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ó=!9#Ìô��¬ñ�6DL	!\úûù�úûùD-xñ�ó,#J�\ù�ñ>õ�!\ñ^ü���-�/ûúûó,#Ìõ�úû÷¬ô�÷ + �¬øk÷��\ô<&\úûô��_%�#J/®ý
�Hñ�ù½úNù + #uúûø�/20PñRQ�üxñ�ô\ùkú2%¬ñ8#uô�&Àõkú2(Pñ½ó�÷¬ôHù���(2úNô<�/
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#d(:#)W�÷¬ø�ü\øk÷�-�/ûñ)(T�\ù�úûô\ó&ñK��ø�÷��Hô�&\úûô��PüHø�÷¬õkñ�ó�õkù�÷¬ô�/20�#���#uúûô\ùkõ
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Ḋ = (D,σ, Vσ, CA, Vσ′ , CCA, VCA, Vw, Vk)

68ðòñ�ó,#�/2/
+ ø�÷�( õ�!\ñ½ü\økñ)%@úN÷��\ù�ù�ñ&ó�õ�úû÷¬ô�õ�!9#Ìõ

Vw
#Ìô�&

Vk
#uøkñ�õE!\ñ�ü\øk÷@÷ + ù

õE!9#uõ�õ�!\ñ5L_���
T

!$#uù'ü\ø�÷�&��\ó&ñ)&
#uô3#uüHü\ø�÷�ü\ø�ú4#uõkñI��/N÷�-9#�/2/20�ý
��ø�÷��\ô�&\úûô��	%�#J/.�Hñ7úûô\óR/.�<&\úûô���úûõ�ù�óR�\ø�økñ�ô@õ9ø�÷��\ô�&D��#uô<&X!9#uùmù���-�ý
(2úûõ�õ�ñR&-õ�!9#Ìõ�õ�÷Io�øk÷��¬÷�ü\ú2�\ù�ù��Hó�ó�ñ�ùkù + ��/2/20�6

� � #�¡�ï�� ë

`·ô õE!\úûù�ù�ñ&ó�õ�úû÷¬ô6ÿ^ñ
&\ñ�ùkó�ø�ú2-xñ õE!\ñ
&\ñ�ùkú2�¬ô ÷ + o�ø�÷���÷¬ü\ú2�\ù�6

Óñ5-xñ)�¬úûôäÿ�úûõE! # -\ø�úûñ + úûô@õ�øk÷?&<�\ó�õ�úû÷�ôäõ�÷Ó÷��\øPõ·ÿ^÷ + �\ô�&$#�ý
(2ñ�ô@õ*#J/>&\ñ�ùkú.��ô3��÷?#�/ûù��D/û÷¬ô<�¬ñ)%@úûõ10 #Ìô�&Óÿ�ú2&\ñPõkø��\ùkõ,�#õ�!9#ÌõU#J/®ý
/û÷uÿqo�ø�÷���÷¬ü\ú2�\ù�õk÷-÷¬üxñ�ø*#Ìõ�ñ�úûô�ù�ñ&õ�õ�úûô���ùgÿ	!\ñ&ø�ñ�ó)�Hø�ø�ñ&ô�õ½õkú.(2ñ
ùkõ*#J(Pü\úûô��5#uô�& #uø�ó=!\ú2%�#J/9ù�ñ�øE%@úNó&ñ�ù-ó,#uôHô\÷¬õ�6�
Óñ-õ�!Hñ�ô3-\økñ,#��
&H÷uÿ�ô�õ�!HñI-9#Ìù�úûó�õ*#uùE�@ù-õ�!9#ÌõUo�øk÷���÷¬ü\ú2�\ù'ü`ñ&ø + ÷�ø�(Pù8#uô<&�ñ)Q�ý
ü</O#ÌúûôPñ,#Ìó*!�úûôI&Hñ�õ*#Ìú./16

�M+.- � 3�5 0 > = > � 9��.5
L	!Hñc(:#Ìúûô ú.&Hñ,#7-xñ)!\úûô�& o�ø�÷��¬÷�ü\ú2�\ù úûù�õ�÷ ñ)Q@ü�/û÷�ø�ñþõE!\ñ
ùkõ�økñ�ô��¬õE!\ù-÷ + üxñ�ñ�ø·ý·õ�÷ÌýJüxñ�ñ�øN&\úûù�õkø�ú2-��\õkñ)&�ùE0�ùkõ�ñ)(2ù + ÷¬øX-��Hú./2&@ý
úûô��2õ�øE�\ù�õkñ)&�ùkñ�ø�%@úûó�ñ�ù�6IL�÷PüHø�÷�%@ú2&\ñ�õE!\ñ-ù�ñ&ø�%@úûó�ñ:#Ìù�÷��\õ�/ûúûô\ñ)&
úûô �@ñ�ó�õkúN÷�ô���6 �<�>o�ø�÷��¬÷¬üHú.�Hù8(8�\ù�õf!9#�%¬ñ2õ�!\ñ + ÷�/2/û÷uÿ�úûô���õ·ÿb÷
üHø�÷¬üxñ�økõ�úûñ�ù��
+!�"��%"���,
��
	qo�ø�÷��¬÷�ü\ú2�\ùK(8�Hù�õX!9#�%�ñ:#G!\ú2��!)ü\ø�÷�-9#�-\ú2/ûúûõ10À÷ +

ø�ñ)(5#uúûô\úûô��½÷¬üxñ�ø*#Ìõ�úû÷¬ô$#�/ + ÷�ø	/N÷�ô��9��ó�÷�ô�õkúûô?�H÷��\ù�õkú.(2ñ�ü`ñ�ý
ø�úû÷�&\ù WÐ÷�ô$õE!\ñ½÷¬øE&\ñ�øg÷ + ùkñ)%¬ñ�ø=#�/ &\ñ�ó,#J&\ñ�ù YR6

�



� 
 � � � ��� ')�lo�ø�÷��¬÷�ü\ú2�\ù>(8�\ùkõ>-`ñX#J-�/ûñ�õ�÷'ó�÷¬ô�%@úûô\ó�ñ J	H H"�:F
Z J	D F�HKCED F½ü$#uø�õkúûñ�ù + ø�÷�(7&\ú öYñ�ø�ñ�ô@õ_#Ìø�ñ,#Ìù�÷ + õE!\ñ½ÿb÷�ø�/2&D�
ÿ�úNõE!V&Hú®öYñ�økñ�ô@õ\# @I/ûúO#Ìõ�úû÷¬ôHù,��-<�\ù�úûô\ñ�ùkù�ü\ø=#uó�õkúNó&ñ�ù�÷¬ø;/û÷�0¬ý
#�/ûõ�úûñ�ù � úûô-ù�!\÷�ø�õ��@ü9#uøkõ�úûñ�ù^ÿ	!\÷X&\÷�ôH÷¬õ^õ�ø��Hù�õ^õ�!\ñ>ù*#�(2ñ
ñ�ô@õ�úûõ�úûñ�ù���õ�!9#Ìõ�úNõ^üxñ�ø + ÷�ø�(2ù�úNõkù�õ*#Ìù��@ù�ó�÷¬økø�ñ�ó&õ�/20?6


ÓñM#uó=!\úûñ)%�ñM/N÷�ô��¬ñR%�úûõ107-�07-<�\ú2/.&HúNô<�ao�øk÷��¬÷�ü\ú2�\ùä÷�ô #
/û÷@÷¬ùkñ)/20�ýJó�÷��\ü�/ûñ)&D� &\ñ�ó�ñ�ô@õkø*#�/ûú2H�ñ)&h&\úûù�õkø�ú2-��\õkñ)&Óù�0@ù�õkñ)(V68���Hó*!
ùE0@ù�õ�ñR(Pù�ñ)Q@ó=!9#uô���ñ9ó�÷�(Pü�/ûñ)Q@úûõ10 + ÷�ø�úûô\ó�økñ,#uùkñ)&'ø�ñ)/ûú4#�-\ú2/ûúûõ10_#uô�&
#�%�#Ìú2/O#J-\ú2/ûúNõ10�6X` + ô\÷�ù�0@ùkõ�ñ)( ôH÷?&Hñ-úNùn(P÷¬økñ�ùkú2�¬ô\ú[^`ó,#Ìô@õ�õE!9#uô
#Ìô�0�÷¬õE!\ñ�ø-ô\÷�&\ñ��b÷�ø-ñ)B��\ú2%�#�/ûñ�ô@õ�/20���ú + õ�!HñÀúûô�õkñ)�¬økúûõ10Ó÷ + õ�!\ñ
ùE0@ù�õ�ñR( ø�ñ)/ûúûñ�ù ñ)B��9#�/2/20ä÷�ôc#�/2/�ü9#Ìø�õ�úûó�úûü9#Ìõ�úûô���ô\÷�&\ñ�ù��'õ�!\ñ�ô
#Ìô�0 #uô<& #J/2/�ô\÷�&\ñ�ù:#Ìø�ñ�ø�ñ&ü�/4#uó�ñ,#J-�/ûñ�6bL	!\úûù-ø�ñ�ü</O#Ìó�ñ,#J-\ú2/Núûõ10
ñR/Nú2(2úNô$#uõ�ñ&ù�õ�!\ñ�õE!\ø�ñ�#uõ½÷ + ù�úûô���/ûñ¿ýJüx÷¬úûô@õ�ù�!H÷¬ø�õ ýg÷¬ø;/N÷�ô��uý·õ�ñ&ø�(
+ #uú2/2�\ø�ñ�ù�6>�^÷¬ô\ùkñ)B��\ñ�ô@õ�/20��@ÿbñ�ó,#uô�ó)/4#uú2( úûô + ÷�ø�(:#J/2/.0�õ�!9#Ìõ,�@ô\÷
(5#uõkõ�ñ�ø�!\÷uÿh(:#uô�0>ü9#uøkõ�úûó�úûü9#uõkúûô��gô\÷�&\ñ&ù>&\úûñ���#uù�/û÷¬ô���#uù9ô\ñ&ÿ
ôH÷?&Hñ�ùDW¿÷¬úûôI#Ìõ>/ûñ,#uùkõm#Ìù + økñ)B��\ñ�ô@õ�/20I#Ìùbô\ñ&ñ)&\ñ)&D�Hõ�!\ñ&ôPõ�!Hñ�ùE0@ù·ý
õkñ)(6ÿ�ú./2/\ùE�\ø�%@ú2%¬ñ + ÷�øC/û÷�ô��¬ñ�ø^üxñ�ø�úû÷�&\ù�õ�!$#uô:#Ìô�0-ù�úûô���/ûñ���ÿ^ñ)/2/®ý
(5#uúûô@õ*#ÌúNôHñ)&�ô\÷�&\ñ>ó�÷���/2&N-?0'úûõ�ùkñ)/ + 6D
Óñ	(5#���ñbõE!\ñ�ù�ñ�&\ñ&ù�ó�økúNü�ý
õkúû÷¬ô\ù9÷ + õE!\ñgó&÷¬ô�&\úûõkúN÷�ô\ù��\ô�&\ñ&øbÿ	!\úûó=!-ù�0@ùkõ�ñ)( /û÷¬ô���ñ)%@úûõ10�ó,#uô
-xñ�ñ�ôHù��\økñ)&�(P÷�ø�ñ>ù�üxñ�ó�ú[^`ó�úûô�õ�!\ñ + ÷�/2/N÷uÿ�úûô���ù�ñ�ó�õkúû÷¬ô\ù�6

L�÷I(5#���ñKo�ø�÷��¬÷�ü\ú2�\ù½ÿ�ú.&Hñ)/20Àõ�øE�\ù�õkñ)&D��ÿ^ñ8/NñR%¬ñ�ø=#��¬ñ'õ�ñ&ó*!�ý
ôHú.B��\ñ&ù + ÷�ø_#uó=!\úûñ)%@úûô��8&\úûù�õkø�ú2-��\õkñ)&Àó�÷�ô\ù�ñ�ôHù��\ù½úûô�õ�!\ñ + #uó�ñ�÷ +
(5#�/ûúûó�úû÷��\ù + #uú2/2�\økñ�ù W #J/ûù�÷Àó,#J/2/NñR&��&���UJ8O@H[CEO@F + #uú2/2�\ø�ñ&ù Y)6��>úûù·ý
õkø�ú2-��\õkñ)&Pó&÷¬ô\ùkñ�ô\ù��Hù_#�/2/û÷uÿ�ù #(ù�ñ�õ^÷ + &\úûù�õkúNôHó�õbôH÷?&Hñ�ùbõk÷K#���ø�ñ�ñ
÷�ô # ü9#Ìø�õkúNóR��/4#uø'ó�÷��\økù�ñÀ÷ + #Ìó�õ�úû÷¬ô ��-9#uùkñ)&ä÷¬ô)ñ,#uó=!�ô\÷�&\ñ�S ù
úûô�&Hú.%@ú2&��9#J/�÷�ü\úûô\úû÷¬ôD�Hñ)%¬ñ�ô ÿ	!\ñ�ôl#8-x÷��Hô�&\ñ)& + ø*#Ìó�õ�úû÷�ôÀ÷ + #�/2/
ôH÷?&Hñ�ùX#uø�ñX#Ìó�õ�úûô��N(:#�/ûúûó�úû÷��Hù�/20�6 `·ô:��ñ�ô\ñ�ø=#�/1�xõ�!\úûù�úûù_&H÷¬ô\ñ�-�0
økñ)B��\úûø�úûô���õE!9#uõ'#�/4#uø���ñ + ø*#Ìó�õ�úû÷�ô�÷ + #�/2/\ô\÷�&\ñ�ù�W4�\ùE�9#�/2/20?�J(P÷¬økñ
õE!9#uô'õ·ÿ^÷gõ�!HúNøE&\ù�÷ + #J/2/¬ô\÷�&\ñ�ù)Y�i=#��¬økñ�ñ=jbÿ�úûõE!K#�ü9#Ìø�õkúNóR��/4#uø�÷¬ü@ý
ñ&ø*#uõkúû÷¬ôD��-xñ + ÷�ø�ñ-õE!9#uõ½÷¬üxñ�ø=#uõ�úû÷�ôÀúûù�ó�#uø�økúûñ)&Ó÷��\õ�6�Pgùkù���(2úNô<�
õE!9#uõ-õE!\ñÀô���(8-xñ�ø'÷ + (:#J/Núûó�úû÷��\ù½ô\÷�&\ñ�ùPúûù-økñ)/4#uõ�ú2%�ñ)/20Óù�(:#J/2/
W �\ù��$#�/2/20?� /ûñ�ù�ù-õE!9#uô3#�õ�!\úûøE&�÷ + #J/2/9ô\÷�&\ñ�ù)Y)�^õ�!\úûù�õkñ�ó=!\ô\ú2B��\ñ
#J/2/N÷uÿ�ù#õ�!\ñ½÷�%¬ñ&ø*#�/2/xù�0@ù�õkñ)( õk÷ D�J_Z*� +�- H9õE!\ñX#uó�õkúN÷�ô\ù^÷ + (:#zý
/ûúûó�úû÷��Hùbô\÷�&\ñ&ù,�\ÿ�úûõE!\÷��\õ�ñR%¬ñ�ô5�@ô\÷uÿ�úûô��'ÿ	!\÷-õ�!\ñR0:#uøkñ�6

�>úûù�õkø�ú2-��\õkñ)&,ó�÷¬ôHù�ñ�ô\ùE�\ù,�N#uù ÿbñ)/2/K#ÌùÀõ�!Hñ�ø�ñR/O#Ìõ�ñ)& ü\ø�÷�-@ý
/ûñ)(2ù�÷ + &\úûù�õkø�ú2-��\õkñ)&a#J�¬økñ�ñ)(Pñ&ô�õT#uô�&,økñ)/ûúO#J-�/ûñl-\ø�÷�#�&\ó�#uù�õ��
#Ìø�ñ + #ÌúNøE/20-ÿbñ)/2/ ý1�\ô�&\ñ�økù�õk÷�÷�&5-��\õ_#Ìø�ñ½ô\÷�õ�úNô2ó�÷�(N(P÷�ôK�\ùkñ�úûô
/4#Ìø��¬ñ�ýJùkó,#�/ûñ�&\úûù�õkø�ú2-��\õkñ)&Àù�0@ùkõ�ñ)(2ù	-`ñ�ó�#��\ùkñ�÷ + õE!\ñ�úûø�úûô�!\ñ�økñ�ô@õ
!Hú.��!äó�÷�ù�õ,6 o�øk÷��¬÷�ü\ú2�\ùI�Hù�ñ�ù�&HúNùkõ�økú.-<�\õ�ñ)&�ó�÷¬ô\ùkñ�ô\ùE�\ùÀõ�ñ&ó*!�ý
ôHú.B��\ñ&ù-÷¬ô�/20Óúûô�÷¬üxñ�ø*#Ìõ�úû÷¬ô\ù-õE!9#uõ8!$#uü\üxñ�ô�ø�ñ)/4#Ìõ�ú2%¬ñ)/20Óúûô + økñ¿ý
B��\ñ&ô�õE/20XW #uõ�õE!\ñ-ø*#Ìõ�ñ-÷ + ÷¬ôHó�ñ:#2ÿ^ñ�ñ)����÷¬ø½÷¬ôHó�ñ:#N(P÷�ô@õ�!IYR6
L	!Hñ�ø�ñ + ÷¬ø�ñ��@õ�!\÷�����!'ù�õkú./2/\ñRQ�üxñ�ô\ùkú2%¬ñ��@ùE�\ó=!-õ�ñ�ó=!\ô\ú2B��\ñ�ù	#uøkñ_# + ý
+ ÷¬ø�&$#�-�/ûñ½úûôPõ�!HúNù>ó�÷¬ô@õkñ)Q@õ_#uô�&�#�/2/û÷uÿqo�øk÷���÷¬ü\ú2�\ù�õk÷8(Pñ�ñ�õ^úûõ�ù
ÿ�ú2&\ñ½õkø��\ùkõgø�ñRB?�HúNøkñ)(Pñ&ô�õ�6

�M+ * ��9$5 0 � 7:9$5��?5
o�ø�÷���÷¬ü\ú2�\ù2÷¬üxñ�ø*#Ìõ�ñ�ù�úNô�ø�÷��Hô�&\ù�÷ + &<�\ø*#Ìõ�úû÷¬ô

τ
� + ÷�/2/N÷uÿ�úûô��

õE!\ñgü$#uø*#J&\ú2��( ÷ + õ�ø*#J&\úûõ�úû÷¬ô$#�/�L_���@ñ�ù�6C�@úûô\ó&ñ_o�ø�÷��¬÷¬üHú.�Hù9÷¬ô�/20
#Ìø�ó=!\ú2%¬ñ&ù�ú2&\ñ&ô�õkúûõ10Pó�ñ�økõ�ú[^`ó,#Ìõ�ñ�ù���ÿ	!HúNó=!Àó=!9#Ìô��¬ñ�úNô + ø�ñ)B��\ñ&ô�õE/20?�

úûõ�ô\ñ&ñ)&ÆôH÷¬õ_-xñf&\ñ�ù�ú2��ô\ñ)&Àõk÷Pø�ñ�#uó�õ½õ�÷2ø*#Ìü\ú2&�/20Pó=!9#uô<�¬úûô��-úûô@ý
+ ÷¬ø�(5#uõkúN÷�ôD�9#Ìù + ÷¬ø½ñ)Q�#�(2ü�/ûñX(P÷�ù�õ;&\úûù�õ�økú2-��\õ�ñR&T^9/ûñ-ù�0@ù�õkñ)(Pù
(8�Hù�õ_&H÷968���Hø�õ�!Hñ�ø�(2÷¬ø�ñ��Zo�øk÷���÷¬ü\ú2�\ù½úûù½ô\÷¬õX#N�¬ñ�ôHñ�ø*#J/bü��Hø·ý
üx÷¬ùkñ�õ�ú2(Pñ^ù�õ=#�(2ü\úûô��gùkñ�ø�%@úûó�ñ8\HúNõ#÷¬ô�/20K#Ìó�õ�ùC#ÌùC#½ùkñ�ó)�\økñ��\õkú.(2ñ
ùkõ*#J(Püxñ)&�ü���-�/ûúûó,#uõkúû÷¬ô5(Pñ)&Hú.�<( õ�!9#Ìõ	�¬ñ�ôHñ�ø*#J/7ü<�\ø�üx÷¬ùkñ�õkú.(2ñ
ùkõ*#J(Pü\úûô���ùkñ�ø�%@úûó�ñ�ù�ó,#ÌôK�Hù�ñgõk÷½ü���-�/ûúûù�!'õ�!\ñ&úNø]�¬ø�÷��\ô�&\úûô���%�#J/®ý
�Hñ�ù,6 L	!\ñ�økñ + ÷¬økñ��

τ
ó,#uôb-xñ�(8�\ó=! /O#Ìø���ñ�øPõE!9#uôäõE!\ñT�\ù��9#J/

&<�\ø*#Ìõ�úû÷¬ô2÷ + õkú2(Pñgùkõ*#J(Pü\úûô���øk÷��\ô<&\ù,6
L�÷ üHø�÷�%@ú2&\ñ õ�!\ñ ùkñ�ø�%@úûó�ñ�ù ÷��\õ�/ûúûô\ñ)&�úûô ��ñ�ó�õ�úû÷�ô ��6 ���

o�ø�÷���÷¬ü\ú2�\ùT(8�\ùkõÀü`ñ&ø + ÷�ø�( õE!\ñ + ÷�/2/û÷uÿ�úûô���õ=#uù��@ù3#ÌõÆñ)%�ñ�ø�0
øk÷��\ô<&]�

• L7ø=#uó=�äú2&\ñ�ô@õkúNõ10�ó�ñ�ø�õkú[^`ó,#uõkñ�ù + ÷�ø$økñ)�¬úûùkõ�ñ�økñ)& ú.&Hñ�ô@õ�úûõ�úûñ�ù
#uô�&M�\ü$&9#Ìõ�ñ�õE!\ñ #Ìø�ó=!\ú2%¬ñÓÿ�úûõE!,õ�!\ñ�úûø õ�ú2(Pñ ù�õ=#�(2ü`ñ)&
ó*!$#uô���ñ�ù WÐùkñ�ñU��ñ�ó�õ�úû÷�ô �$6 �96 �8YR6

• �gü$&9#uõkñgúûõ�ù'/ûúNô<��úûô��½ùkõ�ø��Hó�õ��\økñ½õ�÷'úNôHó)/2��&\ñ�ø�÷��\ô�&N%�#�/2�\ñ�ù
õ�!9#ÌõI#uø�ñ�ô\ñ�ÿ	/20�ù���-�(2úûõ�õ�ñR& -�0)ü9#uøkõ�úûó�úûü9#uõkúûô��VL_�<�@ñ�ù,�
#uùgÿ^ñ)/2/>#uù>úNõkù½÷uÿ�ô$ú2&\ñ&ô�õkúûõ10$ó&ñ�ø�õkú�^xó,#uõkñI#uø�ó=!\ú2%�ñ�øk÷��\ô�&
%�#�/2�\ñ W�ù�ñ�ñf�@ñ�ó�õkúN÷�ô(�96 �96 �8YR6

• Pgù�ùk÷@ó�ú4#uõ�ñT#Àøkñ,#�/>õ�ú2(Pñ2ÿ�úNõE!�õE!\ñÀó)�\økø�ñ�ô@õ2ø�÷��Hô�& WÐù�ñ&ñ
�@ñ�ó�õkúN÷�ô(�96 �96 �8YR6

���Hø�õ�!Hñ�ø�(2÷¬ø�ñ��go�øk÷���÷¬ü\ú2�\ù5(8�\ùkõPüxñ�ø + ÷�ø�( õ�!\ñ + ÷�/2/û÷uÿ�úûô��
õ=#uùE��ù�� + ÷�øbúûõkù�÷uÿ�ôPù�ñR/ + ý (5#uúûô@õ�ñ�ô9#Ìô\ó�ñ8�

• ��0@ô\ó=!\ø�÷�ô\ú2H�ñ�õ�!Hñ�ó=!9#uô���ñ�÷ + ø�÷��Hô�&�#�(P÷�ô��8#�/2/Yü9#uøkõ�úûó�ú ý
ü9#uõkúNô<��ô\÷�&\ñ&ù WÐùkñ�ñK�@ñ&ó�õ�úû÷¬ô(�$6 �$62r�Y)6

• �gü$&9#uõkñ�úûõ�ù_&HúNùkõ�økú.-<�\õ�ñ)& ù�!$#uø�ñR&Àø*#Ìô�&\÷�( ô���(8-xñ�ø	��ñ�ô@ý
ñ�ø*#Ìõ�÷¬ø�6 L	!\úûùÀúûùV�\ùkñ)&þúûô,õE!\ñ�ó�÷¬ô\ùkñ�ô\ùE�\ùÓü\ø�÷�õ�÷@ó�÷�/Nù��
#uô�&Óúûù'ñ)Q@ü�/4#uúûô\ñ)& + �Hø�õ�!Hñ�ø�úûôh/O#Ìõ�ñ�ø�ù�ñ�ó�õkúû÷¬ô\ù�W�ù�ñ�ñ��@ñ�ó�ý
õ�úû÷¬ô �96 �96 ��YR6

• Pgü\ü\øk÷�%¬ñ�÷�ø½ø�ñ W¿ñ&ó�õ½õ�!\ñ8#�&�&HúNõkúû÷¬ôÀ÷ + ôHñ�ÿþô\÷�&\ñ&ù�úûôÀõE!\ñ
�¬ø�÷��\üD�>#Ìô�&�ñ W�ñ�ó�õ + øk÷�( úûõ�ù'ø*#Ìô��@ù�ôH÷?&Hñ�ù-õ�!9#ÌõU#Ìø�ñ�ô\÷
/N÷�ô��¬ñ&ø�÷�ü`ñ&ø*#uõkúû÷¬ô9#J/9÷¬ø�õE!9#uõ�ô\÷�/û÷¬ô���ñ�ø½ñ�ô,W¿÷�0 õ�!Hñ-ó�÷�/ ý
/Nñ&ó�õ�ú2%¬ñ½õkø��\ùkõg÷ + õ�!\ñ���ø�÷��Hü�W�ù�ñ�ñf�@ñ�ó�õkúN÷�ô��96 �$6 �	Y)6

�mú2���Hø�ñ4�6ù�!\÷uÿ�ù õ�!\ñ !\ú2��!@ý1/ûñ)%¬ñ)/h-\ø�ñ�#�� &H÷uÿ�ô ÷ + ñ,#uó=!
o�ø�÷���÷¬ü\ú2�\ù^ø�÷��\ô�&�úûô@õ�÷-õ*#Ìù��@ù,6

`·ô�&\ú2%@ú2&��9#�/2/20�� o�ø�÷���÷¬ü\ú2�\ù#ô\÷�&\ñ�ùC#Ìø�ñgó=!9#Ìø���ñ)&Pÿ�úûõ�!-õE!\ñ�ø�ñ�ý
ùkü`÷�ô\ù�ú2-\ú2/ûúûõ10�÷ + ó&÷¬ô@õ�økú.-<�\õ�úûô���õE!\ñ�úûø�úûô�&\ñ&ü`ñ�ô<&\ñ�ô@õ�%�úûñ�ÿÓ÷ + õ·ÿb÷
õ10@üxñ�ù9÷ + úNô + ÷¬øE(:#uõkúû÷¬ô]�"^`ø�ùkõ,��úNô + ÷¬øE(:#uõkúû÷¬ô½õ�!9#Ìõ>!9#Ìù9÷¬ô\ñ HKS�- F
%�#J/2�\ñ��9ùk÷�(2ñ�õ�ú2(Pñ&ù�ó,#�/2/ûñ)&6Z CPO8Q�� F(Z +�- S V)F�CEO � +	S)D J	H[C +	O��	#uô�&
ùkñ�ó�÷�ô�&D�uùE��-�W¿ñ�ó�õkú2%¬ñ�úûô + ÷�ø�(:#Ìõ�úû÷¬ô>õ�!9#Ìõ�úûùD(2÷¬økñ9÷¬ø /Nñ&ù�ù>#	(5#uõ·ý
õkñ�ø�÷ + ÷�ü\úûô\úû÷¬ô-÷¬ø	/û÷@ó,#J/Yü`÷�/Núûó)0���&\ñ�ø�ú2%�ñ)&�ù�ñ�ü9#Ìø*#Ìõ�ñ)/205-�0-ñ,#uó=!
ôH÷?&Hñ��9#Ìô�&PõE!9#uõ	!9#Ìù�ô\÷-ù�úûô���/ûñ��@õ�øE�\ñX%�#�/2�\ñ�6

o�ø�÷��¬÷�ü\ú2�\ù½ô\÷�&\ñ�ù�(8�\ù�õ;-`ñ8#�-</Nñ'õ�÷2÷�-\õ=#uúûôÀõ·ÿ^÷5��úûô�&Hùg÷ +
ùkúûô���/ûñ¿ý·ù�÷��\ø�ó�ñ>úûô + ÷¬øE(:#Ìõ�úû÷¬ô]�xõE!\ñgó)�Hø�ø�ñ&ô�õ>ø�ñ,#J/`õkú2(Pñ���#uô�&-õE!\ñ
/4#Ìõ�ñ�ùkõbú2&\ñ�ô@õkúNõ10-ó&ñ�ø�õkú�^xó,#uõkñ�ùg#Ìù�ù�õ�÷�ø�ñ)&�#Ìô�&I&\úûùkù�ñ)(2úNô$#uõ�ñR&I-�0
õE!\ñ-ó)�\økø�ñ�ô@õKo ��-�/ûúûóK�½ñ)0T`·ô + ø=#uù�õkø��\ó&õ��\økñ�ù,65L	!\÷�����! ÷¬ô</.0�#
ùkúûô���/ûñ�%@úûñ�ÿ ÷ + ñ,#uó=!�úNù�ó�÷�ô\ù�ú2&\ñ&ø�ñ)&
ikó�÷¬økø�ñ�ó&õ1j3#uõ:#Ìô�0ä÷¬ô\ñ

�



Prokopius Round Change


Respond to Clients


Synchronize


Update Certificate

Archive


Update Group

Membership


Update Linking

Structure


Agree on Real Time of

Next Round


Update Random

Number Generator


previous round

is complete

and ready for

queries


�mú2���Hø�ñ��@� Å�ª@±9¸@°
­R«®¶^©·°
­RÃ¬­�º&ÍDÉc²�º�Ãuº&¯¬«¹»�­¿Ä %9º&»¬§@´u¾T¶ ª�°&§�È�±g©·°�­RÃ¬­
°&²�±gÈ&²�º&»¬¯\±¿´-º�§P©Rª@±�¼®±kÍÐ©¿Ê�º&²�´¬±k²�±¿´'Íû²�º
Â,©·º&¯P©·º>¸�º�©·©·º�Âþ©·º>«¹§�´Ì«¹¾
¶¿°�©·±�©Rª�±k«¹²bº&²�´¬±k²bº&ÍD±¿Ñu±¿¶k»�©R«®º&§`Ä9Å�ª@±9²�°&§�´�º
Â §u»�Âò¸�±k²bÈ�±k§�±k²�°�©·º�²
»�¯\´¬°�©·±�©·°
­RÃ-ºu¶¿¶k»¬²�­^¸\±kÍ¨º&²�±½©Rª�±>Â�±¿Âò¸�±k²�­Rª�«¹¯À»¬¯\´¬°�©·±½©·°
­RÃ\ÊH¸¬»@©
¶¿º�Â>¯¬¼®±¿©·±¿­�°�ÍÐ©·±k²b«®© 'Ð­·±¿±�âÌ±µ¶¿©R«®º&§$Õ�Ä Õ�Ä Õ>ÍÐº�²^´¬±¿©·°�«¹¼®­*)kÄ��#»@±�²·«®±¿­�°&²�±
°&§�­·³�±k²�±¿´-©Rª¬²�º&»�È&ª�º&»�©^©Rª�±ò²�º�»�§�´-¶·ª@°�§@È
±^¯�²�ºu¶¿±µ­·­¿Ä

õkú2(Pñ��xô\÷�&\ñ�ùn(Pú2��!@õ	!9#�%�ñ�úûô\ó�÷�ô\ù�úûùkõ�ñ�ô@õ,�m÷��Hõ�&9#Ìõ�ñ)&T%@úNñ&ÿ�ù�÷¬ø
(2ú2��!@õC(5#�/ûúûó�úû÷��\ùE/20-õ�ø�0�õ�÷I(2úûù����Hú.&Hñ�÷�õ�!\ñ&ø�ù�ÿ�úûõ�!�úNôHó�÷¬økø�ñ�ó�õ
%@úûñ�ÿ�ù�6 �>ù�úûô���&\úûù�õkø�ú2-��\õkñ)&U#J�¬økñ�ñ)(Pñ&ô�õ���o�øk÷��¬÷�ü\ú2�\ù�ó,#uôf(:#Ìù��
#N-x÷��\ô<&\ñ)&�ô���(8-xñ�ø½÷ + -xñ�ô\ú2�¬ôÓ÷�øX(:#J/Núûó�úû÷��\ù + #��</Nõkù�úûôÆõE!\ñ
&HúNùkù�ñ)(2úûô9#uõkúN÷�ô-÷ + õ�ú2(Pñ�#uô�&2ú.&Hñ�ô@õ�úûõ10Pó�ñ&ø�õ�ú[^`ó�#uõ�ñ&ù,6

L�÷$÷�-\õ*#ÌúûôÆõE!\ñPó)�Hø�ø�ñ&ô�õ'õ�ú2(2ñ��xñ,#uó=!�ôH÷?&Hñ-ó�÷���/2&T�\ù�ñ�� + ÷¬ø
úûô\ùkõ*#Ìô\ó�ñ��$#uô�#uõk÷�(Púûó>ó)/û÷�ó=����#'ø*#J&\úû÷-ó)/û÷@ó*�2÷¬ø_#8�Xo]�PóR/N÷@ó=��6
�>÷¬õkñ-õ�!9#ÌõK�Xo>� úûùX#uó�õE�9#�/2/20�&\ñ&ü`ñ�ô<&\ñ�ô@õ-÷¬ô õ�!\ñ �K6 ��6�(2ú2/Nú ý
õ=#uøE0?��#uô<&ÆõE!?�Hùg(5#�0Pô\÷�õ�-`ñ-ô\ñ&ó�ñ�ù�ù=#uøkú./20 ó�÷¬ôHù�ú2&\ñ�økñ)&Óõ�øE�\ù�õ ý
ÿ^÷¬økõ�!�0f-?0-ñR%¬ñ�øE0¬÷¬ôHñ�úûô-õE!\ñ½ÿb÷�ø�/2&D6 L	!\ñgô\÷�&\ñ&ù	&\÷�ôH÷¬õ^ù�0@ô@ý
ó=!\øk÷¬ô\ú2H�ñ�õE!\ñ�úûø-ó)/û÷@ó*�@ù'ÿ�úûõ�!�ñ�#uó=!�÷¬õ�!Hñ�ø,�^ù�úûô\ó&ñ$õE!\úûù-ÿb÷���/2&
%@úû÷�/4#Ìõ�ñgõE!\ñ½úûô�&\ñ�üxñ�ô�&\ñ&ô\ó�ñ'÷ + õE!\ñ�ó)/û÷@ó=�@ù�÷ + &HúNùkõ�úûô\ó�õ>ô\÷�&\ñ�ù�6

L	!\ñ�økñ úûù ÷�ô\ñ ��úûô�& ÷ + ù���-�W¿ñ&ó�õ�ú2%¬ñ úûô + ÷�ø�(5#uõ�úû÷�ô õE!9#uõ
o�ø�÷���÷¬ü\ú2�\ù�ô\÷�&\ñ&ùC(8�\ùkõD-xñ_#�-�/ûñ�õk÷ + ÷¬ø�(1��#uù�ùkñ�ù�ùE(Pñ�ô@õkùm#Ìù9õ�÷
ÿ	!HúNó=!�÷¬õE!\ñ�ø½ó)�\økø�ñ�ô@õ½÷¬ø�üx÷¬õkñ�ô@õ�ú4#�/ + ñ)/2/û÷uÿko�ø�÷���÷¬ü\ú2�\ù�ôH÷?&Hñ�ù
ó�#uô3-xñPõkø��\ùkõ�ñ)&�õk÷Æüxñ�ø + ÷¬ø�( õ�!\ñ�úûø'õ*#Ìù��@ù�ó&÷¬ø�økñ�ó�õE/.0�6TL	!\ñ�ùkñ
#Ìù�ùkñ�ù�ùE(Pñ�ô@õ�ù�#uøkñX(:#J&\ñ_-9#Ìù�ñ)&�÷�ô$ùE0@ù�õ�ñR( ÷�-\ùkñ�ø�%�#Ìõ�úû÷¬ô\ù;-��\õ
#J/ûù�÷�÷¬ô ÷��\õ ýJ÷ + ý1-9#uô�&�ñ)Q@ó*!$#uô���ñ�ùU#J(P÷�ô��Io�ø�÷��¬÷�ü\ú2�\ù½ô\÷�&\ñ�ù,�
#Ìô�& !9#�%¬ñ�õ·ÿ^÷V��÷?#J/Nù�6
�múNøkù�õ��m#Ìô
#uù�ùkñ�ù�ùE(Pñ�ô@õN(8�\ù�õ'ñ)%�#�/2�@ý
#Ìõ�ñ2ÿ	!\ñ�õ�!Hñ�ø:#�ô\÷�&\ñ�úûô3B��\ñ�ùkõ�úû÷¬ô�ó,#Ìô3(Pñ&ñ�õ�õE!\ñ�ù�0@ù�õkñ)(VS ù
(2úûô\ú2(K��( økñ)B��\úûø�ñ)(2ñ�ô@õ�ù,�mù��Hó*!l#uù½ü\øk÷@ó�ñ�ù�ùkúûô��V#uô<&Æó�÷�ô\ô\ñ�ó�ý
õkúû÷¬ô�ù�üxñ�ñ)&D�cù�õ*#J-\ú2/ûúNõ10���&$#uõ*# + ø�ñ�ùE!\ô\ñ�ùkù,�mñ�õ�ó�6��@ñ�ó&÷¬ô�&D� #uôV#Ìù·ý
ùkñ�ù�ùE(Pñ�ô@õ�(8�\ùkõ�ø�ñ)�`ñ&ó�õ�õ�!HñK-xñ)/ûúûñ + ÷ + õ�!HñU#Ìù�ù�ñ&ù�ù�÷�ø�õ�!$#uõgõE!\ñ
õ=#uøE�¬ñ�õ�ô\÷�&\ñ�ÿ�ú./2/�&��Hõ�ú + ��/2/20 + ÷�/2/û÷uÿ�õ�!\ñ�ø���/ûñ�ù>÷ + õ�!\ñ½ùE0�ùkõ�ñ)(T6
��ú.(2ü�/ûúûù�õ�úûó,#J/2/�0��>#uôq#J&�(Púûô\úûù�õkø*#Ìõ�÷¬ø8(5#�0 + ÷¬øE( #uùkù�ñ�ùkù�(Pñ&ô�õkù
÷ + #Ìô\÷¬õE!\ñ�ø'ô\÷�&\ñ8-�0ÆñRQ�õkø*#Ìü`÷�/O#Ìõ�úûô���õ�!HñPø�ñ&ü��\õ*#Ìõ�úû÷¬ôÓ÷ + õE!\ñ
ó&÷�(Pü$#uô�0P÷�ü`ñ�ø=#uõkúNô<�Àõ�!9#Ìõ½ô\÷�&\ñ�6fL	!\ñ-ø��</Nñ-ÿ^÷��</.&�õ�!\ñ�ôl-xñ
õE!9#uõ;i���÷�÷�&�j)��ikù�÷�/Nú2&�j-ó�÷�(Pü9#Ìô\úûñ�ùX#uø�ñ8/ûú2�¬ñR/.0�õ�÷ÀøE�\ô�i���÷@÷?&"jA�
ikù�÷�/ûú.&"jUo�ø�÷��¬÷�ü\ú2�\ù�ô\÷�&\ñ�ù�6��'0 + ÷¬ø�(2úûô��PùE�\ó=! #uùkù�ñ�ùkù�(2ñ�ô@õ�ù,�
o�ø�÷���÷¬ü\ú2�\ù#ô\÷�&\ñ�ù�ñ¿öYñ�ó�õkú.%�ñ)/20 + ÷�ø�( õ�!Hñ�úûø�÷uÿ�ô-ÿm#Ìõ�ó=!�&\÷���÷�ø·ý
��#uô\ú2H,#Ìõ�úû÷¬ô 6 ��/û÷�-9#J/X#uù�ùkñ�ù�ùE(Pñ�ô@õkù,�X-$#uù�ñR&þ÷¬ô,õE!\ñ3#uùkù�ñ�ùkù·ý
(2ñ�ô@õ�ùm÷ + ñ,#Ìó=!�ü9#Ìø�õkúNó&úNü$#uô@õ,��#uøkñC&Hñ�ø�ú2%¬ñR&K�\ùkúûô��X#	&\úûù�õkø�ú2-��\õkñ)&
ó&÷¬ô\ùkñ�ô\ù��Hù�üHø�÷¬õk÷@ó�÷�/16

`·ô-õ�!\ñ + ÷�/2/û÷uÿ�úNô<��ù�ñ�ó�õkúû÷¬ôD�@ÿ^ñ	&\ñ�ùkó�ø�ú2-xñgúûôK&Hñ�õ*#Ìú./Hõ�!\ñ;-9#uùkúNó
#Ìù�ùE��(Pü\õkúû÷¬ô\ù-ÿ^ñ�(:#J�¬ñ + ÷¬ø2õ�!\ñÀó&÷¬ø�økñ�ó�õÀ÷�ü`ñ&ø*#uõkúû÷¬ôä÷ + õE!\ñ
ùE0@ù�õ�ñR(V6

�M+�� ����587:3�2 9$5 5 ��2 <?7:0 � =�5
L	!Hñ�ó&÷¬ø�økñ�ó�õkô\ñ�ù�ù½÷ + õ�!HñX&\ñ�ùkú.��ôP÷ + o�øk÷��¬÷�ü\ú2�\ù�ø�ñR/Núûñ�ù�÷�ôPùkñ)%�ý
ñ&ø*#�/]-9#uùkúNó8#uùkù���(2ü\õ�úû÷�ô\ù,6X�@÷�(Pñ�÷ + õE!\ñ�ùkñ-õ*#���ñ�õE!\ñ + ÷�ø�( ÷ +
iE(Púûô\ú2(f��( ùE0�ùkõ�ñ)( ø�ñ)B��\úûø�ñR(Pñ�ô@õ�ù jA��ÿ	!Hú./ûñ-÷�õ�!\ñ�økù�ü</O#Ìó�ñ-ø�ñ�ý
ùkõ�økúNó&õ�úû÷¬ô\ù�÷�ô�ñ�ô�%@úNøk÷¬ô�(2ñ�ô@õ*#J/uü9#uø=#�(Pñ&õ�ñ�økù,�uùE�\ó=!U#Ìù�õ�!HñC(5#�Q�ý
ú2(8��( ô���(8-xñ�ø½÷ + (5#�/ûúûó�úû÷��\ù>ô\÷�&\ñ�ù'úûôÓõ�!\ñ2ù�0@ù�õkñ)( #uõf#uô�0
÷�ô\ñ'õ�ú2(Pñ�6n
ÓñX&\ñ�õ=#uú2/C#J/./>#Ìù�ù��<(Pü\õkúN÷�ô\ù_!Hñ�ø�ñ�� -��\õ�ÿ�ú./2/�#�/ûù�÷
WA�\ù�õkú + 0Óñ,#uó=!
#uù-ÿ^ñI��÷Óõ�!\øk÷�����!�õ�!Hñ$ùkü`ñ&ó�ú[^`ó,#uõkúû÷¬ô\ù2÷ + õE!\ñ
õ=#uùE��ù�õE!9#uõ�ôHñ�ó�ñ�ùkù�úûõ*#Ìõ�ñ'õ�!\ñ)(T6

�1' ' ��� .�� 
��&� ��� H J	O � +	O:F H[CED�F	� O + D +	S F H"�:J	O
f
MS,+ ��+)LNC -8Z O + .	F
Z J8S F �
J�-�� H���� 
 �4H"�:F O - D �)FUS + � J�� �


MS,+ ��+)LNC -8Z�O + .	F
Z J	H J	O �(+	O:F HKCED�F C Z
n
� H"�:FUO

n ≥ 3f + 1
�

r,�



��J�-�� H ��ôH÷?&Hñ�ùm#Ìø�ñ>õ�!\÷�ù�ñgôH÷?&Hñ�ù�õ�!9#Ìõ + ÷�ø9ÿ	!9#uõkñ)%¬ñ&ø�ø�ñ,#Ìù�÷¬ô
&H÷�ô\÷�õ + ÷�/2/û÷uÿ�õE!\ñXo�ø�÷��¬÷�ü\ú2�\ùbüHø�÷¬õk÷@ó�÷�/ûù�÷¬ø^õ�!H÷¬ù�ñ½ô\÷�&\ñ&ù + ÷�ø
ÿ	!HúNó=!�õE!\ñ^ù�0@ù�õkñ)(c#uùkù���(2ü\õ�úû÷¬ôHùYúNô�õ�!\úûù�ùkñ�ó�õkúN÷�ôK&H÷�ô\÷¬õ !\÷�/2&D6
P;/2/Y÷¬õ�!Hñ�øgô\÷�&\ñ&ù_#uø�ñ�ó,#�/2/ûñ)&�� +	S)S F VUH 6

L	!\úûù8#uùkù���(2ü\õ�úû÷¬ôÓúûùf&\ø*#�ÿ�ô + ø�÷�(F# + �Hô�&9#�(2ñ�ô@õ*#J/9õ�!\ñ&÷uý
økñ�õ�úûó,#J/�ø�ñ�ùE��/ûõg÷¬ô5&\úûùkõ�ø�ú2-��Hõ�ñ)&l#���ø�ñ�ñ)(2ñ�ô@õ�� 
D��o �	�R��6C�^ø�úûñ)�$0?�
õE!\ñ�økñPúûù�ô\÷ÀüHø�÷¬õk÷@ó�÷�/^õ�!9#Ìõ�ó,#ÌôÓù�÷�/2%�ñ�õE!\ñI�'0�H,#uô@õ�úûô\ñI�(ñ�ô@ý
ñ&ø*#�/ûù^ü\ø�÷�-�/ûñ)( W #½ÿbñ�#��¬ñ&øC%�ñ�ø�ùkúN÷�ôP÷ + õ�!\ñ;&\úûù�õ�økú2-��\õ�ñR& #J�¬økñ�ñ¿ý
(2ñ�ô@õX#uô�& ó�÷¬ôHù�ñ�ô\ùE�\ù'ü\ø�÷�-�/ûñ)(Pù)Ygú + #2õ�!\úûø�&Ó÷�ø�(P÷¬økñ�÷ + #�/2/
ôH÷?&Hñ�ù�#uø�ñ + #J��/ûõ10?6 `·õ$úûù-ó�÷�(I(2÷¬ô�õk÷ #Ìù�ù��<(Pñ�õ�!\úûùN�\ü\üxñ�ø
-x÷��Hô�&P÷�ô + #���/ûõ10'ô\÷�&\ñ�ù���#uô�&N-`÷�õ�!-õ�!Hñ�ù=# + ñ&õ10U#Ìô�&PõE!\ñ_/ûú2%¬ñ¿ý
ôHñ�ù�ù�÷ + õ�!\ñ8#���ø�ñ�ñ)(2ñ�ô@õgü\øk÷¬õk÷�ó&÷�/ûùgÿ^ñX�\ùkñK&\ñ&ü`ñ�ô<&l�\ü`÷�ôÀúûõ,6
�>÷uÿbñR%¬ñ�ø��9úûõ�úûù�óR/Nñ�#uø'õ�!9#Ìõ�úûô�ñRQ�ó&ñ�ü\õ�úû÷�ô9#�/^ó,#uùkñ�ùPúûô�%¬÷�/2%�úûô��
ñRQ�õkø�ñ)(2ñ)/20�üx÷uÿ^ñ�ø + �</9#�&�%�ñ�ø�ù=#uøkúNñ&ù9ñ)%¬ñ&ôPù��Hó*!I#(ÿbñ)/2/ ý·ÿb÷�ø�ôK#Ìù·ý
ùE��(PüHõ�úû÷¬ô2ó,#uô5-xñg!$#uø�&�õk÷8(:#uúûô@õ*#ÌúûôD6
�1' ' ��� .�� 
��&� � 
?S,+ ��+ LNC -	Z4O + .8F Z��
J8C"� +8S � CEF�CEO .	F L:F�O��
.	F�O@H �"���

L	!\úûùD#Ìù�ù��<(Pü\õkúN÷�ô�(Pñ,#Ìô\ùYõ�!9#ÌõYõ�!\ñ'&\ú[@Pó)��/ûõ10>ÿ�úNõE!½ÿ	!\úûó*!X#
��ø�÷��\ü-÷ + ô\÷�&\ñ&ùbó,#Ìô8-`ñ;(:#J&\ñ + #���/ûõ10'õ�!\øk÷�����!8(Pñ,#Ìô\ù�ñ)Q@õ�ñ�ø ý
ô$#�/Yõ�÷'õ�!Hñg��ø�÷��\üPúûù^ü\ø�÷�ü`÷�ø�õ�úû÷�ô9#�/xõ�÷'õ�!\ñ½ùkú.H&ñ�÷ + õE!\ñ��¬ø�÷��\üD6
��ú.(2ú2/O#Ìø�/20���# ô\÷�&\ñK-xñ�ó�÷�(Pñ�ù½ÿ�ú2/2/ûúNô<��/20 + #��</Nõ101WÐú16 ñ�62�xÿ�úNõE!\÷��Hõ
ñRQ�õkñ�ø�ô$#�/�ó�÷@ñ�ø�ó&úN÷�ôIY^úûô�&\ñ�üxñ�ô�&Hñ�ô@õ�/20�÷ + ÷�õ�!\ñ&ø + #J��/ûõ10�ô\÷�&\ñ&ù,6

L	!\úûù_#Ìù�ù��<(Pü\õkúN÷�ô-úûù�ú.(2ü`÷�ø�õ=#uô@õ + ÷�ø�õ�!\ñX&HúNùkõ�økú.-<�\õ�ñ)&�ó�÷�ô@ý
ùkñ�ô\ùE�\ù_#uô�&5#���ø�ñ�ñ)(2ñ�ô@õ9ü\øk÷¬õ�÷@ó�÷�/ûù,��úNô-ó&÷¬ô,W=�Hô\ó�õ�úû÷�ôPÿ�úûõ�!8P>ù·ý
ùE��(PüHõ�úû÷¬ôTr�6'PþõE!\ø�ñ�ùE!\÷�/2&À÷�ôÀõ�!Hñ�ô���(8-`ñ&ø�÷ +�+ #��</Nõ10-ôH÷?&Hñ�ù
úûù�÷�ô�/208(Pñ,#Ìô\úûô�� + �</`ú + õE!\ñ�ô���(8-xñ�ø^÷ +D+ #���/ûõ10-ô\÷�&\ñ�ù>ø�ñ)�xñ�ó�õ�ù
õE!\ñ8#�(P÷��\ô@õ9÷ + ø�ñ�ùk÷��\økó�ñ�ù�ô\ñ&ñ)&\ñ)& õ�÷2ó,#��\ùkñ�õ�!H÷¬ù�ñ'ô\÷�&\ñ�ù>õ�÷
-xñ�ó�÷�(Pñ + #��</Nõ10�6 
>õ�!Hñ�ø�ÿ�úûù�ñ���(P÷¬økñ + #J��/ûõ10�ô\÷�&\ñ�ù�#Ìø�ñ ô\÷¬õ
ôHñ�ó�ñ�ùkù*#uøkú2/.05/ûñ�ùkùgü\øk÷�-9#J-�/ûñgõ�!$#uô + ñ�ÿ^ñ�ø,6

L	!\úûù�úûù9õ�!Hñ�ø�ñ,#Ìù�÷¬ô-ÿ	!�0�ôH÷?&Hñ�ùbùE!\÷��</.&f-xñ�úNôf&\ú öYñ�ø�ñ�ô@õ	#�&@ý
(2úûô\úûù�õ�ø=#uõkú.%�ñD&\÷�(:#ÌúNôHù,��ó&÷��\ô@õ�økúûñ�ù,�u÷�ø�÷�õ�!\ñ�ømúûô�&\ñ�üxñ�ô�&\ñ&ô�õ�÷�ø·ý
��#uô\ú2H,#Ìõ�úû÷¬ôHù,6XP;/ûõ�!\÷�����! ó�÷�(2ü�/ûñ)Q + #uú2/2�\økñK&\ñ&ü`ñ�ô<&\ñ�ô\ó�ñ&ùI#uø�ñ
ôH÷uÿ7-`ñ&úNô<�Óó�÷¬ô\ùkú2&\ñ�ø�ñR&
-�0Óõ�!\ñ�ø�ñ&ù�ñ,#Ìø�ó=! ó&÷�(I(8�Hô\ú®õ10�W�ñ�6 �96
���	#Ìó,��r��'�Àð��	�R�PYR�C#�ù*#Ìõ�úûù + #Ìó�õ�÷�ø�0)õ�!\ñ�÷�ø�0h-`ñ)!HúNô<& úûô + ñ�ø�økúNô<�
#Ìø�-\úûõkø*#uøE0 + #Ìú2/.�Hø�ñ_&Hñ�ü`ñ&ô�&\ñ�ô\ó&úNñ&ùg!$#uù	0¬ñ&õgõ�÷f-xñX&\ñ=^`ôHñ)&D6
�1' ' ��� .�� 
��&� � A �:F�V - S)S FUO:H 
?S,+ ��+)L C -	Z�O + .	F
Z �;J_Z�� F � � J Z
J	O � +8H"�:FUS�FUO:H[CPH�� F��	H[FUS)O:J�� H + 
?S,+ ��+)L C -	Z �(D J�� +	O � � L FUS	�
� +8S)D L +�� �_O +8D�CEJ�� �"� ��+�-�O .8F�.�� L +_Z)Z
C � � �,L S,+��)J��UC"� C Z
H[CEV�V	+	D?L -
�
HKJ8HKC +	O Z �

L	!\ñ½ú2(Pü</Núûó,#Ìõ�úû÷¬ô'÷ + õ�!\úûù_#Ìù�ù��<(Pü\õkúN÷�ô-úûù�õ�!9#Ìõ�ó)�\ø�økñ�ô@õg#Ìø·ý
���9#�-</.0 ù�÷��\ô�&Óó�øE0@ü\õ�÷��¬ø*#Ìü�!\úûóPõkñ�ó=!\ô\ú2B��\ñ�ù8#uøkñPù*# + ñPõk÷��\ùkñ�6
�H÷¬ø2ñ)Q�#�(2ü�/ûñ��9ô\ñ&úNõE!\ñ�ø�#3o�ø�÷���÷¬ü\ú2�\ù-ôH÷?&Hñ��gôH÷¬ø:#Ìô�ñ)Q@õ�ñ�ø ý
ô$#�/�#�&�%�ñ�ø�ù=#uø�0'ó,#ÌôD�@ÿ�úûõ�!-ô\÷�ô@ýJôHñ)��/ûú2�¬ú2-�/ûñ9ü\øk÷�-9#J-\ú2/ûúNõ10��R^`ô�&I#
ó&÷�/2/ûúNùkúû÷¬ôPõk÷U#'ó&÷�/2/ûúNùkúû÷¬ô@ý·ø�ñ�ùkúûù�õ*#Ìô@õC!9#Ìù�! + �\ôHó�õ�úû÷¬ô 6
�1' ' ��� .�� 
��&��� 
?S,+ ��+ LNC -	Z O + .8F Z4J8O . V � CEFUO:HPZ �@J8TUF J
� F � �
���8O +�� O(D�F V��:J	O:C Z
D � +	S&J�- H �@F�O@H[CEV)J	H[F�. V�+	D D�- O:CEV)J8HKC +8O
J	D +	O8Q Z H?H"�:FUD�Z F � TUF Z �

L	!\úûù>(Pñ&ó*!$#uô\úûù�( (:#�0�økñ)/20�÷�ôI#uô�0'ü9#uøkõ�úûó)��/4#uø#ó�÷@ñ)Q@úNùkõ�úûô��
úûô + ø*#uùkõ�øE�\ó�õ��Hø�ñ�ù�ñ&ø�%@úûó�ñ W�ñ�6 �962�U�9ñ�ø�úûùkú.��ôD� ��ô@õkø��\ùkõ,���������
�>�?YR�
÷�ø9úûõ>(:#�0�-xñg#J&8!\÷@ó���-9#uùkñ)&P÷�ô-õ�!\ñ�ÿ^ñ)-@ý·÷ + ýJõkø��\ùkõbü9#Ìø*#J&\ú2��(
÷�ø�ñ)%¬ñ&ôÀñ¿öYñ�ó�õ�ñR&ÆõE!\ø�÷�����!�&HúNøkñ�ó�õ;�¬ñ)02ñ)Q@ó*!$#uô���ñ�6'L	!\úûù	&\÷@ñ�ù
ôH÷¬õ�(Pñ,#Ìô�õ�!9#Ìõ�õE!\ñ-ô\÷�&\ñ�ùf#��¬økñ�ñ'÷¬ô ÿ	!\÷�( õE!\ñ)0 õ�ø��Hù�õ,6f`·õ
ùkú2(Pü�/208(Pñ�#uô\ù�õE!9#uõ½ó�÷�ø�ø�ñ&ó�õ�ô\÷�&\ñ�ù½ó,#ÌôÀø�ñ&õ�ø�úûñ)%�ñI#uôV#Ìü\ü\øk÷uý
üHø�ú4#uõkñ��D�Hü@ýJõk÷uý1&9#uõkñ-ü���-�/ûúûóf�¬ñ)0 + ÷¬øf#uô�0À÷¬õE!\ñ�ø�ôH÷?&HñPúûôÆõE!\ñ
ùE0@ù�õ�ñR(V6

�1' ' ��� .�� 
��&��� A �:F�F��?F)V�HPZ + � J��
J�-�� H +8O V�+8D�D - O:C��
V)J	H[C +	O Z�.�+ O +8H L FUS Z
C Z
H$�"+8O8Q	F�S6H �@J8O H �@F .�-�S J	H[C +8O + � J

MS,+ ��+)LNC -8Z�S,+�- O . �

�\÷�ø�ñRQ"#J(Pü�/ûñ���ÿ^ñ:#Ìù�ùE��(Pñ2õ�!9#ÌõU#�ô\÷�&\ñ�ÿ�ú2/./#ñ)%¬ñ�ô@õE�9#�/2/20
økñ�ó�ñ�ú2%�ñI(Pñ&ù�ù*#J�¬ñ�ù�ù�ñ�ô@õ�õk÷Àúûõ�úûôÆõE!\ñPù=#�(Pñ�ø�÷��Hô�&ÓúûôÓÿ	!\úûó*!
õE!\ñ)0�ÿ^ñ�ø�ñ�ùkñ�ô@õ,6	` + #uô�#�&�%�ñ�ø�ù=#uøE0$ùE�\ó�ó�ñ&ù�ù + ��/2/.0�ü\ø�ñ)%�ñ�ô@õ�ùX#�/2/
ó&÷¬ü\úûñ�ù�÷ + #n(Pñ&ù�ù*#J�¬ñ + øk÷�( økñ,#uó=!\úûô��-õE!\ñ�úûø_&\ñ&ù�õ�úûô9#Ìõ�úû÷¬ô5&��Hø·ý
úûô��8#uô�ñ�ô@õkúNøkñ�ø�÷��\ô�&D�@õE!\ñ�ôÀÿ^ñ½ó�÷¬ôHù�ú2&\ñ�ø>õ�!\ñ�ùkñ�ô�&\ñ&øg÷ + õE!9#uõ
(2ñ�ù�ù=#���ñ-õ�÷T-`ñ�# + #J��/ûõ10ÆôH÷?&Hñ��9ó�÷�ô\ù�õkø*#ÌúNôHñ)&�õ�÷ÀõE!\ñ5�\ü\üxñ�ø
/ûú2(Púûõ

f
ú2(Püx÷¬ùkñ)&ÆúûôlP>ù�ù��<(Pü\õkúN÷�ô r�6 
 #uøE�¬ñ¿ý·ù�ó,#J/ûñPô\ñ�õ·ÿ^÷¬øE�

÷��\õ*#J�¬ñ�ù���ü$#uø�õkúûõ�úû÷¬ô\ù��D#uô<&Æùk÷ + ÷¬økõ�!T(:#�05-xñ-ó,#��\ùkñ)&3-�0ÀõE!\ñ
#J&�%¬ñ&ø�ù*#Ìø�0��$-��\õ½õ�!\ñR0�&\÷PôH÷¬õgüxñ�økù�úûù�õ + ÷¬øgõE!\ñf&��\ø*#Ìõ�úû÷¬ô�÷ + #
üHø�÷¬õk÷@ó�÷�/\øk÷��\ô<&D6Z��ú.(2ú2/O#Ìø�/20��¿ô\÷�&\ñ�ô\ú4#�/H÷ + ù�ñ�øE%�úûó�ñ�#uõkõ*#uó=�'ó,#uô
/4#Ìù�õ'/N÷�ô��¬ñ&ø�õ�!9#Ìô #�ø�÷��\ô�&D6

�bñR0¬÷¬ô<&Óõ�!\ñ-ó�÷�ô\ù�õkø*#ÌúNô@õkùX&\ñ�ùkó�ø�ú2-xñ)&�úûôÀõE!\úûùK#uùkù���(2ü\õ�úû÷¬ô �
õE!\ñ�ó�÷�(I(8�\ôHú®ó,#Ìõ�úû÷¬ô'ô\ñ�õ·ÿ^÷¬øE�$úûù�ó�÷�(Pü�/ûñ�õkñ)/208�\ô\ü\økñ)&\úûó�õ=#�-�/ûñ
#Ìô�&K#J(Pñ�ô9#J-�/ûñ9õ�÷>ó�÷@ñ�ø�ó&úN÷�ô8-�0\#;(5#�/ûúûó�úû÷��\ù�#�&�%�ñ�ø�ù=#uøE0?6���ñ�ù ý
ù=#���ñ�ùC(5#�0X-xñ\#Ìø�-\úûõkø*#uøkú2/.0n&\ø�÷�ü\ü`ñR&D�\økñ�÷¬øE&\ñ�ø�ñR&D��&��Hü�/ûúNó�#uõ�ñR&D�
ñ&õ�ó�6

;�\ø!õkú.(2úûô�� #Ìù�ùE��(Pü\õkúû÷¬ô\ù�#uøkñ ù�ú2(Pú2/4#uø úNô %¬ñ�úûô;õ�÷

õE!\÷¬ùkñ5(:#�&Hñ8-?0Ó÷�õ�!\ñ&ø-ü\ø*#Ìó�õ�úûó,#J/	�C0�H,#Ìô�õkúûô\ñ + #���/ûõ ýJõk÷�/ûñ�ø*#Ìô@õ
ùE0@ù�õ�ñR(Pù)����
 ���R����#�/ûõE!\÷�����!�ÿ^ñ + ñ&ñ)/`õE!\ñ)08#uøkñbñ,#Ìù�úûñ�ø9õk÷>W=�\ù�õkú + 0
úûô�õE!\ñ'/Nñ&ù�ù�ü`ñ&ø + ÷�ø�(:#Ìô\ó�ñ¿ý1&\økú.%�ñ�ô�ó�÷�ô@õ�ñ)Q@õ�÷ + ÷��\ø>#uü\ü</Núûó,#Ìõ�úû÷¬ô 6
�1' ' ��� .�� 
��&��� � � � V	+	S)S F VUH;O + .8F Z �@J8TUF � +UV J �:H[CED�F,Z +�- S V)F
Z
H"�:J	H � CEF�� CPH �@CEO

τ/4
+ ��H �@F V�+8S)S F)VUH Q��"+��)J��]HKCED�F �

�\øk÷�( õE!\úûùI#uùkù���(2ü\õ�úû÷¬ôÓúûõ + ÷�/2/N÷uÿ�ù�õ�!9#Ìõ�ô\÷Óõ·ÿ^÷ ó�÷¬økø�ñ�ó�õ
ôH÷?&Hñ�ù,S$/û÷@ó,#�/mõ�ú2(Pñ½ù�÷��\ø�ó&ñ�ùX&\ú öYñ�ø_-�05(P÷�ø�ñ½õ�!9#Ìô

τ/2
6	L	!\úûù

#Ìù�ùE��(Pü\õkúû÷¬ôgñ&ô\ó�÷�&\ñ�ù9ó&÷¬ô�%¬ñ�ôHúNñ&ô�õE/20gõ�!Hñ9ø�ñ,#Ìù�÷�ô9#�-�/ûñ^ñ)Q@ü`ñ&ó�õ*#zý
õkúû÷¬ô'õ�!9#Ìõ9õ�!\ñ;/û÷�ó�#�/\õkú.(2ñbùk÷��\økó�ñ�ù�÷ + ÿ^ñ)/2/ ý (5#uúûô@õ*#uú ô\ñ)&�ôH÷?&Hñ�ù
#Ìø�ñX!Hú.��!�/20I�\ô</Nú2��ñ)/20Põ�÷N&\ø�ú + õ;-�0:(2÷¬økñ�õE!9#uôl# + ñ�ÿ (Púûô��\õ�ñ&ù
+ ø�÷�( õ�!\ñ-ó&÷¬ø�økñ�ó�õ'õ�ú2(Pñ���/ûñ�õX#�/û÷¬ô\ñf-�0V&$#�0�ù�6I�@úûô\ó�ñ

τ
úûù�÷¬ô

õE!\ñ'÷¬ø�&Hñ�ø½÷ + # ó�÷��\ü</Nñ'÷ + &9#�0@ù½úûôÀ÷��Høgù�ñ&õ�õ�úûô��$�Yú2(Püx÷¬ùkúNô<�U#
(5#�Q@ú2(K�<(M&\ø�ú + õ�÷ + # + ñ�ÿb!\÷��\ø�ù�úûù�ô\÷�õ�ó�÷¬ô\ùkõ�ø=#uúûô\úûô��96

�@úûô\ó�ñ2ÿbñ2ô\ñ)%¬ñ&ø-ø�ñ,#J/./20T�@ô\÷uÿ ñ)Q�#uó�õE/.0Óÿ	!$#uõ'õ�!\ñ2ó�÷¬økø�ñ�ó�õ
��/û÷�-9#J/9õ�ú2(Pñ-úûù���-��\õf(Pñ�økñ)/20Æÿ	!9#Ìõ�÷��\ø'õ�ø��Hù�õ�ñR& /û÷@ó,#J/bõkú.(2ñ
ùk÷��\økó�ñ ø�ñ�üx÷¬økõ�ù,�òõ�!\úûù:#Ìù�ùE��(Pü\õkúû÷¬ô3(5#uô�&$#uõ�ñ&ù-õ�!9#Ìõ-ó�÷¬økø�ñ�ó�õ
óR/N÷@ó=�@ù�økñ)(:#ÌúûôÆó)/û÷�ù�ñPõk÷ÆõE!\ñPó&÷¬ø�økñ�ó�õN��/û÷�-9#J/9õ�ú2(2ñ�65L	!\úûù�úûù
ôHñ�ó�ñ�ùkù*#uøE0�õk÷½ù��\ü\üx÷¬økõ>#�-\ùk÷�/2�\õ�ñ^õ�ú2(2ñ7ùkõ*#J(Pü\ù�6D�\÷�ø�ñ)Q�#�(Pü</Nñ��
ú + õkñ�ôI0�ñ,#uøkùC/4#uõkñ�ø^ÿbñ_#Ìù��-õ�!Hñgù�0@ùkõ�ñ)( + ÷¬ø'#½ó�ñ�økõ*#uúûô2ú.&Hñ�ô@õ�úûõ10
ó&ñ�ø�õkú�^xó,#uõkñ�÷�ôPõE!\ñ��	�uõ�!2÷ + ��#Ìø�ó=!�úûô �����<r���ÿbñ;&\÷�ô\÷�õbÿ	#uô@õ

r�r



õE!\ñ'B?�Hñ�ø�0½ù��<-�(Púûõ�õkñ�øZ#Ìô�&½õ�!\ñ^ù�0@ùkõ�ñ)( õ�÷	!9#�%�ñ>%¬ñ�øE0�&\ú öDñ�økñ�ô@õ
ú2&\ñ�#uùX#�-x÷��\õ>ÿ	!9#uõ>õ�ú2(Pñ½õE!\ñ �	�uõE!À÷ + �G#uø�ó=!�������rX#uó&õ��9#J/./20
(2ñ,#uôHù,6V��÷�/2�\õ�úû÷�ô\ù�ù��Hó*!
#Ìù�õE!\ñIL�ú2(PñR/.0T�^÷�(Pü<�\õ�úûô��N�m#Ìù�ñ
üHø�÷¬üx÷¬ù=#�/�úûô3� �_�	�����R�>(2ú.��!@õC!\ñR/Nü ø�ñ&ô�&\ñ�ø�õE!\úûùX#uù�ùE��(PüHõ�úû÷¬ô
üHø*#uó&õ�úûó,#�/múûô:#�/2/Yùkñ�õ�õkúNô<�¬ùg#Ìô�& + ÷¬ø'^`ô\ñ&ø	�¬ø*#Ìô���/4#uø�úûõkúNñ&ù,6
�1' ' ��� .�� 
��&�����/+�D +	S F�H"�:J8O

f

?S,+ ��+)L C -	Z�O + .8F Z�J	S F�S F �

D�+8TUF�.��
S,+	D +8S&J�.�.8F�.(CEO:H + H"�:F�Z �UZ HKFUD4CEO$+	O:F�Z
H[F L �

L	!\úûù_#Ìù�ù��<(Pü\õkúN÷�ôPúûùgñ&ù�ù�ñ&ô�õkú4#�/�õ�÷-ñ�ôHù��\økñ�õE!9#uõ_o�øk÷���÷¬ü\ú2�\ù
ôH÷?&Hñ�ùbõkø��\ùkõbõE!\ñ_!HúNùkõ�÷�ø�0�÷ + õ�!\ñ�ùE0�ùkõ�ñ)(T6>�@üxñ�ó�ú[^`ó,#J/./20���-�0�økñ¿ý
B��\úûøkúNô<�gõ�!$#uõ>o�ø�÷��¬÷�ü\ú2�\ùD(2ñ)(8-`ñ&ø�ù�!HúNü½ó=!9#Ìô��¬ñ^ù�/û÷uÿ	/20?��ÿ^ñbøkñ¿ý
B��\úûøkñgõ�!$#uõC#½ôHñ�ÿ	/20�úûô\ùkõ*#�/2/ûñ)&8o�ø�÷��¬÷�ü\ú2�\ù9ô\÷�&\ñ;�¬ø�÷��\ü-õ�øE�\ù�õkù
õE!\ñI��ø�÷��\üÆúûõ�ùE�\ó�ó�ñ&ñ)&\ù,6GL	!\úûù�úûùX-xñ�ó,#��Hù�ñ�#uô�0Àõ·ÿ^÷�ù��\ó�ó&ñ�ù·ý
ùkú2%¬ñKo�øk÷���÷¬ü\ú2�\ù	��ø�÷��Hü\ùgùE!9#uøkñ�ô\÷ + ñ�ÿ^ñ�øgõE!9#uô

n− f ô\÷�&\ñ�ù��õE!9#uõ^úûùbôH÷ + ñ&ÿbñ�ø�õE!9#uô
n− 2f

ó�÷�ø�ø�ñ&ó�õgô\÷�&\ñ&ù,�@ÿ	!\úûó=!I(2ñ,#uô\ù
õE!9#uõ�ó�÷�(N(P÷¬ô)ô\÷�&\ñ�ù�!$#�%¬ñ ó�ñ�ø�õ=#uúûô�/20b(P÷¬økñÀó�÷�ø�ø�ñ&ó�õÆõE!9#uô
ó&÷�%¬ñ�økõ�/20 + #J��/ûõ10-ô\÷�&\ñ�ù W�ø�ñ�ó,#J/2/�õ�!$#uõ

n ≥ 3f + 1
��#Ìô�&�õ�!\ñ&ø�ñ¿ý

+ ÷¬ø�ñ��
n− 2f ≥ f + 1

Y)6

�M+ � � � ��=�	�����9;=?> 3
`·ô)õ�!\úûù�ùkñ�ó�õkúN÷�ô�ÿ^ñ-ü\ø�ñ&ù�ñ�ô@õI#�ùkõ�ñ�ü@ý1-�0�ýJùkõ�ñ�ü &\ñ�ùkó�ø�úûü\õkúû÷¬ô�÷ +
õE!\ñ�õ=#uù��@ù>úNô�%�÷�/2%¬ñ)&2úûô$ó=!9#Ìô��¬úûô��-øk÷��\ô<&\ù W�ø�ñ + ñ&ø�õk÷I�mú.���\ø�ñ �
+ ÷¬øK#5!Hú.��!@ý1/NñR%¬ñ)/>%@úûñ�ÿ ÷ + õE!\ñP÷�ü`ñ&ø*#uõkúû÷¬ôIYR65L	!\ñ8^`økù�õ'õ�!\økñ�ñ
ùkõ�ñ�üHù W ��ñ�ó�õ�úû÷�ô\ù��$6 �$62r��	�96 �96 ����#uô<& �$6 �96 �8Y�ó&÷�(Pü</Nñ&õ�ñgõE!\ñ�ü\økñ¿ý
%@úû÷��Hùgø�÷��\ô�&D6�L	!HñX/4#uù�õ>õ�!\økñ�ñ-ù�õkñ�ü\ù W �@ñ�ó�õkúû÷¬ô\ù&�96 �$6 �$� �96 �96 �<�
#Ìô�&(�96 �96 �	Y�ü\ø�ñ&ü9#uøkñK#uô�&5-xñ)�¬úûô�õ�!Hñ�ôHñ)Q@õgø�÷��\ô�&D6

� � � ��� � 	,� �	�����"��
�
 ��� 
 �&�

`·ô�õ�!HúNù2ù�õkñ�üD�>õ�!\ñ ô\÷�&\ñ�ù�ó�÷�(PñÀõk÷ #uôb#��¬økñ�ñ)(2ñ�ô@õPõ�!$#uõ�úûõ
úûù�õ�ú2(2ñÆõk÷ -xñ)��úNôM#)ô\ñ�ÿèø�÷��\ô�&D6 �>#uó=!,ô\÷�&\ñ ù�ñ�õkùV�Hük#
S,+�- O . HKCED�F�S #uõÀõE!\ñ -`ñR�¬úûô\ô\úûô��ä÷ + ñ,#uó=! ø�÷��Hô�&D6 

!\ñ�ô
úûõkùg/û÷@ó,#J/9ø�÷��\ô�& õ�ú2(Pñ�ø>ñ)Q@ü\úûø�ñ�ù��Z#2ô\÷�&\ñ8-Hø�÷?#J&\ó,#Ìù�õ�ùf#I(2ñ�ù·ý
ù=#���ñ�õk÷I#�/2/�÷�õ�!\ñ�øXo�øk÷���÷¬ü\ú2�\ù>ô\÷�&\ñ�ù,�xúûô�&\úûó,#Ìõ�úûô��-úûõgúûù>ø�ñ,#J&�0
õk÷Æó&÷¬ô\ó)/2��&HñPõ�!HñPó)�\økø�ñ�ô@õ-øk÷��\ô�&

i
6GL	!\ñI(2ñ�ù�ù=#���ñ8!9#uù'õ�!\ñ

+ ÷¬ø�(
������������������������ "!
i # �?#Ìô�&5-`ñ,#Ìø�ù½õ�!Hñ�ù�ú2�¬ô$#uõ��Hø�ñ�÷ + õ�!\ñ

ùkñ�ô�&\ñ&ø,6�L	!\ñ�ô �uõ�!\ñ^ô\÷�&\ñ9ÿ	#uúûõkù��\ô@õ�ú2/
n−2f

ù��Hó*!n-\ø�÷�#�&\ó,#Ìù�õkù
+ ø�÷�( úûô�&Hú.%@ú2&��9#J/ + ñ)/2/û÷uÿ^ý (2ñ)(f-`ñ�økù,�HúNôHó)/2��&\úûô��Púûõkù�ñ)/ + ��#uøkñ�økñ¿ý
ó&ñ�ú2%¬ñ)&D6d

!\ñ�ô3#2ô\÷�&\ñ8!9#Ìù½ø�ñ�ó�ñ&ú.%�ñ)&

n − 2f
úûõ�(:#Ìø��@ù½õ�!\ñ

õkú2(Pñ S ÷¬ôÓúûõ�ùX/û÷@ó,#J/9ó)/û÷@ó*���>#Ìô�&ÆõE!\ñ�ô)ü\ø�÷@ó�ñ�ñR&\ù-õ�÷ÀõE!\ñPøkñ¿ý
(5#uúûô\úûô��½ù�õkñ�ü\ù½÷ + õ�!\ñ½øk÷��\ô�&�ó=!9#Ìô��¬ñ�6

P ôH÷?&Hñ-ù�õ*#Ìø�õkùK/ûúûù�õkñ�ô\úûô�� + ÷¬ø$�%���������&���������' d-\ø�÷�#�&\ó�#uù�õkù
-xñ + ÷�ø�ñ'úûõ�ù�õ�ú2(2ñ�ø�ñ)Q@ü\úûø�ñ�ù��xõ�÷Pó�#uõ�ó=!�-Hø�÷?#J&\ó,#Ìù�õ�ù + øk÷�( ôH÷?&Hñ�ù
ÿ�úûõE! + #uù�õkñ�ø-ó)/û÷@ó=��ù�6
`·ô + #uó�õ��^ú.(N(Pñ)&HúO#Ìõ�ñ)/20�# + õ�ñ�øI# øk÷��\ô�&
ó=!9#Ìô��¬ñG!9#uù2ó�÷�(2ü�/ûñ�õ�ñ)& �m# ôH÷?&Hñ�-`ñR�¬úûô\ùI/ûúûù�õkñ�ô\úûô�� + ÷¬ø2õ�!\ñ
ùE0@ô\ó=!\ø�÷�ô\ú2H,#uõkúN÷�ô�õ�!9#Ìõgù�ú2��ô\ú[^`ñ�ù�õ�!Hñ�ñ�ô�&À÷ + õ�!\ñ�ôHñ�ÿ,ø�÷��\ô�&D6
�^÷�ô\ù�ñRB?�Hñ�ô@õ�/20?��#�ô\÷�&\ñ�(Pú2��!�õ>#Ìó�õ��9#J/2/.0-økñ�ó�ñ�ú2%�ñ

n− 2f
ùE0@ô@ý

ó=!\øk÷¬ô\ú2H,#Ìõ�úû÷¬ô (2ñ�ù�ù=#��¬ñ&ù + ÷¬ø-õE!\ñÀó)�\økø�ñ�ô@õ�ø�÷��\ô�& -xñ + ÷¬økñÀúûõ�ù
÷uÿ�ô-õkú2(Pñ�ø�!9#Ìùbñ)Q@ü\úûøkñ)&D6�`·ô-õ�!$#uõ^ó,#uùkñ��@õ�!\ñ>ô\÷�&\ñgú2��ô\÷¬økñ�ù9úûõ�ù

÷uÿ�ô�õkú.(2ñ�ø_#uô<&$üHø�÷@ó�ñ�ñ)&HùK#uù>ú + úûõ�ù>õ�ú2(Pñ&øC!9#J&Àñ)Q@ü\úûø�ñR&D�xú 6 ñ�62�
úûõ'(:#Ìø��@ùbõE!\ñ�/û÷�ó�#�/Yõ�ú2(2ñg#uô<&:(2÷�%¬ñ�ù#÷¬ô�õ�÷-õE!\ñ½ô\ñ)Q@õ�ù�õkñ�üD6

�bñ&ó,#��\ùkñ½÷ + #uù�ùE��(PüHõ�úû÷¬ô\ù	r_#Ìô�& ����ÿbñ	�@ô\÷uÿ)õ�!9#ÌõC#uõ>/ûñ,#Ìù�õ
õE!\ñ

n− f ó�÷�ø�økñ�ó�õgôH÷?&Hñ�ù�ÿ�ú2/./Hù�ñ�ô�&�÷��\õbøk÷��\ô<&@ýJó=!9#Ìô��¬ñ�(2ñ�ù·ý
ù=#���ñ�ù,�@ÿ�úûõ�!HúNô

τ/4
÷ + õE!\ñgó&÷¬ø�økñ�ó�õ�ñ)Q@ü\úûø=#uõ�úû÷�ô-÷ + õ�!Hñgó)�\økø�ñ�ô@õ

øk÷��\ô<&D6�
Óñ_#�/ûù�÷f�@ô\÷uÿäõE!9#uõ^ô\÷f(P÷¬økñ�õ�!9#Ìô
f
÷ + õE!\÷¬ùkñg(2ñ�ù·ý

ù=#���ñ�ù½ó,#uôT-`ñf&\øk÷¬ü\üxñ)&Ó÷¬ø;&\ñ)/4#�0¬ñR&V-xñ)0¬÷�ô�& õ�!\ñ'ñ�ô�& ÷ + õE!\ñ
óR�\ø�økñ�ô@õgø�÷��\ô�&D6�L	!Hñ�ø�ñ + ÷¬ø�ñ��9#uõ	/ûñ,#Ìù�õ

n− 2f
ó�÷�ø�økñ�ó�õgøk÷��\ô<&@ý

ó=!9#Ìô��¬ñ;(Pñ�ùkù*#J�¬ñ�ù�ÿ�ú2/2/p#Ìø�økú.%�ñg#Ìõbñ,#Ìó=! o�ø�÷���÷¬ü\ú2�\ù^ô\÷�&\ñ��@ùkú2�uý
ôHú + 0�úûô��'õ�!$#uõ_#f(:#RW¿÷¬økúNõ10'÷ + #J/./Yó&÷¬ø�økñ�ó�õ½ô\÷�&\ñ�ù�#uøkñ�ø�ñ,#J&�0�õ�÷
üHø�÷@ó�ñ�ñ)& 6

� � � ��� ( ������
 � ����� �1��� �	��
 �"� ��. � �����


>ô\ó&ñ3#�øk÷��\ô<& ó=!9#Ìô��¬ñT!9#uù5-xñ)���HôD�Xo�ø�÷��¬÷�ü\ú2�\ù�ô\÷�&\ñ�ù5�¬÷
õE!\ø�÷�����!'õ�!Hñ�úûøZ/û÷@ó,#J/?%@úûñ�ÿ)÷ + õE!\ñ�ú2&\ñ�ô@õ�úûõ10½ó�ñ�økõ�ú[^`ó,#Ìõ�ñg#Ìø�ó=!\ú2%¬ñ
#Ìô�&f�\ü9&$#uõ�ñ>úûõ7ÿ�úûõE!�økñ�ó�ñ�ô@õ�ó=!9#uô<�¬ñ�ù�6�L7ÿ^÷gõ10@üxñ�ù^÷ + ó*!$#uô���ñ�ù
#Ìø�ñÓøkñ�ó�÷¬øE&\ñ)& úNô�õ�!HúNù�ù�õ�ñ&üD6 �múûø�ùkõ,�½ô\÷�&\ñ&ù #J�¬ø�ñ&ñÓ÷¬ôM#uô�0
ôHñ�ÿ	/203#uø�økú2%¬ñ)&)ø�ñ)��úNùkõ�ø=#uõ�úû÷�ô\ù-÷¬øf&\ñ�økñ)�¬úûù�õkø*#Ìõ�úû÷¬ô\ù-÷ + ú2&\ñ�ô@õ�ú ý
õkúûñ�ù,6	�@ñ�ó&÷¬ô�&D��o�øk÷���÷¬ü\ú2�\ù>ó*!Hñ�ó=��ù + ÷�ø�ô\ñ�ÿM%�ñ�ø�ùkúN÷�ô\ùg÷ + ú.&Hñ�ô@ý
õkúûõ10�ó�ñ�økõ�ú[^`ó,#Ìõ�ñ�ù + ÷¬ø#õ�!\ñ�ú2&\ñ�ô@õkúNõkúûñ�ù9ó)�\økø�ñ�ô@õE/.0f-xñ�úûô���õ�ø=#uó=�¬ñR&D6
P>ô�0 + ÷��\ô�&G�\ü9&$#uõ�ñ&ùK#uøkñ�úûô\ó�÷¬økü`÷�ø*#Ìõ�ñ)& úûô�õk÷PõE!\ñ�ó&ñ�ø�õkú�^xó,#uõkñ
#Ìø�ó=!\ú2%¬ñ�65�b÷�õ�!Ó÷ + õE!\ñ�ùkñ$ùE��-\õ=#uù��@ù8#uøkñ-ó*!Hñ�ó=�¬ñ)&
#uó&ø�÷¬ùkù�õE!\ñ
ñ&ô�õkúûø�ñ�ù�0@ù�õkñ)( + ÷�ø-ó�÷¬ô\ùkúûù�õ�ñ&ô\ó)0��	-`ñ + ÷¬økñ�-`ñ&úNô<�Óó�÷�(N(Pú®õkõ�ñ)& 6

Óñ>ô\÷uÿb&\ñ�ù�ó&ø�ú2-`ñ�úNô5&\ñ&õ*#uú2/Yñ,#Ìó=!$÷ + õ�!\ñ½õ·ÿ^÷�ùE��-\õ*#Ìù��@ù,6

�;�\ø�úûô��_#;o�ø�÷��¬÷¬üHú.�HùYø�÷��Hô�&D�uó)/ûúûñ�ô@õ�ù (:#�0�ùkñ�ô�&�ùk÷�(Pñ�÷�øZ#�/2/
÷ + õ�!\ñKo�ø�÷���÷¬ü\ú2�\ù>ô\÷�&\ñ�ù½ú2&\ñ�ô@õ�úûõ102ø�ñ)��úNùkõ�ø=#uõ�úû÷�ô\ùg÷�ø_&\ñ�økñ)�¬úûù ý
õkø*#Ìõ�úû÷¬ô\ù�6�Pgô'ú2&\ñ�ô@õ�úûõ10>ø�ñ)��úNùkõ�ø=#uõ�úû÷�ô�úûùZ#�ùkú2�¬ô\ñ)&�ø�ñ�ó�÷�ø�&-÷ + õE!\ñ
+ ÷¬ø�( ���� ��*)�+�,� �-*��.��� ��/,�)	,�0"!213.��� ���,*)	,�0��54%��6� �7 # �M#uô�&
ùkú2�¬ô\ú[^`ñ�ù^õ�!Hñ�úûô@õ�ñ&ô�õkúû÷¬ôP÷ + õE!\ñ�!\÷�/2&\ñ�ø^÷ + 18.&�� ���,�)9,�0��54���6� �7
õk÷ ù���-�W�ñ�ó�õ !HúNù ú2&\ñ&ô�õkúûõ10 ó�ñ�ø�õkú[^`ó,#uõkñ�ùèõ�÷ õkø*#uó=�@úûô��e-�0
o�ø�÷���÷¬ü\ú2�\ù�6Z��ú.(2ú2/O#Ìø�/20���õ�!Hñg!H÷�/2&\ñ�ø^÷ + #uôPú2&\ñ&ô�õkúûõ108(:#�0�ùkñ�ô�&
o�ø�÷���÷¬ü\ú2�\ù2ô\÷�&\ñ�ùV#)ùkú.��ô\ñ)&b&\ñ�økñ)�¬úûù�õkø*#Ìõ�úû÷¬ô,økñ�ó�÷¬øE&,÷ + õE!\ñ
+ ÷¬ø�(:��;� �-� ���)�+�,� �-���.��� ���,�)9,�0<!�18.��' ���,�)	,/0��54���6% �7 # �¬ùkú2�uýôHú + 0�úûô��'õ�!$#uõ�úûõ�ô\÷8/û÷¬ô���ñ�ø�ÿ�úûù�!\ñ&ùgõ�÷N!9#�%¬ñ�!\úûù�ú2&\ñ�ô@õkúNõ102ó�ñ�ø ý
õkú[^`ó,#uõkñ�ù�õ�ø=#uó=�¬ñR&D6

o�ø�÷��¬÷�ü\ú2�\ùbôH÷?&Hñ�ùgùkõ�÷¬økñ½õ�!\ñ½ø�ñR�¬úûù�õkø*#uõkúû÷¬ô�#uô�&N&\ñ�økñ)�¬úûù�õkø*#zý
õkúû÷¬ôl(Pñ&ù�ù*#J�¬ñ�ù'õ�!Hñ)0Óø�ñ�ó&ñ�ú2%¬ñ�# + õkñ�ø'õ�!\ñ)0l!$#�%¬ñ-ó=!\ñ�ó=�¬ñR& õE!\ñ
#Ìù�ùk÷�ó&úO#Ìõ�ñ)&�ùkú.��ô9#uõE�\ø�ñ&ùg#uô<&:%�#J/ûú.&HúNõ10�6��\÷�øbøkñ)�¬úûùkõ�ø*#Ìõ�úû÷¬ôHù,�\õE!\ñ
ùkú2�¬ô9#Ìõ��\økñ�úûù�ó=!\ñ&ó*��ñ)&T�\ù�úûô��2õ�!\ñf%¬ñ�økú[^`ó,#uõkúû÷¬ô���ñ)0Àó)�\økø�ñ�ô@õE/.0
ü<��-�/ûúûù�!\ñ)&b-�0äõ�!Hñ3#uù�ùk÷@ó�ú4#uõ�ñR&,ü���-�/ûúûóV��ñ)0�úNô + ø*#Ìù�õ�øE�\ó�õE�\ø�ñ�6
�H÷¬ø8&Hñ�ø�ñ)��úûù�õ�ø=#uõkúN÷�ô\ù,�òõ�!\ñÀùkú2�¬ô9#Ìõ��\økñÀúûù-ó*!Hñ�ó=�¬ñ)&b�\ù�úûô��ÓõE!\ñ
%�ñ�ø�ú[^`ó�#uõ�úû÷�ô8�¬ñ)02ó)�\ø�økñ�ô@õ�/20I#uøkó=!\ú2%¬ñ)&5-�0Uo�ø�÷���÷¬ü\ú2�\ù + ÷�øbõE!9#uõ
ú2&\ñ&ô�õkúûõ10?6��múûô9#�/2/20��Yø�ñ)��úûù�õ�ø=#uõkúN÷�ôÓø�ñ�ó&÷¬ø�&Hù + ÷¬øK#J/ûø�ñ,#J&�0Óø�ñ)��úûù·ý
õkñ�ø�ñR& ú2&\ñ&ô�õkúûõ�úûñ�ù,�'#uô�&h&\ñ�økñ)�¬úûù�õkø*#Ìõ�úû÷¬ô�ø�ñ&ó�÷¬øE&\ù + ÷�øX�\ô\økñ)�¬úûù ý
õkñ�ø�ñR&Àú2&\ñ�ô@õ�úûõ�úûñ�ù_#Ìø�ñ�&\úûù�ó�#uø�&Hñ)&D6

�;�\ø�úûô��,õE!\ñ�ó�ñ�ø�õkú[^`ó,#uõkñk#Ìø�ó=!\ú2%¬ñ �\ü$&9#Ìõ�ñäü�!$#uù�ñ�÷ + õE!\ñ
øk÷��\ô<&Æó=!9#Ìô��¬ñ�� o�ø�÷��¬÷¬üHú.�Hùgô\÷�&\ñ�ù�ü9#uøkõ�úûó�úûü9#uõkñ�úûô #ÌôV#���ø�ñ�ñ�ý
(2ñ�ô@õgü\øk÷¬õk÷�ó&÷�/^ù�÷�#uù�õk÷�#��¬økñ�ñ-÷¬ôl!H÷uÿþõ�!Hñ-ù�ñ�õ�÷ + õkø*#Ìó*��ñ)&
ú2&\ñ&ô�õkúûõ�úûñ�ù^ó*!$#uô���ñ�ù,�HúNô2ø�ñ�ùkü`÷�ô\ù�ñ�õ�÷-ô\ñ�ÿ	/20I#Ìø�ø�ú2%�ñ)&Pøkñ)�¬úûù�õkø*#zý
õkúû÷¬ô\ù	#uô�&5&\ñ&ø�ñ)��úNùkõ�ø=#uõ�úû÷�ô\ù,6]L	!\úûù�úNù'&\÷�ô\ñK#uù + ÷�/2/û÷uÿ�ù��

r��



r�6,�g÷�&\ñ
j
ü��Hõ�ù6õ�÷���ñ�õ�!Hñ�ø # õ�ø*#Ìó=��úûô���ó=!9#uô<�¬ñ ù��<�uý

�¬ñ�ùkõ�úû÷¬ô6ø�ñ�ó&÷¬ø�& �Àó�÷�ô�õ=#uúûô\úûô�� #�/2/PõE!\ñM%�#�/ûú2& ø�ñ)��úNùkõ�ø=#�ý
õ�úû÷¬ô\ùb#uô�&�&\ñ&ø�ñ)��úNùkõ�ø=#uõ�úû÷�ô\ù,úûõ !$#uù�ø�ñ�ó�ñ&ú.%�ñ)& &��\økúNô<�
õ�!\ñÀüHø�ñ)%@úû÷��\ù-øk÷��\ô<&D6
L	!\ñ�ùE������ñ�ù�õkúN÷�ô !9#uù-õE!\ñ + ÷�ø�(
����-������ ���������/�� <! Aj

! Dj #
6 Aj

#uô<& Dj #Ìø�ñ�õ�!\ñ
ù�ñ�õkù9÷ + %�#�/ûú2&½ø�ñ)��úNùkõ�ø=#uõ�úû÷�ô\ù>#uô�&f&\ñ�økñ)�¬úûù�õkø*#Ìõ�úû÷¬ô\ù�økñ�ù�üxñ�ó¿ý
õ�ú2%¬ñ)/20�õ�!$#uõgôH÷?&Hñ

j
!9#uù>ø�ñ�ó&ñ�ú2%¬ñ)&T&��\økúNô<�Põ�!Hñ�ü\økñ)%@úû÷��\ù

ø�÷��Hô�&D6
�<6,�g÷�&\ñ

j
-\ø�÷�#�&\ó�#uù�õkù½úNõkù���-'����� ������������ �økñ�ó�÷¬øE&$�;õ�!\úûù

ø�ñ�ó�÷�ø�& ô\ñ&ñ)& ôH÷¬õ3-xñäùkú.��ô\ñ)& -�0 ôH÷?&Hñ
j
� õk÷a#�/2/

o�ø�÷��¬÷¬üHú.�HùYô\÷�&\ñ�ù,6�L	!Hñ�ôD��úûõYÿm#ÌúNõkù��\ô@õ�ú2/¬úûõ�!9#ÌùYó�÷�/2/ûñ�ó�õkñ)&
n−f ��-������ �����'������ ^ø�ñ�ó&÷¬ø�&Hù,�@úûô\ó)/2��&\úûô��>úûõ�ù�÷uÿ�ô � + ø�÷�(&\úûù�õ�úûô\ó&õCo�ø�÷��¬÷�ü\ú2�\ù�ô\÷�&\ñ�ù,6�`·õ�õE!\ñ�ô-ø�ñR(P÷�%¬ñ&ù #Ìô�0�ø�ñ)��úûù·ý
õ�ø*#Ìõ�úû÷¬ôHù9÷¬ø�&\ñ�økñ)�¬úûùkõ�ø*#Ìõ�úû÷¬ôHù9ÿ	!\÷¬ùkñ�ù�ú2�¬ô$#uõ��Hø�ñ�úûù�úNô�%�#J/Nú2&
+ ø�÷�( ñ)%¬ñ&ø�0�ø�ñ�ó&÷¬ø�& 6

�<6 �>#uó=!þùkñ�ü9#Ìø*#uõkñ #Ìü\ü`ñ�#uø*#Ìô\ó�ñ�÷ + ñ,#Ìó*! ø�ñ)��úûù�õ�ø=#uõkúN÷�ô,÷¬ø
&\ñ�ø�ñR�¬úûù�õkø*#uõkúû÷¬ôäúûô &\úûù�õkúNôHó�õ���-'����� ������������ Àøkñ�ó�÷¬øE&\ùPúûù
ó�÷��\ô@õkñ)&D6?�>÷?&Hñ

j
õE!\ñ�ôÀü<�\õ�ù>õ�÷���ñ�õ�!Hñ�øX#'õ�ø*#Ìó=�$ó=!9#Ìô��¬ñ

ü\ø�÷�ü`÷�ù*#�/
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10Mbps
ô\÷�&\ñ
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õE!\ñ
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100Mbps
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 !\ñ�ôÀñ�ôH÷�����!Æõkú.(2ñgü9#Ìù�ùkñ�ù + ÷�ø_#�/2/�÷ + õ�!\ñ
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