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cTopus cospaHus

e Network Simulator (ns) — umuTaTop cetn, nosisuncs B 1989 kak
moaudukauus umutatopa cetn REAL

@ ns-1 — nmunTaTop cetu, Bepcus 1

e Hayano paspabotku: ~ 1989
o Asbikn: C++ un Tcl (Tool command language)

e ns-2/NS2 - nmuTatop cetu, Bepcus 2

e Hauyano paspabotku: ~ 1996
o dAsbiku: C++ un OTcl (Object Tcl)

@ ns-3 — nmuTaToOp CeTU, Bepcus 3

e Hauano paspabotku: ~ 2006
o HAsbiku: C++ n Python
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cTopus cospaHus

@ ns-2 paspabatbiBanca B pamkax npoekta Virtual InterNetwork
Testbed (VINT) npu noggepxke:
o Defense Advanced Research Projects Agency (DARPA)
o National Science Foundation (NSF)
o University of Southern California / Information Sciences Institute
(USC/ISI)
o Xerox Palo Alto Research Center (Xerox PARC)
o u ap.

o Obnactb npumMeHeHus:

e HayuHo-uccneposatensckas pabora (HUP)
o [lpoekTuposatune u paspabotka (R&D)
o ObpazoBanne

o PacnpOCTpaHeHme n NNUEH3NPOBAHUE!

o OTKpbITBIA ncxogHbIii kog (open source)
o Becnnathoe MO (freeware)
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o OduumanbHbili caliT ns-2:

e http://www.isi.edu/nsnam/ns/
e http://nsnam.isi.edu/nsnam/index.php/Main_Page

o [locnegHss Bepcus:

e ns-allinone-2.35.tar.gz, 04.11.2011, ~ 60 Mb
e http://sourceforge.net/projects/nsnam/files/allinone/ns-allinone-2.35/

@ CuncremHbie TpeboBaHus:

o Komnunsarop C++
e OC UNIX (FreeBSD, Linux, SunOS, Solaris)
e OC Windows c Cygwin
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VcTanoBka ns-2 B Ubuntu

@ VYcraHoeka ns-2: sudo apt-get install ns2
e 3anyck Terminal: <Ctrl>+<Alt>4+<T>

Terminal 1y 1) t24Pm 3%
rad@ubuntu: ~

radgubuntu:~$ sudo apt-get install ns2

[sudo] password for rad:

Reading package lists... Done

Building dependency tree

Reading state information... Done

The following extra packages will be installed:
ﬁ libotcli libtcls.5 libtclcli libtks.5 tcl8.5 tks.5

Suggested packages:

gnuplot tcl-tclreadline
The following NEW packages will be installed:
libotcll libtcl8.5 libtclcll libtk8.5 ns2 tcl8.5 tk8.5

© upgraded, 7 newly installed, 0 to remove and 3 not upgraded.

Need to get 3,302 kB of archwes.

After this operation, 18.6 MB of additional disk space will be used.

Do you want to continue? [V/n] y

Get:1 http://us.archive.ubuntu.com/ubuntu/ trusty/universe libotcli 1386 1.14+df

sg-3 [22.9 kB]

Get:2 http://us.archive.ubuntu.comfubuntu/ trusty/main libtcls.s 1386 8.5.15-2ub

untul [678 kB]
E Get:3 http://us.archive.ubuntu.com/ubuntu/ trusty/universe libtclcll 1386 1.20-7
BSEN | [62.3 kB]

Get:4 http://us.archive.ubuntu.comfubuntu/ trusty/main libtk8.5 1386 8.5.15-2ubu

ntu3 [623 kB]

42% [Working]ll
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VcTanoBka ns-2 B Ubuntu

@ VYcraHoska nam: sudo apt-get install nam

o Cm. http://askubuntu.com/questions/467901/
segmentation-fault-core-dumped-in-ns2-ubuntu-14-04 ®

Terminal 13 1) 128PM
(-} rad@ubunt
Setting up libtk8.5:1386 (8.5.15-2ubuntu3) ..
Setting up tcl8.5 (8.5.15-2ubuntul) ...
Setting up tk8.5 (8.5.15-2ubuntu3) .
Setting up ns2 (2.35+dfsg-1ubuntu2)
Processing triggers for libc-bin (2.19-6ubuntus.3) ...
radgubuntu:~$ sudo apt-get install nan
Reading package lists... Done
Building dependency tree
Reading state information... Dene
The following NEW packages will be installed:
nan
© 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

®
]
”
B

kB]

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

Selecting previously unselected package nam.

(Reading database ... 194370 files and directories currently installed.)
Preparing to unpack ,../archives/nam 1.15-3_1386.deb ...

Unpacking nam (1.15-3) ..

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

Setting up nam (1.15-3) .

rad@ubuntu:~$

B B o
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VcTanoBka ns-2 B Ubuntu

@ YcraHoBka xgraph: sudo apt-get install xgraph

Terminal

@ O\ e

B &

Oynaiiues P.A. (CN6IrvyT) Network Modeling & Simulation

(-] 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:~$

13 @) 1:29PM ¥
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VcTanoBka ns-2 B Ubuntu

@ 3anyck ckpunta: ns <ums cpaiina>.tcl

Terminal 13 W) 143PM ¥

me Documents
Places e (] rad@ubuntu: ~/Documents

O Recent s radaubuntu:~$ cd Documents/
A Home RN B 2 d@ubuntu: ~/DocumentsS ns udp.tclll

[ Desktop

D bocuments

¥ Downloads

dd Music

B Pictures

Hvideos

T Trash
Devices

fa) Floppy Disk

@ computer
Network

Browse Network

3 connect to Server
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STansl MOLENNPOBaHNA

o ApxuTekTypa ns-2:
e Sppo nporpammel Ha C++
o [NonbzosaTtensckue ckpuntsl Ha OTcl

o [nsa 3anycka MMWTaLMOHHOIO MOLENNPOBAHUS:
e 3anyctute XWin Server
o lepeiignTe B AUpPekTOpUIO CO ckpunTom UMA _ caiina.tcl
o B okHe XWin Server seegute ns ums _caiina.tcl

ns-2

c+ N (o OTcl)

compiled
hierarchy

interpreted
hierarchy

class class

fm———————————
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STansl MOLENNPOBaHNA

@ BosmoxHocTn ns-2:

e Bonblwoe konnyecTeo Mogeneli anropuTMOB U NPOTOKOJIOB
o [locTtpoenme rpadukos B nakete xgraph
o Busyannsaums pabotbl ceTu B nakete nam

@Qv\ < cyguin » ns-allinone-231 » ns-231 » tcp <[]
Organize v [ ] Open  Newfolder
¢ Favorites ) ack-recons.ce | scoreboard.o [Jtep-asym-fso
B Desitop ) ack-reconsh |l scoreboard-th.cc | |tep-asym-sink.cc
B Downloads [ ack-recons.0 | scoreboard-thh | Jtep-asym-sinko
4] Recent Places [l chostec |l scoreboard-tho | |tep-fackece
[ chosth | scoreboard-rqec | tep-fackh
9 Libraries: [l chosto |l scorehoard-rgh | tep-facko
5 Documents [ formulah | scoreboard-rq.0 | Jtcp-fice
& Music | formula-with-inverseh || snoop.cc [teptsh
&) Pictures [ nilist.ce |1 snooph [teptso
H Videos [ nilith |} snoopo [ tep-fullcc
[ nilito Ltepee [ tep-fullh
8 Computer [race Ltepn [tep-fulto
&, Local Disk (C) Lirgh Litcpo
s Local Disk (D) Lo [ teprabsice
[ rtepuce | tep-absh
€ Network [rtepo | Jteprabs.o | teplib-teinet.cc
[)saackec | tep-asym.ce [ teplib-teineto
[)saacko | tep-asymh [ tep-newreno.cc
| scoreboard.cc | tep-asym.o | tep-newreno.o
[ scoreboardh [tepasym-fsce | Jteperopice
eh i
tep.cc Date modified: 1/12/2007 9:08 P Date createc: 9/24/2013 7:14 AM
cCFile Size: 661 KB

[Jtcp-rbp.o [tfrch
[ Jtep-reno.ce [tfrco
[ Jtep-reno.o [ tfre-sink

[ Jtcp-rfet9zedu.ce | tire-sink:
[ Jtep-rferozeduh | tfrc-sink:
[ Jtcp-rfct93edu.o
[_Jtcp-sackt.ce

[Jtep-sacki.o

[ Jtep-sack-rh.ce

[ Jtcp-sack-rh.o

| Jtep-session.cc

[ Jtcp-session.n

[Jtep-session.o

[ Jtep-sink.cc

[Jtcp-sinkh

[ Jtep-sink.o

[ Jtcp-vegesce

[Jtcpvegeso

[ Jtemplaten

[Jtre.ce
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STansl MOLENNPOBaHNA

e JTansbl MoaenmpoeaHusa B cpeae ns-2

@ CospaHue MCXOQHOrO CKPUNTA B TEKCTOBOM pefaKkTope
] CO3AaHVIe Tononornnm CeTm N3 ys3noB U COEANHUTENTbHbIX NNHWA
o [logkntoyeHne nNpoTOKOIOB TpaHcnopTHOro ypoeHs (Agent) u
npunoxeruii (Application) k okoHeuHbIM y3nam
o Bbibop meTpuk ans cbopa ctaTuctukm
"] 3aI'IyCK NMMUTALNOHHOIrO MOAENNPOBAaHNA
e [lpocmoTp pesynsTaTos

@ CospgaHue konuu ckpunta
o BHeceHne nsmenernii
o [loBTOpHbIA 3aMyCK MMUTALVOHHOIO MOAENVNPOBAHNS
o CpaBHeHVIe NONYHEHHbIX PE3yNbTaTOB

© BepHyTbes Ha war Ne2, ecnn Tpebyetcs
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STansl MOLENNPOBaHNA

e Crek npotokonos TCP/IP

0SI model TCP/IP model TCP/IP

protocol suite
{ Application layer

HTTP, FTP, IMAP,
SMTP, POP3,

Appllcatlon layer
(Layer 7)

Presentation layer
(Layer 6)

Session layer

DNS, SNMP,
telnet, ...

(Layer 5)
[ Tra(r;_zp;/c;rrtf)yer ] Transport layer TCP, UDP ]
| Nl | [ ntemetayer [ ARD, AP, .. |
[ Datfa';‘ekr'gyer ] Link layer i

IEEE stds, ...
(DL & PHY layers)

Physmal layer
(Layer 1)
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DTanbl MOAENNPOBAHUS

@ Cpashurte ¢ y3nom B Riverbed Modeler
o set node_0 [$ns node]

[Oynaiiues P.A. (C

Il (node 0) Attributes = |[E[=
Type: [workstation
Value -]
Ha23
]
@ | Cient Address Auto Assigned
PN
relative to subnet platform
enabled
000 =l
Extended Atrs | Mode! Detais | Object go::umeﬂlalmn‘
£ Eiter
Match Lock in
Esact [ Names % Advanced

@ Substing [ Values "
" RegBx [ Possble values I Applyto selected abjects

¥ Tags oK Cancel
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o 'UDP vs. TCP: ynpaBneHue ckopocTblo nepegayn u
oTCnexxuBaHue neperpysok cetu’

UDP TCP

Message-oriented Byte-stream-oriented
Connectionless Connection-oriented

Stateless Stateful

Unreliable Reliable

Unicast and multicast Unicast only

Used by a few user applications Used by many user applications
(VolP, multimedia streaming, etc.) (WWW, email, FTP, Telnet, etc.)
Used by many network services Used by a few network services
(RIP, SNMP, DNS, etc.) (e.g., DNS zone transfers)
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[Mpumep

e 3anyck ckpunTta c:/ns/tcp.tcl 8 XWin Server

X feygdriverc/ns [E=H E=R =5

Hain Options ¥T Options Y¥T Fonts

RADEX20L
% cod cidhs

RADIEH201
% ns tep.telll
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[Mpumep

o ®Paiin out.nam

yHaliues

{4 Lister - [c:\ns\eut.nam]

nully

-=--- null}
null}
null}

- null}
null}
null}
null}

- null}
null}
null}
null}

- nully
nully
nully
nully
- null}
nully
null}

File Edit Options Encoding Help

U -t * -u1.8a5 -a @

A -t x-n1-p 0 -0 OxFFFFFFFF —c 31 -a 1

A -t x -h 1 -n 2147483647 -5 0

¢ -t x -i 1 -n Red

n-tx-aB-s 08-S UP -vcircle -c black -i black

n-tx-a1-s1-5UP -ucircle -¢ black -i black

n-tx-a2-s2-5UP -ucircle -c black -i black

1 -t % -50-d1-SUP —r 100000000 -D 0.002 -c black -o right

1 -t *-s1-d2-SUP - 10000000 -D 0.0080000000000000002 —c black -0 right

q-tx-s2-d1-a0.5

q-tx-s1-d2-a0.5

+ -t B-s0-d1-ptep-end-c1-i0-at-x{0.02.0

- -t B8-sB8-d1-ptep-end-c1-i0-at-x{0.02.0

h-t8-sB8-d1-ptep-end-c1-i0-at-x{0.02.0

v -t 8.0020632 -5 0 -d 1 -p tcp -e 40 -c 1 -i 8 -a 1 -x (0.0

+ -t 08.0020632 -5 1 -d 2 -p tcp -e 40 -c 1 -i 8 -a 1 -x (0.0

- -t 08.0020632 -5 1 -d 2 -p tcp -e 40 -c 1 -i 8 -a 1 -x (0.0

h -t 8.0020632 -5 1 -d 2 -p tcp -e 40 -c 1 -i 8 -a 1 -x (0.0

v -t 80106352 -5 1 -d 2 -p tcp e 40 -c 1 -i 0 -a 1 -x {0.0

+ -t 9.0106352 -5 2 -d 1 -p ack -e 40 -c 1 -i 1 -a 1 -x {2.0

- -t 9.0106352 -5 2 -d 1 -p ack -e 40 -c 1 -i 1 -a 1 -x {2.0

h -t 80106352 -5 2 -d 1 -p ack -e 40 -c 1 -i 1 -a 1 -x {2.0

v -t 00186672 -5 2 -d 1 -p ack -e 40 -c 1 -i 1 -a 1 -x {2.0

+ -t 00180672 -5 1 -d 0 -p ack -e 40 -c 1 -i 1 -a 1 -x {2.0

- -t 0.0180672 -5 1 -d 0 -p ack -e 40 -c 1 -i 1 -a 1 -x {2.0

h -t 00180672 -5 1 -d 0 -p ack -e 40 -c 1 -i 1 -a 1 -x {2.0

v -t 80200704 -5 1 -d 0 -p ack -e 40 -c 1 -i 1 -a 1 -x {2.0

+ -t 8.0200784 -5 0 -d 1 -p tcp -e 1500 -c 1 -1 2 -a 1 -x {8

- -t B8.0200784 -5 0 -d 1 -p tcp -e 1500 -c 1 -1 2 -a 1 -x {8

h -t 8.0200784 -5 0 -d 1 -p tcp e 1500 -c 1 -1 2 -a 1 -x {8

+ -t 8.0200784 -5 0 -d 1 -p tcp -e 1500 -c 1 -1 3 -a 1 -x {8
6.0201964 -5 0 -d 1 —p tcp -e 1500 -c 1 -1 3 -a 1 -x {9
A_A?A19A% -< A -d 1 -n trn -p GAA -~ 1 ® -a1 -x {A

- o113y
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[Mpumep

e Paiin cobpaHHoii ctatuctuku no Round-Trip Time (RTT)

13 Lister - [CAns\trace]

File Edit Options Encoding Help
0.80000 -1 -1 -1 —1 rtt_ 0.000
0.82007 8 0 2 0 rtt_ 0.620
0.84143 8 8 2 0 rtt_ 0.621
0.86278 8 0 2 0 rtt_ 0.022
0.08414 8 0 2 0 rtt_ 0.621
0.10549 8 0 2 0 rtt_ 0.622
0.12685 8 0 2 0 rtt_ 0.621
0.20275 0 0 2 0 rtt_ 0.026
0.32875 8 0 2 0 rtt_ 0.035
0.40195 8 0 2 0 rtt_ 0.037
044731 8 0 2 0 rtt_ 0.021
046867 8 0 2 0 rtt_ 0.022
049002 8 0 2 0 rtt_ 0.021
051162 8 0 2 0 rrt_ 0.022
055842 0 0 2 0 rtt_ 0.024
058362 0 0 2 0 rtt_ 0.026
0.63762 8 0 2 0 rtt_ 0.028
0.69642 8 8 2 0 rtt_ 0.030
0.72762 8 0 2 0 rtt_ 0.632
0.79362 8 8 2 0 rtt_ 0.034
0.86442 8 B 2 0 rtt_ 0.636
0.90162 8 0 2 0 rtt_ 0.038
0.98179 8 0 2 0 rtt_ 0.622
1.00314 0 8 2 0 rtt_ 0.621
1.02456 0 8 2 0 rtt_ 0.622
1.04610 0 8 2 8 rtt_ 0.021
1.06890 0 8 2 0 rtt_ 0.023
1.09208 0 8 2 0 rtt_ 0.024
111810 0 8 2 0 rtt_ 0.025
1144508 0 8 2 0 rtt_ 0.027
1.20090 0 8 2 0 rtt_ 0.029
1.28090 0 8 2 0 rtt_ 0.030
1%591“ A A 2 A rft A_A31 =
« B
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[Mpumep

@ [NocTpoenue rpacukoe B nakete xgraph

X xgroph ol )
Close |[Hdcpy || About
cwnd
Window/Queue, pkis
50,0000 tepSACK
A GueueLength
50,0000 /]
40,0000 / \
30.0000 / / /1] il
20,0000
/ L L
10.0000 J//J
0.0000 i
d Time, secs
0.0000 02000 0.4000 0.5000 0.8000 1.0000 1.2000 1.4000
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o Bmsyanmsauvm pa6OTbI CETN B NAKETE Nnam

X nam: out.nam =R 5|
|Ele Views Analysis ’T‘
RIS

x

Ll

i

Le|o

O—— ===

| [TTiFiE] |
A | 1

m
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JlnTtepaTypa

¥ A.M. Tankun, E.A. Kyuepsseiid, [.A. Monyanos, 'TakeT
mogenuposanus NS2: yuebHoe nocobue,” — CI6.: CM6IYT, 2007

¥ Eitan Altman, Tania Jimenez, ‘NS Simulator for Beginners,” —
Morgan&Claypool Publishers, 2012

W Teerawat Issariyakul, Ekram Hossain, 'Introduction to Network
Simulator NS2," — Springer, 2012

@ http://nile.wpi.edu/NS/
@ https://www.isi.edu/nsnam/ns/tutorial /index.html

@ https://www-sop.inria.fr/members/Eitan.Altman/ns.htm
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