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System Software of Multimedia Systems and Devi
e OverviewHistoryHistoryThe �rst multimedia appli
ations were writtenin ASM.(without an OS / standardized APIs)Pro
essing speed was low and RAM sizewas small: ASM made full use of theperforman
es of the systemBut su
h programs depend on somespe
ial hardware, porting them is not easyEvery new pie
e of software has to bewritten almost from s
rat
h Figure: Pong



System Software of Multimedia Systems and Devi
e OverviewHistoryHistory (2)The use of OSes was getting popular in the �eld of multimediaprograms:(without standardized APIs)An OS adds an abstra
tion layer over the hardware: it 
anmask the di�eren
es between di�erent kinds of hardwareAppli
ations are easier to writeMost OSes were not designed for multimedia appli
ations,multimedia is just a layer that was added at some pointAn OS may limit the performan
ePorting between di�erent OSes is not easy



System Software of Multimedia Systems and Devi
e OverviewHistoryHistory (3)
The 
on
lusion for now : Standardized multimedia APIs + OSNew OSes are designed to implement the APIs e�
ientlyOSes dedi
ated to multimedia devi
es (Symbian for phones)Hardware is also designed to support these APIs : minimalperforman
e de
rementCan shorten the developing period of an appli
ation



System Software of Multimedia Systems and Devi
e OverviewSystem SoftwareMultimedia APIsA set of APIs spe
ialized for multimedia use :GUI 
omponents2D/3D DrawingMovie/sound de
odingHierar
hy :Appli
ationMultimedia APIOS/driverHardwareAPIs are used not only to provide useful fun
tions but to utilizehardware a

eleration e�
iently. OS is designed as light aspossible. Hardware a

eleration is used if possible, otherwise upperlayers a
t for that.



System Software of Multimedia Systems and Devi
e OverviewSystem SoftwareAPIs
Although there are many libraries for many media, graphi
s librariesare most popular and well-developed.GDI/X11Dire
tGraphi
s/OpenGLSDLJava



System Software of Multimedia Systems and Devi
e OverviewSystem SoftwareGDI/X11GDI/X11
GDI and X11 provide basi
 fun
tions for 2D drawing (points, lines,squares, and bitmaps): former is for Windows, latter is mainly forUnix.Nowadays they are mainly used to implement GUI libraries, and arenot suitable for writing multimedia appli
ations.



System Software of Multimedia Systems and Devi
e OverviewSystem SoftwareGDI/X11GDI/X11 (2)GDI:Rendering and drawing implementations are mixed-upMost of the pro
esses runs in user mode, and only limitedhardware a

eleration is usedX11:Server/
lient model: �exible stru
tureDGA/MTRR is used for 3D a

eleration fun
tionsSystem runs on kernel mode, but APIs are not suitable toutilize hardware a

eleration



System Software of Multimedia Systems and Devi
e OverviewSystem SoftwareDire
tGraphi
s/OpenGLDire
tGraphi
s/OpenGLDirextX and OpenGL are libraries for 2D/3D graphi
s.Dire
tGraphi
s is only for Windows (part of DirextX)OpenGL is implemented on many OSes.Both make it possible to write hardware-independent 
ode.
Figure: OpenGL Figure: Dire
tX



System Software of Multimedia Systems and Devi
e OverviewSystem SoftwareDire
tGraphi
s/OpenGLDire
tGraphi
s/OpenGL (2)- OS Original Target Put weight onDire
tGraphi
s Windows 3D games (online) SpeedOpenGL Most OSes Movies (o�ine) QualityAPIs Update Driver Supporta�uent frequent earlylimited (stable) lateTable: Dire
tX and OpenGLOriginally two libralies targetted di�erent purposes, but now thedi�eren
e is getting smaller. On the Windows environment,Dire
tX a
hieves better performan
e and more popular.



System Software of Multimedia Systems and Devi
e OverviewSystem SoftwareSDLSDL Implemented on most of the PC environment(
ross-platform)Provides 3D, sound, threads, timers, endian
onversionUses existing libraries if it 
an (like OpenGL,Dire
tX)SDL provides many fun
tions for many platforms,but it is not intended to substitute Dire
tX orOpenGL. The purpose is to provide an API whi
his truly independent of OSes/hardware. Users 
ansele
t the APIs 
alled by SDL as suits their needs. Figure: SDL



System Software of Multimedia Systems and Devi
e OverviewSystem SoftwareJavaJava For most of the PCs and other embedded systemsVM + APIsUses existing libraries if it 
an (like OpenGL, Dire
tX)Hardware-dependent 
oding is also available but notre
ommendedJava uses VM, so it has high portability but slower than native
odes. An appli
ation 
an run on di�erent platforms even withoutre-
ompiling. Existing multimedia libraries are used for theimplementation, so hardware a

eleration 
an be utilized e�
iently.



System Software of Multimedia Systems and Devi
e OverviewSystem SoftwareJavaWhat should we use?
Clarifying the requirements are important. Here we show anexample.High performan
e:Only on Windows ... Dire
tGraphi
sMulti platform ... OpenGLSaving development 
ost on multi platform:Better performan
e ... SDLNo re
ompile, web servi
e ... Java
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e OverviewDevi
esDevi
es
PCGame 
onsolePDA/Cell phoneiPod like devi
es



System Software of Multimedia Systems and Devi
e OverviewDevi
esPCsPCs Multipurpose but not tailored for multimediaO�
e apps / Game / TV / Musi
 / Movie (edit)...
Figure: Dynabook SS



System Software of Multimedia Systems and Devi
e OverviewDevi
esPCsPCs (2)
The devi
e with the most pro
essing powerA lot of di�erent possible hardware provided by manymanufa
turers: Compatibility problems between hardware andoperating systemsBasi
ally drivers mask the di�eren
e, but sometimes it diminishesthe true performan
e of spe
ial hardware, espe
ially for multimedia.Nowadays multimedia hardware is designed to exert its ability moste�
iently on multimedia APIs like Dire
tX / OpenGL.



System Software of Multimedia Systems and Devi
e OverviewDevi
esPCsPCs (3)Hardware:MPU : High frequen
y, high performan
eRAM : Fast and largeGPU :Handles rendering, shading, texture mappingSuitable for ve
tor pro
essingPlays more roles than beforeOS: Windows, Ma
, Linux,...Windows is dominant but 
an't negle
t others



System Software of Multimedia Systems and Devi
e OverviewDevi
esGame ConsolesGame Consoles
Hardware dedi
ated to video gamesAll the pro
essing power is used for 3Dgraphi
s/sound/physi
s Figure: Xbox360



System Software of Multimedia Systems and Devi
e OverviewDevi
esGame ConsolesGame Consoles (2)Very high performan
es for only one kind of appli
ation: videogamesabout 10x slower pro
essors than in PCs but the sameperforman
es for games (or even better)Cheaper than PCSin
e there is no 
ompatibility problem, there is no need tovirtualize (this was the 
ase in earlier games 
onsoles). But now,games 
onsoles use almost the same APIs as in the PC environment(it's thus easier to publish games on various systems). OpenGL/ESis used in the PSP, and a Dire
tX-like API set is used in the Xbox.
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e OverviewDevi
esPDAs, Mobile PhonesPDAs, Mobile Phones

Figure: NOKIA6630
Basi
 appli
ations: address book,
alendar, notebook / sms editionBut these devi
es are also ready for:games / TV / video / musi




System Software of Multimedia Systems and Devi
e OverviewDevi
esPDAs, Mobile PhonesPDAs, Mobile Phones (2)Requirements :Need for low energy 
onsumption, low resour
esLimited pro
essing power/RAMHardware :ARM ar
hite
ture for MPUBased on RISC (uni�ed instru
tions, suitable for pipelining)Sophisti
ated instru
tion setFloating-point pro
essing was not put mu
h weight onFrequen
y is slow, but 
an perform well for routine tasks(e.g. mpeg de
oding)Memory a

ess is slow (
omplex addressing mode)GPU is still not popular but getting 
ommonInput : no mouse, buttons, pen



System Software of Multimedia Systems and Devi
e OverviewDevi
esPDAs, Mobile PhonesPDAs, Mobile Phones (3)
Symbian OSImplemented only on ARMContaining APIs for multimedia : jpegde
oding, OpenGL ESEmbedded LinuxLarger overhead 
omparing to SymbianA�uent existing libraries (Java, OpenGL)

Figure: Symbian OS
Figure: 3D on PDA



System Software of Multimedia Systems and Devi
e OverviewDevi
esiPod like devi
esiPod like devi
es
Appli
ations: Musi
/movie playerPlaylist/�le management Figure: iPod
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e OverviewDevi
esiPod like devi
esiPod like devi
es (2)
Requirements :Real-time de
odingSevere limitation of ele
tri
ityLimited appli
ation (Musi
/Video player)To shorten the development period, a general-purpose stru
ture isused. MPU is a spe
ial one (PP50XX by PortalPlayer), but itsar
hite
ture is based on ARM, whi
h is popular in the �eld of Cellphones / PDAs.



System Software of Multimedia Systems and Devi
e OverviewDevi
esiPod like devi
esiPod like devi
es (3)
An OS for ARM ar
hite
ture 
an run oniPod. It enables you to write an appli
ationwith ease.Sin
e the spe
 of ARM is open, it ispossible to run other OSes on it. SeeiPodLinux (http://ipodlinux.org/) to runLinux. Figure: iPodLinux(http://ipodlinux.org/)



System Software of Multimedia Systems and Devi
e OverviewDevi
esDigital TVDigital TV

Figure: Digital TV
Appli
ations : TV, Movie, webContents are provided not only rawmovies but also form of programs



System Software of Multimedia Systems and Devi
e OverviewDevi
esDigital TVDigital TV (2)
A�luent DSP resour
es and not very fast MPUReal time pro
essingLarge s
reen, no stri
t limitation for size, ele
tri
ityJava will be used for appli
ations
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