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[NVIDIA, AMD, and Intel: How they do their GPU virtualization]

(https://www.brianmadden.com/opinion/NVIDIA-AMD-and-Intel-How-they-do-their-GPU-
virtualization)

| AMDMxGPU | Intel GVT-g | NVIDIA vGPU

Video RAM Physical slice*  Physical slice Physical slice
Shader engines Physical slice Time slice Time slice*
Video decode No Time slice Time slice*
Video encode No Time slice Time slice”
GPU Compute OpenCL OpenCL Passthru only
Hypervisor requirements SR-IOV SW Manager SW Manager
Hypervisors supported ESX KVM/Xen ESX/Xen

e
(source: Randy Groves, “Virtualized GPUs are now an Option for VDI and Daas!” BriForum Bosmn zﬂfﬁ]’ celaif "j 7
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[Virtualized FPGA Accelerators for Efficient Cloud Computing]
(https://warwick.ac.uk/fac/sci/eng/staff/saf/publications/cloudcom2015-fahmy.pdf)

[Virtualized Execution Runtime for FPGA Accelerators in theCloud](
http://ieeexplore.ieee.org/stamp/stamp.jsp?arnumber=7840018)
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FIGURE 5. Design flow for our methodology. We define three entry
points, depending on the user's expertise, which eventuall" converge. _m,
the same type of output.

[Enabling FPGAs in the Cloud]
(http://nics.ee.tsinghua.edu.cn/people/wangyu/Enabling%20FPGAs%20in%20the%20Cloud.

pdf)
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[A platform-independent runtime methodology for mappingmultiple applications onto
FPGAs through resource virtualization]
(https://pdfs.semanticscholar.org/3a7a/53a5530aa5b07e9e051dfd0433f9928eecca.pdf)

[Overlay Architectures For FPGA Resource Virtualization](https://hal.archives-
ouvertes.fr/hal-01405912/document)

[FPGA Virtualization for Enabling General PurposeReconfigurable Computing]
(http://cc.doc.ic.ac.uk/fresh16/Dirk.pdf)

[An Efficient FPGA Overlay for Portable Custom InstructionSet Extensions]
(https://pdfs.semanticscholar.org/2d04/22cc490db8b2069134f27bde85c9458af8e8.pdf)
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. K FJlavagEill, OverlayZRtg7EFPGAYIE Bt EMBEH — B EMBREETREN L
IEFF o] BH%ME. OverlayZ @M AN BB RFMIERIZERT, —DREMULUT e FEL0MY
IBLUTSRSCEL, RPPV-ratios40x (physical LUT : virtual LUT ratio) .

[Overlay Architectures For FPGA Resource Virtualization](https://hal.archives-
ouvertes.fr/hal-01405912/document)

[ZUMA: An Open FPGA Overlay Architecture]
(http://www1.cse.wustl.edu/~roger/565M.f12/4699a093.pdf)

[FPGA Virtualization for Enabling General Purpose Reconfigurable Computing]
(http://cc.doc.ic.ac.uk/fresh16/Dirk.pdf)

[An Efficient FPGA Overlay for Portable Custom Instruction Set Extensions]
(https://pdfs.semanticscholar.org/2d04/22cc490db8b2069134f27bde85c9458af8e8.pdf)
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Fig. 1. a) FPGA specific overlay implementations allow pr *ing of, Custom
instruction bitstreams. b) Attaching a custom instruction overlay toa
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[FPGAs in the Cloud: Booting Virtualized HardwareAccelerators with OpenStack](
https://ieeexplore.ieee.org/document/6861604/)

Openstack+I B Cyborg, ATEEEMINEEHRS, HaGPU. FPGAS%

[OpenStack Acceleration Service: Introduction of Cyborg Project]
(https://www.openstack.org/videos/boston-2017/openstack-acceleration-service-
introduction-of-cyborg-project)
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[High Performance in the Cloud with FPGA Groups]
(http://www.globule.org/publi/HPCFV_ucc2016.pdf)
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[Wikipedia: PCl Express](https://en.wikipedia.org/wiki/PCl_Express)

PCI Express link performancel30i[33]

PCI Express | Line Transfer Throughput!”
g Introduced : - - : .. -
version code ratel! x1 %D x4 x8 x16
1.0 . 2003 8b/M0b 25 GTs 250 MB/s | 0.50 GB/s 1.0 GB/s | 20GB/s| 40 GB/s
2.0 2007 | 8b/10b 2.0 GTis 500 MB/s | 1.0 GB/s 20GB/s| 40GB/s| 80 GB/is
(3.0 2010 - 1280/130b _ 80 GTis _ 9846 MB/s | 1.97 GB/s | 3.94 GBIs 7.88 GB/s _ 15.8 GB/s
4.0 _ 2017 - 128b/130b _ 16.0 GT/s | 1969 MB/s _ 3.94 GB/s _ 7.88 GB/s - 15.75 GB/s . 31.5 GB/s
; expected in - _
[311[32] fii] i N e
5.0 a2 2010041 128011300 320 GTAST | 3338 MBJs | 7.88 GBs | 15.75 GBis | 7, T Gl o B Tl
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[KV-Direct: High-Performance In-Memory Key-Value Store with Programmable NIC]
(https://www.microsoft.com/en-us/research/wp-content/uploads/2017/12/kv-direct.pdf)
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[Achieving 10 Gbps line-rate key-value stores with FPGAs]
(https://www.usenix.org/system/files/conference/hotcloud13/hotcloud13-blott.pdf)
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[An FPGA-based In-line Accelerator for Memcached]
(http://www.cs.princeton.edu/courses/archive/spring16/cos598F/06560058.pdf)
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[FPGA Drive](https://fpgadrive.com/example-designs/)
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