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Abstract: IP multicast and MPLS (multi-protocol label switching) are proposed to support emerging network
applications effectively, extending current IP routing and switching mode in different ways. It is still in progress to
combine IP multicast with MPLS properly. In this paper, a novel architecture, called Rendezvous MPLS Multicast,
is proposed to support IP multicast in MPLS networks and to have the scalability of multicast routing, to achieve the
label space reduction, and to solve some practical problems in implementation. A two-layered structure of control
plane without multicast routing protocols is implemented by overlaying novel service control plane over the existing
routing control plane to support multicast state aggregate. The interface between the.two planes is formulated to
support the interaction and cooperation. Moreover, the label distribution process*for MPLS P2MP (point to
multi-point) connection, with RSVP-TE (resource reservation protecol-traffic engineering) protocol, is extended to
support aggregate of multiple label switching paths with traffic engineering and guarantee of quality of service. An
algorithm of selecting Rendezvous Routers_for Rendezvous MPLS Multicast has been presented. A test-bed with
Linux-based implementations ofé MPLS multicast router and IP multicast service control system has also been
constructed.«The experimental results show its efficiency in terms of label space reduction and multicast traffic
balancing, with the whole system adapting to the dynamic change of group members and network topology.

Key words: MPLS (multi-protocol label switching); IP multicast; quality of service; control plane; P2MP (point

to multi-point); RSVP-TE (resource reservation protocol-traffic engineering); Linux

W OE: I HEF LWL A IP 245 (multicast)f= MPLS(multi-protocol label switching)# K55I RE F @ ¥ &
T LAT4Y IP 34 Ao T RAE X MPLS F= IP 204569 45 62 L AT AR 69 — A2 8 MPLS W4 89 IR 47 & 40450 16 &
ARAE TR E 2 RSB R S0 T B vA B EAR I b o B XE A adaX ok 9 21 42 b T AR TR R ik 49 #7 A MPLS
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M5 B ALK R 45 M S E B IUA 6938 B 45T & £ & — B @6 IP L4508 56945 5 T & X 2045 3% o i 5T
IHMBRE TR 2 B4l @l 2 LT A-F @ et fe LB X, FFd iy & RSVP-TE(resource
reservation protocol-traffic engineering) P2MP(point to multi-point) ¥, E#7 694k & L5 M) b 82 A T IR 4R B 454 6
1.5 R TIC R4 A TIE B 29 RaAFIL RIS 69 F ok, LT AT Linux 69 MPLS 44554 & 25 4= IP 41
BIRGIEF ZAJAET KRBT 6 FRAAEME REAY A TIDRAAIE G BT G W 45 4] 2 M) 695 1 5 4% ) P
Fo W 45354195 A5 AL, RS A 2T 4 MPLS AR5 R, M 4 F LG 2 690 A

*4#iE:  MPLS(multi-protocol label switching);IP 8.4%; 0k 4/ & ;4% 4| -F & ;P2MP(point to multi-‘point);RSVP-TE

(resource reservation protocol-traffic engineering);Linux
FEES XS TP393 SCERFRIRAD: A . ' -
LY

L] A A T 28 B IR AT AT 78 1P I 4% v SRE IR 45 I s AR AIE — BT I S I AT BUUE O H AP A 3%
(multicast)f1 MPLS(multi-protocol label switching) A4 77 TR T 24 1P i AR

IP ZLENA5 P 7 BRI R P B2 A LA S 2P 23 R AT b AR AR

1) YR EALE 1) 24y B EHL AR B I B8 A0 55 AR L AT B

2)  rh A% A A, HEE D T 0 4 VR T R P AL B A S R T

1ZISF__\7)5E(Inter;19t protocol television, & #x IPTV £8) ) 2 2 F B B4,

MPLSPEUH AT 5T 1P (43 4 % ch AN AS e s tE 7 T K ok il A 7 T RSB R 1P B8 k3 AN 1
SCHRU B TR RIS T ) AR 78 24T, MPLS BR T 7R AR 1P B4 7 [ A JR A5 AR st 2 b 70 SCRFH AR IR
5 EARSRALAEAS T Hh 5 36 2 JLH MPLS X 1P 4135 1K SR AT MPLS 19 4% v I 45 J e 2 4% 1k 2 45 g 2 AR DG 40
BRI,

ARSCEE I MPLS 19 4% Hh () i 45 5 e AL 4% E A R G5 by LTI (R b 28 B8 B =2 . 2L i phbR AR O mT 7 2 LA
Fe ELARSEEL B R AE, B2 H T OB MPLS IR 25 00 i 40 36 Ak R 45400, 528U T 25T Linux 8 MPLS k45 i i 41 7% &
G5B 10 AL 1 2R 45 M it B 4 AR IR RID R I 5 VAT 4 MPLS AR HEUR, T Ik T 26 1 40 R g i) SR H 41
SV 1 7 (4 S 3 9 ) 038 P T A I 417 7 L 53 T I 26 1 0, 395 1 40 9 2 5 M A [ e 45
VTR 2 B n 1] ) 9% R 25 1 4 s ST T AU 239 % e WS, TR B T P 2 R I pH RS T R A 1)
ATY B T RSVP-TE(resource reservation protocol-traffic engineering) PZMﬁ(point to' multi-point)!kx 2% 73 & it
T T 38 57 T SR 413 0 bR 540 #e B 47 (label switched pathyfi 75 LSP), 3k #4145 14 2 45 Ml & T %5
Ji s RUERE ). 4

TATSEZHLT Linux 285 R0 MPLS 4138 Mk 8881 MPLS 21 4% I 45 45t R 40 1 2 T 92 i 3R 85 i i K i
S5 FHARALL, 4 T 2 B, 30K ol 04 6 TH 1) 4l A 3R 405 0 AR TE 1948 MPLS AR 28 W JRIX — BRI g b B )5 T 2R
/ﬁ%éﬂ?ﬁ,fﬂ'{{ﬁ%ﬁ?ﬁfﬂ%‘ﬁfiﬁ%%ﬁﬁéi%ﬂfi?%ﬁ%éﬂ%,ﬁﬂﬁﬁﬂziﬁ)ﬁéﬂ%éﬂﬂ]M%%T[‘ﬂ’ﬂﬁ]ﬁ%ﬁk.

ATCHL WERR GASCH R M T AR S 2 WHiRH 1 MPLS ALk K R 45 M BT AISCEL. RSVP-TE
PR AT ER SE LA 3 Y I I S a6 OB H BAT T4 I SR ALk . JE T RSVP-TE P2MP R4 414%
RN = HBIPEREEE 4 WRG 2R E N — DR T M.

1 #HXIE

IP 4147 B2 2 AR RIS, 1 F TR A 22 PR XECOL SCRR[LLIAN ISP FR#8 3T T B A 4L B3, DA g 37 222
1) AR, BN AR MR BEAT RNE;2) AR b4y B A I OGB4 IR A, i HL 2 3 Mk B A
B A X i e b k6 A2 ) 2, 3) 2L 380 19X 46 2 4 RS W Iz KT PR S 4) LR I UGS R 632 T R R A A A
AR T R AT RG] 3;5) H LR B 1 PR BT K Internet £ 0 JO IR AR BIANET

S L, 1P ALHR (AT TS AN T5 TR T A 2 IR R 1) 2 U A R T SRR T % 2 4 22 11
2) AP A 2 S 2L 4 5 0 N T RS« 2 U TR R R DU B SBE S ok AT 0 4 AN R S AR
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IS J2 2R 3 2 T e AR B AU ML B TR P 3 M T T U A S 1 7 SR (B AR E
THRERT B LAV R AR I PR A DR, Y 4% 2 R AL IR )0 TR B S A BT 5 N I SR B

7E MPLS % 2% 7K 28, 1P 20 4% 11 3 A Jy 55 2 78 37 P2MP Fll MP2MP (multi-point to multi-point) ()5 2528 e 4
1, AT WA TIUAME s — R 7 B Pl AL 1P A 3% 5 B L B MPLS 2 G b, R R EMEL
B 37 25 0% 2 A0 1 U R0 S 338 ot L ) B, 0 2 2% G o B S 56 T~ 1P I 2% (¥ 21 9% 3 TR O 99 ) L T L
MPLS [ 2% (b 25 th i — ol o R 8 O1, A6 P PO B &6 50 4 5 0 8% 1 286 MIPLS it % 1ty e i 1,

A MPLS 154 WL 7 1, SCHR 9140 I A S 20 4 16 th 90 L 15 A ML 7. P2MP i@ﬁé,i%ﬂﬁ%ﬂ@ﬁ#@
RSVP-TEM e S, 4t 37 3l A R 45 0 i SR f) P2MIP A 25 28 4 40 42 SR T, 70 A7 6 K 4L AR AL O NG B B, S At
i%ﬂfﬁﬂé‘?ﬁ'ﬁjiiﬂ’ﬂﬁ%*ﬁ%’?.irﬁﬁ[g]?&ﬁéﬁmZH%&J\EWE‘JHH%E*J‘HL?E'Jftfﬂ&%ﬂﬂ%ﬂﬁ[ﬁi,i%ﬁ[?]%%LU TRE
L% 73k, B I HE AU 5 R KR 193 TF 52t — A 3 R Dy 22 NAL Fleis ikl U 32k i 5 2. 35 ol D %
) 2 o (10 20 F R A, 2 o 2 BT (R R (L A7 AR A 0 TR B ) B2 4R 4y R 2 T AS 56 4 L I B, — 1
2 U4 R B0 U T, 200 I 0 0 9 A it 20 350 A 2L P A7 10 R L O8RS 3 1 3o A U D i i
SEZ AN 9% ARG UG T 240 TR 5 3 B P9, AE S o 1 Bl 3 A 2B B A AR A IV 78R 7 A A B IR B, FL41LAE
ZAN G R Z TRIE R 2 it o S I D) U4,

SCHER[BIHE L) T ZRER AL /1 MPLS 2% th (L fE, SCrh 5IN T — AN LS4k Tree Manager, 45 b2 i (1 77
A AEARS A W8 1 28 USR(label switching router) I 2 57 41 #% # KoUK 45, 70 1 - # th1 4% LER(label edge router) |-
QAR E] LSP HOWUE . SCHR[16]48 | RSVP-TE Hslh 1P Z13B4ESE MPLS P2MP R4S e B 12, 1 ]
NIMS(network information management system)#4 il SE4A#F LSR F1 LER _L3# 37 MPLS R4,

SCRR[17-19142 H T I 4 I (merge) Al AR 6} Bk % 18 (asymmetric tunneling) (1) J7 725, 9 20 b5 25 9 5 15 40 L JE A
ARG W F 2 & FER—AH ) LSP ] DUH & IE 1777k 3L B3 — B LSP;2) X+ FikAF H
I Hh ) LSP AT LA bR AR 10 5 10 /3 2 AN 2 IRV LSP & BEIE R Z 1 LSPIX R 35 ATM M4+ 1) VCC
(virtual channel connection)f1 VPC(virtual path connection) 3 2 iz SUL47 $b 2 1] ) i S A AR Ak 2R FH 3 Ry o
AT DA K FE S SR AR LSPAH AP g i NP i ] 801290, 5 gy HU A A % 289030k, T L L o B s 0 9 i R S B Ll
W A Rk — R R \

2 IRITFAEI 3

2.1 BEARE#E \

S g MPLS 45 50 REAAL IR 10 77 VA {1 1 e o]

1) SUATER AN A IR S RO SR B2 R R 4 0 S SR A 3 8 7 95
G TR bR R A B A ] 5 LA

2) ISP B I 1 00 A A A LA R R S YR . RN

S RI ) 285 52 10 gt A R
3) MR PET /R IN R R EEON, BARGER T /
S b NS LB 47 £ TR B B T L [ Service cofirol pfane _
20 1R B 53 R AR AR AL IS R B AR A R ) BUW A , %
KBTI \ Rou:iing con:irol pl;ane I
PATTIA g 3 2 TR e my LAl I o 1 U 21 % 0 4 R 4k 1
I ARATTHE T 4 0 S A JEAR, 5 DN T I 45 45 )~ 1 4 R — W/
ANPIJZ I MPLS 50187, 10 P 1 97 725 5030 e 5 V- T i | Data forwarding plane
ST BT B e 8 AR R S R — B B B I 95t MPLS - Fig.l Logical structure of MPLS network
T FR) 4 A, e et T T ER 2 A 0 45 6 e ol b AR S S AR A Bl 1 MPLS ¥ 4% (138 45 45 1)
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SEAT A BUAT 1K e U220 e 4 DS L2708 ¢ I 5542 S T T 1 FL AR 45 P 1 S 4, 5 S S A
b EL AR 25 PR 155 R, S BT 16 5 S B 5 00 e, 2108 5 TR P B e 8 SR T LA 2P 8 el b b i
7 B0 KO 336 4.
P 2547 4 1 1) SELARLE 1 BILAT 11 Tree Manager,NIMS, AN [ 2 &b 751, Jo T 7 37 M4 7 478 460 1 1) 2 e A2
S P TR 0 9 30 b33 o S P B ST 03 R PR S, B % 18 0 5 AT H 26 ) SR RN IR 45 5%
2 Bl A, DR LT 190 46 100 S IR 245055 ., S0 0 Ay A e A P O 95431 P T 1 0 R 2 ol 5
SUBRE 5 1P LA ETREAT G0 1 L AT T SR P 50 45 5 DR A O B 113 o DR 5 6 L i
SRALI AT« 2L SRS, 93 B 10 S o 3 e 42 S 0 5
U7 TR T 6 280 0 1A 2 46 g L 4 — SR 5 e L) -
1) G T BT SN 2 0 s R 5 10 £ BT3P LA T 5L 1 o 9T
THT 51N 2L 2L 030 5 AR R 75 S50, 3l 24 8 O DL T 0 35 T P T L2 B4 1 30 7
A5 AL AR, 3 FF AL BT Y B, -
2) TR BACLE B B T S SIS DI PR R FRON A T 160 9 2% 49 43 461 76 32 6 MPLS )
ST ,1P B ph D DRI SERE O 4 USRI T MPLS 13 BE45 £, SUAR A L0 « A48 25 5 1T LA
3ot 7 5 RIS s S R 45 S B B R 2
3) W%ﬁ%?ﬁ%%%&ﬁﬁ%%%%%%%ﬁi$%m%K%ﬁ%h&ﬁﬁ%%%%%%ﬁﬁﬁ
> R TR 5 00 19 40K A AL B B A A DA T 45 5% R Pl
8547 40 T £ S0 7 2k T DA o K01, 07t 6 050 AR e b B 1 1 A ke SR 35 K R
545 CH R AR ch ST T b A B 0 5 AN A 1 S o R 5 2 P T £ — A5 1 2
b AER AT AT PSR A0 A AL TUAR #5525 7 VA 3 L T S, T FLIR 4543 B R 4R 005 43 4 4
S8, o 19 4% 1) S S 2 AT B
2.2 FEIMPLSHR S R HIBRY IR R EH

221 IP RIS ¢

SCRF 1P AH3% 1) MPLS P 45 rr ) B S 0 207 I B 28 (LER, LSR) A IP 2H 4% IR 45 5 il R e, il |8l 2 s 0 T
SE A% 45, N I RTHE 11 LER J8 3 IGMP(Internet group management protocpl)[zglé’ﬁﬁléﬂﬁﬁi’[ﬁB‘Jﬁ\ﬁ,ﬁi)ﬁ@
MBERE LER FIMRS 45 M R GuHe O X L5 BAL L ) IP 4176 R4S 15386 R 40P #5555 B R BT 7
LER WSt 4% p T 41 7E IXXJZ%EPD‘Jéj\%ﬁ,’ﬁﬁtlj%??[%ﬁﬁ%‘ﬂ@ LSP 2% 52 3 1 il 45 Jo 425 11 SR s R )5 4T
RLETRIS IR M4 LER.LER Ff) RSVP-TE {5 4 1 isdsi th 5L T3 L6 Il 4% 56 W e Jok A b 35 bl A8S e (e 0 66 72 8% b
B 24 R % 1125200y 3 L 5 S G b A A0 el 48 [T I RSVP-TE. 5 4 1o R IR 45 % 2 (% UE B A R b 25 43 e
7, I T LRI T A e (K N 25 0t T LA Ay DX 3 Bl 45 Fry B v L

AR R 2 VOB 1 3 7%, 40

1) N A LAV T P S ML f 1408 1 P R g 2 A 2R (1 Y 42 o M 55 9 S T AT R 2
i i AR L. DGR, AR R,

2) LI P 2845 A A8 T 20 1 I FH 3R 2 4t 7 B 20 SR M ik (1) Socket JE 1% R AE R G 5 A HL A1 #E 1% ih
Z AT IGMP 23 1l A Hb 2H 5 2% 1t #5338 1 1GMP 1 S HZH 7 A b 1) 43 A, S a0 ot g 45 42 o 0 DU AR X 2645 0 A
E 1P 43R M55 1 RS IP 4LIE 45 12 T R G5 0 MPLS 19 45 A5 1 1 478 206 4 5 s Rl 45 I et i ol SR

3) LRI M 4845 448 B A H 20 4% s p 25 55 T IR 4% SR, 80 A 25 40 R P BSORT 8% BR BSR4 3 2 i MIPLS
I 2% [ AR 25 AL He B A2
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IP multicast service
control system

1§

Service control plane .~

Multicast co,mff)l signalling

User-Network e . (User-Net
signaliing ,,41_»%5\'LP"T * 2 ignalki
3 » (=< .
#f &
NI ultjedst data path ¢
Multi#ast data path MPLS infrastructure
Group member Group member
¢ Fig.2 IP multicast in MPLS networks
g 8 2 SCHFIP 4B 1) MPLS 2%
:e Application layer (authentication,

authorization, etc.)

Multicast service (establishment
and aggregation of
distribution trees, etc.)

Label distribution protocols,
routing protocols

{ MPLS data forwarding engine }

Fig.3 Layers of MPLS multicast architecture

K3 MPLS 4B AL R |
222 CRAE A S
1P 245 IR 25 12 1 2R 6 SR AL 1) — AN 00 B B A 0L 99 1 SRR o />
R 2 R YR V70 . FRATT R H () SR A 7 iEFR N I SR 7 RMM (rendezvous

MPLS multicast), 1€ 4 fizs. " -

H A AR A P R S A 2 ANV R s, AT 2R 6 i 4%
I 1 LER 2 bR 250 #8476 LSP Oy T 45 413552 F b3 454 LER

PB4 LSP it i Ly 7 47 20 SR 7 VL 24T PO B T 40 gl iy ==
BERIAS TR IS AT AR 48:0) 0 45 5630 2:2) S8 AL 20 25 \)\‘?/LE:/
A AT I LER 15 1P 41HR I 45 5 6 R G2 1] 1952 T4 1 7 7 i

FUMAN AR AR IR AR % L LER 5 1P A48 M 455t R 4 2 1)
(A8 B R FH 1) 2 s 38 it 14D 0845 L A1 1T AS 2 % 4 1 20 8% 155 el P 3L (PIM-
SM,CBT).RSVP iXFEIIZBEAL I 71 1P ZH 3% I 4545 1) R G A7 A2 6 Ak 3
7 I L A R SR 0] L 2208 T DA B SR A 24 39 5 bl D O I0 7 — Bk ) B 2 T AR B2 1.

A 14 4% v 12 G R 3 (LER) (50 4 N 414K 41 (multicast group) (4l Ny, 54 RMM Hp bR 28 48 41 % 1
LSP MR O(N,), AR B4R KR 200 O(Ng), 24 Ng>>N, I, RMM A LG - AN JEAE (KA1 344 15 35 1) SR 46 41
FEUIch e 42 (R MO AR BLARCIR S T O(L), IR AT — M8 26 A X 4% (10 AL DR R 4 3 Bl 1 1 98 VR 9%

Fig.4 Rendevous MPLS multicast
Kl 4 JLERARE RMM
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i 2 IR TR T — S AR %) 7 R 2R A 1) U s A Y o O U 4 R A R IR I DRk T [ RT e 2
LER $E4 T AR (M8 it JA 21 O(2MNr ) SR A5 20 4 110 e ok Sy v i s Dy 2L B4R 110) 5 S G 0 240 o, SR T YR 9 HH 44
R UL 53 R A d DR AR L I o SR 7 A [ 43 R 1 R gtk ik B oM7) Lt L, 41 43 A = AR 4K
(11 0SY A A6 AN 7] 3 2 B A ST RS I T A 2 S35 1 A FATTHR 19 RMM 7 v, i T2 0 4% B AR I 4L S AN S 4
BN LTI TR S U4 R w]

RMM SV I — AN S0 2 A 3 2 0 % 538 OV 2R % el 9%, X 5 4 4 6 el Wi (PIM-SM,CBT) A 25 L2 b AR
R T BRATR T AP AL R 55 42 3R G0, B4R 1 ALIA 5 A £ SR 199 0% 40 41435 5, B LA R 85 B 4G TR v e 4%
VL AR E bR ] DL M & P R A A RN S A SO AR T — ﬁ%+ﬁ%%%mm R h 2
HEPRSL BB RS LER 205 1 S R 5530 (X090 SR o A SCoP BT A PR AR D o PR £, DR 4 B %
/N LSP oy F 119 009 5% 5 050 ik /1> . )
223 LR HASERAEL \

AR 1P L4 I 45 2 2R S0 b 400 S 2%, PR T DRI 1P 2004 e 530 A 5 ) B

TETRER tH A PR R I T M 28 1090 4 - S H AN A 38456 M as ik B Az, Mg LA H r 2 1%
VRO PPAN T P 5 B A, T BA e 190 296 it BT 147 B g 1 45 B e R A T FRATD B R TP 4 TR e P
BB SV, H o B B Bk B (hop). — 4% 428 1R R BB /> oy T 1) o0 4% 0 /0> ) 6 4t T S A R e R B
&m%ﬂﬁmgﬁt@ﬁ&m%Amﬂ

Assumptions: N, nodes, N, edge nodes denoted as 0,1,...,Ne—1
Input: Set of edge nodes LERSet,
Network topology repersented by an adjacency matrix Mg =@ v where a;; denotes the adjacency

relationship between node i and node j,
Max distance (hops) Dhop;
Output: Set of rendezvous nodes, CandidateSet.
Algorithm:
CandidateSet=LERSet; //Initialization
for (each node i in CandidateSet)
for (j=0 to Ny)
MIi][]=Magi[i1[j]; /*ith row denotes the candiate node i*/ %
While (1) {
for (each node i in CandidateSet) {
find adjacent nodes j, subject to Distance(i,j)<Dnop;
M[iI[1=1;
} //broad search the M matrix from ith node, to find the adjacent node j to WhICh the-distance is less then Dyop
for (j=0 to Np){ \
ZFMN ining /lsum M by column and obtain a vector with N, elements

=

L

}
if (max( z

i=ItoN,

MIi1[j])==1) break; //exit of the algorithm

get j, subject to max(z MIi][j]): /*the node j cover the maximum number of nodes */

i=ItoN,
put j into CandidateSet;
remove any node i from CandidateSet, with M[i][j]=1;

Fig.5 Selection algorithms of redevous router under constraints of distance
K5 BEES LA IR B s PSR
AR TR W Diop>l GloableDiameter/2 1, 3t Dy, 2 117 5 4 b 2% B 5 321 1 bt 4% o K B % HL
0<Dpop<255,GloableDiameter & LAk 48 & (1) W) 45 LA, M0 A 500 — 58 RES LS 21— ML SR B e s
FLA L, 2 4 2 45 2 10 2 49 Ut i v AV SR o i ] T A o ) 0 i, L e B e A SR 0 R
R 35 R Ok A X RIS DL R A, — AR R IE RSB 2 A R 0 S B R4S € Dhgp>
[ LocalDiameter/2 |, LocalDiameter & Js & 4 4¢ 1) EL4%. 52 % 1 Diop K FH £ 50 41 30.
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Fig.6 Distance constraints of redevous roytér
Bl 6 ISR 2 S £ 3R
23 % ;|

FAVSEIL T —ANEATAE Linux #A/ERS LA RS Linux M4 Rz R MPLS ARE T IR 5 0 H
MPLS-LinuxU, 38 b1, 7 215645 B DRI A AR S H A0 1A 2R 48 WA 5000 AS 00 008 2 5 4 0 LA BT 10 48 o [ R 35
T 43 A g e i e,

i e 28 S 43 Ay 00 S TR0 4 S T 95 99 4 B0 ST LD MPLS-Limux 4 B 4 4 i T R4 % ot
B FEHLA TG E B 1B BT B el i AR AN RSVP-TE AR%E 40 K W U Ab BRI T+ ¢ 1 425 111 1T, IGMP Hp i3
IR 25 4 DR U T~ FAT 14 1 IR 25 42 ol P 1.

IGMP Pl AL 2 IGMP ¥ &L, 4 3 A 3t 241 #5332 11 (virtual interface, fii Ak VIF). 20 4% #% h1 e (multicast
forwarding cache, fij #k MFC), 44 br I (IP 20 3 b k) {Groupl D}4% i3 5] il 4% 422 100 K5 e R 45 435 10 B B i 51
{GroupID}J5 &[R4t LER [¥1ks i {LERID}4L & B {GroupID,LERID,qosmetric}% i 4% 1P Z03% M 4451 &
gt 2R, T IGMP I AN e A 3 ik 45 5t i 2 45, T H. B S B R 4011 Socket 42 HARAN SCRE I 55 5t i 2 4, i

FATM qosmetric %7 I HH A HL % 28 35 M BR B 1R 2. 1
IP 214 AR 45 478 o) R e O SR 4 1) 43 A R 45 0 i 2 50U 7 2 A0 97 SR 4 50 s R R 45 o o2 1) o S R 25 54 gk
LR % ’

RRID.{(ERIDy;,qosmetricy;),(ERID1,,q0smetric;,),. .., (ER\Dln,qosmetricln)};
RRIDz{(ERID21,qosmetri021),(ERIDzz,qosmetriégz) ..... (ERIDpn,qosmetric,,)};
RRID{(ERID,;,qosmetricy;),(ERIDsz,00smetricy,),...,(ERIDy,,qosmetric,,)}.
Jerh:RRID AV SR i 2 (bR AR (FF (B KR ) ERID O Y 1St # A AR IR PR IR T RSVP P2MP i Bl — 4%
Sub-LSP 1 11 1 4%;q0smetric Wt Sub-LSP i % i) i 55 /7 i (3 1F S5 525 i JRAT 8 T X 43 % 45 DSCP
(differentiated services code point){f: 4 JIK 55 Jit i 2 %4

RSVP-TE ANEI AR B3t IR 45 s 3 RSVP-Path 1 50,/ 30 1 3 22 5 Kb 25 43 it eV 70 50 R 45 o
i SR IR T, Path Vi JEL 1A A% 320 U R5 OB Hh 3 04 IR 45 0 et i SORTI U, e LR IR, 75 LA B P A B £ 1 B

RSVP-TE i M 45 ¥ $h K 5y, B ER % R 22 1028400 R FH 10 o 381 o v B AL 326 . IR DR AL BRI AL R, 7 )7 4 Kb
S FERLA T RS TR 5 RS2 2L P2MP 47 JE B B T A5 8 22 L LSP A BRAE 4 S AR FL, A T S R bt o 1 44
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