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VMware Player

@ Virtual machine: NS2
@ Password to run: 123

CZ] VMware Player =N en ==
Player ~ - B =

Enter Password
%, This virtual machine is encrypted.
‘You must enter its password to continue.

Password: [0
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The Square Root Formula

@ Change directory: cd Documents

Bty 1) 6:33PmM Lrad

= Devices -
@ — Floppy Drive

[ ] Computer

‘ i Home

O ® rad@ubuntu: ~

Ik

radgubuntu:~$ cd Documentsf]

DB D

=g
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Bty 1) 6:34PmM Lrad

Devices -
@ — Floppy Drive

\"I Computer
isi Home tep.tcl

rad@ubuntu: ~/Documents

| =2 | radgubuntu:~$ cd Decuments
rad@ubuntu:~/Documents$ ns tcp,t;ll
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The Square Root Formula (cont'd)

e AIMD (Additive Increase/Multiplicative Decrease)

&ty 1) 6:36PM Lrad U
Devices -

L Floppy Drive

10,0000 12,0000
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The Square Root Formula (cont'd)

@ Open: trace

Documents B 1y 4) 6:40PM Rrad {if

B « [® Home Documents « Q search
_ Floppy Drive

00
Computer ae

i Home

e 0620 a5t
out.nam QueueLength tep.tel

= Desktop o

F& Documents e .
& Downloads l(:);Z:\CK

i Music
m Pictures

@ videos

= File System
& Trash

Network

= Browse Net...

"trace" selected (367.3kB)

oman Dunaytsev (SUT P2P Networks Lab Ne 3 / 29



The Square Root Formula (cont'd)

o Time: from 2 to 12

trace (~/Documents) - gedit B 1y ) apm Rrad {4

Undo vViIEE °%

L] trace &

ndatapack_ 9931
ndatapack_ 9932
ndatapack_ 9933
ndatapack_ 9934
ndatapack_ 9935
ndatapack_ 9936
ndatapack_ 9937
ndatapack_ 9938
ndatapack_ 9939
ndatapack_ 9948
ndatapack_ 9941
ndatapack_ 9942
ndatapack_ 9943

11.96950 ]
]
[}
]
]
]
]
[}
]
]
[}
]
]
0 ndatapack_ 9944
]
[}
]
]
@
]
[}
]
]
[}
]
]
a

]
11.9708706 0
11.9719%0 ©
11.97310 ©
11.97430 0
11.97550 ©
11.97670 ©
11.97790 ©
11.97910 ©
11.98030 0
11.98150 ©
11.98270 ©
11.98390 0
11.98510 ©
11.98630 ©
11.98750 ©
11.98870 ©
11.98990 0
11.99110 ©
11.99230 0
11.99350 0
11.99470 ©

]
]
]
5]
0

ndatapack_ 9945
ndatapack_ 9946
ndatapack_ 9947
ndatapack_ 9948
ndatapack_ 9949
ndatapack_ 9958
ndatapack_ 9951
ndatapack_ 9952
ndatapack_ 9953
ndatapack_ 9954
ndatapack_ 9955

PlainText + Tab width: 8 ~ Ln 9958, Col 1 INS
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The Square Root Formula (cont'd)

o Time: from 2 to 12

trace (~/Documents) - gedit B 1y ) sPM Rrad

Undo vViIEE °%

ndatapack_ 1590
ndatapack_ 1591
ndatapack_ 1592
ndatapack_ 1593
ndatapack_ 1594
ndatapack_ 1595
ndatapack_ 1596
ndatapack_ 1597
ndatapack_ 1598
ndatapack_ 1599

ndatapack_ 1602
ndatapack_ 1683
ndatapack_ 1604
ndatapack_ 1685
ndatapack_ 1666
ndatapack_ 1607
ndatapack_ 1608
ndatapack_ 1609
ndatapack_ 1618
ndatapack_ 1611
ndatapack_ 1612
ndatapack_ 1613
ndatapack_ 1614
ndatapack_ 1615
ndatapack_ 1616

PlainText + Tab width: 8 ~ Ln 1602, Col 1 INS
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The Square Root Formula (cont'd)

@ Packets sent: 9957 - 1601 = 8356
@ Throughput: 10.03 Mb/s

Roman Dunaytsev (SUT)

|:| Calculator EI [ = | @

View Edit Help

8356 * 1588 * 8 / 18 /

1000000

o J[ Jl+]
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The Square Root Formula (cont'd)

e Mathis model = f(RTT, p) = f(rtt_, ncwndcuts _/ndatapack )

&ty 1) 6:36PM Lrad U
Devices -

L Floppy Drive

10,0000 12,0000

11.999999999999973 1 2 38670.446399958761 25.780297599972592 9955 9867 61 149316
0 14799046 91500
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The Square Root Formula (cont'd)

e Edit: tcp.tcl

Home Folder

Devices

L Floppy Drive

Computer ;

isi Home out.nam QueueLength tep kel
&= Desktop
il Documents
i Downloads
i Music
im Pictures
@ videos
< File syste @ Do you want to run "tcp.tcl”, or display its contents?
& Trash

2
0.2
EcpSACK trace

"tep.tel” is an executable text file.
Network

& Browse N | Runin Terminal | | ((Display )) [ €ancel || Run |

g ipPDONe

"tep.tel” selected (2.5 kB)
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The Square Root Formula (cont'd)

@ Trace: ret

*Ecp.tel (~/Documents) - gedit Bty 4) 2PM 2 rad %

@ n_ B open - & Undo i O
[ *tcp.tel 3

set gmon [$ns monitor-queue Srouter $receiver stdout];
[$ns link Srouter S$receiver] queue-sample-timeout;

#Create a TCP sender

set tcp [new Agent/TCP/Sackl]
set window_ 300

set maxcwnd_ 300

set windowInit_ 2

set packetSize_ 1460
set tcpTick_ ©.001

set bugFix_ 1

Stcp set fid_ 1

$ns attach-agent $sender $tcp
Stcp attach Strace

#Trace TCP variables
lstep trace rtt_

#Stcp trace maxseq_
#$tep trace ndatapack_
#Stcp trace ncwndcuts_

#Create a TCP receilver

set sink [new Agent/TCPSink/Sackl]
$ns attach-agent $receiver $sink
$ns connect S$tcp S$sink

#Create FTP traffic over TCP
Tcl » Tab Width: 8 ~ Ln8o, Col1 INS
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The Square Root Formula (cont'd)

@ Rerun: tcp.tcl

3PM Rrad %

Devices

@ — Floppy Drive
‘ Computer A 2

isi Home out.nam
rad@ubuntu: ~/Documents

14173540 91500
.599999999999975 1 2 26116.118399967265 17.410745599978188 9613 9534 61
14299540 91500
.699999999999974 1 2 29548.281599939222 19.698854399959487 9699 9617 61
14424040 91500
.799999999999974 1 2 32772.446399962791 21.848297599975169 9784 9700 61
14548540 91500
.899999999999974 1 2 35806.118399961102 23.870745599974047 9870 9784 61
14674540 91500
.999999999999973 1 2 38670.446399958761 25.780297599972592 9955 9867 61
14799040 91500
finish: Parameter LabelFont: can't translate 'helvetica-10' into a font (def]
aulting to "fixed')
Parameter TitleFon can't translate “helvetica-18' into a font (defaulting to °
fixed')
XI0: fatal IO error 11 (Resource temporarily unavailable) on X server ":0.0"
after 298 requests (296 known processed) with © events remaining.
while executing
"exec xgraph tcpSACK Queuelength -geometry 800x408@ -t "cwnd” "Time, secs" -y
"Window/Queue, pkt:
(procedure "finish" line 11)
invoked from within
"finish"
rad@ubuntu:~/Documentss ns tep.tcll]

P2P Networks
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The Square Root Formula (cont'd)

@ Open: trace

Documents

Devices + @ Home Documents
 Floppy Drive

00
Computer ae

i Home

e 0620 a5t
out.nam QueueLength tep.tel

= Desktop o

F& Documents e .
& Downloads l(:);Z:\CK

i Music
m Pictures

@ videos

= File System
& Trash

Network

= Browse Net...

[~} "trace" selected (6.8 kB)
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The Square Root Formula (cont'd)

o Cut: first 2 seconds

trace (~/Documents) - gedit B 1y )

@BP - vV

0.061
8.631
_ 0.033
8.035
_ 0.036
0.037
0.039
0.041
_ 0.042
0.043
0.045
0.847
0.048
0.0849
8.0851
_ 0.053
0.0854
_ 0.055
0.057
8.0859
0.060
_ 0.061
8.0831
9.032

— PlainText v | Tab width: 8 Ln33, Col33 INS
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The Square Root Formula (cont'd)

@ Save: trace

*trace (~/Documents) - gedit Bty @) 7:.08PM Rrad {4

0.034
rtt_ 6.036
rtt_ 0.e38
rtt_ 0.040
rtt_ 6.042
rtt_ 6.044
rtt_ 0.046
rtt_ 0.048
rtt_ 6.050
rtt_ 6.052
rtt_ 0.054
rtt_ 0.056
rtt_ 6.058
rtt_ 6.060
rtt_ 0.062
rtt_ 0.e32
rtt_ 6.631
rtt_ 6.032
rtt_ 0.034
rtt_ 0.035
rtt_ 0.036
rtt_ 6.037
rtt_ ©.038
rtt_ 0.040
rtt_ 6.041
rtt_ 6.042
rtt_ 6.043

PO OODOC0OOO00O0O0B0000B00 0

PPRPPEPOPRPRPRPRRORPRRRORRRRR R D@
NNNRNNNNRNRUNNRNURNRNNRNRNNRNNRNNNNNNN
CEPEEEOEEORRRO0RRRRRRERRRRR O @

Plain Text + (Tab Width: 8 ~ Ln1, Col1 INS
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The Square Root Formula (cont'd)

@ RTT average: 0.046 s

1PM % rad

Devices

@ — Floppy Drive
f Computer
‘ i Home
rad@ubuntu:

11.699999999999974 1 2 29548.281599939222 19.698854399959487 9699 9617 61
40 14424040 91500
11.799999999999974 1 2 32772.446399962791 21.848297599975169 9784 9700 61
40 14548540 915600
11.899999999999974 1 2 35806.118399961102 23.870745599974047 9870 9784 61
40 14674540 915600
11.999999999999973 1 2 38670.446399958761 25.780297599972592 9955 9867 61
40 14799040 91500
ns: finish: Parameter LabelFont: can't translate ‘helvetica-16' into a font (def|
aulting to “fixed')
Parameter TitleFont: can't translate ‘helvetica-18' inte a font (defaulting to
fixed')
XI0: fatal I0 error 11 (Resource temporarily unavailable) on X server .0"
after 290 requests (288 known processed) with © events remaining.
while executing
"exec xgraph tcpSACK Queuelength -geometry 800x48@ -t "cwnd” -x "Time, secs" -y
"Window/Queue, pkt:
(procedure "finish" line 11)
invoked from within
"finish"
rad@ubuntu:~/Documents$ awk '{ total += $7; count++ } END { print total/count }'
trace
0.0457384
rad@ubuntu:~/pocumentss [l
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The Square Root Formula (cont'd)

e Edit: tcp.tcl

Home Folder

Devices

L Floppy Drive

Computer ;

isi Home out.nam QueueLength tep kel
&= Desktop
il Documents
i Downloads
i Music
im Pictures
@ videos
< File syste @ Do you want to run "tcp.tcl”, or display its contents?
& Trash

2
0.2
EcpSACK trace

"tep.tel” is an executable text file.
Network

& Browse N | Runin Terminal | | ((Display )) [ €ancel || Run |

g ipPDONe

"tep.tel” selected (2.5 kB)
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The Square Root Formula (cont'd)

@ Trace: ncwndcuts

Ecp.tcl (~/Documents) - gedit

é n_ B open -
[ tep.tel %

set gmon [$ns monitor-queue Srouter Sr.ecei.ver stdout];
[6ns link $router $receiver] queue-sample-timeout;

#Create a TCP sender

set tcp [new Agent/TCP/Sack1]
set window_ 300

set maxcwnd_ 300

set windowInit_ 2

set packetSize_ 1460
set tcpTick_ 8.001

set bugFix_ 1

set fid_ 1

Stcp attach Strace

#Trace TCP variables
#Stcp trace rtt_
#Stcp trace maxseq_
#Stcp trace ndatapack_
Stcp trace ncwndcuts_

#Create a TCP receiver

set sink [new Agent/TCPSink/Sack1]
$ns attach-agent S$receiver $sink
$ns connect $tcp $sink

#Create FTP traffic over TCP
Tcl » Tab Width: 8 ~ Ln83, Col1 INS
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The Square Root Formula (cont'd)

@ Rerun: tcp.tcl

6PM Rrad {}%

Devices

@ — Floppy Drive
‘ Computer 2
isi Home out.nam
rad@ubuntu: ~/Documents
40 14424040 915600
11.799999999999974 1 2 32772.446399962791 21.848297599975169 9784 9760 61 146745
40 14548540 915600
11.899999999999974 1 2 35806.118399961102 23.870745599974047 9870 9784 61 148035
40 14674540 91500
11.999999999999973 1 2 38670.446399958761 25.780297599972592 9955 9867 61 149310
40 14799040 91500
ns: finish: Parameter LabelFont: can't translate 'helvetica-16' into a font (def
aulting to ‘fixed')
Parameter TitleFont: can't translate “helvetica-18' into a font (defaulting to
fixed')
XI0: fatal I0 error 11 (Resource temporarily unavailable) on X server .e"
after 290 requests (288 known processed) with @ events remaining.

while executing
"exec xgraph tcpSACK QueuelLength -geometry 800x400 -t "cwnd" -x "Time, secs" -y
"Window/Queue, pkts
(procedure "finish" line 11)
i d from within

rad@ubuntu:~/Documents$ awk '{ total += $7; count++ } END { print total/count }'
trace

0.0457384

rad@ubuntu:~/Documents$ ns tcp.tcl
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The Square Root Formula (cont'd)

@ Open: trace

trace (~/Documents) - gedit

@ BB open -
—

] trace %

]
0
L)
0
17711 ©
.50431 ©
.83151 ©
.15871 0
.48591 @
.81311 ©
1.14031 0

coeeo @l

v

SMERELEERE

Roman Dunaytsev (SUT

ncwndcuts_ @
newndcuts_ 1
ncwndcuts_ 2
ncwndcuts 3
ncwndcuts_ 4
ncwndcuts_ 5
ncwndcuts_ 6
ncwndcuts_ 7
ncwndcuts_ 8
ncwndcuts_ 9
ncwndcuts_ 1

@

Plain Text »

P2P Network:

Tab width: 8 ~

=ty )

v | &

Ln4, Col34

INS
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The Square Root Formula (cont'd)

o Packet loss rate: ncwndcuts _ /ndatapack = 0.00084

Roman Dunaytsev (SUT)

I:l Calculator EI =] @I

View Edit Help

7/

8356

[ | [ | s [[we ][]

L=l e Jle v ]

L7 ][ 8 J[ 9 Jlollom |

[+ s L6 Jlad(ae]
BEE™
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The Square Root Formula (cont'd)

e Throughput simulated: 10.03 Mb/s
e Throughput estimated: 11.02 Mb/s

VLSS

M|E

w W 2w
2 Time (RTT)

Figure 1: TCP window evolution under periodic loss
Each cycle delivers [:%)3 + %(%)2 = 1/p packets and takes
W/2 round trip times.
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The Square Root Formula (cont'd)

o Agent/TCPSink/Sackl = Agent/TCPSink/Sackl/DelAck

kep.tcl (~/Documents) - gedit

é BB open -

] tep.tel %

#Trace TCP variables
#Stcp trace rtt_
#Stcp trace maxseq_
#$tep trace ndatapack_
Stcp trace ncwndcuts_

#Create a TCP receiver

set sink [new Agent/TCPSink/Sackl/DelAck]
$ns attach-agent $receiver $sink

$ns connect S$tcp S$sink

#Create FTP traffic over TCP
set ftp [new Application/FTP]
$ftp attach-agent $tcp

#Schedule events
$ns at 0.0 "Sftp start”
S$ns at 12.0 "S$ftp stop”

Sns at 0.0 "plotWindow Stcp StcpSACK"
$ns at 8.0 "queuelength”

$ns at 12.0 "finish"
#Run the simulation

$ns run
Tel »  Tab Width: 8 + Ln86, Col42 INS
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The Square Root Formula (cont’

e Agent/TCPSink/Sackl/DelAck

&ty ) 740Pm Lrad
Devices -

L Floppy Drive

10,0000 12,0000

11.999999999999973 1 2 48988.848000016646 32.659232000011123 9961 9899 30 149400
0 14847040 45000
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The Square Root Formula (cont'd)

e Agent/TCP/Sackl

RTT = 0.046 s

p = 0.00084

Throughput simulated: 10.03 Mb/s
Throughput estimated: 11.02 Mb/s

e Agent/TCPSink/Sackl/DelAck

RTT =0.045 s

p = 0.00036

Throughput simulated: 10.03 Mb/s
Throughput estimated: 12.17 Mb/s
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