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3−station playthrough ring

c=.6; E[M]=5000; max. num. of packets: 106

.: Exponential interarrivals and geometric
message lengths

*: Weibull interarrivals and geometric
message lengths
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3−station playthrough ring

c=.6; E[M]=1000; max. num. of packets: 106

.: Exponential interarrivals and geometric
message lengths

*: Weibull interarrivals and geometric
message lengths

)+��oW[T��� ��i ��#*9C�w�"!Ckl�������"oW�/s������ ��!To�� ��kl� 
��#� �$}\�Qi*� �g�Q���QdC���Z�"d"��
������<�h�W�
L��Q��f1[T���$��!Z� �Q���"������}��"�r� ��kn�Q�zs���� RCPS�"���"kn��� ��� � � b�� cq�"!TdC�|��Pr�W!T�Q!Z���]�"�<��!O���Q���"������}��"�
� ��kl���Qi � � �q��� ��� ���W!$^�����knPT���|�X@32<�+E/��%B�
-/F�HG%p����!1oT^T[T!T�t�h�W��k �"!TdX��`\knkl�|� ����_
� ����vn_�� F��\�!�|^m��!TdXoW�Q�Wkn��������_w�"����`ndT���7� ����fT[1���QdXkn�Q�����"oW�G����!To"��RT�
s���� RXkn�w�"!

������$� � bWb"b�_�RS�"� ��_�� ������i

)+��oW[T��� ��i � ��RT�~s���� RT�G����k�[T����� ��d:�w}"�Q� ��oW�/s�������!To�����kn���W!:�"!"��� ��5y�7���������W!

����!ToT^1s��t� R � bWb"b�_�RS�"� ��_�� �����	kl�Q�"!Xkl�������"oW�G����!To"� R1�Qi3�
RT�I�w}W�Q���"oW�Gs������ ��!To�� ��kl�B�h�W�

@32<�+E/��%'��-GF'HI%p[T!1dT�Q��L ����fT[1���xkn�Q��� �"o"�I��!Z� �Q���"������}��"�r� ��kn�Q����!Td:o"�Q�Wkn��������_Q�"���t`

dT����� ����fT[�� �QdXkn�Q��� �"oW�G���Q!To"��RT�����
RT��oWRT����� RS�"!e��RT�I�~}"�Q���"oW�Gs��"�t� ��!To�� ��kl��[1!TdT�Q�

�|��Pr�W!T��!O���]�"�<kn�Q��� �"o"�I��!Z� �Q���"������}��"�r� ��kn�Q����!TdXoW�Q�Wkn��������_w�"����`ndT���7� ����fT[1���QdXkn�Q�����"oW�

����!To"��RT�Qi*�1��� [T����� ���W!X��!Xfg��� RX_w�"���Q�	���
���w�"_�RT��dm�"P1PT���w����kl��� ����`�������
��#��� � � � a �"b1i

� �



0 0.5 1 1.5
−1

0

1

2

3

4

5

6

7

8

9
Simulations of Mean Waiting Time vs Offered Load

Load lambdaE[M]

E
[W

] i
n 

(lo
g1

0 
sc

al
e)

3−station playthrough ring

c=.6; E[M]=100; max. num. of packets: 106

.: Exponential interarrivals and geometric
message lengths

*: Weibull interarrivals and geometric
message lengths
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10−station playthrough ring

c=.6; E[M]=5000; max. num. of packets: 106

.: Exponential interarrivals and geometric
message lengths

*: Weibull interarrivals and geometric
message lengths
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10−station playthrough ring

* simulated result for Weibull interarr. and geom. msg. length

c=.6; E[M]=1000

. simulated result for exp. interarr. and geom. msg. length

E[M]=1000
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10−station playthrough ring

c=.6; E[M]=100; max. num. of packets: 106

.: Exponential interarrivals and geometric
message lengths

*: Weibull interarrivals and geometric
message lengths
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20−station playthrough ring

c=.6; E[M]=5000; max. num. of packets: 106

.: Exponential interarrivals and geometric
message lengths

*: Weibull interarrivals and geometric
message lengths
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20−station playthrough ring

c=.6; E[M]=1000; max. num. of packets: 106

.: Exponential interarrivals and geometric
message lengths

*: Weibull interarrivals and geometric
message lengths
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20−station playthrough ring

c=.6; E[M]=100; max. num. of packets: 106

.: Exponential interarrivals and geometric
message lengths

*: Weibull interarrivals and geometric
message lengths
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30−station playthrough ring

c=.6; E[M]=10000; max. num. of packets: 106

.: Exponential interarrivals and geometric
message lengths

*: Weibull interarrivals and geometric
message lengths
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30−station playthrough ring

c=.6; E[M]=5000; max. num. of packets: 106

.: Exponential interarrivals and geometric
message lengths

*: Weibull interarrivals and geometric
message lengths
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30−station playthrough ring

c=.6; E[M]=1000; max. num. of packets: 106

.: Exponential interarrivals and geometric
message lengths

*: Weibull interarrivals and geometric
message lengths
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50−station playthrough ring

c=.6; E[M]=10000; max. num. of packets: 106

.: Exponential interarrivals and geometric
message lengths

*: Weibull interarrivals and geometric
message lengths
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50−station playthrough ring

c=.6; E[M]=5000; max. num. of packets: 106

.: Exponential interarrivals and geometric
message lengths

*: Weibull interarrivals and geometric
message lengths
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50−station playthrough ring

c=.6; E[M]=1000; max. num. of packets: 106

.: Exponential interarrivals and geometric
message lengths

*: Weibull interarrivals and geometric
message lengths
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3−station playthrough ring

c=.4; E[M]=5000; max. num. of packets: 106

.: Exponential interarrivals and geometric
message lengths

*: Weibull interarrivals and geometric
message lengths
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3−station playthrough ring

c=.4; E[M]=1000; max. num. of packets: 106

.: Exponential interarrivals and geometric
message lengths

*: Weibull interarrivals and geometric
message lengths
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3−station playthrough ring

c=.4; E[M]=100; max. num. of packets: 106

.: Exponential interarrivals and geometric
message lengths

*: Weibull interarrivals and geometric
message lengths
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10−station playthrough ring

c=.4; E[M]=5000; max. num. of packets: 106

.: Exponential interarrivals and geometric
message lengths

*: Weibull interarrivals and geometric
message lengths
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10−station playthrough ring

c=.4; E[M]=1000; max. num. of packets: 106

.: Exponential interarrivals and geometric
message lengths

*: Weibull interarrivals and geometric
message lengths
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20−station playthrough ring

c=.4; E[M]=5000; max. num. of packets: 106

.: Exponential interarrivals and geometric
message lengths

*: Weibull interarrivals and geometric
message lengths

)+��oW[T��� ��i a��1#39:�w��!.kn�Q�����"oW�/s��"������!To�����kn� 
��#� �$}\��i*� �x�����QdC���W�"d � 
������6�h�W�
L��Q��f1[T���$��!Z� �Q���"������}��"�r� ��kn�Q�zs���� RCPS�"���"kn��� ��� � � b����n�"!TdC�|��Pr�W!T�Q!Z���]�"�<��!O���Q���"������}��"�
� ��kl���Qi � � a�bq�7���������W!x^T����klPT���|�e@*2<�+E���%'�
-/F�HG%p����!ToT^T[T!1���h�W��k �"!1d:�7`�knkn��� ����_
� ����vn_�� F��\�!�|^m��!TdXoW�Q�Wkn��������_w�"����`ndT���7� ����fT[1���QdXkn�Q�����"oW�G����!To"��RT�
s���� RXkn�w�"!

������$� �"bWb"b�_�RS�"� ��_�� ������i

)+��oW[T��� ��i a�����RT�~s��B��RT�G����kV[T�]�����QdX�w}W��� �"o"�Gs�������!To�� ��kl�/�"!:��!�� � a�b�5y�7���������W!

����!ToT^1s��t� R �"bWb"b�_�RS�"� ��_�� �����	kl�Q�"!Xkl�������"oW�G����!To"� R1�Qi3�
RT�I�w}W�Q���"oW�Gs������ ��!To�� ��kl�B�h�W�

@32<�+E/��%'��-GF'HI%p[T!1dT�Q��L ����fT[1���xkn�Q��� �"o"�I��!Z� �Q���"������}��"�r� ��kn�Q����!Td:o"�Q�Wkn��������_Q�"���t`

dT����� ����fT[�� �QdXkn�Q��� �"oW�G���Q!To"��RT�����
oW���w�����Q����RS�"!X� RT�I�w}W��� �"oW�Gs��"������!To�����kn��[T!TdT���

�|��Pr�W!T��!O���]�"�<kn�Q��� �"o"�I��!Z� �Q���"������}��"�r� ��kn�Q����!TdXoW�Q�Wkn��������_w�"����`ndT���7� ����fT[1���QdXkn�Q�����"oW�

����!To"��RT�Qi*�1��� [T����� ���W!X��!Xfg��� RX_w�"���Q�	���
���w�"_�RT��dm�"P1PT���w����kl��� ����`�������
��#��� � � ���Wb1i

c �



0 0.5 1 1.5
−1

0

1

2

3

4

5

6

7

8

9
Simulations of Mean Waiting Time vs Offered Load

Load lambdaE[M]

E
[W

] i
n 

(lo
g1

0 
sc

al
e)

20−station playthrough ring

c=.4; E[M]=1000; max. num. of packets: 106

.: Exponential interarrivals and geometric
message lengths

*: Weibull interarrivals and geometric
message lengths
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20−station playthrough ring

c=.4; E[M]=100; max. num. of packets: 106

.: Exponential interarrivals and geometric
message lengths

*: Weibull interarrivals and geometric
message lengths
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30−station playthrough ring

c=.4; E[M]=10000; max. num. of packets: 106

.: Exponential interarrivals and geometric
message lengths

*: Weibull interarrivals and geometric
message lengths
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30−station playthrough ring

c=.4; E[M]=5000; max. num. of packets: 106

.: Exponential interarrivals and geometric
message lengths

*: Weibull interarrivals and geometric
message lengths
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30−station playthrough ring

c=.4; E[M]=1000; max. num. of packets: 106

.: Exponential interarrivals and geometric
message lengths

*: Weibull interarrivals and geometric
message lengths
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50−station playthrough ring

c=.4; E[M]=10000; max. num. of packets: 106

.: Exponential interarrivals and geometric
message lengths

*: Weibull interarrivals and geometric
message lengths
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50−station playthrough ring

c=.4; E[M]=5000; max. num. of packets: 106

.: Exponential interarrivals and geometric
message lengths

*: Weibull interarrivals and geometric
message lengths
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50−station playthrough ring

c=.4; E[M]=1000; max. num. of packets: 106

.: Exponential interarrivals and geometric
message lengths

*: Weibull interarrivals and geometric
message lengths
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3−station playthrough ring

c=.6; E[M]=5000; max. num. of packets: 106

.: Exponential interarrivals and geometric
message lengths

*: Exponential interarrivals and Weibull
message lengths
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3−station playthrough ring

c=.6; E[M]=1000; max. num. of packets: 106

.: Exponential interarrivals and geometric
message lengths

*: Exponential interarrivals and Weibull
message lengths
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c=.6; E[M]=100; max. num. of packets: 106

.: Exponential interarrivals and geometric
message lengths

*: Exponential interarrivals and Weibull
message lengths
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10−station playthrough ring

c=.6; E[M]=5000; max. num. of packets: 106

.: Exponential interarrivals and geometric
message lengths

*: Exponential interarrivals and Weibull
message lengths
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10−station playthrough ring

c=.6; E[M]=1000; max. num. of packets: 106

.: Exponential interarrivals and geometric
message lengths

*: Exponential interarrivals and Weibull
message lengths
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10−station playthrough ring

c=.6; E[M]=100; max. num. of packets: 106

.: Exponential interarrivals and geometric
message lengths

*: Exponential interarrivals and Weibull
message lengths
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20−station playthrough ring

c=.6; E[M]=5000; max. num. of packets: 106

.: Exponential interarrivals and geometric
message lengths

*: Exponential interarrivals and Weibull
message lengths
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20−station playthrough ring

c=.6; E[M]=1000; max. num. of packets: 106

.: Exponential interarrivals and geometric
message lengths

*: Exponential interarrivals and Weibull
message lengths
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20−station playthrough ring

c=.6; E[M]=100; max. num. of packets: 106

.: Exponential interarrivals and geometric
message lengths

*: Exponential interarrivals and Weibull
message lengths
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30−station playthrough ring

c=.6; E[M]=10000; max. num. of packets: 106

.: Exponential interarrivals and geometric
message lengths

*: Exponential interarrivals and Weibull
message lengths
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30−station playthrough ring

c=.6; E[M]=5000; max. num. of packets: 106

.: Exponential interarrivals and geometric
message lengths

*: Exponential interarrivals and Weibull
message lengths
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30−station playthrough ring

c=.6; E[M]=1000; max. num. of packets: 106

.: Exponential interarrivals and geometric
message lengths

*: Exponential interarrivals and Weibull
message lengths
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50−station playthrough ring

c=.6; E[M]=10000; max. num. of packets: 106

.: Exponential interarrivals and geometric
message lengths

*: Exponential interarrivals and Weibull
message lengths
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50−station playthrough ring

c=.6; E[M]=5000; max. num. of packets: 106

.: Exponential interarrivals and geometric
message lengths

*: Exponential interarrivals and Weibull
message lengths
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50−station playthrough ring

c=.6; E[M]=1000; max. num. of packets: 106

.: Exponential interarrivals and geometric
message lengths

*: Exponential interarrivals and Weibull
message lengths
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3−station playthrough ring

* simulated result for exp. interarr. and Weib. msg. length

c=.4; E[M]=5000

. simulated result for exp. interarr. and geom. msg. length

E[M]=5000
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3−station playthrough ring

* simulated result for exp. interarr. and Weib. msg. length

c=.4; E[M]=1000

. simulated result for exp. interarr. and geom. msg. length

E[M]=1000
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3−station playthrough ring

* simulated result for exp. interarr. 

and Weib. mesg. length c=.4; E[M]=100

. simulated result for exp. interarr. 

and geom. mesg. length E[M]=100

)+��oW[T��� ��i �"b�#39:�w��!.kn�Q�����"oW�/s��"������!To�����kn� 
��#� �$}\��i*� �x�����QdC���W�"d � 
������6�h�W�
oW���Wkl�|� ����_/�"!1dCL��Q��fT[T���xdT���7� ����fT[1���QdXkl�������"oW��� kn��oTi ������!To"� R1��s���� RXPS��� �"kn�����Q�
� �=b ��� � kl�Q�"!:kn��o1i����Q!1o"� R"
������ � � bWb�_�RT�"� �"_|� �����Q^ � � ����� ��� ���W!X����klPT���|�
@32<�+E/��%'��-GF'HI%p����!ToT^1[T!T���h�"��k ��!TdX��`\klkn��������_�� � ��vl_�� F����!� ^m�"!TdX� �1Pr�W!T��!Z� �]���
kn��oTi���!O���Q���"������}��"�g����kn�Q��i

)+��oW[T��� ��i �"b ��RT�~s���� RT�G����k�[T����� ��dX�w}W�Q���"oW�Gs���� ��!1oq����kn���W!:�"!"� � ��5y�7���������W!

����!ToT^1s��t� R � bWb�_�RS��� �"_|� �Q���Bkn�w��!Ckn�Q��� �"o"�I���Q!To�� RT��i�8y!.)+��oW[T��� �1i ��b1^1� R1�N�w}"�Q� ��oW�

s��"������!To�����kn�Q�
[T!Td1�Q�
L ����fT[1���$dT����������f1[1� ��dCkn�Q��� �"o"�I���Q!To�� RT�	�"���/oW���Q��� ������RS�"!e� R1�

�w}W��� �"oW�Gs��"������!To�����kn�Q��[T!1dT�Q�	oW�Q�"kl�|� ����_w�"����`ndT����� ����fT[�� �QdXkn�Q��� �"oW�G���Q!To"��RT� � fZ`
�"fr�W[1� �Zb"b � ����kn�Qd1��[Tk � �"!To"���|i*)S[T�7� RT����kn�W����^S@326�+E���%'�
-/F'HI%p����!Toq� ����[T� ��� �Q�

�w���������Q��[1!TdT�Q�	��L ����fT[1���xkn�Q��� �"o"�I���Q!To�� RXdT���7� ����fT[1�����W! � ��� � i b � �z��RS�"!C���
dT�\�Q��[T!1dT�Q�

oW���Wkl�|� ����_w������`ndT����������f1[1� ��dCkn�Q��� �"o"�I���Q!To�� RT� � � i � b�� �|i

	 c



0 0.2 0.4 0.6 0.8 1 1.2 1.4
1

2

3

4

5

6

7

8

9
Mean Waiting Time vs Offered Load

Load lambdaE[M]

M
ea

n 
W

ai
tin

g 
T

im
e 

E
[W

] i
n 

C
ha

ra
ct

er
 T

im
es

 (
lo

g1
0 

sc
al

e)

10−station playthrough ring

* simulated result for exp. interarr. and Weib. msg. length

c=.4; E[M]=5000

. simulated result for exp. interarr. and geom. msg. length

E[M]=5000
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10−station playthrough ring

* simulated result for exp. interarr. and Weib. msg. length

c=.4; E[M]=1000

. simulated result for exp. interarr. and geom. msg. length

E[M]=1000
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10−station playthrough ring

* simulated result for exp. interarr. 

and Weib. mesg. length c=.4; E[M]=100

. simulated result for exp. interarr. 

and geom. mesg. length E[M]=100
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20−station playthrough ring

* simulated result for exp. interarr. and Weib. msg. length

c=.4; E[M]=5000

. simulated result for exp. interarr. and geom. msg. length

E[M]=5000
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20−station playthrough ring

* simulated result for exp. interarr. and Weib. msg. length

c=.4; E[M]=1000

. simulated result for exp. interarr. and geom. msg. length

E[M]=1000
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20−station playthrough ring

* simulated result for exp. interarr. 

and Weib. mesg. length c=.4; E[M]=100

. simulated result for exp. interarr. 

and geom. mesg. length E[M]=100
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30−station playthrough ring

* simulated result for exp. interarr. and Weib. msg. length

c=.4; E[M]=10000

. simulated result for exp. interarr. and geom. msg. length

E[M]=10000
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30−station playthrough ring

* simulated result for exp. interarr. and Weib. msg. length

c=.4; E[M]=5000

. simulated result for exp. interarr. and geom. msg. length

E[M]=5000
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30−station playthrough ring

* simulated result for exp. interarr. 

and Weib. mesg. length c=.4; E[M]=1000

. simulated result for exp. interarr. 

and geom. mesg. length E[M]=1000
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50−station playthrough ring

* simulated result for exp. interarr. and Weib. msg. length

c=.4; E[M]=10000

. simulated result for exp. interarr. and geom. msg. length

E[M]=10000
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50−station playthrough ring

* simulated result for exp. interarr. and Weib. msg. length

c=.4; E[M]=5000

. simulated result for exp. interarr. and geom. msg. length

E[M]=5000
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50−station playthrough ring

* simulated result for exp. interarr. 

and Weib. mesg. length c=.4; E[M]=1000

. simulated result for exp. interarr. 

and geom. mesg. length E[M]=1000
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2nd moment of # of minipackets: K=2161

2nd moment of # of minipackets: K=106
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   upperbound=4*(M/(3(N−1)))2

number of minipackets 2nd moment vs. E[M]

E[M]

nu
m

be
r 

of
 m

in
ip

ac
ke

ts
 s

ec
on

d 
m

om
en

t

c=0.6 

)+��oW[T��� �1i��T#*�\�Q_Q�"!Td:kn�Wkn�Q!Z���"��kl��!T��PT�"_�{"�|� ��}\�Qi*kl�Q�"!Xkl�������"oW�G����!To"� R"
 �#���6�h�W�
� � � ����� ��� ���W!C@326�+E���%'�
-/F'HI%p����!ToT^�[T!T���h�"��k ��!Td:�7`\klkn��������_���� ��vn_ � F����!� ^
�"!TdXL��Q��f1[T���gdT���7� ����fT[1���QdXkl�������"oW�G����!To"� Rxi

L��Io"��}W�G��!.�"!T�"��`O� ��_w�"� ��[T�������S_Q��� ���W! �h�W����RT�/� �"_����W� �q��RS���	�"P1Pg�Q�"������!e��RT�G[TPTPr�Q�

fr�W[T!TdX�h�W��kV[T�]�������W!l��!e� R1�I_Q�"���Gs�RT����� � � b�� c1i�8y!:�"dTdT�t� ���"!$^�sz�GoW��}"�N��oW��!T�Q���"��� �Q��d

�h�W��k�[T�]�V�h�"��� RT�G[TPTPr�Q��fr�W[T!TdC�W!e� R1�I���Q_��W!Td.kn�Wkn�Q!Z���"�4� RT�G!O[Tk�fr�Q���"�����"[T!Td

� ����PT����RS���B�"PTP1���������h�W���"!Z`e}��"��[T�/�"� ��i��
RT�G�S�����B�"!TdX����_Q�W!1d.kn�Wkl��!Z� �
�"�+�qL��Q��fT[T���

� a �



dT����� ����fT[�� �QdX���"!TdT�Wk }"�����]��fT��� � �����GoW��}"�Q!CfZ`g#


 � � � � �'&�� ��� �

� � � �"!Td � �Ti�� � �


 � � ( � � � ( &�� � � a
� � � � �Ti�� � �

������Pr�Q_|� ��}"�Q�t`Wi

L��IRT�~}"�


 �#��� � �'&�� ��� �

� � � � �Ti�� � �


 ��� ( � � � ( &�� ��� a
� � � � �Ti��Zc �

�"!Td


 �9� (
�
� � 
 � � � (

� ( � �
�


 �#� ( �
� ( � � �Ti�� � �

�
RO[T�Q^


 �9� ( � �

 �9� � � ( �

��� ��� �� �� ��� � � 	 �� �
� 
 ��� ( �
� 
 ����� � (

� � ��� � � � �� 	� �
� � � � � � �� 	 �� �

� & � ��� (
�
�&�� � � �

�
� ( � � �Ti�� � �

8y!X� RT�G��Pr�Q_����S_G_Q�"���Gs�RT�Q��� � � b�� c���RT�G�|��PT���Q�������W!

&�� � � (
�
�&�� ��� �

�
� ( � �Ti�� 	 �

��}��"��[S�����Q�
� � &�� ��� (
� �
�&�� � � �

� �
� ( � ��� � �Ti��"b �

� a��



�B�������
9:�Q���Qi*���Q!1o"� R
�����7� ����fT[1�����W! ��� � �� �

� � � � � �
��� ��� � �
� � � � � �� � � � � � � � � a c

��� � � ����� ��� � � a c
� � � � ����� ��� �=b�� c �Ti b 	 b � � �\i a �WaWa
��� � � ����� �S_ �/b1i�� � b�i��Wc � � �Wa�i�� ���

���"fT��� �Ti � #3�B��� ��� ��� � � �	�
��� � � � �

�h�W��}��"�����W[T��}��"��[T�Q�
�"�4� R1�GL��Q��fT[T���$PS�"���"kl�|� ���
_"i

�"!TdXsz�IRT�~}"�

 �9� ( � �

 �9� � � ( � ��� � �Ti�� � �

FB����!Ton������kl���]�"���"��o"[Tkl��!Z�w^1sz�N_Q�"!C�Wf1������!X�"!C[TPTPr�Q��fr�W[T!TdX�W!X� RT�/��RT����d

kn�Wkl��!Z���"����RT�G!O[Tk�fr�Q���"��kl��!T��PS��_�{"�����Q^ � �

 �9� �

�
�


 �9� � � � �

��� ��� �� �� ��� � � 	 �� �
� 
 ��� � �
� 
 ����� � �

� � � � � � � � � 	� �
� � � � � � �� 	 �� �

� & � ��� �
�
�&�� � � �

�
� � � � �Ti��Wa �

8y!X� RT�G_w�����/s�RT�Q���	� � b�� cq��RT�G�|��PT�����������W!

&�� � � �
�
�&�� ��� �

�
� � � �Ti�� � �

��}��"��[S�����Q�
� � &�� ��� �

� �
�&�� ��� �

� �
� � � � � � a��ZaWa � � �Ti���� �

�"!TdXsz�IRT�~}"�

 �9� �

�
�


 �9� � � � � � � � a �ZaWa � � �Ti�� � �

���"fT��� �Ti � _��W!Z���"��!T����RT�/� ������� ��� ����	�
��� � � � �

�h�W� � � a � �1i,8u������_����w����� RS����� RT�/����� ��� ��� � � �	�
��� � � � �

���
_��W!T����dT��� �"fT�t`eoW���w�����Q���h�W��L��Q��fT[T���xdT���7� ����fT[1���QdXkl�������"oW�G����!To"� R1����RS�"!e�h�W�

� a �



oW���Wkl�|� ����_w������`ndT����������f1[1� ��dCkn�Q��� �"o"�I���Q!To�� RT��i3)j�"��L ����fT[T���$dT����� ����fT[�� �QdXkn�Q��� �"oW�

����!To"��RT�Q^T��RT�G� ����������� � ��	�
��� � � � �

o"���~s�� � [1��� �/���"PT��dT��` �"� �3��!T_����w�����Q��i�)S�W���|�1�"knPT����^T�h�W�

� �=b � c1^ ��� ��� � �
� � � � � � � �"bWc�� � bWcq�"!Td ��� ���� �

��� � � � � � � b ��� ����� � �h�"� � � b����T^ � � ��� � �
��� � � � � �?a 	 � � ���"!Td

� � � �� �
��� � � � � � � � a �
	 �Za � � bWc1i

�Ti a ���"����_/�����"!T��kl���������W!C�"!Td.���Q�7}\��_Q�G�
��kl�

�Jkl�������"oW�G���W[1��_Q��d:fZ`X�7���������W!��3�"!TdCdT����� ��!T�QdX� �n��� ��� ���W! � � ����� � [T�����Q�6� � � � � ���
kn��!T��PS�"_�{"�|� �
�"����� �Q�Gk ���nfr�/� ���"!T��kn����� ��dX���q��� �
d1�Q������!S��� ���"!$i,8y!X� RT�I�"fT���Q!T_��V�"�

_Q�"!O�����W�<kn�Q��� �"o"�I��!Z� �Q����[TP�� ���"!T�Q^1��RT�/� ��kl�'��RT�Gkl�������"oW�G��Pr�Q!Td1�B��!X��� �"!1��kn���������W!X���

dT��!T�"� ��d��� ��� � ��� �"!TdX� RT�/� ��kl�B� RT�Gkn�Q�����"oW�G��Pr�Q!1dT�B��!X���Q�7}\��_Q�I���
d1�Q!T�"���Qd��� ��� � ��� i3�
RT�

fS�"����_���� �"!T��kl���������W!e� ��kl�'���
dT�|�S!T�Qd.�"�
� RT�I�"kn�W[T!Z���"�4� ��kl�B�h���Wk � RT�/� ��kl�G���7���"�7�

kn�Q�����"oW�G���
��!T���������QdC��!Z� ��� R1�I_��W!Z� ���W�<kl�������"oW�/� �q��!1��� ����� �Bkl�������"oW�/� ���"!T��kn���������W! � �

� R1�'� ��kl�	� RT�����"����_�RS�"���"_����Q���"�6��RT��kn�Q�����"oW�����z��� �"!T��kl�t�����Qd$i,�
R1�/fS�"����_�������}\��_��'� ��kl�

��!1_Q��[1dT�Q����RT�/� � ��!T��kn���������"!X����kn��PT��[T��� RT�/����kn���h�W��� RT�N���	-/@(kn�Q��� �"o"�G���qfg�

� ���"!T��kl�t��� ��dC�"!Tde�h�W�	HI-J� �n���|� [T��!$i*�	��_w�"������!ToV� RT��� * � ����� RT�G���Q!To"��RX�"�,�q_Q�"!O�����W�

kn�Q�����"oW�G��!X_�RS��� �"_|� �Q�
����kn�Q� � { � � � � � � � � � � � #

�� � � � ��� � � �
��� �����

� � *�
 � �Ti��"c �

�� ��� ����� � �� ��� � ��� � � � *�
�� � �Ti�� � �

�
RT�Ikl�"kl��!O���
�"�4� RT�GfS�"����_���� �"!T��kl���������W! ����kn�G�"���/oW�t}W��!:fZ`r#


 �	�� ���� � ��� � � 
 
 �$� �
��� �	�
�

� � *�
 � � �
� 



 �
 ( � %
0 � * 1 �$� � ��� ����� ��� � � ( * (
��

� �
 ( � %
0 � * 1 � � � ( 
 � � � � (�

��� �����

� * (
 � � �Ti�� � �

�
RT�Ikl�"kl��!O���
�"�4� RT�GfS�"����_/���Q��}\��_Q�G� ��kn�/�"���GoW��}"�Q!XfZ`g#

� a"c




 � �� ���� � ��� � � 
 � � �� ��� � ��� � � � *�
 � � �
� 
�
 �$� �

��� �����
� � � � a
* 
�� � �

� 


 �
 ( � %

0 � * 1 � � � ��� ����� ��� � � ( � � � a *�
 � ( �
� �
 ( � %

0 � * 1 � � � ( 
 � � � � (�
��� �����

� � � � a
* 
�� ( � � �Ti�� 	 �

�
RT�IPT���\dT[T_|��� � � � ��� 
 �	�� ��� � ��� � ������RT�/�h� �"_|� ���W!e�"�4� ��kn��� R1�I����!To���Pg��!TdT�

� ���"!T��kl�t��� ��!To�kn�Q��� �"oW���B���W[T��_Q�QdCfZ`X��� ��� ���W!��3�"!TdCdT�Q�7� ��!1�QdX� �n������� ���"! ��� �ji38u�����

dT��!T�"� ��d �� �
��� �	�
�

i,L��/s����t� �"#

�� �
��� �	�
�
��� ��� � ��� 
 �	�� ��� ����� � � �Ti cWb �

�
RT�G� �"� �"�x��� ��vn_/��!Z���Q!T�����y`e���W[T��_��Qd:fO`X�7���������W! �3���
dT�Q!T��� �GoW��}"�Q!CfZ`g#

�� �
�
�
� � �

� � � �� � ��� �	�
� � � �Ti c � �

�
RT�I��[Tk �"�,�����x��� ��vn_/��!Z���Q!T����� ���Q�
�W!X� R1�I����!To�����dT�Q!T��� �Qd �� �.�"!TdX���
oW�t}W��!:fZ`

�� � �
� � �

� � % �� � � � � �Ti cZa �

8u�+sz�GdT�Q����oW!T��� �GfZ` ���� �
�	� � � �

��RT�/� �"� �"�x��� ��vn_G��!Z� ��!T���t�y` ���W[T��_��Qd:fO`X�7���������W! � � *
� RT�������
��!TdT�QPr�Q!1dT�Q!Z�B�"�+�7���������W!���^Ts��IRS�w}W��#

�� � �
�	� � � �

�
� � (

� � � �� � �	� � � ��� � �
� � � �Ti c � �

8u�+sz�GdT�Q����oW!T��� �GfZ` �� � �
�	� � � �

��RT�/� �"� �"�x��� ��vn_G��!Z� ��!T���t�y` ���W[T��_��Qd:fO`X�7���������W! � � *
� RT����[T�����B�7���������W!��*�"�	������Pg�Q��� ���Q^Tsz�NRS�w}"�"#

� a �



�� � �
��� � � �

� �� �
�	� �

	 �� � �
�	� � � �
� � �Ti c � �

�Ti�� 
��W!Z� ���"�49:�Q��� �"oW�I8y!Z� ������[1P1� ���W!.�	�����

8y!X� RT�I�"fT���Q!T_��N���+_��W!Z� ���"�<kl����� ��oW�G��!Z� ������[1P1� ���W!T�Q^�� RT�G_Q�"!O�����W�$�h���"kn�/_Q����_Q[T����� ���

�"���W[T!TdX� RT�G����!To�s��t� RX���W[1!TdC������PCd1[T� �������W! �xi*&*��_�R._Q�"!O�����W�<kn�Q��� �"o"�I���+��� �Q�)* �
�"dTd1� * � _�RS�"���"_����Q��� ��kl����� ��� RT�GdT[1� �������W!e�"�4� R1�I_��W!Z� ���W�$�h� �"kn�/���"[T!TdX� ����Pe� ��kn�"i

����_w�"[T���I��RT�/� ���"!T��kn���������W!e�"����}W����`Ckn�Q�����"oW�GoW��!T�Q����� ���	�ysz�l_��W!Z� ���W�<kl�������"oW�Q��^j�

	�
 �
� 
 �"!1d:� 	�
 ��� _��W!Z� ���W�$kn�Q�����"oW��^j��RT�/� �"� �"�$dT���]�w` ������RT�G_Q�W!Z� ���W�$�h� ��kl�/dT[1�

� ����RT�/� � ��!T��kn���������"!e�"����kn�Q�����"oW�G���	a
*�� _�RS��� �"_|� �Q�
����kn�Q�Qi

2<���	[T��dT������o"!S��� �GfZ`�� ��� � ��� ��RT�G� �����G����s�RT��_�RCkl�������"oW�Q���"��_Q���"��� � ��� ����� �"���

��!Z���Q����[TP1���QdCfO`X_��W!Z� ���W�$kn�Q�����"oW���Qi3L �I�"���/��!Z� �����Q�7� �����Qd:��!X��!Z}"�Q������oZ��� ��!1onR1��s=� RT�

� R1�I_��W!Z� ���W�<kl�������"oW�G��!Z� ������[TP1� ���W!X� �����/����� �g�Q_|� ��d.fZ` � R1�G��� �"!1��kn���������W!e����L��Q��fT[T���

dT����� ����fT[�� �QdXkn�Q��� �"oW���Qiz@�����}\���W[T�
s��"��{O�Bd1�W!T�G�W!X_Q�W!Z�����W�<kn�Q��� �"oW�G��!O���Q����[TP1�����W!X����� �

�"����[Tkn�QdX� RS���Bkn�Q��� �"o"�I���Q!To�� RT��sz�Q���NoW���Wkn��� ����_Q�"���t`ld1����������fT[1� ��dX�W�
�|��Pr�W!T�Q!Z���]�"����`

dT����� ����fT[�� �Qdxi

�
RT�I����klPT���Q�7���"!TdC�w�"�������Q���
�������QknP1�
� �n�"PTP1���w����kl��� ����RT�G_Q�W!Z� ���W�<kn�Q�����"oW�

��!Z���Q����[TP1�����W!X� ��� ��s��"�Bd1�W!T�GfZ`CHGRT���S� � HGRS� � 	 � i��'_Q_��W��d1��!To�� ��H/RS���S� � �
kn��d1�Q� ^\� RT�

_Q�"!O�����W�<kn�Q��� �"o"�I��!Z� �Q����[TP�� ���"!C����� �/���
oW��}"�Q!CfZ`g#

� ��� ����� �
� � �
 ( � �

� � (

� � � a � � � ( � ��� ( � � � � �Ti c � �

H/RS��vn� � ��kl�\dT�Q�x�"�+_��W!Z� ���W�<kl�������"oW�G��!Z� ������[TP1� ���W!e� ��� �/s��"[T��dXfr�I[1!S� �g�Q_����Qd:fO`

RT�Q�~}O`Z5u� �"�����QdXdT����� ����fT[�� �QdXkn�Q��� �"oW�G���Q!To"��RT��fg��_w�"[1���G� RT�G_Q�"!O�����W�<kn�Q��� �"o"�

��!Z���Q����[TP1�����W!X� ��� �/dT��Pg��!TdT�	�|��_Q��[T���t}W�Q�t`X�W!C�"������}��"�g� �����I���+kn�Q��� �"oW���
s�RT�W���IPS����R

dT�\�Q��!T�"���~}"�Q�����"PXs���� Re��RT�GPS��� RC�"�4� RT�Gkn�Q��� �"oW�G�"��_Q���"��� � ��� ����� ��! ��� �"!T��kl���������W!$i

H/RS��vn� � ��kl�\dT�Q�gs��"�
�h�W[1!TdC���qoW��}"�N������s �"PTP1���w����kl��� ���W! fZ`:
�RS�"��� 
�RS� 	 ��� ^
s�RT�n��knPT���~}"�Qd:HGRT��vn� � �	kn�\dT�Q�$fZ`X��!T_Q��[TdT��!1oV� RT� � [S�"!Z�����y` � 	 a �,*�
 ��!e� RT�

� a �



dT��!T�Wkn��!S�����W�Qi�
�RS�"� � ��kl�\dT���$oZ�w}W�I��fg�|�����Q���Q�7� ��kl�����/�"�+_��W!Z� ���W�<kl�������"oW�

��!Z���Q����[TP1�����W!X� ��� �"i*
�RT�"� � ��kl�\dT�Q�gs��W[1��dX!T�"�	fr�G� �x��_����Qd.fZ`eR1�w�w}O`O5 ���"������d

dT����� ����fT[�� �QdXkn�Q��� �"oW�G���Q!To"��RT���Q�t� RT���Q^ToW�t}W��!C��RS��������d1�QPr�Q!TdT�	�W!T�t` �W!X� R1�N�������t}��"�

� ��� �G�"��kl����� ��oW�Q�
s�RT�W���NPT��� RCdT�\�Q��!T�"���~}W�������"PCs��t� Re� R1�IPT��� RX�"��� RT�Gkn�Q�����"oW�G�"�

_Q���"��� � ��� ����� ��!e��� �"!T��kl���������W!X�"!1d:�W!X� R1�N��oWoW����oZ�����G�"������}��"�x����� �/�"!C��RT�G����!1oTi

%B��!T��` � %B��! 	 � �6��klP1���~}W��dC�"!Cfr�"��R:PT����}\���"[T��kl�\dT�Q����fZ`X[T����!Ton��_Q�W!Td1��� ���W!S�"�

�"��oW[Tkn�Q!Z�w^1s�R1��_�RC��!T_����w�����QdC� RT�G_��W!Z� ���"�<kl����� ��oW�G��!Z� ������[1P1� ���W!e� �����"i*%B��!T��` � �

dT������}��������W!e���+RT���
kl�\dT���x�h�W�
_Q�"!O�����W�$�h���"kn�/���W[T!1dC������P ����kn��s����	fT�"����d.�W!e� R1�

�h�W�����~s���!ToV���w�����W!T��!ToTi��
RT�/��� �"!T��kl���������W!X�"�+��kl����� ��oW�G�"�+_��]�"��� � ��� � ��� ����_Q�W!T����dT������d$i

9:����� ��oW�Q�	� RS������!Z� �Q����[TP��	��RT�/� ���"!T��kn���������W!e�"�4� RT�Gkn�Q�����"oW�G�"��_Q���"��� � ��� � ��� �"���

kn�Q�����"oW����s�R1�W���G� ���"!T��kn���������W!XdT������!T�"���~}W�����]��PCs��t� Re� RT�/��� �"!T��kl���������W!e�"�+�

kn�Q�����"oW�G�"��_Q���"��� � ��� � ��� i*��[1_�R.kn�Q�����"oW���'�"���/�"��_Q�]����� � � � ( � � � ( � � �h�W� �	- * -�� 	 �

�"!Td � -���-�� 	 *gi3�
RT�/� ���"!T��kl���������W!X�"���w�"_�RC�"�4� RT�W���Nkn�Q��� �"o"�Q��oW�Q!1�Q� ��� �Q���ysz�

_Q�"!O�����W�<kn�Q��� �"o"�Q�Q^j� 	�
 �
� 
 _��W!Z� ���W�<kl�������"oW�I�"!Td:� 	�
 ���p_Q�"!O�����W�<kn�Q��� �"o"�"^T� RT���

dT���]�w` � R1�G��� �"!1kl���������W! �"��� RT�Gkn�Q��� �"oW�G�"��_Q���"��� � � � � ��� iz2<�|�B[1�	d1�Q����oW!S�����GfO` � ��� � ���

� R1�I�|}W��!O�	� RT���	������� ���"! �3��� �"!1��kn��� ����kn�Q��� �"oW�/���n�7���������W!�� � �Si38u�+�|}W��!O����� �"!Td��

�"���IkV[1� [S������`n��!TdT�QPr�Q!1dT�Q!Z�w^S��RT�/�h�W������s���!To������ ��[1�"i

� 7 
���� � � � �87 �	� �
�
	 �87 �
� � � � �Ti cWc �

L��Id1�Q����oW!S�����GfO` � � � ( � � � ( � � �h�W� �	- *.-�� 	 � ��!Td � -���-�� 	 *e�q_Q�]�����
�"�

kn�Q�����"oW����s�R1�W���G� ���"!T��kn���������W!XdT������!T�"���~}W�����]��PCs��t� Re� RT�/��� �"!T��kl���������W!e�"�4� R1�

kn�Q�����"oW���	���,_Q���"��� � � � � ��� ^j�"!TdCfO` � � �
� � � �
� � � ��_Q���"�����"��kn�Q�����"oW������RS���	�~}W�����]��PX��RT�

� ���"!T��kl���������W!e�"�4� RT�Gkn�Q��� �"oW�G�"��_Q���"��� � ��� ����� i*����_w�"[1���I��}W��!Z��� � � � ��� ��knPT�����Q�z��}"�Q!Z�

� � �
� � � �
� � � ^1��RT�/�h�W�����~s���!To���PTPT���w����kl�������W! ����k��"d1�"i

�87 � � � � ( � � � ( � � � � ��� � ��� � �
�87 
 � � � ( � � � ( � � � � � �
� � � �
� � � �

� �87 � � � � ( � � � ( � � �
�
	 � 7 � � ���
� � ���
� � � � � � �Ti c � �

� a 	



8u�+sz�GdT�Q����oW!T��� �GfZ` ��� ��� � �%* ��� RT�/���"���"�g� � ��vl_G��!O���Q!T�����y`��"�+_��]�"��� � � �
� � � �
� � � ��RS���

�~}W�����]��PT�
s���� Re��RT�/� � ��!T��kn���������"!C������RT�Gkl����� ��oW�G�"�+_��]�"��� � ��� � ��� ^1sz�NRS�w}"�"#

�87 � � � � ( � � � ( � � � � ��� � ��� � � �87 � � � � ( � � � ( � � ���	 ��� ��� � �%* � � �Ti c � �

���T^

� ��� ����� �
� � �
 ( � �

� � (

� � �

a � � � ( � ��� ( � �
�
	 ��� ��� � �%* � � � �Ti c 	 �

�
RT�G� �"� �"�x��� ��vn_/��!Z���Q!T�����y`e�"��_Q���"��� � � �
� � � �
� � � ���
oW�t}W��!CfZ`r#

� � ��� � � * � � � � �

� � � ��

�
�

����� � ��� �
�
(


� � �

�� � �
����� � �

�
� � �

� � ( � ( ��

�
�

����� � ��� �
� � �Ti��"b �

�
RT�������h�"���"^

� ��� � ��� �
� � �
 ( � �

� � (

� � �

a � � � ( � ��� ( � �
�
	 � � � � �� � � �� � � �	��� � �	� � � �

(
� � � �� � � ����� � � � � � � �� � ( � ( �� � � ����� � ��� � � �� �Ti�� � �

8u�	���
_����w�����h���Wk � RT�I�"fr�~}W�GdT�Q����}��������W!X�"!1dC��RT�G���Q��[T������!Toq� � [T��� ���W!e�h�W�
_Q�W!Z�����W�

kn�Q�����"oW�G��!Z���Q����[TP1�����W!X� ��� ��� RT����� RT�G_Q�"!O�����W�xkl����� ��oW�G��!Z� ������[1P1� ���W!X� �����I�"f1���"��!T�Qd

fZ`X%B��!T��`X���
!T�"�B� �g�Q_|� �QdCfZ` � R1�IR1�w�w}O`O5 ���"������d:dT����������f1[1� ��dCkn�Q��� �"o"�I���Q!To�� RT��i

�Ti�� 
��W!Z� ���"�6)j���"kn�G�	�W[1!TdX������PX�
��kn�

�'���7�������QdC�w�"���������Q^\� RT�G��!1���Q�7� ���W!X�"�+_��W!Z� ���W�<kl�������"oW�Q�B�"dTd1������� RT�GdT[T����� ���W!X�"�4� RT�

_Q�"!O�����W�$�h���"kn�/���W[T!1dX������PX����kn�"i,8y!X� R1�N��fT����!T_Q�I�"��_Q�W!Z� ���W�<kn�Q�����"oW�G��!Z���Q����[TP1�����W!T��^

� R1�Id1[T� �������W!X�"�4� R1�I_��W!Z� ���W�$�h� �"kn�����W[T!TdX� ����Pe� ��kl�����
����klPT�t` �xi*&*��_�R._Q�"!O�����W�

kn�Q�����"oW�G�"����� �Q�)* � _�RT�"� �"_|� �����B�"dTdT� * �0_�RT�"� �"_|� ��������kn�Q�����q��RT�GdT[T����� ���W!e�"�+��RT�

_Q�"!O�����W�$�h���"kn�/���W[T!1dX������PX����kn�"i�2<�|� � ���mdT�Q����oW!T��� ����RT�GdT[T� ��� ���"!C������RT�G_Q�W!Z� ���W�

�h� ��kl�/���W[T!Tde� ����Pe� ��kl�B�h�W���n_��W!Z� ���W�$�h� �"kn��_��W!Z���"��!T��!To��e_��W!Z� ���W�<kl�������"oW�Q��i � ��� ���

oW�t}W�Q!CfZ`r#

� ��� � � � � *�
 � � �Ti��Wa �

� �Wb



s�RT����� * 
Y����� RT�GdT[T����� ���W!X�"�+�q_��W!Z� ���W�<kl�������"oW�"i3�
RT�G�S������� RT���Q�Gkn�Wkl��!Z� �
�"�4� RT�

_Q�"!O�����W�$�h���"kn�/���W[T!1dX������PX����kn�'sz�Q���G�h�W[T!1d:fZ`X%	�Q!T�7` � %	�Q! 	 �
�4�"!TdX� RT�|`X�"���GoW�t}W��!

fZ`r#


�� � �����$� �

��	 � *�
 � � �Ti�� � �


�
 � ( ��� �!� 0 �

�
	 � *�
 1 0 � � � � * 
 � � * (
� 	 � ( * (
 1 � � �Ti���� �

�"!Td


 
 � � ��� � � 
 
 � ( ��� � 0 � � ( * �
 � � � � ( * (

�
	 � � * �
 1

� 
 � � ��� � 0 � *�
 � * (
 � � � *�
 � � � ( �
�
	 � � * �
 1 � 0 � �

��	 � � * �
 1 � � �Ti�� � �

�
RT�����G� RT���Q�Ikl�Wkn�Q!Z����s������IdT�Q����}W��d.������[1kl��!Toq�|��Pg�"!T�Q!Z� ���"���t`�d1����������fT[1� ��d

kn�Q�����"oW�G��!Z���Q� �������t}��"�g����kn�Q���"!TdC�"���G��!TdT��Pg��!TdT��!O�B�"�4� RT�Gkn�Q��� �"oW�G���Q!To"��RT�

dT����� ����fT[�� ���"!$i

�Ti�� 9:�Q��� �"oW�I�4� �"!T��kl���������W!C�"!Td.������}\��_��I�
��kl�

8y!X� RT�GPT���Q����!T_Q�N�"��_Q�W!Z� ���W�<kn�Q�����"oW�G��!Z���Q����[TP1�����W!T��^1� ���"!T��kl���������W!X�"!TdC������}\��_��/� ��kn�Q�

�"���I��!T_Q���w�"���Qd$i3�
RT�/��� �"!T��kl���������W!e� ��kl�'��!e� RT�GPT���Q���Q!T_��N�"��_Q�"!O�����W�<kn�Q��� �"o"�

��!Z���Q����[TP1�����W!T��^TdT��!T�"� ��d � ��� � ��� ^S�����h�"[T!TdXfZ`X���QP1�]�"_���!To �x^T� RT�G�QknP1�y`e_��W!Z� ���W�$�h� �"kn�

���"[T!TdX� ����P � ��kl�/dT[1� �������W!$^�fZ` � ���m��!X��RT�G�|��PT���Q�������W!C�h�W�
fS�"����_/� ���"!T��kl���������W! � ��kl��i

�
RT�I������}\��_��G����kn�"^�dT�Q!T��� �Qd � ��� � ��� ^S���
� � [S�"�$� ����RT�/� � ��!T��kn���������"!X����kn��PT��[T��� RT�/����kn�

�h�W����RT� 	�
 ���pkn�Q�����"oW�/� �qfr�/� � ��!T��kn����� �QdC�"!1dC�h�W� ���p� �q����� [1��!$i�L��IRT�~}"�"#

� ��� ����� � � �
��� �����

� ���
��� �����

� *�
�� � �Ti��"c �

�"!Td

� ��� ����� � � ��� � ��� � � � *�
�� � �Ti�� � �

� � �



9:����� ��oW�Q�B���W[T��_Q��d:fZ`X��� ��� ���W!��3�"!TdCdT�Q�7� ��!T�QdX� �n��� ��� ���W! � � � �"������}"�G������� ��� ���W!

� � � � [T�Q[T�Gs�����R.�������t}��"�x����� � � ��� � ��� kn�Q��� �"o"�Q��Pg����_�RS�"� ��_�� ���	����kn�/�"!TdXRS�w}"�V�"!

�w}W��� �"oW�G� ���"!T��kl���������W! � ��kl�'� � [S�"�$��� 
�� � ��� � ��� �<_�RS�"���"_����Q��� ��kn�Q��i,�
RT�IPT���\dT[T_|�

� ��� � ��� 
�� � ��� � ��� �<����� R1�Q!X� RT���h���"_������W!e�"�6����kn�'� RT�/����!To���Pg��!TdT��� ���"!T��kn����� ��!ToVkn�Q��� �"oW���

�"�4_Q���"��� � ��� � ��� ^S�"!Tde����{O!T�~s�!.����� ���"!T��kn���������W!�� ����vn_/��!Z� ��!T���t�y`W^Td1�Q!T�"���Qd � �

��� �	�
�
^S��!Td

���
o"��}W��!:fZ`r#

� �

��� �����
��� ��� � ��� 
�� � � � � ��� � � � �Ti�� � �

�
RT�	� �"� �"�S� � ��!T��kn���������"!n��� ��vn_'���W[T��_Q�QdefZ`n��� ��� ���W! �4���*dT��!T�"� ��d � �

�
�"!Td����zo"��}W��! fZ`r#

� �

�
�
� � �

� � � � � ��� �	�
� �

� � �

� � � � ��� � ��� 
�� � ��� ����� � � � �Ti�� 	 �

�
RT�G�h� �"_|� ���W!e�"�4� ��kn�'��RT�G����!1on��Pg��!TdT�	������}\��!Tonkn�Q�����"oW���	���+_��]�"��� � � � � ��� ^S{\!1��s�!

�"�
� ����vn_G��!Z� ��!T���t�y`W^T���	d1�Q!T�"���Qd � ��� � ��� ��!Td:���
oW��}"�Q!XfZ`r#

� ��� � ��� � � ��� ����� 
�� � ��� ����� � � � �Ti��Wb �

�
RT�G� �"� �"�x��� ��vn_/��!Z���Q!T�����y` � � ���"[T��_��Qd.fZ`X�7���������W! �3���
o"��}W��!:fZ`r#

� � �
� � �

� � � � � � � ��� �

� � �

� � � � ��� � ��� 
�� � ��� � ��� � � �Ti�� � �

)+��!S�"���t`W^O� RT�/���"���"�g� � ��vl_G��!O���Q!T�����y` � �W!X� RT�G����!To����Q#

� �
� � �

� � % � � � � �Ti��Za �

�Ti c �����\_�{O��!Ton��[T����� ���W!

�Jkl�������"oW�G�"��_Q�]����� � ��� � ��� ���
� RT�GRT�Q�"dC�"����RT�G����!T� ����� � �z�"��������� ���"! � � � � [T��[T���"!1d

dT����� ��!T�QdX� �n��� ��� ���W! � � �ls������x� ��Pg��������!T_Q�IfT����_�{O��!1o����4� RT�����G�����"!1�"� RT����kl����� ��oW�

� RT�������
[T����!Toq� R1�IPT��� R���� � ���Si32<���	[T����[1PTPg�"���G� RS���
��RT�Gkl�������"oW�G[T����!Toq� RT�

PS����R ����� ���l���
�"�,_��]�"��� � � �
� � � �
� � � i�L �GdT��!T�"� �GfZ`�� � ��� � ��� � RT�GdT[T����� ���W!e�"�

� �Za



fT����_�{O��!1o��|��Pg�������Q!T_��QdmfZ` ��RT�Gkl����� ��oW�G���W[T��_Q��d.fZ`e��� ��� ���W!��3�"�+�"[1� fr�W[T!TdCdT��������!T_Q�

�Si��
RT�I[T���G�"��� RT�GPS����R�� ��� � �ls�RT��������RT�Gkl����� ��oW�G�"�+_��]�"��� � ��� � ��� �������
� R1�IR1�w�"d

�"�4� RT�G����!T�����+�7���������W!�� � � � [1�Q[T�I_Q�W!1��� �t� [1���Q�	��fT���\_�{O��!Toq�|}W�Q!Z�	s�RT�W���NdT[1� �������W!e���

� R1�I���Q����dT[S���$� ��kn���"��������}\��_��N������RT�Gkl����� ��oW�G�"�+_��]�"��� � � �
� � � �
� � � ��!e� � ��!T��kn���������"!$i

L��Id1�Q!T�"���GfO`���� ���
� � ���
� � � ��RT�G���Q����dT[T�"�<������}\��_��I����kn���"�+�qkn�Q��� �"o"�I���+_��]�"���

� � �
� � � �
� � � iz9:����� ��oW�Q��� RS����fT���\_�{�� R1�Ikn�Q��� �"o"�I���+_��]�"��� � � � � ��� �"���Gkl����� ��oW�Q�
s�RT�W���

� ���"!T��kl���������W!e�~}W�����]��PT�
� RT�GPS����R ����� � �Si��\[T_�R.kn�Q��� �"oW����_w�"!Cfg�GdT�t}\��dT��dC��!Z� �

�h�W[T�
���QoW���W!T���"����RT�~s�!.��!C)+��oW[T��� �Ti���#*9:�Q��� �"o"�Q�'���W[T��_Q�Qd:fZ`X�n�7���������W!e��!e� RT�GPS����R

b � �,� � � RT����[T���I��� ��� ���W!��3�"�	�n���QPr�w�����Q� � ���QoW���W! � � � �|^1kl����� ��oW�Q��s�RT�W���N���W[T��_��

�"!TdCdT����� ��!S�������W!X�"���G��!e� RT�GPS��� R���� � ��� �h����oW���W! � a � � ^Tkl�������"oW�Q�
s�RT�"���I���W[T��_Q�I���

��!e��RT�GPS��� R���� � ���l�"!TdX� RS����[T���I��� ��� ���W! � �����"�	������Pg�Q��� ���	�h����oW���W! � � � � ^S�"!Td
�S!S������`lkn�Q�����"oW���	s�RT�"���I���W[T��_Q�G���
��!e� RT�GPS����R � ��� � � 	 � �"!TdX� RT����[T���I��� ��� ���W!

�*�"�	�����QPr�w��� �Q� �h���Qo"���W! � � � �|i
L��I���Q_Q�"���x��RS��� � � �
� � � �
� � � dT�Q!1�"� ���	��RT�/� � ��vl_G��!O���Q!T�����y`e���+kn�Q��� �"oW�����"�,_��]�"���

� � �
� � � �
� � � i38u��������RT�GPT���"fS�"fT�������y`n� RT���	�nkn�Q��� �"o"�I���+_��]�"��� � � �
� � � �
� � � ���
fg����!To

� ���"!T��kl�t��� ��d$i��4� ��vn_G��!X����oW���"! � � ���\_Q_�[T����s�����RCP1���WfS��fT�������y`r#

� � � 	��� � ��� �

� � �	� �

�	� �
� � ��� � � � � ���
� � ���
� � � � � �Ti�� � �

�4� ��vn_G��!X����oW���"! � a ���\_Q_Q[1���
s�����RCP1���WfS��fT�������y`r#

� � ( 	��� � � � �

� � �
��� � ���
 � � � � � �
� � � �
� � � � � �Ti�� � �

�4� ��vn_G��!X����oW���"! � � ���\_Q_Q[1���
s�����RCP1���WfS��fT�������y`r#

� � � 	��� � � � �

� � �

��� �
� � �	� � ��� � � � � �
� � � �
� � � � � �Ti�� � �

�4� ��vn_G��!X����oW���"! � � ���\_Q_Q[1���
s�����RCP1���WfS��fT�������y`r#

� ��
)	��� � ��� � � �

� � �

�	� �
� � ��� � � � � � �
� � � �
� � � � � �Ti��Wc �

� � �



+

+

+ +

Source

Source and

Region (2)

Region (3)

Destination

Region (4)

Region (1)

N−1

Repeater

0

i

Source

i

Source

0 0

j

: Repeater
i i i +1

i   j

i

0

i     j 

i
−1

i  +1 Repeater

i   j

)���oW[T��� �Ti���#*�	��oW���"!T���"�+kl����� ��oW�Q�
� RT�����~}W�Q���]�"PX� R1�IPT��� R ��� � ���Si

�
RT�G� �"� �"�x��� ��vn_/��!Z���Q!T�����y` ��� ��� �h�"�
kl����� ��oW�Q��� RS����fT���\_�{�� R1�Ikn�Q��� �"o"�I���+_��]�"���

� ��� � ��� ���Q#

� � ��� ��� ����� � � � � 	��� � � � ( 	��� � � � � 	��� � � � 
)	���
�

��� �

� � ��� �

�	� �
� � ��� � � � � � �
� � � �
� � � �
� � �

� � �
��� � ���
 � � � � � �
� � � �
� � �

�
� � �

� � �

��� �
� � �	� � ��� � � � � �
� � � �
� � � �
��� � � �

� � �

�	� �
� � ��� � � � � � �
� � � �
� � � �
�
RT�IPT���"fS�"fT�������y`q��RS���	�qkl����� ��oW�G�"�+_��]�"��� � � �
� � � �
� � � f1���\_�{\�
��RT�GPS��� R ��� � ���

� � �



oW�t}W�Q!X� RT���
� RT�GPS��� R � ��� ���l����fT���\_�{"��d:����� ����� � ����� � �
������ ��� �����

i��
RT�IfT���\_�{O��!To�d1[T� �������W!X�"�

� R1�Ikn�Q��� �"o"�I���+_��]�"��� � � � � ��� ���	�"f1���"��!T�QdXfZ`X�w}W��� �"o"��!Toq�~}W���'�"���xPr�W������fT���/fT���\_�{O��!To

��}"�Q!Z� �'�"!TdXs��GRS�w}"�"#

� � � � � ��� �
�	� �

� � ��� �

��� �
� � ��� � � �
� � �
� � � �
� � �
� � ��� � � � ���

� � � �
� � � �
� � �
�
� � �

� � �
��� � ���
 � � �

� � �
� � � �
� � �
� � ��� � � � ���

� � � �
� � � �
� � �
�
� � �

� � �

�	� �
� � �	� � ��� � �
� � �
� � � �
� � �
� � ��� ��� �����

� � � �
� � � �
� � �
�
��� � � �

� � �

�	� �
� � ��� � � �
� � �
� � � �
� � �
� � ��� ��� � ���

� � � �
� � � �
� � � � � �Ti�� � �

�
RT�N26�"PT�]��_Q�|5;�\� ���Q�t� ���Q�z�����"!T�7�h�W��k ��� � � ��� ����� ���
oW�t}W�Q!XfZ`r#

� � ���� ����� � �
� � 
 � � �����
	 ��� ����� � � � �Ti�� � �

�
RT�G�S���7��� RT���Q�GdT�Q����}�������}W���
�"�+��RT�I26�"PT�]��_Q�|5;�\� ���Q�t� ���Q�*� ���"!T���h�"��k �"� � � ��� � ��� �������"���

oW�t}W�Q!CfZ`r#

� ����
� � � ��� � �
� � 	 
 � � � ��� ����� � ������	 ��� �	�
� � � �Ti�� 	 �

� ��� 
 
��� � ��� ����� � 
 � � � (��� ����� � ������	 ��� �	�
� � � �Ti 	 b �

� ����
 
 
��� � ��� ����� � 	 
 � � � ���� � ��� � �����
	 ��� ����� � � � �Ti 	 � �

�"!TdX� R1�G�T��������RT�����Ikn�Wkn�Q!Z� �
������RT�I24��PT�]�"_��|5;�\� ���Q��� ���Q����� �"!1���h�W��k �"� � � ��� � ��� �����
�"���

oW�t}W�Q!CfZ`r#


 � � � ��� ����� � � 	 � � 
��� ����� � b � � �Ti 	 a �


 � � � (��� ����� � � � ��
 
��� � ��� � b � � �Ti 	 � �


 � � � ���� ����� � � 	 � � 
 
 
��� ����� � b � � � �Ti 	 � �

� � �



����_w�"[T���N������RT�G����!1�w�"�����y`lPT���WPr�Q�7�y`e�"�4� RT�I26�"PT���"_Q� 57�\��������� ������� ���"!T�7�h�W��k � M/��� � ��� ^Ts��

RS�w}W��#

� � ��� � ��� ����� �
�	� �

� � ��� �

��� �
� � ��� � � �
� � �
� � � �
� � �
� � ��� � � � ���

� � � �
� � � �
� � � � ���
�
� � �

� � �
��� � ���
 � � �

� � �
� � � �
� � �
� � ��� � � � ���

� � � �
� � � �
� � � � ���
�
� � �

� � �

�	� �
� � �	� � ��� � �
� � �
� � � �
� � �
� � ��� ��� �����

� � � �
� � � �
� � � � �
�
�
��� � � �

� � �

�	� �
� � ��� � � �
� � �
� � � �
� � �
� � ��� ��� � ���

� � � �
� � � �
� � � ����� � � �Ti 	 � �

�
RO[T�Q^S��RT�Gkl�Q�"!X�"����RT�GfT���\_�{O��!ToqdT[1� �������W!X���
o"��}W��!XfO`r#


 � � � ��� ����� �$� 	 � � � 
��� ����� � b � � 	
�	� �

� � ��� �

��� �
� � ��� � � �
� � �
� � � �
� � �
� � ��� � � � ���

� � 
� � �
� � � �
� � � � b �
	
� � �

� � �
��� � ���
 � � �

� ���
� � ���
� � �
� � ��� ��� � ���

� � 
� � �
� � � �
� � � � b �
	
� � �

� � �

��� �
� � ��� � ��� � �
� ���
� � ���
� � �
� � ��� ��� � ���

� � 
� � �
� � � �
� � � � b �
	
�	� � � �

� � �

��� �
� � �	� � � �
� � �
� � � �
� � �
� � ��� � � � ���

� � 
� � �
� � � �
� � � � b � �
� �Ti 	 c �

���T^


 � � � ��� � ��� � �
�	� �

� � ��� �

��� �
� � ��� � � �
� � �
� � � �
� � �
� � ��� � � � ���


 � � � � �
� � � �
� � � �
�
� � �

� � �
��� � ���
 � � �

� � �
� � � �
� � �
� � ��� � � � ���


 � � � � �
� � � �
� � � �
�
� � �

� � �

�	� �
� � �	� � ��� � �
� � �
� � � �
� � �
� � ��� ��� �����


 � � � � �
� � � �
� � � �
�
��� � � �

� � �

�	� �
� � ��� � � �
� � �
� � � �
� � �
� � ��� ��� � ���


 � � � � �
� � � �
� � � � � � �Ti 	 � �

� �Wc



2<��{���s������"^Tsz�NRT�~}"�"#


 � � � (��� ����� �$� � � � 
 
��� � ��� � b � � �	� �

� � �	� �

��� �
� � �	� � � �
� � �
� � � �
� � �
� � ��� ��� � ���

� � 
 
� ���
� � ���
� � � � b �
�
� � �

� � �
��� � ���
 � � �

� � �
� � � �
� � �
� � ��� ��� � ���

� � 
 
� ���
� � ���
� � � � b �
�
� � �

� � �

�	� �
� � ��� � ��� � �
� � �
� � � �
� � �
� � ��� � � � ���

� � 
 
� � �
� � � �
� � � � b �
�
��� � � �

� � �

�	� �
� � ��� � � �
� � �
� � � �
� � �
� � ��� ��� �����

� � 
 
� � �
� � � �
� � � � b � �
� �Ti 	 � �

�
RO[T�Q^


 � � � (��� � ��� � � �	� �

� � ��� � � �

��� �
� � ��� � � �
� � �
� � � �
� � �
� � ��� ��� �����


 � � (� � �
� � � �
� � � �
�
� � �

� � �
��� � ���
 � � �

� � �
� � � �
� � �
� � ��� � � � ���


 � � (� � �
� � � �
� � � �
�
� � �

� � �

�	� �
� � �	� � ��� � �
� � �
� � � �
� � �
� � ��� ��� �����


 � � (� � �
� � � �
� � � �
�
��� � � �

� � �

�	� �
� � ��� � � �
� � �
� � � �
� � �
� � ��� ��� � ���


 � � (� � �
� � � �
� � � � �
� �Ti 	 	 �

8y!:& � [S��� ���"! �1i 	 ���"!1d.& � [S�������W! �Ti 	 	 ^ ��� ���
� � ���
� � � ������RT�G��������d1[S�"�<������}\��_��/� ��kn�

�"!TdC����� � � �:kn�Wkn�Q!Z�
���	o"��}W��!XfO`r#


 � ��� ����
� � ���
� � � �$� 
 � � � � � �� �
� � � �
� � � ��$� � � � 
 � � � � �
� � � �
� � � � � � �Ti � bWb �

�
RO[T��� RT�/�S�����B�"!TdC����_Q�W!Td:kl�"kl��!O���
�"�4� RT�G��������dT[S�"�<���Q��}\��_Q�/� ��kl�����,�qkl�������"oW�

�"��_Q���"��� � � �
� � � �
� � � �"!TdC�"�����Q�7}\��_Q�G� ��kl�'dT[T� ��� ���"!�� ���
� � ���
� � � �"���GoW��}"�Q!XfZ`g#


�� � � � �
� � � �
� � � �$� 
 
 � (� �
� � � �
� � � �a 
 � � � �
� � � �
� � � � � �Ti � b � �

� � �



�"!Td


 
 � (� ���
� � ���
� � � � � 
 
 � �� �
� � � �
� � � �
� 
�� � � �
� � � �
� � � � � � �Ti � bZa �

)+��oW[T����� �Ti c � �Ti a"c���R1��s � RT�I�"!S����`O� ��_w�"�g���Q��[T�����
�h�W�
fT���\_�{O��!ToqdT[1� �������W!ePT���"�����Qd

}W������[T�B��RT�G���Z�"d"��
������ui��
RT�G�S�����	���|�B���+PT���"� �
��!T_Q��[TdT���B)���oW[T���Q� �Ti c � �1i � �\^�s�RT�����

� R1�I��RS�"Pr�GPS�"� ��kl�|� �Q� �������"����[Tkn�QdX� �qfg�G� � [T�"�4b1i c�i��
RT�G���Q_��W!Td:�����	�"��PT���"� �

��!1_Q��[1dT�Q��)+��oW[T���Q� �1i � � � �Ti a ��^�s�R1�Q���G� R1�I��RS�"Pr�GPS�"� ��kl�|� �Q� �������"����[Tkn�QdX� �qfg�G� � [T�"�

b1i��Ti3)S�W�
_Q�"klPS���������W!ePT[T��Pg�"���Q��^jkl�Q�"!XfT���\_�{O��!ToqdT[T����� ���W!e[T!Td1�Q��� RT�I�"����[TknP1� ���W!X�"�

�|��Pr�W!T��!O���]�"�<kn�Q��� �"o"�I��!Z� �Q���"������}��"�r� ��kn�Q����!TdXoW�Q�Wkn��������_/kl����� ��oW�G���Q!1o"� RT�
�����"�����

��!1_Q��[1dT�Qd$i

� � �



0 0.2 0.4 0.6 0.8 1 1.2 1.4
−5

0

5

10

15

20
Mean Blocking Duration vs Offered Load

Load λE[M]

M
ea

n 
B

lo
ck

in
g 

D
ur

at
io

n 
in

 C
ha

ra
ct

er
 T

im
es

 (
in

 lo
g1

0 
sc

al
e)

3−station playthrough ring
exp. interarr. and Weibull mess. length (c=.6, E[M]=5000)
... simulated mean blocking duration
− analytical mean blocking duration
exp. interarr. and geom. mess. length (E[M]=5000)
* simulated mean blocking duration

)+��oW[T��� �1i c1#*9C�w�"!CfT���\_�{O��!To�d1[T� �������W!"
��
	����<}\�Qi3� �g�Q���QdC���Z�"d ��
�� ���<�h�W�
oW���Wkl�|� ����_/�"!1dCL��Q��fT[T���xdT���7� ����fT[1���QdXkl�������"oW��� kn��oTi ������!To"� R1��s���� RXPS��� �"kn�����Q�
� �=b � c � kl�Q�"!:kn��o1i����Q!1o"� R"
������ � �"bWb"b�_�RS�"� ��_�� ������^$� � ���7���������W!X����klP1���|�
@32<�+E/��%'��-GF'HI%p����!ToT^1[T!T���h�"��k ��!TdX��`\klkn��������_�� � ��vl_�� F����!� ^m�"!TdX� �1Pr�W!T��!Z� �]���
kn��oTi���!O���Q���"������}��"�g����kn�Q��i

� � 	



0 0.2 0.4 0.6 0.8 1 1.2 1.4
−5

0

5

10

15

20
Mean Blocking Duration vs Offered Load

Load λE[M]

M
ea

n 
B

lo
ck

in
g 

D
ur

at
io

n 
in

 C
ha

ra
ct

er
 T

im
es

 (
in

 lo
g1

0 
sc

al
e)

3−station playthrough ring
exp. interarr. and Weibull mess. length (c=.6, E[M]=1000)
... simulated mean blocking duration
− analytical mean blocking duration
exp. interarr. and geom. mess. length (E[M]=1000)
* simulated mean blocking duration

)+��oW[T��� �1i ��#*9C�w�"!CfT���\_�{O��!To�d1[T� �������W!"
��
	����<}\�Qi3� �g�Q���QdC���Z�"d ��
�� ���<�h�W�
oW���Wkl�|� ����_/�"!1dCL��Q��fT[T���xdT���7� ����fT[1���QdXkl�������"oW��� kn��oTi ������!To"� R1��s���� RXPS��� �"kn�����Q�
� �=b � c � kl�Q�"!:kn��o1i����Q!1o"� R"
������ � � bWb"b�_�RS�"� ��_�� ������^$� � ���7���������W!X����klP1���|�
@32<�+E/��%'��-GF'HI%p����!ToT^1[T!T���h�"��k ��!TdX��`\klkn��������_�� � ��vl_�� F����!� ^m�"!TdX� �1Pr�W!T��!Z� �]���
kn��oTi���!O���Q���"������}��"�g����kn�Q��i

� �Zb



0 0.2 0.4 0.6 0.8 1 1.2 1.4
−10

−5

0

5

10

15

20
Mean Blocking Duration vs Offered Load

Offered Load λE[M]

M
ea

n 
B

lo
ck

in
g 

D
ur

at
io

n 
in

 C
ha

ra
ct

er
 T

im
es

 (
in

 lo
g1

0 
sc

al
e)

3−station playthrough ring
exp. interarr. and Weibull mess. length (c=.6, E[M]=100)
... simulated mean blocking duration
− analytical mean blocking duration
exp. interarr. and geom. mess. length (E[M]=100)
* simulated mean blocking duration

)+��oW[T��� �1i��1#*9C�w�"!CfT���\_�{O��!To�d1[T� �������W!"
��
	����<}\�Qi3� �g�Q���QdC���Z�"d ��
�� ���<�h�W�
oW���Wkl�|� ����_/�"!1dCL��Q��fT[T���xdT���7� ����fT[1���QdXkl�������"oW��� kn��oTi ������!To"� R1��s���� RXPS��� �"kn�����Q�
� �=b � c � kl�Q�"!:kn��o1i����Q!1o"� R"
������ � � bWb�_�RT�"� �"_|� �����Q^ � � ����� ��� ���W!X����klPT���|�
@32<�+E/��%'��-GF'HI%p����!ToT^1[T!T���h�"��k ��!TdX��`\klkn��������_�� � ��vl_�� F����!� ^m�"!TdX� �1Pr�W!T��!Z� �]���
kn��oTi���!O���Q���"������}��"�g����kn�Q��i

� � �



0 0.2 0.4 0.6 0.8 1 1.2 1.4
−2

0

2

4

6

8

10
Mean Blocking Duration vs Offered Load

Offered Load λE[M]

M
ea

n 
B

lo
ck

in
g 

D
ur

at
io

n 
in

 C
ha

ra
ct

er
 T

im
es

 (
in

 lo
g1

0 
sc

al
e) 10−station playthrough ring

exp. interarr. and Weibull mess. length (c=.6, E[M]=5000)

... simulated mean blocking duration

− analytical mean blocking duration

exp. interarr. and geom. mess. length (E[M]=5000)

* simulated mean blocking duration

)+��oW[T��� �1i 	 #*9C�w�"!CfT���\_�{O��!To�d1[T� �������W!"
��
	����<}\�Qi3� �g�Q���QdC���Z�"d ��
�� ���<�h�W�
oW���Wkl�|� ����_/�"!1dCL��Q��fT[T���xdT���7� ����fT[1���QdXkl�������"oW��� kn��oTi ������!To"� R1��s���� RXPS��� �"kn�����Q�
� �=b � c � kl�Q�"!:kn��o1i����Q!1o"� R"
������ � �"bWb"b�_�RS�"� ��_�� ������^$� � � bq�7���������W!X����knPT��� �
@32<�+E/��%'��-GF'HI%p����!ToT^1[T!T���h�"��k ��!TdX��`\klkn��������_�� � ��vl_�� F����!� ^m�"!TdX� �1Pr�W!T��!Z� �]���
kn��oTi���!O���Q���"������}��"�g����kn�Q��i

� �Oa



0 0.2 0.4 0.6 0.8 1 1.2 1.4
−2

0

2

4

6

8

10
Mean Blocking Duration vs Offered Load

Offered Load λE[M]

M
ea

n 
B

lo
ck

in
g 

D
ur

at
io

n 
in

 C
ha

ra
ct

er
 T

im
es

 (
in

 lo
g1

0 
sc

al
e) 10−station playthrough ring

exp. interarr. and Weibull mess. length (c=.6, E[M]=1000)

... simulated mean blocking duration

− analytical mean blocking duration

exp. interarr. and geom. mess. length (E[M]=1000)

* simulated mean blocking duration

)+��oW[T��� �1i � b�#39:�w��!.fT����_�{O��!1o�dT[T� ��� ���"! 
 � 	�� �<}\�Qi3� �g�Q���QdC���Z��d���
������6�h�W�
oW���Wkl�|� ����_/�"!1dCL��Q��fT[T���xdT���7� ����fT[1���QdXkl�������"oW��� kn��oTi ������!To"� R1��s���� RXPS��� �"kn�����Q�
� �=b � c � kl�Q�"!:kn��o1i����Q!1o"� R"
������ � � bWb"b�_�RS�"� ��_�� ������^$� � � bq�7���������W!X����knPT��� �
@32<�+E/��%'��-GF'HI%p����!ToT^1[T!T���h�"��k ��!TdX��`\klkn��������_�� � ��vl_�� F����!� ^m�"!TdX� �1Pr�W!T��!Z� �]���
kn��oTi���!O���Q���"������}��"�g����kn�Q��i

� � �



0 0.2 0.4 0.6 0.8 1 1.2 1.4
−2

0

2

4

6

8

10
Mean Blocking Duration vs Offered Load

Offered Load λE[M]

M
ea

n 
B

lo
ck

in
g 

D
ur

at
io

n 
in

 C
ha

ra
ct

er
 T

im
es

 (
in

 lo
g1

0 
sc

al
e) 10−station playthrough ring

exp. interarr. and Weibull mess. length (c=.6, E[M]=100)

... simulated mean blocking duration

− analytical mean blocking duration

exp. interarr. and geom. mess. length (E[M]=100)

* simulated mean blocking duration

)+��oW[T��� �1i � � #39:�w��!.fT����_�{O��!1o�dT[T� ��� ���"! 
 � 	�� �<}\�Qi3� �g�Q���QdC���Z��d���
������6�h�W�
oW���Wkl�|� ����_/�"!1dCL��Q��fT[T���xdT���7� ����fT[1���QdXkl�������"oW��� kn��oTi ������!To"� R1��s���� RXPS��� �"kn�����Q�
� �=b � c � kl�Q�"!:kn��o1i����Q!1o"� R"
������ � � bWb�_�RT�"� �"_|� �����Q^ � � � b��7���������W!X����klP1���|�
@32<�+E/��%'��-GF'HI%p����!ToT^1[T!T���h�"��k ��!TdX��`\klkn��������_�� � ��vl_�� F����!� ^m�"!TdX� �1Pr�W!T��!Z� �]���
kn��oTi���!O���Q���"������}��"�g����kn�Q��i

� � �



0 0.2 0.4 0.6 0.8 1 1.2 1.4
−2

0

2

4

6

8

10
Mean Blocking Duration vs Offered Load

Offered Load λE[M]

M
ea

n 
B

lo
ck

in
g 

D
ur

at
io

n 
in

 C
ha

ra
ct

er
 T

im
es

 (
in

 lo
g1

0 
sc

al
e) 20−station playthrough ring

exp. interarr. and Weibull mess. length (c=.6, E[M]=5000)

... simulated mean blocking duration

− analytical mean blocking duration

exp. interarr. and geom. mess. length (E[M]=5000)

* simulated mean blocking duration

)+��oW[T��� �1i � a\#39:�w��!.fT����_�{O��!1o�dT[T� ��� ���"! 
 � 	�� �<}\�Qi3� �g�Q���QdC���Z��d���
������6�h�W�
oW���Wkl�|� ����_/�"!1dCL��Q��fT[T���xdT���7� ����fT[1���QdXkl�������"oW��� kn��oTi ������!To"� R1��s���� RXPS��� �"kn�����Q�
� �=b � c � kl�Q�"!:kn��o1i����Q!1o"� R"
������ � �"bWb"b�_�RS�"� ��_�� ������^$� �?a�bq�7���������W!X����knPT��� �
@32<�+E/��%'��-GF'HI%p����!ToT^1[T!T���h�"��k ��!TdX��`\klkn��������_�� � ��vl_�� F����!� ^m�"!TdX� �1Pr�W!T��!Z� �]���
kn��oTi���!O���Q���"������}��"�g����kn�Q��i

� � �



0 0.2 0.4 0.6 0.8 1 1.2 1.4
−2

0

2

4

6

8

10
Mean Blocking Duration vs Offered Load

Offered Load λE[M]

M
ea

n 
B

lo
ck

in
g 

D
ur

at
io

n 
in

 C
ha

ra
ct

er
 T

im
es

 (
in

 lo
g1

0 
sc

al
e) 20−station playthrough ring

exp. interarr. and Weibull mess. length (c=.6, E[M]=1000)

... simulated mean blocking duration

− analytical mean blocking duration

exp. interarr. and geom. mess. length (E[M]=1000)

* simulated mean blocking duration

)+��oW[T��� �1i � ��#39:�w��!.fT����_�{O��!1o�dT[T� ��� ���"! 
 � 	�� �<}\�Qi3� �g�Q���QdC���Z��d���
������6�h�W�
oW���Wkl�|� ����_/�"!1dCL��Q��fT[T���xdT���7� ����fT[1���QdXkl�������"oW��� kn��oTi ������!To"� R1��s���� RXPS��� �"kn�����Q�
� �=b � c � kl�Q�"!:kn��o1i����Q!1o"� R"
������ � � bWb"b�_�RS�"� ��_�� ������^$� �?a�bq�7���������W!X����knPT��� �
@32<�+E/��%'��-GF'HI%p����!ToT^1[T!T���h�"��k ��!TdX��`\klkn��������_�� � ��vl_�� F����!� ^m�"!TdX� �1Pr�W!T��!Z� �]���
kn��oTi���!O���Q���"������}��"�g����kn�Q��i

� �Zc



0 0.2 0.4 0.6 0.8 1 1.2 1.4
−2

0

2

4

6

8

10
Mean Blocking Duration vs Offered Load

Offered Load λE[M]

M
ea

n 
B

lo
ck

in
g 

D
ur

at
io

n 
in

 C
ha

ra
ct

er
 T

im
es

 (
in

 lo
g1

0 
sc

al
e) 20−station playthrough ring

exp. interarr. and Weibull mess. length (c=.6, E[M]=100)

... simulated mean blocking duration

− analytical mean blocking duration

exp. interarr. and geom. mess. length (E[M]=100)

* simulated mean blocking duration

)+��oW[T��� �1i � �1#39:�w��!.fT����_�{O��!1o�dT[T� ��� ���"! 
 � 	�� �<}\�Qi3� �g�Q���QdC���Z��d���
������6�h�W�
oW���Wkl�|� ����_/�"!1dCL��Q��fT[T���xdT���7� ����fT[1���QdXkl�������"oW��� kn��oTi ������!To"� R1��s���� RXPS��� �"kn�����Q�
� �=b � c � kl�Q�"!:kn��o1i����Q!1o"� R"
������ � � bWb�_�RT�"� �"_|� �����Q^ � � a"b��7���������W!X����klP1���|�
@32<�+E/��%'��-GF'HI%p����!ToT^1[T!T���h�"��k ��!TdX��`\klkn��������_�� � ��vl_�� F����!� ^m�"!TdX� �1Pr�W!T��!Z� �]���
kn��oTi���!O���Q���"������}��"�g����kn�Q��i

� � �



0 0.2 0.4 0.6 0.8 1 1.2 1.4
−2

0

2

4

6

8

10
Mean Blocking Duration vs Offered Load

Offered Load λE[M]

M
ea

n 
B

lo
ck

in
g 

D
ur

at
io

n 
in

 C
ha

ra
ct

er
 T

im
es

 (
in

 lo
g1

0 
sc

al
e) 30−station playthrough ring

exp. interarr. and Weibull mess. length (c=.6, E[M]=10000)

... simulated mean blocking duration

− analytical mean blocking duration

exp. interarr. and geom. mess. length (E[M]=10000)

* simulated mean blocking duration

)+��oW[T��� �1i � �\#39:�w��!.fT����_�{O��!1o�dT[T� ��� ���"! 
 � 	�� �<}\�Qi3� �g�Q���QdC���Z��d���
������6�h�W�
oW���Wkl�|� ����_/�"!1dCL��Q��fT[T���xdT���7� ����fT[1���QdXkl�������"oW��� kn��oTi ������!To"� R1��s���� RXPS��� �"kn�����Q�
� �=b � c � kl�Q�"!:kn��o1i����Q!1o"� R"
������ � � bWb"bWb�_�RS�"���"_����Q����^ � � �Wb�������� ���"!e����knPT���|�
@32<�+E/��%'��-GF'HI%p����!ToT^1[T!T���h�"��k ��!TdX��`\klkn��������_�� � ��vl_�� F����!� ^m�"!TdX� �1Pr�W!T��!Z� �]���
kn��oTi���!O���Q���"������}��"�g����kn�Q��i

� � �



0 0.2 0.4 0.6 0.8 1 1.2 1.4
−2

0

2

4

6

8

10
Mean Blocking Duration vs Offered Load

Offered Load λE[M]

M
ea

n 
B

lo
ck

in
g 

D
ur

at
io

n 
in

 C
ha

ra
ct

er
 T

im
es

 (
in

 lo
g1

0 
sc

al
e) 30−station playthrough ring

exp. interarr. and Weibull mess. length (c=.6, E[M]=5000)

... simulated mean blocking duration

− analytical mean blocking duration

exp. interarr. and geom. mess. length (E[M]=5000)

* simulated mean blocking duration

)+��oW[T��� �1i � c�#39:�w��!.fT����_�{O��!1o�dT[T� ��� ���"! 
 � 	�� �<}\�Qi3� �g�Q���QdC���Z��d���
������6�h�W�
oW���Wkl�|� ����_/�"!1dCL��Q��fT[T���xdT���7� ����fT[1���QdXkl�������"oW��� kn��oTi ������!To"� R1��s���� RXPS��� �"kn�����Q�
� �=b � c � kl�Q�"!:kn��o1i����Q!1o"� R"
������ � �"bWb"b�_�RS�"� ��_�� ������^$� � �"bq�7���������W!X����knPT��� �
@32<�+E/��%'��-GF'HI%p����!ToT^1[T!T���h�"��k ��!TdX��`\klkn��������_�� � ��vl_�� F����!� ^m�"!TdX� �1Pr�W!T��!Z� �]���
kn��oTi���!O���Q���"������}��"�g����kn�Q��i

� � 	



0 0.2 0.4 0.6 0.8 1 1.2 1.4
−2

0

2

4

6

8

10
Mean Blocking Duration vs Offered Load

Offered Load λE[M]

M
ea

n 
B

lo
ck

in
g 

D
ur

at
io

n 
in

 C
ha

ra
ct

er
 T

im
es

 (
in

 lo
g1

0 
sc

al
e) 30−station playthrough ring

exp. interarr. and Weibull mess. length (c=.6, E[M]=1000)

... simulated mean blocking duration

− analytical mean blocking duration

exp. interarr. and geom. mess. length (E[M]=1000)

* simulated mean blocking duration

)+��oW[T��� �1i � �\#39:�w��!.fT����_�{O��!1o�dT[T� ��� ���"! 
 � 	�� �<}\�Qi3� �g�Q���QdC���Z��d���
������6�h�W�
oW���Wkl�|� ����_/�"!1dCL��Q��fT[T���xdT���7� ����fT[1���QdXkl�������"oW��� kn��oTi ������!To"� R1��s���� RXPS��� �"kn�����Q�
� �=b � c � kl�Q�"!:kn��o1i����Q!1o"� R"
������ � � bWb"b�_�RS�"� ��_�� ������^$� � �"bq�7���������W!X����knPT��� �
@32<�+E/��%'��-GF'HI%p����!ToT^1[T!T���h�"��k ��!TdX��`\klkn��������_�� � ��vl_�� F����!� ^m�"!TdX� �1Pr�W!T��!Z� �]���
kn��oTi���!O���Q���"������}��"�g����kn�Q��i

� �"b



0 0.2 0.4 0.6 0.8 1 1.2 1.4
−5

0

5

10

15

20
Mean Blocking Duration vs Offered Load

Load λE[M]

M
ea

n 
B

lo
ck

in
g 

D
ur

at
io

n 
in

 C
ha

ra
ct

er
 T

im
es

 (
in

 lo
g1

0 
sc

al
e)

3−station playthrough ring
exp. interarr. and Weibull mess. length (c=.4, E[M]=5000)
... simulated mean blocking duration
− analytical mean blocking duration
exp. interarr. and geom. mess. length (E[M]=5000)
* simulated mean blocking duration

)+��oW[T��� �1i � ��#39:�w��!.fT����_�{O��!1o�dT[T� ��� ���"! 
 � 	�� �<}\�Qi3� �g�Q���QdC���Z��d���
������6�h�W�
oW���Wkl�|� ����_/�"!1dCL��Q��fT[T���xdT���7� ����fT[1���QdXkl�������"oW��� kn��oTi ������!To"� R1��s���� RXPS��� �"kn�����Q�
� �=b ��� � kl�Q�"!:kn��o1i����Q!1o"� R"
������ � �"bWb"b�_�RS�"� ��_�� ������^$� � ���7���������W!X����klP1���|�
@32<�+E/��%'��-GF'HI%p����!ToT^1[T!T���h�"��k ��!TdX��`\klkn��������_�� � ��vl_�� F����!� ^m�"!TdX� �1Pr�W!T��!Z� �]���
kn��oTi���!O���Q���"������}��"�g����kn�Q��i

� � �



0 0.2 0.4 0.6 0.8 1 1.2 1.4
−5

0

5

10

15

20
Mean Blocking Duration vs Offered Load

Load λE[M]

M
ea

n 
B

lo
ck

in
g 

D
ur

at
io

n 
in

 C
ha

ra
ct

er
 T

im
es

 (
in

 lo
g1

0 
sc

al
e)

3−station playthrough ring
exp. interarr. and Weibull mess. length (c=.4, E[M]=1000)
... simulated mean blocking duration
− analytical mean blocking duration
exp. interarr. and geom. mess. length (E[M]=1000)
* simulated mean blocking duration

)+��oW[T��� �1i �
	 #39:�w��!.fT����_�{O��!1o�dT[T� ��� ���"! 
 � 	�� �<}\�Qi3� �g�Q���QdC���Z��d���
������6�h�W�
oW���Wkl�|� ����_/�"!1dCL��Q��fT[T���xdT���7� ����fT[1���QdXkl�������"oW��� kn��oTi ������!To"� R1��s���� RXPS��� �"kn�����Q�
� �=b ��� � kl�Q�"!:kn��o1i����Q!1o"� R"
������ � � bWb"b�_�RS�"� ��_�� ������^$� � ���7���������W!X����klP1���|�
@32<�+E/��%'��-GF'HI%p����!ToT^1[T!T���h�"��k ��!TdX��`\klkn��������_�� � ��vl_�� F����!� ^m�"!TdX� �1Pr�W!T��!Z� �]���
kn��oTi���!O���Q���"������}��"�g����kn�Q��i

� �Wa



0 0.2 0.4 0.6 0.8 1 1.2 1.4
−10

−5

0

5

10

15

20
Mean Blocking Duration vs Offered Load 

Offered Load λE[M]

M
ea

n 
B

lo
ck

in
g 

D
ur

at
io

n 
in

 C
ha

ra
ct

er
 T

im
es

  (
in

 lo
g1

0 
sc

al
e)

3−station playthrough ring
exp. interarr. and Weibull mess. length (c=.4, E[M]=100)
... simulated mean blocking duration
− analytical mean blocking duration
exp. interarr. and geom. mess. length (E[M]=100)
* simulated mean blocking duration

)+��oW[T��� �1i a"b�#39:�w��!.fT����_�{O��!1o�dT[T� ��� ���"! 
 � 	�� �<}\�Qi3� �g�Q���QdC���Z��d���
������6�h�W�
oW���Wkl�|� ����_/�"!1dCL��Q��fT[T���xdT���7� ����fT[1���QdXkl�������"oW��� kn��oTi ������!To"� R1��s���� RXPS��� �"kn�����Q�
� �=b ��� � kl�Q�"!:kn��o1i����Q!1o"� R"
������ � � bWb�_�RT�"� �"_|� �����Q^ � � ����� ��� ���W!X����klPT���|�
@32<�+E/��%'��-GF'HI%p����!ToT^1[T!T���h�"��k ��!TdX��`\klkn��������_�� � ��vl_�� F����!� ^m�"!TdX� �1Pr�W!T��!Z� �]���
kn��oTi���!O���Q���"������}��"�g����kn�Q��i

� � �



0 0.2 0.4 0.6 0.8 1 1.2 1.4
−2

0

2

4

6

8

10
Mean Blocking Duration vs Offered Load

Offered Load λE[M]

M
ea

n 
B

lo
ck

in
g 

D
ur

at
io

n 
in

 C
ha

ra
ct

er
 T

im
es

  (
in

 lo
g1

0 
sc

al
e) 10−station playthrough ring

exp. interarr. and Weibull mess. length (c=.4, E[M]=5000)

... simulated mean blocking duration

− analytical mean blocking duration

exp. interarr. and geom. mess. length (E[M]=5000)

* simulated mean blocking duration

)+��oW[T��� �1i a � #39:�w��!.fT����_�{O��!1o�dT[T� ��� ���"! 
 � 	�� �<}\�Qi3� �g�Q���QdC���Z��d���
������6�h�W�
oW���Wkl�|� ����_/�"!1dCL��Q��fT[T���xdT���7� ����fT[1���QdXkl�������"oW��� kn��oTi ������!To"� R1��s���� RXPS��� �"kn�����Q�
� �=b ��� � kl�Q�"!:kn��o1i����Q!1o"� R"
������ � �"bWb"b�_�RS�"� ��_�� ������^$� � � bq�7���������W!X����knPT��� �
@32<�+E/��%'��-GF'HI%p����!ToT^1[T!T���h�"��k ��!TdX��`\klkn��������_�� � ��vl_�� F����!� ^m�"!TdX� �1Pr�W!T��!Z� �]���
kn��oTi���!O���Q���"������}��"�g����kn�Q��i

� ���



0 0.2 0.4 0.6 0.8 1 1.2 1.4
−2

0

2

4

6

8

10
Mean Blocking Duration vs Offered Load

Offered Load λE[M]

M
ea

n 
B

lo
ck

in
g 

D
ur

at
io

n 
in

 C
ha

ra
ct

er
 T

im
es

 (
in

 lo
g1

0 
sc

al
e) 10−station playthrough ring

exp. interarr. and Weibull mess. length (c=.4, E[M]=1000)

... simulated mean blocking duration

− analytical mean blocking duration

exp. interarr. and geom. mess. length (E[M]=1000)

* simulated mean blocking duration

)+��oW[T��� �1i aWa\#39:�w��!.fT����_�{O��!1o�dT[T� ��� ���"! 
 � 	�� �<}\�Qi3� �g�Q���QdC���Z��d���
������6�h�W�
oW���Wkl�|� ����_/�"!1dCL��Q��fT[T���xdT���7� ����fT[1���QdXkl�������"oW��� kn��oTi ������!To"� R1��s���� RXPS��� �"kn�����Q�
� �=b ��� � kl�Q�"!:kn��o1i����Q!1o"� R"
������ � � bWb"b�_�RS�"� ��_�� ������^$� � � bq�7���������W!X����knPT��� �
@32<�+E/��%'��-GF'HI%p����!ToT^1[T!T���h�"��k ��!TdX��`\klkn��������_�� � ��vl_�� F����!� ^m�"!TdX� �1Pr�W!T��!Z� �]���
kn��oTi���!O���Q���"������}��"�g����kn�Q��i

� � �



0 0.2 0.4 0.6 0.8 1 1.2 1.4
−2

0

2

4

6

8

10
Mean Blocking Duration vs Offered Load

Offered Load λE[M]

M
ea

n 
B

lo
ck

in
g 

D
ur

at
io

n 
in

 C
ha

ra
ct

er
 T

im
es

 (
in

 lo
g1

0 
sc

al
e) 10−station playthrough ring

exp. interarr. and Weibull mess. length (c=.4, E[M]=100)

... simulated mean blocking duration

− analytical mean blocking duration

exp. interarr. and geom. mess. length (E[M]=100)

* simulated mean blocking duration

)+��oW[T��� �1i a ��#39:�w��!.fT����_�{O��!1o�dT[T� ��� ���"! 
 � 	�� �<}\�Qi3� �g�Q���QdC���Z��d���
������6�h�W�
oW���Wkl�|� ����_/�"!1dCL��Q��fT[T���xdT���7� ����fT[1���QdXkl�������"oW��� kn��oTi ������!To"� R1��s���� RXPS��� �"kn�����Q�
� �=b ��� � kl�Q�"!:kn��o1i����Q!1o"� R"
������ � � bWb�_�RT�"� �"_|� �����Q^ � � � b��7���������W!X����klP1���|�
@32<�+E/��%'��-GF'HI%p����!ToT^1[T!T���h�"��k ��!TdX��`\klkn��������_�� � ��vl_�� F����!� ^m�"!TdX� �1Pr�W!T��!Z� �]���
kn��oTi���!O���Q���"������}��"�g����kn�Q��i

� �"c



0 0.2 0.4 0.6 0.8 1 1.2 1.4
−2

0

2

4

6

8

10
Mean Blocking Duration vs Offered Load

Offered Load λE[M]

M
ea

n 
B

lo
ck

in
g 

D
ur

at
io

n 
in

 C
ha

ra
ct

er
 T

im
es

 (
in

 lo
g1

0 
sc

al
e) 20−station playthrough ring

exp. interarr. and Weibull mess. length (c=.4, E[M]=5000)

... simulated mean blocking duration

− analytical mean blocking duration

exp. interarr. and geom. mess. length (E[M]=5000)
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exp. interarr. and geom. mess. length (E[M]=5000)
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3−station playthrough ring

c=.6; E[M]=1000; max. num. of packets: 106

Waiting time for exp. interarr. and Weibull mess. length

−: Analytical result (upper bound) 

.: simulated result
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c=.6; E[M]=100; max. num. of packets: 106

Waiting time for exp. interarr. and Weibull mess. length

−: Analytical result (upper bound) 

.: simulated result
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10−station playthrough ring

c=.6; E[M]=5000; max. num. of packets: 106

Waiting time for exp. interarr. and Weibull mess. length

red: Analytical result (upper bound) 

green: simulated result
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10−station playthrough ring

c=.6; E[M]=1000; max. num. of packets: 106

Waiting time for exp. interarr. and Weibull mess. length

−: Analytical result (upper bound) 

.: simulated result
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10−station playthrough ring

c=.6; E[M]=100; max. num. of packets: 106

Waiting time for exp. interarr. and Weibull mess. length

−: Analytical result (upper bound) 

.: simulated result
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20−station playthrough ring

c=.6; E[M]=5000; max. num. of packets: 106

Waiting time for exp. interarr. and Weibull mess. length

−: Analytical result (upper bound) 

.: simulated result
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s�����RXPS�"� ��kl�|� �Q� � � b�� cl�"!1dCkn�w��! 
������ � ��bWbWb�_�RS�"���"_����Q����i�
��"klPS���������W! s�����R
����k�[T����� ��dekl�Q�"!es��"�t� ��!To�� ��kl���
[T!TdT���B� �1Pxi*��!Z� �Q���"������}��"�r� ��kn�Q����!TdeL ����fT[T���
kn�Q�����"oW�G����!To"��RT�Qi

)+��oW[T��� �1i�� � ��RT�~s���� RT�I�"!T�"��`O� ��_w�"�g������[T�t� ���"�+�~}"�Q���"oW�Gs��"�t� ��!To�� ��kl���"!.�na"b�5u��� ��� ���W!

@32<�+E/��%'��-GF'HI%p����!To�s�����RX�|��Pg�"!T�Q!Z� ���"�<kn�Q�����"oW�G��!Z���Q� �������t}��"�g����kn�Q���"!TdeL��Q��fT[T���

dT����� ����fT[�� �QdXkn�Q��� �"oW�G���Q!To"��RT�
s�����RCkn�w��! ��bWbWb1i��
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20−station playthrough ring

c=.6; E[M]=1000; max. num. of packets: 106

Waiting time for exp. interarr. and Weibull mess. length

−: Analytical result (upper bound) 

.: simulated result

)+��oW[T��� �1i�� �\#39:�w��!.kn�Q�����"oW�/s��"������!To�����kn� 
��#� �$}\��i*� �x�����QdC���W�"d � 
������6�h�W�
� �?a"b���� ��� ���W!X����klPT���|� @326�+E���%'�
-/F'HI%p����!ToT^T[1!T���h�W��k �"!1dC�7`\klkn��������_���� ��vn_
� F'���!�|^.�"!TdX�|��Pr�W!T��!O���]�"�<��!Z� �Q���"������}��"�r� ��kn�Q��^1L��Q��f1[T���$d1����������fT[1� ��dXkl����� ��oW�G���Q!1o"� RT�
s�����RXPS�"� ��kl�|� �Q� � � b�� cl�"!1dCkn�w��! 
������ � � bWbWb�_�RS�"���"_����Q����i�
��"klPS���������W! s�����R
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[T!TdT���B� �1Pxi*��!Z� �Q���"������}��"�r� ��kn�Q����!TdeL ����fT[T���
kn�Q�����"oW�G����!To"��RT�Qi

)+��oW[T��� �1i�� � ��RT�~s���� RT�I�"!T�"��`O� ��_w�"�g������[T�t� ���"�+�~}"�Q���"oW�Gs��"�t� ��!To�� ��kl���"!.�

a"b�5u��� ��� ���W!X@326�+E���%'�
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20−station playthrough ring

c=.6; E[M]=100; max. num. of packets: 106

Waiting time for exp. interarr. and Weibull mess. length

−: Analytical result (upper bound) 

.: simulated result

)+��oW[T��� �1i��Wc�#39:�w��!.kn�Q�����"oW�/s��"������!To�����kn� 
��#� �$}\��i*� �x�����QdC���W�"d � 
������6�h�W�
� �?a"b���� ��� ���W!X����klPT���|� @326�+E���%'�
-/F'HI%p����!ToT^T[1!T���h�W��k �"!1dC�7`\klkn��������_���� ��vn_
� F'���!�|^.�"!TdX�|��Pr�W!T��!O���]�"�<��!Z� �Q���"������}��"�r� ��kn�Q��^1L��Q��f1[T���$d1����������fT[1� ��dXkl����� ��oW�G���Q!1o"� RT�
s�����RXPS�"� ��kl�|� �Q� � � b�� cl�"!1dCkn�w��! 
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kn�Q�����"oW�G����!To"��RT�Qi
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30−station playthrough ring

c=.6; E[M]=10000; max. num. of packets: 106

Waiting time for exp. interarr. and Weibull mess. length

−: Analytical result (upper bound) 

.: simulated result

)+��oW[T��� �1i�� �\#39:�w��!.kn�Q�����"oW�/s��"������!To�����kn� 
��#� �$}\��i*� �x�����QdC���W�"d � 
������6�h�W�
� � �Wb���� ��� ���W!X����klPT���|� @326�+E���%'�
-/F'HI%p����!ToT^T[1!T���h�W��k �"!1dC�7`\klkn��������_���� ��vn_
� F'���!�|^.�"!TdX�|��Pr�W!T��!O���]�"�<��!Z� �Q���"������}��"�r� ��kn�Q��^1L��Q��f1[T���$d1����������fT[1� ��dXkl����� ��oW�G���Q!1o"� RT�
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kn�Q�����"oW�G����!To"��RT�Qi
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30−station playthrough ring

c=.6; E[M]=5000; max. num. of packets: 106

Waiting time for exp. interarr. and Weibull mess. length

−: Analytical result (upper bound) 

.: simulated result

)+��oW[T��� �1i�� ��#39:�w��!.kn�Q�����"oW�/s��"������!To�����kn� 
��#� �$}\��i*� �x�����QdC���W�"d � 
������6�h�W�
� � �Wb���� ��� ���W!X����klPT���|� @326�+E���%'�
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� F'���!�|^.�"!TdX�|��Pr�W!T��!O���]�"�<��!Z� �Q���"������}��"�r� ��kn�Q��^1L��Q��f1[T���$d1����������fT[1� ��dXkl����� ��oW�G���Q!1o"� RT�
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kn�Q�����"oW�G����!To"��RT�Qi
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�"!TdXL��Q��f1[T���gdT���7� ����fT[1���QdXkl�������"oW�G����!To"� R1��s��t� RXkn�w�"! �"bWb"b1i��
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30−station playthrough ring

c=.6; E[M]=1000; max. num. of packets: 106

Waiting time for exp. interarr. and Weibull mess. length

−: Analytical result (upper bound) 

.: simulated result

)+��oW[T��� �1i�� 	 #39:�w��!.kn�Q�����"oW�/s��"������!To�����kn� 
��#� �$}\��i*� �x�����QdC���W�"d � 
������6�h�W�
� � �Wb���� ��� ���W!X����klPT���|� @326�+E���%'�
-/F'HI%p����!ToT^T[1!T���h�W��k �"!1dC�7`\klkn��������_���� ��vn_
� F'���!�|^.�"!TdX�|��Pr�W!T��!O���]�"�<��!Z� �Q���"������}��"�r� ��kn�Q��^1L��Q��f1[T���$d1����������fT[1� ��dXkl����� ��oW�G���Q!1o"� RT�
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50−station playthrough ring

c=.6; E[M]=10000; max. num. of packets: 106

Waiting time for exp. interarr. and Weibull mess. length

−: Analytical result (upper bound) 

.: simulated result

)+��oW[T��� �1i��Zb�#39:�w��!.kn�Q�����"oW�/s��"������!To�����kn� 
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50−station playthrough ring

c=.6; E[M]=5000; max. num. of packets: 106

Waiting time for exp. interarr. and Weibull mess. length

−: Analytical result (upper bound) 

.: simulated result
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50−station playthrough ring

c=.6; E[M]=1000; max. num. of packets: 106

Waiting time for exp. interarr. and Weibull mess. length

−: Analytical result (upper bound) 

.: simulated result
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3−station playthrough ring

... simulated result for exp. interarr. and Weibull mess. length

c=.6; E[M]=5000

−−− simulated result for Weibull interarr. and geom. mess. length

c=.6; E[M]=5000

__ simulated result for exp. interarr. and geom. mess. length

E[M]=5000
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3−station playthrough ring

... simulated result for exp. interarr. and Weibull mess. length

c=.6; E[M]=1000

−−− simulated result for Weibull interarr. and geom. mess. length

c=.6; E[M]=1000

__ simulated result for exp. interarr. and geom. mess. length

E[M]=1000
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3−station playthrough ring

... simulated result for exp. interarr. and Weibull mess. length

c=.6; E[M]=100

−−− simulated result for Weibull interarr. and geom. mess. length

c=.6; E[M]=100

__ simulated result for exp. interarr. and geom. mess. length

E[M]=100
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10−station playthrough ring

... simulated result for exp. interarr. and Weibull mess. length

c=.6; E[M]=5000

−−− simulated result for Weibull interarr. and geom. mess. length

c=.6; E[M]=5000

__ simulated result for exp. interarr. and geom. mess. length

E[M]=5000
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10−station playthrough ring

... simulated result for exp. interarr. and Weibull mess. length

c=.6; E[M]=1000

−−− simulated result for Weibull interarr. and geom. mess. length

c=.6; E[M]=1000

__ simulated result for exp. interarr. and geom. mess. length

E[M]=1000
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10−station playthrough ring

... simulated result for exp. interarr. and Weibull mess. length

c=.6; E[M]=100

−−− simulated result for Weibull interarr. and geom. mess. length

c=.6; E[M]=100

__ simulated result for exp. interarr. and geom. mess. length

E[M]=100
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20−station playthrough ring

... simulated result for exp. interarr. and Weibull mess. length

c=.6; E[M]=5000

−−− simulated result for Weibull interarr. and geom. mess. length

c=.6; E[M]=5000

__ simulated result for exp. interarr. and geom. mess. length

E[M]=5000
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20−station playthrough ring

... simulated result for exp. interarr. and Weibull mess. length

c=.6; E[M]=1000

−−− simulated result for Weibull interarr. and geom. mess. length

c=.6; E[M]=1000

__ simulated result for exp. interarr. and geom. mess. length

E[M]=1000
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20−station playthrough ring

... simulated result for exp. interarr. and Weibull mess. length

c=.6; E[M]=100

−−− simulated result for Weibull interarr. and geom. mess. length

c=.6; E[M]=100

__ simulated result for exp. interarr. and geom. mess. length

E[M]=100
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30−station playthrough ring

... simulated result for exp. interarr. and Weibull mess. length

c=.6; E[M]=10000

−−− simulated result for Weibull interarr. and geom. mess. length

c=.6; E[M]=10000

__ simulated result for exp. interarr. and geom. mess. length

E[M]=10000
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30−station playthrough ring

... simulated result for exp. interarr. and Weibull mess. length

c=.6; E[M]=5000

−−− simulated result for Weibull interarr. and geom. mess. length

c=.6; E[M]=5000

__ simulated result for exp. interarr. and geom. mess. length

E[M]=5000
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30−station playthrough ring

... simulated result for exp. interarr. and Weibull mess. length

c=.6; E[M]=1000

−−− simulated result for Weibull interarr. and geom. mess. length

c=.6; E[M]=1000

__ simulated result for exp. interarr. and geom. mess. length

E[M]=1000
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50−station playthrough ring

... simulated result for exp. interarr. and Weibull mess. length

c=.6; E[M]=10000

−−− simulated result for Weibull interarr. and geom. mess. length

c=.6; E[M]=10000

__ simulated result for exp. interarr. and geom. mess. length

E[M]=10000
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50−station playthrough ring

... simulated result for exp. interarr. and Weibull mess. length

c=.6; E[M]=5000

−−− simulated result for Weibull interarr. and geom. mess. length

c=.6; E[M]=5000

__ simulated result for exp. interarr. and geom. mess. length

E[M]=5000
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50−station playthrough ring

... simulated result for exp. interarr. and Weibull mess. length

c=.6; E[M]=1000

−−− simulated result for Weibull interarr. and geom. mess. length

c=.6; E[M]=1000

__ simulated result for exp. interarr. and geom. mess. length

E[M]=1000
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3−station playthrough ring

... simulated result for exp. interarr. and Weibull mess. length

c=.4; E[M]=5000

−−− simulated result for Weibull interarr. and geom. mess. length

c=.4; E[M]=5000

__ simulated result for exp. interarr. and geom. mess. length

E[M]=5000
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3−station playthrough ring

... simulated result for exp. interarr. and Weibull mess. length

c=.4; E[M]=1000

−−− simulated result for Weibull interarr. and geom. mess. length

c=.4; E[M]=1000

__ simulated result for exp. interarr. and geom. mess. length

E[M]=1000

)+��oW[T��� �\i � ��#39:�w��!.kn�Q�����"oW�/s��"������!To�����kn� 
��#� �$}\��i*� �x�����QdC���W�"d � 
������6�h�W�
� � ����� ��� ���W!X����knPT���|� @*2<�+E���%'�
-/F�HG%J����!1oT^1[T!1���h�W��k �"!TdC��`\knkl�|� ����_'��� ��vn_
� F'���!�|^.�"!TdXkn�w�"!Ckl�������"oW�G����!To"� R"
������ � � b"bWb�_�RS�"���"_����Q����i�
��"klPS���������W! �h�W�
dT���x�����Q!Z�B�"����[TknP1� ���W!T��i

����!ToVs��t� ReL ����fT[1���r��!Z� ��� �"������}��"�j� ��kl���
�"!Tdeo"�Q�Wkn��������_'kl����� ��oW�/����!To"� R1�Qi�8y!C�"dTdT�t� ���W!$^

����RT�Q�w}\`X���Z�"dT��^1� R1�N�w}"�Q� ��oW�Is��"�t� ��!1o�� ��kn�'�h�W��@32<�+E/��%B�
-/F�HG%p[T!TdT���	L��Q��fT[T���

��!Z���Q� �������t}��"�g����kn�Q���"!TdXoW���Wkn��� ����_/kn�Q��� �"oW�G���Q!To"��RT���"PTPr�w�����
� �qfr�Io"���w��� �Q�
��RS�"!e� RT�

�w}W��� �"oW�Gs��"������!To�����kn�'�h�W��@32<�+E/��%'��-GF'HI%p����!Toq[T!Td1�Q���|��Pr�W!T�Q!Z���]�"�<��!O���Q���"������}��"�

� ��kl�����"!TdXoW���Wkl�|� ����_/kn�Q�����"oW�G����!To"��RT�Qi�8y!X� �"_��Q^S�W!T�t`e��������oWRZ�
���Z�"dedT�\�Q�	�w}W��� �"oW�

s��"������!To�����kn�'�h�W��� R1�N@32<�+E/��%B�
-/F�HG% ����!To�[1!TdT�Q��L��Q��f1[T���g��!Z� ��� �"������}��"�r� ��kl���

�"!TdCoW���Wkl�|� ����_�kn�Q��� �"oW�G���Q!To"��RT�	�"PTPr�w�"�����qfg�GoW���w�����Q�
� RS��!:�w}"�Q� ��oW�Is��"�t� ��!1o�� ��kn�Q�

�h�W����RT�I@*2<�+E���%'�
-/F�HG%p����!Toq[T!TdT���	� ��Pg�W!1�Q!Z� ���"�<��!Z� ��� �"�����t}"���g� ��kl�����"!TdXL ����fT[1���

kn�Q����oW�G����!To"� R1�	��!C)+��oW[1��� ��i � ��^T)+��oW[1��� ��i � �1^S��!TdC)+��oW[1��� ��i �
	 i

aWa"b



0 0.2 0.4 0.6 0.8 1 1.2 1.4
0

1

2

3

4

5

6

7

8
Mean Waiting Time vs Offered Load

Load lambdaE[M]

M
ea

n 
W

ai
tin

g 
T

im
e 

E
[W

] i
n 

C
ha

ra
ct

er
 T

im
es

 (
lo

g1
0 

sc
al

e)

3−station playthrough ring

... simulated result for exp. interarr. and Weibull mess. length

c=.4; E[M]=100

−−− simulated result for Weibull interarr. and geom. mess. length

c=.4; E[M]=100

__ simulated result for exp. interarr. and geom. mess. length

E[M]=100

)+��oW[T��� �\i �
	 #39:�w��!.kn�Q�����"oW�/s��"������!To�����kn� 
��#� �$}\��i*� �x�����QdC���W�"d � 
������6�h�W�
� � ����� ��� ���W!X����knPT���|� @*2<�+E���%'�
-/F�HG%J����!1oT^1[T!1���h�W��k �"!TdC��`\knkl�|� ����_'��� ��vn_
� F'���!�|^.�"!TdXkn�w�"!Ckl�������"oW�G����!To"� R"
������ � � b"b�_�RS�"� ��_�� ������i�
��WknPS�"�������W!e�h�W�
dT���x�����Q!Z�B�"����[TknP1� ���W!T��i

aWa �



0 0.2 0.4 0.6 0.8 1 1.2 1.4
1

2

3

4

5

6

7

8

9
Mean Waiting Time vs Offered Load

Load lambdaE[M]

M
ea

n 
W

ai
tin

g 
T

im
e 

E
[W

] i
n 

C
ha

ra
ct

er
 T

im
es

 (
lo

g1
0 

sc
al

e)

10−station playthrough ring

... simulated result for exp. interarr. and Weibull mess. length

c=.4; E[M]=5000

−−− simulated result for Weibull interarr. and geom. mess. length

c=.4; E[M]=5000

__ simulated result for exp. interarr. and geom. mess. length

E[M]=5000
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10−station playthrough ring

... simulated result for exp. interarr. and Weibull mess. length

c=.4; E[M]=1000

−−− simulated result for Weibull interarr. and geom. mess. length

c=.4; E[M]=1000

__ simulated result for exp. interarr. and geom. mess. length

E[M]=1000
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20−station playthrough ring

... simulated result for exp. interarr. and Weibull mess. length

c=.4; E[M]=5000

−−− simulated result for Weibull interarr. and geom. mess. length

c=.4; E[M]=5000

__ simulated result for exp. interarr. and geom. mess. length

E[M]=5000
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20−station playthrough ring

... simulated result for exp. interarr. and Weibull mess. length

c=.4; E[M]=1000

−−− simulated result for Weibull interarr. and geom. mess. length

c=.4; E[M]=1000

__ simulated result for exp. interarr. and geom. mess. length

E[M]=1000
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20−station playthrough ring

... simulated result for exp. interarr. and Weibull mess. length

c=.4; E[M]=100

−−− simulated result for Weibull interarr. and geom. mess. length

c=.4; E[M]=100

__ simulated result for exp. interarr. and geom. mess. length

E[M]=100
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30−station playthrough ring

... simulated result for exp. interarr. and Weibull mess. length

c=.4; E[M]=10000

−−− simulated result for Weibull interarr. and geom. mess. length

c=.4; E[M]=10000

__ simulated result for exp. interarr. and geom. mess. length

E[M]=10000
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30−station playthrough ring

... simulated result for exp. interarr. and Weibull mess. length

c=.4; E[M]=5000

−−− simulated result for Weibull interarr. and geom. mess. length

c=.4; E[M]=5000

__ simulated result for exp. interarr. and geom. mess. length

E[M]=5000
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30−station playthrough ring

... simulated result for exp. interarr. and Weibull mess. length

c=.4; E[M]=1000

−−− simulated result for Weibull interarr. and geom. mess. length

c=.4; E[M]=1000

__ simulated result for exp. interarr. and geom. mess. length

E[M]=1000
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50−station playthrough ring

... simulated result for exp. interarr. and Weibull mess. length

c=.4; E[M]=10000

−−− simulated result for Weibull interarr. and geom. mess. length

c=.4; E[M]=10000

__ simulated result for exp. interarr. and geom. mess. length

E[M]=10000
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50−station playthrough ring

... simulated result for exp. interarr. and Weibull mess. length

c=.4; E[M]=5000

−−− simulated result for Weibull interarr. and geom. mess. length

c=.4; E[M]=5000

__ simulated result for exp. interarr. and geom. mess. length

E[M]=5000
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50−station playthrough ring

... simulated result for exp. interarr. and Weibull mess. length

c=.4; E[M]=1000

−−− simulated result for Weibull interarr. and geom. mess. length

c=.4; E[M]=1000

__ simulated result for exp. interarr. and geom. mess. length

E[M]=1000
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