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!7a�*\��� �"��*����{� �m¢������-������"��*e�m!�µ �-��� �e&(���n���¤� ���{� a��d����k��¦�����n�®&m���}���d#3 \������� &( �������&m,�,¤#T����b�a\�d�
&m*\-¨&m�d�%&m,"��������&m,o&(b�,��(k9&(�����m!��"*g�����d���d�� ��� �\�X���d#3 \� � �t���mc�cUa\*��"�t#m¢I����������d�e�����Y�¦���\���
���}&m � �,¤#ª´���,�,"a�,o&m� � a\� ��c�&(� &���*%�����I-������"��*ª�m!G��a\�n�/µ �-��� �V����¢���,¤� ����a\���jkgµ � ��� �V���� ��d��¡3�"-��
*��m* �t,"��*���&m���¤�t#�&m*�-�c%a��n�1*�����-���-e�d����a\���"�t#/&m�+&(��*��������d#3 \�n&(*'&m,"#3�d�������Ub�,��3�n�����" ������d��k\&m*���* �
���������d����*��1� ���n��*��"¥3a\�T���l�"*����d�5&m�d�U� �����d����a\���"�t#¨c/&m�d����*©�"��� �\����a��m�p������a������m!�&m�d�"� �\c��{� ���
�� Q����&(� �"��*���kV,"���m� ��*+� �������I&m-�-��¤� ���m*j¢�µVa\�n�l�m 9��� &(������*���&m��� �5&m��#/���U��cT �,���c���*+���"*��'&m�d-\�I&(���
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&m*�-pc�&Y#�����-�a������ �\�U� �m� &m,`*ga�cUbQ���}�m!����ma�*�-��}�d��¥ga����d��-p� �e ��d��¡���*+�U&(�d�n&m�n�g��¢ $ �"� �¨�������
c��(� �"¡(&(������*�k(�(��#�cT���V��*��E�������ma�������*+� ��������&(-�-��"������*ª�"*� �,o&m�����m!Q� ���¦���m*g¡m��*+� �"��*'&m, �V�����'&5¡m�
b9����*��d� a\-�����-j¢�����-���¡m��,��m �c���*+���m!��'&m�d-\�I&(����"!T���"��*+���m*������I&5#�!7a�*��{� ���m*��)&m����m!9a\� cT���d�
����¥3a\������c���*+�5kV&m������*+¡���*+� ���m*'&m,G��*���� ��&Y#�!7a�*\��� �"��*���b'&m�d��-���*�cT�3-�a�,o&(�`���V Q��*���*+���o&(������*�&m���
*��m�¦��&(� �"�d!C&m�{� ����#���*1������cT���m!^&m����& �t-\��,o&5#/ ����3-�a��{�5¢�����}� �������"� &(,����ª�d���Y�¦� �\��� � ������&m,��  ��
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¡(&m*�����-/¶�*����d#3 \������*�µ3� &m*�-'&m�d- 2{k��¦�\���n�T���^�����������d,�- ���¦��-����d�n&(*�-'&m�d-�!7�m��b�,��3�n�X���� ��\�����)&m*\-
´���,",�a�,�&m��¾®���d� &m���E¶�*\���d#3 \������* ��,��m�����¤� ��clk��¦�����n�/�������������n&m*\-'&m��-�&m,����m���"����c !7�����¦���d��,"�����
´I³�¾ ��*����t�����d�3��¢����������cT �,"���V�"�t#1�(!	�����X�"c� \,���cT��*+� &(� �"��*��m!^&m,��m�����¤� ��cT�I,��"�m�E����� �E¶)µ
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����*�����&(� �l����#3 \� ���m� &m ��\���5&(,�,"#R�d������*��«µ �-��� �V����¢²§t*
�d�������U� ���/����*���� &(����- µ � ��� �V����&m�d�/b'&m,�&m*�����-jk���&(� �"�d!$#Rµ3� �d���{� � ¡(&m,�&m*��n���1´����"�����d����*jk
��&Y¡m�®�\�����?*��m* �t,"��*���&m���¤�t#W�(! �����e����cT 9�m*���*+��!7a�*��{� ���m*���&m�ª����,�,�&(���������"�ª*���* �  ������
,"��*���&m������c%b���*'&[� ���m*���k=�'&5¡��1���"���«&(,�����b�� &m�"��-������d���1&(*�-?&m�d�/���mb�a��d�ª&m�+&m�"*��d�X,��"*��5&m�
&(*�-�-�� #9���d��*+� ��&m,�����#3 \�n&m*�&m,"#3���"��¢`��\�¦�����d�U�����Y�¦��� �'&[��� ���´�� b'&m�d��-/µ �-��� �9kg�5&(,�,���-
´��Eµ ��� �9k9�"�¦ ������m� &mcTc/&(b�,��(k\cT�V-�a\,o&m��k�&m*�-®����*\��� &[� ��� &�,o&m�d���}*ga�cUbQ����m!�µ � ��� �V���
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�"*1� ���}�������1�'&(�bQ����*��"c� �,"��cT��*+� ��-1��*®&�����,"��* ��� ´ ) � ºY¼�¼�¼���� % �  \,o&(�d!7����c &m*�-
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iCBM�]OQZ(B!`bZ(D!c&cQB(i �/���nx��!%&� G�I©UHB(PCiªDWPCi«FVBMZ(BMOQ�XB¬UVB(ZMFVB�G9SEBMUVU�DWRXB(UMs�@=ACBkZMIpi^Ba�D!UqG�A^Bk�eDn�
UVOQU[I!K®@¤FVD!PCUHN¯IXUHOQGVO&IXP~ZMO&NCACBMFVUM`�OQPjabACO&Z�AjGVACB-c&B�GVGVB(FVUdFHB(SED!O&P^B(i©GVACB-U�D!S?B4�ChpGdG�ACB-IXFHiCB(F
O&U�Z�AeD!PCRXBMi�s;@=ACOQU�O&U�UHGVO&c&c6GVACBq�eDWUVO&U�KlIXF�SED!P_\�SEI]iCB(FHP©ieDm\�Z(OQNCACB(FHU(sk@=A^B-I!G�ACBMF�SED�°HIXF
O&PCR!FVB(i^O&B(P_G�I!K=SED!P_\�SEI]iCB(FHP©ieDm\�Z(OQNCACB(FHU�OQU[¨ph^�CUHGVOQG�hpG�O&I!P©Z(OQNCACBMFVU(`¤abACO&Z�Aja�D!U�h^UVB(i~�_\
±!hCc&OQhCU�§�D!BMU�D!F�D!PCi�O&UJNyIXNChCc&D!FVcf\kL²PCI/abPjD!U�§�D!BMU�D!FM ³U�UVACOfKG�Z(O&N^ACB(FMsE�{P�G�ACOQU�Z(O&N^ACB(FM`¤B(D!Z�A
NCc´DWO&P_G�Bv�pG�Z�AeD!F�DWZMG�BMF�a�DWU�FHB(NCc&D!Z(BMiY�²\�G�ACB=Z�ACD!F�D!Z�G�BMF�µgN^c´D!ZMB(U�G�IgGVACB=FVOQRXA_G6O&P[GVACBbD!cQNCAeD!�yBMG
UVB�G[S?IpiCh^c&I¶!·^sT¸¹I/a�BM�!B(F[OQP�G�A^BEc&D!UHG�G�ACFHB(BEiCB(Z(D!iCB(U�Z(FH\]N^GVIXRXFVD!NCA_\�AeD!U�R!FVI/abPj�yBM\XI!PCi
iCB(UHO&RXP^O&PCREZ(O&N^ACB(FHU¹G�IEB(PCZMIXS?NeD!UVU�D!c&UHIEIWG�ACBMFgD!Z�G�OQ�]OfG�O&BMUbc&O&LWB�i^B(UVOQRXP¬IWK6UVOQRXPeDWGVhCFVB�UVZ�ACBMSEBMU
KlIXF®UVO&R!PCO&PCREiCO&R!OQG�DWcºZ(IXP_G�FVD!ZMGVU(s¹»�c&UHIqG�A^B�iCBMUVO&R!PkI!K�Z(Fo\]N^G�IXR!F�D!NCA^O&Z�NCFVI!GVIpZMIXc&UbKlIXF¹UVB(ZMhCFVBMcQ\
NCFVI/�]O&P^R4IXPCBW ³UgOQiCB(P_GVOQG{\TAeD!U¹�¯BMB(P�D!PkOQSENyIXFoG�D!P_G¹D!UVNyB(Z�G�I!K6ZMFH\]N^GVIXRXF�DWNCA_\kI!K�GVACB[S?Ipi^B(FVP
D!RXBWs©¼�BMGdG�A^BTZMIXPCUoG�FVh^ZMG�OQIXP�I!K�BMPCZ(Fo\]N^G�OQIXP½UHZ�ACB(S?B(U?FVBMSqDWO&PCUM`�DWPCi�O&Udc&OQL!BMcQ\�G�I�FVBMSqD!OQP�`
¾�¿HÀ=Á(Â�ÃvÁ�Ä�ÅWÁ�Æ³Ç�ÁVÈ{Ä�Æ_É^Â�ÊoË�Á�Ã�Á�Ä�ÌMÃvÁ�Ã�Á�Ä®¿HÍXÎCÏ�Ð�ÑMÐVÒ�Ð�Ó®ÔeÕ Ö×Ð/ÍmØ�Õ¡Ù(ÏMÚVÖ�Õ Û&ÜoÝ�Ñ(Ð/ÍmÞXß Ý�à�Ð�á�â

ã



��� �������	��
�����

DqZMB(P_G�FVD!c BMP_G�B(FHNCFVOQUVBdI!K�Z(FH\]N^GVIXRXFVD!NCA_\��¡¥n� sg@=ACB[NCFHO&S?OQGVOQ�XBJIXNyB(FVDWG�OQIXP¬IWK�Z(FH\]N^GVIXRXFVD!NCA_\¬OQU
ACBMPCZ(B ��'����v��wyx #�zn' s�@=A^BdO&P_�XBMFVUVBYIXNyB(FVDWG�OQIXP¬IWK�I!�^G�D!OQPCO&P^R?GVACBdIXFVOQRXO&PCD!cºSEBMUVUVD!RXB[KlFVI!S GVACB
BMPCZ(Fo\pNpG�B(i�ieDnG�DqOQU�L²PCI/abP�D!U�� �����v��wyx #�zn' s��6PCZMFH\]N^GVO&IXPkGVF�D!PCUoKlIXFVS?U�S?B(UHU�D!R!B(UgOQP²GVI4FVBMNCFVBv�UHB(P_G�DWGVO&IXPEG�AeDWG�O&U�S?BmDWPCO&PCR!c&B(UHU�KlI!F�D!cQc¯NeDWFHG�OQB(U�I!G�ACBMF�G�ACD!PqG�A^BgO&P_G�BMPCiCBMi-FVB(ZMB(Of�XB(FMs�»�c&S?IXUoG
D!cQc�Z(Fo\]N^G�IXUo\]UHG�BMSEU�FVB(cf\-hCNyIXP9G�ACB�iCO��?ZMhCcQG{\-IWK�FVB��XBMFVUVOQPCREGVACBJB(PCZMFH\]N^GVO&IXPTG�F�DWPCUHKlIXFHSqDnG�O&I!P
OQP;IXFViCBMFgG�I9NCFHI��]OQiCBdUVBMZ(hCFHOQG{\kGVITZMIXS?S[hCPCOQZmDWGVO&IXPj�¡·W� s;t �v��wyx��!'y�!% �/��#&� O&UgG�A^BYD!FHGJDWPCi�UHZ(O �BMPCZ(B?I!K��CFVB(D!L²O&PCR9G�ACBYBMPCZ(Fo\pNpG�B(i©SEBMUVU�DWRXB!s?@=ACB?�CF�D!P^Z�A©I!K�UVZMO&B(P^Z(B?B(PCZMIXSENCD!UVUHO&PCRT�¯IWG�A
ZMFH\]N^G�I!RXF�D!N^A²\D!P^ikZ(Fo\pNpG�D!PeDWcQ\]UVOQU¹OQU¹ZMFH\]N^G�I!c&IXR!\-D!PCikOfG�UbNCF�DWZMG�OfG�OQIXPCB(FHU®D!FVB�Z(FH\]N^GVIXc&I!RXO&UoG�U(s
¢gPCBbI!K¯G�ACB®RXFVB(DWG�BMUHG�G�FHO&hCS?NCAYI!K�Z(FH\]N^G�D!PeD!cf\]UVO&U�I/�XBMF�ZMFH\]N^G�I!RXF�D!N^A²\da�D!U�G�ACB®�CFHBmD!L²O&P^R�I!K�D
ZMO&NCACBMFVOQPCR[SED!Z�ACO&P^B�PeD!S?B(i9�6PCOQRXSED�D!PCi-h^UVB(i9iCh^FVO&P^R��©I!FVc&iEa�D!F=¶ps6�{P-UVACI!FHG=ZMFH\]N^G�I!c&IXR!\
B��XIXcf�XB(UbKlFVI!S G�A^B�cQIXPCRYc´DWUHG�OQPCR[G�h^UVUVcQBJ�¯B�G{a�BMB(PGVACBJZ(Fo\pNpG�IXRXFVD!NCACBMF�DWPCi9Z(FH\]N^G�D!PeD!cf\]UHGms

�eIXF�SqD!P_\�\XB(D!FVUdSED!P_\�KlhCPCieDWSEBMP²G�D!c�iCBM�!B(c&I!NCSEBMP_G�U[OQP©Z(Fo\]N^G�IXcQIXR!\�IXh^GVN¯I!hCFVBMi©KlFVIXS
S?O&cQOQG�DWFH\IXFVR_DWPCO&UVDWG�OQIXPCU�D!FVI!hCPCi©GVACBEa�IXFVcQi�s¬¢�P^BqI!K=GVACBqS?IXUHG�O&P��ehCB(P_GVO´D!c�Z(Fo\]N^G�D!PCD!cQ\²G�OQZ
NeDWN¯BMFVU�IWK�G�ACB?G{a�BMP_G�O&B�G�A~ZMB(P_G�hCFo\�a�D!U��ªO&c&cQO´D!S���s��eFVOQB(iCSED!P� ¡U�S?IXPCI!RXF�D!N^A«���n��B(P_G�OfG�cQB(i
� }e�[��' � �! ©z�� t zn#'���# � ��'����q�!' � #xl��"�w_wy% #��V�!x×#�zn'^�E#' t ����wyx{zV|!�V��we}]� s#�eIXF�G�ACBEPCB��]G%$^KG{\\!BmD!FHU�FHB(UVB(D!FVZ�AEO&PYZ(Fo\]N^G�IXR!F�D!NCA_\da�D!U�iCIXPCBbO&P?DJUVBMZ(FVB�G�K×DWUVACOQIXP�`XabOQGVA?GVACBbB��pZ(BMN^G�OQIXP?I!K¯GVACB
FHBM�XI!c&h^GVO&IXPeDWFH\kZMIXP_G�FHO&�Ch^GVO&IXP�I!K�§�c´DWhCiCBE¨pAeD!P^PCIXP� ¡UJNeD!NyB(F'&(� }e�4��zn d �)]'e#��V�!x #�zn' � }e��zn�v�
z��b���������������$�/��x{�� ��+* `²abA^O&Z�A4DWNCN¯B(D!FVBMiEOQP?GVACB-, ��%%e�$����x{�� � ����}]'e#��V�!%�.$z/)]�v'y�!% OQP10 ã � ã �32n� s¸¹I/a�BM�!B(F?DWKG�BMF�G�A^Bqa�I!FVc&i�a�D!FHUdZ(Fo\pNpG�IXRXFVD!NCA_\j�yB(Z(D!S?B4DkUVZMO&BMPCZ(B-I!KbOQP_G�B(FHB(UoG[G�I¬GVACB
FHB(UVB(D!FVZ�A Z(I!SES[h^PCOQG{\!s @=ACBªt z � ���54(���V�/6_��� �_\87�Dm�]O&iª£JD!ACPªNCFHIpi^hCZ(BMiªGVACB;FVBMSqDWFVLnD!�CcQB
ACOQUHGVIXFH\YI!K�Z(FH\]N^GVIXRXFVD!NCA_\¬� ã � s�@=ACB¹UVOQRXPCO�$CZmD!PCZMB¹IWK�G�ACOQU�ZMc´D!UHUVOQZ®GVB��]G�a�D!U�G�AeDWG�OQG�F�DWO&UVBMi?GVACBNCh^�Cc&OQZ-Dma�D!FHB(PCBMUVU?I!K®Z(Fo\pNpG�IXRXFVD!NCA_\Xs©@=ACB9UVhC�CUHB(r²hCBMP²GqiCBM�!B(cQIXNCS?B(P_GYI!K®Z(IXS?S[hCP^O&ZmDnG�O&I!P
D!P^i�A^B(PCZMBTGVACB-PCB(BMi½IWK�NCFHOQ�WD!Z�\jO&P~S?B(UHU�D!R!BTBv�pZ�AeD!PCRXBTD!cQUVI;OQPCZ(FHBmD!UHB(i�G�ACB9O&S?NyBMG�h^U[IXP
FHB(UVB(D!FVZ�A;OQPGVACO&U9$eB(cQi�sb» c&D!FVR!B�P²hCS[�yB(F®I!K6ZMFH\]N^GVIXRXF�DWNCACB(FHU�KlFVI!S �!DWFVO&I!hCU:$CB(c&i^U�I!K6UoG�hCip\
�yB(R_DWP¬G�I4ZMIXP_G�FHO&�Ch^GVB�cQBmD!iCOQPCREGVIqG�A^B�FVBM�CO&FoG�AkIWK6G�ACOQU;$eBMc&i�s�¸¹IXFHUHG<�¤O&B(UoG�BMc��=0?>W�¤�¯BMR_D!P¬GVACB
iCB��XBMc&IXNCS?B(P_GEI!K®G�ACBA@g¨B7�DWG�D��6PCZMFH\]N^GVO&IXP ¨]G�DWPCieD!FHi � 7���¨ � DWPCi½c&D!O&ijGVACB-KlIXhCPCiCDWG�OQIXPI!K¹DkZMc´D!UHUdI!K®Z(O&N^ACB(FHU?Z(D!c&cQB(i~DWUdNCFVOf�!DnG�B4IXF�UH\]SES?BMGVFVOQZ4L!B�\�D!c&R!IXFVOfG�ACS?U(s;@=ACB9UoG�FVh^ZMG�h^FVB
I!K6GVACB(UHBdZ(OQNCACB(FHU��¯BMZmD!S?B[NyIXNChCc&D!F¹D!UgG�ACB%� O&BMUHG�BMcDC®BMG{a�IXFVL²UJO&PkR!B(PCBMF�D!c s�¨]\]SES?BMGVFVO&Z�L!B�\
D!cQRXIXFHOQG�A^SEUgh^UVB4D9UVOQPCRXcQB?LWBM\�G�I�¯IWG�A�B(PCZMFH\]N^GdDWPCi©iCBMZ(Fo\pNpGms9�{P©IXFHiCB(FJG�ITB(UoG�D!�^c&O&UHA�GVACB
LWBM\~�yBMG{a�B(BMP½G�A^B-UVB(P^iCB(F?D!PCijGVACB-FVBMZ(BMOQ�XBMFdG�ACB�\jFVBMr²hCO&FHB(i~G�I�S?B(BMG[IXPCZ(B4GVI;iCB(ZMO&iCB4GVACB
LWBM\Xsu@=ACO&UENCFVI!�Cc&BMS ZMIXS?SEIXP^cQ\~L²PCI/abPªD!U?G�ACBL!BM\½B��pZ�AeDWPCRXBkNCFHIX�CcQB(S�a�DWU4UVIXcf�XBMi«�_\
E¬DWFHG�OQPq¸®B(cQc&SED!PYD!PCiF�ªACOQG!$eB(cQiG7gOH�EB��=0I0M�yOQP10 ã �!·�O&PYG�ACBMO&F�RXFVI!hCPCiq�^FVBmDWL]OQPCR�NeD!NyB(FKJ �MLN #������x×#�zn'^�[#' t �v�vwyx{zV|!�H��we}]� s�@=A^BdiCBM�!B(c&I!N¯BMi�N^FVI!GVIpZMIXc DWc&c&I/abU®G{a�I-hCUHB(FHUgG�I-B��pZ�AeDWPCRXBYDUHB(Z(FHBMGYLWBM\jI/�!B(FYD!PjOQPCUVBMZ(hCFHB-SEBMiCO&h^S abOfG�ACI!h^GdD!P_\©NCFVOQIXF�UHB(ZMFVBMGVU(s�@=ACBqa�IXFVL�PCI!G�IXPCcQ\
UHIXcQ�!B(iYG�ACBbNCFHIX�Cc&BMS I!KyLWBM\YB��pZ�AeDWPCRXB®�Ch^G�D!c&UHI�NCFVI/�]O&i^B(iYG�ACB=KlIXhCP^ieDWG�OQIXPdI!K�D�PCBMa Z(c´DWUVU6I!K
ZMFH\]N^G�I!RXF�D!N^A²\!`XL²PCI/abPdD!U2G�ACB�NChC�^c&O&Z�LWBM\�Z(Fo\pNpG�IXRXFVD!NCA_\Xs »�U¤D¹FVBMUVhCcfG I!KCG�A^O&Uºa�I!FVL�G�ACBPO¹¨p»
D!cQRXIXFHOQG�A^S`XPCD!SEBMiqDnKG�B(F�G�A^B¹OQP²�!B(P_G�I!FVUQObIXPGO®Of�XB(UoGm`]»�iCO¯¨pACD!SEOQF�D!PCiSRºBMIXPeD!FHiq»�i^c&B(SED!P�`
a�D!U�i^BM�XBMc&IXNyB(iº�T0�¶W� s�@=ACB¹UVBMZ(hCFHOQG{\?I!K�GVACB�NCFHI!G�I]Z(I!cCa�D!U��eD!UHB(i4IXP?G�ACB¹Z(IXS?NCh^G�DWG�OQIXPeD!cpG�D!UHL
OQP9K×DWZMG�I!FVO&P^R[G�ACBJNCFHIpiCh^ZMG®I!K¤c´D!FHRXBgNCFHO&S?B�P]h^S[�¯BMFVUMs

§�FH\]N^GVIXc&I!R!\¬ACD!UgBM�!IXcQ�!B(i�KlhCFHGVACB(F¹abOQG�AG�ACBdRXFHI/abO&PCR4OQSENyIXFoG�D!PCZMB�IWK�ZMIXS?S[hCPCOQZmDWGVO&IXPCU
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D!PCi4GVACB�iCBM�!B(cQIXNCS?B(P_GbO&P-�yI!G�A-N^FVI]Z(B(UHUVIXF=UHN¯BMB(iCU®D!P^iTACD!FVi^a�D!FHB!s�@=ACB�S?IpiCBMFVP-ieDm\qZ(FH\]Np�
G�IXR!F�D!NCA^B(F�ACD!U�G�A²hCUdS?IXFHBEa�IXFVL�G�AeDWP~SEBMFVB(cf\4°HhCS[�CcQO&PCRhCNjS?B(UVUVD!RXBMU(s�¸¹B4ACD!U�G�I¬c&I]IXL
O&P_G�I?G�ACB�D!NCNCcQO&Z(DWG�OQIXPTD!FVB(D!U�OQPTabACOQZ�A¬G�A^B�Z(Fo\]N^G�IXR!F�D!NCA^O&Z[DWc&RXIXFHOQGVACSEU=ACD/�!B�G�I?a�I!FVL$s¹@=A^B
G�FVD!PCUVOQUHGVIXF�AeD!U��¯BMZ(IXS?B¹S?IXFHB®NyI/a�BMFHKlhCc s6@=ACB®iCBM�!B(c&I!NCSEBMP_G�I!K¯G�ACB )<R ¨p� GVB(Z�ACP^IXc&IXRW\ � PCI/a
O&PUVhC�CS?O&ZMFVIXP^U � ACD/�!B[SED!iCB�GVACB�I!PCZ(B[ZMhCS[�yB(FHUVIXS?B�ZMIXSEN^h^G�BMFVU¹K×DWUHG�BMFgD!P^ikUVSED!c&cQB(FMs®@=A^BSEI!FVB¬NyI/a�BMFHKlhCc¹Z(IXS?NCh^GVB(FHU-D!PCi«i^BM�]O&ZMB(U4abO&cQc®D!c&cQI�a G�ACBkZMIXS?NCc&OQZmDWGVB(i�B(PCZMFH\]N^G�OQIXPªD!cQRXIW�
FVOfG�ACS	FHhCP�K×D!UHGVB(F(sE@=ACB?U�D!S?BYZ(IXS?NCh^GVO&PCR9NyI�a�B(F�O&UJD!cQUVIDm�!DWO&c´DW�Cc&B�G�I9G�ACB?Z(Fo\pNpG�D!PeDWcQ\]UHGVU
abACIabOQc&c�P^I�a G�FH\¬G�IT�CFVB(D!LkG�ACB?Z(OQNCACBMFVUJabOQG�A�D9UHG�FVD!O&R!A²GJKlIXFoa�DWFVi��CFVh^GVB?KlI!FVZ(BED!PeDWcQ\]UVOQU(s
@=ACBka�IXFVcQi«AeD!UqGVA²hCU4Z�AeD!P^RXB(iªUVOQPCZ(BG�ACB 7���¨½a�D!U-D!i^IXN^G�BMiªD!UqGVACBkUHG�D!PCieDWFVi Z(Fo\]N^G�IW�
RXF�DWNCACO&Z�D!c&RXI!FVOQGVACS D!PCiF7���¨[a�D!U6KlB(BMc&OQPCR�OQGVU�D!RXB!s(R2D!FVRXB=N^hC�Cc&OQZ�c&OfG�BMF�DWGVhCFVB�I!P?ZMO&NCA^B(FVU�D!P^i
G�ACB�iCBM�!B(c&I!NCSEBMP_G�I!K�GVIpIXcQU®KlI!F�Z(Fo\]N^G�D!PCD!cQ\]UVOQUghCFHRXB(i¬GVACB[OQSENyIXFHG�D!PCZMB�I!K6DqPCBMa�UoG�D!PCiCD!FVi�s
@=ACB'C�DnG�O&I!PeD!c$�{PCUHGVOQGVh^G�B�KlI!F=¨]G�D!PCieD!FHiCU=D!P^i-@¤BMZ�ACPCIXcQIXR!\ � C¹�o¨]@ � IXFVRXD!PCO&�MB(i-D[ZMIXP_G�BMUHG=KlIXFG�ACBYPCB�a�»¹i^�WD!PCZ(BMij�6PCZMFH\]N^G�OQIXP©¨]G�D!P^ieD!FVi � »g��¨ � O&PB0 ãXã �ps[@=ACBY�CcQIpZ�LZ(O&N^ACB(F�ObO °HPCieDWB(cB(S?B(FHRXB(i�D!U�GVACB4abO&P^PCB(F[OQP�¢gZMG�I!�¯BMFY¶ >I>I>iChCB4G�I;OfG�U�KlB(DWG�h^FVB(UdIWK¹UHB(ZMhCFVOfG{\X`�B(cQB(R_D!P^Z(B-O&P
O&S?NCc&BMSEBMP_G�DWGVO&IXPCU�D!PCi¬N^FVO&P^Z(O&N^c&B(i9iCBMUVOQRXPkD!N^NCFVI_DWZ�A�sb¨pOQS[hCcQG�D!PCBMIXhCUVcf\ ObO °HPCieDWB(c�a�D!U¹B��WD!cf�
heDWGVB(ik�_\9Z(Fo\]N^G�D!PCD!cQ\]UHGVU�D!PCi¬DEcQI!GbI!K6OQP²GVB(FHB(UHGVO&PCR?a�I!FVL²U¹a�B(FHB�FVBMN¯I!FHG�BMi�s¹§�FH\]N^GVIXUH\]UHGVB(S?U
D!FVB�O&PCA^B(FVBMP_G�cQ\9ZMIXS?NCh^G�DnG�O&I!PeD!c&cf\4ZMIXSEN^c&B��DWPCikO&PTIXFHiCB(F®G�IqUVDWG�OQUHK\9G�A^B�ACOQRXAGVACFVIXh^RXACNCh^G
FVBMr]h^O&FVBMSEBMP_G�U�IWKbSqD!P_\�D!N^NCc&OQZmDWGVO&IXPCUM`ºG�ACB�\jD!FHBEIWKG�B(P©O&S?NCc&BMSEBMP²GVB(i��_\©S?BmD!P^U�I!K�B(OQGVACB(F
)<R ¨p�ºiCB��]O&Z(BMU�IXF¤ACO&RXA^cQ\�IXNpG�O&S?O&�MB(i�UVI!KG{a�D!FHB�FVIXhpG�O&P^B(U(s¤�{P[FVBMZ(BMP²G \XBmDWF�UVhCZ�AdZMFH\]N^GVIXRXF�DWNCACO&Z
O&S?NCc&BMSEBMP_G�DWGVO&IXPCU�AeDm�XB?�¯BMB(PjDnGVG�DWZ�L!B(i©hCUVOQPCR¬D9Z(c&D!UVU�I!K�DWGVG�D!Z�L²U�abACOQZ�A©Bv�^N^c&IXOfG�U�c&B(D!L²O&PCR
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(i+1) i (i−1)

c[i−1]

01

2. 0, 1, ... ,(i−1), i, (i+1), ... indicates the bit positions of y
1. The Output Register y which stores the sum of two registers x and k

3. c[i−1] indicates the carry out after the addition of (i−1) bits are complete
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Mult 4

Constant

c

 e

b

in[7] − in[4]  in[3] − in[0]

Square 4Square 4

Mult w^14

Add 4

Inverse 4
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Mult 4

Add 4
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   Inverse 2   Inverse 1
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Y Y’

         X’

¡±HTa<P@;I?j� T v ;��1���47 CD7�P;:=��<oS��kCDG�� 7 C=: �HGJI�: 5�7 	 P��	7�C�� 7 �hGlQ�� S 7A��Po/kjX�>�Dw21 �	; ���
FYE5BIN@?�K]9<_J_T9{c�HT7@ai?�,fP@FGBDHT9<74HJE59<n\BDFYHJ7\?A=�`

��� ^ ��"ed LA��� f ���-T w<�

��������� 	 �=�%��
��� /%� ���-���� 02�	� ����
U5N@?[�@_TBD?Q;�=@?�Z<?Q_J9<^�?A=}HT7XBDN@?�^\;I?QZfHT9<P@EyE>P@n@EI?QOQBIHJ9<7}UhF"LXn�?[P@E>?A=}BD9�FlBIBmFGOmeX�H¯®>7@=@FY?A_�P@EIHT7@aBIN@?�K�FYOQBjBDN@FGB�BDN@?C�k?Q_J= /6jh�Dw26 �[HJE�HJE>9<UV9<;I^@N\HJOgBI94BIN@?VOA9<UV^x9YEIHTBI?g�k?Q_J= /6jh�I�Jw21��	;m��TbU5N@?�k_RBD?Q;±=@?�Z<?A_T9<^�?A=�HJE±P@EI?Q=iBD9[;>?A=@P@OQ?yBDN@?�eY?QLgEI^kFGOA?5=@;IFYE>BIHJO"FG_J_TL<TOU5N@?59<^�?A;DFlBDHJ9Y7@E±9YK��H¯®>7\=kFY?A_HT7tBIN@?q�@7kFY_�;I9YP@7@=�FG;I?qn�L�BI?Qc�HJE>?<T5�w?A7@OQ?gHT7tBIN@?~_JFYE>Bw;>9<P@7@=t9YK±BIN@?~FY_Ja<9Y;IHTBIN@U ���������4�!� � �BIN@?wBI;DFY7\E>K]9<;>UXFGBIHJ9<7�9GK�?"FGOmNX9YK�BDN@?wnWL�BD?AEdUXF"L�n�?w9<n@EI?Q;>ZY?A=0HT7@=@?A^�?A7\=@?A7WBD_RL
TU5N@?�FGB>BmFYOmeG?A;9<nsBmFYHT7@EqFv^kFYHT;�9YKyOQHJ^@N\?A;>BI?T�fBDEQ` 9<P\B~9YKdc�N@HJOmN�9<7@?VHJE�BDN@?VK�FYP@_RB8L�OAHT^@N@?A;uBD?��sB�TmU5N@?CK�FYP@_TB8LOQHJ^@N@?Q;>BI?T�fB�HTE¤9<n\BmFGHJ7@?Q=Vc�N@?Q7XBDN\?A;I?wHJE�FjnWLfBI?wK�FGP@_TBdFGB¤BDN\?wHT7@^@P\B�9YKxBDN@?w_�FGE>B�;I9<P\7@=}«�r/V�9?�DT
U5N@?q�H¯®>7@=@FY?A_�FG_Ja<9<;>HTBIN@U�N@FYE5BD;DFG7@E>K]9<;>UXFlBDHJ9Y7@EyHJ7 /kjh�Dw 6 ��T

��?QBwP@EwOA9<7\EIHJ=\?A;�9<7@?jnWL�BD?g9GK¶BIN@?jE>BmFlBD?qUXFGBI;IH��}FGKMBI?A;5BDN\?~��$ · ;I9YP@7@=t9YK2�H¯®>7@=@FY?A_�FG_Ja<9Gr;>HTBDN\Uv`sEDF"L0BDN\?X� *2,/.f� $ · nWL�BD?q9YK¶BIN@?jE>BDFGBD?jUhFGBD;>HY�DT U5N@?jnWL�BD?qHJE �s9<;I?Q=tc�HRBDN}BDN\?~��$ · ;I9YP@7@=eG?QL4nWL�BD?Y`��� $�� &GTcU5N@?qFGB>BmFYOmeG?A;wHJ7@=@P\OA?AE�FiK�FYP@_RB�HJ7}c�N@HJOmNtN@?jOA9Y7�ZY?A;uBDE�BIN@?~� $ · ;>9<P@7@=teY?�LnWL�BD?�BD9���� *$�� & nWL��@7@=@HJ7\a0BDN@?�OQ9<Uh^\_J?AUV?A7WB�9YK�EI9<UV?�9YK¤BDN@?�n\HTBDE4T0U5N@?VFGBIBDFYOmeY?Q;�;I?A^\_�FYOQ?AEnWL�BD?���� $�� &wn�L ;
��� *$�� & ^ ��� $�� &�� < c�7 jV`@c�N\?A;I?6j�HTE�FY7tFY_J_�9Y7@?�Z<?AO�BD9<;4T«sHT7@OA?G` < c�7 j ^ ¦°�Y�-©<©<©\�"©<©G§ $ BDN@?CFlBIBmFGOmeY?A;�9Y7@_TLva<?QBIE[BDN@?}��� $/,�w{¨��qFY7@= @ $ · n@HRBDE[9GK�BIN@?C� $ ·;>9<P@7@=teY?�L4OA9<UV^@_J?QUh?Q7WBD?A=gT
687�9<;I=\?A;0BD9�^�?A;uK]9<;IU BDN@?�K�FGP@_TB0FGBIBDFYOme¢`�BDN\?�OA;>Lf^\BDFY7kFY_RLfE>B4E>BIP@=@HT?AE0B8cd9SE>?QBDE}9GKqBIN@?OQHJ^@N@?Q;�T 687�9Y7@?5EI?�B"`��������;�!� � N@?5OQ9<7@E>HJ=@?Q;IE2BDN@?�FGOQBDP@FY_\OQHJ^@N@?Q; c�N@?A;>?5BDN@?5?Q_J?AUV?A7WBIE nx?Q_J9<7\a<EBI9 /6jh�Dw�6m��Tq687�BDN@?i�kaYP@;I?G`�BDN@?i�k;>E>B�n\_J9fOme�� ��� ��� �!� ��� < �Q�w;I?QK]?Q;IE[BI90BDN@?iK�FYP\_TB�K];>?A?iBI?A7WBDN;>9<P@7@=�`�c�N@?Q;I?"FGE0BDN@?�E>?AOA9Y7@=�n@_J9fOme �����������l� ���"! �Q�h;>?QK]?A;>EXBD9�BIN@?)K�FYP\_TB8LS_�FYEuB0;I9YP@7@=�9YK�H¯®>7@=@FY?A_�T



����� �k� ���"
����M 
$���+��� ! �>�"'5
 �"��� ��� �����

U5N@?¤9YBDN@?Q;�EI?�B"` ���������!� � HJE�F�;>?QK]?Q;I?A7\OA?¤OAHT^@N@?A;�c�N\?A;I?2BIN@?2?A_T?AUV?A7WBDE�n�?A_T9<7@ayBD9 /kjh�I�Dwx1��	; ��T687~BIN@HJE �ka<P@;>?Y`YFY_JE>9�FYE|HJ7jBDN\?��k;>E>B¶EI?�B"`YBIN@?��@;IE>B¶n@_T9sOme�;>?QK]?A;>E|BI9�BIN@?�K�FGP@_TB K];I?Q?dOAFYEI?G`Gc�N@?Q;I?AFYEBDN@?~EI?QOA9<7@=)n@_J9fOme};I?�K]?A;IEwBD9VBDN@?~O"FYE>?~c�N@?Q;I?~K�FGP@_TBwNkFYE�nx?Q?A7�HT7l®>?AO�BD?Q=�FGBwBDN@?~HJ7@^\P\B�9GK BDN@?_�FYEuB�;I9<P\7@= T
�[P@?wBI9qBIN@?wHJEI9YUh9<;>^@N@HTEIU�n�?QB8cd?A?Q7 /kjX�Jw�6 �2FY7@=�/6jh�Dw21 �	;¤BDN@?�B8c�9~EI?�BDE����������!�l� � FY7\=

�������e�l� � �yO"FY7tn�?�;I?A_JFGBD?Q=vnWL0BIN@?jUXFlBD;IH��?<=T
U5N@?�;I?�K]?A;>?A7@OQ?�OAHJ^\N@?A;Q`�FYE}FY_T;I?"FG=\L�=@?AE>OA;>HJn�?A=�HJEhn@P@HT_TBVnWL =@?QEIOQ;IHJn\HJ7@a�FG_J_5BDN@?vE>BDFGBD?QEFY7@=oBDN@?�BI;DFY7@EuK]9<;IUhFGBIHJ9<7@E�9YKdBIN@?C9<;IHTa<HJ7@FY_¶OQHJ^@N\?A;jHJ7�BDN\?VOQ9<UV^x9<E>HTBI?i�k?A_T= /kjh�I�Dwx1��	; ��TC687

+
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    Sub Byte 

   Shift Row

(Dx + E)

(Bx + C)

Byte of K9
K9i,j

(D1x + E1)

+

+

    Sub Byte 

   Shift Row

i,j

Byte of K9’
K9’

(D’x + E’)

(D1’x + E1’)

K10i,j i,j

(B’x + C’)

 K10

a.    Fault Free Cipher                                         b.   Faulty Cipher
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   Shift Row

i,j

i,j i,j

    Sub Byte 

   Shift Row

i,j

Byte of k9
k9
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k9’

(dx + e)

(d1x + e1) (d1’x + e1’)

(bx + c) (b’x + c’)

(d’x + e’)

Byte of k9’

 k10

 a.    Fault Free Cipher                                   b.   Faulty Cipher
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