
BenDi: An Energy-Efficient Quasi-Stochastic Systolic 
Architecture for Edge Bioelectronics
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Long-term Biomedical Monitoring on the Edge 

MAC-intensive CNN

Low energy/power

Small silicon area

Long battery life

High portability

Real-time processing Low latency

HW Requirement HW Targets

Bottleneck

Existing computing paradigms

(Quasi-Stochastic)

Application

Sleep Apnea

Arrhythmia

Workloads

Multipliers are expensive



4
Results ConclusionMotivation BenDi Arch

Software-Hardware Co-design Overview

Software level: Hardware-aware QAT

Dataflow level:  Diagonal-Input & Permutated weight-stationary (DiP) 
dataflow[1]

Computing level: BP9 Quasi-stochastic computing

Circuit level: Low voltage and frequency in 22nm node

Multi-level co-design for energy- and area-efficient edge AI

(Recovery accuracy loss)

(Eliminate synchronization buffer for less power & area)

(Simplified multiplication)

(Reduce power)

[1] A. J. Abdelmaksoud, S. Agwa, and T. Prodromakis, “Dip: A scalable,energy-efficient systolic array for matrix multiplication acceleration,”IEEE Transactions on Circuits and Systems I: Regular Paper
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Hardware Architecture and Mapping
BenDi Hardware Architecture:
• Each BenDi Systolic Array (BDSA) has 16x16 BP9 

processing elements (BPEs).
• BPE use AND gates to perform multiplication.

CNN Mapping on BenDi Architecture:
(a) For weights, kernels within the same filter are arranged in a single 

column and permutated by row numbers vertically. 
(b) For activation mapping, the activations are diagonally distributed 

across the array and each column produces one output feature map.
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Evaluation and Results
• Accuracy Comparsion:  

-1% -3.28%-0.046 -0.042

• Layer-wise Utilization, Latency & Energy:

@ 1 GHz, 0.8 V
2.56x smaller area
1.45x lower power
Vs. WS

50.1x

3.35x

2.56x
1.45x@ 100 MHz, 0.5 V

3.35x smaller area
50.1x lower power
5x higher energy-efficiency
Vs. WS
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Conclusion

• Quasi-stochastic computing for efficient CNN inference
BP9 enables deterministic computation with low-cost multiplication. 

• Multi-level software–hardware optimization
Hardware-aware QAT + DiP dataflow + BP9 computing + low-voltage implementation. 

• Targeting edge bioelectronics
Demonstrated on arrhythmia and sleep-apnea detection.

Conclusion:

BenDi improving the area 
efficiency by 24.33x , 

compared to [11].

24x
BenDi improving energy 

efficiency by 62.86x, 
compared to [11].

62x

Comparison with SOTA work:
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