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Kind of introduction …
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CPU, GPU and FPGA
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A central processing unit (CPU) is the electronic circuitry within a computer that 
executes instructions that make up a computer program. It is not designed to 
process data in parallel. 

A graphics processing unit (GPU) has highly parallel structure so that they are 
more efficient than general-purpose CPUs for algorithms that process large 
blocks of data in parallel. It is a popular hardware to accelerate compute, but its 
power consumption is high and high-end GPUs are extremely expensive.

A Field Programmable Gate Array (FPGA) is an integrated circuit designed to be 
configured by a customer or a designer after manufacturing. Its power 
consumption is low, but it is hard to program. 

https://en.wikipedia.org/wiki/Electronic_circuit
https://en.wikipedia.org/wiki/Computer
https://en.wikipedia.org/wiki/Instruction_(computing)
https://en.wikipedia.org/wiki/Computer_program
https://en.wikipedia.org/wiki/Parallel_computing
https://en.wikipedia.org/wiki/Algorithm
https://en.wikipedia.org/wiki/Integrated_circuit


Why in CASS do we use FPGAs?

• They are mostly used in the telescope observing systems.
• For example, digitizer, beamformer and correlator of ASKAP Phased Array 

Feed receiver
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The problem with traditional FPGAs

• Need to be a hardware expert to program it.
• Need to arrange accessories connection
Øeither buy it or build it yourself.

Presentation title  |  Presenter name5 |



Xilinx

• Xilinx, Inc. (/ˈzaɪlɪŋks/ ZY-links) is an American technology 
company that develops highly flexible and adaptive processing 
platforms. The company invented the field-programmable 
gate array (FPGA).
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What are Xilinx Accelerator Cards?

• Build on Xilinx FPGAs, for general developers;
• The first one was released at 16th Oct. 2018;
• It is not as popular as GPU yet;

• High performance (comparing with GPU):
ØMore flexible on-chip memory;
ØHigher internal bandwidth;
ØLower power consumption;
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Popular Xilinx Accelerator Cards
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Comparing two Xilinx Accelerator cards with GPUs
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Who is using these new cards?
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Why is CASS interested in the new card?

• It is easier to program:
ØNo hardware description language required
• It is ready to use:
ØPlug it into a computer and use it. 
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Why I am interested in this card?

• GPU’s on-chip memory is not 
flexible  to run ASKAP coherent 
fast-radio-burst detection pipeline;
• Get experience on the new card to 

see if we can develop telescope 
signal processing system with it in 
future.
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How to develop with it?
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Development methodology

• Like GPU approach:
ØHost does memory management, 

communication control, etc.
ØKernel does accelerations;
ØPCIe for data transfer;
• Host in C/C++/OpenCL; 
• Kernel in RTL, C/C++ or OpenCL C;
ØRTL is unnecessary for kernel 

programming;
ØIt is an option kept for traditional 

FPGA developers;
• General libraries provided;
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Programming languages
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• Software emulation: kernel runs on CPU, takes couple of minutes to compile and execute;
• Hardware emulation: kernel runs on CPU, but emulation the execution on hardware, takes about ten 

minutes to compile, couple of hours to execute;
• Hardware execution: kernel runs on FPGA, takes couple of hours to compile, take seconds to execute;



Acceleration with FPGA is easy
#PRAGMA HLS XXX 
is all you need to know …
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A slide for experts!

Standard C code
Start  the next iteration before 
finishing the previous one!

One iteration at a time without pragma

PRAGMA provides additional information to the compiler
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Instruction level parallelism
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A slide for experts!
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XILINX CONFIDENTIAL

Task-Level Parallelism

>> 35

ग़ Create custom dataflow pipelines

ग़ Multiple tasks executing simultaneously

ग़ Streaming programming paradigm

for (int i=0; i<N; i++)
{
#pragma HLS DATAFLOW
func1();
func2();
func3();

}

func1 func2 func3

time

Without Dataflow

func1 func2 func3

func1 func2 func3

func1 func2 func3 func1 func2 func3 func1 func2 func3

Dataflow

A slide for experts!



Sometimes acceleration 
may not be that easy 

Not going to detail here…
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ASKAP coherent FRB detection pipeline
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• Developing a pipeline with Xilinx 
accelerator card U280

• Expect that this will improve 
ASKAP FRB detection sensitivity by 
a factor of 10

Simulated FRB candidate coming 
through the pipeline



• Should future systems be FPGAs or GPUs based?
• With experience in both GPU and FPGA programming and my 

thoughts are:
ØGPUs are relatively easy to program and faster to iterate your code;
ØNew Xilinx system much easier than previous FPGAs, but still in development;
ØIt is worth to follow and use these developments as:
üIt is a more cost-efficient solution (both power consumption and price is 

lower than GPUs);
üIts flexible on-chip memory and integrated network interface are very 

attractive;
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• Xilinx Nimbix Cloud has Xilinx Vitis and accelerator card installed 
https://www.xilinx.com/xilinxtraining/assessments/portal/alveo/i
ntro_nimbix_cloud/story.html, free trial is available. 

• Come and chat with me. xinping.deng@csiro.au, room 84.
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Want to try it out?
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