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FPGA

Adaptive Compute Advantage 

Starting from an algorithm…

CPU implementation
 Sequential (Von Neumann) execution 
 Fixed architecture

FPGA implementation
 Flexible architecture
 Custom memory hierarchy
 Energy efficient computation
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Presenter
Presentation Notes
Start from an algorithm we want to implement, typically there will be a control part (reading in data, sequencing operating's, writing out results, and a data flow part. There many ways we could implement this algorithm in different systems. CPUs are software programmable which is where they get their flexibility from, but the hardware architecture is fixed. Software executing on a CPU is inherently sequential. Modern CPUs are incredibly complex devices, with numerous optimizations including multiple stage pipelines, out-of-order execution, deep branch prediction, but they are fundamentally based on the Von Neumann architecture. A program is read from memory, decoded, executed, and results written back to memory. Memory access tends to be a bottleneck causing pipeline stallsData sizes tend to be fixed, or aligned, for example we may be using a 32-bit or a 64-bit machine. Despite those branch prediction features, and depending on the algorithm, decision handling can be poor which breaks the ALU pipeline.The same algorithm could be implemented on an FPGA. An FPGA is hardware that can be configured to give you the architecture you want. Massive parallelism, custom memory hierarchies, deep pipelines can be created and optimized to your design. Rather than having a bottleneck in your system, your whole design can be optimized to match the processing requirements at each stage in the data flow in your system. Which device you use depends on your algorithm. CPUs run at very high speeds, so if your algorithm is inherently sequential it will run better on a CPU. If your algorithm, or some parts of your algorithm can be run in parallel, these parts may run much faster on an FPGA. 
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Xilinx accelerators

Host CPU Xilinx FPGA
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Presentation Notes
FPGAs can be used standalone, or in conjunction with a CPU. Some FPGAs are really system on chip with integrated processors, or you can build a CPU in an FPGA along with your accelerator. These CPUs would typically be smaller or embedded type processors compared to high end serve type processors. This could be using any size FPGA from small to large depending on your system. For data center acceleration {CLICK} the processor will be a high end x86/IBM or ARM server class processor. For the accelerator, {CLICK} we will be considering PCIe accelerators boards like the Alveo data center accelerator platforms. These platforms have a large FPGA, and may have large amounts of DRAM, and/or HBM. 
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ACCESSIBLE
Deploy in the cloud or on-premises
Rich set of accelerated Applications

FAST
Built for high throughput, ultra-low latency
Accelerate compute, networking, storage

ADAPTABLE
Deploy optimized domain-specific architectures
Adapt to changing algorithms
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Presentation Notes
Alveo are PCIe accelerator boards. Large FPGAsIntended for very high throughput, low latency applicaitons. There are many use cases or applicaitons that can benefit from FPGA acceleration. Examples include accelerated compute, networking and storage.The design running on the board can be optimized for specific domains, and that hardware can adapte for example as algorithms are updated, or as new methods of computation are discovered ina domain. Alveo boards can be deployed individually in a desktop type server that might sit under your desk. {CLICK} Multiple boards can be installed in a single server or multiple servers in your own private data center. Alveo boards are also available in the cloud.  
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Xilinx Alveo Product Lineup
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1,3M LUTs

Dual slot, full height

8GB HBM2, 460GB/sec +

2x QSFP 28 (100GbE)

PCIe Gen3, Gen4, CCIX

< 225W

1,2M LUTs

Dual slot, full height

64GB DDR, 77GB/sec

2x QSFP 28 (100GbE)

PCIe Gen3

< 225W

1,7M LUTs

Dual slot, full height

64GB DDR, 77GB/sec

2x QSFP 28 (100GbE)

PCIe Gen3

< 225W

U280U250U200

UltraScale+ ArchitectureUltraScale+ Architecture UltraScale+ Architecture

U50

872k LUTs

Single slot, half height

8GB HBM2, 460GB/sec

1x QSFP 28 (100GbE)

PCIe Gen3, Gen4, CCIX

< 75W

UltraScale+ Architecture

32GB DDR, 38GB/sec

Presenter
Presentation Notes
Here you can see a selection of Alveo boards. Alveo boards come in a range of sizes and with different configurations. This are all large FPGAs, some have more resources that others – the U250 had the largest amount of programmable logic. Memory configurations differ; the two boards on the left, the U200 and U250, have 64 GB of DDR memory, the U50 on the right has 8GB of HBM– high bandwidth memory, and the U280 has a mix with 32 GB of DDR, and 8GB of HBM.For the latest information and more details on Alveo platforms, you can go to the Xilinx website. 
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Amazon EC2 F1 Instances
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˃ EC2 instance type with up to 8 Virtex Ultrascale+ FPGAs
˃ Processors with up to 16 cores
˃ Connected through PCIe Gen3x16
˃ 64 GB DDR4 per FPGA

Model #FPGA Mem SSD Storage FPGA DDR4

f1.2xlarge 1 122 GB 470 GB 4x16 GB
f1.4xlarge 2 244 GB 940 GB 2 x 4x16 GB
f1.16xlarge 8 976 GB 8 x 470 GB 8 x 4x16 GB

Presenter
Presentation Notes
FPGAs are also available in the cloud. AWS, Amazon Web Services, is one of the leading cloud providers. EC2 stands for Amazon Elastic Compute Cloud. The AWS EC2 F1 instance is the family of computing instances enabled with a Xilinx accelerators. These instances use a large Xilinx Virtex Ultrascale+ VU9P FPGA. Amazon use their own custom board, but it is very similar to the platforms mentioned on the previous slide. The interface between host CPU and accelerator is PCIe. The base instance has 64GB of memory connected to the FPGA. This instances is designated as f1.2xlarge. The resources can be scaled up, so in the 16xlarge instance you get 8x the resources – access to 8 FPGAs, each with 64GB of memory.  There is also a 4xlarge instance with twice the resources of the 2xlarge. These instances can be rented at a low hourly rate, so depending on your usage, the total cost of ownership can be a lot lower than purchasing your own board. 
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Xilinx Powered Hyperscale Cloud Data Centers

Growing Cloud Availability

Presenter
Presentation Notes
To highlight, other cloud FPGA services are available in different regions around the world, with more being added over time. Some use different boards or devices, but all follow similar architectures with a host CPU and PCIe accelerator.  
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More Information Available on Xilinx.com

Xilinx.com
Product Brief
Product Selection Guide
Getting Started Guide
Data Sheet
ML Solution Brief
ABR Transcoding Solution Brief
Accelerating DNNs with Alveo White Paper
Applications Directory

https://www.xilinx.com/alveo
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Presentation Notes
For more information, you can visit the Alveo pages on Xilinx.com where you can find various resources to help you get stated from data sheets, product briefs and selection guides, to whitepapers, and application studies. 

https://www.xilinx.com/publications/product-briefs/alveo-product-brief.pdf
https://www.xilinx.com/support/documentation/selection-guides/alveo-product-selection-guide.pdf
https://www.xilinx.com/support/documentation/boards_and_kits/accelerator-cards/ug1301-getting-started-guide-alveo-accelerator-cards.pdf
https://www.xilinx.com/support/documentation/data_sheets/ds962-u200-u250.pdf
https://www.xilinx.com/publications/solution-briefs/machine-learning-solution-brief.pdf
https://www.xilinx.com/publications/solution-briefs/adaptive-bitrate-transcoding-solution-brief.pdf
https://www.xilinx.com/support/documentation/white_papers/wp504-accel-dnns.pdf
https://www.xilinx.com/products/boards-and-kits/alveo/applications.html
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