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Abstract  Geometric K-center gateway deployment is a hard problem of topology optimization in
wireless mesh networks, and converting the geometric K-center problem into a node K-center
problem is a feasible method. However, large amounts of virtual nodes will be produced during
the conversion process, and the size of the network nodes will be expanded thus the solving
efficiency and effectiveness will decrease. To reduce the size of the virtual network, taking into
wireless mesh network topology and the adjacent node contains relations, substitution principle is
proposed based on topology theory in the paper, and theory completeness of the substitution

principle is analyzed and proved. To solve the problem, first the plane nodes are classified into

W H O :2014-06-25 5 76 4% Hi R H 31 2 2015-07-12. A B BIA5 2 8 5 /0N =7 18 B R BF 58 & J 313 T B 2 45 (2013AA040404) L [H 5K [ &
g B 4> (61262003,61272073,61373125,61303245) ] AR 4H A R FH2¢ 3 4 11 H (S2013020012865,2014A030313386) .~ ARAE HH TR
F AL H (2013KJCX0018) K B R K 2= BHIF 8 & 5 608 3 490 H (21615439, 21615443) ¥EBh. B, 5, 1977 4548 i+ AR X
TR RS U TR Mesh 9 48 FiLES 5l B K. E-mail: hsq@jnu. edu. cn. E& 7, 55,1976 44 4+ 8 W+ 4 S0, F2=0F
FGEN RGEMERETE KDL 3 BB, 1975 AR I B R EEMP R RO A PR S. REBE. B 1979 2,
ML R SE 0L, R BERESE 5 0] S B N B B A . R AT AR 53,1980 A L G DR L S BB ST O 1) O 43 A 2 46 i ] IR] 2D K
B A, BEME. B 1974 B4 Wb 802 A 00, FEB R AU S BB, = BB L1989 R4 B gT AL F
BT N BRIk



6 4 BOAR DR AF ¢ TR AR ) T AR IR R S S 2 (] BT 1121

number of categories according to connectivity, and each class is incorporated as a virtual node to

the original network structure to form a new virtual network. Then by using multi-stage substi-

tution principle, a large number of redundant nodes can be removed and the original virtual

network can be converted into a much smaller scale and equivalent substituted network structure.

Finally, we proposed a genetic algorithm based on substituted network (GASK) to solve the

problem of geometric K-center gateway deployment. Simulation results show that substitution

principle can fully optimize the network structure and reduce the size of the virtual network, and

the GASK algorithm is more effective, efficient and stable than other traditional algorithms based

on original network.
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Lo < |V(S) |5 //HE LR 2 i B

2. fori=1lton

3 mark[[0+n—1]<0; / /B IG AR ic 4l

4. queue<—null; //WIIRALBAFY

5 queue[ 0]<—i5 / /¥4 A7 midd A BAF)

6 markl[i—1]<1; //BE i A GARICH 1

7. while queue is not empty do

8 head <—queuel 015 //BAF 1) 3k 45 &5

9 count <—mark[ head |;

10. if count<k

11. for (earth vertex w adjacent to head)
[/ Vi) head W) A SBETT i
12. if mark[w]==0
13. mark[ w]<—count+1;
14. add w to the queue;
15. end if
16. end for
17. remove head from queue;
//# head I\ queue H B[R
18. add head to k_adjacent (1) ;
/¥ head BNE ke B B4 1
19. else
20. add queue to k_adjacent (i) ;
21. remove all the vertex from queue;
22. end if
23. end while
24.  end for

25. return k_adjacent

End Adjacent_Rearch

&k 2. Siving (k_adjacent).

HA A AR R BEARHESE N Ak _adjacent

i KR BARIT m_adjacent

while k_adjacent is not empty do
n<length(k_adjacent) ;
array[ 0+ +n—1]<0;

= W DN =

v_adjacent<k_adjacent(0) ;
array(v_adjacent)<1;

add v_adjacent to m_adjacent;
remove v_adjacent from k_adjacent;

p=<0;

© (o] ~ (2] (2]

while k_adjacent (p) is not empty do
10. p_adjacent<—k_adjacent (p);
11. if findCarray(p_adjacent) ==0)

12. p<p+1;

13. else

14. remove p_adjacent {rom k_adjacent;
15. end if

16.  end while
17. end while

18. return m_adjacent;

End Siving
4.3 ETEZHMEBERMEHN GASK &%

ReR A 22 B B AU 25 ' FIB AR 45 S /9 GA
B AR GASK BEIEFI GAS 53k Ak
5 GA BIER JF P — 30, GASK B9E i il 34 DLR % 3.

Bi% 3. GASK(K,S').

A FXEEE K. 2B s

i - MOCHRE T7 % Chrom

L WIRACRRRE RS PopSize. i RIE R mazgen,

BEILH Pn ERFE Pm FESH
2. e V(S")HBEHLLE S K AT RAE N WS 4L —

UK A PopSize 5 Y ORI A Chrom;
3. WA OARNES R IFENEHE F;
4. THEE KRR L.

P<[F—min(F) ]/[max(F) —min(F) ];
5.  while ;<maxgen do
6. for i=1 to PopSize/2
//1E L8R s cumsum 3R [8] P 2 INME

7. A7~ B<—min{arg[ rand<<cumsum(P) ]} ;

8. if rand<<Pn

9. WY 5,38 S Chrom[ A1F Chrom[ B, 3t 15 %)
Bk NewChroml Fl NewChrom?2;

10. Chrom[ 2i—1]<NewChrom] ;

11. Chrom[ 2i <= NewChrom?2 ;

12. else

13. Chrom[ 2i—1]<Chrom[ A];

14. Chrom| 2i |<-Chrom[ B];
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15. end if

16. end for

17. for i=1 to PopSize

18. if rand<<Pm

19. BEWLTE Chrom[i]vh B8 — A 19 21, 3F B
VS H A A

20. end if

21. end for

22. t<t+1;

23. end while

24. return Chrom

End GASK

GAS F1 GASK 53 J5t 3 A1 7 2: 25 o1, f% GASK
B R ARG VSO B VS R Al 15
F| GAS H k.

5 (FESWH

L 50 45 45,200 4 500 5 AR 800 i 2 4 Fh
N T U 1) Bt BIL 090 28 1 Sy 05 B0 X 52, ) 45 b B30 30k ik
T35 5 X R B4 4T 5. 1 15 F I 2 B B4R 7 vk
A3 5% A4 B AS T[] BB 1 BE B I 4% 0 AR A
5.2 WAYHT T Z B B ARG 1 i ik ) 42 2% 5 5. 3 1 A
Fi GAS # 3 F1 GASK ® %, 5 GA & 3 . Kmeans
B  Kmedios B F PSO 553k 48 #E 47 42 1 A9 %) o
SIBTSEES. 5. 4 WEES T Z2M B EM S GASK &7
P AT T ILA KA 1) B3 4 R e G A 1 oK i
T A L5 36 T Inter Core 13 N AE 4GB W A%
3. 40 MHz 38 4L, {5 B3R 85 & Matlab2013a.
501 SHMEREEHESN

% 1 MLk Mesh M4 20t £ B BV S* vk
WAV DG 25 8. B 6 J& 50 15 M)
BE AL 2% 2255 3 B R X 14 i 00 ) 286 55 SR L

SEA A1 R LT L BEEE AR B kAR 7 1
K B AU 4 St AR S SR T B I B IR Y R
W I B BT 1. A 4 Bl OR R R Y
BEAIL I 25 43 ] 220t 5.16.29.28 By BR ARG » M B 1) 8
LI 48 AL TR Ay — A4~ 35 57 CRAR D) X 187 #4 JLAT 1
HhC [ A1 4 R e G i 1) A 26 2K AR A i 516,
29.28. MHTEH T, oLk Mesh N4 256 5 £ 4~ M
ek 3 IR 45 R (D K> 1), Z I BT
TR BT 2 4 R Fe U A S AE AT LA I R 8L 9 445
AORLASE. LA 17 S, 4 Fh HEASE (9 R 00 190 4% 43 501 22
i 1B B 11 B 15 BB AR @ i GASK Bk
AT RAAS B U] K Ao 1] 3800 f 00 g 5 St st o R 400 9

EHIHLBL | V(S | 40l & 72,154,152, 322 (I
£ DLENAFIVS | FHIVG |, Wim/ D F3CHk[23]
A5 51 1 R 400 090 488 LR

x1 CMBREEMUMEAER TR

B 50 A 200 5 5 500 5 5, 800 7 M
Fifi BIL 199 4 Fiti 1L ) 2% Fifi AL Do 24 Fifi BIL 199 4
Efﬁfg 564 3112 7112 11627
Scik[23] 119 568 1395 2043
1B 72 368 992 1490
2 % 16 253 578 1041
3B 25 213 458 837
4B 9 188 383 714
5B 1 154 321 628
6 Br 1 133 280 573
7B 1 103 247 526
8 B 1 93 212 488
9 B 1 73 187 448
10 Br 1 63 169 423
11 B 1 43 152 397
12 Br 1 22 145 377
13 Br 1 11 133 353
14 B 1 4 122 322
15 B 1 3 113 284

6 (a) J& R G ik AT A AR Y 4L 45 S, i [
LRI 4 G A7 AE R LY SR A o BB K, i
B SHW A K Job b BT AR 425 B 6(h)
s 1 B RRARE R BRI 45 ST, FE S b kg LY A A S
T ARASE T AT RN s B 6 (o) AT 6 (D 43 il &
2.3 BB ARG 1 HE 0L 0 45 o X 4 R ASE T 25 A B A5 F]
HE— 25 H A LA IF BRI 2% S (k=3) AN
fAESEHEVSTHNVG) =) LEEIIMNEK K £
B A ook A eh A 2 O R LY R BRI AE TE AR
Mesh X 45 9 JUAT K e a] B, 19 56 LA R 1) Ak
RIRBAE R S L X 5 A K A A 5 A
K2 5.

5.2 sMEBREENEBERESH

Jo2k Mesh P25 BB |V (G) | = n, R B RE 42
W26 RS |V (S) | =my 2t = BYBRAC G HE 101 99 2%
HBL V(S | =m,. B 7 ZHALAEL100,1100]Z [A]
BI51 50 A 1 100 A~ B AL 9 45 . 55 k2 01 10 26 IR 1) 2%
RN BT A my 5 n R2IEWHIER cm ~
24Xn. W 8 MR T me 5 n 2RI KR :m, =~
71 X1n(n).

k B ARSATE BAR4E ST A A AR SR R AR
AR IO 36 53 3 FL R (8] &2 4% B 43 A G R

(1) ke BRERHETZTT (A R AL

RV HE L 2% S v, 5 50 & B AT 2 554 M
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B A 92745 4 G A T DG BB L 45 T4 f A ROR
0 DL U8 Bk o — 1)

g ) 5 BV 08 5006 A I ) 52 2% BE R 228 OGm ).

7E i 16 505 1 52 P o A op L 22 P D B JL R L
P 3 JF B AT 5 8 A1 R 3] B S Wi SI0K -
(71X InGo B IFEZ 5 R kS T & IF B AE
AU I T 0. I I 5 35 118 6 AR 45 1 T 80 (L ok

[ (my —1) Xy +my —1]+8i21(0—1)><(<m>+1)»

Hor 0=711InGo) | o B KR AR 0 0 1 34 3% 1) 52 b )
[a] 5 2% & On® () +00m,).

i LT B AR B R 2 4R OGmy) +
[OUn? () +00m) =00, W 2 Frx. J7 &3
TR I I i) 52 4% BE S R T O G A A 2 R 400 1) 2%
S R K Hp R AR L AR B8R R AR I
2R OGmy) s e=1, MIET Z Br &AM 4% S
IR & AR I R B 2R B O Gmy) +0 () =
OUn ) +0G). H R 2 WA, Z I B HE &
T2 5 K oL LR E I R 68 eI 5

fi s [0 52 % 2

x2 EExmEgEREXIER
PENTTEE ZHERES S
A Kmedios  GA Kmedios GA
i 8]

HABE

OGKmy) OGmH 2 OtKIn() +0G) On?® (2)) +0(n)

ER 2 P K M ECH ¢y Kmedios H ik
8 fie RIEAR TR
5.3 MXEHEBMAZBRITLLMERAH

A F A GASK Bkl GAS Bk 551
Kmedios B ¥ GA Bk . PSO & 1 Kmeans 3%
XF LE S 5

I 6 5532 23 0l 5K M 50 45 £, 200 Y gL
500 715 s A 800 7 A4 4 FhAS [ BLASE 11 Bt AL I 45 1Y
JUfar K Aot YT A K Hn o) 8, 308 D6 A 5K
K=5 & MR EE LR 20 K. 6 fEENS
B E WAk 3, TR A R LA 4 FER 5. B IEUIR
I 9~K 12, GASK 5 iy W 3¢ F8 2 20 % W
13~ 16.

®3 HEBHR

Bk PopSize maxgen P D w C C, Vimax
Kmedios 1 100 — — — — —
Kmeans 1 100 — — — — — —

PSO 100~200 100 — — 0.9 1.9 2.5 15

GASK 100~200 100 0.8 0. 20
GAS 100~1000 400~1000 0.9 0. 05 — — — —
GA 100~200 200 0.9 0.10 — — — —
F4 HENNMAERNENXBEDIRNRUER
59 £ FL AR Bk SN e e - AR o/ AR B PR
Kmedios 4 3.25 3 0. 4443
Kmeans 5 3.10 2 0. 7881
50 4 i PSO 3 2.85 2 0.3663
GASK 2 2.00 2 0
GAS 5 5.00 5 0
GA 3 3. 00 3 0
Kmedios 13 10. 40 7 1. 8750
Kmeans 12 8.65 6 1. 5985
. PSO 8 6. 80 6 0.5231
200 i
GASK 6 6.00 6 0
GAS 15 15. 00 15 0
GA 7 7.00 7 0
x5 HENANENENXBEAANRIULER
54 2 JL A Rk KRB R ¥ AR TN SRR HaiE R
Kmedios 22 17.50 16 1. 3955
Kmeans 20 18. 30 15 1.6575
N PSO 14 13. 30 13 0.4830
500 5 &
GASK 13 12.10 12 0.3612
GAS 21 21.00 21 0
GA 15 13.70 13 0.6749




1130 it " . 2 i 2016 4F
& F
EESW Rk TN b PR e /NVE TR AR AR bR =
Kmedios 26 19.75 16 2.5105
Kmeans 22 18. 40 16 2.2100
) PSO 17 15.70 15 0.7327
800 7 #4
GASK 16 15.30 15 0. 4830
GAS 32 32.00 32 0
GA 17 16. 40 16 0. 5477
132 3, PopSize X TR LA, mazxgen 5075 S BEHLI 5 sk R

F I KB p., A p . o3 AR I8 15 B 1 58
MMERFEFH R, 0.C  C, V., 50 3 kT 7
R NN R G F S QNI & e o v B e 3 e 2es S ey
ORI HEE. LM 4% S BB K, I GAS 7%
AR ) Tl AR RS R e 1 22 AR

Kmedios f1 Kmeans 28 3 ) 3 2 5 3 AH 0L, (H
Kmedios 5 353 F 75 i, K 0 [a] 2, Kmeans 834
FFIUf K Fro et i€ 4 n] 51, Kmeans 8351
AL ROR FARE PEL T Kmedios 846, UL JLA] K
rh L [ Y X OGRS T IS I A A
% T W 28 i w P A U0 T A0 K Hn [t iy )
Fewl )7 2. PSO % 3%k A1 Kmeans B 7L # & £ T L
fa] K rpts 5] 1 ) OC R & A k. i3k 4 ISR 5 AT
L PSO B i A A 25O Ange g PE L T Kmeans 55
2o UL IR R e SR R LA 2R RB K R 70
FILBEAJR L. PSO B GASK Bk #f 2 5: T JL
fa] K rprs 0] 8 1 1 1A R RB SR k. Ak 4 RISk 5 AT
A GASK Bk 1 0 Ak &%CR Fgs € P L T PSO 5
R L P A= & A T U R PR R R TS5
BT R 4% G.

G 1.3k 4 MR 5,400 3 B AL T4 [6] ) 4%
FRA8E A2 B0 R T 20 R BRE AR A B 14 R 4L I 8%
S*ORLEEEN i 1F GASK BA B AT 1 £ e MR
AR 5 GA M - GASK AL 850 5R AL B . X
EECN GA iR G B R S K drol [a) 8, i
GASK itk i) G ERYJUT K Hri e xf b GAS
1 GASK R R, P AP S E AL 45 2R 22 S R X 02
BT R 4L 2% S AL H K, RIE 45 GAS B 3
F14) Tl AR R A 2 AR (I 3R 2D AR AR T ok 15 B B AR
R DA A8 & 106 WD 3 3 A ke 42 ) R 400 g 245
BRI AL 28 S5 14 J2 i Tk T2k Mesh W 25 JLfa] K
INGIEHE S i 3

K 9~& 12 /& Kmean &  Kmedios &3 . PSO
SR GASK L M AQ I i 2. i T GASK,
GAS.GA S A ] L B AU 7R T GASK HY
ST R

—6— Kmeans

—8— Kmedios
6 —— PSO g
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BB
P9 Sk AR SR X (50 9 S 2%

80 100

20077 21 FEALI 25U S K]

—6— Kmeans

—&— Kmedios [
—+— PSO

—— GA
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ERIRE
10 Bk s AACSULIE X HE (200 35 55 R 46

80 100

5007 7 BEH LI 5 e S E

28 —o— Kmeans
26 —=— Kmedios
—— PSO
oul —A—GA
221
Gl
3201
HE
18
16
Ll SRS
12}
0 20 40 60 80 100
AREL
11 S kA ST X B (500 15 B 4%

5 Kmeans fl Kmedios 28 8178 % A F , PSO
SBEF GASK BB IFAT L 2R R e
FIRIE RO PIE . IF BLA B 2 R R B T
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5.4 SHMBRSIESEZRRABXESN

o1 1 Al B AURT & K & i R 45 BLAE
(VSO [/ GASK B3k 1 fif 25 18] /) 75 38 4
Tyt AL O BERBOR. h 51 B 2 WL B ACBY & AT
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<J<K vy €U
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SRR HERR B V(SO B AU 2 530 GASK ik
AR AR 22, R L 76 o A G ASK S303% B g 7 2R
ZHEBERAEMBERY £ AAEHE T GASK Fik 1924
A B 45 L. A SCH  — PR GASK S F g | 2 2
A5 B AL A R B AR ) 7 0 - N — N/ N BB T 8 A
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IR RRIE AT B M s R T EE 2R IR A
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Background

Geometric K-center gateway deployment is an important
and hard problem of network topology optimizing in wireless
mesh networks, but there is no good solution to the problem
of geometric K-center problem. To solve the hard problem,
we can transform the geometric K-center problem into a node
K-center problem and this is a feasible method and idea. But
problem transforming is still a hard question.

So we have done some research on the problem of
geometric K-center gateway deployment of wireless mesh
networks, we first introduce the concepts and algorithms of
great alternative region and virtual network, the plane nodes
are classified into number of categories according to connec-
tivity, and each class is incorporated as a virtual node to the
original network structure to form a new virtual network, so
that the original problem is transformed into gateway node
deployment problem of virtual network. Virtual network
node gateway deployment is a conventional NP-hard problem
and too many virtual nodes are produced. To reduce the size
of the virtual network fully and reduce the solution interval,
substitution principles based on topology theory are put
forward at first, and then an improved genetic algorithm is
introduced to solve the gateway deployment for optimized

virtual network structure. Simulation results show that
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substitution principle can fully optimize the network structure
and reduce the size of the virtual network and the genetic
algorithm can get better result than other intelligent
algorithms based on original network. On the other hand,
our proposed method and results can be applied to network
analysis and optimize for other network architecture; such as
social networks, wireless sensor networks and so on.
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21615443). In this paper, we first propose the concept and
theory of substitution principle, and we give the theoretical
analysis and prove the completeness of the substitution
principle. The substitution principle is an important innovation
and the idea can be used into other network topologies

optimization.



