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C. E. Shannon: founder of information theory

1 Claude Shannon’s 1948 seminal paper laid the foundations
of our current communication technology

The Bell System Technical Journal

Vol, XXVII July, 1948 No. 3

A Mathematical Theory of Communication
By C. E. SHANNON

I~xTRODUCTION

HE recent development of various methods of modulation such as PCM
and PPM which exchange bandwidth for signal-to-noise ratio has in-
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Noise

J Shannon modeled the devices used to store and transfer information
as classical systems:

» state can in principle be determined without
errors

» arrangement in space and time is always well-
defined
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U Physical systems, at the fundamental level, obey the
laws of quantum mechanics.

U Rules of quantum theory have been exploited to
achieve communication tasks that are impossible in
classical physics
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U Physical systems, at the fundamental level, obey the
laws of quantum mechanics.

U Rules of quantum theory have been exploited to
achieve communication tasks that are impossible in
classical physics

» Quantum cryptography [BB84; Ekert PRL 67, 661(1991)]

» Quantum teleportation [PRL 69, 2881 (1992)]

» Superadditivity of channel capacities [Science 321, 1812
(2008); Nat. Phys. 5, 255 (2009); PRL103, 120501 (2009)]

0 Theory of communication with quantum systems is a
rich and thoroughly developed discipline, known as
Quantum Shannon theory

O Nevertheless, quantum Shannon theory is still
conservative, in that it assumes that the communication
channels are combined in a well-defined configuration
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O Classical (LSD) Capacity:

1 QW(N) =max,I.(p, N)

QW(N) = Q(N) = lim —IQ(”(N@')
/

n—oo

I.(p, N) = H(N (p)) — H(N (p))
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O Quantum mechanics allows for scenarios where the
configuration of the communication channels is in a quantum
superposition [Aharonov et al. PRL 64, 2965 (1990); K. L. O.
Daniel, PRL 91, 067902 (2003)]
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O Such a superposition offers an opportunity to filter out some of
the noise affecting the transmission [N. Gisin et al; Phys. Rev. A
72,012338 (2005)]
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Quantum SWITCH
Phys. Rev. A 88, 022318 (2013)
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= Q-SWITCH channel:
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Perfect Activation

= Qubit Pauli channel: gp‘(ﬂ) = Z}Lg P;O}PU}-I.

7 = (po,p1 p2,p3)
= Q-SWITCH channel:

S0(E5 €5)(P) = G4+ C(p) ® W + - C—(p) ® w—

G- =2(p1p2+ P23 +p3;), 9+ =1—q-
W+ =w, w-=2ZwZ
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Related results

Enhanced Communication with the Assistance of Indefinite Causal Order

Daniel Ebler,"* Sina Salek,' and Giulio Chiribella™**
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g (Received 28 November 2017: published 22 March 2018)

In quantum Shannon theory, the way information is encoded and decoded takes advantage of the laws of
quantum mechanics, while the way communication channels are interlinked is assumed to be classical. In
this Letter, we relax the assumption that quantum channels are combined classically, showing that a
quantum communication network where quantum channels are combined in a superposition of different
orders can achieve tasks that are impossible in conventional quantum Shannon theory. In particular, we
show that two identical copies of a completely depolarizing channel become able to transmit information
when they are combined in a quantum superposition of two alternative orders. This finding runs counter to
the intuition that if two communication channels are identical, using them in different orders should not
make any difference. The failure of such intuition stems from the fact that a single noisy channel can be a
random mixture of elementary, noncommuting processes, whose order (or lack thereof) can affect the
ability to transmit information.

DOIL: 10.1103/PhysRevLett.120.120502
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Communication through coherent control of quantum channels
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(Dated: October 24, 2018) arXiv:1810.09826v1

A completely depolarising quantum channel always outputs a fully mixed state and thus cannot
transmit any information. In a recent Letter, a surprising result was shown |D. Ebler et al., Phys.
Rev. Lett. 120, 120502 (2018)]: if a quantum state passes through two such channels in a quantum
superposition of different orders—a setup known as the “quantum switch”™—then information can
nevertheless be transmitted through the channels. It is perhaps tempting to attribute this result
to the indefinite causal order between the channels. Here, however, we show that a similar effect
can be obtained when one coherently controls between applying one of two identical depolarising
channels to a target system. Such a situation involves no indefinite causal order; we argue that
this result should therefore rather be understood as resulting from coherent control of channels.
Additionally, we see that when quantum channels are controlled coherently, information about
their specific implementation is accessible in the output state of the joint control-target system.
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Main Results in our paper:

Theorem 1. Suppose that a message, encoded in a d-
dimensional quantum system (d < o0) is sent through a
superposition of N < oo independent channels. If all N chan-
nels are noisy, then the message cannot be perfectly decoded.




Main Results in our paper:

Theorem 1. Suppose that a message, encoded in a d-
dimensional quantum system (d < o0) is sent through a
superposition of N < oo independent channels. If all N chan-
nels are noisy, then the message cannot be perfectly decoded.

d Above theorem establishes the maximal activation of the quantum
capacity as a fundamental difference between superposition in
space and superposition in time.

[ The origin of the difference is in the fact that the superposition of
orders in time involves correlations between all the sub-processes
happening within channel E (F) in the configuration EF and all the
sub-processes happening within channel E (F) in the alternative
configuration F E.
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Main Results in our paper:

Theorem 2. Let € be a qubit channel such that Q(€£) =0
and Q(Sw(E,E)) = 1 for some state w. Then, there exists a
basis in which the channel acts as E(p) = 1/2(XpX + YpY).

Theorem 3. For every pair of complete erasure channels &
and Fo and for every state w € D(Hc), the switched channel
Sw(&o, Fo) is entanglement-breaking.

1 Theorem 2 characterizes the qubit channel that exhibit the perfect
activation phenomena.

1 Theorem 3 establishes a complementarity between the activation of
the quantum capacity and the activation of the classical capacity:
every channel that exhibits activation of the classical capacity (from
zero to non-zero) does not exhibit activation of the quantum capacity.
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Quantum mechanics is compatible with scenarios where the relative order between two events is indefinite. Here we show that two instances of a noisy process, used in a
superposition of two alternative orders, can behave as a perfect quantum communication channel. This phenomenon occurs even if the original processes have zero capacity 1o
transmit quantum information. In contrast, perfect quantum communication does not occur when the message is sent along a superposition of paths, with independent noise
processes acting on each path. The possibility of perfect quantum communication through noisy channels highlights a fundamental difference between the superposition of
orders in time and the superposition of paths in space.
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Summary:

O We show that two instances of a completely noisy process (i.e. zero
qguantum capacity) used in a superposition of two alternative orders, can
behave as a perfect quantum communication channel.

O In contrast, perfect quantum communication does not occur when the
message is sent along a superposition of paths, with independent noise
processes acting on each path.

O The possibility of perfect qguantum communication through noisy channels
depicts a fundamental difference between the superposition of orders in
time and the superposition of paths in space.

O The phenomenon of causal activation is subject to a general no-go theorem:
no quantum channel with zero classical capacity can gain a non-zero
qguantum capacity with the assistance of the quantum SWITCH. This result
establishes a complementarity between the activation of the quantum
capacity and the activation of the classical capacity.



When at last the thought came to him that 'time itself was
suspect’, Einstein had found a new insight into the nature of the
physical universe.

And in quantum world if you can make temporal order quantum
you can get something perfect out of nothing.
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