“Year 2020” -Topics In
Information Theory for Further
Studies
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Comprestimation
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Microarray Images

Identify gene functions, dynamical behaviour,
pathological context.
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Comprestimation cont.

= also known as "Multi-terminal data
compression”

= T. Han & S.Amari; R. Jornsten & B. Yu;




Algorithmic Information Theory

e T R L PR PY I o

INFORMATION-THEORETIC
INCOMPLETENESS : 1_

] i
INFORMATION ] oo L UNKINGEVABIE.
& Grepary J Chaltin R ] B T

fms = Loy bowsy - B §

Conversations with 3 Tﬁ:' LIMITS o ' .ME %
a Mathematician =T : MATHEMATICS :

Math, Art, Science and . " 3 j ;
vy * e 2 -

4






Physics, information and games
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Fig. 1.1 The number of atoms needed to represent one bit of information as a func-
tion of calendar year. As the vertical axis is on a logarithmic scale, the straight line
fit suggests the trend is exponential. Extrapolation of the trend suggests that the one-
atom-per-bit level is reached in about the year 2020, Adapted from [Keyes88].



Why would we bother?

* Cryptography: QC can break RSA codes

= Communication of messages that betray
the presence of eavesdropping







Infinite Tape

State Change Instructions 8 —— Internal State

Fig. 2.2 In a probabilistic classical Turing machine there are multiple possible suc-
cessor states, only one of which is actually selected. Unselected paths are terminated
(x). The probabilities of transitioning between various states are shown. Notice that
the sum of the probabilities on all the paths emanating from a state is 1.

Fig. 2.3 In the quantum Turing machine each cell on the tape can hold a qubit whose
state is represented as an arrow contained in a sphere. All paths are pursued simul-
taneously. Instead of probabilities on each path we now have amplitudes. Ampli-
tudes are complex numbers whose square moduli are probabilities.




Proving vs. providing proof

= QTM can simulate a TM - QTM
universal

























Quantum entanglement (EPR)

= [T two systems (particles) are
“Quantum correlated” one talks about
entanglement







Bob takes the result of Alice's
measurement and performs

, _ rotation of his EPR patrticle to
Classical message from Alice to Bob recover the original state I4),

describing the result of her meas-
urement on particles 1 and 2.

Alice performs a joint
measurement on the

state of particles 1 and 2

which destroys the state

of particle 1. Alice
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State of Particle 1 (the state
Alice wishes to teleport) EPR entangled state {particles 2 and
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Fig. 9.5 Schematic view of quantum teleportation using EPR.




