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An Effective Multi-hop Relay Algorithm in Wireless Mesh Network
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ABSTRACT

The Wireless Mesh Network uses a wireless communication technology with transmission rates similar to
that of a cable, which is used as a backbone network. The topology structure is in a Mesh form which
resembles an Ad-hoc network, however a metric is needed in order to set the channel and channel methods
since the operation intentions and interior motions are different. This thesis proposes a metric(ETR : Expected
Transmission Rate) that sets the channel with physical link performance and multi hop transmission
capabilities. This metric will also be based on multi channel creation methods and Hop-by-hop routing
techriques for an effective multi hop transmission with no loops.

@ 71e A T2E AT A 24¢ T
ek R See fabe HAs] YE 40

I.ME2

T 54 BAl e8] WEE A8Als B 4
A QlEYel 94 & 5 A =Hioh AE &=
=3 Al vlsg eSS A 5 Q7] sl
FA A 71EE o8 TS wWEeR A%
st sk Aot AR Ha gt

74 w4 MEYIE rode] FaoR A
o] EAgll= Aold] Ad-hocdt Hl&EE AL 714
2 A A 4] viEaE B Dl o

olut, FollM HAA|AR} L gL Al AT
vlg-o2 Q=als AFE 4 9ok

oleidt vlELa F2E W4 =2 A2 o7
el glow, w4 k= ofE 9 d7=r) Sl
Be]xl(Bridge) AE&H A4 w=P7} HE Alo]Es)
°](Gateway) Aete dlu] FA W whogx] ol
<& 3t 7129 Ad-hocHlEY =9 rTols
th2A ol5Ael A Hu oA A= e &

# o] AT o] L2006 A HIHUAARIN A AR FEEAITADR] A Ug whot alEl G 7IKRF-2006-521-D00394).
* ZsdEtw AFelEEst A3 (roundsun @networking khu.ac.kr)

** 73| st A e T4 (cshong @khu.ac kr) (°: HAIA =D

ErHE D KICS2006-08-351, A4zl :20061d 89 214, HEE=TAHdx):2006d 109 174

872



EE/ A w4l MEHZ AN LaH o F A= Y

4 Ak 23 wg] = ARl dolEle] &
o] B3, 53] QoSE UEA|Ac} s EzfTo]
Wol EA) gt e FA Hld] == deleE
Agsl7] 8, Aol L& ARE 2ol &Y w4
oo Agdef gt} a8y £ AF2e v4 x
= Zbol] A= gl Haz AR gl

ueia] B =FolAE PHY/MACS ARE o4
g H=ze] s st T 4 sl e o) A

E o] 43t 2 Hhge) dhslA] Aljlgict

= AL O Zokh 23 e FAl
o5 ES = 7t 7ledal 53 AAE A
g 3R 2eE ZR2EFY R hed
HEZ FR sl sl a3l Az A
A wia do|e] A HEHe] o] Ak 5
Ao AR 3 At ARE BT
I 6ol AEE P

o

&

1. M o4 HES3

24 w4 vEYaE Ad-hocHEH T} He
3l oAl Jdedle] A& 4 e o=}
2EZHHE AFs] 93 A=l sls vEY=
2] Hefo|th F A we] HES a¥ 1949}
Zo] FAl wa] VEHIE o83t oRA AsEE
9} Y=o ARAE Foled 4L F2 gk

vEL=ZE W4 HE|(Router) Z= Hilo]
(Relay) 2 7A=e] glem, o] dl4 =heel/de
o5} L:1F0] old thE ALE FE3l=
2 A= oo, W4 2heEydele AY =
= AR eyl =] w4 e
ool A<&H DAl el Av|AE AlFgich

FA w4 vEYae A A 34 =E olF
A xed AR, AR ETZA o) A
wEog gl T4 w4 vdEYaY s F

WIMAX
networks

J2 1. A A4 dEga

2= 7]22] $-47]% IEEE 802.11abjg =i 4
AMNES Z, A0 F327t & 4 ek =31 o]
EYZA e Hslid o7 sl AelE
o1& F3 el 949 s yR & ok

. 2198 W HES

3.1 2t9E =2289 ZF

34 4] MEDZE ST 29 wes =
A F 72 A7 B 4 Slok On-demand 2+
g sl proactive 2}$E Hholcl. 2]
2 "ol g Adsk= Wl wl=bA Proactive 2}
S8 A2 A F 7R el Source
Routing 13} Hop-by-hoptbio]t}. olidt 24+
W daeFel weby wAx)e] ews= "
ARE #X57] AF Bt BAAE Zderh

On-demand¥1 Ad-hocWlEH=ZE $% 3=
A4z wbdeg Aek=gich. DSR(Dynamic Source
Routing), AODV(Ad hoc On-demand Distance
Vector), LBAR(Load-Balanced Ad-hoc Routing),
DLAR(Dynamic Load-Aware Routing)®} 7Zh& Hb
o] thEA| TP o] mhyle gAlv e} A
ez dejeE AT 87} sle o, s
o} gAlxee] ARE AAcE HEE 2] S
A HEH A= B2 FE 2 dAR 2A
Frl. Ad-hocHlE oM 22| o]FA wiel
ARG wAAE 2 A7l e 7R
AA=Eg sARE B4 wld] VEYaE k9
o]l wE ARl iyt 2F7F ¢l7] Wi, o)A
o AR AzE el 2 Dok ol W
2 oS =g WA A7l 22122 on-demand”|
el 2hed zeese wd W4l dEg=) A
Fab ek

Proactive2-$-8 1h
2 Agslr] A%t 2eH
E ko g9 HolEd Ao AHRIE ¢fdo]
Espy] $3 whe 7R glen, vES=ze] B
Z2A) Wl x5 o] ARE FH kEE
ANA A, BE xeEd o] AEE uolE
Fo2A FHile) ARE QAg) o] 2hed uby

flo
N

7_1|-_q] LeA=NTN E re
lo]55 7Ha Sk 2

Moo m

AR Z Source Routing HFE-S £A1-=7} dlo]
Bl Adslr] $18 e ARE AKlslz o] =
$8 ARE v ey ALFo2A dlof¥

873



=548 3 =F4] 06-10 Vol.31 No.10B

5 AR it di#Ae) T2EEL LQSR
(LinkQuality Source Routing)e]c}®, &7t xr=i=
@A #ee] HRE Az g x=2 g}
717 & g} SRR =ZHgle) sle|2Es) Zof
A ek

=7 Z Hop-by-hop -8 vl 2E w=7}
AR ALzl A3 o &9 HRE 2T
ZRAZ Qlt)y F7F kTas dv]e] B2] AJuE 3
ZalA 2Rle] ZHA| 2 gl Bhe ARG o
o2 =l Adsid ok 7]t wbelr] of
ol ewjElErt Ao, 74 Hg ES = A
et s 2w vlERS AdAske Al
Wotd FE7t w4 " 4 glewmz RxE Y
T Sl wbge] Ba3l

3.2 05 3= =Z=&ZF

PNEe) Az A P AR g Ay
£ ¥ol] A vF AR AR vl oA
AT ol gtk ol VlEA ez Yt e of
A WAY AE Augezs siue Az}
257 AR W, A ABE s wHoz
2k} ole] gt 7= SMR(Split Multipath
Routing), AOMDV(Ad-hoc On demand Multipath
Distance Vector), AODVM(Ad-hoc On demand
Distence Vector Multipath Routing)®] ic}¥. 3}
"k olg]3l uhHe rjEAdoe g 28] ARE AHAS
o glom, Az HAS HeiH AReA wAA
< el Feldshe WS ARSSh] g,
Al vl ViEH=el A3ksiA] ek

3.3 Z= WM ===

vEZS Aes HUE AM3] S8 2=
WA 7] Baslrl kT ZT(Load)E 31
e 2ReEE AT AR g EdY 2xF
AR A4 dEHe AMgal) o)A vEH =S
Eg AtAANE 7R A A JvESY
=9 AE AA71A €k On-demand®H22]
g8 ZREeZN H2AA Il HuAr)
obd A vEY = AedtE 2#dl= QoS-
aware®}98 Z 2 EFo| Agk=w qlck

QoS-aware PEYell= “x|d WP, “tjdEr,
“sfzl 22 g 5ol qlrk AF7A] AjH olF
re] 2=E yEsle X2 EFoj= DLAR, LBAR,
LSR(Load-Sensitive Routing) 5] glc}®'!.

ol k= 2=F ywgl #hpE ZREZS

874

7]12&2] DSR, AODV$} 71_%—"— NA HAVNES AME-

A ek}, Ze F7} xEZo] AM
o) 255 el sleo] 44T FE HuE o
ol Pz gleemA moA e A2E 238

€ el #AHNE | F4 SRHEFe=EA A
2 AT S0l Hbfleltt st ol2idt W)
HE ARkl Sf Aol et ARH A= HRE
7P S dx, B2 ARE AYshs o)% kot
71l wet 2 2ol 55__7} 7kt =it
DLARZ °]F k=9 2=5 3 =9 g
solx el e o] /= ARtk LBAR
e i =iwt ofet o] k=2 FI3)
€ A2 NeE 25 3 52 WY k=9 =
= Au2 A8kt LSRY &9 ko) o]k
o qlefFols Foll gl AR £F o)F k=]
22 Aosla glvk DLARS o] x=7ke] 4
& AL TEEA] oskem, LBAR, LSRE
DLARS] Wl Al AAE mei3 whgelct

3.4 2i29 HERQ BR

29 ZREZ sl F2 HARE A
sl oJe] 7R W E-e] °]wr’]'- 2479 ¥
7F&E, RTT(Round Trip Time), PktPair(Packet
Pair Delay), ETX(Expected Transmission Count),
ETT(Bxpected Transmission Time)®} 722 w|Eg]
L bR ArE AA Aol §F IREFE °]
A3l Wl Es &4l "’H—w 5 134'6}7‘] o
o 2 AgAde] o ofE ALEES SRl
5 Z#EA] Ytk RTTE ol8sk= w4
Round Trip Times ZAsh=dl ew¥s=r} =v,
Four) gYarke] Af —’—:T—Eé a33A] Berh
EZE Probed|FE B3l RITE AXkP] e,
Ad AHf-go| FoAch P ktPaer_- RTTS} =3k}
A2 ProbeAE AHSIITh ETX= @A 487
Tk, 247 ®3e| g deEFS sk %
£l & 72 9 gog2e 2= 74 H4 vE
'43- Fel= AdsiA| ¥k ETT= ETX] 24
& neksly] flsiA Xﬂ""ﬂ?d‘:} o|Z1& ETXE 7]
0= 3lod, dlo]ee] AFAIRE elFste] AF3)
Hhgolc} & =0 ‘;H?ﬂ' A E-L wedsle] A=
Aegict
A ol AR uhES W3 Aets
g ¥, 2o O3k weE A 4w ot F
A o4 vEZ Ak ZE koEol £
FaEET 74E A2E AdEse] HeleE 54

[‘lO olt, l"l

[m

m]m r]r r;'i fjo




=&/ FA 4] VES A FHAA EEH 95 F A2 7Y

A e Alo|Efel7A] At diiiel k=
52 259 ARE S A He, o] A=
of w2 ¥3prt AelA Heug ez dAd A
5 A 71HeA =k

olgd AF FES 34 £ =Rdkie o
A2 A4 od3=]E3} Hop-by-hop AF #HEHQ
ETR(Expected Transmission Rate)d A|qFgic],

V. Hotsl= 24 2l & ETR

E AelMe FA vl vEHNZ A o]
HE Ags] 9% T2 g OE B2 4%
o328]&3} Hop-by-hop EH9-871HS 7ikeg A
2ARE sl EulAQ gz Aedt FIRAE
212§} ETR(Expected Transmission Rate)S ©]-8-3l
Al dlolEE the FoE AHdshs Hhyed disiA
A|kghet

4.1 ot 42 o3 qiy
Agbste A2 AA WAL BAAE Jhe o
F Ayt oJ2] ArF ExEleR AR A E
A=tele ZwlE o2 FRE AME 5 7] o
ol dlofe] Mol Alg]Ade] 3, o= HRE 7
A= Hop-by-hop A Fxellr F=Z/ &3] 3
ok 23] & JREsT AL ARE Ads)
Fxg d3 AR Pz FAS 7HRe
Tgle

—_
7 r‘l-)l
Lo

;

=]
AFshe vEga Frol F 7HEEsH 4
Qs 27} PAFssieh 22T doleE B
W7} Aol e Adslel A upEe] &
7 o Azr} Aese) dolr] ¥4e] AnE <
& 4 ook 2oz 9l AR FHE wselR
o] 270dl =Bl A ok ¥ FOE DTS
24 Hop-by-hop®] EAIHE 2T & ek 42
AR eol¥e] tt gelelEE 2] M=)
ASIAG Az w4 w=sh elsAd gde
£ A% % EEEAY W5l AR A Sa
ek,

o4l w=v) dloleig %R Bup] fEE
AClESe) 2 dlolelz} Agslololiic. o) ARE
Forward Pathsbels] Aslsl, 27e] et 2
Ale] olgmge] A A Hrk F st A
Ale) oo wlolElE WRFOZA Aol slelt
7 Ado] 7hssi,

AR Aol Edlel2 HolHE A7) s F
7 ol =Sl Agshe Pl ARY ol

—_

G/W advertisement Message
s 15t Relay Msg.
44—~ 2nd Relay Msg.
Qererererans 3% Relay Msg.

| Gw_Addr |Nop_counl |pm aanawldth| Relay Seq. No.

07 2. AR AR 9

=Ty =

oA ALdehd, FZE ZeHA Ad=e] A,
He] Eob & ok olE A5 3] $3iA
Primary Path®} Backup Path® TAIgc} 23 29
A F< A 7 E+x Primary Pathol® 7h= A AR
£ Backup Pathe]th. APA|EF PathZAL dxelE
of ¢ls] ZAA=c) Backup Path Primary Path®
dolel & AEE 5 e L/ ARk

®Primary Path: Hl°|E]& 54 *|(Gateway)Z A
F3ly] s A PathZ dlo|e] S A$sd
dle]e] g Al F27b dojubA| etk

eBackup Path: dlo|ElS EAA2 A3l ¢
3 A% Path® Primary Path7} 23l ofjut
A Tl xEE 935he AR R
7} dofd 5 gl 2otk

Alo)Edo] Fa wiAAE bt 2 AR

T

¢ Gateway Address : Al Ego|FAE vieiic)

eHop Count: Al°]ESe] HEHZS FIEE
£ Yepddh

e Path Bandwidth : Ale|ELe|71x|e] AL H=&
o] Av) hed -2 Jehich

® Message Sequence Number(MSN) : Alo] Egjo]
7} Bl AR WS ongid). o]H
of MSNXx} &z Alg #A]x]e] MSNeo]
zom A 418 MAIRZE Al2g oARY
& vjepdct

#Relay Sequence Number(RSN) : H|A]2|7} Alo]
Ege]28e] AHEEHAA of dg] r=2HE
w42 ougt) o] AHEE sNleR
Primary Path®} Backup Paths %8} A
e Fn dARAE A A F 2 A
A5 A 2= AYEle BE ol% k=
oAl RSNE 157HA olxEelAl Adgict

Zpile] A=gE w|Ax]e] RSNH} & RSNO|

AARE By dARZRE] A" A2

875



21313 =F-A] 06-10 Vol.31 No.10B

Backup Path® A% o]z $-3]3te] Alo]
Ego)2 AdE= HRo|7] wEold) u
A1) o)0] 247k EAGTIY, s
HE O A2 Al EAlslnz el AR
o] x=E8 3 HoplZ 715:3l7] uiie
RSN-S F7131A] s A=dlet

AelEde] I3 wAAE I¥ 39 dvEEH
722 Azlg A2Ee], Forward PathZ A&7}

D Al Eglol= ARE ol% xEolA] Fadic

@I AR = AR o] Z s olFle| fAIRE
w| X Z] 21715 Message Sequence Number& %]
A¥gle} Current MSN >= Previous MSN
olHel] 4=11gk vix|xlo|H wAR]E BlE|z, A2
+ HAAeIAY dA A=jsla gl HlAAled
ohe-e- Alggdlc.

@ F1wA|A|2] Relay Sequence Number (RSN)
ZArteliA 2§ 4418 #AlA Hop count&
137713 ol=gle] diodEa AHE o
AHEL FoflA] 22 o Z AddkRelay) ElolE
o] A&l RSNS 157} AA o]% k=9
Al g}

@AAle] RSN= S7HAA Bl HAX|H-)
RSNe| & zlol AAE wiAAl= & x=5F
$3)5te] A== wA Aol ARlA He
Next_hop2 7FAZ PR Next_hopg ¢]&
e AR g A20) glokd w=ich

Receive
GW advertisement Msg.

Y
New messaga?

o

Backup Z22 AT

RSNE 157t

32| 3. Path AA dwelE

876

Next | Ost Hop | BW ! Next Dst. Hop | BW
E |awi | 2 |5 2 Gwi | GWl | 1 | 54
D |awi| 2 | 4 Foawi| 2 | ¢ o |aw | 2 |
3
3

h LGl 4 19 I K hid S Jowa| 3 [ @
B GW1 48

28 Mbps

48 Mbps.

\ - 54 Mops
o= — O

Dst. | Hop
Next | Dst. [ Hop [ BW p jewi | 2 [ a8

Next | Dst. [ Hop | BwW
GW) | GW1 1 54

o [ewi] 2 [ a8
B GW1 3 48

o3 L 3 54 F GWI 2 54
B GW) 3 48 A GWt | 43 | 48

a3 4. AHRelay) A2 elo}E

® ~@7A19] A& W3] Primary Path®}
Backup Path® AA3kw, 2% AAE ros
A9 A& arbErk
2% 4% Forward Path A% <A 53 A4
 71EAQ] HD(Relay)dE HlolEe|th. 7 =4
=AMLY o]-E FEl ARE 4 ole A3
A2 ARE Fe] dodFeg A2d 5 Qe
A A2+ e} vl4] =% A Primary Path
27Weks 712 Do} 22 79 Primary Path 3
et B AsfAle] A8 5 ole Wiy A A
23 2705 7¥Ak. 22]3 Reverse PathdA
FA-L Forward Pathd# 43t Fds)c).

4.2 Hlojgf Mg HEZ

ETRS ohf F2& A 7id=E= Pz A
&g ouigit) wEE 842 359 AVR
2ol Ad AT SEGRE, 802.1laT
54Mbps, 48Mbps, 36Mbps, 24Mbps, 18Mbps, 12Mbps,
9Mbps, 6Mbps)el A Adel LF-EPER
Packet Error Rate), 2|3l o3 7|7k F<F 3w
w4 =y} g ElE EF(Traffic Volume)
)3 o RERNE dHolHE vlol ALY =y
EFY 24F ol8dlA It 2 e T F
ek '
ETRi (Expected Transmission Rate)
= >(Bandwidthi * (1-PERi)) -

(Traffic Volume + > Relay Traffic Volume)

¢ Bandwidth : £e]4 A15.2] A7|& 7wtz W
ZH AR F Aoz Qs A dogE

*PER : 74 =7t 7Rl 275

o Traffic Volume : 8% ==} w]A17g A4
g dlolele] ok ARt ¢h



EE/ A w4 vES 2 834 284 OF F AZ 7

eRelay Traffic Volume : t}& =0 23} o2}
A= AT AR DA EdFY
oF& 2ugid. '

ETRS E214¢ H933 078 zelx <

kol AAH e A dHYET iE k=
E AREER AM3hE xs2iE dokE g
< tg gholrk &, o] x=F AFsElA deleE
oo, 2ple] HE & 4 gle JidEe H9F
olch. 442 FA F 7 FELE v F gtk
>(Bandwidth; * (1-PER))= #H=e gt 78-S
A EElAHeR 8 7hsd ddEe uldl.
w4 el oJe] /je] Qlejselarl AdAEle] 3l
< F 9] wie] ZE dEEE HaF ok
Efg EE2 Dol oA ome oA
AN AEE AR dlolele] choln X
Relay Traffic Volumee 1% w4 k=% {3

=23l & olelRich
[ A ]

A2| Packet
Error Rate &3

Bol ETR A&+

ETR , PERES

=4 W4 T 24le] ETRF PERE o3&
oA ALsr] $lsiM $lef 7 wbHe o] 834
dlolel S AdsiA )

Ak A=z A4 ubda ETR7ME A4S 9%
gz Al A AR 802.11¢) A-Lslr] 4
Ae vt 2L wiAR]e] 2HE ool
Ao ESo] F wAAE Aot 13 59} 2t
B ARl gk JAE eiA MSNES ARE3}

aej5r Ao gk ARE o) EA AL
A HEZe AR ot ALE g AT
PER¥} ETRE H|Eo| A ALshd, ol&F A3}
A o= Aviete] 3 AT E 4 olch 2
WA Gt 22 A XA a7E=]Y, o
2Eo AR ARE R, Z7)7) 2] diel] EHZ
Aol A9 ks vHA] Y=tk

2

2

Frame
Control

Duration

SA

BSS ID

Sequence
Control

PER

PER

FCS |

ETRS ©|83t dleo|g] AL dolelE AA=
B w, ETRS 7)4ke s mealx|ul, eo]&e]] 7]
€ BWE 94 a8d) BWE o Fo] 7R
= Hd HYEE ouigke} o F29] ETRe| =+
2t= BWake] 7= grel Avhd, £2 A% &
d 5 9ok AR A 7= BWHe] ETRE
o} ztew BWZHS ETRZ #H3ch

7zt kvl 7R ETRIAE 19 63 2tk A4
A= 73] 7] A AZF AS HolElE A
43}3, PER2 2% 028 7P%h A7} ETR#
2 Az C->E->GWIE dHolelE g3kt F
£ HolHE AL o GWIR dHlolHE Adir)
B7} do|elE AHdsh= #H¢] A2 D->F->GW1
o] A=zo)A|uk F2] ETRZe] 242 F1ago 24 D
ol ETRF}e] 48%] GWILZ HlZE o]%E3= R
2 AElEo 2] B->D->GW1 2 Adsh= HREE

A e,

o, Fa wAA7} o] ReeF ARste ARHE
&) $EA RSNE ARS3hd, A= A4S 34

¥ 7REs} AR W95 A

2 2 6| 6 6 2 0 - 2312 4
Frame | 1 sration DA [sa [Bss 1D |2°9°*"%°| Brame Body | FCS
Control Control
| 1 1 1 1

Message Relay Hop Path

Sequence umber | Sequence Number | Counter | Bandwidth

a2 5. 802.11 H-E-2 & wlAx] EH

A T BR] 77

Nt {0 o [ [ avlen(mn T | &
clemjslaimiz|o Py Trfho Ve

8 [em 5 | @ o

[ ] @

tot | 01 | Hp | @ | av] ER] AR Tific\ure 0
O [ow| 2|6 |5 |®@| 0| Reylowur
Flem[2ts[al=]|a o

c R[ 7

ot | o vy | ] e lem | mm TetfcWure [
clovlelalaf7! of I ramecwme A
NEIBRRERED 5 3
D R

ret | Ot [Hp B[R | AR
ajovl1|sls]lslo Tific\ture
Elaw|2| 8|82 ol rymicwre
Flavje[s|wlafo 0

€ ER[ 7
MG “Tethoutre,

I EABREENEI RN | B A
ol 2| s [sfwlo 3 5
F A

fotjor ko |awlev]er|mm Trticvme £
oMt av ] 11 M s ] o Reay Trefc Ve
plom|l2lalisls|o 0

32 6. ETRE ©]8% A% A

877



F=-5-418HE = 5] °06-10 Vol.31 No.10B

V. &3 "t

B Al ns2E o143 AlEHAE A
71E AltElgld A7, o)A e wp=l At
g ehee W 2 ETRAY As 371E g

B oA adde] ¥4 VESH oz
Zale] Agell gk Aleke] glr] wldel, s}
2 WEY=T tule]laz Q7F AdE AP
Wepo]7] widiol] med3kA] gheth

=gy} o= WEYa A, Be] WA
29} &, F2F ke 2 W3l Alo]Ego]eA e
AA5E7E ol 741 bilg] MES=Y A
A 2 A 2 ubge] digk 28} A3 F
ol AR <dald FF:3ME ubfe] EANsHR| ¢,

sl AR W3S TP eA] ¢emz, old #

q_

]

2}

[0 r_&, oﬁ‘. I

ox I

5.1 UET Al

a¥ 73 o] VEYaE P 9L o, &
A7 871 EAR] DZ Ho[eE B o 7= |
Efze] AREE FF3] % 23leldh ¥
7-a¥- DSR, AODVY 2 Az HA-s 7u
o2 o FEA VE= RS Z+=rt
=3 2H7-be tEAE 2 BRA e
o434 A2E AAZ uhiolr] o] HpHE Xz
2 2709 ARE dAsA "tk a¥7-c= Aok
S o]gsle] HlolHE ST o e AR
E v, o BE AR JieE 7 EA o
=& AlFRE 7RIk

s

o =2y B K P

RelSrc,Dest = Prob(any path from Src to Dest)

1 - Prob(all paths failed) 1)

878

9l AR 7REE gZe] gt §=} &Eo] pd
W S-A-B-C-D XX S-F-G-HD S°& A4%" &
gl o] 4 hops 71l g,

RelZAZ 170) = p4, p = Bz T2 FHE
WEYZ Mg Zerk oF AR e 3=
AR abge vIAEA weE ARE A 7
EH o2 279 HRE HA3L o)) sl A=
£ S-A-B-C-D%} S-F-G-H-DE E 4 gled, &
2o o8 AAE 4 glrh vEYA As=e
ohea) 22 e zherh

Rel(F 2 27W) = 2p* - p*, p = H=9 53 2F (2)

A

=

Ik w2 7 x=r) BAR2 Ads] 9
3 RE ARE B YEYz] AFEE

Rel(Alghbg) = 4p* - 2p° - 4p° + 4p"° - p* (3)

o, Z¥ztel thefA] wlagt ez ohgat 2l
O gollME o = ghRel WA, oA
AP w02 JEH3Y AF=rt e AL
o F olck 2z H=e] AlFEr) 02d of 7AAlE
HE Aolzh gARE, 1 ol FNY We =9
S5l mE AR AREE Aozt @el wrh o
B AR olor A% Azgddd dig enjsl=E
A 5 gled, w4 ko] ooz gk Ut
£+ 72 Yk & & ks 3o [ A
e e ke A& R Aulv) 7hgsich
olzldl AL FA W4 vEY I Fa3)c)
YEY= A2 54 wE od7)x] 23 v 2F
2 ARoZ Qg A, thE ks A&z A
H)27} shssle) miek oh g Al oo R <Qla,

——Fz |
09 " = ony

0.8 [~ _—h— Mot gty » /‘/

07 b~ = —— SR

Los

Sq4 ber
S04

0 01 02 03 04 05 06 07 08 09 1
Link operating probability

I3 8. vlEY= Ae



(74 W4 MEN= BAeA EEHQ o F A 7Y

o) W& sk A wokE, F4 4] vles)
AAo] Alzfzlc). #|9¥EF Hop-by-hop o} 7
ol43to g4 dEH=e] AHbHel AL

71& 4 glck

N
i

5.2 2| HAIXIel 5=

Aokgt vigeld Bz AEE o] -FolA g
T fEehl BESI9E AeEE AR S

e dAlAle] 4 - lz_":lzvi @)

nd k=9 F Nid k= if o]2e] $5 et

Ht § WEHIZE s 2= olxse ¥
k2] 2] wARz} )

3% 0% Asind, xEo| 49} kgl we
B2 GlAAY) s A QR Fh B
On-demand¥}*] 02 #HZE AHASPE, o]2EdA
AR AAR S Adsln A2E ARFer I
revl ARE fXE] Held, E-R]4 7R
He] gl vt Ak whdsl 2 wAxE
A AZe) BE xEE0) ARE Rk 28
QA7) 9 SRS BTkl dEdads 4
) Bhe Az 2 WAAL g2 A =

22|HIAIX] 5

300

N
o
o

| [ EEmaA = //

~
_
—

16 25 36 49 64 81

B9 &

-~
-
N
o
o

a

a1
o

242) oAl
2
(=]

o1
Q

o

2% 9. =] HAAS Fo = o] BA

5.3 &7t teo| 2= wig}

X 12 Ad-hoc #73elA tEA4]] 98 =&
EZ¢ AODVH ZTARE ajd H2s A4
3l DLARS} Agksl= ETR7142] Hop-by-hop
A3t o], 71 k=of 2e=9] Wslsle HAe o
g Alglolc), UlES A= 257)9] k=2 FAE o]
glom, e s7} BAX] GWE HolHE Afsle
Az} Solr). AL 1002 E4F A& w, 50%0]
A FZF ool 2rrl WEilel 2o szl H7]

=y
® O O
O
O
O

O O O
o O O
O OO0 O0O0

© O OO

o O O @

S : Source Node, GW : Gateway Node

E 1. AEUA Fehig

Faue s
EEZA] S x 5 Grid Topology
xz=e g 25 7N
R Rk 50 m
A% A= 50 m
MAC Protocol ’ 802.11
Packet Size 1000 byte
7 A& 200 packet/sec, UDP
el F 2 Mbps
ZC olWlE 50 ZollA

+ 1000byte©]™, 200packet/sec® A=, 10Z%
12 DLARI Agkshs WAle 2 7x)E ¢
b AxE el AFE 3 sl Fak
olg3lgict 2=z Wl oMlEsL HAE]
AR e Akt Adss 2k walsie 2o
3 52| ¢l AODVY) 7HE & Aes de
. ole BE ZHR|el it exs=r) wAEkA| o
7] weleti A7tEck DLARS 7MY @& A%
< B3, ol BEx XS HsiA dES=
dubel #A1A]& RREQRREPHAAE HE2xsjes
Esly #HAe| A=2E A«sly] widolch 503
Zizke] ARAA vl webx Ad=d AFRe &
Tl 1000byte®]™, 200packet/sec®] ZTr| Hz]
= A9 Edigeu ool figlsl a9,
Ag A=F F 60294 Throughpute] F23HA 3t
gl s Zx g digh Exbo] Aofsl
DLAR} ARRIEE whe] 79w 2= Wzl
e AZE AATeEA 78] AFEEE 3H
gl sk AODVE} & A= FUIHeR A
2E A7) S8 WA BEEAHAES T3
A 2= Wglel] 2-gslr] wigel, Al ubEc}
F2 A5s Hogth ol AHRE AAASP] 9
g o Ui Exishe AAo)A vlEY A2
EE xoob AAE] f3 dARE i,
WEN=Z s 43 A3kE Aok

o

)

R o

1

oo

Y

819



F=EAI3}3])=F 4] 06-10 Vol.31 No.10B

E2t ol 2 Hato WE L E Throughput

e e e e U e

2 1290
 touo [ A\
g / LA
é» 800 f ¥
£ 600 l
400 i —+—AODV
—
210 —l—[X)i:—SR%“a

0 t0 20 30 40 50 €0 70 80 90 100
Seconds

a2 10. 7k =9 2=l wE Throughput

5.4 AHo|EfoloM M5 &Y

ol Alelee O¥ 29} 2 VEHA BEEZ
Zlof|2] Ale]|EgolellMe] A& Hrigl A A
Eeold 7L FAl vie A Apdel g £
ol glenz, ARz St SAE i,
Y3As, AdHlele] meisle] A EHe|AE 44
aedct. :
a2 zE Auue, E7} dHelelE Bl Ao
A AlRE vhE o] 43l W A ¢lo] dlolElE
Ao 2A Yz 458 gt A83ich 3
2k ETTE 7|4be 2 3 DSDVE HPYL o]4gl vt
e o]83 A4 Y-S ETTV £ ARE o4
e x=r) FRIeEA WEIACR g vE
Az A AzE 7S

GWOll A Throughput

160 [ g o s e e = e -

1oy —e—Throughput o ” ’ ]

120 |—{—=—DsDV F- e e T
—A— Link Capacity

2100 | -

o

b ‘/ﬂ-.“_ R

60 =~

il /. e e -

A B

c D
Edy Wy ==

a2 1. YE2= Throughput

5.5 7|& 219 Z2E£EN u{

X 2+ A’k w712 AR A ulel oig
vl ZEA Fo|ch. Ad-hoc HEHIdAE o] FA
2 7|t}gt Az w0l Table Driven®#]e] opd
On Demand W& 7o g siA] A2 AR ¥p4
Eo] AFEUt A FA v dEHae
AHE Aol AXHo] 319 rTollA MulaE A

T 2

b

880

E 2. 71& A v, A

Load Multi-
g Path Matric . Destination
Balancing
(Gateway)
AODV one path |Hop count X X
DSR one path |Hop count x X
DSDV one path |Hop count X %
. Ay | HEAER
SMR multi path AR | B X
. LAY | AR
AOMDV | multi path HRA e | Edna X
. #HEAG | HEARe
AODVM |muiti path wRAes | Eamra %
722
A2 A A
DLAR | one path i ;i;‘ _;A ]]_ x
gl | T
ZA2AAA
A
LBAR one path | 322 4 2e 77 x
e ABAAAA
o 3 Y
LSR one path ‘ﬁ:—]“i e 27 x
i lis
. ETR®] &
Aoy | multi path ETR Az /‘]éﬂg e}

Faith 237] wlEel On Demand®WA] o2 F2ad
dor) glofzct 28 4 H4] vER =] A
e A7) Hslde obF AZE o83 ¥t &
AHLoad Balancing)& A|{lsk= vbie] slubAs|o]
of gt mF FA w4 wEsIdME ATt
A4 ofz] A AlelEselr) 24 & 4 gled),
Aul w4 r=i= Alo|ESe)E QlAE we] ¢l
o} Aokt A2 A w-E Ao Egele] Fx v
AR Z o4 vEf=ze] v} AMESH= Forward
Path 8 ARz tlE Ale|Ede]E =3l

Vi. 2B

Ad-hoc|EY=ZE 7pieg od3d A=z A
HbEE olF Al VIEf = 24l €A
FEHRS F, A VIEYRE agxoE AN 3
= 7 Hrls, xu9 ofR] Aok wlE A2 AA,
AR 25l duEle AR AAES FRE dTs
Qe AR FA El] VESae AR BAe] o]
F A vEY=e) d2dk 74 dvle] MEzE
o B4l il Au|aE 3] g §4 7k
AR AT glck & vEXzSY 5834 AN
2 o us whge] oFe ARle]l 4 e
Au]2r) 715sof gk

E =FoAE o5l sl FA W4 HES
A4 dlolelE 2] Fol sl Alo) =]z}
2] dolel g A=Hslr| flslx, AolEMelrl AL

oo




w24

i VEHa #Ad4 284 o & A2 7Y

Fushe WARE Z8lA] Forward PathdAls}
o6& w4 xxr} 441517] $13 Reverse Path
Ax Aol dlsis] #2sla, Forward PathidA]
Al HolHE EAR|(Ae| oz Adslr] %
Primary Path®} Primary Path7} 257} glo] AM&
& & ¢S o), AMsl] 9% Backup Path2 b7
Ack zElz H3E AT, $2 AEE A
7] 9% WEHeZ JldsE= AS £=]] ETIR
4 A|okgko 24 Hop-by-hop A4S ¢l WlEZ S
2 AMshe A Algsisdch 28]3 Hop-by-hop
Ag A g F9) A4S diEsiA] Fshe Al
gk A=hE AAYch w3k A2 AA A Aol ES
o7} F%A 22 Forward PathS AAgo=ZA] o}
F AC|EelE A 7led F2E A HolE
o] AA=Ic}

Ak wE 53 7129 e wh wla
3], 3-3H:4KLoad Balancing) &3le} =2l digh
AF 57} & F29E Fslsict

5 AFelMes BFESP A9 F 74 A4
vES =2l dlFEAQ IEEE 802.11s0A A=l
UE i Qo]0 o} Apde] BAIE & A
et A g 2E 4] kel 3983 QoS
AFE = = A oAt 9] g e W
Hell dafl AFshs AdE F3E AolH, vis &
< olgsle WAooz Aoz 7 Felxe A
A(Delay)ol] A AFE P& Zojch

R=%
=

N
(1) Ian F. Akyildiz, Georgia Institute of

Technology, Xudong Wang, Kiyon, INC “A
Survey on Wireless Mesh Network’, IEEE
Radio Communication, pp. 23-30, September
" 2005.

Raffaele Bruno, Marco Conti,
Gregori, National Research Council(CNR),”
Mech Networks: Commodity Multihop Ad Hoc
Networks’, TEEE Communications Magazine,
pp. 123-131, March 2005.

Jian Tang, Guoliang Xue and Weiyi Zhang,

and Enico

“Interference-Aware Topology Control and QoS
Routing in Multi-Channel Wireless Mesh
Networks’, pp. 68-77, MobiHoc’05.

(4]

(6]

(7]

(8]

Richard Draves, Jitendra Padhyem Brian Zill,
“Comparison of Routing Metrics for Static
Multi-Hop Wireless Networks”, pp. 80-91,
SIGCOMM’04.

Marc  Mosko, J,J  Garcia-Luna-Aceves,
“Multipath Routing in Wireless Mesh
Networks .

YuHua Yuan, HuiMin Chen, and Min Jia, “An
Optimized Ad-hoc On-demand Multipath
Distance Vector(AOMDYV) Routing Protocol”,
In Asia-Pacific Conference on Communications,
pp. 14-23, October 2005
David B.Johnson, David A. Maltz,
Yih-Chun Hu, “The Dynamic Source Routing
Protocol for Mobile Ad Hoc Networks(DSR)’,
IETF Internet draft, draft-ieft-manet-dsr-10.txt,
July 2004

Y. Zhengiang et al, “A Framework for

and

- Reliable Routing in Mobile Ad Hoc Networks,”

(10)

(11)

(12]

(13)

(14]

(15)

in Proceedings of IEEE INFOCOM, 2003.
S-J  Lee Gerla,
Load-Aware Routing in Ad Hoc Networks’,
IEEE International Conference on Communication,
pp. 222-232, Aug 2002.

Kui Wu, Janelle Harms, “Load-Sensitive
Routing for Mobile Ad Hoc Networks, IEEE,
pp. 540-546, 2001.

H. Hassanein and A.Zhou, “Routing with Load

and Mario “Dynamic

Balancing in Wireless Ad Hoc Networks'in
Proc. ACM MSWiM, July 2001.

S.-J. Lee and M. Gerla, “Split multipath routing
with maximally disjoint paths in ad hoc net-
works’, TEEE ICC, pp. 3201-3205, 2001

M. Marina and S. Das, “On-demand multipath
distance vector routing in ad hoc networks” in
Proc. ICNP, pp. 14-23, 2001

Perkins, C.E and Royer, EM. “Ad-hoc
On-Demand Distance Vector Routing", IEEE
WMCSA’99, pp. 525-535, February 1999
C.E Perkins and P.Bhagwat, "Highly Dynamic
Destination-Sequenced Distance-Vector Routing
(DSDV) for Mobile computers’, Computer
Communication, pp. 234-244, October 1994

881



§H2 541818 5-7] "06-10 Vol.31 No.10B

Z ¥ 2H(Young-an Kim) Az

1988 24 Fo-gHeh Ak
e &4

19961 349 Keio University,
Department of Information
and Computer Science (33
A2

20003 39~ Agsta A
Fe1 283} uha)

<Al ol F41 w4 Y]E$1 = MAC Protocol

8} & & (Chul-Hyun Park) F3
20041 89 Zs|iEtm AAA
Abzslsl 24
200611 8Y As|dishE FFE
38 2(MAh

] <ygrop w4 U=

882

M (Choong Seon Hong) A3

293

j 1985\ A3z gl

IGEERD

¥ 19974 Keio University, Depart-

ment of Information and Com-

puter Science (F3Ah

1988'3~1999d =54l BAIT A4 AT
N EHZAT7AA

1999 3~8A 73| a AP B IR B

< Eob VEY A B B Bl TR BALAE
W EHA], [P ZZEF, Sensor Networks, Network
Security



