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Abstract: Content-Based publish/subscribe systems have recently received an increasing attention. Efficient
routing algorithms and self-configuration are two key issues in the area of large-scale content-based
publish/subscribe systems. Although many routing algorithms have been proposed, none of them fully exploits
multicast to enhance system performance and save network bandwidth. In addition, the vast majority of currently
available publish-subscribe middleware has ignored this self-configuration problem. This paper first proposes a
hierarchical system model with multicast clustering. Then a hybrid routing algorithm is presented, which can fully
exploit multicast in order to reduce the used network bandwidth. Moreover, a multicast clustering replication
protocol and a content-based multicast tree protocol are presented for coping with the node or link failures and
rebuilding the event dispatcher trees. Experimental results reveal that the system has better routing efficiency and
lower cost, and guarantees the self-configuration characteristic.
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F B ZES: TP393 MEEARIRED: A

Internet FZ AR 2 N HMBB) . TEL T EF G I PRI R T AR O SR T 43 A1 20 2R e 10 B FH e R A A
Ak i R Pkt 2 — R R B A5 B AT R G W) i AL B i R 2 5 ARG HT T R R 4 e R
G W T T AN LT 5% I FH SR o Mok A 3t A% G2 1) ) 25 3 A5 A 8 (CORBA,RMLDCOM )i T I B4
PR AR o, AT LSRR RSS20 R 2 A5 1) e SR TR R AT AT D5 B Yt T A 7P . 2 Ul IR A
R AR 17 Hu 3 2 Internet b R TY  HY 2R G MOE A 1) 75 22, B 2 A 1 OB )0 A 2 3R 46 1) B3 T T PR 9 52
BT TR R EAL.

RAT B R G OAEE B (RR A R AT ) A5 BRI 28 (R0 1T B 38 LR AR R A % A AE
SRRy ) 2 A A, VT () 2 o) A QBT (50 SR B 1 =, = A1 B A7 D WA ) 54 3 I 8 4 SR Y
R VT B8 3 B 20 B A 0 R A AT ) R e AR T A R TR IR R R G v, 3 R — A R A 2R R O
EAE A DR 3 AR IR R BR R, A AT 1 A AR 4% AT 32 85 B VT B 2 0T 145 R U AN 32, i ] 1T
TG TR A AR U TR S AT B A L AT UG, DA TG K S A e e 2 X R R (K T
Vel BT R R R G 4 LA R, ) 4 T i EfY) SIFT & 4!, TIBCO [#) TIB/Rendezvous!™. Talarian
Corporation ) SmartSocket™. IBM ] MQSeries!* LA K 8 i i) S2 L, £U 4% Java Message Servicel’Hl CORBA

Notification Service!®2% .

i, 56 P9 25 10 R AT /T B8 ZR 46 1E A A TR, S 50 1) S5 R 484045 Elvin'”,Gryphon™”, Sienal! A1
JEDI!V25 33 B 22 48 o (1 2805 AN TR AT A0 A AN bR UE CLOBE 2 A% ) 43 288, T 2 42 RS 1 P 2 AR B )
AT AR AR 1) P9 SR AT B R, AN 6 32 AR GRS 5B S ) BR sl AH B T3 T R U R AT B R4,
BT N R AT/AT T R G BAT LAR A AT B T LA R R T B B R ST R T A B
S SCRAESR K8 1Y) 32 70 A0 R R AL 37 A0 73 1 B e A0 B T N A I R A /T B RGeS H e e 2 S T
M RAT/T T R G852 JUAS AT .

h T SO SE BT N IR AT AT T RS AT 3 AN ISR ) TR EAR e (1) A AR H e b 9 g S
AR 1T B 3 2 1) () s AR UL S5 (2) % I8 B R AU SIS ATAE Internet X PP I IR ST T, & 438 . 11 &
R A 1) it AR R, O 5 B 22 A A AR 2 e 23 A U H R 00 9 2 SR B s R G I Rk, ™ A4 1) ) A
A AT 7R XA K A0 P00 2% v EAT v I S E A T B8 5 2% B 1T B A 5(3) MR AU IO 28 12t Bl A I O I (1, B
N R R R UG L N % BB AT AR AR A TR LT,

A SCE A B TR AN A B R SR R I B LTI AR T N A I R B R R ANE T RGN
I TC PR T AR SR T A R 12 e L) R R DG B 180K A AR R A 2R R AT 4 3R R B (multicast clustering)
S5 1R J2 R S PR TRl ik 2 A7 S B A I P F CMTP(content-based multicast tree protocol) Hhis, 717 pi 8k 34
B B 2 2K B 0 8% 0 ) DA % % o A i) T e DA TR L e R B A BRI A1, 7E Siena FI1 JEDI TR K JE
XM SR b BB T IR S K el S, B A R B A 7R 40 T B 4 R R, R L B
TAERHCE.

1 tHXIE

A W b AR D7 ¥ 80 R B P9 I A /T T 3R 0 I % v i o il (1) R v, B SRR AR SRR
B2 B R UL 10 255 R EAT | RS 2 A 2 WA 30 A A1 3 I A A0 AR B 1 A, v S R DG S ST
A5 2 FH VG E B A I TT B R 0 RO 4 I AT T B AR i R S 4 A AR AR AR s A 1 R
PEACEERRAM).(2) DEBCHR GV A AT T 3 10T D45 A R 0L 19 20 rh EAT ) 48 XK B A AR ACEEDRE 1 A0
FITAT AT B S D JC M T A 2 8% el AN TR AT LT B, S BRI 4 T A [ SR AR, I P AR
MR B 1 W 2t 08 UL P B VRIS BN AR G 0 T T BT BT T TR R AR AR 42 AN SR 1.

Elvin R 200 AL AL S o P00 485 0 45, 0 % b S0 B 8 O e de K R RE R VK SR A SRV R
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A A ST T 38 A5 I8 R AT VT B8 38 1T 1) 1) 2, DN T 92> A a6 ZBE ¥ = 2 A1, 15 48 P9 4% 45 58 . Gryphon.
A AR 20 2 ) IR I 8 T i AR SR (R R TR RE ARG 26V, 8 T IR AN RGP RE I A & IL IR SVE R T A
) IFAT AR BB B, IR IS AE 0T ey A5 ) 49 DT A8 R 48 o AR R R R v VT IR T B B B 1
I 3 A % e 2 1) ST AR AR v, IXBR ) T Gryphon f9 N T REAE . Siena SEBL 1 JCIATEAZ T Pl AU 4 2%
& T & I (merging)~ 7 55 (covering) LA X 7 B (advertisement) it A4 i HH 575 JEDI ] Java SEHL T 25481 F Siena
1) J2 U A D) 4%, 2 e Tk T 3 2 R o 32 44, AN T R VP S 30 2% 7 70 AR B R B4 73T 4% . Siena F0 JEDI 112
DR 0 28 118 6% b B9 R AR S HA 1 888 £ 00 AR S ARL, AN [ IR AT I A 2% B A D1 i ORI 48 I 8% 4
() 1) R, B AT T 5 TN T 4 3B A2 1 I LA ¥ Elvin,Gryphon,Siena FiI TEDT (1) 2 {14 BE 2 J00 1) 2% 15 2 5 A e & 1, AN i
HEAT W4 () [ TR AR FEL Host! U — AN BT 2 M AL3E DL E A s AR . [0 B AR T AE R g 0 3
T WA Z s AL S

2 RGHRE
B 1R T RS I0 2 UEROIR B 45 45 ). ik 4% S A4 k.

REB RP

& PUB <& SUB
O DEB Ol NEB

Fig.1 System architecture

K1 RGEREH

NEB(normal event broker): 1 it F3 {4 1. & J& AbTE — N ST R 4L RF I R 30 (Can AR I L 4 BRI 45 iy T
ARBEFA R Py I LAt NEB — e 41 il — AN ARG S, A8 R FH 40 #6100 AT A0 T

DEB(designated event broker):$if & F 1 ACHE, 2 4 il /3 O PE S M 2 (1 ml e 2 — DN ER P T S
HAth DEB #H B35 AR, DN HIBRER L — > DEB.DEB 2 [H)Fl| 1 £} S %8 5. A HE 338 /5 1) DEB
TR Ay A2 AH AR 1) BRAR Y S LAAM, A DEB R A — AN AT s SEAAR &1 Y SO Ch #7715 5 DEB ¥ 35 K% 7719 3
H Fx A (degree).

REB(root event broker): A = AU B & — AMEFEL 1) DEB, AL T2 R 1 k2 400090 2% 5 v J Ve S8 1 AL

PUB(publisher): F 1t & #i & & 5 i iE M FH AT (NEB i DEB)Z: T W 48 3% 45 05 F 4 R 4 1% R4
T E S A QSN 2 I e B T

SUB(subscriber): F4E1T [ # e 5 & IT I FAARFE(NEB 80 DEB)E AL W4 IE 3 K 1T M5 BRI 45 %5
FARER, A AR B AR T 45 S A ST % .

event: AT RAT I BB FHAE FAE i — FR 5 1) 48 - (E0 BT 20 1 1 s 1k 4, 3R ATT 58 A IR event (145
4 (type,name,value),type 2% 7r i Pk U357 name J& 7757 B 2880 KR 8 VE 44 value o i% )8 2k A 1H.
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sp(subscription): 1] [ 3 & 3% 1] A5 8,3 7~ B AT RS R 1R SR 2 51 b F B T A1 1 9 264 S 40 28, TR
Bsp H— R A0S T A4 B P AR BT 4L, [ — A sp BIZHRES 5 7 H 9 R RATT 5 AR sp B9 (type,
name,OP,value), H:F OP JE ST, i<, > = between”2%.— A~ event VCHZ—AN sp 24 HANY sp HIFTH LR %
i AL

RP(rendezvous point): & W gl B st — A EHLECGE — DR, E R0 5% T 24002 0 I 28 (R 45 i
bk, DU B A 25 50 N 21 9 285 v () 397 71 s, AT REBE A CMTP 0 04K 21 fe A5 3& [ 82715 s RP [ Hbhil 2 0 A i
B .RP NS 50T 1) e e R b, DRI e R A 0 R R 5 .

MC(multicast clustering): 2 #FELHE, L& —/N3CHF 1P ZHE MM 4, W1 EHL. LUK, Intranet 4.MC H1 1)
HFACELAR R NEB A L2 [l 1P 2 4k AT 045, 2L — 4> NEB #0254 24 DEB, #1575 LAl DEB (¥ (5.

3 ETARMEH

PR SE DL BC AN IE & T MU 380 1 2 e 1 P, 5 B AR S P A O ¥ 2R B — A PUB Al
(] event 8 SUB KIEH sp 270 #645 T A 1) DEB, &> DEB %448 4 o B A RE Y E &3 A % o 4o 2R
DEB FURHE AR SR4Y i 145 Sk fE A2 i 11,06 4 R G & A3 IR A9 ek 2 X — JBAR AR T — PR G
s 5.

[1]  Routing(message) [22] if( this.type # REB /\ message.source 7
[2]  {if( message.type = event) this.parent)

[3] { if( this.type = NEB) [23] send(message, this.parent)
[4] if( message.source.type = PUB) [24] }

[5] multicast(message, MC) [25] }

[6] else [26] else if( message.type = sp)

[7] { ss:=match(message) ! [27] { if( this.type = NEB)

[8] for each connection in ss [28] { if( message.source.type = SUB)
[9] send(message, connection) [29] multicast(message, MC)
[10] } [30] }

[11] else [31] else

[12] { ss:=match(message) [32] { addToRouteTable(sp, message.source)
[13] for each connection in ss [33] if( this.type # REB)

[14] { if( connection is MC) [34] send(message, this.parent)
[15] if( message.source.type = NEB) [35] }

[16] continue [36] }

[17] else 371 }

[18] multicast(message, MC)

[19] else

[20] send(message, connection)

[21] }

Fig.2 Hybrid content-based routing algorithm
Kl 2 RE K Sk
A HIAE R 3 A PRI DL
(1) NEB #2453 event. 11 % event i PUB &%, 7E MC )t NEB i it 1P 204544 event 3% K 43 [ DEB;
1R event H DEB 8 # At NEB 3 i3k 21 % 232, ] ik NEB Fl FJ UL B 7504 event 5 B iR BT A sp AL
Bt 75 B VS LY sp 3EEF R4 event WAH R [RERE RIZ AT 7 4% .
(2) DEB #:Y3 event. K% event [P 7] §E /& PUB. NEB. #1150 8 3 QW &, o e i & ik, 1 56 A FH L
BCEVEH event S5 R T IN T sp AHULHAC, 75 ZIVCHEC 1Y sp iEH 513,44 event AAH R (138 Rk X A —
FPfE DR SN2 event t1 NEB RI%JF HAS 2 VL RCE AT IR 1) MC AR I8 ) AS ) 3K 264 7] MC &R 1%
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event,[X 5 MC "[T5 NEB L&l i
event [FIAS ALY 1, DK event 36 R 455
VI8 B0 A% 37, TR 23 S T 47 1o

(1) NEB #2¥# sp. 1 sp th SUB &%, 7 MC H, ik NEB il IP 414 F sp #% K45 © 1) DEB; 4% sp
FHH Atk NEB i 20 4% 5 126, T AS A Ao A 282

(2) DEB U E sp. K% sp IR fig & SUB. NEB 84 #% 117 55,1% DEB ¥ sp LA L FN sp A% 0 1 3% B id 53t
FI| ¥ fh Fe b T NEB RIE sp HIAH N I HE38 19 2 MC (2035 Mok (PR 24 TP 41 4% 2 TG 35 1), i S ik DEB A
SRR LK sp B R 45T A

SUB W 1] LB 3T 158, %0 T~ B3 10 4ab BRI RS 3T 15 £ Ak B 2R AL ) 78 I AN T 3

SVER R B 2 s L match ()24 VEFC B0 SN 00 S 4 RS (AR B BT 3% 1) sp EAT e S DC i, 3% ]
VCHC R ZN (P sp (AR N JE B

AT 1 R BIAT 3 s1 ) AL AR TE (1 N2 & 3T B sp,N2 7E MC " 4148 sp(fT 29),D1 ¥ sp i A\ % £
F AT 32),88 )5 M T s D2 # K sp(T 34),D2 F K% sp & REB(AT 32~1T 34). 2Ll i1 [ # s2 HIiT 1 sp
53 5 % 3% 45 D4,D3 Fl REB(T 32~1T 34). B4 KA & pl KA FAE4 N1LNL 4 MC A event(fT 5),N2 il
D1 #BEN %A ¥ event AT sp AHITHD, ) N2 ¥ event KiE4S s1(AT 74T 9).1L 4k, D1 ¥ event Ki%%s D2,
HZEFIX REBUT 12~17 23).H1F event fl sp AIVCHL,REB ¥ event K i%4: D3,D3 #EAT RSN 1E, 5 K 1E%
D4, 5% Ja KT 1 # s2(47 12~4T 20). KA & p2 Kk Ai event, B35 D2 J&, 1T M s1 4 sp VLIE,D2 % event K 1%
25 DI(AT 12~17 20), 58 K 4525 5 REB(T 22~17 23).D1 B8 2110 event £ MC R FFAT 12~17 18),N2
LW BN I RIEZ s1(T T~1T 9). 734 event H431E 2 1% 1 2 REB,D3,D4, ik s2(1T 12~17 20).

4 BERERR

WA B A TR A SRR B R 4R 5 B AR I S TR 3R BN N 18 B AR el TR TR
P 5 A6 IR RE 1, 2 7 AT R — T R ) B B AT 5 0 1 4 43 ) L, R b, R 6 AL A A R
FRIBE 3 AR SO H A 2L 3 AR B AL D IR CMITP Bl iSUt 23 S A e 17 4% o5 R AR 5 K 20 P ) 7L
4.1 HIBEHE I

0T B ik th T DEB ¥t 1 3 S50 19 4 23 31, A8 H 2 3% B2 % 60 DEB BEAT 2245 52 11, iX ¥ — B DEB 228, A A
P 2L BB AR 9 19—~ NEB AR5 2R 20 1) DEB.JEA Ib B4 3 A 5 B B - B 28 B B FHA00 ik 52 v B
4.1.1 EZMB

3/~ NEB #i 7 —AME—1 id, 7E R AW R AL BT NEB ¥4 id 3E[7) & /# IP [] DEB {4 /i, DEB T /& Z R HE P
JIiHi NEB (#1157 5. DEB J& 11 Hu 20 5.0 k15 B, 7 B I AFAE AR <0k 5 B 848 T 9T NEB (19 id L e
(R AT pd R 771 s I AH OG5 B e Ak, o0 T 52361 % Hh 36, DEB K A3 AN S 37 1) % P 3K T30 6 42 30 v AL 3%, LU
NEB # 7 [f) B ¥ B 22 a0 SEAE — B I) Y, NEB ¥ #4021 DEB 1«0k, 5t IA h DEB 2838, T2 3 2 i 24 5
5. T8 NEB CL4 08T DEB (0B T i 7 At NEB 1) id, % % id f K[ NEB k1 (1) DEB,H 35 11 57
{1 DEB W:Mlt.id K1) NEB ¥t [ CL 25 F % B O DEB,#:52 HoAlh NEB [VE M, IF HALFR<0 b5 B H id i
KB NEB 048 R 30,84 JoAth NEB A #0310k, 30 T 87 3 238 28 5923, 3E 4% id X2 1) NEB 24 DEB,fK
e HE.

4.1.2 FE M B

454~ DEB b J& 4 Hh e (R AR A8 s (BT s AN 9% 1719 ) RO B (s B DB B S a £ T
A NEB ) id F1 TP #uhik X #4148 DEB 2 [A) i i 0o k28 4% F A T N 1 NEB 15 5. 1 3 — Be i [A) 4 34~ DEB
A LR I AR AT 2R JE R AR T R I8 BRIV BRI 0 B B ERINGET (¥ DEB LU 8 37 (1 3%
Fe T A AR R O OB T M T RO AT NEB 15 B, BRI, B 5B BE R AT AW id K1 NEB

ARRHCE] T I event; 55 2 A0 AWl Stk DEB AR mUF HRI%
R
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FH 2 ) AR B 52, 32K ) Bt 58 T R G IS 2. 40 S AR WA 281 g 17 v J5L, D) B4R 47 I, A5 1 0 W I, U 1) i iR
Z ) NEB RIEERMTY B IR IR, 35 4L R SRR 4 30 R % ol 3 o T8 B W T S 3R 4 o vk &2, ) b 20 A )
CMTP s,k i 400 W9 4% B AT FE 4.

4.2 CMTP#iY

ﬁﬂ%f?ﬂ]‘%ﬁﬁﬁ?&ﬁiﬂ& WUl BA 257 DEB (¥ 2H 47 S48 4 350 2 255 Bl 40 L 0 T P, 2 R 2 2K 1 A R 7
T2 R A TR RS T o 400 IR 8 At <), Dok s S P B e AR B AR, R BOES 2 AR AN RE BRI XN R
E)i'zsfj CMTP th AT B &AL BE.CMTP Vpisl 75 ZEME YL AN 0 (1) H T T 19X % e o 1), 2 35T il £ 715
T BSR4 AR SR A A B, T NN B R %5 (2) B AR SR sp, LAERTHT B B 1O B
P 265 R 45— S, T B T B R
421 TREFMA
h T E AR TR R B DA R R AR R R AN 1 S B A S R I B B 4 B IR % 1 TR R R b R B R e
0 )5 R AE T R R BT AN M 7 A TR T s AR DGR BB AR X BRI T R R P R, I B R B
R AR LS B3 6 2 2% ME.CMTP Bl 2% T Host! g VAR SR I T — R b vk, e OB 23 4 s
P 3R BOE B AT RLORAIE T R RIS I3 L T R G805 2 E R A ORAIE R B 1) 525 s A2 el R 74 A
BATVICAE 1 185 D3 F1 D4 2 8] IHE i W, D4 84T HRIM K & B BRI, I D4 8 3l CMTP i3 &
BN L 5% D4 4 /0 RP A H A1), RP 4 0/ A7 1) BT AR ™Y 51 REB R 0145 D4,D4 #8517 REB ¢ tH %
#I,REB # H G I #7717 s [ 45 DA,D4 3l ok B0l & 5 i A REB DASCES I #7715 A b ade % L e i 15
. D288 5 D4 X ) D2 et A, ik A XS A, ?JééUTBE’ﬁiEE/J*ﬁ i D1 D4 [ D1 H I sk o
D1 T ddd Tl B O 4 Bk ds ok, 9B 44 %3 5k, D4 3R [n] | — )2, 5 548,43 D5, % LL D5 fEARL
FT 5.
HuiR Bl 3 s 3L stack & — AN HERR, R AR IO — )2 I AL R R A I A T
sischildrenList J&—AN ) &, R AE BT s T A 2179 s, B A — AN A — A state JRPE, WA KH
MR FRIC A trae, 5 U false; %X findNearestNode()iR [1 57 A AL 75 s state J& 24 true 7 H TTL

[1]  Join() [19] else

[2] {root :=getRoot(RP) [20] { response := sendJoinRequest(parent)
[3] parent := root [21] if ( response = false)
[4] childrenList := getChildren(parent) [22] { parent.state := false
[5] while(parent # null) [23] continue

[6] { nearestNode := findNearestNode(parent, childrenList) [24] }

[7] if( nearestNode = null) [25] return parent

[8] { parent := stack.pop() [26] }

[9] childrenList : = stack.pop() [27] }

[10] continue [28] }

[11] }

[12] if( nearestNode # parent)

[13] { stack.push(parent)

[14] stack.push(childrenList)

[15] parent := nearestNode

[16] childrenList := getChildren(parent)

[17] continue

[18] }
Fig.3 Join algorithm

B3 RIS
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Bk TR AL AT A G% S kA A BB AT -

WIAAR 25 55 REB 2 8%, WL A #7705 s A B LSS A5 — O )5 1) RP R I 3K, 38 1 AN BIlik RP 1M #%
T SRR BT AR T A
422 BEHIER

T 19X 6% 4 1 465 FA) 1) 250 AR 0 4R 2 7 06 T PR % Eh TR AH B 038 0 G, R A 3 P2 R AT IR IR R & 1t D2,
REB,D3,D4 ik il [{# S2,24tHT D3 Fl D4 2 [i] {85 B R R A8 £43 D4 T I FELL D5 /E 52 fibLE,P2
RATF AR 238 D2,D5,D4 Flik S2, R I, FAR45 AN FE 4 i )k 45 D3.CMTP P BB il P 1A 56 2 /> 1n) RUAgE A2 ik i
A 52 R PR 0T e T S e, DU I B R S T T LR A D R

(1) ZBRE 1) M eh . 2R 3050 16 1 i 11001 P AN T 1) 0 326 ok 7 Je8 2 A 1) =542, JEL 288 R gl 2 [0 00 L AH R
T B T 1 000 R R0k, 2 B 2 I B D 5 VR R P YT 1 B0 AR T BT VT R R R R 1T R
LV AR B L AT ) ok 55 el 3 v (R0 Y R I, L 1) b T R A BRI AT B A R

(2) EENLHT L EHOIN T S0 B QBT T T sp A R 3% 45 8 1AL 55, 32 719 AN 1K 8 sp 4K SRk 44
HELT 158 5 05 194 S0 ok Adb B0 M TG o 397 2 57 7 % £b1 491 401, D3 1 D4 2 () 1 K 2R 0, D3 P AR T sp HIEGE TS
AR A REB, M 25k T F 405 K A D4 18 ;D4 F5 0N M 28 )5 #5107 B sp A2 #4522 45 45 DS, DS X
sp 1L HE 45 D2, I 7 K% | At C & A, i P2 B A SRR D2,D5,D4 FlIA S2.

5 ¢ Iy

T UE WY LA S5 00 g AT AN TE A 1 AR FCE RE VPO, B AT S EEAT T 0 S BL, OF B BT 414k
SEREI0 2 R B e SVEMCT LA A7 BOABER A T GT-ITM! R R 8.
5.1 SREINZREMITFMIER

FIH GT-ITM 1 4h 7= 4 8% ) Transit-Stub B AL B AL e 1 B 4%, 3 DEB %5 & 100 4,4~ DEB fIZ4H 4%
LEHEH 10 A NEB,730 AMEE K, BN S KBRS B0 8.t TR & 2 by S0 A0 T — M ) J2 TRk i rh 8005
0 SO AE T 38 0 T AR SE A, N ELVLR VR, XS T SUB ) £ i 58 4 0% IR 6] - — 4S50 F SUB MR & B
g X T A AR i, AR AR L R 1~ 1000078 & — 2152536 1, PUB 400 8 5 2,4 100 F1 1000 P24 T i1k sz
%:,PUB JURAT—F A, SUB B AT Bl ax F i £, H T3 5 ol 23 5 R G0 7= 2E Jo K 1A 6 3, BRI b e I s &5 R
S R DU HE B IL A B0 1. S5 56 45 A b (A A s SO LRI AE I 2408 AT T 10 IRSRAF I~ 341

h T TR RGN R RICRE, AR T AT R AR

o WIS TCT(total cost of tree). TCT Sl & & A 11 B R GEH) — IE A TG b, & 24 T A B 1 B =
HEAT SRANAF B0 b T P28 45 T8« SEIR 2510 25 301, TCT (¥ £ 5% 8 0 B 7 IR (E R B A LU, TCT oR T &
Gy R — N E By T —— R G R B T8 A5 AR (15 .

o I THH U S AE KT I IR 1 (7] AED(average event delay), & JiT F s 1) 15 B A a) P 2 05 381 1) A 5
BN, EIn T REH R FARE8CE.

B 4 FilE 5 2 sea gt B3 hr fR3R JEDL Siena 5% F (12 0 B B 5075 hrm AR BT AR LTI &
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Fig.4 Comparison of TCT incurred by hierarchy routing algorithm and hybrid routing algorithm
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Fig.5 Comparison of AED incurred by hierarchy routing algorithm and hybrid routing algorithm
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