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Abstract: A series of recent works has shown that placing communication channels in a coherent superposition of aternative configurations can
boost their ability to transmit information. Instances of this phenomenon are the advantages arising from the use of communication devices in a
superposition of alternative causal orders, and those arising from the transmission of information along a superposition of alternative trajectories.
The relation among these advantages has been the subject of recent debate, with some authors claiming that the advantages of the superposition of
orders could be reproduced, and even surpassed, by other forms of superpositions. To shed light on this debate, we develop a general framework of
resource theories of communication. In this framework, the resources are communication devices, and the allowed operations are (a) the placement
of communication devices between the communicating parties, and (b) the connection of communication devices with local devices in the parties
laboratories. The allowed operations are required to satisfy the minimal condition that they do not enable communication independently of the
devices representing the initial resources. The resource-theoretic analysis reveals that the aforementioned criticisms on the superposition of causal
orders were based on an uneven comparison between different types of quantum superpositions, exhibiting different operational features.

Ref.& nbsp; https://iopscience.iop.org/article/10.1088/1367-2630/ab8ef 7
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Routed quantum circuits

Augustin \"i-lllri(‘[\'!‘llh'.I':""ﬂ Hlér Kristj;in:asnn.]"“m and Jonathan ”;l!‘l‘(‘Tl‘l'EI

'Quanturn Group, Departmenl of Compuler Science, Universily of Oxford,
Wolfson Building, Parks Road, Ozford, OX1 3QD, United Kingdom
2 De partment of Physics, Imperial College London, London, SW7 2AZ, Uniled Kingdom
*HKU-Ozford Joint Laboratory for Quantum Information and Computation

We argue that the quantum-theoretical structures studied in several recent lines of research cannot
be adequately described within the standard framework of quantum circuits. This is in particular
the case whenever the combination of subsystems is described by a nontrivial blend of direct sums
and tensor products of Hilbert spaces. We therefore propose an extension to the framework of
quantum circuits, given by routed linear maps and routed quantum circuits. We prove that this
new [ramework allows lor a consistent and intuitive diagrammalic representation in terms of circuit
diagrams, applicable to both pure and mixed quantum theory, and exemplify its use in several situ-
ations, including the superposition of quantum channels and the causal decompositions of unitaries.
We show that our framework encompasses the ‘extended circuit diagrams’ of Lorenz and DBarrett
|arXiv:2001.07774 (2020)], which we derive as a special case, endowing them with a sound semantics.
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