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�� �)" 2�" �.! *1." 0!�.1�." 0��.� �. 0��/0��0� 2 #" 2!)� #" �0 2 #"  � � #" 0��.�
/#�.2� � �02.3 !� 2�" 3&��" �0 2� $!�1� 2�" 20$� � ��." ATM – Asynchronous
7UDQVIHU 0RGH� 	 ù	� 0��.� ��. � ��� #� 1$)�0�� 20$� � ��. � # �$0� &" 1� �) 2��
�02.3 !� ���0 0�/ #" ���! 3 !�." �/0/ ���.� 3&��� YLGHR� ���& .�) � ��) ��1 
�02�/ 1�"�

ü�/��)20!. ��. 2� 3&��� #��!$ #� /�.3 !02�� � 2!)� � ��. 2� �02.3 !� 2�"� �� 
1#��0�!����.� � 3&�� �� !0� �. �02.30!�0� 0�20 ��1& 2�" /�./��.1�." Adaptation
Layer 1 (AAL 1)  0�20 ��1& 2�" /�./��.1�." AAL 2. �2�� 0!�.1�. .#2� �0!��!�3 �2.�
�.�  � /* .#2 � 2!)� � 0�+ .� � #�0� �.� � 1*��!�1� 2 #" ��1. .�) 2��  � �. 3.��02.�
� � " 0��.�  �! 2��)20! " ��. 2� �02�/ 1� 2�" 3&��"� ù�.�* �2.� 0��1�"  � �)� � � #
 /�� *� 12� ��. � 2�� ���� �*1�� +��02.� 0��1�" �.� ��. 1*��!�1� �0 �.!./ 1�.� *"
2!)� #" �02.3 !�" 3&��" )�&" 0��.� � 20$� � ��. TDM (Time Division Multiplexing).

�.!�����. � 0!�.1�. �0!��.����0� �.� ��. .�.�#2��� .�.3 !� 1$02��� �0 2. 0�/�
�#�� 3 !�." � # #� 12�!��0� 2 ù	� �ATM traffic types) �.� �0!��!�30� 2�"
�.!.��2! #" � # $.!.�2�!�� #� ���0 2*� �#�� 3 !�." ��� �2." ��0�. ��. 2�"
�.!.��2! #" � # 0��.� .�.!.�2�20" ��. 2� �02�/ 1� 2�" 3&��" $&!�" �! ����.2.�

	�� "� �. 1��0�+1 #�0 )2� � 20$� � ��. VoATM �/� 03.!�)�02.� 12 �.�0��12��� 
ù���+� 0��2!�� �2." 2�� 0��� ��&��. �0 2 ���2! û�.$0�!�1�" 2 # ü��� û��.
2��03&���� �.����. � # 0��2!�� #� /��. 2.#2)$! �0" 2��03&����" 1#� ����0" �$ #�
.� / �0� 10 .#2� 2� �0*��� 	 0�)�0� ���. 0��.� �  � ���!&1� )�&� 2&� 2��03&���+�
���2!&� � # 0��.� /�01�.!���. 12�� �.�0��12��� *� �� ��1& 2�" 20$� � ��." VoATM
.3 * 2 ù	� .� 20�0� 2�� 20$� � ��. � !� * 2�" �.�0��12��� *� ��" �.� �� !0� �.
$!�1�� � ���0� .� 20�01�.2��� ��. 2�� .!� ����  � ���!&1� 3&��" �.� /0/ ���&��
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H 	ü�����+ÿù ATM �ùÿ þ �����þ�
�þ 	
� 
�þ�ü�ÿ
�

	ÿ üÿ�ùÿ þ 	ü�����+ÿù ù	�;

	. .!$��� ù	� .� /�/ �2.� &" ùsynchronous Transfer Mode. �!)�0�2.� ��. ��.

2��0��� ��&��.�� 20$� � ��. � # 0��2!��0� 2� �02�/ 1� 3&��"� /0/ ���&�� 0��)�." 12.2���" �.�

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

��ÿù üÿ�ùÿ 	ù ��ü��ü�	þ�ù	ù ��þ�þ� 	�
;

	 ù	� 0��2!��0� 12 $!�12� �. $!�1�� � �0� ��. � ��) /��2# ��1. .�) 2  � � �. 0�#��!020�

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

�02.3 !� 2�" ���! 3 !�." ���& .�) � ��� #� / �� ���$�  �2��� ��. � $����� �.�+/� 

�.2�� !�." ���

ü���!)1�02.� 2 �)12 " 2&� ù	� �.!2+� �0�+�02.� �.���0!��� �0 .� 2��01�. � 20$� � ��.
ù	� �. �$0� 1��0!. �)12 " 1#��!�1�� �0 ���0" 20$� � ��0" 2 ���+� /��2*&� )�&" 0��.� 2 

)'', �2 )� � �$0� $�10� 1��.�2��) �0!�/� 2�" .� !�"� .��� �.� 2 )DVW (WKHUQHW� +�. 2 # �)� #

2 .����"� � FORE Systems �0�&10 2 � � ���!� 2 # ���� 2 �)12 " 2&� ATM PCI adapters 10
2��� ��2& .�) ������ �.!�����. �0 2� �0�&1� 2 # �)12 #" �$ #� .!$�10� �. ��� #� .�1��2� 2��

�.! #1�. 2 #" 12�� .� !� ��!20" /��2* # ù	� 10 2.$*2�2. 622 �bps �0� �)" � # /0�$�0� 2�

/#�.���)2�2. 2 # ATM .�)�. �.� 10 1$�1� �0 2 Gigabit Ethernet � #  � .� 12�10�" 2 # .�) 2 
�0�2!��) hub /0� �� ! *� �. �0�0!�1 #� 2. �� ��2!. �0 $!�1� $����� # �.�&/� #� ù�2��02. 2 

ù	� �0 2� $!�1� PRQRPRGH ILEHUV �� !0� �. 0�20��02.� 10 .�)12.1� $��� ��2!&� .�) 2 

�0�2!��) $70 VZLWFK 0�+ �0 2� $!�1� $����� # �.�&/� # 0�20��02.� ��$!� 2. ��� ��2!.�

ò�. .�)�. 1��.�2��) ��0 ���2��. 2 # ù	� 0��.� )2� �� !0� �.  � ���!&�0� $&!�" �! ����.2.
�0 2�� .!$�20�2 ���� 2�" 1*�$! ��" �0!.!$�." �SDH).

	 ù	� �.!�$0� .�)�. �! 12.1�. 2�" 0���/#1�" 2 # $!�12� .3 * �! 13�!0� 2� /#�.2)2�2.

.�.�����1�" 10 .�2��01� �0 ���0" 20$� � ��0" � # /0� �$ #� 2� /�.�.���1��)2�2. 2 # ATM )1 �

.3 !� 2 #" !#�� *" �02�/ 1�"� 	�� "� 2 ù	� 0��.� � � �./��� 20$� � ��. � # 0��2!��0� 2��

��01�  � ���!&1� 2 ���+� /��2*&� �.� /��2*&� 0#!0�." �0!� $�" .3 * 0��.� 03��2� � end to end
/��� #!��. 0�)" ù	� /��2* # ��0 � ��) ��1 �02.3 !�" 2 cell 2&� �� bytes).

	
��ÿ ��
� ù	�

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

.�2�12 �$� 03.!� �� .�+20! # 0����/ #� ò21� ��. �.!�/0���.� ��. ! � cells �� !0� �.

/��� #!���0� .�) 2� /�./��.1�. �02.2! ��" ��.�1�&� 3&��" �TDM /��2# � 10 cells �0 1� �) 2�
�02�/ 1� 3&��" ��1. .�) 2 /��2# ù	��

�)�& � ��)� 2�" 3*1�" 2 # ù	� � � ���!&1� �02�/ 1�" GDWD� YRLFH �.� YLGHR� #��!$0� .�����
.��� �. �0 2 0�/ " 2�" 03.!� ��" � # �!��0� �. �02.30!�0�� �. ���02.� ��." ��0�$ " 2�"
�02./�/)�0��" ���! 3 !�." )1 � .3 !� 2 � ��0�$ 2�" � �)2�2." 0��� ��&��." �4XDOLW\ RI
Service).

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

� � &%5 �&RQVWDQW %LW 5DWH�

2 2*� " .#2�" 2�" ! �" 0��.� 12.�0! * !#�� * �02�/ 1�"� 7#����" 03.!� ��" 0��.� � 3&��� 2 
YLGHR ���1. .�) 2� $!�1� FRGHFV� �.� 03.!� ��" �02.�+�0� # �#��+�.2 " � FLUFXLW VZLWFKHG ���$
ü�� ü�� Q[���� 	. �*!�. $.!.�2�!�12��� ��. 2�� ���! 3 !�. &%5 0��.��
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√ �2.�0!) 0*! " �+��"

√ �.���� �.�#12�!�1�

√ �.���� .�)���1� 12 $!)� �3���"�.�.$+!�1�" 2&� cells�$.���) MLWWHU�

ü��.� �! 3.��" )2� 10 .#2) 2 0�/ " 2�" ! �" 2 /��2# ù	� �!��0� �. �! 13�!0� 2�"
.�.!.�2�20" �! (� ��10�" �! �0���� # �. 0�.13.���02.� � .�!)1� �2� �02�/ 1� 2�"

3&��" $&!�" �.�#12�!�10�" �.� .�+�0�0" cells � # .�2�12 �$ *�  #1.12��� 10 2���.2.

2�" �02./�/)�0��" 3&��"�

� � 9%5 �9DULDEOH %LW 5DWH�

+ ! � .#2� 0��.� ��� �02.�.��)�0�� 10 1$�1� �0 2 $!)� � ü��.� ! � )� # �

�02./�/)�0�� ���! 3 !�. .�.�20� 0��#���� 0*! " �+��" �GHVNWRS YLGHR�� ù�) 2�
12���� � # � ���! 3 !�. 12. video IUDPHV /0� 0��.� 12.�0!�� #��!$0� ��� �. ���!�

/�.�*�.�1�� 	. �*!�. $.!.�2�!�12��� ��. 2�� ���! 3 !�. 9%5 0��.��

√ û�.2�! *�0� 0*! " �+��"
√ ����12 0*! " �+��"

√ 0��!� �.�#12�!�1�

� � ù%5 �ùYDLODEOH %LW 5DWH� �.� ! � 8%5 �8QVSHFLILHG %LW 5DWH�

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

0��.� EXUVW\� þ �02./�/)�0�� ���! 3 !�. 0�3.���0� #%��) �.��) 2#$.�)2�2." )1 �
.3 !� 2�� �.�#12�!�1� .��� �.� )1 � .3 !� 2 .�.�2 *�0� 0*! " �+��"� ù#2 * 2 #

2*� #  � ! �" 0��.� �/.����" ��. 2� �02�/ 1� ���! 3 !�." GDWD� 	. �*!�.

$.!.�2�!�12��� 2 #" 0��.� 2. 0��"�

√ ò�2 �. �02.�.��)�0� 0*! " �+��"

√ �0���� �.�#12�!�1�

+0�����  12)$ " 0�)" /��2* # ù	� 0��.� �. 0��#��0� 2�� .��)��12� �02.3 !�
���! 3 !�." &%5 �.� 9%5 12 0*! " �+��" � # .�.�20�2.�� �.� �. 0��2!�%0� 2�
$!�1�� � ��1� 2 # 0�.� �0��.�2 " 0*! #" �+��" ��. �. �0!�� 2�� ���! 3 !�. 2*� #
$%5 �.� UBR. H /�.3 !� 2�" ! �" ABR a�) 2� ! � UBR 0��.� )2� ��. 2�� 20�0#2.�.
2 ù	� /��2# /0� 0��#�2.�  *20 �.� ��.� 0��$�12 !#��) �02�/ 1�" (MCR –
Minimum Cell Rate) )�&" 0��#�2.� ��. 2� ! � ABR.

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

�$��. �� � �" ù	� 10 ��. �.���� 0��� ��&��."

TT
XX

RR
XX

CCBBRR

UUBBRR

VVBBRR
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(��.��/!* �2." ��. 1*�/01�

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

�� !0� �. �! 13�!0� .�2�12 �$� �� �)2�2.� #��!01�." �4XDOLW\ RI VHUYLFH � 426�� �.

1��0�&�0� )2� 2 #� %�3� �.���� 0��� ��&��." /��!$02.� .�) ��. ���!) � �0��� 
.!���) switches. A#2� 2. switches #��!$0� ���.�)2�2. �. �!�1� �2.� 10 �.2�12.1�

3)!2 # �congestion) �0 .� 2��01�. 2 /��2# �. ��� �� !0� �. 0��#��0� 2�� .�.!.�2�2�

� �)2�2. #��!01�." .�) ��!� 10 ��!�� 
��!$0� ���.�. �.� � ���.�)2�2. 2. switches
.#2� �. �$ #� �0�&��� 3)!2 �!. �.� 2�� ��.�)2�2. �. /! � � � *� 2�� ����1� $&!�"

�! ����.2.� ù�) 2� 12���� � #  .� 12 ��." �0 2 � .� /��2� �$ #� .� 3.1�10� ��.

1#��0�!���� QoS 0��.� #� $!�&1� 2 # /��2* # �switches �.� adapters) �. /�.2�!�1 #�

2 1#��0�!���� QoS. �! �0���� # �. #� � ���0� .#2)� 0��.� .�.!.�2�2 �. #� � ���0�
/�.$0�!�1� 2�" ����1�" �traffic management).

û�.$0�!�1� �#�� 3 !�." (Traffic Management)

+ /�./��.1�. .#2� 0��.� .�.!.�2�2� �21� +120 �. 0�.13.���02.� 2 4R6 � # 0�$0

0��.��/!��0� 12�� .!$� 2�" �0*��"� 	 WUDIILF PDQDJHPHQW .� 20�0�2.� .�) /* �*!�0"

�0�2 #!��0"�

Traffic shaping: 2  � � �.����0� $+!. 12�� ��0#!� 2 # $!�12� ù	� ���$� .GDSWRU

FDUG�� ü3.!�)�02.� .�) 2 � $!�12� �21� +120 �. /�.2�!0�2.� 2 �! �.� !�1��� 4R6

���& 12 �.���� 0��� ��&��."� 	 VKDSSLQJ ���02.� 1*�3&�. �0 2 *&5$ �*HQHULF &HOO
5DWH $OJRULWKP�� ���0 02.�!0�. $!�1�� � �0� /�� *" 2 #" 0�0�0!�.12�" (.!$�20�2 ����"
RISC� �! �0���� # �. #� � ��10� 2 WUDIILF VKDSLQJ� +�. �.!�/0���. 12. �! ')�2. 2�"

FORE Systems 2 traffic shaping #� � �0�2.� .�) 2 � 0�0�0!�.12� ÿ�	üL i960.

Traffic Policing: To traffic policLQJ ���02.� 12�� ��0#!� 2 # /��2* # ù	� �0 .��� � 

2!)� � # ���02.� 12�� ��0#!� 2 # $!�12�� �.2� 2� /��!�0�. 2 # WUDIILF SROLcLQJ �.�

)2.� 2 switch /0� 0��.� 10 ��1� �. #� � ��10� 2 4 6 ��. ��. � �0!�11)20!0" �0*�0�"
2)20 �.���� #� $+!.  � �.!.��2& /�./��.1�0"�

√ 0�20 .� !!��2 �2.� 2. FHOOV 2.  � �. /0� 0��.� 1*�3&�. �0 2 .�.�2 *�0� 4 6
√ 0�20 �1��./0* �2.�� 2. FHOOV .#2� ��2 �2." 2 &HOO/RVV3ULRULW\ �&/3� ELW ����

�.� 1$��. � # .� � #�0�� �1 �0 ��.
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�$��. �� 0 !3� 2 # ù	� FHOO

�&" 0��2#�$��02.� .#2) 2 WUDIILF SROLFLQJ� 00 2� $!�1� 2�" �0�)/ # OHDN\ EXFNHW� 7 OHDN\
EXFNHW 0��.� #� � ��1� �KDUGZDUH� � # �.����0� $+!. 12 ù	� VZLWFK �.� ���0� /�.!��"

PRQLWRULQJ ���0 1*�/01� ù	� �0 1� �) �. 0����0� .� /�.2�!0�2.� � )$� 2 .�.�2 *�0� 4 6�

�2�� �0!��2&1� 2 # &%5 $!�1�� � �0�2.� ��. OHDN\ EXFNHW 2  � � 0���$0� .�  !#��)"
�02�/ 1�" �.!.���0� 12.�0!)"� 	 WUDIILF SROLFLQJ ��. 2�� �0!��2&1� ! �" 9%5 $!�1�� � �0� /* 

OHDN\ EXFNHWV .�) 2.  � �. 2 ��. �.!.� � #�0� 2 � /�.2�! *�0� !#��) �02�/ 1�" FHOOV

�6XVWDLQHG &HOO 5DWH�6&5� �.�  ��� " �.!.� � #�0� 2 ����12 !#��) �02�/ 1�" �3HDN &HOO
5DWH�3&5�� ù�  � �./�� 20 .�) .#2�" 2�" /* �.!.��2! #" 20�0� ��& .�) 2. �! �.� !�1���.

)!�. 2)20�

1) 0�20 .� !!��2 �2.� 2. FHOOV 2.  � �. /0� 0��.� 1*�3&�. �0 2 .�.�2 *�0� 4 6

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

�! �� *�0�� �0!��2&1� 2 # &%5�

Congestion Control:

ù� 2 /��2# �$0� .� /+10� 2 #" �)! #" 2 # 1&12�� 2)20 R� ! �" &%5 �.� 9%5

/0� .�2��02&��� #� �!)����. 1#�3)!�1�" �FRQJHVWLRQ�� 7R �!)����. �� !0� �. 2 
.�2��02&��10� � ! � 2*� # $%5� 
��!$ #� 2!0�" 2!)� � ��. �. #� 12�!�$�0� 2 

FRQJHVWLRQ FRQWURO ��. 2�� ! � $%5�

· FECN
· BECN
· Link by Link flow control

FECN : Forward Explicit Congestion Notification: +��02.�� �0 2 �.!��!�1�.

0�)" ù	� FHOO 2  � � �$0� #� 120� 1#�3)!�1� �&/3 ��� �2.�  .� /��2�" /0� 2 

�.!�.!�1��� FHOO� 0�/ � �0� 2 � .� 12 ��. ���1& 0�)" EDFNZDUG �.�.�� *� ��. 2 
FRQJHVWLRQ �21� +120  .� 12 ��." �. .� � #��10� ��. /�.3 !02��� /�./! ���

ú(&1 � %DFNZDUG ([SOLFLW &RQJHVWLRQ 1RWLILFDWLRQ�� �0 .#2� 2�� �0!��2&1�� 2 
�/� 2 /��2# ���! 3 !0� 2 � .� 12 ��. ��. 2 FRQJHVWLRQ�
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Link by Link flow control: �2.� �.!.2�!��0� 1#�3)!�1� 2)20 ���0 ù	� VZLWFK
0���0!+�0� 2 �! �� *�0�) 2 �. 12.�.2�10� �. 12���0� � �. �0!� !�10� 2��

2.$*2�2. �0 2��  � �. 12���0��

�0 )2� .3 !� 2. switches, � �0���� .!$� 0��.�  � 1#�/�10�" �. $&!�� �2.� 10
#%���" �.� $.����" �! 20!.�)2�2."� +�. 2�" ! �" 2*� # &%5 �.� 9%5 /��02.�

#%��� �! 20!.�)2�2.� $�2��02.  � 1#�/�10�" 2*� # $%5 �.� UBR �.�!� #� $.����

�! 20!.�)2�2.�

�.!�����.� 10 � ��� switches �)$� 10 )�.� #��!$ #� EXIIHUV ��. ���0 0�� ���)

�*��&�. � # /��� #!�0�2.� �SHU 9& TXHuLQJ�� �21� +120 ���0 WUDIILF .�)�. �.� 2�"
�/�." �.2�� !�." �. �$0� 2 /��) 2 # EXIIHU�

þ #� � ��1� switches 2.  � �. /0� 03.!�)� #� per class queuing (� �* /0

�0!�11)20! per VC queuing) 03.!�)� #� ),)2 TXHLQJ � # .�.�20�  #1�.12��� cells
� # �$ #� �!�0� �&!�20!. 12�� �/�. ILIR �. 3*� #� �!�� �0!�1 #� 2. 0�)�0�.� +�¶

.#2) 2 �)� #��!$0� ��2 �� /�.�*�.�1� �.�#12�!�1�" (Cell Delay Variation-
CDV) �.� 10 20���� .���#1� /0� �� !0� �. /�.2�!��0� 1#��0�!���� 4R6�

Classes of Service

(�+  � �.!.���& �.2�� !�0" ! +� 0��.�  !�1���0" .�) 2 ATM FORUM, � ÿ	8�7

�$0�  !�10� 2�" �.!.��2& � �.2�� !�0" #��!01�+� ù	��

• FODVV � �#�0$�" ! � ���! 3 !�." �3&0� Q[��� ü�� ü��

• FODVV � �02.���2 * !#�� * 03.!� ��" ���$ compressed video)
• FODVV � ü3.!� �� GDWD � FRQQHFWLRQ RULHQWHG

• FODVV � ü3.!� �� GDWD � FRQQHFWLRQOHVV

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

                                      

�$��. �� ù!$�20�2 ���� 2 # ù	�
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	 $	� $GDSWDWLRQ /HYHO �$$/� .� 20�0� 2 1*�/01� .���01. 12 ù	� layer �.�
12�" 03.!� ��" 2&� .�+20!&� 0����/&��

ù��� �. �0 2�� 03.!� �� � # �. #� 12�!�$�0�� 2 ùù/ �$0� /�.3 !02��� � !3��

ùù/ � � �$0/�.1��� �. #� 12�!��0� 03.!� ��" FODVV �

AAL 2 � �$0/�.1��� �. #� 12�!��0� 03.!� ��" FODVV �

AAL 3/4 � �$0/�.1��� �. #� 12�!��0� 03.!� ��" FODVV � �.� � �0��� ��&��0" GDWD�
ùù/ � � ù� ��0�12��� ��. 0��� ��&��0" GDWD

þ 1��.�2��)20!� /�0!�.1�. � # #� � �0� 2 $$/ 0��.� � �.2�2��1� 2&� �.��2&�
���! 3 !�." �3DFNHW 'DWD 8QLWV ± 3'8V� )�&" .#2� �!$ �2.� .�) 2. .�+20!. 0���0/.

10 FHOOV �.� � 0�.�.1#��)���1� 2&� FHOOV .#2+� 10 �.��2.� ù#2� � /�./��.1�.

 � ���02.� 6HJPHQWDWLRQ $QG 5HDVVHPEO\ � 6$5� + �*!�. /�.3 !� 2 # $$/ ��� .�) 2.

���. $$/V 0��.� )2� 0��2!��0� 10 FHOOV .�) /�.3 !02��� �.��2. �. $!�1�� � � *� 2 �/� 
0�� ���) �*��&�.� 0�+ 2 ùù/ � 12���0� �)� ��. �.��2 ���& .�) ���0 0�� ����

1*�/01�� 	 ùù/ � �0&!0�2.�  .�2��.2.12�2�" 2 # ùù/ ��� 0�0�/� 2 20�0#2.� 

0�3.���0� �0���� � �#�� �)2�2. �.� �0�.�*20! RYHUKHDG� 7 ùù/ � R� ���02.�
/�.3 !02��� �.� 6($/ �6LPSÿH DQG (IILFLHQW $GDSWDWLRQ /HYHO�� �0 1$�1� �0 2 ùù/

���� �.!�$0� ���)20!0" �0�2 #!��0" �)$� HUURU FRUUHFWLRQ �.!� �)� HUURU GHWHFWLRQ� .���

$!0���02.� ���)20! 0*! " �+��" �.� ���)20!0" .�.�2�10�" 0�0�0!�.1�."�



ü!�.1�. 12 �����. µ¶ü��� ��&��. �0 �����.¶¶

7 10/03/99

�ü	ùû��þ -
�þ� �ùÿ CBR TRAFFIC

+ �02�/ 1� 3&��" 0��.� ��. /�./��.1�. 12��  � �. .�.�20�2.� 12.�0!) 0*! " �+��" 10 )�� 2�

/��!�0�. 2�" �0*��"� þ ! � 12.�0! * !#�� * �02�/ 1�" &%5 �&RQVWDQW %LW 5DWH� 0��.�  2*� "

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

���! 3 !�. �0 �0�&���� $! ����  �)1��1� �MLWWHU�� þ �02�/ 1� 2�" 3&��" �� !0� �. ���0� �.� �0
��� #" 2!)� #" )�&" 2 AAL 2 �0���� .�.3 !� 2 #  � � # ����0 �.!.���&� �2. 0�)�0�. �.

012��1 #�0 12 #" 2!)� #" �02�/ 1�" 2�" 3&��" ��1& 2�" 20$� � ��." ù	�� 12. �0� �0�2��.2.

�.� ��0 �0�2��.2. 2&� 2!)�&� .#2+� 0�+ �. .�.30!� *�0 0��1�" �.� 12�" �!.�2���" #� � ��10�"
2�" 1*�$! ��" /��2#.��" 20$� � ��." �! �0���� # �. ���0� /#�.2� � .�!)1� �2� �02�/ 1� 2�"

3&��"�

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

• �0���� 0#.�1��1�. 12�" �.�#120!�10�" �.� �$+ �.� *�0� # �.� �.� *�2.

• û#1� ��. 12� 03.!� �� 20$���+� 1#���01�"

• �! ����.2. � # 1$02�� �2.� �0 VLOHQFH VXSSUHVVLRQ

• ù�.�2�1� 0�0�0!�.1�." 2&� � ��+� 1���2&� 0���$ # ���10&� 2 # 2��03&��� * /��2* #

• û#1� ��. 1#�0!�.1�." 2&� #�.!$)�2&� 2��03&���+� /��2*&� �0 2. /��2#. 3&��" ù	��

	 ùù/ � �0&!0�2.� .#2� 2� 12���� &"  �� / ���.1��� " 2!)� " �02�/ 1�" 2�" 3&��"� û0�

�.2.!�0� 2�� .!$�20�2 ���� / �� 2�" ü#!&�.'��" � 2�" ù�0!��.����" ÿ0!.!$�." 2 # 7'0

(Time Division Multiplexing) .��� 2�� $!�1�� � �0� �! �0���� # ��1& ��." /�./��.1�."

Segmentation and Reassembly – SAR �. 120��0� 2. %�3� � �����. bytes 2�" 3&��" �2.  � �.

/0� 0��.� 1#���01���.� 10 cells 2.  � �. �0 2� 10�!� 2 #" �0!� *� 12 ù	� /��2# �

ù��ò� 	ü�����+,ù� 	'0

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

�.� ���0 /0���. .� 20�0�2.� .�) � ELWV� ü� ���&"  !#��)" �02�/ 1�" 2�" 3&��" 0��.� ����� bps
� ���bps. K��0 /0���. 2&� � ELWV �02./�/02.� 10 $!)� ������ ��� �sec.  �*�3&�. �0 2��
ü#!&�.'�� ÿ0!.!$�. �� 2�2 �. /0���.2. .�) �#��+�.2. 3&��" � �#���� �2.� �0 2� � ��0�. 0�)"

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

/�./��.1�. 2�" .� � �#��0��."� 	. �� .#2� �#��+�.2. �$ #� !#��) �02�/ 1�" �� 
 �� Kbps =
2048 Kbps � � Mbps.  �2�� �!.��.2��)2�2. /0� $!�1�� � � *�2.� �.� 2. �� .#2� �#��+�.2. �2.

 � �.  � ��� #�0 �.� /�.3 !02��� $! � �#!�/0"�timeslots TS�� 	  TS0 �.� 2 TS16 12��
ü#!&�.'�� ÿ0!.!$�. /0 �02.3�! #� ���! 3 !�. 3&��" .��� $!�1�� � � *�2.� ��. 0#�#�!����1�
2 # TDM ��.�1� # �TS0) �.� ��. 1��.2 / 1�. �	S16).  A�2�12 �$.� 12�� ù�0!������� ÿ0!.!$�. 2 
	DM ��.�1� .� 20�0�2.� .�) �� TS. �� .�.�#2���� ���0 frame .� 20�0�2.� .�) � bits + 1 bit
.�)�. 2  � � $!�1�� � �0�2.� ��. 2 � 1#�$! ��1�) 2 # ��.�1� #� 	 1*� � 0��.� � ��)� ��
� �

1 = 193 bits. 	 ��.�1� �02./�/02.� 10 ��� �sec �!.  !#��)" �02�/ 1�" 0��.� ��������sec=1544
.ESV� þ 1��.2 / 1�. �02.3�!02.� ��1. 12 �/� 2 7'0 ��.�1� µ¶���� �2."¶¶ ��. bit .�) ���0

/0���. 2&� � bits � # .� 20�0� 2 1��. 2�" 3&��" �.� �21� � �!.��.2��� ���! 3 !�. 0��.� � bits
�.�  !#��)" 2�" 0��.� �
� NESV  �� .ESV�

��
	� (�ÿ�üû� ����
��ÿ
�þ� ù	� �$70 $'$37$7,21 /$<(5 � � ùùL 1)

þ 1*12.1� ÿ������ 2�" ,78�7 �! 1/� !��0� 0�.�!��+" 2 $$/� 2  � � �.!�$0� 2�" �.!.��2&
#��!01�0"�

• �02.3 !� /0/ ���&� �0 12.�0!) VRXUFH ELW UDWH �.� �.!�/ 1� .#2+� 12 � .� /��2� �0 2 

�/� ELW UDWH�
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• �02�/ 1� ���! 3 !�." 1#�$! ��1� * .��� �.� / ��" �02.�* ����" �.� �!  !�1� *�

• ò�/0��� $.����" � �.��.1����" ���! 3 !�." �  � �. /0� 0�.�.�2����0 .�) 2 $$/��

0�� .#2) .�.�20�2.��

þ �*!�. 03.!� �� � # #� � �0�2.� 12 $$/� 0��.� � �02.3 !� TDM ���! 3 !�." � # 0��.�

0�¶ !�1� * �1)$! �� ��1& ��." /�./��.1�." � # �.�0�2.� �! 1 � �&1� �#��+�.2 " �Circuit
Emulation)� þ 20�0#2.�. �.!�$0� #��!01�. CBR (Constant Bit Rate) �.� ��. �. 2 0��2*$0� .#2)

$!�1�� � �0� 2 $$/�� �.� !��02.� � ��)� �0 .�!��� 2!)� 2)1 2 3&5 �Peak Cell Rate)� 2 
CLR (Cell Loss Ratio) )1 �.� 2 &'9 �Cell Delay Variation) 12 �$0�. � # 0��.� .�.!.�2�2. �.

0��.� 0�.�!��+" �.� !�1���. �21� +120 2 /��2# ù	� �. �� !0� �. #� 12�!��0� 2�� 03.!� ��

.#2�� �!��0� �. 2 ��120� )2� .�)�. �.� 12�� �0!��2&1� � # ��� � �*��&�. 3&��" /0 �02.3�!0�
�.�)� # ���! 3 !�.� 2 /��2# ù	� 1#�0$��0� �. �02.3�!0� idle cells �21� +120 � ! � �. 0��.�

12.�0!� ���& .�) 2 1#��0�!���� 0�� ���) �*��&�. �YLUWXDO FLUFXLW��

þ ���! 3 !�. 2 # &3���� # 3 !2� # (payload) 2 # $$/� 0��.� ���2 20 ��  �2�/0"� 
��!$0�
/#�.2)2�2. 12 $$/� �. �! 12��02.� 0����� � RYHUKHDG 12�� �0!��2&1� 2 # 6WUXFWXUHd  Circuit
Emulation 2  � � �. �0!��!�% #�0 �.!.��2&�

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

�0&!�1 #�0 )2� ��� #�0 $!�1� 2 # $$/� ��. 9RLFH RYHU $70�

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

• þ 3&�� 0��.� ���2. !#�� * �02�/ 1�" ��� � /�1�0" 2&� ����

• û0� #��!$0� VWDQGDUG ��$.��1�)" ��. 1#���01�� .��$�0#1� 1�&��" �.� �.2.12 ��" 2�"
�VLOHQFH GHWHFWLRQ�VXSSUHVVLRQ�� .3.�!01�" .�0�0!�+� �.�.��+� �LGOH FKDQQHO UHPRYDO�

�.�+" �.� 1��.2 / 1�." � �� * �.�.�� * �&&6��

+�. 2 #" �.!.���& �)� #" 2 $$/� /0� 0��.� �.� � �� �.2������ �*1� ��. 9RLFH RYHU $70� 	 
$$/� �!$02.� �. .�2��.2.12�10� 2 7'0 �.� )$� ��. �. /+10� 2� ���2�12� �*1� ��. 03.!� ��"

Voice over ATM.

7R 9RLFH RYHU $70 #� � �0�2.� �.�*20!. 12 $$/� �)�&" �. / *�0 �.� 12. 0�)�0�.� 2  � � 
#� 12�!��0� ! � 2*� # 9%5 10 1$�1� �0 2 $$/� 2  � � #� 12�!��0� �)� ! � &%5 �.�

�0� �0�20� 0�3.�+" 12� �0���� �.2.���&1� 2 # EDQGZLGWK�

þ �.2�2��1� �  � �. 3.��02.� 12 1$��. � # .� � #�0� �.� #� � �0�2.� ��1& 2�" 0�1.�&��" 2&�

bytes 2�" %�3� � ������" 3&��" ��1& 2�" /�./��.1�." 2 # AAL1 12. $70 cells. 	. cells .#2�
�02./�/ �2.� 12 � �!  !�1�) �.� 0�0� .�.�.!��02.� � �/�. 12.�0! * !#�� * ! � .�) 2. /��3 !.

cells.

�$��. �� 0 !3� 2 # ù	� cell header ��. AAL1
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õ�&" 3.��02.� �.� .�) 2 �.!.���& 1$��.� 2 cell .� 20�0�2.��

• .�) 2 � ATM header � # 0��.� 1#��0�!���� " 10 )�. 2. ATM cells .�0��!2�2. .�) 2 ùùL
�0 2  � � �$ #� /��� #!���0�

• .�) 2 � AAL1 header R  � � " �$0� ��� " � E\WH �.� .� 20�0�2.� .�) 2 61 ± 6HTXHQFH

Number field (4 bits) �.� 2 613 ± 6HTXHQFH 1XPEHU 3URWHFWRU ILHOG �� ELWV�� ú���0 �.� 1$��.

� # .� � #�0��

• 2 payload 2  � � �$0� ��� " �� bytes

�$��. �� û �� 2 # cell 12 ùùL1

�� 1#��0�!����.� 2 cell � # �0!��$0� ���! 3 !�. AAL1 �$0� 2�� �.!.��2& � !3��

�$��. �� �2!&��2&1� 2 # ùùL1 cell

	 $70 ùù/ � KHDGHU � ��)� .� 20�0�2.� .�) � ELWV� �� 1#��0�!����. .� 20�0�2.� .�) 2 �

• Convergence Sublayer Indicator (CSI). �!�1�� � �0�2.� .�) 2  convergence sublayer 2 #
AAL1.

ù	��Cell Header - ��� " 5 bytes

ù	��ùù/��+HDGHU������ "���byte

Payload 3&��"������ "����bytes
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• Sequence Count. ò$0� ��� " 2!�. bits �.� µ¶�.!��!0�¶¶ 2. cells �0 modulo 8 2!)� �
�!�1�� � �0�2.� �! �0���� # �. �� !0� �. �! 1/� !�120� .� ��� � cell $����0 �.2� 2��
�02.3 !� 2 # .�) 2 � .� 12 ��. 12 � .� /��2�� ù� 1#��0� ��2� 2�2 � � 2)20 �0���.

#��!$ #� /* 0��� ��"� .� � .� 12 ��." 0�.�0�����0� 2 cell � # $����0� �.2�12.1� �  � �.

�� !0� �.  /���10� 10 �.�#120!�10�" � # /0� 0��.� 0���#��2�" ��. 2�� 3&�� �� � .� 12 ��."

���0� ��. 0�/ " interpollation .���01. 12 cell � # �$0� 0��0�3�0� 1&12� �.� 10 .#2) � #
�!)�0�2.� �. 0��0�3�0�� 
��!$0� ���.�. �.� � �0!��2&1�  .� 12 ��." �. ��� ���0� 2�� 20

.� 2. �.!.���&� 	)20 ��. cell � # $����0  /��0� 10 �.�#12�!�1� �0!�� # 6 msec (125 �sec
* 47 = 5.88 msec).  A#2� ���.�. 0��.� �.� � $0�!)20!� �0!��2&1� � # ��.  cell �0!��$0� ��
bytes .�) ��. �)�  ����.� ù� ���.�. 2 1#��0�!���� cell �0!��$0� �.!.���& .�) ��.  ����0"

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

1#���01� �/0� .3 !� 2�� �0!��2&1� 2 # AAL1 .��� .#2� 2 # AAL2) 2)20 ��. �0�) � msec
12��  ����. �� !0� �.  /���10� 10 20���� �.�#12�!�1� �� PVHF �1#���01� �����

���� 	 &6, �.� 2 Sequence Count .� 20� *� �.�� 2 SN field.

• 	 2!�2 �0/� 2 # AAL 1 header �0!��$0� 2 CRC �.� $!�1�� � �0�2.� �! �0���� # �. ���02.�

 ��0�$ " 12 � AAL 1 header. E��.� ��. � �#+�#� 2�" � !3�" �3+X+1.

• T 20�0#2.� �0/� 0��.� ��. parity check � # �.�*�20� 2. � bits 2 # AAL 1 header.

	 2!�2 �.� 2 2�2.!2 �0/� 2 # AAL1 header .� 20� *� 2 SNP field.
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��2����ÿ
�þ �
��
�ù	�� �CIRCUIT EMULATION)
	 ù	� Forum �.�)!�10 /* �.1�� *" 2!)� #" �02.3 !�" 3&��" ���& .�) ��. /��2# ù	��

	�� ./)��2� �! 1 � �&1� �02.�+�0� # �#��+�.2 " �unstructured Circuit Emulation) �.� 2�
/ ������ �! 1 � �&1� �02.�+�0� # �#��+�.2 " �structured Circuit Emulation). To �!+2 
�0��0� 2 # ù	� Forum � # �.�)!��0 2 #" /* .#2 *" 2!)� #" �.! #1��12��0 ��. �!+2� 3 !�

2 � ù�!��� 2 # ����� �0 .#2) 2 �!+2 �0��0� ���)2.� �)� " ��. ��. IWF – InternetWorking
Function �  � �. �$0� /* 3#1���" 1#�/�10�"� ��. �0 2 �*��&�. 12.�0! * !#�� * &%5 2  � � 

�!)�0�2.� �. �! 1 � �&�0� (��$ 2��03&���) ���2! � �.� ��. �0 2 /��2# ù	�� �0 .#2� 2�� .���

� !3� ���0 ELW .�) 2� /�.1*�/01� &%5 ��1& ��." 1#��!2�1�" .�2�12 �$�1�" �02.3�!02.� 12 
0���0/ $$/� 2  � � /�0��0!.�+�0� 2�� �02�/ 1� 12 /��2# ù	��

�$��. �� �$��.2��) /���!.��. .�2�12 �$�1�" 2 # AAL1 �0 2 ù	� layer

Mapping Function

ATM interface
(one VCC)

AAL1

ATM

Physical

Physical

CBR service
interface
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$/)��2� �! 1 � �&1� �#��+�.2 " ± 8QVWUXFXUHG &LUFXLW (PXODWLRQ

�2�� �0!��2&1� 2 # unstructured Circuit Emulation���02.� .�2�12 �$�1� 0�)" �#��+�.2 " 	� � (�

10 ��. ù	� Virtual Circuit (VC) 2*� # $$/� �21� +120 �. �02.3�!0� ��. ���!0" 	� � ü�

�*��&�. �� .�)�. �.� ��. ���!0" 	� � ü� �*��&�. � # .� 20�0� 2�� 0�)�0�� 2��� 2�"

���1�)$! ��" ÿ0!.!$�."� �02.�* /* 1��0�&� 12 /��2# � To ATM /��2# /0� ��&!��0� 2�� 20 ��.
2� 1��.2 / 1�. �.� .��+" �02.3�!0� /�.3.�+" 2� 3&�� .�) 2 ��. ��! 12 ��� �

þ �02�/ 1� 2�" 3&��" ���& .�) 2 ù	� �0 .#2)� 2 � 2!)� 0��.� .��� �.� 0*� �. #� � ��1���

.��� 0��.� .�.� 20�01�.2��� ��. 2 #" �.!.��2& �)� #"�

• ù�.�20�2.� �0�.�*20! 0*! " �+��" ��. 2�� �02.3 !� 0�)" ü� � 	� �#��+�.2 " .�) 2 0*! "
� # �. $!0�.�)2.� ��. 2�� �02.3 !� 2 # �#��+�.2 " .#2 * ��1& ��." /�./��.1�." TDM.
�!���.2�� 2 ù	� 0�  !�1� *  /��0� 10 ��. overhead 2�" 2���" 2 # ��� �.� 0� ���&" ��.

0*! " �+��" .#����� �.2� ��� 0��.� .�.!.�2�2 ��. 2�� �02.3 !� 2�" 3&��" 10 1$�1� �0
2 TDM.

�$��. �� ü3.!� �� 8QVWUXFWXUHG &LUFXLW (PXODWLRQ

• To unstrucutred HPXODWHG 	��ü� FLUFXLW .� 20�0� ��. SRLQW�WR±SRLQW 1*�/01� �  � �. 0��.�
���2. 0�0!�� .�)�� �.� .� /0 �02.3�!02.� 3&��� ù#2) 1��.��0� )2� .� ��� � �*��&�. .�)

2. �� �." #� ��1 #�0 )2� .�.30!)�.120 10 ��.�1� ü�� 0��.� .�0�0!�) ± /��./� ��� �.

1#��0�!����� 12���� /0 �02.3�!0� 3&��� 2)20 2 0*! " �+��" � # .�2�12 �$0� 10 .#2) 2 
�*��&�. /0 �� !0� �. $!�1�� � ���0� .�) ��� �. ���� 03.!� �� �0 .� 2��01�. �. #��!$0�

1�.2��� 2 # 0*! #" �+��"� ò21�� )�. 2. �.����. 2 # �$ # �02./�/ �2.� .�)�. �.� .� /0�

#��!$ #� 0�0!��" ���10�" 12� 1*�/01� �02./�/ �2." 12� ��1� 2&� .�0�0!�+� �#��&��2&�

idle cells.

• þ �! /�.�!.3� 2 # AAL 1 /0� �.����0� #�)%�� 2�" /�./��.1�0" 1#���01�" 2�" 3&��" � # �.
�� ! *1.� �.  /���1 #� 10 0� �� �)��1� bandwidth

• H �! /�.�!.3� 2 # ùùL 1 /0� �.����0� 0��1�" ��!���. ��. silence suppression
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��. 2#���� 03.!� �� 2 # XQVWUXFWXUHG FLUFXLW PRGH 3.��02.� 12 1$��. � # .� � #�0��	!�.
�0�2!��� ù	� switches 2.  � �. .� 20� *� 2 ù	� backbone /�.1#�/� #� ���  non-ATM
1#12��.2. ��1& ��� dedicated �!.��+� 2&� � Mbps 10 unstructured circuit mode. û* .�) .#2�

0��.� 2��03&���� ���2!.� /* ���. 0��.� � �#����20" 0�+ /* .�)�. 0��.� video codecs.

�$��. ��� 	#���� 03.!� �� 2 # XQVWUXFWXUHG &(6

û ������ �! 1 � �&1� �#��&�.2 " ± 6WUXFWXUHG &LUFXLW (PXODWLRQ

�2�� �0!��2&1� 2�" $!�1�" 2 # VWUXFWXUHG &LUFXLW (PXODWLRQ ���02.� ��  !� � ���� $!�1� 2 #

0*! #" �+��" .3 *  $!�12�" 2 # /��2* # .� 3.1��0� .�) �!��, 2�� .�2�12 �$�1� $! � �#!�/&�

�0 YLUWXDO FLUFXLWV� +�. �.!�/0���.� �� !0� �. .� 3.1�10� )2� 2. 76 � 	 � �. .�2�12 �$�� *� 12 �
.� /��2� ù �.� 0� ���&" �. #��!$ #� ��� Kbps �02.�* 2 #" 0�+ �! " ��� � � ��� .� /��2�

�. .�2�12 �$�� *� 2�110!. .�)�. TS ��. ��. 1#� ���) 0*! " �+��" ��� Kbps. �0 .#2)� 2 �

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

unstructured Circuit Emulation.

	 1$��. � # .� � #�0� 0��.� $.!.�2�!�12��)�
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�$��. ��� ü3.!� �� Structured Circuit Emulation

õ�&" 3.��02.� .�) 2 �.!.���& 1$��.� 12�� �0!��2&1� 2 # Structured Circuit Emulation
#��!$ #� � ��.�� � $!�120"� ���0 ��." .�) .#2 *" 1$02��02.� �0 ��. ��! " 2&� �.�.��+� �1 [

�� .� ��." 7'0 1*�/01�"� ���0 $!�12�" 0�#��!020�2.� .�) ��. 1#��0�!����� /�./��.1�. 2*� #

$ù/�� �2� 1#��$0�. �.�0��. .�) 2�" $ù/� /�./��.1�0" .�2�12 �$��02.� �0 ��. 1#��0�!���� 
Virtual Channel Connection (VCC).

�� .�.�#2���� � 3#1��� �!)1�.1� 2�" #��!01�." 1[�� ���02.� �0 ��1& 2 # �!&2 �)�� # *����

������ 0ELW�V�� þ #��!01�. 0��2!��0� �. $!�1�� � ���0� ��. ��! " 2&� /�.��1��&� 1 WLPHVORWV

2�" &%5 1*�/01�" �.� 2�" �02.3�!0� 10 ��. 0�� ���) �*��&�. ù	� �9LWXDO &KDQQHO &RQQHFWLRQ ±

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

�#��+�.2. �9&&V� �0 /�.3 !02��� WLPHVORWV �.� 10 /�.3 !02�� *" �!  !�1� *"�

þ 1*12.1� *����� 12��  � �. #�.� *0� � #��!01�. 1[�� ���. 2 ü� �1$*0� � ≤ � ≤ ���  !��0� )2�
� 1*�/01� 12. ����� 0ELW�V �0 �� �.����. 2&� �� NELW�V 0��2#�$��02.� �0 .� 12 �� ��.�1�&�

�0��� #" ��� ELWV �.� !#��) 0�.����%�" ���� +]� ���0 ��.�1� $&!��02.� 10 �� WLPHVORWV

�0��� #" � ELWV �� RFWHW) �0 .!����1� .�) � �&" ��� 	 WLPHVORW � /01�0*02.� ��. 2� �02.3 !�

���! 3 !�+� ��.�1�&1�" 0�+ 2. #�)� ��. �� ��. 2�� �02.3 !� /0/ ���&�� ù�) .#2� 2 �.����

�� �� !0� �. $!�1�� � ���0� ��. �02.3 !� 1��.2 / 1�."�

�2 1$��. � # .� � #�0�� 2!�. .�0��!2�2. 0�� ���� �#��+�.2.� 39&��� 39&�� �.� 39&���

�0!��$ #� 2 �!+2 2 WLPHVORWV '6���� 2 /0*20! 2. WLPHVORWV '6����'6��� �.� 2 2!�2 2.

timeslots DS0#8,DS0#9 & DS0#31.
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�$��. 12.  �.!�/0���. 0�$+!�1�" WLPHVORWV 10 0�� ���� �#��+�.2.

�2 0�)�0� 1$��. 2. 0�� ���� �#��+�.2. 2 # �! �� *�0� # �.!./0���.2 " /! � � � *�2.�
.�0��!2�2. /�.��1 # 2 # /��2* # ù	�� ��. �. 1#�/�1 #� �02.�* 2 #" 2!�. 	��03&���� ���2!.�

	 0�/�.3�! � 0��.� )2� #��!$0� ��. �)� &%5 1*�/01� ü� 2�� 0��� ��&��. 2 # &%5 0� ���1� *

���$� 	��03&���) ���2! � �0 2 ù	� 0� ���1�) ���$� ù	� VZLWFK� �.� ��. �)� $70 1*�/01�

���$� ��� 0SEV� �! " 2 /��2# ù	� 10 ���0 ��. .�) 2. 2!�. 1��0�.�

�$��. 13. �.!�/0���. � ��.��+� 0�� ���+� �#��&��2&� 10 /��2# ù	�

ò�. 1��.�2��) $.!.�2�!�12��) 2 # VWUXFWXUHG FLUFXLW HPXODWLRQ 0��.� � �02.3 !� 2�"

1��.2 / 1�."� ü�+ 12�� �0!��2&1� 2 # ./)��2 # 2!)� # �2.� �! 3.��" )2� 2 1��. 2&� 2 Mbps
�02.30!)2.� /�.3.�+" 12�� ���� ��0#!� �.� 0�0� 2 .�2�12 �$ 2��03&���) ���2! 3!)�2��0 �.

µ¶����0�¶¶ 2�� ���! 3 !�. 2�" 1��.2 / 1�." .�) 2 TS 16 12  � � �.� �0!�0$)2.�� 12��
�0!��2&1� 2 # structured circuit emulation, � ���! 3 !�. 2�" 1��.2 / 1�." 0��.� .�.!.�2�2 �.

���02.� �.2.� �2� .�) 2 ù	� switch �! �0���� # 2 20�0#2.� �. �� !0� �. /! � � ��10�

1#��0�!����. TS �! " ��� � 1#��0�!���� �!  !�1�)� +�. .#2) 2 �)� � � 6WUXFWXUHG FLUFXLW
emulation /�./��.1�. �!��0� �. .�.��&!�10� ���0 WLPHVORW +120 �. 0��2!�%0� 2� /! � �)��1� 2&�

�0� �&���&� �.�.��+� �02.�* 2&� 3%; WUXQN� þ .�.��+!�1� 2 # ���0 WLPHVORW 0��2!��0� 12 

/��2# �. �02.3�!0� LQ�EDQG 1��.2 / 1�. 2*� # &$6 �Channel Associated Signalling) ���& .�)
���0 �.����� þ 6WUXFWXUHG &LUFXLW (PXODWLRQ /0� �� !0� �. /�0#�02�10� �!&2)� ��. 1��.2 / 1�."

RXW�RI�EDQG )�&" 0��.� � 1��.2 / 1�. � �� * �.�.�� * CCS (Common Channel Signalling).

DS0#1 DS0#2 DS0#3 DS0#4 DS0#5 DS0#6 DS0#7 DS0#8 DS0#9 DS0#31

CBR
PVC #1

CBR
PVC #2

CBR
PVC #3

6
4

 k
bp

s

2
5

6
 k

bp
s

1
9

2
  k

bp
s

Channel #3Channel #2Channel #1

E1

E1

E1

(4x64)

(1x64)

(1x64)

(3x64)

(4x64)
(3x64)

ATM
link

PVC#1

PVC#3

PVC#2
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ATM ADAPTATION LAYER 2 - AAL2

þ �02�/ 1� 3&��" ��1& 2�" $!�1�" 2 # &%5 �FLUFXLW HPXODWLRQ� #� � �0�2.� 0*� �. .��� �$0� 2 
�0� ���2��. )2� /01�0*0� ��. 12.�0!) EDQGZLGWK ��. ���0 �.���� 3&��" .�0�.!2�2&" 0�� #��!$0�

/!.12�!�)2�2. 10 .#2) � )$�� ü���!)1�02.� 10 ��. /��2# $70� 12  � � �$0� 03.!� 120� �

20$� � ��. FLUFXLW HPXODWLRQ ��. 2� �02�/ 1� 3&��"� �.!.2�!0�2.� �&" .�.�20�2.� �0�.�*20! 

0*! " �+��" .�) )2� �. �2.� .�.��.� 10 ��. .�2�12 �$� 1*�/01� 7'0 �7LPH 'LYLVLRQ
0XOWLSOH[LQJ�� �)�& 2 # RYHUKHDG 12 $70� +�. �.!�/0���.� #� ��2 �2." ��. � 1 12) overhead
2�" 2���" 2 # ��� �2)1 ��. 2 cell header )1 �.� ��. 2 � header 2 # ùùL1) 2)20 ��. 2�

�02.3 !� ��� �.�.��+� 2&� �� Kbps 2 �.���. .�.�20�2.� 0*! " ��� Kbps 10 1$�1� �0 2. ���
Kbps � # �. .�.�2 *�2.� .� � #� � ��1� 0�$0 ���0� ��1& 20$����" TDM� +�¶.#2) 2 �)� �

03.!� �� 2�" 20$� � ��." FLUFXLW HPXODWLRQ /0� 0��.� � ���2�12� �*1� ��. 2� �02�/ 1� 3&��"

��1& 0�)" /��2* # $70�

ü��.� 0��1�" ��&12) )2� � �02�/ 1� 3&��" ��1& 0�)" /��2* # �.! #1���0� 12.2�12��� � !3��

ù#2)  30��02.� 12 �0� �)" )2� 12�� 0��� ��&��. /* 1#� ����2+� #��!$ #� .!�02�" $! ����"

12����" �.*10&"� ü�� 0��02.��0#2 *�0 .#2�" 2�" $! ����" 12����" 12�"  � �0" �.2.�.�+�02.�

�1� �. ��. 1#��0�!����� � 1)2�2. 0*! #" �+��" �.� 2 0*! " .#2) �! 130!�0� 10 ��� � � ��� 
1#�/! ��2�� 2)20 #��!$0� �0���� 0� �� �)��1� 0*! #" �+��"� ù#2)"  ��$.��1�)" 0��.� ��&12)"

&" .��$�0#1���.2.12 �� 1�&��" �VLOHQFH GHWHFWLRQ� suppression).

+�. �. �0�0!.12 *� 2. �0� �0�2��.2. 2.  � �. �! .�.3�!���.�� �2.� .�.��.� �. /��� #!���0�

��. �.�� *!�� AdaptaWLRQ /D\HU� 2 $$/�� 	 $$/� �$0� �.� !�120� .�) 2� �*12.1� 2�" ,78�

7 ,������ 2 ���� �0 1� �) �. �.!�$0� .� 20�01�.2��� 20$� � ��. ��. Voice-over-ATM.

	 $$/� �0�2�+�0��0�0�20��0� 2�" #��!01�0"  �  � �0" �.!�$ �2.� .�) 2 0���0/ $70 �21� +120

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

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

AAL1.

	 $$/� �! 13�!0� 2� /#�.2)2�2. �02�/ 1�" �.��2&� 10 $.���) !#��)� ���! * �.� �02.���2 *

�0��� #"� 10 03.!� ��"  �  � �0" 0��.� �/�.�20!. 0#.�1��20" 12�� �.�#12�!�1�� �#�0�+" .#2) 2 

�� $GDStaWLRQ /D\HU #� 12�!��0� !#�� *" �02�/ 1�" 12. ���� 24 K, ��� �.� �� ���$� $'3&0��

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

�ü�ÿ+�ù-þ 	�
 AAL2

�*�3&�. �0 2� 1*12.1� ÿ���� 2�" ITU-T 2. AALs $&!�� �2.� 10 /* #� 12!+�.2.� 	 

Convergence Sublayer (CS) �.� 2 Segmentation And Reassembly sublayer (SAR). To CS
$&!��02.� 12� 1#��$0�. 12 Common Part Convergence Sublayer (CPCS) �.� 2 Service
Specific Convergence Sublayer (SSCS)� 	 &3&6 0��.� � ��) ��. )�0" 2�" /�./��.1�0" 0�0��0"

� # #� � � *�2.� ��1. 12 �/� $$/ ���. .#2) 2 �)� 2 CPCS �.�� �0 2 SAR)  � ��� �2.�
CP). ù�2��02.� 2 SSCS �� !0� �. �$0� /�.3 !02��) 2!)� #� � ��1�" ��1. 12 �/� ùùL.

�.2� 1#���0�.� �.� 2 ùùL � $&!��02.� 10 /# VXEOD\HUs� 	 &RQYHUJHQFH 6XEOD\HU �&6� �.� 2 

Segmentation And Reassembly (SAR) sublayer. M0 2� 10�!� 2 # 2 &RQYHUJHQFH 6XEOD\HU
#� /�.�!0�2.� 10 &RPPRQ 3DUW &RQYHUJHQFH 6XEOD\HU �&3&6� �.� 10 6HUYLFH 6SHFLILF

&RQYHUJHQFH 6XEOD\HU �66&6�� �2 .�)� #� 1$��. 3.��02.� � �0���� / �� 2 # $$/�
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�$��. ��� û �� 2 # AAL

	 &RPPRQ 3DUW 6XEOD\HU �&3� �! 2����0 12�� ITU-T �! �0���� # �. $!�1�� � ���0� ��. 2��
�! 1.!� �� 2&� .�.�2�10&� 03.!� �+� � # $.!.�2�!�� �2.� .�) �02.���2) !#��) �02�/ 1�"

�)�&" 0��.� � 1#���01���� 3&����

	 1��.�2��) $.!.�2�!�12��) 2 # AAL2 0��.� )2� �02#$.��0� ���!� �.�#12�!�1� �.�02 � ��1�"
2�" 3&��" .��� �.� #%��� /�.�01��)2�2. 12 $!�1�� � � *�0� 0*! " �+��" ��.2� .� 0��2!��0�

�02.���2) ��� " �.��2 # .�) � ��$!� �� bytes /�� �2." �21� 12�� 03.!� �� 2�" 1#���01�" 2��

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

0��2!��0� 2�� � �#��0��. � ��+� AAL2 1#�/�10&� ���& .�) 2 �/� VCC (Virtual Channel
&RQQHFWLRQ� 0��2!�� �2." �0 .#2) 2 � 2!)� 2�� .� 20�01�.2��� $!�1� 2 # EDQGZLGWK .3 * ��.

cell �� !0� �. �0!��$0� AAL2 �.��2. .�) �0!�11)20!0" 2�" ���" 1*�/01�"�

	 �.��2 ùùL2-CPS�$0� ��� " � bytes ��. 2 � header (CPS-PH) �.� ��$!� �� bytes &3���� 
3 !2� (CPS-PP). To �!.��.2��) ��� " 2 # CPS-PP 3.��02.� .�) 2 �0/� LI (Length Indicator).
	 �0/� 88, �8VHU WR 8VHU ,QGLFDWRU� $!�1�� � �0�2.� ��. �. �02.3�!0� /�.3.�+" ���! 3 !�. �

 � �. $!0���02.� .�) 2. .�+20!. 12!+�.2. ���$ 2� 0�/ " codec $!�1�� � �0�2.��� 
��!$0� 0��1�"
��." � bit Connection Identifier (CID)   � � " $!�1�� � �0�2.� ��. �. .�.��&!��0� .�0��!2�20"

AAL2 1#�/�10�" ��1. 12 �/� AAL2 link (VCC). M�$!� ��� ùùL2 1#�/�10�" �� ! *� �.

� �#��0�2 *� 10 ù	� VCC.  	�� "� #��!$0� �.� ��. � bits CRC 2  � � $!�1�� � �0�2.� ��. 2 �
��0�$ 2 # header 12�� ��%� �)�& �.�+� � # �� !0� �. ��� #� 12� �02�/ 1��

�2 1$��. � # .� � #�0� 3.��02.� � � !3� 2 # ��.�1� # 0�)"  AAL2-CPS �.��2 #�
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�$��. ���� !3� �.��2 # $$/� &36

�2� 1#��$0�.� ��. 1*� � .�) CPS-Packets 2 � �02 *�2.� 10 ��. &36�3'8� +�. �. 0��.� /#�.2)"

 /�.$&!�1�)" 2&� /�.3)!&� �.��2&� &36 $!�1�� � �0�2.� ��. Start Field (SF) 2  � � 
1#�0!���02.� �0 2 LI � # 0�/.�0 �.!.���& �! �0���� # �. ���02.� .�!���" /�.$&!�1�)" 2&�

/�.3)!&� � �#��0����&� �.��2&�� 	 SF .� 20�0�2.� .�) 2 OSF (OffSet field) � # /0�$�0�

���2. 12�� .!$� 2 # �!+2 # �.��2 # AAL2 � # .!$��0� 2� �02�/ 1� 2 # 10 .#2) 2 PDU. To SN
(Sequence Number) �.� 2 Parity bit �.!�$ #� �.1�� *" ��$.��1� *" ��. �. /0�$� #� 2��

.�+�0�. cells �.�+" �.� 2�� *�.!�� �.�+� 12 �0/� SF.

ù�2��02. �0 2 $$/� 2  � � /�.��20� .�) 2�� .!$� �! �.� !�1��� �.� 12.�0!) &3���� 

3 !2� � # �� !0� �. 32��0� ��$!� �.� �� E\WHV� 2 $$/� �! 13�!0� 2� /#�.2)2�2. 2 #

�02.���2 * &3���� # 3 !2� # .�) � �&" �� E\WHV� �)�& 2 # �02.���2 * &3���� # 3 !2� #
�� ! *�0 �. 0���� #�0 0*� �. 2�� �.�#12�!�1� � /��./� 2 $!)�   � � " 0��.� .�.��.� " ��.

�. �0��10� ��. $$/��&3S �.��2 � õ1 �� ���!) 0��.� 2 ���0� " 2 # �.��2 # 2)1 �� � �*

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

�02.3 !� 2�" ���! 3 !�."�

�$��. ���� !3� 2 # $$/� &36�3'8
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õ�&" 3.��02.� .�) 2. �! �� *�0�. 1$��.2.� 2 &3���� 3 !2� 2 # �.��2 # &36�3'8 �� !0�

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

AAL2-CPS �.��2 # �. �02.30!�0� .�) 2�� 0�)�0�� �#%���� �!��0� 0��1�" �. 2 ��120� )2� 2 

��� " 2&� �.��2&� AAL2-CPS PDU0��.� �� bytes �.� 2.�!���0� ���!&" 12 payload 0�)" ù	�
cell.   

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

�02.���2� $!�1� 2 # 0*! #" �+��"� .��� �. �0 2�" .�.�2�10�" �.� �� !0� �. 03.!� 120� .�)�.
�.� 10 �0!��2+10�" � # $.!.�2�!�� �2.� .�) $.���) !#��) �02�/ 1�" )�&" 0��.� ��. �.!�/0���.

 � .1*!�.20" 0��� ��&��0" 2*� # GSM )� # ��." .�2�12 �$ " codec �.!��0� ��� bits 10 $!)� ��

msec.  ù#2� 2. �.��2. 2.�!��� #� 10 ��. AAL2-CPS $&!�" �. #��!$0� � .����� $!�1�" 0�)"
0�0�/��0#��� # 66&6� ù�2��02.� )�&" #��!$ #� 03.!� ��"  �  � �0" /0� �.!�� #� GDWD 2.  � �.

�� ! *� �. 2.�!��� #� 10 ��. $$/��&36 ���$� ��� " �0�.�*20! .�) �� E\WHV� �.� 0� ���&"

$!0���02.� ��. SSCS 2  � � �. 0��3 !2�120� �0 2 !)� 2�" �02.2! ��" 2&� /0/ ���&� 2 #
$!�12� 10 .�2�12 �$. �.��2. AAL2-CPS.
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�
+��ÿ�þ�ü	ù�
 $$/� �ùÿ $$/�

	 $$/� �! 13�!0� 1��.�2���  3��� ��.�2� 2 # $$/� ��. 9RLFH RYHU $70� 	 $$/� )�&"

0�.13.���0� /�.�0�2 #!���)2�2. �.� �1&" .�) .#2� 2�� �� %� �. 0��.� �� �.2����� ��. ��� � #

0�/ #" 03.!� ��" 3&��"�

ù� 20�01�.2��)2�2. �!&2 �)�� # $$/�

õ�&" 3.��02.� 12 � �.!.��2& ���.�. � .� 20�01�.2��)2�2. 2 # $$/� � ����0� .�) ��� �&"

��� �02.�* 2 # 0��$�12 # �.� 2 # ����12 # SDFNHW SD\ORDG ��. ���0 �0� �&��� �.���� $!�12��
�0 ��. �!+2� �.2�� 2 $$/� 0�3.���02.� ���)20! .� 20�01�.2��) .�) 2 $$/� 2  � � �$0�

.� 20�01�.2��)2�2. 2�" 2���" 2 # ���� þ �!.��.2��)2�2. )�&" 0��.� /�.3 !02����

�$��. ��� ù� 20�01�.2��)2�2. 2 # �!&2 �)�� # $$/�

�2 � �.!.��2& ���.�. 3.��02.� 2 0*! " �+��" 2  � � .�.�20�2.� 10 ��. /��2# ù	� ��. �.
#� 12�!��0� � �.����. 3&��"� $!�1�� � �+�2." 2 $$/�� ü��1�" �0!��.����02.� �.� ��.

�.!�/0���. 2  � � /0�$�0� 2 EDQGZLGWK 2  � � .�.�20�2.� ��. 2�� $$/� &(6�&$6 #��!01�.

��. 2. �/�. ��� �.����.� �0 .#2� 2� 1*��!�1�� ��. �)� #" .��)2�2."�  � #� � ��1� � 2 # EDQGZLGWK
�!.��.2 � �����.� �0 $$/� 3DFNHW )LOO 'HOD\ 12. �PV� 	 $$/� �.! #1���0� 1��.�2���

�0�&1� 12�� �.2.���&1� 2 # EDQGZLGWK 10 1$�1� �0 2� 6WUXFWXUHG &LUFXLW (PXODWLRQ�

�!.�2��) 0�/�.3�! � �.! #1���0� � 1*��!�1� �02.�* 2 # $$/� �.� 2�" IL[HG FRQILJXUDWLRQ

$$/� ! �"� �  � �. /0� #� 12�!��0� VLOHQFH VXSSUHVVLRQ� YRLFH FRPSUHVVLRQ � YDULDEOH GHOD\
VHWWLQJV� ü/+ 2 ��!/ " 0��.� � �! " � �.� 3.��02.� �0 2 ��� $'3&0�
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�$��. ��� ù�.�2�10�" ü*! #" ý+��" ��. � �.����. 3&��"

�.!�/0���. .� / 2��)2�2." 2 # $$/� 10 1$�1� �0 2 $$/� 12� �02.3 !� �� �.�.��+�

3&��"

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

.#2�� 2�" $$/�� 0��.� �. .�.�*1 #�0 �)1. �.����. 3&��" �� ! *� �. �02.30!� *� ���& .�)
��. 1#��0�!���� $70 WUXQN� +�. �.!�/0���.� ." .�.� ��12 *�0 ��.� ù	� DFFHVV PXOWLSOH[HU

0��.2012���� 10 ��. .� �.�!#1���� �0!� $� �.� 1#�/0/0��� 12 /��2# $!�1�� � �+�2." ��.

7� $70 WUXQN )�&" 3.��02.� 12 �.!.��2& 1$��.�

�$��. ��� 9RLFH 2YHU $70 0XOWLSOH[HU �0 7runk 2*� # $70 	�

�!�1�� � �+�2." 2�� $$/� #��!01�. 6WUXFWXUHG &LUFXLW (PXODWLRQ ��. #� 12�!��� �� �.�.��+�

3&��"� 2 .� 2��01�. �. 0��.� ��. ���!0" $70 WUXQN �0 ����12� /#�.2)2�2. 2&� �� [ �� .ESV
�.����. 3&��"� 2.  � �. �� ! *� �. 0��.� 0�0!�� 2�� �/�. $! ���� 12����� þ ����12� /#�.2)2�2.

2&� �� [ �� .ESV �.�.��+� 3&��" �.1��02.� 12�� QRQ�3DUWLDO &HOO )LOO � ���!� ILOOHG FHOO �0 ��

cell.

	 1$��. � # .� � #�0� /0�$�0� 2 � .!���) �.�.��+� 3&��" 2.  � �. �02.3�! �2.� ���& .�) 2 
�/� 	� ù	� WUXQN )2.� $!�1�� � �0�2.� 2 $$/�� � �� �."�; �.!�12��0� 2�� 2��� 2 # 3DFNHW

)LOO 'HOD\ �.�  �� �."�< �.!�12��0� 2 � .!���) 2&� �.�.��+� 3&��" � # �02.3�! �2.�� þ

�!.3��� �.!�12.1� .�0�� ���0� �.� 2�" /* �0!��2+10�" ��. 3&� �.� ��. $'3&0 12 $$/�
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frame.

�$��. ��� 9RLFH 2YHU $70 0XOWLSOH[HU �0 7� $70 7UXQN

	 �!�3��. 0��1�" .�0�� ���0� )2� $!�1�� � �+�2." ��. 3&� 0�2)" 0�)" $$/� IUDPH 0��.�
���)20! .� 20�01�.2��) .�) 2 $$/� )2.� /0� $!�1�� � �0�2.� 2 3DUWLDO &HOO )LOO� õ�&" ��. 2.

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

#� 12�!�$�0� ��2& .�) 2�" �/�0" �0!�12�10�"� ü��.� 0�3.��" )2� 1#����� �2." 2. �.����. 3&��"�
#� 12�!��02.� �0�.�*20! " .!���)" �.�.��+� .�� WUXQN� þ 1*��!�1� 0��.� �.2.�#2��� #��! 2 #

$$/� �0 �&/�� � ��1� ��. $'3&0 .3 * �.!�$0� ��� �0!�11)20!. �.����. 10 1$�1� �0 2 

AAL1.

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

�2 �$��. �� 3.��02.� ��. �!.3��� .�0��)��1� 2�" �0!��2&1�" )� # �0&! *�0 )2� 2 YRLFH FLUFXLW

�0!��$0� ��� VLOHQFH� 2  � � �� !0� �. .� �.�!#��0� .�) 2�� ù	� 1*�/01� �.� 0��1�"

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

�! 13�!0� VWDQGDUG�EDVHG �0�)/ #" ��. VLOHQFH GHWHFWLRQ �VXSSUHVVLRQ � .� ���!#�1� .�0�0!�+�

�.�.��+� )2.� 2. �.����. 0��.� ³RQ�KRRN´�
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�$��. ��� ù!���)" �.�.��+� ùAL2 � # 0��.� suppressed 10 ��. 	� �*��&�.

�0 �02.���2) packet fill delay (10 msec)

ü�� �! 1��1 #�0 �.� 2 �0� �)" )2� .#2� 2. �.����. /0� 0��.� 0�0!�� ���$� 2. �01��#$2.�� 2 
0*! " �+��" 2  � � �. $!�1�� � � *1.�0 ��. 3&�� 2+!. 0��.� /�.��1�� ��. ���0" 03.!� ��"�

ò21� 2 /��2# ù	� /0�$�0� 2�� .� 20�01�.2��)2�2� 2 # 10 03.!� ��" /��2*&� 0#!0�." �0!� $�"�
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��þ�þ 	�
 $$/�

õ�&" 3����0 12�" �! �� *�0�0" 0�)2�20"� 2 $$/� �! 13�!0� 1��.�2���  3��� ��.�2� 2 #
$$/�� 	 $$/� $!�1�� � �0�2.� )2.� )�. 2. 1#12.2��� 2 # /��2* # 0�2)" 0�)" /��2* # ù	��

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

�! 13�! #� 0#!�&" 0� ���1�) ù	� AAL2.

ù�2��02.� 2 $$/� $!�1�� � �0�2.� 0#!�&" �.� #� 12�!��02.� .�) )� #" 2 #" �.2.1�0#.12�"�
��. .��� 03.!� �� .#2 * 2 # 2*� # 2�" /�.1*�/01�" 10 ��.� ,63 3.��02.� 12 1$��. � #

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

�!.���" 3&��"�  �  � �0" $!�1�� � � *�2.� ��. /* �)� #"� �!)1�.1� 12 /��)1� /��2# 3&��"
�.� �!)1�.1� 12 ,QWHUQHW� 	 ù	� /��2# �.!�$0� /�.1*�/01� �! " 2 #" /* ,63 �1��0�. G & F,
D & E)� �0 .#2� 2�� 03.!� ���  3)!2 " 2 # /��2* # ù	� 0��.� 0�  � ���! # ����1� $$/�

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

�$��. ��� ù	� &URVV�FRQQHFW
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ü-ù���+þ 	�
 AAL2 +ÿù VBR-RT
õ�&" .�.�2*$���0 �.� 12. �! �� *�0�.� ��. .�) 2. �*!�. �! ����.2. 2 # $$/� 0��.� �
/�1�0#1� 0*! #" �+��" ��. ���0 �.���� 3&��" �ù#2) 1#�0���02.� ��. .�.� 20�01�.2��� $!�1�

2 # 0*! #" �+��"� +�. �. #� � ���0� ��. 2��03&���� 0��� ��&��. 0��.� .�.��.� �. 0��.2.12.�0�

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

/!.12�!� " 10 ��. 2��03&���� 0��� ��&��.� 	)20 2 ��1) 0*! " �+��" �.2.�.�+�02.� �1� �.�
ü��1�" 0��.� ��&12) �&" #��!$ #� 12����" �.*10&" �/�.� ��"� 12� ! � ��." 2��03&����"

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

��$.��1�)" 2 # VLOHQFH VXSSUHVLRQ� þ 03.!� �� .#2�" 2�" 20$� � ��." 0��2!��0� �. 12.�� *�
/0/ ���. �)� )2.� #��!$0� 0�0!�� 0��� ��&��.� õ2.� ��." 1#� ����2�" /0� ����� 2)20 /0�

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

�! �*�20� .�) 2 �0� �)" )2� )2.� /0� 12.� *� /0/ ���. �)�& 2�" �.*10&" � VLOHQFH VXSSUHssion
2)20  ��� " 1#� ����2�" /0� �. .�2��.����02.� 2 � �)!#� 2 # �0!����� �2 " �background
noise)� �.2� 1#���0�., �. �!��0� �. 3! �2�1 #�0 �. .�.�.!�� #�0 20$���� .#2)� 2 �)!#�  

 � � " �. �0���0� 2�" 12����" �.*10&"� ü�. ��� �!)����. �0 2 VLOHQFH VXSSUHVLRQ 0��.� �

/#1� ��. #� � ��1�" 2 # 1#�$! ��1� * �FORFN V\nchronizDWLRQ� )2.� /0� 12��� �2.� /0/ ���.�
��. 0����� � ��� / " ��. 2�� 0��20#�� ��." .� 20�01�.2��� $!�1�" 2 # 0*! #" �+��" 0��.� �

1#���01� 3&��" )�&" 2 AGDSWLYH 'LIIHUHQWLDO 3XOVH &RGH 0RGXODWLRQ �$'3&0�� ù#2)"  

��$.��1�)" �." 0��2!��0� �. 1#����1 #�0 �.����. 2&� ��� 10 ! �" ���!)20! # �0��� #"� �0
.�2��01� �0 2 VLOHQFH VXSSUHVsLRQ 2  � � /��� #!�0� ��. ! � �02.���2 * !#�� *� 2 $'3&0

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

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

�! �*�20� 1 �.!� �2+1� 2�" � �)2�2."� 0�� 0�/0$ ���&" $.� *� 1#���01���. /0/ ���.�

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

�&/�� � ��2�"
(CODEC)

�#��)"
�#���01����"

-&��" �.ESV�

� �#�� �)2�2.1 � �)2�2. �.�#12�!�1�
��3� � ��1�"

G.711 PCM 64 - � �* �.�� ù�0��2�.

G.726 ADPCM 40/32/24 �.���� ��0,36� �.�� ���.�
�&" �.��

�����

� �* ���!�

G.729 CS-ACELP 8 �0����

(30MIPS)
�.�� ���!�

*����ù &6�$&(/3 8 ��2!�. ÿ�.� � ��2��� ���!�

G.723 MP-MLQ 6.4/5.3 ��2!�.��0����

(20MIPS)
�.���

ÿ�.� � ��2���

�0����

G.723.1 MP-MLQ 6.4/5.3 ��2!�.��0����

(20MIPS)
�.���

ÿ�.� � ��2���

�0����

G.728 LD-CELP 16 � �* �0����

(40MIPS)
�.�� ���!�

LD CELP Low Delay Code Excited Linear Prediction
CS ACELP Conjugate Structure Algebraic Code Excited Linear Predictive

MP-MLQ Multi Pulse maximum Likelihood Quantization
                                                       
1
þ � �#�� �)2�2. �.� !��02.� .�) 2�� �1$* 0�0�0!�.1�." � # �.2.�.�+�02.� 12 � '63� �  � �. �02!��2.�

100,36 �0LOOLRQV RI ,QVWUXFWLRQV 3HU 6HFRQG��
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��!$0� �.� ��." 0���!)1�02 " ��$.��1�)"� 2 LGOH FKDQQHO UHPRYDO� 2  � � �$0� &" �*!� 12)$ 

�. .3.�!�10� 2. .�0�0!�� �.����. 10  � �./�� 20 12����� 	. .�0�0!�� �.����. �� ! *� �.

0�3.��12 *� )2.�  � 2��03&����" 1#1�0#�" �!�1� �2.� �RQ�KRRN��

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

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

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

�.�#12�!�1� �.� 10 1#�/#.1�) �0 2�� � �#��0��. �� ! *�0 �. �0�2�+1 #�0 .�)�. �� � �* 2��
.� 20�01�.2��� $!�1� 2 # 0*! #" �+��"�
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�
+��ÿ�þ VTOA �ü 	þ� 	ü�����+ÿù TDM

TDM – 
��!
9 û ���.1���� 20$� � ��. � # �$0� .�.�2#$�0� .�) )� #" 2 #" �.2.1�0#.12�"

9 -2��� 12�� #� � ��1� 2�"

TDM – �.2�
À û0� 0��.� .� / 2��� )1 � .3 !� 2 0*! " �+��" � # �.2.�.����0�

À û0� 03.!�)� �2.� 20$����" 1#���01�"

À û0� 03.!�)� �2.� 20$����" silence suppression/silence detection

972$�ùù/� ± <��!

9 �� ���!&1� 2�" 3&��" �0 2�" #��!01�0" data-video ��1. .�) � ��) 0� ���1�)

9 �!�1� 2�" 20$� � ��." ù	�

9 û ���.1���� 20$� � ��. � # 03.!�)�02.� .�) 2�� ��0� �)2�2. 2&� �.2.1�0#.12+�

9 ü� �� �)��1� 0*! #" �+��" 12 � / ����� 2!)� 10 1$�1� �0 2 � ./)��2 

9 �� !0� �. $!�1�� � ���0�  #��!$&� 0� ���1�)" ��$� 	��03&���� ���2!. �0 1#����
interfaces

972$�ùù/� ± �.2�

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

/ ����� 2!)� �

À û0� 03.!�)� �2.� 20$����" 1#���01�"

À û0� 03.!�)� �2.� 20$����" silence suppression/silence detection

972$�ùù/� ± <��!

9 � �* .� 20�01�.2��� 0� �� �)��1� 0*! #" �+��"

9 ü3.!� �� 20$���+� 1#���01�"

9 ü3.!� �� 20$���+� silence suppression/silence detection

972$�ùù/� ± �.2�

À þ 03.!� �� 2�" 0��.� .�)�. �0!� !�1����

À ù�.�20� 2�� .� !� 0� ���1� * �! 1.�.2 ��1��� # 10 .#2�� 2�� #��!01�.
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�
���þ

�2 1#��0�!���� �0��0� �.! #1��12��0 ��. 1#��!�2��� �.! #1�.1� 2&� 20$���+� � #
$!�1�� � � *�2.� 1��0!. ��. �02�/ 1� 2�" 3&��"� þ 1*12.1� $$/� /0� �$0� 2� /#�.2)2�2. �.

�.!�$0� .� 20�01�.2��� $!�1� 2 # 0*! #" �+��" ��. 03.!� ��" 3&��" .��� �.! #1���0� 1��0!.

0#!0�. 03.!� �� �#!�&" �)�& 2�" .��)2�2�" 2�"�

	 $$/� .�.�2*$���0 .�) 2�� ,78�7 �! �0���� # �. .�2��02&��10� 2. �.!.���& �0� �0�2��.2.
2 # AAL1 0�+ .� 200� 0����� � �.� ��. ��� / �.2� 2��  � �. � 3&�� �� !0� �. �! 1.!� 120�

10 ù	� FHOO� �0 2�2 � �.��) .� 20�01�.2��)2�2."� )� # /0� �2.� /#�.2)� �. #� � ���0� 12 

�.!0��)��

þ 20$� � ��. TDM � # .� 20�0� ���&120 �.� 2 � ��.11��) 2!)� �02.3 !�" 2�" 3&��"

�.! #1���0� 0�3.�� �0� �0�2��.2. 2.  � �. �. 2�� �.2.12�1 #� .�0�0!�� �0 2�� ��! / 2 #

$!)� #�

�.!)�. .#2� �.� ��$!�" )2 # 2 $$/� .�.�2#$�0� .!�02�� � �02�/ 1� 2�" 3&��" �. 1#�0$�10� �.
0�#��!020�2.� 2)1 .�) 2 TDM )1 �.� .�) 2 $$/��

	 ùùL1 �$0� �/� .!$�10� �. $!�1�� � �0�2.� 0�20�+" 12�" �0!��2+10�" 0�0��0" � #  /�.$0�!�12�"

2 # /��2* # ���0� �. �0!� !�10� 1��.�2��� 2. �0�2 #!���� �)12� .3 * /0� $!0���02.� ��. /* 
/�.3 !02��� 3#1��� /��2#. �! �0���� # �. #� � ��10� 2� �02.3 !� /0/ ���&� �.� 3&��" .���

�)� ��.�
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ù++�ÿ��ÿ ���ÿ �ùÿ�ü	ù-�ù�þ 	�
�

ATM Traffic � ���#�� 3 !�. ù	�

CBR Traffic � � 12.�0! * !#�� * �02�/ 1�"

VBR Traffic � � �02.���2 * !#�� * �02�/ 1�"

ùúR Traffic � � /�.��1�� # !#�� * �02�/ 1�"

UBR Traffic � � .�.�)!�1� # !#�� * �02�/ 1�"

	raffic Management û�.$0�!�1� ���! 3 !�."

Jitter �! ����  ��1��1�

Circuit Emulation �!R1 � �&1� �#��+�.2 "

Structured Circuit Emulation û ������ �!R1 � �&1� �#��+�.2 "

Unstructured Circuit Emulation ù/)��2� �!R1 � �&1� �#��+�.2 "

Common Channel Signalling ���.2 / 1�. � �� * �.�.�� *
ücho Cancelation ù�*!&1� þ$ *"

Silence Detection $��$�0#1� 1�&��"

Silence Supression ..2.12 �� 1�&��"
Idle channel removal $3.�!01� .�0�0!�+� �.�.��+�

Segmentation & Reassambly 	���.2 � ��1� 	 ü�.�.1#��)��1�
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AAL1 ATM Adaptation Layer 1 ITU-T I.363.1
AAL2 ATM Adaptation Layer 2 ITU-T I.363.2
AAL5 ATM Adaptation Layer 5 ITU-T I.363.5
ADPCM Adaptive Differential Pulse Code Modification.
ATM Asynchronous Transfer Mode.
CAS Channel Associated Signaling
CBR Constant-Bit-Rate
CES Circuit Emulation Service
CPS Common Part Sublayer
CS Convergence Sublayer
CS ACELP Conjugate Structure Algebraic Code Excited Linear Predictive

CPCS Common Part Convergence Sublayer
Kbps Kilobits per second
ITU-T International Telecommunications Union Telecommunications
LI Length Indicator
LD CELP Low Delay Code Excited Linear Prediction
MP-MLQ Multi Pulse maximum Likelihood Quantization
ms Milliseconds
PBX Private Branch eXchange
PCM Pulse Code Modulation
PVC Permanent Virtual Circuit
SPVC Soft Permanent Virtual Circuit
SVC Switched Virtual Circuit
SSCS Service Specific Convergence Sub-Layer
SRTS Synchronous Residual Time Stamp clocking
TDM Time Division Multiplexing
VBR Variable-Bit-Rate
VCC Virtual Channel Connection
VTOA Voice Telephony Over ATM


