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Abstract 

 

Interpreting deep learning (DL) model 

predictions has become essential as 

learning algorithms are increasingly 

deployed in safety-critical applications. 

Understanding why models produce 

specific predictions is crucial for validating 

assumptions and designing more robust 

architectures[1]. We propose a novel 

interpretability framework for convolutional 

neural networks (CNNs) in image 

classification tasks by reformulating input-

specific feature selection (FS) algorithm as a 

Quadratic Unconstrained Binary 

Optimization (QUBO) problem. The overall 

pipeline is represented in Figure 1. Since FS 

algorithms may scale exponentially with the 

number of variables[2], we employ 

quantum annealing (QA) to efficiently solve 

the resulting combinatorial problem. The 

proposed approach identifies feature maps 

that are most relevant to individual 

predictions, enabling faithful explanations 

that are compared against established 

methods such as Grad-CAM, Grad-CAM++, 

and Score-CAM, observing improved class 

disentanglement. Finally, we analyse the 

computational complexity of the QA 

process by studying the minimum gap of the 

global Hamiltonian and the corresponding 

success probability[3]. 
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Figure 1: For a given image we extract a set of 

feature maps from the last block. We evaluate 

positive-gradient contribution and cosine 

similarity among distinct maps that are used to 

construct the QUBO Hamiltonian. Eventually, QA 

samples a solution bit-string containing the 

selected elements. 
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