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Robust Control DesignRobust Control Design
For quantum information systems, a robust optimization problem

that we often want to solve can be expressed as

Caveat emptor: This is often Caveat emptor: This is often notnot a convex optimization problem! a convex optimization problem!



  

Robust Control DesignRobust Control Design

● Robust control and optimization of uncertain systems are 
essential in science and engineering.

● QIP requires an unprecedented degree of control!

– Active area of research

– Many control protocols involve some form of numerical optimization

– High-fidelity results are possible, e.g.,                                            

which is “1” for most engineering problems, but not QIP!



  

Sequential Convex ProgrammingSequential Convex Programming



  

● Incorporates convex constraints exactly, e.g.,

● Incorporates uncertainties and stochasticity by sampling, 
e.g.,

– An uncertain coefficient !:

– A stochastic process ­:

Sequential Convex ProgrammingSequential Convex Programming



  

Robust Quantum GatesRobust Quantum Gates
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V&V of Controlled QI SystemsV&V of Controlled QI Systems

● Characterization: Determining dynamics, qualities, 

properties, etc. of devices, models, etc.

● Fault detection, isolation, and recovery (e.g., QEC)

● Model calibration versus prediction

● Verification: “Did you build itit correctly?”

● Validation: “Did you build the correct thingthing?”

● State/process determination versus validation



  

State and Process TomographyState and Process Tomography
● Quantum state tomography

– One qubit:

– Bloch sphere measurements:

● Quantum process tomography: identify the process via 
state tomography:

Perform state tomography
on each output state:
d2-1 measurements!

I. Chuang & M. Nielsen, JMO, 44 (1997)

Quantum-mechanical
dynamical “black box”

CPTP map



  

State to Process TomographyState to Process Tomography

1.Perform tomography on states

2.Expand output density matrices:

3.Expand basis operators

4.Combine expressions 2 and 3



  

State Tomography EstimatorsState Tomography Estimators

● Least-squares approach:

● Compressed-sensing approach:

Multiqubit state

P. Gross et al., PRL, 105 (2010)



  

Limitations of TomographyLimitations of Tomography

● Scaling of measurements required is exponential 
in the number of qubits:

● Conventional state and process tomography 
assumes high-fidelity measurements and  
preparations.

● Most technologies (except optics) do not have a 
full reference frame (e.g., independent calibrated 
X, Y, Z axes on the Bloch sphere). There may only 
be 1 preparation and 1 measurement operation.



  

QPT via Parameter EstimationQPT via Parameter Estimation

● Nonlinear mapping of Hamiltonian to process 
matrix in general, so certain conditions must be 
satisfied:
– Use some knowledge of the underlying dynamics 

(Hamiltonian form: couplings, commutativity, etc.).

– Sparsity: Number of Hamiltonian parameters may be 
much smaller than the elements of the process matrix.

● Optimal Hamiltonian identification: Combining 
optimal control data and efficient data inversion

M. Branderhorst et al., NJP, 11 (2009) A. Shabani et al., PRA, 84 (2011)

J. Geremia & H. Rabitz, PRL, 89 (2002) J. Geremia & H. Rabitz, PRA, 70 (2004)



  

Randomized BenchmarkingRandomized Benchmarking

Objective: Estimate p while addressing the limitations of QPT.



  

Randomized BenchmarkingRandomized Benchmarking

E. Magesan et al., PRA, 85 (2012)



  

● Improved tomography via machine learning

● What are the tools for QMU, UQ, and V&V of 

quantum systems?

● Development of methods for efficient simulation of 

quantum systems, e.g., surrogates

● What are the roles of device and model/software 

V&V for controlled QI systems?

● What are the relevant validation metrics?

● What is the role of Hamiltonian estimation?

V&V of Controlled QI SystemsV&V of Controlled QI Systems
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