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ABSTRACT

Quantum computing and quantum technology are considered revolutionary tools that overcome existing
limitations and provide new paradigms in fields of cryptography and defense. Despite their significant potential
impact, quantum coding, which enables the utilization of quantum computers and technologies, has received
relatively less attention. Recently, the rise of user-friendly quantum coding platforms has created an
environment where users can easily write and execute quantum code using real quantum computers or quantum
simulators. This paper introduces commercial quantum coding platforms and explores qubits and quantum gates.
Furthermore, it describes the implementation of a Quantum Ripple-Carry Adder(QRCA) circuit using IBM’s
Qiskit, based on the classical RCA algorithm.
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Table 1. Effect of X gate

Gate Input Output
0> 1>
X gate
1> 0>
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CX Alo|Ex 2-FH]E Alo]ER, A|o] H] E(control
bit; c)9} A} B E(target bit; )2 AT X 29}
Zo] Ao} vlEZ} 1 AFeld wiik ik v EL] Aol
X gateZ} HE=]o] vbA=E=d o]F Eal x| 93
JeE AV 22 ¢ gl

A Aablx] 71edERel X AlolEE
CX(e,t) = (c,c®t) 2 T3E = 9lr) o] & 2oz
Fdspd (3)7 2o Aok

1000

(o) o100
CX—(OX)_ 0001 )

0010

o5 591 00> &= CX00)> =100> 2=, [10) =
CX110 ) =[11) 2 AR o= ok @6)2F 2ol
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Table 2 Effect of CX gate
Gate Input Output
control bit(c)| target bit(t) (e,cPt)
0> 0> 100 >
CX gate 1> 0> 11>
0> 1> 01 >
1> 1> 110
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Table 3. Effect of CCX gate

Gate Input Output
control | control target
bitl(cl) | bit2(c2) |  bit() (eppener 1)
o> 0> o> [000 >
1> 0> o> [100 >
cex |10 1> o> 010 »
gate 11> 1> 0> 111 )
o> 0> 1> loo1 >
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1> 1> 1> [110 >
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from qiskit import QuantumCircuit

circuit = QuantumCircuit(3)

circuit.x(1)

circuit.h(2)

2. 32 2 i} #A s}

o] oflxk= ZIell BlRolnR HHM3b} D ashA] gtk
3. Bz 5 Al8ste] A

from qiskit.quantum_info import Statevector

state = Statevector.from_instruction(circuit)
4. A3} £H4

from qiskit.visualization import plot_bloch_multiv

ector

plot_bloch_multivector(state)

A o el QiskitS EHEsl7] Slelix=
pip install giskit M= £ qiskit 7|A= ¢4
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A0 circuitx(1)¥} 2ol 11 R ES AAska, 31
A 8| Eol| H Al EE #4324 circuith(2)E A
gallof girl Yl A oA 322 vl 2]
o] Exor o] 3| RE AP AS Aok gk
Fro] 542 Ews 5 53 o AdeE Al
S 2 FRER= Zlo|ng A3 B4 dAlA ERs T
= Ho5= plot_bloch_multivector <12 A-4-3
of gtc}, Wlof] oJspd E-235 75 nH3lr] fleial
Statevector Z+2 JHsljof sh=t]| o|= 94l = A
3] bAoA Statevector IS 2REs|of 3t} oo
w2} StatevectorZ} circuit®] FH|E A B E 23}
a7, ©]& HIEESZ plot_bloch_multivector&<=7} 52+
3l ARgAP} il ES AelE RS 7 HeE 2
T oA =k

o,

1033



The Journal of Korean Institute of Communications and Information Sciences "24-07 Vol.49 No.07

E el e oF 279 gk A=, Pythons Af
B3] IBMoflA] ibRE @Eas °o¥7<]' 7 =l
QiskitS E3l o] 273k Al E- |
Ripple Carry Adderg °FA} Rlpple Carry AdderZ
g Zlofr}. vk o R AkeaAik x| | RellA] 7}
Eohe Aus v 3] 2elx 7Hsshe Zlo] wlg- 51
oA o] ZAAAeletar A ek s1A]1E Shor ok
a2]Fe] gl wAlE ek Aol = 7kt
7] 327} ARgE=d], o] wiel oAk sl darelE
2] H]8-5 HAstele = A w3k 25t Z1slE e
SJe}N1618]

‘_L‘H

3.2 11 Ripple Carry Adder s|2

Ripple Carry Adder (RCA)+= 7|82l o]z B5lAl7]
22, Ziebela Al 73 aS Algglich o)

3| ZoflA] gk We] FhHe T IR T
e AR A9 B, IS Ve S, iR 3k AR
& cE FAEk 5= 4,9 B, C& XOR 4k
g how, =erleR vehd 5 = 4,0 B, C %
A2tk G = ivE Al AR sEE Vel E
o EelrleR O, =A,B+A,C,+BC, =
peRd 5 glek v+ E2IRHOR) 4R ol

18] 2% 4bit FHNE Holin=4)S J=gkS A
Al RCA 3|2elek™ o] 1jolld] 3 4 g1,
RCA 3|2 A48 SA7]7h 49 Frolek. WA
A A QA7 el A3 B, G723 XOR 03&8}04
Syike ARITE o714 #H 22 A=) 7l G= oA
HHtel glerz 0o® 5915}5&4. Tzl
ABy+ A,Cy+ B,C, @& Al ¢ 2 A8k
o S| = Btk o] AAE 4WiA BiAlz]7bA] 7
A 2L 5719 S5k A SAr1e G T
ek HFA 0@ o Bze] e 5 5 rs)

A 4BIT RIPPLE CARRY ADDER

B3 A3 B2 A2 Bl Al BO A0

I

B A B A B A B A

co

FA Cin FA Cin FA Cin FA Cin =10
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J7 2. mE EF JE 7Mb] dEe
Fig. 2. 4 bit Ripple Carry Adder circuit diagram
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33.1.1 AXRE gt 8l
o] WA= <1t I RE
AL AR wiEly] $13k AP ARE d] H H
e Tlo]yl Fort AlgslE Aol
Code 13} #Fe] tj&lar A2 F 2} A5 ol
22 puml, mum2 2 AR 5 F 2 3 7R

H]E Zo]| & A3}e] num_qubits ol A7}, o]



=/ IBM QiskitS #-8-3F ofz} 3|2 73 4
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num_qubits, num1, num2 7S 54 3|2 73
sl A= circuit 22 A A7)

numl = int(input("ZHA = 4 1)
int(input("FHA 5 94 1 )
num_qubits = max(numl.bit_length(),num?2.bit_len

gth()
circuit = adder_circuit(num_qubits, num1, num?2)

num?2

Code 1. Input value initialization

33.1.2 FHIE g ok} 3w Ao

oAb Aiks Hlsl FRIEE 9sle vl
Code 2= o] TS Fash= F=o|r} te] FHlE
Z 28A22 Aojd & 9IA QuantumRegister®’=-
Fgafolrt. JEe A%t BE o) 3|2 Aol 7313}
71§13l 2 num_qubits WHE-e] FHIEE Sty
A%} Bk W55 AA3I9ic) 2F ©A|mle) Cin, Cout,
S 35 Ankebz] 918l num_qubits g FHIES S
wigkel wix|Rt sle] v ER Qs F ¥|E 47 ) =
olvhi= A& 3] Cin HA2HE VIS 1=
el olelat Alte] AakE Zsle] Al v]E}
1)¢] Atell 2 *#Fe ClassicalRegister = num_qubits+1
U H|EE Sk resultzhs WEE XA

from qiskit import (QuantumCircuit,
QuantumRegister, ClassicalRegister)
def adder_circuit(num_qubits, num1, num?2):
A = QuantumRegister(num_qubits, ’a’)
B

Cin = QuantumRegister(num_qubits+1, ’cin’)

QuantumRegister(num_qubits, ’b’)

Cout = QuantumRegister(num_qubits, ’cout’)

S = QuantumRegister(num_qubits, ’s’)

result = ClassicalRegister(num_qubits+1,
’result’)

qc = QuantumCircuit(A, B, Cin, Cout, S,
result)

Code 2. qubit allocation and quantum circuit declaration

3.3.1.3 oA} HA|zElol| -7k 24

Code 3-2 ¢J3uke A, Bloll 2| k=) #%|~H
AS} B FR|Eo]| 7} o]x142] xBlg]| ule} X Alo|E
£ H83l= F=eolrh

oIS 50, Adll 45 fnker] o3l 714 100,2
2 Uepd 4= 311 o] 5 o=} HRI2E] Aell [100 ) 22

do

ai

3 - 0 1 2

C
T2l 3. FHES 100 ) 2 AAste 248 32
Fig. 3. Circuit to set qubit to [100 > and measure

dolek. 7] 32 o] AH R w T Afelrt 3
WA FE)EQH FH|E)out X Alo| EE A-83}ar o]
320 FH|EES =2 Ak 100 ) o] vt

bin_numl = bin(num1)[2:].zfill(num_qubits)

bin_num2 = bin(num?2)[2:].zfill(num_qubits)
print("B]E <= : “ num_qubits)

for i in range(num_qubits):

if bin_numl[num_qubits - 1 - i] == "1":
qe.x(A[i])

if bin_num2[num_qubits - 1 - i] == "1":
qe.x(Bi)

Code 3. Apply input to quantum register

3.3.2 RCA 3|2 7 ¥ ALK} =|X5}

Ao gl #gle] o] Foix|= wAlo|et A
RCA 3|2 S S, = A, BB, BC, C  F=
Gy = AB;+ A,C+ B,C; 8 ARk wsir}. ozt
3| Zell = w4 3|2} 22 A} wmFo] shssich
Code 4 £ 5141 A1) W 34& Falel Fmolo),

for i in range(num_qubits):
qc.cx(Ali], S[i])
qc.cx(B[i], S[l)
qc.cx(Cin[i], S[l)
qc.cex(A[i], B[i], Cout[i])
qc.cex(BJi], Cin[i], Cout[i])
qc.ccx(A[i], Cin[i], Cout[i])
qc.cx(Coutl[i], Cin[i+1])
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gc.measure(S[i], result[i])
if i+1 == num_qubits:
gc.measure(Cout[i], result[num_qubits])

return qc

Code 4. Addition operation implementation code

7 i) lES S A, B, C, & AlolER

3= CX Ake shar SAE ] resultli] ol A=)
C,y= ASEB, BEYC, , ASEC, & Al ER 5}

o] CCX ke ralfsla 1 A3 xﬂﬂﬂ]Ei G,
& BR H|ER 3lo] CX adrks Rt o] e
v}z 2} n-bit7bA] 3lEpd Cout X resultn]ol =
AslaL 3|25 oIk olE o, fvEr) 27)3H
o j0) Aelelez ¢, = IWE 0) ol A7t
1>,B7F 1) olzha 7Hd3ke o, S;= 4,9} Byl
of3) & 29 CX AlelE7} g2tsle] 0) ol G, =
Ayt By 25 1) o]7] wiEell cCX Ale]Er}F 1¥
E2Fste] 1) Adeizt =ek

3.3.3 -_r"°45._ UKL 5|2 Al

A T =] 3|2 o] o} Eivkar sHdEl
70| 0}\44 o ARE dshk=Aol we} 3|2 A3
ey} uld 5 glrh & %roﬂﬂ 83k oA RCA
32 A3ER Al B 54 AaE Y] fﬂl—‘”roﬂ
A%l FRIES] At o > QL 1 1) QA gheel] B
= Zlo] nigk)3ltt. Code 5+= ool a3l ook

M>

from qiskit import Aer, transpile, assemble
simulator = Aer.get_backend(’qasm_simulator”)
transpiled_circuit = transpile(circuit, simulator)
qobj = assemble(transpiled_circuit, shots=10)
job = simulator.run(qobj)

result = job.result().get_counts(circuit)

Code 5. output format code

qasm_simulator®'= qiskitel| 4] Xﬂ% = 7189l
wiole AlEole R, 2t 3|25 FF 7Nk Alo]E
AEZ wglste] oinie] <zt 3Rl H3sich
transpile = 3 ZoflA] AREE Alo|EQ] 445
54 AlEYlelAddl 2t A s}sle] Ak Lt A3}
o] o3k Fr) assemble TIPS E3) 322 ul
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cout_O:
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Fig. 4. The circuit that operates when 6 and 5 are input
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print(circuit)

print(result)

Code 6. print code
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?ﬂXIiEi of| H-8-A1717] ¢l 0H, 21 FH]Ed]] X 71101
E 255 s B 5 vk
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