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Quantum Computing

* UN has designated 2025 as the International Year of Quantum Science & Technology.

What Is M
1YQ? |

Recognizing the importance of quantum science and
the need for wider awareness of its past and future
impact, dozens of national scientific societies
gathered together to support marking 100 years of
quantum mechanics with a U.N.-declared
international year.

On June 7, 2024, the United Nations proclaimed 2025
as the International Year of Quantum Science and
Technology (IYQ). According to the proclamation, this
year-long, worldwide initiative will “be observed
through activities at all levels aimed at increasing
public awareness of the importance of quantum
science and applications.”

Anyone, anywhere can participate in IYQ by helping
others to learn more about quantum on this
centennial occasion, participating in or organizing an
IYQ event, or simply taking the time to learn more
about quantum science and technology.

Cﬁet Involved -))

INTERNATIONAL YEAR OF

") Quantum Science
and Technology

P o) 128/147 N B & Youlube

1900 : Black-body Radiation -
Max Planck (Quantized Energy)

-
1913 : Bohr Model - Why

Quantized

1925 : Matrix Mechanics -

Werner Heisenberg

1926 : Schrodinger equation



https://quantum2025.org/
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» Bitcoin Will Adapt To The Technological Advances Of Quantum Computing.

' i Computers
Break Bitcoin?
. Bitcoin F <A -

 Signatures

e« Hash Functions (SHA-256)

. Bitcoin CHA]

- A LS EQC 2 O] F



https://www.forbes.com/sites/digital-assets/2025/01/17/bitcoin-will-adapt-to-quantum-computing/
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1. ¢

- Investment

» PsiQuantum Receives $940 Million (AUD) From Australian Government.

May Now Be World’'s Highest Funded
Independent Quantum Firm
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https://thequantuminsider.com/2024/04/29/psiquantum-receives-940-million-aud-from-australian-government/

IBM USA, Superconducting, Hardware, Software, Ecosystem

SPINQ China, Superconducting + NMR (Nuclear Magnetic Resonance)

Google Quantum  USA, Superconducting, Bristlecone(2017) = Sycamore(2019) > Willow(2024)

Microsoft USA, Azure Quantum platform (lonQ and Quantinuum), Topological Qubits

Intel USA, Spin Qubits using Silicon, Chips only

Honeywell Quantum

Solutions USA, Trapped-lon Qubits, Quantinuum with Cambridge Quantum Computing



https://www.spinquanta.com/news-detail/quantum-computer-manufacturers

Quantinuum
lonQ
D-Wave Systems
Xanadu

Quantum Circuits

PsiQuantum

USA/UK, Honeywell Quantum Solutions (HW) + Cambridge Quantum
Computing (CQC) (SW)

USA, Trapped-lon Qubits, System Access through Clouds

Canada, Quantum Annealing Technology, D-Wave One to Lockheed Martin

Canada, Photonics Qubits, Open-source Software Library through Clouds

USA, Superconducting, Dual-rail Cavity Qubits = correct first, then scale

USA*, Photonics Qubits, Chips, Cabinets, and Superconducting Photon
Detectors



https://www.spinquanta.com/news-detail/quantum-computer-manufacturers
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+ Qbit M= A2 CtAotH, 24X FTHEO| AS
* Coherence Times and Qubit Connectivity
. E.rror Correction
* Interface with 'Classical Hardware
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2025.01.08. _,
« Quantum computing stocks take a hit as Nvidia CEO predicts long road ahead

2025.01.16.

* NVIDIA's Quantum Day at GTC 2025 to Highlight Latest Advances, Future
Potential of Quantum Computing
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https://www.reuters.com/technology/quantum-computing-stocks-take-hit-nvidia-ceo-predicts-long-road-ahead-2025-01-08/
https://thequantuminsider.com/2025/01/15/nvidias-quantum-day-at-gtc-2025-to-highlight-latest-advances-future-potential-of-quantum-computing/
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 EQUALITY CONSORTIUM SELECTED BY THE EU'S HORIZON EUROPE PROGRAM
TO DEVELOP QUANTUM ALGORITHMS FOR INDUSTRIAL APPLICATIONS.

Members Selected 8 Use Cases
« Airbus . . 27| 37|43t airfoil-aerodynamics

« Capgemini - HHE{2| A battery design

. Da Vinci Labs ' . *- FH e fluid dynamics 5 v
« Fraunhofer Institute for Electronic Nano Systems - « SF AT X|H2} space mission optimization

. Germar] Aerospace Center - M= *a";hll materials design

« INRIA Tt e : - « C}EO0F ™32} multidisciplinary optimization

* Leiden Uhivc-;rsity - F Ho|e &M space data analysis

. Pasqal gig‘. . w | ° 9= HX| 4 fuel cell design

* EQUALITY stands for Efficient ‘QUAntum ALgorithms for IndusTrY’


https://www.capgemini.com/news/press-releases/equality-consortium-selected-by-the-eus-horizon-europe-program-to-develop-quantum-algorithms-for-industrial-applications/
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 Australia is making a billion-dollar bet on a 'useful’ quantum computer. So what are we
buying?

PsiQuantum - PsiQuantum= 7|& AREE2= o8 + s sME ollde + A= MA F=X
o 983 Xt HEE{7} T Ho|atn srHaLICt
= . " - . o
| T . ae™ 9240 BRs A PsiQuantumo] SIS 7|0l e BHEoR ¥
Gmon DeVitt | o gjo gEmsh Apek AFO[O) = L Xt0| 7} YA L|CH
HE =2 ek} ‘

Universifyofe~ | = PsiQuantum XtAL ZRE{0f| BT 7O "FH|E"7} QICta 2HRIX| Tk x—|§r6'|
da7% 452 2385 A

Technology Sydney & £0IX|= STeL|Ct UXt AR M52
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https://www.abc.net.au/news/science/2024-10-04/psiquantum-quantum-computer-investment-billion-dollars/104394996
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 Australia is making a billion-dollar bet on a 'useful’ quantum computer. So what are we
buying? :

Howard Wiseman « Jd2|o|A Clste| &Xt Se|st ME| A%l 5 E 20|= ._% PsiQuantumi} &=
Griffith University 5t Qo m, Qubit2 "1,0000A 10,000"7HX| 7HsE Zio|2tn &L Ct,

Stephen Bartlett | |+ A|EL| CHstO| X} %EI_'é'PII-O]XI-"AHE-E- UXl LA S{HOI Qliantum Australia2l
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https://www.abc.net.au/news/science/2024-10-04/psiquantum-quantum-computer-investment-billion-dollars/104394996
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 Australia is making a billion-dollar bet on a 'useful’ quantum computer. So what are we
buying?

PsiQuantum
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https://www.abc.net.au/news/science/2024-10-04/psiquantum-quantum-computer-investment-billion-dollars/104394996
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19254 Quantum Mechanics EHd - S}O|HH 23 Matrix Mechanics
1926'd Quantum Mechanics M8 - 7 2|D 7 (Erwin Schrédinger) L& ¥ SH(Wave Mechanics)
1927'4 =244 el - f1X| vs 2 (Slo|HH|=3)
19354 Einstein—Podolsky—-Rosen paradox — Entanglement (¥Xt2{3l) Al X
y 19814 2| % £ mQl 3k (Richard Feynman) MIT ﬂui "SRG St A| AR 0 %Eﬁ Alzgold &7t F3
19854 Hl0|H| E & 0| X|(David Deutsch) - Deutsch Algorithm X222 Quantum Computer 7H5%d Al
19924 G|O|H]| E & 0| X|(David Deutsch) EII}E _’F_l}(Richard_Jozsa) - Deutsch-Jozsa Algorithm
19944 I|E] £0{(Peter Shor)7} &0 ¥1E|SE 7E > LX AFEZI 2 2| 22U+ Z5HF WEAH =
- - =
20161 IBM 5 Qubit SXZEE A8 S E8 Mul2 HIB s 2
20194 Google 7H%h§-ﬁ51 SycamoreSgsot0] U 23S Hd HH - 200= vs 7| E 1244
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« Schrédinger equation

wave function

Planck constant, operator.

Particledt Wavel| 7|& O|Z2| A4 = .
» Least Action Principles : Particle
« Ferma’s Least Time Principle : Wave
- 2He mMENT YRINE B JhHn
- AS| AlZt0 BHE SEf B=tE 7lEotH, O 21k =
lf% E.*—“EGM 2 QXS t=-AIZTS LIELL O, £ AlZtol| QIX|0f =RE SHES 7HX| 1 BHS
E ~

~ Werner Heisenberg2| Matrix meshanics2} %OE"-
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https://en.wikipedia.org/wiki/Schr%C3%B6dinger_equation
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- Qbite= &4 01} 12 SAI0| 7FEICH > Superposition &HEH2E
. Qbit= 01} 12 SA|0| M{ZESICE > AEf0|H, &EQ| 23
. Qbit7} 22 2 AHM SEJ} WaEICE S QbitZte] BAA Ao U2t Ct2
. . -~ »

-

. Qbit= DHXOQI Bite} A3 CI2Ct > SEo 2 HO}of StC}

. U ABlo E X HE ME0| JH5SICH > Ch4-0| AEHd 2 o|0|stE 7)Y
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Quantum Computing 7| % O[Z 1. Quantum Computer - Qbit (Qubit)

« Qubit 211} Braket notation (Dirac notation)

Bloch Sphere of a quantum bit

6=0;p=0 Bra—ket notation

z)= |0) s L A bra is of the form <f| it denotes a linear form f
A ket is of the form |v).]it denotes a vector, v,

1
0

"0 —>"0" e =|0) = (

e _>n-1ne?'ﬁ = |1>

6

. {) ] '
cos—|0) +sin—e'?|1)
Y, 2




Quantum Computing 7| % O[Z 1. Quantum Computer - Qbit (Qubit)

e Qubit 9211} Braket notation (Dirac notation) : 1 Qubits

178 Qubit2| AE}
SHE YRE 2N

0, 1 &El =&

Superposition
& Phase




Quantum Computing 7| % O[Z 1. Quantum Computer - Qbit (Qubit)

e Qubit 9211} Braket notation (Dirac notation) : 2 Qubits

270 Qubit2] AHEN
S A0l #25l= Notation 1) = €gg|00) + €o1|01) + €10/10) + ¢11]11) =

> W YHE M2 NEY 2B

— —(|00) + |10)),

/2

'ket plus naught' i . ™ 'ket phi plus'




Quantum Computing 7| % O[Z 1. Quantum Computer - Qbit (Qubit)

« Qubit 31t Braket notation (Dirac notation) : 2 Qubits

218! Entangled

Z+ AME[| SH2 3} Z O ) = — = ——(/00) + [11))

4 MEo| 50| & v V2
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e Quantum Computer& O|F&= Circuit 7+-8 24 : Qbits, Q-Gates, Measurements

Gate : Hadamard

Measurement

/ Result

Gate :"Controlled



https://en.wikipedia.org/wiki/Quantum_circuit
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« 271 - Hadamard Gate

SuPerposition _ Hadamard gate operations [edit;

H(|0}) = —|n:~ + —|1
v-_ "'I,- 2

1
H(1})) = —|0) — — |1} =
U "!...II§|II:| 1..#"'_|

. 1 1
_IJ=H(—|U + —|1) )

V2 \2

(|u~+ |1}) 1 -

> (10)—11)) = o)

> (100 = 11)) =)

|
b | = I.-.a||-t
t1..-||—1 b | =

HLI—}}=H(—|U - _|1)
V2 V2

> (100 + 1) -



https://en.wikipedia.org/wiki/Hadamard_transform#Quantum_computing_applications
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* Quantum Supremacy 2 %X} & /d

Il
ra
A
b

* Quantum Computer?t £% A A0 M

. A= Ol _0“' 2 /E9NoR USHE AN F0 HE

- 2019'F Google2| SycamoreZ} 5471 Qubite 2 et ARE7F 1T

200*01| A

- oAy Superpositionﬂf Entanglement Xt =t0| ELC{7} £| 0




Quantum Computing 7| = JEX] Background Algorithms — Deutsch Algorithm

O

- Ct= &0|M n2 ¥4 bite| 7= LIEIE Ijf, &7t & S0 X| Ot X| &
n=1

2 | Deutsch AlgorlthmOIE'-f o

£:{0,1}" — {0,1}

e Classical Solution

. Bit =7} 10|B 2 St~0| Ql&
7R == & 2An-N)+171, &
27t%] (0,1) 0|I:r

. IhEpA 28 HtSI0] ZatE. ? ? 1
-EEFI ALEFO| 7.- SofC} ‘ I,t‘ﬁ-;,) 1 ‘ U"{E)

-
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https://en.wikipedia.org/wiki/Deutsch%E2%80%93Jozsa_algorithm

Quantum Computing 7| = JEN] Background Algorithms — Deutsch-Jozsa Algorithm

B bite| == LtErE O, &7}
n= Deutsch-Jozsa AlgorithmO| 2}

 Classical Solution

. Bit 27} n0| O 2 $H4:0| Q1=
71X =& & 22 (n-1)+171 &

- 2fA], 29| X|+=5 2| A|4H5]

of ZTfE BB BTIO| 755
C} %

T T T )
o) w) vy )



https://en.wikipedia.org/wiki/Deutsch%E2%80%93Jozsa_algorithm

Quantum Computing 7| % O[2 1. Background Algorithms — Shor’s

- 201 O[S WEA XN2| Jtse Z12|F > RSA, Some Key Exchanges

e Classical Solution

L 22 LpR7| ARSI 1 B71 S
Lt x| oL mjtx] Xgl > B2
JHX| 3 CHA] 238

. NO|2H= 04| EHBH M, 22| logN

r.ad I['_-'”E"
X|459| stepS0| HR3IH, N ——
I|-E|A.7 & w2l X|+=H o Quantum subroutine in Shor's algorithm
2 2R XNUoFS7t - * : N|0|E|' 7-0f| CHoll logNOil H|2|ol= step=
.-RCA 300-digit - Billions,of 28 > Polynomial Time
Years (classical super comput‘e%' « RCA 300-digit > TA|ZF ER



https://en.wikipedia.org/wiki/Shor%27s_algorithm
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Quantum Computing 23 3 1. IBM Qiskit using Python 1

e Library : qgiskit

. - o from qiskit import transpile
from giskit import QuantumCircuit, IBMQ, execute

- , : from giskit.visualization import plot_histogram
| from qiskit_aer import AerSimulator

backend = AerSimulator() #

qc = transpile(circ, backend) #
job = backend.run(qc, shots = 18@8)
result = job.result()

counts = result.get_counts()
print(counts)
plot_histogram(counts)

Single qubit gate

circ = QuantumCircuit(1,1) {"0": 1000}
circ.measure(9,0)

circ.draw('mpl")

1000




Quantum Computing 2 23 1. IBM Qiskit using Python 2

Toffoli gate

circ = QuantumCircuit(3)
circ.x([©,1])
circ.ccx(0,1,2)
circ.measure_all()
circ.decompose().draw( 'mpl")



https://en.wikipedia.org/wiki/Toffoli_gate

-
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« Toffoli gate

- Simulator Result

backend = AerSimulator()

gc = transpile(circ, backend)

job = backend.run(qc, shots = 10080)
result = job.result()

counts = result.get counts()
print(counts)

#plot_histogram(counts)

3 {'111': 1000}

. backend = provider.get_backend('ibmq_guadalupe')
circ_transpiled = transpile(qc, backend)
execute _ccx = execute(circ_transpiled, backend, shots= 1000)




Quantum Computing 2 24 1. IBM Qiskit using Python 4

« Toffoli gate
- Quantum Computer Result (2023 H)

result _ccx = execute_ccx.result()
counts_ccx = result_ccx.get_counts()
print("116->111",counts_ccx)

116->111 {'eel': 24, 'ele’': 19, 'ell’': 88, : » 31, "11e': 28, '"111': 8@7}
result_ccx = execute_ccx.result()

counts_ccx = result_ccx.get_counts()
print("110->111",counts_ccx)

110->111 {'eee': 2, 'eel': 26, 'P10': 19, '@11': 76, 'lE0@': 3, 'lO1l': 39, 'l1l10': 34, '111': 81}
result _ccx = execute_ccx.result()

counts_ccx = result_ccx.get_counts()
print("116->111",counts_ccx)

116->111 {'eee': 3, 'eel': 27, 'ele’: : : : ‘11e': 37, '111': 7e6@}




Quantum Computing 32 £33 1. IBM Qiskit using Python 5

« Adder using Quantum Gates
= Sub-Block 2 &

adder3 = QuantumCircuit(1e,4)
adder3.append(carry,[0,1,2,3])
adder3.append(carry,[3,4,5,6])
adder3.append(carry,[6,7,8,9])
adder3.cx(7,8)

S adder3.append(sumc,[6,7,8])
adder3.append(carry_inv,[3,4,5,6])
adder3.append(sumc,[3,4,5])

carry = QuantumCircuit(4)
carry.ccx(1,2,3)
carry.cx(1,2
carry.ccx(9,2,3)

carry_inv = QuantumCircuit(4)

adder3.append(carry_inv,[€,1,2,3])
adder3.append(sumc,[0,1,2])

carry_inv.ccx(9,2,3)
carry_inv.cx(1,2
~= carry_inv.ccx(1,2,3)

adder3.measure(2,0)
adder3.measure(5,1)
adder3.measure(8,2)
adder3.measure(9,3)
adder3.draw( 'mpl")

sumc = QuantumCircuit(3)
sumc.cx(1,2)
sumc.cx(8,2)
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Quantum Computing 23 3 1. IBM Qiskit using Python 6

« Adder using Quantum Gates
- 4 bit + 4 bit adder (0001 + 0001 case)

— 1lcircuit-160
circuit-159

- lcircuit-160
circuit-158 circuit-159

- — ] — — lcircuit-160
circuit-158
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Quantum Computing 33 23 1. IBM Qiskit using Python

« Adder using Quantum Gates

- 4 bit + 4 bit adder (0001 + 0001 case)

backend = AerSimulator()
o . gc = transpile(circ, backend)
o .I+.|?. job = backend.run(qc, shots = 1@eee)
result = job.result()

circ = QuantumCircuit(1e,4)

circ.x(1)

circ.x(2)
circ.append(adder3,range(10),range(4))




Quantum Computing 2 23 1. IBM Qiskit using Python 8

« Adder using Quantum Gates
- Real Quantum Computer Results

backend = provider.get_backend('ibmg_guadalupe')
circ_transpiled = transpile(circ, backend)
execute_addll = execute(circ_transpiled, backend, shots= 1068e8)

result_addll = execute_addll.result()
counts_addll = result_addll.get_counts()
print("1+1, ©e1e",counts_addll)

1+1, @010 {'eeee': 298a, '@vLl': 926, '©01e': 2022, 'e011': 76l, '©1e0': 716, '©1e1': 252, '@11e': 548, '©111': 205, 'l1eee’': 586, 'leel’': 1le6, "1e1e': 42
@, 'lel1': 155, 'llee': 156, 'llel': 47, 'l11e': 1e1, '1111': 47}

result_addll = execute_addll.result()
counts_addll = result_addll.get counts()
print("1+1, ©010",counts_add1l)

1+1, eele {'eeee': 2671, '@eel': 957, 'eele': 1795, 'eell': 681, 'e@lee’': 973, 'elel': 366, '011e': 689, 'e11l': 284, 'leee’': 447, 'leel': 171, 'l1ele': 35
4, 'lei1': 142, 'l1ilee': 263, 'llel': &4, '111e': 144, '1111': 59}

result_addll = execute_addll.result()
counts_addll = result_addll.get_counts()
print("1+1, ©010",counts_addll)

1+1, @010 {'eeee': 2501, 'eeel': 817, 'evle': 1735, 'eel1l1': 554, '@1ee': 1497, 'elel’': 431, 'elle’: 858, 'e111': 218, '1eee': 434, 'leel’': 137, 'lele': 2
53, 'leli': 97, 'llee': 224, 'llel': 55, '111e': 139, '1111': 5@}




Quantum Computing W21, Ma|s)| & AF Hi}

» Matrix Mechanics2}t Schrodinger equation®l CHsl H 2]

Linear Algebra 5& (notation0fl 58

- SiX] H|3E|= ¢ne|S A A4 MR
- 7|2 2ng|E g U A&, with Simulators

. 7|2 ¢ng|E Al ol %‘%ﬂnth Real Cloud Quantum Computers
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« IBM Qiskit
* Microsoft Azure Quantum

« Google Cirg

— -
_—

- - »
« Xanadu*PennylLane



https://www.ibm.com/quantum/qiskit
https://azure.microsoft.com/ko-kr/solutions/quantum-computing
https://quantumai.google/cirq
https://www.xanadu.ai/products/pennylane/
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