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CLAIMS 

1.  A method comprising: 

for a quantum processor solving a machine learning optimization problem, 

encoding, by one or more processors, the machine learning optimization problem into an 

energy spectrum of a quantum Hamiltonian Htotal that characterizes the quantum processor, 

wherein the quantum processor is controllable such that Htotal evolves from an initial quantum 

Hamiltonian Hi over time to a problem quantum Hamiltonian Hp , wherein an energy spectrum of 

Hp encodes a solution to the machine learning optimization problem, and wherein a quantum 

state evolves from a ground state of Hi towards a ground state of Hp as Htotal evolves from Hi to 

Hp ; 

outputting a first set of control parameters based on the encoding for programming the 

quantum processor and parameterization of Htotal ; 

deriving, by the one or more processors, an additional quantum Hamiltonian HQG, such 

that when combined with Htotal , HQG limits evolution of the quantum state into the ground state 

of Hp as Htotal evolves to Hp without diagonalizing Hp ; 

outputting a second set of control parameters based on the derived HQG for programming 

the quantum processor to reflect the parameterization of Htotal ; and 

receiving, by the one or more processors from the quantum processor, an output 

associated with a state of the quantum state at the end of the evolution. 

2.  The method of claim 1, further comprising:  

repeatedly, for a predetermined number of times, deriving an additional quantum 

Hamiltonian HQG and outputting a second set of control parameters based on the derived HQG;

and  

performing a statistical analysis on the received outputs. 

3. The method of claim 1, wherein the predetermined number of times is dependent on the 

length of the evolution.   
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4. The method of claim 1, wherein the first set of control parameters comprise initialization 

parameters for the quantum processor.   

5. The method of claim 1, wherein the second set of control parameters comprise disorders 

induced by the derived HQG and two-body interaction parameters that specify the derived HQG. 

6. The method of claim 1, wherein the method further comprises: 

providing, by the one or more processors, the first set of control parameters and second 

set of control parameters to the quantum processor to initialize and program the quantum 

processor.    

7. The method of claim 1, wherein the output associated with a state of the quantum state at 

the end of the evolution comprises eigenstates of the quantum Hamiltonian Htotal that 

characterizes the quantum processor and their corresponding energy spectra.  

8. The method of claim 1, wherein the quantum state at the end of the evolution encodes a 

solution to the machine learning optimization problem.   

9.  The method of claim 1, wherein the encoding is based on the structure of the quantum 

processor.  

10. The method of claim 9, wherein the structure of the quantum processor comprises 

couplings between qubits in the quantum processor.   

11. An apparatus comprising: 

a quantum processor for solving a machine learning optimization problem; and  

a control system for programming the quantum processor, wherein the control system 

comprises one or more processors configured to: 

encode the machine learning optimization problem into an energy spectrum of a 

quantum Hamiltonian Htotal that characterizes the quantum processor, wherein the quantum 

processor is controllable such that Htotal evolves from an initial quantum Hamiltonian Hi over 
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time to a problem quantum Hamiltonian Hp , wherein an energy spectrum of Hp encodes a 

solution to the machine learning optimization problem, and wherein a quantum state evolves 

from a ground state of Hi towards a ground state of Hp as Htotal evolves from Hi to Hp ; 

output a first set of control parameters based on the encoding for programming 

the quantum processor and parameterization of Htotal ; 

derive an additional quantum Hamiltonian HQG, such that when combined with 

Htotal , HQG limits evolution of the quantum state into the ground state of Hp as Htotal evolves to Hp

without diagonalizing Hp ; 

output a second set of control parameters based on the derived HQG; and 

receive, from the quantum processor, an output associated with a state of the 

quantum state at the end of the evolution.   

12.  The apparatus of claim 11, wherein the control system is further configured to:  

repeatedly, for a predetermined number of times, derive an additional quantum 

Hamiltonian HQG and output a second set of control parameters based on the derived HQG; and  

perform a statistical analysis on the received outputs. 

13. The apparatus of claim 11, wherein the predetermined number of times is dependent on 

the length of the evolution.   

14. The apparatus of claim 11, wherein the first set of control parameters comprise 

initialization parameters for the quantum processor.   

15. The apparatus of claim 11, wherein the second set of control parameters comprise 

disorders induced by the derived HQG and two-body interaction parameters that specify the 

derived HQG. 

16. The apparatus of claim 11, wherein the control system is further configured to: 

provide the first set of control parameters and second set of control parameters to the 

quantum processor to initialize and program the quantum processor.    
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17. The apparatus of claim 1, wherein the output associated with a state of the quantum state 

at the end of the evolution comprises eigenstates of the quantum Hamiltonian Htotal that 

characterizes the quantum processor and their corresponding energy spectra.  

18. The apparatus of claim 1, wherein the quantum state at the end of the evolution encodes a 

solution to the machine learning optimization problem.   

19.  The apparatus of claim 1, wherein the encoding is based on the structure of the quantum 

processor.  

20. The apparatus of claim 19, wherein the structure of the quantum processor comprises 

couplings between qubits in the quantum processor.   


