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7 KLV SD SH U D GGUH VVH V WKH SUR EOH P R I WUD F N LQJ R I R E�
MH F WV Z LWK F R PSOH [ VKD SH D QG PR WLR Q G\ QD PLF V� 7 KH D S�

SUR D F K IR OOR Z H G UH OLH V R Q PXOWLSOH PR GH OV ED VH G R Q *D XV�
VLD Q PL[ WXUH V D QG KLGGH Q 0 D UN R Y PR GH OV� $ WUD F N LQJ D O�

J R ULWKP GH ULY H G IUR P 1 R QOLQH D U ) LOWH ULQJ LV SUH VH QWH G D QG
LOOXVWUD WH G LQ WZ R VLWXD WLR QV� ,Q WKH pUVW� WZ R SR LQWV PR Y �
LQJ LQGH SH QGH QWO\ D OR QJ D OLQH D UH WUD F N H G� R QO\ R QH EH LQJ
R EVH UY H G D W H D F K WLPH � ,Q WKH VH F R QG� WZ R GLPH QVLR QD O R E�
MH F WV D UH WUD F N H G� XQGH U VH Y H UH VKD SH GH IR UPD WLR QV� 8 QOLN H
R WKH U PXOWL�PR GH O D SSUR D F KH V� WKH SUR SR VH G PH WKR G UH OLH V
R Q SD UD PH WULF WH F KQLT XH V SUR Y LGLQJ D Q H rF LH QW WR R O WR XS�
GD WH VKD SH D QG PR WLR Q H VWLPD WH V�
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$ OJ R ULWKPV IR U VR OY LQJ H QJ LQH H ULQJ SUR EOH PV UH O\ LQJ R Q PXO�
WLSOH PR GH OV D UH LQF UH D VLQJ O\ pQGLQJ D SSOLF D WLR QV LQ 6LJ QD O
3UR F H VVLQJ D QG & R QWUR O� 7 KLV VWH PV IUR P WKH GLrF XOWLH V LQ�
KH UH QW WR D UH D OLW\ �EH LW D SUR F H VV SOD QW� D VSH H F K VLJ QD O R U
WKH LPD J H R I D F KD QJ LQJ R EMH F W� Z KLF K LV WR R GLrF XOW WR EH
PR GH OH G E\ D VLQJ OH PR GH O� VLPSOH H QR XJ K WR EH PD QD J H G�
) XUWKH U� LI WKH UH D OLW\ WR EH PR GH OH G XQGH UJ R H V WUD QVIR UPD �
WLR QV D V WLPH SD VVH V� KLGGH Q 0 D UN R Y PR GH OV �+ 0 0 � >� @ D UH
D SR VVLEOH Z D \ R I WD N LQJ WKLV LQWR D F F R XQW� ' H VSLWH + 0 0 
V
SUH VH QW OLPLWD WLR QV �H � J � WKH \ SR R UO\ PR GH O WKH LQqXH QF H
R I WKH UH PR WH SD VW�� WKH \ KD Y H WKH PH ULW R I OH D GLQJ WR D OJ R �
ULWKPV Z LWK WUD F WD EOH F R PSOH [ LW\ �

,Q & R QWUR O� R QH F D Q WKLQN R I WKH SUR EOH P R I D SUR F H VV
Z R UN LQJ XQGH U D VOR Z O\ Y D U\ LQJ R SH UD WLR Q F R QGLWLR Q� 6H H
>� @ IR U D UH F H QW UH IH UH QF H D PR QJ VH Y H UD O R WKH UV SR VVLEOH � ,Q
,PD J H 3UR F H VVLQJ � LPD J H VH T XH QF H V R I PR Y LQJ R EMH F WV Z LWK
WLPH �Y D U\ LQJ VKD SH SUR Y LGH D QR WKH U F OD VV R I H [ D PSOH V� ) R U
H [ D PSOH � D F D U SD VVLQJ LQ D KLJ KZ D \ LQ IUR QW R I D p[ H G F D P�
H UD \ LH OGV GLoH UH QW VKD SH V D F F R UGLQJ WR � VD \ � WKH F D U LV ID U
D Z D \ D QG WKH IUR QW LV PR VWO\ VH H Q� R U LW LV F OR VH D QG VLJ QLp�
F D QW SD UWV R I WKH VLGH D SSH D U� $ PR Y LQJ KD QG PD N LQJ VLJ QV
D F F R UGLQJ WR LWV VKD SH SUR Y LGH V D QR WKH U H [ D PSOH � ,Q ER WK
F D VH V� WKH LPD J H V F D SWXUH G KD Y H D WLPH Y D U\ LQJ VWUXF WXUH �
H D F K R I WKH SR VVLELOLWLH V F R UUH VSR QGLQJ WR D GLoH UH QW PR GH O
LQ D Q D OSKD EH W�

7 KLV SD SH U D GGUH VVH V WKH SUR EOH P R I WUD F N LQJ PR Y LQJ
R EMH F WV Z LWK D EUXSW F KD QJ H V R I VKD SH R U PR WLR Q� 7 KH D S�
SUR D F K IR OOR Z H G UH OLH V R Q PXOWLSOH PR GH OV ED VH G R Q *D XVVLD Q
PL[ WXUH V D QG KLGGH Q 0 D UN R Y PR GH OV� $ WUD F N LQJ D OJ R ULWKP

GH ULY H G IUR P 1 R QOLQH D U ) LOWH ULQJ LV SUH VH QWH G� 7 KLV D OJ R �
ULWKP LV LQVSLUH G LQ WKH Z R UN R I 7 XJ QD LW R Q WKH GH WH F WLR Q
D QG H VWLPD WLR Q R I D EUXSWO\ F KD QJ LQJ V\ VWH PV >� � @� 8 QOLN H
R WKH U D SSUR D F KH V �H �J � WKH & R QGH QVD WLR Q PH WKR G UH F H QWO\
GH VF ULEH G LQ >� @� WKH SUR SR VH G D OJ R ULWKP UH OLH V R Q D SD UD �
PH WULF PR GH O D QG SUR Y LGH V D Q H rF LH QW WR R O WR XSGD WH WKH D
SR VWH ULR UL GH QVLW\ H Y H Q LI WKH QXPEH U R I SD UD PH WH UV LV KLJ K�
,Q R UGH U WR LOOXVWUD WH WKLV D OJ R ULWKP� WZ R VLWXD WLR QV D UH F R Q�
VLGH UH G� 7 KH pUVW VLWXD WLR Q LV D V\ QWKH WLF H [ D PSOH LQ R UGH U
WR KLJ KOLJ KW WKH PD LQ IH D WXUH V R I WKH D SSUR D F K� ,W F R QVLVWV
R I WKH WUD F N LQJ R I WZ R SR LQWV LQGH SH QGH QWO\ PR Y LQJ D OR QJ D
OLQH � R QO\ R QH EH LQJ R EVH UY H G D W H D F K WLPH � ,Q WKH VH F R QG�
D WZ R GLPH QVLR QD O R EMH F W Z LWK D F KD QJ LQJ VKD SH LV WUD F N H G
LQ D VH T XH QF H R I LPD J H V�
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$ VLPSOH PR GH O Z LOO EH D GR SWH G WR GH VF ULEH WKH VKD SH R I D
PR Y LQJ R EMH F W Z LWK D EUXSW PR WLR Q R U VKD SH F KD QJ H V� /H W
0�� � � � �00 EH 0 VKD SH PD WULF H V D VVR F LD WH G WR 0 Y LH Z V
R I D GH IR UPD EOH R EMH F W� (D F K Y LH Z LV GH pQH G D V D VH T XH QF H
R I ER XQGD U\ SR LQWV R U D V D VSOLQH F XUY H Z LWK N QR Z Q F R QWUR O
SR LQWV� /H W R  �[�� � � � � [1 � \�� � � � � \1� EH WKH F R R UGLQD WH V
R I 1 IH D WXUH V GH WH F WH G LQ WKH LPD J H �H �J �� H GJ H SR LQWV� D VVR �
F LD WH G Z LWK 1 PR GH O SR LQWV� ,W Z LOO EH D VVXPH G LQ WKH VH T XH O
WKD W R LV D Q D rQH WUD QVIR UP R I R QH R I WKH VKD SH PD WULF H V�
F R UUXSWH G E\ Z KLWH *D XVVLD Q QR LVH � L�H �� �VH H WKH GH WD LOV LQ
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LV WKH R EVH U Y D WLR Q PD WUL[ � % EH LQJ D Q LQWH USR OD WLR Q PD WUL[
LQ WKH F D VH R I %�VSOLQH PR GH OV� D QG WKH LGH QWLW\ PD WUL[ LQ
WKH F D VH R I SR LQW PR GH OV� ,W LV D VVXPH G WKD W DW LV D UD QGR P
SUR F H VV GH VF ULEH G E\ D VWR F KD VWLF GLoH UH QF H H T XD WLR Q D QG
WKH OD EH O VH T XH QF H TW LV D 0 D UN R Y F KD LQ�
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LQ D VH T XH QF H R I W LPD J H V� Z H Z LVK WR H VWLPD WH WKH PR WLR Q
�D rQH � SD UD PH WH UV DW D QG WKH PR GH O OD EH O TW�

7 KLV LV D QR QOLQH D U pOWH ULQJ SUR EOH P >� @� ,I WKH MR LQW
SUR ED ELOLW\ GH QVLW\ IXQF WLR Q F R QGLWLR QH G R Q WKH R EVH UY D �
WLR QV S�DW� TW 2
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,W Z LOO EH D VVXPH G WKD W DW� TW F R QWD LQ D OO WKH LQIR UPD �
WLR Q D ER XW WKH SD VW QH H GH G WR J H QH UD WH IXWXUH R EVH UY D WLR QV�
6LQF H DW LV D F R QWLQXR XV UD QGR P Y D ULD EOH D QG TW LV GLVF UH WH �
�DW� TW� LV GH QR WH G D V D PL[ H G�VWD WH �

,I WKH PR GH O H VWLPD WH � ATW� LV QR W QH H GH G� WKH SR VH SD UD P�
H WH UV F D Q EH R EWD LQH G E\ WKH PD [ LPL] D WLR Q R I WKH D SR VWH UL�
R UL GH QVLW\ F R QGLWLR QH G R Q WKH R EVH UY D WLR QV� S�DW 2
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VWD WH Y D ULD EOH V
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7 KH F R PSXWD WLR Q R I S�DW 2
W� LV D GGUH VVH G LQ WKH QH [ W

VH F WLR Q D VVXPLQJ WKD W DW LV WKH R XWSXW R I D VZ LWF KH G ED QN
R I pOWH UV� 7 KLV D OOR Z V WR H [ SUH VV WKH R SWLPD O VWD WH GLVWUL�
EXWLR Q D V D *D XVVLD Q PL[ WXUH Z LWK D Q �H [ SR QH QWLD OO\ � LQ�
F UH D VLQJ QXPEH U R I F R PSR QH QWV D QG SUR Y LGH V D WUH H VWUXF �
WXUH WR F R PSXWH WKH XQN QR Z Q SD UD PH WH UV� $ UH F XUVLY H
PH WKR G LV GH VF ULEH G WR SUR Y LGH SUD F WLF D O D OJ R ULWKPV WR SH U�
IR UP WKH VH F R PSXWD WLR QV� 7 KH QXPEH U R I PL[ WXUH F R PSR �
QH QWV LQF UH D VH V Z LWK W� 7 R R Y H UF R PH WKLV GLrF XOW\ � WKH R S�
WLPD O GLVWULEXWLR Q LV D SSUR [ LPD WH G E\ D *D XVVLD Q PL[ WXUH
Z LWK D VPD OOH U QXPEH U R I PR GH V� 6WUD WH J LH V IR U F R PSOH [ LW\
UH GXF WLR Q D UH D GGUH VVH G LQ VH F WLR Q � �
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/H W XV pUVW D GGUH VV WKH H VWLPD WLR Q R I ADW� D VVXPLQJ WKD W WKH
PR GH O VH T XH QF H 4W LV N QR Z Q� ,Q WKH VH T XH O Z H VKD OO D VVXPH
WKD W WKH VWD WH Y H F WR U DW LV WKH R XWSXW R I D pUVW R UGH U UD QGR P

H T XD WLR Q
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Z KH UH WKH F KD UD F WH ULVWLF SR O\ QR PLD O R I PD WUL[ $ LV VWULF WO\
+ XUZ LW] D QG ZW LV D Z KLWH Y H F WR U Z LWK QR UPD O GLVWULEXWLR Q
1�� �4�� XQF R UUH OD WH G Z LWK WKH R EVH UY D WLR Q QR LVH YW� 7 KH
LQLWLD O F R QGLWLR Q LV D OVR D UD QGR P Y D ULD EOH Z LWK QR UPD O GLV�
WULEXWLR Q 1�D�� 3R�� (T XD WLR QV �� �� � GH pQH D VWR F KD VWLF OLQ�
H D U V\ VWH P� 7 KH H VWLPD WLR Q R I WKH D rQH SD UD PH WH UV� DW�
IUR P WKH SUH VH QW D QG SD VW R EVH UY D WLR QV� 2W� LV D Z H OO N QR Z Q
VWD WH H VWLPD WLR Q SUR EOH P� WKH GLVWULEXWLR Q R I DW J LY H Q 2W LV
1�ADW� 3W�� Z LWK ADW� 3W XSGD WH G E\ WKH . D OPD Q pOWH U H T XD �
WLR QV� 7 KH 0 $ 3 VWD WH H VWLPD WH LV ADW �

:KH Q WKH PR GH O VH T XH QF H LV XQN QR Z Q� Z H KD Y H WR F R P�
SXWH S�DW�4

W 2W� IR U D OO D GPLVVLEOH VH T XH QF H V D QG R EWD LQ
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W� D V WKH PD UJ LQD O GH QVLW\ R I WKLV MR LQW SUR ED ELOLW\
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Z KH UH 4W  �T�� � � � � TW� LV D PR GH O VH T XH QF H D QG F4W  
3 �4W 2W�� 7 KH GH QVLW\ S�DW 4�2W� LV D QR UPD O GH QVLW\
IXQF WLR Q Z LWK PH D Q D QG F R Y D ULD QF H XSGD WH G E\ . D OPD Q pO�
WH ULQJ D V GLVF XVVH G EH IR UH � 7 KH UH IR UH S�DW 2

W� LV D PL[ �
WXUH R I *D XVVLD QV� H D F K R I WKH P EH LQJ D VVR F LD WH G WR D VSH �
F LpF PR GH O VH T XH QF H 4W� 6LQF H D OO PR GH O VH T XH QF H V 4W �

Time epochs

.....

.....

....
.

â    ,P
QtQt

) LJ XUH � � & R PSXWD WLR Q R I WKH PL[ WXUH F R PSR QH QWV

I � � � � � �0 J W D UH D OOR Z H G� WKH PL[ WXUH Z LOO KD Y H 0W F R PSR �
QH QWV� ) R U H [ D PSOH � LI WKH R EVH UY D WLR QV D UH J H QH UD WH G E\
WZ R PR GH OV� WKH PL[ WXUH Z LOO KD Y H � F R PSR QH QWV D W W � �

7 KH F R PSXWD WLR Q R I WKH PH D Q D QG F R Y D ULD QF H R I H D F K
F R PSR QH QW LV R UJ D QL] H G LQ D WUH H VWUXF WXUH Z KH UH H D F K EUD QF K
F R UUH VSR QGV WR D Q LWH UD WLR Q R I D . D OPD Q pOWH U �VH H pJ � � ��
7 KLV R SWLPD O VWUXF WXUH F D QQR W EH GLUH F WO\ LPSOH PH QWH G D QG
VR PH F R PSOH [ LW\ UH GXF WLR Q VF KH PH V KD Y H WR EH GH Y LVH G WR
D Y R LG WKH F R PELQD WR ULD O H [ SOR VLR Q� 7 KLV SUR EOH P LV D G�
GUH VVH G LQ VH F WLR Q � �

6R PH WLPH V� LW LV H QR XJ K WR D VVXPH WKD W D VLQJ OH WUD QVL�
WLR Q LV D OOR Z H G GXULQJ D J LY H Q WLPH LQWH UY D O� ,Q WKLV F D VH �
PR VW R I WKH WUH H SD WKV D UH GLVF D UGH G D QG WKH QXPEH U R I
QR GH V LQF UH D VH V OLQH D UO\ Z LWK WKH OH QJ WK R I WKH LQWH UY D O� $
PR UH GUD VWLF D WWLWXGH LV H Y H Q D GR SWH G LQ F R QWUR O� VH H H � J �
>� @� E\ D VVXPLQJ WKD W WKH GD WD LV J H QH UD WH G E\ WKH VD PH
PR GH O LQ D VOLGLQJ WLPH LQWH UY D O� 7 KH VH D SSUR D F KH V Z LOO QR W
EH SXUVXH G KH UH � 0 XOWL�PR GH O WUD F N LQJ Z LOO EH D GGUH VVH G
Z LWK IXOO J H QH UD OLW\ D OOR Z LQJ D OO SR VVLEOH WUD QVLWLR QV�

& R QVLGH U QR Z WKH F R PSXWD WLR Q R I WKH PL[ LQJ SD UD PH �
WH UV F4W  3 �4W 2W�� ,I WKH PR GH O VH T XH QF H LV D 0 D UN R Y
F KD LQ Z LWK N QR Z Q WUD QVLWLR Q SUR ED ELOLWLH V� 7LM� WKH PL[ LQJ
SD UD PH WH UV F D Q EH UH F XUVLY H O\ XSGD WH G E\ >� @
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Z KH UH * LV D *D XVVLD Q GH QVLW\ IXQF WLR Q D QG N LV D F R QVWD QW�

R EWD LQH G IUR P WKH QR UPD OL] D WLR Q F R QGLWLR Q
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D OJ R ULWKP XVH G WR F R PSXWH H D F K WUH H QR GH LV VXPPD UL] H G
LQ WD EOH � � 7 KH IR OOR Z LQJ H [ D PSOH LOOXVWUD WH V WKH XVH R I
VZ LWF KH G PR GH OV D QG WKH SH UIR UPD QF H R I WKH SUR SR VH G D OJ R �
ULWKP Z LWK V\ QWKH WLF GD WD �

([ D PSOH

& R QVLGH U WZ R EH H V q\ LQJ R Q D OLQH Z LWK LQGH SH QGH QW
UD QGR P PR WLR QV �) LJ � � D �� 6XSSR VH WKH UH LV D VH QVR U Z KLF K
SUR Y LGH V WKH F R R UGLQD WH R I R QH R I WKH EH H V �Z H GR QR W N QR Z
Z KLF K� D W H D F K LQVWD QW R I WLPH D QG WKH PH D VXUH PH QW LV F R U�
UXSWH G E\ QR LVH � :H Z LVK WR H VWLPD WH WKH OR F D WLR Q R I ER WK
LQVH F WV D W H Y H U\ LQVWD QW R I WLPH IUR P WKH VH QR LV\ R EVH UY D �
WLR QV�

7 KLV LV D VWD WH H VWLPD WLR Q SUR EOH P Z LWK PXOWLSOH PR GH OV�
7 KH VWD WH Y H F WR U D  �[�� [�� F R QWD LQV WKH EH H V F R R UGLQD WH V�
,W Z LOO EH D VVXPH G WKD W WKH EH H PR WLR Q LV WKH R XWSXW R I D
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) LJ XUH � VKR Z V WKH R XWSXW R I WKH WUD F N LQJ D OJ R ULWKP GH �
VF ULEH G LQ WD EOH , IR U D VLQJ OH H [ SH ULPH QW� ) LJ XUH � E VKR Z V
WKH R EVH UY D WLR QV D Y D LOD EOH WR OR F D WH ER WK EH H V �WU\ WR J XH VV
WKH LU PR WLR Q IUR P WKLV LQIR UPD WLR Q�� ) LJ � � H VKR Z V Z KLF K
EH H LV PH D VXUH G D W H D F K LQVWD QW R I WLPH �WKLV LQIR UPD WLR Q LV
GLVSOD \ H G WR J LY H LQVLJ KW R Q WKH SUR EOH P EXW LW LV QR W XVH G
WR H VWLPD WH WKH EH H WUD MH F WR ULH V�� 7 KH WUXH EH H WUD MH F WR ULH V
D QG WKH 0 $ 3 H VWLPD WH V D UH GLVSOD \ H G LQ ) LJ � � F �G� 7 KLV
H [ SH ULPH QW VKR Z V WKD W LW LV SR VVLEOH WR OR F D WH ER WK LQVH F WV
PR VW R I WKH WLPH � L�H �� WKH D OJ R ULWKP PD QD J H V WR J XH VV Z KLF K
LQVH F W LV EH LQJ VH QVH G� ) LQD OO\ � ) LJ V� � I�K VKR Z WKH GH QVLW\
IXQF WLR Q S�DW 2

W� �*D XVVLD Q PL[ WXUH � D W VSH F LpF WLPH LQ�
VWD QWV� LGH QWLpH G E\ GR WV LQ ) LJ � � H �

,I R QH R I WKH Y D ULD EOH V LV R EVH UY H G IR U D OR QJ SH ULR G�
LWV H VWLPD WH KD V D VPD OO Y D ULD QF H Z KLOH WKH Y D ULD QF H R I WKH
R WKH U Y D ULD EOH LQF UH D VH V� 7 KLV H oH F W LV F OH D UO\ QR WLF H G LQ
) LJ � � I�K� & R PSD UH � IR U LQVWD QF H � pJ V � J D QG � K� ,Q pJ � � J
WKH R EVH UY D WLR QV PR GH O KD V MXVW PR Y H G IUR P D VLWXD WLR Q LQ
Z KLF K EH H � LV EH LQJ R EVH UY H G� WR D VLWXD WLR Q LQ Z KLF K EH H
� LV R EVH UY H G� 7 KXV� WKH VSUH D G R I WKH GH QVLW\ D OR QJ D [ LV �
LV PXF K VPD OOH U WKD Q D OR QJ D [ LV � � $ IWH U VR PH WLPH SD VVH V
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