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Mobile Ad Hoc Routing Protocol Supporting Unidirectional
Links
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Abstract

In this paper, we propose a dynamic source routing protocol supporting asymmetric paths for mobile Ad Hoc
networks that contain unidirectional links. At present, the existing dynamic source routing protocol supports only
symmetric paths that consist of bidirectional links for routing. However, in fact, there can exist unidirectional links due
to asymmetric property of mobile terminals or current wireless environment. Thus, we implement a mobile Ad Hoc
routing protocol supporting unidirectional links, which is fit for more general wireless environment. Especially, the
proposed protocol uses an improved multipath maintenance method in order to perform rapid route reconfiguration
when route error due to mobility is detected. For performance evaluation, we consider the following factors: average
route discovery time and average data reception rate. In order to obtain the factors of the performance evaluation, we
did simulation for 900 seconds in the step of 100 seconds with the following scenarios: usage of route cache in

intermediate nodes on route path, and different mobility/connection patterns.

Key words : mobile Ad Hoc networks, dynamic source routing protocol, unidirectional links, route discovery time, data

reception rate

* IR EIREME T B (Dep. of Elec. Eng., Myongji Univ.)
{2 R 20014E 34 SH, fBIE5E Y A: 2001 6J§26H

(59)



60

LM B

AR ALE oFEel MENI A2He n
38 7SS 2 f4
o

718t (infrastructure) S L7
sigeh 2y §4 Jidbte X s] o HE A

A e WEAY gE oAU AR, 5, AP F
g Ades F4 urge] A" AFAM A&
& FAe AdAE KAl viwtge]l Yagls vES
A 7l g7 €T

MANET(mobile Ad Hoc network)o]l&k 1A
71kt glol, 299 7% & JHAE ol w
74" YEHNIE 9guigt F 74 a4
THoz Wssn], TR WE ddgF
AEF, A5 de 5D & 27 o
€9 " ZEEZS Y AT F dod NE
74 MANETE 9@ /hdd ¢y Z2EZL
AODV(ad-hoc on-demand distance vector), DSR(dynamic
TORA(temporally
algorithm), ZRP(zone routing protocol), CBRP(cluster

source  routing), ordered routing
based routing protocol), WRP(wireless routing protocol),
LMR(lightweight SSR(signal
stability-based adaptive routing), ABR(associativity based
routing) 3°] o9, AODV, DSR 5& HEJIAE
2 QoS 71T Frete |77 AgHD %
o]t} I3l HSR(hierarchical state routing), FSR(fisheye
state routing), LANMAR(landmark routing) 52| A& -&
Bed Z2EZol Agh, AT T gopli

Ad Hoc FolM @R3P 21489 7152 AFs
o, A&an §arh AE 544 #Byst M §
AgE AAst 8 oS3 e 87 zdo] fut
=Hoh P MANETO] A A&3tE Ad Hoe 8148 Z2
EZo digh e 7Age ohZ3 gk s, B4
28 Aol s, F4 2By FEr LGSR
ool gt A, Z2AAL vjE] o|FoRE Y4l
o @A Fagn YA, ek ga®eg opa

Wk Fgax Adsior k. 1 9ld] AAY 4%

mobile routing),

o) =
i

A
T Ade

A% Qoset AT H7E
. 7FE iR EQ MANET &% Zg
2 AODVS DSRo|tl AODV T 2EFS &I
3 724 9HE Y3 g Adste 2o Erksdig
uldo] DSR TE2EZ L 10 FRA gursk P39}
F FIE 25 ALY T A2 €4 Yy

(60)

A7) A 253 =82 ( Journal of IKEEE ) Vol. 5, No 1

AQEE A Yok PR B =2
@it YA€ A Yses DSR TEREFZS
NS(Network Simulator) Al E&lo]d 3=
g ¥, a0 9 A5YE FYEAT

42

2

Il. 71Z22| DSR

°l% Ad Hoc HEHIE 9§ 1y Z2E=2Z
P9 FERAwz g ==& JlEAEE 2}
$9E& AF =, DSRE 2AXEoA] BAT T
z_-]

1

B b
[ oy

719 #ti(header)ol BHAx=CS7R| 9] H2E
o2 7153ty g w=ARE AAdste o
o F5d A2 22 E AAS 9 <AAFA,
87 AdA> 828 o g8

A2EAE A% A7 dF FUe AA % o
AL S Z2MA B2 58E 8 AsAd F
Atk olef wet A2HPAY FaE FHasism, A
29 FAEES S A 2 F1A wo] A
dHT Uk AA, B9 AAE AP olgse
Wao] glth. RREQ(Route Reques)E e w=vh B
HAALEE oA, F44E =9 #9¢Y A
BAAxERAY B2t A& A, TYAxcE
484 RREQO] ti§ RREP(Route Reply)E A
oA AFsts otk £/, HolH A$4EF o
#FHe A2 2AHY, 2AL MRS AEE s}
£ Rolt} AR, RREQ E.EE7)2E(broadcast) A9l
tlolel 2L o 7)1 W (piggy back)A 71 WHol gloh
u}A %2 2 RREQe] w3 RREP7F A& Al7hel
FASA G& AY, A+A 2 FAexponential backoff)
gueEFS AMHEsld RREQY AAEE ZAaAd=
Ao o]F F9 FM 87 Wiz Qs ¢ e o
Zo] oA kEzto] ¢d3d EEFHAL W, RREQ
9 AAEE 2JozH FEES FAUL)

DSRE F71AQl 248 HHEE wysalx gz 7
Ead AAE B 42 HZE ALEE oy, 3
FxEEL AERR AHE T F=2o B3}
Aol g gA3ln O AEE AxaxEdA &
At AR oo Aoyt dAg T
% wEo 348 TP od, AdeE 2

o)

=EE ZE dydRg dAgss FAd HRL
8 N2 ZAE2E %7 98 NZE RREQ #HA
e B2eE AAHog BTt A= dd

£ oo 2o



Ne SAF =ESE A4 239y ANE A
Il LAY BES TP RE A2ES A
A
I, Ctetsk 2lae U422
A dst= DSR
31 HzuA
w=Egko] §4lo] 8759 DSR 299 7¥e 2
gz Hgsed ZAAwSAe A2E v
BHAFL7 AN w=Q AP, 22ERH 5
fnat

AR wENe HZE 71%H ARL A
=EZ A4 WU 435 EAT 5 A0 o
gol WA, BYAEE AU ANE BAHD
o AznEnel J2E WAE A, 1 JLE o
g8l 72 ARE A$an, BAGA 2F A=
22 wEg A2 F2dd BHE A A ol
A2 RE ZAA-c7AY LA" A2 AR
RREP-D(RREP from Destination)® RREQ-D(RREQ
from Destination) M Zloll 7] W7} RREQ-DE
A% sxxEE FAXwEAAe HAVY2E AY
st ZpAlel 2ke® AHE BT F, RREP-S(RREP
from Source)® EHA =717 LHE HEE F3d
FUNLE ooz dE@dn ol RREP-S # 0]
£ 99y 222 XYV o FRE F48 27
Awse A& dAbste]l A xEel B B
9 AAE sl AR 2399 Az A4 A
RREQ #%l9] BRENRAER Q8 EAAm=7tR
o] HArAE AR o]0 o LIHZE WAY
Ak olEjg SIAZEL AEFY AWA A=
7b EAHAE ALl A& BETE i) ALgd
B A2 g A, ERAx=s FH22 RREQ-S
(RREQ from Source) ®=2F ¥ FA| $HTCh ojF,
FHA o] &g £ FREL dEHE 4A
S 98l AW 3AMAR Axax=2 AFFT Lak
29 FE2E 2R ®I A+, RREP-DE 2EF
e RREQ- D7} £utdk A2 AA Ag} AR 2 o}
THAREE BEEJAEER AAkSo TEIC 4
AlEl RREP-DQ] HEE HIEHOZ AAkEE B33
LE7A 9 tE=AHE
#4213 RREQ-DE £

D
w

m[m rlr

A3

3

k=4
=

ol% Ad Hoc 899 ZR2EF

(61)

61

@ RREQ-D+RREP-D

/ (F.W route) \
% @ RREQ-S *»@
© RREP-S(B.W route) /
B.W : Backword
F.W : Forword

S: Source
D : Dastination

39 1L &N 4 9 F24d
Fig. 1. Forward and backward route discovery
£& RREP-SE Bt £3A w3 A4
ot E EAA = RREP-S AW OUFHEE
ot 39 12 =y € U A2ueas o
44 }9¢ vehdct

3.2 A5
<ugE A297A Alo} RREQ-S #j3lo] EFA
A9 29y ARE /A1 Y= FUHE=E Y
o BECHAEE 251 2 ARE AL A
2E& 4AW 5, RREQ-SS HEEJN2E7L FuE
5, ol =9 4y HRE o|fsla gME &%
RREQ-S

‘. RREP-| .

HREm RREP-1
.
:

39 2. FUREE o] 8% HAH3
Fig. 2. Optimization using an intermediate node
¥ ZB2RPRE ¥, BHARE=E7AA  RREP-
(RREP from Intermediate)E 47| 2 E(unicas)Z 1.
Joh guted AEunRs s Jaua A 59

=
e

g wier Syt 19 2 FPxs=E o] §d
23 AAH & HAET
33 82 #A

#4 k= €9 Ad Hoo BolA9 28 =58
& 74 83 A% 8903 o)FA sdate 23
g ZEE ABA RE A7t EAdY ol
BEA tis) FLE FAo] EAsE WEHI

FlXE EAE dosle F3 Ao HAE ded
o, 2 o7t & F(hop) Fol FA LAH AP
F dov 2F JArt et HEND A



Ly

T a%A syl W& 223 MEYI AHT
AZHA BEE AT & A2kTE 33
xEZ FrHez FAE FEAY BY F2$ HAA
g UFAE A7 giE A, EArse 2
P29 oA A(hello message)S Lo o) W-gd=
Auat A2E F§ A2xEF D2 SUUARE
Bt Axaxte W29 $EHAAE ol @
A A g4 2 ARV FASYT e} (remark)
gk dld AR ALgHEE dHolE A AFA
gt dolg HAR AEA A2k EE AMEEA
2 ste 427 FaRSgI Autase] deA EE
F718Q A2 fFEA #IF YAE HAHgY 2
A9, A2d82 gidd AYde &9 g A2
E olgsly, wtef BE A2 ol Ade o
Al N2E A2 sy 9% A24d 3AHE
gt

=
[

I

} dish, @rlFE g 2 Fhdly] a8 dighllA
1 WENI AlEdolEd NS-2 ¥ CMU &%
ZZOWL AEPor CMU &8 T2 afo] B =
A AAF WEE F=E FAY F, 45HNE
FHFATLI BH Y5y IlE $8) 500MHz HE
A1, 64MB RAM % 13GB s=t]A3E Z+&E PCrt
AL E AT

r~{n

[=]] =}
= =

4.2 21}

a

421 Nutele
NSol) AHg-5=

0y Ay

BY L =9 olFAde YdEhlE

o] 5 & 5+ Y (movement pattern file), WEHN I A F ol
A AFste A7 APgREE Yehle

ERE LR

(62)

A7V AXEE =FA ( Journal of IKEEE ) Vol. 5, No 1

< (communication pattern file), ¥ A}8-® 298 T2
EEZS A% AU FHIY 9714
ol e ntdy FANARDE o] L5t HAHF Al
ol AU E HAPEY g2 DSR ZEE
& A48l NSE FA3E AvE g HoFE

9l AlYel e 1500mx 300me] HH oA HRA A
¢ 0%d 5079 w7t O SX 20misE $3olH,
1071e] d44& etk 4 228 2T 512 Hpo|E
B 4NE BB, 9002 Fo Pt HEES
velhdtt £82 outtr Y2 AL

422 HIorga 2 uietolH
AH7HE S8 olsddny FAHAYE HAF 4
A9 Alvele odg AFEsHTh AGE ey &
n2Ee Aeg Hrksrl A8 o Zol Ay
25 A9 AR, GdFHES INAA AES
t} B4, 2z OFEAZI FEFANE BPE0 9
& AHEgEE 92% vAAY ARRF L 2022
7513}‘}15} A, 22wt B9 sfoqt
22 V5% A9 A2 Y RE FU=Y A
Hoﬂ AEE 7153 ASE ol A5HNE 3
ek via seuEE A2xEdA wd A2
8390l EFA R H2E LANE JF
A24% Ay F48 doleFe Ui HEES
AbgErglth. At SEARS 10028 Ug=E
90027t Fsqdct.

1A

A Holg FaE& £4

79 olFAdel wE 4

wE9 BNl Ak AL ANHOEZ ol
Aol Ave RS W@tk 4587 Azt FUHR
o wet olFxezhe] 2ol WM WA Y
OB} Al &L A4t BlEEAH oBHSE A
A%, 440l g2 Ay oid Fdxe= AHE
AL o, dielel A&l ot W] dFo] A
ApGEl o) dElME FUE AHE AMRIA
o, vlolEjalgo] At d&53Q olF4 S
A%, ddol 2 AvEled s Fihxx=
P%Q o, ol FAlge]l EX, ddo &
Ay ed dale FUAAE AR GRS
=2 10151 A& Yt 29 33 4=
525—4 ol Ao wE dHolgFAESE BoF 9]
. 2ol A ¢l0 cache 107098 @A) Fxx 7

i onlo

2 I‘l° 3N &2 ffo
mim



S

aci0cache
©c10 nocache
0Oc30cache
0 ¢30 nocache

received rate

§ SISILSLSLS ST LSS LS LSS AL

simulation time

3% 3. AAAZLO] 12090 -2, HolH A4S
Fig. 3. Data reception rate when pause time=120sec

E¢10 cache
©¢10 nocache
0Oc30 cache

8

3

received rate

N

|

SRR N E R B R BN

| FALLSILITSS VLS I IS

1

O |

| ALLTITLTLTLILIIT LY
o
i
I
=
o
s}
&
>
&

AL LLISIS )
LTSI TS LTS I7P)

o =
S

100 200 300 400 500 600 700 800 900 [secl
simulation time
24 4 FAAZE] 021 AS, dole S E

Fig. 4. Data reception rate when pause time=0sec

AL AL A$E el Z, c10 nocache= 10719
A3 Fixs AFE AESA ¥e B$E Ug
kil

v =s=0 dF Jgo] uE 24

ze dFo] Hus AL AAHoz HAFE
ol Hojzltis g olvigitt 28 dA Aefo) o
3 Zrlelle vAdSH o F4E 2 A9 o ¥
2 HolHFAEE Roltrl AR Aol Ao
et ALl ol FAHE e AR o & dolH
TAES YeERiGTh dZoe] g3 ALHA o]B4
€ e BASde FU=D ARG AHRHA ¥Rk
d, o 2 doleedES Yetdigin, wele) uid
£2Ql o]FAE e ALdre FTU=E AHE A
ERE W o e volHFANES vEhY
fdol Am d£AQA o)EHS A= ALo=
== AAE AN E W, o 2 dolHFaES
Ve e, wbde] w) 2l olEAHE 2 A%

PYIE AYslE olF Ad Hoe 214¥ Z2EF

(63)

63
A FX ANE A4SA FRE B dolHFNE
o] o %%M}E]r 39 5% 62 =29 dANF mE
HolEl 44 &S BoRrh I¥olA s caches ==
%]
100
80 @s0 cache
®s0nocache
L Qs120 cache
:é; 60 05120 nocache
§ 40
N
=] 1N
N
o N
200 300 400 500 600 700 800 900 {sec]
simulation time
a9 5. A7l 302 A, dolEFNE
Fig. 5. Data reception rate when the number of
connections=30
(%)
100
80 @s0 cache
& s0 nocache
& 05120 cache
© 60 05120 nocache
2
3 a0
20

o

100 200 300 400 500 600 700 800 900 (sec]
simufation time

a4 6 220l 10 AF, doleFag
Fig. 6. Data reception rate when the number of

connections=10

, s0 nocache® ==9] A X A]7lo}
U= AHE AHEEA &= F9E U

B. g ZRAAAY 4
FEAPAMNLLE Fe
ouj gt} Aol g,
gL ”i” §A1e ‘—}E}LH
3ol @@5‘)
vrEbiRleh e
U= AHAE
gEAZiT
== 7“1—1;‘05'.2‘

H L
%39l

in}

=

o 4

o

ok
et gy

32
o

2
0,
L
offt ¢

%

o &
r|r
tje

> u
o M
rH[o

S

Sl
12+E
PAS— 73-?—01]%:* =

ox.
b
m?. rle
O.L,
>~



64 A7) AR 83 =8A ( Journal of IKEEE ) Vol. 5, No 1

0.04
g
5
2
§ o050 cach
k N N N N N N N kY 850 nocache
e N N N N 0120 cacl
b N N N N N N N N o0
5 q N N N N N N r}
NIEN N ENH AN ENTT EN | N N | l2s120nocache
<3 Ny N N N N N N N N
koo INI NIRRT
2 N N N N N N N N N
N N N N N N N N N
3 RIVINI IR IR eNH ENT EN T N EN
© N N N N 2 N N N N
N N N N N N N N N
R N N N B N N N N

W00 200 300 A0 500 600 700 80 900 [sec]
simuiation time

a9 8 Aol 30%0 B, PEAEERANTD
Fig. 7. Average route discovery time when the number

of connections=30

os0cach

©s0 nocache
as120 cach
05120 nocache

average route discovery time

P77 77 P71 ISP 77777

(DT 77 T e
% VAT
g (L1 7L L7L S5 474285
2o 277
T
T2 At 1171147724
8 [zl
g V207777 707777 27)

[sec]

8
m,§
g8
8
g

3
14
8
=
3
&

oy 7 dFo] 109 AL, FEFERHERAT
Fig. 8. Average route discovery time when the number

of connections=10
o] ARAYANE FEAZE 2Y 79 8AME =

=o AslFel mE BF FARALE 42 E
gk

At FAd@AelA FH3HE MANET 2H-%
ZESS A7 gt B =RdNE 9w

E AYsE DSR 2R FRAEFE TANR
o Algty fmEEe gss BAIAM CF
Otel2 F&EUI, NSE A1&5ta ol 7ixe] &AW

s b thgd ge

eR
Gk Azkel F®3 A FelE

3 dlolEFAlgS EYvh HAAZTO] 120%k011
10782l ddol Ye AY F HdEHA ol54% A
4 =9 AF7 e AL FH, zJ)dE
98% ol4tel dlol8&A &S 7HH o Aol vzt

FE UGN F A HERAH_LE J)ESS
2 ]
“

of me} 33 #xd HFPr Aol 500 °
FolAE 20% el HolHFAES Bt FhxE
ARE AL wst Fes AHE AEs) &
S 1 o B HoHFAES AT FA Azl
120&0lx 3074e] AZol Ue AL F uld&HAHY
oA 93 x=9 AFVF B AlVEILY A,
Z710= 80% e dHolHF4&E 7t o Algto]
Auzel wet F43] ZAastd ASH s AlZtol 400
% olFME 20% thel dolE4&S 2o A
SHF 270l foe FURE AHE AMEIHA @ES
gur F3xs AHE AT W 92 o e o
olE} Al &S AFHTH HAAZO] 0xela 10709
Ado] A& A F d&H o5 92 w=9
AF7E AL AuEles AS, 27908 15% =Y
dlolEj A && JFH o} A zho] Auitel) wel o]
HeyAlgol 30% AR F33 Fukshrt 20% o
2 A8 iyt U AHE AMgER &
< mur s AFHE ALY o A0 o 52
HolEl a8 AT YA A o] 0ol 307)
o] dFo) gl AF F dEHA o) TI d2 =
=9 MErE B AL AL, 2o 30-40%
e} dolEHFNEE 7R LY Alzte] Avizhe] ulhet
Zaste] Qs Azbo] 400& ol ME 20% U
9 HolglAgs Bt FUxE AAE ASE
MR s AHE AR ¢E o 4 o
L doE A AFAD FE PFd F2HA
AZrE YR Ee) AyeclA 0.02-003x BT A
ol AP z7)ol9ldlE AEH7L A7 Wis A
o dAF e AT A5 ol BT dZBxE
MF7E g2 Al oA 0.2 =2 71 &
AEZEAHANE eI, ndEH o] BA
Addx=9 AF7t B AvE LA 0.03% o]
o2 M} X ARARALGE e A5 F
2 olgstn 944 ==9 Mgt 42 A5 <)o
BE 0= AHAE AMEEA 23S W © &
BAERARMNDIE HRTH

ooz B =g A Ad Hoc 98 =
S Zo] gutg 13 E3eE 2o dukyel F
Mg A FZste MANET 24" Z2EZO o
g A9 7127t 4 4 e Algdrh

do flf o o ¥ o ko



e

s

¥

a2

re

[1] Tony Larsson "and Nicklas Hedman, “Routing
Protocols in Wireless Ad-hoc
Networks : A Simulation Study,” Master's thesis,
Lulea University of Technology,
Stockholm, 1998.
[2] Elizabeth M. Royer and et. al, “A Review of
Mobile

Personal

Current Routing Protocols for Ad hoc
IEEE
Communication, pp.46-55, Apr. 1999.
[3] David B. Johnson, “Routing in Ad Hoc Networks
of Mobile Hosts,” IEEE Workshop on Mobile

Computing Systems and Application, Dec. 1994.

Wireless Networks,”

[4] J. J. Garcia Luna Aceves, “Loop-Free Routing
Using Diffusing Computations,” IEEE Trans. on
Networking, vol.1(1), pp.130-141, Feb. 1993.

[5] Lidong Zhou and et “Securing Ad Hoc

Networks,” IEEE Network, pp.24-30,

Dec. 1999.

S. Murthy and J. L

“Loop-Free Internet Routing Using

Hierarchical Routing Trees,” INFOCOM'97, Apr.

1997.

7 L and G.QM,,
Implementation of Mobile Internetworking
Architecture,” USENIX Conference, pp.495-502, Jan.
1993.

al.,

Gercia Luna Aceves,

(6]

[oannidis “The Design and

[8] Bjarne Stroustrup, The C++ Programming
Language, Addison-Wesley, Third
Edition, 1997.

for Real Programmers, AP
1994.

[9] CHlif Flynt, Tcl/TK
PROFESSIONAL, Academic Press,

HAE XY= o|F Ad Hoe 49 T2EF

(65)

65
S I N |

F ) ¥ (EER)
19793 29 nggtzm Az}
&7 FAF T
1981 d 29 ;osw Az}
et E4(FEAAD
19813 39 ~19823 39 A4

HHE )

1982434 ~1983'd 49 FAA}

19843 ~ 19863 of
Southern California, Computer Engineering A 3(3 844}
198614 ~1991d
Engineering A -3-(F3HkAD

1992 39 ~1998d 14 BANTR AAEes} ue
19983 29 ~1999td 1¥  Worchestor Polytechnic
Institute TH3 WINLABATA #HE dF25

19993 29 ~20003 12 Columbia ™3 COMETST
A4 Mg dF 2T

2000 29 ~AA HANEE AAFHS wF

B Eof : ol B A, HE o], HFE
T2

e-mail : kblee@mju.ac.kr

Univ.

Arizona state  Univ,, Computer

& X B (EGR)

1978 29 z#oigtm
Fgtat EA(FTAD
198003 29 zEdistm
a3 EA(F 4D
1987'd 2¥ zdisti
F3ta EAEELAD
1980 d 39 ~1981d 29 B
FTHAENE Azt AYZAY
19814 38 ~1988'd 14 HAUNTE AxE I g
1988%3 29 ~1990'd 12 Dept. of Computer Science of
Arizona State University Adjunct Faculty

19903 39 ~&A HANegx AzxF wg
B Zot : olF FA QeYL, HEn|r]o],
Tz, B

e-mail : acalab@mju.ac kr

A
A

Az

H e



66 A7} A A8 =F A ( Journal of IKEEE ) Vol. 5, No 1

B T (LER)

19914 89 AT Azt
T8 ZA4(FHAD

19933 89 HAWFL HA
F&ta 2(F AN

19961 349 WAdgtw Az
&3 Ye(aALE Y 3 A)
1994 3¥~1997'd 89 HF
st ARba AL

19953 3€~1998d 29 AYAEZUT W ALFREFH
o, Az AL

199613 44 ~1997:d 39 FAYTE AYr7ied T4
A9d+d

19983 39 ~1999d 894 AddE AduF

19981 99 ~1999d §¥ AY HENT HREFAIG
AN

2001d 39-#x BAGST M2 FuEABHR
A

20000 39 ~EA (5) #Y AdaTd

e-mail : acajgw({@hanmail net

(66)



