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Cross layer design of multicasting and channel
allocation for MCMR WMNs

Wen-Lin Yang and Wan-Ting Hong*
Department of Computer Science and Information Engineering, National University of Tainan, Taiwan

Abstract — Wireless Mesh Networks (WMNs) are a new broadband Internet access
technology with characteristics different from the traditional wired networks, including
self-organization ~self-management ~self-healing and wide coverage. In this paper, we consider
a video/audio delivering system deployed on the multi-channel multi-radio (MCMR) wireless
mesh networks, where a number of mesh clients serviced by different mesh routers may
subscribe the same video/audio program supplied by a multimedia server installed on the
gateway node. For this scenario, multicast would be a better mechanism than unicast to deliver
video streams to clients in real time, since only one copy of packets is required to send in
multicast protocols. However, with the limited number of channels, some links in the multicast
tree may not be allocated with interference-free channels. As a result, some client in the
multicast tree may not receive video streams. Therefore, channel allocation has become one of
the key problems for constructing multicast tree in WMN5.

In this paper, we propose an algorithm to construct an interference-free multicast tree for
WMNs. Our goal is to provide high quality video streams and maximize the number of clients
who can successfully receive streams they subscribed. Based on cross-layer design paradigm
and considers network routing and channel allocation at the same time during the formation of
trees. Also, a channel adjusting procedure is provided to improve the quality of the resulting
tree. Finally, several sets of experiments are given to evaluate the performances of our

algorithm.’

Index Terms — Wireless mesh network, multicast, cross layer, channel assignment.
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2.3 Cross layer design

7 SRR OSL -~ AL+ LR
SO RN R SRS
ﬁ#lxjﬁqﬁ_ﬁﬂ VE P R r%ﬂriﬁ,“gwﬁé
L@f'%&@& LR IO LI
o ﬁljﬂ”{ﬁ”[,/gﬁipl]q% ’ IE:HQJ Q%Fﬁ,tliﬁlﬂﬁﬁ
AR P AT B fST TSR AE
SRR N SO P R
A R SR R - SRR
[22] -
o T ML ]

ESERE:E
o EIFURWIED LR

El

] J_RJLHJ%K’J‘QF%_\” [23]f[ 1 fUtoken distribution
and target programming routing algorithm (TDTPA) >
IR péFE"L%gfflfjﬁ?%\ » T AfEE A [Forwarding AR
e '”ﬁﬁ' B SREAT R T g
'@j%ﬂﬁﬁﬂ%ﬁ’ﬁP”WWW%ﬁr%@H
VIR - [0 AR 2" Token
Distribution®d™- » LIS FAUEEIEE L LHFJG%T
PR EASERLES L ek (5 OBg phog > 2o fed e [ i)
T T R

- YPE (POFE B TR TR S B > AR

Forwarding # 75 = B & lﬂ“li;jg}‘;{n]jﬂ gy

fo-

2. BEACB BT - TR ﬁ;}p@giec
B> f;%WU%ﬁB E@LFEU?EEE\JJAF' = ?F'IH
BK‘L;L'F[TS%EHJEF ] o E']J 1 F|["'] Token Distribution
A > b E*E’J‘B ) c[rl_;m]éﬂl_'vg’g—s Y
A

3. HrFSEl- TR i 5 & [ (191 S—B—E—D)» |
"] The reverse forwarding A1~ » 3p| 1 5i éﬁ}f—'ﬁ
S i » RIS B SEER -

S SR R

PB4 i

[F.ﬁl(DLI) : Algorithm example

erPu_\j’US]H[Tﬁ Z = ﬁzﬁﬁ EIFIJ?’%FEIF e

Bl 53 Wil kL MAC/Physical ~ Routing/MAC ﬂl
Transport/Physical » er—rmii/ T %FA{%
Pt~ SRR MAC g o v R el TR
[l éﬂlﬂ’!‘ﬁlﬁ E1E (il load) & > 7 ?{ﬁ%‘ et BN

PP T BERREE T PR T R ﬁﬁpu{ﬂj
[5 » FE-MAC "t 511 ﬁﬂi*ﬂ I R
I‘li s F

RIS W FE‘“F?J&I Fi s 2R G et
AR RIS W SR s
7

2 - S
2 PURGIOIRERL - I gt
ﬁ)‘fﬁﬁiﬁ“ﬂi SEAEI - [FIR 23 Pelst = 20T RG> 1)
S E MSPREIRY i AR (I R T R
BB g fiiﬁi?‘j_ﬁ%{p Ff'fl' 7> % WMNs Hl[&@}»
2L ﬁﬁfﬁﬁ*@ﬂ?ﬁﬂﬂ‘ REE RN EN FI RS
AERE A T EFRFURL 80211 blg 5 > BEGRIFE
TERUE) 3 (R AR (R e AR R 7 |
T LB ARV in¢§%¢
[l“J?}*}P%&Z PASISEN R ﬁﬁl{“&gn‘a PRS0 5]
Fel 2 T VR Hip
S © = VB H vy e

¢ﬁ%‘&” Fli» L3
IRV E & fiE REEVFRRTE (> PSS RE]

H[E JH 5 M [E' ) M ={ulueV,demand(u) >0} |

EHMMMW%%H%wﬁﬁwgwmmmwm



ﬁ*f%

Yoo e T = V0B Lok o 3 53 B foRetiasr 1
FEFHRREE E L & f VFI'P“j“?QEJ épﬁgﬁ M 1
FVATE | lf%!‘ Al A (DA ¢7|JWIEUE[TE’
R gain i FIE - < AT (R (1 O R
1H ﬁiE\vEJHE\JjEI?ZE}EWE%kﬁ > Ny PSR U 100 i
HIFTRIE I fl‘dfﬁ ’ iﬁzﬁﬁﬂ’ PV E kL A [
fﬁJEﬁ}%ﬂé‘fﬁﬂ bfpu R Eige(2]
gain = Maximize Z demand(u) ------ (D).

ue M &ueT

S i

FE %f’[ Ayl b fi {»%J,?t ﬁﬁ?i/ F Ay Cross-layer
design of multicasting and channel allocation i?ﬁfﬁ e
(qg;'l ) F“ﬁ%‘l'( )H ;:D , IHFFJEW;': EI[— A= F;[E J}ZEW
O SR> RN B || I 18 o) fit
Find_aLink_based_on_WBA #H - ﬁ%ﬂ[ (*+)pY
Find_aLink_with_feasible_channel 1}%“?5'»?[[%[(—“) fit
Find_aLink_with_Backtracking #™- o [P T3k 42|
o BRSO 3 P, B > A e
B I SRR SRRV S
Ig}ﬁ?ﬁﬁt Iw o

iﬁ%d’ ff[ Y 214

o [ . , IM(,, l )

S dink V[ ﬂmﬁll e i
(@, Byt F[Mﬁ%‘ Ll /pﬂ BEE > 5T REE
HE 2 S AR @ fAn st A
192 affBdiCsibling links) » Y A0 ()7 » i
= Q{ﬂﬁli fu Elfgl!f Hﬁ?ﬁ”@(consecutive links) > 87
- }E,‘{/Dﬁg‘[l ,(C)Ffr—] s L. }:[[l]-';-"il?/ FLE[:{;:g[JrT“ 5o ’[—‘-‘
AT TSI AR A > AR
bwﬂﬁﬁjﬁwﬁjﬁ$f’ﬂ@pI@0*5
ﬁjf‘i 73 el ﬂfﬁﬁ Pl "F}LK;J Pl FEREY link {1
'd['“:fj;‘ﬂ?fﬁﬁﬁﬂlﬁj link IR |El fi ;{IAPJEIEL 1 ﬂfgl
S I DIFS R T R

i Interference matrix(IM)

CRR VIS [ BT 37

fi'(r) : Relationship between links

7+ ﬁ,%?i/ R D PO R R

(1) FHERICH )T 51 AR U TGS g - A1)
BFS [iffdzi 70 53 i level [fiRgE— (AR
FUHICHHPT 3 Eﬁfﬁw » = B links » {fl 54
ERASAG - ROPRTHT o B PRI T @ ?
% FiTfhEE -

(2) FAFRIESL T AR IR )Y 4 R
=+ FIJ"] Load_computation A™-([fl-=) > FHET
5 R 1l (load) i - ¥ fiEHke i
AR

(3) 7 o7 PR VT B - 1 %’7 FIRTTR =) p
Find_aLink_based_on_WBA - > £5 117 H i

HRIFIAEEAY link -
G H AW 4 - )

Find_aLink_with_feasible_channel A" » #5111
73 el T HRAHTIERY link o

Gy # = HORWoC A4 = )
Find_aLink_with_Backtracking A5 » ﬁﬁ*’]‘ﬁ Ay
link £5 0525 SBGTR - B R R O



38 International Journal of Science and Engineering

Input: given a undirected graph ¢ =(v,E), a multicast set A ={ulueV, demandu) > 0}and a gateway
node s;

1. Make G being a directed graph by replacing an undirected edge with two oppositely directed links.

2. Starting from the gateway node, a BFS traversal procedure is used assign each node a level value;

3. Link (u — v) is deleted if level (u) > level (v).But, two nodes in the same level may have two oppositely directed links
connected to each other. And, some nodes have more than one link from upper-level nodes.

4. Compute load value for each node, call Load_computation(G(V, E));

5. Letmulticast tree 7=($,E), S={s}» E=¢ and U=V —{(s};

6. While(true) {

7. If ( ((u,v) =Find_aLink_based_on_WBA (T ,U))#null ) { E=EUu,v); S=SU{v}; U=U—{v}; }

8. Else if ( ((u,v) = Find_aLink_with_feasible_channel(7,v)) #null ) { E=EU@,v); S=SU{};U =U ={v}; }

9. Elseif (((u,v) = Find_aLink_with_Backtracking (7)) Znul) { E=EU@u,v); S=SU{v}; U=U—-{v}; }

10. Else break;
11. If(M < S) break; }

Qutput: 7T

L)%'ﬂ(i ) * Cross-layer design of multicast routing and channel assignment with Backtracking

Load_computation (G) {

1. LetmaxLevel = max,, level(u);

N

Let load (1) = demand (1), for each leaf-nodeue v ;

3. For(/=maxLevel; [>0; [=]-1){

4 For (each node u# with level(u)= [) {

5 If(node v is adjacent to node u ){

6. If(level(v) < level(u) ) { load (v) =load (v)+load(u); }

7 Else if ((level(v) == level(w)) { load (v) = load (v) + demand (u) ;}
8

1}

[ﬁ'(f“ ) * Load_computation (G) procedure
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(1) SHERRET [l TEF% link(a,b) 7 il Z[HTE 1
FHERIC Y1 Tink(a,c) A1 Tink(ad) [i° 7%
WBA Elff#fj 4 #HI link(a,b)fﬁlE'Jﬁ'[ﬁjiﬁiﬁﬁﬂ\ ﬁF{
TR R T 3T
2RGF A £={(a0), (ad)}

) ANRICT 92T 4 JiFe o 35 Tl T £ flIpY

ireeeeee..oi DOt in tree 5. “JBT}%%WEI{]@#C #1d i F“l%&[ﬁ!ﬂ 54
[W(’*) : Multicast tree T ﬁ:H{h’JEJJD E ﬁ%ﬁﬁwnng ’ ﬁf,srjulj[[ * link(a,d)

FI¥p link(a,c) °
DR B BB O RO S B SR -
Find_aLink_based_on_WBA procedure ° level fififectsy FERRASTAV A o
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Find_aLink_based_on_WBA (1.U){
1. Letlinkset e=Q=¢;
2. For each link (u,w)e T {
If (3ve U and link (u,v) can share the same channel allocated to link (1, w) without causing any interference )

{ e=eU@,v):}

3. If(€ ==¢) return null;
4. Q={(u, v) | link(u, v) with the largest load(v) value in € };
5. ()= max , o level(v);
6. Return link (u,v) ;}
ffi(1%) : Find_aLink_based_on_WBA procedure
4.2 Find_aLink_with_feasible_channel procedure (1) TEFERERTT [l %'lﬁﬂléiﬁ%grb AECEBE AT fh

A R e A d SRR - 2 A

Hid [}L]SF Bt T 1 e fli Interference matrix[2]
FH T ST R 6 ﬁ link(b,c)#! link(b,d)
B PRI - )53 2 R - e = {(be), (b))} -
(2) IR - )BT 4 R o B R RIEEE T e
fi9 Tink - s iRLE=R AR e AT d {9
w—ﬁzmyup T ERR A P,’svitﬂp * link(b,d)

et 1 MOL N tree FIop* link(b,c) °
(1) : Multicast Tree T (3) PRI ~ 93T 5 Bl > Fh[ FIEN AT

Fl A level iy ™ BEFRAAYE: o
VIBOCH ) R B (4 - ) Hclevel [IHRE™ BRI

Find_aLink_with_feasible_channel procedure °

Find_aLink_with_feasible_channel (7,v) {
. Letlinkset e=Q=¢;

—

2. Foreachnode ue T {
If( 3ve U and v isadjacentto u ) {
If(an interference-free non-orthogonal channel 77 that can be allocated to link (u,V) )
{e=eUu,v);}
1}

3. If(&==¢) return null;
4. Q={(u, v) | link(u, v) with the largest load(v) value in £ };
5. (u,v)=max,,, q level (v);
6. Return link (u,v) ;

[#!(1 - ) : Find_aLink_with_feasible_channel procedure
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4.3 Find_aLink_with_Backtracking procedure

|—05R—| |—08R—|

F—1ir—F o1r

O : not in tree

[ﬁ'ﬁ ) : Multicast Tree T
PR = O AR D AR e ATLRES S = R
Tyl Fr'ﬁt}""‘ 25| Find_aLink_based_on_WBA - >

TR T BT 2 )
Find_aLink_with_feasible_channel ~#d - - [l

interference matrlx[Z]F H1 > link(c,h) 1 link(a,c)fL
consecutive links » 7l | EHHEA RL 5 » FFF link(c,h)

FUREST R 6 % 11 [ link e, h)ﬂl link(b,g)pfj
PHEERL 0.5R e 2 i HIEHIE A RL 3 - [FIE!
Tink(c,h) A ink(d,) fURFIZE B2 link(c,h) 1 ink(e,j)

REEES T F”SFJ a8 IH??EJW  link(e,h) 2 FS 2]
j%’?i’ﬁ“ﬁﬁﬁﬁﬁgﬁ
Find_aLink_with_Backtracking procedure » I'] }{5]’ fi
AP e

1 r) H‘E!'II("{ TR E['H‘E‘llﬁ =Y LRI A 580
P’[' F g™ T pY links #"9?8 = lmk(c,h) }{—J o
£ fl1fY links (Al load i~ | 2255 PR -

(@) [T 2 BT 560 link(e) @ AT
link set © -

3) E'IH\E{HH ZO)f 1 link(b,g) T link set © KU
FHEE ) 73 [l link(b,@)f channel set A > A &y
HET 810 11 ¢

(4) FlIET 4 BT o S50 link (b,g) 5 R -
Hi Tink(b,@)[IS5FSELEL 7 4 » link(e h)[i*) |53 R0
10~ 11 (HASFBE 10 7 link(dd) 7 5 1
i1 Fﬁﬂl link(e,j)~ &> A’El[ link(b, @) I#FTiELRL 8
P k(e 15T RE 11> LR 11
Al link(e)” 8 i Tink(b. ) HFLAL 10 B -
link(e. )i 1457 BT » BT
link(e) 1 link(d,i)% % T 48 » #RLES link(c.h)
YT e

Find_aLink_with_Backtracking (7,U) {
1. Letlinkset e={(u,v)lueT,velU};

Sort € into a decreasing order list. The order is determined by the load value on the end point of each link;

2. For each link (u, v)€ € {

®={(x,y,ch)l(x,y)eT, (x,y)is in interference range of link (u, v)
and ch is the current channel allocated to (x, y)};

3. For each link (x, y,ch) e © {
A = {all the interference-free non-orthogonal channels can be allocated to link (x, y)} — {ch};
4. For each channel e A {
Allocate 77 tolink (X, ) ;
5. if( an interference-free non-orthogonal channel A is found for link (u, v) ) { Return link (u, v)
and A;}
6. 11}
7. Return null;}

Tﬁ‘ﬂ(*l =) : Find_aLink_with_Backtracking procedure
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Interference matrix [2]

2)
3)
“)
®)
(6)
(7
®)

For two links /and , , & = distance between [and [,
m(,1)=(a, p)isdefined as follows:
(D) 5:',/=O’ l;and I, are sibling links, IM(l,,1)= (1,0);

é‘i'j:O, l,and 1, are consecutive links, IM(l,.,lj)=(2, 5);
0< 6, <02R, ma.1,) =3,5);

02R =4 <O05R, m(,,) =3.4);

05R =4, <0.7R, mq.1,) =3,3);

0.7R édl.,j < 1.2R, IM(1,.1,) =(3,2);

L2R =4, <20R, m@.1,) =3, 1}

20R =4, , m.1) =3,0);
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