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o] SO &= XD wWiEE ), #W(Random Access Memory, RAM), SRAM(Static Random Access Memory), =
(ReadOnly Memory, ROM), EEPROM(Electrically Erasable Programmable Read-Only Memory), PROM(Programmable
Read-Only Memory), #t7] wlxe], 2p7] "=z, Fuza 5 Ao shte] Bl AdmAlE 3 o vt
b AFE FX(100)= AH N (internet) AellA 7] HEZ (13009 AF 7155 Fdst= ¥ ~EFH A (web
storage) ¢} #HHEo] 24T T vk, A3t wEejo] i Z|AE dAd B, 2 A oo AFE A &
=0k B A 2 Al mE YEYAF(150)= 499 FEe dHeoly % 4% F& Al

dolo] fFd T4 MEYAE X ATH. & WA A dHE 7eES A HE
oflel, e UEAASNAME AHEE

2

i
9_“

ME 3O
2ol

=
T
a=

i oby
Jo

=
-
H

o o

£ 2% B A A AAde] mE g AFE AAdA FAEE med dskel e v Edolt
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[0043]

[0044]

[0045]

[0046]

[0047]

[0048]

[0049]

[0050]

[0051]

[0052]

[0053]

[0054]

[0055]
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20 EAEE SAES AIA dAlEelT. webA, 2 HAl W&o AR WEE HoluA Fe deddlA
% 29 BAE F AW AFHAY A WA EAE + dvks A =9 FYAA F0F Rold,
T3, = 20 VIAlE FAE(AE o], A HFE A (100) el #wHI FAA W& A = 1S F
Agg fegow dAE & Advk. = 2 WA & 199 BAHE GAE, 79 AHES dE 5o, A HFE
& (100)0l o3 F4d & At

2 Aol A lattice surgery ¥ &% =A(joint measurement)d THF FA| X WHELS Ao fEAE
=+ (Horsman, C., Fowler, A.G., Devitt, S., Van Meter, R.: Surface code quantum computing by lattice

surgery. New Journal of Physics 14(12), 123011 (2012))e] 7]AEe] gom, A7) =& B E5 = =
22 9.

B AN Ead FHES Myx 3oz dadd =g]d FuE: Jon dube] gt A E(dE S,
w24 @919 Universal gate set 5)& &3 AHEA7F ot oo 4AF 3| ZE Fault-tolerant 3HAI(F,
SHE AASIAA) £33 4 v}, Universal gate set2 Clifford €94kl Pauli, CNOT, Hadamard(H),
Phase(S) 9143} Non—Clifford $34FQ1 Phase(T) d3tS X &da 4= 9l

2 MAOA FAL 2 Hox sty FHIE, Aok st FHIE zhgetE Hojx el gzl AolE

/= = (neasurement ) S £33 4 9l

B NG FHE(AE Sol, Bald FHE, =ud FHE 5)i= gxesty pay d4S o] gste] dlo
HE Agshr] 918 Arel 78 g9 k. FHEE dx FH AEUE o]&dle] oy HEd ggHE=
e B BAS 5 9k, OB Sof, FHIER '20%9] FEZ 0, 8049 FEZ 1'% o] A7 g5
F2 BAY 5 vk, FHEES SH(@)E 0 I 2R () Aurk B s Aee 249 5 9
o dg S, Fulee 10 me Mo gz vehie 714 el Adsted, Fa AolEed o8 et
Wsle 5 oo, e, FHEE S3(@3)E o 10 g Do ez 249 5+ . FuEs 2309 W)
HZ %34 4 9o,

B ojAel A kat FFE A (100)%= E} Fob (o] & So], %A ACES ALE 5)L o] &3] FHES

1=

B oA HoE sl Gt sllelEx FA AHENA FulEel AR A4 Uehl: 829 5
Stk Aolw shibe] 4 AolEE FHES FA YHE WBT 5 Uk,

Aol bl A} Ao|EE Fall Adte] o]FofH = Quf. Holx shite
9z} Alo]E Hadamard Al°] Paull Aol E | Phase shift AIOJE(dE 5o, S ASJE, T Al]E 5), CNOT

7-”0]_1; =& §_‘6P6L 4 9},

l m J}E
-1>
iﬁ

[
-3
=
%
09:2
(UL
H
e
o

Hadamard Alo]Ex 10 wx Mo gyz wu = Fues Ay 105 Mo Bad 2a8= 4 4y

—A,

N
= T

2 WEoFE AolEY 4 grl. %A 3 2o A Hadamard Al0]EQ] =g 7%

rr

t}. Hadamard

3

Al EQ] YA V2 d o Stk Hadamard AAH(ID2 X 714 (basis)E Z 7IA R wHF= A4dd

1
1
t}. T3 Hadamard G2HH)S Z 71 A (basis)E X 7|A & vl FE Aard 5 ).

Z
Phase shift Alo|Ex= FHIES 9AH(phase)S WANFE AloJEY < Ar}. Phase shift AlOJEE S AlolE

T AlOlE & 23 & AUt

S AlPlEx FHHIEC 90k=e] 9 WEE Fu dits Fdske AllEY & dnk. dAF B 2olA S AlolE9

[y
(=]

o L I N i I TORPS P S IPU U Y

=

SToolEx: S AolEcy Bde] 3 o A= vl Ao]EA 4 Ur}h. %A s|Roa]  Ao|EC =g 7]E
_ST_
= J 4 9

T AlolEx= FFHIEC 459 914 WstE Fv= ddS Fdsks ACEY & Atk &AF 324 T Ao|ES]



[0056]

[0057]

[0058]

[0059]

[0060]

[0061]

[0062]

[0063]

[0064]

[0065]

[0066]

[0067]
[0068]

[0069]

[0070]

[0071]

[0072]

[0073]
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CNOT Alo]E: 31 WA ] E (Ao %H]E(control qubit)7F el As = wa FuEEA FHE

(target qubit))ell NOT Alo]E AXFS 33l AlolEY 4 U}, A 3|24 CNOT AlelES] =8 7|&&
1 0 0 0
0 10 0
;%; 0 0 0 1
o 5 tt. @ Alo] FHE, D= B FHEY 4= glrk. (NOT AlojE9] k4o 10 0 1 01y 4
AT,

=A4e FuE AHE A A F Uz P, 2e® U2 23 24 49E S5 34y S
Qth. =2 So], TRAA10)E % FZoA X T 7 /)7 AeelA FuEe] e e 4 S
oz, 10 = Do gyz g=a 5 guf. =AM (1100 Z49 FuEe] A7t 10 Aeel 7o
A HEZ Y AHS 002 AAT £ gt A (110)E ZAW FuE st Do) gy Ao

=
nRMED Y NS 12 288 4+ At 94 Azl 349 Ass (e & g

BN 71E dE Aus B39 AP (distance) S 2P 4= ).

RN A 1+ el Q= Bed FuEY & gl
2 oAelA Vi o e 9 =gl FuEY 5o,
B ANGA T s el gl weld FuEY S 9

oA e Axbe] AFEE wWl" AEj(magic state)d £ 9tk g2 So, V=

S
(lo>+il1>)/ V2 o 2= 9lt},

} At} g Sof, Mne (0+™HDIVE o & g

= =2 =

ANl A0 1 el AbgsE wF

o

=

15h o
=

2 ANAIA AIZE B S (time cost)E F LF/FE HAZ Y] 3l At A&HE AT F3E Alo] S (surface
code cycle)9] & <9ug 4= it}

= Al A &

L

N

H] & (space cost)E ARt o A ¥= 84 FHIES & ou|d 4= ).

= Al A &

-

Fi

-A]ZF H]8-(space-time cost)> &3t B8 A7 H[E-9] & 9w 4= T},

2 A e A ARG mEE, A HAFE FA(100)9] Z2AA (1100 7 A 2L A
2| (data patch)®} =814 AAF FAo A AEFH+= Al 1 A2} X (ancilla patch)E AFd 2
2 X 4 JrH(210).

A AR Al 1 AL 5 ftor dAEA o, e we} vsiA dgE 5 v

nj

JolE] #ix= A 1 BF FHIEES AMy2 B S (surface code)®E SlFH3E #] 1 =¢]7 FH|Ed tfL=
)

d
H

;:O

A1 AL A= Al 2 22 FRES MYA B3R QAYd A 2 =2d FHEd dieE ¢ Ao

A1 =2 FHE 2A 2 =2 FHE 47 =4 ARV AFEE vl FHE, dely frjEe]



[0074]

[0075]

[0076]

[0077]
[0078]

[0079]

[0080]

[0081]

[0082]

[0083]

[0084]

[0085]

[0086]

[0087]

[0088]
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= X zEdelo] A (stabilizer), o8 FHIES E}Se A== 7 e eto] A (stabilizer)

ol

sepetol 4 g MES] FHE HEsts Ao P AWACI2VE Ao 1§ F Ak FA
WA g G AH B A ES] JElE ekl AgE 5 A,
sEpEol AL X ANAE e B4 A4 IFS G £ Ak X e FUE JHE XES

=
S oAtk X A FElES FEE wAAYE Ae FHE S A,

2

P @ 1§ U F A 7
QAaab FulEe] geje) REE WAsE A4e FAY & o

<

>4
=

z
=
o
Y
)
N
[>
=
iz
=
o
2
i
N
N
Ay

A (measurement) FFHIEE X33 4= ).

Z2AM(110)= dlolg sjxeh A 1 <Az} o

~
>
2
—

it
O,

2
9,
i
i)
4
s
[
il
=
ﬂ
i)

IZAA(110)E= A 1 d=

T ATH(230). AFd 2A"E Ade 54 e f‘&@ﬂﬂ ‘8%2&1, 3ol ulet Tﬂr%}ﬂl *éXé g &

2 AelA =2A Qe FHIE(AE B9, Al 1 =24 dde FHE, A 2 =24 e #7i|
=24 A FHE SH)E A g

A e FulEs el A g8 A EE FHEd 4+ A
=
o

Z2ZAA(110)= dlole Xt A 1 e} sjXE o] &3t 35 ZA(joint measurement)S T 4 T}
(240).
Aest vkel o], Fs F74(joint measurement)¥} I E FAHQ WHEES, oo ths|A= = (Horsman,

C., Fowler, A.G., Devitt, S., Van Meter, R.: Surface code quantum computing by lattice surgery. New
Journal of Physics 14(12), 123011 (2012))¢] 7]AlEo] 9lom, A7) =Re E E3 ZYo Fzx=
TS

%1 Ao A T2 AA(110) = dlol¥ x|t A 1 A} X &5 ZY 57 (joint ZY measurement)<S
A, deoly #fXe] w=elF § AAE FIAE F D dE Bo], ZERAA110)E A 1 ddE HH=
Z718ke & vk, ZEAA(110)+ Al 1 =84 ddet FHIEES + 2 27|83 F ok, Z24
A(110)= Al 2 =83 At FHEE 0 AHlE 27|88 & vk, Z2A4(110)= HlolE #X] <} Zﬂ 1 <l

o #jA] Atele] Zejdlgtol A& o] &ate] dloly X9}t Al 1 A Aol TE ZY FA(joint ZY

measurement )= T3 = 9},

A AAJel A, Z2AA(110)= dlely X2t Al 1 A2 X F& XY 54 (joint XY measurement)S =
gsto =z dolg Ao =& SH AAES AT F ATk, oE o], Z2AAN(110)= Al 1 ddg A=
0 JEZ dAdgl FHIEE 0 JHZ 27|38 = dth. Z=24

z71ske 4 . ZEAA(110)= Al 2 =24
A(110)= oy sixek Al 1 A2} sjx] Ate]e] el
2= o1t+

T% XY A (joint XY measurement)S F3E I

Golq 2 olgate] ol A Al 1 A Aol

oA Aol A, ZEAAM(110)= Al 1 e 3)A] 5= & A0l vlelH A (data patch)o} AP 2
q

=
AE A 2 AR A 2 ddet HAE AT 5

ZZAA(110)+= dlolgy Fix]et A 2 el g% Alolol Al 3 =84 e}t FHIEE MAET 4 vk
Z2A(110)= deoly X, Al 1 Azt = =2 oA 2 Ade gxo) FF 77 & 7Y SH(joint 77 & 7Y
measurement )& PO 2H | dloly A =] F T AE FAT 4 Ut

A& Eol, ZEAA(110)= Al 1 A HAE 0 ZEl2 2713t 4= vk, Z2AHA(110)= Al 2 A b
A5 Abd AAA w7 A (nagic state)® FH|E $= vt Abd Z2A" wjF AdE |4029) 5 Ak, =
A (110 A 1 =84 g FHE 9 A7) A FHIEE + ZHE 27183 4 Qth. =
o Z2AAM(110)E 'dlolE A9} A 1
A

ZAA(110)E A 2 =84 dde FHES 0 Az 27848 5= 2l
At A Apele] zEjdete] A F 'dHolE X9} Al 2 <l sfA] Afo]e] zEElo] A& 01493}04 il
ole] #ix], A 1 AAg} Hx D A 2 A Ao FF ZZ & 7Y FA (joint ZZ & 7Y measurement T3

@ 5 .
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[0089]

[0090]

[0091]

[0092]

[0093]

[0094]

[0095]

[0096]

[0097]

[0098]

[0099]

[0100]
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dAE BA E 28 Fzstel A& T4, @A Sol B PAHA 4WE % 3 uA % 128 Fastol

T 38 2 RN o AAde] e A BES(Surface code)E ClFHE =gl&d FHE @ olo fjgEHE I

A& YEld =Ho|th

538 FHzed, doe AEel Al 1 =83 FHIE(310) ¥ Al 2 =83 FHE(330)9A dHlolE FHIE(31

D w=dd ARz A4E 5 vk Al 1 =24 ddeh FHIEG50) 3 oAl 2 =24 e FHIE(360) =
o]

lattice surgery HAoA AREE FHEY 5 Al bl dolg FH(311)9 FHolle X e Eto] A
(312)9} 7 z=edeto] A (313)7F AT 4 Urh. Zb el to] Aol = 57 (measurement) FHIEZ} sy 23k
2 Jda, = 39E AFHYY. & 38 A8 (distance) 7F 32 =g FHER =g X £E 7 AN}
3] FHIE XXX A4t B 777 Ao R AHojHi, H& AMoR %7 FHolglrk. dolE sx](320)+= Al 1
w4 FHIEB10)E A (patch) FElE veEbd AA = Aok Al 1 e A 340)= Al 2 =83 FHE

2 % Pz el AY £ Ak, dolE #A(320)E AFEATF et ARE A D/wE dak F Fo
T 3= F3e 4= gl A 1 A E} 2] (340) = =27 Ak FAGo 22d 5 9l

T 4= B A9 A AX g wE X Aedelo] A (stabilizer) ¥ 7 ZEjdelo] Ao e &4 3=} A3
AE YeRd =dolt,

H

42 Fxspd, X zsEdete] A (410)04 B=e] Fa FAM= oA ok & 5 Ak X ZEEEkolA
(410)0 4 3]z e] 8 $Ae X ZEdete] A (410) Wl st FAE SAY 5 v 7 ZEpetol A
(430)°ll4 3]z 8 £A= dFdA L2 = 5 vk, 7 ZEidete] A (430) ol A 911?191 FY EME 7
e Eto] 4 (430) el e wAE =AY 9

X zejdetol Aol sl 54 3= (420)9 7 ZEjetol Aol sl A4 3= (440) A4 54 FHES

072 2ogeke A9A4 T@stel 8 BAl(step)bel Fdo] $RB 5 vk, Hzo] Fao] $u|Y
AR e 1 ATs 25 Ao F(surface code cycle) = 49T & ATk zedeel Al AelE 54
MES] 7 1A (basis) 54 Azl weh 41 E -19] @ A Ak, B4 AFY FA100E 54 A
el g HE A, 0 FHE 24T # A B4 AFY FAQ00E 4 At -19 %E e 2
1 ges 298 & v

L:NE

—10

WA el A AAdo] WE joint ZY measurement #B L 4-qubit twist defecte] T EE =3 3=

i

T 52 Fxad, b AFE ZAX(100)= ool Aol A 1 = FHEGID) L oA 2 g7 FuE
(512)7} Q= A9, Al 1 =24 Az FuEGI)S TR 27188 £ du. A AFY FA(100)E A 2

wad dae FmeEGE 102 288 5 9o

A FFE FA(100)= Al 1 =d FHIEGID S Al 2 =83 FHIE(B12) Atold] & et E A
F(@AHoEHN, TF =94 FHEG20)E AT F do. A AFE FA100)E F =4 FHE
(52005 o]&sted, Al 1 =¥ FHEGIDS Al 2 =g4 FHEGI)CY S ZY FA(oint ZY
measurement )3 3T = Jok. FA HFY AX(100)= MEA 26 ZEEgo] A FolA =
275 AAste zgdete] A (521) 9 HYEE BT wgo=2M, ¥ Y 49 A%E g5

Weto] A (521) 9] P ElE st Ad sAd &EE e 4 IR (54005 ol&ste] 5 F Q).
g 2FE BES] fd FF ZY 82 F 1d cycleo] 28¥ F Jvt. TF Y 4 ANE AA3= 28l

gho] A (521)& A Z2AHo 9 5 3l

4-qubit twist defect(530)2 X¢} Z, Y7} & Zefeto]Ad 4= Slvh. 4-qubit twist defect(530)¢] 574
3|29l A3 =M= 4-qubit twist defect(530) Weoll TR FAFH 9l

4-qubit twist defect(530)9] &4 3|29 Hd TA= F9 X, 7 =dlgo)HqY XS TEst] Aol A
Ho & = Q.

el 54 FIZ(540)= 8 TAl(step) ol dRHmR | Fo =F(Litinski, Daniel, and Felix von Oppen.
"Lattice surgery with a twist: simplifying clifford gates of surface codes." Quantum 2 (2018): 62.)9
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[0101]

[0102]

[0103]

[0104]

[0105]

[0106]

[0107]

[0108]

[0109]

[0110]

[0111]

[0112]

[0113]

[0114]

[0115]
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A AQFe 5-qubit twist defectd] ZElg] =4 3 ZHT} 2& Algto] Ad 4 Q).

WAl A AAdo] W joint XY measurement ¥ % 4-qubit twist defect®] g &4 3=

abal AEE FX(100)= 919 ¢] wm AL =eE FEUEGI) 2 A 2 =4 FUEG12)7 = A, Al
2 wad alde FulEE)E 0 2 2o8e 5 o

A AFE FA(100)= A 1 =3 FRIEGID S Al 2 =84 FHIE(612) Aloldl = Zilzte| A E A
w(@gshomy, T3 =EA FE6200E AT & At AFE FA100)= B =H FHE
(62005 olgstol, A 1 =dF FHIEGIDS Al 2 =gH FHIE(612) &F XY A (joint XY
measurement )< T F Jrh. FAF HAFH FX(100)= MEFA F2hste zedeto] A FollA =
Axs AAs = 2gdEtol A (621) 9 s EF Feo =N, F5 XY A AyEs 59
Hefol 2] (621) 2] A EE dad A8 £Ad dsEe AE 4 =(640)E ol&3ste] F5E + 3

4 SFE Beetr] 9 FF XY 5482 T 1d cycleo] 28" F vk, 5 XY 54 ARE AAste 2wl
gho] A (621) &= Abd AR = & F AU

4-qubit twist defect(630)2 X} Z, Y7} &3td 2e|deol-d 4 Ath. 4-qubit twist defect(630)2] F4
3|29l A FA = 4-qubit twist defect(630) Woll 3AE=Z FAIHS] AT, 4-qubit twist defect(630)<]
=4 3R] A eA= FH X, Z 2dHEEolA Y A5 L ete] Abde] AAEo] A& 5 Ut

e FA 3)Z(640)= 8 Gl (step)Qtell SRR, F9] =& (Litinski, Daniel, and Felix von Oppen.

"Lattice surgery with a twist: simplifying clifford gates of surface codes." Quantum 2 (2018): 62.)9l
A Aeks 5-qubit twist defecte] ZEE] =A 2R} 2L Algto] AH 4 r}.

I

= 78 B A9 A AAdo] uE 4-qubit twist defectollA 2709l =4 (measurement) FHIEE &3 3¢

B 54 325 Yeld =Holg,

T 72 = 69 4-qubit twist defectoll A &2 CNOTS AZ7F H A9, 2719 A FHIEE &3l e

=4 I2E FIstE YHS Ueid AL = ok, dZE A F2(720)004 gl dE I EE 4-qubit
= L

twist defect(710)oA Y2 £ Y= F FHE(X,, Yool 3 =Y 4= dr}. st dE 3 E2E 4-qubit
twist defect(710)9l4 StH(FFHIE(Y,) R} ofl)el &= F FHIEX,, Xl ek 2ol sgE= At
AqE IR A FHEES E& 5T 4 Iy

T 88 E A9 A AAdo] WE joint ZZ & ZY measurement TS YERA Z=Ho|t),

A (joint Z7Z measurement)™ F%E 7Y A (joint ZY measurement ) A2 thA| 7} 3 commutable)

35 7 =
Faolng B £ F Yok,

2 (100)= dolo el Al MY =aF FHIE(8LL, 812, 813)E HolAREH w5 72 & 7Y =
-, =24 FHIEES 3t EAEte 2o AE AS (Ao 2H, B3 =24 FHIE(8200F
AR 4tk A AFE AA (10005 B3 =2 A FHIE(820)E o83, Al el =g]F FHE(811,

FA AFE A Q00 = EA sAste sl g T 72 54 A¥E AAsts SHEElA
(821)°] dFElE B wFomA, ¥F 72 549 AdE 45 ¢ Ay ¥F 12 54 AAE AAse &
glEkel A (821) = AR Ao 9l& 5 T,
okl AFE A (100)= MEA B2t Aggold] FoA 3% 7y =4 A2 AAst= A ulelo] A
(822)9] A2l E BF HHoRA, 35 IV 549 2H4E A5 5 v ¥ WY 54 AAE ddse &
e eto] 4 (822)= A A gl& & AT,

A, odlel® X (91D = =24 S ks stk sk defe] AH lw“’a‘ T Av. A1

F

o]
Gl
oY
BN
P,L



[0116]

[0117]

[0118]

[0119]

[0120]
[0121]

[0122]

[0123]

[0124]

[0125]

[0126]

[0127]

[0128]

[0129]

[0130]

[0131]

[0132]
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dae AAO12)E Ve £ oA w4 1 A AR @) Ve FvE 5 AdzrgE £ 3l
.

P BFY FH (1000 deol8 A O1D g A 1 =gd FE©ODS A 1 Ade A2 012)9 o
SEE Al 2 = FEE©2) Aol i sEuTel4E AFEYHOEA, BF = FHE0)E
BAE % ook

B A A0 E T wlH SO0 ko], A 1= T A 2wl e
(22)9 3% 2¥ 42 9% F Aok

P Y AL ATA FAFE sdileiel] FolH FE N 53 Ak ARSI
PN
T

G AFE AA(100)E T =3 FHIE940)9] A 1 9

_IR
4>
—
2

| EAelE FHIEE 2 AR A,

A 2 G@a)e] EARE FUEE X AR ST 5 ek, %— gol gy 5, A 1 A = (912)e] o
SHE Al 2 = FUE22)E A el AEHL, A4 Aol YgEE wYH FulE(950)8 =4
6‘]— '/l: ohjr

A BN 9 ANde] e =g S A4 ) B3Ee % 1d oycleo] 209 5 Atk

£ 10& B 1A o AAde] whe =ed S ik £a A, Zepletol 4o WakE el et

%108 FEaE, B4 AFY FN00E P FE A 1 =eld FUE1010) R A 2 = H FuE
A, A1 A Ad FUEQSDE DR 2788 & A B AFE 22 (100 A

dA AFE FX(100)E A 1 =82 FHIE(1010)9 Al 2 =83 FHE(1020) Aloldl Y& ~ejdeo|A=S
Aw (A oz, 53 =g4 FRE(050)E AT & vk, dA #AFE AA(100)= 53 =28 74|

E(1050)E o]&3ted, Al 1 =4 FUE(1010)9 Al 2 =84 FHE(1020)9] 5 7Y SHS FIT &

2

YR WAL, 7 QAR 22w 54 AU, % 100 BAR 2epleel 4E A
§9]__

B NSl 9 Aade] mE =dA SH A S $4S vehd Evlol,

= 11 Fxsd, dolE AA(111D) = =4 SH Arts Fadstaat sk oo A lw“’a‘ T Ut Al

1) Ve = o wme A1 e A= Ve e 4 gd(zssE 5

H
3
i
=
&

U2 A AX(100)E dlolg ;A (111D EHE A 1 =313 FuEL2D)9 Al 1 A28 2] (1112)0l
dsEeE A 2 =gd FHE(1122) Atoldl e AU HE AF(FAHoezH, 53 =gy FuE

A AFE G100 = TF =gA FHIEAR)E o]&std, Al 1 =4 FHIE2D9} Al 2 =4 74

(
E(922)q] &5 XY FA4S 3T 5 o
1 Zatsl= Agdlalo) ] XY 54 2345 ZAA4st= oA
2ZH, T XY 549 d39E ¥5F

A AFE AA(00)= T =E FAREA10S Al 1 991D EAskE FHIEE 7 VAR

[e]

SASAL, Al 2 99 (1142)0 SAetE FHIEE X 7IAZ S4E = vk, 540 dud &, A 1 2 ¥
(1112 &= A 2 =24 FHE122) = AX oA ARE, A Aol gEE =4 7H
E(1150)% &4 4= <l



[0133]

[0134]

[0135]

[0136]

[0137]

[0138]

[0139]

[0140]

[0141]

[0142]

[0143]
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FA AFE ZA100)= deoly A (121D =4 T AAs Fdstaat s Aol |1/}>L%l T

otk A1 e AA(1212)% O S oolg w4 1 e BA02120E Ve 20" 5 9oz

s & Qrh. A 2 e A2 e Fuld 5 Q.

FA AFE A (100)= EolE A (12119 Al 1 lde A (1212) Abeldl EASHE SEjEtel A B )
olE x| (1211)} Al 2 alAde}l %] (1213) Atolo] EAlstE ~elleto] 4 'S AF(AQg)ozn, BF =4
FHIE230)E B4 F Ak, FA AFY FH100)= T3 = A FHE0230)F o) &sto], Al A9 =g
A SPHE(1211, 1212, 1213)°) 3% 77 & 7Y A& ST F o).

A AFE AR (100)= NMEFA B8t 2HdgolA] A &% 77 =4 23S AAs)= )\EH‘EQE}O]H
(12319 #HefEE B5F Hdo2Hd, g% 72 549 A 52 5 v, ¥% 72 54 4d3E dAse
Bl elo] 4 (1231) & AP Ao 1& & ).

Pt AFY FAW00E AFA FAse 2ol FAA TE v 34 A% dgste 20l
Qo Ane A5 5 Ak FE W 54 2NE A ~

(1232)¢] 28 57 wgo=A, 35 IV =
g 2ko] A1 (1232) = AP AR E o A& 4 AUrt.

P AFY FAQ00E FE 22 54 A%, 412 4%, Vel A1 A8d A2 2 A= 54
F ook webd, 4 AFY FA00E TG =G FUEA2000 A 1 FGAUDA B FuEs
2 A S4sn, BF wdd FIEA209 A 2 FYUUDN EAFE FUEE X A 54T 5 9

¢

dap AFY A (1000 3% 27 24 A3, -1 A A9 Vre A1 Qg gH(1210)% X Az =4S
e weAL o B 005 B el FAEOZ09) A 1 A0 g FHlss
7 712 &8, T3 w=ld FHE(1250)9] Al 2 99 (1252)9] EAEE FHIES X VAR 3T 5 3
=y

Hed 2 A o AAde] wE wad T AAk d BEe & 1d cycleo] £09 oo

olstol i ZEalol] AokE welH S A BT Axke] A W B AN A AAdle] @ =ed S A
o Tk T WS Hmd ANE FLe

obehel ¥ 1& Zefol AR weld s A Wz B A o Aol utE =gy S Axke] AZk ulg
B2k u) e, F-AZE U8 HaE Foltt

#£ 1
=27 H]|&
Method ‘ Distilled |15, | T2 DO{ ]on Fl Al T Ref
; i @ i :
Metho ‘ istille L Wa {Data+ ancilla (eo)® RuE o eference
patches)
=213 Hadamard, o Lt 9 1 o8 Fowler,
) 93¢ 1d°
CNOT, AM& 2012
| ¥ 9 22
‘ | 0 1d 23 1d° 24 Haah, 2021
measurement ‘
|07 ;% 5-qubit
i, . . i y . Litinski.
defect® AHEEh] X 1d 2% (2d” — 24 4d® — 4d” —
ZY measurement B
[0, 9 4-qubit
¥ : : - . 2 Aol
defectE AH8-5h] X 1d 23 (1d” +2d) 2d° + 4 Aot
ZY measurement -

¥ 185 #Fx3pH, 201293 Fowler”} A|eksk ®wl (Fowler, A. G., Mariantoni, M., Martinis, J. M., & Cleland,

A. N. "Surface codes: Towards practical large-scale quantum computation." Physical Review A 86.3

(2012): 032324.)<2 =24 Hadamard, CNOT 9A2FS Al&3le] =84 S& Fdst= A=, w7 e ¥z

_17_



[0144]

[0145]

[0146]

[0147]

[0148]

[0149]

[0150]

[0151]

ZIHSd 10-2025-0062725

8738, =24 Hadamard € CNOT <d4be] B2 H]go] A8 ¥E2 A @ I H|§o] Frhsty. Mol

A WA W Aejel |Yr 2 Fu)el= Magic state distillation FHo %= Mxo] Wgo] @ THT

20213 Haaho] A &2/M"9 =97 S 94 <8 W (Haah, Jeongwan, and Matthew B. Hastings.
"Measurement sequences for magic state distillation." Quantum 5 (2021): 383.)< joint ZZ measurement <}
M gE Vs olgatddth, A9 AEe 4 A7 2 B nge aTaAw on Hd gue Vg

- 71 T X

FH) 3= A8 5= |88 ATk o= E | Magic state distillation o= MR H|&o] Q¥
201913 Litinski9] AFtollA AAE =24 S A3t 43 WH(Litinski, Daniel. "A game of surface codes:
Large-scale quantum computing with lattice surgery." Quantum 3 (2019): 128.)& 5-qubit twist defectE
A3t two-patch wided =]Z FFH|EOA joint ZY measurementS AFE3l= W2lolt). | 7|WHE ufZ
el Yrs g 787 2o}, two-patch wide®] =8]% FH|EZ} AL DR g7 u)go] Z7lelgitt.
olglel # 2% Fol AL =H T A4 Wz B A g Ao e =4 T Aike] Azt vE,
S3F g, F-AIRE H8S vlagk solth.

#£ 2
=71 =
Method Distilled [¥3 | 2 mo{ ]%u prlt il Ref
{ istille i fatan -
Metho i g ata anc-1 a (ezd 2H|E B eference
patches)
SHAY G B T 3 2 5145 2000
e it 17d 3 1d° 514° . Zhou, 2000
. i
[ 4,9 22 ravyl
5 2016,
measurement 2 S O 2d 3 1d° 6’
e Fowler,
“ 2018
(42 2 o9
S—qubit defectE . R N . N Litinslzi,
X ld | 23 (24° —2d) 4 Sd® — 44”
Naael 77 & IV (24 d)+ 1d Sd” — 4Ad 2019
measurement
[42; 2 o2t
4-qubit defectE : o o B 7 A o] A
X 1d 33 (1d* + 2d) 3’ + 6d”
AL 88 ZZ & ZY | gk
measurement

I 28 Fzxshd, 20009 Zhoud] AFolAl Aerst =z A T A4 =3 W (Zhou, Xinlan, Debbie W. Leung,
and Isaac L. Chuang. "Methodology for quantum logic gate construction." Physical Review A 62.5 (2000):
052316.)2 =22 (NOT 2 S a4FS 2183 teleportation 3 &2o|th, d]F 7|HE =217 S AMNE Q72
we A 9 F gl 8T,

2016%3 Bravyi®] d-(Bravyi, Sergey, Graeme Smith, and John A. Smolin. "Trading classical and quantum
computational resources." Physical Review X 6.2 (2016): 021043.)¢} 20183 Fowlere] €45+ (Fowler, Austin
G., and Craig Gidney. "Low overhead quantum computation using lattice surgery." arXiv preprint
arXiv:1808.06709 (2018).)ol A ujzl Arejel |A>‘9]- joint 77 measurementZ o]-&3le] =g]A T A4k S
& 27183 vk AY APEe weA 0TS ASE WHETE A wge ASHAAT, =H s A
AHE-3E7] Wil 2de] AlZE H|-go] S FETE.

2019 Litinskie] A+ (Litinski, Daniel. "A game of surface codes: Large-scale quantum computing with
lattice surgery." Quantum 3 (2019): 128.)°A AAIE =g]3 T A2 =3 WHLS 5-qubit twist defectS
A3t two-patch wided] @& FH|Eo|A joint ZZ & ZY measurementS AF&3t= HR2lolt). sid 7]He

wA abeel rs 2984 out, twopatch wide®] =eld FH|EZF ALEH IR F3b v o] S5t}

1 WA = 125 Fxshe] AdEd viel Zo], B A d AAdel wE R AFE X (100)= A S
¢} T AAFS one-patch wided] =8]% FH|EVIOZ 30| 715322 two-patch wided] =% ?{-H]Eﬂ o]
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[0153]

[0154]

[0155]

[0156]
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[0158]

[0159]

[0160]

[0161]

[0162]

[0163]

[0164]
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I~

3% 7]E BARY 42 7 vEE a7 F AU
g

wak, B A A A g wE gx AFE X (100)E =84 FHIEY layoutS one-patch wided] =%
A FHIER 4% 4 Q7] el checkerboard-type, row-type 59 layoutol BtHA =E]% FHIEE Wi
| -

h wideol 4] AF&3F= 5-qubit twist defect® 71&9 X, 7 2edgolArr}t HE 54 32 Azt

o] B AA A9tk webA 1 surface code cycleol T B& A|7to] AEA Ha ol AA IR LQAZH

WA 2 fAle] A AAjee] whE FxF AFE FX (100) oA A E 4-qubit twist defect®]

H2le] =34 3|Z(parity measurement circuit)E 719 X, 7 2efilglo] A2} HUZF A|7F otol]l S=3)o] 7}53}
B2 1 surface code cycles S7HAI71A] && 4 U},

2 KB KO o
rot i)
ki H
— =

) w
=, flo
N (e
2 N
e >
-4 1o
ox e
il
>,
2
2
=)
il
oy,
N
=
2
=
o
b
e
ol
1o
e
ofk
tlo
>
oo
ot
i
Ak
o
fon ]
Q
o,
o
=]
o
-~
o,
2
2
-
rg

K
oll

[H

Al 1 &% 54 (joint measuremen

2AA(110)= =24 FHE] =214 Hadamard 914H& a8kl 1ejal o
= Al(boundary) & Z ZAAZ AL 1
A

Agshe Al 1 Aae a5

7 BAE X AR wA

—+
~

)
Rt

ol

X

ls
ol
ol
s
ol
X
@
rN
=
3
b=
5
A
oQ
-
<
—
’\5_;
ftlo

my
o
i)
r onl

=e 4 FruEel ke X e

N
ol
)
ls

w2 FulEd E3E 2 26

2AA(110)= A w4
&g 4= drh(1330).

i,
i
Ak
)
u
=
(m
=2
2
—
oK
off
5|\
o
o
2
o
2
N}
ol
off
B|\Y
ol
o
>
op
ol

Fo] Al 1 A2t

o

4 1

Z2MA(110) = =84 Hadamard 4t o]Fo &5 = Ao SAHo] F5 XX 54 (joint XX measurement)d
S, otdlel g 13 o] M¥EE 4 Q).
T84 1

HIDTXRXNHRN=ZRX->XRQXNHRD=HRINZRX)

I 244 (110)= =82 Hadamard G4k o]3o] F&x= A4t
A5-, ofglle] 48k 291 o] WMEE 4 Q).

lo
N
o2
o
o

% 77 =73 (joint ZZ measurement )

84 2

HRIDIZRDHRN=XRZ->ZRZDNHQN=(HR)NXQZ)

Fo 19 e 2004 SRLEE SAEY %] £4% BAES] QXY FHo WAL F
o PN

%)
AL oma 5= k. ® = tensor producto]il, ' Conjugate-transpose?! 2= QITh. Z8k2] 1 @ 4=8ka] 9=
zx351A | Hadamard SAAHH) 9 Pauli G4H(X,Z), Identity AAH(I) Zholl= 3w 929 AA7E A H3FaL, o]

H ’
5 R ee8Fy Zo] Wdstd H A4 olF X dibs Fdsks A2 7 A4k olF H diks s Ay

O O 2~
25s o U,
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[0166] , ZEAAM(110)E A 1 dAake] =24 NOT 74
77 ohd,

Y
ZAA(110)= Al 1 Aike]l F1x] &7 (patch extension)?
A FEF XX =4 (joint XX measurement)o] ol A 2

e Qo] Y(psi) HIS]

S 6}7: 3‘1%

=

HEd 7] Al 1 &
XZ ZA(joint XZ

s
Z]
3L
[e)

T
3

A 2

ar
[}

=4 (joint ZZ measurement)©]

%
O < E
FaT 9
=

[0167] Z FHE
7X %@(Jomt 7X
X} FE 77

o143

S
Tl

KN af| X

measurement )<
SA4S sAY 0

i

[0168] ZZAA(110)E A 1

=4 (joint ZY measuremen

24 FHEd A 1
(joint XY measurement )=

OH

5
o
=

'—r

[0169] TZAM(110)E A 1 Aol =24 T dzked
2 7y =R (joint ZZ & 7Y measurement)o] opdl,

Y measurement)<S 3

] FHIES Al 1 FF
7ZX 2 XY 54 (joint

A<
T A

98 Ahgstel 47

[e]

FH‘

[0170] 12 35 =

Z2AA(110)= A =
A2 WA 5= Qlu}(1340).

T
T2 AA(110)E AAE
Asks A9, ok wA(1320, 1330)%
Hadamard 44te] &Alel $-43}o
=g FHEd AA vrAHS $3)
Eol A 3 ¥ FAo] obd, Al 4

= [e]
3% 24 A

] A1 2]% Hadamard ¢1%4Fe]

O

]
S|

[0171] A A A]eef A,

= Hadamard ¢14F9]

st AT
5 248 Aese A 2
ZAA(110)+= ﬁﬁ]
ARgEEe] A 2 AArS

AR A=
T2 +=¢]% Hadamar

LR

i

o]
PR

>.

oL
[}
o]

Al 3
& 5 S =ed )
n;mﬁuwﬁ:ﬂ

HE MBE & k.

E
S —_

w

[0172]

A Aol A,
measurement )| EA &
FE =24 FuE
, i’-i/‘ﬂ/ﬂ(llo
22X, °3d 5

=
=

A
oZi

(

le

(/J

1

FUO r_r>:‘

é
.’3
FQLOQ

,_.
F_&

=
=

[0173]

_Ith

o}i

g el A

L

R AA(110)= @
ZA, & SAdA

[0174]

F—E

ru9

1

[0175] RESIE

A A o

1l

[0176] Jellell A BA wkdel] me =24 T 28 A S Yekd

'd=3'¢l AIx IR 9F ﬂ%ohhliaﬂ-ﬁMEumnwﬁ
FHIEE oudd = drt. X 2=edelo] #](1403) 9 72 el elo] 2] (1404) ol A 3}at
E] =4 3|Z(parity measurement circuit)olA E2]% CNOT S4to] APH = &M= «]Ul
Weko] 4] (1403) % oA obd] o2 (NOTS Adstm, 7 2eletol A (1400)% d%olA <
Ak, AA 9bdE Fsr] oldel = Alo|F(normal cycle)(l405)°ﬂ/‘1 =g

[0177]

=2z /\oi

e L

, FH)E(logical
qubit)®] ffoteieol= X zeidete] A (1403) & A% X AAZE EAsaL, #f-ole 7 edeto]l A (1404) = T
AE 7 AAZE EAE F 9 Z2ZAA(110)= AA 9S8 49, 1 A3 7= Ale]E(surface
code cycle)(1406)0] Eubd ZAAle] o= Zejdeto] A7 Ao BF vdA =HEug AAE 0% 3H3 A
Zol WMo 2, AA wrAE =213 FHIE(1402)E ¥ ath. w7k E =24 X(logical X)¢F =g
A 7% 90% 3 AT 4 k. Z2AMA(110)= AF 3= A HHESlY 34 eRE BAY F . &
Ao A, 2efllglo] A= F Ao vl A (distance) 2t A

1A 4= 7]
woll 98 AEE AEeA &S F 3

T = ]T;]'-
ZRAA(110)= A& AR gho]l A o] e A

Al 33

7 5

3 =3

A~
= = T
1d ¥

% (degree of freedom)™ <Y

[0178] Eay=ilel) (Parity measurement) Zx}ol we} =2]% AXk(logical
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detol A, =814 X, Z& YEd
2 AL T o]F9 2ol A, =4 X, 25 Yed
ALl A A e ol A 2 Zgstd 2ggelAE wate] AR =
% 152 WA = 15dE #F3H, = 1529 =24 FHIE(1510)+= AA vk ool ~elete] A, =g 4 X, Z

2 Axk(logical operator)d 4+ UT}.
wEl A ditedl 2ol A& waltlete 7|9 w=eld A4k 59T 4 Qdvk. webA = 15be] =EA ]
E(1520)04 2.3 Xl K3 KS 33 K29 KX, 2 idae 598 & . = 15¢9 =217 FH E(153
0ol MoMpoi= Ko-Kip©l #i2lE]l 54 235 Yeid Ad = drh. Z2AA(1100F = 15d9] =214 FHE
(1540) A K7z ol A= gdstel ~edeto] A 2 =24 dAE Ao 5 vk, mizvkA

2, Z2AM110)= KXol KpE wate] M2 =24 dibs dod = o, mebs FA wbd o5 =g

W

o
=
il
of

ol
ok
£

>v

At vsh gol, B AN A AAdd mE P AFY N 1000E FAHA B gL g @O
WA, 109l A7 ulgR 2adtel AAS WRS £4T 5 A
16 ool A Faahs oate] wad ONOT Q4kel A9 S

£ 169 FZE, P F2(1610e dele] e Yr o] w=€)d Hadamard A4F $3 F, =4 ONOTE)
control¢l A$Z yeldl AU 4 At =83 NOT A2 F% 77 =H(joint 77 measurement)¥ 35 XX
7 (joint XX measurement) o2 #3|E 4 v}t =84 (NOT2] control FFHIEO 3= =212 Hadamard 1
A joint FE ZZ HHE FE XZ 54 (joint XZ measurement ) O Z HSIAF|WHA =2]F CNOT ©o]F = o]&s&
I A ZRAA(110)E= 3% XZ 54 (joint XZ measurement)S F3sH= 4 (1620)& 2P 4= U}, o
2 5o, TEAA110)E | s} whERE ZA(boundary)E X AAZ W] 8 Y0e o) AA WA
(boundary flip)< & 4 S}, T2 A (110)= X} 727 =39 &3 ~ellzto] 4 (mixed stabilizer)E&
MEA AZE F Aot Z2AA110)E A Hoz Fr7|d ~dildel A HYES FFoaMN, T%5 X7 2
q ARE 5T # Adrk. XS 27 EFE 3 "ol Ao ey 54 3 zeA E8 4 (NTe] A9
A= FHIE1630) Wl stx 2 A2 AAEAT. T sS4 £ 149 X 28] 2 (1403) R Z ~H
Z}o] 21 (1404) 0 WAE +A4E 7|vtoz F¥ ~gdetolx o] &4 (NOT A8 +A9F HAA F=F A
AR H o & & ATk, target FHIEo| =% HadamardE T3 A5, T X 54 dX 35 XZ 54

T Ao, TE X2 SAHS sk AP A Ay dsHER AR

17¢ ¥ AANe 9 AAelelA e A Hadamard Do) FE5Hs Aol oA S el FS 55
2 FP5e A4S vehd mdoln,

to 2 nZ wy

rlr
of

offt
e
o,

ase Ve zum e 9 (ancilla patch)s £F 2¥ =4 (joint 2V
9Tk k2t B Z(1700)0] AIE uEsl o], TRAA(110)E B 7Y =A

H
—
3
o
=Y
BN
QL
i
i)
2
w2

w
measurement )3 33 AY

Y =4 (joint XY measurement) O 2 W3IA|Z|HA | <l2]9] w2 o Agd =

(joint ZY measurement)< &
A S Aal o] =2 olFAIA & Ut

2% Hadamard @AFS +=g

rlr
ok

AAefell A =24 Hadamard Aol FFHsh= Adbe] =ej4 T A4kl 45 35
.

1: Q)
2 =
B 24 FAste 34 de
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v o18e Fzehw, w=eld T A " Ae(nagic state)l Vr m Viz zwm e 94 (ancilla

H
patch) 270¢} &% 772 2 7Y =A(joint ZZ & 7Y measurement)S F-33 AL 4 Ao, FA 3] Z(1800)°] =
AlE vpe} o] TR AA(110)E F% 772 =4 (joint ZZ measurement)S &% ZX =4 (joint ZX measuremen

t)o 2 HW3IA 72, &FEF ZY S (joint ZY measurement)= 3% XY 54 (joint XY measurement)® H3}A] 7]

wd

-

WA, ddelel Y0 o] 489 w=eH Hadanard QS =@ A T Ol FR o BN & Atk FF X SEH ¥

F XY 53 A2 dA7Fs 3 (commutable) S2Fo|2 2 F Ao 3 4= Q).

A A oA =8]4 Hadamard bl &4:351= A4to] @ =74 (single measurement )<l

T 198 Fxehd, SR FZ(1910) e E=AlE vRel o], Z2AA(110)

= gy S FHeke 7147t 2 )
ARl 4%, =94 Hadamard A4H3 @ S-S W=, Add SH0A SAHs= 7145 X 7IAZ W
B 5 Ao,
A Aol A, Z2AA(110)= FAF 3= (1920) 0 =A1E npe} o], wd SAHA FAe= 7147 X 714
%l 4%, =dl4 Hadamard A4tat @ SAHS WagowHn, dd SN SAHs= 7IAE 2 AR U8
2= oh;}
T .

olgtoll M= Fefoll Altd w=eld H Axtel ++&d st & Aol d Aol mE =g 1 ditel 7+ W

obelel & 3& Felol AFE weld B A4 Pus B AN A AAele] mhe w=eH 1 Ade] BA 1 A
. FA-A12E 1§ MaF Hol

Z 3
EEIE RE: = e ZT-AT HE
IMethod Eeference
Hadamard =3 | 8| & | (==& FHBE T (=z2]H FBE Z)
Merging with B . = Horman,
. s} 4d 14" +3d 4 + 124"
surrounding areas 2012
Guanturn = o . 7 Erhand.
i 2d” 14
teleportation 2 2081
Boundary flip and . = Al
. X 1d 14 1d*
transformation A 2t

¥ 32 #Fx3PH, 20123 Horsmano] A|<Her W (Clare Horsman, Austin G Fowler, Simon Devitt, Rodney Van
Meter, "Surface code quantum computing by lattice surgery", New Journal of Physics, Dec. 2012)2 &<
A Hadamard® 33 42, F9 993 W3sle] ZHolM(rotation)S F3st). oju, Egjz FHE
(physical qubit)e] 2% <AAk(swap operation)e] =3z RE  =g%F FHE(IX)(logical
qubit(patch)) mith of F7ke] Fostn=z st =84 FrE & da3t Z84 FHE & Ld” + 3}
).

20213 Erhard®] <1 -(Alexander Erhard, Hendrik Poulsen Nautrup, Michael Meth, Lukas Postler, Roman
Stricker, Martin Stadler, Vlad Negnevitsky, Martin Ringbauer, Philipp Schindler, Hans J. Briegel,
Rainer Blatt, Nicolai Friis, Thomas Monz, "Entangling logical qubits with lattice surgery", Nature,
vol.589, pp.220-224, Jan. 2021)°1A= 170<] ®lo|E] X (data patch)ol Hadamard ¢14+S S=8)38l7] A8l %
ZF A% (Quantum teleportation)s &-&3ch. webx 0 AeiQl =23 FHIE & &£=EskH, Hadamard’} 4
45 dolHE 0 AuHdd =ul% FHEd AHFHEC}. Checkerboard-type, row-type S FFHE oo}
(Qubit layout)& ileld 4%, Hadamard AAHS =4 FHIE F7F2 AREsl7] wfZel 2499 (routing) Al 1L
g ool "k, olefelx= HelHE vAl d AR HEEr] A AR FrhE. webd 3 6lg B
oftgt A7k Bl F3FE 73T,

A7, olstel A Felol AkE A Zelold W B AL A Mool ubE FA wd YW wlad
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otefe] R 4= Tl AdE Ao mElold W E JRAS A Aol wE A whd e Azt
HE, &3 A, & S

(a) Patch rotation
10 20 28

Merging with e
surrounding  3d 247 6d* 21:9 !
areas
i)
_—"a )
Boundary flip %%ZI} =
and 1d 1d? 1d? = YYM
transformation Befcontha beus daey Nip. 1 crele > bl
[ 1 rih_r FA <
( (S ] L0 =7

The beusdsey fEp, 3 rele

¥ 45 #xsd, Litinskiel 20199 <+ (Litinski, Daniel. "A game of surface codes: Large-scale
quantum computing with lattice surgery." Quantum 3 (2019): 128.)% FW Fzty} W 2 AA HHS wrE
al7] wiEell, 2 Al A Aol e AA W g ETE AR H]Eo] 3u7F O A8 E3, WEE FUF 3
Zrol MQ3tu = F3F H|go] 2u|7F o] AQ ¥},

T 13 UA 198 zxstd st npe o], 2 A d AAjdel mE A AFE FX(100)+= AA v
o] Z& =A¢] W (Transformation of the subsequent measurement)S ZA3Fete] +=]2 Hadamard 3 F
ATk, alF WS AA WA 1d cycleo] A2L%H W | =g FHE FWo] F7} F7F(extra space)S FH|g I
871 gigk
Aol A AAde] w2 dAF HFY AR (10005 AA Wy T S w9y T T YRy He
Al EF

=
M goR B Awe] Fao] Ad & Atk
ol

O:o‘:",
2L
i
=
>
A
ot
re
r>~
{0
~
2L
it
g
o
>
my
¥
%0,
o

7 A k4] T AE AFH Adrks WEoler Bste] dEESl
Ak, FPztEtd 2 A Ve 22O REEY AdHo] 4/EE o]} AT EYe]e oA T
A= 5 Utk Ae L Aol
dutx o B mAMoqe RES EAY HAAE FP&AY EHY F4 dHolH #F3& A= FH,
ZEAA, 22O AXJE, Holy X, 7|E §5s EFeTh. Ee, gty 2 i o] who] wh-
ZRAA EE HEZ2ZAA AFE A2E, nUAFE, dklzdd AFEHE B2 dsd A, ds=de
AFE A, vlo]AZ 2 AN -7NF e T2 O30Ms 7 AlE, 78 S (ol 4 s o]de Ay
FA ot AZEo] A £ UH)E HIET e AFEH AL" PSR AAE F v S F & Aot
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24 9 944 7

ta
i
o

o] FH= B HFE SAAM AAE v B4 A" S0, T
13
=

HirHE SR e HFH 57k wiAlE R AFE o AAls Thed wiAlE 2 o
AFE AR AL B Am, oUW AFE VRS AL AR L ATy v, o
2 "] YA 4 (non-transitory) Wi, o]&2] Bl Hl-ol 52 wiAlE 2T, AlFhe] of

q [e]

A=A, HFH #A57He A= AFEH #57He AF Al FH d57bs A% viAdE 23 & Aok

AFH W57k A wiAlE AT d57be wWHEo], dHeoly &, ZEO9 BRE T 7| HolH e 2
ARE AAGste 4o WY Ex R FEEE g 9 ou 3 v, dAE 2 o8-dA A A, o]E
2l 2 ovjols2 wiAlE EFeitt. AFEH W5t A uiAl= RAM, ROM, EEPROM, ZeHA] wW=e| E= 7]EF o)
22 7]%&, C(D-ROM, DVD(digital video disk) Hi= 718} 33 vz A x|, A7) H]E, A7) ®lo]=Z | #}
7l vz= A% AR e e A7) A A, B ASFYH oE] A" ¢ Al ke JRE AYstE
o AFEE 5 ol Ao Ve wiAE 2N, ol dFEHA G

AFH #5575 AS wAdle B4 o2 vyl (carrier wave) & 7]EF H<% ®7UZE (transport mechanis
m¥ 2 3HE do]g A& (modulated data signal)oll HAFE FE7Ms HHo], oy +x%, T2 2%
T 7E HeolHes FEsta BE qu_ A wiAE 23t gWx voly AsgteE goje 4Als Y A
BHE QIdse® 1 2% BEAHE F sl oS AA Ev WHAAZ AEE ougtth. Adte] o
A=A, AFE FE/S A Ale 4 UEYA == 2H w4 HE(direct-wired connection)d e &
A A, el 2%, RF, A9, 71E A wjAe e g xdsit. ded vAEsE T Ao A
o] 23 JA| AFH A=57bs A uiAS] HY <toll £FE= AoR i),

AFE(2002) 5 E3tels & W] oA SUES Fdske dAF o] vEliold e, FHiFH
(2002)= #g] &=1(2004), A% w52 (2006) 3 i ?ﬁ&r/}. AlZ=E] B2 (2008) = Al
& w2 (2006) (o]ol A Fa)E RS ALH ZéEﬂE%% ( 004)°l AZAIZT. A2 FA
(2004)= G 48 ZRAME T Ao ZaAAL = u. v ZRAAN 9 Ve JE|Z2AAN o}7]E)
AL Al Al FA(2004) =A o] &= 5 QT

Al2=B W22 (2008)= IR W, FRAGR] v 9 ogdh A8 v opy|E A F 9o Ae ARgsheE 2
A Hzo] FrHA0R A AZE F e R UM K3 B 72 F Ao AA F Adnk. Al2H vEg
(2006)+= = A& =R (ROM(2010) 2 AF AA~ o E(RAD(2012)E Edett. 712 /&8 Al=H
(BIOS)& ROM, EPROM, EEPROM 5<] ®13dbAd o|=a](2010)o] AF=w, o] BIOSE A% 3 2o wjo] AFH
(2002) o] FAH8AE 1t ARE ASshe d4S w5 71340 FES XFsth. RAM(2012) 3 HolH

g A9s] A% AH RABO) 1% RIS £IT 5 9

AFE (2002)= =3 WAE 3= tad =elo] B (HDD)(2014) (& £, EIDE, SATA)-o] WFd 3l= gz
o] H(2014)= wgk AGde AA(EAl A) oA 38 &= 749 F US-, A7 E2Y A =
2}o] H(FDD) (2016) (& E°], ol = (2018) 22 FY =S 3p7|v 1o 71%% sh7] flE AY), #
F a3 =gbo]H(2020) (& Eo], CD-ROM ©]2=(2022)E F=37 DVD 59 7Ie 283 & vjx25E
d=E v 20 71EE & HL Z2A9E EFheth. st= v =ghe]H.(2014), A ﬂ&_ﬂ SjolH
(2016) 2 33 v]xa3 =80]H.(2020)= ZHZ = vlAam =glol B ¢lE 0] 2 (2024), A7) T3 =iko]H <)
E] #0122 (2026) B ¥ “gfolH QIE o] 22 (2028) ] 23l Al2yl W =(2008) AZE F vk, FE =gl
B T3S 93 A H o] 2(2024)E oE Eo], USB(Universal Serial Bus) 2 IEEE 1394 Q1E=lolx 7|4
AHolx 3} wE 1 % ohE xdhelir),

O]% = O]‘:‘ Sk v 2’3%—?‘3 T57}—L‘ A= dold, Hely 3, I Adq7bs @Eel, 7lE
g A%, Eefoln 9 WAl Qolel dojEE AP 0AdY
Slas e o ]/\1«] 74%1 H=7bs A% wiAlel gk Adwe] HOD, oF 4 A7) H
3],5,_ AR, FAAERE R =gko]l B (zip drive), A}
AFEA o8 BEAEE G2 f29 AF AE A

[ oft ofn

LEU

THE, Ed4 W= 7t=, tEA, 78 &

AL £ BRAN S+ Gom ® <sle] ol WA @ BRel WHES 1ol A D
Abe BHolE TR & Arke AL T 2 Aol

= AA(2030), st ool ofZEAeld = (2032), 7B T=IF EE(2034) B Z2IF HolH
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(203)% W Thre XEId mEe] Sebeln 2 RN AR 4 AUtk £9 AA, ol FelAel 4,

25 W/EE dolEe] AN Ei 1 ANio] Ed RN(012)6 AR F Ak B o] ofejrk AgHe

2 o g7kse €9 AA Ex 29 ANEY 2FlA AL + Aok AL 2 L Aol

AgAE Bt ol gel FA/FA 9 4A, AF Ho), 7S (2038) W vH-4(2040) B9 QY FAE B

s AFE (20020 WY R AuE YA 5 vk 4 A (=4 YHRE vhelA, R HEE, Fox

g, A WE, sdes A, 81 234, 78 $50] 92 & Ak o5 2 s 4 It FF s
[}

B M2 (2008)0] AAHO] Y Y A A2 (2042)F Bal Az A (2000)0] AAHA, WA %
IERE 1304 A3 LE, AY EE, UB L=, R Aoz, 718 559 7]e Agsio|xd] o5 429 & gl
o}

FEUE (2044) ==
B 2~ (2008) ] <
M EY FA (=

=

g2 §389 yzEde] = 9Al HYQ ofHE(2046) T2 UEHA|~E
E1(2044)9] F7Vsle], AFHE dvrzow ~A¥7A, ZHH, 7|g 559 7|g F

FFE(2002)E A =H/E
A ARG A3l U EY

TR AL 53 97 AFH(E)(2048) 59| d} olate] 97 HAFEH R =
= Atk 97 AFE(E)(2048)E YAz, A8 AF
B, 298, sxd 0FE, Fo B, nlo|A2Z2AM -7 2.2 7]7], 9o A wi= Ve 54 v
EYA wx9 4 9on, duky 13FE (2002) W8l 7]4d FARAE F o EeE 2 A

ARk 2ERERe e, wEE A AR (2050) 0] EAIEH o] T, EA|E] gl =g H o
(LAN)(2052) H/%+ o  UEHZ, o 59, 948 SAFWAN(2054) 9] F4/%Fd d4E& E3heirt.
ole1st LAN 2 WAN HIESZ 272 AMFA 2D gAfol A ARbAQl Aeolm, JIEGY 5o HAMY HFEH UES]
A (enterprise-wide computer network)ZE £o]3tAl s, o]& RF+= HAA FHFH

Ao A44d 4 U},

LAN VIES)Z sH4eoA AHed o, HFE(2002)= F4 B/Ee 74 82 MES A Ao~ B
2 B3 24 YEYHZ(2052)] dAdrE. o] 9HE (2056)E LAN(2052)09] #-4 mE FH EAS &o]s

7l %H% I 9lon | o] LAN(2052)2 w3k -4 o AE (2056)9F BA187] 18] o] AAHo g FA
Egtetar lvk. WAN Lﬂ 473 ﬂ?é 1*1 AbgE of, 74EE1(2002)_ 2e1(2058)S e 4 A,
] , WAN(2054)& F3) &4l& Xéé}
2E(2058) AY XE
B (2002)°] s dEe
YEL A AAo]

=AE
ks AE 2 & Zold,

FEHE Aboldl EAl 2

-8 Z37E], PDA(portable data assistant), B4 A, ¥4 A&F7s 19 A A9
o] 4] 5‘3% Zohu, 1 Astet FAIE gt A4S gk, o]l Hojk Wi-Fi ¥ EF
Pz

LN
9w, BAL Fee) vEGadAs 2ol v AelH FrolAY weeAl Aolw 271 A o]

A EAeR v Eol Fateks oo A A T JHAl, < 5o, Z™H, &Y, H
) Ya
A=

FA %S TH

a7 F

o
o =& EAl(ad hoc communication)¥d 4 Ut}.

Wi-Fi(Wireless Fidelity)® 4 H}\O]E el o229 AAE 7M53tA dlet). Wi-Fie olgis A, odE
5o, HFE7F A 2 AL A, 717 e] Fk Ue] obF XAy dHlelHE dE 2 FAE 2
A sl A deet g2 A 7so ]D}. Wi-Fi MEYI= At 2= Qo a8 7 AdZ24S A
317] $130 IEEE 802.11(a,b.g, ZIEolebar shiz ¥4 71& AT AFEE Aol dedel 2 F4
EQA(IEEE 802.3 E& olufdl& AR&EH el AAA717] 98l Wi-Fizt AR8d o Aot Wi-Fi VEYaE B
7} 2.4 2 5 GHz ¥4 el A, ¢lE Eo], 11Mbps(802.11a) Hi= 54 Mbps(802.11b) Hol¥ #o|ER F2t3}
AL, & d9 (78 d9)E 233t AFAA 58 5 .

2 A Ve BokollA Bde AAE TR e A7) AR AAldEI #HEste] AWE bkt o A]A]]
=4 aﬁ%, EEE, ZRAANE, U5, JEE 9 dugF dAEe] WA st=do], (AE s, o7l
A razEdel'z AR E) e FuEe] Ly w4/ = EE o)E mTe] A d8 7dd
T AE AL odlT Foltt. st ¥ AZES oY ojdt FE SIS WA Adstr] fE, oY
3 AQAIHQ AFXVEE, EEE5, BEE, 325 9 W50 o529 7|5 #HHste] QoA dwtzor My
Hek, oleF 5ol Smde] mE AZEMO|RA TANEA o 5T ofZeldeld % A Axd
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of diste] WubEli 87 Alokmel wel AETH B wyel s1& Repld Bael AN A A 747
Q% ol E A0 Mol thetel tFd PAER AYE J5e TAT F dou, oUW TA AYEL B ¥
el el woluhs Ao A HelE ok B Aol

A7 AAE s A
E¥&(article) 02 7d" & k. & "Ax EF"S 9
FE Z2a3 ) A, £ vAl(nedia)S E33T}. oS 59
A(eE B9, st= Haa, £29 txd, A7) 2EY, §), 3T
7=, 2 F94 wRe FX (A5 W, EEPROM, 7}=, =¥, 7]
AL ot & "A-REILs wWAE HH(E) 2

E]l_:_
o AE B2 g e wAE 2k, o= AlH

ANE ZzAsBl i BAEY 54T w4 EE AF FRE A4 425 QA oAHES @
oA SHEAE Jlwetel, B ouwel Wel Weld TS i wAE S4% w4 = A%
27 AMgE 9 3 & ME AR TFR BAES Ae

AAE AA S gk Ay Qe B wgel Y& FokolA F3Y XS M A7F 2 WEE o] 851
U B 2AAE ¢ dEE Algdtt. olyd AA S et thekdt WEELS B ubmo] )% FokoA B4k
o] R Ag 717 Aol Al Hulsk Ao | ofy]of] AHolE Al 5L B dwo] HelE Hlojdo] glo] thE
AAdEe] HqgE 4 Jdu. ashe], B wge orjo AAE HAAGER IAFE Flo] olYe}, of7ld A
AlE Q8 E 2 AP EAET A= FFle HHA A EojoF & Aot
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A 135 2%(joint measurement)Z AtEots Al 1 AitE £%ol= 32,
=2 FH| E0| B3t X AA (boundary)E Z 34 2 Aot 12|10
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A UHAE =24 FHE A 135 20| Ofd
H 235 242 ME A 1 A4S 238
v 1340
H22E 242 ALRo10] A 1 FAS Adtsts U7 0|32
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