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Many researches of vehicular ad-hoc networks (VANETs) are usually
implement on simulator programs but that implementation cannot be reused or
tested on a real system. So researchers need to do more works or make new
implementation to evaluate their works on the real system. Network Simulator 3 (NS-
3) is the new simulator that has been developed with whole new idea. NS-3 supports
on both simulation and emulation (real implementation). This can reduce time of
implementation because researchers can implement their works only one time then
they can use the same source codes to evaluate their works on both simulation and
emulation.

This thesis implemented VANET on emulation of NS-3 and then found
an asymmetric link problem that reduces the performance of reliable broadcasting
protocols. After investigation, we found that the problem is caused by a sender who
cannot send data to a receiver and a protocol node selection which cannot select an
efficient forwarder node within a broadly transmission range and vastly neighbor
coverage area. In this thesis, it is impossible to achieve a 100 % of delivery ratio in an
asymmetric scenario. Therefore, we focus on the selection of a forwarder node with a
long transmission range to cover the maximum number of neighbors. We choose a
DECA which is simple, fast and less redundant data, as a case study. Then we propose
a RSSI-Voting Algorithm (RVA) as a solution of this problem. The mechanism of RVA is
that all neighbors will vote for a neighbor with the highest RSSI level and then attach
to beacon messages. Every node exchanges the beacon message and updates
information. If sender wants to broadcast a data, it will select a neighbor that gains the
highest voting from neighbors as the forwarder node. The simulation results show that
our mechanism can improve protocol performance up to 17 % and decrease its
retransmission overhead up to 28 %.
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IEEE Release[23] Frequency Bandwidth Data Rate Modulation Qutdoor
(GHz) (MHz) (Mbps) Distance
(m.)
802.11a Sep. 1999 % 20 54 OFDM 120
802.11b Sep. 1999 2.4 20 11 DSSS 140
802.11g Sep. 2003 2/4 20 54 OFDM,DSSS 140
802.11n Oct. 2009 2.4/5 20140 72.2/150 OFDM 250
In progress,
802.11p 5.9 10 6-27 OFDM Upto
|IEEE-SA Sponsors
o 1000
allots (doubling
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Nov. 2010} parameter)
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winsuilulgmasnanduduniseilvuulnsinaeaniinisdsdoyavudumaiien
(Unicasting protocol) Fudulwsinpeanfidunislunisadsdoyavudumamanmaies e
Iansudletiuanunsanidunisdulunisdatoyaunulavilinsdsdayatuvilavuaniunisal

PUNTHYDUADLUUDAULINT

Al 2.8 nmsunladgrinisieunsnuusauuinsuulnslnasa AODV [8]
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2.2.2.2 Extended Multicast Optimized Link State Routing Protocol in

MANETs with Asymmetric Links

13798 Extended Multicast Optimized Link State Routing Protocol in MANETS
with Asymmetric Links [9] 89 Yong Bai Tull 2007 ﬁ?mﬂummﬁlsuﬂ@mmiL%'amiaLLUU
paumsdmiueiornslfmonuuLensendmiugUnsallfameindouiisnensuilylnsinaea
Multicast-OLSR  (MOLSR)  Wiianulduuaaunisaifnan  ddwsinaealmifiudleidedn
MOLSR-ASYM Faudluturinlnenisld Hello message lmnsaagounisidousevosudaslnun
Tdatiymiinantufiaalvy Senawuihiidumsiiveaniudufasrhmalsudundy
nsdedeyaludadumaeduiilsiiadymdsnauny Flinsinaeaiianunsavioulduu

A01UNNSAUNTNSLTDUADWUUDFUUNS

nsudlasananiudunisviauuulnsinaea MOLSR Akansneainlnsinaeaninig
nsrangtayawuuiietials (Reliable Broadcasting Protocol) @sn1sunluiiuanansavinldlag

sy ndunavduny ilvianusadadoyale

Asymmetric Set Table of B

Asymmetric Sct Table of €

A\
\ )
Y [Hgh[Low [Zhop
. C | E 3
t A | m

A B C

A 2.9 nmsunladgminsieunanuusauuinsuulnslnasa MOLSR [9]

2.2.2.3 Using Asymmetric Link to Improve SSR’s Routing Performance

91380 [10] wos Bimstil et al 1ud 2010 Hfunuitaueizlunmsudlonisnuves
Tnslnaea Scalable Source Routing Protocol (SSR) Taulduuaniunisainisideusie
wuveansnng Tasnsaun Hello message wanmsviaude ngulnuniliBeusefuluguuuy
veawuldfgdoinFeuderiudie Inbound path usidlensifendesnarnialamnisideuse
LUUDELLATIY Tnsveeadildunisudlundrasudludenmsmidundmivieridenda

Outbound path titeldlunsdsdeyaunudumaiunidely silvilnslnaeariaulaszu

winmsuiledymaenanduivulnsinaeaninisdiloyavudunmaiey Fadiduni

lunsdadayanan ilvinsundeyminisiwessiowuveauunsiiinduiuwildlagnism
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umalvdaninlunisastoyauny ililnslneeaaunsaviaulavuaniunisaiiin ey

tuq
2.2.2.4 On Supporting Link Asymmetric in Mobile Ad hoc Networks

ATy [11][12] w89 Dongkyun K. Tul 2001 wag 2000 Miendesiunisiausiswily
TilnsineeavwaIavieliansuuunengendmsuaunsailiatanioud tuaiunsavinulduu

A01UNNSAINNSLYBUABRUURANNNRS tRBTinSEuaLUIN1awA @ nsulnsinaoaluaesdnwuy

1%
v

U

1. Link level Ussiamvadinsinaeaiiusasinunutenguoanifudfudu
e LIIRNEAY!
a. InslnAoa GPS-based Hop by hop Acknowledgement (GAHA)
b. InslneAea GPS-based Passive Acknowledgement (GAPA)

v
[y ]

FallelvualudAutuuunudiinuatudsiutuaaduliaunsaiagdadayauilviv
uavuld  Tnusluddutuasduasiiunuwswesdygalunisdsdeyaielidoyatiu

anunsadsdslvualuaauguuuls deinliaansawnlelamnisitennswuveauunsle

2. End-to-end Ussiavmedinsinaeafiluunidousetunazdesnisdsdoyaly
Tfuszrinalnun - Fsfimsanadumdunsdsteyadeaduma  Tnewlodunis
nénflddstoyatunng fanusondladonisdsdoyaludsdndunmediviouly ifle
uiledymnisdensowuueauinns feeay

a. InslvAea Routing Protocol based on Source-initiated (RODA)

DATA Packet
(Kn2, Yo2)

AW 2.10 Insineausetaniuudlrumdudisut [11]
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Acquu’od Paoth

\/\
N

. Path Propagation

(<) Path with Asymmetric and Symmetric Links

AN 2.11 nsIneeausennlnustaumoseninany [11]

2.2.3 ANULANANNTEAIUITENIsui lvlyninisitausanuuaauuIng

a a

NNUITBANEITaINUININSINAa DECA wulianunsaviraulaeg1eiiusz@nsain
P [ 4 = 1 = 1 | A & & & 4
iloegluanIunsainIseNiowUUANNNS Fenuhdwndulympensideninszang

[y

Foyadaudnly ilisein1sisnsuiluiielinsdendgnidentudululiegnfivss@nsnm
wilileAnwauAdeineadesiunsuilelymnisdensenuueauInsnuInulIdedulng

(%
o

tuianuulnsivaeainiinsddeyavuduniuies.  Fadulwslvaeaniidunimanlunisds
v =~ = Y =i v & A a Y X = %

Toyaifigamiladunig denmi 2.12 dstudliaiiadymasnandudannsounlalymmens
midumndulunsddloyauny — vilidnansaudlunisvhauvedinsinaeaiiinisdadeyauu

EAUNILAED VUADIUNISAINSIIDUADLUUDANUINT LA

L.Lmn@ifmmﬂiwﬂmaaﬁﬁmimmwﬁagauwL%aﬁalﬁ pg19u DECA [7], POCA
[16], EAEP [17], AckPBSM [18] way DV-Case [19] %ai%’wé’ﬂmﬁmsmasﬁauuaaaﬂlﬂiumia'q

1%

Poyavilvliidunmanlunisdiloya uirenszatgeanluing soulnunvemules Aanm

1 2.13 yhldndnmsudlatynmsdeusewuueausnasmensnidunisdutiuululils 3s

aosmnszvunstunsunlalymainanludnuuzduuny

@ v
®
o’ L

A9 2.12 Insinpeaiiinsdedoyauuduniausen

N

A 2.13 Insinaeaiiiinisnsyanedayauuuienold
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ASWAIUNINS INAaANTUSHNTUINABATET8asTUY 2 TUgwasTu 3
3.1 TUsunsudasansatienestu 2

TWsunsudaeadonenesdu 2 (Ns-2 : Network Simulator 2) [3] {Wuldsunsu
$raosanumsiduvnnisaifdlideAnwingRnssuvesnmmheuvesssutinieriesauud
mouazuuUlians JsmnuBavguveslusunsudasanietienesiu 2 vilildFuauion
ogaunsvaeeuefiulusunsudulul wa. 2532 Tneiugiuvestsunsusiaeaadods
nesdu 2 Inanlusunsudiassaaunisalssuuaietie REAL ﬁgﬂﬁwm%ﬂma University
of California $2uffu Cornell University Tagfithathilusunsudiasuedovionesiu 2 1¢

Defense Advanced Research  Projects Agency (DARPA) FlgfmuEg Virtual

14 I

InterNetwork Testbed (VINT) wag National Science Foundation (NSF) LﬁumLLaLimmi

W lUswnsutneld

Tnganlnenssuiugiuazduluinmy 2.14 Tagldsunsutuazyinisiunieilunis
asuAsed1y Tcl (Tcl Simulation Script) duiieai1slnadiassasnas (Simulation trace
file) et lUasunsmusenimadeulmneld Tneflusinsudiasumindnenostu 2 v
Usgnoulumeniwildlunisyinnuaesnevan Ae A9l C++  wazObjected-oriented
Tool Command Language (OTcl) lnefin1wn C++ agsimtniaanalnnsvingu @ OTcl

I Y 1% ¢ o é’ = g."/ r.:’l’ =~ 1 (%] = o Y A v
wdudaiianiunisalinaeu Seliaesntunilavgnidenseiulag TclCL Fuimiiaing
U v [ 1 g % o L4 v o
AMUFLINUGTENIN C++ way OTcl U 1nenadannnsinasdnIunsaiuallusunsudnass
3091813059 2 arlinadnseanuuduisuudennuiaznimadeulmlneiiinseile wu

NAM (Network AniMator) wag XGraph up3estiowanina

s ) TelCL .
Tel Simulation Simulation Simulation
Simulation Objects Objects Trace
Script File

C++ QOTel
= NS2 Shell Executable Command (ns) — &=

/‘:-\
Al A
NAM | Xgraph
(Animation) | | (Plotting) |

A 3.1 anndeenssuiugiuvedUsunsuinasaunsednenasvy 2 [3]
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3.2 TUSHNSUINARATDU8LIBITY 3

Tsunsusaeaedarionesdu 3 (NS-3 : Network Simulator 3) [4] Wulusunsy
Fassaaunsaimilousulusunsudiaenadetioneddy 2 wilildidunsiTmunnsunen
nestudy esniinssuanlvsiome TagayliansetlUldsmfuiusunsunesdu
Al Tnefiaaduiiessuudumeddn  waviilenisinwanddalundn  Tnediilda

WasukUasldagnanaula el

o zunsaldniwn Python Wusdielunswaunlusunsulauenmileain C++

e iinsuudsulassaialumsinulug Tifidnwauzdulassadieing
(Objected-oriented)
a 4 = U A 1 a

o JinsldnumilauiusruuLATaU18939

o LlUMUNSHANNAIUYDITANALIT

® is3uuUn15¥Iauase (Emulation) ¥ lrd1usannaosudssuuLAS 0189390

¥

o ilpilonsldauszuy Attribute 7R

AN 3.2 SNz IlUsSHNSUA1aDUASeNUIBSTY 3 [4]

3.3 AUBANAI9TENINLUSHNSUIIADUATDUIULIDSTU 2 AULIDSTU 3

| P ° & ¢ & v g ° A Ao
NANDNLUTLNTUINADIATDUBLIDTTU 2 AU UlUSHNSUINRBLAIBINYN
UszanSan tonsusinswaunlasanislusknNsUuINa I aueuIRway W.A. 2532 Tagnniul
fPYDALIINNTZUUINABIATBUNY REAL Iae ISI (Information Sciences Institute) azlanu
| | P = v Ao P ' = PR RS °
DE1NINABUNAET piulanmshiigldunninaswisndentdlusunsuinass

LAIVIELIDTTU 2 TUNNSYNIF8Ue9 ACM wag IEEE Tuseningl w.A. 2543 way w.@. 2547

TUsunsudannesav oSty 2 1WulUsinsuIIasda3Iaunen1TviauYeIsE Uy

isevekuuTAeavensallisellos (Discrete event simulator) @satiuayunisinaes



22

P3DUBNINIIY LU Msdenidunisluniseudsdunn  Aessnisviuvednsinaea
UDP, TCP, RTP ﬁy’qﬁaguum’%aﬁwmuuﬁmaLLasLLUUI%meJ §ﬂﬁq§aaﬁuauu‘lwﬂwﬂaauw
wanvane  (Multiple  protocol)  LAZAINNIALAAITIHAZIDUANITITIVIVRITLUULAZOUNY
ponIntugULULYINT AN wazatuayunsyuunsiunIsnIEun1e (Routing) wagN1saAU
foyarnag e Tusunsudasueietionesiu 2 Wulusunsudadeya (Open source) 4
anansaviauldunia Linux, FreeBSD, SunOS, Solaris way Windows Tagagldniuwn C++ lu
nsdeudiuredusunsuiifunisiruanssuiunsinesuiinisaiainsivees wagld
OTcl Tumsdassaomumsnitu  lnedmusgudnuaesineg  Sesdoussnunlusluuutes

TCL Script

WADILIIUSHNSUI1aDWASUNULIBTTY 2 L‘fJuIUiLmsmﬁﬁﬂ585w%ﬂ1w1umiﬁnmqq

warldsuanufisnegrwnsnaneiniu Adwaldamilunisldauegvaaysznis iy

1. nseanwuuswaldukuuin lianunsaldaulatuniseanuuuswalvale
2. ANUEIUN5OIUNNTIRISUIILILLAT Rl LRI aUNeAINeae el liunn
3. nsldanuszuvduteya (Tracing) ldnulaeeudiaein

[ V7]
Y Y

=1 & = o e ey ¢ ~ 9 P I
Minslumeranlusunsudtaanesetigiesty 2 Idqgmeunsldnuiunain
[ = P M Yo I~ = =3 ¥ = o = 1
winanan Ae nsilailasunisauaiiuiaiuiy Swsnuliannsilusunsuiasunietiy
RITU 2 Ainsunluasedagame Lo 2.34 Tud w.e. 2552 Fejuneuntiume nesdu 2.33
Tooanulud wa. 2551 azmiulainnisiasunlasdulvegretvazldinaiunuy il

Poulunisldlusunsusnassasavienastu 2 Atvssatluniuaisu

T9® w.a. 2549 Toin15IUAMIUITHATUIIaBLATDUIUNIDTTU 3 FULAENTUTHNTUINAD

& & U & & gy Y Y] P R U @ = P )
wseeesty 3 dululasinisiaslagldnainuw ¢ Yudndainuisesunautatdagiu
Taannsnautulilanefiow1nlusknsuaanamsauNenasty 2 wWAvinAswaun L
PNENAU leedumIne1ds 1wu University of Washington, Georgia Tech University
= a o dll 1 v a o o = 1 e‘o:/ dy o
s vsEvauswlunsbiulumsidelusunsudnasanietienesdy 3 du hmnewan
VBINTNAIUIAD miﬁwmamwmé’ammiaﬁ’wamﬁL*'f]uﬁﬁamam%ﬂ%qﬁm%’urg:ﬁ{fﬂmqé’m
A = a a 9 A P A v ~ | ) P ~ | v &
wseve wasdulassnunlanaieaiieaieviedldnuiagsuiuaiwasdaugieiudy
IunannielrlasiNsioenunauysauuy Tngludagdunsimuiazasudiaiulunia

HefuNNITIe U asidnvii sanaludl
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1. asAwnuvesandwsanunsaidiule
a. Weulunw C++lnedl Python Wudiuseusvany wenantudaiiienansusenau

API Tneld Doxygen

NS-3
i£] ns-3 Documentation
@ Modules
E@ Class List Introduction
‘ -
® Q Class Hierarchy ns-3 documentation is maintained using Doxygen. Doxygen is typically used for API
I£] Class Members documentation, and organizes such documentation across different modules. This project uses

Doxygen for building the definitive maintained API documentation, Separate GNU texinfo
documents are used for a tutorial, reference manual, and testing and validation manual.

Main Page | Modules | Namespaces | Classes | Files

ns-3 Documentation

\£] Graphical Class Hierarchy
@ Namespace List

|£] Namespace Members
@ File List

The ns-3 project documentation is organized as follows:

# modules: The "Modules" tab (above) organizes all of the public API and supporting manual
text along the source code directory structure.

« tutorial: The ns-3 tutorial is a separate document maintained in GNU Texinfo.

+ Reference manual: The ns-3 reference manual is a separate document maintained in GNU
Texinfo.

+ Testing and validation manual: The ns-3 testing and validation manual is a separate
document maintained in GNU Texinfo.

* The ns-3 wiki contains additional user-contributed material. Some wiki-contributed material
may migrate to and overlap with the Doxygen and manual information.

Building the Documentation

ns-3 requires Doxygen version 1.5.4 or greater to fully build all items, although earlier versions of
Doxygen will mostly work.

Type "./waf --doxygen" or "./waf --doxygen-no-build" to build the documentation. The doc/
directory contains configuration for Doxygen (doxygen.conf) and main.h. The Doxygen build
process puts html files into the doc/htmil/ directory, and latex filex into the doc/latex/ directory.
Module overview

The ns-3 library is split across multiple modules:

2 raras lnembad im o memlenen and canbnine o moeebkae AF Failitiae athick An mak damand A s

A7 3.3 fegnuendisusznay AP aslusinsNd1aeuaseuneesiu 3 (4]

b. Tesamstazvhmagualudiuvesunmdnuazadlifsnisesnuuuidy  Tudiuves
naugldanasshmihflunsimudnaisenmiennilasamsiaua

c. wowdndsstgmiifetululuunsudaonadotienesiu 2 Wy Jymms
ihfulalldszminauuudiass wagmsdansmheanudiiinlaliine

2. fenuaiisuasakaraiunsabrauasele

Yamniinuddunnlunsidendng wdide n1siewidedndudesnaunaiunis
PIUTEMINNNITINADIENIUNTAULAE NS ITIUIT VB ILATDUE Fannsarasamsadnglyl
a1unsavinbaLiieana Mlmdunsernmndasnisuinluswnsuiululdaswazenlunis

= P v fal Yo o ea I a a ° A ¢
WIsueunaansnlanuraansnAsidulussuuLAse919339  ngluswnsuanasdnIav18LIns
Fu 3 lesuniseeniuulindeiumsiuuussuULeTeI8a3liNggn 1y NMseenwuu
usniiedenndesiureniiinesaze nsldszuugenin (Socket) warauuszauyldie

IP (IP/Device driver interface) nsindusnlglusives Kemel wazsiasuatunigg 1o



24

3. MTYTUINITVBIRONALIT

Tudnillgmifnresmssaeaniotioie  nsilsunsuavadisfuuuiaziniosle
TyaiTusiaq ﬁﬁm’%mﬁalﬂ@ﬁé’f@ga (Open source) @ Aanunsaiunldlalideninnunely
gty Feulusunsudraondoteneidu 3 Fandifedoyardn (input) wasdoyaueen
(Output) ﬁLﬂ“fJummgm \eTiedesiiedus anunsauldfiuls Wy Pcap trace output, NS-2
mobility script gy wonaniiusunsusasnaiotienedtu 3 iinsfivdntiondsly

A5YIN9UVDITIE 18U Network Simulator Cradle au1savineulaiu Linux TCP code
4. 5995UNSVNNUTBINISAS U TUANLAZ NISNAEDULU TN

199NN A8@9n15618N15WRILUTTEAI19N15918 0 LU TUN SRR DIUUTEUUASS
9] = ° A Y o ° & & & Py
wazdalifilusunsudnaenasetneiativauuin  Isunsudiaesunsetieneidu 3 laudly

Ty illaeni5as1e3uuuunIsvinaIudn 2 wuu fe

® Virtual machines YauuugUnIal wavdesdyninvedusunsudnassasalieies

U 3

real machine

wirtal virtual

machine mia chine
ns-3

AN 3.4 N153718849 Virtual machine Wisnaasdluszuuase [4]

e ldnastau (Stack) lun1svieuuiuuanIun1saiase (Emulation) anunsadsdoyale

UUTPUU UazgunIaiass
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ns-3 ns-3
real el
machine machine

e
- Testbed

“\\'

AT 3.5 MIvihuuLanunsallazaunsniasa [4]

Aa a4 v . Aaada = |
5. mshdlszuvdudeya (Tracing) Wazafinnilaudangugs
o TUsuNsUINRDNATEVIEIBSTY 3 PNISHEA trace source 88NN trace sink

ielvirldauanansausuues trace sink Lol

race soun::e\I
Trace sourc\\ IO T )
*{ Trace sink
/race source \\

configurable b
user 9 y

unchanging \

AN 3.6 spUUdUToya (tracing) MUTULAS trace sink la [4]

o A Iz vy Y v v '
® IIJiLLﬂ‘JaJmaENmeﬂEJL’JEJ‘J‘U‘LJ 3 vL@llﬂ’ﬁai'N trace sources IﬂLa@ﬂisﬁll']ﬂllr]fJ LYU

Packet reception, state machine transitions

[

o szuvdutaundisesiunsinuaifuazmsdndeyalaonisviaududd
o dansnisviheunatsq aauniseiliifadestule
o daguuuudeyalvieeninlunagsuuuuvestoyariosn

0 VemuAsailestu trace source

o Yoyansadfeanunsadonserunsiasaeioiisldluvazidwhnuey 1wy

NANNIFUVDINITINADIATOVIBEMINAITU (Counter)ReAInile



Smid suon Instance {tnal or run)

ne-1 Tates
Core [T

Sgnals

t'.crmlr:iaumﬂ-|

Data
Collection

User
Smuaion o —
Frogram Traces &
Direct Cals

Collzctzd
Data

Persistz=nt
Sterage

Basic Statstics

0

Instance Spawring
Distribubon

Arnalysis Geripts,

Graghing Tods, ete

~

Additional statistics

| Evparimant Cortrol

| support is in progress
A

AN 3.7 SrUvEnAvedlUSLNTUINaR AT 8Y8LI0T

g
Y

YU 3 [4]

= ns3::
= Mo

=

Object Attnbutes

NodelistPrv
delist

4]

¥ 0

Address

Encapsulation™Mode

SendEnahle

RerceiveEnahle

DataRate

[* TeQueue
By
ne3::PacketSocketFactory

[+ na2::lpudl 4Demux

[* ns3

ns3::

ns3::1pwv+4
na3:: ArpLaProtocaol
[ ns3::lpv4l3Protocol

Attnbute Value

= Devicelist

Ll

trus

[+ applicatianList

Udp

00;00:00;00:00:01
irus

EDDODDObps

-

it [ama) [sane)

'
o

AN 3.8 F19819n5NANNISANUAATTLUIUTWATUIIaDULATDUIDTTY 3 [4]
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6. Hszuunuanuy (Attribute)

\Wesnin3dedeenisnagiandeundadusenitanmsinasuaiediguaraninse

dannstiegnedne Tulusunsudiaeaasetineiasdu 3 slainisasiaye

oA

9

'
[

USENDUMIY VOWATVDAINUIILLAD TLA LAZANSUAY TI9LVNUNGIL

® JansimUsvenisdnasnaseiedmsuinglie (Static object) NNFa

e yhnsiiudaya (dump) wazeudayaimnursmuelulianisuiuean (Configuration)

o aianlunmingldaduyszarunsminAugld (Graphic user interface)

®  JMAINEADNITNTINFDUAUTVDINITINADIUATOUNE

o jnsasnenasusznaulagly Doxygen

o fipSestamnuamdunsawin fanwi 3.8

7. Twvudnasdluy

#Applicabons

Transpart [ayer

Metwork laper

Link layer

Phypsical layer

|
I
4

Existing cove ns-2 capahil ity

plng, var telet, FTP, wmlkdeast FTF, HTTE,
prebnbdlstic/ md trose-drven rafic pererotars,
webcache

TP (st veriamtzy, UDESCTE, XOF, TFRE,
RAP,RTE
Muficast: PCK], ERMLELKL, PLM

Unleazt 1P, MoblelP, genede dist sector and
Inks stake, IPMIF, soupcs peuting, Atbrrector
Multicast: SEM, genenc cenfralzed
MANET: AQDY, DER, DEDV, TORA, IMEP

ARE, HDLE, GAF MPLE LDP, Diffsers

Cuewei: DrepTall, RED, RIC, WFQ, 5RE,
Bernarkic Packet Quews, REM, Prioriy, Vi3

MaACe CEMA, 02110 202,154 WPAN),
soreline Aloha

TawnWeay, Shedowig, Dieml Snfenmaz,
EnerprMedel, Saelite Repesmr

Reendoe mber getieratees, frachng,
emiters, mathematcnl auppee, st s,
arimation (nam), error models

Enisting ns-3

Crlft A ppliceton, espnchrees
sochats AR pocket sockess

UDF, TeF

Uedcast 1P, global static rasking
Multicost stofe roating
MAMET: GLER

Point ToPaint, 050 A, 508,11 MAC kow and high
omd Tofe covitral nlgartoms

H03 114, Frils propagation less model, kg distatice
propagaton ks model, basic wired (Joss, delogh

Rendetn murber generators, e,
it teats, legging, collbacts, mebdite Aanalmer,

eTror models

a ° A a X ° A P
AN 3.9 LLUU‘ﬂqaaﬂﬂqua’]uqﬁﬂwqucﬂuuqsﬂaﬁiﬂiLLﬂiﬂJ'ﬂqa@QLﬂi@sﬂqﬂna?ﬁu 3 [6]
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@ (Module) sanannuinliinenonITiaul  wazdanmaanunIsinauluszuy

LASVIBAITI AN 3.10



28

High-level wrappers
for everything else
Aimed at scripting
P
Node class test /
NetDevice ABC
Address types helper -
[IPv4, MAC, etc.) routing | internet-stacd devices | applications Mobility models
Queues node [ mobiiity p— Estlaktchtra}ndcm
walk, etc
;DC;TFE JEE;B:BC common | simulator
va4/IPv s k
Bcket sockets / \q \
Smart pointers Callbacks, facing Bckets Events
Dynamic type system Logging Bcket dgs Schedulers
Attributes Random Hriables Bcket Headers Time arithmetic
Pcap/fAscii file writing

M9 3.10 UBUUTBIEINTIINZeIlUSWNSUIaRNATYBLIBITY 3 [6]

Faaniinanuiaueatuildiunwlginnswaunveslusunsusiasua3oe
aoanastutuunninafusonlulagduids symsdesnsusudsussuulidenadasiuns
yhandlussuusiannty dudldouifondlalumahouresdusunsufiaoaieanude
TunsldauldsunsudianamsevelunsnmuIulIT8v0Iny TagaotUnenssuveunay
Wsunsudusannil 3.11 dwsulusunsusiasabetionesdu 2 wazn il 3.12 dwiu

TUSNSUI1ADWATIUNUIDTTUY 3

OTCL: Analysis

Object-oriented

OTCL Tt ;
SCript FIpTEEL 1o

Eezults

Simulat

¥
¥

HEZ2 Libraries:
1 Event Zcheduler
2. Metwork component

AN

Animat
3 Plumbing modules ninatoer

AN 3.11 @aUngnISUVRILUTHATUA1aDLAIDYNUNIBSTU 2 [3]
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Bture work Bture work:
APl corresponding AP| corresponding
to IP unicast to IP multicast

“use rspace” T Netlink sockets T routing sockets sockets API for applications
"kernel-space" I
) ns3 raw sockets
fansport Ipv4  ButingProtocol:: ButeOutpul() fanspor
protocol e protocol
{e.g. UDP) 4 {e.g. UDP)
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4.3.2.1 wuulaseadnefiuGeuntassn (Fast-changing topology)

1. Bisthe highest votes.
2. Aselects B.
3. A broadcasts data.

~

5

B received data from A.

i

Vote F Vote F Vote F B is the next rebroadcast node.
—————————————————————— 6. F becomes the highest votes.

®/ ( ) 7. BselectsF.
B
. Brebroadcasts.

Vote B Rebroadcast
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4.3.2.2 wuulassadrefiudsuuyadn (Slow-changing topology)

Sender Vote B Vote B 1. Bisthe highest votes.
————————————————————— 2. Aselects B.
E | 3. A broadcasts data.
Vote B Vote C
4. Breceived datafrom A.
Vote F Vote B Vote B 5. Bis the next rebroadcast node.
—————————————————————— 6. Bstill gains the highest votes.
e 7. Brebroadcast without
E
- a next rebroadcast node.
Vote B Vote B Rebroadcast
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The selected node rebroadcasts
without the next selected node.

A 50 b
C 55 | D |Self
—— B 72 D
A selected node gains approximately 50-80% E 64 C
of votes in a round Cannot be a selected one
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1. adwansuuliituegalmifiadndy Tavadredunield contrib lasasdosadnsdom
suuliiulviideldeniudenaga 1wy fesnsifiutega awesome Whllegil contrib
Ao ~/tarballs/ns-allinone-3.9/ns-3.9/src/contrib ﬁ?uﬁlzéjma%ﬁﬂa’liuusﬁuﬁ&ﬁj
~/tarballs/ns-allinone-3.9/ns-3.9/src/contrib/awesome

2. Wwddadluly  waf script  lagannsodeludldaniiogues  wscript 14y

~/tarballs/ns-allinone-3.9/ns-3.9/src/wscript aglaeonuniu

all modules = (
'core',
'common',
'simulator’',
'contrib',
'node’,
'internet-stack',

'devices/point-to-point',

'mpi',
'contrib/topology-read’,
'contrib/energy’',

)

[V

INusegailuiiuserng 1wy desnisiiuiena awesome W1l ¢ail

all modules = (
'core',
'common',
'simulator’',
'contrib',
'node’',
'internet-stack',

'devices/point-to-point',

'mpi',
'contrib/topology-read',
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w This method will be called by

ns3::InternetStackHelper::Install
*

* TODO: support installing DECA on the subset of all
available IP interfaces

*/

virtual Ptr<Ipv4RoutingProtocol> Create (Ptr<Node> node)

const;
/**

* \param name the name of the attribute to set

* \param value the value of the attribute to set.

*

* This method controls the attributes of
ns3::aodv::RoutingProtocol

*/

void Set (std::string name, const AttributeValue é&value);

private:
ObjectFactory m agentFactory;
}i

}
#endif /* DECAHELPER H  */

ilulduily helper udunly wseript Tuninduudilum helper.source Assoludl

helper.source = [
'node-container.cc',
'net-device-container.cc',
'wifi-helper.cc',
'olsr-helper.cc',

Tiugalng helper.cc Mlaasrsvudnluludui uaziiudolna helper.h Nlaasiedu
Tudrumellil
headers.source = [

'node-container.h’',

'net-device-container.h',

'wifi-helper.h',

'olsr-helper.h',
nuulrleads /waf build Tuaisuu ~/tarballs/ns-allinone-3.9/ns-3.9/ S¥uuay
n15a513ld awesome-module.h Jualin nMsadremenalmifvziasaauysaindon

ilulgaule
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AULANA9UD WS INADA DECA NNAIUIULIUSHNSUINADATIUN8DSTUY 2
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ASHAILINS INADATENIN L UTHNTUINIADWATAVIBIBITUY 2 NUMDTTU 3 UuilANY

WANFAUOEILIN TaBddIuANULANATSAGN 9 A9l
1. msi5enld Packet Header

TU5LN5U1aWATAUNLIDTTY 2

A1SB3eNMY Packet Header tuazsenlalatiiu Struct 989 header A9t

® hdr cmn
® hdrip
® hdr deca broadcast

~ & 0 S a1 1% A A a Vo ‘:ll
IEnuNTaNAERIAEUs U Tas 19U lias Lefiagliy header Ty packet 9

=)

struct hdr cmn *ch = HDR CMN (p) ;

struct hdr ip *ih = HDR IP(p);

struct hdr deca broadcast *br = HDR DECA BROADCAST (p) ;
//Fill out the broadcast packet

ch->ptype () = PT DECA;
ch->size() = IP_HDR LEN + br->size();
ch->direction ()=hdr cmn::DOWN;
ch->iface() = -2;

ch->error () = 0;

ch->addr type () = NS AF NONE;
ch->prev_hop = index;
ih->saddr () = index;

ih->daddr () = IP_BROADCAST;
ih->sport () = RT_ PORT;
ih->dport () = RT_ PORT;
ih->ttl = 3;

// Fill up DECA packet fields.
br->br type=DECATYPE BR;



69

br->prefer = nbtable.prefer nbtable();

br->src = index;

br->seq = seqno;

br->precursor = index;
br->time stamp = CURRENT TIME;
br->ttl = MAX TTL;

TUSNIUIAWATAUIBLIBITTU 3

A1538NkY Packet header Ua9lUsHNSUINADAATBUNGNIDITU 3 UULANAINIINGIDST

FU 2 9819110 WNTIATATN packet BanuThTIInguINNIT wazsunlY object Y84 header

WevhnsuSuar wdsantiufiSenld object ves packet Wiiaiiunieau header fifoenanall

//create BCAST header
BcastHeader bcastHeader;

bcastHeader.SetSrc (t.GetSrc ());
bcastHeader.SetSegno (t.GetSegNo ());
bcastHeader.SetPrefer /(t.GetPrefer ());
bcastHeader.SetPrecursor (t.GetPrecursor ());

Ptr<Socket> socket = j->first;

IpvdInterfaceAddress iface = j->second;
Ptr<Packet> packet = Create<Packet> ();
packet->AddHeader (bcastHeader):;
TypeHeader tHeader (DECATYPE BCAST) ;
packet->AddHeader (tHeader) ;

WatSouisuiussninassnestunalaziulainnsiaulnsinaea  DECA  vu

TWsunsudrasaesevienesdu 3 azvhlddoninnszesnuuududainguiniu

2. @ULTBUATENINTAANVEUNUTUSHNTY

TUSNIUTI1ADWATAUELIDITTU 2

A5 EUINTINADANYINIUUUTUTHATUIIaDUNATDUIUNIDTTU 2 Uudadbin wlunig

a & . o g Yy o a | A ] ° ' o A a Y]
RYUNT C++ Bhay TC[SCHpt quﬁmﬂﬂmﬂqiLmBUﬁjuL%@NWQIUﬂqiwqqqu3gﬂjqﬂﬁﬁﬁWLTQUﬂU

TUsnsUMEN5R8U Tl Wansanu C++ Uf1a819nail

//

//TCL Hooks

int hdr deca::offset ;
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ifqueue = (PriQueue*)
TclObject::lookup (argv([2]) ;
if (ifqueue == 0)
return TCL ERROR;
return TCL_OK;
}
else if (strcmp(argv[l], "port-dmux") == 0) {
dmux = (PortClassifier
*)TclObject: :lookup (argv[2]) ;
if (dmux_ == 0) {
fprintf (stderr, "S%s: %s lookup of %s
failed\n",  FILE ,argv([l], argv[2]);
return TCL ERROR;
}
return TCL OK;

}

return Agent::command (argc, argv) ;

}

1U5N5U31a09AU8I5TU 3

I G P DR TR R AR RR A G S S et A b TP PUE IR U WNS1ZINNNSYINUYDS

TUSWNTUIIADWATDVIGIDITTU 3 UUTBISU C++ VITHU
3. N15E5198IULENINITINABIATEUY

TU5LN5U1aBWATAUNLIDTTY 2

NFES19AIULENINITINABNATOUNLYDIUSHNTUI1ADWATEUNUIBSTY 2 UuilAdnu

FULOUNTIZINADIANUARIAUTUAN 9] VDUATVILDYNALLDYA ATl

# Initialize Global Variables

set ns_ [new Simulator]

set tracefd [open wireless mitf.tr w]
$ns_ trace-all Stracefd

set namtrace [open wireless mitf.nam w]
$ns_ namtrace-all-wireless Snamtrace S$val(x) Sval(y)
# set up topography object

set topo [new Topography]

Stopo load flatgrid Sval (x) S$val (y)

# Create God

create-god Sval (nn)
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# New API to config node:

# 1. Create channel (or multiple-channels) ;

# 2. Specify channel in node-config (instead of channelType) ;
# 3. Create nodes for simulations.

puts "check point 1"

# Create channel #1 and #2

set chan 1 [new $val (chan)]
set chan 2 [new Sval (chan)]
set chan 3 [new $val (chan)]
set chan 4 [new $val (chan)]
set chan 5 [new $val (chan)]

puts "check point 1.1"

# Create node(0) "attached" to channel #1

# configure node, please note the change below.

$ns_ node-config -adhocRouting $val (rp) \
-11Type S$val (1l) \
-macType S$val (mac) /\
-ifqType Sval(ifqg) \
-ifglen $val(ifglen) \
-antType Sval(ant) \
-propType Swval/(prop)
-phyType Sval/(netif)

e

-topoInstance S$topo \
-agentTrace ON \
-routerTrace ON \
-macTrace ON -\
-movementTrace OFF \
—-channel $chan 1 _
puts "check point 1.2"
for {set 1 0} {$i < S$val(nn)} {incr 1} {
set node ($i) [$ns_ node]
}
# node (1) can also be created with the same configuration, or
with a different
# channel specified.
# Uncomment below two lines will create node (1) with a
different channel.
# Sns  node-config \
# -channel $chan 2
puts "check point 2"
source $val (sc)
puts "check point 3"
set udp (0) [new Agent/UDP]
$ns_ attach-agent $node (0) Sudp_ (0)
set cbr (0) [new Application/Traffic/CBR]

$cbr (0) set packetSize 512
$cbr (0) set interval 10
$cbr (0) set random 0

$cbr (0) set maxpkts 10000
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$cbr (0) attach-agent Sudp_ (0)
$ns_ at 140.0 "Scbr (0) start"
puts "check point 4"
#
# Tell nodes when the simulation ends
#
for {set 1 0} {$i < $val(nn) } {incr 1} {
$ns_ at 190.0 "Snode ($i) reset";
}
$ns_ at 190.0 "stop"
$ns_at 190.01 "puts \"NS EXITING...\" ; $ns_halt"
proc stop {} {
global ns_tracefd
$ns_ flush-trace
close Stracefd

puts "Starting Simulation..."
$ns_ run

TUSNIUTI1AWATAUELIBITTU 3
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class DecaExample
{
public:
DecaExample () ;
/// Configure script parameters, \return true on successful
configuration
bool Configure (int argc, char **argv);
/// Run simulation
void Run () ;
/// Report results
void Report (std::ostream & os);

private:
///\name parameters
//\A{
/// Number of nodes
uint32 t size;
/// Distance between nodes, meters
double step;
/// Simulation time, seconds
double totalTime;
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wifiPhy.SetChannel (wifiChannel.Create ());

WifiHelper wifi = WifiHelper::Default ();

wifi.SetRemoteStationManager ("ns3::ConstantRateWifiManager",
"DataMode", StringValue ("OfdmRate6Mbps") , "RtsCtsThreshold",

UintegerValue (0));
devices = wifi.Install (wifiPhy, wifiMac, nodes);

if (pcap)
{
wifiPhy.EnablePcapAll (std::string ("deca"));

}

void

DecaExample::InstallInternetStack ()

{
DecaHelper deca;
InternetStackHelper stack;
stack.SetRoutingHelper (deca);
stack.Install (nodes);
Ipv4AddressHelper address;
address.SetBase ("10.0.0.0", "255.0.0.0");
interfaces = address.Assign (devices);

}

void

DecaExample::InstallApplications ()

{
V4PingHelper ping (interfaces.GetAddress (1))
ping.SetAttribute ("Verbose", BooleanValue (true));

ApplicationContainer p = ping.Install (nodes.Get (0));
p.Start (Seconds (0));
p.Stop (Seconds (totalTime) - Seconds (0.001));

4. n1ssenld Timer
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void
PacketLifeTimer deca::expire (Event*) {
agent->packet expire chk(CURRENT TIME) ;
if (agent->next packet expire time ()>0)resched(agent-
>next packet expire time());

}
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void
BeaconMsgTimer deca::expire (Event*) {

agent—->beacon () ;
resched (agent->beacon interval cal()):;

}

void
RebroadcastTimer deca::expire (Event*) {
agent->timeout ttable (CURRENT TIME) ;
if (agent->next rebroadcast time ()>0)resched (agent-
>next rebroadcast time())

}

TUSNIUIAWATAUELIBITTU 3
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// timer beacon
m btimer.SetFunction (&DecaProtocol::BeaconTimerExpire, this);

m btimer.Schedule (MilliSeconds (UniformVariable () .GetInteger
(0, 100)));
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