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An Ant-Tabu-Based Routing Algorithm for Mobile Ad Hoc Networks

Student: Wen-Tien Liang Advisor: Dr. Chi-Chun Lo
National Chiao Tung University

Institute of Information Management

Abstract

Mobile ad hoc networks can be regard as the category of wireless networks
self-organized by mobile nodes. Being capable of operating without the support of
any infrastructure is its advantage; dynamic topology and multi-hop relaying are its
features. Due to its features, conventional wired:networks' routing protocols can’t be
applied into mobile ad hoc networks so-there are more and more new routing
protocols are proposed. However, these routing /protocols are used to solve the
problem of finding route in dynami¢ topology.-and can't be used to solve the problem
of multi-hop relaying as well. With a view to this situation, we will propose a new
routing algorithm (Ant-Tabu-Based Routing Algorithm, ATBRA) which bases on ant
system and tabu seatch. We will prove it can solve the problems resulted form
dynamic topology and multi-hop relaying.

Key words. mobile ad hoc networks, dynamic topology, multi-hop relaying, ant

system, tabu search, routing protocol
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EFRRPTOY 2 BT RAH P AT RO S A e LT AWM
@ X o 53 R 0 b]4e PDA 22 Smart Phone % > % ¥ 3G 22 WiMax
PRk e g (TR AEE &8 & E Mg '33’%] BT oooBT EENP L

5 pE e i DT AIRE o

Bom AT i b e AR e iR @%JI% B+ %3 & %A AHKG (infrastructure) s
#FA R EF bldrike 5 (base station) ¢ & s fE P~ B (accesspoint) > 2R @ ipdt LA
KE i B EFNd APERFF O FFHREARNEE BT PRI E
LUS AR S SN E ALl SR i R RS0 E K1

Ao F R A A e R R R T e B RS o

—

FFET > & A 7 ek (mobile ad-hoc networks)#t #% ! kg 4 b ik endd
B AR G - fE e T i s gl p 2 e S (self-organization)
EMEREE B RELN T T EEPAHARF A E TV EIT B FELE (T
B3 3 & BL e B M 0T A s iR R B3 (topology) TR B & - BT 5 iE S B
- (multi- hop)m@ﬁg,]—g NRE P MNP o d WAL AH RGN F R
AAHTE R R A fren™ Y (distributed manner) k fEid-pLd B2 TR E L E
B A o
dONEAHGTERRL B RPRIFERLS BB S 2R R
Bl MR R S N R N AT R T 3F S TR
XA O % o b)4e DSDV[2] ~ DSR[3] ~ ZRP[23] 27 ARA[17]% » %% @ ipit g
dOFE AR A B RRIEERE T FSE) BLOONM £ F RS

hg@ﬁ%—% 99T A 2 PR AR 0 bldep § & Bh(selfish node)® & & & B:(malicious
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R 3L 0 Bldep & Bh(selfish node) & & R & B-(malicious node) % 1 3¢ -

T E R E R AL TR L e AEE N oA F
FRTERBAAENP  H o) DELE R BRI F L

éf‘]%" Pl e R & ELE E Y chig * RFLJRIFOP 0o b4 Black Hole

FAED FEZAFLRI RAF P RN EL IR ATEF I
Bod BLT Y o K- RE IR B e 27 4o routing overhead 0 Fpt AT T SR G G % &
WefR S BERMEE AR S TR R AL G o8 B i B R B o LIS H0F B4

¢ o

*~F 7 1 M. Gunes, U. Sorges, and |. Bouazizi #7# ! 7 ARA (Ant-Colony
Based Routing Algorithm) [17] 5 f e > o fdit o F & i o8 5 d HOR L § B4R %
AL 20 U WSRO A O i%%%éi'uﬁ SlEL e FA5 D BT P
G0 (TP ARR B L T R SR e ) iRs s R R R S
F e ig e I * Taichi Kgji #14% 41 e 2 8 (Ant-Tabu Algorithm)[22] » #-%
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BRSSP ML AR PR N G 2 3R AE B R g
&t~ Ty B B T A SEE AT AR 0 2 B (Ant-Tabu Algorithm) /i 5
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2.1 & £ & 7% e (Mobile Ad-Hoc Networks)

& FK ﬁ@&&?ﬁé—ﬁ%éﬁﬁiﬂ%%%éﬂ@&ﬁﬁﬁ&ﬁ&

Bo B FEAARE A SO R g S ok B R RIS SRS E S B

s
&

B S hEDREnp o d 03 FRABREF LB TTER BB

" E ,T,u]l(#' B iio ARBF T AER T LY 4 o

211 # A#FH PR O
2.1.1.1 # i 3= # (Dynamic Topology)

B i dp A T A AT B R RUE BLE B B S S BT R

e r SHBRERBERY A RREBERAELOME 0 SR LSERH LN R
L S EBLALE K NPT R S AR D R R AR (TS B
fi oo

2.1.1.2 % sy (Multi-Hop)

TRl ﬁ?é@’@ifs'ﬂﬁkﬁ*’é@ﬁ%lﬁﬁ* PRERRAAARG HLEANET B

4ot 5 3¢ e gk (cellular networks) » Hi& 152 VAo Bl - ror 0 S BEA 298D 2.

I~

m@@iaﬁﬁﬁ%ﬁ—%g%;mﬁydﬁ%ﬁ’aaﬁﬁgﬁiﬂgd%3
SR BETT 2 A ﬁﬂi}ﬁig?]”‘v FH % H ghphEE(single-hop) o B2 & 5 e gt iR Bk
BAAR SR AT REY PP AR BT ROE T R R RE 2 EET

RV TSR RS S Y e R 1 R IR S I

T

B A RFEIM R R R

T R AR B F 0 Aol S A 0 HBE A S H B D 2 Bl LT f

ERA3NA BEEhz BB & Bantapt kx4 Flpt 448 B S aE B R 5
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Bt B o B TR AT ET &
2121 E% *

BEE TR 6 0 BAHFERRFFEEGE ST RITLSHERITRL D
fod W hgdEAE S ARG KRB AT g2 2 Tyepah B pEE A #H

FERERAT M h TR N b A A FEEEH s GRS R

FAEE o VA FE ik e 27k Lix ) #1(Global Positioning System, GPS) % i

o
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B R A M T P A ORGE ATR R E B R g o
e o HAE R “’”*%i’é-lga\*rsg BAPE AT T AR
KA B e B P )T RPN S H S AR S B i LA

LA DG T pmE O RIN 2 fE R £ H SRR § BRIl

Base Station



RAHFTERROBE BT

d 2 Z_(routing protocol) e e * f>t @ s 0 Bha 7 49 2 HeELd L A 35
T @ R4t e TP h & ge(destination node) gk d BT 0 d 3t E A TH RELE
B R EAR I S BB B R 0 R MR R R
EREYAEAFABREIRIBEEY > TP S A E AAH T R %k

P T AP A Kk o
2218 d £ 2 A 3§

PR hE AT R R BT BIREd T AT A R T

T 5E o 4e@lw AToT

Table-Driven DSDV [2], ...
On-Demand DSR |31, ...
Hybrid ZRP [23], ...

—— | Swarm-Intelligence ARA [17], BeeAdHoc [9], ...

Blo & A#FHREREY 12204
2.2.1.1 Table-Driven

AR Y VR By MRl d 2 USRI A 2 ahe & table-driven

hied 2589 o X SR E - BE A (routing table) k se &t it

BT BB L IR R ek RNl FEE TR B IR - R
T EEE2 B RRA L LB Tm A4 S Bald #1802 48 ehE



P AT A 4 ek d 38 s ﬁ-‘f»ifﬁg s TP EEE Y TSR ED SRR L ERIE
Eog AR FHRRBR T RRLSLTIED AR A0 22T IR B

s—=

Y

DSDV (Destination Sequenced Distance-Vector)[2] - & /& >+ table-driven s§%,
IR F AR E g R A BN Fiekry S BE e BRI R
& & gk (destination node) FF » ¢t & EEE T kR Z Rt B LR B ART & 8
(neighbor nodes) » # Fg— FPFR > & 2h2 Fé‘ij,%g LD T AT £ kR

[ - Wik g g T

Bod TRUNLATAZR 5 P o B AT BHE 2B MPE P DT B 6
PEed TR - B T ATA Si(sequence number) T R 4% 5 H ARIT & BE > ARIT
& 2Ly B ot tE npﬂ%ﬁd jn ﬁ&wﬁ@ﬁwé{? B ATenps o —;;;gm v B

ﬂ;f:,

Frevied TR € LATH ¢ el A TR gL EONE R H G H AT E R L

Fge s #v v

k)
Destination Néam

=
“n A
L R Routing Table for Node 1

@ Dest NextNode| Dist SeqNo

Source Node

BT DSDV i d = 7% (1)

-10-



YeBlT w0 HEE L E TRt chk R & A &8k 15 T4 E chp e
g &8 1chjtd 4800 PIF B E B d TR blded §8h 15 &2 15
BOERAEGYD SBL5 T Y RS 4B hopy A ptELd B ATRELE 21 B
H R rld & 815 rrATim i d T Y H L ATR LA 20 s T E A 2 H AT

B T

Destination Node
Ve @ L ’ Routing Table for Node 1
) Dest NextNode| Dist SeqNo
Node Move ‘ .. 2 !
1‘1“ ) + 3 2
4 2
5 1
6 1
7 3
SN 8 3
/ | i 0 5
® G ,, 3
4 : . 12 3
13 4
‘ / L 14 3

Source Node
B DSDV g.d = %(2)

JoBl S ot 0 EHEBL 1L F L Shea 2 H AT E L 108 14 2 P g R P g
P HU B TR R BiEit e B e R 1l B R E R 11 2 g gk 14 fo s
DA AR TRX R IRBES BB I B FRSE BT

F#7routingtable @ {8 3] & 2k 11 ik d B T o
2.2.1.2 On-Demand

1 fEi tabledriven gad 2 N A A 4 < R 8 b R R R 4T

7]t on-demand sk d 2 ;N3 91 o Aoon-demand Rk d SN P o v F & RERY

TR WA B S BREE RSP R F SR RS B BRI AT 4 i

-11-



d3fe X HRERF DR RRMO T A3 RP EDRERIERRT i %
A2

}i ]‘Q'&‘rm 9:51; ’ —-El

SBEG T3 @ﬁ%]"ﬁﬁfﬁifi??ﬁ%ﬁ RS R (8 B o

DSR(Dynamic Source Routing)[3] £~ 4> on-demand =t d 2 %> & B &
LR FakRd A ovEy §EBRFRBRM BEPDELE A HEd —

B SR R B AIF S D0 P chd ghehi d BT -

Destination Node

Route Request

,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,, -

Route Reply

Pathl : 1-2-3-7-9-13-15
Path2 : 1-5-4-12-15
Path3 : 1-6-10-11-14-15

Source Node
B~ DSR#.d = ;¢

RBl= #tr g @B 17800 LR ISE SR 1 ¢ A #HELd R (route

request) it & 3| T ERIT & BE > MRIT & BhT

-y

JBd Grfdte P50 g LRIt R
dgRdte A w AT RILE B RILEREE F R 0 AR ILER] §
Hp e BFERYD FRFeTBEIS P SR 2 A w - B4 v i (route
reply)dte - i @t id v et e oMEd BAF v I LIRS 3 £ 6 K
B g ghIDedrd| Bl Ffdte P BEMERBRRBLBTELE A ERELE

FrzErE &g 15 chw RN d BT

-12 -



2.2.1.3 Hybrid

%7 £ table-driven 2 on-demand B d 2 U iR EET P OiE R 3T & BEECP R
Song A A R R T g d 3 ) hybrid g d 2 RN ARHR Dk o A
hybrid gz d = 389 > 3TRES & 8L chit d BT W %ﬁé AFEd &0 2% ET

BB EEAE SRR BT R AR BLIE A B B .

ZRP(Zone Routing Protocol)[23] .- & & >* hybrid ehgt d 12 %> % P eha g
=3t Kk & Bheprouting zone 14 R B 0 B4Rt table-driven 0 Nl g d B

& K 2. PplEE* on-demand 7 5V o

Routing Zone with Radius = 1

B~ ZRPELd = 5%

4o B~ #rom o B3R & B 8 routing zone § R E_& 27 & 8L 8 hop #c4p BE 2 1
pNeE gk @ hop B &2k 8 ApEE S 1 & B(7~ 4~ 12~ 13) /% interior nodes »

hop #c#? node8 #piE % 2 & gL(2~ 3~ 5~ 9~ 10)/% >+ peripheral nodes -

% & 8L 8 & ¥ 3 routing zone 1 & BL( 4o & BE 10)E 2 pEF > B8 o d
A@p e MEapd £V FREYD BS  F &8 8 & ¥ =3 routing zone 12 ¢

-13-



& Bh( B do & BE 11)3E 2 pF > ,T‘w\»/ﬁﬁiﬁd LIS R R ] R B AT o

TR DRGSR R 8 A a2 8 ¢ B i d 3t e Il v <0 periphera nodes ;
F AP % % peripheral node = routing zone 4 p - B+ periphera node ¢ ¥ % &
d wRHS LSBT L R d BT 0 K 2.0 PR =X # routerequest 3¢ R %

%3 periphera nodes -
2.2.1.4 Swarm-Intelligence

Swarmvintelligence . d = 3¢ jEd B2 P (blde B8R 2 B2 R ) DY (15
Erfgarietd Pl § ¥ - L oI EiraG g oy fag ke
FR(bl4c: FH s 255 ) 7] swarm-intelligence g d = 3¢ ;ﬁ-d W7
Lo E kI PR REEH :}5 P e

ARA (Ant-based Routing Algorlthml)gﬂ]{% iR E U5 H IS & $ 7 4

SRR TR 1D %”m%)ii T 2R R4 2l

g,

BLAT o

Destination Node

Forward Ant

Backward Ant

Pathl : 1-2-...-15
Path2 : 1-5-...-15
Path3 : 1-6-...-15

Pheromone Table for Node 7

Dest NextNode Pheromone

Source Node

B4 ARAgd > 3t

-14-



hoBl 4 9rF 0§ &1 & FI5 P &gk 15 ik d BT pF o forward ants § 4%
BRI A ATE R BT E BT I SEDBIRA AR T e R T
Bk E A TR A F E AT R S SR 1ATECTE ik $ 830 5218
BifaE ok o0 ¥ TG &8 15 AT Eikd & 8L 3 S8 8 & B0 BifiE ko
§OT R R 6 S TG RECE S A S AR E R SR L F T
rbhikd & ELT7 LS BLO M E A 45 T & B 16 i K &+ > § forward ants 45 ) &
2L 15t > & 8L 15 ¢ #-jx |« forward ant 4 3% = backward ant > ¥ f & 35 8 /T i

A4 v D& gL 1> F &2k 1423 backward ant pF 0 ¥ Frig 4 &0 8E 15 chER T

TE kG S L MERRIE S 2 S A AR d T 32 LA P ehic A

I
Z 2 VUGIRIT B E G KA A B
S LA B h
ABEC[19] ME R R AN P ks d R B
ABLS[18] et A A RRER T R d TR 2
GPAL[5] & GPS = epiani chied jF 8 2
ARAAI[24] FAIF R F 2% TR eRE UL AR FE 2

-15-



222

.

B R

= B FR R0 R[14] [17]

DSDV (Table-Driven)

DSR (On-Demand)

ZRP (Hybrid)

ARA (Swarm-Intelligence)

Availahility of route

Always available

Determined when needed

Determined when needed

Routing overhead ® - Lower than ARA - Higher than DSR

Periodic updates Yes Not required - Not required

Delay level Small Higher:than DSPV - Higher than DSDV

Scalahility level Up to 100 nodes Up to few hundred nodes Designed for up to 1000 or more Up to few hundred nodes
nodes

Performance” Bad Good - Between DSDV and DSR

#in packet

®in high dynamic topology

-16 -



2.3 Ant-Tabu Algorithm

W5k se(ant system) LgEd B p AR ABIR T A A R B - BED G
Be T i o @ 2 L 40F X (tabu search)if i 3t X A SEE R o T F g 3
S HE A F R - REORE BB F R0 2 > d 245K % 5 A% 15 875 (Random
graph) [26]% % Ko~ Reid b it fEa @2 45 7 2B 5 2 > Taichi Kaji »t 2 & 1

it 82 2§ @ 8 Ant-Tabu Algorithm [22] -
2.3.1 5% % 3L(Ant System)

%3k % ¥i(ant system) [4] 2.4 Dorigo # £ #% d1k » H s p enf it ik m
a4 f B 3 (traveling salesman problem) > & *t H g 4 chZF iy 4 0 @ 75 AR kAR
PEFHE ML I R GHAW L RA R e TR AR Y LR
Tk e [120[15] Fou% AR L RO g et (21 B AT B

Y B I (17 %

RHEFAT  EFWBRE AP ic ) 357 - B PRy
(pheromone) it B 4 i de B > 3 it %5 6 d MR GBREE G A Ko > 4 £ d PF
BenigaB T3 a0 0 a LIS OBk € 9 Bt ¥R R RSB LSS B dopt g
W RPN ROETRT € RS R R R Tl B R O§I iR Tl B E
ST IR BRES  APT 0] A LSRR AR E F BT A R F A A

R e

-17 -



A (B) §
. Gy
o s S s SOOI, o SR, 0 SN o S S D N A W
=y ey ” e 13 g G i 2 o Y Py
Nest A T i fs Food Nest o e i Food
gy
() f < (D) -g
iR s 2 ava B iR Lok 2 e B s
O “t . 8 e B () O I = o ; o, | Rl iy -0
Nest AL 7 i Food T i i Food

&
S

ﬁ
S

Bl EFEBIREL TR R AR

(A)IE ik b5 R 2 & 40 B chb B S8 B (B)F 1 Hiskdr IR4F 0 i 18 Bombe O

‘Q‘Q

N

(O § ¥ HE v PlE 64 ot fc (D) “PUEBERHIS FiF o 7

pLd %ﬂi,ﬁr,ﬁr{iﬁ’(ﬁ"mﬁl = F5 B
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GBI A AT 5 MEIEKd BT IE R AT - B s E S 4T

[Tij 1 '[Uij]ﬁ
pi'j‘(t) = Z [70 D1 [, ]

keallowed,

if jealowed,

0 otherwise

# ¢ alowed it £ 2255 i Apatie & ATk K #TIE iF e B (1) Ak
EDERFER TR F g R ER - i LEWEL(,)TF | D e A (RbBik
gEE s iz Udy, dij &7 &80 T GpEdg) A oo 2 B Rl Ripdl i ()
Dy $P AR B PE O E R P 0 ke AR SR T

EST

RERGERCTBT TR DR RT o

BhEE kB ¥ - BE R s )TLU{ Wy L AT Bk e S B 45k

SEBREFETET T a P RAROR AT EE 2 B Y S e

T, (t+ A =(1=p)r; () + A7,

He AR - BB p A2 CEBF O L5 EF S a8 Ay ot 52

;\: L

m
k
Arij = ;Arij

4 A

# v Ari'j‘ RA A EPERY  aEaR K B ()T g T keh B s 0 B
Fom SRRIRIER () Tl R R ARAE()TRARE S BYAHE D
Booom AT gntl 2 ¥ L %A 5 ant-cycle ~ ant-density £ ant-quantity = #& -

NS

PUE R PRRAEZ B Rk RS S S

-19-



2.3.1.1 Ant-Cycle

Aoant-cycle it AT o Bk k = - B eycle(d I FEBH BAF R E RS

R EIRENFAEI)IE ] EHEF BRI AHF

R

22N

ol

B

N ;\‘-&VT :

Lg if ant k goes through the path (i )
k
At = inits tour bewteen time t and t+At
0 otherwise

B¢ QA BHHE o Ly FISMKFFESE B9 AL e o FIEiK
Kt At BB F SRR € BT T Q Ly hf a5 o % RIS K bkt

) F g ity s 0
2.3.1.2 Ant-Density

& ant-density 7% A& T+ 35AE K AR LB S HE BB R R

-~ [ 55 Y ~ -
R RESE i SRRt

Q if ant k goes through the path (i)

Ak bewteen timet and t+1
T. =

]

0 otherwise

He o b5k k ¢ fE BEBEARLG)TEIMIPFEEDTEF Q-
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2.3.1.3 Ant-Quantity

A ant-quantity $55% A T 0 dEdk K AE R T AR ﬁf‘ug HE RS

dg if ant k goes through the path (i,))
ij
At = bewteen time t and t+1
0 otherwise

Hoo oo dy A B (1)) R 0 F] K ¢ B R e A2 (1)

By ik Qldy e
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2.3.2 # & % ;x (Tabu Search)

# i WH 2 44 Glover[7] #r#& & éh— fA R % % 3 5 & % (locad optimal
solution) s F £2 5 > 7 MR At LA ot o bldesl B R F 2R AL
(traveling salesman problem) ~ B /& 45 7% B 4% (path assignment) &2 3 42 i A%
(scheduling) % -

RGRAB R RN 2T RA LA - BEJ* B E 5 e
greedy search ~ divide and conquer ¥ dynamic programming % % > ¥ — f& & f|*
iz o He(evaluation function)#725 = s 3% 3% ;2 (heuristic search) » &4 neural
network ~ ant system ¥? genetic algorithm e & #* & %= ;2 g0F B> R f3if B 2
Bl B Ay R RRR T g 2 g P RTeOR KL f\/»":é‘_%fr K FRAR R
B E oM FOF NIEF 2 BB LT R TR TR Sk A ETROE B % o
B F T LA e il B R i R A o B B A A

o Sl LR R A B B AR PR BiEs i R
S B B 38 2 B B PRUA[16] 40T
£(X) > f(x) for all x e R for which [x-x'|<d

B 7 B Sl f(X) e X=xXF AT Bl efE 0 xR e BN EE R E

FRBE o B X L 4 i i3
f(x)> f(x) foral xeR

% 3T Sl f(X) e x=x* 97 17 3l enfz o w973 ¥ i7 f2(feasible solution)R ¢ &

%45 3] {4 IRRE R XXt R R b 3 -
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f(X) global optimal

local optimal
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|
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|
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|
|

|
|
|
|
|
|
|

Bl-- - Eog N F G ffREAR

Yo S T 0 B R REF I KRRt 0 d L d AR Sl

AL REAL LR R BB e BB 5T R KRBT PR T

Bh dian B 2 Eo g T EHENB LTS

BEgixEa Bd 0T e el

Sl R g d — RN EERET - B fEiEEef B LHFER
b fefz w0 g Ad T AR PE - BT 5 ASKE D HOF B IR OMRITHE S 2
(6§ HUTHER Tl hoAF BT R 1YL T - S ehdzdn R BB AL L B
# o

> #& zH (tabulist)

25 30E A% 2 e i (short term memory) #-ff2 i 47 ¢ 18 T enfiE

R

¢

=

redk FfRBAREE (7o AT RBRTEOfR E AR 2 B & L

2 ¢
7S P

F_L

7

EE
Poa Rk EBE LHEP g i m e K8 L rﬁ“’ﬁ%“f’i‘?&
FHH Y - R AR LIEFEARY B £ R DR Y - AR

BT BANE B AL L ML PR @ B RFEEAN T B R T B R R

N

G Sl TR WE S
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> BLERR

= ¥l

P A RfREARY ISP nfE b ARG ZERP P

NOF: 3 FILE S S R L YRR LT

B2 AT\

> B iEE R

N L AOF BRI B A LA B g B

¥ ez gk Ho
ERMHrED B A AT R AR EEFERE -

2.3.3Ant-Tabu Algorithm

Ant-Tabu Algorithmz & & :z 2 b5k

GG R R AT B 2

g 8GR s(Ant System) s i > AF RIS ERY o b B LIH S

L rH o

aAnt-Tabu Algorithm® » i5ikkd B iEHs A7 - B s jo 3t a2
FheT

[z; (O] '[nij]ﬁTj e
pilj( (t)= Z [z, (D] '[nik]ﬁTk 1 < allowes,

keallowed,

0 otherwise

DT RABRLE A B R R FIRT AT TR
B i f3enp > Taichi Kgji enf 5% % 4
fézﬁa fz-‘ﬁ?:ﬁ’ﬁ’iﬁfﬁfa&j\‘f\ﬁa# » fe

B e BEA B i T B R T

_l\

K

er ]E;’

| efE Er el B ek BudE o
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% = § Ant-Tabu-Based Routing Algorithm

BTG EHEAAFHPRREE TR ORI FEZY
DSDV (table-driven)z 2 if * %% & # ik #RipHEEBE T » @ DSR(on-demand)se
R B TRB T § LA aa o 2 r@’ﬂhfqﬁ? Bed 3¢ € 24 3F % routing
overhead - B2 #% ARA(swarm-intelligence)ic f1* % /& 54 3lied ¢ » L £ H %
e B RE B RERIFHEEE T2 2 DSR Fl A7 RS
ATBRA(Ant-Tabu Routing Algorithm)#-% & DSR &2 ARA & fiked 78 2 > i@
Bt B RO L RRIFERR T EFTE DSR - 4 dmiin » PR E 2 D

A

routing overhead #riiz > o

P ARG PR R SR P P SRR EL S RA
H T R i d s OB R L AP ALY E AR M enELd OF B2 A R
ROAE > T AFE Y TR i BT B 2 (ATBRA) SIS LSk F B 2 B B L 0E

%k g 2 B R AT -
3.1 p # & B:(Selfish Node) B 3¢

AEAEFHRRARET o d 05 B ERIET FHn) A ol T
TABEE S PG T SR HET AR PR R T

EBIHAUEBAG KA BT L thdte o A PRSI § £ & 2(sdfish

nodes) » f & Bhehiy kg B E B MR R AT o FI R A RTIE R R
Bep o EBER R RSP R e g Bt AT R0 63 B IS

BEFIE A A4 { % hroutingoverhead > 4t A 57 3 73k e ATBRA B d 7

Bk BB P FER RERBOSIS L £ L H g

A
R AR N B BT T AL o
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3.2 & & %2 (Malicious Node) F* 3g

it E A HFE R TR B R R *gd G EERFF R AT hE IF] G ok
Eiv, R g AHFHRBEEF E RS &»;3;%]‘ LN AT ER=cl ) RIAR T gk

MERAGHT A U R EFELEET UAF R Ragd Tl

* B d ghRat e kB R R (T eekay 0 )4e Black Hole &2 Denid of

& Black Hole sz 58 T > B L & BLAEd 3l v S @bz fLp @ 427 lda
PiRahBbend R P v SRR BIRNF P RS Bt 3R g K B
N IR ‘&;{q,‘gﬁ}u? R Tl FA e R R TOR A ILETE T

G 8RS T PR S BRI AP e

% Denial of Service # 2% F » TfpéhEL f‘g < Bk d GrRdte kit
FFe e 23| o eB g g ) =

T S
3.3 Ant-Tabu-Based Routing Algorithm

7tk ) eh Ant-Tabu-Based Routing Algorithm(ATBRA) » # 2 & p eng_

PO fRAE R RERIFERRY F BEE @ﬁﬁj‘% T T A 4 enR 4R 0 ATBRA AR

A& e ZZBIFE O RA GBI R R (phase 1) ~ B S W B £ (phase 2) & 7
Flaf e iz pFf(phase ) » ot = PRECA B Acit 4o T

331 BEFEMHEK
PPE Ll B R (R B SE R REE P 4 B P chi g
(1-1) : kiR&EBLT B B FoRLe P chi aL

(1-2) : 3 1 routecache .2 7 F|iE P eh& ghenped B8 > 2 2.3 Ppr5(3-1) &
F F
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iz G Rlie i (1-3)

(1-3) : &= HHped pienforward ant > 2 kRS B ID & & 8L & RE NS
551% L & B forward ant hi 85 0 ¥ 2 ik T e ch R(exE TR Y &
PH ) RFHERY FREGOER(CH P RS EL )

forward ant cn2 & ¢ 8 ¢ o & BLF A E o 2 44 [13] 26
(1-4) : ¢ 4 & gLz 3| forward ant

(1-5) : ¥ A &Eql* k4t forward ant B d BT Y S BTFRAHF LT 0 R

'

s e
PR F T ST A

d 30 ATBRA ¥ e i #7ie e end® B3 fE el d BT 0 MBI R B B ehE B

e AR F R TR

Ik

T4 EH Ant-Quantity st E o H E

= ;\: L

At) =&
n—i hOp”

He o, ATLi & R R N T kB R A SR TR
ROPRFE SR AIBRY SET RSB Rd BT DERQE - T

hop;; &_&: Zk4p sEch hop #ic » Flpt & 8L 7 R ch it 5 £ € &7 hop #icd & 1 o

B ARA ¥ bRk e AEd BSHRETE R > TR iR F R R

/

e

JEH % Ant-Density = ;8- 8 > H2lE 3 W 4eT

He » ATy iﬁéﬁﬁ%g&i;‘gdzw&réﬁg&n%@ S b bk @ 65 % & IR &

EsHr R fi ey

‘“.?i
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# 2 DSR -~ ARA £ ATBRA i d 3t b i

DSR ARA ATBRA
LT ER 3 =N Wl Kipa B poengs R ERd BT
gL
[jo8. 13 feB-R RS Y Y e B] W R RS
4 B Bad 3@ s R R EFRETY O Bd e s
i

37 ARA 22 ATBRA 3 it 5 348 & st i

ARA ATBRA
A< N
SR %F]w X AT[?—)I = Q n—)l Q/hop”
(Ant-Density) (A nt-Quantity)
3 FEASAGE B fE ik B E-Y i %35 hop #cd
A REOR Y
A B AAFERBR T A AL Edphopdie  EE Ve

(1-6) : = forward ant e gk 2w F R P 0 B H C RJLER]E 7 (1-7)

F 227 Blper](1-8)

(1-7) © &2 2o forward ant Z 3 - ¥ L F]¢ 4 & 8L € 7R 4§ forward ant @

¥ AF ASZ 4P kb X 5L forward ant

(1-8) : iz forward ant & F45enp & B R H| W EF C 5GP DG BOREF

B4 FA2H Rl F(19) 0 £ 2% RlEe R (1-10)
(1-9) : fU* £ x7F 3 forward ant i B S & BRiE & 5N
(1-10) : fU* 2 A5 0B L FHALREGEER S S

ATBRA £ # ¥ g o i & i2 (ARA £ DSR)B % 7% |r BE B0 ELJTHE 8 2 5¢
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ATBRA et jliE 48 > Bt )t 8L 3 5 P & Bnf iR F A M 0 B AR
7o R R e VR forward ant B b ARIT A EL 0 F A RE R R AR
CEERR BATE BRI P DB F o HhE S e
d
pd — Tn—>i'Tn
1—n d T
Z [DERR
keneighbor;

d rS . 2, . s v B3a e S 2 AK vz
He o PL, R & &80 B forwardant i@ S A8IT &8N ac 35 7 P &gk d e
d e 1 e e . " o
W5 Ty RAEBT Y TS BN TR kb ik HE RS R d TR

PR c Ty s EEn L7 4 forward ant sh L L E 9 0 E AR E

\F‘b

2ntforward antenZ & 28 ? > HiE i 00 F 205 15 Kk & & 975 dhaliT &

ARA -5 E & BT B B Bena Bl Foehs SR g iR R

d
Ol [N
pi—>n ) d
Z Tosi
keneighbor;
4 2 DSR - ARA 22 ATBRA BT % 3 ;51 i
DSR ARA ATBRA
FRo i 4 By Rih - pigus
::\‘:»‘ v
% = ARA 22 ATBRA e &3t 5 3 50
ARA ATBRA
ERl N Y d d
P pd — Thnosi pd — Tnoi 'Tn
i—n d i—n d
Z T Z Tt Ty
keneighbor; keneighbor;
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(1-11) : p =& 2Ly 3| forward ant
(1-12) : p en& A1 k-t forwardant B d B /2P cn& BT AFF R F

(1-13) : i forward ant it Bk 2w § F @ w RiE 0 B A e w REREF(1-14) -

F LG P T(2-1)

(1-14) : #-= w g forwardant Z 3 » B4 F| P 4 &8 € 37R 3% forward ant @

T4 W 4P B 5L en forward ant

332 BEY EIF&

FRBe 20 BRISw (% B G P cn& 8L~ ¢ ) & 8L KR & 8E)

(2-1) : p =& gh#forward ant # 4% = backward ant

(2-2) - ¢ 4 & ghyz 3| backward-ant

(2-3) : ¢ 4 Bl * bt backwardant jed B ¢ @ BT R R LT

(2-4) : ¢ 4 & 8Lik backward ant st d BL R B RS T - B H 2

(2-5) © kR & gkyz 3 backward ant

(2-6) : kiR & A" k&t backward ant B d BT P P& BETOR R R R TR
backward ant # w &% d /T 35 ~ route cache #

333 FTiHite BERK

FEEL 3 FAldt e (ARG ERNREE ¥ 4 S22 Gy gL

(3-1) ¢ ki & BREEd BT 4 2 Tt X BRI

(B2 : ¢ fi B F| T A4t e

(B3-3): ¥ A& kFHite cnfed BRITBELT - B &g
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(3-4) : P iR B R F o4 e

ATBRA 5427 & § ehBejS4F & PR ~ B /S
PR RIEE BT I RR T BERR

%z l{vbﬁn B % N ., N
FETIR B R T ik ar o m sk
R SR EL ¢ N GBS P & B R = o e
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T aseud

( geseyd <ﬁ[ Z aseud <ﬁ(

7

Source Node

) C

Intermediate Nodes

)

Destination Node

N

(-1 N /T (-4 ) N / R {112 \
Receive Forward Deposit eceive Forwar eposit
Send Data Packet o | Pheromone Ant gl Pheromone
d (1-3) 1-10
(€2) Send Forward (1-6) (1-8) (=1)
Route Cache Ant Ignore? Have Pheromone? Rebrocast Ant false
no_route false
has_route true
Tabu List
Selfish Nodes (1-7) (1-9) (1-14)
Malicious Nodes Drop Ant Phem“;f’_“”“"” Drop Ant
\L LA Y
(2-6) (2-5) (2-4) (2-3) (2-2) (2-1)
Deposit | Receive Forward | Deposit | Receive L Send Backward
Pheromone [~ Backward Ant J & Backward Ant B Pheromone B Backward Ant ) & Ant
(3-1) (3-2) 3-3) (3-4)
Send Data Packet Receive Data Forward Data Receive Data »
with Route j [ Packet packet j & Packet

B+ = ATBRA £ 48;: 2]
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¥ OERE RS

A BER Y RERIRR AT RS ARG I T R AP M AR R
- TARR PFE > F] UC Beakdey B # 7 — 24 & H o chpe R K

f8—NS2(Network Simulator, version 2)[11] -

NS2 &4 OTcl & CH+i I iFS BgFT % X7 J‘z%‘gd OTcl # 8 4 ps i

# 8 (network scenario) = & NS2 e e gt o #t #b > d 3% NS2 Z_B x40 75

&
pi

(open source) s kg o & * Jﬂz O E R 7O iR BRTHE NS2 poiZ e C++
Libraries » Gl4cid 3Us 7~ #ed B2 8 4te o] R N E > Fp A g I
NS2 # i ¢ C++ Libraries p2584 7 » 9 Al % A A#H (76 RRIBE T TR

4 ;% & 2 (ATBRA) -

4.1 B AR

2 ERBEATY TR DR F I I (ATBRA) B Y AR AH T H RERES

TSt 4 TR o AT RS R ARAe Bl S [10] [25]
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[ Stepl: Network Scenario ):E Step2: Network Simulator ):E Step3: Simulation Result ]:E Step4: Result Analysis ]

(2-1) Otcl Interpretor (3-1) Animator File
- Network interface: Wireless
- Queue management: PriQueue l ' l '
- Simulation area: 1500m>300m
- Simulation time: 900s (3-2) Trace File

- Routing algorithm: ATBRA, (2-2) C++ Library

DI, IDSIDRY - Packet type: UDP
- Node number: 30, 40, 50, 60 - Packet type: TCP
- Selfish node: 0, 15, 25, 30 - Routing algorithm: ATBRA
- Routing algorithm: DSR
- Routing algorithm: DSDV
- Queue management: PriQueue
- Move model: random waypoint - Queue management: DropTail
- Pause time: 0, 30, 60, 300, 900s
- Speed: 0~20 m/s

(4-1) Dynamic Topology Effect

(4-2) Node Number Effect

(4-3) Packet Size Effect

(4-4) Packet Number Effect

(4-5) Sent Interval Effect

(1-2) Node Movement

(4-6) Selfish Node Effect

(4-7) Pheromone Evaporation Effect

(1-3) Packet Transfer

- Packet type: CBR
- Packet size: 64, 256, 512, 1024
- Sent interval: 0.25, 0.5, 0.75,
1.25
- Packet number: 500, 750, 1000,
1250

Bl w o AER



HI- L ER RS

»

(1-1) X TIRHE S ¥

£%

B & BREE 4G (network interface)dk * & MR (wireless) g it ~ 77 ¢ 32
(queue management) = ;¢ i * 38 PriQueue(Priority Queue) > PriQueue #_— #a it 12
B R Ra AFHs ZHRAXAOFIFIES N R ER S 1500mx

300m - & gEF At RPN A M PR S 9004
AP P g d FE 2 2 ¢ ATRBA £ 4877 #7F Al &
gt d F 5 2> m DSR(on-demand)¥? DSDV (table-driven) #_NS2 p & ehpe d J§ 5

= °

Bt 5T R SRR R AP A Y A HEED 5 3040~ 50
¥ 60 R T R B 1 4R A T B B B 4w ke d i B i (ATRBA

1 DSR) ¥ (53K ft & Bhdic 5O T > A B)F 0~ 15+ 2582 30 B p § & Bk »

a4

oA EBEE 5 750 TR R LB K A Bt p e chdf e
(12) @ % L& mAp 5

R B & BRAS B ;N R * random waypoint model[20] 0 At A5 e T
GBE ¢ Lk R IR Y P (pausetime) ik Tm k- 2 BEIR Y - BPFR 0 2 {5 G
PR RN R - B R o AN E B F2L Feh- BB
PSR ey - KFERF > Aot a4 FINRPFR S AP ASEAT F
e FRHEFTI% > ~WHE 0-30-60-~300£900%) 0 § BT RFRFAEE &7
PRAFEEGFARZ L2 0 B AT RRIpE S FARK ) S ELEC] B KA

Oom/s m & = #% &1 F §_20m/s -

Ptk RBT R AN PR IR B R R B R REL T TR % A

P R B R & 5 frandom waypoint #o8T S BER TR G O F B B
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ik FE_0m/s @ & & # i FE_20m/s -

A B e B R 4t ¢ R CBR(constant bit rate) - CBR £ - 48§ * UDP

iite o P B BCHIEE 57 FHT RS PRRE B -

LW RS A BB AP A u TS K TS 64~ 256~ 512
#1 1024 bytes iR T F Bk 5 0 A it BEF ISR A RS BT
Aldte BEMEER £ 5 025050752 1 fjenfiin T F 5% 5 50 K 7F k4
& gcP R A B TR S @ Fgcp 2k %% 500~ 7501000 £ 1250

BT R % o
HAZ L d NS2 ikt
(2-1) : OTcl Interpretor

OTdl Interpretor € 2147 T R E B0 AR B BERIT R T & 7 &2 CHt

Library i3 & » &fids & 16 § AL T RE* T840 -
(2-1) : C++ Library

C++ Library &d CHriEB e B > B & NS2 5 F & chie i
ToORTET LR P AE ] ARE(ex Bed W E R & RIS ) kATH &

% 2z C++ Library -
HA= AL RS
(3-1) : Animator File
# 41%* Network Animator #% < 1ic#5% 18 42 c15e &4 ©

(3-1) : TraceFile
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W F

>

FAI* awk £255F 7 T B ARt A T RS S e o
w3 WS

AT R AR SR P 3 E K] 3o dkp C BEREE B R
RS ETRA R *"'3(4-1~4-7)v TR Pk L

Successful Delivery Rate(r+ ™ f 4 SDR)
B PR FE YRR RE ) AL R Tl g P 7%—5'\
SDR » H 2+ 8 3 e

total receive packet
total sent packet

SDR=

HELd 5 PSR PR g S BEBFE O o A @

AXF 0 AT B RB R AT ARF o F 2 0 BlARIL o
Routing Overhead() ™ f§ £ RO)

V- @i £ RO BN AR FH 2L FHED BRELTAZ
e 3¢ BB 0§ RO ABARE AT § AR5 R HE AR BB
B S BT DR T AR R R E  p S B

{ 5T R kAL SRR 36 0 L A &Ry 4

g

BEE G4 G L

JRWTE s pLIFZEILIE R S ,i}g LTER o
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42 HRB R B A H

421 # i dpH el

F B AE P (pausetime) 4k @ > & T R I R H F Ok L > RRIpE O
0 WL B TR B B S ERT R R F AR BT
OATBRA B DR 0O DDV

100 r

90 r

80 r

70 L » node number : 50
< 60
= 50 | [= = S S R > packet size : 64 byte
o ~ ~ 0 0 = I & ©
EEsl NEE Ele ERb R 5

30 | S IS = > sentinterval : 0.25s

20

18 I B » max packets : 1000

0 30 60 300 900
pause time (sec)

F-1 & heEe SDR ¢

3‘5‘2
=hg

OATBRA EDSR

» node number : 50
» packet size : 64 byte

> sentinterval : 0.25s

» max packets : 1000

0 30 60 300 900
pause time (sec)

Bl = # fidrH % RO 3 8
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Bl LT T X PR A SRR F SRR N A R
ERd 4] > § SRBTRETARE S L pRIpESH IR d MR PET
29004 Flut g g pEF L 0 FPF M AR 2ELDRRIFEERE A § B
TR 0fp - 42 28 L apiin s - ATBRA 22 DSR &3 B # fiih
PRAPE A ORRAFERE Y 0 3R 4 g% (90%1 e SDR) 0 @

DSDV # 2{“%1%?)35]%“%&300%/” Pfﬁ ‘jnby {2 4F TP AL o

d o F T R LS AP GBI RRR TR 5 DSDV & 03
BB LRI T B g o F] {8 e %1 i ATBRA 22 DSR 0

Pk e e

‘3\

4eBl L~ #r7  ATBRA #7144 (h RO & DSR > » @ ¥ A& RO A%+ efF/n
2T RRAREE F 0 B R FIER S i g BAAYHEER R R AR A 0 Bt AR

Senbed 3 g §ok g endpal a3 BEE o gk

422 & BL4cP LI

OATBRA B DSR

100

90

80 - .

20 | » pausetime: 0s
g 60 r ™ © Ln [Ce) .
g 50 F | % 2 2 N » packet size : 64 byte
3w | s o o

30 ¢ > sentinterval : 0.25s

20

18 | > max packets : 1000

30 40 50 60 Area:1500x300
node number

B~ = & EHcp 4 SDR
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OATBRA EDSR

10000
9000 r
8000 r
7000 F
6000 r
5000
4000
3000
2000 |
1000 r

» pausetime: 0s

> packet size : 64 byte

RO (packets)

> sentinterval : 0.25s

» max packets : 1000

30 40 50 60 Area:1500x300
node number

B~ &g $ RO g 5

Bl BN X e b B R @ R R 175 2 1500m
s

OATBRA B DSR

100
9
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