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Abstract: We propose the Shadow Quantum Linear Solver, a novel quantum algorithm for solving linear 

systems, combining Variational Quantum Algorithms with classical shadows, requiring fewer qubits, and 
offering exponential advantages in circuit execution efficiency. 

Solving linear systems is essential in science and technology, with the HHL algorithm offering exponential 
quantum speedup[1], but its practical use is limited by the constraints of current noisy intermediate-scale 
quantum (NISQ) hardware[2]. In this work, we propose the Shadow Quantum Linear Solver (SQLS)[3], a 
variational quantum algorithm[4] that leverages classical shadows[5] to solve linear systems of equations. Due 
to the exponential size of Hilbert space, the SQLS requires a logarithmic number of qubits compared to the 
linear system size. The SQLS takes as input a linear system of the form Ax=b. By assuming that both A and b are 
given as a linear sum of Pauli, our local cost function then requires the evaluation of a large number of 
expectation values of Pauli strings, which can be efficiently done with classical shadows. Once evaluated, the 
cost function is used to update the parameters through optimization techniques. Finally, once the cost function 
reaches a set threshold value, the flexibility of classical shadows allows one to use them to perform 
tomography.  

 
Fig. 1 The Shadow Quantum Linear Solver (SQLS) outperforms the Variational Quantum Linear Solver in resource usage 
and convergence times. Panel (a) compares the scaling of circuits per optimization step for a 250×250 linear system, while 
panel (b) shows the time-to-solution, defined as the number of cost function evaluations required to achieve fidelity 1−ϵ 

for a number of linear systems.  

We perform a number of experiments in order to validate how the SQLS performs when compared to other 
notorious variational approaches to linear systems[6]. In the first study we look at resource usage. We find that 
the SQLS uses: less qubits and less controlled operations. Furthermore, we find that, for linear systems with 
low locality, the SQLS uses an exponentially smaller number of circuit executions. This can be seen in Fig. 1a. 
We also study the convergence time of the SQLS. In this case we find that our proposed methodology has 
similar convergence times when compared to other notorious variational algorithms for equal error. This can 
be seen in Fig. 1b where we test the convergence times for a number of linear systems. 
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