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1 �0!���%�

	 �0��0� .#2) �!.��.20*02.� ��. .�) 2�" ��� � �!)13.20" �.� 2.$�&" 0�0��11)�0�0"

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

2 ,QWHUQHW 3URWRFRO �,3�� 2�� 9RLFH RYHU ,3 �9R,3��

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

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

/�.��1 # 2&� ��.1��+� 0��� ��&��.�+� /��2*&� /0/ ���&�� ü�02�� �2.� 2. /��3 !.

�! ����.2. � # .�2��02&��� �2.� �.� .3 ! *� �#!�&" 12 #" !#�� *" .� 12 ��"� 12�"

20$����" 1#���01�" .��� �.� 2�" /��3 !0" �.�#120!�10�" � # 0�2 ��� �2.� .�!)��0�2. 12.

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

12 �� ©���2)ª /��2#.�) �0!����� ��

ù� � #�0� �0�2 �0!�" .�.3 !� 2 # 2!)� # �0 2 �  � � ��. .�) 2. ��� � ��&12� �.�

/�./0/ ���. �!&2)� ��. .� 12 ��" ���! 3 !�." � �#��1&� 0�0!�0� 2 # H.323�0 ��3.1�

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

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

�/�)2�20" 2 # �!&2 �)�� #�

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

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


��!01�+� �4XDOLW\ RI 6HUYLFH � 4R6�� �0 �.!������ 1#����!&�.2��� $!�1� 0����� �

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

�.1���" �! (� ��10�" ��. 2�� .�.�2 *�0�� � �)2�2. #��!01�+��

ú.1��) �!&2)� �� /�.13���1�" 2 # �.!.���& 0��.� 2 5HVRXUFH 5HVHUYDWLRQ 3URWRFRO

(RSVP) �.� 2&� 20$���+� � # .#2) $!�1�� � �0� �21� +120 �. �! 10���10� 2 10��!� 2�"

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

$!�12+��   
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2 ü�1.�&��

þ 2��03&��. 0��.� � 2��0�0��� ��&��.�� 20$� � ��. 2��  � �. � ��0� %�3�. 2&� .��!+�&�

.�1��� �2.� �0!�11)20! ��02. �. $!�1�� � � *� ��. 2�" �.���0!���" �.� 0�.��0��.2���"

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

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

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

0��20#$�0� �0 �0���� �! 1 $� �21� +120 � � �)2�2. �.� � .�� ��12�. 2 # /��2* #

2��03&���+� #��!01�+� �. ��� 0��!0.12 *��

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

2��03&���+� �.��2&� �.� �� 1#��0�!����. 2� �02�/ 1� 3&��" ���& .�) 2 �!&2)� �� 

IP (Voice over IP, � VoIP )�&" �. .�.3�!02.� 12 0��"�

3 ú.1���" .!$�" 2�" 2��03&��."

þ 2��03&��. #��!$0� 12� �&� �." ��. �0!�11)20! .�) ��� $!)��.� 	 1��0!��) û��)1� 

	��03&���) û��2# �02.�&��" �Public Switched Telephone Network, PSTN )�&" �.

.�.3�!02.� 12 0��"� 0��.� ��. 20!�12� /��2# �02.�&��" �#��+�.2 " �circuit-switched),

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

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

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

�� �&/�� � �0!� $�" �.2.��� �2.� �0&�!.3����  � �&/�� � �!.30� # .� /�/ �2.� 10

1#��0�!����. switches �.�  � �&/�� � 12.�� * 10 1#��0�!����0" �)!20" 2&� switches.

þ � !3� � # $!�1�� � �0�2.� 0�� �.!./0���.2� 12� ú� ù�0!��� 0��.� 2 # 2*� # 1Nxx-NXX-

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

�!)2#� ,78�7 E.164 � # �.� !��0� 2 � 2!)� �0 2 �  � � / �0�2.� 2 /�0���" 2��03&���)

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

©/�0#�*�10&�ª 10 /�.3 !02���" 20$� � ��0" �,6'1� $70�� +�. /�0��0�" ���10�"� ���0 $+!.

�$0� ��. 2!�%�3� �&/��) $+!." �02� 2 �  � � .� � #�0� ��. �/�.�20!� � !3�

.!��� /)2�1�" ��. .#2��

��$!� �!)13.2.� � 2��03&��. �.1��)2.� 12�� 03.!� �� 20$���+� .�.� ����" �02�/ 1�"

(DQDORJ WUDQVPLVVLRQ�� �0 2� $!�1� 0�)" ���! 3+� #� ��." ��.2.!�."� 0�)" ��0�2! �.���2�

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

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

�!.���" 2.#2)$! �. �0 2 1��. .�)�. �.� )2.� �.!0���� �2.� 0��1$#2�" �DPSOLILHUV��
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4 Voice Over Packet

þ �02��.1� .�) 2�� .��� 2��03&��. 12�� �02�/ 1� 3&��" ���& .�) 2. #��!$ �2. /��2#.

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

��.�

• 2�� 0*!01� �0�)/&� � # 3���� �.� �!�� !. �. #� �.2.12�1 #� 2�"

�.!./ 1�.��" 2��03&����" �!.�2���"

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

ù�) 2� 12���� 2�" .���2#��" 2 # ü�0�0!�.12� ��3�.� * ���.2 " �Digital Signal Processor

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

� ��1���) ��. 2�� 2.$0�. �02.2! �� 2 # .�.� ��� * 1��.2 " )�&" .#2 * 2�" 3&��"� 2 #

FAX �.� 2 # Video 10 %�3�.�)� 2� ©�.�02 � ��1�ª  (packetization) �.� 2�� 0� 1#�0$0�.

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

+�. 2� �02��.1� .�) 2� ��. 20$� � ��. 12�� ���� .�.�20�2.� � 0��2.1� ��." 10�!�"

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

4.1 	0$����" �02�/ 1�" �.� �#���01�" 3&��"

�0 2� $!�1� 2�" %�3�.��" �02�/ 1�" �digital transmission) 0��.� ��� � �� 0*� �� �

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

2� $!�1� �.�����" û�.�)!3&1�" �3XOVH &RGH 0RGXODWLRQ � 3&0�� 2�" �02.2! ��" /��./�

2�" .�.� ����" ���! 3 !�." 10 %�3�.�� � !3� �0 2�� /0���.2 ��%�. ���� /0����2&� .��

/0#20!)�0�2 �.� 2� �02.2! �� �.�0�)" .�) 2. /0���.2. .#2� 10 ��.� .!����2��) �&/��)

�1$��.�����

	 �.!.���& 0��.� .��� 03.!� �� 2 # 1\TXLVW �0&!��.2 " � # �.� !��0� )2� 0��

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

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

2�" � !3��
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�$��. ���

ù3 * � ��)� 2 �0!�0$)�0� 2�" 3&��" 0��.� 1#���&" ��2& .�) 2 )!� 2&� ���� Hz (4

kHz),  .!���)" ��%�" /0����2&� � # $!0�.�)�.120 �. �!��0� �. 0��.� �
����  ���� �/���

� /0���. .�� ��� microsecond). �02� 2� /0���.2 ��%�. .� � #�0� � �02.2! �� 10 %�3�.��

� !3�� �0 2�2 � 2!)� +120 ���0 /0���. .�2��! 1&�0*0� 2�� ��2.1� �amplitude) 2�" 3&��"

2� /0/ ���� $! ���� 12����� þ 20$���� PCM $!�1�� � �0� � ELWV �/��� ��� ����12� 2��� �0

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

64000 bits/sec (64 kbps) ��. ��. �.���� 3&��"�

ü�.��.�2��� 20$���� 1#���01�" � # $!�1�� � �0�2.� 0��.� � �! 1.!� 12���

û�.3 ! � ������ �.����� û�.�)!3&1� �Adaptive Differential Pulse Code Modulation  /

$'3&0� 2�"  � �." � ,78�7 *���� ��� / " �&/�� � ��1�" $!�1�� � �0� �)� � ELWV

/�� �2." !#��) �02�/ 1�" �� NESV� 	. � .#2� ELWV /0� �&/�� � � *� .�¶ 0#�0�." 2�� ��2.1�

2�" 3&��"� .3 *  � /�.3 !�" 12�� ��2.1� �.� 2� �02.� �� .#2�" �.� !�� �2.� �0 0�/���"

20$����" �.� .��)!��� #" �!)��0%�"�

	)1 � 3&0 )1 �.� � ADPCM 0��.� �.!./0���.2. “COder-DECoder” (CODEC) 20$���+�

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

signal processing 20$����" 1#����� #� 2� 3&�� �0 2�� .� 12 �� �.!.�02!��+�

���! 3 !�+� ��. 2. �.1��� $.!.�2�!�12��� 2�" ��2.1�" �.� 2 # ©1$��.2 "ª .#2�"

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

�� ! *� �.  � �.1� *� “source” CODECs�.� �0!��.���� #� 20$����" )�&" +!.�����

�&/�� � ��1� �!)��0%�" �/LQHDU 3UHGHFWLYH &RGLQJ � /3&�� û�0�0�!)�0�� +!.������

�&/�� � ��1� �!)��0%�" �&RGH ([FLWHG /LQHDU 3UHGLFWLRQ � &(/3� �.� � �#�.�����

� �#0���0/� ��.�2 � ��1� �Multipulse Multilevel Quantization / MP-MLQ).

þ ITU-T (�!+�� CCITT) �$0� �! 2#� � ��10� ��. 10�!� .�) 20$����" �&/�� � ��1�" ��. 2��

2��03&��. �.� 2� .� 12 �� �.��2&� 3&��" �packet voice) )�&" 3.�� �2.� 12 � �.!.��2&

���.�. ����

&2'(&
3&0

�� .ESV  '6��
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���0 ��. .�) 2�" 20$����" � # �.! #1��� �2.� �.!.��2& �$ #� )�0" #� ����0� 10 ��.

/ ���.1�. 0��/ 1�" �benchmark test) ��. 2�� .� 2���1� 2�" .�)/ 1�" 2 #"� 2� û ���.1�.

��1�" +�+��" �Mean Opinion Test) � # .� 20�0�  #1�.12��� 2 ��1 )! 2 # �.�� * � #

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

�2��0� "��

	0$����

�#���01�"

	.$*2�2. �NESV� ü�0�0!�.1�.

(mips)

���0� "

��.�1� # �XQLWV�

026 �.��)"

G.711 PCM 64 0.34 0.125 4.1

G.726 ADPCM 32 14 0.125 3.85

G.728

LD-CELP

16 33 0.625 3.61

G.729

CS-ACELP

8 20 10 3.92

G.729x2

encoding

8 20 10 3.27

G.729x3

encoding

8 20 10 2.68

G.729a

CS-ACELP

8 10.5 10 3.7

G.723.1

MP-MLQ

6.3 16 30 3.9

G723.1 ACELP 5.3 16 30 3.65

���.�." ���

� $.���)" �.��)" 12 MOS test ��. 2�" ��0" .#2�" 20$� � ��0" �&/�� � ��1�" 0���0�2.� .�)

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

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

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

� 2!)� " 03.!� ��" 2&� �.!.���& 20$���+� 0��$0�!0�2.� �. .� / �0� �0!����2��� 12�

1#��$0�.�

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

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

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

�.1��)�0� 12. /0���.2. 2&� �! �� *�0�&�� ü��  coder �.�  decoder $!�1�� � � *� 2 

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

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

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

��.� � ��2���" � �)2�2." �02�/ 1� 3&��" �.!)� �. .#2�" 2 # 64 kbps PCM.

+�. .�)�. �0�.�*20!� 1#���01� 3&��" �G.729 �.� *������� ���02.� $!�1� 2 # /3& �0

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

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

�#� �.��12+�2." 2 12)�.� 2. $0���� 2� ��+11. ��2��� �

ñ�� � coders )�&"  CELP � # 12�!��02.� 12 LPC, �! 1��2 #� 0����� � �0�2�&���.

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

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

03.!� �� 2&� 1*�$! �&� .#2+� 20$���+� .�.�2 *� �0���� 0�0�0!�.12��� #� � ��12���

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

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

$!�1�� � ���0� 10 ��. #��!01�. 2)1 0#.�1��2� 12�� �.�#12�!�1� )�&" .#2� 2�"

�02�/ 1�" 2�" 3&��"�

4.2 �.�#12�!�1� �02�/ 1�" 3&��" �voice transmission delay)

û* 0��.� 2. 0�/� 2�" �.�#12�!�1�" � # �.!.2�!0�2.� 1��0!. 12. 2��03&���� /��2#.� �

�.�#12�!�1� �02�/ 1�" �propagation delay)�.� � �.�#12�!�1� $!�1�" �handling delay)

4.2.1 �.�#12�!�1� �02�/ 1�" (propagation delay)

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

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

.�2����2� .�) 2 .��!+��� .#2��

4.2.2 �.�#12�!�1� �!�1�" �KDQGOLQJ GHOD\�

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

�! 02 ��.1�. 2�" 3&��" ��. �02�/ 1�� �2. /��2#. � # ��� #� $!�1� 20$���+�

� !3 � ��1�" 2�" 3&��" 10 �.��2.� � �.�#12�!�1� $!�1�" �02.3!��02.�  #1�.12��� 10�
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• �.�#12�!�1� �02�/ 1�" �WUDQVPLVVLRQ GHOD\� ��. ���0 �.��2 

• �.�#12�!�1� 0�0�0!�.1�." �processing delay) ��1& 2&� coders �.� 2&�

processors �)�&" �.� 2&� /�.3)!&� 3��2!&� �.� 20$���+� 1#���01�"�

• �.�#12�!�1� �02.�&��" �pDFNHW VZLWFKLQJ GHOD\� � # 0��.� �02.���2� �.�

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

/��2* # �!)1�.1�"

• �.�#12�!�1� /�.�)!3&1�" �.��2&� �SDFNHWL]DWLRQ GHOD\� � # .3 !� 12�

/�.�)!3&1� 2 # �.��2 # .� 12 ��"

• �.�#12�!�1� 0�.��1#�$! ��1� * �resynchronization delay) � # �.!.2�!0�2.�

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

�.��2.�

þ 1#� ���� �.�#12�!�1� �propagation + handling delay) 0��.� ���2&" ��.�� �. 0��!0�10�

2�� 0��� ��&��. �.� �. ���0� /#1�!012. .�2����2� .�) 2 #" 1#� ��� *�20" �1$��. ����

�$��. ���

,. �!��0� ���2&" �. 1��0�&�0� )2� 12 ��2��. 2�" handling delay �!�1�02.� � /�.3 !�

�02.�* 2&� �.!./ 1�.�+� �.� 2&� voice packet /��2*&�� ù#2) 1#��.��0� �#!�&" �)�& 2�"

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

0�.�2�." 3.�� ���&� )�&" #�0!� ����" ����1�"� �.�#120!�10&� 12 # �02.�&��" /��22* #

(switches) ��. �)� #" .�.� ��" �TXHXLQJ� �.� .!�+� � �.20�������&� 2��0��� ��&��.�+�

�!.��+��

�0 � ���" ����12. �0!��2+10�" �$ #� �.!.2�!��0� �.�#120!�10�" 2�" 2���" 2 # 0�)"

/0#20! ���2 # 12�" /�0��0�" ���10�" /�.��1 # 2 # Internet � # � ���" 3 !�" ��� �2.�

' H O D \

) L U V W % L W

7 U D Q V P L W W H G

/ D V W % L W

5 H F H LY H G

1 H WZ R U N

$$$ $$$

6 H Q G H U 5 H F H LY H U

W

3 % ;3 % ;3 % ; 3 % ;3 % ;3 % ;

1 H WZ R U N

7 U D Q V L W

' H OD \
3 U R F H V V LQ J

' H OD \

3 U R F H V V LQ J

' H OD \
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.�2����2�" 1.� 1�&�� �silence) 2�" ����" ��0#!�"� 	 �.1��) $.!.�2�!�12��) 2 # �)� #

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

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

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

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

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

þ �02.���2� .#2� �.�#12�!�1� �� #  � ���02.� �.� jitter) 0��.� �1&" 2 �0�.�*20! 

�!)����. 2�" �02�/ 1�" 2�" 3&��" �0 $!�1� �.��2&� .3 * 0��!0��0� ��01. 2��

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

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

��1 # $!)� # �.�#12�!�1�"� 2�� 1#��!�2�1� �KROGEDFN� 2&� �.��2&� 12 � �.!.���2� ��.

$!)� �1 �0 2� ��1� �.�#12�!�1� �.� 2�� 0� 1#�0$0�. �02.2! �� 2 #" 10 .�.� ���� � !3�

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

�02�/ 1�" �.� .� 30*�02.� � �0�+�02.� 2 3.��)�0� 2 # MLWWHU� 1#$�� )�&" � 20����

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

4.3 ü��12! 3� �$ # �Echo)

�!)�0�2.� ��. 2 3.��)�0� � # �! �.�0�2.� .�) 13���. 2�" 1*��02�" .�2�12.1�" �.2� 2�

�02��.1� .�) 2�� ��1*!�.2� �� / 2 # switch 12 ��1*!�.2 ORFDO ORRS �1$��. ����

�$��. ���

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

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

milliseconds �! �.�0� /�.� ��" 2�" 1#� ����."�

� :LUH /RFDO /RRS

�Z��Z

+\EULG

5HFHLYH

'LUHFWLRQ

7UDQVPLW

'LUHFWLRQ

5[ 	 7[

6XSHULPSRVHG
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þ .�2��02+��1� 12. .��� PSTN ���02.� .��� �0 2� $!�1� 2&� echo canceler 1#1�0#+� �.�

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

�2. /��2#. �02.�&��" �.��2&� )�&"  � echo cancelers #� � � *�2.� 12 01&20!��) 2&�

�&/�� � ��2+� �FRGHUV��

þ .� ���!#�1� 2 # HFKR 0��2#�$��02.� �0 20$����" .� ���0#1�" ��. ���!) $! ���)

/��12��. 2�" ©.!��2���" 0��)�."ª 2�" �02./�/)�0��" 3&��" 12�� 2 ���� 1#1�0#� �router)

)2.� /�.��&120� *�.!�� echo, �.� 2�� .3.�!01� 2�" .�) 2� 1#� ���� 0��12! 3� 3&��" �2 #

/0*20! # 1#� ����2� � echo 2 # �!+2 #��
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4.4 ���.2 / 1�. �Signaling)


��!$ #� /* �.1��� � �2��. /�.1*�/01�" 2&� 10 ��. /��2# � # .� 20�0�2.� .�) � �� *

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

� �2�� �02.3 !�" �7UDQVSRUW PRGHO�

�!�1�� � �0�2.� ��. point-to-point 1#�/�10�" ��#!�&" ���& .�) 2 Internet) )� #  � /* 

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

.�) 2 12!+�. �02.3 !�" 2 # /��2* # /0/ ���&� ��. 2�� .��� .� 12 �� 2�" ����1�" 2�"

3&��" .�) 2� ��. �0!�� 12�� �����

� �2�� �02�3!.1�" �7UDQVODWH PRGHO�

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

1#��0�!���� 1$��. ©/�0#�#�1� /)2�1�"ª �addressing scheme), �0 2� $!�1� �����&�

.�2�12 �$�." 2&� 2��03&���+� .!���+� �0 2�" .�2�12 �$0" IP /�0#�*�10�" �

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

ü�&20!��� ���.2 / 1�." �([WHUQDO 6LJQDOLQJ�

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

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

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

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

• Dual Tone Multifrequency (DTMF) 0�0� )� # �. $!�1�� � ���0� handset

2��03+� #

• Analog tie-line signaling (E&M) ��. ��1*!�.2. .�.� ���� trunks

• In-band Channel Associated Signaling (CAS) ��. E1/T1 %�3�.�� trunks

• Out-of-band Common Channel Signaling (CCS) )� # � 1��.2 / 1�. ��. ��.

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

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

� !3� 2&� �!&2 �)��&� QSIG �.� DPNSS. 	 ISDN D channel 0��.� ���� ��.

�0!��2&1� 2�" �.!.���& 20$����"�
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ü1&20!��� ���.2 / 1�. �Internal Signaling)

ü��.� � 1��.2 / 1�. � # �!��0� �. 03.!� 1�0� �02.�* 2&� 1#1�0#+� 3&��" �.� 2 #

transport layer 2 # /��2* # /0/ ���&�� ù� 20�0�2.� .�) /* �.1��� 2���.2. 2 � ��0�$ 

1*�/01�" �connection control) � # .3 !� 12� 1��.2 / 1�. ��. 2�� .�.���#%� 2 #

� � �.2� * .� 12 ��" 2&� �.��2&� 3&��" �.� 2�� �! +��1� ���1�" �call progress) � #

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

0������ ��2���

þ 1��.2 / 1�. .#2� 03.!�)�02.� ��. 2�� 0��.2�12.1� �.� 1#�2�!�1� 2�" 2��03&����"

����1�" 12. connection-oriented /��2#..

ü�0� � # � � ���� 2 # � �2�� # �02�3!.1�" .� � #�0�2.�� 10 connectionless /��./� /��2#.

/0/ ���&�� � 01&20!��� 1��.2 / 1�. ���0� .��� /! � �)��1� �routing) 2&� datagrams

3&��" .�) �!  !�1�) 10 �!  !�1�)�

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

þ���� �!)2#� �

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

03.!� ��"�

ü�0� � # � 1*�/01� �0 $!�1� �.��2&� 3&��" #� � �0�2.� �02.�* /* �0!� $+� �0 2� � !3�

1.� ��." .�0#�0�." �!.���" /�.1*�/01�" �! 2���2.� 2 � �2�� �02.3 !�" �transport

model).

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

�02�3!.1�" �WUDQVODWH PRGHO� �.!�$0� �0�.�*20!�  �� � ��. �.� 0�.12��)2�2.�
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5 	 þ���� �!&2)� �� 

5.1 þ���� ± 	� 0��.�


� � �����0 .�) 2�� ITU-T .!$��� ��. �. �0!��!�%0� 2 � 2!)� � # 1#12��.2.

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

.�2.��.�� multimedia ����1�" .� 20� *�0��" .�) 3&�� �!.��.2�� * $!)� # �real time

voice) video �.� data� ��1& 2&� 2 ���+� /��2*&� #� � ��12+� (Local Area Networks

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

(PCs) �.� ���20 �2���3&�. �videophones).ù� 20�0� 2�� 0���2.1� 2 # þ���� �! 2*� #� 2 

 � � .3 ! *10 12 videoconference ���& .�) 2 ISDN, �0 2�� �! 1���� 2�" #� 12�!���"

2&� PSTN.

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

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

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

.� 20�0� $.!.�2�!�12��) 3.��)�0� 12. ��.11��� /��2#. LAN $&!�" &12)1 #� $!�&1�

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

�2 �$0� 1��.�2��) .� 2��010 0��1�" �  � ��. .#�.�)�0�� ��.�)2�2. bandwidth 2&�

1*�$! �&� /��2*&� �0 2� �02��.1� ��� � 10 2.$*2�20" 10 Mbps switched .�� $!�12�� �

.�)�. �.� ��� 0ESV �0 2�� 0�1.�&�� �.� 0#!0�. $!�1� 2�" )DVW (WKHUQHW 20$� � ��."�

�� �/�0" 0��1�"  � ��.23)!�0" � # $!�1�� � �0�  $!�12�" ��. 2�" 03.!� ��" 2 # �$ #�

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

0�0�0!�.1�." 12 �$0�&��

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

�0!��.����0� 2. .�)� #�.�

• �.� !�1�) 20$���+� 1#���01�" /0/ ���&� .�)�. �� .�  .� 12 ��." �.�  

�.!.���2�" .��� #� 10 /�.3 !02�� *" �.2.1�0#.12�"

• ù�0�.!2�1�. .�) 2�� �/� 0��.2012����� /��2#.�� #� / �� .3 * /!. 12��

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

.!$�20�2 ����

• ù�0�.!2�1�. .�) 2 0�/ " 2&� 1#1�0#+� $!�12� �PC, Workstations �2��
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• û#�.2)2�2. #� 12�!���" �XOWLFDVWLQJ ��. 2.#2)$! �� .� 12 �� �.��2&� 12 #"

$!�120" 0�)" � �� * group

• û�.$0�!�1� bandwidth ��. ��0�$ 2&� �.!�����&� 0�0!�+� þ���� 1#�/�10&�

þ 0�1 / " 2 # H.323 .� 2��010 � ��)� ��.  � ���!&���� �!)2.1� ��. 2�� /��� #!��. 0�)"

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

/�.3 !02�� *" �.2.1�0#.12�" 10 ��. 0��.� ��.�1� /�.$0�!�1�" ���! 3 !�." voice �.�

video.

5.2 þ���� ± ù�) 2� .� 20�0�2.�

	 �!&2)� �� .� 20�0�2.� .�) 2�110!. /�.3 !02��� � ���2�.�

5.2.1 Terminal

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

#� $!0&2��� 0��� ��&��+� 3&��" �.� �! .�!02��� video �.� data. 	 þ���� �.� !��0� 2 �

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

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

2&� �.�.��+� 0��� ��&��." �02.�* 20!�.2��+� 12.��+�� 2 Q.931 ��. call �.� setup

signaling, 2 Registration/Admission/Status (RAS) ��. 0��� ��&��. �0 2 Gatekeeper �.�+"

0��1�" �.� 2 Real Time Protocol (RTP) / Real-Time Control Protocol (RTCP) ��. 2�� 0�

10�!� .� 12 �� �.� ��%� 2&� voice �.��2&�� ü�/��� ��. 2�� �0!��2&1� 2�" 0��� ��&��." �0

3&�� 2 �!)2#� G.711 ��. 1#���01� �.� .�)/ 1� �.��2&� �0 !#�� *" �� � �� kbps 10 ��.

2 ���) /��2# /0/ ���&��

5.2.2 Gateway

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

� ���) interface �02.�* 2&� 2��03&���+� 1#1�0#+� �.� 2 # 0��� ��&��.� * /��2* #�

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

• 2�� 0��� ��&��. �02.�* .�.� ���+� 3671 20!�.2��+�

• 2�� 0��� ��&��. �0 .� �.�!#1��� #" þ���� 12.�� *" ISDN /��2*&�
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• 2�� 0��� ��&��. �0 .� �.�!#1��� #" þ���� 12.�� *" PSTN /��2*&�

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

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

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

5.2.3 Multipoint Conference Unit (MCU)

�.� !��0� �.� 0���$0� 2�� 2.#2)$! �� /�.1*�/01� �1#�0/!�.� �0!�11 2�!&� 2&� /* 

20!�.2��+� 12.��+�� ù� 20�0�2.� .�) /* /�.�!�2� 2���.2.� 2 � Multipoint Controller

(MC) � *�.!�� 2 #  � � # 0��.� .�.��.12��� �.� �.���. � �0!�11)20! #" 2 # 0�)"

Multipoint Processors (MP).

O MC 0���$0� 2�� +���� 1#�0��)�1� �02.�* 2&� 20!�.2��+� �! �0���� # �. �.� !�12 *�

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

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

�!.��.2��) streaming 2�" 3&��" � 2 # ���20 � #� � �+�2." 20$����" ��. mixing �.�

switching.

5.2.4 Gatekeeper

�!)�0�2.� ��. ��. .�) 2. ��� � 1��.�2��� 2���.2. 2 # H.323 �!&2 �)�� #� � # #� � �0�

/* �.1���" functions:

• 2�� .�2�12 �$�1� 2&� IP alias /�0#�*�10&� 2&� 20!�.2��+� 12.��+� 10

�!.��.2���" IP /�0#�*�10�"� �21� )�&" 2 RAS �.� !��0��

• 2� /�.$0�!�1� 2�" /���01�" 2 # bandwidth   

	 1*� � 2&� 20!�.2��+� 1#1�0#+�� 2&� gateways �.� 2&� 0&8V� /�.$0�!��)�0�. .�) ��.

gatekeeper, .� 20� *� ��. H.323 �+�� �H.323 zone) )�&" 3.��02.� 12 �.!.��2& 1$��.�

4.2.
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�$��. ���

5.3 þ���� � � ��.���" /�.1��%0�"�1#�0/!�0"

ò�. .�) 2. � �* �1$#!� $.!.�2�!�12��� 2 # þ����� 0��.� � /#�.2)2�2. � # �! 13�!0� ��.

2�� *�.!�� � ��+� 2.#2)$! �&� /�.1#�/�10&�� û*�.2.� �. #� � ��10� 2!�. /�.3 !02���"

.!$�20�2 ����" � �2��.�

5.3.1 �#��0�2!&2��) � �2�� �Centralized model)

ù�.�20� 2�� *�.!�� ��." 0&8 12�  � �. )� �  � 20!�.2�� � 12.�� � � # 0���#� *� �.

1#�/0� *� �02.�* 2 #"� 0��.��12 *� ��. point-to-point 0��� ��&��.� þ MC 0���$0� 2�"

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

20!�.2�� *� 0�+  MP 3! �2��0� ��. 2��  !�� /�.$0�!�1� 2 # stream 2&� �.��2&� � #

.�2.���11 �2.� �.!�$ �2." 2�" .�.��.�0" #��!01�0" mixing �.� switching, �� !0� �.

.�.��&!�10� 2�� *�.!�� /�.3 !02��+� coders �.� �. �! 13�!0� #��!01�0" �02��.1�" .�)

2 � ��. 12 � ��� .��� �.� �. �! &��10� multicast ���! 3 !�. 12 #" 20��� *"

� ��.�� *" 2�" �!  !�1� *"�

+���� ]RQH

3671

*DWHNHHSHU

+����+����

*DWHZD\

+����

�2YHU ,6'1�

+����

�2YHU 327V�

6SHHFK 2QO\

�7HOHSKRQH�

/$1

0&8
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5.3.2 ù� �0�2!&2��) � �2�� �De-centralized Model)

�0�2 #!�0� ��� �2." $!�1� 2�" 20$� � ��." multicast )� # 2. 1#��02�$ �2. 10 /��3 !0"

/�.1��%0�" 20!�.2��� 0��� ��&� *� �02.�* 2 # �0 .� 12 �� multicast �.��2&� $&!�" �.

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

�0!� !��02.� 12�� point-to-point ���! 3 !�. 0���$ # ��0 2� � !3� 2&� H.245 �.�.��+��

� # .� 12���02.� 12 � MC ��. 2�� 0����!&1� 1$02��� �0 2 � .!���) 2&� 0�0!�+� packet

streams �02.�* 2&� 20!�.2��+��

5.3.3 
�!�/��) � �2�� �Hybrid Model)

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

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

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

control + data) 12�� MCU, �.� ���. �. $!�1�� � � *� multicast �.� �)� 20$����" ��. 2��

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

5.4 þ���� ± �&" ���02.� � 0��� ��&��.

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

þ���� 0��.� � /#�.2)2�2. �.!.�&��" �.� 0���$ # 3&��"� 2 Q.931 call setup, � *�.!�� RAS

�.� � H.245 1��.2 / 1�.�

ò�0�$ " �Control)

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

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

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

1#��020$)�2&� �0�+� /�.��20�� 	  #1�.12��) )�&" 0��.� )2� )�0"  � #��!01�0" 0���$ #

.� 20� *� ��. .�0��!2�2 12!+�. �control layer) #�) 2�� �.� /���1� 2 #  � � #

�!.��.2 � � *�2.� ��. 10�!� .�) .� 3.1�12���" 1��.1�." /�0!�.1�0" )�&" 0��.� .#2�" 2&�

framing, serial numbering, error correction�.� error recovery.

�� �.!.���& #��!01�0" 0���$ #� 0�#��!02 *�2.� )�&" �! .�.3�!���0 .�) 2!0�" /�.�!�2�"

/�./��.1�0" 0���$ #�

þ���� Control Channel
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ü��.� 2 �.���� 0��� ��&��." � # 1#�2 ���0� )�0" 2�" �0�2 #!��0" 0���$ # �02.�* 2&� H.323

20!�.2��+� �0 /#�.2)2�2. 0��.2�12.1�" �.� 20!�.2�1� * 0�)" � ��� * �.�.�� *

0��� ��&��."� �02.3 !� 2&� ���#��2&� 0���$ # ! �" �.��2&� �.� ���& .�) )�. ��.�)2�2.

��. #� 12�!��� 2�" �.1���" �0�2 #!��." ©.�2.��.��" ��.� 2�2&�ª 2&� 20!�.2��+� .#2)

� # 1#$�� .�.3�!02.� 1.� “capabilities exchange”.

Q.931

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

2&� 20!�.2��+� 12.��+��

RAS

 ü�20�0� /�./��.1�0" � # .3 ! *� 10 0��!.3� �registration), .� / $� �admission),

�0!��!.3� �.2�12.1�" �VWDWXV GHWHUPLQDWLRQ� �.� �.� !�1� * �02.� ��" !#�� *

.� 12 ��"���%�" �.��2&� �02.�* 2&� 20!�.2��+� �.� 2 # gatekeeper.
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5.5 þ���� ± ���& .�) 2 ,QWHUQHW 3URWRFRO �,3�

þ �0�2 #!��. 2 # þ���� ��. 2� �02.3 !� 2�" 3&��" ���& .�) ��. ��.1��) IP /��2# �.

�!��0� �. ���! � /* .�.!.�2�20" �! (� ��10�"� 2�� .��)��12� �reliable) �02.3 !� 2�"

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

�.� 2�� © $� .�)�#2. .��)��12�ª �unreliable) � # .3 !� 12� /�.� �� 2&� #� � ��&�

�.��2&� � # �0!��$ #� 2�� ���! 3 !�. 3&��"�

þ .��)��12� �02�/ 1� 2�" 1��.2 / 1�." )2.� �02.30!�0� 12 $+! 2 # IP �!&2 �)�� #

.�2�12 �$0� 12 Transmission Control Protocol (TCP) �.� 0��#�2.� .��)��12�� .� � #��.���

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

�.2.���&1� bandwidth.

	 þ���� $!�1�� � �0� 2 7&3 �.� 2 þ���� end-to-end connection �!&2)� �� 

ù�) 2�� ���� ��0#!� �.� �0 2� $!�1� 2 # User Datagram Protocol (UDP) � # �� !0� �.� �.

�02.3!.120� 1.� ©� �.�*20!� /#�.2� �! 1���0�. ��. �02�/ 1����%� �.��2&�ª �$ #�0 �0�

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

.�.�.�*�2 �2.� �.� �.��2. � # /0 32�� #� 12 � �!  !�1�) �0 2� 10�!� .� 12 ��" 2 #"�

ü�� � ��)�  � ©0#.�1��20"ª ���! 3 !�0" 0���$ # �02./�/ �2.� ���& .�) 2 7&3�  �

#�)� ��0" $!�1�� � � *� 2 UDP �.� �� 1#��0�!����. 2 IP multicast �.� 2 RTP � # /!.

12�� � !#3� 2 # ,3 PXOWLFDVW ��. 2� /�.$0�!�1� 2&� YRLFH VWUHDPV �1$��. ����.��

7����

3K\VLFDO /D\HU

/LQN /D\HU

8QUHOLDEOH 7UDQVSRUW �8'3�

5HOLDEOH 7UDQVSRUW

�7&3�

1HWZRUN /D\HU �,3�

*��;; +���;

+����

573 57&3

+������

&DOO

6LJQDOLQJ

4���

�7HUPLQDO &RQWURO DQG 0DQDJHPHQW 'DWD $SS$9 $SS

7HUPLQDO WR

*DWHNHHSHU

6LJQDOLQJ

�5$6�

7����

7����

7����

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

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

• � $!�12�" 1��+�0� 2 .� #12��) 1��.2 / 2+�2." ��. off-hook 1��. �! " 2� 1#1�0#�

2 # 2 ��� * 2��03&��� * �!)�$ # �local loop), )� �. �� .� 0��.� .#2� �PBX � URXWHU�

• 7R VHVVLRQ � # .� ��02.�� .� /�/0� dial tone �.� �0!����0� .�) 2 $!�12� �. 0�����0� 2 �

0���#��2) .!���)

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

local loop

• � .!���)" .�2�12 �$��02.� 10 ��. ,3 12.��)�   � � " .�0#�*�0� 2�� ���1� �.20#�0�.� �

/�.��1 # 2 # PBX 12 12.��) .� 12 ��"

• 	 +���� $!�1�� � �0�2.� ��� � ��. �. 0��.2.12�10� ��. �.���� .� 12 ��" �.� ��.

��%�" ���& .�) 2 ,3

• ü�0!� � � *�2.�  � coders �.� 12�" /* ��0#!�"� �.� .!$��0� � �02.3 !� 2&� �.��2&� �0

$!�1� 2�" RTP/TCP/UDP 12 ��."

• þ 1#� ����. 20�0�+�0� �.�  � /* ��0#!�" �0!���� #� ��. ��. 0�.3�

7&3 FRQQHFWLRQ

6(783

&211(&7 �+��� $GGUHVV�
4����

�RYHU 7&3�

7&3 FRQQHFWLRQ

+���� 0HVVDJHV

2SHQ /RJLFDO &KDQQHOV

�57&3 DGGUHVV�

�57&3 	 573 DGGUHVVHV�

�57&3 DGGUHVV�

�57&3 	 573 DGGUHVVHV�

+����
�RYHU 7&3�

573 VWUHDP

573 VWUHDP

57&3 VWUHDP

0HGLD

�RYHU 8QLFDVW 8'3�

+����

+����

3LFWXUH7HO

3LFWXUH7HO

�$��. �����
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6 � �)2�2. 
��!01�+� �QoS)

ò.� .�) 2. ��� � 1��.�2��� ���.2. � # �. �!��0� �. .�.�#� *� 0��.� .�!��+" .#2) 2�"

�.! $�" 2 # .�.!.�2�2 # bandwidth ��. 2�� �� � � ��1� 2&� 0��� ��&��.�+� .�.��+� �


��!$ #� 2�110!. ��� �.1��� �!&2)� ��. � # �.� !�� #� 2 � 2!)� �0 2 �  � � 

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

• Real-Time Transport Protocol (RTP)

• Real-Time Control protocol (RTCP)

• Resource ReserVation Protocol (RSVP)

• Real-Time Streaming Protocol (RTSP)

4R6 $SS OLFD WLRQ V

5693

8'3�,3

573 �57&3 5763

�$��. �

6.1 Real-Time Transport Protocol (RTP)

� �.1��)" !)� " 2 # RTP 0��.� �. /!. 1.� ��. �0�2�&��� interface �02.�* 2&� 03.!� �+�

�!.��.2�� * $!)� # �UHDO WLPH DSSOLFDWLRQV� �.� 2&� �!&2 �)��&� 2 # 12!+�.2 "

�02.3 !�" �transport layer) 2 # #��!$ �2 " /��2* #� )$� #� $!0&2��� 2 # 7&3 �1$��. �����

�.� .#2) ��.2� 2 RTP /��� #!�����0 ��. �. �.!�$0� .���" #��!01�0" .�0��!2�20" 2 #

12!+�.2 " �02.3 !�"� �0 2� �)�� �! (�)�01� 2�� ©1$02��� ���#!�ª �02.3 !� 2&�

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

�2�� �!.��.2��)2�2. 2 RTP 0��.� �.� 2 �/� ��. �!&2)� �� �02.3 !�" � # ���0� $!�1�

2 # UDP, �.� 10 �.��. �0!��2&1� /0 /�.13.���0� 2 0���#��2) QoS, .��� #� � ��� 2 �

��0�$ 2�" �02.�&��" 2&� �.��2&� 3&��" .�) 2 � .� 12 ��. 12 � �.!.���2�
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3D\ORDG

&RQWULEXWLQJ 6RXUFH ,GHQWLILHU

6\QFKURQL]DWLRQ 6RXUFH ,QGHWLILHU

7LPHVWDPS

9 3 ; && 0 3D\ORDG 7\SH 6HTXHQFH 1XPEHU

�$��. ���

õ� #:

• V – Version, ��/ 1� 2 # RTP

• P – Padding-bit

• X –  .!���)" 2&� CSRCs � # .� � #� *� 2 � header

• Payload – �.� !��0� 2 � 2*� 2&� /0/ ���&� � # �02.3�! �2.� 12 RTP �.��2 

• Sequence Number – � # �02!� 2&� .!���) 2&� �.��2&� 12 stream

• Timestamp – � # �.� !��0� 2� $! ���� 12���� 2�" /0���.2 ��%�."

• SSRC ± � # $!�1�� � �0�2.� ��. 1#�$! ��1�) 2&� �.��2&�� �21� +120 10 ��. RTP

session /* /�.3 !02��� �.��2. �$ #� #� $!0&2��� /�.3 !02��� SSTC 2���

• CSRC – ��. ��12. .�) objects � # �.� !�� #� 2�" 20!�.2���" ����" � # 1#��02�$ #�

12 RTP session

6.2 Real-Time Control protocol (RTCP)

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

2 # 2 57&3� � # 0���$0� �.� �.20#�*�0� 2. 573 VHVVLRQV �02.�* 2&� 20!�.2��+��

�.!�$ �2." ���! 3 !�0" ��. 2�� �.2�12.1� 2&� 0�0!�+� /�.1��%0&��

û* 0��.�  � 2*� � �.��2&� � # .�2.���11 �2.� � Sender reports (SR) �.� Receiver Reports

(RR) �.� �0!��$ #� ���! 3 !�0" ��. 2�� �.2�12.1� ���0 ��." .�) 2�" RTP sessions.

ù#2) � ��)� � # �#!�&" 2. �.��2. 2 # RTCP �02.3�! #�� 0��.� �0/�. � # /�� #� 2�

/#�.2)2�2. .���#1�" 2 # � 1 12 * 2&� �.��2&� /0/ ���&� � # 0��2#$+" �32.1.� 12 �

�!  !�1�) 2 #"� /�� �2." .!�02� 1.3� 0��)�. 2�" ��.�)2�2." 2 # /��2* # �. #� 12�!��0�

.� 20�01�.2��� #��!01�0" � �)2�2."�

6.3 Real-Time Streaming Protocol



VoIP��)�.��" �&��� " �ù� ����� �0��24/34

ü��.� 2 �.1��) �!&2)� �� � # $!�1�� � �0�2.� �#!�&" 12 ,QWHUQHW� /!. 12 DSSOLFDWLRQ

layer 2 # OSI �.� .� 20�0� 1#����!&�. 2&� RTP (� # /�.���0� 2. �.��2. 2�" ���! 3 !�."�

�.� 2 # RTCP (� # .�.3�!0� 2�� � �)2�2. 2&� #��!01�+� � # �! 13�!02.���

	 RTSP 3! �2��0� ��. /* .�)�. �.1��� ��2��.2. � # �. �!��0� �. 0����!+� �2.� 10 ��.

�0!����� � 03.!� �+� � �#��1&�� .#2� 2�" 0����!&1�" 2 # /��2* # ��. 2 .�.�2 *�0� 

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

�!)�0�2.� � ��)� ��. ��. �!&2)� �� � # 0�0!�0� ���& .�) 2 7&3 12!+�.� �.� 0���$0�

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

.�2�10�" ��. /�.1*�/01� �.� $!�1� 2&� 03.!� �+� � # .#2)" �! 13�!0� ���$� .�2��. ��.

start, stop, pause �! " ��.� playback server). ,. �!��0� �. 2 ��1�0� )2� 2 RTSP 0��.�

.� ��0�12��� �.� �)� signaling protocol .3 * ��!.� 2 # 0���$ # 2&� data streams 2&�

/�.3)!&� 0�0!�+� 1#�0/!�+� �DFWLYH PXOWLPHGLD VHVVLRQV�� /0� .1$ �0�2.� �0 .� 12 ��

�.��2&� ���! 3 !�." �.#2) 0��.� .!� /�)2�2. 2 # 573� 1$��. �����

PictureTel

PictureTel

,QWHUQHW

+773

6HUYHU

&OLHQW

:RUNVWDWLRQ

+773 *HW

6HVVLRQ 'HVFULSWLRQ

3OD\ 5HTXHVW

573 PXOWLPHGLD

3DXVH

573 PXOWLPHGLD

6WRS

�$��. ���

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

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

/��2* # 0��.� 2 5693� 2  � � �.� �0!��!�302.� 12� 1#��$0�.�
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7 Resource Reservation Protocol (RSVP)

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

�.��2&�� 2 RSVP .�.�.����0� �. /�.�0��0� QoS .�2�10�" 12. switches �.� 2 #" routers � #

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

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

� # #� 12�!��0� unicast .��� �.� PXOWLFDVW �! " ��. �XQL�GLUHFWLRQ� �.20*�#�1� �)� �

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

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

1#�0$� 0����!&1� ��. 2�� �.2�12.1� ! �" 2&� �.��2&� �.� .�2�1� ��. �02.� �� 2&�

©�!.2�10&�ª �.� �! 1.!� �� .#2+� 12�� .��.��" 2�" /��2#.��" 2 � � ��." �

õ�&" .�.3�!���0 �! �� #���&" 2 5693 /0� 0��.� �!&2)� �� /! � �)��1�"� �.2�

1#���0�. .�.�20� 2�� �!)20!� *�.!�� 0�)" 0� 2&� layer 3 protocols (BGP, IGRP, IS-IS)

�! �0���� # �0�2 #!��10��

H ©�!�2�1�ª 12 /! � � ��2� #� � �0�2.� �0 .�.3 !� 2 # RSVP 10 /* decision modules,

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

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

0� #1� / 2���� " ��. �. 2 # .� / � *� #��!01�0" QoS. ü�� 2. �.!.���& 0��20#$� *��

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

�.� .� 12 ��"�

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

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

.��� �.� 2 # 2!)� # �.! $�" .#2 * 10 �0!��2+10�" � ��.��+� �.!.���2+� 0�)" � �� *

multicast group.
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7.1 5693 �.� 20$����" /�.13���1�" QoS

	 RSVP���0� $!�1� queuing 20$���+� �Weighted Fair Queuing WFQ, Weighted Random

Early Detection WRED) ��. 2� /�.13���1� 2 # 0���#��2 * QoS.

7.1.1 Weighted Fair Queuing (WFQ)

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

• �! &�0� 2. �.��2. � # .��� #� 10 “interactive” #��!01�0" 12�� .!$� 2�" FIFO

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

• 3! �2��0� ��. 2� /��.�� �.2.� �� 2 # #�)� �� # /�.��1�� # bandwidth �02.�* 2&�

#� � ��&� #��!01�+�

���.�2��) $.!.�2�!�12��) 2�" .� 20�0� � 0�.�.�.2.� �� 2 # bandwidth 10 #��!01�0"

©$.����" �! 20!.�)2�2."ª �low priority), )2.�  � .�2�12 �$0" “#%���" �! 20!.�)2�2."ª

�.2.12 *� .�0�0!��" ��.1��) ��0 ���2��. ��.�2� 2�" .���" TDM )� # 10 �0!��2&1� ��

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

.$!�1�� � ��2 ��

/DUJH

9ROXPH�6L]H

3DFNHW

,QWHUIDFH %XIIHU

5HVRXUFHV

7UDQVPLW

6FKHGXOLQJ

6PDOO

9ROXPH�6L]H

3DFNHW

&ODVVLI\

� �

�

�

)ORZ &ODVVLILFDWLRQ

�6RXUFH DQG GHVWLQDWLRQ DGGUHVV

�3URWRFRO

�6HVVLRQ LGHQWLILHU �3RUW�6RFNHW�

)ORZ &ODVVLILFDWLRQ

�6RXUFH DQG GHVWLQDWLRQ DGGUHVV

�3URWRFRO

�6HVVLRQ LGHQWLILHU �3RUW�6RFNHW�

5HVHUYHG )ORZ 6FKHGXOLQJ

�:RUNV LQ FRQMXQFWLRQ ZLWK :)4

�5HVHUYHG TXHXH IRU 5693 IORZ

�4XHXHV VHUYLFHG E\ ³:HLJKW´

5HVHUYHG )ORZ 6FKHGXOLQJ

�:RUNV LQ FRQMXQFWLRQ ZLWK :)4

�5HVHUYHG TXHXH IRU 5693 IORZ

�4XHXHV VHUYLFHG E\ ³:HLJKW´

'H�

TXHXH

���

&RQILJXUDEOH 4XHXHV5HVHUYHG

3DFNHW

5HVHUYHG 4XHXH

IRU )ORZ� /RZHU

:HLJKW DSSOLHG

WR 4XHXH

5693 �.� :HLJKWHG )DLU 4XHXLQJ

�$��. �����

� .��)!��� " �0�2 #!��." 2 # :)4 0��.�  .�)� #� " �1$��. �������

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

.!���)" �! 20!.�)2�2." 1#�0���02.� �0�.�*20! bandwidth ��. 2� 1#��0�!����� ! � �flow)

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

1#��0�!���� # interface, 2)20 ���0 flow �. ��!0� .!�����! 20!.�)2�2."�� � 1 12) 2 #

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

1+2+3+4+5+6+7+8 = 36

�.� 2 flow �0 .!�����! 20!.�)2�2." � �. ��!0� 8/36 2 # bandwidth, 2 flow �0

.!�����! 20!.�)2�2." 6 �. ��!0� 7/36 2 # bandwidth �.�  *2& �.�0��" ��$!� 2 

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

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

�! 20!.�)2�20"� � �.2.� �� /�.3 ! � �0�2.� .��� �. &" 0��"�

1+2+3*20+4+5+6+7+8 = 93

�.� 2)20 �. 0�$. ���� 2 # 1#� ��� * bandwidth ��. ���0 ��. .�) 2. �� flows �0

�! 20!.�)2�2. �� ���� ��. 2. �! 20!.�)2�2." � � ��

7.1.2 Weighted Random Early Detection (WRED)

ü��.� .��)!���)" � # 0��2!��0� 2�� .� 3#�� ©1#�3)!01�"ª �congestion) 2 # /��2* #�

õ2.� /�.��&120� .*��1� 2�" 1#�3)!01�" 2 # /��2* # 10 ��� � 1��0� .#2 *� ���02.�

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

.� !!�3� *�� þ .�)!!�%� �.��2&� ���02.� .�2����2� .�) 2�� ���� .� 12 ��" 2 # �.�

1#�0���02.� 10 �0�&1� 2 # !#�� * 0�� ���" �.��2&� 10 #%�� *" !#�� *"�

�0 1#�/#.1�) �0 2�� .�)/ 1� .!���+� ,3 �! 20!.� 2�2&� 0��.� /#�.2� � .�)!!�%�

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

1#�3)!01�" � # �. �� ! *10 �.  /���10� 10 ERWWOHQHFN �1$��. �������
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:HLJKWHG 5DQGRP (DUO\ 'HWHFWLRQ �:5('�

,QWHUIDFH

%XIIHU
5HVRXUFHV

û�.�!.3� �.1��)�0�� 10�

� %XIIHU TXHXH GHSWK

� ,3 3UHFHGHQFH

� 5693 VHVVLRQ

),)2 6FKHGXOLQJ

3DVV

)DLO

'LVFDUG
7HVW

7UDQVPLW
4XHXH

2XWSXW
/LQH

�$��. �����

7.2 RSVP – � !3�" /#�.���+� �!.2�10&� �dynamic reservations)

û* 0��.�  � � !3�" 2&� /#�.���+� �!.2�10&� � # 2 RSVP /*�.2.� �. #� � ��10��

7.2.1 ü�0�$)�0� " -)!2 " �&RQWUROOHG ORDG�

ü��.� � .�) ��!� 10 ��!� �end-to-end) 1#��0!�3 !� � # .� /�/02.� 10 ��. 03.!� ��� .�)

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

2� 1#��0!�3 !� � #  � �.!.���& 03.!� ��" �. �0!��0�.� 10 1#����0" ©�.�*20!�"

�! 1���0�." .� � ��" bandwidthª� )2.� � ����1� 0��.� �0�&�����

ù#2) 1#�0���02.� )2��

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

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

��1 #�

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

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

.�) 2. 0��2#$+" .� 120����2. �.��2.

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

.�) 2�" $!�� #10" controlled load QoS #��!01�0"�
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7.2.2 ü��#����� 
��!01�. �Quaranteed Service)

ü��.� � .�) ��!� 10 ��!� �HQG�WR�HQG� 1#��0!�3 !� ��." 10�!�" 12 �$0�&� 2 # /��2* # � #

/�.13.��� #� ��. 1#��0�!����� 2��� EDQGZLGWK� �  � �. )2.� $!�1�� � �0�2.� .� /�/0�

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

�.��2&��
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9 �02�3!.1��ù�)/ 1� ù�����+� õ!&�

Voice over IP -&�� ���& .�) IP

Transmission Control Protocol �!&2)� �� ü���$ # �02�/ 1�"

Quality of Service � �)2�2. 
��!01�+�

Public Switched Telephone Network û��)1� 	��03&���) û��2# �02.�&��"

Local Area Network û��2# 	 ����" �0!� $�"

Analog transmission  ù�.� ���� �02�/ 1�

Digital transmission ��3�.�� �02�/ 1�

Amplifiers ü��1$#2�"

Digital Signal Processor ü�0�0!�.12�" ��3�.� * ���.2 "

Packetization �.�02 � ��1�

Switches �02.�&�0�"

Pulse Code Modulation �.����� û�.�)!3&1�

Adaptive Differential Pulse Code Modulation�! 1.!� 12��� û�.3 ! � ������ �.�����
�02�/ 1�

COder-DECoder û�.� !3&2�" � ù� /�.� !3&2�"

Linear Predective Coding +!.����� �&/�� � ��1� �!)��0%�"

Code Excited Linear Prediction û�0�0�!)�0�� +!.������ �&/�� � ��1� �!)��0%�"

Multipulse Multilevel Quantization � �#�.����� � �#0���0/� ��.�2 � ��1�

Benchmark Test û ���.1�. ü��/ 1�"

Mean Opinion Test û ���.1�. ��1�" +�+��"

Propagation delay �.�#12�!�1� �02�/ 1�"

Handling delay �.�#12�!�1� �!�1�"

Processing delay �.�#12�!�1� ü�0�0!�.1�."

Packet switching delay �.�#12�!�1� �02.�&��"

Packetization delay �.�#12�!�1� �.�02 � ��1�"

Resynchronization delay �.�#12�!�1� ü�.��1#�$! ��1� *
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Variation delay �02.���2� �.�#12�!�1�

Transport model � �2�� �02.3 !�"

Translate model � �2�� �02�3!.1�"

External Signaling ü�&20!��� ���.2 / 1�.

Internal Signaling ü1&20!��� ���.2 / 1�.

Multimedia systems �#12��.2. � �#��1&�

Centralized model �#��0�2!&2��) � �2�� 

De-centralized Model ù� �1#��0�2!&2��) � �2�� 

Hybrid Model 
�!�/��) � �2�� 

Real-Time Transport Protocol �!&2)� �� �02.3 !�" �!.��.2�� * �!)� #

Real-Time Control Protocol �!&2)� �� ü���$ # �!.��.2�� * �!)� #

Resource ReserVation Protocol �!&2)� �� û�1�0#1�" ���+� û��2* #

Real-Time Streaming Protocol �!&2)� �� � �" �!.��.2�� * �!)� #

Weighted Fair Queuing �2.���1���. û��.�. ù�.� ��

Weighted Random Early Detection 	#$.�. �2.���1���� �!+��� ù�.���#%�
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10 �#�2��10�"

Voice over IP VoIP

Transmission Control Protocol TCP

Quality of Service QoS

Public Switched Telephone Network PSTN

Local Area Network LAN

Integrated Services Digital Network ISDN

Asynchronous Transfer Mode ATM

Digital Signal Processor DSP

Pulse Code Modulation PCM

Adaptive Differential Pulse Code Modulation ADPCM

COder-DECoder CODER

Linear Predective Coding LPC

Code Excited Linear Prediction CELP

Multipulse Multilevel Quantization MP-MLQ

Mean Opinion Test MOT

Real-Time Transport Protocol RTTP

Real-Time Control Protocol RTCP

Resource ReserVation Protocol RSVP

Real-Time Streaming Protocol RTSP

Multipoint Control Unit MCU

Multipoint Controller MC

Multipoint Processor MP

Weighted Fair Queuing WFQ

Weighted Random Early Detection WRED 

Dual Tone Multifrequency DTMF

Analog tie-line signaling E&M
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Channel Associated Signaling  CAS

Out-of-band Common Channel Signaling CCS


