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`b_��a]CE2_>O�Of[>]aF�pVE2]V¡ Fe]Ck�hbc i>]7cd_'Of`�O���p�� `b_V��[>kfD�c�OX`�[>_£��[\]CkX_C`bE+qac\k�h�� cd_7cdhbTUFfE;pV] ZY[\D#q$[\kfOfEYD#E2_>O�pVE;h�c
D��YD#[\`bkXE���ZYc\ZtAaEMc\];Z�[\]akXFKpVE^h�� E�¡��2ZY]VOf`b[\_�p�� ]C_;c\h��>[\kX`�OXACD#E�pCE^ZtAC`��$kXEYD#EY_'OnFfTUD��YOfkX`bi']CE>� ��c#|']ah�_!�2kXc\gC`��
hb`�O"�npVEKh#� `bD#qCh��2D#EY_'OXcdOf`b[\_�p�� ]C_�cdhb�\[>kf`�OfAaD.E�qac\k,gChb[UZ2F,]VOX`�hb`bFXcd_'OopCE2F
OtcdgChbE2F,|�c\kf`bE6pV[\_7Z���[\kfOfEYD#E2_>O�c&|>E2Z�hbE
Z�[>_'OfE�¡UOXE�p$� ]VOX`�hb`�FfcdOf`b[\_#E�O�c&|>E2Z�hbcMqCh�c�OXE��4��[\kXD#E�|U`�F%�2E\�'&6['F
k��GFe]Ch�OXcdOXF,ZYhbc\kf`�(aEY_'Olcd`b_aFf`ChbE2F,Ff`�D�]ChbcdOf`b[\_aF
ktcdqC�
q$[\kfO��YEGF,qac\k�¢�EYkX_aFWOXEY`b_#E�OlD#[\_'OfkXEY_'O�i']CEnZYEYhbh�EGFW��Z�`V_aE6q7E2]C|\E2_'O*)�OfkXE6kXEYqCkX[VpV]C`�OfEGF,i>]aEnpCcd_7FlpVE2F�Z�[\_'OXE�¡UOfEGF
OfkXB2FIqac\keOX`bZY]Ch�`bEYktF2�M@�[\]VOXE���[>`bF2�9_C[\]aFID#E�OfOf[\_7FIE2_+�2|'`�pVE2_aZ�E�hbc�q7['FfFf`�ga`�hb`�O"�.pCE�kXE�OXkf[>]C|\E2knZ�E2keOX`bc\_aFnga`�OtFMpCE
Z�hbE��,pVE�h#� zn¥oP�D�)YD#EspCcd_aF�hbE�ZYc>F�[-,�h�EGF�OXc\gCh�EGFKFeEMOXkf[>]C|\E2_>O6pCc\_aF�hbE�Z2c\ZtACEsc&|�cd_'OKZtAac\i']CE�[>q.�2kXcdOf`b[\_�pCE
ZtAC`��$kXEYD#E2_>OG�
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PU`�pVE���ZtAac\_C_CEYh�cdOeOXc>Zt VF�c\kfE�Z�kXTUqVOXc\_acdhbTVFeEGF��KAa`bZtA�OXc\ \Esc\pV|�c\_>Otcd�>En[d�
Fe[>D#EMqaA'TVFf`bZ2cdh9`b_V��[\kXD�c�Of`b[\_�h�EGcd >E2p
gUT+c�Z�kXTUqVOf[>�\ktcdqCAa`bZ�pVEY|U`�Z�E$#�E>� �7�#Of`bD#`�_C�7��q$[���EYksZ�[>_aFe]aD.qCOf`b[\_��2�Y��%���PU`b_aZ�E#OXACE�(aktFWO���[\kX �[d�'&n[VZtACE2k
( yG}*)­�CFeE2|\E2kXc\h$ZYhbc>FfFfE2F�[d��Fe`�pVE���ZtAac\_C_CEYh�cdOeOXc>Zt VFohb`b \E�pV` �9EYkXEY_'OX`bc\h�q7[���EYk�cd_ac\h�TVFf`bFoAac&|>EIg$EYE2_�(akXD#h�T�E2FeOXcdgC�
hb`bFfACE2p ( x�)­�$+6_'OX`�h�kfEGZ�E2_>OXh�T>�
D.['FWO�[d��OfACEGFeE�c�OeOtc\Zt VF�c\kfE�g7c\FfE2p�[\_ Ffq$E2Z�`�(7Z#��EGc�OX]CkfEGF�[\�KFf[\D#E�Ff[d�³OW��cdkXE
`bD.qah�E2D.E2_'OXc�OX`�[>_aFK[\��OXACE�gac>Fe`�ZMOfktcd_7FW��[>kfD�c�OX`�[>_aF�`b_'|>[\hb|\EGp�`b_�OfACE�OXcdkX�\EYOfEGp�c\h��>[\kX`�OXACD��-,a[\k6`b_aFeOXcd_7Z�E\�7c
Of`bD#`�_a��c�OfOXc>Zt �cd�'cd`b_aFeOIz6¥oP;pV]CE�OX[�&I[UEY]C_CE�c\_ap/.I]C`�FXi>]7c�OfE2k ( y0 1),cdqCqah�`bE2Fn`��,OXACE�L�`�¡7Ho[\hb]CD#_aFKOXkXc\_aFe�
��[\kXD�c�OX`�[>_�]aFfE2FKc.qac\keOX`bZY]Ch�cdk�`�D#qChbEYD#E2_>Otc�OX`�[>_�[\�~OXACEsD^]Ch�Of`bqChb`bZ2c�OX`�[>_�`b_325476�8�90:Ç�

¢�]VO2�>`�Oo`bF,]7Fe]ac\h�hbT^g$EYhb`bEY|\EGp�OfAacdO�Fe]aZtA#��E2c\ '_aE2FXFeEGF
[d��z6¥oP#pV[s_a[dO�cdqaq7EGcdk,��[>k,[\qVOX`�D#`b�YE2p#`bD#qChbEYD#EY_V�
OXcdOf`b[\_aF��KAa`bZtA�cdkXE�pVE2pV`�ZYcdOfEGp;OX[$ >}&�­gC`�OMqakf[VZ�EGFfFf[\ktF2�<;�_�OfAC`�F�Z2c\FfE\��g$[dOXA�L;`�¡7Ho[\hb]CD#_aFsc\_ap�PV]Cga¢�T'OfE2F
Ofktcd_7FW��[>kfD�c�OX`�[>_aF�c\kfEI`�D#qChbEYD#E2_>OXE2p�gUT�h�[U[\ U]Cq�OXc\gCh�EGF�`�_�[\ktpVEYkoOf[#pVE2ZYkfEGc\FfE6OXACE�EY_aZYkfTUqVOX`�[>_�Of`bD#E\�lz6¥�P
EY_7Z�kXT'qCOf`b[\_�cd_ap�pVEGZ�kXT'qCOf`b[\_�OfACE2_�D#c\`�_ah�T�ZY[\_aFf`�FWO6[\�
c#FfE2i']CEY_7Z�Es[d��D#EYD#[\kXT�c>ZYZ�EGFfFfE2FoOX[#OfACEGFeEshb[U[\ U]Cq
OXc\gChbE2F2�=+n_V��[\kfOf]a_ac�OXEYhbT\�UD#EYD#[\kXT�c\ZYZYE2FXFeEGF�c\kfE6_a[dOKcdhb��c&TVF,q$EYkf��[\kXD#E2p�`b_�ZY[\_aFeOXc\_>OoOf`bD#E\�>;�_�qac\keOX`bZY]Ch�cdkG�
OfAaE�]aFfE�[\�nZYc>ZtACE�D#EYD#[\kXT�Aac\F.c;�>kfEGc�O^`bD#qac\Z�O�[\_ OfACE�hbcdOfEY_7Z�T�cd_ap [\_�OXACE�q$[��oE2k�ZY[\_aFf]CD#qVOf`b[\_ [d�
c�D.E2D#[\kXT;c\ZYZYE2FXFY��@�`�D#`b_C��cd_ac\h�TVFf`bFI[\k�q$[��oE2kMc\_acdhbTVFe`�FMD#c&T�OXACEY_�qCkX[�|U`bpVE.Fe[>D#E.Ff`bpCE���ZtAacd_C_aEYh
`�_C��[\kf�
D�c�OX`�[>_!�KAC`�ZtA�ZYcd_!g7E�EY¡VqCh�[>`�OXE2p!gUT�OfACE�ZYkfTUqVOtcd_ac\h�TVFeO2��c\FMD#EY_'OX`�[>_CE2p!gUT?&n[VZtACE2k ( yG}1)�cd_ap@&�EYh�FeE2TA�B�

�CED ( y\y�)­�s@�ACE�(7kXFeOIqCktc\Z�Of`�ZYc\h�`bD#qCh�E2D#EY_'OXcdOf`b[\_aFI[d�oFf`�pVE���ZtAacd_a_CEYh
c�OfOXc\Zt VFngac\FfE2p�[>_;OXACE.c\_acdhbTVFe`�F6[\�lOfAaE
ZYc>ZtACE�g7E2Aac&|U`�[>]Ck
��[\klcMgChb[VZt �ZY`�qCAaEYklcdkXEKpV]CE�OX[�@�Ff]C_C[U[F���=
�CGD ( }>w*)7cd_7p�j,c\�\E ( yGx1)­��@�ACE2_��>Z2c\ZtACEKcdOeOXc>Zt VF
cd�'cd`b_aFeO�zn¥oP�pVkXEY� c.hb[dO6[\��c�OfOfE2_>OX`�[>_�pV]CkX`�_C�.OXACEshbc>FWO�OXACkfE2E�T\E2c\kXF ( }�HC�~yd��y�Ha�7}U��y&w*)4�

¤6[���EY|>EYkG�Ycdhbh�OXACE2FfElkXE2Z�E2_'O��o[>kf VF9ktcd`�FeE
D�cd_UTn[>q7E2_�i']CE2FeOf`b[\_aF2�~L�['FWO�_C[dOtcdgChbT\�&c�kfE2h�E2|�cd_'O~Z�[>D.q7cdkX`bFf[\_
g$E�OW��EYEY_�cdhbh�qCkXE2FfEY_'OXE2p�ZYc\ZtAaEMcdOeOXc>Zt VFY�Vg$[dOXA�`b_�OfEYkXD�F�[d�,Z�[>D.qah�EY¡U`�OWT�c\_ap�[\��qakXc>ZÇOf`�ZYc\h�cdqCqChb`�ZYcdga`�hb`�OWT>�V`bF
FeOf`bh�h�D#`�FfFf`b_C�a�>,C[>k�`�_aFeOXc\_aZ�E>�CFe[>D#EM[\�~OXACE2FfEsc�OeOtc\Zt VF�cdkXEspVE2pV`�ZYcdOfEGp�OX[.E2D^g$E2pCpCE2p�pVEY|U`�Z�EGFY�VFf[\D#E�[dOfAaEYktF
cdkXEshb`�D#`�OfE2p�OX[�D^]ah�OX`��­]aFfEYkIFfTVFWOXEYD�F2��¢�[dOXA�OfACE�qCAUTUFf`�ZYcdh~_ac�OX]CkfEs[\�
OfACE�]7FeEGp�Fe`�pVE���ZtAac\_C_CEYh~`�_V��[>kfD�cdOf`b[\_
cd_7p£OfACE+c>FfFf]CD#qVOX`�[>_aF�D�c\pVE+[\_£OfACE!`�_a`�OX`bc\hIFeOXc�OXE�[d��OfAaE!ZYc>ZtACE�D#EYD#[\kXT g$E���[>kfE�E2_aZ�kXTUqVOf`b[\_ AC`b�\Aah�T
`b_��a]CE2_aZ�E�OfAaE�c\qCqChb`bZ2cdgC`bhb`�OWT�[\�Mc�ZYc>ZtACE�cdOeOXc>Zt 9� z6_a[dOfAaEYk�[\q$EY_ qCkX[\gChbEYD����KAa`bZtA pV[UE2F._C[\O�c\kf`�FfE���[>k
Z�h�c\FXFf`bZ2cdh
Fe`�pVE���ZtAac\_C_CEYh,cdOeOXc>Zt VFY�9`�FnOX[�pVE�OXEYkXD.`b_CE.�KAC`�ZtA!qac\kXc\D#E�OfE2kXFn`�_!OfAaE.D#`�Z�kX[d��cdktZtAC`�OfE2Z�Of]CkXE�[\��OfAaE
qCkX[VZ�E2FXFf[\k,`bD.q7c\ZÇOoOfACEIEBI�Z�`bEY_7Z�T.[d��OfAaEIc�OfOXc>Zt .c\_ap#�KACE�OXACEYkoOfAaEnZ�kXTUqVOXc\_acdhbTVFe`�FlZYc\_�g$EnD#[\]C_'OXE2p#[\_�c\h�h
 >}��4ga`�OKqCkX[VZ�E2FXFf[\ktF�[>kK_C[dOG�

;�_!OfAC`�Fsqac\q7E2k2����E�FeAa[�� OfA7c�O^ZYc>ZtACE#c�OeOtc\Zt VF�ZYc\_�g$E�Z�h�c\FXFe`�(aEGp!c>ZYZ�[>kXpC`�_C��Of[�OXACE�Z�[>_apV`�Of`b[\_aFMOXACEYT
kXE2i']C`bkfEI[\_�OXACE�`�_a`�OX`bc\h�FWOtc�OfEM[d�~OfACEsZYc>ZtACEnD#E2D.[>kfT>�,@�ACE2FfEMZY[\_apC`�OX`�[>_aF�`�_��7]CEY_aZYEnOXACE�qCktc\ZÇOX`bZ2cdh9cdqCqah�`�ZYcd�
gC`bh�`�OWT�[d�
OfAaE�c�OfOXc>Zt UFncd_ap�OXACE�OWTUq$E�[d��pVE2|U`bZYE2F6[>_��KAC`�ZtA�OfACE2T�Z2cd_�g$E^D#[\]a_>OXE2p��6L;[\kXEY[�|\E2k2�V��E�q$[\`b_'O
[\]COKOfAacdOKOfACE�_7c�Of]akfEGF�[d��OfACE^Z2c\ZtACE�E �$EGZÇOXF6�KAC`bZtA�c\kfE�[\g7FeE2kf|>E2p�g'T�OfACE^cdOeOtc\Zt \E2k�AC`��>AChbT�|�cdkXT��K`�OfA�OfAaE
ZYc>ZtACE^`b_C`�Of`�cdh,FeOXc�OXE\�sL�['FWO�_C[dOtcdgChbT\�9`��oEGc\ZtA;E2_aZ�kXTUqVOf`b[\_;`�F�c\FXFe]aD.EGp�Of[�g7E#q$EYkf��[\kXD#E2p���kX[\D cd_!EYD#qVOWT
ZYc>ZtACEn[>k���kX[\D c.ZtAC['FeE2_�ZYc>ZtACEn`b_C`�Of`�cdh�FWOtc�OXE\�'OfACE2_�OXACEIOf`bD.`b_C�.[\k�q$[��oE2kocd_7cdhbTUFf`�F�D�cd`b_ChbT�pVE�OXE2Z�OXF�ZYc>ZtACE
D#`bFXFfE2F2�=JI]CEMOf[�OfAaE�FeOfkX]aZ�Of]CkXEn[\�~OfAaEMZ2c\ZtACEMD#EYD#[\kXT\�VFf]aZtA�c\_�c�OfOXc>Zt #c\�>c\`�_aFeO�zn¥oP�EY_ac\gChbE2F�Of[#kfEGZ�[�|>EYk
OfAaEsD.['FWO6Ff`��>_C`�(7ZYc\_>OKgC`�OXF6[d��EGc\ZtA� \E2T�gUT>OXE\�

Ho[\_U|>EYktFeE2h�T>�,`��MOfACE�[>_Ch�T c\FXFe]CD#qVOX`�[>_ [>_ OXACE;ZYc>ZtACE�`b_C`�Of`�cdh6FeOXcdOfE�`bF.OXAac�O�c\h�hKhb[U[\ U]Cq OXcdgah�EGF#]aFeEGp
��[\k�OXACE�EY_7Z�kXT'qCOf`b[\_�h�`bE�`�_�OXACE�ZYc>ZtACE�g$E���[>kfE�EGc\ZtA!EY_aZYkfTUqVOX`�[>_���OXACEY_�Ff]aZtA�Z2c\ZtACE#D#`�FfFfE2FspV[�_C[\O�[VZYZ�]ak
cd_UTUD#[\kXE\��@�AC`bF
AUTUq$[dOfAaE2Ff`bF,ZY[\kXkfEGFeq$[\_apaF~OX[�OfACE6Ff`�Of]acdOf`b[\_.[UZ2Z�]CkXkX`�_C�M`b_#pC` �9EYkXEY_'O�Z�[>_'OfE�¡UOtFY����[>k,`�_7FWOtcd_aZYE
`b_�kfE2D.[\OfE�OX`�D#`b_C�^c�OfOXc>Zt UF2��¤n[��oE2|\E2k2��E2|\EY_�`b_.OfAC`�F�Z2c\FfE\�'Fe[>D.E�OX`�D#`b_C��|�cdkX`�c�Of`b[\_7F
D#c&T.FWOX`�hbhag$E6[>gaFeE2kf|>E2p
[\_ Ff]Cq$EYktFfZ2cdh�cdk�qCkX[VZ�EGFfFf[\ktF#cd_ap Z2cd_ g$E;]aFfE2p£��[\k�D#[\]C_'Of`b_C� c\_ c�OeOtc\Zt 9�LK!E+�K`�hbhMFfAC[�� OfAacdO�OfAaE2FfE
Of`bD#`�_a��ZtAacdktc\Z�OfE2kf`�FWOX`bZ2FKpVEYq$EY_7p�[\_�OfAaE��KAC[\hbE�D#`�Z�kX[d��cdktZtAC`�OXE2Z�Of]CkXEI[\�
OfACE�qCkf[VZYE2FXFe[>k2��@�AaE�EBI�Z�`bEY_7Z�T�[d�
OfAaE.cdOeOXc>Zt ;cd_ap�OfACE#q$[>Ff`�OX`�[>_aFn[\�lOfAaE.`b_U|\[>h�|>E2p� \E2T�gC`�OXFIOfACE2_!|�c\kfT��K`�OfA;OXACE#qCkX[UZYE2FXFe[>k2�aOfACE�ZY[\D#qC`bh�E2k
cd_7p�OfAaE�`bD#qCh�E2D#EY_'OXcdOf`b[\_��s@�AC`�F�FWOX]apVT�qac\keOX`bc\h�hbT�Z�h�cdkX` (aEGFIFf[\D#E�[\gaFfEYkX|�c�Of`b[\_7F6kXEYq$[\kfOfE2p;g'T;¢�E2kf_aFeOfE2`�_NM
Ff[\D#E^[\�,OfACE. \E2T�ga`�OtFI�KAa`bZtA�cdkXE�kfEGZ�[�|>EYkXE2p�`�_+OfACE#Ff`�D�]ChbcdOf`b[\_aFIqCkXE2FfEY_'OfEGp�`b_ ( y�)4�9EGFeq$E2ZY`bc\h�hbT�OfACE.D#[>FeO
Ff`��>_C` ($ZYcd_'O
gC`�OXF,[\�7E2c>ZtA� >EYTsgUT'OfE>�>cdkXE�pVE2pV]7Z�E2p���kX[\DuOXACEKcd_ac\h�TVFf`bF�[\�$ZYc>ZtACE�D#`bFXFeEGFY��@�ACE2FfEKZYc>ZtACE�D.`�FXFeEGF
cdkXEsD�cd`b_ChbT�pC]CEsOf[�OfACE�FeTVFeOfEYD Z2cdhbhbF6c\_ap�OX[�Fe[>D#E^cdkXkXc&T�D#c\_C`bqC]Ch�c�Of`b[\_7F6�KAC`�ZtA;cdkXE�q$EYkf��[\kXD.EGp�g7EY��[\kXE
E2c>ZtA+E2_aZ�kXTUqVOf`b[\_��.@�ACEYkXE���[>kfE>��Z�[\_'OXkXc\kfT�Of[��KAacdOM��c\FM[>kf`b�\`b_acdhbhbT�g$EYhb`bEY|\EGp���OXACE#q7E2ke��[>kfD�cd_7Z�E.kfE2q7[>keOXE2p
`b_ ( y�)UZ2cd_s[>_Ch�T�g$Eoc>ZtAC`�E2|\EGp�`��VOXACE�Z2c\ZtACE�`�_C`�Of`�cdhUFeOXc�OXE�`�F�E2D.qCOWT\�OK ACEY_sOXACE�ZYc\ZtAaEl`bF~`�_a`�OX`bc\h�hbT�h�['c\pVEGps�K`�OXA
OfAaE�hb[U[\ U]Cq^OXcdgah�EGFY��D#[>FeO,[d�COXACE2FfEKZYc>ZtACE�D#`�FfFfE2F
pV[�_C[\O�[VZYZY]Ck,cd_UTUD#[\kXE\�~¤n[��oE2|\EYkG�&�oE�qCkXE2FfEY_'O,cn|�cdkX`�cd_'O
[d�6¢�EYkX_aFeOfE2`�_$� F^cdOeOtc\Zt +�KAa`bZtA c\qCqChb`�EGF�`b_�OfAC`�F^Z2c\FfE�cd_ap �KAC`bZtA�E2_acdgah�EGF�Of[;kXE2ZY[�|\E2k�Fe[>D.E�`�_V��[>kfD�cdOf`b[\_
[\_�OfAaEs[dOfAaEYkK \E2T�gC`�OXF2�l@�AC`bF6`�_V��[>kfD�cdOf`b[\_�ZY[\D#E2F���kX[\D Feq$E2ZY` (7ZM��EGc�OX]CkfEGF�[d��OfACEsD#`�Z�kX[d��cdktZtAC`�OXE2Z�Of]CkXE2F�[d�
Ff[\D#E�qCkf[VZYE2FXFe[>kXF2�
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@�AC`�F6qac\q7E2kn`�Fn[>kf�'cd_C`b�YEGp�c\F���[>h�hb[��6FY�'K�E
(7kXFeOMpVEGFfZYkf`bg$EsOfACE�g7E2Aac&|U`�[>]Ck6[\�,OfACE.ZYc\ZtAaE�D#EYD#[\kXT�c\_ap
��EMFfAC[�� AC[�� `�O6c �9E2Z�OXF�D#EYD#[>kfT�c>ZYZ�EGFfFfE2F2�,PUE2Z�Of`b[\_  ^`b_U|\E2FeOf`b�>cdOfEGFoc\h�h9qCkXEY|U`b[\]aF���[\kX .kXEYh�c�OXE2p�Of[�ZYc>ZtACE
c�OfOXc>Zt UFn`�_7Z�hb]apV`b_C��g$[dOXA�Of`bD#`�_a��cdOeOXc>Zt VFncd_7p;Fe`bD#qChbE�q$[��oE2kIc\_acdhbTVFeEGFY� K�E.qCkf[>q7['FeE�c�Z�h�c\FXFf` (7Z2c�OX`�[>_�[d�
ZYc>ZtACE�c�OeOtc\Zt VF�c\ZYZY[\ktpV`b_C��OX[^OXACEsZYc\ZtAaEnE �9E2Z�OXF�OXACEYT�EY¡VqCh�[>`�OG�,z6D#[\_C�#cdhbh$OfAC['FeE�c�OfOXc>Zt UF2�UkfE2D#[dOfEIOf`bD#`�_a�
c�OfOXc>Zt UF^cdkXE�qacdkfOf`�Z�]ahbc\kfhbT+`bD#q7[>keOtcd_'O���[\k.Z�kXTUqVOf[>�\ktcdqCAC`�Z#qCkX[VpV]aZÇOtF^c\_ap���E�pV`�FfZY]aFfF�OfACE�q7['FfFf`bgC`�hb`�OWT+OX[
D#[\]C_'O�Fe]7ZtA£c\_ c�OfOXc>Zt �c\�>c\`�_aFeO�FeEGZ�kXE�O� >EYT c\h��>[\kX`�OXACD�FY� @�ACE2_���PVE2ZÇOX`�[>_ H�gCkX`�E �aT�kXE2ZYc\h�h�F�AC[�� z6¥�P
`�Fn]aFf]ac\h�hbT�`bD#qChbEYD#EY_'OfEGp;gUT�h�[U[> ']aq�OXcdgah�EGFY��PUE2Z�Of`b[\_!w#`b_U|\EGFWOX`��'c�OfEGFKOXACE^`b_��a]CE2_aZ�E�[d�,OXACE.Z2c\ZtACE^`�_C`�Of`�cdh
FeOXc�OXE�c\_ap�[\�COfAaE�D#`�Z�kX[d��cdktZtAC`�OfE2Z�Of]CkXE,[\_^OfACEKZ2c\ZtACE�Of`bD.`b_C��c�OfOXc\Zt �pCE2FXZ�kX`�g$E2psgUT�¢�EYkX_aFeOfE2`�_��
z |&c\kf`�cd_'O�[d�
¢�EYkX_aFeOfEY`b_$� F~zn¥oP�OX`�D#`b_C�McdOeOtc\Zt M`bF~OfACE2_^qCkXE2FfEY_'OXE2p�`b_�PUE2Z�Of`b[\_^�a���KAC`�ZtA�kfE2h�`bE2F~[\_^cIpV`��$E2kfE2_>O
c\FXFe]aD.qCOf`b[\_
[\_!OfAaE�ZYc\ZtAaE.`b_C`�Of`�cdhlFeOXcdOfE\� ;�_�|U`�E2� [\�oOXACE�[\gVOtcd`b_CE2p!kXE2Ff]Ch�OtF�[\_!OfACE�E �$EGZÇOX`�|>EY_CEGFfFM[d��OfAaE�c�OeOtc\Zt 9����E
Z�[>_aZ�hb]apVE�OfAacdOI`�OMpVE2q7E2_apCFI[\_�OfAaE^�KAC[>h�E�D#`�Z�kX[d��cdktZtAC`�OfE2Z�Of]CkXE�[d�,OXACE^qCkX[VZ�EGFfFf[\kG�-K�E
(7_acdhbh�T�FfAC[�� OfAacdO
Ff[\D#EsZ�h�c\FXFe`�ZYc\h9ZY[\]C_'OXEYkXD.EGc\Ff]CkXE2FoEY_ac\gCh�EMOX[#OfAU��c\keO�OXAC[>FfEsZYc\ZtAaEnOX`�D#`b_C��c�OfOXc\Zt VF2�
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PU`b_aZ�E.OXACE��>c\q+g$E�OW��EYEY_!OfAaE�hbcdOfEY_7Z�T;[\�oD#EYD#[\kXT;cd_7p;OXACE�Feq$EYEGp+[\�oqCkX[VZ�EGFfFf[\ktFn`�FsFeOf`bh�hl`b_aZYkfEGc\Ff`�_C� ( � )4�
OfAaE�gC]aFsgac\_apV�K`�pUOfA c\_ap+OfACE�c>ZYZYE2FXFMFfq$EYE2p!OX[�OfACE�D�cd`b_�D#EYD#[\kXT;Aac&|>E.g$E2ZY[\D#E#OfAaE�h�`bD#`�OX`�_C���·c>ZÇOX[\ktF
`b_�OfACE�[�|>EYktcdhbh�qCkX[UZYE2FXFe[>k�OfACkX[\]a�\ACqC]CO2��@�AC`bFng7[\OeOXh�E2_CE2Zt �`bFn[�|\EYktZ�[>D#EIgUT�ZYc\ZtAaEsD.E2D#[\kXT\��z ZYc>ZtACEs`bFnc
FfD#c\h�h9qC`bE2ZYE�[d�~AC`b�\A�Ffq7E2E2p�D#E2D.[>kfT>�=;­OKc\`�D�F�c�O� \E2EYqC`b_C��OfACE^Hoj + c>Foga]aFeT�c\Foq7['FfFf`�gah�E�gUT�D#`�_C`bD#`��2`�_a�
OfAaE�h�['c\p��dFWOX[\kXEIh�c�OXEY_aZYT�OX[#OfACE^D#c\`�_�D#E2D.[>kfT>�oL�[VpVE2kf_�qCkX[VZ�EGFfFf[\ktF�Aac&|\E�OW��[�h�E2|\E2hbF�[\�
[>_V��ZtAC`�q�Z2c\ZtACE>�
kXE2Ffq7EGZÇOf`b|\E2h�T Z2cdhbh�EGp ��y�cd_ap ��}C� ¥�c>ZtA [\�nOXACEYD D#c&T g7E�pVEGpV`bZ2c�OXE2p Of[�c�Feq$E2ZY`bc\hKqC]CkXq7['FeE #·pac�OXc�[>k
`b_aFWOXkf]7ZÇOf`b[\_7F�%��ngC]VO�`b_ OXACE�Ff[d��ZYc\h�hbE2p ¤ncdkX��cdktp cdktZtAC`�OXE2Z�Of]CkXE�OfAaE ��y!Z2c\ZtACE!`bF�]aFf]acdhbhbT FfqChb`�O�`b_'Of[ c\_
`b_aFWOXkf]7ZÇOf`b[\_�ZYc\ZtAaEncd_ap�c�pCc�Otc�ZYc>ZtACE\�
@�ACE ��}sZ2c\ZtACEnZ2cd_�Aa[\h�p#g7[\OfA�`b_aFeOfkX]aZÇOX`�[>_aF�c\_ap�pCcdOXc��>`�Oo`�F�h�cdkX�\E2k
gC]VOnFfhb[��oE2koOXAacd_�OXACE �ly�ZYc>ZtACE\�

z ZYc\ZtAaE!`�F�pV`�|U`�pVE2p `�_'OX[ gChb[VZt VF@#·[\k�hb`�_CEGF�%�[d� (C¡VE2p Fe`b�YE	�sOWTUqC`bZ2cdh�gChb[VZt  Fe`b�YEGF�c\kfE  >}C�I��H7��yG}\x
gUT'OfE2F2� ;­O�`�F���[\kfOfA�_C[\Of`�Z�`b_C��OfA7c�O�OXACE�OfAaE �ly�cd_ap ��}�ZYc\ZtAaE2FsD�c&T+A7c&|\E�pV`��$E2kfE2_'O�gChb[VZt !Ff`��2E2F2��@�AaE
ZYc>ZtACE�c\FXFf[UZY`bcdOf`b|U`�OWT�pVE�OXEYkXD.`b_CEGF�AC[�� OfACE�D�cd`b_�D.E2D#[\kXT+gChb[VZt UF�D#c\q `b_>OX[;ZYc>ZtACE�gChb[VZt UF0M�c\_����­��c&T
c\FXFf[UZY`bcdOf`b|\EsZYc>ZtACE�`bFIpV`b|'`�pVEGp�`�_'Of[�FfE�OtF6[\���NgCh�[VZt VF2�ozuD�cd`b_�D#EYD#[\kXT�gah�[VZt �Z2cd_�OfAaEY_�g$E�D�cdqCq$E2p�OX[
cd_UT�gCh�[VZt .[d��cs�>`�|>EY_�FeEYO2�,@�ACE6gah�[VZt #FeE2h�EGZÇOf`b[\_#�K`�OfAC`b_�c�FfE�Oo`bF�q7E2ke��[>kfD#E2p#gUT.cskfE2qCh�c\Z�E2D#EY_'O�cdhb�\[>kf`�OfACD
hb`� >E ��r + ( � )­� ,C[>kK`�_7FWOtcd_aZYE\��,�`b�\]CkXE�y�pCE2FXZ�kX`�g$E2FKc�Hd�­��c&T#c>FfFf[VZ�`�c�OX`�|>EMZ2c\ZtACE>�

Address Tag 1

Word[0−3]

Word[0−3]

Word[0−3]

Word[0−3]Address Tag 2

Address Tag 3

4 S
ets

Block 3

Block 0

Block 1

Block 2

Address Tag 0

,�`b�\]CkXE#y�M=Hd�­��c&T�c\FXFe[VZ�`�c�OX`�|>EIZ2c\ZtACE�D#EYD#[\kXT

z6_�`b_aZY[\D#`�_a�^c\pCpCkfEGFfF
OX[sOfAaEIZYc>ZtACE6`�F�FfqChb`�O�`b_'Of[^OfACkXEYE6q7cdkfOXF #�,�`b�\]akfEI}�%�M
c�FfE�Oo_U]CD�g7E2k2�'cd_�c>pCpVkXE2FXF
OXc\�.c\_ap�c^gChb[VZt �[ ��FfE�O2�,@�[�pVE�OXEYkXD.`b_CEM�KACE�OXACEYk�OXACEsc\Z2Z�E2FXFfE2p�pac�OXc�`�FKFWOX[\kXE2p�`b_�OfACEsZYc>ZtACE\�U`�OXFKc>pCpVkXE2FXF
OXc\��`bFsZY[\D#qacdkXE2p+�K`�OXA+OXACE�c\papVkfEGFfFIOtcd��[d�oEGc\ZtA�gChb[UZt +`�_!OfACE�FfE�OG� ;�_�OXACE.��[\hbh�[��K`b_C�a����E�Z�[>_aFe`�pVE2k�c\_
���4��c&T�c\FXFe[VZ�`�c�OX`�|>EIZ2c\ZtACEM[d������gUT'OfEGFY�VpV`b|U`bpCE2p�`�_'Of[#gChb[VZt VFY�UE2c>ZtA�[\���� �gUT>OXE2F2�=;�_�OXAC`bFKZ2c\FfE\�'OfAaE�Ff`b�YEM[d�
OfAaEsgCh�[VZt �[-�9FfE�OK`�F"!$#&%�')(�6*�+ 
:-,�gC`�OtF6cd_7p�OXACE�Fe`b�YE�[\��OXACE�FeEYOK_']aD^g$EYkK`�F"!$#&%�')(�6/.10.124365 :7,'�

@�ACE�Z2c\ZtACE�qac\kXc\D.EYOfE2kXF�c �9E2Z�OKOfACEsEY¡VE2Z�]COf`b[\_�Of`bD#Es[d�,cd_�cdhb�\[>kf`�OfACD OXAac�O6]7FeEGF6c�pCc�Otc#cdkXkXc&T�[\��Ff`��2E
8 Z�[\D#q$[>FfE2p![d��EYhbEYD#EY_'OtF�[d�KFe`b�YE9��:.c\FM��[\hbhb[��6FY��@�ACE�cdkXktc&T�`bF�D�cdqaq7EGp!`b_'Of[�OXACE�ZYc>ZtACE.c>ZYZY[\ktpV`�_a��OX[
`�OXFMcdhb`��>_CD#EY_'OMc\_ap�Of[�OfACE.Fe`b�YE;��:�[d�l`�OXFIEYhbEYD#EY_'OtFY��@�ACE�c\h�`b�\_aD.E2_'On[d��c�pCc�Otc�ZYc\_�g7E#Z�[>_aFf`bpVE2kfEGp�c\FIc
Z�[>_aFeOfktcd`b_>O6[>_�`�OtFIc>pCpVkXE2FXF�Mo[\_�D#[>FeOIc\kXZtAC`�OfEGZÇOX]CkfEGF�OfAaE^c\pCpCkfEGFfFK[\��c�pCc�Otc�`�Fnc�D�]Ch�OX`�qah�E�[d�
OfACE.Fe`b�YE^[d�
OfAaEMc>pCpVkXE2FXFeEGp�pCc�OtcC�,@�ACEIc\kfktc&T^`�F�pV`�|U`�pVE2p�`�_'OX[<! 8�= �  ,MgChb[UZt VF�cd_ap�E2c\ZtA�gCh�[VZt �ZYc\_�AC[>hbp�cdOoD#[>FeO9! .12.1> ,EYhbEYD#E2_>OtFY��@�ACE2_��a�KACE2_;cd_�EYhbEYD#E2_>OI[d�
OfACE�cdkXkXc&T�`�Fnc>ZYZ�EGFfFfE2p��UOfACE�kXEYh�c�OX`�|>E�c\pCpCkfEGFfFf`�_a�#Z2cd_�g$E^FeE2EY_;c>F
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SetAddress Tag Offset
0x100x010x00F0FA

0x00F0FA

0xBCF3F1

0x74A051

0x48BCFF

Test

Set 1

,�`b�\]CkXE�} M,zKpCpVkXE2FXFf`�_C�#`b_�c�Z2c\ZtACEMD#EYD#[\kXT

c�gChb[UZt !FeE2h�EGZÇOf`b[\_�cd_7p!c\_![-�9FfE�Os`b_>OX[�OfACE#gChb[VZt 9�#@�AaE�gCh�[VZt ;[-�9FfE�OskXE2i']C`bkfEGF !$#&%�' ( 6 . 2. > :7,�ga`�OtFscd_ap!OfAaEgChb[VZt �FeE2h�EGZÇOX`�[>_ ! # %	'	(�6 �.12 :-,Y�­gC`�OtFY�L;c\_'T�[\OfACE2k�D.E2D#[\kXT�qacdktcdD#E�OXEYktFoZ2cd_�c �9E2ZÇO�OXACEsg7E2Aac&|U`�[>]Ck�[d�~OXACE�E�¡VE2ZY]VOf`b[\_�Ff]aZtA�c>F�Z2c\ZtACEM�KkX`�OXE
q$[\hb`bZY`�EGFY�U@ �~¢M�Y�2�Y�
L�[\kXEY[�|>EYk
D#[VpVEYkX_�qCkX[UZYE2FXFe[>kXF���EGc�OX]CkfEn|\EYkXT�ZY[\D#qChbE�¡#`�_'OXEYktc\ZÇOX`�[>_aF
g$E�OW��EYEY_�`�_aFeOfkX]aZ��
Of`b[\_7FY� @�AaE;D#`bZYkf['FfZY[\qC`�Z�E�¡VE2ZY]VOf`b[\_ OX`�D#E�[d��cd_UT FeEGi']CEY_aZYE;[d�s`b_aFeOfkX]aZÇOX`�[>_aF�c\hbFf[ pVE2q7E2_apCF�[\_ OfAaE2FfE
`b_>OXEYktc\Z�Of`b[\_aF2�>,C]CkfOfACE2k6pVE�Otcd`bhbF�[>_�D#E2D.[>kfT�AC`�E2kXc\kXZtAUT�Z2cd_�g7E���[>]C_ap�`�_ ( � ��yG�1)4�
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K ACE2_ cd_�EYhbEYD#E2_>O�`b_ c;pCcdOXc�c\kfktc&T�`bF�c\Z2Z�E2FXFfE2p��~OW�o[;Ff`�OX]ac�OX`�[>_aFsD�c&T+[VZ2Z�]CkG�F;­�KOXAC`bF^EYhbEYD#EY_'O�hb`�EGF�`b_
OfAaE^ZYc>ZtACE�D.E2D#[\kXT\�VOXACE^c\Z2Z�EGFfFK`�F6Z2cdhbh�EGp�c#Aa`�O+�7[\OfACE2kf�K`�FeEMOXACE�gChb[VZt �Aac>F�Of[�g$E�hb[>c\pCE2p���kf[>D OXACE�D�cd`b_
D#EYD#[\kXT\�UOXAC`�FnFf`�OX]ac�OX`�[>_�`�FKkXE���EYkXkXE2p�c\FKc#D#`bFXF2�l@�ACEsq7[���EYk6ZY[\_aFf]CD#qVOX`�[>_�c\_ap�Of`bD.`b_C��[\�
c#pVE2|U`bZYEsD#c&T
AC`b�\AChbT�|�cdkXT�pVE2q7E2_apV`b_C��[\_�OfACE�D#EYD#[\kXTshbEY|\E2h # �lyKZ2c\ZtACE>� ��}MZYc>ZtACE\��D�cd`b_.D.E2D#[\kXT %~�KACE2kfE�OfAaE�D#E2D.[>kfT
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;�_�OfAC`�FlZ�h�c\FXF�[d�9c�OeOtc\Zt VF2�&OfACE6c>pV|\E2kXFXcdkXTID�]aFeOlg7EKcdgah�E�Of[�`b_C`�Of`�cdhb`��2E�Ff[\D#EKZtAC['FeE2_�ZYc>ZtACE�gChb[UZt VF��K`�OfA�pCc�Otc
��kX[\D OXACE�hb[U[\ U]Cq�OXcdgah�EGFY��@�AC`bFIZYc\_�g$E^pV[>_CEsgUT �a]aFfAC`b_C�#OfAaE^ZYc>ZtACEsD#EYD#[\kXT�cd_7p�OXACEY_�gUT�q7E2ke��[>kfD#`b_C�
�·cd >E�EY_aZYkfTUqVOX`�[>_aF.�K`�OXA c� U_C[��K_  \EYT `�_£[\ktpVEYk.OX[�hb[>c>p ZYEYkfOXc\`�_ OXc\gCh�E�gChb[VZt VF�`b_'Of[�OfAaE;ZYc\ZtAaE\� @�AC`bF
kXE2i']C`bkfE2D.E2_'O�hb`�D#`�OXF.OfAaE�FXZ�[>q7E�[d�nOfACE�c�OfOXc>Zt �Of[�D^]Ch�Of`��4]7FeE2kXF#FfTUFeOfE2D�F�Ff`�_7Z�E�cd_£c\ZYZYE2FXF�OX[+OXACE�ZYc>ZtACE
D#EYD#[\kXT�`�F�_CEYEGpVE2p�� K `�OXA�FeE2|\EYktcdh
ZtAC['FeE2_+`b_C`�OX`bc\h�`b�2cdOf`b[\_aF�c\_ap+Ff[\D#E#q7[���EYkIOfktc\ZYE2F2��¢�EYkfOf[\_a`'��� 
�CGD ( }1)
FfAC[�� AC[�� Of[#kXE2Z�[�|>EYkoOfACEsD#['FWO6Ff`��>_C` ($ZYcd_'OKgC`�OXFK[\��EGc\ZtA� \EYT�g'T'OXEs`�_�z6¥oP��

@�AC`�F�Z�h�c\FXF�[\��c�OfOXc\Zt VFo`bF�Ff`�D#`bhbc\k�Of[�OfACE�c�OfOXc\Zt VF�OfAacdO6FWOtcdkfOo��kX[\D cd_�EYD#qVOWT�Z2c\ZtACEI`�_�OfAaEMFfEY_aFfEIOfAacdO
cdkXE�g7c\FfE2p�[>_�OfACE�cd_7cdhbTUFf`�F�[d�MZYc\ZtAaE�D#`bFXFeEGFY��@�ACE�[\_ChbT�pV`��$E2kfE2_aZ�E�`bF^OfA7c�O.OfACE2T�]aFeE�Z�[>_��a`�ZÇO#D.`�FXFeEGF
`b_aFWOXE2c>p�[d�~ZY[\h�p�FWOtcdkfO�D#`bFXFfE2F�Of[^�'cd`b_�Fe[>D#E6`�_C��[\kXD#cdOf`b[\_�[>_�OfAaEnD#[>FeO�Ff`��>_C`�(7ZYc\_>OogC`�OtF�[d��OfAaEn \E2T�gUT'OfEGFY�
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¢�[dOXA�qCkXEY|U`�[>]aF�Z�h�c\FXFeEGFl[d��c�OeOtc\Zt VF�ZYcd_�g7EIOfAU��cdkfOfE2p�g'T�FfTVFWOXEYD�c�OX`bZ2cdhbh�T#hb[>c\pC`�_C��OfACEM�KAC[\hbEIOXcdgah�EIg7EY��[\kXE
cd_UT�EY_7Z�kXT'qCOf`b[\_���c>F^qakf[>q7['FeEGp�`�_ ( }C��y�H�)­� @�AC`�F.Ff`bD.qah�E�Z�[>]C_'OfEYkXD#E2c>Fe]CkXE�c&|>[\`�pCF�D#[>FeO�ZYc\ZtAaE�D#`bFXFfE2F2�
¤6[���EY|>EYkG�~OXAC`�F.pC['EGF^_a[dO#`�D#qChbT�OfAacdO#c\h�hoOf`bD#`�_C��|�cdkX`bcdOf`b[\_aF^Aac&|\E�g7E2EY_ kXEYD#[�|>E2p��,c\F^q7[>`�_'OXE2p [>]VO�gUT
¢�EYkX_aFeOfEY`b_ ( yB)­� ,C[>k�`b_aFeOXcd_7Z�E\� ,�`��>]CkfE@ FfAC[��6F�OfAacdO�OX`�D#`b_C� |�c\kf`�c�OX`�[>_aF�FeOf`bh�hsEY¡V`bFeO���[>k�OXACE�[\kX`��>`�_ac\h
`bD.qah�E2D.E2_'OXc�OX`�[>_ [\�Mz6¥�P gUT ¢�[>FXFeE2hbc\EYktFY�,rK` mWD#EY_ cd_7p ¢�cdkXkfEYOf[ (  �)­��[>_ c!j
EY_'Of`b]CD  !�K`�OXA£c!hb[>c\pCE2p
ZYc>ZtACE�`�_a`�OX`bc\h�FWOtc�OfE>�

 0

 500

 1000

 1500

 2000

 2500

 3000

 500  550  600  650  700  750  800  850

P
la

in
te

xt
 n

um
be

r

Execution time (cycles)

,�`��>]CkXE  �M JI`�FWOXkf`bgC]VOX`�[>_£[\�nOX`�D#`b_C����[\k#OfAaE�[>kf`b�\`b_ac\h�zn¥oP `�D#qChbEYD#E2_>Otc�OX`�[>_ [>_£c�j
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@�ACEGFeE
OX`�D#`b_C�n|�cdkX`�c�Of`b[\_7F�D�c&Tng$EopV]CElOf[6OXACE,�·c>ZÇO~OXAac�O~OfACE�ZYc\ZtAaE,D.E2D#[\kXTn[\_�Ff]Cq$EYktFfZ2cdh�cdk�qakf[VZ�EGFfFf[\ktF
`�F^pVEGFe`b�\_CEGp!��[\k�Aac\_apVhb`�_a�;D#[\kXE#OfAacdO^[\_CE�c>ZYZYE2FXFsq7E2k�ZYTUZYh�E>��znD#[\_C�;c\h�h�Fe[>h�]VOX`�[>_aFs�KAC`�ZtA�`bD.qah�E2D.E2_'O
OfAa`bF^��E2cdOf]CkXE ( }��'�
}� 1)­��OfACE�[\_CE�]7FeEGp�`�_��Mx\��qCkX[VZ�EGFfFf[\ktFsZ�[>_aFe`�FeOXF�`b_ FfqCh�`�OeOX`�_a�;OfAaE�ZYc>ZtACE�`b_>OX[+FfEY|\E2kXc\h
`b_apVEYq$EY_7pVEY_'OfhbT c>pCpVkXE2FXFeEGp gac\_C VFY� @�ACE2kfEY��[\kXE\��D#E2D.[>kfT c>ZYZYE2FXFeEGF.Z2cd_ Fe]!�$E2k#��kf[>D Z�[>_��a`�ZÇO�q7E2_acdh�Of`bE2F
�KACE2_ FeE2|\EYktcdhlFf`bD^]Ch�OXc\_CEY[>]aFsZ�[>_aZ�]CkXkXEY_'O�kfEY��EYkXEY_aZYE2FMOX[�OfACE�Ffc\D.E�g7cd_C ![UZ2Z�]CkG��PU]aZtA�q7E2_acdh�Of`bE2F�c �9E2Z�O
cd_7p�c\kfE�c �9E2Z�OfE2p�gUT�OfAaEs�KAC[\hbE�D.`�Z�kX[d��cdktZtAC`�OfEGZÇOf]akfE6[\�~OXACEsqCkX[UZYE2FXFe[>k #·`Ð� E\�b�CgUT�qC`bq$EYhb`�_CE>�aZ�[>_��a`�ZÇOKgac\_C VF
pVEYOfE2Z�Of`b[\_�hb[\�\`�Zd�Uhb[>c>p���FeOf[>kfE�i']CEY]CE>�Y�2��%Ç�
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;�_�Ff[\D#EnZYc>FeEGFY�\OfACEI[\gaFfEYkX|\EGp�OX`�D#`b_C�^|�c\kf`�c�OX`�[>_aF,D�c&T�c\hbFf[�g$EnpV]CEnOf[sOXACEnEY¡U`�FeOfEY_7Z�E6[\��Ff[\D#EnZY[\_��7`bZ�O
D#`bFXFfE2F0MoE2|\EY_�`��,OfAaE�Of[\OXc\h�Ff`��2E�[d�,OXACE^hb[U[\ U]Cq�OXc\gChbE2FnpC['EGF6_C[\OnE�¡CZYEYE2p�OXACE�Ff`b�YE�[\�,OfACE��ly^Z2c\ZtACE>�7Ff[\D#E
EYhbEYD#E2_>OtF�`b_ OfAaE;OXc\gChbE2F�D�c&T£g7E!EY|U`�ZÇOfEGp ��kX[\D OfACE�ZYc\ZtAaE;pV]CkX`�_C� OfACE!E�¡VE2ZY]VOf`b[\_ `���OfAaEYT£h�`bE+`b_ OfAaE
qac\keOX`bZY]Chbc\knFfE�OIZtAC['FeE2_�gUT�OfAaE^kXEYqCh�c\ZYEYD#EY_'OIc\h��>[\kX`�OXACD���PU]7ZtA+Z�[>_��a`�ZÇOnD#`�FfFfE2FKD�c&T�q7[\OfE2_>OX`bc\h�hbT�cdqCq$E2c\k
c\F�Fe[U[>_ c\FsOXACE�OX[dOtcdhoFf`b�YE�[\��OfACE�OXcdgah�EGF�E�¡CZYEYE2paFsOfAaE�FfE�O.Ff`b�YE\�
gC]CO^OfAaEYT�]aFf]acdhbh�T�[VZYZY]Ck^�K`�OfA c+_C[\_C�
_CE2�\hb`��>`�gChbE6qCkX[\g7cdgC`bh�`�OWT���kX[\D Aac\h���[\��OfACEMZYc\ZtAaE6Fe`b�YE>�'c>Fl��E6�K`�hbh9FeE2E6`�_�PUE2Z�Of`b[\_�wC��@�ACEIE�¡V`�FWOXEY_aZYE6[d��Ff]aZtA
Z�[>_��a`�ZÇOMD.`�FXFeEGF6OXACEY_+pCEYq$EY_apCFM[>_�OfACE.Fe`b�YE�[d�,OXACE.Z2c\ZtACE>�7ga]VOMc\hbFf[�[\_;OfACE#ZYc>ZtACE^c\FXFf[UZY`bcdOf`b|U`�OWT�cd_ap�[>_
OfAaEskfE2qChbc>Z�E2D.E2_'OKc\h��>[\kX`�OXACD��
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z6_£`b_>OXEYkXE2FeOf`b_C��E�¡UOfE2_aFe`b[\_ [d�6OX`�D#`b_C��c�OfOXc\Zt VF�`bF.OXACE�Z�h�c\FXF^[\�IkXEYD#[dOXE�OX`�D#`b_C��c�OfOXc\Zt VF2� PU`b_aZ�E�Of`bD#`�_a�
c�OfOXc>Zt UF�c\qCqChbT�Of[��oEGcd �`bD#qCh�E2D#EY_'OXcdOf`b[\_aF�[\��c�Z�kXT'qCOf[\�>kXc\qCAC`�Z^c\h��>[\kX`�OXACD���`�Os`�F�q7['FfFf`�gah�E.Of[�Ofktcd_7Feq$[>FfE
OfAaEYD OX[�kXEYD#[\OfE#pVEY|U`�Z�E2F2�^@�ACE�c>FfFf]CD#qVOf`b[\_7FIkXE2i']CEGFWOXE2p;Of[�D#[\]C_'Osc�kXEYD#[dOXE^OX`�D#`b_C��c�OfOXc\Zt ;c\kfE#Z�[>D.�
qChbE�OXEYhbT!pV`��$E2kfE2_'OspCEYq$EY_apV`b_C��[>_��KAaE�OfAaEYks��E#ZY[\_aFf`�pVEYksqC]agCh�`�Z#[\ksFfE2ZYkfEYOe�­ \EYT;c\h��>[\kX`�OXACD�FY��;�_�OfACE�Z2c\FfE
[d��qC]Cgah�`�ZÇ�­ \E2T+Z�kXTUqVOf[>�\ktcdqCAUT\��c>FfFf]CD#qVOX`�[>_aFscdkXE#kfEGcdhbh�T;��E2c\ 9�#@�AaE�c�OeOtc\Zt U`b_C��D#c>ZtAC`b_CE3#�¥l|>E*%sFfEY_apaFsc
kXE2i']CE2FeO�OX[�OfACE�OXc\kf�>E�OfEGp�FeE2kf|>EYkF#Ðz6hb`bZYE*%�]aFe`b_C��z6hb`bZYE-� F�qC]Cgah�`�Z� >EYT # ,�`��>]CkXEFH %��;@�ACEY_~�,g'T�D#E2c>Fe]CkX`b_C�
OfAaE�Of`bD#E�Of[�kXE2Ffq7[>_ap #·@K@Kr %��~¥l|>E�OfkX`bE2F�OX[;pVE2pV]7Z�E�znh�`�Z�E1� Fsqakf`b|�c�OfE� \EYT>��@�AC`�F�cdOeOXc>Zt +Aac>F�g7E2EY_ (aktFeO
E�¡VqChb[\kXE2p�gUT�¢�kf]aD.hbEYT�cd_ap�¢�[\_CE2A�c\�>cd`b_aFeO6rnPVz ( w*)4�

TTR

Alice EveNetwork

,�`b�\]CkXE H�M,rKE2D.[\OfE�cdOeOXc>Zt �cd�'cd`b_aFWOKqC]agCh�`�Z� \E2T�cdhb�\[>kf`�OfAaD#F

JI_ OXACE�Z�[>_>OXkXc\kfT>�,FeEGZ�kXE�Oe�­ \E2T�cdhb�\[\kX`�OfACD�F.ZYcd_a_C[dO#g7E�cdOeOXc>Zt \EGp�`�_ Ff]aZtA c!��c&T>� ;�_apVE2E2p���OfACE2kfE�`bF
_C[�qacdkfOf`�Z�]ahbc\knkXE2c\Ff[\_;Of[�Aa[\q$E^OXAac�O�Ff[\D#E�pCcdOXc�EY_aZYkfTUqVOXE2p;�K`�OfA+OfACE�FfE2ZYkfEYOI \E2T������ c\kfE�|\[\hb]C_'OXc\kf`bhbT
FfEY_'O�gUT+z6hb`bZYE#Of[�¥l|>E�Fe`b_aZ�E�¥�|\E�pV[UE2Fs_a[dOs U_C[�� OXACE�FeEGZ�kXE�Os \E2T	� ��� ��@�AaEYkXE���[\kXE\��Fe]aZtA�Z�`bqCACE2keOXE�¡UOXF
cdkXE�c&|�cd`bhbc\gChbEIOX[�OfAaE^c�OfOXc\Zt >EYk�[\_ah�T�`��
OXACEYT�cdkXEsE2c&|>E2FXpVkf[>qCq$E2p�`b_�OfAaE^Z�[>_>OXE�¡UO6[d�lc#D�cd_C�4`b_V�4OfACEY�4D#`�pCpVhbE
c�OfOXc>Zt  #�,�`b�\]akfE�w�%Ç�@,C[\k�`�_7FWOtcd_aZYE\�
¥l|\E�ZYc\_�qCkf[>g7E�c;kX[\]VOX`�_C�+EYhbEYD#EY_'O�[\�6c+Z�[>D#D^]C_C`�ZYcdOf`b[\_ ZtAac\_C_CE2h
g$E�OW��EYEY_�z6hb`bZYE�cd_ap!¢o[>g���PUAaE.�K`bhbh�D#[>_C`�OX[\kMOfAaE�OXkXc�I�Z^[>_;OfAa`bF�Z�[>D#D^]C_C`�ZYcdOf`b[\_�ZtAacd_C_aEYh�Of[�D#E2c\Ff]CkXE
OfAaEskfEGFeq$[\_aFfEIOf`bD.Es[\��g$[dOXA�qacdkfOf`bE2F2�

TTR

Alice Eve BobNetwork

TTR

,�`��>]CkfEsw Mlr6EYD#[dOXE�cdOeOtc\Zt �c\�>cd`b_aFeO�FfE2ZYkfEYOK \EYT�cdhb�\[\kX`�OfACD�F

@�ACE�D.['FWO�pV`GI�ZY]Ch�OIOtc\Ff �`b_!c\h�h�kfE2D.[\OfE^Of`bD.`b_C��c�OeOtc\Zt VF6`�FnOf[�E2|�cdhb]ac�OXE�OfAaE^EY_7Z�kXT'qCOf`b[\_�OX`�D#E.[d�,OfAaE
OXc\kf�>E�O*M�OfACE�c�OfOXc>Zt \EYk�Aac>F�OX[IOtcd >E�`b_>OX[Mc>ZYZY[\]C_'O~OXACE�Ofktcd_aFfD#`bFXFf`�[>_sOf`bD#Eo��kX[\D OXACEoOXcdkX�\EYO�OX[nOXACE�c�OeOtc\Zt U`b_C�
D�c\ZtAC`b_CE>�~gC]VOsOXACE�_C[>`bFfE�c\pCpCE2p�gUT;OfAaE#Ofktcd_aFfD#`bFXFe`b[\_�pVE2hbc&T�OX[�OfACE�E2_aZ�kXTUqVOf`b[\_!Of`bD#E�`�F�Z�[>_aFe`�pVE2kXc\gCh�E>�
@�AacdOo`�F��KAUT#`�_�qCkXc>ZÇOX`bZYEKOfACEI[\_ChbT# U_C[��K_�kfE2D#[dOfEnOf`bD#`�_C�.c�OfOXc\Zt  ( w1)9��c>FlD#[\]C_'OXE2p�[>_�c�hb[UZ2cdh$_CE�OW��[\kX 9�
@�ACEncdOeOtc\Zt �qCkXE2FfEY_'OXE2p.gUT�¢�EYkX_aFeOfEY`b_ ( y�)7gUTUqac\FXFfE2F�OfAa`bF�qCkf[>gChbEYD Ff`b_aZ�EK`�OocdqaqCh�`bE2F,Of[^c�qCkX[dOX[VZ�[\hV`b_��KAC`�ZtA
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OfAaE�FeE2kf|>EYk�� F�Of`bD#E2FeOXcdD#q�`bFKc\hbFf[�Ofktcd_aFfD#`�OfOfE2p�c\_ap�c&|�c\`�h�cdgChbE6OX[.OfACE�cdOeOXc>Zt \E2k2�
@�AC`�F���E2c�OX]CkXEIOXACEY_�c\h�hb[��6F
OfAaE#cdOeOtc\Zt \E2k6OX[�pV`bkXE2ZÇOXh�T;c>ZYZYE2FXF6OXACE#EY_aZYkfTUqVOX`�[>_�Of`bD#E.�K`�OfAa[\]VO�OfAaE�_C[>`bFfE#c\pCpVEGp;gUT�OfAaE^OXkXc\_aFeD#`�FfFf`b[\_
OfAakf[>]C�\A�OfACEs_aE�OW��[\kX $�
@�AC`�F6Z�[>_aFf`bpVE2kXc\gChbT��oEGcd \E2_aFoOfACEsFfE2ZY]Ckf`�OWT�D#[VpVEYh~[d�~OXACE�OXc\kf�>E�OG�

;­�l��E^��cd_'OnOX[�D#[\]C_'O�c�kXEYD#[dOXE�ZYc>ZtACEsOX`�D#`b_C��cdOeOtc\Zt 9�$c\_C[dOXACEYkI`�D#q$[\kfOXc\_>O�pV`GI�ZY]Ch�OWT�`bFnOf[�Z�[\_'OXkf[>h
OfAaE^FWOtc�OXEs[d�
OfACE�ZYc\ZtAaEsg7EY��[\kXEsE2c\ZtA�E2_aZ�kXTUqVOf`b[\_���zukXEYD#[dOXEs`�_C`�Of`�cdhb`b�2c�OX`�[>_�[\k6kXE2FfE�O6[\��OXACE^Z2c\ZtACEs`�FK_C[\O
kXE2cdhb`�FWOX`bZ\�
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