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���	�Transparency�
◦ ��	�Hierarchical�
◦ �
	�Functionalty�
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◦ �
�Encapsulation�
◦ 	
�Decapsulation�
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OSI�c?�
� OSI �c?*

◦ 1978 (���>HX_� (International Standard Orgnization, ISO) �"
◦ �}8,V[xY�(Open System Interconnected, ISO) 

� OSI �" N (1)

1. #�' (Physical Layer)�"b]qV[	#�Px^�!�s�a�Z&^
��`�I^�FT�����t	P�DJ,�

2. p9xY' (Data-Link Layer)�"b!�%�tp9�j.p9$�=*P
k=�A<p9�t{mP:E����C��{m3��Gz3�f|
qULTT�

3. ]q' (Network Layer)�"b�e
~g6�qP)R�\1�WB�$
��4Pq+y5�Gz3�T�

4. �t' (Transport Layer)�"bQ#POvS�27S/;�&� (End-to-
End) x^0h�

5. �n' (Session Layer)�"b��@���Md�:�nx^P)R�\1
�WB:E�

6. iK' (Presentation Layer)�"bwl�:Pp9=*�uo�

7. -M' (Application Layer)�"b�Md�wlr�
~P
��
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TCP/IP	
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� ���
� (Network Access 
Layer, NAL) 

◦ OSI 	
��������
◦ �����Ethernet�Token-

Ring�FDDI, etc�
◦ �����ATM�10Gb�

Frame Relay�ADSL, etc�
� ��� (Internet Layer)

◦ IP (Internet Protocol) 

◦ ICMP (Internet Control 
Message Protocol) 

◦ ARP (Address Resolution 
Protocol) 

◦ RARP (Reverse Address 
Resolution Protocol) 

� ��� (Transport Layer)

◦ TCP (Transmission Control 
Protocol) 

◦ UDP (User Datagram Protocol) 

� ��� (Application Layer)

◦ FTP (File Transfer Protocol) 

◦ SMTP (Simple Mail Transfer 
Protocol) 

◦ HTTP (HyperText Transfer 
Protocol) 

◦ DNS (Domain Name Server) 
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��MAN�
◦ ��
��WAN�

9

?"
58

?"
58

?"
58

&"58

&"58

&"58

�#58��$-(�/58�

�#58 �#58

<+58��
�
���(���
���

<+58
�����
�������

<+58
���
��������

�����������5>58�

3);6 3);6

�958�
�'#58�

�958�
�'#58�

�958�
�'#58�

��7�: �*�4�,.@��

�������	�
%A58

��
58

B:82!

=01



������

1010

◦ ���� �������)
)()	
��( �
� �13�+�)0�(���	
$*#'���

� %13�����.�2��&
$*! �

◦ ���� �������)
)()	
��( �
� �13
�
��"%12�0
$*"
/��

� %13$*
/�,�-���
$*���

� �

�

��

�

�

�
�

� �

���

�� ��

��



������

1111

◦ ���� ��
)	��
�
(
	
��( �
� �35
��/�-�����
4��!��+�

� '35��"3�0��)%,
 �4�&�1�

◦ ����� ������
�
(
	
��( �
� �35�&#�42(��
	
�.��

� '35%,$*���

�

��	


�

�

��

�

� � �

� � �



������
� �����Internetworking�
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� A2PM ���-3������(���0���3 !�������-3���

����(���0���3  ���������-3��������(���0���3 �
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Layer 2 SwitchAEthernet SwitchB

� -"�!�����!�(��1�2�
◦ /=8hA1i
◦ /=.7;Mn ��!��2�0�1����#0�1 �A1i

� >CS34Fo ���	 , �!42��2!�
11�2  �
� S3FpD/= )�-
�)
�29AkE
� >CS3?C@aA )�-
�)
�em
◦ C<e5 �)���� ����
��0�� �
◦ W+gde5 �/������"��
��0�� �

� ?BM �!42��2!�em*IAEMl-

19



Switch/Hub����

20


 ����� ��#� ����
�����������


 ����� ��!� 
 ����� ��#� ����
�����������

0.2)��


 ����� ��!�

0.2)��


 ����� ��!�

0.2)�	

����������������
��������

+,4*

�%/(31��

��������

��������
�������

'$4*

�-&31��

��������

��������

-&312)

-&312)

�������"��

��
����"�� �������"��

��������"��



����Router�
� ��������
� (Physical Layer) 
��� (Data-Link Layer) 

� ���	�� (Network Layer) 
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	���Routing Table�
���	���Fixed Routing Table�
���	���Dynamic Routing Table�
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Layer 3 Switch
� �����# (Multi-port Router) 

� �����%��� (����"���
) 

� 	� Layer 2 Switch ��

� �IP-MAC� ��
���$!�
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�Gateway�
� (�)
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◦ IP (Internet Protocol) 
◦ ICMP (Internet Control Message Protocol) 
◦ ARP (Address Resolution Protocol)
◦ RARP (Reverse Address Resolution Protocol) 
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IP-4c#
� �	�-4*P
◦ N �
�������))
����(�
��n 
�(��������(�
���gYAK^_�
◦ bp6IK>rnek�
◦ T6I'_)LK�E�(�I0[wP%Oy=)LK�E<N

KOy"2�

� �	�-4I;
◦ �	�Bha?a+
◦ �	�eftCG*P
◦ 6Ic9.Pf�
◦ 6I.PTes'_
◦ �kXLK�EBLM5@)6I

!�` d:jC�%.i;]lK��8 �
�	 �AoJ
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IP%*
� 	��%&7I='/)N=.NA ���6%40
◦ 342	�342��342��342���H �(
��()�
�	 �

� '/25%* �.4���8���3384�� �P#-%* �,�����3384�� �
◦ !.4���8��.�6148��,����.�6148�"

� H ���%*/ �(
��()�
�	�(
◦ 25%* 
��(
��()�����

◦ #-%* 
�����
�	�

� ���.4�608�
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ARP"RARP��
� ������

�(����(�����
��������	�� 
◦  �������#��! ��)(��(����

� �����(��(���
� �����(���
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ARPDRARP�!
� (�(
��(���������������(����������
����
�� 
◦ AC"% ���������� �#EC"% 	
�� 
◦ ���
�����)��
��������������)�����
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ICMP����

33

Message Type ICMP '��$
0 Echo Reply1��!&2
3 Destination Unreachable1 �����-2
4 Source Quench1����2
5 Redirect1�)�,+�2
8 Echo Request1��%�2
9 Router Advertisement1+�
��2
10 Router Solicitation1+�
�(2
11 Time Exceeded for a Datagram1���,2
12 Parameter Problem on a Datagram1��	0

213 Timestamp Request1�/�"%�2
14 Timestamp Reply1�/�"�&2
15 Information Request1*'%�21��2
16 Information Reply1*'�&21��2
17 Address Mask Request1�
.#%�2
18 Address Mask Reply1�
.#�&2



IPv6:�-5
� ()1���()�
�������� �-$
◦ ()1��%3& #/ ()�2�0:
� ()1��
����2�
� ()1��
���	�2�

◦ ()1��%367'�
◦ ()1��%3+V(P
◦ ()1��%348+V146<
◦ ()1��I"!86*).
◦ ()1��2�!8(;
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IPv6����
� IPv6 ��-, 128 bits���� 8 ��Segment�, �
� 16 bits %������)���/.�	��

� ���0"0�#!���+&"0
���� ::*
$���
IPv6�'��(
��� ::�	��

2001:288:b001:1::12:11/64
2001:0288:b001:0001:0000:0000:0012:0011/64
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IPv6���

�� IPv6 ��� 128 bits ��, �	� N 

bits 
���Prefix��
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IPv6
�%!
� �	+�.( IPv6 
�-*&$�IPv6 
�/ 4)1 �, ��
� IPv6
��"�
�/4)1 �, ���

� 4)1 ��$�� bit ��0#2/
�(3��Type�,
��IPv6
���'Unicast�Multicast� Anycast 3 +3�
�
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IPv6 Unicast��
� IPv6 � Unicast �� IPv4 � Unicast �
���, ���
��!�
��!�
������� �� IPv6 ��
	
���Global���Site-Local���
Link-Local���IPv4 -Compatible� 4 
����
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IPv6 Unicast���Global�
� � 3 bits '6,, 
���"�001�, #�* 64 bits '

Interface ID�Interface IDentifier, 
4����Interface ID *
�(�� IPv4 * HostID

� Global IPv6 ��*�(�� IPv4 *�&���Legal Address, �
. PublicAddress�, 1-��2�� 2 ! 3 35, 0���	)
�%�� , ��/7�$%+�*���
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IPv6 Unicast���Site-Local�
� � 10 bits -E3, � ��-�1111111011�, @B 38 bits 10 
�#, &8 16 bits 1��6;����Subnet ID�, *#%)
64 bits 1�C��

� �-<5��1� 16 bits ��)�1111111011000000�, 20
(�FEC0�, $�+1:'"9 Site-Local IPv6 ��1E3-�
FEC0�

� Site-Local IPv6 ��1�.�� IPv4 14
���Private 
Address�, �A(�
,�?6;�	� Intranet��.��+
<D��1!��7=>;/��
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IPv6 Unicast���Link-Local�
� � 10 bits '8,, ����'�1111111010�, !0"4. 54 

bits + 0, #�+ 64 bits 	"
6��

� Link-Local IPv6 ��+8,'FE80, ���FE80::/10�& Link-
Local IPv6���

� Link-Local IPv6 ��+�)�� IPv4 + APIPA ���
169.254.X.X�, ����(�+-1�%�
), �$27��
+���/351*��
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IPv6 Unicast���IPv4-Compatible�
� ������������, 	

�� 32 bi ts �IPv4 ���
�, �� 96 bits � 0
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IPv6 Multicast��
� IPv6  Multicast ��� IPv4  �,
'�Multicast�
��

'�Broadcast�, )����#,��	#, &�
'�(
"*� IPv6 ���� 8 bits �+!, ������11111111
�, �� 112 bits ��%$��� (Group ID, Group IDentifier)
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IPv6 Anycast
!
� IPv6 
!/#=V"�&=97	H 1���Anycast 
!
��J%�CX�:, �2�ND6
!=(�, �U?=)(
�N�O
CX, E��2NDKS3M-,43��5.L
;I��0�=��CX�

� �>�=+:8�, Anycast 
!�F�QDL;�, �F�QD
TG�:, E��F�8<NB=
!�OA IPv6 
!=W@
R*��', W@�$=
�P2 0�
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TWAREN����
q :L�DY��/2003+2007 SF"6a2008D=<
fO>;N -B2_`H9&YV(TWAREN)3I;N
�K)�j`9YVD
�ATYV0C�;NF"P
%4�4h	*".E�eW�@�DY��;NF"

q 2005/03 TANet(�TWARENATYV�/TWARENYV
����icYV)TANet(��'/2010/11 TWAREN
[TANetR,�XAT

q DY��/2005/08/01 $!NOC (Network Operation 
Center)3U�Z5TWARENg-W#�� M�K)�
�0C

q 2016 $!TWAREN 100G3U

q TWAREN9&YV0C�K)Bd]	�QYVAT
�#7�`9bX	YV���K)[D\�Q`9Y
�G��#?1
JYV���K)���	YV0C
)D
`98�^(�



TWAREN������

47TWAREN�K*61?<

• @KF0?9TANet*6?9!+
• TANetATWAREN�>
• &4000 �(F'�&4007�

• D9����/:99.9%��

12,?�

97 �.)'�%�3��507��

20G-B1D
35-B%?�1�;�	�#
A-B%?$E���"�-B5G�
D92

-
*62016��4��200G
�?9�.IHC�SDN=J?9

TWAREN8-1?<
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