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The User

Request Service (Parameters, Payme

Send Data, Possibly Shaped

Respond to Policing or...

Respond to Congestion, by

adapting

Complete Session

etc etc

The Network

Dimensioning

Reservations

Policing, or...

congestion indications

Routing of Packets, respecting params.

Scheduling of Packet forwarding...

Monitoring, and possibly charging

etc etc
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PathErr
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outgoing requests after merging incoming reservation requests
FF(S1{2B}, S2{ 3B}, S4{5B})

FF(S1{4B}, S2{6B}) S11 4B} FF(S1{4B}, S{2B})
towards S1, S2 «— I Sﬁlgg I «—
reserve FH{$4{4B})
FF(S3{2B}, SA{5B}) S2{6B FF(S2{ 6B}, S4{ 2B} ,S6{2B})
towards S3, $4 - | %lgg [ -
reserve
FF(S5{4B}, S&{2B}) %i{gg FF(S2{3B}, S3{ 2B}, S5{4B})
[ [
towards S5, S6 +— 4B ¢




outgoing requests after merging incoming reservation request:

reserve SE((S2, $4){58B})
SE((SL, S2){5B}) SE((SL, S2){ 2B})
towards S1, S2 <« | (S1, S2, 4){5B} | «—
reserve SE(S4{3B})
SE((S3, 4){58B}) SE(S4, S6){2B})
towardsS3, 4 ¢ || (4, S6){ 3B} | y
reserve
SE((S5, S6){4B}) SE(S2, S3, S5){4B})
towards S5, S6 <+ — | | (S2, S3, S5){4B} | 4+—



















Sender

available bandwidth

in router
5Mb/s 4Mb/s 2Mbls 4Mbls 3.5Mb/s
[ {re—— [} — "
Resv(R1, S1) Resv(R1, S1) Resv(R1, S1)

—>

ResvErr



Sender

available bandwidth

in router

5Mb/s AMbls 2Mbls AMbls 3.5Mb/s
Recd
R1 R3 ecelver
p Lp R L] pra— ] pw—
Resv(R2,S2) Resv(R2,S?) Resv(R2,S2) Resv(RL,S1) Resv(R1,Sl)  Resv(Rl, Sl)










































Receiver C

Receiver A Receiver B Iil
1
PN

Core

Receiver C

[

Sender/

Receiver A Receiver B

— = Data Packets
=mmeem Bidirectional Shared Tree






Rendezvous
Point

Noin

Rendezvous
Point

Receiver

Receiver ~ Sender
C R |
 m— | ==

F——N

=

Sender

Receiver Joins to RP Traffic flows on RP tree

Rendezvous

Rendezvous
Point i

Point

\Prune

Receiver

Receiver ~ Sender

==
————

Sender

Receiver's local router initiates transfer Traffic flows on shortest path tree
to shortest-path tree






Domain B Domain C
allocated 224.2/16 allocated 224.1.128/20

B4 BGMP

Root domain
for group
224.1.128,254

Receiver R

BGMP Join Messages DomainC
—+ Domain-Wide Reports allocated 224.1.130/24

Domain A
allocated 224.1.192/20

Domain C
Domain B

B4

Domain A Domain D

BGMP shared tree

— = Data packets
—p ENcapsulated Data packets

—  DM-PIM prune messages
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Domain B

B4

Domain D

Domain A

(S,G) BGMP
Join Message

Domain C
Domain B

B4

Domain A Domain D

BGMP messages
BGMP shared tree

— - Data packets

—  PIMmessages
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Sample
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Display

Restore

Send

Predict/Model Transform Huffman or
Runlength
Receive Re-order Delay
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sampled signal

safmpli:ng sifgnali

sampled signal

error in sampling due to
low sampling frequency

sampled, quantised signal
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-1
Q
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T
V.
o
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= f
Transform p Flag for INTRA/INTER
Q Quantiser t  Flag for transmitted or not

p Picture memory with motion

compensated variable delay gz  Quantiser indication

oL fil g Quantizing index for transform coefficients
oop filter

) VvV  Motion vector
CC Caoding Control

f  Switching on/off the loop filter





















Frame size (bytes)

20000,
15000
10000 ||

5000-

50

Frame number

100









H221 frame
80 bytes

A

8 bits

\j

2 bytes

Control data

Audio data
Video data
< e 1
7 bits
H.221 Framing
CRC framing Audio User
. (G711, Data
H.261 Video G722, etc)











































ilteri VAD / Frame i
Prefiltering | Ly Audio 1y f Channd L )l by dization

Q—> Bias Remova Classification Encoding Encoding
. Loss De-
l Mixer Concealment packetization
3D Sample Audio Channd Playout
Rendering ol Conversion ol Decoding Decoding ol Buffering

Packetiser

(O———A>D [T ]

20ms audiq
timeslices

Shared link

20ms audio

timeslices
D]— D->A [T

Depacketiser +
timing recovery




Video

Data

| Video Encoder

Audio

—— 1 Audio Encoder

Data

PS
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—=
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Packetizer PEST ©
Ll
. —>
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Audio TS Transport
PES ———=
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v=0

0=mjh 2890844526 2890842807 IN 1P4 128.16.6.4
N L

[originator ]
—(session ID and version timestamp ]
Fﬂoriginating host ]

s=Multimedia Seminar

i=A Seminar on Internet Multimedia

(title

{information about the session ]

u=http://www.cs.ucl.ac.uk

[url for more information ]
(

e=mjh@isi.edu (Mark Handley)

c=IN 1P4 224.2.17.12/127

t=2873397496 2873404696

(email address to contact ]

connection information
(multicast address and TTL)

%start time (NTP timestamp)]

a=recvonly

m=audio 49170 RTP/AVP 0

m=application 32416 udp wb _— |

a=orient:portrait

[stop time (NTP timestamp)]

attribute indicating session
is receive-only

—(PCM audio using RTP on port 49170 ]

4(Wb application on port 32416 ]
—(wb iS in portrait mode ]

m=video 51372 RTP/AVP 31

[H.261 video using RTP on port 51372 ]










1 2 3
0‘1‘2 3‘4‘5 6 7 8‘9‘0‘1‘2‘3‘4‘5 6‘7‘8‘9‘0‘1‘2‘3‘4‘5‘6‘7‘8‘9‘0‘1

V=1 MT |E|C Auth length Message ID Hash

Original Source

Optional Authentication Header

SDP Textual Payload

V=version, MT=Message Type, E=Payload Encrypted, C=Payload Compressed




S|
|

N —
whereis éve? 1 eve is at east :
INVITE east.isi.edu Q;\(.\?\%
®® : INVITE eve@isi.edu H - eve@east.isi.edu - >Q~ :
200 OK
ontact. eve@east.Isl.equ : (| 200 OK Ea
! £/ Contact: Pa— i

isi.edu eve@east.isi.edu




ns.isi.edu

[l

whereis éve? eve is at east

INVITE eve@isi.edu H
) "
301 Moved Temporaril
‘_C_rr@'ﬂryﬁ_on act. eve@eastisl.edu : [
Y s\
: isi.edu

Q~Q;(\

o

east.l&.eéu

)
O
\\Q




east.isi.edu

°® : INVITE eve@isi.edu -
= 100 TRYING
e
Lo
301 Moved Temporarily —isSi.edu  —
werctEve @east.isi.edu
INVITE eve@isi.edu Q;\?%Q’
180 RINGING c @
200 OK answer's call
TOMact eve@east.isi.edu

ACK eve@east.isi.edu

Audio and Video Data

talking
C

call finishes

talking
hangs
up BYE eve@east.ist.eau
200 OK
ACK eve@east.isi.edu
time
INVITE sip:mjh@north.east.isi.edu SIP/2.0 -

{request header and URL ]

Via:SIP/2.0/UDP east.isi.edu -

(second relay

Via:SIP/2.0/UDP isi.edu -
Via:SIP/2.0/UDP chopin.cs.caltech.edu

To: sip:mjh@isi.edu -

From: eve@cs.caltech.edu -

Kcommand sequence no. j

CSeqil —=

A

Content-Type: application/sdp

[format of payload ]
[Iength of payload ]

Content-Length: 214 -

v=0
o=eve 987329833 983264598 IN IP4 128.32.83.24
s=Quick call...

payload: an SDP
description of the
session this call

is trying to set up




INVITE eve@isi.edu
m=audio, m=video

isi.edu

m=audio, m=video

&>

INVITE eve@mobile27.isi.edu

mobile27.isi.edu

—

m=audio

06 UNACCEPTABLE
Contact: eve@mobile27.isi.edu

m=audio
INVITE eve@mobile27.isi.edu

=" 606 UNACCEPTABLE
Contact: eve@mobile27.isi.4du

talking

m=audio o
q‘:?\@)
180 RINGING <&
200 OK answer's call
TOmMact eve@mobile27.isi.edu
ACK eve@mobile27.isi.edu H
Audio Data talking

fResponse header and code T

SIP/2.0 200 OK -
Via:SIP/2.0/UDP isi.edu

Via:SIP/2.0/UDP chopin.cs.caltech.edu

To:sip:mjh@isi.edu

From:eve@cs.caltech.edu

removed by responding server

Refers to request "from"
and "to", not message from

} {Via header for "east" already }

bt

\ and to

Contact:sip:mjh@north.east.isi.edu;tag=76fa98 f{Where the callee was found. ]

CSeql

Content-Type: application/sdp

Content-Length: 214

v=0

o=eve 987329833 983264598 IN 1P4 128.32.83.2 R

s=Quick call...

{Command sequence no.
Lechoed from request

payload specifying

the relevant addresses
and ports on the callee's
machine
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Floor

Control

Floor

Control

Floor

Control

Cbnference Control Channel

Control

Applications

CCCP

Media

Applications

Control Messages (CCCP)

Media Data

Conceptualisation of CCCP





















Session|
Control

Audio

to other Session Controllers

Control Messages (CCCP) < >

Media Data e

audio data

video data

White
Board

:# graphical data

Using CCCP to unify interfaces



Control
Floor :
Control Jag—p—
Audio '
Video ] i
White 4‘_.:
Board '

Session] < : » 0 other Session Controllers

to other Floor Managers

Control Messages (CCCP) < »

Media Data e

audio data

video data

graphical data

Using CCCP for simple floor control
















































:-) Smiley Surprised smiley?
:-( Unsmiley

:-0 Smiley singing national anthem

:-* Smiley after eating something sour

=:-) Smiley punk-rocker No, real punks don't smile

OK, this is a real punk smiley:

::-(






Application
Time

Message sent by
S6 syncs all other
sources

one of S1,S2,S3

¢

t:

£

£

?\Message sent by
H

: syncs S4 and S5
[

5 Real Time







Application
Time
(clock ticks)

.
S

.
LYTTTTTEYY )

.
S
S

.
.
B

.
Sassmnnns

.
LTI
%,
H
H
H
H
H

LEEEEEEETON

e

S

parsnnnnns,
.

.

"sasssmnns

message sent by S2,
clock 1 incremented

message sent by S1,
clock 2 incremented again

message sent by S1, clock 2 incremented

Clock at S1

Clock at S2

Intended maximum
of clock 1, clock 2

Real Time

| (Clock Ticks)









Sender chooses a random key, and a mask
appropriate for the size of the conference.
Receivers also choose a random key.

Sender

FPEAOPIPPPAPRERARAPR] Key

[ | ] Mask

CPEIPIPPPEIPEEEPE]| Round2
I I |

[OAAPL [OIAAPR
I I
[OAAPL O ol
I I
[OAAPL [OLAAPR
I I

[OAAP[ [OLAAPR

Receiver 1

1 I O N O N N (O

Round 3

Round 4

Round 5

Round 6

\K)

Each round, the sender reduces the mask by one,
and sends the key/mask pair again.

TPEAPIPPPAPRRAAPR] Round?7-Receiver 2 matches key
I |

Key Matches

Receiver 2
E[)I; O O O O O o ol i ol

g

1]1

Receiver 3

10N [L

Receiver 2 can now request a retransmission




Site 1 Site 2

change 1

change 2

change 3

v Y

Changes 1 and 3 prevail. Change 2 is seen briefly at site 2, then disappears.
Site 1 never sees Change 2 - it is already too old when it arrives at site 1.



Site 1 Site 2

change 1

change 2

v Y

change 1 results in a line being split in two, creating a modified line and a new line.
change 2 modifies the original line.

In a simple scheme, the new line from change 1 and the modfied original from
change 2 remain. This is most likely with a network partition, but could also occur
due to simple transmission delays.









ID:  Payload: Prev:  Next:

a null| b

e e null

Lines added in our partition

Lines added in the other partition.

Region of inconsistency



null| b

d [ d
e e null

Lines added in other partition

Line deleted in our partition

Partition resolves to a consistent state



b null] b

e e null

Lines added in our partition

Lines added in other partition

Line deleted in our partition

Partition resolves to an inconsistent state
























VR Application

Object Data Base (== Linda Tuple Space)

To
[ [ — POV/Collision Detection
Other

Systems

Renderer

























multicast address for

source

source

source

data packets

multicast address
for session messages

player
or
recorder

archive




multicast address for

source

source

source

data packets

multicast address
for session messages

player
or
recorder

archive







multicast address for

source

source

source

data packets

multicast address
for session messages

VCR hi
-
server archive







media stream

Here is the
introduction

Discussion of
slide 1

Discussion of
slide 2




original media media stream

selected segments.

I SR A AN R
— s R

another, independent
selected segment.

Sync
Info







jukebox

raw

interface

filing

I system
manager

platter
driver

raw

interface

network

filing
system

driver manager

disc
driver

network

disc drive












milli secs number of ;
since start | data bytes | thedata Data item
milli secs ointer pointer to
since start ItO0 Geta | annotations Index element
list of annotations Annotations
total no of bytes | attribute no of bytes no of bytes | the value
in this attribute | status in name the name | ;" aie data nextone ...
| | media stream |
A A A A A A A T A T T T A A
| I \ index track ! \ ! '
Here is the Discussion of Discussion of

introduction

slide 1

slide 2




original media

media stream

)

A T 1

original indexes

index track |

selected segments.
copies of indexes

another selected
segment. copy of
index segment

T

T







video stream

index0

A A T A T T T A

the original index

index track

_J

references

A A

index1 \
the index of references

new index track

| video stream | | video stream | | video stream |

EENYNYNNNYE, HHHHHH HHHHHH

index track index track mdex track

el

data ‘ |
l $ A

index | 1 second 2 seconds 3 seconds 4 seconds |










. VCR
. Media |
. Recorder !

Data packets —— Session messages Multicast transmission



Conference
start time

Conference
end time

source

source

source

source

source

‘ source

source

source

- no data receieved

|
i source

E data receieved

media

media

media






play Conference

Player

play play play

Media Media Media

Player Player Player
play/ / playl . play play| ' play\ .play play\ " play . play
Source | (Source ) (Source Source) (Source ) (Source Source\ [Source\ /Source
Player / \ Player/ \ Player Player / \ Player / \ Player Player ) \ Player/ \ Player
‘ ‘ Index ops Index ops
=mmmm  Conference control commands Control signals propogated to all player objects

——————— Operations on indexes















Client . Server

Request Line
General Header
Request Header
Entity Header

: Message Body of I
' One or more Entity Bodjes
|

Status Line
General Header
Response Header
Entity Header






















VCR

server
N index annotation
recorders players : perusal
editors tools
applications

operations on indexes

e.g. create an index entry,follow an index entry,
select regions, add annotations, list annotations

indexes

0000 O0C

data

556068













_________________ N

' sp password,
e r

: I

I

IaintextMci hertext

R N i

|

|

secure

insecure
transmission






functio

|
|

|

| Cleartext | hash
| ’

| (cleartext,
|

________________________ 1| digital signature)

! |
: hash cleartext
I function :
| accept S
| or reject \

| decrypt Lg
|

|

|

|

|

|

|

digital |

t signature |
i |

|

|



























































































