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OPNET

Qualnet,
GloMoSim

Scenergie

(nse)

EXata

PacketStorm

Cloud

http://www.isi.edu/nsnam/ns/

http://www.nsnam.org/
http://www.opnet.com/

http://www.scalable-networks.com/

http://www.spacetime-eng.com/
http://www.packetstorm.com/

http://www.shunra.com/ve-cloud.php
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» http://www.isi.edu/nsnam/ns/

& The Metwork Simulator

€« C | % hitp/ A fsiedu/ nensm/ ne/ b O F-

B Windows Media &% Windows  ¥» Yahoo! A2 EPe R [} Picture Goding Symp.. < LDAPGlisntAuthentic: 1 #mihdFeag—a

The Network Simulator — ns-2

MNote: The project is migrating these weh pages to a new wiki This page can now be found here

MNs is a discrete event simulator targeted at networking research Ns provides substantial support for simulation of TCP, routing, and multicast
protocols over wired and wireless Uocal and satellite) networks.

MNs hegan as a variant of the REAL network simulator in 1888 and has evolved substantially over the past few vears. In 1899 ns development was
supported by DARPA through the VINT project at LBL, Xerox PARC, UCB, and USC/ISL Currently ns development is support through DARPA with
SAMAN and through NSF with CONSER, both in collaboration with other researchers including ACIEL MNs has always included substantal contributions
from other researchers, including wireless code from the UCE Daedelus and ChMU Monarch projects and Sun Microsystems. For documentation on
recent changes, sse the version 2 change log

Read this first:

Wihile we have considerable confidence in ng, ns is not a polished and finished product, but the result of an on—going effort of research and
development. In particular, bugs in the software are still being discovered and corrected. Users of ns are responsible for verifying for themselves that
their simulations are not invalidated by bugs We are working to help the user with this by significantly expanding and automating the validation tests
and demos.

Similarly, users are responsible for verifying for themselves that their simulations are not invalidated because the model implementad in the simulator
is not the model that they were expecting The ongoing Ms Manual should help in this process.

Links to help getting started

* Getting ns and avoiding problems
o Download and Build »s
o Installation Problems and Bug Fixes
o Validation Tests and Demeos
o Comyright statemsnt
o Bug report form
* Documentation:
core documentation:
o ns frequently asked guestions
o limitations: limitations and assumptions of ns, advice on running simulations
o introductery: Marc Greig's tutorial (now maintained by VINT group), also see “NE for Besinners” by Altman and Jimsnez
o reference: Ne Manual (Formerly called “ns Notes and Documentation™)
o errata: [nstallation Prohlems and Buz Fies
development help:
o MNE-related Mailing Lists
o debuzging tios, |
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- A)oA—kY Ak
- 2.29 A%
http://sourceforge.net/projects/nsnam/

- 2.28 LLRT:
http://www.isi.edu/nsnam/dist/

veee § B

allinone Zz& o> O—k . B, configure. maked %MD HVEE
(Tel/Tk, Otcl, TclCL, ns, nam)
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- ns-2 Architecture

OTcl

ns-2

Simulation
Scripts

Simulation
Objects
(Otclh)

Simulation
Objects

(C++)

tXT

ns-2 shell executable command

Simulation

Trace File

/N

nam awk & gnuplot
(animation) (graph)
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+ Simulation scripts (*.tcl)

H INTA—=2 DAL TE

# SimulatorZA 7 OMDERL
set ns [ new Simulator ]

# A1V —OrROCDEE
HI—DIVMOT7T)r—23 0 DESE
# 70 —ovDEE (finish%)
proc finish () ...

HARVIESE

$ns at 1.0 "$ftp start”

# 2al—ia R

$ns run

set ns [hew Simulator]
set f [open out.tr w]
$ns trace-all $f

set nO [$ns node]
set nl1 [$ns node]
$ns duplex-link $n0 $n1 100Mb 1ms DropTail

set udpO [new Agent/UDP]

$ns attach-agent $n0 $udpO

set cbrO [new Application/Traffic/CBR]
$cbr0 attach-agent $udpO
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+ Simulation Objects (C++/0OTcl)

C++ OTcl
static class XXXTcpClass : public TclClass { set tcp [new Agent/TCP/XXX]
public:

XXXTcpClass() : TclClass("Agent/TCP/XXX") {3
TclObject™ create(int, const char*const™) {

return (new XXXTcpAgent()): '
}
} class_XXX; ‘ \

XXXTCPAgent Agent/TCP/XXX

TclObject TclClass
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+ Simulation Objects (C++/0OTcl)

C++

class XXXTcpAgent : public TcpAgent {
public:
XXXTcpAgent();
virtual void recv(Packet *pkt, Handler™);
virtual void dupack_action();
virtual void timeout (int tno);
virtual void opencwnd();

protected:
int command(int argc, const char*const* argv);

double fr_amin_;
double fr_amax_;
double fr_prev_;

}

~

~

J/

~

/XXXTCPAgen’r
method
recv dupack_action
Timeout opencwnd
command |
variables
fr_amin || fr_amax || fr_prev
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+ Simulation Objects (C++/0OTcl)

C++ OTcl
XXXTcpAgent:: XXXTcpAgent() set tcp [new Agent/TCP/XXX]
$tcp set fid_1
bind("fr_amin_", &fr_amin_); <€ $tcp set fr_amin_ 0.2
bind("fr_amax_", &fr_amax_); $tcp set fr_amax_ 0.8

$tcp target [new Agent/Null]

-

XXXTCPAgent::command(int argc, const char*consiX

{

if (argc == 3){ P N
if ( strcmp(argv[1], “target”) == 0) { XXXTCPAgent Agent/TCP/XXX
} } command }
return (NsObject::command(argc,argv)): fr amin |l fr amax fr_amin_ || fr_amax_
} \_ A( ,t Y \/A‘ 7‘
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» Trace File (*.tr)

> +1.843750 2 cbr 210 ------ 00.0 3.1225 610
SRR, - 1843750 2 cbr 210 - 00.0 3.1 225 610
dequene T 11844712 1 cbr 210 - 13.0 1.0 195 600
recelve r 1.84566 2 0 ack 40 ------- 23.20.182 602
+1.84566 0 2 tcp 1000 ------- 2 0.13.2 102 611
- 1.84566 0 2 tcp 1000 ------- 2 0.13.2 102 611
r 1.84609 0 2 cbr 210 ------- 00.0 3.1225 610
+1.84609 2 3 cbr 210 --—--—- 00.0 3.1225 610
d 1.84609 2 3 cbr 210 —------ 00.0 3.1225 610
drop 184612 3 cbr 210 o 00.0 3.1192 511

r1.84612 3 2 cbr 210 ------- 13.01.0196 603
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- Awk / Perl
- A9 TRERWRL—RT7AMILDERS
- Gnuplot’ZEICEHE-H A

Gnuplot /

*tr ——| Awk/Perl |——
Excel

—> 5357
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* http://www.ieice.org/~ns/jpn/archive
s.html

- 2009/8: ns-2 (F~<~—XU—JL)

- 2009/8: OPNET (b ~¥—R&X9—JL)

ANNNT1ND.,. .. _1.__a2 [-—T I 1 1= 1 \
- cUVUZ/1c. Uainetr (r--—4—nr-'JJ,2v)

ZD, Tns-2 Fa—kJ7IL] GLETREEZNTNITERZ H
X ns-3DEHITFELLVLL = Fro R
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TCP-Reno (loss-driven)

cwnd

__________________________________________________________

increase: cwnd = cwnd + 1/cwnd
decrease: cwnd = cwnd / 2

AIMD: additive increase multiplicative decrease



TCP-Vegas (delay-driven)

. INVITTFRFZIN Tk
INYT T I .

BDP

v

0 e.g. a=1, =3

(cwnd +1  diff <«
increase. cwnd =<{ cwnd otherwise

diff :( cwnd _cwnd

-RTT ..,
RTT.,., RTT

INVITIREBINT YN cwnd -1 diff > 3

decrease: cwnd =cwnd *0.75
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- BRI U0 ERIE
- D4R DEIMA BT AVE GERNERE)
- BRIV T—ODER

=AY

- TCP-Reno (NewReno, SACK) M X E¢
- Reno [ Vegas ZHEFRr9 % GEFRF1E)




2000FE4KX D TCP Variants

Loss driven (AIMD)
TCP-Reno / NewReno / SACK
- High-Speed TCP (IETF RFC 3649, Dec 2003)
- Scalable TCP (PFLDnet 2003)
- BIC-TCP / CUBIC-TCP (IEEE INFOCOM 2004, PFLDnet 2005)
- H-TCP (PFLDnet 2004)
TCP-Westwood (ACM MOBICOM 2001)
Delay -driven (RTT Observation)
- TCP-Vegas (IEEE JSAC, Oct 1995)
- FAST-TCP (INFOCOM 2004)
Hybr'ld
Gentle High-Speed TCP (PfHSN 2003)
- TCP-Africa (IEEE INFOCOM 2005)
- Compound TCP (PFLDnet 2006)
- Adaptive Reno (PFLDnet 2006)
- YeAH-TCP (PFLDnet 2007)
- TCP-Fusion (PFLDnet 2007)



aggressive 7

adaptive

-

Loss-driven TCPs

a b
Variants Increase / Update Decrease
TCP-Reno 1 0.5
HighSpeed TCP (HS-TCP) a() - 2w2 -b(w) - p(w) p(w) =109 —100W,) gy o

2—b(w)
e.g. 70 (10Gbps, 100ms)

Iog(\Nhigh ) - IOQ(\Nlow)

e.g. 0.1 (10Gbps, 100ms)

Scalable TCP (STCP) 0.01 (per every ACK) 0.875
BIC-TCP additive increase ( fast) 0.875

binary search (slow)

max probing ( fast)
CUBIC-TCP 0.8

W= 04(t - 3\/ 2\Nmax )3 +Wmax
H-TCP o < 201~ f)1+105-(t-TH)} 05 for B('<+Blzk—)5(k> .2
PR, .
min otherwise
RTT,,,

TCP-Westwood (TCPW)

(not congested)

RE*RTT,,, /PS
(congested)

BE*RTT,, /PS




Delay-driven TCPs

a b
VEUERS Update Decrease
TCP-Vegas w+1 (no congestion) 0.75

W << W (stable)

w—-1 (early congestion)

FAST-TCP 0.5 (?)

RTT. .
W ming 2w, (- »)w+y| —w+ o
e (e




Hybrid TCP

« RTTEEMAL: ORE—K = HINMOSNE
« RTTIEMBHY: BEE—F = hFEEDOHE



simple -

adaptive-

Hybrid TCPs

a b
Variants Increase Decrease
Gentle HS-TCP HS-TCP / Reno HS-TCP
TCP-Africa HS-TCP / Reno HS-TCP
Compound TCP (CTCP) 0.125-cwnd®” / Reno 0.5
Adaptive Reno (ARENO) B/10Mbps / Reno 1 (non congestion 10ss)
0.5 (congestion loss)
YeAH-TCP STCP / Reno RTT.
max| —*, 0.5
RTT
TCP-Fusion % / Reno max m 05
PS RTT




Hybrid TCP (1)

® :; 5$ J U - packet loss
Hybrid
clearing buffer @
(TCPW)
cwnd,, | =
T vacant capacity _.~~
, -

A BDP
|a3t/2 .................... o< @/@gﬂC}’{R@ﬂO) | s n

= e = -

“ODE—FDOBERBIGUIVEZ (loss & delay):
@O RTTAMEM T H5ETIE—EL—F (delay mode) : 34
@ RTTAEMLIEDT=5 Reno ELTEIE (loss mode) : EF1ME



Hybrid TCP (2)

* B/ JH— B packet loss
cwnd |
clearing buffer .
(TCPW)
CWndlast RTTmin . -7 1
T vacant capacity _-~ I
I PR 1
R BOP2
Cwnd|ast /2 .................... L /egacy (Reno) 17

ZODE—FOBERBIGYIVEZ (loss & delay):

@ cwnd ORFEENM (delay ... $hEH)

@ cwnd DIEFZHMNERED (delay ... ERER[E]E)

@ RTTHAEMLIEDHT=5 Reno ELTENE(loss ... BFITHE)
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Min-Max Fair (3228£%)

s RLVLBNVWFEEEZTEZT TSI —HICREROTHEZTEITD
BEZT. IRNTOLI—HFITHLTHEYRT (RIDERAT),

@ KRRy Iy
— w1 Z23YET

@ Ry H) s
— FRUD 2/3 EYHT
@ RrILRYH) s
— NEZ1/3FYHT

/
N
/
N
vy

D.Bertsekas and R.Gallager: "Data Networks," Prentice Hall.
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- ETILDESE

- Loss-driven (TCP-Reno) :
- cwnd += 1 ("RTTZO K" &)
+ cwnd *= 1/2 (/\/ry A REF)

- Delay-driven:
. RTTI-AJt:j-_Eé-hnI AV e ] el IS AT AZHHNZ (1N ,P tl:l: LNE
B/JHU/dV "o~ JI A c*x=CJV\N /7 /T /J
2)
- Hybrid:

» RTTAMEMULGLME S (E delay E—FTENME
- RTTAMENLIESDT=5 loss E—FTENME
+ E—FER: cwnd = max( cwnd),g,, cwndg,q, )



TCPD 1

*®
AR 2K E

c INDA—HADEE

B8 ET )L (2)

- w: NN YRARDRET B/
- W:bB&HE)DEEWIS/N Y8 ~ BDP
- p /N TYRARE

- ELEE) RE

- NYIPA—nN—20—2&kB /R ryrARE, SV
LIS—IZ&kBN\TyrORDEEEEMEALTT

8
3w

p:

2

(in case of TCP-Reno)
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« TCPLUKRYDETIL

cwnd

A TCP-Reno

-

w: /Ny hOXA#EES cwnd
p: /\7yhARE
RTT: SHUKKM) T B

R: FHifi%L—bk

v

0 < >
w/2 RTT round

WNryRAZRRRELETEND/ VYN (= EFROERE) ( 8

P=7-
1 ﬂ+wj-ﬂ—gw2 > 3I\;VS 3
2\ 2 2 8 R
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e HXIDOO—MIZE

sender receiver

bottleneck link

single TCP flow
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TCPD

EEFHET)I

y 4 L

(5)

e cwnd & RTT D& )

loss-driven
ewnd  mmmmmmee delay-driven
4 37 - =
w A rmteeeeeeeee hybrid w~BAFE W~Fﬁ‘i§ﬁ¢m
loss & hybrid cwnd
' buffer w! loss buffer cwnd
il \ ______ hybrid o | delay & hybrid I buffer
A e o N I v I
———————————————— ———— WhtemmselF = —— b mm @ == = = = W mmmmm s s e m o L meom.
i t delay . Ndelay | vacant capacity
BDP N -~ BDP w loss BDP
vacant capacity )
w/2
0 w/2 . 0 w-wp w/2 ~n 0 w/2 f
RTT RTT
loss & hybrid
N\ loss, delay & hybrid
L‘I‘I"—M J
TTTTTTT = = ETTTTTTTTITIY — RTT : Dl F e Dl Bl e o e Tl Tl )
RTT i X delay o " o
0 w2 0 w-wp2 w2 0 we
() W< w/2 (i) w/2<«W<w (i) w<W
/NI R ARFEIN /NI AREF AXRK, BICEETHIE

(F(Zloss-mode) (delay — loss) (FIZdelay-mode)
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TCP CA round ORVER Y (iw/2<W<w (i) ww
Loss transmitted 3, 3, ,
—W ~w 2w
packets 8 8
elapsed time
p Ew. RTT,;, + l(gWZ _4WW)_P_S EW. RTT,, +£(W—W)2 & EW' RTT, .
2 8 B 2 2 B 2
Delay transmitted 1
—w-W —w-W —w-W
packets 2
elapsed time
P = RTT i, Lw. RTT i Lw. RTT,,,
2 2
Hybrid transmitted
Y 3w Lww +1(W—W)2 Lww
packets 2 2 2
elapsed time
p Ew.RTTrnin +1(3W2_4WW).P_S EW'RTTmin+£(W—W)2-E £W~RTTmin
2 8 B 2 2 B 2

PS: Packet size, B: Link bandwidth
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o EABIDHIAA (FEHRK)

Hybrids Window increase Window decrease
Compound TCP | 0.125*cwnd® 7> 1/2

ARENO B/10Mbps 1/2~1

YeAH-TCP Scalable TCP (1.01) |1/2,RTT,,/RTT,7/8
TCP-Fusion B*D,n/(N*PS) RTT,, /RTT

D,.in: timer resolution, N: # of flows
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e ETILEEMELSAL— 3 3Rl

RIL—Tyhk del
120 . . e Gy& 1 —H&—Reno (sim)
Case 1 ' Case2' Case 2 hybr'ld —K— FAST (sim)
' : —2A— CTCP (sim)
\ | —<o— ARENO (sim)
100 e —3¢— YeAH (sim)
—o— Fusion (sim)
— — Loss (model)
@ 80 - = Delay (model)
oy = Hybrid/Fusion (model)
= = = CTCP (model)
et - = ARENO (model)
a 60 [ - =YeAH (model)
<
%
o
= 40
20 —— Ioss drlven
0

6 -5 -4

-2 -1

Packet Loss Rate (10°n) Ox

1Gbps 1Gbps

—@—@—:

100Mbps
RTT=40ms

buffer size = BDP (constant)
Packet loss rate : variable

AR FEH KELEF(W/2<W).
delay & hybrid @R )L—T vk
(& loss-driven &£UH(E5HHMC
REW(DEREDHE).

Compound & YeAH D4FEM

/%15%)0) [j: rb’f/l‘ 'NI’J‘
MREO=60
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HAE 2R HhET )

(10)

loss-driven
hybrid
total (loss + hybrid)

w~ORXRHE W~wFENE

(i) W< w(low PLR)

always buffered
(loss mode)

INYITT7R, ARE/N

cwnd
1 cwnd )
-7 total Prag s I buffer
- ! I buffer W 4 total |
buffer _A- R e e s e T —
W ------ N ———
hybrld ........................
w | tybpilwe oo}t
o L —— \ h br|d ...............
A S D & W/2 __________y _____________ )
V\\//\flzz_ _______ ~ [ "] BDP P——— BDP
BDP loss w -
o o w2 loss .
0 w2 i 0 (W-w)/2 w2 0 w2

(ii) w< W< 2*w (medium PLR) (iii) 2*w < W (high PLR)

always vacant
(delay mode)

vacant — buffered
(delay — loss)

Ny I7IN, ORZETh



TCP

TCPO)E

it

CA round ORVERY;

HBEFHETIL (11)

(i) w< W< 2w (iii) 2w < W
Loss transmitted , 3, 3,
~w ~w ~w
packets 8 8 8
Hybrid transmitted
Y 3w Sw+ l(\N w)? Lww 3w
packets 8 8 4 2 8
(common) | elapsed time
P %W-RTTmm+%W(3W—2\N)-PTBS %W'RTT +—(2w W)? . — PS %w RTT,..

PS: Packet size, B: Link bandwidth
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e ETILEEMELSAL— 3 3Rl

RI—Tyk
100 : : —8—Reno (sim)
Case 1 |Case 2, Case 3 —%—FAST (sim)
' : —A— CTCP (sim)
i —<&— ARENO (sim)
80 —>—YeAH (sim)
—o—Fusion (sim)
B — — Loss (model)
g = Hybrid (model)
S 60 - - CTCP (model)
'ié - = ARENO (model)
£ = = YeAH (model)
§ 40 = Fusion (model)
<
l—
20
0

Packet Loss Rate (107n) Ox

1Gbps 1Gbps

|

100Mbps
RTT=40ms%

buffer size = BDP (constant)
Packet loss rate : variable

AR &FE A KE LB (wWW).,
delay & hybrid @R )L—T vk
(& loss-driven &£UH(EEHHMC
REW(DEREDHE).

0 X ZEHN/PNIOEFWW).
hybrid(&loss&R#R IR 5 5
(Bt HE).
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- Hybrid TCP®DF| =
- EESFENFET AR N T YFORENKREUE) .,
RAI—TyrshEE KREHE (delay-drivenD FI| )

- BEREMNFELLZWLE W\ I7H A X KELE)
LAL—TCPEDEHRFNEEFEIR (loss-drivenD Fl 1)

- Hybrid TCPD 5 = @

- INYITF7HAXNKELEE. delay-driven®D F| AV
BWNLAY—TCPIFESELLIN?)

ST ELFELEDo oo
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Hybrid TCPOFEH

» RIL—TYrhERLFFIED AL
- UZIWEALRAN) =37 REEEI 7/ ILF o0
—k~MiE
- MBIIRIETEHLAN?
- CUBIC-TCPX>Compound-TCPEMFHFOE
- CUBIC-TCP: LinuxT274JLbk

» Compound-TCP: Windows
- ZTDMDAR) YD

+ RTTAAF 1%, Mice/Elephant. INFZEE. etc...

- f=f2L. BLETHLAEXED (X delay-driven



