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Problem statement

Quantum 
channel / Gate MeasurementState 

Preparation

Density matrix Measurement operators Likelihood functional



Methods

● Hedged likelihood estimation
● Semidefinite programming
● Gradient descent
● Pseudo-inverse matrix



Preprocessing
● Make solution physical

● Different matrix norms for error measurement



Hedged likelihood estimation with iterative procedure
● Hedged likelihood functional

● HML iterative equations



Convergence and Absolute error for Likelihood 
method 



Semidefinite Programming, Introduction
Lagrange Function

The Karush-Kuhn-Tucker conditions

Newton direction

Barrier function



Semidefinite Programming
We have 2 estimators:



Semidefinite Programming



Direct Gradient Algorithm
Maximize likelihood functional

where

Iterative procedure:



Direct Gradient Algorithm



Pseudo-Inverse Matrix Method
Density matrix and Measurement 
operator parametrization via 
Pauli matrices



Comparrisson

noise noise

noise



Conclusion

Pseudo-Inverse Matrix
+ easy to implement
- unphysical solution

Direct Gradient
- slow convergence
- unphysical solution

SDP method:
+ fast convergence
+ physical solution

Hedged Likelihood:
+ fast convergence
+ solve zero-probabilities 

problem
- unphysical solution
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