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Abstract

This paper propose a new wireless multi-hop routing protocol that takes the hierarchical mesh
of the hybrid WMN into account. WMN that is possible to provide various applications of wireless
networks still has many open issues that should be solved despite the studies carried out over a
decade. Especially, in routing protocol area, a problem degrading the routing efficiency by
applying one of the routing protocols, which are designed for the MANET, to the hybrid WMN be

solved above all. For the improvement of the routing performance, both good routing protocol and

AAA - AZAE cwAAA A5 AE
1Y 2014, 6. 11, AAY : 2014. 6. 26, AAMEHL : 2014. 7. 4.
* gakast gt w HFE A B8 (School of Information Technology, Ulsan College)



60 Journal of The Korea Society of Computer and Information July 2014

metric are essential. However, the recent studies are only concentrated in routing metric by use of

the cross-layer design. Therefore, this paper is dedicated to the routing protocol that is essential

for the performance of the routing but needed more studies. The proposed protocol in this paper is

reactive, and designed to reorganize the hybrid WMN with several pseudo domains, and carry out

domain-based route decision. By the simulation result for the performance analysis of the proposed

protocol, the average delay for the route decision was decreased by 43% compared to AODV that is

the typical reactive protocol.

» Keywords

.M &

—_

WMN (Wireless Mesh Network)e] A9l w& 27|
TEHE, He AF e, g2 7 a8l =2
A=)

22dE AEAQ1 T U ESA9] T2 Beketn 3-8
oFs Thdst & 4 qivke WA B #e wa vt
(1, 2). FHo=nt s UEYAQ] WMNS 37/ +
3 ARt ITH2). A WAl olF wmErte g A
T8 Fel= MANET (Mobile Ad-hoc Network)2H
Aletet, 7 WAl o]dkA] e T =R T U o)
Al Hske FHE O 74 YEYZE 3t dolE A
2 YIES A (transit network) 9 3tc}h wix|El Al A

AL olF ER TAEE STO|AE HA9} o FokA] e
=ER T U At EAEe gEE U2 vazt

e 4 MEYAE flg 0D vEN22A) 38 @
FeoIQE WAIE A% A NEAD 48E FA] 5

ohe gfelusl= WMNOIEL 37b 75 Aol 3l /)
4 #8490 £ Ft solus WMNole & 4 9t
(2, 3J.

tolHEl= WMNS MR(Mesh Router) & T4 & W
B At MC(Mesh Client) 2 TFAEE Selo|dE WA
o AFTFEE o]FolA Ytk MR 2H$E 982 $33)
t ijoﬂ MCE ZXES} g9E das FAlo] $33ic}

. dlolHel= WMNE AlE72 vAldde 4l 9
‘1% T MCY dlolE Egge Wi wAE ARl e
EMO% A4 HEHAZ 45E Y F 3t ol 24 ==
LS o

Al MRE 28 Hd3d< & 7 1 vAE P48k

* Hybrid WMN, Routing protocol,

Reactive scheme, MANET

521 920) golHol o Mol &k AFL PR
2% 5 9l7] wielrh. wehy sjojHel= ﬂ CRINE

T S AaiMe MC 3L ElolH EdEe 584
W vA 2 ddeke gy 2RI é%}ﬂ}
MANET Z& #7l gl e HEH A= == o)F
off ofgh zke EEea] Wil FAe] wojo] avtAel e
HE o/ vh=e aclelth. I7l offelX MANETS
HA S 98 HolE A AlFe] Aol vlEe] U EHD
Azel ehpR Wkl o AT W F stz B AT
o] AP}, SR B AFEL A BeH Zae
ot} #leE Zegze o
A Aol B & A2E 78] A datel Wl &
< 2R ZREZ0| 7Y o
gloke 7%l He e aast #
FAM ZEHQ BheE ZREZ

ln?

ekt #Eo] S

WMN-E wlAle] AR82Q1 A2 g AellM o] frAbg
w o] MANET 2h98 Z2EZS o] &3) A7} 7Vsaitt
E Aol AAeltt. A%k MANET 2HH ZR2EZL 3o
HE WMNE JUP2E Jxstn A2E A g

o AZTE WAY S7ARRE 25 ’EP | 2t dA7A|

Alokd MANET 258 ZREZe 242 AegB1g AR

o A3k Wl (proactive), HolE A% A7 Az2E

87/ AX }—3‘ 53 745k W (reactive), 221 ©]

£ T A9 AL A stelEy= B (hybrid) &2

ERETH1-5). o] FelA slo ]Hﬂ é‘ | MES A &
Aoy

ﬂ EQ= g
—7} Tzﬂ 7}



sto|Hel= WMN2 91¢ 713 =vi<l

71l Wed ey

@
i

61

] W37} 48] 22 WE A= proactive 4ol B
Zg2x)9] W3y} A3k Felo]AdE mAlolE reactive HA]o]
Agsltia & 4 o) s WY gy TREES
TGske Ao| A&Aogln & & fich

1 olfi= MC7t 32E9) gheE 98-S FAlo] 335}
7] w2 frd vIES A o} o] V|ES . 9] 2heH]
o] ojd go]He|= WMNeME =& T 98] 815
o] WM vAS 98} proactive W9 #H9H ZEEES
Ag3% MRel F438ka #ejstolof sk ARA Kol 47
YEYIe MC wE U Yolrldg, agla Fee|dE
Al EE2A] WS A3 wdskr] g MR 1+ A

24y 2% B9 oMa=sl 21T f4 YEDIE
vEslge) AL Betehn [P F4l vESD HuE 7]

Hho g ghegsl] wlEd] et Atk ARgRe] 4
Y & IAT FolE= WMNS f4 HESIHH
AE WEatA FEap7]7F ol

B =72 dlojHzle WMNE| v AFFE2E v

o,

g8 ZTREFEQ  pSODV(Pseudo  Sub-domain
On-demand Distance Vector)Z A<k} pSODVE &
Zo|AE HA9} Wi vA & ZrQle]g} & 7P| ooz

Taste] A28 Fsks ARtCR AZE reactive 2HH
ZgEZolty, pSODVE 3te|Ea|= WMNel| A3ete®
ARk "E=HQl 719k AODV(6)E M9l Wifelr A=e
7 WAIA] HEo] B4 S dHlshe A9 wE=vt EE
Aoz st mrdle] the A4 Wl wAlE Afoke
£ o zy 727t Bd st Ao S siAgh ikt
oJt},

B =7 A P2 i 2t 2734 slo]BE]
= WMNel| 38 7153 MANET 28 Z2EZE0| tist
of goliEt), 3elAl= & i—r"ﬂH Aekd pSODVel that
o] Ausla 44 BEAE 3 3 A A2S Wit}

=212

tlo
Y
r

ll. MANET 2IRE Z2EZ
Proactive H¢8 ZREZL HoJE|E A3 o] =
E wrd g3t A2ARE AR Ads=dl DSDVIT7),
WRP(8), GSR[9), FSR(10] &°] <7 Eg=c}t A%
= dlo[Ele] BA2] ZRFEI}F AR FAE 7] Wi
o slole] HEE fler B=AH o AAA|TLe] &
Atk diFEe] fd MESA g ZREF]
ARgsla gt slolEEl= WMNS MR2 f41 YIEYAS]
2ReE 9} 22 QEE o] wlRo] W& HAE {3 29H

= 3Rlel

o WA

Z2EZZ A Wajolgt & girt SR SetoldE
wAlel MC 7F S7khd e MOl et 227
MRl A7) 98 AFa7He Yujait). £3] Saolde
A e] EZ2A] Wsl2 ZA] utdsly] S8 tite ARgR
Z Q1" MRE 74 F7|do =z wskslolof sluz Wi
A9 tigo] w@H] Hrks ©o] Sirt.
Reactive 2FE T2 EZ 2 A2 HE Ao 43510

l

i&

AR ko Hlole o] dagt Ao AR 234/
o osle] AzARZ FASE wales DSR(11),
AODV(12), TORA(13) o] of7]o xghet}. wAle =
T =2l ARHRE AFstan & oot g7 wjiel o
EQr} AYole ARARE AAel] 98 o] A%

]
7t ez Atk Ado] 9ttt slelHe]

= WMNY| 2o
O|RIE WAl o] EERATL A% WASE B 5ol AP
2o ZrEgelt), sw MEAA TR} 845e] A2

7} oAl e dgo] HH ARE AYs] g 27 AAA

Zro] AoiA Hlole] Ae] AdHrke Wil it} B8 2
2ARE I AN ke 98 Felde 95 2

(14)7 2 EAE WM? .
slolBEl= 298 ZR2EZL proactives} reactive ZF

|

8 4L BF Z2i3 glE WAle 2 ZRP(15), ZHLS(16)
5ol of7]e]l EZHE) UiREe] stolHe|E B9E] TREF
2 QAT =] gisiAE ARl ﬁiﬂﬁﬁ TRt A
sl de] "old e w=d teide ARE A4 3}
slojHelE 29y ZREZL YEYA ﬂuA el 77

A UgslEs A k. B ¢ el I ol4e vE
YIE ZRPS} 2ol &4 o] QI kEESE £O07 T3}
7%»} 741563 BoE TREZES wTE EE] TE= %‘ﬂiﬂ
2 TRl SRS ) bR 15}
ﬂ% 4 SlolHE| = 2}9E] TREF
EFolt}. ZRPS A$ o] T3 == #A7L dx AlEE &
B TREZC FejaE EE EfY LEOﬂ AzEe
Hal2 Qlalo] W] ‘%Q S ATH15). 53] v AFE

EES= MhzMA °J° ol & ‘E}
MANET 298 Z2eze EH

ES AT BAA71A 9] A=E

EARE X ﬁok— AR 1 Ol

AMghe Flo] ofH7] HHE—o]E} B o]
t:/] Zko. o]% 2= WA e EAlo]a J_;S] h;t_:_?_ MR
o] A5k dlo]HE]= WMNOAE =&

D{Fl
E
ox
h‘U
o



62 Journal of The Korea Society of Computer and Information July 2014

ok

] FHAolet & < vk T4 vES A fE
EQl 75l SRR ] & TRRET} Hiehe
*} 19 A7t doke 3 on|gtt. o 4lE
o] =7t 7V} ket HRE Aeg BHEo| ol £
27} obd &Eo] &t} ol2lgh o]folA WMN=
1—5]- uﬂgm 01317} z]zsgzqﬂ Mouq 0z x%o] o7
TX, ETT, WCETT, MIC, mETT, ENT, iAWARE
o] k4, 17). 53] HZele nFA| A2g P4
Oﬁ 2+ A% A (Cross Layer Design) WetEe] &
T3 ATH18-20).

o
rir o rir

e
1
ox, 1o !Il<>1

N
T

o

o
_\1

o o

) :L o[n fr Lo n{ﬁ fr o ® _lé
i)
lo

D_u

ll. pPSODV

1 Z2EZE I

A AFE AT Zo| slolHE|=E WMNS #E wjAlo|
SefolAE vA7}F A= A TEeIth WE vAE 74
k= MRS vl Fg ARl AdFe] 7Festa He didy
Zo| B FAE AT F Sloh F4 vEY I gvkE o
2R JEYI, B MEZ 18ju HE VEY I A
STRE FEEY 1de] A UESZE AL 319
A% HESA Eige] AFHE A EHFo|t). ol
FolM B slojHglE WMNS #41 vIEY A9} AT
Zo|A Aol gltka & & Utk £ MES 0] gheH
IREFZL HRAHPEE 7|[EH o2 TAEV} ofd HESA
TR P wie] Adehs ARAR] +5 Y
ATtk o= VIEY AL Eejd o g walelA FRE7] wjie]
o} S|k slo]BEl= WMNS 4 mlAlZ 457 ui
o VIESAE B8 o R Wil FiEs] oJd BE =
=7t BE 98 7] Wil VEYD 99 2e AR
& 17t fA e

pSODVE 3slelEg|= WMNEA 4 vEY A ek$
] 54& 7y é} 1 ﬁoﬂ*ﬂ HAIE 7] mrQlojghe T
2 7Rl ARYRE FAshRs e AAIg =]l
Z4 MRel J&ﬂé}w ARARE 3] sla, =M<l 7F
AEE dolE g M rA g F4slsth =9l
g | ESE T2 slo]HY = WMNoIAMS A2A% 2 9
gt A AN W =g ol &3V 9tk pSODVE
a9 1% olgsle] ek e 2t}

Lo m;E mio

Nl

Backbone Domain

o ROWVA (G "

Client Domain

T2 1. pSODVe| el 74
Fig. 1. Domain concept of the pSODV

pSODVE A slolHa]= WMNS ¥ ©r9lz} v
o] ZeoldE mrjlog A4 Pt WME wrde MR
Aoz Wi vA] AAE onjeta, FoldE THIS
MR shte 2 =9l &0 she MC FRUEe=

FEolAE HAE =24 9= FE Aolr}. SejoldE
Zglel Wi =el HEHQA MRS DG(Domain

Gateway) 2} 3P Zefo]dE =rQle] d= ot} up}
A FgoldE mrole DG gRtE A%t

EE MCe 54 A WA shue] SeoldE =v|
Qlof AgE]ojol szt ofwfo] E=H|lS =0] & Ew|gle]
g} gt} & =r9lo] opd TE =m9dlg =9 9 Fu|
Qlelg} gt} aeja & =<l ol oJste] W7
g & 9l MCe € THdl 2% 2l 28 1§ A=l

O Lo
1 A

< =vQle] DG MWE mo}—rﬂ 1
x}g Ea DGoﬂH MCZ9] gy A=7} FAHT) MCel
A DGR ¢k Az= & w=uel 4% B =v &
/&5 WAIA] mto] of8 g

Az el ey & mHijle]l e MCE
DEN(Domain Edge Node)el|2} sta E=w|919] 74 &
< gt a9 104 MC63 MC72 Egj8ez2x: A3
IAT =)oz E & wrele] U2 A&EH DENESo|th
DENS! A$lle Mz & ©Hgle] tdarzle Az283o
JE A DG o] S WARZS dg] A5 5 ok
a3 1< o2 B gkek MC7el et A223 0] MC6el
S5 & erjele] A2 g% MC67F MC7S thalst
o SH HAAE B & ke A ofu]dict, 28l 104
A& MC7t & =9l 2% el 4" MC9E DG A
ole] ARE omala, YL AHZ MC 3t FHE RS
ofmgit}. MC1-& MCOE Z3ted DGRl MROSH 727}
FAE glem MC2E MROSH sl glewA
DG(MRO)¢ & =r9l A2E 7450 9,

pSODVE IH = e ZRE AR PAsh

>

[o}



FolHEl= WMNS 9% 714 =al

7o) whe 2

ot
E
i

63

proactive H-8 TREZA Y A2% F71Ho g wet
e o 547 wod dig ﬁoi—g dlo[e Aol
T/J31= reactive WAloltt, AR AL g 84 HAK]
= W& srQldAs Feldd ol HotER|e Sefol|dE
THIQlolM = FUsl2E o3 DG 2 2E e} AgE,
7% 194 MC1e] & =v9le] =9l MC29l tigt 28
A WAIAE MClelM DG7EAS] Z2e] dig o &<
MCOZ Agdrh MCOl& MC29l thet A=A R} OF
o gt ApHel Fd=le] 7] wiel] MC2E tialsted 4
2Z5HE WAAE MC1e& Hg3ho =M MC1-MCO-MC2
o] Z2E P4} gk MC39t 2ol MC1elM DG7HA 9]
72 A ==ET At A & ASole A=eA
AR = DGMRO) el &2ttt DG= & =A91 274 7
Aol Qs MC39te] A2E st 7] wie] MC3E
dialslel ARG HARE MCleRE st
MC1-MCO-MRO-MC39] A 2% A3t}
gHeE MC4¢t Zo] & ZrQle] the we=of et ZFRe
o] MC1e2RE DGIMRO)Y E&sha DGE ARl
SEEO] oA e o THdl wo et A2HAE 9
3 W AZ A28 WAAE UEeth Zdo o)
B AZ AR WAL o F mwQle] DG(MRI) el =2
P MC4E tiAlsk] DG(MRL)7F B Al AZeH v
AAE AZE 243 =rele DG(MRO)ZE H5gt, w2
A% B25EE 4413 DGIMRO) 7} e SeldE A%
AZSH WAAZ WA T MClez HAggozy
MC1-MCO-MRO-MR1-MC49] &7} FA
pSODVE 2287 A 1E W2 soQlofA] 7w
oz UE 3| dFgE 2Y
27] AR W zrRle] DG e R 2o vl
Sl o8l A2AN A A s F A2 heHE
A AATHS E<lT)

2 W= Tojol A
Wy meels 74E dlelel MRe FlHow

DDST(Domain distribution) WAAE W2ttt DDST
AR E WE AZ DG AR19] EAE gEla T2 DGE
o] Aozl ARE AT 4= YR dhed 240
DDST HWAAlE 1 AlZelAt FedeBR SgoldE
HARE AEx g AR CdE $£4 DGl vl
ID, A& WEY g a2z AR &AMEr 23 o)
A AR ZE Z8 9ol 28] DDST AR 7} 2 A2
Al Fgk s s RS WA skeE AT DGE DDST

AR BE A & o A2 WEY g 022 45
AR SAMEE 1 S/ a28ln = IDE AR
o] WMN ¢lEj#|o]~ [PFAE AR&3I}:, DDST wAAIZ

o4 DG7F =218 DDST ARl 299 Elo]& &9l &
olglle] A%l tisle] MAIAE $41% DGl Tl AR H
BT S Yict whek olge] 2A1S gk K

HAR = H7]Ec
@ DDST iAol thet X9 AEE7} 9= A
@ DDST #AIAle] tigk 299 AE]7} «Lzﬂou WA
2 £MWEr) dER9] A Hh 2 4%
@ DDST AR ¢ tigh 2Ud AE]7} EA)ska A

A et lEee]e] As) g

‘l*[‘?\)‘l' ﬁo‘r

MEE gkl ¥

#7157 e DDSTe thale] DGE 298 Hlo]Eol|A]
HAA $4 DGOl tigk A= AERE Al <ET}
o N2 dEE st IEE7} glom AR o
A F2 vEY g vwtt vE R & JRES AL
SHEE DGE gAE vAAY HEY 3 1 7R e

hLOH A8}, DDST WA S 418 o] Fo] 2494

AEZ|9 THE 4% DGE 2HeH dERE alg a2ln
A gol gheE dE] FUI Aele vEY gho] v
754 258 o EFJ.HLE} DDST IHWZ] } ot ehs
Lol A=A E <

EZE 7 é?& 7“0-‘%01]~ OIE A DGOﬂ nkgslr] glste] 7
WS,

oA AFE A o] DDST HAIAe] 71291 W
U vAle] BEERA WEkE dAlste] viAlE AT sk
Aol BAolt}, A DG °l6dH % m=olug W
F71k e dEe] YPAREE i or AA A8
€ o] 7heste Eedd o dFe =L 5 Utk

l Mzol 2493]
= Nl ﬁﬁéﬂr 7 MAUSS FEdn. MCe EE2

o}u}. pSODv—t— MCe & =rQl A%< ¢

H a

A Wsle] A& 725 A8l DREQ(Domain Request)
WA ] F714 02 w3litt, DREQ HINAIS 413 ol
A ==+ DREP(Domain Replay) PINA 2 73t 24

ARle] & mHel ARE detd DREQ WIAAlCE 2%



64 Journal of The Korea Society of Computer and Information July 2014

MCe] F4, @4 & =d9) D7} Z3kdch. DREP HWAIA]
de 49 == #3 (MC &+ MR), & =#9l ID 28]
3 DG7AS 7R WES o] zf:a%rﬂr. O T2 HE
t=2] DREP "WAIA & 42218 MCE DG7IXI2] MIES 3k
o] 7F% $<=% DREP WAIA & 4‘1‘5—’1 8k, o] MARE 4

= 0

r{r

& wrol T THole xw4 & megle g At a8
o A= uﬂAW— SHE wu2 DG AR T Fow
= 29E dEDES Ao 2eE HolBd 523}

J8 2. 5 Dol 2 P uE
Fig. 2. Home domain selection mechanism

DREQ "INAZ W3 MCE AP E AIZE Bt 241y

£ ZE DREP "AIX9] DG A= WES e A4l vE
Y oz AAete] gt 01%3-741 4=21%l DREP HA]
Ae AE L AE Alzte] FrE § /P 443 v ES
HE 2 AR E Ags] e za 39 FEIAE AAE
g2ct, 27 32 & 7ReEES WEYCR AMgshe 29
e & =vlQl 2% dnelES R Zloltt. Tk A
A7t B¢t DREP WAIAE 6}\45 B Bt Aol
T 9 =7} gl ddele] & 29l RS 27
Z4¥12l NO DOMAIN e = A3},

function domain_selection_with_hopcount ( )
1. DREPE 415+ L. E 9] 83 0] MR¢1A] &l
1.1. MRO|HA] =l ID7} o] & =H|Ql ID} 54 std
1.1.1. E =HQle g A=
1.1.2. MRS & =19 DG A2 g % §2o= F2AHR 74
L13. 35 ¢=
2. upAet £=41 DREP7HA] 4241 A1 of whe} 18 whe
3.7V WA $=41%¥ DREP®] =rll AHE A & =rdo g 24
4. th% DREPQ] W EZS A & =H19] vE T} Hlw
4.1. MlEgo] 25514 JA] & =H|Ql JEE DREPS] Tl FR2 47
4.2. flEgo] Fdstd
4.2.2. 014 & =9 DG Z & th3 &7 DREPO] th & Hl
4.22.1. 209 QA & =HI FEE DREPS] =HQl ARZ 3
5. upAet =41 DREP7HA] 5241 oA ol whe} 45 HHE
6. A & HUS & =l os A
7. A=9E DREP #4 =55 DG A2 gt o2 o=z A2 A
8. s o=

T8l 3. & ToiRl 28 w3
Fig. 3. Pseudo code for home domain decision

a7 28 o gl MCY & =HIQl ARaby e AH
A oo 2ok MC39F #Zo] FHHAl MC7F §le 73
DREQ HIAIAE DGl MROTro] 42418 = 9lt}. 214" A
ko] ZF}3le B MC39lE MROS] DREP HAIA T &
Al 418 Boltt, & =Hdl A% TgelA MC3e =
A= A3} 1o <J8] DREP WAIA $41 wxe] FR77}
MR #gtgit}, o] 49 MC37} DREQ WAIAE et
Aol & =2l D9} 441€ DREP wAIA| 2] =l ID7}
a‘ ol & =H|9lo] MAERA] & d3odA DGYI MRO
SHol A& FIREE /X BER A3} 1. 1oﬂ <18 MRO
7} $418 DREP WIAIA7} AdEl= 1 & =r9lS A8t
SHQl [D7F M2 YA[8A] $he™ MC3e uﬂ bRy
l8ta dzk 3 gt shte] DREP HIAIARE $=21€
deelB® A3} 4, 5 YL} A4} 6, 74| 28] DREP
XV} Aels] 31 02 $A18F MR0S] E=r]91S MC3 AR
TZHjles 75@?&3}. a3 ARle] 2eE o] £
A A" & =2l DG(MRO)O] thet A2E T2t}
MC1Z MC2+= A AlRFE<t sht o]d2] DREP ™|
ARE F2l5Rs A felth. MC1& MCEY-ETr DREP uﬂ
MRS FABIEE RIS Azl 394 ik 57
slo] H& 17}~r —3— 2= MCO02] DREP HIAIA S *dﬂ-i P
il MCO-J S ARlel & mrelez A3t o
Fﬂ = =% 4 MCOE' g o7 3 DG MRO) AR
£ 553t MC2& MR MC9| DREP WIAIAIE &3 4
}w 392 DGR MRO 9] & § 7RRES 21]

i

(e}

it

L

>4

A

=2

o
E\f’l

o] =R Aate] wet MR19] DREP wAIA] 7} A
H3 o] £418 MR19 EHQ1E 2Mle] & mrjeloz 4
e},

MC59} Zo] tre] Tr9le 2 RE] DREP WAIAE 4
e ==& DEN°|g} gttt DEN gk 712802
% 7H+E°] DREP uﬂAle ﬁ%*é 59 & =l 2%
e & 7R-EVF BUe $ DREQUAAIE Wed &
M T 1L4 52 6‘& ﬂﬂ%u DREP HIAIA| & -4 0.
WS WAt waEbA
C5¢} 2ol ﬂ~r4 MRETH DREP ®AA7} 4l=
UW % m=rj9lo] 22 DREP MiAAE AEsla & wmjel
°] 22 DREP HIAA7} glosd 7F¢ WA 4241 DREP H|
A7} et
THgle] ZAHW MCe =
% Z wHele DG AEE uwt DREG(Domain
Registration) HAIA S A8} Wy 5539148 S388l=
g o] 24& B3l DGellA MC7IR|e] =27 8t =

H 2
x

01.
O.

>

CREETERES



sfolHe|= WMNE 918t 71 =dQl 7k} whgd 28 Z2eZ 65

:

W9l S5 oal Do & =9IRlel 2E Wl M
U ARE 94 4 ARE 4L & 2] Wi 9y
Eolele] AzeAel el ST & 9k, v jE S
F1ES opd ThE Wgke AHe Rt 19 39 frEREE
vELe] A3 Az Q5 Sgslolof gt

4 BE2FN

MCE dlol8] M$Ad 547 w29 A28 BE 2¢-
pSODV Z272% #g<& &3] gtk pSODVY oA "Ikl
"=rel  7I¥E AODV(6)ME  AZRTHE sl
RREQ(Route Request) MIAAE & =M1l E2]9315
Z399 RREQ "IAA1&= DENS| ZEjgd| 2af A vES
A2 Agsle 21 WARIGA & THIlA 9] W WAA]
7R 9 F itk & =9l 2S48 771491 DREQ
vAlR]e] WEF RREQ WIAIAI Hgo] SE5E 7% -4
g 79] tiedo] ¥ a1 A A To] 7} Bllt ZREF
g A Alo] WA W] FEE Fo)7] 98l pSODVellA
= RREQ "WAIE & Zrlldxe fFU2E A5E A3t
5 81t T WS 7R o ge WA w FHd
ALgsPE & wrololli RREQ WA 2]

o H-ﬁ))l olX ofy

E

MR Client Domain

0% 4. pSODV ZdzZZ2H 11y
Fig. 4. Route decision process of the pSODV

BAZT/do] dadt 7ol MCy CL-RREQ(Client
Layer RREQ) MIAAZ & wrele] DG AR the &2
2 fUA 28 gt} CL-RREQ MINAIS 418 e 2}
2le] 2hed HlolEel| B2%] o] it AR dED] &
A ool me} thge] 2714 F shuE et

O 244 == Az dE}  EA4s
CL-RREP(Client Layer Route Reply) WAIAE
23 MCE Agstn ZAR w=E2E gratuitous

CL-RREP WAIAE g3t}

@ B4x ZAz e} EASK o $4
CL-RREQ WAIAIE DG 7422 b §o7 %9
3},

ol rkﬂ,

a3 4004 MC37F MC1ell th3t 3247 o] a3t
CL-RREQ "IXAIE DG 729l th &2l MCOR g
t}. CL-RREQZ 413 MCOE MC1el gt 425 &
wQl A% BgellA] AR st leBE MCle U
3 CL-RREPE MC3Z H%3sta MC1eZE gratuitous
CL-RREPE A$3l] MC3-MCO-MC1e] A2E 7443%
o} 5227} MC4 =5 MC5¢F Z¢] DG 429 98 ==
7} obd 7% MC3¢ CL-RREQ "IAIA1& DG(MRO)7HA
AFE 3 DGE °l5F tAlste] CL-RREP HIAIAE MC3
2 A438}aL gratuitous CL-RREP HIAAIE MC4 T=
MC5E A3t}

DEN2 =l ZAle] AIshaA 9% =rqle] Q1
DENel gt A2 BE Fgdafar olrt. Thef o =rQle]
o14 DEN¢l| thg+ CL-RREQ ™ A7} DENel <=4l¥w
e HolEel AR JdEZE EAlsle A4S diE
CL-RREP "AIX9} gratuitous CL-RREP WAIA| S A%
st} o] & B3l =HIlel o] Q1 wmo gk HASHR
7F B s dojAle AL WA

CL-RREQ "IAAI7} DGol =38l B23A] weo] &
SHQlel] whet vheel 27K B3 3 shurt eaEc)

o
¢ Ho

> I

@ 2247 w27} MC4 EE MC5¢}F o] 2R2le] =mQl
o]l CL-RREP WIXNAIE 84 MCE dg] dZ

3l BAA] w==2E gratuitous CL-RREP WA%]
& it

@ 547 wer) 9 Eele] duold W wHle)

Q2] 7§59} o] 9 =wH|Qle] wmuof e AR oA
DGl ¢J3led CL-RREQ "IAIA S BL-RREQ "IAA =2 ¥
gzlo] W$Eth BL-RREQ HAAE WE =moE 74
3R DGEAAl 547 vt 2kl & =udl Wiz 55
Hol Al 55 Bosle 54§ 24tk BL-RREQ
AIRE 413 DGE AR1e] 2H9E HlolEolA] 587 w=
A2 QEE HAslo] x}xle] mrQl WHRIAIE AL,
2] =wel Wzl ohyw =241 BL-RREQ ®AIA2]
HEHS $He & AUSAT), ek BR8] w2t =l

wrjo]™ BL-RREP(Backbone Layer RREP) HIAIAS



66 Journal of The Korea Society of Computer and Information July 2014

BL-RREQ WAIAI7} Agd dwgkoz A4t} agjn
gratuitous CL-RREP "INA & 58#] =2 Adsld 7
22 I H2E BL-RREQ "IAAIE $41% GDO]
BL-RREP WAA7} AW 5242 A2E a4 W
MCE CL-RREP wWIAAE A2},

I3 4o)M B¥ MC37F MR19] =S & =wolo s
ke 9olel MCE EAA2 1= CL-RREQ "IAAIZF &
=Ml DG(MRO) =28 DGE ©]E BL-RREQ WAl
A2 Wgsle] Wi uQld] Zedsict, Wi Qe B
£ DG’} BL-RREQ WIXAIE FAlsted <% =HQle
DG MR1-2 =H9l 9l glo]o] MCell tigh A& dE
& gRlstn BL-RREP #WAAE 84 DG MROZ A
3k & =vidlel DG MROE BL-RREPE
CL-RREP XA 2 Wglslo] MC32 A3t} a2z ¢
2 =rele] DG MR12 gratuitous CL-RREP HAJA|
2 BL-RREQS] B4 =& Huslo] MO39k Azs
& LU

Eﬁ

5. Z=2ae

MCE ©]%&l 28l & =molA DG 427t WA At
& =viQl AAZE WA EE gl dAlgt. MC9 DG 3t
7 2¥E DREQ/DREP wA1x|¢] 7142 w2} DREG v
AR 23l B3l 5‘4*194_% A9}, dole] MC7} dl
olf] A% F & wueldlA DGl AR WA A%
R TQle] Al kEE AR AR R Fdgle] ol
B A4S 42 4 ok s A w=vt & wvel 9
el Aol AR QFE 8] AZe] BoAle Fgo] I
A} o] A 2l&3 ARETE 98] MCE 25H Ho
BollA Al o] A2 dERE Al 2T AL
=

olFe lgte] MCo & mwQle] WAH 7S
#) 7)50] A3l Hct El
of WA t)-$3l7] flate] o 2
JE MC H2HRE AHE% F mrdle® wAse 7
e : :

ot

2 o rg

L3t o5 93] MC% £ ©r|gle] MAHW o)A &
zvele]l DGR 5= dA L.
HE DREG WAAE &= ’Wﬂ NZE & =H91e) DGE
AA A oA & =Wl IDE 2lo] aRAle] =w|ol IDS} H|
et} olw) =MQl D7 A2 T2 DGE MC7 =69l
& o]%3 Zo Fstu ol & Tl DGE 5534
AR S die] HFet

a7 5914 MC2¢] DREG WIAIAIE =418 DG(MRO)

r—{o
Ul°1
3

;;

o] =u9] IDS} DREG "IAIRS] o]d & =wQl ID
slo] 7] ekom MC27F THlelS MAe Aew 7
gt} o] gl RS & ©r9le] DG(MRO)E MC2¢]
old & wr|¢l DG(MR1) & DREG-Release HIAAE

/\]6‘]— o]x% g Eﬂﬂ

H]

oo
El

&

43t} DREG-Release WAAZ
?19] DG(MR1) = 28 HolElA MC29 gt A= <l
EgE AlAsIL MC2¢F 2= H 9 =rQle] BE DG
2 DREG-Change® %3t} DREG-Change MAIA S
218 DG ARlel 29E HolEe] MC20l gk A= <l
EZE AEE & m2le] DG(MR0) ARE F3oan
MC2¢F AZ2E MR2 ErR19] doje] MC7F B=2¥7 glol
T MC29} Hlofe] F4lo] 7Fssles gt

MR2 Client Domain

MR1 Client Domain
MRO Client Domain

12 5. pSODV ool 22|
Fig. 5. Domain management of the pSODV

B =FolM Al¢ket pSODV A%eE4S 98l OPNET Al
EeolHE A8l 08 63 Zo] ZREZ RdS 7d
st MESZ mde 3o #HoE 98] OPNETY
MANETS Jdl2 ARgsiion slojHel= WMNS| wA]
AZTE TS 98 == THOMR = MO)E AFE +
YT BT slojHe]= WMNS| Wi wA|e} See]dE

WAl & flsixe el 74 QEso]~E e =uvt
TFas|ofol sht el Tesls 98l shue] T4 QlEjH o]
222 W@ SEo|IE vAE AT & UES St A

48 T4 QEFelAaE IEEES02.110W AFETe
11MbpsE 3
o2 e 34 Aol s TagezAl Wi w

Q) T3} FelolglE wrlel PAS AR T 9 v



sto|Hel= WMN2 91¢ 713 =vi<l

71l Wed ey

E
i

67

%

AA7Y e ﬂ%gi-% AR =9l o]z <
g wje} vlast F7HQ
stz AdAQ pSODVA I5e B3]
5‘@'5}7]"“% E‘EV}‘ BAS\)}T:}‘- ]E
| 22 ¥ 19 2t

oEl 7
Aol Wy
ofelglA e
glo)e] A6

rlr r_

{PACKET_ARRIVAL)

13/0 AT

{DREQDDST_TIMER_EXPIRYyipsody_rie_dres ddst massage_seod)

12! 6. OPENTE pSODV =Z2EZ g
Fig. 6. pSODV protocol model for OPNET

E 1. AlEeiold mi2folg
Table 1. Simulation parameters

Values
|IEEE802.11 (11Mbps)
exponential (1024) bits

Parameters
Wireless Link
Data Packet Size

Packet Inter-arrival Time exponential (1) sec.

10 min.
0.04 sec.

Simulation Duration

Node Traversal Time

748 pSODVel AlBdleldelE 19 79l MEND
9 AHgSigT 4hel MR 9] MCE WRsigon
= 7 Aele bt

FHEEZ WEZ 07 A8l Wi e
gz ojR| =% 39Tt tlojE Edge FElo|dE =l
TAAIES 7etsie] AlEgolAde] AR T 10027} A

o133 WA
H] ]E1_4 @ﬂa} Ak }\PEH‘; 3:,11_0 &) _CH,&M

P 8 S g
18 A9 7k Al QATE @ % ek o] Az
B pSODVd| 23t AzAH ] AAHoz o

I,

nes ncs

Jgl 7. AlgsolMe st HEST =2
Fig. 7. Network model for simulation

MANET Traffic R

A
1 A JU \/\
. AMA N AW
AV V\\
M
1 A 1\" \/\
. A A NI
| R W
\ .
- - - - - > b - > time [s;b‘] -
T8 8. oA Sl JRl=

Fig. 8. Graphs about sent and received packet count

o 8/] ZzfzelA] 250004 3002 Ate]E HH 4ld
H2 49 7o) 57 25 2t deE B 4 Atk
ol ol "]Zloﬂ TP AR HgelA] 408 AAA|R e
2% 9olx| 9} o] HIA A 0 2 35slel] wite|tt. o]
AR FF SAE FH7lo] AR o] 9lej9] = HH
A2 AL AT A2 A EA FAEE o Fell A
FE|o] 2po]7} WABIITE, AAAIY HIH A B o]
£ 24p] S5l FLE vES A RS AMESte] d 34
¢l reactive Z2EZR] AODVY] A22% A A7 17
103} o] EAI T pSODVete] vluE 95l Az &
Aol thgk 2|9 B4 (Local Repair) 71%5S AMH38lA] 4=
5 AdAsisinh

A

[

Jo




68 Journal of The Korea Society of Computer and Information July 2014

PSODV Route Discovery Time

i 100 200 300 400 500 500 700 00 a0 1,000
time (sec)

21 9. pSODV Z=ZZH X|oiAR}
Fig. 9. Route decision delay of the pSODV

AODY.Route Discavery Time

02
o4
005

ot
0.005

0002
000

0.0005:
o

100 200 300 A00 500 600 700 00 |00 1,000
fime (zec)

T2l 10. AODV d=ZZH X|dARE
Fig. 10. Route decision delay of the AODV

2|9A7HE vl wE A3 AODVE] A-Sol= o] 2o
1t R g SV
BTk 24 A7 A& el ARG ddo)o] wmrelA o
FEARI] AIElo] ARARIL FHF RN ARE AT
Aqsl7] yro R %%u} A2 E7} F4=W pSODVe
7% DGOl MC WEko & 3 JHeEv Z7lE e el 4
27} o] A 7§i°ﬂ/‘1 DG £9] 1=Eojx] £4lo]
AP AR AlRto] Ay}, 2ja ol2gh 64”-3—
d ZIEZF o] dlo|H MW HH o]~} EHel T

91 MR2F MCO| Ao] #AIA] B Qe #|o] 27} 52 6}@1

m1o—u it

AQATk] Lol oz <3 298 dEe] AHAR W
ARke] Aol whshs Ao® FEdrh

AT 27] ZR2A%E 98 AAAIZte] pSODV7F -2
& g qirh 53] HAAR] Fke Bel AlEgeld
o] AAAZHE Al AODVE Har 0.15%2] A
o] ¥ Wi pSODVE #a 0.088%2] A|AAIzke]
AT} o] AFE F3iA AODVe HlEiA] 71 Eﬂﬂol
reactive 8 W1 pSODV7) oF 43% O] w2 =2

> 1 sl
r:i ™~ o

o] 7hsdths AL ¢ -)F =

AlEdloldS B3l E WAl 7P Erdleg
T3k DGIMR) 9l @ A=gR e A2 Fdshe
pSODV7E W2 A24%S #388 & s FRIsich
AR ARG WL ojul gl o] foll M frAE 7ol o] & ET
7] g AAARIe] ZoRs & AATE mEpA
pSODVE MC7t W27 o|Fste 75 3224 A9
o] dofRle @S Bol o|& dsby] 93 e ARk
T vigke] g 7ET

A BRjH o g ASS sk dtolH= WMNE
HAFze] Bl ZZEZHOE ASTR gy 22
E_-?v_o] z%%%hjr 3};(]1:1]— 3}0]5‘1]1: WMN"ﬂ 248. 7}-‘:—6’]—
MANET 7|4t} A% 2h9e T2eI5L vjA)9] &
2l A2 1A A=s AAEC] B2d% e
7} slet. FejolE HAle) EdEe MR AR 431

7] e 9 YEYI o] YEYA ddo] HEs
TR EYA 99jo] ARA% HWO] a3t ¥ =
FoME SeoldE v ] 7Vl ﬂﬂ F9E T
s =relel Eggs wWE wHol Wsslete
pSODVE xﬂ%ok&’iv}.

slolHE]E= WMN 2h$E Z2ES 39 wjAte u
ESQ3 gl ook whE A2Ayn e ongee] &
‘geltt. pSODVE WhE A &2A% o] FEHo|t}. o]& ¢3]
FeoldE Erole] 43 DG(MR)7F =W9l wls MCel
BEAEE dgsle] AFFoIN 7] ARATY AN
Aol pSODVE] 71&7 e},

pSODVE] AlE#o]A Ad} 3229 reactive B8 =
ZEZQ AODVY HE)] WE 27 A2A4S 388 2
& ek s 543 Aala BArAA AAATT] H]
AR oR F7kke BAIE Btk o3 EAl7F el
T Qe o] ~E AR T ZREES Hild| o3
o7 Holu ZREZ Ty £ 7S %9 sldd 5
= o8 Ert AT EEEA] Wl iE =0 T
A & Tl A FEARe] 2 2l ZREZ s}
9ste] wr=A] sjAE oo & Algloltt,

Al Eeolel Aol pSODVE dtolHal= WMNe] A
BAREHRE AR 0R AT F dES BHon B A
g5 Aejatd 2] A2A% Ado] #xn Hit AREH Al
Zko] 0.088%% AODVe Hlglo] 95388 HY

< 2ol

7l

>

LV ek

i

Lg% 4



sfolHe|= WMNS 918t 71 =dQl 7]k} whgd ehe8

@
i

69

TR AR AdARI] Mg oR Fteke 4%
o FUEAL 99 Zees wde] AUz Moo =99
FAAE Zol7] 1% SR BY ANE £ Aol

Bk
rok

tne

(1) V. C. Gungor, E. Natalizio, P. Pace, S. Avallone,

‘Challenges and Issues in  Designing
Architectures and Protocols for Wireless Mesh
Networks,” Mesh  Networks:
Architectures and Protocols. Springer, pp. 1-27,
2008.

(2) 1. F. Akyildiz, X. Wang, W. Wang, "Wireless
mesh networks: a survey,” Computer Networks,
vol. 47, no. 4, pp. 445487, Mar. 2005.

(3] S. Kumar, Reactive and Proactive Routing
Protocols for Wireless Mesh Network Using

Multimedia Streaming,”

Wireless

Proceedings of the
International Conference on Recent Advances
and Future Trends in Information Technology,
pp. 13-17, Mar. 2012.

(4) S. D. ODABASI, A. H. ZAIM, “A Survey on
Wireless Mesh Networks, Routing Metrics and
Protocols,” International Journal Of Electronics,
Mechanical and Mechatronics Engineering, vol.
2, no. 1, pp. 92-104, Mar. 2010.

(5) P. N. Thai, H. Won-Joo, "Hierarchical Routing in
Wireless Mesh Network,” The 9th International
Conference on  Advanced  Communication
Technology, pp. 1275-1280, Feb. 2007.

(6) Ho-Cheal Kim, “A Study on Improvement of
AODV for Hybrid Wireless Mesh Networks,”
Journal of Korea Multimedia Society, vol. 16,
no. 8, pp. 943-953, Aug. 2013.

(7) G. He, "Destination-sequenced distance vector
(DSDV)  protocol,” Networking Laboratory,
Helsinki University of Technology, 2002.

(8) S. Murthy, J. J. Garcia-Luna-Aceves, ‘An
efficient routing protocol for wireless networks,”
Mobile Networks and Applications, vol. 1, no.
2, pp. 183-197, Oct. 1996.

(9) TW. Chen, M. Gerla, “Global state routing: A new

routing scheme for ad-hoc wireless networks,”
IEEE Conference on
Communications, vol. 1, pp. 171-175, Jun. 1998.
(10) G. Pei, M. Gerla, T.-W. Chen, "Fisheye state
routing: A routing scheme for ad hoc wireless

International

networks,” IEEE International Conference on
Communications 2000, vol. 1, pp. 70-74, Jun.
2000.
(11) D. B. Johnson. D. A. Maltz, J. Broch, “DSR:
The dynamic source routing protocol for
multi-hop wireless ad hoc networks,” Ad Hoc
Networking, pp. 139-172, Mar. 2001.
C. Perkins, E. Belding-Royer, “Ad hoc
On-Demand Distance Vector (AODV) Routing,”
[ETF RFC 3561, pp. 1-38, Jul. 2003.
(13) V. Park, S. Corson, "Temporally Ordered Routing
Algorithm  (TORA)
specification, draft-ietf-manet-tora-spec-04.txt,”
Work in progress, IETF, Jul. 2001.
Y. C. Tseng, S. Y. Ni, Y. S. Chen, The

broadcast storm problem in a mobile ad hoc

(12]

version 1 functional

network,” Wireless Networks, vol. 8, issue 2-3,

pp. 153-167, Mar. 2002.

N. Beijar, (ZRP),"

Networking Laboratory, Helsinki University of

Technology, Finland, 2002.

(16) M. Joa-Ng, L. I-Tai, “A peer-to—peer zone-based
two-level link state routing for mobile ad hoc

“Zone routing protocol

networks,” Selected Areas in Communications,
IEEE Journal on, vol. 17, issue 8, pp. 1415~
1425, Aug. 1999.

(17) M. E. M. Campista, P. M. Esposito, I. M.
Moraes, L. Costa, O. Duarte, D. G. Passos, C.
V. N. de Albuquerque, D. C. M. Saade, M. G.
Rubinstein, Routing metrics and protocols for
wireless mesh networks,” IEEE Network, vol.
22, issue 1, pp. 6-12, Feb. 2008.

(18) M. Conti, G. Maselli, G. Turi, S. Giordano,
“Cross-layering in mobile ad hoc network
design,” IEEE Computer, vol. 37, issue 2, pp.
48-51, Feb. 2004.

(19) L. Iannone, R. Khalili, K. Salamatian, S.



70 Journal of The Korea Society of Computer and Information July 2014

Fdida, “Cross-layer routing in wireless mesh
networks,” Wireless Communication Systems
2004, 1st International Symposium on, pp. 319
-323, Sep. 2004.

(20) V. C. M. Borges, M. Curado, E. Monteiro,
“Cross-layer routing metrics for mesh
networks: Current status and research
directions,” Computer Communications, vol.
34, issue 6, pp. 681-703, May. 2011.

2
2
k>
=

N
fol
03

4o
Ee)
_e
El

Rl
Ejr|clo}Ealeln} FEA)
2004: gt
HEju|tiol g4 g et} BshiAl
A A et

AREPPu: s
ok JREL AFEFSt
Email : kimhc@uc.ac.kr

!

E>

&
=l

1% of rﬁi o
)
ofl
=

e

2 of



