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A. Stean, Quantum Computing, Rep. Prog. Phys., 61: 117-173,
1998.
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Maxwell’s Demon: J. C. Maxwell A% 1871 & IZH| T L f=Theory of Heat
TH#ELT="“being”, L. Kelvinh &5 £ o

HEOLEEEHENROMTTON DB TFEbeingZE BRI HEER
NZEOER(KIFEBORFERKE) NELN D,

L. SzilardD w3 (1939%F) : MEHIUREIZIEX. TRILF—HELHES,
kn2/1bit

BEFEROBS (19465F)

C. E. ShannonD'1F#R¥EzH (1948/94F)

N. Wiener, Cybernetics (19494F)

R. Landauer, [EERDEEICIEIRILF—HEHEMNES(19615F)
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L. Szilard, Uber die Entropieverminderung in einem thermodynamischen System
bei Eigengriffen intelligenter Wisen,Zeitschrift fiir Phsik, Vol.53, pp.40-856, 1929.
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Fig. 1.2 Historical scaling in the number of atoms needed one bit, C.P.
Williams, Explorations in Quantum Computing ,Springer, 2011.
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Figure 1 Fluxes into and out of a chip

POWER 1929, Szilard/J. von Neumann
l 1 bit DIEFRAFIZ kyTIn2 joules HE
INFORMATION INFORMATICON m
In ot
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1961, Rolf Landauer (1927-1999)

l HROEEICIRILT—DBE

N. Gershenfeld, Signal entropy and the thermodynamics of
computation, IBM Systems Journal, 35(3/4): 577-586, 1996.
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« 1996%FtR

+ Laptop 10 watts  (W=Joule/second)
* Desktop 100 watts

* Supercomputer 100 kwatts

« 2010%

+ Supercomputer 1000 kwatts (AHTYk)

* MD computer ANTON

* D.E.Shaw et al., Anton, a Special-Purpose Machine for
Molecular Dynamics Simulation, COMMUNICATIONS OF
THE ACM, 51(7): 91-97, 2008.
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R. P. Feynman, Simulating Physics with Computers, Int. J. of Theo. Phy., 21, Nos. 6/7:467-488, 1982
R. P. Feynman (J.G. Hey and R.W. Allen eds.), Feynman Lecture on Computation, Addison Wesley,
1996 (FRERMAR, 77 v 3RWAIE, BEEE, 19994F)
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Richard P. Feynman, There’s Plenty of Room at the
Bottom, A Talk to American Physical Society on
December 29, 1959 at Caltech, also in Richard P.
Feynman (Jeffery Robbins ed.), The Pleasure of Finding
Things Out, Perseus Pub., 1999, pp.117-139
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Fig. 2.11 Icon for the
TOFFOLI gate also called the
controlled-controlled-NOT
gate. TOFFOLI is reversible
and universal

Fig. 2.12 Icon for the
FREDKIN gate also called
the controlled-SWAP gate.
FREDKIN is reversible and
universal

2.1.5.1 TOFFOLI (a.k.a. *“Centrolled-Controlled-NOT"**)

The TOFFOLI gate is also called the controlled-controlled-NOT gate since it can be

understood as flipping the third input

bit if, and only if, the first two input bits are
hoth nother words the valnes of the first fwo input bits control whether the thied

Fig. 8.1 Quantum circuit for
ancilla-assisted readout. By
determining the expectation
value of the operator {204 )
for a single ancilla qubit
using a number of trials
polynomial in n, we can infer
the expectation value

(W|UT V) of the operator
UTV for an n-qubit quantum
system in state |y). This
means we can extract
properties of the result of a
quantum simulation without
having to know the final state
explicitly

B

)
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bit, designated as the “answer” bil, that carries the value of the function.

As in the case of reversible Turing machines, we can trade space for tin
reversible circuit simulations of irreversible computations. But in the circuit pi
“space” (i.e., the amount of auxiliary memory) is measured in terms of the nu
of ancillae required to perform the computation, and “time” is measured by the
i.e. total gate count. of the circuit. In some cases allowing more ancillae result
reversible circuit with smaller net size (i.e., fewer total gates).

X — ™ X
Xy — = x,
[o—» (Revesible L o fem)
Circuit
Ancillae 00— ()
Fig. 2.13 Computing a
Boolean function using a 0 —» — 0
reversible circuit ‘

2 . TG 9 e & LR :
“What we call an “ancilla bit™ is also referred to as a “‘storage bit” or a “garbage bit” in the liter:
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« Maxwell’s Demon: J. C. MaxwellA¥ 1871 (ZFI4TL 1=
Theory of Heat T#AIL 7= “being”, L. KelvinA & % .
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Wond,

o L. Szilard®iwX (19394F) : T JINEIZ(E. TRIL
F—HEMNES, kin2/1bit

« R. Landauer, TEHRDBEEIZITTRILX—EHENED
(1961%)

¢ Quantum Computing, Quantum Information ) ¥ 5
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C. P. Williams, Explorations in Quantum Computing,
Springer, 2010.

Chapter 2 Quantum Gate S8
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* A one-hour video lecture on "Quantum Entanglement: Weird but
useful” by Sir Peter Knight, Imperial College at:
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J. Clarke & F. K. Wilhelm, Superconducting quantum bits

R. Hanson & D. D. Awschalom, Coherent manipulation of single spins
in semiconductors

The Royal Swedish Academy of Science, MEASURING AND
MANIPULATING INDIVIDUAL QUANTUM SYSTEMS, 2012.
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e A.W. Harrow A. Hassidim, S.Lloyd, Quantum Algorithm
for Linear Systems of Equations, Physical Review,
103(15):150502-1-4, 2009.

e K. Temme et al, Quantum Metropolis sampling, Nature
471:87-90, 2011.

» P. Rebentrost et al., Quantum support vector machine for
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* Richard P. Feynman, Simulating Physics with Computers,
International Journal of Theoretical Physics, 21(6/7): 467-
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» P.M.A. Dirac, The Principles of Quantum Mechanics (4% ed.), Oxford
Univ. Press, 1963
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