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Abstract  Mobile wireless Ad Hoc network (MANET) is a self organizing and self configuring
multi hop wireless network, which does not rely on any pre-existing communication infrastruc-
tures or centralized management. Clustering has been proven to be a promising approach
(through dividing the network into several sub networks), which can imitate the operation of the
fixed communication infrastructure and improve the scalability of mobile wireless Ad Hoc network.
It has been widely used in efficient network management, improving resource management,

hierarchical routing protocol design, improving quality of network service and detecting the
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mobile wireless Ad Hoc network security. In mobile wireless Ad Hoc network, frequent node
motion, bad nodes distribution can reduce the survival time of clusters, degrade communication
quality and increase the communication overhead. All of these problems will certainly decrease the
stability of clusters. Besides that, how to effectively adjust the selection of cluster heads in this
dynamic network environment should be taken into account. A high-efficiency clustering strategy
should be adaptive and can predict the variation of clustering behavior on the basis of current
network environment and node state. Focusing on these problems, we put forward an adaptive
clustering strategy for MANET based on learning automata (LA) theory and stability control
(LASCA). Firstly, we derive the cluster’s expected survival time model and reliable communication
metric model. Based on these two models, we design the cluster”’ s stability metric model as the
measurable indicator of cluster head selection. This model can guarantee the selected clusters have
relatively high survival time and good nodes distribution, which lead lower communication cost
and better communication reliability, i. e. , enhancing the stability of clustering. Aiming at the
fact that previous work do not consider how to reduce overhead of cluster head selection during the
dynamic clustering re-construction process, we construct a clustering behavior cognitive model
based on learning automata theory. In this cognitive model, the cluster head selection behavior of
node is mapped to a probability function, which is updated by receiving different network
environment feedbacks. By this way, we can efficiently adjust the structure of clusters under
dynamic network environment and reduce unnecessary computation cost of cluster head selection.
The experimental results show that our proposed clustering strategy has good performance on
stability indicators, i. e. , efficiently reducing the update frequency of cluster head and cluster
member nodes. Besides that, it can reduce the communication overhead and computation
overhead of cluster head selection in some degree. Taking two simulation groups as examples,
when comparing with our proposed clustering algorithm(under the setting that maximum velocity
is 10m/s and mobility model is Random waypoint) , the cumulative updating number of cluster head
nodes for WCA, FCA, TVCA respectively increases 39.4%, 18.0%, 20.4%, the cumulative
updating number of cluster member nodes for WCA, FCA, TVCA respectively increases 44. 7%,
7.2%, 36.5%.

mechanism for MANET, which can be used to design layered structure routing protocols. Besides

Our proposed clustering algorithm formulates a brand new topology control

that, this work also provides some theoretical inspirations to construct behavior models for
complex dynamic network.

Keywords  mobile wireless Ad Hoc network; clustering; learning automata theory; stability
metric model; clustering behavior cognitive model
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i 3Epuzeip AR

T YRR S R RO RS E M T R AR R
%95 55 e T S B AR A I (] 5 A o L AR AR
JINERSELAR T . TR O 5 i 0 G e e R B R
TEFEAIE R EOT Bl E S

W, (o) =w, + [E(TH]()+tw, « Re/(z) (18)
Hrh o 05 MANET [ R G0 4, (w, +w,) =1,
CE'(T) J.Rei (o) A — A3k aT i

ECT) — ECT) i
E(T) e — ECT 00

, Re!™' —Rel!
Re:= Reh — Rel!

4.2 HHIEESDHRER

HRE A C 4 5 A9 7% 18 Ao R B R AL JRAT] A A
M — U T R RS (B D).

BiE 1 — W E R % (Cluster Head
Selection Algorithm).

Input: G=(V,E)

Output; Cluster head nodes(Ch)

1. For (all nodes :) Do

2. Calculate W, =ww, « [E'(T.))]+w, * Re,

19

E(T) =

(20)

3.  Broadcast the message(W,) to its neighbor nodes j

4. For (all nodes j &€ N[i] and j7i ) Do

5. Store this message(W;) in its neighbor table

6. Compare its own weighted value with all
neighbor nodes’ weighted value received
though the broadcast message

7. IF (W; is the maximum value) then

8. j is selected as cluster head, namely

(Ch=7j)
9. j broadcasts this message(Ch=j ) to its
neighbor nodes
10. Else
11. Node j waits to receive the message
(Ch=F) sent by node k(kE N[i])

12. End IF

13. End For

14. End For

WAE 1 AR MK TS 5K E
VRIS NS4 B 9 A5 A (BT 1) AR FE Y
R — 2508 B S RCEENEE. X TIZ S m
AT AT YR A R RS B A T 4B R
HORRE I A A(E S A B A B AT X b
A0 T R R A i A U)K I 48 i AR R R T Y
7 BT R I 1) R R 8 &R T R — A% b AL BE R AR
K RIS RN B B A 15 R A U AR S Y
SE R OH AR 8 19 6 10 M A SR {5 B A B
2 1, AT PR UIEFE BT R 0 TR BRI R AR SCHR M AR E
P B AR

MANET #4952 i 8l 25 1 2 5 208k 6 1 5 M
BT RSB K AR AR A B L TR, O DR IE 20 5 A 1Y
S A RO S FATT SR T 4 T RS RS SR AR 2
{14 7 2O 70 12 AL R AT A 4. AR T Sy b, K
1175 B&1 A A BN B2 Sl AT g BT 0 A Bl R T %
IRFXoF 73 SR 45 AR Y S R T NGk 2 SRR 1Y RS T I
Jr it 64 3 R P L.

Bk 2. RO L R IP) (Local
Cluster’s Adjustment Algorithm (Nodes Leaving).

1. For (all moving nodes i) Do

2. IF (node i is cluster head) Then

3. Node i broadcasts a message (giving up the

current status) to its cluster members

4. Node i becomes undecided status and tries to

join an available cluster

5. For (node j&€ N[i]) Do

6. Updates its cluster information
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7. Executes Algorithml to re-select a new cluster 5. Else

head 6. Node i joins the cluster that has the smallest
8. End For number of member nodes and executes cluster
9. Else head re-selection (Algorithm 1) in this cluster
10.  IF (node 7 is cluster member node) Then and changes its status correspondingly
11. Node i sends a message to its cluster head 7. End IF
12. Node 7 becomes undecided status and tries to 8. End For

join an available cluster WL 3 AR, BT B R P A S
13, For Gall nodes j€ NLiD) Do A A 40 o LA 9 2 O 0 A
14. IF (node j is cluster head) Then FEHIE ALY A - MEE T E RS,
b Updates the cluster information O e 15 A T O 7R R A L
16. Broadcasts a message about this leaving VU L% e s 25 4 A e P AR Bt KR /I Y

node to its member nodes N . o
- Elee 7 I BT PR A 1 T AL
18. Updates the cluster information related HEATT 2 BP0 3 2 P 452 5 SEL B ) 7 S0 O 2
to this leaving node P AT 18 A L RE AR 47 A Ml 53 # 45 4 T TS s % DU

19. End IF 6 W 2Bl I a] 25028 CIEY S8 3l AT o S B0 23 7%
20. End For SERAEAR) + DA e 3 7 ) P 8 90 SR LA DR IE 42 SRy 3 1
21, End IF 24 1 S I A RCHE.
22. End IF NG A Pl R 2% rh B AT T R R
23. End For

WNRE 2 vl T B T A I AR Y A2
T R 3 A7 (1 e B B ) BT IR B R 2
BT R T A N ) LR D1 )RR AR R B
JBCFE T AR A A TR R B RS R
BN AR E B I U AR B . X T R S
JIT A A 1) Gt BRI U R T B AR
R 2BV R TR I ) LR R R
THE B [FIE K BB RS BB okt 2591 221
NGB X T RE W A . TR SR B
TFA5 2 D05 8 o ol 5% 9 s ) 9% 30 R0 O BB A B AR
HR.

HE LML 5 25795 5B T B A 7 O A A — A>T
TR BF o 8 00 A 552 %) 5 Ay s 2 A= 728 Ak TN 33
2 3 RN SUIAE B i 1 23 5 4 3P L

Bk 3. A FEREE R L G AU (Local
Cluster’s Adjustment Algorithm (Nodes Joining).

1. For (all moving nodes 7 and node status is undecided)

Do
2. Node i sends a join request message to the available
clusters and waits for reply message from
corresponding cluster heads
3. IF (node i only receives one reply message) Then
4. Node i joins this cluster and executes cluster

head re-selection (Algorithm 1) in this cluster

and changes its status correspondingly

F18 B 49 AR (B D P i A B () S I A Rk
I Hello i 3C A& X AT M E B 5 B A48 T 99
AR AP A J) S0 B, FRATT T X I 4 A 4 S A
T AT AE D M

x4 &R HETREE L (Overall Clusters’
Adjustment Algorithm).

1. For (all nodes i) Do

2. Calculate periodically its weighted value

3. Send periodically hello message to its cluster head

node and neighbor nodes

4.,  Execute periodically Algorithm 1(re-select cluster
head nodes)
5. End For

I T~4 B Fili ik v R R0 25 2 RS A0 Y AR
(ERETSTE R TIER - e ) SRR SR i
FA B TE R E  FAl MR Sk 4 T x4 R A R
A7 JE S SR 3 6 R 22 T BB BT ROT R L  k
AR A BT — A AT S I RIL R B 2
A AR A AR RO 23 15 45 b 1A T 3 o DA D A
WERTRITE. I8 R AR E R EA
IS [6) 32 S 1 PRI PO 1Y 2 PR R S AR B AR e
60 NP A S — bR e S R A 0 7 245 4 g 30
ERE . DX T AR 40 8 3 35 I SR B SR A SOf 1
43 W g AR T AR ) B S HLEE I 0 AT
A FIAL .
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T oE2] [ S LG 5 AR E TR A9 B & N RS B To gk Ad Hoc [ 45 23 % 5K 2097

4.3 31 Ad Hoc W28 B9 53 #5147 A A AL )

W 3 Wb Xt 22 8 sh MLy A 44 0l A1,
MANETAE A 8l 25 W 45 2045 0] A Ry S — R Bl AL 36
B2 M I 24 1) 2l 25 A8 A A T B A A S AR BT AR
RS A WA N S — Fh BE AL 2R 58 S 138 5K, X
IS R 25 A5 T a3 5 A R 1 AR Ak R AR SC
AR 2= S 8 S L A g —Fh 4 R AT A AL
il O b oAt 7 A U 7 2] | LB B A T 4%
M RCE e M S AT R .
4.3.1  SrREAT A I B AL

42 R AT AR TRE BN —IK
T T R ORI, E R R AR B B T A T S AT A
FLAS S PRI B W T A A AR AE AE R T
nlaetE HZ S . 4565 AohvLEe vl 1,
VT YR A AR T B WA /NG 1 B LA R
K Bl A5 VR B BRI AT RE RN 2. Y
A5 S A AR MR B WK, U B AE R R )
AU B IS B R T A R BB A

B X2 e M o AR SCE B T AR S5 A 1 JE Rl 2= 2 A
SIHLAE 3R FE Al (B AL 7 FEY AT R B ¢ R
BEE T A RME AN P, (o)W AL,
A SCKE MANET 24358 A48 4k X 5 500K 28 19 52 i F I
E T 2R W 2 8 S HL Y T B AT O MR
Brat B AT AR 4 B R S RS 4 o AR

#iok A MANET (% 3085 )55 5 o0 3 /= 5t
{55 o 7 7 0 B M 8 pR 5 BT 1 G T B R PR AR
Fik =
Pj(r+1):JPJ(T)-Q—a[l*Pj(r)], ]A:zA |

la—aP, (o, Vj.j i
21)

RZ % MANET 55 5 8 2% 5 i 0t i, 7%

T 3R 1 ARE 5 T L R A R R kR FR A K

A—0P; (o),
‘ {(kbl)+<1—mp]<f>, V£

j=i

(22)
Forp ke ALl 2~ B S LAY 2 S R gl A Y Rl
Heasb FoR IR ) B BHLA LA A R
X L AR 2 AR TR A S A Bh A
PRBE AR B RE 2 B BB S 2 i B i 2 A T
e ARG 4.2 R SE 1R TR R IR RTA B AR
AR e A 7 CARAR AL i e A Y L P A S
A PR TR DN BE A WL 45 45 SCHIRL 26 143 Hh A9 S 15t
F 5 FNTTE AT SRR E e BUE LR

DIW, (o

JEN;

| N; |

Forr [ NG | 3R 35 7 A% A2 8 Bl 2 Y 9 4
B W (o) 719 55 A RS E PRI BE (R 2 S (o) >0,
AR S 2 f (o) <20, T RS AE 5 A%

FATT B R Al 27 ) B S LY s 7 R
SR AT AR 2 /i e PR 45 2R 5 3 S B A5 B 58
JILY A PR A T R ML AR R 3k XS A0 T U S ik
S5 55 55 BT 7 A2 S R PR AT X 2K (21D L (22)
Pk — 24 A i ik

2 fi(o) >0 ff.
J P(zr+1) = P;(0) +a(0)[1—P;(0)]
F’. [ < 0B,
P(z+1) = O—b()P;(o)

f,(‘[) :W,(T)* (23)

(23)
Horh a (o) b (o) A 0 AE
alz) =61 _#(f)]
{/J(T) =e[1—plo] 24)
u(o) = expl—| f(o) |]
Horf 6.6 I H R R (23D L (240 Al fR
AU MANET P58 555 0998 52 9 LUBORS
i 7 IR AT AT O A M R oR O AU . Bl
& WEAS R B 2 AR 23 BT NI PR A R
RT3 —BEE B B0 Cle AR ME 23 3 (D) o L I 339
TE T U B PR AN A B PAT L 1 B s I
Z W EAE TR R S R R R AR S AT A 1
B B I R
4.3.2 J3REAT N AL SR
BT A B AT AT 45 X Bk 1
LA S B L T2 ) 3 S HLEE 19 23 7R AT A
FBLAH L anSE s 5 .
Bk S, AT NIRRT AY A Ak SR (Optti-
mization Strategy of Cluster Head Selection).
Input:G' = (V,E,W(2),P());
Threshold Probability( TP) ; Initial Probability(IP) ;
Feedback Constant Parameters(d,e)
Output: Candidate Set(CS) ; Cluster heads(Ch)
1. For (all moving nodes 1)
2. IF (P;,()<<TP) Then
3. Node i can not join CS and participate in cluster
head selection process(execute Algorithm 1)
4. Else
5. Node i join CS
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6. Calculate f;(z) by using formula (23) ®1 XBSH
7. IF (f;(£)>0) Then S84 BUAE
8. The feedback signal is ‘reward signal’ and YR MEL(LXW) 400mX 300 m
de i und . p T AEAECN) 50~100
node i update its current P; () % 2 h (1) Random waypoint
P.(c+1) = P;(0)+alo)[1—P;(0)] (2) Random walk
IR A i 42 (R 50m
9. {a(ﬂ =0 [1—p@] 3 A5 B KR () 25m
w(0) = exp[—| f(o) |] B B# Y (o) 1~30m/s
B A5 ] 0s
10. Else IEES W =w;=0. 5
11. The feedback signal is penalty signal” and B ke oy A SE A5 S A
. K Bt 5.4GHz
node 7 update its current P, (7) hello # 3¢ M FG (HD 56
P.(t+1 = (1—b()HP, () 5 B ] (DT 600s
[ N A 5 R L) 0.5
12. b(o) = e« [1—pu(o)] S5 I A 22 0.3
1#(_{) _ exp[—\ f(‘[) |] S RS0 0=0.04,e=0.08
13. For (all nodes j and j & CS) Do PN . " N N .
. AT 9 D0 A AN 32 Wiy 0 2% ) 322 3 1 3 RS e AR AR
14. Execute Algorithm 1 to select cluster heads X - i e -
o e KBy 0.5, HAb i F B R A T 15 2R 52
o e Ay ST A0 T 45 5B A 5 AL
17. End IF —FF DR BB S AR 4R R R BRSO 0. 5. AR
18. End For P SCHRL 24 5 31 TR B it 6 28 J0H0 B0 B R 0 B A i

WNEEEE 5 IR L O Tl G A R BB R B O
RUEITAS AT T2 B S HLIE g T R
X I A M R SR D R AP IR 1~ 12 B3 T
I AR 5 (CS) 1) i W) 70 4 16 46 45 5 i 2k T 2
>J E S LB S 1 AR A SR 7 5 R A o 4R
T SRR SR JE] [ I 45 BRI 0 B B0 L e 4%
BEARMESAT IR CEIR 9 5 12). L 13.14 N
X B ARG TR AT R AR . Bk
AT DL B A /R R A T A MR

PRI 7 190 2% 8 2578 A 5 B0 1 30 0 SR I (]
S0P 4 Jr 7 1Y IR D T R A SR R B 40 R A T
D N FVHIL ) X 75 B 2 5 kAT LA L RO e 2 5 R
T 1) B B Y R LD R R BT RO R
TEER 2 2] A S LB IR L A 3 AT IR
il FAT AT L AR SORE 25 45 SCHRL 21, 31145 Hi ™5
14 5027k Y GIE B DL B 53

5 ARHHEZEXLEXE

5.1 (hEZHRE

ARSCH AT NS-322 A7 B B L X 5250 2
BOATHCE R 1 R,

AT R 45 7 5 8O TR 5 1 s B
PL 10 FE N i 34 B f , B S A B random waypoint
model 55 random walk model, A ik 55 HoAth 53 xF
FUAY 22 -k i BURE I — AR AR B 7). MR~
H S HLBLIE m] R0 5 B 7 2 e BE D RAIE Sy

W

ORISR 5 AT WS T) Aot B2 i L 4 e 1k
1M FRARCIR S T R R A BB N AE 0.1 247778
ARCH 6.6 43R 0. 04 5 0. 08.
5.2 HEXR4ER

15 ELSL B WCAP! ,FCA™ , MPCA™ , TVCA™
14 70 5 B 5 AR SO S 1 4 7 SR s (LASCAD 1k 47
Xt EE s H A B AT AE AR [ 2 3 (E 5 88 g A Y
A R

(1) P2y e A 8

P A 5 e A T PR RS S AL R L T
T R ECT W RE B e R N Rl gL o
Yy e A BB A T S A B N g O ROR B
PR BB 56 F L AR SCHR H P B (LASCA) i 45 1)
FERREE A AR AR EZ T WCA Bk TR
i = Fp 8 s (MPCA > FCA > TVCA). A & B
FCA B35 BT 459 14 7 35 55 27 1 25 A B0LE W B B 2y A5
TR 1 22 5 ek Rl SR 5 1 LA A~ 8k (2In (ND) i
S LR AT AT AR SCHR B R (LASCA) 5 H 4
DU ot 3 52 S0 12 IS T ARIE B 5% 97 s S BN T B R 4
J% AR

P51 5 e R T RS S AL R L T Y
TS B S R N R, P
T 1 A B 2 B S R 20 398 11 e o v 1 R sk /0
MEEH—MFIRE. HF A random waypoint
B, 2 S8 (LASCA) T 15 1 5 B 55 15 35
MER 2 F WCA Bk 5 FCA Bk (FCA>
WCA) , /b F HAth B Fp B 1% (MPCA>>TVCA). 1fij 7
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random walk #ER1 v, A% SO I 4 1 o A B0 A
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TVCA). FCA 551 T 15 1 °F ¥4 75 & > $0CAE PR il
BN 2 SRR,

(2) B0 O R 5 400

6 1) I R AR T TR RN RS S B R L R B
o R AR RS T R AR SR MK s
T D3 2R R ST R s B A RO 1 g
KA EA TS M R A6 P FP RS B 5 7 o
A SCHR AL (LASCA) i 15 59 5 035 58 B3 30T
UCEE o e/ DAAS SCHRE S 1 3300k (LASCAD 1R 2y K&
il k47 % b #F random waypoint # &I i, WCA |
FCAMPCA TVCA i 5315 5 BT B AT 1
W T 44. 7% .7.2% 4. 7% .36.5% , Tfij 7£ random
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AR SCHR R B 1 (LASCA) Fir 153 59 B 03 5 5 B B I
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BB A B/ DAAR SCHR H B9k (LASCAD ARy Ve =10
FEREVEFT X B, #F random waypoint #E AL 1, WCA | § 300
FCAMPCA TVCA Hys i 15 4 BB 3 UCHT 4 I
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g
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MPCATVCA 1y 5745 s B R B kO g 2
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attention to the optimization of MANET. In these researches,
the scalability and topology management of MANET is an
important and active issue. Clustering has been proven to be
a promising approach to enhance MANET topology stability

and extend the network scalability. Although many clustering
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algorithms have been proposed for MANET, they do not
scale well in cluster’ s stability control. In these previous
work, they neglect the impact of nodes distribution and node
state change. Besides that, in re-election procedure of cluster
heads, current clustering algorithms do not consider how to
efficiently adjust the cluster structure, which is crucial to
reduce the redundancy computation overhead. Considering
the above problems, we propose an adaptive clustering strategy
based on learning automata theory and stability control. In
our method, we first derive the cluster’s expected survival
time model and reliable communication metric model. On this
basis, a new cluster’s stability metric model is constructed to
select the cluster head nodes. To reduce the redundancy
computation overhead, we introduce learning automata theory
to design a clustering behavior cognitive model, which can
establish the relationship between cluster head selection

behavior and probability iteration. By using the linear probability

iteration procedure, we can reduce the unnecessary cluster
head re-election computation overhead, i. e. , optimizing the
process of cluster head re-election procedure. To the best of
our knowledge, it is the first work that gives a MANET
clustering algorithm with the help of learning automata theory.
In our paper, we also give a rigorous mathematical proof to
authenticate the correctness of our clustering behavior
cognitive model. Through the experiment results, we can
clearly find that our proposed LA theory and stability control
based clustering strategy has good performance in stability
indicators. Besides that, it can reduce the redundancy
computation overhead and communication overhead.

Our method provides a favorable steady topology control
mechanism for the following design of layered structure
routing protocol and some theoretical enlightenment for
constructing behavior cognitive model of complex dynamic

network.





