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F9G 7�HJILKMKONQPRKTS!KTU,NWV�NYX�Z�[MKTH!NQ\]K�S_^$`�aLNQbcKO[TIdbYZ_ae`f\,ghId\,NYNY[TId\,giZ_\jP
k ShH!X G KONY[ F blImNQ\jblN

Id\RX�Z�[OKTIdZ_an^ G aLo�adamH!NQ\]K%S_^$KTU,Np[ONQq G IL[TNYH!NQ\]KTrs^tS_[uKTU,NWP,NYg_[ONYNvS_^

w Z_r�KONY[xS_^ F blImNQ\jblNpId\ k ShH!X G KONY[ F bYImNY\�bcNvZ_\jPy`f\jghIm\jNlNY[TId\,g

Z?KsKTU,N

w{z FjF z k'|�}pF `f~s~ F��"�pF ~ � ~ } ~s`�����~s` k'|�� �����+���

� G \,N��Y�_�_�

b� w Z_rOrOZ_b�U G rONcKMK�r � \jr�K�I�K G KONWS_^$~�NQb�Uj\,ShamS_g�8��Y�_�_�,� z adan[TImghU]KTrs[TNYrONl[O�hNYPA�

z G KTUjS_[��Y�Y�Y�l�Y�Q�l�Y�l�Y�Y�l�Q�Y�l�Y�l�Y�Y�l�Q�Y�l�Y�l�Y�Y�Y�Y�Y�l�Y�l�Y�Y�Y�Y�Y�l�Y�l�Y�Q�l�Y�Y�l�Y�l�Y�Q�l�Y�Y�l�Y�l�Q�Y�
V�NYX�Z�[MKTH!NQ\]K3S_^$`famNQb�KT[TIdblZ_a�`f\,ghId\,NYNY[TId\,gJZ_\jP k ShH!X G KONY[ F bYImNY\�bcN

w Z�8��������Y�_�_�

k NY[MKTILo�NQPy798��Y�Q�l�Y�l�Y�Y�l�Y�Q�l�Y�l�Y�Y�l�Q�Y�l�Y�l�Y�Y�l�Q�Y�l�Y�l�Y�Y�Y�Y�Y�l�Y�l�Y�Y�Y�Y�Y�l�Y�l�Y�Q�l�Y�Y�l�Y�l�Y�Q�
� Z�[T7�Z�[TZ!��IdrM�_S��

��S_[TPy� [TS_^¡NQrOrOS_[sS_^$`f\,ghId\,NYNY[TId\,g
~sU,NQrOIdr F�G X¢Nl[O�EIdrMS_[

z bYbcNYX,KONQPy798W�Q�Y�l�Y�Y�l�Q�Y�l�Y�l�Y�Y�l�Q�Y�l�Y�l�Y�Y�Y�Y�Y�l�Y�l�Y�Y�Y�Y�Y�l�Y�l�Y�Q�l�Y�Y�l�Y�l�Y�Q�l�Y�Y�l�Y�l�Q�Y�l�
z [MKTU G [ k � F HJILKTU

k UjZ_Im[THJZ_\e� k ShHJHJILKMKONYN+Sh\{��[�Z_P G Z?KON F K G PjNY\]KTr
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~ P�I�Q�N!C�TpEdVe��T�CeI�?�l�z�GJILCjqAN!U(Q���?'qyEdz(T{KDEdz�G�U�E^B�@DGJILK�K0T�G�T�B0Tpz�IXGJP0TpG(Edz�@�z�I`K#GJN{S�U�N���EdKDI
T�V0TpCFI{z�I`U���Ed_`I{YvN!UhG�P�I��-VWGJILU�V�I�Ga����G�P0T�z�B3I`_LN!CeI�T�_LU�E^G�Ed_`T�\�S0T�U�G�N�Y5G�P�I��-VWGJILU�V�I�G�EdVDYvU�T�z��
GJU�@�_LG�@�U�Ip�t��I`_`T�@�z�I#N�Y�EHGJzREdCeS'N�U�G�TpV�_`Ipq&Q���?�E^z{TtY�Ta�!N!U�E^GJI�G�TpU�c!I�G{NpY$C�Tp\dEd_LEdN!@Dz�P0T�_��pI`U�zL�
� N��(IL��I`U`q�Q���?REdz�V�N�G[K�I`z�Edc!VDI`K�G�N�B3I�T�z�I`_`@DU�I�S�U�N�GJN�_`N�\�� ~ N�C�T��pI(G�P�I�Q���?RCeN!U�I�U�N!BD@�z�G`q
TnQ���?�z�I`_L@�U�EHG-l�I���GJILV�z�E^N!V�P0Tpz{B3I`ILV�S�U�N!S'N�z�I`K,�#�-V�G�P�Edz�I���G�I`V�z�EdN!Vbq�GJP�IFT�@DG�P�I`VWG�Ed_aT�GJEdN�V
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~ P�Edz#G�P�I`z�EdzMTpV0T�\^l��LI`z#GJPDIkz�IL_`@�U�E^G-l�E^z�z�@�I`ztN�YRQ���?�T�V�K�E^G�z#z�IL_`@�U�E^G-l I���GJILV�z�E^N!Vb����G
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@�S3K0TpG�I�N!S3I`U�TpGJE^N!V�z`� ~ P�I�CFT�\dE^_`E^N!@�z¦@�z�I`U�VDI`I`KDz�GJN�_LN!CeS�U�N!CeEdz�IhTpG�\^IaT�z�G$§�¨¤r�U�I`S�\^Ed_`T�z�G�N
IL©'I`_�GJEH�!I`\HleTpG�GJT�_��OGJP�Ihz�l�z�GJI`Cnqy�XP�Ed_�PF_`N!V�z�Edz�GJz�NpY«ªW§¬¨�r¬U�I`S�\^Ed_aTpz`� ~ P�E^z¦GJP�ILz�Edz�T�\dz�N�z�P�N��Xz
GJP�TpG�G�P�I��(l��`T�VWGJEdVDI���Y�Tp@�\^G���GJN�\dI`U�T�VWG�Q���?FS3I`U�YvN!U�Cez(T�\dCeN!z�G(T�z���IL\d\'T�z�TpV#EdCeS�\dILCFILVWG�TpG�EdN!V
N�Y�GJP�IRQ���?Mz�I`_L@�U�EHG-ltI���GJILV�z�E^N!Vb�

~ P�ILz�Edz�?A@�S3I`U���Edz�N�U`­]��T�U�B0T�U�Te®«E^z���N��
~ E^G�\dIp­¦¯0N!U�Kt°]U�N�YvILz�z�N!U¬NpY[Z]V�c!E^V�I`ILU�E^V�c
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I`EHGJP�ILU�\dI`T��yEdV�ceGJP�IOSDU�E^�pTpG�I��pILl!qbG�P�I`U�ILYvN!U�I�_`N�CFS�U�N!CeEdz�E^V�c�GJP�I��XP�N�\dI��LN!V�Ipq«N!U�\^N!z�E^V�c�GJPDI
V�I��=@�S3K0TpGJILz$GJP0TpGXP�T���I{VDN�GhB'ILI`VtGJUJTpV�z�YvILU�U�ILKnG�NeG�P�I�z�IL_`N!V�K�T�U�E^I`z`�
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~ N�z�N!\H�!I$T�\^\ANpY3G�P�I�S�U�N!B�\^I`Cez[CeI`VWGJE^N!V�I`K�TpB'N��!I�T�V�K�GJN�CFT��pI$Q���?�T�CeN!U�I�z�IL_`@�U�IXz�l�z�G�I`Cnq
TOV�IL�X\HlMK�ILz�Edc�V�I`KgQ���?#z�P�N�@�\dKtP0Ta�!I�GJPDI�YvN�\d\dN��XE^V�c�S�U�N!S'ILU�G�EdI`zL�

��	�� BC� B���:<����?
~ P�IOV�I���z�l�z�G�I`C C�@Dz�G�ILV�z�@�U�I�GJP0T�G�GJPDIOK0TpG�TFEdV�T�\^\&VDN!VA��Y�Tp@�\^G-ltV0TpCFI�z�I`U��!I`U�z�N�Y�T��`N�V�I
T�U�Ih_LN!V�z�Edz�G�I`VWGa� ~ Py@�zLqA�XP�ILV�IL��I`U�T�VF@DS'K0T�GJIXU�ILx�@DI`z�G�Edz]U�IL_`ILE^�!ILK�BWleT�z�I`U��!ILU`qAG�P�Edz¦U�I`xy@�ILz�G
z�PDN!@�\dKRB3I�SDU�N!S0TpcWTpGJILKRG�N�Tp\d\!N�G�P�I`U�z�I`U���I`U�z`�¦igN�U�I�EdCeS'N!U�G�T�VWG�\^l!q�VDN!VA��Y�Tp@�\^G-l�z�I`U��!ILU�z[z�P�N!@�\^K
G�Tp��I�G�P�I�z�T�CFI�T�_LG�EdN!VFEdV#U�I`z�S'N!VDz�I�G�N�GJP�I¬@�S3K0TpGJI�U�I`xy@�ILz�G`qDGJP0T�G�EdzLqDTp\d\�V�N�K�I`z(I��AI`_L@DGJI�GJPDI
zJTpCFI(@�S'K�TpGJI�N�S'ILUJTpG�EdN!V�z�EdV{GJP�I(zJT�CeI�N!U�K�I`ULq!E^YDGJP�I�U�I`xy@�ILz�G]Edz��pT�\dE^K�T�VDK�T�@DGJPDN!U�E^�`I`K,q�N!U[T�\d\
V�N�K�I`z¬U�I ��I`_LG¬GJP�I{U�ILx�@DI`z�G`����IL_aT�@Dz�I�N�Y[GJP�IRI��AEdz�GJILV�_`I�NpY5Y�T�@�\HG-ltz�I`U��!ILU�z`q,z�N!CeI�V�N�VA��Y�T�@D\^G-l
z�ILU���I`U�z�C�Tal�_`N�VyGJT�EdVFz�GJT�\dIhK0TpGJT�G�I`CeS'N!U�T�U�E^\^l�� ~ P�I¬B'NpG�GJN�C \dEdVDIhE^z�G�P0TpG(T{U�I`z�N!\^��I`U�z�P�N!@�\^K
V�N�G�B3IM_`N�VDYv@�z�ILK BWl�K�E^©'I`U�I`VWGeT�V�z���ILU�zFT�V�K¡z�P�N�@�\dK¡T�\H��Tal�z�B'ItTpB�\dI�G�N�c!ILGOG�P�IMV�I���ILz�G
K0TpGJTD�

� :���� 	�� � ���>�@? 	 ��� � �"	 � � 	���� � �>�@?
~ P�I$V�I�� z�l�z�GJILC;C�@�z�G¦S�U�N ��E^K�I$z�ILU���Ed_LI��XE^GJP�P�Edc!POU�I`\^EuT�B�E^\dEHG-l�T�V�K�Ta�pT�E^\uT�B�E^\dEHG-l!� �XI`\dEdT�B�E^\dE^G-l
Edz{TpG�G�T�E^V�I`K�BWl�ILV�z�@DU�EdVDcjGJP�TpG{G�P�IeEdVDYvN!U�C�T�GJEdN�V�EdV¢GJP�IFz�l�z�G�I`C Edz�V�N�G{\dN!z�GRN!U{_LN!U�U�@�SDG�I`K
�XP�ILV z�N�CFItV�N�K�I`zOY�T�E^\�� �XI`\^EuT�BDEd\dEHG-l�T�\dz�N¢c!@0T�U�T�VWGJI`ILzeG�P0TpG�GJPDInI�©,IL_LG�zFN�Y�T�V�N!S3I`UJT�GJEdN�V
I��AIL_`@DG�I`K#N!Vez�N�CFI$K0T�G�TRT�U�I$��Edz�EdB�\^I�GJN{T�\d\�GJP�N�z�IXGJP0TpG�Tp_`_`ILz�z�GJP�IXK0TpGJT�TpY GJILU]G�P�IXN!S3I`UJT�GJEdN�V
P0T�z]_LN!CFSD\dILG�I`KeU�ILcWT�U�KD\dI`z�z]N�Y«T�VWl�Y�TpEd\d@DU�I�G�P0TpG�CFE^c!PWG¦G�T��pIXS�\uT�_LI��
�h�pT�Ed\dT�B�Ed\^E^G-l�E^z(T�G�G�TpEdV�ILK
BWl�I`V�z�@�U�E^V�cXGJP0TpG`qpE^VRT�K�K�EHGJEdN�V�G�NXU�I`\^EuT�BDEd\dEHG-l!q`G�P�I]K0TpGJT¬T�U�I�T�\^��TalAz&T�_L_`I`z�z�E^B�\dI¦�XP�ILV�V�ILI`K�ILKbq
IL��I`VjEdVMGJP�I�S�U�I`z�I`V�_LI�N�Y&z�N!CeI�V�N�K�I�Y�T�Ed\^@�U�ILz`�
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~ P�I�VDIL� z�l�z�G�I`C C�@�z�G¦B3I�TpB�\dI�GJN�G�N!\dILUJTpG�I��%(��
� � �&� ��� # ��� �  � � ! � ®�?A° 2Wm � �5igN�z�G5Y�T�@D\^G�GJN!\^I`U��
T�VWG�z�l�z�G�I`Cez[c!ILV�I`U�T�\d\Hl�_`T�V�N!VD\^l�G�N!\dILUJT�VWG # ��� � � ! � �#� # ��� �  � � ! � ?A_�P0s�����q �XP�Ed_�P�T�U�I]E^VyG�I`V�KDI`K{G�N
CeNAK�IL\�@�V�S�U�I`K�E^_LG�TpB�\dIhS�U�N�_`ILz�z�N!U�_`U�T�z�PDI`z`��¯�T�E^\H�-z�GJN!SOY�T�@D\^G]GJN!\^I`U�T�V�_`IhEdz�V�N�G�z�G�U�N!V�c�I`V�N!@Dc!P
YvN!U5G�P�I�Q���?�B'IL_aT�@�z�I�CFT�\dE^_`E^N!@�z&TpG�GJT�_��yz�T�U�IXB'IL_`N!CeEdV�c�E^V�_`U�IaT�z�EdV�c!\Hl�_LN!CeCFN!V,� ~ P�E^z��yE^V�K
N�Y�TpG�G�T�_��e_aTpVM_aT�@�z�I�Y�T�@�\HG-lFVDNAK�ILz�GJN�I£�AP�EdB�EHG$T�U�B�E^G�UJT�U�l�B'ILP0Ta��EdN!U�z`qD�XP�E^_�PtT�U�I¬Y�T�U�B3ILl�N!V�K
GJPDI�Y�T�Ed\ �-z�GJN!S�Y�T�Ed\^@�U�IeCFN�K�IL\�� ~ P�It�(l��`T�VWGJEdVDI�Y�T�Ed\^@�U�IeCeNAK�IL\�E^z�EdVWG�I`V�K�ILK¤GJN�CeNAK�IL\�TpVyl
T�U�B�E^G�UJT�U�l�G-lAS3I�NpYXS�U�N�_`ILz�z�N�U�CFT�\^Yv@�VD_LGJE^N!Vb�M��G�C�T��pI`z{V�N�T�z�z�@�CeSDGJE^N!V�zRN!V�G�P�I�B3I`P0Ta��EdN�U
N�YhY�T�@�\HG-l�_LN!CFS3N!V�ILVWGJz`��?�N�EHGOEdz�G�P�IMz�G�U�N!VDc!I`z�GeY�TpEd\d@DU�I�CeN�K�I`\ ����Y�T�Q���?�_aT�V¡GJN�\dI`U�TpGJI
�(l��aTpVyG�EdV�I¬Y�T�Ed\^@�U�ILz`qyE^G��XEd\^\0B'I�T�P0T�_��pI`U���GJN!\^I`U�T�VWG�z�l�z�GJI`CnqDE � Ip�^q�E^G��XEd\^\�_`N!VWGJE^Vy@�I¬G�N�S�U�N���EdKDI
_`N�U�U�IL_LGhz�ILU���Ed_LI{I��!ILVj�XP�ILVgz�N�CFI�N�Y&E^G�z$_`N!CeS3N!V�I`VWG�z¬TpU�I�_`N!VWG�U�N!\^\dI`KMBWlnT�VnTpG�G�T�_��pI`UL�

�7: ��� 	 ��� 	 ���=:
~ P�I�S3I`U�YvN�U�CFT�V�_`I�N�Y]GJP�IOV�I��;z�lAz�GJILC z�P�N!@D\dK�V�N�G�KDI`c!U�T�K�I�GJN�NMC�@�_�P¢B3I`_`T�@�z�I�N�Y�E^VyG�U�Np�
K�@�_LEdV�c�GJP�IgT�B'N���IkV�IL� c!N�N�K S�U�N!S'ILU�G�EdI`zL� ��V�IkKDI`z�E^c!V�S�PDEd\dN�z�N!S�PWl¡E^zFGJN�K�I`_LU�IaTpz�IkGJPDI
�(N!U��y\dN!T�KjE^VnG�P�IRz�I`U��!ILU�z�E^K�IRT�z¬C�@�_�P�T�zXS3N!z�z�EdB�\^I�� ��U�ILz�N!\H�!ILU¬CFTaltz�I`VDK�TeU�I`xy@�ILz�G�N�V�\^l
N!V�_LIXEdVeT��XP�Ed\^I�qWB�@DG(T�z�ILU���I`U�C�Tal�P�T���IhG�N�P0T�V�K�\^I$GJP�N!@DzJT�V�KDz�NpY,U�I`xy@�I`z�GJz(N!U¦CFN�U�I$EdV�N!VDI
CeEdVy@DGJIp� ~ P�ILU�ILYvN�U�I�q�EdV¢z�N!CFIO_`T�z�ILz`q���IeCFT�lgP0Ta�!I�GJNMGJU�T�K�I�G�P�I�S'ILU�YvN!U�C�T�VD_`ION�Y(_`\^EdI`VWG�z
YvN!U�G�P�I�S'ILU�YvN!U�C�T�VD_`I�N�Y&z�ILU��!ILU�zL�
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~ P�ILU�I�E^z�Te\dN�GhN�Y[��N!U��tN!VkT�c�U�I`ILCFILVWG�T�VDKgU�ILS�\dE^_aTpG�EdN!VMG�I`_�P�V�E^xy@�I`z�G�P0TpGhGJN!\^I`U�TpGJI{�(l��aT�V��
GJE^V�I�Y�T�@�\HGJz�� ��iks=2Dq�f �hsWmAq �hILEus=4�q���iki�?Ds=2�� � � N �(IL��I`ULq[CeN!z�G�N�Y�GJPDI`C ILE^GJPDI`U�_`N�V�_`ILU�V
GJIL_�P�V�E^x�@DI`z�G�P0TpGR��ILU�I#K�ILz�E^c!V�I`K�GJNgKDI`CeN!V�z�G�UJTpG�IFG�P�I`N!U�ILG�Ed_aTp\]YvI`T�z�E^B�Ed\^E^G-l�q&TpV�K��XP�E^_�P¤T�U�I
GJN�NgE^V�I��e_LEdI`VWG�G�NkB3I�@�z�I`K¤EdV�S�UJT�_�GJE^_`I�q[N!U�T�z�z�@�CeI#Tjz�l�V�_�P�U�N!V�N!@�z�z�lAz�GJILC CeNAK�IL\��"��z��
z�@DCFE^V�c�TRz�l�V�_�P�U�N!V�N!@Dz�z�l�z�G�I`C CFN�K�IL\0CFI`T�V�z]GJP0TpG�GJPDI�T�\^c!N!U�EHGJP�Cez¦T�U�I¬U�I`\HlAE^V�cRN!V��yV�N��XV
B3N!@�V�K�z$N�VMCFILz�zJTpc!I�K�I`\dTalAzXTpV�KtS�U�N�_`ILz�z$z�S3I`ILK�z$GJNOK�I�GJILU�CeEdV�I��XP�E^_�PMU�ILS�\dE^_aT�z$TpU�I�Y�T�@D\^G-l!�
� N��(IL��I`U`q�T{z�\dN��*U�I`S�\^Ed_aTRC�TaleB3I�CeEdz�_L\uT�z�z�EHw0I`K�T�z�Y�T�@�\HG-l�EdV�G�P�I`z�I�T�\^c!N!U�EHGJP�Cez`�[?AE^V�_`I¬_`N!U��
U�IL_LG�V�I`z�z�U�ILxy@�EdU�I`z�I`V�N!@Dc!PFU�I`S�\^Ed_`T�z5GJN�B3IhVDN!VA��Y�Tp@�\^G-l�qyTRCeEdz�_`\uTpz�z�EHw0_aT�GJEdN�V�_aT�Ve_`N�CFS�U�N!CeEdz�I
_`N�U�U�IL_LG�V�I`z�z(BWl�U�ILCFN���EdVDc�T�VDN!VA��Y�Tp@�\^G-l{U�ILS�\dE^_aT�YvU�N�C7GJPDIhc�U�N!@�S,� ~ P�Edz¦N�S'ILV�z�T�VeT���I`Vy@�IhN�Y
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TpG�G�T�_���­]T�VnTpG�G�T�_��pI`U$cWT�E^V�z�_LN!VWGJU�N�\,N��!ILU¬T�z�EdV�c�\dI�U�I`S�\^Ed_`T�B�@DGXK�N�I`z�V�N�GX_�P0T�VDc!I�E^G�z�B3I`P0Ta�W�
EdN�U�EdV�T�VWl�K�I�GJIL_LG�TpB�\dIO��T�l ��GJP�ILV�P�I !pz�P�I�z�\dN��Xz�_`N!U�U�I`_�G�U�I`S�\^Ed_`T�z�N!U�G�P�I�_`N!CeC�@�V�E^_aTpG�EdN!V
B3ILG-�(I`I`VjGJP�ILC¥@�VWGJE^\bI`V�N�@�c!PnN�Y&G�P�I`C TpU�I�I��A_L\d@�K�ILKjYvU�N!C G�P�I�c!U�N!@DSb�

� �(l��aT�VWGJE^V�I���Y�T�@�\HG-ly��GJN!\^I`U�T�VWG�T�\dc�N!U�EHGJP�C YvN!U�G�P�InT�z�l�V�_�P�U�N!V�N!@DzFz�lAz�GJILC CeN�K�I`\(K�NAILz
V�N�G�C�Tp��I#TpVyl�T�z�z�@�CeSDGJE^N!V2N!V�GJP�I#CeI`z�zJT�c�I#K�I`\dTalAz�T�V�K¤S�U�NA_LI`z�z�z�S3I`ILK�z`q]z�N�EHG�E^z�CeN!U�I
S�U�T�_LG�Ed_aTp\[T�VDKkz�IL_`@�U�I�EdVgG�P�I�U�IaT�\��(N!U�\^Kb� ~ P�E^z�E^z¬�XP0TpG�T#�(l��aTpVyG�EdV�I£��Y�T�@D\^G���GJN!\^I`U�T�VWG�Q���?
z�l�z�GJI`C
VDI`I`KDz`q0YvN!U�GJPDI��-VyG�I`U�V�ILG¬Edz$P�E^c!P�\Hl#T�z�l�V�_�P�U�N�V�N!@�zL����@AG$GJP�E^z$��E^V�KtN�Y[T�\dc!N�U�E^G�P�Cez(E^z
�!ILU�l�K�E �e_`@�\HG5GJN�K�ILz�Edc�Vb� �¬_LGJ@�T�\d\Hl{G�P�IXN!V�\^l�S�UJTp_LGJE^_aT�\AN!V�IhTa�pT�Ed\dT�B�\dI�V�N���E^z5GJP�IXTp\dc!N!U�E^G�P�C
� f�®�s�s!TDq�f�®�s!s�B �bEdVW�!ILVyG�I`KjBylni��3f�T�z�G�U�NFT�V�Kn����®«Edz���N��tTpG¬ig� ~ �
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i�� f�Tpz�GJU�NhT�V�KR����®«Edz���N���� z�V�I��2S�U�T�_LG�Ed_`T�\!�(l��`T�VWGJEdVDI���Y�Tp@�\^G���GJN�\dI`U�T�VWGbTp\dc!N!U�E^G�P�CjqLN!U�f�®���¯ ~ q
T�z�z�@�CeI`z[T�V�T�z�l�V�_�P�U�N�V�N!@�z5KDEdz�G�U�E^B�@DGJILK�z�lAz�GJILC��XP�ILU�I�VDNAK�ILz[TpU�I�_`N!V�VDI`_LG�I`KOBWl{T¬V�I�G-��N�U����
~ P�I(V�ILG-�(N!U��RCFT�l�Y�TpEd\!GJN¬K�I`\^E^��I`U�CFILz�zJTpc!I`zLq!K�I`\dTal�GJP�ILCjqpK�@�S�\^Ed_aT�GJI]GJP�ILCjq�N!U�K�I`\^E^�!ILU�G�P�I`C
N!@DGXNpY5N!U�K�I`UL�

f�®���¯ ~ @Dz�I`zhTO�(l��`T�VWGJEdVDI�Y�TpEd\d@DU�I�CeN�K�I`\ qAE � Ip�^qDY�Tp@�\^G-lFV�N�K�I`zXCFT�lFB3I`P0Ta�!I{T�U�B�E^G�UJT�U�Ed\^l�q
z�@DB ��I`_�G�N!VD\^l�G�NeG-�(NeU�I`z�GJU�Ed_LG�EdN!VDz`­
r!�h�hNAK�I#Y�TpEd\d@DU�I`z�T�U�IME^V�K�I`S3I`VDK�I`VWGaq(E�� I��Hq�T¢VDNAK�I#Y�TpEd\d@DU�I#K�N�I`zOVDN�G�V�I`_LI`z�zJT�U�Ed\^l2_aT�@�z�I
N�G�P�I`UXV�N�K�I�Y�T�E^\d@�U�I`zL�

mA�h¯�T�@�\HG-l�V�N�K�ILzjTpU�I¢z�G�Ed\d\¬_`N!CeS�@DGJTpGJE^N!V0T�\^\^l¡B3N!@�V�K z�N¡GJP�TpGMGJP�I�l*K�N¡V�N�GnP0Ta�!I¢GJPDI
_LN!CFSD@DG�TpG�EdN!VMS3N���ILU$GJNez�@�BW�!ILU�GhGJP�I�_LU�l�SDGJN�c!UJT�SDP�Ed_�GJIL_�P�V�E^x�@DI`zhCFILVyG�EdN!VDI`KnB'IL\dN����

f�®���¯ ~ @�z�I`z$_`U�l�SDGJN!c�UJT�S�PDEd_XGJI`_�PDV�Edxy@�ILz�GJN�SDU�IL��I`VWGXz�S3N�N�w0V�c�T�V�K#U�I`S�\dT�l�z�T�V�K�G�N�K�I£�
GJIL_LG$_LN!U�U�@�SDG�I`KMCeI`z�z�T�c!ILz`��igI`z�zJT�c�I`z$EdV#f�®���¯ ~ _`N!VWGJT�EdV#SD@�B�\dE^_�����ILlFz�E^c!V0TpG�@�U�ILz � ��? �9+�2Dq
�¬? �9+�s ��q!CeI`z�zJT�c�I$T�@DG�P�I`VWGJE^_aTpG�EdN!V�_`N�K�I`z � �hEH�AsWm � qyT�V�KOCeI`z�zJT�c!I�K�Edc!ILz�G�z � ~ z�@0s=2��DS�U�N�K�@�_LI`K
BWl#_LN!\d\^Edz�E^N!VA��U�I`z�Edz�G�T�VWG]P0T�z�P#Yv@�V�_�GJEdN�V�z`� �¬\d\3U�I`SD\dEd_`T�z��yV�N�� GJP�I�S�@�B�\^Ed_��pILl�zXN�Y�N�G�P�I`U�U�I`S�\^EH�
_aTpzXG�NO�!I`U�E^Y lMz�Edc!V�TpGJ@�U�I`zL�
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state = s’

replica 3

replica 2

replica 1

write operation
change state from s to s’

read operation

state = s’

primary replica (faulty)

state = s

blocked from updating by faulty primary

reply reflecting the state s

reply reflecting the state s’

reply reflecting the state s’

incorrect reply reflecting the state s
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library calls
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library
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manager
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name server

database
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state
digest

replica 1

replica 2

replica 3

replica 3f+1

private key
file

signature
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for read scheme 2 only

database
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manager

query

resolver
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constructor
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intepreter

intepreter

replication
library

CLBFT

reply

query

reply

reply

update utility program

user
interface

update request
authorize

may replaced by a smartcard
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