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Supplementary Figures 

 

Fig. S1 An ensemble of N=12 D2NNs achieves a blind classification accuracy of 60.29% on 

CIFAR-10 test dataset. (a) Input filters/masks used before each one of the D2NNs that form the 

ensemble. For D2NNs 1, 2, 4-7: the input filters are on the object plane. For the remaining D2NNs 

3, 8-12: the input filters are on the Fourier plane. The input filters corresponding to the networks 
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with phase encoded input are enclosed within a border/frame (4-12), while the inputs of the 

diffractive networks 1-3 are amplitude encoded. The dynamic range of the input phase encoding 

is represented by the border color; red: 0-π/2, green: 0-π, blue: 0-3π/2, purple: 0-2π. (b) Class 

specific weights for each D2NN of the ensemble. (c) True positive rates of the individual networks, 

compared against their ensemble for different classes. (d) Test accuracy of the individual networks 

compared against their ensemble. The dotted lines show the classification performance 

improvement (~14.7%) achieved by the diffractive ensemble over the mean performance of the 

individual D2NNs. Three repeats with the same hyperparameters resulted in a blind classification 

accuracy of 60.35±0.39%, where 60.29% represents the median. 
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Fig. S2 A D2NN ensemble consisting of only phase-encoded-input networks (N=14) achieves 

a blind classification accuracy of 60.65% on CIFAR-10 test dataset. (a) Input filters/masks 

used before each one of the D2NNs that form the ensemble. For D2NNs1-7: the input filters are on 

the object plane. For the remaining D2NNs 8-14: the input filters are on the Fourier plane. The 

dynamic range of the input phase encoding is represented by the border color; red: 0-π/2, green: 

0-π, blue: 0-3π/2, purple: 0-2π. (b) Class specific weights for each D2NN of the ensemble. (c) True 
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positive rates of the individual networks, compared against their ensemble for different classes. 

(d) Test accuracy of the individual networks compared against their ensemble. The dotted lines 

show the classification performance improvement (~15.4%) achieved by the diffractive ensemble 

over the mean performance of the individual D2NNs. Three repeats with the same hyperparameters 

resulted in a blind classification accuracy of 60.74±0.17%, where 60.65% represents the median. 
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Fig. S3 A D2NN ensemble consisting of only phase-encoded-input networks (N=12) achieves 

a blind classification accuracy of 60.43% on CIFAR-10 test dataset. (a) Input filters/masks 

used before each one of the constituent D2NNs that form the ensemble. For D2NNs 1-5: the input 

filters are on the object plane. For the remaining D2NNs 6-12: the input filters are on the Fourier 

plane. The dynamic range of the input phase encoding is represented by the border/frame color; 

red: 0-π/2, green: 0-π, blue: 0-3π/2, purple: 0-2π. (b) Class specific weights for each D2NN of the 
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ensemble. (c) True positive rates of the individual networks, compared against their ensemble for 

different classes. (d) Test accuracy of the individual networks compared against their ensemble. 

The dotted lines show the classification performance improvement (~15.1%) achieved by the 

diffractive ensemble over the mean performance of the individual D2NNs. Three repeats with the 

same hyperparameters resulted in a blind classification accuracy of 60.41±0.10%, where 60.43% 

represents the median. 
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Supplementary Tables 

 

Table S1 The initial network pool containing 1252 individually-trained D2NNs. For each type 

of the input mask design, a brief description is given, and the number of trained base D2NN 

classifiers and some examples are presented. 
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Table S2 Comparison of blind testing accuracy results achieved under different pruning 

hyperparameters, with only phase encoded input D2NNs and a maximum allowed ensemble 

size of Nmax=14 (see Fig. 4 of main text). For the classification accuracies that are reported, the 

average and the standard deviation values result from 3 independent repeats of the pruning process 

using the same hyperparameters. The green box highlights the D2NN ensemble achieving the best 

average blind testing accuracy (N=14), and the red box highlights the D2NN ensemble achieving 

the best average blind testing accuracy per network (N=12). 
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Table S3 Comparison of blind testing accuracy results achieved under different pruning 

hyperparameters, with a maximum allowed ensemble size of Nmax=14, where in the pruning 

process trainable weights are also assigned to the individual detector signals and are 

simultaneously optimized with the class score weights (referred to as the weight assignment 

scheme (1) in the Results section). For the classification accuracies that are reported, the average 

and the standard deviation values result from 3 independent repeats of the pruning process using 

the same hyperparameters. The green box highlights the D2NN ensemble achieving the best 

average blind testing accuracy (N=14), and the red box highlights the D2NN ensemble achieving 

the best average blind testing accuracy per network (N=12). 
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Table S4 Comparison of blind testing accuracy results achieved under different pruning 

hyperparameters, with a maximum allowed ensemble size of Nmax=14, where in the pruning 

process trainable weights are also assigned to the detector signals and are alternatively 

optimized with the class score weights (referred to as the weight assignment scheme (2) in 

the Results section. For the classification accuracies that are reported, the average and the standard 

deviation values result from 3 independent repeats of the pruning process using the same 

hyperparameters. The green box highlights the D2NN ensemble achieving the best average blind 

testing accuracy (N=14), and the red box highlights the D2NN ensemble achieving the best average 

blind testing accuracy per network (N=12). 


