 DV D FUXFLDOVRROIRULP SLRYIQJ VDIHW DQG RYHUD@SRMFWSHURWP DQFH LQ
0 D@\ VIDB/ FROWAXFWARQ LOGX\WA

. HZRWGY " UMO ,QORYDMRQ 3WHYHOMYH 6DIHW 0 HDVXUHV 6P DUV
, QIUUDVWAXFWKH' HYHBRSP HQW7HFKQRM®JI\ $ FFHSVIDQFH 8 VHU( QJ DI HP HQW
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' HSDWRP HOWRI * HRWIFKQLEV DQG 7WDQVSRUWIMRQ ) DFXAV RI &IY1O
( QJLOHHUQJ 8 QLYHUAW7HNQRARI LO DM\ D - RKRU%DKX 0 D@\ D
-DDQ. ROADNVRUS ~ 6H\V HQ 8 6KDK $@P 0 DM\ VD
6FKRRORI ( QJLOHHUQJ 8 QLYHUW RI : RARQIRQJ 0 DD D
P RKGNKDILX@I] DQ# XWP P \

$UBT5$ &7

8 UEDQL DARQ LOMQWIIHV DFLIRW 6RXVIKHDWS$MD VIKH QHHG |RU LOVAGD HQW
HOYLLRQP HQVIDO P RQWRUQJ KDV EHFRP H FUMFDOLQ EXIGHIQJ WP DUV DQG

UHMAIHOWFIMHY 7KLY WXG\  LQYHWAS DWAV DI D\ LOGXFHG QRIVH SROXRQ 1Q

VXEXUEDQ UHMGHQVDO] RQHV Rl . @QJ 9D@A . XDM / XP SXU X 1QJ GDVD

GUYHQ P HIKRGR®RJ LHV VIR VXS SRUMXWILODE B XLUEDQ SMQQLQJ ) RFXMQJ RQ

FRP P XU WDIQ RSHIDMRQV VKH UHVHDUFK LOVIAT LDWAV RQ VWi DFRX\ME GDVID

FRGYFIRQ Z MK HP SLUFDOP RGHQJ VIR HYDOXDVI HQYLLRQP HQVIDOQRIVH BIYHY
DFLRW YDU 1QJ GLWDQFHV DQG WDIQ VSHHGV 1 RIVH H SRVXWH Z DV TXDOWILHG

XMQJ $ ZHJIKWG HTXLYDBIOW FROUOXRXV QRMH GIYHY /$HT  DQG

UHI UIMWIRQ EDVHG DQDOMY YID 0 LQVIDE \VRIVE DLH Z DV DSSQHG VR XQFRYHU
W QUIFDOW WHDMRQWKISV EHVE HHQ RSHUIMRQDO DQG  HQYILRQP HQVO
SDIDP HWAW/ 7KH 11QGLQIV UHYHDO FROWMMQWH FHHG Rl SHWP DME®! QR

WUHKRGV 1Q SWRIP W VR DI D WDFNV SRMQJ  SRWQWDO KHDOK UMNV

% RQG HP SWUFDO IOWIKW VKLY WXG\ GHP RQVMADWMAV \KH SRWQWDO RI

$ WMLFIDOL HXWDOL HE RIN $11  QRIVH DODOVIEV DV D GL] WVBOROMRQ | RUIHDO

WP H XUEDQ VRXQGWFDSH P DQDJ HP HOW 7KH LOWAI UDMRQ Rl $11 DQG ILHG

GDVID LQ HOYLLRQP HQVIDOQRIWH DWHWP HOWQRWRQO VAHQI VKHOV FRP SADQFH

Z W' HSDWRP HOWRI ( QYLLRQP HQWUHI X@MRQV EXWDAR SWRYIGHV D VFDMDE G

ILDP HZ RWN IRU SUHGLFWYH QRIMH P DSSLQJ HWHOWDOIRU IXWUWH UHDG\ WP DUV
FIW LOI IDVAKFVH

.HZRWYV $UMIFIDO 1HXWDO 1HERWN $11 5D@D 1RM 3ROXVRQ
( P SIUFDOD RGHO( QYILRQP HQVIDO
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8 QLYHUWL7HNQR®JI LO DD\ MD - RKRU O DA D
IDWP DK DEGKDP 1G# JP DIGFRP

$UBT5P &7

$ WVDQ IDP 1O EXMOHWHY $) %V VHUH DV D FXWRGLDQ Rl FX@XUDOK HUVIRI H
SDUEXDW 1O 81 (6&2 : RUB +HUMDIH 61MAV : +6 VXFK DV 0 HOND DQG
* HRUH 7RZ Q 0 DD MD 7KHUVXUYLYDODFLRW J HOHIDARQV UH GFW UHMAQHQFH
DQG D FRP P WP HOWWR SUHVHUWIQJ VDGIMRQDO FUIDIWP DQ\KLS  + RZ HYHU
$) %V IDFH LQFUHDMQJ WKUHDW ILRP  IDSIG XWEDQ GHYH®RSP HOW VRXUWP
GHSHQGHQF\ DQG HQYILRQP HQVDO FKDQIH 7KLV SDSHU H SRUHV KRZ
LOFUHP HQVDO LOWAJ LDMRQ Rl $ VAILFIDO QWA HOFH $, VRRY DQG QDWH
EDVHG VROXVIRQV 1E6 FDQ VXSSRUMS) % VXWILQDELOW Z IMKLQ VKH EURDGHU
YIMRQ Rl VP DUAMKHUVIDI H FIMHY %DVHG RQ HVKQRJ UDSKLE FDVH AXGLHV R
$)%/ RSHIDWQJ IRU P RH WDQ IYH GHFDGHV VKLV SDSHU LGHQWLHV
WIFKQR®J\ XVH DQG HFR®J LFDO SWDFVIFHV DQHDG\ 1Q S@FH 5 DWHU VIKDQ
SWIRSRVQJ DGLFDOWHYROMRQ VKLY UIHVHDLFK IRXQG VMDWMP DAVED®! GLI VDO
WDQVIRWPP DMRQ DQG HQYILRQP HQVBOSIDFVIEHV D@ QHG Z WK GRFDOWDGLMRQV
FDQ KHS $) %V VIR VXWIDLQ VIKHLU EXVIQHW DQG Wi\ LHBIYDOFH LQ D FKDQJ LQJ
XUEDQ MQGVFDSH

. HZRWGY $UWVOQ )DP IO %XMOHWHV : RUG +HUMDIH 6lVA $, 1 DVWKWH
UDVHG 6 ROKNMRQV 6P DUM HUMIRDI H &IMHV
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&LYIO( QI LQHHUQJ 6WWGLHV 8 170 3HWP DVdXQJ 3 DXK %DQFK 3 HQDQJ
0 DD MD

M DKWKO # XIW HGX P\

$UBT5$ &7

7KIVVXG\ GHYH®RSVDQ RSVIP 1] HG DUAILFLDOQHXWDOQHE RN $11 P RGHORU
SUHGLIFIQJ  WAXFWWDO VKHDU FDSDFIW Rl VP S® VXSSRUMG WHQIRIFHG
FROFUHWM 5& GHHS EHDP V DGGIHWMQJ @P WIMRQV Rl VWDGIMIRQDOP HWMRGV
@\H 6\WKWDQG 71H P RGHY Z KIFK XVH XQF®IDU X®N DQG ViKH QHHG RI P DQ\
DWXP SMRQV 8MQJ D GDVDVHWRI H SHUP HQVIDO REVHUDARQV Z VK
LOSXWSDIDP HWAW Z H i WP DUWFD@® HYDXDWAG YDURXV $ WILFLDO 1 HXWDO
IHEZRW $11 DUFKMAAWUHY WDIQIQ) DJRUMKP V. DQG  DRWYDMRQ
IXQFVIRQV 7KH / HYHQEHW 0 DUFXDUGW DO RUVKP GHP RQWDWG VXSHURU
SHURWP DQFH DFIRW FRQILJXUDMRQV 2 XU UHVXQV WHYHD®BIG VKDW D VE R
KIGGHQ @ HU $11 VJQUIFDQV® RXVBHURWP HG MQJ® @ HU FRXQWALSDUNV
Z W ViKH RSP DOFRQILI XUDMRQ HP S®\ LQJ WDGLDOEDMY | XQFRQ DFIYDVRQ
ZIW  QHXWRQV IQ VKH IIDMVKIGGHQ @M HUDQG — QHXLRQV 1Q VKH VHFRQG
DFKLHYIQJ VKH GRZ HAMADIQIQJ 5 RRWO HDQ 6 TXDWH ( URU 50 6( Rl
9DAGDMRQ DI DIOWWH SHUP HQVIDO GDVID FRQILLP HG H FHSWIRQDO SUHGLFH
IIGHON Z MK FRUHODMRQ FRHIILEIHQW RI 5 IRUWDIQIQJ YDAGDVRQ
GDVDVHW DQG 5 IRU WAMOQJ GDD 0 RW SIHGIFVIRQV H KIELVMG
SHUFHQVIDJ H HURW EHIRZ 7KH GHYH®RSHG $1 1 SWRYIGHV D LHIDE®1 KLIK
DFFXWDF\  FRP SXVDMRQDO VRRO WKDW WHGXFHV WHIDOFH RQ  H WWAQMLYH

H SHUP HQWDOWAMARQI Z KB HQDEQQJ HIILFIHQWDQG VDIH SUDFVIEDOGHW Q
DSSQFDVRQV LQ WKW UDCHQJ LOHHUQJ

. H\Z RUGV 6 KHDU&DSDFIW $ WA LFIDOL HXWDOL HVZ RN $ WAL LFLDO, QWA@Y HQFH
" HHS 5 HIQIRUFHG &RQFUHVM %dHDP




72 3.&
& ,0$7( 5(6,/,(17
1)5$6758&785 (
(6% 1




7+(50%$/ 3(5)250$1&( 2) ' 28% ( 75,3/( $1' 48%' 583/(
*1$=1* $),(/' 678" <,1' 8Up,

6/()$1,1%' $6$/,+$002 185%$/,$02+$0$' 20$5
6+%$5,)%+)%,58=6<(' )$' =,/ 08+"' $=+3$5*+$=%/,

6FKRRCRI + RXMQJ 9%X1GBL0J DQG 3 MQQLQJ 8 QLYHUAW6 DIQVO DM\ MD
3X@X 31QDQJ 0 DM\ VD
6FKRRCRI %XLO\ QYLLRQP HQOW( TXDVRU&R@IH 3X@X 31ODQJ 0 DM\ D
QDGD  # WXGHQWK\WP P\

$UBT5$ &7

UXIAEBLIQI V 1Q KRWFQP DViAV 1DFH WLJ QUIFDQWFKDEBIQI HV 1Q IHGXFLQJ LQGRRU
KHDWJIDLQ P DNIQJ J@] LQJ SHURWP DQFH FUMEDOVR HQHU\ HILEHQR 7KLV
WXG\  LQYHWAO DWAV VIKH VKHWP DO SHURWP DQFH Rl WUWHH J@] Q) WSHV
FRP P RQD FRQUGHWHG IRU' XEDI® FQP DWI GRXE®I J@|IQJ ' * VMIS®
JOIQ) 7 DQG TXDOXS®IIM|IQJ 4* $ IHG EDVHG KRWER] DSSDUDVKV
Z DVXVHG VR IP X@VM EXLABLQ] FRP SDURP HQW HDFK [WWHG Z MK RQH J @) LQJ
WSH DQG H SRWHG VR ' XEDIR/VXP P HUMN\ FRQGIMRQV ( QYLLRQP HQVIBOGDVD
®RJ J HY IHFRUGHG LOWALDODIUVIAP SHUDWH DQG IHDVMIYH KXP IGIW Z KL®Y DQ
IQGHSHQGHQW Z HDWKHU WIMRQ  SWRYIGHG EDWIQH P LFWRFQP DM
P HDVXUHP HQW 7KH REMIFVIYH Z DV VR GHWALP LOH Z KHWHU 4 *  JLYHQ LW
®Z HU8 YDXXH RITHWY VWXSHURUWHWP DOSHURWP DQFH FRP SDUIHG \R 7% DQG
' % 5HVXOV VKRZ VKDW4 * FROUMMQV® DFKIHYHG &Z HU SHDN LOWAURDODLU
VWP SHUDWUHV SDUAEXDMUWD GXUQJ SHDNVR@UKRXWY 30 ? 30 LQGLFDWQJ
WHGXFHG KHDW WDQMHU +RZHYHU 1Q WKH HYHQIQJ 4* FRP SDUP HOW
UHVDLOHG V@ KV® P RWIH KHDW LHVX@IQJ 1Q P DULOD@ KLI KHU P SHUDWUHV
WDQ 7+ DQG ' * 2 YHD® ILQGIQIV FRQILP VKDWIQFUHDMQJ J @] 1QJ @\ HWY/
HOKDQFHV VKHWP DO LHMWQFH DQG HGXFHV LQGRRU KHDWJDIQ Z MK 4 *
GHOYHUQJ VIKH (RZ HVWSHDN DIUVAP SHUIDVXUHY DP RQJ VKH VIKUHH 7KLV \AWXG\
GHP ROWDVIAV WMDW P XQU@\HU J@] Q] SDWEX@WD 4* FDQ LP SWRYH
EXI@GIQ) HQHW\ HILFIHOR 1Q KRWFQP DV E\ P IMIDWQJ KHDWWDQUVHU
WRXJK Z IQGRZ V 7KH RXVWWRP HV SWRYIGH SWDFWFDOLOWI KW | RU DUFK VFW
HQJLOHHY DQG SRAF\P DNHW 1Q VHOFQJ J@]IQJ M VWP V IRU HOHU\
HILFLHQWEXLABLQJ GHWLI Q LQ UHI LIRQVZ MK H VWHP H WKHWP DOFRQGIVIRQV

.HZRWV 7KHWP DO 3HURWP DQFH ' RXE®! *@|IQ) 7US® * @] LQJ
4 XDGUKS®I* @] 1QJ + RWS UG &QP DM
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) DFXQV RI &LYIQ{ QJ LOHHUQJ DQG %6XION QYLLRQP HQWS QLYHUAMI7XQ
+ XWHIQ2 QQ 0 D@\ MD - RKRUO D@\ VD

0 LFLIRSREXVDOWE HVHDUFK &HQWH 8 QLYHUAWZ7XQ + XWHLQ 2 QQ 0 DM\ D
-RKRUO D@ VD
) DFXQV Rl , QViAJ UDVIAG / LLH 6 FLHQFHV 4 XHVN QUALDDVIRQDCS QLYHUAW
3HWDN 0 DD\ VD
QXUKDH# XVIKP HGX P \

$UBT5P &7

7KLV WXG\  HYDOXDVWAV VIKH SHURWP DQFH Rl DHUDWAG FKHP LEDOFRDJ X@MRQ
$&& XMQJ DXP IRUWHDQJ P DVXUH @QG! LOBIDFK DVWFREIFWAG |LRP  VIKH
6P SDQJ 5HQIJDP / DQGIL® 614 65/6 ' XH VR VKH OGDFKDWR KLIK
FROFHOQWDMRQ Rl LHIWDFVRU SRAXVBOW LQFOXGLQ] DP P RQIDFDOQIWRI HQ
$1 DQG IW ®Z ELRGHJWGDEION FRQYHOWRQDOFRDI X@MRQ WHDVIP HQW
P HKRG LV RIMQ LOHITHFYH $OXP  Z DV VHBIFWAGIRU LW Z lGHVSUHDG X\H
DQG FRWHIIHPAYHOHW Z KI®! DHUDVMRQ Z DV LOWAJ IDWAG VR HQKDQFH
FRDJ X@QW GVSHUARQ DQG P SIRYH VIKH SR@XVIDQW WHP RYDO -DU WWMW
H SHUP HQW Z HUH FRQGXFWG E\ YDU LQJ DXXP GRVDJH ? PJ/
S+ ? DHDMRQ DW ? / PIlQ DQG DHDMRQ WP H  ?
P IQXWN 7KH RSVIP DO FRQGIMIRQ Z DV DFKIHYHG DW PJ/ DXP
GRWDIH S+ DHUDARQ WDV R / PIQ DQG P LOXWARI DHIDMRQ
UHVXOIQJ 1Q WKH KLJKHW $1 HP RYDO HILFIHQR\ RI KL $1
FROFHQWDMRQ UHP DIQHG DERYH GLVFK DU H WQGDUGY VIKH LHVX OV KL K@ KW
VWH SRWQWDORI $&& DV D FRWHIIHFVIYH SUH WHDVP HQWP HVKRG 7KLV
WXG\ FROWIEXVV VR VKH DGYDQFHP HQW Rl K\EUG SK\MFRFKHP LFDO
VWAFKQLT XHV IRU P DWUHG GIDFKDVA WHDVI? HQW Z VK | XUWAKHU LOVWIAT LDARQ
WHFRP P HQGHG VR DFKLHYH UH] X@VRU FRP SADQFH

. HZRWV /DQGIL® 6VDELMMHG OGDFKDW 3K\ MEKRFKHP LFDO P HKRG
$P P RQIDFDOL MRIHQ &RE®XE HP RYDO
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" HSDUWR HOWRI 6 WKFVXUHY DQG 0 DVAUDY 8 QLYHUAML 7HNQRM®RJ L
0 DM\ MD - RKRU O DO\ D

' HSDUR HQWRI : DWAUDQG ( QYLLRQP HOVQ( QJ LOHHUQJ 8 QLYHUAW.
7HNOR@RJ LO D@\ VD - RKRU 0 DM\ D
\ LSEDRIDQI# XV P \

$UBT5$ &7

,QUX@WG 0 HVIDO3DQHY ,0 3V DWH Z IGH® XVHG LQ P RGHWD FROWXFVRQ
GXH VR VKHWU WHWP DO HIILFIHQR @ KVE HJKW QDWWH DQG HDWH RI
IOWD@MRQ + RZ HYHU VKHWU IWH UHMMWDQFH SHURWP DQFH LV FUWFDO IRU
EXL@GIQ] WDWIHW  OHFHWIVIMQJ  IHIDEGIDWHWP HQW P HIKRGY  ©  KLG
H SHUP HQVDOILLH VWMMAQJ HP DIQVHWHQWDO QXP HUEDOMP X@WRQV KDYH
HP HL HG DV D FRWHI | HFVIlYH DQG Hi | LFLHQWVRRO RUHYDOXDWQJ ,0 3 EHKDYIRU
XQGHU IlLH FRQGIMRQV 7KLV UHYIHZ SDSHU i WP DMED® H DP LQHV VIKH
WDV Rl VKH DUMQ QXP HUFDOP RGHIQJ VMFK QLT XHV IRUSUHGLEVIQJ VIKH [1LH
UHVMWIDQFH RI ,0 3V IRFXMQIRQ NH P FMKRGR®J LHV FKD@QJ HV DOG | XWH
GUHFMRQV 7KH WHYIHZ EHIIQV Z MK DQ RYHWLHZ RI ,0 3 FRP SRUMRQ
FRP P RQ IQUX@MRQ FRWH P DWUDY VXFK DV SROLRF DOXUDW
SROXUHKDOH DQG P LQHUDOZ RRO DQG VKH NH  IDFVRYY LOQIOXHQFLQJ VKHLU
SHURWP DQFH 1Q IULH 9DURXV MP XOMRQ VMFKQITXHV VXFK DV |LQWM
HOP HQWDQDOMY ) ($ FRP SXVIMRQDOICXIG G\ QDP LFV &)' DQG P XOU
SK\ MFVMP XOMRQV KL K@ KMQJ VKHUDS SGFDVMRQVLQ SUHGLFWQJ VIKHLP DO
DOG WKXFWWDOWHVSROWHY &RP P RQ® XVHG WRIVE DIH VRRY HJ $16<6
$9486 DQG)LH' \QDP LFV6LP XOWRU )' 6 DUH LHYIHZ HG LQ WP V Rl
WHU DSSQFDMRQ 1Q IILH P RGHAQJ $ FUMFDODQDOMY R H SHUP
YDAGDMRQ P HVKRGV LOFXGLQJ WIBQGDUS ILLH W $670 (62 LV
SUHVHOWG VR DWHW VP X@MRQ DFFXWDR . H 1IOGIQIV ILRP  SUHVIRXV
VWXGLIHV DIH W QUKHM] HG GHP ROQWUDMQJ KRZ  IDFVRY Q\H LQVX@MRQ
P DVIAUDOS LIRSHUAHV SDQHOWLENQHW DQG ERXQGDU FRQGIMIRQV LOI OXHQFH
ILH UHMWQFH &KDAIQIHV 1Q QXP HUFDOP RGHIQJ VXFK DV VKH KLIK
WP SHDWWH P DWUDO GHIWGDMRQ DQG FRP SXVIMRQDO FRW DWH
GOMFXWHG ) IOD@® VKH SDSHU RXVIQHV IXVXWH UHHDUFK  GLLHFVIRQV
IOFOXGIQJ DGYDQFHG P DWAUD® RGHQQJ P DFKIQH GDWIQIDQG P XOU
SK\MFV FRXS@QJ 7KL IHYIHZ  SURYIGHV YDOXDE®! LOVLI KW' TRU UHVHDUFKHLY/
DQG HQJ LOHHW VHHNLQJ VR HOKDQFH ,0 3 1LLH UIVMBQFH VIKLRXJ K QXP HUFDO
VP X@VRQV EUGIIQ] VKH JDS EHVE HHQ VIKHRUMVIEDOP RGHY DQG WHDO
Z RUWE DSSTFDMRQV Z KIBI WHGXFIQJ WHIDQFH RQ FRW® H SHUP HQVO

WAMOJ

. HZRWV ,QUXOWG 0 HDO3DOQHY ,0 3V ) UH 5HUWDQFH 1 XP HUFDO
6P X@VRQ 7KHWP R 0 HFKDQLEDCS QDOMY ) QWM ( BP HOWO RGHIQJ ) ( 0
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+ LOMGH GHYH®RSP HOW LQ WRSLFDOWHI IRQV VIXFK DV O D@\ D DUH | UHT XHQV®
VXEMIFWG VR WDIQIDIQGXFHG VBRSH IDIXUHV GXH VR \W#HS VRSRJ WDSK)

KHWAILRJ HOHRXV VXEVXUDFH FRQGIMIRQV DQG LOWQWH Z HDVIKHUQJ RI LRFN LOVR
UHMGXDO WRLY 7KLYV WXG\ LQYHWAO DWAV ViKH SHURWP DQFH RI DQ DQFKRU
HQIRFHG FROFLHWM 5& UHVDIQIQJ Z DM WP GHWI QHG VR WIELQ} H D
KIGIGH VRSHDW . XD 7HHQIJDQX 7KH UHVHDUFKHP S®R\V DGYDQFHG
QXP HUFDO P RGHIQJ XMQJ ) IQIMA ( ®P HOW RGHO ) (0 VR VP XOVIAKH
HIHFW Rl WDIQIDA LQILOWMRQ RQ SRWH Z DWAU SLWWXWIH 3: 3 DQG MIRSH
WRELON XQGHU ERWM XQUHQIRFHG DQG WHOQIRWFHG FRQGMRQV 7KH
P HWKRGR®RI\  LOWAJ DAV MW \SHFUIF JHRWIFKQIEDO GDVD  LOFOXGLQJ
ERUHKR®! @RIV 6VDQGDLG 3HOQHWDMRQ 7HW 637 UHVXAOV DQG UHVMAMW
P DIIQJ Z MK QXP HUFDOMP XMMRQV VKDWDGKHWH VR ( XIRFRGH ' HVJQ
$SSWIRDFK &RP EIQDMRQ ' $ & 6WADG\ WV DQG WDQMHQWVHHS DI H
DQDOVHV Z HH SHURWP HG VR DWHW 3: 3 GIMMEXVRQ IRGRZ HG E\ VRSH
WELON HYDOXDMRQV XMQJ VKH / [P W TXIEEUXP 0 HVKRG /(0 7KH UHVXQV
VKRZ VKDW WDIQID® WJ QUIEDQV® IQFUHDVHY 3: 3 HVSHFID@® D®RQJ VKH
Z HDWKHIHG WRFN LOWAUDFH WHGXFIQJ WKH )DFVRU RI 6DIHW )R6  DQG
WL JHUQJ FUMFDODIOXH VXUDFHV ,Q DGGIMRQ WKH LOFOXMRQ RI VIKH DQFKRU
LHLQIRUFHG LMVIQIQJ Z DA VXSSRUMGE) VRIOQDLY P LFURSIGN DQG GUDIQDI H
P HDVXUHV ®Z HIHG SHDN 3: 3 DQG VDWUDMRQ ] RQHV VIKHUHE\  HQKDQFLQJ
RYHD® VIRSH WDRELDNV 7KH IIQGIQIV FRQILP  WKH HIHFIYHQHW Rl
LHQIRUFHP HOWM WP V1Q P M DRI \VKDA@RZ MQGMIGHV LQ WRSLFDOVRSHV
5HFRP P HQGDWRQV LQFOXGH VKH LOVIA] LDARQ RI GUDIQDI HFRP SRQHOW X\VH R
FRXS®IG VHHSDJ H WRELOW DQDOMY DQG LOFRISRUIDMRQ Rl IHG P RQVRUQJ
IRU [P SIRYHG P RGHO FDIEUDMRQ 7KLV WXG\ FRQWEXWAV VR VKH
DGYDQFHP HOW Rl \XWBRIQDE®! JHRWFKQIFDO SWFFHY |RU  KLGMGH
LIQIIDWKFWIH DQG DI QV Z MK J@EDO FQP D DGDSVIMRQ HIIRUWV E\

DGGUHWMQJ VKH LOFUHDMQJ UM Rl UDLQI DLQGXFHG J HRKD] DUBV

. HZ RWGV 5DQID@,QLOMDMRQ 6@RSH 6VREION 5HIIQIQ] : D@ 7WRSLFDO
5 HMGXDBRIO: HDWHUHG 5 RFN
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6@RSH LOWDELDN SRVHV I QULEDQWIKUHDW VR LOIIDMAKFWIH HFRQRP LFV DQG
HOYLLRQP HOW HVSHFID® XQGHU VKH JWRZ 1QJ SUHWXWH RI FQP DV FKDQJH
DOG HWHP H Z HDWHU FRQGIMRQV 0 D@ MD HVSHFID® KDV KLIK UDIQID®
VKURXJ KRXWWKH \ HDU Z KIEK KDV EHHQ D P DIQ W] J HU IRU WDLQID@LQGXFHG
@QGVIGH 7KXV D GHHS VHDWAG WDIQID® LQGXFHG MBRSH IDIOXWH DW) 7
6H\M HQ -D@Q 6P SDQJ 3XML %XH 9D\ ' DHIK . LOVID 3HWDN DV DQ
DFVIYH DOG RQIRIQ] FROWKFVIRQ VM LV VDNHQ DV D FDVH WXG\ IRU VKLV
UHVHDUFK 7KLY FDVH WXG\ H SRVHG VR H WHP H Z HDWHUVIKDWEDXVHV LW VRS H
LOWIE LN VIKDWUHVXOMG VIR GDP DJ H VR H MAQJ YD@ DQG P DIQ LRDG + HQFH
VKLY ULHVHDUFK. SXUSRVH LV VR LOYHMAD DVIAV VIKH LOWAI LDVIRQ RI 7HUDY LON 6\ WP
DV FQP DW ? UHVIQHOW LQIIDWKFWIH GHMIQ LOWRGXFHV DV SHWP DQHQW
WHP HGLDOZ RUNV DV P MO DARQ P HDVXWH VR Z WMK\WQG FQP DWW FKDQJH DQG
VKH LOWRGXFVRQ Rl 7UD[ LDOVIOWHQVRU DV VXWILQDE®! P RQWVRUQJ DSSURDFK
GXUQJ) VKH FROWMKFMRQ DQG SRVWWFROWAXFVRQ IRU WKLV SURMIFW 7KH
7HUD L.ON i WP DV DQ LOQRYDWYH QHZ M VAP 1Q O D@\ VD LQWRGXFHG DV IW
FDQ EH FROWXFWG 1Q WHHS VRSRIWDSK\ DQG LW IXQFVIRQD@N VKDWFDQ
Z IGHQ ViKH SOMRWP  1Q D UIWMEVMG DUHD Z KIEK FRUHDMWA Z H@Z WK KLV FDVH
WXG\ WMDWOQHHGHG VR EH WRELOHG W VUDIQ DQG IHFRQWUKFWG GDP DI HG
LRDG ) XUMKHWP RH DV D KLJK UMN SIRMFWH SRWHG VR HWHP H Z HDViKHU
SWRSHU HOKDQFHP HOWRI UHDOVIP H P RQWVRUQJ FDSDELOMHV LV QHHGHG IRU
HDL® GHWIFMRORI VRSH LOWDELDN VR HOVXWH UMN DWRFIDWG Z WK FQP DM
LQGXFHG @QGVIGH LV VWDVIAI LFD@ P MO DWG 7KH GDVID FRAGHFVAG |LRP VD] LDO
VWOV VHOVRU VKDV HTXISSHG Z WK Z LLHBMW GDVD WDOQWP DMMRQ  Z KIFK FDQ
IDFLODVA P P HGIDW GDVD \KDUQJ DQG DAXHV WP HO® DB FDQ SUHYHQW
HQYLLRQP HQVDOGDP DIHV \DYH @/HV Rl VKH FROWWXFMRQ Z RINHWY DQG VKH
LRDG XVHW/ DV IMFROWIEXVAV VR RQJ WALP  KXP DQ VDIHW DQG VRFIR HFRQRP LF
WRELON Z KLFK DUHVKH NH SLEDW/ Rl VX\WIDLODE LOW

. HZRWV ' HHS 6HDWAG 5 DLQID®,QGXFHG / DQGVIGHV 7UD] LDO7LaVE HQVRU
7HUDION 6\ WP &QP DWW ,QGXFHG / DQGVIGH
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7KLV WXG\ H DP LOHWKH P DNRU FDX\VHV R LIRDG DFFIGHQW 1Q VKH 6XQIDQ
$EGXO+DIP 0 XDGBDP 6KDK Y%UGIH Z KIFK LV VKH GRQIHVWEUGIH 1Q
0 DD MD $VVKH SIREGP RI WDIILE DFFIGHQWKDV EHFRP H DQ MXH Rl J REDO
FROFHLD HVSHFLD@® Z KHQ MFRP HV VR VKH LOFLGHOW RQ EUGJ HV VKLY SDSHU
DIP V DWGHMLP LQIQJ DQG SURUW LQJ VIKH P DNRUIDFVRW RI VXFK DFFLGHQW
Z KIFK LQFOXGH VKH EHKDYLRURI D GUYHUVKH YHKLE®! LHDWAG IDFVRY DQG VKH
HOYILRQP HQVDO FRQGIMRQV %DWHG RQ VKH DFFIGHQWGDVD 1Q SWRVIGHG E\
-DP EDVIDQ . HGXD 6GQ %KG -. 6% ViKH WXG\ XVHV D TXDQWVIMAYH DSSWRDFK
1Q H DP 1QIQJ VKH GDVID XMQJ GHVFUSWYH WIMMMEY FKL VT XDUH WMV DQG
O\HIKRRG DR DQDOMY XMQJ VIKH 6366 SDFNDIH 7KH ILQGLQIV \WKRZ  \IKDW
GUYHU EHKDYIRU ZKIFK IQFOXGHV ®RW Rl YHKIFGIFROWRO \VSHHGLQJ
QHJ @ HQFH DQG IDWIXH LV iKH P DNRU FDXVH Rl DFFIGHQW RQ VKH EUGJH
Z KHIHDWWAXHY DWRFIDWG Z WK YHKLE®GN FROWIEXWMA VR DFFLGHQW RQ VKH
EUGJH P IQP D® 2Q® D MKW FRUHDMRQ Z DV IRXQG EHVE HHQ KH
ILHTXHQR\ RI DFFIGHQW DQG HQYLLRQP HQVIDOIDFVRY/ VXFK DV LRDG VXUDFH
DQG Z HDWKHU FRQGIIRQV 7KLV WXG\ DOR \KRZ V VKH XU HQR\ RI \SHFLILE
LOVAUYHOMRQV LOFXGLQJ VIKH HQIRUFHP HQWRI DI ILF @Z V GUYHU HGXFDVRQ
YHKLF®! P DIOWAQDQFH DQG [P SLRYHG WDIILF VXUHLEDOQFH FKQR®RI LHY 7KH
SUHVHOWMXG\ RXWRP HV Z L@QRWRQ® KHS VROH WH SIREGP Rl EUGIH
VDIHW EXWZ 1@ DOR DQIQ Z MK 6XWIDIQDE® ' HYHRSP HQW* RDO  E\
HOVXUQJ VDIHU P RUH UHM@HQWQ! LDVAKFWLH DQG WDQVSRUAK VWP

. HHZRWG6Y 5RDG 7WIIIEF $FFIGHQW %JGIJH 6DIHW  $ FFLGHQVE.DXVDVMRQ
$ QDOWY 6366 6 VIVMMMEFDCH QDOVY ' UYHUYHKDYIRU
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7KLV WXG\ H DP LOHV WH LOFIGHOFHV Rl DFFIGHQW RQ ®QJ \SDQ EUGIHV
Z KIFK LQ VKLY FDVH LVViKH - DP EDVIDQ 6 X@IDQ $ EGXO+ D@P 0 XB] DP 6KDK VKH
6HFRQG 3HQDQJ %IGIH 7KH UHVHDUFK Z LAODGGUHW VXFK T XHWIRQV DV ViKH
DFFIGHOWSIROH S@FH VKH WSH Rl YHKIE®! P RWV IQYROHG DQG \KH
FROWIEXWQJ IDFVRY VKDWP D\ BIDG VR DFFIGHQW VXFK DV ViKH \MXFVXUDO
YX@HWDELDAHY VIKH FRQGIMRQ RI ViKH VDI I LF DQG VIKH HQYLLRQP HQVIDOI DFVRLY/
VKKDWDI | HFWMKH DFFLGHQW MK ViKH GDVID \DP S®1G E\ -DP EDVDQ . HGXD 6GQ
WKG -. 6% EHVE HHQ DQG VKH WXG\ DSSTHV WIVMMEDODQDOMY
DQG SUHGLFWYH P RGHOQJ LQ KKH 6366 VIR DQDO] H VIKH WHQG RI DFFLGHQW DQG
GHYH®RS D GQHDUWHI IWWMRQ P RGHOVR SUHGLPWDFFLGHQW IDFVRY/ ' HVEUSYH
WIVMEV DQG GDVID YIVXD@ DARQ Z HIH SHURWP HG VR 110G RXWWMHQGY RYHU
YDURXV EUGJH WSHV DQG VH WSH RI YHKLE®N VKDWFLRWHG ViKH EUGJH 7KH
ILQGLQI V LQGLFDVIA VIXFK DUHDV DV P 1G VSDQ SDUV DQG KDL FXUYHV VR EH
GDQJHWRXV DUHDV EHFDXWH Rl WAXFWUWO WIOMRQV DQG H SRVXWIH VR DQ
HOYLLRQP HQW 0 RW DFFIGHQW DIH NQRZ Q VR EH FDXVHG E\ ViKH XWH R
SUYDWO RZ QHG YHKLF®V DQG P RWRU F\ FON DQG VKLV LV DWRFIDWMG Z VK
@UH YRXP HV Rl WDIILF DQG UIRDG FRQGIMRQV Z KIFK DWH YHU XQIDYRWDE O
7KH SWHGIFVIYH P RGHOVKRZ V VKDWVKH FRP ELQDWRQ RI WDIILE GDVID DQG
VIWKFVWUDO SDUDP HVAY P D HOKDQFH WiKH P RGHO DFFXWDR\ Rl DFFLGHQW
IRIHFDWIQJ DQG GH@YHU P HDQLQJ IXO GLLHFVIRQV VR VDIHW S@QV ) XU HU
SUHGLFYH P RGHOGHYHIRSHG FDQ EH DSSAHG LQ VP .MUEUGI HV Z KIFK Z L@
EHOHIIWSRQF\ P DNHWY HQJL.QHHY DQG VWDQVSRUIMRQ DXVKRUMHY VRZ DUGV

VXWIDLODE B DQG UHMAHQWKLE DQ WDOQVS RWIMRQ \A AP

. H\ Z RWBV Y%JGI H$ FFLGHQW3 LHGIFVIRQ 0 RGHO
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7KH FROWMXFVRQ LOGXVW LV D \.J QULFDQW VHFVIRU VDW LOQI OXHQFHV VIKH
FRXQWI V HFRQRP \  +RZ HYHU WKLV LOGXWM DOR WBQGV DV D P DWRU
FROWIEXVRU VR HQYLLRQP HQVIDO FKD@QIHV SDUAFXDW 1Q VKH IRWP R
FROWUKXFVIRQ Z DWH 7KH WDSIG J IRZ WK RI FROWAKFVIRQ DRFYLHY KDV BIG VR
D WJQULFDOW LQFUHDWH 1Q Z DWM JHQHIDVMRQ  WDIMQJ VHURXY FRQFHWQV
HIDUGLQ) W IP SDFVRQ HQYLLRQP HQVDOTXDMN DQG SXEQE KHDOK 7KLV
VWXG\  LOQYHWAI DV FROWAXFVRQ Z DWM P DODIHP HOW SWDFWFHV 1O
6HVDSDN . XD / XP SXU Z KHHE\ 1Q VKLV WXEXWEDQ DWHD VKH Z DWM
P DWAUDY DUH QRWVMRUMG DGHT XDWA® RQ P DQ\ FRQWUXFARQ VWAV P DNLQJ
W GLILEXOVVR WHA\ F®! RU LHXVH VKHP  HITHPYHO 7KLY LHVXQV 1Q U H
TXDOWAHY Rl P L[ HG Z DWH EHIQJ VHOWVR @QGI L@ LOWKMDG RI IHXMQJ RU
HA FQQJ YDXDE®! UHVRXUFHV GNH P HVBY FROFUMW DQG Z RRG 7KLV
IP SIRSHU ZDWW P DQDJHP HQW SWDFUFHV P UKW ®GDG VR \VKH
FROVDP LODMRQ Rl Z DU ERGIHV VRIOGHI IDGDVRQ DQG DU SRMRQ 7KH
SUP DU DIP RI VKLV WXG\ LV VR LGHOW\ WH NH IDFVRWY FROQWEXVQJ R
FROWUKXFVIRQ Z DWH J HOHIDMRQ DQG VR SURSRVH SUDFVIEDOVMDWAT LHV 1RU
P IQIP IMQJ Z DWW 1Q 6HVBSDN $ TXDOWMAMH UHVHDUFK DSSWRDFK Z DV
HP SRHG ZIW GDVD FRGIFWG YID ROIOH VXUH  TXHWIRQQDLHV
GLDAMEXWAG VR YDURXY FROWUWKFRQ SDUAHY 7KH GDVID Z HUH DODOVHGXMQJ
VKH 6VIVIMMFDO 3DFNDJH IRU VH 6RFIDO6FIHQFHV 6366 DQG 0 LELRVRIW
( [ FHO 7KH 1L.QGLQJ V LQGLEDVIA VIKDWHI T HFVYH Z DWH P LQLP LVDVRQ \MDWAT LHV
VXFK DV ROV Z DWW VHJ UHJ DARQ DQG ViKH LP SBP HQVIMRQ RI 5 HGXFH
5HXWH DQG S5HRF® 5 SWFUFHY FDQ WJQUIFDQV® WHGXFH Z DWM
DFFXP X@WRQ DQG FRQVHUYH QDWUWDOUHVRXUFHY $ GGIMRQD@® VKH WXG\
IGHQWIHY SRRU P DVUDY KDQGAQJ GHWIQ HURWY DQG LOHIILFIHQFLHV 1O
P DWUDOSIRFXUHP HOWDV SUP DU FRQWIEXVRWY VIR FROWUKXFVIRQ Z DM LQ
WKH DUHD 7KHH IDFVRWY ®IDG VR H FHVWMYH Z DWM J HOHUDMRQ Z KIEK FRXG
EH WHGXFHG VKLRXJK EHWHU S@QQLQJ DQG MWK P DQDIHP HOW 7KLY WXG\
VHUYHY DV D WHP IQGHU VR FROWAXFWRQ FRP SDQHV DQG HDWAG
R DOMVDVMRQV VIKDWMKH MXH Rl FROQWAKFVIRQ Z DWM P XVWEH DGGUHWHG
VHURXV® VR SWIRWIFW WH HOYILRQP HQW DQG SWRP R  \XWILQDE®
GHYH®RSP HOW

. HZRWGY &RQWKFARQ : DWW 0 DQDIHP HQW 6XWRIQDELON + XP DQ
+HDOK 5 3WPVEHV ( QYLLRQP HOW
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7KH XVH Rl LHMYHODVRWY GHUYHG ILRP  LHQHZ DE® LHVRXUFHV VIXFK DVEIR
RIO KDV JDIQHG WJQUIFDQW DWHOMRQ 1Q VXWIDIODE®! SDYHP HQW
HQIIQHHUQJ 7KLY WXG\ LQYHWI DWAV VIKH FKHP LEDO DQG WKHR@RJ LFDO
FKDQJ HV 1Q UHWYHQDVMG DVS K DOVELQGHU VXEMIFWAG VR DULFLDODIHIQ) $
EIR RIOGHUYHG ILRP Z DWH FRRNLQJ RIO: &2 Z DV XVHG DV D UHNYHQDVRU
VR HWRIH VKH SWRSHUAHV Rl DIHG DVSKDW ELQGHU 7KH HYDOXDWRQ
LQFOXGHV FKHP LFDO DQDOMY VKIRXJK 6$5% IWDFMRQDMRQ DQG ) RXUHU
7IDOMRWP ,QIDIHG 6SHPWRVFRS\ ) 7,5 DRQJ Z MK KHRMRI LEDOWAMAL]
IRU IDWXH UHVWDQFH XMQJ VKH ' \ QDP LF 6KHDU 5KHRP HWMAU ' 65

5 HVXQV LQGLFDW VKDWVKH LOFRUISRUDMRQ RI ELR RIODMAW WMH FKHP LEDO
FRP SRUMRQ DQG P SIRYHV VKH IDWIXH UHMMBOFH RI DIHG ELQGHWY/
WRXJK DIHQJ WODGDGY VR QRDE®! R[ LGDVIYH FKDQIHV 6$5$ |UIDFRQ
DODOMY HYHDY VIKDW DIViAU KRXW RI ®RQJ VWP DIHQJ WH
IHXYHODWAG DVSKDAOV ELQGHU FROVDIQV GMW DVSKDOMQH SHUFHOVIRI H
FRP SDUH VR RIKHUDVSKDO\ELQGHU ) 7,5 DQDOMY VKRZ V ViKDWUHMN YHQDVIRQ
Rl DJHG ELQGHUZ I WHDWAG © &2 HGXFHV VIKH FDUERQ\ OQGH .. Z KL
IQFLHDMQJ  WH VXOR[IGH 1QGH ,Q WH XODIHG FRQGIMRQ \KH
UHM YHODWAG DVSKDAVELQGHUGHP RQVWDVAV VIKH GRZ HVW,, YDOXH + RZ HYHU
DU  KRXW Rl DJHIQJ VKH UHMYHQDVWAG DVSKDAOVELQGHU H KLELIW iKH
KLJ KHW,, YDOXXH LOGLFDWQJ D J UIHDVWU GHI UHH RI DVSKDAVDI HIQJ ,WDOR
QRWG WMDWDIMU  KRXW DIHIQ] MP X@MRQ WKH VXOR[ IGH LOGH RI
DVSKDM\ELQGHUZ DV IRXQG GHFUHDVH LOX\DMQJ GHI UDGDVIRQ RI VXOR] LGH
FRP SRXQG DIVWU DIHOQJ MP XOMRQ 7KHWH 11QGIQIV VXSSRUN VKH
SRWMOWDO Rl EIRRIO DV D YIDE®! WHXYHODVRU LQ DVSKDOV WHF\ FAQJ
DSSQFDARQV DV Z HODV LQFUHDVH ViKH VXWIDLODE LW 1Q UIRDG FROWKFVRQ
LOGXWUIHV

.H\ZRWV 5%$3 %R RIO6$5% ) IDFIRQ ) 7,5 DQG' 65
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8 QLYHUAM7HNQR®J LO DM\ MD - RKRU O DA\ MD
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SUBT5$ &7

0 RGLIFDMRQ RQ ViKH EIVXP HQ HP XGIRQ Z I XVDIH RI FRDOFRP EXWRQ
HQG SWIRGXFW KDV HP HUHG D SWRP IMQJ DSSWRDFK VR P SURYHWKH
FROYHOWRQDOSIRSHWIHV Rl LHDG\ P DGH LQGXWUDOEWXP HQHP XMRQ WLV
D@ QIQJ Z MK SURP RQJ VKH VXWILQDE® VROMRQ RU LQQRYDVMRQ 1RUVIKH
SDYHP HQWQGXWUHV VXFK DV DSSQFDVRQ DVVIDFN FRDW RULRDG SDYHP HQW
7KIVVAXG\ LV LOQYHWIO DMQJ RQ VIKH DSSQFDVIRQ RI 10 DK LOFRUSRUDWMG Z VK
WH EMXP HQ HP XOIRQ DV VKH P LQHWO DGGIMIMHV VR P SWIRYH VKH
SHURWP DQFH Rl EIMXP HQ HP XMRQZ KI® WHGXFIQ) WH Z DWW R
WHHOYILRQP HQW 7KLV IQFXGHVH S®RUMRQ Rl WH RSP XP
DGGIMYHFRQWQWWDWFDQ J LYH RSVP XP SHURWP DQFH Rl VH P RGLLFDVIRQ
WG\ LVFRQGXFWAG Z VK 1® DVK FRQVMQWDV \IKH YDUDE ® SDUDP HWUZ KLEK
DUH DQG 7KLV Z 1O LOFOXGH ViKH VHUHV Rl SK\ VIFDO \WMVAQJ
FROGXFWG RQ WH I® DK P RGUIHG EVXP HQ HP X(MRQ VR HYDOXXDWMA ViKH
SK\ MFDO FKDIDFVWIUMAE DQG FRP SDUQJ Z MK VKH FXUHQW WIDQGDLG
DSSQFDE® ,WWV VR HQVXUH ViKH LOQRYDVMRQ DUH FRP SADQFH Z LViK 0 DM\ MIDQ
6VDQGDUG 0 6 Z KIFK RXVIQHG RQ VKH WBQGDUS SWRSHUAHV RI
SDYHP HQW P DWUDOKD® EH X\WH 3K\ MFDO FKDIDFWUMAE LV H DP LOHG
WRXJK DJJUHI DA FRDWQJ MHYH YZWFRMW SDUAF®! E\ FKDU H IMMWZ KLOA
WRELDW LV GHVALP LOHG VURXJ KUHMGXH E\  HYDSRUDMRQ DQG GHP XGELOW
WAMW/S HVXOV VKRZ VVIKDWH IMAMQFH RI 1® DK LQ iKH 5 DSIG 6HWAQJ) 56 56

DOG 56 . P SWRYHV VKH GXWDELOW DGKHWYHQHW DQG Z RINDELOW Rl
WH EVXP HQ HP XOMRQ EXWIHWUFWAG VR RQ® \P DDP RXQWVR FRP SO
Z W VIKH WBQGDUS 7KLV RXWFRP H Z L@ FROWEXWM VR WKH SDYHP HOW
LOGXWIHV DQG HOYILRQP HOWDFKIHYIQJ JRDORI Z DWH IHGXFVRQ DQG LW
DSSQFDELOW RQ DOMUDDVYHV XVDJ H 1Q HQJ LOHHUQJ X\H

. H\Z RWEV 0 RGUIHG %WP HQY( P X(MRQ )® $\K ' HP XGULFDMRQ 7DFN
&RDW$ GKHVRQ
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7KH VHDUFK IRU @KWAU P RIH GXWDE®! DQG VXWIDIQDE®! IRWP Z RWN
VROMRQV LV LOWAOMI\ 1QJ DV VKH FROWUKFARQ LOGXWW  IDFHV P RXQWQJ
FRW SUHWXUHV DQG  HQYLLRQP HQVIDO VDU HW 7KLY SDSHU LQYHWAD DAV
Z KHIKHUSROP HUEDWHG IRWP Z RN SDQHY VXFK DV SROSIRS\ BIQH 33
FDQ VHUYH DV FUHGLE 1 DOMUQDVVHY VR SOZ RRG LQ WP SRWDU Z RV IRU
FRQFUMA FDWIQJ ' WDZ 1QJ RQ SXE@KHG WHVHDUFK DQG H SHUP HQVIDO
SHURWP DQFH GDVD VKH WXG\ FRP SDUHV P HFKDOLEDOVAHQI VK Z HLI KW
FROWKFVMRQ HIILFIHOR  VXWILODELDN DQG FRW ( YIGHQFH \KRZ V \IKDW
LHXVDE B! VIKHLP RS@WAE SDQHM DUH J HOHD@ @ KVMUVKDQ S®Z RRG FDQ
GH@YHUHT XDORUVXSHURUFRQFUHV VXUDFH 1LOIMKHV RYHUP X@IS®! UHX\VH
F\FON DQG P D\ DFKLHYH &Z HU@H F\ F®! HQYLLRQP HQVIDOLP SDFW DQG
FRW ZKHQ UDOME WHXWH WDWV DH FROMGHHG 1 HYHUKHOMW
WP SHIDWWH VHOVMYIW DQG IHDWAG GHIGIFWRQ P DODIHP HQWUHP DIQ
FUMFDOGHW Q FROUGHIDMRQV 2 YHID® XQGHU DSSIRSUDWM FRQGIVIRQV
SMWIF SDOHY FDQ P DWWK RUH FHHG SOZ RRG LQ WFKQIEDOSHURWP DQFH
Z KIB WXSSRUAQJ P RUH VXWIDLODE 1 FROQWAXFVRQ SUDFVIEHV

_HZRWGY : 21' (5%RDG 30ZRRG )RWP ZRWN  &ROFUHWM
3ROSIRS\ GIQH
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6DFULLFIDO W\ 1Q S@FH IRWP Z RWN LV LOFLHDMQJ® DGRSWMG |IRUEH®RZ

JWRXQG FRQFUHWM H®P HOW DV DQ DOMODYH VR IP EHUS®Z RRG 7KLV
VWXG\ DSSWDIVHV WHHOP HWK Z MK SROHWHOH SHWP DQHOWIRWP Z RWN
VXFK DV 3HFDIRPP  DIDIQW FRQYHQMRQDO WP EHU AVAMP V  IRU
IRXQGDVIRQV JIRXQG EHDP V DQG SL® FDSV &UWAUD LOFOXGH LOWIDADMRQ
WP H @ERXU DQG WNI@ WHTXUWHP HOW \DIHW FRW WHX\DELOWN DQG
FROFUHM TXDOW IRWP HG QMK YRIGIQJ GWDZ 1QJ RQ P DQXI DFVUHUY/
WFKQIEDOGDVW EHVWSIDFFH IQWIDADMRQ J XIGDQFH DQG GRFXP HQWMIG
VWA H SHUHQFH ( YIGHQFH LQGLFDVAV \KDW SHUP DQHQW IRWP Z RN FDQ
VKRUMQ SWRIWDP P H DQG WHGXFH P DQXDO KDQGIQJ E\ HIP LODWQJ
VWINIQJ DQG HQDE@QJ EDFNILAQI SURUVR VKH SRXU VKHIHE\ GHFUHDMQJ
RSHIDWYHB H SRVXWH Z WKIQ H FDYDMRQV &RUHFW GHVDLAQJ DQG
H HFXVIRQ DUH FUMFDO %6 FRP SADQWVSDFHWY DSSURSUDW \SDFLQJ

DOG ®RDG FDSDFIW WHDVYH VR EDFNIL@ SIHWXIH DBRQJ Z IV HITHFIYH
YIELDMRQ FRQWRO DWH WHTXWHG VR FROWRO GHIGIFMRQ P DIOVIDIQ
HQIRUFHP HQW FRYHU DQG SWHYHOW FRQFHDBIG YRIGV : KHQ VIKHWH
P HDVXUHV DUIH DSS@HG IRWP HG WXUDFHV EH®Z JWRXQG DWH JHQHWD@®
DFFHSVIDE ®1 |RUVIKH LOWIQGHG VHUEH HQYLLRQP HQWKRZ HYHU DV WD\ 1O

SOFH VWP V UHX\VDELONV IV QP WG LQ VXEVAKXFWUWH DSSQFDRQV
2 YHD@WI\ 1Q S@FH IRWP Z RN DSSHDW/ VR EH D SUDFVEDODOMLQDVYH |RU
PDQ EH®Z JWRXQG SRXW RIIHUQJ HIIFHQR DQG DIHW EHQHIW
Z WKRXWFRP SWRP IMQJ FRQFUHWM TXDDW Z KHQ LOWDIHG VR UHFRI QMVHG
EHW SWFAFH ) XUMHU LQGHSHQGHQW TXDOWOMAMH WIDY DWH
HFRP P HQGHG VR \XEWDQUWDW FRW DQG TXDON RXWWRP HV DFLRW

GUIHHQWHBP HQWI HRP HVUHV DQG J LRXQG FRQGIMRQV

. H\Z RUWV 3HFDIRWP 6 FDULLFIDO) RWP Z RIN &RQFUHW 3 RO HVIKHQH
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$UBT5$ &7

+LJK FRRXU LOMOMW [Q @QGIL® GDFKDW WHP DIQV D FUWFDO
HOYILRQP HQVIDO FRQFHWD DV W LOGIFDWAV ViKH SUHVHQFH RI UHILDFVRU
RUDQEF FRP SRXQGV DQG QHIDWYH® DIIHFW WHDWP HOWHIILFIHQR ,Q
0 DD\ MD P RWDQGI LAY SIRGXFH GIDFKDW Z WK FR&RXU FROFHQWDMRQV
H FHHGLQJ ViKH SHIPP DMME® @P IR 3WER 7KHHRWH VKLY WXG\ DIP V
VR RSVIP JH ODFKDW WHDVP HOW XMQJ HBIFWRFRDI XOMRQ SWRFHW
HOKDQFHG Z VK VIDSLRFD WIBLFK DV D FRDJX@QWDIG VR P SIRYH FR®XU
HP RYDORI GIDFKDW ,Q ViKH H SHUP HQVDOVHWXS UHFVDQI X@UDXP LQLXP
SOWV DXP LQIXP [ FP ZHWH XWI HG DV HBIFWRGHV &RBRXU
UHP RYDOHIILFLHQR\ Z DV LQYHWAS DWAG DWGL I HIHOWFXUHQWGHQMW
P$FPt HOIFWROMYMWP H P 1Q DQG GRVDJHV Rl VBSIRFD
WDUFK 2?2 J/  7KH ILQGIQJV WHYHD®BIG VMDWMKH DXJP HOWIG SURFHW
DFKIHYHG DQ RSWIP DO FR®RXU WHP RYDO HIILELHQR\ Rl DW
P $ FP t FXUHQWGHOMW P LOXVMVHBIFAROMYWP H DQG  J / VIDSIRFD
WDUFK GRVDJH ,Q FRP SDUMRQ VKH MQJ® HBIFWRFRDI XAMRQ SURFHW
Z WKRXWVIKH DGGIMRQ Rl VBSLIRFD WILFK FRDJ X@QWDIG LHT XILHG BRQJ HU
HOFVROMY WP H R P LOXWAV VR DFKLHYH FRP SDUDE® FR&RXUWHP RYDO
+ HOFH VKLV WXG\ FRQILLP V VKDWVDSLRFD WDUFK 1V DQ HI1HFVYH FRDJ X@QW
DIG FDSDE®! Rl HQKDQFLQJ WKH HBIFWRFRDI X@MRQ SWRFHW |RU @QGI LA
GIDFKDVA VWHDVP HOQW ,Q FRQFOXMRQ VKH RSWP 1] HG HBIFWRFRDI X@VRQ
SWIRFHW XMQJ VBSIRFD WDUFK SWRYIGHV D VXWRIQDE® DQG HIILELHQW
VROVMRQ IRU WHDMQJ OQGI® GDFKDW  RITHUQ)  VXWILQDE O
HQYILRQP HQVDO VMFKQR@RJ IHV \VSHFULFD@® RQ Z DWWZ DWAU WHDVP HQW
LOGXWWA

. H\Z RWGV / HOFKDWA @QGI L GIDFKDVWA WHDW? HQW HBIFIRFRDI XOMRQ
FRDJ X@QWDIG VIDSLIRFD WIDUFK
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$UBT5$ &7

7KH FRQWHUDMRQ Rl KMWRUFDO EXIGBIQIV 1Q 0 DM\ MD LV LQFUHDMQI ®
KIOGHWHG E\ DJILQJ LOIWDMAKXFWIH LOFRP S®MA GRFXP HOVMRQ DQG VKH
DEVHQFH Rl FRRUGLODVWIG P DIOWIQDOFH VDVIAT LHV 7KLY WXG\  SUHVHQW D
VHP DOWFD@ HQUFKHG 9%X1QBLQJ ,QIRWP DARQ 0 RGHAQJ %0 WP HZ RN
IRUVHH GLP HOVMRQDO ' IHFROWAXFVRQ DQG FRQGIMRQ DWHWP HQWRI
KIWRUFDOEXIGEIQIV GHP RQWADVWAG VKURXJK D FDVH WXG\ Rl D KHUVBI H
EXL@GIQ) QRFDWG LQ - RKRUYDKIKX ,QWHMDG Rl FROYHOWRQDOSRIOWF@RXG
VFDQQIQJ VKH DSSWRDFK FRP EIQHV ~ GHJUWHH SDQRWP LF [P DIHU 1WRP
0 HVILHDOZ VK VE R GLP HOQMRQDO ' I®RRUS@QV VR P DQXD@® GHYH®RS D
GHVIDLBIG %0 P RGHOLQ $ XVRGHWN 5 HYIW7KLY [P DIH EDVHG Z RNGRZ Z DV
DGRSWHG VR DGGUHW FRP P RQ KIWRUFDOS IRMFWFRQWDIOW SDUAEX @D
VKH KLJ K FRWQ@P MG DFFFVELON DQG MFKQLEDOFRP SO LW DWRFLIDVMG
Z WK SRIOWF®RXG FDSWH 6HP DQVUE DWMEXWV VXFK DV GHIHFWWSH
VHYHUW XUWHOQR\ DQG SUHYIRXV LOWAWYHOMRQV Z HH HP EHGGHG Z IVKIQ
WH %0 HQYLLRQP HOWXMQJ FXWRP LOWDQFH SDWDP HWW DQG YLVXDO
MY P SIRYIQ) GRFXP HQDMRQ WDQVSDIHQR.  DQG  HIDELOW
&RQGIMRQ DWHWP HQWFRQFHOAWDWG RQ DUFKIMAFILDE DQG FXAXDAD
\LJ QULEDOW FRP SROHQW VXFK DV GHFRUIDMIH FHIAQJV P DVRQU  Z DQY
WP EHUZ LQGRZ V DQG WBIG I®RRWY/ Z KIFK DUH YX@HWDE® VIR GHVMURUDVRQ
IQ O D@ VD’ WRSLFDO FQP DV 5 HWRUIDMRQ VFHQDURV Z HH GL] VD@D
VP X@WAG VR HYDOXXDVA P DVIFUDODOMUODVIVHY UHI DUGLQI FRW GXUDELDW
DOG KLMRUEDO DXVKHOWFIW  VXSSRUAQ) HYIGHQFH EDVHG  GHFIMRQ
P DNIQJ $OKRXJK WH IWDP HZ RIN GHP ROWADWAY VMIRQJ SRWQWDOIRU
IOWAGLMVFIS@ODY  FREDERUDMRQ  Z MK FROVHUDAWRQ \SHFIDMW DQG
KHUVIZ) H WINHKRGHWY VKLY DVSHFWUHP DIQV D @P IVIMRQ LQ VIKH SUHVHOW
WXG\ DV YDAGDVRQ Z DV SHURWP HG RQO WIRXJK VP XOMRQ 2 YHID®
WH WXG\ FRQIWP V VKH IHDMELON RI P DJH EDWG \HP DOWEDQ®
HQUFKHG %0 DV D QRQ LQYDMYH WHS@FDE® VRROIRU GLI VDO KLWARUEDO
GRFXP HOVDMRQ DQG VXWIDLODE®! FROWHUDMRQ S@QQQJ 1O 0 DM\ VD
) XVWUH UHMVHDUFK P D\ LOVIA] UDVIA SKRVRIWDP P VA VR HQKDQFH JHRP HVUAF
DFFXWDF DQG DFYHO LOYROH WINHKRGHY VR UHQIRUFH FRADERWNH
YDAGDWRQ

. HZ RWGBV 9%XIGIQJ ,QIRP DMRQ 0 RGHAQJ %0 ' 5HFROWWXFMRQ
&RQGMRQ $ WHWP HQW+ DMARUEDOYXLABLQ]
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7KH QW UDMRQ Rl DGYDQFHG GLI WDOMFKQR®RILHV VXFK DV 9XLGELQJ
,QIRWPP DURQ 0 RGHAQJ %0 DQG ' UMDO7ZIQ ' 7 1O FROWKFARQ
DIHW KDV ViKH SRWIQUDOVR VXSSRUMMKH [P SGP HQVMRQ R 3 LHYHOVRQ
WRXJK ' HMJQ 3W SWPAFHV % LOWAI VO %0 DQG' 7 DSSQFDRQV
IOVR 3W SWDFVFHV IWFRX@ HQKDQFH KD] DUG LGHQWIFDAWRQ GHWIQ UWN
DODOMY DQG GHFIMRQ P DNIQ) SWRFHWHV DW VKH HDW® WDJHV Rl
FROMKFVRQ SIRMFW + RZ HYHU WH P SOP HOWMRQ RI %0 DQG ' 7
WIFKQR®RJI LHV IQVR 3W SWFAFHV IV VIMBZ 7KLV SDSHU FRQGXFW D
FRP SUHKHOWYH WHYLHZ VIKDWH DP LOHWIKH FXUHQWMWM Rl %0 DQG ' 7
DGRSVIRQ Z WMKIQ3W FRQW] W E\ DQDOMQJ H IMAQJ @AMDWH 7KH IXKG\
LGHQWI LHV FXUHQWDS SQFDVIRQV FDVIAJ RUVHV VIKH NH. EHQHI LW/ VXFK DV UHDO
WP H P RQMRUQJ SWHGIFWYH DQDOWFV DQG P SWIRYHG \WINHKRGGHU
FREDERUIDARQ DQG HYDOXDWAV VIKH P DNRU [P SGP HQVDMRQ FKDBIQJ HV
IOFOXGLQI LOMLRSHIDELAN DXHY KUK FRW DQG W@ KRWJ HV
) LQGIQIVIWRP WKLV IHYLHZ DIP VR SLRYIGH D | RXQGDARQDOXQGHUMDQGLQJ
IRU UHVHDUFKHY DQG WIVH DZ DUHQHW DP RQJ  LOGXWM  WINHKRTGHW/
VHHNIQJ VR HOKDQFH FROWMKFVRQ VDIHW VIKLIRXJK  LOWAI IDWAG  GLI VO
VROMRQV 7KHWH 11QGLQIV VXJ JHWD QHHG IRU FGIDIHU IP SO HQVIMRQ
P HZ R\ WDQGDWGIMHG GDVD SWIRVRFRY DQG VDU HWAG  Z RUINIRUFH
XSWNIAQJ LOMDVIVHV VR 1X@ HDOVH VIKH SRMQWDOR! %0 DQG ' 7 1Q 3W
SWPAEHV 7KXV VIKHVH FKQRARJ LHV KDYH ViKH FDSDFIW VR WDQVRWP  3W
ILRP D HDFYH FKHFNQMEDWHG SWRFHW LQVR D G\ QDP IF GDVD GUYHQ

VDWW \ | RUDFFLGHOWS LHYHQWRQ

. HZRWGYV %XIGBIQJ ,QIRWP DMRQ 0 RGH@J ' UMXO7Z 1Q 3 WHYHOURQ
WWRXIK " HMJI Q &ROWUKFVRQ 6DIHW 6DIHW 5IMN O DQDI HP HQW
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P SLIRSHU P DWIUDO P DQDJHP HQW LHP DIQV D WL.J QULEDQW DMXH 1O
P RGX@U FROWMKXFMRQ ®DGIQ] VR P DWAUDO ®RW VXSSO GHD\ V
GHIHFW ILRP P SIRSHUWRWDIH @FN Rl HDOWP H P RQWVRUQJ DQG
GDVD LOFROVMMQFLHY  7KHVH DMXHV XQGHLP LOH VIKH | X@SRWQUDORI
PRGXDU FROWKFMRQ [P SOGP HQMRQ @ MK HP HULQJ
WIFKQR®RILFDO DGYDQFHP HOW  WKH  IOWAJUMRQ Rl %XIGBLQJ
,QIRWPP DARQ 0 RGHAQJ %0 DQG 5DGIR ) LHTXHQR\ ,GHQWLFDARQ
5), RIHYWSWRP IMQJ VROMRQV + RZ HYHU ViKH H VIQWWR Z KLEK ViKH
QAT WDWAG 5)," %0 Z RIN®RZ V KDYH EHHQ WXGLHG DQG DSSAHG LQ
P RGX@UFRQWKPRQ LV WUDXQF®IDU 7R DGGLHW VKLY J DS VKLY VWXG\
FROGXFW D Vi WP DVE WHYLHZ IR@RZ 1QJ VKH 35,60 $ P HVKRGR@RJ\
IRFXMQJ RQ SHHUWHYLHZ HG SXEQFDWRQV | LRP R lOGH HG
IQ 6FRSXV : HE Rl 6FLHQFH DQG 6FIHQFH  LLHFWB\WWGLHV Z HUH VHBIFWMG
EDVHG RQ SWHGHIIQHG LOFOMMRQ DQG H FOMRQ FUVHUD VDL HQJ
VWRW WDWDGGWHW 5)," %0 DQG P RGXMU FROWKXFVRQ LHDWAG
ZRINN®RZ V $ VKHP DWF DQDOMY Z DVFRQGXFWAG VR LGHOW\ NH 7RSLFV
ILRP  VHOFWG WXGLHV KLJKQ@KWQJ 5)," %0 ZRWINI®RZ SWDFIFHV
FKD@®IQJ HV DQG IOV KWLQ P RGXMUFROWKFVIRQ 7KH UHYLHZ UHYHDY
VDW5),' %0 LQVIAIUDARQ LVFRP P RQ® XVHG IRUUHDOVIP H WDFNLQJ
GDVID YLWXDOVDMRQ DQG TXD@V FRQWRORI FRP SROHQW 0 RWMWAXGLHV
FDSWUH FRP SROHQMWSHFLLE GDVD XMQJ 5), DQG @ON IWWR D
FHOWDA HG P RGHOIRU P RQWRUQJ FROWAXFVIRQ SWRIHW ' HVSIVA
VKLY VIKHUH DUH YDUDMRQV 1Q WP VHWS @HR\ F®! FRYHWDIH DQG
WIFKQR®RI\  XWHG : KL®I WMFKQIFDO [P SGP HQDMRQ LV RIWKQ
DGGLIHWHG P MG DWMOMRQ LV JLYHQ VR ZRINIRZ WWKFWUH
LOVIA] LDVRQ WHT XILHP HOQW DQG GHFIMRQ P DNIQJ SUIRFHWHV 7KHWH LV D
FODUDFN Rl WQGDUGLVHG 1P HZ RUNVVR J XIGH SUDFWFDCDGRSVIRQ LQ
P RGX@U FROWMKXFARQ SDUAFX@WO LQ RSWP IMQJ P DWAUDO I&RZ
DFLRW DEWRJ HV 7KH ILQGLQJ V SUIRIGH D FRP SUIHKHQWYH RYHWHZ R
FXUHOW WHWHDWFK  KLUUK@KW NH QP MMRQV DQG  LGHQWI\
XQGHH S®RWHG DWHDV VXFK DV @HR\F® GDVD LQWAJUIDMRQ DQG
SHURWP DQFH EHQFKP DINIQJ 7KLV IHVIHZ FRQWEXWAV VR D GHHSHU
XQGHUMDQGLQJ RI KRZ 5), %0 LOWAIUDMRQ FDQ RSVIP [VH P DVAUDO
P DODIJHP HQWQ P RGX@UFROWXFVIRQ DQG RITHW IHFRP P HQGDVRQV
VR J XIGH | XVWUH UHVHDUFK DQG IP SGP HOVIVIRQ \MDVIAT LHV

. HZRWV 0 RGX@U &ROWKFVRQ YXL@GIQJ ,QIRWP DURQ 0 RGHMQJ
%0 5DGIR) IHTXHQR\ ,GHOWLFDARQ 5), P DWAUDCP DQDIHP HQW
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$UBT5$ &7

20H Rl WMH SWIHWMQJ FKD@IQIHV IDFHG E\ P RGHWQ FIMHV LV WKH
FROVHUYDVRQ RI FX@XUDOKHUVRJ H EXLAEIQI V 1O WKH IDFH RI DSLG XUEDQ
GHYHBRSP HQW &XUWHQWILDP HZ RUINV RIQ HP SKDM] H GRFXP HQVIMRQ
DOG IHWRUDMRQ EXWIDFN LOVIA IDARQ Z WK HP HUI LQJ VFKQR®RJ LHV DQG
P HDVXWDE®! VXWILODELOW LOGLIEDVRY 7KH SXUSRWH Rl VKLY WXG\ LV VR
IP S(RYH DQG FROWHUWH : DZDWDQ 2SHQ SQYHMW : 28 W
+ RP HWHMDG D FREBRQIDOYLAD LQ 3HQDQJ 0 DM\ MD KHQFH SLIRSRVQJ VIKH
' L) VDO+ HUVIRI H 6 XWILQDEL@A ) WDP HZ RWIN ' +6) D QRYHODSSURDFK
VK DWIQWIAT LDVIAV $ XJ P HOWAG 5 HDOW $5 Z WK ( QVILRQP HQVO 6 RFLDO
DOG * RYHWDDQFH (6* FRP SRQHQW &RP SDIHG VR \WH DYDLDE®
KHUVI H [WDP HZ RNV VKH ' +6)  HOVXUHV VKDWFRQVHUYDVRQ DFVAYLVHV
DIH QRW MWW WFKQRM®RJ LFD@® HOQKDQFHG EXW FDXVIRXV DERXW ViKH
HOYILRQP HQW \RFID® LOFOXMMYH DQG J RYHUDDQFH GUYHQ 7KH ' +6)
ILDP HZ RIN IR@RZ V D M[ SKD\H SIRFHW  + HUVDJH DWHWP HQW
&RP P XQIW FR FUHDVRQ $5 GHWQ DQG GHYHIRSP HOW
"HS®R P HOW  6XWDIQDELDV SO@QQQJ DQG P SDFWHYDXDVRQ
7KH IWDP HZ RIN FROWIEXVIAVVR &ROWKFMRQ ~ E\ HP EHGGILQJ GLJ VDO
WDQVRWPP DARQ DQG  SDUAFISDVRY  LQORYDWRQ Z WKIQ  KHUVIJ H
FROHUDMRQ Z KB DQQI ZWK 81(6&2 K +DWRUE 8LEDQ
/ DQGWDSH DSSURDFK DQG 8 QIVMAG 1 DARQV 6 XWILQDE® ' HYHRSP HQW
* RDY 6' * V DOG % LQWAIWDWQI $5 GUYHQ HQJIDJIHP HOWZ VK
(6* P HMEV ' +6) SWRYIGHV D IHSQFDE®! P RGHOIRUEDMQFLQJ GLJ VDO
LOORYDARQ FX®XWODXVKHOVEIW DQG VXWILODELDN SROF\ REMIFVIYHV
© IWKRXWUHT XLUQJ VLI QU LFDQWILOQI IDWAKFWIH FKDQJ HV VKLY MKV
HODE®N P REL® GHVIFHV VR DFFHW KLOWRUFDO QDUDMIYHV DUFKLYDO
SKRVRV DQG J XIGHG YLWAXDOVRXW 5HSTEDMRQ DFLRW KHUVIR) H VAV Rl
GLIHHOWM] HV DQG FRQW W LV P DGH SRWME® E\ \FDDELON DQG VIKH
XWH Rl SXEQF® DFFHWE® FRQVXP HU WFKQR®RI\ P DNHV LW FRW
HIHFWYH 7KH' +6) WFKQLTXH LV ViKH P DIQ VRSIE RI VKLV WXG\ | XVXXUH
UHVHDUFK Z L@ DVIKHUHP SLUFDOGDVID DQG FDUY RXWD VIKRIRXJ K P SDFW
DODOWY

. HZRWV $XJP HOWG 5HDAW ' LJIVIDO+ HUVRIH 3UHVHUDMRQ ( 6*
YWP HZRW 6P DUW + HIMDIH ( QIDIHP HOW  BXWRIQDE®! &XAOXWO
&ROVHUDMRQ
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7XQNX $ EGXCB DKP DQ 8 QLYHUW RI 0 DQDI HP HOWDQG 7THFKQRM®RJ\
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$UBT5$ &7

7KH LOFIHDMQJ DGRSVIRQ Rl 9XL@GIQJ ,QIRPP DMRQ 0 RGHAQJ %0 1O
FROWMKXFVMRQ KDV WDOMRWP HG KRZ SWRMFW DWH  GHOYHUHG
FRRUGLODWAG DQG P DQDJHG DFIRW GIVFLISQQHV &HQWDOVR KLY GLI VO
VKUWLY VMH %0 0 DODJHU Z KR SM@\ V D YWBOSDUWVIQ HOWXUQJ GDWD
IQWIUW FRADERUIDVVH Z RINNGRZ V' DQG FRP SADQFH Z VK HP HUW LQJ
WDQGDWEY +RZHYHU HIMIQJ FRP SHWOR 1P HZ RIW WHP DIQ
IWDIP HOWG OFNIQJ RGB! VSHFULE GHVIDIO UHJLIRQDO DGDSVRELDN DQG
IOWI UDMRQ Rl \XWRIQDELON RU (6*  ( QYILRQP HQVDO 6RFLDO DQG
* RYHLODQFH SURUMHV 7KLV SDSHUSUHVHQOW ViKH FRQFHS\VIXDO RXQGDVMRQ
Rl DQ RQIRIQ] WHWDWFK LQMDVVH VR GHYH®RS D %0 O DQDJHU
&RP SHMQF\ )YWP HZRWN VDIRIHG VR GO FROWKFMRQ
HOYLLRQP HOW * LIRXQGHG 1Q D 35,60 $ JXIGHG i WP DVE QMUDVXH
HYIHZ  WKH WXG\ H DP LOHV HWRE@KHG J GREDOIWDP HZ RNV LOFOXGLQJ
WH %0 ([FH®IQFH ,QWDWYH %0 H EXIGIQI60 $578/ %0 FHW
+ DQGERRN 62 IR®I GHIQMRQV DQG JHQHWDO SWRMFW
P DQODJHP HQW P RGHY E\ 3RWMIFW 0 DODJHP HOW ,QWUXW DQG
$ WRFIDWRQ |RU 3 RMIFW 0 DQDJHP HOW 3UHIP LODU  DQDOMY HYHDY
IQFROVMMMOW GHIIQMRQV QDURZ  WFKQIFDO IRFXV DQG QP LWMG
DSSQFDELMN VR ( 6* RUHOWAG ODGHUKIS ,Q UHVSROW WKH SDSHU
SWIRSRVHVILYH SIHIP LQDU FRP SHWQF\ GRP DIQV MFKQLFDOS LRI LFLHQR\
IQIRWPP DARQ P DODIHP HOW SIRMIFW LOWAJ IDMRQ DQG FRADERUDMRQ
GDGHUKLS DQG FRP P XQEFDMRQ DQG \VXWDIQDEION DQG  ( 6*
DZ DUHQHW 7KHVH GRP DIQVIRWP VKH EDVV RI D FRQFHSWDOIDP HZ RN
WDWZ LG EH HIQHG VKWRXJK HP SLUFDOYDAGDMRQ DQG VXSSRUNVKH
GHYH®RSP HQWRI D WR® VSHFLLE VHO DAWHWP HQWVRRO %  DGGLHWMQJ
FXUHQWI DSV ViKH UHVHDUFK. FROWIEXVWV VIR DGYDQFLQJ GLI VDOBIDGHUKLS
1Q FROWMUXFVRQ DQG SWRYIGHV D IRXQGDMRQ IRU VWXFWUHG WDIOLQJ
FHWMIIFDMRQ DQG (6* DQWQHG ZRWRWFH GHYH®RSP HQW XQGHU
&ROWIXFVIRQ

.HZRWYV 9%XIGBIQJ ,QIRWP DARQ 0 RGHQJ %0 %0 O DQDIHU
&RP SHWIQF\ ) DP HZ RWN ( 6* &RP SHWQFLHV 6HD $ WHWP HQWZRRO
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$V VKH HP SKDVV RQ VXWILQDE®! GLI VDO VWDQOVIRWP DARQ 1Q VIKH EXLOV
HOYLLRQP HQOWQWHQWL LHV DALY HMHOMDOVR FRP SUHKHQG VIKH Z Di 9%XLGBLQJ
QIRWP DARQ 0 RGHAIQJ %0  HOKDQFHV SWRMFW HILEHOR\ DQG
HITHPAYHOHW 7KH VWXG\ IRFXVHG RQ WKUHH HWHQWDO %0  SRWIQUDY
QDP HO FOWK GHWIFVIRQ DQG FRRUGIQDMRQ FROWXFVMRQ P ROWVRUQJ
DOG FRW HWIP DURQ DQG VKHWU WHDMRQWKIS Z VK SURMIFW VXFFHW
P HDVXUHV 7KLY WXG\ H DP LOHV VIKH LP SDFWRI %0 P SBP HQVIMRQ RQ
WKH VXFFHW RI FROWKFVIRQ SIRMIFW [LRP VIKH YIHZ SRIQWRI FRQWDFVRY/
Q0 DD MD $ TXDQWIMEH P HVKRGR®J\ Z DVHP S@ HG VR J DKHUGDVD
ILRP FROAMDAVRY FOWIHG DV &' % *WGH * DQG KLIKHU
&RUHODMRQ DQG WHIUHWRQ DQDOWHY HYHDBIG VIKDW D@ WMUHH %0
SRWIQUDY H KLEIWD WARQJ SRVMIH FRUHDMRQ Z WK SURMIFWHI | LELHOQR
LOFOXGLQJ DGKHUHQFH VR VEKHGX®V FRWAP DQDJ HP HOWDQG SURGXFNW
DV Z H®DV HIIHPWYHOHW HQFRP SDWIQJ FOHOWAMDAWMDFVIRQ GIP LOMKHG
GHWI Q HURW DQG SIRMIFWSHURWP DQFH $P RQJ ViKH VIKUHH FUMAUD FRW
HWIP DARQ HP HUHG DV VKH P RW P SRUDOW SIHGIFVRU Rl SURMIFW
HIILFLHOR.  Z KI® FROWUXFMRQ P RQWRUQJ KDG VKH J UHDWAMALQI OXHQFH RQ
SURMIPWHI | HFHOHW 7KH 11QGLQJ V KL K@ KWMKH P SRWQFH RI %0 LQ
DGGLHWMQJ SHUMMMOWOGXWA FKD@HQI HY VXFK DV SIRMFWGHD\ V. FRW/
RYHUXQV DQG IWDJP HOWG FRRUGLODWRQ 7KLY UHVHDUFK DXJP HOW ERVK
WHRUMFDO DQG SWFWFDO FRP SIHKHOMRQ E\  YDAGDMQJ %0 V
P SRWIDQFH LQ HOKDQFIQJ SIRMPWRXVFRP HV DQG VXSSRUAQJ 0 DM\ DV
& ROWUKFVRQ BWDWIIE 3@Q W KLJK@WKW VKH [P SHIDVNYH IRU
VDU HMG WNL@® GHYHIRSP HOW DQG  RU DQIVDMRQDO WHDGIOHW DP RQJ
FROADFVRY VR HIHFIYHO GIYHIDIH %0 V FDSDELOAHV 7KH UHVHDUFK
ILIQGIQIV SWRYIGH HWHQWDO IOMJKW IRU FROWAKXFVIRQ WIDNHKRGHW/
LOFOXGLQJ SIRMIFWP DQDJHY SRAQF\ P DNHW DQG FRQUWDFVRY/ 1Q P DNIQJ
VDWW IE GHFIMRQV VKDWD@ Q Z MK ( 6* SUQFLSGN DQG VKH QDMRQV
VXWILQDE B XUEDQ GHYHBRSP HOWI RDY

. HZRWV 9%XIGIQJ ,QIRWP DMRQ 0 RGHIQJ %0  3WRMIFW 6XFFHW
3 LRMIFW( 11LELHOR\ 3 IRMIPW( | 1 HFVIYHOHW &RQWDFVRU3 HUFHSVIRQ
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7KH DSSQ@FDWRQ Rl 9%XI@GIQ) ,QIRWPP DARQ 0 RGHAQJ %0 DV D
FROWP SRWIDU  FROWIXFURQ SWRMIFW P DQDJHP HQW VRRO KDV EHHQ
JIRZ Q] WDSIGO 1Q WMH SDWGHFDGHY W DELON VR WDQVRWP DQG
IP SIRYH P RGHUWD FROWMKFMRQ SIRMIFWP DQDJHP HQWDV FRP SDUHG R
WH WDGIMRQDOP HWRGY KDV FROWIEXWMG QXP HURXV FKDQJHV VR ViKH
IQGXWM  + RZ HYHU VIKHLH DIH @ WG UHVHDUFK RQ VKH XWVH RI %0 1O
P DODJIQ] UMV RQ ViKH HQYLLRQP HQVDO DVSHFWRI VIKH FROWUWKXFRQ
SIRMIFW 7KH SXISRWH RI ViKLY SDSHULV ViR DQD®VH ViKH FDSDEL@W RI %0 DV
DQ DGYDQFHG VRROWR [P SURYH ViKH ( QYLLRQP HQVIDOO DQDJI HP HQWB\ WP
(06 1Q VKH O DD MDQ FROWKFMRQ LOGXWM 1Q HOKDQFIQJ VKH
HOYLLRQP HQVDOUMN P DQDJHP HQWLQ FROWKFMRQ SIRMIFW EHVGHV LW
DOR DIP V VR LOYHWAS DV ViKH \J QLLLFDQWGL T HUIHQFH LQ DZ DUHQHW P HDQ
LHSRUMG E\ VIKH FROWUXFVIRQ SURIHVMRQDY [LRP  YDURXV GHP RJWDSKLF
EDFNJLIRXQGV 3DUAEX@WD W H DP IOHV VKH \WIMBMFD®  \LJ QULFDQW
GUIHHOFH ILRP  WKH DVSHFW Rl UAVSRQGHQWB DIJH DQG \HDW Rl
LQYROHP HQWILQ VIKH FROWMKFMRQ IHG $ SIRWVXUH Z DV FRQGXFWG
DP RQJ WMH  FROWAXFVRQ SWIRIHWMRQDY Z KR Z HH VHBIFWMG XMQJ
VAWDWIHG WDQGRP \VDP S@QJ ' HWFUSVIYH DQG Z D\ $129$ VAW Z HH
SHURWP HG VR DODOVH VKH GDW 7KH UHVXOV HYHD®BIG \VIKDW VKH
UHVSRQGHQW DJ UHHG VIKDWVKH LOWAI UDMRQ RI %0 (0 6 SWRYIGHV JUHDW
SRWIOWDO IRU HQYLLRQP HOVD@ FDXWRXV SWFWFHY EXWWHWH DH QR
WJ QULEDQW GUIHHQFHV WDW FDQ EH WHQ EHWE HHQ VKH VAWMG
GHP RJUWDSKLE DVSHFW * HOHID® VKLV WXG\ WKRZ V VKDWIKH DSSTFDVRQ
Rl %0 LV EHQHILFLDOVR ViKH RW DQL DURQV P DIQO® 1Q DQ HiIRUMR | XOLOWKH
HOYLLRQP HQVIDOLHI X@VRUY FRP SADQFH Z KIFK DA@RZ VIRUD P RWH HI I HFVIVH
DOG VXWDIQDE®! HQYLILRQP HQVDO UMN P DQDIHP HOW 1Q VKH I XVXUH
FROWAMXFVIRQ SURMIFW

.HZRWGY 9XIGIQJ] ,QRWP DARQ O RGH@QJ  ( QVILRQP HQWO
0 DQDJHP HQWE\ WP ( QYILRQP HQVO5 N 0 DQDI HP HQW &RQWUKFVIRQ
3 LRMIFW0 DODJ HP HQW&RQWAKFVRQ 3 LRIHVMRQDO







