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 Existing proxy services use proxies outside of the cellular IP network@
 New architecture places proxies within the cellular IP network A?ìîôB�8C�� ×1B"HKB"d�FEkOFTdcef=?>AÍ®B\e(Í�QKd®B3WIÐ
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    caching,    prefetching

    content transformation ( e.g. customization,

                          adaptation,  compression )

    application protocol translation ( e.g. HTML<->HDML )

   TCP performance enhancement ( e.g. split connection, snoop protocol )

   compression  ( payload and header compression ), header suppression

Transport 
Proxy

Application  
Proxy

Data 
Application

Multimedia 
Application

   protocol translation ( e.g. TCP<->WTP, UDP<->WDP )
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Services Primary Functions

AT&T PocketNet    Protocol translation for cell phones

Project Panama    Markup language translation for a variety of devices

Proxinet    General content transformation for Palm Pilot

GoAmerica    Data compression for CDPD users

MobilLogic & Wireless 
Knowledge

   Compression, simple content trasformation,        
mobile-optimization for MS-exchange servers
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Cellular IP Network
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Í®>AWTHMa�=?WTkAqQ: Ö g Ø�Í�=?B)R£W ] Ö e�FTd®B�WIÐ1FIqMqKd®B\aca�Ø1WIÐ�Íc=?B�@#WT`?>AkAB
acÍcFEÍc>mWuH)>Ga±Í�=?B#FTe�e�B"a�a±dcWTQ?ÍcB"d"L Ö FjØ7Íc=?B¥ÏKdcW�ÙjV[>Ga1FTe�e(B\acacB"q)`ÊB(Þ
Í´ÎSB�B"H¶Íc=KB�FIe�e�B"a�a3d®WuQ?Í®B\doFIHKq�Íc=KBXJTFEÍcB�Î7F�V�d®WuQ?Í®B\d�L�FTHKq Ö ÕKØ
Íc=KB�e(B�kAk±ef=KFTH?JIB�>GaXÎ�>AÍc=?>GH Íc=?B�e�W�pIB"d�FEJTB�FTd®B\F¶WIÐ1Í�=?Bªa�FI@#B
FIe"e(B\aca�dcWTQKÍ®B"d"YOD±W�ÎSB�pTB"d"LK>mÐºFIHuV[`MFIacB�a®Í�FEÍc>mWuH)acÏÊB"e�>�èÊe�>AH?Ð WTd®Þ
@¥FEÍc>mWuH�>GaSdcB"ÝjQ?>GdcB"q�`uV¥Íc=?B3ÏKdcW�Ù?V�Ð~QMHKe(Íc>mWuH4L?kmW?e"FEÍ®>AWTH�QKÏ9qKFEÍcB
`ÊB"e(Wu@#B"a­H?B\e(B\aca�FIdcVIL�B"pIB\H¶>mÐ�FEkAk
Íc=KdcB�B�e(WTHMq?>mÍc>mWuHKa3q?B\ace"d®>G`MB\q
FI`ÊW�pIB¥FIdcB¥@�B"Í�L$a®W�Íc=MFEÍoÍc=?B�ÏMd®W�Ù?V�e�FTH¶e�WTHuÍ®>GHjQ?B#Í®W�WT`?Í�FE>GH
Íc=KB3>AHjÐ Wudc@¥FIÍ®>AWTH�Ð~d®Wu@ Íc=?B­HKB�Î `KFIacB3a®Í�FEÍ®>AWTH�Y

z8{�|U~jé I�IPI
�2�-�B�5���t���-���B�o�-��º5�5�)�-���`���5���N�t���5�)�N�N�3�-���5�����-�B�t�������3�3�B���5�t�&»

�����&���3�B���t�t���5��¼U�t½m»��5�5�����t�3�3���t�o�3�3�&�o�3�t�5�t���t�

Between  
BS and AR

Between  
AR and GR

Between  
BS and AR

Between  
AR and GR

Base-Station Yes Yes Yes Yes

Access Router Yes No Yes Yes

BS - Base Station, AR  - Access Router,

Intra-AR Service Area 
Cell Change

Inter-AR Service Area 
Cell Change

GR - Gateway Router

CoA
Proxy Location

CIQKacÍ3kA>ArIB¥F)QMa®B\d3@�>AJT=uÍ­@#W�pIB¥ÍcW)Íc=?B�acB"dcpj>Ae�B¥FTd®B\F[WEÐ�q?>�Ð�Þ
Ð B"dcB"HuÍ�FTe�e(B\acaXdcWTQKÍ®B"d�aXqKQKdc>GH?J«F�a®B\acac>AWTH4L7FEÍ�acWT@#B�ÏÊWI>GHTÍ"L�F

QKacB"d7@#>mJu=uÍS@#W�pIB�WTQKÍ£WIÐDÍc=KBoacB"dcpj>Ae�B1FTd®B\F­WEÐ�F�ÏMd®W�Ù?VXa®B\d®pTB"d"Y
^ =?B3ÏKdcW�Ù?V�a®B\d®pTB"d£Íc=?B\H[HKB�B"qMa7Í®W#Ð WTdcÎSFTdcq�Íc=?BoB\HTÍc>AdcB3a®B\acac>AWTH
ÏKdcWEèMkABIL�>GHKe(kGQKq?>GH?J1>AHjÐ Wudc@¥FIÍ®>AWTHoÐ WudOÏÊB"d®Ð WTd�@�>GH?J1p�FTd®>AWTQMaOÏKdcW�Ù?V
Ð~QKHKe�Í®>AWTHKa$FIaOÎ£B"kmkjFIaOÍc=?BSa®Í�FEÍ�QKaOWIÐKÍc=?B£WTHjÞ{JIWT>AHKJ�Ícd�FIHKa�FIe�Í®>AWTHKa"L
Í®W�Íc=?B¥H?B�Î¹ÏKdcW�Ù?V�acW�Íc=MFEÍ±Í�=?B�HKB�Î ÏKdcW�Ù?V�@¥F�V[e�WTHuÍ®>GHjQ?B­ÍcW
ÏKdcW�pj>Aq?B3Í�=?B�a�FI@#B­acB"dcpu>Ge(B3ÍcWXÍc=?B#QKacB"d"Y ^ =?B�dcB�kGFEÍcB"q�dcWTQ?ÍcB"d�a
@�QMa®Í#FEkGa®W�`MB[QKÏÊqMFEÍ®B\q·acWªÍ�=KFEÍ�Ð~Q?ÍcQKdcB�ÏKFIefrIB�Íca�e�FTH«`MB[q?B(Þ
kA>mpTB"dcB"q�ÍcW�Í�=?BXH?B�Î/ÏKdcW�ÙjV)acB"dcpIB\d�Y i B"e(Íc>mWuH�ã�Î�>Akmk
ÏKdcB"acB"HuÍoF
q?B"ÍcFE>AkAB"q#e�FEkAk8³MW�ÎÒWEÐÊÍ�=?>Ga
ÏKd®W?e�B"qKQKdcBS>AH#Íc=KB7e�WTHuÍ®B�Ù?Í$WIÐ4×1ç£b i
Ö ×1B\H?B"d�FEk4ç
FTefrEB"Í£b±FTq?>AW i B"dcpu>Ge(BIØcY
^ W Ícd�FIHKa®Ð B"d�Íc=KB�acB"a�a®>AWTH ÏKd®WIèMkAB�Ð~dcWT@ WTHKB¶ÏKdcW�Ù?VÔacB"dcpIB\d

Í®W�FIH?WTÍc=?B\d�@#F�V�>AHuÍ�d®W?qKQKe�B�a�QK`KacÍcFIHuÍc>AFIkOq?B�kGF�V�FTHKq[W�pIB\dc=?B\FIq
Í®W�Í�=?BX=KFIHKq?ÞåWIà·ÏKd®W?e�B"qKQKdcBIY ^ =?BXÏKdcW�ÙjV�Ð~QMHKe(Íc>mWuHKa3@�QKacÍ­`ÊB
e�FTd®B�Ð~Q?kAkmV«q?B\a®>AJTHKB"q«ÍcW�e�FId�dcV¶WuQ?Í¥Íc=?B�Ícd�FIHMa®>AÍ®>AWTH·B(Ü�e(>AB"HuÍ®kAVIY
R£kAB"FIdckAVIL?Íc=KB­e(kAWTacB"dSÍc=?B­ÏMd®W�Ù?VX>Ga�FIa�a®W?e�>AFIÍ®B"q�Î�>mÍ�=[>AHKqK>mpj>GqKQKFEk
`KFTa®B[a®Í�FEÍ®>AWTHMa�L
Í�=?B[@#Wud®B�km>GrEB"kmV©Íc=MFEÍ¥acQKef=«Ícd�FIHKac>mÍc>mWuHKa#@#F�V
W?e�e"QKd�Y ^ =?B�Ï?kAFTe(B\@�B\HuÍ�WEÐ�Í�=?B�ÏKd®W�Ù?V¶Ð~QKHKe�Í®>AWTHKa#@�QKacÍ#ÍcFIrIB
>GHTÍcW�e(WuHKac>Aq?B\dcFIÍ®>AWTH�WEÐ
Íc=KB­W�pIB\dc=?B\FIq�>AHupIWTkmpTB"q[Î�>AÍc=)@#WT`?>AkA>mÍ´V
QKÏ9qKFEÍcB­ÏKdcWje�B"qKQMd®B\a�Y

¾ 
�¿M�3$&+t ����5"Z�·n� ��8�o���������on&(p"2$3 ����5"*�
^ =?B�q?>Aa�e�QMacac>mWuHKa�FI`ÊW�pIB©ac=KW�Î Íc=KFIÍ�Íc=?B«Ï?kGFIe�B"@#B"HuÍ[WEÐ¥F

ÏKdcW�Ù?V�Ð~QKHKe�Í®>AWTH a�=?WTQKkAqÔe(WuHKac>Aq?B\dXÍc=KB�>AH?Ð WTd�@#FIÍ®>AWTHÔdcB"ÝjQ?>Gd®B�Þ
@#B"HuÍca�WIÐ9Í�=?B�ÏKdcW�ÙjVoÐ~QMHKe(Íc>mWuH4LI>AÍca
`MFIHKq?Î�>Gq?Í�=�FTHKq¥ÏKd®W?e�B"a�a®>GH?J
dcB"ÝjQ?>Gd®B\@�B\HuÍca"LjFTaºÎSB�kAk4FIa7@#WT`?>AkA>mÍ´V�@¥FIHMFEJIB\@#B"HuÍ�Y�Ì{Ð$F#ÏKdcW�Ù?V
>Ga
Ï?kGFIe(B\q¥e(kAWTacBSÍcW3Íc=?B±JTFEÍcB�Î7F�V­d®WuQ?Í®B\d�LI>mÍº=MFIa�Í®W­`ÊB±ÏÊW�Î£B\dyÐ~QKk
B"HKWTQ?Ju=·ÍcW©=MFIHKq?kAB)Íc=KB�=?>mJu=Ôe(WTHMe(B"HuÍ�dcFIÍ®>AWTH«WIÐ1Í�dcFEÜXe�Ð~dcWT@
FEkAkSÍc=?B[`KFIacB�acÍcFEÍc>mWuHKa­>AÍ�e�W�pIB\dca"Y)U7B"e�FTQKacBXWEÐ�Íc=KB�dcB�kGFEÍ®>ApIB"kmV
kAWTH?J©q?>Ga®Í�FIHKe�B[ÍcW©>AHKqK>mpj>GqKQKFEk1e(B�kAkGa�L£>mÍX>GaXH?WIÍXe�WTHupIB\H?>mB\HuÍ�ÍcW
e(WTkmkAB"e�Í�FTHKq�dcB"FTe(Í±ÍcW[ef=MFIHKH?B"k
e(WTHMq?>mÍc>mWuH�ef=KFTH?JIB\a�Ð~dcWT@ a�QKef=
ÏKdcW�Ù?>mB\a�Y[ß�H�Í�=?B�WIÍ�=?B"d�=KFIHKq�L$ac>AHMe(B�F)@#WT`?>AkAB�QKa®B\d3Î�>AkmkSd®B�Þ
@¥FE>GH�>GH[Íc=?B3e�W�pIB"d�FEJTB±FIdcB"F�WEÐ$Íc=?B­ÏMd®W�Ù?V¥Î�>mÍ�=?>GH�WuH?B3a®B\acac>AWTH
q?B\acÏ?>AÍ®B¶=KFIHKqKWEà4a�LSÍc=?B\d®B)>Ga�HKW«H?B�B\qÒWIÐo@#W�pj>GH?J�Íc=?B�acÍcFIÍcQKa
WEÐºÏMd®W�Ù?V[Ð~QKHKe�Í®>AWTHKa1Í®W�FIH?WTÍc=?B\d±ÏKdcW�Ù?VIY�Ì{Ð£F�ÏMd®W�Ù?V[>Aa�Ï?kGFIe(B\q
e(kAWTacB±ÍcW�Í�=?B�FTe�e�B"a�aºdcWTQ?ÍcB"d"LT>AÍS=MFIaSd®B"kAFIÍ®>ApIB�kAV¥B"FTa®>AB"d£FIe�e�B"a�a
ÍcW
Íc=KB#q?B"pj>Ae�B�FIHMq�ef=KFIHMH?B�k$>AH?Ð WTd�@#FIÍ®>AWTH4Y�D±W�ÎSB�pTB"d"LMÍ�=?B#acÍcFIÍcQKa
WEÐDÍc=?B3ÏKdcW�Ù?V�Ð~QMHKe(Íc>mWuHKa7@#F�V�HKB�B"q�Í®W¥`MBoÍ�dcFTHKayÐ B\dcdcB"q�Î�=?B"H�F
QKacB"do@#W�pIB\a±ÍcW[Í�=?BXe(W�pTB"d�FEJIB­FTd®B\F�WIÐ£FIHKWIÍc=KB"doFIe"e(B"a�a�d®WuQ?Í®B\d
Í®W«F�pTWI>Gq·Í�d®>GFIHKJTQ?kGFIdXdcWTQ?Íc>AHKJMY i QKef=µÏKdcW�Ùj>AB"a¥@¥F�VÒacÍ®>AkAk1H?WTÍ
`ÊBoe�kmWua®B1B"H?WuQ?JT=�Í®W¥`KFIacB1acÍcFIÍ®>AWTHKaSÍcW#dcB"FTe(Í£ÏMd®Wu@#ÏKÍ®kAVXÍ®W�Ð~FIacÍ
ef=KFTH?JI>GH?J�ef=KFTHKH?B"kDe(WuHKq?>AÍ®>AWTHKa"L9Î�=?>Aef=ªe�FIHª`MB#F�ÏKdcWT`?kAB"@áÐ Wud
acWT@#B�d®B\FEkmÞåÍc>A@#B�FIÏMÏ?km>Ge�FIÍ®>AWTHKa"Y$ç£dcW�Ùj>AB"a�e�kmWua®B7Í®W­`MFIacB�a®Í�FEÍ®>AWTHMa
B"H-ÀyW�V[@#WTacÍ1e�WTHupIB\H?>AB"HuÍ�FIe"e(B"a�a�ÍcW�Íc=KB�ef=KFTHKH?B�k$>GHjÐ WTd�@¥FEÍ®>AWTH�Y
D±W�ÎSB�pTB"d"L
WTH?kAV©Ð~QKHKe�Í®>AWTHKa¥Î�>AÍc= a�@#FIkmk7B�ÙjB\e�Q?Íc>mWuH�Ð WjWIÍ�ÏKdc>AHuÍca
@¥F�VX`MB�Ï?kAFTe(B\q�=?B"dcBIL?FTa
>GHTÍcB"d®Þ{e�B�kAk9=MFIHKqjÞ{WEà4aS@#F�V�Ð~dcB"ÝjQ?B"HuÍckmV
dcB"ÝjQ?>Gd®B�e�QKd�dcB"HuÍ�ÏKdcW�Ù?V«a®B\acac>AWTH«acÍcFIÍ®B"a¥ÍcW�`ÊB)@#W�pIB"q·Í®W�FIH?Þ
WIÍ�=?B"d�ÏMd®W�Ù?VIY
ß1Íc=?B\d�>Aa�acQKB"a"LIacQMef=�FTa
a®B\d®pj>Ge(B�q?>Gace�W�pIB"dcVIL�acB"e"QKd®>AÍ´VILTd®B"km>GFI`?>AkmÞ

>AÍ´VILjFIHKqXe�WTacÍ
FEkGa®W­Ï?kGF�V�F�d®WTkmB�>GHXq?B�ÍcB"d�@#>AH?>GH?J­Î�=KB"dcB±F­ÏKdcW�Ù?V
a�=?WTQ?kGq«`ÊB[ÏKkAFTe(B"q�Y¶n�B�Í�FE>AkSq?>Ga�e�QKa�a®>AWTHMa�WuH�Íc=?B\a®B�>Aa�a�Q?B"a#FIdcB
`ÊB�VIWuHKq�Í�=?B[a�e(WuÏMB�WEÐ�Í�=?>Aa¥ÏKFTÏMB\d�YZD1F�pj>GH?J¶acÍcQMq?>mB\q«=?W�Î ÍcW
q?B"Í®B"d�@#>AHKB#Í�=?BXFIÏKÏMd®WuÏKd®>GFEÍcB�kAW?e�FEÍc>mWuHKa1Ð WTd3q?>mà»B"dcB"HuÍ3ÏKd®W�Ù?>AB"a"L
ÎSB�kAF�V�WTQ?ÍºqKB�ÍcFI>mkÊÏKd®W?e�B"qKQKdcB"a$Ð Wud
>GHKe(WudcÏÊWTd�FEÍc>AHKJ�ÏKdcW�Ù?>mB\a�>AHuÍcW
F�×1çºb i H?B"Í´Î£Wudcr¥>GH[Íc=?B­HKB(Ù?Í�a®B\e(Íc>mWuH4Y



ÁJÁ�Â�Á¢ÃOÉ»ÆDÅUkMÆDÅ`f?Ä»Ë�ÃMjikMÅ9Æ`_DË#hYd¥Ë�Ã4Ä�ÆÃÂs^/Ä¨Å�ÃQh?Ä2«¥ÆDÅU¬�d
×1B"H?B\dcFIk7ÏMFIefrEB"Í�d�FIq?>AW©a®B\d®pj>Ge(B Ö ×1çºb i Øo>Ga¥F©H?B�Î¡ÏMFIefrEB"Í

qKFIÍcFoa®B\d®pj>Ge(B7>GHTÍ�d®W?qKQMe(B"q�>GH�Í�=?B1× i ; ÏK=MFIacBOF�acÍcFTHKqKFId�q�â g�t ä{Y
Ì´Í±e�WTHKac>AacÍca7WIÐ�FXÏMFIefrEB"Í�Î�>AdcB�kAB"a�a�FIe"e(B\aca�H?B"Í´Î£Wudcr�FIHKq�FIH[Ì´çºÞ
`KFTa®B\qª`KFTefru`ÊWTHKBIY ^ =?B�×1ç£b i Î�>Gd®B"kmB\acaoFTe�e(B\aca�H?B"Í´Î£Wudcr�e�FTH
WEà»B"doF[Î�>Gq?BXdcFTH?JIB�WEÐSÏMF�VukAWTFTq�`?>AÍ­dcFIÍ®B\a�qKB"ÏÊB"HKq?>GH?J�WTH¶Íc=KB
Î�>Gd®B"kmB\acaoFIe"e(B\aca�Í®B\ef=KH?WTkmWTJIV�q?B\Ï?kmW�VTB"q¶FIHKq¶Íc=?BXÍcB"d�@#>AHKFIk
e�FEÞ
ÏKFT`?>mkA>AÍ®>AB"a"YDÓµ>AÍc=¥Í�=?B�>GHKe�dcB"FTa®B\q�kA>AHMr�e�FTÏKFIe�>mÍ´VTLIFokGFIdcJIB"d�d�FIH?JTB
WEÐ­FTÏKÏ?kA>Ae"FEÍ®>AWTHMa�FIHKqµqKB�pj>Ae�B"a�@#F�V `MB¶acQKÏMÏMWud®ÍcB"q4Y ç£dcW�Ù?>mB\a
Î�>AkmkºÏKkAF�VªFTH�>A@¥ÏÊWTdcÍcFIHuÍ3dcWIkAB#>GH¶Ð~Q?kmèMkmkA>GH?JªF[Î�>AqKBXp�FTd®>AB�Í´VªWEÐ
QKacB"d"Ñ a7H?B"B"qKa"Y�ÌyH�Í�=?>Ga�a®B\e(Í®>AWTH�L?Î£BoQKacB3×1ç£b i FTa7FIH�B(ÙKFI@¥Ï?kAB
Í®WÒ>mkAkGQKa®Í�dcFIÍ®B�=?W�ÎÚÍ®WÒ>AHKe�WTd�ÏMWudcFIÍ®BªÏÊB"d®Ð WTd�@¥FIHKe�BªB\HK=KFIHMe(>GH?J
ÏKdcW�Ù?>mB\a£>GHuÍ®WXe(B"kmkGQ?kGFId7Ì´çµH?B"Í´Î£Wudcrja"Y
P$>AJTQMd®BXÕ�ac=KW�Î�a1Í�=?BXkAWIJI>Ge�FIk
FId�ef=?>mÍcB"e�ÍcQKdcB�WIÐ�×1ç£b i Y ^ ÎSW

>G@#ÏÊWTdcÍcFTHuÍ�H?B"Í´Î£Wudcr·B"HuÍ®>AÍ®>AB"a[FIdcB�Íc=KB i B\d®pj>GH?J ×1çºb i i QKÏjÞ
ÏÊWTdcÍ$s1W?q?B Ö i × i s­ØDFTHKq�Í�=?B1×�FEÍcB�Î7F�V�×1çºb i#i QKÏMÏMWud®Í
s1WjqKB
Ö ×3× i s­ØcY i × i s FIHMq ×3× i s e�WTd�d®B\acÏÊWTHMq Í®W:Íc=KB FTe�e�B"a�a
dcWTQ?ÍcB"d�FTHKq�JTFIÍ®B�Î7F�V�dcWTQKÍ®B"d�>AH�Í�=?B�JTB"H?B\dcFIk�Î�>AdcB�kAB"a�a�Ì´ç HKB�ÍyÞ
ÎSWTd�r�ac=KW�Î�H�>GH[P�>mJuQKd®B g dcB"a�ÏÊB"e(Íc>mpTB�kAVIY
ÌyH�Í�=?B3Ð WTkmkAW�Î�>AHKJML?ÎSB
q?B\ace"d®>G`MBo`Kdc>mB�³MVXWEÐDÍc=?B�×1çºb i e(Wu@¥ÏMWuH?B"HuÍcaSÍ�=KFEÍ�@¥F�V�`MBoF�Ð�Þ
Ð B"e�Í®B\q[`uV�FTqKq?>GH?J�ÏKdcW�Ù?V�a®B"pIB"d�a�Æ�Y

Signaling and Data 
Transfer Interface

Signaling Interface

Other PLMN

MSC/VLR

MS BSS

HLR

SGSN

GGSN

GGSN

SGSN

Packet Data 
Network

(Public Land Mobile Network)

A?ìîôB�-Ç�� ×1çºb i NOWTJI>Ge�FEk ] dcef=K>mÍcB"e(Í�QKdcBIY

	�
EÈ40�É/ÊZ�5£B����£����N�
ÌyHµ×1ç£b i L i × i s,rEB"B"ÏKa¥Í�dcFTefr©WEÐoÍc=?B)kAW?e�FEÍc>mWuHKa#WEÐo>AHMq?>�Þ

pj>AqMQKFEk ; i aªFTHKq ÏMB\dyÐ Wudc@¥a¶a®B\e�QKdc>mÍ´V Ð~QKHKe�Í®>AWTHKa¶FIa)ÎSB�kAk�FTa
FIe"e(B\aca¥e(WuHuÍcdcWIkåYµ×3× i s�LºÎ�=?>Gef=Ò>AaXe�WTHKH?B\e(ÍcB"q Î�>mÍ�= i × i s1a
pj>AF¥FTH�Ì´çºÞ{`MFIacB"q[×1ç£b i `KFIefrj`ÊWTH?B3H?B"Í´Î£Wudcr9L?ÏKdcW�pj>Aq?B\a7>AHuÍcB"d®Þ
ÎSWTd�rT>GH?J�Î�>AÍc=©B(Ù?ÍcB"d�HKFEk
ÏKFTefrEB"ÍyÞ´a®Î�>AÍcef=?B\q¶HKB�Í´ÎSWTd�rua"Y[×3× i s
e(WuHuÍcFE>GHKaºÍc=?B�d®WuQ?Í®>GH?J3>GHjÐ WTd�@¥FEÍ®>AWTH¥ÍcW�Í�=?B1ÏÊWI>GHuÍºWEÐ i × i s Ð Wud
Íc=KBSe"QKdcdcB"HuÍ$×1ç£b i QMa®B\dca"L�Î�=?>Aef=�@�B\FIHKaD>GH�@#WT`?>AkA>mÍ´V­@¥FIHMFEJIB�Þ
@#B"HuÍ�LÊÍc=?B¥R£W ] WEÐ
FTH ; i >Aa�Í�=?B�FTqKqKdcB"a�a7WEÐ
>mÍ�a i × i s�Y ^ =KB
>GHTÍcB"d®Ð~FIe�B¥`ÊB�Í´ÎSB�B\H i × i s FIHKq ; i R�ÛBË±NDb Ö<; WT`K>mkAB i B"dcpj>Ae�B
R£B"HuÍcB"dfÛBË±>Gac>mÍcWTd�NDWje"FEÍc>mWuH�b±B�JI>GacÍ®B"d�Ø Ö P$>AJTQMd®B�ÕKØ£>Ga�ÍcW�B"HKFT`?kAB
; i R�Û-Ë±NDb�ÍcW�acB"HMqªpTWI>Ge(B¥ÏKFEJT>AH?J[@#B"a�acFIJIB"a�ÍcW i × i s�L�FTHKq
Í®W©=KF�pTB i × i sÚÏKFIJIB�Í�=?B�QKa®B\dca�>mÐ1QKacB"d�a�a�QK`Ka�e�dc>A`ÊB�ÍcW�`ÊWIÍ�=
×1çºb i FTHKq«× i ; acB"dcpu>Ge(B\a�Y ^ =KBX>AHuÍ®B\dyÐ~FTe(BX`ÊB�Í´ÎSB�B"H«×3× i s
FIHMqÌD±NOb Ö D±Wu@�B�NOW?e�FIÍ®>AWTH�b�B�JT>AacÍ®B\d(Ø�>GaoÐ Wud­Íc=KB[×3× i s ÍcW
dcB"ÝjQ?B"acÍ±a�QK`Ka�e�dc>A`ÊB"d�a�kAW?e�FEÍc>mWuH[>AHjÐ Wudc@¥FIÍ®>AWTH[Ð~dcWT@ Í�=?BGD1NOb >mÐ
H?B"B"q?B\q4Y
Í�Î W2ÏMÐ öm÷�ó�øS�òì)�fó�ù/�P��ë���ë¢ÿåü3óB�&� K ìîÿåüyøS�òí V�ÿòüyí�ë��åü K �P�¨L�ÿP�JÑ�V[ùòü®ÿ�R\ìîøyü
ë¢ÿåü£ùåìîêOL�íîì Ò�ü K ìîóG�f÷\ÿ K ìîùåøy÷�ùòùåì)�fó�� W íîü®ë¢ùòüSÿåü´ömüyÿ}�<�sÓ CJÔJÕKöÖ�fÿ
ë±ø·�fêOL�íîüS�åüK üyùåøyÿòì)L��åì)�fó/�¢ö Î W2ÏMÐ �

×�Ø�Ù�Ú ÙÜÛ�Ý2Þ2ß�à�áUß
] H�>G@¥ÏMWud®Í�FIHuÍ±e�WTHKe�B"Ï?Í1>AH¶×1ç£b i >Ga±e"FEkAkmB\q)çºn�ç Ö ç
FIefrIB�Í

noFEÍcF#çSd®WTÍ®W?e(WTk~Ø
e(WuHTÍcB(Ù?Í�Y ^ =?B3ç£n1çÔe(WuHuÍ®B(Ù?Í�a�FEÍ i × i s FTHKq
×3× i s�LuÎ�=K>Aef=�FIdcB�B"acÍcFT`?km>Ga�=?B"q�qMQKd®>GH?J�Íc=?B�çºn�çÒe�WTHuÍ®B�ÙjÍSFIe(Þ
Í®>Ap�FEÍc>mWuH[ÏMd®W?e(B\aca"L?e(WuHTÍ�FE>GH�dcWTQKÍ®>GH?J¥>AHjÐ Wudc@¥FIÍ®>AWTH�Ð WTdSÐ WTdcÎ7FId�qjÞ
>GH?J[ÏMFIefrEB"Íca�`MB"Í´Î£B"B"H�×3× i s FIHKq ; i L�FTHKqª`ÊB�Í´ÎSB�B\H i × i s
FIHMqªÏKQK`Kkm>Ge�qMFEÍcF[H?B"Í´Î£Wudcr[d®B\acÏÊB"e�Í®>ApIB"kmVTY3çºn�ç e(WuHuÍ®B(Ù?ÍoFIe�Í®>mÞ
p�FEÍc>mWuH�e�FTH�`ÊB£>GH?>AÍ®>GFEÍcB"q#`TV ; i WTd$`uV3Íc=?B7H?B"Í´Î£Wudcr9YOÓ =KB"H�FTH
; i Î7FIHuÍcaoÍcW�FIe(Íc>mp�FIÍ®BXFIe"e(B"a�aoÍ®W)Í�=?B�ÏKQK`Kkm>GeXqKFEÍ�F�H?B�Í´ÎSWTd�r9L
>AÍ£H?B"B"qKa£Í®W�>AHjÐ Wudc@/Í�=?B1H?B"Í´Î£Wudcr�Í®W#FIe(Íc>mp�FIÍ®B1F­çºn�ç·e(WuHTÍcB(Ù?Í�Y
P�>mJuQKdcB#ã[>AkmkGQKacÍcd�FEÍ®B\aoÍc=?B�e�WTd�d®B\acÏÊWTHMq?>AHKJ�çºn�ç¹e(WuHTÍcB(Ù?Í3FIe�Í®>mÞ
p�FEÍc>mWuH�ÏKdcW?e(B"qMQKd®BTY�U7FTa®>Ge�FIkmkAVILuÍc=KB ; i acB"HKqKa�F�çºn�çÒe�WTHuÍ®B�Ù?Í
FIe�Í®>Ap�FEÍ®>AWTH)dcB"ÝjQ?B\a®Í1Í®W�Íc=?B i × i s�L»Î�=?>Gef=�Íc=KB"HªacB"HMqKa±F�RSd®B�Þ
FEÍcB�çºn�ç R£WuHuÍ®B(Ù?Í¥b�B\ÝuQKB"acÍ#ÍcW©Íc=?B)F�à»B"e�Í®B\qµ×3× i s�Y ] Ð Í®B"d
ÏKdcW?e(B"a�ac>AH?J#Íc=KB�d®B\ÝjQ?B"acÍ�L?Í�=?B�×3× i s e"d®B\FEÍ®B\a�F#çºn�çÔe�WTHuÍ®B�Ù?Í
Ð WTd1Íc=K>Aa/³MW�Î¹FIHMqªdcB"Ï?kA>mB\a±Î�>AÍc=¶F[RSdcB"FIÍ®B­ç£n1ç¹R£WTHuÍ®B�ÙjÍ1b�B(Þ
a�ÏMWuHKa®B1@�B\aca�FEJTB�Í®W­Í�=?B i × i s�Y ^ =?B i × i s Í�=?B"H#èÊHK>Aa�=?B"a£Íc=KB
e�dcB"FIÍ®>AWTH�WIÐ
>mÍ�a1e�WTÏuV�WIÐ
çºn�ç e(WuHuÍ®B(Ù?Í±FTHKq�dcB�Í�QKdcHMa±FIH ] e(Íc>�Þ
p�FEÍcB
çºn�ç¶R£WTHuÍ®B�Ù?Í ] e"e(B"ÏKÍO@#B"a�acFIJIB�Í®W�Í�=?B ; i >mÐKÍc=KBºd®B\ÝjQ?B"acÍ
a�QKe�e�B�B"qMa�Y
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A?ìîôB���B� çºn�çµe(WuHTÍcB(Ù?Í�FIe�Í®>Ap�FIÍ®>AWTH[ÏKdcWje�B"qKQMd®BTY
�UØ�� Ý��
	���	#ß�
����YÞ�����à��ÌàpÞ2ß
×1çºb i =MFIa!F e(Wu@#ÏMd®B\=?B"HKac>ApIB,@#WT`K>mkA>mÍ´V @¥FIHMFEJIB\@#B"HuÍ

a�ef=?B"@#BIY ] @#F5ÀyWTd�ÏKFIdcÍ�WIÐ±>mÍ¥q?B\FEkGa�Î�>AÍc=·Íc=?B�d®WuQ?Í®>GH?J�FIdcB"F
QKÏ9qKFEÍcB3qKQKdc>AH?J¥F�e�B�kAk�ef=KFIHKJIBIY$Ó =?B\H�FX×1çºb i Þ{FIÍ®ÍcFTef=?B"q ; i
B"HuÍcB"d�a3F[HKB�Î:e(B�kAkåLO>mÐS>AÍ­d®B\@¥FE>GHKao>AH�Í�=?B�a®B\d®pj>Ge(BXFIdcB"F�WEÐ7Íc=KB
a�FI@#B i × i s�LÊÍ�=?B"H�WuH?kAV�Í�=?B i × i s >Ga±QKÏ9qKFEÍcB"q4Y1ß1Í�=?B"dcÎ�>Ga®BTL
>GH·FIqMq?>mÍc>mWuH�Í®W i × i s�L�Íc=?B[çºn�ç�e�WTHuÍ®B�ÙjÍ#FEÍ#Íc=?B�×3× i s!>Aa
FEkGacW�QKÏ9qKFEÍcB"q4Y1P$>AJTQMd®Bs]�ac=?W�Î�a±Íc=?B#a®ÍcB"Ï�`uV�a®ÍcB"Ï�ÏMd®W?e(B\qKQKdcB
WEÐ
FIH�>GHTÍcB"d®Þ i × i s¹d®WuQ?Í®>GH?JXFIdcB"F#QKÏ9qKFEÍcBIY
^ =?B�>GHTÍcB"d®Þ i × i s,dcWTQ?Íc>AH?J«FTd®B\F©QKÏÊqMFEÍ®B¶ÏKd®W?e�B�B"qMa�FIa¥Ð WTk�Þ

kAW�Î�a�YDÓ =?B"H#FIH ; i qKB�Í®B\e(Í�a�Íc=KFIÍ$>AÍ�>Aa$>GH�F�H?B"ÎÒdcWTQ?Íc>AH?J�FIdcB"FML
>AÍoacÍcFTd®Í�a±Í�=?BXd®WuQ?Í®>GH?J�FIdcB"F�QKÏÊqMFEÍ®BXÏKdcW?e(B\qKQKdcB�`uV�a®B\HKq?>GH?J�F
b�WuQ?Í®>GH?J ] dcB"F�[�ÏÊqMFEÍ®B�b�B\ÝuQKB"acÍ£ÍcW�Í�=?B�HKB�Î i × i s Ö a®ÍcB"Ï g ØcY
^ =?B7H?B�Î i × i sÔÍc=?B\H�dcB"ÝjQ?B\a®Í�a�Ð WudOÍ�=?B ; i acÍcFIÍ®BS>AHjÐ Wudc@¥FIÍ®>AWTH
FIHMq�qKFEÍ�F�ÏKFTefrEB"ÍcaºÐ~d®Wu@�Í�=?B�WIkGq i × i s Ö acÍ®B\Ï�F�Þ·]jØ�LuacW�Í�=KFEÍS>AÍ
@¥F�V[e�WTHuÍ®>GHjQ?B­Ð Wud®Î7FId�q?>GH?J�ÏKFTefrEB�Í�a�ÍcW�Íc=KB ; i Y»ÌyH�FTqKq?>AÍ®>AWTH4L
kAWje"FEÍc>mWuH�>GHjÐ WTd�@¥FEÍc>mWuH�>Ga�QKÏ9qKFEÍcB"q Ö acÍ®B\Ï æ Þ g"h Ø�Y
^ =?B1dcWTQ?Íc>AHKJ�FIdcB"F­QMÏÊqKFIÍ®B�d®B\ÝuQKB"acÍº@¥F�V#`ÊB�dcB·ÀyB\e(ÍcB"qX>GHXÍc=KB

@#>AqMq?kmB)WIÐ1Í�=?B)ÏKd®W?e�B"qKQKdcB)qKQ?B�Í®W�dcB�JT>mWuHKFEk7acQM`Kace"d®>GÏ?Íc>mWuH·Wud
dcWTFI@#>GH?J¥d®B\a®Í�d®>Ge(Íc>mWuHKa�Y ] d®B�ÀyB"e(Í�>Ga�dcB�ÍcQMdcH?B\q[Í®WXÍc=KB ; i Î�>mÍ�=
FIH©FTÏKÏKdcWTÏKdc>AFIÍ®B¥e�FTQKa®BTY[R£B�kAkºef=KFTH?JIB\a3@¥F�VªFEkGa®W)Í�d®>AJIJTB"doQKÏjÞ
qKFIÍ®B¥WEÐ ; i R�Û-Ë±NOb�Y ^ =?BXÏKdcWje�B"qKQMd®B¥>GaopIB"dcVªac>A@#>AkAFTd�Í®W)Íc=KB
WTHKBoqKB"a�e�dc>A`ÊB"q�FI`ÊW�pIBTYDÓ�B3Î�>AkmkOHKWIÍ�d®B\ÏMB\FEÍ�Í�=?B­q?B�Í�FE>AkAa�=KB"dcBIY
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A?ìîôB�ts3� ÌyHuÍ®B\dyÞ i × i s dcWTQ?Íc>AHKJ¥FTd®B\F�QMÏÊqKFIÍ®B­ÏKdcW?e(B\qKQKdcBIY

� 
�	/rtr5�#"��G���J�3�������� ��\È40�É/Ê
ÌyHÒÏKdc>GHKe(>GÏ?kABILºÏKdcW�Ù?>mB\a�@¥F�V«`ÊB[ÏKkAFTe(B"qÒe(kAWTacB�ÍcW�`MFIacB[acÍcFEÞ

Í®>AWTHMa�L�FTe�e(B\acaodcWTQ?ÍcB"d�a�L»Wud±JuFEÍ®B"ÎSF�V)dcWTQ?ÍcB"d�a�Y�D1W�Î£B"pIB\d�L»a®>GHKe�B
`KFTa®B�acÍcFEÍc>mWuHKa
FIdcB7H?WIÍ�Ì´ç�e�FTÏKFI`?kAB7>AH#Í�=?B�e�QKd�d®B\HuÍ
×1ç£b i L�>AÍ
>Aa
pIB\d®V�q?>mÜ�e�Q?kAÍ1ÍcW�Ï?kGFIe�B�ÏKdcW�Ù?V�Ð~QKHMe(Í®>AWTHMa�FIÍ1`KFTa®B�a®Í�FEÍ®>AWTHMa±Wud
`ÊB�Í´ÎSB�B"H[`KFTa®B3acÍcFEÍc>mWuH�FTHKq i × i s Î�>AÍc=?WuQ?Í�FIHuV�@¥F-ÀyWud7@�W?qjÞ
>mèÊe�FIÍ®>AWTHKa#Í®W©Í�=?B¶×1çºb i FId�ef=?>AÍ®B\e(ÍcQMd®BTY·ÌyHÒÍc=?B)dcB"acÍ#WIÐ1Í�=?>Aa
acB"e(Íc>mWuH4LOÎSB#Ð W?e�QKa3WuH©=?W�Î ÍcW�acQKÏMÏMWud®Í3ÏKdcW�Ù?V)Ð~QKHKe�Í®>AWTHKa­`ÊB(Þ
Í´ÎSB�B"H i × i s�FTHKq¶×3× i s/Î�>AÍc=�@#>GH?WTd1@�W?q?>mèÊe"FEÍ®>AWTHMa±ÍcW�Íc=KB
×1çºb i FTdcef=K>mÍcB"e(Í�QKdcBIY
Ó =?B"H#F1ÏMd®W�Ù?V�Ð~QKHKe�Í®>AWTH�>Aa$kAWje"FEÍcB"q�`ÊB�Í´ÎSB�B\H�FTH i × i sµFTHKq

F�×3× i s�LIÐ~dcWT@�Íc=KB i × i s�Ñ aSÏÊWI>GHTÍ£WEÐ4pj>mB"Î3LTÍ�=?B1ÏMd®W�Ù?V�acB"dcpIB\d
FIe�Íca
ac>A@#>AkAFTd®kAV­ÍcW­F3×3× i sGvIÎ�=K>mkAB7Ð~d®Wu@ Í�=?B1×3× i s�Ñ a
ÏÊWI>GHuÍ
WEÐ
pj>mB"Î3LM>AÍ1FTe(Íca±km>GrEB­FTH i × i s�Y ^ =?B�@#FI>AHª×1ç£b i e�WT@¥ÏMWuH?B"HuÍ�a
Íc=MFEÍ7@#F�V�`ÊBoF�à»B"e(ÍcB"q[`uV¥FTqKq?>GH?J¥ÏKd®W�Ù?VXacB"dcpIB"d�aºFTd®B�d®WuQ?Í®>GH?JÊL
Î�=?>Gef=«>Ga�e�WTHuÍcdcWIkAkAB"q«`uV©çºn�ç/e�WTHuÍ®B�Ù?Í�L
FIHMq·@#WT`?>AkA>mÍ´V«@¥FIH?Þ
FEJTB"@#B"HuÍ"Y$Ó�B­H?W�Î q?>Aa�e�QMaca7Í�=?B"acB3Í´Î£W¥>Gaca�Q?B\a�FIaSÐ WIkAkAW�Î�a�Y

×�Ø�Ù�Ú ÙÜÛ�Ý2Þ2ß�à�áUßu�YÞwv�xBÝzyQß{	�Þ��
ÌyHÒ×1çºb i LDacB�pIB\dcFIk
çºn�ç e�WTHuÍ®B�ÙjÍ�a­@¥F�V�`ÊB�e"d®B\FEÍcB"q�Ð WTd�F

ac>AH?JTkmB ; i Í®Wµa�QKÏKÏÊWTdcÍE³MW�Î�a[Î�>AÍc= q?>mà9B\d®B\HuÍ\x1W i dcB"ÝjQ?>Gd®B�Þ
@#B"HuÍca"Y ] a¶q?B\ace"d®>G`ÊB"q¹ÏKdcB�pj>AWTQKackmVTL­Íc=KB·çºn�ç,e�WTHuÍ®B�ÙjÍ�aªFIÍ
i × i s FIHKq#×3× i sÒe�WTHuÍcFI>AH3dcWTQ?Íc>AHKJ�>AH?Ð WTd�@#FIÍ®>AWTH�Ð Wud4Ð WTdcÎ7FId�qjÞ
>GH?JXÏKFIefrIB�Íca7`ÊB�Í´ÎSB�B\H�Í�=?BoÍ´Î£WÊY ^ WXacQMÏKÏMWud®Í�ÏKdcW�Ù?>mB\a£`ÊB�Í´ÎSB�B\H
i × i s¹FTHKq�×3× i s�L?Íc=?Boace�WTÏÊB1WIÐ�Íc=?Boç£n1ç e(WTHuÍcB(Ù?Í£H?B"B"qKaSÍcW
`ÊB#ackm>AJT=uÍckmV[B(ÙKÏKFTHKq?B"q�Í®W�FEkAkmW�Î¹ÏKFTefrEB�Í�a�ÍcW�`ÊB�Ð Wud®Î7FId�q?B"q[ÍcW
B"HuÍc>mÍc>mB\a¥WIÍc=KB"d¥Íc=MFIH i × i s FIHMq ×3× i s�Y
ÌyHÒÏMFIdcÍ®>Ge�Q?kGFId"L
Ð Wud
³MW�Î�a1Íc=KFIÍ�HKB�B"qªÍ®W�JIW�Í�=KdcWTQ?Ju=�F�ÏMFIdcÍ®>Ge�Q?kGFId1ÏKd®W�Ù?VTL9F�çºn�ç
e(WuHuÍ®B(Ù?Ío@¥F�V�`ÊBXe�dcB"FIÍ®B"qªa®W�Íc=KFIÍ�Í�=?B¥e(WTd�dcB"a�ÏMWuHKq?>GH?J i × i s
FIHMq¥×3× i sµÎ�>AkAkKa®B\HKq�ÏMFIefrEB"Íca$Í®WoÍ�=?B�ÏKdcW�ÙjV­acB"dcpIB\dO>GHKacÍ®B\FIq�WEÐ
Í®W[B"FTef=�WTÍc=?B\d1q?>GdcB"e(ÍckmVTY­ÌyH�FIqKq?>AÍ®>AWTH�L4Íc=?BXÏKdcW�Ù?V�acB"dcpIB\d±FIkAacW
e�dcB"FIÍ®B\a�F�e�WTÏuV)WEÐSÍc=?BXç£n1ç e(WuHTÍcB(Ù?Í3qKQKdc>AHKJ[Í�=?B¥çºn�ç¹e(WTH?Þ
Í®B�Ù?Í�FIe�Í®>Ap�FEÍ®>AWTHµÏMd®W?e(B\qKQKdcBIL7Î�=?>Gef=µe(WuHTÍ�FE>GHKa�Í�=?B¶FTqKqKdcB"a�a®B\a
WEÐ
Í�=?B i × i s/FTHKq¶×3× i s/Íc=MFEÍ1FTd®B�a®B\d®pj>GH?J�Íc=KB#@#WT`K>mkAB�acÍcFEÞ

Í®>AWTH�Y ] Ð Í®B"dºÏKd®W?e�B"a�a®>GH?J�Íc=?B�qKFIÍcFKLIÍc=?B�ÏKdcW�Ù?V3Î�>mkAkjÐ WTdcÎ7FId�q­Íc=KB
dcB"a�Q?kmÍc>AHKJ�ÏMFIefrEB"ÍcaoÍcW[B">mÍ�=?B"d­Íc=?B�×3× i s Ð WTdoWTQKÍ®JIWT>AHKJ[ÏKFTefrTÞ
B�Í�a
Wud
Íc=?B i × i sµÐ Wud
>GHKe(Wu@�>GH?J­ÏKFTefrEB"Íca"YOP�>mJuQKdcB æ >mkAkGQKa®Í�dcFIÍ®B\a
Íc=KB�@�W?q?>mèMB\q�ç£n1ç�e�WTHuÍ®B�ÙjÍ
e"d®B\FEÍ®>AWTH#ÏKdcW?e(B"qMQKd®B£Ð WTdºacQKÏMÏMWud®Í®Þ
>GH?J�ÏKdcW�ÙjV¶a®B\d®pTB"d"Y ^ =?BXWTHKkmV�q?>�à»B"dcB"HMe(B¥Ð~dcWT@ Í�=?B�acÍcFTHKqKFId�q
ÏKdcW?e(B"qMQKd®BXa�=?W�Î�H�>AH�P�>AJTQKdcBXã�>Aa3Í�=KFEÍ�Íc=?B i × i s a®B\HKqKa­FTH
] e�Í®>Ap�FEÍ®B�ç£dcW�Ù?V�b±B"ÝjQ?B"acÍºÍcW�Í�=?BoÏKd®W�Ù?V¥a®B\d®pTB"dºÎ�=?>Aef=�>AH�ÍcQKd�H
acB"HKqKa�F)RSd®B\FEÍ®B�çºn�ç R£WTHuÍcB(Ù?Í1b±B"ÝjQ?B"acÍ±ÍcW)×3× i s�Y ^ =?B¥d®B�Þ
a�ÏMWuHKa®B\a»Ð WIkAkAW�Î¶Í�=?Bºa�FI@#B
ÏKFEÍ�=4L�HKFI@#B�kAV�Ð~dcWT@¹×3× i s«ÍcW±ÏKdcW�Ù?V
FIHMq�Íc=?B\H�Í®W i × i s�Y ^ =KB�FIqKqMd®B\aca�WIÐ$Í�=?B�ÏKdcW�Ù?V�acB"dcpIB\d7>Aa�B">�Þ
Íc=KB"d
JT>mpTB"H#>GHXÍc=?B ] e(Íc>mp�FIÍ®B±ç£n1çÔR£WTHuÍ®B�ÙjÍºb�B"ÝjQ?B\a®Í
Ð~dcWT@�Íc=KB
@#WT`?>AkABoacÍcFIÍ®>AWTH Ö H?WuHjÞ{Ícd�FIHKa�ÏKFIdcB"HuÍ7@#WjqKBEØcL?Wud�q?B�ÍcB"d�@#>AH?B\q�`uV
i × i s `KFTa®B\qXWTHXÍ�=?B±Í´V?ÏÊB1WIÐU³MW�ÎµÍc=KB±çºn�çÒe�WTHuÍ®B�Ù?Íº>GaºJTWI>GH?J
Í®Woa�QKÏKÏÊWTdcÍ Ö Í�dcFTHKa�ÏKFIdcB"HuÍD@#W?q?BIØcLEFIa$q?B\ace"d®>G`MB\q­>GH�acB"e�Í®>AWTH­ÕMY ]KY
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A?ìîôB��£�� çºn�çÔe(WTHuÍcB(Ù?Í£FTe(Í®>Ap�FEÍc>mWuH�ÏKdcW?e(B"qMQKd®B1Î�>mÍ�=�ÏKdcW�Ù?V#a�QKÏjÞ
ÏÊWTdcÍca"Y

�UØ�� Ý��
	���	#ß�
�yw¤¥v��pß�à
^ =?B£@#WT`K>mkA>mÍ´V3QKÏ9qKFIÍ®B£ÏMd®W?e(B\qKQKdcBºFEkGacW±H?B�B\qKaDÍ®W1`ÊB£ef=MFIH?JTB"q

FIe"e(Wudcq?>GH?JTkmVTY¶Óµ>AÍc=ÒÏKd®W�Ù?>AB"a#`MB"Í´Î£B"B"H i × i s1a¥FTHKqÒ×3× i s�a�L
Íc=KB"dcB�FIdcB­Í�=Kd®B"B�kAB�pTB�kGa±WIÐº@�Wu`?>Akm>AÍ´V)QKÏÊqMFEÍ®B Ö g Ø£>GHuÍcd�F�Þ i × i s�L
=?B\HKe(B)>GHuÍcd�F�Þ´ÏKd®W�Ù?VTL Ö F?Ø­>AHuÍ®B\dyÞ i × i s�Lº`KQ?Í�>AHuÍcd�F�Þ´ÏKdcW�Ù?VILºFTHKq
Ö ÕKØS>GHuÍ®B\dyÞ i × i s:FIHKq�>AHuÍ®B\dyÞ´ÏKdcW�Ù?VIY ^ =?B­èÊd�acÍ�a�e(B\HKFIdc>mW�>Aa�Íc=KB
ac>A@¥Ï?kAB"acÍ�L?>GH�Î�=?>Gef=�Í�=?B ; i acÍcF�V?a£Î�>mÍ�=?>AH�Íc=KB�acB"dcpj>Ae�B1FIdcB"F­WEÐ
FIH i × i s FEÐ Í®B\d�F#e�B�kAk�ef=KFIHKJIBIY ^ =?B3ÏKdcW�Ù?V�q?WjB"a�H?WTÍ�H?B�B\q�ÍcW
`ÊBº>GHjÐ WTd�@#B"q3QKH?kAB"a�a�Í�=?B£ÏMd®W�Ù?V�Ð~QMHKe(Íc>mWuH­d®B\ÝjQ?>AdcB"a�>AHjÐ Wudc@¥FIÍ®>AWTH
Íc=MFEÍ�>Aa�a�ÏMB\e(>mèÊeSÍ®WoÍc=KB7`MFIacBSacÍcFIÍ®>AWTH4YDÌ{ÐyLTFIa$Í�=?B�d®B\acQ?kAÍ$WEÐ9F�e(B"kmk
ef=KFTH?JIBTLEÍc=?B ; i =MFIa`À®QKacÍ
@#W�pIB\q�>GHuÍ®W3Íc=KB�a®B\d®pj>Ge(B�FIdcB"F�WEÐ4FIH?Þ
WIÍ�=?B"d i × i s�`MQ?Í�>Ga±acÍ®>Akmk$e(W�pIB\d®B\q�`uV[Íc=?B�acFT@�B­ÏMd®W�Ù?V�acB"dcpIB\d
Ö a�e(B\HKFIdc>AW
FjØcL�Í�=?B�ÏKdcW�Ù?V�acB"dcpIB\d3ac=KWTQ?kGq«`ÊB�>GHjÐ WTd�@#B"q�FI`ÊWTQKÍ
Íc=KB�ef=KFTH?JIBTY ^ =?B�@�Wu`?>Akm>AÍ´V�QMÏÊqKFIÍ®B[ÏKd®W?e�B"qKQKdcBX>GH©Íc=?>Ga�e"FIacB
>Ga1pTB"dcV[ac>G@�>AkGFId�Í®W�Íc=KFIÍ�a�=?W�Î�H�>GH�P�>AJTQKdcBg]�B(ÙKe(B\Ï?Í1Ð WTd i Í®B\Ï
æ Y�ÌyHKacÍ®B\FIqXWIÐOQKÏ9qKFEÍc>AH?J#Íc=KB±çºn�çÒe�WTHuÍ®B�Ù?Í£FEÍ�×3× i s�L i Í®B"Ï æ
a�=?WTQ?kGq�QKÏ9qKFIÍ®B±Í�=?B1ÏMd®W�Ù?V¥e(WTHuÍcB(Ù?ÍºFEÍ£Íc=?B�ÏKdcW�ÙjV¥acB"dcpIB"d"Y ^ =KB
@#WTacÍ$e�WT@¥Ï?kAB(Ù­a�e(B"HMFIdc>mW1WEÐÊ@#WT`K>mkA>mÍ´V­QMÏÊqKFIÍ®BSW?e�e�QMdcaDÎ�=?B"H�Íc=KB
; i @#W�pTB"a�WuQ?Í�WIÐKÍc=?BSa®B\d®pj>Ge(BºFTd®B\FIa4WIÐM`MWTÍc= i × i s FTHKq­ÏKdcW�Ù?V
Ö a�e(B\HKFIdc>AW#ÕKØcY ^ =?B­@#WT`K>mkA>mÍ´V�QKÏÊqMFEÍ®B­ÏMd®W?e(B\qKQKdcB�Ð WTd7Íc=K>Aa�e"FIacB
>Ga1q?B\Ï?>Ge(Í®B\q)>GH)P�>mJuQKd®B t Y i Í®B"Ï g Þ·]¥FIHKq t Þ g F?LÊÎ�=?>Gef=)>AHupTWIkApIB
QKÏ9qKFEÍc>AHKJ i × i s FIHMqED1NOb­LMFTd®B�pIB\d®V�ac>G@�>AkGFId7Í®W¥Í�=KFEÍ�a�=?W�Î�H
>GH©P$>AJTQMd®BE]KY�Ó�B�Î�>mkAk£HKWIÍ�dcB"ÏÊB"FIÍ3Íc=?B\@ =?B\d®BTY�ÌyHMa®ÍcB"FIq�LOÎSB
Î�>Akmk1Ð W?e�QKa�WTHÔÍc=KB¶acÍ®B"ÏMa�dcB�kGFEÍ®B\qÔÍ®W«Í�=?B¶ÏMd®W�Ù?V·WuH?kAV Ö i Í®B\Ï
æ Y g Þ æ Y t Ø�Y ß�HKe�B)>mÍ�>Ga�qK>Aa�e(W�pTB"dcB"q«Í�=KFEÍ�Íc=?B ; i =KFIa�@#W�pTB"q
>GHTÍcW�Íc=?B�acB"dcpj>Ae�B#FTd®B\F�WIÐ7F�H?B"Î�ÏKdcW�Ù?V�a®B\d®pTB"d"L i × i s acB"HKqKa
F�çSd®W�Ù?V�R£WTHuÍ®B�ÙjÍ#b�B\ÝuQKB"acÍ�Í®W¶Íc=?B�H?B"Î¡ÏKdcW�ÙjVTY ^ =?B�ÏKdcW�Ù?V
q?>Gace�W�pIB\d®V©>GaXe�FId�dc>mB\q�WTQ?ÍX`uV i × i s Ð WTd#Ícd�FIHKa�ÏKFTd®B\HTÍ¥ÏKdcW�Ù?V
acB"dcpu>Ge(B\a�LMWTd�`uV ; i Ð WTd±HKWTHjÞ{Ícd�FIHKa�ÏKFTd®B\HTÍ7ÏKdcW�Ù?V�acB"dcpu>Ge(B\a�Y£ÌyH



Íc=KB�kGFEÍcÍ®B\dSe"FIacBILuÍc=?B ; i Î�>mkAk4>GHKe(kGQKq?Bo>GHjÐ WTd�@¥FEÍ®>AWTH�d®B"JTFId�q?>GH?J
Íc=KB�H?B"Î ÏKdcW�ÙjV#a®B\d®pTB"dº>AHX>AÍca£b�WuQ?Í®>GH?J ] d®B\F�[�ÏÊqKFIÍ®B�@�B\aca�FEJTB
Í®W i × i s Ö i ÍcB"Ï g ØcY}[1ÏÊWTH�d®B\e(B�>Apj>AHKJ3Íc=?B1ç£dcW�ÙjVXR£WTHuÍ®B�Ù?Í
b�B(Þ
ÝjQ?B"acÍ�LOÍc=?B¥WIkGqªÏMd®W�Ù?V)d®B\acÏÊWTHMqKa�Î�>mÍ�=¶F�ç£dcW�Ù?V�R£WuHuÍ®B(Ù?Í�b�B(Þ
a�ÏMWuHKa®B¥@#B"a�acFIJIB�Î�=?>Aef=ª>AHMe(kGQKq?B"aoe�WTHjèMJuQKd�FEÍ®>AWTH�>AHjÐ Wudc@¥FIÍ®>AWTH
Ð WTd#Í�=?B)ÏKd®W�Ù?V�Ð~QKHKe�Í®>AWTHKa"LºB�Ù?B"e�QKÍ®>AWTH·acÍcFIÍcQKa"L
ç£n1ç:e(WuHTÍcB(Ù?Í�L
B�Í�eEY ^ =?B�HKB�Î ÏKd®W�Ù?V«dcB�Í�QKdcHMaXF�ÏMd®W�Ù?VÒR£WTHuÍcB(Ù?Í ] efrjH?W�Î�kmÞ
B"qKJT@#B"HuÍ�@#B\aca�FEJTBXÍ®WªÍ�=?B�WTkAq·ÏKd®W�Ù?VTLDÎ�=?>Gef=�Í�=?B"H«acÍcFTd®Í�a­ÍcW
ÍcQMHKH?B�k»Í�=?B�`MQjà9B\d®B\q�WudºH?B"Î ÏKFIefrIB�Í�a
Í®W#Íc=KB�H?B"Î ÏKdcW�ÙjVTY ^ =KB
H?B"ÎÔÏMd®W�Ù?V�acB"HKqMaS×3× i s FTH¨[1Ï9qKFEÍcB�çºn�ç R£WuHTÍcB(Ù?Í
b�B\ÝuQKB"acÍ
Î�>AÍc=#Íc=?B�FTqKqKdcB"a�a$WEÐ»Íc=?B�H?B"ÎÒÏKdcW�Ù?VIY ^ =?B1×3× i s QKÏ9qKFEÍcB"a
>AÍca
çºn�ç e�WTHuÍ®B�Ù?Í�èMB�kGqKa�FIHKqªd®B"ÍcQKd�HKa±FTH\[1Ï9qKFIÍ®B#çºn�ç R£WTHuÍ®B�Ù?Í
b�B\acÏÊWTHKacB�@#B"a�acFIJIBIY ^ =?B�H?B"Î ÏKdcW�Ù?V­Íc=KB"H�èÊH?>Gac=KB"a
Í�=?B±ÏKdcW�Ù?V
QKÏ9qKFEÍcB1ÏÊWTdcÍ®>AWTHXWIÐ�Íc=?B�@#WT`?>Akm>AÍ´VXQKÏ9qKFEÍcB1ÏKdcW?e(B"qMQKd®B1`TV¥acB"HKqjÞ
>GH?J�FªçSd®W�Ù?VÌ[1Ï9qKFEÍcB ] e�e�B"Ï?ÍX@#B"a�a�FEJIB[Í®W�Íc=KB�HKB�Î i × i s�Y

¦ ¦ § ¨© ª « ¬ ­ ® ¯ ° ±² § ³ ´ µ ¬ ­ ® ¯ ° ±¶ § § © ª « ¬ § ¦ § ¨³ ´ µ ¬ § ¦ § ¨

· ¸ ¹ º » ¼ ½ ¾ ¿ ¼ À Á Â ½ Á Ã Â Ä ¸
· ¸ ¹ º » ¼ ½ ¾ ¿ ¼ À Á Â ½ Á Ã Â Å Æ ¸
· ¸ Ç º » ¼ ½ ¾ ¿ ¼ À Á Â ½ Á È É Ê
· ¸ Ë Ì ¼ » Í Î » Ï Æ Î É Ê Â Á Å
· ¸ Ð Ñ Æ Ï Î Á Â º Ò º ¿ ¼ À Á Â ½ Á Ã Â Ä ¸
· ¸ · Ñ Æ Ï Î Á Â º Ò º ¿ ¼ À Á Â ½ Á Ã Â Å Æ ¸· ¸ Ó º » ¼ ½ ¾ Ô Æ Ï Î Á Â Î É É Â Æ Á

· ¸ Õ º » ¼ ½ ¾ Ô Æ Ï Î Á Â Ã Â Ä ¸

Same as 
step 1-5 
in Figure 6 

Same as 
step 7-12 
in Figure 6 

A?ìîôB�tÔ3� ×1ç£b i @#WT`?>Akm>AÍ´V�QMÏÊqKFIÍ®B�ÏMd®W?e(B\qKQKdcB3Î�>mÍ�=�ÏKd®W�Ù?V�a�QKÏjÞ
ÏÊWTdcÍ�Y
^ =?B�q?>Gace"QKacac>AWTHKa¥FI`ÊW�pIB)a�=?W�Î Í�=KFEÍXÍ�=?B¶×1çºb i acÍcFTHKqKFId�q

e�FTH)`MB�B"FTa®>AkmV[B(ÙKÏKFTHKq?B\q�a®kA>AJT=uÍ®kAV�ÍcW�a�QKÏKÏÊWTdcÍ1ÏKdcW�Ù?>mB\a�Y�Ì{Ð
Ð~QjÞ
ÍcQMd®BS×1ç£b i >AaOÍ®W�B�ÙjÍcB"HKqoÌ´ç�a�QKÏKÏÊWTdcÍ�ÍcW�`KFIacB
a®Í�FEÍc>mWuHKa�L�ac>A@#>AkAFTd
ÏKdcW?e(B"qMQKd®B1@#F�V¥`ÊB1FIqKWTÏ?ÍcB"q¥Í®W#FIqKq�ÏKd®W�Ù?>AB"a
FIÍ£`KFTa®B1a®Í�FEÍ®>AWTHMa
WTd�`ÊB�Í´ÎSB�B\H i × i s FIHMq�`KFTa®B3acÍcFIÍ®>AWTHKa"Y

Á�Â¨Å»È×ÖØÖ�fOÅ�a
ç
B"d®Ð WTd�@#FTHKe(B3B\HK=KFTHKe(>GH?J�ÏKdcW�Ù?V�>Ga1F�ÏKd®Wu@#>Aac>AHKJ�Í®B\ef=KH?>GÝuQKB

Í®Wo>G@¥ÏKd®W�pTB£QKacB"d"Ñ aDB�ÙKÏMB\d®>AB"HKe�B7Î�>mÍ�=�Î�>Gd®B"kmB\aca�qKFIÍcFoacB"dcpu>Ge(B\aD`uV
@¥FIru>GH?J�>GHjÐ WTd�@¥FEÍc>mWuH)q?B�kA>mpTB"dcB"q)ÍcW�Í�=?B#QMa®B\d1FTqKFIÏ?Íc>mpTB­Í®W[q?B(Þ
pj>Ae�B"a"L\ef=MFIHKH?B"kTe�WTHKq?>AÍ®>AWTHMa�L�FIaOÎ£B"kmkuFIa�QKacB"dDÏKdcB(Ð B"dcB"HMe(B"a"YQD1W�Î7Þ
B�pTB"d"LjÍc=?B3ÏÊB"d®Ð WTd�@#FTHKe(B1WEÐ$B(Ù?>AacÍ®>GH?J¥ÏKdcW�ÙjVXacB"dcpj>Ae�B"aS>AaSkA>A@#>AÍ®B\q
`uV­Íc=KB�>Gd
a®B\d®pj>Ge(B7@�W?q?B"kK>GH�Î�=?>Gef=#ÏKd®W�Ù?>AB"a�FIdcBSkmW?e�FIÍ®B\q�WuQ?Ícac>AqKB
Íc=KB�Î�>GdcB�kAB"a�aSHKB�Í´ÎSWTd�r#FTHKq[@#F�VXB"pIB\H�`ÊB�pTB"dcV¥Ð~FId7F�Î7F�V�Ð~dcWT@
@#WT`?>AkAB�QKacB"d�a�Y ^ =?>Ga1ÏMFIÏÊB"d±acÍcQMq?>mB\a±FTH)FEkAÍ®B"d�HKFIÍ®>ApIB­FIÏMÏKd®WuFIef=
Î�=?>Gef=©B"HKFT`?kAB"a­`ÊB�ÍcÍ®B"d"L$Ð~FIacÍ®B\d�L$FIHKq�@#WTdcB�acB"e�QMd®B�ÏKdcW�Ù?VªacB"d®Þ
pj>Ae�B"a­`uV�>AHMe(WTd�ÏÊWTd�FEÍ®>GH?J)ÏKdcW�Ù?>mB\ao>AHuÍ®W�e�B�kAkAQKkAFTd­H?B�Í´ÎSWTd�rja�Y�ÌyH
ÏKFTd®Íc>Ae"Q?kAFTd�LÊÎ£B�B(ÙKFI@#>GH?B�>Ga�acQ?B\a�Í�=KFEÍo@�QKacÍ1`ÊB�e�WTHKac>Gq?B"dcB"q�ÍcW
q?B"Í®B"d�@#>AHKB�=?W�ÎÒFTHKq#Î�=?B"dcB7Í®W­Ï?kGFIe�BSp�FTd®>AWTQKa�ÏKdcW�Ù?V3Ð~QKHKe�Í®>AWTHKa
Î�>AÍc=?>GHÒe�B�kAkAQKkAFTd�H?B"Í´Î£Wudcrja�FIa#Î£B"kmk�FTa�Í�=?B�>Gd#>A@¥ÏKFTe(Íca#WuH«Íc=KB
acVjacÍ®B\@ q?B\a®>AJTH�YDÌ´Í
Í�QKdcHMa
WTQ?Í
Í�=KFEÍºÍc=?B7èÊHMFEkMq?B\e(>Ga®>AWTH#>GHupIWIkApIB\a
`KFIkAFTHKe(>GH?J±Í�dcFTq?B(Þ{WEà4a$`MB"Í´Î£B"B"H�F�HjQK@�`ÊB"d$WIÐKÐ~FIe�Í®WTd�aD>AHKe�kAQMq?>AHKJ
Î�=KFIÍ�>AHjÐ Wudc@¥FIÍ®>AWTH[Íc=?B�ÏKd®W�Ù?V�dcB"ÝjQ?>GdcB"a"L?Íc=?B3kGFEÍcB"HKe�V�dcB"ÝjQ?>Gd®B�Þ

@#B"HuÍ#Ð WTd¥Wu`?ÍcFI>AH?>GH?J©d®B\ÝjQ?>AdcB"q·>AH?Ð WTd�@#FIÍ®>AWTH4L£Íc=?B�FT@#WTQKHuÍ#WEÐ
B(Ù?Í�dcF�Ícd�F�Ü�e�>mÍoJIB\H?B"d�FEÍcB"a"L�FIHKq¶@#WT`?>Akm>AÍ´Vª@¥FIHMFEJIB\@#B"HuÍ�L4B"ÍceEY
Ó�B�FEkGa®W�>AkmkGQKacÍcd�FEÍcB�=?W�Î ÍcW�FIqKq©ÏKdcW�Ù?VªacQMÏKÏMWud®Í3>GHuÍ®W¶×1ç£b i
`uV�@¥FIru>AHKJ�WTHKkmV�@#>GH?WTdo@#W?q?>�è9e�FEÍc>mWuHKa1Í®W[Íc=?B¥çºn�ç e�WTHuÍ®B�Ù?Í
e�dcB"FIÍ®>AWTH3FTHKq­@#WT`?>AkA>mÍ´V3QKÏ9qKFEÍcBSÏMd®W?e(B\qKQKdcB"a"Y�PMWud�Ð~QKÍcQKdcBºÎSWTd�r9L
ÎSB£Ï?kGFIH�Í®W�WT`?Í�FE>GH­ÝjQKFIHuÍ®>AÍcFIÍ®>ApIBSÏMB\dyÐ Wudc@¥FIHMe(B£dcB"a�Q?kAÍcaOÐ WTdDp�FId®Þ
>AWTQKa�acV?a®ÍcB"@ q?B\a®>AJTHMa�Y

Ä�h*b8hKÅUhMÃOÉ2hYd
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ÜÞÝ �fÿåí K Ý ì K ü Ý üyú�ø®ë¢ø���ìîó\ô�ï��P��ü3ë&LBL�íîìîø®ë��òì)�fó X íîüSR(üyíeR"ìîüSTc�¢öM�<��üI ó��òüyÿåó�üS�®õ ßáàãâ�âäâæåèçêéëéíì{îðï �{}fz ïñçêî x�ò�}ôó�}ôõ ïöît÷cõùøf÷\ó�üECûúêúNÔ"õ�LBL��
CJÔ�ü X Ô�ý��

Ó °JÕÚþ4��|4ë¢í�ë¢û�ÿåìîùP��ó�ë¢óuõ ÿm� W ë K ê�ë¢ó�ë¢úB��ë¢óuõ Ð � Ð üyù<��ë¢óuõ�ë¢ó KoÏ �Ûþ����
ë����fõ
Ü {�ø·�fêOL�ë¢ÿåìîùP�fóO�¢öjê�üyø���ë¢ó\ìîùåê�ùKöÖ�fÿ»ìîêOL\ÿ<�JR"ìîó�ô�z�� W LEüyÿòö,�fÿåê�ë¢ó�øyü
�JR(üyÿMTOìîÿòü®íîüyùòùOíîìîó\û"ù®õ ß àÞâäâäâ�� v å ò
	�|ò} î x´}(�®z ïñçêî x çêî�� ÷ z�
 ç |�� ïöî ó��
RN�fí�� s"õ�óB�B� £\õ��$üyøN��CûúêúNÔ"õ-LBL�� Ôês�£ X £êú��
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