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Abstract 
Reliable broadcasting in vehicular ad-hoc networks (VANET) is one of the keys to success 
for services and applications on Intelligent Transportation System (ITS). The reason is that 
these applications need a way to exchange their information. There are many previous 
reliable broadcasting protocols on V ANET but none of them have concerned the speed of 
data dissemination. High-speed protocols can provide more accuracy service to ITS. This 
research proposes density-aware reliable broadcasting in vehicular ad-hoc networks (DECA). 
The next rebroadcast selection is made by a source or a precursor node to avoid waiting 
timeout which increases delay to rebroadcasting. DECA uses only density information in its 
selection algorithm so it does not require any position discovery equipment. DECA also has 
the new beacon mechanism, new waiting timeout calculation and new caching policy. These 
can improve performance of DEC A to operate on both highway and urban areas with various 
traffic densities. The performance of DECA has been evaluated on the weB-known network 
simulators NS-2 and NS-3. From the emulation results using NS-3, an asymmetric link 
problem has been found. The problem causes lots of redundant broadcasting messages. This 
research also proposes RSSI-Voting algorithm (RVA) to tackle with the asymmetric link 
problem. RV A selects the next rebroadcasting node by voting the highest RSSI level node. 
This can improve DECA performance up to 17% and reduce overhead up to 28% on 
asymmetric link scenarios. Finally, DECA has been implemented on Linux and Android 
devices to ensure that the protocol can operate on real devices and real environment as 
designed. 
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Executive Summary 

Nowadays vehicles are going to be smarter than they are used to be in the past. Their 
applications and services need an efficient, fast and reliable communication especially for 

safety and emergency applications. Therefore, reliable broadcasting in vehicular ad-hoc 
networks is challenging due to its unique characteristics including intermittent connectivity 

and various vehicular scenarios. This research proposed density-aware reliable broadcasting 
protocol (DECA). The new reliable broadcasting protocol is designed for such characteristics. 
To address the issue of various vehicular environment, the protocol consists of three main 
modules; (1) Node selection algorithm is the way to select the next rebroadcasting node. 
DECA select the node with highest density to rapidly increase number of received nodes for 

each transmission. The efficient node selection algorithm can decrease redundant 
retransmissions and also increase reliability. (2) Waiting timeout algorithm is a solution for 
avoiding broadcasting collision. But waiting timeout affects to unnecessary delay so the 

efficient algorithm can avoid most of collision with least delay. (3) Beacon mechanism is 
used for discovering neighbor and detecting the missing data in intermittent connectivity 

scenarios. Unfortunately beacon mechanism can decrease overall performance if protocols 

have too frequent beaconing. So DEC A uses a new adaptive beacon interval to suit various 
densities. To evaluate performance of DEC A, simulation, emulation and real testbed are used 
to cover various scenarios. 

In the first phase of this research, the performance of DECA has been evaluated by 
network simulator NS-2 on both highway and urban grid scenarios. DECA can outperform 
other previous works in term of reliability, overhead and speed of data dissemination. 
Although DECA can operate well on simple scenarios, in real scenarios such a map of 
Bangkok with up to 3700 nodes, DECA suffers from its own performance degradation. This 
is due to extremely high redundant broadcasting messages. After observation, the author 

improves the performance of the protocol with a new beacon mechanism and a new waiting 

timeout algorithm. So DECA can even efficiently work on such an extremely high node 
density. A caching policy also has been studied in this phase to support the real 

implementation. 
In the next phase, DECA has been implemented on NS-3 for testing in emulation. The 

results have shown an asymmetric link problem due to various transmission ranges of 
devices. Therefore, an improved node selection algorithm has been designed based on RSSI 
level, so-called RSSI-voting algorithm. The algorithm selects a node that most of neighbors 

can receive its data so the new selecting algorithm can improve the old one up to 18% of 
reliability and decrease up to 27% of overhead in asymmetric scenarios. 

In the final phase of this research, DEC A has been evaluated on heterogeneous device 
scenarios. The protocol has been implemented in Linux laptops and Android phones. During 
the tests, the laptops and android phones have been moving around the building to ensure that 
intermittent connectivity occurs. The results show that the protocol can perform at least 95% 
of reliability for every testing device. The performance shows possibilities of DECA to be 
used in real traffic environment. 
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1.1 iilJlm'l~fl11lJ"lflty'Ua-3ifty'\11 

~."f ~ '" .. • ~ " 	 ?I ~"d1,,~
!Uu1l~t1Ufll'HHI'(Yl:itlUlfl'H11.l1V 1:i'(Y1VlltltlllfJ~HH)fl (MANET : Mobile Ad·hoc Networks) luU'Hl'\Jell1 ~:itl 

0~ , Q~"; '" "1!'<t "'." "''I' ,,.It "" ""1.1 ' d"1'Qfl11lJ'(YU!\J Ufll:il1lV IUtl'l1l1fl'(YllJ1:if.HHl'(Yl:i I~ I~V IlJ~tl'llJ Im'l'(Y'il'lViUil1U 'If'l'(YllJ1'i{u1.l1Iul11'llU UtI:iI1Wl1llJ 

'(Y~ m fl'H~tl hj'(YllJ1'ifl~~J''llm 'l'(Y~1'l'tfUilU i II 'l'i'li 'I1'iJfili,r~ lViu fll:i~ f1J''1'i~t1t1U'fJVfll1~UII t1t1fll'i ~tl'(Yl'i ~ ~'1 fll'j 

o '1 ".K "'~~dt 0 	 '1"""""'.111'llUl.ltl'llfl'j'l'(Y'il'lViUil1U tlfl'Vl'lV'IIUUfll'j111'llUlItlUm~\J1V (Distributed System) 'If'llJfl11lJ'VlUl11U~tlfll'jf:,]fll1llJ~ 

'H~tl.,rtl~~ViCll~ 1llfltrUrJflCll'l fll'j ~tl'(YlmUlfl~tl~lV1~'(Y1VIIUUIItl~ ~tl fl~'lf:,] mil i uU'j:;qfl~i 'If'iU~UIIUU,Il'l'l nu I'lfU 

~ ... . ~ ~" '" ... ~ .. , "''' fllHlfl'(Yl'juUlmfJ'\Ilvm'ju~lIuu 'j'(Y1V (WSN : Wireless Sensor Network) 'H'jtlfllHrtl'(Yl'i1JUlflHI'\llV!'j'(YltJIl1J1J 

o CI.o' 	 ~I jI ')" d 4 I i"
IIfJ~~tlfl'(Yl'H'j1JV1UVil'HU~ (VANET : Vehicular Ad·hoc Network) luU~U l~tJI~Vi:;fll'j'(Ytl'(Yl'i1JUlmtl'\llV 'j'(Y1VII1J1J 

IItl~ ~tlmYl'Hi'1JV1UVill1U:; 'I IIi'Ufl1llJ'(YUi'il11:!umJmJ1fl iJ flm~u1~ tltJl'lnm~ li'llllUlJl~ 'j illU fll'i~I'IlUl IICl~ fll'j 

l\lV [1] iJ1m '1fll'j~I~Vl.,rtl'l n1Jfll'j~tl'(Yl'j1JUV1UVil'HU:;~lU lUlJ1fli'lnlviUIICl:;nlVUtlflU'j:;IY1r1 l'lfU CarTalk, 

CVIS [2] IICl~ IntelliDrive l1:!u9fu 

'1 '1 ""ei 9 '!<l ~ .... J d 0 9 " 	 .... ~"0 	 0

l'Vlfl IU I ClV'Vlf:,]flUllJl ! 'If !U fll'jViI'llUl'jflVU~lJlJ1fll.lU 'If'l111l'H'j~1J1Jfll'i'Vll'llU1JU'jflVU~lJfl11lJ'lf1J'lffJUlJlfl 

~ .c:t V .K , 0 .N .d,1 Q ~ 0' Q.I I. 0 dd 
'\IU 1IC1~lJfl1	llJ~fJ'Ifl1'j ViUillU U fll'i111'11UlJ1 fl'\lU :i ~ 1JtI'Vl lJl rW f:,] fl~ ~~ '1U'U'j OVU ~ ~ 1 fJ Vl'll 'lfU'j ~1J1JU l'Vll'l \J ViIfJ'(Y 

• • 0 , " .. dt .1 .. .l d',."f ~.l!, 0 " 

(Global PositlOnmg System) [3] f:,]flUllJ1 'lf1lU!fltl1Jl1Ju~umWViUillUl.ltl'l'iflVU~ UU1l~UU 'If'l Ufll'i'Vll'llU~tl'lfll'i 

r 
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~'llmuri'lJfftytjJ1ru m11 l1(J1J I';'U tl'U':i:::lJlJ fllHh.:Jl'U 1 WJ'U lfl~tJdl.:J':i:::lJlJ ~':il'il Hl1) \l~(J::: (Intelligent Transportation 

System)[4] IlmJI,rllJl1~'Uri'1'Ul1n.:J'lJtJ.:Jnw'U ~1'UtJ'Ulfl~fl'U1mi' 1191 fllHil.:Jl'U'lJtJ.:J':i:::lJlJ'iJ':il1)':ifl1)\l~D:::tT'U 'UtJ mllf) 

~ I ~d """ ~ 11 ~ " QI 0 c: d " d A 1 d JI ,A a 1" ~um ru 11~:::\!f)~11~.:J I'U HW'U~1I~1 (J'l 1) 111l'U 11 ~:::~tJ'llJfl11lJ'lYllJ1HI'Yi'Uj} l'U 'U f)1m~m'll ~u'U'lJel;l~tl Ul'lI'IHJ(Je " 

" '" "i ".l -I~" ."':i:::1111'l':i(J'CJ':i(J (Car-to-Car) l1':itJ':i(J'CJ IflHTI'':il'l'Yi'Uj}l'UU'U(J'U'U (Car-to-Infrastructure) l'Yitl 111TI'11J1':i(J'Ul'IJtll;l~lJl 

'll':i:::lJ1~~~II~::: "1'lJ~f)l':i Mtldl'l1l1J'Uli1U~f)1':ilJl'l'l1ill1 I';'U ':i:::lJUl1~m~U'lf,!U~Il1~ l1~tllJ~fll':ill ,r'lI~e'Ull1~'q m~'U 
Clt. I .J '" "1 a oS \! " d .l 0"

lJ ':i fll':i 111 m'U 'Utl f)1)1f)~::: ~ tl'l fll':i fll':i m::: ~lU'IJ [)l;l~[) Ul'lI'lfe(J a 111 (Reliable Broadcasting) I tJ'U 'Yi'U!1'U1 'U fll':i111'l1'U1!(l1 

1'Yi':i 1 'VIfltl~~TI'11J1':i m'h'l1'Ufl1u1'U11~1~,jltl"I1:J'UI~e'l1i'111:J'U I~e1Mr:rt,rlJ~ fll':i Mi'lJf111lJ'll~el1fi(J~'CJ'I~'U ~1f)f111lJ 

IIIJ'Util'IJ[)'lU~fm 

o QI Clt. Ii" A d QI '"\' " 0 dod. I " .J. 1 ' , fl1':i111.:Jl'U'\HJ'I':i:::lJlJ~':il~':i tJ~ \l ':i u:::m'U 1m'lTI'':il'l'Yi'U!l'U 11(J'l lJ'Yi':itJ1J IICl::: fll':im'l1'Ul1lJfl111JCll'111 "l!.:J lJ.. 
~ '''' '" "" :II "d 'i 'i '" ~ 'I" 1 ~" '" ~ 'VI'U'VI1'l'VI'IJru:::If)11111(9J'q f)l \l'U ~llu'U~tl.:J'Yi'l'Yill 'VIfl I'U I (l(JfllHltJTI'l':i ':iTI'lUIIUUlltJ"fJtJf) 'U f)1':i"ClaTI'l':i'IJtJl;lft 'lJru::: l"U1f)'U 

111mhf)l':im:::~lu,rtJl;l~lIlJUHel1 !JtJmIUlJ~'lI~1J 1';'U Simple Flooding ~TI'llJl':i(J~VlJ'Ul M~l(JtT'U mimflJ llJTI'11J1':iO 

• ~ ~ " d.. ' 'i ~ d • 1 " "" '1 ,.. -I '" 1" -I -I'VIl-.ll'U 1111'UTI'fl1'Yi1l1f1fte1Jl1lJfl111J11'Ulll'U'U'lJtJ-.l111'U11~1 "l!-.l'VI1 l1fll':iTI'-.l~e'IJelJ(l lJlJfl111Jl'lftJoe "1'Ue-.l~lmlJe 

111'UfI Mi'u,refl111J~:::vilfll':iri' -.l9la,raf111lJtTUY1U111 fl (J1IJl ,r,ral;l~1U f)niflffU 1mYllJl~lJ l1~a1UlJ~nru ~)jmllJ 

l1UlllU'U'CJ-.l~vil1Mlnfluty111f)1':i'lfU 'lJe-.l,r tllJft (Broadcast Storming Problem)[5] i 1tllll.:JI';'U m::: lJ1U f)1':if·f'U 1111'ff'U 'I'm 

. . 
'i 'i "1" 1"" "'.'lJtl-.lI'Yi':i 111fltl~ AODV (Ad-hoc On-demand Distance Vector) 'VI 'If Simple Flooding 'Uf)1':iflU111Iff'U'VI1-.lI1JtJ'U1lJl 

11 MalJ1'U TI'fIl'Yi1l1f1~tllJ~I1:J'U fll':i 1) ':i l~ ':i 'IJ tl-.l ':i (J UU~II~1 vil1M'll':i :::ffl1ll fIl'Yiil~'l [6] 11~ tl uty 111~1nfl ~ If)f) l':i 'IJ lflfll':i 

-I '~I
l'lftl1J~tJIuUI1~l'Ul'U (Disconnected Network) 


':ia-.li'lJf)1':ivil-.ll'UlUTI'fIl'YiI';'U~l~ [7] 
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-------­

A Cl..:w::t !V I a o:!I 1)1 a I ~ do 0 e,. I 'j/ 

!lJtJ'YHl1'JW1'J1ifll'Hl'J~lll(J'lJtJlJrltJ(Jl-.l!'l1tJ(ltJ ~1JU!mtJ'lJl(J!!1J1J MANET [8] [9] CJ1-.llJfll'JU1!'YWIUfI~1-.l'lI'IJllJl 

'lfl(J1UfllH'h-.llU ri 'H·m h'1l 'Vi'J 1 'YlfltJrl]jth~i1'Yl1im'VilUfllH'h.:J1UU'-.l~U mi!~tJ-.llllfll'Vi'J1 'YlfltJrlll1~lrlQfltJtJflll1JUlJl 

!~tJfllHil-.llUUu!f17tJ~1(JHrl'lm!tJ~eftJfl!!1Ju-il "b.J ~.:J ll1u~qfl'Yl~rl'tJ1J1~(J]jfll'Jlfl~tJU~Il1J1J~lJ (Random Waypoint 

d d <Q, d QJ jJ I I ~ a ~ Q d dol ' 
'J'J~!'Jl11rl~lJ'Vi(j~m'JlJ'Y1CJ11JCJ1tJUfl'Jl !'l1'U fll'JllCJ1'l'IJtJ-.l'J(l(JU~1JU'Yll-.ll1rll-.l l1'JtJ IUU'Jl1Wl1U-.ltJ1\J\J:;lJ l1U~l1UlllUU 

lJlflfl1ltifl1J~l1Wl1~'llJlfl !'lfU flmiufl~lJ'lJtJ'l'J(l1J~l1W 'Yll'll1rl'J-.l l17tJfll'll1(J~'ltJffUltlJlW1~u~nw~1l(Jfl ~'l'JU~ 1-3 
'I 'I U u 'U 

~'liJ-.llU1~(J~tJ tJ flll1J1JlJlv1l'llU1~m \l 'Vi l~ rill1i'1J fll'l m:; \J 1(J,r tJlJrl!I1J1Jl;tJ (itJ 1~rill1 i'1J 11'17 tJ ~lmmll eftJ fl1JU HI (JU~ 
~ d "1 _Of .,j, :II' 1 I " q'If-.llJfll'lllfl 'lJlJt)jl1lfll'l!'l1tJlJl'ltJll1J1J!lJU'l11'l'l (Intermittent Connectivity) ~(J 'l11'YlflUfi Store-and-Forward !lrl~ 

.do d. Q AOf JJ Q ~ d d " 11] JI 
l1Clmrl(J-.lfll'l!fl~lJt)jl1lfll'l'l1U'lJtJ'l'IJtJ'l;!rl (Broadcast Storming Problem) -.llUll)(Jl'llfl(Jl'IJtJ-.l I~!lfl 

I 

Edge-Aware Epidemic 

Protocol (EAEP) [10] !!rl~ AckPBSM (Acknowledge Parameterless Broadcast Protocol in Static to Highly Mobile Ad-

hoc Networks) [11] 

fll'lv11.:J1U'lJtJ'l EAEP 1,!!,rtJlJrl'IJtJ'l~vhtJrl'lJl'lf'J(J1Ufmv11-.l1l.l 1~(J11c1flfll'lv11-.lll.l'IJtJ.:J1 'Vi'l 1 l'lfltJrlll~ 1l1"ll1U~ 

]jnrll'ltJ'lf'J-.l'J~ (J~l1~·.:mc1-.l\Jlfll~i'1J,rtJfI 'JllJlllflll1u~~uIllmTu~ .:nr1Jll'lulufif-.l~ 111U~,rl'll~tNri-.l,rtJfl1llJlJlfi~lilu 

rll'IJtJ-.lflllmhll~lill.l~1l1l.l mTl.l'l ll:;ri-.l~tJ,rtJfl1llJlTl.l ~-.l111l.l ~~tJQ1J~nw 'lJtJ1J'lJtJ-.lfll'lri'l'lftJlJrlll:;]jrllfl11lJU 11l:;lill.l 

U''lfl11ll1l.l~1J~nw~l.l'l Illflfll'Jl'l~rltJ-.l1l.l [10] 1 'Vi'l 1 l'lfltJrlQfll'l~rl'tJ1J1JUfI'UU'Yll-.ll1rll-.l!'YhJu I"':;1'!!nrlllufll'l 

" ." q d.,j ,~" <I , I 'I .l d
m:;lll(J'lJtJlJClfl-.l 30 'JUll'l!'VitJff'lIl1'lfl(JU~rl'lU l1t)j U'Vil.l'Yl 

1" d~", ~ ~ .l ='11 1 .,S ~ AckPBSM !'l1m:;1Jll.lfll'l'Y1CJ11JCJ1tJl.lfll1 CJ1-.l AckPBSM Qfl'ViI'lJUl'IJUlllfl PBSM [12] IlJU Wi l'lfltJrlnll1'JU 

. . 
" • ~ "" dd .... . ' 1 ..." 1fll'Jm~lll(J'lJtJl;!f1Ul.l MANET fll'l'Yll-.llU'lJtJ'I AckPBSM \J:; !'l1'IJtJl;!rlll'ViltJrl' !'VitJ'Y1'll1J~llll1U'I'lJtJ'I l1l.l~I'VitJUUll.l ~(J 

tJlff(Jfll'lv11'llU'lJtJ'IUfltJU (Beacon Message) ~-.l AckPBSM 1l~t11,rtJlJrl!l1~lrllJl,,r,'Ufll'l1'i'lU1WI~tJff~1-.l Connected 



• • 
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t 

• 

f 

• 

t 

• 

a .c:t '" Q ~ di joIQI 11 ~. ~ 41 cI d
Dominating Sets (CDS) !lJfllJnl'Hl'i::lllV'lJBfl1llJIfWI'IJ'U hf'UYl'Vl Yl'iU'lJBfl1llJll::~ ':U1Cll'lfl'l'l1'U'l lYltJ'VI 'I1'UYl'Vll1J'U 

CDS 1l::ii!1Cll1'Uf)1'iflVtJ~'Uf)'"llnfl'Uf)1H;''I~v'Ii'flfl1llJflnflf'l 1'Umiii!nYl1Jty'l11f)1'i!~VlJ~BI~'U,fl'l'l AckPBSM 11:: 

~ " " i- I ~ '" A 1"" ," 1,,~ 1!!'UUf)1HlflU'iU'lJflfllllJ (Acknowledgement) !'IJ1 unUUflV'U (Beacon Message) IYlV '11 llf'UYlff'l'IJVfl1llJ 'I1nu 'I1'UYl 

l~mnhumiii~ii'li'vfll1lJ'l-l1mU \llnf)1'i'VlYlClfl'l1'U [II] AckPBSM ffllJl'iflvll'l1'U1'UfffllYlI!1Yl"'VlJ~I~'Uf)1'i\l'i11l'iJ'I 

U'U'Vll'l'l1rll'lllrl::f1'U'U1'Ulijfl'l'~n1l PBSM IICl:: DV-CAST [13] ~\lmlllJllmvU!'¥itJu 

Irlm1\1l'itlll'l1'U1,rv~m;l1lJlYlU11'l1'UI'I1~lrl ff'U 1 \I 1'U1~fl'l'IJV'lfl11lJl~fli'iVM (Reliability) IICl::~l1~~lV1 'U 

m'ivll'l1'U'lJfl'l1Yl'i 1 'VlflVrl (Overhead) 1I~1liiinwfmh::ff'VlllfllYl1'U1~V'lfl11lJI11'IJV'lm'im::'iJ1[J'Ii'mJCl (Speed of Data 

Ji ;:1 .d .do cl 0 0 QJ q .<!I a A a d"Q..O 

Dissemination) 'li'llu'U ff'l 'Vl \I 111J'Uffl'l1'iU m'i Vll'll'U 'IJV'l'i::UU 11 'il\l'ifl \Ill 'i v:: 'I1'lV f)1'i'Vl1'll'UYl'U! l'UV'U'l 'Vl~ V'lf)1'ifll1lJ 

, • 1 • J. ~ '~I J. 1 _"I ~ cI • 1 " Q ~ Q tI ~ d ~:. 'l
IIlJ'UVl 'Uf)1'i'VI1'l1'U'li'l'UU11Iu'U'I1'U'l 'Uu\lM'VIll::'Vll 'I1U'if)1'iU'U'i::UUll'il\l'iV\lll'iV:: 'i::ffUfl11lJn11'i\l Yl'l'U'U IYl'i­

1 'VlflVCl~ff1lJ1'im;''l'li'Vl,jrllYlViifn1lJl~viiv '~~'l~t1Yl fllV1'U!1Cl1~'ii'1tlf)IICl::iitl'i::ff'VlllfllYl l'U f)1'ivl1'l1'U~'l~'ll~'Ul1 fl'l 

~u 1ff'U h Ii1V'l\lln f)1'i Mi'U'Ii'fll,lCl~111 n11'1i' tll,jClrifllJiill'i:: lv'lfulJ1n n11 unJ'l'l11nii~ 1H~lV (Overhead)1'U nu 

vll'll'U~hvl1hj',ffl'lfftytyltll1'U nl'i~fl ffl'iii~1l'llJlnYlflffl'l1 i'u U~ f)1'i~'U '1 ~rV;lJ ~'U 'Ufl n\llnrllYl'i 1 'VlflVCl'l11nffllJl'ifi 

vll.:Jl'U 1 ~'UfffllYl~ 1liii'li'fll,lCl~~IVff1 Ylv~ll 'i:: ff'VIll fllYl1'U f)1'ivll.:J l'U ClYlCl'lUl'l II~ V.:Jiifl1llJ l~viifl1~fI'll~lJ\I::ffllJl'ifi 

lV;lJfl11lJOf)'I1q'U 1 'Um'ivl1'l1'UU'Ufl1llJl~'U\I~ 'I~'Ii'm,jCl~~lflffiliffllJl'lflH'll'U i~~ClVYl!1Cll1'U f)1'ivl1'l1'U'lJfl'l1 Yl'i 1 'Vl­

f1flCl 

, , 
C!I. QJ q c:t '11 

1.2 .,'Il'\.t11lElflUlEl1't10.,'l 

I A 0 4 i d i i/o", JI c:l,., iii';" ,.. ~ 
fl~U'\.lYl'U!1'U'lJfl'lf)1'i'Vl1'l1'U1IUU Store-and-Forward fiB 1'I1'UYl'Vl Yl'iU'lJflfl11lJ\I::lnU'lJflf111lJ 1\1'U m:: 'Vl'l 'IJflfn1lJ'U'lJ 

I I '" QJ .c:t ad" r. ~1 'jI d I ,.. ,.. I A 'jJ d QJ]; 11"
'I1lJYltllQ 1 YlV 1 'I1'Ufltl1\1\1::ff'l~V'lJVfl11lJ'VI'U'Vl 'I1'iBlnU'lJflfl11lJU'U 1 lYlVIIYl'i'IJVfl11lJlmlf) 1 'I1'UflIYlV'UUl'U'VlV'lllJ fl 

i'U'Ii'flfl11lJ1'UnCl1~fllJl ii'l1'U1,rtJ~flflnlluun f)1'i m:: \l1lJ'Ii'Vl,jClU'U1 f1~ fl~llJi ~ff1VlI UUllflfl ~fl nff1'l1i' U V1'U Yl I'll 'U:: ~ 

Ulff'U 1 \lfi''I~() 111rl 

dj:'''''~ ". ~ A iIPGB : Prefer Group Broadcast [6] IlJ'U'IJ'U~()'U11i 1'Uf)1'im::1l1lJ'lJfll,lClffl'l1'iUlJ1'UYll'11'U::IYlflClfl ty'l11m'i 

'If'Utl'U'lJfl'lfftyQj1tll 1'Uu~!1tll~iifl11lJ'I1'U111U'U\1''1 !,f'U lJ~ntll ~lIlJn~ii 1 vi fftyty 1tll \I 'i Wi !~'U~'U POB \lnflVnlllJUlJ1 

A1~ "iI" c1Q A 1"lYlfl 'If 1'Uf)1'illn ty'l11'IJfl'lf)1'im::\l1V'lJflfl11lJ Route Request (RREQ) 'IJfl'l AODV 'Vllnflf)1'i'lf'U\1''l !'Ufl'lllln 'lfm'i 

m:: \l1lJIIUU Simple Flooding ~lJn1 'I1'Uflll:: ff'l'li'fltnllJ~mi'UYi 1 YllJ 1liH'Ii'fll,lCl1fl'l1'Uf)1'iiflff'U1\lff1'11i'unl'iff'l~fl 
" '1" "'tI QQ. 1" ~ ~ A'l 'l'IJflfl11lJ IICl::ff'lf-lCl '11 AODV lJ 'i::ff'VllifllYlClYlCl'llJ1n m'i'VI1'l1'U'lJfl'l POB 1'I1'UYl'il:: 'If'i::YlUfftytyltll'IJfl'lI'l1'Ufl!YlV'U 

U1'lJ1'Uf)1'ifl1'U1tllfl1l1Cll'ifl lflv 1'11'Ufl~fl~HH\l1n 1 'I1'UYl~'U'Vll'l (Source) lJ1nn11\l::iinCll'ifl~'Un11 ~'l,f'U1 'I1'Ufl~\I:: 
" ... ~ ~I'l dQ ...." 1"~1·

lIYl'i~fllJl\l'llJn\l::1 u'U I 'I1'UYl'VIU'i!1tll 'II flU'lJfl'l1'1 m'i m::1l1V POB \I'lff11J1'iflrlYl\ll'Ul'U'lJflfl11lJ RREQ fll u'U\l1'U1'U 

lJ1n 1I~f)1'ivl1'l1'U'lJfl'l POB v'I1liiitl'i::ff'VlllfllYl1'Uu~ntll ~iifl1llJ'I1'Ullltl'UU'fltJ lICl:: POB \lnflflnlllJUlJ11~fl1ii'Uf)1'l 
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:II, i ", A ... ~ "--3 ~ EAEP : Edge-Aware Epidemic Protocol [10] lu'U Iffj 'VlflflClfll'Jm~1l1£J'\lfll,jMHJ1'l1'l1t)(Hl I~Cll'l1'JU 

Ifl~fl~l£JH'Cl'l£JllUUllfl~lIflflU'U£Jl'U'Vll'l1'U~ ii~fl'IHll~ fll'J'Vll'll'UllUU Store-and-Forward 'I1~flfll'J'Vll'll'U fifl lrlfll 'I1'U~ 
~"~,, i',0 , i " ~ , 4 ", cl" ~" 0 , ,
ImU'\lflfl11lJ 'I1lJ 1'I1'U\9IIl~fI1'U1U1nCl1'Jfl I~£J 'If'J~£J~'Vll'llllfl~l 1'I1'U~lfl'lfW;!'Cl''I 'II'I~fl'lml'1£J'\lfll,jCl~lll'H'U'I'\lfl'l 1'I1'U~ 

1l1fl\i~lfl'Cl' 1'H'U ~~iinCl1'Jfl~'U~'1~fifll'I1'U~U~nUl '\lflU'\lfl'lfl11lJ fli'm1'tytylw '\lfl'l~hff 'I i'U'\lw~ ~flQi'U'tilmCll~fI fl £J 

"1 QJ ~ dd I jJ .A jJ.A "l o;v 0 t d A 'j)(I 0 I I 

I'I1'U ~1l~'Vllfll'J'UU1l1'Ul'UfI'J 'I'VllJ fll'J'Cl''I~fl'\lflfll1lJ1l1fll 'Vlfl'UlJl'U IlJfl'l1lJ~llCll'Jfl I'H'U ~1l~'UUlll'U l'U fI'J 'I'Vl1'Vlfl'U lJl'U 'Cl' 'I 

'li'flfl11lJlJlrll'U lUi 'I11r1 lfll1lJ,J11l~ltl'U ~ 1l~ih'li'flfll1lJJ'UI'1 fl 1l1fl'l1~flfll'J 'Vll'll'U EAEP 111'Cl'llJl'J(l'Vll'll'U1~u 'U 

"dd.,! A, :II ' ~ "'" ddd, A" 1 ," ~ 
'Cl'm'Vlln~ClfllJ'VllJUty'l11fll'JI'lffllJ~fllU'U'lfl'1'l (Intennittent Connectivity) l~~ mW'VllJ 1'I1'U~I'Vlfl'UlJl'U 'I1lJl'\lllJ1U'JnUl 

d.::i 'j) d cf 'j) 0 ~ A jJ t \Ii Ill) jlo;v I"I I I 

'VllJfll'J'Cl''I'\lflfl11lJl'Cl''JIl'Cl''UllCll ll~'Vll i '11 !'I1'U~1 'Vlfl'UlJl'U i'l1lJ'U'U IlJ !mu fll'J'Cl''I'\l flfl11lJ i 'HlJ 

cl " " 'I1'U'Iflf'li'Uu~nWI~£Jln'UM ~'Iri;J~Cl Mlh~~'Vl1im'Vli'Ufll'J'Vll'll'UCl~Cl'l 'UflfllllflU1l1fl [10] 'VlUl1 EAEP 'Cl'llJl'J(l 

fll'l1'U~Ylft'Vll;J i'U fll'J m~ 1l1£J'Ii'fll,jn 0fl.J'I U'I'J fl;JfU fll'J m~ 1l1£J'Ii'fll,jn~'Cl''J~ 1l1flfll1lJ'Cl'llJl'J(l1'U fll'Jri .:jfftytylUi '\lfl.:j 

~umru 1l~11:l'Ufll'J'Yl~nfl'lI~£J'I''U'Cl'm'Vlln~~mJ~ltl'U(l'U'U'Vll'l'l1Cll;JI'VhJ'U ~.:jmll\l~'Cl'1ul~11 EAEP \lflflflfllIUUI~fl 

'Vll.:jl'UU'U (l'U'U'YlH'I1nl.:j 'I1~flfllll Il~ 'Vll.:jl'U1~ll~u'U(l'U 'U 1'Ullifl;J IrlflYllllUllO;J~n fll'J 'Vl~nfl.:j [10] EAEP 'Cl'llJl'J(l 

o ~ "'" ' .l: '" A ... '1" . I ~ ~ 'i '" i '" i '" ~ 'Yll.:jl'U 1~~fll1 Simple Flooding lJlfl'Vl.:j'Vll'lm'UfI11lJl'lffl(lfl ~ lln~u'J~'Cl''Vl1im'Vlll~ 'lfI1Cll 'Ufll'Jm~1l1fJ'\lflljn 'I1flU 

'J(l£J'U~ril'U i'l1tYU'U(l'U'U'Vll.:j'l1nl.:jO'l 30 l'U1Vi ;.:j 111 'Cl'llJl'Jmh1uH.:jl'UnUU~fll'J~~fl;Jfll'JfI11lJl~1 lln~llllWh'\lfl;J 

DV-Cast : Distributed Vehicular Broadcast Protocol for Vehicular Ad-Hoc Networks [13] Itl'Unfll'J 

d A 1 '" , '" 1 ,,~ 1 cl i "'~ "'~ d ~ , , A Q ~ ~,Q

m~\llfJ'VlflflfllIUUI'Vlfl 'Hll'Vl'J'\lflljn 'I1flU'J(l 'Uu'JnW'H'U.:j'l '11 1~'JUlJlfl'Vl'1~ ~lflfJl.:jI'lf'U!lJfllfl~~U~I'H~'\l'U I'H'U~ 

11 I jI .<9 11) QJ ~ d OJ c: ~i 0 Q..I jI .d d .d 

\9Ifl;Jfll'J'Cl'.:j'\lflfl11lJl\9lflU I1J £J;J1'I1'U~'Yl.:j'HlJ\9I'Vl\9l1lJ'I1n.:jltl'U'J~£J~'Vll.:j 2 fl I n!lJ\9I'J fll'J'Vll.:jl'Ull~mftfJ'\lfll,jClll'VlW'Cl' lln~U 

flfl'U !~fl1'111'I1'U ~'Vl'J1UO.:j'li'fllJCl'\lfl;J,rlll 'I1U;JI!(l~Ylft'Vll.:j'\lfl.:j1'I1'U~!~fl'UU1'U fll'J'Vll;Jl'U \l~ll1l'lflflflltl'U'Cl'llJmW fifl 

• /) miU#n Im.J"'~1lJl1ri'.J#t)gjUJ~(J~j~t)mit) Il~ Hfll'Jm~1l1fJ1~mf'lnCll'Jfl 1'I1'U~~flQu~nw '\lflU'\lfl'lfll'J 

." 
m~1l1[J\l~iinnl'JflViff'U fll1 

2) mw#7lirfIJ I11'tm~llmri'.JU~n Imm#3.J 1'I.JnrrrnJ~'j.JrV'1lJ 1'I1'U~1l~1l'Vlj'li'flfl11lJ1,rnu1'I1'U~ i'UYlft\9lH 

'li'llJ'tl'UVi !~fl Ml'I1'U~J'Ulfiu'Ii'flfl11lJlln~ri.:j~fl i '111 'I1'U~~\9IllJ'I1 ~'I1'I1'U\9I~'U'V1l'l (Source) Viii'J~fJ~";l'llJlflfll1'J~fJ~ 

, 
." 
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Vd I" ~ ~ I ~ Q,.. QI ,. 'I I 9J d A )I deS 0 '1 " '1 l1lJfll'Jft''I~ VfI1llJlIUUl'lf11YlVllJlnn1l'Yh'lft'V'Il'lf1Vi'HllJ n'U llCl::; 111'U YI lJl'l'J1U~Vl.JCl~tl'l~ 
<JI 
VfllllJ l'll Vi V'U l1l'Ullll'll'll 11 

In Yliltyl1 1 '1 'Umru~ljfll'J ~lYl fll'Jl~tlll~m lJ'UllCll'U l'U 'I~1';'UI~Vlnl1 EAEP 

AckPBSM : Acknowledge Parameterless Broadcast in Static to Highly Mobile Ad-Hoc Networks [II] lll'U 

d ~ or or ", a ... 'l"~ ~ ... , 'I" d. or I"vnl1'U'I !Vi'J !l'lflVClfll'Jm::;lllV~Vl.JClVV1'lI'lftl()V YI Clll1'JUlmV~lV 'J ft'lVIIUUIIVYI !JvnU'UVl'UVill1'U::;l'll'll'llU I~V 'If 

~ ~. '1' ~ or d' 1"~ ord
l1Clnfll'J Store-and-Forward Cln1Jtu::;fll'Jl'll'll'U~V'I AckPBSM 'U'V)n"l'lfl'111Clll1'U'I111'UYlIl::;lJfll'Jft''lUflV'U 'Hnu !'H'UYI 

~ JI.,,\ '1 'jJ I <JI .d'1 .$Q QI 

lVitl'UUlU 'lHmv 'U\l::;lh::;ntJUYllV~lll'H'U'I~fN l'HUYlIICl::;fll'J~tJU'JU (Acknowledgement) 'lJV'I~tlfl1llJl'lI'H'UYlIVitlU 

iJ t II] 'jJ!U ~ 0 I .A '" 0 '1 "a " .o::!.i
Ul'UU'U IYI'JUl'l'l'HllYl ~lll'H'U'I~V'll'HUYlIViV'UUlUI)::;\ln'UllJl 'lflViVft''Jl'l Connected Dominating Sets (CDS) 'lI'I 

ft'llJl'Jmll'Ultu lY1vH'J::;V::;lh'l'J::;'H':il'lIl~Cl::;1'H'UYI IICl::;fI1llJft'llJ1'l() 'ufll'Ji'mhfftytyltu [12] ~i11'11"1'H'UYll'l'J1U hi'il 

, " ... '1 ' ~ :II' or d " , "d ,," , .. d
~'Uw'ltlQmv 'Un'llJ~tl'l CDS 'H'JtlllJ 'lI'I CDS 1l::;llJUn'llJ~V'I I'H'UYll'l~tl'lf11'J 'HlJf11'Jft''I~tl~Vl.JCllJlnnl111Jt)lJf11'J 

, 

'I I dol JJ , ~ d.d 'I" " do d Q A y ~ IVI 0 I" I 

lJl'llfll'Jft''I'lJVl.JCl~V 'lI'IIl::;ft'11l1'l()ClYllll'U1Un1'lft''I~tlfl11lJ 'U1I~Cl::;f1 ':i'Il'llJ f11'J m::; \llV YI tl~ 'U m tu l'llJ! Vi V 'UUl'U l'l 0'1 

ilihi'i'mYVfI1llJ ~1l::;1j fll'J~'I~tJ',r~llJUn~ Illn'll'U1~0 AckPBSM ft'llJl'J mll 'I l'U1uft' mViII1Y1crVlJ~lllu f11'J Il 'Jlllnr'l 

UUm'l'HCll'11lCl::;()'U'U'1'U1liv'Itl~nil PBSM 11ft::; DV-CAST [13] ~\lmhlJllmoul';ou 

1I~I~tJ'Illlnf11'J~l'llU'lJtl'l AckPBSM '1 'If'f11'Jrll'Ultul1Cl1l)lnlll'Ul'U1'H'UYll~V'UU1'UI~V~'I'Ii'Vl.JCl~V fl'lJU 

mru hf'UYI~1'H'UYI '1u CDS l'Hliv'Un'U l1jvlI,rtl~'1lilll'U1'HUYI '1'U CDS l'Hlitl'UnUll~VQ'1'UU~l1tul~Oln'U VVlJm tlf11ft'~ 

Il::;lj 1l1'Ul'U 1'H'UYlI~tl'Uulul'vhn'U llCl::;~l i ,rI1Cll~rll'Ultu 'l~ljtllll,i1n'U ~'IYlClI,rljf11'Jm::; \llO'li'tlflll11J'UVi~tJlJ"l n'U 

lnYlf11'Jm::; Ill0Jl,*tl'U~U111tu l~ 01n'UIll'UlUllln ~ 'IYlft MU'J::;1Yl'l imVi '1 'U f11'J~1'11U 'Utl'l AckPBSM ~'I'C1Y1ft'llJln 

• 

I ~ d ,., A d .l .d r. '1 ilq,I ,., .f I .d ~QI 

m::; \llOll~ft::;m 'I1l'l '1 'If'J::;O::;l1ClllJln~'U 11Cl1l'l! 'H'UYI 1'UVi'Ul'll'l'l'HlJYlI)::; mU'lJVfllllJll::; 'U'UtlQnUll Cll'J Vl'l '1 'If 1U f11'J 

m::;1l1011~'C1::;f1f 'I llCl::;1ll'Ul'U hop fl'lJ'U f11'J~'I~l'U 'li'Vl.Jft! YI o~ljnl'lnl'H'UYI~~'I H~l'1'HU1 ft'llJl'J()~lMf11'J~'I~ tl 

'li'VfI1llJ~l 'I ~'Vi''U'; llCl::; ftYl1llU1'U f11'J m::; 1JlvJl1'UU111tu f11'J~'Il~Vl n'U hi' 

, ,~ 

d '1 ,,~ '" "'1 ~ q ~ d '1 d '1 "'1- I '1' '1'"f11'Jm::;1l10lJfltl'U l1nUlVitl'UUTU 'U'J::;YllJ MAC Layer [19] 'I1UlIlV'Uft'U 1l11Cl1l'lQn 'If lJ llft::;ft''U Ilfll 'lflllO 

d.Q, J d <I'd "'" 0 'j/ , a I ~ A _~ d '1 
(Overhead) l'll nYl 'IJ'U ~tu::; 1'l'J () O'U~lJ f11'J m::; Ill0lJfI tl'U \ll'U1UlJlf1l~1\!lfl 'J tlmo 'lI'IllJtlllJ'J OUll'l OU~U1Yl~V'l Packet 'U 

f11'J~l CTS 11ft::; RTS ~llJlJl~'J!l'U IEEE 802.11 [15] lIft::;iif1tl'U\l::;hi'fI1llJtl91n~1'l~U1Yl'IJtl'l'li'tll.J'C1ililJlmrn ·n'Ui~o 

• 
* 



• • 
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'" ::'1 """ , " d d, i 0' ", ~ 0 i i " ';j ~ UU \J .:JllJ'Ul1i fll';j fll';j ff.:J '\JfllJCl'\Jfl.:JUfHnHl'U lff'U \J IICl~ 'UllJl 'If'illJfl'U fllHll.:Jl'U '\Jfl.:J 'Wi VI flflCl fll';j fl';j ~ \J lV'\JfllJCl 
~ ~ 

I ~ a 1-[",3 <val 1tJ'" .d. d iSJ d IQ,I jJ
flVl.:J1 'lffl(lfl ~ nll1';jUIfl'ifl'U1V l'jfflVIIUUUfl~ fHl flU'UV1'U'Yi111'U~ VllJfl\l::;lJ fll';j 'If.:Jl'UUflfl'UflQIICll 

• 
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• • .. .. ~ 

~l'H:l~ I-I m'J1-l!lli~ 'lJ!fi~ul1~flf11'J'YhHU~v-l1 'V'I'J l'Y1f1Vtlf11'Jf1'J:;~lt1'11V)Jtlmh-l!~v~V hfri1l15u!fI~V~1[J 'l f"'1t1!!UU!!il~HJt)flUlW1'U'V'I1l1'U:; 

PGB [6] EAEP[IO] DV-CAST[13] AckPBSM[II] DECA 

1P11mh1'UflWW~1'JilJ1hnJ~ 

ri.:J~V (forwarder node) 

I u~m)j'IJil.;j'UVUf11'Jf1'J:;'il1~ 

"'UVl;jtl 

I U~l1ilJ'UV.;j'IJVUf11'Jf1'J:;'il1t1 

"~V)J~ 

I U~l1ilJ'Uv.;j'UvUf11'Jm:;'il1[J 

" 'UV)Jtl 

I u~nilJ~!i:l\Jril'U!~VlJ~il 

'UV.:Jfl~lJ (Connected 

Dominating Set :CDS) 

u~nw ~H:jm1lJl1\J111U'U\1.;j 

nflmiiDflll1'UfH~.;j~il " .
1'b'f11'J1P1'll1tl1'JV 

" .1'b'f11'JIP1.:Jl1tll'iil II~:; 

tll\Jlwfi1m1lJtJ1'il:;Il'J'U 

" .1'b'f11'JIP1.:Jl1tl1'JD IItl:; 

tl1'UlilJfi1m1lJtJ1~:;!i:l'U 

" .1'b'f11'JIP1.;jI1~l'H) ll11.J~~'Um.;j l1~V ll1'U~ 

I '" ~I 'jJ dj

flD'U l1'U 11uW;l!~il fl 

I d ~ J 1 
nml1\J1-311tf1~'U'U 'Uf11'J 

SI I ~ 
f1'J:;~l~~D)J~!!~~:;fI'J .;j 

nm'Jil Utl:;n~lf11'Jn.;j n~l'JV IItl:;l1~lf11'in-3 l1~l'JV u~:;n~lf11'Jn.:j n~1'JV 1I~:;n~lf11'Jn-3 I1tl1f11'Jn-3 (propagation 

delay) 

m1lJ'1iu~D\J1\Jf11'Jtl1\J1ilJ 

!~DliiDflll1'Ufln-3~V 

I 0(1) 0(1) 0(1) O(n)) O(n) 

, '"1'i'l· Iflll1 'b' !'Uf11'jfll'U1WI1~1'jV ~ ~ I'j:;flU'UV-l'tY~~lW'il1fl RSSI 

. 

'J:;[J:;m;)'J:;l111-3 l1'Ufll!~ :; 

Il1'UflnV'Ul1U1 

' i 1'j:;fJ:;m;)'j:;l111.:J l1'Uflll~:; 

1l1'U~nil'Ul1U1 

i' I . i""'il1'U1'U~D.:J 'I1'UflI'V'lD'UUl'U 

. 

I· 1""'il1'U1'U'UV.:J 'I1'Ufl!'V'ID'UUl'U 

~ "C\f11Hlm~l'jv~:;tJfl1'b'llJV 
. 

Q.f ~.:::t " 
'Ilfl'lfI'J -l!lJt)lJf11'J'tY-l~t) 

" 'lJt)1,!~ 

t .d. d ,t 

'Ilfl'lfI'J .:J!lJ'VlJf11'j'tY.:J~V 

" ~t))Jtl 

::. ~.:::t I I 

'Il fl'l fI 'J -l!lJ illJ f11'J'tY ;j~ t) 

"~V)Jtl 

, 
Q,I ~ d I I 

'Ilfl'l fI'J 'lllJt)lJfll'i 'tY ;j~t) 

"'U'Vl;jtl 

~ d ~ I?I 
l'il 'V'I 1:; UJ VlJ f11'j !'b't)lJ~t)!u'\.j 

'lIl.:J'l 



·. .. . .. " -
9 

9l1'm~ \-\ 9l1'Jl"lm~1JIi1V1J'H~fHm'Yhm.j'IJfl'l i Yi'J i'YIl'lfl"fll'Jf)'J:::"'lV,rmJ'HlVl'1l~tliitl Mril'Hi'1JIl'ljtl~lV1~lY1VIl1J1Jlltlf1 iJtlfl1J'UV1'UYil'H'U:::(~tl) 

PGB [6] EAEP[IO] DV-CAST[13] AckPBSM[ll] DECA 

,(1.:Jmn1'U fll5m:::",lvij 

l'ltl'U (Beacon) 

11 i'lJ 'Ji1.:J11m91 llJl'l 11lJ 

'H'Ullltl'U'IHl'l i 'H'Uf1 

'YJfl 1 i'U1Vi 'YJfl 0.5 i'U1Vi 11 i'lJ'lh ,:)11" 19l1lJmllJ 

'H'Ulm.J'U'lJfl"ll'ljfl~lV ('r}fl 

\.5-7 i'U1Vi) 

" 1 '" 'lJtll;j!1f1lV 'U'Ul'ltl'U 

(Beacon Message) 

" "' ..'lJfll;j""'YiWlY 
" ....

'lJfl)J""'YiWlY 
~ t::Sd 91 

'IHll;j""'YiWlY 1I!1:::'lJflmllJ 

9ltllJ1'U (Acknowledge 

Message) 

o J. 3J 
"'1'U1'UIYifl'UlJl'U II"::: 

" ~1JflmllJ91fl'U'J'U 

(Acknowledge Message) 

QI .t!I I dd 
fll5'JfJ'I'J'Ulm fJ'II1V'YIlJ 

.'1 J, ~ 
u\\/l1l'Ulf1fll51'l1fllJ9161 'U 

l1"l'Ul'U 

'hj1'!i 'hj1'Ji 1111'; I'll 1'!i 
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'I1'U~'ilrlJ~ljl~ tJlh~~'Ifi'I'~tll.hl~W)I Yf~ l'I'lfltll'lff111i'U fll'J m~'lllJ,rmJCltl 01'11 ~tl (itl i~ff111i'U IfI~tl~llJ i ~~11J 

lIUUlItlfHJtlflU'U1J1'U'Vi111'U~ (Reliable Broadcasting on Vehicular Ad-Hoc Networks) l~tl~UU~'4'Ufllnh'll'U'\Jtl'l 
<:::;)0 odd I cu .<::lo d .K. .d.

mfll'J'I'llJtlQU'U'J~UU'l'j1'l'jtl~~'jIJ::: (Intelligent Transportation System) lIl'l~ltl'U'ViU!l'U'\Jtl'l1'Vi'J l'I'lfltll'lfll'Jlll'lfllUClIJ'U 

y dod. jI .JQI 

'\J tll,JCl'l'llJfI11lJ'11U '11tl'UlJ1fl'\J'U 

.. 
U .e!io.~ o.llC::t. .q v 

1.4 'U'\..!flt:I'\.m~~1fiflll'\.n.ml'l1ilU 

~ a'" ".l '" , 1" -" ~ _I "~i-I ... Q.d1) f1fl1l1l Ii fll'J m~ 'l11J'\J fll,JCl'Vi'U5I1'U U'Ulfi 'Jfl'\J11J 'j ~lIJIlUUIl tlfHJfl fl n 111'J U~ lJ mru 'I'll lJ UCl:::i'!flllllIi fll'l 

" ,<I '" 'I "d", '1,"1 ~ -" ~ '" , i"fl'j:::~l£J'\Jtll,Jl'ltl£Jl-3I'1fflOtl ~'I'llJflQ 'U lJ ~~U'U n 111'lUlmfl'U1£J 'i~llJllUUlltl~ ~tl flU'U1J1'U'Vi111'U~ 

ad ", <I '" 1"-" ~ .. , 1" ~ 2) tltlflllUUl Iifll'j m~'l1£J'Utl1:JCltl£J1'11'!rtlOfl ~ n 111'JUlfl'i tl'\JlfJ 'J~l£JIIUUlltl~ ~tlflU'U1J1'U'Vi111'U~ llCl~'ViIllJ'U1 '11'Vi'j.. 
'1 <1 1"1 ""''''1'' dl" 1"10l'I'lfltlClIYitl 'If 'Ufl1'l'l'l~~flUfl1'i'l'll'll'U'\Jtl'lfl1'lm~'ll£J'\Jfll,Jl'lIlUUI'lfflOtl ~~llJ'I'l ~tlflflllUU 1 ~IJ 

U'j::: flflU~llJ~'U\>lfl'U fll'j'iIllJ'Ul~'I~fl i U~ 

~ '1 d '1".l" ~ ".K 'I"'"Qa. ViIllJ'U11'Vi'j '11'I'l~llJ'I'ltltlflllUU lIUtl'l~'U ViIllJ'U1'11~Vi(j~fl'j'JlJ"tl'l'jOIJ'U~IlUU'ViU5I1'U ~llfllll''Ul'l1'1 

~ 'J 'III'I'l'U fll'HfI~fl'U~U'U'I'll'll1Cll'1 IICl~lff'UIIU1J\>ll'jl'll~flIl'I'l'U fll'jlfl~tl'Ull1J1J1Wi'ifl'l l~ml1lJ11,rj'U 

fl1'l 'I'l~~tl1J 1~1J,rfll,JClfll'l 111'l1'U'\Jtl'lI Vi'J l'I'lfltlCl Im:::ui'1JU1 'Iffl'U~ljfll'l 111'l1'U~~'ViCl1fl 
~ a "1" ~ "". ~ '_I <I '1 i <Ib. f1fllllj:.jClfllnlfl'il~l1 'U'Utll,Jl'l'llfl'\J'U~tl'U'\Jl'l~'U 'UllJlViIllJ'Ul~l'UlJ'j~flfl1Jtl'U'l'\Jtl'llVi'j 'I'lfltlCll'Vifl 

fI11lJ~lJ\!'Jru''U fll'J111 ''U~ tnVifll'i 'l 'l1 'l 'J 111 'I 'i1llJ'U 1'11~'Vi(j~ fl'j 'jlJ '\J tl'l'lO IJ'U~1J'U1~'U '1'11'1 i ~1Je)'1'1~'I 

~1 flIlj:.j'U~'l1 'I'Utl'lfl1-3I'11VilJ111'Um 'I'l~~tl1J lICl~1OU ,rfll,JCl fll'J 111'l1'U'\Jtl'l I Vi'l 1'1'1 fI tlCl 

c. '111 i Vi'j i 'I'lfltlCl~ Mi'1J fll'J'iIllJ'Ul'l'l ~~tlUU'UlfI~tl~lmhCltl'l~lj~flllru~flcr1£JfI~'lil1Jfll'i ~tl~1'J~1 'I 

'illJ'VY'lfll'J'i1llJ'U1 IICl:::'I'l~Clfl'lU'U~umru'l1 'I~lj1J1 fll'j II1JU~'U5I1'U ''Ufm'l'l~~flU fll'l111'l1'U 

3) llm1~"rj:.jClfll'Jl,r£J IlCl:::~1Uj:.jClfll'il,r1J
• 
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, a '" 1 '" II iJ I 0 Q,I o:!t I 1"
f11'l Fl'l~ 'ill(Jtl (Jl'll'iftlfltl ~IlUUl 'tItllJCl fIlllJl1Ull1UU ffll1'lU Ifl ':i tl'tll(J ':i ffl(Jl1 UUlltl ~BtlflUU (J1U'Vlll1U ~ 

(Density-Aware Reliable Broadcasting Protocol on Vehicular Ad-Hoc Networks: DECA) \jfltltlnllUU i~(J~hu'l~'Itr'il\i(J 

'(Yltl()! 3 U':i~f11':i ~'Iti 

... '" '" dI dt _I ~ ~ ~ • i i1) fllUJIVOOt) ~ (Reliability) 'HIUU~~U'l~ff'lfll1Clfl LUf11'l1'l1'11U'tItl'l 'Vl':i l'lfltlCl 

''i'" d Q .t " .. dI .. , A '1"2) fl11'HJ1£l (Overhead) l'llfl~'tIU'illflnl'lm~'ill(J'tItllJCl 1 lC\~fll':im~'il1(J'illflUfltlU91'1lJ~Cl~tl':i~UUntlffl':i 'l 

.::set Q,I I 0 Q,I 

ffl(Jl1UUlltl~ !ltlfll'llJl'l':i 'Vl(Jlm ~)(Jl'1'illfl~ 

~"II ck.r::::l..::s d ~ 0i"'jI ~d'3) fI111l1'JlIUfll'lIl'l::1l1£l,.t)JJll (Speed of Data Dissemination) 91'1(J'IlJfIlllJln\T'I(J'Il'll l1't1tllJClUUlJfI1lJlfl 

.t . , i" Q i ~ ~".. ,..t
'tI'U IICl~ff'l~Cl l1U':ifll':i 'U':i~~Ur:! l'iflJfl11lJlIlJU(JllJlfl'tlU 

, 'U U l'l ti 'il~ f)ci 11 ~'111U 1fl ~ i 'U f)n tltl f)1I U U i'Vl ':i i l'lfltlCl 11 rl'flfll':i vil'l 1 'U'tI tl'l i 'Vl'l i l'lfl tlel IICl~ fll':il'l ~ fftlU 

fflJ'l':iflU~'tItl'l i'Vl'l i l'lfltlCl iu i UmmlJ1i'lCltl'l1fl1tl~1(J NS-2 iUfffl1'Vlnl':i'il':il'il':ilffUtl'U 'il~ 'IU'UII~'U~tldl'l~l(J 

2.1 u'U1t)~1'Ufll'H)tlflUlJlJ 

.,3 ~ ii' a '" iII" "" '.,3 ~ ... , 1"nl':i tltlnllUU n 111':iU 'Vl':i l'lfltlCl nl':im~ 'ill(Jtltl1'lI'iftlfltl 1~IIUUl'tltllJClfl11lJl1Ulll'U'U nll1':iUlfl':itl'tll(J ':iffl(J 

IIUUlltl~Btl f)U'U (Jl'U'Vlll1U djll'U 1fl~ i U nlHltlnllUU~'Iti 
d'r:v Q,I CLI IV:' i dd.A" J/ iQ,< d" 4 

• 'jfItJlJ~lJn'iJ:::'iJ1JYlJn1Jl11lJn'1lJ1JlJfllJlJ ~'1'U'U f11':i ICltlf) l1U~l'llJl 'Vltl'UU1'U'ltlU'tIH\T'I'c1~ 'U f11':i m~'ill(J 

,rOlJCl dtllJ'il~ vill~,rOlJCl,xUfl':itlUfl'llJ\l1'U1U i 11'U~ 1~lJlf)f)'"hil1'U~g'U'1 IICl~11~m~(J'lfi11 ,f'~ltJ~'il~lfi~~'U 'illflf11':i 

m~'ill(J~liUU~llrul~lJI'V;tlfl':i8Ufl'llJ1i'1'U1U i 11'U~~1 'Vi 1 n'U 

dtf jI J lev Qlt c:s..d " !iii 
• flJ1lJl'iJ mnrm'l":::1J1tJ'IIV'JCl'lllJvgn1JlJCl1'H) (Waiting Timeout) ~'1'U'Unl'll1ClnlCl(J'Inlli'if'll'Ul'"J(l1'ltl 111 

" d , ",.d ~ :, 1" I ~ 0 "IQ I 0 iJd .. U~)(Jl'l'c1~'il::ffllJl'lflft~fl11lJ(l1'ifl1'1'il~If)~'tI'U 'Ufl1'lm~'ill(Jll~el~flH ~ ff'l~(l'l1 nl':il'll'llU'tIO'l i 'Vl':i i l'lfltlftl'll'll'U I~In 

.t 
'tIU 

~ • d", ~ ii' a '" 'I" "" '", ., ... , 1"11 ftflnl':i l'll'l1'Ul'l n lflUJ 'tItl'l 'Vl'l l'1f1tl(l nl':i m~ 'il1(Jtl(Jl'lI'ifOfltl I~!IUU'l'tltllJ(lfl11lJl1'Ulll'U 'Un 111':iUlfi ':itl'tl1(J 'l 

1) Store-and-Forward: nl':il'11'l1'UIIUU Store-and-Forward l'VlO'ltl-.1':iUfllnll-.11'U 'Ufffl1'Vll'llJnl'lI'iftllJ~tlIu'U 

u ~ ~ 

ffl(Jl I U UII8~!lO flU'U m U'Vl 111 'U::U':i:: fltl U ~1 (J'Chu ~1'l'1 ~'1 ~ tlI uti 

• a ~ ., d'" a ':'1 

'li1 'I '1 ~lfi~~'U l1 ~tJ tl (J i ~ (J i l1Ufl ~M1'u,rtl fl11lJ'il~ I~u,rtlfll1lJ,xU111'U 111.11 (Jfl11lJ \l1'il'U fli 1,rtlfllllJ,x'U 'il~l1lJ ~mQ 

i 11'U~~I f)U,r8fl11lJff1lJ1'lmi''1~8 'lYtlfl11lJ,x'U,~IIni l1U ~IV;8'UU'lU~ 0'-.1 III 1~1'u,rtlfll1lJ,x'U I~ 
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1".. 1 " ..I" • Id" 1'i'l2) Beaconing with Adaptive Intervals: fll'l 'If'IJrl'U'U 'Ufll'lfI'Ul'I'lJI'VH1'UUl'U lI(lf1llJ(ltJ'U'Utll;jCl IICl~ 'If !'Ufll'l 

9l'l1\lTI'tl'IJl11'1i'mnllJ~ri'l 'hj'I~1'IJ i~tJfll'lll(lf1ltJ~tJ'UiJt'ltl'U'il~lnfl~'UIl1tJ1 'U'l~tJ~fftytylru fll'l~tlTI'l'l'Utl'l i l1'U~ (I-hop 

neighbor node) i ~ tJ'l~ tJ~nm1'U fl1'lff'lTI'llJl'lfltJ1'IJltJ~tJ'U Ll~911lJfl11lJ'I1'U1IIU'U 'Utl'lIt'l~tl~ltJ'Uru~tT'U (Adaptive 

Beaconing Intervals) 

3) Prererred Node Selection Algorithm : fll'l1l1"i'l1'U~~'U'V1l'l'l1~tl i'l1'U~ritl'Umrl (Source/Precursor Node) 

11:I'U~nl'l1'U~ i 'I1'UfI~'il~ff '1~tl'li'tlmllJ i ~tJl ff'l1lJ1tJ1Cl'Uml'll~'Utl'l i 'I1'U~ (Node 10) II'U'IJ 'ItJn'IJ'Ii'tlmllJ~ff'l fll'll~tlfl 

i 'I1'U~ff'l~tl\l~I~tl fl\llfl i 'I1'U~~ijfl11lJ'I1'tnIlU'U'lJ1nru tT'U\Y'I~"1~ (~1'U1'U i 'I1'U~I~tl'UU1'UijlJlfl~ "1~) l~tl(l~~1'U1'U 
flf'11'U fll'lff'l~tl'li'tlmllJ l1~f1I~ tJ'Ifl1'lff'l'li'tlmllJ'Ih1'U 'lJ1L1ru L~lJ IICl~ '11~ f1I~tJ'Ifl1'll 'li'nm'ltl 

4) Waiting Timeout Calculation : i'l1'U~'il~l'li'fll'l;mCll'ltl (Waiting Time) 1I'IJ'IJ~lJ'i11'l11'IJ'lfl i'l1'UfI~'Mf'IJ 
'li'tlfl11lJ 1 mJ~ ilihi i '11 'U fI~\1f11~ tl fl m ru ~ i'l1 'Ufl ~ \1 f1I~ tJf) ili'Vll'll'U '11~ tlij "[ '11 'U fI~1~'UII091Tril'll'UtlQl 'U 'i~ 'IJ 'IJ i 'I1'U ~ 

t'UTI'llJ1'lfiff'1~tl'li'tlfl11lJ 1I(l~I~tlfl i 'I1'U~ff.:J~tllmj'illmltJ;1tl1~tl'UU1'U'U tl.:J "[ 'I1'U fltT'U"lLtl.:J 

~'QJai d'J,J OQJ a<jJ a jJ.:::r. ,., d Ii 

'lfltJ'U91I191(l!:fI'Ul1'ltl 'I1'UfI\l!:lfl'IJ'Utll;j(lTI'lflty 3 'II'~ fltl 'Utll;j(l'Utl'lll'ltl'U'IJl'U fI1'Utl'l'Utlfl11lJ'Vl'il~\1flTI'~91tl 1I(l~ 

'li'tlmllJ~ri'l ili'l1lJfltll~ 
., d".1 " .1· ~ i '''[ ..I 1'i'lI) 'IIfJ1J"'IIfNlrtfJUllnJ 'il!:lJ'l~fl'U'lJfI1tJ'I1lJltJ1Cl'UlJ'i~'il1911'Utl~ 'I1'Ufi fl11lJ'I1'Ulll'U'U'Utl~ 'I1'Ufi L'VW 'If l'Ufll'l 

I~tlfl i'l1'U~~'il~ff.:J~tl'li'tlfl11lJ 
~ jI e:i "d 'j) ~ .:i." tl""J'1"d.:::;S 9.1

2) flJ'IIO-J'VOflJ1JJYliJ::fJncr.:JmJ Lll'U'iltJCl~WtJfI'lJtl'l'\JtlmllJl'I'itllJ'Vl'lnm'Vl\l~TI''1'IJtlmllJtltlfl tJ m'U 'lf1'VW 

'itll1(l1~'Ii'tlfl11lJtT'U 'il~\1flff.:J~tl 1I~1'Umru ~ i 'I111 fI'IWl'U i 11'U fll ~tl'UU1'Uff~ 'li'tlfl11lJtT'U Otl'U 'li'tlfl11lJ~'il~\1fl(l'IJtltl fl'illfl 
~h I~tl(l~~1'U1'U fll'iff 'I'll tl~'Ii'tlfl11lJl~lJ1'U'lJ1I1rul~ tJ1 n'U ~~fl1'IJtl'l'li'tlfl11lJ~\l~\1flff.:J~tl'lli";'I1U1tJmllJ~1~1,nII fll'i 

d V .& d,.. t 1IS1 I '" ~ 
Ifl'IJ'\Itll;j(l 'I1'l\l~lfl'IJ'lJtlm1lJ'U'U h\l'Uml'\ltlfl11lJ'U'U'I1lJ~mQ 

jI d~7' 0$1" ~ • ..11"1 '1"~• 3) 'II0flJ1JJYltJ-J JJ11JJ~f)1fJ \l~\1f11fl'IJ 1911lJ'I1(lflfll'l'Vll'l11l1l'IJ'IJ Slore-and-Forward Il'Itl 'If 'Ufll'iTI''l l1fl'IJ 

i l1'U ~ L~tl'U Ul'U ~ U'I'Ili1'IJ'Ii'tl1,!(lm ru~iJflm;1tllJ~ tl11:l'U ';''1"1'1li~ tJI rltl'l 'Ii'tlmllJ'il~ \1 m~'IJ 'il'U f1'll'1i'tlfl11lJtT'U \l ~ 

'I1lJflmq 

.1"" OJ ~ 4 OJ2.2.2 fl1'HllHlIlJt'I[J'U'\IcnJ,nl1n!l1'U~I't'U'lnJl'U (Beaconing) 

" i ..I" i Y .Id Y '''' .lI .0 '" "i-I" ~ '" 'IJtll;j(l'\l tl'l 'I1'U flll'Itl'U'lJl'U \l~ fl 'ill flfll'lll (l f1IlJ(ltJ'U '\Itl1,!(l fjl'U'lJfI tl'U 'I1'l'\lY tl1,!(l'Vl'il~ lJ fll'lTI' '1fjl'U lJl'I'itllJ fl'IJ'IJ­

fltl'U tJ'i~fltl'IJ~,tJ 

fl11lJ'I111111 U'U'lJtl.:J~'U~1 'U'lJ1nru 'IJtl-J il1'Ufl i ~w1'U~~'il!: 1 'li',)'1'U1'U '\Itl'll~tl'UU1'U 11:I'U'Ii'tll;j(l~Hl'Ufl1'l 

I~tlfl i 'I1'U fI~'il!:ff-J~tl'li'tllJ(l 1'I1'U fl~ijfl11lJ'I1'U1I1U'UTI''lTI'fl'il~flf1I~tlfl
" 'U q ~ 

" .01 V<v 'JI d I'JI II 1 II ..
'i 1tJ fl1'l '\I tl 'l'IJ tlfl11lJ 'Vl fl'i 'IJ tJ 'i ~ fltl mn tJ 1'11 'U fl 'VllIl'l 'l 'IJtl fl11lJ 1I (l~ '11lJ1 tJl (l 'IJ L\ll'I1~ '\I tl.:J '\I tlfl11lJ I 'lfll'ltl 

, '" Y .0 ~ "I 'i Y~ ... "I ' d 'I Y~ '1' d 1" d " ..I9l'l1\lfftl'IJ11lJ'lJtlfl11lJ'VltJ'l!lJ fl'l'IJl1'ltl IlJ 'iltJfll'l'\ltl'lfl11lJ'Vl fl'i'IJ\l~ lJ\1f11fl'IJ(l'l 'U'lJtll;j(lI'VW'U'IJl'U IlJtl 

• d 
'Vllfl1'i fl'i1 'ilfftl'IJ Iff'i \l\l ~ \1 fl(l 'lJtl tl fl 

• 
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') gJ 0 d 0 ~I 'jJ q d .c:4 ~ v A 11 lil '" d d ~ ~ dd 
'1Hl'l ll1U~U~tJ fll'j'V11Uflt)U'0111JU'O:::91tNlJfl11lJ(ltPIYHlll1~llJl'j(l~UI~~UU1U l~I'j1'Vl'lj~ 1m::: lUfll'jfl'jWYllJfI11lJ 

l1U1IIUU~'l fllHhuflt)U~fl11lJ~~'l'il:::rit) Mlfi~UW111fll'j 'lfU II Cl:::ff'l~ft~V1.h:::ff'VInil1WIJ~'l1~'j1 'VIflt)Cll~ fl'lI'liU'U 
~ ~ u 

fl'jwl~u~ 2-1 ~'lII~~'l':hfmvhufl~U~fI11lJ~~p IIlfl1'il:::,\,"'11'1~'j 1 'VIfI~Clr.,rm;!Cl~viu~lTtJ91Cltl~I1ClllI~ff'l~ClI~tJ~~ 

fm1'*'llU YI i'~ tJl fl'j ~r. m;~ Eimi1n~ UWl11 rll'j'I1U rll'j'IJ ~ 'l,r~lJCl 'Vil'l1'r.~lU1U fll'j ff'l~ ~,r~fl11lJ ~'l ~Ulrl VI Vi [JU nu 
'U U '\I <II 

d.d ~ I 

fI11lJ(l'VI911fl11 

500'-'-'~--~~----r----.----------.---------~ 
B a . n IntelVal(s) • 

• Q) 
OJ 

m400 
<n 

~ 
~ 
.§ 300 
<n 
III 

E 
III 

]'; 
C 

'" 200
iii 
." 

'0 
] 
E 100 
::l 
Z 

-A-- O.l 

~0.3 

_ 0.5 

-. -1.0 
- • - 1.5 

- " - 2.0 
-0- 3.0 . . 

· -+- · 5.0 

-*- 7.0 
-x- 9.0 ... 

.. . .. -. , . . ... ... .. ... . . 


• 
-L L­O~~~____ ____ __~__________~________~ 

02 6 10 20 30 40 60 80 

Vehicle Density (veh/km) 

• 
Cl~fh''*~1[J~ln~~U'j:::1111'lrll'j'Vil'llU'Il~'l1~'j1 YltltlCl M 1~[J~fI11lJU11~tl{it)'Olrlfll'jfl'j:::'OltJ'Ilt)'l1 ~'j1 'VIfI~CltT'l)JfllIYh 

l~lJ ~llJl'j(lIlU'lfl11lJl1U11IUU'Iltl'llfl~~~1[J~ln~MI~u 2 lh:::lfl'VI fi~• 
J) fl11lJl1lnIlUU'Ut)'Ih1'U~ l11rl)J 1l1U1'U l11U~l1U1UUU iuu'i I1WtTU 'Odhi'1U1UUfltlU~l'U1UlJlrl ~'lIY;lJ 

1t) fll~~ 'il::: In~utlJl11 fll 'j'llUnu 
2) ~lU1U,.M,JOfl11lJ~ijm'jrl'j:::~mJ 'uU'iI1W~)Jfll'jfl'j:::'OltJ,rt)fI11lJt!'l Eit)lJ'Vil'l1'1l1UlUfll'jH'VIr~tJlfl'jlU 

.l dd. d.do de.l d <lI

~U'VIlJt!'l 'II'l1~1.I1tlfl1~YI'il:::Ifl~i!tlJ111fl1'j'llUl'llUl~U1rlU 

I d .Q.t 1 <!I .o::!i.r IG.' '1I .
fl11lJl1U11IUU 'VI '0::: Irl~'IlU U fll'j '0 'jl'O 'j 'Iltl'll fI 'jt)'Ill [J'O'l'llUtl QrlUfl111.l11'Ulll'UU 'Iltl'l 11'U~ IICl::: '01U1'U'Iltl'l 

,rt)fI11lJ~mm:::uu ~llJl'jm:U[Ju~Qlu~u'lltl'l~l.Ifll'j!l~~;jfllfl11lJl1'U1IIUU'Iltl'llfl1tl~1[JMfl'l~l.Ifll'j~ (1) hwM d 

a I 40 ") a ao "'.al j,I "1
fit) fI11lJl1U1II'U'U'Il~'llfl'jt)'Ill[J n fI~ 'illU1U !l1U~I~t)UU1'U m f1~ 'ill'U1'U'Iltl'l'lltlfl11lJ 'U'j:::uu, WI IICl::: W2 fI~ fIl 

fh-:n.hl11.Tfl'IHl'llllU 1U111u~ I~t)U,jlU IICl::: 1l1U1'U'Ilt)'l,rtlfl11lJ1m:::UU911lJi:i'lflU 

•.. 
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d = (WI x n) + (W2 x m) (I) 

'lf1'1mnrlnlfu fll'J?! -.lUfi tl'W~Jj nTHU~ [J'W II UCl'l'illlJ fl11lJ'I1'W11lt.h.!,\HI'llfi j tl~l[J (Adapti ve Beacon Interval) 

'ff1lJ1Hl 1'lf''fflJfll'J I ;f-.ll ~'W tl dl-.l~1[JlJ1l 'If'1 'W fllHll'W1Ul ~ 1~1 'I1lJ l::;'fflJ l'il [J1 'If'~ lfl11lJ'I1'W11I'U'W'\Jtl-.llfijtl';lm~'Wpi1fil'l1'W'il 

IICl::;Jjfl1'Jfill1'W'il'lf1mCl1~'W~'ilIlCl::; [J11~'il I~tl1'11'1VI'J ll'lfltlClrJ-.l'ffllJ1':1 f)'Yhn'W Mtldl-.lJjU'J::;~l'l~fl1V1 llCl::;'fflJ'J'Jf)fl1Yl 

fI-.ll~lJ i~[JflfllHi1'W1Ul'lf1-.lnCl1Iluurl11 fl1'Jri'1'W1Ul'lfl-.lnCllUfui111UUI;f'lI~'U (Linear Adaptive Algorithm: LIA) 

fll'Jri'1'1J1Ul'lf1mCl1Ufui1IlUUI~-.lI~'U (LIA) 'ffllJ1'Jf)tl~1J1[Ji~'il1lJ'fflJfl1'J~ (2) l'il[J T ~tl 'lf1 ,mCllrl1'l1fu 

fl1'j'YilUfltl'Wflf'ltl'il iu Minlnv ~eJ 'lf1mCl1~'W~fl c 1~'W~ljN~1'Wflm~lJ'lf1mCll d fl11lJ'I1'W1IIU'W'\Jtl-.llfljtl~1[J 1m::; 

Maxlnv ~tl 'lf1mCll[J11~'il 'ffllJl'jmhlJll:U[J'Wf)'j1vlM'illlJlU~ 2-2 rmri'1'U1Ul'lf1'1nCll'il::;'tl1mi-.ll)lflilfll'Jm::;'il1[J 

[u8vo '[ umf1 II"'::; 'il::; 1'lf''lflmCll~ri'1'W1Ul 1~1~'WnCll~ 'il::; II Yl-iUfltl'W 1 'Wflf -.ltlfl i U .. 
T = min(Minlrrv + (c x d), Maxlnv) (2) 

Beacon Interval : T 

Maxlrrv 

Minlrrv 

Traffic Density: d 

~U~ 2-2 fl·HvllI'ff'il'lfl1'jri'1'U1Ul'lf1m"'lUfui1I1UUI;f-.lI~'W 
• 

4 1 "" 2.2.3 fll'JlatHHl1'U~iHfltl"tlfl'lUJ (Preferred Node Selection Algorithm) 

<) a d j/ <; .d d " a ~ dQ l.d 
fl1Hlln'WllJeJl 'JlJ fll'j m::;1l1[J'\Jtlfl11lJ I 'I1'W 'ill'll 'JlJ'il'W fl 1':1 m::; 'il1[J 'il::;mtl fl I 'I1'W fll'llJfl11lJ'I1'W 11l'W'W \1-.ll'l ~'il'il1 fl 

,j'tllJClI~tl'WU'l'W~lnU i1' 'il1mr'W~-.lIl'WUl'IlJlmCl'\J'\JeJ-.l1'I1'W'il,x'WVI~tllJflU?!-.l,j'tlfl11lJtltlfl 'lu 1'il[J1'I1'W'il~ Mfu,j'tlfl11lJl!'W 

IIii'1V1Ul1i11tl-.l1~'W1'I1'W fl~ \l flI~tl f) n'il ::; 'Yilfll'J If;tl f1l 'I1'Wfl ~fl11lJ'I1'U 111 U'U~ -.l~fl'illf)'j l[J~tl'\J tl'li1W-.l IIii'111 'W U 

'\" :: "t _I ~ ., 0 0., i-I J. ,x Q ~ 0 ~1 Q

'I1lJl[JI Cl '\J'\J tl'l I 'I1'W fl'U'UCl-.l ,u f)U '\J tlfl11lJ f) tl'W 'ff'l '\J tl f111lJ tl tl f1 u C)f-.l m::; U 1'W fll'j 'W 'il::; I f)'il '\J'W 'il 'W fl11'j f) [J'W 'il 'W U'J nUl 

i ~fu,j'tl fI11lJ,x'W i'l'l1lJ 'il '11j tl,j'tlfl11lJ,x'W 'I1lJ'il tllQ 

http:11tl-.l1
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ltl~ 2-3 Uty'H1fll 'HatlflGlh 1f1P1~lJ iP1[J A latlfl l'HlJP1 B l~lJ i'HlJ~~ff~~tI.,rmJn 'U1mrlJ B ~~lft{Jfl i'HlJP1 C 

1~'U i 'H'UP1~iji'l11lJ'\1'Ul11lh.j\1T'l'P1~ 'hJ''lfi'H'I.jP1~ff~fitllJ'HUl (Precursor Node) 1l~1~{J C l'i1fll'Jlft{Jfl1'H'UP1' 'U .,r{J'l,jn 

J 

.. 

I 1$1 d d~~ 4 d ~ IlJIO do .::::...Jl",A
f)1'J9f{JlJll9flJ fllHY~'IJ{Ji'I11lJI1I'U m~U1'U fll'J 'VIlfl~'IJlJIlJtI i 'H'U~'VI~f)lCl{Jfl llJ'VI1'11'U~ llJ'VI fll'H'U ~ lflP1'IJ'U P1llJ {J 

I flP1'Ulfl 1'H'UP1~111'UllriIl11 ~~Mfu.,r{Jl'l11lJ Uci'l llil'i1fll'Jff~.,rtlI'l11lJlrlJ~tl m::U1lJ fll'J'Ji{JlJll9flJtT'U 'U::I flP1 ~ml'UVi 

'Hrl'~'iJ1fl~ I 'HlJP1~1li''If I 'HlJfl~Qf)latlflI rl'fU.,rtli'l11lJ ''Hlil'HlJfl 'U~ ;'111 nl1~tl'J {J fll'J ff '1.,rtlfl11lJtTlJ~1~ fli'lf'I ~~'H1 fllj 

fllH1 ~.,rtli'l11lJtT'U~1 .,r{Ji'I11lJ~1:J fl;~11nlIi''U~~ flnUflflfl'Ulflfl1 1l~'lJmru~1'H'UfltT'U llil~lJf)1H1'1.,rfli'l1111~1~ fll'lf 'I 

'U'U m~imnl'J {J~;'11 i''Hllfl 1 '\1'Ufl'iJ~l'i1fllH1~.,r{Jl'l1111tT'U~1~ fll'lr~ Vi~fllJlf~lftflfl1 'HlJfl~'U~ff~~tl.,rfli'l1111 'mJ'Ulfl 

o Y :. Co 

11 ~ 'VI 1fl 1'J nU'IJ tl 1'1 1111'U 'Utlfl fl'iJ lfll'l1 

• l~tH'iJ 1flrl'mlru:: IU Vi 1:: 'IJtl~'JtWlJ ,)~l'il1,~'tf1flfll'JI~tlll~tlI1J'U'lf1~"l' rl' ~'1tT'U fll'J1 'li'UI'I {JlJ~'1TI'111 l'J t\~'J111TI'tlU 

lrl'I~{J I 'H'Ufl lrl'fu.,r{Ji'I1111 'bjmu 1 fl(J~1'H'UfltlJ~ MfuUl'lfllJTI'llJ1'J t\\9I'J1 'UTI'tlU M11.,r{Ji'I111111Vi~ lfl~ I 'H'Ufll~{JlJ 

1YllJiJ'I '\li1rl'fu nlJlf~.,rtli'l11lJlfl~\9IlJm~iJ~ lliMful'If'UtilJ 

I ~I d.:::s '" d ~ 0 I '" ,.. .:A",. ..A -d.1fJ 
I1nl'J {J 1 ~tJ fll'J '111 hI 'U fl'VIllI1Cll'J {JW) (J'VI ,!fll'l'11'UlJ 'U:: '¥l1f)1'J TI' 'I'll tl1'l1111 1 'H I 'HlJ fll Vi tl'U UllJ 1'H 'U fltllJ "l 'VI 1fl [J'U 'iJ~ ClU 

SJ C/o I <JI .:::s~.d I 'j) " a d I '" .A "1
'II tli'I1111{J{J fl 111 fli'l1 1'U fll'.i TI' '1'IJtlI'I11lJ llJ m ru lJ 1 'H'U Yl'VITI'~ 'IJ{Ji'I11lJ 11:: lJ Infl fl I'H 'U fl 'VI 'iJ:: TI' ~\9II {J'IJ tI'l,jn IlJ ~H 11 1 fl 1'HlJ fl 

- m ru ~ 1 '\1lJ fl ViU 11\91 'UI tI'IlJ.,rfl i'I11lJ ~ '\J lflI tl 'iJ ~ ff ~U fl tllJ vllJ Vi I~ tI 'II tI f 11.,r tlfl11lJ 'iJ 1 fl 1'H 'U fl ~ ij.,rfl!'l11lJ ~ 

\9I'Um~ lliljtl~ fitllJ~ I 'H'UfltTlJ 'iJ~'Hl[J1tl 'iJlfl11~l1ru tTlJ 

• 
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Beacon 

Add neighbor's 
information (id 

and density) to 

neighbor list 

I miss 
message 

Send my 
own beacon 

Receive 

a Packet 

Reliable 

Store the 

received 
message 

Add to Broadcast 
list and set a 

waiting timeout 

Timeout Expires 
,--_---%._--, 

Rebroadcast 
immediately 

Yes 

Delete from 
broadcast list 

Yes 
Select ncx:le with 

the highest 
density from 
neighbor list 

Append the 
selected ncx:le 

id to the 
message 

2.2.4 fll"irhU1Wnill'H) (Waiting Timeout Calculation) 

VI.:! 111'Ufl~~~ri.:!.,rvmllJ~V ll~i'Umru~ 'hjinl1'UfliflIlVii.,rVfl11lJJ'U ~.:!V1~~~ ln~ i,ft'Umru 111'Ufl~~fH~VfHtl~(J'U 

~llll1U,:! 11~ mnflfl11lJ ~flVirnfl1uri.:!.,rVlJ Cl l1~vm ~ ~~ ltJ'U lfl~mh(J~ii1l1'U fliliull n"1V ~ l11u fl~iiI1Cl1'iV~'U fffl~~ vh 
~ ~. 

l1,rl~ri.:!l?lv.,rvmllJJ'UllVI1.J ~.:!J'U"i~ (J~I1Cll~ l11Ufl~~~V.:J"jvJu~.:!iimllJrllrlty~Vtl"j~i1'Vl ~mVi'\lV.:J1Vi"j 1 'VlflVCl fiv 
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mru~lhn'j,,f''ll'Uni:nH) IIU'lVVfH1:l'U 2 mru ~V IrlV 111'U~~\lfll~Vf)'hhh'l1'U ~.J~f)ci11',j'1.J,j''U lIo~f)'jru~ 

111'U~IYleJ'Uu1'UihrVfI11lJ~5.J"lul~flJ ~.J.J.J 2 mruiJ1lim'jtl1'U1U1no11';'UI~tr.lfl'U IrlV.J~lf) 111'U~''U DECA 'Vl'jllJ 

,j'mJo'UeJ.Jfll1lJl1'U 111U'U l1~mi1'Ul'U 111'U~HYleJ'U Ul'UI'Vinr'U ~.JJ'Ul11f) 111'U~~iJ\11'Ul'U IYlV'UU1'U~ff~'rl1mH1'l~V 
~ . 

J.I 0 Cl iI~ ~ ttl).f 9J QI ~ I) 

'UVl,jO \l ~'Vll 111 IVmff I'U m'jf)'j::;~lVfl H'U'Um VlJ !'I'llJ 111'U ~ \l1'Ul'UlJ1f)'U'U m V ~.J'U'U m'ji'll'U1U1 1101 'jV\l'.J"l'~ II~ 

tl1'Ultl11 ~(J'M'111'U ~~iJlYltJ'UU1'U\11'U l'UlJ1 f)~ Il01'j vJ'U~ "l'~ IYlVtlV.J r1'U m'j f)'j~1I1(J~ Ilml~ tnr1'U~.J' ,f'm'j ~lJfh 

''U';1.J (C, Tmax) 1~(J~ C iJfi1!1:l'UffV.JI'Vil'UV.Jfi1l1m~H''Uf)1'jri''1 (Propagation Delay) 1I0~ Tmax 1~'U1101'jV\l''l''l'~~ 

tl1'U1U1 Mil1 f)\11'Ul'U 111'U~IYlv'UU1'U ff1lJ1HlVll1J1Vm'jtll'U1U1 'MIIlf)f)Hvl''U~tl~ 2-5 

Max. Waiting 

Timeout : Tmax 


Number of
C'---------......;".- Neighbor Nodes 

~tl~ 2-5 f)'jl~lIff~.Jm'jtl1'U1U1l1m'jV\l'.J"l'~ 

''U~tl~ 2-611:l'Uf11'j'Vh:n'U'tW1f)llUl~tlf)~ IrlV 111'U~ s ,j'V'If11'jI~lJ,j''UlI'Yd,j'Vl,joVVf)"ltlll1'U~ S iJ1'\1l.1~ A, B, 

:11 'i a" 't 0< 01', " :II 'i do< , ~ :: , ".. '" C l!o~ D lu'U !l1'U~I'YW'U1J1'U 'UmUl'U 11 D lu'U 111'U~'VllJ!'Il1lJl1'U111'U'U\l'.J"l'~ ~.J'U'U 'Um'jf)'j~1I1(J'UVfll1lJ S lI'lIOVf) 

"ltl ~ ,,~ "'i ~,,~ " ,,~a ~ ,,~
D lI'UlJ f)lJ'UVfI11lJ 110.J\l1f)m'jf)'j::;1I1V'UVfll1lJ'UV.J S 1'H'U~ A, B, C 1I0~ D ImlJ'UVfll1lJ'Yl'jVlJf)'U IlJtJ D 1~'jlJ 

" .J. 'w:ll 'i d '" • ," ,,:: '" 'i ,," ' 1tl.J.
'UVfll1lJ D C)1'1'Vl'j1lJl1WlIV'Ilu'U I 'H'U~'VltJflIoVf)II~'V11m'jff.J'UVl,jo'Vl'jeJlJ'Vl.JIOV f) !'H'U ~ff'l~eJ'UeJfI11lJ~V C)1.JV1\l II~ 

11:l'U E, F 'H~tJ G 

I "I I " 4 ad ItJ ''''I'' I dOl)''jeJm'jff.J~V'\JVi'I11lJ'UV.J D C)1'l1'UmUl'Vl D IlJ l~ff'l~tJ'UVfI11lJ~llJ'Vl S m'H'U~ A, B 1I0~ C \l~'V11m'jC)1VlJl!C)1lJ l~w 

1'H'U~~iJm111'Um'jm)(JJ'U~"l'~II~I~'U~ri'.J~V,j'Vf111lJ 'Hlf) B iJI101'jVJ'U"l'~ B 1I~'Yhm'jl~vflIYlV'UU1'U~ljfl11lJ 

'H'U111U'Uff'lff~. 1I0~ri'.J~V,j'tJi'I11lJ A 110::; C ~lM'Um'jri'.J~tJ'UV'l B \J::;"lJ,rVi'I11lJJ'UVVf)1I1f)~h
~ 

• 

'­to. 
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c o G 

~ "I, ,I , ,I 
, ,I , ,I , ,I , ,I , ,I 
5 A B E F 

_I"" '" ~ <l 0 _I Q 

~lJ'Vl 2-6 etfl~ru~'lJtl~'Hl !'Ufll'il'lltllJ~tlllUUufl~ 

''U~U~ 2-7 U{'/~,:jfll'i'ViHl'U1'Umru~iJfll'il~tllJ~tll1:J'U';1~'l (intennittent Connectivity) i'Umrud{,/lJlJ~iM E, 

o 0 , _ I ",,!i <l:ll i c\" " ...
Filet:: G tlQl11~tltlfl ulllm~[J::{'/tytylrunil{,/l'i'IJil~ D llJtl S lu'U If'U~l'ilJ~'Ufll'im~1l1[J'lJtlfl11lJ llet~ D \]flletilfl 

~ ... i 0 '" 1 d ~ .Il 1 ",J' '" " 0 <l01l1fl'U'U D ll~mtlfl 'H'UfI{'/~~tlflfl U'lf~mll\l::;!u'U A, B lIet~ C 'lf~ 'Umru'U A, BUn::; C 1l~ lJ{'/~'lJilfl11lJf1tll'Uil~1I1fl 

'1 I :it jJQ,I jJ ~ 'J/ I.a I, 0 "ClJ " .::. 'J/ ,.. d .<!I 
!If'Ufll'Hnl'U mU'lJtlfl11lJ'U'Ullet1 11~llJtll1nlNl'U U 8 ll'lf~ C 111'l~ D 'V11i'H'VmflU'jflV'U¥lU'jl1rufll'U'H'Ul'lf~f1tl E, F 

lIet:: G 'Hci'~1l1fl 'M~UUfltl'U B lI~mlUll'J~ 3 i If'Ufi hi'~mj'tlfl11lJ':Jmurl'1'U B ll~ff~~mj'tlfl11lJll~':J'i~1.j ilf'U~H"~ 
I a 1.K.d. ~ I """ jJ A ". d""" lL' t .dI Q,I

~ill'Utl~1I1fl11i'U'Vi'U'VlilflJ'U'U E, F lll'l~ G 'Ulll::;lJ'lJtllJl'l'IJtl~ ilf'Ufll'Vitl'UUl'U'Vlflfl11 B fI.:j'U'U'HI'l-llllfl'Vl E, F lin::; G 

hi'~mj'ilfl11lJ~lI~i~l1nl i If'UfI~iJl1etl~'U'iJfI~Il~I~ilfl i If'UfI~ll~ff~~mi'fllu ll'Vl'U~flm~tlfl'IJil~ B 

c o E G 

~~ -~"I"I 
1 1 1- - - - -~ 1 -~ 1" "" " " 

5 A B B F 

_I"" '" i <l 0 ~ 0
~u'Vl 2-7 nfl~ru~'lJtl-l'ifl 'Ufll'jl'llillJ~tllU'U'lI1~'l 

-
2.4.1 fhl~am·HI'U::'lJil.,'Ji't't1iYlfltlll (Performance Metrics) 

~1'U1,jlJd'~'Vilfl1'ilf1{,/lJ'j'jfl'U::;'lJil'l i 'Vi'j i 'Vlfliln i'U 4 ~1'U ;iil 
.. '" 7" "'.1" "'i 1 '1'" 0 ..0 , .. '"1) m1111'1f'fJllfJ ~ (Reliability) 1~QU'i::{,/'lfllfClfl 'Ufll'iiltlflllUU vn !'Vlfltll'lfltl{'/llJl'jflff'lNl'U'lJtll,let lfflU 

'ifllJ'U~~'~i'mj'ilfl11lJ~ml'l'U 1'U 'j fl[J'U~.J~lflJ fI i'U fll'i'Vlfln tNIl~I'l~f1f~ fl11lJl~il (itl '~~~.:jllfffl-ln'lfflJ'l 'j fl'U~~~ 'l'IJil'l 

i 'Vi'j 1'VlflilCl 

2) fh1;fli1l1 (Overhead) i'Ufll'jm::;\l1t:J.,j'(Jl..!Cllf1t:J~V'liJfl11lJl~iliiil~'l'iJflVtllJiifhH~lV~.,'Jflll ~'lJ'Ui'Ufln 
<=:SI do <V 0 ~ I 'J/ ,,~t A i j) ~ ~ 1I1 "'<II jJ

'Vlfl Cl tl'lll'llJ fll'j'UU ll1'U1'UflH fll'j 1:H'Iltlfl11lJ1'U fll'j m~ 1l1lJ'IJ tlfl11lJ'lfl'Vl 'llflJ fll V'HI If'i fl lJ'U~ V1~lflJ fI ! fI'iU'IJ tlfl11lJ 'U 

';1mnl~nllf'Ufi lICl~ 1i'1'U1'U'lJtl~Uflil'U.J'llflJ fI~lnfl~'U I'lli;f~ lV\l~ Ilfffl'lI1:J'U mlJlru 'lJil~lfl~tl"lV~\]fl',n 'Ufll'j'Vil'll'U 

~ilfll'jm::;\Jltllf~'l.,j'tlfl11lJ ~'lllfffl'l(i-lU'i~ff'Vlifll'Vi'IJil'll 'Vi'i1'Vlfliln 

3) m1:JJI~J'tIfJ';1n1m'j~fl1l1.,jf)ljll (Speed ofData Dissemination) l~il~1l1flfll'jU~fll'j~iJtlQi'Uilll~,j''Urll'HrU
• 

0'. Q,I Q I Q d ~ 4 jJ Q I J'i ,",0 ?I~.c:!z .d
'jfl[J'U~ i'U'i~UUll'jl\JHlll'il'j[J~ 1'll'U fll'i'HClfllCl[J-lilU~I'H~ 'H'jtlfllnl'lll~'Ufll'jlfl'U'Vll'l 'If'l'IJtllJet'VlU'ifll'iI'HCll'U 'II1l11u'U. . 
 ~ 

, 
'\ 

i 
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" ~ j/ .c:::i I .do I d"d.oClo.x Q,I ~ jI d " • i" d .d )I" d I.. Q,I

1l:::~tNllJ'U '\Jm.rfl'YI'YI'U'YI1'1'Y1~ml1~ fll'HU 'YIlfWI'\J'U ~'l'U'U fll'l fl'l:::1l1V'\Jtll;!Cl 1l'l1l:::~tl-3'Y11 mlYll'l1Vitl'YIll::: 111'\Jtlfl11lJ'YIll Vi 'l 

_1 QI .c:i _I i " I QI l. ~ I j/ 1'" d 1)1 I d.& 0 " j/ ~ dot
tltlfl 1u V'IlJu'l::: V'!f'U~tl'l:::lJlJ Yl-3'U'Utll'ffllJlHIIlVi'l'\JtllJft ~n~lln Yll'Yill~flV-3'Yilll1fllH)'l:::lllV'\JtllJClfl'l'l'U'UlJ

~ ~ 

: lVfll'fflh1ui,ru'l:::l(J'!f'U"'~I~lJlJlfl~'U 

4) mw,hSfllunn,{;on IHu~;1!)~lIrd.yow;nmio (Preferred Selection Success Rate) l~tl'llllfl 
- I 1 . i i ~, v d 1 '" 1 " '" "i 1- IQ Q • vu'l:::'ff'YI1ifllVi 'Ufll'~'YI1'l1'U'\JV-3 Vi'l 'I'lflVft DECA '\J'Utl~fllJfl11lJ'ffll'lll 'Ufll'lICltlfl l1'U~'ff-3~tl fll'llClVfl 111'U~f1" ull::: 

d 1SId I a i .d .!f. t I I" ~)I Qjr ClI ~ I 0 d .dA a 
rimll ¥lfl~mlJV 11'UYl'YI(,lntClVfl'U'U'ff'l~tl'\JVfI11lJ'U'U111 fllJ 111'UYltl'U l'U'l:::lJlJ Yl-3'U'UfIlfl11lJ'ff11'l1l1'UfllmWfli 'H'UYl'YI 

11::: ff'l.,rtlfl11lJll 'ffYl'l~'lfl11lJ'ffllJ1'lfi i 'Ufll'll~tlfl i 'H'UYl'\JV-3 i Vi 'l i 'YIf1tlft 

.<i "i i .A 1 '" . 1 '" d?1 ~ A ?I.A d
l'Utl'llllfl! Vi'l 'I'lfltlft\!fltltlfllllJ1JlVitl 'H'Yil-31'U 'U'fffllViII1YlCltllJ'VHu'Ufll'lIl'llll'l'\JV-3'lflV'U~ 'lI-31u'Ul'ltl.:j Vlfl'l'l 

... .A 1 .. .<i 1"'1 '" ~ , i i d '" vll:::lJfl1'lflnl'UYlfll'llflClV'U 'H1'\JV'IHHJ'U~lJ'UfI'U'U lViV 11 Yl'ff111Vifll'l'l'lYlClV'I L'Ull~Cl::: Vi'l l'If1VCll'lll1lJtl'Ufl'U 

'Utlfllllfl~fll'll'lYlClV-31J'U'lflV'U91Il~ -3V-3~tl'l i,r-31JU'l:::lJlW~~J"IIICl::: 'hi'ffllJ1'lfi1,f'i'I1'UYl\il'Ul'UlJlnt~tl'l'lYlClV-3 1~ 11.:j,JU 

l'Ufll'ii~'ffm'lfl'U:::'\Jtl.:j i Vi'l i 'I'lflVft~'11,f'iU'lllfl'llJ\ilfttl.:j ~'1U'l:::fltllJ~lV i U'lllfl'llJIllCltl.:j 2 ff1'U fitl 

I) hJmmJJ~nHJJ SUMO v.O.lO.3 (Simulation ofUrban Mobility) [20] ~'1Il:::\ilClV'IVit]~fl'l'llJl'ffliv'UIl~'1'\Jtl-3 
<I 0 Q 0' I d" 0 

'l fI V'U~ lJ 'U fI 'U 'U 'ffllJ1) fI fll'l1U Yl Vi t] ~ fl'l 'i lJ'\J tl'l 'l fI (J'U ~ f111lJ'I1'U 111'U 'U '\J V'I 'l fI VU ~ II Cl::: 'ffllJl'l fI fll'l1 U ~ 

clflllW:::'\Jtl'lfl'U'UM 
2) h};iJln'jJJ~njfN NS-2.34 (Network Simulation) [21] I~'U i U'lIlfl'llJ\llClV.:jclflllW:::fll'l'Yi'l'll'U'\JV'IlfI~tl'lhV 

i'U fll'll'l ~ClV'Il~lJ~'U~1V fll'l \i1Cl V.:J Vi t]~ fl'l'llJ'\J V.:J'lflv'U91i ~vi,r s UMO 'ff11.:JVit]~ fl'l 'llJ fll'l ~.:J'\Jtl.:j'l (W'U91 lJ U 

()'U'U Illmr'U~.:Jlhu'Uliflfll'l~-3'\JV.:J'l()VU91lJlIlUCl.:J\Jlfl~UlllJlJ XML 1~'U~UII1J1J tel ~'ffllJl'ifi,,n~lJ'U i U'lIlfl'llJ\i1ClV-3 

NS-2.34 lYlV1,f'iU'lIlfl'llJ TraNS 1.0 [22] i'UflmU~V'UlIUCl.:j~UlIlJlJ 

t 

• 

Vll 4 nlnllJ~'l ih;tl-3'V11.:JIl'illl'i'\JU1~ 4 'litl.:J'Yil.:j lICl:::()'U'Uiwlitl.:jltl'U()'U'Uclflllw:::m'l1.:J'\J'U1Yl 2x2 m'i1'1nlnllJm 

U'l:::fltl1J~1V~IIVfl 1 lWfl IICl:::'ffllJIlVfl\l1'U1'U 4 lWfl J.:Jl1lJYl1liij1vlllnll'i Il~Cl:::IlVfl"';l.:jn'U I nlnllJ~'l ij'liV.:j'l'll'1 

Il'i lll'l '\JU1Yl 2 'litl.:j 'YI1.:j 11'1~ U~ 2-8 fI1 llJ'I1'U1l1,j 'U '\J V'I'l fI v'U91i YltJ! 'il~ (J\! flll,j .:jtltl flltl'U fI1 llJ'I1'U 111U'U '\J'U1Yl~1'1'1 11'1 

~l'll.:j~ 2-1 l~tll'lYl'ffV1Jfll'i'Yi'1-31'U'\Jtl.:j i Vi'i i 'VIf1Vft 1J'UVit]~fl'i'ilJ'\Jtl'l'iflV'U91~II~fl~l.:jn'U lICl:::~Cl9ivU'l:::i1'Y1ifllVil 'Ufll'i 

'Yi'1-31'U'\JV'I i Vi'll 'VIf1tlCl 'fffllVi fll'iIl'llll'i(,lfl\llCltl-3 i~v1,f'iUmfl'llJ\llCltl'l SUMO i'U 0.10.3 IlCl:::U'U li flfll'i~'1(,lflllUCl-3 

~UII1J1J iYlVi,f'iU'lllfl'ilJ TraNS i'U 1.0 
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: 


• 


fffllYlnTHI'n9'i fl11lJl1'W1I!U'W~U'I'HHJ'W~ : 2,6, 10,20,30,40,60, 80 ~'W/fnrlllJ~'i 

fI11lJl~1\1''1,!~ : 50, 80 i1iOllJ~'ili1 ilJ'I 

,j'VfI11lJ m~ : 10 1'W111 

~'W1~ : 512 iu~ 

SFR 

DECA l101':lU\1''1,!~ : 0.21'W111 

,f1'1l101fl1HhuflU\.J : LJA (lJfl \.5-71\.J111) 

c = 0 .2, Minlnv = 1.5, Maxlnv= 7 

f.l\.J\.JIIUU~l':ll'1~\.Jl~ 2x2 i1iollJ~':l 

f.l\.J\.J~H(J11 4 i1iollJ~':l 

- -- ----~.....~~ ------­

• ---------..--------­
.. 

• 
fl) f.l\.J\.J'Vl1'1l101'1 

g Q.::s."g Y ~ £. ~ d Y ,*".:;:S 

fl1l1\.J~W1Q 10 1\.Jl'Vl 91'1111fl~UfI11lJl1lJ~mQ\J~ff\.J'!~fl1':l'Vl~ffUUflH\.J\.J 1lC1~lflU~tll;!C1f_l'Hn':l'Vl~ otl'l'Vl\.J'Vl 'Vl~C1U'I 

'i~UU1fUffl'i HffltJ~U'I il1\.Jmh'll\.JmlJlJl~':lil\.J IEEE802 . 11 ifltJ~l:ifl1'i'lf\.Jti'\.J~U'I~tytylW~llJ,jfl~ l:i':l~tJ~fl1'i 
, , • II"', .. ,.. i i .., ~ _F.!" d ~ '" 

l'lftllJ~U\1''1,!~'Vl 250 !lJm 'If Two-Ray Ground Propagation Loss Model YI'i 'VlflUI:l'Vl 'If 1\.Jfl1':llu':ltJUI'VltJUlJ ~'1\.J 

~ v t .Q dllJ I jI "',. ,
Simple Flooding (SF) : 1Tifl1'im~\J1tJ~Ul;!C1I1UU~'1I~lJ'VlllJ~U'lfl1'i~Ul;!o \.Jfl1':l'Vll'll\.J llo:;ffllJl'if.lIl'Yfl" 

http:IEEE802.11
http:f.l\.J\.JIIUU~l':ll'1~\.Jl
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~ jI d 0 

Simple Flooding with Random Time ofRebroadcast (SFR) : 11!fll'im~1l1(J'IH)l.JCll'HJUUUUfll'i111-31U'II6-3 

SF 1I~1l~nfll'ilfU1-3nCllIIUU~lH)6U~ll1u~1l~'t1'l~mrm.JmH)fl111 I~UllT'Hl-3"mHu~fll'ithnu'IIu'll 'VI'i 

• hlI'1UCl~HI'V1tl'ul'1 Store-and-Forward IIUU~l(J'l· 
AckPBSM: 1 'VI'i Il1flUClfll'im~1l1(J,jul.JClUV1'l1;'i6~u 'M~n~nJ'i'H1u~~~,,!fl 1U-31U1~(J~'VIU 1110311.1 hwH 

>J .. d 1 >J '" 1 >Jd 1 0 ~ I 0 ~I ~l- 1'l/Ul,jClll'VI1Uff 'IHl1flUfl Store-and-Forward lln~ 'lfUTWU Ufll'i111HU fll'il'l-3fl1F1l'i111-31UluU ul'lllJ [11] 

I a '1 jI JI iJ I I 1>J ..s ~a a
DECA : fll'im~1l1(JU(J1-3L'lfUflU flIlUU~'l/Ul,jnfl11lJl1U111UUUUlmU'II1(J 'iff1mLUUllU~!JUfln1lf'iU 

(J1U'VI1lfU~ 111-311.1 1~(J'liH,j6l.Jn1l1fl;]ViWff HI'VlflUfi Store-and-Forward IIn~1~UflUU1Ufl1'i111'llU 

rm111UflU'U'IIU-3 DECA Tl1'U1ru '1~1l1fl LJA ~-3fl1'i11i'UII~-3Ti11lJ'U 111l'lllJfI11lJLlflJl~fflJ'l/U-3'1f1-3l1n1~ '1~1l1fl 

~nfll'i'VIl'ln5'l1'U111'illmlJ1l1nU'llfl~U'Ih(J NS-2 rlnd'u DECA ff1UMl'lllJm'i1'l~ 2-2 't11'Ufll'i~'lTi1t'U'l~fl~TJlJ1
• 

IlJ'U '1 Ul'lllJl'lln;l~ 2-1 

• . . 
d I ad d 0 ~ 

1'l1'i1'l'VI 2-2 1'll'i1-311ffl'1-3'1f1-3I1Cllfll'i'VI1UflU'U 'VILlflJl~fflJff1lf'ilJ DECA 

1'1111JlfU1I1UU'II6-3'ifl6U' (t1WfllJ .) 'lf1-3l1n1fll'i111UflUU (1U1Yi/Ufl6U) 

2- 10 3 

20-40 4 

60- 80 7 

• filfll11JI;t1iitl'lltllfle.Hlfl1'j11~iH)'nJUt:nn.nml1jn3 (~11~ 2-9 fl» 

IrlUYI\ll'iru 1~fI11lJlf'UlllU'U~l (2-10 flWilhllJl'l'i) DECA ffllJl'imL'VI~,j6l.Jn '1~lJlflfllTVJfl1 'VI'i 111f16n~ 
o c::ld I I A d I A d I JI '1' ~ 

'UllJllm (JU 1 fl(Jl1lJi'111'111lJ'U1L'lftlflUlJlflfl1111'J~lJ1ru 12.8% l'Utl-31l1f11 'VI'i 111I'1tln'VI(J1(JllJ'VI1l~1! 'VI'i'llul.JClI 1'1(J lJU1fW 

fll'i ~-311 nl'Jtl~-31~lJ 1 tl fllffl 'U fll'i m~ 1l1(Jt1-3 'J (l(J'U ~~iJ i tl fllff'VIlJflUl Vi (J-311 Ti fI f -31 ~ (Jl 11.1 'i ~ (J~ I1n 1~U'l1~ Irltl 

Im(JlJlYi(JUt1U AckPBSM tlcil-31;'i606M~1f1'i1 't11U SF lln~ SFR ~'li1~,j6l,jnl'Ufll'i~l'1ff'U11l l!~ SFR 1l~1'11' 

• 
!~6'UU'lUt'U'l lJlflfll1 SF ~ \l~Il'VI~,jtlfl11ml'U Vi~Mi'U,j61'111lJ'Vl'U Vi ~ ,ll!ffl'1'lt1-3f111lJ Ill'l fl~l'l 'II 6-3fl ru fflJllil 'IIU-31'VI 'J 

1111'16nllUU Store-and-Forward 

YI\ll'iW 1~fI11lJlfU11!UUU1Uflnl'l (10-40 fl'U/ill mlJl'l'J) DECA IIn~ AckPBSM ~1~i'Ufll'i66flIlUU!~tl 

111'l1'UU'U'ifl(J'U~ffllJl'lt:l111fll'im~\l1(J'1~ 100% 't11U SFR ~nflrufflJU1i Store-and-Forward IIUU~l(J'l ff1lJl'Jfl111-31'U 

, -' _I d d '1 ~.1 ~ d _"I ..I, ~I' '... , >J , ,
i'1~fl11 SF u'i~lJlru 5% '11-3'V1f111lJlf'Ull!'U'U 'U'J~I'lU'U[J-JlJutyl11fll'J!'lf6lJI'l6!u'U'lf1-3'l6Qll'l'VI1 If SF Un~ SFR lJ 

ff1lJl'ifi 1'11'fI11lJ!;'i60UM~ 100% UU'-ll SFR \l~iJf1l'imhmCl11Uf1l'J't1'l~6,jtlfl11lJlI~ M'l'hh~(J'l1urmll ~iJfll'i'llli'1 

fll'i! ;'i6lJ! lJ'U n Cll'U l'U 

II 

http:ffllJl'imL'VI~,j6l.Jn
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'" , ~ QlClllJ~'i) llfl 'I'l'l1VlflVClft'llJ1HIVll'llU. 'IIYlVI fI11lJI'IIVflV..\ '" '" 100% rJfll1UflHUfl11lJ'lfU1IlUU\1''1 (40-80 flUffl 1 """ YI " 

SF IICl::: SFR ~fI11lJ'lfU1llljU 40 ti'UfnIClIlJ~'i 
I . , 

, '" '" .. " ~ '" _I'"• mfl11lJI'IH)tl81V1tJlflfH'Im~YI~HI8~1JUtlU\H\UlJ8~ (luVi 2-9 '\J)) 

I~V~llnrul~fI11lJ'lfU1IIU'U~1 (2-10 ti'Ufnl ClIlJ~'i) I~V'I1l1flfl11lJ9iU'HVU'\JV'IfI'UU~lJlfl~U fhfl11lJl~V(iVM 

'\JV'I II fll Vi'i 1VI flVClCl YI Cl'l 1YI rJ~1m::: ~UfI11lJ'If'U1I1UU~h DECA ft'llJl'i fill Vi~,rvl,jCl1 ~1J1 fl fll111 fll Vi 'i 1VlfI V Cl 

4~.:d I Q,.I~ 41 d.ad dy
llJVVi1l1HU1Vlfl11lJl1Ulll'UUU1'UflCll'l (I 0-40 fI'U/fl1nllJ~'i) DECA lJfIlfl11lJI'IIVflVfI'I 100% AckPBSM Vlhl 

l1Cll'iV,T'I fll'i m::: 11 1 rJll U1JUfl~ llCl::: fll'im::: 1l1rJl~VlllVlvtVUU1'Ulmj ~'1 l'U1Jl'lmru i m..!Y1~IIVi~,rVfl11lJ 'hi '~v~1 'U 

. 1 " " Q '_1 i "" " '. 1 " , ..\ '" , '...' d",CDS Vll l1fll'im:::1l1rJ'IIllflU u IICl:::ViCllYl1l1fl l1UYlVI~V'Ifll'ift''1V11 l1f1lfl11lJl'llVflV lJfI'I 100% ft'1U SF IICl::: SFR fllJ• 
Uty'lflnUfll'il~VlJ~milu';1'1""jl';'Ul~rJ1nU~fI11lJ'If'UlllUU~1 ~'1 SF IICl::: SFR 11::: 'liff'l~V hrntllvtvuUl'U~li''1hiM~u 
" ,,,.lI _"f Q ~ ~ 1 i ..\ "'" ,., ~ " 1..\"dt "" 
'\JVfI11lJ YI 9I'IllJ'Uuty'lflVlll:::lflYl'\JUflU Vi'i YlflVClV'U""jVl lJlJft'fIl1.l:::.fllVi'iU'\JVfl11lJ1l1fl l11.lYllViV1.lUl1.l 

mrufl11lJ'lfU1IIUWJ''1 (40-80 ti'Ufn1nllJ~'i) llfllVi'iiVlflVClft'llJl'iflyJHl1.l'~~ fI11lJl~V(iV'~ 100% rJflli'U 

SF IICl::: SFR ~fI11lJl1UlllUU 40 ti'UfniClllJ~'i 

1l1fl~Clfll'iVlYlClV'Ift'~u "l~11 DECA iJfI11lJl~V(iVMl1.l fll'i m::: 11 l£J,rVl,jCl,T'IU'Uf1U'UVi 1'1 'lfCl1'1 I lCl::: f1U1.l1wi'iV'I 

lJ1flfll1iVi'J 1YlflVCl~1.l'lI~V'I1l1flll1.l1¥lYl l'Ufll'Hftvflll1UYI~ll:::11Vi~,rVl,jCl~V lY1rJl1~fll~rJ'Ifll'JH'nCllflV£J 

.. ... ... 
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_14 •.1'..\ ... "I" ~ ...
llJ'Vl 2-9 ~) m11111IHl-Jfl1f111lJl'IHlflil L~'il1flfll'J'Vl~H'Iil-JUUfl'U'U L'UIlJ~1'I 

W1 ... 1 _14 • w ~ Q _ 1 _.I "I ., , 
'Vl~~tI'lU'UfI'U'U'VlNl1~1-J 1l~::m.~'U L'UllJil-J 'Ulu'Vl 2-10 fl) Il~::~) mlJm~U 'b'-J111flVi'il1HU1~llJlum111'il::'CI'-Jlfl~ L~11 

~fllJru::tll1~~ltJ~il-JJ-J fIl'J'Vl~,'Iil-JU'U fI'U 'U'Vl1-Jl1m~ U~:: U'UfI'U'U ''Ulljil-J]j~fllJru::'CI'il~fI ~il-J 'CI'llJ1'J ml1lJ1Y1 'il1'Jru 1U~ 

~:: 1Vi'J 111f1tl~ hifl-Jci• 
1'11 dq"V, d.o<::>.~ d ~ d.do 1"'1 ... 1 .dI 

LVi'J L'Vlfltl~l1lJrIl 'lf1l1t:J11Ifl~~'UtT~11~~ fltl AckPBSM 'b'-JlJrIl 'If'il1tJtT-Jfl11 SF II~:: SFR U'J::lJ1ru 2111111lJfl 

'J:: ~UfI11lJl1'U1Ilti'U ~ tl-J'J fI I'llH~1t:J~ In~~'U1IU~ililfll t1'U'cY1U ~I n~'il1flfllHhnfl il'U~]jfl11lJ~tT~(i-J 2 fI f-J/1'U1n hw 

• 
ItI'U II 1flfll'Jilil flll UU~]jfll'J~'J 111'C1'ilU fIl'J i'u 'Iftlfl11lJ~ tl-JI ~il'UU'1'U nil'U 'il::]j fIl'J ff -J 'Ifilfl11lJ~il l'l11M'lli'il-JfIl'J fIl'Jl'll n 

,,"'1 t dl d4' jlld.c:.'lo iJ ~ ,vo i ~ v,
fl1 'lfll1t:J11-J'VIlJ~ tlfl'Cl'1'Ul1U-Jfltlfl1i'lfll1t:J11!fl~1I1flfll'Jm::ll1t:J~ill,!~ 'b'-J AckPBSM 'lflll'U1'U 1'VI'U~IViil'UtJ1'U 'UfIl'J 

Ti'1'U1ruri1n~1'H) fl-JJ'U ''Uu~nru ~il-JfI'U'Uff1U1~tJ1n'U 1 'VI'U~ i UU~nru J'U ~1I::]j~lU1'UI~il'UU'lUlvllnul'If'U nu l'l11M 

In~ fIl'J m:: III tJ 'Ifill,! ~Jl i 'U u111ru l~ t:J1 nUl tI'U \i1'U 1'UlJ1 fl IIlY·j,111'U ~ ~1I::l'llf1l'J m:: II ltJ 'Ifill,! ~J'UlJ 111 1flt 'VI'U ~~tlyi 'U 

d ., i ' 
II~:: SFR lC1fl'UiltJ UlJfl'lfl11lJ'VI'U11l'U'U 

• 

,
• 
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• 

l,jll~ .:::SI<do dQJ" ~ .d4~, I ~.f 
'IJ fll'nllJ ll~lJ 1l1U1Uf)1 't'1l1V'Vl Ifl ~ 'lJUU fl [lll(1:: I flfl Uf) ~ 'VlIlJ fllJ f) 1f)11lJ l1U111U U 'Utl ~ 'j ()VUY1 \T~'UU 

l~tJlnj'lul~lcw Il~Hrl'mj(U::fll'jlfl~m.J~'Utl~'j()VU,)~lYfl\)::~U~1nW~Ufl~lJ I,fU UU()UU'Vl1~l1(11~~'j()vuI>i'1~lfll:: 

fl~lJflU l1~flUU()UU'uLijtl~~'j()VU,)lYUll::~~tJQu~mu ~IWfl~ij lv11l'j1\)'j flm~tlflll1uY1~ijf)111J\T~'!!~'U fll'jm::1l1V 

• 
~fl~~I~Ufl1':i f mh:: OU11'U fll'j m:: 1l1tJf)f~ t!U ll::ij 1l1U1U111U~~\):: 1~fU 'li'tlf) 11lJlJ1fl fl11 ll~ fll'j~m1u 1\1 vn::fl11lJ 

<=:0.1 ad I oX do iJ ~ QJ" d iJ J..o:::::o I,'" .::SCo.H 
lfl~ 'U UIlJtllJ I'n llJl1UlUUU lJ 1 fl'UU \) :;lJ\) lU 1 U fll 'j fl'j:; \) llJ 'IJ fll'n llJ '1111VllJ 'IJU ~ 1 vm flU fl V IlJ tl Vl \) 1 'j ru 1f) 1 't'1l1 V'Vl1 fl ~ 'IJ U 

i'll1lJ~ DECA ~'1I~U1 Vl'j 1 'Vlfltl(1~ijrl1,,r~ltJ'UfltJ~~~ ~fli~fll'j~,,rI'i1Vl1::'Ii'mJ(1fll1lJl1UlIlUU ~'11~1l1flflWUU 

1l1U1U'lJtl~l~flU1h.jiuu~nru 1 hop vhi,f DECA ijfl11lJU~l1QU'UfllHh'llU\T~fl11 AckPBSM ~~tl'lH'Ii'mJ(11l1fl~Vi 

m'c1"ufl1':ivh~lWvht!u 

'j) ~d:'1 Q""i "Q,I~ QIV4'9:" A _f.! I,'" dQ.,f
'UamllJCJfl'11'1llJUm:;U1Ufll'j'c1'lflty Ufll'jm::1l1v'Ual,!(1 ~'1UU'I1U1\)Vll'l'c1''j1'1fll'j'Vl~(1a'lIVlmlJ'jvum 't'\)lV'Vllfl~'UU 

11 lflfll'jVhUfl aUllUU H,f1'1!1mfl'l~'lJa'l DECA I ~vijrl1m1lJI~tliia U(1:;rl1',r~lvi Ufll'jm::1l1V~1' flft'l~ V'IOU fll'j 

• ,f,mmlluu,Jfu~, l~tJijlll(1'Ufl'lrl1,,r~ltJ~lfi~~UY11lJfl'j1v1'u~1l~ 2-11 

• , U fll'j 'Vl ~ (1fl '1~1l 'c1'~'1'U III U 11fl1'j, ,r,f1~ 11(11 fl1'j vi'1Ufl flU ~ ij fll'j tH'U~" ~~ llJ'c1'illVlfll1lJl1U lUUU 'lJtl~• 
Ifl~tl,j1tJ'c1'11J1'jm'l~rl1H~ltJ'~I~UIl1U1UlJlfl DECA Hfll'jfhU1ru,f1mmllfuIlUUl';'II~U (LlA) ~'1ij,f1'1fll'jvi'lU-

• 

l~tl~1l1flfll'jvi'H1U AckPBSM ~~UtlQOU'Ii'tlfl11lJY1tlU fu \)lm~tlU1j'lU ~~t!u fll'j 11l~VU,f1~ 11(11Y11lJ'c1'illVlfl11lJ 

l1U1IlUU'Utl'llfl~ fl,jltJ l~'c1'llJ1Hlvi'lMI~tJ~'j ~ IVl'jl:;1l:;ff'lIll(1fl'j:;'VlU~Clfll'jnCl1'j fl'IJCl'lll1U ~~ \):;IlVl~'Ii'ClmllJ~tJ '1l11~ 

l~lJ~~lltJ(1-lfll'j\'ll~lU'lJfl'l AckPBSM ll4tliM''c1'llJ1':i()H'I1U Ufltlu~ij,f1m(1-llluut1fu~11~ \) lflfll'j'Vl~(1tl'lI~V~iM' 

AckPBSM 5~ijrllmllJUll~tliitllm::rlli,f~lV1l1flfl1'jm::\)lVfl~I~1Jl,fUl~V10Ufl1':ivi'luflaUlIUU,flm(11fl~~ fll'ji,ru­

fl'VUllUU,flm(111li'u~11~t!U'c1'11J1'j()(1~rllH~lvl~IViv~ 24% lvht!u l~fl-l1l1flfll1lJ 1~U~l1Quh.Jfll'jvi'H1U'lJtJ~ I Vl'j 

• 
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NCltn'i'YImHHmllJl~' hJtn'im~1l1(J,rillJCl lrlillm(JU1Yi(JU~nClll~(Jlt1U I Vi'i I 'YIrHlCl~ljfllmllJl~ilfliltT.:Jf1':h 
.. d 1 d d, , dt tl'" tld d 1

llff~H(Hfll1lJln Ufll'im~1l1(J'YI1'llfl11 NcH1U'IililfllUU 2 2 flV 2 'YI 2-12I1Cl~ 2-13 IIfffl'lfll1lJln Ufll'lm~"'l(J 

" 1'" ° ~ 'I' ~'\J VlJCl "'lflfll'i'YIflClV'IUU (lUU'YI1'I'I1Cll'1 II Cl~UU(lUU UllJV-.l~llJCllflU l fl(JNCl fll'i'YIflClV'I"'~1I fffl'l~ 1!l 'YIU '\JV-.lfll1lJ 

l1Ul1IUU'Ull,tCl~,h'li'lrl mllJl1UlllUU~ 6 f'i'u/nIClllJ~n1:Juf111lJl1U1UUU~1 mllJl1Ul11UU~ 30 f'i'u/nlallJml1:Ju 

mllJl1UluuutllUflCll'l IICl~mllJl1UlI1UU~ 60 f'i'U!nlallJ~'lI1:JumllJl1'U1UUU\1'1 

l'Ullflfll'l'YIflClV'IllCl~mllJl1'Ul!lU'U SF "'~I1:JU lVi'i l'YIflVCl~limllJI11\1'1~~~lfflJV I,1V'I1l1flll1Ufl"' ~ l1Vi~ 

,rVfmlJVi'Uli~ 1~1u,rilmllJ1mJ 1I~1,1V'I1l1fl hJffl111'i(l°t]\nu1Ufffl1Vi~li fl U I~VlJ~m1:Ju,h'l"] '1~'1ljfll1lJl1UlIlUU 

~1 lICl~ SFR "'~I1:J'U I Vi'll 'YIflVCl~lj fllHh'l1'Ui'1~~~lfflJV1,1V'I1l1fl1 i'flU ~lJnClll1Ul'11urivu",~lifl1'im~"'lv,rvmllJ 

~v ltl1l1"ll1'U~g'U ~'1I1:J'U I Vi'i I 'YIflVCl~ljfllllJl~,1'U flUm~"'11J,rvm1lJi'1~~fllu fl1'i'YI~ClV'I 

d 1" .. d", '" ... 1 "''I'mllJln 'Ufll'im~1l11J'\JvmllJ'\JV'l DECA 1l~lJmllJl'il'111fll1 AckPBSM lUV'l"'lflfll'iIClVfl l1Uflll~lJ liltnff 

')1 Y I SI 

"'... 'I' ° Q ° 1"" , ,, ~ ... ° '1 ,,~ "I ' " ..'YIlClVflll1Ufl'111IfllJ lICl~'YIl l1~V'I 'IIfll'i~'1nCll'imViV'YI1'l1'U~V IVi'i1~ Ufll'im~1l1(J'\JVlJClUU DECA 1l~ llJffllJU(l2(l'l 

~ltIl1U'l'\Jil'l111'Ufl5fl itl~,{h)fl'vh ,,r~il.:Jlj fll'i m~ \lllJl1ClllJflf'lt~il1,rm~\llvil itl5'1u~mugu"] ~ Il1ufl5'11,ji~1u 

,rvfll1lJll'U II~~1 vn fllHh'l1u~Vi V11J1lJl1~flI~V'l flU ~'1tl CllflV 1J~'1 ~l1,rfll1lJl~11U flU m~ \llV,rVfll1lJ'\Jil'l DECA 

",. qel:,., I" ~~ .&J 
'II1ml AckPBSM lVi(J'IlClflU~W IICl~mllJl1~flm'l"'~UilVCl'ltlJillJmllJl1U1IIUU1Vill'\JU 

i,:nlum1111~' l'U fll'i m~ \l1(J,rillJCl~'lljVi(] ~m 'ill~1mft fi (J'I t1U SF ~ljm111t111U fll'i m~1l1{/';''lt~lJ~'UtT 'I l1~t~mlCll 

~lU itlll~i'lCl'l l,1il'l\llflm~U1Ufm~'1nClUil'\Jil'llVi'i I 'YIflilCl Il,til01'l h~~llJfl1'i~ljfll'im~\llV~lt1:J'U,j1U1UlJ1fl 

ovm~ ff'lNCl1U fll'i~1'11u~ljmllJl1U111UU'\JV'Ilfi1il~lVtT '1111fl1~ 

fll'iVilfllluul,r DECA ~1.:J1U I flVl1~flI~IJ'Ifll'i1i'I1Cll'iillTu ffllJl'l(l~l1l1"fl1'i m~\llv,rVlJClljmllJl~'\1'1M 

IfI(J~ljfllH~1IJUtl(Jfl11lJlfl I~illm (JU1YiVUt1U I Vi'll 'YIfHlClg'U,,] 
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Irlil'l'iJlm.h:;ffl'lllfl1'V'11'Ufll'.nh-11'U'lJil'l DECA ~'\.!ilQnUi'l11lHhh l'U flT.H~ilfll'HU~~'iJ:;II'V'1~'Ii'ili'l11lJt1~1tl ·· 
.1! • 1'" 1 1 1'''.!l :. 1 ad '" 1 1" d'If'l'iJ:;Vl1 'Hf11'.iVl1'll'U'lJil.:J 1'V'l'.i ll'lflml lJ~HN'V'I'If11'.i~'1I1Cll'.iil 'UflHUl'lf11'.ilClilfl 'H'U~ lJffll'Hl 

f1"m'.il'l~Clil.:Jfili'l11lJ'Cht~'iJ luflTH~ilfl1 'H'U~'lJil'l DECA l'U~ml'l~ 2-3 ffllJl'.it)tl'J:;lJ1rutili'111lJrlll~'iJ1UflTi 

... 1 1 d 1",".!l,. ~...11)" d d'
IClilfll'HU~UUt)'U'Ul'll'l'HCll.:J l~tH~ClfJ !~ 74% 1!Cl:;U'Ut)'U'U 'UllJil'l ~ 66% 'If.:JfI1fll1lJffll'.i'iJ !'Uf11'JlcHlfl'IJil'l DECA lJfI1 

'll~'lI~tl.:J'iJlfl DECA himlUllill1'HU.:J'\Jtl'llvTtlUU1'U IICl:;lfitlfll'H'U~~fl11lJ'H'U1UUlJ~'l'l1~ 1~/J~fll'.il~tlfl~11lrlll~'iJ 

• ~(f1wnJl.) 

ouu 

2 6 10 20 30 40 60 80 

l'lH'Htll.:J 71.4 54.5 80.7 76 82.6 75 63.3 88.9 

lI-AlU{)'l 75 72.2 64.3 64.4 54.8 57.1 64.7 75.9 
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•.. 

I d o!l III iI V" I 0 ~ .do I III iI 
fll'i m::l1 10tHJNI'IHHHl ! flllUU'i '\ImHll'l11lJ 'WU 111UU 'ff111'i Ulfl'itl'\110 ! 'i 'ffl 011 U UlltlfllJtl flUU01U 'Villi U::: 

~ ~ 

,'I • d 1 '1 1'",.K....., ..
(DECA) luUfll'itltlflllUU lIft::l'l~HHl..:J~Hlfll'i'VnnU UIUtl..:J~UI'Vitl l1l'l'ilUfI..:J'fflJ'i'iflU::'\Itl..:J L'Vi'i Ll'lfltlft LUfllU~H"l 

flHmlJmllJ~tl..:J fll'i'U fll'itltl flll UU ~..:J,rUI'~tlh1'1'Vi'i Il'lfl tlft'ffllJl'i flvil..:J1U M~UUlfl~ ~'\h{lll~..:J ij..:J~tl'li:ifll'i'Vi111m1 

fll'i Yil'llU'U ~lU~l..:J"l1vilJl~lJl~~hi'mtlUfl'llJ'UfmYi1..:J1Ui'll1lJfl 

~ .1tl ".. ., ... d ~ ,
!U Ul'lU 11:: 'i:: n~Ufl111fll'iii'flll1 fl'i:: U1U fll'i i'llU1 OJllft1 U fll'i 1'1lUfltl'W l'lll1lJ 1::: 'fflJ flUfll1lJ l1U 111U U '\I tl'l• 

'" , 1 tl ' ... , 1'" '1 .,.. ~ ~".1 ".1 .I, d., ..... A' d,
Im~'U111 U~ IIUU~l'1"lI'Vitlftfli'll 'lf1l10 !flll'i,)lJ fll'itltlflIlUUTlifll'illflfll'iUYlIYltl'i Ufll'ilflU'U~lJft!lJtllJ'ViUl'l Ufll'i 

liiU'\r~l,Jft~1i1nfl IIft:::fll'itli'utl1 '1m::mufll'ivil'llU 'Utl'll 'Vi'i Il'lfl tlft lu'fffll'Vifll'i Il'i 11l'i~i:im1lJl1U111uU\1' 'I 

.of , «t _I"" , , "'!"l _I ' 
3.1 fll'iflfl1!l1fll'Hf,,'lUfltlUUUUU'':iUfll'tf1,,'1nin t~ tUJuUUUflH~ 

3.1.1 lI\nfl~1'Unl'jflflll1nl'ni..:Juml'UlIuuu1'Ufhil..:Jmn'1l 

... d., • .. .. • d ~ '" , III" ... 'l,>!'I
IU tl'l1l1flfll'illftflltlftllU'\Itll,Jft1l1flfll'i1'l1Ufl ~'UlJm1lJ1I1IDWill1'iUIi'1l ~'\I111 ! 'i'ff1VII UUlltlfllJtl fll'Vitl 'If 1U fll'i 

Ilftflltl~£J'U1i'mJft~'Ujl1'U'Utl..:JII~"::111Ufl 11ft:: Hi 'Ufll'iflU'ViUIl1Ufll~tlU,f1'U ~'lJ'Ufll'i!~tlfl'jhmCll''U fll'iYi1Ufl~'U 

1'UII~ft::m1lJl1'U1mjw;~lJlJm llJ'fflrl\\j 11ft:: fll'i ~'lf1 '111ft1 1 U fll'i YllUfl ~'U1'U1I~ft::'lfl'lmllJl1'U11l'U'U VtllJ 11::: ff 'I ~ft~tl 

'fflJ'i 'i flU:: 1'Ufll'i Yi1'llU II ,,:: tl 'i::ffl'l~.fll'Vi 'Utl..:J 1 'Vi'i Il'lfl tl ft hi' lJ'll'Ui,j£J~I~ £Jl1i'tl..:J~'1ltJ'U fll'i tli'Url1 fll'i ff '1UI'l tl'U tlV1'1 

, ~".,.... '4'1' ~ 1" ~ .. ~.1, A'" ....... ~ '1 '1
'110 [14] 11ft::: L'If'Utll,J"lI'Vi!(J'ff [16] 'If,)£J"I1..:J lJll1lJ1:::flUfll'i 'If..:J1'U !'U,)1I£J'U UlUtl'l~'U'Utl'lfll'iii'mnr~pll{ll'lflfttl'l 1'Vi'i Ll'l­

fltl" DECA I fl£Jfll'i H'lf,)'I I1Cllfll'i'VilUfl tl'UIIUUfl..:J~I~tl111'lf1..:JI1Cll~1l11J1:: 'fflJ~'i1fli 'UII~ ft::mllJl1'U 111u'U 1fl VUlI Ii£J 

'Cl1rlrufi tl fll'i fl'U111n fll'i tl i'U'l11..:Jllft l~lJrl 11'l11lJI~ ') 1 'U fll'ifl 'i::: 11 11l'ff..:J ~ 'fffl IIft::i:irl 1 , i'~1£J1'U fll'i vi1..:J 1U~1~ 'fffl 
u '" .. q 

o .d Q d. I .:;t I I d d "1 
l'l1'11UlIUUfl..:Jl'l 0.1,0.3,0.5, \.0, \.5,2.0,3.0,5.0,7.0 II":: 9.0 1'Ull'l¥ltlUfltl'UlflVI'Il'Utl'l'lfl..:JI1"1l'l1l11J1::'fflJlI:::IDU Itl 

d 
mlJ¥ll'il'll'l 3-1 

~"fll'il'lflfttl..:Jrlll:::1111J11i'lt/u'lifl1i'm.!"il tl V1'1I~tltli'U'lfl..:JI')Cll''U fll'i ff'lUfltl'U i flll' rn fll'i tli'U'lh'lllft1''U 

fll'iff..:JUl'ltl'U ifl£J''U,TUll'ifl1'Ufll'itltlflIlUU i'VI'i il'lfltlft DECA Hfll'iff'lUfltl'Ulluutli'ufh'lf1mCllIIUUI;'1I~U l1~tl 

Linear Adaptive Algorithm (L1A) ~'llJ'i1Vft:::lflV¥lmlJUl'l~ 2.2.2 iflvi:iaflllOJ::fll'iftflm1lJ~''Ufll'iff..:JUfltl'U'CYlJ,"'Winu 

rllfl,)llJ11'U 111UU ~..:J~tl~ 3-\ 1I1flJUij..:Jl'lflfttl'l fll'itli'U'lf1..:J I1ft11 'fIlIfll'i Hi~ fll'i l'l1..:J~1'U 'ff(l~ fi~ fll'illi'1l1:::Mfll'i 

tlflmWI;..:JI~'U (Linear Regression Analysis) fll'ilrnfll'i~l'Ufll'ii~v'Uf'UtNlfI~tl..:J fi~ K-Nearest Neighbor IIft::fll'i 

tli'utll..:Jn fllHil'U lOJ 'lfl..:J11Clltl1'ui11IUU 1;..:Jlff'U i ~W,i'1i'~lJmj'~ 'i 1fll'i Itl~£J'U1I tlft'l 'Utl..:J 111U'fI1~tl'U ,f1'U IIcrlij'l111lJl 

ImlluIVivutl'i::ffl'l~fll'VI'Ufll'iYil..:Jl'UnU LIA 



32 

.. 
fl11lJ'HUlllth.l"()-.1·HHIU~ (flUlniflllJfI'I) 'lf1-.111fl11Ufll'Iff-.1Utl()U (1Ul';/Utl()U) 

2 1.5 

6 3 

10 7 

20 7 

30 9 

40 9 

60 9 

80 9 

• 


Beacon Interval: T 

Maxlnv 

Minlnv 

Traffic Density : d 

~tJ~ 3- 1 fl·nrlm1~ ·ml'jrllu1ru';1-:HlflltJi'11~1111111I~-.lI~1.l 

C\ t! .Q iJ ~ ~ J/ .Q~.d IV 

I) fllnlfl·:n~'tIfll'IO~tlf)tlI'II-.l"Y'U (Linear regression analysis) !U'U Tli fll'j 'Vll-.l~l1.lffflfl 'VlffllJ1'jfl'Hlfl1111111 

., ~ i " " .. '" _I do ?I " _I d"'Yll-.lflrufli'11fffl'j (Math Model) ~[J'H1mllJfflJYl1.l1i'j~'H11'l~1UlJHl1lJ (Dependent Variable) 'b''1!lJU~1I1lJH1~~Hfll1 

'Vl'j111~1 n11~1I1tJ'jUff1~ (Independent Variable) 'H1()~1I1tJ'j~ml11rilll~1 i~U~~11I1tJ1Uff'j~J1.lff'l~'flfl'j~'Vl11~~~1 

!ltJ'j~ llJ ~'1ffllJ1';i f1UllJ1tJ'j::lJfl~Hn11fll'jtJi'11'1f1'1!1'fll1u fmff-.lUfHlu~.:jrl 

• ul'lf~.,rm,Ja~1tl(;'-.l~M'illflfll'j'V1~'fl~-.l lJl'H1mllJfflJVi1.li1~'Hl1-.lmllJ'H1.l11lU1.l'IJ()-.lltl1(),.h/J (~1I1tJ1 
.. • , • .. "_I d "I" ...
()ff1::) 1I'fl~'lf1-.ll1cn 1.lfll'jff-.l11tlV1.l (~11IlJ'jmlJ) 'b'-.l'il~ l~fflJfll'j()()fllJl tl() 

Y = a+ bX (3) 

A 
llJ() y 

X 
a 
tl~ 

I a I 

mllJ'H1.l1111.l1.l'IJ~-.l!m~'lJ1/J 

a,b fi~ ~lfflJtJ1::ff'V1~fl11(l~(l~/J ~'1rll'U1ru~'1fflJfl11 (4) 1m:: (5) 



33 

a = y- hi 	 (4) 

(5) 

Cl'11J11 o UlCl'lJn11n'1tlHi'UOl 'Hh\.nru'lhmmi'Ufll'Hi'-1'um),uftf:Jrl'~ l1hm'1 hT'U~1,;' ~'l~ 

• 	 I M'U ~UlJ,i'1'Ul'Uhl'U~1'~V'UU1'U 1111~~1'U l'U 'lJv'1.u'tJfI111J~vQi'Uuv/l'vlvf'IJv'1hl'U~ "lmr'U~'lyJlfl1'J lJ1 fl 

rh.J'1Cl'v'l ;'1rh~I,;'~LL'V1Ufll11JlIUll!UU'IJ~NLfI~V~lV X 

• 	 Ulrll X ~rll'U1W1,;' '1tliffi'UCl'1Jfl1'J (3) ,,~I,;'r11 9 ~'1LL'YI'U'lil'1Ll',ni 'Ufl1'Jff'1um)'Uflf'1rl'~ ltl 

4':It,4 <!I A <=i j.I A 	 ~I .::i vI
2) llifll'l K-Nearest Neighbor ftV L'YIft'UftOl'JIHJU~'lJV'1lfl'j"V'1 (Machine Learning) 1I11~ IlJ'Ufl1'JI'JVU~ 1W 

ilV~l'1 (Instance-Based Learning) ftl1Jl'JOU11Jltl'J~ qfl~1 ,}'nlJ fl1'JtlflJ'lilm111 i UOl'Jff'1UfltJ'U ,)'1~ 
'I 0::1 .d d iJ Q,jO I ~ i I 	 ~ I I• 	 • n~l1~ 1I'U~Il~1J~1'JHYllfllJ'lJVl.J11~lVV1'1 '11'1 Ul!~l1~llfll'IJV'1~Tn'1 ftV f',j'IJV'1fl111JlIU11l'UU'lJV'1 

IfI~V~lV (xJ 1I11~ 'lil'll1mi'UOl'Jff'1UflVU ([(Xi)) 


nlll'U~rll k ~i,}' I~V'J~1Jrill'U1'U Nearest Neighbor '\JV'1,!~.u'Vl.Jl1ilV~l-l~"~ Ul1Jli,r,'Ufl1'JlIlrllrll~V1J
• 

l!~11~ IlIUM11Jl'Jflrllulru'lilmmi'Ufll1ff'1Ufltlllflf-lrl'~ ltlM ~-l~ 

• 	 111U~U1J\l1'Ul'U Il1UfI!~tl'UU1'U 1l11~~lUl'U'lJV-l.u'VfI111J~VQ'UUv/Iv/vf'IJtl'1111'U~ Illmr'U~'1yJlfl1'JlJ1fl 
rll.J'1Cl'V'1 ~'1ri1~ 1,;'~l!'YI'UfI111JlIUll!U'U'\JV'1Lfl1V~lV (Xq) 

• 	 111 Nearest Neighbor J'1ll1J~ lf1vi,}'ft1JOl'J (6) l!11~ri1ril'1\.hllUfl'IJV'1Il~11~ neighbor lf1VrllU1Wlllfl 

(6)d(Xq,xa = JI.~=l(Clr(Xq) - Clr(XJ)2 

1 
Wi == 2 	 (7)d(Xq,Xa 

• 	 Ul Nearest Neighbor J'l1l1J~1Jlll1rllIQ~V~11Jrl1ril'1JlllUfl hwi,}'Cl'1Jfl1'J (8) ,,~'1,;' (/(Xq )) ~'1Il'YI'U 
'lil'111111 i'Ufl1'Jff'1UfltlUfl f '1rl'fI '1 tl 

(8) 
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3) f)l'jU~\J1.Jl:jlfi fll'jtlnnonh.:Jl1altl~ml1111JUI; ,un",1~(J,;;.r;tl\1a8mlfll'jltl~(J"'IIUa.:J"tNll1",~,~tl'" 

ill'" (Linear Adaptive Algorithm (LIA) with Neighbor Change Rate (NCR) (LIA+NCR» l~fl'Hl1fltJ~'llf)1'l 
• 

lU~ ~'UUUrl.J'Ufl.J 111'U~I~fl'U,rl'U ffllJ1H1tHlflll'U11,rlJ'\ItNmllJl1'Ulm.h.j'Ufl.:Jlfl~ fl~l~''Ufl'Ulfl~'~ ~.J~ 

• 	 ti'llJ1l1'U~I~fl'U,rl'UlvilJ~'Ul~M'l limn1 ulJ~ll1'Umha.:Jlfl~fl'U~ i l1~lJ~nw ~limllJl1'UlllU'U'Utl.J 
do 	 I J ~ ~ ~ :lid '.d ci d ~ I 3J 1.0::;). dd. 

lmfl'UlfllJ1fl'U'U ~.J'U'U h''U~fl1HI::; l1'llJ1l1lJf)1'l ff.JlJfltl'U l'1mllJt:I~lM flfl'lHJ::;!'UTcrlJ'lnw l'1lJfl1llJ 

, ,JA 1 ~ ~" 
l1'Ulll'U'UlJlfl'U'U Il'Wrl~ flf)1ff L'Uf)1'l'lf'Ufl'U'Ufl.J'UfllJrl 

• 	 ti'1lJ111'U¥l1 ~fl'UU'l'UMlrl.Jl~ fl~'l lill 'U 11UlJ~ 111 'U ~fha.J !fl~fl'U ~ i U ~lJ~ n w ~lifl1llJl1 'UlllU'U'U'eN 

Ifl~fl ~l~Ut)() ~.JJ'U111'U~fl1'l tJ::;U 1'lJ'M'li fll'l ~.:Jiifl fl'U~mllJ~tT.:J~'U ntl'U tJ::; l,rl~lJ~nw ~lifl11lJ 
l1'UlllUU,rtl~rl.:J !~fl!vilJ lt1fllfflufllnluYllJ 111'U~I~tI'UU'1'U 

• 

3.1) Neighbor Change Rate (NCR) 11'l'U111fll'l111'miliifltl'Ul~fl''li',rfllJrltJ~'llf)1'l!U~fl'UlIl1rl.J'UtI.:J 111U~ 
A " .. '.. ~I ~ _I ~" ,.. l' ,,_~ "~ " A ~ 1 " ..1 A ..A• IYlfl'Ul1l'U!YlV.:J tltn'll ¥lV11U'U ~lu 'l lJ fl1 'U fl.:J 'lf1.:J11 m f)1 'l ff.:JlJ fI tI'U ~ ~ 'lfn.:J fl'lf'U!'If.J!ff'U lYl fll1fllJ III 'U1 'UlJ 'lJfl.J f1'l1 nllJ tllJ 

flWYlIm w ltJ~'llfll'l! l1~~'Ulll1rl.:J'Ufl.J 111'U~l~fl'UU'1'Ul Vi~.J flth.Jl~~11l'hJ'U ~.:Jli111 fll'l 'ril.:Jl'U i'U fl1'll11' mh.:Jl1rll i 'U 

fll'l~.JiimJ'U~.:Ju 
~ 

• 	 111'U~rll'U1W tJ~'l lfll'l !l1~V'UIIUrl.:J'Ufl.J 111'U~I~fl'UU'1'U (NCR) 1 ~v~lrlflml1'U~!~fl'UU'l'UlvilJ~'U 
111'U¥ltJ::;'rilflmvilJ~ ltJ~ 'llfll'l111~ v'Uu11 rl.:J'lJfl.:J 111 'U ~l~tI'UU'1'U Yi rl::; 1 ll"::; !rltlli111 'U¥lI~'eJ'U,rl'Url~M 

111'U~\J::;'rilfll'l f)1'lrl¥l~ltJm lflml1~V'UllUrl.J'\JtI.:J 111U~I~fl'U,rl'U rl.JYi,,::; I 

• 	 111'U~ffllJl'lt:lrll'U1w'!i1.Jl1miUfl1'l~.Jiiflfl'Uflf.:Jt1~ il1M~.JfflJfll'l (9) 

res) = min(Minlnv + (c X NCR). Maxlnv) (9) 

A ... 
IlJfl res) fltl 'li1.:J11rllhml'l~.Jiiflfl'Uflf.Jt1~ ill 

... " Minlnv flfl 'li1.:Jl1rlTcY'U"1~ l'Ufll'l~.Jiiflfl'U 

... 
c flfl ~ lfl.J~i 'Ufl1'l!vilJ11m 

' 	 ,...NCR flfl tJ~'l lfl1'l!Uftv'Uuurl.J'lJfl'lll1'U¥l!Wfl'UU'lU 

'"Maxlnv flfl '!i1.Jl1rllVl1"1~i'Ufl1'l~.JumJ'u 

~I AQ

3.2) Linear Adaptive Algorithm with Neighbor Change Rate (limited) (LlA+NCR (limited» lu'U11ifll'l 

l11'milumJ'u 1 ¥lvHtJ~'i1fll'JlU~VUlIl1rl'l'IJfl'llHU~I~flUU'lU llrl::;fllllJl1'Ul!!U'U'\Jfl.J!fI~fl~lVi'Ufll'll1i'lJ~ll~vi.,r 

Yf.J n'lf'Ulolf'l I ~'U ~ 'ltJ::;li fl1'l ~ In¥l'lil.Jnrll i 'U flU ~.J Ufl fl'U ~ llJlIlJ lJ111 fll'l'IJ fl'l fll'l rll'U1W'li1'l!1 rllU i'ml1tllJ lJIolf 'I !~'U 

(LlA) IIlJlJl~lJ fifl flQiu'lil'l 1.5-71'U1Yi ~-Jli111f)1'l'ril-Jl'Ui'Ufll'lui'lJ'!i1.:J11mi'Ufll'l~'lUflfl'U~.J~ 

http:fl'UU'l'UMlrl.Jl
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.. • 
1l1'U1H)~l'i1fll'iT~lJfh~~'j1fll'j ItI~[J'UmJCl-3'\JtJ~ 1l1'U~I~tJ'U,j'1'U~Cl~ I UCl~lrltJ)j 1l1'U~I~tJ'U,j'1'UCl~Cl~ 
'1 	 0 , w .ld.1 '1 .A., d 

tl1'U~1l~Yllnnm'jCl~tl1tJ~'j1m'jluCl[J'UUuCl~'\JtJ.:j t'l1'UYllYW'UU1'UCl,,'j'VICl~ I 

• 	 1l1'U~R1'U1(u ri1fl11lJl1'U 11I'U'U"tJ.:jltl~tJ~1[J 1l1n~1'U1'U'\JtJ.:j1l1'U Yll~tJ'U,j'l'U UCl~ ~1'U1'U'\JtJ.:j 'li'tJfI11lJ~tJ Q 

''UUYkvltJ1'\JtJ~ 1l1'U~~,,'jfflJnn (J 0) 

s = 	(WI X n) + (W2 X m) (10) 

.A 	 , "','" llJtJ 	 S tltJ W.JllJl1 'U 11 I'U'U'\JtJ-31tl':itJ'\J1[J 

'" n 	 tltJ i1'U1'U 1l1'U~I~tJ'U,j'1'U 

'" m 	 tltJ ~1'U1'U'\JtN'Ii'tJfI11lJ~tJQ' 'UUykvltJ1'\J tJ.:j 1l1'UYl 

'" W V W2 	 tltJ ri1{h~lhl1lrn~1'U1'U1l1'U ~l~tJ'U,j'l'U UCl~1i1'U1'U '\JtJ.:j'li'tJfI11lJ• 
~tJQ''UUW1WtJ1'\JtJ.:j il1'U~ 

lrltJ'VI'J1Ufi ltl 11lJ l1'U 111U'U '\J tJ.:j Itl~ eJ~l[J 11 Cl~fl~ 'j lfll'jltl~[J'UU UM'\J tJ~1l1'U ~l~eJ'U ,j'1'U 1l~ llllJlRl'U1(u 

• 'lhmml'Unwff.:jDtltJ'U ~~~ 

res) = min(Minlnv + (c X (s + NCR)), Maxlnv) (I I) 

.A 
llJtJ 	 res) 'lh~l1"l''Um'jri~DfltJ'Uflf.:jti~iu 

Minlnv '" 1f1~m'llJ'U~~''Um'jri~DtleJ'UtleJ 

c rilfl-3~1'Unm~lJl1il1 
, "" s 	 fI 11lJl1'U1U'U'U '\JeJ.:jltl':i eJ'\JllJ 

'" NCR tltJ 

Maxlnv 

3.3} Linear Adaptive Algorithm with Neighbor Change Rate (unlimited) (LlA+NCR (unlimited» 1~'U 

n m'j U1uri lDfltJ'U i Yl [J''If'fl~'jlnmU~tI'Ul1Uil.:j'\JtJ.:j i l1'U~I~tJ'U,j'l'U IlCl~fl11lJl1'U1UU'U '\JtJ~l fI~ tJ~llJ1'U m'ju1ufi11 ~ 1) 

Hn.:Jn'lf'U!';.:jlff'U ~~1l~)j1f1-3I1Clll'Um'jri~Dfm'UtJQ1'U1f1~lJlnn "11l1~ml'ht1u l.51'Ul~ ~~)jnm'jl'i1~1'Ul'Unnu1u 

1f1~I1Cll l'U fll'jri .:jDtltJ'U ~.:J~ 

• 	 i l1'U~Rl'U1(Uflmlnmu~[J'UlIUCl.:j'\JtJ.:j 1l1'UYlI~tJ'U,j'1'U (NCR) Im~ri1fl11lJl1'U1Illj'U'\JtJ.:Jlfl~tJ~llJ 

11f'Ul~tl1t1Unf)l'j 3.2) 

Irlu'VInufi1mllJl1'U1UU'U'\JtJ'llfl~tJ~llJ lICl~fl~'jlnmU~[J'U1IUC1.:j'\JeJ~1l1'Um~tJ'U ,j'1'U 1l~lJ1lJ1R1'U1(u 

1f1·mml'Unnri.:jDfltJ'U ~.:j~ 
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res) = Minlnv + (c x (s + NCR)) (12) 

.... llJe. 

v' •
3.1.3 \1I18UHOl'fYlHl'U 

res) 
Minlnv 

c 

s 

NCR 

'1hmcn1'U m'HY'I Uflil'Ufl f'l ()'~ 'b.J 

';1mCll~'U'i!~1'UflTiri'lUflt)'U 

rilfl'l~1 'Ufllj lV;lJl1Cll 

, ... , 
fl11lJll 'Ulll 'U'U'lJe'llme'IJ1£J 

e1~j lflljlU~£J'Ull'lJCl'l'IJe'll11\1 ~1~e'U,rl'U 

• 
iJ ~ ild d. Ell .I:;),..:s .t 0 71 '~I 0 '1 A v d I ~ 

m~\ll£J'lJel;!ClIl!lnY1'i!~fll£J I'U 10 1'U1Y1 \llfl'U'U'Ul'IJel;!Clfl11lJl!'U111'U'UlJlmJCl'lllJ'U\l1'U1'U 1l!'U~IVW'UU1'UY1e~flllJ I'U 

... , .. , " • ,. I :II " ~ , , <>4 .1 ~ ,
j~£J~flljl'lfelJl>le~'1'i!~ 250 llJ~j ~ClY1 ~\llfl~ljl'l\l~'Ul lJllJ'U'l!Pl'IJ8l;!Cl~1e£J1'l1H)'U'lJe'lIl~Cl~1tiflTilJ'.i1J'lf1'1nCllfllj 

ri'lUfleU ';'1ljri'1etJl'lflljlil'llU'IJe'lll~n~1ifllji'l~e1u~ 

.. 
I) f11ar.iwm U~mhm~ll11.1 nmi~um)'u1VlU1;;ifiOl':iilfl':il::l1 Ol':iflVltWm,; ~Ilfu 

• t11'l!~,rel;!(lri'1etJl'l~1,r\llflmjl'l 3-1 lJlri'~,rel;!n~l~hlfl';1mCl11'Uflljri'lufle'UL'vhtiue8flhf!l!~tll~lJ'I 

Ilri,rm.JCli1mflL'Vl£J'Irl11~lJ11J:: ,,r'l!~,rel;!Cl1mj fie {(I,1.5),(3,3),(5,7),(15,9)} l!cf1~'1t11lJlm 

fl11lJ~mfll1h~l!'"h'lfl11lJl!'Ul!l,jU'IJe'llfl~mhlJ (rl1I!Uj6ffl~) IIn~';1mnl1uflllri'lUfle'U (rl111Uj 

rl1fltJl'lfllltbu10nrlJfllj 

~nl'l~ 3-2 rl1etJl'lril~1 'lfl'Uflljr11'U1W fflJ fllj fllj O~08lJl;'1lff'U 

x Y Xi -x Yi -y (Xi - X)(yi - y) (Xi - X)2 

[ 1.5 -5 -3 .625 18.125 25 

3 3 -3 -2.125 6.375 9 

5 7 -I 1.875 -\. 875 I 

[5 9 9 3.875 34.875 81 

X=6 Y=5.125 ~(lnlJ = 57.5 ~ClnlJ = 116 

b = If=l(Xi - X)(yi - y) 
I~l(Xi - X)2 

57.5 
b =-= 0.4957 

116 
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.' 

a = y- bi 

a = 5.125 - 0.4957 x 6 = 2.1509 

Y = a + bX 

9 = 2.1509 + 0.4957X 

iJlfl,x'U1'HU~ffll1l'Hllhffl1fl1)rl1tJ1,rh~fl1)ri'lulru,s1~lTc\11uflwif~iJflfluflf~n~ itJ'Ilfl~ l'Hu~1,j' ~'1rl 

• 	 IJmlltJvl'lM ru ~lfl'Url hfU~iJ"lU1Ul'HU~I~tJU1j'lU 3 h1U~ IICl:;iJ"1'U1U'IlV'I'lYflfl1111~flQ1'U 
uvkwv1'1lv'I hf'U~ I .u'Vfll111 iJ:;i,j'~lfl1111'H'U1IIU'U'IlV~lfI~V~11J ~v 3+1 = 4 

• 	 \l1fl,x'\.l~'1'\.h~l~ Mrlm'l'UfI1111'H'UlI1U'U'\JV'Ilfl~V~11J X 1'Uffl1fl1'ifl1)f;1~i:lfllJ ~:; ',j'~l 9 ;'1I1'1'1'U 

,s'J'IITt111'Uflnri'~iJflv'Uflf~n~ itJ ~~rl 

Y = 2.1509 + 0.4957X 


Y = 2.1509 + (0.4957 x 4) = 4.1337 


• 	 '1 d d <$ " ~ • .lI 1 . '" . .• 	 II~Cl:; !'H'U~iJ:;11~1'il~'VllflU1!~'IItJlJCl~1VIJ1~ '11'1 'U1!~Cl:;lIm'llV'I~l'il'l f1V t]'IltJ'IfI1111'H'Ulll'U'U'IlV'I 

Ifl1V,\hlJ (xd IICl:; ,s1'111Cl11'Uflnri''IUfltJ'U (f(Xi» ~~1'U~nl'l~ 3-3 

• 	fh'H'U~~l k ~1~ I~V'i:;\,/"l'Ul'U nearest neighbor 'IlV'I~~'lYVlJCl~1VV1~~'il:;lhlJl',rt'Ufl1'i'Hlfhri'1~VU~ 

,j'V~fl1'i ;'11'Ufl)f;U~lVV1'l fh'H'U~M~l k I'~hnu 2 

". 	 . 
~ , 1" d "i d • 1 a... "i d • ... d " 

• 	 IJfl~lVIJ1~ 'H ru ~V'U'\.l !'H'U~l1'ill'Ul'U If'U~1'VlV'UU1'U 3 !'H'U~ llCl:;l1iJ1Ul'U'IIV'I'IlVfll111'VlVQ U 

UVhvlV1'11il'l T'H'U~ 1 'lYVfI1111 iJ:; hi'fllfl1111lfUlllti'U'IIV~lfI~V~11J ~tJ 3+1 = 4 

• 	 'illfl,x'U~~tilfll~ Mrlll'Vl'Umll1lfU1l1tiU'IlV~lfI~tJ~llJ (Xq) I!cll~'Im nearest neighbor 1~1Jri'1'U1ru 
" 'i:;IJ:;"h~'i:;'H11'1 Xq IICl:; Xi ~~U 
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d. iI ILoII Qod. 

m'j1~'Vl 3-3 'l1~~tJl.!fI\YHltJW\Jt)-n1if1l'j K-Nearest Neighbor 

fl11lJ'H'U 111U'U ~ fhllf11tJ ~111(Xi) ';1~11f11''UnTl' ri'lUflt)'U (1'Ulli) f(xJ 

(Xl) I 1.5 

(X2) 3 3 
, 

(X3) 5 7 

(X4) to 7 

(Xs) 15 9 

(X6) 20 9 

(X7) 30 9 

(Xs) 40 9 

d(Xq,Xl) = J(4 - 1)2 = 3 d(Xq,xs) = J(4 - 15)2 = 11 

d(Xq,X2) = J(4 - 3)2 = 1 d(xq, X6) = J(4 - 20)2 = 16 

d(Xq,X3) = J(4 - 5)2 = 1 d(Xq ,X7) = J(4 - 30)2 = 26 

d(Xq,X4) = J(4 -10)2 = 6 d(xq,xs) = J(4 - 40)2 = 36 

• ILl & 0 I) I I g Q.I I <&.IQ 

11 1fl'U'U 11'1'Vl1f1lHll'U1tufllm"]'UTI1'Ufl'IJ tJ'lll~ fI~ Nearest N eighbor ~'l'U 

• 

. . . 

• \.11 Nearest Neighbor i~'H1J~1Jl'Hlfl'l~tJ1J hWI1l~tJ~llJi'ilri1'lJl"'Ufl 11~hi' cJ(Xq )) ;~1I'Vl'U';1mfll''U 
f1l'jri~UfltJ'Ufif~rl'~hI ~'1{1'1Jf1l'j 

~() (1 X 3) + (1 X 7)
f Xq = = 5

1+1 
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0" 

3.1) Neighbor Change Rate (NCR) L~'Ui1lf)1'jtlTUfhDrW'U1~w1i'.uVlJi'li'l'nfnmJ~V'Ulltli'l~'1H)~ lrf'Ufl 

r~£I'U U1W~V~ £I 01'1 L~01 L~'U~l1tlTUrll'lf£l'l'lhmcnfl m1-3Di'l Cl'U 1flO 1 i''I1'l ni'Uli'lL~'U 

• 	 Vfl~lClVl'lhf'nV'Ul'lll'ln hl'Ufllhil'Ul'U 111'UflL~v'UU1'U 3 111'Ufllli'l~ljrlli<;l"j'lfll'Htl~V'Ulltli'l'l'lf£l'l 
111'U1H~V'UU1'U (NCR) L'vilfiu 2 \JlfllrWrlVljfl1'iltl~O'Ulltli'l-3'1fV'l111'Urll~V'UU1'U 1,f'U ml1'Ufll~V'U 
Ul'U1V;1Jl.ulln 2111'Uflll1'Ufl\J~ 'yhrmlV;1Jrll (NCR) hWfll"j'U1fll1~~ ~~tT'U rll NCR \J~l'l'hfiu 3 

res) = min(Minlnv + (c X NCR), Maxlnv) 

IrlV t1ll1'Url1M Minlnv I'l'hfiu 1.5, c l'vilfiu O,2IlC'l~ Maxlnv lvilfiu 7 \J~1~ 

res) = min(1.5 + (0.2 X 3),7) = 2.1 

:II""3.2) Linear Adaptive Algorithm with Neighbor Change Rate (limited) (LIA+NCR (limited» lu'Ullifll"j' 

tl furl lUml'U1fl 01i'im lflmtl~V'UlltlC'l'l'lfv'l111'Ufll~V'UU1'U lli'l~i'lll1Jl1'UlllU'U'lfCl'lIi'l~V~lO1'U fll')"tlfurl11 rlO1i' 

",c:f 	 4'cv ~ ,.. d o=S 0 I 1 ' '"Q.I

n'lfl'll''Ul'll''lITI''U 'II'l\J~1Jfl1,)"\Jlflrl'll'l'll1i'1l lH11HOUflV'U 

• 	 Vfl~lClVl-31MriV'UliUln 111'Ufllilll'Ul'U111'Ufll~V'UU1'U 25 111'Url IlC'l~li~l'Ul'U'Iltl~.uvml1J~vQ''U 
,rvll'vlVf'lfV'lll1'Url 5 .uvmllJ"j'11J,f'lljrlli<;l"j'lflmtl~0'UlltlCH'lfV-3111'Urll~V'UU1'U (NCR) 111lri'u 5 

\JlfltT'Ulrlvliflmtl~vwltlC'l'l'lfV~ 111'Urll~V'UU1'U 1,f'U ml1'Urll~V'U,rl'UC'lrlC'l~ 3 111'Urlll1'Url\J~vilfl1"j' 
C'lrlrll (NCR) lrlvfl1"j'C'lul1~~ fl~tT'U rll NCR \J~lvhfiu 4 

• 	 illfltT'U 111'Ufl,,~ril'Ulrurllml1J11'UlllU'U'lfV'lIi'l~V~lO ~V 22+5 = 27 

res) = min(Minlnv + (c X (s + NCR)), Maxlnv) 

lrlV t1ll1'Urlhf Minlnv I'l'ilri'u 1.5, c Ivilfiu O.211C'l~ Maxlnv I'VIlri'u 7 \J~M 

res) = 	 7min (1.5 + (0.2 X (27 + 4)),7) = 
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3.3) Linear Adaptive Algorithm with Neighbor Change Rate (unlimited) (LlA+NCR (unlimited» I~U 

ill fIll1JfU~lUfIt)U t,w1,r~~'jlflTJI,j~ oumJ"-:I'IJ'eJ-:I 1 'I1U 111 ~'eJUU'lU II"::: fI11lJ'I1'U11I,J'U'II'eJ-:lltl~mhu''UfIl'j,jfU~ll~u 

1,rVf-:ln'lf'U!;'1I~U ~'1'il::: 'hhho~';1'1nm'Ul'U~"1~11..1 fllnr 'I Utl'eJ 1..1 

• 	 ufli1Vlh;j"HriV'U'I1l1'1~ 1'11'U~ih)lU1'U l'11'U~I~'eJUU'l'U 25 1'11'U~ !I,,:::ij1l1'U1'U'II'eJ-:I,f'eJmllJ~'eJQ1'U 
Dvhvl'eJ1'IJ'eJ-:I 1'11'U~ 5 ,f'eJmllJnlJi-:lijril~mlf1TJ1,j~u'UII,j"-:I'IIV'Il'11U'H~V'UU'lU (NCR) I~hou 5 

'illf1lf'Ulrl'eJijf1TJ1,j~oumJ"-:I'II'eJ'Il'11'U~I~VUU'lU du m'l1U~I~'eJ'UU'lU"~"'1 3 1 'I1'U~ 1 'I1'U~'il:::vhfll'j 
,,~ril (NCR) l~uf1THlu'I1~'1 ')'1J'U ~l NCR 'il:::lvhou 4 

• 	 'illflJUI 'I1'Ufl'il:::ri'1'U1ru~lfl11lJ'I1'Ull1,J'U'IJ'eJ'Iltl~f)'\j,o ~'eJ 22+5 = 2 7 

res) = Minlnv + (c X (s + NCR))• 

res) = 1.5 + (0.2 X (27 + 4)) = 7.7 

I) 	 ~hr~iflJnf.l'U::: 

• 91'/.J'JUfi.J lunnff.Juf/fJU (Number o/beacon) 1~'eJ-:I'illfl ''Ufllnh'll'UU'Ultl~'eJ'\ho H,(,"'OIlUUII'eJ~ !JUf1lT'U 

1l1'U1'Uflf'l 1 1..1 fIlnr-:lUflf)'UI1J'U~'Hilflty~'il::: lIff~'1 i -HI-H'U ~'1mlllru fll'j i ,r';tWYtytylru ~-:lri'1'U1ru 'illf1~1'U1'U flf '11'U rm 

ri'l Ufl'eJ'Ui '1'11lJ ~~1n~~'U i 'U 'j::: U U II(l:::11/1..1 ~ ~ ,j'j::: ff '1fl '11 Iff111..1 fll~ 'eJ f) flIlU U fll'j ri'l U fl f)'UIIU u,j ~U~li ~ 
d., 	 .;. d 1 "~I

• fI'JllJln'llfNmrm::fJ1CJ'!JfJ1,fll (Speed 0/ Dala Dissemination) 1'U'eJ'Illlflfl11lJl'j1 'Ufll'jm:::'illO'll'eJl;!(lIU'U 

~fllh:::ff'lfl'l1lffl1'Ufll'jf)VflUUU 1 m i Vlflf)" DECA ~-:lI1J'Ui111,j~ i 'UrmVilll'jru lillfllnH'uUflf)'U~'I11111ffmnlJlH'Il'U 

lflU~fl11lJl~1 i'UfIl'jm:::'illo,f'eJl;!(lIl:::ri'1'U1ru Illfl1l1'U1'U'II'eJ'Il'11'U~~ hifu,fmJ(l~mh'U1u l'I1ufli'l'l1lJ" ru mnJu 

2) IfI~O'l;j'eJ''Ufml1Y1tHl'l i,rlfl1f)'1iim';U1~u10UflWVl~mHiuuVl~ 2 ~f) l~lJlllflfll'j1l1"'eJ'l'VH1~flnlJfll~ 
Ifl~f)U~'Ilf)'1'j f:l o'U~l~u1,}'l,j'wmlJ SUMO ~-:I'il::: MVH1~ flnlJfl1'jlfl ~'eJ'U ~'IIf)-:I'jf:lOU~'eJf)fllll'Ul,jIlUU'IIf)-:I xml 

illflJ'UIl:::1,}'l,j';illmlJ TraNS 1~~)U,j{1'1 XML ,.,r'eJ~1Ul,jIlUU'Ilf)'1 tel ~ffllJl';if:l'l111,jH-:llUUUhhllmlJ1l1{1U-:I NS­

2.34 'l~ Im:::1,}'l,j';illmlJ1l1{1f)-:llfljv'Ij,U NS-2.34 'UflWVI~{1f)'1 

3) ifmvtU1~~OlJm;n'UO1'jl1~aO'l fll';iVl~{1f)-:lffllJnf:l1l u.:jlffl1;jru:::'IIf)-:lf:luu~1,r, 'UfIl~Vlflfff)U~f) f:lUU Vll'l 

'I1{11-:1 U(l:::t1UU1Uliif)-:I lflU~t1UUVlN'I1{11'1'il:::I1J'Ul1flllru:::'IItNVll'l~';i-:lfl11lJtll1 4 nl(lllJ~'j ij 4 ';f)'1Vl1-:1f1l'jIl'jlll'j U(l::: 

f:lUu1Uluv-:I 'il:::I1JUl1flllru:::'lJV-:lm';iWIJUlfl 3x3 m';il'lnl(lllJ~~ ,j';i:::flVUfi'10~!It1fl1l1U1U 4 IWf) Im:::ffllJIWf)1l1U1'U 8 

IWf) lflU~I1f)1;jru:::'IIU-:lf:lUU~HI1Ju',j')'1mVi~ 3-2 
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1 

~. 

3 km. 1< >1 
.. 

1<:-1<------ 4 km. >1 I
E 
~ 

rt"l 

fl) auO'UU'V11~1'I(11~ ~) ~uou'UhJl~tl~ 

aU~ 3-2 aUHtJtJo'U'U~hii'Ufll'.i'Vlfl(1tl~1'U lu'.i!lmlJ~l(1tl~ 

• 17J'j) d d 1'" . 1"" d d dq I 41:;), JJ v
1'I(11~1l::;flll'l'Ufi 1'I~tll,j(1lJtl1Q 10 1'Ul'VlI1'TUOU'U 'U!lJtl~1l:::flll1'Ufi l1'IJtll,j(1lJfJ1Q 50 1U1'Vl 'll~m'IJtll,j(1l1lJflfJ1Qfll'.i 

!: !: d ~ d "' '" 1 y ~ ,.,
'VlflCl tl~ lum ~'U'Ufl1l::: 11''U '1f1(1~IICl::: 1l:::IflW·jC1 fll'.i'VlflClO~'VlU 'Vl U fll'.i 'Vl fI(1tl~ 1l:::1'll".i:::tJtJ "(Itll1'l'.i '.i I1'lUtJ'UlJ1mj} 1'U 

JEEE802.II cj}~lh:::U:::~01jl'.itT~'1f1~ 250 llJ~'.i lf1Ufll'.ii~ril1vi'.i l'VlflO(1 H(1:::ril~1~'l~hiiUfll'.i'VlflClO~PIllJYl1'.il~~ 3-4 

• Linear Adaptive Algorithm (LlA) : fll'.irhu1W'lh~m'nui'tJ~111tJtJl;~rfful1J'Un1'Ufll'.iui'tJfi1UflOu1,r 

lU~U'U!lU(1'l'1U~llJmllJl1'!J111UU'lJtl~lfl1tl~lU 1flUYi1ll'.i Wl1l1fl~lU1'U 111'Ufll~tlUU1'U Hel::: ~1'U1'U'lJO~.,j'tlmllJ~o~1 'U 

,r'Vhvltlf'IJO~ 11'1'Ufi 

• Linear Regression Analysis : fll'.il!ml::;11fll'.iOfiOtlUl;i~I_ff'Ul1Junfll'.i~l'I1mllJ_ffmr'Uyj'.i:::WlH~1I1U'.i 
.$ ~I "' .1 d., • .. "' .1 Q .$ ~ .. .1 d

PIllJ (Dependent Variable) 'll~lu'UYl1I1u'.i'Vl~tl~fll'.i11'.iltJfI1 fltJYl1HuHII1''.i::: (Independent Variable) 'll'lllJ'UYl1Hu'.i'Vl 

'V1'.IltJrllll1f11flU~~ll1 u'.i~hn:::J'U 1l:::ff~~(1~ o~111 U'.i911lJ 1'Ufll'.i'Vl flCltl'l fll'.iUi'tJrilUfltl'U 1 Ylul rufll'.illm1:::11fll1 

OfiOtl UI;i~I_ffUJ'U 1,r~1111h911lJfitl 'li1mCll~H' 'U fll'J'ff'lUflO'U ff1U~1I1U'.iVI1''.i::; fitl f111lJl'I'U1H U'U'lJtl~lfl1tl~lU 
d 0<:), d" .do 4 do d 11 IV I d.J 

• K-Nearest Neighbor (K-NN) : ltJ'Ul'V1f1'Uflfll'.il'.iUUa'IJtl~lmtl~ 'll~1l:::lJfll'.ilfltJ'l1f1'IJtll,jClYl1tlU1~I1'O'U i'U'Vl'U 

fitl.,j'tll,jelfll'.i'Vl~(10~1l1fll U'.illfl'.ilJ~l(1tl'l'IJtl~fll'.i ri~UflO'U1 'Ull~(1:::'li1~11(1l HIf11huJtll,j(11l1~lJ'U1J11,r1 'U fll'.i l'I1ri 1 

ri~tlOfl hWn11'1'UfI~1'U1'U k l!'Vl'U~1'U1'U9110Vl'l~lirl11fllft;:iu'lntJril'Ull.,j'1 mi'1i'll'U1W rilri~tltlfllf1mh~J111UmJtl'l 

rl1~M1l1fl~1tlV1~fll'.il1'tlU k ~1J'U 
~I = .1"'·.. 1 1., .. .ld.1 1 ..!.,• Neighbor Change Rate (NCR) : lu'U1lifll'.iu'.itJfI1lJfltl'U flU 'l1tlYl'.ilfll'.ilu(1UU1Iuel~'\HH l'I'Ufll'YWUtJ1U 

I1J'U~1Ui'Ufi1'1i1mCll'IJtl'l fll'.i ri~U fl tl'U 1 fI U1,rYf~ n'li'ul;~ l_ffU 

~I = • Linear Adaptive Algorithm with Neighbor Change Rate (limited) (LIA+NCR (limited» : lu'U1lifll'.i 

Ui'lJrilUfltl'U 1fI(J H691 '.i 1fll'.ilu~u'UuU(1'l 'II tl'lll1u fit~tlUUl'U 11Cl::; m llJl'I1.nHUU 'II tl~lfl1 O~l(J1'U fll'.iUi'UfilntJtJl;i'l 

l_ff'U ~~1l::;lifll'.i~1ri'fI'li1mCll '1Ufll'.iri~Ufltl'U 

http:llJl'I1.nH
http:1fll'.il
http:H(1:::ril~1~'l~hiiUfll'.i'VlflClO~PIllJYl1'.il
http:JEEE802.II
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." • Linear Adaptive Algorithm with Neighbor Change Rate (unlimited) (LlA+NCR (unlimited» : &U 

nfll'lU~1JtiTU~HI'UhwH'tlm1fll'l!tl~fJ'Ulltlil'l'lltH1'H'UYI!~tl'U,j'1'U lIil ::: fI1 llJ'H'U 111umJil'l lfl5 tl~lfJ1'U fll'lu~1Jti11Y1fJ 

i ,rW'l n'lf'U! ;'l!ff'U ~'l II::: 11hhnYl'lhmil1'U1'U~'C!Y1' 'Uflln;''IUfI tl'U 

~1'l1'l~ 3-4 fll'l,f'l~h~l'l'l~i,r,'Ufll'll'lYliltl'l 

fI'U'Ul'll'l'Hil1'l : 6, 10,20,30,40, 60,80 tl'Ulfi1il1lJm 

fI11lJ!~1\1.;j'C!Y1 : 50, 80 fi1illlJm/,111lJ'l 

fI'U'Ui'Ud'itl'l : 2,10,30,60, 80 tl'Ulfi1illlJ~'l 

fI11lJl~1\1'1'C!Y1 : 120 fi1il!lJ~'l/,111lJ'l 

..rtlfl11lJ " Q '"VlQ'lItlfl11lJ : fI'U'Ul'l1'l'Hil1'1 10 1'U1l'l 

fI'U'U1Wlltl'l 50 l'U1Vi 

'IJ'U1Y1'l1tl'l.,rtlfl11lJ : 512 1'Ufl 

Linear Adaptive Algorithm (L1A) 

c = 0.2, Minlnv = 1.5, Maxlnv = 7 

Linear Regression Analysis 
, v _I Q.!!

flTi't'lJU'l:::il'l'lli fll'lfl"t1tlfJ : a = 2.1509, b = 0.4957 

K-Nearest Neighbor (k-NN) il'U1'U Nearest Neighbor (k) = 2 

Neighbor Change Rate (NCR) 

c = 0.2, Minlnv = 1.5, MaxIn v = 7 

Linear Adaptive Algorithm with Neighbor 

Change Rate (limited) (L1A+NCR 

(limited» 

'lf1'll1il1''Uf)Wff'lUml'U : l'jf) 1.5 -7 l'U1Vi 

c = 0.2, Minlnv = 1.5, Maxlnv = 7 

Linear Adaptive Algorithm with Neighbor 

Change Rate (unlimited) 

(LIA+NCR (unlimited» 

'lf1.;jl1il1''Ufll'lff'lUflil'U: >=1.5 l'U1Vi 

c = 0.2, Minlnv = 1.5 

" .Q ~ tI 
fI11lJ~tl"f11'l'lltl"lltll'nH'lf1'1f'U'Vl1'lfl1'U 

d " f111lJ!'i1'11tl"f11'im::lJlfJ'lJtllJ il 

I A a j" 1 Q '" fI'U'Ul'l1'l'Hil1'l : fIlfl11lJ!'lf8t18 Y1\1.;j'C!"fllfJ 'U 10 1'U1'Vl 

1 '" , a",,,,, i Q '" 

fI'U'U 'U!lJ8" : fIlfl11lJl'lftlt18 IYI\1'l'C!"fllfJ 'U 15 1'U1'Vl 
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.· 4) ~HlOlnl~HnH 

• flaOl'iYlVlaa.:.l~nnUfI~.:.I'UOl·HhUflt)'u 'illfl411~ 3-311(1:: 3-4 ffllJl'if.H1.:.1lfl~ 'M111l1'U1lmf.:.l1'Ufll'i 

d.:.lUflil'U~lil~~'UffllJl'ifll~ fJ'I~llJrll~U'illfl;)1'U1'UlJlfl~'c1~ i,ll,rcHJ~'c1~ M~'1d NCR, L1A, L1A+NCR{\imited), k­

NN(2), LlA+NCR(unlimited) U(I:: Linear Regression I ~fJr;H"fll'iYl~(lfl'l.J'I1'UfI'U'U 'YIl'l'H(l1'1U(I::fI'U'U 1'Ul~fl'l1 'I1'~(I 

1'('UI~fJ1 n'U ~Clfll'iYl~(lfl'l'\Jfl..j NCR lifil1'(~lU~\1''1lJ1fl~..j 'h,hl1lJ1U ff~'1i 'U ~Clfll'iYl~Clfl'l ~..j ~Clfll'i YI~Clfl'l~1n~~'Uli~Cl 
lJ1'il1fl~lfll'ifil'U1W '(1'111m1'U fl1'i111Uflfl'Ufifl~lfl11lJ'H'U1UU'U i.hli fll'i 1~lifl11lJ i 1fi6oU6l,l(lfl11lJ'H'U1IIUU\1'..jfl1l'il:: 

d.:.l~Cl Mln~fl1'il~lJ,(l.:.111Cll~\1' 'I fl11 IICl:: Cl'llJl'iflCl~;)1'U1'UUfl6'U '1 ~lJlflfl11 llfill'l:: i1Y1li fll'Vl' 'U fl1'i111'11'U~'U6Qnmm 
fl11lJl~11'Ufll'lm::'il1UoUm;!(lfi6 ill 

. . 
" , "'" _I'" ~ • flaOl'iYl~"m.:.lfl1n.JI'i1 UfIl'lfl'i"::mfJ'IHUJa Vi'il1'lW1llJYI 3-5,3-6,3-7 1m:: 3-8 ~Clfl1'iYl~Clfl..jYl'lflU'U 

• 

• 

Yl1.:.1'HCl1..j uCl::m.nJ1'UI~fl'lM~(I~I'H~fl'Un'U ;!fl ~m1lJ'H'U1!1U'U~1 NCR 11(1:: L1A 1'I1'm1lJl~111~h~fl.:.l'il1fl NCR lifll 

1'(~lfJ~\1' '1lJlfl L1A ~..j()fl11lill'i::i1Y1limVi~~'c1~1'U fll'i111'l1'U~m1lJ'H'U1I1U'U~1 d1'U~limllJ'H'U111u'U\1' 'I Linear 

.:::1. d ~ iJ d.d ~1"'1'" i I a ~.::i <:t jI
Regression lJfl11lJl'l11'Ufll'lm::'il1U'\Jfll,lCllnYl'c1~IICl::U'I lIfll 'b''illfJ 'Ufl1'iff'lUflflU~lYl'c1~flflmfJ 

'ill fl~Cl fll'l YI ~ (I fl..j ff1lJ 1'l flCl'111 '1 ~11,(1..j I 1Cll 1 'U fl1'l 111Ufl fl 'U li ~Clfi 6 Cl'lJ 'i 'l fI'U:: U Cl:: fl11lJ i 'U I~ 1 fln m:: 'ill (J 

oUflmllJ'\Jfl'll m I Ylflfl(l ~'IJ'U fll'Hi'ifl fl,(l.:.111(11 1'U fll'l 1111iflfl'U~.:.I~fl..jlifll'i li'ifl fl,(l.:.1n (I 1i 'I1'Cl'fl~flftfl'l nUll flViVilll mt'U 

'0 

I 
z 200 

100 

o~-----6 10 20 30 40 80 80 

J 
'0 

.8 
E 
" z 

4,000 

2,000 

o~~----~--~-2 10 30 60 80 

• Vehicle Density (vehIkm) Vehicle Density (vehl1<m) 

fl) flU'UYll..jll(ll.:.1 '\J) flu'U1'U1~6..j 

! 
~ 
z 200 

100 

o 
6 10 20 30 40 80 80 2 10 30 80 80 

Vehicle Density (vehlkm) Vehicle Density (vehl1<m) 

0) fI'U'U'YIl'l'HCl1.:.1 
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. 
'" 'I 'i "'. II3.2.1 IllA1f1~ IlA fll'HHlfllllltnHtJ1JltJfll'Hl-3fl'l1l'lltllJtl (Dropping Policy) 

d ,. i odd A a " " I QI a 1"I!'W)-3~lfl 1'Vi'l I 'VlfltJ(l fl1'lm:::~ltf'VllJfl11lJl'lftJfltJIIUU!~(JlJ(lfl11lJl1'U 111'U'U ri1l1'lUlm(J~1t1 'lff1£JlIUUII(J~HJ()fl 

U'UlJl 'U 'Vi 111 'UnT'U! 1:1 'U 1'Vi 'll 'Vl fl (J(l ~ 'I'll-31'U lwrtJ!lu U Store-and-Forward 1~ (J'l (J-3 l'U nu fll'll ~(JlJ~ (J11:I'U'ii1-3'l 

, .. '" • "..li • 	 ') • ~I
(Intennittent Connectvity) 'Ufffll'Vi fll'l ~'l1~':i'VllJfl11lJl1'U111 'U 'U'U (Jtf 'lI-3 fll'l'Vl1-31'UIIU U Store-and-F orward 1l1'U~~ 11u'U 

~:::~(J.,jI~U f)~lJoU(JlJ(l (Packet) 111'U1'UlJlfl~ 5-3 'llil1lJ~mq 'l11'U U'vll'yj(Jf~(J-3~ 'U!~tJ'U~ ~:::l'vilJfl11lJI~(J()(J M~(J-3.u(JlJ(l 

tT'Urill11'U ll1'U~t'U'l ~5.,j 'lli M1'uoUmn llJ ~-3tT'Ul11f)iJ'U1[J1J1[Jfll'j vr-3oUm;!(l~iJlh:::l'Vl1i fl1Yi'~-3~:::ri-3'11'1'Vi'll 'VIfl(J(l 

ffllJTH1'l'll-31'U 1 fi'1 ~[J~iJfI11lJ~(J.,j fll':i U'vll vltJ f ~'U l~~~1fll1fll':i1,}'fll'j vr'loUm;!(lIlUU~-3I~lJ 1'ii'U fl11vr'loU tllJ(lri1'U mY1 .. 
l1l(Jl1If-3 (Drop Front/Tail) l1~(Jflnvr'loUm.!ftIlUU~lJ !lft:::~1f)fll':iflfnm1'Ul~tf'U ltf1J1tffll'jvr'loU(JlJft [17] [18] ~'ViU 

.. 	 l~tf1oU(J'InUfl1':i'l'll'11'UU'Ulfl~()'\htJ~iJfI11lJfl'l'Vl'U~()!1(l1l1lh'l (Delay Tolerant Networks: DTN) ~.,j'liiJfl1':itltlfl!'lJU~ 

I l1lJ 1::: fflJ nUlfI~ tl~1[J '1 ~ffltlllU UII tl ~OtJ flU 'U tl1'U 'Vi1l1'U::: 

~'1tT'U Itl1J1t1fmvr'loUtllJftri1l1i'u DECA fI1':i 1,}'1Vi[J.,joU(JlJ(lfl11lJ'H mu,)'U ~ 'lfi'i'u ~1f)fll'l ~ 1fl!1ftmu~tJ'UUfl (J'U 

,Vi[J'Il'tiltT'U 1~ tf 1'H'U~~:::ffllJ1'jflU1":::lJltufil111'U1'Urill'Ul~(J'IoU(JfI11lJ~\l flll'Vi~tltlfl 'lU~lfll 'H'U~ 1~~lfl111'U1'UI~(J'U 
" , Q 	 .d 0 a" .d .d ct q,I JI QI ~1"..li •I, Q

lJl'U 'U1Jlmu I hop 1I(l:::ffllJl'jfl'Vl~:::fIl'U1tu 1'H'U~I'Vitl'U1J1'U'VltlQ 'U1Jll1tu'VllJfll'l'VlU'lItl'U~tl'lfftytyltu 'jff1tf'll'l~:::'Vll 

, 'jI _I 	 ,,~ d d .6 ce.Q ~"A QI cI d dI 

'H fll 1" u ':i:::lJ 1tu fl1 rill 'U l~tJ 'I ~(Jfl11lJ'U'UlJfl11lJl 'YI fH~ 'j '1lJ 1fl ~'U ~ 1fl'U 'U fll ':i 'Vi ~ 1 ':i m 101 'j 'VI 'I ~ tllJ ft IlJtl lJ yj Ivi tl ':i I~ lJ fl 

~~l':im l~lfloUtlfl11lJ~iJfi1ri11'U1ff'1~ff~ I~ tl'l ~1f)iJ111'U1'U1~(J'U1j1'U~ 'IMlJoU(JfI11lJnff'1~ff~ IIft:::iJ1(J fllff~~::: ri '11UO-3 
~ ~ 	 ~ ~ 

1'H'U~'ch'U'mIi1'U':i:::uulI~llJlf)f)11oUtlfl11lJ~iJfilri11'U1,.rtl[Jfl11 I~(J111'1 'Vi'j I 'YIfltl(lff1lJl':iflll'Vi~oUtlfl11lJtT'U!!nll1'U ~ 

t'U'l1'U'l:::uu M~tl '[u 

. .• 	 3.2.2.1 flnU'j:::JJUU;)llA1lAl'Hlm1u-wlAJinucWtlu 

~tlffl'Jl1:l'U1mJ~fl~ '1 tJ~'I'll'H,.r1~''UO1'j fl'J::: ~lt1fl~lJ'Ij'tllJ(l~()!~(Jft~mlJlmfi11,}'~ ltJ 1 'U fll'l m::: ~ llJoUtllJft ~'1tT'U1'U fll'j 

" ... '" v v _I"'..li v. o!I ~I ')" ... o!I ~I ') • 
m:::~ltl~tllJft'HlJftfl"'tu::: ~'1~U'Vl 3-9 'lI-3l1ff~-3~l(Jtll'lllJtJ A lu'U 1'H'U~~'U'Vll'lllft:::lfttJf) B l'VitJIu'U !'H'U~'YIlfl1'jm:::~ltf 

~(J~::: ff'IIfl~ '[~111'H'U~ffll~'1u1I1tu ~lJ~iu"*V'U~V'I01'l~(JffntT'U1 ~i'u fll'j m::: ~ ltloUVl,!(lO'lfftl'lflf'I 111'U ~1uu1!1tu 

tT'U~'1 'lliiJri1'U 1'Ufll':il-vilJ111'U1'Uri11'U1~tl.,jf)~lJoUVlJ(l1'U fll':im:::~ltfoUVl,!ft~v'Il'H'U~ B i'ltT'U1'Ufll'jrll'U1tu'Hl111'U1'U 

I 'H'U ~1'U~'U ~ilJ"*(J'U1'U mru ~1'H'U ~'YI':i llJ!I~fl11lJl1'U 111U'U ffllJ 11 fI'I'l '11fi'1 ~tlfll'l U 'j:::lJ ltu fl11lJ'H'U 111u'U1'UU111m 

.K"vll .A...li. 	 • ') 1.K"'v" .K"vll 
'Vi'U'Vl'VlU'lItl'U~V'Ifl11"ffVffl'j 'lI'IfIl'U1tu ~lflfl11lJ'H'Ulll 'UlJ ~V.,j I 'H'U~ 'U'Vi'U'Vl'VlU'lIV'U IIft:::~'Ul~~V'I'Vi'U'Vl 'VIlJ'lIV'U 
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.. ----- .... ----­ ..., '" '" ... , ... ,, , '" 
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\
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A, •• I B 

I\ 
I ,\ 

\ , • ,... , , ... ... '" _--- .,.. < .... .,.. '" '" ..... 

_I ''1..1" a '1 ~.I a '1..1I) fll'JlJ'J::;lJlru 1'I11lJ'I1'Ull!'U'U'\Hl'l 1'H'U~1'l'Hl'UlJl'UlI'llJ1HI'VI1 ~ I~Vfl1'JlJ'J::;lJlru 'illfl'ill'Ul'U ~V'I 1'I1'U~t'l'iV'U 

• 

• 
, 

/ 
~ , 

/ , 
/ , 

I 

• 
\ 

I 

• • 
\ 

I \ 
I 

I 

, • 
A 

•
\ 

, / 
/, /, " 

_I"; a '1 ..I" '1 " 
llJVl 3-10 'ill'Ul'U 1'l1'U~!'l'iV'UlJl'U~V'I 1'l1'U~~'U'VI1'l 

a ~ ,A'.,;~" ~A'.,; "'..Ia 9" , ''1 ... 
2) fll'Ji'll'UlrumV~'Jlll'l'U'I'i'U'VI'VIUCJfV'UflU'l'i'U'VI~V'l'J::;V::; fll'J lI'VlI'l'J llJVfl1'11'U~ I'll 'J::;V::;'Hl'l'J::;'I111'l1 'I1'Ul1flV 

R 11ft::; h1'rffm'Ufll'J~VlI'l'J~fl'lllfl h''U~l'Y;'fl'U~ R 'il::; lI'llJ1'J(l'Hllf'U~'Yi'U~fl'U~V'Ifll'J~flll'l'J 'l~~'1l1'lJfll'J (I 3) ~'1J'U 

V~'Jlril'U~fl'llf'U~'Yi'u~v'U1'U mru ~111.J~'J::;v::;";1'l'J::;'H'h'l1 'I1'U~ (d) iirllt'Vhflm::;V::;~fl'lfll'J~flll'l'J (R) flulf'U~~V'I 

'J::;V::;fll'J~flll'l'J;jV 0 .39 ~'1l1'lJfll'J (14) 

(1) R2Overlap Area = R2 C05-1 "2 --:;.,[3 
(13) 

Q,I I QJ.ldGJJI .Ad 1" 
'I11V~'J lll'1'U ~V 'l'l'i'U Vl Vl UCJfV'U fl'U ~V'll 'I flftlJ~V'I'i'U Vll 'I flftlJ ~ 'ill fl 

1) R2R2 C05-1 - --.,[3( 
Overlap Ratio = rr~2 2 = 0.39 

(14) 
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o I 0_0 
3.2.2.2 Ol'iflllnWflliflnH 

i1 (\fl flTi ti1U1m II~:;Ul'UU!'1rh~hU 1'IJ6'1 fl~lJ~UlJM1lJl'l" flIl 11'166 f1l 1:1 U m ru ~Vl '1 1 ~Vl1lJ,TuVI UU f11)" 'Vl1'llU· · 
'lJ6'1IVi'i Il'1i'16~ DECA ~)jf11'i'VlH1UllUU Store-and-Forward 1~ 4 mru ~'1~61u~ 

11lJ~U 1Uf11'im:;\llVfl~lJ~6lJ~ i'l,xU')lU1whtu1~!n~~U~'1!n"\llflf11'i m:;\llV'IJ U'IIi1U~,j'U 1'11'lI~V.:J I i1U"!~V1 

Il'h,xu ~'1,xUt11ff1IU11umru~~,'I)jt111li1nUIl1U1U1i1U,,!~uu,jlui'li1lJ"'lJu.:J1i1U",j'Ul11.:J ~'1!1:IU1l1U1U 1i1U,,~uQ 

hn:: v:; fll'i'ff.:J'lJU,'I 1 i1U~,j'Ul11'1 ~,'IfflJf11'i (I7) 1,r copy fi6 t11ff1!1l1'IJ6,'1fl~lJ~UlJ~ ll~:; n, 111u1l1U1U 1 i1'U~I~UU 

U1U'lJU.:J li1u",j'ul11.:J 

copy = ns (I 5) 

.. 
2) nHUI'I114I'l~QnJi!Dn (Next Rebroadcast Node) urdn~lJ.yf)l,!l! Mnllli4f)14U1l4'fJf).J~WtN 1umru~llfffl,r:h 

n6Ui1,r1~)j fll'J m:: \llVfl~lJ~6lJn~lJlll~1 Il~:;1 i1U~1fh(\.:J\l:;llVi~ fl~lJ~6lJ~~~e1U 1~V)jt11ffl!1l11~lJl!UUlJlnu fl~lJ 
" t ~ 1 ~.::l' A' .d" QI ~ ~ I"OJ Cl> I'lJUlJ~UU ~.:JuUf11'im::\llV Ui'lHU\l:;lfl"ViUl'19ftJUl'1U'lJU,'If1l'intJffl'i'IJU'i~i111,'l li1U~fltJUi1Ul (Precursor Node) Il~:: 

1i1l.!" ~\l~llVii f)~lJ'jrCllJ n~e (Next Rebroadcast Node) ~.:JffllJl'ifltilU1mt11ff1!U1M\llflf11'i'i1lJt11ff1!U1!~lJll ~::t11 

fflIU11i11111n::";m'hfflIUl~i'll~11\l::~1~tJu1u~u~li'u~tJU ~.:JfflJf11'i (16) 1~v1,r copy !11Ut11ffl!Ul1i111 copy I 

copy = (copy' + rtr) - (np x a) (16) 

• """;1 d j/ 1 ~ 7 . '1 j/~ 1 .. J' 0 d c\ ~j/ C> ~ 0

4) nJom 'I114I'lJ'WD141J1141Jl.J 'I114~W.J lJ l'l'Jll'fJDl,!l! umruU\llU1U'lJCl.:JfflIUll'1!VilJ'lJUlf1~'lJU\llf)\llU1U'lJCl.:J 

1i1U ~l~ClU,jlU~V.:J 1111~1'U'\rtJlJ~ tTufimllu1u'lJtJ'I1i1 U~~ll~f1lU~VU~tJlJ~iJi'l ClUll~1Vild lV.:J ill1 ~1'Ufl~lJ,j'CllJ~,xU
~ 'II .. 'II 

copy = copy' + nb (17) 

3.2.2.3 'IlUgJ6U01'i'rhnu 

,Tu~ Cl U fll'i'Vll'1 TUffllJl'i flll11'1 ClU m11unfll'i'Vll.:J1U ~ fflflty1~~'1~ Cl '\ U ~ 

1) I~Cl1i1ui'll~1'uf)~lJ,j'tJlJn 1i1Ui'I\l::'Vllf11'i~n\lffVU11!11ufl~lJ~VlJ~1i111i11tJ111 111fl11l!11ufl~lJ,rvlJ~1i11j 

\l:: 'Vllf11'J ~'i1\lfftJUt11fflIUl 111 mil ffllU 1 1 i111)jt11\j'lfll1\l:;)jf11'iU 1'uU! 'II!l'1Ut11i:htU11~lJ 
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-" 

-crll'Ul 

..::S d 1 'j/ I I 'j) .Ji Clo ~ 111 jI .<::S a .do,., I ,., .a AI I 

3) fl'HU'YlI'l1'U~HI~\9l~Nll'Y'l'ifl(JlJ'iJtll;!Cl 'II'Ilflll'iJ'U 111 4 mtufltl fll'il'ilJ'1I'UIl'Y'l'ifl(JlJ'iJtll;!Cl fll'i\jfllCltlfll'Y'ltlllvt'i 

fl~lJ'\rtllJCl~ tl fll'i m:: 1l1tlfl~lJ'\rtllJClll'Yl'U1'I1'UlI~fI flIfttl fl I!Cl~ fll'i m~ II1 V 1'11"1'11 'U 1I~ lfi'f'IJ fl~lJ'Ii'tllJCll11i'l'i1J 1'I1'UlI\l~l'il
'" ~ ,,<U '\I q 'U 

flm;]1'Ultur11-crll 'Ul 1 'I111mlJ mill~Wl ~1fi'fl~l1lJlll~l \llfltT'U~'IUU1Jr11-crlIUl1'11111tl'Y'l~tJlJ n1Jfl~lJ'Ii'tll;!Cl IICl~II'Y'I'i fl~lJ 

'li'tll;!CltTutltlflltl \llfltT'U~'Il'ilfll'itl fmJ1'1r11-crll'Ul'iJtl.:J'1I'U 

Drop the h ighest 
copy packet 

Ves 

Update copy 
value 

v, • 
3.2.3 VlltlUHfll"!Y1Hl'U 

. 
~ltlOl'lfll'iTi'lUltur11-crl1Ul'iJtl.:Jfl~lJ'Ii'tll;!Clll1 VIIU'IltlUmill ~1.:J'l ~'IU 

, , 
.et.ct.'i v , '''' caaS.l", a II

1) fl'H\lYlI'I1'U~WI'UYlH (Source Node) 1I'Y'1"!fl,!JJ"tllJ"l'I1fl1JI'Y'Itl'U1Jl'UVI'Ultl~ 

1'I1'U1Ifi''U'Yll'lll::ml1Jl1UlilU lUl~tl'UU'l'U .J'I'I'llJlI'iJtl'l'1lUItl'l1 '\Ill 1'I1'i ,r'lm'Y'l~ 3.4 1'I1'UlIfi'U'Yll'l\l~II'Y'1'i fl~lJ 

'li'tllJCl lli'n1J1'I1UlIl~tl'UU'l'U.J'I'I1lJlI 6 1'111.111 ~'ItT'Ulil".n'U-crllul'\Jtl.:.lflcilJ'Ii'tllJCl n\l~Ur1l1'Vlln1Jlil'U lUl~tlUU'lU 'iJtl.:.l 
~ . .. 
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Source Node 


NB = 6 


copy = 6 

" 

di • •lJlll ft'1 hw1 '\1'U~ rlB'U'\1U'l (Precursor Node) "I1~)j fll'l1l'U'lJfl1rill'U11~hJlJlt1'IJfl~lJ'\J'BlJCltT'U~1fJ ,,~tT'U fllHl1'U1rufl1 

ri11'U11~\llfl fll'l 'i 11Jfl1ri11 'U 11~1J II 'cl:;fl1~h 'U -I 1mj 11'cl:; 11flfl1rill'U1~fl1Wl1 \l:; ~l,*B 'U1'U ~'U~ '1'1'lJ9j'B'U'i:;1111~1 '\1'U ~ 

rlBlJl1U'l (Precursor Node) 1m:; l'\1'U~~\lfll~Bfl (Next Rebroadcast Node) 

NB = 5 

Next Rebroadcast Node 

copy = (copy' + nr ) - (np X a) 

copy = (6 + 5) - (6 x 0.39) = 9 
. . 

~ d 4 \111.'0 4" 0 II 
3) fl'iW ntttVlllfiJflIiltHlll.rrnntt lIil:;IVHlttlllttlllfll'i fl'i:;~l£l"6JJillllltt 

fl1'i~l'U.ruri1rlll'Ul~B-3flli1J'\J'B1JClmru~ 111'U~~flflltiBfl (Next Rebroadcast Node) 'hJvi1~l'U "-3'itl~~ 3-14 
,,'U 'U qjI 

~ .d jJev I ~ I!J) ..d,q!'t .d 0 iI~' " 
'U'U 111'U~'I'11m'IJ fl'cl1J~B1JCI\llfll '\1'U~flB'U11'U1 (Precursor Node) 'I'11JnCl1f1BfJff'U'I'1ff~\l:;'I'1111'U1'1'1 'U fll'i m:;\llfJ~B1J'cl

.. 'U <iI 'V 

1l'l'1'U \llmtlfflJ1J~111'\1'U~ A )jl1mflt)fJJ'U'ff~lIC1:;ltI'U 1'\1'U~~l'i111U'1~1l'l'1'U l'\1'U~~flflltiBfl ~-31ifm~1'U1rufl1ri1l'U1 
~ ~. 

• 
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. .. 
'ilHi 3-14 fll'irll'Ulru~T,h'U11'Ufmu1'I1'U~iitlfH~{)fl h;vh:n'Ullc\::I"{)'UU'l'U~lfll'im::~l[J~{)lJc\ll'l'l'U
~ ~ ~ 

copy = (copy' +nr ) - (TLp x a) 

copy = (6 + 5) - (6 x 0.39) = 9 

4) fl"jw~h''Uilt~t)'Uilllnn-.11'H'UilU-.1'1I'1l=i'Ufl~1I';;t)\ln 

mru ~1'I1'U~Il4{)'UU'l'U1Jl-.ll 'I1'U ~O-.l',j 'Mi''Ufl~lHrmJC\ i-.l~t1~ 3-15 ~::?I'l1Jl'i tl'l'l'il'U l~~lfl~tllJc\lh1tl'U~ 

l'11'U~,,n'Unmlnrl!tl~v'Ufl'U ~lnfllVl ?l'lJlJ~ ':hl'11'U~iHh 'Mi'U~tllJc\UfltllHlft1VlUl1 iJ1'11'U~ A 0.:j1lil~i'ufl~lJ 

~{)lJC\ 1'I1'U~ft'lh~\l::; ~lfll'ii-.lnc\lfltl[JIl4tl~~::;llVl~ fl~lJ~fllJc\fltl fl' tI Vl~flmf.:j,:rmJl'U1'U1'I1'U ~1l4fl'UU'l'U ~0-.l1,j'~i'u 

fll'irll'U 1 ru fllrill'Ul'IJ tl'l fl~lJ~tllJC\ 1~ [Jt11~ lrill'Ul'IJ fl-.l~fllJm~lJU1 nnmll'U1'U1'I1'U ~~ 0-.l1li 1~i'u fl~lJ ~fllJC\;.:j'l1lM 

\llfl~1'U1'UUfltl'U'lJfl.:j1'I1'U~~0.:j 1li1~i''Ufl~lJ~fllJC\J'UfIlV''UI1c\lfifl'U \l::;ij fll'i m::; \llVfl~lJ~tllJ C\ \llflJ'U ~1l'U mi l~ 

rll'U1ru '~t1nun~lJ~mJc\~~fl-.lri'HJfln1t1 

Wait for timeout 


NB miss: 3 


copy = copy' + nb 

copy = copy' + 3 

http:I1'U~Il4{)'UU'l'U1Jl-.ll
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.. " 3.2.4 m·nl~l.HHlla:::llfl'il:::11~Hl 

... 
o fjl d.c!f"t ..A ~QJ ~I'" aOJ 

• 111'/.1 'J1-Jni:}lI'f1f1'./i:l 'I'ImtWfI{f !'tJ'J::UU IU ihl \J lfl1~Hllh:::11' -1f1 ftlf1ty'IJtHU !OUltl'Unl'i mn'llJ'lJVlJnflVnl'i 

~ I i.I d.0::9 ~ t V d a. I .:::s IV da r1. 0<9. I '" QJ 

'VI-ln'llJ'lJillJ"'VIfHU,mJ'Yll-3 m il n'llJ'lJillJn'VIl1n-1lMnilV~im:::1JUlJ nl'i m:::'iI1t1~1'V1" UUflil l11flfl'llJ'lJill,!n i "tI-lllJ 
I 

l1lJ,Wlt1 ~fIl'i ~ 'iI:::i11 l1U"~I~Ufl~lJ'Ij'VlJmrUI~mlYl ~~il',xnu 111U"gU"1 lin::: i U mru ~ fl~lJ'Ij'illJ ,,}jfllllJ ftll'lrurnl nu 
.. " ~ <I '\I U 

mllltu 'IJ il-3 fl~lJ 'li'illJn ~ 111~ ilil ~iU 'i:::U Ul'll'i i mil~ tI-3 nu l~ illl11',,-1 n-1 11'lJ'j 'i (l u::: ~ ~'IJHU!tlUlOnl'i ~-3n~lJ'Ii'fllJ "JU 

1l1U1Un~lJ'Ii'vlJn~lM~eJflQ'U 'i::: UU;iml1U1U 'lJV-l fl~lJ'Ii'VlJnJu"1 ~111U"i U'i::: uUl~uml1i1UU~1~vf 
.d '" 7j/ a t ~ I ~I" QdI

• fI'J1lJI'tfflflfJ \PI (Reliability) IYlV'VI~nil-l11'lJ'i'i(lU:::'lJil-3U ItlUlt1nl'i'VI-3n'llJ'lJeJlJniul1i~l-3"1 'illJ'VI-3 

'l i ~'" d 'l' <l '" "1" '" 'l' i ~ U IOUltl Unl'i'l'1-3fl'llJ'lJillJ"'I'1111'Uil ImJI'I11'111lJl'lfil(lil 1~'iI:::lI11'''-l(l-lfll1lJffllJ1'i(l'IJeJ-3U ItIUlt1Yll-l"1 Unl'i\l"fll'i 

u~l~ilf~}jvdl-1\i1n"i 11'Pi'U'i::: ff'l'1 i fl1'Vl~-l'l''' I "tI~11'111lJl~viiV 1 Pi'l ~UIuvfl.J}u~'IJ eJ-31l1U l'U 'jfl~ 1 Pi'i'u n~lJ'Ii'illJn~il 

1l1U1U'i(l~ihf-1l1lJ" iu'i:::uu 

2) II'I~Milo',\Hn'ill~aM i,rlfl~il-3i'im';UI~tllnUfll'i'VI""il-lhW'VI~ 2 ;iill~lJ\llnnl'illlneJ-3'Vlq~m'ilJfll'i 
<l d ~'l i "'l_1 .d "1" .. <l d ~ i-I

IflntlU'VI'lJtl-lHWUYlI"tI 'If lumfl'ilJ SUMO 9f-l'il::: 1~'Vlq~n'j'jlJn1'ilflnilU'VI'lJMHWUYltleJnlJl U4"UllUU'lJtl-1 xml 

'il1flJm:::i,rtummlJ TraNS l~ml1Jn-l XML i,xtlyh,l4"UlIUU'lJil-l tel ~ffllll'imh',ui,r-llUUU I UmmlJlllntl.:J NS­

2.34 'Pi' lI":::,,rtU'illmlJlllneJ.:llfl~mhtl NS-2.34 'Ufll'i'l'1r1neJ.:l 

3) l.T m'Vtlll~atllJYh.ml!m'i'VI~ao.:.J fll'i '1'1 "nV.:l '0::: i,r~fllltu::: 'lJil-3(lUU 'I'11-ll1nl-l'IJU lr1f1l1lJtI11'i1lJ 4 ill C1IlJ~'i 
d .d. d QJ 7J ".d 1" .QJ G.I .do Q. ~ 

(lUU'iI:::1UUnfllltu:::'lJtl.:lffl11CHJlJ'il9j'i11' lJfll1lJtll1fllU"::: 1 fllnllJ~'i 'i(ltlU~ffl111'im-3 mtlu l"tIlUU(lUU 2 'lftl'l'l'11-l 

'iI'il\J'i ;iil }j 1 ';il.:l'l'11-lftll1i'Ufl1'ilfl~Vu~iull~n:::V1f1'V11-l ! ~tI(lUU~i,nUnl'i'l'1r1nV-ll~u,j-32U~ 3- 16 

• 


_1'= "i i"· ~.l: ~ <l .. i ~ ..u'ilJltu'IJeJ.:l'i(ltlU~ Ufll'i'l'1r1neJ.:l 'If'illU1U'i(l{Ju~m11lJrI 160 flU I'VlVfIlllJfflJ'iI'i-l Ufll'i'VIrlneJ-l 'i(ltlU~\l:::lJ 

" .. .. <l i " .. 'l i' d ~ "1 '''1 ,,~ ," "i .dfll'il'IJ1Iln:::mlfl'illm:::UU'tlfl"1 70 lU1'V1 l'Vlil l1lJ 111U~ l1lJ'I'1t1-lllJ 1~'iUfl'llJ'lJeJlJC1I'lJllJl '\.j'j:::UU 9f-l\J:::ffllll'i(l'l'1r1nV'I 

'l ~ ," "1 -~ 'l ~ " ~ 5'1 ,.d 1,.. . ,
fflJ'j 'i(lU::: 'lJil-3U ItlUl tlfll'i '1'1 'I flnlJ'lJVlJn I fl~'IlU I~tln fllltu::: fll'i I'lJ1VV fl'IJ V\I'i(l ou~ '0::: 1uU fll'i fflJ9f\l lJ'Vl'ill'itu l~llll1U.:l. " . 
'Iltl.:l'i(l iU'lJtu:::Ju IrltlmlJ1tu'IJv.:l'i(ltlU~~!'Ii'HlVfl!~U '1 UmlJ~l'il-l~ 3-5 

_I ",,,. ," d.. _I· ~ ," 'l ..i Ufll'i'VIflnV-l'il:::u'i::: flVUmtlflnlJ'lJeJlJ"'iI1U1U 40 flmJ'lJVlJn'l'1lJl1lJ1t1ln'IJu'i:::'iI1~lnnlJ'IlVlJn I ~tIl'i O.:l'illn 1­
"'II .. 'U .. '" 
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: 'Hrl"HJ1flUcitltl'l.,r'Hw'U~ihn'i~.:j hhltfl 100 l'Ul~ 11ft:: IllJ'Hrl'.:jlllflfl~lJ,rtl1J'WiT'1~li'lV'HlJ~tllQ nlJfll'i'Vl~fttl.:j '1. 'U 

hhllmlJ\llCW.:jltl'Ul1Cll 320 l'U1~ llft::~lt'U'l~llJl'Hl""iUl~mlJVl1'i1.:j~ 3-6 

ml1''Unl'i'Vlfl~6lJ 

(1'U1~) 

91'Ul'U'itltl'Ufl1'U'i::lJlJ'\Jtu::i1n1'i'Vlflft6~ mlJ1tu 111'Ufl~I,r166n1'U'i::lJlJ 

0-170 SO -

170 - 240 SO " v1'\11 40 fI'U 

tltlfl 40 fl'U 

240 - 320 SO " v1'\11 40 fI'U 

tltlfl 40 fl'U 

1l1'Ul'Uflf.:J'l.'Ufll'i'VlflC1il.:J: 10 flf.:J ~ftlllflfll'i'Vl~M.:jI~'U~lI'tl~tJ 

'i::V::I1C11~'l.,n'Ufll'i'Vl~C1il.:j~tlflf.:J : 320 l'U1~ 

1J1V1'i!1'U : IEEES02 . 11 

'i::V::Ail""l'i~.:j~~ : 250 IlJm 

fffllvtnl'ill'illl'i ililJ1tu'ifl£J'U~ (\ll'Ul'U'ifl£J'U~'\Itu::'Vl~""illJ) : 160 (SO) fl'U 

fI11lJl~1~.:J~~ : 50, SO nlC1llJVI'i/i'11lJ.:J 

. " nqlJ'\J61Jft (Packet) ()lQ : 200 l'Ul~ 

'\I'U1~: 5121lJ~ 

I 0 d .q. £1 

'IIl.:Jl1ftlfll'i'VlllJfltl'U : 'VJfl 1.5-7 l'Ul'Vl 

I1m'l.'Unlntlllvt..ifl~lJ,r()lJC1~.:J~fl : 0. 21'Ul~ 
V,.J ,.I .. • " 

'\I'Ul~'\Iil.:JlJl"lll"l()'i : 5,10,15flQlJ'\I()1JC1 

,. .t." d1"'UltllJlt1nl'i'Vl.:JnqlJ'\Iil1JC1 'Vl'll 

''Unl'i'Vlflftil~ 

Drop Tail 

Drop Front 

Random Drop 

Number of Copy Aware Policy 

• 


4) f.li:Hn'j'Vl~Hl().:J 

• f.lafll'i'Vl~aMtll'Ull-1fl~lJ;;tUJa~Il1i16f)U'l-I'j::1J1J Idily;'mtu l!tJ~ 3-17 vtlJ 'h'UlV1J1Vfll'iYi.:J~tllJn 
UlJU,"lll'itul1'i lrlll'Ul,!'U'l.,r~C1fll'i'Vl~C1il.:Jlll'Ul'U fl~mril1Jft~ll1tiililQl~~~~ l~ il.:J 1l1fll 'H'U ~1'WI fI~tl~lvli fll'i m:: IllV 

fl~lJ~tllJn'HlJ1mCl'\l~N'll~ 1~vll'UllUlJ'\I il.:JHftfll'i 'VlflClil.:Jltl'UI';'UI~tJ1fi''U1'U 'VJ fl'\l'Ul~'\I il~uvl!'rlilf ldill mVUli'lJ 

'U 1VlJ 1 £Jfll'i vl.:J flcilJ~tllJ ftllU lJ ~.:Jl ~lJ~ flcilJ~illJ CllJ 1.:J i 1 Il:: fl flvl.:J III flUvllvi il { Il 'U ~ru'H 1£11Ulll m::UlJ 1~Vfll'iYi.:J flcilJ 
~ <\I q '\I <\I <\II U " 
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: .,j'VlJClllUU~lJ hr~Cl '1~~,,!~ lu f11':ivl'lfl~lJ.,j'Vl.JClll UU~'1!~lJ Il~V'IiJUtym h.!f11':im :; ~10fl~lJ'Ij'VlJCl~!'I1~vvQlu '1~uo 
fl1TU 1 oUltJf11':ivl'l '\I £J.:JlJ (lllUU~1l1HU 1ri1l'hn,n 

• mllll':iYl~"t),;JfllfmlH;t)iit)'li' ~1l1':iUJ1~U~ 3-18 1l1flfl11lJCl'llJ1':ifl'1Uf11':im:;~10fl~lJ.,j'VlJ(l~iJVQ'1U 

':i:; UU '1 ~V01'11vll!li OlJVll i 11'u 1 OUlOfm vi'l fl~lJ.,j'VlJClIIUU~~ l':iUJ 1flTC'iltU1Cl'llJ 1':i fl'Vl1'11U '1 ~lJ1 fl 1 ~Off 'II fl~ '1 ~Illflri1 

mllJl~viiV M~iJri1,,!.:J fl11'U 10UltJfl1':i vl'l.,j'VlJClIIU1J~'1I~lJ~Uvll~V{iJ'\IU1~UV 0'1 1 ~ofmvi'l.,j'VlJClll1J1J~'11~lJ~:; 
o l,..,J.;l '" ~~ .I ~ .1 .. d~ ,J .;l .£ v .:: 1 " ...a Va 

Cl'llJ1':ifl'Vll'llU ~~'\IUllJVlJ'\IU1~UTlITlV':i'VIl'Hty'\lU IUV'I1l1flfl':i:;1J1Uf11':i'VI'l'\JVlJ(lIlUmHI~lJ lJ ~'YiIl1':iUJ1fll':ifl'l!'l1(lV 

'\IV'I fl~lJ'Ij'VlJCl~'1vll '111'vl'l fl~lJ.,j'VlJCl~fI'Il'H ~m)Q'1U':i:; UUUVOIlUvll '111'fl~lJ'Ij'Vl.JClI'l1~lJU '1lit;Jflff'l '1 UV'll 'I1U~tu '1 

ff'II fl~ '1 ~III flfl~lJ.,j'VlJ (l Ul'llCl '\IiJri lfl11lJ I~viiV~~llJlmi'1~ClflU 'VI~ (lV'I i ~Vllu11UlJ '\I V'I~ (l f11':i 'VI ~ClV 'I!tIW';U! ~0 1 tiu 

iUlJfl'\lU1~'\IV'IUvll~£J{ 

. . ~ 

IUV'I1l1fl '111'U'l:;i1'V1llfll'YiiUf11':ivll.:J1Uli,,!'1 1~0'1,rl~O'lrilm1lJ'I1Ull1UU'\Ii).:j 111U~I~Mlvl1UU 

120~---'----,----,~===c====~==~----~--~ ., 

80 ~ 

40 

0 

'oA G<;)
d \ 

\ 

9 

.\ . 

0 5 10 15 20 25 30 
Packet ID 

fl) 1~£JI1Cl1'Uf11':i'VI~Cl£J'I~lU1U 50 lulli 

• 
120., 

CD 
'0. 
8 100 
Gi 
.>< 
0 

<U 

Q. 

80 
c::'" 
:~~ 
E!1 
CD 0 
~ <U 

CD.90 

£ 
0 -
~ 
E 
t:: " 
CD .c 
I­

, 

- e - Drop Tail 
~Drop Front 
-0- Random Drop 
-A- Proposed Scheme 

G. ' 
Q,~cA Gq 

Ci \ 
60 q 

\ 

40 . \ 
0 (\)
\ 

5 10 15 20 25 30 35 40 
Packet ID 

'\I) I~VI1Cl1'1Uf11':i'VImH).:j~lu1u 150 lu1li 

35 40 

,!I! 

8 100 

~ 
<U 
Q. 

~ 
E 
c:: " 
CD 
.c 
I­

- e - Drop Tail 
~DropFront 

-0- Random Drop 
-A- Proposed Scheme 
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., 
-g
c: 

~ 
.~ ., 
a:: 20 

I Q 

" ,
" '" 

, , 

., 
"C 
o 
c 
iii o r­., 

___ Drop Front ~ 
8 . - 0 - Random Drop

r:. 20 ----6- Proposed Scheme 

°0L-----~5 IL------~-------2~0 2L ~ ~ 40------- O t5 -------5------~-------L-----~

~80 

60 

g 40 

I " \ 1, 1 

q Il I 

0, 

- e - Droplall 

Packet 10 

fI) Uvll'yj~{'\J'Ul~ 5 fI~lJ,rmJ(l 

e...o..eJ' b---o-o- S e~"'O-dG'O-o-o..e e£l-0-o... G e 

°0L-----~-------IL 15 2LO 2L5------~~----~L-----~O------~------- ------~ ~ 4O 

Packet 10 

., 

" 
" I Q 

405 10 15 20 25 30 
Packet 10 

fI) UvllvI~{'\J'Ul~ 15 fI~lJ,r~lJ(l 

~U~ 3-18 mlv111ffWl~H(lm:i'VlWl(l~~filf111lJl;tJti~ ly)'''1f1UvllvltJf'\J'U1Wl9il~'l
• 

- e - Drop lsi 
___ Drop Front 

- 0- Random Drop 
---<>- Proposed Scheme 

-g 
c 40 

"C., Q 
.~ 

8., 
a:: 20 

- e - Dropla~ 
___ Drop Front 

- 0 - Random Drop 
----6- Proposed Scheme 
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.· 
.., . . 

_" "'...... ~ ~ 'I II '" '" ,3.3.1 Ucy't11fl'll'\.U'llllfl~i;l1l'l Ill') Iflfllla IU" fIl'nll1~all'll'YI'llfl11'll't1U1IIUUV'l 

fffll'Vm 1 m;'mnTU tltllJ1J '.l::: fltlU III fl'.l fl flU,f~ lU lUlJlfl '.lllJ.J''ImmUl '\l cWlj'tllJCl~ flQlU '.l::: U'lJ tllllJl~lJ~UVllfJUI f1'1t!U 

fll'.l'YIflfftlU 1 Yl'.l1 VlfltJCl 'UfffllYlfll'.l 1l'.l11l'.l~iifllllJIIUUlJ'Itltll'1mfltltJlJff:::li'tJuii'nh:::~Vl~fllYl'\ltl'l1Yl'.l1VlfltlCl '1. Ufm 

'.ltJ'If'lJfllm1tyl~'lJ 1~'\ltl'lrn'li''I1U'UtJUlfl~ ill 

l~tJ~lllflfll'.l Vl~Cltl~fflJ'.l'.l fl'W::'u'lJVI~t,h'Wmt~u fll'.l' 'li'fffllYl Il'.llll'.l tltll~~lf.1! m:::i:h fl fJu,f'1. U '.l::: uu ilJlflu 1000 

rlU fll'.lVl~fftlU lu~tJui1ll:::ihflfJu,f'1.m:::UU\!~~~~'l 2760 rlU 1 ~fJijfll'.lVl~otJ~M'lJUllfI'W~1l1'1U1I1U1 fl'W'W~'I!lJ1Vl 

'\lfl~fl1 'lIVlYllJM1Um fl~~u~ 3-191~fJ~flUuii~lU1U'lffl~VlH\l'.l11l'.l iiffVll'lfll'.l~'l IICl::: 1vhl'.l1Il'.llff~flUflUUIl1~ fl~t!u 
• d1 ", ".. .... 1 "'1." = d",.. '1. :'1~Clfll'.lVl~Cltl'lVl ~fJtllJll::ff:::VlflUfl'lfll1lJffllJl'.lfl'\ltl'l! Yl'.l ! Vlflflo UfffllU fll'.lUl fll'.l '11'11U IlHVllJ ! MU~ U'.l:::UUluU 

I.­
----­'h-.' 

,~ 

" 'Ii 
I 
i 
'" ~..' 

i 

~Cl Illflfll'.lVl~CltJ'IYlU -hu'.l::~VI~mYl l'Wfll'.ll'h'l1'W'\ltJ'l1 Yl) 1Vlfltlo DECA iirllf111lJl~tl6v 11lCl fl 0'1 1 ~fJ~jJ 

rll 1'li'~lfJ1Ufll'.ll11'llU~I~lJ 1l1flfll'.l ff.:Ilfl~ ffllM~'\ltJ'IiJtyM11 fl~~U Illflfll'.lfll'.l '11Ufl'W '1. 'Wfll'.l 'Ch'li'tllJCllU '.l::'lJU 1flf.l!fl~~'W 
~ ... 

Illfl 2 m:::U1Ufll'.lMoflfltl 

I) Uf)J111f1 mnlHllm f1JlJlI1H) l~tl'l'iJlflfll'.lfl1'W lUI11 Cl1) tlt!U' 'li'alM f U fll'.l M~ flt ~ fJ'l fll'.l '11U flU 'Utl'l fl1)ri~ 
'li'tll;!Cl1U mOl ~hi)j fl1'.ll{itl flll1uflri .:Il?itl'li'tlfllllJ Ill?ilrltJ 1 MU ~ij Iilu1umfl~uYl'ln'lf'WalMfu fll'.lfi'1'W1U1I~lJt!U '11j 

fflmHl)tl'lfufllnh~lUill ~~lfl~iJtylllfll'.l'11U1~'W IilUlUlJlfl II Cl:::ri 'I mwitlu):::~Vl ~fllYl'Utl.:l)::: UU 

2) Uf)J111f11nn'i:::1nUnl'j~f)..J'lIf)Vf)frmJ~ jIi M1111~tl~1l1fl DECA ~1~1'WtJQ'lJUlfI~tl";lfJ~iifl1'.ll~tllJ~tlI~U 

'lfW'l fl~t!U~'lri'V'ltJ1~fJm:::mUfl1)'U fll)~tl.:l'\ltJ'Ii'tlfllllJlllflll1'W~tU'lI'~tl hr~Ultl'ljJ'Ii'tll;!Cl '1. U fll)~l.:llUmU II~• 
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.. 

• 

• 

• 

3.3.2 flT'ltJ~.:JtJ1.:Jm~mUfll"nlH1WUo.:Jifnil1flO"'Utyfll'VUI1~clI0~~iifll1~'HU1IIUUV.:J 

3.3.1.1 f)l'jtJ~lJtJ1.:J,rU~OUf)l'jrilUlrul1"1'jO 

. I " .A i "I Q d.. ,~"1' ", 1 i Q .A .!,~flU'j:::?('1f11'VH) 11 'H'UflU'j1101'1'1lJfll1lJ'H'U1UlllJU''1 Ifl ~fll?( 'Ufll'jm:::'iJl£J'IJ~fllllJfl~'U l1'Ufl 'UU'jI101VU"l'll'l 

?(llJ1'jflvll'llUImiiU ?(flWHI1 flci' ~lJ~ii~lUlU 111UfI l11U' '1lJ lfl ll~ l~~vll'll'U lu ?(fll'VHI1f1~ii 111'U fli ~'U ~1'U l'UlJ lflvl1 

h1''lilmOl~111'U~Il:::~lJtllVVfl1J11~J'Uii'lil.:J~1l flU Cl'lvll' -H'l n~ fll'j'lf'U n'U' 'U rmri.:J,rm,jCH ~'U ~1'U l'UlJ1fl ~'1J'U, 'U fln 

II tiilf:\j111~'11 tl~£J'U11'1 rl',r'U fll'j fll'U 1 OII1Cm Vl~'U11a n VIl::: II tl 'j ~'U ~ 'j 'I n UfllfllllJ 11'U IIIU'U 1 fI £Jii'j l£Ja::: lV£JfI i 'U fll 'j . 

~ .. 


~~flllUUfI.:J'U 

1) fll'jfll'U101110l'jVllUUll ,J'j~'U~HIl:::vll i l1'1l1UfI~ll:::ii flU m:::1l1£J,r~fI11lJU~ 1101~iifl11lJl1'UlllU'U U'.:J 

" ~" ".N , i ".'1 i Q d.. , ~ " 
?(llJ1'jfl~lJ'lfl.:J110l Iflflll.:J'IJ'U ?(.:J(;la l1uf:\j111fll'j'lf'U 'UU'j1101'1'1lJfl11lJl1'Ulll'U'UU''1nfln.:J Ifl 

2) ''Umru~ii?( fll'Vifll'j ll'jl'iJ'jllUU1WmY1'U (Partition Networks) 1fI£Jllti.:J~V fll~'UU~1101 ~iifl11lJl1'U 111 U'U U'.:J 

lln:::U~1101fl11lJl1'UlllU'U ~1 U~1101 ~lJfl11lJl1'U111U'U U'.:J1l:::lJI1Cl1'j ~'Ul'U flillllll~V.:J IllfllJfl11lJl1'UlllU'U U'.:J ~'1lJiJf:\j111 

fll'jl~~lJ~~'lJlflU~wflil ri.:J(;ln 1-H'fll'jm:: Ill£J IlJrill~ Ilii 1 Vfll?(UV£J'iJlflllan~~'U1'U~'U riluU~I101 ~lJfl11lJl1UlllU'U~l 
~ii!lnl'iV~J'U flilvll' -H'rvllJ 1~fll?(l 'U fll'i m:: Ill£J,r~fl11lJril!~1l n~'U~fln!~~lJ~VIl::: 'lJlfl1~ 

3) fll'jfll'U101!1a1'j~imjlJfll'jlY;lJ!1al'j~~Il:::!nfllllflfl11lJ!ff£J'I i'U fll'iri'lUflV'U lIa::: Propagation Delay ~Il::: 
Q .N .A 1 .A" .. ,,~ '" ". "" l.A..·'1 ~ i d '" ! flfl 'IJ'UllJV 11'U fli YW'U Ul'U I fI'jUUfI ~u lla1 'YI1flln V'I 'lJV'IJ ~fl11lJ1l1fl 'H'U fI~'U"l ll.:Jafluf:\j111fll'j'lf'U fl'U 'U'lJ0I :::'I'IlJ fll'i 

," ~ " ?(.:J'lJVl,jn Ifl 

fll'j fll'U1 01 11 Ollluu,1111 !!Cl:::11UUlnl?(llJ1'ifllm £JU1~£JU n'U 1~~'1m1vl''Ultl~ 3-201fI£Jfll'ifl1'U101 !1n1'j~ 

!lUU111UJ'U ?(llJnflfl1'U101 1~~llJ?(lJ fll'i~ (20) 

Wmin(n) = nr (18) 

Wmax(n) = (2 + n(3)r (19) 

W = Random[Wmin, Wmax] (20) 

.A 
llJ~ W '"fI~ I1n1'j~~fl1'U101 1~ (J'U 1~) 

'" Wmin,Wmax fiB l1a1'jB~1~f1l1a:::U''l~f1 

n '" fI~ • 1 .A" i1l1'Ul'U l1'UfI!YW'UUl'U 'U I hop 

T '"fI~ na111Ul..j~tl'j:::lJ101na1 i'U flni'u-ri .:J,r~l,jn 

f3 '" flV rl1fl.:J~ ~i,n'U fll 'i 'IJ £J1£J'Ii,.:J 'IJ ~..j11a 1'i VIvl~ n fI fll'j'lf'U 

i'U11~1101 ~iifl11lJl1'U111U'U U' 'I 
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Waiting timeout Waiting timeout 

Number of I-hop neighbors 

n) fI11lJfflJ~l,J1rlllJlJlllh'J:m~lJ 

Number of I-hop neighbors 

'Il) fI11lJfflJ~lJiulJlJmJ'j~lJlI'j.:J 

v ~..A 'jI «::Iod 0 I d d I ,.. • .d 0:::0. ~• ~nm'j'Yl~mHm'j m~ 1l1[J'Il~fI11lJ9I11lJeJ1'b'.:J1lJ1limHl1lJ1rul1nU~111lJ 91.:J!lIlJm1'b'1l1[J'YlIn~'IllJ1lJm'j 

l11.:J1lJ'IleJ.:J I '\'i'j I mwnliJlJhM.:JmwnlJ~,j~ 3-21 1~[Jm'j~.:Jfh!iJlJ'1,j1lllJm'j'Yl~CleJ.:J1lJM1.,reJ~ 3.3 .3 1l1mmm'j 

... 
'Yl~n~.:JU'ff~.:J1,rl~lJl1JlJlI~lJ fmflllJ1ru 11n1'j ~111li,xlJ'ff1lJ1Hl'lh [Jn~ri11,r~ 1[J~1fi~~lJ '1 ~lJln~.:J 90% 'Il~.:Jri1 1 ,r~1[J~ 
~ jI ~ Q.<:1 ~ .r:::) 


ln~1l1nm'jm~1l1[J'Il~'l.Jn9l1'1l~'11lim'j1l'l11n1'j~1IlJlJl~lJ 


~120 ir=~~~====c=====c;----r-----r-----'-----'---~ 
-g al :' II - ... - DECA with inverse function I 
~ J:! ~ 100 M.......... DECA with direct function I 
6~~ 80
[:gt 
.~ ~~ 60 

'rg~ 40
CI')_= 
cs~ ,' 

i~i 20 ", 

a: 0 o L.,---'III~--i.....-.....,j"""'::E ':---'''''''''''''''''I!!!!!!!!""",,~~~~t:::::~ 
~ 0 10 20 30 40 50 60 70 80 

Density(vehlkm) 

~,j~ 3-21 mT~Il'ff~'1~nnl'j'Yl"'n~-.lri11,r~1[J1l1nnl'jm~1l1[J.,r~fI11lJ'lh~1[JmHi'1lJ1rul1n1'j~~!llln~l\1nlJ 

_I~ _I::' II II ~ !'II II.... 
3.3.1.2 f)l'iU''HJlJ1'1'1lUfltltHll'i'H)'I'Iltl'lltlfl1UJ't1111IP1'i'lJ 

1~~\I\lln I 11lJM1lJlHlll'i1Il'ffVlJ.,rml11lJ~lIW~\lljnlJ I 11lJ~I~VlJUllJ I ~[JnmlClfll,j~[JlJUflVlJnlJ ~'1fl1[J'lJ 

Ufl~lJll~,j'j~n~lJ.,r~lJn~l\l'lfi'\I~m;111lJlJ't1~ 2 11~Vvi'\ll,j~ 3-22 1~[JlrlV l11lJ~1I'j1\J'ffVUWlJl11llJm\liJ.,rVfI11lJ~ 

lliMi'lJ 1l~l11nlHi\lUflVlJ'Il~\llIlJ1V\lVVf)'l,jt~~'11'l1lJ~t~VlJU1lJ 'ff1lJlHWI'i1 IlViUl!n~ff\l.,rVfI11lJ,xlJ 111' ~\I1lJ mOl ~ 

iJfI11lJl1lJl!l,jlJ'U'~[JmlJlru nl'Jff\lUflVlJtlVn '1 ,j;)iJu~[J~\I'1liff'l~Cl~~,j'j~ff'Yli fl1Vi'll~\lIVi'j I 'YlflVCl 1l~1 lJ mOl ~ljfl11lJ 

l1'1.nll,jlJtY\lnl'j~111lJ~ff \lUfl ~lJ ~ ~ n '1 ,jl~tlrtl\l'll~.,r~fI11lJ~ '1li '1 ~i''lJ 'f.l nfl f\I~ '1 ~i'lJUfl ~lJ \Jlm~~lJ d~lJff\I~"~Vfl11lJ 
, "".!l '" , _F-.,. ,'" ~ :: ... ''''t! Q 1 . .,.Q

l1lJl11lJlJ'IleJ.:JlmV'Il1[J 91-.llJfI11lJl1lJ111lJ'UtY\I\J1nlJ'jlJlUJ ll1lJ~eJ~ll"l ~\llJlJ\J\I'Yl1 11 'j~'ff'Yllifl1Vi lJnl'j'Yl1\11'U'Iltl.:J I Vi'j­

mf.:J 1~i'lJUfl~lJ~VilJl111W~\llj,rvrnllJ~ lliMi'u \Jlf),xlJ\J~ 'lli'ffllJlHlff\lm'jrV.:J'IJ~ M O"llJ nl'jff\lUfl~W~~r~.:J'Iltl 

fl 'j 'lJlIllJ ~llJ llJ IllJnl1\Jdh,h:u1011lJm'J l11Ufl ~lJ1I1lJl1 0 1~rillJ1UJ '1 ~1I1lJ,j n~ ~\I \J~'ffllJl'j (lff\l m'j rV\I'J~ lJ' l1li '1 ~ 
" I • • • 

!l~nl'j ~ln~fll'jreJ\I'lJmrlJff\I~0~\lrilf111lJ1~~ii~ i ~lJnum~ \J1m i'i~.:J\J 1n111lJ~lJ I vnl'ffli \J~ ~~\I'Il~.,rvfI11lJli ili l~i'u 
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. Common Header for beacon/data Extension Header for data· 
--------------~-------------- --------------~,------------,r ~ , 

Source Local Received Selected Message Message Life 

ID Density Message Ack. Node 10 10 Time ---­ 1 

Source 10 Message 10 

... ... 

• 'il1fll~il"\.nj'TUUtHJC1'l 1l1'UTUfif 'lfll'.i fil'l'llil~~~'l9i'il'l'hjri'lr-lClY]ilmllJl~ 11'U fll'.i m::'il1/J,j'il1;lC1 !lC1::ffllJ1'.iflC1mh 1 ,r~1/J~ 

• 
!fi~~'U 'il1f1fl1nf'lUflil'U MlJ1f1~"1~ i ~ /J'illf1fll'.i"Vl ~C1il'l"YiUl1fll'.i'cY 'lfll'.ifil'l'llil 1 flf'l"l'lrl''l'illf1"YiU,j'ilfl11lJ~~'Ulil..:j 'ltJ19i' 

i'U'il'U ~..:jfll'.iri..:jUflil'Ufif..:jrl'~ 1til ,1\hdy"Vl~ fll"Yi l'U fl1'.i'tl l'll'U 1~~"1~ ff'llf1~ 1 ~'illf1r-lC1 fl1'.i"Vl~ C1il..:jrll1,r~ 1tJl'Ufll'iri'lU 

d 1 v d.::t I I Q.I Q.I d ~ I I 

flil'U 1lC1:;r-lC1fll'i"Vl~C1t)..:jfl11lJ!'.i1 'U fln m:: 'ill/J'Ililfl11lJ"VllJfI11lJ"I'I'U111 'U'U1I~ fl~l'l fl'U ~'l~tl"Vl 3-23 i ~/Jfl1'.i~..:jfll~l..:j'l 

1~'U 1t1~llJfl1'.i"Vl~Clil'l1'U111,j'i)~ 3 .3.3 

.., ~120 _. _._ 
~!X -""" l-beacon ..... -.-.-. 
';;",100 - e - 5-beacon ..... , 
~~ 60 -. - lO-beacon ........... . 
c ~ _ . _ 20-beacon ..... , 
-: ~ 60 . _,._. unlimit beacon .. ' ~:' ________ .. ­ - - - _- _­
of: - . "'':..:;;; iI~;;".; ;;..;;...,;;; - -..;;;..;;;..- - . :..;;;..;; ;;..;;;;...;;; ~....i:~ ~~- :;..- - -..;;;..;; - - ;;..;;;;..~;;..;; - :;..~ - -..;'::j
.,.~ 40 ..r"~ -0:5 1_ .... ... .iI 
c Jl1 20 
8 I!! 


! ~ 00 10 20 30 40 50 60 70 80 

Density (veh/km) 

*100ir====C==~==~~---'----'----'----'----'----'---~ 
., -- l-beacon 
"8c:xE75 - - - 5-beacon 
]i ~ - - - 10-beacon 
~ >50 - - 20-beacon 
-8 :. . - . - . unlimit beacon0.... __ . _._. __ .-_ . • 

"i ~ .- .- - ,--,C:'025~~~~~~~~~~~~~_~.~_~. =_~-~.~-~-~'-~'= '-___~____ ~__~ 
.~ 0 0 
~ 0 5 10 15 20 25 30 35 40 45 50 
a: Time(s.) 

'\I) fI11lJ!~11'Ufll'im:;'ill/J~fI11lJ"I'I'Ul!1U'U 10 fl'UifllJ . 

*loo~--,-~~,,____________________ ~____________~ 

'i) • __ ._.• - _._.-_ .
"8 E'75 - ,_ . -.-..= <!- 'I' .. ...,_.
sii I~I • .". •• --,.-, ••• ­ -- l·beacon 
~ ~50 " _._._ .... ­ - - - 5-beacon 
~~ ~ / ..... - - - 10-beacon 
C '025 - - - 20-beacon 
~ i /' , .. , - , unlimit beacon 
.2: 0 0L __-'-__----'____-'-__ ---' ____ -'--__ ----'____-'--'====== ::C::=:::J 
§ 0 5 10 15 20 25 30 35 40 45 50 
a: Time(s.) 

fI) fl11lJ!~11'Ufll'.i m:;'ill/J~fI11lJ"I'I'U111U'U 60 fl'UifllJ. 

~ tl~ 3-23 r-lClfln "Vl~(lil'l fl1'.i1l1n~1l1'U1'Uflf'l l'Ufl1'i f i)..:j'\li),j' ilfl11lJ~1liMi'u 
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: 

"4'1 JlQ,I V 0 ~ ~ i ~ .A ~ '1 SJ.d .cS dI I 

'HWtl~'Yl fl'JU'IItlfl1llJ~tllllU1U HII1U~'Yl.;Jl1lJfl tl tll'J'Yl ~Cltl.;JlI~ Cl~m.;J fl1llJl '1H)(1 tl fl'Yltr.;J1l Cl'~.;J(1.;JCl'm'Jflu~ 'Yltr.:J'II tl.;J 

h'i'i l'Ylfttln 

• fh U;~1(J (Overhead) iUtll'im~'illfJ.,rmJCll~fJ~tJ.:JlJfl1llJl~tl~tltr.;J"1flVVlJlJril i,r~lfJtr.;Jflil ~.;JJuiUtll'i 
'Yl ~ntJ'l ~.;JlJ tll'J,rUIlltllUftf.:J tll'i ff.:J.,rtlfl1llJ i U tll 'i m ~ 'illfJ.,rVft lllJ.§l.J.:Jl1lJ fll ~V i,.h (1 fJtl~.J.;Jl1lJfl'l~rU.,rVftlllJ i U 

'lfl.:Jl1nl~nll1Ufl Iln~ ~hU1U'IItl.:JUfttltl.J.:Jl1lJ~~lnfl~U fi11,r~ lfJ'il~1ICl'fl.;J I~UmlJ1tU 'IIV.:JIt1~ tl'li 11l~Q fl i 'Ii'i tltll'Jv1l.:J1U 

~tlfll'im~'illfJl1~.:J.,rtlftlllJ ~.;JllCl'~.;J(i.:J1.hdY'YlllmYi'lltl.:J1Yi'J1 'Ylfttln 

• mllll-;J'l/V~m'jrl'i::f11(J.yf)Jd61 (Speed of Data Dissemination) I~U.:JIIlflflTiU~tll'i~lJtlQiuiI\l~UU
• 

rill1rmflfJU~itl'i~uu'iln'il'Jel'il~~ fJ~ l'lfU tll'Jl1~m~(J.:J~mlll1~ l1~tltll'Jll.;Jll~tltll'JI~U'Vm ~.;J.,rtl1Jn~U~fl1'il11~1~ 

2) Ifl~().:J;iHi1Ufll'jYl~tU).:J HI ft~ tl.;Jum'lfUI~fJl nUfll'i 'Ylflntl.;J1tlU'Yl~ 2 fitl l~lJ 'illfltll'J 1i'1ntl.:JYiq~m 'HI tlTi 

1ft ~tlU~'IItl.;J'H\£Ju~1 flfJHhh IImlJ SUMO ~.:J'il~ MYiq~m 'JlJtl1'Jlfl~Utl~'IItl.:J'J(1 fJtl~tltl fllJ 1 i Ul Ull Umltl'l xml 

\llflJU\l~i'li'1u'iIlmlJ TraNS l~ml1.Jn.:J XML MtlQitl~Ulluu'IIV.:J tel ~Cl'11J1'JfI1..il'1uH.:J1UUtllu·mmlJli'lnV.:J NS­

2.34 '1~ IlCl~l'1i'1u'illmlJli'lCltl'llfl~V'lil(J NS-2.34 iUfll'J'Ylflntl.:J 
, , ," ~~ i" '" d... ~ .Id d3) 1fmvtlll~'H)JJYlI'llIl!fll'jYl~i;H).:J fll'i'Yl~ClV.;J 'lfflUtllCl'lJVU'illflll~tl'Yl'il'J.;J fl.;Jlu'Yl 3-19 m~fJ~'Yll.;JnlJ 34.5 

i11ClllJ~'J 1 ~fJ i U fll'i'Yl~ntl.:JlJ fll'JlllCltl.:J 1l1U1U'lftl.:J II 'Jl'il'J fll'J nll1tl~Yitl''Yll'lU.;Jl'i'u Iln~ '1vl'il 'l11l'J lCl'Utltl'il~.:J 

~ ""1" 0" 41 "0 1" ~ 1 dIUfll'J'Ylflntl.:JlJ l1U~~U'Yll.;J'Ylll1Ul'Yl Ufll'Jm~'illfJ'IIVl,fCl'illU1U 10 l1UflW'ltllJtlU ~ll'il~lJtll'Jm~'illU 

" ... d i , " ~ 1" .J/ d 4d.'IItlfl11lJl'jfl'l 50 ltll'Yl Utll'J'Ylflntl'l\l~ 'If'J~UU<HlCl'l'J 'JCl'lfJUtllJlml"lU IEEE802.11 91.:Jm~ll~Cl'tlCl'l'ltr.:J"1~'Yl 250• 
IlJ~'J l~fJfllHf'lrillw'J 1 'YlfttlCl lln~riwil.:J'l~i'li'iUtll'J'Ylflntl'lmlJ~1'il.;J~ 3-7 1m1'Ylt1tln~''li'iUfll'J'YlflnU.:JlJ~.:J~tl1tJ~ 

Simple Flooding (SF) : ntll'Jm~'illfJ.,rtll,fnIlUU~.:JI~lJ~hJ~V.;Jflll.,rtll,fn'ufllni1.:J1U !ln~Cl'llJl'J(1l1wi 

.,rtllJn 1~1~1~Cl'fl" . 
..... "i " ... 'i i v I ~I i 0 't .dEAEP: l1ifll'jm~'illfJ'IItll,fn 'lf1'YlflUfi Store-and-Forward l~fJ 'lffl11lJU1'il~lutl Utll'Jfl1UltU 111Ufl'Yl'il~ 

IIWi.,rtlfl1llJ~U 1 ~(J i l1"1l1U flU~llru 'II UU'IItl.:J'l~ fJ~ fl1'il~tllJ~tllJfl11lJtll'il~ I~Utr.;Jflil [l 0] 


AckPBSM: 1Yill'Ylfltlnflllm~'illfJ.,rtll,fntlVl.;Jl~tl~V '1~~lJCl'lJ'j'jflU~~~"1fl 'u'llui;)tJ~Yiu v11-nulflfJl,r 


I ~ ~ t.t j) Y" I ~ I 1" 0 ~ 
DECA : fll'lm~'illtJtlfJl.;JI'lftlfltl IflIlUUl'lltll,fClfll1lJl1UllltlUUtllmU'II1V 1 Cl'ltJIIUUI1tl~ !HltlCl'll1'lU 

o 1 '1 """ d 1 " ... 1".. 1d 0fJltlYill1tl~ 'Yll.:J1U flV lJ 'If'lltll,fCl'illtl'ilWWCl' 'lf1'YlflUt1 Store-and-Forward !ln~ 'lfUflVU Ufll'J'Yll.:J1U 

, '" '" 1 v "V 4 I 1"IDECA-bewa : fll'J m~ 1I1(JtltJl'lI'lftlfltl ~IlUU2'11tll;JClftl1lJl1Ul!lUUUtllmV'II1V 'JCl'lVIlUUIItl~ Otlfl 

rill1rU(J1UWll1U~ 1~fJUruU~.:Jn flll~ltl1ruI1Cll'JV IIn~ 1l1n~flll ~tl.:J'IItl.,rtlmllJ~1llMru 1fl fJ'Yl flCltl.:J 

tlllff'lUfltlUl'jfl 1 iUlli lICl~flllff.;JUfttlUIIUUfll'lUrUmlJfl11lJl1tlllltltllflV',r LIA 
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• 


;ilU1Uflf-3iufll'J'Vl~fttl.:J : 20 flf-3 HCllllf1fll'J'Vl~Cl0-31~U~ml~fJ 
'J::;fJ::;nCll~i,nUfll'J'Vl91Cltl-3~Oflf-3 : 200 iUlli 

lJl~'J!lU : IEEES02 . ll Two-Ray Ground Propagation Loss Model 

'J::;fJ::;~tl~l'Jtl-3'11~ : 250 llJ91'J 

mllJl1UlllUU : 2, 10,20,30,60 Uti::; SO fiu 

mllJl~T{1'-3'11~ : 50, SO nhllJ~'J/,tl1lJ-3 
. " nqlJ'IlO3JCl (Packet) mQ: 50 iUlli 

'lJUl~: 51211J~ 

o " "IllU1U'lJtlfll1lJ'lJru::;'Vl~~fllJ : 10 'lJflfll1lJ 

EAEP . i '" ~ Q.r::::t'll'l-3I1Cll Ufll'Jm::;lllfJ'lJfll,!t1'1il : 0 - 10 lUl'Vl 

AckPBSM 

DECAIDECA-bewa I1Cll'Jfltl-3'1191 : 0.2 iUlli 

'If'Nl1mfll'J'l'l1UflflU : LlA ('I'lf1 1.5 - 7 iUlli) 

c = 0.2, Minlnv = 1.5, Maxlnv= 7 

• '" '" '" d..A .. '1" ~I 1-1• flafll'j'YI~i.H).:Imfl11lJl'lI6(H) ~ V;lll'Jrul~t.I'Vl 3-24 fIlfllllJl'll'flflfl 91 SF lItI::; EAEP luU umlJfll'J 

'Vl91~fllJ'1.UlJYl~ 2 ~fl~fIlllJl1UlllUU~11li~llJl'JfI'Yl1-31U1Mi ldB-31l1f1 llilJm::;mu fll'J~nll~fl1J'Ii'flfll1lJ~ 1liM~1J 
Q./ ~ d .c::!Io ~ 1 1\1( 91cu Sol a.d". ~ I cj I ~ III sJ od Ia d ~ 

91-3UU IJ-31f191ih\j11l 111U~ lJ 1~'J1J'lJflfll1lJllJBlJfll'Jl'll'fllJ91BlUU'll'1-3'litlunCl1u1u lltl::;mfll1lJl'll'Bflfl I91IJ::;lJfIlIVUJ'lJU 

a .d I d ~.r::::t -<:::I I a a \I] ",d A I 4C/o ~ 
llJBlJfl11lJl1U111UUl'l'flJ'lJU mru DECA 1911JUtI::; AckPBSM lJfIlfll11H'IIflflB I91Yltl91Cl-31lJOfll1lJl1UlllUW'l'flJ'lJU 

A d ""'.c:!I JI.5 d:' C/o II) ""I QJ

lUtJ-31J1f1 DECA lIlBllt\jl1lYlf1t111lJl'IJ1-3~U flfl fll'J'll'Uf1U'lJfl-3'IJBl,!CllUfl-31l1mlCll'Jfl'Vl~WflU It.lllCl::;fllnfl-3'IJB'lJflfl11lJ 

~1liM~lJ;ilU1UlJlmnulu "l1U AckPBSM ln91fll'Jfll'Jim"l'jfl~~UlnU'Ul'lfUI~fJlilU;-3l'l1'l1"1l1U91~lJfll'Jm::;lllfJ 
• 'li'Bl,!Clln91fll'J'll'uilw1Ju ;i1U 1UlJ1fl 3mr-3'1f1-3l1Cll i U fll'J'Yl1UflflU ~~UlJlf1~-3 'Yl 1 '1. Mln9111t\j111fll'J'll'U~U~ln~~u ~l[Jll 'J-3 

f111'llfl-3 DECA u"::;fhm1lJl~flBtl MCl91t1-3~mllJl!UlllUU'lJtl-3 Il1U91~1f111 

DECA-bewa '1. MfI11lJU 11~flBtl~tl-3~ "191 ldfl-31l1f111~ f1l~fJ-311t\j111fll'J 'll'U~ln 91 ~U'J::;l!11-3fll'J 'Yl1-31U~1J111ru~ 
)j fl11lJl1U 111U UlJlf1 191 fJ'lf1-311t1 1fll 'J -c1-3UflBU IllJ1Jfl-3~ I1Cl::;1 IlJlJU f1Jf)l~ llJfl11lJl1U111UUlJ ~lfll1lJ 11 U 111UW vil~-3JU 

f1n-c1-3UrHlUu1J1JrhM LlA 'li-c1-3HCl~tl~m'Jflu::;'1.ufll'J'Yl1-31U'lJfl.:J1 'I'f'J1YlflBCl 

• flafl1'j'YI~a6-3thlY V;lll'JW12t.1~ 3-25 1l1flmlvlff-31f1~ hi'11 DECA 1m::; AckPBSM lJ~lH~lfJtl-3 
~ "d ~.k 0 ~ "Q .., a .. 1" 'i' 'i' ..li.A Q ,.,. d", 
InCllflfJ-3nU'Ii-3'Vllll1ln91fll'J'll'UUtI::;~ -3HCl~tlfllfll1lJl'll'tlflB 9l'IJfl.:J I'I'f'J IYlflBCl 'Ii.:JllJB'l'flll'JWl ! 'I'f'J IYlflflCl'VllJfll'J'Vl91ClB.:J 

~U'l DECA-bewa lJ~lH~lfJ'Ufll'J'Yll .:nU~l~"191 ;-31rlBllifJ1Jil1J~lmllJl~flii(J~M DECA-bewa ~.:JlJ1.h::;i"'Vllifll'l'f'U 

fll'J'Yll.:J1Utl-3~"191 ~.:JJUfmuflJt.l1.:Jfl1'J'YllnU'lJtH DECA ~llJl'JfI'lf1fJh1' DECA 'Yl1-31u'1.u~fll'l'fln91~OlJ~lJfIlllJ 
l1Uluuutl.:J1~fldl.:JlJU'J::;ff'Vllifll'l'ftl.:J~"191UtI::;'1.Ufll'JYl91~B1J DECA-bewa ~H LIA ~llJl'JflCl91fllH~lfJCl-3Mti-3 79% 
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• ~Hlfllnl~HH).:jfl11'JJI:h1'U fll'i fl'i:;;nU;JOfl111l Vl\ll'HU l~tl~ 3-26 \llflf)'jlvl~f'I11lJl1'Ulmhnf.:j"Hl'I 

ffOl'Ufll'HU DECA-bewa ljf'l11lJl~11'UlIYfi ff.:j~ff~ l~tJlj DECA nfl'U fl1'jtl~1J1.h'lffllJ1Hl'Vhn'U~f'I11lJl~l'Hl'ICl'llJl
~ . 	 . 

"Y1'U SF lllYl1\l~ljfl11lJl~1 1'U';1'111 'j fl'J'I lI~l~fl'l\llfl lliffllJl'j fl'jfl'l~1Jfl1'j'\'h'll'U1'UffOl'Ufl1HU~ljfll'j l~fllJ~fllil'U 

';1'1"1 'hi~'1 llil~lJ~lf'l11lJl~fltifl Mlrlfll1Cll~1'U1tl EA EP ffllJ1Hlvll'll'U 1~~f'I11lJl1'UlllU'U'J'I~'U Il~U'l'VnJ1 'U fll'j 

v11'l1'U ~'l1'1trlfllVi tJUfl1J 1'Vi'j 1'VlflflCltU"1 lICl~ AckPBSM ~'1iiihY1111~Cl'lfll'j'l$U'IJfl'lff\!l\!llruljfl11lJl~1~flU 'Ii'1'l~1~f'I11lJ 
11'U lllU'U~l lICl~ lliffllJ1HlvlH1U 1~1Cl{j~mllJl1U lUUU'J'I ~'1J'U DECA-bewa ~'1ljf'l11lJl~11'U fll'jf)'j~\lltJ'J'IU'fl~lj 

~11,rUltJ1Ufll'jvll'l1'UU'CltJ ~'11111J1~fflJti1J fll'j vll'llU1U 'VJ flfffll'ViU l~crfllJ1U 'VJ flf'l11lJl1UlllUU~.:j~Cl fll'j'Vl~'flil'l ~~lUlJl 

~100 
~ 0 or 
." 
0 

80 
C 

~ 60
0 
I:::., 
." 40 
0 

.".,• 
C 

.~ 

~.. 

.-*_ .SF 
~ EAEP 

-+- AckPBSM 
, -.- , DECA+UA 

- ... - DECA-bewa+1s. 

~ DECA-bewa+LIA 

a: 	 10 20 30 40 50 60 70 80 
Density (vehJkm) 

_I" 	 ,..\ '" "I"
~u'Vl 3-24 ~'flfll'j'\'1~mHmfl11lJl'l$mlil !~ 

E~12° ir=====~F======~~---'-------'------'-----~------'-----~' _*_ ' S~
~ ~100 - ~ - EAEP .,. . ..- ' 
~ :g -+- AckPBSM .". , .". , 
~ ~ 80 , ___ . DECA+LlA ., , .". , 

E~ 60 - ... - DECA-bewa+1s. 
g ~ ~ DECA-bewa+LlA 
.,,~ 40 
:l~ 
-E:S 20


5i O ......~-t~~~~~~~~~~ · J~~ - ~· - · J =---=. =. =~
~~__~____ 	 -· ~. --.~~~~~~________
o 10 20 30 40 50 60 70 80 

Density (vehlkm) 

~tl~ 3-25 ~Clfll'j'Vl~'flfl'l~11,rUltJ 

~ 100rr===~====~==~'----'-----'----:-----.----.-----r--~ or .- ' - ' SF 

1l E 80 - - - EAEP 
-= ol!' ---- Acl<PBSM 
.'!J.t: 60 , - , - , DECA+LIA 
0 ~ - - - DECA-bewa+ls 	 .. _____ . __..=..

1:::
~ ~ 40 -- DECA-bewa+LIA .. ' _ .. ~=--_-:: _.__ ,;" ._,....,.. -:.,;.i 
c~ 
I) II) - , _ . __ . _ . - ' 

." c 20 ~~~;;~~~;; ' ~' ~~~;~:~~~~~~:--' =====C====:L~==~==::J 
~ 0 

- -;''~--~.~ :.~ 0 - - -,-- - -c-- - -..,. ­
~ 0 5 10 15 20 25 30 35 40 45 50 

Time(s.) 

fl) fll'j'Vl~Clil.:jVifll1lJl1'U-llIUU 10 fi'U/fllJ. 

5 10 15 20 25 30 35 40 45 50 
Time(s.) 


'II) fll'j'Vl~Clil'lVifl11lJl1'UlllUU 60 fi'WfllJ. 
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l~tl~'01nfil'imH,(tllJfil':ilh ·:nu~tl~ I vn I VI fltlft' UlJVI~~lWJ1!~Ufil'iVl~HYtllJft'ln'iflU~ I1HJfil'i' 'If'1 tlmmlJ 

')lfttl~'U ft'fll'Vinl'i '0 ':i 1'O'HHlitlu '01 ~lJW!v.lU~mh~~l£J !!ft~ Uv.lU ~'O1 ~~ tl~ n1 ~!VI'VilJ l1l'U m !!~!14tlVl 'i 1U o~ v.lft m~VlU 1U 

nWvlmuuu~tlmru'01~ !!ft~ !fI~tl~l£J 114tl'111{1tyl11~!n~~UlJltlr1JlJ1~unJ~, '11'1 'Vi'i 1Vlfltlft'Vh~lU i~iJtI'i~~VI i fll'Vi tl'~ 

~'i1~ 'Ufil'iVl~ft'tlU'O~,,r'h.h!!mlJ1i'lfttl~!fI~tl~l£J NS-3 UVlUfil'il'lf''11U lt1mnnJ')lfttl'l!fI~tl~l£J NS-2 ~'1'itl'li'u'wm 
v '1" 	 ~ tI o'Q .....01," 	 Q~"'Vi\'lJUll'Vi'i LVlfltlft!'Vitl 'llVI~ft'flU LU~ mru'OH Uft~!mtl~l£J'ilH lfl 

1U lJVI~ 'O~ mi no'! fl11lJ Ufl n~H'i ~ wl1'11 tI 'ill mlJ,)1 ft tl,nr'l ft'fl'l U U U ,T'U fI fl'U nl'i~\'lJ 'U 11'Vi 'i 1 VlfI tl ('l' 'U 

• 	 1,j'iUmlJ 1i'lfttl'l~!!fI n~l'1n'U v.lftm~VllJlufil'iVlflft'tlUU'Uft'fll'ViU 1~tftllJ'il1 ~ U('l~ fil'iVlflft'tlUft'ln H)'U~ ~ tl'll 'Vi'i 1 Vlfltlft 

lrltl Mrunn,ji'lJ,j1 '1,T'Ufltl'U filnh'll'U 

, "LI 0 ...'4.1 fl11lJUg)ng)1~'l::'YI11~ llJ'lUn'nHmH)~lfl'H)'UltJ NS-2 Utl:: NS-3 

1 ,j'illmlJ1i'lfttl'l!fI~tl~l£J NS-2 !1Ju 1,j'i!! mlJ1i'l('ltl'l!fI~tl~l£J~lJ,j'i~~Vli fll'Vi !1lJlJnl'i~\'lJ'U11 fI'i'lnl':i 

l,jmmlJ')lfttl'l!fI~tl~l£JlJli'l!!fliJ 'Vi.i'I'. 2532 ~~~\'lJ'U1~tl£JflfllJl'01m~UU')lftfl~!fI~tl~1£J REAL IfI£J lSI (infonnation 

VCI.' I I 1 ~QI.d cv o:!!I I cv lIJiI .d.q~'JJ I d d.d 
Sciences Institute) U('l~ 'IIfl'Ufl£J1'1U'Vi'il1ft1£J WnU1'Omfl£J1flU!mfl~1£J ft''11flfl LfI'Olflfil'iVllJ~ L'IIlJ1flfl11flHl1'U'IVi 

'lftflfli'lf'1,j'i!!mlJ')l('ltl'l!fI~fl~l£J NS-2 i'Uflwvhlll£JlJfil'i9iYilJ;{1'U ACM Uft~ IEEE l'U'i~l1i1'1i1 'Vi.i'I'. 2543 Uft~ 'Vi.i'I'. 

2547 

.1"1 I I A 	 .d! CI.' 0 a I I a" 1 
!l1~fll'iru LlJfltllUtl'l (Discrete Event Simulator) 'II'lft''UlJft''4'Ufll'i'01fttN!fI'itl~1£JlJ1fllJl£J 1'll'U fll'ilftflfllft''UVIl.:J 'Ufll'i 

~'Uff'l~'Uri'l ,)lfttl'lfll'ivi1.:J1'U~tl'l1 'Vi':i 1 'Vlfltlft !'If'U UDP, TCP, RTP vT'I~tl~U'UlfI~tl~l£JUUUiJft'l£JUft~UUlJHft'l£J 6flvT'I 

1l.:Jft'UUft''4'U I m 1 Vlfltlft!!lJU'I1 ('llfll1ft1£J (Multiple Protocol) ft'llJl'iflUft'fI'I':i1£Jft~l~fJflnl':i'O'i1'O':i~tl'l'i~UU!fI~tl~lfJ 

tltlfllJl1'Ul ,jUlJlJ~fl~m1vlVlfl ft'UUft''4'U m~1J1U nl':i i 'U fll':il11!'cY''Uvm (Routing) !!('l~nlHh1i'mhll,Jft~H'l ~1 £J 

0 "'. cit 1-1 l' 0' 	 ..\. ~ " ~ lt1'iUmlJ'01fttl'l!mtl~1£J NS-2 lU'U lJ':iumlJUUlJ tll'Vi'U'IItl':ift' (Open Source) 'II'lft'llJ1':iflVll~lU IflU'UVI~ Linux, 

FreeBSD, SunOS, Solaris U('l~ Windows IfI£J'O~Hfl1'ln C++ i'Unl'i!~£J'Uff1'U~tl'lhhumlJ~I1J'Unl':ifi1l1'UfI 
. .. 	 """ i " ,. d'~ •.. 0 	 v ..\

m~U1'Ufll'ifl1'1'lnlJfl.:Jfll'ift''i1'1 L'Vi'i LVlfltlft Uft~ 'II OTc] 'Ufll'i'01ftfl'lft'm'Ufll'iru~'U L~£Jfl1l1Uflf}ruftflllru~fll~'l 'II~ 

'O~!~fJ'UfltlfllJli'Ul,j!LlJU~tl'l TCL Script 

url'111t1mmlJ')lfttl~lfI~fl~1£J NS-2 !1Jult1mmlJ~ii,j'i~~'Vl~fll'Vi'Uflnvi1~lUtl'~ Uft~ MrUfI11lJU£JlJmh~ 
• d v i , " _ •d "'_" 	 . I

1l'Vi'i'l1ft1£Jflfl1lJ fl£J'lfl~lJlJtyl11 Ufll'i 'II'I1UtlQl1ft1£JlJ'i~fll'i I'IIU 

• fll'i~\'lJU11,jumlJl1~tll~fI!~UUUU!ri1 lUft'llJl'ifli'lf''11UMnUfll'i~\'lJU1 hl'iumlJ'I1~tll~flUUlJ'l1ul~ 

http:lJW!v.lU
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• 	 fI11lJI'l'llJn fI hU)1n~'1h"hulU1f1~ ~'1 i UlfI~~~ltJ illl'Vl tJ'IVi~~tlfl11lJ~tl'lfll'j 


i " g " '" ~"i" '1'" " 
• fll'l 	'If-.l1U'J~lJlJ'!l1J'IJ~l;!Cl (Tracing) lJfI11lJ'l1lJ'l1tl'U 'If'll'U ~fI~U'IJ1'ltJ1fl 

1'l'11l1~11"fl~ l1.hu fl'llJ 1i1Cl tl'llfl~ tl~l£J NS-2 ljl1ty111~1'Ufll'l1i''11'U illl'l'llJ1'Jfl~tllJl'l''U tl'l fll'J 'Vl ~l'l'tllJ~ vlU 1'l'11u 

1~ fitl fll'J~ hJmmlJ hj1~:rlJfll'J~IIClIl1fl~lfl'lJ'U111]'UI1Cl1'U1'U ~'1iY'Ilfl~ 1~1l1flfll'J~ hl:illmlJIi1Cltl'llfl~tl~1£J NS-2lj 

~ .:::. I a 4' ~ ~I d I I I $I ~.:9 01 ~ d c9 ~I 
fllmfl l'IJflHCl1~~ fltl 11~'J'lf'U 2.34 i'Uu 'V'Ul'. 2552 'l1'1111'llllfll'Ufltl'U11'U1'U'Ufltl I1tl'J'lf'U 2.33 lU'UI1Cllfl'll'l'tl'lU UCl~ 

11 q~ flnlfl'lJ'U1UCl~ ~lICl i 'Ul1ll~u'U ~'1,f'UfI11lJU£JlJ1'U fll'J1i'11.h UmlJ';lCltl'llfl~ tl~l£J NS-2 ~ljUtl£JCl'l1tlmmh~1.J 

';lCltl'llfl~tl'lh£J NS-2 1l~'l'i1tltlflU1.J1.JIICl~lfl'lJ'U1il111.J-.ll1lJ~ 1~£J~ljlJl11i'Vl£J1"tJ 1'lf'U University of Washington, Georgia 

'" " <> ~ '.1 • "', .! ~I ~ ~ '" Tech University 'lllJfl'lfllflltlfl'lf'U'nlJl]'U 'Ufll'nll£J lu'lllmlJIl1Cltl'llfl'ltl'IJ1£J NS-3 'IJ'U lull1lJ1£Jl1Clfl'IJtl'lfll'lViI'lJ'U1fltl 

• 	 flnWI'lJ'U 11'l'fllViUl~ci'tllJ fll'J';1Cltl'l~ 11] 'U ~U£JlJU Cl ~ lU ~ fllmhl1:rtIf1,)£J'Ym ~1'Ulfl~tl~1£J ~ tl Utl1.J fll 'l 'I'i1'l1'U~ \.111II UCl~ 

ll~fl~l'llllfl1 tl'lllflnJ';lCltl'llfl~tl~ltJ NS-2 lj~'1~tl i tlti 

ltl'lllmlJ';lCltl'llfl~tl'\hu NS-3lfl'lJ'U1l~uHfl1111 c++ llCl~lj.fllll1 Python 11]'Ut11'U~tltl'l~1'l'1'U 'UtlflIl1mT'Uv'l 

iimf)fmtl'J~fltl1.J API hwH Doxygen 

N5-3 Main Page -M~ule~ ) -Name.speC6 I dasHS I 'Fiie.SJ

!!i ns- 3 Documentation
JI., Modules n5-3 Documentation 

Ill., Class List I ntroduction 
liiI., Class Hierarchy ns· 3 documentatiOn Is malnr:alned usIng Doxygen. Doxygen [s typically used for API 


!!i Class Members 
 documentaoon, and organIZes such documentation across differem modules, This project uses 
Doxygen for bUilding the definitive maintained APt documentatton, Separate Gr.,u texlnfo!!i Graphical Class Hierarchy documents are used for a tutaml, reference manual. and testing and vaUdation manual. 11iI., Namespace List 
The ns-3 project documentation Is organized as follows: 


!!J Namespace Members 

• modules: The "Modules" tab (above) organizes aU of the public API and supporting manual11iI., File List text a40ng the source code directory structure. 
• tutonal: The ns-3 tutorial Is a separate document maintaIned In GNU Texlnfo. 
• 	 Reference manual : The ns-3 reference manual Is a separate document maintained In GNU 

Texlnfo. 
• 	 Testing and validation manual: The n5- 3 testing and validation manual is a separate 

document maintained In GNU Texinfo. 
• 	 The 05- 3 W1ki contains additional user-contributed mater1al. SOme 'NIkI-contrlbuted material 

may migrate to and olJer1ap wttfl the Doxygen and manual informa[jon. 

Building the Docu m entation 

ns-) requires Doxygen version 1.5.4 or greater to fully build ail Items, atthough eartler verslons of 
Doxygen WIll mostly worle 

Type -./waf - -doxygen- or -./waf --doxygen-no- buUd- to build t he documentation . The doc/ 
directory contains configuratlon for Doxygen (doxygen.conf) and maln.h. The Doxygen bulld 
process puts html files into the doc/htmt/ directory, and latex fllex Into the docj1atexj directory . 

Module overview 

The ns- 3 Hbrary Is split across multiple modules; 

l1U1~ h.Jfll'JWI'lJ'U1t11'U! 1'l'1lJ'Utl flll1'U tlIl1fl~~lfl'lJ'Ul~!lCl 1 ~Ufll'ltltlfllltllJViU1£J1lJl1~fll~U'Il1tyl11~ln~~'U1'U1 tl'l II mlJ 

1i1mH!fI~tl~lU NS-2 !'If'U ilty111fll'J!.,j'1t1U 1liM'J~l1i1'll!1.J1.J1i1Cltl'l llCl~ fll'l')~fll'lmjlufll1lJ';1~'l'i1 hilll~Vitl 
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Utyl11~lJfI11lJ fflfltylJlfl1'U fll'i lli{J'\1~fl'l fi{l fll'i ~~1'Ulli{J~ll t1'U ~{l~~fflJfHl'l'U fll'i 111~1'U 'i:;wll.:J fll'i ~li'l {l~ 
., 1" '" "" l' '" "'1"" '1"~1 'd!fffll'Ufll'itu IIil:;fl1'i 1'If.:Jl'U1lH'1J{l.:Jlf'lH)'\ll{J '11'1 NS-2 lJff1lJ1Hlllff~Hf'll1lJlfflJ{l'Uil'i~ fllVW.:JVHl ff.:J~i'lI'\1lu'U{J1mH) 

~ Q 'L 1 .\. 1_11 " Q ~ - f.!" ~.,d1 ,,~ 1"Q

fll'iff~lfl~Vifl~fl'i'ilJ'\l{l.:J IU'illfl'ilJllHl'Ul U !'lf1l'i.:J lli'l:;{J1fl !'Ufll'ilu'i{JUI'VWU~i'li'lVl1iVl ~flUm~fll'itu1lH 'U'i::uu 

If'I~tJ~l{J 1l~111'i llfl'ilJ~li'ltJ~ NS-3 1 MUfll'itJtJ flll1J1Jfll'i ~1i'l{l~1m.]1M'f'lif1{Jfl1J fll'il1 l.:J1'U1J'U 'i::1J 1Jlf'I~ tJ~ l{J1ll ~1M'lJlfl 

d, 'i A ,,~ Q ., Q ~ " d '_I ""' " 
Vl~~ 1'If'U fll'icWflll1JU 1'\1'UfllJlIVl{lfftlflf'li'lV.:Jfl1Jf'I{llJVlll~tl'i1lH'l fll'i !'If'i::1JU'1I{lfllfl~ (Socket) 1Ii'l::ffl'UU'i::ff1'Uf;!!'If 

~11J IP (IPlDevice Driver Interface) fll'i'\.hfl~1JlJl1i1'\1li'\l{l.:J Kemelllil::'i'l1ff~'U~rU1J~1~'l M 

I.J' Q. 0 a I ~ "a d, 4.J . ..,9.::::t.A 4. I 

1'Uffl'U'U uty '\1'1I~lJ'\ltJ.:J fll'i 1l1i'l tl.:J 1m{l'1J 11J f'I {l fll'i ff'i 1~ 1 f'I fllli'l:: I f'I 'i {l.:JlJ V'\l 'U1'\11J '1I~1J1 f'I 'i V.:JlJ {lllUU 1 tllVI'U­

• '1ItJfff (Open source) ~l.:J'l~ffllJl'iothlJl'.n~{lQllifl ~':nr'U 111'iufl'i1J~lmNlf'I~tJ~11J NS-3 ~.:J1mlllJl~'i!1'U'\l{l.:J,rm,ji'l 
'j) 'j/ 	 .cd a c9 A 1"" I GJ 1" ,oS

'\l11'\l1 (Input) lli'l::'\l{ll,!i'l'\ll{lVfl (Output) lVI{lVllm{l.:JlJ{l{l'U'lff1lJl'iO 'If'\l{ll,!i'l'i1lJfl'U fl 1'If'U Pcap Trace Output, NS-2 

Mobility Script ItI'U~'U 'UVfl1l1fl~111mfl'imi1i'ltJ.:Jlf'I~{l~1{J NS-3 tI.:JlJflmvimh'U'li11Jl'\1~{l i'U fll'i111.:Jl'U'\lV.:J 1 fl"fl 1'Ii'U 

Network Simulator Cradle ~ff1lJTi0111~1'U1~fl1J Linux TCP Code 

I~tl~ 1llfl'Ufllli1J~V.:J fll'i rY1{Jfll 'ilflllJ 'U1'i::Wl 1'1 fll'i ~1i'l{l.:J '1111 t1'U fll'i Vlfli'l{l.:J 1J'U 'i::UU 1ll~ 1Ii'l:: tI.:J 1liJj111 'i II fl'ilJ 

~li'ltJ~lf'I~tl~lo~fftTmn'l'UtTfl 111'i llfl'i1J~1i'ltJ~lf'l~tl,j11J NS-3 Mil ni.'1JUty'\11~1~ 1Jfll'iff~l~~llll1JU fll'i111.:Jl'UVfl 2 

'" 111J1J f'I{l 

real machine 

virtualvirtual 
machinemachine 

ns-3 

~"., 1· 	 "Q d! ," 1"• 	 fll'i !'lffl{l.:J'1ItJ'U (Stack) L'Ufll'iV11~l'UIIUUfffll'Ufll'itu1lH (Emulation) '1I~ffllJlHlff.:J'\l{llJi'l flU'U'i:;1J1J 

_I " Q

Im::~Ufl'itu1l'i.:J 
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.. 
ns-3 

real 
machine 

Testbed 

ns-3 

real 
machine 

5) 

• 
'LI • ",. 1"· 	 .<i 1"~" _I~'lu'WnnJ'ilT'Hl.:lli'l';Hl'\J1V NS-3 ~'V11fll'HWfl Trace Source tHlfl'illfl Trace Sink lYW l11';l1'l5.:11'WffllJl'jflU-:i1.H1~.:I 

Trace Sink Ml~vlt1'jllmlJ1il'Hl.:lli'l~U~lV NS-3 Miifll'lff~l.:l Trace Source 1,rlftUflH'lJlfllJlV 1'li'W Packet Reception, 

State Machine Transition 'l::;1J1JiY1J.,rUlJCl iJ.:I'l U.:Ii'1J flln11.:l1'Wfffi~IlCl::; fll'l')~.,rUlJCll ~Vfll'l'l'il.:llUliJu ,].:10 

• ,)Ylfll'lfl1'l'l'il.:llUl1CllV'l ffmUflTHU~ 1,jl~V1.,rU.:Inu 1~ 

• ,)YI~t1!l1J1J.,rUlJClMflU fllJl1'Wl1CllV~t1Il1J1J'\JU.:I.,rUlJCl'\J1UU fl 

• o d .a Q,; 

'V11.:l1UlflV1IUU.:Ifl1J Trace Source 

• .,rUlJCl'V11.:lfffi~ffllJl'l m~UlJli1u n1Jfll'l 1ilClU.:IIi'I~U~lVM1U'\JW::; f11el.:l'l'iH1UU ~ l'liu l1e1fl flTi'l'il.:llU '\JU.:I 

o ~ I}I Q./ Q./ 4'S I ~ 
fll'l'illClU.:Ili'I'lU'\J1VflTVllflmU1J (Counter) fl.:lml1U.:I'l 

I t 

I ~! ..·..·....:lH 
CQlIe<ted U 
I Anliy'" Sa1pt>.+ I 

I 	 Gr'!tfh!'9 Tode. ok~S9"',,~ J 
ClermlnoCllbor'i Daa 

cdl«llon Per. oct 
stcnge

I g~m~~' ~ .. ~ Pmpm 	 "IIac... 60 

OK«I Cal. 


--",-,,1 
Additional statistics 
support is in progress 

+ 
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.• 6) 	 'j~1J1Jf.lWamH.l.I~ (Attribute) 

I~V~\Jlf)Uf)1,)tJ~~N fill ~"::fr11~IU~tJ'\,mUCl~'m:: lfl1~filllilClV~1 fI~ V~ltJI!Cl:: ffllJ1l (),)~ filll ~V Ol.;j~ltJ , 'U 

-1 • AI. '" 1>ld >I ~ .J '1 d >I 4 >I • AI '"1umm1J\J1ClV~lmV1J1U NS-3 \J~ ~1JfillffH3'l1'~flruClf)1;jru::1J'U l~tJf1"::Ul::f)mJmtJ 'b'mICl~1JVfI11lJ'b'1tJ1lfClV 'b''U~ 

" d V I jJ de:: ct ,11) ~ Q.I I 

• 	 f11filllf)U1JV1,!Cl (Dwnp) I!Cl::tl1'U1JV1,!Clf1If)1Jmlf1J~ 'U IvlClfillUl1JfI1 (Configuration) 

• 	 ff~l~1J1'UflTW hw'~ri1'U'l.h::ffl'UmlvlYlf)fl1JrV~ (Graphic User Interface) 111M~ltJI'lVfmm1\JffV1J 

~111Ul1J V~ fill IilClV~1fI~V~1tJ 

• 	 ijmlff~l~lVf)ffllUl::f)V1J l~tJ'~ Doxygen 

• 	 ijlfl1v~livrillff1Jf)1l;~r11~1~'UmlvlYlf) ,).;j~U~ 4-5 

• Object Attributes 

~ ns3: :NodeLJstPnv 

v NodeLis t 

v 0 

v DeviceList 

v 0 

Address 

EncapsulatlonMode 

SendEnable 

R.ecelveEnable 

Oa taRa te 

~ TxQueue 

~ 1 

~ Apphc at lonl.Jst 

ns3: :Pad,etSocl,e tFactory 

~ ns3: : Ipv4L40 emux 

~ ns3 :: Tcp 

ns3 :: Udp 

ns3:: Ipv4 

ns3:: Arpl3Protocol 

~ ns3:: Ipv4L3Protocol 

Attnbute value 

00: 00: 00 :00 :00 :0 1 

Uc 

l rue 

l rue 

SOOOOOObps 

'UVf)\Jlmr'Uf)lll1HTU1JV~ lUlllm1JlilClV~lfI~V~ltJ NS-3 fl.;jMlI'I.j.;jfill111~1'UVVfil~'Uri1'U"l (Module) IItJf) 

VVf)\Jlf)n'UI'~V M~l{JI'lVfil'j"'VlJ'Ul IICl::ffv~fI"'V.;jnUfill111.;j1'U' 'U 1 ::1J1JIfi ~V~ltJ\J~ ~ ,)~ fI1'Vi~ 4-6 

High.level wrappers 
for everything else 

Aimed at scripting 

test 

helper 

" 0/Node dass 
NetOevic::e ABC 
Address types 
(lPv4 , MAC, etC,) 
Queues 

routing I intemet-stac~ devices I applications Mobility models 
Ie. random 
etc) 

(stat 

Socket ABC 
IPv4~Pv6 ABCs 

I!licket sockets 

-~ node I 
common _ I 
~ '" core 

mobility 

simulator 
walk, 

....... 

/' " Smart pOinters Callbacks. ilaclng Ickets Events 
Dynamic type system Logging Icket ;lgs Schedulers 
Attributes Random vriables Icket Headers Time arithmetic 

Pcap/Ascll nle WI1tJng 
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• 


~.:j~f1cl11lJ1,r1.:j~'Uvh1 M'1l1'Ufll'Vl1 ~11f1l n'i\JlJ 'U 1'U il-311h llf1'i lJ IITfl il.:j 1fI~il'li1fn.r.:jffil-311il fi''UJ'Ull'' f1~1'1 fl'U 

il il fI1111~ fJi'Ul;.:j IYfn~ fIl'j ~il.:J fIl'j 11111111~fJ'U 'j~llll1 M'ffil~flci'il-3 flllfll'j vlH1'U1'U'j~uu 'il1.:JlJ1f1~'U ~-3J'U~i'-31'U~.:J 

~il.:jl,r11'il 1'U fIl'j vl1'11'U 'Uil '1111 m f1'imr'l ffil.:Jl ~ilf111lJ~ 1fJhlfIl'j 1 i'.:Jl'U 111 'jllf1'ilJ 1l1Clil.:jlfl ~il'li1V1'U fIl'jvl\JlJ 'U1-31'U1,)fJ 

'Uil.:J~'U 1 ~fJffmiJ~ fJf1'i'jlJ'U il.:Jll~Cl~ 111'j II f1'ilJ Ii1'U~.:J fll'Vl ~ 4-7 ffl'I11U 111mf1'ilJ 1l1Cl~Hlfi~ il'li1fJ NS-2 llCl:;fll'Vl~ 4-8 

OTCL 
Object-oriented

OTCL 
Interpreter

Script 

NS2 Libraries 
l.Event Scheduler 
2.Network component 
3 Plumbing modules 

Analysis 

Simulat V
Ion 

Results 
~ 

NAM 
Animator 

Note ' am not showing 
ARP. Ipv41nterface 

"use f5pace~ 

"kernel-space­

lIansport 
protocol 
(e .g. UDP) 

Bture work : Bture work: : 
API corresponding 
to lP unlcast 
Netlink sockets 

API corresponding 
to IP multicast 
routing sockets sockets API ror appliCations 

ns3 raw sockets 
Ipv4 lIutlngProtocol :; 

Ipv4 !lutingProtocol 

!luteinput (Pte< 8ck t> . 
4 callbacks) 

Ipv4L3Protocoi 

............ 
Ptr<lpv4 &ute> 
returned 

.::::::::::::::......... Ipv4 llutlngPr oeol: 
..•.. ....• auteOutputl) 
~;......:...... Jrar raw socket ) 

~:~::~~~ e> ........::::...... . 
.......::..... . 

SendOutl) 
IpForwardl) 
IpMu~lCastForward( ) 

'Uil'l1 flHff~1-3111'j II f1'ilJllci'1 'VlU11111mmlJ 1l1'W.:jlfl~ il'li1fJ NS-3 ff1lJl':iOvl1.:Jl'U 'l~vf-3 fIl'j1l1Clil-31fl~il'\hmlft~ fIl'j 

vll-31'UU'U'j~UU'il1'1 ;.:Jll~f1~1;j'il1f1 NS-2 ~'IJ'U fIl'jl~ilfi1i'-n'U NS-3 1'Ufll':ivl1;j1'U1,)fJ~'I~lfJ~ilfll'j;.rml1f1l'jvll-31'U1'U 
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l.h~lfl'VI ~,;jVl1Jil hJ'illfl'ilJ\i1CHNlfl~tl~1{J NS-3 J\rviH1U Mtl~1,;jihh~iY'VI1ifl1VllJ1fl~~fl .J,;jlu!;,;jfl'llJl~'~tl'lfll'i 

Yl1,;jlU mllJ~1{J'1Ufl1'iH..J1U~tl..J1Vl'i 1'VIfltlCl I!Cl~m1lJff1lJlH) '1 U fll'i ~flfll'il1ih{JrnllJ\il~I~U'i:::1J1JlJlfl~U ~..JJu 

flml11Vl'i l'V1fltlCl~lfl'JJul1JU NS-2'1,f''11U1JU NS-3 JU\illlJUIl:::~tl'liJfll'ilfI'JJU1'1mJ iJH1'li'6~,j1ffU11l~'11ll6 'lull 

fll'ilVilJ 1 Vl'i 1'VIfltlCl 1mJ'1u1 U'il! fl'ilJ\i1CHNlfI~6~ltl NS-2 l~lJ~Ulllflfl1'ilVilJ Packet Header ~tl,;j 1Vl'i 1'VIfltlCl 

1mJ~ packet.h 1l1mTuYllfl1'iIVilJ lVl'i 1 'VI fI 60hllJI'Ii'lti Tel Library 1I0:::,VilJ Packet Source ~ Makefile.in lI,hvi1fll'i"*'..J 

rl1k:j make ~1~Ufll'i~U~flfl1'i!VilJ lVl'i 1 'VIfltlo imJ1Ju lUmfl'ilJ\i1Cl6'11f1~6~ltl NS-2 ~'1lU~~ 4-9 ~lUctl'ltl 

hllJ~lfl'JJu 11'li'lti wscript '1 UII ~lJ'Ii'm.JCl '\I tl 'I IIIII 0::: ,bu '\16'11U'i II fl'ilJJu '1 1~6Yl11,rl'~tJll1,hJUI~6lJlllflllJU"bu l1~ 'I 

ti1J NS-3 Library l1tf'llllflJU~,,*,'1 '!waf ~lff~llfll'ilVilJ1m1'VIfl60 ~u~6uium1lJlI~flYil'lllfffl,;j1ultl~ 4-9 ~lU~ll 

Add Packet Header 

Add Packet Header 

, ... o.ll 'tJ ,_I 0 ..., 

2) !fl'H'1"n3fl1'i'VIHnfW~lil~'U(N I 'i!lf)'i)J'UMru'i!lO'iIHlUHl-llfl'iO'UllJ NS-2 II"::: NS-3 

iultl'illfl'ilJ\i106'11f156~ltl NS-2 Irl6Yllfl1'i"*''11,rltlmfl'ilJYl1'llU'Vl1'1 Tel Script ~1l:::iJfll'iff~l'l Tel Binding 

'ItltilVl'i 1'V1f1tlCl~lfI'JJUlyf,tlfl1fJ1 c++ ~'1nul~{Jlll1!u~1Vl'i 1'V1f16Cl lu.ffu!fl56~1t1 (Network Layer) ~'11Vl'i1 'VIfl6ClIl::: 

odd d ~ <=1 ~" d d Q.I 'I"?l SI
'Vl1fll'i!'Wfl Packet Header 'VIltJU Struct 'illJ'VI'Ifll'iI'itlfll'b' Timer 'VIltJU1~tl flllJU~U 

:!. d o::S ~ ~ I,... d r, d.<:::l '1" . dml1lJ~flll:::I'i ofl'1'b' IVl'i 1'VImH'l1~ Ifltlm 'I 1lJ~6'1lJ Tel Binding 1l1flUU 1 Vl51'VIfl6Clfll'i{Jfl 'b' Packet Header 1m::: Tuner 'VI 

IlJu1~(l.J'Irl1yf~llJUfl~ mllJlI~f)Yi1'l'\l6,;j.J,;jffiN1U511fl'ilJlrUllff~l'I lU'itl~ 4-) 0 . ~ ~ 

http:Makefile.in


70 

t 

Tel 

Simulator Script 

....1.·Tel 

'--=--­ T""el::j 

hhllmlJ~lmHlfI~fl'Ii1u NS-3 11\.JffllJl'H)i~unii'.:nu'lvhl~ullUUf1l'ilfl~tlU~ (Mobility trace file) ;.:jI~lJ 

'.YM~fffl.:j~l.llluUnl'i IfI~tlU~'lJtl.:jU1Ui'lll1U:::~i i'rlll1i'U lu'illmlJ~i1~tl.:jli'l~tl'li1u NS-2 1~ 1fltJI1 unii'.:jlU~'H),tU 

NS2MobilityHeiper ~1l:::l'llfll'Hl.l~UlJ~l.l11UU'lJtl.ml'ni'l~tllJ~rlll1i'u1U'illmlJ NS-2 i,rnmtJ1~u~l.llluU'lJtl.:j11.lmmlJ 

.!J , :', A.d I tI d d 1" "1 

" 
0 I 

NS-391.:) 1.1 NS-2 UUll1U~H):::li'I~tlU'YlmlJmnm~tl'imllJl'i1'Yl\lnflll1Ufl 11l~ NS-31l1Uflll:::''lfmllJll~n~l'l'IJtl'l 

v a, , d a. . 'i'i '" '" 
tlmll'i1 UIl~~:::llnlJ x, y 1I~::: z ll'YlUl1m~Hl'imllJln llJtl'Yllf1l'imHYtlUfll'i'Yll.:jlU'lJtl.:j li'l'i l'VlmHlfl1Uffflli'lll1fl(ltllJ 

~UllUUf:lUU'Yll'll1~1'l (Highway) UU NS-3 lflUfll'i11un'i"lYhl~UllUUfll'ili'l~tllJ~~'Imi11 i'lU11U'i:::i1'Yliflli'l~tltlnlJl 

JUIl~n~l.:jlllmm'Ylfl~tl'lUU1U'illmlJ NS-2 lflUi'lU11ijmllJi'lmfllfl~tlU'Ufll'ili'l~tlU~'lJtl.:j Il1lJfl 1fluijmllJll~n~l'l 
Ji 0 I 4.dd I ~ t o<::l a.0:::9.c!z , '" Q 

'I.h:::mru 6-7 % 'l1'l~1Ill1lJ'If1l'ilfl(ltllJ'Yl'VlIl~n~1.:jnUUUlJ'i:::U:::i'I11lJi'I~lfllfl(ltlUtT.:j"1flf:l.:j 200 IlJ~'i 'l1'l~~ l1lnflmllJ 

lI~n~N'lJtl'l~(lfll'i'Ylfl~tl'l Illnfll'i~'i1IlffVUi'lU11iJ\!ll11Infllllnnl'iIlU(l'l Trace File 'lJtl'l Ns2MobilityHelper'U 

'i_I • "" .!J... , ~.. a " :: a 1 .. _I.dIU'illmlJlll(lV'Ili'I'iV'lJ1U NS-3 'l1'llJfll'iflll1Ufl l1ll1U~lJnTil1Qflnl'ilmHlU U'lf1'lnmffU'lllJtl l1U~lJf1l'ilu~OU 

llff'Yll'll11 tli'l11lJl~11l~::: 'hjfflmHlff.:jln~MIllmhullff~'l~~IlUumwlYln l'll,,ri'lq~nnlJ fll'ili'l~tlU~1flU'i1lJJlJ 

llfl n~l\l Illn1U'i IImlJ\h~tl'IIf11tl,jlU NS-2 fll'illniJ\!ll1l-Q\i'll'llM~1Uf1l'i11.l~UU'l11l1Uflli'l~VU ~tl fh.:j~ tll~ tl'lhiij fll'i 

'11 Q~'lJ';1'111~T~U'l nvunl'ilU~OUllff'Vll'lIl~:::mllJl~1 1~Uf1l'i Um~nfll'il1Qfl' 1.1 Ns2MobilityHelper.cc vQlumnr~ 

~ 614 (NS-3 .10) ~.:jllfffl'l'U1U~ 4-)) 

if (time >= 0) 

Simulator: : Schedule (Se c onds (a t + time) , 

&ConstantVelocityMob i li t yModel :: SetVelocit y , model , Ve ctor (0, 0, 0» ; 


• 


http:Ns2MobilityHelper.cc
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fll'J VI l1-nV'l fll'Jl'hnu'lJv'l 1Vi'J 1VlflVm1~'l\llflll n1'IJI~fl'lfll'Jlfl~vu~1.nlhllmlHllClfl'lfll'J ll'Jlll'J Simulation 

of Urban and Mobility (SUMO) 1Uflln"~1'lt'Hl1Ufll'Jru1ufll'Jlfl~VU~'lJV'l111Ul111-n::IU~tJUI~U~Ul1uu~11.hllmlJ 
'I 

~h-nfl'llfl1floUl(J NS-2 H'llU~1(J1u'Jl1mlJ Traffic and Network Simulation Environment (TraNS) 111tJHfffllVill111crVlJ 

.!l ~I " "". -i d 1 'LI'i1JIIUUflUUYIl'll1Cl1'l 'If'lluUlffUVll'l 2 !-nu fl11lJtJ11 4 fl !-nIlJ\ll'J 1I-n::llffl1'lfll'Jlfl-nVUVI'lJV'lVifl l1Ul1UU LummlJ 
~ . 

fll'J U~UIU~tJUfll'i Ifl~m.J~hrhjljfll'i11 Ql11ufll'ilfl~VU~lIcr1 ~lr:ll1Vi-nll1~ Inl1 ~uihrv tJlJ1fll'il1,rfll'i Ifl~flU~1flcrl~ tJ'l 

OUfll'Jlfl~flU~UU1ummlJIl1-nV'llfl1tloU1tJ NS-2 

m1lJl1U1I1UU'lJV'ltJ1UVill1U:: (fi'wn1mlJVI'i) 

2 10 30 60 120 

Ns2MobilityHeiper NS-3 l~lJ 6.6853 6.1845 6.1958 7.8375 7.4393 

Ns2Mobil ityHeiper NS-3 U~UU1'l 0.0013 0.0009 0.0019 0.0036 0.3843 

2500 

-;;; 2000 
"­
II)... 
II) 

~ 1500 
II) 
u 
I:
!I 1000 
'" o 

500 

o 

- NS-2 

- - NS-3 : Original NS­
2MobilityHeiper 

•••• NS-3 : Modified NS­
2MobilityHeiper 

o 20 40 60 80 100 120 140 160 

Time (Seconds) 

d -id 111 • "'.~UVl4-12 'i :: tJ::fl1'Jlfl-nVUVI'lJfl-3 l1Ul1 U U'JllmlJIl1-nV'llmV'lJ1tJ NS-211-n :: NS-3 

IrlV 1 U'i IImlJlll-nfl'llfl1floUltJ NS-3 ff11J1'im1 tJfl hi"'!vJft~UIIUUfll'JlfI~VU~Mmh'lfflJ\Pru JU91tllul~ufll'i 

ImtJuIVi(J1JU'J::ffVl~fllVifll'J'V11'llU'lJfl'l1m lV1f1tl-n DECA uu1 U'illmlJIl1-ntl'llfl~VoU1(J NS-2 II-n:: NS-3 l~m~Ufl1'J 

~nllffflUfflJnflU :: 'lJtl-3fll'J~I'lJU1l m 1 Vlflfl-n1 »ffllJl'JfI'V11'llUUU 1 umfl'JlJlllnfl'lJ'lffv'lll1tJ llJljm1lJlI" fl91 1'1OU 

I~tl'\.h i Urlfll'i VlYl-nfl'l1U 'llUl;)tJ1U J uti11 i U fll'i iYl fflJ'i 'i fI u:: 'V11 fll'J Vll1-ntl'l UU fffl1Vi1l111crVlJ'i UII UU flU U Vl1'l11-n1'1 
~ ~ 

I~U~HtJ11 4 n1-nllJ"'J ~'Iff~l '1 111tJ SUMO lIn :: IU~tJuMltlU~UlIUU~1,r'llUOU lU'JlImlJ1i1-nfl'llfl~VoU1tJ NS-2 ~1tJ 

TraNS 11:IU~1flll1U~flTHfI~tlU~'lJtl'l111U111Ufll'iVll1Cltl'l ~'lI'lfU fll'JVll1ffVUlUUVI~ 2 1I-n::UU1U'JlImlJlll-nV'llfl~VoU1tJ 
• 
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4-2 

NS-3 1 ffijfll'iU~lJl u~tJuYl.:J niu fl1'Hfl~tlU~'\Jtl.:J1l1U~~.:J~ fl~l1'U'l.:J~UI~m1'iifll'ilfl~tlU~I'liUl~hn t1lJ 1umfl'imllCltl.:J 

!fl1tl~ltJ NS-2 'Ufll'i'Vl~Cltl.:Jll~Cl:: 1l1u~ii'i::tJ::'ufllH1.:J'Ii'mJCl 250 llJm llCl::iifll'i~.:Jfh~l.:J"l 'Ufll'i'Vl~Cltl.:J ~.:Jmnl~ ... 

. " \llU1U~6tl11lJ 5 

5121m] 

d 
tl11lJl'i1~.:J~fI~6'1V1Uft1'HU::: 

(filClllJ~'i/,t11lJ'I) 
50,80 

tl11lJ'HU111UU ~6'1V1Uft1'H U::: ( fl'U/fil ClllJ~ 'i) flUU'Vl1.:Jl1Cll'1 (Highway) 2, 10,30,60, 120 

NS-2.34, NS-3 . IO 

fll'i'Yl1.:J1UJU 1l1U~\l::I~lJ~Uri'l'li'tlfl11lHJfl"l1O iUl'Vi 1l1U1U 5 'li'tlfl11lJ F-I",ift1r~MI~UTlll\l~tJ~lfi~~U\llf) 
~ " _I d ~I' .0\ ... ~" ' i i-Iv 'l'Vl.:J 5 '\Jtlfl11lJ ~.:J2u'Vl 4-13 luUfl1fll1lJl'IH")f:Itl l~ (Reliability) 'i ::: 'Hl1.:Jfll'i'Vl~fftllJ Vl'i l'Vlfl6Cl DECA lJU umfl'ilJ 

1l1Cltl'llfl16~1(j NS-2 t1lJ NS-3 l~(j'Ullf)U x 1l'VlUfl11lJ'HUlIlUU'\Jtl.:JV1UVl1'HU:::~tlfiiClllJ~'i U"::: llflU y U'VlUTl1fl11lJ 

l~tl(i6 1~I~UlUtlfl~U~ ;'1VllJ11F-1Cl~tltlf)lJ1iiti1'mll~tJ'It1U ri1U~U~ 4-14 Uff~.:J~Clfil''Ii'~lv'\Jtl'llVl'i 1 'Vlfl6mr.:Jfftl'l 

lumfl'ilJ llflU x JUV'Ill'VlUfl11lJ'HU111UU'\Jtl.:JtJ1Uft1l1U::: ri1UllflU y JUII'VlUTl11'1i'~ltJ'\Jtl.:J lVl'i l'VlmlCl F-IClIiVli~i~ 

tltlfllJl,Juiifi1 lflft'lfl (j.:Jt1Ui.:Jfftl'l 1U'i llfl'ilJ ~'1,JUff1U11U'i:::i1'Vllifllftfll'i 'Yl1'llU'\Jtl.:J1Vl'i 1'Vlfltl"lJU1U'illfl'ilJ1l1Cltl.:J 

Ifl16~ltJ NS-2 t1lJ NS-3 Juiifiwyht1u IlCl:::iiftq~fl'i'ilJlufl1'i'Yl1.:J1Ul'H)jtlUt1U 

• 

100 --------~=~-

90 

~80 

-& 70 

~ 60 
~ 
C 50.. 
~ 40.. 
> 
~ 30.. 
II< 20 

10 

o 
'0 3D 

Density (veh/km) 
' 20 
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350 

!
;300 

.. 
~ 250 
z .. 
Il. 
-0200.... 

.r; 

~15O o 
co o 
]100
5 

j 
co 

50 

o 
10 30 60 120 

Density (veh/km) 

• 

f111'l1"(lv~rnnh-11'U1J'U'l::1J1.J\l~~'lJV~ iVfj i'l1fHl(l DECA ~l(JilhLlmlJ')l(lV~lfl~V~l(J NS-3 ~~~U~ 4-15 ~~ 

~m 1~f1 VlJl1ll~vf'l1 fl'l11')1'Ul'U~lfl~V~1]'U~ l11'HU ~~ll~ fl~ 1~ n'Ufll(Jlu ~W1(l ~mrulJ 'H11 '11 (J1 rl'(J fi111 'U ~1M'ihnll'U fl11 ru 

'" ~HN1I1.J 1] rW 

o'd.<::l d .:& 1 iI d I~ 1 a I a j..I 10J A •I 	 I• 	 ~l'n1'Uf111ru'l1lJrn11'lfVlJ~Vfl~'I1: l1l'lfllmv~vt;!'U~ 'U9111111'U.:j'IJEl.:jl!~Cl::lflH)~ ll(ll l1l'lfllmEl~'I11~l'U 

i '111 i'l1f1V(l DECA 'I1~VlJn'ULI(l::ri~.,rVlJ(l'H1n'Ulm::n'U 

• 	1Ym'Uflnru~ijfl111~VlJ~VI~'U,h~'l : 1M'lfl~U~ A, C LI(l:: D Ifl~U'U~hJ1'U'VifY'I11~~fill1'U~ ll~ B t1~{)Q 

0 #1• " 	 • 0 
!I 

••
5_0 __100 . ~50Meter25~ ~5••0 

.~ 

rn1'l1~1Yumf~1Yu-J1YfI1Urn1ruml1'U~ A 1~'U il1'U,,9f'U'I11~ (Source) f-l(lf111'l1~(lu-Jfhm1lJl~{)iiv 1~'lJu~ i '111 i'l1f1U(lij~l 

100 % I~V~\llfl'I'Jfllfl~{)-J Mi'1.J.,rVlJ(l~ri-JV{)fllJ1\llfl i 11'U,,9f'U'I11-J.J-3l1lJ" ll~f-l(lfh1,r~1(J1'Ufl111'i1-31'U'IJ{)-3 i '111 i'l1f1{)Cl 
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'J:;U1H)~ 'I 11 a'l '0 1f1l1U 'l,r'Yllf11'J'tl~'C1V'lIl'C1::~'Jl'OfH)U~'lffl!11~~ Ifl~~U 'Yll1 ,rViUl11 fl~U~111f11'JI;1mJ9iVllUUVfflJlJl~ 'J 

I~V'l'Olf)1u f11'J'tl~'C1V'lt.TuflVlJl111~vfVif)Villl9i'C1:;lfI~V'liJfllllJfflm'JfI1ufm ff'l.,j'm,!(l'lJv'l~ll fmui'uff'1~~tylru '1 ~ffllJ 

1 'tlflV'C1 DECA Vcil'llJlf) !Vi'Jl::It1~U'I~lJmllJll'J'l'lJV'l~~~lru~l ffllJl'J{lff'l.,j'm,J'C1 'lllrJ'l~tuMrJlf) U~l1l'O:;lflf'l~UlrlV 

111Uf'I~ 'l,ri'U.,j'Vl,J'C1lJ 111 ftl 'llifflm'J fI 'Yll fm ff '1.,j'Ul,l ('wi v 'lII fll1 l1'1l1U ~~ 'Ili 'l,ri'u.,j'Vl,! 'C1 '0:; ff'l UfiV UVV f1lJ11~V~V'l 'lJU 

.,j'Ul,l'C1t.Tu IrlV 111U~~lJmllHl 'J 'l'lJV'l~~tylru~lMi'u UfiVU ~'O::ViIJ101lJri'l.,j'Ul,!'C1t.TUUVfI 'l1J1,r l19ill1u~Mv'l'lJv~'O:: 

hJ'l,ri'u.,j'Vl,l'C1uQ~ I~U'I'01f1~~~lru ~ff'l'lut.Tu"lli~'lll1u~~lJfI1'J~U'l'lJU 'Yl1 1,r~l1'1i'~101u f11'J'Yll'llU'lJU'l'J::uUlJmfl 

.x tI 4:;). ~ 'd a d I jJ Q..:s I SI ~ 'I ",.li .. 
'lJU !m::ll1~fI1'Jru '0:; IflmWlfl'OU fI 11 '0:: lJ 111Uf'lUU'tlff1mHlff'l'\lUl,l'C111 'tlU 111Uf'I'tllJ'J:;0::ff'l'lJUl;J'C1ffU f'I '11'llflf'lf11'J'I1U 

nU'lJV'I.,j'm,J(llJ1f1~U ff'l~'C1 hf'U'J:;ff'tl~fIlVifl1'J'Yl1'llU'lJv'llVi'J 1 'tlflV'C1~l'C1'l 

tlUf11'Jff '1.,j'Vl,!'C1t.Tu ff 'l "lli'ch~ '0 lVi'll:; bmllUf1muf1l'J1;1UlJ9iVIIUUUfflJlJl~l'Jt.TUU VfI'OlflU~111'O::lnf'l'OlflU'O Ii'OfllO 1 U 

tlUmllJffllJl:lO'lJtJ'lf,lU mrui'uff'l~~~lru 'l~fflo~iJfmlJlI 'J 'l'lJU'l~ty~lru ~lliftl rJ'llflf'l'OlflU'Oli'OfllOUtJ f1,rllJ Vcil'lI'lfU 

~tytylru ~ff'lVVfILIUt.TUVl'O'O:;(JfII1iO'lIUU II'tl'JflffVf'I l1~U~ft9fU l'ilMfI1:lff'l.,j'm,!'C1t.TU'Yll 'l;tli'1ht~'O ff1Uffll'l1~~ffV'l 
.. .. '" '" ~ ~ 'l-Id'l 'd.1 .... d "'.. <$I,. .old0

flVfll) mUfI~m:; '010'lJVlJ'C1mf'lUOf'l u'tl lJlJu'J ::ff'VllifllVi!Vi 0'1 Vi V I Vi'Jl:;~Om(lVf)Vl'O'il::IUU 111Uft'VllJfllllJll H'lJV'I 
.... .... 'U'U 

~~~lru~1'Yl11,rfl1'Jff'l,rm,J'C1 'luMnul~VUU1U If'1lJ'Jvu'l1hhh ,r'l~U~ 4·) 6 ff'l~'C1 1'11'tflflU~l1lfl1:l 'IliMi'u.,j'Vl;J'C1 

1I(l::~11 'Ii'~1[J1u'J:;uu~tr'l 

Sender node Selected node 

• 

Sender Node 

http:1.,j'Vl,!'C1t.Tu
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i .nfu1U ffmu fll'i rufll'i 1;tllJ'fi tl lIU UtlfflJlJlll 'i fm ~ ~ff 'I 'iJ::ff 'l,j'tIl;jC1 i.,rnu 1 'VIU 111 ~tJuUlUffTU i 'VItY t1u 
?I 1'1- 11 " ~ 1 ,~ '" , ~ 1-11 '1 ... ., ~ -., ~ luU!U ,Wln mn::fl11lJIIH"tJ.:Jffllllll1ru Ufil'iff.:JUUlJfl11lJlIlIn1l1.:Jnu u UlIlIC1:: 'VIUfl l!'itJtJ1'iJlnfl"Ul'Vi'i1::u'iJ'iJV 

f11VWlfl ium1~~.:Jl'u'UiUfil'itl~1J1J!.:Jm:::1Jlufil'iiufil'il~tJfll'VIUflff.:J~tJ,j'6f111lJ ifllJiiIlU1flfl":hfil'il~tJfll 'VIufl~ii 

,TUlItJU 1Ufil'il~tJn i 'VIUflff'l'fitJ,j'tlfl11lJ 'I l.hrUiillU1 flfl 1Ufl1'i'i~U1lJl'iJ1fl'VI~flfil':i'Vi1.:J1Ul~ll"tJ.:J1'Vi'i 1 'VlfltJC1 

DECA 1ufl1'il~tlfll 'VIUfli.:Jf11'Vi~ 4-17 fl) 1 fllJflmfttlflll!ulIl~lJJU'iJ::l~tlfll'V1ufl~ Mi'uufltJU'iJ1m~tlUU1U ~lU1U 

1Y1U ~.:J1'VIUfl~QflI~tJfltJ1'iJ'iJ::iifl11lJllH"tJ.:Jrl'llIllI1ru~1 'Vi1 Mnl'iff.:J,j'm;jC1 'tl·hjO.:JI~tJUU1Uff1U1'V1tY ~1lJl'VI~~'Vil111' 

DECA '11 ffllJlHrih.:JlU Mtltil.:Jii,.h::ff'Vl~ fll'Yi1U fftllUfil'irufll'j 1 ;tJlJ'fimluutl fflllJlll'i 

dt1 'JI ~ .d I,., SI'..,.A 3J i<jJ~ ..:9 d .:!I d1umruUl!lfllJtJ.:J1Ul.jlJlIH"llJ fil'i IC1tJfl i 'VIUfl'Vlff1lJ1Hlff.:J"tJl,jC1 1 'VI flUI'V'ltlU 1J1U fl'iJ'i.:J 'iJ'lIUU 'Vll.:Jlfttl fl'Vl 

~fll1iufil'i'Vi1,nu"tJ'll 'V'l'i 1 'VlfltJC1 i.:Jfl1'V'l~ 4-17 ,,) hwii'VI~flfm111'V1Ufl~ff1lJlH)ff'lUfltJu1-Hn1Jl~tJUU1UMlJlfl 

~"l'flMtJl11 'VIUflJ\,J'iJ::ffllJl'iOff.:J,j'm;jC1 'ItlMnul~tJu1Y1UMlJln~"l'l1l';UnU ~'lfll'i'Vil'llUfitll 'VIUl1JU'iJ:::ff.:JUfltJU1tl 

Mnul~tlU1Y1U1 flV'itlU llC1:::m m ~tlu1Y1uff1U1 'VItY1uC1::lllnJu'Vilfil'i i'VI 111 CJ tl fllJll1 i 'VIU fl~ff .:JUfI tlUlJ ltTuiifl11lJ 

llH"tJ'lrl'llIllI1ru lJl fl i 'VIU fl~Mi'1J fll'j i 'VI 111 'iJ 1fl1 ~tlU1Y1lJlJl n~ "l'11'iJ:: M~1Jfll'i l~tlfll1:lU i 'VIUlI ~'iJ:::'Vi1fll'i m::: 'iJ1V 

,j'tJfl11mhimlfl1tl• 

o 

o 


n) DECA lI1JUI~lJ ,,) m:::1JlUm'il~tlflllUu1'V111 

utJmnnm::1JlUfil':i i 'VI 111" tl.:JI~tlUU1UlI~1mmnt,,11ll1'1111U fll'il ~tln"tJ'll 'V'l'i 1'VlfltJftJWl'l1';.:J1Ufl1U~nu 

fil'i ri1'1flfl11lJ 1I'i.:J rl'llIllI1ru ~M~U'VI1 tJri 1 RSSI 1fllJri 1~ 'iJ:: 11:IUY1111 tl 'i'VI ~fl~1';1U fll'i I~tl f) ~ff 'lrl'llIllI1ru ~ll 'i 'I ~"l'fl 
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r~eJ~'il ::aiJ'U il1'UPlff'l~eJ'Ii'eJmllJ~1~mu~nurm i 111Pl~fl~11J ~-.ll~m~tJ1'Ufll'l!~eJfl i 11'UPlff'l~eJ'Ii'eJt111lHIUU 111li~ 

~lJfl11 ~'UPleJ'Ufll'l il11PluuumlwffwffleJ (RVA : RSSI-Voting Algorithm) 

fll'j ui'lJU1'I fll'J vl1-.l1'U'\J eJ'I DECA 1'Ufffll'U fll'JWfll'J I~6lJ~eJlIUU 6fflJlJl~ mY'U '1u~ flmlt" '\J m~ tJ1'U fll'J 

l~eJtll 'H'Uf"lff'l~ eJ'Ii'eJfI11lJ~'1~ fl~ll'1i'l-.l~'U 1 f'llJm~tJ1'U fll'Jt'U'l 1'U fll'JvlNl'U'\JeJ-.l i'Vi'j 1 Vl~eJCl,f'U(r-.lfl-.lfl1'jnl-.l1'U1'U 

ffl'U'H'iifl'l 11 ~Hh-.l!'li'U fll'jllClfl!U~IJ'UU~eJ'Ul14eJUi'u'Ii'6l.JC!'\JeJ-.l114eJ'UU'1'U111''Ii'UffJJ'IJ fllHrmCl1'leJ'\JeJ-.lll1'Uf'I liJ'U~'U 

I) 	 lI~Cl~ i 'H'Uf"lnlfll'J 1 'H l~l14eJ'UU'l'U'\JeJ-.lPl'U 11i 'H'Uf'lll1'UlJ,), Rssr lJ1fl~'Cl'Pl (RSSI i~lJ1'il1 Fl f)1'j 

~IClfl!U~IJ'Uu~eJ'U~f-.lneJ'Ul1U1) mhl'umm 1111~ lunuufleJ'U iPlIJ i 'H'Uf"l'il:;ff1lJ1'jO i 'Hl~ Md~lJ-.lll~ 

il1'UPlI14eJ'UU'l'U~lJ~l RSSI ~-.l~'Cl'f'lI~IJ-.lll1'Uf'll~lJl 
d i l)JOV d a)J d d jJ .a"" i 1~ a"2) IlJeJ M'UPl mUUfleJ'UlJ1'illfl!VW'U1J1'Ufl'il~lflU'\JeJl.JCl'\JeJ-.lIVleJ'U1J1'UVl'JeJlJr-lCl M1Pl 1 !'UPl1'J1-.lIVleJ'U1J1'U 

'\JeJ'IPl'U 

" ."." 1 d" d 1 ali3) 	 111fl i l1'Uf'I 1 f'lPleJ.:jfllHl''l'\JeJl,jCl'il~Vl1fl'U111'illflPl1'J1.:j M'UPlI'VieJ'UU1'U1VleJ111 l1'UPl'V1~fl M1Pl'il1fl 'H'UPl 

~lt)rh~1'Uf)1'nhn'U 

1) 	 il1'UPl'il~!IClfl!U~IJ'UU~eJ'U'\JeJ~Pl'UleJ.:jntJI14eJ'UU'l'U ~leJth.:j~l'U~l~1'U~u~ 4-18 11J'UileJ01.:jPl1'Jl.:jl14eJ'U 

" i d f.:!1!J1 _ , jJ d ,e::t I d.Q.I 

1J1'U'\JeJ'I l1'Uf'I A 'I1~VlUl1IVleJ'U1J1'U'\JeJ.:j A lJ'J~fleJumlJ B flU 0 '11'1 A VllJl1 0 lJm RSSI lJ1flVl'Cl'Pl'il1fl 

Fll'JlIflfllU~IJ'UU~eJ'U~f-.lneJ'Ul1U1n vl1111' A liiieJfl~'il~ i 'H1Pl 0 H'UlJ 1unUfll'JUfleJ'U~f.:j~eJ iu 

Node A's lleiglibor list 

Node ID I RSSI 

B 60 


D 71 


• 

~ 0 .d d Vlll " a" 	 A 'JJ 1"<V

2) 	 'il1fl'U'U'I'J flll1'U PlVllfll'J 11C! fl! U ClIJ'U U~eJ'U fl'U lICl~ It fl '\J'\JeJl;!Cl'\JeJ'Il'Vi eJ'U1J1'U '\JeJ'IPl'U 1 'UPl1'l1'1l'VieJ'UU1'U 'H 

'Ii'UffJJ'IJ 'illflileJcil'l~l'U~l.:j1'U~u~ 4-19 liJ'UileJOWtJeJ'IPll'Jl.:jl14eJ'UU'l'U'\JeJ'I i 'H'U~ B ';'11~i'u'Ii'eJl;!C! 
d " ~ 1"~ ~ ,,"" 1 '" . d'"l'VieJ'U1J1'U'\JeJ'lPl'UlJl!lCl~lIfll'\J 'HVl'UfflJIJItCll 'I1'l 'Um'jl-.l'il~lJfll'j'j~lJm RSSI '\JeJ'IIVleJ'UlJl'UIIPlCl:; 'H'UPl 

'UtJ fl'iJlfl,f'UV'llJ'Ii'tJl.JCl11114eJ'UU1'U'\JeJ'I~'UJ'Unlfll'J 1111~ i 'H'Uf'I1f'111lJmllJll'i '1'\JeJ'I-Nt1jt1j1Ul lJ1 Fl~ 'Cl'Pl ';'1 

B VlU11111'Uf'I 0 J'UlJr-lCl i'H1Pl'il1fl114eJ'UU1'U1J1fl~'Cl'f'lO.:j 50 % '\J6'1Fll'J 1'Hl~'iJ1fl114eJ'UU'1'U~-.l'H1JPl 

i 
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•• 

~ ~ " "II) 1"~ '" ,,~ d. ..., ~ :II " 3) ~NUU'I11f) l'I1U~ B ~V;jfl1lm~\llU~Vl.!(lI1J 'I1f)Ul'VWU1J1Ul'1;j'l1lJ~ f)\l~1'11fl1ll(lVf) 'I1l'l1U~ D luUr;j 

m~\llU,yVl.!mi1~uo~1tl ~"~lVV1;j~lU~1;j~V1tlrl1u~tl~ 4-20 

fl;jJWY1tl1~':hl'I1U~~ijmllJllH~V;j~tytylru~V;j~ff;jlJlfl~~~ (fil RSSI lJlf)~~fl) U(l~ Mi'Ufl1ll'l11~\l1f) 

l~VUU1UlJlf)~~~\l~\lfll~Vf)1,rl1:!UI 'I1U~ff;j~v,yemllJ ~;j~lmh"~lU~l;j~V '1 tlrlfl;j~tl~ 4-21 

~ode 10 IRSSI 

B 60 

. D 71 
• 

E 

. . . ......... i " , .... ~ 

4.3.3 ifty'l11111n~""HI1f)"ljVl6"Hl1l 111V161ll6lTI6lT 6 ml~l1illf) I" 

1) i l1lj Vlmll1'ur-I ilt111V16lj~U 11~"'lI',j1~6ljUllj"6,,~ti"il6\jil 
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d c1 iI I 'jJ 0 ~ a.d II SI<:v ~ <u I d 'JJ .:::::r. d QJ 'd QJ ::. 

'1f'lltJ'Uf;!ff'l'lH1lJ'" l'11hlll1'U~H)'Ul'11~'nJnl'j !'\11~i'Uu'U~u~U'llJ1~1f)lViU'UlJl'U~::fI~lItJ'UU~:ilff1'UI'YW'l 20 % ~'1'U'U 

1'\1 'U~ iwr'U~url'~lJ1~:: hiff1lJ1'JflYlH1'U i 'U'i'hUllU'Inl'H1:I'U~m:: ~lV,fUlJ mh~url'~ 1 UIIl'1'U M 1Vi'J 1d1!'\1'U~tf.u 
d Q.I ~ d jI " 0 iV' v 1 <:v A 'JJ ~ I dVV111~:; lJ f111lJ II'J '1llU'Iff\)j\)j 1W ~ 111"':; m t:lUfI'llJlViU'U U1'U 'U UV l'11 11 f11'J ff'lllt:llJ'" U111 nUl Vi t:lU lJl'UU U VUlJ~:: "Yln 11 

v 4 v 1v~ v '1 ' .:. ..:. '... 1 v 1>'<; ,J.., v~
'UU(J lm::1Vit:l'UlJl'UU1\l\l:: mUlltllJ'" lJl'11fH 'Ut:ln\lln'U'Ull1nf11'Jl'1~"'t:l'lViU11f11'Jmun l1ff1lJ1'JfI 'If 1l1'U~l'1I~'JUf11'J 

1 111~,h~U'Ju'I\llnft1~Ul1~'1''U n1'Jl1:l'U~tJf)liiunMlll'1'UJ'Ulfi~if\)j'l11f11~eJU~~~"l'~lllVi1::~ (Local Optimum) Yl11 '11' 

Node B sneighbor list 
• 

I@Uj'I'ID ­
A 50 0 

C 55 0 

8 PE B• 

• w 
E 64 C 

-fr 
D isn't my neiKhbor. 

rl'~ '1 UI~t:l i '11'1 ~eJ'UU1'U~ '1 ~~u,feJlJ"'~Yl1f11'JUU 11 "'lf1tl (J11 ci'l IIUU~lJ llJ:i'11~UL~tlUU1'U1 PI ~Yllf11'Juun"'ll1mlfleJu ~\l:; 
• v. ~ ~ 1.'1 • '" , , v.,; v,. i:" 1 "v 1·' v 1

l'11f11'Jm::\l1(JlltllJCl"'H1U()~ U ~V\J::l'11f11'jICleJf111\l:: 111Vi8UlJlU 111'UPI ~llu'U 11'U~ff'l~tlllt:lfl11lJ u~lV ~(J 

m::U1Un1'J~II::Yll i'l1'f11'J Yll'll'U nciu1 u~m::U1'U f11'J 11 8'1 1 Vi'J 1l'1f18"'~llJUn~ Yll1'11',ft:llJ",J'UffllJl'Jflm:: \l1(J 1uJ'I 

1 .t.. d J 
'J::UU8 (J1'1l'11f1'1lJ1nll'U 

• 

llUUtleJf1ltl'UffeJ'Ilm'lff~l'1 fiu IIUUlf1Hff~H~IU~(J'UIIU"''1I~l t1UUUU 1f1Hff~1'1~IU~(J'UIIU"''1,r1 ~'11f1'J'Iff~1'1I1UU 

11 ci'l~ II:: Yl1 1 '11'1 fi~if \)j111 f11'J Iii t:l n~1IU'I11:I'U ~m:: \J 1 (J,f UlJ '" ft1 ~U rl'~ '1 uri ~ ~Cl' '11'nn Yl1~ l'U 1l8~ 1 Vi 'J 1 l'1 1'1 8 ",t1''UlJ 

U'Jd1l'11lfl1Vi~~lCl~ 1~(JJ~fft:l~ 1m~ff~1~lJ'J1rm::I~(JPI~~~ 

, , 

• IIUUifl"j,ri'lh;jliIUliu'\.mU"~lj1 (Fast-changing topology) 

'JJ ~Q d ~ A dil dad I .::i~ 
!lUU1m~ff'J1~'UIn~ \J 1 nf1l'J l'1 (J1'UVi 111'U:: 'U 'UI 1'1 '" U'U l'1 Pl1(Jfl11lJ 1'J1 U~ 11 'J tllJfI11lJ11 'U111'U'U1lt:l 'IV1'U Vi 111 'U:: l'1 ~1 

Yl1 i 'I1'9i'l!111,j~1lt:l'l(J1'UVi111 'U::t1''U \J::iin1'JlU~ (J'UlIU"'~~I~ 11fl~U'U~ hJti~9i'l1111,j~t'U'l ,; 1'1 IIln~~I~lJ ~~ l U~ 4-23 

,. :" v' v v , ,. 'J v~,. .,; V ,J , .. v 'I. '1 v ~ 
1'\1'U~ A IU'Uf;!ff~llUlJClII"'l A ViU11 !'H'U~ B 1~'JUf11'J !'H1~lIlf1lViU'UU1'UlJlnl'1"l'~ ~t:llJ1 A \l~m::ll1VlleJlJ'" IU l1nu 
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. .. .A v a ~ 'JJ ~I V jI Q,I ltJ .Ji 1 t 'i" d.::;t .a d I) 1,., C\o d.Q Q.t 

IVHl'UU1'UIICl::lmHl 8 !mu'U(:;!m::'illt1~tll.!ClC'tlYlUflYl ttl '11.:J 'U~i.U::'U'UV)fl L'I1'UYlfllJfll'ilf'lCltlUVlVll mflflfll'iltlMU 

~lU'\1U'l~tl.:J l'\1UfI '\1rl''l'illfl~ 8 MflJ'lftll.!Cl'illfl A 1I~1 8 nll~111fl1'im::'illt1'1ftll.!Cl~tl lYlti 8 'VlU11HCl~tl.:Jfll'i 1 '\11~'illfl 

IIUU1m.:Jfffl.:Jrl'JU'VlU11fl1'il1H1U~tl.:J1 'Vl'i1Vlf'ltl(l'il::L~Utlfl~ 'i1~u1Ufll'im~'illt1'1ftll.!(I'il~ltl~tlu 'ltll~tl(J"U 

II~(I~1 '\1'UYl111hrtl'i::i1Vli.fllYl1ufl1'i111,,'jlU~tl.:J1 Yl':i 1 Vlf'ltl(lJU~ 

o 
Vote B 1. B is the highest votes. 

--------- ------------

o 
2. A selects B. 

3. A broadcasts data . 

• 
__0_A_vo_t_e_B__{-I VO~ (0 

4. B received data from A. 

Vote F Vote F Vote F 5. Bis the next rebroadcast node. 

---------------------- 6. F becomes the highest votes. 

7. Bselects F. 

~ 8 . B rebroadcasts. 
Vote B Rebroadcast 

_I'" '1'''' '" _I'" _I d
~uYl 4-23 IIUU Lf'lHff'il.:JVUuMUlluCl.:Jl'i1 

'I' "'" _I'" _I"• lI'll'll IfI'Hff'lHYlluiUJ'l,IlIutl.:J'IIl (Slow-changing topology) 

'i" jI.J~ d. ~ d d.:::tV a 4::::1 I 1'"Q 

IIUU ! f'lHff'il,,'j'Ulflfl'illflfll'jVltllUYll'\1U~UUlJfll':ilf'l(leUVl'!fl '\1'ielJfl11lJ'!1U1I1U'U~tl,,'jtl1UYll'\1'U::\!.:J Vl1 '\1 

~lII'\1U.:J~tl,,'jtllU'Vll'!1U::JUIIVlU'il:: '1lJI1J~tI'UlIU(I.:J '1tl 'illm~lJlI~fl~1.:J'il1 flIlUU1m 'lfff1.:J~ mi11 'IU ntlUm!1 ~,,'jri .:JHCl1,r 

lflflifty'\111'Ufl1':i111.:Jl'U~tl'l1 Yl':i 1 Vlf'ltlCl ifty'!11~'lfl~11fitlifty'\11fll'i!fttlfli11tl'lI~u~m::'illt1'1ftll.!mh~ufi'Yl iu ~'l~tl~ 4­

241'!1UfI A'VlU111'!1UYl 8 'h1'fUfl1'il'!11¥llJ1fl~~YlII(l:: A 111flmfttlfl 8 ,,rI~'U~m~'il1t1'1ftll.!Cl'Ch~ufi'fI'lU ~'lfl1':i 

l1H1'U'Uri1'Url5'l1~'UUfl~ lI~fll':ilf'l~tlU~~tl'llmm'*l '\1~tlljf'l11lJ'\1'U1Il1j'U~tl.:J 1 'I1UfI\!.:J 1111,r~11mU'l~tl.:J l'\1UfI 'llJ 

Q,I I V a jI a 0...... ::.. tI 'jJ'c:S C\o C\o Q 

flU ifty '\11 fltl 'U '\1 U 1 I 'Vl 'il~ fll ':i ICl tl fl (:;! [J flICltl fl (l1f1 U ':i tl.:JCl .:JlJ1UU ff.:J H(I 1 '\1 fll':i m ~ 'il1t1~tll.!'Cl ilJ lJtl ':i:: ffVl1i 1l1YlU'Cl:: Ifl Yl 

o dQ.d.d " QJ 'j) d 'JJ jJ t tIJ III Q I

ifty'!1lf'll~tlUVlflVl~fll\l Yll~Vl (Local Optimum) Yl1 h1lflYlfll':i m::~ flfl1~tl.:J~tll.!(lI\l'Vll::V1 ff.:JH'Cl ''\1~tll.!ClUU LlJm::'il1t1 

'1tl,r1':i~lJU~.:J l'\1'Ufl~U"l ~u~ 4-25 nl~U~fli1tl01.:J~tl,:mmflflifty'!1lrl~U'!1lfll'\1UfI 0 ~tl'lfll'jm::'il1t1'1ftJl.!Cl~tlll~ 

YlU11~'UItl,,'j1~'U~flmfttlflrl1~Ut1f1 'hJ 
~ .. 
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..• o o 
Vote B Vote 8 1. B is the highest votes. 

2. A selects B. 

3 . A broadcasts data.(0 0
ci;te B V vo;; 

o 4. B received data from A. 

Vote F Vote 8 Vote 8 5. Bis the next rebroadcast node. 
6. B still gains the highest votes. 

7. Brebroadcast withouto (0 (0 a next rebroadcast node. 
Vote 8 Vote B Rebroadcast 

.. 
The selected node rebroadcasts 
without the next selected node. 

.• 

DOde gains approximately 50-80% 
ofvotes in a round 

A 

c ?, ITJself 
B 

E 64 C I 
£!m!!!!J. be a seleded one 

iJ ~ .4 " d 0 QI I d 0 )/I 0 cv QI ltJ~1 "loa 1 <1 JJ .5 tI 
llil111Jfl!'YH1'U1Jl'U'Vl Y1l f1l'J'U1J!1cn'l1lJPlfl~'U fl'il~ Y1l fln fl'j~ 'il1lJ11 ~lJ flfI1"1JfI PI I U L" tJ'il~ 'Vl1f1l'J lfI~ fl11'il~ I'I1lVi~'U1J1'U.. 
1 1;'1" ". ~ ~ "_I" J> • ~ ". 1 1 ~ ~ ~_I;'I _I Q " 

1'l1'UPI "luU~m~'il1lJ11~l;!flfI1P11JfI" lu"1lJ 'II'l'il~'Vl1 L'I1fll'j'Vl1'l1'U11V'l1 Vi'J l'VlflVfI'U'Uflfl1J luluUuflPl llfl~fl'j~'il1lJ11~lJel 

1li\,f1,J'l1 fl1 ~~ llJ"\li Iil" fl1'J m~~ fli111 ~'l.uVlJ ell \:j Vi 1~~ 

4.4.1 ;{Tl~f.YJJ'i'jOu:::'IIo.Ji'Vf'jillfHl" (Performance Metrics) 

l) m1lJJ~aiia 7~ (Reliability) 1~'V'VlPl'ff'V1J-hflnlli'1Jll~ '1 JU91'V'U fll'Jlfi'Vfl11V'll Vi'J 1'Vlfl'Vil'ff11J1'Jolli'1.11l~'l 

'fflJ'J'J fI'U~ ~1'Ufl11lJ I;V i fit 'U 'fffllVi f1l'j I;vmi VII1.11.1V 'fflJlJl91 'J"\ II ~nf'Url1f111lJl;V f'i~"\ ~\l~~1'U1ru 'ill mll'U1'U .uVljil ~ 

'I~i'1.1'111 'jIIllJ~1'U1 'U.u VlJCl -rl''l'l1lJ~H 11f11"~il~~ fllJ1l tl'Ulll ~fIcJl'U ~ 

2) rh 1,}'o1lJ (Overhead) I~V'VlPl'ffV1.1l1fll'j1li'1.11l~ 'lJ'U91V'U fll'JI~~fl11V'llVi'J1'VlflilCl'ff1lJ1'Jfllli'1.11l1'lrl1',}'~llJ 

fll'J Y11'l1'U1'U'fffllVifll'J I ;VlJ9iv 111.1 1.1V 'fflJ lJ 191 'J "\ ~ 1PI lJrl1H~llJ~lilPl~'U1l'J~ flV1.1~llJrl1lJ1,}'~ llJ'il1fl fll'J m ~ \lllJ.uil11lJ~1 

llCl~rl1 H~ltJ~lilPl'il1flfll'j c1'lUflV'U1'U fll'J 1J1'U fll'j Y11'l1'U-rl''l'l1lJPI 

http:VII1.11.1V
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,, 

Ifl~tl~ijtl 'hJfll'j1tlfflJ'j'jfl'U~;)~ ,,rlfl~tl~ijtll~£J1tlUfm1tlfflJ'j'Hl'U~"tl~1'V'I'jIl'lfltlC'l DECA ItlO~nWtltlfftlU 

l~lJI~lJ'Ul1J'jllmlJ~lntl~lfl~tl'11£J NS-3 fl'ln 

1) 1.1 • .II • ~ d.d 
IJ'illnW1JllltN Simulator ofUrban Mobility (SUMO) 9Wil1C'ltl~'V'Iq91m'llJfll'jlflntlUl'l"tl~Ol'U'V'I111'U~U'U 

'1 0 ~ -d. 1IJj}~
f1'U'U ! tlOff1lJl'Jflflll1'U tl~lll1UUfll'jlflC'ltl'U l'l911~'l I tl m 

" ~ <o!I 
fffll'V'l1l1tlC'ltllJlI1J1JflUU'UllJtl~ 11'1 tlfl'UUl'll~ 

11 n1'l ~mf'l5~ffllJ1'Jflnll1Utlfl11lJl1'U11IU'U "tl~Ol'U 'V'I111'U~ 1~~10 
2) 

J,c;t .d .d
Iumnw Traffic and Network Simulation Environment (TraNS) 9f~ltlU 11l'jIIn'jlJl'l''If'1Ufll'j11lC'lO'U~1l1l1JU 

fll 'Hfl~tl'U~-,)tl'l£Jl'U'V'Ill1'U~~ M;)lnIII '1 IImlJ SUMO , M'tl~''U~tJIIUU~1tJmmlJ~1C'ltl~lfl~tl~lm1tl{,tu 

2 ff11J1'jmh'tJH~1'U'~ 

3) IUmmlJ91(lfl"lfI~tJVl(J NS-2.34 I~'U I tJ '1 11m lJ1i'lntl'llfl~ tl 'Ill0 1 wfmHU~"tl~n1'Jl'i'1~l'Ulfl~ tl~lmffijtl'U 

• ;)~~ 

4) It1mnwlllllV"m~ f)V1U NS-3.1 0 I~U11l 'j llmlJ~1"tl'llfl~tl'\110'wfnlJtIl~"tl~n1'Jl'i'1~l'U Ifl~ tl~lmffijtl'U 

i'lfffll'V'l1l1tli\'tllJU'UfI'U'Ul'l1'l11C'l1~lIn~fffll'V'lll1tli\'tllJflU'U 'h.!lijtl~ ;)lm.T'U HItJmmlJ TraNS Ivttl~;)~lll~O'U~llIlU1J 

-,)tl~fll'jlfl~tl'U~i'ln~111tJl~'U~tJIIUU~ I tJmmlJ~lntl~lfl~tl~l£J NS-2 JUff11J1'jfli~on1,r~lU1~ ~'11tJmmlJ~lC'ltl'l 
~ I .r. d d d 1'J/ _I <u I <II jJ .c.t ,'JJ a'~ 

lfl'lB-')l£J NS-3 'U'Unff11J1'jfll'l1l~1'j[Jn 'I1llJIIUUtl'lnC'llTffll1'lU NS-2 mon1'jI'Wn 'I1VJ~fl'liU Ns2MobilityHelper 

" i :;:1.1 "''' "fffll'V'l1l1 tln tllJ '1.1 fll'jl'l tl n B'lll UUtl B flIlJ'U ffB~ ~ lJ U U U fl tl ff fll'V'l I I1tl C'l tllJ"tl'l f1U'U l'l1~11 C'l 1~ 1H1~ ff fll'V'lll1 tlC'lBlJ 

-')B'IfI'U'U'Ulijtl~ ~'lfl'U'Ul'l1'1l1n1'1JuljftfllJtIl~I1JUfI'U'Ul'l1'l91H£J11 4 filC'lllJ91'l lj,fB'll'l1~1l'l1;)'j"U1tl 4 ,fB'Il'l1'l "l'1'U 

~ dQl d Q Y do::'
f1'UUi'UllJB'IlJC'lnlJtIl~ltI'U911'l1'l-')'U1tl 2x2 9l1'l1'lfllC'lllJ91'j tJ'j~fmUtl10fflWfl I IWflIlCl~ffllJIWfl;)lU1U 4IWfll'l'll1lJtl 

J'UhiiJ1vlll'j1;)'j ltlOIl~C'l~1I0fliJ'j~O~1·h'ltl'U 1 filculJm iJ,ftl~l'lWil'l1;)'j"'U 1 ¥l 2 ,fB'IVl1'1 I,fUlllo1tlmllHltlffBU1'U 

dClld did I d oSI Q,I 

Ul'll'l 2 ¥I'I~tJl'l 4-26 m1lJl1'Ull1'U'U-')tl'lOl'U'V'I111'U~ ltlm'ilC'l01l~\1fl1l1J'ltlBflItlU'IlU1¥l911~'l tl'l911'j1~1'1 4-3 I'V'IB1'191Cltl~fll'j• 
vi1 'l1'U -,) B~ 1'V'1 'j 1 'VIfl tl C'lll C'l~ 'V'I q ~ m 'llJ-') tl 'l £J1U'V'I111U~ i Ufffll'U fll'j ru ~ H '1 ~1l91 fl~ 1~ tl'U I ~BVI 111 'j til 1[i '1~ C'l-') B'I 

tJ'jdr'VIfifll'V'l i'U fll'jvi1~lU"tl-311'n1 'VIfltlCl ~'lfffll'V'lfll'j;)'jl;)'jJ'U\1fl1i'lC'lB'I19101'If'! tJ'jllmlJ~lC'lB-3 SUMO 1'1.1 0.10.3 

IIn~ ltJ~tJUlltJCl-3~tJlIU1J1M'1l11J1~fflJtl1J 11l'jllmlJ~1C'lB'I!fl~B')10 NS-2 ~10ltJmmlJ TraNS 1'1.1 1.0 
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"tll~'Il'H'Il(Jfl11lJ \0 1'U1Vi 

o " ~1'U1'U'Il(J'I'Il(Jfl11lJ 5 

" 'Il'U lfl'll(J'I'Il(Jtl11lJ 5121u~ 

l:::6:::mn''Uf1lnlA~W'l 501'UlVi 

d 
tl11lJll1~ '1tJ'fI'Il (J'I61'U vnl1'U::: 

(fil111lJAl/,711lJ'I) 
50,80 

fl11lJl1'U 11lU'U 'II(J'I 61'UYlll1'U::: (fl'Ulfil111lJfll) 2, 10,30,60, 120 

hhumlJIi111(J'Iltll(J';lV NS-3.l0 

fffll'UfmWf1ll~(Jff1l'~ff16 , ."(l:::6::: 'Uf1llff'l'll(Jl.,!lI~'1tJ'fI (llJfll)1 

Propagation Loss Model) 

- 250 IlJflll Two-Ray Ground 

- 250 IlJfll/ Nakagami 

- 150,250 IlJml Two-Ray Ground 

- 150,250 IlJfll/ Nakagami 

• 


fI'U'UIIUUfl1'j1'1'IJ'U1'U 2x2 n1ClllJfI'j 

'DD 

DD

_____________L-__________ _ 

------- -c::::====> -- ----­
------- ~IIIIIIIIII -------

fl) fI'U'U'Vl1'1l1Cl1'1 

1'U fffll'U fl n ruf1l'j I ~illJ ~ elllU U il fflJ lJ 1f1 'j,x'U ii ~H'\ m::: 'VlUmh-3lJ1fl1 'U ff .fllytfll'j~ 'jl ~ l ~iif)11lJl1'U lIIU 'U ~1 

I~ il'l III fl111'U ~llf'Ull:::ii'j::: £I::: '11 1'l 'j :::11'h'l n'UlJ1fl~'1lrl ilfl11lJlIl '1'i1tyty1m~lvl11,r'j::: £I::: fll'j ff'l.u'ill.,! Cl J'U ~'U fll1'j::: £1:::'111'1 

'j:::1111'1111ltflvl1,,rlnfl~Clm:::'VlU Illfl flm~illJ ~illlUUilfflJlJlfl 'j ilOVl 'lifll 1l'U 1I~1'U~,jIlUU 'II il-3111'U fI~iif)11lJl1'U111U'U 

111 fl~illll1U'l'IJil'lIl~Cl::: 111 'U fI,x'U 1 flrr t1'U Il 'U Irlilfl11lJII 'j -3'IJil'l'i1tyty 1m~1 'j::: £I::: ff'l.u'mJCl~'U 11111ii ~Cl m::: VlU~ il f1l'jvl1'11'U 

I yt'j 1::: 11'l"::: £I::: '111'1 'j :::1111'1111'U fI il 01 'U 'j::: tJ::: ~O'lff'l.u'illJCl M ~'l,x'U'l1'U1 \ltJ~~'II'U'U'i ,jIlUU'lJil-.ltJ1'UYl111'U:::~ljfl11lJ
~ ~ ~ 

11'U1I1U'U~11f1tJ,,rfffllytIl1f1rrillJ~,jIlUUfI'U'U'V1l'l11C11'l~ljfl11lJl1'U1IlU'U 2, 6, 10,30,60 IICl::: 120 fl'U~iln1C1llJm ~-.l 

lJlflfll1fffllytll1f1rrillJ~,jIlUU fI'Ult ''Uliiil'l~1,rf)11lJl1'U1I1U'U1'U fln VI flClil-.l1 ~tJ'IlI ft 2, 6 1IC1::: 10 fl'U ~ilnhllJfI 'j I yt'j1::: 

http:flClil-.l1
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_I 	 ~ d I 'i d jJ.., do.d .d d I 0 I ~ 
~ lJll tJ1Hl'U'U 'V11-3lHl1'l'U'UlJfl11lJlf'Ulll 'U'U 'II fl'l Ilf 'U ~ '\'l'U fl mln:::n flll W::: fll'j IfI nfl'U '\'l'IJfl'lllf'U~ '\'llnfl11'\'l11lf"lJlfl~fll'j 

Q,> 	 ."odd .a I 

m::: ~ flllflJ 1::: fltJ fln '\'l ~n ~-3 fff.)l'U flnW '\'llJ fll 1 I 'II~lJI9I ~ II tJ tJ ~ fflJlJ 1191 1 

.t .1 .... .d dJ ~ 4' ~ jIIt

'U~fl~lfl'U'UflTI'\'l~n~'1'UU'lll1nU'U Propagation Loss Model 'If'lI~lJ 111111mlJ~ln~'1lmfl'IJ1V NS-3 'U'U1'11 Two-

Ray Ground Propagation Loss Model ~lJfhIlU'U~'U1'Ufll1H-31'Ullndjfl11lJ1tJ'UhJhfl'Uflln"-3,rm.Jn~hjltJ'UfI11lJ~~'1 

" ~ " ," ... ' ''' ..... .. _I'" oit
~W'lfll1 Ilffll1ff'l'IJ~lJn'IJ~'1lf11~'IJ1UlJfl11lJ!fflJ~'U~H~'l!lJnV'Ufll1'\'l~n~'1IU'U Nakagami Propagation Loss Modelll'\'l'U 

lvm:::lJ~tllltJtJ~fIi:~)lvntJflwvh~1'UtJ'U1:::tJtJ ~~ 'I l~fl'l~l mYtyty1w1m:::tJtJlr'UlJ fll1\J mtJ fl1'U1I n:::U ~lti~'U 'V111M'1'Ull~ 
I d I 	 jJ \.1 )I ~ d d \Ii Ii)l J II jJoa.< I jJ I ~ I ~ I

n:::'II1'1'IJ~'11:::V:::'\'lff'l'IJmm 1~'U'U~:::lJfl11lJltJ'U I tll\9l1l tJtJfflJ lIn:::f.)l~1tJlfH~lfl~ff '1lJlfl'IJ'Ufl11lJ'U11l:::! tJ'U 1'Ufll'iff'l 
'U 	 'I 'U '" 

Propagation Transmission
Scenarios loss model range 

IlL 
-D cr: ­
19i 

( 250 J 
symmetnc 

C150,250J 
asymmetric 

Asymmetric link 
scenarios 

11 ,.d w .a 	 dt:S, cv ..Ii .. IdGI 	 I 

'IJflljntlQVI 150 !lJ\9l'j fltJ 250 !lJ¥1'j !VWlI'\'l'UnfllJW:::'IJfl'lOl'UYlllf'U:::'\'llJfl11lJlI¥1flI9l1'l'IJtl'l1:::0:::fll1ff'lfftytylW 'If'l1l1fl~lJ'\'l 

d w 1"'.A 1" ~...li 01" ,,~'\'l 4-27 ll:::ff'l!fl¥1 19l111lJtl 'II Nakagami Propagation Loss Model fltJfff.)l'Ufll1WlItJtJtlfflJlJl\9l1 'If'l'V11 lffftll9lflntl'lfltJ 

rio d 	 rIQ.J 

l) DECA Symmetric with Two-Ray Ground fff.)l'Ufll1W1l1ntl'lVlllVl'UnfllJW:::'lJfJ'lfff.)l'Ufll1WlItJtJfflJlJlm 

.li. "'I 'I ~ 1" ''I <I ," d 1"'If'l'\'l1'11'U\9l10 IYl1 l'\'lflfJn DECA l~v lfll\9ln::: !If'U~lJ'j:::O:::fl1'jff'l'IJtlljn'\'l 250IlJ\9l'j lin::: 'II Two-Ray Ground 

J. ~ 0 11'11) jJ = .,..1 q; 11!'1Q.IIt 	
Propagation Loss Model 'If'l!u'UnflllW:::fll'j'V11'11'U'lJtl'l~tlmw 11fflmltJtJ~~lJfI\9l 1'Ufftn'Ufll'jW'UlJfl\Jfl 'IIl'Ufll'j 

'\'l~nfJ'I\l1mH!fI~ fl'lil0'Ufl'l'l1'U l,rmh'U 1 lftY 
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2) DECA Symmetric with Nakagaml 'CYtIl'Ufll'HII\llCl£l<l'Vlll'Vl'UClfHHII::'\J£l<l'CYfll'Ufll'HlIll1J'l.H'I'lJlJ1m'll<l 

o ""i "i "i 1" '''i '" , " 1"'Vll.:Jl'UWW ll'fJ l'Vlfl£lCl DECA Ifl£J 'H1l~Cl:: L'H'UfllJ1::IJ::fll'l'CY<l'\J£ll;jn 250 IlJ~1 lln~ 'If Nakagami Propagation Loss 

.!l 1"'.d~ "co ~ ~ 1 0 1 " .:: 1 "co ~Q QModel'll-:J 'Hfll'Vllflnlfl£J-:Jfl1J'CYtytylru 'U1~'I.J'I.J\l1-:J 'Vl1 'Hfll1'Vlfln£l-:J'U'U fl(llfllJ'l1~1J'I.J\l1'llJlfl'\J'U 

"0 d ~ 0­
3) DECA Asymmetric with Two-Ray Ground 'CYtIl'Ufll1ru\l1,l£l'l'VlII'Vl'UClmHII~'\J£l'l'CYtIl'Ufll1rull1J1J 

£l'CYlJlJl~1~nh'l1'U~'"l£Jll'j11'Vlfl£lCl DECA lfl£J''H1'H'Uflll1l'l£l£lfll1:l'U'CY£l'lfl~lJfi£l1~IJ~ff-:Jfftytylru 150 IlJ~1 01J 250 

llJ~1 IIn~1'1f' Two-Ray Ground Propagation Loss Model 'Vh1'11'fll'l~lCl£l'lJ'U1mrl;:itJ.:JOm~1Jm~'l~1I~Cld'H'Uflijfl11lJ 
~ ,~J 

1I',j 'l'IJ£l 'l 'CYtyty1til 1I~ fl~1'1 fl'UlJl fl'IJ'U 

"0 .d tI ellell

4) DECA Asymmetric with Nakagami 'CYtIl'Ufll1ru\llCl£l'l'Vlll'Vl'UClfllltll~II1J'I.J'CYtIl'Ufll',jrull1J1J£l'CYlJlJ1m'll'l 

o ""i "i "i' "i ~I ' '" , " ~ 1 " 'Vl1'll'Ufll£J 1l'j11'Vlfl£lCl DECA IfllJlI1J'I 1'H'Ufl£l£lfllu'U'CY£l'lfl'llJfl£l1::IJ~fll'J'CY'l'tl£ll;jCl 150 llJ~1 fl'I.J 250 llJm IICl~ 'If 

• Nakagami Propagation Loss Model ;'l1'11'ti1l'CYjj£l'UfllHh-:Jl'U1J'U1~'l.J1JIl~'l 
, . 

"0 d QI 0"d.
5) RVA Asymmetric with Nakagami 'CYtIl'Ufll',jtll\llCl£l'l'VlII'Vl'UClfllltll~II'I.J1J'CYtIl'Ufll',jtll£l'CYlJlJl~1'Vlm'l1'U 

~1£J5nfl£l~lilJfm 1 'Hl~II1J1J£l1fl£l'CYl£l'CY1£l (RSSI-Voting algorithm: R VA) 1'Ufll11~£lfll 'H'Ufl lfl£JII1l<l1 'H'Ufl£l£lfll1:l'U 

, ... , " ~ 1" .!l 1'" ... ~ 
'CY£l'lfl'llJfl£l1~1J~'CY-:J'tl£ll;jCl 150 IlJ~1 fl1J 250 IlJ~',j IlCl~ 'If Nakagami Propagation Loss Model 'II'l 'Hflli'CYlJ£l'UflUfll',j 

Vll'l1'UU'U1~U'I.J\l~ -:J 

:::1 0 II ..d £1,., 1 "'1" jI t.c:9 d.k J. j) dCl. 

lu'Ulll'Ul'U 5 'tl£lmllJ 'II'llJ'tl'U1fl'\J£lm1lJCl~ 512 1J~ L~IJ£llQ'tl£l'l'U£lfl11lJ'U'U!'l£l \0 l'Ul'Vl 'II.:jllJ£l'tl£l!'llllJ'HlJ~£llQflll~ 

" , ,q, "," ~ co ~ "1"
\lflClU£l £lflIl1m~uu IlCl~'IJ£lfl11lJ 'HlJ flll~\lflli l'j1 m~ III £J£l £lfllJllllflr:!'CY<l'tl£ll;j Cl'Vl'U 'Vl fll1 'Vl~Cl£l<l1 ::UUn£l 'CY11 11 'CY1 £J'IJ£l.:j 

1'H'U~Vl1.:jl'U~llJlJ1m!1'U IEEE 802.11 1 ~lJijfll',j'lf'UO'U'tl£l'lt£ll;jCl~llJUfl~ ~'l~l'l1'l~ 4-3 

• 4 oI!I , ... 
4.4.4 H'Hl1'l'Vl~1I8'1m!'l11lJl'll'tHltl ~ 

I .a a '" tld a "0ti( 111 q I 

fllm1lJl'If£lfl£lI~\llfl~Clfll',j'Vl~Cl£l'lU'Ufl'U'Um'l'HCll'l fl'l~ 'Vl 4-28 fl) llJ£ll'j1l1',jtlllIl1fl'CYtIl'Uf11',jtllIl1Cl£l'l~1.:j'1 

V 
d d. QJ.o::::I 

lJ',j 1IJCl~l£llJflfl'l'U 

I) DECA Symmetric with Two-Ray Ground 'CYtIl'Ufll1ru~iJfl\lfl1'1f'vtllu1'Uf11',j~lCl£l.:jl!'l~£l~11J'tl£l'l'l1'UililJ 
vtlltl ;'lti1m1lJl~£l(i£lM~£ltlfllJ1J'Uijti1tr'l!fh.J\l~'l1l'j11~'h Two-Ray Ground J'U1 'I1'til'tl£l'lfftyty1t11~ l~'CYlJll~.:jvmf.:j 
'VJfll 'H'U~1'U lfl~£l~l£J/j.:jij!'llllJlIH'tl£l.:jfftytyltlll'tl1tl'U Vll Mti1fl11lJl~tl(i£ll~J'UmlfllJ1~ Il~ ~ 1~'CY1lJ l',jfl~ll~l.h~Cl 1l1fl 

f11',j 'Vl~Cl£l-3~ltll 'If"!~U'U1~lJlJll~ -:Jl l'j11d1'CYtIl'U f111rul 'U fll1'Vl flCl£l<lJ'Ulj-:J'Ul~Ufl'HCl1IJ11\llitJ~ijlJ'U1~ lJlJll~ 'I 

" d't d I rI d &tI 

2) DECA Symmetric with Nakagami 'CYtIl'Ufll',jtll~tllllJlJ'U'U'UflCl'Vltl£lfllJlll~llIJml'CYtIl'Uf111rulllJlJ'Vl'H'U'l 
I ::. j)' QJ r)J d.c:9 oQ .t 4 Q,I aI I

1l'j'.il~11 Nakagami 'U'U1 'Hfll'U£l-:J 'CYtyty 1til l'Ufll1'CY'I'Utll;jCl'VlI'CYlJ£l'U'il1 'llJlfl'U'U 1l~'VJfll 'H'Ufl l'UI!'lHl'U 1tJtJ'l!'l'llJfl11lJIIH 

'U£l'lfftyty1t11 ~I 'VhO'UVl1l'11'ti l~£ltlfllJlJ'Uri'll~I'CYjj£l'U 'il~.:j 
" tX I A .c:9 II] vd t d I 

3) DECA Asymmetric with Two-Ray Ground 'CYtIl'Ufll1rupJUUlJ'Ufllfl11lJl'I1£lfl£l Lfl'Vl£l£lfllJ1'U'U'il~~ml 

'CYtIl'U fll',jrulllJU~'CY£l.:j Il~ ri'lllcifl11'CYtIl'U fll',j rulllJ lJ~ 'H 11-:J 0'1 1Irl'11 1'H'U fl l'Ulfl~ £l~ltJll~ \l flIl U'l£l£l m1:l'U'CY£l'l fl~lJVllMij 

mllJll',j'l'tl£l'lfftyty1t11~ll~fl~1'l0'U 1I~11 Two-Ray Ground ri.:jl'11'til~ l~I'CYjj£l'U\l~'IVilMflCl~£ltlfllJ1J'U~fl11 Nakagami 

4) DECA Asymmetric with Nakagami 'CYfll'Ufll',jru~UlIlJlJ~J'Uijti1fllllJl~£l(i£l1~~~1~"il'~lrl£lllilJ'l.JOlJ 
'CYfll'U fll1ru~ Vllfll1'Vl~Cl£l<l.J'l'HlJfl I l'j'J l~111'H'U fl.J.:jI!'l~ £l~lIJJ'UijmllJlIH 'U£l'lfftyty1t11 ~Il~ fl~ l'ltl'UV fl.J'l Nakagami 

ri<l1'I1'til'tl£l'lfftyty1t11 l'U fll',jff'It£ll;jCl~I'CYjj£l'U 'il~ 'I Vll 1'11'fll',j Vl1.:j 1'U'tl £l'l',j~ lJ lJJ'UTHrllJ!'l~'l tllJ f11'JVll'll'U lJ'U 1 ~ lJ lJ 'il~ .:jlJlfl 

I 
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"­

:;. 

~ 

d 	 & I", d Q,I cd IQ,I Q,I :. Q.<!l.t.!l Q,I 

'VI '1~ '11'1 01U yj 111U:::: Illl Cl:::: f'I U Vl IllJ fI11lJ II'J 'I 'II V'I ff~~ lW 'VIllll fl 111'1 fl UlL Cl:::: ff~~ ltU U U V 1 Il \l flU fllUVU l1 'J V~ ~'IIU Illfl 

m'Wlflli1'fllI'JUVfl~l'l'l 
~~ " .1. ,,~ 'i

5) RVA Asymmetric with Nakagami ffOlUfll'HU IUfl1'J'VI~ClV'I'1~'VI11'J'WYll'11U~11'J'lJUIlVUfl1'J 1l11f'1llUU 

~ '1 d ~.or ~ '" 'i 'i 'i " • ~ " , A '" ~ "d ~ ~ d 'd oM
V1'JIVff!Vff V'II'Illfl I'IJu~l11IUfl1'JlClVfl Il1Uf'I'lJV'I I yj'J I Ylf'lVClllCll'V111l1f1lfl1llJl'llVflV IflYl1f'lVVfllJ1UUlJf'IlYlmfl'IJU 

~ d QI tI dd-d oS. Q.d I d t d~ d 

IlJV!YlI'JU flUffOlU fll'JtUU UUYlffYllfflJVU IlHmfl'VI'1f'1 i ~l'JfIlYlVVf)lJl'UUf'I 'II Umfl'1f'1f1'1 17 % 

.,j 1 	 ' q '" , '1"~ ,Q

IlJVyjlll'JtU 1 UljlJlJV'I'lJV'If'l11lJl1U11lU U'lJV'IfJ1'Wyj1l1U:::: IUlf'l'lV'lJ11'J ff1m'Jfllll'Jfl f'lIUWHl'lf'l11lJl1U 111UU 

~ ~ .1 
l1-nfl'l fI'IU 

• 	 fl11lJl1U1UUU~1 (2-10 flu/nll'lllJ\ll') 

.,j"''1"dlV :, ~~d • .:I.JA ''1 tIdl 	 QI 

fl1llJ I'llVflV f'lYllf'1VVfllJ1UUIl::::lJfIlVVf)m~lLlJV!'VItJU flUfll1lJl1U11IUU Yl'C,1' 'I 'IJUl'J V 1'J'l I yj'J 1:::: 111UffmUfll'JtU 

~iifl1llJ l1U 111UU ~lJU Il:::: '1?l1'u ~ Cl m:::: 'VI UIllflfll'J L~VlJ ~VllUUVfflJ lJ l~ 'J mfl~ '1f'1 i f'I tJ'J:::: I'J:::: 1U fll'J n- 'IoU'm;!Cl 'II V'lll~-n:::: 

il1U~JUIl::::~'Wfll1'J::::tJ::::Ml'l'J::::wh:l i l1'Wf'lII~Cl:::: i l1U~ I'hhrlrlvll~Cl:::: i l1U~iif'l11lJII'J 'l'IJV'l~~~lru~lI~ fl~l'ln\HICl::::fh 

'IJv'l~umJlru ~lffj'jVU Il~ 'I 'J::::I'J:::: 1Ufll'J n-'IoU'VlJCl'IJtl'lll~Cl:::: i l1U~~'lUtlI'JCl'l fll1l~lJ Vil1 M'fll'Jn- 'loU'VlJCl lulfI~v~lI'JJu 'hj
u u .... 	 <u 

vtlii'lLI~1~'lfl1llJl1U1UUU~llJlf)~l'i11M'~lfl11lJl~tl Otl~tltl flmJu 1l::::~lmfll,fUnu ll~ IrlVlI nt'lltJ~l11?llfJJU~VU flU 

'i ~ '1 " . 1 "d~ , d ~ ~ .;, A '" '1 ~" , ~ 
1111IlUUUtl1'JIVffIVff Vfl'VIl l1~CltltlfllJl~'IJU i~1'J1Ufll1lJl1U1llUU'VI1l1'1~UUffllJ1'JmyjlJfllfl11lJl'llVflV ~ 1l1l'VI1flU 

~ .,j , ~.I ~ d ?I '1"
ffmUfll'Jrufll'Jl'lltllJIlVIIUUfflJmll'J LU~uUUUff~~ltU'VIlUU Nakagami Propagation Loss Model 11 

• 	 fll1lJl1U1llUUg''1 (20-120 flu/nltlllJ\ll') 

~ I .A a 1" d I I I ~ I tI~ '1' '1"~fll'J'VI~ClV'lUfIlfl11lJl'llVfltl f'l1l::::lJfIllJlflflllfll1lJl1U1IlUUlIll lyj'Jl::::l11UffOlUfll'iruUIl:::: lJ f'I'JU~Clm:::: 'VIU 

Illflfll'Jl~mJ~tlllUU VfflJlJlf'l'JlJlfl Idtl'l 1l1m:::: 0::::1U flUn- 'loU'm.JCl'IJV'lIl~Cl:::: i l1U ~,fuii'J ::::tJ::::~ tJl1fll1'J:::: O::::Ml'l'IJV'Ill~-n:::: 
,. " 	 I QI d I II do" I a .t.!I '1" ~ I cfd do

111U~UlJ11f111lJ II 'J 'I 'II V'I ff~~ lru 'VIff'l Il:::: UVl'Jflf'lllJ 'VI1111f11fl1llJl 'IIVfI tl fI'W U VV flm'C,1''l fl1l fffl1U flU ru'VIlJfl11lJ 

l1U IIIU U~l Il~V til 'I '1 'J ~f'lllJ fll'J I~VlJ~VllUU V fflJlJ 1~'J ~ n- '1~-n m:::: 'VI Uu~himfl'lIfl~'1 fll'J IInt'IJ?llOJU~VU fll'J i 1111l 

~ '1 " , , " ' d '" 1" d~V1'JlVfflVff Vflff'l~-n l1f11f111lJl'llVflV f'I'lJV ,:n::::UUf'I'lJU~llJlJl 

, .,j 	 '" '1" 1 .. ~ .Id "q
fIlfl1llJl'lltlflV f'llllfl~Clfll'J'VI~Cltl'lUUfl'W'W UllJV.J fI.JlU'VI 4-28 'II) fll'J'VIflClV'IUUfftllyjIl1flCltllJllUUflUU IU 

lj'jv'IJuiitlmJtU::::ll1j'jvunUfl1'J'VI~mN fftllyjlnf'l~VlJUU U flU U'VIl'Il1Cl1.J~iifl11lJ l1U IIIUU 'C,1' 'I I yj'J 1:::: 11flUUlulj'j V'lJ'U 

dQ,l odd o".A.d ~ 1.IJ".d~ '" d d ~7I
lJClfll<lru:::: I'lltI Ull1'J1'1 'VI 1111 fll'JlflCl~U Yl'IJ~'l1'J1Uyjll1U::::UUIl:::: m:::: 1l11'J IUllllJlffU Yl 1'1 YllCl 01 IUlJl IICl::::lJfll'J l1 Q~I 'flV'J V 111 

'JfI~ V~~hWfll1~~ ffllJlll'Jfll~U 'VIl'l '1 urivU~'1 fll'J 11 Q~~l'ilhrfflm'J fin 'IoU'~lJ-n1ulM'fiu i l1U~gU'l 'l?l ~'IJU~lfl11lJ 

I~vUV '1?l~vvflmJu~'1ii~Cl~1 lllfl9il'lfiUflUU'VI1'1l1Cl1'l 

lUn-l'U'lJV'Ifl11lJl1Ul11UU 2 riwnimlJf'I'JJUldV'I1l1flfll'Jfhl1Uflfll'Jlfl~VU~'IJtl'l i l1Uf'll ~U hjhj'Vl1'1~vil1M' 

~ '1" • 1 " ' A '" '1 ~, ~ • ~ '~'9'1'J1Uyjll1U::::ffllJl'JfIIIlVflU f'll1lJ~'VIl l1f1lfl11lJl'llVfltl f'lIUllIlCl::::ffOlUfll'JruIl1ClV'IUUVVfllJll'Vl1'l flU ll~ IUff1U'lJeJ'l 

fI11lJl1U1llUUgU'l tlth'll,fU 6 nu IO riwn!ClllJf'I'J ~1f111lJl~VOtl M'lJtl'lffOlUfll'JWI~tllJ~VllUUtlfflJlJlmJuii~Cl 
~ ~ ~ ~ Q,I Clod tI It( )!d o " a 	 t d C). Q d 

mJflmllll 'II'lllfl l'lJfIlOtlClfltl'i'VIlJfll'J 111l~llUU~1'iLVm~ff l~llCl1fl'Vl11l1fll'i'VI1'llU'lJtl'l1yj'J 1ml~ClUUlJ1.h::::ff'V1fjmVi'VI 
d~ ." 

fl'IJUmfl'1f1f1'l 5 % 
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'U) t1'U'U 1'Ulli~\I 

~t1~ 4-28 ml'Vhlff~\lfilmllJl~uoeJ1~ 

\]lm-Hlfll'i'Vl~H\U ,l{qtl Ml1fi1mllJl~UOU l~'Uu\I i Vi'i 1'VlfW"t!'U 1~ru N"m~'VlUlJlfl~~~\]lfl'fftl1'U fll'iru~ 

1'H'U ~iimllJ'H'U l11U'U~l ll"~1'H'U~Ll~"~1'H'U~iimllJll'i \I'UU\I 't1fl!fl!lru ~ll~ fl~ 1\1 n'U ~llJ fll'i I~tllJ'; eJ ll1J UtJ 'fflJlJWl 'i flfl 

t~ do ::.. 	 JJ .<!I. ~ 0<:;). 

IN'fffl!fl!lrulJfl1'i~\lTlllltJtJ Nakagami Propagation Loss Model 'lI'lI'fflJU'l-HYfl!fl!lru'UU\I'i~tJtJ\]H 

fi11~~ltJ'~1l1flN"fl1'i'Vl~"U'ltJ'UtI'U1Hl1'l'H"1\1 (~\I~t1~ 4-29, 4-30 ll"~ 4-31) 1l,,~tl'U'U1'UlliU'l (~\lltl~ 4-32, 

.li _.I' ~", ~ 	 ~ ... "0

4-33 ll"~ 4-34) 'lI\lVHll'iru llllfl flHn'UU\lTll L'If\] 1tJ'Vl'l fl1'i'Vl~" eJ\ltJ'Utl'U'U 'Vl1\1'H"l\111"~tl'U'U t 'UllJU'l Il~VitJfll1lJffU~fl "U\I 

n'U 'ffllJl'itl'111lJ1Vlllnru lfl~ltJntJfilmllJl~eJOU M~'lrl 

• 
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.' 1 . . . 
QI Iii Q1lrJild.o1~1G1j""G1j .,., Q,.I vV I 

Two-Ray Ground U1.HI:::ff1lJl'Hlff'l'IJillJCl'l11flU l~~'I'I1I'l1m 1'lHlltl !Ufll'lff'l'IJillJCl'V1'1'11lJ~'lJtl'l'l:::uUUUWWfl11.. 

I G1j '" I G1j "1 ~ ~ .,f a ~ d. q a' 0 A I d.:::t Q./ 

~Ul~H ff'l~Cll'l1m I'lHl1tlfllVllJ'lJUI HW"1 IICl::: 'lJUlJ1fl'V1'cl'~ 1U fffllU fll'lru \J1Clil'lfll'lI't'illJl9ltlllUUilfflJlJ119I'l'V1lJffi1!i1!lru 

..! ~."I ., ~ .., .. ,. d 0 ~ ., , 1'" '." ~ ., .. 
llUU Nakagami IlJtlllfll'IJUi1!'\1l~1tltlClfltl'j'\'llJfll'l 1'I11191fl'V111'l1f11 't''il1tl'IJtl'lfll'lff'l'IJtll,!Cl U'l:::UUUUUiJ(JCl'llJ1fl'cl'~(l'l 

28 % 

.. 

'" I'" dod ...Ndo1VIGfjl, ~v 'JJ IQI laQl

U tltlCl'l fll'l ff'l 'lJtllJCl flff -H'l 'OlJ1fl'IJUfl'Vll '111'111 't''il1tl'IJtl'l'l:::UUUUU tltlCl'lmlJlJ1\9l1tJl't'U flU I1l91llJilff'l I fll9l fll'l 'V1~Cltl.:jUU 

(lUU1udjil'l~fI11lJ'I1U111,jU 2 rlU/filClllJ\9I'j ,fu~lH~ltl'O:::Uiltlfll1fl11lJ'I1U11I,jU 6 rl'U/ filClllJ\9I'l IYi'lld1fll'lfh'l1U~ 
• I '" • •• " "' .. ,. ~, 1" "' .. ,. .. '., ~.,~,. 1 ~.,~ 

~ tI IIUUflUlflcH)U'V1'IJil'l l'l1U~UUff'l~Cl 'I1fll'llflClilU'V1'IJil'lI'l1U~ff11J1'l(l'V1'O:::ff'l'IJillJCll'l1flU !'I1U~ U'l:::uu l~'V1'l'l1lJ~ 

'1'1'1 1M~l1'li'~ltl~'l tltlfllJ1Utltlfll1fl11lJ'I1U11t,j'UCl1~UO~1tI 

1~tl'il1flm1~lIff~'l~lH~ltlJuff11J1'lmWfltltlflMl~U 3 IIUU ~'l~ 
• .1 ' ~." ~ ,., ..! ." .: ., 1"~ ,. ..!., d. 

I) nnrtll{)'~"'fI1 I 't'll 1(J !1-ml1{),"'lIVflJl111lJil~ff'lI'llJm:::'il1tl'IJilI'l11lJ I'I1flU l'I1U~IVlil'UU1'U 'l:::UUfl'il:::'Vll 

., 'lt19 ., ~ 'i ad" '~tll" ~.. 1 ~ .), , '1'" fll'lm:::'01tl'IJilI'l11lJ l'I1flU l'I1U~tlU "1 'V1tlQ UCl:::1l1fWltll ~tl'IJtlfl11lJUU'il:::lJ'IJ'U1~ 512 U'V1 '11'1lJ1flfl11m 't''01[.l 

9 tid., ,a., 1" tI ..
1UtllmCl flI Cl[JU'lJtllJm:::'I111'l1 VlilUU1'U 'U 'Iltl1'l11lJ 'l:::lfl'l'lUfltl'U 

2) mlrllm~.Jfh i~~l(J 1UTl1'Hr.JUflVU tll'lri'lUl'lilUJUII~Cl:::T'I1'U~'O:::'I'hfmri'l Mtl~tlU,j\U'llil'l\9lUltl'lliJlJ 
d d 'JJ IV '1' v ~ tI iJ j) d lrJ jJv j) ~ iJQ.I I 

'l:::[.I:::IYitlIlClflltI Cl [.I'U'IlillJCl'IJil'l'llil'l flUIICl::: flU 1~[.I'lJtlI'l11lJ'UU 'il::: 'l::: flilU \91 1 tl'IJ illJClY1U tlflTI I ~'lU 'Iltlfl11lJ l~ IICl1 II Cl::: 

to ~Cl'IJil'ltll'l1'I111911~tl'UU1lJ~iJ~ltnfmffmffltllJ1fl~'il'\9I 

3) nnrlu{),~.Jfh1~lil(Jnl1 m1~~I~umwlllff~'1mn1lJ'lJtl.:j~11'li'~ltliufmri'l.utlfl11lJnUfh1'li'~ltl1'UflU 
,d.), 1 ., " 1'" d "'ltI.., , .),,. ,.),., ~ .. ' '1 

ff'lUflilU'11'1\J:::llff~'1 'I1'V1'llU11fl1 't'\J1tl'V1 1't' 'il'l'l\9lil'l1u\II'I1'U~l9Iil'l1u\I'lJilfl11lJUUlJfI11'Vll ~ 

a ... 

• 
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~lJ'Vl 4-32 mlYlIlI'1'~'1f11 'Il'\ll~ lH11'i1'1''1'IJVfl11lJ'lJV'I'i::;UU'Vl !~\llnf11'i'Vl~ClV'IU'UfI'U'U 'UllJeJ'I• 

f 

12 
• OECA Symmetric with Two-Ray

II> 
Q) Ground
>.10 
e 

Q) >­ • OECA Symmetric with Nakagami"8t:z ~ 8 +----------------------------------------- ­
L... ra 
Q)­
a. Q) • OECA Asymmetric with Two-Ray

-u a:: 6 
Groundra..c. 

Q) ....
-E .~ 
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Nakagamio .!::! 

C ra 
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o 
6 10 

Density (veh/km) 

12 
II> • DECA Symmetric with Two-RayQ) 

L... .... 

Ground~ all0 +--------------------- ­
1l~ 
Q):=: • OECA Symmetric with Nakagami

-E :0 8 +-----__________,..... 
~~ 
O~ • OECA Asymmetric with Two-Ray
§ -:E 6 +----------------1 Groundgj .~ 

'E -U 
• OECA Asymmetric withII> ~ 4c 	 .-

Nakagamira ra 
~ E 
a:: 0 2 • RVA Asymmetric with Nakagam;
=Z 
'" Q)Q)-uo~ 0 


6 


Density (veh/km) 
10 

12 
Q) 

-U II> 

~ .ell0 
Qj~ 
a.>­
1l ~ 8 
Q)..Q 

-E .~ 
Q)Qj
> 	 a:: 6 
O..c. 
co .~ 

rtI ~ 
o -U 4 
.... Q) 
II> N 
ra:=: 
U ra 
1l E 2 e 0 
mZ 

o 

_ I d 
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~"1~ lUfm1'!i'.:JllJUlJtlUmru !!n::lfl5'V·lh[JIJ~.:J 1lJul'1~~'IllIlJfll'nhh'i':i il'1f1'VnlJl~VlJlJ1UlJtlUmflHi~':i::uUtJiju~ rm 

lI'VlJ~':i 'V[J~ Im::l'1~'11''VUfll':i1 'If''IlmillJlI'VVlVli'ilf1ilJ'i'iTl1i' U fll':i m:: IJ 1[J.,r'Vfl11lJ'Vdl'l~1[J i ~[J' lJ fll':il'1~'11''V1JlrlJ IJ:: 

U':i:: fl'VU,r1[Jtltl m ru~l1~ mil 'I fi'V fI'VlJVi11~'Vf11U UVl flVll~ih::u utlij,r~ fl1':ill~ fl~ NfllJ l1n::1mf1Vll'ljj'Vii'V~H 

'i::uuuiju1ifl1':ilWlJm'V[J~ 

, lJUl'1~\J:: fl~110'l,hlJtl':i:: flilU~l'hfi't1!1J'V'I':i::uutlij,r~ fl1':ill'V'U ~':i'V[J~ fl1':i~VlJlJliVl':i il'1f1'Vn DECA UlJ 

'i::uutl ijlliifln 1I'VlJm'V[J~ 1In:: fll':il'1~'11''VU fll':il'i'l'lllJ 1J'V'Ii Vl':i il'1f1'Vn nutlUmru~iJfI11lJl1nlfll1m[J 

... Iq IIl..JIIQt, ,

5.1 "l~1.J1.Ju!l1.J\fIfll·HltlUPl·HlEIPi (Android) 
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· iI 

~ 	 ~ ., e::S v 
I) Application : II~VfVmlfl'if'U'IJ~'1I1~'U~'HW~1l:::\lnl'lWU~ltJflllll~111(Java) 

..l ~I • 1"" v 1".1 '1 ~ 2) 	 Application Framework: IU~'11l1fHu'U Open Development Platfonn l'll lHjVl\lllUlffllJl'Hl 'ifU'j::: ItJ'if'U 

. ~ 

rnllJffllJ1Hl'IJ~-JlmJ'jij~1-J"l ul~~lu Android Application Framework 

']l~rJl'llmJ'jl~lHlfl~~W\lllUlffllJnfll~'1l'U1~ 

• System C Library I~U BSD-Derived Implementation 'IJ~'11nml~ C System lJ1mjlU~\lflui'lJlI~'1',r 

Il1lJl:::fflJOm:::lJw7-J,]1 (Embedded System) 

d III 	 IS) d.,J QI I 011 c!i 1 ~"" 
• 	 Media Libraries IUU !l.l~llJ PacketVideo's OpenCORE rfllJ'jnU'iYUlJff'4Umm1'UIIC'I:::UUVlfl rlC'llfftJ-J 

'lrlC'li~l~ IlC'l:::1rlftlUfllVl~I~'U~UtJlJ~1'l"lI'lfU MPEG4, H.264, MP3, AAC, AMR, JPG, and PNG 

l "v a':''::, .!, a':' JI loLll "1"
• 	 Suiface Manager 'lI1l ~n1'j !I~VlVlC'llfl'll'U~'111~'H'U'IlIilVll'fC'llfl'llU'lJU IU 'U flU! 'IJ 1 'if-Jl'U Display 

Subsystem 

• 	 LibWebCore l~U Web Browser Engine 

• 	 SGL !~U 20 Graphics Engine 

. " 
• 	 3D Libraries 1~Um'jW\IlIU1~llJ OpenGL ES 1.0 APIs lC'1m11u1l:::1i' Hardware 3D Acceleration »~~ 

3D Software Rasterizer 

1,,·
• 	 FreeType 'ifl'll Font Rendering 

• 	 SQLite 1~'U Lightweight Relational Database Engine 

A .:, ~ v'll" ~Q

4) Android Runtime : lUil'l1l1flll~l'fVlC'llfl'llU'IJ~'1l1il'UmiltJ~1l:::\lfll'f\llJUl l~tJ 'lIflllll1l111 (Java) lIilumiltJ~ ,. 
~'1ljlC'1lJ'nilvtill,rlJlm'jYl'ln,t'U~l'l"l ~li''U'C'lmli'mrfl'IJ~H1l111 (Java) II~VlVllilfl'ltU'lJil'lllil'UmiltJfi'1l:::vh'll'UilQlJU 

Dalvik Virtual Machine 'lJil'l,]llil'l1u1U'i!'l1ff'IJil'l~U Dalvik \lflvi\llJU1~UlJ1'r1lfl~il'l'iYllJ1'jfl 'i''11'U Virtual Machine ... , mntJ"l ']ll'f~~lJO'U 'Irrilth'llil.l'j:::ffl'l fi fllVl 


'1'.1 d co JI 'I ~ "'I ~ 

IU'jllfl'ilJfllllllll11 (Java) l'll'IJtJU'lJU ll:::\lflflillJ VlC'l (Compile) ~ltJflillJ IVllC'l~'jflllll1ll1l (Java Language 

. .1 ?I LI_.1 ~ " A ... A lq _.I ~ "" " "" ...Compiler) !lC'I:::\lnlIUC'I'IIUU nC'l Dalvik Executable (UllJ'iYflC'l dex) mmfl'iil'llJil'ifil dx InC'l Dalvik Executable lJ'lJil~flil 

v .1 1"1 ", ·'.1 v.!, "1-.1 " 	 • 1-1 •\lfl~~lIuC'l'l 'H 'lI'HU1tJfll1lJlll~tJl'lu'j:::'HtJ~ 'I1'1"l'~'Y11tJ nC'l Dalvik Executable 1l:::\lfl'Ul ul'l1'l1'UlJ'U Dalvik Virtual 

Machine IIC'I::: 1~'U lIilVlVlliIfl'It'U ~ r:f1.rt,n~'11'U 

Dalvik Virtual Machine ll:::lim'jl1tJfl1i''11'U!fl~11UC'lli'4fl,*~h'Hi'lJYl'ln'l1'UlJw){h'l 1'lf'U Threading lw:::m'j 

i~fl1'j'H,j,tJmllJ~i'11u'j:::~lJ Low-Level 

",I.Qo ~ d','" tI' Q tI rI ~ , v
5) Linux Kernel : 'j:::lJlJu{]lJ~m'jIl~U~'jiltJ~ 'lIlfl~'jIUC'lC'I'4fl'l1nil'j'll'U 2.6 'Um'j1l~m'j System Services 

~l'l"l !'lfU m'ji~fl1'j'Hl.hlJrnllJ,jl m'ji~m'j lUWI1'iY m'jll~m'j Network Stack !IC'1:::m'ji~m'j Driver ~l'l'l 'Uilfl1l1fln 

0' 	 Q"O?I I .d '" 
Iflil'jI'UC'ltJ'lluU Abstraction Layer 'j:::'Hl1'l Hardware !IC'1::: Software Stack tlfl~1tJ 

a 
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lI'\.nfi~hH11'j~<;)J'UllJl\)lnnl'H~'<;)J,\-l11'U1VlfJlU'Vnl1i'\l~N Rabie Khodr Jradi IIC1~ Lasse Seligmann Reedtz [27) 

~'I1111ff'Utlf1'j::1J1'Uf11'jllC1::,f'U~tI'Uf11'j~<;)J'Ul '\C11J'i l~ l'~tI ,,r1J~ f11'j 1 Yn 1 Vll'ltlC1 Ad-hoc On-demand Distance Vector 

(AODV) 1J'U'j~1J1JUBllil f11'j 1It1'Um 'tHl~ 'Utln1l1n~1'U1Vl fJ1U'Vl'U i Ii'l '\~'V11f11'jVl~fftl1J '\C11J'ii~~1Vf11'jffh'l11t1'Vl'Vl~I!'I,t'U 
, 'JI "'l 1"'\ d ~ , ~I.K 'l ~ ..".". d 1 ~ '" ...x ".

ff'l'\ltli'l11lHHll'1'11V t~V 'If C11J'jlHHnC111IU'U'Vl'U!1'U tVlHI''VlVllJtlf.H)Vl[JnVl~fftl1J 'U1VlVl'U'Vl'Uli'U!'ItI HTC Hero IIC1:: 

Google Nexus One 

f11'j~<;)J'Ul1 'l.h l~!'ItlC1 DECA mJ'Itltlnltl'U 5 Packages '\~lIri Deea_agent, table, timer, packet IIC1:: util ~'I~U~ 
di l' '" '" ~ ~'i-I d'5-2 '11'1 'U11~C1~ Package lJ'jltlC1~1tIV~f11'j'Vl<;)J'Ul~.J~tI u'U 

• 

Application 

table timer packet 

DECA 

util 

5.2.1 Package Deea_agent 

Oeca_ agent_thread 

PacketTimer 

NeighborTimer 

BeaconTimer 

RebroadcastTimer 

_I d '" 
JUVl 5-3 'jlfJC1~1tItI~ Package Deea_agent 

•• 
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~I • w w • 1 1 .! • >I d , 'I >I ' 
• Class Deca_agent : lulJl'ln1"1"ff1'VI'iU\ll'lfll'ifll'i'Yl1-.l1'U'lJV-.l IVl'i l'YlfHHl DECA 'b''1'Yl1'VI'U1'Yl~1..j'l l'I11fl 

·oiI 	 llvl'im::;\llU,rm.!mllfll'VI'UI'I'IJ~H~11~'1 
w >I d >lA ?I >I 
'iU 'IJ~1'I11lJ'V1Iij~'Ulu 'Ulijm::; \J1U 

JI .d GI 'I jlev II-' JI d..A jJ 'I !VIV !II Q,I' $I JI I d,

~'i1\J ~VU'IJ ~ 1'I11lJ 'V1~lIV'I l'I'iU flU'lJVI'I11lJ'YlIl'W'U Ul'U 1'I'i U 01~ lIV'I'IJ 11'l'IJ VI'll1lJ111 ~ 'I UI'IV'U 'VIl 

.A j/ A " d. GI .A JI t "IV JI 'I I J.I I tJI JI 
IVlV'U U1'U1 VlV'IJ V'lJVl'll1lJ 'V1~11~'1 'IJ 11'1 111mVl~'UUl'U 11'1'i U'IJ~l'Il1lJ lJl'J'ilJ1 'VI~ -.l'IJ~1'I11lJ'UU1'VI 

A >I 
IVlVUUlU 

IIVl~m::;\Jlu,r~l'Il1lJ~1l'iuliol~fllav fll 11'1 ~ull1'Ul'lri'l~V,rVI'I11lJ (Preferred Node) 

I 'jI ~ d. 4 d I I V ,10 jJd
II Vl'im::; \J1£J'IJ~1'I11lJ'b'1'VllflI11'U1'I'V1~fll~~fllU'U" 'VIUI'I~'1~v'\mI'l11lJ (Preferred Node) lJ'Yll'VIU1'Yl 

I 	 JI ~ 
llVl'im::; \J1U'lJVI'I11lJ'b'1 

I):'1 	 .A ,., do:v JI a,.,• Class Deca_agenUhread: luU Thread IWfl~~fllJ11VlV'V11l1Ul'V1'iU'IJ~l'Il1lJ\J1fll'VIVUU1U 

d D GI QI I JI d'l )lGI ~ 1 A >I• Class Packet Timer : IU'UI'ln1~~111'iU\JlJn~111'IJVI'l11lJ'V1 l'I'iUlJl\J::;l1lJI'IV1QllJV 1'1 IlJV'lJVl'll1lJ 

~ 	 JI <JJ ~ 
'VIlJ~V1Q1mm'IJVI'I11lJ'UUVVfl\Jlfl rptable 

. 	 ~ w w ,A >I A ~ A A >I dl >I
• 	 Class NeighborTimer : IU'\.lI'In1~ff1'VI'iU\lUnm11IVlV'UU1'Ul1lJI'IV1QllJV 11'1 IlJm'VIVUUl'U'VIlJI'IV1Qfl 11 

A >I 
~UI'VI~UlJlU~Vfl\Jlfl nbtable 

r 
• Class Beacon Timer : I~UI'I~1~ff1'VIfUilJl1~11'Uflnri'lUl'lvul'lf'l~~'I,j 

• Class RebroadcastTimer: ItI'Umn~ff1'VIflJiUl1~1'11l1~nV'lJV-.l,rVI'I11lJ~vQl'U liable l1lJ'Hrl~ll'1 IrlV 

d ~ I II :, 
'VIlJl'Il1 anvflll1 L'VIUI'I1I'VI'i'IJVI'I11lJlJ'U 

~ 

~ 
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@
Deca_agent 

+ BEACON THRESHOLD: int 

+NEIGHBOR ENTRY LIFETIME: long 

+ DECA BROADCAST PACKET MAX TTL: long 

+QECA BROADCAST PlICKET MAX INACTIVE TTL: long 

+MAX DECA PACKET SIZE: int 

- broadcastjp: String 

- my"port: int 

- dest"pOfts: int[] 

+ nbtable: Deca_nbtable 

+ rptable: Deca_rptable 

+ ttable: Deca_ttable 

- neighbor _timer: NeighborTimer 

- beacon_timer: BeaconTimer 

- packet_timer: Packet Timer 

- rebroadcast_timer: RebroadcastTimer 

- my _address: int 

- number _beacon: int 
iI 

- dsocket: DatagramSocket 

- bufferJecv: byte[] 

- dpacketJecv: DatagramPacket 

- deca_agent_thread: Deca_agent3hread 

+OBSERVABLE READY TO BE SET: int 

+OBSERVABLE BROADCAST NEW DE~A BROADCAST PACET: int 

+ OBSERVABLE RECEIVE DE!;;lI BEACON PACI>~T: int 

+OBSERVABLE RECEIVE NEW DECA BROADCAST: int 

+ OBSERVABLE RECEIVE NEW DECA BROADCAST PACKET AS PREFER NODE: int 

+OBSERVABLE NBTABLE EXPIRED: int 

+ OBSERVABLE RPTABLE EXPIRED: int 

+ OBSERVABLE REBROADCAST FROM TTABLE: int 

+ OBSERVABLE SEND DECA Bt;;A~ON PACKAGE: int 

+ OBSERVABLE NEW PAYLOAD: int 

- observableJlag: int 

- observable key: Object 

+ Deca_agentCaddress: String, _my..port: int, _dest..ports: int[]) 

+ closeO : void 

+ broadcast( data: byte[]) : void 

- broadcast_deca"packet(packet: Decayacket) : void 

- receiveO : void 

- receive_deca_beacon"packet(beacon..Packet: Deca_beacon"packet) : void 

- receive_deca_broadcast..packet(broadcast..packet: Deca_broadcast..packet) : void 

- check_ack_beacon(sender _addr _and_seq: int[]) : void 

- check_neighbor _ack(sender _addr _and_seq: int[]) : void 

- beaconjnterval_calO : long 

- beaconO : void 

- timeout_ttableO : void 

+ get_and_clear _observableJlagO : int 

+set_observableJlag(flag: int) : void 

_I'" ..
~u'l'l 5-4 'JltJCl:::ltltJ~'Utl~ Class Deca_agent 
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+runO : void 

_1<1 d 

~ul'1 5-5 ~lm'l:;mlJ~~ll'l Class Deea agent thread 
~ - -

PacketTimer 

+ expireO : void; 

_1<1 d

lul'1 5-6 ~llJCl:;ltW~~ll'l Class PaeketTimer 

NeighborTimer 

+ expireO : void 

_1<1 d

lul'1 5-7 ~lIJCl:;mlJ~~ll'l Class NeighborTimer 

Ii 

II 

BeaconTimer 

I:: 
+ expireO : void 

_1<1 d

luVl 5-8 ~llJCl:;llllJ~~tN Class BeaeonTimer 

RebroadcastTimer 

+ expireO : void 

_1<1 d

lu'Vl 5-9 'jllJCl :; llllJ~~ll'l Class RebroadeastTimer 
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5.2.2 Package table 

Deca_rptable 

~t 1 

Deca nbtable 

~. 1 

Deca ttable 

Hi -­

\1/0,,* \VO..* \ I 0,,* 

v 

Deca_rp_entry Deca_nb_entry Deca_temp_entlY 

.1"" ..
llJ'Yl 5-1 0 'jl(JL'l~liW~'\Jfl'l Package table 

• 

• 
• o Q.I cl jJ

Class DecaJptable: ~l'Jl'l'ffl'H'JUlflU'\Jfll;!L'l DecaJp_entry 

• -S ~ d " Class Deca_nbtable: ~l'Jl'lnl'H'JUlflU'\Jfll;!L'l Deca_nb_entry 

sJ Q.I ~ " ,., d Q,t Q,I a I ~"• Class Deca _temp_entry: i'ifIT1'H'JUlflU'\Jfll,!L'l'\Jfl'l'\Jilfll1'IJ'Yl'WUITnlflfl(J'H"''11'YWIlVi'J fl'i~~l(J'IIl fll'Hlfl 

'I "" <I" , "~",,.x 
~ (J'I..II Vifl'WUl'UllVi 'J m ~ \l1(J'\Jil'IJ"''II1U"'1 '\J flU "'1..1 \l~ fI fl"U flt) fl 

~ ~ ~ 

• 

. src: int 

. seq: int 

- expire_time: long 

- payload: byte[] 

- active: boolean 

+ DecaJp_entry(id : int, seq: int, ttl : long, payload: byte[]) 

+ getSreO : int 

+ getseqO : int 

+ getTTLO : long 

+ getPayloadO : byte[] 

+ setseq(sequence: int) : void 

+ setTTL(ttl: long) : void 

+ setPayload(payload: byte[]) : void 

+ isActiveO : boolean 

+ activateO : void 

+ inactivateO : void 
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®Deca_rptable 

- rpsize: int 


- rptablejist: LinkedList<DecaJP_entry> 


+ Deca_rptableO 

+ active_rp_sizeO : int 

+ full_rp_sizeO : int 

+ next_expJptableO : long 

+ lookup_activeJptable(id: int) : Deca_rp_entry 

+lookupJuIIJPtable(id: int): DecaJp_entry 

+ expiredJPtableO : ArrayList <DecaJP_entry> 

+ get_src_and_seq_rptableO : int[] 

+ updateJp_entry(id: int, seq: int, ttl: long, payload: byte[]) : void 

+ checkJull_rptable(src: int, seq: int) : boolean 

_I.d d 

luVl 5-12 'il(J[1~ttl(J~'\ltl.:j Class DecaJplable 

• 
Oeca - nb_entf)' 

- nb_addr: int 

- nb_amount: int 

- expire_time: long 

+ Deca_nb_entry(id: int, amount: int, lifetime: long) 

+ get NeighborAddressO : int 

+ getAmountO : int 

+ getLifetimeO : long 
+setAmount(amount: int) : void 

+setLifetime(lifetime: long) : void 

Deca nbtable -
® 

- nbtablejist: LinkedList<Deca_nb_entry> 

- nb_amount: int 

+ Deca_nbtableO 

+ nb_sizeO : int 

+next_exp_nbtableO : long 

+ expired_nbtableO : ArrayList<Integer> 

+ lookup_nbtable(id: int) : Deca_nb_entry 

+ prefer _nodeO : int 

+ prefer _node(precursor: int) : int 

+ update_nb_entry(nb_address: int, num_of _neighbor: int, neighbor jifetime: long) : void 

.I.d d

lUVl5-14 'il(J[1~m(J~'\ltl'l Class Deca_nbtable 
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." 


+ BROADCAST FOR PREFER: byte 

+ BROADCAST FOR NEIGHBOR: byte 

- src: int 

- seq: int 

- prefer _node: int 

- nb_expire_time: long 

- pf _expire_time: long 

- nb_timeout: boolean 

- pf_timeout: boolean 

+Deca_temp_entrY(id: int, seq: int, prefer: int, time_to_rebroadcast: long, type: int) 

+ getSrcO : int 

+ getSeqO : int 

+ getPreferNodeO : int 

+getNb TTlO : long 

+ getPfTTLO : long 

+getNb TimeoutO : boolean 

+getPfTimeoutO : boolean 

+ setSeq(seq: int) : void 

+ setPreferNode(prefer: int) : void 

+ setpfTTL(ttl: long) : void 

+ setNbTTL(ttl: long) : void 

+ setNbTimeout(b: boolean) : void 

+ setPfTimeout(b: boolean) : void 

Deca ttable 

- ttsize: int 

- ttableJist: UnkedUst<Deca_temp_entry> 

+Deca_ttableO 

+ t_sizeO : int 

+ delete_ttableOd: int) : boolean 

+ lookup_ttableOd: int) : Deca_temp_entry 

+ update_ttableJor...,prefer(id : int, seq: int, prefer: int, ttl: long) : void 

+ update_ttableJor_neighbor(id: int, seq: int, ttl: long) : void 

+ nexUbUtableO : long 

+ get_arraylist_of _nbtimeout_tempentries_ttableO : ArrayUst<Deca_temp_entry> 

+ get_arraylist_of ...,pftimeout_tempentries_ttableO : ArrayUst<Deca_temp_entry> 

'j',Hi 5-16 'j'llJn~I~IJ"'lJil.:J Class Deca liable ... ­
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5.2.3 Package timer 

.. ~ 	 tI'" ~ tidLU Package timer lI::: 'l:::mJU1!1(Ji'l'nlC1f11'1'l ~'1~ 'VI 5-17 

1 d 1" 	 .:: d" 1" "1"• Class Deca timer: illfJ UlJ Inner class '1fCYTl1fuuul1cn U'n:::'c'1'llJlHWI'll1m'VI~a'lm'l 'I1'11lJ~V1q!~ 

• Class TimerThread: I~U Thread rll'l1f1JU1JI1'nl~llJ~l~~'1 lrla'l1lJ~I1'nlll~1\l:::v1'1'11U"ufilA''1 expireO 

Deca_timer 

~ timer: Thread 

~ nxtExpire: long 

+ Deca_timerO 

+ resched(time: long) : void 

+ expife(): void 

TimerThread 

h+; 
+runO: void 

II 
II 

~tI~ 5-17 'll[m:::lfl(J~ Class ~l'l'l fl1(J"U Package timer 

5.2.4 Package packet 

1u Package packet \l:::tI'l:::flami'l(Ji'lmC1~l'l'l i'lltl~ 5-]8 ll~C'I:::i'lC'll'c'1'lhlfJC'I:::lfl(J~i'li1 

DecaJJilcket 

~ 

1 	 I 

Deca_beacon_pac~ Deca _broadcast _p acket 

-
d ... 

l ti 'VI 5-18 'llfJC'I::l€J(J~'U€J'I Package packet 

1" " " tI 1" " tI d , , ¥l A "1"• 	 Class Decayacket: 'If'c'1''l1'l Packet 1I'n111 C'I'I 'I1€J~ u~ llUU'VI'c'1'llJl'lflll'YI'lm:::\ll(J 'I11'11U~VU!~ 

i " " d1".,tid" ''l 
. 

,.,d ~ • 	 Class Deca_beaconyacket: 'lfC1'l1'l Beacon Packet 'VI 'lfIlC'lfll C'lfJU'UVl,lC'l'l::'I111'l !'I1U~'VIaQ~~flU 

" " "" :'1" d i ", 'l 'l 'l• 	 Class Deca_broadcastyacket : 'lfC1'lH Broadcast Packet 91'11uU'UVi'l11lJ'VI 'lfll'YI'lm::\llfJ !~(J !'YI'l !'VI­

' i'l€JC'I DECA 
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®DecaJ)acket 

+ TYPE DECA BEACON: bl,!te 
+ TYPE DECA BROADCAST: bl,!te 
+ type: byte 

+ getTypeO : byte 
+ createPacket(bl,!te data: bl,!terJ}: .. 
~ fillUpPacket(byte_data: byte[], offs... 

+ toByteO : byte[] 
~ fiI/UpByte.f)ata(byte_data: byte[]' 0 ... 

_I'" d
~u'Vl 5-\9 'ilVCl~mV~'lJihl Class Deca yacket 

@ il 
Deca_beacon_pacbrt 

+src: int 
+sender_ addr _and_seq: int[][] II 
+ nb_table_size: int 

+Deca_beaconJ)acketO 
+Deca_beacon...packet(src: int, sender _addr _and_seq: int[][] , nb_table_size: int) 

+ Deca_ beaconJ)acket(packet: Deca _beacon "'packet) 

+ getSrcO : int 

+ getSenderAddrAndSeqO : int[][] 

+ getNb TableSizeO : int 

~ filiUpPacket(byte_data: byte[], offset: int) : void 

~ fiIlUpByteData(byte_data: byte[], offset: int) : void 

_I'" d
~U'Vl 5-20 'ilVCl~mV~'lJeJ'I Class Deca_beaconyacket 

- sre: int 
- precursor: int 
- prefer: int 
- seq: int 
- ttl: long 
- payload: Byte[] 
- sender _addr_and_seq: int[][] 
- nb_table_size: int 

+ Deca_broadcastyacketO 
+ Deca_broadcastyacket(src: int, precursor: int, prefer: int, seq: int, ttl: long, payload: byte, sender_addr_and_seq: int[][] , nb_table_size: int) 
+ Deca_broadcastyacket(packet: Deca_broadcastyacket) 
+ getSrcO : int 
+ getPreferO : int 
+ getPrecursorO : int 
+ getSeq() : int 
+ getTTLO : long 
+ getPayloadO : byte[] 
+ getSenderAddrAndSeqO : int[][] 
+ getNbTableSizeO : int 
+ setPrefer(prefer: int) : void 
+ setPrecursor(precursor: int) : void 
+ setSenderAddrAndSeq(sender_addr_and_seq: int[][] ) : void 
+ setNeighborSize(size: int) : void 
~ filiUpPacket(byte_data: byte[], offset: int) : void 
~ fiIlUpByteData(byte_data: byte[], offset: int) : void 

_I'" d
~u'Vl 5-2\ 'ilVCl~leJ(J~'lJeJ'I Class Deca_broadcastyacket 
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.. 5.2.5 Package utiJ 

, .1" "" "".Ii ~I d. , .. ~• U Package uti! ll~lJ':i~fltllJ~10 Class Deca_uti!IV'lO\lfl(l111'1~Ol'1l\lllJUfI(l111''VltllUl0fl111H''~~lfl 'HflUfl1':i.. 
yh-J1U'lJtl\lltJ':i l~fltl(l DECA Ihl\ln,turll'Hi'UttJ~{Ju.,rtllJ(l Address 1l1fl Integer I~U String 'H~'Cllllfl String I~U Integer 

IICl~f1\ln,tu!'i'lulfU'H1 Broadcast Address 

Deca util-

- Deca_utiiO 

+ convertI!;! ToInt(iQ: String) : int 

+ convertIntToI!;!(n: int) : String 

+ getBroadcastIQ(iQ: String) i String 

. Id d 

2lJ'Vl 5-22 ':il{J(l~ItlO~'lJtl\l Class Deca_util 

, "0QJ ~ QJ QJ II " 
5.3 fll'j'Yt~U1Uf)'Yt'Ytmfl'tiUUf)Umf)[J~"1'tnllfl1'jfl'j~'ill[J'lJ6fl1UJf)[J1'Hl[J 

H'ClV'lV'liilfl,tUrll'Hi'lJtJ':i~'I!'1'111J~Uti.,r'CllJ(lt.lfl~\1lJU1'ClQtl10'U Package decaandroid ~.:J!l10'U Package 

decaandroid tJ':i~fl'CllJ~10flClll1'~tl 'tJ~ WiFi~dHoc, DecaAndroidActil'ity IICl:; DecaObserver ~-Jmfl':i-J""~l\lflCll"" 

~W'l ~\l2tJ~ 5-24 1I~Cl:;flm""lhl0Cl~!fl{J~~\ln 

DECA 

Update UI 

WiFLAdHoc .. 
Notification• 

WiFi AdHoc DecaAndroidActivity 

I 1 

Deca_ observer 

.. 




\02 

~ . 
~ 0 ~ ~ I a• Class WiFi_AdHoc: fl'Cl1ff'W'VlTI1'W1'Vl 2 ~W1'lfl() 

.. 1) fiTI1'W~~fl~rV,r9ffl'lfl1'i ,,}i'W'i~lJlJ 111f)rV,}'1,j'ri'~fl'i~lJlJ\J~ff~1'l~fl Anonymous '11' 
2) Itl ~/t1~I1'1~fl~lt1U()~ !lflf) 1~tllrl () rV ,rf)~ltI ~I1'1~ fl ~1t111fl~ !lflf) Ufl'Vt'Vt~If1,t'W\J~ fi1'11'W~fi1~ 1111 ~'U 

\J1mr'W~'lff~1'l1f1~ () 'lillJ!Hl~ ~H) f)'I1~ m ,rl':hlJl1'1~ fl~lt11lfl ~!lfl f) 1 'W mru ~iJ~~'W ffh:j 1f1~fl~ 1t1Ufl~!lfl f) 

1"" .,; ",. """ Q ~ """"" "."111'Cl1 U'Cl~llJfll1'1H)'\Jltlll()~!I()f)'VtHJlJ !'It'l1'W IIfl'Vt'Vt'Cllf1'1t'W\J~fl'Yty1~ l'I1fj 1'ltf)lll'\Jl\!'I1'Wl 

Q ~ 0 Q.I <j/. I 

II fl'Vt'Vtm 1'1 'It'W ffl'l1 'ilJ f) 1'i m ~ \J 1t1'\J fl1'111lJ fl tl1'l'l1 (J 

~ ~,., d 0 iJ.d. IV I,., .d.QI• 	Class DecaAndroidActivity : 1'1ftlff'W\J~I'i(Jf)1'1t'l1'W Deca_agent 'lH'Vl1'11'U1'Y1\J~fl1'ifl1'i'ilJ-ff'l'\JVf111lJ'Vl 
d' 0 <j/ ci1 iJ.d.t ilQ,./ .o!l ,.,.a ~ ,., I 

'Wvmnntl'Vll'l1'Ul'Vl 'Wfl1'illff~'l~'Cl'\J()1'111lJ'Vll~'ilJ'I1'iml\J'lI\llV'Wfj !'lI~1'W'Vl1'1 Notification Bar 

• ~ 1"Q "" d~"" "'''~ ".01ffl'l1'ilJ 'I1'VtlJ'Vt'\JVf111lJ'Vlf;! !'lI~fl'lf)1'j"m~\J1tJ'\Jflf111lJ 'I1f)lJf;!fl'U 

.,; _I "i"~" 'I' _I""; 'I ",.• 	 Class Deca observer : IlJU~lJ f) HU m lJ '\J U1'111lJ I 'I1lJ \J If)~ lJ f) HII U 'W '1 tl1 (J I 'WI 1'1 'i V '\J 1tJ 1'1 'Cllff 

1- ld"'" 	 ."''' 1'" ";,"Deca_observer \J~!I\J'II~U'W lJ'Vlflftlff DecaAndroidActivity 11lJ'\JV1'111lJ 'I1lJl'\J1lJ1 I'VtV '11 Application 

" 


Name 

Create Ad Hoc Network 

8 


Stan Application 

II D CI II 

o 

o 
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_Of f ~ I '" '" , • '0'1 'I" i 1 " 5.4.1lJtyHl Rom 1Jl~'lil'U'IIt),:jIYl'lflvtYllH)flt) GoogJe Nexus One 1JiYl1Jl'lflllJ~lI'11,:jl'U Wi-Fi 'U mode Ad-Hoc ~ 

. . ~ 

.. 1" ~ 1" 1 ~ n. .. , 1 ' ~ 1"dQtlHl 'II ROM lJlfl'i"~!1'UYlflPlfl'llJl lfU'U 'YI'i"i'I'fl'YIlJVflV Google Nexus One flU1l lJTI'llJl'i"fltlJfl 'If'll'U Wi-Fi 

1'UllflJPlUVPl1Jvfll~~'ni'1f11'i"~Pli'l ROM imj lP1m~vfll,r CyanogenMod 7 laV'Hllfl CyanogenMod t1:l'U Custom 

ROM ~TI'llJl'itilfl1'1f'nu Wi-Fi 1'UlmJfltm~H),vflM 

do ~~ .A d A od3JJ1Q..I41 

tlJV'VIlf11'ifl Plfl'l CyanogenMod 7 flU ll1fl'iV'lTI'llJl'ifllJV'l m 'UI!n:: I'lfVlJ flVflU Ifl'i V'IIlmmfl!TV fl'VITI''i"l'l'll'U 1 fl fl 

flVlJYl1tflVf~H'i"::uuu5lliif11'i Ubuntu 10.04 1~ u9ifluutyMllfl~v'lll.iTI'llJl'lflTI'~l'llfl~V~lflUVPl1JVfl~'UlJllV'li~ lJ 

• 1""I ' ~, . ~ ..... ~ J' 1_lf l'.Il J "i" 1 1 "..'Qf-ln'VIl If lJTI'llJl'lm'llVlJflV'i"::lf1l'llfl'iV'llJVflV 21fl'iV'l'll'U lJ Iflfl lJfl'l!flHHflVlJfl1IflV'i fl Pill 'Uf11'iTI''ll'lIfl'iV'IIlfl 

~ ~ a.a JI t i t/Qd I A .do a V Q,.I A 
IlVfl1JVfl'll'UlJlIV'lUWfl'iV'llJVflV TI'llJl'iflUflUtylfllflflfl1'i 'lf1Tiflillfl'i"V'llJVfI~ Google Nexus One l'IllflUlfl'lV'l 

.q,,,,d 1 " "1 JI • ~ .8 ~ ".. ~ 1j} 0 ~0 d

flVlJfl1IflV'i"'VIn-l Android SDK 1 Un1 'lfflli1-l .Iadb shell lflill'i"flfl shell 'Il'UlJ1TI'-lf11'i"llV'Ufl'lVllYl 1Jlfl'U'IH1:: 'lffllTI''l 

insmod fiVI~V~lJflll"'lfi'l~-l1J::fll-llln::'Vll'll'Ull.ilTI'h ~'l~U~ 5-27 rlTI1i'unfl1'lllfi'Utylf11'U'Iltu::~ insmod 'Vll,n'Ufll'l 

VQ ~l'f~'U1Hfi'1~'l .Iadb shelll~m~flfl~fl shell ~'UlJl1Jlmf'Ul~nv'll'1f'fi'l~-llsmod flUll1lJ~n bcm4329 nlri''l Loading 

'~.Id .1 Q ,3 d ":11
VQ Yl'l~lJ'VI 5-28 (lJflfllflfl insmod nll'Hl1J::flV'lllJ'U Live) 

• 

l'Uf11'ilf1TI'llM~~l'f~'Ul''If'fi'l~'l dmesg l~illmPl-l message buffer 'IlV'l kernel lln::flUll kernel ]Jf11'i"lJV'lMl 

"1 •.1" , J 1'" .:, , 1 ''''1·· 1 ''~ , , 1 " " 1·.1"mn Isystemletc/ firmware/ fw_bcm4329.bin HflllJV 'lffllTI''lls flU1l lJlJ TtnPl-lfl011VQ 'Uf11'lfl'UlflflUfI'UlflVlU nn 

flllJ 1Pll 
d 

'i" fl'VI V~ 
• 

Isystemlvendorlfirmware/fw bcm4329.bin 

Isystemlvendor/firmware lJlli'~lYlI~fl'VIvi Isystemletc/firmware 11"'1 insmod flUllTI'llJl'i"fl insmod l~rlllh Un:: 

1,,· .:, 1" .. ' J' 1"TI'llJ1'ifi 'llfIlTI''l ifconfig lln::: iwconfig 'Uf11'iTI''il'lIfl'i'el'llllJUVPl1JVfl'll'UlJl flm'l 
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.. 


_~ '" '" '4 .a 1 h.l Js 4.1 SI5.4.2 llqJl1l1'fl'if!VrmHltlfl Google Nexus One JJ'j1J Broadcast UDP Packet 'IlW::lfI"lfl-lVH1'l1'U11lfl 

eIQQ) QI~1 q~ aa ~ A dj}
tri\!'I11'U1n~n1J 1 'I'l'jrl"Vi'VI 'U'j:;1J1Jtlomlf)lllJamllla'U~H)tJ~'VJf)lma-lYi1'If Wireless Chipset 'tJ~-l Broadcom 

.. 
l'I'In:; ':;' Driver 'tJa'l Wireless Chipset i1~~~ma'l Broadcast UDP Packet ~1fi'i'1JlJlaan'tJru:;~lianmhci'-lvrfl'l1Ul~aa~ 

[28] ffl'l1 11J In f)l'j It ri'tri\!'I11"1'llJl'jfl'l'il Ml ~(Jf)l'j 1ri'l'l1'jliil~lClf dhdykUilter_enabl~ 1'Ii'11 tl1 'U'tJ ru:;~ Hfll-ci'l 

insmod llJ~~ bcm4329 

$ export PATH=/data/local/bin;$PATH 
$ su ­

insmod Isystem/lib/modules\ 
> Ibcm4329.ko \ 
> dhd_pkt_filter_enable=O 
# 

. ... .II 

5.4.3 UqJl1l Packet 1~£J1n'U1'UII~td'l1'UPI'I1JJPlfllfJ''Ul1fll~fiHn'\.l 

1-1 "i .. .!I! 1",.!I 1 ' 11.I'j 1~f1V~ DECA ~:;lJ Broadcast Packet 'II'I\lnfl'll1~l'11lJ~alq 1 '11'1 'U Simulation l1~l'tJV'lll~~~ 'I1'U~~~ 

, ~ ::1 1 '" ,A • • 1 '" Q 4 '1 1 '" 
f IYlln'U'I1lJfll'l'll1:;lll'Uf)l'j 'If Global Clock Itl1lllJa'U1 DECA lJlY11'11'U 'U"1'fl1'1'1II1~"~lJ~H'II'IIII1l~:; 'I1'U~~:; 'If Local 

Clock 'tJfl'li1W'l'l'h1,rlfi~tri\!'I11 Packet 1~(J1n'U1'U1t~~:; 1'11'Ufl'l1lJ~mq1'U11~1~~Wl'U 

1~lJtln~ri1'U~1'l'tJvmm'l1lJm.llq~:;Ua(J1Jln'l'i11l1'tl'j 1l1lfla~ DECA 'l'i1 ·:n'Ul"'I~'Utln~ !I~1umtU~Jjf)l'j11J­

ri.:j'li'm.JmhU1'UlJ1n1'U1Jl'lmtU~~ln~!'I1~f)l'jw~~tln~;iv 1l1'U~~ Packet v'l't.i'l11J~mqri'l Packet i'ln"111tl1,rl'11'Ufi 

~lfI(J''''i'1J Packet J'UIt~ffll111J ll1'U~J'U Packet 'I1lJ~a1qllcr1 ~'1ri'l~"~flfi1H~1(J1'Uf)l'j'l'i1'l1'U'tJV'lI'1'1l1Y1f1V~ 

~ _"I 1 . ~ _I d '" 1'" A ~ '" '" lIn 1'tJ1.Ii\!l11 fllJYl1f)l'j~flIl1.l~'l11l1'jl'lIf)1J'tJVlJ~ Broadcast Packet l1l1JV"1''1~1J'tJ~lJ~ Broadcast Packet 1t~1 

'l11(Jilv'In'U!'I1~f)l'jw~~tln~~.:lf)"'11"'1'I'I'jl:;lrlv 1'11'U~~ Packet V'l1t.i'l1lJ~mql1ln~'I'I1J 1l1'Ufl~1t.iJj Packet i'ln"'1 

1'1'111:; Packet J'Ul1lJflmq'ltlucr1 nv'U~1'I1'U~~:;ri'l Packet J'Uflvn 1tl1J~'l'ilf)l'jI1l'j1~1'Um'jl'1nflUl1 Packet i'ln"11flQ 

1'U"1'.f11'1'1 Inactive 'I1~fl1t.i tflflQ1u"1'fll'l'llnactive fi~~lt.iri'l Packet ~'ln"11vfln1tl 

•I 

http:Ibcm4329.ko
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., 

.. 

fl1'j'VI~'Hl~fl1'jlil~lU'\Jfl~hni'VIi'lflfl DECA 1U1J'VI~lI1j~flflfH1JUC'l'fl'lrhu fifJ riTULIHlI1JUfll'j'VI¥lC'l'fl1Jfll'j 

lil~lU'\Jfl~ iVi'j i'VIi'lflfl DECA 1JU'j:::1J1J1J~llilfl1mflU¥l'jflV~11C'l'llJlHllil~lUi~mh~~ljfmflflflu1J1Ji l'mh'lC'l'lJ\pru 

'H~{) ili 1If1:::0¥llJl'il:::I1JUfll'j'VI¥lfl{)'lfll'j1¥lC'l'm)f1U:::'\Jtl~ i Vi'j i'VIl'lfJfI DECA ~vi\llJUlfl~~tlmru~lj):::1J1J1J~1J91 flmWU­

¥l'j tl O~lil'llU -i 1lJ tl1J I'l tllJ Vi11¥l fJ {Vi fl Vi 1~ lj 'j::: 1J 1JtI~llii fl n ~ II~ fl~H tlU vi1U II fl Vi Vi ilw,,tu rll'Hi'1J fll 'j m::: 'illV,rtll'l11lJ 

, , 
{)OH~lO 

5.5.1 Functional Test 

fll'j'VI¥lfl{)~ 1UJU~I1JUfl1'j'VIM{)1JVifl~fl'j)lJ'\Jtl~1tI'j l~i'ltlfl DECA 11ljVifl~fl'j)lJmlJ~~vi\llJUlMtl{)flll1J1J 

H'H~e ili hwljfln'VI¥lfltl~fll'jlil~lU~llJJu~fluPil'l'l ~'lPifJ'tI~ 
a '1' w "" '" A •1) llJ{) l'Hum1J1JI'l{)UlJlllfl11i'l){)'l'VIlfll) Update nbtable '\J{)'l~Wtl~ 

a '" a '" ~ '" '" '" w' "1.12) llJ{)'\J{)l;jfllVitlU1J1U!U nbtable '\J{)'l~Ultl'll1lJmllq 'il:::fl1J'\Jtll;jfllVifJU1JlU¥l'lflfl11tltlfl lu'illfl~l'jl~ 

nbtable 

a 1 "1 Jlw '" " '" :'1 1 d "'. '" w, , . 1 3) IlJ{) l1U~ !¥l'j1J'\JtlmllJ 'HlJlIfl11lfl:::~Ultl'lluU 'HU¥l'VI\lfHfltlflll:::'VI1fll'jm:::II1V'\JfJmllJ¥l'lflfl11fJtlfl u 

liuli 

4) lrltll'HU¥li~i'1J,rtlmllJ'\l1ljmhlPi~Uw'lilii~l1Ju l'HU¥l~(JfH~tlflll:::lilfll'Hn1J,r{)mllJ1ri liable .,• 
J. lrl{) llrJu1'HU¥ltulIYi'i,rtJmllJ~'lfl~1111cr1 lilfll'jfl1J,rtlmllJ~'lfl~11lu liable '\Jtl'l~WfJ'l 

II. lrl{),r{)mllJ~'lfl~11'\U liable 'HlJ¥ltllq lilfl1'jm:::IIlv,r{)mllJ~'lmh1 
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5) 
..\ 1 'II.:::t a 

llHl 'I'I'UmUUfHl'U'I'I'Hl Broadcast 
)I I jI jI 0 I do

Message lJlUCl1~n~Y4U11'U11l'UtlmllJUl'l'\Hlfl11lJ ~~Vl1f1l'i1.1'lU-

fltl'Utltlf) 1111~tllM'lfl~tl'lt'U'Vl'nUl1'U11l,rm'l11lJ 

6) ..\ , 1 ..\" " . 4" " ~-'l ..\ " llJtlY4U1'1 'I'IU1l1Y4tl'UUl'U'U11l'IHlfl111J'iJ~'VI1f1l'iIY4lJ'IItlfl11lJl'UllU U liable UCl~llJtll1m'itl'Utl'l'UtlmllJ 

i'lf)~11'1'1lJlI ~~ v11f1l'i m~~ltl,rtlmllJi'l f)~11tltlf) 111 ll1t11lilfttlf)1'I'I'U lIr1'1~tl 

7) 
..\" 1 0 jI 'II I

IlJtl'Utlfl11lJ U rptable 'Utl'l~U!tl'l'l'llJlItllQ 1l~'VI1f1l'iClU'Utlfl11lJlI'lf)Cl11tltlf)~1f) rptable 

~Clf1l'i'VIllCltl'lf1l'ivi~'UllY4'i 1'VIfltlCl DECA u'U'i~U1JUau1if)l'iruUtlUlI'itltl~1.11lJl'iflv11'l1'UMmh'l1.1lJ\j'iru 

'VJflmiilll1lJW~lHUl1l1f)~Clfll'~'VIl1Cltl'l i'llU~ 5-32 ~'l 5-39 

- - -- nb table 
...

nb table 1­

address I friends I time 

1192.168.1.5 I 2 19996 

1192.168.1.7 I 2 18296 

1-;­
~ I I ~ 

- nb table 

Neighbor expire 
nb table 

I address I friends I time 

11 92. 168 .1.7 I 2 18 880 

nb tabl e 

I address I fri ends I time 

11 92. 16 8.1.7 I 2 19997 

11 92 .1 6 8.1.5 I 2 1111 6 

~ I I ~ 

_Id a jI d 
lu'VI 5-33 ~Cl f)1'i 'VIl1Cltl'lCl1JlY4tl'UUl'U 'VI'1'1lJlItllQtltl f)1l1fl nbtable 
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CEIVE:Broadcast message [192 , 168, 1,5:1787776415J 
Pr-ecursor »> 192,1 68,1.5 
Prefer »> I am prefer node 
Status »> New message 
Rebroadcast message al ready 

92, 168. 1.5: 1787956195J was deleted, hear 192.168,1. 7 rebroadcast 
temp 

address 

t able 

1 seq 1 time 

t emp 

address 

t able 

1 seq 1 tim e 

11 92, 168,1.5 1 17879561951 PF: 173 1 

temp 

address 

table 

1 seq 1 time 

t emp 

address 

t able 

1 seq 1 time 

11 92, 168,1.5 1 1787878360 1PF: 225 1 

•, .d JI a I jJ :."

~U'Vl 5-36 ~ofl1'j'Vl~HW~ f)l'H1U,\/Vfll1lJVVml1f) tlable IlJtHlfj'j,\/VfI11lJUUlIol 

.­



108 

, -. Deca Desktop 

Broadcast Message Beacon Message 

Friend » 2" 
1. 7: 17877 88596J Mess age » [1 92.168.1. 7:1787788596J 

r's miss c::::: SEND: beacon. I miss some messages >message 
=============== RECEIVE: Beacon message [192. 168. 1. 7J time: 1328348604114 

Friend » 1 
Message »[192.1 68. 1. 7: 1787788596J 

c: SEND:beacon, I miss some messages : 

CEI\!E:Broadcast message [192. 168. 1.7: 1 787825605J 
Precursor »> 192.1 68.1. 5 
Prefer »> Message for neighbor-'s miss 
Status »> Already received thrs message 

- rp table 

f acket expire 
rp table 

1 address 1 seq 1 time 

1192,1 68.1.7 1 17877776151145330 

• 

rp table 

address 1 seq 1 time 

1192.168.1. 5 1 1787776415154668 

11 92.1 68.1. 7 1 178777761511 99999 

~l.d 'jJ .d 
lu'Vl 5-39 fHlfl1'l'Vl~'H)'1fl1'lClu'\JtlmllJ'Vll1lJ~tllQtlfln\Jln rplable 

,.. 
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• fll'jVl~Clil'1tiltlUfll'j1~fflJ'j'H1U:;'\Iil'11Yn1VlflilCl DECA ~~WlU1Cl'1~tlfmu~ih:;lJlJtlal1~fl1'illilUmilfJ~ 

'I'11'11U ~1lJ nlJ fl illJ Yl11~ il f'Vi fl 'Vi 1~ ii 'j ~ lJ lJ tl5 'Iffl fll'j ~11~mi1'1nu~hu II il 'Vi 'Vi Blfl,7U rll'l1 i'lJ fl1'j fl 'j ~ 1l 1 fJ,r ilfl11lJil tll'l ~1fJ 

ii'jlfJCl~IVfJ~~'l~il 'tlti 

~ ~ ~ ." .<I ~ 1"l ~ .<I?I ,I <f ~ ~ "i 
I) 1'l11~i.nJ'i·H1U:; l'lffl1fl11lJl'lfill~ IUfll'j1~fflJH1U~ lUil'11l1fllUU~~u'j~ff'1fl'l1ClflIUfll'jililfllllJlJ 1'Vi'j 

1VI-flilCl 1 ~fJfll'j1~ri1fl11lJI~ilMJu \1~ltlurl'~'j1ff1U'llil'llllU1U l'11u~~ "l~i'lJ,rilfl11lJnmhU1u,rilfl11lJ~1'I1U~,;'U 

'YIl'l Mff'1ililfl "ltll~m~~fJ1l1fl,rilfl11lJ.J'I'I1lJ~~\lflff'lililfl 'tl\11fll'I1U~Ju 1l4ilUff~'lO'lfflJ'jH1U~ 1Url1'i'l'11'llU 1 'Vi'j 1 VI 

flilCl 

~ ~ .A .. I 'j) .. Ic:t. 0D Q"oQ, 

• flVlIlV'JWlV'WlJlJrmrn 1l1U1U 4 Imil'l u'j~flillJ~1fJ'j~lJlJutllJ~fll'j Linux Ubuntu 10.10 \11U1U 3 

lfl~il'l UCl~'j~lJ1JtlalJ~fll'i OSX 10.7 1l1U1U I Ifl~il'l 

• Imf(lVl'liioov Goog\e Nexus One Ill'U1U 2 Ifl1il'l .J'l'l1lJ~'I'1H1UlJU'j~1JlJtla'lfflflmlilU~'jil~6 

CyanogenMod 7 

., , ,.,.1 d '" Q ~ ., '" 1.1 d.. 

3) tTftl'VtlnmUnJ Ufll'iVl~atl.:J 'If'ViUVlHllJ~fll1l'j\)j1ff1m'jlJ llCl~~fl'\ll.:JlflfJ'l U'ViUVl'llil'lflW~ 

lff1m'jlJff1ff~ f ~ W1Cl.:Jfl'j rulJ '11 11V1 fJ1clfJ 1~fJ~ll~Cl~1'I1U~~ flmfl~tlU ~lllJ lJ~lJ~llJI ffU VI 1.:J ~'l~tl ~ 5-40 ll4il 1 11' 

ff\)j\)j1W h.Jfll'j~~~iliifll'j l~CllJ~mtlU'lf1 '1'1 hiffllJ1 'j m ~illJ~ilnUMltlUl1Cl1UlU 1~fJ\1~1,rflillJYl11~ilflllJlJ'Vi fl'Vi11 tlu 

1'l1u~'I1q~~'1lJ111WM~fllIl1\)jlff1m'jlJlllu1U 2Ifl~tl'1 (Node I UCl~ Node 2) 1l4il'l'11'11U1~1ufll'ji'lJ,rtlfl11lJllC1~ff'1~tl 

1'111'I1U~tu llCl~ltlUlJ1m~lU1U fll'ii'lJ,rtlfl11lJ"l~~'1~"1~ 

-- .....Ir~...' ~ .",,~, 

,. tt l I ~ 
..... ----~ ~ I '~~ ;

-'~I Ji- /1 , .1 , ., , L.::!!:::. __, . 
rL~J!.JII .. ,. J 
lJ:tlili/t. ll 

-, , 
,,' .. , • 11' . ,", 
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200 ~hnYi 

4.0-4.51mYi 
1/

'Il1l1fl'll6'l'll6f111lJ 20481ml 

0.51'UlYi 
• • 1/

'111'lI1{llnl'HY'l'll6fl11lJ 

'{!'lt111'\J 6'1 1mrlvfVJijBiiBlh'~ fJ~ ~ JlI nl1fl6lJ111l~6flllJlJVi nVil~'l'Yll1,r111 fl'iW~~6'lljnTjft '1 'lf6f111lJ 1,rllrill1ulI~.­
hiMi'lJ'lf6mllJ'Yllllhi-chh fiB IrlBljnl'i~'j 1\JVilJ 111UlIl~BU1rlll~ Ihi Mi''IJ'lfBmllJ 111ufl~l~U1 mrlVivlliBiiBlj 

nWN'l'lfBmllJl!uBBn1tJiJ'lll1u~~ljm'jrB'l'llBll~nftlJ llJ 1MlJ 'IfBmllJl!u 

100 

80 

~ 
-; 60 
~ 
ii 
.!!! 40 
Qj 
Ill: 

20 

o 
Node 1 Node 2 Node 3* Node 4 * Node 5 Node 6 

Source Node 
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,
. 
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"uJ'Um),\'HrVl~l{llhll'i~l'lnn DECA i:l'lU'UQU mrufiVlJYill~vf II UUViflvn i fltJlJflm'CY'UVfll'iJ'U~ V'U fll'i 

'" i I I,., "c:w:::s 1 ~ a "iT , a a I dd. aQI I
Ii:lVfl 'I1'Uflft''1~v'Uvl;/i:lm{ll1ifll'i 'I11~\)lm::;~1H"tyqJ1tu RSSllVlVllfl ty'l11 'Ufll'i'l'1l'l1'UUULmV'U1tJ'Vl1Jfll'iI'l1V1J~V 

Il U UV 'CY1J1J 1~ 'i ; '1lJ U 'i::; ff'Vlll fllVl' 'U fll'i Vil'll'U U'Ulfi1V,) ltJ~ lj fll'i I~vmiVIl1JUV ft'lJ1J l~ 'i lJ lflfl1lfll'i IftV fl ~1 tJ.,j'vlJ i:l 

f1111J'I1'U1LlUULVltJ'IVVHI;itJl fll'iVVflIl U1JTIfll'i i 'I11~ \)lm::;viufftytyltu RSS[ J'Ulji'U!l'U''Ufll'i Vil'll'Ul'('UI;i{llnU 

fll'i Vil'll'U 'II V'I DECA 'U V fl1l1flJ'UiJ'IlJfll'i ~1llJ'U1 DECA i:l'l U'U ~U m ru~lJ'i:: 1J 1JUilm;fll'illV'U VI'i VtlLli:l:: Vi1fll'i Vlfli:lV'I 

111JnUml1JYill~vfIlUUVl flVll ~i"Ifll'i'Vlfli:lV'IIIft'fl'l,,r1~'U11 DECA ft'11J1'ifiViHl'U "[~U'U~umru\)1'1 IICl::ft'llJl'ifi 

ViHl'U11lJnuQu mru'l1f11fl'l1Cll{l'l1UVI"[~ 

vi'lJ'U DECA ~'11yf~Ufll'i~IllJ'Ul IlCl::U~UU~'I\)'UlJfil1lJ'CYllJ1'ifi' 'Ufll'iVil'll'U M~hf'lu'U i U'iUmlJlllClV'I 

.a I (/QQ.'d "IV VI d.:!.t"[Jld d d 
Ifl'lV'UltJ IlCl::1J'UQumtu\)HVI'IVlVVflU1JU n iVl{l~Clfll'i'Vlfli:lV'I i Vl'i i 'VlfiVi:l'CYllJl'ifi' 'I1filf111lJl'IHlfiV VlVI\T'I lJf111lJl'il 

, 'U fll'i Vi1'11'U \T'I~,,!VI IlCl:: iJfi 1 i ~~ltJ'UvtJ~,,!~ldvl1n tJ1Jl~tJ1J nu1Vl'i 1Vlfi Vi:l~lJfll'ii'1mn 

v 0 ..... 

6.2 'UemfWI 

a v JI V" ct ,.. d ~)1Q1 QI tQI d 

I'UV'I\11fl i Vl'i i VlfiVCl DECA ~tH''I1'UVlJCl'UVfi11lJ~VmU\11fluflV'Ui'Ufll'i~n\lft'Vu'UVl;/Cl'Vl IVI'iU ~H'U'UU 

4 do ~ ~ A" i d.J d a a i" dd. I I Q _~
flV'U \1'1lJ'U'U 1fllVllJ 'II 'UllJV'UVf111lJ 'U'i ::;UUlJlJl fl'U'U 'II'IllJ V'U 1lJ1 'I1'11'U U 'U'i:: U U VllJf111lJ'I1'U111 'U'U ~ '1tJVlJ \l::; lflfl uty'l11 

. . 
11 V'Iri 1 i ~~ 1 tJ'U V'l UflV'U i 'U fll'i ViHl'U 'I11flft'llJ l'i fi Vi1 i ,r'U'U 1~'U V'IUfl V'UlJ'U'U lVlfl 'I ~ VVlJ \1:: Vi1',r 'CYllJ l'ififll~ 1m 

Vlq~m'ilJ'Uv'I i Vl'i i VlfiVi:l "[~~'U 

v • 
d ." '1 ,,~~ .1 ~ Q d '" • I" • 1 i

'UVfl\llfl'UlllJl1 DECA '0:: Vl'i1Jfll'iVlIllJ'Uli:l'lU'UQumtu \11'1 lIi:l::lJfll':i VlVlClV'IIVlVu':iUU~ 'I 'CYlJ'i'ifi'U::; 'Ufll'i 

. iil.d IQ.I d d d .d0'£3, tlC..dod do 

Vl1'11'U 'I1\T.:J'Vl"!flU'UQU mtu \l'i 'I U~ tJ'I'Ulflfll'iVlVlft'VU i:l'lU'U'ifitJ'U~\1H 'II.:JlJf111lJl n 1Ii:l::;lJfll'il Ui:ltJ'Ull UCl'l fll'i Ifii:lV'U'Vl 

~'i lV1I~ 1 ;.:J ri.:J ~i:l ~V U 'i::; ffVlll fllVl' 'U fll'i ~V ft'l'ilJ 1fl fl 11fll'i VI VI ft'V U i 'U'Il'U 1\1tJ ~Cl fll'iVl ~ClV.:JV1 \1 \1::;11 'CYfl'l ~'1 ilty'l11 ~ 

'CY1lJl'ifiri''UVlU"[ ~'n'U1\1tJ~ 

6.3 ;;~Ilf'\nm'U~ 

DECA II ft'VI 'I ~Cl fll 'i Vi 1'l1'U 1~~ J'I U'U fll'i 'Vl flCl V 'I i 'U i U 'i II m lJ 1l1ClV 'I IICl:: i 'U fll'i VI flClV 'l U 'U ~ U m rui 'U 

'CYfil'Ufll'lruVV1.:J~ltJ 1I~'I11fl~tN fllnl11~'11'U \11 '11111~'U\)::;~V'llJ fll'iVl~ft'VU11lJ nUIIVVlVl~lfl'It'U II Cl::; U'Ulfi1tl,) 1tJ\1j.:J ~lJ 

Qumru~llJlJ1~'i~1'Ufll'iViHl'U'UV'Ilfl1V')ltJIlV~HJVflU'UtJ1'UVl1'11'U:: I,('U IEEE802.11 P 1li:l::iJfll'i'VlVlft'VUU'U'ifitJ'Ul4' 

'" Q ddi '. .!l i" d."1 d Q,M .I~ .1 • i i
'I1'iVVll'l1'U::\1HVllJ fl'l'l'Ul{l\11'Ul'UlJ1fl IVlV11'CYVI'I 'I11'11'Uuty'l11'Vl\1::lflfl'U'U Ili:l::fll'iU'iUU1'lfll'i'l'1l'llU'UV.:J Vl'i VlflVi:l 

i "d d ., ~d·'l'~"Q'I11Jft'lJ'j'ifi'U::Vlll1lJl::ft'lJflUIlVVlVlCllfi'l1'U'Vl'U1 U 'I11V1 

. . 
'UVfl1l1flUfll'i~IllJ'U 1 i Vl'i i 'VlflVCl iVltJi ,rlJ fll'i Vi1'11'U111J nu tfi1V,)1{l'i::viu6'U t'lf'U fllnhufl V'UViHl'U-illJOU 

""i" i d ~.I"· "9"'dQ,M 'd ,"'"Ifl'lV'lJl{l 'U'i::Vl1J MAC fl{l!l'UUUflVU luflUfll'i'l'1l CTS 1Ii:l:: RTS \1::'I11{li:l~fill'l1\11{lVllflVl'IJ'U\11flfllH"'lUfiV'U VI'I1'iV 

Q.t::! "QI I .d. d jJ Q.I " .d"[ Yell d ~ ~ ~ ~ qAd" JJd 

l1ifll'H'lJl'i'l1'CYff1'UVllflU 'lJ0i'l11lJ~OU'iU (Acknowledgement) 'lJO'l'IJ01,JClVl VI'i U'II'I \l::1 VllJ'U'UllJVlJ'UOl,JCllVllJ'U'U 1'I1lJ 

, d"1" , 1'" 1'" dfilfi'l'Yl 111 \l::;'CY.:JflCl mn 'I1\11tJ\llflUflV'Utlrltl'l 
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f..nl,HUfM~~'Umnlrn.:t fll'j 

Q 	 i tic>' tI ... 
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Ab.,'trll('/· Reliable broadcasting in vehicular ad hoc networks 
is cbHoUengang due to its unique characteristics including 
intermittent conncctlvity and various \'(,hieolar scenarios (car 
traffic is poqibly ,'cr)' dense in urban areas or ,'cry sparse on 
highways). In this paper. we propose a ncw reliable broadcast 
protocol which is suitable for such characteristics. To address the 
issue of various vehicular scenarios, our protocol performs 
~riodic beaconing to gather locnl density information of I-hop 
neighbors and uses such inrormation to adapt its broadcast 
decision dynllmically. Specincally, before broadcasting l"ach 
I1K"'Sssgc. 3 node selecb a neighbor with the highcst density. Upon 
the reception of Ihe broadcast ml,»agc. cach node ch«ks If it is 
the sell-eled neighbor. If so, it is respo~siblc for rcbro,adcasliog the 
message immediately. Othenvisc, it slorcs the me~({;a~e for possible 
rebroadcastin~. To address the issue of Intermittent connectivity. 
me!lSage information in beacons is uSt.'41 to disco\'cr new neighbors. .. 	 which have not yet rf."C'Ci\'cd the message. Simulation results show 
thilt. in both highway Ilnd urban scenario~. our proposed prolorol 
outperforms othl"f competing solutions in terms of rcliabilil~' , 
o\'erhcad and speed of data dh-scmination. 

I. II\'TRODUC nON 

~obile Ad Hoc Ndworks (MANI:T) is a hot resoarch topic 
and gains a lot of intcrc~ts because nodes can communicate 
with no fixcd infrastructurc. The concept of multi-hop ad hoc 
network has been applicd to the rcal world. One of the most 
successful areas that arc rapidly penetrating the market is 
Vehicular Ad Hoc Nctworks (VANET) [I). Applications for 
Intelligent Transportation System (ITS) such .s road accident 
calls and emergency notification require an cOicient reliablc 
broadcasting scheme that can dcli\ocr broadcast messages to all 
vehicles in an area of interest. 

To design an cOicicnt rdiablc broadcast protocol. thc 
following metTics should be taken into considerations. The first 
metric is reliability; that is. a broadcast message should be 
delivered to as many cars as possible in a certain area . The 
second metric is overhead; that is. delivery of a broadcast 
message to all cars should generate as few redundant messages 
as possible. The last metric is speed of data dissemination; that 
is. a broadcast message should be delivered to all cars as fast as 
possible. Although a broadcast messagc can reach all cars, it 
can be meaningless if it arrives too late. This metric is very 
critical for emergency-related services. 

A traditional approach for broadcasting is simpk floodin g. 
This approach can provide very high speed of data 
dissemination. It is also simple as it docs not require neighbor 
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information . However. it docs not perform well in dense area 
due to collisions leading to low reliability with a lot of 
redundant broadcast messages. This problem has been reported 
as broadcast storm problem [2] [3]. In sparse area, network can 
be disconnected intermittently. The si mple flooding is useless 
in such situation as there is no neighbor being able to receive 
and convey the message [4] . 

In the context of MAN ET. more efficient broadcasting 
techniques have been proposed [5]. However. those techniques 
have considered random waypoint mobility model. Such model 
is unrealistic for VAN ET where cars usually move in the same 
or opposite directions. overtake other slower cars, stop at the 
inlcrsL'Clion, or move fast causing intermittent connectivity. In 
the context of VAN ET. severnl reliable broadcast protocols [6] 
[8] have been proposed. These protocols employ store-and­
forward technique to address the intermittcnl-<:onnectivity 
issue. Their pcrfomlancc evaluation has been done on highway 
and/or urban scenario s. 

Ldgc-awarc epidemic protocol (FAEP) has been proposed in 
[6]. Eaeh car has its geOb'ffiphicul knowledge by mcans ofGPS. 
Upon the receipt of a new broadcast message. a car randomly 
sets a waiting timeout. \VhL:n the timeout expires, the car 
decides whether or nol to rebroadcast with a probabilistic 
function . Higher probability will be givcn to cars in the edgc of 
circulated broadcas!. Thi s protocol outperforms the simple 
nooding in tcmlS of reliability and overhead. However, it 
provides slow specd of data disscmination due to its waiting 
timc (According to simulation rcsults shown in [6]. it takes 
morc than 30 seconds 10 deliver a broadcast message to thc 
majority of cars). 

AckPBSM [6] has been proposed . It is a modified version of 
PBSM [7]. which is a paramctcrless broadcast protocol in static 
10 highly mobile ad hoc networks. AckPBSM uses GPS to 
retrieve position knowledge . It employs I-hop position 
information obtained by periodic beacons to construct 
Connected Dominating Sets (CDS). Upon the receiPI of a 
broadcast message. nodes set waiting timeout before possi ble 
rebroadcasti ng. Nodes in CDS set shorter waiting time. To 
address inlclTTlittent contlL-"'Ctivity issue, acknowledgements of 
broadcast messages an: piggybacked in periodic beacons so 
that nodes can rebroadcast only if their neighbors have not 
received the broadcast messages. It is reported in [8] that 
AckPBSM outperforms PBSM [7] and DV-Cast [9] in terms of 
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identifiers of all I -hop neighbors and their local density. The 
list is updated every time a beacon is received. Broadcast List 
maintains identifiers of broadcast messages and their wailing 
timeouts. A broadcast message will be removed from the list 
by two timings. The first onc is when the timeout expires and 
the node rebroadcasts the message. The second one is when the 
node hears other nodes retransmit the message. This is to 
minimize number of redundant retransmissions. 

DEC A uses periodic beacons. A beacon contains local 
density and identifiers of broadcast messages received so far. 
The local density is used for selecling the ne<t rebroadcasting 
node . The identifiers of the received messages allow nodes to 
check whether they miss some messages that other neighbors 
have or other nei ghbors miss some messages that they have. 

When a source node would like to broadcast a message, it 
will select the next rebroadcast node from its Neighbor List. 
The node that has the highest density will be selected . But if 
the node with the highest density is the precursor node, another 
node with the second highest density will be selected instead . 
How~\lcr. only such selection mechanism cannol prevent the 

loop problem as shown in Fig. 2. 
In Fig. 2, A receives a message and rctransmits it with the • selected node B. Then B receives the message and retransmits 

it with the selected node C. C has no other neighbors so C may 
retransmits the message with the sclecled node A. This causes 
loop problem and usc loss redundant retransmissions . To 
prewnt such loop problem, the selected node al so eheek.s if it 
has already received the message before. If yes, it will not 
rebroadcast the message. As resul! , unncccss:uy 
retransmissions will not happen. 

By beaconing, a node can know whether it s neighbors have 
missed some messages or the node itself ha~ mi ssed some 
messages. When the node receives a beacon from it s neighbor. 
the node updates Neighhor List and check fo r any missing 
broadcast message. In the case that the node found its neighbor 
missing the message, it will put identifier of the messagc into 
Broadcast List and set a short waiting timeout. Whcn the 
timeout expires, the node will retransmit the message and other 

nodes that hear this transmiss ion will remove the message from 
their Broadcast List. In the case that th e node found itself 
missing the message, it will send a beacon immcdiatdy 
allowing its neighbors which have the mi ss ing message to 
retTansmit the message for itself. 

III. ADAPTIVE BEACONING SCHrME 

Beaconing is the most imponant solution for V ANET 
protocols to discova and cxchangl; local inrOnl13tioll. This 
information can help protocols to Operah! more accurate and 
more reliable. However, hi gh beacon rate can degrade protocol 
pcrfonnancc. Fig. 3 shows number o f data transmissions of 

Figure 2. Loop Problem Scenario 
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Figure 3. Number of broadcasting message trnnsmissions 

DEC A at various beaconing intervals. As can be seen, high 
beacon frequency at 10Hz (0.1 sccondlbeaeon) can cause 
broadcast stann problem. A large number of data messages and 
beacon messages arc dropped so the protocol needs to 
retr.,"slllit data and beacon messages to keep rcliable status. 
However, this even causes more collision, leading to low speed 
of data dissemination and low reliability. Due to space 
limitation, the results a.rc not shown. 

By keep this in mind , we have tested DECA in various 
beacon intervals to obtain the optimum beacon interval for 
each density scenario. The optimum beacon inte rval means the 
highest beacon interval that provides the fa stest data 
dissemination. With this experimental result , we propose fo r 
DECA to dynamically caleulate Adaptive Beacon Inte rval 
(ABI) according to (I). 

.f(II)=mill( Mill/III' + (C x II), Max/III') (I) 

whereJ(II) is an optimum beacon interval (sccondlbeacon) used 
by DECA, Mill/III' and MaX/II I' are constant values analyzed 
from experimental results (in this paper we usc 1.5 and 7.0, 
respectively), II is number of neighbors, and C is n constant for 
adjusting function slope. 

Other solutions to reduce beacon overhead can be found in 
(10] [II]. However. they arc not designed for reliable 
broadcasting, therefore not effectively performed with DECA. 

IV. PERFOR.\1ANCE EVi\LUATION 

In order to evaluate performances of our protocol . we usc a 
traffic simulator called Simulation of Urban Mobility (SUMO) 
[12] to generate realistic traffic situations. The vehicle traces 
obtained from SUMO are in XMl fonnat. It is convened to 
TCl format by a tool called Trame and Network Simulation 
Environment (TraNS) [13]. Two traffic scenarios (highway and 
urban) are generated , In highway scenario. we generale a 

straight road with the length of 4 kilometers and two lanes per 
direction. In urban scenario, we generate a square grid of 2 
kilometers for each side and one lane pcr direction. The 
vehicles arc consi sted of two groups ; a group with the 
maximum velocity of 50 kmlh and the other group with the 
maximum velocity of 80 krnfh. Cars ' density arc varied from 2 
vehlkm to 80 vchlkm. We impkmentcd all of the following 
protocols in the well known network simulation NS-2.34 [14]. 

629 



d. 

DECA: our proposed reliable broadcast protocol with a 
fixed beacon interval at 2 sccondslbcacon. 
DECA+ABI: our proposed reliable broadcast protocol with 
Adaptive Beacon Interval (ABI) as mentioned in Section III. 
Simple Flooding (SF): SF represents the protocol with the 
faster speed ofdata dissemination. 
Simple Flooding with Random (SFR): SFR is a 
modification of SF. Instead of rebroadcasting the mnsage 
immediately after it receives thc message. SFR waits for a 
random time before rebroadcasting. SFR is the simplest 
protocol that uses store-and-forward technique. 
AekPBSM: AckPBSM [8] represents the protocol which 
usc ... storc-and-forward technique and uses waiting time to 
alleviate the oroadeast storm problem. We choose 
AckPBSM as it is shown to provide the highest reliability 

~ among existing protocols we found in thc literature. Its 
parameters havc sct as [8]. 

Unless stated otherwi se. parameter setting: .. for simulations 
arc configured as indicated in TABLE I. 

All protocols use IEEE 802.11 with collision for MAC and 
their bandwidth arc 2 Mbps. The foIlO\\~ng three metric, arc 
considered for pcrfonnancc evaluation. 

Reliability is measured as a percentage of number of nodes 
that received the message at the end of simulation. 100% 
re liability means all nodes in Ihe scenario received Ihe 
message. In some scenarios, reliability may not reach 100% 
due to some vehicles arc far apart from others. 

• 	 Ol'erhead is measured in h\'o types as number of data 

TABLE I 

PARAMETER SETIING 


p~ckci -lifc-lim? 10 •. 
Packet size of a broadcast m(.·~~ 512~<s 
~aximum wuiling liml."OUl for SFR 

Maximum Wai linl!,limL"OUt for DEC'A 
S;;-nulation Ti;"nc .. 

2 s. 
-- ­ 0- .2 :5 . 

20 S. 
-

Number ofsimulation runs 10 
Vehicles dcnsi!.,L( vchlkm 2, 6. 10. 20. 30. 40. 60. 80 

I . An intcn"a l from pad.i;t waj n:k;!:K-J uJJli l packet is \:xpircJ 

transmissions for onc message broadcasting and as number 
of beacon messages that all nodes generated in each runs. 

• 	 Speed oI Data Dissemination is measured as a percentage 
of number of nodes that received the message at time I. 
I:.quatioll (2) is used for plotting graphs. 

y et) = E:.o r; x 100 (2) 
n 

whet:..: rl represents number of received node at the time i 

and n is total number of vehicles in the seenario. 

Fig. 4 and Fig. 5 show simulalion results in highway and 
urban scenario respectively. Fig .6 show speed of data 
dissemination result on both hi ghway scenario and urban 
scenario. All plots shown in this paper arc average values of 10 
simulation runs. 

A. Higltmll' Scellario 
Reliahility on low density scenarios in Fig. 4(a) shows 

different performance bet\\cen the simple-Ilooding protocols 
(SF and SFR) and Ihe store-and-forward prolocols (AckPBSM 
and DECA). DECA can outperform AckPBSM at most 10% . 
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Hsul\: 6. Speed of D~la Dissm;I1:1lI0n.11 6 vchlkm 

On higher density sce narios. SF and SFR still do not rc'ach 
100% reliability due to lack of forwarder when intcrmillent 
connectivity happens. But DECA and AckPBSM can handle 
and perfonn a t 100% reliability. 

Orethead from darn Irall'<lIIi.<,·ioll is showed in Fig. 4(b). 
DEC A can reduce a lot of redundant data transmissions due to 
its forwarder selection algorithm. For each data transmission. 
lhe data can reach more number of rccciv~rs when comparing 
to other protoco ls. AckPBSM generates high number of 

transmissions closely to SF and SFR. This is because 
AckPBSM calculates a waiting timeout based on number of 
neighbors. As a result. nodes running in the same road section 

mostly have the same number of neighbors. This eventua ll y 
causes morc than one d:Jla transmission in a particular area . 

Sec over/lead frOIll beacolling in Fig.4(c). DECA require 
only dens ity information and do not need acknowledgement 
from neighbors. So DECA can work with s maller size of 
beacon mc,,~age and operate with longer beacon interval than 
AckPBSM docs. Fig.4(e) also shows that DECA with our 

proposed adaptive beaconing scheme can save 50% bandwidth 
comparing to DECA with a fixed beaconing scheme. 

Consider speed oIdata disselllillatioll in Fig. 6 (Due to space 
limitation. only the result at 6 vehlkm density is shown). 
DEC A has higher speed of data dissemination than other 
protocols. This is because of its elllcient forwarder selection 
algorithm. When a node carrying the message meets a group of 

new neighbors, it will transmit the message to the highest 
density area and consequently gain lOI S of received nodes. This 
causes the graph of DECA in Fig. 6 looks like stair steps. 

B. Urhan Scell(Jrio 
As shown in Fig. 5(.). Fig. 5(b). Fig. 5(e) and Fig. 6. DECA 

achieves higher reliabi lity. lower overhead and higher speed of 

data dissemination than other protocols. The results of urban 
scenarios show the same trend as happened in highway 
scenario>. Comparing Fig. 5(a) to Fig. 4(a). it can be seen that 
all protocols provide lower reliability in urban sce narios. This 
is because roads arc more complicated in urban scenarios and 
hence some nodes never have chances to meet others. 

v. CONCLUStON 

Applications and services for vehicular networks need a 
reliable a nd efficient broadcas t protocol for data dissemination. 

6JJ 

We propose a new protocol called D ECA for this purpose. The 
protocol does not require GPS but uses store-and-forward 
technique and employs local density infonn. tion (number of 
neighbors) to make decision on forwarding. A source node or a 
precursor sciects a neighbor with the highest density to be the 
next rebroadcasting node. This neighbor is responsible for 
rebroadcasting the message immediately without waiting time . 
By this mechanism, number of nodes that receive the message 
in one trans missio n can be maximized . This is tk,."'C:Jusc cars o n 
the real traffic always form groups. We also propose an 
adaptive beaconing scheme, which helps DECA to reduce 
bandwidth used for beaconing. The simulation results show 
that DECA can outpcrfonn other protocols . Even in the 
extreme cases such as v~ry low dcn:)ity or vt!ry high density 
scenarios. D ECA still operutcs with the highes t reliability, the 
lowest overhead and the highest speed of duta dissemination 
among all protocols evaluated in this paper. 
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Abstract-Vehicular Ad-Hoc Networks (VANETs) are sl'l'Ctal 
forms of Mobile Ad-Hoc Nel works (MANETs). Due 10 "chlcles 
mO\'ln~ with hi~ speed, network topology frequently changes. 
Communic.aling and exchanging information between vehicles 
could be done by bt.aroning. Nevertheless. most of previously­
proposed prolo<'Ols ror VANETs are designed 10 use conslanl 
beaconing raCe. ThiS result", in on increase of beacon o\'l!meud 
and 8 d{'~rudallon or protocols' performal1~ In dcme D~a. 
Therefore. In this paper, Wl' study pot'am~h!rs thell uff«'( adapth'E' 
beaconing, .nd Ihen propose Iwo mel hods 10 apply 10 adaplh" 
beaconinA. One i~ ha..~d on a statistical It'C'hnique and Ihe other 
is based on the machine leilmi~ ll....~hnlque.. Simulallon results 
indicate lhal our proposed melhods can reduce beacon O\'crhead 
while malnlainlnA Ihe ",liabilily and speed of data dissemination 
or the protocol. 

I. INTRODUCTION 

Today. Mobile Ad-Hoc Networks (MANETs) receive con­
sidemble alieni ion as a hoi research lopic. Due 10 Ihe nelwork's 
infrastructure-less ch<lracteri~tic. mobile nodes cLln commu­
nicate to each other direclly. easily 10 be sct up in lower 
cost, than the network with fixed infrastructure . In addilion. 
MANETs havc been applied to several types of network. such 
as Wirdess Sensor Networks (WSNs) and Vehicular Ad-Hoc 
Networks (VANET,) [1[. 

VANETs are nelworks with basic mechanisms as follows: 
a vehicle has to discover OIher vchicles ncarby and exchange 
informal ion 10 ei.lch olher by sending beacon messages. How­

evcr. mosl of Ihc protocols in VANETs have been designed 
to use constant bcnconing mte such as .he rouling protocol 
VADD proposed in [2[ or the reliabk broadc"st protocols 
AckPBSM and DV-CAST proposed in [3 [ and [4]. rcspec­
lively. 

Basically. sending constanl beaconing rate can increase 
beacon overhead and affect the prolocols' performance. On 
one hand. sending high beacon rale in dense arca will cause 
collision and reduce Ihe reliabililY of Ihe protocols. On the 
other hand. sending low beacon rale in sparse area will delay 
vchicles in discovering Iheir neighbors and also reduce the 
reliabilil), of the protocols [5]. 

Adaplive beaconing is necessary for VANETs bccausc il can 
reduce beacon overhead but still mainwin Ihe protocols' effi-

ICOrTCsponding author 
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ciency. Accordingly. several researches have been conducted 

for devcioping adaptive beaconing schemes [6] [7] [8J [9J. 
Conncctivity-Aware Rouling (CAR) [6] adjusts beaconing 

ratc according 10 Ihe nllmber of neighbor nodes. The bea­
coning rate is less frequent. when Ihe number of neighbors 
increases. 

Boukcrche et al. [7[ inlroduce a Icchnique that predicis Ihe 
currenl position of a node by using ils last received beacon 
message. If the difference bel ween Ihe prcdicled position and 
the aClUal posilion is grealer Ihan a Ihreshold value. Ihe next 
beacon will be senl oul. 

Nakom ct a/. [8] suggest adjusling beacon mtc according 10 

two melhods. The first one is Linear Adaplive AI:,orithm (UA) 
wilh limiled minimum and maximum beacon Ifltcrvals. The 
second one is SlOp Adaptive Algorithm (STA) with divided 
sleps of beacon inlcrvals. 

Schmidt et al. (9[ propose an approach of adaptive bea­
coning based on Ihe current traffic situation. Specifically. the 
movemenl (e.g. velocily and acederalion) of the vehicle ilself 
and Ihe movemenl of Ihe surrounding vehicles are considered. 

We conclude the drawbacks of Ihe previous works here. 
Some works have to use so many lests to find the constonl 
value for adjusting beacon inlerval. It could nol gel Ihe beSI 
performance if the conslant value Was nol Ihe optimal value 
[6[[8[ . In some other works. vehicles need GPS data for 
adjusling beacon interval; that is. il would not work if it CQuid 
nOI relrieve any GPS data [7][9J. 

To Ihe hest of our knowledge . none of the previously­
proposed adaplive beaconing schemes has applied a slatistical 
lechnique and Ihe machine learning technique to help solve 
the problems. If Ihese arc applied. Ihe adaptive beaconing 
scheme will be much more inlelligent and oplimi~ed. Beacon 
ol'crhe"d can be reduced while protocols' performance remain 
elTcctive. More important I)'. because each applicalion has 
difrcrent requirements. the aduptive beaconing scheme based 
on a stalistical technique and the machine learning technique 
Can help find the oplimal Solulion Ihat satisfies the application 
re"uiremenls wilh the lowest beacon overhead. In this paper. 
We propose Iwo adaplive beaconing schemes. The firsl one 
utilizes a stalislical Icchnique . The second one applies the 
machine learning lechniquc. 

In our schemes, we gather omine data as data samples 
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for adjusling beacon inle,,'a!. Nole Ihal Ihesc offline samples Ill. ADAPTIVE BEACONING SCHEMES 
can be used for fulure real-lime run. The amine samples are A. DesiSIl oj Ollr adaplil'f! beQcollillR schemes 
general informalion Ihal a node can know by itself wilhoUI 
depending on any GPS dala which makes il flexible. Our siudy on adaplive beaconing is divided into 111'0 parIS. 

The rest of Ihis paper is organized as follows . Seclion I. Considering Ihe following paramelcr; Ihal affeci adap­

II describes a general beaconing scheme in VANETs and rive beacon interval. 

its problem. In seclion Iff. our proposed adaplive beaconing 1.1) Node',. c//\'irrmmell/; Ihe number of neighbors and 
schemes arc explained. In seclion IV. simulalion .Iudy and Ihe number of buffered messages are considered. 
performance evalualion are shown. Finally. Ihis paper is con­ These paramolers refteci Ihe node density and 
cluded in seclion Y. nelwork Iraflic. It can be expecled Ihal when the 

number of neighbors and Ihe number of buffered 
II. 	 BEACONING IN VANET messages are high. beacon should be senl wilh low 

frequency. This is 10 reduce collision in high nel­
A Betlcolling 

work /rartic silUalion. Similarly. when Ihe number 
The purpose of beaconing in VANETs is 10 assisl nodes in of neighbors and the number of buffered messages 

discovering their neighbors and exchange their infonllalion. are low. beacon should be senl wilh high frequency. 
MaS! of Ihe proloeol, in VA NETs usc conSlanl beaconing rale This is 10 discover neighhors as soon as possible . 
such ",,2Hz (sending beacon every 0 .5 s.). The exchange 1.2) Application requ;remems; each application re­
infomla1ion in a beacon message includes node's !D. posilion. quires different speed of dala disseminalion. Those 
vcloeily. direclion, acknowledgmenl. elc. which do nol require very high speed of dala 

dis.semination Gil) be adapted to low lkaconing rilte 
B. Problems oj using ("ollstant beaconiNg rate 	 in order to reduce overhead. 

2. Siudy Ihe following mel hods Ihal can be applied 10 ,daplThe dislribulion of vehicles in differenl areaS is nol equiv­

beacon rale. 
alenl. Some areas such as highways. Ihe density is low. while 

some areas such as urban inlerseclions. Ihe densily is high. 2.1) Melhod Ihal delermines a slatislieal model for 

Sending ConSlanl beaconing rute. Iherefore. cau"" , problems demonS/ruling Ihe relalionship bel ween Ihe node', 

as shown in Ihe following simulalion resulls. 	 environment parameters Jnd beacon inlervaL For 
our preliminary silldy in Ihis paper. Ihe linearFig.. I ta) and Fig.1 (b) illuslrale Ihe reliability and beacon 
regression analysis is used.overhead of the prolocol proposed in [5111'ilh differenl vehicle 

2.2) Melhod Ihal can inldligcnlly adapl beacon inlerval densilY and dilTerent beaconing I"olle . 
using Ihe machine learning lechniquc. For ourIn Fig.1 (a). il can be observed Ihal sending loll' beacon rale 
preliminary sludy. Ihe "'-ncarest neighbor (k-NN)(every 5. 7 and 9 s.) in low density area (2 vchAm) delays 
is used.nodes in discovering Iheir neighbors and reduces rcliabilily. 

On Ihe other hand. sending high beacon mle (every 0.1. 0.3 
B. Basic C01wep' of our adaptive beaconing schemes 

and 0.5 5.) in high density area (30-80 vehlkm) causes collision 
and reduces rcliabilily. Our ,Iudies have been condueled based on Ihe following 

principles.In Fig. I (b). il can be seen Ihal sending high beaconing role 
(every 0. 1. 0.3 and 0.5 s.) leads 10 increasing beacon overhead • Tesl sending beacon wilh differenl beacon intervals and 
in overall. differcnl node's environmen!. The Iype of scenario Ihal 

~""""(.' 
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_,.,..,0) 
~os 

~ I O.' 
· ~ ' 5 
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.. ~50 
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(;t) rcliabilil)' (b) beacon overhead 

Fig. I: Simulation results in Urban scenarios (using constant benconiog rale) 
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is suitablc for testing is the highway scenario. This is 
because it has fine distribution that can obviously show 
the relationship between beacon intervals and node's 
environment fXJrnmeters . 

• 	 Gather all the results and conclude the appropriate bca· 
con intervals for different levels o f node's environment 
parameters. These results are used as data samples. 

• 	 Use the data samples to adapt beacon interval . Primarily. 
as stated above. two methods which are the linear regres­
sion analysis and the J.--nearest neighbor arc studied. 

Linear r('gressioll analysis 

Linear regression is a sc heme that models the relationship 
between a dependent variable Y and independent variable Xi. 

The model can be written as the following cqumion. 

Y = a +bX (I) 

where a and arc regression cocfhcicOlS which can be 
calculated by 

L
n 

(./, - I')( y, - fj) 

fl = ij - h.r . b = ,,' :=-,-' -:,'-,---- ­

L (J' , - i)2 

where .f' is the average of all recorded .r. and [j is thc 
average of all recorded y . 

In our method. the node's environmcnt parameter is given 
as the independent variable while thc beacon interval is the 
dependent variable. 

A node can usc Equation ( I ) to calculate the next beacon 
interval as follows: 

• 	 Count the number of neighbor nodes and the number of 
buffered messages. The summation of (he two values i:--; 

denoted as the nodc 's environment parameter (Xl. 
• 	 Put the X value into Equation ( I) in order to obtain the 

Y value which will be used as the next beacon interval. 

/.:-N£'(/r"sl Neiflhbor (/.: - N N) 

!.--Nearest Neighbor algorithm is an instance-based learning 
that is used to approximate real-va lued or di screte-valued 
target function. 

In the k-nearest neighbor learning. the train ing examples 
will be collected in the fonn of (~',. /(1';) ) by assuming thai 
each pair of tmining examples correspond to point in the ,, ­
dimensiona l sp"ce. 

The nearest neighbors of a tmining example are defined in 
tenns of the standard Euclidean distance as foll ows: 

Let instance .1' composes of attribute 
(alix). a2(x ). ". a,,( x)) . thus ar (x ) is the value of 
the r th attribute of inslance .r. 

If query instance is ;/'" . Ihen the distance between .1'" and 
~', can be denoted by (x""I' ,) and detennined by the following 
equal ion . 

d{l·q. ~·, ) '" I)a r(.l',,) - (lr(J ', ))2 (2) 
r ::::;: 1 

From Equation (2). the /.: instances from training examples 
that arc nearest to query point (''',,) arc calculated. 

After that the wei ght value of each k instance ("' , ) is 
determined according to their distance to the query point (J"q) 

usi ng the following equation . 

I 
(3)

11', '" d(a'q ' :C, )2 

Finally. the real- valued target function is calculated by 

,. 
L II'./(a·,) 

i {l',, ) f- :.:i~ '-:k--- (4):": ' 

L"'i 
, ~ I 

In our study. the /,- -nearest neighbor algorithm is used to 
apply in the adaptation of beacon mte as follows : 

• 	 Each node will contain a table that collects the training 
examples and the data in each row is a pair of the node 's 
environment and beacon interval. 

• 	 Define k value which denotes the number of the neorcst 
nei ghbors. 

Furthennore. e'lch node will calculate the next beacon 
interval by the fOllowings. 

Counts the number of neighbor nodes and the number of 
buffered messages. The summation of the two values is 
denoted 3:\ the node's environment pammcter (.e,,) . 

• 	 Detennines all of the nearcst neighbors and calculate Ihe 
weight value of each nearest ne ig hbor by using Equations 
(2) and (3). 

• 	 Finall y. uses Equation (4) to ca lculate the next beacon 
interval. 

IV. PERFORMANCE EVA LUATION 

A. Case study 

The protocol used for case study is Density-aware reli able 
broadcasting protocol (DECA) [51 . DECA is a reliable 
broadcast protocol. which uses s tore and forward techniques 
and penonns very well (101. Beacon is sent in order to 
discover neighbor nodes and exchange infonnation between 
nodes using LIA (0 delennine beacon interv~ 1. 

Overview of DECA-s mechani sm describes as follows. 

• 	 When a sender starts to broadcast a message. it will sdeCl 
a forwarder who has the highest node density. Then. 
attache.s the forw arder's ID to the sending message. 

• 	 Receiving node who is the forwarder will immediately 
rebroadcast the message. 

• 	 Receiving node who is not the forwarder will store the 
message and set waihng timeout. 

• 	 In case that the forwarder node does not rebroadcas t the 
message. another node with the shortest wailing timeout 
will rebroadcast that message instead . 

• 




(;)0 

FurthemlOre. DECA uses Linear Adaplive Algorilhm (L1A) 
10 calculale Ihe beacon inler"al according 10 Equalion (5) . 

f(,, ) = IlIill(.1Iillllll· + (C x 1I) . ,\Ia.rllll·) (5) 

where / ( II ) is beacon inlerval . .IIi" 1111' and .11((.1'/111' are 
conslanl values which are 1.5 and 7. respeclively. /I is Ihe 
number of neighbors. and C is a conslanl value used for 
adjusling funclion slope . 

R Simufation Setup 

In our experimenl. we use Nelwork Simulalion (ns-2.34) 
[ill 10 implemenl our methods. The vehicle mobilil)' lrace 
file is generaled by a tool called Simulalion of Urban Mobilily 
(SUMO) [12[. Then we use Traffic and Nelwork Simulalion 
Environmenl (TraNS) [13) 10 conver! XML formal file from 
SUMO into TCl file. We usc Iwo scenarios (highway and 
urban) in simulation. In 'he highway scenario. we gencmtc a 
slraighl road wilh Ihe lenglh of 4 kilomelers and 2 lanes per 
direclion. In the urban scenario. we generale a square grid of 3 
kilomelers wilh I lane per direclion. The delails of simulalion 
paramelers are predicled in Table L 

TABLE I: SIMULATION PARAM ETERS 

Hil= hway UrOOn 

Si muhllion lime 
512 bytC's 

10 s. 
512 bytes 

50 s. 

Vehicles dcns ily (',chlk m) Low I~.6.1O) 
Medium (20,JO.·WJ 

High 160.80 ) 

Low 1_. 10) 
Medium (30 ) 
High (60.80) 

Si mulalion ru ns III I II 

C. .~efrh ·!i 

• 	 Reliability is measured by Ihe percenlage of Ihe number 
of nodes Ihal received Ihe message al Ihe end of simula­
lion 10 Ihe number of 10lal nodes. 

• 	 Data transmissioll ()\'erhead i~ measured by bandwidth 
Ihal has been used for data Iransmission. normalized wilh 

Ihe number of nodes and Ihe number of messages in each 

scenario. 

• Beacon OI'erllecuI is measured by bandwidlh [hal has been 
used for every beacon, normalized wilh Ihe number of 
nodes and Ihe number of messages in each scenario. 

• Speed of data dissemiHatiun is measured by the per­
cenlage of Ihe number of nodes Ihal have received Ihe 
message al lime (I). 

D. Simulation res"I,., 

We use DECA [51 10 evaluale Ihree following beaconing 
schemes: 

• 	 LIA : Linear Adapt;\'{: Algorithm 
• 	 Linear regression. Linear regression all{l(yJi~; 
• 	 k-NN : k-Nearest N£'ighbor 
In Ihis simulalion. we specify Ihe speed of dala dissemina­

lion in highway and urban scenarios 10 be wilhin 10 and IS 
seconds. respeclively. 

Fig. 2 and Fig. 3 show simulalion resull s in highway and 
urban scenarios. respectively. 

500 

HiRhlt'lIy Scenario 

Rehabiliry shown in Fig. 2(a) is nearly Ihe same for all 
mel hods. In low densily scenarios. Ihe reliabilily is low 
because nodes have lillie chance 10 meel olher nodes and 
exchange message 10 each Olher. In high densily scenarios. Ihe 
reliabilily is high because Ihere are enough nodes 10 broadcasl 
Ihe message. 

Dura transmiss;'111 Ol'erheud shown in Fig. 2(b) is similar 
for all melhods. The transmission overhead per node in Ihc 
low densily scenarios is higher Ihan Ihal in Ihe high densilY 
scenarios. This is because more works will be loaded 10 each 
node 10 broadcasl messages. 

BC(lCOIl O1'erhead is the most significant rcsull which is the 
main purpose for Ihis research. See Fig. 2(c). I! can be seen 
Ihal bOlh of our adaplive beacon schemes (linear regression 
analysis and !--nearesl neighbor) can save more bandwidlh 
Ihan L1A up 10 20% in low density scenarios. 13% in medium 
densilY scenarios and 8% in high densilY scenarios. 

Sp£'ed of data diSJemilllllioJl is an important result 10 check 
whether our schemes can help Ihe prolocol 10 salisfy Ihe 
applic<Jlion requirements or not. In highway scenario, we 
specify Ihe speed of dala disseminalion 10 be wilhin 10 s. As 
shown in Fig . 4. all schemes can reach Ihe highesl reliability 
before 10 seconds. meaning Ihal all schemes can salisfy Ihe 
applicalion requirements . 

Urban Scenario 

As shown in Fig. 3(a). 3(b). 3(e) and Fig. 5, bolh of our 
adaplive beacon sc hemes (linear regression analysis and k­
nearesl neighbor) can maintain Ihe performance of prolo­
col in lerms of reliabilily and dala IrJnsmission overhead. 
Mosl importanlly. from Ihe resul!, Ihey could reduce beacon 
overhead Ihan L1A up 10 30%. Furthermore, Ihe speed of 
dala disseminalion as shown in Fig. 5 is according 10 the 
specificalion (the highesl speed of dala disseminalion wilhin 
15 s.). However. in Ihe scenario of 10 (vehlkm), all schemes 
cannol reach Ihe highesl reliabilily before 15 s. We observe 
Ihal il is because nelwork partilion occurred . This will be 
included in our fulure work. 

From all resulls. we can conclude Ihal , in mosl scenarios, 
bolh of our proposed melhods (linear regression analysis and 
!--neareSl neighbor) can reduce beacon overhead and mainlain 
olher aspecls of prolocol's performance as Ihe applicalion 
require s. 

V. CONCLUSION 

In VANETs. sending beacon is a major mechanism. which 
will make a node discover ils neighbors and exchange infor­
malion 10 each other. However, sending constant beaconing 
rale will increase beacon overhead and affecl the prolocols' 
performance. Therefore. adaplive beaconing is necessary. In 
Ihis paper, we propose IwO adaplive beaconing mel hods. Firsl 
is linear regression analysis, which is Ihe melhod Ihal can 
delermine Ihe slalistical model . Second is k-nearesl neighbor, 
which is Ihe lechnique of machine learning. Bolh of Ihe 
mel hods can be applied 10 adjusl beacon inlerval according 
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Fig. 2: Simulalion resulls in Highway scenarios 

10 node's environmenl (number of neighbors and number of 
bufrered messages) and applicalion requiremenls. The simu­
lalion resulls show Ihal our proposed melhods can save marc 
bandwidlh Ihan L1A up 10 20~" in highway scenarios and 30% 
in urban scenarios while mainlaining Ihe reliabilily and speed 
of dala di sseminalion of Ihe prolocols . FUrlhermorc. Ihese 
proposed melhods can be applied 10 olher prolocols as well. 
Evalualion of Ihe proposed melhods in real-map scenarios and 
siudy on applying olher lechniques arc included in our fUlUre 
work . 
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/\bslract-The chnracterl~lics of Vehicular Ad-Hoc Networks 
(VANETs) ore choU.nging. Because nodes In VANET. have high 
mobility. intermittent connectivity usually happens . . \s .....'ult. 
most of protocols In VA NETs use "store and fon\'ard" techniques 
to Increase tbe chane .. that 0 message can distribute Into the .. network and tinnily f'Yach the destination. In Ihis paper, 'H' 

proposed a novel packet dropping polley that drops th. paekd 
wilh the large.,' number of message copies when the buffer Is 
ruu. We take ad"antages or periodic beacons to gather local 
in(ormaUon and lLflri:e the In(ormaUon to calculate the nuruMr 

• of copll."S. To evaluate our dropping policY, we compare with 
the trddlUonal droppln~ policies includIng drop tall. drop rront 
uud rnndom drop. Simulation resull~ show thai our dropping 
policy outperforms the tradlUon.1 dropping policies In '.rms of 
reliability. 

I. INTROD UCTION 

Delay Tolemnl Networks (DTNs) (1)[2] are topics that have 
received attention in the past few years. The lJTNs architcc­
lure is designed to provide communication in intemlittcntly­
connected networks such as interplanetary communication, 
communicahon in urban and rural areas. CharaclcrisIH.':S of 
DTNs include no end-to-end path between source and des­
tination and long propagation delay between nodes. In DTNs, 
messages are tmnsmitled by "Slore and forward" techniques. 
Each node stores and carries messages, and then forwards the 
mess.ages when a new communication opportunity ari ses. 

Vehicular Ad-Hoc Networks (VANETs) [3][4] are types of 
Delay TOlemnt !\dworks (DTNs) [51. Many nodes in VANETs 
are moving at high velocity and unpredictability of node 
positions. Due to high node mobility, the network topology in 
VANETs tends to change frequently and can cause the network 
partition. 

To address the problem of Intermittent Connectivity. Most of 
protocols in VANETs such as VADD [61, SADV (7J . CAR 181, 
AckPBSM [91. DECA [10] usc "store and forward " techniques 
that each node Slores messages in the buffer until the message' 
expire or forwards the messages 10 new nodes encQunlerl!d. in 
order to improve the performance of the nelwork. 

Another issue that should be considered is buffer manage­
ment. This is because when a 101 of me~~agc.i arc bcin.g trans­
ferred over the network, network congestion usually happens 

JCorn.: ' r :lH(hn'.' author 
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due to buffer overRow. Hence. how to manage messages in 
the bulfer when the buffer is full becomes imporlant. 

However, most of researches on VANETs and DTNs are 
focused on routing. Thereby. designing a buffer management 
scheme to improve the performance of (he network and 
compatibility wilh various protocols in VANET, and DTNs 
very interesting topics. 

A new packet dropping policy for DTNs has been proposed 
in [II I. based on "store and forward" techniqu~s. ~pecilically. 
when th" bulTer is full, the node will drop a packet with 
a weighting value. The weight of a packet consisls of two 
parts. Thc first part is the possibility that the packet can be 
lransferred to the destination directly. To obtain the value of 
lhis part. the calculation and the dehnition of inter-wnlacttime 
between source and destination are needed to be done. The 
second part is the possibility that the packet can be relayed (0 

a next-hop node and eventually conveycd to the destination. 
To obtain the value of this part, the information about the 
numb~r of packet copies in th~ network is needed . Due to 
lhe SImulation results, this dropping policy outperforms the 
traditional policy such as drop tail, drop front and mndom 
drop. However, to calculate the weight of a packet. the number 
of total nodes in the network is required, In fact, it is dimcult 
to know the exact number of tOlal nodes in the network '" it 
is global information. 

Algorithms for optimal buffer management policy on DTNs 
includint' Global Knowledge Based Drop (GBDl and History 
Based Drop (HBD) have been propo,ed in (12) . UBn is fully 
based on global informalion. HBD is based on a network 
history to estimate the number of mes:-,age copies in the 
network and the number of nodes that have secn the message. 
The nelwork history collectcd from each node is maintained 
in a form 01 data struclure. Therefore, in a large network. 
each node must slore and mainlain more dala resulting in 
high overhead. In calculation, the number of message copics 
and the number of nodes thal have seen the message can 
b.: gathered by exchanging local information. whereas the 
number of total nodes in the ndwork must be relied on a 
global knowledge. Again. the exact value of the total nodes 
is difficult to know in practice. The simulation results show 
the performance comparison with the traditional policy such 
a, drop tail. drop front. drop oldest and drop youngest. As can 
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be predicled. GBD provides Ihe beSI performance and HBD 
oUlperforms Ihe Iradilional policy. 

According 10 our survey mentioned above. our conclusion 
is divided into Ihreefold. Firslly, J research on packel dropping 

policy for DTNs is necessary as Ihe lradilional ones are shown 
to be inefficient. Secondly, Ihere is only a few research on 
Ihal has been conducled so far. Thirdly. all of Ihe previouSly­

proposed policies rely on global knowledge Ihal is difficull 10 

usc in Ihe real world. 

In Ihis paper. Iherefore. we propose a novel packel dropping 
policy for DTNs and VANETs. When Ihe buffer is full, Ihe 
node drops Ihe packel Ihal has Ihe largesl number of copies 
first. Our policy relies only on local infonnalion Ihal can be 
galhered easily in praclice. 

The resl of Ihi s paper is organized as follows . In Seclion II. 
design concepl and delails of our novel packel dropping policy 
are described. In Seclion III. simulalion and performance 
evalualion arc shown. Finally. we conclude Ihis paper in 
Seclion IV. 

II. PACKET DROPPING POLICY 

A. 	 Design Co"cept 

Various protocols in VAN ETs and DTNs communicale 
based on "slore and forward" lechniques. Basically, each node 
Slores and carries Ihe messages and forwards Ihem when 
new communicalion opportunily arises. The prolocols usually 
use periodic beacons 10 discover neighbors and exchange 
informalion 10 I-hop neighbors. 

Knowing the number of packet copies thal eXlsl over the 
nelwork can help decide which packel should be dropped. The 
packel Ihal has more number of copies over the nelwork has 
higher possibility 10 reach Ihe deslinalion. comparing 10 Ihe 
packel Ih<lt has less number of copies. Therefore. when Ihe 
buffer is full. Ihe node should drop Ihe packel Ihal has Ihe 
largesl number of copies over Ihe nelwork . 

To ca lculale Ihe number of copies of a particular packe!. we 
use Ihe coneepI of overlapping circle arca. 

In Fig. I. illustrales Ihe overlapping circle area, node A 
broadcas ls Ihe message 10 all ils neighbors wilhin Ihe lrans ­

mission range. \Vhen node C receives the message from node 
A. node C Ihen broadcasls Ihe message to all ils neighbors 
wilhin Ihe lransmi ssion range. Some nodes (node B and node 
D) which are localed wilhin Ihe overlapping area receive Ihe 
same message from node A and node C. 

We can eSlimale Ihe number of nodes wilhin the overlapping 
area from Ihe ralio of Ihe area of Ihe overlapping area 10 Ihe 
circle area. In this scenario. we assume that Ihe transmission 
range is ,clIO 250 metcrs and Ihe node localed in Ihe edge of 
Iransmission range. This scenario is considered as rhe worst 
case Ihal Ihe number of packel copies is Ihe maximum value . 

The overlapping area and Ihe ralio 10 calculale Ihe number 
of nodes wilhin Ihe overlapping aIea CJn be calcubled using 
Equalions (I) and (2). respeclively. 

,, ,, ,, ,,, 	 \ 

I 

\ ,
\ ,,,, 

Fig. I: Overlilpping Circle Area 

(I) 

(2)
C ircle an'(1 rr R2 

where n is Ihe ralio of Ihe overlapping area 10 Ihe circle area. 
n is Ihe lransmission range. and f) is an angle of equilaleral 
Iriangle (60 degrees). 

B. Droppillg policy details 

Mosl of prolocols in VANETs and DTNs consist of Ihe fol­
lowing basic mechanism. The packcl is broadca$led frorn Ihe 
source node. Then , when neighbor.; wilhin lransmission range 
receive Ihe packel , Ihe preferred node (Ihe nexl rebroadcasl 
node) from each prolocol algorithm will broadeasl the packet. 
Then. when a node found Ihal ils neighbor,; miss some packels. 
The node has a responsibilily 10 broadcasl missing packels 10 

ils neighbors. According 10 Ihe mechanism menlioned above, 
we can eSlimale the number of copies more preciously as 
follows . 

• When a source node broadcasls a packel 

See Fig. 2. when a source node would like 10 broadcast a 
packel, "II nodes in lransmission range of Ihe source node will 
receive Ihe packet. The numlxr of Ihe packet copies would be 
close to Ihe number of neighbors of Ihe source node. So Ihe 
source node (node S) will piggyback Ihe numlxr of neighbor 
nodes as a copy value wilh Ihe packel and broadcasl Ihe packel 
10 all il s neighbors. 

Fig. 2: A source node bmadca:-;Is a packet. 
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• When Ihe preferred node broadcas!> a packel 

Sec Fig . 3. when a source node (node S) bro'ldcasls a packel 
10 all irs neighbors. all neighbor nodes wilhin lransmission 
range will receive Ihe packel. The preferred node from each 
prolocol algorilhm (assume Ihal il is node P ) will broadcasl 
Ihis packel again. This causes Ihe overlapping area belwcen 
Ihe source node and Ihe preferred node. To caiculale Ihe copy 
value, Ihe prderred node will remove number of copics in 
Ihe overlapping area 10 reduce redundanl copy value as in Ihe 
design concep!. Then the preferred node will piggyback Ihe 
copy value wilh Ihe packel and broadcast Ihe packet to all ils 
neighbors . The copy value is caiculaled according 10 Equation 
(3) . 

New COI'Y = (COP!) + Nil) - (N D_Prceur,sor x (I) (3) 

where N,' u' C0I'Y represenls the copy value Ihal will be 
piggyback to Ihe packer. COP!) represents Ihe lalesl copy value 
Ih"l node has collecled. N 8 is Ihe number of neighbors of Ihe 
preferred node. N 13_Prccursor is Ihe number of neighbors 
of the precursor node. and () is Ihe ralio Ihal can be oblained 
using Equal ion (2) 

Fig. 3: The preferred node broadcasts 0 receiving packe!. 

The caiculalion in Equalion (3) removes the number of 
nodes in Ihe overlapping area. As a resul!. il will m<lke Ihe 
copy value more accumlely. For more ciariticalion, Equalion 
(4) shows an example of Ihe caiculalion according 10 Ihe 
silualion shown in Fig. 3. 

Net(' Copy = (6 + 5) - (6 x 0.39) = 9 (4) 

• When a neighbor node misses a packel 

We have found Ihal many prolocols in VANETs [9][ 101 
Iry to deliver the missed packel by using wailing limeoul 
mechanism 10 avoid redundant Iransmission. A node has 10 
wail for an amoun! of lime before il can rcbroadcaSilhe mi ssed 
packer. So Ihi s node can listen to its other neighbors' beacon 
and counl for number of Ihe neighbors thai miss Ihe packe!. 
To calculate Ihe new copy value in Ihis case more accumlely, 
Ihis number is added 10 Ihe copy value and piggybacked wilh 
Ihe packe!. 

Sec Fig. 4. node M deleels a neighbor node (node A) Ihat 
misses a packel, Ihen node M Scls wail ing limeout and counls 
Ihe number of neighbors which miss the same packer. When 
node A1 is wailing for timeout it receives beacons from node 
8 and node C. Node M will know Ihal node 8 and node C 
also miss Ihe sa me packel as node A. Therefore, node M will 
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caleulale Ihe new copy value. piggytxJck Ihe new copy value 
with Ihe packet and broadc.S! Ihe packel 10 all ils ncighbo~. 
The copy value is calculaled according 10 Equalion (5). 

Nel<' Copy = (Copy + N 8,\1) (5) 

where N ew e"I'!) represents the copy value that will be 
piggy backed 10 Ihe packel, GOplI represenls the laiesl copy 
value Ihal node has collected. and Nil M is Ihe number of 
neighbor nodes lh::tl misses a p;Jckel. 

) 

Fig. 4 : A neighbor node misses a packet. 

Equalion (6) shows an example of Ihe caiculalion according 
to Ihe s ilUalion shown in Fig. 4 . 

iV,"" CO,,!) = 5 +;j = 8 (6) 

To upelalc a copy value for all scenarios, each node com­
pares ils lateS! copy value of a packel wilh Ihe new copy value 
which nodes have heard from olher nodes ' relransmiss ion. If 
Ihe new copy value is grealer Ihan Iheir lateSI copy value, 
nodes will replace it wilh the new copy value. 

III. PERFORMANCE EVALUATION 

A. Simulation Setllp 

To evaluate our policy. we have implemenlcd our novel 
packel dropping policy inlo Nelwork Simulalor (NS-2.34) I 14] 
and used lraflic simulator called Simulalion of Urban Mobility 
(SUMO) [151 10 generale Ihe movemenls of vehicles. Then 
we use Traflic and Nelwork simulalion Environment (TmNS) 

[16110 convert Ihe vehicle behaviors in Ihe format of XML to 
Ihe format of TCL. The OUIPUI of TraNS is used in NS·2 .34. 
We generate Imffi c in highway scenario wilh Ihe road lenglh 
of 4 kilomete~ . As a preliminary siudy, DECA [101 is the 
protocol Ihal we usc throughout Ihe performance evaluation. 
because it's perform very well [13]. 

Densily·a",are reliable BroadcaSi ing prolocol (DECA) I I01 
is a store and forward lechniquc wilh periodic beacons 10 dis­
cover neighbors and exchange infomlalion in I -hop neighbors . 
When a source node would like 10 broadcast a paeke!. it will 
seJect the preferred node wilh Ihe highcsi number of neighbors 
and broadcast Ihe packer. All nodes wilhin lransmission range 
have received Ihe packel. Slorc Ihe packet inlo Ihe buffer 
and SCi a wailing timeout. The preferred node scieclS Ihe 
nexl rebroadcasl node and rebroadcasl s the message. If Ihe 
preferred node does not rebroLldcasl the message, other nodes 

with Ihe shortesl waiting limeoul will do il instead. In case of 
nod\!s dclC<.:t some neighbor nodes that miss the packet, they 



--

•• 

--

will set waiting timeout and a node with a shortest waiting message to the 101:11 node in simulation . 
time will rebroadcast the packe\. 

We compare our novel packet dropping policy to the fol~ C. Simulatiol1 Resul, 

lowing traditiona l pol icy. In Fig. 5, 6, 7 and 8. show simulation result s when the 

• Dmp Tail: drop incoming packet in tlte buffer. buffer size is se t to 5, 10, 15 and 20 packets. respect ively. 

• Drop Fmlll : drop the first packet in the buffer. In simulation. multiple sources broadcas t multiple packets . 

• Ralldo/ll Dmp: drop u packe t in the buller randomly. Packet ID is put into each packet in increasing order. Forty 
packets are broadc"sted so the packet ID is run front I to 40.The delail settings of simulation parameters ::Irc shown in 
All si mulation results shown in this paper are average values 
of ten simulation runs. 

TABLE I: PARAMETER SETIING It can be seen that our packet dropping policy outperforms 
others in terms o f reliability of overall packets. This is because 
our policy drops the packet with the largest number of copies. 
Such il pac ket is likely to be replicated and stored in more 
number of nodes in the network . Dropping such a packet does 
not affect to reliabilit y of the packet as there arc still a lot of 
other nodes stori ng the packet copy. Ralldom Drop performs 
the best among the traditional dropping policies. Drop Fro,,! 
will drop the first packet in the buffer. That's why reliability 

TabIe I. 

Numbe r or \'chiclcs 100. 160 \'chicl~.s 

TIL or padi.cl 200 s. 
~ ~ by'e<. 
~u p,.:kelS. 

). 10. t,. _0 packets. 
Simulalion lIme 9(X) s. 
_Number 0 smlU allon runs 10 

8 . El'a /ItOliull Metrics o f the packets with smaller packet ID is lower than the packets 
We evaluate the performance in term of reliability that is with larger packet 10. 

measured as a percent age of the number of nodes that received The policy that performs worst is Droll Tail . It is because 
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Drop Tail will drop the incoming packet in the buffer This performance of the network in terms of reliability. Although 
decreases the chance of the incoming packet to be replicated our proposed policy is evaluated in VANETs. it is general and 
and stored at other nodes. The simuliuion results with dilTerent can be applied to DTNs as well. In the future , we would like 
buOcr sizes show the same trend. It Can be also seen that as the to determine a solution that Can count the number of copies 
buffer s ize increases. the reliabil ity of aI/ policies increases. more accurately and consider other informalion to improve 
This is because the large buffer size provides more space for cOitioncy of dropping policy. 
packet copies in the network . 
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,'Ibstraci-in thb paper, ll'C hs\'c implemented DECA on Android 
plalform. To 11M! besl of our knowledge,lhis is Ihe linl work Ihat 
implemenls \d Hoc reliable broadcasting prolocol on Android 
devices. In this protocol, before broadcHsting ('ach message. a 
node selecls a neighbor with Ihe highesl number of rciend. 10 be a 
nexl rebroadcasting node. The setected node rebroadcaSls the 
mess.ge immediately " 'hile others store the message (or possible 
n'broadcasting. Several problcm~ about characteristics of 
Android operating system and time synchronization ha\'c been 
8ddre~('d. Testing has also b£cn conducted to ensure correctness 
and 10 "'l'oluate reliability. 

Kl"h'ord!t-wirell!.'il,'i ,td Hoc; brOlIdcastlllK protOCOl; A"droid 

I. Ir-: I·ROOUL nON 

Nowadays, mobile devices such as smartphon"s or tablets 
have an importanl rok in daily aetiviti" of peopk. Using th"se 
devices wilh internet conn~ction. pcopl~ c.an access 
information Ihey want anytime and anywhere. However, Ihere 
arc Iimilations of this system since il ha, 10 rely on pre­
inslalled infrastruetur,,; so a new concepl of usi ng Ad Hoc 
nelwork is developed. 

Ad Hoc nelwork is a lemporary network crealed using only 
the nodes withoul relying on any infraslructure. Seeing it> 
benelils, we have an idea to increase usability of smartphones 
or lab leiS by developing Ad Hoc network on Ihese devices. Ad 
Hoc network can form a small social network . These small 
social nelworks are useful in many ways. For inslance, Ihey can 
be used in academics or schools 10 share knowledge and in 
cxhibitions or trade fairs 10 publicize informalion . Also, 10 

l;ommunicatc in Ad Hoc ncrn'ork, users do not need to register 
wilh Ihe service providers and pay Ihe service COSI. Moreover, 
Ad Hoc network is more flexibk Ihan Infraslruclure syslem 
because il can be sci up easily anywhere. 

To the b"st of our knowledge, although Ihcre are some 
implementations of Ad Hoc nelwork on Android plattorm such 
as AODV rouling prolocol [I]. Ihcre is no Ad Hoc reliable 
broadcasling prolocol implementation on Android platform. Ad 
Hoc reliable brvadeasting prolocol can be used in many 
applicalions such as publicizing applicalion or advertisemenl 
applicalion. Moreover, in Ihc emergency ease, il is very use ful 
for rescue leam members 10 communicalc wilh cach olher in 
the placc whcrc Ihere is no infraslruchlfe. Some rouling 

·Com"Spond,"~ 3ulhor 
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prolocols can al so usc broadcasling protocol for eSlablishing or 
maintaining roules . The casiesl way for broadcasling is Simple 
Flooding. In Simple Flooding. each node will rebroadcasl • 
message immedialely after receiving thai message. However, 
Ihere are many disadvantages 10 Simple Flooding: it is not 
reliable "nd it generates many redundanl messages. Because 
mobile devices have resources limitalion such as energy or 
network handwidth, il is essenlial to use protocol Ihal can 
distribute dala reliably and rapidly while generaling redundanl 
messages as less as possible. 

In this paper. we have implemented DECA (Density-Aware 
Reliable Broadcasting in Vehicular Ad-Hoc Nelworks) [2) on 
Android pial form [3). DECA has been developed and tesled in 
our laboratory on Nelwork Simulalor 2 (4) . A Icsting result on 
Network Simulalor 2 shows Ihat DECA is highly reliable. uses 
fl.:w~: r resources, and disseminates data rapidly. Moreover, W~ 
have also devdoped an Android publicizing applicalion using 
DECA as an underlying proloeol; Ihe applicalion has been 
designed for Ihe lise in an cxhibilion or event. By using Ihis 
application, participants will be able to receive di , tribuled 
information conveniently and immedialely without any charge . 

The resl of Ihis paper is organized as follows. In Seclion Ii. 
relating works arc brie tly described. In Seclion iii. our 
implementalion delails arc explained along with limilalion, and 
,olutions 10 cmerging problems. In Seclion IV, we dcscrib~ 
how we tesl our work . Seclion V concludes Ihis paper. Finally, 
we propose Ihe fulure works Ihal we consider useful in Seelion 
VI. 

II. RELATING WORKS 

A. 	 D£CA(Dellsi~Y-Al\'are Reliable Broadc{(srillg Prorowl 01/ 

Vehicle Ad-Hoc Nerworks} [ll 
This protocol uses J major concepls to reliably broadcast 

messages. 

I. Siore-and-Forward: This prolocol uses Siore-and­
Forward 10 mitigale intermittenl connection problem Ihal 
occurs frequently. A node will store rccei\Cd messages unlil 
those messages expir~ When il Iinds " neighbor thai has 
missed a message. il will rebroadeasl Ihal message to Ihe 
neighbor. 

mailto:kultida.r@ehula.ae.th
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Figu r~ 1. Flowchan showing how DEC ,\ works 

2. Preferred Nod~ Selection Algorithm: A sourcc node 
sclects its neighbor node with the highest number of neighbors 
os its preferred node . Then the source node allachcs it s 
preferred node' s ID to a broadcast message. Afler receiving the 
message, the prefcrred node will be responsible for 
rebroadcasting that messagc. This algorithm can max imize the 
number of nodes that can receive a broadcast mcssage per one 
transmiss ion. 

3. Waiting TImeout Calcula tion : All nodes that arc not 
selccted to be a preferred nod e sct their Waiting Timeout 
rdndomly. In the eose that the preferred node docs not 
rebroadcast a message , another neighbor will sclect its 
preferrcd node and rebroadcast the message instead whcn its 
Waiting Timeout is up. 

8. 	 Ad-hoc flenrork Oil Alldroid [IJ 

In this work , Ad Hoc network has bL'Cn created and Ad hoc 
On-demand Distance Vector (AODV) routing protocol has 
been implemen ted on Android devices. This protocol has been 
developed as a library to prov ide many functi ons for an 
application such as starting/joining Ad Hoc network, 
temlinating/leaving Ad Hoc network, sending dat a to specillc 
destination, broadcasting data to all neighbors, and notifyi ng an 
applicalion when receiving a new ml:ssagc . 

The functional test of this work has been conducted using 
laptop computers running Windows XP and/or Ubuntu. Th e 
testing scenarios havc been di vidcd into 2 fo llowing sce narios. 

.. 

I . Two dircc tly connected computers. 

2 . Three computers, whcn there is an intenncdi atc computer 
between two computers. 

Aflcr selling scenario, they have tested a ll possible actions 
of this protoco l and compared tested reslIits with expected 
resuits. 

Morcover, a text messenger application has also been 
developed as a proof of concept. The work has been tested with 
rooted Android 2.2 Platform on Google Nexus One and rooted 
Android 2. 1 HTC Hero. 

III . IMPLEMENTATION 

A. Creating Ad Hoc NenJ'Ork 0 11 Alldroid Devices 

Because Android dev ices' hardware is various, each dev ice 
requires a unique method to set up a wire less Ad Hoc network. 
In this work, we have chosen Google Ncxus One as our tesling 
device because it is an Android device for developers [5]. To 
set up a wireless Ad Hoc network on Google Nexus One, we 
have to install a cuslOmized ROM; in our case, we use 
CyanogcnMod 7 ROM [6] . 

Another limitation we eneounler is about configuring 
network information. Because there is no server in wireless Ad 
Hoc network, Dynamic Host Configuration Protocol (DHCP) 
cannot be used . Hence, each device's IP Address has to be sci 
manually. 

We usc Linu.\ command line as shown in Fig. 5 to set up a 
wireless Ad Hoc network. 

8. Implcmell/illg DEC.I 

We usc Java programming language to implement the 
protocol. I:lecausc the lowest network protocols that Java 
provides arc I ;DP and TCP [7]. we decide to use a UDP packet 
as an underlYlIlg packct instcad of an IP packet used in the 
original work . Hence, our DECA impicmentation works in the 
Applicatio n Layer while the original DECA works in the 
Network Layer. 

As shown in Fig . 2, our DECA design comprises five 
packages: table, timer, packel, util. and deca_agent. The table 
package provides s torage lor DECA. The timer package 
provides a timcr for DECA. The packet package ddlnes two 
netwo rk packcl types used in DECA (beacon type and data 
twe). The util package provides methods for do ing trivial 
calculations. The deca_agent pac kage combines all other 
packages' functions to provide DECA service. 

C DCl'eloping a Pillhicizillg Application 

As a proof o f concept , we have developed a text-based 
publicizi ng application as shown in Fig. 3 using our DECA 
impicmentation as an underlying protocol. A user can ty pe a 

Applica~on 

FIgure 2. Our OECA design 
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figure 3. Publicizing appll<.:alion 

message and press 'SEND' bullon to broadcast the message to 
all devices in the same Ad Hoc network. When a device 
receives a m¢ssagc, the protocol will notify the application to 
show the message to the user. 

D. [",,,Iemell/a/ioll Problems 

Aner DECA has been implemented and testcd , we 
encounter three problems as follows. 

Firstly, when an Android device enters sleep mode, some 
nonessential radio signals will have been shut down including 
wireless signal. Therefore, devices in sleep mode cannot 
receive any wireless UDP packet from neighbors. This 
problem needs to be solved because reliability is a major 
characteristic of DECA. We do that by setting a Wi-Fi sleep 
policy to 'Never' as shown in Fig. 4. 

Secondly, Google Nexus One's wireless driver defaull 
selling will tilter out a broadcasted UDP packet when the 
phone is in sleep mode [8]. This problem also affects the 
protocol's reliability. We solve it by adding an option 
'dhdykUilter_enable=O' when using 'insmod ' Linux 
command line as shown in Fig . 5. 

Lastly, unlike 3 simulation, there is no global clock . In 
order to create reliable protocol, nodes have to store received 
messages for a while, so they can send stored messages to 
other nod~'S that have missed those messages. When a message 
expires, it will be deleted from every node's storage. Because 
each node uses its local clock, the same message in different 
nodes may be deleted at dilTcrent timc. Thi s can cause a 

W'hcn scre~n lu.m orr 

Ntwr when pluged In 

Figure 5. Selling up wi rel~s Ad Hoc network on Android 

problem. For example, if message M in node X is deleted 
before me sage M in node Y is deleted, node Y will think that 
node X has missed message M and rebroadcast message M. To 
miligalc this problem, when a mcssage in a node expires, we 
set Ihat message 's slatus to be inaclivc and extend the time to 
keep that message in the node's storage. After the second 
expiration , the message is truly deleted from the node 's 
storage. If a node finds it has a message which other node docs 
not have, it will fir:;tly check whether that message is inactive 
or not. If the message is inactive, it will not rebroadcast the 
message. Otherwise, it will rebroadcast the message normally. 
By doing so, when node Y mistakenly thinks thaI node X has 
missed Ihe message, it will not rebroadcast that message 
because that message in node)' probably is already inactive. 

IV. TESTI NG 

In order 10 ensure that our implementation functions 
properly, we have conducted a unit test, a functional test and a 
reliability evaluation. For the unit test, we have used JUnit test 
suite to test all possible inputs for each method. 

After that, we havc set up 2 following scenarios. 

I Two Google Nexus One devices both running ROM 
CyanogenMod7 and one laptop running Ubuntu 10.10. 

2. Six devices: one moving Googlc Nexus One device, one 
fixed Google Nexus One device, both running ROM 
Cyanogen Mod 7, two moving laptops running MacOS 10.7 
and Uhuntu 10.10, and two fixed laptops both running Ubuntu 
10.10 

In the first scenario, we have performcd the funclional test 
by creating all possible actions of DECA's behavior. Then, we 
compare these results with our expected results. The result 

Paramdrr Value 
Packet life li me 200 s 
Beacon inh!T\'al 4.0-4.5, 
Ma:dmum pack et size of a broodcasl mcssa'c 2048 byte, 
Ma,'w;i rnum waiti ng l im(.'OUI for DECA 0.5 s 
Pac ket sending int erv al (only in the 2nd scenario) 20 s 

Fi g.ure ~ . Sl"tling Wi-Fi slc,"p policy 
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j, 
from the functional test can be summarized as follows. 	 V. CONCLUStON 

In this paper. we have implemented DECA on Android 

after receiving lhe message. 
A preferred node rebroadcasts a message immediately 

platform. We have chosen Google Nexus One as a testing 
device. To create wireless ad hoc on Googlc Nexus One, we 
nced to install a customized ROM. Implementing and testing 

Every node scnds beacons periodically, so it has 
information about its neighbors 10 sclcct a next 
rebroadcasting node. the DECA has introduced two important points to consider. 

Firstly, Java does not let us implement the protocol in theOther node which is not selcctcd to be preferred node 
Network Layer, so we have to implement it in the Application rebroadcasts a message instead when a preferred node 
Layer instead. Secondly, time difTerence betw~'Cn deviceshas not rebroadcasted the message. 
might cause unwanted rebroadcas ting when a message in oneA node rebroadcasts a message when it detects a 
node expires while the same message in another node does nol. neighbor that has missed the message. 
We have l11itigated this problem by setting expircd message's 

Information about messages and neighbors has a 
status as inactive and extending its lifetime in the node; after 

limited time in the storage and it is deleted properly 
the second expiration, the message will be truly deleted. Afterwhen it expires. 
that , we havc conducted unit test and functional test to ensure 

The second scenario has been conducted to test reliability correctness of our implementation. Moreover, we have also 
of this protocol on real devices in dynamic topolo!,'Y . Fig. 6 evaluated the reliability of this protocol on real devices. The 
shows our walking path. One Google Nexus One device and lesting results show that our implementation works correctly 
two laptops have been kept static in the same position in the and this protocol is highly reliable on real devices. 
path. One Googlc Nexus Onc device and one laptop havc been 
moving along the path in the counterclockwise direction and VI. FUTURE WORK 
one laptop has been moving along the path in the c10ekwise 

DECA' s performance has only been seriously evaluated in , 	 direction. The reliability of each device is evaluated using (I). 
Nctwork Simulator 2 [4]. However, whcn using DECA in real 
devices, there arc some limitations that do not occur in the 

r, = [( L ., m'j )/(m, x (/1.1)] x 100 (I) simulator. Therefore, perfonnancc of this protocol in rcal 
devices may be different from performance evaluated in the ., 

where r, is the reliability of device i, 111'.1 is number of device simulator. In the future, we plan to measure perfonnancc of 

i's messages that device j has received, III, is total number of this protocol in rcal devices using 3 metrics: reliability, 

device i's messages, and 11 is total number of devices in the overhead , and speed of data dissemination and compare the 
result with the one measured in the simulator. scenario. Fig. 7 shows the reliability of each device. The 

average reliability of two Google Nexus One deviees is 95% Another issue we plan to address is the I P Address 
and the average reliability of four laptops is 97.65% . The limitation. An algorithm that can set each device's IP Address 
reliability is not 100% because some devices are far apart automatically while avoiding IP Address eontlict will makc our 
from others in sOl11e period of time. Slightly lower reliability work more practical. 
of Googlc Nexus One devices compared to that of laptops may 

Lastly, we also have a plan to implemcnt DECA on other
be related to their inferior resources. Still , the r~'Sult shows that 

platforms such as iOS to make it more widesprcad.
DEC A can also perform nicdy in rcal devices . 
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