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A Routing Method in Mobile Ad-Hoc Networks Using

Distributed Artificial Intelligence Technics
M. R. Hasani Ahangar*, D. Faridnia, M. Saleh Esfahani

Faculty of Information and Communication Technology, Imam Hossein University
(Received: 03/14/2011, Accepted: 02/22/2012)

Abstract

Nowadays, because of recent achievements in wireless technology and the need for pervasive usage of services,
wireless networks usage have been soared widely. In addition, Adhoc wireless networks are popular because of not
requiring central controller, adaptation to movements, and its high customizability. The important aspects of this
network are routing algorithm and establishing connection between source and destination. In this paper, we propose
a proactive routing algorithm for wireless adhoc networks based on swarm intelligence and reinforcement learning.
The proposed algorithm, decreases the packet delays in network, lowers the costs of receiving packets, and improves
performance of network as a whole. Functionality of this algorithm has been tested with NS simulator and the results
have been compared with DSR and AODV algorithms.

Keywords: Routing, Reinforcement Function, Swarm Intelligence, Mobile Ad-Hoc Networks.

) Corresponding author E-mail: mrhasani @ihu.ac.ir Passive Defense Sci. & Tech. 2011, 4, 267-276



¥R Sl s F o 5Loi (oo Jlw € Jole pud aidloy gl s yslis g pole” cidgfy — (sods alxe YZA

g welion sl Jale I lanelr 0ni S o calaleniz s SO
5059 ,l5 J> 50 [ KaSS JUS o lasre SO 0 oS Cunl Hlien s>
.[\]..\s)la AT (BB 4 dw, 9 o> (6,5 plil jo orw
@bt (>Lb g Jolov is5le o (sl abeleniz Slapin
o0t @i D )gedy e 393 laods pSeeal G J5US oS
leaie) 10 9 oI5 51 6 ks ;0 059 50l i Cuwlin el
9 0%z Slaptans 5l (Sl ( Slpbe (ol ¢ Saro i
Jo sl IV ¥logs o (lglp ooli il alaleass oaiin o5
Sl slod )5 5l anile (oaBly GLis e Jlwo 51 (55 ken
Siy2elip @3LaiBl (605 pealy Gan ol @Sl )3 (b e
A e S ol LS o S L el Sl o
g S Jae Sy Sl Lams Sy 55 a3
Wb g ISt I 355 g5, Ll b cedl (s 45 (52,150 plas
Ly Jele (i Sl 05 o8 385 bt il S
Sy 2l A3l (6 )LSen g 0LS e Laze Sy 0 R0
Irleat bls

o 315 (5 e50ly s la Jale 4 lgisn oSSt ] €, 1
o e 298 plnil (ore b (698 )00t Wl oo 550
Ll L ole a5 Gilajmr plod cod p3¥ 2Lk > 0 2l
sbailele szl 51 (o 650k 05 ot | 2580 554,
oolainl 5 9090 (pl a4 yiSlo L alie pl jo a5 conl alblenis
635505k (GBASLD )3 o e by S ) gl o T
Slodin Cod (2L Gliee siloaned g5l 2L 0L 5o
Sl aSD 4y el ad e )b Jlde RalS S g sale ;5 (8L
5 G50l mwy A oo LiSu,o Il dales glaladle B
OP9) po— S wld s ooleiday el b Lo 015
29 il s ileand p)lex idu 50 b dll soleriny
Al asle all ST gle IS g (g pFams Sbl Cuond

bud o sLallge g (roxi sogh Y

Ols=e ©)go ua ool il S )0 Gl |y ore Siso
St o sl o9 ol 5 sliss s Ll o 550
oyl azyg0 Y 580 @ ol oo o] Baolan 5l a8 S Baa
o Ll (oS A58 53 She slaadlie (o) 4 asldl )3 0900
[f] oS oo

b st Sl ol clodS o s g ol
Oy9e] 0ad (gain NS B 5l 96l sleesls Jleel 5 samlie
Sl 0 Ll cad Oyl g W Sol o el Al i o
ol 5 ol s aisls B gy o5 el Jlosl & lacdl> 5|
(smae SLaaSd (e (il sl by )an alg e o B
10]s9s el ganasgs slagig, 5 536 slasilols

doado )

5 Lodg 5l shegorme | JSate slaaSicd (6990 )l sloases
o LT s cledbl JLasl iy oS ki s glboJlie
SieS> g 0550 ymized LV ail e A- YD sl el
el HlbL g 58 jaiel &y gods el ol o bl | g Y Lasl
a8 Sl (ml (69 )50 sl SlpaS o Gl FTis 5l o
LLs)lpa b (LS el nj 4550 @ 5L (g 4Sb slao 5
Ivloss o )3,

oS el a5 LU 6,8 LS5 S ol s
@Bl iz (a0 (i Pt g 0L s Sl
gz e Sz Sl 055 A 4 a5 05l e Ses |,
S ok o Sawmmn cnl Jdoar 058 e 4t 5o SlLI Ll
Sl Olegoge (St 5l (S pSotis (ol s v 55!
ol 0,9, il ce 69,5l slaasiin aals o Jled
3 e Slsiadsn Loty 5l gm0 e oo Gosb
el (53550 sl SlaaSd

plal ol slcadlid 5 Dbl 95T Jol 9805, (ogas o
3 60 lacssluainge 5 00l &l Jol3 slaJSTg el oad
O ,Slos cple Jdo g ol 48 F o jsn Ly () o
aS coul Jlo sz iy, cpl 5l colaiwl salign slaps ;oS
ol 3590 oyl jo codled e sloasli 5l S g g andly w,
Logor oyian (o90 slogyd 3l ealinl g0 s sl (o) 59
S (S50 2 (Ke g Sodge p (e dlws g0 oSSy
laazli 5l (o a5 oud @55 (Eyman Ghse (1) JS8) Wsd oe
500 2 je sloalln Cand g0 dn g Sl oian Bse
Do g0 pands dlolediz slaailole

83530 s ASD 50 (2l yrnne slap3ilSe

S5Ing 2 S

| l
(STg) Lolss s

Cosbge p e

(Jed i) Jgor (S

‘_gé)}.a)l?..: sasll 2 ‘5314).....@ ‘_gL:bJXSj).; (S ddws ) J&J)



Yea Ol Ko g Lty y3 (Bga )l fe (L gman Sgn lcd3l 0olistl b (60590 slow BAS 33 s yamo By K &1,

b ) 5 5 Bl 0 atbige 0S 71 oLy 5 65
Kas —ably o8ly (o5, auS o paein |y oais] slailoly
Ivlee O ool G355 ol P71 09 L0 50 dlye
Oygmodn BgSLle Bolar anl b ides Lo Solai uiyl,s
olike dcgazme S QT 5 45 dgd 0 00l LES(S,ART) oo
cdele sl oy 8 Sliles acgarme A dlacea sy |
plil b gam 4 6l comnsg 5 Jlil Jlezx| T: SXAXS —[0,1]
Shaie S5 aS el bl &b Sike RSXASR cula Jos
[#]ails 3 o p 1, 00

Condy ;o Sl el 4 cul s paly pggde a5l el ogdle
b Cansy | IS5 8l 55 ol 95 ol L lad
ools L StoAL &g mast alaxd o 0, el Joe
S 5ot pley 4 anly a5 wi s Ll ) (e 35500
aS calm S 5 A gl o5 oy Jele Gus B85l w18
s sl wles anan 1y b sloly aidl zalS oo 2ok, sl
@ ol boands 55) p S JUis Wlgi oo Jole ST il

Dedigo iy yai ) abaly JSS @ S5l @b el

Vi(r,s) = E;/tE(rt|7z,sozs) 4
t=0
ile il (35)) ke &) lacads assarme 5l (23Sl
Vot obey o LT g adsl Condg 50 (ol Cundy Sus
CoU S Camdg o), Vs, 1) el [0,1) sogama jo ialS g po
A2 o slid ) ooel
Spaly 505 M el T dige (phe b 650k Bas (nlnle
a8 o9 zyhe (gileange alies S Ojs0 Gl |y aie
2t o Lig 5aebn slapt o8l 5l eolinul b Wil oo
S V() ity polhe uads slp (o )85 (obg, 25000
OPey S Gk o bl J ol ol 6l 1SS Bs, 45 55, 00
g Sl lgil el alolee Sloslitul auly 234,18 ot
I o5 o iy 5 () by & 90

V(x*,s)= max a {r(s,a)+ vy P(s'|s,a)V(s',ﬂ'*)} )
o

$' el 8 Cunog joa Jas plxl 5l oael Cavsay ol 1(s,a)
P Jos plondl 5l ey 8 4y 38, Jlaxl P(s715,2) 5 S0 Condy
&lgs cJole a5 ol ooliiwl b o g, (pl Cwls Cundg
Ol OlF e «go tnl e 5o anlity |y Cundg IS5 AL
GrSoba pbar ot ysS e > iz o 285 50, N,

g g0 o0lainl Q

O g pSoly IS e nl o o)l 9w oL
Lol saadiss o oSl o (255 5 5359 Ll Baw ons
89,555 aisSmd 0 S0l Jule (6,500 g9 ol jo g el
G50l oy, g,le anaiS s 28l o bl bl e
I¥165 8 oo ol bl alslos (ygau 1y & lai g0

S i IS Gl e o s (50l g 55050k
a8 5 g0 e L aS SOl mls g lae calid olul
Lol Olet el cl 5l Jol> slagl g og g o
Iy 095 ceusllae aeail ;0 ol T 4 Joe b a8 0ges angs
sl 5 Erb & e 650k &l sl [Flages ey
Sz o &ly 50 49 WS oo el (L el &5 55z 250
ol I¥log i o ool o xe (0,5 0 0 50 |, Jule 5l 21>
a gl 50 b laume 5 amo e el loe G sl 5 055 0
St plS 10 09,50 Gz b 4y gools Lably gl 4 Joe oyl
o dm plE ae plils, Clle o Wl o Jele oS il SSen
a8 o gl Jos s p 1 ER go0e bl S e 4] (o
e 8, g vz Sl o]y 055 i Jale g ams oo g9 4 S
o oo ol Jleisl a8 el Jlaizl b at : ole o 2l
slagts, 9o oo Sloj oS @ azgi b s Ll jo 0] Joe
oobl o Jale SO a0 aS i o lis S e (5 Sk
Iy 895 Comwbow 0,51 o Cmwdty lazma b Jolas 5l a8 slay o0
[?].\MGAM

Sy G iy jo a5 cl oo sl 0,8 aniny Jule Ban
Slas oabl JuKaw B 0 Gan o uels S0k 50 0,60 o
Jole 5 pla bl w5 ST ghice plo WS (0 8L y0 Lame
4 g b T Thns g Ojgods 8,5 o plt al> e 5l am

U5 ol 5 s, anlys S B, o0l el )5 ainits s
T—t

R, =Dy w9dn iy alope o sla il gez )90,
=1

iles Al ye ST

Slalp Pl Ll ol SLL b glls ZMasl b g 053 LG

Sl aS o, 0929 ol o Ul b Jole Julws a5 5 )ls 052

o=l = Gl eboe 115 T=00 (ol )13 L 398 e 8 & )90

e o ooliiwl O hgeds b3 Fp ol JSis

2 Lk
Rt:rt+1+7rt+2+7rt+3+---:z7 Tk M

k=0



1¥Qe limo ) F o jlos (oo Jlwt Jole pud widloy gl g yalid g pole” g3y — sols alxo Yv.

sio lp el oml e S0V e Lol co Grals aes Uil
el 00,5 gl diwn g a3l

S plnil 4 5a Wl (S sl @bt oaSD 50 (Sush Jue
plodl Joe an > A5 ases iy 5y oSl 4 1) > 108
Sl oo Cide [ Conl dnly e Sl 4y g 00l
ol Loy Jalsi 3y o

Sl glo )5 Gl les cids o (bl Jaw jo Jee bl
posf N o | Jis Joe 055 Jlol o] & anlys o 45 o5
Sl 05 axlge CanSla L L aw p plonl 4y Coddge b ol e
0,5 oS oo ool 802,11 MAC S5s 5 51 US55, cyal o>y
P 4N 5l Jsl sl @bl o] alol pae b Jisl Jee plos! 5IN
L 3dg0 Jail S sl (sos® Jow 05 o0 00ls Lis UINLP) L
S @ aS gl 0gd o0 00l Lioles If L (38900 Jlail g1y g 18
Al 00,5 bgiw Ly oo ool bgow el e oy g0 0,5
32 e S50k Jao egama 15 ae e dhs g b
IV logs o a3 5 JLas

Al ol mbe ookl a4y pgoly Sl SO o s SO Jlal
Gl s 050 Hlanl o Hlade cg5b5 2 slaasly sl aiejls
@3 ioled gl basly cpl s oo Goled 1) ann SO Jla!
s Glp ol cusd polie bxyl jo o b polas gl
s lade gols,l, 8 ja by g ool a8 5 5 5 Coddge g CanSh
Sediee 43S Sl 50 -)

O Ole el el 00 ooly Las (V) i j0 a5 jsbjlen
JHhs g oogame jl )l jo Bae il 18 cledy biowSs
5o ooy laain JWl 80211 o .ol BB spla o5l zlsel
2 0sbee SIS a0 ¥ il st azlie CuSL L oS (S50
W il Sl SO laean Jlw,l el 5l iy 802,11
ol diig an 1 g oo Jlw )l as 0 ¥V L ools sloans
U5V s o] e 5 o ool Coas 80211 JSSg s (sl S5
.[\Y]ayiusn ools

63390 e (e (hn (G5 STk Joe ¥ KD

oS Col e 9 (98 5 2T0b 5l 5558 1Q G IOk ke yeN]
s ol 5o ¥ PlasS o oo BT slsy s yel0 a1 2
795 5 ol sl polie @ o el 5l cuslSs S bl glra
ploul aigd s 00l Q Hloie 45 (g polie any Jos 5 >
[‘\]a,.fsn
2 45 358 o oolaiul Jeuz 5l Q al g S0l sl gy
Sl 51 S0l a5 ol o 85 olyem 4 <8,8> 295 So ol (69959
S (b Consg ogline jsbay ule 0500 5 (o Ygans)
Jrols bl e 2 o plodil 2 Jie Jlos g 00l Lausis
oanlin Iy s’ Joos plodl 3l 2306 2o Cdls (pizren 4 1(5,2)
WS oo yess (F) alayl) sloolaiul b ooz poliae .auS oo

O (s.a)« r(s.a)+" O(s"a’) ®

a
a3 S a5 50 eaiiS Lde Bae cll> G lase 0 a5 Sl )
o8 on Byt Jale 5 > 1 5 Jule 53,5 51 oS 55 o

Ivealogs o plonil sl 1o &) g0 6 u50L Jos
L g 09 oo ools 1,8 Bolas Jore G 0 Jole al> o 2 (o
ol 51 oms o aslsl Q polie s 4 ode Cll> 4 o,
e s cwend 2 y0 waiboad a8 Ik o 8e Q 4yl
o Ay 5 00,5 i Aled 605 ol Jlade 44T Holds
plod ho e polie pl bbawd |15 ol b osle oo (Sb
[Row ainge polie @ Coles 50 5 03,5 Iy (A0S Joozr polie

s g ¥
lacasi 5 b)is wliles docdls 00,8 Lasia b lazd 4o
i S lsier (63590 sl A0S (ol e JSTg 0 s
b illae 6550k 9,08l So s 5 00D hrogs (Lo (5 50b
b e s D9800 (1B (6390 Yl 4D slacudguze
5 gy L lao S ol Sed s plovl o asls (sloe S i cyas
S b Sy g e (6B e 5 Tae lpice; D
S @loe 5l ol ool o Sy A e
OSee diza Jlao b iy 2 oo o] Bun oS 955 e by pa5
anl b goasosls |, 58 Tos 0,8 S5 JBls o ans S el
a5 deyie bl 4 (5wl alasdise ST Ky (G ee
S50 sLoe,S 5l alS 50 Lagi b 05 S bghus ol allis )0 ais
oad 00l a5 0,5 pusS o pl jo a8 ail sad il o
L as ogd oo 00l cons S5 obe) el S 0 )5 50 apcl

! Routing



A4l Oy d 9 Loy 19 hgay1d for oS giuan oo W33 ] 00lisul b (5990 sl SLBAS 33 (Sl ymeo gy S 4]

Sgd oo plsl alolim 4 loj ol puands b T (g5lwooly azdl oo
Sl dlold o 5l o gl oo 0,53 alold o 6l N sladiges

m

. . & T o .
m

S TS (e (o83 (g (oS sladise b plp | wox
ey 22l Sz ST ST a5 (oo il (ool 4 e Ly
S ol Bae Lol o 95 walys g o s
s o2 S S ) CepdBgn o (5280 00iS oy
0 O i 958 Sl oS Sl (b s JSSg 0 So (Aib oSL
sl LIS Sl o s (3 a5 (eBBge D Joe I,

53 R) 5T(88,8) (s Jorn 18 (o2 yoienl b
degeze 53,5 S L g e @l dnlne w09 oo 485
59 se plol yaly SYolas

|:V(s) = maX[ZT(s,a,s').(R(s,a, SY+V ()] :} o)

max Q(s,a)
DVFIL el plp Q i P o bls )l aliwg g0 Ly sl
O(N,P)= pslrs +V(P)1+ pylrg +V(N)] )

JEl Jlade prog el o P oy Jlasl Jloslps a5 g0 4o

JUES) sl 915 L Shgo Jil 5 sl g Joo a2k gl
U ol 0,8 sl L il Voogd o 0ols iolei 1f b 38400
el il QT ylade ((N) = max,Q(N,a) a5 ng'l;;ﬂ 3l dato

Y
V(N)ijlx[m(rx +V(P) + ppre + ppV (N A)

D9l g0 00l i 5 Dygod aS

ps(ry +V(P) + prprp

1=
l-pp

V(N)=max [

)
PF

max [V (P) + ry + re
a

5
4 Has i By, 09d il age e 2 LSS (S
(o) o=l S s Sl ol JIAS e 01 Q ek (5 S,n
5 oolitl b >zl g, [V Flogs co sasl (olpeal g,
O3S (e S (FeeSS Jde g 09d o0 dembone (e e

Dolew pes
O ey Jae ot L) (6950 )l (sloaSs &5 oLl
Al Gy S 095 My sl (lple S e i Oley b
obe (JLisil anje 05 plodl gl 51 (S AglS 2l 280
Sl GaSls S5k sl mrwsr GASES o (usk Joe (S

9B gy g Sl IS SVl e @ 1l g e
Yzl (60,50 sl loaSis jo .l LS R(s,a) 5 T(s,a, S,)
2 gl Gl g Cddae ylime o T(s,,57) > LIAS
Ao oo slas |y bls

Sade pl s Ko JEsl cogase jl zyls a5 oo 5 6l p
Gl it S8y JUisl e3gazs ;0 oS 2 lwo S sln g sho
e G oy (o0 5t A 50 e g ST & Al e
=75 slo s S oslal il lgis g o A S 0 Coddge
5 S oo parrin |y blo )l coaS a8 lade ) canl ooy ylias
So 05038 e G Lol (32 Ol sl ooy sl
o=l bl sle )l 22y (ps bLSalal) cods s JLSKw
Do g0 ooliul Cuwl ool o0y Ua> Joo S a5 NS 5l £4590
0 (6 =S 03l (SusBse) o928 S (e Sile jslare (nl @
Wigd 5yled b aS 65 o (sl s )0 9l

N, am Jlo)l o oads ol bl e¥las)

Nf 0055 Sl bl I Yl

Ng « (3290 sl oo cdly,o Dbl ,l oYLl

Ny o &b o (g Lacil Yl

Np ey odd cdl jo olbls )|

30 Lol ccanl o yiws jo o 5,50 5l 3890 YL o,b 0 ledsl
Sl oS 5 gl s s 5 SleMbl 33505 YLl 5 g0
oS o oolisol jal )l 90 5l lacdl,e Lol b la Jls)

ol 0oliw,d gbading b dunlae ;o cals cdl 0 sladiny o550
Cod 08 eSS Jagod Cond p

a1y () Josd Jloim! awlxe (o el ool 5l eolaxl

:M\)LSA
p(success |{N,}=(N,-N,+po(N,+N,+N,))/
(N,+o(N,+N,+N,)) )

Ol bt ¢ )l So Ao e g (5 S aised plnil (sl
P PRSP SR YVIRVA PEJUINA Wi 3 FRLI-L PO DY P LI SO
Sl ety @358 5l g Col Slabozraiz (5 S aised altee S
2gba, bl o @iy ol Dlsga e oslinal 5 & )p0n
Gk I E gl 00l 00 puess Jlois! el Al B lade 4
Al Gy (F) alayl,
PE{N. DH=WNy+a,)/(N+a) *)

Lsi‘b@alnlba.@la[was Ni&MNJ)aJ
0 |y s 8 Slos 3590 50 Jpaie Sledbl § Wigd oo 00l
Sl T oloy e Jsb jo a5 coul plaolas, Juls Nj .0i )8 o



¥R Gl F o jlos (oo Jlwt Jole pud widlay slosyalid g pole” cisdgly— sods alxe Yvy

8,y ol yo a5 pleais slaw b cwlite (s, 80k (gl 5D
slaxs 50,5 aslol an 52 80211 10 il co (igd o ooliv 3 el
Ll JS iz diny S obiw B a3 Sl aten S 4 ol (oS
SLagmg s Sl (b e DML IS g 4S8 S o
S il )3 Jgone jsber 5 00l @95 0328 bty (cogee
L calts anln el Sae 50k 0 pl, (nl 058 00 554
3 53 05 ool 255 " shz 9e e sluing a5l
5 595 (s i 51 ACO 2,55 sl S
S imis silwosly & bles NP a5 Lo o5 aiten 528
Slaws ol ag gg,-8 slacdl wiS o colaiul g4,8 slacdl>
Coglgl cawl i ae (gilwaige jo Ll polas a5 Slacdl>
Glwdinge aiuss oty alids 1ST L oS olaps 68 s o
DIVIais o )15 @ 5lel g8 clls 5l plaS pn oS oo Joe
by 50 310 3529 i O s gl deilS Lyl )l
e 4 AL Ccul diate 08 waails Lyl (50,50 slaaSl
el 5o 5 8l Ced gl oo iy |y asils Lylyd onlas lange
Slapiass 13 53,5 Jos gig0g S pSud @ pgmge by, 5l eslita
e Sl o)y SO slesla il o ysSI Gl o L
9 LB Joo Su L oS 09 o sloriny (slaz 50 ge o X!
055 e Ll s o 5 0 (g0 )15 s 5 (12985
Lecdl L ,las aVlasl o)l gkl aledbl o) o 05d o
ok b e S5 N o5 o S e 2 | plaslicos
Vlaie 0 oo 5,l0aS 1) Gillaan sloo 5 g 095 V aige
Slaal 3l oley 51N 0,8 alucan « P oS (gl 00 08 (yuescs
Seyse o )|

e i e iy 08 ] g S e
0y 0 5 Nebioe (B8 Bl M Bsel dluy & plae S
Gl2o, SV lide g oads 00 cpesd Jow jloolaznl b Vi
45 0,5 (o0 e Jale 05 10 50 090 o0 drulns lalaen
o3 Jde Sl 0,5 1 50 uyiws jo Sledbl by aigSe
ol asS e cluon 0,5 (gl 00l 00 puess polie g odd 00}
plol (BLassl s (el (bg) 65 S b 65 peeas
P5s0

oS 4 as lle.cul walys |y oo plHV col Jlade wade o)F
Sl pleslaas (sloo S (sl s 45 |, (5 e ko e
aile a4 g ez (gl oS 5l (6 )b B0 oo dzeis b
39 b Sledlbl il Laiiius 48 )b 9o bLs )| Juls TCP
S jlas oloding ol diady)l s aSis 0 48 )b g0 o5 >
e sz 555 55,8 lp QB e S 0 S >
gl g0 oolainl iy dliwgdy a5 S

B8ge JUil Sales slp -V 5 -) ol a5l asoly Ll ol
005 )55l frins (et Jae 3 b 5l g laie Al awgs
4 i Jssl a0 (Vo) Jgo 8 5o rsHPF/PS)If CowS Sgd oo
A2 oo Gl [P aluen o8

LD 5 590 a4 je g 00l 0oly iles C(NLP) & jg0ds d s (pl
Cddge 145 cil Oyso (nas CNLP) (S5 508 (slns om0 o0
IS Ay ip e oo ploxil 18 g L CNLP) (pueses il coi>
G b Jal SO ol gl eolazul 5,00 Lal ey oyleiea
slodi plos JolS JUisl G o 058 o0 oo MAC &Y (o
codly s Lz ogay (CTS, DATA, ACK RTS). sas Jicis
g5

I, CNLP) couisls axisls ylabol 70+ (sl jo cubdge glp S
(JolS JU S anpo b lbae oS o0 e 18 HIE plgices
el Py iy JUissl i) 0550 led an o 5 39 JUil S
Yl 5l gasy STasl ansly zloslosls 4y o )bgs Jlal sl p
RS SGl as wlb Rs Gise Calibee gl W)eR CeSD
0dd Jamo dyie als A aiS oo atine O)lge ol el alodl
1) 550 0,5400,8 SO 5l s & Gl gl 5o 5,90 Ll lej
30 93 L A S JUBI (aBly (Su5d e g uiS e ol
o odumy é’l-’ s_i: (o 45\...4

. ) .o c
SRSl 50 b s Gl (20T 98 S pTOL0 sl
b Sl (SosE 650l Joe Lol L5 190590 sl
Joe ST aiads sy (gl alins 5 (69,50 lew sloaSl
9 95 e JLS 00l g Djsmedn Jes 50 (5950 (b
g2 wolyS 4038 e (o aiz 50 ke b 35 arule

g oo 0dm (63535 (5, lde dewlxe 4y Jas jo 1Y
a8 @loo, 5 sl e arnlre a5 09000 Sleiiay (rizren
S Olse ssbie cnl ly 0sb sl Wls 18 S8l 5 (sl e
Lyl &b ez Hade 90,5 colatwl aSll Sély ol
o= Dglsls JEsl aluos sloo 8 o ool glaatus el
@l i 650l sl NS )l dde (Shy cpiz iy,
g gmo Ay 3o At odlai il Jl> o a5 &g Je UL >

% Ant Colony Optimization

! Swarm Intelli gence



Yvy Ol Ko g Lty y3 (Bga )l fe (L gman Sgn lcd3l 0olistl b (60590 slow BAS 33 s yamo By K &1,

4 A e S lagile p (ale 5 098 o0 (0> MAC
25 Dot 6wl giluooly j3 95 o0 plail S Ll
d—o> b gladsle bwg oSt glading o9 aals>
§ Sgd (pgmase o led S gl aSd Jele 2 sd 0
ol Lot 4 0 )leds  plais] gz onijled SO uiorad
Ol 50 50 alees slao S g dale & bgipe (b yeae sl Jgoxr
g oo (5 IS S

s S Ll Jlaisl s j5latean, oSl slaslas,
O Pl &j50 50 CaSi b g Codise Jlatol a5 )leay
9,05, bl b @l 0,5 5o sl 09b oo ()INSS 5 05
ot Sl o ln 0ad 00 eSSk ol (S e
Cawddy by luer Ol Jlaizl olul p lade ol .Canl duado 4
Casy sloaloss Grizen 5 2l b GLL oS o slr e
Reds G (eSS e calie 4 Gl e 53 00
Sl Gy Gl 5o e Joe dlre sl 5l 9 )50 slayal )y
oo Ve ke bolas ) oz ohal el )l (aigd co a8 3 Sl o
Foo J PRy R N PR VWS HL-E N J PR PRV SRV
VLD Cibgn ulado a5 lajtell 5 /¥ ke o35 il o
Al S0l (Kod wiiS oo et 1) Jl g oSl 5 bLS )
29 el ols 4SS K6 gl 5o eolidnn (Gl e SS9
Dyise & 54, WAND sl

Silwaand U5yl s ylxo . F

Lo s yiinn plod Jawgs ggoome j0 a5 (glools ke toals ab e )L
5l Canl Sjle g e0gd g0 00l

Lo g e dlaes # 4l y dltag # il ol
15 s e dlimagty o o3l 3 (sl o 23,5 Cad
loads 8L 0 (Hgm) 00RO gy 0 &S plading b dnn s
5 ol 00l Bl 0 00 g ;0 AT (glosls lade i > >
Cl 50 S Hoad as e b Ll ply
O 50 g G AL 0 Al o oad Sl o At o YL
(egsy OYLEl o) sasms
Qi ;0 gl a5 SV sy oals ool B atn o oYLazl
il i o] A S5bgn sl (5 a0 el 3
Aol oauid Cl o > g il oo
ol il sacs bl o a5 olaatay 6l s il w50
Sy 9 0gbee aSle Jiil e ;0w & Gloj (o eKiks
Syse 4S Sglge 48,5 LN 3 el se ZBL S ale lawgi oS
by gl Jolis (Yl slass jLas DSR g AODV
oyled ools gloaiy 5l o Sb e lading slows § ol

el BLEISTL g (hg) 189,50 Hlew (sloaSlis [0 Blass]
e Aoyt Losdiine (g () SS90 (rpme o
s o 4y 09 o D9zt 35 o0 duliee 1 L AT Juw
el Jao SO puile L5 00,5 (5,1 pdiges |y Sdl> sl 138
Giils 5l as jaboylen o Ho BLisST ploul (gly oS a8
1 52 0 040 o 0 ply (goland 5l uiS so colainl 055 Jad
o0 plnil |y 25 Jole
Sldes BLSST 6l eyder Jae Sl ST 5l oolazal -
5o Ly ol Ll 28,5 55 0 ol aplass (sloo S atS” Y
'L;GL?"’.)l s
slade s Gliasst gl alay > BlassT Gl oslanal =¥
0355 S9ue Slp badtay g2 (anluglyl g pie abg: o
A2 (60,5 eS AT le BlisST 4 cos ]
b e SleMbl Jlaily ailols gomiwe gz dilay > Blass|
3y Sl g g ools (2Bl laaiug 3l oolaul b 4l
Ay 50 Lawly 0 )5 2 15 050 co colaiwl wilay > BlasST i,
Ao (eb oy ke 5l 3,5V polie b alee S LS
L b diy 52 B S (o0 00 Al o SL3ST g 00l a3 5
Bl 0oly gz aSll yo o Sde | (6,55l

Siloaeed glo sl ly Y Jgu

ol sladio

Sl 039 1000 m * 400m

og slows 50

SS > Je Solad (518 ofy Jow

J,.z..a“ c5L‘°°95 20

JS5 5, Mac IEEE 802. 11b

Qs b, (CBR) ol cuy lads

Ay o> 512 bytes

dg5 &S > olas

Silotend oo 500

sl s NP

S SS9 Ip

&b sl 2 Mbps

‘S}Lwool,,; UL\:P Y

Network ¢ IP a¥ sy aSGo s b joe S5 ) (g5lwooly

g 5 Slhee S5z Jos ;0 45 D50 (nl 4 095 0 el




1¥Qe b oF olos (oo Jlwt Jole pud widlay gl 53l g pole” cisdgly— sods alxo YVf

ey ol JWl 00gamme plp 90 5l i osol, slaasis
alogdr 45 3,0 3575 (75,5 S5, » GBS Cudgaze Ko
Y Mbps &5 L aiy Y] gl conl gwyiws LB AT
A 5o Gloy B 5 iy Ty o5 Sloj sln (D05 (29
J=B ools 29,5 iSlas ail oo V.Y Mbps sga conds 488
L 1.7 Mbps* N ¥ (60,90 Jlw aSis glp A+YNY jo oyt
33 el (L 100+ slaaiey 5l oslital L) +/YOMbps L i
U9y &5 a0 oo lad b OVY sleany leslainl L (F) JSo
om0 s 8l o Yo e Kbps (oYL ool (29,5 SO (golpaninyg
S G2yl )0 s JB (2gy5 () 0dgue 4 (29,5
Gl S50 55

L ol G380 gd oo alamdle (B) JSCi j0 a5 a3s8 ylon
S ovladl lade aSs o o OVY ladinn L oudas o
Sblog 51l DSR § AODV sla G5, 50 oo Jlu | sloatus
e S b SV e ) s3laitiny S50 59 s el 5205
ol a8l anlol ol Ly a5

% e 8L s Ao Glie a5 S8l S e (F) JSL jlogel
FSSs 50 i o SYLES] Glie (al581 L 005 25 g poo
Ol Sl ;500 Sem 990 SS9 99 51 eSSl cs3leiiny
o b aSD 50 oadad e )b Gl L eolriay JSSgp o b
30kbps sga> 4400 Kbps oogasme ;0 Colgs ;0 995 (g3gr0
Syl ool alold Koo ISSg, g0 b anglie j0 a5 a) oo
bogto 5 g o8l ] SLes (V) UK 15 il yoo o3
P9 2L ol Rlpdleadas e oSl L e s b
ol S 150Kbps 5l iy jlade b sadas o )b 5l as (goleainy
Oiali8 L cl Bolas 150Kbps o « o5 ials plasl oo
Qi ;o a5 SV slass (150Kbps bL..;,a.; Ay CBL 0 A e
S (oo alBl 4 g b S (oo 2L

23 IS5 ol iloosly Sl b sl 3B 55 G2l ol
5 b e JSUg 31 O A o S el 0l ploil sloads
B9l JLinl S oS olSin ol 09z jluans jo 4l Laulg
o Sy 4 b a9 050 oo oolin B dazme Ay il
By 4l Jawlg

AS W S oplpls il atas 8 ol conl Ko lavly can
b o3l b )3 5 St b WIS e i ge 00liu o by
S o sl gy ol asl asls ol <l o 51 LB
o S L bvly ol (G030l L ead iluesls S5
FB L ams o0l ol s 45 0590 cpal 310 gz g 0nls )b
o [0 g Mgl aislw el ooliw,d aSil 4 bvatus aSul
Sedise L ge el godse (45 WSS 18 Ly

L awlie o be JSSg, 2L lyee IDSR g AODV ans lio
51 ool b liaglejl cpl YA (V4lsgé oo Juls DSR 5 AODV
Joe 6Lile 5l (S5 09 o0 ploml )1 226 a5ens NS l58le 5
Sl SO 2,8 cnl o903l (Glp o,lo 1 08 piben o (slaasis
Olalidl oadas e sl jsblen ) T LLIS 5005wy 4t
9.)) )\) MQGA}MAXW)QWC)JJLBJQGLAQLA:J
o)jvsaj)_zwo)j\" swbo)jvvoémlé)s_nm
2 Sl Sgliie Log i olass g 0,10 0925 00083 s g ao
ojlail i 8 s 4l o s ¥ oad L) colb oo 5 s i

oo et Al (Soyid il lan,

‘S}Lwool,,; C-’l-*-’ A

b OV sladtas ln (Slyrme SS90 ¥ 2L (F) US55
oinlesl ;o jo il o ools yLids ,ste (g de olaad
o yimd (6l Byl oo iali8l b g yiis Slass aST jsboylen
Sgis oo 4N loges cpl jo 058 o plol 35 g0l JUIS 4
5 &S Il ool s GralS Sabay aSild 4 0al s e )b ol
el 2805 3L 5 d9ute E5250 (nl ooleiiny SS9 n

oS sabplan | ol Sy sl <y eja () JSa
50 ol Gl L aes oo lis al oo iali8l aSid 4 salias o
5 0yl a8l o ol JWl (o ion dlaws @ 5l a0 ALl
0,bg W5 )5 Jae (3850l « Jal ;o aSy! 5l aws baatuy gy )l o5l
Al o Saldl g an e oldl cel Jos ol cdigd oo Jaine
P5s0

oRI3ILDSR 5 AODV slaJSSgn » (soleiiny SS9 Sue
5 AODV ,1,LS a Sl an 1oy 0gd g0 (aseine 450D [0 Cold,
oealS 4 h 0 caias o b il L g LB Hsbay DSR
Sty DS Sl Joid 6 e 5, s0leity S5 oo
(&S L ialy3 LDSR 5 AODV s oLLS ials sl o
Olyean 1) 3850 Jl S LSSy cnl a5 caally Gl b
Ol oly Lol go 00ld 2yl (S g0 s alaiie bl IS
0oL B sl ey (53h5 S 4 e (53,5 9,4 lap il
Ol a8l (il 5o (ol s gldaan cpllasyls Lo Al o
SRR N o

oled 5 )ld 3529 00 g pe T g slew (nl 50 16 2K
S Laodidd g ol ditad KoaSs Jl sogase ;o Ll
5 Sl esgase s l08 o STasl a1y ool JUS 4l



Yvo Oy d 9 Loy 19 hgay1d for oS giuan oo W33 ] 00lisul b (5990 sl SLBAS 33 (Sl ymeo gy S 4]

9 AX_M: o )l_g u)lﬁ—’ o9 Glm Lolas >y &_JL.l.A.C asl>
Sl 5l Lol slo g5 050 o Ll iy Jlo)l (ppenis
L Galidl cate jo dtug by cans 1 moldl Kbl
A 4 oddad e b lawgie 3BT el g aSld g5
o 5l pae g o0 e 093 (g (nl Sla Sy s 5l el
Jose 50 aSis bls )l cuaS fuimen .l o] o oludl cllss
Gl als Salslb b ams oo o3l ol yus 4 ¢ g0lpaninyg
59 39 oo dlgiion codd (b SS9, g 0 Sles 3525 Ll
500 glgil 5l dme 3 Bolas o8 o 5l soliiul slray ST sla,lS
9 e ool 5l g 0,8 ool (69,90 Sl slaaSil jo S >
iy padS g iy 00RO gy (S0 ,S Slawi b 655, 5

S S Az
2Ll o @hlS s et (ols JSTsn (ol slo )l
Gl slraasin Lo 5l else (6,0 a4 (2l e SS9
W S8l )0 (i g 00l Jlw)l Con 25 5 A (5l
Olidl Sl Jeols sla 29,5 05l ool (S o)
Dbloe (b ys £9090 30 (golgiiy ST n ) S i
LU aws oo o5l JUEITRSOWO R LT JRF T PRPL G N bls,l s
Oy, 0 L;.%LA}T Gl o a0l 6,5l e sl
ol sl o0 eogame (o3, cél e Candlys golypainy
e S5 095 g ) £9d9e (nl 45 wled ST A LYY A
S0 5l a8 § o ys o L;.%LA}T Coro st gz (598
Sbml 5l 6 el ( o @395 4 ol oo csoleidan o9y bl

2 1
40
y 1.'\ ..... A00V )
g [ - - R .
u n ! et O U, AODV
R 1 I P — Learning TR
o] I \ \ - e {
] ~ g
g I I \ ! - - = DSR
o 1 \ ~ 8 3 ]
g ! ! N ~ 4 . L !
2_ JI' \ e o, N/ - - z 0.6 l.. — | CIMING
BN Y ' e, 3 [ :
% | s s
4 ! e, a (I
£ s | e, 0.4 LD e .
il i .
£ ‘ ' | , KT
02 | VT e e
4 Voo
e
] 0
I 1] W10 A A0 A 300 a0 a0 0 50 100 150 200 250 300 350 400 450
Offerd Kbps Offerd Kbps
AS..A....')Q oW M).C )lJ_ u‘).uow).:‘ss‘)ls u‘).uo).u_u )Lbj_od .fJ&») oW M).C )lJ_ ‘_gL.?Aﬁngli)aw)‘aw .Y’J&»)
00 -
20 -
700 .-
o -
% s00 e 200
S . A0DY
. - -
% wiEaa-- - R £ 10
@ - —EETINE a”
§ 40t ! e )
-4 / =
s 2
£ e -, £ 100
'l .
£ 200 I :
3 i
E ] 50 ¢
e L T T T PO PETT EELL :
e et Y AL TPPPPRRTTEL U ]
0 )
? L R 0 510 1500 20 250 3000 D 400 45
Offerd Khps Offerd Kbps

Ay 8L an 3o Joges UKD

Wiy 28l (sl G aza Jages DU



WA oo F oylod cags JLot® Lol pud widliay (sbos y9ld g pole” (Siupgs — oods alme

Yv#

(6]

(71

(8]

[91

[10]

(11]

[12]

[13]

[14]

[15]

[16]

(17]

[18]

[19]

Zhioua, S.; Ebec, Q. U. “Stochastic Systems Divergence
Throough Rienforcement Learning.”; DNA Sequence
2008, 37-57.

Sutton, R. S.; Barto, A. G. “Reinforcement Learning: An
Introduction.”; MIT Press, 1998.

Howard, D. P. “Dynamic Programming and Markov
Processes.”; MIT Press, 1960.

Chang, Y.; Kaelbling, L. P. “Mobilized Ad-Hoc Net-
Works: a Reinforcement Learning Approach.”; Interna-
tional Conference on Autonomic Computing 2004, 240-
247.

Katz, R.; Stoica, I. “Network Simulation with NS-2.”;
Computer Science Division.University of California,
Berkeley: Berkeley, CA 94720-1776, 2010

Liu, Z.; Elhanany, I. “RL-MAC: A Reinforcement Learn-
ing Based MAC Protocol for Wireless Sensor Networks.”;
J. Sensor Network 2006, 1(3/4),117-124.

Ros, F. J.; Ruiz, P. M. “Implementing a New Manet Un-
icast Routing Protocol in NS2.”; Dept. Information and
Communications Engineering University of Murica, 2004,
1-35.

Minka, T. P. “Estimatng a Dirichlet Distribution.”; Micro-
soft Research, Cambridge, UK, 2009.

Bernat, F. J. “Simulation of Ant Routing Protocol for Ad-
Hoc Networks in NS-2.”; Delft University Technology,
November 2006.

Elhanany, I. “RL-MAC: A QoS-Aware Reinforcement
Learning Based MAC Protocol for Wireless Sensor Net-
works.”; International Conference on Networking Sensing
and Control 2006 IEEE, 768-773.

Sen, A. “Swarm Intelligence Based Optimization of MA-
NET Cluster Formation.”; Master of Science Thesis, Grad-
uate College the University of Arizona, 2006.

Brussels, B. “Ant Colony Optimization and Swarm Intelli-
gence.”; 4th International Workshop, ANTS 2004, Brus-
sels Belgium, September 2004, 5-8.

Meghanathan, N. “Performance Studies of MANET
Routing Protocols in the Presence of Different Broadcast
Route Discovery Strategies.”; Department of Computer
Science Jackson State University, Jackson, MS 392171.
Bao, J. H. “Mobile Ad-hoc Network Routing Protocols:
Methodologies and Applications.”; Ph.D. Thesis, Black-
sburg, Virginia, March 2004.

MAverage Latency

o

waran A00Y
- — DR

—| AT

TTTLLCLILIL ALY

sl 100 150 00 250 EL aul o 451
Offerd Khps

A a4y o adye b 2l s baugte 3T Jloges ¥ Ui

(1]

(2]

(3]

[4]

[5]

=l ¥

Corson, M. S.; Ephremides, A. “A Distributed Routing Al-
gorithm for Mobile Wireless Networks.”; J. ACM/Baltzer
Wireless Networks 1995, 1, 61-81.

Borg, J. “A Comparative Study of Ad-Hoc Peer to Peer
Networks.”; Master of Science in Telecommunications.
University College London, August 2003.

Kaelbling, L. P.; Littman, M. L.; Moore, A. W. “Rein-
forcement Learning: A Survey.”; Computer Science De-
partment: Brown University, 1996, 237-285.

Caro, G. D.; Ducatelle, F.; Gambardella, L. M. “Swarm In-
telligence for Routing in Mobile Ad Hoc Network.”; ID-
SIA Galleria 2, CH- 6928 Manno-Lugano, Switzerland,
2005, 76-83.

Wooldridge, M. “An Introduction to Multiagent Systems.”;
University of Liverpool, UK, 2002.



