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ABSTRACT

Client/Server streaming is susceptible to servewerloading and liable to
exhausting the usage of server’s bandwidth; hesex@er’'s service is degraded. The
above deficiencies can be solved by P2P streamiregena resource provider is split
and distributed to multiple nodes over a network,tlse server’'s loading can be
mitigated. Therefore, P2P streaming becomes pregaih recent years. Most of the
researchers focus on peer selection, network stejctjroup organization, and so on.
The issue of improving Quality 'of Experience (Qa#)ich is used to specify user’s
perception is scarcely discussed. User waiting tme picture quality are two of the
metrics for QoE. If QoE is low, no matter how systperformance is, the usage rate
cannot rise. Therefore, the metric of QOE mustakern into account by a streaming
provider. But different users have different usatgmands, the layered quality
characteristic of Scalable Video Coding (SVC) atefsied to enhance the QoE. This
will lead to the best picture quality and the laasgr wait time for users.

In this study, we propose a Layer Deadline Schadu(LDS) Algorithm to
schedule all layers by their playback deadline aaltulate the current available
bandwidth to make sure if the streaming file betluyvnloaded can be received in
time. If not, whether to download a streaming bleskip it depends on its priority.
A comparison of the empirical results of four algans: (1) LDS Algorithm, (2)
Random Selection Algorithm, (3) Smooth Algorithmthaut delay, and (4) Smooth
Algorithm with 1 sec delay, shows when RTT/2 rangesn 0 to 300 ms, LDS
Algorithm has the best QoE. The picture qualityhwlitDS Algorithm doubles than
that with Smooth Algorithm. Moreover, the proportiof discarded layers with LDS

Algorithm is as low as 10% of all files.
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Figure 1 ZigZag Pattern.
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2 Background
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2.1 P2P Architecture and Streaming
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Figure 2 A Centralized Directory Architecture.
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Figure 3 A Hierarchical Overlay Architecture.
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Table 1 A Comparison of Four Types of P2P Architees.

4. Join closest overlay

Centralized Hierarchical Controlled
Approaches . ) Structure P2P
Directory Overlay flooding
Scalability Low High Medium High
Single Point of Failure Yes None None None
Search Guarantee Yes Yes None Yes
I mplementation Simple Difficult Medium Medium
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Table 2 A Comparison of the Structures of P2P Aecltures.

Chord Pastry Tapestry CAN

: . , , , } ) Multi-dimensional
Architecture  Circle ring Circle ring Suffix matching )
coordinates space

Per node Node ID Node ID Node ID Multi-dimensional space
Per file Object ID Object ID Object ID Coordinate
Support Finger table Routing table - Coordinate routingd¢ab

Comparefiles Jump search  Two level search Matching suffix Greedy algorithm

Hi7% 2 WA > Chord Al Pastry#likt AT HiishaL A= el #i(Hash Functiorfs
TRV ETRL S B AR & IS L B Rl —(E R ER - 41 e 4 -
EAREFREIIAR - e AR R TR - WA AR A SR S AE TR E -
Fo TIPS RS > ChordrP HUAFE SR % 5 45 T — (RS 1% (Finger Table)
Z iR (A LRSS FR 2R AV ENRL U5 (3 A PR PR BTSSR AVEER - Pastry I
Tapestryft EL¥HEZE 7 1% Chord #25 & il CAN RIJZ I — AR L -

Finger Table
g+2 |21
8+5 |21
B8+26 | 48

Peer 21

Figure 4 An Overview of a Chord.
P2P Streaming
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Table 3 A Comparison of P2P Streaming Softwares.

PPLive PPStream TVAnNts Joost
Start time Feb. 2005 Jan. 2006 May. 2006 Jan. 2007
Viewing tool Client program Client program Clienbgram Web viewer
. Video On Video On ) Video On
Content service type On Live
Demand Demand Demand
Startup latency 15s(ads) 15s (ads) 12s~70s 2s
Related Works of P2P Streaming

AR A A2 I ITAE TS, P2P SR AVAH R - (G2 & ¥k (Load
Balancing)[14][15]- J E% 5 % (Piece Selection)[16][17} {E /E i (Low Delay)
[14][15][16][17] 5 o B AR G i G Sa AR 5y [ E 32 52 G AR A S A= 1T it
ENEFFERL - ks TR YRR Y » A5 E A AR TR IS (SVC)
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2.2 ScalableVideo Coding
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Figure 5 A Simplified Diagram Using SVC.
FH  BE ST - ZEF RIS (Multiple Description Coding
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Table 4 A Comparison of Video Coding between Svi@ MDC.
SvC MDC
(Scalable Video €oding) (Multiple Description Coding)
Organization Joint Video Team (JVT)
Per layer
Unit Per description

(a base layer and enhancement layers)

Based on a base layer and
Type of decoding _ Independent
previous enhancement layers

Files obtained Dependent on bandwidth The same description
Rate Scalable Large Small
Packet L oss Effect Picture quality decrease Playing delay

2.3 Other Related Works

MushtacSs A [9]f2H —E4E Gnutella 7R & =l BB ES B S EE ] (Hybrid
Overlay Network ManagementyisE .4 i 25 B B AR ATk > FR{E BB A S
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3 Problem Statement

3.1 Parameter Definition

B —(EC RSB R S » 2E 6 s - B SeiRIR e Hy R P
Rk 25 (EIE i (chunk)> FE{cIE Scalable Video Codingf) 77 =15 (EE L BE4ERY %
{EFE 2 (layer) - i &H (B0 E DU —(ELL ErviEsaE - & TR - 2
A — TR R Ry Layer 00 0585 1 fy Layer 1> DUILASHE - 1855/ M f Layer M -
FEA S AR g — (B 5 — (Vs g R B T G 2 B

Enhancement Layer
(layer M-1)

Enhancement Layer
(layer 2)

Enhancement Layer
(layer 1)
Base Layer
(layer 0)

Chunk 1 Chunk 2 Chunk 3

Figure6 An Overview of Streaming Layers.

By T &R RERB MR R U TR T (M TER T LT TR 5
B @ M~ NEBERI pIERIE 8 E L ERE R - Hrh iR TESHIE
BHHRY - PAN{E SR B T —[Bl& (RoundfIRR Y & Ly jHZRFRES 0
RS | (EFE g 2 Y1 (Object) M C; AR L jAF S8 TV EE TR S & DR
AN | R SR AR SR IR ] > R EEAED, Z RTHUS R | & E I | S ;X
FLi BRI - w A ()8 H ATHT A RIS EBW S HIL, j FTRR VIR EITR, ;5 55

ST CRITFIZRERES | (EERSRSE % N AV > gt o] AR BRI f] -

TR;; = S;;/BW 1)

Table 5 Variable Notation.

Notation Description
M The number of layerfor each chunk.
N The number of chunks per rour
D; The playlack deadline of chuii
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L The object of layef of chunki

Cij The number ofL; ;'s candidate peers in the system
ij The size ofL; ;
BW The current available bandwidth.
TR,-J-' The real transmission time df; ;, as shown in (1).
TC; The complete download time of chunk

3.2 Problem Definition

& (DB —EEE - #ar M EERE - 3 QB E—
RIEHIL, 5 » #A Cy AR ERRL LN, -

Fo T E B (1) e (o A B AR R 3 R R U B O R AR (VB
WA S E W TE R K -

Vi,i=0.N—1;Vj,j=0.M-1
TECy iz R EFioRE P Pk sE— (B B (R AV BfRE TEkL, ; D2 -
min (TR, ;) = S;;/BW s.t.
a.if TG >D;, TC; —D; => minYN-'TC; — D;
{ b.max{Num(L;;)}

FEFHL; jeo.m—1 I BT EBMISRAT R, jeo.m—1 MIEUSEENR | 1Y T RLSERFRATC, -
ETCHMBER | FAN RS REIIFHEID N - 2 (EIF E 5 SRR o KT
202 QOERE {1515 (R [ 22 AU SR AN Ry i/ IMEL > T s {5 P 8 S IR ] By B
FINE I E A E i E RIS —(EE NS AR S ENIEE
PRI AT AR R R | A &5 B O P Dy 2 il 58 B 26 P e B B ? (2 s e
SCRTEEERET YR -

11



4 Layer Deadline Scheduling Algorithm

Ry TAEEHEESE | AR AR IRUR R D, 2 7T 58 i B 2 s Jg By (28 FefMIse (et
B R DERE R REERRER GRS BRI EIN R RIRR 77 By = (P& ES « 1
=% E¥(Searching Phasejt {2 EL (Selection PhasefFiZ&Ex(Scheduling Phase)
N FE R R LA P B AR Rl H A -

4.1 Architecture Overview

Layer Deadline Schedulingi 557 B = (EFSEE - FE=FEEE - BEEIEER DN
PEFEPSES » 20N E 7 B

"R | AL Chordiy P2P 247 - FIIA] DHT BhEE Y= AR 2T
FAERVETES - Sk TRk -
BRI EL ) (R B ERE S Bk — (B S BTG X - Bk X WA
s/ NGB (RTT) > Foom BRETRS XHY (E E f D  RE L4 ad T sy (gt ] -
" PRREREEL | BRI A R e (Layen) BRI HY 25k » DU
TEIRN SR 2 RIS E ) B EEe

Select the best one from Check its bandwidth and
these candidates calculate deadline

Request candidate peers

Selection Phase

Examine Download List by Examine Download List by
bandwidth priority

Sort layers by it deadline

Scheduling Phase

Figure 7 An Overview of the Layer Deadline SchedyAlgorithm.
TEEHH LDS Algorithm Z il » JeiE g3k 6 Y/NEHATSR - DAE R BRI TE -

gL, SR HA — (BB 8RB, j - 1EC, ;o SRR BE YA B P s (E TR A
B/ RTT ABRTT; » Fon Sl EITR, & 56 5 MRTT AIFHARE RETRL K

By RTT {H © 958 SVCHYFRHE - BHEL, j#A —(HREHETF KBW, HIIRH > &
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S TBS HARIES B ST E R L AR I T EASHR Ly + DRI L, Y MBARSRATR, ;22
R BT IT D, (B T S AR 15
TRy, = S;;/BW,; 2)
TD;; = D; — TR;; (3)
it HMESRRE P, | FAACH A S QBRI RL N L, AL RIS E  41(4)

Layer 0 HY[ESCAE(E R > By M-1 ¢ Layer M-1 FRSCRE(ER/N > Ry 0 -

Pj=M—-1-j, forj=0~M—-1 (4)
Table 6 Variable Notation.
Notation Description
B;; The best peer df; ;.
RTT, Peer K's value of RTTRTT]; isB; ;'s value of RTT.
BW;; The required bandwidth of; ;
TR;; The transmission time bf;, as shown in (2).
Dy The download deadline bf;, as shown in (3).
P;; The priority ofL; ;. Asy(4)-show:

4.2 Sdection Phase

Fo T 4R NI o Pt B (EEE AL, PR — (A FERV RSB, ; -
EEETE A R/ N RTT ERTT; > 407N IE 8 -

LLEEE A Rl —Bifa LA e aaEs(Bootstrap) 5B 2R % B (Candidate
Peer List)y Wi {5H155 LE B EERTRIEA FT s AP I FEZE - oy TS LE (e anRL
PR — R AV RS PR @A 2 - Bk A (F &% Ping Bl 4 (=B ETRE S B
AV (EERE - MEEEE R N RTT EAVETRE D Ry (EEEG - e BLEfEs D
[EIEY o] RIS R S 1 & Ly TR A EERSHTBW, j - ERF SRR Q)R L, 5

AV FE IR RIT D, S AT > AE R BERTRG IR B h PR BE R (R EITRS
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1. Got a candidate peer List

1. Request candidate peers

2. Select the best one from
all candidates

3a. Check: /
BW >= BWi;

/

3. Check the bandwidth of
the best one and calculate
its deadline

3b. Calculate TD;;
2b. Select the Min(RTT)

Figure 8 Selection Phase.
Pseudo cod¢ll il 9 - ZE#E W for AR ETEHaE—{EIL, ; » PEE{REERIRL S E
et Ping BHEIHY RTT {H - EIEETES K 09 RTT {H AE5y NS &L, T2
LT SKBW, jB5 » J8S K SR EEIBEB, ; - Al MR RN ARG RITR, ; DL R 5

AR EIT D,  DABEDEREFE B (E -

for (i=0toi=N-1)
for (j=0toj=M-1)
for(k=1to Cj;) {
if [((RTTx < RTT;;* ) && (sizeof(ping)/ RTTy>= BW) ]
{ R'I'I'i,,-* = RTTg;

Bi,j = k;
TRi,j = S,j /BVViJ
TDi,j = Di - TRi,j

Figure 9 The Pseudo Code of Selection Phase.

4.3 Scheduling Phase

FEIE(EER I - Ry TEESIERR IR AR Ay HAY - SL AR (E R | HYa
TR FEID; N SERRERSR | By (EE © S R | AR R m SR E R - Al
JHHISE 2B IR § WYL, j - RIbERE DL R - T RSB RI RIDN - SeRkii
AL ) PP R A EE -
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Components of Scheduling
BRI ES FEAVA = EER 7> - A&l 10y LDS i -

1. E&SERURE (Deadline)

EHUISL, R E BB E R R SRS EITD, ; » FESL, AR -
By 7 RERULEIL, jIFRE AT D, j » 3SR A DA B (i - PP T A 8B
ERSE 58 ETEEIARPZHE -

2. M (Dependency)

FHFA NS g I 2SR SE RS - (P AE S I R AR PR TR »
FREE AN AL HRERRE5RE A fig - NI TR fE i s B (8 ST
H - s RlGE TR SR A -

3. T EkHEE (Downlink bandwidth)
FRIR()LARL(3) - FEETEL; jHITD 1% - Z AL, jFTRR VA ASTE BW, ; Ky

e DRI T (R U BW/ANIRBW, > (HERIRF I TR, ;350 & 04 1

N ZFTD; ; -
Deadline

Downlink @

Bandwidth

Figure 10 A Conceptual Diagram of LDS Algorithm.

FiE LN 7 =HIRNET R AR 7 & SR Y o] FAH R BWA BW, ;%
FoNE AR EEREE ST NIV E HBSCREEH) nl T T - (EEBWNRBW,
RF > SISRIESTREE RN TE R A —(EFE 2RI > Fon H AT (EE ZRee s - Ryl
FEARMRMERR KRR RS > IR B P Ay Alr—{EH H R > B i A s 5
HEIBWAKINBW, j - (HEBSLHEE/ NRE AT —(EfE 2N - AIIFoR HpiavE S

B > Ry T EIE S IR L BEE Tk -
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Table 7 Three Cases of LDS.

Case BW P;; Handle
1 = BW, ; Downloadlist[K]
2 < BW;; > Pystic-1] Droplist[k-1] , check again
3 < BW;; < Pyistik-1] Drop list[K]

Scheduling Procedure
By 7 RLEEE - B —E e B ay R &by B i B - BRI N (E &R
(ChunkyVE&E L - 41 NEl 11 0 S NEESUETTHRZA B

The First Round:
— Drop list[k-1]
> Start X
Yes
Choose the N0+ Drop list[k]
best node X
L No
v
Schedule  [-List[0.MN-1] @ No—><BW > BWistii>Yes D"l‘i“s’t“[':]ad
Next
Round L
Yes K+ Wait
(For response)

«—————Time interval =3

. Wait
Buffer > high Yes—»| (For space)

No

NoYes—» End

Figure 11 The Flow Chart of LDS.
1. By 7 USSP e B A SRR U I 26 2% IR AR P A /2 P

JEL; R R SRR AT D, HE 1T B PR (85 (Earliest Deadline
First - EDF}{FZ -

2. EEIEEERI A E R TEMS Z 5 > AURIZRPE T ERIE AR e E
JRUIF IR 2R 25 e » AL Ry T OREE ST AT AT PR A Y (e [ A5 RHR
HRE P S E R Y T S R BWE S a4 P R P SR A B BW, 5 7
L SR T > Q1% 76 Case o

i, EATTEE AT EREI PSS E AR Y A —(EfE E - (=
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1EFT—{lE P R - WCEAE PR > 40k 7 HY Case 2
i, EARE AT G H P e & e (E 71 i — (R P g 2k
/N A RIS (RS J T E 2 DRIIEE TR EC R B 58 & ey (8 - -
W= 7HJ Case 3
TR i AR RS (EDPRHFR IR A > FefTr] IERAIR A 52 R R P fe iy (3
By IRV AEEE - T 5EE TS G AVIB e RE(EL R % - PRI AT DA AT RERYHL
FE SRS EARSGEERLE

4.4 ExampleRun

R miesa g NE 12 BE 1 JokiE—[bla(RoundfypTAE (4 (Object)
PRI 5 H HARES N EIT Dy HEFP AR Nist[0.MN-1] & 2B 2 HlErz =l S P rEE
LR TEE - B ARG RAEE R E ERI T RS ST E L 15 N K
SEEBW, ; » BT RSB 3.5 N[ K Y (EE SR TR e 3.2
EFTRSCREERIEER: & HATHY st KRR s A T2 55 4.1 i list[k-1] #9{#
Il B 7D B S e ] FIARRL & H iy istik] FE (E R ANET 20 BR 4. 2H0H list[K]
Ay HE > R GRIRTAYIT B se s - 820 ER 5 Bia T —[aiPiEiE
I o

The First Round:
—1 Drop list[k-1]

Start st

v
Choose the No»> Drop list[k] |—
best node

] No (3.2

v
Schedule  FListl0.MN-1<k > MN-17">>—No—»<BW > BWisti] > Yes > D"Iz’;’t"[';]ad
A
© 2) 63

v

@ Yes k++ Wait
(For response)

Figure 12 The Example Run of LDS.
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5 System Implementation

FEEREmC > BV T —(E R8P e A RE R — e i IHHE A -
NE 13FTR - R EE D R EE Sy - —Ra BRI ERATEEE - AR
R R ZR IR T AR AP s =0 AR s P e R M E B B PP s ey
Chord#gp&Eisy » iR o F| F L P2PERIRES AT FRAVAEZE » SE4fAN 5.16f
Aralt » RSB A v IR SR G VEERR R - BaRl—FERme

LDS FEfisERIx - SRl 5.2 BfifT 4k -

Pre-Processing Viewing

Searching Procedure
i

Selection
Module
Bitstream

Peer E

Peer A

Chord-P2P

Extractor Scheduling User
Chunk0  Chunk1 Chunk2 Module
_ Q
JSVM T LDS
Peer C

Figure 13 An Overview of System Implementation.

51 Pre-Processing

PRI AR ATEEEA N E 14 R o B {(E gL H JSVM 6.8.2
Bt SVC Encode4ERE SVC 222 » A3l Bitsream ExtractorsHy HH % [
J@HIANZ » HICEE| Chord-P2REIHH -

e Pre-Processing
SVC EnCOder Layer 2 Layer 2 Layer 2
l » Layer 1 Layer 1 Layer 1
Bitstream
Extra ctor Layer 0 Layer O Layer O

ChunkO  Chunk1 Chunk2

\ J

ISVM

Figure 14 An Overview of Pre-processing.
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5.2 LDSAlIlgorithm

£ LDS JERZ/EEUAM - IMIEEM VB.INET {F A2z UEER Z A Th
Windows-P-& | - HAGEA NEl 15 Frr > srp = (#fHeH © #=515%H (Searching
Module) - #E#Ef54H (Selection Module) HEFf2fE4H (Scheduling Module) H ¥ =
RAH ER AL B R el @ tE R HV4ERs (il & - Hash File Name f& Fr i 45l
L FEZEHIRE 2 T2 (Hash Y2 HUfS: hash_id- Compare Hash ID f2Fr- i
Chord-P2PERET » FlIFHFEZEIZHY hash_idE{ T SR EEEL - S EREES A S
R0 7 SR AT 7 [0 14— (758 757 B2 (List of Candidate Peers)

R B e A T B — (R A S W BT R AR S AR 2 B R =
(O)aH1 RTT BFHR RS LL » TEA B EEEELRAVF IR | B EETRY
RTT @]\ » RIFRHAA TR

1.3*MTU

Bandwidth = —= YPacket Loss )

RIL R ToREY(S)TIAHT - [ 14 1Yy Send Ping Packet f£f7 A Fix— Ping Hf L %
B BE BB BE P (I8 = SR ET58T - PR A = Y R O B B Y RTT
e Min(RTT) A2/ RIFI A Ping S 6 A2 EIRF AR HH A e B B8 NakLy ;o MF
BEETREEEN R RS - (R TR ER -

e RE e LU AR RS RE TP HIPT A L, E TR EAVPERE > DUE
2 " FEEHE Chunk i HYEATEIRFHID N » S8Rk Ly ;0 H ) B H I - fE1RAE
20 BEAE AP AN B8 Ry BE A #7755 (@ [m] & (Round)- [ 14 iy Sort List 72
FRoer &R BLAS A FTA Ly j (RIS H e B IRF A1 Dy K/ NFRFP I — (8 3K
/A ER4SRE ¢ 1fl Check Bandwidth ~ Check Priority #2 FF HIRIETR: 7 HRHAI > fad
HOH AT AL,  HR T LU MBS REE - HIBTE &% T NEEGERCH » B
FEFIREERY NEIIEFY ¢ Ff% Download File #2 -tz £ —#{ T4 (Thread FE Al ]
HTTP Protocob1TL; ;MY Nk « fE A& A — B2 A F RHEB I &2
157 Ry (e (Buffer) » 5epl— (@RS HIPHER - B T EIEMEEE &R - Check
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Buffer & Fr-3d P8 Sk @l iy A N B Frase e HIP I (B - Fonsg @l NHYE RIS
SR - FEiRE K E%E

HYR/IMEFR PR > AURTEST ~ — RIS HYFEREFY -

BATEET T E G T

St S

Fh

[=]
(u{s]

LDS

Searching Module

Selection Module

’ Hash File Name

‘ { Send Ping Packet ‘

’ Compare Hash ID

)]

List of Candidate Peers

Min(RTT)

|

Selected Candidate Peer

Scheduling Module

Per Round

Sort List

|

Check
Bandwidth

Check
Priority

[

L

Download File

Check
Buffer

Figure 15 An Overview of LDS Procedure.
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6 Experimentsand Results

6.1 Test Environment

FEHIREA S T =(EA Client~ WAN EmulatorlL i, Peer A B » 411 T [l
16 - Hrfr Client & 5 1£ P2P4gEs h s —Er IR MK E ©  WAN Emulator
AIE P AR e EL BT SRS B > #E LR PR A BRI AE pR ER i R B A R - R T
PR G 2 IR RIS > B PSRN 0 B+ ¥ B LAY A AR [ (RTT/2) »
iH 42 (Loss Rate) E##(Duplication Rate) §&:5% (Corruption Ratef {17485

ZaE fefk Peer AB B E TG fE P2PYEES TR EHYETES M HE L B RS -

100 Mbps

/— N

WAN Emulator

Client

Figure 16 Test Environment.

6.2 Test Cases

5 i 0= S =Dy ST NS =y i S i e 1 i R N i 7
(chunk) - FiFE—(EEBE 73 51 H ISVM R4 = (E R [F] s B HIFS @ 18 % (layer) :
Baseline @ Level 1.3 Scalable Baseline @ Level 2.Scalable High @ Level 2.2

R FRYEIREECE T —[Bl&HY LDS MR - EEREEE DA
G R A PR B A I R A K 2 (S T (s 1S s i S

5 i SR B R TR IRl 48 2 B A 2R M T (e - 0 R (S e i v
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% 8 I e e SR {6 B = I TS IRV Rl e B nl & HEE = (d

&R > R ENETE— B BHRE = (8 S I A EEAT -
Table 8 The Number of Chunks Per Round.

Number of Chunks Per Round 2 3 4 6
Start-up Latency (sec) 20 14 15 35
Waiting Delay Time (sec) 51 17 41 5
Total Delay Time (sec) 71 31 56 40

6.3 Test Results

By T e BRI JMAH WAN Emulatorf oy i ¥ G A AE BT ~
B~ EHER - SRR ESHIRCE » W PR DU I A T
THHMERES » Hrh PR Z2 DA DUfdiER0x © (L) 4ER SCAr2HY LDSAlgorithm ~
(2 L fr R AT Random Selection Algorithm~ DU 55 — S RIAHBARFE F ATie i
1 (3)Smooth Algorithm without delay l1(4)Smooth Algorithmwith 1 sec[5] - DL T fi#
= A E (Picture Quality) JEE AR FE(Performance of Algorithm) {58 F & 25 170
[#](User Waiting TimeJitE4a e EE)(Startup Latenc¥{H)FIR2 2 - FEIBEHTHER
B FTiEHY GaiaSharp[6f47 - Y H IR NE TS SRR - NIIbEA
i B — A SR BN R B AR T A T DA BRI AL By TN IR AP
EEEE A > AFTARETEEH] -

Picture Quality

2 A E s BIER 7 MR AR B RIS B e (o - 5
FERR TR TR L Ry H RE R E R LR [ (Base Layes}l[ /- 80k 1> DUILASAHAE - (NIEAE
AEBPHWE S BRE R 3 &R AT BB WE S EECTS - B )
SR N B Y A e B T -

W E 17 Fow - &R0 B ES BRI AR BRI [ (A) ~ B JAR(B) ~ B
ZR(C) ~ SR D)V FE2EUERENR: - HEIA Ry LDS EEIEARE AW E &
BRI SRR RN USSR 2 HIPE E 3 (NI LDS AN EFEEIF A 2RI i
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griy > R BT 3¢ 1 Randomyg Fai pssaiR IS REZE » INIEHk
T RTT [ERAVETR R E S - BN EH G E A RE © #%1% Smooth_No_Delayi
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Figure 17 Picture Quality.

B ZL]E 17(B)(CYVE '8 thar a7 » & B 618 Rk AR B B A i b s
LDS Frae ety s an'E 2 A AL N o Fr DA IR (5 P S AR el
SR EA N E 18 - [E]HF 275 {6 A S AR ] S 2 T A E s B - S EE R (R
HESREYE S — 2y i & (5 A SR G A > E e SR Ay S T e
{(E15A TEraHIIS T UG 5 2 PS8 - 4 1A i B PR 78 e R B B A R I B I

N

23




Waiting Time and Picture Quality Waiting Time and Picture Quality
with "Loss" with "Duplication"
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Figure 18 Waiting Time and Picture Quality.
Performance of Algorithm
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@) ProportionofUseless Objects |~
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Figure 19 The Performance of Algorithms.

User Waiting Time
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Figure 20 User Waiting Time.
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Figure 21 The Distribution for Each Chunk.
Sart-up Latency
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Figure 22 Startup Latency.
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7 Conclusionsand Future Works
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Table 9 The Comparison of Results.

LDSAIlgorithm Random Selection Smooth Algorithm
Picture Quality Best Worse Worst
Performance of Algorithm Best Worse Worst
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