
Dynamic Distributed Multimedia:
SeamlessSharing and Recon�guration of Multimedia

Flow Graphs

Marco Lohse,Michael Repplinger, Philipp Slusallek

Computer Graphics Lab, Saarland University, Germany

MUM2003 - Dynamic Distributed Multimedia { p.1/21



Motivation

� Increasednumber of networked mobileandstationary
multimediadevices

� Web pads,PDAs, mobilephones,PCs

Stationary system

Processing power

I/O capabilities
  Large screen
  High fidelity audio
  DVD drive
  TV receiver

Mobile system

Limited processing 
  power

I/O capabilities
  Small screen
  Mono audio

� Ubiquitousmultimedia?
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Dynamic Recon�guration

� Useranddevicemobility
� Usecapabilitiesof surroundingenvironment
� Play out of multimediadata duringrecon�guration?
� Seamlessandsynchronizedhandover?

Stationary systemMobile system

MP3
playback
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Collaborative Scenarios

� Number of userssimultaneouslyenjoys the same(or
similar) contentusingdi�erent devices

� Multiple accessof hardware devices?
� Increaseof processingandnetworking requirements?
� Synchronizedplaybackon di�erent devices?

Stationary system

DVD playback

Mobile system 1
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Overview

� Motivation
� Network-IntegratedMultimediaMiddleware (NMM)

� Distributedsynchronization
� Registryservice

� Sessionsharing
� Mapsnewapplicationsto alreadyrunning

applications
� Sessionhandover

� Migratesparts of a runningapplication
� Conclusionsand future work
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NMM Flow Graphs

� Nodesassmallestprocessingunit
� Jacksto connectnodes
� Jacktags to identify inputsandoutputs
� Formats to type connections
� Interfacesto accessobjects
� Multimediadata bu�er andevents

Input
Jack

Input
Jack

Output
Jack

Readfile
Node

Audio
Decode

Node
Playback

Node
Output

Jack
MP3 MP3 RAW RAW

"default" "default" "default" "default"

INode INode INode

Application
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Distributed Synchronization

� Strict separation of intra-streamand inter-stream
synchronization

� Locally runningcontrollers
� Synchronizeradjustslatencies

Synchronizer

SyncSinkNode

SinkController

SyncSinkNode

SinkController

Network/address space

InputJack

T
B TB B

T

InputJack

T
B TB B

T

B

Node

T
T

B

B

Node

T
T

B
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Registry Service

� Administrateslocallyavailablenodesandactive
o w
graphs(sessions)

� Graphdescriptionsasqueries
� Sharing policy for eachnode

� Peer-to-peerapproachfor distributed
o w graphs
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Collaborative Scenarios

� Shared accessto DVD, di�erent audiotracksfor
mobiledevices(e.g. iPAQ H3870with Linux)

� Shared andexclusivenodes

MPEG
Demux
Node

Audio
Decode

Node
Playback

Node

Video
Decode

Node
Display

Node

DVDRead
Node

MPEG
Demux
Node

Audio
Decode

Node
Playback

Node
DVDRead

Node

Running session 1

localhostlocalhost

Query
"audio1"

"audio0"

"video"
Synchronizer
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SessionSharing

� RunningsessionsR1; : : : ; Rn, queryQ
� Idea

� Start with node in Q with no incomingedges(e.g.
source)

� Try to �nd 'matching' node in Ri

� Try to recursivelyexpandoverlappingsub-graphs
� Re-useoverlapped sub-graphs

� Individualtest for edgeser andeq

nout nin

tag out tag in

f conn
s(n  )out s(n )in

r r

r r

r r

r nout nin

tag out tag in

f conn
s(n  )out s(n )in

q q

q q

q q

q
er eq
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SessionSharing

� Shared accessto DVD, di�erent audiotracksfor
mobiledevices(e.g. iPAQ H3870with Linux)

� Shared andexclusivenodes
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SessionSharing

� Shared accessto DVD, sameaudiotracksfor mobile
devices(e.g. iPAQ H3870with Linux)

� Shared andexclusivenodes
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SessionSharing

� Shared accessto DVD, sameaudiotracksfor mobile
devices(e.g. iPAQ H3870with Linux)
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SessionSharing

� Shared accessto DVD, sameaudiotracksfor mobile
devices(e.g. iPAQ H3870with Linux)

� Shared andexclusivenodes
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SessionSharing Algorithm

� Branch-and-cutalgorithm (depth-�rst search)
� Run-timeO((branchingf actor)depth)
� Number of recursionsis verysmall

� Strict criteria,e.g. the jack tag is uniqueandhas
to match

� Cutting of search space
� Runtimearound100ms for typicalsetups

� Valuedi�erent overlaps
� Valuefunctioncountsoverlapped nodesandedges

) Multiple accessof singlehardware device
) Reducesprocessingandnetworking requirements
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Dynamic Recon�guration

� Playbacksessionrunningon mobilesystem
� Handedoverto nearby stationary system

� High �delit y audiooutput
� Distributionof workload
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Handover

� Seamlessandsynchronizedhandover
� No loss,no duplicates,no interruption

� Idea
� Createrecon�guredcopy (slave)of running
o w

graph(master)
� Simultaneouslystreamdata in masterandslave
� Playbackdata only in master,slaveis muted
� Wait, until slavehascaughtup with master
� Simultaneouslyswitchfrom masterto slave
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Handover

� Createrecon�guredcopy (slave)of running
o w graph
(master)

� Here: location is recon�gured
� Sessionsharing service
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Handover

� Createrecon�guredcopy (slave)of running
o w graph
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� Sessionsharing service
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Handover

� Simultaneouslystreamdata in masterandslave
� Playbackdata only in master,slaveis muted
� Wait, until slavehascaughtup with master

� Controllerof slavewill notify synchronizer
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Handover

� Playbackdata on both systemsimultaneously, or
� Simultaneouslyswitchfrom masterto slave

� Instreamevents(mute 'M' andun-mute'U')
� Timed noti�cation of sinknodes
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Handover
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Conclusions

� Network-IntegratedMultimediaMiddleware (NMM)
� Distributedsynchronization
� Registryservice

� Sessionsharing asmiddleware service
� Automaticsharing of (parts of) active
o w graphs
� Eliminatesthe problemof multipleaccessof

hardware devices
� Reducesthe processingandnetworking

requirementsthroughre-usage
� Sessionhandover

� Seamlessandsynchronizedrecon�guration
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Future Work

� Usageof multicastnetworking for shared sessions
� Quality of Servicemeasurementto improvevalue

function
� Seamlessrecon�guration/migrationof sessionswith

audioandvideo
� Evaluationof di�erent applicationscenarios
� Userinterfacesto selectshared sessionsor

recon�gurations
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Questions?
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