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Re-cap



Minimum biased error reduced approximate multiplier 
(MBM)

H. Saadat (2018)



MBM precision scaling

H. Saadat, H. Bokhari and S. Parameswaran (2018)

FP32 (32 bit) / BF16 (16 bit) type input



Lenet-5 RISC-V simulation



Lenet-5

(LeCun et al., 1998) 



Lenet-5

(  Muhammad Rizwan 2018) 



Simulation Result
Reference Test case



MBM hardware waveform 
simulation



MBM

H. Saadat, H. Bokhari and S. Parameswaran (2018)

FP32 (32 bit) / BF16 (16 bit) type input



Simulation Result
Reference Test case



Problems and solution



RoCC

• Black-box API 
abandoned due to the 
complexity

• Replace FPU with 
accelerator in 
generated Verilog



System View
Single 
MBM

replaced by 



System Architecture



System View
replaced by 

MBM Matrix



Power

Comparing MBM. & single precision accurate multiplier

Power (uW/MBM) Area (um^2)

MBM 21.6 288.4

Single precision 35.3 445.0

Reduction(%) 35.2 38.7



Thank you!
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