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2.1. üÿ�ù+
+þ 

õ�&" .�.3�!���0 12 �! �� *�0� �03��.� � 2. �� ��$.���� /��2#.

�.1�� �2.� 12 ³�0!� !�1��� ´ �6, � �2�� ù�.3 !�" 2!�+� 0����/&�� � #

.� 20�0� 2�� ³�0!� !�1����´ ��/ 1� 2 # ��&12 * ���! #" 26,-50 2&� 0�2�

0����/&�� �2. ��.�1�. .#2 * 2 # � �2�� # .�.3 !�"� 2 #� 0���0/ �ù&� 2 

 � � �.� !��0� 0�.�!��+" 2 �!&2)� �� �! 1���.1�" 2&� 12.��+� 12 

/��2# � 0��.� .#2) � # 0�.13.���0� �.2¶ .!$�� 2�� /#�.2)2�2. 0��� ��&��.��"

.�)�!�1�" 10 �!.��.2��) $!)� � 
" 0� 2 *2 #� 12 �03��.� .#2) �.

�.! #1�.1� *� �.� �. .�.�#� *� 20$����" �.� ��� / � #� � ��1�" �! 2*�&�

�.� �� �!&2 �)��&� 0��� ��&��." #� 0����/ # ü���$ # �! 1���.1�" ��1 #

�0$&� ��. 03.!� ��" �!.��.2�� * $!)� #� 
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2.2. �ù�ù�ü	��ÿ��ü	�þ�þ��ù��û��þ���ùÿ�
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��  !�1� � 2&� 0�� �+� � # $!�1�� � � *�2.� ��. 2�� .���#1� �.� .�� �)��1�

2&� 0$& �!&2 �)��&� �$ #� &" 0��"� 

 

• - !2� , ù�)/ 1� (Throughput, S)  

�!��02.� &"  ��1 " .!���)" 2&� 0��2#$+" �02./�/ ���&� ���! 3 !�.�+�

�.��2&� � ���#��2&� 12� � ��/. 2 # $!)� #� �#1�.12���� 0�3!��0� 2 2���.

2 # 0*! #" �+��" 2 # �.�.�� * � # $!�1�� � �0�2.� ��. 2� �02�/ 1�

$!�1���" ���! 3 !�."� ü��.� �.�.!)" .!���)" �.� 10 /��2#. � # /0� �$ #�

/#�.2)2�2. 2.#2)$! �&� �02./)10&�� /0� �0�0!��0� 2� � ��/. �� � 6 � ���  

 

�!��0� 0/+ �. 1��0�&�0� )2�  !#��)" ���01�" � �.!.�&��"

���! 3 !�.�+� �.��2&� � ���#��2&� .�) 2�" 0�� ��! #" 03.!� ��"� 6in� �.

�!��0� �. 0��.� �1 " �0 2 3 !2� � # �02./�/02.� .�) 2 /��2# � 6� �21� +120

�. �� �.!.2�!0�2.� �)! " 12�"  #!�" �02�/ 1�" 2&� 12.��+�� 

 

• �#� ���) - !2� �7RWDO /RDG� *� 

ü��.�  !#��)" 2�" 1#� ���� �02./�/)�0��" �0��2#$����. �.� ��) 

���! 3 !�." 12 0��� ��&��.�) �.����� ü�3!��02.� 10 �.��2. ����*�.2.�

�VHF �.� �� !0� �. ��!0� 2���" �0�.�*20!0" 2�" � ��/."� 

 

• �&!�2��)2�2. �!&2 �)�� # �&DSDFLW\� &protocol)  

ü��.� � ����12� 2��� 2 # 6 �&protocol 0D[�6�� � # �� !0� �. �! 13�!0� ��.

1#��0�!���� �!&2)� �� �ù&-0����/ #�  
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• �.�#12�!�1� �#!�" �4XHXHLQJ 'HOD\� Dq): 

ü��.� 2 $! ���) /��12��. � # �01 �.�0� .�) 2� $! ���� 12���� 2�"

/��� #!��." 0�)" �.��2 # � ���*�.2 " .�) ��. 03.!� �� �.� 2�� 0�1 / 2 #

12�� 20�0#2.�. �0�� ��1� 2�"  #!�" �02�/ 1�" 2 # .�2�12 �$ # �)�� #� �&"

2�� 12���� � # 2 �.��2 � ���#�. .#2) �. 3��10� 12� �!+2� ��1� 2�"

 #!�"�  �)20 �.� �. .!$�10� � /�./��.1�. �02�/ 1�" 2 #�  

 

• �.�#12�!�1� ü�#��!�2�1�" �6HUYLFH 'HOD\� 's): 

ü��.� 2 $! ���) /��12��. � # �01 �.�0� .�) 2� $! ���� 12���� 2�" �3���"

2 # �.��2 # � ���*�.2 " 12� �!+2� ��1� 2�"  #!�" �02�/ 1�"� �&" 2�

12���� � # �. .!$�10� � 0��2#$�" �02�/ 1� 2 # 12 �.���� 0��� ��&��."� ��2�

� # 0��2#�$��02.� .�) 2�� 0�#��!�2�1� � # �! 13�!0� 2 �$&

�!&2)� �� � # $!�1�� � �0�2.�� 

 

• �.�#12�!�1� �.��2 # � ���*�.2 " �3DFNHW � 0HVVDJH 'HOD\� '�� 

ü��.� 2 $! ���) /��12��. .�) 2� $! ���� 12���� 2�" /��� #!��." 0�)"

�.��2 # �&" 2 2�� " 2�" 0��2#$ *" �02�/ 1�" 2 #� �2�� �0!��2&1� 2�"

�02.�&��" �.��2 #� 2 ' /��02.� 1#���&" 10 �.� ��� � ������ � !3�� &"

�! " 2 � .�.�2 *�0� $!)� �02�/ 1�" 0�)" �.��2 # � ���*�.2 "� ü��.�

�! 3.��" )2� �1$*0� ' 'q+Ds+Ps� )� # 3s=Bi�: �.� úI  1#� ���)" .!���)"

ELWV 12 �02./�/)�0� ���! 3 !�.�) �.��2 � ���#�.� : 2 0*! " �+��"

2 # �.�.�� *� 

 

• -!���. �.�#12�!�1�" �'HOD\ %RXQG��  

ü��.� ��." )! " � # /��+�0� 2�� *�.!�� ��&  !� # ��. 2�� �.�#12�!�1� '� 

 

ù�) .#2) 2 1��0� �. .�.30!)�.120 �)� 10 ���! 3 !�.�� �.��2. 12.�0! *

��� #" 3s� /0/ ��� # )2� � 20$���� �02.�&��" �.��2 # �0&!0�2.� 0���!.2 *1.

10 1$�1� �0 .#2�� 2�" �02.�&��" ���*�.2 "� 
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	. �.1��� �!�2�!�. � # �!��0� �. ��3� *� #�)%� 12� 1$0/�.1� 0�)" 0$&

�!&2 �)�� # 0��.� 1#� �2��� 2. 0��"� 

 

• 	 0�/ " 2&� 03.!� �+� � # �. #� 12�!�$� *�:  

ù!$���� �!��0� �. �! 1/� !�12 *� )�0"  � ���.��" 03.!� ��" � # �.

2!�$ #� 12 /��2# � +120 �. ���0� ��. 0�2���1� 2&� .�.�2�10&� &" �! " 2 

0*! " �+��" �.�.�� *� 2 ����12 ��� " /��2* #� 2 ����12 .!���)

12.��+�� 2 0�/ " �.� 2 ���0� " 2&� �02./�/)�0�&� �.��2&�� 2 ����12 

0��2!0�2) $!)� �.�#12�!�1�" �.��2 #� ������ ü��1�"�  � ���.��"

03.!� ��" /�� #� 2 � $.!.�2�!�1�) 2�" � !3�" 2�" ����1�"� /��� 12.�0!) �

�.2.���12��) 3 !2� � 3 !2� �!.��.2�� * � �� $!)� # ���� 

 

• ù�� �)��1� 2�" 1#��0!�3 !�" 2 # �!&2 �)�� # ��. )� 2 0*! " 2&�

03.!� �+�:  

þ .�)/ 1� 0�)" �!&2 �)�� # ��. 1#��.2���" /��2#.��" 03.!� ��"

/0/ ���&�� 0�2���2.� 1#���&" &" �! " 2� $&!�2��)2�2. �.� 2� 1$�1� 2 #

3 !2� # &" �! " 2� ��1� �.�#12�!�1� �.��2 #� ù�2��02.� ��. �!&2)� �� 

��. 03.!� ��" �!.��.2�� * $!)� # #�)�0�2.� 10 .#12�!)20! #"

�0!� !�1� *"� � # 0�2 ��� �2.� �#!�&" 12 ����12 $!)� .�)�!�1�" �.�

12�� *�.!�� /��2#.��" ����1�" �0 /�.3 !02���" �! 20!.�)2�20"� ò21�� )�&"

�/� .�.3�!���0� � ����1� .#12�! * �!.��.2�� * $!)� # �! (� ��20� ��.

.�+2.2 )!� 12� �02�/ 1� ���0 �.��2 #� 0�+ � �02�/ 1� �.��2&�

$.���)20!�" �! 20!.�)2�2."� .�.�20� �.2� ��1� ��. )1 2 /#�.2)� ���2�12�

0��02���0#1� 2 # 0*! #" �+��"� +120 �. 0��20#$�0� � ����12� .�)/ 1� ��


.#2) 2 0�/ " 2�" ����1�"� �#�0�+"� � .�� �)��1� �!&2 �)��&�

�!.��.2�� * $!)� # �!��0� �. ���02.� &" �! " 2� 1$�1� 3 !2� # - ����12�"

�.�#12�!�1�" �.��2 #� ��. #%���" �! 20!.�)2�2." �.��2.� �.!� &" �! "

2�" ��10" 2���"�  �  � �0" �� ! *� �. $!�1�� � ��� *� ��. 2�� .�� �)��1�

2�" ����1�" $.����" �! 20!.�)2�2."�  
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• þ .�.�2�1� ��. *�.!�� �0�2!�� � ����� # � �.2.�0����� # 0���$ #� 

õ�&" �/� �$0� .�.30!�0�  � �.!�� �20" � # 0��!0�� #� 2�� .�)3.1� ��.

*�.!�� �0�2!�� � ����� # � �.2.�0����� # 0���$ # 0��.� �#!�&" �

.�� ��12�. �0�2 #!��."� � 0�.13���1� �2020!����12���" .�)�!�1�" �.� �

.��)2�2. #� � ��1�"�  

 

• �.!�� �20" 1$02�� � �0 2�� 0#� ��. #� � ��1�"� 2 � 2!)� /�.$0�!�1�" 2�"

0�1)/ # � 0�)/ # 12.��+� 12 /��2# � 2 #" .�� !��� #" $0�!�1� * 2&� �.�+��

2�� .�� ��12�. �0�2 #!��."� �����.: 

õ� � .#2 �  � �.!�� �20" /0� �$ #� 0�3.�� 0��/!.1� 12�� .�)/ 1� 2 #

�!&2 �)�� # �0 ��1� 2. �!�2�!�. � # .�.�*���.� �.!.���&� ��.2� �

0�2���1� 2�" .�)/ 1�"� �0 .�.�#2���" �0�)/ #" � �0 0� � �&1�� 12�!��02.�

12�� #�)�01� 2�" 12.�0!�" �.2�12.1�" �VWHDG\-VWDWH�� ü��.� )�&"

1��.�2�� �� )2.� #��!$0� � .�.�2�1� 2�" 1#� ���� #%���" .�)/ 1�" ��2&

.�) )�0" 2�" 1#����0" �0�2 #!��." 2 # /��2* #� 
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õ�&" �/� �$0� .�.30!�0�� � /�.$0�!�1� 2�" �! 1���.1�" 12 ��1 

0��� ��&��." 0��20�0�2.� .�) 2 0$& - #� 0���0/ 2 # 0����/ # '//� 	.

/��3 !. 0$& �!&2)� ��.� �!.��.2�� * �.� �� $!)� #� �� ! *� �.

2.��� ��� *� 10 ���20 �0����" �.2�� !�0"� .��� �. �0 2�� 3�� 1 3�.

�! 1���.1�" 2 # �.�.�� * 0��� ��&��."� �� �.2�� !�0" .#2�" �0!��!�3 �2.�

1#� �2��� 12�� 1#��$0�.� 

 

1. �!&2)� ��. 	#$.�." �! 1���.1�" 2 # �.�.�� * �5DQGRP $FFHVV

Protocols) 

�0 .#2� 2�� �.2�� !�. .��� #� 2. �!&2)� ��. � # �.!�$ #�  �)���! 2 

0*! " 2 # �.�.�� * 12 #" $!�120"�  �  � � � �02./�/ #�  � 20/�� 20 �$ #�
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��. �.��2 ��. �02�/ 1� �$/2+$� � #�.� * #� 10 .�� *" �.�)�0"

.��$�0#1�" 2 # �.�.�� * �!�� 2� �02�/ 1� �&DUULHU 6HQVH 0XOWLSOH $FFHVV�� 

 

2. �!&2)� ��. �2.�0!�" ù���01�" 2 # �.�.�� * �)L[HG $VVLJQPHQt Protocols) 

	. �!&2)� ��. 2�" �.2�� !�." .#2�" .�.��2 #� 2 0*! " �+��"

�EDQGZLGWK� 2 # �.�.�� * 12 #" $!�120" �0 ��. 12.2��) 2!)� � # 0��.�

.�0��!2�2 " 2�" /!.12�!�)2�2�" 2 #"� 	. ��  ��&12� .�) .#2� 2. 

�!&2)� ��. 0��.� 2  	DMA (Time Division Multiple Access) �.� 2  FDMA 

(Frequency Division Multiple Access).  

 

3. �!&2)� ��. ù�2�1�" ù���01�" 2 # �.�.�� * �0 �0�2!�� � ����� ü�0�$ 

(Demand Assignment Protocols with Central Control) 

�� /* �.2�� !�0" �!&2 �)��&�� � # .�.3�!���.� �.!.���&�

.�2��! 1&�0* #� 2. /* ��!. 12 � 2!)� .���01�" 2 # 0*! #" �+��"

0�)" �.�.�� * 0��� ��&��."� �2 ��. ��! #��!$ #� 2. �!&2)� ��.

12.�0!�" .���01�" � # /0� �! 1.!�)� �2.� /#�.���� 12�" �02.�.��)�0�0"

.�.�2�10�" 2&� $!�12+� �.� /0� ��� #� �.�� $!�1� 2 # 0*! #" �.�.�� *

)2.� 2 3 !2� � # /��� #!�0�2.� .�) 2. ���! 3 !�.�� �.��2. 0��.�

$.���) �.� �.2.���12���" � !3�"�  

 

�2 ��� ��! 0#!�1� �2.� 2. �!&2)� ��. 2#$.�." �! 1���.1�"� � # 0��.�

0*� � �. #� � ��� *�� .� � #� *� 2�" �02.�.��)�0�0" .�.�2�10�" 2&�

$!�12+�� .��� /0� ��� #� �.�� $!�1� 2 # �.�.�� * )2.�  !#��)" 2&�

1#� ���+� �02./)10&� .#���0� �)�& 2&� 1#��! *10&� .�) 2.#2)$! �0"

�02./)10�" �.��2&��  

 

	. �!&2)� ��. .#2�" 2�" 2!�2�" �.2�� !�." �!�1� �2.� �02.�* 2&� /* 

�.!.���& .�!.�&� �.2�� !�+�� �2. �0�2!�� � �����. /��2#.� � .���01�

2 # �.�.�� * 10 ��� � 12.��) ���02.� �)� .3 *  1#��0�!���� " 12.��)"

.�.�2�10� �0 ��� � #" �.�)�0" 2 �.���� ��. �02�/ 1�� �� /�./��.1�0"

.���01�" 2 # �.�.�� * �� !0� �. ��� #� 0�20 �0 SROOLQJ 20$����"� )� # ��."
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�0�2!��)" 12.��)" �!&2�0�� 2 #" $!�120" .� �$ #� ��� � �.��2 ��.

�02�/ 1�� � �0 20$����" ³�!�2�1�"´ �UHVHUYDWLRQ� )� #  ���0 $!�12�"

�� !0� �. ��2�10� 2 �.���� ��. .� 12 �� ���! 3 !�.� * �.��2 #� �.� 12�"

/* �0!��2+10�"� � .���01� 2 # �.�.�� * 12 #" $!�120" ���02.� .�) ��.

�0�2!��) 12.��)� 

 

4. �!&2)� ��. $�2�1�" ù���01�" 2 # �.�.�� * �0 �.2.�0����� ü�0�$ 

(Demand Assignment Protocols with Distributed Control) 

	. �!&2)� ��. .#2�" 2�" �.2�� !�." �.! #1��� #� �0�.�*20!� .�� ��12�.

�.� #%��)20!� .�)/ 1� 10 1*��!�1� �0 2. .�2�12 �$. �0�2!�� � ����� #

0���$ #� þ �0�.�*20!� .�� ��12�. �! �*�20� .�) 2 �0� �)" )2�  �

/�./��.1�0" 0���$ # 2�" �! 1���.1�" /0� #� � � *�2.� .�) ��. �0�2!��)

12.��) .��� .�) )� #" 2 #" 12.�� *"� �0 .� 2��01�. �. ��� 0�.!2�2.� �

�0�2 #!��.  �)���! # 2 # /��2* # .�) ��. � �./��) 12.��) �VLQJOH SRLQW RI
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$!)� " .#2)" ���0� �!�� 2 WRNHQ ��3�0� .�) 2� 1#��0�!����� 2���

�! 1���.1�"�  12.��)" /0� 0��2!��02.� �. 120��0� �.��2. .#2�" 2�" 2���"�  
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�

� � 2 # � #� �� *

3

: �.��2 /0/ ���&� 2 # 12.�� * ��

: � #�)�� 2 # 12.�� * � � # /��0� /��.�&�. �02�/ 1�" 12 � 12.��) ���

�! �1• 2

�! ���

3• 4 ���! �4• 5�! � �2• 3

 

�$��� �� � � ���)" /.�2*�� " 2 # /��2* # 7RNHQ %XV �0 � 12.�� *" 
 

 

	 2���. 2 # 0*! #" �+��" � # �.!.$&!0�2.� 10 ���0 2��� �.� � �.�#12�!�1�

� # #�)�0��2.� 2. �.��2. ��." 2���"� 0�.!2+�2.� .�) 2 #"

hi_pri_tRNHQBKROGBWLPHV �.� WDUJHWBURWDWLRQBWLPHV 2&� /�.3 !02��+� 2��0&��

ü�2 *2 �"� 10 ��. 1#��02!��) /��2# � ��2& .�) )�. 2. ���.�� 3 !2�.� �)� /* 

2��0�" �! 1���.1�" �$ #� 0��#���� 0*! " �+��"� /��./� � 2��� 2�" ����12�"

�! 20!.�)2�2." �.� � 2��� �0 2 #%��)20! WDUJHWBURWDWLRQBWLPH�  
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	 	 NHQ %XV �$0� ���0� 0#!�&" .� /0�2)� &" �!)2#� ��. /��2#. �0/� #

0!� 12.1�.� * �0!����� �2 "� �#!�&" �)�& 2�" 12.�0!)2�2."� 2�" .�� ��12�."

�.� 2�" /#�.2)2�2�" 2 # ��. #� 12�!��� ����1�" �0 /�.3 !02���"

�! 20!.�)2�20"� + $!�1� 2 # 10 �� ��$.���� /��2#.� )�&" 2 0$3

��DQXIDFWXULQJ $XWRPDWLRQ 3URWRFRO�� 2 0LQL0$3 �.� 2 352),%86 ���. 2��

0��� ��&��. 2&� �*!�&� �)��&��� �.2./0���*0� 2�� �.2.����)2�2� 2 # ��.

�� ��$.����" 03.!� ��" �!.��.2�� * $!)� #�  

 

õ�&" 2 �!&2)� �� 7RNHQ %XV �$0� �.�  !�1���. �0� �0�2��.2.� 2.

�.1��+20!. 2&�  � �&� 0��.��  

 

• �$02��� #%��� .�+�0�. 0*! #" �+��" �RYHUKHDG� 0�/��� 10 $.���� 3 !2�.�

�)�& 2�" �0!�12! 3�" 2 # � #� �� * 10 )� #" 2 #" 12.�� *"� .�0�.!2�2&"

.� 0��.� 0�0!� � � ./!.�0�"� �0� �)" � #  /��0� 10 �0���� �.�#12�!�1� 12�

�02�/ 1� 2&� �.��2&�� 1#��!�2��� �0 2. �!&2)� ��. 2#$.�." �! 1���.1�"�

0�/��� .� 2 ��� " 2 # �.��2 # /0/ ���&� 0��.� ���!)�  

 

• � �*�� � � .��)!��� � ��. 2�� 0�1 / �.� �� / 12.��+� 12 /��2# �

�0� �)" � # �$0� 1.� .� 2��01�. 2� 1$02��� .�+�0�. 0*! #" �+��" �.� /0�

0��2!�� #� ��01� �! 1���.1� 12 ��1 �02�/ 1�"� )�&" 1#��.��0� 12.

�!&2)� ��. 2#$.�." �! 1���.1�"� 

 

• + 0��!2�1� 2�" �! 1���.1�" .�) 2�� �.2 $� 2 # WRNHQ  /��0� 10 �0!�)/ #"

�.�! 1�0�.1��)2�2."� �LQDFFHVVLELOLW\ SHULRGV��  � 20/�� 20 #��!�0�

.�+�0�. � � ��.��)2�2. 2 # � #� �� *� ù#2) 1��.��0� )2� � ����12� 2���

�.�#12�!�1�" 12� �02�/ 1� 0�)" �.��2 # �� !0� �. #�0!�0� 2� ����12�

�0&!�2��� 2���� �  � �. �$0� #� � ��120� ��. 2� 12.�0!� �0�2 #!��. 2 #

/��2* #� 
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2.4.3. �
+��ÿ�þ�	
�����	
�
����
	�����
��&60$�&'�

KAI TOKEN PASSING BUS 

	. /* �!)2#�. �!&2)� ��. �$ #� 1#����!&�.2��� 1#��0!�3 !�� 	 �.���.

#�0!�$0� 10 1#��0�!����. 1��0�.� � # 2 /�.3 ! � � *� &" �! " 2 0*! " 2&�

03.!� �+� � # �� !0� �. #� 12�!��0�� �� 1#��0�!����.� .�.3�!02.� )2��  

 

• 	 &60$�&' �ÿüüü ������� 

− ü��.� .��) 12�� #� � ��1� 2 #� 

− û0� .�.�20� 0�/�� *" .��)!��� #" 0�1)/ # � 0�)/ # 2&� 12.��+� 12 �

.�) 2 /��2# � 

− ò$0� $.���)20!� �.�#12�!�1� �1#��!�2��� �0 2. �2020!����12���

�!&2)� ��. )�&" 2 7RNHQ %XV� 12 ���!) 3 !2� � /��./� �1$*0�� 

 

Mean(Dcsma)→1 ��. S→0 (2.1) 

 

− õ2.� 2 3 !2� .#���02.� � �.�#12�!�1� �.��2 # /0� �$0� �! ���%���

��2020!����12���� 1#��0!�3 !� �)�& 2&� .#�.� ���&� 1#��! *10&�

�.� � $&!�2��)2�2. 2 # �!&2 �)�� # 0��.� �0�&����� /��./� &csma<1. 

− þ .�)/ 1� 2 # �.! #1���0� 1��.�2��� �0�&1� �0 2�� .*��1� 2�"

�.�#12�!�1�" /��/ 1�" 2 # �.�.�� * 0��� ��&��." 2 # /��2* # � � �.�

2� �0�&1� 2 # ��� #" 2&� �.��2&��  

− û0� #� 12�!��0� �! 20!.�)2�20" 

 

• 	 7RNHQ %XV �ÿüüü �������  

− ù�.�20� � �*�� � #" .��)!��� #" ��. 2�� 0�1 / � �� / 12.��+� �.�

��. 2� /�.$0�!�1� �.�+�� 

− ò$0� �0���� �.�#12�!�1� 10 ���!� 3 !2�.� /��./� �1$*0�� 

 

Mean(Dtoken)→(�/2)*(	t/Ps)+1 ��. S→0 (2.2) 
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)� # 	t �.� 3s  � $!)� � �02�/ 1�" 2&� �.��2&� � #� �� * �.�

/0/ ���&��  

− �02#$.��0� �0���� .�)/ 1� 12 #%��) 3 !2� � �/�&" )2.� 	t<<Ps, 

/��./� �1$*0�� 

 

Ctoken→ Ps/(	t+Ps) ��. S→1 (2.3) 

 

− �.!�$0� 2� /#�.2)2�2. #� 12�!���" ����1�" �0 /�.3 !02���"

�! 20!.�)2�20"� 

− ü��#�2.� ��. .�+2.2 )!� 12�� �.�#12�!�1� �02�/ 1�" 2&� �.��2&�

#%���" �! 20!.�)2�2." 10 1#����0" �0�2 #!��." 12.�0!�" �.2�12.1�"� 

− þ .�)/ 1� 2 # �0�+�02.� �0 2�� .*��1� 2 # ��� #" 2 # /��2* #� 

− 22.� µ$.�0�¶ 2 � #�)�� .�.�2 *�2.� � �*�� � � �.� /*1� �.

#� � ��1�� � .��)!��� � .�./�.�)!3&1�" 2 # /��2* # � #  /�� *� 10

�0���0" �0!�)/ #" .�! 1�0�.1��)2�2." 12 �.����� 

 

2.5. 	ù���
	�����ù�7'0$��ùÿ�32//,1* 

2.5.1. 	ù���
	�����ù�7'0$ 

þ 20$���� 2�" � ��.���" �! 1���.1�" �0 �.2.�0!�1�) 2 # $!)� # 2 #

�.�.�� * �7LPH 'LYLVLRQ 0XOWLSOH $FFHVV� 7'0$� .� 20�0� 2�� �� /�./0/ ����

20$���� 12.�0!�" .���01�" 2 # �.�.�� *� þ 20$���� .#2�� � # 0�.13.���0�

�! 1���.1� 2&� 12.��+� 12 /��2# $&!�" 1#��! *10�"� 1$0/��1���0 ��. �.

0�#��!020� �#!�&" 1#�0$�" 3 !2� � )�&" �$� .#2) � # �! �!$02.� .�) 2��

%�3�.� � ��1� 3&��" �.� )$� 0�!��2��) �EXUVW\�� )�&" .#2) � # �.!��02.�

.�) 2�� �02�/ 1� .��+� #� � ��12��+� /0/ ���&� �GDWD��  
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� $!)� " 2 # �.�.�� *  !�.�+�02.� 10 $! ����" 1$�1��" 0*! #" �1 # �0 2 �

$!)� �02�/ 1�" 0�)" �.��2 # /0/ ���&� 3s� �� /* �.1���" 7'0$ 20$����"

0��.� � �#����� �URXQG-URELQ� �.� � 2#$.�. �UDQGRP�� õ�&" 3.��02.� 12 �$�����

12�� �#����� 7'0$ 20$����� ���0 1$�1�� ³.�.2��02.�´ 10 ��. 12.��) � #

0�����02.� �#����� �02.�* 2&� 1#� ���� #�.!$)�2&� � 12 /��2# � �2 2#$.� 

7'0$ � 0��� �� 2 # 12.�� * 12 �  � � .���0� � ���0 1$�1�� ���02.� �0 2#$.� 

2!)� � ��1& ��." %0#/ 2#$.�." �0���2!�."� 

 

(�� 	 	#$.� TDMA �!&2)� �� 

1M3 6M-1 72

1 1���3 42 ��

TDMA Frame

(.� 	 �#����) TDMA �!&2)� �� 

1

� : � 12.��)" � $!�1�� � �0� 2�� 1$�1�� 2 #

� : � 12.��)" � /0� $!�1�� � �0� 2�� 1$�1�� 2 #

 

�$��� �� 	. 7'0$ �!&2)� ��. 
 

 

ü��.� 3.�0!) )2�� �)�& 2�" 3�� 1 3�." .���01�" 2&� 1$�1�+� 12. 7'0$

�!&2)� ��.� /0� #��!$ #� 1#��! *10�" �.��2&�� �0� �)" � # .� 20�0� 2 

1��.�2��)20! ��0 ���2��. 2 # �!&2 �)�� #� 
" 0� 2 *2 #� � .�)/ 1� 2 #

7'0$ 0��.� #%��� )2.� 2 3 !2� 0��.� #%��) �.� 1#��0�!����.� &tdma=1. 

ù�2��02.� )2.� 2 3 !2� 0��.� $.���)� � .�)/ 1� 2 # 7'0$ �!&2 �)�� #
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�0�+�02.� 1��.�2��� �)�& .�!��+" 2�" 12.�0!�" .���01�" 2&� 1$�1�+� 12 #"

12.�� *"� .�0��!2�2. .�) 2�� 2!�$ #1. .�.�2�1� 2 #" �. �02./+1 #� � )$�

�.��2. /0/ ���&��  

 

�� !0� 0*� �. �. .� /0�$�0� )2� � ��1� �.� ��� � ������ �.�#12�!�1�

�.��2 # 12 $.���) 3 !2� 0��.��  

 

Mean(Dra-tdma)→������� ��. 2 �#����) 	'0$ �6→0) ����.� 

Mean(Dra-tdma)→��� ��. 2 2#$.� 7'0$ �6→0) ������ 

 

/��./� 0�.!2�2.� .�) 2 � .!���) � 2&� 12.��+� 12 /��2# � ��2� � # 0��/!�

.!��2��� 12�� .�)/ 1� 2 # �!&2 �)�� #� �/�&" ��. �0���0" 2���" 2 # �� 7 

�!&2)� �� 7RNHQ %XV� � # �.! #1��1���0 12�� �.!������� .� 20�0� 0������

2 # �#���� * 7'0$ �0�+� �2." 10 ��. �.��) 2. �0� �0�2��.2. 2 # 7'0$ 12 

$.���) 3 !2� �0 2�� $!�1� 2 # � #� �� *� ��1& 2 #  � � # �0�+�02.� �

³1�.2���´ 2&� 1$�1�+� �.� �!. 2 # 0*! #" �+��" 2 # �.�.�� *�  

2.5.2. 	ù���
	�����ù�32//,1G 

	. �!&2)� ��. 3ROOLQJ .� 20� *� 2. �� ��&12� �!&2)� ��. .�2�1�"

.���01�" 2 # �.�.�� * �0 �0�2!�� � ����� ��0�$ � +�. 2�� #� � ��1� 2&�

3ROOLQJ �!&2 �)��&� $!�1�� � � *�2.� /* �.1�� � ��$.��1� � � 

 

• Roll-Call Polling� � �*!� " 12.��)" /�0#�*�0� �0 ��. SROOLQJ �.��2 ��.

0�.!2���� �� /0#20!0* �2.� 12.��) �.� .#2)" �02./�/0� 2. ���*�.2. 2 #�

���! 3 !+�2." 0��1�" 2 � �0�2!��) ��. 2 2�� " 2�" �02�/ 1�" 2 #� 	)20  

�*!� " 12.��)" /�0#�*�0� 2 � 0�)�0� 12� .� � #��. SROOLQJ 0�.!2���� 

12.��)� 

 

• Hub Polling: � �*!� " 12.��)" 0��� ��&�0� �0 ��.� .!$��) 0�.!2���� 

12.��) �.� .#2)" �02./�/0� 2 ���#�. 2 # �.� 12� 1#��$0�. µ�0!��¶ 2 �
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��0�$ 12 � 0�)�0� 0�.!2���� 12.��)� �$� �0 ��. JR-DKHDG ���#�. � #

�0!��$0� 2�� /�0*�#�1� 2 # 0�)�0� # 0�.!2���� # 12.�� *� �0 .#2)� 2 �

2!)� .� 30*� �2.�  � 0�/���010" µ�.!0�� ��"¶ 2 # �0�2!�� * � #

#��!$ #� 12�� 20$���� UROO-call.  

 

� ��� .�) 2. �0� �0�2��.2. 2&� �!&2 �)��&� &60$�&' �.� 7RNHQ %XV � #

.�.3�!���.� �! �� #���&" �� ! *� �. .� 30#$� *� 0�� $!�1�� � ���0� ��.

�0�2!�� � ����� �!&2)� �� � )�&" 2 3ROOLQJ� 7R �!&2)� �� .#2) 0��.�

.��) �.� 2.#2)$! �. 0��2!��0� �2020!����12��� �! 1���.1� 12 0��� ��&��.�)

�.����� /�.13.��� �2." 2�� .�.�2�1� 2�" *�.!��" 3!.�����" �.�#12�!�1�"�

ü�� ��� �� � .�+�0�. �.��2&� �� !0� 0*� �. �. .�2��02&��1�0�� õ�&"� 2 

�!&2)� �� .#2) �$0� �.�  !�1���. �0� �0�2��.2. 2)1 )1 � .3 !� 12��

.�)/ 1� 2 # 12. $.���� 3 !2�. 1#��!��)�0� �0 2 &60$�&'� )1 �.� 10

1$�1� �0 ���.2. .� $�" 10 13���.2. 2 # 1#12��.2 " �IDXOW WROHUDQFH�� �.!¶

)�. .#2�� 2 3ROOLQJ �!&2)� �� � �)�& 2�" 1#� ���� ��.� � ��2���" 2 #

.�)/ 1�"� $!�1�� � �0�2.� 1��0!. 10 ��&12� /��2#. �0/� #� )�&" 2. /��2#.

),3� 352),%86 �.� 3-1(7 ��. 2�� 0��� ��&��. 2 # �*!� #�&�� �)�� #�&�� �0

2 #" 0�.!2���� #" �)�� #"� 

2.6. 	ü��ÿ�ü��.$,��ù�ùûüÿ+�ù	ù���
	�����
��

MAC-
��ü�ÿ�üû�
���ù+�ù	ÿ��
������
� 

��!.� 2&� �! 2*�&� �!&2 �)��&� � # �.! #1��1���.� �! �� #���&"�

��." �0��� " .!���)" 0$& �!&2 �)��&� �$0� 1$0/�.1�0� �.� .�.�#�0� 0�/���

��. 03.!� ��" �!.��.2�� * $!)� #� �)�& 2 # �0��� # 0*! #" 2&� 03.!� �+�

�!.��.2�� * $!)� #� 2��0�2.� 1#��0�!����. �!�2�!�. $.!.�2�!�12��� 2&�

�0!�11 2�!&� .�) .#2�" 2�" 03.!� ��"� +120 �. ���0� �.! #1�.1�  !�1���&�

��&12+� .�2��! 1&�0#2��+� �!&2 �)��&�� � # ���! *� ��. � �0!�11)20!.

.�) 2. �!�2�!�. .#2�� ù�.�#2���� 2. �!�2�!�. .#2� 0��.�� 
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�!  !�1� * 2 #"� �2�� �0!��2&1�� )�&"� � # 2. �.��2. /0/ ���&�

�02./�/ �2.� $&!�" .�.�2�1� 0���0�.�&1�"� 2)20 2 2���. 0�2���1�" 2 #

.�� !��� # /0� .#���0� /#�.���� 2 /��12��. 2&� 1$�1�+� 2#$.�)2�2."� )2.�

#��!$0� .*��1� 12 3 !2� � �2�� �0!��2&1� .#2�� 2 /RQ7DON �!&2)� �� �$0�

2�� �/�. .�)/ 1� �0 2 S-SHUVLVWHQW &60$�&'� )� # S ������� ������

�0&!+�2." ��. �.1��) �.!��#! 0*! #" �� 1$�1�+� 2#$.�)2�2."� 
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2.6.2.1.2 ù��$�0#1� ü�0*�0! # �.�.�� *  

	 .� 2 �.���� �!�1�02.� 10 0�0*�0!� �.2�12.1�� 0���0�.�+�02.� )2.�

1#��.�� #� 2. �.!.��2& �0� �)2.� 

 

1. õ2.� � �.2�12.1� 2 # �.�.�� * � # �! 1/� !��02.� .�) 2 3#1��) 0���0/ 

���1& 2�" �!&2 �0� *" �0�2 #!��." 3B'DWDB,QGLFDWLRQ� 0��.� $.����� �.� 

2. �.��� 0�� ��� /0� �$0� .��$�0#�0� �.2� 2� /��!�0�. 2�" 20�0#2.�." �0!�)/ #

Beta1.  

 

	 0*! " 2�" �0!�)/ # %HWD� �!��0� �. ��.� � �0� 2�� �.!.��2& 1#������ 

 

%HWD� ! �$!)� " 0�)" ��� ELW� � �� 
 7aup + Taum)    (2.6) 

 

)� #  �!+2 " )! " �! (� ��20� ��. ��� / �&/�� � ��1�" 2&� /0/ ���&� �

 � �. 0��#�2.� ��. �02��.1� �.� � � *�.!�� 3 !�. �.2� 2� $! ���� /��!�0�.

���0 ELW� �2�� �0!��2&1�� � # $!�1�� � �0�2.� �&/�� � ��1� �  � �. /0�

��.� � �0� 2 � 0� �)�& �0!� !�1�)� 2)20  �!+2 " )! " �!��0� �.

�! 1.!�)�02.� +120 �. 0��.�  ����12 " $!)� " �.2� 2 �  � � 2 �.����

�� !0� �. 0�3.���02.� ./!.��" $&!�" �. 0��.� 12�� �!.��.2��)2�2.� )�&" ��$�  

����12 " $!)� " 10 �.� ���� �02.3 !� /0/ ���&� )� # /0� #��!$0� �02.� ��

12����" �.� � � 3 !�." 12 �.����� � /0*20! " )! " .3 !� 12�" �.�#120!�10�"

/��/ 1�" �.� 0��12! 3�" 2 # �.�.�� *� )� #� 

 

Taup = � �.�#12�!�1� /��/ 1�" � # 0�.!2�2.� .�) 2 ��� " 2 # ��1 # 

Taum =  $!)� " .��$�0#1�" �.� 0��12! 3�" 12 0$& #�)- 0���0/ � /��./�

2 $! ���) /��12��. .�) 2�� .��$�0#1� 0�0*�0! # �.�.�� * &" 2��

�!+2� .��.�� � # 0�3.���02.� 12�� �� / � �2. ��1. � #

$!�1�� � �0�2.� 3 !�."�  $!)� " .#2)" 1#��0!��.����0� �.� 2 $!)� 

��.!��" ���.#1�"� 2 # 3 !�.� �.�+" �.� 2 $!)� 0���0�.�&1�" 2�"

*�.!��" 2 # 12 ��1 � 
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2.6.2.1.3 
� � ��1� 2 # 	#$.� # �!)� # 

õ�&" �/� .�.3�!���0� 12�� .!$� 2�" 2#$.�." �0!�)/ #� ��." �)�� " � #

0���#�0� �. 120��0� /0/ ���.� /��� #!�0� ��. 2#$.�. �.�#12�!�1� 7 /��!�0�."

BL*Wbase 1$�1�+�� �.2)����  �)�� " �12.��)"� �0!����0� .#2) 2 $! ���)

/��12��.� 0�+ 2.#2)$! �. 0���$0� 2�� �.2�12.1� 2 # �.�.�� *� ù� 2 �.����

0�.� � #�0� �. 0��.� 0�0*�0! �02� 2 2�� " 2 # $! ��� * /�.12��.2 "� 2)20  

�)�� " �02./�/0� 2 �.��2 2 #� 

 

	 $! ���) /��12��. 2�" �.�#12�!�1�" 7 /��02.� .�) ��.� .��!.� .!���)

2#$.�&� 1$�1�+� /��!�0�." %HWD�� 	 ��� " 2&� 2#$.�&� 1$�1�+� �!��0� �.

��.� � �0� 2 � �.!.��2& �0!� !�1�)� 

 

Beta2 > 2 * Taup + Taum (2.7) 

 

�� �.!��02! � 7DXp �.� 7DXm  !�12��.� 12�� �.!����������� 

2.6.2.1.4 �! .�!02��� �! 20!.�)2�2. ü�#��!�2�1�" 

	 /RQ7DON �!&2)� �� #� 12�!��0� 0���0�2��� �! 20!.�)2�2.� �� 1$�1��"

�! 20!.�)2�2."� .� #��!$ #�� .� � #� *� .��1&" �02� 2�� %HWD� �0!� / 

�02� 2�� �02�/ 1� 0�)" �.��2 #� )�&" 3.��02.� 12 �$����� � .!���)" 2&�

1$�1�+� �! 20!.�)2�2." �#�.�� �2.� .�) � �&" ���� �� 1$�1��" .#2�"

2#���� /0� $!�1�� � � *�2.� µ.�2.�&��12���¶� .��� .�.2��0�2.� 12.�0!� �.�

� �./��� 12 #" �)�� #" �! " $!�1�� �)�� � 12 #"  � � #" �$ #� .�.20�0�

1$�1��" �! 20!.�)2�2." /0� �!��0� �. $!�1�� � � *� 2�" 1$�1��" .#2�" ��.

���0 �.��2 � � �)�� " .� 3.1��0� ���0 3 !� ��. 2 1#��0�!���� �.��2 

.� �. $!�1�� � ��10� � )$� 2�� �.� !�1���� 1$�1��� ù#2� � .�)3.1�

�.����02.� �02� 2�� 0��2.1� 2 # ELW �! 20!.�)2�2." � # �!�1�02.� 12 

�0/� 0���$ # 2 # �.��2 #� 
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�0  !�1���0" 0�/���" �0!��2+10�"� 0��.� ���.�) �. .�.20�0� 10 )� #" 2 #"

�)�� #" � �/�. 1$�1�� �! 20!.�)2�2.� ò�. �.!�/0���. ��." 2�2 �."

�0!��2&1�" 0��.� )2.� #��!$0� ��. SHHU-to-SHHU /!.12�!�)2�2. �.� 2.#2)$! �.

 � �./��)" �*!� " �)�� " 0��� ��&�0� �0 ���0 0�.!2���� �)�� ��. 2��

#� � ��1� /�./��.1�+� )�&" /�.$0�!�1� /��2* #� SROOLQJ� ���� û�� �2." 10

���0 �)�� 2�� �/�. 1$�1�� �.� $!�1�� � �+�2." 2� �)� ��. .#2) 2 

1� �)� .#2�"  � 1#�.��.��" �.�) 2 � �*!� �)�� 10 � ��.�� *"

0�.!2���� #" �)�� #"� �. 0�$.� 2�� 2�1� �.  � ���!&� *� �!�� .�) 2��

����1� � # �! �!$02.� .�) 2�� 2.#2)$! �� �EDFNJURXQG� SHHU-to-peer 

/!.12�!�)2�2.� 

 

n3

�*�� " �.��2 # �0 �.20������ �.����

�$�1��" �! 20!.�)2�2."

Beta1

�.��2 �.��2 �.��2 
Beta2

21 ...

Dmean=Wbase/2

 

�$��� �� ,�1� 2&� 1$�1�+� �! 20!.�)2�2." ��1. 12 � �*�� �.��2 # �0

�.20������� �.���� 
 

 

��. 03.!� �� �� !0� �. .� 3.1�10� )2� ��. ���#�. 0��.� #%���"

�! 20!.�)2�2." �.� �. / ����10� �. 2 120��0� &" 2�2 � � ù�  �)�� " /0�

�$0� ��. 1$�1�� �! 20!.�)2�2." .3�0!&���� 1¶ .#2)�� 2 �.��2 # �. 12.�0�

�0 2 1#����1��� 2!)� � 0�2)" �.� .� �$0� 0�0!� � ���0� 2 ELt  

�! 20!.�)2�2." 2 # �0/� # 0���$ # 2 # �.��2 #� ù� .� � *�&" 2 �.��2 

�0!�10� .�) ��. /! � � ��2� - �)��   � � " /�.��20� ��. 1$�1��

�! 20!.�)2�2. 12 �.���� �!  !�1� *� 2 �.��2 �. 12.�0�

$!�1�� � �+�2." 2�� �! 20!.�)2�2. 2 # /! � � ��2�� 
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	 /RQ7DON �!&2)� �� /0� �.!�$0� 1#�$! ��1�) �02.�* 2&� �)��&��

ü� ���&"� .� 2 �.���� �.!.���0� ./!.��" ��. �0!�11)20! .�) ��.

2#$.�. �0!� / �%HWD� � .!���)" 2&� 1$�1�+� �! 20!.�)2�2." � 'mean�� �

�! 1���.1� 12 �.���� 0��.� 2#$.�. $&!�" �. ��3�0� #�¶ )%� � �! 20!.�)2�2.�

õ2.� 2 �.���� 0��12!�%0� 12�� 0�0!�� �.2�12.1� �EXV\ VWDWH�� � �! 1���.1�

�. ���02.� �0 10�!� �! 20!.�)2�2."� 

 

ù� ��. �.��2 �! 20!.�)2�2." �02./ �0� 0�20 �0 2�� 20$���� 2 #

�!&2 �)�� # .�2�1�" � .�)�!�1�" � �0 .#2�� 2�" .��)��12�" �02�/ 1�"

�.��2 #� 2)20  .� �!��)�0� " �)�� " �. 0��$0�!�10� �. 120��0� ��.

0���0�.�&1� � .�)�!�1� �0 �! 20!.�)2�2.� 0�0!� � �+�2." 2 ELW

�! 20!.�)2�2." 12 �0/� 0���$ # 2 # �.��2 #� ù� /��� #!���0� ��. �.��2 

#%���" �! 20!.�)2�2." 10 ��.� �)�� � 12���02.� �!�� .�)  � � /�� 20

�.��2 �.� ����" �$.����"� �! 20!.�)2�2."� � ��� �.��2. �0 #%���

�! 20!.�)2�2. 12��� �2.� �0 10�!� ),)2 �)LUVW ,Q )LUVW 2XW�� ù� ��. 03.!� ��

0��$0�!0� �. 120��0� ��. �.��2 #%���" �! 20!.�)2�2."� 0�+  �)�� " 12 �

 � � 2!�$0� � 03.!� �� 12���0� �/� ��. �.��2 � .#2) 2 �02./�/)�0� �.��2 

�.  � ���!&�0� �!+2 � 

 

ù� ��." �)�� " �$0� � ��� ���*�.2. #%���" �! 20!.�)2�2." 10 ��12.

.�.� ��"� /0� �. 120��0� 2. ���*�.2. #%���" �! 20!.�)2�2." 10

1#�0$)�0� #" �*�� #" �.��2&�� .3 * .#2) �. /�1�0#0 .� ��0�12��� 2 

�.����� �2�� �0!��2&1� � # ��." �)�� " �$0� ��. �.��2 �! 20!.�)2�2."

�. 120��0� �.� �$0� 120��0� ��. �.��2 12 � �! �� *�0� �*�� �.��2 #�  

�)�� " .#2)" /0� $!�1�� � �0� 2� 1$�1�� �! 20!.�)2�2." 12 � 2!�$ �2.

�*�� � ù�2� .#2 *� 0��$0�!0� �. �! 1�0��10� 2 ��1 $!�1�� � �+�2." 2 �

�$&!�" �! 20!.�)2�2.� 0$&-.��)!��� � ù�  �)�� " /0� �02./+10� 0��2#$+"

12 � 2!�$ �2. �*�� �.��2 #� �� !0� �. $!�1�� � ��10� 2� 1$�1��

�! 20!.�)2�2�" 2 # 12 � 0�)�0� �*�� �.��2 #� 
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2.6.2.2. 	  �!&2)� ��  p-persistent prioritized CSMA (P-CSMA) 

	 �!&2)� �� 3-&60$ $!�1�� � �0� 1.30�" ��$.��1� *" �!�2�1�" �.�

.� 20�0� ��. 2! � � ��1� 2 # .�� * S-persistenW &60$� 	 3-&60$ 0��.� ��.

�!&2)� �� � # �.1��02.� 12�� .!$� )2� 2 /��.�&�. �! 1���.1�" 12 �.����

�.!.$&!0�2.� �)� 12. ���*�.2. 2�" 2!�$ #1." ����12�" �! 20!.�)2�2."� 	.

�*!�. $.!.�2�!�12��� 2 # 0��.� 2. 0��"� 

 

• 
� 12�!��� ���#��2&� �0 /�.3 !02���" �! 20!.�)2�20" �PHVVDJH-based 

priorities) 

 

• + �02�/ 1� 2&� ���#��2&� ��." 1#��0�!�����" �! 20!.�)2�2." �!��0� �.

��� 0��!0��02.� .�) 2� �02�/ 1� $.���)20!�" �! 20!.�)2�2." ���#��2&��  

    

• û��.�. �.2.� �� 2 # �.�.�� * 10 ���0 �.2�� !�. ���#��2&�� 

 

� ��$.��1�)" 2&� �! 20!.� 2�2&� 0�1��02.� �.2� 2� /��!�0�. 2�" �! 1���.1�"

12 �.����� ù�.�#2��)20!.� 2 2�� " 2�" /!.12�!�)2�2." 12 �.����� � #

�.2./0���*02.� �0 2 1��. (2&� 1��.2 / 20� 2�� ��.!�� 2�" /�./��.1�."

�!�2�1�"� � $!)� " �0&!0�2.� /�.�!�2)"� $&!�1��� " 10 $! ����" 1$�1��"

�!�2�1�" �UHVHUYDWLRQ-VORWV� �0��� #" �2��� )� # 2 0��.�  ����12 " $!)� "

/��/ 1�" 2 # �.�.�� * �.� � 0��.� � 0��$�12� $! ���� /��!�0�. 0�)"

./�.�)!3&2 # 3 !�. � # �� !0� �. .��$�0#20� .��)��12. .�) )� #" 2 #"

12.�� *"� 	 K 1#�� ���0� ��.� 2#$.� 12.��) �.� 2 We�K� .�2�12 �$0� 12�

$! ���� 12���� � # .��$�0*02.� 2 (2& .�) 2 12.��) .#2)� 	 0���0/ 

�! 20!.�)2�2." 10 ��. 12.��) K �.�2�12 �$0� 12 �.��2 �0 2� �0�.�*20!�

�! 20!.�)2�2. � # �0!����0� 12��  #!� 2 #� 2� $! ���� 12���� We(h) 

1#�� ���02.� &" ��K�� � .��)!��� " 0�1.�&��" �! 20!.� 2�2&� 1#��12.2.� .�)

2�" .�)� #�0" �0�2 #!��0" 2 # 12.�� *� 
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• ù�� �02� 2 We�K��  3 !�." .��$�0#20� 12 UHVHUYDWLRQ-VORW L� �0 L � ��K��

�0� �)" � # 1��.��0� )2� ��." � �0!�11)20! � 12.�� � �$ #� �! 20!.�)2�2. L

�0�.�*20!� .�) 2 ��K� �.� �!. 2 /��.�&�. �! 1���.1�" �!��0� �.

�.!.$&!��0� 1
 .#2 *"�  12.��)" K �0!����0� 2 0�)�0� (2& 12 2�� "

2�" 0�)�0��" �0!�)/ # �02�/ 1�"� )� # 0���0�.�+�0� 2�� 2!�$ #1. ����12�

�! 20!.�)2�2� 2 # �.� 0�.�.�.����0� 2 � �/� .��)!��� �  

 

• ù� /0� .��$�0#20� 3 !�." �!�� 2 M- 12� 1$�1�� �!�2�1�"� )� # M  ��K�� 2)20

 12.��)" K �02./�/0� ��. 1*�2 � ���#�. �EXUVW� ./�.�)!3&2 # 3 !�.

/��!�0�." � 12�� .!$� 2�" M- 12�" 1$�1��" �!�2�1�" ���� �2." �!�2�1� ��.

2�� ��K� �.2�� !�. �! 20!.�)2�2."� �.� .��1&" �02� � 1$�1�� .#2� �0�2 #!�0�

1*�3&�. �0 2 S-SHUVLVWHQW &60$ �!&2)� �� � û��./�� .��$�0*0� 2 �.����

�.��  

− .� 2 �.���� 0��.� ./!.��"� 2)20 �0 ���.�)2�2. S �02./�/0� 2 �.��2 �.�

�0 ���.�)2�2. �-S �.�#120!0� ���0 0��!�0�. ��. $!)� 2 �02� 2 �  � � 

0�.�.�.����0� 2 &60$ �!&2)� �� �  

− .� 2 �.���� 0��.� 0�0!�)� 2)20  12.��)" �0!����0� 2 0�)�0� (2& �.�

1*�3&�. �0 2�� 2!�$ #1. ����12� �! 20!.�)2�2� 2 # 0�.�.�.����0�

 �)���! 2 � .��)!��� �  

− .� �.2� 2� /��!�0�. � # � �! 1���.1� 2 # �.�.�� * �.!.$&!0�2.�

12�� �.2�� !�. ��K�� ��� � " 12.��)" K
 /��� #!��10� ��. �� �.��2 

2�" �/�." �! 20!.�)2�2."� 2)20  12.��)" .#2)" �02./�/0� 2 �.��2 2 #

�0 ���.�)2�2. �� /0/ ��� # )2� 2 �.���� 0��.� ./!.��"� ù�� )�&"� 2 

�.���� 0��.� 0�0!�) 2� 12���� 2�" /��� #!��." 2 # �� # �.��2 #� 2)20  

12.��)" K
 �0!����0� 2 (2& �.� 0�.�.�.����0� 2 � .��)!��� � 

 

• ù� �02� 2 (2& /0� .��$�0#20� �.��. �!�2�1� ��. . 1#�0$)�0�0" 1$�1��"

�!�2�1�"� )� # . 0��.�   ���)" .!���)" 2&� �.2�� !�+� �! 20!.�)2�2."�

2)20 2 �.���� 0��.� 0�0*�0! �. $!�1�� � ���0� .�) )� #" 2 #" 12.�� *"�

.�0��!2�2. .�) 2�� �! 20!.�)2�2� 2 #"� ��$!� 2�� .��$�0#1� 0�)" �� # (2&� 
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õ�&" .�.3�!���0 �.!.���&� �0 2� � ��0�. 1*�2 �&� ���#��2&� �!.2�10&�

� # .� � #� *� 2 (2&� � #%��)20!� �.2�� !�. �! 20!.�)2�2." �$0�

.� ��0�12��) /��.�&�. �! 1���.1�" �.� 2. �.��2. � # .��� #� 1
 .#2� 2��

�.2�� !�. �� ! *� �. �! 1�0��1 #� 2 �.���� 1*�3&�. �0 2 S-persistent 

&60$� 	 3-&60$ 0��.� ��. .�2��! 1&�0#2��) �!&2)� �� � # $!�1�� � �0�

1.30�" ��$.��1� *" �!�2�1�"� 	. �.1��� �0� �0�2��.2� 2 # 0��.� 2. 0��"� 

 

• ù�)�. �.� .� #��!$ #� � ��.��� �.��2. 2�" �/�." �.2�� !�."

�! 20!.�)2�2." ��. 2��  � �. �$0� ���0� �!�2�1�� �!�� .�) ���0 �! 1���0�.

�02�/ 1�" 0��.� .�.!.�2�2� ��. �0$&!�12� /�./��.1�. �!�2�1�" �

.�2.�&��1� *� �  � �. �$0� 1.� .� 2��01�. 2� �0�&1� 2�" .�)/ 1�" �.� 2��

.*��1� 2 # $!)� # .�)�!�1�"�  

 

• 	 �!&2)� �� /0� 0��#�2.� ��. ����12 $!)� 12�� �.�#12�!�1� �.��2 #�

ñ!. 2 3-&60$ /0� 0��.� �.2����� ��. 03.!� ��" .#12�! * �!.��.2�� *

$!)� #� 12�"  � �0" #��!$0� � .�.�2�1� .#12�!+� $! ���+� �0!� !�1�+�

12�" �02./)10�" 2&� �.��2&� #%���" �! 20!.�)2�2."�  

 

�2�� �/�. �.2�� !�. 2&� �!&2 �)��&� �0 1.30�" ��$.��1� *" �!�2�1�"

#��� �2.� �.� ���. �!&2)� ��.� )�&" 2 23-&60$�&'� 2  � � $!�1�� � �0�

��. �!�2�1� .�� �.2�� !�. �! 20!.�)2�2." �.� 2� ���2�12� ���.�)2�2.

�02�/ 1�" 0�)" �.��2 #� �! (� ��2 �2." ��&12) 2 � .!���) 2&� 0�0!�+�

12.��+�� �.�+" 0��1�" �.� 2 6,03-&60$�&' 2  � � $!�1�� � �0� ��.

/#�.���� 0�.��.�� �02.�* 2 # S-SHUVLVWHQW �.� 2 # �-SHUVLVWHQW ��. 2�� �02�/ 1�

2&� �.��2&� 2�" �! 20!.�)2�2." ��. 2��  � �. �$0� ���0� 1$02��� �!�2�1��  
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2.6.2.3. �	 � �!&2)� �� � &60$�&'� �0� û#�.����"� �! 20!.�)2�20"�

(CSMA-CD-DP) 

	 �!&2)� �� &60$-CD-'3 �.1��02.� 10 .1.30�" ��$.��1� *" �!�2�1�" �.�


$!�1�� � �0� ��.� .��)!���   � � " 0��2#�$��0� 2�� .���01�

�! 20!.� 2�2&� $!�1�� � �+�2." �0�.�*20!0" �.�#120!�10�" .�.�02�/ 1�"

2&� $.���)20!�" �! 20!.�)2�2." �.��2&��  

 

	 �!&2)� �� .#2) �0�2 #!�0� �0 .�2.�&��1�) �FRQWHQWLRQ PRGH� )2.� 2 

�.���� 0��.� ./!.��" �.� �02.�.��0� 10 �!&2)� �� �!�2�1�" �UHVHUYDWLRQ

PRGH� )2.� 2 �.���� 0��.� .�.1$ ����� � þ �0�2 #!��. 2 # 0��.� ��. �! ��2.1�

2 # &60$�&' �.2� 2��  � �. $!�1�� � �0�2.� ��. �.��2 0���0�.�&1�" �02�

.�) 2� �02�/ 1� 0�)" �.��2 # /0/ ���&�� 	 1��. .#2) $!�1�� � �0�2.� ��. 2 

1#�$! ��1�) )�&� 2&� 12.��+� &" �! " 2 � ��0�$ 2�" �! 1���.1�"� ���0

$! ���� 12����� �.���." .�) 2 #" 1 12.�� *" �.2�$0� ��. /�.3 !02���

�! 20!.�)2�2. �02�/ 1�"� � # #� � �0�2.� �0 ��. /�.3 !02��)� ��. ���0 12.��)�

$!)� �.�#12�!�1�" �7; GHOD\� LW0� )� # L  ��������1 �.� W0  $! ���� 1$�1��

0*! #" �1 # �0 2 � /* �.20#�*�10&� $!)� /��/ 1�" 2 # �.�.�� *� �2 

�.1��) �!&2)� �� �  $!)� " �.�#12�!�1�" 	� .����0� �#����� �02� .�) ���0

�02��) �.��2 0���0�.�&1�" �$&.�� +120 �. #��!$0� /��.�. �.2.� �� 2 #

/��.�+�.2 " �! 1���.1�" 10 )� #" 2 #" 12.�� *"�  

 

þ �0�2 #!��. 2 # �!&2 �)�� # �! 1���.1�" �� !0� �. 0�02.120� .�) 2��

��0#!� 2 # �.�.�� * �.� .�) 2�� ��0#!� 0�)" .�� * 12.�� *� ù�) 2�� ��0#!�

2 # �.�.�� *� #��!$ #� 2!0�" /�.3 !02���" �.2.12�10�" ��$������ �� �02.��10�"

�02.�* 2&� �.2.12�10&� �./!��0�.� �LGOH� ,�� ��02�/ 1�� �WUDQVPLVVLRQ� 7� �.�

��.�#12�!�1�� �GHOD\� '� 0��.�  � .�)� #�0"� 
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�$��� �� û���!.��. �.2.12�10&� �.�.�� *  
�ÿ  ./!��0�.� 	  �02�/ 1�� '  �.�#12�!�1�� 

 

• ñ�01� �02�/ 1� 0�)" ��.�1� # )2.� 2 �.���� .��$�0#20� 12�� ./!.��

�.2�12.1� ��02��.1� , → T). 

• ù��$�0#1� 1*��! #1�" �.2� 2� /��!�0�. 2�" �02�/ 1�"� �2�� �.� ����

�0�2 #!��.� 1#��! *10�" �� ! *� �. 1#�� *� �)� �.2� 2� /��!�0�. 0�)"

$! ��� * �.!.�*! # �≤ t0� �02� 2� �02��.1� , → 7� �02� 2� 1*��! #1�� 2 

�.���� �02.�.��0� 12�� �.2�12.1� �.�#12�!�1�" ' ��02��.1� 7 →  D), 

)� # )� �  � 12.�� � �0�2 #!� *� 1*�3&�. �0 2�� �! 20!.�)2�2. �02�/ 1�"

2 #"� .�!��+" )�&" �02� 2� ��%� 0�)" �02�� * DFNQRZOHGJPHQW �$&.�� 

• �02� 2 2�� " ��." 0��2#$ *" �02�/ 1�"�  12.��)" � # �$0� ���0� 2 

�.��2 0�����0� ��. $&. �0 2  � � 2 �.���� �02.�.��0� 12�� �.2�12.1�

�.�#12�!�1�" ' ��02��.1� 	 →  D).   

• �02� 2�� .��$�0#1� 0�)" $&.� ���0 12.��)" 0���0!+�0� 2�� 2!�$ #1.

$! ���� �.�#12�!�1� 2 # �7;� .#��� �2�" 2� �#����� �.2� W0 (modulo N). 
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• ���0 12.��)"� � # �$0� ��. �2 �� �.��2 ��. �02�/ 1�� �0!����0�

2 #��$�12 � ��. $!)� 	� �02� 2 2�� " 2 # �! �� *�0� # $&.� ù� #��!�0�

��� �. ���� �02�/ 1� �!�� 2� ���� 2 # $!)� # 	��  12.��)" �0!����0� &"

2�� .��$�0#1� 2 # 0�)�0� # $&.� )� # 0�.�.�.����0� 2�� �/�. /�./��.1�.�

�0 �0!��2&1� � # /0 ���0� �.��. �02�/ 1� �.�) ��� 12.��)� &" 2� ����

2 # $!)� # 	�� 2 �.��2 �02./�/02.� .��1&" ��02��.1� ' →  T).  

• ù� ��." 12.��)" ���0� ��. �.��2 �0 &5& ��� "� 0�����0� ��. �.��2 

.!��2���" 0���0�.�&1�" �QHJDWLYH DFNQRZOHGJPHQW� 1$&�� �0 .#2� 2��

�0!��2&1��  .� 12 ��." 2 # �.��2 # 2 .�.�02./�/0� .��1&" ��02��.1� 7

→  T).  

• ù� ��1. 12 $! ���) /��12��. 1W0� �02� 2�� .��$�0#1� 2 # �! �� *�0� #

$&.� /0 ���0� ��! " �.��. �02�/ 1�� 2 �.���� �02.�.��0� 12�� ./!.��

�.2�12.1� ��02��.1� ' →  I).  
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�$��� �� û���!.��. �.2.12�10&� �2.�� *  
�ÿ  ./!��0�.� 5  �.!.� � *��1� �.�.�� * 	 ��%�� 	  .� 12 ���  

'  �.�#12�!�1�� &'  .�.��+!�1� 1*��! #1�"� 
 

 

7 CSMA-CD-'3 �� !0� �. �0�2 #!��10� �.� $&!�" 2�� *�.!�� $&.�  �

�.�#120!�10�" �02�/ 1�" �� !0� �. !#���12 *� �0 ��1� 2�� .��$�0#1� 2 #

 !� ��2� 2�� #" 0�)" ��.�1� #-�.��2 # �IUDPH-end-GHOLPLWHU�� 	 �$����

�0!��!�30� 2�" �02.��10�" �02.�* 2&� /�.3)!&� �.2.12�10&� .�) 2�� ��0#!�

0�)" .�� * 12.�� *� õ�&" 3.��02.� .�) 2�� �.!.���& �0!��!.3�� �.���.

�.��2 /0� #�)�0�2.� 10 �0!�11)20!0" .�) ��. 1#��! *10�" �.� �21� �

�.�#12�!�1� �02�/ 1�"  � � #/�� 20 �.��2 # 0��.� .#12�!�  !� �02������ +

�.1��� ��/ 1� 2 # �!&2 �)�� # �.!�$0� �10" �! 20!.�)2�20" 10 )� #" 2 #"

12.�� *"� 
��!$ #�� &12)1 � /��3 !0" 0��� ��" � # 0��2!�� #� 2� /#�.����

!*���1� 2&� �! 20!.� 2�2&� �! 1���.1�"� )�&" �0!��!�302.� 12� 1#��$0�.�  

 

• �2.2��� �! 20!.�)2�2.� �2�� �0!��2&1� � #� �02� 2�� .��$�0#1� 2 # $&.�

/0� ���02.� .*��1� 2�" �.�#12�!�1�" �02�/ 1�" �	�� 10 �.���. 12.��)�
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�$ #�0  #1�.12��� ��. 12.2��� .���01� �0�.�*20!�" �! 20!.�)2�2." 12 #"

12.�� *" �0 2 ���!)20! 	�� +0���)20!.� #��!$0� � /#�.2)2�2. 2�"

 �./ � ��1�" ��� �&� 12.��+� #%��)20!�" �! 20!.�)2�2."� 12 #"

 � � #" �.!.$&! *�2.�  � $.���)20! � $!)� � �02�/ 1�" �.�  �  � � �

�12.�� �� 0�.�! *�2.� .�) 2� /�./��.1�. 2�" �#�����" .��.��" 2&�

�! 20!.� 2�2&�� ü����� �� ��. ���� 20$���� 0��.�  /�.$&!�1�)" 2&�

12.��+� 10 �.2�� !�0"� 1*�3&�. �0 2�" �! 20!.�)2�2�" 2 #"� �.�  

�0!� !�1�)" 2�" �#�����" 0�.��.��" 2&� �.�#120!�10&� ��1. 10 ���0

�.2�� !�.� 

  

• û#�.����" �! 20!.�)2�20"� �*�3&�. �0 .#2� 2� 12!.2������  �

�.�#120!�10�" �02�/ 1�" �� ! *� �. .���� #� 1*�3&�. �0 ��.

.��)!��� � � # �.�!�0� #�)%� 2 # 2 3 !2� � 2 ��� " 2�"  #!�" ���0

12.�� *� ������  

 

• �#����!&�.2���" �! 20!.�)2�20"� ���0 ��." .�) 2 #" 12.�� *" �02.�.��0�

/�./ $��� �02.�* ��." $.���)20!�" �.� ��." #%��)20!�" �! 20!.�)2�2."

�	� �.�#12�!�1��� þ 10�!� 0��.� 2�2 �. � #�  12.��)" L .� �2� /�./ $����

�02� .�) 2�� .��$�0#1� 0�)" $&.� 2�" �! 20!.�)2�20" L �.� �1 � � - i). 

 

• �! 20!.�)2�20" 0�.!2+�0�0" .�) 2 ��� " 2�"  #!�"� ���0 12.��)" �� !0�

�. � � �&��10� 2 �.����� �.2� 2� /��!�0�. �0!�)/&� �0 �0��� ��� "

 #!�"� ��2� � # 1��.��0� �0��� 3 !2� � ù#2) 1#��.��0� �0 2� � ��0�. 0�)"

ELW �.2�12.1�" �62,� /0��2�" #�0!3)!2&1�" 2 # .� 12 ��.� 2  � � 

�!�1�02.� 12 �0/� 0���$ # 2 # ��.�1� # �.� 2��02.� ���0 3 !� � # �  #!�

0�)" 12.�� * #�0!�0� ��� � �! �.� !�1��� ��& )!� 41� � 12.��)"

� # ��20� .#2) 2 ELW �$0� /��.�&�. /�./ $��+� �02./)10&� �0 0�/���01 #"

$!)� #" 	�  W0 �&" )2 # �  #!� ���0� ���!)20!� 0�)" ��2&  !� # 42.   

 

	. ��0 �0�2��.2. 2 # &60$-CD-'3 �� ! *� �. 1#� %�12 *� 12. 0��"� 
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• 1#�/#.1�)" 2&� ��0 �0�2���2&� 2&� &60$-&' �.� WRNen passing 

�!&2 �)��&�� /��./� 0��2#�$��02.� ��01� �! 1���.1� �.2� 2� /��!�0�.

./!.�+� �0!�)/&�� ����12� .�)/ 1� 10 #%��) 3 !2� � 

• /��.�. �.2.� �� 2 # �.�.�� *� � �! 1���.1� ��2& .�) /��3 !0"

12!.2�����" � # 0�1�� #� �! 20!.�)2�20" 1*�3&�. �0 2�" .����0" 2&�

$!�12+��  

• ��. 1*��! #1� �2 ����12 � .�� �02�/ 1� ��.�1� #� 

 

	 �.1��) �0��� �0� ���2��. 2 # &60$-CD-'3 0�2 ���02.� �#!�&" 12��

.1#����12. $.���� 2 # .�)/ 1� ��. 2� �01.�. �0!� $� 3 !2�&�� � �)� " ��


.#2� 2� 1#��0!�3 !�� 0��.�  � �0!�12.1�.��" 1#��! *10�"� � # .�.�2 *� �0��� 

$!)� ��. 2� �*1� 2 #"�   � � " .#���02.� .��� �. �0 2�� �.�#12�!�1�

/��/ 1�" 2 # �.�.�� * �.� 2 � .!���) 2&� 12.��+��  

 

�2�� �.2�� !�. 2&� �!&2 �)��&� �0 .1.30�" ��$.��1� *" �!�2�1�"� �� ! *�

�. 0�2.$� *� .!�02� ���. ��&12� �!&2)� ��.� )�&" �$� 2. %5$0�

Reservation CSMA/CD, Industrial 802.3, Hyperchannel, CSMA/CD with DCR, 

(FKHORQ �.� &(%XV� 2.  � �. �$ #� �.!)� �. .!$� �0�2 #!��." �0 2 &60$-

CD-'3 �.� �02#$.�� #� �.!.���1�. .�)/ 1�� 

2.6.2.4. 7R��!&2)� �� �&60$��0��.30�"��.��ù1.30�"���$.��1� *"�

�!�2�1�" 

ü�. .�2��! 1&�0#2��) �!&2)� �� 2�" �.2�� !�." .#2�" �0!��!�302.� 1ï

.#2�� 2�� �.!��!.3 � 	 �!&2)� �� .#2) 0�1��0� ��$.��1� *"

�! 20!.� 2�2&� �.2� 2� /��!�0�. 2�" �! 1���.1�" �.� 2.#2)$! �.

$!�1�� � �0� ��. �0���� 12!.2����� .�.�02�/ 1�" - � �.�#12�!�1�

.�.�02�/ 1�" 0��.� 1#��!2�1� 2�" �! 20!.�)2�2." �.�+" 0��1�" �.� 2 #

.!��� * 2&� �! �� *�0�&� �! 1�.�0�+�� +�. 2�� �0!��!.3� 2 #

�!&2 �)�� #� $!�1�� � � *�2.�  � �.!.��2& 1#�� ��1� �� 
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• � $!)� " �0&!0�2.� /�.�!�2)" �0 ���.2. 2�" ��." 1$�1��" �0 0*! " 2�

����12� �.�#12�!�1� /��/ 1�"�  

• 
��!$ #� J /�.3 !02���" �.2�� !�0" �! 20!.� 2�2&� �� ������ J� �0 ��.

���!)20! .!���) �. /��+�0� �0�.�*20!� �! 20!.�)2�2.� 

 

�2 �!&2)� �� .#2) .�.�2*11 �2.� 2!0�" /�.3 !02���" 20$����" ��. 2��

�02�/ 1� �.��2&�: 

 

1. Non-preemptive Priority (1-pesistent mode): õ�. 2. �.��2. �02./�/ �2.� 10 

1-persistent mode. ù�.�#2���� ���0 $!�12�" � # ���0� �. �! 1�0��10� 2 

�.���� �.� 2 �!�1�0� .�.1$ ����� � �0!����0� ��. $! ���� 1$�1�� �.�

0�.�.�.����0� 2 � ��0�$ � ù��$�0* �2." 2 �.���� ./!.��"� �02./�/0� ��.

1��. .!$�� � ��1�" �LQLWLDOL]DWLRQ� /��!�0�." J - L � �� )� # L 0��.� �

�! 20!.�)2�2� 2 #� �02� 2 2�� " 2 # 1��.2 "� �! 1/� !��02.� .� 2 1��.

.#2) 1#��! *12��0 �.2� 2� /��!�0�. 2�" �02�/ 1�" 2 #� ù� �.��  12.��)"

0�.�.�.����0� 2 � �.!.���& .��)!��� �02� .�) ��. 2#$.� $!)� 

��1�" /��!�0�." Gij� )� # M 0��.� ��." �02!�2�" � # .#���02.� �.2� ��. ���0

3 !� � # .��$�0*0� ��. 1*��! #1� 12�� �! 1���0�� 2 # �. �02./)10�� ù�

)$�� .�.�02./�/0� 2 �.��2 2 #�  

 

2. Non-preemptive Priority (1-persistent & non-persistent modes)� 	. �.��2.

#%��)20!�" �! 20!.�)2�2." �02./�/ �2.� 10 �-SHUVLVWHQW PRGH� 0�+ 2.

$.���)20!�" �! 20!.�)2�2." 10 QRQ-SHUVLVWHQW PRGH� ò�." 12.��)" �0

�! 20!.�)2�2. L≤P �P  12.�0!)� 0��.� �-SHUVLVWHQW �.� �0�2 #!�0� .�!��+"

)�&" 12 ���� ò�." 12.��)" �0 L!P 0��.� QRQ-SHUVLVWHQW� �0�2 #!�0� �� .#2)"

)�&" 12 ���� 0�2)" .� �!0� 2 �.���� .�.1$ ����� � 	)20� �0!����0� ��.

$!)� Gij VORWV� �.!� ��. ��. VORW� �!�� �.�.�! 1�.��10�� 	 M .#���02.�

���� �.2� ��.� ���0 3 !� � # �.����0� ��! " ��. �.�#12�!�1� �/���

.�.� ��� 2�" �02�/ 1�"� 
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3. Preemptive Repeat Priority (non-persistent mode): õ�. 2. �.��2. 

�02./�/ �2.� 10 non-persistent mode. � .��)!��� " .#2)" /�.3�!0� .�) 2 #"

/* �! �� *�0� #" 12. .�)� #�. 1��0�.� 

 

• 	 �.���� �0&!0�2.� .�.1$ ����� 12�� �! 20!.�)2�2. L �)� .� ��.

LQLWLDOL]DWLRQ 1��.� � ��. �.��2 �0�.�*20!�" �! 20!.�)2�2." .�) L

�!�1�02.� 10 0�������  

• ���0 3 !� � # ��." 12.��)" .��$�0*10� 2 �.���� .�.1$ ����� � �

1#��! #120� 12�� �! 1���0�� 2 # �. �02./)10�� �.�#120!0� 2��

.�.�02�/ 1� 2 # �.��2 # 2 # �.2� Gij.  

• þ �02�/ 1� 2&� $.���)20!�" �! 20!.�)2�2." �.��2&� .� !!��202.�

)2.� .��$�0#20� ��. 1*��! #1� � # /��� #!� *� 2. LQLWLDOL]DWLRQ 1��.2.�

� # �! �!$ �2.� .�) 12.�� *" #%��)20!�" �! 20!.�)2�2."�  

 

�2 � 20�0#2.� .��)!��� �$0� #� 20�0� )2�  ���0 12.��)" ��&!��0� 2��

�! 20!.�)2�2. 2 # �.��2 # � # �02./�/02.� 12 �.����� +120 �. �� !0� �. 2 

/�.�)%0� .� � �! 20!.�)2�2. 2 # /�� * 2 # �.��2 # 0��.� �0�.�*20!�

�SUHHPSWLRQ�� ù#2) �� !0� �. �!.��.2 � ���0�� .� ���0 �.��2 �0!��$0� 2��

�! 20!.�)2�2� 2 #� �2. 1��.2. .!$�� � ��1�"� 0�2 *2 �"� 0��.� /*1� � �.

�! 1/� !�120� � �! 20!.�)2�2� 2 #"� .3 * #��!$0� � ���.�)2�2. 2.#2)$! ��"

�02�/ 1�" �0!�11 2�!&� 2 # 0�)" 2�2 �&� 1���2&� 12 �.����� þ /#1� ��.

.#2� 0�.�0�302.� �0 2 �. ��� 0��2!��02.� SUHHPSWLRQ �.2� 2� /��!�0�. 2&�

�0!�)/&� .!$�� � ��1�"�  

 

	. .� 20��1�.2. .�� �)��1�" 2�" .�)/ 1�" .#2 * 2 # �!&2 �)�� #� ��. /* 

�! 20!.�)2�20"� �/0��.� )2�  .��)!��� "� 
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• � .��)!��� " ��� 0��2#�$��0� ��. ���!� �0�&1� 2�" ��1�" �.�#12�!�1�"

�.��2 # ��. 2. #%���" �! 20!.�)2�2." �.��2.� ��.�2� 2�" �.�#12�!�1�"

2&� $.���)20!�" �! 20!.�)2�2." �.��2&��  .��)!��� "  

• � .��)!��� " ��� 0��2#�$��0� �0�.�*20!� �0�&1� .�) 2 ���  

• � .��)!��� " ��� 0�.13.���0� � �* �0���0" /�.3 !�" 12� ��1� �.�#12�!�1�

2&� /* �! 20!.� 2�2&�  

 

ü�2 *2 �"� � ����12� �.�#12�!�1� 12� �02�/ 1� 0�)" �.��2 # /0� �0!� !��02.�

.#12�!� .�) ��. ��& )!� � �0 ���. �)��.� 2 �!&2)� �� � �0&!�2���� /0�

0�.13.���0� 3!.����� �.�#12�!�1� �.� 1#�0�+" 0��.� .�.2����� ��. $!�1� 10

03.!� ��" .#12�! * �!.��.2�� * $!)� #�  

2.6.3. ��
	�����ù��ù�ù,
��
 -�ûü�û��
 

þ .!$� �0�2 #!��." 2&� �!&2 �)��&� � # .��� #� 1
 .#2� 2�� �.2�� !�.�

�.1��02.� 12�� ��� �. 2 # �.!.�*! # �.!�12.2.� &" ��. �0*� " .!���+�� � #

1#�� ��� �2.� >D�E@ �.�  !�� #� ��. /��12��. 12 � �� �. ��� �." �.!.��2! #

2 # ���*�.2 "� �� �.!��02! � � # $!�1�� � � *�2.� 1#���&" 0��.�  $!)� "

�3���" 2 # ���*�.2 "� � /�0*�#�1� 2 # 12.�� * ���� ���0 12.��)"

�.!.� � #�0� 2 �.���� 1#�0$+"� /�.2�!+�2." ��. 2!�$&� �.!��#! � ù� 2 

�.���� �!0�0� ./!.��" �.� ��� � " 12.��)" �$0� ��. ���#�. � # .���0� 12 

2!�$&� �.!��#! � /��./�� � �.!��02! " 2 # ���*�.2 " 0��.� �0�.�*20!� � �1�

2 # D �.� ���!)20!� 2 # E� 2)20  12.��)" �02./�/0� 2 ���#�. .#2)� 	. ���.��

.� 20��1�.2. 2�" �02�/ 1�" .#2�" 0��.� 2. .�)� #�.� 

  

• ü��2#$�" �02�/ 1�� .� �)� ��." 12.��)" �02./)10�� �2�� �0!��2&1� .#2��

 12.��)" � # �02./�/0� 2 ���#�. 1#�0$��0� 2� �02�/ 1� &" 2� ���� 2 #

���*�.2 "�  

 

• �*��! #1�� .� �02./+1 #� �0!�11)20! � 2 # 0�)" 12.�� *� 	)20� )� �  �

12.�� � � # �02./�/ #�� /�.�)�2 #� 2�" �02./)10�" 2&� ���#��2&� 2 #"�
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�.2)��� 2 �.!��#! $&!��02.� 10 /* � �0!�11)20!. ���!)20!. �.!��#!.

�.� 2 �!&2)� �� $0�!��02.� 2 �.���. .�
 .#2� �0$&!�12��  

 

• �.��. �02�/ 1� /0 �.����0� ��! "� ù#2) 1��.��0� )2� �.���. ���#�. /0�

.���0� 12 2!�$&� �.!��#! �.� �21� )� �  � 12.�� � �.!.2�! *� )2� 2 

�.���� 0��.� ./!.��"� �2�� �0!��2&1� .#2�� .� 2 �.!��#! 0�$0 �! �*%0�

.�) ��. �! �� *�0�� /�.�!01�� 2 �!&2)� �� $!�1�� � �0� 2 ��� 

�.!��#! � ù���+"� 0�02��02.� ��. ��� �0�.�*20! �.!��#! � 

   

	. �.!./ 1�.�� �!&2)� ��. �.!.�*! #� �0����� /�.3�! #� &" �! " 2��

�.!��02! 2 # ���*�.2 " � # $!�1�� � �0�2.� 12 �.!��#! �.� &" �! " 2��

20$���� 0�� ��" 2 # �.!.�*! #� ù�.�#2���� 10 ��. /0/ ���� �.2�12.1� 2 #

1#12��.2 "� 2 �!&2)� �� �!��0� �. �! 1/� !�10��  

 

• 2� ��1� 2 # .!$�� * �.!.�*! # 

• 2 ��� " 2 # .!$�� * �.!.�*! # 

• 2� /�./��.1�. 0��� ��" 0�)" .�) 2. /* ��1� 0�)" /�.�!0��� # �.!.�*! #

�02� .�) ��. 1*��! #1�  

2.6.3.1. 	  �!&2)� ��  Message’s Latest Time to Send (LS) 

+ $!�1� 2&� �!&2 �)��&� �.!.�*! # 10 03.!� ��" �!.��.2�� * $!)� #�

�$0� &" 1� �) 2� �0��12 � ��1� 2 # .!��� * 2&� �.��2&� � # �02./�/ �2.�

��1. 10 ��. �! �.� !�1��� $! ���) /��12��.� ��. 0�/�.3�! #1. �/�. ���&

2�2 � # 0�/ #" �!&2)� ��. �.!.�*! #� 0��.� .#2� 12��  � �. 2 �.!��#! 

�.1��02.� 12�� �.!��02! �20�0#2.�. $! ���� 12���� .� 12 ��" 2 # ���*�.2 "�

(message's latest time to send, LS). ù#2� � �.!��02! " /6  !��02.� &" �

/�.3 !� 2 # $!)� # � # 2 �.��2 3 �!��0� �. ��3�0� 12 � �!  !�1�) 2 # 'P, 

�.� 2 # ��� #" /P � ���)" $!)� " � # $!0���02.� ��. 2� �02�/ 1� 2 #

���*�.2 "��  
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��. �.�� 2 ��. � # 0�1��0� 2 �!&2)� �� � # �.1��02.� 12�� �/�. .#2�� 0��.�

)2� ��. 0�10!$)�0� �.��2 12��  #!�  � �./�� 20 12.�� *� �0����0� 2�

/�./��.1�. �02�/ 1�" .� 2 /6 2 # 0��.� ���!)20! .�) )�. 2. #�)� ��. �.��2.

� # �0!���� #� �. �02./ � *�� ü��1�"� 2 ��2& )!� 2 # �.!.�*! # 0��.�  

2!�$&� �!.��.2��)" $!)� " W� ù�)�.� �02� .�) ��. 1*��! #1�� ���02.�

2! � � ��1� 2 # �0��� #" 2 # �.!.�*! # �.!� /�.�!01� 10 /* ���.

2���.2.� ù�2��02.� 12. ��.11��� �!&2)� ��. �.!.�*! #� �02� .�) ��.

1*��! #1�� /0� 0��2!��02.� 10 ��. �� ���#�. �. ���0� ��! " 12� /�./��.1�.

/�.�!01�" 2&� /�.3)!&� �.!.�*!&�� �&" )2 # �02./ � *� )�. 2. �.��2. � #

0�$.� /��� #!���0� 12�� .!$� 2�" /�./��.1�." .#2�"� 	 .� 2��01�. .#2�" 2�"

��.11���" 20$����" 0��.� � �0�&1� 2 # .!��� * 2&� 1#��! *10&� �.� 2�"

/�.�*�.�1�" 12 $!)� .�)�!�1�"� ü�2 *2 �"� � 20$���� .#2� /0� 0��.�

�.2������ ��. 03.!� ��" �0 �0!� !�1� * $!)� #�  

 

�#��0!.1�.2���� �� !0� �. 0��&�0� )2�� 2 �!&2)� �� �.!.�*! #� � #

�.1��02.� 12�� .!$� �20�0#2.�. $! ���� 12���� .� 12 ��" 0�)" ���*�.2 "��

0��2#�$��0� ��. 2.��� ������ �02�/ 1� )�&� 2&� ���#��2&� 2 # /��2* # �.�

�! 10����0� 2� PLQLPXP-laxity-ILUVW 12!.2������ 	. �*!�. �0� �0�2��.2. 0��.��  

  

• �2�� �0!��2&1� � # /* � �0!�11)20!. �.��2. .�) /�.3 !02�� *"

12.�� *" �$ #� 2 �/� /6� #��!$0� � ���.�)2�2. 2. �.��2. .#2� �. ��

�02./ � *� ���.�!.� ��.2�  .��)!��� " � # �.� !��0� 2� $! ���� 12����

�02�/ 1�" 2 #" 12�!��02.� 10 20$����" 2#$.� � ��1�" 2 # /6� +120 �.

.� 30#$� *�  � 1#�0$0�" 1#��! *10�"� ñ!.� 2 �!&2)� �� /0� 0��#�2.� 2�

�02�/ 1� )�&� 2&� ���#��2&� 2 # /��2* # ��1. 10 .#12�!� �.� !�1���.

$! ���� )!�.� 

 

• þ #� � ��1� 2 # �!&2 �)�� # .�.�20� 2 � .�!��� 1#�$! ��1�) )�&� 2&�

12.��+� 2 # /��2* #� �0 ��. �.2.�0����� 1*12��.� .#2� � .�.�2�1�

��.� � �0�2.� )2.� #��!$0� ��� � " 12.��)" � # 10 2.�2��� $! ����

/�.12��.2. 0�����0� ��. 1��. 1#�$! ��1� *� ù#2)  /��0� 10 .#������
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� �#�� �)2�2. �.� �0�&���� 0#!&12�. �UREXVWQHVV� 2 # 1#12��.2 "� �$�

12�� �0!��2&1� �����" 2 # 12.�� * 1#�$! ��1� *�  

2.6.3.2. 	  �!&2)� ��  Dynamic p i-persistent CSMA/CD 

	 �!&2)� �� .#2)� 12�!��02.� 12�� .!$� )2� 2. $.!.�2�!�12��� 2&� /�.3)!&�

/�./��.1�+� � # .�2.���11 #� ���*�.2. 12 /��2# � 0��.� ��&12� 0� 2&�

�! 2�!&�� �2�� �0!��2&1� .#2��  � ���2�120" 20$����" ��. 2� �02�/ 1� 0�)"

�.��2 # 0��.� � PLQLPXP-deadline-ILUVW �.� � PLQLPXP-laxity-ILUVW� /��./� 2.

�.��2. � # �$ #� 2 #" .#12�!)20! #" �0!� !�1� *" 12� �02�/ 1� 2 #"

(minimum-deadline, dv� � 2� ���!)20!� $! ���� 0�.12��)2�2. �PLQLPXP-laxity, 

lv(t): R ����12 " $!)� " � # � �02�/ 1� 2 # �.��2 # Y �� !0� �. �.�#120!�10�

2� $! ���� 12���� W� �!��0� �. �02./ � *� �0 2� ����12� �! 20!.�)2�2.�

�#��0�!����.� � ���.�)2�2. �02�/ 1�" 0�.!2�2.� .�) /* �.!.��2! #"� 2��

0�.12��)2�2. 0�)" �2 �� # �! " �02�/ 1� �.��2 # �.� ��. �.!��#! $!)� # ;

2 # 1#12��.2 "� 	 �.!��#! $!�1�� � �0�2.� ��. �. �0�+10� 2&� .!���) 2&�

1#��! *10&� )2.� 2 /��2# �0�2 #!�0� 10 #%��) 3 !2� � �0 1� �) 2��

.���01� �0�.�*20!�" ���.�)2�2." �02�/ 1�" 12. �.��2. �0 2� ���!)20!�

0�.12��)2�2. $!)� #� � ���.�)2�2. �02�/ 1�" Si� )� # L 0��.� � 2���

0�.12��)2�2." 0�)" �.��2 #� �! 1/� !��02.� &" 

        

pi = max{p,(1/(i+1))c} 0�� i≤X, 0 .�� * (2.8) 

 

)� #  � �.!��02! � 2 # �!&2 �)�� # F �.� S ���S��� �� !0� �.

�! 1/� !�12 *� 1*�3&�. �0 2 3 !2� 2 # /��2* # �.� 2�� 0�.12��)2�2. 2 #

���*�.2 "� �#�0�+"� 2. �0!�11)20!. .�) 2. �.��2. �0 2�" $.���)20!0"

0�.12��)2�20" �� ! *� �. �02./ � *� �!�� 2. �.��2. �0 2�" �0�.�*20!0"

0�.12��)2�20" �.� �21� 0��2#�$��02.� �0�&1� 2 # .!��� * 2&� �.��2&� � #

$�� �2.�� /��./� #�0!�.�� #� 2 �! �.� !�1��� OD[LW\� þ �0�2 #!��. 2 #

/#�.��� * Si - SHUVLVWHQW &60$�&' �� !0� �. 1#� %�120� &" 0��"� 

 



ú� ��$.���� û��2#. 
� � ��12+� – ü��� ��&��.�� �!&2)� ��. �.� �#12��.2.   �03�� 

 

�.�0��12��� �.2!+�� 	���. þ�0�2! �)�&� ��$.���+� 	 	0$� � ��." 
� � ��12+�     2-47 

ú��. � � õ2.� �0����0� � �0�2 #!��. 2 # 1#12��.2 "� ���0 12.��)"

.��$�0*0� 2 �.���� �.� ��20� �  /� )� # / 0��.� ��. /*�.��

2 # � �/  �
k). 

 

ú��. � � +�. ���0 $! ���� 1$�1�� $!)� #� � # 0��.� �1� �0 2 ����12 

$!)� /��/ 1�" 2 # �.�.�� * �2�� .� 2 �.���� 0��.� ./!.��"�

���0 12.��)" ��20� 2�� 2��� � &" .� � *�&"�  

- ù� 12 �! �� *�0� VORW �$0� ���0� 1*��! #1�� 2)20 ;  

max {1, (X/2)}. 

- ù���+"� �  PLQ ^/� ��` 

 

ú��. � � ù�  12.��)" �$0� �2 �� �.��2 ��. �02�/ 1�� 0���$0� 2��

�.2�12.1� 2 # �.�.�� * �.��  

- ù� 2 �.���� 0��.� ./!.��"�  12.��)" 0���$0� 2� $! ����

0�.12��)2�2. L 2 # �.��2 #� ü�� L���  12.��)"

.� !!��20� 2 �.��2 ��.2� /0� �� !0� �. 2 �02./)10�

�!�� 2�� �! �.� !�1���� $! ���� 12���� �GHDGOLQH��

ù���+"� #� � ���0� 2�� Si 1*�3&�. �0 2�� �.!.���&

0��1&1�� �.2)���  12.��)" �02./�/0� 2 �.��2 �0

���.�)2�2. Si �.� �0 ���.�)2�2. � - pi .�.����0� 2�

�02�/ 1�" &" 2 0�)�0� VORW )� # 0�.�.�.����0� 2 

���. �� 

- ù� 2 �.���� 0��.� .�.1$ ����� �  12.��)" �0!����0�

��$!� 2� 12���� � # �. ���0� ./!.��"� /��� &" 2 2�� " 2�"

2!�$ #1." �02�/ 1�" �.� 03.!�)�0� 2 ���. �� 

 

ú��. �� ù�� �.2� 2� /��!�0�. ��." �02�/ 1�"�  12.��)" .��$�0*10� )2�

2 �.��2 2 # �$0� 1#��! #120�� 12.�.2�0� .��1&" 2�

�02�/ 1� �.� �0!����0� &" 2� 12���� � # 2 �.���� �. ���0�

./!.��"  �)20 �.� 0�20�0� 2 ���. ��  
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ù�) 2�� �0!��!.3� 2 # .�� !��� # 2 # G\QDPLF Si - SHUVLVWHQW &60$�&'� 0��.�

3.�0!) )2� � 20$���� PLQLPXP-laxity-ILUVW  /��0� 10 /!.12��� �0�&1� 2&�

.� !!��2)�0�&� �.��2&�� �)�& 2�" /��.��" .���01�" 2 # �.�.�� *� ü�2 *2 �"�

� $0�!)20!� �0!��2&1�� /��./�  ����12 " $!)� " �.�#12�!�1�" 12� �02�/ 1�

0�)" �.��2 #� /0 �� !0� �. #� � ��120� .�!��+"� �0 ���. �)��.� 2 

�!&2)� �� /0� 0��#�2.� ��. ����12 $!)� �.�#12�!�1�" 12� �02�/ 1� ���0

�.��2 #�  

2.6.4. ���
	�����ù��ü�
ú�ÿûÿ�ü��	ü��ÿ�ü�������ü�ù�þ� 

þ 1#����!&�.2��� 1#��0!�3 !� 2&� �!&2 �)��&� 2#$.�." �! 1���.1�" �.�

�2020!����12��+�� �$0�  /���10� 10 1$0/��10�" #�!�/��+� �!&2 �)��&�� � #

�$ #� 1. 12)$ 2 1#�/#.1�) 2&� ��0 �0�2���2&� 2&� /* �.1��+�

�.2�� !�+�� �2� �.!��!.3 .#2� �. .�.�#� *�  !�1���. .�2��! 1&�0#2���

�!&2)� ��. � # �$ #� #%��� .�)/ 1� 10 03.!� ��" �!.��.2�� * $!)� #�  

2.6.4.1. 	  �!&2)� ��  Hybrid Token – Non-persistent CSMA/CD  

	 �!&2)� �� .#2) .� 20�0� 1#�/#.1�) 0�)" �2020!����12�� * �WRNHQ SDVVLQJ�

�.� 0�)" �!&2 �)�� # 2#$.�." �! 1���.1�" �QRQ-SHUVLVWHQW &60$�&'�� ò�."

.�) 2 #" 12)$ #" 2�" 1$0/�.1�" .#2�" �2.� � #%��� .�)/ 1�� )1 � .3 !�

12� 1$�1� 3 !2� # - ��1�" �.�#12�!�1�"� ��. )�. 2. 3 !2�. 2 # /��2* #� +�.

2�� 0��20#�� 2 # 12)$ # .#2 *� 0����$���0 ��." .��)!��� " � # 0��2!��0�

12 #" 12.�� *" 2 # /��2* # �. �0�2 #!� *� 2.#2)$! �. �0 /* 2!)� #"� +120

�. 1#�/#�� �2.� �0 .��) 2!)� 2. ��0 �0�2��.2. 2&� 2#$.�&� �.�

�2020!����12��+� �!&2 �)��&��  

 

�*�3&�. �0 .#2) 2 �!&2)� �� �  � 12.�� � 2 # /��2* # 0��.� 1#�/0/0��� � 10

2 � � ��. 2*� # /�.*� # �.� 0��.� .!������� � .�) � &" �� �� 0�0!� � 12.�� �

0��.�  !�.�&��� � 10 ��. � ���) /.�2*�� 1*�3&�. �0 2�" /�0#�*�10�" 2 #" ���

������ �� ������ .� )� �  � 12.�� � 0��.� 0�0!� ��� �.� ��� � " .�
 )� #" �.2�$0� 2 

� #�)���  
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õ� �  � 12.�� �� 0�2)" .#2 * � # �.2�$0� 2 � #�)��� �0�2 #!� *� 1*�3&�. �0

2 &60$�&' �!&2)� �� � /��./� ��." 0�0!�)" 12.��)" �12.��)" � # �$0�

�.��2 �! " �02�/ 1�� .��$�0*0� 2 �.���� �.� �02./�/0� 2 �.��2 .� 2 �.����

0��.� ./!.��"� ù� ��� � " 12.��)" .��$�0*10� )2� 2 �.��2 2 # �$0�

1#��! #120�� 12.�.2�0� 2� �02�/ 1� �.� �! �!.��.2��0� 2�� .�.�02�/ 1� 2 #

�02� .�) ��. 2#$.� $! ���) /��12��.� /��./� 0�1�!$02.� 12�� �.2�12.1�

"backoff".    

 

� 12.��)" �0 2 � #�)�� 0�20�0� /�.3 !02��) .��)!��� � ù� �$0� �.��2 �! "

�02�/ 1�� 2 �02./�/0� .��1&" �)��" .��$�0*10� 2 �.���� ./!.��"� �2��

�0!��2&1� � # 2 �.��2 2 # 1#��! #120��  12.��)" /0 12.�.2�0� 2�

�02�/ 1� 2 # �.� �21� �.2.�.����0� 2 �.����� ü�/��)20!.� �!.2�0� 2 �.����

.�.1$ ����� ��. $!)� 2 #��$�12 � �1 �0 2 /����1� 2 # ����12 # $!)� #

/��/ 1�" �.� �02� 2 2�� " 2 # $!)� # .#2 * .�.�02./�/0� 2 �.��2 2 #

.��1&"� �#�0�+"�  12.��)" �0 2 � #�)�� /0� �!)�0�2.� �. #� 120�

�0!�11)20!0" .�) ��. 1#��! *10�"�  

 

õ� �  � 12.�� � �$ #� 2�� ��.�)2�2. 2�" 1#�0$ *" �.!.� � *��1�" 2 #

�.�.�� *� ���0 3 !� � # � �.2�12.1� 2 # �.�.�� * .����0� .�) 0�0!�� 10

./!.��� 2 � #�)�� �0!��0� 12 � 0�)�0� 12.��) 2 # � ��� * /.�2#�� #� ù#2�

� .��.�� 12�� �.2�12.1� 2 # �.�.�� *� 1#��.��0� 0�20 �0 2 2�� " ��."

�02�/ 1�" �� 1*��! #1�" �.� 12� 1#��$0�. �02�/ 1� �.��2 # .�) 2 � ��2 $ 

2 # WRNHQ� � �0 2 2�� " ��." 1*��! #1�" �02.�* 12.��+� $&!�" 2 � #�)���

ü��.� �! 3.��" )2� 2 ��!.1�. 2 # WRNHQ �02.�* 2&� 12.��+� ���02.� �0 .1.3�

2!)� � /��./� .�2�12 �$0� 12 2�� " �0!�)/&� �02�/ 1�" �.� )$� 12� 1.3�

�02�/ 1� 0�)" ���*�.2 " 0���$ #� 

 

ò�." 12.��)" 12�� �.2�12.1� �EDFN-RII� .�.�02./�/0� 2 �.��2 2 # .��1&"

�)��" ���0� 2 WRNHQ�  
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�2 �$���� /0�$� �2.� 2!0�" /�.3 !02���" �0!� / � �02�/ 1�"� 12�"  � �0"

3.��02.�  ��$.��1�)" �0!�1�.2 " 2 # WRNHQ� � /�./��.1�. 2�" �.2���%�" 2 #

�.�.�� * ��02� .�) ��. 1*��! #1�� .�) 2 � ��2 $ 2 # WRNHQ �.� � �0!��2&1�

2�" 1*��! #1�" �02.�* 12.��+� $&!�" 2 WRNHQ� ���0�+�02.� )2� � /��!�0�. ��."

1*��! #1�" .�2�12 �$0� 10 � 1$�1��" 0*! #" �1 # �0 2 � ����12 " $!)� "

/��/ 1�" �.� 2 RYHUKHDG 2�" /�./��.1�." �.2���%�" 2 # �.�.�� * .�) 2 �

��2 $ 2 # � #� �� *� 10 . VORWV�  

 

Ii

T+1Ii

(.�

Ii

���

(��

(��

.

Token→station r+1Token→station

�*��! #1�

Token→station

Token→station Token→station r+1

T+1

�02�/ 1��*��! #1�

�02�/ 1�

 

�$��� �� �0!� / � �02�/ 1�" 
�.� ü��2#$�" �02�/ 1� $&!�" 1*��! #1� 

��� ü��2#$�" �02�/ 1� �0 �.2���%� ���." .�) 2 #" 1#��! #)�0� #"

12.�� *" �$0� 2 WRNHQ� 

��� ù�0��2#$�" �02�/ 1� � � 1#��! #)�0� � 12.�� � /0� �$ #� 2 WRNHQ� 

 

þ #� � ��1� 2 # .1.3 *" �0!�1�.2 " 2 # WRNHQ $!0���02.� 2��

�.!.� � *��1� 2&� �.!.��2& �02.���2+� �.2�12.1�" .�) ���0 12.��)�  
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m :  .!���)" 2&� 0�0!�+� 12.��+� 2 # � ��� * /.�2#�� #  

r  :  .!���)" 2&� .��.�+� �.2�12.1�" 2 # �.�.�� * �.�) 0�0!�) 10

./!.��"� �!��  12.��)" ���0� ��2 $ " 2 # WRNHQ� ���0 3 !� � #

�.����0� ��! " ��. .��.�� �.2�12.1�" 2 # �.�.�� *� )� �  � 12.�� �

�0�+� #� 2 U �.2� � �PRGXOR P�� � ��2 $ " 2 # WRNHQ 0��.�  12.��)"

� # �$0� 2 U  �� 

 

ü�2)" 2 # ��$.��1� * ��. 2 ��!.1�. 2 # � #� �� *� $!0��� �2.� �.�

/�./��.1�0" ��. 2�� .!$�� � ��1� 2 # � ��� * /.�2#�� #� 0�1.�&�� �.� /�.�!.3�

0�)" 12.�� * �.� 2� /�.$0�!�1� 2&� $.���&� �.� � ��.��+� � #� ��+�� þ

.!$�� � ��1� 2 # 1#12��.2 " ���02.� �0 ��.� .��)!��� �.!)� � �0 2 #

�! 2*� # ÿüüü ������ ù#2)" 0��.�  #1�.12��� ��." �.2.�0����� " .��)!��� "

�.2� 2 �  � � � /�.$0�!�1� � /�.�2�1�. �DUELWUDWLRQ� �.1��02.� 12. ELWV

/�0*�#�1�" 2&� 12.��+� � # ��� #� �. 0�1��� #� 12 1*12��.� �2 2�� " 2�"

�0!�)/ # .!$�� � ��1�"�  � ���)" /.�2*�� " .� 20�0�2.� .�) ��. 12.��)

�)� � � 12.��)" .#2)" �.2�$0� 2 WRNHQ �.�  � �02.���2�" 2 # �$ #� 2�" 2���"

P � �.� U ��  

 

�02� 2�� �0!� / .!$�� � ��1�"�  � � 1/�� 20 12.��)" �� !0� �. 0�1���0�

12 � ���) /.�2*�� � $!�1�� � �+�2." 2�� .�)� #�� /�./��.1�.�

�!�1�� � �+�2." 2 &60$�&' �!&2)� �� �02./�/0� ��. ���#�. .�2�1�"

0�1)/ #� � # .�0#�*�02.� 10 )� #" �.� 12  � � �0!��$02.� � /�0*�#�1� 2 #�

ù#2) 2 ���#�. �0����0� ��.� �*�� 0�1)/ #� �.2� 2� /��!�0�. 2 #  � � #� ���0

12.��)" 2 # � ��� * /.�2#�� # �02./�/0� 2� /�0*�#�1� 2 # ���1& 2 #

���*�.2 " .�)�!�1�" 0�1)/ #� .��1&" �)��" ���0� 2 � #�)��� � �*�� "

20�0�+�0� )2.�  12.��)"� � # �02�/&10 2 �!+2 ���#�. .�)�!�1�" 0�1)/ #�

���0� ���� 2 � #�)�� �02� .�) ��.  �)���!� �0!�12! 3� 2 # �.� �02./)10� 2 

���#�. 2�� #" 2 # �*�� # 0�1)/ #� �02� 2� ��%� 2 # 20�0#2.� # ���*�.2 "�

���0 12.��)" 2 # � ��� * /.�2#�� # .#���0� 2� �02.���2� P �.2� �� ü��1�"

.#���0� 2 U .�  �0 0�10!$)�0� " 12.��)" �!�1�02.� �02.�* 2 # �.2)$ # 2 #

WRNHQ �.� 2 # �/� #� � �0 0�10!$)�0� " 12.��)" �� !0� �. �! 1/� !�10� 2�"
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2���" 2&� P �.� U .�) 2�" /�0#�*�10�" � # �0!��$ �2.� 12. ���*�.2. .�)�!�1�"

0�1)/ #�  

 

þ /�./��.1�. 2�" /�.�!.3�" 0�)" 12.�� * 0��.� �.!)� �. �0 2�� �.!.���&� �

12.��)"� � # ���0� �. 0����0� 2 # � ��� * /.�2#�� #� �0!����0� �&" )2 # ���0�

2 � #�)�� �.� 2)20 �02./�/0� �! " )� #" 2 #" 12.�� *" ��. ���#�. /�.�!.3�"

12.�� *� � # �0!��$0� 2� /�0*�#�1� 2 #� õ� �  � #�)� �� � 12.�� �� � # �.

��� #� 2 ���#�.� �0�+� #� 2�" 2���" 2&� �02.���2+� P �.� U �.2� ��  

 

	. � ��.��� � #�)��. .��$�0* �2.� .�) /* � �0!�11)20! #" 12.�� *"� � #

�! 1�.� *� �. �.2.��� #� 2 �.���� �02� .�) ��. 1*��! #1�� �2��

�0!��2&1� .#2�� 0�.�.�.����02.� � /�./��.1�. .!$�� � ��1�" .�) 2 #"

12.�� *" .#2 *"� �)�& 2�" �� *�.!��" 3#1�� * ���*�.2 " � #� �� *� /0�

#��!$0� �0!��2&1� .�+�0��" 2 #�  

 

ù�) 2. .� 20��1�.2. 2�" .���#1�" 2�" .�)/ 1�" 2 # #�!�/�� * �!&2 �)�� #�

�! �*�2 #� 2. 0��" �*!�. 1#��0!�1�.2.�  

 

• 	 #�!�/��) �!&2)� �� �$0� �.�*20!� .�)/ 1�� &" �! " 2� 1$�1�

.� / 2�� * 3 !2� - ��1�" �.�#12�!�1�"� .�) 2 QRQ-persistent CSMA/CD 

��. )�0" 2�" 2���" 2 # 3 !2� # �.� )�0" 2�" 2���" 2�" ��1�" �.�#12�!�1�"

.�.�02�/ 1�" ����  

 

• þ .�)/ 1� 2 # #�!�/�� * �!&2 �)�� #� 12. #%��� 3 !2�.� 0��.� �!.�2���

)� �. �0 .#2�� 0�)" �!&2 �)�� # µ� #� �� *¶� 12  � �  $!)� "

�0!�1�.2 " 2 # WRNHQ .�2�12 �$0� 10 2!0�" $! ����" 1$�1��" 0*! #" �1 # �0

2 � ����12 $!)� " /��/ 1�" 2 # �.�.�� *� �2. $.���� 3 !2�. #��!$0� ��.

1.3�" #�0! $� 2 # #�!�/�� * ��.�2� 2 # .�� * �!&2 �)�� # µ� #� �� *¶�

�#�0�+"� 2 #�!�/��) �!&2)� �� �$0� 0��2*$0�� �0 ��. .!�02� � �%) 2!)� �

2 1#�/#.1�) /* 1#����!&�.2��+� &" �! " 2�� .�)/ 1� 2 #"

�!&2 �)��&� �&60$�&' QRQ-SHUVLVWHQW� 	RNHQ�� 
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• + /�./��.1�. .!$�� � ��1�" �.� 0�1.�&��" � /�.�!.3�" 12.��+� 12 � ���)

/.�2*�� � ���02.� �0 .�� !��� #" �.!)� � #" �0 2 # ÿüüü �����

�!&2 �)�� #� ù#2 �  � .��)!��� �� 

- .�.�2 *� 2�� *�.!�� 0�/��+� 0$& �.��2&� 0���$ # 

- .#��� #� 2�� � �#�� �)2�2. �.�  

- �0�+� #� 2 .� / 2��) 3 !2� 2 # /��2* #�  

  

• û0� #��!$0� ��� �. /�./��.1�.� � # �. �! 1/� !��0� .�!��+" 2� ����12�

�.�#12�!�1� �.��2 #� �  � �. 0�.!2�2.� ��01. .�) 2 � EDFNRII .��)!��� �

�#��0�!����.� � 0�.13���1� 0�)" ��&  !� # 12� ����12� �.�#12�!�1� )�&�

2&� �.��2&�� �! (� ��20� 2�� *�.!�� 0�)" EDFNRII .�� !��� # �0

�0!� !�1���� �.2.� �� ���$�  � �)� !3� �0 ��1� 2��� � # �. �! 1/� !��02.� 

.�) 2� EDFNRII 1#��!2�1��� 2  � � /0� �! ����02.� .�) 2 1#��0�!���� 

�!&2)� �� � 

 

• û0� ���02.� �.��. .�.3 !� 10 ����1� /�.3 !02��+� �! 20!.� 2�2&�� ��2� � #

0��.� �!&2.!$���" 1��.1�." ��. �!&2)� ��. � # 12 $0* #� 10 03.!� ��"

�!.��.2�� * $!)� #�  

2.6.4.2. 	  �!&2)� ��  Hybrid Virtual Token – p-persistent 

CSMA/CD  

	 9LUWXDO 7RNHQ 0��.� ��. #�!�/��) �!&2)� �� � # 1� �0*0� 12� �0�2�&1� 2�"

.�)/ 1�" 2 # &60$�&' 12. #%��� 3 !2�.� /�.2�!+�2." 1#�$!)�&" 2. �.��

$.!.�2�!�12��� 2 # 12. $.���� 3 !2�.� �#��0�!����.� � .�)/ 1� 2 # 0��.�

�.�*20!� .�) 2. �!&2)� ��. $&!�" 1#��! *10�" ��. )� 2 0*! " 2 # 3 !2� #

�.� 1#��!�1��� �0 2�� .�)/ 1� 2&� ��&12+� �!&2 �)��&� .�2.�&��1� * ��.

2. $.���� �.� �01.�. 3 !2�.� 
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�)�& 2�"  � �)2�2." .#2 * 2 # �!&2 �)�� # �0 2 �! �� *�0� #�!�/��)

�!&2)� �� � � �0!��!.3� 2 # �. �0!� !�120� 12. 1��0�. � # /�.3 ! � � *� 2.

/* �!&2)� ��. �02.�* 2 #"� 	 �!&2)� �� /0� $!�1�� � �0� 2�� 20$���� 2�"

�.2���%�" 2 # �.�.�� * .�) 2 12.��) � # �.2�$0� 2 � #�)��� ù�2��02.�  

.��)!��� " � # 0��2!��0� 12 � ��2 $ 2 # � #� �� * �. �02./)10� �0 0��2#$�.

2 �.��2 2 #� 12�� �0!��2&1� � # #��!$ #� 2.#2)$! �. � �� � �2 �� �

12.�� �� 0��.� !0.��12��)" �.� 1*�3&� " �0 2�" �/�)2�20" �.� /#�.2)2�20" 2&�

#�.!$)�2&� 1#����1���&� /��2#.�+� 0�0��2+�� �#��0�!����.� .�  12.��)" �0

2 � #�)�� �$0� ��. �.��2 ��. �02�/ 1�� .� � #�0� 2 � .�)� #� .��)!��� � 

 

ú��. ��  ù� 2 �.���� 0��.� 0�0*�0! �  12.��)" �02./�/0� 2 �.��2 2 #�

.��� )$� �&!�20!. .�) Sss � ��/0" $!)� # � 0��$�12 " $!)� "

�02.�* /* /�./ $��+� �.��2&�� �02� 2 2�� " 2�" 20�0#2.�."

/!.12�!�)2�2." 12 /��2# �  

 

ú��. �� ù� 2 �.���� 0��.� .�.1$ ����� �  12.��)" �0!����0� &" 2 

2�� " 2�" /!.12�!�)2�2." 2 # �.�.�� *� ù� � /!.12�!�)2�2.

.#2� .�2�12 �$0� 10 ��. 0��2#$� �02�/ 1�� �02� 2 2�� " 2�" 2 

� #�)�� �02.�.��0� 12 � 0�)�0� 12.��) �.� �21� $��02.� �

/#�.2)2�2. �02�/ 1�" �0 2� ����12� �! 20!.�)2�2.� 

 

ú��. �� ù�  12.��)" 1#��! #120�� .� !!��20� 2� �02�/ 1� .��1&"�

12���0� ��. MDPPLQJ 1��. ���. Ml � ��/0" $!)� #� �.� �0!����0�

��. �W. + pss � ��/0" $!)� # �!�� 2�� .�.�02�/ 1�� ü�0�/� )� �

 � #�)� �� � 12.�� �� $&!�" 2 � #�)��� �0!���� #� ��.

�0�.�*20! �2 #��$�12 �.2� Fd > 2t.� $!)� �02� .�) ��.

1*��! #1�� 2 �!&2)� �� 0��#�2.� )2�  ��2 $ " 2 #

� #� �� * /0 �. 1#��! #120� �.2� 2�� .�.�02�/ 1� 2 #

�.��2 # 2 #�  
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ú��. �� ù�� �0!���� �2." 2 �.���� �. ���0� ./!.��" ����. �����  

12.��)" .��$�0*10� ��. 1*��! #1�� 2)20 #�.� *0� 10 �.�)�0"

�.!)� � #" �0 2 # ���.2 " ���� /��� �0!����0� F0 � ��/0"

$!)� # �F0 > 2t. + jl + pss� �.� �02� �0����0� 2� �02�/ 1� 2 #

�.��2 # 2 #� �  � �. 0��.� 0��#����. 0��2#$�"�  

 

���0 12.��)"� � # �$0� ��. �.��2 ��. �02�/ 1� �.� /0� �.2�$0� 2 � #�)���

1#��0!�3�!02.� 1*�3&�. �0 2 � .�)� #� 2!)� � 

 

ú��. �� ù� 2 �.���� 0��.� ./!.��"�  12.��)" �02./�/0� 2 �.��2 2 #�

.��� )$� �&!�20!. .�) Ss � ��/0" $!)� # �Ss > pss� �02� 2 

2�� " 2�" �! �� *�0��" �02�/ 1�"� 

 

ú��. �� ù� 2 �.���� 0��.� .�.1$ ����� �  12.��)" �0!����0� �&" )2 #

���0� ./!.��" ����� 2�" 2!�$ #1." /!.12�!�)2�2."�� ù� �

/!.12�!�)2�2. .#2� �2.� ��. 0��2#$�" �02�/ 1��  12.��)"

.����0� 2�� 2��� 2 # �02!�2� � #� �� * �WRNHQ - �� PRG 1 �.�

0�.�.�.����0� 2 ���. ��� 0�2)" �.� 0�� 2+!. �$0� ���0�  

��2 $ " 2 # � #� �� *�  

 

ú��. �� ù�  12.��)" .��$�0*10� ��. 1*��! #1�� �.2� 2� /��!�0�. 2�"

�02�/ 1�" 2 # �.��2 # 2 #� 12.�.2�0� ��01 " 2� �02�/ 1� �.�

�02./�/0� ��. MDPPLQJ 1��. ���. Ml � ��/0" $!)� #�� �02�

�0!����0� ��. �W. + pss + cd � ��/0" $!)� #� ù�  $!)� " .#2)"

���0� �.� /0� .��$�0#20� �.��. /!.12�!�)2�2. 12 �.�����  

12.��)" ��!0� )2�  ��2 $ " 2 # � #� �� * /0� 0�$0 �.���.

�.��2 ��. �02�/ 1� �.� 1#�0�+" �0�+�0� 2 �02!�2� 2 #

� #� �� *� ù#2� � �0�&1� 2 # �02!�2� �$0� ���0� 10 )� #" 2 #"

12.�� *" �.� 2+!.  �� " ��2 $ " 2 # � #� �� * �� !0� �. �$0�

�.��2 ��. �02�/ 1�� �0 1� �) �. 0��2!.�0� 12 12.��) .#2)

�. �02./)10�� )� �  � #�)� �� � 12.�� � �0!���� #� ��.�
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0����� � $!)� �Fs ! ��� �2�� �!.��.2��)2�2.� .� ���0�  

$!)� " .#2)" �.� �.��. /!.12�!�)2�2. /0� �$0� .��$�0#20� 12 

�.�����  12.��)" 0��2!��02.� �. .�.�02./+10� 2 �.��2 2 #

1*�3&�. �0 2 ���. ���� ü�2 *2 �"� �� !0� �. $!�1�� � ��10�

��. EDFNRII 20$���� �.� �. �0!����0� ��. ��. �0�.�*20! $! ���)

/��12��.� �.!.��2& .�.�* �2.� ��� � � EDFNRII .��)!��� ��

� # �� ! *� �. 03.!� 12 *� 12 1#��0�!���� �!&2)� �� � 

 

ú��. �� ù�� �0!���� �2." 2 2�� " 2�" 2!�$ #1." /!.12�!�)2�2." 12 

�.���� ����.�����  12.��)" .��$�0*10� ��. 1*��! #1�� 2)20

#�.� *0� 10 �.�)�0" �.!)� � #" �0 2 # ���.2 " ���� /��� /0

12���0� 2 MDPPLQJ 1��.� .��� �0!����0� ��. F0 + cd + cs � ��/0"

$!)� #�  

 

ò$0� �0�02��0�� ��." .!���)" EDFNRII .�� !���&�� +120 �. 0��20#$�0� ��.

.�+2.2 )!� 12�� �.�#12�!�1� �02�/ 1�"  � � #/�� 20 �.��2 # �.�

1#�$!)�&"� �. 0��20#$�0� � �.�*20!� 1$�1� 3 !2� # - ��1�" �.�#12�!�1�"�

ù#2 �  � EDFNRII .��)!��� � �$ #� &" 0��"� 

 

1) þ �!+2� ��� / "� � # �0�02����0� 0��.� � 970 (Virtual Token, 1- 

persistent, 0-EDFNRII�� þ ��� / " .#2�� 12��  #1�.� �.2.!�0� 2 ��$.��1�)�

� # 0�.�.�! �!.��.2��0� ��. �02�/ 1� �02� .�) ��. 2#$.� $!)� �

.�.���� �2." 2 #" 12.�� *" �02� .�) ��. 1*��! #1�� �. �! 1�.� *�

1#��$0�. ��. 2� �02�/ 1� 2&� �.��2&� 2 #"� .��1&" �02� 2� ���� 2�"

�! �� *�0��" �02�/ 1�"� 	 .� 2��01�. 0��.� )2� 2 970 �02#$.��0� 2��

�.�*20!� .�)/ 1� &" �! " 2� ����12� �.�#12�!�1� �.��2 #� �.� 2�

$0�!)20!� &" �! " 2� ��1� �.�#12�!�1�� 1#��!�2��� �0 )�0" 2�" #�)� ��0"

�0�)/ #"�  

 

2) þ /0*20!� ��� / "  � ���02.� 6HJPHQWHG /LQHDU %DFNRII �1#�� ���02.�

VTe�� �
 .#2� 2� ��� / �  ����12 " $!)� " EDFNRII  !� �020�2.� 12. ����
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ELWV� õ2.� �0�0!.120� .#2) 2 )!� �  12.��)" 0�1�!$02.� 12� 970 mode 

�0�2 #!��."� �&" )2 # .��$�0*10� 2 2�� " ��." 0��2#$ *" �02�/ 1�"� ù#2�

� ��� / " .��/&10 �.�*20!. .�) 2� 970� .��� � 1$�1� 3 !2� # - ��1�"

�.�#12�!�1�" �2.� $0�!)20!� .�) 2 # &60$�&' ��. 3 !2�. � #

�#�.�� �2.� .�) ��� - 0.6.  

 

3) þ 2!�2� ��� / " �! �!$02.� .�) 2 ��&12) S-SHUVLVWHQW �!&2)� �� � �.�

1#�� ���02.� &" 97p� ò�." 12.��)"� �0 �.��2 �2 �� �! " �02�/ 1��

� # /0� �.2�$0� 2 WRNHQ� .� � #�0� 2 #" .�)� #� #" �.�)�0"�  

  

i) þ �!+2� �! 1���0�. ��. �02�/ 1� ���02.� )1 2 /#�.2)�

�!�� !)20!.� �02� 2� ���� 2 # $! ��� * /�.12��.2 "� � #

�01 �.�0� �02.�* /* /�./ $��+� �.��2&�� �0 ���.�)2�2. �� 

 

ii) ù�  12.��)" 1#��! #120�� 2)20 �! 1�.�0� �. .�.�02./+10� �0

���.�)2�2. S� �02� .�) ���0 /��12��. $!)� # �1 # �0 �Wa� 2�!+�2."

2 /��12��. �02.�* �.��2&�� �0 1� �) 2�� *�.!�� 0�)" .�+2.2 #

 !� # 12�� �.�#12�!�1� �02�/ 1�"  � � #/�� 20 �.��2 #� �$0�

20�0� ��. )!� 12 $!)� ����� ELWV�� �!�� 2� ���� 2 #  � � #� �

.�.�02�/ 1� 0�)" �.��2 # ���02.� 1*�3&�. �0 2 S-persistent 

�!&2)� �� � ù� .#2)"  $!)� " ���0��  12.��)" 0�20�0� 2 ���. �L��

þ .�)/ 1� 2 # 9Wp 0��.�� 1$0/)�� 12. �/�. 0���0/. �0 2�� .�)/ 1�

2 # 9We.  

 

iii) þ 2�2.!2� ��� / "� � # 1#�� ���02.� &" 97�� 0��2!��0� 10 ���0

12.��) �. �! 1/� !��0� 2�� EDFNRII �.�#12�!�1�� �02� .�) ��.

1*��! #1�� 1#�.!2�10� 2 # � #� �� *� �#��0�!����.� .#2� �

�.�#12�!�1� �! 1/� !��02.� ��1& 2�" 1#��!2�1�" ��WRNHQS�� )� #

tokenS 0��.� � 2��� 2 # � #� �� * 12 12.��) 6� + 1#��!2�1�� � #

�/0��0 2. �.�*20!. .� 20��1�.2. �2.� � ��i) = (N-i) x backoff_factor.  
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)� #  EDFNRIIBIDFWRU 0��.� ��. �.!��02! "� � # �! 1/� !��02.�

�0�!.�.2��� �0≤backoff_factor≤��� þ �.�*20!� .�)/ 1�� &" �! " 2�

��1� �.�#12�!�1� �.��2 #� 0��2#�$��02.� )2.�  EDFNRIIBIDFWRU  

0.1.   

�#��0!.1�.2���� 2 �!&2)� �� .#2) �$0� �.!)� �. .�)/ 1� �0 2 &60$�&'

1- SHUVLVWHQW� ��. $.���� �.� �01.�. 3 !2�. �&" ��� �0!�� #� �.� �! 10����0� 2��

.�)/ 1� 2 # &60$-CD-'3 12. #%��� 3 !2�.� õ�&"� /0� .�2��02&��� �2.�

�! ����.2. 0�1)/ # � 0�)/ # 12.��+� 12 � .�) 2 /��2# �  $0�!�1�)"

� ��.��+� �! 20!.� 2�2&�� �.�+" �.�  2!)� " $0�!�1� * �.�+� .�) 2��

*�.!�� 013.����&� � � �.� � ��.��+� � #� ��+�� 

2.6.4.3. 	  �!&2)� ��  Group Implicit Token – CSMA/CD (GIT-

CSMA/CD)  

	 �!&2)� �� *,7-&60$�&' #� � �0� �! 1���.1� 2&� �)��&� 12 /��2# 

�0 #�!�/��) ��$.��1�)� /��./� �0 .�2.�&��12��) �*60$�&' PRGH� �.�

�2020!����12��) �WRNHQ PRGH� 2!)� � �!�1�� � �0�� 0��1�"� 2�� 20$���� 2�"

 �./ � ��1�" �JURXSLQJ� 2&� �)��&� � # �.2�$ #� 2 � #�)��� �21� +120 .#2 �

 � �)�� � �. �$ #� 2�� #%��)20!� �! 20!.�)2�2. 10 1$�1� �0 2 #" #� � �� #"�

���0 0���0/ �! 20!.�)2�2." .�2�12 �$0� 10 /�.3 !02��) $! ���) /��12��. ,)S 

�02.�* /�./ $��+� ��.�1�&�-�.��2&�� � ��$.��1�)" /�.����1�" 2 # � #� �� *

0��.� .1.3�" �.� .�2�12 �$0� 10 1#��0�!����. �0� �)2. 12 �.���� .�2� �.

$!�1�� � �0�2.� ��. 1.3�" �.��2 0���$ # )�&" 12 �!)2#� ÿüüü ������ 

 

�� 12.�� � 2 # /��2* # ��� �� «� �� 1#�/� �2.� 10 ��. 2 � � ��. /�.*� # �.�

 !�.�+� �2.� 10 P  ��/0" �*1, G2, …, Gm� #� � �+�2." ��. � ���) /.�2*�� �

���0  ��/. �0!��.����0� �.� 12.�� *" �.� 2 � #�)�� �0!�12!�302.� �02.�*

2&�  ��/&� ��2& .�) 1#��0�!����0" 1#����0" � # �0!��!�3 �2.� 12�

1#��$0�.� .3 * � �.2�12.1� 2 # �.�.�� * �$0� .����0� .�) 0�0!�� �EXV\� 10

./!.�� �LGOH�� �2 2�� " 2�" 2!�$ #1." /!.12�!�)2�2." 2 # �.�.�� *�  �
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12.�� � 2�"  ��/." *i
T
� � # �.2�$0� 2 � #�)��� 1#�0$�� #� �. .�.���� #� 2�"

���.��" �02./)10�" ��. ��. /��12��. Tt �!�� 0�0!� � ��1 #� .#2�" 2�"

�02./)10�" �0 $!�1� 2 # WRNHQ PRGH� �� 12.�� � � # 0��.� �2 �� � �.

�02./+1 #�� .��� /0� �.2�$ #� 2 � #�)��� �0!���� #� ��. ��. $!)� 7c (≥Tt) 

�.� �)� 0�� �.�0�" .�) 2 #" 12.�� *" 2�"  ��/." *i
T

 �02./+10�� .#2 �

�� ! *� �. �$ #� �! 1���.1� 12 �.���� 1*�3&�. �0 2 �!&2)� �� �-

SHUVLVWHQW &60$�&'� þ 1$�1� �02.�* 2&� $!)�&� 7c, Tt �!��0� �. 0��#�2.� )2�

 � �02./)10�" 10 WRNHQ PRGH /0� �. �.!.�&�* �2.� .�) .#2�" 2 # &60$�&'

mode. 

 

	 ³��!.1�.´ �� /�.����1�� 2 # .1.3 *" � #� �� * �02.�* 2&�  ��/&�

1#��.��0� 12 2�� " 2&� �0!�)/&� /!.12�!�)2�2." 2 # �.�.�� *� )2.� 1#��0�

��. .�) 2�" .�)� #�0" 1#����0"� )�&" 3.��02.� 12 �$� ����� 

 

.� 	�� " ��." 0��2#$ *" �02�/ 1�" .�) ��. 12.��) � # .���0� 12��  ��/.

� # �.2�$0� 2 � #�)�� �token mode) 

�� 	�� " ��." 0��2#$ *" �02�/ 1�" .�)  � � /�� 20 12.��) � # /0�

�.2�$0� 2 � #�)�� �&60$�&' PRGH� 

�� 	�� " ��." 1*��! #1�" �02.�* 12.��+� � # /0� �.2�$ #� 2 � #�)��

(CSMA/CD mode) 

/� 	�� " 2�" 20�0#2.�." �02�/ 1�" WRNHQ PRGH �.2� 2�� /��!�0�. 2�"

�0!�)/ # �2020!����12���" .���#1�" 2�" 1*��! #1�" �02.�* 2&� N

12.��+� 2�"  ��/." � # �$0� 2 � #�)�� ��$�����/� N �� �  � �.

�0!��!�302.� 12� 1#��$0�.� 
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�$��� ��� 2 ��$.��1�)" /�.����1�" 2 # .1.3 *" � #� �� * �02.�* 2&�

 ��/&� 2&� 12.��+� 
 

 

� .��)!��� " � # 0���$0� 2�� .�.�02�/ 1� 2&� 1#��! #)�0�&� �.��2&� 10

&60$�&' PRGH 0��.� ��. 2! � � ��1� 2 # ��&12 * Binary Exponential Backoff 

(BEB) �.� 0��#�2.�� 10 1#�/#.1�) �0 2� �0�2 #!��. �.2� WRNHQ PRGH� ��.

.�+2.2 ��&12) )!� �.�#12�!�1�" ��. 2�� .�.�02�/ 1� )�&� 2&�

1#��! #)�0�&� �.��2&�� ù�.�#2���� )2.� .��$�0#�0� ��. 1*��! #1� �02.�*
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�.��2&� 12.��+� � # /0� �.2�$ #� 2 � #�)���  � 12.�� � .#2 � 20!�.2�� #�

2�" �02./)10�" 2 #"� �02./�/ #� jamming 1��.2. �.� 1$0/��� #� 2�"

.�.�02./)10�" 2 #"� �02� .�) ��. 2#$.� .!���) 1$�1�+� �EDFNRII /��12��.��

� .!���)" 2&� 1$�1�+�� 7cs� �!�� .�) 2�� Q-� 12� �! 1���0�. .�.�02�/ 1�"

0�����02.� &" ��."  � �)� !3. �.2.�0����� " 2#$.� " .!���)" U 12�� �0!� $�

0≤ r ≤ 2(n-bv)
� )� # Y 0��.� ��." .��!.� " � # $!�1�� � �0�2.� ��. 2 � #� � ��1�)

2 # ��&  !� # 2 # EDFNRII /�.12��.2 " ��
v-�� �.� E ,QW>�Q-���Y@� �2��

�0!��2&1� )� # ��." 12.��)" ���0� 2 � #�)�� �!�� 0���0*10� 2 EDFNRII

/��12��� 2 #� .#2)" �02./�/0� 1*�3&�. �0 2 � WRNHQ PRGH� + ����12�

�.�#12�!�1� 7f
c 
��. ��. 0��2#$� �02�/ 1��  30�� ���� 12 � EDFNRII .��)!��� �

/��02.� .�) 2� 1$�1�� 

 

( ) ( )T m T P P T l T Pf
c

c c s cs
i i

i

c

i
t s= + + + − + −







 + +

==
∑∑( ) 2 1 2 1

11

ν

 

( )( ) ( )[ ] st
c

csscc PTc122122lT)PPT(m     ++−−+−−+++= ²
²   (2.9) 

 

)� # O  ,QW>P�Y@� F  P-OY� 0��.� 2 ��� " 2 # 1#��! #)�0� # �.��2 # �.� 3s 2 

��� " �.��2 # �3c≤Ps�� þ �.�#12�!�1� .#2� #� � ���02.� �0&!+�2." )2� 2 

�.��2 ³3���0�´ 12�� � !#3� 2�"  #!�" 0�)" 12.�� * .�!��+" �)��"  12.��)"

�$0� ³$�10�´ 2 � #�)��� ü��1�"� ��. 1*��! #1� �.����0� $+!. ���0 3 !� � #

 12.��)" 0�0!� � �0� ��. �02�/ 1� .� � #� *�0�� .�) 2 ����12 EDFNRII

/��12��.� �&" )2 #  12.��)" ³�.�.��!0�´ 2 � #�)�� �.� �02./+10� 2 �.��2 

2 # 10 WRNHQ PRGH� 

 

��. /�.3 !02��� /�./��.1�. .� � #�0�2.� 0�� .��$�0#�0� ��. 1*��! #1� �02.�*

2&� �.��2&� 12.��+� 2�"  ��/." � # �.2�$0� 2 � #�)��� �2�� �0!��2&1� 

.#2� #� � �0�2.� ��." �2020!����12��)" �*�� " .���#1�" 2�" 1*��! #1�", 

0��2!�� �2." �0 ���0 12.��) 2�"  ��/." *i
T
�. �02./+10� 2 �.��2 2 # 10 ��.

�! �.� !�1���� 1$�1��� ���0 12.��)" �.�#120!0� ��. ��. .!���) 1$�1�+�

�/��!�0�." �1�" �0 2�� ����12� �.�#12�!�1� /��/ 1�" �.�.�� *� �1 �0 2��
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1$02��� 2 # ��1� ��1. 12��  ��/. �.�) � �&" N� �!�� 0�0!� � ��10� 2��

.�.�02�/ 1� 2 # �.��2 # � # �$0� 1#��! #1�0�� ü�� ��." 12.��)" 2�"  ��/."

Gi
T
/0� .��$�0*10� �02�/ 1� .�) 2 #" 12.�� *" 2�"  ��/." .#2�" 10

�! �� *�0�0" 1$�1��" �&" 2� 12���� 2�" �! �!.��.2�1����" �02�/ 1�" 2 #�

2)20 .#2)" �02./�/0� 2�� 0� �)�& 12����� �2�� .�2��02� �0!��2&1�� 0��

.��$�0#�0� ���� �02�/ 1��  12.��)" 12.�.2� 2�� ��2!�1� ��. �. 1#�0$�10� 2��

�! �� *�0�� /�./��.1�. 2�" ��2!�1�" 1$�1�+� ��$!�" )2 # �. #� � ��10� 2��

�! �.� !�1���� 1$�1�� ��. 2�� �02�/ 1� 2&� �.��2&� 2 #� �.2� 2�� /��!�0�.

.#2�" 2�" �0!�)/ # �2020!����12���" .���#1�" 2�" 1*��! #1�" �02.�* 2&�

12.��+� 2�"  ��/." *i
T
/0� 0��2!��02.� ���� �02�/ 1� .�) 12.�� *" 0�2)"

2�"  ��/." .#2�"� 

 

ò$0� .� /0�$�0� )2� � #%��)20!� .�)/ 1�� ��. 1#��02!��� 3)!2�1� 2&�

12.��+�� )1 � .3 !� 2� ��1� �.�#12�!�1� �.��2 #� 0��2#�$��02.� ��. �.��)

 �./ � ��1�" N �� 0�+ ��. 2�� 0�.$�12 � ��1� 2�" ����12�" �.�#12�!�1�" �

���2�12� 2��� 0��.� N �� þ ����12� �.�#12�!�1� �.��2 # 12�� � !#3� 2�"

 #!�" � # �02./�/02.� 10 WRNHQ PRGH /��02.� .�) 2� 1$�1��  

 

( ) ( )[ ] ( )[ ]( )T m k T kP P m k P Tf
t

t s c s t= − + + + + − + +1 1 1 1 , k≥2 (2.10) 

 

ü�� N � 2)20 � ����12� �.�#12�!�1� 0��.� �1� �0�  

 

( )T N P Tf
t

s t= + , k=1 (2.11) 

 


" 0� 2 *2 #� 2 *,7-&60$�&' �!&2)� �� 0��#�2.� ����12� �.�#12�!�1�

�.��2 # � # /��02.� .�) 2� 1$�1��  

 

( )T T Tf
m

f
c

f
t= max ,  (2.12) 
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�.�+" 2 3 !2� �.�.�� * .#���02.�� 2 *ÿ7-&60$�&' �!&2)� �� �.���.�.

���02.� ��. �!&2)� �� 0�0*�0! 1#��! *10&� )� # �)� ��." 12.��)"

�.2�$0� 2 � #�)�� �LQGLYLGXDO WRNHQ PRGH�� + �02��.1� .�) 2�� JURXS WRNHQ

PRGH 12�� LQGLYLGXDO WRNHQ PRGH �.����0� $+!. ���0 3 !� � # 1#��.��0� ��.

1*��! #1� �02.�* 2&� 12.��+� 2�"  ��/." � # �.2�$0� 2 � #�)��� �.2� 2��

/��!�0�. ���0 �*�� # �0�2 #!��." �02� .�) .#2� 2� 1*��! #1� 2 � #�)��

³.���0�´ �)� 10 ��. ��02.�* 2&� N� 12.��) 2�" 1#��0�!�����"  ��/."� ù#2 �  �

�*�� � �0�2 #!��."  � ��� �2.� .�0��!2�2 � �*�� � �LQGLYLGXDO F\FOHV�� þ

�02��.1� .�) 2�� LQGLYLGXDO WRNHQ PRGH 12�� JURXS LQGLYLGXDO PRGH �.����0�

$+!. 0�� 2 � �* ��." ��02.�* 2&� N� 12.��)" � # .���0� 12��  ��/.

�02./+10� �.2� WRNHQ PRGH 10 ��. .�0��!2�2 �*�� � 	 �$����� /0�$�0� 2 

��$.��1�) �02.��10&� �02.�* 2&� LQGLYLGXDO �.� WRNHQ PRGHV ��. 2�110!�"

/�./ $�� *" �*�� #" �0�2 #!��."� �#��0!.1�.2��� � ����12� $&!�2��)2�2. 2 #

GIT-CSMA/CD, CGIT-CSMA/CD� � # 0��2#�$��02.� 10 LQGLYLGXDO WRNHQ PRGH� /��02.�

.�) 2� 1$�1��  

 

CGIT-CSMA/CD=
)T(P

P

ts

s

¸++
 (2.13) 

 

)� # 2 0��.� � �.�#12�!�1� /��/ 1�" 2 # �.�.�� *�  

 

ü��.� 3.�0!) )2�  1#�/#.1�)" 2&� ��$.��1�+� &60$�&6 �.� WRNHQ �JURXS�

LQGLYLGXDO� �! 13�!0� ��. �0��� �.��) �! 1.!� 12��)2�2." 10 ��. �0��� 

0*! " 3 !2�&� �.� /�.3 !02��+� .�.�2�10&� 03.!� �+�� ü����� ��

.� 30*�02.� 2 1��.�2��) �!)����. 2&� ³$.���&�´ � #� ��+� �)�& 2 #

��$.��1� * 2�" .1.3 *" /�.����1�" 2 # � #� �� *� 
" 0� 2 *2 #� /0� $��02.�

0*! " �+��" �.� .� 30*� �2.�  � �0!� / � .�! 1�0�.1��)2�2." � #

1#��.�� #� 12 ��.11��) �!&2)� �� � #� �� *� )2.� ³$��02.�´ 2 � #�)��� 
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�$��� ��� � ��$.��1�)" �02��.1�" �02.�* 2&� JURXS �.� LQGLYLGXDO WRNHQ

modes 
 

 

�2 �!&2)� �� *,7-&60$�&' .�2��02&��� �2.�� 0��1�"� 2. �! ����.2.

0�1)/ # �.� 0�)/ # 12.��+�� �#��0�!����.�  � /�./��.1�0" 0�1)/ # �.� 0�)/ #

12.��+� 0��.� 20�0�&" �.2.�0�����0" �.� /0� .�.�2 *� 0�/��� �.��2. 0���$ #.  

� 12.��)" � # 0���#�0� �. 0�1���0� 12 /��2# �!��0� �)� � �. ��&!�10� 2��

 ��/. � # 2� 12���� 0�0��� �.2�$0� 2 � #�)��� ù#2) 0��2#�$��02.� �0 2��

�.!.� � *��1� 2 # �.�.�� *� �&" )2 # 0�0!� � ���0� ��. �02�/ 1� 10 $! ����
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12���� ��1. 12 /��12��. 7t �.� 7t��2 �02� 2 2�� " 2�" �! �� *�0��"

�02�/ 1�"� )� # �2 0��.� � ����12� �.�#12�!�1� /��/ 1�" 2 # �.�.�� *� ù#2)

2 �0� �)" �$0� &" .� 2��01�. �. �.����0�  0� �)�& 12.��)" )�. 2.

�02./�/)�0�. �.��2.� .�0�.!2�2&" 2�" /�0*�#�1�" �!  !�1� * 2 #"� þ  ��/. 

� # 0�0��� 2� 12���� �.2�$0� 2 � #�)�� �� !0� �. �! 1/� !�1�0� .�) 2�

/�0*�#�1� �! ��0#1�" �.� 12 ��.� 2 # �.��.�)�0� # �.��2 #� /0/ ��� # )2�

���0 12.��)" ��&!��0� 2�" /�0#�*�10�" 2&� 12.��+� � # �0!��$ �2.� 10 ��.
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2.7. ü�
	þ�üÿ��–����ú�þ�ù	ù 

 

1. �. .�.3�!020 �.� �. .�.�*1020 2�" �.1���" �.!.��2! #" � #

$!�1�� � � *�2.� ��. 2�� ��2!�1� 2�" .�)/ 1�" �.� 2�� .�� �)��1�

�!&2 �)��&� MAC-#� 0����/ #� 

2. � �0" 0��.�  � �*!�0" �.20#�*�10�" – 0��/�+�0�" )1 � .3 !� 12� 1$0/�.1� �.�

#� � ��1� �!&2 �)��&� MAC-#� 0����/ # �.� �/�.�2�!&" ��. �� ��$.����"

/��2#.��" / ��"�  

3. �. .�.�*1020 2�� �0�2 #!��. 2 # �!&2 �)�� # p-persistent CSMA/CD� � � �

�.!�� �20" 0��!0�� #� 2�� .�)/ 1� 2 #� 	� 0��.� 2 3.��)�0� 2�"

µ.12��0�." �0�2 #!��."¶� � �� 0��.� 2. �*!�. ��0 �0�2��.2. �.� �0� �0�2��.2.

2 #� �)20 .#2) 2 �!&2)� �� �� !0� �. $!�1�� � ���0� 10 �� ��$.����"

03.!� ��"� 

4. �. .�.�*1020 2� / �� �.� �0�2 #!��. 2 # �!&2 �)�� p-persistent CSMA/CD 

2 # /��2* # LONWorks� �#��!��020 2 �!&2)� �� .#2) 10 1$�1� �0 2 

��.11��) p-persistent CSMA/CD.  

5. �. .�.�*1020 2�� �0�2 #!��. 2 # �!)2#� # �!&2 �)�� # Token Passing 

Bus� � � � �.!�� �20" 0��!0�� #� 2�� .�)/ 1� 2 #� � �� 0��.� 2. �*!�.

��0 �0�2��.2. �.� �0� �0�2��.2. 2 #� )1 � .3 !� 12� $!�1� 2 # 10

�� ��$.����" 03.!� ��"� 

6. �. 1#��!��020 2. �!&2)� ��. TDMA, Polling �.� Token Passing Bus� �)20

#�0!�$0� 2 �.���.� �&" �!��020 2�� .�)/ 1� 2 #" 10 2#����" 1#����0"

�0�2 #!��." �� ��$.��� * �0!����� �2 "� 

7. �. 1#��!��020 2�" 20$����" #� � ��1�" �02.���.1�" µ1.3 *"¶ �.� µ.1.3 *"¶

� #� �� *� ��2& .�) 2#����" �� ��$.����" 1#����0" /��2#.��" �0�2 #!��."� 

8. � � � �)� � 1#�20�� #� 12� /��� #!��. #�!�/��+� �!&2 �)��&�

�! 1���.1�"� 	� 1� �) 0�#��!02 *�� � �� 0��.� 2. �*!�. �0� �0�2��.2.

2 #"�  
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9. �. �! 20��02.� 2! � � ��10�" � # �. �0�2�+� #� 2�� .�)/ 1� 2 # TDMA 

12. $.���� 3 !2�.�  

10. �. �! 20��02.� 2! � � ��10�" � # �. �0�2�+� #� 2�� .�)/ 1� 2 # 	oken 

Passing Bus 12. $.���� 3 !2�. �.� ��. ���!� ���� ���! 3 !�.�+�

�.��2&��  

11. �. �! 20��02.� 2! � � ��10�" � # �. �0�2�+� #� 2�� .�)/ 1� 2 # p-

persistent CSMA/CD 12. #%��� 3 !2�.�  

12. �&" 1$0/���02.� � /��2#.�� 0�#��!�2�1� �0 ��1� �! 20!.�)2�20"

���#��2&� ���.� �)��&�� û+120 ��. �.!�/0���. �!&2 �)�� # �0 2�2 �0"

/#�.2)2�20"� 

13. �. .�.�*1020 2�� �0�2 #!��. 2 # �!&2 �)�� # GIT-CSMA/CD� � �� 0��.� 2.

�*!�. ��0 �0�2��.2. 2 #� �&" �!��020 2� /#�.���� 2 # 1#��0!�3 !� )1 �

.3 !� 12�� �! 1.!� �� 2 # 10 �02.�.��)�0� /��2#.�) 3 !2� �0

.�.�2�10�" µ.#12�! *¶ �!.��.2�� * $!)� #� � � � 0��.�  � �.!�� �20" � #

0��!0�� #� 2 )!� 2�" ����12�" �.�#12�!�1�" �.��2 #� 

14. �0 ��. /��2#.�� 03.!� ��  � � $!�120" - �)�� � /��2* # $&!�� �2.� 10 /* 

�.2�� !�0"� /��./�� 2 �.�� 2&� $!�12+� .�.�2 *� 0�#��!�2�1� �0 2��

����12� �! 20!.�)2�2. 0�+ 2 #�)� �� ��-.�� �$0� $.���)20!�

�! 20!.�)2�2. 0�#��!�2�1�"� ü�� ��� ��  � $!�120" #%���" �! 20!.�)2�2."

.�.�2 *� 2�� 0�.13���1� ��&  !� # �'max� ��. 2�� �.�#12�!�1� �02�/ 1�"

�.��2&� /0/ ���&� 2 #"� )� # 'max�N
1 ��.� ��� � ������ &" �! " 2 �

$!)� �02�/ 1�" 0�)" �.��2 #�� �. �! 20��020 ��. MAC �!&2)� �� � #

��.� � �0� .#2�" 2�" .����0"� .�.�* �2." 0�.!�+" 2�� 0��� �� 1." �.� �.

#� � ��1020 2 �.2����� ��� " ���! 3 !�.� * �.��2 #� 	p� 1#�.!2�10�

2&� .� N� 1� 

15. �0��2� ��1& 0� � �&1�" ��.!.�02!���� 2 # 	DMA �!&2 �)�� # �0 N 

12.�� *"� ��2!�1� ��1�" �.� ����12�" �.�#12�!�1�" �.��2 # 1#�.!2�10�

2 # 3 !2� # �1#� ���� �.� .�� 12.��)�� �. .�.�2#$�0� �!.3���

.�.�.!�12.1� ��. 2�� ���!� �.!.� � *��1� 2�" �0�2 #!��." 2 #

�!&2 �)�� # .�� � ��/. $!)� # �1$�1���� 



ú� ��$.���� û��2#. 
� � ��12+� – ü��� ��&��.�� �!&2)� ��. �.� �#12��.2.   �03�� 

 

�.�0��12��� �.2!+�� 	���. þ�0�2! �)�&� ��$.���+� 	 	0$� � ��." 
� � ��12+�     2-69 

16. �0��2� ��1& 0� � �&1�" ��.!.�02!���� 2 # Polling �!&2 �)�� # �0 N 

12.�� *"� ��2!�1� ��1�" �.� ����12�" �.�#12�!�1�" �.��2 # 1#�.!2�10�

2 # 3 !2� # �1#� ���� �.� .�� 12.��)�� �. .�.�2#$�0� �!.3���

.�.�.!�12.1� ��. 2�� ���!� �.!.� � *��1� 2�" �0�2 #!��." 2 #

�!&2 �)�� # ��.  !�1�0� � � ��/. $!)� # /��2* # ��. 2��

�.!.� � *��1��� 

17. �0��2� ��1& 0� � �&1�" ��.!.�02!���� 2 # ��.11�� * Token Passing Bus 

�!&2 �)�� # �0 N 12.�� *"� ��2!�1� ��1�" �.� ����12�" �.�#12�!�1�"

�.��2 # 1#�.!2�10� 2 # 3 !2� # �1#� ���� �.� .�� 12.��)�� �. .�.�2#$�0�

�!.3��� .�.�.!�12.1� ��. 2�� ���!� �.!.� � *��1� 2�" �0�2 #!��." 2 #

�!&2 �)�� # ��.  !�1�0� � � ��/. $!)� # /��2* # ��. 2��

�.!.� � *��1��� 

18. �0��2� ��1& 0� � �&1�" ��.!.�02!���� 2 # Virtual Token Passing Bus 

�!&2 �)�� # �0 N 12.�� *"� ��2!�1� ��1�" �.� ����12�" �.�#12�!�1�"

�.��2 # 1#�.!2�10� 2 # 3 !2� # �1#� ���� �.� .�� 12.��)�� �. .�.�2#$�0�

�!.3��� .�.�.!�12.1� ��. 2�� ���!� �.!.� � *��1� 2�" �0�2 #!��." 2 #

�!&2 �)�� # ��.  !�1�0� � � ��/. $!)� # /��2* # ��. 2��

�.!.� � *��1��� 

19. �0��2� ��1& 0� � �&1�" ��.!.�02!���� 2 # p-persistent CSMA/CD 

�!&2 �)�� # �0 N 12.�� *"� ��2!�1� ��1�" �.� ����12�" �.�#12�!�1�"

�.��2 # 1#�.!2�10� 2 # 3 !2� # �1#� ���� �.� .�� 12.��)�� �. .�.�2#$�0�

�!.3��� .�.�.!�12.1� ��. 2�� ���!� �.!.� � *��1� 2�" �0�2 #!��." 2 #

�!&2 �)�� # ��.  !�1�0� � � ��/. $!)� # /��2* # ��. 2��

�.!.� � *��1��� 

20. �0��2� ��1& 0� � �&1�" ��.!.�02!���� 2 # predictive p-persistent 

CSMA/CD �!&2 �)�� # �0 N 12.�� *"� ��2!�1� ��1�" �.� ����12�"

�.�#12�!�1�" �.��2 # 1#�.!2�10� 2 # 3 !2� # �1#� ���� �.� .�� 12.��)��

�. .�.�2#$�0� �!.3��� .�.�.!�12.1� ��. 2�� ���!� �.!.� � *��1� 2�"

�0�2 #!��." 2 # �!&2 �)�� # ��.  !�1�0� � � ��/. $!)� # /��2* # ��. 2��

�.!.� � *��1��� 
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21. �0��2� ��1& 0� � �&1�" ��.!.�02!���� 2 # GIT-CSMA/CD �!&2 �)�� #

�0 N 12.�� *"� ��2!�1� ��1�" �.� ����12�" �.�#12�!�1�" �.��2 #

1#�.!2�10� 2 # 3 !2� # �1#� ���� �.� .�� 12.��)�� �. .�.�2#$�0� �!.3���

.�.�.!�12.1� ��. 2�� ���!� �.!.� � *��1� 2�" �0�2 #!��." 2 #

�!&2 �)�� # ��.  !�1�0� � � ��/. $!)� # /��2* # ��. 2��

�.!.� � *��1��� 

 

 


