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Why Virtualize 3D ?

e Virtualization
o Cost
o Green
o Convenience

e 3D

o Interaction

o Reality

o Recreation

o User-Interface




GPU Virtualization i1s difficult ?

® Closed information

o HW specs
o Device driver

High-level API ?

e [ack of standard
o uncertain interface — AGP ? PCI ? MI —-E?

o unifying HW abstraction
o common standard — x86, IDE, SCSI ...




3D Graphics API

e Direct3D
e OpenGL
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Reference: http://gallery.debian.org.tw/2004-12-02/dri_gram




OpenGL extension — GLX
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Reference: http://gallery.debian.org.tw/2004-12-02/dri_gram



Requirement ?

e Graphics-intensive applications

e Excellent rendering performance

e Cross-Platform — VMs & GPUs

e Suspend & Resume across different GPUs
e Lightweight User-Interface for thin client




VMGL: Virtualized OpenGL

e OpenGL virtualization

e HW accelerated rendering

e VM Host

o vendor-supplied GPU driver
o OpenGL library

® Cross-Platform
® 87% or better of native HW
e Suspend & Resume




Architecture features - VMGL

e Virtualizing the OpenGL API
o Portability

o Compatibility
e Use a Network Transport
o Cross-VM



VMGL Architecture
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eterence: http://www.cs.toronto.edu




OpenGL for X11 apps
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VMGL for X11 apps
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VMGL Suspend & Resume

e Shadow driver
o Keep OpenGL state

e OpenGL contexts

o Global Context State
o Texture State
o Display Lists



Dom 0 GPU Drivers

o ATI & NVIDIA:
o GPU Mem mapping in user-space GL lib

e Oblivious to Xen additional indirection
o Virtual : Physical(VM) : Machine
o Even for domain 0

e Fix open source portion of driver
e Use Xen-paravirt mem mapping functions

Reterence: http://www.cs.toronto.edu




VMGL Evaluation

e VMGL: OpenGL Virtualization
o APIvl.5

e Frames per second
e CPU,bandwidth consumption
e Resume latency, state size



Conclusion

e Strengths
o Cross-Platform(VMs), Lightweight GUI Design

e Weaknesses
o Network transparent, GL extensions

e Applications
o Thin desktop, WebOS

e New trends
o Intel VT-d (HW), NVIDIA SLI Multi-OS
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