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 ������ �����NS :  

�� !  "�#NS$��% &� ا�� ! '��( �)*+ �, ! -"�# �%��)� � .�)�/�0� -�1  ") .%� ��23 4�5/�6 �/ -)

7,���3 .� �, ! 85�0� -�1 �!�/ . !�:�! ;<+ "�# ��=>��3 ") -)REAL Network Simulator  

.�  ?�# ") �@ $�!�/ABCB4#) ��+�� �D#<� � 7��,� ��:) ?�# ��E .F �� � �! "�GH  .NS �/ 

�� ! &��,� ��#) )�I�)�:� -"�#J4#) =�! .�)�F .  !� "�# �NS�)�D�  "���-���%�/ ") �1- 

��/���-$ 7K���3$�1 $�K ! L)<%) )*()-?�� � �K ! �1-!) )� �	%H �� �K ! � ! ���"�#- =�!    

�.��%�$� � M!<3.�1� .)�� ?� %� )� N�1 �� ��� �.���: �I����- ! ") =��O�#) � "�# �NS 

����P-��!H .��  :�/ ������ Q��.!) ") � ! ���"�#- ! ") =��O�#) �/ =�! ��"�#-�1- NS. )� �

:�/ �	�� �% =�*(. ?<R) ") R<� �� ! S�O�� "�#NS� �1)�+ )� .��%�!) ") �K5/ �� ! ���"�#- =�! 

%�:�/ *.T<� )� ��)<� ") �� U.�1�.  

)� �)�/ =�*(-<V2%)� �/ W�� �X�$#��	��

�� � ��3 �� ���" M���)-�Y �<% ���%�/ ") Z��. 

%� �%�)�%�� �� X�%H �/ *.�F ") ��1)<:�?�[� Z�1-P%<PE =��# .#��/ ./ :�.!) ") � ! ���"�#- 

\��P% �%<! �(<�� )� =�!�4#) ��+� .�/�" �)�D� �<��� ����- ") 4]��K#)�1 - X�/" �/ tcl �� 

�.�<+ L��! 4	( X�I��%)<: ^#<� ��%)<�-���%�/ <%��.$�%<! =��O�#)  4#) =�! �1)�+ .)�/ �� _)- 

%�I��%)<:.�6`Y �� ?�[� ����1 ����1-/ ���2-� .��!�/" �)�D� �� ��!�/ ��!)� ��% �� ���- ") 

)�?�[� ����/ �� X<��) �1 �1�1- ! � "�# �NS� �<(<� .�!�/. �#��1"<�H�<: �- .K�%���K_) �� 

?�[��1.��%�)� �<: ��  :  "<�H�<:Marc Greis�� ��P- "<�H<: Mark Claypool� Jae Chung  

����!�/.  

                                                 
١ Event driven 



     

)�/� -�Y �D_�a� W�Z ! ") ����"�# NS�/ ����1)� b��� �/ �- NS/ S�<c/ �� � �� =�! "��

/ns/nsnam/edu.isi.www �)�	P% -� .�<!$�<�% �D()��.  

) �� ����/ b��� ����-���# �<-��/��� ��) =��# -)�/ )� - ! ��"�#-� ��)�) .��%��� .           

 !��"�#-�1.� " ��D/) �� 4#) �K�� �����-��!�/ S��O�� �1 �/ : ��/��� ���%�/-$ ���:�# 

�1���)��3$�K !.�!) ��d �K ! )_� �1�<%� �	K� (G � =��O�#) ��<� 7K���3 ��=� .)��/) ��- �/ �� ��� 

D��( ?� %��?�[� 4� =�< % �1 I�� )� �<:��*( ���% S�.���� ��)�) �� )� �g%H h<Y �� �.��%��� �� 

i_�6 ��<�Y ?�[� W.� ��% �� .I����.R<� �I) ��*( 8���)<� �� )� S�- ") ns% �� �!�/ "�.%)<�� �

���1)� ") )� XH- NS1)<0/ ��. � ��.%)<�� ���H �/ �-ns/ns/nsnam/edu.isi.www

html.documentation )�/-#��#� .��% �D()�� XH �/ ���.X)<�Y �/ ��( =)� W�*P� 4	( =��# � �

�# ") L`F)�)�/ S�%�K�) �-)*() b�0�%) -�K ! $K���3 7�1-�K !  ��1���)��3 �-� X�%H  �1���)��3- 

���%�/�1-��/��� -�   �#�� � ��)<�.%)<��
��� ��j�� �+ �/�7�1-�%�0/��� )-J �D� )� X�%H ��� 8   

�.��%�$� /�")����) ���H ��…/ns2.x/tcl/lib(  �D� ?�[� X)<�Y �/��1�<% 8-�/<� � 4#) �K�� )� 7

�+ ��� 7ns-mobilenode.tcl3 ��� )��� � �R<� ����� S�O�8R i��/-�+ �� �1���)��3 � � 7ns-

queue.tcl  �.�!�/ .��
��3 ��� )� �1���)��3 h�+ M.%)<���+ �� �� 7ns-default.tcl/ �/�� �F�: �/ �

!�/ ��!)��! �)�� �K%H ���%)� �.3 �M/ �F</�� h�+� X���+ �)�� �.�+ 4#) �"k �!�/� 7             

ns-queue.tcl  )� WE��%��� .�� �� _) �� � M0/ �� ?�[� Wl,l �! X))...1)<: ���`� ��<�% �. 

��� : �� �� 	 ��� �	����  !� ��"  NS:   

 !� "�# �NS �� �. �/ l4#) X�/" : �! X�/" W. X��1 �� )�IC++� .�!�/ � ��O� WOTCL �� 

! �D#<�.)�I- TCL �.��� �� �!�/.)�() 4	( - 4]��K#)� =��O�#) �/��� S)�<�#� .�<! .NS 

)�)�- ��G �%�0/��� W.!) ") �� � 7K���3 � �K !� �1.�!�/. ln�) �`� �/- �)�� �5�5# � . �� 

                                                 
1 - Library 



     

NS �<(� ��)�: �1�� i�)�� �5�5#-�]��� � =�! 7C++�  ���P-�1�� i�)�� �5�5# - 

��O�- OTCL��  ��o��� W �W�/�� W� XH X�l� �<(<� .�!�/.�]��� i�)�� �5�5# � �� �/ =�! 7

�%)<�.��)��<:�/ -1�"�/ ") .�  )���.� ! �� )� ��"�#-% � =�)� �)�() X�K�) *-�# � ! ��D��"�#- )� 

� �1)�+.��%�� .)�j�R<c0� �(� ���D� ��% ") ��*( �/ 8�" S��� �� 7K���3 ��K5�YO� �1�4#) � .)� �

��Ip. M1�� qY�/ � �1�)�:� \")��3 X�/" ���/� �1.�<! . 

 �� ��)4]��K#) OTCL) �� �/��� ^#<� =�! ��V.�K ! ���:�# X)<�$ ��/��� ��<� r�: 7K���3  )�

%�� *.�D� X)<���<�% 8 .����/��� ��<� ���%�/ ��<� -% =��O�#) ��<� ��� �� *- �/ r�: 7K���3 XH 

+)�� ?�#�)�� W.$�")��3  �� XH L<%4]��K#)� s02� �/��� .�+ ��% =)��1 �/ �� �<!� XH 7

� s02�.���I.  

 .��<% ���%�/ X�/" ") $;<+ "�# �� ! .�)�F ��C++ X�/" ") ���g�1 � 4#) =����I =��O�#)  

otcl1  �/ *�% .� =��O�#) ���)�+ �(��� � ^#)� X)<�Y �<! .  

 "�# �� ! ��NS$ X�/" �� ") C++ � otcl.� =��O�#) �1 �/ X��*�1  �<! . -k�/ 4Y�# 45Y �/

C++7,���3 -"�# =���3 -)�/ XH ")  ���/ \")��3 � �1 .� =��O�#) -���� .��Y`F) -�1 �<! . -)�/ ��)

�� ! ><_<3<� � ���:�# -"�# X�/" ") �, ! -otcl.� =��O�#)  ���I.  

  OTCL�F ") �Z ��3 W�%<t �.!) ") �%)<���]��� �� =�! 7C++��% =��O�#) �) �� �� ") ��� �

�F� Ztclcl� ��V%) .u3��� �� � ��O� WTCL/C++� 4#)  �
/�a� W.� �!) X�� �OTCL � C++ )� 

� �1)�+.��%�� .NS � ! W���� "�#�) �1�)�:� � �)�6� L<% "�� Z.3 � �!�/�M� ��/  X��" ��+� <5(

P��/.�� %��" �/  -�� ��)�	P% �� %��" ^#<� �� �1�)�-� .� ;�O�) �<!.��+) . i�)�� �5�5# ��

C++ ��� W��)� �! W.�#��! �/  �� ��K.�� �!�/ ���� X��" W�� =�! � �=��!) W�/ �I �! W. 

                                                 
١ Object Tool Command Language 

2 - linkage 



     

�� �/ ���% )� ��)� �����# �)��)��1 *4!)� �1)<: = .�� %��" � )� i��� �)� ���:�# W ) i5G) ��

_ ")�3 4��� =��O�#) ��#<.��� (  

�� �/��1�)�.��/ �� ��)�	P% )� �<! )�() �-� .��%�XH � ��1 )� ��/ W �� =�<�% )�() W  XH

���%)<:)�+ X��" XH �� )� �)�.� .��%��.  

 #
� ��$� 	 ���� ���� %�$�NS :  

�� ! "�#NS/ ����# -�� �  ��%�� v,�%<� 85�0� 7��Y -�1Free BSD UNIX, Linux, Sunos, 

Solaris.� ic% 7/�6  �!�/ ..� �� _)  ._� $�<�% =��O�#) *�% "����� 7��Y ����# ") X)<�NS j��)w 

^��� -)�/ 4#) =�! .�)�F v,�%<� -�1.  

 ic% -)�/NS =�! =��2+ 7��+ X��@ "�/ ") �D/ �@ 4#) .+�@ NS$  �:�! ����k�/ ��

�<�#�./install ���I )�()  . ic% qY�/ �<�#� ��)NS����# -���/ )v,�%<� ^��� �� (.� ���I .

XH 4	( �� ! �@  "�#NS�/   ") ���/ $���I )�() U��R �<FTcl �0�% v7.5�<! =��O�#) ��k�/ ��  .

") �g%��E ���g�1gcc �/  @ X)<�Y� �5��]�C++.� =��O�#)  ��/ $�<! �0�% ") �2.7.2 XH ") ��k�/ �� 

�<�% =��O�#).  

 ic% ") �D/NS$.� $����# X��@ 4�� � ic% S��5�Y 4�R ") X����F) -)�/   �� X)<�

�<�#� �:�! ����k�/./validate�<�% )�() )�   .&� �<�#� ��) 4�� -�#  ��	� 7 6 ") ��)�%��#) -�1

 -)�/ =�!NS.� )�() )�  (��: ") .!�)*I � ��@.� �`Y) �P2���% ��OR -�� �/ 4�� �1 . �<!.  

  

��& : ��  ����'()� TCL  	 OTCL:   

TCL� ^#<� �5�� �)�6 =��O�#) ��<� X�	( �� �O% �1 X<.I���.  TCL� =��# ��)�I �/ X�/" W    

�.�/ X�! '��V� � N`��) ="�() � �!�/��# �/ )� 4�)� � =��# ���X�/" �� �1.�1� .)�<� X�/" � ^#

Jhon Ousterhout$��H �<(</  R<c: ")�) S��") 4���� Y X�/" �:  



     

x �# �D#<� ="�()�� )� '. �1�  

x   �+)�I ^#)� W�K.� )� .) �%)<����% ��V��  

x  �/ �/ ���- ") Platform 4#) ��I"�# �1   

x   �/ X�! '��V� 4	(�� X�2% N�aD%) �<: ") ��.�1�  

x   �/ =��O�#) 4	(�#) 4�)� �� 4  

x   � �0�% Wfree 4#)   

) ���:�/ �V�.<% ���%�/ ?<R) ") ��. tcl �otcl� =��!) )� .��%���:   

b���%) ��/ �)�
� W ���� W��F ") �� �<�#� Z“Set”� ��V%) .u3��� ;)�/-?�[�  “Set   b  0” 

  �)�
�0��� �/ )� �� i���� �.) � ���� ?��D� �“b =0” X�/" �� C� .�!�/.  

�6�.� .1)<:���� �/ =�! i���� �)�
� ") ����% =��O�#) ����/ �� 4�`Y ") �“$” ��� ") 7 6 � �

��% =��O�#)���. )�/-�)� �c6 �I) ?�[� ��)�
� �-��� �� �� )� � �a��� �/ )� ��)� �<(� � �x 4 �% 

1���/ ��<�/ �����:  

“Set  x  $a”  

5�Y�� S��T�.�F ") � �<�#� Z expression� ��V%).1)<0/ �� �I) ?�[� X)<�Y �/ �<!� �/ �

����� X L<�V� l��� � � a �b��% i���� )� ��$� �/ ���<�/ �����: 

  

 “ Set    X    [ expr     $a+$b ] ”  

 �� Tcl��� ��L<% �1��/-=�2% )�/��/ �%)�� ���� W�� �.�%)<���!� L<% ") J ��R �)�
� ��Ut 

�)�
� �/ ���/- X)�/ ��! �� � i����.��%��)�/ �!�/ $�-�� h�+ ?�[� �� ��! �.1)<:� 7R�� �

�
�� �1/60(��: �� )� .!�/ ��!)� ��.<�/ �I) ����: 

Puts”[ expr  1/60 ]” 

                                                 
1 - string 
2 - Integer 



     

�% ��</ �1)<: �OR �V .)�/-�R 7R�� ��!)� ���% s02� �� 4#) �"k U�� � �� ��

�R �)�Y) �/��% ��� U.���� )u_ �.<%����:   

        Puts”[ expr  1.0/60.0]” 

  4�`Y #)��/) �� ��- ��!�/ ��!)� �<(� ^: W$*( ^: XH .� b<��� ���%�/ ") 

 ��O� � z! �1)<0%tcl  )�() )� ^: XH ����1)<0%.  

 ) 4	(���V ��+ W�7 �K.�/ �K%H � ��1� r�c�:) X)�/ ��% W� `[�  �“filename”� v]# 

�� ") �� XH �/ �I =��!) W� ���%�/ X�tcl�/ �<��� #��#�.�+ XH �/ �� =��O�#) 7. `[�  �<!“file1” 

� )��<�#� W�� �/ ��)<� � :Set file1 [open filename w]� ��V%) .�<!.   

    �<�#� puts?�#�) 4	(  �(��: W.)�/ -��% ��OR �/ �E {�E ��� �E � M ��+ W� 7

� =��O�#).!�<. !�/ ��!)� �F�: �/��/ � ��O�#) ��/ �1) ") =��<�#� � ��( ^: W� �� "�GH .�<! .

)�/-) ") b���() ���<� � � X��� �+�T) \�� Wnonewline – �<�#� ") v3 “puts”� ./�!� . �� �I)

(��: X��� {�E �c6.��  ��+ W�!�/ ��!)� )� 7� �)) \�� k�/�� �����V��+ W�� )� 7���� (

1)<:�4!<% �:”text”  puts filet .��/ ?��(-�/  X��� �+�T) \t) � ��V%.�<!.)�/ -��� �I) ?�[� �� 

x �)�
� Q<�/ � �!�/ ��!)� ��� �Puts $ file1 “x $ X”$ )��<�#� ���+ �� )� ^: W�5. ��% �/ 

“filename”) �� ��V.��%�)�)� �� �- l <}Y : "X "�"l "�.� �!�/ ^#<� ��}+ ���)��� W-_�: .J 

")��K�=�! )�( �P�%).  

)�()- � W<�#�� #� 7��Y ���unix") �F� ��!<% Z“exec”�<�#� XH v]#�  X�K�)u3�� 

4#) .)�/-� ?�[� .1)<:� �ns���� .��Y`F) �)�<�% . �� �� )� l�+ �� X<�# �5. ��% �/ data ") �� 

�F� ! Z��"�#-��% =��H 4#�/ ��1� M.) � �<�#� ") =��O�#) �/ ;�O�) �Xgraph �/ � =�)� �� 

" S�<R�% �� ��!<.�<!  : 

 

                                                 
1 - Space 



     

exec Xgraph data  & 

)!�/ ��!)� �F�: �/� 4�`Y �� � &�#� X�! )�() 4	(�" v3 �� �<�� =��O�#)  ��.�<!(  

-���:�#��<�#� W if"  S�<R �/ �4#) �:   

If {expression} { 

     <excute  some  commands> 

     } else { 

     < excute some commands>  

 } 

 �<�#�if� .�#�/ �%)<� � �if�1 �#�� �else�1  �<! =��O�#)M0/ �� ��“<excute some 

commands>”�  .�%<! �1�o ��%)<� .!�/ ��!)� �F�: �/�4�� X��" �� ��/)�/ X���-�/ �� � ") �

“==”  ��% =��O�#)�� ") �% � �"=" .)�/�-4�� �/)�/�% X���- ") "!" � =��O�#) .��%���.  

-�
5� �� �1ns" ��+ �/ �����1 �:  

For  {Set  i   0 }  { $i < s}  {  incr  i  } {  

 }            <excute  some  commands>  

) ��� ?�[� � �
5� X��� S)�<�#��� ��V%) � ��� . �<�#� ") v3 �%<!forS�� Y ” { Set  

i  0 }”� �`Y) .��%����� �� �� i)�/-� =��O�#) \���! .� �<! �
�_�) �)� XH ��4#)  . ��� M0/

/� � {}��)�) ��!�� s02� )� �
5� ��+�.��%� �� � .<I���� X�</ ���� X��" �� )� �
5� �� �i ") 

 ��Y�� =�/ ��)�)  �:H��D� ") M0/ ��8 S�� Y X���for�� ����� ��� =�%���! �.�!�/.  

) ������ �� �( ���i)�  �W�/W�)*+) �� M.1��_� �.� .���Y �)�
� X)<- �)� M1�� )� XH 

)_�*% \���!.( �  ��� �.� S)�� Y ") �T�.)�/ -)*+) ��<�% =��O�#) �P!���!  M1�� � M .  

tcl� ="�() .�� �� �1����1J) ��%<! ��V .��<R ��.)�)� �	%H �� - �<�#� “return” ��!�/ 

�.:�/ ��%)<�.��
� ���%)��I�/ )� �. �<�Y ��+.� �/ ?)�� W ��%blue � ���`� )�.��% ���:  

Pro  blue {par 1 par 2 …} {  

    Global   var 1  var 2  

                                                 
1 - procedure 



     

     <commands> 

    Return  $  something 

  } 

:�/ ?)��.� �� )� ���)��3 .!) ��%)<���+ ��7�1 ���� ��$��!�/ � ���� 4+�.��%�� . �� ��<� ��

)� ��% �1���)��3 �par1و par2G� �=�� .��!�/ .)�) X��� �1���)��3 ���1 �/ ?)�� ����% � ��<� �1

� �)�6 =��O�#).I��%� .)� S�<R �/ ?)�� �blue x  y ….%)<:)�+  .� .�( �� �<!.���
� �� � �x و y 

)�/ ?)�� ^#<�- par1�  par2 � =��O�#)  .�<! .��� �I)�� x�y / ����� ?)�� ���) ��� ���� ��� S)�

��-�� �<: ���1�- x� y�����- 4!)� �1)<0% .� S�� Y �/�1)<0/ �I) �P���� �/ ���6 ?)�� ��uI��)- 


������ �-��� ��1�-(��: .�/ �!�/ ���� XH ����1  )�“global”�D� ���% 8��� .   

# create  a procedure 
Proc  test  { }  { 
     Set a 43  
     Set b 27 
     Set c [ expr $a + $b ] 
     Set d [ expr [ $a - $b ] * $c ] 
     Puts  “c = $c   d  = $d” 
     For { set    k 0 }    {$ k  <10 }  { incr  k }  {   
If { $ k < 5 } {  
      Puts  “ k  < 5 ,  pow  = [ expr  pow  ( $ d , $ k) ]” 
} else {  
      Puts “ k > = 5 , mod = [ expr $ d %  $k ]”  
}   
      } 
} 
# calling the procedure  
Test  

 ?��(AxA:  ���%�/tcl)�/ -� ?��Y) ��V%) �T�.  

 

��� XH k�/ ?�[� ��� �1�Var2�Var1� .��!�/ . ?��( ��A,A�� =�1�2� )� ?�[� W.��%�� �

�/ �����-�1��K5�Y ") -� �T�. �� )� tcl��% �/ �� M.��)uI . S�� YPow ) ������ ?�[� �� �d �/ 

X)<�k�)� �1)<: �� �/ )�  . ?��( ��A,l� ���%�/ ") ?�[� Wtcl)�/ -?�) �)�Y) � #���  � X�2%. �1�

 �<�#� ") �%<PE ��if$ "���% =��O�#) �
5� � ?)�� ������ �� �argc�1���)��3 �)�D� 7��! .� �� 4#) 



     

� ?�#�) ���%�/ �/.�<! .���� �argv ���� 7��! �)��/ W��1�-� ���%�/ �/ =�! ?�#�) .�!�/ .

)argc �)��/ ?<F argv� .�!�/ .(�  �<�#�lindex� ="�() �� �/ .D6<� �� �1�� )� =��!) ��<� �)��/ 4

�:) �� )� ��� ���)��3 ^#<� =��!) ��<� X�K� ���P/ ������ .)�/��/� ^: �[lindex $argv ] Set j 

_�) �� �<(<� �)�
��?�#�) ���)��3 ���� �� �� ���%�/ �/ =�!� �argv :w���� �/ )� 4#) =�! =�� �j 

� i����.��%��. 

#Usage :ns prime.tcl NUMBER  
# NUMBER  is the number  up  to we want   to obtain  the   prime  numbers   
# 
If   {$argee!= 1 } { 
#  Must  get  a single argument  or program  fails. 
Puts  stderr  “ ERROR! Ns  called  with  wrong number  of  argument ! ($argc)” 
Exit 1  
}else { 
Set  j [lindex  $argv 0] 
} 
 
               Proc  prime  {j} { 
                   #computes all  the prime  numbers  till  j  
                  For  { set  a  2 {$a <=   $j }   { 
                      Set d  [exper  fmod  ($a ,$i)] 
                     If {$d==0} { 
                       Set  b  1 } 
                  } 
                  If  {$b ==1} { 
                       Puts  “$a  is  not  a prime number “ 
                    } else{ 
                      Puts “$a is a prime  number “ 
                      } 
                 } 
             } 
Prime $j 

 

 ?��(lxA: )�/-_�) � #��� ��)�Y) �  

 

# Usage ns fact.tcl  NUMBER 
#  NUMBER is the number we mant  to obtain the factorial 
#  if {$arge   !=1}  { 
#  Must  get a single  argumet  or program  fails. 
 Puts  stderr  “ERROR!  Ns called  with  wrong  number  of  arguments ! ($argc)” 
Exit  1  



     

} else  { 
Set  f [lindex $argv 0 ] 
} 
 
Proc  Factorial  {x} { 
For  {set resuit 1 }  {$x>1} {set  x [expr  $x -  1 ] }  { 
Set  result  [expr  $result * $x ] 
}  
Return  $result   
} 
Set res” Factorial  of $f  is  $res”              
 

 ?��(�xA:  =��# ���%�/TCL)�/ - � #��� �<���+�7 ���Y W  

 

) ���%�/ �%<�%-)�/ -�<���+ � #��� �7 �% )� ��Y W� ?��( �� *�xA� ���`� .��%���.  

�F ") �R`: �<F �/ ���Z �<% ���%�/ ?�� ?�[� W��.! .  ��)� )�IOTCL% � 7K2� *

1)<:�! �/ ` 6 4#) �"k )u_ 4!)� �.)�I.�!H !�/ ���� . =�! ��"� ��5�Class  �`� ��% ^#<� 

�D�� �� =�! 8OTCL� 4D/��� .�<! .�1���-�D� ��`� �� =�! 8 ��5� ") =��O�#) �/ �1instproc 

� �`� ��% ") v3 ��.H�� � � ��� XH ��% XH ") v3 �1���)��3�� M.H�$� �D��� 8.�%<! . ���init 

 =�%"�# X��1(constructor)`� � �.�!�/.  

���� �self �=��!) W! ") �I.� \�<: �/ .��� ��%�� �!�/� �this  ��C++ � �java. )�/- 

�D����� �%<�% X��� 8� �� �OTCL =>)� ") instvar � =��O�#).�<!.   4�_-super class)�/ -�D� � 8

n�) X����/- �� �`� ") �`� W�� =��O�#) �P.�<!.  �`� ?�[� X)<�Y �/�R �)�Y)� �`� ") U


� �)�Y)�
.� n�) .��/ . ?��( ���xA) �� ���`� )� L<T<� �.��%���.  

             

Class Real 
 
Real  instproc init  {a}  { 
            $self instvar value –  
             Set  value -$a  
} 
Real  instproc  sum {x}  { 



     

               $self  instvar _+  [$x  set  value _]  = \t” 
               Set  value _  [expr  $value  _+   {$x  set  value  _]] 
                Puts  “$op  $value _” 
} 
Real  instproc  multiply {x} { 
               $self instvar  value_ 
               Set op “$value _* [$x set value_] =\t” 
               Set  value _[expr $value _*[$x set value _]] 
               Puts “$op $value _ “ 
} 
Real instproc divide {x}  { 
              $self instvar value_ 
              Set op “$value _ / [ $x set value _]  = \t” 
              Set  value _[ expr $value _/ [$x set value _]] 
              Puts  “$op $value _” 
} 
Class Integer –superclass Real 
  Integer instproc  divide {x} { 
                $self instvar value_ 
                Set op “$value _ / [$x  set value _] =\t” 
                Set d [expr $value _ / [ $x set value _]] 
                Set value _ [expr round ($d) ] 
                Puts  $op $value_” 
                } 
 
                Set  real A [new Real 12.3] 
                Set realB [ new Real 0.5 ] 
  
                $real A sum  $real B 
                $real A multiply $realB 
                $real A divide $real B 
                Set integer A [new Integer 12] 
                Set integer B[new Integer 5] 
                Set integer C [ new Integer 7] 
                 
                $integer A multiply $integer B 
                $integer B divide $integer C 
         

 ?��(Ax�:D6)� =��O�#).=��# ���%�/  OTCL!)� ��R ��Y ��U 
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  & ��  ���� *��+,�  ��"NS:   

) ����	��I M0/ �-_�) �7��! �� )� �:  

��� �/ L��!����: � X��� ! X�)���"�#-   

�D��><_<3<� 8-8R 7��! �K ! �1$ 

�D�� 8_�W��1�<% � �1-�K ! $   

�D����/��� ���%�/ 8-J�Y� 7�t$ 

 ! =�1�2� �)*/)��"�#-) NAM($   

� %� �)*/) *Tracing) �� 4 ���6� � �)�� ! '�"�# �- ( �.� ��)�) �!�/.��%���.  

�Y<�V�)-?�[� ") �1-�� �� =��#  � ���6 )�.) �� �"�#���I ��1  ! �/ )��� "�#NS%�#�/ ��V%) �/ � �

%�� ��)�) *.�<!. 

 

 

 

 

 

 

 

  

  

 

                                                 
1 - Application 
2 - Agent 



     

     �-�. 	 /	��ns:   

�� ! ��V%) 4	(  �� -"�#NS 7��+ &� ���/ )��/) TCL �<(<� S)�<�#� ") ;<+ 7��+ �� � ��@ ��V�) 

 ��NS S)�<�#� ") ���g�1 �  TCL.Ip�� ���# � �, ! -><_<3<� X��/ -)�/   ��% ��<� �, ! -�1

�<�% =��O�#) .�	� .Ip�� ��) ����  ") ����� Y �1 :  

- �1�<% �)�D�  

- �<% �1 �c02�  

- �&��_ �c02�1�<% =��1� ?�c�) �1  

- 7,���3 L<%�c
� � �� � -�1�<% �/ 7c�� -�1  

-  ._�#�) &�+)�� L)<%)  

- �� ! X��" X��" � -"�#  .,�+)�� ' �� �1 X�! ?�D+ -�1  

 - 7��+ S�c02�&�+)�� X��@ �<��%<� �/ �</�� -�1 �c02� �)�0�#) � �, ! -�1  -�1

�, ! .�H��@  

 

��V%) -)�/ ��6 ��_�) ���� !  &� ���/ $-"�#�� ! �`@") d.! ���I ��V�) "�# . �/ ��) ��)

X�,�) ��" �<�#� &�@ 4#) ��u3:  

set ns [ new  Simulator] 

 S)�<�#� &�@ �/ $;<+ �<�#� ") �D/NS � otcl<� $&��_ $�1�<% 7��! �@ �, ! -><_<3 � �1

.� �, ! X`��Y .� ��V�) $��!�/ �%<! .�1�<% ��V�) ") �D/&��_ &�@ �/ $�, ! X`��Y �   -�1�<% $�1

.� 7c�� �P��,� �/ �, ! .� ?�c�) �F</�� -�1�<% �/ *�% �, ! X`��Y ���g�1 � �%<! ��/�� .

�/ � $.,������ ./������ -�	5,���3 $?�[� X)<�Y5,���3 ") -����/ � .,�+)�� '/�� ?�#�) ��k -�	

�%<�% .� �, ! X`��Y ") -) ��!�/.  

") �D/.� $�1�<% �/ �	%H ?�c�) � �, ! X`��Y ��V�)  �c02� X)<� �<�% ����� *�% )� �	%H -�1.  



     

 )u_� ! W�� "�#ns) �/ �� "�GH �<�#� �. �<! 

set   ns [new Simulator] 

�1 )u_�_�) �<�#� ����� �� ^: �J !��"�#- �.�!�/ .)�^: � ���� W��( �� �ns  �/ )� 

 �<�#� ") =��O�#)set �D��� 8.��%�� .5K! �1 �/ �� _).1)<0/ �� �� �.%)<���)uP��% )� XH �-���% � �

�%<�% �� �V%H ") ��))- �`� ") Simulator�  )u_ �! W.� XH ") .j��<�Y v3 $�!�/ �/ )� XH X)�/��� 

�1��)uP��% 7K! �-� .��%��� .  

 ��[new Simulator]'6)� ��  ��%<�% W"�#- �`� ") Simulator ��"� ��5� ") =��O�#) �/ 

 =�!new� .�!�/ .) ") =��O�#) �/ )u_��� ����( �� �ns �.%)<������ ") �.�1��� � '/)<� - �`� 

SimulatorXH 1)<: �� �%<I�� ����% =��O�#) ����.  

�/ ) �<�����+ ��V�(��: 7.��� - ! S�Y`F) ��"�#-) �+�7trace( ��+ ��5.)�/ �� - 

 =�1�2�   !��"�#-� =��O�#) . �<!)�+��	5- nam ( �<�#� ")open� =��O�#) .��%���.  

# open the tarce file 
Set tracefile 1[ open out. tr w] 
# open the  NAM  trace file 
Set name file  [open out. nam w] 
$ns namtarce-all $nam file   

  

k�/ �� �Da6 ��+ W� L<%") =�)� 7trace ���/ out.tr�  ��+ W�) =�1�2� 7" L<%nam) )�/- 

 �)*/) ^#<� =��O�#)NAM(  ���/out.nam) �� ��V.��%�� .�1�� X���- tcl ! ��"�#-) ��+ ��)� �	5 

�F ")�/ X�2��% Z��% ���.I���=��!) ") XH h<Y � ��1�I.�� �� k�/ �� �� �) ��) ��V��+ ��7/ �1�-

�<(� =���H)� $�tracefile1  �nam file� =��O�#) .��%���.  

� ?�) �<a: 4	( ^
+ k�/ ?�[� ���	E S���T<�t� .*( � ��!�/.� ! S)�<�#� 4#) ��-

"�#-% ����� .!�/ ��!)� �F�0/�) �� �� �S���T<�  4�`Y �/  #� "�GH.�%<! .�+ ��� ^:� 7out.tr 

                                                 
1 - script 
2 - comment 



     

)�/ �� )�-� =��O�#) ��!<% .$�<! � "�/.��� . N��W2% � X�.) �� �1���+ ���/ 7 �<���

) ��!<%�4#) =�! ��V .�<#�") ^: � � ��� W Simulator���/ trace-all ��)�)� -���)��3 - 4#) 

�+ ��% ���5.� . S�Y`F) �� �!�/trace $�! �1)<: ��!<% XH X��� � =��O�#).��%��.) �/ � ") �<�#� �

  �`�Simulator���� $.�6� �D.! �� �� )�  ��"�#-� �� . ��)�) �� �� r<c0� i_�6 �/ �1�

T<� i_�a���! �1)<: =�)� U�� $�/�.� .�+ �I) � �%<!�5.=��� s02� !�/��1 �/ ������ i_�6 �. 

����1�)�- ! ��"�#- ! �:H �� ?�) ") �"�# �-�+ XH �� �� ��!<% 7.�%<!.  

�:H� ! �/ ^: ���� "�#.<I��6� ��1 �� ! '��"�#- )� ���� i_�6 ��- NAM ��% 4 ��� .

)��g�1 �<�#� ���+ ��% ��5.�6� �� )� ��<�#� ^#<� ' $ns flush-trace �! �1)<: ��!<% XH X��� 

%�� *. �1�)" ��� ���%�/ �finish () �� ?�[� ��<� ����+ ��=��!) ^#<� 7�I $nam file �+ X��1 ��� 7

out.tr �.�!�/4#) s02�  .�/ �!�/ ��!)� ��� S)�<�#� ") =��O�#) �� � nam trace-all�      

trace-all ) �/ �V�� 4#) �K����+ ��V�7�1-�/ �I�*/ ��.�%<!  .�)�	P% �c6 �� �I)-�}+ �O� � - 

:w�=�"�#-!�/ ��!)� )� X����/ ��� S)�<�#� ") ���P tracing ��% =��O�#)��" �� ��) �Y<�V� �- ") 

�6�� ! '��"�#- �� )� =�! % ��<���� "� �� 4#)P/ �/��� .�E��)�<�#� �.1)<: i_�a� ��)�) �� )� � �

��� .����: � ! ���%�/ W��"�#-)�() ^#<� -" � ���%�/ �finish� ��V%) .u3���.  

# Define a ‘finish’ procedure 
Proc finish {}    { 
            Global ns  tarce file 1 namfile 
            $ns flush-trace 
            Close $tracefile1 
            Close $ namefile     
            Exec nam out. nam  &  
            Exit 0 
} 

 ��5� proc �" W�) �� �� )� ���%�/��M��% ��<� � finish� X��<I�H X��/ � .�!�/�D� $� 8  �.-

��%�� .��5� global� =��O�#) ./ �� �<!<P�� ��� ")��1�.�1)<: =��O�#) �) ") ���: �� �<�% �� �

"��D� ���%�/��=�! 8�%) .���flush-trace  �`� �/ Z5D�� ��Simulator� . S�Y`F) �!�/trace)�  



     

�+ �/�7�1-XH �/ ^ ��� �1$ 50��� �.��%�� .�<�#�tcl��% �/ close$ �+��	5- tracej̀  6 �� )�  

�D��=�! 8� )� �%).� ���/ �<�#� exec ���%�/ nam)�/ )� - ! =�1�2� ��"�#-� )�() .��%�� .

!�/ �(<���D6)� ��% �� �� �.�+ �7�1-  nam�  trace)�/ )� -� =��O�#) )�() .��%��� � =��!) �% �/ �I

�	%H )�E )�  XH ��)�<�#�nam( �(��: �<�#� W.4#)  )�� ���%�/ ") ���:.(  �<�#�exit)�() - 

 !��"�#-�3 )� �� X�.� �1� �OR ��Y ��/ )�.�%)��I �%�2% ��)-DT� ") � �/ �� 4#) ����: 4

#�� �`Y) ���.��%��. )�/ �OR �)�
�- ��R ����: W�3 �)�
� U�4#) h�+ M.�# ���
� �� �   

�.<P/ �� �%<2/ =��O�#) ��%)<������: ���)�() ��+�- ! ��"�#-/ ��� 45Y�:�/ �)�. ): " �1�a  

�.�!�/.  

X��" -)�/  �� �1�)�:� -��/NS �<�#� &�@ �/ $at.�   ?<F �� =)<0_� ���_ �1 �� X)<�

�� ! X��" ?)�� -"�#  -�1otcl�<�% ?�D+ )�  .���/   ?�#�) X���3 � L��! X��" ���D� X�,�) i����

.,�+)�� '/���$./)�: ��V�)  X��" �� �, ! -�	,��_ �� .�6<� -�1  $r�: -�1 =��/�� -��/�,�3

.� �1)�+ �	��) ��%�� � �, ! -><_<3<� ��H.  

�/ .� qY�/ $4#) =��H ��" �� �@ .�)�<�#� ?�[� X)<�Y  ���D� 7 6 ") .,�+)�� ' ��  �@ �<!

 =�!$cbr0 X��" ��  0.5 X��" �� � ����% &�+)�� ?�#�) �/ L��! 4.5���I 86<�� .  

$NS  at  0.5  "$cbr0  start" 
$NS  at  4.5  "$cbr0  stop" 

  

�3 �� � ! ���%�/ X���"�#-�/ X���" �� ���%�/�finish %)<:)�+ )�.��% ��� � D�����% ��� �E �

%��".) ��/ ����: ��/ ;�O�) ����O .)�/- ?�[�   

     $ns at 125.0  " finish"     

)�/-" X�")�R �%�� �� ���%�/�� �Al�� =��O�#) �) .�<!.   

  <�#� &�@ �/ �run�� !  .� "�GH -"�#  S)�<�#� ���g�1 � �<!stop �� exit ����: qY�/ 

�� ! S��5�Y .� -"�#�%��I.  



     

 &�&� ��-(�0��� 1)�0 ��3 (�	��56!7  6�� : 

��% �� "�# �� ! �)*+) NS.� ��V�) ��" �<�#� &�@ �/ �<% �1 $ �<!:  

set  node_name [$NS node] 

  

 ;<+ �<�#� �� �@node_name% .� �, !�<% �� �!�/ . $�<% �1 ��V�) �/NS -��,� ��Y &� 

.� 4 �% XH �/ �<% =���@ s02� �1� . � =����I 8��D� ?�#�) X`��Y $�, ! -�1�<% ��V�) ") �D/

.� 7c�� �, ! -�1�<% �/ �%<! . �� ?�#�) 7��Y �1 ���HNS ?<F -)�)� A�.� 4�/   �@ $�!�/C 

� �<% =��1� X�2% XH .�k�/ 4�/ C.� ;<+ �<% �� ?�#�) 7��Y =��1� X�2% -�D/ 4�/  �!�/ . ��)�/��/

 4������ �/ �(<� �/C.�% $�1�<% ���H ���D� �� .��/   �� X)<�NS ") ��2�/ l�� � �<�% ��V�) �<% 

 ") �1�<%�)�D� �g%��E �I)l���/�� �D#<� �<% ���H �5�+ ���/ $�!�/ ��2�/  . ��"�<�#� ") �<��� ���/

��O�#).� = �<!:  

Node expander 

  

.� qY�/ ;<+ �<�#�  �/ .1� ���H -�}+ �@ �<!�� ") � ��+�� �D#<� 4�/ tt -k�/ 4�/ 

.� =��O�#) �<% ���H s�c0� -)�/ XH ���I.  

 �� �<% �1 ��,5�Y h�+ M�3 4_��NS$�/  &� S�<R .� .�@)�3  ��1)<0/ �g%��E ._� �!�/

�V�) .�@)�3 ��E 4�5/�6 �/ .��1�<% .#`@ ����� ���/ $���@ �EnableMcast �)�6 &� �/ �/)�/ )� 

��1�.  

 �<% &� �/ ���/ �1 ���� �/ ) �<% -���� Z��F ")Node entry( ���/ �c
� ���H )��/) $

��)� ^#<� Addr classifier.� .#��/   ���/ $�!�/ �P�� �<% &� ���/ �c
� �g%��E � ���I

) .(��: �	,��_") .,� �/ .�+����.� ?�#� �<! . 7c�� .5D+ �<% �/ -���� ���/ �c
� 7��Y �I) ._�



     

Z��F ") S�<R ��) �� $�!�/  ��)�Port classifier 7�5��� ��*V� -���� ���/ =�I�� =���! 

.� ?�
�%) �F</�� ?�#�) 7��Y  -���� ���/ v]# � =�! �/�� .  

 �% �� 4�/ ����k�/ $.,������ ./������ ") =��O�#) ��P�1�� =��1� X�2% $���H ���

&� �� .�@)�3��E .� ���H X�</ .�@)�3 �!�/ . L<% ") .1� ���H $�!�/ �OR ;<+ 4�/ �g%��E

&� ��)��G�� � 4#) .�@)�3 .� .�@)�3 ��E L<% ") ���H S�<R �!�/ . .�@)�3��E 4_�� �� ��)�/��/

 �/ �/)�/ �1�<% �)�D� �[@)��AlC4#) .  

�/ ���( 7��Y &� ?�c�) -)�/ ��" S)�<�#� ") $��% ��<� �<% ") .5 6 7��Y Nu� �� � �<% 

.� =��O�#)  �<!:  

- $NS  attach_agent   node  agent 

- $NS  detach_agent   node  agent 

 

 7��Y 'a6 �� ?�c�) qY�/ i���� �/ ;<+ �<�#� ��agent �<% �� node.�  �%<!.  

  

 

• 8!��  �� �0NS  

_) ") �P�� .,� $M0/ ��) ��X�� .� &��_ �@ )� �, ! -><_<3<� =��1� 7�,2� �1  .#��/ $�!�/

.� ���@ .&��_ ^
+ .� �)�6 .#��/ ��<� �a
% �/ �a
%  -�1 �%��I .�� ! �� _) "�#NS �/ =�`Y 

&��_ &��_ ���# $�a
% �/ �a
% �1  ��%�� ?�)��� �1 :&��_ �, ! �%�I��E .#��#��/ �1  � .5�� -�1

&��_ �, ! �1 / -�1.� .%� ��23 *�% )� ��# X�� ��@.  

�� ! �� &��_ �1 "�#NS.� 8��D� ��" ����� ��3 ^#<�  �<!:  

head-  : .� &��_ d.! ��_�) �@ &��_ �/ -���� �a
% �!�/.  

  



     

  

Queue-  :4#) &��_ �� �<(<� 8R ���H =��1� X�2% .&��_ �� &� j̀ ��@ -�1  8R &� �+�F

._���� $��)� �<(� �_ ���# �� �@&� .� 8R &� ") ��2�/ �<(� X�,�)  �1 �!�/.  

Link-  : .� -"�# ?�� =�! =�)� -�1 �c02� �/ )� &��_ �@ 4#) .%��_) �/ =���@ =��!) ��@.  

Ttl-  : =��!)  .I�%" X��" �)�
� �@ 4#) .%��_) �/ �I(TTL).� -�)�	P% )� ���/ �1  ��@.  

Drophead-  : =��!)  �� N`�) �@ 4#) d.! �/ �I.� \")��3 )� &��_ ��@.  

 ����� �g%��E$traceAllFile ") �1 ���/ ./���� X�,�) S�<R ��) �� $�!�/ =�! 8��D� 

��)� �<(� XH ") ���: ���_ �� 8R �/ ���� ���_.  

&��_ 8��D� -)�/ ��" S)�<�#�  �� �1NS�/  .� ��@ �%��.  

$NS  simplex-link  n1  n2  bw  delay  q_type 

 ��" �<�#� �<% �� ��/ �+�F &� &��_ &� ��V�) -)�/n1 � n2�/  .� ��@ ��� . -�1�����

�/ ;<+ �<�#� .� 8��D� ��" S�<R �%<!:  

bw-   :  -�1�<% =��1� ?�c�) &��_ �%�/ -��	3 X)*��n1 �  n2  

delay-   :  -�1�<% =��1� ?�c�) &��_ ��:�� �)�
�n1 �  n2  

q_type-  : / �� -��/ 8R ���%�,� L<%�)� ��1)<: U�T<� XH ��<� �� ��2�/ j)�D/ �@ &��_ �+�  

$NS  duplex-link  n1  n2  bw  delay  q_type  

  

.� 7 6 �<�#� �/�2� �1�<% =��1� ?�c�) &��_ �@ S��O� ��) �/ �!�/$.� �+�F��  �!�/.  

$NS  simplex-link-op  n1  n2  op  args 

  

�c02� .:�/ ���D� -)�/ �<�#� ��) ") -�1��%�� r�: : �� M���% ��P�1 �� &��_ 4	(

nam       ) ��%�/ �@ -�)*+) �� ! ") 7R�� ����% �2���%) S�<R .� X�2% )� �, ! -"�# �1�( �%� $



     

���/ �c02� ���# �� � &��_ �/ ._�#�) -�1&�+)�� �/ �</�� -�1  �<% �� ��/ ._�#�) -�1n1 � 

n2�/   .� ��@ ���.  

$NS  duplex-link-op  n1  n2  op  args 

  

.� .5 6 �<�#� �/�2� &��_ -)�/ �@ S��O� ��) �/ $�!�/ �/ �+�F�� -�1 .���@ ���.  

$link  cost  cost-value 

  

 �/ �/)�/ )� &��_ \"�) �)�
�cost-value.� �)�6  �1� .&��_ ���� h�+ M�3 4_�� ��  \"�) -)�)� �1

A����1 .  

$link  cost? 

 &��_ -��Y \"�) �)�
�.��/ )� �%)��I.  

$link up 

.� ?�D+ 4�DT� �/ )� &��_ ��/.  

$link down 

.� ?�D+��G 4�DT� �/ )� &��_ ��/.  

$link up? 

.� M���% )� &��_ .5D+ 4�DT� �1�.  

�6�.��E �� �) =�I ��!�/ =��� ��V�� �._ X)<� ��	K�.� �1 �/ �	%H =���� 7c�� �� )�             

�.��!�/ $ )���% ��V���� ?�[� X)<�Y �/ .%)<� ��_ ��D� 7K! X) �/ )� W�� ��� 8:  

$ ns      duplex-link      $n0   $n2    10Mb    l0ms    DropTail 

�/��1 =�I �� 4#��D� �- $n0�$n2") =��O�#) �/ �W) )�)� �� �+�F �� ?�c�-:�� � ��2�%) �

A���5.%�� �+�o� �� 4A�/ �P� �%�� �/ 4�)�/ �-� 4	( �1 .� 7c�� �	/ ��!�/.�%<!.�D� 4	(�8 

�_ W�W� ��+�aK/ �V- �_ W��/ �+�F�� W�� S�� Y �duplex-link S�� Y �/ )� simplex 

link�(�*P���% ����.  



     

 ��NS(��: 8R .�/ Z5D��  �20/ X)<�D/ =�I W._ �1 ") ����� �� W�- XH \) 

_�3 4#) W��"�# =��-� .�<!.�D��_ 8�1)� ?<�2� W�.)�/ - ��# ��<�� *(over flow)�� - XH 

% 8R�� *.�!�/ .+�o �I) �� ?�[� ��<� ���(��: 8R�+ �/ 4.�:H =�P%H ���I L� !) ����/ �)- �� 

� ��)�.�<!$ � Nu�.���I )*I �/� b�0�%) � ��DropTail .(�/ �� _)���-*I ") ����1- %�( .� ��P- 

%� ��%�� �%�)� �<(� *RED(Random Early Discard)% � �*Queueing) FQ(Fair$DRR(Deficit 

Round Robin)،SFQ(stochastic Fair Queueing)، CBQ7��! ��  �<_�) W�� 4��� %��" W- 

!��I 4/<%. Round-Robin� .�!�/.  

�/ �� �� _)�+�o ���/ ^ ��� 8R �+�/ 4 _ �1�%)� W���D� *���% 8��1)<: ?�[� X)<�D/ �� �

4!)�:  

# Set Queue Size Of Link (no-n2) To 20 
 $ns queue-limit $no $n2 20                                                  

  

   �#  ���1 ���/ ?�#�) 7K! �/ 8R*-�/ =�! Nu�  �	� 7��Y W. (Null Agent)     

3�=��"�#- �.! �<!.TTL(Time to Live)� X��"  ���)��3�)�/ )� S�-�� �� ���/ XH �! 4+� =�

4#)$ � � #���.��% ��.  

���/i�E �/ �1�1.�/ �K ! �� �� �%�)� �"�� %�#�.� .� �%<! )�i�E�/ � TTL s02� 

�.��%�%��" S�� �E �.���/ � �1.XH ") 7 6 ��%)<���#�/ �c
� �/ ��$��!�/ ��!)� �<(� �K ! �� .  

�_ W�)�)� =��# W�-��+ .<c� �� �� 4#) �" ��� =�1�2� �.��%���:    

 



     

�_ W�_ �� ") �+�F �� W��")<� W�- �W) �+�F�� ��V.�<!.  

/�X)<�Y �") ?�[� W �<c� =��# �K ! W��-)�  " �� �����% ��P/ ��% �� )� =�! =�)� M���   �  

  

  

><_<3<�-) ��F ") �K ! ��)�() Z-�1�� -" ��D� ��4#) =�! 8. 

# create six nodes 
Set n0 [$ns node] 
Set n1 [$ns node] 
Set n2 [$ns node] 
Set n3 [$ns node] 
Set n4 [$ns node] 
Set n5 [$ns node] 
#create links between the nodes 
$ns duplex-link $n0 $n2 2Mb 10ms droptail 
$ns duplex-link $n1 $n2 2mb 10ms droptail 
$ns simplex-link $n2 $n3 0.3Mb 100ms droptail 
$ns simplex-link  $n3 $n2 0.3Mb 100ms droptail 
$ns duplex-link  $n3 $n4 0.5Mb 40ms droptail 
$ns duplex-link $n3 $n5 0.5Mb 30ms droptail 
 
#set Queue size of link (n2-n3) to 20 
$ns queue-limit $n2 $n3 20  

  



     

�/ �!�/ ��!)� ���+�o �� ���/ ^ ��� �+�/ 4�_ W��D� W��4#) =�! 8 )_� 7c�� W�

�1�<% =����- n2, n3  (�# �/ ^ ��� N<OR�_ ��W�3 ") �)�
� �1��D� M� =�! 8��)�  � )�)�.�!�/. 

)��)�
� � 3�� )� h�+ M.%)<���+ �� ��7 ns-default.tcl  �<�#� ��Queue set limit _50 WE 

��%���.  

)�3 �)�
� ��+ M�/ �%<PE )� h�/���� � ���1� ���� 

3 �/�" X���)�����%�/� Queue-limit �+���7ns-lib.tcl  :  

Simulator insproc queue – limit {n1 n2 limit}                      
$self    instvar    link 
[$link_( [ $n1   id  ] :[ $n2   id ] ) queue] set limit_$limil 

 

�� )��� �V� �./��� �� �queue limit '6)� ��  � �`� ") ��� WSimulator �� 4#) 

����� ���)��3- ��)� :l_ �� =��I�)� W� �D��� 8.��%�� � 8R �+�/ =")�%) � =�����. L�(�) �)�
� 

��� �/ =�! =�)���limit� =�)� .�<!. 

#setup a TCP connection 
Set tcp [new agent/TCP] 
$ns attach-agent $n0 $tcp 
Set sink [new agent/TCPsink] 
$ns attach-agent $n4 $sink 
$tcp set fid_1 
$tcp set packetsize_552  

 
#setup a FTP over TCP connection 
Set ftp [new application/FTP] 
$ftp attach-agent $tcp 

  

&�9 � �0  ����' 	 �0 ���:7��'��; 7 :(Agents and Applications)   

�D� ") v3�8><_<3<� X���-� �1�<% ") 7K2�� �K !  _�W�4#) �"k X<��) �1 ��( W�+)�� X�� W

)�=��� ��V $�F")�><_<3<� XH Z-��% ?�#�) ���.  



     

)�/-) X�%�#� ��( �� 4#) �"k �c
� �/ X����%�/-��/��� -�1 � 7��Y�1 �� )��1��. 

��%��><_<3<� XH ") �� �-) ��% =��O�#���. 1)<0/ �� �</ �K�� ��!uI ?�[� ���� �WFTP )� /�=�I �-

�1- $n0  � $n4)�()   ��%�� �� %�* �W���%�/ -��/��� -�1")   L<%CBR (Constant Bit Rate))�  

/��1�<% �- $n1 �$n5k 7K���3 ��K ! �)- ^#<� �� FTP� =��O�#) . �<!TCP/IP� .� �!�/ )� �

_�� ��. 4#)  ��CBR ") UDP� =�	/ .I��� .�/ )��/)�� � W7��Y  L<% ")TCP )� /� )� � =�I �$n0 

 �c
� =�I�$n4�D� ���% 8�� v3 �FTP�1)<: =��O�#) XH ")  �<�%. �� �Da6 �� v]# ��� � W

7��Y UDP/ � )� � �<% �$n1�  �c
�$n5 ) �� ��V.��%�� �� �CBR�<�% �1)<: =��O�#) XH ") .  

#setup a TCP connection 
Set tcp [new agent/TCP] 
$ns attach-agent $n0 $tcp 
Set sink [new agent/TCPsink] 
$ns attach-agent $n4 $sink 
$tcp set fid_1 
$tcp set packetsize_552 
#setup a FTP over TCP connection 
Set ftp [new application/FTP] 
$ftp attach-agent $tcp                                  

 

&�9���FTP over TCP     

 TCP�� L<% �) ����Y) 7/�6 ����") ?���� 7K���3 W��������/ ") �� 4#) W�1-�c� �� Z  �`Y)

?<R�J_<� �)�/ �c
� ^#<� =�! �-�F) ��� ") X������/ 4+�� =��O�#) �1.��%��.  

���/�1-# X)<�Y �/ ��+� 4#� ") � D� ����") ?��P�� �.�%<!. ) �/�_ �<(� 8R� ��W��1- 

)�/ �+�F ��- TCP)�/ -�c� X�%)��I�/ �Z���T )� � �/ �1-�</ �1)<: .  k�/ �� �Da6  ?�) ^: ��

�)���:  

    Set   tcp [ new Agent / Tcp ] 

  

                                                 
1 - Acknowledgement 



     

)�/ �/ =�`Y �<�#� ��L<% X� 7��Y �=��!) W ���/ �Itcp 7��Y �/ )� TCP� . �� �1�

!. �� NS� .�!�/ .  �<�#�$ns attach –agent $n0 $tcp)� � �<%  ?�c�) TCP �D� )��� 8.���   �

�<�#�  Set Sink [new agent/Tcp Sink] �c
� �<% ���+� TCP�D� )� �� 8.� ��� =��!)�I- ���/ 

Sink��/ X)�/ )� .�%)��I .!�/ ��!)� �F�0/� �� �TCP$ �	� M
% �c
� �<%._<� �� )� ��c� ��Z �1

� �`Y)� ���/ ?<R��/ �1�}� �<�����/ ��1 X������#� �� �1�) �c
� �/ X��� �O.���.  

 

#setup a UDP connection  
Set upd [new agent/UDP] 
$ns attach-agent $n1 $udp 
Set null [new agent/UDP] 
$ns attach-agent $n5 $null 
$ns connect $udp $null 
$udp set fid_2 

 
#setup a CBR over UDP connection  
Set cbr [new application /traffic/CBR] 
$cbr attach-agent $udp 
$cbr set packetsize _1000 
$cbr set rate _0.01Mb 
$cbr set random_false 

  

 �<�#�$ns attach – agent $n4 $sink�D� )� �c
� =�I �� 8.��% � �<�#� � �$ns 

connect $tcp $sink ?�c�) TCP /��1�<% �-) )� �c
� � )� � �� ��V.��%��.TCP�1���)��3 - 

"���-��
� �/ �3 ��1��)�
� h�+ M.1)<0/ �I) �� ��)� =�! �� �<T� �/ �.%)<���� )� X�%H ��� �

1���.)�/ -3 �)�
� ?�[� �M �� ���/ =")�%) h�+TCP �)�
� A����/ �� � 4#) 4. �)�
� �/ �%)<�

���P- `[� ��l�/ ��� 4��� �) �/�� �<�#� �/ ;�O�) �$tcp set packet size _552� �� .�1�.  

�6�.��E �� ��( ��+)�� X��K.�)� �1)<0/ 4#) �K�� ��� ����� X�%H X���6 *�<! 7� �/ �

�%� �/ ?�[� X)<�Y�1-�F ") � X�%H =�1�2� �� S��O�� �)�() Z- �<�#� $tcp set fid _1��  � W

�( �#��!�X�"A " ?�c�) �/ )�TCP� 4 �% .��%��$ � ��V%).u3���. �c6�)� � �/ i_�a� ��)�) �� �� �



     

�(� X�UDP$  �#��!"l "1� r�c�:) )�� ?�c�) �K%H ") v3 �TCP �D���! 8$ ��/��� ���%�/- 

FTP�� -�D� XH �� 8.� �<!  )��	�%) ^: �# �� 7�Y �.�� ��V%) ;<+ �� �Da6 .�<! .   

!�/ ��!)� �F�: �/� 7��Y �� �1 �� �TCP�  ��/��� ���%�/- FTP)�)� -=��!) �1�I.� 

_�) ����1. )� tcp���� . )� ftp=��)uI ��% )���% 46� ��) �����% �� ��1-� ��P-% )� �� *.%)<�� �

��% b�0�%)���.  

  

&�9 �&�CBR Over UDP :   

�D� ") v3� ?�c�) 8UDP�  ��/��� ���%�/- CBR�/  ��-XH $ � WUDP )� � �� (Agent/ UDP)�  

�	� �c
� W. (Agent/Null)�/ 1! X���=<)-)�/ �� - TCP$4!uI  �D��� 8.�<!:  

#setup a UDP connection  
Set upd [new agent/UDP] 
$ns attach-agent $n1 $udp 
Set null [new agent/UDP] 
$ns attach-agent $n5 $null 
$ns connect $udp $null 
$udp set fid_2 
 
#setup a CBR over UDP connection  
Set cbr [new application /traffic/CBR] 
$cbr attach-agent $udp 
$cbr set packetsize _1000 
$cbr set rate _0.01Mb 
$cbr set random_false 

                                       

)�/- CBR ") �� CDP� =��O�#) .��%�P%<PE ;<+ �� �Da6 �.�D� � S�Y`F) ?�#�) ��% 8

� %�/ =")�%) *� X�2% )� ���.�1�. �V/-�D� � �<�#� �� ?�#�) ��% 8$cbr  Set rate_0.01� =)� � �P

�D��%��" �5R�+ X��� 8.J/ ����/ ?�#�) ��/ �1 =��O�#) �<�#�")  

$cbr Set interval_0.005 

                                                 
1 - Interval 



     

�.�# ") �!�/�R<c: �� S�CBR$*I�� �� ���� �random_� .�� �!�/  � 4	( �E�3 W

�<(� X��� s02� �Y �")��3 �<(� ���+��c� 4.+)�� ?�#�) X��" S�� �� �� W. S�<R �/ �!�/

3�M) h�+�*I ��G ���� ?�D+ �.� � �!�/.�� �/ �%)<�  

$cbr Set random_1 

���I ?�D+ . ���/ =")�%)% �1��<�#� �/ *  

 $cbr Set pachet size _<size>  

�.��� �%)<���)�/ �/�4 (�<!  

&�9 �9�UDP with other  traffic sources  : 

  �# �/ 4#) �K���+)�� ��W�1-��/��� -7K���3 ") �� UDP� =��O�#) .��%�1)<0/ �� ! ���"�#- 

1� ��V%) )���:  

+)�� ' ���K. pareto on-off , Exponential on-off� ���� ' �� W.�+�/ � 7trace.  ��

_�) ' ��.��� �/ �" 7K! �/ i��D� ��� 8.�%<! :  

Set source [new Application /Traffic  Exponential 
Set source [new Application /Traffic pareto] 

 

)�+)�� '/��� ��K.�1���)��3 .� ���/ =")�%) X<g�1 )�/ �/�4(packet size $ burst_time_   ��

X��" ^#<��"on"�  ?�D+� s02� )� X�</.��%��� )� ��� 4+�.���� . ' �� �� pareto��3 W ���)�

1� 7K!. shap_)�  %��D� *�� 8.���� ���  "�_�[� �.")  � Wpareto on/off� ���`� )� .��%���:   

Set source[new application/traffic/pareto] 
$source set packetsize_500 
$source set burst_time_200ms 
$source set idle_time_400ms 
$source set rate_100k 
$source set shape_1.5 

  

��/��� ���%�/-+)�� ��� � W. �/ trace" S�<R �/ ��D� ��� 8.�<!: )��/) ��+ W�7trace  )� 

�D��� 8.��%���: 



     

Set tracefile[new trace file] 
$trace file file name <file >  

  

v]# ���%�/���/��� ��1 �D� )��� 8.��%��� � �+ �/ )� XH�5.�/ �� �)�)� �-_�6 ���� i.� 

�!�/$ ��% 7c�����:  

Set src [new Application / Traffic/Trace ]  
$src attach –tracefile $  tracefile 

�+��/ �</*� 7�%��" �5R�+ 7��! �.�) #���/ ?�� �1 �/ �/ ���/ =")�%)��!�/ 4.  

 &�<�	�(�0��+7+!����� 7 : 

 NS � ! W���� � "�#.�� �/ ��1�)�-)�(  ") � �1.�!�/. �1����- ! ��"�#-�D� �� 8. �� �<!

�����1� �� '6<� �E �1�)� .)��/) �<�#�.� Set ns [new Simulator] ��� �� %��" W�) �)�� ��V 

�.��%�� � ����/ XH ") v3 �1�)� i_�6 ") =��O�#)  

 $ns at <time> <event> 

  �� %��" -� .�%<!. �� �� %��" )�() X��".� ns�F ") �#� Z �<�$ns run / "�GH�� ���. ���

�� =��# ?�[� ��$ �/�� ��K/ "�GH �  ����:FTP � CBR�� %��" )� -��% ��� � )�� �.�F ") �%)<�� Z

�1�<�#�-" ��<! ��V%) �: 

 

 $ns   at  0.1  "$clor  start" 
 $ns   at  1.0  "$ftp  start" 
 $ns   at  124.0  "$ftp  stop" 
 $ns   at  124.5  "$clor  stop" 

)�/��/� �FTP%��" ="�/ �� . A �� Al�� ?�D+ . �!�/ CBR%�� �� ���1- �,A �� Al�,� ?�D+ 

+)�� ?�#�) ?�� �� ���</ �1)<: W.  

��1 =���H X<��) �1 ��� ! ��1 �� ���"�#-�+ �� �� S)�<�#� �I) )� �5.���/ ex1.tcl  

)�/ ��!�/ =�! ��!<%-I��# �/ )�() .�� �� �.�� ��:  



     

ns ex1.tcl   
�/ �!�/ ��!)� ���" �� �Da6 �� �� ���$" �� ���%�/���P-�3 �� �=�! �+�T) X�4#) .�� � W

�+�(��: 7.��
� �/ )� ����_ �)-?�#�) =�V�3 =")�%)  TCP%��" 7R)<+ �� . ��A%�� �� �.<%���.  ��

�+ ��% ?�[��(��: 7. winfile� .�!�/ .)�" ���/ L<% ") ���%�/��2I". �1 �� �� 4#) ��A%�� ��<: � 

%)<:)�+ )�.� .���. XH � ' �� ���)��3 WTCP�  �+�5.� �� �� .1)<:�(��: X)<�Y �/ �. XH �� 

<�/����� )� ��� 4+�.��%��.  

 
Set  tim#set queue size of link (n-n3)to 20 
$ns queue –limit  $n2 $n3 20 
Setup a TCP connection  
Set tcp [new agent/TCP] 
$ns attach-agent $n0 $tcp 
Set sink [new agent/TCPS ink] 
$ns attach-agent $n4 $sink 
$tcp set fid_ 1 
$tcp set packetsize _ 552 
 
 
#setup a FTP over TCPconnection  
Set ftp [new application /FTP] 
$ftp attach –agent $tcp 
 
#setup a UDPconnection  
Set udp [new agent/UDP] 
$ns attach-agent $n5 $null 
$ns connect $udp $null 
$udp set fid_2 
 
#setup a CBRover UDP connection  
Set cbr [new application /traffic/CBR] 
$cbr attach-agent $udp 
$cbr set packetsize_ 1000 
$cbr set rate_0.01Mb 
$cbr set random_false 
 
$ns at 0.1  “$cbr start” 
$ns at 1.0 “$ftp start” 
$ns at 124.0 “$ftp stop” 
$ns at 124.5 “$cbr stop” 
 
#procedure for plotting window size.gets as arguments the name 
# of the tcp source nodded (called “tcp source “)and of output file. 



     

Proc plotwindow {tcpsource file} { 
Global ns e0.1 
Set now [$ns now] 
Set cwnd [$tcpsource set cwnd_] 
Puts $file “$now $cwnd” 
$ns at {exper $now+$time]  “platwindow $tcp source $file” 
} 
$n at 0.1 “plotwindow $tcp $winfile” 
$ns at 125.0 “finish” 
$ns run 
 

 

 &�=� �� ���>?"�nam:  

�6�.5 6 ?�[� �� .)�  � )�().��%�� $�nam�1�2� �)*/) �� =� .�!�/ � 7��! �K ! W� ��% )� =�I� M

�.�1� .=�I �)�
�#) 7��� �1.+��c� �<F �/ �%)<�.�<! b�0�%) . )�/-=�I X�K� �K%H  S�<R �/ )� �1

<c��" ��1��)�
� �.��% ���$  

 

�� "�� �+�T) )� �.��%���:  

 # Give node position (for NAM) 
 $ns duplex-link-op $n0 $n2  orient right-up 
 $ns duplex-link-op $n1 $n2 orient right-up 
 $ns simplex-link-op $n2 $n3 orient right 
 $ns simplex-link-op $n2 $n3 orient right 
 $ns duplex-link-op $n3 $n4 orient right-up 
 $ns duplex-link-op $n3 $n5 orient right-down 



     

��K% :=�I �)�
�#) �I)+��c� S�<R �/ �1.�<! b�0�%)  � �T�� ���� X��2+ �/ �!� % M0/ 4     

"re- layouf"b�0�%) �/  �+��c� �)�
�#) W.� �� �P.%)<���<: 40/ � )� /���"����. �g�1�� �. X)<�

=�I X�K��1 5� �/ )��W X���Edit/view  � 2��� =�I �1 X� #</ =)<0_� X�K� �/ XH X��/��<� �5$ 

�����<�% �. ���H��-� .��%����% �� �� �P2nam���/ Q���� S�<R �/ �1- CBR)�  �� �<% ") A 

 �/�� .� *��6 �%� �/ �%�� ���/�1- TCP =�I ") �� )� � �/ �� ./H �%� �/ )� �%��.��% �M     

�.�1� .���/�1- �`Y) ?<R�  TCP �� �� �� ���/ vKY�1- TCP� )� .3����% ���/H �%� �/ *. 

��%�� =�)� M.�/ ��D/) �/ ��) �%<!����/ �� )�E ��KE<� ���1-�c� � Z���/ ��.����1  _�� ��. ��

���/�1- TCP$ ��l�/ �� 4./��!� .)�/-��� ��%� S��5 6 ?�[� ���%�/ �� L��!�� �1.�D� �8  

�.����:  

$ns  color 1 Blue 
$ns  color 2 Red  

 

  �F�: �/ !�/ ��!)���1 �� �I) �X<��) ��+ W� 7nam !�/ ��!)� �% �< V� �����)�/ �- 

j���*_ XH =�1�2� ns��% )�() )� ��� �K5/ �.%)<���( �/ �-
��� XH �j���<�#� >�+ ��% � 7nam <nam 

�� )����% ����.  

��<+ vKY W-J ��% ")� �P2nam� .^#<� �%)<� �� �P3�E W �X��� � ��+ W� �<! {�E 7

)�<�� �� )� 7�Y �-k�/ - nam�  *I ��� ��File� .%)<��"�# Z
�� ���.   

.�'�+!����- �� 7�07 NAM:   

=�I X��� �%� �1: 1)<0/ �I) ?�[� X)<�Y �/� �n0%� �� ���% *��6 �1)<: �<! =�)� M�4!<% �:                                                                                                                     

$n0  color  red 
    

                                                 
1 - Snap shot 



     

=�I 7K!�1 :3 S�<R �/�=�I h�+ M�1$ )��) =�-����1 . � ��).O5�0� ?�K!) �/ ��%)<�. 

��%�� ?�[� X)<�Y �/ �%<! =�)� M. ��!<% �/ X)<�$n1 shape box�  ��/ � �(- 4�_ box ") 

hexagon)�/ - �D5T .�( �/ -D/�� .�  � �circle)�/ -��� -X�</ .  

• _ X��� �%��W��1:  

$ns  duplex-link-op   $n0  $n2 color "green" 
 

  � X��� �+�T) 4�`Y X��� Nu� :�.%)<��R�: X��" �� �. �%*/ 4�`Y )� =�I W� �)j̀ [�%��" �� . 

�� �+)�� ' �� W�K.� ?�D+ X��" XH �� )� .��%��� (j̀ [�:  

$ ns  at  2.0 " $n3   add-mark  m3  blue box " 
$ ns  at  30.0 " $n3 delete-mark  m3" 

)�� qY�/ �./H 4�`Y �<!. =�I N)�F) �%� �%��" �5R�+ �� . [2,30]) ��<! ��V.  

i�E�/ X��� �+�T): �� =�I W.") �%)<���/ �D/ �/ X��" W � `[� i�E�/ W"active 

node"��% �j̀ [� �<! =�)� M :)�/- X��" A�l�)� i�E�/ X��1 �/ �D/ �/ ��:  

$ns  at 1.2 "$n3 label \"active node\")�/� - �/ X�" i�E�/ "Tcp Input Link"_ �/ � W�n0-n2 

���� �.����:  

$ns duplex –link –op $n0 $n2  label "Tcp  input link " 

� �+�T)��� X��: �3 ��� =�V�3 X�NAM� .�%)<� ��<! �1�o r�: X��" �� ��� W .)� �

� ���.R<� �%)<��8�� =�����R�: �)�.�!�/ X��" XH �� . ?�[�:  

$ns  at  5  $ns trace-annotate  $n2    \"packet drop\" 

   �� X�K�) W� ") �Pnam$ X��� �+�T) �%�� W�=")�%) �<�� 8R.)�/ �!�/-[�  4	( ?�

%���� �<� =�1�2����� 8R X���-_ � W�n2-n3�)� ��:  

$ns  simplex - link – op $n2 $n3  queuepos  0.5 

+)�I ^#)��K. NAM<c� �� )� �" ��� ���`� �.��%���:  



     

 

 

 

 

 

 

&�@�Tracing
1  :  

&�@���Tracing object :  

 

 !�� "�#NS� .�+ �%)<��7�1- Trace)�  �1 �/ c� 7K! ��<��-�  K#).t)��V���% ��+ �� �1 �� �� 7

�� �/ Z a����1�)�-� �K ! �� =�)�:� .��!�/ .�6�. ") tracing� =��O�#) .��%��� XHX��E �� ��

��c��5 6 �.���:�# ")  �_ W��<�% =�1�2� W��) �� �� �V��! .d�( �_ �� ��<c� �� �� W��" �� �

�./ ����: DrpT ,RecT,DeqT, EnqT  

                                                 
1- �� 4 � ��1�)�  
2 - ascii 



     

 

EnqT$ � =�! ��)� ���/ �/ �</�� S�Y`F) ���� 8R 7:)�-_ �� 4 � )� ��+�I �)�6 W�.��%�� . �I)

 ��E� 8ROverflow) � �#�* () S�Y`F) �<!�! )� ���/ �. DeqT� 4 � .��%�� .DeqT S�Y`F) 

���/�1- )� 8R �� �<(<�  �� 4.��%��. �	% ��� 4RecvT��Y`F) .���/ =��/�� )� �1.� ��  �/

(��:._ �#� W��=�� ��)�) �� �/ )� �%).���. NS� ="�() �� �/ ./ S�Y`F) �1����2-�F ") )� � Z

tracing��H 4#�/ ��. �K. �	1)� XH ") Queue Monitoring�  ��� 423 =�1�2� ���1�)�- =�)�:� 

��- �� 8R W. �!�/  

 &�@�&��� ��?.�"(�5A7 trace:  

�6� .� ") =�! 4 � S�Y`F) ���1�)�-�� )� �K ! ��+ W�K#) 7.� �)�6 .1�� �� �Al+ � �5

1�%��"�#.� .<c� �� �<!�� ���`� )� XH �.��%���:  

 

 

+ �<	O��w ��! �/ �1�5�� 7.��!�/:  



     

+��5A: _�)�+ ���� L<% �5�/ )� �)��� X�. ") =��O�#) �/ �� ����*I���: d,-,+,r��� �/ �� � �/ i

���(��: �� 4+�._ �W�$ 8R �/ X�!��)�$ � 8R ") ���: � 4_k� ���/ XH Nu�.��%���.  

l.��� �+ ���� XH �)�:� X��" �5�� X�2% )� �)�.�1� .  

�.���� =�I-_ �K�.�� �� ���% )� 4#) =���+) ;�O�) XH �� �)��� M.�1�.  

� .(��: =�I._ ��� 7R�� W����% )� �)��� M.�1�.   

� .)�/ )� ���/ L<%- ?�[� CBR � � �TCP��% �� M.��% �/ L<% �1�. X)�/ �� �� Application  

+)���K.=�)� )�� 4_k� �.��%��. )�/- ?�[� TCP Application 5 6 ?�[� �� . )� "tcp"� .���% .  

� . ���/ =")�%)  

� .) �� �E�3 L<%��E�+ ��� �<(<� �5.�!�/.   

C .)�+ ���( �#��! �5�+)�� X��K. �/ Z5D��� IPv6 �.� �/��� �� �!�/.�( �1 �%)<�� �� �� �� )� X�

OTCL���� -��� ���% ���. )�)�/ �#��! �-*V� �5��� ��/ 7�� ��2.�<! '6)� =��O�#) ��<� �%)<�. 

)��g�1 X�K�) ��)�/ �-%��" .�( �%� �� �+)�� X��K.)�/ -��% � ^#<� MNAM s02�        

�.$�<! �.P/ �)�6 =��O�#) ��<� �%)<����.  

B.)���+ �/ )� � ���H �"S�<3 .�<%"  

A� . �/�2� ��+ X��1 �/ 4#) �c
� ���H  

AA._)<� =���!.k 7K���3 �/ Z5D�� ���/ �� �K ! �.�!�/. 3 �� �E�I)�=��"�#-D6)� . UDP ") 

_)<� =���!.�% =��O�#) .�<! ��) $NS_)<� . UDP)�  %�� 4 � *.��%�)�/ �� �-*V� N)�1) �5��� �� 7

� �<! =��O�#) S�D_�a�.  

Al .�:H�+ ��=���! �5 ���K-� s02� )� ���/ XH .��%�X)<�Y �/ � �_�) �<a: ?�[� W�� � W

trace�1�� ^#<� �� )� -5 6 ?�[� ._<� �� ���`� )� 4#) =�! �.��%���: 

+0.1 1 2 cbr 1000 ------ 2 1.0 5.0 0 0 
- 0. 1 1 2 cbr 1000 ------ 2 1.0 5.0 0 0 
R 0.114 1 2 cbr 1000 ------ 2 1.0 5 0 0 0 



     

+ 0.114  2 3 cbr 1000 ------ 2  1.0 5.0 0 0 
-  0.114 2  3 cbr 1000 ------ 2 1.0  5.0 0 0  
R 0.240667 2 3 cbr 1000 ------ 2 1.0 5.0 0 0 
+ 0.240667 3 5 cbr 1000 ------ 2 1.0 5.0 0 0 
-  0.240667 3 5 cbr 1000 ------ 2 1.0 5.0 0 0 
R 0.240667 3 5 cbr 1000 ------ 2 1.0 5.0 0 0 
+ 0.9  1 2 cbr  1000 ------- 2 1.0 5.0 1 1 
-  0.9  1 2 cbr 1000 -------  2 1.0 5.0 1 1 
R  0.914 1  2 cbr 1000 ------- 2 1.0 5.0 1 1 
+  0.914   2  3 cbr 1000 ------ 2 1.0 5.0 1 1 
-  0.914   2   3 cbr 1000 ------ 2 1.0 5.0 1 1 
+ 1  0  2   tcp   40 -------- 1 0.0 4.0 0 2 
-  1  0  2   tcp   40 -------- 1 0.0 4.0 0 2 
R 1.01016  0  2 tcp 40 ------- 1 0.0 4.0 0 2 
+ 1.01016   2  3 tcp 40 ------- 1 0.0 4.0 0 2 
-  1.01016   2  3 tcp 40 ------- 1 0.0 4.0 0 2 
R 1.040667  2 3 cbr  1000------- 2 1.0 5.0  1 1 
+ 1.040667  3 5 cbr 1000------- 2 1.0 5.0  1 1 
-  1.040667  3  5 cbr  1000------ 2 1.0 5.0  1 1 
R 1.086667 3 5 cbr 1000 -------- 2 1.0 5.0 1 1  
R 1.111227 2 3 tcp 40 --------- 1 0.0 4.0 0 2 
+ 1.111227 3 4 tcp 40 --------- 1 0.0 4.0 0 2 
-  1.111227 3 4 tcp 40 --------- 1 0.0 4.0 0 2 
R 1.151867 3 4 tcp 40 --------- 1 0.0 4.0 0 2 
+ 1.251867 4 3 ack 40 --------- 1 4.0 0.0 0 3 
-  1.251867 4 3 ack 40 --------- 1 4.0 0.0 0 3 
+ 1.251867 4 3 ack 40 --------- 1 4.0 0.0 0 3 
-  1.251867 4 3 ack 40 --------- 1 4.0 0.0 0 3 
R 1.292507 4 3 ack 40 --------- 1 4.0 0.0 0 3 
+ 1.292507 3 2 ack 40 ---------- 1 4.0 0.0 0 3 
-  1.292507 3 2 ack 40 ---------- 1 4.0 0.0 0 3 
R 1.393573 3 2 ack 40 ---------- 1 4.0 0.0 0 3 
+ 1.393573 2 0 ack 40 ---------- 1 4.0 0.0 0 3 
-  1.393573 2 0 ack 40 ---------- 1 4.0 0.0 0 3 
R 1.403733 2 0 ack 40 ---------- 1 4.0 0.0 0 3 
+ 1.403733 0 2 tcp  552 ---------- 1 0.0 4.0 1 4   
-  1.403733 0 2 tcp 552 ----------- 1 0.0 4.0 1 4  
+ 1.403733 0 2 tcp 552 ----------- 1 0.0 4.0 2 5 
-  1.405941 0 2 tcp 552 ----------- 1 0.0 4.0 2 5  
R 1.415941 0 2 tcp 552 ----------- 1 0.0 4.0 1 4 

 

  

  



     

&�@�9�Trace � B��; (�  :��C� �7	� �� (�0��+ : 

5 6 M0/ ��.�  P%<PE X<����.4 � 5� X������ ���1�)�- ! ��"�#-�</ ��+�I ��% �� )� =�! ��. 

1)� X<��).)�/ -4 � *( �	�� X���.��� ") ��) )� �1�)�)� ��.1���. _�)��( =)� ��*P���<�#� X��� 

 >�+ ��%� 7<$ns trace-all �<�#� �/ $ns trace –queue� ." 7K! �/ ?�[� X)<�Y �/ �� �!�/� �  

�.�� X)<���<�% �:  

$ ns trace –queue $n2 $n3 $file1 
 

�% ���XH �V ��+ W�(��: 7. L<% ") trace� .�� �	�� 7��! �� �!�/��1�)�.��� 4#) - 

_�/ W���1�<% �- n2,n3 4#) =�)� �� ))�5 6 ?�[� �� )� �1�<% �.�D� �</ =��� 8���( � �<�#� W

� �/�2�.)�/ �%)<�- nam trace ") =��O�#) �/  nam – trace queue �V/- trace – queue �� _) �!�/    

trace- queue�/ ��D� ") v3 ��_ 8�W��%<! '6)� �1. �g�1�+ X�K�) ����5�� X�����F ") �1�)�� Z

���1- tcl�  �/ # S)�<�#� ") =��O�#)�7��Y ��� unix% �� *��)� �<(.  

#set queue size of link (n-n3)to 20 
$ns queue –limit  $n2 $n3 20 
Setup a TCP connection  
Set tcp [new agent/TCP] 
$ns attach-agent $n0 $tcp 
Set sink [new agent/TCPS ink] 
$ns attach-agent $n4 $sink 
$tcp set fid_ 1 
$tcp set packetsize _ 552 
 
#setup a FTP over TCPconnection  
Set ftp [new application /FTP] 
$ftp attach –agent $tcp 
 
#setup a UDPconnection  
Set udp [new agent/UDP] 
$ns attach-agent $n5 $null 
$ns connect $udp $null 
$udp set fid_2 
 
#setup a CBRover UDP connection  
Set cbr [new application /traffic/CBR] 
$cbr attach-agent $udp 



     

$cbr set packetsize_ 1000 
$cbr set rate_0.01Mb 
$cbr set random_false 
 
$ns at 0.1  “$cbr start” 
$ns at 1.0 “$ftp start” 
$ns at 124.0 “$ftp stop” 
$ns at 124.5 “$cbr stop” 
 
#procedure for plotting window size.gets as arguments the name 
# of the tcp source nodded (called “tcp source “)and of output file. 
Proc plotwindow {tcpsource file} { 
Global ns 
Set  time0.1 
Set now [$ns now] 
Set cwnd [$tcpsource set cwnd_] 
Puts $file “$now $cwnd” 
$ns at {exper $now+$time]  “platwindow $tcp source $file” 
} 
$n at 0.1 “plotwindow $tcp $winfile” 
$ns at 125.0 “finish” 
$ns run 

 
 

•  ��� D�E� +!F  �� 7��"NS:   

X��1���%�/ $�! ��OI *�% j̀  6 �@ �<F�� ! -�1  �� -"�#NS$ 7��+ &� �� 4]��K#)  �%<�3 �/

tcl.� ��!<%  .� =��O�#)��" �<�#� ") XH -)�() -)�/ v]# � �%<! �<!:  

NS  <tclscript> 
 

 7��+ �@ -���� j̀  6 ���/ �� _)tclscript �� ��)� �)�6 �V%H path�!�/ =�! =���H  ..�  X��/ X)<�

XH �� ! S)�<�#� �@  7��+ �� )� -"�#tclscript ^��� �� $4!<% tcl shell)� S)�<�#�    .,�  .,�

.�% . #��� \�� X)��E \�� �@ $�<�% ��)� �!�/ . � ?�[� ��E �@w �/ ��:) \�)*I ") M0/ ��) ��

.� &� �1 ��,5�Y 8�R<� ��")��3.  

 ?�[�J�:  

�� �/ ?�[� ��)  &��_ $�1�<% 7��! �, ! -><_<3<� ��V�) =<�% �/ .�)��/) � =��# .5�: �<F  � �1

8R X�<�% �<��%<� �<�% �� XH =�1�2� � �1nam.�  ��")��3.  



     

 &� ��V�) $��6 ��_�)object�� ! ")  .� -"�# �/ ��) ��) �@ �!�/ .� ��V%) ��" S�<R �<!:  

set  NS  [new Simulator] 
 

	(=��:w � 4 � 4�� ! ") 7R�� ����% -"�#  �� XH ") =��O�#) � 8R X�<�% ./���� � -"�#

nam 7��+ $out.nam�/  .� "�/ ��" S�<R �<!.  

set  nf [open  out.nam  w] 
$NS  namtrace-all  $nf 
 

 7��+  $;<+ S)�<�#� �/ Z/�a�out.nam�� ! S�Y`F) ��!<% 4	(  .� "�/ -"�# =��!) � �<!  �I

 7��+nf.� r�c�:) XH �/ �� ! S�� �� � �/�� =�)� ���� $-"�#�� ! -�1  �/ -<�% �/ �@ -"�#

nam.� ���/)�  .� =��:w 7��+ ��) �� ��!�/ �%<!.  

 ��% �/ X���3 ?)�� &� -�D/ �5��� ��finish.� ��V�)  �� ! ����) ��P�1 �@ $�<!  -"�#

.� )�() ?)�� ��) �� �<(<� S)�<�#� �<!.�/ ;<+ ?)��  .� ��" S�<R �!�/:  

 
proc finish() 
{ 
global  NS  nf 
NS  flush-trace 
close  $nf 
exec  nam  out.nam  & 
exit  0 
} 

 

�� ! ����: ���_ �� .� )�() ;<+ ?)�� $-"�# .� qY�/ �@ �<! =�)� ���� �<!�� ! -�1  -"�#

 �/ �</��nam 7��+ �� out.nam=��!) -)�)� �@   �Inf.�   ���/ ;<+ 7��+ v]# � =�! =��:w $�!�/

.�   XH ?� %� �/ � �<!nam.� )�()  � �<! �� ! ����%  7��+ �� �@ -"�#out.nam $�</ =�! ��!<% 

�/ .� =�)� X�2% �2���%) S�<R �<!.  

 ?)�� -)�() X��"finish �<�#� &�@ �/ $4#) =�! =���H k�/ �� �@ at�/ �   7/�6 ��" S�<R

) �����4#:  

$NS  at  5.0  "finish" 
 



     

.� i(<� ;<+ �<�#�  ?)�� �@ �<!finish X��" ��  5.0���I )�() .  

�� ! -)�() -)�/ 4��	% �� ��@ =��O�#) ��" �<�#� ") ���/ -"�#:  

$NS  run 
 

4��6 $����I �@w k�/ �� �@ . _�a�  7��+�1 ���1� 7�,2� .5R) -�1tclscript ��V%) -)�/ 

�� ! .� -"�# �!�/ . 7��! �, ! -><_<3<� ��V�) 4	( :&��_ $�1�<%  X`��Y $�1�<% ���1� ?�c�) �1

 r�: S)�<�#� ") ���/ $�1�<% �/�	%H ?�c�) � ?�#�)NS#� �@ 4#) ��	/ �@ $��@ =��O�#)  $;<+ S)�<�

�<�#� ") 7 6 $NS  at  5.0  "finish" ?)�� 8�R<� ") �D/ � finish�<! =���H .  

�/ �[� X)<�Y��% �/ �<% �� 7��! �, ! -><_<3<� &� ��V�) -)�/ ?  -�1n0 � n1$ S)�<�#� ") 

.� =��O�#) ��" �<!:  

set  n0  [$NS  node] 
set   n1 [$NS  node] 

 
 

  4Y�# �/ �+�F �� &��_ Z��F ") $�P��,� �/ ;<+ �<% �� ?�c�) 4	(1Mb/s$��:�� 10  .5�� 

 L<% ") �+�/ � ��%��FIFO$ " �<�#� ").� =��O�#) �� �<!:  

$NS  duplex-link  $n0  $n1  1Mb  10ms DropTail 
 
 

�� ! ���%�/ 7��@ �@ ��" ��4#) =�! =���H ;<+ "�#:  

#Create a simulator object 
set NS [new Simulator] 
 
#Open the nam trace file 
set nf [open out.nam w] 
$NS namtrace-all $nf 
 
#Define a 'finish' procedure 
proc finish {} { 
        global NS nf 
        $NS flush-trace 
 #Close the trace file 
        close $nf 
 #Execute nam on the trace file 
        exec nam out.nam & 



     

        exit 0 
} 
 
#Create two nodes 
set n0 [$NS node] 
set n1 [$NS node] 
 
#Create a duplex link between the nodes 
$NS duplex-link $n0 $n1 1Mb 10ms DropTail 
 
#Call the finish procedure after 5 seconds of simulation time 
$NS at 5.0 "finish" 
 
#Run the simulation 
$NS run 

 

 

 .,�+)�I ^��� �� �g%��E $;<+ ?�[� -)�() ") �D/Xwindows �/ Z/�a� .(��: $��!�/ 

7,!J xJ�! �1)<: =�1�2� �<��%<� ��OR -�� �� .  

  

  
 

7,!)JxJ :(?�[� .(��:J� ^��� �� nam  

  

 ?�[�J�:  

&� &�@ �/ � �%����I ��V�) �, ! �<% �� ^
+ $7 6 =��# ?�[� �� �%�! 7c�� �P��,� �/ &��_  .

��1 ;<+ ?�[� �� ����P% ?�#�) � ��V�) �1�<% ��/ -) =�)� �%<I . X`��Y ���/ )��/) $=�)� ?�#�) -)�/

�%��I 7c�� �, ! -�1�<% �/ � �%<! 8��D� i#��� ..� 7 6 ?�[� 7��,� �/ ?�[� ��) �� ��")��3.  

, ! -�1�<% �/ XH ?�c�) � ?�#�) 7��Y ��V�) 4	(�/��" S)�<�#� � ��� .� ��@:  

  
set  cbr0  [new Agent/CBR] 



     

$NS   attach-agent   $n0   $cbr0 
$cbr0   set  packetSize   500 
$cbr0   set  interval   0.005 
 
 

 .,�+)�� ' �� &� ��V�) qY�/ $;<+ S)�<�#�CBR ��% �/ cbr0�<% �/ �@ n0.� $4#) 7c��  �<!. 

 ���/ ?<F �c02�(packetSize)�1 ���/ ��/ .%��" �5R�+ � (interval) �/ �/)�/ i���� �/ $���  

 � 4��/0.005 ��%��  ) 4Y�# ?��D�t�� ��%�� �� ���/  (=�! =�)� �)�64#).  

 7��Y &� ��V�) 4	(Null ��% �/ null0$.� 7�Y &�+)�� =���@ 4+���� �,� �� �@  XH ?�c�) � ��@

 �<% �/n1��O�#) ��" S)�<�#� .� = �<!:  

set  null0  [new  Agent/Null] 
$NS  attach-agent   $n1  $null0 

  
���I �)�6�/ 7��Y �� ��) ��/ ?�c�) ���/ $4+���� � ?�#�) X`��Y ��V�) ") �D/ .�/ ��@ ��)  ��" S�<R

.� ��V%) �<!.  

$NS  connect  $cbr0   $null0 
  

�/ L��! X��" ���D� 4	( �� ?�#�) X���3 � ��@ �<�#� ") $.,�+)�� '/�at.� =��O�#)  �<! . .D� F

�� ! X���3 X��" ") 7 6 ���/  $.,�+)�� '/��� ?�#�) X���3 X��" �@ 4#)  �/ �/)�/ j̀  6 �@ -"�#5.0 �� 

�!�/ $�</ =�! ��+�I ��% .��" S)�<�#�$ .,�+)�� ' �� X���3 � L��! X��" cbr0 �/ �/)�/ i���� �/ )� 

0.5 � 4.5� �)�6 . �1�.  

$NS  at  0.5  "cbr0  start" 
$NS  at  4.5  "cbr0  stop" 

  
 ^��� $;<+ ?�[� -)�() ") �D/nam.� �1�o  �<! . ��5@ �g%��Eplay S�<R ��) �� $��"�# ?�D+ )� 

�� ! "�GH ") ��%�� ��% 4!uI ") �D/  �<% $-"�#n0���/ ?�#�) �/ L��!   �<% �c
� �/ .��Y`F) -�1

n1.�  �@ ��@ �� nam�/   7,! S�<R)Jxt  (.� 4��� 7/�6 �!�/.  

  



     

  
 ?�[�J� :  

.� ��% �� �<% ��	E �/ �, ! &� ?�[� ��) �� -)�/ �<# �<% Z��F ") �, ! �<% �� �@ $����I

.� ?�#�) =�)� �, ! �<% �����	E ���@ .&�+)�� s�02� � -"�#)�( =<�% ?�[� ��) ��  �<% -�1 -�1

��@ ��1)<: 8�R<� )� �P��,� ") ;<+ .��% �/ �<% ��	E ��V�) -)�/ )��/)  -�1n0 $n1 $n2 � n3 ") 

.� =��O�#) ��" S)�<�#� ���@:  

set n0 [$NS node] 
set n1 [$NS node] 
set n2 [$NS node] 
set n3 [$NS node] 
 

)� ��" S)�<�#� $&��_ ��V�) � �P��,� �/ ;<+ -�1�<% ?�c�) 4	(�����% .� �+�T) :  

  

$NS duplex-link $n0 $n2 1Mb 10ms DropTail 
$NS duplex-link $n1 $n2 1Mb 10ms DropTail 
$NS duplex-link $n3 $n2 1Mb 10ms DropTail 

 

&��_ ���� i���� ���/  4Y�# -)�)� �, ! -�1 �<% =��1� ?�c�) �11Mb/s ��:�� $J� .5�� 

 L<% ") �+�/ � ��%��FIFO.�  /��!�.  

 �� �, ! -><_<3<� 7,! i#��� ����� 4	(nam.� =��O�#) ��" �<�#� �#  �<!:  

$NS duplex-link-op $n0 $n2 orient right-down       
$NS duplex-link-op $n1 $n2 orient right-up  
$NS duplex-link-op $n2 $n3 orient right  

  
_ � �, ! -><_<3<� $;<+ S)�<�#� -)�() ") �D/&�� �/ XH ._�c�) �1  7,! S�<R)Jx� (  ��

nam�! �1)<: =�)� M���% .  

 ��� ��� ��� ���))))������������ :( :( :( :(

 ���
 ����� ���
 ����� ���
 ����� ���
 �����

 ���� �� ���� �� ���� �� ���� ����������        

 



     

  
  

/�<% ��V�) ") �D&��_ � �, ! -�1 -�1�<% �/ � �%<! 8��D� .,�+)�� '/��� ���/ $�	%H ���1� ?�c�) �1

 =���#�+ ) -�1�<%n0 � n1 ( ��/�� ?�c�) .% ") =�%��I 7��Y &� ���g�1 L<Null.� 8��D�  $���@

 �<% �/ �@n3.� ?�c�) .� =�%��I �,� �� � �/�� �!�/.  

set cbr0 [new Agent/CBR] 
$NS attach-agent $n0 $cbr0  
$cbr0 set packetSize_ 500  
$cbr0 set interval_ 0.005  
 
set cbr1 [new Agent/CBR] 
$NS attach-agent $n1 $cbr1 
$cbr1 set packetSize_ 500 
$cbr1 set interval_ 0.005 
 
set null0 [new Agent/Null]  
$NS attach-agent $n3 $null0  

 

 .,�+)�� ' �� 7��Y �� $;<+ S)�<�#� ��CBR��% �/   -�1cbr0 � cbr1=�! ��V�)  �/ � �%)

 -�1�<%n0 � n1��+�� ?�c�) �%) . .,�+)�� '/���cbr0 � cbr1 �/ �/)�/ ���/ ?<F -)�)� ��� � 4��/ 

 ?�#�) 4Y�#t��.� ��%�� �� ���/  ��!�/ . 7��Y &� ���g�1Null ��% �/ null0=�! ��V�)  � 4#)

 �<% �/n34#) ��+�� ?�c�) .  

.,�+)�� '/��� ?�c�) 4	( ?�� cbr0 � cbr1 4+���� 7��Y �/ null0 .� =��O�#) ��" S)�<�#� �<!:  

  
$NS connect $cbr0 $null0  
$NS connect $cbr1 $null0 
 

 ��� ��� ��� ���))))������������ :( :( :( :( �� ���
 ����� �� ���
 ����� �� ���
 ����� �� ���
 �����

 ���� ���� ���� ������������  



     

�/ L��! X��" ���D� -)�/ X<�@)  �<�#� ") $?�#�) ����: X��" ���g�1 � .,�+)�� '/��� ��@

at�/  .� =��O�#) ��" S�<R �<!:  

  
$NS at 0.5 "$cbr0 start"  
$NS at 1.0 "$cbr1 start" 
$NS at 4.0 "$cbr1 stop" 
$NS at 4.5 "$cbr0 stop" 

   

/��� $;<+ S)�<�#� �/ �(<� �/ .,�+)�� 'cbr0 � cbr1X��" �� i���� �/   -�10.5 � 1.0 L��! 

X��" �� � =�)� X���#�+ �/  -�14.0 � 4.5.� 86<��   �%<!. 

 .,�+)�� '/��� .,�+)�� S�c02� �/ �(<� �/cbr0 � cbr1.� s02� $  �1 ?�#�) ��% �@ �<!

 �/ �/)�/ &�0.8 Mb/s.�   '/��� ?�#�) ��% L<�V� ��)�/��/ ��!�/ �/ �/)�/ ;<+ .,�+)��1.6 Mb/s 

.�  &��_ 7��� 7/�6 4�+�o ") �)�
� ��) �@ $�!�/n2 �/ n3 ) 1 Mb/s ( 4#) ��2�/ . ����%) ��)�/��/

���/ N`�) $.��� ") �D/ �@ ���)� �<% �� �1n2�<! =�1�2�  .  

 '/��� .,�+)�� -�	%���( *���� � =�1�2� -)�/cbr0 � cbr1�c02� ") $�P��,� ")  X���( -�1 

(fid)�/ S��O��  .� =��O�#) ��" S�<R ���@:  

$cbr0 set fid_ 1 
$cbr1 set fid_ 2 

  
XH -)�/ ���g�1  .,�+)�� -�	%���( �@cbr0 � cbr1�%� �/   �� S��O�� -�1nam =�)� X�2% 

�� ! ���%�/ ?�) �� )� ��" S)�<�#� $�<! .� �+�T) ��:) -"�#�����%:  

$NS  color  1  Blue 
$NS  color  2  Red 

  
X���( i���� ���/ '/��� .,�+)�� -�1cbr0 � cbr1�%� �/ $  �P��,� ") *��6 � ./H -�1 )�(

.� �%<! . 7,! �/ Z/�a� .(��: $;<+ ���%�/ -)�() ") �D/)Jx�( �� )�  nam��@ ��1)<: =�1�2� .  

 &��_ �/ �</�� 8R X�<�% �<��%<� -)�/n2 �/ n3�+�T) )� ��" �<�#� .�  ���@:  

$NS duplex-link-op $n2 $n3 queuePos 0.5 
 



     

7,! .(��: $��:) ?�[� =��/�� -)�() ") �D/Jx��! �1)<: =��� �<��%<� ��OR -�� �/ .  

  

  
  

  
  

���/ N`�) X)*�� �� 4_)�Y �O� -)�/  .,�+)�� '/��� -�1cbr0 � cbr1$�<% �+�/ �� n2$ 8��D� 

 -�1 �<% ��/ &��_n2 � n3�/ )�  .� ����� ��" S�<R ��1�:  

$NS duplex-link $n3 $n2 1Mb 10ms SFQ 
 

8R ���%�,� ") S�<R ��) �� -��/SFQ$ �<% �/ �</�� 8R �� n2 �/ n3.� =��O�#)   �@ $�<!

.� qY�/ �/ �� �<! ���/ -���� �<F  '/��� .,�+)�� -�1cbr0�  cbr1 �<% �+�/ �� n2�%��I 85�  .

 7,! �� 4_�� ��) �� ��:) ?�[� .(��:)J x   (4#) =�! =�)� X�2%.  

  

 ��� ��� ��� ���))))������������  :(  :(  :(  :( �� ���
 ����� �� ���
 ����� �� ���
 ����� �� ���
 �����

����� � !�" ��������� � !�" ��������� � !�" ��������� � !�" �����#�#�#�#        

 

 ��� ��� ��� ���))))��������#### : ( : ( : ( : ( �� ���
 ����� �� ���
 ����� �� ���
 ����� �� ���
 �����

 ����� � !�" ���� ����� � !�" ���� ����� � !�" ���� ����� � !�" �����#�#�#�#        

 



     

  
  

 7,!)Jx  :( ��+�� 7��,� ?�[� ") 7R�� .(��:J�  

  

?�[�J  : .,������ ./������  

���� ��<� �� ?�[� &� .#��/ �/ 4��6 ��) �� �� .,������ ./��NS.�  ��")��3  . ?�[� ��

�/ X�:�E -><_<3<� �/ �, ! &� )��/) ��:)  XH �	,��_ ") .,� �� 46<� ./)�: &� v]# � =��H �<(�

�/ .� �<(� ���� &�@ �/ v]# � ��H���� $.,������ ./��.� 7��D� ./���/�� .  

.� =��O�#) ��" S)�<�#�  $�, ! �<% 4O1 ��V�) -)�/ )��/) �%��I:  

for {set i 0} {$i < 7} {incr i} { 
    set n($i) [$NS node] 
  } 

 

 ��)�H �� ;<+ �, ! -�1�<%n().� =��:w  �%<! .,��_ ��V�) -)�/ $�1�<% =��1� ?�c�) �	

�/ ��" -�1�<�#� �%�� .���@:  

for {set i 0} {$i < 7} {incr i} { 
    $NS duplex-link $n($i) $n([expr ($i+1)%7]) 1Mb 10ms DropTail 
  } 

���/,��_ �/ �, ! -�1�<% ���� i����  4Y�# �/ -�	1Mb/s$ ��:�� J� L<% ") �+�/ � ��%�� .5�� 

FIFO�/ .� 7c�� �P��,�  �/ X�:�E -><_<3<� &� � �%<!  7,! S�<R)Jx¡ ( .� ��V�) )�  ���@ .  

  



     

  
  

 7,!)Jx¡ :( ?�[� ") 7R�� .(��:J   

  

 ?�� .,�+)�� ' �� &� $��" S)�<�#� &�@ �/ CBR  ��% �/ cbr0 �<% ��  n(0).� ��V�)  ���I .

 L<% ") 4+���� 7��Y ���g�1Null ��% �/ null0 �<% �� n(3)�/   .� �<(�5��Y v]#� ��H ?�#�) -�	

cbr0 4+���� � null0.� 7c�� �P��,� �/ �%��I . .,�+)�� ' ��cbr0 X��" �� 0.5�/ L��!   �� � ��@

 X��"4.5.� 86<��  ���I.  

set cbr0 [new Agent/CBR] 
$NS attach-agent $n(0) $cbr0 
$cbr0 set packetSize_ 500 
$cbr0 set interval_ 0.005 
 
set null0 [new Agent/Null] 
$NS attach-agent $n(3) $null0 
 
$NS connect $cbr0 $null0 
 
$NS at 0.5 “$cbr0 start” 
$NS at 4.5 “$cbr0 stop” 

  

 -�1�<% ��/ ^#)� &��_ �@ ���@ h�+ ?��n(1) � n(2)$�<! ./)�: ��E� ��%�� &� S�� -)�/  . �/

.� ��" S)�<�#� &�@  -�1 �<% ��/ ��%�� &� S�� �/ 46<� ./)�: X)<�n(1) � n(2)�/  ���H �<(�: 

$NS rtmodel-at 1.0 down $n(1) $n(2) 
$NS rtmodel-at 2.0 up $n(1) $n(2) 



     

 

.� =�1�2� $;<+ ?�[� -)�() ") �D/ X��" ��/ �@ �<!  &��_ $�� � &� -�1n(1) �/  n(2) 'a6 

.�  �<% ._�#�) -�1 =�)� ���� � ���In(0) �/ n(3)��� .� ��/") �5R�+ ��) ��   . 7,! ��  

)Jx¢ ( 4#) =�! =�)� X�2% ;<+ 4_��.  

  

  
  

 7,!)Jx¢ :(: ��+�� 7��,� ?�[� ") 7R�� .(��J   

  

���� ") ���/ $7,2� ��) 7� -)�/���I =��O�#) .,������ ./�� . ���%�/ -)��/) �� �<��� ���/

�� !.� �+�T) )� ��" �<�#� $��:) "�# ���@:  

$NS  rtproto  DV 

 

 �5R�+ �)��/ .,������ ./������ ����<P_) ") ?�[� ��) ��(Distance Vector, DV) =��O�#) 

=�!4#) ..� =��� $?�[� ���/�� -)�() ") �D/ ���/ �/ =�`Y �@ �<!  -�1 �<% ��/ ._�#�) ��)� -�1

n(0) � n(3)$���/  ����<P_) �� �@ .R�: &E<@ -�1 ���� -�1 S�Y`F) �_�� � -)�/ .,������ ./��

�/ �, ! -�1�<% ��/ ./������ .� ��@.� -��( �, ! �� $��� �%<! .6� �<% ��/ &��_ �@ .�n(1) �  

n(2) X��" ��  1.0���� ?�)�( $�<! ?�,!) ��E� .� -��H "�� �/ ./�� &�+)�� � �%<!  ._�#�) -�1



     

 �<%n(0) �/ n(3)$���� Z��F ") n(6)$n(5)$ n(4) .� =���#�+  �<! . 7,! ��)J x£ ( .(��:

�� ! ") 7R�� 4#) =�! =�)� X�2% ��:) 4_�� -"�#.  

  

  
  

 7,!)Jx£  :( ��+�� 7��,� ?�[� ") 7R�� .(��:J   

  

 ?�[�J¡:  

 -)�/ .(��: 7��+ ��V�) �<�% .#��/ �/ ?�[� ��) �� xgraph.�  ��")��3 .Xgraph ") .,� 

�� ! =��1� 7�,2� -)*()"�#NS .�  �� ! ") 7R�� ����% .,�+)�I �#� -)�/ �@ $�!�/ �/ -"�#  ��@

��� .�. ") =��O�#) 4	( xgraph$�<! ��V�) XH -)�/ i#��� .(��: 7��+ ���/  . �/ ?�[� ��) ��

 .(��: 7��+ ��V�) �<�% .#��/xgraph.�  ��")��3 . ��" S)�<�#� ") $�, ! -><_<3<� ��V�) -)�/

.� =��O�#) �<!: 

set n0 [$NS node] 
set n1 [$NS node] 
set n2 [$NS node] 
set n3 [$NS node] 
set n4 [$NS node] 
 
$NS duplex-link $n0 $n3 1Mb 100ms DropTail 
$NS duplex-link $n1 $n3 1Mb 100ms DropTail 
$NS duplex-link $n2 $n3 1Mb 100ms DropTail 
$NS duplex-link $n3 $n4 1Mb 100ms DropTail 



     

 

 �/ �, ! &� i���� ���/���% �/ �<%   -�1n3,n2,n1,n0 � n4� ��V�)  . �<! . �/ �, ! -�1 �<%

,��_ &�@ 4Y�# �/ -�	1 Mb/s$ ��:�� J�� L<% ") �+�/ � ��%�� .5�� FIFO$ =�! 7c�� �P��,� �/ 

�/ �, ! -><_<3<� � �%)  7,! S�<R)JxJ� ( .� �!�/.  

  

  
  

7,!)JxJ� :( ?�[� �, ! -><_<3<�J¡  

  

1�<% �/ .,�+)�� '/��� ?�c�) -)�/ -�n0$n1 � n2 ?)�� attach-expoo-traffic�/   ��" S�<R

4#) =�! 8��D�:  

proc attach-expoo-traffic { node sink size burst idle rate } { 
 
          #Get an iNStance of the simulator 
          set NS [Simulator iNStance] 
          #Create a UDP agent and attach it to the node 
          set source [new Agent/CBR/UDP] 
          $NS attach-agent $node $source 
          #Create an Expoo traffic agent and set its configuration parameters 
          set traffic [new Traffic/Expoo] 
          $traffic set packet-size $size 
          $traffic set burst-time $burst 
          $traffic set idle-time $idle 
          $traffic set rate $rate 
          #Attach the traffic agent to the traffic source 
          $source attach-traffic $traffic 
          #Connect the source and the sink 
          $NS connect $source $sink 
          return $source 
 } 

 



     

 -)�)�  $;<+ ?)��  ") ����� Y �@ 4#) -���� X��I�H  : �<% &� ) -���� �c02�node($ 

 4#) =�! 8��D� 7 6 ") �@ &�+)�� ��%��I &� ) -���� �c02�sink(���/ ?<F $  ._�#�) -�1

) -���� �c02�size( ��P%��� $� ��VO%) .�)<% ?<F  .���% .,�+)�� ' �� S<,#)�c02�  -�1

 -����burst � idle ( .,�+)�� ' �� ?�#�) ��% �) -���� �c02�rate.(  

 L<% ") ?�#�) 7��Y &� )��/) $;<+ ?)�� ��UDP ��% �/ � source.� ��V�)    �<% �/ � ���Inode 

.� 7c�� �<! . ��% �/ .���% .,�+)�� ' �� &� v]#traffic.� 8��D�  �c02� � �<!  ?<F -�1

���/$ ����% ?<F ��P%��� burst ����% ?<F ��P%��� �  idle �/ �/)�/ i���� �/ XH size$ burst � idle 

.� �)�6 ���I . .,�+)�� ' ��traffic ?�#�) 7��Y �/ source.� ?�c�)   ?�#�) 7��Y v]# � �/��

source  4+���� 7��Y �/ sink�+�� ?�c�) �/�� .� ����: ?)��  � �. 

.� =��O�#) ��" S)�<�#� ") $;<+ ?)�� ") =��O�#) -)�/ �<!: 

  
set sink0 [new Agent/LossMonitor] 
set sink1 [new Agent/LossMonitor] 
set sink2 [new Agent/LossMonitor] 
 
$NS attach-agent $n4 $sink0 
$NS attach-agent $n4 $sink1 
$NS attach-agent $n4 $sink2 
 
set source0 [attach-expoo-traffic $n0 $sink0 200 2s 1s 100k] 
set source1 [attach-expoo-traffic $n1 $sink1 200 2s 1s 200k] 
set source2 [attach-expoo-traffic $n2 $sink2 200 2s 1s 300k] 
 

 

 L<% ") 4+���� 7��Y �# i���� ���/LossMonitor��% �/ �  �1 -sik0$ sink1 � sink2 ��V�) 

=�! �<% �/ �#�1 � �%)n4=����I 7c�� �%) . ?)�� &�@ �/ ���g�1attach-expoo-traffic  7��Y �# 

 ?�#�)UDP��% �/   -�1source0$ source1 � source2 -�1�<% �� n0$n1 � n2=�! ��V�) �%) . �/

7��Y ") &��1 ;<+ ?�#�) -�1$L<% ") .,�+)�� ' �� &� �c02� �/ � .���%    =���H k�/ �� �@ .��1

4#) =����I 7R� $4#) =�!.  



     

X��1 .� =�1�2� �@ �<F  4+���� 7��Y ") ?�[� ��) �� $�<!LossMonitor=�! =��O�#) 4#) .

 $4#) �"k �%�/ -��	3 � #��� �� �@ )� .�+���� -�1 4��/ X)*�� �@ 4#) ���6 4+���� 7��Y ��)

�P% ��@ -�)�.  

 -)�/=�)� -"�# =��:w�� ! -�1 ��% �/ 7��+ �# -"�#  -�1out0.tr $ out1.tr �out2.tr S)�<�#��/  

.� "�/ ��" �%<! 

set f0 [open out0.tr w] 
set f1 [open out1.tr w] 
set f2 [open out2.tr w] 

  
�� ! ����: ��P�1  ���%�/ v]# � �%<! ���/ ���/ ;<+ 7��+ �# $-"�#xgraphM���% -)�/  =�)�  -�1

�� ! ") 7R�� ���I )�() -"�#. ?)�� ") �<��� ���/ finish�/  .� =��O�#) ��" S�<R �<!: 

  
proc finish {} { 
 
          global f0 f1 f2 
 
          #Close the output files 
          close $f0 
          close $f1 
          close $f2 
 
          #Call xgraph to display the results 
          exec xgraph out0.tr out1.tr out2.tr -geometry 800x400 & 
          exit 0 
 
  } 

=��:w =<�% .#��/ �/ 4��6 ��) ��=�)� -"�#  7��+ �� �1 .(��: -�1.� $ ��")��3 . �<��� ���/

 ?)��record�/  .� 8��D� ��" S�<R ���I: 

  
proc record {} { 
 
          global sink0 sink1 sink2 f0 f1 f2 
          #Get an iNStance of the simulator 
          set NS [Simulator iNStance] 
 

          



     

          #Set the time after which the procedure should be called again 
          set time 0.5 
 
          #How many bytes have been received by the traffic sinks? 
          set bw0 [$sink0 set bytes_] 
          set bw1 [$sink1 set bytes_] 
          set bw2 [$sink2 set bytes_] 
 
          #Get the current time 
          set now [$NS now] 
 
          #Calculate the bandwidth (in MBit/s) and write it to the files 
          puts $f0 "$now [expr $bw0/$time*8/1000000]" 
          puts $f1 "$now [expr $bw1/$time*8/1000000]" 
          puts $f2 "$now [expr $bw2/$time*8/1000000]" 
 
          #Reset the bytes_ values on the traffic sinks 
          $sink0 set bytes_ 0 
          $sink1 set bytes_ 0 
          $sink2 set bytes_ 0 
 
          #Re-schedule the procedure 
          $NS at [expr $now+$time] "record" 
 
  } 

�/ ��/ &� $��%�� ��% �1 �@ ?)�� ��) �� .� )�() b����� �<F / �)�D� )��/) $���I �1 =�! 4+���� -�	���

=�! � #��� =�%��I -�1����� �� � bw0 $bw1 � bw2.� �)�6   7��Y �1 �%�/ -��	3 v]# � �%��I

 i���/ =�%��IMb/s7��+ �� � =�! � #���  .� �)�6 �F</�� .(��: -�1 ���I.  

X��" 4	( .� =��O�#) ��" S)�<�#� ") .,�+)�� ' �� �1 X���3 � L��! -��/ �<!:  

$NS  at 0.0 "record" 
$NS  at 10.0 "$source0 start" 
$NS  at 10.0 "$source1 start" 
$NS  at 10.0 "$source2 start" 
$NS  at 50.0 "$source0 stop" 
$NS  at 50.0 "$source1 stop" 
$NS  at 50.0 "$source2 stop" 
$NS  at 60.0 "finish" 
$NS  run 

 

.� =�1�2�  .,�+)�� '/��� �@�<!source0$ source1 � source2 X��" �� �# �1 J� �/ L��! 

X��" �� �� � ?�#�)��.� 86<��  �%<! . ?)��record.� )�() ��/ &� ��%�� ��% �1    �/ �)�6) � �<!



     

�� ! ") 7R�� -�1 =�)� -"�# =��:w .� -"�# ����% . X��" �� � ?)�� finish.� )�()   � �<!

�� ! �/�� .� ����: -"�#.  

!�� 7,)JxJJ (.� �%�/ -��	3 .,�+)�I �)�<�% �@ ;<+ ���%�/ .(��:  ^��� �� $�!�/xgraph 

4#) =�! =�)� X�2%.  

  

  

  

7,!)JxJJ :(  ?�[� �� �%�/ -��	3 .,�+)�I �)�<�%J¡ 



     

 

 

�
�9  

G��GF��� �' B��;��; (�0 �7 trace  

 !�� "�#NS� ." �)�
� �%)<����-`F) }O� �/ S�Y�)�/ 7-�� ��1�)�-�� =�)�:� -� �1)�+ �K ! .���. 

 �I)1)<0/ ���) ��#��/ )� S�Y`F) �.��% ���$ �+ ") )� i#��� S�Y`F) �!�/ �"k 4#) �K����	5- trace$ 

��% �)�0�#)����K�#� )� �	%H � �-��% ���.  

�K.���%�/ �� 4#) XH �	1)� ") ���%�/ X��" �1 �� )� �1<%��.� �� .�+ �%)<��7�1-��Y`F) . )� 

�������% 4�<�/ ����. Y �����E ?�� ��� ��% �/ �� �)*/) �.j�R<c0� �#�)�/ - a� N)�1) � =�)� Z

�<(� X<���� =�! � ��)� ��E 4���# �� S��O�� 7��Y ���)��"���$_�$v�<��%<�vK ()� �<F �/� X�P

=�! �T�Y� �%) �� % �	%H ��1� �� 4#) "��K#)4]��1-1��<� .% X��/ =�! ��!<% �� ��]��� �/ "�� 7

X�!�O� $�� =�! � �%<! )�().  

9 �� : �� H�����(�0 �7-�:IJ� � �' awk   

Awk� ="�() �� �/ .) =��# ?��Y) �1�-�� -�+ �7�1-��Y`F) .?�D� ��%�� I��-��
� ��� �- X<�# 

=�! =�)�$$X��� '�(  �/ S)�� Y X��� b�T ����E �� �� X<�# i_�6 ?��Y) ��1��/- S�Y`F) ��V� 

� G�1� ��V%) )� =��� . ��l �3 ?�[���� X�2% �.1����
� ") �%<PE ���� =�! =�)� X<�# ���+ W� 7

?�D�I��-��% ��� )� ��)�%��#) N)��%) v]# � �� � #��.��%���   .  

                                                                  

BEGIN{ FS = “\t”}  {n1++ }  {s=s+$4} END {print “average:” s/n1} 

?��( �xA : 4]��K#) awk)�/ -I ?�D� ��-��
� � X<�# ����+ W�7  



     

  

  

!�/ ��!)� �F�: �/� �“\t”%��" .�	%<�# �� -?��( ��/-�/ ��!�/ =�! �� �%<! =��O�#) �  �I)

)���!� % �%<I$ �/� �/ )� XH � " "�(�*P���� �. 

  

BEGIN {FS =”\t”}  {n1 ++} {d=$4-t} {s2=+d*d}END {print “standev :” sqrt (s2/1n)} 

?��( �xl :4]��K#) awk)�/ - X<�# ��)�%��#) N)��%) X���H 4#�/ ���+ W�7.  

  

_�) =��O�#) 4	(� �4]��K#)� � #��� 4	( �P%�����	E X<�# � ��+ W� ��% �/ 7“out.ns” �� 

#� 7��Y ���unix�� �� �.��� �:  

 Awk  - f  Averag.  awk           out.ns 

�/ �� ����% X)<�Y �/ ��E �V�*- �/�2� :  

 Averag  :    29.379 

)�/-� �P%�� X<�# ��) _�) ������! ��% �/ )� X<�# � =A� .#��! �� (!�/ ��!)� ����%) )���.  

)�/ ?��-�  X<�# XH ��)�%��#) N)��%) � #��� .<%��� �:  

 Awk  - v      t= 29.397    - f   stDev : awk             out.ns 

�� ¤#�3 �� �� �g%H�� 4+�.��� �/�2� �standev:33.2003� .�/ �!�/  �!�/ ��!)� ��� �� �

4]��K#)k�/  � �)�
� 4#) �"k $�P%�� �=��H 4#�/ �%)4]��K#)5 6 .� )�  N)��%) � #��� �<�#� �

��)�%��#)]�$.��% ���.) �� X�2% ?�[� �.�/ )� �1���)��3 �%<PE �� �1� � W4]��K#) awk$ 1� ��3��. 

�/ �!�/ ��!)� ����3 �� �I) ��X� 4]��K#) ?�) ) ?��(� xA (�
�� �/ �nl1�% ��V%) )� ���( �/ $- 4#�/ 



     

� � ?�D� X���H�P%���X<�# �`6) L<�V� $��+ XH �1)<: )� 7�4!)� � .��	/�)�/ =)� �-  X���H 4#�/

��P%��D� N)��%)� ��)�H ") =��O�#) ����4#�1                                                    :  

  

BEGIN {FS = “\t”} { val [n1]=$4} {n1 ++} {s=s+$4} END  
   av=s/n1 
    for (i  in val ) {  
    d=val [i]-av 
     s2=s2+d*d 
} 
Print “average: “av “ standev”  sqrt (s2/n1)} 
 

 ?��(�x� : 4]��K#) awk� �P%����)�%��#) N)��%) � �.  

�D/ ?�[�- ��+ W� X<�# =�*%�3 �/ 7)� �� A�( ���� X)<�Y �/ )�-� .I�XH ") v3 �� � W

(��:. �%<�#.1 )��/) �� �� )� �)  4!)�% )� �	%H ") �)�Kg�� ��V.��%��. ��+ ") X<�# W�_�) 7�� �. -

 �!�/ =���! X<�# ��A 4#) �  X<�#l  ������ �/ �%<�# L<�V� i�	- �x� $ C x� $ AA xB� A�xAl 

    4#) 

                                                

BEGIN {FS =”\t”} { l 1 =$3+$4+$5} {12=$6+$7+$8}{d1=$9+$10+$11}\ 

{d2=$12+$13+$14}{print $1”\t”l1”\t”12”\t”d1”\t”d2 }END {} 

 

 7K!�x�: 4]��K#) awk)�/ -� \�/  X<�# X�)��)�6 �1 �����1  

  

)�/-) ") =��O�#) � �4]��K#)� .%)<��<�/ ���� �:    

Awk  -f suma.awk      conn4.tr  >outfile 



     

�+ ���5R) 7. conn4.tr(��:� .�+ X��� � ��% �/ 7outfile� 4+�I �1)<: �)�6  �+� 7suma.awk�+ �5. 

�( �� �� 4#) ?��x���I '6)� XH X��� �4#) =�.  

9 �& :  �� ���>?"�grep  :   

 �<�#�grep  �� unix� ="�() �� �/ .�� �1���+ W�+ )� 7���% ��5���. �+ ����( 7��-) )� �� ��V.��%�� �

F<a: 7��! �	�� ��.�+ ") �_�) 7��_� %� �� 4#) �)-���)��� ") �1 =�<�% s02� �� )�)��$� )�)�.��!�/. 

(��: ?�[� X)<�Y �/. trace �� ns���/ ��1 7��! 4#) �K�� �1.�_ ��1 ") �� �W�� �1. �%�uI

� ��!�/ �6`Y 4#) �K�� ��!�/ �������/ �	�� ��1.� L<% ") TCP =���! �<% ") �� )� � =���! �<% �/ l 

��+�!�/ ��!)� )� �%)��. �� �<a: XH �I)��1�)�.� ��!� 7��! “ 0  2  TCP”�< V� �� v3 ��!�/ � �

�����% ��� �:  

Grep    “ 0  2   TCP   “ tr1.tr >  tr2.tr 

9 �9 : �� H�����(�0 �7���� �7 �' perl :   

PERL)��/) N��� .� S�� Y “ Practical  Extraction and  Language “� .�!�/.  

Perl+ ="�() ���5� X�#H X��� �+ \")��3�7�1-��Y`F) . ASCII��  �<%�� )� vK.�1� .)� ^#<� X�/" �

Lary wall�  ) �/�5R) =�.	�� ��o� 7�# 8�����1-�� ���) 4���I ��V��  .Perl�/ � � =��� �!� �

="���) �� =�<��� ��1 X�/" W �K.�1�)*/) ") -)�/ ��/����3 -� b�  �����) S�Y`F) X��� 4� 4%���  

 �.�!�/. Perl �W��O� X�/" - X)�/��� �� 4#) �/���-��)� . <V��( 4	( i5G) ��)$  �)�0�#)

i#��� \�)*I�� ��.�!�/. :�/.)*� ") ��- ") =��O�#) Perl") 4���� Y : 

 -3�"�# =��-���%�/ X�#H �1-�/ �� WE<� �+ X)<�Y �/ ��)�/ =������5-�+ ") S�Y`F) �)�0�#) �7�1- 

���. �%<! =��O�#) �� X��/���/ �� �� ����-# ") ����1�-� =��O�#) 7/�6 7��Y .�!�/.  

-�)�	P% -)�" ?�K!) � .� 4]��K#)�1- Perl�/ �=��# �����%�/ ") ���1 �# ���X�/" ��1-� �� =p.  �!�/ 



     

Perl - �/�4#) �<	2� ��$�<F �/ -�/ �����- ") 4]��K#)�1- Perl) �� �� �<(<� 4%���.�!�/.  

) ����)�
� �� M0/ �- 4]��K#) ����<# Perl�) )� )� ��.��%��� ._�)� ?��( �� ?�[� �� x� �<F �/ 

������1��uI W. ?�c�) TCP� � #��� )� .��%�I ���)��3 ") ���%�/ �1��u.�� -S�� %��".�D� � =�! 8

D� ^#<�� ��“granularity”?�D� $I��-� .��%�� .���� X)<�Y �/-�� X��<I�H �# �� 4+�.��%�� : ��%

�+� 7trace ) Y �/ ?�[� X)<�out.tr( $ 1�I ��%.� �� �� .1)<:�1��uI �.+)�� �� W  ?�c�)TCP)�  ��- 

�� WE XH� �� granulavity.  

# type :perl throughput.pl<trace file > <required node > <granlarity >  > file 
$infile = $ARGV[0]; 
$tonode =$ARGV[1]; 
$granularity = $ARGV[2]; 
 
#we compute how many  bytes  were transmitted during time interval specified  
#by granularity parameter in seconds 
$sum =0; 
$clock=0; 
 
             Open (DATA , “<$infile “) 
                   | |  die “can' t open $infile $! “; 
      While ( <DATA > ) { 
         @x = split ('   ' ) ; 
# column  1 is time   
If  ($x [1] - $clock <= $granularity ) 
{ 
# checking  if  the  event  corresponds  to a reception 
If  ($x eq  $tonode ) 
{ 
#checking  if the  packet  type  is  TCP  
If  ($x  [4] 'tcp' ) 
{ 
               $sum =$sum +$x{5] ; 
} 
} 
} 
} 
else 
{         $throughput = $sum /$granularity ;  
           Print   STDOUT  “ $x [1]  $ throughput  \ n” ; 



     

           $clock = $clock +$ranularity ; 
           $sum =0 
} 
} 
          $throughput = $sum/$granularity ;  
           Print   STDOUT  “ $ [1] $throughput \n” ; 
           $clock = $clock +granularity ; 
           $sum=0 ; 
 
          Close  DATA 
exit  (0) ;  

?��( �x� : ) ���%�/- X�/" �/ Prel)�/ -1��uI � #��� .  

9 �< :  "�-� ��
'� K�; �' ������ Lgnuplot  

Gnuplot��)*+) ��% W-�/ �� 4#) � =����I �<F  )��)�/ X�P-# �����1- 7��Y unix/linux�/  =�`Y

��"���$ � ���#� ��.�!�/. )��)*/) � � �<�#� Whelp)�/ �� ��)� -I)�+ ��-�*( �� ������ S�  ��K5�Y

� XH.�<! '6)� =��O�#) ��<� �%)<� .=��#���)�/ =)� �- ") =��O�#) Gnuplot�� � X��� �“plot <fn >” 

� 4#)�+ XH �� �� 7fn#�� 4#) �)�6 �� �)�)� �<! �- l � X<�#./ �� �!�/���
� �P%�� ��
% �y�x  

�.� ��
% ��!�/.^#<� ��%)<� �� W # W  �<�#� �/ S��O�� �56  Plot “fn  “ w lines  1 #�� � �

�%<!.  

�( �/ S��O�� �)�Y) �� _) ��- ��Y A� .P/ �)�6 �%)<���56 �/ �<a: �� ���1.�) ��%<! ��V .j�/����� � W

� s0!.���O�� L<% ") �%)<�.��% =��O�#) ��
% ") �� � )� �<�#� ��!<% �/ ��� �                            

Plot  “fn  “ W Points 9� ��V%) .� �<! �/ ���O�� �)�Y) X�)� �)�6. ") v3 Points���O�� L)<%) . ��
% ") 

��% �/ )����)uI �1)<: M .  

/:�.�# ") �� ��Ip.�1 - gnuplot  :  

)�/-" S)�<�#� ?�[� �P/ ��% �� )� ����� :  

  



     

Set Size  0.6  ,0.6 
Set Pont Size 3  
Set Key 100,8 
Set Xrang [ 90.0 : 120.0] 
Plot “ fn1”  w  lines  1  , “fn2 “ w  lines 8 , “ fn3 “ with  Points 9 

  

- =���! ^:A:����� W.� =")�%) �/ 3 =")�%) ") ��KE<�) h�+ M�� ��V.���.  

- ^:lF�
% .3 =")�%) ") ��I�*/ �� )� �_<� )� ����1 h�+ M�� �.��%� � )� ^: �� �1 �� �� _). �%)<� 

� �)�Y)��P- �%<! =��O�#) ( . 

- ^:� �<�� �)�Y) x ="�/ �/ Al�xB�� ����� .��%��. 

- ^:�  �#���� ��.�� )�  �� �+�T) ��OR W.���+ �� �# ") �� ��)*V� 7- fn3, fn2,fn1 ��+�I      

�.�%<!.  

- ^:�� .<I�� gnuplot6� ��V� �
  “key”� �)�6 )�.�1�  .20/ ��.��OR �� 4�`Y ") )- �� 4#) 

!.d#�� �R<� )� =�! ��� 8.��%�� .)�/ r�: �<F �/-! �1 .d#�� � �� )� ��
% L<% � ^: L<% =�! �

� 4#) =��O�#) ��<�.�1� .�( �/- �D6<� W�� 4 � r�: X�K�.%)<��5� S��_ ") ���- “left”$ 

“right”، “top”، “bottom”، “outside”، “below”�  G���% =��O�#) =���. )�/- ?�[� Set  Key below  

)� ��.<I �5� ��" ��I �)�6 �)�<�% ����( � =��# �<F �/ �“Set nokey “5� 7��� �<F �/ �� �G )� �� �

�D+� ?.��%��. ��/ � �!�/ ��!)� ���3 ��% �� ��M! �1 h�+.d 4�_ �� �� key� �1�o .�<! �<F �/ $

�+ ��% =��#�� XH �o���� 7.�!�/ .� ��! �I).1)<:��/ � �! W.d#�� ��.) �)�<�%( �G �/ X)<�Y W� ") �

�+ ��%�1�/ XH �o���� 7��/ ���R �<F �/ )� �<�u� ��% �� �<�#� �� U“Plot”1� �)�6 ��.)�/ - ?�[� :  

Plot “fn1 “   t  “expectation”  w  lines 1  , “ fn2 “  t  “variance “ w lines  2  



     

) ����	��% �V�- “expectation “ �  “variance”5� �� � �(key)�! ��1)<: �1�o  . �I)�_� %�)- 

��E S)�<�#� ")�� �%<! =��O�#) ��/ �.X��� )� �	%H X)<� ��+ W��� h�+ 4!<% 7��+ XH ��% �� 7

“g1.com”I��# �/ v]#� �!�/ .�#)<: �� =�I�1 ���% =��O�#) XH ") ���uI��/ )� XH ��)-J  ��%���:  

Load “g1.com” 

Gnuplot� .:�/ �)�0�#) 4	( �%)<�.X<�# ") ") �1��+ W�%<�# ��E 7." 7K! �/ � =��O�#) ��<� �

�<! '6)�:  

Plot “queue.tr “  

Using  1: ($4/1000) t “kbytes “ w lines  , \”queue. tr “ using  1:5  t  “Packets “ w lines  2    

 �<	O� �/ ��#���� ����� W.�+ ?�) X<�# ") =��O�#) �/ � 7“queue.tr” �<�� X)<�Y �/  x�   X<�#

�
� ���	E� ��Y �/ �A��� �<�� X)<�Y �/ y� �1 .� �!�/ ��-#�� ��OR X��1 ��% ����� �)�<. ��� 

)�/ ?�) X<�# ") =��O�#) �/- �<�� x� �1 )�/ �V�3 X<�#- �<�� y% �1�#�� *��! �1)<: � . �F�: �/

!�/ ��!)����� �� �� i“using” � “t”  � “Lines”4#) �	� .  

9 �=: "�-� ��
'� K�; �' ������ LXgraph   

�#�� ���%�/ W� ^#<� �� 4#) ����<# �ns=�! �1)�+ 4#))1�I.% S�6�) � ") =��O�#) �/ 4#) "�

configure( �]��� �%�I)�( �<F �/� �<�#� �/ v]# � �<! 7Make �:�! �� Xgraph� )�() =���H .�<!.  

Xgraph� ="�() .5� �/ �� �1��W ���� X���“Hdcpy”4��+ �1- Postscript$ Tgif�  �#��+ ��7 �1

)��<! ��V.  

����- �<�#� Xgraph���%) �<F �/  � �K.�  �/ ���+ ��2�K#) 7. S�Y`F) �a
% �1 7��! x-y 

)�/-�+ XH ^: �1 �� 7.�!�/.  

                                                 
1 - Load 



     

)�/- ?�[� f1 f2  Xgraph�� - ���OR W$ �+�7�1- f1 � f2� {�E )� .��%�� .:�/.� ") �Ip. -

 �� �1Xgraph ") ����� Y :  

Title) X)<�Y :( S�� Y ")“title” –t��% =��O�#) ���.  

Size) =")�%):( S�� Y � ?�� ")–geometry  Xsize  X ysize 

)�/ X)<�Y -�<�� �1 $-X”Xtitle”)�/ X)<�Y� - �<�� y S�<R �/ �1 –Y “ytitle � s02�.�<! . �%�

 �K ! � ��� : �E�3 �/–V� s02� .�<!.  

 �<�#� ?�[� X)<�Y �/Xgraph!�/ ��!)� 4#) �K�� ��:  

Xgraph  f1   f2   -geometry 800 X400  -t “Loss rates “ –X”time “ –y “Lost  Packets” 

9 �@: � �� *�:IJ� M��N?"� �B� ( KOP(�6"� tcl   

�.� X)<�  S)�<�#� �� 4#) �K��unix ��%�� “graph” � “awk” X��� )� 4]��K#)�1- tcl '��V� 

��� .�/�%<I)-%��" S�Y`F) \")��3 L��! �� .�+ �� �!�/ ���!<% ?�� �� 74#) X�! .)�/- =)� ?�[� 

������+ X����7�1- trace S)�<�#� ") �� 4#) XH unix�+ \")��3 �/ ^ ��� �7$ �F ")� S)�<�#� Z

tcl�+ �� �"�/ )� 4#)<:�� ��<� 7�.��O�#) ����<! =. )�/-�<�#� 4#) �K�� ?�[�  

$Set  file 1  [ open  out. tr  w ] 

)) ��� L��! �� �<�#� �4]��K#) ex1.tcl  ?��( ��lx��!)� �� (" �<�#� ^#<���( ��*P��<! � :  

Set  file 1 [ open “ grep \ “tcp\”>out.tr” w] 

)�� qY�/ �� �.�+ X��� �<a: �� �<!�7� ��$�)�/ \")��3 �-X�! ��!<%  �� $“file1” P�#�� XH =�

�+�� 7.�!�/ $ F<a: XH �	�� � �%<! WE. ��5� � S�� Y �� “TCP”� )�)� )� .�+ �� ��!�/� 7out.tr 

�% � 7R�� ���4#) �V$  � �<! ��!<%file1P�#� �) =���+ ��� 7.�!�/. 

 

 



     

 �
�<:  

Q�-��� 	 1� ��"7 TCP/ IP 

 <��  �6-	��(transport contral protocol) TCP:  

�k 7K���3 W�/ Sk�� � ?<¥�� �� 4#) ?�
�%) �� ") MB� %+)���) W�� 4%���.� �!�/  Q��TCP)  "

)�)�)� 4	( �-�1) �� 4���.) Q�� �/ �V�� �� 4#) �� 4%���.�I) �<!  �ETCP3 �) ") M� �� �

#� Ua#�D.\���I  ��!� ?�� �� X����� 4#) ��+� � � �
��) � <�%.�!�/.                          

IETF(Internet Engineering task Force)���	� �"�#��)�%��#) X��"�# �- �/ ^ ��� TCP� . �!�/

�# N`:�/ ���X��"�# ��1-"�#��)�%��#) -��%�� ITV�  G�)� �<F �/ )� �1��)�%��#) ��1 =�� X�P�  ���_

�:) �� ���_ �/�� �)�6 ��.�1� .) ��)�) ��� ��E M0/ �4]��K#) ns �� TCP ! W�� �/ )� ��"�#- 

#��/.� .��%��$ � ��)�).�<! .  

< �& ����� �"��' 	 
� D�E� ex1.tcl   

1� ="�()� ���%�/ �)?��(� x�( )� ��-�+ � 7out.tr ^#<� �� 4]��K#) ex1.tcl) ?��(lx�(  

_<��4#) =�! �$ ��% )�()��� .)�/-) ��/ �<��� ���� ����% ����:  

Perl    throughput.p     out.tr      4     1>thp 

�� ��+ W�(��: 7. �1��uI ^#<�� �.�� ��+�. TCP) �/�%���/ 4�� ()� /�� 4#�.��H� �/ �� �

�� X��" i����� 4 � )� �<�u� S)�.��%��. ) �� ����� ��<� �$ �1 �%�� W�� ��( �)�
� W�� 1��uI. 

/�� 4#�.H�� .)��+ ��(��: 7.� )� . W�� �/ X)<�gnuplot�� �/ ��" S)�<�#� X����#�� ���<�% � .  

Gnuplot  
Set size  0.4  , 0.4 
Set key 60 , 1500 
Plot  “thp”     w  lines 1  

�% ���) �V� ?��( �� )� S)�<�#� ��xA� ���`� .��% ���.  



     

  
 7K!�xA:  ?�c�) .1��uITCP  

  

# ���+� ��	/ Q�� �<��� �/�$��� �1 �/ ��� ?�#�) =�V�3 =")�%) �)�<�% 7K! �TCP#�� )� �� �.��%��� .

)7K! �xl( .)��+ X��1 �� 7“Winfile”� .� �!�/  ^#<� �ex1.tcl) �4#) =�!��V.  

  
 7K!�xl:  ?�c�) ?�#�) =�V�3 =")�%)TCP  

%�� X��" ")� �l�� ���`� �D/ �/ .��%���� � � ?�c�) ") ��P�1 � ���� �:�E WTCP 4#�/ 

�.H�� .) 45Y� �� 4#) XH =�%<!�)�K� i��� �:�E �TCP�1 �") �2 �%�K� W�3 �*�P2��- ����") ") 

� =��O�#).��%� �� �
� )� \�<: ?�#�) =�V�3 =")�%)�j� a: S�<R �/ .)*+) �� M.%��" �� �1�. �� 



     

�1� �� ����") . X��" ") 7 6l� ��3�% ���+� W� ") �uI��" � �)�TCP���1H L��! "�+ �� )� J  =�1�2�

�.��%��� .  

 X��" ���,l�)�
� -�1 ���/ X�)� 4#� ")  �)� L��! "�+ �� )���$ �% ����V�3 �V_�� �� =. �� 

1��uI.�*% �4#) �OR �/ W. � �%<PE.) X)<��T<� )� ��<� ��_� ��)� U� X��" �� �� 4#) XH 7�,l� W

�O6�t�   �<(� �5R�+��)� .)u_=�V�3 =")�%) �E�I) ��4#) ���/ . 1 ��)��_�#�) �%<I.��)�% �<(�  . X��" ��

AA% �* �L��! X��" �� W �� ") �)�:� W���/ X�)� 4# �1j)��V���)� �<(� .  

 <�9 �TCP  	� 7� �6!�57R�A� S	  � 1Q T?��3�U� O$-�6!�5  :  

j̀  6X��1 =��� ���`� �� �%<I)��$ ���/ X�)� 4#� ")�</ ����") 45Y �/ �1 . X�)� 4#� ") �)�:� �� _)

���/� �1._ �<(� 45Y �/ �%)<��W��1-D� �� b< �)�)� �-�a: � �!�/ .)�R<c0� L<T<� �j� ��<� �� 

_�W��1-�)� �<.�� .�!�/ 4#�� �%)<� .�O5� ���1.�E ?�� �� ��1�<% M�-�< %" �%k XH �K ! - � 

_<5# 4+�/.�� .� �!�/ �_ �� ��W��1-=�)<1�� )-% �) *�!�/ �1�! 4#) �K�� )� ;�O�) ��� .� � �

�`K2�.��% ") )� ���T S`:)�� �.�  6�O�).<! 7���� 4#) �K�� �� �� �.���/ �%)<�)�)� �1- 

�1�a:.����/ v]# � �%<! �%<! Nu� �1) .��)<� 45Y �/-�% � �shadowing،fading( .) ��� M0/ �

�)� �c6�P%<PE �.X�����)�  ��a: ?�� W 1� X�2% )���: � h�+ ��.������/ ��� �1-_ � ?�#�) W�

)_�3 W��M�� (1 X��/�P��/)� �.��
� �/ � Sk����) 4/�� �Nu� ?�� ��� X�!.) �!�/� ?�� �

�a:-_ �_ ��)� �� W���1�<% �/ 7c�� W�- n3,n2)  ?��( ?�[� ���-�( �." 7K! �/ �<!�) �� ��V

�.���I:  

                                                 
1 - slow x  start 

2 - time  x out 

3 - noisy 
4 - noisely 
5 - cellular 



     

# Set error  model  on link n2 to n3  
Set loss_module  [ new  Error  model ] 
$ loss _module  Set   rate _0.2 
$loss _module  ranvar  [ new Random Variable  /Uniform] 
$ loss _module   drop-target  [ new  Agent /Null ] 
$ ns  loss model  $loss _ module $ n2 $ n3  

 �<�#��,lSet  rate_    $ loss _module�4#� ") ��% W���/ X�)�� �/ �1� X)*l� %D� )���� �.� ��� 

XH ���� �_<� W��1�-+��c� .<� "�' ��/ )� 4:)<�K� ���.I��D/ ^: �� �� ��-�D� �4#) =�! 8. � 

D� �:H ^:��� �._ �)�� �� ������� 4�� W��) ����� ��I �)�6 S����� .X)<�Y �/ � Sk�c�) ") ?�[� W

TCP �� �_ W�D� =�I<5I W���/ )� ��)� �a: � b< � ?�c�) WUDP� Q)��!) �/ .��)uI $ <c� ��� �

 7K!�-� �� )� � ��%.I����.  

  
  

 7K!�-� : ?�[�rdrop.tcl  

 

• Queue monitoring: �! W. �� �	� ns $Queue Monitor� .��!�/ .)�! ��z� ="�() .-

" S�Y`F) �� �1��� �� O���-8R ?<F ��<� �� )� $ ���/�1-���� -�  ���/�1- � =�! ?�#�) 

���/�1-4#� ") '�( )� ��+���H-��% ��3 4	( ��=��"�#- � WQueue Monitor/ ��1�<% �- 

n3,n2�/ ��� ����%  ����:   



     

Set qmon [ $ns monitor-queue $n2 $n3  [open qm.out w ] 0.1 ] , [$ns  link $n2 $n3 ]  

queue-sample – timeout , #[$ns  link  $n2  $n3 ]  start –tracing  

 

!. QueueMonitor)�)� - � 4#) X��<I�H :l��-_�) .% �1�<.�_ �� ����1 �K�. 4#) �)�6 �� )� 

%����<! �<�$ � s02�.��% ��. �<#.$ �+�(��: 7. L<% trace� s02� )� .��%�� � �:H� ���)��3 �

%��" 4/<%.%�� ��� 8R X����<�-_ XH �� s02� )� W�.��%�� .�� �� ?�[� ��<�$ �� 8R-���� - 

_��1�<% W�- n2-n3 �1 �� �,A%�� �� �.� �<!  �:(�.�� -�+ � 7qm.out� �� ��0.�+ �<!�(��: 7. 

)�)�- A�" X<�#�� �.�!�/ : 

A. X��" 

l .�1�<%-���� -(��:� ._ �� �� s02� )� W�.��%�� .  

�.�/ �/ 8R =")�%)�) �� 4���� �/ 4#) ^ ��� �)�
� �� �size! �/ Z5D�� �� . Queue monitor� . 

�!�/. 

� .#) ^ ��� �� ���/ �� 8R =")�%)��� �/ 4� �pkt_! �z� �</*� .�!�/ .  

� .�1 ���/ �)�D�- =�! ��)� )��� �/ ^ ���� �Parrivals_ (   

� .�1 ���/ �)�D�- =�! ?�#�) )���� �pdepartures_(  

� .�1 ���/ �)�D�- 8R ") =�! Nu� )Pdrop_(   

C .�/ �)�D���	�.�=�! ��)� ��  �%))barrivals_(  

B.�/ �)�D���	�.�_ ") �� ��=�! ?�#�) W�%))� =��!).��% ���� �/ �� �)bdeppartures_(   

A� .�/ �)�D���	�- =�! Nu� (bdrops_   



     

� =)� ��( �P�*P�)�/ X��� �-
��� X������ �) �/ ����� ��M0/ �� �1��-�R<� �4#) =�! 8.  ?�[�

�D/- 4]��K#)  �-A�� 4#)  � W4]��K#) X��� ?�� 4	( )� 7��� TCP���/ Nu� �/ 1�-!�% . ") 

DT��� X�2% )� �a: 4.�1�.  

# create  the Simulator  instance 
Set  ns [new Simulator ] 
$ns  color  1 Blue  
$ns color  2 Red 
 
# 0pen  the NAM trace file 
Set  nf [open out.nam  w] 
$ns namtrace –all $nf 
 
#open  the Trace  file 
Set tf [open out.tr  w] 
Set  wimdowVsTime2 [open WindowVsTimeNReno  w] 
$ns  trace –all $tf 
 
 
#Define  a 'finish'  procedure 
Proc finish {}  { 
              Global  ns  nf tf 
              $ns  flush –trace 
              Close $nf  
              Close $tf 
              Exec  nam out.nam & 
              Exit 0 
} 
 
#create  four nodes  
Set n0 [$ns node ] 
Set n1 [$ns node] 
Set n2 [$ns node ] 
Set n3 [$ns node ] 
$ns  at 0.1 “$n1  label \ “CBR\”” 
$ns  at 1.0 “$n0  label \”FTP\”” 
 
#create links between the nodes  
$ns duplex-link $n0  $n2 2Mb  10ms DropTail 
$ns duplex-link $n1 $n2 2Mb  10ms DropTail 
$ns  simplex-link $n2  $n3 0.07Mb  20ms  DropTail 
$ns  simplex-link $n3 $n2  0.07Mb  20ms DropTail 



     

 
# set Queue Size of link (n2-n3)  to  10  
$ns  queue –limit $n2 $n3  10 
 
#Monitor  the queue for  link (n2-n3). (for NAM) 
$ns simplex – link –op $n2 $n3 queuePos  0.5 
 
#set  error model  on link n3 to n2. 
Set loss_module [ new ErrorModel] 
$loss_module set rate_0.2 
$loss_module ranvar  [ new Randomvariable/Uniform] 
$loss_module drop- target [ new Agent/Null] 
$ns lossmodel $loss _module $n2 $n3  
# setup a TCPconnection 
Set tcp [new Agnet/TCP/newreno] 
$ns attacj-agent $n0 $sink 
$ns connect $tcp $sink 
$tcp set fid_1 
 
#setup a  FTP over TCPconnection 
Set ftp [new application/FTP] 
$ftp attach-agent $tcp 
$ftp set type_FTP 
 
# setup aUDPconnection 
Set udp [new agnet/UDP] 
$ns attach-agent $n1 $udp 
Set null [new agent/Null] 
$ns attach-agent $n3 $null 
$ns connect  $udp $null 
$udp set fid_2 
 
#setup a UDP connection 
Set udp [new agent/UDP] 
$ns attach-agent $n1 $udp  
Set null [new agent/ Null] 
$ns attach-agent $n3 $null 
$ns connect $udp $null 
$udp set fid_2 
 
#setup a CBR over UDP connection  
Set cbr [new application /traffic/CBR] 
#cbr attach-agent  $udp 
$cbr set type_CBR 
$cbr set packetsize _1000 



     

$cbr set rate_0.01Mb 
$cbr  set random_false 
 
#schedule events for the CBR and FTP agents 
$ns at 0.1 “$cbr start “ 
$ns at 1.0 “$ftp start “ 
$ns at 624.0 “$ftp stop “ 
$ns at 624.5 “$cbr stop “ 
 
# printing the window size  
Proc plotWindow {tcpSource file} { 
global ns 
set time 0.01 
set now [$ns now] 
set cwnd [$tcpSource set cwnd_] 
puts $file “$now $cwnd” 
$ns at [expr $now +$time] “plotWindow $tcpSource $file” 
$ns at 1.1 “plotWindow  $windowVsTime2” 
# sample the bottleneck  queue every 0.1 sec. store the trace in qm.out 
Set qmon [ $ns  monitor –queue $n2  $n3 [ open qm.out w ]  0.1] ; 
[$ns link  $n2  $n3 ] queue –sample – timeout ; # [$ns link $n2 $n3 ] start –tracing  
 
 
#Detach tcp  and sink agents (not really necessary) 
$ns  at 624.5 “$ns detach –agent $n0  $tcp  ; detach – agent  $n3  $sink “ 
$ns at 625.0 “finish “ 
$ns run 
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Set sink [new agent/TCP sink /delACK] 
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Set sink [new agent/TCP sink] 
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#create  the Simulator  instance  
Set  ns [ new  Simulator ] 
 
#Opening   the  trace files 
Set nf [open out.nam w ] 
$ns namtarce –all $nf 
 
Set  [open out.tr w ] 
Set  windowVsTime [open  win w] 
Set param [open parameters w] 
$ns trace-all $tf 
 
#Define  a ‘finish ‘ procedure 
Proc finish {} { 
               Global ns nf tf 
                $ns flush –trace  
                Close $tf  
                 Exec nam out.nam& 
                 Exite 0 
} 
 
#create bottleneck and dest nodes  and  link between  them 

                                                 
1 - recursive 



     

Set n2 [$ns node ] 
Set n3[$ns node ] 
$ns  duplex –link $n2 $n3 0.7Mb 20ms DropTail 
 
 
Set NumbSrc  5  
Set Duration  10 
 
#Source nodes  
For {set j 1 }  {$j <=$NumbSrc } {incr j} { 
Set S($j) [$ns node] 
} 
 
# create  a raandom  generator for starting the ftp and for bottleneck link delays 
Set rng [new RNG]  
Srng seed 0  
 
# parameters for random variables for beginning of ftp connections 
Set Rvstart [new Random Variable/Uniform] 
$Rvstart set min_0 
$Rvstart set max_7 
$Rvstart use-rung $rng 
} 
#we define two random parameters for each connection 
For{set i1} {$i<=$numbsrc} {incr  i} { 
Set startT($i) [expr [$Rvstart  value]] 
Set dly ($i) [expr [$Rvdly  value]] 
Puts $param “dly($i) $dly ($i) ms” 
Puts $param “startT ($i) $startT($i) sec”} 
#links between source and bottleneck 
For {set j 1} {$j <=$numbsrc} {incr j} { 
$ns duplex-link $s($j) $n2 10Mb $dly ($j) ms Droptail 
$ns queue-limit $s($j) $n2 100 
} 
#Monitor the queue for link (n2-n3).(for NAM) 
$ns duplex-link-op $n2 $n3 queuepos 0.5 
#setQueue sizw of link (n2-n3) to 10 
$ns queue-limit $n2 $n3 10 
  
#TCP sources 
For {set j 1} {$j<=$Numbsrc} {incr j} { 
Set tcp_src($j) [new agent/TCP/Reno] 
} 
#TCP Destination 
For{set j 1} {$j <=$Numbsrc}  {incr  j} { 



     

$ns attach-agent $s($j) $tcp_src ($j) 
$ns attach-agent $n3 $tcp_snk($j) 
$ns connect $tcp_src($j) $tcp_snk($j) 
} 
#FTPsources 
For {set j 1} {$j<=$Numbsrc} {incr j} { 
Set ftp ($j ) [$tcp_src($j)  attach-source FTP] 
} 
#parametrisation of TCP sources 
For{set j 1} {$j<=$NumbSrc} {incr j} { 
$tcp_src ($j) set packetsize_552 
} 
 
#Schedule events for  the FTP agents: 
For{set i1} {$i<=$Numbsrc} {incr i} { 
$ns at $startT($i) “$ftp($i) start” 
$ns at $Duration “$ftp ($i) stop” 
} 
Proc plotwindow {tcpSource file k} { 
Global ns 
 
Set time 0.03 
Set now [$ns now] 
Set cwnd [$tcpsource set cwnd_] 
Puts $file “$now $cwnd” 
$ns at [expr $now+ $time]  “plotwindow $tcpSource $file $k”} 
 
#the procedure will now be called for all tcp source 
For {set j 1} {$j<=$Numbsrc}  {incr j} { 
$ns at 0.1 “plotwindow $tcp_src($j) $window VsTIME $j” 
} 
$ns at [expr $Duration] “finish” 
$ns run 
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Set  ns [new Simulator] 
 
#There are several  sources of TCP sharing a bottleneck link 
# and a single destination . Their number is given by the parameter NodeNb 
 
#   S(1)                         ---- 
#    .                                    | 
#    .                             ----     ---- N -------- D(1) . . . D(NodeNb) 
#    .                                    | 
#    S (NodeNb)          ---- 
#Next  file will contain the transfer  time of different  connections 
Set Out [open Out .ns w] 
# Next file will contain the number of connections 
Set conn [ open conn.tr  w] 
#Open the Trace file  
Set tf [open  out .tr  w] 
$ns trace –all $tf 
 
#we  define three files that will be used to trace the queue size , 
# the bandwidth and losses at the bottleneck . 
Set qsize  [open queue size .tr  w ] 
Set qbw   [ open queuebw .tr   w] 
Set qbw   [ open queuelost.tr  w] 
 
# defining the topology 
Set  N  [ $ns  node ] 
Set  D [$ns node ] 
$ns duplex –link  $N  $D 2Mb  1ms DropTail 
$ns queue –limit  $N  $D 3000 
 
# Number  of source  node  
Set NumberFilows  530 
 
#Nodes  and  links  
For  { set j  1 } {$j<=$NodeNb} { incr  j   }  { 
Set   S($j)  [ $ns  node] 
$ns   duplex – link $S($j) $N 100Mb 1ms DropTail  
$ns  queue- limit  $S($j)   $N 1000 
} 
 
#TCP  Sources  and Destinations  
For  {set   i 1  } { $i <=$NodeNb} {  incr   i  }  {  
For  { set  j  1  } { $j <=$NumberFlows} { incr  j } { 
Set  tcpsrc ($i,$j)  [ new  Agent /TCP/Newreno] 
Set tcp _snk ($i.$j ) [ new Agent /TCPSink ] 



     

$tcpsrc ($i,$j)  set  window _2000 
  } 
 
#connections 
For {set i  1 }  { $i<=$NodeNd}  { incr  i }  { 
For  {set  j  1}  { $j <=$NumberFlows}  {incr  j }   { 
$ns  attach- agent  $S($i)   $tcpsrc($i.$j) 
$ns  connect  $tcpsrc($i , $j ) $tcp _snk($i.$j) 
   } 
 } 
#FTP  sources 
For { set  i 1}{ $i<=$NodeNb}{   incr  i }  { 
For {set  j 1 } {$j<=$N umberFlows} { incr} { 
Set ftp ($i.$j)  [ $tcpsrc($i.$j) attach-source FTP] 
  } 
} 
 
# Generators  for random  size  of files. 
Set  rng1 [new  RNG] 
$rng1 seed 0 
Set  rng2 [ new  RNG] 
$rng2 seed  0 
 
#Random  interarrival  time  of  TCP transfers  at  each  source  i 
Set  RV [new  Random Variable/Exponential ] 
$RV  set  avg_0.045 
$RV  use-rng $rng1 
#Random Size of files to transmit 
Set RVSize   [new RandomVariable/Pareto] 
$RVSize   set  avg_ 10000 
$RVSize   set  shape_ 1.5 
$RVSize   use-rng  $rng2 
# We now define the beginning times of transfers and the transfer sizes 
# Arrivals of sessions follow a poison process. 
# 
For { set i 1} {$i <= $NodeNb} { incr i } { 
        Set   t [$ns now] 
        For {set j 1} {$j <=$NumberFlows} { incr j} { 
   # set  the beginning time  of  next  transfer  from source  i   
   Set  t [expr  $t +  [ $RV  value ] ]  
Set  Conct ($i, $j )  $t 

 
  #set  the  size  of  next  transfer   from  source   i     
  Set  Size ($i, $j)  [ expr  [ $RVSize  value ] ] 
  $ns  at  $Conct ($i,$j) “ countFlows  $i 1”    



     

}  } 
 
#Next  is  a recursize procedure  that  checks for  each session  whether  
# it has  ended . The  procedure calls  itself each 0.1 sec (this  is 
# set  in  the variable “time”) . 
#If  a connection  has ended then  we print  in the file  $Out 
#     * the connection  identifiers   i and j , 
#     * the start and end time of the connection, 
#   * the throughput  of the session , 
#   * the size of  the transfer  in bytes 
# and we further define another beginnig  of transfer  after  a random  time . 
Proc Test {}  { 
Globar Conct  tcpsrc Size NodeNb NumberFlows  ns RV ftp Out  tcp_snk RVSize set time 
0.1 
For  { set i 1} {$i<=$NodeNb} {incr i } { 
For  {set j 1 }  {$j<=$NumberFlows} {incr  j }  { 

 
#  We  now  check if the transfer  is  over  
If { [$tcpsrc($i,$j) set ack_] = = [$tcpsrc($i.$j) set  maxseq_] } { 
          If {[$tcpsrc($i,$j) set ack_] >=0} { 
                    # if the  transfer  is  over , we  print relevant  information  in $Out  
          Puts  $Out  “$i,$j\t$Conct( $i,$j)\t[expr [ $ns  now ] ] \t\ 
  [ expr  ($Size ($i.$j))/ (1000*([expr [$ns  now ] ] - $Conct ($i.$j)))]\t$Size ($i,$j)” 
    countFlows  $i  0 
    $tcpsrc($i,$j)  reset  
    $tcp_snk($i,$j) reset 
} } }  } 
$ns  at [expr [ $ns  now] +$time “Test” 
} 

 
For {set j 1 } {$j <=$NodeNb} { incr  j }  { 
Set  Cnts ($j)  0 
#The  follwing recursive procedure updates the number of coneections 
#az a function of time. Each 0.2 it prints them into $conn. This 
#is done by calling the procedure with the “sign” parameter equa] 
#3 (in with case the “ind” parameter does not play a role) . the 
3 proceddure is also called by the test procedure whenever a connection 
# from source I ends by assigning the “sign” parameter 0, or when 
# it begins , by assigning it 1( I is passed through the “ind” variable) . 
Proc countFlows {ind sign } { 
Global cnts conn NodeNb 
Set  ns [Simulator instance] 
        If   {$sign = = 0 } { set Cnts ($ind) [ expr  $Cnts ($ind) – 1] 
}elseif  {$sign = = 1} { set Cnts ($ind) [expr $Cnts($ind) + 1 ] 
} else { 



     

      Puts – nonewline $Conn “$ns now] \t” 
      Set  sum  0 
      For {set  j 1 } { $j<= $NodeNb} { incr   j}  { 
            Puts – nonewline  $Conn  “$Cnts($j) \t” 
            Set  sum  [expr  $sum + $Cnts($j)] 
    } 
   Puts  $Conn “$sum” 
    $ns  at [ expr [ $ns  now  ] + 0.2 ] “countflows  1   3 “ 
}} 

 
# define a “finish” proceddure 
Proc  finish  {}  { 
             Global  na  tf  qsize  qbw  qlost  
$ns  flush – trace  
Close $qsize  
Close $qlost 
#  Execute Xgraph  to display  the queue  size , queue  bandwidth and  loss rate exec xgraph 
queuesize . tr –geometry 800x400 – t “Queue size “-x”secs”-y”# packets” & exec  xgraph 
queuesize .tr –geometry 800x400- t “bandwidth” –x “secs “ –y “kbps”-fg  white & 
Exec  xgraph  queuelost.tr – geometry 800x400 –t “#Packets lost “ –x “secs” –y “packets” 
&        exit 0 
} 

 
#QUEUE MONITORING 
Set qfile [ $ns monitor-queue $N $D [open queue .tr w]  0.05] 
[$ns link $n $D] queue-sample-timeout; 

 
#the following procedure records queue size, bandwidth and loss rathe 
Proc record {} { 
Global ns qfile qsize qbw qlost N D 
Set time 0.05 
Set now [$ns now] 

 
#print the current queue size in $qsize, the current used 
# bandwidth in $qbw, and the loss rate in $qloss 
$qfile instvar parrivals_ pdepartures_ bdrops_ bdepartures_ pdrops_ 
Puts $qsize “$now [expr $parrivals_ -$pdepartures_ -$pdrops_]” 
Puts 4qbw   “4now [expr $bdepartures_*8/1024/$time]” 
Set bdepartures_0 
Puts $qlost “$now [expr $pdrops_/$time]” 
$ns at [expr $now+$time] “record” 
} 
$ns at 0.0 “record” 
$ns at 0.01 “test” 
$ns at 0.5 “countflows 1 3” 



     

$ns at 20 “finish” 
$ns run 
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� W .

+)�� '/��� �)�D��K.���)��3 ^#<� ”Nodenb”D� ��� �.) �� �� �<!� �� ?�[� ��� .�!�/.� � �+)�� �K. 

TCP ^#<� l� s02� ���)��3 .�%<!: � � =�I��)�D� �  session�1.��2% =�I XH ") �� � S.I��%� .

)�/- �1 Agent  TCP��  � WApplication FTP�( ��D� ��� 8.����.  Sk�c�)TCP�( � =�! ��)� �

�/ Z/�a� � Wpoisson process� .�!�/ .)�/��/��( Sk�c�) �� �TCP =��O�#) �/ )� ��� ")���1-+��c� . 

"<��D.��% .�_<� �� �.��%���. _�)�)� =�I<5I W�-��	3 - �%�/2Mbps:�� � ��1ms�.��!�/ .") �� � W

 =�V�3 =")�%)l�����.��  �"<� W� 'reno� =��O�#) .��%��� ./ X��" ^#<������� � � Wsession  TCP 

�(�$�� ?�[� �� =�I �1 �/ � ��� �5.%�� �� �.�!�/.  

)�^#<�� �/ �� 4#) �<	O� X)�/ �ll
ll $ session�( �b�T =�I �1 �/ =�! ��)� �  ��Node 

Nb ) �	1�I �)�D� (�)�� �A��,�� session %�� �/��.  

 ��session =")�%) ^#<�� �/ )� �1A����/ <5�"<� W�� �/ 4� ' pareto  ���)��3 �/ shape �/ �/)�/ 

A,�_<� �� �.���� .�<�Y ��% )u_._<� �/ ��4�</ �1)<: �1:  

133. 33* 104 *8=10.67 Mbps  

X��1 ��� ���`� �� �%<I.��%��+�o ") ��_ 4��/ =�I<5I W��/ ���4#) ��2 .��/)�/� ����%) �

�)���� � � F ��) W�D.�<! �1�o ����") ")  . �E�I)TCP+�o ��V�I � 4� �� )� ����") ") b���() M

�� r�: �<F �/ � �K !-_ 8R �� )�)� =�I<5I W�.�!�/ .��+ �/ ����") )u_�1-� ��P- �1)<: �1�o 

�! .  



     

 

O)W� ��+�- �' B��; *��U� �0sessions:   

�" ����� session�1- L<% ") =��<� TCP�6`Y �	�� �% �� �1���H �/ ���-���/ � �1.!�/��1���H �K5/ �- 

session% )� �1��6`Y *'�( �/ �����H-��1 ��.�)� �c6 � ���%�/ �� �NS ��2I"�/ ?)�� W. ��% �/ )� 

“Test”�D� ���% 8�� �1 �� �session� WE )� .H �� �����3 ��u3 X����+� 4#) �: ��) � �� ?)�� �

�1 )� \�<: �W%�� �1��%)<:)�+ �.� .��%�) �� ����� ") �)�
� �� �“time”:w ���I =��=� 4#). �I) 

)��3 ?�c�) ��X� ���+�w ��)<� �!�/��� )� 7 ��+ W�(��: 7.� .���*:  

• �#��!�1- I , g ��� �� ?�c�) �1 �/ )� . ") g�) � �<% ") ?�c�) �I� �) . �!�/ 

•  X��" ?�c�) ����: � L��! 

• 1��uI. ?�c�) XH  

• �+ ?�
�%) =")�%)��/ �/ ?�c�) XH 7� 4 

�D/ ?�
�%) L��! ?)�� =�P%H-") v3 )�  �+��c� X��" W.�D� �� 8.��%�� .�+�(��: 7.) �� � �

4]��K#) Out.ns�</ �1)<:  .)�/-) ���� WE ����� � � Wsession�3 �X� �4#) ��+� �: �� ") �

" �<�#�� �� =��O�#).��% ���  

If { [$tcpsrc ($i,$j) set ack_]==[$tcpsrc($i,$j) set maxseq_]} { 

� ���%�/��2I"�/ �P. ��% �/ “CountFlows”/ 4	(� �<% �1 ") ?�D+ Sk�c�) �)�D� X��� "��

� =��O�#). �<!)� ����)�H X� �“cnts”:w � <}Y � =�! =�j�( �� Sk�c�) �)�D� �) � �<% ") X�j �) 

� X�2% )�.�1� ()�" �� ?)���l ��)� ���)��3 “ind” � “sign”.  

 “ind”� s02� .��%�" �� ����� �E ?)�� �-�/ )� ��1� ��V%) � : �I)� �!�/ )�/ )� ����:- 

%)<:)�+ ?�c�).� .��%�� .)�� ��� �/ "�GH X��" �� �1���)��3 � �����: � ��6� ?�c�) W." �� ���%�/



     

%)<:)�+.� .<!$�% � =��O�#).) �%<!�" ��j)��K� )� \�<: ?)��� �1 �� �,l%�� �%)<:)�+ �.� .��%� �

%)<:)�+ �)�D� ��.�1-X��� )� ?�D+  ��+ W� ��% �/ 7con.tr��% 4 � �� .)�/-) ��) ��� S�<R ��� �

u3��/ ��� ���)��3 �“sign”� ?�#�) �� . �)�
� �% �<!A �% � �!�/ � ) ) �� �� �����( �)�
� �/ )� XH 

���� �=��� �)�� (  

����1Q B��; ��? :  

 ���%�/ ��tcl�) �� �� )��H �1)<: �� ��( =)� W�*P�%�� 4	( ���)�
� �� 8R X����<�- 

3�g�=� M0/ �� �g%H ") ��� x�� ���� �.�!�/$ j)��V� �� 4#) =�! ��)�)�1�<�#� ") -  

             

Set qfile [$ns monitor-queue $N $D [open queue.tr w] 0.05] 

[$ns link $N $D] queue-sample-timeout; 

� =��O�#) .����.  

� �� _).%)<����% Nu� )� ��� ^: ����� 
��� �j�� S�OR �/ “queue-monitor” M0/ �� �� �x

�R<� �$�! 81)<: ��� ���� �.  

)��� ;�O�) �� ��% �/ ?)�� W“record”� ��V%) .u3��<: �� �� �1 �� )� \�,��%�� � �<F �/ �

�2I"�/.%)<:)�+ .� .��%�� .��	3 ?�[� �<F �/-� �/ )� 8R =��O�#) ��<� �%�/��/<5�%�� �/ 4�X��� � � W

�+�7/ �
� ��_�#�) �V� X��� �.) X��" �/ 8R ") �� 4 � �)�:� �.��%���.   

�/ �!�/ ��!)� ��� �� �Queue Monitor� ��/ �)�D� 7� X)*�4�1-��� �� )� =�! ��)� ��_  

bdepartures�)�	P% -� .��%�)�/ �-�P% �/ �)�D� b��� ��!)��4�1-�� =�! ?�#�) � r�: X��" W

�/���� �)�
� ���_ bdepartures�	�%) ��)� -��	3 � #��� -��� 8R �)�
� �/ �%�/���% ����.  

�)�
�session�1-_<� � =�! �))") �/-�1  � ��+)�� �K. 530 � �( � 4%��T.���� �� ���- �1�<% ��1 ") �1

�3 ��� ! X���"�#-��)�)  ��/�.  



     

 
 7K!Cx�:  ?�[� -)�/ 8R =")�%) short-Tcp.tcl  

�6�.) �� � ��K#)�4]� )�() )� .��%��� �/ )� 8R =")�%) ���/ <5���Y`F) ���/ � 4.XH X��E ��

<c� ��� �� xC�g�1 ��/ � � ") ���� �)�D� Wsession �1)A��)") �/ �� -�<% �1  ( !��"�#- )�() )� 

� =�<�% � �/ )� 8R =")�%)��/<5�� 4 <c� �� ���/ �/� ��xB� ���`�  .��%���.  

  
 7K!Bx�: )�/ 8R =")�%)- ?�[� short-Tcp.tcl �( .� �)�D� �� �� session=�<�% ����� )� �1 )� �  

  

)�/ 8R =")�%)- ?�[� short-Tcp.td:�/ .2� ) �� )� S)�1���/ �V��4+�I ��% �� �:  

A. ���/ �)�D� �1�)�<�% �� �1 ���1-/ 8R X��� �� �)�D� ") ��2 8R �V���/-� =�! .�!�/. )� �

VY 4#) �K���H ��% �/ i� ��� )�E � ���/ WTCP=")�%)  �� W��/<5��.��)�  ._�� 4#) XH 7



     

" �)�D� �����- ") session: �1�5. ����1 WE<� )����/ ����� � ()�/��/��#k�/ �)�D� �- 

���/ �� �1���/��.� .) �</ �1)<: �(<� 7/�6 ��!�/����/ �)��/) �� �1-) ���V � ?�c�) WTCP 

� =���#�+.�%<!. ) ��1����/ ��/ )� �1�I ��% �� �/ �)�D� ��1 � 4+�����/ ��2�1-k�/ - 

���/<5�4% )� �1��/ *��<�% � #��� �.  

l.  7K! ���-C � =�1�2�.�� 8R =")�%) �� �<!����� 4/��.) �%���*��� 8R =")�%) ��4#) �� 

#� X)�/ ���4#) =�. ) ")���_ ����/ Nu� � N`�) �)�:� �D/ �/ �1)<: )� 8R �� �1� 4!)� � 

�. ) �/ ��%��1 �K�����/ �)�D� �2/ �1�� �)�D� ") ��2��/<5�4� �1. �)�6 8R �� �� �!�/

$�%�)�) 7K!�-C ( � ���`� ��.��%�� 7K! �� ��xB��� 4!uI ") v3 .���/ �)�D�  Z+)<� �1

� �)�D� �/��/<5�4� �1.� �<! l���� �1 �/ �)�<�% �� 7.�%<! .) ������/ ���� ���_ ��1- 

P�1 8R X���.���/ �1-��Y`F) . TCP� .1 � ��!�/� ���/ ����/ ��.� )��/) �/ �o���� ��  

 L��!session�/ ��)�% �<(� $��! .)�!�% �.) ") �
� �� �)�D� �� �� 4#) 4
session )�/ )� �1- 

 �/ �<% �1A����� ����� �� ��.  

�. (��: ��% �� �I)._ �_<� ��% ") )� =�I<5I W���� �� S�Y`F) ���$ / ��� S�Y`F) �)�
� ") ��2

8R��/-� 4#�/ )� =�I<5I 8R �� =�! .��H�� .Y`F) �� 4#) XH 45Y��. �� �� ��)� �<(� 

:w =���#�+ �+�/���I =��� �� � =�� ! ���"�#-4#) =�! ?�#�)  .<c� �� ���) ��� ��xA� 

)*+) �)�<�%�2.�( �� Sk�c�) �)�D� ��� )� X�-# �� =�1�2� ���.��%���: 



     

 
 7K!�-A�: Sk�c�) �)�D� 

� ��	3-+�c� �%�/.I % )� =�I<5� 7K! �� *�-AA1)<: �� ���.  

  
 7K!�-AA : ��	3-N�c� �%�/ =�!��_ �=�I<5I W� 

 

< �@��0��
'�7� ����  ?��W���?( X!:  

 M0/ ���x�����: �� b����� �<F �/  � �1 ��+�session L<% ") TCP)�  �
� �/�_)<� =���! ��. 

�c���( �� Z�%�._)<� =���! �/ .?�c�) �[�)�� $ ��� WE�� .)�#��/ \�� �.�/ �*1 �����4#) �/. 

 ��l�( \�� �*P�%�� ���<�+�D� )� X���.� .��%���:  



     

A. _�)��D� \�� ��_��Y) 8.����: S�<R �� �� 4#) u3 ��V%) $�) �� �%��X��� ?��Y) � � W

"� ��% �/ ?)���“done”�6� ����<: �<F �/ �� . �� ����: ?�c�) W.�%)<:)�+ $�/�.� .�<! .

_�c�) �#��!.�3 �� �� X�.��# =�`Y �/ �/��� R<c:�G � L��! X��" ��%�� ?�c�) S�� �� =�

DT� ��%)<�/��D� )� ?�c�) 4���% 8���� $.P/ �)�6 =��O�#) ��<� ��%)<���%� .)� X��� \�� �

4]��K#) short TCP.tcl ?��( �� �-�4#) =�! ��)�) . 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



     

Set ns [new simulator] 
 
# there are severalsources each generating many TCP sessions sharing a bottleneck 
#link and a sungle destination. Their number is given by the parameter nodeNb 
#          S(1)                ----- 
#           .                            |          
#           .                      ----  ----- N  ----------- D(1) … D(NbdeNb) 
#           .                            | 
#          S(nodeNb)      ----- 
 
# next file will contain the transfer time of different connections 
Set out [open out.ns w] 
#next file will contain the number of connections 
Set conn [open conn.tr w] 

#open the trace file 

Set tf [open out.tr w] 

$ns trace-all $tf 

#defining the topology 
Set N [$ns node] 
Set D [$ns node] 
$ns duplex-link $N $D 2 mb 1 ms droptail 
$ns queue-limit $N $D 3000 
 
#number  of  flows  per  source  node 
Set number flows 530 
$nodes and links 
For {set j 1} {$i<= $nodenb} {  incr j } { 
Set S($j) [$ns node] 
$ns duplex-link $S($j) $n 100mb 1ms  droptail 
$ns queue-limit $ S($j) $N 1000  } 
 
#TCP sources, destinations, connections 
For {set  I  1} {$i <=$NodeNb} {incr I } { 
For {set j   1} {4j<=$numberflows} {incr j } { 
Set tcpsrc ($i ,$j) [new agent/TCP/newreno] 
Set tcp_snk(4i,$j) [new agent/tcpSink] 
$tcpsrc ($i,$j) set window_2000 
$ns attach-agent $S($i) $tcp_sink($i,$j) 
$ns attach-agent $d $tcp_snk($i,$j) 
$ns connect $tcpsrc ($i,$j) $tcp_snk($i,$j) 
Set ftp($i,$j)  [$tcpsrc ($tcpsrc($i,$j) attach-source FTP] 
} }  
 
 # Generators  for random  size  of  files  



     

Set  rng 1 [new  RNG] 
$rng 1 seed  0  
Set rng 2 [new RNG ] 
$rng 2 seed 0  
 
#Random  inter –arrival time  of TCP transfer  at each source  i 
Set RV [new RandomVariable / Exponential ] 
$RV set avg  _0.045 
$RV use – r ng $ r ng 1 
 
#Random  size  of files  to  transmit 
Set  RVSize [new RandomVariable/Pareto] 
$RVSize set avg _ 10000 
$RVSize set shape _ 1.5 
$RVSize use –r ng $rng2 
  
# We now  define  the beginning times of transfers  and  the transfer  sizes  
# Arrivals  of  session follow  a Poisson . 
# 
For  { set i  1 } { $j<=$NumberFlows} { incr } { 
         Set  t [ $ns  now ] 
        For {set  j  1  } { $j<= NumberFlows } { incr  j } { 
#  set  the  beginning  time  of  next  transfer  from  from source  and  attributes 
Set  t [expr  $t + {$RV  vslue ] ]  
$tcpsrc($i,$j )  set  starts  $t 
$tcpsrc  ($i,$j )  set  sess  $j 
$tcpsrc  ($i,$j )  set  node  $i 
               $tcpsrc  ($i,$j )  set  size  [ expr  [ $RVSize value ]] 
 $ns  at  [ $tcpsrc ($i,$j)  set  starts ] “$ftp ($i,$j) send {$tcpsrc ($i, $j ) set  size ] “ 
 
#  update  the number  of  flows 
  $ns  at  [$tcpsrc ($i,$j)  set starts ] “ countFlows  $i  1 “ 
}} 
For { set  j  1} {$j <= $NodeNb} { incr  j } { 
Set Cnts( $j ) 0  
} 
# The following   procedure  is  called  whenever a connection  ends 
Agent/ TCP  instproc  done  {}  { 
Global tcpsrc  NodeNb NumberFlows  ns  RV  ftp Out tcp _ snk RVSize  
#  print  in  $Out : node . session ,  start  time , end  time , duration , 
# trans- pkts, transm-bytes , retrans-butes , throughput 
Set duration [ expr  [$ns  now ] -  [$self  set  starts ] ]  
Puts  $Out “ [$self  set node ] \t  [$self  set sess ] \t  [$self  set starts ] \ t \ 
             [$ns now] \t $duration \t  [$self  set  ndatapack _] \ t \  
             [ $self  set ndatabutes _]\t [$self set  nrexmitbytes_ ] \ t \ 



     

             [ expr  [ $self set ndatabytes_ ] /$duration “ 
             countFlows [$self  set node ] 0 
} 
 
# The following  recursive procedure updates  the number  of connections  
# as a function  of time . Each 0.2 sec  it  them into $ns Conn . This  
# is done by calling  the procedure  with “sign “ parameter equal  
# 3 ( in which case the “ind “ parameter does  not play  a role ) . The 
# procedure  is also called by the “done” procedure whenever  a connection  
# from source i  ends  by assigning  the “sign” parameter 0 , or when  
# it begins  , by assigning  it 1 ( i  is passed through  the “ind “ variable ) . 
# 
Proc  countFlows  {ind  sign } { 
Global  Cnts  Conn  NodeNb 
Set ns  [Simulator  instance ]  
             If { $sign = = 0 }  { set  Cnts ($ind ) [ expr $Cnts { $ind ) – 1 ] 
 } elseif { $sign = = 1 } { set Cnts ($ind) [expr  $Cnts ($ind) + 1  ] 
 } else  { 
      Puts – nonewline  $Conn “[$ns  now ] \t” 
       Set  sum  0 
 For {set  j  1}  { $j <=$NodeNb } { incr j } { 
   Puts – nonewline  $Conn  “ [$ns  now ] \t” 
   Set  sum  0  
 For  {set j 1 } { $j<= $NodeNb }{ incr j } { 
         Puts – nonewline  $Conn  “$Cnts{$j) \t” 
         Set  sum [expr $sum  + $Cnts ($j) ] 
} 
Puts  $Conn “$sum “ 
$ns at  [ expr [ $ns  now ]  + 0.2 ] “ countFlows  1   3” 
} }  
 
Define  a “ finish “ procedure  
Proc finish { } {  
               Global  ns  tf 
Close  $t f    
            $ns  flush –trace  
            Exit  0  
} 
 
$ns  at 0.5  “countFlows  1  3”  
$ns at 20 “finish” 
 
$ns run 

 ?��(�-� : 4]��K#) short TCP.tcl)�/ - =��<� Sk�c�) TCP  



     

  

l. � =)��� �P.%��") =��O�#) �%)<��)") �/ �<�-�1  �(� �!�/ X�(Per-flow). � ��.�1���H �%)<� .� )� 

�� ��-�( �1 ���Y`F) �/)� X�.�% ��: �1 ���/ �)�
�-�/ � =�! ?�#�) �� �1 4 ���/�1- 4#� ") 

G� =�! =�)���1� ��)�) �� �/ =�.  

��D��DT� 8� Sk�c�) 4TCP �� �K#)�4]!�� X��1 �/�2� .�D� 4	( �� �*��� =")�%) X��� 8� ��

 ?�#�) =�V�3TCP$  "�+ "�GH �%��#H��slow-start ���1H L��! G� �=���� =��O�#) $�� �.�!�/.  

 ��4]��K#) L��! X��" �� session � �<% �#��! $session�  " S�<R �/ )� ?�
�%) =")�%)��D� �� 8

) =�<�%��:  

$tcpsrc ($i,$j) set starts $t  
$tcpsrc ($i,$j) set sess    $j 
$tcpsrc ($i,$j) set node  $i 
$tcpsrc ($i,$j) set size [expr [ $RVSize  value ]] 

"� ?)�� �“Done”" S�<R �/ ��D� ��� 8.� �<! �(�*P�" �� ?)�� �Test �� ��!uI \�� �� 

4]��K#) shory TCP.tcl)  ?��(�x� ( �.�<!: 

Agent/TCP instproc done {}{ 
Global tcpsrc nodenb numberFlows ns RV ftp out tcp_snk RVsize 
#print in $out :node,session, start time, endtime,duration, 
#trance-pkts,transm-bytes , retrans-bytes, throughput 
Set duration [expr [$ns now] –[$self set stars] ]  
Puts $out “[$self set node ]  \ t [$self set sess]  \t  [$self set start]  \t\ 
          [$ns now] \ t $duration \ t[$self set nrexmitbytes_]  \t\ 
          [$self set ndatabytes_]    \t [$self set nrexmitbytes_]   \ t\ 
           [expr [$self set ndatabytes_] /$duration ]” 
               Countflows  [$self set node ] 0 
} 

!�/ ��!)� �F�: �/��# �� �� ��DT� �� 4 Sk�c�)TCP� =��O�#) )� .��%��� :  

Ndatapack  :���/ �)�D��1-#</ =�! 7
��� � 4#) ?�c�) �5)���/ �I))-��E �j)��V� ��/ � ?�#�) 

�!�/ =�!$�W� =���! ��/. �<!(  



     

Ndata bytes : �/ �)�D��4�1-) 4#) ?�c�) ^#<� =�! ?�#�) S�Y`F.  

• Ndatabyte _is the number of data bytes transmited by the connection. 

• N rexmitpackets _ is the number of packets retransmited  by the connection. 

• N rexmitbytes _is the number of bytes retransmited  by the connection. 

Nrexmitpackets _: ���/ �)�D�j)��V� �14#) ?�c�) ^#<� =�! ?�#�) .  

Nrexmitbytes   _: �/ �)�D��4�1-j)��V� 4#) ?�c�) ^#<� =�! ?�#�) .  
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