Bottleneck Bandwidth Sharing

Roman Dunaytsev

Department of Communications Networks and Data Transmission
Saint-Petersburg State University of Telecommunications

roman.dunaytsev@spbgut.ru

Lab Ne 1



@ Transport layer protocols

© How to install ns-2 in Ubuntu

© How to run ns-2 in VMware Player
Q@ UDP vs. TCP

© TCPvs. TCP

@ Effect of the RTTs and delayed ACKs

Roman Dunaytsev (SUT) P2P Networks Lab Ne 1 2 /40



Outline

@ Transport layer protocols
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Transport Layer Protocols

o User Datagram Protocol (UDP)

o Multiplexing/demultiplexing
o Error control (optional)

e Transmission Control Protocol (TCP)

Multiplexing/demultiplexing

Data segmentation and ordered data transfer
Error control (mandatory)

Flow control

Congestion control
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© How to install ns-2 in Ubuntu
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ns-2 in Ubuntu

Install ns-2: sudo apt-get install ns2
o Run Terminal: <Ctrl>+<Alt>4+<T>

Terminal 1y 4) 1:24PM

rad@ubuntu: ~

radgubuntu:=5 sudo apt-get install ns2

[sudo] password for ra

Reading package lists... Done

Building dependency tree

Reading state information... Done

The following extra packages will be installed:

libotcli libtcl8.5 libtclcli libtks.5 tcl8.5 tk8.5
Suggested packages:

libotcl1 libtcl8.5 libtclcli libtks.5 ns2 tcl8.5 tks.5
® upgraded, 7 newly installed, 6 to remove and 3 not upgraded.
Need to get 3,302 kB of archives.
After this operation, 18.6 MB of additional disk space will be used.
Do you want to continue? [Y/n] y
Get:1 http://us.archive.ubuntu.comfubuntu/ trusty/universe libotcli 1386 1.14+df
sg-3 [22.9 kB]
Get:2 http://us.archive.ubuntu.com/ubuntu/ trusty/main libtcl8.5 i386 8.5.15-2ub
untul [678 kB]
Get:3 http://us.archive.ubuntu.com/ubuntu/ trusty/universe libtclcll 1386 1.20-7
[62.3 kB]
Get:4 http://us.archive.ubuntu.comfubuntu/ trusty/main libtks.5 1386 8.5.15-2ubu
ntu3 [623 kB]
42% [Working]ll

gnuplot tcl-tclreadline
% The following NEW packages will be installed:
—_—
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ns-2 in Ubuntu (cont'd)

@ Install nam: sudo apt-get install nam
o See http://askubuntu.com/questions/467901/
segmentation-fault-core-dumped-in-ns2-ubuntu-14-04 ®
e Or use ubuntu-12.04.5 instead of ubuntu-14.04.2

Terminal 13 @) 1:28PM ¥
(-] rad@ubuntu: ~
Setting up libtk8.5:1386 (8.5.15-2ubuntu3) ...
Setting up tcl8.5 (8.5.15-2ubuntul) ...
setting up tks.5 (8.5.15-2ubuntu3) ...
Setting up ns2 (2.35+dfsg-1lubuntu2) ...
Processing triggers for libc-bin (2.19-@ubuntu6.3) ...
radgubuntu:~$ sudo apt-get install nam
Reading package lists... Done
Building dependency tree
Reading state information... Dene
The following NEW packages will be installed:
nam
© upgraded, 1 newly installed, © to remove and 3 not upgraded.
Need to get 176 kB of archives.
After this operation, 643 kB of additional disk space will be used.
Get:1 http://us.archive.ubuntu.com/ubuntu/ trusty/universe nam 1386 1.15-3 [176
kB,

()
]
»
B

Fetched 176 kB in 8s (197 kB/s)

Selecting previously unselected package nam.

(Reading database ... 194370 files and directories currently installed.)
Preparing to unpack .../archives/nam_1.15-3_i386.deb ...

Unpacking nam (1.15-3) ...

Processing triggers for man-db (2.6.7.1-1) ...

Setting up nam (1.15-3) ...

rad@ubuntuz~$

B =D
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ns-2 in Ubuntu (cont'd)

Install xgraph: sudo apt-get install xgraph

Terminal

9.
]
5]
B
]
a
3]

Roman

rad@ubuntu: ~

Unpacking nam (1.15-3) .
Processing triggers for man-db (2.6.7.1-1) ...
Setting up nam (1.15-3) ...
rad@ubuntus~$ sudo apt-get install xgraph
Reading package lists... Done
Building dependency tree
Reading state information... Done
Suggested packages:

ygraph
The following NEW packages will be installed:

xgraph
© upgraded, 1 newly installed, @ to remove and 3 not upgraded.
Need to get 94.4 kB of archives.
After this operation, 209 kB of additional disk space will be used.
Get:1 http://us.archive.ubuntu.comfubuntu/ trusty/universe xgraph i386 12.1-17
94.4 kB]
Fetched 94.4 kB in @s (154 kB/s)
Selecting previously unselected package xgraph.
(Reading database ... 194378 files and directories currently installed.)
Preparing to unpack .../xgraph_12.1-17_i386.deb
Unpacking xgraph (12.1-17) .
Processing triggers for man-db (2.6.7.1-1) ...
Setting up xgraph (12.1-17)
radgubuntu:~$
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ns-2 in Ubuntu (con

@ Run simulation: ns <name>.tcl

Terminal

13 1) 143PM ¥
me Documents

Places o (<] rad@ubuntu: ~/Documents

O Recent rad@ubuntu:~$ cd Documents/
 Home PN -2 d@ubuntu: ~/Documentss ns udp.tclll

[ Desktop
D) bocuments
¥ Downloads
dd Music
B Pictures
Hvideos
T Trash
Devices
(@] Floppy Disk
Computer
Network
S Browse Network
B connect to server
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© How to run ns-2 in VMware Player
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VMware Player

@ Virtual machine: NS2
@ Password to run: 123

(G VMware Player

Player ~ - B =
Hume

aPNEr

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

Password: [0
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VMware Player (cont'd)

o Password: 123
@ Or run Guest Session

@ BBen W) 356PM O

rad

Password

Guest Session
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@ UDP vs. TCP
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UDP vs. TCP

@ Open Terminal: <Ctrl>+<Alt>+<T>
@ Change directory: cd Documents
@ Run simulation: ns udp.tcl

B 1y <) 3:58PM Rrad i
«

rad@ubuntu: ~/Documents.

rad@ubuntu:~$ cd Documents
O rad@ubuntu:~/Documentss ns udp.tclll
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UDP vs. TCP (cont'd)

e nam: UDP (blue) vs. TCP (red)

nam: o Bty ) 3:59Pm Lrad
6 | Fre views naiysis | 1]
| “ LI > » ” 0.152000 | Step:2.0ms ‘
& = =
il 4
5 L
s AN e
= |
[ I=|
' ‘ %I\H\\‘HHH\H‘HHHH\‘\HHHH‘IHHHH‘\\HHHI‘HHHIHlHH\HH‘\HHHH'HH\HH‘ |
Q Auto layout: c-’Fc.Whﬁ: 10 ¥ Recalc rzhyullﬂ
g DN
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UDP vs. TCP (cont'd)

@ Close nam (step 1)

B 1y 4) 548AM Lrad i

$ cd Documents
:~/Documents$ ns udp.tcl

Flle Views Analysis | outnam \‘

RIS e

Step: 2.0ms
==

Nam Console v1.15

NAM - The Network Animator v1.15

Ewo | Help

NAM - The Network Animator

Welcome to Nam 1.15 (2]

Developed by UCE and the VINT, SAMAN, and Conser projects at ISL.

5 tterations [10 ¥ Recalc retayoun| reset |

with the following

Copyright (c) 1991-1994 Regents of the Universily of California.
(c) 1997-1399 y of Southern
(Copyright (c) 2000-2002 USC/information Sciences Institute

\
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UDP vs. TCP (cont'd)

o Close nam (step 2)

nam B 1y 4) 549AM Lrad {iF
—

@ rad@ubuntu:~$ cd Documents

rad@ubuntu:~/Documents$ ns udp.tel
1

Flle Views Analysis | outnam

Flie | NAM - The Network Animator v1.15

NAM - The Network Animator

Welcome to Nam

H‘\HHHH‘\HHHH‘HHH\H‘H\HHH‘H\\HH\‘\HHHH‘
5 herations [10 ¥ Recalc retayoun| reset |

Developed by UC @ Really quit?

iy No
1999

y of Southern
Copyright (c) 2000-2002 USC/nformation Sciences Institute

Nam contains sou

| [Copyright (c) 1991
(@)1
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UDP vs. TCP (cont'd)

@ Open trace

Documents B 1y 4) 5:50AM frad i

Devices. < P® Home Documents “ Q search
L Floppy Drive -
Computer §;?*
i Home
& Desktop
F& Documents
& Downloads
i Music
m Pictures

@ videos

= File System
& Trash

2t
out.nam udp.tel

Network

= Browse Net...

[~} "trace" selected (963.5 kB)
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UDP vs. TCP (cont'd)

e trace: TCP goodput

trace (~/Documents) - gedit = oty W) 9PM L rad
v [i [ G

] trace %
9.93617

maxseq_ 27817
maxseq_ 27818
maxseq_ 27819
maxseq_ 27820
maxseq_ 27821
maxseq_ 27822
maxseq_ 27823
maxseq_ 27824
maxseq_ 27825
maxseq_ 27826
maxseq_ 27827
maxseq_ 27828
maxseq_ 27829
maxseq_ 27830
maxseq_ 27831
maxseq_ 27832
maxseq_ 27833
maxseq_ 27834
maxseq_ 27835
maxseq_ 27836
maxseq_ 27837
maxseq_ 27838
maxseq_ 27839
maxseq_ 27840
maxseq_ 27841
. maxseq_ 27842
|

PlainText ~ Tab Width: 8 ~ Ln 27845, Col 1 INS

]
]
]
]
]
]
]
]
]
5]
]
]
]
]
]
]
]
5]
]
]
]
5]
]
]
]
0
0

PP EOPRRPRRPR0RERRPRARR O Q@
& PN NN N N N N N N N N N QY N S N N SE N S NN Y
P CCRPCEECRRRECR0RRRRRRARR Q@
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UDP vs. TCP (cont'd)

e Calculator: TCP goodput in "Mb/s"

El Calculator E’E‘@

View Edit Help

27843 * 1508 * 8 / 16 /

1060000

[ 2| 2| 3wl

~ o [ e
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UDP vs. TCP (cont'd)

e Excel: UDP vs. TCP graph

md o s Bookt - Excel 7@ - 8 %
GOl HOME  INSERT  PAGELAYOUT  FORMULAS  DATA  REVEW VW  ACROBAT signin
S % ou Ju Jaa = < S - T B [ TAuosim - Ay
ey - Calibr u AW t 3 ¢ Wrap Text General i & 82X SN 2 i
P St ® 10 T A Evacann - § %+ W St fatn 1o B for S0 e o
Cipboara 5 5 Aigment 5 wme  n styes cens editing N
81 - v
A [ c o e £ 6 H ' ) 3 L ™ N ° » ) R s A u=
FY I —
2 s
3 12
4 15
s 2
3 u
7 =
s 2
9 3
10 %
1
2
B
14
15
15
7
13
19
)
2
2
B

Sheetl
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UDP vs. TCP (cont'd)

@ udp.tcl: increase the data rate of UDP

Home Folder B 1y 4)) 4:03PM Rrad {}%

Devices -

L Floppy Drive
Computer ;
i Home

= Desktop
il Documents
i Downloads
i Music
im Pictures
@ videos
. File Syst€ @ Do you want to run "udp.tcl”, or display its contents?
@ Trash

out.nam trace udp.tel

"udp.tel" is an executable text file.
Network

& Browse N | RuninTerminal | [( Display? | camcel || Run |

iDPDOIWe

| [

"udp.tcl” selected (2.2 kB)
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UDP vs. TCP (cont'd)

e udp.tcl: 4, 8, 12, 16, 20, 24, 28, 32, 36, 40 Mb/s

udp.tel (~/Documents) - gedit 3PM R rad 1%

L udp.tcl %

#Create a simulator object
set ns [new Simulator]

#Data rate of UDP (4,8,12,16,20,24,28,32,36,40)
set SpeeduDP 8pb

#Define trace files
set nf [open out.nam w]
$ns namtrace-all $nf

set trace [open trace w]

#Define the finish procedure that closes the nam trace file and starts animation
proc finish {} {
global ns nf
$ns flush-trace
#Close the nam trace file
close $nf
#Execute nam
exec nam out.nam
exit 0
}
#Define colors
$ns color 1 Red
S$ns color 2 Blue

Tel + Tab Width: 8 + Lns, Col 15 INS
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UDP vs. TCP (cont'd)

e udp.tcl: 4, 8, 12, 16, 20, 24, 28, 32, 36, 40 Mb/s

Terminal Bty 1) a14Ppm Lrad U
Devices -

L Floppy Drive

"I Computer

| | =i Home out.nam

[ (<] rad@ubuntu: ~/Documents

‘ -‘| rad@ubuntu:~$ cd Documents

O rad@ubuntu:~/Documentss ns

[ rad@ubuntu:~/Documents$ ns
~/Documents$ ns
~/Documents$ ns
~/Documents$ ns
~/Documents$ ns
~/Documents$ ns
~/Documents$ ns
~/Documents$ ns
~/Documents$ ns
:~/Documents$
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UDP vs. TCP (cont'd)

e UDP vs. TCP

TCP vs. UDP

20

15

10 I I

U l
4 g 12 16 20 24 28 32 36

Roman Dunaytsev (SUT) P2P Networks Lab Ne 1 25 / 40

40



© TCPvs. TCP
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TCP vs. TCP

@ Open Terminal: <Ctrl>+<Alt>+<T>
@ Change directory: cd Documents
@ Run simulation: ns tcp.tcl
Terminal . B Ty 4) 422PM Rrad {F

J computer

rad@ubuntu: ~/Documents.
rad@ubuntu: ~/Documents$ ns tcp.tcll]
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TCP vs. TCP (cont'd)

e trace(1): TCP1 goodput

trace(1) (~/Documents) - gedit = oty W) 3PM L rad

v T &

maxseq_ 30797
maxseq_ 30798
maxseq_ 30799
maxseq_ 30800
maxseq_ 30801
maxseq_ 30802
30803
30804
30805
_ 30806
_ 30807
— 30808
_ 30809
_ 30810
_ 30811
_ 30812
— 30813
_ 30814
_ 30815
— 30816
_ 30817
— 30818
_ 30819
_ 30820
: — 30821

. maxseq 30822

|

PlainText ~ Tab Width: 8 ~ Ln 30825, Col 1 INS

]
]
]
]
]
]
]
]
]
5]
]
]
]
5]
]
]
]
]
]
]
]
]
]
]
]
0
0

PP RERRORARR O Q@
LT W W W W W WwWwWwwwWwWwWwWwowwwowowwwww
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TCP vs. TCP (cont'd)

e Calculator: TCP goodput in "Mb/s"

[ Cleator [o] ® a)

View Edit Help

38823 * 1508 * 8 / 16 /

1060000

o [ ™
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TCP vs. TCP (cont'd)

@ Excel: TCP vs. TCP graph

W HE S s Book2 - Bxcel 7@ - 8 %
EOl oME  INSERT  PAGELAYOUT  FORMULAS  DATA  REVEW  VIEW  ACROBAT Signin

% cu Caliri fu ks =
R Copy -

D Ty 124 SAuosum - Ay

e & i e o7 M

. B EMergesCenter + § - % » G & Conditional Formates Cel Insert Delete Forma ort & Fin

Format Painter S ¢ Formatting = Table - Styles~ - - Lder e sea-

Clipboara 3 - Atignment 3 Number i stytes ces Editing ~

9o FwepTet e 7

Paste

Sheetl
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TCP vs. TCP (cont'd)

@ tcp.tcl: increase the number of TCP connections

*tcp.tel (~/Documents) - gedit

éii RE a € Undo
[ *tep.tel %

#Create a simulator object
set ns [new Simulator]

#Number of TCP connections (1,2,3,4,5,6,7,8,9,10)
set NumberTCP 2|

#Define trace files
set nf [open out.nam w]
$ns namtrace-all $nf

for {set j 1} {$j<=SNumberTCP} {incr j} {
set trace($j) [open trace($j) w]
1

#Define the finish procedure that closes the nam trace file and starts animation
proc finish {} {
global ns nf
$ns flush-trace
#Close the nam trace file
close $nf
#Execute nam
exec nam out.nam
exit 0
}

#Define colors
$ns color 1 Red
Tel » (Tab Width: 8 + Lns, Col 16 INS
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TCP vs. TCP (cont'd)

@ nam: TCP vs. TCP

B Ty <) 436PM Rrad {}

=1
N =
] ¢
[
(]
= ]
' 7\\\Fﬁ\‘\l\\H\H‘H\H\H\‘HHIHH‘HHHH\‘\\HH\H‘H\HHHlHH\HH‘\HHHH'HH\HH“ |
—'Q Autolayout: Ca [0.45  C€r [075  Herations [10 v Recalc ﬂﬂ
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TCP vs. TCP (cont'd)

@ tcp.tcl: 1,2, 3,4,5,6,7, 8,9, 10 connections

Terminal

Devices

L Floppy Drive

Computer

i Home

[ rad@ubuntu: ~/Documents
s rad@ubuntu e

rad@uhuntu
rad@ubuntu
rad@ubuntu
| [rad@ubuntu

Roman Dunaytsev (SUT

&ty ) 436PmM Lrad {4
-

out.nam

~/Documents$ ns
~/Documents$ ns
~/Documents$ ns
~/Documents$ ns
~/Documents$ ns
~/Documents$ ns
~/Documents$ ns
~/Documents$ ns
~/Documents$ ns
~/Documents$ ns

:~fDocumentss I

tcp.
tep.
tep.
tcp.
tep.
tep.
tep.
tep.
tcp.
tep.
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TCP vs. TCP (cont'd)

e TCPvs. TCP

Roman Dunaytsev (SUT)
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TCP vs. TCP (cont'd)

@ Fairness
Fair Share

40
£ .
25
20
15
AL
| i
0

1 2 3 4 5 [ 7 a 9 10

HSeries] W Series? M Series3 W Seriesd M SeriesS

B Seriesh M Series! M Series8 MSeriesd M Seriesl0
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TCP vs. TCP (cont'd)

e Fairness can quantified using Jain’s fairness index
e Prof. Raj Jain

@ If the system allocates rates to N contending users, such that the i-th
user receives a rate allocation x;, the fairness index f(x) is defined as:

(oI, %)
0= NS
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TCP vs. TCP (cont'd)

@ Jain's fairness index

Jain's Fairness Index

1
0.9
08
0.7
0.6
05
0.4
03
0.2
0.1

1 2 3 4 5 6 7 8 9 10

0
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@ Effect of the RTTs and delayed ACKs
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RTTs and DelAck

@ J. Lee, S. Bohacek, J. Hespanha, K. Obraczka, 'A study of TCP
fairness in high-speed networks,” University of Southern California,
Technical Report 05-854, 2005

@ 2 TCP connections:

@ RTT1 =20 ms, RTT2 =20 ms
o Goodputl = ? Mb/s, Goodput2 = 7 Mb/s, Jain = 7

RTT1 =40 ms, RTT2 = 20 ms
e Goodputl = 7 Mb/s, Goodput2 = 7 Mb/s, Jain =7

@ RTT1 =20 ms, RTT2 =20 ms, IW =2, TCP1 = DelAck
o Goodputl = ? Mb/s, Goodput2 = 7 Mb/s, Jain =7
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RTTs and DelAck (cont'd)

@ J. Lee, S. Bohacek, J. Hespanha, K. Obraczka, 'A study of TCP
fairness in high-speed networks,” University of Southern California,
Technical Report 05-854, 2005

@ 2 TCP connections:

@ RTT1 =20 ms, RTT2 =20 ms
o Goodputl = 19.9 Mb/s, Goodput2 = 19.4 Mb/s, Jain =1

RTT1 =40 ms, RTT2 = 20 ms
o Goodputl = 15.1 Mb/s, Goodput2 = 24.3 Mb/s, Jain = 0.948

@ RTT1 =20 ms, RTT2 =20 ms, IW = 2, TCP1 = DelAck
o Goodputl = 9.8 Mb/s, Goodput2 = 29.8 Mb/s, Jain = 0.797
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