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Stochastic computing (SC)

* A (pseudo) random bit stream
 SC uses the probability of 1’s

 Advantages
— Very small hardware footprint

» Multiplication - AND gate

« Compound arithmetic
— High fault tolerance

— Bit-level massive parallelism
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Stochastic computing (SC)

* Disadvantage

— Exponential complexity
 For same resolution

« Conventional binary logic (BN) : M bits

« Stochastic logic (SC) : 2V bits
— Random bit generation

— Error from probability
« Approximate computation
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Introduction to SNG

« Stochastic number generator (SNG)
— Binary number (BN) to stochastic number (SN)
— Linear feedback shift register (LFSR)
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Shortcomings of Conventional SNG

« Single stochastic bit
— Activating the entire SNG circuit including the LFSR

* Ex) 512 activation for 512-bit stream
— Energy consumption
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Shortcomings of Conventional SNG

* Inaccurate random number generation
— Ex) Generating SC 2° bits by using 10-bit LFSR
* Progressive precision (PP) in SC
— Precision can be dynamically changed

Ex) Generating SC 0.75 value
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Overview of Proposed SNG

 Proposed Scheme

— Generating a single s
- Shuffling 1s
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Even-distribution (ED) encoding

Total weights: Y'7_
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Inter-group Randomization
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Intra-group Randomization (1/2)

* Proposed building block for bit shuffling

— Equal probability (EP) set
— Two input signals and swapper

— Two EP sets and swapper
P(M—X)=0.5

P(N—X)=0.5
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Intra-group Randomization (2/2)
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Experimental Result

* Accuracy of generated stochastic bit stream
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* Area, critical path delay, power

Experimental Result
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Experimental Result

 Energy and SC correlation (SCC)
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Experimental Result

Energy to generate 2° bits

— Conventional & previous work
* With 5-bit LFSR
* With 10-bit LFSR

— Proposed
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Conclusion

« Stochastic computing requires random bit
streams
— It incurs area and energy overhead

 We proposed area- and energy-efficient SNG

 Experimental results

— our SNG outperforms the existing approaches in
terms of area, power, energy, and accuracy
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