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�3a��T\ � a0_ � k ]*�3k$k � a)���3a f/k�dgdQk.� 2 ��� � � ^�� a��
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b �"� 5 2�� ^ !�^ji
. k�	�_5aW] 2��*2 k�� �3ilk$]Oa �
� 2 � �"� 2 ]*� � kNa0^�]*� � �l^�� a�� ^ ] � 2 k�� �L^ 2 i 2�� ^ �
� k5] 2 ^��la0_ ���3a�a �3�
�=a0]��la0_,� 2 o a a0dQ^�� � a0_T^��1�
�3a � �l^�� aC�"�3a/�,���3a ^ ]�� 2 k�� 2�� ]*�3k � a�� �Zb���^ 2 � � 2 � 2�� �=k �
�*2 p3dQa4� k � �=a0] 2 f/Y fh^ 2 i��La �
�
ila/��\ 2 i a0o a/�3� � f/k i"�
�3ac]*�3k 2 ]na k f �
�3a ^ ] � 2 k�� � �

���3a i a0dQ^�� 2 k���p=a ���ZaOa/� 5��15 � ^��L_8�"� 5 � 2�� � 2 o 2 dQ^ i��lk �
�3a ilaOd?^�� 2 k���p=a ���ZaOa���^ � i � �,� k i _5aOi�� i ^�� � 2 � 2 k��
� Y � � a0o ^��L_ 2 � � \��L_3aOildgY 2 ��� � �l^��la�� � i ^�� � 2 � 2 k�� � i ^��#� 7 �
�3a � i � ���Li k�	 2 _5a�^�]Ok��L] 2�� aI^��K_�]nk�o �=k � 2 � 2 k��L^ d
d?^�����\L^���a'f/k i � Y � � a0o o k$_3aOd 2 ��� �3�"� 2 dQa)���3a � a0]nk��L_ �3ilk�	 2 _3a � ���3a � �li \K]�� \Li a)� k �"� 2 ]*� ���La o k5_5a0d
� ]*�3a0]*. 2 ���
^jd�� k�i 2 ���Lo � ]O^��Ip=a ^����3d 2 aW_ �C�"� 5 � ^jila ^ o k ila ��a��3a0il^ d-]nk�o2�3\ �l^�� 2 k��L^ d-o k5_5a0d �
�L^�� 5��15 � �;^��L_ 2 �Ifh^ ] �
2 � 2�� �Kk ��� 2 p3dga�� k ^j\ �lk o`^�� 2 ]0^jdQdgY �lil^�� � d?^��la#^�� 5��15 2 �3�lk 2 � � ]nk�i ila � �=k��L_ 2 ���I�"� 5 ����� 2�� �lil^�� � dQ^�� 2 k�� 2�� �L^ji��
kjf k \Li1	 a0i 2�� ]O^�� 2 k�� o a����3k5_5k�dgk�� Y�� �*2 �L]Oa ���3a 	�aOi 2
� ]O^�� 2 k�� ^ d ��k i 2 �
�3o � � a4�3ila � a��3�>]0^��TpKa ^����3d 2 aW_!k��3dQY �lk
�"� 5 � �

� ��� ��� %���� +���7�,�� .�*
	�7:*���
&7��4% -

���3a d?^��#� \L^�� a � f/k�i"���3a f/k ilo ^ d � �KaW] 2�� ]O^�� 2 k��Tkjf �3ilk pL^ p 2 d 2�� � 2 ] � Y � �laOo � ���K^�� �Za4�3ila � a��3� 2 �,�
� 2�� _ 2���� aOi��l^��
� 2 k���^ i a a��6� a/� � 2 k�� � kjf ���3a`p3i ^��K]*� 2 �#��� � 2 o a �laOo2�Kk�il^ d dgk�� 2 ] � ' �'[ ^��L_�' �'[��6� ���3a dQ^���� \K^�� a � a��6� a/�L_
���La a �6�Li a ��� 2 	�a �=k.� a0i k f ' �'[ ^��L_ ' �'[��Tp$Y�a��L^ p3d 2 ��� ���3a!a�� �3ila �
� 2 k���kjf"���Zk(� Y6�=a � kjf��Li k�pL^jp 2 d 2�� � 2 ]
�3ilk��=aOi�� 2 a �/7 !L#&%3'�(�*�+,* - * % /=HJ4E2EH *�4$/ #G*$!q^��L_ (�2.%3'�+54$6�% 7�- * 497N'A* HJ4E2EH *�4$/ #G*$!��
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5 2 ��� dQa�� a�	�a��3�4�3ilk��=aOi�� 2 a � ilanf/a0i � k,���La �3ilk pL^ p 2 d 2 � Y8� 2 �
���"� 2 ]*�N^ � Y � �laOo pKa/�L^
	 2 k�i � ^�� 2���� a � ^ � a0o2�Kk�il^ d
dQk�� 2 ] f/k�i o \3d?^�� k i �lk��
�3a a � �KaW]�� aW_ � 2 o a � 2 ��� �"� 2 ]*� 2 � ila0^�]*�3a � ^ � �KaW] 2�� a0_ � a � kjf � �l^�� a � � ���3a � a �Li k��Ka0i�� 2 a �
k.�Za ���3a 2 i)�L^jo a � k ���3aqfh^ ]������L^��1���3a0Y 2 �6	 k�d 	�a ���3a k5]0]n\3ili a/�L]nack f ^ �*2 ��� dQaca�	�a��3� $ � ^�� 2�� f/Y 2 ��� ^ f/k iloq\LdQ^#�
k i ila0^ ]*� 2 ����^ � a � kjf � � ^��la � %���� �A^ !�^ i�.�k�	�]*�K^ 2 � �����La 	�aOi 2
� ]O^�� 2 k���kjf����3a � a,�3ilk��=aOi�� 2 a � 2 �6	�k d�	 a � ���La
]nk�o2�3\ �l^�� 2 k�� kjf �
�3a#ila0^�]*�L^jp 2 d 2 � Y2�3ilk pK^jp 2 d 2 � Y k i ���3a a�� �=a0] � a0_ � i � �9� �K^ �
� ^�� a�� 2 o a f/k i��L^ji�� 2 ]n\LdQ^ i � \3p � a � �
kjf � �l^��la � k f ���La ]*�L^ 2 � �

���3a � �KaW] 2�� ]O^�� 2 k���kjf � 2 ��� dQa�� a�	�a��3� �Li k��Ka0i�� 2 a � i a0d 2 a � k�� ���Zk!dQk�� 2 ]0^jd k��=aOi ^��lk i ��7 ^���k��=aOi ^��lk i4� ���L^��
a��K^jp3dQa � � k�a �6�Li a ��� p=k \#�L_ � k�� ���3a �3i k�pL^jp 2 d 2 � YCkjf � ^�� 2�� f/Y 2 ���,�laOo2�=k i ^jd f/k�i o \3d?^ � �-^��K_�^���k��=aOi ^��lk iqm
���K^�� a��L^ p3dga � �lkIa�� �3ila �
� p=k \#�L_ � k�� �
�3a a � �KaW]�� aW_ � 2 o a�� kIila0^�]*� � �=a0] 2
� a0_ � a � � k f � � ^�� a � � ���3a!]nd?^ �
�
kjf �3ilk��=aOi�� 2 a � a�� �3ila �
�*2 p3dQa�� 2 ��� ���3a � a ���Zk k��Ka0il^�� k i � 2 �L]Odg\K_5a �4� a�	�aOi ^jdVi a0d 2 ^jp 2 d 2 � Y,�3ilk��=aOi�� 2 a � �;^��L_ � k o a
�=aOi f/k ilo ^��L]na k��3a � �

��������6 78-����� :9<;��>=?$(�1+3@��0�A),+3-�/��1+2'3���&4

[;k������ il\���^
	 aOi ^���a �3i k��Ka0i�� 2 a � ilanf/a0i��lk ���3a dQk����)� il\���^
	 a0il^�� a k \ � ]nk�o aqk i#_3\3il^�� 2 k���k f � �=a0] 2
� ] �L^���� a0i�� �
���K^�� ^jila ila��=a0^�� a0_ 2 � � � 2 � aOdQY�k f � a�� ^jdQk��#�C^CpKa/�L^
	 2 k�i/��� �A^ !I^ji
. k�	N]*�L^ 2 � ���
�3a,	 a0i 2�� ]O^�� 2 k���k f1���La � a
�3ilk��=aOi�� 2 a � 2 �6	�k d�	 a � ���3a ]nk�o2�3\ �l^�� 2 k��Ckjf����La � � aW^ _5Y�� � � ^�� a _ 2�� �li 2 p3\ � 2 k��Ikjf ���3a ]ndQk � a0_�ila0]O\3ili a/��� ]nd?^ �
� a �
kjf ���La ]*�L^ 2 � �



����� ����	 
���������� ������� /

���3a � �=a0] 2
� ]0^�� 2 k���kjf dQk����)� il\��I^
	�aOi ^���a �Li k��Ka0i�� 2 a � ilaOd 2 a � k�� *���H *�4$# � * % /Q!EM �"� 2 ]*�I^jilaqilaOd?^��la0_ � k����La
� a � � � kjf �Li k5]na ��� ^jd�� a0p3i ^�� &:� �Ka0i 2 o a��3� � ^ i a � o`^jdQd@dQ^ pKa0dgaW_ ��il^���� � ���L^��e]O^�� pKa \ � a0_ � k � �KaW] 2 f/Y`pKa/�L^
	 2 k�i
�L^���� a0i�� � kjf 2 �3� a0i a � ��� � \L]*� ^ � ���La>ila/��\3a � � f/k�iZ^cila � k \Lil]Oa f/k dQdgk.�Za0_ p$Y a 2 ���3a0i ^ � i ^��3� k iZ^ ilanf/\ � ^jd � 0��3d 2 .�a
� a � � � �-a�� �=aOi 2 o a��3� � ^jila o a0^��3� �lkTpKa`ila��=a0^�� a0_ 2 � � � 2 � a0dgYCkjf � a/��^jdQk����T^!pKa/�L^
	 2 k�i k f �
�3a � Y � � a0o � � �Zk
dQk�� 2 ]O^ dDk��Ka0il^�� k i � �	�� ^��L_��m �@a/�L^jp3dQa ���3a � �=a0] 2
� ]O^�� 2 k���kjf ���3a dgk������ il\��I^
	 a0il^�� ack�\ �l]Ok o a ^��L_I_5\Lil^�� 2 k��
kjf a�� �=aOi 2 o a/��� � �5ila � �=a0]�� 2 	�aOdQY��

[;k������ il\��C^
	�aOi ^�� a �3ilk��=aOi�� 2 a � 2 �K]ndQ\L_5a`o k � �q]nd?^ �
�*2 ]O^ d �Ka0i f/k�i o`^��K]na o a0^ � \3ila � kjf ^ � Y � � a0o � � \L]*��^ �
2 � � ^
	 a0il^�� a ila � �=k�� � a � 2 o a�^��K_ ���Li k�\������L\ �/�Z^ � � a0dgde^ �2� a/	 aOi ^jdZilaOd 2 ^ p 2 d 2 � Y�o aW^ � \3ila � � 01�3d 2 . a �*2 ����dga �
a�	�a��3���3ilk��=aOi�� 2 a � � ���3a � a �3i k��Ka0i�� 2 a � ]Ok \3d?_ �3k��#p=a � �KaW] 2�� a0_8� 2 �
�(�3ila�	 2 k�\ � f/k�i o`^ d-d?^�����\L^���a � �L^��K_,���3a 2 i
]nk�� � 2 _5a0il^�� 2 k�� 2�� k��3a kjf ���3a4�3k�	�aOd � Y ]nd?^ 2 o � kjf ��� 2�� _ 2���� aOi��l^�� 2 k�� �

��������� 
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���3a � � \L_3YIkjf �*2 ����dga � a/	 a��3� ^��K_IdQk����)� il\��N^
	 a0il^�� a �Li k��Ka0i�� 2 a � dgaW^ _ � �lkT^�]OdQ^ ��� 2�� ]O^�� 2 k��Ik f �Li k�pL^jp 2 d 2�� � 2 ]
�3ilk��=aOi�� 2 a � k f � Y � �laOo � � � ilk��=aOi�� 2 a � ^jilac]nd?^ �
�*2�� a0_T^ dgk���� ���3a ���Zk`^.�5a � k f �3ilk pK^jp 2 d 2 � Y 	 � �3a�� �=a0]��la0_ � 2 o a��
^��K_ � 2 �#� dQa�� a�	 a/�3� 	 � �WdQk��#��� i \�� ^
	 a0il^�� a�� ��� 2�� ]OdQ^ ��� 2�� ]O^�� 2 k�� 2���� �Lk.�"� 2 � �V^jpLdga r��Qr��j^ dgk���� � 2 �
� �
�3a dgk�� 2 ]O^ d
k��=aOi ^��lk i � \ � aW_ �lk � �=a0] 2 f/Y aW^ ]*� ]nd?^ �
� k f �3ilk��=aOi�� 2 a � �j^��K_qa �5^ o2�3dga � kjf �Li k��Ka0i�� 2 a � p=aOdQk��#� 2 ��� � k a0^�]*� ]nd?^ �
� �

���3a � �KaW] 2�� ]O^�� 2 k�� � � Y$dga �Za`^ _5k�� � 2�� pL^ � aW_�k�� �
�3a � �=a0] 2
� ]0^�� 2 k��Ck f p=k \��L_ � f/k i ���La � a �=aOi f/k ilo`^��L]Oa
^��K_`i a0d 2 ^jp 2 d 2 � Y o a0^ � \3ila �/7 f/k�i a �3^jo2�3dQa���� a>]0^�� �'i 2 � a#^cf/k ilo ^ d � �KaW] 2�� ]O^�� 2 k�� ila/��\ 2 i 2 ��� �
�L^�� ���La#^
	 a0il^�� a
� Y � � a0o ila � �Kk�� � a � 2 o a 2�� pKa0dgk.��^ � �=a0] 2
� aW_!\����=aOiep=k \��K_ �

� ��� � %�30� +���7�,���.4*

�#\3i ]*�3k 2 ]na kjf � Y � � a0o o k5_5a0d � ^��K_ � �=a0] 2
� ]O^�� 2 k���d?^�����\L^���a � �L^ � p=aOa/� � \ 2 _5aW_�p$Y ���3a � k�^jd;k f��3i k�	 2 _ 2 ���
a�< ] 2 a/���!^jd�� k i 2 ���3o � f/k�i � Y � � a0o 	�aOi 2
� ]0^�� 2 k�� � XZYAa�< ] 2 a��3� ^ d ��k i 2 �
�3o � � �Za�o a0^�� ^ d ��k i 2 �
�3o � �L^
	 2 ���
�=k dQY3�Lk o 2 ^ d#� 2 o a � ]Ok o2�3dQa�� 2 � Y 2 � �
�3a �*2�� a#kjf �
�3a#a/�L]nk5_ 2 ��� kjf �
�3a��lil^�� � 2 � 2 k�� � i ^��#� ]nk ilila � �Kk��L_ 2 ���4� k ���La
� Y � � a0o,�"���La ^ d ��k i 2 �
�3o � �3ilk�	 2 _3a#a 2 �
�3aOi'^ �Kk �*2 � 2 	 a ^�� � �ZaOi��lk ���3a 	 a0i 2�� ]O^�� 2 k�� �Li k�p3dga0o,��k�i 2 �5f/k�i o`^�� 2 k��
���K^�� ]*�L^ji ^ ] � a0i 2�� a � �
�3a � Y � � aOo
p=a��K^
	 2 k i � ���L^���	 2 k d?^��la �
�3a � �=a0] 2
� ]O^�� 2 k�� �"���3a'^jd�� k i 2 ���3o � ]O^�� p=a ^����3d 2 aW_
� k � � 2 �la�� � � ^�� a �3ilk pL^ p 2 d 2�� � 2 ] � Y � � a0o ��7 �"� 2 dQa 2 � � � 2 � a�� � �l^��la � Y � � aOo � ]O^��C^ d � k p=a`^��L^ dgY � a0_ �
�3ilk \����(���La
\ � a kjf ^jp � � i ^ ] � 2 k�� � ^��K_ ^����3ilk � 2 o`^�� 2 k�� � �3�
�3a 2 i � � \L_5Y 2�� p=aOY�k��L_ ���La � ]Ok��=a k f �
� 2�� _ 2���� aOi��l^�� 2 k�� �

���3a ^jd�� k�i 2 ���3o � ^jila pK^ � a0_�k��(�
�3a ���3a0k ilY!k f !�^ i�.�k�	!_3a0] 2�� 2 k�� �3ilk5]na �
� a � �@^��L_�k��Cila � \3d � � f/ilk o ���La
���LaOk ilY kjfL^j\�� k o`^��l^'k�� 2 � � � 2 � a � k�il_ � � � � �K^ji�� 2 ]n\3d?^ji������3aZ^jd�� k i 2 ���3o � ila � �D\��=k�� ^e]nk����3aW]�� 2 k�� �j_5a�	�aOdQk��=a0_
2 �2��� 2�� _ 2��
� a0i�� ^�� 2 k�� � p=a ���ZaOa��2�
�3a1�3ilk pK^jp 2 d 2�� � 2 ]'^��L^ dgY � 2�� k f !�^ji
. k�	 _5aW] 2��*2 k�� �Li k5]na ��� a � ^��L_ ���La 2 i � i ^��#���
���LaOk ila � 2 ]0^jd � � il\L] � \3ila��"��� 2�� ]nk����3a0] � 2 k�� 2�� \ � anf/\3d �3k�� k��3dQY f/k�i����3a#_5a � 2 ���`kjf ���3a�	 aOi 2�� ]O^�� 2 k�� ^jd�� k i 2 ���3o � �
p3\ �>^ d � k 2 �,�3ilk�	 2 _ 2 ��� �3aN� ila � \3d � � k��T]nd?^ �
� 2 ]0^jd �3ilk p3dQaOo � 2 ���
�3a ���LaOk ilY`kjf�!�^ i�.�k�	 _3a0] 2�� 2 k����3ilk5]na ��� a � �

beo k���� ���La � a ila � \3d � � ^ i a 2 o2�3ilk�	 aW_�^jd�� k i 2 ���3o � f/k�i��
�3a ]Ok o2�3\ � ^�� 2 k���kjf ila0^�]*�L^jp 2 d 2 � Y �3ilk pL^ p 2 d 2 � 2 a � �
^ � �ZaOdQd ^ � a��6� a/� � 2 k�� � � k ���3a � k d�	 ^jp3dQa ]0^ � a � kjf��
�3a � �lk5]*�L^ � � 2 ] � �3k�i��la � � �L^���� �3ilk p3dQaOo,�I���3a a �3�la�� � 2 k��
]nk�� � 2�� � � 2 ��^jd�� k�i 2 ���3o � f/k i)���3a � k�dg\�� 2 k���k f��3k���� �3a/��^�� 2 	�aq^��K_(�3k���� �=k � 2 � 2 	 a 2 � � �l^��K]na � kjf ���3a � �lk5]*�L^ � � 2 ]
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�V^jp3dQa�r��Qr 7 ' d?^ �
�*2�� ]0^�� 2 k���kjf��3ilk pL^ p 2 d 2�� � 2 ]2�Li k��Ka0i�� 2 a � _ 2�� ]n\ ��� a0_ 2 � �
� 2�� _ 2���� aOi��l^�� 2 k�� � �Lk i aW^ ]*�Nkjf ���La
f/k \Li ]OdQ^ ��� a � k f �3ilk��=aOi�� 2 a � �.� a d 2�� � ^jd � k)���LaZdQk�� 2 ]0^jd�k��=aOi ^��lk i \ � a0_4�lk � �=a0] 2 f/Y4�
�3aOo,��^ � � a0dgd3^ � ^�� 2 �5f/k�i o`^ d
a��3^ o �Ldga kjf ^ � Y6� 2 ]0^jd �3ilk��=aOi�� Y p=aOdQk���� 2 �#� �lk2���3a ]OdQ^ ��� �
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� g�X�X Q \Fn�ST� � X7h2jFS � v2gKgi �gi k��jlSMgTv�S m �l��° � j Q Ush�X�§ m SMh2jFgfdFX�\lV�X[S�dªg�U¤´OVin�ZFS9ViUrd � gTn Q pM� Q h�SMvtVOh Q g�U¤pMVTU
Vin X2g�\�SkZlX2S�d©� £ Zlptj m S|h�jFgfdFX�Viv�SkdfS�X2pMv Q \rS�d Q U?X2SM´TS�v�VTn�\�gKg)�fX;g�U?df�KUlV m Q p � v2g�¢TvtV m�m Q Ul¢�ViUldWg � h Q m Vin
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V �0Ush Q n©Ulg m g�v2S�X[h�VOh�S�X)g�v)VTp�h Q g�UlX)pMVTU$\�SBv�S m gO´TS�dY �v�g m Q ¨ § ��¨ �
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� ®5�WeK® 	 S , S�p|h2S�dª\s� �Q �h�lv2g m h�j Q XxS�� � n ViUrVOh Q gTU�§�¡uSyX[S�SYh2jrVOh Q Q X
� v�g � SMv��

£ Q Ulp|S Q Q X � v�g � SMv�§i\K�eh�jFS � v�SM´ Q gTZlX�n�S m�m V�h�jFS;X2�KX[h2S m gT  S��sZlVOh Q g�UlX	��a Q c�jlVTX)4 6 V�X5ZFU Q �sZFS;X2gTn�Zfh Q gTU��
��g�X2jFgO¡¶h2jlVih 4 6 � 4 � 6 §f¡uSxX[jFgO¡ h2jlVih 4 � 6 Q X0Vin X2g7VYX2gTn�Zfh Q gTU�gi  ��a Q c|� ��jFS � v�gKgi  Q X)\K��p�VTX2S�X �
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V �^  N{O²� ®  �g�vY° 9�¯N9 +5§�ViUrd N g� d ® a�¡)jlSMv�S ��d ®5�
es® 	 Q XRh�jFSYVTp|h Q gTU?ptjlg�X2SMU \K� �Q c�§�h2jFS�U � gTn Q p|� Q
ptjFgKg�X2S�X�¡ Q h�j7ZlU Q  �g�v m3� v�gT\lVT\ Q n Q h��xViU�VTp�h Q g�Ue �v�g m � ® a	N&c��{��jFS�X[S)V�p�h Q gTUrX�n�S�V�deg�UFn��Bh2gxdfS�X�h Q UrVOh Q gTUrX
Q Uq� ® ���Fv�g m �lVTp|hx°T§�4 � 6 � 4�� Q X0pMgTUlX[h�VTUsh�g�U�� ® §FViUld$h2jlSBv2S�X[ZFn�h� �gTn�n�gO¡0X��

V �^  N`O9� ® ViUldcNP�od ® §F �g�vx°F9 ¯ 9 +5§rgTv Q  �N O Q��
, | #®10 ~ � ® §Fh�jFSeX2�fX�h�S m X)gi �SX�sZlVih Q gTUlX ��a Q c)VTUld
��a �Q c�pMg Q Ulp Q dfS�gTUcN�§lViUld�h2jlSBv2S�X[ZFn�h� �gTn�n�gO¡0X��

£ Q Ulp|S 4 � 6 � 4��T§ Q h Q X;VTn�X2g 4 6 ��4��i§ ViUld� �v�g m �lV�p�hB� Q h Q X 4 6 � 4��P��7<4 ���!�u����jFSMg�v2S m �l� � § � gTn Q pM� Q
v�S�Vin Q$# S�X
h�jFS m V-� Q m Vin � v2g�\lVi\ Q n Q h��YgT �v2S�VTptj Q UF¢ : § Q Uld Q pMVOh Q Ul¢kh�jlVOh�h�j Q X m V-� Q m Vin � v�gT\rVi\ Q n Q h�� Q X�SX�sZlVin�h�g4��T�

��gep|g m7� n�SMh2S)h�jFS � v�gKgi �§�¡
S�UFgih�S)h2jlVihu]W_R` �� Q X�gT\fhtV Q UFS�d7 �v�g m ���\K� m SMv�¢ Q UF¢�h2jFSRX�htVOh�S�X�\�SMn�gTUl¢ Q UF¢
h2g�S�VTptjq� ® §f �gTvB°N9 ¯�9�+5�5��jFS�4�ZlX[h Q DrpMVih Q gTU$ �gTv�h2j Q X m S�v2¢ Q UF¢YX[h2S � Q X)VTXu �g�n�n�gO¡0X���u�Yp|gTUrX�h�v2Zlp|h Q gTU©§ Q  'N � duOq� ®  �gTv�X[g m Sk° 9²¯ 9�+5§sh2jlSMU �� a	N&c�� �� a�d[c�§fViUldy �gTv�ViUK��gih�jFSMv�X�htVOh�S �3OcQ
ViUrd e O �� a	N&cB¡uSyjlV&´�S �r [ n a e c`� �r � n a e c�� ��j Q X Q Uld Q p�VOh2S�XBh�jlVOhfN � dBViv�S Q U  �V�p�h Q dfS�Ush Q pMVinup|g � Q S�XM� ��jlS
]W_R` �� Q XBg�\fh�V Q UFS�d} �v2g m �� \s� m SMv�¢ Q UF¢WVin�n�h�jFS Q dfSMUsh Q p�Vin
pMg � Q S�Xep|gTv�v�S�X � g�Uld Q UF¢qh2gW� ® Q Ush2g VWX Q UF¢Tn�S
v�S � v�S�X2SMUsh�Vih Q ´TS�X�htVOh�S � N ® §fn�SMh[h Q UF¢

�r n � �[ � a e c?� �[ p � � �r n [ a e c
 �gTv)S�´TS�v2� e O �� a	N&c���Fv�g m h�jFS�X2S�p|gTUrX Q dfSMvtVOh Q g�UlX�§�¡uS�X[S�Seh�jlVOh�h2jlS m S�v2¢ Q UF¢�X�h�S � dfgKS�XRUFgTh Q U �lZlSMUlpMSeh�jFSYX[g�n�Zfh Q g�U gT �h2jlSDi� � g Q U�h0S��sZlVOh Q g�UlXM� £K� S�p Q D�pMVin�n��T§ Q  �4
�Y� �7)4
� Q X)VnDi� � g Q Ushu �g�v ��e§Kh�jFSMU9¡uSBpMVTU�X2jFgO¡ h�jlVOh

N%O3Q � , #
�
®$0 ~ � ® � � �[ � � �[N%O9� ®5� ° 9²¯ 9�+ � � � �[�� � � �[ �

4�ZlX[h Q  �� Q UF¢Yv�SMn VOh Q g�UlXBa��l��°���c
ViUld a	�F��° � c|�
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£ S�´TSMvtVin�h�� � S�Xugi � �gTv m VTn Q X m XujlV&´�S�\�SMS�U�V �F� n Q S�dyh�g7h2jFSR �gTv m VinoX � S�p Q DrpMVih Q gTU�gi  � v2g�\lVi\ Q n Q X[h Q p � v2g � S�v[h Q S�X
gi BX2�KX[h2S m XM§uVTX�¡uSqd Q X�p|ZlX�X2S�d Q U h2jlS Q Ush2v�gfdfZlp|h Q gTU©� ��U h2j Q XYd Q X�X[S�v[htVOh Q gTU�§�¡uSq �gTn�n�gO¡ h�jFSWV �l� v2gsVTptj¤gi 
S��Kh�SMUld Q UF¢$\Fv�VTUlptj Q UF¢i� h Q m S�h2S m7� gTvtVin	n�gT¢ Q pMX0¡ Q h�j � v�gT\lVT\ Q n Q X�h Q pxg � SMvtVOh2g�v�X�����jFSev�S�V�X[g�Uq\Fv�VTUlptj Q UF¢i� h Q m S
h2S m�� g�v�VTn;n�gT¢ Q pMX�Viv�S � v�S| �SMv�v�S�d¤h2g¤n Q UFS�VTv[� h Q m SWgTUlS�X�V�XYh�jFSW\lV�X Q XygT  � v2g�\lVi\ Q n Q X[h Q p9SA�sh�SMUlX Q gTUlX Q X�h2jlVih
� v�gT\lVT\ Q n Q h�� m S�VTX2ZFv2S�X5gTUyX2�fX�h�S m \�SMjlV&´ Q gTvtX�Viv�S0X�h�v2Zrp�h2Zlv�VTn�n��7X Q m Q n Viv�h�g � Vih2jZ�sZlVTU�h Q DrSMvtXM§sVTX�¡uS;¡ Q n�nrX2SMST�} ZFv � v�gT\lVT\ Q n Q X�h Q peS��Kh2S�UlX Q g�UlX�Viv�Sk\lV�X[S�dWg�U h�jFS�\Fv�VTUlptj Q UF¢i� h Q m Seh�S m�� gTvtVin�n�g�¢ Q pMX  �� j ViUld  �� j%$f§
Q U�h�v2gfdfZrp|S�d Q U U m S�v�X2gTU²VTUld £ Q X[h2n V (  U � °0-^§o�uSMUF� � v Q §�`�UKZFS�n Q §�VTUld¤] ViUFUlV ( � � `�] � ��-;ViUld U m S�v�X2gTUViUrd ��Vin � S�v2U ( U � � � - �E��jFS�S��Kh�SMUlX Q g�UlX�Viv�Skg�\fh�V Q UlS�d?\s�WVTZF¢ m S�U�h Q Ul¢  �� j ViUrd  �� j&$y¡ Q h2j}g � SMvtVOh�gTvtX
h2jrVOh�SMUlVT\Fn�S�h2jFS�S�� � v�S�X�X Q g�Uªgi  � v�gT\rVi\ Q n Q X[h Q p�X2�KX[h2S m � v�g � SMv2h Q S�X�� � X m S�U�h Q g�UFS�d Q U²h2jFS Q Ush�v2gfdfZlp|h Q gTU©§
¡uSWp|gTUrX Q dfSMvy �gTZFv$UFSM¡ g � SMvtVOh�gTvtX � `0§0_k§ �`;§0ViUld �_7§�¡)j Q ptj�S�UlVi\ln�S9h�jFSWSA� � v2S�X2X Q g�U¤gT � �gTZFvYh�� � S�X�gi 
� v�gT\lVT\ Q n Q X�h Q p � v�g � SMv2h Q S�X�§fVTX)X2Z m�m Viv Q1# S�d Q U �	Vi\Fn�SY°T��°T�

��UYh�j Q XuptjlV � h2S�v
¡uS�pMgTUlX Q dFSMv�h�jFS;g � S�v�Vih2g�v�X
`ªViUld�_k§ � g�X[h � gTU Q UF¢eh2gxh�jFS;UlS��Kh�ptjrV � h�SMv�h�jFS Q Ush2v�gfdfZlp|�
h Q gTU?gi  �`·VTUld �_ VTUld V�dfS|htV Q n�S�d d Q X�p|ZlX�X Q gTU?gi �h�jFS�p|n VTX�X Q DrpMVih Q gTUWgT  � v�gT\rVi\ Q n Q X[h Q pBh2S m�� g�v�VTn	g � S�v�Vih2g�v�X����jFSxg � S�v�Vih2g�v0` Q X0ZlX[S�d�h2gySA� � v2S�X2X0\rg�ZFUldFX;gTUqh2jlS � v�gT\lVT\ Q n Q h���gi �X2�fX�h�S m \�SMjrV&´ Q gTvtX��
`�v�S�p Q X2SMn��T§ Q  (' Q X
V� �g�v m ZFn�VySMUlpMgKd Q UF¢$V � v�g � SMv2h��$gT �\�SMjrV&´ Q gTvtX�§Fh2jlSx �gTv m Zln�VY`*) + ' a�v�S�X � �r`*+ + ' c)jlgTn dFX�Vih�VyX[h�Vih2S Q  5h2jlS
� v�gT\lVT\ Q n Q h��ygi 5X�VOh Q X[ �� Q UF¢,'W �v2g m N Q X0Vih0n�S�VTX[hea�v�S�X � �lVih m gsX�h�c e §FZFUldFSMv;VTUs� � g�n Q p|���o��jFSBg � S�v�Vih2g�v�_ Q X
ZlX2S�d7h�gxS�� � v�S�X�X5\�gTZFUldlX�g�UyV&´TSMvtVi¢�S�h Q m S�XM���^ .- Q X�VxX[h�Vih2S � v2g � S�v[h���§i �gTv m Zln�VB_/) + -·a�v�S�X � ��_/+ + -�c�jFg�n�dFX
VOh0V�X[h�VOh�S%N Q  �V�X�htVOh2SRh�jlVOh0X�VOh Q X,DlS�X0-�pMVTU$\�S�v2S�VTptjFS�dY �v�g m N Q U9V&´TS�v�VT¢TS)h Q m SBVOh)n�S�V�X�hxa�v�S�X � �FVih m gsX�h�ce §Fv�SM¢�VTv�dFn�S�X2X
gi �h2jFS � gTn Q pM�T�
�(�21 3 4 ) %&�*576 %&"$�+� ) � �85 , )/�*2�! 24% 35%&"$��%5� � �76:9 � )/! 3<; �8=
%&� "
��jFS � v�V�p�h Q pMS gi xSA�Kh2SMUrd Q Ul¢¤\FvtViUrptj Q Ul¢i� h Q m S n�g�¢ Q pMXy¡ Q h2j VTdFd Q h Q g�UlVinRg � SMvtVOh�gTvtXY �gTv�h2jFS}S�� � v�S�X�X Q g�U�gi 
� v�gT\lVT\ Q n Q X�h Q p � v�g � SMv2h Q S�X Q X
UFgih�UFS�¡B�Y��jlS�DlvtX[h � v�gT\rVi\ Q n Q X[h Q p)S��Kh2S�UlX Q g�U�gi ©\lv�VTUlptj Q UF¢i� h Q m S;n�gT¢ Q pMX� �gTv
h2jlS
S�� � v�S�X�X Q g�U9gi  � v�gT\rVi\ Q n Q X[h Q pxX[�fX[h2S m~� v2g � S�v[h Q S�X0¡�VTX � v�g � g�X2S�d9\K� �;VTUlX2X2gTU?ViUld	>�gTUrX2X2gTUJ( �?> �)� § �@> � � - �
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��j Q X � v2g � gsX2VTn�p|g�UlX Q dfS�v2S�dxX2�KX[h2S m X m gfdfSMn�S�dkVTX	]WViv&�TgO´RptjlV Q UlX�VTUld Q Ush2v�gfdfZlp|S�dxV)h�S m�� gTvtVinsn�g�¢ Q pi§O`� �� j�§
h2gxX � S�p Q  ��xh�jFS � v�gT\lVT\ Q n Q h��xgi oX�VOh Q X[ �� Q UF¢Rh2S m�� g�v�VTnf �gTv m ZFn VTX	¡ Q h2j Q UyVR¢ Q ´TS�U7V m g�ZFUsh�gi optjlV Q Ukh2vtViUlX Q h Q g�UlX����jFS� �g�v m ZFn�V�X)gi 5`� �� jwVTv2S�g�\fh�V Q UFS�d�\s��VTdFd Q UF¢yX2ZF\lX�p|v Q � h�X0VTUldqX[Z � S�v�X�p|v Q � h�X�h�gu �� j} �gTv m ZFn VTX��lVTX)VTU
S��FV m7� n�S�§oh2jFS7 �g�v m ZFn�V����  2) 2�� � ' m S�ViUrX;h�jlVOhB¡ Q h2j � v�gT\lVT\ Q n Q h�� � � � §  �gTv m Zln�V 'w¡ Q n�n5\�S�pMg m Skh2v�ZFSYVO �h2S�vBV
X2SX�sZFSMUrp|S�gi �n�S�X2Xuh�jlViU � � X[h�Vih2S�h2vtViUrX Q h Q gTUlXugT �h�jFSx]WViv&�TgO´YptjlV Q U��

��jFS m gfdfS�n ��ptjFS�pF� Q UF¢�VTn�¢�gTv Q h�j m X0gT  ( �@> �'� § �?> � � -�v2S�n��qg�UWv2S�X[Zln htX;g�U ]WViv&�TgO´�ptjlV Q UlXRViUld df�KUlV m Q p
� v�gT¢�v�V m7m Q UF¢l�}��jFS Q vyh Q m S pMg m�� n�S�� Q h�� Q X � g�n��KUFg m Q VTn Q U h2jFS X Q$# S9gi �h�jFS X2�KX[h2S m VTUld n Q UFS�Viv Q U h2jlS
UKZ m SMv Q p�Vino´OVin�ZFS�X)gi 	h2jFSxh Q m Se\rg�ZFUldFX0V �F� S�Viv Q UF¢ Q U�h2jlSeX[Z � S�v�X�p|v Q � h�X�� ��j Q X�h Q m Sep|g m7� n�SA� Q h�� Q X)h�� � Q pMVTn
gi oh�jFS�VTn�¢�gTv Q h�j m X�h2jrVOh
v�SMn��7gTUYh�jFS�d Q v�S�p�hugTv Q Uld Q v�S�p�huZlX2S;gi �pMn�gfpF�fX�§�X2ZlptjyVTX�h2jFSRdf�KUlV m Q p � v�gT¢�v�V m7m Q UF¢
v�S�p|Zlv�X Q g�UlXuZlX2S�d�h2gyp|g m�� Zfh2S�h�jFS � v�gT\lVT\ Q n Q h��Ygi  m SMS|h Q Ul¢kh Q m Q UF¢ydfS�VTdfn Q UlS�X��

��jFSun�g�¢ Q p�`j �� jy¡�VTX	n�Vih2S�v�SA�sh�SMUldFS�dx\K� ��ViUlX�X[g�U ( �;ViU � � -fh�gRX2�fX�h�S m X©h�jlVOh Q Ulp|n�ZldfSuUFg�UldfS|h�SMv m Q U Q X m §
ViUrd�¡)j Q ptj � v�gO´ Q dFS�V m g�v2S5v�S�DrUFS�d m gfdfSMn�gi Kh Q m ST�C��jFS m gfdfSMn��^ptjlS�pF� Q Ul¢�VTn�¢�gTv Q h�j m X � v�g � g�X2S�d�\K��( �;VTU � � -
 �gTv�h�j Q XYS��Kh2S�UlX Q g�U VTv2S�\lVTX2S�d¤gTU h�jFSqSMUKZ m SMvtVOh Q g�U¤gT RVin�n � g�X�X Q \Fn�S9dfS|h�SMv m Q U Q X�h Q p � gTn Q p Q S�X�§�n�S�VTd Q UF¢}h�g
S�� � gTUFS�Ush Q Vin h Q m S|��p|g m7� n�SA� Q h�� Q U�h2jFSxX Q1# S�gi 	h2jFSxX2�fX�h�S m �

�!#�Q1# S|h�Vin � ( � £ � � � � - Q Ush2v�gfdfZlp|S�d�h2jlS�n�gT¢ Q p �  �� j%$K§KdfS�v Q ´TS�d7 �v2g m  �� j&$R\K�YVTdFd Q UF¢eh2jFS�g � SMvtVOh2g�v�`0§
¡)j Q ptj Q X�dFS�DlUFS�d�VTX Q U7h2jFS)n�gT¢ Q p�X � v2S�X[S�Ush2S�d7jFS�v2S��C��¡ugRh�� � S�X5gi oX[�fX[h2S m m gfdfSMn X�Viv�S)p|g�UlX Q dfS�v2S�d � ]WVTv���gO´
ptjlV Q UlX
ViUldy¢TSMUlSMvtVin Q1# S�d�]WViv&�TgO´7ptjlV Q UlX�a�pMVTn�n�S�d I �-9�Q)K-l c 9&KXIF<�?&?A<�?�ViUrdZm'<AMb<A92�->dJ���<&a IW�-9�Q)K-l c 9�KXIF<�?F?�<�? Q U
( � £ � � � � -�c|�k��jFS m gKdFSMn�ptjFS�pF� Q UF¢ygi  �  �� j%$�X � S�p Q DrpMVih Q gTUlX�gTUW] Viv&�TgO´$ptjrV Q UlX Q X;\rVTX2S�d9g�Uqh2jFS7v2S�X[Zln htX
gi 5 
gTZFvtp|g�ZF\�S|h Q X)ViUrdy��VTUFUlV-�OV)� Q X (@ �� �T� - §lVTUld Q X�gT  � gTn��KUFg m Q Vin©p|g m�� n�SA� Q h�� Q U�h2jFSxX Q1# S�gi 	h2jFSB]WVTv���gO´
ptjlV Q U©� P SMUFS�v�VTn Q$# S�de]WVTv���gO´RptjrV Q UlX�Viv�S
]WVTv���gO´RptjlV Q UrX Q U7¡)j Q ptj7X[g m S�h�v�VTUlX Q h Q gTU � v�gT\lVT\ Q n Q h Q S�X	Viv�S
¢ Q ´�SMU
VTX � VivtV m SMh2SMvtX��Fh2jlS�X2S � VTv�V m SMh2S�v�X m ZlX[hRX�VOh Q X[ ���V$X � S�p Q DlS�dWX2S|h;gT �p|gTUrX�h�v�V Q Ush�X��!��jFS m gfdfS�n	ptjlS�pF� Q Ul¢Ygi 
�  �� j&$�X � S�p Q D�pMVOh Q g�UlX©g�UB¢TS�UFSMvtVin Q1# S�d�]WVTv���gO´;ptjlV Q UlX Q X	X[jFgO¡)URh�g0\rS
SMn�S m SMUshtViv�n��RdfS�p Q dFVT\Fn�S�ZlX Q Ul¢0v2S�X[Zln htX
 �v�g m h�jFS�h2jFS�gTv��ygi 	h2jlSBv2S�Vinop|n�g�X2S�dZDlSMn do§F\lZfh0UFg � vtVTp|h Q pMVin ´�SMv Q Drp�VOh Q g�U$Vin�¢Tg�v Q h2j m Q X � v2gO´ Q dfS�do�

��jFSxn�gT¢ Q p �  �� j%$k¡�VTX)n VOh�SMv;SA�Kh2SMUrdfS�d�h�g�X[�fX[h2S m X0¡ Q h�jWUFgTUrdfS|h�SMv m Q U Q X m \K�"� Q ViUlpMgyViUld9dFS � n� �Viv�g
( �ud ��� � - §o¡)jFg�Vin X[g � v�gO´ Q dfS�d m gfdfS�n ��ptjFS�pF� Q UF¢�VTn�¢�gTv Q h�j m X) �g�v;h�jFSkv�S�X2ZFn�h Q UF¢�n�gT¢ Q p�XM�sj�Vih2S�v�§�( d ��� ��-�p|gTUF�
X Q dfS�v2S�dWV�pMg m�� ZfhtVOh Q g�UlVin m gKdFSMn	v2S�n�Vih2S�d9h2gu�)` £ X�§ VTUld Q Ush2v�gKdFZlp|S�dqh2jFS7g � SMvtVOh�gTvR_  �g�v;h�jFS7S�� � v�S�X�X Q gTU
gi �V&´�SMvtVi¢�S
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N = 10, M = 5:  Success probability at R1
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