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\ ]÷Ý�Ú_^a`[bKc)dfehg~Üji�ÚLÛ=i�Û<e+dlk
õvWù_ á DSG$GJI[P�_JDFZbWùëlI"ë�DFiFi�KLfQZbKMZ�GJI"R Gu_aR`_QDFPÑ_QI[P á WLD%�nELI�äHR�G�I�c ZbWôCÂN�G�âòZbf�I�YÊP�DXI[Wn_
ãbI�WHI�faR`_JDFZbWÉZ&â�RbWÅI�WHP�Z�cLI�f�_QZ�æhDXWLDFæhDXY[I$GJë�D�_aP á DXWHãeRbP�_JDFúnDX_uåeZ�W R�äLEHG[é à�á I]cVI[GJDXã�WmHZ`ë�G$DSGÑG á Z`ë�W:DXW���DFãbEHfJI[�bé7:�I�W¨P�I�âòZ�fJë�R&facùfQI�âòI�fQI�W¨P�Ieë�DFiFi-äMI=æÊR�cVIe_QZ�R�cLcVfQI[GQG
äLEHGJI[G[THDªé I�éLäLEHGJI[G�ZbW�ë á DSP á RbcLcVfQI[GQGJI[G^_JfaRrúbI[i�çòI�é ã¨éL_ á I9RbcLcLfJI�GJGJI[G�Zbâ2DFWHG�_JfQEHP�_QDXZ�WHG�_QZ
ä¨I�I�ó�I�P�EV_QI[cÑZbf�ã�I�WLI[fQRbiARbcLcVfQI[GQGJI[G^ãbI[WLI�faR`_QI[c�ä�å�iFZ�R�con`G�_JZ�fJI7DFWHGu_QfJE¨P�_JDFZbW¨GQê�é

application Simulator memory
reference

trace

compacted
stream

Compressor

Population
Fitness

Evaluator

Fitness values

Sort fitness & apply
genetic operators

Stop?

Best encoder
(true table)

Logic synthesizer

Initialize

No

Yes

GA
Best encoder

(netlist)

p=qZr ¿Ks�¿ �~k��a{&��qQsl�bqatvmp��k$tn{�Á��

øn_QRbf�_QDXWLã-âòfQZbæî_ á I�G�KMI[P�D�íMP^RbKLKLiFDFP[R`_QDXZ�W9ë á DSP á DFG2I�ó�I�P�EV_QI[cÑç¶GJDXæ(ELiSR`_JI�cºT`I�æ(ELiSR`_JI�c
I�_QPbé ê�THRÃæhI�æhZbfQåÊfJI�âòI�fQI�WHP�I7_JfaRbP�I-íHiFI�DFG�Z�äV_QRbDXWHI[cºéVõvW�ZbfacVI[fl_QZÃâ¶RbP�DFiFD�_aR`_JIÂã�I�WLI[fQR&_JDFZbW
Z&â~_ á IÂI�WHP�ZVcVI�f�T�_ á I�G�I7_QfQR�P�I-íHiXIÂDSG�P�Z�æÃKHfJI�GJGJI[cºTVR�Glë�DFiFiºä¨I�I�ó�KHiFRbDXWLI�c�DFWÑ_ á I7âòZbiFiFZ`ë�ñ
DXWLãÃG�EHäHG�I�P�_QDXZ�WHG�é à�á I-P�ZbæhKLfQI[GQG�I�chGu_QfJI�R&æÔDFGlEHGJI[ch_QZOãbI[WLI�faR`_QI�_ á I-ZbKV_QDXæÊRbi¨I[WHP�ZVcVI[f
ë á DFP á DSG�I�óVKLfQI[GQG�I�c�DFWÉ_ á IhâòZ�fJæ Zbâ^R]_JfQEV_ á _aR&äLiFIbéAN-G�I�W¨P�ZVcVI�f�ã�I�WLI[fQR&_JDFZbWÉP�R&WÉäMI
únDFI�ë^I[cÉRbG�RbW=Z�KV_JDFæhDXY�R`_QDXZ�W=KLfQZbäHiXI[æÑTºë^IhEHGJI[cÅCÂN�G7_QZ"I�óVKLiFZbfQI9_ á I�cVI[GJDFãbWÆG�KHR�P�I�é
õvWLD�_QDFRbiXiFåÊROKMZbKLEHiFR&_JDFZbW�ZbâAI�WHP�Z�cLI�faG�DSG!DFWLDX_JDSR&iFDXY[I[cÊë�DX_ á faR&W¨cVZbæÔI�WHP�ZVcVI�faGlRbWHchI�ú`RbiXEVñ
R`_JI�cÂZbW�_ á I!P�ZbæhKLfQI[GQG�I�c�Gu_QfJI�R&æ�é�u!R�P á I�WHP�ZVcVI�fADFW�_ á I!KMZbKLEHiFR&_JDFZbW á R�G~R&WOR�GJGJZVP�DSR`_QI[c
íL_JWLI�GJG^ú`R&iFELI7ë á DSP á fJI[KLfQI[GJI�Wn_QG^ROæhI[R�G�EHfJI-Z&â~DX_QG�P�RbKHRbP�D�_uå(_JZÃfQI[cVEHP�I�_ á I-W�ELæ(ä¨I[f�Z&â
_JfaR&WHGJD�_QDXZ�WHGÂZbW=_ á IÊäLEHG[éAu�WHP�ZVcVI�faG7ë�D�_ áÉá DXã á I�fÂíL_QWLI[GQG�ú`R&iFELI�G�R&fQI(_ á I�fQI�âòZ�fJI(_ á Z�GJI
ë á DFP á cVI�_QI�fQæÃDFWLI�ROiXZ`ë^I�f�W�ELæ(ä¨I[flZbâÎ_JfaR&WHGJD�_QDXZ�WHG�Z�Wh_ á I-äLEHGlë á I�W]Gu_QDXæ(ELiFR&_JI�chë�D�_ á
_ á I�P�Z�æÃKHfJI�GJGJI[cÅG�_JfQI[RbæÑé à�á IÑP�iSRbGQG�DSP�Rbi!ãbI[WLI�_QDFP]ZbKMI�faR`_QZbfaG�T�G�ELDX_QRbäLiFåÉfQI[cLI�íHWLI�cÅâòZ�f
_ á DSG�GJK¨I�P�DXí¨P�P�ZbWn_QI�ó�_[T�RbfJI"R&KHKLiXDFI[c÷_JZÉ_ á I"K¨Z�KLELiSR`_QDXZ�W RbWHc _ á I�P�åVP�iXI�DSGhfJI[K¨I�R`_JI�c
ELWn_JDFi�RÊG�_JZ�K�P�fQD�_QI�fQDXZ�W"DFG�æÃI�_[éMN^_�_ á I9I�W¨c�Z&â2_ á I(KLfQZ�P�I[GQG�TL_ á I(DXWHcLDXú�DScVEHR&i�ë�D�_ á _ á I
á DXã á I[G�_OíL_QWLI[GQG(úrRbiXEHI�DFG9I�ó�_JfaRbP�_JI�cÉâòfJZ�æö_ á I$KMZbKLEHiFR&_JDFZbWAé à�á DFG9DXW¨cVDXú�DScVEHRbilë�DFiXi^äMI
_ á IÃZbKV_QDXæÊRbi�I[WHP�ZVcVI[f-äMI�DFWLã]GJZbEHã á _[é à�á I9iSRbG�_7G�_JI[KeDFW"_ á IvmHZ`ëîDSG�_ á I[fJI�âòZbfQIOiXZ�ãbDSP�Rbi
G�å�Wn_ á I�G�DSG�ZbâÎ_ á I-ZbKV_QDXæÊR&i¨I�WHP�ZVcVI�f�T&ë á DSP á P�RbWhä¨I7cVZbWLI�EHG�DFWLã9RbW�åÃRbEV_JZ�æhR&_JDSP�iXZ�ãbDSP�Rbi
G�å�Wn_ á I�G�DSGl_JZ�Zbiªé à ZÃZbäL_QR&DFW�_ á I7I�WHP�Z�cLI�f�D�_�ë�DFiXiªTVZ&â�P�ZbELfaGJIbTnä¨I�GJE1Y�P�DFI�Wn_l_QZ(I�óLP á R&WLã�I
_ á I�I[WHP�ZVcVI[f�DXWLKHEV_�R&WHcÑZ�EV_JKLEL_�P�ZbiFELæhWHG�RbWHcÑK¨I[f�âòZ�fJæì_ á IOGJånWn_ á I[GJDFG[é
à�á IÂfJI�Gu_�Z&â�_ á DFG�GJI[P�_JDFZbW�DFG�Z�fJãnR&WLDFY�I�c$R�G!âòZ�iXiFZ`ë�G[é1w=I�ë�DFiXiAíHfQG�_�P�iSRbGQG�DXâòå�I[WHP�ZVcVI[f

ãbI�WHI�faR`_JDFZbW=RbG7R$P�iSRbGQGJDFP[R&i�ZbKV_QDXæhDFY[R`_QDXZ�WeKLfQZbäHiXI[æ�_ á R`_�P�RbWeäMIÃGJZbiFúbI�c"ä�å"EHGJDXWLãÑcVI�ñ
G�DFãbW�G�K¨RbP�I�I�óVKLiXZ�fQR&_JDFZbW$_JI[P á WLDZ�nELI�G�éGw=I�ë�DFiXiA_ á I[W�GJZbiFúbI7_ á I�KLfQZbäLiFI�æ Zbâ�_ á I9GJDXY[IÂZ&â
_ á IhGu_QfJI�R&æ1Z&â�fQI�âòI[fJI[WHP�I�G�ä�å�æhI[RbWHG�Zbâ!R$GJDXæhKLiFIÃKLfJZVP�I[GQG�Zbâ!P�ZbæhKLfQI[GQGJDXZ�W�_ á R&_7ë�DFiXi



I�óVK¨Z�WLI�Wn_QDFRbiXiFåÅDXW¨P�fQI[RbGJIÊ_ á I"P�ZbæhKLEL_QR`_QDXZ�WHR&i^I5Y�P�DXI[WHP�åÅZbâ�_ á I"RbKLKLfQZ�RbP á é à�á I[W÷ë^I
ë�DXiFi~cVI�R&iºë�DX_ á _ á I�KHfJZ�äLiXI[æ Z&â2I�óVKLiFZbfQDFWLã9_ á IOcVI�G�DFãbW�G�K¨RbP�IÂEHGJDFWLã�CÂN�G[é

xzy|{ }�~G���S���|�1���|~o��~o�����U������~o�f���C�
� I�_(EHG9P�ZbWHGJDFcLI�fOR"äLDFWHRbfJåÉR&iFK á R&äMI�_�_QZeP�Z�æhK¨ZnG�IÊë^ZbfacLGÂë�DX_ á RÑíLóVI�cÆiXI[WLã&_ á Z&â7�
äLD�_aG�é � I�_������z�-äMIÊ_ á I]ELWLDFúbI[fQGJIÊZ&â�cVDSGJP�ZbELfaGJI(âòZ�f9ë^ZbfacLGÂZ&âL� äHD�_aG$çòDªé Ibé�_ á I$GJI�_(Z&â
ëlZ�fQcLGOD�_9DSG�KMZ�GQG�DFäLiFIÊ_JZ�âòZbfQæöë�DX_ á �ìäLDX_QGaê�é à�á I$P[R&facVDFWHR&iFD�_uåeZ&â)� ���z� DFGO_ á I[fJI�âòZbfQIV+�=é
N�W�(5!"��-��+(5H
RbGQGJZ�P�DFR&_JI�G2I[RbP á ë^Zbfac9DFW������z��ë�D�_ á ZbWLI�RbWHcÃZbWLiFå9Z�WLI�ë^Zbfac9DFW'�����z�

DXW"GJEHP á Rhë^Rråh_ á R`_�_ á I�fQI�DSG�ZbWLiFå�Z�WLI�ZbEV_QKLEV_�P�Z�cLDXWLãhâòZ�f�I[R�P á DFWLKLEL_[TL_ á EHG�æÊR&ï�DFWLã
_ á I���(���-��+(5H!RbäLiFI�_JZÃcVI[P�Z�cLI�_ á I-ëlZ�fQchEHWLDXú�ZVP�R&iFiFåbébõvWhâòZ�fJæÊRbiL_JI[fJæÊG[TnRbWÊI�WHP�ZVcVI�f<��DFG
R&WÊDFW� uI[P�_JDFúbI�RbWHchG�ELf| uI[P�_JDFúbI9çzR&WHcÃ_ á I�fQI�âòZ�fJI�DFW�úbI[f�_QDXäLiFI�ê�âòEHWHP�_QDXZ�W¡���h�����z�<¢o£¤�����z�aT
Dzé IbéHGJEHP á _ á R&_�_ á IÂâòZ�iXiFZ`ë�DFWLãÃP�ZbWHcLD�_QDXZ�WÑDSG�æhI�_K�

¥�¦<§©¨�ª � ���z� §�¦¬«­ ¨�® �!ç ¦ ê «­ �!ç ¨ ê ç¯�rê
w=I�ë�DFiXi�P�R&iFiÎ_ á I�DXW�úbI[fQGJI7Z&âf�°�+(��*-K��(�H�R&WHcÑDFWHcVDSP�R`_QI�D�_�ë�DX_ á �l±³²ré
N�G�WLZ-fQI[cLELWHcLRbWHP�åÂDSG~äMI�DFWLãÂP�ZbW¨G�DScVI�fQI[cAT[DX_�DSG�I[R�G�å-_JZÂP�RbiFP�ELiFR&_JI!_ á R&_lV���´`cVDXðMI[fJI[Wn_

I�WHP�Z�cLI�faGÊR&fQI]KMZ�GQG�DFäLiFIbé<M-WHP�IÑ_ á I"fQI�âòI[fJI[WHP�I"G�_JfQI[R&æ á RbGhäMI�I�W íLóVI�cºT
_ á IÑI[WHGJELDXWHã
WnEHæ9äMI�f�Z&âO_QfQRbWHGJD�_QDXZ�WHG$Z�Wô_ á I=äHEHG"cVI�KMI�W¨cLGÑZbWô_ á IÉI�WHP�Z�cLI�f�EHGJI[cºé à�á IÆR&DFæ DFG
_ á I[fJI�âòZbfQI2_JZ�íHW¨c7_ á I�Z�KV_JDFæÊR&i�I�WHP�Z�cLI�fº_ á R`_�ë�DXiFibæhDFWLDXæhDFY�I
_ á I�W�ELæ(ä¨I[f~Z&â�_QfQRbWHG�DX_JDFZbW¨G
ZbW�RhäLEHG^âòZbf�RhGJK¨I�P�DXí¨PÂfQI�âòI�fQI�W¨P�I�Gu_QfJI�R&æ�é

xzyEx µ�~��·¶����C¸K¸��|~o��~��L�K����¹'�C���h���C��º+��»z�����h�G�
u�ú`R&iFEHR`_QDXZ�W$Zbâ�R&W]I�WHP�Z�cLI�f�DFG�RÃP�Z�æhKLEV_QR&_JDFZbWHRbiXiFåÊZbWHI�fQZbEHG!_QR�G�ïÎé à�á I7æÃI[æhZbfQåÊfJI�âòI�fJñ
I�WHP�Il_QfQR�P�IlíHiFI^KHfJZVcVEHP�I[cOâòZbiFiXZ`ë�DFWLã7I�óVI[P�EV_JDFZbWÃZ&â¨RbWÃRbKLKLiFDFP[R`_QDXZ�WO_uå�KLDSP�R&iFiFåOP�ZbæhKLfQDSG�I�G
á EHWHcVfQI[cLGºZbânæhDFiXiFDFZbWHG~Z&â�fJI�âòI�fQI�WHP�I[G[é�õÈ_~DFGA_ á I[fJI�âòZbfQI
RbcVú�DSGJRbäLiXI2_QZ�P�Z�æÃKHfJI�GJGM_ á I!G�_JfQI[R&æ
G�Z9R�G
_QZOZbäV_aR&DFW$ROG�_JfQI[Rbæ ë�DX_ á RbWÊELKLKMI�f^ä¨Z�ELWHcÊZ�Wh_ á I-W�ELæ9äMI�f^Z&âºKHR&_�_JI[fJW¨G�énõÈâ�¼ÉDFG
_ á IÃDXWHD�_QDFRbi2G�_JfQI[Rbæ RbWHc3¼<½�DSG�_ á IhP�ZbæhKLfQI[GQGJI[c�ZbWHIbT¨_ á IÃZbKV_QDXæÊRbi�I[WHP�ZVcVI[f-Z�äV_QRbDXWLI�c
EHG�DFWLã�¼<½ á R�G
_QZOä¨I-_ á I-GQR&æhI�RbG�_ á I-ZbWLI�_ á R&_lë^ZbELiSc á RrúbI�äMI�I[W�ZbäL_QR&DFWLI�cÊD�âAë^I á R�c
EHG�I�c¾¼îR�GO_ á I$DFWLKLEV_Ã_JZe_ á IÑI�W¨P�ZVcVI�fhcVI�G�DFãbW�mHZ`ë�é à�á IÑP�ZbæhKLfQI[GQGJDXZ�WÅDFG9_ á I[fJI�âòZbfQI
iXZnGJGJiXI�GJGlâòZ�f�I�WHP�Z�cLI�f�ãbI[WLI�faR`_QDXZ�W$KLEHfJKMZ�GJI[G[é¿ R`_ á I�fÊ_ á R&WüP�ZbæhKLfQI[GQG�DFZbWAT2_ á I"_QI[P á WLD%�nELI"EHGJI[cùDSGÊäHR�G�I�c�Z�WüRÅcVD�ðÎI�fQI�Wn_$fQI�KLñ
fJI�G�I[W�_aR`_QDXZ�WÉZbâ�_ á I]fJI�âòI�fQI�WHP�I$G�_JfQI[R&æ�é � I�_ÃEHG9P�ZbWHGJDScVI�fÃR"äLEHG(ë�D�_ á R"ë�DSc�_ á Z&âL�Oé
N.fJI�âòI�fQI�WHP�IhG�_JfQI[Rbæ DSGOR"G�IK�nELI�WHP�IhZ&â�KHR`_J_JI�fQWHG[éAu!R�P á KHR&_�_QI�fQWÉDSGORbWÆR�cLcVfQI[GQG7Z&â7�
äLD�_aG�é�NìP�ZbæhKLfQI[GQGJI[ceG�_JfQI[Rbæ*DFG9R&iSG�Z�R�G�IK��EHI�WHP�IÃZbâ^K¨R`_�_QI�fQWHG[éAN ã�I�WLI[fJDSPÃKHR`_J_JI[fJWÉDFG
R'�&ñz_QELKLiFIQÀ�Á�Â § Á5Ã §©Ä Â0Ã�Å-ë�D�_ á3Æ §�Ç ­ � § � § V §�È�È�È"§ V��3¢É�ÃRbWHc Æ8Ê Ç _ á R`_OG�KMI[P�D�í¨I[G7_ á I
WnEHæ9äMI�fÃZ&â�ZVP�P�ELfJfQI�W¨P�I[G Ä³ÂJÃ ë á I�WÅ_ á IÑfJI�âòI�fQI�WHP�I[GWÁ Â Rbc·Á Ã R&fQI$P�Z�WHGJI[P�EL_JDFúbI$DFW[¼�é
à�á IÂæÃI�R&WLDFWLãhZ&â�_ á IOP�ZbW¨cVD�_QDXZ�W Æ�Ê Ç P[R&WÑä¨I�I�óVKLiFRbDXWHI[c]änå$ZbäHGJI�fQú�DXWLã(_ á R`_[TLâòZbf�ZbEHf
KLELfQK¨ZnG�I�G�TÎDX_ODFG7ZbWHiXå�WHI[P�I�GJGQR&fQåÑ_JZ�ï�WLZ`ë ë á R&_Â_ á IÊP�Z�WHGJI[P�EL_JDFúbIhRbcLcVfQI[GQGJI[G7R&fQIÃRbWHc
WLZ&_-_ á I[DXf7ZbfacVI�f�éLõÈâ�DFW�úbI�fJ_JI�cºTHDFW"â¶R�P�_[T¨_ á I(W�ELæ(ä¨I[f�Z&â
_QfQRbWHGJD�_QDXZ�WHG�cVZ�I�G�WLZb_7P á RbWLãbI�éX�GJDXWLãÃ_ á DFG�_JfaR&WHG�âòZbfQæÊR`_JDFZbW~T�_ á I�æÊR`óVDFæ9ELæ�WnEHæ9äMI�f�Z&â2KHR&_�_JI[fJW¨G�DXW�¼�½-ë�DFiAäMI��
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ë á R`_QI�úbI[f^_ á I�W�ELæ(ä¨I[f�Z&â�KHR`_J_JI�fQWHG�DFW�¼�é�LZbf~I�óLR&æhKLiFIbT[D�âo¼ ­ ���KV § � § �KV § ��V §*ÏÐ§ I § �KV §*ÏÐ§ I §�Ï 
�_ á IlP�ZbæhKLfQI[GQG�I�c7G�_JfQI[Rbæ:ë�DFiXinäMI
æhR�cVI
ELK�Zbâ�_ á I
âòZbiFiFZ`ë�DXWLã^âòZ�ELfAKHR&_�_JI[fJW¨GA¼ ½ ­ ��À|� § �KV § V�Å § À ÏÐ§ I § �+Å § À Ï1§ ��V § V�Å § À�I § �KV § ��Å�

xzy%Ñ Ò;Ó¡ÔO�f�Ð¸��CÕ¬Ö$��¸�×8��º+~³ÕU���UØ
à�á I�cVI[GJDXã�W]GJKHRbP�I-Zbâ�RbW]I[WHP�ZVcVI[f[T�ë á DSP á DFWHP�iFEHcVI�G�R&iFiÎ_ á IÂI[WHP�ZVcVI[fQGl_ á R`_�P�Z�ELiFc]KMZ�G�ñ
G�DFäLiFI-äMIÂfJI�R&iFDXY[I[cºTnãbfQZ`ë�G�DFWÑROâ¶RbP�_JZbfQDSR&i¨â¶RbG á DXZ�W]RbiXZ�WLã9ë�DX_ á _ á I7W�ELæ9äMI�f�Zbâ~ëlZ�fQcHG�_QZ
ä¨I�I[WHP�ZVcVI�cºTLë á DSP á DFWÑ_JELfQW�ãbfQZ`ë�G!I�óVK¨Z�WLI�Wn_JDSR&iFiFå�ë�D�_ á _ á IOGJDXY[I�Z&â�_ á I�äLE¨G�é
õvWeãbI[WLI�faR&iªTHë á I�W�_ á IÊG�K¨RbP�I(Z&âlP�ZbWVí¨ãbELfaR`_QDXZ�WHG�DSG�_QZ�Z]iSR&fQãbI9_JZ$äMIhI�óVKLiFZbfQI[c"I�ó�ñ

á R&EHG�_JDFúbI[iXå�T2ZbWLI�G�Z�iXEL_JDFZbW÷DSGÃ_JZÉEHGJI�I�úbZ�iXEL_JDFZbWHRbfJå=_JI�P á WLD%��EHI[G[é
C7I[WLI�_QDFP�RbiXã�ZbfQD�_ á æÊG
á RrúbI7ä¨I[I�W�EHGJI[cÑDFW�GJI�ú�I�faR&iÎU � ø�õ�cVI[GJDXã�W$í¨I�iScLGÙ� Ï 
ªé
à�á IÃRbKLKLfQZ�R�P á ëlIÃKLfQZbKMZ�GJI(EHGJI[G7ã�I�WLI�_JDSP(RbiXã�ZbfQD�_ á æÊG-R�G�_ á IhZbKV_QDXæhDFY[R`_QDXZ�W�_QZnZ�izé

N�KLKLiFDSP�R`_QDXZ�W�Z&â~CÂN-G�_QZ(R&WÊZ�KV_JDFæhDXY�R`_QDXZ�WÊKLfJZ�äLiFI�æÔfJIK��EHDXfQI[GlcVI�íHWHD�_QDXZ�W�Z&âÎ_ á I�âòZbiFiFZ`ë�ñ
DXWLã�âòZbELf�R&_�_QfJDFäLEV_QI[G��L_ á I(P á fQZbæhZ�GJZbæhI�T�_ á I�íH_JWLI�GJG�âòELWHP�_QDXZ�WAT¨_ á IOã�I�WLI�_JDSP�ZbKMI�faR`_QZbfaG
R&WHc _ á I=G�_JZ�KùP�fJDX_JI[fJDFZbW~é<u!R�P á Z&âÂ_ á I�G�I=R`_�_QfJDFäLEV_QI[G$ë�DXiFi�äMI=cVI�íHWLI�cùë�D�_ á G�KMI[P�D�íMP
fJI�âòI�fQI�WHP�I-_QZÃ_ á IOP[RbGJIÂG�_JE¨cVå$äMI�DFWLãhDXW�ú�I[G�_JDFã�R`_QI[c]DXWÑ_ á IÂâòZbiFiXZ`ë�DFWLãhG�EHäHG�I�P�_QDXZ�WHG�é

Ú ���¾µ�����~o��~�¸K~o��� à�á IhP á fJZ�æhZ�GJZbæhI9DSGÂR$fQI�KLfQI[GJI�Wn_aR`_JDFZbW"Zbâ!_ á I9âòZ�fJæÊR&_7Zbâ!_ á I
G�Z�iXEV_QDXZ�W�_JZÊ_ á I9KHfJZ�äLiXI[æ�äMI�DFWLã$DFW�úbI�Gu_QDXãnR`_JI�cºéLõvW"Z�ELf-P[RbGJI�D�_7DFG-RÊfJI[KLfQI[GJI�Wn_QR&_JDFZbWÑZ&â
R&WÑI�WHP�Z�cLI�f�é à�á I�fJI[KLfQI[GJI�Wn_QR&_JDFZbW�ë^I�P á Z�GJI�P�ZbW¨G�DSGu_aG^Z&â2I�WHP�Z�cLDXWLãÃ_ á IÂ_JfQEV_ á _aR&äLiFIÂZ&â
R&WeI[WHP�ZVcVI[f[éÎõvWe_ á DSGÂë^RråÑ_ á IÊP á fJZ�æhZ�GJZbæhIOë�DFiXi
äMI(æÊR�cVIhELKeZbâ^RbG-æÊR&W�å"ãbI[WLI[GÂR�G
_ á I[fJI�RbfJI�fQZ`ë�G2DXWh_ á I�_QfJEL_ á _QRbäLiFI�Z&âAR&WhI�W¨P�ZVcVI�f�é à�á I�ãbI�WHI�DXWÊKMZ�GJDX_JDFZbW Æ fQI�KLfQI[GJI�Wn_aG
I�WHP�Z�cLDXWLã(Z&âA_ á I7ëlZ�fQc Æ é à�á R`_�DSG�TnâòZbf�R&W$I�WHP�Z�cLI�f^Z&âA� äLDX_QG[Tnë^I�ë�DFiFi á RrúbI8V��ÉãbI�WHI[G[é
à�á I Æ ñz_ á ã�I�WLIÂë�DFiXiAfQI�KHfJI�G�I[W�_�I�W¨P�ZVcVDFWLãhZ&â~_ á I�äLDFWHR&fQå�ë^ZbfacÊ_ á R`_�I[WHP�ZVcVI�G Æ ë�D�_ á �
äLD�_aG�é
à�á I�P á fQZbæhZ�GJZbæhI�DFG!fJI[KLfQI[GJI�Wn_JI�c(R�G�RÂ_QRbäLiFI�ë�D�_ á V>�=fJZ`ë�G
RbWHc�V�P�Z�iXELæhWHG[é�ulRbP á

fJZ`ë P�ZbfQfQI[GJK¨Z�WHcLG(_JZ RÆã�I�WLI�é<M-WHP�I�_ á I�ãbI[WLI�fQDSP]fQZ`ë Æ DFGhíHó�I�cºT�_ á I�íHfaGu_$P�ZbiFELæhW
fJI[KLfJI�G�I[Wn_QGÃ_ á I"I�WHP�Z�cLDXWLãÅZbâ Æ T�ë á DXiFI�_ á I�GJI[P�ZbWHc ã�DXú�I[GÃ_ á I"K¨ZnG�DX_JDFZbWùZ&â7_ á I"ãbI�WHI
ë á Z�GJIÂI�WHP�Z�cLDXWLãhDSG Æ é
Ú ����}L�Ì�K���C¸K¸�}A�U�Uº>���|~o� à�á IÊíH_JWLI�GJGOâòELWHP�_QDXZ�WÅæhI[RbGJELfQI[GÂ_ á IÊíL_QWLI[GQGOZbâ�RbWÅDXW¨cVD�ñ
únDScVEHRbi2æÃI[æ9äMI�f�Zbâ�_ á IhKMZbKLEHiFR&_JDFZbWAéÎõvWÉZbELf�P�R�G�I9_ á IÃíL_QWLI[GQG7âòELWHP�_JDFZbWÆRbGQG�DFãbW¨G�I�RbP á
I�WHP�Z�cLI�f�RÃWnEHæÃI[fJDSP�RbiÎúrRbiXEHI-_ á R`_�æhI�RbGJELfJI�G!DX_QG�P�R&K¨RbP�DX_uåh_JZÃfQI[cVEHP�I�G�ë�DX_QP á DFWLãÊRbP�_JDFúnñ
D�_uåÊZ�W$ROäLE¨G�é1Û�R&_JELfaR&iFiFåbT�_ á I-íL_JWHI[GQG�âòELW¨P�_JDFZbWÑë�DFiXiÎcVI�KMI�W¨c$WLZb_lZ�WLiXåhZ�W�_ á I-I[WHP�ZVcVI[f
äLEV_�R&iSGJZÃZ�W$_ á I�fQI�âòI�fQI�W¨P�I�Gu_QfJI�R&æì_ á I�I�W¨P�ZVcVI�f�DSG�G�_JDFæ9ELiSR`_QI[cÑä�åbé
õÈâ�Ü+DXWHcLDFP[R`_JI�G�_ á I�P á fQZbæhZnG�Z�æÃI!_ á R&_�æÊR&KHG�_ á I�I�WHP�Z�cLI�f
R&WHc�¼�½!_ á I�P�ZbæhKLfQI[GQGJI[c

fJI�âòI�fQI�WHP�IhG�_JfQI[Rbæ�TÎ_ á IÊW�ELæ(ä¨I[f�Z&â^_JfaR&WHGJD�_QDXZ�WHG7ZbWÉ_ á IÊäLEHGOP[R&EHGJI[c=ä�å3¼�½(ë á I[WÉWHZ
I�WHP�Z�cLDXWLãÊGQP á I�æhIÂDSG�R&KLKHiXDFI[cÉçòäLDFWHRbfJå]I�WHP�Z�cLDXWLã�êlDFG��
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R&fQI�_ á I�KHR&DFf�Z&â2G�E¨P�P�I�GJGJDFúbI7fJI�âòI�fQI�WHP�I[G�R&WHcQ¼�½�� Æ § ��
ADSG^_ á I�W�ELæ(ä¨I[f�Z&â�ZVP[P�ELfQfJI[WHP�I�G^Z&â
_ á DSG�KHRbDXf�é à�á I�W�ELæ9äMI�f�Z&â�_JfaR&WHGJD�_QDXZ�WHG^ZbWÑ_ á I�äLEHG�cVEHIÂ_JZ�¼�½7ë á I�W�D�_�DSG^íHiX_JI[fJI�c]ä�å
_ á I�I[WHP�ZVcVI[f�Ü DSG��
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õvWÑG á ZbfJ_[T�_ á IÂíL_QWLI[GQG�âòELWHP�_JDFZbW�DSG�cVI�í¨WLI[cÑRbG^âòZ�iXiFZ`ë�G��

ï2ç|Ü § ¼ ½ ê ­ Ý �³ÞOß ç�¼�½�êU¢ Ý �³ß ç�Ü § ¼�½[êÝ �³Þ*ß ç|¼ ½ ê ç|V�ê
_ á R&_^DSG�TÐï2ç|Ü § ¼�½[ê!fJI�_JELfQWHG!_ á IÂW�ELæ9äMI�f^Z&â~_JfaR&WHGJD�_QDXZ�WHG^GJRrú�I[chë á I[W$_ á I-I[WHP�ZVcVI[fêÜ DFG
EHG�I�c]âòZbf�_ á IOGu_QfJI�R&æð¼�½&é
Ú ����Ò;�C�U�+�K��º�ñ�¶��h���1��~o��¸ à�á I(íL_QWLI[GQG�âòEHWHP�_QDXZ�W=cVI�íHWLI[c�änå�u<��E¨R`_JDFZbW ç�Vbê�DFG7R&KLñ
KLiXDFI[c�_QZÉI�RbP á DXW¨cVDXú�DScVEHRbi�DXW _ á I"K¨Z�KLELiSR`_JDFZbW�çòDªé Ibé
_QZÉI�RbP á I�WHP�ZVcVI�f�ê�é à�á I�RbDXæ Z&â
_ á IÊCÂN DSG-_ á EHG�_JZÑæÊR&ïbI9_ á IÃKMZbKLELiSR`_QDXZ�W�I�ú�ZbiFúbI9GJZ]R�G�_QZ]Z�äV_QRbDXWeDXWHcLDXú�DScVEHR&iSG-ë�D�_ á
DXWHP�fJI�RbGJDXWHãbiFå á DXã á I�f�íH_JWLI�GJG�ú`RbiXELI�G�é
à�á I�DFWHcVDFú�DFcVE¨R&iÎë�D�_ á _ á I á DXã á I[G�_!íL_QWLI[GQG^ú`R&iFELI�ë�DFiXiºRbiXë�RråVG�äMI-DFWHGJI�fJ_JI[c�DXWn_JZ(_ á I

WLI�ë KMZbKHELiFR&_JDFZbW çòI�iFDX_JDSG�æ�ê�é à�á I(I[WHP�ZVcVI[fQG-æÊR&ï�DXWHã]ELKe_ á IÃKMZbKLELiSR`_QDXZ�W=RbfJIÃG�I[iXI�P�_JI�c
ë�D�_ á R�KLfQZbäHRbäLDFiXDX_uå-cVDFfQI[P�_QiXå7KLfQZbKMZbfJ_JDFZbWHRbi`_JZ�_ á I[DXf~íL_JWLI�GJG~ú`R&iFELIbéKwüD�_ á R�EHGJI�fJñvcVI�íHWHI[c
KLfJZ�äHR&äHDXiFD�_uåÃ_ á I-ã�I�WLI�_JDSP�Z�K¨I[fQR&_JZ�fQGlR&fQI-R&KHKLiXDFI[c�_JZ(_ á I[æ�R&W¨ch_ á I[å$R&fQI�DFWHGJI�fJ_JI�cÊDXWn_QZ
_ á I"WLI[ë�KMZbKLEHiFR&_JDFZbWAé à�á DSGÊGJI�iFI[P�_QDXZ�W�KHfJZVP�I�GJG(DSGhfJI[K¨I�R`_JI�c÷EHW�_QDXi�_ á I�WLI[ë�KMZbKLELiSR`ñ
_JDFZbW�fQI[R�P á I[G�_ á I(GJDFY�I9I�Gu_aR&äLiFDSG á I�c�ä�å]_ á I9E¨G�I[f[é à�á fJI[I9ã�I�WLI�_JDSP�ZbKMI�faR`_QZbfaG�R&fQIOEHGJI[cz�
d"EV_QR&_JDFZbWAT¨g2I�fQæ9EV_aR`_JDFZbWÑR&WHc"\lfQZ�GQGuñÈZ`úbI[f[é
à�á I�å�ë^I�fQIÂR&KLKLfQZbKHfJDSR`_QI�iFåÊfJI�cVI�íHWHI[cÑG�ZhRbG^_QZÃã�EHR&faR&Wn_QI�I-_ á R&_�RbKLKLiFDFP[R`_QDXZ�W$_QZhRbW

I�WHP�Z�cLI�f�çòDFW$_ á I�P�R�G�I7Z&â~æ(EV_QR&_JDFZbW�R&WHc$K¨I[fJæ(EV_QR&_JDFZbW¨êlZ�f^R(KHR&DFf�Z&â�I�WHP�Z�cLI�faG7ç¶DXW]_ á I
P�RbGJIÂZ&â2P�fQZ�GQGuñÈZ`úbI[faê!R&iFë^RråVGlãbDFúbI[G�fQDSG�I-_JZ�RbW]I[WHP�ZVcVI[f[é

ò /1��������-�!Åd"EL_QR`_QDXZ�W9DSG
R�EHWHR&fQå�ZbKMI�faR`_QZbf�_ á R&_
DFG2R&KHKLiXDFI[c(ë�DX_ á R7P�I�fJ_QRbDXW(KLfJZ�äHR&äHDXiFD�_uå
çòë á DSP á ëlI�ë�DFiXi�P�R&iFi=#$/1�í�>�|��->!�ó�H*- B � B �E.0�E�� �ê�_QZ�R&W�I�WHP�ZVcVI�f�ÜÊé � I�_4Ü.äMIOR&W�I[WHP�ZVcVI[f
Z&â³� äLD�_aG�é�N�KHKLiXDSP�R&_JDFZbW]Z&âº_ á I-æ(EV_QR&_JDFZbW$Z�K¨I[fQR&_JZ�f
_JZ�Ü P�Z�WHGJDFG�_QGlZ&âAú`R&fQå�DXWHã9R(GJDFWLãbiFI
äLD�_�Zbâ2RbW]I[WHP�ZVcVDFWLãÊP á ZnG�I[WÑR&_�faR&W¨cVZbæ�é
d"ZbfQI-GJK¨I�P�DXí¨P�RbiXiFåbT�R(fQRbWHcVZbæ.W�ELæ(ä¨I[f Æ äMI�_uë^I�I[W'�9RbWHc'V���¢·�-DFG^I�ón_QfQR�P�_QI[c�RbWHc

ZbWLIÂZ&â�_ á IÙ� äHD�_aGOç¶RbiFGJZÊP á Z�GJI�WÑR`_�faR&WHcVZ�æ�ê!Zbâ~_ á I�I�WHP�ZVcVDXWHãÊZ&â Æ DFG�DFW�úbI[f�_QI[cºé
ô (5H�#$/1��������-�! g2I�fQæ9EL_QR`_QDXZ�W(DSG�RÂELW¨R&fQåOZbKMI�faR`_QZbf�R&KHKLiXDFI[cÃë�DX_ á RÂP�I[f�_aR&DFWhKLfJZ�äHR&äHDXiFD�_uå
çòë á DSP á ë^I!ë�DFiXi�P�RbiXi�óÐ(�H�#$/1�í�>�|��->!4ó"HO- B � B �E.0�E�� �ê�_JZ7R&WOI[WHP�ZVcVI[f�ÜÊé � I�_UÜ:ä¨I^R&WOI[WHP�ZVcVI[f
Z&âl� äLDX_QG[éMN�KLKLiFDFP[R`_QDXZ�W"Z&â2_ á I(K¨I[fJæ(EV_QR&_JDFZbW�ZbKMI�faR`_QZbf�_QZ�ÜìP�Z�WHGJDFG�_QG�Z&â
I�óLP á RbWLãbDFWLã
_ á I�I[WHP�ZVcVDFWLãhZ&â�_uëlZhfaR&WHcLZbæhiXå�P á Z�GJI�WÑëlZ�fQcLG[é

õUH*-�����D©-�F�(5H�\lfJZnGJG�ñÈZ`úbI�f�DSG�RÂäLDFWHR&fQåOZbKMI�faR`_QZbf�_ á R`_�DSG�R&KLKHiXDFI[c(_JZÂ_uë^Z�I�iFI�æhI[W�_aG
Z&âM_ á I
K¨Z�KLELiSR`_JDFZbWÊë�DX_ á R�P�I�fJ_QRbDXWÊKLfQZbä¨R&äLDFiXDX_uå�_ á R`_^ëlI�ë�DFiXiMP�RbiXif�5HO-�����D©->F�(�Hló"HO- B � B �E.0�E�� `é � I�_Ü ² RbWHc¡Ü�ö-ä¨I�_uëlZ9I�WHP�Z�cLI�faG�Z&â³�:äLD�_aG�éCw á I[W$R&KHKLiXDFI[cÊ_JZ�_ á I�_uë^ZOI[WHP�ZVcVI[fQG<Ü ² RbWHcÜ�öO_ á IhP�fQZ�GQGuñÈZ`úbI[f�ZbKMI�faR`_JZ�f-GJë^RbKHG�_ á IhP�ZVcVDFWLã$ZbâlR�ë^Zbfac"P á ZnG�I[WeR`_ÂfQRbWHcVZ�æ�âòfQZbæ



_ á I�V>�÷_ á R&_ÂRbfJI9K¨ZnGJGJDXäHiXI�é à�á R&_-DSG�TMDX_-faR&WHcVZ�æhiXå�I�ó�_QfQR�P�_QG�_ á I(ëlZ�fQc Æ TÎR&WHc�Ü ² � Æ § ��
R&fQI7GJë^RbKLKMI[c]ë�D�_ á Ü4ö�� Æ § �5
ÈéoM�â�P�ZbELfaG�I�Tn_JZhãbEHRbfQRbWn_JI�I�_ á R&_�_ á I�P�ZbWHcVDX_JDFZbWÆç¯�rêlDFG�æhI�_
änå�_ á I�WLI[ë+I[WHP�ZVcVI[fQG�ã�I�WLI[fQR&_JI�cºT1Ü ² � Æ § V�
~R&WHc;Ü�ö�� Æ § V�
 á RrúbI7_JZhäMI�ELKÎcLR`_QI[cºé
Ú ���É»³��~o¶ðµv�������h����~�� U�R&fQDXZ�EHG9G�_JZ�K÷P�fQD�_QI�fQDFReP�R&W÷ä¨IÑEHGJI[cºT�âòZbfÃI�óLR&æhKLiFI]ReEHGJI�fJñ
æhRbWHR&ã�I[c7KHRbfQRbæÃI�_JI[fºZbf~RbWÂRbEV_JZ�æÊR`_JDSP
P�fQDX_JI�fQDFZbWÊçòI�é ã¨é[P�Z�W�úbI�fQãbI[WHP�I�ñªä¨RbGJI[cHêV_ á R&_�G�_JZbK¨G
_ á IOKHfJZVP�I�GJG�Z&â
I�ú�ZbiFEV_JDFZbW�ë á I[W"WLZ$R&KHKLfJI�P�DSR&äLiFI�DFæÃKHfJZ`ú�I�æhI�Wn_QG�DFW�_ á I(GJK¨I�P�DFI[G á Rrú�I
ä¨I[I�W�Z�äHG�I[fJú�I[c]âòZbf7RhâòI�ëîã�I�WLI[fQR&_JDFZbWHG[é à�á IÃGu_QZbK�P�fJDX_JI[fJDFZbW�ë^I9ë�DFiXi�EHG�I(DFG�äHRbGJI[c�Z�W
R(E¨G�I[f�ñvcVI�í¨WLI[c]æÊR`óVDXæ(ELæ�W�ELæ(ä¨I[f�Z&â�ãbI�WHI�faR`_JDFZbW¨G�é

÷ ø;ùLiÙgAÚHßOúûg�Ø!Ù1dlk(ÚÐgAe�Ý4kuÙ1e
õvW=_ á DSG9GJI[P�_QDXZ�WÆëlIÊë�DFiXi!KLfJI�G�I[Wn_�_ á IÊfQI[GJELiX_QG�Z�äV_QRbDXWLI�cÉänåÉR&KLKHiXå�DFWLã�ZbELf9RbKLKLfQZ�R�P á T
P�ZbæhKHRbfJDFWLã(_ á I[æ�ë�DX_ á _ á I�æÃZnGu_�I�ðMI�P�_QDXú�IÂRbKLKLfQZ�R�P á I[G^KLfQZbKMZ�GJI[c$DXWÑ_ á I�iXDX_JI[fQR&_JELfQIbé
à�á I�R&KHKLiXDSP�R&_JDFZbW�GQP�I[WHR&fQDXZ�fQI�âòI[fJfQI[c(_QZ9DSG�I�W¨P�ZVcVDFWLãOZ&âº_ á I-R�cLcVfQI[GQG�I�G2_JfaR&W¨G�æhDX_�_JI�c

ZbWôR¾�hVrñÈäLDX_$äLEHGÑR&WHcùã�I�WLI[fQR&_JI�cùänåùR KHfJZVP�I�GJGJZbf�cLELfJDFWLã I�óVI[P�EL_JDFZbWôZbâ9R G�KMI[P�D�íMP
R&KLKLiFDSP�R`_QDXZ�WAé à ë^Z P�R�G�I�G�R&fQI�P�Z�WHGJDFcVI[fJI�cz��ç¶DSêÊ_ á I=äLEHG�DSG�æ(ELiX_JDFKLiXI�óVI[cºTÂçòDFDSê�D�_]DFG]R
cVI[cVDSP�R&_JI�c�äLEHG[é[õvW9_ á I!âòZbfQæhI�f2P�RbGJI
_ á IlR�cLcVfQI[GQG�I�Gº_JfaRrúbI[iXiFDFWLã�ZbW�_ á I^äLEHG�fJI�âòI�f�_JZ�äMZ&_ á
âòI�_QP á DXWLã"DFWHG�_JfQEHP�_QDXZ�WHGORbWHcÅRbP[P�I[GQGJI[GÂãbI[WLI�faR`_QI[c=ä�åeiFZ�Rbc�n`G�_JZbfQIÃDXWHG�_JfQEHP�_JDFZbWHG[éAõvWÆ_ á I
iFR&_�_JI[f�P�RbGJIbT�_ á I-äLE¨G^P�ZbWHGJDScVI�fQI[cÊDSG�cVI[cLDFP[R`_JI�c$R�cLcVfQI[GQG!äLE¨G!âòZ�f!âòI�_QP á DFWLãÃDXW¨Gu_QfJEHP�_JDFZbWHG
çòIbé ãHéL_ á IOR�cLcVfQI[GQGläHEHG�äMI�_uë^I�I�W�RÃKLfQZ�P�I[GQG�Z�f�R&WHcÑR&WÑDXW¨Gu_QfJEHP�_JDFZbW"P�R�P á I�ê�é
à�á I¡�+V`ñªäLDX_OäLEHG9DFG9KHR&fJ_JDX_JDFZbWHI[cÉë�D�_ á P�iFEHG�_JI�faG9P�ZbWn_QRbDXWHDXWLãÑ_ á I$GQR&æhI�W�ELæ9äMI�f9Z&â

äLD�_aG�R&WHc�_ á I�RbKLKLfQZ�RbP á ë^R�GlRbKLKLiFDXI�c�_QZ(I�RbP á P�iXE¨Gu_QI�f�G�I[KHR&faR`_QI�iFåbénõÈ_�DFG[T�DXW]â¶RbP�_[TLP�Z�æÃñ
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