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Abstract: 

As quantum circuits grow larger we must contend with two critical issues, the combinatorial 
increase in the number of gate configurations and the exponential increase of the state space. 
The first issue means that gates must operate in the presence of other qubits (spectators) 
and/or in parallel with other gates. One aspect of this project is to better understand these 
errors in multi-qubit settings, prioritize and remove them. The second issue, exponential 
scaling, means that it becomes intractable to fully characterize multi-qubit devices. Therefore, 
the challenge is to find new approximate methods and metrics for characterization. 
Randomized benchmarking is one such method, however, it only gives information for one 
specific metric (the average Clifford error). This project involves proposing and implementing 
additional methods based on the specific axis we want to benchmark the device. 

Findings: 

New Approaches to Randomized Benchmarking: In this program we looked in detail at 
extending randomized benchmarking protocols and we made great strides in this effort. In 
terms of standard RB we demonstrated the first (and only) three-qubit RB (1712.06550), we 
quantified leakage (1704.03081) and validating virtual gates (1612.00858).  

We also developed several new RB protocols, such as correlated randomized benchmarking 
(2003.02354), iterative RB (1504.06597), and non-Clifford RB (1510.02720, 2007.08532) 

Holistic Benchmarks: One of the pressing problems in large device systems is how to quantify 
errors in a scalable way. While RB was poised to be this method there are several difficulties 
with how it scales in terms of decomposing the Cliffords into native gates. As part of this 
program we developed several new holistic benchmarking techniques, such as the widely used 
quantum volume (1811.12926) and GHZ states (1905.05720). At the end of the program we 
were working on a binned output characterization that was completed in QCISS. 

Noise Characterization and Improvements: Another major finding of the program was how to 
use the characterization methods developed to improve device performance so that we could 
investigate even lower errors down the stack. In particular we looked at methods to reduce and 
characterize crosstalk and better understand the fundamental physics of our systems at a 
Hamiltonian level.  
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