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Abstract Recently, large-scale multimedia applications put a challenge on traditional Internet, Due to many drawbacks
in implementing reliability and QoS control, as well as requirements in upgrating infrastructure components, IP multi-
cast has more difficulties to be widely deployed in Internet. However, circumventting these problems via overlay net-
working inereasingly attracts many interesting of researchers. This paper models some measures of relaibility, QoS and
scalability relating to large-scale real time multimedia applications. Furthermore, overlay networking protocols espe-
cially overlay multicast protocols have heen analyzed referring to these issues. Comparing to IP multicast, overlay mul-
ticast may induce some delay penalty, but this shortcoming is insignificant by virtues of proper protocol design. Overlay
multicast can employ upper-layer functionalities in where, thus make it feasibly and efficiently to achieve E2E reliability
and QoS based on hop-by-hop. Besides, scalability as well as TCP-frienliness is guaranteed efficiently in overlay multi-
cast, Moreover, no infrastructure support is needed, thus paving the way for widely deployment in Internet. Advanta-
ges above have made overlay multicast to be a promising techniques for large-scale real time multimedia applications in
Internet.

Keywords Overlay, Internet, Real-time multimedia, QoS, Realibility, Scalability

RM#ANE IPM AT #. 5L K, Napster, eDon-
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fiIxt OM MBS NEB., BRICHIFEHEET OM T T

1 318
B Internet (IR B & JR , K MU ) £ 4 4 7 FH AN 7E 48

F/ RSB A CH R FE ERER U RRRGESH
&M » 3T one-to-many FI many-to-many #3155/ &
TIEZmxesE. H58 IPM B F XSt iR & AR , 3L
7£ Interent | L LB ASs (autonomous system) Bt B, .z
QoS FI AT SR PEMRRETE IPM P ARG MR B 2 I P 4
IR . X{#78 Internet ¥ LI A IPM fp KRB £ 18
(RN, M, 1E N Internet FREFZEME K ON
R 32 B R 45 64 3K 1, R 3R 4 B AT A0 OML, il i 45 M9
(overlay service network, OSN) LA R P2P XCAF 3L ES IFFE R
AR EA. K4, 0M HER Internet #1385 H ¥ %

I B T — A E AN, AR3CH X Inter-
net | RAUBE ST AT 2 A N FH IR G I B ST VE AN B
B, 50 QoS #& il Al fatk LA K AT Rk R Xt OM B st 47
SRR

OM X8R4 5 2 838 (ALM, application layer multi-
cast) 8¢ ¥ B 4% 4H #% ( End-SystemMulticast), 5 4 B K
IPM A—#,0M h 2 HHESE WA FHER— 28
L/ ON, Bkt ThRe an s %58 . B o LA S A i Ay
HEERREPEZR, HABTERRMMENBERITH. OM
BRI LB 04 - 554 (mesh-treet struc-

*)863 MBI BH I B S 2002AA144020, REW B4, BISER, EE F 18 . 1PQoS, overlay networking; 68 +4: ST, #42,
WEF R HBENRGESERRG, Rl THRM:BEERE THER & MEHRE s % HEmEE,tBE BEwmidt.
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ture) F1 f2 & 45 ¥ (embedded/implicit structure), -4 4&*y
R tree, mesh B 7 158 J5 UK JF LT 432 B R 4G (tree-
first) F1 9 41 4% Cmesh-first) B FR 2 8, Yoid™ , Overcastt® |
ALMI® %8 F tree-first, XFEEMMERRA LY BHR K
FHEE— A (shared tree B # source-specific tree) , R 5 i
RZ B PR BRI EE B . BRAE R b R
BRI B A ¥ ] #0 $b. Naradal® | Scattercast!™ 4 ] /& F
mest-first, XFEHYHILERL 0 H SE7E RIS B H—1-F
REHIHFS mesh, SR 5B — & 503 i B (in DVM-
RP)AE mesh HHIBYER . [ & EWM 0 EHHINIEEER
FNU 2 R A 8 S B9, i CANM | NICE®? | SCRIBE™ | Bay-
eux"1% . H,CAN,SCRIBE, Bayeux £ F| FIfill 2 Ir A #7255
(E) R ML RAR MR 0, 1840 1 B BB S i Ak b 28 [l ) — A 18
WMEEAAMN, ZXBEAEHESER A NBREREER
(mappings) . E il FF— Bk th AT 2 W% 2 B il
3X#F, NICE WRF| R & 24wl g 35 S 40 46, 1 888 4 b
AT 0 orwardng) B & @ L FHE .

2 OM L5

Internet | ¥ LA 2 4 {20 48 7 B X 2R 46 1) v feb 4 P
(scalability) , ] §&{ (reliability) R B QoS #HF KR ER, LI
THRMXILFE R OM Phi4Ei#E— 2 547 .

2.1 TWIH4R1E (scalability)

AMBRPTER B OM WA BB TRES, BES
BIEHIF B RRSB AT A HREAE X, A, £
SARRBYEEIINT

EX 1 HZRE G=(N,E)RREMMLE, N 7848,
- PHEpeENRE-NIhE. EEANES, —KN
() EERREMME RN — K PEER. WHET G
iﬂ@%ﬂﬂlﬂl%ﬂuﬁﬂ?ﬁ#ﬁwo:(s’al\h vEy) vﬁtp 5 %
AR EN,D BREBHNFTABEREN, NoCN B &k
R B INEER (overlay links) #ii&, Eo BBTH BN E
B.E BXIAT:

EX 2 F%ﬁﬂﬂ%%eo:(ds LR RRAELE/ 2 yd)EE , BEH
—ARBEN L EHFTHEEE p M—NEZ IV 4 HFE
. HH,d,€ Ho,Ho={s) UD,d,GD-'I].'GNoo €0 XF b —
4B OM 87 #9 UDP 5§ TCP 42, L (o) BB e
BIBER, X R B AR 2 T paeee s

HAE A K™ link stress: /R —FKYHER LR
BIXWBEBEGBRE ERBT ONBHRAR, XF IPM,
stress % 1. T unicast, EFFMER F stress AR .

link stretch; % #% % RDP ( Relative Delay Penalty), &
OM 43 B B3 Cunicast) % i BE 85 5452 49 1P B8 B by (TP
unicast) BiE Z Lk, TEXFRIEHE T, IPM H unicast B stretch
Yk 1, link stretch S BT OM 51 & B SE4 4T (delay pen-
alty),

path length; % 78 ON & i Bk 4§, I M A T link
stretch,

outdegree; TR LI S B RRT R 4L E K
B, HEER ML, stress,

control overhead; F7n ON i 3E ¥4 18 {5 B (non-data
traffic) ,

overlay cost; & X ON H1EF ff overlay link &) Bk ¥ &
FLEVe €E 2L (e0),
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FH b, link stress Fl link stretch & 4K T K 2 M4 3G
FMBEMER T E, B H @t path length 1 outdegree #4745
#t, i control overhead U Fi#E A ¥ MR EEGTHE . FIAL
EBEETHLE A OM BMY A F

Narada 1 Scattercast: J& T~ mesh-first #1$p. Narada £
BEHK OMUMLZ —, M@ BT, L B L /X Wy
HAAMG 2 B ST — N WARF S IR mesh, /5, FIH
1B1TF mesh 2+ HBE RS 5] & B i #4 (4n DVMRP) , A4
B R 8 — R (soure-specific tree), iX$& mesh B4 &K
B (spanning tree) , Xt M5 5 B 5 oy WA PR, B KRR IE
(path length) 78 F IR #l. mesh B 5 2 /87 B B #A1E#A
HERBRAEE R, B IS H 484 (control overheads) £ A{H N
O(N*), F-¥1 O(N) (N JE#H A, Narada J& R/
AL DR, Scattercast &%+ Narada I &,
EEIARIYLE] LA FE 5 FH E R W R R 4. Scatter-
cast Fl2&{l Narada B9 7 208 7 B 76 2 AE 9 28 S A9/ CER Scat-
terCastproXies(SCXs) P B #H 411 77 S B mesh. RJE, 7
mesh Il A5 50 B9 B i B0 130 CLL 4 B 5 3 O B85 ph 2 50 W9 3t
HTHEBREARIER . 20880085 # i WiE A fCEmA
#H#% session,

Yoid #1 ALMI; & T treefirst #ib. Yoid 2 HE 1
OM iz —, EH LM AE A RN EE AR R e — i3t
EREM (shared tree), KRG, W LB R A BEHLIERIL
AFARSBEIA B B ST link, L E A mesh # b, mesh 3
BEHTHEMNOKE, HKRATEFHIEPRNEERD,
Yoid BI¥ 5 A Bk B BR il (max outdegree bound) , i
TR H R4 0 O(max. deg). Yoid A L EREH.
ALMI J2: g xof bt BESRURR 1K) /N BILARE 48 9% 137 R R LHAY, SR AR o
B AR, B L AT IE S B, F b S S 25 (cen-
tral controller) #J ik —#& B/ LA (MST, minimum span-
ning tree) . XE—HRIFEH, Xt path length ARSI . HELH
MST, fir & i A A . EE BT i ) mesh, I B B H AT
REBBE, X SEITH I OND) . 3% F5 et 2E /R
F, ALMI i i i% 8 out degree & % 3% f& X control over-
head 2 O(N) ,N B4 i A .

CAN #I NICE. iX & W L T j9 B & 45 # OM Bl
CAN R H 475 08 & % DHT(distributed hash table) ¥ &4
WA 5— R d-4E 8 R 2 8 3R (o, ) 3R, X1
BTN —/NEE S E MR, X8, BNk LS
M R L N R/R S B & S 2 RM IS, #EHR
IMINEEA R SRR 2d M ERFERZRNZH,
MO E TN B 24, BUBRIMEE S HRID ERA
BEIZ (flooding) 7 R #E 1T, Be R K BE B KB B O(dAN""),
NICE f4 LR B Fe ) il — 14 B Wi wl R Th 854, BF A AL
REFRRIEZ (L, B35, B A H—11
KANZBREHE (cluster) , AR 2~3k Z A,k R EE. &
AMEE—APLEEPOBEFR AR KERZE/D,
L BRFFA P ORA XMW L B, HRAEN N, WL
A Olog N2, B KBEEKE R OUog N), A4, %
RS HAG T BB P I LR 4 A L BOR A
15 8L S B H428 Ok BK R Ok log N,

LA EJLR R —E &M, AT OM =5
FINEMROR . 2500, RIR UL E S0 H AR BT 4
B, BB TERGED:
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&1 OMhilRAE

Max. Path Max. outde- Avg control  Group

Protocol .

length gree overheads size
Narada Unbounded User defined O(N) Small
Scattercast Unbounded User defined O(max. deg)  Large
Yoid/HMTP Unbounded User defined O(max. deg)  Small
CAN O(dNi/d) 2d 2d Large
NICE  OClog N)  h~3k O Yery
arge
Bayeux/

Seribe Odlog N) OClog ND O(log N) Large
Overcast  Unbounded  Unbouned O\ Large
ALMA Unbounded User defined (max. deg)  Small

B LT W, ; tree-mest WK B4R hops &R K i TR
#l, BABEK stretch 1 stress, T, X HHML A FHER XY
HE R RIIEE, AL 3B AT IE, embedded BRI
average control overhead B A T ¥ # B A {5 H A T
kB, I BT B 4145 M (scablability) . 1t4h, embed-
ded 1% Y stretch F1 stress 8/h, HH2Z T, embedded Fif
A X i BEFNH TR A B EOR BN A .

YEH B OM thill, if aT LM overlay R & ERI2 4
peer-to-peer(p2p) & F {43 (proxy based) Bifh, TR
HIAfR—FIBSEW, EF AT MERRENRS, I
Bayeux,OMNI, Overcast Ffl Scattercast, p2p i Narada, AL-
MA CAN,NICE, Yoid %, M/ EX} L, p2p kR R H
BT B 7T 4 (failure redundance) | #1751 (dynamicity)
FART B4R (scalability) , B B8 R 15 . #, proxy based #l
HIMEAFIE T ERMERENRSTEAAERMNNE,
3 , BEAE IR {It & Rl 3% {6 R % (value-added) F 78 2 IR % ™ (o~
verlay service network, OSN) % & T A {180 % &, I
SONEE [QUEST!® [ OverQoSH'*1 %, OSN R A # FCHE
Hi#l, 7€ Internet BB ASs Z B LF R & H BFEH o-
verlay links, $#£{it many-to-many B{# one-to-many {1 {5 i
% (reliability) ,

FEUL A OM i B 5E ¥ 0L ) 43 24 4 & 4% i (congestion
control) \ 245 $5 & (error-correction) FI & &% & (loss recov-
ery) Z#B45r. 5 IPM PR TTEEHHAEH, OM FH A B4
B, BT IPM [ a4 52 15 LB (feedback implosion) , 355 B
# &+ LPMC(loss path multiplicity) X & TCP-friendly %[q]
Ak, B 5 WX SR 4 M TR T R AL B R AL M
MshAEME A, XER OM R4 EA 8 H K84 (robust)
FIZEE (fault tolerance) . Mob, B T 7R ZE Y ZEACHT (delay
penalty) , 2R A R E T B EIHEME. AHMET
EZE ) TCP #=HI R EEH AT OM iy SEpkshl. /W,
OM T LIFI AR R A fEE R B A B B LS FiEf s
il SRS IPM EAA R RG] SR .

InSRA A TCP 8 OM Y overlay links, JRELTR &
B ELHET hop-by-hop BT RHEHLH (S WE 2)  Hp w! 2
WX, HETEA T RAENLHE OM M KERRAH T
FH &, 0 Overcast, RMX'¥ | ALMI, ROMAUS Y & ¢
[13,17]&Y overlay MCC %, X &—R 43118 2 (divide-and-
conquer) AR, I Rl 60 R R A 2= S H R4
LRI T T 2SR AR R, IS T E2E BYEE .
B EERLEN L) B overlay link stress, B A RIF# TCP-friendli-
ness, B4, F]FE T hop B 5 B 8 ( feedback-aggrega-
ting) AR AT LA Rt IR RIS LT . (B &, i i) hop-by-
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hop #HIH- A B E2E BT 54, XF FH OMT ] 45 &
KU D A4 B SRR 1R T B E2E 9 ACK/NACK #L
T LURERE, Hiit OM BFHFE—MT overlay &2 A §
PEML G S E2E pymT SEM R .

Source

=
==
[N
)Z =
B B| . o B H
CRNEN

Receivers

B 2 hop-by-hop OM i ZEH HlH T

B B9 e S H A B ) Overcast ) TCP UYL
AT T hop WEAIB R FiE, 5L = E2E MMifedlml. AL-
MI f32[ 1718 52 FE L] (backpressure) $ i % 1% 3 2, F|
JAHE Sh i HE (out-of-band connection) HEATHIEE %, B A E2E
BRT SEdE i H R A 5 = A i R A9 a8 . RMX A
FA{R 3 asmod R4 £T ¥ 45 2 L FI 49 E2E o 40U . RO-
MA H35 Bi B BT 4738 1 #4788 43 % 78 (loosely coupled) ,
g UGERT M 24485 R H, IRt B E M E2E fT R,

Foh, OM B LA R 15 1) F 85 2 g e o 2 BB R S B &8
ATHE 4 H. RONU® B — #f & F I & Cinfrastructurer/
measurement-based) B 7 R, & F F 4 1 #1 #l (detouring
path) SEEUPE ABAR L A9 AR R B 42, LA DL SR ARG S mT SR 4.
X[19]8 MPOT # # (multi-path overlay transmission) & —
iR S IPM/OM . B H F overlay 35 B HLM4 2k 3% 1PM
B ERHITERE. 24 IPM #% & A 38 £/, MPOT 2 B 7E 0K
R 2 M8 2 &4 BB TFIIREN overlay SRS 7 s e .
LR A, MPOT £ % A 389 1P @B AT IE5 .
EH LR R AR MER TR, C[20] A AOM(a-
daptive overlay multicast) W& #|H E2E B3E 5 RTT (round
trip time) {E S HME OMT, 5| A &1 3% 72 (backup path),
LA 5 OMT (345 Pk, 38 B K 338 S MR B B 5 £ 1
B FH » 30 Internet audio/video | #%., X[21 AR EXBEE
1% max-min BREILE OM K, EHERF FXHATLHE
B OM, [F#, ROMA i34 i L TATH 0 K3 M8
REEEBEL R, X(17INEIL N OMT 4 X AW T8
pEFEATAE, LAULIE R OM Al fsit:. nT L, IRIEEH
FIE R HI ML SR SC T OM M AT R H, 5 IF & OM ML $# By
7.

3 HE E2E 19 QoS R A, 4% 06 R B A B9 H i 3K
W, U4 - B2 4 (admission control) . QoS 245 & iy . 4% B
HENSHAEHERUERHREMEES, T QS K
HIBEE Internet PEAT AN FRTR, MRBZ DML R
BIEE. QoS HkEER M N, Bl7E QoS AW T HH %
SRR, 5y KB AL e A R R AR RIS, B 4k 6
HEFRI W QoS ERMBMEEE Mk A AR SR
FHRATF X QoS BB (AN ) 2/ T3t B QoS B & (et
M) ) — &R, BN7E WS RSB R E R E S E—ME.
QoS HE MK ALR T,
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EX 3 AWNENLME G=(N,E,w) xR MEH
hoN BV REERNE, — KAy, 9) €E BEFH 9 M
7 K— & XUE YRR, IEH Gy i) M E 5 Bl gy 80—
BRI A7), wl, D20 BHG.HHIRRE, E5
QoS EREBHART A . AERB T MEHRE, ST Fmk
B (additive, INBF FE A FERL B0, A FE R R, — £ BB
HIFEA QoS BYH I % T IR 42 L B 1 BE B 1 X R AUE =2
M. mixt T M4 2 % (concave, {NHF 5% 1 H B 4530 policy
flags %), QoS S¥E NI 2 F 42 b X B KLARL Y B/ (B )
f&.

EX 4 BRARNTRERRIER 1 A SRR SE 2 A, I8 0 d
Livj]=Zupenndyj) ; BAEH 5 FRR B2 DS IR N B/
B, i8R blisj]=ming peri1bGag) .

WMCNRAES - MABHREN T EE YR &
W RmEESE R=M—{s), HABHN TREZM FHEWH
MG B TE T=(Nr,.Er), i RCNtCN,E-CE, T rhig
@ﬁﬁﬂ%ﬂ?&ﬁﬁﬁﬂ‘]* RCN+&NLJE/CE, THREEH
FEHBR R B P L BB R 7€ R W E2E TSR
BA D) WRERIC R CGr, T 2H 38 2 58 1% e (5] B Bl %
HTFB—-TBUY R rER, T LRIBELs, r OB R dl s,
rlSDH AR 6 s, r122C(r) . %44 (link cost) Fa 7~ i 4%
BT RN PR BE R RER DR G )=
max{C(r) [ (G, ) € [sor]). LHEEMEKEIT 8 BA 1 BT A S %
HEE R, 8k C(D) = Ezc—ETC(Z) . &R, A, Steiner
(Steiner Minimum Tree, SMD) [a] @ gt & F HITHEN B
BN TSRS, Bl C(SMT) =ming,erC(T)),

IR F S RAMEF 0, HEH QoS M M 24
BEE Ak (link-optimization) 1 4% B £ 3 (link-constrained ) #%
M. MIREFEFTMAITH ROME TSR SR AW R
Mt E RS (AR, BRI E . NENEU R
W0 28 FF 484 (cost) B 4% B 1] 1, BU) 2 6 4% /48 HE 4k, Cpath/ tree-op-
timization) F1 %43 /4% £ 5 (path/tree-constrained) i & , BT &
FRAM BN BERGEA B ZEMNEHBEN SR, 5
HWMF AR EREM R, b QoS B e ] &
Ao RO EANBENEE., HP  AHESRMEAE
B4 18] 8 (multi-constrained path, MCP) 145 £ 3R i 22 4F,
4615} B ( patl-constrained path-optimization, PCPQ), iX # &
CUEM £ NP-complete B“2 . B 4k, B /N TF S B35 (the
least-cost multicast tree) [6} £ Bl Steiner tree problem & 3.3%
STFR B /N 4B A, X B NP-complete [0, # 4, A5
Steiner #f (constrained Steiner tree problem) [a) & £ 3 $& B¢ 3
W RR B /N FEES A, 2 NP-complete [ 12,

5 3138 Cunicast) QoS % /1 A1 1, 4158 i I 09 IR M k8
£, HE. AN EEERN MK QoS TR EW Kot . 6
EHE R QSURFAZRBELI SR R EAFRKE
LTI , HopiF £ B NP-complete [IEH . L0k, 20 3% % g1 13
a4 W E S MEMARRHREFR, XEL
PRGBSI IR HE R E M (tree rearrangement) Fl
/8T8 (tree/core migration)) A5 BAL A 281k, QoS it
BRSIAL LM T HGRIT B fetE. BT QoSH%
BEREFAIDHME. M TEHITE. MTEERRERER
ST LB R QoS £ 3R iY 41 4 I th Ao X 58 & 24
M, A IPM Y QoS [ E A VF & 3Rk #E1T T Bf 5277,
(28, 203G oA T IRIF A0 B 45

5 IPMALL, OM 881 R 15 b 57 71 95 J2 0 T BB 3R 35 3%
Internet 1f QoS BRI, C[30THIH ON & & #Y in situ 41
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5, A3 F ] 8 59 5 B (measure/infrastrue-based ) $2 it 1 &5,
WL B B A RERE . in situ BB IT TP RIS 68
3 (user-layer daemons) M 20 A%, f 350 B R | PRAZ MR F
PRese, AT ERMA TN E 5B E 5% (delay-regres-
sion), AT LIAB | 5 F Z M 4% 43 47 JC X A9 UL B/ T IERR . 3
[31];f 1 15 B AR 45 455X Bl (service composition agents) 21 2
ON. OMT P8 RA R E X Bhm B s, R R B
XTI, AR BB AT R JE A ¥ § Capplication
level admission control) ff{EZE## QoS E3k, w[32]#H
FF R (probe-based) B BT I 1 B AL , 25 & 4> 41 #9 Differ-
Serv FRICEBEARI M QoS fREE, 3T[33 M4 —FAH XM
#y e B8k ( correlation cost routing ) 7E ON i 272
T, SR £ R .

A—H T, —FETF ON 7 Internet |- 324 & Fp 1 {5 it
SHBRIR %M OSN ZF 32 XTE, OSN AJLAF @ # 1
Internet FLIA M QoS MRS . XIEM K ON M —1
ol H RN OverQoS 3£ Al CLVL (controlled loss
virtual link)F A, L overlay 778 Internet #£4t QoS il %,
AUAF RSB H T TR 2 (loss rate) Bk, SON
Hi overlay J7 =L #BAERET B H A A TH QoS TR K Internet 3
{E (value-added) it %, 1 FH pipe SL.As 48 % IR % M %
(service gateway) L H# % (R iF. QUEST 24l SON, # A
SON 5 & (service overlay network node) 1 SLAs(service lev-
el agreements) {3t QoS f# B 7 F P AFHLH . QRONC [y
£H B OBs (overlay broker) & 57 overlay it % W (overlay
service network, OSN),#H T H 4~ QoS I & #: #11T OBs
2 [6] 4 M, B 2% B 49 1% 22 B 3 (modified shortest-distance
path, MSDP)H1 L {7 4 32 £t 5 % 4 & 7% (proportional band-
width shortest path, PBSP),

RE EERNELEEGEHE ONRESE Internet i i
g, WA SRS T, ONEBEUEH R
IR A S A E2E iR EH AT SRR, XEEET
ON & B OM 7E 21 Internet B I P2P UFHL 2 i
PR A A B st SRRSO i, R A RS IPM Bk
LIt dR M . OM fEJ7 /8 R 16 Hi ) F £ 50 5 2 M DT RE 3L
., & TF hop-by-hop 77 A b 4t E2E(end-to-end) Y AT
FEPEF QoS {RFE, It H B4 Hh 7 #F TCP-friendliness, B H B
R, Ak ONF OM MR BB HHE—EFEA,
RHBEEFRE L2 IH A QoS, UTREEBSE
W — 2R3 .

DHEERN & mIEFFER AR OM RE, FBF T
HE QoS REEHLH LA K B EF Ry AT 4R

2)ON &N

TR P4 b 3 FE LR AR R B 9 OM R 45 A R FT $E 4
QoS HL .

2 XM
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Coverage Hl precision 7+ 3| M HEFER ) 12 #: A
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