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FH EE0 S UHFE SFUHM 171 E 2 (Levels)
Differing Levels of Disruption in Computing Stack
Algorithm

;i Language

(_?] AP

% Architecture Neuromaoarphic

A ISA Quantum

o 1

'_I‘t Microarchitecture A

pproximate

7l I Stochastic

uE FU

o Adiaba_lic,

G oo e

| device Mew sw:ch_:!D Gryaganic

= [
Level 1 2 3 4 5
LEGEND: No Disruption ____—_—_———=smmm Total Disruption
https://arch2030.cswashington.edu/slides/arch2030_tom_conte.pdf
http://rebootingcomputing.ieee.org/

Olefst LdXNBHFE S AHZ F8ote 82 dNEEE ESGHD 02 MA s2
ESole A2 EZZ MM (quantum co—processon)2t 0IE A XHZ MOoHH 2XLNelsS
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s YNEFE2 7IE FHERYUHM =0E ALE BHEYSHE coprocessorE 24 ZHE 0 &

X D-Waver OIEHZ 1 (2 FEE, 2858 A O/HE, H2 ME[o) 14O FAEFE 22 Y

» (Quantum Co-Processor) ¥ AHE B & A3 oF A X9} 0| & K| 0{ 5= Y AEHA| ALy, A 4tib 31 E7}
¥ (Conventional Supercomputer) Quantum Co-Processor0l M ALy, S AHihSE SEAIZ | = S A A e
» (Conventional-Quantum Interface) Quantum Co-Processor2} Conventional Supercomputer AZEA

Notional Quantum Computer

= Would more closely resemble a massive computer-controlled quantum
physics experiment than a classical computing engine

= Would have a large external classical control computer that will drive a
guantum core

Quantum Control Interfaces:
Electronic, RF, Microwave, Optical
Laser, Magnetic, Micromechanical

Quantum Detection Systems:

E_—
Electronic, RF, Microwave, Optical Jiq
Magnetic, ...

e AT H

1.2

! !

Quantum Co-Processor Conventional Supercomputer
http://science.energy.gov/~/media/ascr/ascac/pdf/meetings/201604/2016-0405-ascac-quantum-02.pdf
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Quantum Program DB
[High Level Program]
ground_state_estimation.m10.scaffold

Compiler (Compiler)

(Scaffco)

ssembly Code
[sequence of H, T, CNOT, etc gates]

2 =X 52
29X 52
S 2 oY WA SN REE UNAELY Tz =g
9oz CAISE 0|0t

A HH =

1. Generatethe Layout and Schedule
2. Estimatethe Performance

l ground_state estimation.mi0.qasmh

target tolerablelerror rate

QD.Steane.level-4.json

System Bullder (58)

(2D Architecture)

Arbitrary Building Block DB
[Layout of Low Level Blocks, Sequence of Gates]
[Time, Size, Error]

(Level-l Encoding, Universal Gates)

[Layout of Physical Qubit, Sequence of Gates]

‘ BasicBuilding Block DB
[Time, Size, Error]

Qap.Steane.level-d.json
QD.Steane.level-3.json
QD.Steane.level-2.json

¢

System Code DB
[Layout of Algorithm Qubits, Sequence of Algorithm Gates]
[Time, Size, Error]

QD.Steane.level-1.json o A— —

M0

02

 QEc, Frac Methods
G [Circuitof QEC and FT Gates] i

Basic Building Block Builder (BBBB)
(Level-1 Encoding, Limited Gates)

| System Level Contoller (Quantum 05) |
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Q PHRA | JIs/ds Zgtel 90|
O Jlg dYY=8 (Basic| O FOHA 2223233z, ZEHS
Building Block, BBB)Z2 I2E20 X=0HA BBBE HH
o EY=9 BHXl JIs Xlote Jls
S| O d4s 24 Jls O FOH&A =cl& HOIEE =&dl
= AQHE ZEUAZ, FHEE,
)| S8 F&

QL PHRA | JIs/ds 2 gtel 90|
O 22l FAY2 HiXl JIs | O FUHA LR2H3ZZ, ZEFHE
TIZES0 LFOHAM Sl A
g gdaed2e 82 UiXlGts Jls
&0l O 85 24 Jls O =& =2l® HOEE "ot
=0 AQF¥E=E EUAIZY, &
c, 3l S8 F=
2 B
O Q2 U&=
(1) 9=+ 2% £ elE (Quantum Algorithms)
(2) ¢ AN A =2l TE (Quantum Assembly Codes) & =2|& L& =29 &
tHalges2 (Maximum Tolerable Error Rate)
M QFT, Ground state estimation, Shors, Boolean formula 2 2FA+ 12|
Z0| Scaffold 02 AT JASM, Oldst AX LNEISE0| MY 229
ggtol ECh. OlE =9, ground_state_estimation.m10.scaffold (GSE £ 12|
5), shors.n512.scaffold (A2l 2 12l5), boolean_formula.x2y2.scaffold (22
Al 2SSO LA eSS0l QUL AMY 229 =0l AX e =2l
DTE= HEH FPXQ QASMH2E BHA 2X01 QASMF2l & DXl EEZ ¢tEE
Ch. =2l dd229 zidEss2 AU (KA XS0 st A8~E L
EtLi= Critical path(Q)0l 218 KQ 220 2ot HAMZHECH 0 2LHAM &
Bol= LEES A2 O LLUS HAS Sot0 42t 0 ga4E = UL

Z It 2O S&2 AL LNelE=S HAS Ascaffold IS oz 20
A, -he —fo 82 ol A.gasmhU A.gasmf IS 2oz HH =0 £
o, =cl& LY LA 2LTPE H Bt=E —kg

P 5l 2FE gt A& M6t
PN

= = X
LH -imQt &2 SE2 Algez g5 £ AL (O 8.
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Compiler Flow
=
A.scaffold ‘ Driving Flow
AnalysisFlow

Display Flow

sh Compile-compile.sh—option A.scaffold

sh Compile-compile.sh—option A.scaffold

m :
—kg : Maximum Tolerabie Emor rate
-im

Kz qubits | g #critical path step
—im * Maxmum Tolerable Error rate
AKQ_max_tolerable_srror_rate
AimprovedKQ_max_folerable_error rate

* mmandie ., z Circuit Diagram
Block Builder # gubits, # of each gates, Towl gate;
= Critical path, modude counts

i)al

[ —
—

o

°f S =

HL

28 ALY &

|J

&0l A.gasmh@t
0-| AH A

r
A

0x 1o mn

o 220AM L=EE Ascaffold22H ALt
£ 2IJMKNE Hd SHE HAXIN, 2 SHOIO = A A

. o] dElg MEECH 8N BoY SHAHUAM= $(FILE)12.01 THLDEX

28 SHE HHEAM, $(FILE).resources,$(FILE).gasmh, $(FILE).gasmf S0| 4
2l 9

e

m e

2
—

oM o > 0¥
E
l




A Generation of merged scaffold by copy - Toffoli Decomposition
| S{File)_merged.scaffold | S(FILEJLLII

4 Compiling $(FILE).scaffold  Inserting Reverse Functions

S(FILE)N

S{FILE}12.11

J Transfoming chits
sl Generating resource count 4 Generating hierarchical QASM

S(FILE)L.1I

S(FILE).resources S(FILE).gasmh

401 optimizations

J Generating flattened QASM
S{FILE)4.11

S(FILE)_gasm.scaffold

& Unroliing Loop, Cloning Functions and Dead Argument Elimination

S(FILE)G.II 4 Compiling C++

¥ Options S(FILE)_gasm

1. Skipping Rotation Decomposition
3 T ) J Fiat QASM written to S|FILE).gasmf
2. Decomposing Rotations

S{FILE)7.11 S(FILE).gasmf

J Internalizing and Removing Unused Functions

S(FILE}8.1I

J Compiling RKQC Functions

8 9. Y 229 e s& s8&
O Jls
(1) & Jls
- D302 HLE X LnelES LA JIAHAHL QASMe =z HE
- =c|f LIEHNAN 7EHE ZUHIAELRES &
- X ge|ES FEote O 2Rs AU 22 JI2 HOIE &= 82 NJ &=
- X JIAHAHG HEEH PE(QASMH) &= & BHA 2 X (QASMF) &=
- X AN BHA R0 st £2& 2l A2 3H(Circuit Diagram)

Ne
- A JHNIS =g & 2280 et ZWME0l Jisotth. 2HMECZ A4HEH

ground_state_estimation.m10.scaffold (GSE & 12l&), shors.n512.scaffold (& O
1SS

o 2¢12|&), boolean_formula.x2y2.scaffold (28 &4 212[85)S2l &2
Off CHet 20| JISGICH 0IF JHE EQ6HH 2 2
2 NelE0l CHotod ofelier 22 s 2olCh
1) M=100, b=30l CHSt GSE Z1N2I&2 QASMH I M4 Jis
2) M=40, b=30i CHEH GSE £
3) M=40, b=30ll Tist GSE &1
4) M=40, b=30 &t GSE &1
)

5) 8342 =& F8! HOIEN et A

IV
ol
A
or




- GSE 212|ES scaffCC 2O T )eoz A= &HMHEH AA
ground_state_estimation.m10.scaffold2 Z L ot= AdstH=2 &

EFtCE.

 mediusercec-progeamjCompllr/Scaffec.master
sere@QCRC: /media/user/qcrc2-program/Compiler/ScaffCC-master$ sh Compile-compile.sh -h ground_state_estimation.m10.scaffold
[ run-qgasmh.sh] ground_state_estimation.m10: Compiling ...

Hate >> ground_state_estimation.mio_date

[ Scaffold.makefile] Compiling ground_state_estimation.mie.scaffold ...
Scaffold.makefile] Transforming cbits ...

Scaffold.makefile] 01 optimizations ..

[ Scaffold.makefile] Unrolling Loops (1) ...

[ Scaffold.makefile] Cloning Functions (1)

unctions Cloned: 369

[ Scaffold.makefile] Dead Argument Elimination

[ Scaffold.makefile] Unrolling Loops (2)

[ Scaffold.makefile] Cloning Functions (2)

unctions Cloned: 276

[ Scaffold. makefile] Dead Argument Elimination (

Scaffold.makefile] Unrolling Loops (3)

[ Scaffold.makefile] Cloning Functions (3)

unctions Cloned: 126

[ Scaffold.makefile] Dead Argument Elimination

Scaffold.makefile] Unrolling Loops (4) ..

[ Scaffold.makefile] Cloning Functions (4)

i Cloned: 67
.makefile]
.makefile]
.makefile]

Cloned: o
makefile]
makefile]
makefile]
Cloned: 0
makefile]
makefile]

Dead Argument Elimination (
Unrolling Loops (5)

Cloning Functions (5)
unctions
Scaffold.
Scaffold.
Scaffold.
unctions
Scaffold.
Scaffold.

Dead Argument Elimination
Unrolling Loops (6)
Cloning Functions (6)

Dead Argument Elimination (6)
Decomposing Rotations ...

enerating decomposition databases; this may take up to an hour

alling '
alling '
alling

./Rotations/gridsynth/gridsynth
./Rotations/gridsynth/gridsynth
./Rotations/gridsynth/gridsynth

-1.540300)
-1.540350)
1.540350)""

alling
alling

./Rotations/gridsynth/gridsynth
./Rotations/gridsynth/gridsynth "(598.082031)""

02

ground_state_estimation.m10.scaffold= & It

N =oIsr % ULk,

QASM Generation Pass:

module DecomposeRotation_3_756252€02Q ( gbit q ) {
H(q);

)3
):

)

T
H
S
T
H
S
T
H
S
T
H
T
H
S
T
H
S
T
H
T
H
5
T
H
S
T
H
T
H
T
H
T
B-

(q
q
(q
(q
(q
(q
(q
(q
(q
(q
(q
(q
(q
(q
(q
(q
(q);
(q
(q
(q
q
(q
(q
(q
(G|
(q
(q
(q
(q
(q
(q
(q
Ass

"../../DB-Assembly/ground_state_estimation.m10.qasmh" 21272L, 397571C
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==, HOIEZES S& 34 5), ¢1eld s 28 2 (EA HOIE AOI2 =,
& 2elEs s AZhe ¢nels =8 FH=Y(fidelity)2 +6t= W& 0ICH.
- analySiS
B System code
ABB
information
8 14, NAE RE 24 SEX
(3) AIAEN RE S
- A LelES oY LN ZFH AAE MM S0t oA AIAE HEY
WEUHMNM MEE AAE DEO HHANHE Ol=2oHA LA AFE AAES CIHH0IA
E ZHEE Gt= 22010 24X gelE2 ?Ascle AS oY 2nelsEFH
ZI2]8)2 main 282 AdAII= A0l HEStEZ main 282 AMAE DES
A HE YEUHEZ2 HMelotes sthh. oY FEHIE LA HOIELQI BR0U =
Ol0l HEol= CIBI0IA MO ASE ZMAIIILD, Bt OHE AE =0 32 off
g 289 ANAE ZE IIYES S0HM oY AAE DES HEUHSS XMelote=s
stCh AE EBE2 #=01 S2EY 0|8 &2 AMAH IEZ =0t 0IU=
HEUHS=2 HMelstlt.
e main module
system code ¥
open “main.syscode”
e
system code
Q-Computer -« p[TZTOdUE
architecture system code
Perform each
I ABB Create
N information [ ABDelete | — |
§ I
_— |
—

device signal

8 15, AAHE 2E F23 S8&

device signal
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top o] opill] top [2] bu[t;;sm bo;:jtj)m bo[t;)m bo[t;?m
bottom bottom bottom bottom bottom bottom bottom
[4] 51 [6] [71 [8] 9] [10]
bottom bottom bottom bottom bottom bottom bottom
[11] [12] [13] [14] [15] [16] [17]
bottom bottom bottom bottom bottom bottom bottom
[18] [19] [20] [21] [22] [23] [24]
bottom bottom bottom bottom bottom bottom bottom
[25] [26] [27] [28] [29] [30] [31]
bottom bottom bottom bottom bottom bottom bottom
[22] [33] [34] [35] [36] [37] [z8]
b?:;'m dummy dummy dummy dummy dummy dummy

8 16. 2= 0102 GIH(GSE Z1nels &8 M=40 Z22 main 2=, 43H

o X 780l 0ls&))

3) YX =2 2ZE FEN € AAY DE FHH M4

- 282 REUS9 HiXIt SSHH, BEEEZ $4 HdESc ZE BEHSS
4 oY IO SEAH AAE DEE MYEHCH AMAE DEE Mg I, 2
L0 et #Est dXel/=Xel UEO0l 2 RotC

- one-qubit gate(PrepZ, MeasZ, Pauli, H, T, S &) Z0l= & R0 W
HOIEE ¢Qldigte UE2 AAH REE MHoIH =Ch BFH, two—qubit
gate(CNOT)2l &0 &Mxel UH0| ZRstdl, ArEdt= CNOT gate It 2I&E St
S AU S HWASZ ol= local gate 0121 WH20ICH M2tAM 2+2F CNOT gatell
(Hatol &= RSO0l el8oll UK @2 2 AU 02 SHM e RS
Ol 21™ot RAXIGHE=E oil==0{0F &tCt. A8 02 SWAP gateE QIJtotH ==
sl 4~ QUCH =, CNOT gateE +=8otJ| oA HESH SWAP gate 2 &
O AFMOIl =HEI{OF 8tCt. 2l1) oY SWAP gate 2 =& AIAE DE &
Ol BFASIO{0F BFCH.

- 28 259 ZRU 2X AHOIES BAREL =&ott. 24 od=2l 2E0lA
2 MelnEe B HRA2 0IR0HAL, HIZ240 AEIESE 2= A2 Hi
X =, &8l AIAE 2EY =2 2=l Y 2E0M S=ot= 2=2 0
SelHA ool AXI HiXIE = ULL Hetd 2= S22 2 HH &M
LENM R LRE TIISE 2&(called module) W DiHEHS RYQ FHo=2
OHOHRH == & Z(parameter passing)S +=&oi0F &FCH(forward parameter passin
g). Jeld NMgE FU MM Y 22 FYHsS2 +=-3eh. Y 252
N A0l SSEH 2AH =2 dEEAE REUSS JIES B=2 U
A HLaHF=0{0F &CHbackward parameter passing). &, 2 &2 32 &
Mel ME 2= forward parameter passing & =&0ot1, S X2l2 backward pa

rameter passing 2 o= 0F StC}.
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main module
qubita [3] ;
qubit b [3] ;
ORACLE (a, c)
ORACLE (b, c)
Measz (a[o])
#local qubits {main) +
tes (main) +

Eid

£
]
E
[
O
]
=
=
2
]
]
4+
wv)

module main ()

{

#Qubits:
#Gates:

— SRA_CLE (a, b)

Non-Leaf sub-module
module ORACLE (gbit* q, gbit*
even)

#qubits (ORACLE) +
#gates (ORACLE) +

qubita [3] ;
ABC (a, even) ;
Statistics of non-leaf sub-
modules:
#Qubits:
#Gates:

3
4

L = 0l
— ABC (g, even) ;

]
~

=
[

-

=l

Leaf sub-maodule
module ABC (gbit* g, gbit* =ven)

{

PrepZ (scratch [0], O) ;
PrepZ (scratch [1], 0) ;
PrepZ (scratch [2], O) ;

o
L
S5
©
(=]
E
[
(]
o
Y
(o]
1]
O
=
L]
]
©
4
(%]

# local qubits + #parameter

qubit scratch [3] ;
qubits

#Gates:
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The number of modules in GSE

2504
2000

SLRIBSNG

o
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1504

1337.792

1000
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Rd=6d

=54
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=40
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GSEOS GSELG GSE32 GSE40

System code generation

GSEQ4

GSEQ2
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3580
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gram

crc4/program/demo/program$ ./ABBB-generate.sh -D:QD -QEC:Steane -Terr

nd_state estimation.m40.improvedKQ max_tolerable error ratel]

g 22, L =d O0IH == /I8 AJEE
- olgd AJEES &9 ANZ 32 2UdSLFE0 e S2ALEI=He dES
St AIZI8EA 2 g ge/ed =8 UOoIeHE #=etlh.

fqcrea: /media/qcre4/program/demo/program

[166229.083785456431]
[167250.653099194024]
[174541.474953619589]
[169293.791726669209]
[172498.336326144403]
[174541.474953619589]
[175563.044267357182]
[175563.044267357182]

[176584.613581094774]
[176584.613581094774]

SWAP(data a2,
SWAP(data_a3,
CNOT(Shor_a2,
SWAP (data a7,
SWAP(Veri_a5,
CNOT(Shor a3,
CNOT(Shor_al,
CNOT(Shor_a4,

Meas(Veri_a5,
Meas(Veri_a6,

left), [166229.083785456431]
left), [167250.653099194024]
left), [174541.474953619589]
left), [169293.791726669209]
left), [172498.336326144403]

SWAP(Veri_ a6,
SWAP(Veri_a6,
CNOT(Veri_a6,
SWAP(Shor_a4,

SWAP (Shor_a4,

right)
right)
right)
right)

right)

top),

[174541.474953619589] CNOT(Shor_a4, bottom)

bottom), [175563.044267357182] CNOT(Veri a6, top)
left), [175563.044267357182] CNOT(Veri_a5, right)

Z)
Z)

verification successful

[150535.
[168272.
[176584.
[169293.
[177606.
[178627.
[178627.
[179649.
[180670.
[177836.
[181692.
[182714.
[175563.

[175563.
[176584.

769586994109]
222412931616]
613581094774]
791726669209]
1828948323671
752208569960]
752208569960]
321522307553]
890836045146]
120728968381]
460149782739]
029463520332]
044267357182]

044267357182]
613581094774]

SWAP(data a5,
SWAP (data_ a6,
CNOT(Shor_al,
SWAP(data a6,
SWAP(data a4,
CNOT(Shor_al,
SWAP(data_a4,
SWAP(data_ a5,
CNOT(Shor_al,
SWAP(Veri a5,

CNOT(Shor_al,

Meas (Shor_al,
Meas (Shor a2,
Meas (Shor_a3,
Meas (Shor a4,

Correction operator is IIIIIII
Do nothing
[181692.460149782739] SWAP(data a6,

[182714.029463520332] SWAP(data a3,

g 23. g9

left),
left),
left),
left),
left),
left),
left),

ft),
left),

left),

[156535.
[168272.
[176584.
[169293.
[177606.
[178627.
[178627.
[179649.
[1806760.
[177836.

769586994109]
222412931616]
613581094774]
791726669209]
182894832367]
752208569960]
752208569960]
321522307553]
890836045146]
120728968381 ]

SWAP (data_a4,
SWAP (data_a4,
CNOT (data_a4,
SWAP (data a5,
SWAP(data a5,
CNOT (data_a5,
SWAP (data_a6,
SWAP (data_a6,
CNOT (data_a6,

SWAP (data_ a7,

right)
right)
right)
right)
right)
right)
right)
right)
right)

right)

top), [181692.460149782739] CNOT(data a7, bottom)

X)
X)
X)
X)

top),

top),

[181692.460149782739] SWAP(Veri a5, bottom)

[182714.029463520332] SWAP(Veri a5, bottom)
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database.json (program /media/qcrc4/program/demo/DB-ABBBS) - gedit

2 "level" : 2,

3

4 "size(square of micro-meter)" : 1800,

5

6 "layout" : [

% "Veri a5 Veri a6 data al data a2 data a3 "

8 "Shor_al Shor a2 data a4 data a5 data a6",

9 "Shor a4 Shor a3 data a7 Prep a8 anci al",

10 "Meas_al Meas_a2 Meas a3 Meas a4 Meas_a5",

11 "Meas a6 Meas_a7 Mveri a Magi al Magi a2",

12 "Magi a3 Magi a4 Magi a5 Magi a6 Magi a7"

13 i

14 "PrepZ" : {

15 "low level command" : [

16 "[0.000000000000] H(data a2)",

17 "[0.000000000000] H(data a3)",

18 "[0.000000000000] H(data_a4)",

19 "[4.523963999200] CNOT(data a2, right), [4.523963999200] CNOT(data al, left)",
20 "[0.000000000000] SWAP(data a7, left), [0.000000000000] SWAP(Prep a8, right)",
21 "[4.957455193600] SWAP(data a7, left), [4.957455193600] SWAP(anci al, right)",
22 "[9.914910387200] SWAP(data a6, top), [9.914910387200] SWAP(data_a7, bottom)",
23 "[14.872365580800] CNOT(data a3, top), [14.872365580800] CNOT(data a7, bottom)",
24 "[14.872365580800] SWAP(anci al, left), [14.872365580800] SWAP(data a6, right)",
25 "[19.829820774400] SWAP(Prep_a8, left), [19.829820774400] SWAP(data a6, right)",
26 "[24.787275968000] CNOT(data a4, top), [24.787275968000] CNOT(data a6, bottom)",
27 "[9.481419192800] SWAP(data al, left), [9.481419192800] SWAP(data a2, right)",
28 "[19.829820774400] CNOT(data a3, right), [19.829820774400] CNOT(data al, left)",
29 "[29.744731161600] SWAP(data a4, left), [29.744731161600] SWAP(data a5, right)",

30 "[34.702186355200] CNOT(dataiaZ, top), [34.702186355200] CNOT(dataiaS, bottom)",
31 "[39.659641548800] SWAP(data_ a5, top), [39.659641548800] SWAP(data a6, bottom)",
32 "[44.617096742400] CNOT(dataiaZ, top), [44.617096742400] CNOT(dataiaG, bottom)",
33 "[34.702186355200] CNOT(data a4, left), [34.702186355200f] CNOT(data a7, right)",
34 "[44.617096742400] SWAP(dataiaS, left), [44.617096742400] SWAP(PrepiaB, right)",
35 "[49.574551936000] SWAP(data a5, left), [49.574551936000] SWAP(ancival, right)",
36 "[54.532007129600] CNOT(data a7, top), [54.532007129600] CNOT(data a5, bottom)",
37 "[49.574551936000] SWAP(dataiaG, top), [49.574551936000] SWAP(PrepiaS, bottom)",
38 "[54.532007129600] SWAP(data a2, top), [54.532007129600] SWAP(Prep a8, bottom)",
39 "[59.489462] CNOT(dataial, right), [59.489462] CNOT(PrepiaS, lefie)™;
40 "[64.446917516800] SWAP(Prep a8, top), [64.446917516800] SWAP(data a2, bottom)",
41 "[69.404372710400] CNOT(dataia(i, bottom), [69.404372710400] CNOT(Prepiaa, top)",
42 "[74.361827904000] SWAP(PrepiaS, left), [74.361827904000] SWAP(data7a4, right)",
43 "[79.319283097600] CNOT(data a7, right), [79.319283097600] CNOT(Prep a8, left)",
44 "[84.276738291200] Meas(Prepias, Z}*,
45 "[69.404372710400] SWAP(data a2, left), [69.404372710400] SWAP(data al, right)",
46 "[84.276738291200] SWAP(data7a7, top), [84.276738291200] SWAP(dataiaS, bottom)",
47 "[89.234193484800] SWAP(anci al, left), [89.234193484800] SWAP(data a7, right)",
48 "[94.191648678400] SWAP(data_a6, }eft], [94.191648678400] SWAP(data_a7, right)",
O 24, & 2 o= {0l o
- 2 gleol oYY 2Ol HIOIHIE =0 2= ™H ABB_level_database.json
o doead = g, A0, g, 2 JIs8 FEH L s Al 2 D
— | —
sY A4s0] MAEESCLC
(2) We s Jls AA
1) SWAP HI0IE
- ¥&=&HN : SWAP(ABB_name, tarl, tar2, opt)
- S8 1l - SWAP HOIEN AMEEes oQaed=o AL A2 It A4
ol =7H
tb — SWAP HOIEN AIEZ=s QU= JAI AZ HEZ A&
ol =X
- gojgld=sa A oo SWAP HOIEZ =& Al SWAP(tar1, left),

2) CNOT HIOIE

=2 SWAP(tarl,

top), SWAP(tar2, bottom)Jt &= =I(C},

- @& : CNOT(ABB_name, control, target)

= o
- gojgigzeio A4
I;‘ ol=2 A
M= O

? 2

< target @A E control A

CNOT2 Z control &A% target FAJF el €0
A0 CIEGHAH SWAPSHX CNOT HOIEE




MLt Ol0 oHYot= SWAP HOIESl Z=20] =GB HEHo=
==!

CNOT(control, target, position of control, position of target)Jt &&= (.

3) Logical gate preparation
- H&™&0 : LOpPre(ABB_name, opt)

- 88 - offe S2ALESH0 SYEL = 2 AU UAMHA 2LEZ0 A
Xl
| —ofle S2ALE=SH0I ALY =H 2t HA0 JAHAM 2F0 AKX
t - ole BAEI=20| L= 28 AL UAUHA AAZ0 2K
b - oy 2ALE=H0| SALL=H 28 HL0 UK OtcHZ0 2
Xl
- olE Jlse ZALE == 28 Has st =HIHFO0ICH AL = W OO0l
BH A2 @ Ot LgLdEsio iy 2 A2l LIS AIZICEH Ol ArE
Tl= SWAP HOIEQ £ 20| &t

4) Logical CNOT HOIE

- HHO : LCNOT(controlABB_name, targetABB_name, opt)

- 38 1l - =2l& CNOT HOIE HAN JUAA target ALY S0 LE
£, control oL S0 2F0 =M
Ir — =cl& CNOT HOIE A& UNHAM target LALL =0 |E,
control B2 =0l LEZU &M
tb — =cl& CNOT HOIE AN UAHA target HALLE=E=0|
control LU E=0| OtHZNH &Y
bt - =c2l& CNOT HOIE H&0 UANHAM target LALL S0 Oteh

% control YLAEH =0 KB =
=
=

g

- dodaEs 2t CNOT HOIE HAOICEH WY HAS £85I Mol 2 doy
=220 UM LOpPre(x)It XAisHz MMECH 2 ALY SN M2
tHS&e= diole &4 28 CNOT AHOIE A0l Ol XN ol A2 £t
o =20 tige Jt2, MZECL 2 8 SWAP HOIE Hat= Soll THHH
XIGt0d CNOT HIOIE A2 @SHCH Y SWAP AHOIE E3&0l &850
ZEZEXH22Z CNOT(Control, Target, data element)Jt &2 &ICt.

5) Hadamard HOIE
- "3 : Hada(ABB_name, target, opt)
- 848  p - Hadamard AHOIE HAO| e = W |4
| — doled =0 =cl& Hadamard HOIE =
- SE0| pY Z2 H(target)Jl E8 &0 SE0| 12 22 LU Es | 2 O
==

OIEf A0l CH5to H(datal)~H(datan)0l 25 SHECH




6) Z HOIE

- ¥&0 : Z(ABB_name, target, opt)
-8 1 -Z AHOIE dat0] godd=Es W a4 =Z0
p — AL SN =& Z HOIE Aats =
- 80| pY J=2 Z(target)It EHE0H sEO0| 1Y 2R L9
Ol A0l 5t Z(datal)~Z(datan)0l 25 & ECH
7) X HOIE
- HAEO : X(ABB_name, target, opt)
- S8 |- X HOIE A0 LoUHES L A =0
p — oL SN =2l&H X HOIE Aats =
- SE0| pY J=2 Xtarget)It EHEH sE0| 1Y 2R L2
OlEl A0l CH3tod X(datal)~X(datan)0l 2% =S & Ch.
8) Y HOIE
- ¥¥ON : Y(ABB_name, target, opt)
- S8 1 -Y HOIE A0 LoUHES L A =0
p - AL =SHU =2l&H Y HOIE Aats =
- 80| p2 B Y(target)It EHLH &0 12 22 A2
OlEl A0l T3t Y(datal)~Y(datan)Ol 2% =S & Ch.
9) S AIOIE
- ¥3HO : S(ABB_name, target, opt)
- S8 |- S HOIE HA0| LU ES L} A =20
p — Yoeg 2 =2l S HOIE AasS =3
- SE0| pY &= Sltarget) )t EHEH sEO0| 1Y ER 22
OlEl &0l CHGtO S(datal)~S(datan)0l 2% =S EH
Ol HOIZ =g fldol =itz ~HEC
10) T HOIE
- @3 : T(ABB_name, target)
- 2L 29 T HOIE HAMLZ T(target)S = SHL.
11) Cat state preparation
- ¥¥0 : Catprep(ABB_name)
-7 R34 3 MEHE FHlols JIseZ 3 RY0l S wH
O{&l 34 AEHDL 2SS SUE MDAl = s

N %
wgge | @S o
N %8
ggge | @S o
N 4t
woige | 2 o
N e
gy | 2 o
21X Z HOIE oia
ABECH i3 oS




12)

13)

14)

15)

16)

Cat state decoding
HF O : Catdec(ABB_name)

7 A8 M AMEHE C2Eols datez ZHI RIS S
=
=

Z basisZ &6 oHE 21

Controlled—M HIOIE

H2H0 : ConM(ABB_name, oper)
S5 2F ConM HOIE AMOR 7
HIOIE A0 H2Es 7 24 A

Y oo

JE

Eoll |AXNE THGIH HEdt= SWAP A Ol
ConM(control, target, operation, position of control,

& etLt.

Relayout &4t
HA O : Relayout(ABB_name)

jojgigzelo] ALSS IEO HWAZ ©

DO

0

=l C.

r

Measurement
HA O : Meas(ABB_name, target, opt)

sSHE 1z - doudgsd Lo FAAZE 7 basisE =H
x — Ao Es e FAE X basisE =
QojUd = | |A =9 &5 HAMOZ Meas(target, opt)=S

Logical Measurement
H&E O : Lmeas(ABB

=8  : Controled M HOIE AHZ 28t Al

o
4n

0
B
=
1
»T
1o

20 AEHDE ancilla AEHE A2

Im
1A
J¥ 40

fscl= HAOICH 2
c

XZ EZl=cl=0 SWAP HOIE A0l AMEE

name, optl, opt2, oper)
Z, X% &2 computational basisZ

ol A 2=

sSE1 D c - Yo ES0
n-— Yo S| OO AHAH
=81 z - YoEY == 7 basisZ2 &
x — LoEHEHE X basis2 &
oper  &Lolo AHAHY CHet AEEH
=2l & measurement ez 2 &0 W

A0l Meas(target, opt) ~ Meas(target, opt)

Uy
[1}]
Ju
ol
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oQ
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| XI0l [Ttek SWAP HIOIEESE
e
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2 EX
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pi {H] ([}
pi — (H}
pi ) @
pi D {H}
pi D {H}
pi & [H}
pi D [H]
ri 0 2)
pi —B{Z)

Pi —

.

P Z)
& 25. 7-78! Shor &8} M 3AZE [Weinstein13]
17) 7—qubit Shor state preparation
- HZE O : Shor7prep(ABB_name)

- 7 7Y Shor &t &=H HF2=Z 7 78 Shor 4HIt HUZ =HEASS HS
otJl <o 3 RS0l AFSE LY.
18) 7—-qubit Shor state decoding
- HZ¥O : Shor7dec(ABB_name)
- 7 Yl Shor AEIE =305l ClRdYsle datez iy MESQ WelElsE &
S50 IHEIEIDE B B3R QFIF YMGHA &2 240110 IHeleldt 2+ &
S Oicdot Zeist A 0ICH
19) Magic state preparation
- "3 : MState_prep(ABB_name)
- =cl® 0 HEH2t 7 FY Shor &HE AEGHH =c2I& T HOE Hats st
Magic &EHE &HIote JIsO0ICH =c2l& 0 &Efol 7 F8 Shor &EHE control
2 ot Controlled-=ZSX HOIE &4tE ot Ol0l ool =225 £28
Ct. OI=0l 7 78! Shor &EHE CIZEYol AESS MelEIS =QIstCt. 0

[ —
S &2 AES0 L= MR S B 014 BH=8HL.
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Figure 1. Implementation of [[7.1.3]] QEC code T-gate.
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2l 26, =2|& T HOIE &4t 3125 [Weinstein15bal
20) =c2I& T HOIE
- H3E O : LogT(ABB_name)

M0 40 = v

- =cl& T HOIE HASZ MState_prep(ABB_name)2l ZUHE AESHC
AERQE OIOIE! &4 2H0 CNOT HIOIE HataiE S oY duds
X 7 basis SAS stCt. =& 200 001H =2lE T HOIE AHAHO
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- "= : Prep(ABB_name)
- =c|l& 0 MEHE FHlot= JIsO0ICH 1JHe AREI0 2 HEUH Ml 2S
WEHE SAE MKl Bt= =SS
0) ' ' (H}
|0> \ul ¢ H"
|0) \UJ\ H"
|0) N {H}“
0) B[ 2)
10) —bD{ Z)
2 28. Syndrome X0 AI2Z= 4-738 Shor &E] MA 2% [Weinstein12]
g3 M D 53 »
55 D Egt D)
73 HHe—D i L—®
EE E E) EFE [ @
53 |Hl B 53 [
25 HEs—D 25 —®
EE E E) 3:5 E)
L : LEs—3) 3 T

1
bit-flip syndrome
measurements

18 29. 4-7E! Shor &4HE A=

22) Syndrome Measurement

23)

HF O : Synd_Meas(ABB_name)

phase-flip syndrome
measurements

=

3|2 % [Weinstein15b]

- 4 RE Shor 4EHE AMEotH oY YUY =S| AMESS F=6HC.
Error correction operation
HHEN : err_cor(ABB_name)
ofe doed=ssis 25 H&ot= JIsSOIt. dEE =& J|lsS ALE0HH
2 ¢tEES 2= WAl =0 33 Bt= =="ollH 33 =& Al 2 AESS
majority rule0fl et Z2HSCH =& & MES0H UHSE=e LT 8 Hits
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1) AR A L A& 76,000 15.2| 24,400 4.5 24,400 4.4 124,800 7.8
2) 24l & A2l 118,170 23.6 9,539 1.7 16,539 3.0| 144,248 9.0
3) A& B A 0 0 0 0.0 0 0.0 0 0.0
2.3. A7 ESH| 107,189 21.4 76861 141 76,861 14.0 260,911 16.4
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4, FYIFAH(EZH]) 0 0 0 0.0 0 0.0 0 0.0
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= Ayl =8 500,000 100| 545,969 100| 549,219 100| 1,595,188 100
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CNOT Controlled=NOT

DFT Discrete Fourier Transform
FCFS First Come First Served

FET Fast Fourier Transform

GSE Ground State Estimation
MIM Mixed Integer Programming
QD Quantum Dot

QEC Quantum Error Correction
QFT Quantum Fourier Transform
QUArC Quantum Architectures and Computation group
SC Superconductor

ScaffCC Scaffold Compiler Collection
SQCT Single Qubit Circuit Toolkit
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