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Abstract

L(2, 1)-labeling problem of a graph G = (V, E) is a problem to find an efficient way to distribute radio frequencies to
various wireless equipments in wireless networks. In this work, we suggest a Simulated Annealing algorithm that can
be applied to the L(2, 1)-labeling problem. By applying the suggested algorithm to various graphs we will try to show
the efficiency of our algorithm.
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Fig. 1. L(2,1)-labeling on a graph G consisting of four
vertices a, b, ¢ and d
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1 Begin

2 T=To;

3 Tstop =Ts;

4 Current_Solution = Generation of a initial solution ;
5 While Tsop>0 do

6 accept = False ;

7 For /=1 to M do

8 New_Solution = Move (Current_Solution)

9 A Gain = eval (Current_Solution) - eval (New_Solution) ;
10 If Accept (A Gain, T) then

1 Current_Solution = New_Solution ;

12 accept = True ;

13 If accept then

14 Tstop=Tss

15 Else

16 Tstop = Tstop — 13

17 T=Txa;

18 End

1% 2. Simulated Annealing &a2]%
Fig. 2. Simulated Annealing Algorithm
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Algorithm First-fit

Input : A graph G () with an ordering @ = (v1, vz, ..., Vi)
of vertices, S={x|x is an integer > O}.

Output : L(2, 1)-labeling of G

begin
for i=1to n do
label vi by the lowest possible integers in S
end

2! 3. First Fit €8s
Fig. 3. First Fit Algorithm
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ot dlE =

Teur = [4, 3, 7, 2, 5, 6, 1]
Leawr=1[3,0,594,8 6] ¥ m=2, p=5

T=1[5,6, 0, 4]
ST=10, 4, 5, 6]

ojlm g
Tlnew — [4y 2, 5, 3, 7, 6y 1]

otk ol W Lyew & Tnew & 7IHFOZ F0JX T8 G o
st FFAE AdAzle=zy  Axbdry. & Move
Operation & Teur [p1 .. pol o 23 AHES AR S A
Fo¥l label & =717t A& AHE A= ANE A=
239E 7ttt 29 5% Move Oparation 9 4 =
A3l BolFEm, a8 29 939 eval (solution) & WE L
W 71 2 2 A9 dg. mEA eval (solution) =
maxL(LG (n)) ©]™ Cost function < maxL(LG(n)) & %
L3t

1 Procedure Move (fteur, Lecu)

2 begin

3 Randomly select py and p2> such that 1 < py, po <n
and p1 <p2;

4 k=p2=-p1;

5 Let 7 be a vector of length k;

6 Set T[/]:Lcur[ﬂcur[pj]], 1 S[Sk,j:ﬁ71+/*1;

7 Sort 7 in nondecreasing order and let ST be the sorted
vector ;

8 Set Tnew ] = wteudi], 7 <py or i>p2;

9 Set Toew 1= ST i+1-pi), p1 < i < pos
10 Lnew = First=Fit (tnew) ;

1 return Tnew and Lnew 5

12 end

% 5. Move Operation
Fig. 5. Move Operation
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tion) AlZl ZgZo|t} oE B0 o]F 1#X (bipartite
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¥ 1. A& AFEE complete k-partite graph
Table 1. 15 complete k—partite graphs used for the experiments
Graph Partite sets
G100-1 15, 13, 20, 12, 17, 17, 6
G100-2 10, 20, 14, 10, 12, 15, 15, 4
G100-3 15, 17, 16, 18, 13, 20, 1
G100-4 16, 18, 17, 11, 10, 19, 9
G100-5 18, 14, 11, 16, 17, 11, 13
G200-1 26, 22, 19, 21, 15, 25, 18, 20, 28, 6
G200-2 26, 24, 18, 30, 27, 24, 17, 24, 10
G200-3 26, 18, 18, 27, 18, 30, 28, 28, 7
G200-4 26, 24, 15, 25, 22, 21, 28, 27, 12
G200-5 26, 24, 24, 28, 24, 22, 23, 29
G300-1 29, 35, 29, 32, 27, 33, 33, 30, 29, 23

G300-2 37, 36, 35, 23, 37, 38, 21, 26, 39, 8

G300-3 34, 35, 40, 33, 33, 37, 33, 21, 34

G300-4 21, 33, 40, 34, 31, 23, 33, 29, 20, 36

G300-5 39, 35, 28, 39, 24, 30, 27, 38, 40

n AG) 8(G)
100
100
100
100
100
200
200
200
200
200
300
300
300
300

300

e
4239
4303
4168
4270
4340
17837
17672
17574
17724
17885
40699
40061
40454
40929
40630

L 103 =
Ak Aoty SA_L(2, 1
SFSA T

olu] At L(2,1)-labeling A [7]e] W
S GA_L(2, 1) &2 YEhfr 2 At A
o SA L2, 1) 2 vehjzlz stk
A= FRER 2t 9 FFA, GA_LE,
o] A¥ A¥NE HoFrh FFA Q9 4
S diste] AZE & FHEAE o
&g FS 100,000 35 WHE peggh 4
e HolErh GALLR, 1) €9 A= [7] A Alekst #
A dugEe] AyE g3 SA L2, 1) Ho] Ay H
Aol A Ak SA dngFo ARE HolEr)h 7b 1y
Zo tate] AL 10 3= ‘*EO}OJ %= HA (best),
o} (worst) 2 Hit (ave) HES o “time” &

==

=
i=]

\./

‘?EL ﬂa
2 = AA 370
1) 2 SA L2, 1)
¥ 19 =
’3]—04 First-Fit

Tv=1000, Ts =20, M =400, a=0.89

37 S gk T2 WL 2Ju} dojE o] &5}
T8 FQeon A¥ Ay 2% Desktop PC (2.33 GHz,
3G RAM) 2%H EZ HSlrh =g GALLEZ 1) & #4
AR RA o)A AT [7] oA AAE CX (cycle cross—
over) @ SIM (simple inversion mutation) & & 3}
™ I3 teration = 2000, population size =60, crossover
rate =0.8 % mutation rate=0.01 2 AFE3IATE Wk
GA_L(2,1) ¢ 4% 2F 60 x 2000 x (0.8 +0.01) =97,200 7}

01@

) ol %

Faahglo 3

X 2. FFA, GA_L(2,1) % SA_L(2, 1) 2343
Table 2. Results of FFA, GA_L(2,1) and SA_L(2,1)
FFA

GA_L(21) SA_L(2,1)
time
(min)
1.1
1.2
0.9
1.1
1.1
10.8
109
10.6
10.8
11.6
45.7
43.9
485
48.0

454

Graph time
(min)
3.2
3.3
3.0
3.2
3.2
26.4
26.6
25.9
26.4
217.0
95.4
94.1
96.1
97.3
96.0

time
(min)
2.9
3.0
2.9
2.9
2.9
23.5
23.4
23.2
23.4
23.7
83.0
82.0

83.2

83.7

83.5

average
Iteratraion

44,720
45,800
35,708
42,840
44,360
61,360
60,360
59,400
60,000
62,000
76,440
76,680
79,160
78,040
71,240

best | worst | ave best | worst | ave worst | ave

100-1
G100-2
¢100-3
(100-4
G100-5
G200-1
G200-2

G200-3

G200-4

G200-5

G300-1

G300-2

(300-3

G300-4

G300-5

180
186
175
182
184
367
370
364
364

372

561

961

563

562

961

188
193
187
190
190
383
380
383
380
385
573

572

576

577

578

184.2
189.0
181.8
185.4
187.3
375.9
375.9
375.0
374.5
378.0
566.8
567.8

566.7

572.0

568.4

143
153
139
145
145
332
329
328
325
329
519
510
514
517
514

152
164
148
158
157
341
341
342
345
343
538
527
531
539
533

148.5
158.9
143.7
152.3
152.8
336.7
334.3
333.0
334.7
336.7
526.6
520.5
523.6
529.2
524.7

110
123
105
113
117
213
216
213
218
234
330
315
340
343
347

110
123
105
115
118
217
219
218
220
238
336
323
345
348
34

110.0
123.0
105.0
113.2
1171
214.0
216.8
214.3
2186
2349
332.8
318.7
342.3
346.3
349.3
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Table 3. Standard deviations and coefficient of variation
based on 10 repeated experimental results for
GA_L(2,1) and SA_L(2,1)

GA_L(2,1) SA_L(2,1)

Graph

SD Cv SD Cv

G300-1 6.83 1.31 2.04 061

G300-2 6.20 1.19 2.63 0.83

G300-3 5.74 1.10 1.64 0.48

G300-4 751 1.42 1.57 0.45

G300-5 5.31 1.01 211 0.60
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