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Content dissemination in Vehicular Ad-Hoc Networks (VANET) has attracted
wide interest in the research community. The use of network coding for file sharing has
been proved to overcome several problems such as highly dynamic topology and
intermittent connectivity. Prior works have originally been designed to work well even
with only single hop communication. However, the previous works are not entirely

suitable for networks with low node density or low percentage of interested nodes.

This thesis proposes an adaptive request mechanism to improve the speed
and efficiency of network-coded file distribution in such networks. Each node adaptively
requests coded pieces of the file from the source when it does not receive any useful
coded piece from its current neighbors within a calculated timeout. Our adaptive timer is
proportional to the rate of new incoming neighbors whereas the number of requested
pieces is inversely proportional. Our result can significantly improve the efficiency and

download latency under investigated scenarios.
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2.2.1 Network coding for large scale content distribution

[8] Wﬂi:qnﬁnwsﬁwsﬁamam%aﬂmL%al,é“mmmiwuu \wIaanelgane
\Inudsuuasnau3En Microsoft Salwslnaaaiinfiulumu Avalanche wadsingin
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2.2.2 Co-operative downloading in vehicular ad-hoc wireless networks
2] lasinaualnslnaaa SPAWN (Swarming Protocol For Vehicular Ad-
d o a v { o 1 £ %
hoc Networks) Foidwauiaudng Minnzasldduwaiatnalsmoundivly
A ) ° A A AN o o
alianunInrhauuu in3ethsuumnnuziadend ld lasdsulys snanlwslnaea

Bittorrent laafilnsinaaa AODV [3] tiulwslnaaamiannis

GATEWAY
— ]
. 1 aD D
>
D ------ - ----- - D —-—->= D ------=~ -
3
FILE o aeny) T
————— -
DIRECTION OF MOTION

Evolution of a file in a node using SPAWN protocol: 1. a car arrives in the coverage area of the gateway, 2. Gateway
offer car to download piece of file, 3.download a piece of file, 4. getting out of range, 5. starts to gossip with its

neighbors about content availability,6. Exchanges pieces of the file, thereby getting a larger portion of the file as

opposed to waiting for the next gateway to resume the download.

Eﬂﬁ 24 LLN%J’]’]‘WLLﬁ@Gﬂ']iﬁ’]d’]%IW‘iIVlﬂaa SPAWN
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TagINAIWENNIIDNATUNUAA AN DN LA AIh

procedure Initiate_download(torrentID)
(1)if{|dy — de| < Radio_range) (2)SendRequest
(3)if(Recv_Reply) Start_download (piece)
else Wait for Gateway to fetch it
(5)Init_Gossip
Exchange EitFields
(6)if (Out of Gateway Range) Exchange (pieces,neighbors).

U 2.5 TARLIALNaIINTINAaa SPAWN
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2.2.3 CarTorrent : A Bit-Torrent System for Vehicular Ad-hoc Networks

[4] Wunsihldsnaeaves Co-operative downloading in vehicular ad-
hoc wireless networks [2] lUlTaSsuuenuwminue lagldianesartasnssy Cartorrent

o o a A ' o o &
a’WﬁUTWﬁlﬂ$L8U@]ﬂ’]i'ﬂE]ﬂLLUUIW?IV]@QE‘]%LLUGE]QT]UT]% 6 ﬁ?%ﬂiZﬂa‘U%ﬂﬂ“‘] A3

Client
FileSplitter [ SendGossipThread [ BecvBossipThread [#- ListenThread
; : 1
) CarTorrent
SendPacketThresd |[=— ¢ RBecvPacketThread
File Hanmger
ROV

gﬂﬁ 2.7 a0UaeNIINVY CarTorrent

-CarTorrent File Manager tJusauniiuaanue 1iia bsAaui lasu Gossip
Message TuTa84 Peer, WadudunadWd uaz Srwuinnszlanszgninuly

-SendGossipThread  &J Gossip  Message Lﬂuﬂ’mﬂ lagf Gossip
Message 11471 Gossip Message ‘Junasdaias uaz iuvaslnuadu ithavanliii

Truala ﬁVLWﬂ@a%iﬂN

-ReceiveGossipThread Lﬂm’T’Jmqum‘ﬁu Gossip Message wn'basu

Gossip Message 2890218932 8U719 WATN LUV LAUADY A=¥imTasda
-SendPacketThread Lg% NFIN1II0IUDARAINDL LA INAATL

-ListenThread 31 A4 (Message) 2 WUy Ao Taya nuNN330938

L2 =3 1 [-3
Ll agaazgﬂmﬂﬂu%mﬂmmm

-ReceivePacketThread mqumﬁumﬁawaﬁdammn ListenThread
Taasllgilnuwaniasaninuas finn13ldsunIsned1on1e) JAVA  waatinlnegauun
a A % v . A nq' 1 Kdld
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1/5:AnTA1WAa Rarest-Closest First
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=
,Wel(ome to CarTorrent

(Share | Download | Search

Select a File to Share:

M Browse @ Share

File Shared:

{4 Remove

3N 2.8 dra¢19l13unsn CarTorrent

2.2.4 VANETCODE: Network Coding to Enhance Cooperative

Downloading in Vehicular Ad-Hoc Networks

Shabbir et al [5]1°ﬁmil,°1ﬁiv1°'m%\1Lér”mwuEimﬁiaﬁﬁ'@ﬂurymmﬂmsJ
Aadulumsnszne IWSuuuasey dmsuaatnoT ﬂvtymmsnm'mﬂﬂaa (Coupon
Collection Problem), Imaa%”’mL@ﬁaﬁhmmummﬂéméﬁga(Highly Dynamic Topology)

Sududomaaalndidn k du wmdantulnsnasanisnszans Wsuuy
'l LL@iaz‘*’fiymzﬂm@hﬂ@iﬂﬁ'&lﬂizﬁﬂﬁ%’]nﬂﬁsqwaﬂﬂ Galois Field [TWisn13M3INa1Ee
Aaunind n3diunTiiTendr st Ina Lasd L iunslasE Wi nans

LﬁaLtﬁauﬂﬁiﬁaﬂﬁ{uéudmﬁgﬂLiﬁsﬁawz\mm k Sufidasedanuang
LBILd NTEUIRINTSIN I NEATRE" NTEUIUMTRITNIHENNTIN LR BN TTINTWLES
wWuasd laslemsuneuaasuning  VANETCODE lad 1idudasldnisniidunng
widaunulwslnaea Co-operative downloading in vehicular ad-hoc wireless networks

g v A & o . @
LTS Iwﬂ'ﬂﬂaauqﬂﬂustJ\‘mmmam:I@@m’mu
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2.2.5 CodeTorrent: Content Distribution usingNetwork Coding in VANET

Lee et al [6] Idiaua Network Coding Based File Swarming Protocol U
vehicular ad hoc network (VANET) IwsInaaatidnisvinsumiiourty VANETCODE 9
WumshmsidnianaieIesnoldduluugy (Random Linear Network Coding) &N
frnlunisnszanslWsun Vehicular Ad Hoc Network (VANET) Iwslnaaafianldriiaua
snansnutludym mafuuulag topology  waz awlidaiiiasnainsiadeszning
Tvua daduymiiiadulu Vehicular Ad Hoc Network (VANET) 'lefaginafiusz@nsam
nafilade Tnuadasnmsingsmunsnanlnaalnalaisdwilafisuny Fie Swarming
Protocol #1214 1itesanlidasiimsidantuaiuveslng wananissfunuinsnaudng
mwﬁagw:ﬂhU‘L%"Twﬂwﬂaaf:ﬁwmvlﬁﬁﬁu%a@inmniwﬂ‘nﬂaaﬁu‘ﬁ' fefinng

\asuiag Topology gaﬁﬂﬁﬂszﬁw%mwa@m
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2 On-demand ranking improvement phase
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8014z In-network coded pieces distribution phase aNA3I
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mummﬂﬁwmagamaaLﬁ'aumuazﬂszmmu Beacon Message sﬁwaga

N&IH1% Beacon Message Usznavaag
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8l nuAA T IR TN
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3.2.3 m3anlnaalaanandwauo
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Combination)

v

M; iu Tan11u(Message) 11 | NABINTIIET
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¢ =Yi=19k Ck 2)

e =Yho19x €k 3)



19

@ % g o o a a% . . o
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3.2.6 NTANWIHITYSLIATHUNDYNRAI

NMIBUIZLLIADBLRAI LTFANAAINNAITINDAININNTATIIIULNDULU
o ' . . Y ' A ' {

\n1lwal (New Neighbors Detection Rate) niaiioulugusnyansaita NDR Gaidusniivis
VoA A 'Y o LA ' P = o A o o '
vanidinaniwd lnin lnwasanikati91Ia1 I%umﬂmaga‘[%umwaumuLmﬂ%u
91N Beacon Message 713 ldaninalnuadeimualiudazlnuaiivialnuadiani nin
InualaildTu Beacon Message nunsanwilnuanuldngaaananiaiiuds Iiausia
Truauaanly laonsiaaasniIaTaaumaninwanlna snunsadouiduaunislaad

FUNTT (4)

Number of new detected neighbors
NDR = (4)
time interval

Inuaniien NDR gudulnuafidlomanuiausulna ggs flamafiaz

[ ny ' A 2 [ ¥ ' AA nl = ° J o
ldsugudrungnidrialdinnnilnuanfdl NDR ¢ lnuadimiduwamdndnnnis
avauwaniwt maiduaiu g lasluavae ldlalsisnsaaisnnuiafaning

wuuanfad (Exponential Moving Average) a38an3 (5)
NDR, = aNDR!_, + (1 — «)NDR,_; 5)
fnnali NDR(New Neighbors Detection Rate) = aaminsitnlndvasluue

= Y
LNBBUTW

Number of new detected neighbors = Fwulnuannanlya

time interval AMUMIIWIHaaINTLU s uLL e aﬂ‘ﬁ 1537

NDR, = 1ud1 NDR t 1mzi2an t
NDR;, = fJush NDR iialdlnadluany t
a = Ju Step Size vainsUsulasld Exponential

Moving Average
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3.2.7 NMIATHIMINBINTWLND 1% LbN135D92D

MIAWITIWIBTUEIBNVIIINLENF LD FUWIAALTULALININITHY
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i"mﬁa(Co-operative distribution)
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Stateless Routing) [9] lgaianguaias wia Inslneaanmawidunialasls GPS i
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NIRIABaL19LAL7 LL@'LﬂumsméumuﬁgﬂLﬁﬂi%”ﬁﬁ"lﬁ%'u sauﬁuﬁagaﬁﬁagjuﬁmuu
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Tuunfiazyinn ez vaussnuwenvinnwsadlwilnaaanisnszang s

LUUAIRENINLAS T8 8N13T09uauuulTU la luidazdw Aa anusalun1snszany

W& (Content Distribution Latency) enki3ne (Overhead) waz Usz@nTaw (Efficiency)

lagyhmnaseuluuiyues guiauniTouiioy

4.2 AIAANIIONEVIINIINADA (Performance Metrics)

Tt larinnIIaauIsnwstad lnslnaaali 3 a1 Aa

1

anuslunInszae WS (Content  Distribution  Latency): 1D
[ 6 > A 6
Jagdszasdnanluniseanuvulnilnasadie snoudainisn
dl Qq, 1 dl v Q v & ‘3/ 1 v
wanidfouduainfignidnsaldiiu danaldzeziailunisenn
TnaalWadanad  1091NIZUSIAININTUTUTWREI® IBNISNI 16T

FURIWATUNIAUALNINONIZRINIINDAATRRAANN be

UseANTAW (Efficiency) : WEAIAIAMURINITANIHNNUUBILNTIN
AOANIINTZAY IR LUV IRENISL AT AT 8a 8N TTa 9T ALY Te

ﬁﬂmmﬁnm‘hmuﬂ%ﬂumidﬁaga

A3y (Overhead) : &wiulnsinasamInszans Wauwuudn s

N9LnIaruaranITTasranuulsuladdnltanuNuLGuannI I
v & o v = dl v Y &

LEWNY FasndudasdnisuaniUfaw Beacon laylauaaslwimuns

o ¥ N{:] 'ER
WU uUaIanlFae (Overhead) Tl

4.3 @3a9NalumIInaNIIanzaaINIIlnaoa

Inslnaaanisnszay IWsLuLITNIHENI9LATalN8e I 8n1TT UL L LT

Teidulwslnaaanaanuuuine LTI BUBINSWES AIBWIIINARELATIVWADINWY HauLFe

1 Y 1 v a Qq/, =3 v A o dl a a s dv
ﬂﬂiﬁ‘ﬂ"l&lﬂﬂ%“ll']ﬂ@;(d (ﬂ\‘luufﬂ\‘ivl,@LﬂaﬂiﬂiLLﬂ‘J&JiﬂaadLWﬂﬂ@ﬁﬂUﬂitﬁﬂ‘ﬁﬂﬁW@du

1 Tdsunsusrassnmisadeniiuassn SUMO (Simulation of Urban

Mobility) [12] Gelglun13s1aasng@nssauvassnsua
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2 ldsunsudnaed NS-2.34 (Network  Simulation)[11]  tJuldsunsu

F1RAIANBNNIVINRLIAT AT Y I3ENY

o A
4.4 FNMNUINFONNITINNIINARDS

ﬁ@ﬂﬂ%%ﬁiﬁﬁ“ﬂ%’]@ 2400LU67 x 2400 LUNT G'fiql,ﬂudm%ﬁwauﬁm Los
Angeles %amﬁ'ﬂ‘iagaﬁmuﬁmmamuumng’mﬁaHm:uu U.S. Census Bereau
TIGER System [13] st lagl4lisunsy CORNER[17] lapfilusunsuitazairolws xmL
weltidusuidrues SUMO (Simulation of Urban Mobility) lasfinnsanasayuim
ﬁﬁ%’ﬂﬁmsdwﬁgﬂﬁ 4.1

gﬂﬁ 4.1 LN
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4.5 NANIINA[DY

Nams‘maaamaaﬂuﬁ"sﬁaﬁlﬂuwamimaaoﬁmmwamsw@aaﬂugw

A9 B uHaswaNNLS 1INz e lWa (Content  Distribution  Latency)

flg3ne (Overhead) az UszAnTA 1w (Efficiency) S1RIUNANIINARBINIATUANT
NI YUFZANVDITIWIBNIUANLU R UTUE I (Cumulative  Distribution  Function of
Exchanged Coded Piece) iunanltafunaidaidnaasnmwdsz@nsain drunmwna

a ~ = a o = &
mMInaaasuaasnsilssufsuanusidunnaiinnanuslunsnszag v
(Content Distribution Latency) 3MLaaIANNFUAUTAIUAIMNLST NInagaunszyinaele

a 6
NITNINULADIANNATITN 4.1

PUAUHUT 2400 LUST x 2400 LUAT

I aEST al] WA331% : IEEE802.11
i:mL%amiagaq@ : 250 LUAT

FNTWN1IITNRT mmﬁag\iq@ - 50, 80 W&z 110 Alawway/salug

Wasimudlruandanuaunla | 5% 10 % ,15 % uaz 20 %
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