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A Proposal of Gateway Decentralization Method in
Wireless Mesh Networks and Its Evaluation

MasasHI 110, SHIKAMA TOSHIHIRO™? and AKIRA WATANABET!

A sutdy of wireless mesh networks that connects APs by using the ad-hoc network are draw-
ing much attention. Though the wireless mesh network can set APs freely and extend wireless
range easily, it have various problems to be solved. In wireless mesh network, a method of
using multiple GW (gateway) when connecting with an external network like the internet have
been studied. There is, for instance, a way of connecting with GW with the least number of
hops from AP which belongs the terminal. However, when the same GW is used by many
terminals at the same time, the utilization efficiency of the GWs decrease. Moreover, through,
there is a method of transmitting packets for multipule GWs, it decreases TCP throughput
becouse of congestion control. Thus, we propose a method of reducing the decrease in the
throughput of TCP communication and at the same time improving the utilization efficiency
of the GWs, by way of trasmitting to GWs ”in session”. Based on the result of the simulation,
we make clear that the TCP throughput becomes larger in the session distribution method
compares with the existing method.
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Table 1 Simulation parameters.
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Fig.7 Fairness Index for session distribution method.
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Fig.8 Fairness Index for improved session distribution
method.
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Fig.9 Total throughput for session distribution method.
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distribution method.

o PRIV VA S T G

gobooooooroooooooooooo soo
gobooobooooooo FIoooon
gboooboooboooooobooooobobooboooo
o000 ri0o00oooooooooooooboooon
goooob s0obuoboboboooboobooon
oorbooobooobobobbolbOobOobOon
gobosobooobobooooooboooonon o.20
ooooooooooobobo o2 000000000
goooodoooooooooooobooooooon
goooooboooooooobobooooooon
goooobooooooooooocoocoooooo
goooooooooooooooooooooon
gooobooooooobooooobooobooooooo
gooooooooooooooooooooboooo
goooooooooooooooooooooon
goooboooooooooobooooooooo
goooobooooooooooooooboooooo
goboooobooobooooooo
gobooooooooooooooooooooo



goboooooboooooooboooooooooo
goooooooooooooboboooooooooo
MGWAPOOOOOOOOOOOOODOOOOOO
gooooobobooooobbioobooooDboo
Oo0o0ooooooooooooooo MGWAP
goooooooboooooboobooooooooboo
ooooooob 901iMbpsOOOOOOODOOO
oo002MbpsOOD0OO0OO0O0O0O0O0OOOGODOOOOO
goooobooooooooboooooooooboobooo
goboobooooooooooooooooooooboo
gooooooo TecpoOOOODODDOOOOOO
goboolooooocooooooooboocooooo
goooobooooooooooooooobooonoo
oooOooooogooTcpOoOOOOOOOOOOO
gooooboooi1b00bo00ooooooooon
gooobooooooooooooobboooooo
goobooooooooobooooooooboooa
goboboooooooobcoooooooooooa
oooooooobo1obooooobooboooo
goooobooocooooooooooobooooon
gooooooooooooooobooooooobooo
goboboooooooooboooooooobooooo
oooooooooooobooooooobobooo
goobooooooooooobooooooooDobo
O0000ooooooooooooooo GWAP
oo0oooooooooooooo TCPOODOOO
goobooooodoooooooooooooooa
gooodgo

gboboooooooooooooocOooooboo
gbooobooobooboobooocbooobooooonon
goboooooooooooooooooooooboo
oono

5. 0O 0O O

gobooooooooooooboooooooboboo
oo00ooooooooo TecpOOOOOOOOOO
GwoooO0ooOoooooooooooooooo
gooboooooooooooboooooooooboo
gobobobOoooooooooboooooooooooon
goboboooooooobooooooooooooboo
ooooooooDOoOO TCPOODODOOOOOO
goooooooooooobooooobooooooo
gooooooooboooobooooooboooo
goooobooooboooooooboboobooDo
goooobooooooooooooooboobobo
gobooooooooooooobocoooooobood

goooooooooooooobooooooobooo
ooboooooooo

o o 0 O

1) D000oo0oooooooooooooooon
0000000 LANOOOOOOoouoooooo
00000 BO Vol.J89-B, No.11, pp.2092-2102
(2006).

2) MetroMesh:
http://www.tropos.com/.

3) MeshCruzer:
http://www.thinktube.com/.

4) Packethop:
http://www.packethop.com/.

5) Amir, Y., Danilov, C., Hilsdale, M. et al.: Fast
Handoff for Seamless Wireless Mesh Networks,
ACM MobiSys (2006).

6) Navda, V., Kashyap, A. and Das, S.R.: De-
sign and evaluation of iMesh: an infrastructure-
mode wireless mesh network, World of Wireless
Mobile and Multimedia Networks, pp.164—170
(2005).

7) IEEE802.11:
http://grouper.ieee.org/groups/802/11/.

8) 0000000 OUODbOOUbOODOODoOO
oooO0O"WAPL"OOODOODOOOOOOOO
000000000000 Vol49, No.6 (2008).

9) Wakikawa, R., Malinen, J.T., Perkins, C.E.,
Nilsson, A. and Tuominen, A.J.: Global con-
nectivity for IPv6 Mobile Ad Hoc Networks,
draft-wakikawa-manet-globalv6-05 (2006).

10) Jelger, C., Noel, T. and Frey, A.: Gateway and
address autoconfiguration for IPv6 adhoc net-
works, draft-jelger-manet-gateway-autoconf-v6-
02 (2004).

11) Ruffino, S. and Stupar, P.: Automatic configu-
ration of IPv6 addresses for MANET with mul-
tiple, draft-ruffino-manet-autoconf-multigw-03
(2006).

12) D000000O0U0OOUOUOOUOUOOOO
00o0o0o0ooooOoooooooooooooo
ooooOoOoooooooopoOoooooooo
O000O000oOoooooon Vol.106, No.418,
pp-9-12 (2006).

13) Lakshmanan, S., Sundaresan, K. and Sivaku-
mar, R.: On Multi-Gateway Association in
Wireless Mesh Networks, WiMesh 2006;Second
IEEE Workshop on Wireless Mesh Networks,
pp.64-730 (2006).

14) ns2:
http://www.isi.edu/nsnam/ns/.

15) Jain, R.: The art of computer systems perfor-
mance analysis, John Wiley Sons (1991).



HELR Ay

Fig {ET ER 8ehd  EE2 Rt

HRBAFE T 2R
HEH TEAFEREFIHH

A Proposal of Gateway Decentralization Method in Wireless Mesh Networks and Its Evaluation



BT —2
(kB

ImRKDBBEGERELBRE, BEEEOEELEICIVER

A Proposal of Gateway Decentralization Method in Wireless Mesh Networks and Its Evaluation



DREHERLANELTOER, HXFRICHLHFSNA TS

A Proposal of Gateway Decentralization Method in Wireless Mesh Networks and Its Evaluation



A3 — I EDESRT

AI—TYEDIETZEEITHIZIX
T—hOTAETOEREZT LT _ENNE

[:> EBS— YT DBRE

T\

1hop GW
é 3hop 2 g
[i)‘—} é — [5 — i 7 aaeffiternet

GW
(A\)& bob M
G

A Proposal of Gateway Decentralization Method in Wireless Mesh Networks and Its Evaluation



13—y MEHRDRE

MERDSEDI DD —b Iz EFEIZEDLIZESE

ZDT—bozAIEmEEGREZTHEL
DT —rozAIEHmEZTHFTHRT

A Proposal of Gateway Decentralization Method in Wireless Mesh Networks and Its Evaluation



Gy RES SR

s MGA:Multi Gateway Association
INTIYNEEBDT—r I (IZH#THAR

- %GWi?@%ﬁﬂ%@ﬂ_“y (@ I\ ()]
THORSEYIIRE D A i
HEGWIZX T HERE

—_
Shal \ GW
LEERERDD ,
((Af)

- HERIZREL, /N yRE
S THGWIZHED

((5)

— Super—gatewayh & GW \
Mo/ Nz &R, B
J:Tl;grﬁlﬁﬁﬂj‘c_?:]'b\ %%Bflﬁﬁ () (@)
FBTiE A A

— s GW
A——

A Proposal of Gateway Decentralization Method in Wireless Mesh Networks and Its Evaluation



12Nty arE 22U EDORKRIZHITS
QJIEF%UT&N‘J:UE{:L‘ EITEVNERICIKE
CDTCP BIEDRIL—T IR FTAS

(2%) ()
1 \ ; GW \\ R ERLY
? () (< )

$RER2 B x

((5) (())
& = i) {0 GW

NrykaOXx
DIENN

EI2&EFCERE R E

A Proposal of Gateway Decentralization Method in Wireless Mesh Networks and Its Evaluation



REA

s R —F oA DF A
» TCPORMHEEE

e

Yy a B TOHE

g B TRIBEEEH S0,
RETLGEEEENFEEET,
TCPRIIL—Tvyhh A LET S.

A Proposal of Gateway Decentralization Method in Wireless Mesh Networks and Its Evaluation



F—kozA1EHRDE(S

fitiz ==

Ex 0K

AL 5%

s GWIZEHDEEZEEILIZTEN
%) I\7t JOE’& nafi

s Ayt—IC MEVvOEZFEE
L/Tj7 JT’(/7 ()
s APIEFR#Rg ST AYE— é

SHDHRYTHIUNEADY)
*k

s AP[ZGWETODHRYT AU~ (5
EGWRIHID oYy =% 50 ik

(( )

The internet

EZx 0K

A Proposal of Gateway Decentralization Method in Wireless Mesh Networks and Its Evaluation



Tyl abDHEAE

s APIZERERLI=BGWDIE R
S RN—TYNAFHEZETEL, 5
E_JEGW§/;&J-E

s APlIEtvi a3 E&EGWE Xt
T TEREL, i

s HOBEGWIETRA—GWI[Z/N
Ay Bk

n YAZA—GWIEtviar iz
GWZ XTIt T TEEE

s LEBEOR—tviavERLE S
BEx-E5 B EGWD IRHE

vy gtk
RBEGWNDECE

A Proposal of Gateway Decentralization Method in Wireless Mesh Networks and Its Evaluation



s USalb—2avIt kM

] ns—ZE&iﬁ
- REAKX - wyiarvniid AKX
- MGA — NS BEEAR

s GWORIL—TYMAFEDFHESaL—ay

s DNEHDOEEMDI Sl — 3y
BRI THERT A EIZEST, RrvbhT—oh DRI BEFED
NEENRENETETT M

s TCPBEICEASZEDFMMDIIaL—ay
Y IV BAITHERTAHEIZEST, N\ yhaBEEAREKY, En
FEIFTCPEBEIZHITARIL—TYEIHEINSH

A Proposal of Gateway Decentralization Method in Wireless Mesh Networks and Its Evaluation



GWRIIL—T A ED T E Sal

SEFFICEDGWZREGWET HH

EELNDGWA Ry T 1
BriX9 oM k>Ew% :10Mbps
(E (?))

GW 2 —Fwrat
EhfFHEM?

Ry TEENSEVIEND
AI—TYrAFEOEENADE

FHLIaL—avIckoTIEE -
£k% -

. ZRVTHE, &ESEVIDEE

DTCPRIL—TyrERIE [;r;tjfj,; :
. AEREELLC, FELOGN  ———
NERET DOERE é

A Proposal of Gateway Decentralization Method in Wireless Mesh Networks and Its Evaluation



» BREMSEVIERBIRXREZESVS LIZEEL, FSEVIOEFER
 BhSEYY, ERYTHEIZETEIRRMNODTCPRIL—T %
BlE

2alb—q INTGA—4
TEREEIERE 100m

APfEIDEERE  80m

APDE 378 (GWIX3H)
iR & 8 0~604&
BIERAT FTP(RIER-41E5)

AR) =325 9V ER-RER)
VoIP(INER, MER-4+ER)

MACZOkra)L IEEE802.11g
J4—ILF 860 X 580m

A Proposal of Gateway Decentralization Method in Wireless Mesh Networks and Its Evaluation



s ZhSEYVY, ERYTHDTCPRIIL—TyrEEE
. IRV TR EITMSEYIETCPR L —T DB E— R AR IS

— REA D R FE AT ELHR #R

g
3y T D4l
3
X
25 - y = -0.107x + 0.360

TCP Throughput (Mbps)
.

—RHER

1

2
3
4
3)

y = -0.68x + 3.50
y =-0.26x + 1.11
y =-0.11x + 0.36
y = -0.19x + 0.26

0 05 1 15 2 25 3 =-0.1 0.18
Back Ground Traffc (Mopo) R —TF B GWELFSEYY
<

A Proposal of Gateway Decentralization Method in Wireless Mesh Networks and Its Evaluation



s RYRNI—VICEFTZMNT, Bydab i ARE/N YN
BiEAXT ERTFEHOATIEZLLRT S

Al —aINTGA—43

BREIEERE 100m 0/ c O O
APFEIDEERE  80m O ‘O O 0‘ O
APDE 376 O O O 0O O ©
b = k5 0~608 O O O 040 O @

BIEXAT FTP(R&B-41&B)
AR) =325 9V ER-RER) c o o 0O "3 O

VOIP(W'&B, W'&B_%%B) O O O O O
MACZOr3JL IEEE802.11g

: ® 0 0 O
J4—ILF 860 X 580m

A Proposal of Gateway Decentralization Method in Wireless Mesh Networks and Its Evaluation



TP

Fairness Index

FI(Fairnessindex) D{E[Z1IZTIHEWMEE A FEEAF LY
nl¥EArP NDEH, n, (iAPl. DEERTEVIZETRT

- )
nZizl (xl' )2

tylal AR INTIRZECAR

0.3 0.3
X
0.25 X s XX 0.25 - 49
X X
5 02 X X 3 02 -
£ X X X x X X 2
X
§ 0.15 « X % xx % § 0.15 -
£ % ”; X X X N 2
s o1 XX x  XXx X £ 01 -
X
X X
005 | xX 0.05 -
XX
0 T 0
0 10 20 30 40 50 60 0 10 20 30 40 50 60
the number of terminal the number or terminal

A Proposal of Gateway Decentralization Method in Wireless Mesh Networks and Its Evaluation



N FER2

MGW®DERER IL—T vk
RNEMSHEBANDBENEN I ITERESN =D ZBITE

tylalnEAN INTYRSEEAR

25 25

20 - N 20 -
» »
S S
= 15 - X X X 2 15 -
8 X « X% % 8
a X Xx X % X X a
® 10 - xx X 00 X X X X ® 10 -
3 X X 3
£ X X R o £
=} *XX % XX =]

5 X% X X X X

X X 5 X X
X
0 T T T 1
0 10 20 30 40 50 60 0 10 20 30 40 50 60

the number of terminal the nember of terminal

» YAV REBRAXDAHGWERZIIFEZA TS

A Proposal of Gateway Decentralization Method in Wireless Mesh Networks and Its Evaluation



2L —auINTA—2
STA STATA STATA STA EREEIREE  100m

s I DDAPHS2DDTCPY Y 3  APRHIDIEEE  80m

9 ERim >R 2 xf L TRAgh BIERAT FTP
. BEROMBEEZTRIL—Tyk MACTERL IEEEG02 11
#HE J4—ILR 860 X 300m

A Proposal of Gateway Decentralization Method in Wireless Mesh Networks and Its Evaluation



INTYRZBELAR Ty ay

t‘y:/3>1 The infelnet A
ty 32 S

.

INTYRS ‘EE ‘|Z‘J“/EI/1 (
1.2

AR tyi322 : 1.6
&t CD 3.7 44
tylarHE tviavi 10.6 5.9 3.4
ZE tyvave (17 1.6 27 )
CE @ 1.5 6.1

A Proposal of Gateway Decentralization Method in Wireless Mesh Networks and Its Evaluation




 BIEDON\TYNEARICSHLTEY AV SR EARERE
- GWHAGWEBI D RSEVYHEAPETHDRY T HEISYTAY
- APIIGWIEHRZFI AL TRBEGWERELHECT S
s U2al—3avIZ&kBEEE
- Byl a B AXTIETCPEEIZBULNTHENRLY
- NEEIIFEEHLSLEN
» S8
- ERICEEEEFH

- EETOMEEDT—FDINE o
i

s

) .

A Proposal of Gateway Decentralization Method in Wireless Mesh Networks and Its Evaluation



R FSEVHIEROF IO

» MGATIERERBRLEDISEYIIFTHRERD, EHOGWIZXHT
6$51§tt$§}ii'§' 3

INTYRFERIELIRO B E, ANy a3 DTCPOEREHIEIZXKY K
SEVIIERMNEDYERELLENEENT S

- RICMSEVIIRHZEZREOHF T ZDEGELLRDEFE
- WYGERALE R T NWEARDPEENKELALD

s YA HEBEARXTIEGWRED DM EYIIEHREGWETD
Ry THIZKY, ERETHCGWERTET S
- INTYEFERELIRO B E, BIDEy a3 OTCPOEREHIFEIZKYK
SEVITEERNENH S,
n B

A Proposal of Gateway Decentralization Method in Wireless Mesh Networks and Its Evaluation



» TCPOHEEERE

E:> vy al

- APIZ&GWDOEDFSEYS
2ERY TN L ERBEGWE
RTE

- ylarshEBRINSZ L
[CEBEGWZFEIY LT, v
AV EIZHERT B

| 4

i il TH 5 EC

A Proposal of Gateway Decentralization Method in Wireless Mesh Networks and Its Evaluation



N YR EEAIN (MGA) DB

WMB/\Tryr B AX

s APIEImERMS/INTYREZ(E
THEEGWD R IIL—T v ER
FIENSERE L RZFIRTE

s APty a> BRI ERiE
LtbZ3 75018

s HOBEGWIETRA—GWI[Z/N
Ay Bk

s TAI—GWIE/ vk E
Fa—IZAN, |[EFRFIEZELT
LY, SR AERIE

Bk EE 3R (C
PELVDED

G
& P i)

A Proposal of Gateway Decentralization Method in Wireless Mesh Networks and Its Evaluation




1R B2 D UL B #R

IRBEEE foo)=ax+b ZEKRDHSB

s FHEIR(x, »)ITBENT x OFF, y&E /) DEZEFH
s BED2FE (-’ DINSHNIE, y &/ FEMEELES
» FHRICTRTORT, ZD2F=HE

T=Y (- () e (1)
» (KD 7 (FEHIARDELGDFZR o, b ZRDB

A Proposal of Gateway Decentralization Method in Wireless Mesh Networks and Its Evaluation



Fairness Index®) =2 X ik

s Jain, R. The art of computer systems performance
analysis, John Wiley Sons (1991)

A Proposal of Gateway Decentralization Method in Wireless Mesh Networks and Its Evaluation



s NEEDLD /N YRETRE— fyave
GWIZfE< SEEGWDECIE

n VAA—GWIXFHFInERKDIPT7
KLRZEH B T=AvE—FAP

b oo
BTy Ta209 %@
((A))

GW

s BFIHEKDATET HAPIEZ
DEORBEGWDIPZRL A%
RIET S

sn VAA—GWITHREGWELY

AV DX EERERT D

((Aj)

tyiaé
REGWDELE

A Proposal of Gateway Decentralization Method in Wireless Mesh Networks and Its Evaluation



IBEGWE Y a3 DX T T

s GWAP-RT (Gateway WAP Resolution Table)
- GWAPDQIP7ERL R
- BylalvaEhlF

SEEIPTRL R

FEETIPFRLA

JAkra)LEE

SEER—FEE

EETHR—FEE

A Proposal of Gateway Decentralization Method in Wireless Mesh Networks and Its Evaluation



TCPRJL—TwkMDIGE

TCPRIIL—TYRDETIL

s Floyd [1]
T ZIL—T vk

1.5./2/3x B
I's RTTi j; RTT %d\iﬁi%i&ﬁ |
B BRI AN AR
s Padhye [2] P Sy B A B
| T, BA LT IO FET B

T ~

RTT, /21;]3 +T, min(l,?), /?’?JJP(HQPZ)

fICTCPEy I avhHhbdL, TDEEFHICK>TrSEYINEIL
L. RAL—TvrtBEREIERDHIELLTSD
[1] Floyd, S. and Fall, K.: Promoting the Use of End—to—End Congestion Control in the Internet, IEEE/ACM Trans. Networking, Vol.7, No.4, pp.458-472(1999).

[2] Padlhye, J., Firoiu, V., Towsley, D. and Kurose, J.: Modeling TCP Throughput: A Simple Model and its Empirical Validation,
Proc. ACM SIGCOMM’ 98, pp.303—-314(1998).

A Proposal of Gateway Decentralization Method in Wireless Mesh Networks and Its Evaluation



SNEDAAIY r

EEEDHREYT LA LICTCPR L —TFy AR EEEH B, Sttt
£ BEOWEE TS BT &L EIRM T

s UZILEZALALTHDEFE, thDTCPEY IV DIEFEEFIHIZLH-T, THAI
CERETERDINSEYINEDHS>TLES

s USalb—LarTlEEARELICEY AV RBREDRA(IV Y
v a  BtREE Y7 ILE3A L

(< ) ()

GW

‘ F'aﬁ?nﬁ@o"%

(< )

A Proposal of Gateway Decentralization Method in Wireless Mesh Networks and Its Evaluation



MGAMS/ N T YRR EEAR~NDER

» DERLEOHEER(IVT

- UTLEAL — BIERAE
s RA—TYMAFERHO=H D544

- ORE, FERBME, tvTH - ORE, GWRLMSEYY
» AN—TYMAFEORLFEE

- MEOHERE - FHIIaL—av

LRFZEIE Y a5 BT IS8 I A] BE

LERFEFERASVTNYTIVEALTHDE, tiDTCPEY
AV DEEHIEELEEREICEBNSEVISEMEEL,

RN RADHIEL
ORRFEEISEELSGNEYTILEA LTRFTELEL

A Proposal of Gateway Decentralization Method in Wireless Mesh Networks and Its Evaluation



