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Composite Channel Discrimination

vs



Testing Setup

Optimal worst-case asymmetric error:



Error probabilities

If       is convex:

Fang, Fawzi, Fawzi (2024)



The axioms on

1. closed and convex
2. Stable under tensor products: 

3. Full rank channel
4. Closed under permutations: 

Hayashi & Yamasaki’s alternative proof does not require 4.

or equivalently



What is known: GQSL for states

Brandao & Plenio (2011)
Lami (2024)

Hayashi & Yamasaki (2024)



Channel divergences

For a general divergence:

Gour, Winter (2019)
Bergh, Datta, Salzmann (2024)



Asymptotics: What is known

Fang et al., PRL. 124 (2020), 
Wang, Wilde,  PRR. 1, 033169 (2019).

For IID copies of two individual channels:



What is not known

Strong converse for simple channel discrimination

Fawzi & Fawzi (2021)
Fang, Gour, Wang (2021)



CQ Channels

Consequence: Input optimization collapses

à Strong converse for simple CQ channel discrimination



What can we say about                     for CQ channels?

This seems to work only for CQ channels.

CQ Channels - Consequences

Hayashi & Yamasaki (2025)



The GQSL for CQ Channels

Under the stated assumptions for      , assuming all channels to be CQ  
and for                     we show: 



Proof: The (strong) converse

Strong converse for simple
CQ channel discrimination



Achievability: Reminder — HY GQSL Proof

optimizer

Hayashi & Yamasaki (2024)



Achievability: Reminder — HY GQSL Proof

Pinching map

Hayashi & Yamasaki (2024)



Reminder: HY GQSL Proof

Hayashi & Yamasaki (2024)



Reminder: HY GQSL Proof

Hayashi & Yamasaki (2024)

Strong converse



Now for channels

Suppose: 



Achievability for channels

Strategy: Pick                                  , optimize over all sequences at the end

Pinching map



But                                                cannot be bounded

Address this by using permutation invariance. Axiom 4:

Pinching

Hayashi & Yamaski (2024)



Permutation invariance

If        closed under permutations

Bergh, Salzmann, Datta (2023)

e.g. Berta,  Brandao, Hirche (2021)



Achievability for Channels — continued



Achievability for Channels — final

Only thing missing:

Exactly strong converse, which we know for CQ-channels

Fawzi, Fawzi (2021)
Salek, Hayashi, Winter (2022)



What if we had a QQ strong converse?

GQSL-converse:



What if also?

This would be sufficient for Achievability & Converse of QQ-GQSL



Part II: 
Dynamical Resource Theories



Resource Theory Basics

• Objects can be ”resourceful” or “free”
• “Free operations” don’t create resource by always mapping free 

objects to other free objects

Study:
• Conversion rates:                           through free operations 
• Resource monotones don’t increase under free operations.



Dynamical Resource Theories

• Resource Objects: Channels
• Interconversion/Operations: Superchannels

• General form of a superchannel: 
Pre + Post-processing

Chiribella, Ariano, Periotti (2008)
Gour (2019)



Free Sets / Operations

The theory is defined through a choice of what free objects and free 
operations are.

Free objects for us: For every n: Set of CQ channels         satisfying the 
CQ-GQSL axioms:
1. Closed convex

2. Closed under tensor products

3. Full rank channel in 

4. Closed under permutations



Possible Choices of Free Operations

• Resource-Non-Generating (RNG) superchannels:

• Asymptotically RNG (ARNG) superchannels:

Brandao & Plenio (2010)
Brandao & Gour (2015)

Lami & Regula (2023) 



Conversion Rates

The resource theory is reversible if: 



Our Reversibility Theorem

• Given: Any sets of CQ channels        satisfying the axioms
• Free operations: ARNG superchannels for these 

“Regularized relative entropy of resource”



Example: Classical Capacity

• Free channels: replacer channels

• The rate at which one simulates an identity channel is the capacity:

• Reversibility is a reverse Shannon theorem:



Example Classical Capacity:



Example: Classical Capacity

• Our theorem thus shows: A reverse Shannon theorem holds under 
ARNG operations for 

• These ARNG operations include the operations usually considered in 
reverse Shannon theorems, such as local operations with pre-shared 
entanglement.

Berta et al. (2011)
Bennett et al. (2014)



Proof of reversibility: Relation to GQSL

Ansatz: ”Test” for resource before “replacing” with   



Proof of reversibility: Relation to GQSL



Final ingredient:

Currently only proved for CQ channels.
Also implies that the conversion rate is optimal. 

AEP for CQ channels



Summary

• GQSL and reversibility of general resource theories under ARNG can be 
extended to CQ-channel setting

• Given new results on channel strong converse or better understanding 
of channel regularization limit there is hope this can be generalized to 
QQ channels

• Thank you for listening!


