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(i+1) i (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

   c[i] c[i−1]

pXq4r ��s?� �$[de+t�aA`bidaE`�^K`�j�`be�o�p7`b[de�}ladm



�

õ @SNn½OQ�ÑPÓ�Ô Y FrÑPÓ�Ô J H�ÑPÓ�Ô�N�>=4�J�OW>=4�VW4nLº¼hJH@R»�BKVWV�D[mAÑ Z Ô÷½8Õ×4s6|Õ×V�@EÃòO�>=4 Z���� 5=LMO�Ú
õ @SNn½ mKÑ Z Ô Y Z ½8N�LMO�>�9=VW@A5HBA5=Lº¹MLMObD  h�''BAJH6�>=4�JH»�4 i G Y  hW'CÚÁ�4�Os½7O�>=4�4�ÜA4�JEO¬O�>CBSOnO�>H4\[

���
5=LMO�@KÕkQö»�BAJÒ5�4�4�¿89=VW4�¼W¼�4�6öBE¼�B|¹ºLºJ=4�BAV¬4�¿89=V�4s¼�¼�Lº@AJ

F®Ñ [¡Ô�BKJC6�H�Ñ [¡Ô7>HBE¼~B�9HV�@E5HBK5=Lº¹ºLPObD8i I Ú?ô?LºÃRLM¹�BKVW¹ºD�OW>=4'à�[�/ÞÓsá ��� »�BAJß5�4I¹ºLMJ=4sBKVW¹MD'4�¿89�4�¼W¼�4s6
N�LPOW>
B'9=VW@A5CBK5=Lº¹MLMObDDi Iih G Úõ @SNn½sNU4�J=@KOW4~OW>=4�Õ×@A¹º¹M@SN�LºJ=ÀIÕìBA»+OsÚKÛh>=4�à [\/�ÓFá ��� 5=LPO�»�BKJ=J=@AOr5�4h¹MLºJ=4sBKVW¹MD�4�¿89=VW4�¼W¼�4�6
LPÕrO�>=4�V�4nL�¼�BR»�BAV�VWDRÕ×V�@EÃòO�>H4)[ ��� 5=LPOs½8O�>CBSO L�¼hLPÕDmKÑ [¡Ô Y ÓAÚ

Ûh>=Lº¼U»�BAJ�5C4¬68LMÜ?L�684�6ßLMJdO�@�ObNU@�Ã&;8O�;CBK¹º¹MDR4�¿=»�¹M;H¼�LºÜA4 »�BE¼�4s¼�ÚdïrLMV	¼bO~O�>=424�ÜA4�JdOU¼�BFD���½
mKÑ [7íÖÓ�Ô Y Z BAJH6ROW>=4¬BE6=68LMO�Lº@AJ|@KÕ FrÑ [÷Ô�BKJH6�Q�Ñ [÷Ô7ÀA4�JH4�V	BSO�4s¼~B'»�BAV�VWDAÚdõ @SNn½dN�>=4�J mKÑ [7íÖÓ�Ô
Y Z ½?OW>=4�J Q�Ñ [¡Ô�Ã&;H¼�O >HBFÜA4¬5C4�4�J
¹ºLMJ=4sBKVW¹MD�4�¿89=VW4�¼W¼�4s6öà×;C¼�LºJ=À'O�>=4�BA5C@SÜE4IÕìBE»+O+áhBKJH6|O�>H4
9=V�@E5HBK5HLM¹ºLPObD�5dD|684�ÙHJHLPOWLM@EJ�L�¼ei I ÚHÛh>?;H¼�OW>=4n9=VW@A5HBA5=LM¹ºLMObDRO�>HBKO�� Lº¼hOWV�;H4¬L�¼nÓ�hW' M i I ÚÛh>=4n@KOW>=4�V 4�ÜA4�JEO�� Lº¼ O�>=4�»�BA¼�4nN�>=4�VW4<mKÑ [®í Ó�Ô Y Ó�BKJC6�OW>=4�BE6=68LMO�Lº@AJ�@KÕ F®Ñ [÷ÔrBAJH6
Q7Ñ [÷Ô�9=VW@A9HBAÀEBSOW4�¼UO�>H4�»�BKVWVWDAÚ8Ûh>=4�9=VW@A5HBA5=LM¹ºLMObD�O�>HBKO���Lº¼�OWV�;H4¬L�¼  	hW' M àbÓhígi I á+ÚTU¹M4sBKVW¹MDßLMÕ$O�>=4�4�ÜA4�JdOnà	��
��&á�@?»�»�;=V	¼hOW>=4�J
OW>=4ßà [S/_Ósá ��� 5=LPO¬»�BKJHJ=@KO 5�4�¹ºLMJ=4sBKVW¹MD
4�¿89=VW4�¼W¼�4s6�BKJC6�OW>=4n9=VW@A5HBA5=Lº¹MLMObD�Lº¼ 5dD|684�ÙHJHLPOWLM@EJÖà�Ó�í�i I4h G á�ÚÛh>d;C¼�½Hà�Ó\í)i Iih G á Y ,�à���
�&á Y ,�à	�2á#/ ,�à	�&áIà×5�4�»�BA;H¼�4��æBKJH6�� BAV�4�Ã&;8O�;CBK¹º¹MD
4�¿=»�¹º;H¼�LMÜE4sá

Y Ó�hW' M i I /  h�' M àbÓhí>i I á@AVs½�i I4h G Y ÓWhW'+/!i I hKâ
ÆI¼�LMJ=À'OW>=4nV�4s»�;=VWVW4�JH»�42VW4�¹�BSOWLM@EJ|N�4�>HBFÜA4

i I4h G Y Ó�hW'b/ i I hAâ
Y ÓWh�'b/æÓWhAâ=à�ÓWhW'0/ i I 1�G hAâAá
Y ÓWh�'CÑMÓD/æÓWhAâFÔ=/_àbÓWhAâAá�X�i I 1�GÛh>d;C¼�»�@AJdOWLMJ=J?;=LºJ=ÀRN�4¬>CBFÜA4

i I4h G Y Ó�hW'�ÑPÓX/æà�ÓWhAâAáS/_àbÓWhAâAá�XD/ M�MOM /_àbÓ�hKâAá I ÔO/_àbÓ�hKâEá I4h G i?oY ÓWhKâHÑPÓX/_àbÓWhAâAá Iih G	Ô÷½=¼�LºJH»�4`i o Y Ó
Ûh>d;C¼�½�i I Y Ó�hKâ=ÑMÓY/æà�ÓWhAâAá I Ô Y Ó�hKâ0/_àbÓWhAâAá Iih GSÚ
ÆI¼�LMJ=À'OW>=4n4Obd;HBKO�Lº@AJ�NU4�>HBFÜE4 i?o Y Ó ^ i G Y  h�' ^ i X Y ä h� ^ i�� Y �	h?Ósç�BKJC6�¼�@R@AJ�ÚTU¹M4sBKVW¹MDE½�Ó�hKâ F i IDf ÓAÚ
Ûh>=4�VW4�Õ×@EV�4E½�OW>=4h5=LºBE¼$@KÕ=OW>=4�¹ºLMJ=4sBKV"BK9H9=V�@F¿8LºÃ�BSO�Lº@AJ�V�4�¹ºBKO�LºJ=À OW@2OW>=4 [ ��� 5=LPO"9�@E¼�LPOWLM@EJ

Lº¼�à i I í ÓWhAâAá Y Ó�hKâ I4h G2BKJC6|>H4�JH»�42ÕìBA¹M¹�¼�4�¿?9�@AJH4�JdO�L�BK¹º¹MDßÕìBA¼�OhN�LMO�>�[	Ú
ñlJ&OW>=4hÕ×@A¹º¹º@SN�LMJ=À¬OW>=4�@EV�4�ÃR¼$N�4 »�@EÃR9=;8O�4hOW>=4�Ã�BS¿8LºÃ�;=ÃëÜFBA¹M;H4�@KÕ�O�>=4�5=L�BA¼�4�¼$@AÕ7BA¹M¹

9C@d¼�¼�LM5H¹M4�¹MLºJ=4sBKV$BK9=9=VW@F¿8LMÃ�BKO�Lº@AJH¼\@KÕ8O�>H4h¼�;=Ã 5=LMOW¼�Ú��Ò4h¼�>=@SNîLMJ�O�>=4�Õ×@E¹M¹º@SN�LMJHÀ O�>H4�@AVW4�Ã
O�>HBKO�O�>=4n5=L�BA¼�»�BKJ=JH@KO�5C4nÃR@EV�4¬O�>CBKJÖÓWhAâ I4h GsÚ
:<; °?³C´S°=��� �<�2�@�BA,�(!����!�DC��&� �8� ����EV���.FG������HS�I'U�>��EV�J�	EV� � ��� ��� �,� �K�L�%�M���$���I'U�6�
� �&� � �NEO�g�%�%�nQ Y àIFg/cH=á<�#� ��âAúS]b^�'U�U$i���aA �&� �n�����W�(��eB�g$ � �$�K���B���#�	� ��� �(�P�,�����,� ��e
Q7Ñ [÷Ô � ��àbÓ�hKâEá I4h G@]
jk� ���le%]Iñ�O�L�¼~4�Ü?Lº684�JdOUOW>HBSOs½#Q�Ñ [¡Ô Y FrÑ [÷Ô J H�Ñ [÷Ô J mKÑ [CíÝÓ�Ô�½EN�>H4�VW4_mKÑ [CíÖÓ�Ô�L�¼�OW>=4�»�BKVWVWD&LºJ
@KÕ7O�>=48[ ��� 5=LMOU@AÕ�O�>=4¬BA6=68LMO�Lº@AJ\ÚEÛh>=4¬»�BKVWVWD�LMJ�Lº¼�O�>=42J=@AJ8Å�¹ºLMJ=4sBKV�9CBKV�O~@KÕ�OW>=4I4�bE;CBSO�Lº@AJ\Ú
Ûh>d;C¼�LºJÞ@AV	684�V�O�@ö@A58O	BKLºJÞÜSBKVWLM@E;H¼�¹ºLMJH4�BKV'BK9=9HV�@F¿8LºÃRBKO�Lº@AJH¼nÕ×@AV�OW>=4�J=@AJ8Å�¹ºLMJ=4sBKV�9CBKV�O
¹MLºJ=4�BAV�BK9=9=VW@F¿8LMÃ�BKO�Lº@AJH¼~>HBFÜA4IO�@'5C4¬Õ×@A;HJH6�@E;8O�Õ×@AV�O�>=4n»�BKVWV�D'LMJ|O�4�V�Ã
Ú8ø~BE»	>ß9�@E¼W¼�Lº5=¹º4
BK9=9=VW@F¿8LMÃ�BKO�Lº@AJß@AÕ mKÑ [¡Ô�½8684�JH@KO�4s6�5?D��2Ñ [÷Ô�N�LM¹º¹�ÀALºÜA42V�L�¼�4IOW@'68L��74�VW4�JdO�5=LºBE¼�4s¼�N�>=Lº»	>�BKVW4
4Obd;HBK¹7OW@RO�>=4n5HLºBE¼h@KÕrB'¹ºLMJH4�BKV BA9=9=VW@F¿8LMÃ�BSOWLM@EJ�@AÕ Q�Ñ [¡Ô�Ú



�

Ûh>=4~4�bE;CBSO�Lº@AJ�Õ×@AV mAÑ Z Ô Y FrÑ Z Ô(H�Ñ Z Ô�½sN�>=Lº»	>&Lº¼rB 5�@?@A¹º4�BAJ�Õ×;=JH»+OWLM@EJ�Õ×@EV\ObN�@ ÜSBKVWLºBA5=¹º4�¼�Ú
Á�Lº<A4�N�L�¼�4A½OmKÑMÓ�Ô Y ÃRBKèb@AVWLPObD�à�F®ÑMÓ�Ô ^ H�ÑMÓ�Ô ^ mKÑ Z Ô×áY ÃRBKèb@AVWLPObD�à�F®ÑMÓ�Ô ^ H�ÑMÓ�Ô ^ FrÑ Z Ô(H�Ñ Z Ô×áY F®ÑMÓ�ÔIH�ÑPÓ�Ô J F®ÑMÓ�ÔVF®Ñ Z ÔIH�Ñ Z Ô J H�ÑPÓ�Ô4FrÑ Z Ô(H�Ñ Z Ô÷Ú
Ûh>d;C¼0mKÑPÓ�Ô�Lº¼IB&5�@?@A¹º4�BAJ�Õ×;=JC»+O�Lº@AJ
@AÕ®Õ×@E;=V�ÜSBKVWLºBA5=¹M4s¼�Ú
Á�Lº<A4�N�L�¼�4A½OmKÑ [¡Ô®Lº¼�B'5�@d@E¹M4sBKJ|Õ×;=JH»�O�Lº@AJ
Õ×@AVIâHà [	/æÓsá�ÜSBAV�L�BK5=¹º4�¼�Ú
Ûh>=4|Ã�BK¿?LºÃ�;HÃ�J=@AJ8Å�¹ºLMJ=4sBKVWLPObDÒÕ×@AV�BAJ�� ÜSBKVWLºBA5=¹M4|5C@?@E¹M4sBKJÞÕ×;HJH»+OWLM@EJ�½$N�>=4�VW4��

Lº¼n4�ÜA4�J�½�Lº¼&â��_1�G í â����WX%1�GKÚ 9 4�JH»�4E½�O�>=4�9HV�@E5HBK5=Lº¹ºLPObDå@AÕUÃ�BSO	»	>ÝÕ×@AV�O�>H4�5C4s¼bO�¹ºLºJ=4�BAV
BK9=9=VW@F¿8LMÃ�BKO�Lº@AJ
@KÕ~B�5�@?@A¹º4�BAJ�Õ×;=JH»�O�Lº@AJå@E9C4�VWBKO�LºJ=Àß@AJÒBKJ�4�ÜE4�JåJ?;=Ã&5C4�VI@AÕ�ÜFBAV�L�BK5H¹M4s¼
Lº¼OE�Ó�í X
	���K1�X�	�������X 	 Y GX /éâ�1������WX h G��	Ú

Ûh>d;C¼�½CO�>=4&9=VW@A5HBA5=LM¹ºLMObD�@AÕ�Ã�BSOW»	>HLMJ=À�Õ×@AVIO�>=4'5C4s¼bO�¹ºLMJ=4sBKV¬BK9=9=VW@F¿8LMÃ�BKO�Lº@AJ
Õ×@AV�mKÑ [¡Ô
Lº¼nÓ�hKâ0/éâ�1�� Iih X��	½=¼�;=5H¼�O�LMO�;8OWLMJ=À�� Y âHà [�/æÓsá�Ú

Ûh>=4�@A;8OW9=;8ObQ�Ñ [÷Ô Y F®Ñ [÷Ô J H�Ñ [÷Ô J mKÑ [�íéÓ�Ô\»�BAJ�OW>d;C¼�5C4�BA9=9=VW@F¿8LMÃ�BSOW4�6�5dD|B&¹ºLºJ=4�BAV
4Obd;HBSOWLM@EJ�½6Q��¡Ñ [÷Ô Y F®Ñ [÷Ô J H�Ñ [÷Ô J �2Ñ [+í�Ó�Ô÷½�N�>=4�VW4 �IÑ [+í�Ó�ÔELº¼�O�>=4�5�4�¼�O®¹ºLºJ=4�BAV\BK9=9HV�@F¿8LºÃRBKO�Lº@AJÕ×@AVbmKÑ [\í Ó�Ô�Ú

9 4�JC»�4A½?OW>=4�¹ºBAV�ÀE4�¼�O�9HV�@E5HBK5=Lº¹ºLPObD�N�LMO�>
N�>=L�»	>�B'¹ºLMJH4�BKV�BA9=9=VW@F¿?LºÃ�BSOWLM@EJ�»�BAJ|Ã�BSO	»	>
Q7Ñ [÷ÔCL�¼IÓ�hKâX/Òâ�1�� I 1�G h X
� Y ÓWhKâX/Òâ�1�� I4h G���ÚEÛh>?;H¼�½EO�>=42¹ºBAV�ÀE4�¼�O~5=L�BA¼�@AÕ\Bn¹ºLMJ=4sBKV�BK9=9=VW@F¿?Å
LMÃ�BSOWLM@EJ�Õ×@EVbQ�Ñ [÷Ô�L�¼nàbÓ�hKâAá Iih GFÚ

ï=VW@AÃòOW>=4�BK5�@SÜA4¬V�4s¼�;H¹PO	¼hLPO L�¼�4�Ü?L�684�JdOhO�>CBSOOE
� ³C´S³ �!���8´F±G�?�M^�'U���%� � �P$ � �$���@� �K�`��� � � �(�g����������e&���#"dÑ [÷Ô+� ��$7Ñ [¡Ô J H�Ñ [÷Ôa� & 'U�6� �0�I'U��	� �#���#�&�($ � � ���le �g��� ��' � �nÓWhKâ0/éâ�1�� Iih G��<�,�	�U'k�&�$�%�D�I'U� �&�����D� �Iâ�1�� Iih G��%]

ô?@H½?LMÕ\O�>H42<E4�DdÅ÷ÃRLM¿8LMJ=À'¼bOW4�9�LMJ�O�>=4�5=¹º@8»	<ß»�Lº9=>=4�V�L�¼hBKJ�BA6=68LMO�Lº@AJ|ÃR@?6=;=¹M@ßâAúß¼bOW4�9�½
O�>=4å9HV�@E5HBK5=Lº¹ºLPObDÞ@AÕ�BAJ?D ¹ºLMJ=4sBKV�4�¿?9HV�4s¼�¼�LM@EJéVW4�¹�BSOWLMJHÀÒOW@îO�>H4�<A4�Dé4�¹º4�ÃR4�JdO	¼�Ã�BFD 5�4
4�¼�O�LºÃRBKO�4s6�;H¼�LºJ=À¬O�>=4�BK5�@SÜA4�VW4�¼�;=¹PO�BAJH6�OW>=4�Ä�Lº¹MLºJ=ÀAÅ�ÆI9�¹º4�ÃRÃ�B=ÚSñ�Õ�O�>=4hVW4�¼�;=¹POWLMJHÀ¬¹ºLºJ=4�BAV
4�¿89=VW4�¼W¼�Lº@AJîLºJ?ÜA@A¹ºÜA4s¼�BAJdDÝ9HBAV�OWLº»�;=¹ºBAV&5HLPOR9C@d¼�LMO�Lº@AJ\½r¼WBFDöOW>=4g[ ��� 5=LMO'@AÕ O�>H4|<E4�DA½®O�>H4
5=LºBE¼ @AÕ"O�>=4&V�4s¼�;=¹MO�LºJ=Àß4�bd;HBSOWLM@EJ�Lº¼2¹M4s¼�¼�4�V O�>HBAJ àbÓ�hKâAá Iih GnBKJC6�BA¼�OW>=4�Õ×@E¹M¹º@SN�LºJ=À�OWBA5=¹º4
¼�;=ÀEÀA4s¼bO	¼~OW>=4n5=L�BA¼�4�¼h5�4�»�@AÃR4nJ=4�ÀE¹MLºÀALº5=¹º4�ÜA4�VWDRÕìBA¼�O�Ú

Ûh>=4&5HLºBE¼2@AÕ�O�>H4'¹ºLºJ=4�BAV¬4�¿89=V�4s¼�¼�Lº@AJ�VW4�¹�BSO�LºJ=À|O�>=4R<E4�D
5=LMOW¼�>HBFÜE4�5�4�4�JÖ»�@EÃR9=;8O�4s6
;H¼�LºJ=À'O�>H4�BK5�@SÜA4¬4�¿89=VW4�¼W¼�Lº@AJ
BKJH6�OWBA5=;=¹�BSOW4�6�LMJ�O	BK5=¹º4RÓAÚ

% �E�'&)( s?� * q �?�+(A�-,/.10 q32 (A�E���5464��7,�8 q:9 �d� q , 2 �<; 2>= ,�& =	q32?r@? (�A@* q �+�
��eW�CBru�` D
Z7os}lu�`buvosf E F © � � � G H I J FKE
BruPj�} EKy � EKy ©L� EKyMF ©N� EAy E Gs©N� EKy E � F � EAy E�F �LG EAy ENE HLJ EKy ENE �LJ EAy ELE © E EAy ENE�FKE EKy ENENE �

�Ò4�¼�4�4 OW>HBSO�O�>=4¬5=L�BA¼U@KÕ�OW>=4¬¹MLºJ=4�BAV�BA9=9=VW@F¿8LMÃ�BSOWLM@EJH¼�LºJ?ÜA@E¹MÜ?LºJ=ÀnO�>H42<E4�DR5=LMOW¼UÕìBK¹º¹º¼
ÜA4�V�ÕìBE¼bOsÚ �«LPOW>
BAJ�4�¿?9�4�»�O�4s6�<E4�Dß¼�LMó�4¬@AÕUÓFâ,nOW>=4n5=L�BA¼�@KÕ®O�>=4�¹ºLMJH4�BKV�BA9=9=VW@F¿?LºÃ�BSOWLM@EJH¼
Lº¼hBK¹ºÃR@E¼�OUó�4�VW@|à×JH4�ÀA¹ºLºÀALº5=¹M4Fá�5�4�DE@AJH6|B�5HLPOh9C@d¼�LMO�Lº@AJ|@KÕ®¼�LM¿öà×Ã�BKVW<A4s6�LMJ�OWBA5=¹M4'Ósá�Ú8Ûh>=Lº¼
ÕìBA»+OhÃ�BK<E4�¼~O�>=42ÙHJH68LºJ=À'@KÕ�¹ºLMJH4�BKVhBK9H9=V�@F¿8LºÃ�BSO�Lº@AJC¼�LºJßO�>H4¬»�LM9=>H4�V�N�LPOW>�B�¹ºBAV�ÀE4 5=L�BA¼�B
Ã'@EV�4'68L 
�»�;=¹MO2O	BA¼�<�Ú�32Lº¼W»�@SÜE4�VWLMJHÀRO�>=4R<A4�D�O�>=VW@A;=ÀE>öÁ�LºJ=4sBKV�TUVWD?98OWBAJHBK¹ºD8¼�L�¼ 5�4�»�@AÃR4�¼
LMÃR9=VW@A5HBA5=¹º4AÚ



G

ñlJ�@AV	684�V\OW@2@E5H¼�4�V�ÜE4�OW>=4h4 �74�»+O	¼r@KÕH<E4�DnÃRLP¿8LºJ=À2O�>=VW@A;=ÀE>&BE6=68LMO�Lº@AJ�@EJ�¹ºLMJH4�BKV"»�V�D?98O�Å
BKJHBA¹MD8¼�Lº¼�N�4ß»�@EJH¼bOWV�;C»+O�ObNU@öô=Ä~õò»�Lº9=>=4�VW¼�½2��Ä�LºÀHÓ�BAJH6 ��Ä�LºÀdâ8Ú2��Ä~LMÀ?â�68L �74�V	¼�Õ×VW@AÃ
��Ä�LºÀHÓhLMJROW>=4�ÕìBE»+O�OW>HBSO"OW>=4 <A4�D�ÃRLM¿?LºJ=ÀnL�¼�9�4�V�Õ×@AVWÃR4�6&O�>=VW@A;HÀA>RBA6=68LMO�Lº@AJ�ÃR@868;=¹º@�â ú Ú
ï®LºV	¼bOs½8O�>=4&»�@AJC¼bOWV�;H»�O�Lº@AJ
@KÕrO�>H4nObNU@R5=¹º@8»	<|»�LM9=>H4�V	¼ BKVW4n>=LºÀA>=¹ºLMÀE>dO�4�6�LºJ�O�>=4nÕ×@E¹M¹º@SN�LºJ=À
¼�4s»+O�Lº@AJ\Ú

� �ÒÌUÉ�1EÊ8ËHÎIÏ�Ê=ÐbÌUÉ�Ì"=�Ê�� /����	� �ÖÐ�7
��/�Ëk1�����ÒÐ��IÇN4"ÉIÍ���ÒÐ�� -

ñlJæO�>HLº¼�¼�4s»+OWLM@EJæNU4Ò9=VW4�¼�4�JdO�OW>=4Ý»�@AJH¼�O�VW;H»�O�Lº@AJ«@KÕRô?;=5H¼�O�LMO�;8OWLM@EJ8ÅlÄ$4�VWÃ�;8O	BSO�Lº@AJ«JH4�O�Å
NU@EV�<8¼�½���Ä�LºÀHÓ�BKJC6 ��Ä~LMÀ?â8½�N�>HLº»	>nL�¼�¼�;=5H¼�4Obd;=4�JdOW¹MD�»�VWD?98OWBAJHBK¹ºD?ó�4�62;H¼�LMJHÀ ¹MLºJ=4sBKV\»�V�D?98O�Å
BKJHBA¹MD8¼�Lº¼�ÚAÛh>=4¬»�Lº9=>=4�Vs½AJCBKÃR4�6 ��Ä~LMÀCÓA½K>HBE¼�5�4�4�J�»	>=@E¼�4�J'Õ×VW@AÃëO�>=4IO�;8OW@AVWLºBA¹H9=VW4�¼�4�JdOW4�6
LMJÖÑPÓ Z ½�çKÔ÷Ú=Ûh>H4�»�LM9H>=4�V���Ä~LMÀCÓ2L�¼h4�¼W¼�4�JdO�L�BK¹º¹MDßB&O�V	BA6=LPOWLM@EJHBK¹�ô8ÄUõ¦5H¹M@8»	<�»�LM9=>H4�Vs½8N�>=4�VW4
O�>=4R<A4�D�ÃRLP¿8LºJ=À|L�¼¬9C4�V�Õ×@EV�ÃR4s6å5?Då4�¿8@EV�LºJ=À�5�4�ObN�4�4�JåOW>=4�6=BSO	B|BAJH6�OW>=4RV�@E;=JH6å<E4�D8¼�Ú
��Ä�LºÀHÓ¬Lº¼�ÃR@868LMÙH4�6�LºJdO�@�BKJ=@AO�>=4�V »�Lº9=>=4�V BKJH6|JHBKÃR4s6���Ä~LMÀ?â8½dO�>H4n@AJ=¹ºDßÃR@868LPÙ�»�BSOWLM@EJ
LMJöO�>=4'¹ºBKO�OW4�Vn»�Lº9=>=4�V25�4�LºJ=À|O�>HBKO2OW>=4&<E4�D
ÃRLP¿8LºJ=À
¼bOW4�9öL�¼29C4�V�Õ×@EV�ÃR4�6�O�>=VW@A;=ÀE>öBA6H68LPÅ
O�Lº@AJ�ÃR@868;=¹º@&âKú�ÚAñlJß¼�;=5H¼�4Obd;=4�JdOU¼�4s»+OWLM@EJH¼"¹ºLMJ=4sBKV~»�V�D?98O	BKJHBA¹MD8¼�Lº¼"BAÀEBALMJH¼�O$O�>=42ÃR@?6=LPÙH4s6
»�Lº9=>=4�Vn>CBA¼n5�4�4�JÖ»�@AÃR9HBAV�4s6åN�LMO�>ÖO�>CBSO�@KÕUO�>=4�@EV�LºÀALºJHBA¹�»�Lº9=>=4�V�OW@å684�ÃR@EJH¼bOWVWBKO�4'O�>H4
5C4�J=4�Ù=O @AÕ®OW>=4�»	>HBAJ=ÀA4EÚ

� � � :<; °	�����$¶������������ì³����! I°d´��	�"�\�����ì³��$#�°%�	²�³C´'&(�*)+ ,�.- �
ñlJ0/ A@EO���21�OW>=4�;=J=ÃR@868LMÙH4�6�5=¹º@8»	<|»�LM9=>H4�V43Yj �JA=�nL�¼�LM¹º¹º;H¼bOWVWBKO�4s6�ÚHÛh>=4�»�LM9=>H4�VhOWBA<A4s¼�B
Ó�çSÅ�5=LMO LMJH9=;8O25H¹M@8»	<|BAJH6
9=VW@8»�4�¼W¼�4�¼�O�>H4�5=¹º@?»	<|5?D|VW4�9�4�BKO�LºJ=ÀRO�>=4�5HBA¼�Lº»�@A9�4�V	BSO�Lº@AJC¼h@KÕ
B&VW@A;HJH6ßÕ×@E;=VhO�LºÃR4�¼�ÚHø~BE»	>|VW@A;HJH6|»�@AJH¼�L�¼bO	¼h@KÕ
ã_ô?;=5H¼�O�LMO�;=O�Lº@AJ
ãæBRÛ\V	BKJH¼�9�@E¼�LPOWLM@EJ|@AÕ®5=LMOW¼�à¡Ä$4�VWÃ�;8O	BSOWLM@EJCá
ãæBR¾�4�D�:�LM¿8LMJHÀ�ôdO�4�9
Ûh>=Lº¼�5HBE¼�L�»Ý¼bOWV�;H»�O�;=VW4öL�¼|O�>=4îïrLº4�¼�O�4�¹�õI4�ObN�@AVW<«BKJH6æO�>=4Ý5HBA¼�L�»ö@E9C4�VWBKO�Lº@AJH¼�BKVW4

¼�LºÃRLM¹�BKV�O�@'OW>=@E¼�4IÕ×@E;=JH6|LMJ
3¬øUô|BKJH6�LMJ�Ã�BKJ?D�ÃR@?6=4�VWJ�»�LM9=>H4�V	¼�½?LºJH»�¹º;H68LºJ=À�Q�L èbJH6=BK4�¹¡Ú
Ûh>d;C¼�½HO�>=4�4�¿89C4�V�LºÃR4�JdOWBKO�Lº@AJ
9C4�V�Õ×@EV�ÃR4s6
@AJ�O�>=4Rô8Ä~õ »�LM9H>=4�V2N�LPOW>�V�4s¼�9�4�»�O O�@ß¹ºLºJ=4�BAV
»�VWDd9=OWBKJCBK¹ºD?¼�L�¼RLº¼ßBA¹º¼�@ÞBK9H9=¹ML�»�BA5=¹º4�LMJ«»�BE¼�4�@AÕ�¼�OWBAJH6=BAVW6 BKJC6éÃR@EV�4�9=V	BA»�O�L�»�BA¹ 5=¹º@?»	<
»�Lº9=>=4�V	¼�½8N�LPOW>=@A;8O ¹º@E¼W¼h@KÕrÀA4�J=4�V	BK¹ºLPObDEÚ

Ûh>=4�ÜFBAV�Lº@A;C¼h5=¹M@8»	<8¼�;H¼�4�6�LMJ�OW>=4n5=¹º@?»	<|»�Lº9=>=4�V BAV�4n684�OWBALM¹º4�6|J=4�¿?OsÚ

���"�r¶����5���"���¡³6�U·ÖñlJ«O�>=4Ö»�Lº9=>=4�V�½UO�>H4 Ó�ç 5=LMO�6=BKOWBÞ5H¹M@8»	<«6=BSO	BîL�¼|¼�;=5768LMÜ?L�684�6_LMJdOW@
Õ×@A;=V�ÀAVW@A;=9C¼öàì¼�;=58Å�5=¹º@8»	<?¼	á+Úhø~BE»	>æ¼�;H58Å÷5H¹M@8»	<éÕ×@AVWÃR¼�BKJ_LMJ=9H;8O|OW@éBH'�7K'éôdÅ�5�@F¿ à¡B
¼�;=5C¼bOWLPOW;8O�Lº@AJåN�LMO�> '�LºJ=9=;8O�BKJH6 '�@A;8OW9=;8O25HLPO	¼Wá�½�N�>HLº»	>å»�BKJ�5�4&LºÃR9=¹M4�ÃR4�JdO�4s6�4�BE¼�Lº¹MD
N�LPOW>ÝB�OWBA5=¹M4R¹º@?@A<?;=9ö@AÕU¼�LP¿?O�4�4�J 'KÅ�5=LMO¬ÜSBK¹º;=4s¼�½�LºJH684�¿?4s6å5?D�OW>=4RLMJdO�4�ÀA4�V2VW4�9=VW4�¼�4�JdOW4�6
5dD|O�>H4D'�LMJH9=;8O25HLPO	¼�Ú�ï=@AV O�>=4'»�Lº9=>=4�Vs½8OW>=4&¼WBKÃR4�ôdÅ�5C@F¿�Lº¼2»	>=@E¼�4�J�Õ×@EVIBK¹º¹�OW>=4�VW@A;=JH6H¼
BKJH6 Lº¼R»	>=@d¼�4�JîÕ×V�@EÃ O�>=4åôdÅ�5C@F¿84s¼�@AÕ232ø�ô7Ú$ñ�O'L�¼&O�>=4|ÙHV	¼bORVW@SNò@KÕ OW>=4�ÙCVW¼�O�ô?Å÷5�@F¿�Ú
ñlJÒO	BK5=¹º4ßâ8½7OW>=4�ÃR@E¼�O�¼�LºÀAJ=LMÙC»�BKJdO¬5HLPO�@AÕUOW>=4�>=4�¿=BE684�»�LMÃ�BK¹"JH@KOWBKO�Lº@AJÝV�4�9=VW4�¼�4�JdOW¼2O�>H4
¹M4�Õ£O�ÃR@E¼�O 5=LMO @KÕrO�>=4�ôdÅ�5�@F¿�LMJ4/ A@EO� �21AÚ



H

 S11 S12  S13 S14

S24

     subkey K    Mixing 1  through exoring

     subkey K    Mixing through exoring 4

C1  16.   .   .              Ciphertext                  .    .    .     C

     subkey K    Mixing through exoring 5

S21 S22 S23

S31 S32 S33 S34

S41 S42 S43 S 44

     subkey K    Mixing through exoring 2

     subkey K    Mixing through exoring

               
1P  16.   .   .              Plaintext                     .    .    .     P

 3

pXq4r ���H� �$[deI^S`lkbadtW`baAkbeho�p��hZ�uvx F



I

% �d�'&)( �=�����l� , 8��<(�4��7(A�+( 2 �	�d� q , 2�� q32
	 (�8H��� (E� q:9 �/&�
uvfdidaA` E F © � � � G H I J { B q ] w �
o�aE`biEaE` w � ] F © � B I � { G q � J E H

 I°d´��	�"�\� ���ì³��~·2Ûh>=429�4�VWÃ�;=OWBSOWLM@EJß9�@AV�O�Lº@AJß@AÕ®B�VW@A;=JC6ßL�¼U¼�LMÃR9=¹ºDRO�>H4IOWVWBAJH¼�9�@E¼�LMO�Lº@AJ
@KÕrO�>=4�5HLPO	¼ @AV O�>=4�9�4�VWÃ�;=OWBSOWLM@EJ
@KÕrO�>=4�5HLPOI9�@E¼�LMO�Lº@AJH¼�ÚHÛh>=4�9�4�VWÃ�;=OWBSOWLM@EJ
@KÕ�/ A`EO� �,1
Lº¼�ÀALºÜA4�JßLºJßOWBA5=¹º4  �à×N�>=4�V�42O�>H42J?;=Ã&5C4�VW¼UV�4�9=VW4�¼�4�JdOU5=LMO�9C@d¼�LMO�Lº@AJC¼~LºJ�OW>=4¬5=¹M@8»	<7½dN�LPOW>
Ó�5C4�LMJ=ÀÞO�>=4å¹º4�Õ£OWÃR@E¼�O�5=LMO|BKJH6 ÓsçÝ5C4�LMJ=ÀÞO�>=4åVWLºÀA>dO�ÃR@E¼�Oß5=LMO	á�BAJH6«»�BAJ 5C4ö¼�LºÃ'9H¹MD
684�¼W»�VWLM5�4�6�BA¼OE?O�>H4)[ ��� LMJ=9H;8O 5=LMO Lº¼ »�@AJ=JH4�»+OW4�6�O�@ROW>=4�_ ��� @A;8OW9=;8OI5=LMO�àì¼�4�4 / A@EO� �21sá�Ú

% �E�'&)(��H��� (A� 9�� �	�E� q , 2
uvfdiEaE` F © � � � G H I J FKE FNF F © F � F � F � F G
osaA`bidaE` F � J F � © G F+E F � � H FNF F � � I F © F G

¯�°E±�� �����.�"-®·2Ûh>H4n<A4�D�Ã'LM¿8LMJHÀ'L�¼ BE»	>=LM4�ÜA4s6ßLºJ|OW>=4�5=¹º@8»	<�»�Lº9=>=4�VhO�>=VW@A;HÀA>�5=LPO�Å÷N�L�¼�4
4�¿=»�¹º;H¼�LMÜE4�Å�C¬Q�5�4�ObN�4�4�JéOW>=4�<A4�D 5=LMOW¼�BA¼W¼�@8»�L�BSOW4�6éN�LPOW>«BÖV�@E;=JH6 à×VW4�Õ×4�V�VW4�6 O�@ÞBE¼�B
¼�;=5H<A4�D=áUBKJH6ßO�>=4�6=BKOWB&5=¹M@8»	<�LºJ=9=;8OhOW@'B�V�@E;=JH6�Ú8Ûh>=4�¼�;H5=<A4�DRÕ×@AVhB�VW@A;=JC6ßL�¼�6=4�VWLMÜE4�6
Õ×V�@EÃ OW>=4öÃ�BE¼bOW4�V�� ¼�<A4�D OW>=V�@E;=ÀA>æBÞ9=V�@8»�4�¼W¼ß<?J=@SN�J_BE¼�O�>H4ö<A4�D«¼�»	>=4s68;=¹º4AÚUñlJæO�>H4
»�Lº9=>=4�Vs½\N�4�¼�>HBK¹º¹UBE¼�¼�;=ÃR4RO�>CBSO&BA¹M¹~O�>=4�¼�;=5H<A4�D8¼�BAV�4�LºJH684�9C4�JH684�JEOW¹MDÖÀE4�J=4�VWBKO�4�6ÖBAJH6
BKVW4¬;HJ=V�4�¹ºBKO�4s6�Ú

�|°��K´F±�� ���¡³6�U· ñlJ�@EVW6=4�V"OW@&684s»�VWDd9=O�½?6=BSO	B�L�¼~4s¼�¼�4�JdO�L�BK¹º¹ºD&9HBE¼�¼�4�6R5CBA»	<?N�BAVW6H¼$O�>=VW@A;HÀA>
O�>=4'J=4�ObN�@AVW<7Ú?9I@SNU4�ÜA4�VIO�>=4�ôdÅ�5C@F¿84s¼ >HBFÜE4�O�@|5C4'5=L èb4�»�O�LºÜA4AÚ�ÂI¹º¼�@H½�O�>H4'¼�;=5=<E4�D8¼ >HBFÜE4
O�@�5�4�BK9=9=¹ºLº4�6|LMJ�O�>H4nV�4�ÜA4�V	¼�42@EVW684�V�Õ×@AV�9=VW@A9�4�V 684s»�VWD?98O�Lº@AJ�Ú

� � � :<; °M�Þ³\µ"� �r°?µ$�� ,# � � � ; °d´�� )+ ,�5- �
��Ä�LºÀdâ�L�¼nB�¼�LºÃRLM¹�BKV¬5=¹º@?»	<å»�LM9H>=4�VnBA¼)��Ä~LMÀCÓ�N�LMO�>ÒO�>=4R@AJH¹MDå68L��74�VW4�JH»�4&5�4�LºJ=À
LMJÒO�>H4
<A4�D�ÃRLM¿8LMJ=À
¼�O�4�9\Ú�ñlJH¼bOW4�BE6ö@AÕ~4�¿8@AV�@E9C4�VWBKO�Lº@AJH¼25C4�NhO�4�4�JÒO�>=4�6=BKOWB|@KÕ~OW>=4#[ ��� V�@E;=JH6
à G I áUBKJC6�O�>H48[ ��� V�@E;=JH6ß<E4�D�à ! I á+½dOW>=42<E4�DRÃRLP¿8LºJ=À'LMJ���Ä�LºÀdânL�¼U9C4�V�Õ×@EV�ÃR4�6ßO�>=VW@A;HÀA>
BA6=68LMO�Lº@AJ
ÃR@868;=¹º@ßâEG#"KÚHÛh>?;H¼�½8NU4�VW4�9=¹�BA»�4¬O�>=4n<E4�DßÃRLM¿?LºJ=À�¼�O�4�9
@AÕ\O�>H4)[ ��� V�@E;=JH6�E

RmI�Y G+I J ! I
N�LPOW>�½ R I Y à G+I /�! I á%$'âdG&"A½�N�>H4�VW4P/ëVW4�9=VW4�¼�4�JdOW¼ O�>=4RBKVWLMO�>=ÃR4�OWLº»'BA68Å

68LPOWLM@EJ
@A9�4�V	BSO�Lº@AJ\Ú?Ûh>H4�¼�D?Ã�5�@A¹'$òLº¼�O�>=4nÃR@868;=¹º@R@A9�4�V	BSO�Lº@AJ\½=¼bO ZPf6RmI f â G#" Ú
ñ�O�L�¼U»�¹M4sBKVUO�>HBKOUOW>=4�¼bOW4�9�L�¼hB�VW4�ÜE4�V	¼�Lº5=¹º4I¼bOW4�9�½8¼�LMJC»�4 G#I2Y à R I í(! I á%$'âdG&"E½?N�>=4�VW4

í_VW4�Õ×4�V	¼�O�@�¼�LMÀEJ=4�6
BAV�LMO�>=ÃR4�O�L�»¬¼�;=58OWVWBE»+OWLM@EJ�Ú
ñlJöOW>=4R9=V�4s¼�4�JdO�¼�4�»�O�Lº@AJÝ5C@AO�> ��Ä�LºÀHÓRBKJH60��Ä�LºÀdâ�BKVW4'BAJHBK¹ºD?ó�4�6ö;=JH684�V�O�>=4R¹ºLMÀE>dO

@KÕ$¹MLºJ=4�BAVIBSO�OWBE»	<�ÚHñlJ�@EVW6=4�VhO�@|¼bO	BKV�OhN�LMO�>
OW>=4�BAJHBK¹ºD8¼�L�¼hNU4�ÙCVW¼�O J=4�4s6�O�@ßBAJHBK¹ºD?ó�4�O�>H4
ôdÅ÷5�@F¿�»�@EÃR9C@EJ=4�JdOW¼�BAJH6ß@E58OWBALMJ�¹ºLMJ=4sBKV�BK9H9=V�@F¿8LºÃ�BSO�Lº@AJC¼�Õ×@EVUOW>=4�ôdÅ�5C@F¿�½?N�>=L�»	>|L�¼�O�>H4
¼�BAÃ'4�LºJ
5C@AO�>�O�>=4�»�LM9H>=4�V	¼�Ú



J

� 3&Ð�É /24rË �ÒË�� 7IÊV4$É�4K@�� 1?Ð�1îÌ"=  �ÝÐ �IÇ 4"ÉIÍ���ÒÐ � -

Ûh>=4|¹ºLºJ=4�BAV&BK9H9=V�@F¿8LºÃ�BSO�Lº@AJC¼n@KÕ OW>=4�ôdÅ÷5�@F¿ÖLº¼'9=VW4�¼�4�JdO�4s6ÖLMJØÑ çH½�Ó Z Ô�Ú �Ý4�¼�;=ÃRÃ�BKVWLº¼�4
O�>=4ßVW4�¼�;=¹MO�N�LPOW>ÞB�5=VWLM4�Õh6=4�¼W»�VWLM98OWLM@EJ�Ú\Â2¼ / A`EO� ���ß¼�>=@SN ¼�½7OW>=4ßLºJ=9=;8O'5=LMOW¼�@AÕUOW>=4|ôdÅ
5C@F¿ßBKVW4IVW4�9HV�4s¼�4�JEOW4�6R5?D G GW^ G X ^ G � ^ G�� BKJH6ßO�>=4¬@A;=O�9=;8Oh5?D R G�^ R X ^ R � ^ R�� Ú8Â_¹ºLºJ=4�BAVBK9=9=VW@F¿8LMÃ�BKO�Lº@AJnLºJdÜE@A¹ºÜ?LMJ=À O�>=4�LMJH9=;8O$5=LPO	¼rLº¼r684�JH@KO�4s6�5?D<$ G G G J $ X G X J $ � G � J $ ��G	� ½N�>=4�VW4 $ I�
� Z ½ºÓ��dÚFÛh>H4 BK9=9=VW@F¿8LMÃ�BKO�Lº@AJ&»�BKJR5�4�V�4�9=V�4s¼�4�JdO�4�6&5?D�B�>=4�¿8BE684�»�LMÃ�BA¹8ÜFBA¹M;H4
$ G $ X $ �7$ � ½sN�>H4�VW41$ G Lº¼\O�>=4hÃR@E¼�O"¼�LºÀAJ=LMÙC»�BKJdO®5=LMO�ÚAô8LMÃRLº¹ºBAV�¹ºD¬O�>=4h¹ºLMJ=4sBKV$BK9=9HV�@F¿8LºÃRBKO�Lº@AJLMJ?ÜA@E¹MÜ?LºJ=ÀÝO�>=4Ò@A;8OW9=;8O�5HLPO	¼�½�� G G G J � X G X J � � G � J � ��G	� ½~N�>=4�V�4� I�
�� Z ½ºÓ��d½"Lº¼
684�J=@AO�4s6�5?D�OW>=4I>=4�¿=BA684s»�LºÃRBA¹HÜSBK¹º;=4�� G � X � ��� � ÚEñlJ�@AV	684�V"OW@�@E58OWBALMJROW>=4I9=VW@A5CBK5=Lº¹MLMObD'@KÕBß¹ºLMJ=4sBKV�BK9=9HV�@F¿8LºÃRBKO�Lº@AJ�½�BK¹º¹\OW>=4�Ó�çß9�@E¼W¼�LM5=¹º4�LºJ=9=;=O�ÜSBA¹M;=4s¼ Õ×@EV G BKVW4&BK9H9=¹MLº4�6�½�BAJH6
O�>=4�»�@EV�VW4�¼�9�@AJH68LºJ=ÀÒ@A;8OW9=;8OßÜSBK¹º;=4�¼R@AÕ R BKVW4|4�¿=BKÃRLMJH4�6�Ú�Ûh>=4
J?;=Ã&5C4�V�@KÕ2Ã�BKOW»	>=4s¼
5C4�ObNU4�4�JÒO�>=4�@E;8O�9=;=O R BAJH6öO�>=4�¹ºLMJH4�BKVnBA9=9=VW@F¿?LºÃ�BSOWLM@EJå@KÕ�O�>=4R@E;8O�9=;=O�Lº¼�@E58OWBALMJ=4s6
à��öá�ÚHÛh>?;H¼�O�>=4n5HLºBE¼�Lº¼��G#" í GX Ú

2XX1 X3 X4

1 2 3 4Y Y Y Y

    S−Box

pXq4r � �H� ^S�¡�8o+���Rj�iEiduvfdx

ï=@AV�4�¿=BKÃR9=¹º4A½?Õ×@AVhOW>=4n4�¿89=VW4�¼W¼�LM@EJ�½
G X J G � Y R G J R � J R�� ½LPO�L�¼n@A5C¼�4�V�ÜE4�6�OW>HBSO&@A;8On@KÕ�O�>H4åÓ�ç
»�BE¼�4s¼�½"ÓFâ|Lº¼�OW>=4�J?;=Ã�5�4�V�@KÕhÃRBKOW»	>=4s¼�Ú�Ûh>?;H¼

O�>=4¬9=VW@A5HBA5=LM¹ºLMObD'@AÕ�O�>=4¬¹ºLMJ=4sBKVhBK9=9HV�@F¿8LºÃRBKO�Lº@AJ�L�¼ G�XG#" Y
�
� BKJH6ROW>=4¬5=LºBE¼~L�¼

�
� í GX Y G� Ú

Â¦»�@AÃR9=¹º4�O�4�4�Jd;HÃ'4�VWBKO�Lº@AJß@AÕrBA¹M¹�O�>H4¬¹ºLºJ=4�BAV�BA9=9=VW@F¿?LºÃ�BSOWLM@EJH¼~@AÕ�O�>H4nô?Å÷5�@F¿ßLMJ|O�>H4
»�Lº9=>=4�V"L�¼rÀALºÜA4�J&LºJ�O	BK5=¹º4 'RÑ çKÔ÷ÚKÛh>H4�4�JdO�VWLM4s¼®@AÕHOW>=4�OWBK5H¹M4�BKVW4UÙH¹M¹º4�6&;=9RN�LMO�>&O�>=4hÜSBK¹º;=4�¼
� í#HÚKÛh>?;H¼�½FOW>=4�5=L�BA¼$Õ×@EV�B¬¹MLºJ=4�BAV~BK9H9=V�@F¿8LºÃ�BSO�Lº@AJ�Lº¼"@E58OWBALMJH4�6'5?D�68LºÜdL�68LºJ=À�BKJR4�JEOWV�D
LMJ�O�>H4�OWBK5H¹M4n5?DöÓsç=Ú 9I4�JH»�4A½8Õ×@EVhO�>=4�BA5C@SÜE4¬4�¿=BKÃR9=¹º42OW>=4nLºJ=9=;8O2¼�;=Ã�LMJ
>=4�¿8BE684�»�LMÃ�BA¹
Lº¼�ç
BAJH6ÒO�>=4ß»�@AVWV�4s¼�9�@AJH6=LMJ=À�@A;=O�9=;8O'¼�;=Ã Lº¼ ��Ú®Ûh>?;H¼¬OW>=4ß»�@EV�VW4�¼�9C@EJH68LºJ=À�4�JdO�VWDöLºJ
O�>=4�O	BK5=¹º4nLº¼+/8'�BAJH6ßOW>=4�VW4�Õ×@EV�4¬OW>=4n5=L�BA¼hL�¼_/ �

G&" Y G� Ú



F+E

% �d�'&�(����>0 q32 (A�E���5464��7,�8 q:9 �d� q , 2 % �d�6&)( � 0r� %  ,�. � ����,�8
t�aA`bidaE`�^Aadm

E F © � � � G H I J { B q ] w �
E � I E E E E E E E E E E E E E E E
F E E � © � © E E � © � G � © � © E E � © � © E E
© E E � © � © E E � © � © E E � © � © E E � G � ©

� � E E E E E E E E � © � G � © � © � © � © � © � ©
f � E � © E � © � © � � � © E E � © E � © � © � � � © E
i � E � © � © E � © E � � � © � © E � � � © E � © � © E
a G E � © � © � � � © E E � © E � © � © � � � © E E � ©
` H E � © E � © � © � � � © E � © E � © E � � � © E � ©

I E E E E E E E E � © � © � © � © � © � © � © � G
^ J E E � © � © E E � © � © � � E � © � © E � � � © � ©
a { E � � � © � © � � E � © � © � © � © E E � © � © E E
m B E � � E � � � � E � � E E E E E E E E E

q E � © � � � © � © E � © E � © E � © � � E � © E � ©
] E � © � © E � © � � E � © � � � © � © E � © E E � ©
w E � © � © E � © � � E � © � © E E � © � � � © � © E
� E � © � � � © � © E � © E E � © � � � © � © E � © E

� � � � �5�r°=�=´���� �®´S³���� ��� ���¡³6�r¶��÷³C´ � ; ° �E³?� � �¡°%�s° � � � ; °d´S¶
Ûh>=4R5=LºBE¼�4s¼I@AÕ~OW>=4R¹MLºJ=4�BAVnBK9=9=VW@F¿8LMÃ�BKO�Lº@AJH¼I>HBFÜA4&5C4�4�JÝ@A58O	BKLºJ=4�6öÕ×@AV¬O�>H4�ô?Å÷5�@F¿84�¼2@KÕ
O�>=4 ô8ÄUõ J=4�ObNU@EV�<8¼�Ús¸�D�»�@AJH»�BSO�4�JHBSOWLMJHÀ2BK9H9=V�@E9=VWLºBKO�4�¹ºLMJH4�BKV"BA9=9=VW@F¿?LºÃ�BSOWLM@EJH¼�@AÕ=O�>=4 ôdÅ
5C@F¿84�¼�½dO�>=4�¹ºLMJH4�BKV�BA9=9=VW@F¿?LºÃ�BSOWLM@EJH¼~@AÕ\OW>=4n»�@AÃR9=¹º4�OW4n»�Lº9=>=4�V�LºJ?ÜA@E¹MÜ?LºJ=À�9=¹�BKLºJdO�4�¿dO�5=LMOW¼
BKJH6|6=BSO	B�5=LMOW¼�Õ×VW@AÃ�OW>=4�@A;8OW9=;8Oh@KÕ®O�>=4n¼�4�»�@EJH6�¹�BA¼�O�VW@A;HJH6ß@AÕ$ôdÅ�5C@F¿84s¼UBAV�42@A58O	BKLºJ=4�6�½
;H¼�LºJ=ÀöO�>=4�Ä�Lº¹MLºJ=ÀKÅlÆ 9 ¹M4�Ã'Ã�BHÚrïH@A¹º¹M@SN�LºJ=ÀåL�¼&BAJÞ4�¿=BAÃ'9H¹M4|@KÕ�O�>H4|»�BA¹º»�;=¹�BSO�Lº@AJ @KÕ�O�>H4
5=LºBE¼�@KÕ®B'¹ºLMJ=4sBKVhBK9=9HV�@F¿8LºÃRBKO�Lº@AJß@AÕ\5�@KO�>|O�>H4�»�LM9H>=4�V	¼�Ú?ñ�O�L�¼U4�Ü?Lº684�JdO�Õ×VW@AÃ�OW>=4�V�4s¼�;H¹PO	¼
O�>HBKO¬OW>=4R5=L�BA¼¬@KÕhB�¹ºLMJH4�BKVnBA9=9=VW@F¿?LºÃ�BSOWLM@EJ�Õ×@AVD��Ä�LºÀdâßLº¼�Ã&;H»	>ö¹º4�¼W¼�4�V¬O�>HBAJöOW>HBSO�Õ×@EV
��Ä�LºÀHÓAÚ

ñlJÖO�>=4|Õ×@A¹º¹M@SN�LºJ=À�4�¿8BAÃR9=¹M4E½	� I à�
 T á�V�4�9=VW4�¼�4�JdOW¼�OW>=4öÓsçSÅ�5=LMO�5=¹º@?»	<Ý@KÕ 5HLPO	¼&BKO�O�>H4
LMJ=9H;8Ohàì@A;8OW9=;8O+á\@AÕ8O�>=4�VW@A;=JH6D[�ô?Å÷5�@F¿84�¼rBKJH6�� I 5 T à
 I 5 T á\V�4�9=VW4�¼�4�JdO\OW>=4�_ ��� 5=LMOr@AÕH5=¹º@?»	<
� I à�
 T á2àìN�>=4�VW4 OW>=4�5=LMOW¼hBKVW4IJ?;=Ã&5C4�V�4s6�Õ×VW@AÃ Ó2O�@�Ó�çnÕ×VW@AÃò¹º4�Õ£OhOW@&VWLMÀE>dOULºJ�/ A`EO� � 1Fá+Ú
ñlJö»�BE¼�4n@AÕ"��Ä~LMÀCÓ�O�>=4|Ó�çKÅ÷5=LMOI5=¹º@8»	<�<E4�D|Õ×@AV OW>=4D[ ��� V�@E;=JH6Ý½ ! I ½HL�¼24�¿=»�¹º;H¼�LMÜE4�Å�C¬Q�4�6
BSO~OW>=4ILºJ=9=;=O~O�@&V�@E;=JH6#[	Ú�9 @SN�4�ÜA4�V�½ !�� L�¼�OW>=4I<E4�D'4�¿=»�¹º;H¼�LMÜE4�Å�C¬Q�4�6RBSOUO�>=42@A;8OW9=;8O�@KÕ
V�@E;=JH6g'HÚ=ñlJ�OW>=4�»�BE¼�4n@AÕK��Ä~LMÀ?â8½8LºJH¼�O�4�BE6
@KÕ$4�¿=»�¹º;H¼�LMÜE4�Å�C¬Qn½=BA¼�BA¹MVW4�BE68Dß9�@ALºJdO�4�6
@E;8O�½
O�>=4n<E4�Dß5=LMOW¼IBKVW4¬BE6=684�6�ÃR@868;=¹º@ßâ ú O�@'O�>=4�6HBSOWB'5=¹º@8»	<8¼�Ú
� �����+�	$ �P�`]¬TU@AÃR9HBAV�L�¼�Lº@AJÒ@KÕUO�>=4R9=VW@A5HBA5=Lº¹MLMObDå5=L�BA¼�4�¼¬@KÕ�¹MLºJ=4sBKVnBK9=9HV�@F¿8LºÃRBKO�Lº@AJH¼2Õ×@EV
O�>=4�ÙHV	¼�O` RVW@A;HJH6=¼�@KÕ"��Ä�LºÀHÓ�BKJH6 ��Ä~LMÀ?â

ô8BKÃR9=¹º4IÁ�LºJ=4sBKVUÂI9=9=VW@F¿8LMÃ�BSOWLM@EJ*E�� � 5 " J � � 5 � J � � 5 G � J � � 5 G#" J ,�� J ,�� J , � YNZ
)+ ,�5- �C·
ñlJ�@EVW6=4�V�O�@�@E58OWBALMJ|O�>=4�¹MLºJ=4�BAV BK9=9HV�@F¿8LºÃRBKO�Lº@AJ�Õ×@AVhO�>H4�ÙHVW¼�O�ObN�@'VW@A;HJH6=¼hN�4�»�@AJ=Å

¼�L�684�VhOW>=4�Õ×@A¹º¹º@SN�LMJ=ÀR¹ºLMJH4�BKVh4�¿?9HV�4s¼�¼�LM@EJH¼OE
ÓAÚ�
 G 5 " Y � G 5 � J � GK5 � J � G 5 � ½8N�LMO�>
5=L�BA¼ G�



FLF

â8Ú � G 5 � Y ,�� J ! G 5 �S½=N�LMO�>
5=L�BA¼ GX =Ú � G 5 � Y , � J ! G 5 � ½=N�LMO�>
5=L�BA¼ GX'HÚ � G 5 � Y , � J ! G 5 � ½=N�LMO�>
5=L�BA¼ GXä8Ú � X65 " Y 
 X65 " J 
 X65 � ½=N�LMO�>
5=L�BA¼�í G�ç=Ú � X65 " Y 
 G 5 " J ! X%5 " ½HN�LPOW>�5HLºBE¼ GX
Ûh>=4I»�@EJH»�BKO�4�JHBSOWLM@EJ�@KÕ7O�>=4¬BK5�@SÜA4�4�¿?9HV�4s¼�¼�LM@EJR¹M4sBA6=¼�O�@�OW>=4 Õ×@E¹M¹º@SN�LºJ=À�BK9=9HV�@F¿8LºÃRBKÅ

O�Lº@AJ*E


 X65 " J 
 X65 � J , � J , � J , � J ! GK5 � J ! G 5 � J ! GK5 � J ! X65 " Y Z àbÓFá
Ûh>=4nÄ�Lº¹MLºJ=ÀKÅlÆ 9
Á�4�ÃRÃRBR9HV�4s68Lº»�OW¼�OW>HBSO�OW>=4n5=L�BA¼h@KÕ`� � EN�,�����,����L�¼h4Obd;HBA¹7O�@� G Y â � à G� GX GX GX à�í G� á GX á Y í G� Úô?LMÃRLº¹ºBAV�¹ºDA½dLºJß@AV	684�V~O�@'@A58O	BKLºJ�O�>H42¹ºLMJH4�BKV�BK9=9HV�@F¿8LºÃRBKO�Lº@AJRÕ×@EV~OW>=4IOW>=LºVW6�VW@A;HJH6�N�4

»�@AJC¼�L�684�VhOW>=4�Õ×@A¹º¹º@SN�LMJ=À'4�¿89=VW4�¼W¼�LM@EJH¼�E
ÓAÚ � � 5 " Y 
 X65 " J ! � 5 " ½HN�LPOW>�5HLºBE¼ GXâ8Ú � � 5 G �8Y 
 X%5 � J !�� 5 G � ½=N�LPOW>
5=LºBE¼ GX =Ú � � 5 " Y 
�� 5 " J 
�� 5 � ½=N�LMO�>
5=L�BA¼�í G�'HÚ � � 5 G � Y 
 � 5 G � J 
 � 5 " ½=N�LMO�>
5=L�BA¼�í G�
TU@AÃ�5HLMJ=LºJ=À'O�>H4n4Obd;HBSOWLM@EJH¼�NU4�BAV�VWLºÜA42BKO�O�>=4n4�¿89=V�4s¼�¼�Lº@AJ*E


�� 5 " J 
�� 5 � J 
�� 5 G � J 
�� 5 G#" J 
 X65 " J !�� 5 " J 
 X%5 � J !�� 5 G �8YNZ à¡âEá
½8N�LPOW>
BR5HLºBE¼h@KÕ � X Y â � à GX GX àbí G� á�à�í G� á�á Y / G

�
Ú

TU@AÃ�5HLMJ=LºJ=À!� � EN�,�����,����BAJH6 � � EN���������	1nNU4�ÀA4�O�O�>=4n4�¿89=V�4s¼�¼�Lº@AJ*E

 � 5 " J 
�� 5 � J 
�� 5 G � J 
 � 5 G&" J , � J ,�� J , � J ! G 5 � J ! GK5 � J ! GK5 � J ! X%5 " J !�� 5 " J !�� 5 G ��YNZà� dá

Ûh>=4¬Õ×@A¹º¹M@SN�LºJ=ÀR4�¿89=VW4�¼W¼�Lº@AJC¼�E
ÓAÚ � � 5 " Y 
 � 5 " J ! � 5 "â8Ú � � 5 � Y 
�� 5 G � J ! � 5 � =Ú � � 5 G �8Y 
�� 5 � J ! � 5 G �'HÚ � � 5 G&" Y 
�� 5 G#" J ! � 5 G#"
½84�BA»	>�>HBFÜ?LºJ=À�B&5HLºBE¼h@KÕ GX ½HBAV�4n»�@EÃ�5=LºJ=4s6�N�LMO�> � � EN�,�����,��¬OW@RÙHJHBK¹º¹ºDß@A58O	BKLºJ*E

� � 5 " J � � 5 � J � � 5 G � J � � 5 G&" J , � J ,�� J , � J���� YNZ à '?á

½ N�>=4�V�4�� � Y ! GK5 � J ! G 5 � J ! GK5 � J ! X65 " J ! � 5 " J ! � 5 G � J ! � 5 " J ! � 5 � J ! � 5 G � J! � 5 G#" Ú9 4�JC»�4A½8;C¼�LºJ=ÀßÄ�Lº¹ºLMJ=ÀAÅ�ÆI9�Á\4�ÃRÃ�B&O�>=4n5=L�BA¼h@AÕ®OW>=4n4Obd;HBKO�Lº@AJ�Lº¼OE� � Y â � à � G � X à GX
	 á�á Y â � à�à�í G� á�à G� á�à GX
	 á�á Y í G� X Úõ @SNn½?¼�LºJH»�4 � � L�¼UÙ=¿84�6åà×O�>HBKOhL�¼U4�LMO�>=4�V Z @AV2Ó2684�9C4�JH68LºJ=À&@EJßOW>=42<E4�D'5=LMOW¼	á+½?O�>H4
¹MLºJ=4�BAV BK9=9HV�@F¿8LºÃRBKO�Lº@AJ



F ©

� � 5 " J � � 5 � J � � 5 G � J � � 5 G&" J ,�� J ,�� J , � Y Z à¡äEá
>=@A¹�6=¼�N�LMO�>�9=VW@A5CBK5=Lº¹MLMObD GX í G� X Y G

�
� X ÚH@EV�Ó í G �� X ½C6=4�9�4�JH68LºJ=Àß@EJ�N�>=4�OW>=4�V � � Lº¼

Z @EVnÓAÚ
Ûh>d;C¼�½?OW>=4n5=L�BA¼h@KÕrO�>H4n¹MLºJ=4�BAVh4�¿89=VW4�¼W¼�Lº@AJÖà � � EN������������á�>HBA¼�B'Ã�BKÀELMJdOW;H684n@KÕ G� X Úõ 4�¿?Os½HN�4�»�@AÃR9=;=O�4nOW>=4�5=L�BA¼�@AÕ$O�>=4�¹ºLºJ=4�BAV 4�¿89=VW4�¼W¼�Lº@AJ�LºJ
O�>=4�»�BA¼�4n@KÕrO�>=4&»�Lº9=>=4�V

��Ä�LºÀdâ8Ú
)+ ,�5- ��·
ñlJ�@EVW6=4�VhO�@�@E58OWBALMJ|O�>H4�5=L�BA¼�@AÕ®OW>=4n¹MLºJ=4sBKVIBA9=9=VW@F¿?LºÃ�BSOWLM@EJ|B�¼�LMÃRLº¹ºBAV »�BK¹�»�;H¹ºBKO�Lº@AJ

Lº¼�9�4�V�Õ×@AVWÃR4�6�Ú
Ûh>=425HLºBE¼�4s¼~@AÕ�O�>=4�¹ºLMJH4�BKVhBK9H9=V�@F¿8LºÃ�BSO�Lº@AJC¼�@KÕ\O�>=4�ôdÅ�5C@F¿84s¼UBAV�42Lº684�JdO�L�»�BK¹�Õ×@EV�5�@KOW>

O�>=4Ö»�Lº9=>=4�VW¼�Ú�C2J=¹MD OW>=4Ý5=LºBE¼�4s¼�@AÕ�O�>H4Ý¹ºLºJ=4�BAV|4�¿?9HV�4s¼�¼�LM@EJH¼ßLºJ?ÜA@E¹MÜ?LºJ=ÀÞOW>=4Ò<E4�D«5=LMOW¼
BKVW4
6=L �74�VW4�JdOßÕ×@EV>��Ä�LºÀdâÝBKJC6 BAV�4�»�@AÃR9=;8OW4�6 ;H¼�LMJHÀÞÛh>=4�@EV�4�ÃR¼ßâÖBAJH66 =Ú �Ò4
ÙHV	¼�O
4�J?;=ÃR4�V	BSOW4&OW>=4�¹ºLMJ=4sBKVn4�¿?9HV�4s¼�¼�LM@EJH¼¬LMJ?ÜE@A¹ºÜdLºJ=À|O�>=4�<E4�Då5HLPO	¼�BKJH6ÒOW>=4ß»�@EV�VW4�¼�9C@EJH68LºJ=À
5=LºBE¼�4s¼�E
ÓAÚ � G 5 � Y , � J ! G 5 � ½=N�LMO�>
5=L�BA¼ GX��â8Ú � G 5 � Y , � J ! G 5 � ½=N�LMO�>
5=L�BA¼ GX�� =Ú � G 5 � Y , � J ! G 5 � ½=N�LMO�>
5=L�BA¼ GX��'HÚ � X65 " Y 
 G 5 " J ! X%5 " ½HN�LPOW>�5HLºBE¼ GX��
Ûh>d;C¼�½?OW>=4n5=L�BA¼h@KÕ � � EN�,�����,���¬LºJ�»�BA¼�4¬@KÕ"��Ä�LºÀdâ�Lº¼)E� G � Y â � à G� GX�� GX�� GX � à�í G� á GX � á Y í GX � � ÚñlJ'@EVW6=4�VrO�@n@E58OWBALMJ&O�>=4I¹MLºJ=4�BAV�BK9=9HV�@F¿8LºÃRBKO�Lº@AJ�Õ×@AV"VW@A;=JH6# H½FO�>=4�¹ºLMJH4�BKV"4�¿89=V�4s¼�¼�Lº@AJ

LMJ?ÜA@E¹MÜ?LºJ=À&O�>=4n<E4�Dß5=LMOW¼IBKVW4 E
ÓAÚ � � 5 " Y 
 X65 " J ! � 5 " ½HN�LPOW>�5HLºBE¼ GX��â8Ú � � 5 G �8Y 
 X%5 � J !�� 5 G � ½=N�LPOW>
5=LºBE¼ GX ��
Ûh>d;C¼�O�>=4n5=L�BA¼h@AÕ`� � EN���������	1n5C4s»�@AÃR4s¼�E� X � Y â � à GX	� GX �� à�í G� á�àbí G� á�á Y GX ��
 ÚñlJ�@AV	684�V"OW@�BKVWVWLMÜE4 BSO�OW>=4 ÙHJCBK¹H4�¿89=V�4s¼�¼�Lº@AJ�à � � EN��������� ��á�½AOW>=4I4�¿?9HV�4s¼�¼�LM@EJH¼$LºJdÜE@A¹ºÜdÅ

LMJ=À'OW>=4n<A4�Dß5=LMOW¼�@AÕrVW@A;=JC6 '�BKVW4
ÓAÚ � � 5 " Y 
�� 5 " J ! � 5 " ½HN�LPOW>�5HLºBE¼ GX��â8Ú � � 5 � Y 
�� 5 G � J ! � 5 � ½=N�LMO�>
5=L�BA¼ GX�� =Ú � � 5 G �8Y 
�� 5 � J ! � 5 G � ½=N�LPOW>
5=LºBE¼ GX ��'HÚ � � 5 G&" Y 
�� 5 G#" J ! � 5 G#" ½=N�LMO�>
5=L�BA¼ GX  �
Ûh>d;C¼�½?OW>=4n5=L�BA¼h@KÕ � � EN�,�����,���¬L�¼�E� � � Y â � à � G � � X � GX � GX � GX �� GX  � á Y â � à�àbí GX � � á�à GX ��
 á�à GX 	 � á�á Y GX � ��

Z Ú
Ûh>=42BA5C@SÜE4 4�¿=BKÃR9=¹º426=4�ÃR@AJH¼�O�V	BSOW4�¼�O�>HBKO�N�>=4�J�O�>H42<E4�DRÃRLP¿8LºJ=À&¼�O�4�9�LºJ�O�>=4nô8ÄUõ

5=¹M@8»	<�»�Lº9=>=4�V2L�¼29C4�V�Õ×@EV�ÃR4�6åN�LPOW>åO�>H4&>=4�¹M9Ò@KÕ~BE6=68LMO�Lº@AJöÃR@868;=¹º@�âAú7½HOW>=4'5=LºBE¼I@AÕ�O�>H4
¹MLºJ=4�BAVh4�¿89=VW4�¼W¼�Lº@AJH¼hBAV�4�BK¹ºÃR@E¼�Ohó�4�VW@H½8BKJC6ßOW>d;C¼�»�BKJHJ=@KO�5�4¬;C¼�4s6|LºJ�¹MLºJ=4�BAV�»�VWDd9=OWBKJCBK¹MÅ
D?¼�L�¼�Ú

ñlJæO�>H4öÕ×@E¹M¹º@SN�LMJHÀé¼�4�»+OWLM@EJ_N�4ö9�4�V�Õ×@AVWÃ.B ¹ºLºJ=4�BAV�BKO�OWBE»	< @AJ_5�@KOW>æOW>=4Ý»�LM9H>=4�V	¼�½
��Ä�LºÀHÓ�BAJH6���Ä~LMÀ?â�BKJH6 4�ÜSBK¹º;HBKO�4ßOW>=4
¼bOWV�4�J=ÀKOW>Þ@KÕ�OW>=4�¼�4�»�@AJH6 »�Lº9=>=4�VRBKÀdBKLºJH¼�O�O�>H4
»�VWDd9=OWBKJCBK¹ºD?¼�L�¼�Ú



F �
� �g9`7)/�ËHÐ ; /®É~ÊV4K@��>9hÊ8ËU4"Ï�Ê=ÐbÌ~É�Ì"=�� / � .îÐbÊU1

ñlJöOW>=Lº¼n¼�4�»�O�Lº@AJÝLPOnL�¼¬4�¿89C4�V�LºÃR4�JdOWBA¹M¹ºDö¼�>=@SN�JåOW>HBSOc��Ä~LMÀCÓ�L�¼n¼�;H»�»�4s¼�¼�Õ×;=¹º¹MDå»�V�D?98O	BKJHBKÅ
¹MD?ó�4s6ö;C¼�LºJ=À�O�>=4R¹ºLMJH4�BKVn4�¿89=V�4s¼�¼�Lº@AJ�½�ÃR4�JdO�Lº@AJ=4s6öLºJÝO�>=4R4�¿8BAÃR9=¹M4EÚ�ñ�OnLº¼nBA¹º¼�@�6=4�ÃR@AJ8Å
¼bOWVWBKO�4�6'OW>HBSOUÕ×@AV ��Ä�LºÀdâ�¼�;H»	>ßBKJ�BKO�O	BA»	<&6=@d4s¼~JH@KO~N�@AVW<7ÚAÛh>=4IVW4�BE¼�@EJR5C4�LMJ=ÀC½ELºJ�@AV	684�V
Õ×@AV�¹ºLMJ=4sBKV�»�VWD?98OWBAJHBK¹ºD8¼�L�¼UO�@R5�4�¼�;H»�»�4�¼W¼�Õ×;=¹7O�>=4n5HLºBE¼U@AÕ�à¡êæí ÓFáUV�@E;=JH6|¹MLºJ=4�BAVh4�¿89=VW4�¼�Å
¼�Lº@AJH¼�à¡BK9=9HV�@F¿8LºÃRBKO�Lº@AJH¼	áIÕ×@AV�BAJÝê�V�@E;=JH6Ý5=¹º@8»	<ö»�Lº9=>=4�V�>HBA¼nO�@�5�4�¹ºBAV�ÀE4AÚS9 @SN�4�ÜE4�Vs½
LMJöO�>=4R»�BE¼�4&@KÕ ��Ä~LMÀ?âRO�>H4&5=L�BA¼�4�¼2@KÕU¹MLºJ=4�BAV24�¿89=V�4s¼�¼�Lº@AJH¼ ÕìBK¹º¹º¼2ÜA4�V�D�ÕìBA¼�O¬O�@�ó�4�VW@|BAJH6
>=4�JH»�4�¼�;C»	>|4�bE;CBSO�Lº@AJC¼�»�BKJHJ=@KO�5�4n4�¿89=¹º@ALMO�4�6|LºJ
BR»�@AJ?ÜA4�JEOWLM@EJHBK¹7¹ºLMJH4�BKV BKO�O	BA»	<7Ú

� � � � ���~°d´ ���Þ° �(�\�>���\°%��� �

Ûh>=4n9=VW@?»�4�68;HV�4�BA68@E98O�4s6|O�@R4�ÜSBK¹º;HBKO�4¬O�>=4n¹�BA¼�O�V�@E;=JH6�<A4�D8¼�BAV�4nBE¼�Õ×@A¹º¹M@SN ¼OE

ÓAÚ�Â ¹ºBAV�ÀE4&J?;=Ã&5C4�VßàbÓ Z ^ Z Z Z á @KÕU»�LM9H>=4�V�Å¡OW4�¿?OW¼nBAV�4'@A5=OWBKLºJ=4s6å5?Då4�JC»�VWDd9=O�LºJ=À|9H¹ºBALMJ8ÅO�4�¿dO	¼�L÷½ 4nN�4�ÀA4�JH4�V	BSO�4'Ó Z ^ Z Z Z <?J=@SN�J�9=¹�BKLºJdO�4�¿?O���»�LM9H>=4�V�O�4�¿dO 9CBKLºVW¼�Úâ8Ú�Ûh>=4 BSO�OWBE»	<A4�V�»�@AJH¼�L�684�V	¼rO�>=4�¹ºLºJ=4�BAV~BK9=9HV�@F¿8LºÃRBKO�Lº@AJ�à×ÃR4�JdO�Lº@AJH4�6'LMJROW>=4�4�¿=BAÃ'9H¹M4Fá
@KÕrO�>=4�ÙCVW¼�O  &VW@A;HJH6=¼h@KÕrO�>H4�»�Lº9=>=4�V	¼�Ú=Û\@RVW4�¼�OWBSOW4¬O�>=4n4�¿?9HV�4s¼�¼�LM@EJ�L�¼�E

� � 5 " J � � 5 � J � � 5 G � J � � 5 G&" J , � J , � J , � YNZ àìçdá
Ûh>=4�OW4�VWÃ�¼ � � 5 " ½ � � 5 � BAJH6 � � 5 G � B �74�»�OW¼IO�>=4RôdÅ�5C@F¿84�¼
	 � X BKJC6�	 � � Ú�9 4�JC»�4A½CO�>H4BSO�OWBA»	<E4�V�ÀE;=4�¼W¼�4�¼ à ! � 5 � ^ MOM�M ^ ! � 5 � á�BAJH6åà !�� 5 G � ^ M�M�M ^ ! � 5 G&" á+ÚdñlJ�»�BE¼�4I@KÕ2��Ä�LºÀHÓ >H44�¿8@AV	¼~O�>=4�ÃòN�LPOW>�OW>=4¬»�LM9H>=4�V�O�4�¿dOh5=LMOW¼UO�@'@A5=OWBKLºJÒà�
 � 5 � ^ M�MOM ^ 
 � 5 G&" á+Ú8Ûh>=4�J�>=4¬9C4�V�ÅÕ×@AVWÃ�¼�O�>H4�LMJ?ÜE4�V	¼�4n@AÕrOW>=4&ôdÅl¸�@F¿|@E9C4�VWBKO�Lº@AJH¼hOW@ß@A5=OWBKLºJ
O�>H4�ÜSBK¹º;=4�¼I@KÕ � � 5 " ½ � � 5 �BKJH6 � � 5 G � Ú�ñ�Õ$O�>=4�LMV¬ÜSBK¹º;=4�¼I¼�BKO�L�¼bÕ×D � � EN�,�����,���O�>=4�JåBß»�@E;=JdOIL�¼ LºJH»�VW4�ÃR4�JdOW4�6
Õ×@EVO�>=4�ÀE;=4�¼W¼�4�6é<A4�D 5=LPO	¼åà !�� 5 � ^ M�MOM ^ !�� 5 � ^ ! � 5 G � ^ M�MOM ^ ! � 5 G#" á�Ú~Ûh>=4�9HBAV�OWLºBA¹ ¼�;=5H<A4�DN�>=L�»	>î>HBA¼�O�>=4�»�@A;=JdO�N�>HLº»	>Þ68L��74�V	¼�ÀAVW4�BKO�4s¼bO�Õ×VW@AÃ >HBK¹MÕhO�>=4|Jd;HÃ�5�4�V�@AÕh9H¹ºBALMJ8Å
O�4�¿dO��n»�LM9=>H4�V�O�4�¿?OU¼WBKÃR9=¹º4�¼2à¡ä Z ^ Z Z Z á\L�¼�BA¼W¼�;=ÃR4s6'O�@�VW4�9=VW4�¼�4�JdO"OW>=42»�@AVWV�4s»+O�ÜSBK¹º;=4�¼@KÕ$O�>H4nÀA;=4s¼�¼�4�6�<A4�D�5=LMOW¼�ÚCÂIJ�LMJC»�@AVWVW4�»+O ¼�;=5=<E4�D�L�¼ BE¼�¼�;=ÃR4�6|O�@�5�4�4�bE;HLMÜSBK¹º4�JdO�OW@
BnV	BKJH68@EÃ ÀE;=4�¼W¼$O�@�O�>=425=LPO	¼�@AÕ�OW>=4 ¹ºLMJH4�BKVU4�¿89=VW4�¼W¼�Lº@AJRBKJC6'O�>=L�¼~>H@A¹�6=¼"N�LMO�>ß9=VW@A5=Å
BK5=Lº¹ºLPObD�»�¹º@E¼�4nOW@ÒÓ�hKâ8ÚCÛh>=4'¼WBKÃR4�BKO�O	BA»	<
Lº¼¬BK¹�¼�@ß9C4�V�Õ×@EV�ÃR4s6�@AJ ��Ä~LMÀ?â8Ú*C2J=¹MD�N�4
BA¼W¼�;HÃ'4¬OW>HBSOhO�>H4�BSO�O	BA»	<E4�V�<dJH@SN ¼~OW>=4�ÜSBK¹º;=4�¼h@AÕ\O�>H4n<A4�D�5HLPO	¼�à ! � 5 � ^ M�M�M ^ ! � 5 G�X á+ÚÛh>?;H¼I>H4�VW4�>=4�ÀE;=4�¼W¼�4�¼�OW>=4�9CBKV�O�L�BK¹\<E4�D8¼�à ! � 5 � ^ MOM�M ^ ! � 5 � ^ ! � 5 G � ^ M�M�M ^ ! � 5 G&" á BAJH6¼�;H58O�V	BA»�OW¼¬O�>H4ß<A4�Då5=LMOW¼�Õ×VW@AÃ O�>=4ß»�LM9=>H4�V�O�4�¿?OnOW@åBKVWV�LºÜA4RBSOnOW>=4�V�4�bd;=LMVW4�6ÒÜSBK¹º;=4�¼
@KÕ�à
 � 5 � ^ MOM�M ^ 
 � 5 G#" áhBKJC6�ÙCJHBK¹º¹MDßO�>=4nÜSBK¹º;=4s¼h@KÕ	� � 5 " ½ � � 5 � BKJH6 � � 5 G � ÚHÛh>=4�VW4�¼�O�@KÕO�>=4�BKO�O	BA»	<ßL�¼�¼�LºÃRLM¹�BKVsÚ=Ûh>=L�¼�ÀALºÜA4s¼hB&5�4�¼�OI»�BE¼�4n¼W»�4�JHBKVWLM@&O�@ROW>=4�BSO�OWBE»	<A4�VsÚ
ï=VW@AÃ
½�OW>=4�O	BK5=¹º4�N�4~¼�4�4"OW>HBSO®O�>=4�BSO�O	BA»	<2NU@EV�<8¼7ÙHJH4�Õ×@AV���Ä�LºÀHÓA½�N�>=4�VW4"OW>=4~»�@EV�VW4�»�O
¼�;H5=<A4�Dß5=LMOW¼�àì¹ºBE¼bO VW@A;=JC6HáU<A4�D8¼nà ! � 5 � ^ MOM�M ^ ! � 5 � ^ ! � 5 G � ^ MOM�M ^ ! � 5 G&" á Y Ñ â8½ 'KÔ�¹º4�BA6H¼
O�@|O�>=4R¹�BKVWÀA4s¼bO¬5=LºBE¼¬@KÕ Z M Z  Z ßBKJH6öLº¼2OW>d;C¼n684�OW4�»+OW4�6�Ú�Ûh>H4&5=L�BA¼¬L�¼�BK¹�¼�@
»�¹º@E¼�4�OW@O�>=4�»�BK¹�»�;=¹�BSOW4�6|5=L�BA¼h@KÕhÓWh, Eâ Y Z M Z  =ÓFâAä=Ú9 @SN�4�ÜE4�V"OW>=42¼WBKÃR4IBKO�OWBE»	<&@EJ ��Ä�LºÀdâ�¼�>=@SN ¼"OW>HBSOUO�>=425=L�BA¼�@AÕ7O�>=424�¿89=VW4�¼W¼�Lº@AJRÕ×@EV
O�>=4 »�@AVWV�4s»+O$<A4�D�5=LMOW¼ Ñ â8½ 'KÔ=L�¼$@AJ=¹ºD Z M Z Z Ó Z N�>=L�»	>'L�¼$¹º4�¼W¼rO�>HBAJ&OW>=4�5=L�BA¼�4�¼$@AÕHO�>H4�LMJ8Å»�@EV�VW4�»�O�<A4�D'5=LMOW¼�ÚdÛh>H4IVW4�¼�;=¹POULMÃR9=¹ºLM4s¼�OW>HBSOUO�>=429=VW@A5HBA5=LM¹ºLMObD�@KÕ�¹ºLºJ=4�BAV~4�¿89=VW4�¼W¼�LM@EJH¼
O�@|>=@A¹�6åLºJö»�BE¼�4&@KÕ ��Ä~LMÀ?âRLº¼¬Ã&;H»	>ö»�¹º@E¼�4nOW@ÒÓ�hKâ�BAJH6�L�¼ OW>d;C¼2ÜE4�VWD|>CBKV	6�O�@
68LPÕ£Å
Õ×4�VW4�JdO�L�BSOW4IÕ×VW@AÃ B&V	BKJH68@EÃ�ÀA;=4s¼�¼�Ú8Ûh>d;C¼ ��Ä~LMÀ?ân@���4�VW¼hB�Ã&;H»	>�5C4�O�O�4�VhV�4s¼�L�¼bO	BKJH»�4



F �

O�@�¹ºLMJH4�BKV�»�V�D?98O	BKJHBA¹MD8¼�Lº¼2OW>HBKJ ��Ä�LºÀHÓEÚ�Â ¹�¼�@
J=@AO�4ROW>HBSO�LºJÝO�>=4ß4�¿89C4�V�LºÃR4�JdOWBKO�Lº@AJ
LPOnNhBA¼2@A5H¼�4�VWÜA4s6�O�>HBKO2OW>=4R>=LºÀA>=4s¼bO�5=L�BA¼'à Z M Z Ó� �dáh@8»�»�;HV�4s6�Õ×@AV�B|<A4�D
5=LMO Y�� �=½
N�>=L�»	>�L�¼�BKJ
LºJH»�@EV�VW4�»�O�<E4�DEÚ

% �E�'&)(��H��� 8 4 (K� q:9 ( 2 �	�/& �<(A� � &º�	� . ,?�50 q)2 (K�d�����	�	�d���
Z�j�kl`buPj���^AaE�d��eW� BruPj�} Z�j�kl`buPj���^Kad�E��eW� B®uMj�}

� 	�
� 
���������	�
� ����������	�
� Y���� � t�� {~]h] � 	�
� 
���������	�
� ����������	�
� Y���� � t�� {U]h]
F�q EAy ENE ©\� EKy ELE ©LH © { EAy ENE JNJ EAy ENE � E
F	] EAy ENE � © EKy ELE I � © B EAy ENE �\� EAy ENE � �
F	w EAy ENE�F � EKy ELENE G © q EAy ENE G E EAy E�F © E
F � EAy ENE �N� EKy ELE � � © ] EAy E�F+E H EAy ENE � �
© E EAy ENE�FNF EKy ELE ©6� © w EAy ENE H � EAy ENE G F
© F EAy ENE G F EKy ELE �6� © � EAy ENE © � EAy ENE�F ©
©s© EAy ENE ©LI EKy ELE � J � E EAy E�F � H EAy ENELE ©
©\� EAy ENE HN� EKy ELE GNH � F EAy E�F � F EAy ENE � �
© � EAy E � E I EKy ELE�F+E �s© EAy E�F+E � EAy ENE � I
©N� EAy E�F �LG EKy ELE H7J �\� EAy E�F � F EAy ENE�FKE
©LG EAy E�F � I EKy ELE ©�© � � EAy ENE J E EAy ENE ©N�
©NH EAy ENE�FNF EKy ELENE � �N� EAy E�F � E EAy ENE � I
©LI EAy E ©7GNG EKy ELENE J �LG EAy ENE HLI EAy ENE � �
©LJ EAy E�F+E H EKy ELE � G �NH EAy ENE ©N� EAy ENE © E

� ��8 * q �d� .!,d�! #" �%$'&C��&��(&*)�. ,?��� 	 (��N,?��� (A�s� ? (�A � �*+
� ��8 * q �d� .!,d�&� � �,$-&C��&?s �/. .!,?��� 2 q32 �N,d��� (A�s� ? (�A0�1.2+

3 �ÒÌUÉIÏ�@�Î81?ÐbÌ~É

ñlJRO�>=4 9HV�4s¼�4�JEO�9CBK9�4�V"OW>=4I»�@EJ?ÜA4�JdOWLM@EJHBK¹8<E4�D�ÃRLM¿8LMJ=À�>HBFÜA4h5�4�4�JßBA¹POW4�VW4�6&Õ×VW@AÃ 4�¿8@AV$OW@
BA6=68LMO�Lº@AJ�ÃR@868;=¹º@�â ú ÚdÛh>=4 ¹�BKVWÀA4s¼bO"5=L�BA¼"@AÕ�¹MLºJ=4�BAV~BK9H9=V�@F¿8LºÃ�BSO�Lº@AJC¼rÕ×@AV"OW>=4 @A;=O�9=;8OU5=LPO
@KÕC¼�;H»	>RBI<E4�D�ÃRLP¿8LºJ=À�>HBFÜA4U5C4�4�JR»�@AÃR9=;=O�4�6�ÚK¸U@AO�>�O�>=4�@AVW4�O�L�»�BA¹M¹ºDnBKJH6&4�¿89�4�VWLMÃR4�JEO	BK¹º¹MD
LPO�>HBE¼|5�4�4�J¦684�ÃR@AJH¼�O�V	BSOW4�6«OW>HBSO�¼�;H»	>¦BéÃR@?6=LPÙC»�BSOWLM@EJ_Ã�BK<E4�¼|O�>=4Ö»�Lº9=>=4�V�¼bOWV�@EJ=À
BKÀEBALMJC¼bO�Á�LºJ=4�BAV2TUV�D?98O	BKJHBA¹MD8¼�Lº¼�Ú

4 /2=�/\ËU/\ÉIÏ$/:1

Fsy �'u�`b}laAkba �Rj�`b}ladu£g!5�CuvfEe+j�kIq®kl�AiA`�j�f?j����E}luv}UmneW`b[doKc'pºo�kh]hwr^'t	uviE[deWk+g 6Öuvf87:9�;=<=>*?�@ACBD>
E-F�G�H/I�J�K�J�L�G�MONQPRFSJ ? F�GH/I1T�UVU�W y F JNJ � g?iEiCy �NILGYX@�LJ H gC^AiEkbuvfExseWk+gE Fos�vaEmne HLGN� o�p\�Z�q"^=y

© y �7�vo�kbe	fS`&qr[?j��dj�adcÒj�f?cÒ^AeWkbx�e%[rj�a?cAe	f?j	�=g\5�CuvfE�A}¬�8eW`÷¥re	e	fÝ]�u�]=e�kbe	fS`buMj��~j�f?cöCuvfEe+j�k
q®kl�AiA`�j�f?j����E}luv}	g 6�uvf^7:9=;=<�>*?�@A_BO> E-F�GH(I�J�K�J�L�G�MDNQP`FaJ ? FG�H/I%T�UVU�b y�F JLJ � g$idiCy � �7GYX��NG � g
^KiEkbuvfdx�eWk+gE Fos�vadmne J � E�o�p��Z�q"^=y



F �

� y �'u�`b}laAkba �Rj�`b}laEu×g 5 Z�eW¥¦}�`lkbadtW`baAkbe�o�p��E�voSt��ßt	uvid[EeWkb}�¥�u�`b[
iEkbo� �j��d�ven}le	tWaEkbu�`÷��j�xsj�uvfd}�`
�vuvfde	j�k�j�f?c'cEu ]=eWkbe	fS`buPj��CtWkl�AiE`�j�fdj����A}luv}	g 6�uvf � <�A I��*J���� < F @ N >*? F�GH(I B J > T�UVU	� y F JNJLG g8iEiCy
© E ��XA© F I gH^KiEkbuvfdx�eWk+gE Fos�vadmne FKE �LJ o�p��Z�q"^8y

� y�� j�uv}bj ZU�A�8eWkbxAg 5�Huvfde+j�kÝj�idiAkbo��Auvm�j�`buvo�fd}�o�pR�d�voSt��æt	uviE[deWkb}Ög 6 uvf 7:9=;=<�>*?�@A BD>
E-F�G�H/I�J�K�J�L�G�MONQPRFSJ ? F�GH/I1T�UVU�
 y F JNJ � g?iEiCy � �LJYX ��� � gC^AiEkbuvfExseWk+gE Fos�vaEmne J � E�o�p\�Z�q"^=y

� y��oFj�f�]�j�e	mne	fCg E B H�� @ F <�>/9�� <�A � � P >/? I B J >�� @A�B L >����8@ I��`J 9�A�:<�A�@�9 J >��'BO>*@S< F <=>*9
�1B � @ F @> I B < K:E-F�G�H/I <�>*< K G A�BOAbg�Z�[Cy ]¬yC`b[de	}luv}	g�� j�`b[do��vuPeW�Fe���fEuP seWkb}lu�`be	u�`¬He	ad se	fCg �Rj�kbt�[Cg
F JNJN� y

G y �Uo+¥"j�k�c �|y���eW�A}	g 5÷{ ��aE`bo�kbuPj���o�f Cuvfde	j�k j�f?cë]hu ]=eWkbe	fS`buPj���q®kl�AiA`�j�f?j����E}luv}	g 6
¥"¥"¥�y e	fEx�k+y m¬aEfCy t+j�!¬[do+¥"j�k�c"!�Z={UZ®w'�h^�!��PcEt `baE`bo�kbuPj��£y id}	y

H y��os[?j�f$#�j��v�PeWfCg 5�HuPfEe+j�kUj�idiEkbo+�Auvm�j�`buvosfE}�o�p�{UcdcEu�`buvosf	�'oKcEaE�Po © ª g 6�uvf � <�A I%�*J&�'� < F @
N >*? F�G�H/I B J >�(*)+) W y © ENE � g8idiHy ©LG F XA©LH\� gC^KiEkbuvfdx�eWk+gE Fos�vadmne ©LILI H o�p��Z�q"^8y

I yIqUy BraEkl¥�uvt��=gs]¬y qrosiEi8eWkb}lmnu�`b[CgKw"yF] {U KuvxsfEosfHgV� y ��e	fEf?j�kboAgA^=y��hj��PeW Au£gAqUy	�saE`b�PjAgK^=y��|y
�Rj�`÷�Kj�}	gC\y	t qrosfEfdo�k+g �|yCZ7eW�Kk�j+ KuPj�fCgH]¬yC^Aj=]=o�k�c�j�fdc�ZIy-,=aEfduvtsg�5��Rj�kb}��~j&t+j�f?cEu��
cEj�`behtWuPiE[deWk�pºo�k�{�w®^=g 6|uvf � B F A I 7 9�;=<�>/?@S9 N >/? FG�H/I B J > �(I <=>*9V< F 9�.O7 N��+/!E J > � @ F @>*?�@'0
1 @> I P`F <20 E 7hg>F JLJNI y

J y � y8Cj�u7j�f?c3�Ey �y��Rj�}l}leW�=g#5�{«Z�kbosi8o�}bj��7pºo�k�j ZUeW¥ B®�PoSt���w�fdtWkl�AiA`buPo�fß^K`�j�f?cEj�k�cHg 6öuvf
7 9�;=<�>/?@A BD> E-FG�H/I�J�K�J�L�G�MONQPRFSJ ? F�GH(I54 U )�y�F JLJ FsgdidiHy �LINJ�X � E � gC^KiEkbuvfdx�eWk:[®eWkb�Pj�xEy

F+EAy�]�osadx��Pj�} � y�^S`buvfd}losfHg E-FG�H/I�J�L�F < H��RG � 6 � @ J�F�G <�>/987 F <V? I B ?@�g�t�[?j�iE`beWk � g�iEiCy HLJYX INI g
q �~qîZ�kbe	}l}Uqrosmnidj�fS�Sg © ENE © y


