
Data Processing with FPGAs on 
Modern Architectures

Gustavo Alonso

Systems Group

Department of Computer Science

ETH Zurich, Switzerland



The tutorial

• Slides available at:

https://systems.ethz.ch/research/data-processing-on-modern-
hardware/hacc/sigmod-23-tutorial--data-processing-on-fpgas-with-
modern-archite.html

• Another tutorial available with more details on networking using 
FPGAs

• More coming in the next months
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https://systems.ethz.ch/research/data-processing-on-modern-hardware/hacc/sigmod-23-tutorial--data-processing-on-fpgas-with-modern-archite.html


Schedule

• Introduction and Motivation

• Programming FPGAs

• Resources Available

• Use cases
• Smart Disaggregated Memory

• Recommendation System

• Approximated Nearest Neighbor Search
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The Hardware Era
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Not a new concept …

• 2011 Report

• Exponential growth for several decades

• Exponential growth no longer possible

• Switch to multicore and parallelism
• Energy consumption becomes an issue
• Multicore introduces parallelism that we do not 

know how to exploit well

• Situation will not change in near future

• Alternative is specialization 

• Either somebody comes up with a new great 
invention or there is a problem

Gustavo Alonso. Systems Group. D-INFK. ETH Zurich 5



General purpose computing

Slow improvements lead

to specialization
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Driving specialization

• The cloud is the big game changer:
• New business model

• Economies of scale

• Very large workloads

• Every hyper scaler is its own “Killer App”
• The scale makes many things feasible

• The gains have a very large multiplier
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https://www.mckinsey.com/industries/technology-media-and-telecommunications/our-
insights/how-high-tech-suppliers-are-responding-to-the-hyperscaler-opportunity



HW Specialization for databases
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Have we been here before?
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X-Engine (Alibaba)
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18th USENIX Conference on File and Storage Technologies (FAST'20)



Lesson Learned

• Database engines are bad at operations that have now become very 
important

• This is not because they are bad at it but because the underlying 
hardware (CPU) makes it expensive

• Other devices enable these operations, let’s embrace them …
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Lesson Learned

• Even modern designs of database engines consume too many 
resources for operations internal to the engine

• Some of these operations are better done somewhere else than in a  
CPU

• Accelerators are available in data centers and the cloud, let’s embrace 
them …
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Data Compression (Microsoft Zipline/Corsica)
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https://azure.microsoft.com/en-us/blog/improved-cloud-service-performance-through-asic-acceleration/



Lesson Learned

Everything that is demanding enough and 
common enough will move to dedicated 

accelerators
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Performance is not the only story …

•These deployments have one goal:
•Free up the CPU for other tasks!

• In traditional database engines and data 
processing systems, the CPU does everything
•No longer efficient!
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First baby steps …

• Software evolves slower than hardware

• Current deployments focus on elements that can be migrated to 
hardware without major changes to the engines

• But once the hardware is available …
• Engines will be developed for that hardware

• Pressure will increase to take advantage of heterogeneous architectures

• That will be the next wave of truly cloud native database engines
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Emerging themes

•Reduced CPU utilization

•Accelerate common operations

•Accelerate the infrastructure supporting the system

•Processing data on the fly

•Near data processing (memory, storage, …)

•On demand servers and functionality

•…
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Ignore hardware developments 
at your own peril
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The future of accelerators
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Disaggregated memory

• CXL memory will not be just memory

• It will be a module with a controller/processor that runs the protocol 
and manages the memory

• The controller is a great point to add near-data processing capabilities
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The tutorial in context
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FPGAs in context

• We do not sell or market FPGAs

• FPGAs are the only way to explore:
• New architectural designs (even to the CPU design level, e.g., RISC-V)
• New computer architectures (near-memory processing, smart storage, smart 

NICs, accelerators, etc.)
• Processing of data streams at line rate

• Are FPGAs difficult?
• No, this is systems level programming, no less involved than writing your own 

database engine, operating system, etc.
• Yes, the tools are not what we are used to in the software world (by a long 

margin)
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Goals

• Show the potential of hardware acceleration

• Introduction to FPGA programming

• Demonstrating resources available to researchers

• Several use cases as examples of what can be done

• Overall: encourage the community to explore this opportunity of 
achieving higher efficiency in data processing in a context where the 
new hardware is going to be available, even if for other reasons. 
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