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Abstract As the research on home network technologies, sensor network technologies, and
ubiquitous network technologies makes rapid progresses, wireless ad—hoc network have attracted a lot
of attention. A wireless mobile ad—hoc network is a temporary network formed by a collection of
wireless mobile nodes without the aid of any existing network infrastructure or centralized
administration, and it is suitable for ubiquitous computing environments. In this paper, we suggest an
extension scheme of a wireless mobile ad-hoc network based on limited multiple paths source routing
protocol. This scheme reduces the overhead of route re-establishment and re-registration by
maintaining link/node non-disjoint multiple paths between mobile hosts in a wireless mobile ad-hoc
network or a mobile host in a wireless mobile ad-hoc network and a base station supporting fixed
network services. By maintaining multiple paths, our scheme provides short end-to—end delay and is
reliable extension scheme of a wireless mobile ad-hoc network to a fixed network. In this paper, our
simulations show that our scheme outperforms existing schemes with regards to throughput and
end-to-end delay. Also we show that our scheme outperforms multi-paths approach using disjoint
routes with regards to routing overhead.
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Pathmax: threshold value on the number of paths

Pathereates: NUMber of paths created for one source
host

if (duplicate information for (SourlD,SeaNo) in
History) {
increase Pathcreatea DY ONE;
if 517athcrea(ed greater than Pathma ) discard RQP;
end )

else {
insert new entry in History;
set Pathcreates tO 1

reverse the source route in RQP;
create an RRP and transmit it to the source host;
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Tw : timeout for waiting MRP

create a MQP and transmit it to the GA of source
host;
wait(Tw);
while (not received MRP during Tw)
perform the algorithms of request and select route:
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it (Lifetime great than zero)

insert new entry in VLE; // registration

else // release

delete the entry in VLE;

transform the MQP to registration request message;
send the registration request to the HA of the source host;
wait(received registration reply from the HA of the
source host)

update the entry in VLE;

transform the registration reply message to MRP:
send the MRP to the source host;

Tl Eux] $AE SERE 413 MQP Ui
Lifetime "W=9] gto] ‘0BT & Z-¢atd
3h= sfFlol2 R, 3d GAX zH4le] VLE e Ax
7% F 3T MQPE Mobile-1P8] 55 23 WA
2 ¥W@sly S9 HAR A3l GAZF S9 HAZR
B Mobile-IP9] 52 $H HARE F4131d A9
VLE W9 Lifetime =% £33 ¥ MRP2 W
% Sz Aggith @Y + MQP 9] Lifetime ¥
=29 go] 09 A% FAH vEYI Mulz=E AT
Wwe S71 fold 4 VIEHZ Mui2E 93A ¥
ZASoleg A VLE W9 3 ARE AATL F
Se] HAZ ¢gozi dv 52 dAE 3% & A
o ¥ 68 B 0% JdE-F YEHNI Uy S A
A9 HAZ T&3the 43S B

@ Intermediate Hosts @

ol
]
tlio
o
o

Ll

o
£
§—_‘_p

o

D)

MaP T
| mapXg | s=o3
s=sg
P -
MRP g |eMBPEZ |

oY 6 9y & A4

= 9HY T9 4 WEYI A

S & A Dok 28 7dAe 9y 55
@4 & S7F 54 YEAZ Yo Ex3s SP(Service
Provider)lAl Au2& 83s3 AFLe HFE B
Q.

@ intermediate Hosts @

@

GIOIEl Mg HOIE &g
HOIE g
Ol HolEl Bs
CIOIE RE s
T HolE ®g
HOIE 8% e

o8 7§ YEYA Ayl AT 33



24 f=-% YES Y OF

a9 7904, 29 F2E SE 44 HEYA WY
SPolAl MulaE 84ske solg A i g
GAZ9 ZAZ ARE sty AEsin, o] dojet o
72 S7} 29 GAR J$HD o) FAT GAE
4 dESZ Yy 398 Z2EZH 93 g SPE
s golel HARE Aggith So dolel #zle 441
& SPE 89 GAE B3 S2 AMR2E AFE + 3
A "k ol HAAM Sel GA T BAS HExe

Z A2 A2 P98 Z2EFo] Al8HH GAS SP
7+ BEAE s E Mobile-IPolA 9 B1d® 71go] A}
)=

9jole] ~E CN(Correspondent Node)o] ¥H¥ F
2 gAE AR B4 olF JdE-F YESHI U9 oF
Z2AE SIA dolet @zle A$she FHFE& TE 8
A Bt

ﬁs) ntermediate Host @

CIOIE &8
ClOIE Mg

CiOlEl @§= Hole 8¢ Hole 8¢

>

a9 8 Yol ZAENY o]F FAE 7+ §4l

a9 891 Hol= upeh o], CNeo| SelA dHlolet
AR BE V& 4 YEYAY B9E Z2EF
o o3& sF WAAE S F dEYAY =35 H
I, S¢] HAE o|E 7124 Ao uikld ARE Az
3] So] GAZ % vlojel Wzl WEsA "ok o]
WARE A48 GAE Ae VLEE FRste] F4
OlF J=-F YEYA W EA3te SE T HAA
g AgstA gt

4. 45 @It

B =RA Agle ZE2EES HIE] H% Al
Edo)d E7Z C Qo2 FEE AlE oA gholHy
Y Simlibe AFE3IATHIZ) 4.18dME AR
£ 93 2 7k M L AEE)A B3 tid V=
33, 428 Ee AlEgeld ARE HAh

4.1 AlEojo|M &

B =g Agdsls e T4 olF d=-F M
EIF oA o]F FAEES FAE 93] dynamic
source routing 71H-& AME3PHAA =E/Y= FES
FHgsle tE 428 #AAFe 7otk At TEE
9] H7ME 98l Carnegie Mellon the FelA 53
g A EdolX BEL FFIQCHILI5L

AEE o] &3 212 3FSl g3 7)Y 223

fr

oA 2wA] FAEV GAZIRAY BE HAE
TLL ‘Foz2 AdAsida 7143t & A&
|7te 1180&&3ka A& 10002 Fof 180% &
et SRS AEHER FP3A. B AlEEH]
olF FTAEEY o]F @ random way-
point model’d A&3819 2 u[16], pause time ‘VoZ
a4t diolel AL 512 bytes CBR(Constant Bit
Rate)2 7F4stdon, 27 409 @3S Az, &
7kl H4 Ad XL 30msz} AT £4 ol
q=-& YEYI Wit F 40719 <5 ZT2EE9
A5, A4 WS 250m= 7SR

4.2 A|2Y0jM &

B =R Ael#(throughput)e 2% FAIEE ©
olEF&(bit/s)E Al4tala, Blet X1 (end-to-end delay)
& 7 HA A NzblA FA NS AR e
Pgaog Aastn, W] =(overhead)= F-A1E dlo]
B thE Y Aol sizle) &2 At

a9 99ME 700m x 500me) A WEHNR I
A olF TAES GA 2o @Y ARE fAEE dut
&g 71T B =FA Agde x5/43 F5E 3
g3te E FRE fAsE JEd did Blng Hol
H, &Y AZE fAsks Z$E G, HU 3709 5789
o AEE FAshe Z$-E 22 DSMR1% DSMR2
2 FEsl] MEQaE TAIE oF TAEEY BT

o

>
~

- )
o 2
._]

[*]

A

0.
=

2
£

rr S
do

2 4 6 8 10
Avg. Movement Speed (mis)

- DSMR2
e DSMRT
—A—G

2 4 3 8 10
Avg. Movement Speed (m/s)

—e—DSMR2
~— DSMR1
—h—G

2 4 6 8 10
Avy. Movement Speed (mis)

¥ 9 e giEAd, =



224 ARAEGS =T A

ol £x71 2m/solA 10m/s2 HE vl Ael= g
@ X4, a2a eus=d Ui wwsoh

I 99A BE olF £} FU1Ee wel G 3
$-ol= DMSRY 7Z-$o wlal Xg)so] F£3) 23
o dog Ado] F43) TS & & Utk WESL
g FAsE olF FAEEQ BFE olF £27} 2m/s
M 10m/s2 718 W DMSR2¢ ZA-¢ Aze o
0.4% ZAa3hedl W) G Al oF 0.8% 7S
. 53], gduid AQoA E 2olE Hole AL GY
BALoe OF AZE FASR goernz e A= o
A vy BE AdAeg 9% AP A3te] Y7

Fog 2Mdr 29 109)M¥ 500m x 300m¢] ¥
A EYA TN o)F T2ES GA o @Y 3
Z2E fAE 9 % JHG), 43 SEEA g
= 425 §AskE 71Y(MDSR), 183 & =&d
A Akste 71HDOSMR)H tE Bz E Bl

2 4 -] 8 10
Avg. Movement Speed {m/s)

2 4 6 8 10
Avg. Mavement Speed (m/fs)

a9 10 X, eu=

a9 10014 Bole miep 2ol B =FdA Atste
S AEIE Ate olF £5 F7ld i X&EH
agn S Ad9] iyl e wE, dd F2E
FREe Afde ol &= vt did #Est A
& & ¢ 5 Ak ewEze] Zuke AY fAK,
ol B =EoM Agse JIYel @Y A2E #A3)
€ 71\l OF F2E #3593 ewFso)
F7Fete W B2 9EA 42 AR g 23
=t Zr237) giozs EXEG x=E/8m FEA
Hg3A g OF F2E AEEe 3 U 3
EEo AE 83 W39 F5 4585 A ¢o
2 o)F &59] Sl wgt yEHz ewilert F
3] SUtEE & & Uk

K=
=
Fal

B jd

ARFA A U B A 3 3076

5.4 8

FH olF d=-F WESa BHold 7E9 {4
VEHZAY 71AF T T4 BY AAE AHEE &
A= Aol AU Hlgolt e FHoM f4 UEY
39 A7 HARE Ao JAHeE oF A
EE 7t B4 MEYIE FH3E= $70uk o8
FANME EE o|F FTAEE B9 75 AT
stejor 3hw, WA B BYE TZEZEo] AUn
ok TA #7Ee E44 f4 WENZ BE hgE
o] Ztm FAEEC] AFolmZ YEYI HARE F
Hog A= TEEZLS HYER £, RE o
T B2EEo| VESZ AAY HEE % HolES
fFAse WHE RS Bl opgl HIde ¥
A JEYIgAE F4d UEHDINNYG TLE QoSS
878 FA0lnE, B4 ol J=-% YEYIE ¢
3 2leE Z2ESEL WEYa eHE=E uHse
FAl delel #zl A4 A7 mEsjorsic)

£ =52 74 olF d=-F5 vEYA U9 olF &
2EE Fo §4 UEHa MuAE Y duzsie
ol Z2EENA UF HEE ol&dld B AFF
g e R f4d WEYZ Mulx Adg ATE +
e 7ML AP B =T Agltete &% 7
He v AEE SAResN A2y ddE A W
2 A2 AMAE AFsE LAY ZFHAT Hole
P2 Ad A ¢ AR 48 2D F JeH, ndy
Bt} 22HQ Wyoes ¥4 oF Jd=-F JEYIES
4 MEYZE FAAE = UEF = 7Hog. &
At YL aF 7N BeE ZZEZS 7log F
7189 gF$E AR n@goz QI ewIH=s o,
ATE 5o U4F H2E FABEE FoEH BFE o
A viW A8 47 dAE AR goe=z WG
A2 97d 2 SHeE QT 2ud=g Fo|dAM no
WE Aol JIEEe s Eutx FTAEZRE 23R
S2E7A dolgl Hzl A4 A £ #HR &4S
Zole TEEZLS 44 MEYIZ FFA7 =Folt}

4 olF d=-% UEYI 8742 93 A A%
H1u s oy @08 TZeZY o3 £33 FYo)
IETF9] MANET WGl 95 J=lxn glov &4
°olF N=-F vEYa BAEL oS ot $ERolE
7HAY, 4+ ALHe 8o HYY TZEFES HA
3] deste Ao vlEAE Rolk

#1248

[1] Corson, S. and Macker, J., “Mobile Ad hoc Net-
working (MANET): Routing Protocol Performance
Issues and Evaluation Considerations,” RFC 2501,



[2]

[31

[4]

[5]

[6]

(7]

[8]

[9]

{10}

[11]

[12]

(13]

[14]

24 de=-5 MEYI) OF FZE o83 A=A &Y Y 225

IETF, 1999.

Weniger, K. and Zitterbart, M., "Mobile Ad Hoc
Networks - Current Approaches and Future Direc—
tions,” Network, IEEE, Vol.18, Issue4, pp. 6-11,
2004.

Johnson, D. B., Maltz, D. A. and Hu, Y. "The
Dynamic Source Routing Protocol for Mobile Ad
Hoc Networks (DSR),” draft-ietf-manet-dsr-10.txt,
2004.

Nasipuri, A. and Das, S. R.,, "On-Demand Multi-
path Routing for Mobile Ad Hoc Networks,” Proc.
of Intemnational Conf. on Computer Communi-
cations and Networks, 1999.

Nasipuri, A., Castaneda, R. and Das, S. R., "Per-
formance of Multipath Routing for On-Demand
Protocols in Ad Hoc Networks,” ACM/Kluwer
Mobile Networks and Applications (MONET)
Journal, Vol.6, No.4, pp. 339-349, 2001.

Valera, A, Seah, W. K. G, and Rao, S. V.,
"Cooperative  Packet Caching and Shortest
Multipath Routing in Mobile Ad hoc Networks,”
Proc. of the 22th Annual Joint Conf. of the IEEE
Computer and Communications SocietiesOINFOCOM),
Vol.1, pp. 260-269, 2003.

Hwang, I, Yeh, C. and Wang, C., "Link Stability,
Loading Balance and Power Control Based
Multi-path Routing (SBPMR) Algorithm in Ad
Hoc Wireless Networks,” Proc. 10th International
Conf. on Telecommunications, Voll, pp. 406-413,
2003.

Ganesan, D., Govindan, R., Shenker, S. and Estrin,
D., "Highly-resilient, "energy-efficient multipath
routing in wireless sensor networks,” Proc. of
ACM SIGMOBILE Mobile Computing and Com-
munications Review archive, Vol5, Issued, pp.
11-25, 2001.

Ratanchandani, P. and Kravets, R., “"A Hybrid
Approach to Intermet Connectivity for Mobile Ad
Hoc Networks,” Proc. IEEE International Conf. on
Wireless Communications and Networking, Vol.3,
pp. 1522-1527, 2003.

Sun, Y., Belding-Royer, E. M. and Perkins, C. E,
"Internet  Connectivity for Ad Hoc Mobile
Networks,” Wireless Information Networks special
issue on Mobile Ad Hoc Networks (MANETS);
Standards, Research, Applications, Vol. 9, 2002.
Nordstrom, E., Guningberg, P. and Tschudin, C.,
"Gateway Forwarding Strategies for Ad hoc
Networks,” 5th Scandinavian Workshop on Wire—
less Ad hoc Networks, 2004.

AREA, 99, “F4 ad-hoc WEHNZ 82E AT
E&AH B2 /A 7Y, @A E=ER], A30
R, ABAZ, pp. 638-648, 2005.

Law, A. M. and Kelton, W. D., Simulation Model-
ing and Analysis, 3rd Ed., McGraw-Hill, 2000.
Boukerche, A., "A Simulation based Study of

On-demand Routing Protocols for Ad Hoc
Wireless Networks,” Proc. 34th Annual on
Simulation Symposium, pp. 85-92. 2001.

[15] Clausen, T. H., Jacquet, P. and Viennot, L.,
"Comparative Study of Routing Protocols for
Mobile Ad-hoc Networks,” Proc. International
Conf. on Parallel Processing Workshops, pp
124-137, 2002.

[16] Camp, T., Boleng, J. and Davies, V., "A Survey of
Mobility Models for Ad Hoc Network Research,”
Wireless Communications and Mobile Computing,
Special Issue, 2002.

HEA

1998d Aw@distn Hr|HARAFE
FER(3AD. 20008 T @ A7)
HAALZFE T ER(F AN, 20060 A
ZouR A7IAARARE T HH (T
uha). dA neidisty AEZYEEE
ot JHRI7edTAE BK2 f
A2 FREE ARG ATAYTAL BHERE ol
AFE, #4 d=-F UESZ, FHIFHE AFE, F=
SE]

d 99

19833 A-guigtm ALt A S (EAL
1985 A2thetwm g Aszsia
(o]graiah, 1991 Agdigtm dighed
A4k 89} (o) ghabAl). 2000 ~2001d
Dept. of Info. and Comp. Science at
UCI W4, 1993d~8A) Agdoist
H AREANIZSRR F@4 20069~ A ATANEYL o)F
EATSAEH AYF 20073 ~FA AFadgdu JRFA
2% JAFE B4 AFH, olF AFH, olF dolHE,
A" Bk YRR A2’ §



