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▪ Introduction to Stochastic Computing (SC)

➢Representing numbers with Bit-streams

▪ Different Random sequences

➢High vs. Low Discrepancy 

▪ Proposed design: P2LSG

▪ Benchmarking

➢ SC Multiplication

➢ SC Scaled Addition

▪ Applications

➢ Image scaling

➢ Scene merging

▪ Summary 
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SC: a re-emerging computing paradigm processing random bit-streams

𝑿 (Bit-stream)𝐗 = 𝟒 / 8 →

Advantages of SC:

 1) Simple execution of complex arithmetic operations (e.g., multiplication using AND)

 2) Tolerating high rates of noise

 3) Progressive Precision

 4) Clock and data skew tolerant

No bit significance
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But how can we generate stochastic bit-stream?

To generate a bit-stream of N bits, we need N random numbers!
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Random Sequences

Pseudo-Random? Quasi-Random?

Sequence 1 

versus

Sequence 2

plots
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Various Random Sequences including Pseudo-Random and Quasi-Random characteristics 

We explore some new random sequences for the first time in SC
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Latin 
Hypercube LFSR

Poisson 
Disk

Pseudo-Random

Quasi-Random

Sobol

Halton
Niederreiter

Hammersley

Faure
Van Der 
Corput

Kasami

Gold 
Code

Hadamard

R2

Zadoff-Chu

Weyl

Random 
Sequences

•High-discrepancy

•Unequally distributed in multi-

dimensional space

•Low-discrepancy

•Evenly distributed in multi-

dimensional space
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Van Der Corput (VDC) Sequence Generation

VDC 

Generator
𝒂𝟎𝒂𝟏𝒂𝟐𝒂𝒏−𝟏 … . 0 𝒂𝟎 𝒂𝟏 𝒂𝟐 𝒂𝒏−𝟏…0 .

General VDC number in base N (VDC-N)

Example: 𝟒𝟔𝟎𝟑𝟓 𝟕 VDC-7: 𝟎. 𝟓𝟑𝟎𝟔𝟒 𝟕 =
𝟏𝟑𝟎𝟖𝟎

𝟏𝟔𝟖𝟎𝟕

Integer Value Fractional Value in (0,1)

• A high-quality random sequence SC: Van Der Corput (VDC)

• General Algorithm to generate a base-B VDC sequence

➢ Generate an integer number

➢ Convert the integer number to base-B representation

➢ Reverse the base-B representation

➢ Convert the reversed base-B representation to a binary number

January 23, 2024

Incheon, South Korea

Complexity of Hardware Design

depends on the chosen Base

I) Non-Powers-of-2 Bases

II) Powers of 2 Bases
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Benchmark 1

RNG1

a

<

RNG2

b

<

A

B

C = A  B

Evaluation of all Cartesian combinations of inputs in 8-bit precision Multiplication

Uncorrelated operands

Best accuracy necessitates 

Uncorrelation

Uncorrelated

January 23, 2024
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MAE (%) comparison of multiplying two 8-bit precision bit-streams
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Correlated with each other

1

0

RNG2

0.5

<

RNG1

a

<

b

<

A

B

Uncorrelated 
with Sel

Sel

𝑪 =
𝑨+𝑩

𝟐

Scaled 

Addition

January 23, 2024

Incheon, South Korea

Accurate

Results

Benchmark 2

MAE (%) comparison of Scaled Addition of  two 8-bit precision bit-streams
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b7b6b5b4b3b2b1b0

b1b0b3b2b5b4b7b6

by-log2(4)

grouping

Significance 

inversion

Hardware cost for 

generating two 

different 8-bit 

random sequences

Improvement 

compared to Sobol

Area ≈ 9.5 ×

Examples of structuring an 8-bit 

counter to generate P2LSG-4, 

P2LSG-8, and P2LSG-16

P2LSG using 

8-bit counter

Power ≈ 5.62×
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Proposed  Sequence Generator: Parallel
January 23, 2024
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• We can also implement a parallel P2LSG to generate more than one 

number (i.e., PAR numbers) of the sequence at any cycle

• The general rule to assign parallel indexing bits

• P2LSG-16 example with PAR=4 concurrent number generation.
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Case Study 1: Interpolation & Image Scaling
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Hardware cost comparison in 45nm technology 

when processing Mona Lisa image (107 x 104 size)

Improvements (Parallel Design)

Energy ≈ 6.66× Area ≈ 2.23× 

Case Study 1: Interpolation & Image Scaling
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Case Study 2: Scene Merging (Video Processing)
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Incheon, South Korea

Improvements 

(Parallel Design)

Energy ≈ 10.17×

Hardware cost comparison of scene merging

Area ≈ 3.24× 

Merged Pixel =
Background Pixel × (1 − alpha) + 

Foreground Pixel × alpha

P2LSG:

 PSNR: 48.23 dB

 SSIM: 0.999

Sobol:

 PSNR: 48.13 dB

 SSIM: 0.9999
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Summary

✓ Powers-of-2 Low-Discrepancy Sequence Generator (P2LSG): 

  Cost-efficient and accurate random bit-stream generation in SC

✓   Efficient & ultra light-weight hardware design

✓   Parallel processing opportunities

✓   Explored a new set of deterministic sequences for SC

✓   Evaluated practicality in image scaling & scene merging

✓   Potential for other computing paradigms: Hyperdimensional Computing (HDC)
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Thank you for your Attention!
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najafi@louisiana.edu 

mailto:najafi@louisiana.edu
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