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“Set X [expr $a+$b]”
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Puts”’[ expr 1.0/60.0]”
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exec Xgraph data &
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If {expression} {
<excute some commands>
} else {
< excute some commands>

}

“<excute some isw 0 45 e oolalul leelse plug leif plul wlg o if jeiws
FJab b ply oo,Scwd gloy jo ail atils bl 4 .wgd ol ol o commands>”
p.AJLo.’GA oola! )‘ 6)‘.")‘.’L§ uo;w.., 6‘)‘.’5 S )‘ a 9 p—*—’LN oolazwl H=="
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For {Seti 0} {$i<s} { incri }{

} <excute some commands>
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<commands>

Return $ something
}
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S0 el e b g, ol 9y bl cnl aadligo 0 s par2s parl ol laytel)ly ()l
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# create a procedure
Proc test { } {

Seta43

Setb 27

Set ¢ [ expr $a + $b ]

Setd[expr[$a-$b]* $c]

Puts “c=$%$c d =$d”

For {set kO0} {$k <10} {incr k} {
If{$k<5}{

Puts “k <5, pow =[expr pow ($d,$k)]”
} else {

Puts “k>=5,mod=[expr$d % $k]”
}

}

# calling the procedure
Test

}
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Set j [lindex $argv | las  plols oo 5 LSl 0 1) peo ol)l lawgs o )Lsl 0,50 e o

j e Ay |) el 00U oj.?é argv e o as duQL;).? Y oMJLn)l ),.A‘)L: U"J3| 3O O9>90 )\..Lii.o

#Usage :ns prime.tcl NUMBER

# NUMBER is the number up to we want to obtain the prime numbers

#

If {Sargee!=11}{

# Must get a single argument or program fails.

Puts stderr “ ERROR! Ns called with wrong number of argument ! ($argc)”
Exit 1

Jelse {
Set j [lindex S$argv O]
}
Proc prime {j} {
#computes all the prime numbers till j
For {set a 2 {$a<= $j} {
Setd [exper fmod ($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

# 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 O ]

}

Proc Factorial {x} {
For {setresuit1 } {$x>1} {set x [expr $x- 1]} {
Set result [expr $result * $x ]

}

Return S$result

}

Set res” Factorial of $f is $res”
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InStproc aelS ;1 oolaiwl b o WS ;o ouls oy o5 (sldain .09l oo Calio OTCL o ol oy yo5
INit ae aigds oo iy yoi el go Ghale o)y 5 aie (T U T 51 g g sl oo DS 6L 51 g oS
Aol co S (constructor) oaijlu len

sl java b C++ o this e sl abl oo h0s5 4 o3 5l S0 Lol S self s
& 25 gly -super class ) 0980 oo cslatulinstvar ofly 5l OTCL o e digad (0,5 iy ,a5
oIS 5l oo slael WIS Jlie lsie 4 05 o ooliul Koo WS 5l S G (6 p )l 0,8
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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 “Sop $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 “Sop $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 Sop $value_”

}

Set real A [new Real 12.3]
Set realB [ new Real 0.5 |

$real A sum S$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
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set ns [ new Simulator]
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Sy en 38l jgiws cplbns jluacs S 1
set ns [new Simulator]
L1,ns was e o b opl il oo giloancd’ e 5o bad sl jstws e 1A
Ales (6,086 1y T 0les co duplgsu a5 ISs Ho a4l .agles co iy a5 SEE Hgiws 5l eolaiul
a1 ol ool Lsas G wdibioe o 5 o G 13 5 Simulator (oS 5| slasges 45 bl I Ll
Al g (6 Sl S8 een
955y &S 5l eolazul L Simulator WS 5l (g5lwdises S #3lg ,o [new Simulator] oS
oS laaie 5 mily soled 3l pudle o S oo o ol 5l eolaiwl U I Lol o new ol
oles ooliinl o puplys a5 4565 T Simulator
Gl a5 LB L (trace L) giluas Sldbl gol> (29,5 LB obol elaiea
pmlad oo oolaiulopen jgiwo 5l (nam gllld) 09 oo oolaiul giluas  cualiv

# 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

sly) nam go55l comlice L8 G g outitr sl trace goisl ools B <SG YU oS aslad

I LB pl gilwans tel laaS g, .dles oo olowl out.nam plu( NAM . I3l lawss oolaiul

- o B cpl sloul a0 YU po aS sle,Fe il 5l T s 5 0o oo 5 lawl &b
oo oo ooliwl nam fileg tracefilel «olos 5l 0459

out.tr s pos oz g o 5T H# coodle b Slnesgs opl a5 il asls bl .o 5l
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Sl g yalyb gl oS trace-all sly Simulator oo G 31 las pogu Cowl ool oloy! iy
5 ogiws ol b asled e eolaiul e amles atis o] 9,0 trace Sledbl a5 aib oo (Ll ol as
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g oo 4ty b ol 55 (gl et STE ol 5l (g5l slaolays,
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A dalgs aiig o] 09,0 $ns flush-trace jgiws bwgy g aS |, LB ab ien jgiws oyl
kB les a5 $nam file So Lil Lawgs b6 cplle Jlo 5,90 yo (finish aeliy 55 10) wos o 5
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lad Lhas g (o)l aad b 31T .0ed Sy sl o b obul 4y coul Sow trace-all
3l acgeme 3 U pumled ool tracing oo Oljgiws 5l ol el ailo 1) log sl pusd
m2lgm Cllas dolol o 1) Sligiws iz 0,50 1,0 Sl be 5Ls 0590 a5 1) 00l (g3lwand &8s
S pdy oo plosl finish 4l 55 Gla! lawgy (glwand aslipy SO dails 0y
# Define a ‘finish’ procedure
Proc finish {} {
Global ns tarce file 1 namfile
$ns flush-trace
Close $tracefilel
Close $ namefile

Exec nam out. nam &
Exit O

}
~oo iy Bl oo lesS,T ygas g finish jiel 8,90 oyl 40 aS 1) ael 5 G proc aels
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$NS at 0.5 "$cbrO start"
$NS at 4.5 "$cbrO stop"
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set node_name [$NS node]
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Figure 2.1: A simplex link
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Fipgure 2.2: Example of a simple network
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# create six nodes

Set n0 [$ns node]

Set nl [$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 $nl1 $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
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Simulator insproc queue — limit {n1 n2 limit}

$self instvar link
[$link_( [ $n1 id ]:[ $n2 id]) queue] set limit_$limil
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#setup a TCP connection

Set tcp [new agent/TCP]

$ns attach-agent $n0 $tcp

Set sink [new agent/TCPsink]
$ns attach-agent $n4 $sink
$tep set fid_1

$tcp set packetsize_552

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

(Agents and Applications) 389 3 JU s 4ol g g B Jols —Y-Y

SB ol So el g3 oeST lasSid 5 ooy 1 JSisie a0l Siolmys (oS 5l o
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#setup a TCP connection

Set tcp [new agent/TCP]

$ns attach-agent $n0 $tcp

Set sink [new agent/TCPsink]

$ns attach-agent $n4 $sink

$tep set fid_1

$tcp set packetsize_552

#setup a FTP over TCP connection

Set ftp [new application/FTP]
$ftp attach-agent $tcp

FTP over TCP —\-Y-Y
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Set tcp [ new Agent/ Tcp ]

'~ Acknowledgement



aS aed oo TCP Jule 4 |y tep plo So,lal G Jole g9 Lo o ogdle jaiws ]

9 &S oo iy ,w |, TCP Jlasl lae 545 $ns attach —agent $n0 Step jgiws ailb o NS o o
ply 5o Ll 5 0uS oo oy 25 |) TCP suate o4 L3, Set Sink [new agent/Tcp Sink] g
b gyoas adgi [0 |y coge S duate 098 TCP jo ail atils bl .&ils )8 o p ol 1, Sink

S oo ol daie 4 o) (o baaiiun den 90,5 el jglaiedy baain Jgog ¢ pdlely

#setup a UDP connection
Set upd [new agent/UDP]
$ns attach-agent $nl $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  jgiws g wled oo @y | wade 0,5 $ns attach — agent $n4 $sink giws

s ol b TCP.wles o ol 1) duato g lows ooy o TCP Jlasl connect $tcp $sink
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#setup a UDP connection
Set upd [new agent/UDP]
$ns attach-agent $nl Sudp
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 $Sudp

$cbr set packetsize _1000

$cbr set rate _0.01Mb
$cbr set random_false

Sl Lol &5 iy a3 SsS> 558 oS askid wylai e oolitul CDP ;i a5 CBR sl
S50 ol $cbr Set rate_0.01 jgiws ;o Jlo,l # 5 <05 slow s so ol |y auy ojlil 55
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$cbr Set interval_0.005
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$cbr Set random_1

Heiod b 5 laaias o3lasl 00,5 Jled

$cbr Set pachet size _<size>

39 (ol a)padas Wlgs o
: UDP with other traffic sources—¥'-¥-Y
Sl pepls wlei go oolitul UDP US55 51 a5 (63,08 Sl plo b ol (e
oo plxl |
g0 ftrace 8, e aowe g pareto on-off , Exponential on-off SC8ly5 s

Wed go iyl py IS 4 ol 5 a4 Jol ace

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

aS burst_time_ . packet size(Col 4)) aiw o3lail yaomen ol il )b S815 alio oyl
ol,b S pareto s j0 0 co 28l 0 1y wles oo Lattine |y og s g o' e awgie

i les oo ala>do |, pareto on/off G 51 Jlo 535 )0 5 miS o0 iy 25 55 |y shap_ oo S

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

I, trace b8 G ol iogd oo iy pai ) Oygo s trace e S35 (60,05 4ol



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

Set src [new Application / Traffic/Trace ]
$src attach —tracefile $ tracefile
Al ol d ol g laaius L)) gs;L"} alols Jols 0l 9050 b
2 Gwiloy ol g ;—F-Y
a5 b oo Lyl (gilwand slaaS ) ail e mo l lax slaslagg, p (s jleans SO NS
Sbml slag, wisley S Set ns [new Simulator] olal jgiws aies F, &8ss ax ook,
SJB 5l eolawl b QT 3 o ol g AJLMGA

$ns at <time> <event>

AS oo, el $ns run jgws Gk jins ol ley 5o disle) Wgh e (sosle;
Gk 5l Bl o (ol g pmles soisle; |, CBR 5 FTP assls 4 IS5 5kl wub do ooles Jlie o

355 plasl 3 (sbo,sis

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

JL YD b - glaasli 5 CBR wily oo JW8 VYF B) b o3k ,o FTP ol by
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ns exl.tcl
So a5 Cwloas a8lsl ALL o 6,50 dalippy opy oS dshad o aS alil asdls ol @
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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

$tep 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”
$ns at 124.0 “S$ftp stop”
$ns at 124.5 “Scbr 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 €0.1

Set now [$ns now]

Set cwnd [$tcpsource set cwnd_]

Puts $file “$now $cwnd”

$ns at {exper $Snow+$time] “platwindow $tcp source $file”

}
$n at 0.1 “plotwindow $tcp $winfile”

$ns at 125.0 “finish”
$ns run
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Figure 2.2: Example of a simple network

# 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 $n5 orient right-down
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$ns color 1 Blue
$ns color 2 Red
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$ns duplex-link-op $n0 $n2 color "green"
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Figure 2.3: NAM graphic interface
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Figure 2.5: Fields appearing in a trace
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+0.1 12 cbr 1000 ------ 21.05.000
-0.112cbr1000 ------ 21.05.000
R 0.114 1 2 cbr 1000 ------ 21.05000



+0.114 2 3 cbr 1000 ------ 2 105.000
- 0.114 2 3 cbr 1000 ------ 21.0 5.000
R 0.240667 2 3 cbr 1000 ------ 21.05.000
+ 0.240667 3 5 cbr 1000 ------ 21.05.000
- 0.240667 3 5 cbr 1000 ------ 21.05.000
R 0.240667 3 5 cbr 1000 ------ 21.05.000

+0.9 12cbr 1000 ------- 21.05011
- 0.9 12cbr 1000 ------- 2105011
R 09141 2 cbr 1000 ------- 2105011

+ 0914 2 3 cbr 1000 ------ 2105011

- 0914 2 3cbr 1000 ------ 2105011
+102 tcp 40 -------- 10.04.002
-102 tp 40 -------- 10.04.002

R 1.01016 O 2 tcp 40 ------- 10.04.002
+1.01016 2 3 tcp 40 ------- 10.04.002

- 1.01016 2 3tcp 40 ------- 10.04.002

R 1.040667 2 3 cbr 1000------- 21050 11
+ 1.040667 35 cbr 1000------- 21050 11
- 1.040667 3 5 cbr 1000------ 21050 11

R 1.086667 3 5 cbr 1000 -------- 2105011
R 1.111227 2 3 tcp 40 --------- 10.04.002

+ 1.111227 3 4 tcp 40 --------- 10.04.002

- 1.111227 3 4 tcp 40 --------- 10.04.002
R 1.151867 3 4 tcp 40 --------- 10.04.002

+ 1.251867 4 3 ack 40 --------- 1400003

- 1.251867 4 3 ack 40 --------- 14.00.003
+ 1.251867 4 3 ack 40 --------- 1400003

- 1.251867 4 3 ack 40 --------- 14.00.003
R 1.292507 4 3 ack 40 --------- 1400003
+1.292507 3 2 ack 40 ---------- 14.00.003

- 1.292507 3 2 ack 40 ---------- 14.00003
R 1.393573 3 2 ack 40 ---------- 14.00.003
+1.393573 2 0 ack 40 ---------- 14.00003

- 1.393573 2 0 ack 40 ---------- 14.00.003
R 1.403733 2 0 ack 40 ---------- 14.00003
+1.403733 02 tcp 552 ---------- 1004014
- 1.403733 0 2 tcp 552 ----------- 10.04.014
+ 1.403733 0 2 tcp 552 ----------- 1004025
- 1.405941 0 2 tcp 552 ----------- 10.04.025

R 1.4159410 2 tcp 552 ----------- 1004014
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#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

$tep 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”
$ns at 124.0 “S$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 $Scwnd”

$ns at {exper $Snow+$time] “platwindow $tcp source $file”

}
$n at 0.1 “plotwindow $tcp $winfile”

$ns at 125.0 “finish”
$ns run
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set NS [new Simulator]
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S oo 3b 5 O ysod out.nam s mam

set nf [open out.nam w]|
$NS namtrace-all $nf
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proc finish()

{
global NS nf

NS flush-trace

close $nf

exec nam out.nam &
exit 0

}
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$NS at 5.0 "finish"
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$NS run
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set n0 [$NS node]
set nl [$NS node]
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$NS duplex-link $n0 $nl 1Mb 10ms DropTail

#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 [$NS node]
set nl [$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
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set cbr0 [new Agent/CBR]



$NS attach-agent $n0 S$cbr0
$cbr0 set packetSize 500
$cbr0 set interval 0.005
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set null0 [new Agent/Null]
$NS attach-agent $nl $null0
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$NS connect $cbr0 $null0
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$NS at 0.5 "cbrO start"
$NS at 4.5 "cbrO stop"
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$NS node]

$NS node]

$NS node]
$NS node]

set n0
set nl
set n2
set n3
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$NS duplex-link $n0 $n2 1Mb 10ms DropTail
$NS duplex-link $n1 $n2 1Mb 10ms DropTail
$NS duplex-link $n3 $n2 1Mb 10ms DropTail
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$NS duplex-link-op $n0 $n2 orient right-down

$NS duplex-link-op $nl $n2 orient right-up

$NS duplex-link-op $n2 $n3 orient right
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set cbr0 [new Agent/CBR]

$NS attach-agent $n0 $cbr0

$cbr0 set packetSize_ 500

$cbr0 set interval_ 0.005

set cbrl [new Agent/CBR]

$NS attach-agent $nl Scbrl

$cbrl set packetSize_ 500

$cbrl set interval_ 0.005

set null0 [new Agent/Null]
$NS attach-agent $n3 $null0
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$NS connect $cbrO $null0
$NS connect $cbrl $nullO
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$NS at 0.5 "$cbrO start"
$NS at 1.0 "$cbrl start"
$NS at 4.0 "$cbrl stop"
$NS at 4.5 "$cbr0 stop”
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$cbr0 set fid_ 1
$cbrl set fid_ 2
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$NS color 1 Blue
$NS color 2 Red
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$NS duplex-link-op $n2 $n3 queuePos 0.5
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for {seti0} {$i< 7} {incri} {

set n($1) [$NS node]
}
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for {seti0} {$i< 7} {incri} {
$NS duplex-link $n($i) $n([expr ($i+1)%7]) IMb 10ms DropTail
}
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set cbrO [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

$NS at 0.5 “$cbrO start”
$NS at 4.5 “$cbr0 stop”
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$NS rtmodel-at 1.0 down $n(1) $n(2)
$NS rtmodel-at 2.0 up $n(1) $n(2)
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set n0 [$NS node]
set nl [$NS node]
set n2 [$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
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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
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set sinkO [new Agent/L.ossMonitor]

set sink1 [new Agent/LossMonitor]

set sink2 [new Agent/L.ossMonitor]

$NS attach-agent $n4 $sinkO

$NS attach-agent $n4 $sink1

$NS attach-agent $n4 $sink2

set source( [attach-expoo-traffic $n0 $sink0 200 2s 1s 100k]

set sourcel [attach-expoo-traffic $nl1 $sink1 200 2s 1s 200k]
set source?2 [attach-expoo-traffic $n2 $sink2 200 2s 1s 300k]
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Olygiwol out2.try outl.tr outO.tr slapl L LB aw gijlwacs soosls gilw opzd iy
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set fO [open outO.tr w]
set f1 [open outl.tr w]
set f2 [open out2.tr w]
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proc finish {} {
global fO f1 2

#Close the output files
close $f0
close $f1
close $f2

#Call xgraph to display the results
exec xgraph outQ.tr outl.tr out2.tr -geometry 800x400 &
exit 0

}
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proc record {} {

global sinkO sink1 sink2 O f1 {2
#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 bwO [$sinkO set bytes_]
set bwl [$sink] set bytes_]
set bw2 [$sink?2 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
$sinkO set bytes_ 0
$sink1 set bytes_ 0
$sink2 set bytes_ 0

#Re-schedule the procedure
$NS at [expr $Snow+$time] "record”
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$NS at 0.0 "record"

$NS at 10.0 "$sourceO start"
$NS at 10.0 "$sourcel start"
$NS at 10.0 "$source? start"
$NS at 50.0 "$source0 stop"
$NS at 50.0 "$sourcel stop"
$NS at 50.0 "$source?2 stop"
$NS at 60.0 "finish"

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



S g g solatwl b asl sals sanJgax slsgw a5 Sley N7 asl atsls ,bls 4

S8 oSl TR ol sl sl aisS !

BEGIN {FS =\t’} {nl ++} {d=$4-t} {s2=+d*d}END {print “standev :” sqrt (s2/1n)}

4o “out.ns” pba bB G pylex G el dlee Sy g Sl (gl eolaiul cqe
S oo ol unix Jole o

Awk -f Averag. awk out.ns

P aline (S5 4 (lare 4 b L oS

Averag : 29.379

ol azilo SUATH (el oo ) o,leds pU s |y g pdsl a5) F gin Sl 51y

Awk -v  t=29.397 -f stDev:awk out.ns
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BEGIN {FS = “\t”} { val [n1]=%$4} {nl ++} {s=s+$4} END
av=s/nl
for (i inval) {
d=val [i]-av
s2=s2+d*d
}

Print “average: “av “ standev” sqrt (s2/nl)}
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BEGIN {FS ="\t"} { 11 =$3+$4+$5} {12=$6+$7+$8} {d1=$9+$10+$11 }\
{d2=$12+$13+$14} {print $1"\’11"\¢*12"\t*d1"\¢’d2 }END {}
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# type :perl throughput.pl<trace file > <required node > <granlarity > > file
$infile = SARGV][0];

$tonode =SARGV[1];

$granularity = SARGV|[2];

#we compute how many bytes were transmitted during time interval specified
#by granularity parameter in seconds

$sum =0;

$clock=0;

Open (DATA , “<S$infile *)
I'l 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 = $Sclock +$ranularity ;
$sum =0

$throughput = $sum/$granularity ;

Print STDOUT *§ [1] $throughput \n” ;
$clock = $Sclock +granularity ;

$sum=0 ;

Close DATA
exit (0);
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Set Size 0.6 ,0.6

Set Pont Size 3

Set Key 100,8

Set Xrang [ 90.0 : 120.0]

Plot “fnl1” w lines 1 , “fn2 “w lines 8, “ fn3 *“ with Points 9
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Setsize 0.4 ,04
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# 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
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Set gmon [ $ns monitor-queue $n2 $n3 [open gm.out w ] 0.1 ], [$ns link $n2 $n3 ]

queue-sample — timeout , #[$ns link $n2 $n3 ] start —tracing
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# create the Simulator instance
Set ns [new Simulator ]

$ns color 1 Blue

$ns color 2 Red

# Open 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 O

}

#create four nodes

Set n0 [$ns node ]

Set nl [$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

$tep 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 Sudp
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 $nl1 Sudp
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 Sudp

$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 gqm.out
Set gqmon [ $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 $n0 S$tcp ; detach — agent $n3 $sink
$ns at 625.0 “finish “

$ns run
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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.namé&
Exite O

}

#create bottleneck and dest nodes and link between them

! 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 {setj 1} {$j <=$NumbSrc } {incrj} {
Set S($)) [$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{setil} {$i<=$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 {setj 1} {$j <=$numbsrc} {incrj} {

$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 {setj 1} {$j<=$Numbsrc} {incrj} {
Set tcp_src($j) [new agent/TCP/Reno]

}

#TCP Destination

For{setj 1} {$j <=$Numbsrc} {incr j} {



$ns attach-agent $s($j) $tep_src ($))

$ns attach-agent $n3 $tcp_snk($))

$ns connect $tcp_src($)) $tep_snk($j)

}

#FTPsources

For {setj 1} {$j<=$Numbsrc} {incr j} {
Set ftp ($j ) [$tep_sre($)) attach-source FTP]
}

#parametrisation of TCP sources
For{set j 1} {$j<=$NumbSrc} {incr j} {
$tep_sre ($)) set packetsize_552

}

#Schedule events for the FTP agents:
For{setil} {$i<=$Numbsrc} {incri} {
$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 {setj 1} {$j<=$Numbsrc} {incrj} {

$ns at 0.1 “plotwindow $tcp_src($j) $window VSTIME $;”
}

$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) -——-

# . I

# . —em e N D(1) ... D(NodeNb)
# . I

# 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 gsize [open queue size .tr w ]

Set gbw [ open queuebw .tr w]

Set gbw [ 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 {setj 1} {$j<=$NodeNb} {incr j } {

Set S($j) [ $ns node]

$ns duplex — link $S($j) SN 100Mb 1ms DropTail
$ns queue- limit $S($j) $N 1000

}

#TCP Sources and Destinations

For {set il } { $i <=$NodeNb} { incr i } {
For {set j 1 } { $j <=$NumberFlows} { incr j } {
Set tcpsrc ($1,%)) [ new Agent /TCP/Newreno]

Set tcp _snk ($i.$j ) [ new Agent /TCPSink ]



$tepsre ($1,$)) set window _2000
}

#connections
For {seti 1} { $i<=$NodeNd} {incr i} {
For {set j 1} { $j <=$NumberFlows} {incr j} {
$ns attach- agent $S($i) S$tcpsrc($i.$))
$ns connect $tcpsrc($i, $j ) $tep _snk($i.$j)
}

}
#FTP sources

For { set i 1}{ $i<=$NodeNb}{ incr i} {

For {set j 1 } {$j<=$N umberFlows} { incr} {

Set ftp ($i.$j) [ $tepsre($i.$j) attach-source FTP]
}

}

# Generators for random size of files.
Set rngl [new RNG]

$rngl 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 $rngl
#Random Size of files to transmit
Set RVSize [new RandomVariable/Pareto]
$RVSize set avg_ 10000
$RVSize set shape_ 1.5
$RVSize use-rng $rng2
# We now define the beginning times of transfers and the transfer sizes
# Arrivals of sessions follow a poison process.
#
For { seti 1} {$i <= $NodeNb} { incri } {
Set t [$ns now]
For {setj 1} {$j <=$NumberFlows} { incrj} {
# 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 1
Set Size ($i, $j) [ expr [ $RVSize value ] ]
$ns at $Conct ($1,$j) “ countFlows $i 17



)

#Next is arecursize 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 iandj,

#  * 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 { setil} {$i<=$NodeNb} {incri } {

For {setj1} {$j<=$NumberFlows} {incr j } {

# We now check if the transfer is over
If { [$tepsrce($i,$)) set ack_] = = [$tepsre($i.$)) set maxseq_] } {
If {[$tcpsrc($i,$)) 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 ($i.$)))/ (1000*([expr [$ns now ] ] - $Conct ($i.$))))\t$Size ($i,$))”
countFlows $i O
$tepsre($i,$)) reset
$tep_snk($i,$j) reset

I
$ns at [expr [ $ns now] +$time “Test”
}

For {setj 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==01} { set Cnts ($ind) [ expr $Cnts ($ind) — 1]
Jelseif {$sign==1} { set Cnts ($ind) [expr $Cnts($ind) + 1 ]
} else {



Puts — nonewline $Conn “$ns now] \t”
Set sum 0O
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

1

# define a “finish” proceddure
Proc finish {} {
Global na tf gsize gbw qlost
$ns flush — trace
Close $qgsize
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 gfile [ $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 dfile gsize gbw glost N D

Set time 0.05

Set now [$ns now]

#print the current queue size in $qsize, the current used

# bandwidth in $gbw, and the loss rate in $qloss

$qfile instvar parrivals_ pdepartures_ bdrops_ bdepartures_ pdrops_
Puts $gsize “$now [expr $parrivals_ -$pdepartures_ -$pdrops_]~
Puts 4gbw  “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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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(Hy -

#
# )
# R N ——mme 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 {setj 1} {$i<= $nodenb} { incrj } {

Set S($)) [$ns node]

$ns duplex-link $S($j) $n 100mb 1ms droptail
$ns queue-limit $ S($j) SN 1000 }

#TCP sources, destinations, connections

For {set I 1} {$i <=$NodeNb} {incrI } {
For {setj 1} {4j<=$numberflows} {incrj } {
Set tcpsre ($i,$)) [new agent/TCP/newreno]
Set tcp_snk(4i,$j) [new agent/tcpSink]

$tepsre ($1,%)) set window_2000

$ns attach-agent $S($1) $tep_sink($i,$j)

$ns attach-agent $d $tcp_snk($i,$j)

$ns connect $tepsre ($1,%)) $tep_snk($i,$))

Set ftp($1,$)) [$tepsre ($tepsre($i,$5) 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 O

#Random inter —arrival time of TCP transfer at each source i
Set RV [new RandomVariable / Exponential ]

$RV set avg _0.045

$RVuse—rng $rngl

#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 {seti 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 $t+ {$SRV vslue ] ]
$tepsre($i,$) ) set starts $t
$tepsre ($1,8) ) set sess $j
$tepsre ($1,$) ) set node $i

$tepsre ($1,%) ) set size [expr [ $RVSize value ]]

$ns at [ Stepsre (8i,8)) set starts ] “$ftp ($i,$j) send {Stcpsre ($i, $j ) set size ]

# update the number of flows
$ns at [$tepsrc ($i,$)) set starts ] ““ countFlows $i 1

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 arole ) . The
# procedure is also called by the “done” procedure whenever a connection
# from source i ends by assigning the “sign” parameter O , 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 O

For {set j 1} { $j <=$NodeNb } { incrj } {
Puts — nonewline $Conn “ [$ns now ] \t”
Set sum O
For {setj 1} { $j<=$NodeNb }{ incrj } {
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 $tf
$ns flush —trace
Exit 0

}

$ns at 0.5 “countFlows 1 3”
$ns at 20 “finish”

$ns run
TCP ols5 c¥ail sy short TCP.tcl oy Kol - F-F fpa
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$tepsre ($1,8)) set starts $t
$tepsre ($1,9)) set sess  $j
$tepsre ($i,$)) set node $i
$tepsre ($i,$)) set size [expr [ $SRVSize value ]]

O AB3S by, 5o Test Jlsy nj ol g 9o i 5 S)ge 4 “Done” Iy, 5
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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
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e Ndatabyte _is the number of data bytes transmited by the connection.
e N rexmitpackets _ is the number of packets retransmited by the connection.
e N rexmitbytes _is the number of bytes retransmited by the connection.
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