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5. 5. HDLCHDLC
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���������������� (1)(1)

� CCITT X.25 (HDLC/LAPB)
» ��������	
�� SDLC (Synchronous Data 

Link Control protocol) 
��	��
» HDLC

• High-speed Data Link Control protocol
• ITU-T/ISO��������	
��


» ADCCP
• Advanced Data Communication Control Protocol
• ANSI (�	)����������


» LAPB
• Link Access Procedure B
• CCITT X.25 �����������, HDLC ���
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���������������� (2)(2)

���������	
��
��������

» ISDN��������������
» � �!"#$"�

• �������� !"#$%

���������� X.21 �������
�� 

» bit-oriented
• bit-stuffing &'()*���+,�-./&01

» connection-oriented
• �������23456789:;
• <=>
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HDLC frame (1)HDLC frame (1)

� Address: ��%�&'
� Control: ��()�*+�,-
� Data: ���./01�,-
� Checksum: CRC-CCITT

01111110 address Data 01111110Control Checksum

88 8 >= 0 816
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HDLC frame (2)HDLC frame (2)

� 23�4�56

» ?@AB�#
» CDAB�#
» EFGHAB�#

������� b1 b2 b3 b4 b5 b6 b7 b8

�	���� 0 N(S) P/F N(R)


����� 1 0 S P/F N(R)

�
������ 1 1 M P/F N(R)

N(S): ��������

N(R): 	�������
P/F: 
��/��
�����

S: �������

M: �������

Copyright ©2000, Suguru Yamaguchi, All right reserved

HDLC frame (3)HDLC frame (3)

�!"�/#$%&�'(�
» 78"9�:;<=>?
@AB�C�DC
EBF�
GHIJ (poll bit) KLM��

» >?�:;<=NO�23�4C�DC
EB2P$
QGHIJ (final bit) KLM��

�)*#+",

» RS����T/	��01�23�4
» N(S)	<23�4UV
» if N(R) =k: (k-1)23�4W�XLYZ�01*[K

\]B�
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HDLC frame (4)HDLC frame (4)

� ^_23�4

» ������IJK�HL
» S��M*NO&PQ

• RR
– N(R)��������
	
��
�����

– ��	
����
�

�

• RNR
– N(R)��������
	
��
�����

– �����������

	 !"�#$

– RR
�%&'(��)
*

• REJ
– N(R)��+,����
	
��
������

-.�.

– Go-back-N ( N(R) /
012)��%

• SREJ
– N(R)��������
	
��
�����

– Selective-Repeat���
N(R) 34
)�
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HDLC frame (4)HDLC frame (4)

�-./0#+",

» ���`"a�bcdef	��
» g�9hiYjCk�

SNRM(B),P

UA(B),F UA(B),F

DISC(B),P

A

B

……...
(data transmission)
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6.6. LANLAN������		
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��
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��
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����������������������������������������

� Ethernet (10, 100, G)
» CSMA/CD

� FDDI
» Token Ring
lm�n

� ATM
» ocpqG�rst
» VC (Virtual Circuit) KVP (Virtual Path)

� POS
» uvwdpxy�2z{|}
» PPP Over SONET
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���		
��
�������		
��
�������		
��
�������		
��
�������		
��
�������		
��
�������		
��
�������		
��
����

� LAN
» RS�T!UVWX�Y8Z[,\]&^_
» %��`�[,\]&'(Q�a
» b�c!HL (Media Access Control)

� 56
» HL> (controlled)

• ������

– TDMA (Time Division Multiple Access)

• ��	
����

– Token Passing

» de> (contention)
• ALOHA, CSMA, CSMA/CD...
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TDMA (1)TDMA (1)

� Time Division Multiple Access
» ��~
./�{T��� ���IJ�
» N����IJ��j�23�4
��
» ��<�c���IJ
��

�1

» ����G����rst��
» 1.5Mbps ���
�����	��0��

• fghVgh
• 64Kbps&Wi�)*ghVj�klmS
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TDMA (2)TDMA (2)

terminal Aterminal B

frame (N=8)

Copyright ©2000, Suguru Yamaguchi, All right reserved

TDMA (3)TDMA (3)

�2�(�345678

» ��	���h���M� ¡<¢£
» ¤¥	���M���<��¦	§�'��¨h©
@K��

�9:;<

» 23�4�e�ªL<�«
�¬	R­
» ��
®¯°±²�9<³´h©@
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TDMATDMA����������������ATMATM��������

� TDMA<uYµ¶1�·��¸¸aq� ¹
» mn
op�)*qWr
» /s1t9us
» vwVxTDMA���ylqmz

� TDMA�<LANJ#ºIa�»¼h½Li
» {|�f}�~q1t��$z
» {|9'(Q���q�����Vj$z

� ATM�¾:
» LANU�������
» TDMAZ$mn
��&�M�������

Copyright ©2000, Suguru Yamaguchi, All right reserved

Pure ALOHA (1)Pure ALOHA (1)

� ¿;À

� ÁÂ
» ������ ALOHA 

System V��
» �������

• ��
�����

– uplink

• ���
����

– downlink

» ��������^_o
�&��

�  ¹

» �{|q�����
» {|a q,�¡j���
9_�¢£¤�,¥

» ¦§�U,J¨ RTT 
(Round Trip Time) ©M*x
ACK9ªM*«$z¬e
­®�¯�°6

» ±���A78
• [0,K] �����: r
• r��������
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Pure ALOHA (2)Pure ALOHA (2)

�=>?	@A��BCDE�EFG2

» ÃÄÅ�k���ÆÇ<È�ÉÊËi
» ÄÅ<Ì�Í4��Ît
ÏÐÑ[B

�HI3JK�LMNO�PQRST

» ���hÒÓ�
» ��ÔhÒÓ�

�U(FV#9W

» K
» Õ¨	Ö×
ØÓ�Ù#·��
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slotted ALOHAslotted ALOHA

� pure ALOHA �XY
» ./�{
��IJt

• {|a �,J&!²�U�³´µ�
• ¶·¸¹�º»

» ���ÃÄÅ�¿;
=��IJ�¿;	
• de��¯&¼$½Q�
• /s�¾¿

�Z[\

» ��IJ�RÚh½Li��«³´�
» �Û¥�g�G	K�W�
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CSMACSMA

� Carrier Sense Multiple Access
�]^_�BCDE	�����`�a�bc�

» µ¶1Mi��1ÜÝÞ	/�
» ./ßàhá�*+=âã<�ä�å�
Ó�i
» RTT/2 �{	æ%h/�B�Kâã

• [,\]À]�,JÁÂ9[ÃQ�fÄ
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CSMACSMA

�d]e�fghijk

» 1-persistent CSMA
• :Å,J

» p-persisitent CSMA
• 0ÆÇV,J

» nonpersistent CSMA
• ­®�¯f�È,bÉÊ�Ë#�Ì(
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CSMA/CDCSMA/CD

� CSMA with Collision Detection
�l^m
#+",�noh
HI�KpT�

» âãh�äL*:;	<ÝÞ	/�
çè
» âãO�é@���êá
�ë

�q]E�rst,

» Ethernet �<binary backoff  ¹
ì�
» �íâãB�K backoff timer 
îï	LMiY
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Token PassingToken Passing

� 802.4 (Token Bus), 802.5 (Token Ring) uv�
� FDDI
 Token Passing wx3�yz{|}6~��
�wx

» ðIJñ�a	|}01*ò�J{�J�a" (token) 

ÈóUÊ	°±

» 2`�J�a"
ôõMi�ò�Jh/��Ð�
» token holding timer
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����������������������������������������

Pure ALOHA
Slotted ALOHA

CDMA CSMA/CD
(Ethernet)

Token Ring FDDI

TDMA ATM
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������������������������

�S��uJ�3wx	�����Qi

����Q�}i3�

» 1-persistent CSMA/CD (Ethernet)
» Token Ring

�LM����6

» CSMA/CD <ö÷B�
» Token Ring<ö÷L�i


