
Cloud FPGA

EENG 428
ENAS 968

bit.ly/cloudfpga



Share:
bit.ly/cloudfpga

EENG 428 / ENAS 968 – Cloud FPGA
© Jakub Szefer, Fall 2019 2

Lecture: Intel FPGAs in Cloud FPGAs

Prof. Jakub Szefer
Dept. of Electrical Engineering, Yale University

EENG 428 / ENAS 968
Cloud FPGA



Share:
bit.ly/cloudfpga

FPGA Chips Used in Cloud FPGAs

• Different Cloud FPGA providers make various FPGAs available for remote access
• Major FPGA vendors are: Xilinx and Intel (Altera)
• Typically, Cloud FPGAs only provide 

one type of FPGA board available

• Intel (Altera) FPGAs are available
in public clouds as well as in
Microsoft’s data centers
where they accelerate
search and AI operations

• Available to academic community
through TACC (Texas Advanced 
Computing Center)

• Part of Chameleon Cloud
www.chameleoncloud.org
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Amazon AWS
Virtex UltraScale+ VU9P

Huawei Cloud
Virtex UltraScale+ VU9P

and Alveo

Baidu Cloud
Kintex UltraScale KU115

Alibaba F1 Cloud
Arria 10 GX 1150

Tencent Cloud
Kintex UltraScale KU115

Nimbix
Alveo

Alibaba F2 Cloud
Kintex UltraScale KU115

OVH
Arria 10 GX 1150

Microsoft Azure
Intel (Altera) Stratix V

Arria 10 GX 1150
TACC

Intel (Altera) Stratix V
Arria 10 GX 1150

“Old” v1 Catapult servers were Startix
V, now updated to new FPGAs



Share:
bit.ly/cloudfpga

Intel (Altera) FPGA Families

Intel acquired Altera Corporations in 2015, the Altera (now Intel) FPGA offerings include
• Cyclone – low-resource FPGAs

• Cyclone IV (2009)
• Cyclone V (28nm, circa 2011)
• Cyclone 10 (2017)

• Arria – mid-range FPGAs
• Aria II (40nm, circa 2009)
• Aria V (28nm, circa 2011)
• Aria 10 (20nm, circa 2013)

• Stratix – high-performance FPGAs
• Stratix IV (40nm, circa 2008)
• Stratix V (28nm, circa 2010)
• Stratix 10 (14nm, circa 2013)

• Embedded Arm cores:
• Many of the FPGAs have variants with a hard IP Arm core or cores
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Metrics for Comparing FPGAs

Main metrics to consider when comparing FPGAs are:
• Number of Look-Up Tables (LUTs) → Logic Elements (LEs)
• Size of LUTs
• Number of Flip-Flops → Registers
• Size of Block RAM storage → “M20K” blocks

• Logic Cells → System Logic Elements, rough estimate of how 
much logic can fit on FPGA, abstracting away details

• Speed grade
• I/O resources
• Digital Signal Processing (DSP) blocks, Floating Point blocks, etc.
• Other embedded Hard IP blocks or CPUs
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Adaptive Logic Modules (ALMs)
contain logic elements (LEs) and 

registers

Lower # is faster, e.g., -1 is fastest and -10 is slowest,
roughly corresponds to clock frequency in ns
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LABs, ALMs, and LEs

• Example from Arria 10: an ALM contains LUT, adders, and registers

• ALMs are arranged into Logic Array Blocks
(LABs), similar to Slices in Xilinx
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Effectively 6 
input LUT
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ALM Details

• Example from Arria 10: up to two functions can be implemented in one Intel Arria 10 ALM, 
or a single function of up to six inputs → hence effectively 6 input LUT
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Column-Style FPGA Layout

• Example from Arria 10: FPGA chip is composed of columns of of different types of blocks
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Cyclone 10 FPGAs

• Cyclone 10 FPGAs are lowest-end FPGA form Intel
• GX more powerful
• LP are smallest, about 1x to 10x smaller than GX
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Arria 10 FPGAs

• Arria 10 are mid-range FPGAs
• GT, GX, SX variants
• About 1x to 10x bigger than biggest Cyclone 10
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Stratix 10 FPGAs

• Stratix 10 are high-end FPGAs
• GX (baseline), SX (with quad-core Arm processors), TX (fastest I/O),
• MX (3D stacked HBM), DX (coherence bus with host CPU)
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Programmable Accelerator Cards (PACs)

• Intel D5005 Programmable Acceleration Card (2019)
• Uses Intel’s 14nm Stratix 10 SX FPGA architecture
• 2,800,000 logic elements
• Thermal Design Power (TDP) of 215W
• PCIe 3.0 and DDR4
• QSFP networking

• Different card versions with
GT (fastest, biggest), GX,
or SX (slowest, smallest)

• Embedded Arm processor
Hard IP core
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Stratix V and Aria 10 FPGAs in Cloud FPGAs
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Project Catapult from Microsoft

• One of the first Cloud FPGA deployments

• Catapult FPGA Accelerator Card (Microsoft + Intel FPGAs)
• Altera Stratix V GS D5
• 172,000 ALMs
• PCIe 3.0 and DDR3

• Used to accelerate Bing 
search, circa 2011

• Defined ‘shell’ and ‘role’
ideas for splitting logic
into two parts, where users
control ‘role’
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Not a public Cloud FPGA in same sense 
as Amazon F1, but one of first offerings 

of FPGAs in data centers
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Projects Catapult and Brainwave

• Project Catapult transformed into project Brainwave for accelerating AI 
on FPGAs in data centers

• Catapult v1 – original FPGA accelerator card, Stratix V

• Catapult v2 – FPGA card with direct access to network, Stratix V
• FPGA can process network packets
• FPGA can bypass CPU and

get data more quickly from network

• Brainwave project with Arria 10 boards (and Stratix 10)
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Catapult board image from [6], 
other images from [7]
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Stratix V FPGAs

• Catapult v2 uses Stratix V D5 FPGAs
• Column-style FPGA like most modern chips
• Mid-range Stratix V FPGA
• Relatively large M20K size
• High number of DSP and multiplier blocks
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Arria 10 GX FPGAs

• OVH, Alibaba, and Microsoft cloud deployments use Arria 10 GX
• 2x ~ 3x resources of Stratix V
• Bigger multipliers, FP hard IP cores, 
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Summary

• Different Cloud FPGA vendors give access to different types of FPGAs

• Intel (Altera) FPGAs are available
in public clouds as well as in
Microsoft’s data centers
where they accelerate
search and AI operations
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Amazon AWS
Virtex UltraScale+ VU9P

Huawei Cloud
Virtex UltraScale+ VU9P

and Alveo

Baidu Cloud
Kintex UltraScale KU115

Alibaba F1 Cloud
Arria 10 GX 1150

Tencent Cloud
Kintex UltraScale KU115

Nimbix
Alveo

Alibaba F2 Cloud
Kintex UltraScale KU115

OVH
Arria 10 GX 1150

Microsoft Azure
Intel (Altera) Stratix V

Arria 10 GX 1150
TACC

Intel (Altera) Stratix V
Arria 10 GX 1150
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