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(a) M(k) vs. Time.  K
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(b) M(k) vs. Time.  K
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Simulation, CDN−only
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(c) M(k) vs. Time.  K
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(d) M(k) vs. Time.  K
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Simulation (standard), handoff at k=k
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Simulation, x
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(a) N(k) vs. Time.  K
0
=9

N(k) from simulation, handoff at k=k
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ρS(k)/r from simulation, handoff at k=k
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ρS(k)/r from analysis, handoff at k=k
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(b) N(k) vs. Time.  K
0
=9

Simulation (standard), handoff at k=k
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Simulation, handoff at k=k
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Simulation, handoff at k=k
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Simulation, handoff at k=2k
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(c) N(k) vs. Time.  K
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Simulation, x
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i
, handoff at k = k
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Simulation (standard), handoff at k=k
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(d) N(k) vs. Time.  K
0
=9

Simulation (standard), handoff at k=k
0

Simulation, x
i
=∞, handoff at k=k
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0
=9

Simulation, x
i
=c

i
, handoff at k = k

0
Simulation, x

i
=c

i
, handoff at k = 2k

0
Simulation (standard), handoff at k=k

0

	 
 ��������� ¿ � 1B�
�0����� ��1�7��01B� � ��1�� 1������ ���6���7��1

�U¢e½��t¢m¤
�b�§¥)¬¹�«�t�b¢e¤�ª#�§¥)¬¹�t¢mÇj¡)¢m���.�¾¤@�t¢
¿JÓ)�Z�C¢m¤Z½¾®w½�¨�¤
�t���
Ê1��¡)¸s¸)¨ ÄÁ�§¥)¬¦¸O¢°¢m�t�m­ÁÓo�§¬s¿ s¹�b®)�@³:���b®)¢$½�¡)ªé¡)¨�¤@�b�§£
¢��U�§���b�t�§�)¡U�b�§�
¥h��Ê
�b®s¢�¤
½��b¡s¤
¨s¥Á¡)ªé�L¢m�C��Êl�b¢m�t���§�
¥L����¢m�b£Z¢m�NâyÓy� ¬Z¡)�b¢ ssµ»¤j·W�b®)�@³:�J�b®s¢��t¢m�b¡)¨Â�¾��¡)¥L�U¢°�.�
¡)�C���t¤
¥s�)¤
�t�¶�b� ªé¡)¨�¤@�b�§�
¥w½°�
¥UÆL¬
¡)�¾¤@�t� �Z¥l­
³&®)�§¨ ¢4Óy� ¬L¿ sLµê�L·���®s�@³:�&�b®s¢¦�t¢m�b¡)¨Â�¾��³&®s¢°¥ � � ���|��¢°���b�Y� ¥)Æs¥)� �«Ä
¿$ÔÕ¥��b®s¢Yã Ü�ÞfÞÕà°Ù:½°¤
�b¢
­O³�¢¦�
�L��¢m�b£Z¢$�b®s¤��|ª#�
�t¢5�t®s¤�¥��I"�

��ÊW�t®)¢é½°¨§¤Z�b�L�é�b¡)¸)¸)¨§ÄÁ� ¥)¬h¸L¢m¢°�¾���b¢°�t£
¢¹ª#�
�t¢$�b®L¤�¥ 	w�b¢m�t�b� �Z¥s�°¿:À��@³.¢m£
¢m�m­)¡s¥s�U¢°�|�
¡s�����t¤�¥L�)¤��¾��½��
¥)Æs¬
¡)�¾¤@�t� �Z¥l­s³�¢¹®s¤�£Z¢
� 	 # 	s­1�§¥s�U��½°¤@�t� ¥s¬Y�t®s¤@�¦¤
¥ÁÄ-½�¨�¤
�t� �#�b¡)¸)¸s¨ ÄÁ�§¥)¬�¸L¢m¢°�5³&�§¨ ¨�¥s¢°£
¢m�5��¢m�b£Z¢éª#�
�t¢4�b®s¤
¥�	��b¢m�t���§�
¥L�°¿4ë9¢w¤
¨§�b��¥)���t�§½°¢4�b®s¤��
�§¥��b®)¢¹¨�¤@�b�b¢m��½°¤Z��¢Z­)ª#�
�t¢$�b®s¤
¥Å¼J"�
Ï��ÊJ�b®s¢¦½�¨�¤
�t�:¼#��¡s¸)¸)¨§Äj�§¥)¬w¸O¢°¢m�t����¢m�b£Z¢|ª#�Z�b¢$�t®s¤�¥��¶�b¢m�t���§�
¥L�6©��b®s¢¦½��Z�b�t¢m�b¸L�Z¥s�U�§¥)¬
� % ¡)¥s�)¢°���Z¡)�����t¤
¥s�)¤
�t��½°�
¥UÆs¬Z¡)�¾¤@�b�§�
¥1¿:�6®)¢¹�t¢m�b¡)¨Â�¾���t¢°£Z¢m¤
¨1¤�¥)�
�b®)¢m��¡)¥L�U¢m�b� �¾¤��s¨ ¢¦½°�
¥s�b¢mÇj¡)¢m¥s½�¢¦��ÊW¨ ¢°���t� ¥)¬ � �*# n â&� �
¨§¢m¤
�s���t�é¡)¥)Ê»¤��§�b¥)¢e�b�C�b�@³6¤��¾�#¸O¢°¢°�¾�6½��Z¥Z�t�b�§�)¡U�t� ¥s¬¦®)�§¬
®)¢m�.�Z¡U��©Ò�O�
¡)¥s�h�s¤�¥L�U³&�§�U�b®�µ»�b¡s½¾®Y¤Z�6¯.¨�¤
�t�D�|¤�¥s��¯.¨§¤Z�b�6¼5¸O¢°¢m�t���§¥
�
¡s�:���§ª¦¡)¨�¤@�t� �Z¥L·]¿

0 2 4 6 8 10 12
0

10

20

30

40

50

60

70

80

90

100

Number of Sessions Served

C
um

ul
at

iv
e 

P
er

ce
nt

ag
e 

of
 S

up
pl

yi
ng

 P
ee

rs
 (

%
)

(a)

Class 1, c
1
 = 2, x

1
 = 3

Class 2, c
2
 = 4, x

2
 = 6

Class 3, c
3
 = 8, x

3
 = 12

0 2 4 6 8 10 12 14 16 18
10

20

30

40

50

60

70

80

90

100

Number of Sessions Served

C
um

ul
at

iv
e 

P
er

ce
nt

ag
e 

of
 S

up
pl

yi
ng

 P
ee

rs
 (

%
)

(b)

Class 1, c
1
 = 2, x

1
 = ∞

Class 2, c
2
 = 4, x

2
 = ∞

Class 3, c
3
 = 8, x

3
 = ∞

	�

��������� ¿ C ��% �0> �
��� H�1 ( �!� �8��� >0�#���!���6�7" ���01 �7�B��� �7>��*�0%�>,1B� �7" �81��8�8�!�����-�81B��H 1 ( ( �#���!�08 ����1C�0��� ����� �0�������
ÔÕ¥é�b¡)ª#ª¶¤��tÄ
­@�Z¡)�W���§ª¦¡)¨�¤@�t� �Z¥¹�t¢m�b¡)¨Â�¾�J½��
¥)Æs�bª¶�o�b®s¢�£@¤
¨ ���U� �«Ä5��Ês�Z¡)�W¤�¥s¤
¨ ÄU�b�§�m¿1Ó)¡s���t®)¢°�tª#�
�t¢
­@�
¡s�o®ÁÄÁ�)�t�§�é¤��¾½¾®)�Â�t¢m½��b¡)�t¢

³&� �b®
�t®)¢<¨ �§ª#�Â�t¢m��½��
¥j�t�b�§�)¡U�t� �Z¥
¸L�Z¨ ��½�Ä�¸s�b�@£Z¢m�$�t�9�O¢Y®s� ¬Z®)¨ Ä
½°�Z����©Ò¢�ÐH¢m½��b�§£
¢
â¶� �#�b¢e��¡)¨ �t�é�§¥
Ê»¤
���b¢m�éª#¢e�U�§¤��U���«�t�b�§�)¡U�t� �Z¥
¸)�t�
¬Z�b¢e�b��¤�¥s�Y¨§�@³.¢m�.�t¢mÇj¡)¢e�«�&�t¢«Î«¢m½��b�§�
¥<�t¤��b¢Z¿Jö-¢m¤�¥Á³&®)�§¨§¢
­Á�Â�:¨§�@³�¢°�¾���t®)¢é¯�±�² �b¢°�t£
¢m��½°�Z���&�jÄ#Êê�t¢°¢m� ¥s¬é�t®)¢5�t¢m�b�
¡)�¾½�¢e��Êê�Z�
�b®s¢|ª#¢e�U�§¤éÆs¨§¢5¤@Êß�t¢°�&®s¤
¥s�U��Ð �)¤�¥L�h� �&�
¥)¨§Äw¢�ÃU¸)¨§�
� �t�.�t®)¢¹�«�t�b¢e¤�ª#�§¥)¬4½m¤�¸s¤Z½�� �«Ä¶��Êo�b¡)¸)¸s¨ ÄÁ�§¥)¬#¸L¢m¢°�¾�6�
¥Y¤éÊ»¤
� �:¤
¥s�w¨§� ª#� �b¢e�
�s¤Z�����°¿



ZJø ��� �|�¶���#ü�� û����
¯.�
¥j�t¢°¥j�#±����«�t�b�§�)¡U�t� �Z¥�²:¢°�«³.�Z�b´U�é®s¤�£
¢Y�L¢m¢°¥D��¡L½°½�¢e�b��Êê¡)¨§¨ Ä��U¢m¸)¨§�@Ä
¢m�'�
¥'�b®)¢<ÔÕ¥j�b¢°�t¥)¢°�#�b¡s½¾®�¤Z�é�b®)¢<�
¥)¢<�
¸O¢°�¾¤@�t¢m���ÁÄ
ÿ:´@¤
ª#¤
�f¿W�o¢m½¾®)¥s�§½m¤�¨s���t��¡)¢e�C�
Êy¯�±�²~®s¤�£Z¢�¤�¨����¦�L¢m¢°¥w¢°Ãj�t¢°¥s�b�§£
¢°¨§Ä#�«�t¡s�U�§¢m�N¿�Ós�
�C¢°Ã)¤�ª#¸)¨§¢
­Á³.�Z�b´é�ÁÄ��C¤��b�§¥h¢°��¤�¨r¿ �����b¡s�U�§¢m�
�b®s¢4¢°Éw½��§¢°¥j�$�b�¾¤�¥s�b¸L�Z���$��Ê6½��Z¥Z�t¢°¥j�$Êê�b�Zª �b®s¢°�§�5�
�t� ¬Z� ¥s¤
¨y�b�
¡s�t½°¢m���b�Y�b®)¢¶ªé¡)¨ �b�§¸)¨ ¢h¯�±|²Ï��¢m�b£Z¢°�¾�����5¤
¥)¬Z¤Z��®L¤��fÎ«¡-¢��¹¤�¨r¿ �
¤
�s�U�b¢e�b�o�t®)¢&¸)�t�
�)¨§¢°ª �
ÊL�Z�UÎ«¢m½����b¢m¸)¨ ��½°¤��b�§�
¥4¤�¥s�é¸)¨�¤
½�¢mª#¢°¥j��� ¥#¤¹¯�±�² �����§¨ �§�b���y¢��C¤
¨f¿ 	&�U���b½°¡s�b�b¢m�o�t®)¢:�UÄÁ¥s¤�ª#��½��)�b�Z´
¢m�b�§¥)¬
��Ê�¯�±|² ��¢m�b£Z¢°�5½°¤
¸s¤
½°�Â�«Ä �y¤�¥s��ÿ:¸O�Z���b�Z¨ �Z¸L�Z¡)¨§�Z�$¢��¦¤
¨f¿!	 � ¸)�b¢e��¢m¥j��
L¢�ÃU� �s¨ ¢¶ª#¢m�)�§¤��)¤��t¤�½°�Á�)� ¥)¬<Êê�Z�4¯�±�²��°¿�È�¡)�¹³��
�t´
�§¥s�«�t¢m¤Z�4Êê�Á½°¡s�b¢m���Z¥#� ª#¸)�t�@£Á� ¥)¬$�t®)¢¹Ë ¨�¤
����©Ò®)�
¸lÍZ�U�§���b�t�§�)¡U�b�§�
¥¶�§¥h¤¦¯�±|²¹­j�f¿ ¢
¿Jª#¢m�)�§¤¹���b�t¢m¤
ª#� ¥)¬$Êê�t�
ª ¤$¨§¢m¤�£
¢�¯�±|² �b¢°�t£
¢m�
�b�4�t®)¢¹½�¨§� ¢m¥j�t�&� ����¢m�b£Z¢m�m¿

º.¼
º ��ÄU���b¢mª#�é®s¤�£Z¢h¤@�b�b�¾¤
½]�t¢m���t�b¢mª#¢°¥s�U�Z¡s�é�b¢e��¢e¤��¾½¾®�¤����t¢°¥j�b�§�
¥
�§¥
�t®)¢h¸L¤
���¦�«³��ÅÄ
¢e¤��¾�°¿ÅÔÕ¥
�b®s¢h³��
�t´9�ÁÄ
õU¤��t�
�§¡
¢��4¤�¨r¿ ­!	�	 ¤-�U¢°�t¤��§¨§¢m��ª#¢m¤Z��¡)�t¢°ª#¢m¥Z�¦���b¡L�UÄ��
¥��b®s¢¶�«³.��ª#�j�«�¦¸O�
¸s¡)¨§¤
�éº�¼�º ��ÄU���b¢mª#�¹©|²�¤�¸s���b¢m�<	 %w¤�¥L�
�|¥j¡)�b¢°¨§¨�¤0	 � �§�
¸)�t¢m�b¢°¥j�b¢e�N¿J²:¢°³�¢�ÃU¸O¢°�t� ª#¢m¥Z�¾¤�¨sº�¼�º���ÄU���b¢mª#��®s¤�£
¢&¤�¨��b�|�O¢°¢m¥#¸)�b¢e��¢m¥j�b¢m�l¿ ��ÃU¤
ª#¸)¨ ¢e�J� ¥L½�¨§¡s�U¢|¯�ÓWõ=	 � �
¥4�b�Z¸#��Ê1¯.®)�
�¾��	 �
¤�¥L�¶ºNÿ�õU� 	NY �Z¥¶�b�Z¸¶��Ê1ºW¤
���b�tÄ 	�� â1�t®)¢�¨§�@³.¢m�C�b¡)�s���b�¾¤@�b¢�¸)�b�@£Á���U¢m�Cº.¼�º
¨ �Á�
´Á¡)¸w�b¢°�t£Á�§½°¢
­Z³&®)� ¨§¢:�t®)¢�¡s¸)¸L¢m�.¨�¤�Ä
¢m��¸)�t�@£Á�§�U¢e�
º.¼
ºQ�«�t�
�¾¤�¬Z¢¹��¢m�b£Á��½�¢
¿:�6®s¢m�b¢¦��ÄU���b¢mª#���U�w¥)�
�|�b¸L¢e½�� ÆL½°¤
¨ ¨§ÄY�t¤��t¬
¢°�����b�t¢m¤�ª#�§¥)¬¶ª#¢m�U��¤h�)�§���b�t� �s¡U�b�§�
¥
µf¤�¨ �b®)�Z¡)¬
®��t®)¢°Ä�½°¤
¥
¸O���b¢m¥j�b��¤�¨§¨ Ä��O¢Y¸)�t�
¬Z�t¤
ª#ª4¢e�9�b���U�9�b�j·�¿�È�¥)¢<�U�ÂÐH¢°�t¢°¥L½�¢<�L¢°�«³.¢m¢°¥
�Z¡)�é¤
�t½¾®)� �b¢e½]�t¡)�b¢<¤�¥s���b®)¢e��¢<��ÄU���b¢°ª¶�é¨ �§¢m�é�§¥
�b®s¢
¨§�j�Z´Á¡)¸�ª#¢m½¾®s¤
¥)�§�bª�¿�ë9¢<½¾®)�Á�Z�b¢#�b�-¡L��¢h�b®)¢<¯�±|² ��¢m�b£Z¢°�¹¤
�¹�b®)¢<½�¢m¥Z�t�t¤
¨ ���°¢e��� ¥s�)¢�Ã
��¢m�b£Z¢°�¹�O¢m½m¤�¡s�b¢w� �¦���é¤�¥L¤@�b¡s�t¤
¨
½°¤
¥s�U���)¤@�t¢
¿

ö��Z�b¢��b¢e½�¢m¥Z�t¨ ÄZ­�º.¼
ºÅª#¢m�)�§¤$���b�t¢m¤�ª#�§¥)¬$��ÄU���b¢°ª¶�y®s¤�£Z¢�¤
¨§�b���O¢°¢m¥#¸)�b�Z¸L�j��¢e�N¿J¯C©Õ���t¤��
	 � ���W¤�½°�
ª#ª#¢°�¾½���¤�¨U�bÄÁ���b¢mª ³&®)��½¾®
¢°¥L¤��)¨§¢m�6ª#¢m�)�§¤#���b�t¢m¤�ª#�§¥)¬4Êê�b�Zª ª¦¡s¨Â�t� ¸)¨§¢¹�b¡)¸)¸)¨§� ¢m�t���t�¶�
¥)¢$�t¢m½°¢°�§£
¢°�e¿JÀ:�@³�¢°£
¢m�m­Á� �t�&½°�Z����©Ò¢�ÐH¢m½]�t� £Z¢°¥)¢e�b�����&¥)�
�&½°¨ ¢e¤��:�U¡s¢
�b�-¤-¨§¤Z½¾´-��Ê6�b¢e½¾®)¥)��½°¤
¨C�U¢��¾¤��§¨§�m¿hÔÕ¥��t®)¢w³��
�t´-�ÁÄ9²�¬
¡)ÄZ¢°¥�¤�¥s���N¤�´Á®)�
�e­!	�	 �b®s¢¶Êê¢m¤Z���§�)�§¨ � �«ÄÅ�
Ê&���b�t¢m¤
ª#� ¥)¬�ª#¢m�)�§¤<Êê�t�
ª
ª¦¡s¨Â�t� ¸)¨§¢é�b¢°¥L�U¢°�¾�&����¤�¨��b�¶�b¢m¸L�Z���t¢m�N¿&À:�@³�¢°£Z¢°�e­Á�b®)¢é¸s¤�¸O¢°�|�U�Á¢m�&¥s����¤Z�)�U�t¢m�t�6�b®)¢éª#¢m�U��¤ÅÛ@Ú"�]ÞrÙ]Ú»Ø�áUÞrÚ»æ@çY�§�t�b¡)¢
¿�¯.�Á�
¸s²�¢�� �
���:¤¶�b½m¤�¨�¤��)¨§¢5ª#¢m½¾®s¤
¥)����ª ³&®s¢°�t¢¹½�¨§� ¢m¥Z�¾�:½��Á�Z¸L¢m�t¤��b¢$�b�w�)�§���b�t� �s¡U�b¢¦���b�t¢m¤
ª#� ¥)¬#ª#¢m�)�§¤¶½°�
¥j�b¢m¥Z�:³&®s¢°¥��b®s¢4¯�±�²þ��¢m�b£Z¢°�6�§�
�@£
¢m�b¨§�Z¤Z�U¢m�l¿ �l�§´
¢|�
¡s�6¤
�t½¾®s�Â�t¢m½]�t¡)�t¢
­j�Â�:¤�¨��b�4¤Z�U£
�U½°¤��b¢e���t®)¢5½���©Ò¢�ÃU���«�t¢°¥s½°¢��
ÊW¯�±|²3¤
¥s�hº�¼�º'�s¤
�b¢m�hª4¢e�U��¤4�)�§���b�t� �s¡U�b�§�
¥l¿
À:�@³�¢°£Z¢°�e­&¯.�Á�Z¸s²:¢°�Y�U�Á¢m�h¥)���h¨§¢m¤Z���b�'¤�¸O¢°�tª¶¤�¥)¢m¥j�-Ëä¯�±|² �t�
º.¼
º:Í�®s¤
¥s�U�
Ðy­:�U¡s¢��b�
� �t�h¸)¡)�t¸L�j��¢-�b�
®s¤
¥s�U¨§¢��b®s¢
�b¢mª#¸L�Z�t¤
�bÄ�Ë 
L¤Z��®�½��t�@³:�NÍ)�b�Â�t¡s¤@�t� �Z¥l­)¤
�6³�¢°¨§¨1¤
�&¤4ª#�
�t¢5�UÄÁ¥s¤�ª#��½5½�¨§� ¢m¥j�:¸s¤��b�b��½��§¸s¤@�t� �Z¥l¿WºJ¢°¢m�]¯�¤Z�«��% � �§��¤�¥�¤�¸)¸)�t�Z¤Z½¾®w�t�
���b�t¢m¤�ª#�§¥)¬|¨ �§£
¢�ª#¢m�U��¤�£Á��¤$¤�¥¦�@£Z¢°�t¨§¤�Ä��b�t¢°¢.Êê�
�tª#¢m�é�ÁÄ$�b®)¢&½�¨§�§¢°¥j�t�y�t®)¢°ª¶�b¢°¨§£
¢m�m¿oºJ¢m¢°��¯�¤
���oª¶¤�Ä5¥)�
�J½°��©Ò¢�ÃU�§���J³&�Â�t®4¤5¯�±�²
�bÄÁ���b¢mª�­)¥)�
�:�)�j¢e�&� �:� ¥j�b�t�U�U¡s½°¢¹¤�¥ÁÄw¸O�
¨§�§½°Äw�b�¶�t¢m¤
¨ ���°¢$¨§� ª#� �b¢e��¤�¥s�YÊ»¤��§�:¸O¢°¢m�:½��
¥j�t�b�§�)¡U�t� �Z¥l¿Cÿ ¸)�t�
¬Z�t¤
ª#ª4�§¥)¬é¸)¨§¤���Êê�Z�bª
���¹¸)�t¢m�b¢°¥j�b¢e���jÄ �l�§¢°¥s®s¤��b�¹¢��é¤
¨f¿ %<	é�b�Å�b¡)¸)¸O�
�b�¦�O¢��b�b¢°�é� ª#¸)¨§¢°ª#¢m¥Z�¾¤@�t� �Z¥���Ê:º.¼
º~ªé¡)¨ �b�§ª4¢e�U��¤-��¢m�b£Á��½�¢e�°­y� ¥L½�¨§¡s�U�§¥)¬��b®s¢
�§ª4¸s¨ ¢mª4¢m¥j�t¤@�t� �Z¥w��Êl�Z¡)�C®ÁÄÁ�)�t�§�¶¤
�t½¾®s�Â�t¢m½]�t¡)�t¢
¿JÓo�§¥s¤
¨ ¨§Ä
­j�
¡)�.¢m¤
�b¨§� ¢m��³��
�t´�%����Z¨ £Z¢m�J�t®)¢�¸s�b�Z�)¨ ¢mªÑ�
Ê1¤
�t���§¬
¥s� ¥)¬5ª#¢e�U�§¤é�)¤@�¾¤
�b���b¡)¸)¸)¨§ÄÁ� ¥s¬�¸L¢m¢°�¾�$� ¥�¤�º.¼
º~���b�t¢m¤
ª4�§¥)¬���¢e�b�b�§�
¥l¿¶À:�@³�¢°£Z¢°�e­N�Â�¦¤Z�b�b¡)ª#¢m���t®s¤@�5�t®)¢w��¡s¸)¸)¨§Äj�§¥)¬�¸O¢°¢°�¾�$³&�§¨ ¨C���t¤�ÄÅ� ¥��b®s¢
�bÄÁ���b¢mª �§¥s�U¢�ÆL¥)�Â�t¢°¨§Ä
­O¤�¥s�Y�Â���)�j¢e�6¥)����½°�
¥s�b���U¢°�6�t®)¢5� ¥j�t¢°¬
�¾¤@�t� �Z¥h�
ÊW¯�±|² ¤�¥s�<º.¼
º'ª#¢e�U�§¤¶�)�§���b�t� �s¡U�b�§�
¥l¿

��ø �-û ú � ��ý�� ù û ú
ë�¢&®s¤�£
¢6¸)�t¢m�b¢°¥j�b¢e�é¤|®ÁÄÁ�)�t�§�4¤��¾½¾®)� �b¢m½��b¡)�t¢6³&®)��½¾®é�§¥j�b¢°¬Z�t¤��b¢e�1�t®)¢�¯�±|² ¤�¥s�4º.¼
º��s¤
�b¢m�4�«�t�b¢e¤�ª#�§¥)¬�ª#¢e�U�§¤5�)�§���b�t� �s¡U�b�§�
¥l¿
):¥L�U¢°���b®s�§��¤��¾½¾®)� �b¢m½��b¡)�t¢
­j³�¢�¤�¨��b�¦¸)�t�
¸O�Z�b¢�¤¹¨§�§ª4� �b¢e�h½°�
¥j�b�t� �s¡U�b�§�
¥w¸O�
¨§��½�Ä#Êê�
�6�b¡)¸)¸)¨§ÄÁ� ¥)¬é¸L¢m¢°�¾�°­U�b�5�b®L¤@���b®)¢$�«�t�b¢e¤�ª#�§¥)¬
½°¤
¸s¤
½°�Â�«Ä#�
Êo��¡s¸)¸)¨§Äj�§¥)¬4¸L¢m¢°�¾�6½°¤�¥Y�L¢|¢�ÃU¸)¨§�
� �b¢e�w�Z¥Y¤é¨ �§ª#�Â�t¢m�<¤�¥s�wÊ»¤��§�.�s¤Z�����m¿yë�¢$¸L¢m��Êê�Z�bªÏ¤
¥h�§¥U©Ò�)¢°¸U�t®<¤
¥s¤�¨§ÄU�����C�
Êl�b®s¢
�bÄÁ���b¢mªÏ�UÄÁ¥s¤�ª#��½°��³&®)��½¾®w� ¥Á£Z�
¨§£
¢m�.¤¶ËÂ¯�±�²~�t�éº.¼
º:ÍZ®s¤�¥s�)��ÐJ¿ �.�
�b®w�Z¡)�6¤�¥s¤
¨ ÄU�b�§�.¤�¥s�Y���§ª¦¡)¨�¤@�t� �Z¥w�t¢m�b¡)¨Â�¾�.�)¢°ª#�
¥s���b�¾¤@�t¢
�b®L¤@�5�b®s¢w¤��¾½¾®)�Â�t¢m½��b¡)�t¢é���5®)�§¬
®s¨ ÄÅ½°�Z����©Ò¢�ÐH¢m½��b�§£
¢
¿YÈ�¡s�5�
¥)¬Z�
�§¥)¬Y³��
�t´��§¥j£Z�
¨§£
¢e���t®)¢¶¢�ÃÁ�t¢°¥s�b� �Z¥Å�t���b®)¢w½°¡)�t�b¢m¥Z�5¤�¥L¤�¨§ÄÁ�b���
Êê�¾¤�ª#¢°³��
�t´H­Á�b�4�b®s¤��:³.¢5½m¤�¥<ª4�U�U¢m¨lª#�
�t¢5½��
ª#¸)¨§¢�Ã<¤�¥s�<�UÄÁ¥s¤�ª#��½5�b½°¢°¥s¤
�b�§�Z�.�§¥Y�t®)¢5®ÁÄÁ�)�b���<¤��¾½¾®)�Â�t¢m½��b¡)�t¢
¿

����� ú û�� ���#ü�� � � ú �-�
�6®)���w³��
�t´'®s¤Z�w�O¢°¢m¥ ��¡s¸)¸L�Z���t¢m�Q�§¥Q¸s¤
���h�ÁÄ��b®)¢9¬
�¾¤�¥j�¶Êê�t�
ª �b®)¢�¼.��� � ¯.¢m¥Z�t¡)�tÄ �&¢e��¢e¤��¾½¾®Q¤�¥s� �o¢m½¾®s¥)�
¨§�
¬ZÄ'Ó)¡)¥L�
¢°¥j�t�Â�t¨ ¢e�<Ë �C¥Z�t¢°�b�t¤
� ¥)ª#¢m¥Z� ���§�U¢m�éÈ�£
¢m�J�b®)¢&ÔÕ¥j�b¢m�b¥s¢��mÍZ¤�¥s�#¤�¥#¢°ÃÁ¸s¨ �Z�t¤��b�
�tÄ5�t¢m�b¢m¤��¾½¾®¦¬Z�t¤
¥j�oÊê�t�
ªþ�b®)¢:¢°© �C¥j�b¢°�t¸)�t�§�b¢:¯.¢°¥j�b¢m�
¤@�:±��§�t½��@£Z¢°�tÄwºW¤��t´¶¢°¥j�b� �b¨§¢m�9Ë ¢�©�¯.�
¡)�t�§¢°�eây¤¶õÁ¢m�b£Á��½�¢|Êê�
� �C¥Z�t¢°�t¸)�t�§�b¢|±|¤@�¾¤¶±�¢m¨ �§£
¢m�bÄHÍ§¿

�����L�#��� ú ���Y�
�
¿ �5¿��:¢«Î�¤��§¢5¤�¥s���L¿��5¤
¥)¬Z¤Z��®L¤��fÎ«¡l­��tö��U½¾®s¤)âWÿ ��¡s¤
¨ � �«Äwÿ��)¤
¸U�b�§£
¢5ö�¡s¨Â�t� ª#¢m�)�§¤#º��t��ÃUÄh¯�¤
½¾®)¢�Êê�
�&ÔÕ¥j�b¢m�b¥s¢���õj�b�t¢m¤
ª4©
�§¥)¬s­ ! -�ÙbæeÝ¾àtà¾Û�Úßç)� �¹æ &#"%$'&(&�)#*,+ =.-/-?/#­0�Z¡)¥)¢¹¼?"?" �Z¿

¼U¿&±é¿21�¡l­Nö�¿NÀ:¢°Êê¢°¢e�)¤)­lõH¿NÀ�¤
ª¦�)�t¡s�t½¾®l­H¤�¥s� �|¿ ��®s¤��t¬Z¤�£@¤)­3�¾È�¥-ºJ¢m¢°�b©f�t��©ÕºJ¢°¢°�:ö-¢m�U��¤Yõj�t�b¢e¤�ª#�§¥)¬s­ !K-�ÙtæmÝ¾à¾à¾Û@Úßç)� �#æ &
(546464 (879)�7:&Q=�-;- =Y­<�
¡s¨ Ä�¼J"?"j¼U¿



	)¿&ÿ¦¿NõÁ�t¤�£Á�b�Z¡l­H±¦¿ �&¡)�O¢°¥L�«�t¢°�§¥l­1¤�¥L�9õH¿lõU¤
®j¡1­'�tÿ �1� ¬Z®Z�«³�¢°�§¬
®j�e­\�:�
�)¡s���|º�¼@¸9õUÄÁ���b¢mª �1��À�¤
¥s�U¨§¢éÓy¨�¤
�b®�¯.�t�@³:�)�°­ !
-�ÙtæmÝ¾à¾à¾Û@Úßç)� �¦æ &3(546464 (87�"G- =�-;-J=w­s²:�@£H¿s¼?"?"Z¼)¿

�s¿ �é¿L²¹¿HºW¤
�)ª#¤
¥s¤��s®s¤�¥l­LÀ¹¿Oë�¤
¥)¬s­HºJ¿H¯.®)�Z¡l­H¤�¥s� �#¿HõÁ�b�§¸s¤
¥)�§�)´j¡s¨§½¾®s¤
�f­3�b±��§���b�t�§�)¡U�b�§¥)¬YõÁ�b�t¢m¤�ª#�§¥)¬hö�¢e�U��¤Y¯.�
¥j�b¢m¥j�
)����§¥)¬h¯.�Á�
¸O¢°�¾¤@�b�§£
¢$²:¢°�«³.�Z�b´Á�§¥)¬s­ !L-�ÙbæeÝtà¾à¾Û@Úßç�� �¦æ &#"%$'&0& )#*,+ =.-;-J=w­sö-¤�Ä<¼J"?"j¼U¿


U¿&±é¿ 1�¡l­WÀ¹¿ © �#¿J¯.®s¤��r­W¯�¿ �&�Z�b¢°¥Á�O¢°�t¬s­o¤
¥s��õH¿��$¡s¨ ´@¤��t¥)�r­#�tÿ:¥s¤
¨ ÄU�b�§�$�
Ê&¤�À�ÄÁ�)�b����ÿ:�¾½¾®)� �b¢m½��b¡)�t¢#Êê�
�#¯.�Z����©8�WÐH¢m½]�t� £Z¢
õj�t�b¢e¤�ª#�§¥)¬¶ö�¢m�U��¤#±������b�t� �)¡)�b�§�
¥l­ !é�b¢m½¾®1¿)�b¢m¸l¿§­)²:�@£H¿s¼J"I"Z¼U¿

�)¿ �5¿L¯.�Z�b¨§¢m�t�m­ �4¿0�|�Z¥)¥)¢°�m­s±é¿)À�¤
�b¢Z­)±¦¿0�Z¢�ÐH�t¢°Ä
­U¤
¥s�Y±é¿=��¿<�$¥j¡)�b®l­ �]È�¥1�1¤
ª¦�O¢°�b�mÍ �6ë Êê¡)¥L½]�b�§�
¥1­ !�*�Û + � 7�æ@å�èOáUÞÕÜ�WÞrÚ»æ@çHÜ@ã��ÅÜ@ÞêÖ)� � ­ �!s,s#�s¿�Á¿'�4¿L¯.®s¤�³�¤��b®)¢Z­ &HÝ¾Ü@ÞrÞÒà°ÙbÝ¾Ü �]Þ���Ü�ç�*�ÙbÝ¾ÖÁÚßÞÕàtÝ°ÞráUÙbà�&�æ@Ù3(�çsÞÕà�Ù]çHà�Þ��&ÙbæeÜ
ÛZÝ¾Ü �]Þ )¦Ú"�]ÞfÙ]Ú»Ø°áUÞrÚ»æ@ç9Ü �¹Ü�ç1(]ç�&¾ÙbÜ �]ÞrÙ]ásÝ�ÞráUÙbà &Nà�Ù +eÚ»Ý¾à�¿
ºC®l¿ ±é¿Á�b®s¢m�b�§�m­L¼J"I"?"s¿8)¿ �L¿ �5¤�¥)¬j¤
�b®s¤��fÎ«¡l­ �s¿5�&�Z�L¢m���¾�°­�¤
¥s�,�#¿5�:�Z�t�°­9�]È��UÎ«¢m½��>�&¢m¸)¨§�§½m¤@�b�§�
¥#õj�b�¾¤@�t¢°¬Z� ¢e�1�§¥¶¯.�Z¥j�b¢°¥j�W±������b�t� �)¡)�b�§�
¥#²:¢��«³��
�t´U�°­ !
7�æ@å�èOáUÞÕà°Ù%7Wæ�åéå4áUçsÚ»Ý¾Ü�ÞfÚ»æ�ç � � � µ �j·�­L¼J"I"Z¼)¿s)¿&ÿ¦¿#��� ¨§� �t���°­U¯�¿j¯.�t¤
¥)�
�e­
Ó�¿Z±��
¡s¬
¨§�§�m­
ö�¿F�:¤��)�§¥)�@£Á��½¾®l­ZõH¿ÁõÁ� �L¤�¨r­ÁÈé¿ZõÁ¸L¤@�t�t½¾®)¢e½¾´O­Z¤�¥s�4ë ¿jõÁ�b¡)�tª�­ �¾¯�±|² ���t�
´
¢m�b�§¥)¬L­ !
-�ÙtæmÝ¾à¾à¾Û@Úßç)� �¹æ &$ÞêÖ)à3(�çsÞÕà�Ù]çHÜ@ÞrÚ»æ@çHÜ@ã U�æ@Ù	� �bÖ)ætè
æ@ç U�àeØ%7�Ü
Ý¾ÖÁÚßç��YÜ�çOÛ 7Wæ�çsÞÕà�çLÞ�)¦Ú"�¾ÞrÙ]Ú»Ø°áUÞfÚ»æ�ç�
TU 7 U =.-;-I/
�4­<�
¡)¥s¢
¼?"?" �Z¿

�
")¿ �L¿mÿ�¸L�j�«�t�
¨§�
¸O�
¡)¨§�Z�m­m�$¿eë9�Z¥)¬s­@õH¿eë9¢m¢
­@¤�¥L�5±¦¿��o¤
¥l­ �¾È�¥¹ö�¡)¨ �b�§¸)¨§¢.±�¢m�t½��t� ¸)�b�§�
¥¦õj�t�b¢e¤�ª#� ¥s¬&³&�Â�t®4¯.�
¥j�b¢m¥j�o±�¢m¨ �§£
¢m�bÄ
²�¢��«³��
�t´Á�m­ !¹�§¥A-6ÙbæmÝ¾à¾à¾Û@Úßç�� �éæ &M( 46464 ( "�� $ 7 $�� =�-;- =Z­(�Z¡)¥)¢¦¼?"?"Z¼)¿

�#�
¿:õH¿�õU¤
�b�Z� ¡1­�ºJ¿ �|¡)ª#ª¶¤
�)�f­C¤
¥s��õN¿ �|�t�§�)�)¨§¢
­ �tÿ ö�¢e¤
�b¡)�t¢°ª#¢°¥j�#õÁ�b¡s�UÄ��
Ê�ºJ¢°¢m��©r�b�
©ÒºJ¢m¢°�¹Óy�§¨ ¢�õÁ®s¤
�b�§¥)¬�õUÄÁ���b¢mª¶�°­ !
-�ÙtæmÝ¾à¾à¾Û@Úßç)� �¦æ & &�-�( 4�� *�7������ 7�"9=.-;-J=h­0�j¤�¥1¿s¼J"?"j¼U¿

�e¼U¿��t²�¤�¸L�«�t¢°�e­ !¶ÖÁÞrÞäè�� ��������� � çOÜtè��]ÞÒà°Ù � Ý¾æ@å ¿
�I	)¿�� �|¥j¡)�b¢°¨§¨�¤)­ !#ÖUÞfÞÂè�� �����
çsáUÞÕà�ãßã Ü � �Cà �Zæ � Ýtæ�å ¿
�?�s¿&Ó�¿W±�¤
�L¢m´H­Cö�¿�Ó�¿ �5¤
¤
�b®)�Á¢°´H­W±é¿6�5¤��t¬
¢°�e­ �5¿Wö��
�t�t�§�m­�¤�¥s�'Ô]¿�õj�b�Z�§½m¤)­ �bëQ�§�U¢°©Òÿ��b¢e¤�¯.�Á�
¸O¢°�¾¤@�t� £Z¢Yõj�t�
�¾¤�¬
¢Y³&�Â�t®

¯�ÓWõH­ ! -�ÙbæeÝtà¾à¾Û@Úßç�� �éæ &#*�7�� &:$'&5- =.-/-?/w­OÈ|½]�e¿s¼J"?" �
¿
� 
U¿:õH¿T�:¤��b¥s¤Z�b¤
ª¦Ä
­�ºJ¿�Ó)�¾¤�¥s½°�§�m­eö
¿�À�¤�¥s�)¨ ¢mÄ
­��5¿ �5¤��t¸l­@¤�¥s�¹õH¿�õÁ®s¢°¥)´Z¢°�e­(�tÿ�õU½m¤�¨�¤��)¨§¢�¯.�
¥j�t¢°¥j��©Õÿ��)�)�b¢e�b�t¤��)¨§¢C²�¢��«³��
�t´O­ !

-�ÙtæmÝ¾à¾à¾Û@Úßç)� �¦æ & *�7�� & (�� 7'$���� =.-/-?/¶­Lÿ:¡)¬L¿s¼J"?" �
¿
�I�)¿&ÿ¦¿a�:�@³:�«�t�b�Z¥w¤�¥s�wºJ¿U±��b¡L�b½¾®)¢m¨f­:�tõÁ�b�
�¾¤�¬Z¢�ö-¤
¥s¤�¬Z¢°ª#¢°¥j�.¤
¥s�<¯�¤Z½¾®)� ¥s¬¹� ¥<ºNÿ�õU�$­U¤0�1¤��t¬
¢°©Õõ)½°¤�¨§¢
­jºJ¢°�¾�������b¢°¥j�.ºJ¢m¢°�b©

�t��©ÕºJ¢°¢°�&õj�t�
�¾¤�¬
¢6)&�t� ¨§� �«ÄO­ !P-�ÙbæeÝ¾à¾àtÛ�Úßç)� �éæ &#*�7�� &�$'&5- =�-;-I/¶­OÈ|½��m¿s¼J"I" �Z¿
�T�Á¿&ÿ¦¿ �&�@³:���b�t�
¥�¤�¥s��ºJ¿O±��t¡s�t½¾®)¢°¨r­6�tºW¤
���b�tÄOâCõ)½°¤�¨�¤��s¨ ¢¦±����«�t�b�§�)¡U�t¢m�ÅÈ��UÎ«¢e½]�G�1�Á½m¤@�t� �Z¥�¤
¥s� �&�Z¡U�b�§¥)¬#Êê�
� �1¤
�b¬Z¢�©«õU½°¤
¨ ¢

ºJ¢m¢°�b©f�t��©ÕºJ¢°¢°��õÁÄU�«�t¢°ª¶�°­ !P-�ÙbæeÝ¾à¾àtÛ�Úßç)� �¦æ &3(�� (�-�� *�7�����Ú»Û
ÛUã à �CÜ�ÙbàE=.-/-?/w­s²:�@£H¿s¼J"I" �Z¿
�@8)¿��]¯C©Ò���t¤
�m­ !4ÖUÞfÞÂè�� ���!����� � Ý¾à�çLÞÒà°Ù��rè)Ü�ç � Ý¾æ@å"��¿
�@s)¿&�$¿WºJ¿J²:¬
¡sÄ
¢°¥�¤�¥s��ÿ¹¿ �H¤
´j®s�
�e­ �b±��§���b�t� �s¡U�b¢e� �����U¢m��õj�t�b¢e¤�ª#�§¥)¬�È�£Z¢°�4ÔÕ¥Z�t¢°�t¥)¢��e­ ! -�ÙtæmÝ¾à¾à¾Û@Úßç)� ��æ &�&5-�(54�� *�7��

��� 7�" =.-/- =Y­0�Z¤
¥l¿s¼J"I"Z¼)¿
¼J")¿&À¦¿y±�¢m�b®)¸s¤
¥s�U¢
­.ö�¿ �6¤�³6¤)­W¤�¥L�
À¹¿6�$¤��¾½���¤@©Õö��Z¨ �§¥s¤)­��tõÁ�b�t¢m¤�ª#�§¥)¬ �1� £Z¢Yö�¢e�U�§¤Å�@£
¢m�éºJ¢°¢m�t�m­ ! &LÞÕÜ@ç�&�æ@ÙbÛ )4Ü@ÞÕÜ
Ø¾Ü �°à

�6Ùbæ�áeè$#LàtÝ¾ÖÁçLÚ»Ý¾Ü@ã�%�àÒèsæ@Ù]Þ"
�=.-;-J=,W = /
�¶­sö-¤
�m¿s¼?"?"Z¼)¿
¼.�
¿ �5¿ �1� ¢m¥)®s¤��b�m­�ö�¿:À:�Z¨ ¨§� ª¶¤
¥l­ �4¿:¯.®s¢°¥l­�Ô]¿ �$�(�°�§¥j�t�b¢°£H­�¤�¥L� ö�¿'��¢°¡s¥)¬s­���ÔÕª#¸)�t�@£j�§¥)¬'ö-¢m�U��¤�õU¢°�t£j��½�¢e�h�Z¥ º.¼
º

²�¢��«³��
�t´Á�m­ !0( 4 464 (�çsÞÕà�Ù]çHà�Þ 7Wæ�å:èHáUÞfÚßç��#­0�j¤�¥l¿s¼?"?"j¼U¿


