


= X}

e Part I. What is “Qubit"?
« Qubite| =3t H
« UX} AOIE

 Part Il. Shor’s Algorithm
. e

¢ _I_7||:|—| E_T_'E.l%

e Part Ill. Quantum Cryptology ]




Part |I. What is "Qubit”?




Part |I. What is "Qubit”?

o S

'? = axn+bx 1




Part |I. What is "Qubit”?

y)=alo)+bl1)
(1/)|1/)):a2-_|—_192:1 ra:(v|=[" _vz- n
0>= 1 Ket : |[v) = vz

- 20
:Ql




Part |I. What is "Qubit”?

[Y) = al|0) + b|1) = Ae'?|0) + Be'?|1)
) = A|0) + Be'?|1)
A2 + |Bel®|" = A2 + B2 =1




Part |I. What is "Qubit”?

10) + |1)
V2

0 8
ly) = cos = 10) + e“"smill)




Part |I. What is "Qubit”?

0) =,
0 - )1 @ xz)y
1=}




Part |I. What is "Qubit”?

0) =,
0 - )1 @ xz)y
1=}

Tensor Product




Part |I. What is "Qubit”?

1
0 - )1 @ xz)y
1) =
1
Tensor Product
-allB alzB alnB
A@B=|%18 2B v b
an B anB 0 apyB




?
"
bi

u

“Q

IS

at |

h

W

.

t

r

Pa

-

)2 -
2

X

X |

2

| x4

;g]




Part |I. What is "Qubit”?

1
|0) =

8] - )1 @ xz)y
1) =]

Tensor Product

In): HAHMEE nEH®(0-based) elementBtO| 1

o
i
X ’

= 7



Operator Gate(s) Matrix

o Py oL 11 Pauli-X (X) @ L 3]
Part I. What is "Qubit”"? ... = '
Pauli-Z (Z) -z} b ]
. . % Hadamard (H) [H]| A
Unitary Matrix UU™* =1 U .
w/8 (T) Tk b o]
Pauli-X (X) — x|~ [ ] o ;1
| (CNOT, CX) —h— oo 10
Controlled Not ) g (l] '1] :; l[: e s R
CNOT Cx A 0 0 0 ] Controlled Z (CZ) _@_ 4 |:|[: ﬂ (1] _?l
( » CX) T oo 10 ot
SWAP >C I e
Hadamard (H) —H|- % [; _;] w1 [ IR




Part Il. Shor’s Algorithm

Y4 NO| HIXHY Of+8 HIE S0l Y Chet A7 2T E0| Tohs Yn2lE

1. 9|9 M= 1<a<NE MEHSICH
gcd(a,N)= A4Atotdd, 10| OfL|2tH ged(a,N)= EretotC},

2. & f(x) = a*mod N F7| rZ AlLtSICE,

3. 10| 2EtH 12 | ZO07} ChA| A| ST

4 az = —1 (mod N)O|2}H 12 E|S0t7} ChA| ABBICE,
5. gcd (ag —1, N) , gcd (aE + 1, N)% HtstotC}




Part Il. Shor’s Algorithm

a’” =1 (mod N)
(ag)z — 1 =0 (mod N)

(az+1)(az - 1) = mN

= gcd(ag -1, N),gcd(a% + 1,N)




Part Il. Shor’s Algorithm

¢
N?<Q=29<2N?=>-—=>N
r
772l qubitsS %22‘& x) = (}2;1 1)) ® (F22,-0l12)) ® -2 7|2}
Hadamard GateE A0 =2 Tt

= ot

f% quantum Iog|c gateE T8 (repeated squaring)
P

% Zo %, 0™ = =320k, £ ()

2o q7H°| qub|t501| QFTE &

2Tixy

LROAROTie O 1y, ) = 2N B0 S s @

2Tixy

e ||y, 2)




Part Il. Shor’s Algorithm

.o TMTY
sin
1 Q

Q% sinz Y

Q

Pr(ly,z)) =




Part Il. Shor’s Algorithm

r
y—zcEZ

Q

y C
QNr

d c
= — X —
S r




Part lll. Quantum Cryptology
Part Il. Shor’s Algorithm

M4 NS HIRY 44S HIE 20 O3 Ok AlZH BB E0| ot ¥m2F

1. 299 H X"A 1<a<NE A—IEHoHZ|-

= L- "1

. 8 f(x) = a*mod N8| F7| r= A|LFSIC},

3. 10| E42tH 12 Z|SO07F CHA| A/~ ST,
. 4z = —1 (mod N)O|2}H 12 | SO0}7} CHA| A|SiSHCL
; gcd(ag—l,N) gcd(a2+1 N)o HFSHoHC)




Part lll. Quantum Cryptology

2. & f(x) = a*mod N2| F7| r2 Al LtetC}.




Part lll. Quantum Cryptology




Part lll. Quantum Cryptology




art lll. Quantum Cryptology

Moore’s Law: The number of transistors on microchips doubles every two years [egWeuE
in Data

Moore's law describes the empirical regularity that the number of transistors on integrated circuits doubles approximately every two years.
This advancement is important for other aspects of technological progress in computing - such as processing speed or the price of computers.
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