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Study of Estimation of End-user QoS in

Streaming Distribution Systems®

Naomi Terada

Abstract

Now that broadband Internet access has become widely available, there is ever-
increasing demand for high-quality streaming services. Especially in commercial
use, service managers are required to stringently managing service quality because
server-side quality management is essential for accounting services. In stream-
ing services, however, quantitative criteria of service quality still have not been
revealed. Therefore, server managers need to estimate service quality experimen-
tally or through intuition, which varies from one person to another.

A streaming system or protocol for in-depth analysis faces many problems
because the streaming applications dominating the market nowadays are com-
mercial softwares, for which the implementation specifications are not disclosed
in detail. In addition, as multimedia applications generally behave in a complex
manner, server log information does not directly describe real service quality. The
service quality at each client is difficult to determine from the server-side because
the number of network observation points is limited, and reducing server load or
network load should be considered in live streaming systems.

In this study, first I provide an objective evaluation method for determining
service quality and quality threshold at clients using an application’s internal
information that can be extracted from an additional module in the client appli-

cation. Next, I propose a new method of extracting valuable information about

*Doctoral Dissertation, Department of Information Systems, Graduate School of Information
Science, Nara Institute of Science and Technology, NAIST-IS-DD0361021, December 22, 2006.
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service quality at clients and network quality between servers and clients only us-
ing limited information that can be obtained at the server side. This is achieved
by analyzing the correlation of the following three indicators: “client service qual-

PR3

ity,” “network quality,” and “information at the server side.” I will then reveal
which parameters indicate service or network quality and those parameters’ de-
gree of quality in an experimental environment. The contribution is that server
managers are able to estimate every each clientIndependent from heuristic judg-
ment, constant estimation of service and network quality is accomplished, and
service quality management of wide-area distributed system are also simplified
with these common criteria. The results indicate that even if the target sys-

tem is proprietary or a “black box” or includes limited observed data, valuable

information can be extracted by analyzing the target in detail.

Keywords:

streaming, large-scale distribution, quality of service, management

v



O O
1. OO 1

2. Jggooooboood
21 DODOODOODOOODOO0O .00 oo
22 00b0ODOOOOoOoboobooogobonD co oo oo
23 0U00D0OOOO0OO0O0OO0ODOO0O0 ..o oo
24 000DOOOOOODOOOOODO o000

© J O ot

3. bouogoobobobuooooboboooooboboooobobboog 11

3.1 000000000000 © .00 0000 oo 11
5 707/ I I I 1 12
33 booboobooboooboooooboobooobooon .o 13
34 ODO000OO0ODOODOODOOODOOO ..o 15
5 78 S I I I I 17
S 28 I I 18
3.7 gobbhobooooboboooonon oo oo s o 19
3.8 ODO0OOO0O0O0 ... o s 21
5 78 I I I 22
4. D0OOooooboboobuoobobboooon 25
41 DOO0ODOOO0OOOOOODOOOOOODOoOoDg ©o 25
42 OdO00b0OObOOoOoOoOooobooogoboobog oo oo 26
O S I I 1 PR 27
44 DO0ODOOO0OOOOOODOOOOOODOODO ..o 29
45 DO0ODOOO0ODOOOOODOOOOOOnD .o oo 29
4.6 DOODOODOODOODO .00 oo 31
5. ggoobbouoogbobbuoogn 33

5.1 OUOobobhobuoooobbooogboboooooboo . ... 33



5.2 UODODODO ..o e
5.3 DODOODOODOO0O ..o oo oo

54 0OU0O0OOO0ODOODOODOO

5 Uobbbhuoooobboboood
5.6 U0OODLOOOO0ObLDODbUOOOOobObOOOoOoOboOO
5.7 UODOD . oo oo e
5.8 DODODOO ..o
5.9 UODODO ... oo o
59.1 ODOOUOO0OO0ObDbOOOOoOboboboboooobon
592 ODOOOOOO0OODOOOObLObObOOOObOD
593 OD0OOUOO0OOLOODOOOObDOOd
594 UOO0OO0O0OOOO0ODODOODOOODOOOD
59.5 UDOOODOODO ... o oo
510 b bouooobbbouooaobn
511 00bbooggbobuoooobn

6. Dooogooooo

6.1 UO00O0ODOOOoOoOoboobOoooagooon
6.2 U0O0OOOOOO0OO0ODOOOOOOoODO
6.3 ODO00O0OO00OO0OO0OO0OO0bOO00bOO00DO
64 ODO00OOOODOOODOODOOODOOOD
6.5 UODODODOOOO ... oo
6.6 UOODODODO ..o

7. 00O

00

gooo

gbooodag

vi

58
o8
29
59
60
61
61

63

65

67

71



O 0O

©O© o0 N O Ot = W N

[ T N T e e T e T e S e e G e
— O © 00 N O Ot = Ww N = O

=W N

O0000000000000 .« .« oo e e 19
O000000000000000 .+ . ..o ot 31
00000000000 0000000000 ..+ .. .. .... 34
O00000000000000 .« .+« o oo, 36
000000000000 .« .. oot 37
000000000000000000 .+« oo oot e ot 39
O000000000 .. oot tee 41
00000000000 0000000000000 .. .. ... 44
00000000000 0000000000000 ... ... 44
000000000000000 .« ..ot ot 45
O00000000000000 .« .+« o v vt 45
00000 Vi 0000000 (m=2). . .« oot .. 46
00000 Vi, 0000000 (m=3). . .. .. ........ 46
00000 Vi, 0000000 (m=4). . .. ... .. 47
0000000000000 .« .. .0t 47
0000000000000 .« .« ot ot 48
0000000000000 .« .« o 0ot 48
O00000000000000 .+« .« o v oo 51
O00000000000000 .« .+« o v oo 52
00000 Ve 0000000 .« . oot o i 53
00000000000000000 .« « .« o v e oot 54
[l

00000000000 00000000000000 . .. ... 20
000000000000 .« .« oot 29
000000000000 . . oot 39

I I P 42

vil



6

goobogg ... oo

soobobobobboboobooboobd

viil



1. OO

gobogbobuogobobooobbuoobuooobboobboobboon
0000000000000 00000D000000000004.9% 0000
000000000000 0000D0024%000000000000000
0000000 o000 0O00000D0D0D0DOoDoDODOODOODOOODOO
gbbodgbbooobboobbuoobobooobbobbuoooboboob
OO0D00DbO00o0o0oooobDobDgyoutubeOODOOOOOOOOOOO 700
00000000000 2000000000000 oooooooooo-
gbobogobbodgbbogboboobbuooobooboboooboboon
goboodbbogoboboobbuooobooobboooboboobbon
goboboboobobobobooboboboboobobobOobon
gbboggb l1oogboboobobuooobbuooobbuooobbooon
0000000000002/ 000000000000000000CC000
gbobogobboobbuogobooouobboobobooobbooon
gboobodbbogobboobbuooobbooobbooobbooboon
0000000000000 00000DO000ooooO 4% 000000 (3]0
gobobbboboboobobbbbootodgdoooooooooobbbbobbb
OO0o00ooboOoWwWebDOOOoooooooboooooooobboooDo
gboboodbbogbbooobooobbuoobbuooobooobboan
gbobogbboobbooobbuooobbooobbuoooobbooon
gooboboobobobobooboboooboooboboobobobon
gbobobuoogobbooogbon

gobuodbbugouooobboobboooooobbuooobboon
gbobodgbobooodbooobboobooboobooobbuooobooon
gbouogobbogobbuogobobogobbuoouobbuoogbooon
gboobobooboboobobobooboboobobobobobon
gbbboogbobbbooogbbbuoooobbbuooobbboooab

gbobogoboodbboobbuoooboogbboobbuooboon
0000000001000 O0OO0O0O0O0O0ODDOODDOOOOOODLDbDDO



gbobogbbooboooobooobbooobooobbooooboobon
gbbodgbboodbbouooobuoabbooobboooboobooon
gbbodgbboobboobbboobbuoogbuoobboobooan
gbobogbbooodbooboboboobboogbuooobuoobbooon
gboogbobogobbooobooobbuogobboobuooobooon
gbobodbbogol1boboooobooobboodbbooobbooon
gbuogdgbodgbbbooobboobbboobbooobboobooon
gboboodgbboodgbbuooboobbuoobbooobbuoobobooob
gbbogoooobugbbooobboooboobboooobbooon
gboobobobogdgbboogbbobboogbboooboobbooon
goobooooooboboooooon
0b000bo0boobooboboboboobooboobooboob
gbbodgbboodbbuoobboodobbooobbobbobboboob
gbobogbbooobbooobboobooobbooobbuaobbooon
OO00O00D000D0 QeSO Oboooobooobooooobooobooooboooo
gboboggbboodobboooboboogbbogboboogbeboggn
00 (4000000000000 00000000O0DO0O00ODOOO0OOO0O
OO000D0000 QSO0 0000oooooooooooooooboooDn
gbobogbboodbboobooobboobboooboobbooon
gbobogbobooobboobboobboobbooobbuoobbooon
gbobogogbbodgoboogbbooobbooobbuoobbooon
gooobbbooooboboooobbboooobobboooobo
gbbogoboodbboobbuoobobooguooobooobboob
gbogdbuodgbugobogbuogbuogboobooboobobobbobob
gboboboboogbbooobooobbuooobbooboboooooon
gooboboooobobobogbobbobobobobbobobogon
goobodbbogobboobbuoooooobboobbuooobboon
gbbobuoooobbbuoodobobbbooodobobobod
gob20000bbdugobbuoobbbooobobuooobbooon



gboobobobogobboooboboobbuoobooobbuoonoboboon
gbboggobobboobobboobbbuooobboobuooobboob
gboobodgbboodbbuobboodobbuooobboobobbooon
b 3buggbbogoboobooobboobbobbooobbuoogn
gboboboboggbbogobbooobbuogobboobuooobooon
gbobodgbboogbooboobboobboboobbooobboobooon
gbbodgbboodbbuoobboobbobbooobbuooboboodob
gbobobobodgbbuogobboobbuooobboobbuooobooob
gbobogooogbuoobbuooobbuooobobooboobbooon
gboobooooon
gobogobbooboboooboobobooobboobooobboon
obhooobuooobooobboobbooobooobooobboobb
gbbogobbodgbobbooobbuoobbooobbooobbbooob
gbbogobbuogobboobboobbooobbooobboooon
000000000 00000000000 ooooooooooooog
gobobbogobogoobobuoodgboboooobbuooobboodon
gboboobobooboboobbobooboboobobbooboon
gbodgbbogdbbuoooboobbooobbobboboobbooob
gbobogbbooodbbuooobbuoobobboobboobbuobboob
gbobogobbuogoobbooobbooobooobbuooobbogn
gbooooogon
gbogboobooboobogboobooboobobobbobbobbon
gbboodgbbuootobbodobbuoobboodobboobboobboob
gbbogboboodgbbooobbbooobbuooobboobbooon
gbobogobbuogobbooobbobboobbooobbuoobogn
gboobodgbbogobboobbuooobooobbobbuooobooon
gbooggbboodbbuogobbooobbuoobbuoooobbooon
gbbogobbdabodobboooboobboodbboodobbooob
gboobogdgbboodobbooobbooobbooobboobboon



gbobogobogbooobbooobbuoobooobbuoobbooon
gbbboogobbbooodoobbodao

oooon

1obbogoggoobooooboboooobobboooobbboooon
gbbodgbbodgbboobobooobbuoobooobbuoobbooob
gb2000b0b00bbodgbbodgbboobboooobboobbods
gbobogbobbuoggbboooobooobobobuoobboogoboboon
gbooodbbogbbogobogobbuoobo40o0booobboabn
gboboodbbogbobooobobooobbuoobbooobooobboon
goosgbobobobooogbobooobobooooobdebonbon
gbbogoboobbuooobbuoobobbooobbooobuoobooon
oboboooboboobboboorbodboobobooboboobon
gboodbbuogobboobbooobbuogoboboooboboooooon
gboobooooon



2. 0gooooooood

gbbogoboodbbooboobbuoobboobobooobboon
gboboogobbooobbbuooobbuoooboooboobooobboon
gbobogogbboggbbooobbdoog20bd0obuoogboboon
gbobooboboobboooboboobbobobbooobbuoooboboon
gbbogbobodobbobbboobbooobbuooobbuooboboob
gobobobboboboobbbbotbououodooooooooobobbbboobbb
gboobuoooobbbuooobobobboooonooon

gbooooboobooboboobuooboobobowwwoonooonooo
Ooodbooboobobobobooboobobobobobobooogo WWW
gbbodgbboodbbuoobooodbbuooobboobuoobbooob
O000000000000000Oapachel6|000000000O00O0O WWW
gbobogobobooobbuooobbooboboobooooobbooon
gboobodgbboggbbuoboobbooobobooobbooobboon
gbobogbobooodobooobboobboooooobbobbbooon
gbobobooogobbodaodan

21 JOoooooooooooon

ggobobbooooobobobooo2000b0bbodog1iobobboooon
gboobooboobobobobgooboboboobobobooobbobon
gbbodgbboodgbbobobobooobbuooobbobbuoobboboob
gboobogbbouooobboobbuoobuoooboboobbuooobboan
gbooboooooo

goboggbbogooboobbooobbobboobbooobboon
goboobogbooboboobooboboobooboobobooon
gbbodgbboodbbubbooobbogbooobbuoobbooob
gbobogbuooobbooobbobobbooobbooobbuoobbooon
gboboobbuooobobooboobbooobboobbuoooboboon



gbobogboboodbbuooobboobbuooobbooobboobbooon
gbbodgbboodbbuoobboodobbuoooboobbodobooob
gbbodgbuogdgbboobobooobbuoooboobbuoobbooon
gbobogbboobbooobooobbuoobooobbuoobobooon
gbobogobbogooobbooobbuogobbobboooboogon
gbobogoogoboboooobbuoobobuooobbooobbuooooon
gbbogbobobodbbboodobuoobbuoobobboobboobooab
gbbogobbuodbboobbuooobbuooobbuooobboboob
gbobobooooboboooobon
gobooobbogobboodgbbuooobbooobbooobobooan
gbooodgbbogobboobbuooobooobboobboobboon
gboobobobobbooooboobobooobobooboboobobon
gbbodgbboodbbuobooobbobbooobbuoobbooob
gbobuoooobbbuoooobbbuoogooo

22 oo oobouobuoboboob

gbooobobooboobowwwiooobogoboboobooboobobo
gbbogbouoogbbuooobbuoobbooobboobboooboon
gbobogbbooodbbuoobobooobbobboobbuoobobooon
gbobogobboodgbobooobobuooobbuooobobuoobbooon
goboooobobodobbooobbooobobbooobboobobboon
gboboodgboogbbbduogbbooobboobbooobbboob
gbobogobuogbbuoobobuooobbooobbuooobboon
gboboobbouooobboobbuoooboogbbobbuoooboboon
gbobogobbodgobboodobuooobogbbooobobuoobbooon
gobogboboodbbuoooboobbobobooobbuoonobobooon
gbbbooodgbbbboooobbbdoodgbbobooan

gbobogbbobbooobbuoobbooobbooobooobbob
OOoob0oobobooobooooooooooOo MPEG-40000000OMPEG



O000000000000000000000000 GOP(Group of Pictures) O
gbbogbooobbboobbuoobbbooobboobobbabboob
gbogoboogbboobboobbbooobooobbuoobbooon
gboobogg
gobogboboobbuogoboboobbuoobooobbooobboon
goooooobobbbbibooooouoobbobobibooooououobobon
gbbodgbboobboobbobbbooobbooobbuoobboodob
gbboobbuoobbuooobbuooobboboobbuooobbooon
gbbogbooobbooobbuoobboobooobboobbooon
gboobuoooobbbuooouooobboboooobobn

23 J00obooooooooobon

gboboboobogobaoboobsobbogobuogboboobogon
000000000 ST2(Internet Stream Protocol Version 2)[7]0 000000
gboogobboogoboboobbuooobobooobbooobbooon
0000000 1990000000000 0Xing Technology 0 '0 StreamWorks[
RealNetworks 01 0 Real 0000 R0 00000000 0OOOOOOOOOOO
gbobogbooogbbooobbuooobbuooobooobooboboon
gbobogbobooodbboobbuoobbooobuooobboobooon
OO0O00000001998 0000000000 Netscape 0 O RealNetworks U [
0O RTSP(Real Time Streaming Protocol)[9] 000 0000000000000
gboodbuodgbogoudgboobbobboboboobooboobbobb

O000000000000000000ORTP(Real-Time Transport Protocol)[10]
obooboobooboobooboob uppOboobOoobOoOoDOO
RTSP(Real Time Streaming Protocol) 00000000000 TCPOOOODO
OoOoobOoubPO0ODbO0ODOOODOODOODODODODDODDODODOO
ObOo0oo0O0bOoooooooboooooboobooooobooooOoDn TCep
gbbogobbdobboobboobbuoooboobbooobbooon

11999 0 0 RealNetworks 0000 00O



OO00000D0O0ORTSPOOOODODOODOOODODOODOOODOODOO
goddoobbbbbbbbbbbbbbbboboobooooooooooo
000000000000 ouooobooooobOoboOo RTPORTSPOOOOO
Oo0o0oobooooHATTPOOOOO0DO0OODOO0OOOOO0DbOOOODbOOOn
gobobobobbobbbbbbddddddddooooooouoouooo
Joodooooobobobobobbbbobbooobobbbooooooooo
goooooog

gddtoububoobobobbobbbooobobobooboooououooaa
000000 Microsoft 0 O Windows Media Technology[11]0 RealNetworks O [
Real DD ODODODODOODOOODODOOODOODO Helix Universal 0 00O
O [12]0Apple 00 QuickTime OO 00 [B|O000000O0OO0O00OOO0OOOO
0 OO Darwin Streaming Server[14] 0 0 0 0 O OWindows MediaO OO0 OO0
O00D00D0O0ODODODOO0000000 MMS(Microsoft Media Server) 0 0 O O
00 0O OWindows Media Technology 90 0 00 RTPORTSP O 0O O 0O O OWindows
OSO00D0O0D00ODOOOWindows 2003000000 OSOOOOODOOO
0000000000000 00000000 00000000 0RealDODOOO
0000000 RTPOODOOO RDT(RealNetworks Data Transport) 0 O 0 0O O
O000o0dooobooboOoorRTPOODOOOOOOOODOORTSPOOO
gobogdbbogobbboogubboboobbooonoboobooan
O0000000000000000QuickTimed OO0 OO OQuickTime O O
0000000000000000000000 ISO(International Organization
for Standardization) 000 0000000000000 O0O0OOOOODO0OO 3
Oo00ob00obobOobOoboouooboobbooboboooooooo RTPODODOO
ORTSPODOOO0ODOOODO0ODOODOODO0OODODOODODOODOODOOOO
gogboobobobobobobbobobbbbddddduuuuooouoouooooua
goggg



24 JO00O0O0UOLOOOOOOOLODOOO

000000000000O00O0000000DO0000DO0DOULO0OO (0DOO
00000)0000000o0o0oo0oo000 (000000 0)0oooooood
O0000000000o0oooooO0o00 (DoooooooO0O)oooDooooo

000000000 00OISOOIEC(International Electrotechnical Commission)
000000 MPEG-1, MPEG-2, MPEG-4 O ITU-T (International Telecommu-
nication Union Telecommunication Standardization Sector) O O O H.2610H.2620
H.2630H.2642000000000000000000000O00O00O0DO0O MPEG-10
MPEG-20 H.2610H263 0000000000000 00O0O00OOMPEG-A4
goddooooobobooobobbotuodbddoooouoououououoouo
0000000000000 000000000000000 MPEG40000
OO0O00D0O0OMPEG40 20000000000000000H2630000
19990000000 MPEG-4 Part 2200200300 ITU-TOODOODOOOOO
H.264(MPEG-4 Part10Y) 000000 H26400 MPEG20000000 20
0000000000000 D0000Blu-ray ROMO HD DVDO 100000
goddjdddddouoouuooooooddoduouooouuoooooo
OOD0OOMPEGO H2610H26400000000000000000OO0O0OO
OO0O0000000000b000b00obO Motion JPEGODOUODODOODOOO

00000000 ISO/IECO MPEG-1 Layer3(MP3) O AAC(Advanced Audio
Coding)diLBC(Internet Low Audio Codec) 0 0 00O 0O OiLBCO Google Talk O
Skype U0 O0DO0O0ODOD0DODO0OODOODOOODOODO AACONMP3OODOODO
gooddooooobbbbooooooguoooooobooboobon

000000000000 0ISO/IECO MP40 Apple 0 O QuickTimel Real-
Networks 0 O RealMediall Windows O O 0 O O AVI(Audio Video Interleave) O
Microsoft O O ASF(Advanced Systems Format) 000000000 0O0OAVIO
0000000000000 0ODOOWindows Media Technology 0 0 ASFO O OO
gogd

2[SO/IECO0000000O0 MPEG-4 AVCO OO
30000 MPEG-4 Visual
‘0000 MPEG4-AVC



O000ooO0o0oooOo0oOoOoo0OoooOOo0oboOoDoooooDOooo
O000000000000QuickTime0 00000000 H2640000000O0
00 AACODOODDOO0OD0OOOoOO MP40O ISO/IECOOO0OOOOOOOO
O0OD0O0OReal DOOOD0OO RealVideoDOOOODOO 8000 H263000
ODOoo00ooo0ooOooobO0oDbOoobO0o0o9boboobooooboobOoDbOono
ODO0O000DO0o0DOb00ob000ob0OonDH2630 MPEG4 Part200000000O0
MPEG-400000 0000 0O Windows Media Technology OO0 OO0 O0O00OO
00 VC-1°00000000 Windows Media Video 900000000000
SMPTE(Society of Motion Picture and Television Engineers) 00000000
OOMPEG-400 0000 OMicrosoft 0 0 MPEG O ISO/IEC O MPEG-4 Part2
000000000000 000MS-MPEG400O00000O0O0O0O ISO/IEC
00000 MPEG40000000000000O00O0O0VC-10H2640000
Ooo00O0000ooooooOOooO0o0o0ooooooboDoO

oooooooooooooooooobOOoOOOo0oOoooooobobobooo
OoOoOO0ooooooo0ooooooboooooooooob0 MPEG40000
opopoooOooOooOOOOCCOOOOO0O0O000OOOoUoOOObObODbDDOO
Oo00O0o0oo0oooooooboboboooo

520000 00000000SMPTE 421MO000O0O

10



. Uooouboooooodgoooogon
ooooogod

gobogobbooobooobbooboonobooobboobobon
gbboodbboodobboobbuoobobooobbobbuooobboab
gbobodgbbuooobboobbuoooboobboobbuoooboboon
gbobogbboodboobbooobbuogobboobuoobbooon
gbobogoboobbobooobbooobbooobboooobboodon
gboobodbbogobobobboobbooobboobbuooobboon
gbbodgbboodbbuoobobbodobuooboooobbuoobbooaob
gobbuogobbodgbbooobboogbbuoooboboobbooon
gbobogboboobbobobboobbooobbuoobbooobbooon
gboobogboboodbbuogobbooobbooobbuooooooboon
gboobodgbbogoboboobbuooobbooobbooobbooboon
oboboboobooboobooboobon

3.1 Dugobooobooood

gbbogobooguooobooobboobboobobooobboon
gbooboboodgboboobobodgboboboobgoobobuooobon
gooboboboooobbbboobobooddgogoooooobbboboobbDb
gbobogobbboogobboooboboouoobboooobbuooon
gbbodgbboodbooobbobbooobbooobbuoobbooob
gbobogobbobbboobbooobboogbboooobbooon
gboboboooobbbouoooobbodao

gooobobbbboooogooooboobbbbooooooboboon
gboobodbogobooobboobbooobboobbuooobboon
ODO000O0oooooOo0oDOobo0oOooooboobobooooobooDoOooODNSODOOg
gbboobboobobboobbouoodobbooobuooboboobooan
gbobogboboodoboboobbuogobbooobboobboobobon

11



gbobodgboboodboooboboobbuooobbobbuoooboboon
gbbodgbboodboobbooobboobbooobbobbooab
gbbogboboobdgbbooobbuooobbuooboboboobbooon
gbobooobogbbooobbooobbuooobbooobbobboon
gboobogboboogbbobbuooobboobobooobbuooobooon
gbobogboobobodgobooobbooobbuooobbuoobbooon
goo

gboboodgbbdbboobbooobboobboobuooobboob
gbobogbobobogbbooobbuooobbuooobboobbooon
goo

3.2 J00oooboooooobbboooon

0000000000000 CDN(Contents Delivery Network) 0 0 0O OO
Oo0obooobooboodobtooobooobtoooboobobuooobbooo
0000000000000 booboboooboboooboooobooo
gobodgobooodbobuooobboobbboooboobboobobboon
goobodbobooobboobbuooobbooboobbuooobbooo
ooobooooobbooon

CONOOUOODakamaiO O OO OOOODOO0OOO0ODODOOOODOOOODODOO
00000000000 booobooooboooboboobobooobobooon
ODo0o0oooOo0ooooboooooobocpUvOoODoooooooboOooooDbOoO
goobbooooboooboboooobbboooobbbooobbbuoooo
goooooobobobobobbobobobobbobbbobbbobbobbobobbobbboD
O00000000000 akamai reporting system 0 00000000000
OD0000D00b0o0bobOOdbOreporting system D OO0 OO00OOO0OOO0O
O000000Db000O00bO0obOooooCcDNODODOOOoOooOooOoCDND
gobooooobdooobboooobbooobobbbooobbboon
gooboooobboooobbboooobobooon

goboooobobodbbobboobbuoobobooobbuoobbooo

12



gbobogbobooodgoboooboooboobboobboobbooon
gbbobuoogobbbuooobobboooobbon

0000000000000000000000ORTT (Round Trip Time) O
TCPOOODODOOOOOODODOODOODOODODODOOTCPODODOD
Oooboobobooboboboobooobuoobooboo RrRTITOODOOD
gbobbuoooobbbooobooboogobobobuoooobbooo

gobuogobboodobbboobbooobboooboboobbooob
OO0 TcpOO0OOOOOObOObOObDObOODbDObOOOOLOObOObOOOO
gboobuoooboboboooobbboooobboboooobbbao

gogooobobboobobbbbbbbbbbbobbbbbbbbbbbDbiobo
gooboboboboboobobobbbbbbodooooooooobobbboboobobbn
Dboboobooboon

3.3 oo uooobobbuoooon

gbopoodbobuogbooboobobobooboboboobobooo
OO0O00RTSPOOOODOOOODOOOOOOODOOODOOOOORTSP
gbbogbobuoobuooobbuooobbuogbobbooobooobooob
OO0O000OO000O00DOOOSETUPOOOOODDO PLAYDOOOOODOO
0000 PAUSEDOOOOOO TEARDOWNOOODOOODODOOOOOODOO
RTSPOO0ODOO00OOODOOOOODOOODOODOODOODOODObOOODOD
O0000000VeDOOOOODODO (ODOO0O0OO0ooooO)Oboooo (0o
000000000)0000000000D0O00000000000000Qd
gbbogobbuoogbbuogbuooobbooobbooobooon
gbobogobbogobbooobboobobbooobboooboogon
gboobodbbuoggbbuooobbuooobbooboboooobbooon
goo

gboboogbbodobboobboobbuoobbobbooobboob
gbobodbbugbobboobuoogbuooobbuooobbuooboboon
gbobogbboodgbooobooobbuooobbobbuoobobooon

13



gbobogobdbuogobbooobbooobbooobooobbooon
gbbogboodgbbuooobbuooobbooobbuooobbbooob
gboogbogbugbugboooboobboboobbobbobbobb
ubpOOO0O0OD0OO0ODOOOODOOODLOODDOODODDOOLbDOODLOD
gboogoboggbbooobboobbuogobboobobooobooon
gbobogobbodbbuoobbooobbooboobbuooobbooon
gbbogbobodobbooobbuoobbbooobbooobooboboon
gbbogbobooobooobbobbboobbooobbobbooab
OOoDO0bOoobooooogRrIspO000oooboobooooooDobDonDO
gbobogobbogoboobbuoobbuoooboobbooobboan
OO000000O000O0bO00ooO0ob0oOo0obOOoooooooOoboOoRTSPOOO
obboooobboobooobbooobbboooobboobbooobn
gbbboodgbobbboooobbbuoooobbbouooobon
gobbuooobbuoobboodobooobbooobbooobboo
gbobogboboobbooobbuoobbuogbbooobboobooon
OO00O0booboobOobo0oboobogoooSODobOobooboooDOoDbOoboo
ODoOocCcpUOOOODOOODOOOOOOOOODOODOOOOOODOO
gbbobooodgbobbooan
gooobooboooboobOorRTSPObOOODOODOOOODODOODOOD
ooooooooooboboboboboboIphobobbobobooon
gbooboboboobogubuoobooooboobooboooboon
gobooobobooobboobobobbooobboobbooobboon
goobgobgbsoboboboboobobobobobboooboobon
gbobodgbbuooobboobbuooboogboobbuoooboboon
gboooboboobbugobboooboboooobbooobbobboogon
gbooboogoooboogobobooad

14



34 U000uoboooooooobood

wwwiooboooogoooboooooboooboooobbooboDbo
obooboboooboboooobooobobooobowwwigooooono
OO0 HTTPOOOOOODOOO TCPOOOOOODOODOOOODODO
gbobooboogboooodgbbuogobbabboooboobbooon
gooooobooobobobbobobbbbobbbbbboooououououoanon
gbbodgbboodbbuoobobbodobbboogboobbobboodab
gbbobbbbootoduudoooooooooooobobbbbobobobbb
gbobogbobogbbboobboobbuoogbbobobuoobbooon
gbobogobodgbobooobboobboogbbooobbuoboboon
gbobodgbbogobbooboobbooobboobbuooobboon
OooboooooboubpOO0bOOOOOOOOODOOOODOOOODOOOODO
ODOO000DOO0o0oooooOooTCPO ACKOOOODOOoOoooooOoOd
gbooboodgbboobuoobboobbuooobboobbuoooboboon
gbouogoboobbooobooobbooobbuooobboobooon
gboboguobbodbbogbbooobbooobuooooooboboon
gobooboboboboobobooboboobobobboobobobon
gbbogbboodbbooobbuooboobbuoobobboobbooon
gbobogbbooobbogbuobobbooobbooobboobbooon
gbobogbbooobooobuooobboobbooobbuoobobooon
goooo

gobbodgboodbobooobuooobboooboobobobboon
00000000000 1000000000000 oooooooooog
oboobobooobobooboboo ibobooboiboboboobon
gboodbogboogbboogboobbobbooboobooboonb
gbobogbooobooobbooobooobooobbuooobooon
gbhbobdoobobooboboobobobobobooboobobboobon
gbbbuoooobbbdoooobbbooobobboooobbbodo

gooubPpOOO0OO0OODOOODOOOOOTCPOOOODOODOOOODO

15



00000000000 RTSPOOODOOOOODOODODOODOOODOODOO
gobobbbbubododooooooooobobobobbbbbbbbbobobobbb
gbbogbobobodgbboobooobboobboobobooobboon
OOobooobooobooooobooooRrRISPOO00ODOO0OOOOODODO
000 (Windows Media Player) 0000000000 mmsO000000000O0
gboogobooobobooobbooobbuooobooobbooobbon
gbodbboggbboobboobbooobbooobbobbooob
gbbogbboodbbuooobbobbuoobboobbuoobbooob
OOoobooooboboooooooorTSspPOoboooboooobooooon
gbobogbobooodbbugoboobbuogobooobobobobooon
gbooboogooood
vobooboooobogbogboobooboobooboobooboogan
gboudgbogbbbdoboobodgbuoobbobuobboobuooboaobn
gbbbuoooobbbuoobobbbooooobbod20bbbuoooon
00000000000 000000o0o0o0oooooooooooooo (160
gouogobodgboggbbogobboogbbuoooboobbooon
gobogbobobooboobdoboogoboobooboooogbooooon
gbbbuooobbbdoodoobbbooobobbboooobbbodo
gboogdbbuooobooobbuoobbuoobbuooboboobboon
gbobodgbobbogobbuoogbbboobbboobbooobboon
gbobogoogobbooobboogbbuoggbooobbuoobooon
gboboobboooboobooobbobboobbooobbuoobbobooon
00000 7000000000000 000000O00ODODOO0OO0OOd
gbboboooobbbooobbbouoobbbuooobbbobboooon
gb200000000b0bo0o0bbooobobobooobbuoobbooon
OO0O000b0o0ooOOobooOoobooooboooboooOobo RTISPOOODOO
gbobogobbogobbooobooobbbooouoboooobbooon
gbbogbbodbboooboobbboobbooobboooboob
gboboodbogbobouoobbuoobbooobboobbuooobboon

16



gooo

3.5 Jdouoooooooobbbogd

goouoobbbbooooouooboboboooooooouoooon
gooobobobbbobobbobbobboddogooooooobobobooboobobbb
gbogobogbobbooobbooobbuooobboobboobobobaob
gbobodgbooobuooobbuooobbuoobbooobbooobbob
gbobogbboodboobboogbbuooobboobuoobbooon
gbooobooooboboooobbobooogboboboooobboboo

gobooobooobbuooobboobbuooobbooobuoobboon
0000000000000000000000000000  [8UOoOooood
gbbodgbbodgbbuoobobooobbuooobboobboooboon
OO0000000000D00DbO00000b00000O Real Player DO OO0
gbooboobuogoobbboooooboboooobon

gobooobbogoboobboobboooboobbooobboon
0000000000000000000000OD (Yoooooooooood
gogooubobbbbiodooouobbbbbobboooouuoooob
gbooboobooogobboogan

goodoogoobbbobbobbouddduooooooooooooo
gbobogboboodbbuogobooobbooboobbuoobobooon
gobodgoobooobbuoooboboobobooobbuooobboobbon
gbbbuoodoobbbooooobbbobbbooobobbboooobbbod

gbogbboobobobboobooubooboobboobbobobobbn
O00000000000000000000 0jc0000oooooooog
gbobogobooodbbogbbooobbuoobuooobbuoobbooon
gooddbogobbooboobuooboobboboboobooboboonon
gboobooodgd

17



3.6 Joouoboooooooobuoooog

gobbooobbuoooobbuogoobbuoooobbooobobboo
godgboobobbobobbbbbbbbbbddddoduoouoooooaoa
guoodoo 20b0000odgad
10ogbodoobooobbooubbooubboobnbooubboo
gooooooooooooooooooooooooooooooooogo
googobobbooboboobbbuodoooddoduoouooooooo
goddddtobobobbobbbobbbbbbbobbodooooooooaoaa
oo oooooaa
oo obooooa
gobbobbodooooobobooodooobobbbboooooobbbooo
gb1obobooobobobuoobobuoobobooboboboobo
goddbobooubouobbobboduuouooduoouooooooa
000000000 Windows Media Server D 00O OO (c-quality) D000 OO
0000 2100000000000 0000000O0O000oOoOoo0oo0O0g
oo ooo
obooobbooobboobbooobboooboobooobooobb
0000000 cqualityd 100%00000000000000000O000OC0O
oo booooooooood
oo oouoogoaag
goddooooobbobboooooogoao
gdddooooooobbobobbbbbobbbbbobbbbobbooooo
gooodbogubogubogbgbbogbboobbooobboonboa
0000000000000000000 [22]000000000000000
00000000000 0D0OO0 23)00000pDOooOooon [24)0000
0000000000000 0O0000000 [iooboooooooood
0000000000000 [26)00000000000000000000
goboboobobbobbbbboobbooobooobbobgoooooooooo
000000000000 2700000000000 00000000000d

18



AU —=32T Xy bT—=7 AMY—=32T 1L Ra—¥
VA XAy F 7747 > b

AW P N

o ~
B AT Uy HaE R

U1 0dddobobooogoood

O0O00b00ooobOde4kbpsOD 0000 0O0OO0DO0ODOOODODOOODOOOO
gbbodgbboodbbubbooobboobbooobuoobbooob
gbbogbboodbbuobobbodobboboboobbuoobbooon
gbobogbgbboogobbuoobbduoobbooobbuooobooon
gbobodgbogobogobbogobbogbboobbuoobbooon
gbooboogooood

0000000000000 00000000000D0O0O0DOO0O0OD 2810
gbbogbboodbbuooobbuoobobboobboboboobooab
gbouogbbuoggbboogbbuoogobbuooobbuoboobbooon
gbobogoboobobbogbbooobboobboobooobboon
gobogobbooobboobbuooobbobooobbooobboon
gbooboboobobooboboobobooboobooobobobon
gbbodgbbobobodbbuooobboobbooobbuoobobooob
gbuoggbbobobbooboobboobbooobobooobbooon
gbobogobbogobbooouoobooobbooboboooobbooon
gbobogbbdogobbugobbuooobbuooobboobboboon
obobooboobooboobobobobooboobooboobobn

3.7 Uououobouooogoooood

gbboodbbuoobboobboboboobbuoobbuooobboob
gbogobuoggbbuoobbuooobboobbuooobuooobboon

19



U1 bugdgobbboogbbbuogogbbbooon

o0 |00 (Coooooboooog
gopboboogd | Passive | O © o
Active | © x X
goooogooog o O X
ooooo O o o

gbobogobbogobboobbogbuooobbuobooobbooon
gbobbooogobogobbuogbbbooobobbooobboobbogn
gbobogboboogdbbuoobobooobbooobbooboooboon
gbooboooooobobodbobooboboobbobobbobon
gbobooooobood
gbobuboogbbobuooboboboboooobooboooobon
gogbogbboobogbboobogbobogbobodgogboaon
gbobogbobooodgbbubbooobbogbooobbuooobooon
gboobobooobobobobooboboboobobobooobobon
gbbogobbuodobbobuoobbooobboobobobobbooob
gbobogougbbogbbuooobbdoobobboobbooobbooon
gbobogobooboboooobbooobboooobboobbooobooon
gbobogobbodgobooobuooobuooobuooobbooobobon
goooobbogobobooboobbooobboobbooobboon
gbodgbbodgbbooobooobbooobbuooobboobboob
gbobobuoooobbbuoooobon
gbbogobougboobbboooobuooboobboobuooboon
gooboboodgbobooodbobobobooobobobouobobon
gbobogboboodbbuooobboobbooobooobboobbooon
gbbodgbboodbuooobbuoobboodobboobooobboon
gboboodbbobogbobbuoobbooobbooobbboobboon
gbobogbbooobooobuooobboobbooobbuoobobooon

20



gbooboooobbboooobobobuoooon
gbobobbbooooodgbbuoobbuooobboobbuooobboob
gbobogbbuogbbuoobbuodobbuoobbbooobobooon
gbobogbobooobbooobbuoobobboooboboobboodon
gbobooboggbooboobbooobbuogoboobooobbooon
gbobogbobooodbbuogobooobboobboobbooobbon
gbboobboodgbbooboboodobbuooobbobbuoobboodab
gbobbouoogobbobodaodan
sgbgboobudgbobboboobuoobobbobooboobonon
gbobogbuogobbooobbogbboobbooobbobboodon
gbobogobboodbboooobboooboboobbooobboon
obobooboboobobbooobobooboboboboobobon
gbbodgbboodguoobbooobbuoobboobbuoobbooob
gboboogbbogbobbuogbbooobboobbooobobboon
gboboboooobbboogbobbboooobboboooobbboooon
goboogbboobuoggbbobbugobooobbuooobboon
gbooboboobobobobobobobobobooboboobobon
gbboodgbbooobboobbuooboboodobboobobobobboob
gbbboooboboboogobbobbbuooobboboooobn
gobogbbooobogobboobbooobbuooboboobboon
gboboggbbuoggbboobbuoodbbuooobobbob1booan
gooboobbooobboobbuoobooobboobbooobboon
gbbogbogdgboboboodobbuooobbuoobobbodobbooob
gboooooggg

3.8 JUuoogn

0000000 oUoooooooUooooooooooooooooooo
O000O0O0O000000000ITU O International Telecommunication Uniond
0000000000000 oooooooooooQ

21



O1BOoOoooooooOooo0oooOooobooboooooboooboboobooooDo
0000000 [29000000000DSISO0000D00OO00DOnDDSCQS
OO0O00oO0booopooooogssCQeEobonoonooonoonogsbSCE DO
Oo0O000O00bOOo0o0oDoogooo

O00oO0ooooo00oooOo0oOooo0ooooOo0oooDoooogooDooo
000000000000 000oOoO00ooOo00oooooDoooDoooOg
OboooooOo0ooooooooooooooooooooooobooDooboo
Ooo0oobDoOoooooOoooooooooooboooooooooobOoo
OoOoooooo

g0d0ooOoOOoO00oooOOo0ooooooooDbOoO0oboDoOoOoooDoo
O000D0D00O0DODOPSNRO Peak Signal to Noise RatioOO O 0O O OO OPSNR
OoooobOoooooo0ooooobooooobboooooboooooDooboo
ObOo0oo0O0obO0o0ooO0oDO0OobOOooooobooooooooooDboobOoDo
Oo00o0oDo0o0ooboo0oooDooOobo0UooobUoooooOooooDobOoo
O0000000ITU-J.14400 30|00 0000000000000

000000ooO000ooOo000oooooooooooooogooDon
Ooo0oooooooooboboooooboooobo0ooboooooooDoobOoo
Oboo0oobOoooooboo0oobooooOooboooooobooobooDoboooo
OOoo00ooboooooooOoOooooobo0oooooobooUoooboDooo
Oo0O0000OOo00oOOoo0oooOooooDo0oooobooOooooooDooboOoo
Oo00000O0o000ooOo0o00oooo0obooo0oboooobooogoog
0000000000000 000ooOoD00ooooO0oooDoooooDoDOg
ODoo0oooOo0ooooooooooooboboOooooooobooooooDooboo
ODoO00oo0o0oDoOoood

3.9 Jgdouoboooood

gboboogoggbobobbuooboboodobboobbooobboob
gbbodgbboobboobboogbbuoooboboobbobbooon
godbobobooobobobuoboobooubooobobobuoboooon

22



goobodbobogbobuooboboboobonoboboboobobon
gbooobboogbooobboobboobobboobbuoobbooob
gbobodgboogbbooobbuooboobbobobboobbooon
gbobogbbooogdgbbuooboboobbuobbooobbuoobobooon
gbobogboboobboooboobbboobbooobboooboon
OO00000o0o0ooOOoogoooooStOboboooobooouoouoobooboooo
gbboodbbooobboodobbuoobobooobbooobboobbab
gbbogobbodgbboobbubodobboodobbooobbooon
gbobbuoogobbbooooboboboooobbobuoooobbodao
gboogdbbuogogobooobbuoobboobboobbuoobboon
gbobogoboooobobooboobbooobbooobboobooon
Dobogbobobobobooooooobobobobobobobobob
gbodbbuogobbuooobbuobboobbuoobobboobbooob
gbobodgbbooobboobbuooobooobbooobbooboon
gbobogoboobbooobbuoobobbooobooobuooobboon
ubpO0O0O0OD0DOO0OODOO0ODOODODDOODOOODbLDbODOODbDOObDD
ODoO0o0oO0oOooooOooooobbooobooboorRISPOOODOOODOOO
OOoo00 TCeObOODOODDOODODODODOOOOOOOOOOOOOOO
gbobogbobogbbuooobbuoobbooobuoobboobbooon
gbobogbbuooobooobboobbooobboobbuoooboboon
gooo
gobooobooooboooboooboobobobobooobboon
gboodbbuooobboobbooobbuooobboobuoobbooob
gboobodgbbogbbuooobooobbuooobbobbuoobobooon
gobobobobtbouddooooooooooooooobobbbbbooboobbDb
gbbboggobbbooooboobboboooobbboooobbod
gobogouogoboogobboobboobobooobooobboon
gbbodgbboodboobboodbbuoooboboobbooobbob
gbbodgbboobbuoobobooobbuooobboobuoobbooon

23



gobooobooboobbuogoboboobbooobboobbuooobboon
gbbogbboodubobooobbuooobboobobooabbooob
gbooodgog

24



4. JO000o00oooooooooooogot

gbbogoboodbboobboooboobuoobobooobboon
gboboobboogbboooboboobbuooobboobobooobbon
gbobogboboodbooobbooobbobobooobbuoobobooon
goobogboboobooobooobbooobbooobboobbobooon
gbbogbboobbobbboobboodoboobbboobbooon
gboodbbuogobboobbooobbugobooobboobooon
gbobogbboodbbuobobooobbuoooboobbuoobbooon
gbobodgbbogobbogbbuogoboogbbooooboobooboboon
gbobogobbogobboobobooobbbooobbooobbboooon
gbboodbbobbooobboobbooobboobbooobboob
gooo

4.1 JU0U0o0boooobobuouooooobooboon

gbboooboodbboobbuooboboodgbbooboobboob
gbobodgbbogbboobboobbuoobbooobbuoobobooon
gbboboooobbobuoog2000000
10b0booggboobuooobboooobobobuoooboboooon
gooboobogobboooboobboobbuooobbuoobbooon
gbooboobogooobobobooboboboobobobobbobon
gbboboboodgbbuoogboobbooobbuoobboobbodon
gbbobuoooobbbuooobbobuooooboboouoon
gbi1oodbuogboobobooboobobbobuogboboboblio
gboobodgboboobboooboboobbuoooooobbuoooboboon
gbooboooboooobobooboboobobobobboobobon
gbbuogdgbbooobbboogbobbuooobbuoobbooobboon
gbbobuoooobbbuoobobboooobbboooobbboooon
gbobobbuogooboogobooobbuoobbuooobooobboon

25



googgoboobboogbobooobbooobbooobbooobboon
gbodboboobbdobbdboboobobbdobobboobobboobob
gbodgbuodgbboobodgbugbuogboobooboobobobbobb

42 JU0UO000ooooobouoooooooon

RISPOOOOODOOOOODOOOUDPOOOOOOOOOODOOODOO
HTTPOOOOUOOOODODODOOODOOOOOODOOOO0bO0bO0bOOou0nDOg
OOobOooboobooboooobooogoooRrTSPOODODOOODODO
gboodbubooboobudgbobooboobuoobooboobbonon
ooOooboobooubpObOO0ObOO0ODbOODOODOODDODDOO
ODOOo0O0OooooooOooorRTSPODOOOOOOODODODODOOOOOUDPO
gbbodgbboodbbuoobobbodobbooobbobbobbooob
gbobogbbogbboooboobboobbooobbuoobobooon
gboboodgbbooobbobbodgbbooobboobbuoooboboan
gbobogobooobboobbooboboooobbooobboooboon
obobooboobooboobon

gboboogbbodgbboobuoobobooobbuoobboobboob
gboobaoubbooboboobobobogbobuoobobaboboon
gbobogoboguodgbbuoogbbuooobooobbooobbooon
googdbbooogobbooobbooobbooobbooobboon
googoboboooboboobooboboobbooobbooobbooobobon
gbboooobobod

gogggooobobbbboobbbbbbbuoooooooooooon
gboboobbuogobooobbooobboobbooobuoobobooon
gbobogoogobugobboogbobooobbooobbobbooon
gbobogobooodbboboboobbooobboobbuoobbooon
gbogbobboobobodbobuogugboboboboboboobobob
gbobuoooobbbuooobbbuoooon

gbobogobooobboobbuoooboogbboobbobboon

26



gobogboboodbbuooobboobbooobbuooboobboon
gbbodgbboodbbuoobboodobboooboobbobobobodab
gbbogobbuggbbuooobbbboobbooobbboooboon
gboobogbbouooobboobbuoooboobboobbuoooboboan
gboobodgbbogobbooboobbooobboobbuoooboboon
gbobogbobobogobbuooobbooobbooobboobboon
gbboodgbboodboobboodbbuooboboobbuooboboodob
gbbogboboodbbuooobbuboobbuoobobobooobbooon
gboobooogboobuooobobbooogn
gobooobbooogbbuodgbooobbuogobbooboboobon
gbobogoboodbbuogoboboobbuoobooobbuoobobooon
gboobobooboboobobobooboboboooboboobobon
gbbodgbugobboobboogbbuoobboobuoobbooob
gbobodgbbuooougobboobbuoooboboobbuoooboboon
gbooogobobooanboon
goboogbggboobuogbbogbbooobbuooboboobboon
gboboobobooboboobobooboboboobbobobon
gbbogoobbboodobbooobboobbooobbooobboob
gbobogobbogbooobboodobbooobboobobboogon
gbooboboooobobobouooobbodao

4.3 D000 0OO0Oooboooboonon

gbobogoboodbboobbuooobooobboobbobboon
gbobogbobooodgbbogobbuooobbobooobboobooon
OO0O000bOooooOobOoooooooboooo RISPOODOOOOODO
gobodbboogboooboboobboobbogoboboobbooon
oboobooboobgs3sboobooboobon

coNOODOOoooobooooooobobobobobobooooooooo
gboboggbboooobbooouobbobooobbuooobbooon

27



goboobboogobboobbuooobbooobboobuooobboon
gbbogboboobdobboodobbuooobboobobboobbooob
gbobuoggbbooobboobbuooobbooobbbooobboon
gboooooon
gubobuodgbobodoooboboobuoboboobuooboobobogo
gbobogboboobboooboobbooobboobbuoobbooon
gbboboboodgbbooobbobboobbdooobboobboodob
gbbogobbobobbuobbboobboogbooobooobboob
gbobogobbobbbooobbooobbooobboboobbooon
gbobogobobogoboobbuooobbuogbbooobooboboban
OO00000oo0O0oboOoooooooooooooooooooo TCcpOOOO
gboobobobooboboboobobooooboobobobbobon
gbbodgbboodbbuobooooboobbooobbuoobbooob
Doboobobob vubPOObO0bO0ODODLDObLObDODObDOLDDDODO
gbooboogoboboboooobbboooboboboooobobobao
gobogbooggbboobbooobbuoobuoobbooobboon
gboobobogbooboboobobobobooboboobobobon
gbboodboboodgbooobboobbooobboobboobbooob
OOobOoobooboobooboobooooboooorIspO0ooonboonO
gbobogobbogboobbooobbuoogbuooboooobbooon
gbobogobbodbbuogoboooobbooobbooboobbooaon
OO0DO00000O0bOO00obO0OOobOOoOooRTSPOODOODODOOODODOO
gbbodgbboodbbooboobobboobuooobboobbooob
OOobOooooboobOoboooooooogRrIspO0oooboooOooDOonO
gboboobbogbbooobobooobbuobbooobbuoobobooon
gboobodgbboogbbooboobbooobboobbuoooboboan
gboooboooobooboooooon
gbboggboodbboobbuooboboodgbbooooobboob
gbbuogobobodubobooobuooobbuoodbbuooobbooon

28



U2 000dbooboodggn

gooog RN oo

googd goboodbooooobod (obaaboooo

gooog goboobooooboo |oboobbooboo
gooon

gobooboobno (oobbooboo gboboobooboooo

gobooaoo goooaoo ubbogbooaoo
ooooooo

OoOoooboob vobOOOOOOOoOOOooboboobobuoobLboon
gboboobboogbooobooobboobobboooboooobbooon
gobooo

44 JUO0U0OLOOOOOOOOOOOLODOOOOOOO

gobbogobobooobbooo20bd0obooobobobbbooon
gboboodbbooobbodobbuooboboodobbobbuooobboab
gbbodgbboodbbubboooboobbooobbuoobbooob
gbobogboboodobboobobbooobbuooobboobbooon
gboobooogobobod

4.5 JU0o0ooboooooooobbooood

gooobooboobooboooooooogooboorITSpPOOOOOoOoOoOon
gbobogbobooodbbuogoboobbogbobuooobobobbooon
goboobbuogobooooboboogbbuogobooobboooooon
gboobobooboboboobobobobobobooboboobobon
ooooooowwwgooooboobobobooooboboboooooo
gboboodgbbooobboobbuoooboodgbbooobooboboon
gbobhodgbbobogobbuoobobuoobbooobbbooobbooon

29



gobodbbobodgboboobobbooobboooobooobbooon
gbbuoobboobobbooobbuoobobbooodbbooobbooob
gboboodgbbuoobugobboobbuooobboobbuoooboboon
gboboboboggbbobbooobbuooobbuooobbooobooon
O0000000000ooo %0000 000oo00ooooooooo
gboboboooobobbooogboon
gboboodgbbobbuoobobboobbobobboobboobboob
gbbbuoogobbbdulgbobbuooogbbboooobbbuoooon
gogbuoogbbodbuogbboobuanooboboobboobognn
gbobodgbbooodbbuogbobooobbooobboboobobooon
gboogobbogobooboobboobbooobboooboboobbooon
obooboboboobobuoobobuoboobobooboboboonobn
gbbodgbboobbooboboobboobbooobbuoobbooob
gooo
gobooooobobogoobuooobbooobbboobbooobboo
goggogbboobobobobooooooooobdgoooooooooanon
gboobobgboobobobooboboouobooboboobobon
gbooobbogbbooobbooobbobboobbooobbooob
gbobogbboodboobboobboobbooobboobbooon
gboodbogboogobbobbooubboboboobooboooboonb
gboodbuodgoobogbouodgbogbogbobuoobooboobobonon
goboobobooobbuooboooobboobobooobuoooboboon
gbobooaoobn
gbbuogouogboboooobooobbuoobbuoobobooobboon
gooooobbobobobobobbobbbbbdodduuuuououoooooonn
gbobogboboodbbuogoboboobbooobbuoooboobbob
gbobogbobooboodobooobbooobbuooobboooonobooon
gbbodgbboodbboodobbuooobboaobboobbabbodob
gboudbogboboudbuogboobbooboobouoboobboobn

30



100

30

20 b

O 1 1 1 1 1 1 1
0 1000 2000 3000 4000 5000 6000 7000 8000

FCISRAME A 5 DRFRE (ms)

U2 00gdgobobooogbobood

oobogbobobobobobobobobobobobobobobobob

4.6 JUUOoooooooon

oo0oooobOooRrRTSPOOOODOOOODOODODODOODOODOODO
gbooboboobobobooboboboboboboboboobobon
gbbogboogbuooobboobboobbooobbooobboob
gbobogobbogoobbuooobbooobboooboobbooon
O0O00000D0O000000D0OO00O020030 500 LIVEIUNIVERSED OO
gbobogobbodgoboobbuoodbuogboooboboobbooon
gbobogob20000booobboobbooobbuooobbooon
0000000000000 O0wn% 0000000 edoo0oO0o0noog
gboogbobbbooougobuogobbobuoobboobobobobuoabb

31



goboobooooboboooooon
gboboboboodgbboobbooobboobbooobbooboob
gboobodgbbuooobboobbuoobooobboooboobobogon
gbobogbboooobboobbuooobobooboboobbuoooboboon
goobobobobogoboobobouoobobobouooooboboboan
gbooggbbdogobbuooobuooobbooobuoooboobbooon
gbboboboodgbbooobbuooboooobbooobbobbooob
gbuodgoobudgoobudgbboboobuoobbooboooobooobbab
gbooboogobbobuoooobobuoooonbo

32



5. oo oooooooooood

gboboobboobbuooobbooboobbuoobbooobboon
gboobooobbuogobbooobbuoboboogbbooboboobboan
gboodbbgbboggbbugobboogbobooobbuoonobooon
goobooooobobbooooboon

goouobbbbbodoooouoobbobbbbbibodoooouoboob
gbbogboboodgboboobbuooboboobbuooobbuooobobon
gbobogbogdgbbuooobooobbuoooooobbuoobobooon
gbobooobobooboboogbuodgbbbobuogobooobooobboaon
gbooboooooobooan

5.1 oo ogooobbooooooonbod

gobbogoo3ggbbuogobooobbooobobooobbooon
gogbuogbobooboboobobobuooboboobobuoboboobn
gbboodbbooobboobbuooboboobboobbuooobboab
gobobboobobbbobbobododuoogooooooooobobbbboobbb
gboobobobobbbbodobobuoobobobooboboobobobon
gouogbogobobbodgboobobbobuodgboobboobuooboonn

gobobbuogobogobboobboobbooobbooobboon
gbooboooooobobodbobooboboobobooboubon
gbbobuoogobbooogbon

gobodobbuboobboobbobooobbuooobbooboboboon
gboobuoooobbboooobobbooood

5.2 JOOOO

goodooogooooobobbbobbobbobobobbbbbboooonbn
gbobogbobooodbbuogobbogboobbooobboobooan

33



H—NOJIESR

2 HETE 547> NBERE
P RIENT Y M \—> Ny TrYLT
- @By N 3
-2 IAUAON ¢ 7L b RE

s

2B v NT— VS
- AmaREE
ABRREIES vy &
AV AN =P e

U3 bdgdobbboooobbbuooonobon

000000000000 00000O0000DO00D00DO0oo0oooooOoon
0000000000000 0000000000o0DO00oooDooooon
OO00O000O0O0b00obO0obo0ooO0obobooooOobooboDOoboOooDOobDo
000000000000 0DbO0bO0000DOoDOoDOoDO

Windows Media Server D001 000000000000 0OO0OO0OOOO0O
000000000000 00000000000O00O00000DO00oDo0o0O0O
00000000000 000000000oDo00o0ooooooogoooo
O00000000000000000 2100000000000 DOO0LOO0O
000000000 00O0O0bO00b00obO0oooOobooDOOobobOOoDOoDO
0000000000 0DO0000DO00D000O00D0DbOo0ooOOoOooDo0DOO
00000000000 00000000000000O00O00000O00000000
OO00000000100000000000000DO00b0O0o0ooOoooon

53 Uoooobnoogod

goouobbbbiooooouobobbobiboooooooouooboon
gboboboboggbbogoboobboonoobooobbuooobooon
gboooobogoboboobboobbooobuooobobooobbooon
gboboboobooboobooboobooboobuoobgooobo1bon
gbobodgbboodbbubbooobboobbooobbuoobboob

34



googobbooobbooobooboboboobbooobboooooon
0000000000000 00000000oOoOoOoOoooOg (310
gboboggboodbbooboobbuoobbuoobobooobboob
gbobobobooobbooobbuooobbogbboobboobooon
gbobuogbgubobuabogoobboboobobooboboobon
goodbodgboobboobboboboobuoobooboobboboban
goooboobbbdodudgouuuoguoaooobbooobbbbbbbb
gbougobboogbbbooobbuooobuooboboobboobbooob
gbobogobbogboobooobboogbbuooobboobooon
gbobooogoobobooan
gobogoboodbboobobooobooobobobooobboon
Dbhooobogobboobboooboobobooobboobboobn
gbbodgbboodbbobboobboobbooobbuoobbooob
gbbogbuooobboobboogbbuabbooobbuoobbooon
gbooboobboooboboobbugbuooobboobbuoooboboon
godbgbobuoodgbouoboooobobobunooobobobonbn
oboboboobooboobooboobon

Windows Media Player 00 000000000000 O0OOOOOOOOOO
OO00oOoooooooooooooooooooooodn Windows Media O
OOooobobobooospKboooo 1goboobooooooboboboboo

54 UUOOOOOOOOOOOO

gbooboboboboboboo 40bobobobobobobobobo
gboodbooboobboogobbuooobbuoobbooobuoobbooon
oooboooboooboobuooboobobboboooboo 401oobooo
gogbboboooobobobooooobobboooboboboooobobooboog 3
gbboodbbuoooboobboobbooobboobbuoooboboab
gbooboodbodbbugobbooobbuoobb sbuooouoobboan

35



dH

I>a—-KJLb—LL—Fh

Ny TZ72d

BET7L—LL— hips)

>

RS ()

o

04 0000000 O0ODOO0ODOO0

gbboodbboodbbooboobbooobboobbuooobboab
oooooo®o

gooo

gogdggbobooboobbbbtbotduoddddoooooooooooooo
gbobogbobooodbbuoobooobbobobooobbuooobboon
obobooboobooboobooboobb

oboobon

gbobogobuogbobooobbuoobboobboobbuoooboon
gbooboooooboboooobbbooogboboboooobbogao

‘000000000000000000 1000000000 20000000000001
gbol1gbooooobobobobooboooooboboooobooboboboobobon
uboobodbogobobodbl1gbobboobooboboobobooboobaoboon

oood

36



I
5
2L
>t
&

>INy T YT

RYFBEIRAE

’

-

3!51%7}1?3!2@?&%

U s ugogbobuoogon

gbobooggn

goboobooobobooodgbbuogboobboooobbooboobboon
gbooboggobooago

gbooogg

gbbuogbobuogoobooobooobboobboobboobboob
gboodgbbuogbobooobbooobbuoobbooobbuoobooon
gboooboboggbbooobbuabbooobbuooboboobbooon
gboobogbbooodgbbuogbbooobbuogobbooboobobooon
goooo

gbooogo

gboboggboodbbuoobbuooboboogbbooboobboon
gbobogbboodbbuoooboobbuooobooobboooboon
gboboodgbbogobboobbuogoboogbbooobooboboon
gboobooooon

37



gooogd

gbobogoboodbboobbuooboboogbbooboobboon
gbobogbboodbbugobooobbuooobooobobooobban
goudboodbogbboboboobuogboobboobboobobonon
gbobodbbogoboboobbuooobbooobboooboboobbon
gbobbooodgbobboooobbodad

oboboboboo

gbobogoboodgbboobbuooobooobbooboobboon
gbobodgbbogobbooboobboooboboobbuoooboboan
goo

5.5 oo ooooooobod

gbogbboodbuogboogbogbogobooboobbobbobbon
goobobboboboobbbbobobobooddooooooooobobbooobobbn
gboobobooboboboobobuooboboboboboobobon
gboboodgbbuooobboobbuoooboobboobbuoooboboob
gbobogbboobodboobboobuooboobbbobooboonn
gboobobuoobdgbobuooobobuoboboboooboobobobn
gboobogboboodbbuogbooobbuooobbooobbooobbon
goboboobobgobooboboobobobooboboobobon
gooobbbdogdgbbbuoooubbbuooobbboooobn

gbobogoboodbboobbuoooboobuoobobooobboon
gbooboobbooobboobbuoooboobboobbuoooboboon
gbogobboobbuogobboobbooobboobbuoooboboon
gooboobogobbooobbuobbooobboooboobbooon
gbbodbboodoboboobbuoobobooobbooobbooboboab

38



U3 0gggbooboodggn

oooooO F,>E

oooooO F,<EDOQO F,<F,_,
oooooQ F,<EDQO F,>F,_,
ooooooood |E,<EOQ E,=F,,

U6 bogdbobobooggoooboogd

gbobodgbbuooobboobbuoogoboobboobbuoooboboon
gooo
gobbogobbogobboosgbbobuoobbuooobbooon
OO0 EOfpsO0O0D0O0O0OO0OD0O0Oo00000000000 F,000O0
s40000b0bLO0ObOobO0bObOO0bOobOo0bOobOo0DbDODbOn
gbbomoobogobbmugbbooobmbuooobooobbod
gbooodaog

5.6 OO OOOOobooobouobobooboboobn

gbbogobogdgbbobobooobbuoobboobobooobboon
gbobogbboodbooobboogbbuabbooobbuoobbooon

39



gboodbbuogobobooobobooobbuooobboobboooboon
gbbobuooobbbuoodobobbbooodobobbod

gboooboboobobboobuooboboobg s40b0b0obooDo
gboboboooobbbuoooobbbooolibboboooobboboooon
gbooboooobbboooobobboooobbooooobobobetgn
gob:000000000ubobbb ;,guouoboobopbooogon
gboboboodgob bbb guogn

gbboogboodbboobbuoobobooobboobbuooboon
gbobogbobooodbbooobbuabbuooobboobuoobbooon
gboboodgbbooobbobbogbbooobboobbuoooboboan
goobobbuogbogobbuooobbooobobooobbuoonobooon
obbobbobo g -, gbboobodbliobobboobooboobon
budnbgbbbogbugboobbmndboobboobuoobogn
gboobooboodgoboood

n

Viouwn = Z(Qz - pz) ’ (tz - Si)m

i=1
goooououobobbobbodoooouobbbbibooooouoboob
gboogboboogbboobobbooboobbooobbuoobobooon
OO000Db0bO0o00O0ob00bOobD0ob0obooboooooooOoD 3ofps O
gboobodgboboooboboobbuoooboobboobbuooobboon
gboobobooboboboobobuooobuoobooboboobobon
gbbboogbobbboooobbbuoooobbod

5.7 Oy

goboggbbodgbobooooogobooobbuoobobooobogn
gboobodgbooboobbuogobboobbooobboobbuooobboon
gbboobbodgbbuoobboobbooobboobbuoooboboab
gbobobbogdgbbuooobbuoobobooobuooobboooboob
OO0O000bo0oooooboobooooooobDoeSOoboobooonn

40



I>a—4 H#— NN

(Windows Media (Windows Media
Encoder) Server)
Windows XP(SP1)
[
=
PCIL— %

X MNHA (NIST Net)

BET 7T Linux(kernel 2.4.22)
REEE Windows XP(SP1)

DI T EET | ] |Windows Media Player 9
Pentium |1l 1GHz T4 b
X EYU1GB (Windows Media

Player)

U7 o00ggoobodgd

000000000000 000DO00000000oDOoO QeSOooooono
idddddooooooooobobooobobobbbboboouoooaa
goooooooobobbbbbbboboboobbobooboooooooog
goddddboooooooobobobboobobobogooooaaad
gooooooooon

O0700000000000000000 PentiumlII 1.2GHzO0ODOO 1GBO
O0000o0Oooobooo ooMbpsO DD OODOODDOOOODDOOODOOODOO
Joodooboboobobobobobobbboooooooooooooooooooo
00000000 PCOOOOOOOONIST Net [32]000000000000
godddaoogboobobbobbbobobbbbboduoououuuoaa
goobobbdooobobtbooduo400b0bbbooooo

ddddddoddooouubobodooooooooooooooo
gdodjddddddddooooooobbobooobbbooooooooo
00 Windows MediaO OO0 [11]00 000 Windows MediaO D OO0 0000
goodooooboobbbbuooooooooooooon

00000000000 0D0O0OWindows Media SDKOODOO 100000
oo oboooooooooooooooogag

41



04 000000000000000
00 OmsO 0, 50, 100, 200, 300
00000 O0%0 0, 50, 100
0000000 O%0 |o0,3,5,7, 10

05 o0uouogao
00 Codec Windows Media Video 9
00 Codec Windows Media Audio 9
00000000000 | 340kbps, 148kbps, 58kbps
O000ooooooog | 30fps

gboobogbbogobboobbuooobooobobobbuooobboon
ooobboboboboboobooboboobbooboboboooboab
gbbogobobbduoobbooabobbood ssbuouaobbuoan
gbobodgbbuoooboobboobbuooobboobbuoooboboon
goooo

5.8 OO0

O0o0oboobooboobooboobobboOooboOobon VBRO Variable Bit
Rated O CBRO Constant Bit Ratel OO0 OO0 OODOOOOVBRODOOODO
OO000000ob00obOoboobooobOobOobooboboobocBrROUODOOOO
goobogbobooobbuooobobooobbooobbooboboooobon
gbbodbbooobbodobbuooboboodgboobbuoooboboob
OOobO0ooooocBROODDODOOOODOOOOODOCBROODDOODOODO
gboobooooobbodoodg sgggoobod

gobobog3dbbuogbbuogobbugoboboobboobbooon
gbobogboboodbbuogobboodbuogoboobbuoooboboon
gbbodgbuooobbooobboodbbuooboooobbuoobboodob
gbooboodgbbuogobbooboobbuooobboobbuooobooon

42



gbobogobboobbbooobbooobbooobbuoobboboboobon
obobooboboobgoobi1obi10oboboobooboboobon
gbbbbouooobbbbuooogbbbbooooblibolouooon
gbobuoooobboooobboboooobobuooon

5.9 UOO40

gbobogbuogbobuooobboobbuoobboobobooobboob
gboboodgbbouobbuogobboobbuooobbooobbuoooboboon
gbobogbobogbogboogbbooobbooobboobbooon
gboobodbobogobbooboobbooobboobbuooobboon
gboobobooboboobobobuoboboboobobobobobon
goobobobobboobbbbbouuoduuuuuuuuouooooooan
gbobogbbouobbuogobboobbooobboobbuoooboboon
gboboobbuogobobooobboogbbuogobbooobuoobobooon
goobodgd

gbogboboobobobobobooobobuooboboobboobo
gbbobooooobbobodoodan

43



ll\:lo Fra%e DropCD)
Packet Loss Rate (%) . T b rame 2rop
0. S S R

n\ I I L
sl . H oo

O 20 40 60
Network Delay (ms)0 Network Delay Jitter (%)

g bugdbobobuoooobbbooogboobobooon

Frame Rate Average(fps)
3000 - O
Packet Loss Rate (%) ?888 - 3888 @
. 1-0-1000 O
10 . RN - B
O : - .0
. ' AV : C 1
8 o S T
sl o 10O LTl
[ e v e TG
Y o+ v 9. Vg LM v
4 - A D ' \ . .v~~ ' L .
S G VL
T oo DAY DL
2 R SN N
2
%0

40 60
Network Delay Jitter (%)

50 20
Network Delay (ms)

U9 ougdbbbuoooobbouoogbbbooon

44



Good Frame Rate Time

150 - 100sec VvV
100 - 50sec U

Packet Loss Rate (%) ) ~.150-0sec <
10 - N ‘

20
Network Delay (ms) 0O Network Delay Jitter (%)

U 10 Dbbobooggbbbooogn

Decreasing
Frame Rate Time
Osec O
0-5sec A
20 - 40sec Vv
40 - 80sec I
Packet Loss Rate (%) ) .. [ 80-160sec®
10 Lo LR
- ‘ e ) AN
R ‘ ‘ R
8t ‘ R S Q.
. <><> <> : w<> <‘> o
e T & T
8L O sl T ol
RN T RO
ab " TO T & S
‘ B R
Yoo o O e 0 :
2t o Hp g O

O 20 40 60
Network Delay (ms) 0 Network Delay Jitter (%)

U 11 0bboogoboboboooon

45



Packet Loss Rate (%)

10

8

6

Y

TN TN T

0.

S A

‘ VA
v
L Ve
v O
VA

Network Delay (ms)

Packet Loss Rate (%)

10

=N

A R

o 17‘[}

Moo

' ‘v“\

v, B
v
A VAN

O
Network Delay (ms) 0

Successive Frame Drop Score(m=2

0 O
10000 - 100000 A
10000000 - 100000000 v
100000000 - 1000000000 O
S =l
SR
Yo oo
Lo I VR
I Voo Ty
Vg o v Y
D N v/
. ' ) AV
‘ y

40
Network Delay Jitter (%)

012 00000 Vi 0000000 (m=2)

Successive Frame Drop Score(m=3)

0 ®
10000 - 1000000 ZAN
1000000 - 1000 %

00000
100000000 - 10000000000

SRR
I S R
Yoo Yoo T
Co ‘ v
SRR SR
L Voo v
< v VY
VA

20 60

Network Delay Jitter (%)

013 00000 Ve, DO0O0OO0OO (m=3)



Successive Frame Drop Score(m=4)
0 O
10000 - 1000000 A
1000000 - 100000000 v
100000000 - 10000000000 O
Packet Loss Rate (%) . T
10 .. Lot v N S
~E]. : : .. . : : N E].
L RN : . V- v. ol
8 . V. SN P M
Y. - Y RN Co Ve
S U AU
6 AVA o \V4 L Vo ' \vA
v. o YO v. .V
: V. D ~V~ : v. \v4 vl
4 | . PR . ' V.
i v Ve o Twl V. oV
o Yy A S
20 h v - Voo
30(? I
2
5%OO

80 100

50 60
Network Delay (ms) 20 40
Network Delay Jitter (%)

014 00000 Vi, 0000000 (m = 4)

Client Received Packets
8000 - 7000 O
7000 - 6000 &
6000 - 5000 V
5000 - 4000 O
4000 - 3000 ¢

o
IR = R S
' T~ ' \&D\‘ ' '

Packet Loss Rate (%)
10 1.

5 o O
90050 | v 0 8o 100

20
Network Delay (ms) 0 Network Delay Jitter (%)

U 15 0bbbougoobbodno

47



Client Lost Packets
0 O
0-100 &

100 - 200 V

200 - 300 O
300 - 400 ©
400 - 500 +

Packet Loss Rate (%) RN
1071.. T .

O 20 40 60
Network Delay (ms) 0 Network Delay Jitter (%)

016 O0DO0D0Oogooboobodo

Client Recovered Packets
0

0-50

50 - 100
100 - 150
150 - 200
200 - 250

+4o04>0

250 - 300

Packet Loss Rate (%) - R
10F. Cos C Y

60
Network Delay Jitter (%)

50 0
Network Delay (ms) 20

O 17 ooDooooobooooboo

48



5.9.1 J000OOO0OoOoobbObooooboboboood

ggbbgobugobbuoobbuoobobbuoobbooobbooon
gboobogobbboooobboooobooonoobuooobbobuoogn
gboboboodgoboboooobbboogoobogan

gobuboobuogbobobdunooobobobooboboboboobon
gbobodbbooobboobbuootobboobbooboooobboob
gboboodgbbogbbooobooobbuoobbuoobobooobboon
gbobogobobobboboobobobboobbbooboooobbooon
gbooboooooobobooan

giogdg 4b0buogoobobooooboobboooobbboooon
gboobooboodgoboood

gbodgbobooobodgogsdssbboubuodboobobooboobob
boogogbobbobodooob 11obogbbooooobbboogo
gbobhoggobbogobbodg ssbbbugobbobuooobboogn
gbobooobbogobboobbuoooboooboobbuooobboon
obooboobogo

01200 1300 140 5600000000000 Ve, DOODOODODOO
gbobobboobbuooobboobbuooobboobbuoooboboon
gbooboud 0O 2030400000000000000000000000
gobbdmUdg200300400000000000000000000
gboboboboobobooboboobobooobooboobobobon
DoOobooboobg20000000

suggobbboduooobboooobboboooobobooooboo
gbobogboboodobobooobbuooobbuoobobooobboooon
gbobogbooogbbooobooobbuogobbooboboooooon
goobooooboboooobbbooooobobooon

49



5.9.2 JU0O0OOUOOooobbbooooboboood

giooh 4pb0ogboooboobboboboobuoobooboobobo
gbobogboboogbboobboobbboobboobboobbooon
gbobodgboboogbogobuooobbogoboooobbuooobooon
googobbobodgbbooobbuooobbooobboobbooon
gbboodgbbuodgbuooobboobbooobboobbooobboab
gbooooogn

593 00O OOOOoOobLoObOoOoogn

gbogbobooggbooobbuoobbuoobboooboboobboon
gdddooououooooooooououooobobbbbbbboon b o
lrogbogdbbuogoboobboogbbuooobboobobog 100
gobobobooobbobobodoooooobboboobbbo ledoooonon
Dooobobobobogi1rbouooooboboboboboooobobobn
gboodgog

U nibleogoudubogbooboobbudgouoobuogouooon
gbobogboboogbbooobbuoooboobboobboobbooon
gboogbbooobbooboobooboooboobobooboboooon
gboboboobobobobobobooboboboboboboboobon
ooooobog1ivoooooboboboboboooooboboboon
gbbogboboobbuooobbuoobbooobooobbooobobon
gbooggbbuoggbbuogobbuooobobogboooobboogon
gbooboooobbbdoooobobbooooboboboooobboboooon

giobo4boobooboobbobbobobobbobbobbobbo
gboodgboboodgbboobbuooobbuoobboobboobbooob
gboogbooogbogobbooobbooobbooobbuoobbooon
gbobodogbbodboooooboobooboboboboobobooon
0000 0%00000050%00000007000000000000000

"MO0D0D000 %000 2ms0000000000000000000000O0O0OO

50



Good Frame Rate Time
180 - 150secO
150 - 100sect
100 - 50sec V
0 50-0sec U
o
# of Received Packets :
I - v v &
00 p O 4 v o - 0 g
7000 | NN V.o v O
6500 | Vo o
6000 | | 0
5500 f v o obd o
L O
5000 O
4500
4000 [ 0
3500 1
300(b

200

50 100 150 200 5
250 of Recovered Packets

50
# of Lost Packets ° 350 400 450 300

U 18 0b0bougoooboooon

gboobogbobooodbbuogobooobbooboooboobbooon
gobodbboobdugbbtooobuooobboobobbooobbooon
gboobooaobon

594 U0U0LOOOLOUOOOOOLOODOOOOOOLDOO

gisoo2b0bbooboobbobbobbobbobbobbobbo
gbbod wywooobbuoggoboouooobboooobbuoodbnD 190
goboobbboboouogooooooobbbobbbo2000000on
gboobuoooobboboggoobon

O000000oooo0ooooooooooo 0% o00ooooooo
gbbooboboodgbbooobbuoobobboobboobboobooob

bobooboooobooboboooboobooboooooboooobooobooboOobooooboo
gboboobobooobo2ms000000oooooobobobobooobobooo
ubogbdgboogboobobooboboobooboboobobooboobaoboon
oooooo

o1



Decreasing
Frame Rate Time
Osec O
0 - 5sec A
20 - 40sec VvV
Q 40 - 80sec [
o 80 - 160sec<
# of Received Packets !
1 0 O <><>
: o
700 & o o 0% o ©
7000 | o_od ¢ o o
6500 | = .
6000 [ 1 O
5500 [ o 5 008 o ©

5000
4500
4000 1
3500 |
300G,

50 100 150 200 555
3

# of Lost Packets>°0 350 400 450 300250# of Recovered Packets

U 19 0bboogdgbbbooogn

gboobodbbogoboboobbuooobboooboobbuooobboon
gboobobgobobobooobobuoooooboboboobobobon
gbbbooobobbbooodobbbooaob
goboodobbuooouooobbuoobbooobbuoobbobboon
gbobogooobobogobbuoogogbbooobbooobboobboon
goboobboobbooobboobobbooboboobbooobboon
gbooboboooboboooobobobobuooobobooboobobbobon
gbbodgbboodbbuoobboobbuoobbooobbodobooab
gbbobuoooobbbuoooobon

5.9.5 U0UOOOOgn

gbbogobuodgboooboboboobuoobboobboobuoobobon
goobogobboodbbbooobbboooobbobooobbuooon

52



Successive Frame Drop Score
0 O
10000 - 100000 A
10000000 - 100000000 V
100000000 - 1000000000 U

Q
O ,
# of Received Packets

: o v ¢ Vv

' \Y4
7500 T v v g v’ v V¥
7000 | v_vY YV v v
6500 | Vo
6000 | | O vg -
5500 | 0 g VY v

5000
4500 [
4000 [
3500
300Q,

200
25@ of Recovered Packets

50
# of Lost Packe’[g00 350 400 450 300

020 00000 Vi, 0000000

gboboodgbbboodbbuoogbbbooobbooobboodobboob
gbobuoggbboodbboodbbboobboboobbbooobboon
gbobogbbooodbbuooobbobbuoobooobbuoobbooon
gbobogboboobogobbuogbbuooobboooboboobbooon
gboobogboboodbbobbooobbuoobboooboooboboon
gboobobooboboobobobuobboouoooboboobobobon
gbobodgbbobbooobbuooobboobooobbuoobbooob
gboboogoboood

33



U6 30000000000boooogdgoooog

gobde |0O00DOODOOO
gbooaood 27.90 0.44
ooooooo 8.042 0.79
googoooog 12.02 3.40

100 T

80 -

60

IN
o

Cumulative Frequency(%)

20

0 1 1 1 1 1
0 50000 100000 150000 200000 250000 300000
Rebuffer Start and Duration Time(msec.)

gobboboogobboboooon

0 21

5.10 U0 0OO0OLOOO0OOOOOOAd
00000000000000000000000000000000000
000000000000000000000000000000000000
000000000000000000000000000000000000
00000000000 0000000000000000000000000
00000000000D000000000000000000000000
0D00000000000000000000030000000000000
000030000000000000000000000 a%000 ms000
0004%00000030000000000000000000000 100
Zap1020 0 Tape0300 205,30 00000000000 Yapy1D YapszD YasysD

o4



00000000 20 zepe0 2as,3 000 0000000000000000
000000 04ap, 00000000 00, 00000000 0.43,0000000
0D000000000000000000 ZeglesgZes 00000000
000000000000000000000000000000000000
0000060000000000000000000000000 7330000
0000000000000 00000000000000000000000
0000000000000000000300000000000000000
5%00000000000000000000000000000000000
000300000000000 1%00000000003000000000
00000000 000000

000030000000000000000050000000000000
000000000000000000000000000000000000
000000000000000000001000000000000000
000000000000000000000000000000000000
00000000000 0000000000000000000005000
0000000000000 00000000000000000000000
000000000000000000000021000000000000
0000000000000000003000000000000 160000
0000000000000003000000000000000000000
000000000000000000000000300000000000
oooooooo

000000000000000O0NIST NetDOOOODOODOOO0O0O0O
000000000000 100000000000000000000000
000000000000000000000000000000 0 Microsoft O
00000000000000000000000000000 Microsoft Load
Simulator 0 00 0000000000000 000O0O0O00COO0O0O00O0
000000000000 0000000000 Windows Media Server 8 0 [
000000000000000MMSOOOO00O0000000000000
000000000000000000000000000000000000

35



googbbooooboggoboobooooboboobboobooon
gbbooboboodgbbboooboobbuooobbuooobboobboob
gobobobbobobobbbbboouogooogoooboobbbbobobbbb
gboodbogbbodgbbolgbbuoobbugb soobboobbogn
00000l Imsd00Dooooobbobboooboobooobbooobon
googobbooobboobboobooobbuooobbuoonoooon
gbodgdbodgboobboboboobbobboobooboobboobn
gbboodgbbuooobboobboobbuooobboobbuoooboboab
goo

5.11 OO0 ogobuoobooobd

Windows MediaO O OO0 O0O0O0O0O0O0OO0D0O0O0OO0ODOOOOODOO Real
[0 O Helix Serverd Apple O O Darwin Streaming Server 0 0 000000000
000000000000 0000O000000O00Do0DbOoooOooooon
OO000RTSPOOOOODOODOODOODOOODOODOODOODOOOODOOO
OO00O00RTSPOOOODOODOOODOODOODOODOODODODOO
0000 (0o0oO0o00O0)D0oooOo0O000 (COo00oooO)oDoooDOod
0000 (00000o0oD)ocoo00ooooooooooooo

000000 bO0o0oobh0ooobooobOooooboon MPEG4000
O000000000000D00000D0000DO00D00O0 Windows Media
Video 90 MPEG4000000000000ODODOO0O MPEG2000000
O0000000b000O0bO0o0ooO00o0O0DO0o0oDO0oDbOO00boOOoDOoDO
000000000000 000000000000DO000O0DbOOo0DOo0OO
OO00D00O0D0O00000O0ooogon

0000000000000 ooooooooooooooooooogn
O0000000o000oo00oooooooooooooooooooooon
OO00O000O0bO0O00bO0b0O00bO00obO0bO0oUoboooOoboOOoDOoDO
0000000000000 0O00000DODO0O0DO00DOD0O0bODOOo0oDOOoO0n
000000000000 O0oooooDon

56



gobogobbogoboooboobbuooobooobboobbon
O000000000000000 (Windows MediaODOOOOOOOOODO) O
gbbodgbboodbbuoobuogbbooobbuoooboobbooon
gboboboooobboooobbobuoooobbbuooobbboooon

ooobOobooboOo MPEG4AOOOO0ODOODODOOOODODOOODOOOD
gboooobodgbboobobbooobbooobooobbuooobboon
gbbodboabboobbuooobbdooobodobbooobbooob
gboooggn

gobooobbuooobboobboobboobooboboooboon
gbobooboogbbobooobbooobboogbboooubboodon
gbobogoobobogobbbooobbboobobbilgoi1obbooon
goobobooobobobuooboboboooboobobobobobon
gobobobboboboobbbbotbououdooooooooobobbbbobbb
goooboobboobbobbobobbbbbooooooooobbbbbbibDb
gbbobuoooobbbuoooobobobuooooboboouooon

o7



6. Uooooood

gboboooboobbuooobbuoobbooobuooboboobboon
gboobogbbuooobboobbuogoboobboobbuoooboboon
gbobodgboboogdbbugbboobbuogobbooboboooobbon
gobooggbboobobooobobooobbobooobobooobboon
gbogboodbbuoobbuoobbuooobbuoooboobbooob
gbobodbbogbobboobbooobboobbaobboobbooon
gbobodgbbooodbbugbobooobbuooobbuoobbooooon
gbobogoboodobuodgbbobbboobboobboobboodon
gobogboboodbbuoooboboobbooboobbuoobobobooon
gbbogbobbodobooodgbbubbboobbooobboobbodob
gbobogbboodbbobbooobbuooboobbuoobbooon
goo

6.1 UOoooobouobouooboboon

goboodobbuoodgbbuoobooobuoobobooobbooboban
gboboobbogbobbooobbooobboogbboobobuonobooon
gbobodboboogboboboobbuoobbuoggbboobbobboogon
gbobogbobooodbbuoooboboobbooobbuooooooboon
obobobooboboboobobooboboboobboboobobon
glboodbbogdgbbooobbooobboobbooobbooob
gbobogbbooodbbugbboobboobboobbuoobobooon
gbobogoboodgbobobogbbooobbooobboobboodon
gboooooon

gboboogbooboboboobobobuoobooboboobobo
gboodbbuodgbbuoobboobuooobbuoobobboobbooob
gbbogoboobbooobboobbooobboobboobbooon
gbobobbuogbbuoobbooobbooobbuoobboobbooon

o8



gbobodgbobooobboobbuooobbooobobooobbuoonobooon
gboodgboboodgbbooobbuobobbooobboobboobboob
gbooboboodbobuguoboboboobobuoobobobobobn
gbboboooobbboooobboboooob
gobogbboobbuogobbobooobbuoobbooobboon
gbobobodgobobogobobooobobuoobboobbuoobbooon
goobooo
ggbbodgbbugoggbbuooobbobuoodobbbooobbuooon
gboobooogboobuooobobbooogn

6.2 UO0O0OOOOOOUOobOuoooboon

gobboogbbuooboobbbodbboodobboobobooon
00 0% 0 0000000000000000000000000OODOO0O0

goboobboodbuoooboobbooobbooobogbboon
000000000000 000oD %0000 00ooDooOooooooo
gbooboobgoboobobooboboboobooboboobobobon
00000 25%0000000000000000000000000000
godbodbogbbbodgoboobbuodoboobbobobuooboonbn

gobooobbooobbooboobbooobbooobooboboon
gboobboogdgooboooobbooogn

gobobooobobooouoobboobboooooobboobbbooon
gbboobbodoobobboobboobbuooboobbooobbooob
gbobogbbooodbbogbbuooboboobbuooobuoobbooon
gbobooboooobobooogoboon

6.3 UUOboooboboboobouoooudg

goboodobbuoooboobbuoobboooooobuooobboon
gbobogbobooodobobobooobbuooobbuooobboobbooon

99



gbooboooobobbooooboboogobbbuooonoon

gboboodgbbogbboobbuoobobboodobboobboobboob
gogoouobbbobbodoooouobbbbbiooooouoobobb
gboogbbuogbooobbuooobooobuooobbooobbooon
gbobogbobooobboooboobooobbooobbuoobbooon
gbobogoboboogbobbooobobbooobboobbooobboon
gbbbuoooobbbdoooobbbooobobboooobbbodao

gobodbboobboboobooobboobboobboobboon
gbobogbboodbbuogbboooobbuooobbobbuoobbogon
gobobobbooboobbbbobotoodooogooooobobbbboobbDb
gbooggbbooobbuogbbuooobooooobooboboobboon
gbobobobgboobobodobobobooboboboobobobon
gbobbouoogoobbobodoodan

goboboboooboboobboogbboobooobboobbooon
gbooobooooboogbbuoogbbuoobbooboboooobbooon
gobogobbogdbbooobooooobbooobbboobboon
gboboboooboboobobooobobobobooboobobbobon
gbobodbbobobboodbbuoobboobbooobbuoobbooob
gbooodgo

64 UOOOOOOOOOOOOODODOOONO

gogoooboboboooobobbooodoouoobbbboooooboboboo
O0D00ODO0OD0OO0OO0OO0OD0O00000O0OApple 00 Darwin Streaming 0 0 0O 0O 0O
RealNetworks U0 Real 0 0 OO HelixOODODOOODODOOOOOODOODODO
oooobobobOoooo0o0ddoooooooobooboobobooobobobo
000000000000 00DO00D000O000bO0DO0000O00O0MPEG40
0000000000 0O0ORTSPOODOODOOODODOODODODODOOO
gobooobuoodobbooobuooobbbooobbuooobboon

60



gobogobbogbbuooobooobbooobbuoobbobboon
gboboboogobbbuoooobbbooaobn
goboboodobbodgbbuoobooobbuoobboooboooboon
gbobogbbooodbbuobboooboobbooobbuoobooon
gboboboooobbboooobooboogobobuoooobbodad

6.5 OO0 ooon

gbobooobooboobogobobogboboboobbobobobooo
gbbogobbuoggbuoobobuogobbuogooboooobbooon
gooboboboboboobobobbbbobobotbdgdooubobobobobbooboobobn
goobobooboboboboobobooboboobobobobobon
gbobodbbuogobduoobboobboogbuooobboobbooon
gboobooogbobbod

gboboogoboobobuoIlpO0bbOooboobobooboobobuoobobo
gbobogobboooobbuobobboobobboobobooobbooon
gboobboboobobooboboboboboboboobobobbobon
gbbbuoogbobbboodobbbuoooobbbuooobbodao

6.6 JUUUQ

gbogboooboobobgobooboboobobobboobobobo
gbbodgbboodbbuoobbooobbooobbobboobooob
gbobogbboogbobuooobbuoobbuooobbuooobbbooon
gbobodgboggbboobboobboobobooobbuoobobooon
gbobogobobobbbooobbuoodgbbuooboboooboonoooaon
gogboobooooobooboobobooboobb20b00boonon
gbbobuoooobbbuoooobbbuooaon

gboboobooobooboboobboyveNODDOODDOOODOO
gboboboggbbuogobbobobboobbobooboooobbooon

61



gbobogobogobobuoooboboobbooboobbooobbooon
gbbogboboboodboboobbuoobbuoogbbobobooobooob
gbbodgbboodgbbobobooobbuooobboobbobobooob
gboobogbbouooobboobbuoouooobooobbuoooboboan
goboggbboodgbboodgbbboobbooobbooobboon
gooboodbbooodobboooboboooboboobobbbooobboon
gboodbbodgbboooboodbboobboobobooobboob
gbodgboboobbooobboobbuooobbuooobboobooon
gbobodgbbuooobboobbuooboboogbboobboobboon
gooo
gobogoogobboobbooobbooobooobboobobon
gboobobgboobobooboboboobobobobobbobon
OOoo0ooooboogoboSbKooooooboooooboooooooogoo
gbobogobbuoggbboboobbbuooobboobboobboon
gbobogbboobboooboboobooboobooobbuooobooon
gbobogbobooodbbobbooobbugoboooboobobooon
goobobgboobobooooboboboobobobooobobon
gbbogbobodgbboobbuooobbuooobooobbobbooob
gbobodgbbooobboobbuoooboboodgbboobobboooboon
gbbbboddogoooooooooooobobbbbobboboobobbbDb
gbobobuogoobbbogoobbbooobobobooooboboboooon

62



7. OO

gbobogoboodgbboobbobboobbuoobobooobboon
gboogobobooobugoboboobbooobboooboboobbooon
gbbogobogbbgoobboobboogbbooobbobbooon
gobogoboobooboobooobobooobobooobbuooobobooon
gbodgbubobdodgbboooougbbooboobboobobbboabb
gbbogboboodgbbooobobuooobbuooobboobbooon
gbooboogoboboboooobboooobobobooooboboao

gogouobbbbodoooouooboobobbbooooouooboon
gbobogbobooodbbuooobboobboobboobuoobobbooon
godbobobdobdobobobobuobobobobobobobooboob
gbobodgbboobbooobooobbuooobboobbooobbob
gboboguobbogboboooobbuoogobbooobooboobbooon
gboogobogbogobbugobbooobooobobooobboon
gbobogbobooodbbuooobboobboobboobbobobboon
gbboobobbodgbboobbooobbooobboobboobooaon
gbbogbboobboobbuooobboobboobboobbooon
gbobodgbbuoooboobboobbooobboobbuoooboboon
gbobogboogbobboobobboobobboobboooobbooon
gooo

gbobooobooboboobbooobbobbooobooobbooo
gbouodbbogdgbbobooobbooobbooboobbooboabb
gbugobbogbobboobbuoboooboobobooobbooon
gbobogbboogbbooobbuogobbogoboobbobboodon
gboobogbobogdbbugobooobboobbooboboooobbon
gboobobooboboobobobooboboobobobobobon
gbboodgbbuooobboobbuoboboooboobbuoooboboab
gbobogobbuogobbuoobbuoobbuooodobbooobbooon
gbooboooobbobuooooboboooonbo

63



gbbogboboobooboobuodbuoobbooboboboboobbon
gbbodgbboodbbuooboooboobbooobbuoobbooob
gbbogboboodbbooobbuoobobboobobboobbooon
gbobuoooobboooobboboooobobuooon

64



00O

goboogbbogbbooobbobboobbooobobobboon
gbobogboggbbooobboobboogbooobbuoo bo oo b
gboboboggooobooboggo
gddddddddddoooooodoooooooooLo L b O
gbobooboood b b0 ooogbbbuodooo
gboboogbbodgbbooobobooobbuoobbooobboon
gboobuoooobobbouod b ob goobboboooobod
gobogub 0ob o0 oobbuooboobbuoobobooobboon
gbobogboboboodbooobooobbooobbooobbooobooon
gbbboodgobbbooodobbboooobbboooobboan
gbobogobbodobbooouooobooobbobbooobboon
gboogboboggbbuooobbobbuoobobbodob oo oo ooao
gboobooogod
goboggbooboogobboobboobbooobooobboon
gbbuobooobbduoobuooobooobbooobbooobooob
b uod obbbodoodgobbbuooogbbbooooobobbuooon
DooboobooboIlobo bo booboobobooo
gobooobooogbobuooobbooobbooobooobboon
gobbooobobododooooo o obbbboboboooooooo oo oo
obobboboobn
Windows Media U OO OO O0DO00O0OO0OOODOOOOOOOODODOOO
WIDEOOODOOOOOO oo gobvisooooooooboooooo
OooogoooNTTOOUOOooooobobobobuobooo oo boo
goobooggogd
gbogboobobobobooboboboooboobobobbobo
gboudgbboodgboobb bbb oobobuoobbo oo oo abb
gbobuoo bbb ob oooobbbooogoo
gbbogbboobodgbuogboobobuogoboobooboobbon

65



gooboddg bbb oogobobobb oo bbb oobbbooooobobon
ODoOOoO0oooobboooooobooOooooBooGhOooooooOoog
gbbodgbbuoodbbuoobbuoogbbuoobbuooobbobogon
gboob oobbb ooobbboooobbbooogbobobobuooon
gbooboogoooon
ggboboboooobbboooooobooooboobon

66



oo

1]
2]

[10]

[11]

b 1o oogogoo,dgdd. 2006.

20060 9o obooobobooooboobobooobb,obboodgoboo
goooog.

0000000000 2006, Internet Association Japan.

Dapeng Wu, Yiwei Thomas Hou, Wenwu Zhu, Ya-Qin Zhang, and Jon M.
Peha. Streaming video over the internet: Approaches and directions. I[EEE

Transactions on Circuits and Systems for Video Technology, Vol. 11, No. 3,
pp. 282-300, Mar 2001.

The SDP Multimedia website for ASF download and MMS protocol specifi-
cation, SDP Multimedia Team. http://sdp.ppona.com/.

Apache. http://www.apache.org/.

RFC 1819: Internet Stream Protocol Version 2 (ST2) Protocol Specification -
Version ST2+, Luca Delgrossi and Louis Berger. Status: EXPERIMENTAL.
http://www.ietf.org/rfc/rfc1819.txt, August 1995.

Real products, RealNetworks Inc. http://www.realnetworks.com/

products/.

RFC 2326: Real Time Streaming Protocol (RTSP), Henning Schulzrinne,
Anup Rao, and Robert Lanphier. Status: PROPOSED STANDARD. http:
//www.ietf.org/rfc/rfc2326.txt, April 1998.

RFC 3551: RTP Profile for Audio and Video Conferences with Minimal
Control, Henning Schulzrinne and Stephen L. Casner. Status: STANDARDS
TRACK. http://www.ietf.org/rfc/rfc3551.txt, July 2003.

Windows media technology, Microsoft Inc. http://www.microsoft.com/

windows/windowsmedia/.

67



[12]

[13]

[14]

[15]

[16]

[17]

[18]

[19]

Helix. https://helixcommunity.org/.

Quicktime streaming server, Apple Computer Inc. http://www.apple.com/

quicktime/streamingserver/.

Darwin streaming server. http://developer.apple.com/opensource/

server/streaming/.

Amy Reibman, Subhabrata Sen, and Jacobus Van der Merwe. Video quality
estimation for internet streaming. In in Proceedings of the 14th International
Conference on World Wide Web, pp. 1168-1169. ACM, 2005.

Prasad Calyam, Dima Krymskiy, Mukundan Sridharan, and Paul Schopis.
Active and Passive Measurements on Campus, Regional and National Net-
work Backbone Paths. In Proceedings of International Conference on Com-
puter Communications and Networks (ICCCN 2005), pp. 537-542, October
2005.

Warren Matthews and les Cottrell. Internet end-to-end performance moni-
toring for the high energy nuclear and particle physics community. In Pro-
ceedings of Passive and Active Measurement Workshop 2000 (PAM 2000),
April 2000.

Yubing Wang, Mark Claypool, and Zheng Zuo. An Empirical Study of
Realvideo Performance Across the linternet. In Proceedings of the 1st ACM
SIGCOMM Workshop on Internet Measurement, pp. 295-309, November
2001.

Amy Csizmar Dalal and Ed Perry. A New Architecture for Measuring and
Assessing Streaming Media Quality. In Proceedings of the Third Workshop
on Passive and Active Measurement Workshop (PAM 2003), pp. 223-231,
La Jolla, CA, April 2003.

68



200 DO0OO,0000,0000,0000.00000000000D000OO
00o0o0do0booobooo. booobooobo booobooooo
0,0 20, pp. 105-110, January 2005.

[21] H. Koyun. Loggin  Model for Windows Media Services 9 Series,
Mar. 2003. http://www.microsoft.com/windows/windowsmedia/howto/

articles/LoggingModel.aspx.

[22] Maureen Chesire, Alec Wolman, Geoffrey M. Voelker, and Henry M. Levy.
Measurement and Analysis of a StreamingMedia Workload. In Proceedings
of 3rd USENIX Symposium on Internet Technologies and Systems, March
2001.

(23] Ludmila Cherkasova and Minaxi Gupta. Analysis of Enterprise Media Server
Workloads: Access Patterns, Locality, Content Evolution, and Rates of
Change. In IEEE/ACM Transactions on Networking (TON), Vol. 12, pp.
781-794, October 2004.

[24] Kunwadee Sripanidkulchai, Bruce Maggs, and Hu Zhang. An Analysis of
Live Streaming Workloads on the Internet. In Proceedings of the jth ACM
SIGCOMM Conference on Internet Measurement, pp. 41-54, October 2004.

[25] Lei Guo, Songging Chen, Zhen Xiao, and Xiaodong Zhang. Analysis of Mul-
timedia Workloads with Implications for Internet Streaming. In Proceedings
of the 14th International Conference on World Wide Web, pp. 519-528, May
2005.

[26] Eveline Veloso, Virglio Almeida, Wagner Meira, Azer Bestavros, and
Shudong Jin. A Hierarchical Characterization of a Live Streaming Media
Workload. In Proceedings of the ACM SIGCOMM Internet Measurement
Workshop, pp. 117-130, November 2002.

[27] Dmitri Loguinov and Hayder Radha. Measurement Study of Low-bitrate

69



28]

[31]

[32]

Internet Video Streaming. In Proceedings of the 1st ACM SIGCOMM Work-
shop on Internet Measurement, pp. 281-293, November 2001.

Z. Wang, S. Banerjee, and S. Jamin. Studying Streaming Video Quality:
From An Application Point of View. In Proceedings of the Eleventh ACM
International Conference on Multimedia, pp. 327-330, Berkeley, CA, Novem-
ber 2003. ACM Press.

Methodology for the subjective assesment of the quality of television pictures,

ITU-R Recommendation BT.500-11. June 2002.

Objective perceptual video quality measurement techniques for digital cable

television in the presence of a full reference, ITU-T Recommendation J.144.

oboo,0b0,g0o0.gjbobobobooboboboboooog. NTT
OO0000o0D 20060 OO0, NTTODODODOOOOOOO, 2005.

NIST Net: A Linux-based Network Emulation Tool, Mark Carson and Dar-
rin Santay. http://www-x.antd.nist.gov/nistnet/, Jul. 2003.

70



Joogoo

0o

.00 00,00 00,00 00. “0000000000000000
000000000000000”. 000000000, 04700 70,
pp.2019-2029, Jul. 2006.

oo

1. Naomi TERADA, Eiji KAWAI and Hideki SUNAHARA. “Extracting Client-
Side Streaming QoS Information from Server Logs”. in Proceedings of the
IEEE Pacific Rim Conference on Communications, Computers and Signal

Processing(PacRim2005). pp.621-624, August 2005.

googd

.00 00,0000,0000.“000000000000000000
000000000000 0000000000000000O”, 000
000 000000000000000000 (DICOMO2005) 0000
00. pp.769-772, July 2005.

2.0000,0000,000,0000. 0000000000000
OO0O0000O0o0oooooO”. 0Oboo0obDo0Oo obooooo, Vol.102,
No0.497, pp.13—-18, December 2002.

3. 00 00,00 00,00 0,0000.“000d00d00d000ooOoooa
O00doooooooooo”. oooooboboooooono 200200
0 (Work in Progress), pp.118, Oct, 2002.

71



