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ABSTRACT

Recently, researches for quantum computers have been carried out in various fields. Quantum computers performs
calculations by utilizing various phenomena and characteristics of quantum mechanics such as quantum entanglement and
quantum superposition, thus it is a very complex calculation process compared to classical computers used in the past. In
order to simulate a quantum computer, many factors and parameters of a quantum computer need to be analyzed, for
example, error verification, optimization, and reliability verification. Therefore, it is necessary to visualize circuits that can
intuitively simulate the configuration of the quantum computer components. In this paper, we present a novel visualization
method for designing complex quantum computer system, and attempt to create a 3D visualization toolkit to deploy large
circuits, provide help a new way to design large-scale quantum computing systems that can be built into future computing
systems.

FIYUE - opx A3, A B2, 5= A2k ThekA 4|7k, B2 2145}
Keywords : Quantum computing, Quantum circuit, Circuit visualization, Scientific visualization, Circuit optimization

Received 30 June 2021, Revised 15 July 2021, Accepted 21 July 2021

* Corresponding Author Dongsik Jo(E-mail:dongsikjo@ulsan.ac.kr, Tel:+82-52-259-1647)
Assistant Professor, School of IT Convergence, University of Ulsan, Ulsan, 44610 Korea

http://doi.org/10.6109/jkiice.2021.25.8.1060 print ISSN: 2234-4772 online ISSN: 2288-4165

€9 This is an Open Access article distributed under the terms of the Creative Commons Attribution Non-Commercial License(http://creativecommons.org/licenses/by-nc/3.0/)
which permits unrestricted non-commercial use, distribution, and reproduction in any medium, provided the original work is properly cited.
Copyright © The Korea Institute of Information and Communication Engineering.



OFA 37E](Quantum Computer)= A 7] &2l A5 &
Ak Z-g-3h= 314 7 €| (Classic Computer) 2= Tk
27 opreiste] Uele A gsto] Qa4 olehe )
ol AlA|= v SATH1]. 574 FolA i dd57E
o H]3) TS M2 &2 olsbo] 7hs ik kel Al o
HIrEloA AREE= HIEBI) Al
PASH WHEAS BEY F Y= FIE
(Qubit, Quantum Bit)S -8 HHE A 2|gte}. whzt
A HE AL A ALE-EE= =27 0] E(Logic Gage)t
= 24 FHEE Aold FAAO| E(Quantum
Gate)& Z-83ItH2]. A FE = A @ (Quantum
Entanglement)©]u} FAE3(Quantum Superposition)
3} 22 chre FAlelaly FAS S Beelo] B
o A AR QRS AW, o] uf APH d
TS oS fslide FAACIER o]fojxl %
Ap hare| o] gt ofulet A FE 9 EelH
A FHIES F57, HiA], 924
2 FArdare|Ee] A=
e Thekth asEo] A YaelEY A4k
I Aol G 7127] vizol FAHFEE
7] Sl PHAEY BT T A9 ANAEE P

Nl E]

5He Ao E Bk olUet B Hel FAER
o] 74, B Hobt e AR Aol 5 Be 2k
S TET SRPTHAT AL AF] ojFolA

of .

THPFE ] vl FAAFE L 5 FEelA &
U3 S Mol A0 P} Al EES B
§3tol SouIEt AT A7) SISAL W 50 ]
E7b B3, 4] Z PAAFEE TS FulE
o 27t HPHO R F71e A FAUFEE B}
of elg 4= Gl R P X 5H 02 F75] o)
ol e 0] Bel2ol Fu|ES A 4 U P
AR Aol A AAHOE o]RolA 1 glrk
[5-7]. olefat FaFeE ] FABRE TABHE PR

of thgt e FHS/HAN =8 S-S Hlsl TA2=
o] 74 HRE Moz utot g " Q7 gk E3E,
AL ArbE st A O] E Bk okt &
2|8 0 & JHFE S FA5hs FHIEY A, 5,
2], A2 5 HdRE 84850 G TR

thr 2 UAIAFE 212 3x12 Al2tst 71

QAT R QAL JFL 71A o] A7) WY
3 GFL 71X7) Wie] TRt FHAAES B3
ol o 27 © 2 wfokk 4 gl o] Faste ole
3 PR THAAT YB JFS 1
©RAZ A A=Y BFo] o] FolHoket AW
o PTG Bl B IHe FHIRE T
Q) whizel AL T 0 LS Tloke 4 9
£ A P 52 A2ts o] BASIEHS). of
e PAUFEE TE] Aol Bag el T
2 A pAAlo| E 2] gt A Ak T Al
F& 0)HE B0 PAUFY FHALE B
o TP ARE AuHoE BASH: AL oYt
COEECEERETL R SGES RS RE RS
32 A|2}8hS Fof wok Hakael AolA e
AHFY FRE B0l 4R PAAFIS T
$3p7] o] el ©FAZ/ AN YEELS Bl of
T PAPFYS TASE P RS N B8
o2 AT 4 UwF sfob T B ask ek

# ERol st e FARFS T P
828 nrh Ao AZjstste] 054%, 24
N AFL Bk ey

o

cht At G
oh. it QY B2 Az BelAE chopet
%

3
S
o
do
=
W
)

o}
2 oot E R SER e 3k 3= AlAE VWS 5
3 W2 g ol dlolEE 5 dARE 4ol 2
83 Fofnet AHES 330 R FEste] YAE R
£ AZ3}sto] FAsl 2 JEE Ao s uefdd 4
=5 2 ol AAs AT & =] Aol uh
3R o2 Al ZShE FAtE] 2 HE = ot e
2] OS2 F AHA o R Ast= ARE A7
A7) w2 ol 2 Q1 A = A Hof Al 23t
Festth E3 71E9 tiof AT =2 Al
o} oAl o] TRt AR R AEE o R
)

PAB|R YRS AL 5 Y BAE S 2ato]
TR g
[e]

o

%
o
Wi

4y

1

N
N ok
rﬂ-"oli.o

£ @
Ol

; L et ARy 8
1M s Rs Aztstelel Bep B84l dipn
A7FY R4 Jgsiel % BAajo] shssirt
}2 o] Qlth

=

2

fF o2 o o kI N

o

1061



2N B EAISHS[=2X] Vol, 25, No, 8: 1060-1066, Aug. 2021

=7|EAHo=g

) 2 el
o ool sith FAAH

del el i

o PAolER 283t7] 9laf o

dho os e LA owﬁ% gl9] Aof
Q1 FUIEE ofmF Ao R TFA A 9

S EE P RO LR VRS

il

ol
S5

Y
e
K
I
nm
o 9
)
K
o, |
i)
3
N
‘S
f
K
_YE
fm oy
(e}
LS | P =

Ui o0

—LI
ox
E
4
k3

o |m mu r|

Y
-

7 (Measurement) 0}L o E]]—J J—P‘é g AA5}oq

K
_VE

c

(o

T
Y

O

o,
K
AC)
N ¢
filo
ohﬂ
__§‘>l='
A
o
st
2
2,
)
lo
re
i

0):
ol2)7] SllA = maoﬂ et gns
shols}7] 918 iElz o] A2t} ﬂaom

H gbit3
CMOT ghitd.ghitD
T gbit0
Tdag ghit3
CMOT ghitl ,ghitD
CMOT ghbitl ,ghit3
CMOT ghit2 .ghitD
Tdag ghitO
T gbit3
CMOT gbit3,ghitD
H gbit3
H gbit3
CMOT ghit3.ghitD
Tdag ghitD
T gbit3
CMOT ghit2 .ghitD
CMOT ghit? .ghit3
Tdag ghit0
T gbit3

Fig. 1 Text based representation of quantum gates for
constructing quantum circuits

a1 P

el

2o FAHE Pl
AT Zolck. BAER BHE Aol
59l 54 el 54 GAAol st 1
a}orath

18
o

i
o H

e
i)

0 ot ElAE R A AR A

Pl E 2] $Re} A o] e A

Aol T B shoto] HsRkAIRE 2|3 0.

bolzo] 4 4 0E shetehis 22 o e o}

[yl 7H8HE B3 812 A7} Bashckn
=

i
o0, T

O}
IJE D

1

019 U oxt = oflt

5
|
2 O9FX
A,
s
=

nﬂ&!

§9

4 3bit3
NJO%DM cbitd STleT {Tle{T}eo—

T ma
NOTJbﬂ bitd
I
TR HHART The{H
Tobt3
ZNOT 3bitZ.cbit)

No circuit optimization

ZNOT 3bit Lehitd.

Taag ahitd

Tobt3

CNOT ghit3gbit0

H atit3

CNOT qhit3, gbitd

NOT gbit2.cbit3 - —H e o B . =

Visualization
Tdac gbitd

T gbit3
ZNOT 3pit3,chitd
4 3bitd

- Hl{T TlelH -

Apply circuit opt mization

Fig. 2 Visualization and optimization of quantum circuits
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Fig. 4 Quantum gate visualization of large-scale quantum
circuits
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Fig. 5 Data occlusion problems in large-scale quantum
computing circuits
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Fig. 7 3D visualization of large-scale quantum circuits
visualized on the time axis
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