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A kvantumszamitégép bekeriilt a koztudatba

Kvantum-
szamitégépel

e Naponta taldlkozunk olyan hirekkel, hogy a hamarosan megépitend6
kvantumszamitégépek uj korszakot nyitnak:

Zimboras

Zoltén o Dontéshozdk beszélnek errdl - a kanadai miniszterelnoktdl az EU
biztosokig.

e Hirportalok tudomanyos népszeriisité rovatai veszik fel neviiket
kvantuminformatikai fogalmakrdél: QUBIT.

o Nobel-dij indokldsokban érintik a kvantuminformatikat
(Haroche, Wineland).

e Multinaciondlis cégek és startup-ok nagyszdmban vesznek fel fizikusokat
erre a célra.
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Google - kétfajta kvantummérnoki beosztast is Iétrehozott
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QUANTUM COMPUTING:
DREAM OR NIGHTMARE?

he principles of quantum

computing were laid out
about 15 years ago by com-
puter scientists applying the
superposition principle of
quantum mechanics to com-
puter operation. Quantum
computing has recently be-
come a hot topic in physics,
with the recognition that a
two-level system can be pre-
sented as a quantum bit, or
“qubit,” and that an interaction between such systems
could lead to the building of quantum gates obeying
nonclassical logic. (See PHYSICS TODAY, October 1995, page
24 and March 1996, page &

Recent experiments have deepened our
insight into the wonderfully The
counterintuitive quantum theory. But
are they really harbingers of quantum
computing? We doubt it.

Serge Haroche and Jean-Michel Raimond

two interacting qubits: a “con-
trol” bit and a “target” bit.
control remains un-
changed, but its state deter-
mines the evolution of the tar-
get: If the control is 0,
nothing happens to the target;
if it is 1, the target undergoes
a well-defined transformation.

Quantum mechanics ad-
mits additional optio If
the control is in some coher-
ent superposition of 0 and 1, the output of the gate is
entangled. That is to say, the two qubits are strongly
correlated in a nonseparable state, analogous to the par-
ticle pairs of the Einstein-Podolsky-Rosen paradox. The
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Korai vélemények II.

brothers. How can we get kids ex-
cited about becoming scientists, engi-
neers, or technological entrepreneurs
if they are taught a form of history in
which role models are removed?
Under the Dole administration, I

look forward to working with you in
an era where good science will be
consistently supported.

ROBERT «J. DOLE

Washington, DC

Future of Quantum

Computing Proves
to Be Debatable

n presenting their opinions in the

article “Quantum Computing:
Dream or Nightmare?” (August, page
51), Serge Haroche and Jean-Michel
Raimond conclude that large-scale
quantum computation will remain
merely a dream of computer theo-
rists. Their principal argument is
that, for a quantum computer to be

would be useful only if R is of order
10", or that any application requiring
more than 3 x 10° optical operations
would be fundamentally disallowed.

Experimentally, our laboratory has
demonstrated a “controlled-NOT”
quantum logic gate with a single
trapped ion,* following the ideas of Ig-
nacio Cirac and Peter Zoller.® (See
PHYSICS TODAY, March, page 21.) In
the experiment, R was about 10’ and
the gate time was about 50 s. How-
ever, as is often the case in experi-
mental physics, this apparatus was
assembled with the least effort neces-
sary to exhibit the desired behavior
and should not be taken to represent
the technological limit. Although the
task of scaling this system to large
numbers of ions and gates involving
massively entangled quantum states
is daunting, the pitfalls are technical,
not fundamental.

It is too early to make absolute as-
sertions regarding the viability of
quantum computation when such a
large degree of uncertainty in both

6/29



Korai vélemények III.
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A harmadik évezred elején azonban a kvantumszamitogép egy mesebeli
eszkoz, 1étez6 néhany qubites modellekkel. A mese az elméleti kvantum-
szdmitdstudomdny; a 1étez6 kisérleti valésdg annyiféle, ahdnyféle médon
kétdllapoti koherens rendszereket definidlni és néhdny szdmoldsi 1épésen ke-
resztiil koherensnek tartani képesek vagyunk. A tovabblépés azért hihetet-
leniil nehéz, mert az 6sszefonddasba kéretlen partnerként belép a kdrnyezet,

KVANTUMMECHANIKA

. Harmadik, avitatt iag
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A kvantummechanikai kétallapotl rendszer: a qubit
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Az elektron (vagy egy atommag) mdgneses dipSlusmomentuma:

S, N
Zimboras
Zoltan
N S 4 S
A fény polarizacidja:
X X
N\, 0) N 1
N\, \\
H X vV IN
% D\
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Szuperpozicié elve
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Szuperpozicié elve szerint egy qubit 3ltaldnos (tiszta) allapota

Zimboras

12) = al0) + b|1).

Itt |a|*> mondja meg a valésziniiségét, hogy |0) allapotban latjuk, és |b|?, hogy
[1) allapotban. Fel kell tenniink, hogy |a|® + |b]*> =1

B
\
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A leghiresebb szuperponadlt qubit
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A leghiresebb szuperponalt qubit

Kvantum-
szamitégépek

Schrédinger macskaja
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)=

B O

V2
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A leghiresebb szuperponalt qubit
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Th—— .z!:mA +
N .( ) = |4~ P=>
jﬁ?/@wﬁ:x a : } .

V2

De mi a kiilonbség a|0) + b|1) és a|0) — b|1) kozott?
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Megengedett miiveletek a qubiten
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V]0) = al0) + b|1),
V1) = c|0) +d|1),
V0z) =V (e|0) + f|1)) = eV|0) + fV|1) = (ea+ fc)|0) + (eb+ fd)|1).

Ezeket a szdmokat szokds egy tablazatban (matrixban) szokds dsszegyiijteni

v:(g ;).
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V]0) = al0) + b|1),
V1) = c|0) +d|1),
V0z) =V (e|0) + f|1)) = eV|0) + fV|1) = (ea+ fc)|0) + (eb+ fd)|1).

Ezeket a szdmokat szokds egy tablazatban (matrixban) szokds dsszegyiijteni

a ¢
(i)
Hasonldan bevezethetiink tobb qubites dllapotokat és azokon miiveleteket:

q|0)[0) + r[0)[1) + 5[1)[0) + £[1)[1)
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A leghiresebb szuperponalt qubit
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A leghiresebb szuperponalt qubit
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Schrodinger gondoltakisérletben nem az a meglepd, hogy a macska 50%
valésziniiséggel él és 50% valdszinliséggel halott, hanem az, hogy létezik
feltdmaszté operdtor. (Reinhard Werner)
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A Hadamard-kapu

— 0+

— (01
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A Hadamard-kapu
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- 0 — H [ 0+

n— H — z0-1)

Mit csindl ez a kapu a Schrodinger-macska allapottal?

(10) + 1)) = 310) + 3 1)+ 510) — 2]1) =10).

1
Hi
V2 2
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A Hadamard-kapu
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0 — H [ 0+

n— H — z0-1)

Mit csindl ez a kapu a Schrodinger-macska allapottal?

1 1 1 1 1
H— 1)) == Z1) + =[0) — = 1) = |0).
73000+ 1) = 510} + 511) + 510 — 511 = [0
Mit csinal ez a kapu egy alternativ Schrédinger-macska éllapottal?
H—(0) ~ |1))
V2
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A Hadamard-kapu
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- 0 — H [ 0+

n— H — z0-1)

Mit csindl ez a kapu a Schrodinger-macska allapottal?

(10) + 1)) = 310) + 3 1)+ 510) — 2]1) =10).

1
Hi
V2 2

Mit csinal ez a kapu egy alternativ Schrédinger-macska éllapottal?

H 5 (0) = 1)) = 510) + 511) = 510) + 511 = 1),
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Deutsch-problémaja
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Legyen f egy Boole-fliggvény, ami egy bitbél bitbe képez. Hany riakérdezéssel

(fuggvénykiértékeléssel) allapitjuk meg, hogy f konstans-e?

0> =

1> =

-

X

y

< |
Ug

y D fix) |
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Legyen f egy Boole-fliggvény, ami egy bitbél bitbe képez. Hany riakérdezéssel

(fuggvénykiértékeléssel) allapitjuk meg, hogy f konstans-e?

0>
>

Nyilvanvaldan kettd.

-

-

-

X

y

< |
Ug

y D fix) |
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Deutsch-problémdja kvantumos esetben
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Az eredé allapotban mar benne van a vilasz

1 1 1 1
LIONIEFO) + I 17()) + {01F(©)) = 71171,
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Szuperpoziciét is beadhatunk
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Az eredé allapotban mar benne van a vilasz

1 1 1 1
LIONIEFO) + I 17()) + {01F(©)) = 71171,

De hogyan szedjiik ki beldle?
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Deutsch-algoritmus
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T Rakjunk ra még egy Hadamard-kaput

y ® f(x) -
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Deutsch-algoritmus

Rakjunk rd még egy Hadamard-kaput

y ® f(x) -

Az eredé Sllapot elsé qubit-je 100% valdsziniiséggel |0) dllapotban van, ha f
konstans, és |1) allapotban van, ha f nem konstans. Tehat egy rdkérdezés
elég!
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Deutsch-Jozsa-algoritmus
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Zimbords Tobbvaltozés Boole-fliggvény esetére is
Zoltan
00—
10)+——i} —]
(0} —————— ]
10} ——————— ]
Ol
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A naiv kvantumos parhuzamositds otlete
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Quantum

F (9

Processor
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o) {H] 1 =
1) —/"’—|Ua2°HUa21 I_ . _[ a2 |_

15=3-5 (2001)
143 =11-13 (2012)
56153 = 241-233  (2014)

RSA-640 [ean)

X Securiy fora On November 2, 2005, F. Bahr,
M. Boehm, J. Franke and T. Kieinjung of Inf g GNFS as
follows 25128127

RSA-640 = 3721
2016194882

4014691736602477652346609

RSA-640 =
81110852389333100104508151212118167511579

66638539088027103802104498957191261465571

‘The computation took 5 months on 80 2.2 GHz AMD Opteron CPUs.
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Bonyolultsag-elmélet
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4 PSPACE problems R
MNP Problems
i BQP~.
L 7
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Feynman megjegyzése

)

Intrnatona Journal of Theoretical Physics, Vol 21, Ns. 6/, 1982

Simulating Physics with Computers
Richard P. Feynman
Doprtmentof Phics, Catfaia i of Technolgs, Psaden,Ctforia 1107

Receoed May 7, 1981

1. INTRODUCTION

On the program it says this is a keynote speech—and I don't know
hat is. 1 do not intend in any way

be in this meeting as a keynote of the subjects or anything ke that. 1 have
my own things (o say and o talk about and there’s no implication that
‘anybody needs (o talk about the same thing or anything ke e So what 1
want 0 talk about is what Mike suggested ty would
Jalk sbout. | ant 0 alk sbout the problem of imlaing physcs wilh
Somputersand I mean that in  speciic vay wich | am ging o cxplsin.
The reason for doing this is something that I leamed about from Ed
Fredkin, and my entire interest in the subject has been inspired by him. It
bas 1 dowitheamin snehing about the possbiles of computrs, and

ippose
thephyscallaws perecly, o course we i o e anysteon o

mputers. I1's intercsting anyway o entertain oneself with the idea that
"o o somiiog to I ot physical laws; and if I take a relaxed
view here (after all I'm here and not at home) I'l admit that we don't

everything.
“The s, queston i, Wiat ki of computer are we going 0 use to
simulatephsics? Compute hery bas ben devcloped 0  peint wher it

pum 1 would like to have the clements of this computer locally intercon-
therefore sort of think about cellular automats as an example
(hn T don't want to force ). But 1 do want something involved with the

- Feynman

about, hm Tll come o that later. So what kind of simulation do I mean?
course, a kind of approximate simulation in which you design
numerica algoitho fo difrental cquations, an then v th compule
10 compute these algorithms and get an approximate view of what physics
ought 10 do. That's an interesting subject, but is not what I want to talk
about. T want o talk about the there is 10 be an exact
simulation, that the computer will do exacrly the same as nature. If this s to
b et end s o of o 2 T by el fen 6%
going 10 be necessary that everyrhing that happens in a finite volume of
space and time would have 1o be exactly analyzable with a finite number of
operatous. The preent oy of physc i o hat vy, pparedy
It allows space to go down into infinitesimal distances, wavelengths to get
infinitely great, terms to be summed in infinite order, P forth; and
ﬂwnl’nu, if this proposition is right, physical law is wrong.

, we already have a suggestion of how we might modify
physu.lllw,mdlkuludwhndalmmwhylhhmnwylhumnbf
problem. To take an example, we might change the idea that space is
continuous to the idea that Zovi perhops s 2 simpe s aud eving

that
fompe discoationouty, Now et e ‘what kind of a physical world it would
be or what kind of problem of computation we would have. For example,
the first difficulty that would come out is that the speed of light would
depend slightly on the direction, and there might be other anisotropics in
the physics that we could detect experimentally. They might be very small
anisotropies. Physical knowledge is of course always incomplete, and you
can always say we'll ry to design something which beats experiment at the
present time, but which predicts anistropies on some scale to be found later.
‘That's fine. That would be good physics if you could predict something
consistent with all the known facts and suggest some new fact that we dida’t
explain, but 1 have no specific examples. So I'm not objecting to the fact
that s anieopic inpriocpe ifs  question f how anitropc I you tl
me it's so-and-so anistropic, I'll tell you about the experiment with the
Tibiu stom which shave dht the anstropy s s than hat mch, 4na
that this here theory of yours is impossible.
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Richard Feynman (1981): s

“...trying to find a computer simulation of
physics, seems to me to be an excellent
program to follow out...and I'm not happy with
all the analyses that go with just the classical
theory, because nature isn’t classical, dammit,
and if you want to make a simulation of
nature, you'd better make it quantum
mechanical, and by golly it's a wonderful
problem because it doesn't look so easy.”
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Moore's Law ‘
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IBM Quantum Computing Learn  Login

Explore the IBM
Quantum Experience

1 Quantum Ex; ce an

rktown Heights, NY.
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A kevés qubites cikkek lealdoznak

PHYSICAL REVIEW A 93, 042302 (2016)
Kvantum-

szamitégépek Chiral quantum walks
Dawei Lu,'"* Jacob D. Biamonte. Jun Li.! Hang Li.! Tomi H. Johnson.%>#3 Ville Bergholm.? Mauro Faccin,

Zoltén Zimbords ™ Raymond Laflamme."-* Jonathan Baugh,"'® and Seth Lloyd™'!
\nstitute for Quantum Computing and Department of Physics and Astronomy, University of Waterloo, Waterloo N2L 3G1, Ontario, Canada
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FIG.2. (1) i o t controlled transport in NMR using trichloroethylene in which the two C

and one 'H spins form a 3-qubt registr. (b) Hailionian parametrs for the system. The diagonal elements are the chermical shifts v;, and the
off-diagonal clements are scalar coupling strengths J;;. Ty and 7 respectively are the relaxation and dephasing time scales. 28 /29
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IBM Q Awards

Contest program

The IBM Q Awards are a series of prizes for Ty P
professors, lecturers and students who use the IBM
Q Experience and QISKit in the classroom or for their
research. The program consists of four separate { . |
contests - for developing course materials for a L &
lecture series, building Jupyter Notebook tutorials.

with QISKit, publishing a scientific paper that makes

use of QISKit (open to students or postdocs), and N J
contributing specific code modules to the QISKit
SDK. Selected submissions will be contributed to &

open source.
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