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� ¿�§�­ ½�§�� ©8¢¥²³¿ ¢�§ � ¶d§�¿�½;¨���§�� ¼¥§�¨t½;¨
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½;¢�§�¨tµK¨t½;§�» ¦³�G£�®F£�­¥® ��� ´ Ã,¼�£���£�­G½;§�§�¨]¶����^±3²�®¥§�®J¤Gµ ½;¢¥§s®�£H½;£
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½;¢�§|®�£H½ £ �"¿�§�­G½;§��(�ª§�� ¼¥²³��§�¨ ½��¬¤d§|¨ª§��t±,§�®�¤Gµn½;¢¥£H½ ½;²³§���  -¹¢¥§�­/½;¢�§|��§�� ¼¥§�¨ª½�¨�£��ª§�®¥²³��§�¿ ½;§�® ½��
®¥²��B§���§�­G½ ½�²�§���¨�¯ "�§�§�¶¥²³­¥Ãs£�¦�¦Q­¥�3®¥§�¨(²³­n½;¢�§�®�£H½;£
�"¿�§�­G½;§��(¤¥¼¥¨ªµ�¯�©A§|¿T£�­ £�¿ ¢�²�§�±�§|»Á¼¥¿ ¢/¢¥²³Ã,¢¥§��
½;¢����,¼¥Ã�¢¥¶¥¼�½A½;¢�£�­q½�¢�£H½?®¥§�½�§���»s²�­�§�®q¤Gµs½;¢¥§�©?�,�ª¨ª½��"¿T£H¨�§|Ã,¼�£H�;£�­G½;§�§�  ��§�­¥¿�§�¯�½�¢¥§�¤�£�¨ª²�¿*²�®¥§�£
²�¨�½���²³»�¶����^±,§8¼�½�²�¦�² �T£H½�²��,­+���5�ª§�¨ª�,¼¥��¿�§�¨A²�­¬½;¢¥§8®�£%½ £
� ¿�§�­G½�§��j§�±,§�­q®¥¼¥�ª²�­¥ÃÂ¤¥¼���¨ª½�¨A�H�5��§�� ¼¥§�¨t½;¨
©8²³½�¢�¨�²³»�²³¦ £��8�ª§�¨���¼¥��¿�§¬��§�� ¼¥²³��§�»�§�­ ½�¨� |¾"­�½�¢¥²�¨*¨�¿�§�­�£��ª²�� £n�ª§�¿���­���Ã,¼¥��£�¤¥¦³§Á®�£H½;£
�"¿�§�­G½;§�����§��
£�¦³¦��3¿T£H½�§�¨�¨��,»s§Á����² ½;¨��ª§�¨���¼¥��¿�§�¨Â²�­G½;��½;¢¥§Á�^±�§���� ¦��G£H®¥§�®�½�²�§��ª¨�¯B½�¢ ¼¥¨|²�»s¶¥���^±3²�­�Ã�½;¢�§Á�^±,§���£�¦�¦
¶D§��ª������»�£�­¥¿�§Â£H­¥®~£H¿ ¢¥²�§ ±�£H¤¥¦�§�½�¢¥���,¼�Ã,¢¥¶¥¼�½�²³­ ½�¢¥§Â®�£H½;£
�"¿�§�­G½;§��� 
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VAPI Level Latency and CPU Utilization
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VAPI Level Latency and CPU Utilization
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VAPI Level Bandwidth and CPU Utilization
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Best Rigid Configurations
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Best Rigid Configurations: 6-Node Data-
Center
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Best Rigid Configurations: 5-Node Data-
Center
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Best Rigid Configurations: 4K Average 
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Best Rigid Configurations: 2K Average 
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Data-Center Expecting Static and Dynamic 
Requests with Equal Probability

0
5000

10000
15000
20000
25000
30000
35000
40000
45000
50000

1K 2K 4K
Average Request Size (Bytes) 

T
h

ro
u

g
h

p
u

t 
(T

P
S

)

Reconf-100% Static Reconf-100% Static
Rigid-100% Static Rigid-100% Dynamic

��²³Ã,¼¥�ª§ �   �(3�� §��t���,��»�£�­¥¿�§ �Q���(° ´K­�£�¶¥¨ª¢¥��½*��� ��§��3¼�§�¨ª½�¨

Performance of Reconfigurability with Burstiness

0

5000

10000

15000

20000

25000

30000

35000

64K32K16K8K4K2K1K512

Burst Size (Number of Similar Requests)

T
hr

ou
gh

pu
t(

T
P

S
)

Reconf Rigid Reconf*2
Rigid*2 Reconf*4 Rigid*4

� ²�Ã,¼¥�ª§ �   �
3�� §��ª���,�ª»n£H­¥¿�§ ���,� #?¼¥�ª¨ª½"µ �P�;£��s¿

���



��²�Ã�¼¥��§ �   �2¨�¢¥�^©8¨¬½;¢¥§n¨�­�£�¶!�"¨�¢���½¬¶D§��ª������»�£�­¥¿�§����*£~®�£H½;£
�"¿�§�­G½;§��]½;¢¥£H½¬²�¨+¿��,­ ��Ã,¼¥�ª§�®
���,� ���	� ¨ª½;£H½;²³¿�£�­�® ���	� ®�µ3­�£�»s²�¿�»s² � §�®q�ª§�� ¼¥§�¨ª½;¨(®�¼¥��²³­¥Ã]¶D§��ª²��3®¥¨A²³­¥¿�¼�����²³­¥Ã]��­¥§*½"µ3¶D§����
��§�� ¼¥§�¨t½T �#?£�¨�§�®~�,­ ½;¢¥§Â�ª§�¨�¼�¦³½;¨(���ª�,» ´K§�¿�½;²³�,­ �   �  j�,¯K©?§�¿ ¢¥�,¨ª§+½;¢�§�¤D§�¨t½�¿��,­��¥Ã,¼¥�;£%½;²���­ �����
½;¢�§��ª²�Ã,²³®F¨ª¿ ¢¥§�»s§����,�|½�¢¥²�¨Â©?���+" ¦��G£H®F©8²³½�¢ � ­¥�3®¥§�¨+²�­ ½;¢¥§n£�¶¥¶¥¦³²�¿T£%½;²���­�½;²�§��]£H­¥®���­¥�K®�§
²�­/½�¢¥§Â¶¥��� � µ/½;²³§��� �¾"­2½;¢¥²³¨(¨�¿�§�­�£��ª²��¥¯¥©8¢�§�­�½�¢¥§��ª§ � ¨�£¬¤¥¼���¨ª½*��� ®�µ3­�£�»s²�¿|�ª§�� ¼¥§�¨t½;¨�¯B£�¦³¦ �¬���
½;¢�§+­¥�3®¥§�¨�£��ª§���¼�¦�¦³µn¼�½;²³¦�² ��§�® ��²�­/½;¢¥§+£�¶¥¶�¦�²�¿�£H½;²³�,­q½;²³§�� � "H§�§�¶¥²�­¥Ãb�]­¥�3®¥§Â²�­ ½;¢�§+¶¥�ª� � µ ½�²�§��
��§�¦ £H½�²³±�§�¦³µ�²�®�¦�§�  �(¢¥²�¨8²�¨(¿��,²�­�¿�²�®�§�­G½;²�£�¦�¦ µs½�¢¥§Â¤d§�¨ª½�¿���­���Ã,¼¥��£H½;²³�,­q���,� ½�¢¥²�¨(�ª§�� ¼¥§�¨t½�¶�£%½�½;§���­5 
��­s½�¢¥§8��½;¢�§���¢�£�­¥®B¯ ©8¢�§�­�½�¢¥§��ª§ � ¨?£|¤¥¼���¨ª½j���B¨ª½;£H½;²³¿(��§�� ¼¥§�¨ª½�¨�¯���­¥¦³µg���H�B½;¢�§�­��K®¥§�¨�²�¨:��¼¥¦³¦³µ
¼�½�²�¦�² ��§�® �i²�­¬½�¢¥§(¶¥��� � µ¬½;²³§�� � ©8¢¥²�¦³§ ½;¢¥§ �|­¥�3®¥§�¨�²�­¬½�¢¥§�£�¶¥¶¥¦³²�¿T£%½;²���­]½;²³§���£��ª§8²�®¥¦³§�  ���^©?§ ±,§���¯
½;¢�§��ª§�¿��,­���Ã,¼��;£�¤¥²³¦�² ½"µ]¤�£H¨�§�®�¨�¿ ¢¥§�»�§8²³¨j®KµK­¥£�»�²³¿T£�¦³¦³µ+£�¤¥¦³§ ½;�Â��§�¿��,­ ��Ã,¼¥�ª§*² ½;¨�§�¦³�Q½;�ÂÃ,² ±,§(½;¢�§
¤D§�¨ª½�¶D§��t���,��»�£�­¥¿�§|®¥¼¥��²³­¥Ã §T£�¿ ¢�¤¥¼¥�ª¨ª½����P½;�;£ ��¿H 

�(¢¥²�¨¬¨ª¢¥�^©8¨¬½;¢�£H½Á��§�¿��,­���Ã�¼¥�;£�¤�²�¦�² ½"µv¿T£�­�½;£ "�§2£�®�±H£�­G½;£�Ã,§q����²³®¥¦�§�­¥�K®�§�¨¬®¥¼¥�ª²�­¥Ã~¨�¼¥¿ ¢
¤¥¼¥�ª¨ª½�¨+½;��Ã,²³±�§�¤D§�½ª½;§���½�¢¥���,¼�Ã,¢¥¶¥¼�½+¤Gµv²�»s¶¥���^±3²�­¥Ã ¼�½�²�¦³² �T£%½;²���­5  �|­v½;¢¥§ ©8¢¥�,¦³§�¯ ��§�¿��,­���Ã
�
¼¥��£�¤¥²�¦³²³½"µ2£�¿ ¢�²�§�±�§�¨�£�­ ²³»�¶¥�ª�^±,§�»s§�­G½����A£�¤d��¼�½ ����� ®¥¼���²�­�Ã/£q¤¥¼¥�ª¨ª½Â����®�µ3­�£H»�²³¿Á¿��,­G½�§�­G½
£�­¥®F¼¥¶F½���� ���	� ®¥¼���²�­�Ã~£2¤¥¼¥��¨t½]�H�(¨ª½;£H½;²³¿s¿��,­G½;§�­ ½� /¾ ½]²³¨|½;�2¤d§s­¥��½�§�®F½�¢�£H½�½;¢¥§�£�¿ ½;¼�£�¦
£�»s�,¼¥­G½P����¤D§�­¥§'�¥½�£�¿ ¢¥²�§ ±,§�®]±H£���²³§�¨P®¥§�¶D§�­¥®�²�­¥Ã*�,­�½�¢¥§ £H»��,¼�­ ½P����¿��,»s¶¥¼�½;£H½;²³�,­Â¶d§��ª���,�ª»�§�®
¤Gµq½;¢�§��ª§�� ¼¥§�¨ª½;¨� 

��²�Ã�¼¥��§ �   �~¨ª¢¥�^©8¨¬½;¢¥§/�^±,§��;£�¦³¦ ¶D§��ª������»�£�­¥¿�§����8½;¢¥§/®¥£H½ £
� ¿�§�­ ½�§��Á���,�]®¥²��d§��ª§�­G½Á½;��£�¿�§�¨
©8²³½�¢�¤¥¼¥�ª¨ª½�¨�����¨ª²�»s²�¦ £H����¦�§�¨ ��½�¢¥§]¤�¼¥��¨t½|¦�§�­¥Ã�½;¢�²�¨*®¥§�¶¥²³¿�½�§�®��,­�½;¢¥§ � �"£ � ²�¨�����½;¢¥§+Ã,�;£H¶¥¢ � ¯
���,��®¥²��B§���§�­G½j¿���»�¶¥¼K½;§8��§��3¼�²���§�»�§�­G½;¨�  -F§�¿T£�­s¨�§�§*½;¢¥£H½����,��¨�»�£�¦�¦K¤¥¼¥��¨t½?¦³§�­¥ÃH½;¢¥¨�¯K¤D��½;¢ ½;¢�§
��²³Ã,²�®F¤�£�¨ª§�®E£�¶¥¶¥�ª�G£�¿ ¢ £�­�® ½�¢¥§q�ª§�¿���­���Ã,¼¥��£�¤¥²³¦�²³½"µv¤�£H¨�§�®E£�¶�¶¥���G£H¿ ¢�¶d§��ª���,�ª» §��3¼¥£�¦�¦ µv�����
¨�»�£�¦³¦:¿��,»s¶¥¼�½�§��ª§�� ¼¥²³��§�»s§�­G½�¨�  �(¢¥²³¨Â²�¨Â¤d§�¿T£�¼�¨�§�¯ ©8¢¥§�­v½;¢¥§s¤¥¼¥�ª¨ª½+¦�§�­�Ã�½;¢v²�¨|±,§��ªµv¨�»�£�¦³¦$¯
§�±�§�­ £ ��²³Ã,²�® ¨�¿ ¢�§�»s§Á¿T£�­�»n£ "�§�¨�¼¥�ª§+½;¢¥£H½�£H¦�¦5½;¢�§+­¥�3®¥§�¨�£��ª§+¼�½�²�¦³² ��§�®2£�¨*�ª§�� ¼¥§�¨ª½;¨�®¥�n­¥�H½

� �



Snapshots: High Burstiness
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Snapshots: Low Burstiness
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Percentage of Times QoS was Kept
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Best Rigid Configurations: 4-Node Data-
Center
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Performance of Reconfigurability Compared to 
Over-provisioning
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Normalized Performance Compared to Over-
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Keeping QoS Guarantees for High Priority 
Sites in Multi Website Data-center
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Performance of Low Priority Websites
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Snapshot of High Priority Requests followed by 
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��§�� ¼¥§�¨t½;¨�  �Q���5¦��^©F¤¥¼¥��¨t½l¨�² ��§�¨�¯�£H¨5©?§�¢�£T±,§j¨�§�§�­�§T£��ª¦�²³§���¯T½�¢¥§���²³Ã,²�®�¨�¿ ¢¥§�»�§�¶D§��ª������»s¨R§�� ¼�£�¦³¦³µ
£�¨�½�¢¥§]�ª§�¿��,­���Ã,¼��;£�¤¥¦³§Á¨�¿ ¢�§�»s§Á®¥¼¥§Á½��q²�»s¶¥���^±�§�®�¼�½�²�¦³² �T£%½;²���­5  �*�^©A§�±,§���¯R���,��½;¢¥²³¨�¿T£H¨�§]©A§
¼¥¨ª§n¢¥²³Ã,¢F¤�¼¥��¨t½Á¨�² ��§�¨�  -F§n¿T£H­J¨�§�§�½�¢�£H½�½;¢¥§s��§�¿��,­��¥Ã,¼¥�;£H¤¥²�¦³²³½"µ ¨ª¿ ¢¥§�»s§n¶D§��t���,��»s¨+¤D§�½ª½;§��
½;¢¥£�­�½;¢¥§/�ª²�Ã,²³®J¨ª¿ ¢¥§�»s§/²�­�­¥§�£���¦ µv§�±,§��ªµ�¿�£�¨�§H  �(¢�§/��§�¿��,­���Ã�¼¥�;£�¤�¦�§/¨�¿ ¢�§�»s§/¿��,»s¶¥¦�§ ½;§�¦³µ
¨�§��ª±3²�¿�§�¨s�,­¥§ »s²�¦�¦³²��,­v��§�� ¼¥§�¨t½;¨n²³­E£�¤d��¼�½m� ��� ¨�§�¿��,­�®¥¨�©8¢¥§���§�£�¨s½�¢¥§ ��²³Ã,²�®�¨ª¿ ¢¥§�»s§2½;£ "�§�¨
½"©8²�¿�§Â£�¨(»Á¼¥¿ ¢ ½;²³»�§�©8²³½�¢ ±�§��tµ/¦��^©�¶d§��ª���,�ª»n£H­¥¿�§�½��Á½;¢¥§Â¦��^©�¶¥�ª²��,�ª²³½"µ�¤¥¼¥��¨t½;¨8²�­q½�¢¥§|¦ £%½;§��
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º ¼¥���ª§�­G½ ®¥£H½ £
� ¿�§�­ ½�§��ª¨?£��ª§8¿��,­��¥Ã,¼¥��§�®/£�¨�»Á¼¥¦ ½;²³¶¥¦�§?½�²�§���¨�©8²³½�¢�§�£�¿ ¢�½�²�§���¢¥£^±3²³­¥ÃÁ£Â­ ¼¥»,�
¤D§��|����¶¥¢Gµ3¨�²³¿T£�¦�­��K®¥§�¨�  ��£�¿ ¢v½�²�§���¢�£�¨|¨ª¶d§�¿�²���¿Á��¼¥­¥¿ ½;²���­�£�¦�² ½;²³§�¨*£�­¥® ¨�§��ª±3²�¿�§�¨|©8¢¥²³¿ ¢ ½�¢¥§�µ
¶¥�ª��±3²³®¥§ ½;��½�¢¥§ ¼¥¨ª§���¨�  -¹²³½�¢¬§�±,§���� ²�­¥¿���§T£H¨�²�­�Ã|�,­¥¦�²³­¥§?¤�¼¥¨�²³­¥§�¨ª¨�§�¨A£�­¥®Á½�¢¥§(Ã,�ª��©8²³­¥Ã|¶D�,¶¥¼¥¦�£����
²³½"µ �H�R¶d§���¨ª�,­�£�¦³² ��§�®n¾"­G½;§���­¥§ ½ ¨ª§��ª±3²³¿�§�¨�¯¥®¥²��B§���§�­G½�² £H½�²��,­ ²�­s½;¢¥§�¨�§��ª±3²�¿�§�¶¥�ª��±3²³®¥§�®n½��+½�¢¥§*§�­¥®
¼¥¨ª§���¨�²�­ ½;¢¥§����,��» ��� �|¼¥£�¦�² ½"µ/���j´K§��ª±3²�¿�§ � �|�G´ �8Ã�¼�£��;£H­ ½�§�§�¨�²�¨�¤D§�¿���»�²³­¥Ã�¿���² ½;²�¿�£�¦$  ��±�§�� �
¶¥�ª��±3²³¨�²���­¥²�­¥Ã*���D­¥�3®¥§�¨�²³­]½;¢¥§?®�£H½ £ �"¿�§�­G½;§��:½�²�§���¨:²³¨:£�­ £�¿�¿�§�¶�½;§�®n£�­�®Á©8²�®¥§�¦³µ�¼¥¨�§�®n£H¶¥¶¥���,£�¿ ¢
½;�~¶¥���^±3²�®¥§ �|¼¥£�¦�² ½"µ ����´K§��ª±3²�¿�§ ����� ´ �|Ã,¼�£���£�­G½;§�§�¨¬®¥¼¥§�½;�~½�¢¥§q¼¥­¥¶���§�®�²�¿�½;£�¤¥¦³§n­�£H½�¼¥��§����
²�­�¿��,»s²�­¥Ã���§�� ¼¥§�¨t½;¨�  �*�^©A§�±�§���¯K½;¢¥²³¨ £�¶¥¶����G£�¿ ¢n²�¨?­���½ ¿��,¨ª½��"§��d§�¿ ½;² ±,§�®¥¼�§�½;��½;¢¥§�©?£�¨t½ £�Ã,§*���
��§�¨��,¼���¿�§�¨:²³½P¿��,¼¥¦�®+¶d�H½;§�­G½�² £�¦³¦³µ|²³­¥¿�¼¥��  ��­�½;¢¥§A��½;¢¥§���¢�£H­¥®5¯�¿�¼¥���ª§�­G½:¢�²�Ã,¢+¶d§��ª���,�ª»n£�­�¿�§j­¥§�½��
©A�,�+" ¨�¨�¼¥¿ ¢n£�¨�¾"­���­�² # £�­�®5¯ %2µ3��²�­�§�½T¯!��¼�£H®¥��²³¿�¨�¯G§ ½;¿H ³¯ ­¥��½���­¥¦³µ]¶¥���^±3²�®¥§(¢�²�Ã,¢¬¶D§��t���,��»�£�­¥¿�§
²�­�½;§��ª»�¨*����¦ £%½;§�­�¿�µ�£�­¥® ¤�£H­¥®�©8²�®K½;¢5¯d¤¥¼�½Â£�¦³¨��n£n­ ¼¥»Á¤D§������j£H®�±H£�­¥¿�§�®���§T£H½�¼¥��§�¨�¨�¼�¿ ¢F£H¨
�,­¥§��"¨ª²�®¥§�®v¿��,»s»Á¼¥­¥²³¿T£H½�²��,­���¶d§��;£H½�²��,­¥¨�²�­¥¿�¦�¼¥®¥²³­¥Ã/��§�»��H½;§¬»s§�»s�,�ªµ��,¶D§��;£%½;²���­¥¨,� ��¡(%�° �
£�­¥®2­¥§ ½"©?�,��"/¤�£�¨ª§�®�£H½;�,»s²�¿��,¶d§��;£H½�²��,­�¨� 

�(¢¥²�¨ ½�¢¥§�¨ª²�¨ ¶���§�¨ª§�­G½;§�®�£Á­¥�^±�§�¦R£��ª¿ ¢¥²³½�§�¿ ½;¼¥�ª§�½;�¬¶¥�ª��±3²³®¥§�®�µ3­�£�»s²�¿���§�¿��,­���Ã�¼¥�;£�¤�²�¦�² ½"µ ���
­¥�3®¥§�¨�²³­Á½;¢¥§?®�£H½ £ �"¿�§�­G½;§��:©8¢�²�¿ ¢ §�­�£H¤¥¦�§�¨:½;¢¥§�» ½;�Â£H®�£�¶�½:½�¢¥§�²³����¼¥­¥¿ ½;²³�,­�£�¦³²³½"µÂ¤�£�¨ª§�® �,­¬½;¢�§
¨ªµ3¨t½;§�» ¦³�G£�® £�­¥® ��� ´ÁÃ,¼�£���£�­G½;§�§�¨�¶¥���^±3²�®�§�®s¤ µ¬½�¢¥§8®�£H½;£
�"¿�§�­G½;§���1 ½;¢¥²³¨�£^±��,²�®�¨�½�¢¥§8­¥§�§�®s�����
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�^±,§����"¶����^±3²�¨�²³�,­¥²³­¥Ã+�H�5­¥�3®¥§�¨� �¡�µ3­�£�»s²�¿8��§�¿��,­ ��Ã,¼¥��£�¤¥²�¦³²³½"µ]²�­¬½;¢¥²³¨A¨ª¿ ¢¥§�»s§�²�¨j£�¿ ¢¥²³§�±,§�®n©8²³½�¢
½;¢�§/¢¥§�¦³¶E�H��½�¢¥§/�,­¥§��"¨ª²�®¥§�®E¿��,»s»Á¼¥­¥²³¿T£H½�²��,­F�,¶d§��;£H½�²��,­�¨Á� �d§���§�® ¤ µ�¾"­���­¥²$# £�­¥®�©8² ½;¢¥�,¼K½
��§�� ¼¥²��ª²�­¥Ã £H­ µF»s�K®¥²���¿T£%½;²���­¥¨�½��~½;¢�§q§ � ²�¨t½;²³­¥Ã�®�£H½;£
�"¿�§�­G½;§��¬£�¶¥¶�¦�²�¿�£H½;²³�,­¥¨�  -F§q§�±H£�¦³¼�£H½;§�®
½;¢�²�¨:¨ª¿ ¢¥§�»s§(©8²³½;¢¬®�²��d§���§�­G½�¶�£H½�½�§��ª­¥¨����D¨ª½;£H½;²³¿(£�­¥® ®�µ3­�£�»s²�¿?¿��,­G½;§�­G½���§�� ¼¥§�¨ª½�¨A¼¥¨ª²�­¥Ã�½�¢¥��§�§
" ²�­¥®�¨*����½;�;£H¿�§�¨43(�i² �8´K²�­¥Ã�¦�§ ��¦³§�½��;£�¿�§�¨�¯ �i²³² � �B²³¶���¤¥£�¨�§�®~½;��£�¿�§�¨�£�­¥®
�i²³²�² �A£s�ª§T£�¦P¦�² ��§�©?�,�ª¦�® �
¿�¼�¶2½��;£�¿�§�  ��¼¥�(§ � ¶D§���²³»�§�­G½ £�¦R�ª§�¨�¼�¦³½;¨8¨ª¢¥�^© ½;¢¥£H½8½;¢¥§Â®�µ3­�£�»s²�¿|�ª§�¿��,­���Ã,¼��;£�¤¥²³¦�² ½"µn¨ª¿ ¢¥§�»s§
¿T£H­E¤D§/¼¥¨ª§�® ½;� ¶¥�ª��±3²³®¥§/¤d§ ½�½�§�� ��� ´�Ã,¼�£���£�­G½;§�§�¨ �i¼�¶ ½�� ����� ¤d§ ½�½;§�� � ¯j»s§�§ ½¬½;¢¥§/¨�£�»s§
Ã,¼�£H�;£�­G½;§�§�¨�©8²³½�¢s¦³§�¨ª¨�§����ª§�¨���¼¥��¿�§�¨*��¼¥¶ ½;� ���	� ¦³§�¨ª¨�§���­¥�3®¥§�¨ � ¯3�,��§ ±,§�­�¤d�H½;¢s²�­ ¨��,»s§(¿T£H¨�§�¨� 

�(¢¥²�¨A©?�,��"�¿�£�­/¤D§�§ � ½�§�­¥®¥§�®2½��]��¼¥�t½;¢¥§�� ¨�¼¥¶�¶d�,�t½ �,­/»]¼¥¦³½�²��"¨t½ £�Ã�§��ª§�¿��,­���Ã,¼��;£H½�²��,­¥¨� �¾"­
½;¢�§|¨�¿ ¢¥§�»�§Â¶¥�ª§�¨�§�­G½;§�®B¯Q½�¢¥§�¦³§T£�¨t½(¦��G£H®¥§�®/­¥�3®¥§|�ª§�¿���­���Ã,¼¥�ª§�¨8²³½�¨�§�¦³�R½;�¬¤D§�¦³�,­¥Ã]½��Á½;¢¥§|¢�²�Ã,¢ �
§�¨t½�¦��G£�®�§�® ½;²�§��|²�­v£�­v£H½ª½;§�»s¶�½|½���¨ª¢�£���§¬½�¢¥§�¦³�G£�®5  �*�^©?§ ±,§���¯:®¥¼�§ ½��2½�¢¥§ ¢¥§�½�§��ª�,Ã,§�­�§�²³½"µ
�i¢¥£���®�©?£��ª§Á¿��,»s¶D�,­¥§�­G½�¨|£T±�£H²�¦ £H¤¥¦�§ �(²³­�½�¢¥§Á¿�¦³¼¥¨ª½�§���¯B½;¢¥²³¨�»s²�Ã,¢G½*­¥��½�¤d§]½�¢¥§]��¶�½;²³»n£�¦l¨ª�,¦�¼ �
½;²³�,­5  ��­�½;¢¥§+��½;¢¥§���¢�£�­�®5¯5£n»]¼¥¦³½�²��"¦³§�±�§�¦R��§�¿��,­ ��Ã,¼¥��£H½;²³�,­5¯d©8¢�§���§Á£n¨�§��3¼�§�­¥¿�§s�H��¿ ¢�£�­¥Ã,§�¨
²�­/½�¢¥§+®�²��d§���§�­G½*½�²�§��ª¨�£�¦�¦³��©8²³­¥Ã]½�¢¥§+»s�,¨t½�£H¶¥¶¥����¶¥��²�£H½;§|­¥�3®¥§Â¤D§+�ª§�¿���­���Ã,¼¥�ª§�®2½;� ½;¢¥§�¢¥²�Ã�¢
¦��,£�®q½;²³§���¯�¿��,¼¥¦³® ¤d§Â»s�,��§|¤D§�­¥§'��¿�²�£�¦$ 

�(¢¥§s²�®¥§�£ �H�?�ª§�¿���­���Ã,¼¥��£�¤¥²³¦�²³½"µ�¿T£H­J£�¦³¨�� ¤D§ £�¶¥¶¥¦³²�§�® ²³­v�H½;¢¥§��Â£�¶¥¶¥¦³²�¿T£%½;²���­¥¨�¦�²�"�§¬¦³�G£�® �
¤�£�¦�£�­¥¿�²�­¥Ã¥  �(¢¥§Á¶���� � µ~½;²³§���¿T£�­ ¼�¨�§]½�¢¥§Á�,­¥§��"¨ª²�®¥§�®�¿��,»s»Á¼¥­�²�¿T£%½;²���­2��§�£H½;¼¥�ª§�¨�½��n���,�t© £��ª®
��§�� ¼¥§�¨t½;¨?½��+½;¢�§�¦�§�£�¨ª½A¦��,£�®¥§�®s­¥�3®¥§�¨� �¾"­¥¨ª½�§T£�®n���&��� ´d¯ ¦��,£�® �"¤¥£�¦ £�­�¿�²�­�Ã|¿T£�­q¤D§8½;¢¥§*¿���² ½;§���² £
���,�8��§�¿��,­ ��Ã,¼¥��£H½;²³�,­5 j¾ ½*¿�£�­�£H¦�¨�� ¤D§]£H¶¥¶¥¦�²³§�® ²�­/½�¢¥§]£H��§T£ ��� �i£�¼¥¦³½(½��,¦�§��;£�­�¿�§|©8¢¥§��ª§+­��K®¥§�¨
²�­/½�¢¥§Â®�£H½ £ �"¿�§�­G½;§��8¿�£�­��ª§�¿��,­���Ã,¼���§Â�,­2¨ªµ3¨ª½�§�» �i£�²³¦�¼¥�ª§�¨� 
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�P� 	 � � ÀÂ²³ÃG£�¤¥² ½ �:½;¢�§���­�§�½�°�¦³¦�² £H­¥¿�§H :¢G½�½;¶M3 � ��©(©(©Â j� � Ã,§T£�  �,�ªÃ �K 
� � 	 ¾"­���­¥²$# £�­¥® �P�;£H®¥§�°�¨�¨ª�K¿�² £H½�²��,­|´K¶d§�¿�²���¿T£H½�²��,­�¨� %¢ ½ª½;¶Z3 � �%©(©(©Â  ²�­ ��­¥²�¤¥£�­¥®�½;£�  ����Ã �H§�¨ª½��,��§H  ¢G½;»s¦$ 
� � 	 % � ��¾"°V3 ° ��²�Ã,¢ � §��ª���,�ª»n£�­�¿�§ %2�K®¥¼�¦ £�� ��¾"° ���,� �R²³­3¼ �  ¢G½�½;¶M3 � ��©(©(©Â  ­¥§���¨ª¿�  Ã,�^± �%��§�¨ª§T£��ª¿ ¢ � � ��À �%±3² £K 
� � 	 ��¼�£�®¥�ª²�¿�¨�´3¼¥¶d§���¿��,»�¶�¼�½;§���¨ -J�,�ª¦�®m�5½;®B j¢G½ª½;¶Z3 � �%©(©(©Â  � ¼�£�®¥�ª²�¿�¨�  ¿��,» �K 
� � 	 �(¢¥§Â¾"­G½;§��ª­¥§�½ �P�;£��s¿Â°��ª¿ ¢¥²³±�§� j¢ ½ª½;¶Z3 � �H² ½ £�  §�§H  ¦³¤¥¦$  Ã,�^± �H¢G½;»s¦ �%½��;£�¿�§�¨�  ¢G½;»s¦$ 
� � 	 ¾"­���­¥²$# £�­¥® �P�;£�®�§�°*¨�¨ª�K¿�² £H½�²��,­5 �¢ ½ª½;¶Z3 � �%©(©(©Â  ²�­ ��­¥²�¤¥£�­¥®�½;£�  ����Ã¥ 
� � 	 ��£T±H£�­�#?£�¦ £ �ª²O¯(´K¼�­¥®¥§�§�¶ ��£��ª�;£T±3¼¥¦ £K¯ «Â£��ª½�¢¥²$"H§�µ,£�­ �j£�²³®�µG£�­¥£H½;¢�£H­5¯8´�£T±3²³½�¢�£J«|��²³¨�¢ �

­�£�»s�K���ª½;¢Gµ�¯ ��²�§�¨�¢¥§�­¥Ã -F¼5¯R£�­¥® ¡�¢¥£�¤�£�¦³§�¨ª©?£��|«¬ B��£�­¥®¥£� +´K�K¿ "H§�½�¨+¡�²³��§�¿�½|���ª��½;�3¿��,¦
�^±,§��¬¾"­ ��­¥² #?£�­¥®�²�­ º ¦³¼¥¨ª½�§��ª¨ 3n¾"¨¬² ½ #?§�­¥§��¥¿�² £H¦,5 ¾"­2',a��gG"�:!�LN�N�dX�),+(-$DH!SJg',a��K7:9;9<9
7�+�'=���>+&?�'@)A!$+&?�B ��C #%��!�D�),�(#c!$+KGp���,J6!$�>#K?�+MLN� O%+&?�BPCUD�)QDT!SJ ��CUD�'=��#VDp?�+&X �Z!SJ>'@[;?��:���n7N��o
G O �����%¯¥°�¼¥¨t½;²³­5¯ �P§ � £�¨�¯ %~£H��¿ ¢ � � �N� � � �����  

� � 	 ��£T±H£�­ # £H¦ £ �ª²O¯Q��² µ3¼¥¨�¢ ´3¢¥²³±H£�»2¯D� §�½�§ ->µ3¿ "�� � ¯R£�­�®�¡�¢�£�¤¥£�¦�§�¨ª©?£���«¬ D��£�­�®�£� ��*²�Ã�¢
� §��ª���,�ª»n£�­�¿�§ "*¨ª§�� �R§ ±,§�¦d´K�3¿ "�§ ½;¨ �^±�§��?ÀÂ²³ÃG£�¤¥² ½ �:½;¢¥§���­¥§ ½T R¾"­H'na��IG"�:!�LN�N�dX�),+(-$D !SJT',a��
7N9<9<9�7�+�'=���>+&?�'@)A!$+&?�B �"!$+6J6���N��+MLN�W!$+i� BP�0D�'S���q�"!$#%�&�('*),+(-�¯¥¶�£�Ã,§�¨ � ��������� ��¯ º ¢¥²�¿�£�Ã,�¥¯
¾"¦�¦³²�­¥�,²³¨�¯K´K§�¶�½;§�»Á¤d§�� ��� � � � � ��� �  

� � 	 ��£T±H£�­ # £�¦�£ �ª²$¯ ��²�§�¨�¢¥§�­¥Ã -J¼B¯ � £�¢¥¨�²³­�«Â¼���¿�¯ "*»s²³½ º £H½ £�¦ µ3¼¥��§�"D¯�¡�¢�£�¤�£H¦�§�¨t© £H� «  
��£�­�®�£�¯R£�­�® ���K§�¦�´�£�¦ ½ �H �¾"»�¶¥£�¿�½|�H� �*²�Ã�¢ � §��ª���,�ª»n£�­�¿�§s´K�3¿ "�§ ½;¨|�,­ ¡|£H½;£n¾"­G½;§�­¥¨�² ±,§
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