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Performance Evaluation of WMN-SA Considering a Variety of
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Abstract: As one of technologies for implementing ubiquitous networks in the future, Wireless Mesh Net-
work (WMN), which is not only independent on wired infrastructure but is also a lot more flexible, has
attracted a great deal of research attention. We have already proposed a simulation system using Simulated
Annealing (SA) for node placement problem in WMN, it is called WMN-SA. We evaluate the effects of a
variety of SA parameters in our proposed system. From simulation results, we verified that for more itera-
tions per phase, WMN-SA gets better solutions. When SA temperature is lower, WMN-SA converge faster
than other cases, because WMN-SA does not accept bad solutions. In our simulations WMN-SA converged
in 200 Phases.
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Fig. 1 A comparison of WMN (left) and traditional wireless
network (right).
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Algorithm 1 : Pseudo-code of SA.

t:=0

Initialize T'

s0 := Initial _Solution()

v0 := Evaluate(s0)

while (stopping condition not met) do

while t mod MarkovChainLen = 0 do

t:=t+1
sl := Generate(s0,T)
vl := Evaluate(sl)
if Accept(v0,v1,T") then

//Move

s0 := sl
v0 (= vl
end if

end while

T := Update(T)
end while
return sO
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Fig. 3 Communication distance for a mesh router in WMN-SA
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Fig. 2 GUI tool for WMN-SA system.

TEH5SADNRIA—=FTHDE7 24 XHDOEDRLE LR
BRI RA—F%EET 5,

AWV SA 3% Hm#Ekz HIVE L Twa
&, fROFHHEIBIC EART & HET [16].

Component &\ 9 FFEIZEH Y 7 =27 00T 6
ET3, SGCHmARIZE S Z L8 WMN ZE5T 5%
W b BE R HIC R B,

Ay a7 747 b OBLES A —BRIAE, BB,
BB, TA TN aieERL Y T 2L — a YRk
ICHLE Y 5.

5. YXalb—y3v

51 YZalL—YavilkE

PRE-FHEL 72 2 2 L — 8 ZARRETIE WMN-SA L5,
WMN-SA @ GUI tool #E 21TR T, A v P2 )l—F Dl
{EVIREFEEEICBI L TiZ, WMN-SA NIZBWTE 3D k)i
EDD, ARTIEZY 794 XD 640m x 640m % 32x 32 &
VTR D, 1 VH7 ) DIHIFEIE 20m x 20m (d = 20m)
ThHbhH, Ayral—%1B0EE R 50m TH
5, vIial—vavEiTHil E—offTcyry i
10 AL, ZofRoh R EZ2EEE LTHWS, &
Sal—va vz aHEELE LT, SGC & NCMC O
2fEFHE VS, SGCIZ, & —FROERBORKEE
L, NCMC 3R BRI FET 2 A v a7 947
YD = FHEERL TS, WMN-SA IZBWT, SGC
& NCMC (8L — FRIREOBRICH 5 72, SGC »°
NCMC %832 & 5 ICHE L 7.
AfTHrIal—va itz AT A—%%
F LITRT., RO DIC, 724 XBOBDIEL
\%% 64, 128, 256, 512, IRE I X—=%%0, 1, 2, 3

© 2013 Information Processing Society of Japan

system.
K1 ANRIA—%
Table 1 Input parameter.
WNIR—=% AT
7547 oA 1ERI A
ZYTHAR 640m x 640m
Ay al—F8 16
Ay al 7347V MK 48
TS AT AR R 50m
MR F X —5 0, 1, 2, 3
7 A RFEOREYKELEE | 64, 128, 256, 512

WWRET S, 724 AHOKEDIR LB ERE T X =%
TAFEEOBRL DN TA—=FIZk>TyIaL—ave

4= =

1T9.

52 YIZal—yav#ER
5.2.1 71 XBEOKEDERUVEHICEZIEE

7 2 A ZBOBEVBRLERIC K 28BN T aL—a
VHEREE 4, B 5, B 6I1RT. M4 &KX 5 T3 100E
DY Ial—varviEReToyryIrvEsay L, #
noohREE KTRYT. F4K6TIE, 2ol
fED A% ABTHET. K4 XD, SGCIF50 7 =4 ZALUH
IIF 2 THRAM (SGC=16) ICELTWE I bbb,
M5 %0, 74 XMOHYIRLEEBUIL OGRS R
W EPb s, B 5(a) T, 74 XHORBYIKLIFE
BH64DEE, 2007 24 ATH NCMC DHhRAEIZ 44
b, MANTR DI IAT Y EAN=KER>T\1D,
7, B 5(b) XV, 7 A XMOHDIKLIFEED 128 D
L&, M 5(a) &MY 2 ERE RN BRSNS, &
512, B 5(c) IKBIT 3, 74 XEOHED IR L FIED 256
DEETE, HrLMENASNSE, 2L T, B 5(d) T
X, 724 XBOMEDIR LR 512 DL F, 200 7 = A
A TH NCMC O YLEIF 46 TH 5. Z1FH 95.8% D
PIAT Y EAN=RERD, FA—DY Y —RAEMFITET
MR EBR SN S,

K6 kb7t RXBOBEYELRAEILWIZE, HOR
FECIRKMEICET 22 b5, B 6(a) TIE7 A4 X
B 14 FTLOLETLTORLY, ZRUBEITEICRK



BB SARERES
IPSJ SIG Technical Report

2 Bistributions of Clients=Normal Distribution 2 Bistributions of Clients=Normal Distrbution
E Replacement Method=Combination £ Replacement Method=Combination
520 SA Temperature=1 £20 SA Temperature=1
E- lterations per phase=64 g. lterations per phase=128
3 S
S - S =
-610 - '610
P Pl
1] 1<)
95 Qs
P2 2]

0 50 70 750 200 ° 50 700 750 200

Number n% Phases Number of Phases
Hon ¥ BN 5
(a) #Y3E LI = 64 (b) D IE L # = 128

2 Bistributions of Clients=Normal Distribution 25 Bistributions of Clients=Normal Distribution
E Replacement Method=Combination E Replacement Method=Combination
520 SA Temperature=1 520 SA Temperature=1
E. Iterations per phase=256 g. lterations per phase=512
Sis S }-
E g
3o [Che
P P
=] °
95 Q5
P2 2]

0 50 70 750 20 ° 50 700 750 200

Number n% Phases Number of Phases
Hon " oo 5
(c) # DR L% = 256 (d) #DiELEE = 512
> s ooy - 3>
B4 #5274 XEBOREYELEEIZE TS SGC DEAL
Fig. 4 SGC vs Phases for different iterations per phase.

£ utio Distribution Distributions of Clients=Normal Distribution
560 eplacement Method Combmatlon 60 [Replacement Method=Combination

ISA Temperature=1

ISA Temperature=1
terations per phase=64

50 [Iterations per phase=128

N
]
8 8 &

>

Number of Covered Mesh Clients
3

Number of Covered Mesh Cli

o
o

® Nllmher‘ﬁPhﬁiei %
(b) # DKL [F% = 128

Distributions of Clients=Normal Distribution
Replacement Method=Combination

ISA Temperature=1

50 fIterations per phase=512

—

0 Nnmher‘?\% Phases 5
(a) D3E LI = 64

istributions of Clients=Normal Distribution
Replacement Method=t Combmatlon

ISA Temperature=1

50 terations per phase=256

)
3
@
3

5

N
8

n
S

3
3

Number of Co\{sred Mesh Clients
8

Number of Covered Mesh Clients
8

o
o

50 700 750 EY 700 750
Number n?' Phases Number n?‘ Phases

(c) # DR L% = 256 (d) #DELEE = 512

B 5 #7427 x4 XEOREYELEEIZE TS NCMC 0%k
Fig. 5 NCMC vs Phases for different iterations per phase.

S

110 Distributions of C||ents—Normal Dlstrlbunon 2 istribufions of Clients=Normal Distribution
' 'Y IReplacement Method=Combinatiol £ |Replacement Method Combination
5‘ SA Temperaiurq_ -2100 SA Temperature=
2100 p—— e B )
2 - =
290 &
S =
© 80
E 3
270 5
© 2
5 60 3
£ S
& erations per phase =4 —— | -3 50 Herations per p

40 {!cmmn\ ol g < S |lcmno|v~ ol

% [ B e e b

2 2 14 0

4 6
Number of lghmec

(a) SGC DIEAHE
B 6 4fHD7 = A XM IR L IRIED i

Fig. 6 Comparison of 4 different values of iterations per phase.

50 1 15
Number n?‘ Phases

(b) NCMC DLk

flichs. —J, B 6(b) BEML TSI LEDS, SGC
DAL L 72 THBLEFE T OB fTbnTns 2k
Bbhrs,. K6b) o5, ZNETNDNATIA—FIZLEE
BNE b D, 724 REOBRDBELEDZ VWIZE, &
D% DIRBERITEZERT 2 2 L3 TE 570, BiFaks
WBEonEEISNS,

© 2013 Information Processing Society of Japan

Vol.2013-DPS-157 No.1

2013/10/17
25— - - T 25— - o
[Distributions of Clients=Normal Distribution Distributions of Clients=Normal Distribution
£ Replacement Method=Combination £ Replacement Method=Combination
£20 [SA Temperature=0 £20 SA Temperature=1
=3 . o .
g. lterations per phase=512 g lterations per phase=512
S It
S s Sid f
g g
1 &
b o
15} s}
e 8
2] N
0 50 700 750 20 ° 50 700 15 200
Number 0‘% Phases Number of Phases
SEEE ;S
(a) HEET A =% =0 (b) WEEAS T A—% =1
25— - - T 25— o T
[Distributions of Clients=Normal Distribution Distributions of Clients=Normal Distribution
E Replacement Method=Combination E Replacement Method=Combination
520 SA Temperature=2 £20 SA Temperature=3
g. lterations per phase=512 g. lterations per phase=512
S C15kooo 06000 0005 o oo oos oo momme o @
U15 (_)'5 mm0m mmmo @ omImo © oM G DEME® > ® ocmmEm
g E
' [Che
b o
S 15}
g° N .
) 7]
0 200 0 200

50 700 150
Number n%theQ

(d) RS A= =3

B 7 WEARI A= 2L
Fig. 7 SGC vs Phases for different SA temperature values.

50 700, 750
Number of Phases

(¢) HIERF X =% =2
D SGC DEAL

Distributions of Clients=Normal Distribution
[Replacement Method=Combination

ISA Temperature=0

o lterations per phase=512

2

Distributions of Clients=Normal Distribution
Replacement Method=Combination

iSA Temperature=1

50 lterations per phase=512

—

@
3
)
3

@

Number of Covered Mesh Clients
8 8 3§

Number of Covered Mesh Clients
8 8 &

3
>

o
o

50 700 150
Number n%theQ

(b) WA A= =1

50 700, 750
Number of Phases

(a) JHERF X —% =0

£ [Distributions of Clients=Normal Distribution 2 istributions of Clients=Normal Distribution
560 Replacement Method=Combination 560 Replacement Method=Combination

S [SA Temperature=2 5 [SA Temperature=3

=50 fiterations per phase=512 =50 [terations per phase=512

Z 2

3 5

Z40 40

= =

2 2

230 230

o B o

Ok O

520 =20}

Ew }?‘0

£ £

5 5

Zo Zo

o
N
3
)

50 700, 750 50 700 150
Number of Phases Number n? Phases

(¢) WHERF A= =2 (d) RS A—% =3

8 HIE/T X —% 2Z{LIE A D NCMC D&k
Fig. 8 NCMC vs Phases for different SA temperature values.

Distributions of Clients=Normal Distribution 110 Distribution’s of Clients=Normal Distribution
2% Replacement Method=Combination 5 rteple_lcement yhemogg%)mbinalion
2 |iterations per Phase=512 Ghoo fIterations per Phase=:
100 [ o
g 5 90
S 90 . E
&=l @°%w¢4M@Mf%*MRMm
‘ w3 i B
S0 8 7ol i 4 w"-,fv," SRR
2 g7 < ? T
B °
S 60 Be0 N
: : N
50 &5 A Teheratire = 3 .o

50 10 150
Number n? Phases

(b) NCMC Dk

50 100, 150
Number of Phases

(a) SGC DELAH
9 4 FHOWRE T X —% DK

Fig. 9 Comparison of 4 different SA temperature values.

5.2.2 BENTA—FICLZIEE

mﬁn7x FICkBHEDL I AL —va iR e
@7,E8,@9m%?.E7@)&@7®ymimtm
Yial—vaviEReToyrIrETay bL, 2N
5 OHhYHEZ KEETRY. £ 9?@,%n%@¢%ﬁ
DHEKFTET, K 7(a) LR 7(b) TIFH B TRA




BB SARERES
IPSJ SIG Technical Report

ECPER L, EFICREFRERIME LN TV S, ZiUhf
LT, B 7(c) LB 7(d) TI&, WE ST A —FHhhkE 0
728, D200 7 = A4 R TIEIER TSR E 2o 7,
B 8(a) LB 8(b) Tld, JEWICRIFLMRIERS N T
%, ZHUCHLT, B 8(c) LB 8(d) &b, WENRT X —
FMREWEE, SGC LRI NCMC b REF4 I3RS
Tz, MI»SHE T X =5 025 EOIRA
M Z bbb, B9(a) &0, ME T X—=5H32 D
Lo L E, IHMEL 200 7 2 4 TR RIEDES
NTuRWIERIS b2, —7, B 9(b) TlF, ik
NRIRA—=FHBR1TH 200 7 =4 A TORRAEIZ 0 DA &
L ¢ NCMC=95.8% TH % 7=, HEROMWAEIZEITZR S
nkw,

6. EE

YIial—vaviiRy»s, 74 XEBOKEDIE LI
FRAERIERITED I Z 2720, T IUES0IEE R OFERZ
BonktEzohsd, i, WEASIXA—=FIZXD SA
FUE B IR D AN D & TRIFTIRER 2 8, K
BREREZ2E L) ETE235DTH S0, KIFHLUZRW
EWVIH)DBOTIEZR Y, HEART XA—=FME L FTIE, K
WY B HFRT DR LK DT, RIPTIEER I
DT, POR2SEWV E WS RHEH 5. L72D3> T 200
7z A ADNTIHLEEZ 6N D,

7. LI

ARETIZ, WMN DX v 2 )L — ¥ EliEioiE{lic SA %
FATHT) WMN-SA D85 A =8By S 2L — 3
VESRICE D X ) R EE L Z 500 EHN, ZOiHi %
fTote.

YIial—vaVEiRyrs, 74 XBOfDIRLEE
BLTIUIL VI ERWERZES Z Lo »Ic L, i
BRI A=FIZBLTIE, MERTA—=2232, 3DLE
INHDSE 720, BUR TR AR TH S Z L %2 HS
Iz L7z,

Sk, REFEZHOTRL 22 ) A4 CoitHlli% 17
Wi, £, o X v 2 2l — F BT & O T
2TV,

R AU O IE H AR MR L BT D B R i

koTirbil, JJICHEZHT.
EE P

[1]  Akyildiz, I. F., Wang, X. and Wang, W.: Wireless mesh
networks: a survey, Computer Networks, Vol. 47, No. 4,
pp. 445-487 (2005).

[2]  Franklin, A. and Murthy, C.: Node Placement Algorithm
for Deployment of Two-Tier Wireless Mesh Networks,
IEEE GLOBECOM-2007, pp. 4823-4827 (2007).

[3] Held, G.: Wireless mesh networks, Auerbach Publica-

© 2013 Information Processing Society of Japan

[4]

[5]

(6]

8]

[9]

[10]

[11]

[16]

Vol.2013-DPS-157 No.1
2013/10/17

tions (2005).

Hoshi, T., Kumata, Y. and Koyama, A.: A Proposal
and Evaluation of Access Point Allocation Algorithm for
Wireless Mesh Networks, Proc. of International Con-
ference on Network-Based Information Systems (NBiS-
2013), pp. 389-394 (2013).

Garey, M. and Johnson, D.: Computers and Intractabil-
ity; A Guide to the Theory of NP-Completeness, W. H.
Freeman & Co. New York, NY, USA (1979).

Sakamoto, S., Oda, T., Kulla, E., Ikeda, M., Barolli, L.
and Xhafa, F.: Performance Analysis of WMNs Using
Simulated Annealing Algorithm for Different Tempera-
ture Values, Proc. of The 7th International Conference
on Complex, Intelligent, and Software Intensive Sys-
tems (CISIS-2013), pp. 164-168 (2013).

Aoki, H., Takeda, S., Yagyu, K. and Yamada, A.: IEEE
802.11s wireless LAN mesh network technology, NTT
DoCoMo Technical Journal, Vol. 8, No. 2, pp. 13-21
(2006).

M —, B : 7 Rhy 7« Xy vaty b7 —
7. AEX Y A%y b7 — RO FERICHT T, anT
£ (2007).

PRETSERE, HARBE, WEE—: 7 FFAv 7%y by —
7 LM LAN Xy v oty b7 —7, BFEREEY
2 (2006).

MRS, RARIRT : fHAE b REl- X & W2 bl
ELT, BHAFNE (2001).

WINESR, EAMERS, I M A= Ty T e
27 FFy 7%y b7 =7 D5 LR DR
12DV, [ELARFE, 1TS-35, Vol. 2008, No. 107, pp
33-38 (2008).

Kirkpatrick, S., Jr., D. G. and Vecchi, M. P.: Opti-
mization by simmulated annealing, Science, Vol. 220,
No. 4598, pp. 671-680 (1983).

Van Laarhoven, P. J. and Aarts, E. H.: Simulated an-
nealing, Springer (1987).

A SRR, ZHE - X ea—) AT 47 AL
M, A2 (2007).

Xhafa, F., Sanchez, C., Barolli, L. and Miho, R.: An
annealing approach to router nodes placement problem
in wireless mesh networks, Proc. of International Con-
ference on Complex, Intelligent and Software Intensive
Systems (CISIS-2010), pp. 245-252 (2010).
Moghaddam, A., Amodeo, L. and Yalaoui, F.: Simulated
annealing for a bi-objective scheduling problem with re-
jection: comparative study, META (2010).



