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Quantum Tomography Benchmarking



ARE YOU CHOOSING
A NEW CPU?



WHAT ABOUT GPU?



SUPERCOMPUTERS?

LINPACK benchmarks



QUANTUM PROCESSORS?

Not really



GOALS OF BENCHMARKING

Help user to choose

Help developers

Address practical 

problems



Software benchmarking



MNIST:
DATABASE OF HANDWRITTEN DIGITS

60,000 training set

10,000 testing set

https://en.wikipedia.org/wiki/MNIST_database



IMAGENET:
DATABASE OF ANNOTATED IMAGES

> 14,000,000 images

> 20,000 categories



MORE MACHINE-LEARNING 
DATABASES

https://en.wikipedia.org/wiki/List_of_datasets_for_machine-learning_research

> 300 date-sets from 10 categories



BENCHMARKING PSEUDO-
RANDOM NUMBER GENERATORS



BENCHMARKING NUMERICAL 
OPTIMIZATION

https://en.wikipedia.org/wiki/Test_functions_for_optimization



Quantum Tomography Benchmarking



COMPUTER TOMOGRAPHY



QUANTUM TOMOGRAPHY



N copies

+1

+1

–1

+1

–1

+1

–1

+1
+1

+1

–1 

–1

+1 e



QUANTUM TOMOGRAPHY
AS A DEBUG TOOL

 

expectation reality

  



HOW TO IMPLEMENT QT?

Since 2017!

> 2 articles/day

 Lack of important details

 Incredibly difficult to implement unknown methods

 Difficult to verify implementations

 Strongly limited number of examples

 Different accuracy measures

 Different tests

 Publication bias

Difficulties in comparison and choice



A LIFE STORY



OTHER EXAMPLES

No details on protocol 

and reconstruction 

accuracy

A single example 

of a mixed state

Only random high-

dimensional 

bipartite states



RECALL THE PRACTICE
FROM OTHER FIELDS



Quantum Tomography Benchmarking



QTB

Create a convenient universal platform for analyzing and 

comparing quantum tomography methods

Goal

Objectives

Develop useful comparison metrics

Design a test suite close to experimental problems

Develop easy-to-use software

Basic principles

Simulation based analysis

Tests and methods are completely independent



METRICS

What Why

Fidelity Main metric defining the tomographic accuracy

Total sample size Large sample size require longer experiment

Number of bases Each basis change require experimental setup re-configuration

Protocol computation time Adaptive methods take time to calculate next measurement

State computation time Non-effective method may take too much time

Efficiency Defines the closeness to an perfect method

Outliers ratio Outliers may spoil some experiments

Factorized measurements Non-factorized are more noisy and hard to implement



METRICS DERIVATION

I have the sample size N. 

What fidelity can I get?

Common approach

Our approach

What resources do I 

need to get the 

required fidelity?

99,9% fidelity with 95% probability



BENCHMARK TESTS

Common QT problem

 Random pure states

When analyzing a subsystem

 Random mixed states by 

partial tracing

 Random noisy preparation
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SOFTWARE

https://github.com/PQCLab



BASIC FEATURES

Easy-to-use

Close to a real experiment

Parallelization (Python only)

Same interface for MATLAB and Python

Custom tests (not released yet)

Random numbers synchronization

protocol
handler

estimator
handler

Report generation (MATLAB only)

MATLAB ↔ Python results migration



METHODS

Side result: methods taxonomy



APPROBATION

12 methods
1, 2, 3 qubits
127 tables

Bantysh B. I., Chernyavskiy A. Y., Bogdanov Y. I. Quantum tomography 
benchmarking //arXiv preprint arXiv:2012.15656. – 2020 (under review 
in Quantum Information Processing)

Special thanks to Dr. G.I. Struchalin for help in carrying out the 

computations



VISUAL REPRESENTATION:
TWO QUBITS CASE

Random pure states test Random noisy preparation test

1 1F N 

1 1F N 



QUANTITATIVE REPRESENTATION:
TWO QUBITS CASE



QUANTITATIVE REPRESENTATION:
TWO QUBITS CASE



CONCLUSIONS

• A methodology for benchmarking quantum tomography methods was implemented

 A set of reference (benchmarking) parameters has been developed

 Tests that are close to experiments have been developed

 The corresponding universal software has been developed

• Approbation was carried out on 12 methods of quantum tomography

• A taxonomy of quantum tomography methods has been developed

We encourage all scientists who develop and use quantum 

tomography methods to participate in the development!



FUTURE WORK

• Support methods with training

• Support prior information use

• Tests with systematic measurement errors

• Quantum process tomography



SIDE RESULT:
TEST BENCH FOR QT METHODS

Task: compare different measurement 

strategies in the presence of instrumental 

noise



Bantysh Boris

bbantysh60000@gmail.com

https://en.wikipedia.org/wiki/List_of_quantum_tomography_methods



METRICS DETAILS

 
2

TrF  

 

 

2

min
2 11

1 4 1 1

d r rF

F N d F


     
  

– fidelity

– efficiency

    
2

2 2
med

F Q F

F Q Q F
MC

F F 

 

 
 

   
   

 

4 3

311 1.5 ; 1.5MC MCF Q e IQR Q e IQR      – outliers


