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[ ]Total Delay F Pr op process F Pr op queueT T T T T T T = + + + + + 1 1 1 2 2
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( ) ( )Total Delay

L L L
T / / / N

R R min R , R

    
= + + + + + − ×       
     1 2 1 2

0 1 0 01 0 02 1 
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( )Total DelayT / / /
× × ×     = × + + + × + + × ×    × × ×     

3 3 3

6 6 6

1000 8 1000 8 1000 8
10 0 1 0 01 10 0 02 99 10
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[ ] [ ] ( ) ( )Total DelayT / / / / / /= + + + + + ×0 08 0 1 0 01 0 4 0 02 99 0 4  
[ ] [ ]Total DelayT / / / / / / / / / ms= + + + + + = + =0 08 0 1 0 01 0 4 0 02 39 6 0 61 39 6 40 21  
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2� $�G!'� �� �N��G�?.��)* �)S @��)�5� ,� .L T9)F (  
�G�?( :!S)
 $�)0 �!5*B

1
 P� $% 2�9)F  #$�>B 2� �6���� )�, #$�� �*:%�   

( ) ( )Total Delay(port B( )) F Pr op processT T T T / / / / ms= × × + + = × × + + =      1 1 1 1
1 2 1 2 0 08 0 1 0 01 0 27  

�G�?( :!S)
 $�)0 �!5*B
2

 P� $% 2�9)F  #$�>B 2� �6���� )�, #$�� �*:%�   

( ) ( )Total Delay(port B( )) F Pr op processT T T T / / / / ms= × × + + = × × + + =      2 1 1 1
2 2 2 2 0 08 0 1 0 01 0 43  

�G�?( :!S)
 $�)0 �!5*B
100

 P� $% 2�9)F  #$�>B 2� �6���� )�, #$�� �*:%�   

( ) ( )Total Delay(port B( )) F Pr op processT T T T / / / / ms= × × + + = × × + + =      100 1 1 1
100 2 100 2 0 08 0 1 0 01 16 11

��=, ;�BCB
100

 �123 ���/ ms16 11  '$��!" �� ;RC��  ?��%B ;� ���B �123 W
� ��  ��
(
 $� ���*T���=, ;
�KR ���*� \��� Q�
�
=� $�' �� �� 	
+� ��9�2� *
�, ����� �� @%  *��

�123�/ ms16 11 '*� \��� Q�
�
=� $� ��=, *+� ?��% !" �� �<
� C *��B KR C��=, ��

B
100

 ��=, �� *
+� 8B�  *+�=
���� ]XR� '*�;RC�� !" �  ?��%B �� ��× × × 

3

6

1000 8
10

20 10
 

 ;+T
[ ]/ ms0 4 !" $� ;RC��  ?��%B ��;� \�)^�_� )"�7 W
��,�+,  *��� �123 �
��=, W�5�(���B B

100
 !" �� ;RC��  ?��%B  ;+T
[ ]/ ms16 11 C �123)�� �!" ��
( 

;RC��  ?��%B ;+T
 �123 ���=, W�5�(���B B
1

 !" �� ;RC��  ?��%B  ;+T
[ ]/ ms0 27 
�, 	
=�� [ ]/ ms0 4 �;���  ��=, ��*T� '*� \��� ��� ;RC�� !" $� ?��%B �123 ���
/ ms16 11  :�
$ ?��" �,  

output

/ / /
Cardinality /

/ /

−   = = = =     
   

16 11 0 27 15 84
39 6 39

0 4 0 4
 

� 8B �*0 $� �� *
+�/39 6  ��*��/0 6  ��*�� C 89� ���`( -��$ $�/0 4 .89� '*��� $�+� 
�123 �� @% �[ ]/16 11  ��
B�39 ��=,  ��> �,/���  $� ;RC�� !" ?��%B '*� \��� C *��

 ��=, $�40  ��*�� d
�/0 6 -.  $� ;RC�� !" ?��%B '*� \���� ��*�� $�+� ;3C 89/0 4  -.
;B�,.89� '*���  ��=, ��KR $�+� �Z�. @%B

100
  ?��% ;RC�� !" ��B ���� ���B  ;B�, C

 89� '*��� 2NU*  ��=, $�40 C 89� ��=,��� B
41

  ��B
99

 ;� -. ��*T� �� ���59  �� ��=,
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�_( �� ��O��X���=,��� �� ��R��  ;RC�� !" ?��%B   �� ��× × × 

3

6

1000 8
10

20 10
  ;+T


[ ]/0 4 !" $� �;RC�  ?��%B ��;� \�*���W
��,�+, . ��1��� -�d
� ��=,B
100

  ��!" 
;RC��  ?��%B   ���123*9�, ��5 Q�
�
=� $� -. \C�� � �123 $��[ ]/16 11  ;+T
 *T, �,

�123 ��
B� W�5�( ���B ���=, B
100

  ?��% !" ��B?��" �,   ;� ��9�2� �
$:��� 

queue(wait(B )) queue(wait(B )) queue(wait(B ..B ))T T T   = + =   100 40 41 99

  

queue(wait(B )) B B ..B

L L
T Cardinality Cardinality

R R

   
= × + × =   
   

100 40 41 99

2 2

 

( )queue(wait(B ))T /
× ×   = × × + − + × × =   × ×   100

3 3

6 6

1000 8 1000 8
0 4 10 99 41 1 10

20 10 20 10
 

 
[ ] [ ] [ ] [ ]/ / / / / / ms→ × + × = + =0 4 0 4 59 0 4 0 16 23 6 23 76  

 )��:89� fKO� ��
�( �
$  
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79- ) ���	
1.
�� ���� (  

 ������HTTP ������ ��  ��  
����� ���	�� ��
��
 ��� ����	 �	����
 ��� �� �� world wide web  �� �	��� ���� �� ���� 

�� 
��! .���document �� #��
� ���$Link�� %�&�� #�$ �� 
� �$ '( �
��� ��� ��)�*��+ 
����
�� �,
�- %�*��+ 
��
 �(HyperText Transfer Protocol) HTTP  .��
� .�	  

 �� ����HTTP �� .�/	
 ��� ���
 0��
 ��$�client 
��$object ��� 
� ��$web server 
request 
�� � ��$�web server  #$object�$ �� 
�.���(  

object�� �$	
�*� %��1 2� �HTML  ����&* 2� ��JPEG ���� ... �� 3���* ��� � %��*��+ 0��

��	
�*��� %4��� �	.�  
 �$object  �	����
 �*�5)67 358� �� �
�� ��1�9� ��1 �� �&8�� :��( 2� �� '( ��� ��� ����

URL �� ��� .��� URL �;
��� <���7		 Uniform Resource Locator ��.����  

:"�#$  
 .ac.ir/index.htmiustww.w  

/home/logo.jpg   
/home/Header.jpg                 

 ��
 0�6� ��=>	
� ?�
 �8�@ ��n  �*object .���� ���
� ����  
�� �� ���� 05A�
 B+ �* #5��� �8�@ 2web  2� �� ��
 0�
 ���5�request  �6� !
Client  ��

Server � %�*��+ ��5��/	( !
 .#5�� CD>� �E5F �� 0�
 '��� #5$�http  �8@ �G�G� %5A� ��
 0��
� %�*��+ ��TCP �� �� ��� ?�4�	
 ��H 
���
 ��
�
 �� 
���TCP  ���
�I��Clint  �6�� ���
Server �� J�9� 
��* ���  2�TCP Connection  � ���
�I�� �
��� ���	�5  � �������1 05����

 ���+ %��1 �1����HTML  0�
 .��� ��/�
TCP Connection  .��  �� ��) ���9�1 ( ��
��N�� !��1
?�&*
 )way handshaking-3 
()2 ( � ��
� ?���* !�1)3 (�� .�/	
 ?�&*
 �!���$� !�1.����   ���

) ?�&*
 ��
�N�� !�1 ����� �� ��
�
 ��way handshaking-3�� (:#�!
��+ 

) "�%�� &���'�� (�)way handshaking-3(  
 �����/�
 �
�����TCP Connection  .����S5+ ����� 
TCP �� ?����� � ��'( ����� ����� ������  

way handshaking-3 ���)E5	 (�1�- �� �$�	��* �� ��� .���  ��� ?��&*
 ��
�N�� !�1 %,
��
:��
 ��! <��@  

1( 
���
Clinet  ��
�N�� ��
�I�� 
Connection  �� 
�Server ��.�$�(SYN=1) 

 %��&���  �!� "#$  
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2( Server  2�ACK � �Client �� ?���
 ��� ��9��� ��� ���T+Connection  �6��Client  ���
 �6�Server  !�� .����U6$05 Server  ��� ��V7ACK  ���/�
 ���
�I�� 2��Connection  !

 �6�Server  ��Client �� #$.����1 (ACK=1, SYN=1)  
:�*+� Server ACK  � ��/�
 ��
�I��Connection  W�- !
 #$ �� �� �$Server  2�� XA�N ��

 �6� �� .�5+Client �� ?���
.���  

:�,,*+�  ����N�Client 
ACK  !
 
�Server �  
���1Connection  �6���Client  ����Server  !����
�� B+ 
���Client �� ��	
�*���
�I�� � ��
� .������� Client  �
��6$ ��� ��
� 
� ���5�I
 0��


ACK.������ #$ ��
�I�� � ��
� 
  
3( Client  2�ACK � �Server �� ?���
 ��� ��9��� ��� ���T+Connection  �6��Server  ���

 �6�Client  !���� .�(ACK=1) 

:�,,*+�  ����N�Server 
ACK  !
 
�Client  
���1� Connection  �6���Server  ����Client  !����
�� B+ 
���Server �� �	
�*��
�I�� � ��
� .������  

:�*+� TCP 
Connection �6� !
 #$ ��9� 
��
 �1�- �� Y��$Client �� �6�� Server  2��
Connection �� ��/�
!
 #$ � ��� �6� Server �� �6� Client  2�Connection �� ��/�
.���  

:�*+�  .�	�>	 ?�� � �� .�S5+ �� 0�
 �*Connection  05�Client  �Server  �� 
��
 ��>	 ��/�
  
 �� .�S5+ �� 0�
TCP  Z�,V[@
way handshaking-3 �� ��� ��� ��9� �� .���'��* �� �$�

�
� ��  �� 
��� 0�
 �� \N
� �� 
�1�-�� .�/	
 ��� �����I %67 �	 B]� � ��$�Connection  ��
�� �
�N�� �1�- �� %��.���  

:"�#$  .��/	
 ��5A�
 <��1��9* ��� 2� ��8@ �� '��� !�� �
�� �5�5�� 
� '������ ��N� �6� ZV^�
��0�
 ... '�
� ��� 
 ... 
.V� :�5$�  �� �$?�&*
 ��
�N�� !�1 �
�� #5�� .���  

:�*+� �, B+�� ?�- �> �� � �1� '��! 2� %N
 �* �>�Client �	
��� 2� request  �� _����
 ���+ %��1 �1���� � ��
�I��html  
� �� 
 ����A
 .�$��request `
  �
��6$ 
�ACK  ��� 
��$��

��> �� � �1� '��! 0�
 �� .��
 <��@ 0�
 �� H�69�  �,V[�@
RTT ��� Round Trip Time 
�� ��� .���  
 :�*+��
 �5Ia�* 0RTT  ��� �9N��� !
Client  2��request  ���Server �� ��* ��$�ACK  
� '(

 ��9� ��� �1����Connection  ��� �9N�� !
 �� 
��� �
�N�� 2���� .��S5+ 
� '( �
��� ��* ��$�
 .�6* %��� 
��5=� 
��
 ���� ��$�5Ia*?�4�	
 �5Ia*( )FT���>�	
 �5Ia�* 
( )Pr opTb�@ �5Ia�* 


( )queueT`!
��+ �5Ia* 
( )processT.  
:�*+� RFC  �
�� �� �
HTTP  ��
� ����1954RFC  �2616 RFC .��
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�
� 
�	�
� ���� �	����
 �RFC  �
��� ?�^� �
�� 
���g$
'( <�5hE� '���  ���� �$RFC'( #5$
��D� �� 
 �� #5�� �9A�[� � #��5=� 
� '�����5+ 
� ��$ �!���

 ���� #5��RFC  .#5�� �5�* 
� ��	(RFC �� �� ��
� ��5	
�N 
��
 '�	�N ���� ��	��:���   
1- ��� .�/	
 
� ��� 0�
 ?�
  
2- ... � ��� .�/	
 
� ��� 0�
 �9� 
���� �1���� 
� .�S5+ 0�
  

RFC 2� Reference .��
 .���
 '��� �!�� ���5+ �
��  
:�*+�  i��RFC  ���� �� �$IETF.ORG .��
� �
�N  
:�*+�  ��	( !
 B+) ?��&*
 ��
��N�� !�1way handshaking-3 ���9� 
��� .��/	
 (Connection 
 �6�Client  ��Server  ?���
 �� ���	 ��=	( .�� !��request �1���� � ��
�I�� ��9� ��  %��1

 ���+HTML  �6� !
Client  ��Server ���
 
����8�@ 0�)@
 �  ��9� ����+ %��1HTML   ���
��1� HTML ��%��1 �� 
��( ���+ HTML ��� ���  ��
  ���F '( �� ��object  � ��
� �����

 �9�browser  �6��object 
� ��$���� '��>	 ��g$ ��� �)��� '( �.��$�  ��>4	 ��A�, 0��
 ��
 �1���� � ��
�I��object�$  ��%��1 ���+ HTML  X�)[� ����  ��! %�� .��
 ��� CD>�

��:����  

  
 

-$ �.���$ ��( �/��� (� �$�� �+0 �� 1� ��2� 3� �� -���4�� 5�$( -6� �+0 ��:���
  

Access (Website) Translate (Domain to IP) Destination DNS LOOK UP HTTP T T T T T= + = +  
:�*+�  2�� ��� ��� %��� ��- �� �� �8�@ 2� �1���� �
�� ��I �� � ���� �� �5�� j�1

A�� 25)� 2�5 :��( � �5��IP  0�
 �� _����URL  �)8� '��E5� ��789: 7��;<  �/5�	 �� 
��

 :��( '���( ��� �� �
��IP  2� ��DNS LOOK UP  ��1���� �
��� ��5�� j��1 .���
 !�5	

 :��(IP  B���� k��- !
DNS 
n  ����DNS �� <�NV� ��> �� � �1� '��! �5I�* � �	��
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 ?��9�RTT1  �*RTTn  ��1���� � ���
�I�� ��� _���� '��! 0�1�  �l	 �� '��� 0�
����� .����
 ���+ %��1html   �object
'( �� ����� ��$ :��
� #5$
�I 
� ��! �[�
�  

n

Access (Website) Translate (Domain to IP) Destination DNS LOOK UP HTTP i HTTP 
i

T T T T T RTT T
=

= + = + = +∑
1

  

7+�: �� �$��� �� "�=�.���$ &HTTP T -$ >64?$ @���A ��:B�(���� 

:�*+� %�*��+ !
 HTTP �� �A�, �� ��:��� ������
 '
�*  
)1( non-persistent http ) � �
���+�	 :2 (persistent http �
���+ :  

Non-persistent http (C��8$��D �� �%$��D)��8����:  

 �A�, ��Non-persistent http  2�TCP connection  ��	�5  � ������1 05��� � ��
�I�� �
��
 ���+ %��1 �1����HTML �� ��/�
 ���	
 �� � ��� Connection �� ��g� �
��� E�5	 ��
�
 �� .���

 �1���� � ��
�I��object �$ %4�g� ��- ��Connection �� ��g� � !��.���  

 �A�,Non-persistent http  �� ��I�� `�� ��5*�*
 �!
�� ����8� �!
��� � ����8��	  �����
�
 ��! <��@ �� '( 3�
�� �� 
��
�:�  

 E��-.���� ��8����::  
  
  

n

Base HTML object
i

(RTT RTT T ) n (RTT RTT) T (i)

↑
↑ ↑ ↑

↓ ↓ ↓ =

 
   + + + × + +    

  

∑
1

  

  

 E��&(�+$ ��8����: ��8�$�::  
  
  

n

Base HTML object
i

(RTT RTT T ) n (RTT RTT) T (i)

↑
↑ ↑ ↑

↓ ↓ ↓ =

 
   + + + × + +    

  

∑
1

  

  

  

  

  

 � ��
�I��
 ��
�N��

_��*�
 

 � ��
�I��
 %��1 �1����

 �)@
 

 ?�4�	
 '��!
�)@
 %��1 

 � ��
�I��
 ��
�N��

_��*�
 

��
�I�� � 
 �1����

objectھا 

 ?�4�	
 '��!
object  

 �
�9*
��
�I���$  

 � ��
�I��
 ��
�N��

_��*�
 

 � ��
�I��
 %��1 �1����

 �)@
 

 ?�4�	
 '��!
�)@
 %��1 

 � ��
�I��
 ��
�N��

_��*�
 

��
�I�� 
 � �!
��

�!
�� �1���� 

 ?�4�	
 '��!
object  

 2�  

khalilifar.ir



 E��&(�+$ ��8����: ��8�$:  
  
  

n

Base HTML object
i

(RTT RTT T ) n (RTT RTT) T (i)

↑
↑ ↑ ↑

↓ ↓ ↓ =

 
   + + + × + +    

  

∑
1

  

  

persistent http (C��8$ �� �%$)��8���  

� �A�, �persistent http  2��TCP connection  ���	�5  � �������1 05���� � ���
�I�� �
���
 ���+ %��1 �1����HTML �� ��/�
 ���	
 �� � ��� Connection �� !����	�� �
��� E�5	 ���
�
 �� .

 �1���� � ��
�I�� object �$ '�6$TCP connection �� �
�N ������
 ���� �5A�
.��5   

 �A�,persistent http  �� ��I�� ��` ��5*�*���8��	 �!
�� 
 �!
�� � ���8� ��
� ���� ��� 

��
 ��! <��@ �� '( 3�
��:  

 E��-.���� ��8���:  

  
  

Base HTML(RTT RTT T ) n ( RTT
↑ ↑ ↑

↓ ↓

 + + + × 
 

n

object
i

RTT) T (i)

↑

↓ =

 
 + +
 
  

∑
1

  

  

&(�+$ ��8��� ��8�$�::  
  
  

Base HTML(RTT RTT T ) n ( RTT
↑ ↑ ↑

↓ ↓

 + + + × 
 

n

object
i

RTT) T (i)

↑

↓ =

 
 + +
 
  

∑
1

  

  

  

  

  

 � ��
�I��
 %��1 �1����

 �)@
 

	
 '��! ?�4�
�)@
 %��1 

 �
�9*
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�I���$  

 � ��
�I��
 �1����
object  

 ?�4�	
 '��!
object  

 � ��
�I��
 ��
�N��

_��*�
 

� ��
�I�� 
 %��1 �1����

 �)@
 

 ?�4�	
 '��!
�)@
 %��1 

   
 2�  

 � ��
�I��
 ��
�N��

_��*�
 

 ��
�I��
 � �!
��
 �1����

 �!
��object  

 ?�4�	
 '��!
object  

 � ��
�I��
 ��
�N��

_��*�
 

 � ��
�I��
 %��1 �1����

 �)@
 

 ?�4�	
 '��!
�)@
 %��1 

 � ��
�I��
 ��
�N��

_��*�
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�I�� 
 � �!
��
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�� �1���� 

 ?�4�	
 '��!
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 �
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 E��&(�+$ ��8��� ��8�$:  
  
  

Base HTML(RTT RTT T ) n ( RTT
↑ ↑ ↑

↓ ↓

 + + + × 
 

n

object
i

RTT) T (i)

↑

↓ =

 
 + +
 
  

∑
1

  

  

  

:�*+�  ��� �*�� �
�� � 
Connection  
 request 
���5	 �
server �� 
� '(.����  
:�*+�  ��
� �������� ����	�� �� �=�g�Persistent  ���Non persistent  %��*��+ .���� ���D�	
 
�

HTTP �� �!��
 �� �$ ���$�.  
�� 
�� 78A �42
 "�+� F�+� �� 

  
��
�:��
 ��! <��@ �� �)mg� ��$  

TOTAL CHANNEL(X )

TOTAL

Base HTML

Object1 Object 2

O

 CHANNEL(X )

bject3 Object4 Object5

1 1

2 2

L 5000 Byte

L 5000 Byte , L 7000 Byte

L 1000 Byte , L 3000 Byte , L 2000 Byte

R 80000 bps, RTT 0.01

R 60000 bps, RTT 0.006

Cardinality(Objec

=
= =

= = =

= =

= =

DNS LOOK UPt) 5, T 0= =
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�/$ &(�+� 
���8�$ "�+� F�+� �� :�*+� �,G: �� �� ��8�$�: &(�+� H� I
�� 789: J
-$.B���
  

 E�� �/�����8���)persistent( &(�+$)pipeline( 
�� ��( F�+� �� ��8�$�::  
  
  

Base HTML(RTT RTT T ) n ( RTT
↑ ↑ ↑

↓ ↓

 + + + × 
 

n

object
i

RTT) T (i)

↑

↓ =

 
 + +
 
  

∑
1

  

  

  

 E�� �/��� �$�&(�+$ ��8����:  K4)�,
 �,G: �� �,� ��8,�$�: �,� L�,.��� ��webserver1  �
webserver2 
�� ��( F�+� ��:  

  
  

( )Base HTML webserver1(object1,object2) webserver2(object3,object4,object5)(RTT RTT T ) Max T , T
↑ ↑

↓

      + + +       
  

  

 

K��MNO  E�� �/���&(�+$ ��8����:  K4)�
 �G: �� �� ��8�$�: �,� L�,.��� ��webserver1  �
webserver2 P�'� C�) �� ��
�� ��( F�+� ��:  

  
  

1 1 Base HTML(RTT RTT T )
↑ ↑

↓

 + + + → 
 
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↓
= ×

TOTAL CHANNEL(X

Object1 Object2
1

1) TOTAL CHANNEL(X )1

L L
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R R
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↓
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 + + +
 
  
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TOTAL CHANNEL(X

Object3 Object4 Object5
webserver2(object3,object4,object5) 2 2

2) TOTAL CHANNEL(X ) TOTAL CH2 ANNEL(X )2

L L L
T n (RTT RTT )

R R R

↑ ↑ ↑
↑

↓ ↓

 
 
 = × + + + + +
 
  

 

 
 
 

 
Base HTMLT�� ���� ��! �[�
� !
:��( 

Base HTM

TOTA

L
Base HTM

L CHANNEL(X )
L

1

L
T

R
=  

Base HTMLT ���+ %��1 ?�4�	
 '��! 
html .��
 ?�4�	
 ?�	�� %I
� ��  

 ��Base HTMLL  �!
�	
 ��
�� ���+ %��1html �TOTAL CHANNELR �
��?�4�	
 n�	 � ?�	�� %� ��.����  

ObjectT�� ���� ��! �[�
� !
:��( 

Object

TOTA
Objec

L CHANNEL
t

L
T

R
=  

ObjectT ?�4�	
 '��! 
Object .��
 ?�4�	
 ?�	�� %I
� ��  

 ��ObjectL  �!
�	
 ��
��Object  �TOTAL CHANNELR ?�4�	
 n�	 ��
�� ?�	�� %� ��.����  

 ���+ %��1 ��g��� 
���
 #5��  �U	( k��[� 
?
o� <��@ �� ��� ��p 3�
�� �� ���* ��HTML  
�

 B]� � ��� �1����5 %��1 object  �� _��*�
 q�	 �� ���* �� H�, � ��� �1���� 
� �=�� ��8���

�+$�: &(��8�$  ��
:#5�� %67 �	�=��
 ��g���  

 2� 
���
RTT _��*�
 ��
�N�� � ��
�I�� W�@  ��webserver1 �����B]� 
 2� RTT  �=��

 ����+ %��1 �1���� � ��
�I�� W�@HTML ������  ����+ %���1 ��1���� !
 B�+ ���HTML 

�� CD>��� ��� %��1��$ object1  �object2  ��webserver1 N� �	�
� �
 05�U6$ �%��1��$ 

object3
 object4  �object5  ��webserver2 ���g$  '( !
 B+ � 
_���*�
 '���� �
����+ %�5A� ��

_��*�
  '�5�client � webserver1  \[N	�6��� + ��� �
����	��:��! <��@ �� 
  

[ ]1 1 Base HTML

5000 8
(RTT RTT T ) (0.01 0.01 ) (0.01 0.01 0.5) 0.52

80000

 ×   + + = + + = + + =    
 
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  ���+ %��1 �1���� !
 �9�HTML  
������ %5A� �  K9�:�� ��8���&(�+$ ��8�$�: ��$ 5client  �

webserver1 %�N !

  �� !�5	��*�
 ��
�N�� � ��
�I��_� ���/�  '��5�client � webserver1  ��

 2�RTT �6	.���� ��
 2� RTT ���
�I�� W��@ �=�� �!
��� ��1���� � �!
��� %��1���$ 

object1  �object2 �����.  �
�4� 0�
�����n �[�
� ��webserver1T ���
�I�� �
�9* '
��7�� ���
�� �$

1  
��! 
��� �$
�I2� 341  0>�	����
�I�� �
�� �!
�� �1���� � �!
�� %��1���$ object1 

 �object2 ��/�
 .#����  

(� H� �� &��QR��* :
A�� B�O�+; �� ��( �/��� ��S�� 

 
 
 

webserver1(object1,object2) 1T n ( RTT
↑

↓
= ×

TOTAL CHANNEL(X

Object1 Object2
1

1) TOTAL CHANNEL(X )1

L L
RTT )

R R

↑ ↑

↓

 
 + + +
 
  

 

 
 
  

webserver1(object1,object2)

5000 8 7000 8
T 1 (0 0.01)

80000 80000

 × × = × + + +
 
 

  

&��QR��* (� H� :
A�� B�O�+; �� ��( �/��� -��T:  

webserver1(object1,object2)T 1 (0 0.01) 0.5 0.7 1.21s = × + + + =    

 ���+ %��1 �1���� !
 �9�HTML  !
webserver1  !
 
���! 
#��
��	 '( ���/� �1���� �� !�5	 �=��

%��1��$ object1
 object2
 object3 
object4  �object5  .#�����I�� � �� ( ��
�� '��5� ��g���

client � webserver2 .��� �
�N�� ���8��	 �!
�� �
���+ _��*�
 2�  

 0�
����� 2� 
���
RTT _��*�
 ��
�N�� � ��
�I�� W�@  ���webserver2 ������B]�� 
 2�� 

RTT ��
�I�� W�@ �=�� �!
��� ��1���� � �!
��� %��1���$ object3 
object4  �object5 

�����.  �
�4� 0�
�����n �[�
� ��webserver2T ��
�I�� �
�9* '
��7�� ��
�� �$1  
���! 
���� �$
�I

2�� 341  0�>�	�����
�I�� �
��� �!
��� ��1���� � �!
��� %��1���$ object3 
object4  �

object5 ��/�
 .#����  

(� H� �� &��QR��* :
A�� B�O�+; �� ��( �/��� ��S��  

 ��
�I��
 � �!
��
 �1����

 �!
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 ?�4�	
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TOTAL CHANNEL(X

Object3 Object4 Object5
webserver2(object3,object4,object5) 2 2

2) TOTAL CHANNEL(X ) TOTAL CH2 ANNEL(X )2

L L L
T n (RTT RTT )

R R R

↑ ↑ ↑
↑

↓ ↓

 
 
 = × + + + + +
 
  

 

 
 
 

 

webserver2(object3,object4,object5)

1000 8 3000 8 2000 8
T 1 (0.006 0.006)

60000 60000 60000

 × × × = × + + + +
 
 

  

&��QR��* (� H� :
A�� B�O�+; �� ��( �/��� -��T:  

webserver2(object3,object4,object5)T 1 (0.006 0.006) 0.8 0.812s = × + + =    

 �+/:�NOB�42
 ��  E�� �/���&(�+,$ ��8����:  K4)�,
 �,G: �� �,� ��8,�$�: �,� L�,.��� ��
webserver1  �webserver2 
�� ��( F�+� ��:  

[ ] ( )1 1 Base HTML webserver1(object1,object2) webserver2(object3,object4,object5)(RTT RTT T ) Max T , T    + + +     
 

[ ] [ ] [ ]( ) [ ] [ ](0.52) Max 1.21 s , 0.812 s (0.52 s) 1.21 s 1.73s + = + =   
�*+�:   <���7 ��F-6�$��:�U '��! �� W�@���  �� ���� ?
�� <��@ �� ��F��:�U  W�@ '��!

���  iV@
 ���.�� 

 %����! :��
 X)[� ����   
  

 ��
�I��
 � �!
��
 �1����

 �!
��object  

 ?�4�	
 '��!
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 ?�4�	
 '��!
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�I��
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 '��!
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80- ) ���	
1.
�� ���� (  

 �� ������ 	
�N  �
�� �����(Go-Back-N)  

���� ����	
� �
� ��� ������	)��� (��� ����
� ��� 
 ���	��  ��! �� 
 "�
	 �#  �� ����
) ���
� ����$Sequence Number%& '�	�� ��(
�) ��	 �� ( *��+ 
� ������ �� ,�( ��(
�) .��+

����	 .� ����	 /� 0���� ���ACK ) 1���2� �����$ ���Acknowledge Number ��!��
& (
%& '�	�� ����	
� ��
�) 1��2� ����$ �3�� .��+Acknowledge Number �����	 4
�� (ACK 

%& �����	
� ��� �� ���+ '��	�� ����� ����	
� �+ �� ��5� ����	 ����$ �����	 .����)ACK  
 �� %�367 ���� �����	 �+ �	� %�5& ��� �� ����	
� ��
� ����	
� ��	 �� ��(
�) .� ��$ '�	��

��
+ ������ 8&�+ 
 �	��� ."���� ���5� ����	 ������ 
9��& 
 *� �����	
� ��+ %����: �
 ����	ACK  �
� �� ���;( ������� �� ���< %=�	�� ���� ����	 �� >��
&Go-Back-N  ���

%& 
� �?@ 
 ��
)����	 ���� ����	 �+ ��ACK  ��	� ���#( ������� ����	
� A	�� 4B 

����	 *���4B .� �5� ��� %& '�	�� 
��� ��� /� �� .����(  

 �� 
��� C��6@ �� �
�Go-Back-N 
��& �� %����	 
)� 0loss �����	 .� /� D�� 0��$ ���
 ����	 .� �5� ���
� ����$ ��loss %�( �
�E�  �2?& �� 0��$ %�?3� 
6�5&��( %���� 
 �(��$

%& ����
� F#+ .� G  ����	
� ���
���� 0�(�$loss ����	 ��< 0loss ����	 ��� 
 ��$ ���
%& '�	�� ���H& �
(B .� �5� ���
� ����$ ��.��+  

:���� �
��� 
��(�#( 0'��	 C��: 8;$ �
� ��$ I
J& ��
��� 0��	� �����	 /�� � ����
����	 K
5& ���	����	
( ��2?& 
���L&��+ ��� ��+ ������ %����
��� 
 �(� K
�5& ��M�	 ����

����	
���L&�+ �� �+ ����� %��� ���	� �2?&.�(�  
:����  8;�

  �� >�6��� ��TCP ��N �� 8;�

  0'�?�(� �TCP �M�O
 
 P��� �� *��Q�.� '
��+ �

*
� �� �M�O
 ��� "�����=� �+ ���� 
�9( %���TCP TAHOE  
TCP RENO  ��R�� �� 0���� ��R

 >�6��� *�Q�.� '
��+ "�����=� 0'��	 C��: 8;$ ��TCP ��: ��� ��$ I
J& C�TCP RENO 

.�	�  
��� ����  ����	
�8 �	�� ���� ����	%& ' ����	 �+ �H(B .� 
 ��+30 %& �	� .�) �
�loss (

%�( ��(
�) �	� �� 
)  ��(
�) G   0�	�1-8 %�5� (7  ����	ACK %& ��=�� �	� �� �+ ��+
%& ����	
�.�	�  

 �� 
��� �� � ����	 ����	
���� ���� 30 031 032 
 33 �� %& '�	�� ���H& %�5� 0��+
 ����	
�4 ���� ����	 ���H& �� %& '�	����(
�) 
 ��+ ,�( 4  ����	ACK %& ��=�� �� �+ ��+

%& ����	
� �	�.�	� 

:"���� 
�. A��
� 1��J& ���
����  

 '��(��� "#$ %&�  
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Data Data: Data:Segment Segment Segment= + = + =
7 8

8 4 12 

( )ACK ACK: ACK:Segment Segment Segment= + = − + = + =
7 8

8 1 4 7 4 11  
#$��� %&' ()*+, �-��� �.��/ 
�01�2*� 31 #32  �33 ��� 3�0., ��  �� � � ����

 4�5�3 678 $*��� �*)�� 
�01�7/� 67��� 79:, �) �� �*)�� �4�5� 7/�  �) �*) ;� <� =�)
 &���>,*?2 4,.7���  

:���� ����	 �+ ���+ �7� ���loss ��6;� .� [�� 0��$ ����	
� A	�� %& '�	�� �&� 0�(�$
��6;� .� [�� %�( ������ ��(
�) A	��.�(�$  

��� ���	/*8  ����	
�10 	�� ���� ����	%& '�H(B .� 
 ��+ ����	 �+ �94 %& �	� .� �
�
)loss%�( ��(
�) �	� �� 
 ()  ��(
�) G   0�	�1-10 %�5� (9  ����	ACK %& ��=�� �+ ��+

%& ����	
� �	� ��.�	�  
 �� 
���  ��7������	 ����	
����� ��� 94 095 096 #97  �98 �� ���H& ��%& '�	 %�5� 0��+

 ����	
�5 %& '�	�� ���H& �� ���� ����	��+ ����	 "�.�� �&� 94 %& �	� .��
� )loss �� 
 (
%�( ��(
�) �	�)  ��(
�) G   0�	�1-5 %�5� (4  ����	ACK %& ��=�� �	� �� �+ ��+

%& ����	
�.�	�  
 �� 
���  ��7.�����	 ����	
�  ���� ���94  
95 �H& ��%& '�	�� �� ����	
� %�5� 0��+2 

%& '�	�� ���H& �� ���� ����	 ,�( ��(
�) 
 ��+2  ����	ACK %& ��=�� �	� �� �+ ��+
%& ����	
�.�	�  

 �� 
���  ���<�/����	 ����	
�  ���� ���96  
97  �98 %& '�	�� ���H& �� %�5� 0��+
 ����	
�3 %& '�	�� ���H& �� ���� ����	 ,�( ��(
�) 
 ��+3  ����	ACK %& ��=�� �� �+ ��+

%& ����	
� �	�.�	�  
:"���� 
�. A��
� 1��J& ���
����  

Data Data: Data: Data: Data:Segment Segment Segment Segment Segment= + + + =
→ + + + =

16 17 18 19

10 5 2 3 20

 

( ) ( )
ACK ACK: ACK: ACK: ACK:Segment Segment Segment Segment Segment= + + + =

→ − + − + + = + + + =
16 17 18 19

10 1 5 1 2 3 9 4 2 3 18
  

 �.��/
�01� #$��� %&' ()*+, �-��� 2*� 95# 96 #97  �98 ��� 3�0., ��  #���	/*8
��7��# ��7.� ���<�/ �  4�5�4  
�01� ��67E8 $*E��� �*)7/� E� �� 7E9:, �E) �E� �*)
67���4�5� 7/� ) &���>,*? �) �*) ;� <� =�2 4,.7��� 
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