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Quantum Markovian Models

The “wires” are quantum fields 
and may carry a multiplicity.



Networks and Feedback Control

• Measurement Based
Feedback Control

• Coherent Feedback
Control



Quantum Networks

• How to connect models?

• Cascaded models

• Algebraic loops

• Feedback Control



The Series Product



Network Rule # 1 
Open loop systems in parallel



Network Rule # 2 
Feedback Reduction Formula



Properties of the 
Feedback Reduction Formula
• Mathematically a Schur complement of the matrix of coefficient operators:

• Equivalently formulated as a fractional linear transformation.

• Independent of the order of edge-elimination.





The Network Rules are implemented in
a workflow capture package QHDL

QHDL (MabuchiLab)
N. Tezak, et al., (2012) Phil. Trans. Roy. Soc. A, 370, 5270.



Coherent Quantum Feedback Control



Adiabatic Elimination
• An important model simplification split the systems into slow and fast subspaces

• Mathematical this is also a Schur complement of the model matrix G

• It commutes with feedback reduction!



Autonomous Quantum Error Correction



Set up in QHDL

Network rules yield the overall “SLH”
From which we deduce the master equation


