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IP Internet Protocol

1]

ADSL  Asynchronous Digital Subscriber Line [2] FTTH Fiber To The Home [2]

UPnP Universal Plug-and—Play 3]
1P
[4]
PC LAN Local Area Network Ethernet
LAN
[5]
1P
PC
1P
IEEE 802.11b[6] IEEE 802.11g[7]
PC
MANET: Mobile Ad hoc NETwork [8]
1P
1P QoS  Quality

of Service [9]

QoS



1P
1.2 QoS
1.4
VTR Virtual-Time Rendering
1.7
1.9
1.10
1.1 1P
1P

Internet Protocol

IP

1.1.1

QoS

1.1 IP
1.3

1.5 1.6
1.8

IP
1P

IP

TCP Transmission Control Protocol [10]/IP

1P
1969
Project Agency
1
1972

Projects Agency

P

QoS

[11]

ARPA Advanced Research
ARPANET ARPANET

ARPANET
ARPANET
50kbps
ARPA DARPA Defence Advanced Research
ARPANET

TCP/IP

1P

QoS



1.1.2

System [12]

1.2

1P

QoS

QoS parameter
P

[9,[18]

QoS

QoS

MANET

MANET: Mobile Ad hoc NETwork

1.9

ITS Intelligent Transportation

[13]-[15]
QoS
P
QoS QoS
QoS
[17] QoS
QoS
QoS
QoS QoS
QoS QoS QoS
QoS
5 QoS
QoS
QoS
QoS



QoS

QoS QoS

1.3

[19]

VOD Video on Demand [20]
[19] VOD
QoS 21),[22

1.3.1

30 Mbps VHS 1.2 Gbps HDTV

JPEG Joint Photographic Coding Experts Group
MPEG Moving Picture Experts Group

(1) JPEG
JPEG [23]. 1980
JPEG , 1992 . JPEG , ISO
International Organization for Standardization ITU-T International Telecom-
munication Union Telecommunication Standardization Sector CCITT International

Telegraph and Telephone Consultative Committee
Joint Photographic Coding Experts Group
, JPEG |
) WWW  World Wide Web

JPEG , . 8 x 8



, DCT Discrete Cosine Transform

JPEG

(2) MPEG

MPEG

MPEG1

[23],[24]

MPEG1

P Predictive

MPEG1

MPEG1

MPEG1

1.3.2

32

B

)

,1/10

9

1/20

MPEG1 MPEG2 MPEG4 MPEGT7

DCT

I Intra

CD

MPEG1

Bidirectionally Predictive

GOP

GOP

intra—stream

MU

1.1

1.5 Mbps
MPEG1
MPEG1
MPEG1
MPEG1
MPEG1

GOP Group of Pictures

1.2

Media Unit:



1.3.3

GOP | “Gop

inter—stream

inter—destination

____________ I 1,B,P 1,B,P
_______ ]
[ [ [ |
|/DCT
1.1: MPEG1
MU
MU
MU
[25]

VOD
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® SSAP ° TSAP

1.3:

1P

QoS
QoS
1.5 VTR
[27] [28] VTR
1.3 M
M
SSAP Synchronization Service Access Point
MU
TSAP Transport Service Access Point
TSAP i TSAP
TSAP;
MU

TSAP  SSAP MU )



TSAP

§ TSAP,
l SSAP
i TSAP,
) ()
T 1 T 2 j
TSAP
. G) .
T(i) 012 T(Jz)
1.4:
79, i TSAP n MU
AW TSAP; i n MU
DW SSAP i n MU
Uﬁi)m_l ‘i n A MUA n-+1
‘ ‘71(11,)n+1 = TT(L:)’I - TT(LZ)
). i n MU TSAP;
i=1,2,- M n=1,2,-- 1.4
9 TSAP
(1)
VTR MU  TSAP
Amax MU
MU D,
J m MU ,(fb)
MU
tgj ) = Dy
t%)—‘rl = t%) + 0-7(723771—&-1 (m = 17 27 )

i
SSAP

MU



(4)

m

MU
MU

MU

(2)

DY)

1.6

[30]
1.5

VTR

MU

MU

1.6

MU AP
D)
a3
49 o)
MU
MU
(1) a9 MU
i m MU
a%) ; MU n MU
DY + A
A i on MU
ALTY 1) i
i m MU
3 [29]
31]
MU 1.6
MU
15
MU
5 [32]
5
MU Aal[32]
VTR
MU
A B
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— e .
( %{ 2] A :
/ T \1'::\\.\ ! ' :
—> \_) Lo P :
( i L |
| I : :
' | H H
Source Destination 2 S b '
. oo 1 :
Audio . / > ... Synchronization
(Master) \ ? < . Maestro
Video Q < ; iy | ;
—— f
: a
Multicast
N STTTTENSEL Ll ;
\ Control Packet
\_’ ------ » Synchronization maestro scheme

-—->» Master-slave destination scheme
(Master : Destination 1)

—--—-» Distributed control scheme

Information for
inter-stream synchronization

1.5:
A B n MU
B (n+1) MU B
1.6.1
1.5
MU
Ne  [32]

MU Ng  [32]

r1,72,73[32]
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Total slide time of
the (n+2)-nd MU

o)

‘/’_Z"' » Output Time
» Arrival Time

i Reference output timing

Y of the (n+2)-nd MU

» Generation Time

Destination A (

Source

Destination B < » Arrival Time

= » Output Time
o]
5\

Target output time Total slide time of
of the n-th MU the (n+2)-nd MU
1.6:
)
T4,75[32]
1.6.2
1
1.5
1
MU
5
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1.6.3

MU

MU

1.5
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1.7

CPU

ARQ Automatic Repeat re-

Quest FEC Forward Error Correction [33]
e ARQ
ARQ ARQ

ACK: ACKnowledg-
ment NACK: Negative
ACK

Go-Back-N Selective-Repeat
Go-Back-N

Selective-Repeat

e FEC
FEC 1 FEC
ARQ FEC ARQ
ARQ
FEC ARQ
FEC
1.8

TCP UDP
User Datagram Protocol [34] RTP/RTCP Real-Time Transport Protocol/RTP Control
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Protocol [35]

1.8.1 TCP

TCP

TCP

(1) Tahoe

TCP

Tahoe TCP

(2) Reno

Reno TCP

Tahoe TCP

Reno TCP

TCP
Reno
Reno
[37]
TCP
TCP
ACK go—-back-N
Tahoe
ACK
3
cwnd + ndup
ndup ACK
ACK
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Tahoe  [36]

ACK

ACK
Reno TCP
ACK

awin

cund



ACK ACK

ssthresh
ACK
ACK ACK
ndup 0 ssthresh
(3) SACK
Reno TCP

Reno
SACK Selective ACKnowledgment [36],[38] SACK
SACK TCP

ACK
SACK
FACK Forward ACKnowledgment

[39]
1.8.2 UDP
TCP

TCP
UDP
UubpP 1P
UDP 1
UDP

UbP IP UbP 1IP
1.8.3 RTP/RTCP
RTP [35]

UDP
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RTP

RTP
RTP
RTP
RTP

RTP

RTCP
Sender Report

1.9 MANET

1.1.2
MANET

QoS

RTCP [35] RTCP

SR:
RR: Receiver Report

SR RR

IETF Internet Engineering Task Force MANET  Mobile Ad-hoc

Networks

Source Routing [42]

Multicast Routing Protocol

1.9.1 DSR

DSR

Route Reply

RREP

DSR  Dynamic
ODMRP On-Demand

RREQ Route Request
RREQ RREP

RREQ
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RERR Route
Error RERR

1.9.2 ODMRP

PIM Protocol Independent Multicast [44]

[40]
ODMRP ODMRP
Join—Query Join—Query
Join—Query
Join—Query Join—Reply
Join—Reply Join—Reply
Join—Reply
Join—Reply
MAC
ODMRP
Join—Query
1.10
P
P

18



IP QoS

QoS
QoS
1P
QoS
QoS
QoS
QoS
QoS
2
QoS
3 2
RVTR Retransmission with Virtual-Time
Rendering
4 3 RVTR
MRVTR Multicast based on RVTR
4 QoS
QoS 5
QoS
6
5
6 MAC
MAC
7
QoS
8 7

MPMS  MultiPath streaming scheme with Media Synchronization control

QoS P
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2.1

[25] RTSP Real Time
Streaming Protocol [45]

QoS
QoS
MPEG
[46]-[49] [46]
[47] [48]
[49]
QoS
QoS
QoS
UuDP
LAN
UDP WWW
HTTP Hyper Text Transfer Protocol
TCP HTTP
UuDbP
MPEG
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TCP

UuDP

TCP

3
TCP SACK UDP
2.2
2.4 2.5
2.2
MPEG
MU
Live[51] NetShow([52] StreamWorks[53] Vivo Active[54]
2.1
UDP

timestamp scheme

switching scheme

[55]

2.3

MU

RealPlayer[50] VDO

2.1

TCP

file transfer scheme

21

MU
TCP UDP



2.1:

Real Player VDO Live NetShow StreamWorks | Vivo Active
Real  Net- VDO net Microsoft Xing Tech- Vivo  Soft-
works nology ware
TCP UDP TCP UDP TCP HTTP
UDP UDP
6 7.5 3
UDP UDP
TCP TCP
MU
TCP
MU
2.1
MU
TCP
2
MU
MU The
MU
n MU
MU Thy 3
Thy
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Coefficient of variation of
: interarrival time of MUs < Tht

—~—

..................................................................................

&Witch

Timestamp scheme File transfer scheme

Swit~

Interarrival time of MUs > Tt

~—

Network is congested

2.1:
MU MU
VTR
VTR MU
Amax
MU Amax MU
2.3
UDP
4
MU retransmission in units of MU
retransmission in units of slice
MU MPEG MU
I
MU
MPEG
MU
5 MU 10 MU
2.2 6

4
5 MU MU MU
6 1
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| picture

if 0 <MUsize <5000 bytes 1 23 45 6/ 7 8/9 10

if 5000 = MUsize <7000 bytes |1 2|3 4|5 6 7 8|9]10

else 112 3[4| 5 6/ 7|/8]9]10
P picture
if 0 <MUsize < 3000 bytes 1 2 3{45 6/ 7 8|9 10

if 3000 =MUsize <5000bytes |1 2|3 4|5 6 7 8|9 10

else 1 2|3 45 6/ 7 89|10
B picture
if 0 <MUsize <2000 bytes 1 23 4567 89 10
else 1 2 3 45 6 7(8 9 10
2.2: MU
MU
[27]
MU
MU
MU
2.3.1
MU
MU MU MU
MU
MU
MU MU MU
MU
MU MU m
MU k (m > k) m#k+1 k+1
m—1 MU m MU
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LAN

h(h<k) m MU
h MU T, h
T, T MU
MU
MU
MU
MU
MU
2.3.2
MU
MU
MU
MU
k+1 MU
Tit1 + (th — Th) Py,
RTT RTT = Ciime — P,
MU
RTT
Tit1 + (th —Tn) > Crime + —
MU
2.4
SACK
2.4.1
LAN

MU

k+1
tp — Th

MU

MU

MU

Ctime

MU

MU

2.3

LAN

MAC Media Access Control
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LAN
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WS1(Source) WS3

Ethernet Data link
hub E@? simulator ﬁ? Ethernet hub

Cacagen

[T TN I T s L
Router 1 !
: : CM
\M\%Interference data
i -

//
S
= UM
28
WS2(Destination)
2.3:
LAN
LAN Motorola  ALTAIR J[56] ALTAIR
CM UM CM
CM UM 15 Mbps TDD Time
Division Duplex MAC
5.7 Mbps
4 WS WS1 WS2  Sun
Ultra30 CPU 296 MHz 512 Mbyte WS3 WS4
Sun Ultra2 CPU 200 MHz 128 Mbyte WS3
Solaris2.5.1 WS  Solaris2.6
WS1 10Base-T 1 Cisco 4700-M
1 2 ADTECH SX/12 V.35
4 Mbps WAN
2 Cisco 2514 ALTAIR
LAN CM 10Base-T WS3
ALTAIR LAN 2 UM WS2 WS4
WS1 MPEG
WS2 2.2
MU MU 1000
MPEG IBBPBBPBBPBBPBB
10
WS2

26



2.2:

ITU-T MPEGI
G.711 p-law
( ) — 320 x 240
MU ( ) 1000 2553
MU (MU]/s) 8.0 15.0
MU (ms) 125.0 66.7
(kbps) 64.0 306.6
() 299.9
Ama,x [55]
[55]
Thf Tht n 750 ms 0.1 20 MU
MU 3
500 ms 750 ms 1000 ms Thy = 1000 ms
Thy = 500 ms
Thy = 750 ms The n
MU
T =01 n=20MU
TCP Reno SACK 2
Solaris2.6 [57]
20000
51200
TCP 300 UDP
8
WS3 WS4
UuDbP 1472
2.4.2 QoS
QoS
MU MU
MU
SUDP
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MU

MU
9 [58] 6400 (= 80%) ms?
25600 (= 160%) ms?
2.5
TCP
SACK QoS TCP UuDbP
2.5.1 TCP QoS
TCP
SACK SACK
6 QoS
e SACK
timestamp scheme
e SACK
timestamp scheme with SACK
e SACK
file transfer scheme
e SACK
file transfer scheme with SACK
e SACK
switching scheme
e SACK
switching scheme with SACK
QoS
10 ms 50 ms
Apnax 100 ms
? MU
MU
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1.0 —
| Additional delay = 10ms
Y— 2 Timestamp scheme
g 0.8 - = Timestamp scheme with SACK
o.Q O File transfer scheme
=9 B File transfer scheme with SACK
=< | X Switching scheme
Y c_>s 0.6 | A switching scheme with SACK
55
© Cc
& =04
o3
= =
o3 L e
S8°0.2
----------------------- O e,
o Qi )
3.0 3.5 4.0 4.5 5.0 5.2
Data load [Mbps]
2.4: TCP
(1) 10 ms
2.4 2.5
2.6
2.7
2.4 4.4 Mbps SACK
5.0 Mbps SACK
2.5 4.4 Mbps
5.0 Mbps SACK
TCP
2
2.4 2.5 SACK
SACK
2.5 SACK SACK
SACK
SACK

2.4 SACK
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1.57
1.4 | Additional delay = 10ms
Y— 2 Timestamp scheme
o <12 ~ Timestamp scheme with SACK
g Q File transfer scheme
= g 10 B File transfer scheme with SACK ZAN
== . f; Switching scheme
i g 0.8 Switching scheme with SACK
cg
© Cc
5= 06 .
o> R
g3 0
O .
021  m S el A
e e g —4
0B v
3.0 3.5 4.0 4.5 5.0 5.2
Data load [Mbps]
2.5: TCP
SACK
SACK
2.6 4.8 Mbps SACK
SACK
4.4 Mbps 5.0 Mbps
SACK
SACK
2.7 4.6 Mbps SACK
300
MU
VTR
SACK 3.5 Mbps
5
4.0 Mbps
4.6 Mbps
SACK
SACK
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(2)

2.5

50 ms

2.9

31

10 -
—_ | | Additional delay = 10ms
2 106i 2 Timestamp scheme
.§. | ** Timestamp scheme with SACK
_ 51 O File transfer scheme
o 10 | B File transfer scheme with SACK
5 | A= Switching scheme
4
> 107 »
g | y o
3] <
= 10
c ]
& 10° A
= ]
10
1 ........ T T l
4.5 5.0 5.2
Data load [Mbps]
2.6:
SACK
5.0 Mbps
50 ms
2.8
2.9
2.8 5.0 Mbps
50 ms
10 ms
SACK 2.8
SACK
SACK
SACK SACK
5.0 Mbps 6400 ms>
SACK SACK
4.6 Mbps
25600 ms?
SACK
10 ms
SACK SACK
10 ms



320 - _
| Additional delay = 10ms
=) | "~ Timestamp scheme
% 315 2 Timestamp scheme with SACK
s [~ File transfer scheme
= 310 - B File transfer scheme with SACK
K23 X~ Switching scheme
g Switching scheme with SACK
= 305
3
§ 300 g‘} ....................... ﬁ ________________________________ 8
Ic
(@] i
S 295
290 w ‘ : : ‘
3.0 3.5 4.0 4.5 50 5.2
Data load [Mbps]
2.7: TCP
10 ms
MU
2.5.2 UDP QoS
UDP QoS
SACK
TCP
100 ms Amax=1000 ms
2.10 2.11
2.12 2.13
2.10 4.8 Mbps
MU
MU
4.9 Mbps
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1.57 — — AN
1.4- | Additional delay = 50ms II
“— 2 Timestamp scheme II L 2
© ) 1.2 = Timestamp scheme with SACK
S0 L File transfer scheme
= S 10 B File transfer scheme with SACK
%E/ : f; Switching scheme
‘© Switching scheme with SACK
>So0s8 ¥
59
S=06-
o3 A
= 0
=5 04-
g3
O
024 AT e
0
3.0 3.5 4.0 4.5 50 5.2
Data load [Mbps]
2.8: TCP 50 ms
UDP 2 SACK
SACK SACK
TCP
2.11 UDP 2
6400 ms?
UDP
2.12 5.0 Mbps SACK
MU UDP
SACK
UDP 2
TCP MU
2.13 UDP 2
300
MU
TCP MU
3
SACK

SACK
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2.6

10 | Additional delay = 50ms
NU) 106f 2 Timestamp scheme
é | * Timestamp scheme with SACK
51 [ File transfer scheme
S 10 | B File transfer scheme with SACK
= | X~ Switching scheme
g 104: A= Syitching scheme with SACK
g ]
3|
= 10>
S 0
g 10°- o SR
--------------------- -
o ~
10 ///
] ’ ........ ///‘D
1 T T T
3.0 3.5 4.0 4.5
Data load [Mbps]
2.9: TCP 50 ms
4.9 Mbps
3
TCP SACK
6 QoS SACK
QoS
QoS
TCP UDP
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1.8 A
5.~16 O— Retransmission in units of MU / gl
co T @— Retransmission in units of slice ’A/ /
S8 14 - Switching scheme VAN /
TS A—- Switching scheme with SACK | II
E —
2S 4
cg /
c .S
QL=
£2
33
O

3536 38 40 42 44 46 48 50 5.2
Data Load [Mbps]
2.10: TCP UuDbP
7
10 Co ]
1 I
« 6 | A/A II
g 10 ° O— Retransmission in units of MU / !
—_— | @)— Retransmission in units of slice // +
— 1057, Z/\—- Switching scheme K
o 1 #—- Switching scheme with SACK fﬁ |
(] 4 / |
o 10 - / ,'
£ ( '
3 I
3 10 - A I
g 2 / "
o 107
2 i
10 |

1 i T T T T T T T 1
3536 38 40 42 44 46 48 50 5.2
Data Load [Mbps]

2.11: TCP UuDP
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Average MU rate [MU/s] (video)

Total output time [s] (video)

16
o} o—=C
14 \ N
W A
12 A N
10 - O— Retransmission in units of MU \ ‘\
@— Retransmission in units of slice Voo
8 - ZX—- Switching scheme Vo
A—- Switching scheme with SACK Lo
| \
6 \\A A
i A
4 AA
2
0 T T T T T T T T 1
3536 38 40 42 44 46 48 50 5.2
Data Load [Mbps]
2.12: MU TCP UDP
500 7
450 - O— Retransmission in units of MU /A
@— Retransmission in units of slice A
| Z£X—- Switching scheme y
400 A—- Switching scheme with SACK /
£ A
350 - [
;A
/
300 Cx LD G-00
250
200

3536 38 40 42 44 46 48 50 5.2
Data Load [Mbps]

2.13: TCP UDP
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3 RVTR

3.1
QoS
[33]
[59] ATM MPEG
PSNR Peak Signal-to—Noise Ratio
[60]
[61]
[62] MPEG
LVMR Layered Video Multicast with Retransmission
Mbone
[63]
ATM
SSCOP Service Specific Connection Oriented Protocol
PDU  Protocol Data Unit
QoS
[27] VTR
RVTR Retransmission with Virtual-Time Rendering
RVTR RVTR
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3.2 RVTR 3.3

3.4
3.2 RVTR
RVTR 27] [28] VTR
QoS
MU MU
RVTR
1
) 1
[55]
RVTR RTP/UDP 15 1.3
VTR MU
27] MU
RVTR
3.2.1 VTR
3.2.2
3.2.1 VTR
79 n MU n+1 o) (=T, —T)
i n MU TSAP AY)
DY) )
Jinax A
A(J) Jmax é maX(AgZ)iX - A(l) AI(‘I%Z):LX - (2) )
(1)
MU
MU Ay Ay = max(AY, 4P)
j MU Y 1 = min(rV, 7?)
DY = Ay 4+79 (3.1)
D= Y T 4 T (3:2)
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(2)
2
o _ [ DP,  iDP 10 <A,
€T = .
! Tl(j) + A,, otherwise
o) = 2 +ol) (n=23,-)
MU
2\ MU
MU MU
AaLl Jmax
n Dy(Lj) = xslj)
t)
Sy
s = 0, a87) = 0
S SV 4 ASY) (n=1,2,--)
ASY  n MU
ASY =0
) Asy
MO NC)
9 = 2@+ 89 (n=23,-)
97 = 19+ ASD (=23, )
(3) MU
i n MU  TSAP
RVTR AY
MU
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Transport layer ‘ ’ Synchronization layer

Receiver—buffer for audio

Queue for newly
transmitted audio MUs TSAP
Received
= m
Audio
Queue for [ output
retransmitted audio MUs
Intra—stream
synchroRization
control
Receiver—buffer for video
Queue for newly
transmitted video MUs
Received
= m
Queue for
retransmitted video MUs
Intra—stream Inter—stream
synchronization synchronization
control control
3.1:
3.1 MU
MU
MU
MU MU MU
MU
i n MU ) n MU
MU m(m < n)
MU k(k > n) k MU
O =D 469, W MU
l MU(n <1 < k)
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output

MU
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d’ ai

£9% it AD <)
" Agj), otherwise

()

1 1 1
) — ) >ng2)

MU

Aal
ASHY = max(min(r, T — 1) + Aa),0)

(b)
AP <
MU

Tnol 088

d) = max(ty) — r,zt))

ASY
3.2.2
RVTR
MU
2.3.1
(1)
MU
m

DY)
TSAP Ay
[55]
(3.10)
ASS) <0
ASY >0
MU A <
ASY = d — 4V
r(r > 0)
MU
MU
t& -1 > Ay
AST(}) = —min(r, 57(11_)1)
RVTR 3.2.1
MU
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m#k+1 k+1
m MU
MU pY)
MU k+1 m—1
Py
MU
MU
MU
MU
MU
MU
MU
n MU
n+1 MU
Ctime 2

Rmin — min(otime - P7§1j)a Rmin)

MU
j j j Rmin
T,Ei)l + (tl(lj) — T]Ej)) > Clime + 5
MU
3.3
RVTR
3.3.1
3.2
4700-M Cisco 2514
V.35
1
10Base-T
2 3

m—1 MU
MU h(h<k) m
MU t9) — 1)
MU
MU
MU
c 2
MU
MU
MU
MU
MU
k+1<n<m-1
T+ ()~ 1)
RTT Ruin
MU MU
MU
(3.11)
2 Cisco
ADTECH SX/12
4 Mbps
10Base-T 2

42



WS1 (Source)

Data link

hub simulator

Voice & Video

WS2 (Destination)

Router 2

Router 1

Ethernet
hub
3.2:
4 WS WS1
Ultra2 CPU 200 MHz 128 Mbyte
Sun Ultral CPU 143 MHz 64 Mbyte
Solaris2.6 WS Solaris2.5.1
WS1 WS2 9 ms
WS1 WS2
JPEG WS1
Graphic PowerVideo
2
Head view
3.1
3.2
3.3
WS2

(1) RVTR VTR +

(2) RSync +

(3) VIR VTR
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WS2  Sun
WS3 WS4
WS1

Parallax

Twister

MU



3.1:

ITU-T JPEG
G.711 p-law
( ) — 320 x 240
MU ( ) 400 3527
MU (MU/s) 20.0
MU (ms) 50.0
(kbps) 64.0 563.0
(kbps) — 15.9
() 2433
3.2:
| |
ITU-T JPEG
G.711 p-law
( ) — 320 x 240
MU ( ) 400 3634
MU (MU/s) 20.0
MU (ms) 50.0
(kbps) 64.0 581.0
(kbps) — 197.6
() 243.2
(4) Sync
(5) NC
VTR 3.3
r = 20 ms A, = 300 ms
WS3 WS4
UDP 1472
3.3.2 QoS
2.4.2
3.3:
| | | [
Tho 80 ms —
Ths 80 ms
Tha 160 ms MU
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10000 -

8000 -

6000 -

N

o

o

o
!

MU size [byte] (video)

N

o

o

o
!

Head view
Twister

3.4

3.4.1

3.5
3.4

500 1000 1500 2000 2500 3000 3500 4000 4500
Sequence number
3.3: MU
MU MU MU
MU MU
MU MU
QoS
0 ms LAN
Jmax
RVTR RVTR VTR
0 ms Jmax = 100 ms
3.4 3.12
3.4
3.6
RVTR
VTR RVTR
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VTR

3.5

3.6

3.7

MU

3.10

VTR

1.2

1.0

0.8

0.6

0.4

0.2

Coefficient of variation of output interval (voice)

3.4:

RVTR

5
1000 ms?

RVTR
3.7 3.8
RVTR

Additional delay = Oms

Jmax = 100ms

--A-- RVTR o
—{1— RSync A
--O-- VIR A

(Head view)
T

46

6.0 6.5 7.0 7.5 8.0
Data load [Mbps]
0ms Jpax = 100 ms
MU
RSync  Sync
Sync RSync
MU Jmax
RSync MU
RVTR
NC
MU 3.7 MU 3.8
MU 3.9 3.10
7.2 Mbps RVTR MU
3.8
VTR
3.9
MU
RSync MU



3.11

VTR

NC

3.5:

Additional delay = Oms
Jmax = 100ms +

--A—- RVTR +

Coefficient of variation of output interval (video)

0 (Head view)
é.O (;.5 7‘.0 7‘.5 é.o
Data load [Mbps]
0ms Jmax = 100 ms
MU 3.12
MU
NC MU
NC
RVTR VTR 6.8 Mbps
MU MU
RVTR
MU 300 ms
Aa
RVTR VTR
RVTR VTR
7.0 Mbps
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3.6:

Mean square error [ms ?]

Average MU rate [MU/s] (voice)

3.7:

30000 -
| Additional delay = Oms
10000 - Jmax = 100ms
3 --A-- RVTR
m —{1— RSync
i --O-- VIR
3000 1 —>%— Sync
....... + NC ++++
] A
300 - C
100
30
(Head view)
10 \ \ \ \
6.0 6.5 7.0 7.5 8.0
Data load [Mbps]
0ms Jpax = 100 ms
25.0 7

200 & B—

Additional delay = Oms

Jmax = 100ms

--A-- RVTR
150 1 —o— Rsync

--O-- VTR

—X— Sync

....... + NC

(Head view)
10.0 \ \ \ \
6.0 6.5 7.0 7.5 8.0
Data load [Mbps]
MU 0ms Jmax = 100 ms

48



25.0

20.0

Additional delay = Oms

Average MU rate [MU/s] (video)

Jmax = 100ms
15.0 - —--A-- RVTR
—{1— RSync
--O-- VTR
—X— Sync
....... + NC
(Head view)
10.0 \ \ \ \
6.0 6.5 7.0 7.5 8.0
Data load [Mbps]
3.8: MU 0ms Jmax = 100 ms

40.0
36.0 - Additional delay = Oms
Jmax = 100ms

32.0 - --A-- RVTR
T —{1— RSync
Q 28.0 - --O-- VIR
S ' —>X— Sync
: ....... + ....... NC
S 24.0 -
o
g 20.0
[}
[%2]
£ 16.0 -
o)
=

12.0

8.0 -

4.0

D (Head view)
0 B % T R T T )
6.0 6.5 7.0 7.5 8.0
Data load [Mbps]

3.9: MU 0ms Jmax = 100 ms
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40.0

36.0

32.0

28.0

24.0

20.0

16.0

MU loss rate [%] (video)

12.0

8.0

4.0

3.10:

400

350

300

250

200

150

Average MU delay [ms] (voice)

100

50

3.11:

. Additional delay = Oms

Jmax = 100ms
2 --A-- RVTR
—{ 71— RSync
i --O-- VTR
—>— Sync
....... + NC

(Head view)
T

6.0 6.5 7.0 7.5 8.0
Data load [Mbps]

MU 0ms Jmax = 100 ms

Additional delay = Oms
B Jmax = 100m3

--A-- RVTR %

........ +++
__________ +
e e +
e e

o o

(Head view)
T | ‘ ‘
6.0 6.5 7.0 i )
Data load [Mbps]
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Average MU delay [ms] (video)

3.12:

400

Additional delay = Oms

350 Jmax = 100mMs
--A-- RVTR

300 - —{1— RSync A”;O
--O-- VTR p/
—>X— Sync /7

250 4 v + ....... NC ////

150 -

T e .+. ........ + ........ +
e .+:

et
e
50 1 e
_{}_ ..................... + |
(Head view)
0 | | ‘ ‘
6.0 6.5 70 s o
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Additional delay = Oms
Jmax = 250ms

10 7 --A-- RVTR
—{1+— RSync
--O—- VTR
—X— Sync

0.6

0.4

0.2

Coefficient of variation of output interval (voice)

0 (Head view)
6.0 6.5 7.0 7.5 8.0
Data load [Mbps]
3.13: 0ms Jmax = 250 ms
3.4.2  Jyax
Jmax QoS
Jmax = 250 ms
3.13 3.14 MU
3.15
MU 3.16
NC NC
Jmax
3.13 6.8 Mbps RVTR RSync
VTR Sync
3.14 7.0 Mbps 2
2
3.4 3.13 Jmax
Jmax =
250 ms
MU
RVTR RSync VTR  Sync
A MU Jmax = 250 ms VTR
MU
3.15 7.0 Mbps RVTR RSync
VTR Sync RVTR
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40.0
Additional delay = Oms
36.0 7 | Jmax =250ms
--A-- RVTR
320 7 —3— RSync
o --O-- VTR
2 280 1 —>— Sync
>
S 240 -
o
g 200
7
£ 160
=)
=
12.0
8.0
4.0
(Head view)
0 ) T ]
6.0 6.5 7.0 7.5 8.0
Data load [Mbps]
3.14: MU 0 ms Jmax = 250 ms
RSync MU
1000 ms?
3.16 4 MU
300 ms Jmax Aal
RVTR  RSync VTR Sync
Jmax
6.8 Mbps
Jmax MU Jmax

JHI ax
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30000 A
| Additional delay = Oms
10000 - Jmax = 250ms
3 --A-- RVTR
m —{1— RSync
I i --O-- VTR
2 3000 1 —X— Sync
S
S 1000 -
Sl_.) ]
= ]
S ]
% 300 -
c -
©
(]
= 100 -
?
30
(Head view)
10 \ \ \ \
6.0 6.5 7.0 7.5 8.0
Data load [Mbps]
3.15: 0ms Jmax = 250 ms
400
350 -

300 §§ xr WH‘%

@
Q
o
=
%)

2 —
E 50 Additional delay = Oms
E‘ Jmax = 250ms
5 200 1 —-A-- RVTR
) —{1+— RSync
= --O-- VTR
% 150 1 —%¢— sync
o
Z 100 -

50 -
(Head view)
O T T T 1
6.0 6.5 7.0 7.5 8.0
Data load [Mbps]
3.16: MU 0ms Jmax = 250 ms
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Data load = 7.4Mbps
Jmax = 100ms

--A-- RVTR
1.0 7 —3— RSync
--O-- VTR

Coefficient of variation of output interval (voice)

0 (Head view)
0 20 40 60 80 100
Additional delay [ms]
3.17: 7.4 Mbps  Jmax = 100 ms
3.4.3
QoS
QoS
3.17 3.18 MU
3.19
MU 3.20
3.17 40 ms RVTR
40 ms
RVTR
QoS RSync
3.18 60 ms RVTR MU
RSync 20 ms RVTR
MU 60 ms
RVTR RSync
20 ms
3.19 60 ms RVTR
VTR 60 ms
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28.0
Data load = 7.4Mbps

24.0 Jmax = 100ms
. --A-- RVTR
) | —{1+— RSync
g 200 --O-- VTR
= —X— Sync
-\€| ....... + ....... NC
= 16.0 ~
e
©
[}
8 120 -
=)
=

(Head view)
0 T T T T 1
0 20 40 60 80 100
Additional delay [ms]
3.18: MU 7.4 Mbps  Jmax = 100 ms
RVTR MU
VTR RVTR
3.20 VTR Sync NC MU
RVTR RSync MU 300 ms
2 MU
7.8 Mbps
RVTR 20 ms
VTR QoS
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4 Data load = 7.4Mbps
Jmax = 100ms

10000 o ——A—- RVTR
—{1— RSync
--O-- VTR
—>— Sync
....... + NC

Mean square error [ms 7]

(Head view)
10 \ \ \ I |
0 20 40 60 80 100
Additional delay [ms]
3.19: 7.4 Mbps  Jmnax = 100 ms
400 -
350 -

300 OO -~ --O--Or=O=Q--0=O-

o
L
o
e
é 250
>
®
2 200
2 150 et + Data load = 7.4Mbps
O o Jmax = 100ms
[
= --A-- RVTR
< 100 —{1+— RSync
--O-- VIR
50 —>X— Sync
....... + NC
(Head view)
0 I T T T T 1
0 20 40 60 80 100
Additional delay [ms]
3.20: MU 7.4 Mbps Jmax = 100 ms

o7



3.4.4

RVTR VTR
3.21 324  RVTR MU n st
3.21 7.0 Mbps 0ms Jmax = 100 ms
3.22 7.4 Mbps 0ms Jmax = 100 ms
3.23 7.8 Mbps 0ms Jmax = 100 ms
3.24 7.4 Mbps 40 ms  Jpax = 100 ms
VTR
3.25 7.4 Mbps 0 ms
Jmax = 100 ms
MU
MU 5
3.22
3.25 RVTR VTR
Ty
MU
3.21 3.22 3.23
DC
sV Aa
3.22 3.23 DC
Au Al T SY
Ay st DC
3.22 3.24 DC
Aq
3.26 RVTR 7.4 Mbps 0ms Jmax = 250 ms
st DC
Ag Jmax
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Total slide time [ms]

400
350 A
300
250
200 A
150 -
100 -
50

J max = 100ms

— RVTR (Data load 7.0Mbps, Additional delay Oms)

Vel

3.21:

Total slide time [ms]

400 T
350
300
250

N

o

o
|

150 -
100
50

1000 1500 2000 2500 3000 3500 4000 4500

Sequence number (Head view)

RVTR 7.0 Mbps 0ms Jmax = 100 ms

J max = 100ms

— RVTR (Data load 7.4Mbps, Additional delay Oms)

3.22:

500 1000 1500 2000 2500 3000 3500 4000 4500

Sequence number (Head view)

RVTR 7.4 Mbps 0ms Jmax = 100 ms
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400 ~

J max = 100ms

350
—— RVTR (Data load 7.8Mbps, Additional delay Oms)
— 300 -
£,
o 250 -
£
P 200
S
» 150
8 - L,
E 100 - ' ' ' | 1 o n
50 1
0 I I I I I I I I |
0 500 1000 1500 2000 2500 3000 3500 4000 4500
Sequence number (Head view)
3.23: RVTR 7.8 Mbps 0ms Jmax = 100 ms
400
350 |
— RVTR (Data load 7.4Mbps, Additional delay 40ms)
— 300 -
£,
< 250 -
£
s 200
=
» 150
T
E 100 ~ ‘
50 - u 1] [ | [ [
0 I I I I I I I I !
0 500 1000 1500 2000 2500 3000 3500 4000 4500
Sequence number (Head view)
3.24: RVTR 7.4 Mbps 40 ms  Jpax = 100 ms
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400
350 A
300
250
200 A
150 -

Total slide time [ms]

100
50

J max = 100ms

— VTR (Data load 7.4Mbps, Additional delay Oms)

3.25:

400 T
350
300
250
200
150 -

Total slide time [ms]

100
50

I
500 1000 1500 2000 2500 3000 3500 4000 4500

Sequence number (Head view)

VTR 7.4 Mbps 0ms Jmax = 100 ms

Jmax = 250ms

—— RVTR (Data load 7.4Mbps, Additional delay Oms)

3.26:

500 1000 1500 2000 2500 3000 3500 4000 4500

Sequence number (Head view)

RVTR 7.4 Mbps 0ms Jmax = 250 ms
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Additional delay = Oms

Jmax = 100ms
10 7 --A-- RVTR +
—{— RSync A

--O-- VTR 4
—>X— Sync
....... + NC

0.8

0.6

0.4

Coefficient of variation of output interval (voice)

0.2
0 (Movie "Twister")
6.0 6.5 7.0 7.5 8.0
Data load [Mbps]
3.27:
3.4.5
3.27 3.30
3.27 3.28
3.29 MU 3.30
MU
3.27 7.0 Mbps 7.6 Mbps RVTR
3.28
RVTR
RVTR
3.27 3.4 3.28 3.5
RVTR 3.29 3.10
MU
1000 ms?
3.29 7.0 Mbps RVTR MU
7.4 Mbps
7.6 Mbps RSync MU RVTR
Rsync MU
Sync
MU
MU
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1.2

1.0

0.8

0.6

0.4

Coefficient of variation of output interval (video)

Additional delay = Oms
Jmax = 100ms

--A—- RVTR
—{1+— RSync
--O—- VTR

0.2
=--0 .
0 (Movie "Twister")
6.0 6.5 7.0 7.5 8.0
Data load [Mbps]
3.28:
MU
3.30 RVTR VTR MU
3.4.1 3.11 3.30
MU
3.3
MU
MU MU VTR
MU MU
VTR
NC
MU
MU 3.3
1900 MU
MU
MU
RVTR
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MU
MU
MU

3.31
MU
1600



40.0
Additional delay = Oms
36.0 Jmax = 100mMs
--A-- RVTR
320 7 —pg— Rsync
e) --O-- VTR
8 280 { —%— Sync /
a ....... + ....... NC / A
S 240 - /
2
8 20.0
7
L 160 -
-
=
12.0 -
8.0
4.0
Movie "Twister"
0 B— N \ ( \ )\
6.0 6.5 7.0 7.5 8.0
Data load [Mbps]
3.29: MU
VTR
RVTR
RVTR
RVTR
Jmax Jmax
MU
RVTR QoS
VTR ST(LJ)
VTR S
RVTR
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400 ~
350
300
250
200
150 ~

Total slide time [ms]

100 -
50

Average MU delay [ms] (voice)

400 -
Additional delay = Oms
350 Jmax = 100mS
--A-- RVTR
—{1+— RSync ——A——
300 1 —-O-- VIR Pl e
—>X— Sync %
....... +- NC /,’«6
250 . 77
/7
A
200 - rd
.7
150 "
......... T
100 - ++
_____________________ +
50 T
0 (Movie "Twister")
T T T 1
6.0 6.5 7.0 7.5 8.0
Data load [Mbps]
3.30: MU

J max = 100ms

— RVTR(Data load 7.2Mbps, Additional delay Oms)

3.31:

500

1000 1500 2000

2500 3000 3500
Sequence number

RVTR 7.2 Mbps 0 ms
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4000 4500

(Movie "Twister")

Jmax = 100 ms



4.1
3 VTR RVTR
QoS RVTR RVTR
RVTR
[65] RMTP Reliable
Multicast Transport Protocol [66] STORM STructure—
Oriented Resilient Multicast [67] LVMR Layered Video Multicast with Retransmission
[62] RMTP-II[68] RMTP ACK
Sender-initiated Protocol STORM
LVMR NACK Receiver—
initiated Protocol =~ RMTP-II RMTP ACK NACK
feedback-implosion[69)]
QoS
QoS
QoS
RVTR
MRVTR Multicast based on RVTR MRVTR
MRVTR
QoS MRVTR
QoS
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RVTR
4.6
4.2 MRVTR
RVTR
MRVTR
[61]
[71]
[66]
NACK
NACK
4.2.1 NACK
3 RVTR
MU
NACK
m(=1,2,--
MU k (k<m)
m—1 MU
> A P9 T
MU
%) A%)
m MU

Runin — min((AY) — PU)Y x 2, Ryin)
i) =9 — 7l L 1)

Interval MU

67

QoS

MRVTR 4.2 4.3
44 QoS 4.5
MRVTR
[70] NACK
MU
feedback—implosion
[62]
NACK
NACK
NACK
3 MU
k' m-—1 k+1
1
j (=12 m
Rmin
MU h (h <k)
(4.1)
4.2)
MU n



(k+1<n<m-1) MU

E+1,--- m—1)

MU

Inierval::(Jﬁg)——Téﬁ)/(nl——k)

(44) MU
79 -1 (m=1,2,-)
(4.3) n n
MU
4.2.2 NACK
NACK
NACK
MU
MU 5 1
MU
LOADED
Liow Lnign
L RTCP 5

(m —n —1) x Interval

k+1 m—1 MU
(4.3)
n+1 MU
n MU
MU
(4.4)
MU o) 2
m—1 MU
NACK
NACK
NACK NACK
NACK
NACK
NACK
MU
MU MU
QoS
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CONGESTED LOADED UN-
NACK



o Ly < MU < Lyjgh

LOADED
NACK 4.2.1
. MU < Liow Lyigh < MU
UNLOADED CONGESTED
NACK
4.3
MU MU
[72]
MRVTR
4.2.2 NACK MU
73] MPEG

PIM-SM Protocol Independent Multicast—-Sparse Mode [44]
IGMPv2 Internet Group Management Protocol, version 2 [74]

0.07 0.1
3.6 9.3
5
NACK CONGESTED LOADED UN-
LOADED LOADED
MU NACK
MU LOADED
MU
4.4 QoS
QoS
QoS QoS

QoS
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(SUN Ultral)
WS3

(SUN Ultral)
WS4

(SUN Ulial) [ ] |Destinationl
tra g
WS2

Data link
simulator

Voice & Video

_—— e e —— e ———

Router2 Router3

4.1:
QoS
4.4.1
4.4.1
4.1 7
Cisco Systems 2514
1 WS6 2 JPEG
P
IGMPv2

Parallax Graphics
4.1
WS2 WS1

UDP

MRVTR

Destination? |
(SU\I\AI]ISJl?:ral)

4.4.2

WS

ADTECH SX/12
WS5 WS3
RTP/UDP
PIM-SM WS5
PowerVideo
1 WS7 WS4 2
UDP 1472
0 ms
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4.1:

ITU-T JPEG
G.711 p-law
— 320 x 240
MU 400 3883
MU MU/s 20.0
MU ms 50.0
kbps 64.0 | 621.2
120.0
0 ms 80 ms
40 ms
NACK MU
Llow: 5% Lhigh: 10 % Llow Lhigh
5
(2) (]-) LloW: 0 % Lhigh: 0 % (2) LlOW: 5 %

Lhigh=10% (3) Liow=5% Lnigh=20 % (4) Liow= 5% Lnigh=30 % (5) Liow= 0 %
Lnigh= 100 %

Jmax Al 100 ms 300 ms
RVTR 3
4.4.2
MRVTR
QoS
ns—2 network simulator version 2 [75]
1 16
2 4.2
4.2 Rk (k=1,2,---,16) MS
MRI (I = 1,2,---,16)
LS1 LS2 LR1 LR2
2 Mbps 1 ms
10 Mbps 0.1 ms
FIFO First-In
First—Out 1P 8
MS MRI MU
ns PIM-SM
Centralized Multicast
A1 2
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MS
Load sender 1

. — Transmission rate 2Mbps, delay 1ms

i — Transmission rate 10Mbps, delay 0.1ms

Voice & Video

Load sender 2

| Destination1 ~16 |
4.2:
4.2:
ITU-T MPEG1
G.711 p-law
— I
— 176 x 128

MU 400 1905

MU MU/s 20.0

MU ms 50.0

kbps 64.0 | 305.0
90.0
ns Dense Mode
Dense Mode prune
500 ms 3 Dense Mode
4.2
4.4.1
4.1
MU 400
MU
LS1 LS2
LR1 LR2
IP
3 ns Dense Mode
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4.3: QoS 4
NC
VTR
RVTR
MRVTR
1 LS2 2
P P
NACK RVTR
4.4.1
Liow  Lhigh (1) Liow= 0% Lynjgh=0 %
(2) Liow=5 % Lnigh= 10 %
(1)
(2)
4.5
MRVTR QoS
MRVTR QoS
4.5.1 MRVTR QoS
MRVTR
4 QoS
4.3 NC No Control
VTR 3 VTR
RVTR 3 RVTR
MU
4.2 NACK NACK
RVTR  feedback—implosion
MRVTR 4.2
4
MRVTR 4.1 1
2 5.5 Mbps 8.0 Mbps
4.3 MU 4.4
1
4.3 6.0 Mbps MRVTR RVTR

[77]
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L
o
1

Destination1 *

"""" k- NC
—&— TR K

RVTR Sk

o
[0¢)
T

o
o

o
~

o
[N

Coefficient of variation of output interval (voice)

05.5 6.0 6.5 7.0 7.5 8.0
Data load [Mbps]
4.3:
VTR
7.0 Mbps MRVTR RVTR
MU NACK MU
MU
4.4 6.0 Mbps 7.7 Mbps MRVTR
RVITR MU VTR
MU MU
7.0 Mbps RVTR MRVTR MU
NACK
MRVTR RVTR VTR 3
7.3 Mbps 3
VTR RVTR MRVTR MRVTR
2 1
4.5.2 QoS
MRVTR
MRVTR
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Q)
)
=
~19
38
8
518 r
< Destination1
247+ | < NC
17
= —&— VTR
> —&— pVTR
S5 \—®— MRVIR
2
<
151
145.5 6.0 6.5 7.0 7.5 8.0
Data load [Mbps]
4.4: MU
MRVTR
MRVTR/RS 2
1 6.5 Mbps 2
8.0 Mbps 2 2
4.5
4.5 MRVTR
2 MU 1
MU
2
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6.5 Mbps

MRVTR/RS



ut interval (voice)
o =
[e0) o

:

Coefficient of variation of out

0
6.5 6.6 6.8 7.0 7.2 7.4 7.6 7.8 8.0

Destination2
L —&— MRVTR

—<>— MRVTRIRS

Data load #2 [Mbps]

4.5:
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4.6

4.4.2 16
4.5 RVTR
RVTR/RS 6
4.2 1 1.0 Mbps 2
1.0 Mbps 1.9 Mbps
10

10 10
95 %
4.2 MR1 MRS MR9 MR16
R3
R3 MR1 MRS
MR9 MR16
MR1 MRY QoS
MR9 QoS
MR1
4.6.1
4.6 4.10 MR9
4.6 2 4.7
4.6 4.8 4.9
2 MU 4.10
NACK MRVTR MRVTR/RS MU

MU
CONGESTED LOADED UNLOADED

4.6 2 1.5 Mbps MRVTR
VTR
MRVTR NACK MU MU
MRVTR MU
4.8 MU MRVTR MRVTR/RS
0 %
4.6 RVTR
RVTR
MU NACK
8 8
NACK
MU NACK
MU

MU MU RVTR

(s



Coefficient of variation of output interval

RVTR
1.0 Mbps
10 %
4.6

NACK
MU
4.6
1.4 Mbps

4.7

4.7

4.9

Dense Mode

MR9
—%—NC —— VTR
—#—-RVTR —{+ RVTR/RS

—e—MRVTR

—— MRVTR/RS

I 95% confidence interval

1.1 1.2 1.3 14 1.5 1.6 1.7 1.8 1.9
Data load by LS2 [Mbps] (LS1:1.0Mbps)
4.6: MR9
MU 2
19 % 1.9 Mbps 33 %
MRVTR/RS
MRVTR/RS
MRVTR
RVTR/RS 2
RVTR/RS
MU
MU
RVTR
RVTR/RS RVTR
RVTR/RS MU
MU
R2 R4 RVTR MU
MU RVTR
RVTR/RS MU RVTR
ns
prune 500 ms
prune
RVTR/RS
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=
o
]

09 | MR9
E- 0.8 -1
3
“ = 0.7 A
§ £ 0.6 - =
'§§O.5» D’/D”
55 04 - -
5 03] /D //%%NC —A—VTR
‘© - — =
£ 02 — —=-RVTR —~ RVTR/RS
8 0.1 _ - ——MRVTR —- MRVTR/RS
1 95% confidence interval
0.0 \ T T T T T T T \
1.0 11 1.2 1.3 14 15 1.6 1.7 1.8 1.9
Data load by LS2 [Mbps] (LS1:1.0Mbps)
4.7: MR9
MU
4.9 NC
VTR MU
MU
4.10 2 1.2 Mbps 1.6 Mbps
MRVTR MRVTR/RS LOADED MU
NACK LOADED MRVTR
MRVTR/RS 2 1.4 Mbps
2 1.7 Mbps MRVTR MRVTR/RS
CONGESTED
MRVTR  MRVTR/RS 2 1.2 Mbps
1.5 Mbps MRVTR/RS CONGESTED MRVTR
MRVTR/RS
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[29] [31]
VTR Virtual-Time Rendering [27]
2
[31]

90



QoS

2
QoS
Tiers
5.2
QoS
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5.3.2
5.10
WAN
WAN
WAN WAN
WAN 1500 1P
WAN WAN
5.3.2 NC VTR Maestro Master—Slave Dis-
tributed QoS
5.3.2
MAN LAN
WAN RP RP
RP WAN
MR1 MR19 Mae-
stro (MR1) Maestro (MR19) MR1 MR19
Master—Slave (MR1) MR1
Master—Slave (MR19) MR19

103



10000 3 19 destinations
1 MRL1 - other destinations
1 RPA

1 T 95% confidence interval

=

o

o

o
1

for voice [ms 2
H
o
o
1

—l—Maestro (MR1)

—{— Maestro (MR19)

—@— Master-Slave (MR1)

—O— Master-Slave (MR19)
1 —O— Distributed

1 T T T T T T 1

0.50 0.55 0.60 0.65 0.70 0.75 0.80 0.85
Average load [Mbps]

Average of mean square errors of
inter-destination synchronization

5.11: MR1 RPA
5.5.3
RPA QoS
RPB QoS
MR1 MR19
10
10 10
95 %
RPA
5.11 5.12 MR1
5.11 5.12 Master—Slave (MR19) Master—Slave (MR1)
MR19 RPA MR1 RPA
Master—Slave (MR19) MR19
MR19 MU MR19
Master—Slave (MR19)
Maestro Master—Slave
Maestro Master—Slave
5.12 Maestro Distributed Master—Slave (MR1)

104



10000 19 destinations
MR1 - other destinations _

BT c RPA _
n 8 I -~
P 3 .
o ®© 95% confidence interval
£ N 1000 /s
¢ 8 O //
0]
8 S o O
=& E 7

= —
? & Q 100 O - —
85% _ -

2 S
g5 2 _ -0 —¥—NC
e £ 8 ——VTR
8 a 10 —— Maestro (MR1)
D O —{+ Maestro (MR19)
© $ —@— Master-Slave (MR1)
g 2 —O— Master-Slave (MR19)
I = = —o— Distributed

1 T T T T T T 1

0.50 0.55 0.60 0.65 0.70 0.75 0.80 0.85
Average load [Mbps]

5.12: MR1 RPA
700 kbps
5.11 750 kbps Distributed
Maestro (MR1)
5.12 800 kbps
Distributed ~ Maestro (MR1)
WAN
WAN
LW2 LW2
7 LW2
WAN
RPA MR1 MU Lo
5.13 Maestro (MR1)  Maestro (MR19) Lo
5.14 MR1 MU
5.13 750 kbps Maestro (MR1)  Maestro (MR19)

ns—2

105



(&)
o
|

2 45 - - —
% 40 - | B Control packets I
S _%' 35 - | O Load packets ]
HC:’ © 30 - | W Voice and Video packets
S 325 -
r=a] left : Maestro (MR1)
S5 & 20 1 right: Maestro (MR19)
cC c
o — 15
o)
© 10 -
o
z 2

0 _

0.5 055 06 065 07 075 0.8 0.85
Average load [Mbps]
5.13: Luo RPA
8
5.13 750 kbps Maestro (MR1)
20 % Maestro (MR19)
MU
Maestro (MR1) MR1
5.10 MR12 MR19 MRI1
Ly2 Maestro (MR19)

Maestro (MR19)

Maestro (MR1)
Maestro (MR19)
5.14 Maestro (MR1) MU Maestro (MR19)

750 kbps Maestro (MR1)

ns—2 FIFO

106



19 destinations
MR1
__ 250+ RPA
=, —¥—NC
8 2001 |——VIR
é —m— Maestro (MR1)
5 15.0 - —{+ Maestro (MR19)
Q ’ —O— Master-Slave (MR1)
© —O— Master-Slave (MR19)
g 10.0 1 |—o—Distributed
o
= 5.0 A
I 95% confidence interval
0.0} @ @, ‘ ‘ :
0.50 0.55 0.60 0.65 0.70 0.75 0.80 0.85
Average load [Mbps]
5.14: MR1 MU RPA
LW2
59 ms Maestro (MR19) 78 ms
Distributed Distributed
Maestro (MR1)
Distributed
Maestro (MR1)  Distributed
5.15 MR1 MU 5.16 MR1
5.17 5.18 MR19
MU
5.15 750 kbps MR1 Distributed
Maestro (MR1) MU
RPA MR1
5.16 800 kbps Maestro (MR1)
5.13
5.14 MU
Maestro Distributed

107



19 destinations
MR1
RPA

Average MU delay of voice [ms]
|_\
a1
o

—— Maestro (MR1)
—{ 1~ Maestro (MR19)
—O— Master-Slave (MR1)

100 7 —O— Master-Slave (MR19)
—o— Distributed
50 A — , ,
| 95% confidence interval
0 T T T T T T 1
0.50 0.55 0.60 0.65 0.70 0.75 0.80 0.85
Average load [Mbps]
5.15: MR1 MU RPA
9
QoS
5.17 VTR  Master—Slave (MR19) MU
NC
MR19 VTR
MR19
MU
5.18 Maestro  Distributed MU NC
VIR Master—Slave (MR19) Maestro  Dis-
tributed
MU
RPA Distributed
Maestro
Master—Slave (MR19)
Master—Slave
RPB
5.19 MR1 18 5.20
MR19 MU 5.21

108



0.6 7 19 destinations
MR1

RPA

—%—NC
—/—VTR

0.4 4| —®—Maestro (MR1)

—{F Maestro (MR19)
—O—Master-Slave (MR1)
—O— Master-Slave (MR19)
—o—Distributed

0.5 A

0.3 A

0.2 -

Coefficient of variation of output
interval for voice

I 95% confidence interval

0.0 T T T T T T 1
0.50 0.55 0.60 0.65 0.70 0.75 0.80 0.85
Average load [Mbps]

5.16: MR1 RPA
MR19
5.19 Maestro Distributed Master—
Slave (MR19)
VTR NC
5.11 5.19 RPB Distributed Maestro
RPA
WAN
MU
5.19 700 kbps Master—Slave (MR1)
Master—Slave (MR19)
5.11
Master—Slave
5.20 750 kbps Distributed MU
RPA
5.20 650 kbps NC MR19 MU
NC
5.21 750 kbps Maestro (MR19)
MU
MU

109



Average MU delay of voice [ms]

19 destinations
MR19
RPA

N w w

a1 o a

o o o
| |

200 ~

=
a1
o
N

I 95% confidence interval

=

o

o
1

—%—NC
—l— Maestro (MR1)

——VTR
—{+ Maestro (MR19)

50 —O— Master-Slave (MR1) —O— Master-Slave (MR19)
—o— Distributed
0 T T T T T 1
0.50 0.55 0.60 0.65 0.70 0.75 0.80 0.85
Average load [Mbps]
5.17: MR19 MU RPA
MR1
RPB MRI1 MU WAN
MR1 MU
MR1
Distributed
RPB RPA

110

Master—Slave



0.6 -

0.5 -

19 destinations
MR19
RPA

0.4 -

—%—NC
——VTR
—i— Maestro (MR1)

—{+ Maestro (MR19)
—O— Master-Slave (MR1)
—O— Master-Slave (MR19)
—o— Distributed

Coefficient of variation of output
interval for voice
o
w
|

I 95% confidence interval

0.50 0.55 0.60 0.65 0.70 0.75 0.80 0.85

5.18:

10000

=
o
o
o

NA

for voice [ms 2]
'—\
o
o

AR
o

Lol

Average of mean square errors of
inter-destination synchronization

Average load [Mbps]

MR19 RPA

19 destinations
MR1 - other destinations
RPB

T 95% confidence interval

—_——

i

Ll
N\

—%—NC

——VTR

—l— Maestro (MR1)

—{+ Maestro (MR19)
—@— Master-Slave (MR1)
—O— Master-Slave (MR19)
—— Distributed

T , T T T T T 1

0.50 0.55 0.60 0.65 0.70 0.75 0.80 0.85

5.19: MR1

Average load [Mbps]

RPB

111



Average MU delay of voice [ms]

Coefficient of variation of output

250 -
200 ~
150 +

1oo§

50

interval for voice

19 destiantions
MR19

RPB

—%—NC
—/—VTR
—l— Maestro (MR1)

—{ Maestro (MR19)
—O—Master-Slave (MR1)
—O— Master-Slave (MR19)
—o— Distributed

I 95% confidence interval

0

0.50 0.55 0.60

0.65 0.70 0.75 0.80 0.85

Average load [Mbps]

5.20: MR19

MU RPB

0.6 19 destinations

MR19
0.5+ RPB

—%—NC
0.4 - ——VTR

—l— Maestro (MR1)

—{— Maestro (MR19)
0.3 1 —O—Master-Slave (MR1)

—O— Master-Slave (MR19)
0.2 - | ——Distributed
0.1y

7 I 95% confidence interval

00 b - T : T T T T 1

0.50 0.55 0.60

5.2

0.65 0.70 0.75 0.80 0.85

Average load [Mbps]

1: MR19

RPB

112



5.6

Tiers

Tiers

QoS

Tiers

113

WAN

QoS

QoS



6.1

[84], [85]
QoS
QoS
[86]

QoS
[81]
QoS

QoS

QoS

QoS

QoS

MAC

QoS

114

QoS

QoS

QoS

QoS



QoS
6.2
6.2
ns—2[75]
ODMRP
6.2.1

MR1 MR6 4

ODMRP

IEEE 802.11 MAC

Function [88]

Lucent Technologies

IEEE 802.11b
2249 m

QoS
6.3
QoS
QoS

Rice Monarch [87] ns—2

6.1 11 15m
MS 6
LT1 LT4 6.1
DCF Distributed Coordination
ns—2 FreeSpace

Orinoco PCMCIA LAN
11 Mbps

115



6.1:

ITU-T MPEG1
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