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Information (Shannon) theoryInformation (Shannon) theory

• A practical question:

– How to best make use of a given communications 
resource? 

• A mathematico‐epistemological question:

– How to quantify uncertainty and information?

• Shannon: 

– Solved the first by considering the second.

– A mathematical theory of communication [1948]y [ ]

The



Shannon theory providesShannon theory provides

• Practically speaking:

– A holy grail for error‐correcting codes

• Conceptually speaking:

– A operationally‐motivated way of thinking about p y y g
correlations

• What’s missing (for a quantum mechanic)?g ( q )

– Features from linear structure:
Entanglement and non‐orthogonality

Quantum Shannon Theory providesQuantum Shannon Theory provides

• General theory of interconvertibility 
between different types of communications 
resources: qubits, cbits, ebits, cobits, sbits…q , , , ,

• Relies on a 

M j i lif i ti– Major simplifying assumption:

Computation is free

– Minor simplifying assumption:

Noise and data have regular structure



These lecturesThese lectures

• You will learn one, very powerful result

• Its various names:Its various names:

– State transfer

F ll Sl i W lf– Fully quantum Slepian‐Wolf

– The mother of all protocols

• Part I: applications

• Part II: the proof• Part II: the proof







H(A|B)φ[qq]



Capacities of quantum broadcast channels Simulation of broadcast channels

State redistributionState redistribution

State transfer

Time‐reversal

Mother FatherChannel simulation
TP Stupid

Entanglement distillation

Teleporting over noisy states

Quantum capacityTP

SD

SD

Superdense coding with noisy states

Teleporting over noisy states
Entanglement‐assisted
classical capacity

Distributed compression
Quantum multiple access capacities

Abeyesinghe, Devetak, Hayden, Winter [2006]Devetak, Harrow, Winter [2003]

State merging

Dupuis and Hayden [2010]
Devetak‐Yard [2006]

Part II:Part II:
Proof of the state transfer theorem

(The easy route to quantum 
f )information guru status)















Further reading on arXiv
(beyond Nielsen and Chuang)

• State transfer• State transfer:
– Abeyesinghe, Devetak, Hayden and Winter: The mother of all protocols

• Resource inequalities
D t k H d Wi t A f il f t t l– Devetak, Harrow and Winter: A family of quantum protocols

– Devetak, Harrow and Winter: A resource framework for quantum Shannon 
theory

• State merging: interpretation of H(A|B)State merging: interpretation of H(A|B)
– Horodecki, Oppenheim and Winter: Quantum information can be negative

• Further development of decoupling approach
– Oppenheim: State redistribution as merging– Oppenheim: State redistribution as merging
– Dupuis: The decoupling approach to quantum information theory

• State transfer and black holes:
– Hayden and Preskill: Black holes as mirrorsHayden and Preskill: Black holes as mirrors


