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Definition

Coin-Flipping NNs are stochastic NNs,

where we are allowed to amplify their outputs during inference.



Stochastic NNs

• Output is a Random Variable
• Random weights, activations…

• Bayesian NN, Variational AE, etc.

• In general: 𝑁 𝑥, 𝑟 , 𝑥 ∼ ℙ𝑋, 𝑟 ∼ ℙ𝑅
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Amplification

• Randomized 𝐴 solves decision problem 𝑓

• Pr 𝐴 𝑥 = 𝑓 𝑥 =
1

2
+ 𝜀

• Take multiple samples from 𝐴 𝑥
• Calculate majority

• Pr maj 𝐴𝑖 𝑥 𝑖=1
𝑛 = 𝑓 𝑥 ≥ 1 − 𝑒−2𝜀

2𝑛

• Improved complexity in practice
• Convex volume estimation, polynomial equality test…

...
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CFNN

• Can amplification add power to NNs? – yes!

• Reduce size, improve performance

• Our focus – classification

• Given 𝑓 𝑥 : 𝑋 → 1,2,… , 𝐶 , define:

Random Accuracy = Pr lim
𝑛→∞

maj 𝑁 𝑥, 𝑟𝑖 𝑖=1
𝑛 = 𝑓 𝑥

• Probability that taking the maj of ∞ samples will give the right answer

• Lets see an example…



Ball Problem Example

• Given 𝑥 ∈ ℝ𝑑, determine if 𝑥 ∈ 𝐵𝑅

• Deterministic, 2-Layer NN1:
• Ω 𝑒𝑑 neurons

• Otherwise, 𝑀𝑆𝐸 >
𝑐

𝑑4

• We show that 2-layer CFNN only require 𝑂 𝑑 neurons!
• Achieve 100% Random Accuracy

• Total complexity: 𝑂 𝑝𝑜𝑙𝑦 𝑑 , an exponential improvement!

1 Safran & Shamir (2016)



Hypernetwork CFNN

• Generator 𝜙 = 𝐺 𝑟 of parameters for 
𝑁 𝑥; 𝜙

• If 𝑁 is sufficiently deep, 𝐺 𝑟 = 𝐴𝑟 is enough
to approx. any function2

• “Transposed” theorem:

If 𝐺 is sufficiently deep, 𝑁 𝑥;𝜙 = sgn(𝜙𝑥 + 𝑏)
is enough to approx. any function 𝑓:ℝ → ℝ

𝐺 𝑟

𝑁 𝑥;𝐺 𝑟𝑥

𝑟

2 Dwaracherla et. al. (2020)
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DC vs. RC tradeoff

• We suggest a new tradeoff:

• Data Complexity (DC)
# neurons from 𝑥 to output

• Random Complexity (RC)
# neurons from 𝑟 to output
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DC vs. RC tradeoff

• Exact complexity tradeoff 
between DC and RC

• Some problems show 
significant improvement
• E.g. our Ball Problem

• Conjecture:

Most classification problems will benefit from 
CFNN

• e.g. functions easy to sample but hard to 
compute

𝐵 𝑙𝑙  𝑟𝑜𝑏𝑙𝑒 



Empirical Study

• Two architectures

• Hypernetwork CFNN

• Resnet20 + Dropout 
as CFNN



Testing the Tradeoff
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Comparing to MCDropout



Summary

• CFNNs: Stochastic NNs + Amplification

• Ball problem – exponential complexity improvement!

• New DC vs. RC tradeoff for hypernetworks

• Empirically verified

Amplification in Inference helps!



Thank you!
Hope you enjoyed the talk


