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APU: X-HEEP Host + GPGPU Accelerator Design Methodology

Configurable Memory 
Hierarchy:

● Scratchpad-based
● Cache-based
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Configurable RISC-V 
GPGPU Core:

● Number of threads
● Number of warps
● Floating-point unit
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Protocol Bridge: 

Converts from the 
MEM to the OBI
protocol used by 
X-HEEP host
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Data Memory:

Stores the kernel’s data

43

Bus Interconnect: 

Interleaved fully 
connected crossbar to 
enable parallel access to 
data memory banks

Instruction Memory:

Stores the kernel’s 
instructions
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Configurable Cache: 

● Number of banks
● Bank size
● Cache lines
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Request Serializer: 

Converts cache line 
requests into sequence 
of word requests
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Register File:

Used to configure the 
accelerator
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Direct Memory Access:

● 1 channel  for instr
● 1 channel  for data
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Target domain:

Bio-signal processing

Goal:

Find the most energy-efficient 
configuration of the presented 
Accelerated Processing Unit 
for each bio-signal application.
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For each application

Select an APU configuration

Synthesize the APU with TSMC 16 nm

Simulate and estimate the energy
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Interrupt Port:

Used to ack the 
host CPU at the 
end of the GPGPU 
operations
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Power Ctrl Port:

Used to enable 
clk-gating and 
power-gating
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OBI Ports:

● 1 master for instr
● 1 master for data
● 1 slave for config

Takeaways

● We present the first open-source and configurable GPGPU accelerator 
specifically designed for ultra-low-power wearable devices.

● We integrate the presented GPGPU accelerator with our 
in-house-designed X-HEEP host microcontroller to realize an APU for 
exploring CPU/GPGPU interactions. 

● We propose a design methodology to select the most energy-efficient 
configuration of the presented APU for each bio-signal application.


