


BAsIC QUANTUM COMPUTING ALGORITHMS
AND THEIR IMPLEMENTATION IN QISKIT

Jiri Tomdcala

B IT4Innovations,
VSB - Technical University of Ostrava

3 — 5 April 2023



Part 1

INTRODUCTION TO QUANTUM COMPUTING



HARDWARE

Superconducting technology:

Basic QuaNTUM COMPUTING ALGORITHMS AND THEIR IMPLEMENTATION IN QISKIT

/ 41


tom064
Tužka


HARDWARE

Basic QuaNnTuM COMPUTING ALGORITHMS AND THEIR IMPLEMENTATION IN QISKIT

41



HARDWARE

Trapped-ion technology:

Basic QuaNnTuM COMPUTING ALGORITHMS AND THEIR IMPLEMENTATION IN QISKIT

41



HARDWARE

Basic QuaNTUM COMPUTING ALGORITHMS AND THEIR IMPLEMENTATION IN QISKIT


tom064
Tužka


@: el? sing = (cos ¢ + isin @) sing

Pr(]0)) = ]oz|2 = cos? Q]

— 2
: 0 0
Pr(|1)) = |B]? = |e**|? sin? 5= sin? 3
—
20 .90
Pr(]0)) + Pr(|1)) = cos 3 + sin 3 1

Figure. Bloch sphere.

Basic QuaNnTuM COMPUTING ALGORITHMS AND THEIR IMPLEMENTATION IN QISKIT

41


tom064
Tužka

tom064
Tužka


T
QUBIT (% =

[¥) = al0) + B1)

o = COSs =
2

8= ei‘bsing = (cos ¢ + isin @) sing

+) 0) + )

sl

1
=) = \/—\0> \/5|1>

1
>+’LE|1>
o Loy b "[1)
|i >—\/§|0> \/5|1>

. 1
|it) = 7 0

Basic QuaNnTuM COMPUTING ALGORITHMS AND THEIR IMPLEMENTATION IN QISKIT

Figure. Bloch sphere.

41


tom064
Tužka

tom064
Tužka

tom064
Tužka

tom064
Tužka


1-QUBIT QUANTUM GATES
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2-QUBIT QUANTUM GATEi

FV(/00>> = OLDO

V) 00> 01> + a10|10) + g1 |11)
’0400’2 + ’0401’2 + |0410’2 + |0411’2 =1

[/00) [01) [10) [11)]

1000 ano Q00
-5 . o 0100 Qo1 |  [Go1
C N9 —@W— 0001| |aw| ~ |em
0010 11
1 00 O @00
o 01 0 0 Q01
0 0 0 oy
1 0 0 0] |apo
. 0 0 1 0 an1
SWAP ) = 01 0 0] [a1
00 01 11 a1l
Basic QuaNnTuM COMPUTING ALGORITHMS AND THEIR IMPLEMENTATION IN QISKIT 11 41


tom064
Tužka

tom064
Tužka

tom064
Tužka

tom064
Tužka

tom064
Tužka


IMPLEMENTATION IN QISKIT Cz - C F(W)

Basic \AN’TUM COMPUTING ALGORITHMS AND THEIR IMPLEMENTATION IN ISKI 12 / 41



tom064
Tužka

tom064
Tužka


Part 11

QUANTUM ENTANGLEMENT
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Part IV

BERNSTEIN-VAZIRANI - DEUTCH-JOZSA ALGORITHM
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IMPLEMENTATION IN QISKIT
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SIMON’S ALGORITHM
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Part VII

QUANTUM FOURIER TRANSFORM
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QUANTUM FOURIER TRANSFORM O7 0O
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IMPLEMENTATION IN QISKIT

Direct QFT:
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IMPLEMENTATION IN QISKIT

Inverse QFT:
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Part VIII

QUANTUM PHASE ESTIMATION



QUANTUM PHASE ESTIMATION

The problem statement:

Estimate the phase of an eigenvalue e2™ of a unitary operator U, provi

eigenstate 1) I/—/_> @> ) ¢> I D

256)



tom064
Tužka

tom064
Tužka

tom064
Tužka

tom064
Tužka

tom064
Tužka

tom064
Tužka

tom064
Tužka

tom064
Tužka

tom064
Tužka


IMPLEMENTATION IN QISKIT
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Part IX

SHOR’S ALGORITHM
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SHOR’S ALGORITHM N F Q %8

The problem statement: (d </2) 4) ) DZ g/éﬁ
Find factors P, R of number N?{ N 4 5 /e ¥a \ /@

Shor’s algorithm procedure: ?CCR <§ 45

o
Pick a random integer number a such that: 1 <a < . — 02 /©> Qm&h 75\ 7

1.
2. If ged(a, N) # 1 then P = a and R = N/a.
3. Otherwise, find the period r of function/f(z) = a® mod N. {( 2 7
4. If r is odd then go back to step 1 and choose different 4. X) h/)
5. Otherwise, factors P, R =|ged(a™/? £1, N). _24\&/ 4*4 ,16) _{[( //> 0{ W
A quantum computer can be used for step 3, in which it is necess)ary tocreate a quantum ClI‘CLllt OZ
implementing the(modular exponentiation function f ( = a” mod V- «F; L his-circuit instead of
the U operator in the quantum phase estimation circuit.
The resulting circuit is called a period-finder circuit and the measured ul @)e outpugan then

be used to determine the searched period. S
= (4) —2 WA =1
F =€ Ot £
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N=Z5 = a=( g
Aé (I LEME/‘TTATION IN QISKIT O
Implementation of the functloé g(y) = M: nd below that the-overall period-finder circuit
‘E /e?ﬁlﬁt }i\nd the period of ion/{{a : ‘?Z@%O

qu
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