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2XWOLQH

2YHUYLHZ

QV�3ULPHU

� *HWWLQJ�VWDUWHG

� :LUHG�ZRUOG

� :LUHOHVV�ZRUOG

(PXODWRU
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QV�3ULPHU�± :LUHG�:RUOG

%DVLF QV

� $UFKLWHFWXUH

� %DVLF�7FO��27FO

� (OHPHQWV�RI�QV

$�FRPSOHWH�H[DPSOH

� 0XOWLFDVW�URXWLQJ

9LVXDOL]DWLRQ
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QV�$UFKLWHFWXUH

2EMHFW�RULHQWHG��&����27FO�

6FDODELOLW\���([WHQVLELOLW\

� &RQWURO�´GDWD´�VHSDUDWLRQ

� 6SOLW�&���27FO�REMHFW

0RGXODU�DSSURDFK

� )LQH�JUDLQHG�REMHFW�FRPSRVLWLRQ
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2EMHFW�2ULHQWHG

� 5HXVDELOLW\

� 0DLQWHQDQFH

± 3HUIRUPDQFH��VSHHG�DQG�PHPRU\�

± &DUHIXO�SODQQLQJ�RI�PRGXODULW\
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&���DQG�27FO 6HSDUDWLRQ

&���IRU�³GDWD´

� 3HU�SDFNHW�DFWLRQ

27FO�IRU�FRQWURO

� 3HULRGLF�RU�WULJJHUHG�DFWLRQ

� &RPSURPLVH�EHWZHHQ�FRPSRVLELOLW\�DQG�
VSHHG

± /HDUQLQJ�DQG�GHEXJJLQJ
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27FO DQG�&����7KH�'XDOLW\

&�� 27FO

3XUH�&��
REMHFWV

3XUH�27FO
REMHFWV

&���27FO�VSOLW�REMHFWV

QV
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+HOOR�:RUOG�� ,QWHUDFWLYH�0RGH

swallow 71% ns

% set ns [new Simulator]

_o3

% $ns at 1 “puts \“Hello World!\””

1

% $ns at 1.5 “exit”

2

% $ns run

Hello World!

swallow 72%
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+HOOR�:RUOG�� %DWFK 0RGH

simple.tcl
set ns [new Simulator]

$ns at 1 “puts \“Hello World!\””

$ns at 1.5 “exit”

$ns run

swallow 74% ns simple.tcl

Hello World!

swallow 75%
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%DVLF�WFO
set a 43
set b 27
proc test { a b } {

set c [expr $a + $b]
set d [ expr [ expr $a - $b] * $c]
for { set k 0} {$k < 10} { incr k} {

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

} else {
puts “k >= 5, mod = [ expr $d % $k]”

}
}

}
test 43 27
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%DVLF�27FO
Class Mom
Mom instproc greet {} {

$self instvar age_
puts “$age_ years old 
mom: How are you 
doing?”

}

Class Kid - superclass Mom
Kid instproc greet {} {

$self instvar age_
puts “$age_ years old 
kid: What’s up, dude?”

}

set mom [new Mom]

$mom set age_ 45

set kid [ new Kid]

$kid set age_ 15

$mom greet

$kid greet
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(OHPHQWV�RI QV��

&UHDWH WKH�HYHQW�VFKHGXOHU

>7XUQ�RQ�WUDFLQJ@

&UHDWH QHWZRUN

6HWXS�URXWLQJ

,QVHUW�HUURUV

&UHDWH WUDQVSRUW�FRQQHFWLRQ

&UHDWH WUDIILF

7UDQVPLW�DSSOLFDWLRQ�OHYHO�GDWD
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&UHDWLQJ�(YHQW�6FKHGXOHU

&UHDWH�HYHQW�VFKHGXOHU

� VHW�QV�>QHZ�6LPXODWRU@

6FKHGXOH�HYHQWV

� �QV�DW��WLPH!��HYHQW!

� �HYHQW!��DQ\�OHJLWLPDWH�QV�WFO�FRPPDQGV

6WDUW�VFKHGXOHU

� �QV�UXQ
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7UDFLQJ

7UDFH SDFNHWV�RQ�DOO�OLQNV
� �QV�WUDFH�DOO�>RSHQ�WHVW�RXW�Z@

<event><event> <<time>time> <from> <to> <from> <to> <pkt><pkt> <<size> size> ---- <fid<fid > <src> <dst> <> <src> <dst> < seq>seq> <<attr>attr>

+ 1 0 2 cbr 210 + 1 0 2 cbr 210 -------------- 0 0.0 3.1 0 00 0.0 3.1 0 0

-- 1 0 2 cbr 210 1 0 2 cbr 210 -------------- 0 0.0 3.1 0 00 0.0 3.1 0 0

r 1.00234 0 2 cbr 210 r 1.00234 0 2 cbr 210 -------------- 0 0.0 3.1 0 0 0.0 3.1 0 00

7UDFH�SDFNHWV�RQ�DOO�OLQNV�LQ�QDP���IRUPDW
� �QV�QDPWUDFH�DOO�>RSHQ�WHVW�QDP�Z@

0XVW�DSSHDU�LPPHGLDWHO\�DIWHU�FUHDWLQJ�
VFKHGXOHU
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7UDFLQJ

7XUQ�RQ�WUDFLQJ�RQ�VSHFLILF�OLQNV

� �QV�WUDFH�TXHXH��Q���Q�

� �QV�QDPWUDFH�TXHXH��Q���Q�



����86& ,1)250$7,21 6&,(1&(6 ,167,787(86& ,1)250$7,21 6&,(1&(6 ,167,787(

&UHDWLQJ�1HWZRUN

1RGHV

� VHW�Q��>�QV�QRGH@

� VHW�Q��>�QV�QRGH@

/LQNV�DQG�TXHXLQJ

� �QV�GXSOH[�OLQN��Q���Q���EDQGZLGWK!�
�GHOD\!��TXHXHBW\SH!

� �TXHXHBW\SH!��'URS7DLO��5('��&%4��)4��
6)4��'55
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&UHDWLQJ�1HWZRUN��/$1

/$1

� �QV�PDNH�ODQ��QRGHBOLVW!��EDQGZLGWK!�
�GHOD\!��OOBW\SH!��LITBW\SH!�
�PDFBW\SH!��FKDQQHOBW\SH!

� �OOBW\SH!��//

� �LITBW\SH!��4XHXH�'URS7DLO�

� �PDFBW\SH!��0$&����B�

� �FKDQQHOBW\SH!��&KDQQHO
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,QVHUWLQJ�(UURUV

&UHDWLQJ�(UURU�0RGXOH

� VHW�ORVVBPRGXOH�>QHZ�(UURU0RGHO@

� �ORVVBPRGXOH�VHW�UDWHB�����

� �ORVVBPRGXOH�XQLW�SNW

� �ORVVBPRGXOH�UDQYDU�>QHZ�
5DQGRP9DULDEOH�8QLIRUP@

� �ORVVBPRGXOH�GURS�WDUJHW�>QHZ�$JHQW�1XOO@

,QVHUWLQJ�(UURU�0RGXOH

� �QV�ORVVPRGHO��ORVVBPRGXOH��Q���Q�
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1HWZRUN�'\QDPLFV

/LQN�IDLOXUHV
� +RRNV�LQ�URXWLQJ�PRGXOH�WR�UHIOHFW�URXWLQJ�
FKDQJHV

)RXU�PRGHOV
$ns rtmodel Trace <config_file> $n0 $n1$ns rtmodel Trace <config_file> $n0 $n1

$ns rtmodel Exponential {<params>} $n0 $n1$ns rtmodel Exponential {<params>} $n0 $n1

$ns rtmodel Deterministic {<params>} $n0 $n1$ns rtmodel Deterministic {<params>} $n0 $n1

$ns rtmodel$ns rtmodel -- at <time> up|down $n0 $n1at <time> up|down $n0 $n1

3DUDPHWHU�OLVW
[<start>] <up_interval> <down_interval> [<finish>][<start>] <up_interval> <down_interval> [<finish>]
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6HWXS�5RXWLQJ

8QLFDVW
� �QV�UWSURWR��W\SH!

� �W\SH!��6WDWLF��6HVVLRQ��'9��FRVW��PXOWL�
SDWK

0XOWLFDVW
� �QV�PXOWLFDVW��ULJKW�DIWHU�>QHZ�6LPXODWRU@�

� �QV PUWSURWR �W\SH!

� �W\SH!� &WU0FDVW��'0��67��%67
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&UHDWLQJ�&RQQHFWLRQ��8'3

8'3

� VHW�XGS >QHZ�$JHQW�8'3@

� VHW�QXOO�>QHZ�$JHQW�1XOO@

� �QV�DWWDFK�DJHQW��Q���XGS

� �QV�DWWDFK�DJHQW��Q���QXOO

� �QV�FRQQHFW��XGS �QXOO
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&UHDWLQJ�7UDIILF��2Q�7RS�RI�8'3

&%5

� VHW�VUF�>QHZ�$SSOLFDWLRQ�7UDIILF�&%5@

([SRQHQWLDO�RU�3DUHWR�RQ�RII

� VHW�VUF�>QHZ�
$SSOLFDWLRQ�7UDIILF�([SRQHQWLDO@

� VHW�VUF�>QHZ�$SSOLFDWLRQ�7UDIILF�3DUHWR@
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&UHDWLQJ�&RQQHFWLRQ��7&3

7&3

� VHW�WFS�>QHZ�$JHQW�7&3@

� VHW WFSVLQN >QHZ�$JHQW�7&36LQN@

� �QV�DWWDFK�DJHQW��Q���WFS

� �QV�DWWDFK�DJHQW��Q���WFSVLQN

� �QV�FRQQHFW��WFS��WFSVLQN
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&UHDWLQJ�7UDIILF��2Q�7RS�RI�7&3

)73

� VHW�IWS�>QHZ�$SSOLFDWLRQ�)73@

� �IWS�DWWDFK�DJHQW��WFS

7HOQHW

� VHW�WHOQHW�>QHZ�$SSOLFDWLRQ�7HOQHW@

� �WHOQHW�DWWDFK�DJHQW��WFS
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&UHDWLQJ�7UDIILF��7UDFH�'ULYHQ

7UDFH�GULYHQ

� VHW WILOH >QHZ 7UDFHILOH@

� �WILOH ILOHQDPH��ILOH!

� VHW�VUF�>QHZ�$SSOLFDWLRQ�7UDIILF�7UDFH@

� �VUF�DWWDFK�WUDFHILOH �WILOH

�ILOH!�

� %LQDU\�IRUPDW��QDWLYH��

� LQWHU�SDFNHW�WLPH��PVHF��DQG�SDFNHW�VL]H��E\WH�
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$SSOLFDWLRQ�/HYHO�6LPXODWLRQ

)HDWXUHV

� %XLOG�RQ�WRS�RI�H[LVWLQJ�WUDQVSRUW�SURWRFRO

� 7UDQVPLW�XVHU�GDWD��H�J���+773�KHDGHU

7ZR�GLIIHUHQW�VROXWLRQV

� 7&3��$SSOLFDWLRQ�7FS$SS

� 8'3��$JHQW�0HVVDJH



����86& ,1)250$7,21 6&,(1&(6 ,167,787(86& ,1)250$7,21 6&,(1&(6 ,167,787(

$SSOLFDWLRQ�7FS$SS

$EVWUDFWLRQ��7&3�DV�D�),)2�SLSH

%HIRUH�VHQGLQJ��6�QRWLILHV�DERXW�5�
GDWD�VL]H

$IWHU�UHFHLYLQJ��5�JHWV�GDWD�
�DUELWUDU\�VWULQJ��IURP�6
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} Out-of-
band

([SHFW�1 E\WHV

*HW�ILUVW�1 E\WHV�RI�GDWD
SNW��HPSW\�

DFN
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$SSOLFDWLRQ�7FS$SS

6WHS����)XOO7FS FRQQHFWLRQ

set tcp1 [new Agent/TCP/FullTcp]set tcp1 [new Agent/TCP/FullTcp]

set tcp2 [new Agent/TCP/FullTcp]set tcp2 [new Agent/TCP/FullTcp]

$ns attach$ns attach -- agent $n1 $tcp1agent $n1 $tcp1

$ns attach$ns attach -- agent $n2 $tcp2agent $n2 $tcp2

$ns connect $tcp1 $tcp2$ns connect $tcp1 $tcp2

$tcp2 listen$tcp2 listen
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$SSOLFDWLRQ�7FS$SS

6WHS����UHOLDEOH��LQ�RUGHU XVHU GDWD�WUDQVIHU
setset app1 [new Application/TcpApp $tcp1]app1 [new Application/TcpApp $tcp1]

set app2 [new Application/TcpApp $tcp2]set app2 [new Application/TcpApp $tcp2]

$app1 connect $app2$app1 connect $app2

# <ns# <ns -- 2 command>: will be executed when 2 command>: will be executed when 
received at the receiver TcpAppreceived at the receiver TcpApp

$$ns at 1.0 “$app1 send <data_byte> ns at 1.0 “$app1 send <data_byte> 
\\ ”<ns”<ns -- 2 command>2 command> \\ ””””
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$JHQW�0HVVDJH

$�8'3�DJHQW��ZLWKRXW�8'3�KHDGHU�

8S�WR����E\WHV�XVHU�PHVVDJH

*RRG�IRU�IDVW�SURWRW\SLQJ�D�VLPSOH�LGHD

8VDJH�UHTXLUHV�H[WHQGLQJ�QV�IXQFWLRQDOLW\

� :H¶OO�JLYH�DQ�H[DPSOH�WRPRUURZ
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SNW�����E\WHV
RI�DUELWUDU\�
VWULQJ�

5HFHLYHU�VLGH
SURFHVVLQJ
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6XPPDU\��*HQHULF�6FULSW�6WUXFWXUH

set ns [new Simulator]set ns [new Simulator]

# [Turn on tracing]# [Turn on tracing]

# Create topology# Create topology

# Setup packet loss, link dynamics# Setup packet loss, link dynamics

# Create routing agents# Create routing agents

# Create: # Create: 

#   #   -- multicast groupsmulticast groups

#   #   -- protocol agentsprotocol agents

#   #   -- application and/or setup traffic sourcesapplication and/or setup traffic sources

# Post# Post -- processing procsprocessing procs

# Start simulation# Start simulation
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QV�3ULPHU�± :LUHG�:RUOG

%DVLF�QV

$�FRPSOHWH�H[DPSOH

� 0XOWLFDVW�URXWLQJ

9LVXDOL]DWLRQ
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([DPSOH��0XOWLFDVW�5RXWLQJ

'\QDPLF�JURXS�PHPEHUVKLS�XQGHU�
'HQVH�0RGH

Q� Q�

Q�
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���0E����PV

���0E����PV
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���0E����PV
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0XOWLFDVW��6WHS��

6FKHGXOHU��WUDFLQJ��DQG�WRSRORJ\

# Create scheduler# Create scheduler

set ns [new Simulator]set ns [new Simulator]

# Turn on multicast# Turn on multicast

$ns multicast$ns multicast

# Turn on Tracing# Turn on Tracing

set fd [new “mcast.nam” w]set fd [new “mcast.nam” w]

$ns namtrace$ns namtrace -- all $fdall $fd
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0XOWLFDVW��6WHS��

7RSRORJ\

# Create nodes# Create nodes

set n0 [$ns node]set n0 [$ns node]

set n1 [$ns node]set n1 [$ns node]

set n2 [$ns node]set n2 [$ns node]

set n3 [$ns node]set n3 [$ns node]

# Create links# Create links

$ns duplex$ns duplex -- link $n0 $n1 1.5Mb 10ms DropTaillink $n0 $n1 1.5Mb 10ms DropTail

$ns duplex$ns duplex -- link $n0 $n2 1.5Mb 10ms DropTaillink $n0 $n2 1.5Mb 10ms DropTail

$ns duplex$ns duplex -- link $n0 $n3 1.5Mb 10ms DropTaillink $n0 $n3 1.5Mb 10ms DropTail
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0XOWLFDVW��6WHS��

5RXWLQJ�DQG�JURXS�VHWXS

# Routing protocol: let’s run distance vector# Routing protocol: let’s run distance vector

$ns mrtproto DM$ns mrtproto DM

# Allocate group addresses# Allocate group addresses

set group1 [Node allocaddr]set group1 [Node allocaddr]

set group2 [Node allocaddr]set group2 [Node allocaddr]
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0XOWLFDVW��6WHS��

6HQGHU��

# Transport agent for the traffic source# Transport agent for the traffic source

set set udp0udp0 [new Agent/UDP][new Agent/UDP]

$ns attach$ns attach -- agent $agent $ n1n1 $$udp0udp0

$$udp0udp0 set dst_addr_ $set dst_addr_ $ group1group1

$$udp0udp0 set dst_port_ 0set dst_port_ 0

# Constant Bit Rate source #0 # Constant Bit Rate source #0 

set set cbr0cbr0 [new Application/Traffic/CBR][new Application/Traffic/CBR]

$$cbr0cbr0 attachattach -- agent $agent $ udp0udp0

# Start at time 1.0 second# Start at time 1.0 second

$ns at 1.0 "$$ns at 1.0 "$ cbr0cbr0 start"start"
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0XOWLFDVW��6WHS��

6HQGHU��

# Transport agent for the traffic source# Transport agent for the traffic source

set set udp1udp1 [new Agent/UDP][new Agent/UDP]

$ns attach$ns attach -- agent $agent $ n3n3 $$udp1udp1

$$udp1udp1 set dst_addr_ $set dst_addr_ $ group2group2

$$udp1udp1 set dst_port_ 0set dst_port_ 0

# Constant Bit Rate source #0 # Constant Bit Rate source #0 

set set cbr1cbr1 [new Application/Traffic/CBR][new Application/Traffic/CBR]

$$cbr1cbr1 attachattach -- agent $agent $ udp1udp1

# Start at time 1.1 second# Start at time 1.1 second

$ns at 1.1 "$$ns at 1.1 "$ cbr1cbr1 start"start"
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0XOWLFDVW��6WHS��

5HFHLYHU�ZLWK�G\QDPLF�PHPEHUVKLS

# Can also be Agent/Null# Can also be Agent/Null

set rcvr [new Agent/LossMonitor]set rcvr [new Agent/LossMonitor]

# Assign it to node $n2# Assign it to node $n2

$ns at $ns at 1.21.2 "$n2 join"$n2 join -- group $rcvr $group $rcvr $ group2group2 ""

$ns at $ns at 1.251.25 "$n2 leave"$n2 leave -- group $rcvr $group $rcvr $ group2group2 ""

$ns at $ns at 1.31.3 "$n2 join"$n2 join -- group $rcvr $group $rcvr $ group2group2 ""

$ns at $ns at 1.351.35 "$n2 join"$n2 join -- group $rcvr $group $rcvr $ group1group1 ""
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0XOWLFDVW��6WHS��

(QG�RI�VLPXODWLRQ�ZUDSSHU��DV�XVXDO�

$ns at 2.0 "finish"$ns at 2.0 "finish"

proc finish {} {proc finish {} {

global ns fdglobal ns fd

close $fdclose $fd

$ns flush$ns flush -- tracetrace

puts "running nam..."puts "running nam..."

exec nam out.nam &exec nam out.nam &

exit 0exit 0

}}

$ns run$ns run
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2WKHU�([DPSOHV

$YDLODEOH�LQ�WKH�/DE�WKLV�DIWHUQRRQ

:HE�WUDIILF�PRGHO

0XOWLFDVW�URXWLQJ

5('

4XHXHLQJ
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QV�3ULPHU�± :LUHG�:RUOG

%DVLF QV

7ZR�H[DPSOHV

� 7&3��PXOWLFDVW�URXWLQJ

9LVXDOL]DWLRQ
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9LVXDOL]DWLRQ�7RROV

QDP����1HWZRUN�$QL0DWRU�9HUVLRQ���

� 3DFNHW�OHYHO�DQLPDWLRQ

� :HOO�VXSSRUWHG�E\�QV

[JUDSK

� &RQYHUVLRQ�IURP�QV�WUDFH�WR�[JUDSK�IRUPDW
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QDP

%DVLF�YLVXDOL]DWLRQ

� 7RSRORJ\�OD\RXW

� $QLPDWLRQ�FRQWURO

� 6\QFKURQRXV�UHSOD\

)LQH�WXQH�OD\RXW

7&3�650�YLVXDOL]DWLRQ

(GLWRU��JHQHUDWH�QV�VLPXODWLRQ�VFULSWV
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QVÆQDP�,QWHUIDFH

&RORU

1RGH�PDQLSXODWLRQ

/LQN�PDQLSXODWLRQ

7RSRORJ\�OD\RXW

3URWRFRO�VWDWH

0LVF
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QDP�,QWHUIDFH��&RORU

&RORU�PDSSLQJ
$ns color 40 red$ns color 40 red

$ns color 41 blue$ns color 41 blue

$ns color 42 chocolate$ns color 42 chocolate

&RORU�l IORZ�LG�DVVRFLDWLRQ
$tcp0 set fid_ 40$tcp0 set fid_ 40 ;# red packets;# red packets

$tcp1 set fid_ 41$tcp1 set fid_ 41 ;# blue packets;# blue packets
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QDP�,QWHUIDFH��1RGHV

&RORU
$node color red$node color red

6KDSH��FDQ¶W�EH�FKDQJHG�DIWHU�VLP�VWDUWV�
$node shape box$node shape box ;# circle, box, hexagon;# circle, box, hexagon

0DUNV��FRQFHQWULF�³VKDSHV´�
$ns at 1.0 “$n0 add$ns at 1.0 “$n0 add -- mark m0 blue box”mark m0 blue box”

$ns at 2.0 “$n0 delete$ns at 2.0 “$n0 delete -- mark m0”mark m0”

/DEHO��VLQJOH�VWULQJ�
$ns at 1.1 “$n0 label $ns at 1.1 “$n0 label \\ ”web cache 0”web cache 0 \\ ””””
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QDP�,QWHUIDFHV��/LQNV

&RORU
$ns duplex$ns duplex -- linklink -- op $n0 $n1 color "green"op $n0 $n1 color "green"

/DEHO
$ns duplex$ns duplex -- linklink -- op $n0 $n1 label "abced"op $n0 $n1 label "abced"

'\QDPLFV��DXWRPDWLFDOO\�KDQGOHG�
$ns rtmodel Deterministic {2.0 0.9 0.1} $n0 $n1$ns rtmodel Deterministic {2.0 0.9 0.1} $n0 $n1

$V\PPHWULF�OLQNV�QRW�DOORZHG
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QDP�,QWHUIDFH��7RSR�/D\RXW

³0DQXDO´�OD\RXW��VSHFLI\�HYHU\WKLQJ

$ns duplex$ns duplex -- linklink -- op $n(0) $n(1) orient rightop $n(0) $n(1) orient right

$ns duplex$ns duplex -- linklink -- op $n(1) $n(2) orient rightop $n(1) $n(2) orient right

$ns duplex$ns duplex -- linklink -- op $n(2) $n(3) orient rightop $n(2) $n(3) orient right

$ns duplex$ns duplex -- linklink -- op $n(3) $n(4) orient 60degop $n(3) $n(4) orient 60deg

,I�DQ\WKLQJ�PLVVLQJ�Æ DXWRPDWLF�
OD\RXW
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QDP�,QWHUIDFH��3URWRFRO�6WDWH

0RQLWRU�YDOXHV�RI�DJHQW�YDULDEOHV
$ns add$ns add -- agentagent -- trace $srm0 srm_agent0trace $srm0 srm_agent0

$ns monitor$ns monitor -- agentagent -- trace $srm0trace $srm0

$srm0 tracevar C1_$srm0 tracevar C1_

$srm0 tracevar C2_$srm0 tracevar C2_

# … …# … …

$ns delete$ns delete -- agentagent -- trace $tcp1trace $tcp1
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QDP�,QWHUIDFH��0LVF

$QQRWDWLRQ

� $GG�WH[WXDO�H[SODLQDWLRQ�WR�\RXU�VLP

$ns at 3.5 "$ns trace$ns at 3.5 "$ns trace -- annotate annotate \\ “packet drop“packet drop \\ "“"“

6HW�DQLPDWLRQ�UDWH

$ns at 0.0 "$ns set$ns at 0.0 "$ns set -- animationanimation -- rate 0.1ms"rate 0.1ms"
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0XOWLFDVW�([DPSOH��QDP�(QKDQFHG

3DFNHW�FRORULQJ

1RGH�FRORU

1RGH�ODEHO

/LQN�ODEHO

$QQRWDWLRQ

0DQXDO�OD\RXW

4XHXHLQJ
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0XOWLFDVW��6WHS����

'HILQH�QDP�FRORU

# Colors for packets from two mcast groups# Colors for packets from two mcast groups

$ns color 10 blue$ns color 10 blue

$ns color 11 red$ns color 11 red

# Prune packets (# Prune packets ( predefinedpredefined ))

$ns color 30 purple$ns color 30 purple

# Graft packets# Graft packets

$ns color 31 green$ns color 31 green
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0XOWLFDVW��6WHS����

/D\RXW�WRSRORJ\

# Manual layout: # Manual layout: order of the link is significantorder of the link is significant !!

$ns duplex$ns duplex -- linklink -- op $n0 $n1 orient rightop $n0 $n1 orient right

$ns duplex$ns duplex -- linklink -- op $n0 $n2 orient rightop $n0 $n2 orient right -- upup

$ns duplex$ns duplex -- linklink -- op $n0 $n3 orient rightop $n0 $n3 orient right -- downdown

# Show queue on simplex link n0# Show queue on simplex link n0 -- >n1>n1

$ns duplex$ns duplex -- linklink -- op $n0 $n1 queuePos 0.5op $n0 $n1 queuePos 0.5
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0XOWLFDVW��6WHS���������

6RXUFH�FRORULQJ
# Group 0# Group 0

$udp0 set fid_ 10$udp0 set fid_ 10

$n1 color blue$n1 color blue

$n1 label “Source for group 0”$n1 label “Source for group 0”

# Group 1# Group 1

$udp1 set fid_ 11$udp1 set fid_ 11

$n3 color red$n3 color red

$n3 label “Source for group 1”$n3 label “Source for group 1”
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5HFHLYHU�FRORULQJ
$n2 label “Receiver”$n2 label “Receiver”

$ns at 1.2 "$n2 join$ns at 1.2 "$n2 join -- group $rcvr $group2; group $rcvr $group2; \\

$n2 add$n2 add -- mark m0 red"mark m0 red"

$ns at 1.25 "$n2 leave$ns at 1.25 "$n2 leave -- group $rcvr  $group2; group $rcvr  $group2; \\

$n2 delete$n2 delete -- mark m0"mark m0"

$ns at 1.3 "$n2 join$ns at 1.3 "$n2 join -- group $rcvr group $rcvr \\ $group2; $group2; \\

$n2 add$n2 add -- mark m1 red"mark m1 red"

$ns at 1.35 "$n2 join$ns at 1.35 "$n2 join -- group $rcvr $group1; group $rcvr $group1; \\

$n2 add$n2 add -- mark m2 blue"mark m2 blue"
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2QH�ILQDO�WZHDN

# Animation was too fast...# Animation was too fast...

$ns set$ns set -- animationanimation -- rate 0.8msrate 0.8ms


