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2 vekd  dvk 28y SA (measurement) 9] FHIE A= FH
AEE e = ok A (e |00, 1) T shuEw S E =,
2 2194 «, BE 27 0D, [1>9 FE ZZ(probability amplitude)®]
g dh F Jal’=a-a'E |7t 002 ZR9 FEolx, [pP=6-4
= |yy7h 12 54848 FEolth o, FE & loJojof stnE F
AT o 5 2 22

lal?+|3]* =1 (2.2)
noh guwsow obdle] 4 23% WESE FE v, [dy). o |6,)
’E‘—/‘\-—'}l: Ciy Coy 7y Cnoﬂ EH‘S]’O:‘I 01|¢1>+02|¢2>+ +Cn|1/}n>% %‘7;(;1]

FHiEl stk A 7A] dld AP AT JA] dEHIVE He RS ‘THY Y
(superposition principle)’'# gt}

eyt Ty + - ey, [ =1 (2.3)

ad AR A AN &3] HE 4 A& 000, 001, 010, 100, 110,
101, 011, 111& dH7}2E ¥ (Cartesian product) .2 FoJA|= 3 -HE
33 0, 11x{0, 1}x{0, 1}9] dAa=z A4S = A= AAY I3 Aw
Al FANAE gz FEE n- FHE 71| dA=2 o]l d 5 3l

o FAHA (quantum system)oll A1 34 Al (composite system)+= & &

W2 E F7HHilbert space)s H-++ 7 (sub-system)& X §3sl= HZEE
o E ols|d & Utk o] HAE ViEst] #1% FA =77 "A
# (tensor product)e]t}. & 5o BN #& 7|38 =2 %7 o, A
Aol 247t ny, nyQl T EWEE FHg #H, H,ol diste #H, H,E F
PAZ x3gsts dWMEE 33 He

H=HH, (2.4)
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(1t + 1y ) R = p, @Y+ 11, R (g, W, EH |, VEH,) (2.5)
M®(¢1+¢2)=M®¢1+u®¢2 (NECH)p (O ¢2E%2) (2.6)
M) =p® (W) (WEH,, YEH, AEC) 2.7)

AF7HA Y == FAA WY A Al(classical system)E 2 H W
Hop PAIHoZ o]af| g 4 Qlth. XA W] A= e FEE
Z2Aq F 9o}, M Adaee wAe ud AR Ar B4 1

1

SuEe] g 03 19 27t Quly

d

aC ac
welw=[4o|d=| &= 29)

b[d} bd

10) FAF ALY o] BollA EMEE )=, old d&ste d=2vE A A

W E] (Hermitian conjugate transpose vector)S (- |2 #7]3}+= HHS ‘Bt
- 71 $%7]%(bra - ket notation)’©o]2}aL 3t} ojw] AWE |.)>Z A WE (ket
vector), AW (| & B2t WE(bra vector)gbal =tk
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N2
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JJo
—_

A

l

6‘:4
—©°

of A7k ojw FEj7E &

5
T

t}(McMahon, 2008, p. 121).

4 o]
A (projective measurement)1l) & =2 of A

=

(Born’s rule) |

T

A
Born® Tt

—

L S PR R R

3l & gt

2]

st

ul-
=

_E_l

(2.12)
(2.13)

o A 213% 2

st

=

| M, My

1

2 kT‘Afk - Idn

7

Ak

o, 7|4 be(L, 2, -
P(b)

‘Q]EI—?:!] {M7M7 o

=

=

=

|y

4 qlatz)
= A5k

=
i5e)

= 2 214¢ %2

e [y

e [Y>7r (b & AbdE A 2

A

(2.14)
2 A3 2924 ‘von Neumann

Hx

2
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stH UAAE D= A2FAH(density operator)?) pE 7|EWS AT

befl, 2, -, K}E S FES 2 2159 o] vEE F 9l

MbprT

P = m (2.16)

3. FAF AolES FA =

A ZHAFHY FHedoE HE 49 ARE AU 2]
gk = Alo]E(logic gate)®t =] AlPJEES d4g yAYE 3=
(digital circuit)7} E=Agtth, &2} HFHAAE oo A&t Mdo=
A %z} Aol E(quantum gate)®t %A 3] Z(quantum circuit) 7} A 3
ot A AlelEx= fryE e W3Hunitary transformation) 2 fr U H g
8 E (unitary matrix)2 7]1%% 4 Arh13) olu fUEE PP S
2 AAE st dE S Yr e

T

UUt'=U"U=1d (2.17)

12) % AR pE p =p, p=0, Trip)=1< BHEaE AR, 5 A
(pure state)9} &3 “JEl(mixed state) R Xz
$3F & Fo]th(Scherer, 2019, pp. 43-44).

13) FAHAIS] &FAF Aol EVF =& (norm)S HE8H
olff= A9 ¥ sS4 (wave function)®] =Fo
(Lala, 2019, p. 103). o714 35 = W)

2E ¥
FAAC el e BE ANE I Y= Bk F4E

<
Ll
1_,/
%
ol
ol
rlr
OO
X
Y
T
N
>
ol
ol
N
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%2} 3] &% (quantum circuit diagram)= [Z2¥ O-3]13 Zo] A4k A
ol]Es}t FAHd (quantum wire)& HWERWE ol (YA Al E -]y,
U, [U), [0 5 FRA -4, £y £)S o183 THAEE S ek dnkA
o7 Uz IrLE JY FHES FHZd YXA7|aL, oo Fgate &

] A

=
A AlESS Ao dA&HA oz wjdgorn 2 ST

r—-input-—— ——————————————————————————— 7 r———output-———
¢ ,
| 1 la0) = Uo U |d) |
| [ [ |
| I 1 14 AN , N
I|q0>®|91>®|‘b>ﬁ|q1> U, : ] |q1>ﬁ|q0>®|q1>® ‘12>I
| [ U [ |
| || ) 30, 1 |
: ﬁ |QQ> : |QQ>}_: :

ol [re T-dl= Al ARl Ak AelE Uy, Uy, U7k 88 5t
of Al 2Hgste] FHE |¢He st i Rl
|4 U U] U lq>

o
£

(2% [-4] ¥A 3 2eex] A& Azl
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l¢ >=U,U,U,l¢> (2.18)
\3
W] M Ase BAd FHHE Ao, o Aol FA
3 "M S FgozEH YERI 01 (2910 5]~ xﬂ 7H4

|q0 @ q0>
|q1 @ Q1>
|q2 @ qy)

= (Uy®U,®U,)(|¢0)®| g, )®]|qy)) (2.19)

3.2. 938 7HA FA AE

n [e]
Fa} Aol EE nfln—fold) VHMEE Bk HE\H HO"2e] S1E

= = A
14) A & A o) @|2)® - &, )= AL |2y, w, g -
3k 2= oith = 24 219= |q’0q’1q’2>:(U0®U1®U2)|QOQ1QQ>
LE X < 1y, T .
d o gl

_23_

A &t 8t
¥ s



g wWslow Aogm H®'ol Ak 7] A (computational basis)oll <] &l
FUHY P2 7@ 945 59, H(=CHAA HZ FUEHT
Hslo g Aolx= e FH)|E A o] E(single - qubit gate):= #H< AAk
7174 {10, [1)} gl A 2x2 fFUEE P82 7lsdn. FAREA #97
(=CHellx H**z29] FUEE WMoz AHoHE 2- FHE FolEx
H22 el At 714 {[0% 11 [2)% [3)*={]00), |01, [10), [11>}16)
5}01]/‘1 4x4 FUHE FE= 7lsd

1 A AFEAA FdH= e A2 54 ol dH = F
o]l:— o]eﬂ ] ALJJ.Oj\o] olg],] ]xL x]x4 o7 5450].7*» 2=
Ae 9]“]5“4 ’“Xﬂi FUHE FEE VEHeE B A A
A 217=25Y s =¥ 4 9+ Al4hreversible computation)©] Tl
A%k 7}9.“3% A AND Alo]ESt o] H|Z7FHAE S A
2] A4k ojH] @ o (Moran, 2019, pp. 84-85).

oo wg ZRaddA dAE TRAE JAE fE
gl %J‘l} gd FHIE AJES} thE FHIE A o] E(multi - qubit
A dobith s A ACEEE A7] A4l HEH ALl

o
HEH A= FA Aol Eoltt

%2
1‘

x2  ift

o,
Y
rol
o2
2=

|

r
ri

‘r a
N
X
r1r r

7h @l FHIE AlO]E(X AlolE, Z Al°lE, oltirtz AlolE)

X Ao]Ex 1-FHE z&3E= T FHE AoER C2eo At

15) oA7NA K= HE nH A F3 HQHR - QH S F7]3F 7] T olth

n7l

2 Z3dHE #9"9 A3+A 1L7] A (orthonormal basis)E #H "¢ A4 7] A
= ﬂﬂr(SCherer 2019, p. 87).

16) 1% |z)" (k=0, 1, -, n—1D¥& nA YHIZE I3k H¥"o] BE AL
Z1AZ 100 - 0D, |00 - 1), -, |11 --- 1> o] AHH=E Jdaas
uj, oA Axk 714 |00 -- 0>ETE1 kA AL Z1AE gugit. =

[0>2 =100, [1>*=101>, [2>* =110, [3)* =[11>%¢] At}
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714 st <:E O-3>¢ H} #e 2 TUHY dE= VeHH,

X2
YA SR D 22 AEZE TdET

<E O-3> X Alo]E9] A4kat, A4k 23 32 14, A=

(1) A2 | 2 a2 A5 | @) 92 za (4) A=
o |O> — |1> 0 1 TN
X X
C D e 0D [1 0] U

X AlelEx= 117 #H3FES] NOT AlolEe] tl&5= A AJER $xb
NOT AlelEftax Edr) HAARZ X AoEw <& [0-3>9 (2)9 #o]
00 [1), [1>& [002o® HFAIA 17 NOT AllES 5ds o
< FRIT S gy FHEES AR d3A7=, ol 2 <
HZHRE X AoEE HE HE Aol E(bhit flip gate)eti1: FEt}
Z AlPlEx= 1-FHE| zH&3t= oY %’rHlE ﬂlolEi C? 4 A%k
714 stell A <E IM-4>¢ I} 7S 2x
G B REAAE DS 22 AERE xdHETHID

<EI-4> 7 AolEe] Az, A A% 48 5@, 42

(1) Axk=} (2) |4 A3 | 3) FE £ 4) A&
0> - 0> 1 0
7 Z
< 1> - =1 [0_1}

jud
-/

17) Pauliv= Ax} 285 vF7] Sa) Al 7FA9] 2x2 B4 FES ke

AtH(Lala, 2019, p. 104). & HolA A3l X ACJES Z ACEE Z

NE o, 0.2 ZHHE F28 X PFD(Pauli X matrix)?} &2 Z F&

(Pauli Z matrix)ol]l th-&¥ ot wjiol Fap Algkel #3 Fdd A= X Aol

Egt Z Alo]E9 AMAR 5,9 0,5 AFESV|IE St 9gE @El

7|3 RTE X9 ZE AH&ste Ao] dRbA o]tk (Scherer, 2019, p. 171). &
=i X AelEet Z Alo]ES] AMAR X9 ZE AMESHL

2t}
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7 ANEE z&{0, 1}o] thate] 48 FRE |[2)5 (—1)"|2> 2 AMFE
th &, <F O-4>9 (2)¢ #o] & FHET 0> Afoles |00
age 93, (19 A9 —[1)g FHanh odd 3 2

el Z AlolEE 9 d3 Aol E(phase flip gate)gtilx F&

oltiut 2 Alo] E(Hadamard gate)™= 1- FFH|Eol] #Fg&3l= @ 4
E AJER C*9 A4t 1A oM <F O-5>9 )3 2& 2x2 &
Hel dd= 75, g2 JREdA= o 22 AE=2 xddn

1 5
]

<HE I-5> oftjulZ AlolES Axz} AA A7 38 g3 A=

(1) Axk=A} (2) A4k 23 3) ¥4 % 4) A&
c 105 > | 4yim 0>+ 11> 1 1
V2 V2 V2
H . . H
e R N S v
NG V2 o2
ofthul2 slolEx <E N-5>¢ ()9 o] Z7te] Y FuEES I8
Z1Z&9o] dhizle] BF sdg 45 TFH FEHE WIS Eo oo #Zo]
ofrirta AolEl 13 Fad AR 549 FH FUE FHIve
Houiy ¢A dngdFeA 714 A4 45& FAsE FH )

olER oAAH, 7P 9 AMSETHAYE & A4, 2020; Lala, 2019;
McMahon, 2008; Nielsen & Chuang, 2010; Scherer, 2019).

U 2-FHIE AloJE(AHAE X AlolE, #A|oE Z AlolE)

Aol E(controlled quantum gate)™= UA} 3 2o ZA
TS 7387 fdl AMEE = FA AlolEE, Alo] FHIESE A T4
ESf "M w HHE Y FHIER zted d&5 59, 2- FHEA #
§3tE Aoy FA ANEE Ao FHIE [are} tId FHE [yl o
3t |ab)=|la>R|b)E ¥4 FHERZ won Ao FHE |ap7} [1)
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A Aolw i FHIE [byol] Tz FUEE AxS A .
Aold X Aol E(controlled X gate)= 2 - FHIEC] &8t thg F

HE AolER C'e At 714 stoll A <& M-6>9 ()7 2L 4x4

Uy dE=E 7edn, ¢ I 2RdAs Dok 22 AE= gddh

<E O-6> Alojdy X Alo]E9 AR, A A3, dE, A5

(1) Axkzak] (@) A4 23 | Q) B2 x4 4) A&

. |00> — |0()> 0
! : J\
1 X
0 NI

« 01> — |01>
e 10> > |11)
e [11) — |10)

CX

OO O
OO = O
o OO

Aold X AlolEx ()¢ o] Alo] FHETL [1)¢] 45
HEo]| X ACEE A g3l )

Aeld Z Aol E(controlled Z gate):= 2 - FHIEJ 283t U3
HE Aol C'e At 714 sl <& O-7>9 (2)9F & 4x4 FY
He gE= 7jsHn, g2 s2roA= 3 2 AE= nddnh

=
=
o3
=1

<EO-7> Aojd Z Aol AxxL dAq Ay ddd A&
(1) AX=H| (2) dd4F A3 3) d4d 54 (4) A=
* 00> — |00
1 0 0 0 ?
7 « 01> — |01 0O 1 0 0 I
¢ 110> - J10> | |0 O 1 0 7
0 0 0-—1
e 11> — — |11
AAd Z AelEx Aol FrEZL (1)1 Zfolut ti FulEd Z 7
OJEE AHgele] &HI F dg FHIEZF (11> Agont S
A3kste] =3t}
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o 3-FHIE AloJE(EEY AOE, Ao-Alo]q Z AlE)
EZ7 Ao E(Toffoli gate)s= 3 - JFH|Eo| Z&3l+= U FHE A
olER C®Y AN 71A stellA <FE OM-8>2 (3 #L 8x

8
FEE VleHH, A4 JREAM= D)ok 22 e xddn

<HEO-8> EZY AolEe A4bA, AA Ax 31 A=

(1) 2= (2) A4 A3 (3) ¥4 %3 (4) A=
« 000> — |000
» 10015 = 10010 | 11 ¢ 6 00 0 0 o
* 1010 + [010> | [0 1. 0 0 0 0 0 0
00100000 X
CCX * [100> = [100> | o 0 0 1 0 0 0 0©
e [011) — |011) 000O0T1O0O0O
00000T1O00
e |101) ~ |101) 00000O0O0TO 01
e 11105 > (111> | © 00 00 0 1 0
e [111) — |110) N
EZY AoEE Aoj-Alold X Al o] E & (controlled-controlled X gate)
St E EgH 2™ 7558 e CCNOT AlE[xd EZE AolE]e o
SHEth &, Aol FHE |abyot A FHIE |cyol st |abe)E
g FHIERZ wow JF -89 (2)9 o] Alo] FHE |ab)7} |11)
Ql 74 g-of ut

g FHE [crel X AEE A&3te] &3
& 7 Aol E(controlled—controlled 7 gate)+:= 3—%H]E°ﬂ
Agets OF FHIE AER C°9 A4t 714 sl <E I-9>¢
(3 2 8x8 wHHY dE= 7w, FA IJREAM= (49 2
S A&z gddr. Aoj-Aold Z AlolEx Ao FHIE |ab) et WA
FHE [erel diste] |abe)E 98 FHIERZ rom <iF 0-9>9 (2)¢
2ol Ao] FHE |aby7t [11>20 Af-olvt tii FHE [crol Z AlolE
Agstel st &, 48 FuEZE 111> A felvk 94S A
=

2,
2
!
2,
2
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9]

I-9> Aoj-Alog Z Ael

—-—
It

<

T s
L.H \ﬂAII O#E a ﬂArO _.A_l \_A/TA
TEEaRE KL P oo
RERE o n N
o %Vﬁ-& S ol W B
PR o R R
a R < o & p o) wh ~ = 00 =
“lo g n]e o s = S R
O VI T of o oo
< ey X e
) " oo s A W = y _
= nze) < = ] W ™ K-
TR~ TR
, e N o & " "o Ty =
coococooo ™ > ok - A = N
oo | oy oy %o Zn o = Np D T S,
oo —HO o &o —_ ™ Lt 0 _ :.L ~
oo oo OE &O N o iy T T ,ul
mes T Ew U % Poug R . o
(A ceeee heomorg LG et o
& cosco~ooo R = T o . F g »
ol oo O = X ;of MRS ﬂ_.,uﬂ ,Alu
(i coo—~o % T w o T Moo o o~ | M o
- =eees R AR S <ol
@ o = SN E R, % Ltf R LT mr
~ o — —_ .
—~ococooo , = © O A\ R 63 T o N MUT % ,A]L
= .m.M g of IH i my - Moo oI MM
S = I- F= oo s HR Y
>>W\AW\‘I/‘\M/NH L.E WPLALJI,DFWEWM%HQJWMQHN%H
ﬁqmmmmmHH_ o m&%&%%ﬁ _ﬂm%mdﬁoo%
B Dy 1 5 o B2 TS LTI
AET PO A @ﬁmm_z_ézmimg
= = _ = T T A e o
slgzezzzz 3 S R -
@mmoMMIII O r zuMmmEm%Aud mﬂymﬂﬁ.y
S T8 o = -2 T o g
— B fipiiruilTea?
X D RE < ©WE 2 ooz
<! O . RS2
B @) T_M —
=
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FolZ EAlmer AIZE B Ee] A Rdo]l 2w ALk dg s
A GepA| 7] wiol] FEstE Wo]l F8etth ol flE
42 AZF #E 7)) (asymptotic notation)o] Utk HAEA Tr)HE T
o] EAA 7As(essential behavior)ql Al7F @A (time step)E & 2F3}
7] el AHgEH, AAES AdAHeE O F7)9(big-O notation) ¥} &A=
AA3s= 2 ¥7)H(big-omega notation), L8]l O X7|HI} 2 FE7]
HS HA=3 © #%7]¥(big-theta notation) 0.2 FHEHT} o0& F38t4 o
2 7l&sd gen 2ok A AR p R 2 BE AASF poll st

fn) < cqn) (2.20)

f(n) = cq(n) (2.21)
S 5 A ot ng7t EAE W fn)S 5 2(gn)e] F ol
Looba gk wpA o g f(n)o]l 7 I O(g(n)), 2(g(n))el e
o Al & w, ‘fln)S FF O(ghn)e] Fezo FIcha gt

(Nielsen & Chuang, 2010, pp. 136-137).

g 1Al AFHE E7] g wAE HAFH T8 fo®2 UF7)
3] E EA(intractable problem)’ @il dl=d]|, o] &o]&= ‘TFA| 7 &g
< (polynomial-time algorithm)’ o] ™3t =84 /@S o]&3shH Ht} A
Asl 7led ¢ v gF3AZE dagEFe AAds nol et a2

pn)el EAstel &4 O(p(n)e ZFelz=ol ot duelFs waba,
7] e A= g3t dagseR & g ogle BAE o
(Neapolitan, 2014, pp. 396-397). & L= =2717F Aol wmek v
2o vl st FrtsleE HEREE 2842 vges B 4 qdedH, A

AAAA @A 182 0m), 0W’), On’)7AA AEolth et 3



akel 27178 Al w7

A )l Aolvk(o]F<E, 2015, pp. 103-106).

oF 2ynit} 2ujurE apabElo] $haL, olo] wheh Fol
A wd AFH T

[e)

T

[€)

L=

CER:

5T
T

-

2] Zj

Tor
Ho
iy
)=
o

ol

FohHpp. 106-107). NP

-

239,]6

=

=

/\’

NP 24

L 3
T

gl

.

A

A

)

o
ﬁo

e

N

no

3

)

&}

S

Q

°]-§

[e)

=

(non-deterministic algorithm)’¢] 7§

=

Az T4

]

7FA =

&

=
5

3 o2e A A A

Ko
=

G Aoz o

<
®
LN
<0
T
o
N
=)

ol

iRkl

= [e)
=85

o (2) o2 9

RN

YA HE
3) W3A %=t} (infinity loop).

=5 eR
9=

=
wAle] Aol o

o

) S

(

o

Al A (1)
2% (3)& FA9 Abelel o

o

YTt (1) ‘o’

-

4

e Agolh

Nlo

}
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AAR HAAA dugdFs T oW ZA9
T O . ©
A EAE ‘Fr(solve) A 9|3},

1 Foa wAlel dlgte] ‘ol'7k W= Abelel tielel A% wAe AR W
o] Bl EAY S7 =4
Aol ‘ol o7t wW Alaldl dated A% wAe At

ol M BAYD S A ¥

[\
N
™
3
N
lo

AZ Al gz Bl go] AaFE HAAdY S Fs I
W A4 dugFolgta &, NP Fe e oA v A g darg
TOoR F T Ue EE 24 EAEY AFoeE B e]fvt(Neapolitan,

2014, pp. 408-409).
7t FH s AoERy NP FUss P FASE AP LHE

o 28y NP S e FEEA P FHie oA e oAV &
A=A = obF THEHA FUThB) ¢ &o] NP FH 2o &3k A
59 AF oAy HAErt BT FUS AL oy, o=

NP X =P Zgx (2.22)

112] & (transformation algorithm)oll w3+ o]s]7} H 3}, W3 <1

= Tl AA A A= 01“4 a4 %Xﬂ B Wsgksto] 7] 913
[e)

S A1 7]+ B & (many-one) %‘—re wait), Y 5= 7E tran®E

18) P= NP2 i E B P-NP FAE obF SHIEA &2 FAZ, 2000
59 ZFdo] 48 o34 (Clay mathematics institute, CMD) oA A A3+ 77}
A A T shyolth(o]F<t, 2015, p. 114).
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=

[4 ]
ol
o,
A
o,
=
=
e
2
2=
2
ro,
B

AL [¥ O-61(p. 413)3 2t

Algorithm
x > tran > y=tran(x) —> for
problem B

Yes or no
>
answer

Algorithm for problem 4

[2" O-6] &A1 A5 &7] SA3 ¥ daug=

AF7hA o] Wt g Y o 4 glie] W
H-g o2 s A ofof 3h=t], ol g e} nf
7hsolth AR Al AR 2R A BE W o =
g o] EAsIH, A AE A4 BE TEAZF 22WE sbssiti e
A&, 713 Ao BE EH3Hpp. 411-414).

NP Zdzeols FEA 92S o= dEA] A AT S, NP
U= e BE ZAE 9FARE HelA Z4WE b ske 7HE
olgl A7 EAgth Wk o] FAE F= A dngEs 2
S F Jud NP FHa o RE FAS 49 04 Yol g
AP daglFo R F 4 Al frk(e]l ¥, 2015, pp. 118-119). =

NP S =P Y= (2.23)

7} =9 EE Aot} ol 3t =242 EAE NP-4H(WP-complete) A
3, et o RE 9lojo] NP FA FA Ao thele] Ao« BE

2A A9 Wste] Ao BE WHEStE 24 24 B
Wk Al NP IS (NP-hard) ol LEhE
Ea

of &ahi NP-dE EAZ 2 4 ok
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NP

NP-complete

Graph Isomorphism
problem may be in here.

Some problem is
definitely in here.

The trivial decision problem that
always answers “yes” is in here.

et
rJ
X

[28] O-7] P, NP, NP-<+Ad ZFej~9 %

2=

2. Grover &1

Grover &a1g]E2 o8 7o AAZ FAHE vAY dolg o] =7t
FolRE W, FAH 545 o8&t 54 AAd AL F U= FA
A g Zo]tHGrover, 1996). Grover ¢ g]&S o] g3d 1d 7
FHolA OW/2)e B¥wg 2k w7z d g4 #AE 0(VN)el
Az AT = A} Grover =L E AFoA] NEE W =
23] TA AAEA, o714 = Grover gl F2 oA F=(pseudo

code)®} F=8H4 FZE ApA|S| 7)Hso

2.1. Grover €13 &9 Al Z =

H| 22 gA FA= ‘N=2"(ne Ao A7|E zt= HAY b
olgjmlo] =7t FolH S W, & f:{0, 1, -, N—1} — {0, 1}el di3}
o 24 flz)=18 T3t o2 Fote Aoz 2dgst £ Q20
20) wkeF AAe]l F M7 N BHoh 22 L2 T3 B N— Lol A

S F7lste] dubAd s elx] ok b ]Eﬂﬂ ]2 {0, 1, -, N=1}ollA &

A AAE gAsitta 713 5 ok (Scherer, 2019, p. 324).
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of 714 TA L] EH3E A
function)2}aL s}
ZF GA= <%

EA4st7] 93 st f& 2bE sk (oracle
a

2 %9

3 Grover &
s

<3 I-10> Grover ¢1g]F9 ALEE=

oA GAE oA =

D n-FHE Z7)9 /%Y YA 2He 1-FHE A7) HE YA2HE F
Bl a2, /&8 HAAEE [0)%, BE g AHE | )2 2785

@ | 100%s g8 WNFo] BE #HEI p-FHE =)0 FF A= W)

3 #% F3 AHold 24 flz)=1& BEsE 2€{0, 1, -, N—1}9] A
|z> 9] 914e WA I

@ | F47 ztzte] AE Sl tete] FE Ao Hito] oiF WAL

® @%@ Ix/u asen

<E O-10>°4 O %7] @A, @F T 94, @& L8F oA,

@E 2H(diffusion) @A, @S HHE GA gt Skt}, o) 93/}%‘ A o]

o8- = Akt gk @A 9 2k
ek star, [y [M-8]3 2o -
B W& gdA7A e HAHS BT xsre dde] WIS Grover WHE
(Grover iteration)®] 2} 3t} Grover &alg]F9 AWHAEQl 4 32+
[Z2d O-9leF #Zrh ¥ AtolA 7hEst
AE Adst7] A8l 283 Grover &il

A AT E FR A EES 2¥ete] AT

g gk

HAES ANG A2d A A o},

N
fo

21) ATHY ZZ M A (processor)7t AlMbs Fests A4t A9 712 9 E
A A ~H (register) g} st} 2 =FdAe 2 Z2AA L} A T2 AA
g PR, 474 dA2HE 1d dAnEY Fa dAsHE BE
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Diffuser

e G e

0>

0>

a

<

»A
o

0w E

A

(18] T-8] Grover &18|59Y =

Measure

Measure

Measure

Imes

=
[ =

& | <

[0

[0

[0

[1

[ T-9] Grover &1g]&59 %A 3|2%

2.2. Grover ¢ 8 &9 7 Fx

dolgHo] o] AAE 4t3he

—_
fite)

0

ojn
N
Mo
i)

—_—

A
L

, ol"l Grover Hh&E2 o]

=]
A(S]T_'T

al

A2k} (rotate operator)E T

3

T
T

THA =

R
=
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t o258 H IHdE HAHE SAHAYS W, 51 AA e #HEEo] AT
o}l A th(Scherer, 2019, p. 324).
W& Al 7lsstr] gk &oe Aole rm
& AvREa, FAAQA F4 F2E GAEE HYerh WA dolHH)
=

ojzel A7|E N=2"(n& AAF)oleta akx, M HE AAZ ol
FoW P S FEsk obd AAE) Y §T:=1{0, 1, -, N-1N\S
& Ao avg /&9 dAxzgE #0=(C)" ez Aosn

- #Hg:=span{lz>| zES}S HC

« Ho= spani|z) | z€89+ < #%©

Trela ofalel o] H O Agate dAibxtel A WEE Aol
oI71A Py, Pg AA Hok Ho 2o A A, Ry, R A7
Hok Hool g b AR ), ¢y A7 a€859% 2€57
H&stes AN 714 |z>Ee] ¥ AP Zgolth

Py:= Y,z <zl « Pooi= ) a)(a]
A=Y IESL
« Rg:=2P—1d*" « Ry =1d%" — 2Py

\/_Z|x> . |¢SL>::ﬁx§gL|x>

oW Abg Aabae] el 4 2247 APtz #00 )
Qoo FH ()& 4 2255 o] AN AR EET 5 k. o
e gyel Sl HEOE BESW, [WE [oR Adetn A o2
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2 e} 22)

P, =1d""—Pg, Pg+P . =1d""

|[9>= (P4 +Pg)le>= 3]

= rES

H1O %7] s |y )Ea & o, oA
o pEA FrE BE A4 €59 4 %
s AAIE 7

125> 7= | Keole> "=

rES

=7] -

& E JEE

-

Grover &g <=9
3

71 8 |y 7H

=l
S wmbEE A i /=Y dAZEHe BE dAEe A

EEP AR

22) FA AA=EH HE oA e AL jed{o, 1,
joll &5 = #9014 3 7Hs §H(compatible) ¥
/=1d"" ®o.®1d% e FHoR Hogit) o

2 &l

c, |z >+ Zcx|x> (c,EC)

o n—

(2.24)

(2.25)

(2.26)

al

=
A

1ol wiste] Q17

FA7 kAR AH

s

olglgt A4S UA=HE

‘9}=rhread-out) L k. Tl o 3= = HOMS QoM pAlY
ZABH (s,-1 s sp)E{1)"S A, B be T/ 8 AW H, 9
FHE AR 5o dSsks F A 00, |10 2 AFD Ftk(Scherer, 2019,
pp. 212-213).



AAE BEsE w7

e X3
ot} o] & 93] A IWEZE Fro] ool o]l FoH = LTF
B4 b 2AGL, o] B4 £E ol ey SUS U] Aol AA ool
ge S AA oz Ni Fuaud fad %ol duew pud
& Qihn A e

1, z€8

.f'{oa ]-7 "%y N_l}_>{0, ]-}7 fo(x)_{O’ xESL
eHE 5 fol W= AAAE n-HE A7 dHFke] 1- 1]
E A7) EY3S AEeed T ol fFYyEeE ¥

& 4= dth(Lala, 2019, p. 208). Bt #pAlsl= e&E dvba U,s 94
A HOHT) A A A A 227233 o] A EEEER st
A% 24 (linear continuation)& ] &3kl K OQH" Ule] oo A
e o sl Ao gt.

U,(le>®|y))= )@ |yB f(z)) (2.27)

23) WA 7]& HE Ad5E oW "Gl Al(factor - wise binary addition) &2,
B:HQHP" — HP", |a>R[b) = [aBb)=®)_, |a;Bb) 2 32
F t}(Scherer, 2019, pp. 206-207).
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.

o,

g AomRE HIOH A JA |rH>®[0), |z>R|1)0] T
Uyol Aak Adb= Z4zh 4 2289 4 2299 2t o] F A& 96t
U, 7t HEO qel dolol Aak 714 x>k HE 7] A [l
o 2] 2307 o] A8FL & 5 Arh

2

ol
-1

Uf(|$>®|0>):|x>®|0@f(:c)>:“iigiéi, iii (2.28)
Ul i) loelere)={|750 725 @)

U,(|lo>®|->)=lz>x(->B|f@)))= (1) |z>x]|->  (2.30)
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Abstract

Development of Quantum

Algorithm Education Program
using IBM QX

— Focusing on the Grover algorithm —

Ryu, Geon
Department of Mathematics Education

The Graduate School

Seoul National University

The era in which students will live in the future is an era in
which existing scientific and technological challenges are solved by
gquantum computers, and new application industries and research fields
are launched. Therefore, it seems that future education should pay
attention to fostering creative convergence talent with expertise In
quantum computers.

The purpose of this study is to lower the mathematical rigor of
Grover's algorithm through didactic transposition and to develop an
engineering tool-based <Quantum Algorithm> education program for

students in secondary education institutions. To this end, the Grover

- 112 -



algorithm’s content system was established, and the restructured
Grover algorithm’s content system was proposed by declaring
teaching knowledge at the school mathematics level within the
engineering integrated education environment through analysis of
definition types and definition levels. In addition, a task based on the
understanding of the Grover algorithm operating principle was
developed, and a teaching and learning process plan was designed
accordingly. Finally, in 2022, the <Quantum Algorithm> education
program developed in this study was applied to the second grade of
high school students belonging to the Siheung Gifted Education
Center affiliated with Seoul National University College of Education,
and the process was revised and supplemented by evaluating and
analyzing it.

This study 1s significant in that it presents the possibility of a
new mathematics subject for the introduction of school mathematics,
as the necessity of establishing a new mathematics subject to prepare
for the future society 1s emphasized. Meanwhile, the educational
program developed in this study has educational significance in that
learners can cultivate communication and reasoning skills. In addition,
it 1s meaningful that access to teachers 1s high in that it does not
involve coding and explanations of the teaching and learning process

are presented in detail.
keywords : Grover algorithm, IBM QX,

education program, pedagogical transformation
Student Number : 2021-21157
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