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ABSTRACT

The minimum energy broadcast problem is for all deployed nodes to minimize a total transmission energy for
performing a broadcast operation in wireless networks. In this paper, we propose a Tabu search algorithm to
solve efficiently the minimum energy broadcast problem on the basis of meta-heuristic approach in wireless
sensor networks. In order to make a search more efficient, we propose a novel neighborhood generating method
and a repair function of the proposed algorithm. We compare the performance of the proposed algorithm with
other existing algorithms through some experiments in terms of the total transmission energy of nodes and
algorithm computation time. Experimental results show that the proposed algorithm is efficient for the minimum

energy broadcast problem in wireless sensor networks.
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Fig. 1. MEB problem in wireless networks
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Notations
N the number of nodes
n; the identification of node i
e;j the direct link from node i to node j
|4 {n;, ns, -, nnt
E {er, e, -, er-11)
Pj the broadcast energy required for
node [ to transmit to node J
I the indication variable with a binary
value
Xi x coordinate of node i
Vi vy coordinate of node i
a the channel loss exponent
dij the Euclidean distance between
nodes i and j
R; the transmission range of node
S source node
D actual destination node

T4 A YES I MEB A4S sdsh]
'é‘l‘ Lﬂ_E_%i ucﬂ.Q‘ H]H]—tﬂ:/\‘] _-lgH_Lo] G = (V
d S olom, Vs NS 2= o]Fe]
ovlaty, F= kre] A4S vehis
B30 RS ovigtt = jellA] jEO] ®H= e
= = k= jelAd (2ol g3 e = (, D)ol
EAEE ouigit}, e o wisk] o] 2 H4°]
e e AR RE e 7PE de] "k
= jellA j= shte] wAAE AA 2] $E)
] L

2
N,
ot
ftlo +

ded A5 Y P F ows 7 42 o
dy) a%ell WlEsle] 271k at wbdew |
o1 gk 7HAIE, olpHal BAeIAlE 28 7

o 3 A vl 45 Jox e A= )

238

ot

= vE e ASs A pyoR ARSSh, B
Fol|A] AMEE BRos)AE EAlY A AE
P AA 52 kg ALsle RE =9 v

goz Aot wEi MEB A= vt
o] B4 g FHisbehe 23 HAS AR
Ashst 4= gk

2k

. °1f°

)

minimize

EZ il fori,j€ 1V and i j (1)

subject to

Pij = [<$i_xj>2+<yi_yj>2]a/2 @

ij — 3
0, otherwise )

_{1, if d; <R,
1]

A (D) HESIze] BE wev} shie] wAA]
5 HR oy ~Es=d o3 A AS HHS 3
28k 2APFE vehic) 4] (2)8 2 7}
w2 shie] WARE gk eyEe A
& Al ass 7 fFEEE RS ol8stod
ARRS vepdict, ol o= Rk o Adel| ot
g} deixy EAbd o g 264 44}0le] e A
o} A (3)0% L,L e oA jRe] B=e) 717
7} = o] Agnel G om 1o] Hu,

IR & 74—?—01] o 7= wgel),
IV. MPB 2|0 CHSt EFEMK| L12|S

B =ollA] AlokEl MEB Aol oighk elA]
= da]Ee oo 22 sAE zlsiEc)

oA 1. 3l(solution)] ¢1=H A
oA 2. e 7] & A
oA 3. <l A
3-1. °]*=(Move)
3-2. E-13(Repair function)
3-3. 7F = 3he] &) Al
3-4. PR ~E 74l
A 4. AR] 7S ahd wj7bR] ©A 38 HHE



R A AN MENZA A2 QY BEEAAE BAF AT 243t duelE

28] ArE 7R shue] 2olEE AllslsHA
AR} 2748 X,= eRielsErty Bl v
2] 2B AAE HAZL X2 AE 2]
ol thale] Al Move Bl 2]ale] QA2
AR AR Al Tl F4~ral*E°ﬂ A3 =]
oIR8 & Foll 7HF 3t SlE AdEste]
R ~Eo) AAsta X, 2o} HlJLS}O% o F2
qd A o] F2 X= vhrth =3 o] FE X
=2 HPM ] Qs E AAshe dl ARRITh o]
gk WAoo g A 7|Ee vhd w7k 1As] A
A IS abERieh A7 71ed ARk e
Ao A dar 29} 2

g

webfe] g dae|Felx AREE AdIHE
Hzlo g o]zl Ef‘/l[m’“]&’&’ TR A5

o)

=

Wk o8 Sl el g A4 A3 o
Fabel 4 ol Aok duelEelAE A4E
SV Qlmed WA AEa B il AR
E QlEy paE a3 33 o] s k=) A
A B wse] o olellt aelx sish
Dit= ] Al foell AP A wrmel A
A A weg ofv]i)

Y

Initia] Solution

(%)
N

iter+— 0

X=X
XXy

Si

o, H 5 ‘p,, }» 4s

Solution:

i =cH ;n;] TZ
Fig. 3. Encoding structure
4.2, 7|51 MM
EHEA R4 FHH e slE Febr] flEl A’k

olzr] HRAle|| whel AleRAlS wEsls 2o)H=
AP St AR o1 AkE WS
e A soi UEYHFS BE LT HAA

T 5T 5 A A9E B 2o08E Al
t Eabe thew} ke AALE o) FolAle,

WA 1:ds e 58] A 09 el )
e A 9 e 4 A S A9
s A& 27130 Xol 3 WA faw
i) ;4. AR elzels 21aE s

AZIA, Vi 52 Al 54 =g et
A 203§ Qe =3 x= T shi]l k=
sre ARl k= e 27)8e] R

No ) )
iter +— iter + 1

Tter< iterTS

X+ Move(X)

<>
X, = feasible

2 Yes

Xy
selBestSolution(X,)

repairFunction(X;)

J8 2. ARKE AR SA R
Fig. 2. Flow chart of the proposed Tabu search

insert Tabulist(X)
XX

239



F
-
!

it

=
ud
Q

é‘ .

P
ol

)

N

o

: E‘rﬁl 1, 29} 22 AAS

Eadl e TJrF‘é:% uExIeL,

4.3. 0|F

R4 7 283 wAle Al fellA]
Az e AE] S8l AR o]Fdhe o]
TS 7‘494'1: Aot Algkel et A e
Fo] ol s dAlEe] nE 84l distd &
AHoz 24%%4.

A 1A 84 (, v)ellA
7ol ool 1 s AR, 2 ese) o
e 3 ahiel e wE adell e,

WA 20 2laelA vE w2 ube] Az 9
Halg st ARk ol A= AE A}
Akle wEe o] S FgRch Wt Aok
& WESA sroml HPPSE ol gale] AP
3= 2 A

a5 4= ARKE eRAR|9] o] THIS viehd
oelct. s7he] weg bl vlEslzeld st
(A, E)-(E, D)-(D, C) - (F, B)z}a 73} A
WA 84 (A, BE QHAZ o15AR 4 e
A9] Q4 xE F B AR oA x= B m:

IS Lr:u

CE AdE &= it gkef = cE Aduigicpd A
2% oA (A, O -(E, D)-(D, C) -(F, By7} 2
ZlolH, o7l AlofrE el |7t Floh "ok
rt BE Adigkbd 22 sl (A, B)-(E, D)

& A U

-, C)-(F, By7} 51, o]A =
sk a7} =k

[SARE1 53]

AR AR EE A
de A
el
=

M‘J

= 7ot el @
vrelzic) o] 9] e delli= Aok
A = AL 3Gl AASAY HH g
(penalty function)S- ©]83}e] A|eFrls- Wk
B
B B A BRI U

s
fEas S e

Pl AL

v
=

r&
4 I

F

== Mechanism 13}
]/H ]EH]—]:H_Q_ E,zl-
Lé‘/‘]ﬂﬂ 3= 57 2714

= e JJTFJ HAJA]

current solution: (A.E)—(E.D)—(D.C)-(F,B)

Neighborhood
A={B.C.E}
B={A F}
C={A.D}
D={C.E}
E={A,D.F}
F={B.E}

A 4

Mave
at the first element of the curvent solution

Y

Case 1: replace (A E) by (A B)

solution: (A, C)—(E.D)-(D.C)-(E.B)
=» feasible

Case 2: replace (A_E) by (A.C)

solution: (A.B)-(E.D)-(D.C)-(F.B)
=> feasible

a2 4. o]Fe]
Fig. 4. An example of the move

240



f
2
o
s
e
AUy
=Y

i) A A UESZelA Ha AY BReAE FAE SR 2

o] FARS 7hds] Akt e AL 7l
ol Fl= °l83le (A, BB, B-E, D)° 37t
AREdeta 7Rk ey o] sle == C7F
=R HE ougt WA= FAIEA] FElEE
Alobrg REE3EA] Fhe sfloloh weka] o] o
i3t Mechanism 1 et} ®A = C9
=Rl k= A9t D F R} x=E AduEgt
t} "kl vt AE Adsild T AdA &
2 A 848F dAeel ek 3, k=
B+ °]7‘4-L'i—rﬁ ofw gl WAR = WhA] k> A
Hellx k= F2 wXAE AF3tar ol o]zgh
7395 A3 $18l Mechanism 25 TET?}
o] Z-foll= Azl (B, F) 8405 A =
E B ofudt vAA = B2 FShe 739t ok
oL kA B Mechanism 1°] 742} AX|ghc}
w2b Mechanism 2% == 845 AHAIRE o}

2]
€ Mechanism 1S $3)38ic}

@]

T

_\1

45. EIFE|AE
Eppelasy wh
pe e dlel 3o

£ oAU E sl

tlo r|r
N

=
. 53 5

T

T

Aol djstel o F2 Ate]
°6P Skl 61'9]'“41 Al
Pl Eellads N7We] ol diste] elpe]inEe]
1—2— "l 2001 F7]kek N} 3NAfele] ghow W
e e e e R B b e
5 AAske Az sie F7ieh

{

o a gk ol %

ifi@"

(

4.6. ™X7|&=

Ak dmelze] A Z1Ee vle) e 2l
A 85 ofa) AL 5 AAlalel dise] o)
e Salsle] A ARNE AN 47}

ARl slentg A= daelsS 1E

V. 8557}

£ %5’:"1]*1*5 MEB Aol 3k Ak g4 2]
s uﬂTH AlEHe] S o83}
04 ‘?] ]'3]'9\11’/]-. _‘_% A2 Windows OS 7|9ke]
2GB H|2z]e} 1.8 GH Pentium 42 4% PCA}ol|
A el on, 7b okae]E C++ qlolE ©]83)
of FEglek A’k dare]Fe] Ades vl riet
7] 8l ASolluiR| e} AsiA|ZE oA 7]Ee A|

solution - (A, E)— (B, F) - (E. D) : infeasible

Mechanism 1 *

* Mechanism 2
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selution : (A.E)-(B.F)-(E.D)

@9 .......
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Node B has never received data from other nodes.
Thus, it should not broadcast data to other nodes.

v

!

solution : (A.E)-(B.F)- (E.D)

T

Search neighborhood of node C = {A. D}
Randomly select a node in {A. D}

Ifwe select node A4, add link (A.C) to the solution
=ABD-B.H-ED)-AO

solution: (A.E)- (B.F)- (E. D)

*****

First, remove the gene (B. F) from the chromosome,
and then perform the mechanism 1 of the repair function
One possible solution:
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