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u|¢Uz�o£z�c!d�dW¥±dW�b`�z|w2q!z��£d6osd{��z|�£z�qsdA�½�7m/z��£z�qs`bdW��¥yz��£�|d¨q£x±c!d��+dW�sx°up� osuEqs`+z]q!¥±u]´®qs�}z�w+orc!xyososx±u2w
��`�z|osdWo�z|�sdhvbwb¥°x±¯2d{¥°m�osd{d{w¸�nm¨q£`bd%��z|t}¯2d�q�osz|c!�b¥±dW�W¹

_�`bd!dWc���x±�£x°tWz�¥;�pxyo�q£�sx°�bvpq£x±u2w�u|¢Zqs`�d!�bvb�£z�qsx°u|w
S
u�¢��bz]q}z�dW¥±dW�b`�z|w2q}ohx°o��2x±¼2d{wEx°w³ÂRx°�|vb�£d��|¹�¬-q

z|�b��dWz��}oUqs`�z�qhq£`bxyo%�px°orqs�£x°�bvpqsx°u|w³t{z|w���d!z|�b�b�£uOÅpx±c¨z]q£dW�F�nm�z�q�´¦u�µ-��z��}z�c!d�q£d{��À³d{x°�bvb¥°¥°x°z|w³�pxyorqs�£x µ
��vpqsx°u|wM²�´�`bx°t}`�c!dWz|w�o¦qs`�z�q

P (S > x) ≈ exp

(

−
(

x

η

)β
)

.
.��23

´�`�d{�£d
η
z�w��

β
z��£d%q£`bd�o£t{z|¥±d�z�w��Fqs`bd�os¯|dW´ ��z��}z�c!d{qsd{�}oW²��£dWos�+dAt¶qsx°¼|dW¥±m2¹�f�wbd�d{c!�bx°�sxyt{z|¥±¥°m���w��boW²

�nm¸v�osx±w��6z�g�z]Åpx±c�vbc ©Mx°¯|d{¥°x°`bunun�EÄZo�q£x±c¨z�qsx°u|w��+z|osdW�¸u|wTz�gEz�qs¥yz��E�£u|vpq£x±w�d|²�qs`�z�q
η = 116

z�w��
β = 0.39

¹¦¬wEz|�b�bx q£x±u2wM²��nm6¢¤u|¥°¥±u]´�x°wb�!qs`�d�osz|c!d�c!d�qs`�un�Fz2o�x°wC/Ü�D1R¼7xyz¨t�u2c!�bvpqsx°wb�¨q£`bd�dWc!�bx±�£xyt{z�¥
os��dWt¶q£�£z|¥b�pd{w+orx±q�m�u�¢�qs`�d�o�q£unt}`+z|orqsxyt¾���supt�dAoso#�pdAost{�sx°�bx°wb�hqs`bd�wnvbc��+dW�;u�¢Áz|t�qsx°¼|d�d{¥°d{�b`+z�w7q£o;z|w���q£`bd{w
t{u|c!��z|�sx°wb��x±q%´�x q£`�q£`bd�qs`bdWu|�£d�q£x°tWz�¥;or��dWt�qs�}z�¥;�pdWw�orx±q�m|²Áx±q�t{z|w���dYt}`bdWt}¯2dW�¸q£`�z]q%d{¥°d{��`�z�w7q£o�z|�s�£x±¼2d
z2t{t{u|�}�px±w���q£uYz!~Ru2x°o£osu|w¸�b�£unt{dWo£o�´�x q£`¸�£z�qsd

λ
�bqs`�d�d{c!�bx°�sxyt{z|¥M¼]z�¥°vbd%u�¢Rqs`�d���z��}z�c!d{qsd{�

λ
x°o�d ¿ v�z�¥q£u0)7�p¹Ü�%dW¥±dW�b`�z�w7q�-]oW¹#_�`nv�oW²7qs`bd�wnvbc��+dW�¦u|¢
z|t�qsx°¼|dhd{¥°d{�b`+z�w7q£o�z]q�z�w�z��£�bx±qs�}z��£m�x°w�orq£z|w2q�xyo¾d ¿ v�z�¥�qsuq£`bd%wnvbc���d{��u|¢#t{v�orqsu|c!dW�£o¦x°w¸z|w

M/G/∞ ¿ vbd{vbd%´�x±qs`¸À³d{x°�bvb¥°¥±xyz�wFosd{�£¼nx°t{dUq£x±c!dWoW¹

ê
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P
(S

>
x
)

#�$"$"$%�& $"$% $"$"$'"& $"$' $"$"$(�& $"$( $"$"$& $"$$

(

$�) (

$�) $ (

ÂRx°�|vb�£d!� 
;Ä>c!�bx°�£x°tWz�¥M�pxyo�q£�sx°�bvpq£x±u2w¸u�¢�q£`bd��pvb�}z]q£x±u2w6u|¢RdW¥±dW�b`�z|w2q}o�z�w��6À³d{x°�bvb¥°¥�z��b���suOÅpx°c!z�qsx°u|wM¹

* + ��� 	%�R�¦	R��&¾��� �������-,¨����� 	  �������¸����� ����	
�

Àü`�d{w^o£z�c!�b¥°x±wb�½q£�£z�ªYtFu|wüz�wü¬~ �+z|t}¯n�+u2wbdF¥°x±wb¯:²�u2wbdF�bxyt}¯noYvb�^z/��z2t}¯|d�q�z|c!u|wb�/z�¥°¥�z2t¶q£x±¼2d
·+u]´�o{¹�¬-¢>q£`bd{mF´¦d{�£d�u2wb¥±mF�bz�q£z6d{¥°d{�b`+z�w7q£ohz�w���x ¢¦z�¥°¥
q£`bu2osd�dW¥±dW�b`�z|w2q}oU`+z|��osx°c�x°¥yz��h�bx q%�}z]q£d|²�qs`bd
���su2��z��bx°¥°x q�m�u�¢M�p�}zO´�x±wb�%z%�+z|t}¯|d{q>u�¢Mz���z|�rq£x°t{vb¥°z|�>d{¥°d{��`�z�w7q¾z�q>qsx°c!d

t
´¾u2vb¥°��q£`bd{w¨��d

1/nt
²2´�`�d{�£d

nt
x°o�qs`bd¨wnvbc��+dW��u�¢�dW¥±dW�b`�z�w7q}o�z|t�qsx°¼|d¨z]q%q£x±c!d

t
¹Fknx°w�t�d!q£`bdYwnvbc���d{��u�¢�d{¥°d{�b`�z|w7q£o%xyo�t{¥±u7ord�qsu

q£`bd¨wnvbc���d{�%u|¢¦t{v�o�q£u|c!d{�}o�x°w½z|w
M/G/∞ ¿ vbd{vbd!x°w½`bdWzO¼nm¸qs�}z]ªYt .»osx°w�t�d λE[S]

x°o%¥yz��£�|dD3¶²Áu2wbd
c¨zOmFz����b�suOÅpx°c¨z]qsd

1/nt
�nm

1/(λE[S])
¹%¬w³z|�b�px±qsx°u|w�²��nmFv�osx°wb��u2w�t�d�c!u|�£d�qs`�d�¢»z2t¶qhqs`�z�q

λE[S]xyo�¥yz��£�|d2²�dW¼|d{�£m7qs`bx°wb�Y`+z��b��d{w�ohz|oUx ¢>u2wbd�o£z�c!�b¥°dW�Fz|wEd{¥°d{��`�z�w7q�z2t{t�u2�£�bx±wb�!q£u6z¨~#u2x°o£oru2wF�b�£unt{dWo£o{²
o£zOm|²n´�x±qs`¸�}z]qsd

µ
¹

§��b�bx±wb��c!x°t{d¾�pundWo�wbu�q
¢¤vbw��bz|c!d{w7q£z|¥±¥°mht}`+z�wb�2d;qs`bd¦orx±qsv+z]qsx°u|w�¹�¬w%q£`�z]q#t{z|osd|²Wqs`�dZ�b�£u|��z|�bx°¥±x±q�m�u|¢
osd{dWx±w���z�w¨d{¥°d{��`�z�w7qZxyoZosc¨z�¥°¥±dW�Zorx°w�t{d�qs`bdW�sdUz|�sd�c!u2�sd�·+u]´�o{²���vpqZq£`bdU�b�£dWosd{w+t�d�u�¢Ác!xyt�dUz2t{t�dW¥±dW�£z�qsdAo
q£`bd�o£z�c!�b¥°x±wb�Yt{¥±upt}¯:¹Z_�`nv�oW²bu|w�dhc¨zOm6�sdAz|osu|w�z|�b¥±mYz2ososvbc!dWo¦q£`�z]q

1/N
osz|c!�b¥±x°wb�!xyo�d ¿ vbx°¼]z�¥°d{w7q�qsuz6~#u|xyososu|w½o£z�c!�b¥°x±wb��u�¢¦d{¥°d{�b`+z�w7q£oW²MxH¹ d2¹±²Áq£`bd!qsx°c!dWo���d�q�´¦d{dWw�q�´¦uForv�tWt�dAososx±¼2d�o£z�c!�b¥°dWo�u|¢¦z¸osz|c!d

dW¥±dW�b`�z|w2q�z|�sd!x°w��pd{��d{w+�pd{w7q�z|w��³d�Åp�+u2wbd{w7q£x°z|¥±¥°m��pxyo�q£�sx°�bvpq£dW�Á²
´�x q£` z�¥°z|�s�2d�c!dAz�w³¼Oz|¥±v�dY�pd{wbu|qsdA�
�nm

1/µ
¹

¬w«qs`�d¸¢¤u|¥°¥±u]´�x°wb��²¦z½osz|c���¥±dA�¡dW¥±dW�b`�z�w7qYxyo¨zT·�u]´%²¾´�`�x°t}`«x°o�ordWd{w«c�u2�sd�q£`�z�w«u|w�t{d¸�7m¡qs`bd
�+z|t}¯|d{q�o£z�c!�b¥°d{�A¹#ÀTd��bd{wbu|qsd��nm

F (x)
qs`bd%�b�£u|�+z��bx°¥±x±q�mY�pxyo�q£�sx°�bvpq£x±u2w�¢¤vbw�t¶q£x±u2w¸u�¢�q£`bd��pvb�}z]q£x±u2w

Su|¢Ád{¥°d{�b`�z|w7q£oW²|´�`bxyt}`¨x°o¾z|o£orv�c�dA��qsu���dUÀ³d{x°�bvb¥°¥°x°z|w¨´�x q£`�ostWz�¥°d���z��}z�c!d{qsd{�
η
z|w��¨or¯2d{´ ��z|�£z|c�d{qsdW�

β < 1
�]q£`bd�¢¤vbw�t�qsx°u|w

1−F (x)
xyo#�|x°¼|dWw��nm�Ä ¿ v�z�qsx°u|w .r�23¶¹#_�`bd�dWorqsx°c¨z]q£x±u2w�u|¢�qs`�d¦�+z��}z�c!d�q£d{�}o µ

²
βz|w��

η
xyoZ�pxyo£t�v�o£ordA��x°w�kndAt¶qsx°u|w!�+¹
¬wYz ���}orqZo�q£d{�M²2´¾d�t{u|c!�bvpq£d�oru2c�d����su2��z��bx°¥°x°orqsxyt�t}`�z��}z|t�qsd{�£xyo�q£x°tWo

u|¢bqs`�d�osmpo�q£d{c¸¹�¬w!z ���£orq;o�q£d{�M²�´¦d�t�u|w+orxy�pd{�
qs`�d��bx°orqs�£x±��vpqsx°u|w�u�¢bq£`bd�w7v�c���d{�#u�¢+qsx°c�dAo#z�w�dW¥±dW�b`�z|w2q
xyo�osd{d{w¸�nm¨q£`bd%��z|t}¯2d�q�osz|c!�b¥±dW�W¹
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�¾Ç � � � � %�� + � ��
 �	� �	
��4�"��
 ������� �,+ � � �"�������
ν
��� � 
������ ��� ����� �5+ � ��� 
 � ���:�����
	I�,+ �,��� '�1 ���

��� ��� �����,
 �� 
���������	

n ≥ 0, P(ν > n) =

∫ +∞

0

xn

n!
e−xe−( x

µη )
β

dx.
.H� 3

 � ����� 3U©�d�q
X
�pdWwbu�q£dUz�À³d{x°�bvb¥°¥+�}z�w��bu|c ¼]z|�sxyz��b¥°d�´�x±qs`Yo£t{z�¥°d���z|�£z|c�d{qsdW�

η
z|w��!or¯2d{´ ��z��}z�c!d{qsd{�

β < 1
²Mz|w��E¥°d�q N ��d!z�~#u|xyo£oru2wE�b�£unt{dWo£oU´�x±qs`³x°w2q£d{w�osx±q�m

µ
�Áqs`bd���u|x°w2q}ohu�¢Zq£`bd�~Ru2x°o£osu|wE�b�£upt�dAoso

z|�sd��pdWwbu�q£dW���nm
Tn

¢¤u2�
n ≥ 0

´�x±qs`
T0 ≤ 0 < T1 < T2 < . . .

º¦m6�bd
��wbx±qsx°u|w�²b´¾d�`�zO¼2d

P(ν > n) = P(N [0, X ] > n) =

∫

∞

0

P(Tn+1 ≤ x)F (dx)

kpx±w�t{d
Tn+1

`�z|o�z�w«Ä>�s¥yz�w���µ
n
�pxyo�q£�sx°�bvpq£x±u2w ´�x q£`«c!dAz�w

(n + 1)/µ
z|w��J¼Oz|�sxyz�w+t�d

(n + 1)/µ2 ²Ä ¿ v+z]qsx°u|w .C� 3��px°�sdAt¶qs¥°m¨¢¤u2¥±¥°u]´�o�¼nx°z!z�w�x°w2q£d{�2�£z�qsx°u|w��nm6��z��sqW¹
_�`bd¸z���u]¼|d¨¥°d{c!c¨z�z|¥±¥°u]´�o�v+o�q£uTt�u2c!�bvpqsd�qs`bd����}o�q!z�w��¡ordAt�u|w+�½c�u2c!d{w7q£o�u�¢�q£`bd6�}z�w+�pu|c

¼]z|�sxyz��b¥°d
ν
¹

� Ë � Ë � �»�p� È � %�� +�� ������� ��� ���,+ �,�D� �	
 ����'��:��� �,+ �,�$� ��� � � �D� �	
 �������
ν
���$�7 
��D�����
	

E(ν) = µE(S) = µηΓ(1 + 1/β),
. ) 3

Var(ν) = µ2Var(S) + µE(S),
.¤�B3

) +����:�
Var(S)


 � �9+�� �����	
 ��� '�� ��� �,+ �0���"�$� � 
 � �
S
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Var(S) = η2Γ

(

2

β
+ 1

)

− η2Γ

(

1

β
+ 1

)2

.
.C� 3

 � ����� 39+hx°¼|dWw¸qs`�z�q�t�u2w��px±qsx°u|w�z|¥±¥°mYq£u¨qs`�d�d{¼2d{w7q
S = x

²�q£`bd��}z�w��bu|c ¼]z|�sxyz��b¥°d
ν
xyo�~#u|xyososu|w¸´�x±qs`

c!dAz�w
µx
²b´¦d%`�zO¼|d

E[ν | S = x] = µx
z|w��

E[ν2 | S = x] = (µx)2 + µx.

º¦m��bdWt�u2w��px±qsx°u|wbx°wb�+²pÄ ¿ v�z]q£x±u2w�o . )�3�z�w��?.¤�B3¾¢¤u|¥°¥±u]´%¹
knx°w�t{d

β < 1
²2x q¾x°o;´¦u|�sqs`!wbu|qsx°wb��qs`+z]q

P(ν > n)
t{z|w!�+d�d{Åp��z�w��bdW��x±w¨��u]´¦d{�>osd{�£x±dAo;u�¢

1/(µη)βz2o

P(ν > n) =
1

n!

∞
∑

m=0

Γ(n + mβ + 1)

m!

( −1

(µη)β

)m

,
. H 3

´�`�x°t}`¸xyo�u|�bq£z�x°wbdA�6�nm�d�Åp��z|w��px°wb�
exp

(

−
(

x
µη

)β
) x±wF��u]´¦d{�Uosd{�£x±dAo�u�¢

x
z|w��¸�nm�v�osx±w��¨qs`bd�¢»z|t¶q

q£`�z]q!q£`bdEz���u]¼|d¸ordW�sx°dWo�xyoYz��+oru2¥±vpq£d{¥°m t�u2w7¼2d{�£�|x°wb��´�`�d{w
β < 1

¹ü_�`bx°o¨osd{�£x°dWo!t{z|wJ��dFv�osdW�¡¢¤u|�
wnvbc!dW�sxyt{z|¥±¥°m�dW¼Oz|¥±v+z]qsx°wb�%q£`bd ¿ v�z|w7qsx±q�m P(ν > n)

¹#Àü`bdWw
1/(µη)β x°o¾orc¨z�¥°¥H²|q£`bdUÀ³mnw�z�w��Ykp`�z�wb¯po

ê
ê�Ñ�Q ��R ì �
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ε
µz�¥°�|u2�sx±qs`bc c!x°�|`7q%�+d¨v+ordA��q£uFz|t{t{d{¥°d{�}z]q£d�q£`bdYt�u2wn¼|d{�£�|dWw�t�d�u�¢¾qs`bd�osd{�£x°dWo�.»osd{dE/°�A�n²Z� )D1;¢¤u2�%qs`bd

ε
µz�¥°�|u2�sx±qs`bc 3�¹
Â��su2cj©Md{c!c¨zT��²M´¦d�x°c�c!dA�px°z�qsdW¥±m��bdW�pv�t{d�q£`bd�¢¤u|¥°¥±u]´�x°wb���£dWosvb¥±q�¢¤u2�hqs`bd�wnvbc���d{��u�¢¾��z|t}¯2d�q£o

x°wEzYo£z�c!�b¥°dW�¸dW¥±dW�b`�z�w7q .»�sdAt{z|¥±¥°x±w��¨qs`�z�q�zYo£z�c!�b¥°dW�¸dW¥±dW�b`�z�w7qUxyohz!·�u]´ ordWd{wFc!u|�£d%qs`+z�wFu|w+t�d��nm
q£`bd%��z2t}¯|d�q�o£z�c!�b¥°d{�	3¶¹
� Ë � Ë � �»�p� È�� % � +�����
 �	� �	
��4�"��
 ��� ���,�9+��0���"� �:���

M
��� ��� '�1 ��� � 
��C� ��������� �:� ����� �5+ � ���<
 �7 
������

�
	

n ≥ 2, P(M = n) =
P(ν = n)

P(ν > 1)
.

. � 3

Ä ¿ v�z�qsx°u|w�o7. )�3>z|w��G.¤�B3ZtWz�wY��dUv+ordA�!qsu�t�u|c!�bvbqsd�q£`bdhc�dAz�w�z|w��!q£`bdU¼]z��£xyz�w�t{d�u�¢Áq£`bd��}z�w+�pu|c¼]z|�sxyz��b¥°d
M
¹RÀTd�wbu]´¡q£vb�£w!qsu%q£`bd�z|w�z�¥°mporxyo#u�¢:qs`�d�z|osmnc!�pqsu|qsxyt��b�su2�+dW�rq£x±dAo>u|¢Áo£z�c!�b¥°dW��dW¥±dW�b`�z�w7q}o{²

x°w¸��z��sqsxyt�v�¥°z|�¾q£`bd�z|osmnc!�pqsu|qsxyt���d{`+zO¼7x°u|��u|¢�qs`�d{x°�U�pvb�}z]q£x±u2w�z|w��Yq£`bd{x°��wnvbc��+dW��u�¢
�+z|t}¯|d{q£oW¹
� � Ë  ZË � � � �»Ë�� � % ! ���

D
� ��� ��� ���,+ �����"�$� � 
 � � �����7��� ��� �����,����� ��+ � ��� 3 � + ��� � �9+���'����������������4� � � 	

� � ����� ��
�� 
�� 	 � 
 �	� �	
��4�"� 
 � � ���"� '���
 ��� ��� �,+ �,�$��� � ��� �����	
 �������
D

 �� 
��D�����
	

P(D > x) =
1

P(ν > 1)

∫

∞

x

µ2(y − x)e−µ(y−x)e−(y/η)β

dy.
. @ 3

�;� �$��������� � ) +����
x
� �����D� � ��
����O��
�� 	 �

P(D > x) ∼ 1

P(ν > 1)
exp

(

−
(

x

η

)β
)

.
. ; 3

 � ����� 3U_�`�d!�bvb�£z�qsx°u|wTu�¢¦z�o£z�c!�b¥°dW�Td{¥°d{�b`�z|w7qhxyo�¥°z|�s�2d{��qs`�z|w
x
x±¢Zq£`bd¨�pvb�}z]q£x±u2w�u�¢¾qs`bd¨u2�sx°�|x°w�z|¥

dW¥±dW�b`�z|w2q�xyo
y > x

z�w+��x±¢
u2wbd���u|x°w7q�u�¢�q£`bd%osz|c!�b¥±x°wb���b�£unt{dWo£oZuptWt�vb�}o�z]q¦qsx°c�d
u ∈ (0, y − x)

z|w��
z�q�¥±dAz|orq�z|wbu�q£`bd{����u|x°w7q�¢»z�¥°¥°o�´�x±qs`�x±w�qs`�d�qsx°c�d%x°w7qsdW�s¼]z�¥

(u + x, y)
¹>_�`nv�oW²

P(D > x) =

1

P(ν > 1)

∫

∞

x

∫ y−x

0

µe−µu(1 − e−µ(y−x−u))duF (dy)

=
1

P(ν > 1)

∫

∞

x

(1 − e−µ(y−x) − µ(y − x)e−µ(y−x))F (dy)

z|w��6Ä ¿ v�z]q£x±u2w . @ 3¾¢¤u|¥°¥°u]´�o��7m�x±w7qsdW�|�}z]q£x±wb���nm���z|�rq}o{¹Àü`bdWw
x
x°o�¥yz��£�|d2²n´¾d�`�zO¼2dh�nmYÄ ¿ v+z]qsx°u|wC. @ 3�z�w��¸��u|c!x°w�z]q£dW�Fe¾u|wn¼|dW�s�2d{w�t{d�_�`bdWu|�£d{c

P(D > x) =
e−(x/η)β

P(ν > 1)

∫ +∞

0

µ2ze−µze
−( x

η )
β

h

(1+ z
x )

β
−1

i

dz

∼ 1

P(ν > 1)
e−(x/η)β

z|w��6Ä ¿ v�z]q£x±u2w . ; 3¾¢¤u|¥°¥°u]´�o{¹

ú¤ÍRêMúûÒ
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Â��su2c qs`bd¨z���u]¼|d��£dWosvb¥ qA²Á´¾d!t{z|w³�bdW�pv�t{d�¼nxyz6osx°c���¥±d!c¨z�wbx°�bvb¥yz]q£x±u2w�o�qs`bd!c!dWz|wT¼]z|¥±vbd�u�¢¾qs`bd
�bvb�£z�qsx°u|w�u�¢#osz|c���¥±dA��dW¥±dW�b`�z�w7q}o{¹
� Ë � Ë � �»�p� È�� %�� +�� �������I�D� �	��� ��� �,+ � ���"�$� � 
 � � ��� ��� ��� ����� ����� �5+������ � 
 �� 
��������
	

E(D) =
E(ν) − P(ν > 0) − P(ν > 1)

µP(ν > 1)
=

1

µ
E(M − 2),

.��A� 3

� ��� �9+�� ����'������ �:� ������� 
 �� 
��������
	

E
(

D2
)

=
1

µ2
E ((M − 2)(M − 3)) ,

.r�|�D3

) +����:�
M

 � �,+ � � �"������� ��� ��� '�1 ��� � 
�� ����������� �:� ����� ��+ � �����&'2� ��� ��
��4
��� ��� �����D�	�O� ) �7��� '�1 ��� ��� 3

 � ����� 3�À³d%`�zO¼2d

P(ν > 1)E(D) = P(ν > 1)

∫

∞

0

P(D > x)dx

=

∫

∞

0

(

1 − e−µy − µye−µy
)

e−(y/η)β

dy.

Ä ¿ v+z]qsx°u|w(.��A� 3�¢¤u|¥°¥°u]´�o��nmEv+orx°wb��qs`bd!d{Ån���sdAososx±u2w�u|¢ P(ν > n)
�|x°¼|d{wT�nmEÄ ¿ v�z]q£x±u2w#.H� 3�z�w���qs`bd¢»z2t¶q�qs`+z]q

E(ν) = µE(S)
¹

e¾u2w�t�dW�swbx°wb��qs`�d�ordAt�u|w+�Yc!u|c!d{w7qA²b´¾d�`�zO¼2d

E(D2) = 2

∫

∞

0

xP(D > x)dx

=
2

P(ν > 1)

∫

∞

0

(

y − 2

µ
+

(

2 + µy

µ

)

e−µy

)

e−(y/η)β

dy

=

(

µ2
E(S2) − 4µE(S) + 4P(ν > 0) + 2P(ν > 1)

)

µ2P(ν > 1)
.

º¦mYv+orx°wb�!Ä ¿ v�z]q£x±u2w�o . )�3�z�w�� .»� 3�²pÄ ¿ v+z]qsx°u|wC.r�|� 3¾¢¤u2¥±¥°u]´�o{¹
� � Ë  ZË � � � �»Ë�� � % ! ���

ν
� ������� � �,+ � ���"� �����(���7��
������ ����� ��� ����� ����� ��+ � ��� 
 �9������� �
	��9+�� ��� '�1 ���

��� ��� �����43 � + ��� � )O� +������

log P(ν > n) ∼ −
(

n

ηµ

)β .r�A� 3
���

n → ∞ 3
 � ����� 3U_
u¨dWorqsx°c¨z]q£d%qs`bd��+dW`�zO¼nx±u2��u�¢#qs`�d�x°w2q£d{�2�£z|¥Mz��b��dWz|�sx°wb�¨x°wFÄ ¿ v�z]q£x±u2w .C� 3�´�`bd{w n

xyo�¥yz��£�|d|²
´¦d�v�osd�©
z��b¥yz|t{d�c�d{qs`bup�?/°�{��1-¹;¬-¢

yn
xyo¦qs`bd%�£unu�q�u�¢

f ′

n(x) = 0
´�x±qs`

fn(x) = n log x − x − (x/µη)β − log n!,

ê
ê�Ñ�Q ��R ì �



�A� �9��� ���������"� ��d�q}z�¥H¹

q£`bd{wFt{¥±dAz��£¥±m
(yn)

t�u2w7¼2d{�£�|dAo>q£u¨x±w �+wbx q�m2²�osx±w�t{d

n = yn + β

(

yn

µη

)β

.
.r� ) 3

gFu2�sdWu]¼|dW�W²O�nm�k7q£x±�£¥±x°wb�h¢¤u|�£c�v�¥°z�²
n! ∼ nn+1/2

√
2πe−n ´�`bd{w n

xyo#¥yz��£�|d|¹
ÀTd¦q£`bd{�£d�¢¤u2�sd��pdA�pv�t�d
q£`�z]q

efn(yn) ∼
1√
2πn

exp

(

n log

(

1− n − yn

n

)

− (n − yn)
1 − β

β

)

∼ 1√
2πn

exp

(

−
(

n

ηµ

)β
)

z2o
n → ∞ ¹UÂRx±w+z�¥°¥±m2²+x±q�xyoUdAz|osx±¥°m¸t}`bdWt}¯2dW�6qs`�z�q

f ′′

n (yn) < 0
z|w��¸q£`�z]q √|f (2)(yn)| xyo�d ¿ vbx±¼]z|¥±dWw2qq£u

1/
√

n
¢¤u|��¥yz��£�|d

n
¹>§ �px°�sdAt¶q�z��b��¥±xyt{z�qsx°u|wYu|¢
©�z|�b¥°z2t�dhc!d�qs`�un�Yqs`bdWw6mnx°d{¥y�bo¦Ä ¿ v�z]q£x±u2wI.r�A� 3�¹

� � ����������	
�
	���� �}	�� ��&Z	������/�6�%	
�

¬w½q£`bxyo�osdWt�qsx°u|wM²R´¾d6t�u|w+orxy�pd{��qs`bdYqs�}z]ªYt!qs�}z|t{dYt{z|�pqsvb�£dW�½x°w 5Uu]¼|d{c��+dW�����2� )6¢¤�£u|c qs`bd�Âb�}z�w�t{d
_
d{¥°dWt{u|c ��z2t}¯7��u|w�d�¬~ w�d�q�´¦u|�£¯¸z2o��bdWo£t��£x±��dW�Fx°w³kpdWt¶q£x±u2w³�n¹%À³d�qs`bdWwT��d{�s¢¤u|�£c u|wFq£`bx°o�q£�£z2t�d�z
�bd�qsdW�sc!x°wbxyo�q£x°t

1/N
��z|t}¯2d�q�o£z�c!�b¥°x±w���´�x±qs`

N
ord{qhd ¿ v�z�¥
qsuT�W�|��¹hÂRx°�£orqW²:´¦d�t{u|c!��z|�sd%q£`bd��+u]´¦d{�os��dWt¶q£�£z�u|¢Rq£`bd%u|�£x°�|x°w�z�¥Mz|w��¸osz|c���¥±dA�6��x qU�}z]q£d%�b�£unt{dWo£ordAo{²p´�`�x°t}`Fz��£d%�pxyor�b¥yzOm|dA��x°wEÂRx±�2vb�£d��n¹¾º¦m

t{u|wn¼|dWw7qsx°u|wM²:zY�bx±q��£z�qsd����supt�dAosoUx°o�d{¼]z|¥±v�z�qsdA�E�nmFt�u|c!�bvbqsx°wb�Yq£`bd�wnvbc��+dW�£o�u�¢¾�bx q}ohx±w�osv�tWt�dWo£osx±¼2d
q£x±c!d�x±w7qsdW�s¼]z|¥°oUu�¢>¥°d{wb�|qs`

∆
z�w+�¸�7mF�px°¼nx±w��¨qs`bdAord�wnvbc���d{�}o��nm

∆
�+q£`bd���u]´¦d{��os��dWt¶q£�sv�c�xyo�q£`bd{w

q£`bdUos�+dAt¶q£�£z|¥+�pdWw�orx±q�m�u|¢Áqs`bd�t�u|�£�£dWos�+u2w��px°wb�hqsx°c�d�ordW�sx°dWoW¹
¬w!q£`bd���z]q£z��£d{��u|�sqsdA�!x±w!q£`bxyo>��z|�+dW�W²2qs`bd
�+z��}z�c!d�q£d{�

∆
`�z2o��+dWd{wFosd�q�d ¿ v�z|¥:qsuF�W�2��c!x°¥±¥°xyordAt�u|w+�bo{¹À³d%u|��osd{�£¼|d�¢¤�£u|c ÂRx°�|vb�£d���qs`�z�q�qs`bd%��u]´¾dW��or��dWt�qs�£vbc u|¢�q£`bd�o£z�c!�b¥°dW�6�bx q��}z]q£d�`�z|o�z�¥yz��£�|dW�

w�u|xyord�t�u2c!�+u2wbd{w7qZz�w+��¥°dWo£o;��u]´¾dW�#x±w¨¥°u]´ ¢¤�£d ¿ vbdWw�t�x°dWo;´�`�d{w¨t�u2c��+z��£dW��´�x q£`!qs`bd���u]´¾dW�>or��dWt�qs�£vbcu|¢�qs`bdEu2�sx°�|x°w�z|¥��b�supt{dWo£o{¹ _�`bdWosdEu|�+ordW�s¼]z]q£x±u2w�o¨z��£d¸x±wü¥°x°wbd�´�x±qs` q£`bdFqs`�d{u|�£mJ�bd{¼|dW¥±u2�+dA�«x±w /Ü�D1
z|w��?/±�O�21-¹¾¬w¸��z|�rq£x°t{vb¥°z|�W²�x qUosd{dWc!o�¼|d{�£m6�bx ªYt�v�¥ q�q£u¨d�Ånqs�}z|t�q�v�osd�¢¤vb¥
x±wp¢¤u2�sc¨z�qsx°u|w6¢¤�su2c qs`�d��+u]´¦d{�
os��dWt¶q£�sv�c u|¢�qs`�d�o£z�c!�b¥°dW�/��x q!�£z�qsd6�7m½c!dWz|w�o�u�¢U�px°�|x±q£z|¥¦osx±�2w�z�¥°x°wb���b�£upt�dAososx±w��E�b�£unt{dW�pv��sdAo{²#x°w
�+z��sqsxyt�vb¥yz��h�+dAt{z|v�ord!u|¢Zqs`�d�`nvb�2d!wbu|xyord!t�u2c!�+u2wbd{w7q�z�w���qs`�d�¥°u]´ osx°�|w�z|¥
q£u6w�u|xyord!�}z]qsx°u�¹�_�`bxyo�x°o
´�`nm�´¾d��+dW�r¢¤u2�sc�x±wEqs`bd%¢¤u2¥±¥°u]´�x°wb��z¨�b�£u|�+z��bx°¥±xyorqsxyt%z�w�z|¥±mposx°o��+z|osdW�¸u|w¸q£`bd�¢¤u2�sc�vb¥yz|o�dAo�q}z��b¥°x°os`bdA�
x°w�qs`bd%���sdW¼7x°u|v+o¦osdWt�qsx°u|wM¹

¬w½q£`bdY�£d{c¨z�x°w��pdW�%u�¢�qs`bxyo�osdWt�qsx°u|wM²
u|wb¥°mEq£�£z�ªYt¨�pvbd¨q£uE�bz]q}z¸d{¥°d{�b`�z|w7q£o%xyo�t{u|w�osx°�bd{�£dW�³orx°w�t�d
q£`bd{mFu L�dW�%z���u|vpq ;2��= u�¢>q£�£z�ª¨t|¹�¬w³u|�}�pd{��qsu¸�pxyo�q£x±wb�2vbxyor`T�+d{q�´¾dWd{wT��z]q£z�z�w+�T§Ue JÃdW¥±dW�b`�z�w7q}o{²
´¦dUv+ord�qs`bdh¢¤u2¥±¥°u]´�x±w���osx±c!�b¥°dht{�sx±qsdW�sx°u|w 

¬-¢
z .¤u2�sx°�|x°w�z|¥�u|��o£z�c!�b¥°dW��3Zd{¥°d{�b`+z�w7q¦`+z|o�z�c!dWz|w���z2t}¯|d{q
osx A{d�¥±dAoso¾q£`�z�w @|���nm7qsdWoW²7qs`bxyo�dW¥±dW�b`�z�w7q�xyo�t�u|w+orxy�pd{�£dW�6z|o�z�w¸§Ue J�dW¥±dW�b`�z|w2q�z|w���xyo�osvb��osd ¿ vbd{w7q£¥±mw�u�q�q£z|¯|d{w³x°w2q£uEz|tWt�u|v�w2q�x°wTq£`bdYz�w+z�¥°mnosxyo{¹!_�`bxyo�t��£x q£d{�£x±u2w�xyo�z����b¥±x°dW��qsu¸q£`bd¨u|�£x°�|x°w�z�¥#z|o�´¦d{¥°¥Zz|o
o£z�c!�b¥°dW��q£�£z2t�dUz|w��¨z�¥°¥°u]´�o>v�o>qsu�t{u|w�t{d{w7qs�}z]q£d�u|w¨q£`bd���z]q£z�²|´�`bxyt}`�z|�sd�d{Åp�+dAt¶qsdA�!qsu��+d��|d{w�d{�}z]qsdA�

ú¤ÍRêMúûÒ
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ÂRx±�2vb�sd��5
;kp�+dAt¶qs�}z�¥
�pd{w�osx±qsx°dWo�u�¢Rqs`�d%u|�£x±�2x±w�z|¥Áz�w���osz|c!�b¥±dA����x q��}z]q£dh���supt�dAososdWoW¹

�nmY�bz�q£z�d{¥°d{�b`+z�w7q£oW¹Rº¦mYt{u|c!��z��£x°wb��q£`bd�u|�£x±�2x±w�z|¥+z|w��Yq£`bd�osz|c���¥±dA�¨qs�}z|t{dWoW²n´¾dhu|��osd{�£¼|d�qs`�z�q�� � =
u|¢Mqs`�dhu2�sx°�|x°w�z|¥+�bz�q£z�d{¥°d{�b`�z|w7q£o�z��£dUx°w��pdWdW��t{u|w�osxy�pd{�£dW�6z|o¦�bz]q}z�dW¥±dW�b`�z�w7q}o¾x°wYq£`bd%osz|c!�b¥±dA�¨q£�£z2t�d|¹
_�`�d�qs`b�£dWos`bu2¥°��u�¢ @2���7m7q£dWo;xyoZz|�s�bx±qs�}z��£m%�bvpq�z|o>os`bu]´�w!x°wE/ ��1H²2x q¦¥±dAz|�bo#q£u�o£z]qsxyor¢¤m7x°wb�%d{Ån��d{�£x°c�dWw7q£z�¥
�£dWosvb¥±q£oW¹

Â��su2c wbu]´«u|wM²2´¾d�t{u|w�osxy�pd{�;u2wb¥±m�osz|c!�b¥±dA�¨�bz]q}zb²�´�`�x°t}`¨��z2orxyt{z|¥±¥°m�t{u|�£�sdAor��u|w���qsu�q£`bd�u2��ordW�s¼]z�µ
q£x±u2w�o
´�`bd{w05�d�q}ÂR¥±u]´/xyo��£vbw�x±w�z��£u|vpq£d{�A²Az|w���´¦d¾z|w�z�¥°mBA{dZo£z�c!�b¥°dW����z]q£zUd{¥°d{�b`+z�w7q£o
�nm�t{u|w�osxy�pd{�£x±w��
·+u]´�o;´�x q£`¨c!u|�£d�qs`�z|w¨u|wbd��+z|t}¯|d{qZz�w��¨z�c�dAz�w!��z2t}¯|d�qZosx A{d�¥yz��£�|dW�#qs`�z|w @|���nm7qsdWoW¹;_�`bdUo£z�c!�b¥°x±w��
�}z]q£d

µ
xyo�dWorqsx°c!z�qsdA���nmYv�osx°wb��qs`bd�c!dWz|w6¼]z�¥°vbdAo�u�¢�q£`bd%wnvbc���d{�

M
u�¢R��z|t}¯2d�q£o�z|w��Yq£`bd��pvb�}z]q£x±u2w

D
u|¢�zEosz|c!�b¥±dA�½�bz]q}zFd{¥°d{�b`+z�w7qW¹¸Ä;Åp��d{�£x±c!d{w7q}z�¥Z�£dWosvb¥±q£o��|x°¼|d

E[M ] = 12.10
z�w��

E[D] = 673osdWt{u|w���o{²O¥°dWz|�bx±wb��qsu�z�¼]z|¥±vbd¾¢¤u|�Rq£`bd¾�+z��}z�c!d�q£d{�
µ
d ¿ v�z|¥|q£u 0.018 packet/s

¹P5�u�q£dZq£`�z]qRqs`�x°oR¼]z�¥°vbdWo
¥°dWz2�bo�q£u�z!q£`bd{u2�sd{qsxyt{z�¥
�£z�qsx°u¨u�¢Zo£z�c!�b¥°dW�F�bz�q£z!q£u�u2�sx°�|x°w�z�¥�d{¥°d{�b`�z|w7q£oW²�w�z|c�dW¥±m

P(ν > 1)
�pd
�+wbdW�

�nm!d ¿ v�z�qsx°u|w .H� 3�²pd ¿ v�z�¥+qsu!�]�+¹ )B=Y²7wnvbc!d{�£x°tWz�¥°¥±m!dAo�q£x±c¨z]q£dW���7m!v�osx°wb��q£`bd�ordW�sx°dWo9. H 3�¹>_�`bxyoZ�}z]q£x±u�x°o�£dWz2oru2w�z���¥±mYt{¥±u7ord�q£u¨qs`bd�d{c!�bx°�sxyt{z|¥�¼]z�¥°vbd%u�¢;� � = t{u|c!�bvpq£dW�¸�nm¸t�u|w+orxy�pd{�£x°wb�!�+u|qs`�o£z�c!�b¥°dW�¸z�w+�
u2�sx°�|x°w�z|¥+q£�£z�ªYtUq£�£z2t�dAo{¹

º¦m�v+orx°wb��qs`bd�z2ormnc!�pq£u�qsxythdWorqsx°c¨z]qsd�.r�A� 3{²p´¾d%`+zO¼|d�¢¤u|��¥yz��£�|d
n

log (− log P(ν > n)) / log(n) ∼ β − β log(µη)/ log(n).
_�`�d�t{vb�£¼|d

n → log (− log P(ν > n)) / log(n)
xyo��pxyor�b¥yzOm|dA�Yx°w�ÂRx°�|vb�£d )p¹>º¦mYv+orx°wb�¨z�¢¤v�w�t¶q£x±u2w�u|¢

q£`bd>¢¤u2�sc
f(x) = a+b/ logx

z�w+��z �bq;z�¥°�|u2�sx±qs`bc¸²]osv�t}`�qs`bd¦u|w�dZu L:d{�£dW���nmhqs`�d +hwnvb�b¥°u�q;oru|¢ûq�´¦z|�sd2²
´¦d�t{z|w!d{c!�bx°�sxyt{z|¥±¥°m�dWorqsx°c¨z]q£d�qs`bd�¼]z|¥±vbdAo;u�¢

a
z|w��

b
¹RÂ�u|�>¥yz��£�|d�¼]z�¥°vbdAo;u�¢

n
²2o£zOm|²��}z�w��|x°wb�h¢¤�su2c ;2�

q£u¸�A����²n´¾d ��w��
a = 0.390718

z|w��
b = −0.282681

¹�_�`bxyo�m7x°d{¥y�bo�z��|unup�6dWorqsx°c!z�qsd
β̂ = 0.390718¢¤u2��q£`bd�¼]z|¥±vbd�u�¢;q£`bd���z|�£z|c!d�qsdW�

β
¹�Âbu2�

η
²:´¾d�`�zO¼|d%q£`bd�dWorqsx°c!z�qsd

η̂ = exp(−b/a)/µ = 114.66
²

´�`�x°t}`�x°oUt�¥°u2osdUq£u!qs`bd�z2t¶qsv+z�¥Á¼]z�¥°vbd�u�¢Rqs`bd%�+z��}z�c!d�q£d{�
η = 116

¹
_
uEdWorqsx°c¨z]q£d!qs`bdY¼]z|¥±vbd�u�¢

P(ν > 1)
²#´¾d¨v+ord!q£`bd��pvb�}z]q£x±u2w½u�¢�qs`bd6osz|c���¥±dA�³��z]q£z�¹6¬w+�pd{dA�Á²

¢¤�£u|c z��b�b�£uOÅpx±c¨z�qsx°u|wI. ; 3{²p´¾d%`�zO¼2dU¢¤u2��¥°z|�s�2d
x

P(D > x)

exp(−(x/η)β)
∼ 1

P(ν > 1)
.
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f(x) = a + b/ log(x)

P(M > n)

n

( #�$(�' $( $"$� $� $#�$' $$

(

$�) (

$�) $ (

$�) $"$ (

ÂRx°�|vb�£d�)5
�©�u|�7z��£x q£`bc!x°t��b¥°u�q�u|¢¾q£`bd¨wnvbc���d{��u|¢¦�+z|t}¯|d{q£o�x°w z¸osz|c���¥±dA�³��z]q£z¸dW¥±dW�b`�z|w2q�z|w��½z��pµ
���suOÅpx°c!z�qsx°u|w6�7m6z�¢¤v�w�t¶q£x±u2w�u|¢
q£`bd�¢¤u|�£c

f(x) = a + b/ log(x)
¹

º¦mYv+orx°wb��qs`bd%dAo�q£x±c¨z�qsdWo
β̂
z|w��

η̂
¢¤u|��q£`bd%¼]z�¥°vbdWo�u|¢�q£`bd%��z��}z�c!d{qsd{�}o

β
z�w��

η
²�ÂRx±�2vb�£d��!�bx°os�b¥yzOmno

q£`bdY�}z]q£x±u .r�{� 3�z�w��/t{¥±dAz��£¥±m³or`bu]´�o%qs`�z�q�qs`bdY¢¤vbw�t¶q£x±u2w
x → P(D > x)/exp(−(x/η̂)β̂)

q£d{w���o%qsu
q£`bd�¼]z|¥±vbd��p¹ ��²R´�`bx°t}`¡m7x°d{¥y�bo�z�w/dWorqsx°c¨z]q£d�d ¿ v�z|¥>q£uE����= ¢¤u2��qs`�d�¼]z�¥°vbdYu|¢

P(ν > 1)
²;´�`�x°t}`/xyo

�£dWz2oru2w�z���¥±m¸t�¥°u2osd�q£u�q£`bd�z2t¶q£v�z�¥R¼]z�¥°vbd�d ¿ v�z�¥
qsu��0� =Y¹�º¦m¸v�osx±w���q£`bd�¼]z|¥±vbdAohu�¢ η̂
z�w+�

β̂
z|o�´¾dW¥±¥

z2o�qs`�d�¼]z�¥°vbd�u�¢
µ
²�zY�px°�sdAt¶q�dWorqsx°c¨z]q£x±u2wFu�¢#qs`bd�ordW�sx°dWo . H 3�mnx°d{¥y�boUz!¼]z|¥±vbd�u�¢Z� )�¹ �"= ¢¤u|�

P(ν > 1)
²

´�`�x°t}`�x°oUz��2z|x±w6�sdAz|osu|w�z|�b¥°m!t{¥±u7ordhq£u!qs`bd%dWc���x±�£x°tWz�¥:�}z]qsx°u!d ¿ v�z|¥:qsu!����=Y¹

P(D > x)/g(x)

x

'"& $�$' $"$"$(�& $�$( $�$"$& $"$$
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' ) #
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'
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( ) #
( ) '
(
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ÂRx°�|vb�£d�� 
¸e¾u2c���¥±dWc�dWw7q£z��£m½�b�£u|��z|�bx±¥°x±q�m½�bx°orqs�£x±��vpqsx°u|w¡¢¤vbw�t¶q£x±u2wJu|¢�qs`�d¸�bvb�£z�qsx°u|w u|¢�z³osz|c���¥±dA�
��z]q£z�dW¥±dW�b`�z�w7q��£dWo£t{z�¥°dW���nmYqs`�d�z��b�b�£uOÅpx±c¨z�qsx°wb��¢¤vbw+t¶qsx°u|w

g(x) = exp(−(x/η̂)β̂)
¹

_
u�dAo�q£x±c¨z]q£d�q£`bdhz|�s�£x°¼Oz|¥b�}z]qsd
λ
u|¢Md{¥°d{�b`+z�w7q£oW²2´¦dUv+ordUqs`bdU¢»z|t¶q¦qs`+z]qZq£`bdhw7v�c���d{�Zu|¢Md{¥°d{�b`+z�w7q£o

xyo�¥°z|�s�2d�z�w���or¥°u]´�¥±m6·�v�t�qsv�z�qsx°wb���Á�£dWtWz�¥°¥Mq£`�z]qhqs`bd�wnvbc���d{�hu�¢Zz2t¶q£x±¼2d�d{¥°d{��`�z�w7q£oUx°o�z|�b�b�£uOÅnx°c¨z]q£dW�
�nmTqs`bd�w7v�c���d{��u|¢�t�v�orqsu2c�dW�£o�x±w¡z|w

M/G/∞ ¿ vbdWvbdY´�x±qs` À³d{x°�bvb¥°¥°x°z|w¡ordW�s¼nxyt�d!q£x±c!dWoW¹ ��dWw�t�d2²
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q£`bd��b�£u|��z|�bx±¥°x±q�m�u|¢
�bxyt}¯nx±w���vb�¸z�w6d{¥°d{�b`+z�w7q¦xyo�t�¥°u2osd�qsu
1/(λE[S])

¹;¬-¢
τ
�pd{wbu|qsdAo¦qs`bd�c!dWz|w�¼]z�¥°vbd

u|¢�q£`bd�qsx°c!d%�+d{q�´¾dWd{w�q�´¾u���z2t}¯|d�q}o�u�¢#osz|c���¥±dA�6�bz�q£z�d{¥°d{��`�z�w7q£oW²nqs`�d{w�qs`bd�o£z�c!�b¥°x°wb�!�£z�qsd
µ
u|¢Rz|w

u2�sx°�|x°w�z|¥�dW¥±dW�b`�z|w2q�xyo
1/(τλE[S])

¹>_�`bdW�sd{¢¤u|�£d|²p´¦d�`�zO¼|d

λ =
1

µτηΓ(1 + 1/β)
.

Ä>Ån��d{�£x°c�dWw7q£z�¥>��z]q£z6mnx±dW¥°��o
τ = 0.0041

osdWt{u|w���o{¹�_�`bd{�£d�¢¤u2�sd2²��nmEv+orx°wb�6qs`bd!dWorqsx°c¨z]q£dWo
η̂
z�w+�

β̂
²

q£`bd¨z��£�sx°¼]z�¥
�£z�qsd
λ
t{z�wT�+d!dAo�q£x±c¨z]q£dW���7m

λ̂ = 33.29
d{¥°d{�b`�z|w7q£o	-]oW²�´�`�x°t}`³x°o�t{¥±u7ord�qsu�qs`bd¨z2t¶qsv+z�¥

¼]z|¥±vbd�d ¿ v+z�¥:qsu )7�p¹Ü��dW¥±dW�b`�z|w2q}o�-�o{¹

� � 	���&¾�
����� 	��

À³dY`�zO¼2dYor`�u]´�w³x°w/q£`bx°o���z���d{��qs`�z�q�´�x±qs` z�w zE�b�sx°u|�£x>¯nwbu]´�¥°dW�p�2d!u�¢�qs`bd�¢¤u|�£c u|¢¦q£�£z�ªYt�²#x q�x°o
��u2o£osx±�b¥°d�qsu¸x±wb¢¤d{�%´�x±qs`/z��£dWz2oru2w�z���¥±d�z|t{t{vb�}z|t�m�q£`bd¨t}`�z��}z|t�qsd{�£xyo�q£x°tWoUu|¢¾u|�£x°�|x°w�z�¥
·�u]´�o�¢¤�su2c

1/No£z�c!�b¥°dW���bz]q}zb¹#_�`bd�c!d{qs`bup�Y���sdAordWw2q£dW�!x°wYq£`bx°o¦��z|�+dW�¾���su]¼2dWo;d{ª¨t{x±dWw7qZ¢¤u|��_Ue¾~ ·+u]´�o¾t{u|c!�+u7ordA�
u|¢bc!u|�£d>qs`+z�w��|����z|t}¯2d�q}o{¹R_�`bdWosd>·�u]´�o
t�u2w2q£�sx°�bvpq£d ;7� =üqsu�qs`bd¾�|¥°u|��z|¥2_Ue¾~���x q#�£z�qsd¦z�w���zU�b�£dWt�xyosd
¯nwbu]´�¥°dW�b�|dhu�¢Rqs`bdWx±�Ut}`+z��}z|t¶q£d{�£x°orqsxyt{o¦xyo�wbdAt�dWo£o£z��£m!¢¤u|��t}`�z|�s�2x±wb��xyososvbdWoW¹¾knv+t}`¸z!c!d{qs`bup��x°oUz�¥°¥Áqs`bd
c!u2�sd!wbdWdW�pdA��q£`�z]q

1/N
osz|c!�b¥±x°wb�Fxyo%��d{�s¢¤u|�£c�dA�³�7mI5�d�q}ÂR¥±u]´®´�x°�bd{¥°m³�pdW�b¥°u]m|dW�Tx°w½t{u|c!c!d{�}t�xyz�¥

w�d�q�´¦u|�£¯noW¹
_�`bd!wbd{Ånq%orqsdW�Txyohqsu���w��TdWorqsx°c¨z]q£u|�}oU¢¤u2�%orc¨z�¥°¥#·�u]´�oW²Áx±w³��z|�rq£x°t{vb¥°z|�Uq£`bd¨�pd�q£dWt�qsx°u|w½z�w���qs`bd

t}`+z��}z|t¶q£d{�£x°orqsxyt{o¾x°w�q£d{�£c!o�u|¢
¬~üz|���p�sdAososdWo¾u�¢#c!x°t{d%t�u|c!��u2osdW��u�¢#u|wbdhu|��q�´¦u��+z|t}¯|d{q£oW¹>knv�t}`�c�xyt�d
q�mn�bxyt{z|¥±¥°m�z|�sxyord�x°wTq£`bd¨t{z2ord!u�¢���x°orqs�£x±��vpqsdA�³��d{w�x°z|¥;u�¢�knd{�£¼nx°t{d�z�qrq£z2t}¯po{¹¨_�`bd¨�pd{qsdWt�qsx°u|w½u�¢�orv+t}`
c!xyt�d!xyohqs`bdWw³z¸t��£v�t{x°z|¥Rxyo£orvbd�¢¤u|��osdWt{vb�£x q�m¸�bvb�£��u2osdW�Á¹!_�`bxyo��+u2x±w7q%´�x±¥°¥;��d!z2�b�p�£dWo£ordA�Ex°w�¢¤v��rq£`bd{�
orqsv+�px±dAo{¹
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