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• ����
����
– ���������	
– 
��
 (error control)

– ����� (flow control)

– ������	��
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• ��
– ��������� �!"	#�$%

• ��������	
��
�������

• ��������������� !�"#$%&'
– Layer 1 gateway: repeater

– Layer 2 gateway: bridge

– Layer 3 gateway: router

– &
'(�)"*+,-.�$%/0�12
• ()*�+,�-.
• �!/012345!6 (datalink frame)

– 34	5�6'789:��;�<�"
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• 1970=>
– 78�!/9:;��!
/<�=>�?@�AB

• X25(HDLC)

• 1980=>
– LANCD�AB

• Ethernet

• Token Ring

• FDDI

– E:CD�FG
• Wireless Ethernet

• 1990=>
– LAN�HI*2�78�!
/9:JK�LM

• Frame Relay

• ATM

– E:CD�N%O
• Wireless Ethernet

• �����

– LANCD�NPQR
• Fiber Channel

• Fast Ethernet

• Gigabit Ethernet
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• Point-to-Point connection
– CCITT X.25 (HDLC/LAPB)

– ��?;�@,ABCISDND+,

• Broadcast Channel (LAN)
– IEEE 802 (ISO 8802)

• LLC (Logical Link Control)

• MAC (Media Access Control)

– Ethernet, FDDI, Token Ring�EFG. IEEE802 H��
�I-.JKL

– ISO8802H���I-.MNJKL
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Physical Layer

Data link Layer

Network Layer

CCITT X.25
(HDLC/LAPB)

Media Access 
Control Sublayer

8802/2 LLC

8802/3
CSMA/CD

8802/5
Token Ring

8802/4
Token Bus

Logical Link 
Control Sublayer

ISO/OSI Local Area 
Network Definitions (8802)

CCITT Datalink
 Layer Definition
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• ������	� !"��#
�
– &
'F129:)4	OP�D���/0*,Q
.RST4	OP�D�UV/0*WX

• $%&	'(#)*�+,-�+���./�
�#
�
– YZ (propagation delay)

– 
� (errors)

• 0��1��&234�5��67�8
– [7\$L-]��;�<�"F12^_:`aR�
���789:bc*deDf:

– IEEE802.2 I IEEE802.x
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• 69�:	-;<=>
– �O�g(frame)

• �!/012SK�T�UV

• ��S�W*�XO�YZ[�\]^%_�
– ���	
��
�������	������������
��� !"�#$% 

– ��&'()�*+�,-�.

• W*�`abc�45!6�dOe�
– ,-�.�/012

» 345��

» 6�78
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• ?@A��B�8C	69�:	DEF�
– &
'I-.hij*klI-]��;��

• CCITT X.21
– 9):,-�."8bit

– ;�<=>"ASCII(IA5)

– ��;m��noInp7[q�ij�rs
• STX, ETX

– DLE (DataLink Escape) 7tu.[q�ij*��;
Ivq

• f$g0�!/�<�K�hi�jk%(/!1e.[�
\]^
O

• character stuffing
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“B” “A”DLE

“B” DLE DLE DLEETX “A” STXDLE

Original Data

Transmission Sequence

transmission

data frame

character stuffing
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• G��H#B�8<�+69�:	DEF�
– [w�)4	x*��;�noInp7rs

– ��;y7X_:z�{|)4	x*}~
• bit stuffing

– ?@�6�78A,-�.�BCDBEFG�H�IJ% K
L�% 

– �
• hi�W*�`l 01111110

• ��mK��!/a�nW*�“1”%o
pc“0”�qr

• s�mK��!/a�nW*�“1”%o
pct�“0”�uv
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������������������� ����������������

transmission

Original Data

Transmission Sequence

start bit patternend bit pattern

bit stuffing
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• Unacknowledged
Connectionless Service
– ��w%s�w��x[
�y�Ez45!6���

– XO%YZ��{hi�T
����


• MN:A���&'

– |}~�H!���
01
2�������

• LAN, real-time traffic
(voice/speech)

• Acknowledged
connectionless Service
– s�w��45!6��
s��� (acknowledge) �
��

– XO����!/012S
K-�

– ��^��J
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• Connection-oriented
Service
– �!/����?�2��
1���

• O�PDQ�PA/0�
*()ARS

– ��^�XO~������

– T�������

– �}~�H!��
012
�
�
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• Error Control

• ��
– ���JK���XO�
Y 3¡¢

– ��45!6%¢�z�c
£�
�b¤¥b

– ��45!6���%¢
�
b¤¥b

• ��
– ¦§CD

• ��#$TU (Error
Correction Code)

• ����TU (Error
Detection Code)

– =>�?@CD
• �VW (timer)

• XO (retransmission)
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• )4	
�
– (0¨� (parity) ©%ª«
¬

– ASCIIK�7W*�K?!­
«.

– ®W*�¯�(0¨�
• even parity: ;�<YZ�
[�\AH�]\

• odd parity: ;�<YZ�[
�\AH�^\

– ®W*�45!6°K�U
�W*�XO�Y \]

• ��"	
�
– ±o�pW*�XO

– +,²³�*�´!2�µ
=/K�¶·¬�¸$¹�
º»[�y�%�


– ¼9¦§%Nz½¾£�
• CRC (Cyclic Redundancy

Check code)

• _`a�bcAIJ
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CRC

• 69�:	IJ2KELF�	CRCM7��G�
� #NO�

• G��H	PQRST
– �)4	���:)4	x

• (an-1, ….., a1, a0) p¿� ai �0Àp�1

– ����X
• F(x)=an-1xn-1+…+a2x2+a1x+a0

• PQRUV
– modulo 2

– ����
� (eXclusive OR) I��
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CRC

• CRC	WVXY
– ����� G(x) ]�-��h r (r < m)

– m)4	��O�g*�%9:I-R������X*
M(x) (�� m-1) I9:

– �O�g7 r �� “0” *��]�� xrM(x) *��

– ��� xrM(x) * G(x) D�u]�� R(x) * ¡

– �%9:¢£¤ F(x)*�:
• F(x) = xrM(x) + R(x)
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CRC

• KE	LF
– F(x)h¥7G(x)D��¦_:

– ��¦_��u]`a7h
�F§¨
– r)4	©ª���"	
�h«¬­0

– �_©®�
�hG(x)7¯§
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• ZN	[\
– CRC-12

• x12+x11+x3+x2+x+1

– CRC-16
• x16+x15+x2+1

– CRC-CCITT
• x16+x12+x5+1
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• �]
– CRC-12h°)4	ij�X78-.

– CRC-16±t²CRC-CCITTh³)4	ij�X78-
´µ

• LF'( (CRC-16̂ _`CRC-CCITT)
– G.�k�±t²¶)4	·¸)4	
�

– G.�¹���)4	
�

– �°)4	©ª���"	
�
– 99.997%��º)4	��"	
�

– 99.998%��³)4	© ���"	
�
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• Error Correction Code
– »¼�H¢£ (hamming code) �+,

– ¢£¤#�½¾
• dÁ�XOÂel d+1ÃJ

• dÁ�XO¡¢l 2d+1ÃJ
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$%6�78�9:

• KEab	+c
– ¿%ÀD�O�g7
�*ÁÂ

– �%ÃÀ7�Ä�Å�O�g*��Æ-.��Ä
• Ä� retransmission

– WÇÈÉ7hQÊQÊË:

• � !"de�fg
– Stop-and-wait

– Go-back-N

– Selective-repeat
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Stop-and-wait Protocol

t1 t2 t3

t4

t5t1Sender

Receiver

t1: ��YZ
t2: �O�g��Ì#
t3: �O�g�
Ì#
t4: ACK��Ì#
t5: ACK�
Ì#
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Stop-and-wait Protocol

• Xh
– ��O�g�%Í7ACK¿%*Î�

– �%À;�Ïh 2t1+t2+t3+t4© 7Ðw

– �%À;�ÏF;�g�Ñ	9:I�O�g*Ò�

• 'i
– kÓ

– �4�Ôh�¿%À�_Õ_D��O�gÖDtQ

– AB×,µØFÙ¥7ÚQ
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Go-back-N Protocol

• Xh
– Stop-and-Wait Protocol*ÛÜ

– ·¸-.�O�g*�¬

– 
�FÁ�-]`a
• XO%YZ�p45!6�¢�zs�[�ÀKs��p45!
6�ÅÆ

• ¢�
s�ÀKACK{ÇÈ�
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Go-back-N Protocol

1 653 45432

1 653 4542

A
C

K

A
C

K

A
C

K

A
C

K

A
C

K

A
C

K

��������	


��
���
�

���
!!



Nara Institute of Science and Technology

Go-back-N Protocol

• 'i
– 
�FÁ�9:IÝ-Þ��_]�O�gD�ßà^
_RáâFãfQ

• h�Ä�/$É�ÊËz��[�GÌÍÎ

– �%ÀDÒ��]ä��4�ÔFåæ
• ACK�s�dÏ�
�
45!6�Ð
��Ä��pÑ�
f*4Ò01Ó��Ôz&'_O

• Go-back-N � “N” �ACK�ÕpÖ���y�%KË�45!
6× (on-the-fly frame×)

• f*4Ò�Ä�/$É�Ø�ÙÚ
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Selective-repeat Protocol

• jR
– Go-back-N ��	��*Ûç

– åæ��O�g��*Ò�

• 'i
– è��7��µØh Go-back-N t��çQ

• ¢�zs�È£�
�45!6�EÛ�ÅÆ��


– �
Féê
• s�mKf*4Ò%&'

• �����45!6�!)1����%&'
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Selective-Repeat Protocol

1 873 65432

1 873 6542

A
C

K

A
C

K

A
C

K

A
C

K

A
C

K

A
C

K
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A
C

K

A
C

K
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• Stop-and-Wait, Go-back-N C�klmC�no
"p%qrs�"�

• Selective-Repeat C�tklmCYuab
– ¿%À7�4�ÔF§¨

– �%ÀFÄëÞ���QI¿%À�4�ÔDì_FÁ
�9:­0í´�

• 6e�ab (flow control)
– ¿%ÀI�#Dî���ïÉ*,Q.R�4�Ôì_
*ð�9:
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Window Flow Control

• vw�xvy6e�ab
– Ñ��ñÑ(�ò*WI9:

• s�m�f*4ÒÜ$¹��Ý�Þß�à


– �%ÀD (1) ó7�%-]�O�gD (2) ACK*¿�
ôu.Q�Q�O�g��õË:Qh��	�ö* Nr
I9:

– Nr < W �#h�%*ÇÄ

– sliding window flow control


