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Summary. The development of model for a fragment of European Internet backbone in the 

environment of simulation system NS was implemented. For the estimation of backbone’s through-
put, packet’s delivery time and delivered packets percentage the corresponding scripts of OS Unix, 
using the analysis of complete simulation trace, were written. The adequacy of earlier represented 
models in the form of colored Petri nets was confirmed. 

 
     (  -

      )  -
           

,      .  
       IEEE MAS-

COTS ( ,       ) 
[1],         

    . 
        -
   ,   NS, GTNeS, OPNET, 

NISTNET, DummyNet, ModelNet, Ohio Network Emulator, ENDE, Emulab, EMPOWER, NSE, 
Vint/NS, NETWARS.       NS (Network Simulator) 
[2],       .  NS  

   ,    -
  .    -

          
     ,    -

.  
  ,     -

      [3],     
 Ethernet [4], TCP/IP  MPLS [5], Bluetooth [6].    CPN Tools 

[7]          -
 CPN ML.  ML       
     ,       -

   .  
    TCP/IP  MPLS   CPN Tools [5]  

         
.         -

 ,        -
,     .      



 
 

2

   NS       -
         -

 [1]. 
       TCP/IP   

 NS        -
  CPN Tools [5]. 

 

1.   NS.  NS [2]      -
   Xerox.     C++    OTcl  -

    .      
,    OTcl.      -

 .tcl,       ns.    -
    nam (Network Animator),  , -

         xgraph. 
    NS    :  (node)  

 (link).      ,    
.     : 

 

$ns node 
 

       ,  , 
    , ,  T1  T2: 

 

set T1 [$ns node] 
set T2 [$ns node] 
 

      
 

$ns node-config <attribute> <value> 
 

  –addressType        flat   
    hierarchical     -

      . , ,   IP-  
    
 

$ns node-config –addressType hierarchical 4 8 8 8 8 
 

     ,     -
   , ,    .   -

     $R1  $R2    1Mbps, -
 10ms      : 

 

$ns duplex-link $R1 $R2 1Mb 10ms DropTail 
 

       (agent).  -
     .    .  

       : 
 

set tcp [new Agent/TCP]  #   TCP  

set sink [new Agent/TCPSink] #   TCP  

$ns attach-agent $T1 $tcp #   tcp   T1 

$ns attach-agent $T2 $sink #   sink   T2 

$ns connect $tcp $sink  #   tcp   sink 
 

     ,   Tel-
net, HTTP, FTP, : 
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set ftp [new Application/FTP] #   FTP  

$ftp attach-agent $tcp  #   ftp   tcp 
 

       -
.         , -

: 
 

$ftp set packetSize_ 1000 #     1000  

$ftp set interval_ 0.02  #      0.02  
 

         -
 : 

 

$ns at 1.25 “start $ftp” #   ftp    1.25  

$ns at 4.67 “stop $ftp” #   ftp    4.67  
 

         -
    ,     

,       . -
     my-tracefile.out  : 

 

$ns trace-all [open my-tracefile.out w]  
 

        
, ,         -

 Tcl, ,       ,   
     . 

    NS      -
 TCP/IP, MPLS, , ,    .  ,  

    ,   TCP/IP   -
    .    

        
   C++      NS. 

 
2.    .      

 TCP/IP ,   [5].      
. 1.    6   T1-T6,    

 ,   ,  7-   R1-R7.  
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 1 –     
 

    IP-   ,  -
    plain.  , ,     [5]  -

.     tcl ,   
. 2. 

 
#   
 
set R1 [$ns node] 
set R2 [$ns node] 
set R3 [$ns node] 
set R4 [$ns node] 
set R5 [$ns node] 
set R6 [$ns node] 
set R7 [$ns node] 
 

set T1 [$ns node] 
set T2 [$ns node] 
set T3 [$ns node] 
set T4 [$ns node] 
set T5 [$ns node] 
set T6 [$ns node] 

#     
$ns duplex-link $R1 $R2 1Mb 10ms DropTail 
$ns duplex-link $R2 $R7 1Mb 10ms DropTail 
$ns duplex-link $R7 $R6 1Mb 10ms DropTail 
$ns duplex-link $R6 $R5 1Mb 10ms DropTail 
$ns duplex-link $R5 $R3 1Mb 10ms DropTail 
$ns duplex-link $R3 $R1 1Mb 10ms DropTail 
$ns duplex-link $R4 $R2 1Mb 10ms DropTail 
$ns duplex-link $R4 $R3 1Mb 10ms DropTail 
$ns duplex-link $R4 $R5 1Mb 10ms DropTail 
$ns duplex-link $R4 $R6 1Mb 10ms DropTail 
 

$ns duplex-link $T1 $R1 1Mb 10ms DropTail 
$ns duplex-link $T2 $R2 1Mb 10ms DropTail 
$ns duplex-link $T6 $R7 1Mb 10ms DropTail 
$ns duplex-link $T5 $R6 1Mb 10ms DropTail 
$ns duplex-link $T4 $R5 1Mb 10ms DropTail 
$ns duplex-link $T3 $R3 1Mb 10ms DropTail 

 

 2 –    
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,    NS     ; -
       .    -

   -  .      -
      . ,   -
    NS   : 
 

s / b + d, 
 

 s –    , b –    /c, d –  .  -
  d        -

. 
 ,         

Nam         , -
  . 3. 

 
#     
$ns duplex-link-op $R1 $R2 queuePos 0.5 
$ns duplex-link-op $R2 $R7 queuePos 0.5 
$ns duplex-link-op $R7 $R6 queuePos 0.5 
$ns duplex-link-op $R6 $R5 queuePos 0.5 
$ns duplex-link-op $R5 $R3 queuePos 0.5 
$ns duplex-link-op $R3 $R1 queuePos 0.5 
$ns duplex-link-op $R4 $R2 queuePos 0.5 
$ns duplex-link-op $R4 $R3 queuePos 0.5 
$ns duplex-link-op $R4 $R5 queuePos 0.5 
$ns duplex-link-op $R4 $R6 queuePos 0.5 

 

 3 –     
 

3.  .       [5].  -
        .   

-  [4]  [5]  ,       
UPD.  . 4          

 T2;        .  
 (class)        -
   nam. 

 
set udp2_1 [new Agent/UDP] 
$udp2_1 set class_ 2 
$ns attach-agent $T2 $udp2_1 
 
set udp2_3 [new Agent/UDP] 
$udp2_3 set class_ 2 
$ns attach-agent $T2 $udp2_3 
 
set udp2_4 [new Agent/UDP] 
$udp2_4 set class_ 2 
$ns attach-agent $T2 $udp2_4 
 
set udp2_5 [new Agent/UDP] 
$udp2_5 set class_ 2 
$ns attach-agent $T2 $udp2_5 
 
set udp2_6 [new Agent/UDP] 
$udp2_6 set class_ 2 
$ns attach-agent $T2 $udp2_6 

set null2_1 [new Agent/Null] 
$ns attach-agent $T2 $null2_1 
 
set null2_3 [new Agent/Null] 
$ns attach-agent $T2 $null2_3 
 
set null2_4 [new Agent/Null] 
$ns attach-agent $T2 $null2_4 
 
set null2_5 [new Agent/Null] 
$ns attach-agent $T2 $null2_5 
 
set null2_6 [new Agent/Null] 
$ns attach-agent $T2 $null2_6 
 
$ns connect $udp2_1 $null1_2 
$ns connect $udp2_3 $null3_2 
$ns connect $udp2_4 $null4_2 
$ns connect $udp2_5 $null5_2 
$ns connect $udp2_6 $null6_2 

 

 4 –    (    T2) 
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    ,  500 .      
T2  T4   . 5. 

 
set exp2_4 [new Application/Traffic/Exponential] 
$exp2_4 set packetSize_ 500 
$exp2_4 set burst_time_ 400ms 
$exp2_4 set idle_time_  800ms 
$exp2_4 set rate_       100K 
$exp2_4 attach-agent $udp2_4 

 

 5 –   (    T2  T4) 
 

 exp2_4      -
    burst_time_      -

     idle_time_;      
     rate_.     -

     .  . 6    
  T2. 

 
$ns at 0.40 "$cbr2_1 start" 
$ns at 0.44 "$cbr2_3 start" 
$ns at 0.48 "$cbr2_4 start" 
$ns at 0.52 "$cbr2_5 start" 
$ns at 0.56 "$cbr2_6 start" 

$ns at 4.20 "$cbr2_1 stop" 
$ns at 4.24 "$cbr2_3 stop" 
$ns at 4.28 "$cbr2_4 stop" 
$ns at 4.32 "$cbr2_5 stop" 
$ns at 4.36 "$cbr2_6 stop" 

 

 6 –      (    T2) 
 

 ,     tcl     -
        . 

 
4.   .      

 Nam,        -
.    nam   . 7. ,  nam   -
        .    

    ,     ( -
     ),       -

 . 
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 7 –     
 

        -
   : 

–       ; 
–   tcl      . 

       .    
  : 

 

+ 0.671379 7 0 exp 500 ------- 1 7.3 11.5 3 12 
 

      : «+» –   , «-» –   
, «r» –  , «d» –  ;       -

,          ;  
  ,  ,     ;    

  ;  ;   . 
          , 

,  12     Unix: 
 

grep " 12$" my-tracefile.out 
 

    . 8.  12   7 (T1)  11 (T5). 
         -

  0 (R1), 1 (R2), 3 (R4), 5 (R6).       
        : 0.741379 – 

0.671379.  
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+ 0.671379 7 0 exp 500 ------- 1 7.3 11.5 3 12 
- 0.671379 7 0 exp 500 ------- 1 7.3 11.5 3 12 
r 0.685379 7 0 exp 500 ------- 1 7.3 11.5 3 12 
+ 0.685379 0 1 exp 500 ------- 1 7.3 11.5 3 12 
- 0.685379 0 1 exp 500 ------- 1 7.3 11.5 3 12 
r 0.699379 0 1 exp 500 ------- 1 7.3 11.5 3 12 
+ 0.699379 1 3 exp 500 ------- 1 7.3 11.5 3 12 
- 0.699379 1 3 exp 500 ------- 1 7.3 11.5 3 12 
r 0.713379 1 3 exp 500 ------- 1 7.3 11.5 3 12 
+ 0.713379 3 5 exp 500 ------- 1 7.3 11.5 3 12 
- 0.713379 3 5 exp 500 ------- 1 7.3 11.5 3 12 
r 0.727379 3 5 exp 500 ------- 1 7.3 11.5 3 12 
+ 0.727379 5 11 exp 500 ------- 1 7.3 11.5 3 12 
- 0.727379 5 11 exp 500 ------- 1 7.3 11.5 3 12 
r 0.741379 5 11 exp 500 ------- 1 7.3 11.5 3 12 

 

 8 –    
 

          -
         Unix,   -

    NS.  . 9  10    
( )  Unix         

 . 
 

t0=`cut -f2 -d " " my-tracefile.out|sort -n|head -1`  #   
tl=`cut -f2 -d " " my-tracefile.out|sort -n|tail -1`  #   
D=`rexpr $tl - $t0`                                   #   
S=0 
for i in 7 8 9 10 11 12; do  #     
  for p in `grep "^r [0123456789.]* [0123456789]* $i " my-tracefile.out|cut -f6 
-d " "`; do 
    S=`expr $S + $p`         #     
  done 
done 
T=`expr $S \* 8` 
T=`rexpr $T / $D` 
echo "Traffic: $T bps" 
 

 9 –     ( ) 
 

 i      ;   -
     ;    -

   S.  rexpr   expr     
 . 
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m=`cut -f12 -d " " my-tracefile.out|sort -n|tail -1` #    
m1=`expr $m + 1` 
i=0; j=0; s=0 
while [ $i -le $m ]  #     
do 
  if [ `grep " $i$" my-tracefile.out|tail -1|cut -f1 -d " "` != "d" ] 
  then                   #    
    t1=`grep " $i$" my-tracefile.out|head -1|cut -f2 -d " "` 
    t2=`grep " $i$" my-tracefile.out|tail -1|cut -f2 -d " "` 
    j=`expr $j + 1` 
    dt=`rexpr $t2 - $t1` #    
    s=`rexpr $s + $dt` 
  fi 
  i=`expr $i + 1` 
done 
adt=`rexpr $s / $j` 
dl=`rexpr $j / $m1` 
echo "Average delivery time: $adt s. Delivered percent: $dl" 
 

 10 –     
 

  tcl      -
     «  »   ,  

          
xgraph.          
NS    tcl  ++. 

 
5.   .    

       ( . 1)  -
  ,   .   

 ,          
    ,   . 8–10.  -

   . 11.  
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 11 –     
 

     .   
  150 Kbps          

 2-3%     0,05-0,15 .;    -
       .  

        -   -
          (  0,4 .). 

      ,   
     [5]   CPN Tools,     

   NS.       -
       ,    -
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 . 

 
 ,        -

       NS.    
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 ,        -
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 .     , -

     . 
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