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Background

* VM (Virtual Machine, JEfUHL, FEHL)
- Combine binary translation and direct instruction execution. (i

¥4k
— Pooling Tech (i Ak 35 AK)
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Background

e Container(& #8)
- Lightweight (3&E2%)
— Easy for starting up
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Background

» Different between VM and Container.(fE L5 2 28)

App 2 App 3 Full OS or not
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Background

* Architecture of a heterogeneous system
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Background

* GPU(Graphics Processing Unit)
— Throughput Oriented (] [7] FF I =)
— Low Local Cache(ZZ 7 BHIK)

CPU GPU
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Background

* CUDA(Compute Unified Device Architecture)
— Design for Nvidia GPU.([f] [7]NVIDIA)
— Host code and Device code
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Background

* OpenCL (Open Computing Language)
— Design by Apple, for all accelerator(Motivation).
— Context, kernel Function ,global function

CPU GPU
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Background

e Full & Para Virtualization(4=& - i1 1k)

— Decouple with the HW.(55%
— Instruction translation.
— Instruction hook.

Full Virtualization
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Background

 KVM(Kernel-based Virtual Machine)

— Open source. VM Module.
— Full-Virtualization

KVM ik
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Background

* XEN
— Virtual Machine(VM) monitor.
— Para-Virtualization
— Operation System(OS) must explicitly modify.
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Motivation

* Why vGpu is needed?
— Improve the GPU resource utilization( %t I8 F FH % &)
— Improve the service performance(F P 148 #2 F1)
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Cost DOWn

A - =g
and Monitor ing Al and VMs
'T\!\'\/fi[.}lr\ .Jl Wtjil[t\ I)[ f

, Or NVIDIA Quadro D iver

g (BN
End-to-End Vis anl Y

vGPUs

ANINZITY 4 S 2 i e | e T
NVIDIA virtualization software

5 - e B
Hypervisol

NVIDIA Tesla GPU

More info: https://www.nvidia.cn/data-center/virtual-solutions/

@ tuxs y

. C.~5 g

A T,

y—
=T



Motivation

e Resource pooling is an useful way
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Motivation

* More services need GPU for improving user performance.
* But how to deal with GPU request?
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Motivation

e Some solution of GPU
e Solutionl: C-S model
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Motivation
e Solution2: Virtualization(fE#11k)
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Motivation

* Solution 3: GPU Passthrough (i {%)

o Radeon Instinct&%!
o Radeon Pro&%|
o Radeon RXZE7F

o Teslaz 7l
0 Quadro® 7|
o GeForce &7

More info: http://www.zettakit.com/index/product/index/s/zVision.html
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Motivation

* Advantages
— GPU resource utilization(% Y5 4| F %)
- Service performance(f F K5)
— Resource multiplexing(% V55 H)
— Green(TTfE)
* Disadvantages
— Additional management cost(&1 7 & 2 % 7

~)

)

— Additional development cost(Zi 4 H /% % 2
— Additional Hardware cost (i 4h I hg 4 il 4%
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GPU Virtualization

* API Remoting(iZtF£API)
- rCUDA, vCUDA, gRemote

* Para & Full Virtualization(¥}* &£ FEl1k)
- gVirt, GPUvm, VMCG

 Hardware-Based GPU Virtualization(3& T84 i L1k
- GRID, VT-d,
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AP|-Remoting(JZLFEAP

)

* API-Remoting is forwards GPUcal
host.

* Process:

- PR R -IAT- IR

s in the guest to the

Host OS Guest OS

Backend

4) dispatch 8) response

3) request
transfer GPU application
, 1) request 11) response

CUDA/OpenCL
call handler

CUDA/OpenCL wrapper

5) execution T 7) response 2) intercept

P Original GPU
10) response stack

transfer

9) response Frontend

API Remoting
stack

6) GPU access
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APIl-Remoting(IZCFEAPI)

« rCUDA (2010-Now)
— C-S Architecture
~ Standalone Compiler(JH 3. 2w 13 %)
— GPU call translate to GPU request.

Client side | Server side
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APIl-Remoting(JZCFEAPI)

« vCUDA (TOC12)

— Base on KVM, CUDA remote process call.
— Build a multi-channel multiplexing and S & R

Batch Allocate(ftt & H44T)

GUEST1
servi?e?r
clieet 1 Qent 2

service thread

work thread

GUEST2
cliit 3
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b) one-to-many model
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VCUDA stub CUDA app
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CUDA library i/

""""" VCUDA libra

¢} ry| VGPU

Device driver
VMRPC channel VMM

Device (GPU, Hard Disk, Network Card)
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AP|-Remoting (i1t F£

API)

e gRemote(HPDC20)

— Propose GPU throttling technology

— Transfer GPU-related APl only

Image Stack
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Para & Full Virtualization(=

A8 REFUAL)

* APl remoting solutions cannot be used currently on new
graphics hardware and the most recent GPU libraries

Host OS

QEMU GPU device

-

4) dispatch T 9) response

vGPU control block

5) buffering T 8) response

Guest OS

1) request 12) response
JA/UDE

2) execution | 11) response

GPU scheduler Custom GPU driver
6) execution A
Hypervisor 3) request transfer 10) response transfer
' 7) GPU access
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Para & Full Virtualization(Z &4 i U4
« gVirt (ATC14)

- Use the memory resource partition to ensure the performance
of the VM

— Use scheduler and shadow GTT to improve performance

Dom0 Qemu M2
HE filsb htk VM1
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Para & Full Virtualization(Z &4 i U4

* GPUvm (ToC16)
— Contains a variety of virtualization methods(Z 77 2\ fl44)
- By management of GPU Page to achieve a reuse of GPU

Full-Virt Naive Para—Virt PVDRM
VM
Library Library Library
Unmodified PV Front-end PV Front-end Library
Driver Driver Driver
Hypervisor i MMIO MMIO RPC
GPU GPU
Device Model De¥ice Model
Back—end

GPU Access Aggregator
APl Executor

GPU Isolation Mechanism
GPU Fair-Share Scheduler

GPUvm API remoting
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Para & Full Virtualization(Z &4 i U4

* VMCG (TPDS19)

— Store GPU requests with separate queues
— Using fair VGPU scheduling algorithm
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':I | S DomU1
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Hardware-Based GPU Virtualization

e Have a Hardware support (75 2437 Fr)

Host OS

module

1) GPU allocation
request

Host [«

2) GPU allocation

Guest

» module

Guest OS

GPU application

3) request 7) response

CUDA/OpenCL library

4) execution T 6) response

Original GPU
*
Additional
Hypervisor Siast
‘ ‘ 5) GPU access
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Hardware-Based Gpgpu Virtualization

* NVIDIA GRID

GRID Server
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Hardware-Based GPU Virtualization

e Intel VT-d

/O Virtuahzation

"“ R
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Conclusion
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