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tAREFITE?
What i1s Quantum Computing?

From WIKI

Quantum computing is a type
of computation that harnesses
the collective properties of
quantum states, such as
superposition, interference,
and entanglement, to perform
calculations.

IBM Quantum System One (20gbits)



At L2BZEFITE?
Why Quantum Computing?

\ ‘.
 ~i
e T CYNAAN
B " LECTURES on
| # /
1 /s C_W 2 “Nature isn’t classical, dammit, and if you want to make
y R P'(”A?Dj S o a simulation of Nature, you’d better make it quantum
: USW-7 - 1 mechanical, and by golly it's a wonderful problem
. because it doesn’t look so easy.”

R. P. Feynman, 1981

Edited by Anthony J.G. Hey and Robin W. Allen
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Quantum Computer

The devices that perform quantum

Quantum circuit

computations are known minimization
as quantum computers. | @
Quantum gate (QG)
There are several types of . circuit @ B
quantum computers, including the Lntt = e
. . uantum
quantum circuit model, quantum e m— ﬁs area —
Turing machine, adiabatic =
y \ /
quantum computer, one-way ﬁ circuit depth
quantum computer, and various ( ﬁ
Minimization of Minimization of
quantum cellular automata. | sl e
Objective function measurements
maximization —

The most widely used model is
the quantum circuit, based on the
quantum bit, or “qubit”.



EFESL KEA DR
b ZHE LA E L ER

Quantum
— software t M SRR TSR
E%-L—I—E_ EEAE
BT =
Qua“tl{m Quantum l:fF%i#_FﬁTsT%VE
computing circuit
t W o it R T HASEE (R
ardware ¥ AR BRIRE 1 P

NE, %

EF 4 w&E, i
Qubit

IBM 2021 (127qgbit)



S bFTlE
QUbit O%Dll

Gl
\_H
Cot
H
\l~],
/1
NS

Persistent current in a
superconducting circuit

QUBIT

Photon polarization Atom Internal State \‘\\ /
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Measurement
I Z 0
NFE ARGE Mﬁﬂ» AL - - BFS
/fég REW N SEE% W) =alo)+ B
DS ¥/ _( AMIEE 1, — B 0),[1)}
0 -1 | Ak |0), HEI B
kS 9 [ e = )|
i o
ATERS |+), L




SEMRETRNFE—RERLE

superposition principle

£ T %AD& BB8AAIY
E H/V Basis
Polarizers Alice : //E 45° Basis
Horizontal - Vertical |0 }‘ $/$/I/ E
|1> Diagonal (-45°, +4I15 ) N -\ Bob
\l/
+) [+) = 1/v2 (|0) + BI1)) g}q:
Bit chucnccI 0 0 01 0 0 1 O 0
Photon Sequence ! P P

10)

i Detection Results

m E Bases Sequence
I

0

v

0

0
Compaublhly x i Compatibility
I

I
i Key

l |

11

/1

45°
: [ g B3 B3 B B3 £ E3
! 1 0 0
v v x
1 0

- |-y =1/vZ 0y - Bl o
WRAASHNESHTRETFES
SRV R T AR = 25

T T——IRAGER=0%
T ——I= A5 >0%



N/

LR

VA RS

superp05|t|on prmuple
[¥) = al0) + B|1)

2710 = 1,024 VALUES




SRR

Representation

11)

Bloch Sphere

Single qubit states that are not entangled and lack
global phase can be represented as points on the
surface of the Bloch sphere, written as

lY) = cos (;) |0) + e'? sin (g) |1)
10): = (é) 11): = (2)

) = al0) + 11 = ()
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Quantum logic gate

Quantum logic gates are represented by unitary matrices.

Identity gate [0): = ((1)) |1): = (O) I = (1 O) ”O; z :2;

NOT gate  |0):= ((1)) 1):= ((1)) X= (O 1) XIO; - I

CNOT gate |00): = |01): = |10): = |11): =

cocor
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O = O O

CNOT|00)= |00)
CNOT|01)= |01)
CNOT|10)= |11)
CNOT|11)= |10)



Operator

Pauli-X (X)
Pauli-Y (Y)
Pauli-Z (Z)
Hadamard (H)
Phase (S, P)

7/8 (T)

Controlled Not
(CNOT, CX)

Controlled Z (CZ)

SWAP

Toffoli
(CCNOT,
CCX, TOFF)
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