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b A Q1 wEl(1/4)
Quantum State

e a2 quantum state = a vector in a Hilbert
space(complex vector space F! for some

HSQ)

e quantum bit(gbit) state:
— 20> b1 or vector
— “amplitudes” and

and are the probabilities for O and
1

e one—qbit state 1s a vector
e two—qgbit state i1s a vector
e n—agbit state is

a one—qgbit state

states  amplitude probability

0 0.18
1 0.82

Above two states are superposed
in one gbit with the probabilities.

/

“amplitude” denotes also
the two square roots % +/0.18f the probability.




a three—gbit state

states amplitude probability

000 0.14
001 0.04
010 0.10
011 0.18
100 0.16
101 0.31
110 0.02
111 0.05

Above & states are superposed
in three gbits with the probabilities.
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quantum state = vector

e q=20> bl & HH = 39
° g -— 00 » Ol » 10 » llg‘ﬂ—ﬂa
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Quantum Entanglement

Tl =HAR1 gbit (a.b)ef 7} &
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Quantum Operations

quantum state transitions = linear and
unitary transformations T

=i

" operators are matrices
". the unit probability is
preserved

for n—gbit states, a quantum operator
1S a unitary




basic quantum gates

N, Nc, H, He, V, Vc, W, Wc, X

—not, Hadamard, phase changes, controlled-
ops, exchange

. .. 1 1
—H = uniform superposition 5, /3
— Nc fé j% & = entangled bits
1 1
V2 V2
N e
01 111 10 10
[10} \5{1—} [OJ kow} 1000

Ido | [1do | [1d0 0100
OH |0V, 0W| (0001

compound quantum operations

t(l) t}}e uniform superposition
of n gbitsvz v ), (7, % ,2) 2
e phase : (a,b) > (a,b)

(79,0, 7

. computing period
e an operation can be
applied to multiple gbits

e H,Vc,X can make
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Steps 1n Quantum Programming

gbits: superposition,
entanglement, etc.

by unitary operations

N

gg..pg —»> -0 —> 01.-.01 — 0101

1 2 1000 °
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e laser acting on floating ions in vaccum

e NMR on molecules in solution
e quantum dots on surface
* molecular magnets
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At G F vs FEA Y E
quantum algm vs randomized algm
s oA} ST F O L ol )
7R 838 = A
e 35 one—qbit state (a,b) has O with
prob. |al?, or 1 with prob. |b]?

o 214} two one—qgbit state (a,b) and (a,b)
has the

* a;ta,l = a;—a,l

UAAAE G| & 1
2} EF AN quantum search(1/2)

e data: a,10), (B,11), (C,01), (D,00), unordered
e goal: search who 1s 01

e algorithm
superpose 2 gbits such that every
entry has prob ¥ with positive amplitude %2
. beam pulses to reverse matched
entry’s phase, from %2 to -
: beam pulses to set each entry’s amplitude
as the reverse difference from the average
— amplitude ¥ becomes (¥4 - Y% =0)
— amplitude =2 becomes (Ya + % =1)

01 1is read.

time complexity: we repeat steps 2-3 O(\/ Nﬁimes.




OF2} ©- A quantum search(2/2)

suppose we search entry of 101

input gbits amplitude —I—ﬁ

AOl1 —> —p >

B 001 —> —p >

C 110 —> — >

D 000 —> —> >

E101  |—>  — I

F 010 — — >

G111 —> —p )

H 100 —> —> >
prob.1/8 (reverse phase ; trim) VN

O]:]],yﬂ}\ O]‘jl\j/]& 2
O]:X} LTTOH(1/2>

e to factorize N: known in mathematics
— choose <N
—r! mod N, “ mod N, " mod N, ...
of the above sequence

are prime
factors with high prob.




FAF sl (2/2)

mput gbits  the sequence entangled output gbits
000 ’\“Liiléli § 1
00l ~———+modo— : 1 measure
010 ~ remodm—  — 9~ —]8§ 18
011 rfmodn— 1" =2
100 tmedm —
101 128
110 T modn 1
111 18

001 get the DeriOd

100 3 then compute the gcd’s

' 111
input after the measure

Quantum Programming

[Language

A AN==(1/92)
C = let bit b =0 in C

let gbit ¢q = 0 in C
b=0|b=1

g1 qnk = U

skip | C; C

if b then C else C
measure q then C' else C
while b do C

from [Selinger 2003 ] with some touch




Quantum Programming
LLanguage

A Al (2/2) |
e mathematical semantics: denotational

— semantics of loops by limits in ordered
space

e static type system
— primitive, simple: Pascal-like
—no compound data types

[Language and Static Analysis
[ssues

e no compound/algebraic quantum data type
yet
— superposition of multiple list

.q means the
superposition of and

* no high-level construct for the unitary
transformation U yet

e need static checks for
— 1s U unitary transformation?

— any duplicate quantum data?
e copyling quantum data is impossible
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