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From black box to truth tables

Convolution Filter ⇔ Truth Table

Figure from [4]

TTnet
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From black box to truth tables

What is the most complete, objective, simple form of information?

→ Truth Tables (for discrete at least)

OR Gate
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From black box to truth tables

• The Neural Network is seen as an aggregate of Truth Tables

• Neural Network⇔ Truth Tables⇔ Boolean Expressions

• Scales to ImageNet

Figure from [4]

TTnet
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RESULTS
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TTnetn-|k : input size of n , last layer quantized on k bits

n refers to the size of the kernel of the CNN Filter: i.e. if n = 16, kernel size is (4,4) -> 16 values

ImageNet & Cifar-10

TTnet

Top 1 and Top 5 Acc. Comparison on ImageNet Accuracy of TTnetn−|8  on CIFAR-10. 

State of the art accuracy on CIFAR-10, comparable accuracy to first BNNs on ImageNet
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Boolean DNNs result in low complexity NN, with TTnet having the best performances
→ Competitive Ops/Performance trade-off

Complexity on MNIST and CIFAR-10

TTnet
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A Boolean circuit is very SAT-friendly, resulting in ultra fast verification times

Fast Verification

TTnet

General DNN verification with α−β-Crown 
vs

 TTnet with general SAT verification method. 

Application of TTnet to complete adversarial robustness 
verification for low and high noise bounded by l∞. 

Comparison to state-of- the-art SAT methods
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TTnet has the following limitations:
1) Small size of inputs: n < 25 to allow Quine McClusky algorithm to find equivalent Boolean equations 
2) First Layer with high bit-bandwidth is needed for large datasets (CIFAR-10, ImageNet)
3) Binarization results in a big loss of information 

Limitations

TTnet

But we have the following advantages:
1) Very compact CNN
2) Low computational inference cost
3) Very fast verification times
4) Competitive accuracy on datasets smaller than ImageNet → fine for most real life use cases

Contact us for collaborations:
guer0001@e.ntu.edu.sg, thomas.peyrin@ntu.sg

mailto:guer0001@e.ntu.edu.sg
mailto:thomas.peyrin@ntu.sg
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