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Z KH UH p LV WKH VWH S VL] H D W QWK LWH UD WLR Q� D QG J�yQ� LV WKH

VXEJ UD GLH QW R I ' a/3 � 7 KH H OH PH QWV LQ J�yQ� D UH J LY H Q E\ �
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�� � �

,Q H T XD WLR Q �� � �� TX LV D Q H VWLPD WH R I WKH R SWLPD O VR OXWLR Q
R I �� � �� D QG aTQ LV WKH Y D OXH R I aT D W WKH QWK LWH UD WLR Q�

� �� � & R QVWUXF WLQJ R I D ) H D VLEOH 6F KH GXOH

6LQF H R QO\ WKH SUH F H GH QF H F R QVWUD LQWV D UH UH OD [ H G� WKH UH �
OD [ H G VR OXWLR Q PD \ EH QR W IH D VLEOH � + H QF H � D IWH U VR Y OLQJ
WKH GXD O SUR EOH P� WKH VH T XH QF H R I R SH UD WLR QV R Q D Q\ R QH
R I PD F KLQH V LV UH D UUD QJ H G LQ R UGH U WR H QVXUH WKD W WKH SUR �
F H VVLQJ VH T XH QF H R I D MR E VD WLVpH V WKH R SH UD WLR Q SUH F H GH QF H
UH T XLUH PH QWV R I WKH MR E�

� �� � 3UR F H GXUH R I 6F KH GXOLQJ $ OJ R ULWKP

) R U WKH D SSUR D F K J LY H Q KH UH � WKH VR OXWLR Q R EWD LQH G PD \ QR W
EH D Q R SWLPD O VR OXWLR Q R I WKH UH OD [ H G SUR EOH P /3 � 6R � LQ
H Y H U\ LWH UD WLR Q� D IH D VLEOH VR OXWLR Q LV F R QVWUXF WH G� 7 KH Q WKH
EH VW R QH D PR QJ D OO WKH IH D VLEOH R QH V LV F KR VH Q D V WKH pQD O
VR OXWLR Q R I WKH VF KH GXOLQJ SUR EOH P�

:H QR WH WKD W WKH WZ R �VWD J H D SSUR D F K LQY R OY H KH D Y \ F R P�
SXWD WLR Q GXH WR F R QVLGH ULQJ D OO SR VVLEOH SH UPXWD WLR QV IR U
D OO R SH UD WLR QV Z LWK D OWH UQD WLY H PD F KLQH R SWLR QV� + R Z H Y H U�
LW VH H PV LPSUD F WLF D O WR XVH VWD QGD UG /D J UD QJ LD Q UH OD [ D WLR Q
PH WKR G WR WKH VF KH GXOLQJ SUR EOH PV UD LVH G LQ WKLV SD SH U�
7 KLV KD V EH H Q LV SR LQWH G R XW E\ >� @�
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,W LV Z H OO N QR Z Q WKD W D VKR S qR R U PD \ QR W EH D VWD WLF H QY L�
UR QPH QW� 3UH Y LR XV UH VH D UF K F R QF H QWUD WH G R Q GH Y H OR SLQJ R S�
WLPD O VF KH GXOLQJ KH XULVWLF V D QG D OJ R ULWKPV XQGH U D VWD EOH �
GH WH UPLQLVWLF VKR S qR R U H QY LUR QPH QW� + H UH � Z H F R QVLGH U
UH VF KH GXOLQJ SUR EOH PV�

5D PD VH VK >� � @ SUH VH QWH G D VXUY H \ LQY R OY LQJ G\ QD PLF MR E
VKR SV VF KH GXOLQJ � 0 D WVXXUD H W D O�>� � @ VWXGLH G UH VF KH GXOLQJ
SUR EOH P XVLQJ D Q D SSUR D F K R I VH OH F WLQJ EH WZ H H Q VH T XH QF LQJ
D QG GLVSD WF KLQJ LQ F D VH R I XQF H UWD LQWLH V� Z KLF K Z D V F D UULH G
R XW E\ VLPXOD WLR Q� /L H W D O�>� � @ SUR SR VH G D UH VF KH GXOLQJ
D OJ R ULWKP ED VH G R Q WKH F R QVWUXF WLR Q R I D VF KH GXOLQJ ELQD U\
WUH H D QG D QH W F KD QJ H F R QF H SW D GR SWH G IUR P 0 53 V\ VWH PV�
+ R Z H Y H U� D OO D ER Y H VWXGLH V GLG QR W F R QVLGH U WKH D OWH UQD WH
UR XWH LQJ V IR U UH VF KH GXOLQJ � L�H � WKH \ D VVXPH G QR F KD QJ H LQ
WKH H [ LVWLQJ R SH UD WLR Q VH T XH QF H IR U H D F K PD F KLQH �

,Q WKLV SD SH U� WKH UH VF KH GXOLQJ GLVUXSWLR Q LV IR F XVH G R Q
WKH IR OOR Z LQJ pY H GLoH UH QW W\ SH V R I XQF H UWD LQWLH V�

s PD F KLQH EUH D N GR Z Q

s LQF UH D VH G R UGH U SULR ULW\ �L�H � WKH F KD QJ H LQ GXH GD WH V�

s WKH D UULY D O R I UXVK R UGH UV

s R UGH U F D QF H OOD WLR Q

s GH OD \ V LQ WKH D UULY D O R I PD WH ULD OV
:KH Q WKH D UULY D O R I PD WH ULD OV IR U D R SH UD WLR Q LV GH �
OD \ H G� D OO WKH UH PD LQLQJ MR EV VKR XOG EH UH PH PEH UH G�
WKH Q� GH OH WH G D V R UGH U F D QF H OOD WLR Q D QG D GGH G D V D
UXVK R UGH U Z KH Q WKH PD WH ULD OV D UH D Y D LOD EOH D J D LQ�

+ H UH � Z H SUR SR VH G UH VF KH GXOLQJ PH F KD QLVPV R Q WKH IR U�
PH U IR XU W\ SH V R I GLVUXSWLR Q SUR EOH PV� 5H VF KH GXOLQJ F R P�
PH QF H V IUR P WKH WLPH D GLVWXUED QF H R F F XUV D QG WD N H V LQWR
D F F R XQW WKH F XUUH QW VWD WH R I SUR GXF WLR Q R Q WKH VKR S qR R U�
) D F WR UV VXF K D V D OWH UQD WLY H PD F KLQH � VH T XH QF H GH SH QGH QW
VH WXS WLPH � D QG LGOH WLPH R Q PD F KLQH D UH WD N H Q LQWR F R QVLG�
H UD WLR Q� + H QF H � VH T XH QF H GH Y LD WLR Q H [ LVWV Z KH Q F KD QJ H R Y H U
VXF F H H GV� :KLOH R Q WKH R WKH U KD QG� WKH LQF UH D VH R I PD N H VSD Q
LV UH GXF H G E\ WKLV PH WKR G�

� �� � 5H VF KH GXOLQJ PH F KD QLVP IR U 0 D F KLQH %UH D N GR Z Q

:KH Q D PD F KLQH LV EUH D N GR Z Q� WKH UH PD LQLQJ R SH UD WLR QV
R I WKH MR E PD \ KD Y H WR EH SH UIR UPH G XVLQJ R WKH U PD F KLQH V�
+ H QF H � WKH LGOH WLPH R Q ' R Z Q0 �� WKH VH WXS WLPH R I EUR N H Q
R SH UD WLR Q R Q $ 0 � WKH SULR ULW\ R I WKH EUR N H Q R SH UD WLR Q D UH
WKUH H LPSR UWD QW ID F WR UV LQ UH VF KH GXOLQJ � 7 KH UH VF KH GXOLQJ
SUR F H GXUH LV VKR Z Q D V IR OOR Z V�

s VWH S � � ) LQG WKH EUR N H Q PD F KLQH �' R Z Q0 � D QG LQWH U�
UXSWH G R SH UD WLR Q� D VVLJ Q H [ SH F WH G GR Z QWLPH IR U WKLV
PD F KLQH � J R WR VWH S � �

s VWH S � � ,I WKH UH LV D Q\ R SH UD WLR Q F XUUH QWO\ R Q ' R Z Q0 �
UH Y LVH WKH R SH UD WLR Q VWD WXV�WLPH UH PD LQLQJ �� J R WR
VWH S � � (OVH � J R WR VWH S � � �

s VWH S � � ,I LGOH WLPH R Q ' R Z Q0 OH VV WKD Q GR Z QWLPH �
J R WR VWH S� (OVH � J R WR VWH S � � �

�,W LV WK H G LoHU HQ FH E HWZ HHQ WK H 2S U 6 WDU W RI Q RP RI E U RN HQ
RS HU DWLRQ DQ G WK H 2S U ( Q G RI E U RN HQ RS HU DWLRQ �

s VWH S � � ,I WKH UH D UH D OWH UQD WLY H PD F KLQH V�$ 0 � D Y D LO�
D EOH � F KH F N VH WXS D QG SUR F H VVLQJ WLPH UH T XLUH G IR U D OO
D OWH UQD WLY H R QH V� & KR VH WKH OH D VW XWLOL] H G PD F KLQH � J R
WR VWH S � � (OVH � J R WR VWH S � � �

s VWH S � � ,I VH WXS WLPH R Q $ 0 LV OH VV WKD Q WKH GR Z QWLPH
R I WKH EUR N H Q PD F KLQH � J R WR VWH S � � (OVH � J R WR VWH S
� � �

s VWH S � � ,I $ 0 LV IUH H � J R WR VWH S � � (OVH � J R WR VWH S � �

s VWH S � � ,I WKH LGOH WLPH R Q $ 0 LV PR UH WKD Q WKH VH WXS
WLPH R Q $ 0 � R U EUR N H Q R SH UD WLR Q SULR ULW\ LV KLJ KH U
WKD Q WKH R SH UD WLR Q F XUUH QWO\ SH UIR UPH G R Q $ 0 � D V�
VLJ Q EUR N H Q R SH UD WLR Q WR LW D QG XSGD WH WKH V\ VWH P
VWD WXV� (OVH � J R WR VWH S � � �

s VWH S � � ,I EUR N H Q R SH UD WLR Q SULR ULW\ LV KLJ KH U WKD Q
WKH R SH UD WLR Q F XUUH QWO\ SH UIR UPH G R Q $ 0 � WKH Q SUH �
H PSW WKH D OWH UQD WLY H PD F KLQH D QG XSGD WH WKH V\ VWH P
VWD WXV� (OVH � J R WR VWH S � �

s VWH S � � ,I WKH GLoH UH QF H EH WZ H H Q WKH UH D G\ WLPH R I
WKH ' R Z Q0 D QG UH OH D VH WLPH R I $ 0 LV PR UH WKD Q
WKH VH WXS WLPH R Q $ 0 � WKH Q D VVLJ Q EUR N H Q WD VN WR
D OWH UQD WH PD F KLQH Z KH Q LW EH F R PH V IUH H � (OVH � J R WR
VWH S � � �

s VWH S � � � ,QWH UUXSWH G R SH UD WLR Q Z D LW R Q WKH VD PH PD �
F KLQH WLOO LW LV UH D G\ � J R WR VWH S � � �

s VWH S � � � 8 SGD WH WKH PD F KLQH VWD WXV OLVW�

� �� � 5H VF KH GXOLQJ PH F KD QLVP IR U ,QF UH D VH G 3ULR ULW\

/LN H Z LVH � Z KH Q D MR E SULR ULW\ LV LQF UH D VH G G\ QD PLF D OO\ � UH VF KH GXO�
LQJ LV D F F R PSOLVKH G E\ EULQJ LQJ LWV UH PD LQLQJ WD VN V IR UZ D UG
LQ WLPH R Q XVLQJ WKH IR OOR Z LQJ SUR F H GXUH V�

s VWH S � � ) LQG WKH MR E Z KR VH SULR ULW\ LV LQF UH D VH G� D V�
VLJ Q WKH KLJ KH VW SULR ULW\ WR D OO WKH R SH UD WLR QV EH OR QJ �
LQJ WR WKLV MR E� UH Y LVH WKH R SH UD WLR Q VWD WXV� J R WR VWH S
� �

s VWH S � � ) LQG WKH pUVW LQF UH D VH G SULR ULW\ R SH UD WLR Q
Z KLF K LV F XUUH QWO\ QR W OR D GH G R Q D Q\ PD F KLQH Z KLOH
J R LQJ WR EH SUR F H VVH G QH [ W� J R WR VWH S � �

s VWH S � � ,I WKH PD F KLQH UH T XLUH G E\ WKH LQF UH D VH G SUL�
R ULW\ R SH UD WLR Q LV IUH H D W WLPH 7  �� D VVLJ Q WD VN WR WKH
PD F KLQH � J R WR VWH S � � (OVH � J R WR VWH S � �

s VWH S � � ,I WKH UH D UH D OWH UQD WLY H PD F KLQH V�$ 0 � D Y D LO�
D EOH � F KH F N WKH VWD WXV R I WKH OH D VW XWLOL] H G R QH � ,I LW
LV IUH H � D VVLJ Q WKH LQF UH D VH G SULR ULW\ R SH UD WLR Q WR WKH
PD F KLQH D W WLPH 7  � J R WR VWH S � � (OVH � J R WR VWH S � �

s VWH S � � 3UH �H PSW WKH LQLWLD O PD F KLQH D QG VWD UW KLJ K
SULR ULW\ R SH UD WLR Q LPPH GLD WH O\ D QG XSGD WH WKH V\ V�
WH P VWD WXV� J R WR VWH S � �

s VWH S � � $ GY D QF H D OO WKH UH PD LQLQJ R SH UD WLR QV WR VWD UW
LPPH GLD WH O\ � EUR N H Q R SH UD WLR Q Z D LWV R Q WKH VD PH PD �
F KLQH XQWLO LQF UH D VH G SULR ULW\ R SH UD WLR Q LV F R PSOH WH G�
J R WR VWH S � �

s VWH S � �5H Y LVH V\ VWH P VWD WXV�

� 7  LV WK H 2S U ( Q G LI WK HU H LV DQ LQ FU HVHG S U LRU LW\ RS HU DWLRQ
FX U U HQ WO\ ORDG HG � 2WK HU Z LVH� LW LV WK H FX U U HQ W WLP H�



� �� � 5H VF KH GXOLQJ PH F KD QLVP IR U $ UULY D O R I 5XVK 2UGH U

:KH Q D QH Z R UGH U D UULY H V� LI LW LV LPSR UWD QW R U UXVK� WKH
KLJ KH VW SULR ULW\ LV D VVLJ QH G WR LW� R WKH UZ LVH ED VH G R Q VWD Q�
GD UG SULR ULW\ UXOH V VXF K D V ) & ) 6 R U (' ' � ,Q WKH IR UPH U
F R QGLWLR Q� D OO WKH OH D VW XWLOL] H G PD F KLQH V UH T XLUH G E\ WKH
UXVK R UGH U D UH UH OH D VH G Z KH QH Y H U WKH \ D UH UH T XLUH G� 7 KH
D OJ R ULWKP IR U UXVK R UGH U D UULY D O LV D OPR VW WKH VD PH D V WKH
D OJ R ULWKP IR U LQF UH D VH G R UGH U SULR ULW\ H [ F H SW WKD W WKH UH LV D Q
LQF UH D VH LQ WKH QXPEH U R I MR EV qR Z LQJ WKUR XJ K WKH V\ VWH P�

� �� � 5H VF KH GXOLQJ PH F KD QLVP IR U 2UGH U & D QF H OOD WLR Q

:KH Q D Q R UGH U LV F D QF H OOH G� D OO WKH UH PD LQLQJ WD VN V R I WKD W
R UGH U D UH GH OH WH G IUR P WKH WD VN OLVW D QG WKH VD PH WLPH WKH
V\ VWH P XSGD WH V WKH WLPH D QG PD F KLQH VWD WXV R I WKH UH PD LQ�
LQJ MR EV�

� �� � $ oH F WH G 2SH UD WLR QV 5H VF KH GXOLQJ

$ IWH U XSGD WH WKH VWD WXV R I PD F KLQH V D QG XQF R PSOH WH G R S�
H UD WLR QV E\ XVLQJ D OJ R ULWKPV GH VF ULEH G D ER Y H � $ oH F WH G 2S�
H UD WLR QV 5H VF KH GXOLQJ �$ 25� PH WKR G LV XVH G WR R EWD LQ WKH
QH Z VF KH GXOH >� � @�

2QH R I WKH R EMH F WLY H V R I UH VF KH GXOLQJ LV WR PLQLPL] H WKH
GH Y LD WLR Q� 6R � WKH SH UIR UPD QF H LV PH D VXUH G D F F R UGLQJ WR WKH
H rF LH QF \ �H �J � PD N H VSD Q� D QG VWD ELOLW\ �L�H � GH Y LD WLR Q IUR P
WKH LQLWLD O VF KH GXOH �� 7 KH OD WWH U LQF OXGLQJ WZ R PH D VXUH V�

s 7LPH'HYLDWLRQ�GHY7 �� WKH UH H [ LVW ER WK GHOD\ D QG
UXVK Z KLF K VWD QG IR U WKH D EVR OXWH Y D OXH R I SR VLWLY H
D QG QH J D WLY H GLoH UH QF H V LQ H QGLQJ WLPH V�

GHY7  GHOD\ � UXVK

s 6HTXHQFH'HYLDWLRQ�GHY6�� WKLV PH D VXUH LV F ULWLF D O LI
VH WXSV D UH SUH SD UH G LQ D GY D QF H � L�H � MR EV PD \ Z D LW R Q
SD OOH WV LQ D VH T XH QF H T XH XH � D QG WR R OLQJ D QG p[ WXULQJ
PD \ EH SOD QQH G D F F R UGLQJ WR WKH R ULJ LQD O VH T XH QF H �
7 KXV� UH VH T XH QF LQJ WKH T XH XH � UH D OOR F D WLQJ WKH SD O�
OH WV� D QG UH SOD QQLQJ WKH WR R OV Z LOO LQF XU F R VWV>� � @�
+ H UH Z H H PSOR \ H G WKH PH WKR G SUH VH QWH G E\ :D WD WD QL
D QG ) XMLL>� � @�

6HTXHQFHGHYLDWLRQ�GHY6�  
;
N

;
M

6HTMN
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7 Z R ([ D PSOH SUR EOH PV Z LWK WKH PD F KLQH D QG R SH UD WLR Q
SD UD PH WH UV VKR Z Q LQ 7 D EOH � D QG 7 D EOH � Z H UH J H QH UD WH G
IR U LOOXVWUD WLQJ WKH SUR SR VH G VF KH GXOLQJ D QG UH VF KH GXOLQJ
D OJ R ULWKPV� $ PD QXID F WXULQJ V\ VWH P Z LWK pY H PD F KLQH V�
Z KLF K D UH F D SD EOH R I SUR F H VVLQJ GLoH UH QW MR EV� LV F R QVLGH UH G�
(D F K MR E KD V VH Y H UD O R SH UD WLR QV WKD W VKR XOG EH SH UIR UPH G
LQ D VWULF W VH T XH QWLD O PD QQH U� 3ULR ULWLH V�R U Z H LJ KWV � D PR QJ
WKH MR EV D UH D VVLJ QH G Z LWK UH VSH F W WR WKH LU GXH GD WH V�

+ H UH � WKH LQLWLD O VF KH GXOH LV R EWD LQH G E\ XVLQJ /D J UD QJ LD Q
5H OD [ D WLR Q PH WKR G GLVF ULEH G LQ VH F WLR Q � � 7 KH LQLWLD O PXOWL�
SOLH UV D UH VH W WR ] H UR � $ IH D VLEOH VR OXWLR Q LV F D F XOD WH G ED VH G
R Q WKH GXD O SUR EOH P D QG WKH EH VW VR OXWLR Q LV F R QVH UY H G D V
WKH pQD O VR OXWLR Q� ,Q WKH VH F R QG SD UW R I WKH UH VH D UF K� QH Z

VF KH GXOH LV J H QH UD WH G E\ XVLQJ UH VF KH GXOLQJ D OJ R ULWKPV GLV�
F XVVH G LQ VH F WLR Q � � :H XVH WKH V\ VWH P VWD WXV D V LQSXW D QG
UH VF KH GXOH WKH R SH UD WLR QV Z KH Q GLVWXUED QF H R F F XU�

-R E 2SU 0 D F KLQH 7 \ SH :L
�L� �L�M� 0 � 0 � 0 � 0 � 0 �

� � � � � � � � � � � � � � �
� � � � � � � � � � � � � � � �

� � � � � � � � � � � � �

� � � � � � � � � �
� � � � � � � � � � � � � � �

� � � � � � � � � � � � � �

� � � � � � � � � � � � � � � � � � �
� � � � � � � � � � � � � � �

� � � � � � � � � � � � � � �

� � � � � � � � � � � � � � � � � � �
� � � � � � � � � � � � � � � �

� � � � � � � � � � � � �

7 D EOH � � 6H WXS� 3UR F H VVLQJ WLPH UH T XLUH PH QWV �([ D PSOH � �

) LJ XUH � � 5H VF KH GXOLQJ XQGH U GLVUUXSWLR QV�

6R PH R I UH VF KH GXOLQJ UH VXOWV R I WKH ([ D PSOH � LV VKR Z Q



LQ *D QWW & KD UWV� ) LJ �� � 7 KH F KD UWV J UD SKLF D OO\ GLVSOD \ WKH
XVH R I H D F K UH VR XUF H D W D OO WLPH V� 7 KH [ D [ LV UH SUH VH QWV WLPH
D QG WKH \ D [ LV F R QVLVWV R I D KR UL] R QWD O ED U IR U H D F K PD F KLQH
R U MR E� 1 XPEH UV LQVLGH WKH EOR F N V VWD QG IR U WKH R SH UD WLR Q
D VVR F LD WH G Z LWK WKH MR EV� D QG EOD F N UH F WD QJ OH V UH SUH VH QW WKH
PD F KLQH ID LOXUH SH ULR GV�

,Q ) LJ � � E� D OWH UQD WLY H PD F KLQH 0 � LV IR XQG IR U R SH U�
D WLR Q � � Z KH Q PD F KLQH � EUH D N V GR Z Q D W 7  � � � 6LQF H
WKH EUR N H Q R SH UD WLR Q � � KD V D KLJ KH U SULR ULW\ WKD Q WKD W R I
WD VN � � Z KLF K LV SUR F H VVLQJ R Q 0 � � WD VN � � LV VSOLWH G D QG
VWD UWV R Q WKH VD PH PD F KLQH D IWH U R SH UD WLR Q � � LV F R PSOH WH G�
+ H UH � WKH VH WXS IR U WD VN � � R Q 0 � LV UH T XLUH G GXH WR WR R O
F KD QJ LQJ EH WZ H H Q GLoH UH QW R SH UD WLR QV� ,Q ) LJ � � F � PD �
F KLQH EUH D N GR Z Q KD SSH QV D W WLPH 7  � � IR U � � WLPH XQLWV�
%H F D XVH WKH GLoH UH QF H EH WZ H H Q WKH UH D G\ 7 LPH R I 0 � D QG
2SU(QG R I R SH UD WLR Q � � LV PR UH WKD Q WKH VH WXS WLPH R I WD VN
� � R Q 0 � � F KD QJ H R Y H U VXF F H H GV Z LWKR XW SUH �H PSWLR Q� L�H �
EUR N H Q R SH UD WLR Q � � SUR F H VVH V R Q 0 � D IWH U WD VN � � pQLVKH V�
) LJ � � G VKR Z V WKH SULR ULW\ R I MR E � LV LQF UH D VH G D W WLPH 7
 � � � 2SH UD WLR Q � � LV F XUUH QWO\ OR D GH G� 6LQF H 0 � Z KLF K
LV UH T XLUH G E\ R SH UD WLR Q � � LV QR W IUH H D W 2SU(QG R I WD VN
� � � WKH V\ VWH P LV F KH F N H G IR U D OWH UQD WLY H PD F KLQH V� 0 � � WKH
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