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A Delay-Constraint P2P Live Streaming System

Student: Hsiao-Heng Lu Advisor: Dr. Chih-Wei Yi
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National Chiao Tung University

Abstract

Nowadays, content distribution services comprise most of the Internet traffic, and about
half of them is contributed by video streaming. Live streaming (LS), which provides people a
way to share what are currently happening in the world, ‘will be one of the main streams of
video services on the Internet. Playback delay, the time interval between events occur and the
event video are watched by LS wusers; is the most important metric of LS systems. In this
paper, we focus on providing LS services in tree-based P2P networks, so that systems could
serve more users under high bandwidth requirement and maximum playback delay constraint.
We proposed two algorithms: PCL algorithm, and local optimization algorithm. PCL places
newly joining peers in the tree properly so that peers which contribute more upload bandwidth
could experience lower playback delay, and local optimization aims to lower the average
system playback delay in distributed manner. The simulation result indicates that our
algorithms allow systems to serve more users than the system which adopts an algorithm that
only considers playback delay. In addition to the simulation work, we have implemented a
tree-based P2P LS prototype, which allows us to verify/improve the future proposed

algorithms in real Internet.
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FGf & TRt o ¥ RTSP i 3% & RTP #4078 =4 7 407 & > Flpt RTP # 4%
RIER G P RIRAE o BRA o E 0 FRR A P R T R RIRE

b daT o R > EANZTIPRMTEA P B LA AL EIRE R UDP

3. P2P Protocol

SiE PP R BRE R RIS R LR S 2o SBFRY § 7B

ML T RIFEFF RN T o - LR BFIFHFEFTFPN Fa> 3840 5 Pull &2

¥

Push » 2 8.4k # Pull » AR & Bho ¥ o0 JF 4o $1° #6F 7B B3 N o LS

MEGERPREAL AF ORI P F o SBRFENEI P FFRIGEESR £ T

EAR R s A R PUSh G P F § R R R AT 31T
FOE B bldr h- BADRER Y o EEBLARCK SBLEEE KPR P FHE T

2.3.2 ¥ g g i

Internet Protocol(IP) £ 3R 5 e g 1 & i % el k& i 3045 %0 41980 & (A - &
B * I 4 o k&3t $k(Packet switching) #_IP &€ & e 4 2. — o IP 34 & 8 =832 4148 »
g R ik d BeniE o AP E RAIEIAP P o KA o A ERBHT

FAPNEE B RIRIAE R R AN A BAR R T
1. B2 % #% 1 (Path diversity)

Bd BEiRypEd FEE 0 EE - BE G oggiE P (Next hop) kg dte o
ARk R B Re i A3 R R B i d B L MAp e andt
7 op o t“#%'rii%j&’l HE B R e Tt F A IP P RERS
BUnRA: Vi R - @B B N R R RAE T IO nk > A2 3 s

i
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2. 3 g d BFOR
Bd BOF R U Aot B a4 2 AR R R R A b Fpt
FHd BERD FE > L HINA F ST hit ¢ F 3 (Drop) o 2 IP APRRAR et % 2
i ﬁg?]iigm = %_(Reliable Transmission Protocol) » 4= TCP » — & 3 3¢ it d B
TR Rdte ERPFIgAFE > B DR RFEFTY H e S R A D LR B
Flpenp o TPt > 24 IP P B EFINEF BRI e EHEPFIRERYE S

ETER P AR A o

P A R S IP A IR ER G B IRIFDTF)F o d 3T P HIR S R and i
B PR P R AR F LB S B RIS P L N o H oY -

% e 4 5 A % R 4 U952 e (Playback buffer)cng Jndf 2 B o 43

-

BT LY G- BB SRR G D I iR B B A B AT A Bk

& gl > 2o
;}é%{%f,—a P\ ’6 o

dRPFTHERS P TFIREZ VN ERBARGEOTF P FEERERR

i
@ifu‘{:vl/é #* ':Flk °3§53@—ﬁ )9;3! 2L} /’%@1ﬂ/ﬁﬂ =0 J‘r}'g'i‘ﬁk‘/')’g;"‘g] 7}?:‘;%6 “ﬁ?‘“éﬁ’ﬁﬁ#i » T

¥

>

PEMPFNEI N FOREET L ER A BERGFEIHF T ERBEF PN

PIRB AW R " £ @8I PIRE SR hie ¥ K < H.264/AVC & f MPEG4
Part 10 » 3R 5 #5 RHFehi g B2 o B L i B2 Ap g H.264/AVC it 5y
Mg T R R EA R DR ST o F1 0 H264/AVC @ R Lt AR R B IR

.+ o d 2 E HDLS -
2.4 YEEARAIRIEE TR PR

KL iE AR (Video-on-Demand, VoD){w = g% 8 /i (Live streaming, LS)2_= f&% F 3] 5% e
P55 B LPRAE o
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2.4.1 SEE AR FRFE(VoD)

VOD JRARR® * ¥ 7 00 % 2441 R ¢ e blde ik P 2w £
ble - PR O R0 2 e R Y F TR PlE R P B T AT e T
F A VOD FRAE > BB LA AR B - 5 VoD RIRE 0 53 b Y it

=gy # R IRAE o 4e[13] T Ao

VoD JRIE o ¥R & E TR o X BEREG R TR
i —:ﬁ R E AR G R  F RT3 E 2 ¢ A E R AR B
(Prefetch) 3 7t Fh g M 5 T3 4 0 SN e ]2 d § 1150 & P2P g v
O VOD FRIF o FE B BEIOG M E S e R 0 KT R SR LR
RE T R o 3 5T A itdei® e P2P RSP 3R E VoD PRA% 0 4o[14] ~ [15] T E_o

230 et F s oE H0MIR BEVOD JR7% + 4o PPStream[16] ~ PPTV[17]7 &_-
242 WP mpRFH(LS)

LSIRi3{-VODIR 4% 2 1 2 KA T end i3 # iIRis o &LSIRAEY » & % ¥ #f
HES 2

B

BRI R 4oVODIRARE 4 i R o R T L AA AR ST ORI P 5 o A0

ol

PE LRI FIRELD SRR ABFOTVODIRAS » LSIRAR e T K b

‘E\H

hg
Eal

FoMIEIGEOF R P F ARG A A d R B LTRSS LSIRBFE T R
PR B ndgenst iy o ¥4 £ B M RAL o F 2 0 LSPRAR B M T R 3 s &
PRET & FHUEEFFEL ’ﬁ*‘u%i TERIFOLE o bldr TAR ST AR
P - S o R F NG @S 2 b R 30 8 R BE TR

Ped o BT G < TR MBS B RRE G FOBR o

PR AR P BT e & TR o FREY T o R RS BT
PR T R CERPI N FAZEERELR Y ;ﬁ:"#’ o ¥} 4 Perhige i,

WA BT AOEER AT YRR AcADSLT A o Bt v R ¢ 0 AP B RRESR
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SOE RRTE At H P O R BB kSR e JURET MY 8 I enff e

PERF o Xm0 B ABEP2P R R4k LSIRIE > § A B AT PR AL o
L oSBT e PR R SR BEFPF -
o BPER IR R TR e .

Flb o dhoie PP KP WG N F AT RSO JUET R P

Mt BPE R > £ 3K 3HP2P LSRR ch— & R o
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3
In

¥ A

Y

Bb-F¢ 0 APRFIFRUEBER L TR - B LS REROE R ki
A4 PPLSPRAFL A - AW hhF P o APEALIFBH AR REHP2PLS
L fd e BE A L o A W) E_ge R B e (Mesh-based) 2 A5k 4 B (Tree-based) » I 1 & 4o i@
S BRRINE E BRI S SR R QR (HYDrd) 250 - s o S

N lpdoie AR R P TE Mk SLT I93E A AE B R o

31 RRIFE
3.1.1 ik dppt
i R Y o S ELE AT R P e gk tu s RS BEE LA b PR E
(Bootstrap server) s E_F & & BLIE B e it P @R G B H o ¥ OGHE ¢ E RIS &
BLIT 5 ANE > AoB] 6 A7om o AR A & Bh Jf e 3 ¥ R A 4 (Buffer map) s o
ORESOE S Pl g R B R BL(Piece) o dopt o S EET Mdvig gt LG IR B
Piece m H ZRE 5 o Al ? > MARFILE % Pull 0 8V k24824 Piece a2k
AN RHP R R(Piece request) AR R 0 RS A AL BB & R Piece UK A 7R
Tw koo A o BE PG Piece ¥l AR S BARE TR 0 FIN R R - B AR
B e iE 7% 5 2 (Neighbor selection algorithm) » & & 2hat 43 /6 5 BARA ¢ P H - kx )
Piece request o % if & ;2 & Jf AT E g # J‘Ff el SRR e B R e Blde s F
¥% Piece i g &V N Y - BARE T w ko A AR T R (7

mﬂ%ﬁ%éﬁﬁgﬁﬂﬁﬂ%ci?miﬁéﬁﬂé?uﬂ?%%ﬁi?%ﬂ&ﬁ?

-

WKL F > KPP FPE ¢ F BE AR IPPrefix cAtE TR o T LK
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BAxApiTens B &gk d IP Prefix € A%£ o IPPrefix A% & P i % A B & 2L chgh 4 Bt

BT RZARE pw e 5 MRy o 4o[18] ~ [19] 7 E_-

<4—» Data path

Bl 6 sk pepe
PRmoood AT EELG JE L) AR PEIE B JE PeiE A 0 3 i¥ ) Piece request I 3%
MR A i A A B4R SR Piece f01 (T 2R @4kt Pull S N amiF iR B g
Push 7= ;% o % Push 97 3% ¢ © & gL JFi% Piece request I A% A > = F]pt i 5 AR A P
EFE g o B Nuend s S B¢ Brie | 5 Piece TREEE LM BE AL
TR A o d TR0 T AR R AR 0 Push 0 SU R sx s i A ket Pull e
SR e R X LA S EREE TR S €58 3 4p I i Piece £ e S 2

W T4 e P B IR BT TRBRE B

CoolStreaming/DONet[20] &_f« & A e ek e g2+ 12 Pull 07 5V 3% & LS PR3, % b

% CoolStreaming/DONet @ - & gk JF T 4 &2 4% & < 3 Buffer map » xR 2 708 = ¢

p e Z &P Piece - CoolStreaming/DONet d = i 3 & fitd8 it frie = » & B 5

1. Membership manager
d 2t ke 23 ¢ 4 PR E > CoolStreaming/DONet § i SCAMP[21] % £z % & 5t
Pl LB i b 91 i - SCAMP £.- 1 Gossip-based st %> & B &g
T;rs TR ATig R P3R4 S ELAOT MR S U A HTEN e SRR T AT %
PR Py chaBh o
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2. Partnership manager

B BT B - AR R

=

3. Data scheduler

MR AR B RN B Piece ik N AR A RET fow % o

3.1.2 Hbk e

BADK R > SRRSO IR RPIRE AT o T SR &Y
Push ¢ ;% 2 4% J2 5 Piece o 4ol 7 #777 » P it PIREM4TE 4 .5 Piece # i 57
Fpe e e PARE O BRI R QB BP g Piece b § %6 MR EE LD
LR T AR e 0 B IR PIR BERAL RIS Piece it Sy pkdost f B o0 R4
Pl B AT nE Bhodt 5 AT PR A a2 W KAE FLP2P LS P £ 4o Overcasr[22] -

ZIGZAG[23] % Climber[24] #=&_ -

— Data path

B 7 A R
BBk R R - B PR P 2 - B0 L F )Y T S PR
A B AV BL(NALE S S B R T OB F Piece frix g FpkE B i ent
B G TR AR OEB(P S B)RRAT 2T o
HEH i PR AR L 0 S S8 £ RO P INE B K R B PR
TR PR RAR AR T o ¥ - BP A A B BRI R S BT LT
(dede > ~ 3R > DR BB ip i B 6 BB E AU > & B RARITAHR D& B
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BEPF o = BB MBS Bl FALE A BTSRG0T K04
AR AP DR A o

3]

WO iAo A B AT B Y - B 2 E RS R e RS ST
ip £ dp it e SplitStream[25]% CoopNet[26] - % SplitStream 5 &1 » SplitStream #-=
# Piece £ *» 2] = K B+ % £ (Stripe) » & 7 K #% % F it k470 i K B Stripe o & 32
R iR ™ o SplitStream #) 7 #4775 & gk & = % Internal-Node-Disjoint-Trees ° & &
A B MM EKBAY 20 g - it Lp3na g o ltd R E
F &L o] 8 F7om 0 BELY & 7 3 4 SubTree 1 2 SubTree 2> 4 W] * %z iw Stripe
1% Stripe 2> &281-2+3 & SubTree 1 ¥ #_p ¥t & 2L, & 4 SubTree 2 # rf ¥ 3 &
Bho &8 4-5-7 % SubTree 2 ¥ F_p 3R&w@ky e & SubTreel ¥ fr i ¥+ & 8Lo vy &
26 B P FRALE S S EL od AV SR EEIR T R E N IR R Bl PR R
1

* &gk b YOI 50 o Internal-Node-Disjoint-Trees ek ¢+ #3087 chif s § §les 0 d 30
g
B

ey

TR 2 e O Taer e Heh s REERR @ herf 3 S g e FER 0 R L

F BT € - Y SRS Bl X Ba T e ¢ R R P HE

er1Stripe @ @ o

server - - -

=~ . _Stripe 2
“"-\.

SubTree 1

————— SubTree 2

B 8 SplitStream # /4§ 7 R, B
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313 R & A RE

Ak R Y o d WHEE 2 LR g ELBE > B2 Piece ¥ ARG T
FAGR AT DT S8 o R 0 AR ZRE DS EE ST (Aot 2~ BLR) 0 AHR
Bohdp S ¢ A B AR > A H FARRIT YOS BRAE R R o - L ADR R AR
B pRRv mfrﬂéf]*wi FAERE BRIy 20 KRB Rk ERAFH PR S A o
ek W TG B U AR B S Bt SRR E - PR AL A
SplitStream #73 1! 9 Internal-Node-Disjoint-Trees #£4 - = £ F + » ok e 4 7 e gy
Eite 25 FR o PR > HFEF IR Y PUll g7 k3B Piece o Fpt
PTG R f R R R R A TS H - SRRF R T 7 §
W PRIEE N S A e Ra o Pullghe SN F RS endp g Tkl > ¥

boipit e ghadd it B o

5 3 4o mTreebone[27] 2 B & 7 Ak e e 23 ek gt cnif gl > 3 007 R4 ¢
YRR efz = % o 4B 9 #ron > mTreebone #% ) 78+ (Treebone) 1% 4 » 825 Piece &
;R iR T E AT Push B REE b et BE o B Bd B Y AR A DE
Lot o R FIEAHE ¢ oahs f SR B RS 48 R TR AR o “,% K- SR ) 1
VoA Bk pRAp T diigAe ko 2 AT Y R R AE O RE o SIS DE R
R 2 e DI R Plece  SERFiF X P B 6 117 PUll i SRR R Y
WRE P~ B3 Piece o %g& »mTreebone f& & 7 Ak e e fo e e it iR BE o dofhi R i

E

=
¢

ek chil cngid Piece Bk R PIFE BB LIPS B T 2 AR

—=\

AN

NSRS 2 F S
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Server

.Stable peer <«— Push path
O Unstable peer  <=--% Pull path
B 9 mTreebone ¢ jin i 7 R B
BT KT R0 ARR LS B AR R K3 P2P LS IR 0 F1G %0 )
"+

ook w Ban b A S et e B o £ & S pk R

Bed BAN IR S BLaE B > S HNFE B MR B T 7 A LA g

3.2 5 MK e B on T 30dE s B P

LR R Y 0 R Y S BEof i BPER 0 B 7 & AR5 Plece EHAHT B ER &
B RIS R et B e A kT o Tt o R i3 Plece AT T & B
G YRR T ¢ AR e W LR DR I R ST Rt B PE R eh P e 1945 S T
i 4c[28] ~ [29]#F R o BB G s P U T E Bl ABRAHR AT R 0 i G
elE L T ol BPER o B[28]0 o (P UBCE EP 0 S R AR
@ w[29]¢ - T'F‘ﬁ RIS N kS o TP Bk BT 1000 B & B0 ¥ kgt
AEEAA S Z 8 £ ¢ 100 B &G IMbps (ot 447 %300 B & -F 400Kbps (ot
AER > 14 600 B & 2L 200Kbps ¢t LI E o B R FREE § IMbps ¢t fUag R
P FALF S 100Kbps coF 3 B ke (FE MY BB HF 0 DR bk T 08
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et B PE I B R Ar > B B R Ao 10 ST 0 AE 4 ok ST Egk s BPER
bR R EARE Y L IMbps AT B d B R B A MR R - K R B
2 400Kbps {47 B enE B4 SO BB RES Y 0% 2 oA £ 200Kbps 1 4

SRR 4 SRR bR R AT -

N

w
T

2mmm| <] < < <

Interior Level Position in Trees

1 o < Class 1
<1 Class 2
0 Class 3
0 200 400 600 800 1000
Node Index

Bl 10 & @& ch& gkl & 5\
T ’ﬁ st ?’tﬁﬁ‘mw’é’%’:ﬁ AR RAT i o FEF A @”}5 L 'E 14
”élh%“&ﬁ%“°*m’£“f2%%ﬁﬁﬁwﬂmmﬁﬂ4wkwiﬁﬁﬁﬁ

F AR NEES EE R o SHRNBER B R R RT3 4P o

PR ARG R Y R B LS JRAY >~ BB BER Y K ehiponut @R R 00 - B
Breaug BV E > U] L RDF L o T RenF &9 APRA LA PR
1iFe gAANPRD A BFREZE AAPRRERY P TR RDOESET G A PP

P BB B A S AT o P s S kR F B R

2o

e B e

FEBEIRT R RKETRIFTE 2OV A o pheh s A T - RS Rk

P2PLS x Sufts] » 32 A AR B F oy - BEF R F R
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A g P2P LS kA G- BB R PR E AN ORER B o B IR PR B oot
FARGE W RE R BER 2 AT PO YRS - o BUP R E (Tracking
server) - Tracking server 7&12\{ BitTorrent # = Tracker — 4% » /% % # 2% & 2L < 3% Piece
(k¢ o i @ AT » PR S B B < & BLizE - H (Parent candidate list, PCL) » 3%
Froe o cha BEBCE G H (S a0 49 p (7 Ping g0 SRR L 2R & ERizE A B ahgh it ek

PEEER o 374 A (& BEIE 4r AR B BLIEIE A TR B PE R R g gt Rt B PR

&

a0

CHEATE R G BRIFE A P E - BRGE  RE R S G ) TR B o ek
TR PR R hk S LS RIEIER P > AP - BuHBBETFIE
(Maximum delay constraint) » i & RiF3cat & pFEF | A28 B pF P F S E & B G 4 »
PR o AeR] 114977 0 F R & BRT Pt PR e W e BER 0 Y AR
FREAK TS 300 FF) 0 2 ¢ cnH BT AP | S BPFEF F UE DS B &
P SRR IR A AN BN P UE g ART A RS e L

PERLR B R ERAR o
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Playback delay

Server

-0 ms

=100 ms

- 200 ms

.Plzlybzlck delay under maximum delay constraint

Playback delay over maximum delay constraint

- === Maximum delay constraint

Bl 11 s @pER g
4.1 R AEHE

P2P et d i | & 7 = 58 iR IR E Dok = ¥ WEEDPy, P2, o P A 0
¢zkﬁu§ﬁﬁwpiawgOﬂNoéaﬁﬁﬁi@gjﬁw%,awzi$ﬁ
Srpla RS o0 A R 0 BNtk A A B A e chgh gt g BPER
AR E e py N EL SRR L i mop R B AR RA S dic ER
EERF L RTEES > MNEFDOE DEH I - B L FIRE po s #HT

Degree-constraint spanning tree % ift 3% & 8L py, Py, ..., P & 5 & SR E F &) T 393

&@%@’$&¢ﬁi%ﬁo
i=0

#-23 YR R ehg g% — i3 Degree-constraint spanning tree i #4e k & -
® NP-complete 7" 42[30] o F]ot » & Repife i b i 1t @ H G B T 354 cur &
PERYE 2 5 B o gt oh o A P2P ot P o HEET G AT P PRRYERAe A N R 5 0
VRBEAGR R AR EFEG L E AT e { PR FEE AR e A G2
FAEEF ETLA BRI HEE R > AR SPRIEY & F R R o

ot 4 AL Y R EEE
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42 < BBFEFEL S g E

%iE S BT w 3R 484 > Tracking server ¥ r2 Be{8 304 ik e T 0 & 50T

FOA R B A IR JUR T o Rapiel VT Ao - B PCL

4 RTFE 2 0 AT 2 R DE B S A Fe Rl R PRHIk R o

A2 - BER A L PCL > Tracking server B~ {8#74: » & 8L P et U475
Fg P TR A R SRR O 4 R KRB JUE A SR Po R
Tracking server #-w § FI4RHF B enaP BRI cut BPF R D | T PR > S PRAEEE G
BwEnough - PCL £_BwEnough =+ i# ¥ > # 3 7 BwEnough * &% Max(K-L/2, 1)1 %
Min(K+L/2, BWEnough|)i# ~ % < & %% 1 ¢ = gF3hd 1 R S8z 8 4 2552 oh

P\?c

RS 1 R e G E L S B

P « The newly joining peer
L < PCL Length
R « Streaming rate
K0
BwEnough «— @
fori=1— Ndo
if bj = bp then K — K+1
if ri = R then BwEnough < BwEnough U {pi}
end for

Sort BwEnough in increasing order by playback delay

PCL « SubList(BwEnough, Max(K-L/2, 1), Min(K+L/2, |BwEnough|))

24



ERAEFDLRF R I YL E N AT IORRG B PR B
£ oS LS JRIS A TR D L U S BRI i B R o Bl
T RIS RS B B e~ e RLPS 0 i Tracking server 2~ e PCL ¥ e 7 5F 5
et B R S RRE A o T BFRZ PR Y FHETRT Y ) JURT

moA R — gy ko ?‘m}{‘ﬁxm;&_
43 wB F M FE 2

“,% 7 1% 1 Tracking server 3 % PCL &k Flif 4 e B & BB chp ghvk > Sy Hp ¥
FWAIGN AR B E T - o E Kk AT 0 B o AU 4 e h e
fseng gL Alp- BERFRERGT- T HRBRE 0 o 4o 12 977 » #3501 AR TR P
FitehagBh P 353 - B2 P 2 R 928G 5 R Degree-constraint spanning tree 3k i

BP2P&HT §8C={C,Cs. CF> & EITRBL G B | cnT 1042t BT -

.7{‘?\5{“1 gptmtmi/ﬂ@\‘
T
. %z '@b

B 12 ®HEiE it
APERNT e AV R AVFE B RO TP EERE «iﬁ A REERELE

o higE: 29 oA PR E- BANEHEEORandomFE o AFEE 3¢

t’a}\'.

p
IN

Ak - B g~ 99 % eh Largest upload bandwidth i B % o AW B
2 -\

P4 - B R B] $E 0t & pF R e Lowest playback delay 5% & 2 o g B2 5 ¢ -

102 ) 5 e 0 B R i 1 end i f#(Optimal) ¢
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7% %2 2Random ;% & ;2

AvailableParent — {G}
Children < {P}UC
while AvailableParent # @ and Children #* @ do
PCandidate < Randomly pick a peer from AvailableParent
CCandidate «— Randomly pick a peer from Children
Set PCandidate to be the new parent of CCandidate
decandidate <— Upcandidate + Opcandidate ccandidate
IpCandidate <— IPCandidate — R
if recandidate < R then AvailableParent «— AvailableParent = {PCandidate}
Children < Children — {CCandidate}
if rccandicate = R then AvailableParent < AvailableParent U {CCandidate}
end while
if Children = @ and new local avg playback delay is lower than the origin then

Commit this optimization

end if
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;% & ;% 3 Largest upload bandwidth ;% & /%

AvailableParent — {G}
Children < {P}UC
while AvailableParent # @ and Children #* @ do
CCandidate « Peere Children where bpeer is maximum
PCandidate < Peer < AvailableParent where dpeer + Upeer ccandidate 1S minimum
Set PCandidate to be the new parent of CCandidate
decandidate <— Upcandidate + Opcandidate ccandidate
IpCandidate <— IPCandidate — R
if recandidate < R then AvailableParent «— AvailableParent = {PCandidate}
Children < Children — {CCandidate}
if rccandicate = R then AvailableParent < AvailableParent U {CCandidate}
end while
if Children = @ and new local avg playback delay is lower than the origin then

Commit this optimization

end if
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% & % 4 Lowest playback delay i# & %

AvailableParent — {G}
Children < {P}UC
while AvailableParent # @ and Children #* @ do
PCand e AvailableParent, CCande Children
Find the best (PCand, CCand) pair such that dpcang + dpcand.ccand IS minimum
Set PCand to be the new parent of CCand
decand < dpcand + dpcand,ccand
Ipcand <— pcand — R
if recang < R then AvailableParent < AvailableParent — {PCand}
Children < Children — {CCand}
if rccans 2 R then AvailableParent < AvailableParent U {CCand}
end while
if Children = @ and new local avg playback delay is lower than the origin then

Commit this optimization

end if
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% &% 50ptimal ;¥ & =

AvailableParent — {G}

Children < {P}UC

Use brute force method to find the optimal spanning tree

Commit the optimization

AP UHRA SeS Ak R e SRS A RS o AREREY o A PR
UE DB EP 5 & 5 G PP ehrt 3 HB P PTat 15 4BI H8 6 P
Bk it B BPERF 0 A 13 £ 3 1000 F F)2 o d 3090t e end o 745 (Data

rate)d 0 A RFREET G A FEIRRES SRR AP L B B A kR o

B - 3 % = A58 P A1k i Data rate 4% kA% 14 i}u—;@i & BT 107 R
T E B BHARRAR S o k- R 0 BERT RIS SR BET DA G A0
BR2B2ZF - % - fAFEY > BB FLFIRGHT FRRFHRTIHLHFAL0BI 4B
2 AR BT > A BEET IR SR RRTIHN G A0 B8 B

yo® 13 #7or > Random % i mw fEHH ¢ h T o BpER FRALE R e
Largest upload bandwidth /% & ;2 o 5 ¢ § F X 3 T 352w B pFRF o Lowest
playback delay i# & i fw fafFs ¢ § % = | chT of et BEEF - @ Optimal i ¥ i2

E g ehT ot EPERT o
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800

— Il Optimal

700 I Lowest playback delay
2 [ ILargest upload bandwidth
600 —— ] [ |Random i
[3+]
3 500 H ]
4 -
2
3 400 | | —
g
=300 = H H
&
% 200 g i |
<

100 H H H

0
0,2) (0,4) (0,8)

Fan-out distribution
B 13 Fedd B iE i B ot R
Lowest playback delay ;#® 28258 & I 7% 4oz | B > (e H T 353 acse B pF P g >

= e X
Optimal ;% & ;2 & B 7 4 b wm - B AF A2 R & | >0 Optimal i/ /2 o F]pt > 2 g % Lowest

playback delay i# & ;2 17 % Tdb b & 147 5 2 o
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IR RERBE

G SRS B R SR SR PCL 2 W E A R A g

>\_

chie Lc% o A BR &AL APEF IR * Lowest playback delay ;% & 2 %

Pand

N
%
™

3

A

/{

P E BB BN L T R BT i AR R R A Y B

-

AR PR L 0 R ATE BRAe » }@&éfﬁ)‘]‘uﬁimﬂéﬁaﬁ Eif g ¥ o ETE L A dg g oE K
ST IO AR B PER o TPt > APkt R R P BE SRS BIFE 2 LA
v e Greedy (i B 2 o e Greedy s B i @ A i gk Tracking server frif gk ¢ iz
& BERF cnBLY B 2 pF o — B &EEAe x e liE o Tracking server ¢ & friZ & BEF 2

ik SRS L S as PR o w82 N B Ao B 6 AT o

% 59% 6 Greedy i iz

P « The newly joining peer
R « Streaming rate
BwEnough «— @
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