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Preface

As I write this preface in June 2018, the ns-3 discrete event network simulator is marking
the tenth anniversary of its first public release (ns-3.1). Since that time, over two hundred
people have joined together to collaborate on what has become a vital resource for the computer
network researcher. Despite this past work, there remains a lot to work on, to keep ns-3 relevant
to current telecommunications standards and protocols, and to keep up with external
developments in computer languages, large-scale research testbeds, and Linux containerization
technologies.

To date, there have been very few books written about ns-3, but I believe that this text and
others like it will help to fill the gap that remains between the existing online tutorial and
manual and the needs of the ns-3 beginner. ns-3 is a tool with a steep learning curve, because it
is written directly in the C++ programming language and not with a more specialized language
tailored to network simulation, and without an external integrated development or visualization
environment. Users already fluent in other similar tools (like ns-2) or in the Linux kernel
programming may have an easier time than most to learn ns-3, but for others, a text such as this
will help to provide the background necessary to more quickly master ns-3.

Following a quick start overview of writing and running ns-3 simulations, this book covers
ns-3 from the ground up, describing the enhancements to and design patterns of the C++
language used by ns-3, including memory management, management of default configuration
values in the simulator, and a dynamic type system. Upon this basis, the models for the various
protocol layers in ns-3, starting from the application layer and ending at the wireless layers, are
outlined. In the remaining chapters, the reader is introduced to a framework for data collection
and statistics, extensions to allow ns-3 simulations to interact with the outside world, and a
sampling of related projects.

The author's journey with ns-3 began with his selection, as a student, for the 2012 Google
Summer of Code, where he developed a set of schedulers for the ns-3 LTE models. Following
this, he was selected for the 2013 European Space Agency's Summer of Code in Space, where
he implemented a model for the Bundle Protocol used in the Delay-Tolerant Networking
architecture for deep space communications. His expertise has grown since then to the point
that he is now a mentor to other ns-3 students, supervising this summer a project aimed at
enhancing the usability of ns-3 by developing a simulation execution manager for ns-3. I am
hopeful that some readers of this text will follow in his footsteps of contributing code back to
the open source project, and then taking the next step of supervising the development work of
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Preface

others.

The computer networking landscape continues to be fast-moving, with new protocols
taking hold in the Internet and with 5G wireless on the horizon, and ns-3 developers are
working hard to keep pace. I envision that in the next decade, industrial and educational use of
ns-3 will continue to grow the user base. One technical challenge that must be met is to
improve the scalability of ns-3 wireless models to larger topologies. Some combination of
approaches such as new parallel computing techniques, and more opportunities to abstract away
details that are not relevant to the simulation, is likely needed to support the envisioned large
wireless simulations of the future. Simulation is highly likely to keep a prominent role in
research because of its accessibility, reproducibility, and scalability properties.

Like many open source projects, ns-3 relies on a committed community of volunteers to
keep the software moving forward, and I hope that we are about to usher in another decade of

ns-3 development with new ideas and new contributors.

Tom Henderson

Affiliate Professor
University of Washington
Executive Director

ns-3 Consortium

June 2018
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41.1 4= ns-3

ns-3 (network simulator) & —#KH CHiEEMEMITFEIE, FEETFE £
GUN/Linux (1 CentOS. Ubuntu. Fedora 2§ ). H 5% Windows ] /" ti "] {# fif Cygwin 5K Visual
Studio JZ4T ns-3, {HANBEAH I L ThfE (W SWH MK H). ns-3 AR HE2—FKEH
BAF . AT ERA Ntk R, A AE B ns-3 YEAHS .

ns-3 BB FHRILHFEHLNSS . &0 DE— & v ENL AL B 5 b & R 2R R A
BRIP4 L5 4 . ns-3 JFIEE —NETEH P 5. B ILRIT MG, A REEE T
BRIFARRD . GRS SR AT AT A 4 N EAT R (76 ns-3 1, #EHT
o gt e A0l 2% (R I VE R RUII A ) . MO A BV, ns-3 HLSCEE(RRE—AMRFEE. ikt
&b T 48 BE40L i N P R2FF 42 0 (Application Programming Interface, APD). Fi /7 #E#H
PR A T P X 28 AP SR H ORI R 4540 . H AT ns-3 AOBERIRI A o] DL SR C++
A1 Python P FHFEFFIE

B4 ns-3 A2 e REHL H — A4 2 I 6% X 2

X BB AR R . Rk TE, — AN TR EE AT RLAR 4 LA AN o

® T4k R B X e 4 p (145 T8 B 21 R P £ 4 £b

® ZITHESE S ANEIE P L.

B, TE ns-3 BRI BMPILE S, MR RE A REER SRS CHR.
g5 5 RS T8 R AR M S R CHXTRZ SRR . X A%, "TLAFE ns-3
P2 p Aol R R R I 2 R 4, 048 2R 9 4 H 9 i X s v (Point to Point Protocol,
PPP) HRE&MER, LM FKLLREM (T [EEE 802.11 RFIFrAE) S
A (Long-Term Evolution, LTE) %%, XM mibaIi &L+, JLEEZE LT
grufp. Hk, X T MGPMLALL, ns-3 (E/ T —Fp & EE S (Discrete Event) )
AR AR . F b, X R R H A R b —ANESE N S R Sk T A SR R
—RAFI BB F . X ARG ns-3 7] LA H & BB BE 5 ob i) T 4% 1
W R & R 4R P2 AR 2% . AEHIE ) TCP Ml UDP. W48 Z 1) IPv4 Fl IPv6 il BERR
E R4 2 (% PPP. IEEE 802.11a/b/g/n il LTE #HiX%% (LK 1-1).
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- e
R B SR N B (ping %)
52 TCP, UDP
[TE= 9= IPv4, IPv6, ICMP, ICMPv6, #%hithil
Jo#k: LTE. Wi Fi. H#&Rm. MW, Ak T#EER
R Bitk: AAMAR%, S5 CSMA M

WE R #h. ARP

B 1-1 ns-3 32RO M 280

RAEE Y B N 4R e A8 . T 5 Bh A P S8 B AT I 8 A5, ns-3 EHR L
T—RIIKHBITIRE. B, trace EMIhEEMER P o] LLEBE I 3 =84 (wireshark.
tepdump) X} ns-3 /=4 BRI AT 40 0. BB BELER AT LA 45 2 B 3h 4 B 4R 10 B A EE sh B
. HeAh, ns-3 BRI RE R 4508 v] LA S B I R SR BE R A . — 77T, ns-3 KR
UG5 mURT LAR R B I 4R O B s 55— 0 T, B gs At T R A ns-3 4 2R 1K B AL Sk
KRB . XFE, F P #in] DLE B A ns-3 BRI HUBE 45, 2 i X 20 S5 11 9 45 B il AR 1S
BEATIR, BBV A I R BRAR B 1.

EIATUUE H, ns-3 EEA THBME R I ST H AP R M. R 2
TR oAb I g: S A BB EIR . CPU 1 F 45 $54R R A8 T ns-3 B8 1 JEWE .

H 2008 £ 7 HEMRA (ns-3.1) BATLLK, ns-3 —ERFEHERE 2~3 MERARH LK
MEEC. BMEAB TR, ns-3 BEAEE 29 fRA (ns-3.29). HAEl, ns-3 O ZMN
HTES LARBEE (5G). YBEM ., e XM BE O THE LN 4% (AT i T
ik

l 1.2 Hello, world

7EBF 4 E5iY “Hello, world” — H 2 & F4mfe il & MARHERPIFERF . ns-3 AR 4.
‘BB T — 148 “hello-simulator” ] C++EEFU I A<, F LA ) B# % L% B “Hello Simulator”
##O

HREF—TFTENHELELFEITHR. FHAE TARERLE Linux G274 H
waf 72 4T hello-simulator Bl A (waf /& ns-3 Wi H FHEEHEGL. © 5 CHEARE
WmEFEMMEAZET). BATREEMITE R, MERRESER “Hello Simulator”.

.Jwaf --run hello-simulator

Hello Simulator

© 2017 44
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hello-simulator il A< ff) C++IEACHL N F .

#include "ns3/core-module.h"

using namespace ns3;
NS LOG COMPONENT DEFINE ("HelloSimulator");

int
main (int arge, char *argv([])

{
NS_LOG_UNCOND ("Hello Simulator");

}
AT LAFE tH, ns-3 JIAFIIADE CHFEF—FE, #E —MEANEIH AL main FKE. X
H ) NS_LOG_UNCOND & —* ns-3 I E L. ERIERBETEIES h 7R
M4k, A ns-3 WH YR AR ns3 B FF R R . XFEAT LK ns-3 1 H 53F ns-3 I
HbaE, (81 5HADHEE,
EA TP main KERA TG, ERERSEDBAS, WEMKHS, CE
S8 Bl AR RS AR W A main BRET K.

i 1.3 ns-3#X

7 B RS, X (community) BJEEHEAFTTM . —MRBAK XA LB

PR A B R P ) b R . RTINS, #EXARETFRFE . P THE. I MZHRMFE . ns-3

BRI AR HAL K A AT B 5 8 Lo A T TEE AR, HE 56 ns-3 KRR ZHERFF
KA, 1€ ns-3 #EX KI5 AZ O XA RAX B (LE 1-2).
Bl X HERRALEX

ey
=3 MF HEME

A i P 31 _"'&—ﬁ“_ % BB R e
Lﬁﬁmm %

Q T gk BT
-

Red

w

ns-3 L
B 1-2 ns-3 #X 4

B X BHEHSE ns-3 HA S — RIS 57, Wins-3 HP . FFREMYESESE,
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],

FEREAEX R ns-3 T HKIANE, 165 ns-3 BHEA KM FARESW . T A A4 B4 52 5] 197
H A A —4E ns-3 BUKRECTIH . ZERBAHX N ns-3 M LM HFERBE X EE, ns-3 B
# (ns-3 Consortium) & HERAFMEEERERS Ba WA (INRIA) T 2012
F 10 AL — M ALNM. ERTAERME MR . A8 hA. BEBE%E—RIIK
SR AR ) R, b ns-3 #EX R AR GLAL R S HE .

ns-3 B—AMHARER (model) FTAMKIMHE . 8§ MR TTLH — AN EE ML
hfig. ltn, LTE Btk F7CH LTE M4 HHiltk. Internet Bk 51 57 SEHL TCP/IP HHislAk.
Wi-Fi #8671 57 5 IEEE 802.11 RFPMX . FEZOHX S, G MEREH D — 245
Fo BHIBARRS . #M T RA. SCRYSE BT BB 51 R & 5L S H I thi% 49 # £ 3% .
XL H KL RSB EEIFRAR .

RS RG MM FIR RGN P TR B YD 3 34T M BHE . BRI L'

F&. -
EERE—F ns-3 XHERL. EEEASUTILEL>AAEN,
® ns-3 tutorial: ns-3 AYFEAMESAME k. EA MBI T RAEAME .
® ns-3 manual: A VHF ns-3 FIELH . BEHRBER ns-3 BoCoBiER AR ) 3 R 415
EEAE— T ns-3 JRBEEEH .
® Model library: H1 %M SRR FFACE 9 B 10 R SRS, 43 5 DR B A BB (18 55 4
W W RWUU KR . EEERE BP0 A SR = R IF R .
® Doxygen: MYFEACHS A ZELL LR . P o] AZE Doxygen I T il Y AR 5
Fi ns-3 P C+3K. RBERREREX, THESEZ RIMEEAXREFLTFHNY
5 B Doxygen & —/MRIFH T H MY, 764 5P AFBATY R IT A g
EwEEH.
® ns-3 wiki E0T: ZHIEE . RBRTHE. RARAGEHHERSE B, ns-3 wiki
FREMNBEFE - RRAFEAATEFOERSH T . EHFTUNFERAD
s AR AR, e R TAE.
W RAE X R R R B T R, WL E ] LRI IR KR 14 .
ns-3 A B 5 AR R S . AT B BE A R B AT . X R S H R
T H Brdg A7 3 ns-3 41 X eb A A AR B i (R B 1 5 R A B4~ Google ns-3 H F 411
ns-3 FFRFHMAFIHRD . fTE R ns-3 22856, AGE . bk R A0 H o) BEEAT %
W WIRKEE . FHAA RS A &N YEd # 0 oS R AT & 5. FE R A
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