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7 KLV SD SH U D GGUH VVH V � ' UH F R QVWUXF WLR Q LQ WKH SUH VH QF H R I
PXOWLSOLF D WLY H QR LVH D QG QR Q�OLQH D U F R PSUH VVLR Q R I WKH XO�
WUD VR XQG GD WD � 8 OWUD VR XQG LPD J H V D UH R IWH Q F R QVLGH UH G D V
EH LQJ F R UUXSWH G E\ PXOWLSOLF D WLY H QR LVH Z LWK 5D \ OH LJ K GLV�
WULEXWLR Q� + R Z H Y H U� F R PPH UF LD O XOWUD VR XQG H T XLSPH QW D OVR
SH UIR UPV D QR Q�OLQH D U LPD J H F R PSUH VVLR Q Z KLF K UH GXF H V WKH
G\ QD PLF UD QJ H R I WKH XOWUD VR XQG VLJ QD O� IR U Y LVXD OL] D WLR Q
SXUSR VH V� ,Q WKLV SD SH U WKH QR Q�OLQH D U F R PSUH VVLR Q LV H [ �
SOLF LWH O\ PR GH OOH G D QG F R QVLGH UH G IR U � ' UH F R QVWUXF WLR Q R I
PH GLF D O GD WD � 7 KH SUR SR VH G D OJ R ULWKP LV WH VWH G Z LWK V\ Q�
WKH WLF D QG UH D O GD WD D QG WKH UH VXOWV D UH GLVF XVVH G LQ WKH
SD SH U�
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7 KUH H GLPH QVLR QD O XOWUD VR XQG D LPV WR UH F R QVWUXF W GD WD LQ D
UH J LR Q R I LQWH UH VW IUR P D VH W R I XOWUD VR XQG LPD J H V� 6H Y H UD O
GLrF XOWLH V D UH XVXD OO\ LQY R OY H G LQ WKLV SUR F H VV� L� XOWUD VR XQG
LPD J H V KD Y H D OR Z VLJ QD O WR QR LVH UD WLR EH LQJ F R UUXSWH G E\
PXOWLSOLF D WLY H QR LVH � LL� R QO\ D VXEVH W R I WKH UH J LR Q R I LQWH U�
H VW LV LQWH UVH F WH G E\ WKH LQVSH F WLR Q SOD QH V UH T XLULQJ WKH XVH
R I LQWH USR OD WLR Q WH F KQLT XH V� LLL� WKH XOWUD VR XQG H T XLSPH QW
LQWUR GXF H V D QR QOLQH D U F R PSUH VVLR Q R I WKH LPD J H V Z KLF K GLV�
WR UWV WKH SUR ED ELOLW\ GLVWULEXWLR Q R I WKH R EVH UY H G GD WD � 7 Z R
D SSUR D F KH V D UH D GR SWH G LQ SUD F WLF H WR F LUF XPY H QW WKH VH GLI�
pF XOWLH V� 6LPSOH UH F R QVWUXF WLR Q PH WKR GV ED VH G R Q D G KR F
SUR F H GXUH V D UH VR PH WLPH V XVH G �H �J �� VH H >� @�� 7 KH PD LQ
D GY D QWD J H R I WKH VH PH WKR GV OLH V R Q WKH LU D ELOLW\ WR SUR GXF H
UH F R QVWUXF WLR Q UH VXOWV LQ UH D O WLPH � 2WKH U D XWKR UV SUH IH U WR
Z R UN Z LWK WKH ED F N VF D WWH UH G H F KR �5) VLJ QD O� L�H �� WKH VH Q�
VR U R XWSXW EH IR UH EH LQJ F R PSUH VVH G �VH H >� � � @�� 7 KLV D Y R LGV
WKH SUR EOH P R I GH D OLQJ Z LWK WKH QR QOLQH D U F R PSUH VVLR Q SH U�
IR UPH G E\ WKH XOWUD VR XQG H T XLSPH QW Z KLF K LV XVXD OO\ XQ�
N QR Z Q� + R Z H Y H U� WKLV D SSUR D F K LV QR W D OZ D \ V H D V\ WR LP�
SOH PH QW LQ SUD F WLF H VLQF H WKH 5) R XWSXW LV QR W D Y D LOD EOH LQ
PR VW XOWUD VR XQG H T XLSPH QWV� 7 KH H oH F W R I QR Q�OLQH D U SUH �
SUR F H VVLQJ KD V EH H Q F R QVLGH UH G LQ WKH SD VW� LQ WKH VF R SH R I
QR LVH UH GXF WLR Q Z LWK PH GLD Q D QG D GD SWD WLY H pOWH ULQJ >� � � @�

,Q WKLV SD SH U WKH UH F R QVWUXF WLR Q R I D � ' GD WD Y R OXPH
IUR P QR LV\ D QG F R PSUH VVH G XOWUD VR XQG LPD J H V LV D GGUH VVH G�
7 KH VH W XS LV VKR Z Q LQ ) LJ � � � $ IUH H KD QG XOWUD VR XQG
SUR EH LV XVH G WR R EWD LQ D VH T XH QF H R I XOWUD VR XQG LPD J H V�
F R UUH VSR QGLQJ WR F UR VV VH F WLR QV R I WKH R UJ D Q WR EH LQVSH F WH G�
$ VSD WLD O OR F D WR U LV XVH G WR PH D VXUH WKH SR VLWLR Q R I WKH
XOWUD VR XQG SUR EH D W H D F K LQVWD QW R I WLPH � (D F K LPD J H LV
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WKH Q SUH �SUR F H VVH G E\ WKH XOWUD VR XQG H T XLSPH QW� 2QO\ WKH
R XWSXW R I WKH SUH �SUR F H VVLQJ VWD J H LV XVXD OO\ D Y D LOD EOH �

$ %D \ H VLD Q D SSUR D F K LV D GR SWH G LQ WKLV SD SH U WR UH F R Q�
VWUXF W WKH XQN QR Z Q Y R OXPH WD N LQJ LQWR D F F R XQW WKH PXO�
WLSOLF D WLY H QR LVH SUH VH QW LQ WKH ED F N VF D WH UH G VLJ QD O� D V Z H OO
D V WKH QR Q OLQH D U F R PSUH VVLR Q SH UIR UPH G E\ WKH D T XLVLWLR Q
V\ VWH P� 6LQF H WKH F R PSUH VVLR Q OD Z LV XQN QR Z Q LW D OVR KD V
WR EH H VWLPD WH G IUR P WKH R EVH UY H G GD WD � 7 KH SD SH U LV R UJ D �
QL] H G D V IR OOR Z V� 6H F WLR Q � GH VF ULEH V D ED VLF UH F R QVWUXF WLR Q
D OJ R ULWKP Z LWKR XW QR Q OLQH D ULW\ F R PSH QVD WLR Q� 6H F WLR Q �
H [ WH QGV WKH VH UH VXOWV WR H QF R PSD VV WKH F R PSUH VVLR Q H oH F WV�
([ SH ULPH QWD O UH VXOWV D UH GH VF ULEH G LQ VH F WLR Q � D QG VH F WLR Q
� F R QF OXGH V WKH SD SH U�
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PD UL] H G KH UH � IR U WKH VD N H R I F R PSOH WH QH VV� & R QVLGH U WKH
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Z KH UH XJ LV D Y R OXPH F R H rF LH QW D QG XJM GH QR WH V WKH M�WK
QH LJ KER U R I XJ �VH H WKH GH WD LOV LQ >� @�� 7 KH � SD UD PH WH U
PH D VXUH V WKH VWUH QJ WK R I WKH F R QQH F WLR QV D PR QJ QH LJ KER U�
LQJ QR GH V� $ KLJ K Y D OXH R I � F R UUH VSR QGV WR VWUR QJ O\ F R Q�
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) LJ � � � 5H VWR UD WLR Q UH VXOWV� ,PD J H V D QG + LVWR J UD PV� D �
8 QR EVH UY H G GD WD �5D \ OH LJ K�� E� 2EVH UY H G �F R PSUH VVH G�� F �
' H F R PSUH VVH G UH VXOW

LV D OVR WUXH � 9 R OXPH UH F R QVWUXF WLR Q D VVXPH V WKD W o�p H V�
WLPD WH V D UH D Y D LOD EOH � ,PSUR Y H G o�p H VWLPD WH V Z LOO D OOR Z
WR D F KLH Y H LPSUR Y H G Y R OXPH UH F R QVWUXF WLR Q D QG Y LF H �Y H UVD �
7 KLV VXJ J H VWV D UH F XUVLY H SUR F H GXUH LQ Z KLF K ER WK VWH SV D O�
WH UQD WH �
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7 KLV VH F WLR Q SUH VH QWV UH F R QVWUXF WLR Q UH VXOWV Z LWK V\ QWKH WLF
D QG UH D O GD WD � 7 Z R PH WKR GV D UH F R QVLGH UH G� L� WKH %D \ H VLD Q
UH F R QVWUXF WLR Q D OJ R ULWKP Z LWKR XW QR QOLQH D ULW\ F R PSH QVD �
WLR Q� D QG LL� WKH UH F R QVWUXF WLR Q Z LWK F R PSH QVD WLR Q� 7 KUH H
SUR EOH PV D UH F R QVLGH UH G LQ WKLV VH F WLR Q� L� WKH UH F R QVWUXF �
WLR Q R I V\ QWKH WLF XQLIR UP Y R OXPH V� LL� WKH UH F R QVWUXF WLR Q R I
V\ QWKH WLF QR Q XQLIR UP Y R OXPH V D QG LLL� WKH UH F R QVWUXF WLR Q
R I PH GLF D O GD WD �

� �� � 8 QLIR UP 9 R OXPH V

/H W XV F R QVLGH U XQLIR UP Y R OXPH V pUVW L�H �� I�[�  FRQVW��
7 KLV D OOR Z V WR WH VW WKH SH UIR UPD QF H R I WKH SUR SR VH G D OJ R �
ULWKP LQ WKH H VWLPD WLR Q R I WKH QR QOLQH D ULW\ SD UD PH WH UV� $ Q
H [ D PSOH LV VKR Z Q LQ ) LJ �� � ) LJ �� D VKR Z V D V\ QWKH WLF LPD J H
Z LWK UD QGR P 5D \ OH LJ K GLVWULEXWH G SL[ H OV� 7 KH KLVWR J UD P
R I WKH SL[ H O LQWH QVLW\ LV VKR Z Q EH OR Z � ) LJ �� �E VKR Z V WKH
OR J F R PSUH VVH G LPD J H R EWD LQH G E\ D SSO\ LQJ WKH QR Q�OLQH D U
WUD QVIR UPD WLR Q �� � WR WKH SL[ H OV R I WKH R ULJ LQD O LPD J H Z LWK
o  p  � � � 7 KH KLVWR J UD P LV QR OR QJ H U 5D \ OH LJ K D V VKR Z Q
LQ WKH pJ XUH � ) LQD OO\ ) LJ �� �F VKR Z V WKH H VWLPD WH G LPD J H
XVLQJ WKH OR J F R PSUH VVH G PR GH O� ,W LV F R QF OXGH G WKD W WKH
H VWLPD WH G LPD J H LV VLPLOD U WR WKH R ULJ LQD O LPD J H D QG WKH LU
KLVWR J UD PV D UH D OPR VW LGH QWLF D O� VKR Z LQJ WKH D ELOLW\ R I WKH
D OJ R ULWKP WR UH F R Y H U WKH R ULJ LQD O GD WD �

0 R QWH & D UOR WH VWV Z H UH SH UIR UPH G WR H Y D OXD WH WKH PH D Q
D QG VWD QGD UG GH Y LD WLR Q R I Ao� Ap D V D IXQF WLR Q R I o�p� 7 KH UH �
VXOWV Z H UH R EWD LQH G Z LWK � � 0 R QWH & D UOR UXQV� ,Q H D F K UXQ�
WKH SD UD PH WH UV Z H UH H VWLPD WH G XVLQJ D XQLIR UP F UR VV VH F �
WLR Q Z LWK � � � d � � � SL[ H OV� ,W Z D V H [ SH ULPH QWD OO\ R EVH UY H G
WKD W WKH 0 $ 3 H VWLPD WH V D UH XQELD VH G D QG WKH LU VWD QGD UG
GH Y LD WLR QV LQF UH D VH OLQH D UO\ Z LWK o�

) LJ � � � 5H F R QVWUXF WLR Q� 5H VWR UD WLR Q UH VXOWV XVLQJ D � ' V\ Q�
WKH WLF F XEH � ' D WD � VH W R I � � F UR VV�VH F WLR QV F R UUXSWH G E\
5D \ OH LJ K QR LVH D QG OR J �F R PSUH VVH G Z LWK o  � � � p  � � �
5H F R QVWUXF WLR QV PH WKR GV� Z LWK D QG Z LWKR XW QR Q�OLQH D U
PR GH O � Ao  � � �� � Ap  � � �� � �

� �� � 1 R Q 8 QLIR UP 9 R OXPH V

/H W XV QR Z F R QVLGH U WKH UH F R QVWUXF WLR Q R I QR Q XQLIR UP Y R O�
XPH V� ) R U WKH VD N H R I VLPSOLF LW\ � LW LV D VVXPH G WKD W WKH
IXQF WLR Q I�[� WR EH H VWLPD WH G LV ELQD U\ � LW KD V D KLJ K Y D OXH
LQVLGH D F XEH WR EH UH F R QVWUXF WH G D QG D OR Z Y D OXH R XWVLGH �
6H Y H UD O H [ SH ULPH QWV Z H UH SH UIR UPH G� ,Q H D F K H [ SH ULPH QW
� � F UR VV VH F WLR QV R I WKH R EMH F W D UH F R PSXWH G� 7 KH 5D \ OH LJ K
GLVWULEXWH G LPD J H V D UH F R PSUH VVH G E\ WKH OR J F R PSUH VVLR Q
OD Z XVLQJ VH OH F WH G Y D OXH V IR U o�p� 7 KH Q� WKH D OJ R ULWKP GH �
VF ULEH G LQ WKLV SD SH U LV XVH G WR VLPXOWD QH R XVO\ UH F R QVWUXF W
WKH Y R OXPH D QG H VWLPD WH WKH o�p SD UD PH WH UV� ) LJ �� �D LO�
OXVWUD WH V WKH VWH SV LQY R OY H G LQ R QH H [ SH ULPH QW D QG ) LJ �� �E
VKR Z V WKH UH F R QVWUXF WLR Q UH VXOWV Z LWKR XW D QG Z LWK F R PSH Q�
VD WLR Q� & R PSD ULQJ WKH UH F R QVWUXF WH G SUR pOH V Z LWK WKH R ULJ �
LQD O R QH � LW LV R EVH UY H G WKD W D VLJ QLpF D QW LPSUR Y H PH QW LV
D F KLH Y H G E\ XVLQJ WKH QR Q�OLQH D ULW\ F R PSH QVD WLR Q� 7 D EOH �
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