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EHEE Py TS i
sw zero,—20(s0) fe042623
int x = 15 lw ab,—20(s0) fec42783
. - BN i a5,45,8 ‘ 0087e793
Int y = Xx; .
ori ab,ad,4 0047e793
ori ah,ad,?2 0027e793
ori ab,ah,1 0017e793
sw ab,—20(s0) fef42623
sw ab,—24(s0) fef42423
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BHREE
Int x = 15;
Int y = x;

Tt Io

sw zero,—20(s0)
lw ab,—20(s0)
orl ab,ah,8

ori ab,ad,4

ori ah,ad,?2

ori ab,ah,1

sw ab,—20(s0)
sw ab,—24(s0)

TR

fe042623
fec42783
0087e793
0047e793
0027e793
0017e793
fef42623
fef4d2423

li ab,15
sw ab,—20(s0)
sw ab,—24(s0)

47bd
fef42623
fef42423
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int x = 15;
int y = x;

Tt Io

sw zero,—20(s0)
lw a5,-20(s0)
ori ab,an,s

orl ao,an,4

—)

TR

fe042623
fec42783
0087e793
0047e793

P7e793

AN SIE R UNTRFE 176793

12623

SwW ao,—24(sU)

i ab,15
sw ah,—20(s0)
sw ab,—24(s0)

—)

fetd2423

47bd
fef42623
fef42423
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qint x = 1b;
qint v = X;

Tt Io

q.X(3),

q.X(2),

q.X(1),

q.X(0),

q.H(0), q.CNOT(0, 8),
q.X(16),

q.Y(16),
q.CNOT(16, 8),
q.H(16),
q.measure(16, 0),
q.CNOT(0, 8),
q.Cz(16, 8),....

—

fe042623
fec42783
0087e793
0047e793
0027e793
0017e793
fef42623
fef42423

[ﬂwa@fgﬁ%sﬁmw—A E‘ FEAERIELAL
L

T —JH7E0

q.X([0,1,2,3])...

47bd
fef42623
fef42423

Page. 6



EFHEOTOYSLOER

it
%
(][
O

qint x = 15;
qint vy = x;

7eyIo

q.X(3),
q.X(2),
q.X(1),
q.X(0),
q.H(0), q.CNOT(0, 8),
q.X(16),

TR

fe042623
fec4d2783
0087e793
0047e793

EFaI/IN SHANE

)'(e793

[ 7e793
12623

q.CZ(16, 8),....

—Tem2423

[;‘FLFHE’J?‘JE%Eﬂ:?I/—A E‘ FEAETETELALY

7 —JH75 N

q.X([0,1,2,3])...

47bd
fef42623
fef42423
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ARPJ TR L TCWALa R~ —F2 FHEIX., 0SC (Open Sound Control) & k=)L
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[FROM QPU]
- INIT : /Init w:Int32 h:Int32 ] ]
. Flash : /Barrier ﬁINIT, Flash M #H %
- WE Mz r:Tnit32 q:Tnit32 2020
1 qubitFJHME : /InitZero r:Init32 q:Init32
1 qubit]HE : /U 1:Init32 q:Init32
U FEEoREIC LD /X, /N, /Z, /H, /S, /Sdg, /T, /Tdg )
- Multi—CNOT{HE : /CX cw:Int32 ch:Int32 targets:Array paths:Array
(arrayld 2 OfEEAE T (w, h) OELH, pathsid 2 OEHET/SZAD Y X ~EF))
»multi-Target Controlled-X [ZZ &
[TO QPU] »surface code Fpaths MIBND 2020
- HEREE /Mz res:Init32 f:Float ”
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The LLVM Compiler Infrastructure
LLVM Overview

The LLVM Project is a collection of modular and reusable compiler and toolchain
technologies. Despite its name, LLVM has little to do with traditional virtual
machines. The name “"LLVM” itself is not an acronym; it is the full name of the project.
LLVM began as a research project at the University of Illinois, with the goal of

providing a modern, SSA-based compilation strategy capable of supporting both static
and dynamic compilation of arbitrary programming languages. Since then, LLVM has grown
to be an umbrella project consisting of a number of subprojects, many of which are
being used in production by a wide variety of commercial and open source projects as
well as being widely used in academic research. Code in the LLVM project is licensed
under the “Apache 2.0 License with LLVM exceptions”

(1lvm.org £ 1)

Clang C/C++/0ObjC LLVM
C > Frontend X86 Backend - X86
e —- S ——"
LLVM LLVM
Fortran -#| llvm-gcc Frontend Optimizer ‘ PowerPC Backend - PowerPC
S —— e —"
LLVM
Haskell - GHC Frontend - LIVM IR ARM Backend - ARM
= B
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The LLVM Compiler Infrastructure

EFANATT4AY
(Q019FESRBEEZRFHFE)

Fortran =

Haskell -

S XYW S 53
(Go-like, C-like, 75&)

=EFXIGRRZ7A IR
Q019FESHEEXEZHFE)

=

Clang C/C++/0ObjC COVM
Frontend X86 Backend
=
LLVM LLVM
vm-gec Frontend Optimizer PowerPC Backend
e — e —
LLVM
GHC Frontend
VM IR LLVM IR ARM Backend
e — e —
qlang J\

- X86

- PowerPC

-» ARM




2019 EICHAFELEZEFTAT SLER

The LLVM Compiler Infrastructure

Clang C/C++/ObjC
Frontend

EFRIEATT4<AY
(SHREZEZ[HAR)

LCVM
' - X886
X86 Backend & LA

LLVM LLVM
Fortran - llvm-gcc Frontend il ~» PawerPC
Optimizer PowerPC Backend
. AEELEL
e — e —-
LLVM
Haskell - GHC Frontend - ARM
ARM Backend LA
e —-

E?Xjr‘_d)nang
(Go-like, C-like, 78D

"—  qglang

EFXIGRZAOVFIVUR
(BHREEZFFE)

LLVM
RISC-V Backend >RISC-V

g¥*1FHJ§ gce
(RISC VIZBRTE)

= Fhk
il el AV AT =)
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The LLVM Compiler Infrastructure [zvizezo

Surface Codel 2% % its

BFRIGATTA4AY 2020
(SHREEZHRF) EFEEILDH
C -~ cuan%rc;;ct:;éomc xssLé';x(end /
| & ELLLY
-
LLVM LLVM
Fortran -#=| llvm-gcc Frontend Lo ~» PawerPC
Optimizer PowerPC Backend & LA
e —— e —
LLVM
Haskell -»| GHC Frontend - ARM
ARM Backend LA
e — e
SFXTMDECHNS5E LLVM
(Godlike, Clike, &) > alang RISC- Backend [ >RISC-V
EFXGRZAOVEIVR EF XA gec =FHhk
(SHREEZHRE) (RISC-VIZ[RFE) Xan S tyhEBm

TE&UETE?%%O) ‘/

Surface Codel 2% %t it> 2020
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Amulti—target CNOTIZ® %t ity

N y TN N

control target 1 target 2 target 3
Xe i Zo L Xell Zo | ! N Z. 1 x ZL 0 Y,
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P . D . WY 8

ancilla 92 - ne 2

N N ~

ﬁpath'l'%ili%’ah%:&a YTk e cAVA AN A
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(%, arXiv:1709. 02318 Lattice Surgery with a Twist:
EQE)#T\ Simplifying Clifford Gates of Surface Codes X V)

« CONOTIEHBE. TH 5 “qtocx. k” OERIL, FI— VLV AXNTITA—X—F v 7 L7

HPH T, EHOCNOTHEBIZFIFFC CE 2 0N v, (8E)

-multi-target CNOT JHAE ThDmozBIMLT=EFNn LV,  GEIN)

s HOBREOHBOF— MEFEGFN 2Ny 77V 7 LT, £EOTUHEIERTE S

Ko7 v valomaE Bl ER Ly, GBI

*multi—target CNOT JEE.|ZI1X. Pathigiiz ol 5, (f3FE)

s PathfEWR OO 7280, <7 bty FAMEERD,  (FiESRHE0EM)
N

~

(3%) lattice surgery ZEIROFH

o SYUENG AU E LR (RATERER) O FEAHAZEE Lz, (Hadamard D FHEICEHEN K& < Bip 5 45)

- TCNOT, multi-target CNOTOEIE & &7 v FOBEERE] ICBAL UL, 7L —2TU—7 & L THEFTHXIERITED L 720,
(B b OFERIT R D)
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EFIAVNATIZHT5 Frontend

SR EE P O—R
T 7\~_ I func main() {
J 7 Gint x, v define i64 @main) {
entrypoint:
C’ GO’ RUSt’ call void asm sideeffect “qtelep.k \.
Haskell, // for quantum azero, ql, q0, 17, 770 #0
x=0; // Init call void asm sideeffect “qtelep.k \.
ete ... y=x; // telep qzero, ql, q2, 17, 770 #0
ret 164 0
} }
Frontend
\-/qlang
\'4
2T otk “ S AF1)
LLVM-IR BRI SEit LLVM-IR D— B4Rk Ja—F
etc ...
Pass A || Pass B Backend
Pass Manager
LLVM Core
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EFIa/NIIZHT5H Backend (QEXED &ERE)

FEI—R N1 F 1)
° . 10158: 010113
PA=L A NN define 164 @main() | 10150: 00813423
entrypoint:
C’ GO’ RUSt, call void asm sideeffect “qtelep.k 10164: 0200800 // atelep.k
Haskell dzero. o1 40, 17, "0 £0 10168: 0220800b // qtelep. k
, b b b b .
call void asm sideeffect “qtelep.k \. }8138 88833;?2
etc ... soro. al. a2, 1”. "0 #0 :
qzero, al, 42, 17, 10174: 00813403
\l' ret i64 0 10178: 01010113
} 1017¢: 00008067
Frontend
g -1
qlang gec (EFXTMN)
v N
PR =T 271N 2. >
95 4] I ik | 1R4F)
LLVM-IR BRI SEit LLVM-IR D— B4Rk a—FK
etc ...
Pass A |- Pass B Backend
Pass Manager
LLVM Core
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2020
054 - = MO KM
C, Go, Rust, * Qubit Allocation (= WD AT A RIZTHR)
Haskell, He BHETHMAR SO
etc ... FEFENAEME 2 S O F THRE(LALEENZ Z b E T
v
Frontend

qlang gce (BEFXTMN)

\ 4

& AT Ltk “ INAFY)
LLVM-IR BRIfT/ SEL LLVM-IR | 2= FER | g—f
\ / etc ...

Pass A |---| Pass B Backend

v

Pass Manager

LLVM Core

Page. 19



2020

EFRE{EDOHIRE : Qubit Allocation

Surface Code (lattice surgery) #ZHife& LT, CNOT, multi-target CNOTD

AlE BBy PORBEZZ X T,

&1 [A]#a) =1 [[l#Db)
10} l ¢ 10) l
|0) O * |0) O *
|0> J: @ -
10) O O |0) 3 ©
Surface Code Tl | ) T ©
~X
t=3 t=2
] J7 1
.. . 0. - .
—

. . . .
seestenen seeseeen

0)

0)

0)

|0)

SATAT v 7 B/ HRE

BT EKC) e

9

a
N

N
L/

FamY
7/

—

t: Logical CNOTDFEITAT v F¥K

.'. : . .

BEELIEFZE “Logical Qubit Layout Problem for ICM Representation” Nural Ain Binti Adnan, Shigeru Yamashita
(Journal of Information Processiong Vol.26 20-28, Jan.2018)
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RISC-ViERIDOCPUY R = L— X 2 HE L T, EFILEINT
i< <> (Virtual Machine,

INF)
O—k HIEE
17bd

fefd2623

fef42423
[

v

RISC-V simulator
spike

VW) & LTRIR LE LT,

v

RISC-V (ZX#E&gE

YN THL YRS
vk

N7Y NIV SR
V Extension

%ﬁmﬁ (=QPU)

Fin S ihiR
K Extension

V
HHEXEY

cEr 7ty E
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RISC-VEEHIDCPUL R 2 L —H 2 NiE L T, BFIESNT-Er 7 ety V%
A8~ > (Virtual Machine, VM) & L CEEFE L E L7,

INAT) [ 7mfty b @ISA) ]
o = E (operand) gmeas.k rd rsl rs2 qimm6
_I\ BEEE w7 LR—7— 3  (operand) qtelep.k rd rsl rs2 qimm6
multi-CNOT " — b E (operand) qtocx.k rd rsl rs2 qimmé
TTA— hEE (operand) qootdg.k rd rsl rs2 qimmé
S T4/ — NEE (operand) qoosdg.k rd rsl rs2 qimm6
77— MEHE (operand) qooz.k rd rsl rs2 qimmé
\l, X7 — MEE (operand) qoox.k rd rsl rs2 qimmé
. S/ — hEE (operand) qoos.k rd rsl rs2 qimmé
RISC-V simulator T 7 — MEF (operand) qoot.k rd rsl rs2 qimmé
; HZ7— hEE (operand) qooh.k rd rsl rs2 qimmé
spike
v /
RISC-V (IEtae) %%mﬁ (=QPU)
YN ] HEL IS Fan S AR
vk K Extension
A . ql
. FHEH
RO LI 75 ~ e
V Extension L2 & (q0)
¢ a3
V 1‘”’*‘5;%1:‘*) NEDY g X (r+1) fH D
Q@ VLURE BT OETE Y ML

LSRR L UR SR
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RISC-VEERIDCPUL R 2 L— 2 ZHiE L C, BEFESN-EF 7 ety %
A8~ < > (Virtual Machine, VM) & L CRIFE L F L7,

[ET@asEy b (Q-ISA) ]
=1 HE (operand
#F7 L AR—7— 3  (operand
multi—CNOT 4 — s (operand
TTA— hEE (operand

INAF)

—bk [ wme=

gmeas. k rd rsl rs2 qimm6
qtelep. k rd rsl rs2 qimm6
qtocx. k rd rsl rs2 qimm6
qootdg. k rd rsl rs2 gqimm6

2020

multi-Target
Controlled-X

— — — — — — — — — —

-7 S T4/ — NEE (operand) qoosdg.k rd rsl rs2 qimm6
— 3 77— MEHE (operand) qooz.k rd rsl rs2 qimmé
\l, X7 — MEE (operand) qoox.k rd rsl rs2 qimmé
. S 7 — hMNEHE (operand) qoos.k rd rsl rs2 qimmé
RISC-V simulator T 7 — MEF (operand) qoot.k rd rsl rs2 qimmé
; HZ7— hEE (operand) qooh.k rd rsl rs2 qimmé
spike
v /
RISC-V (IEtae) ®THE (=QPU)
YN ] HHEL YIRS EFmoihE
AV K Extension
N\ ~ ql
. FHEH
~Y I\)bﬁ%#fﬁ?ﬁ YT b d o q2
V Extension L2 4 (q0)
AW ¢ @l
N R IVILERZ Vv R E Y M aX (e ) fHOD
2020 qQ: VYRS BZYOREFE Y M
r: A&V IUAXE
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EFI77—LxT (FAFELI-

)

SDR (Software Defined Radio) ZFH\WAZ L2k V., VY7 b =T CTEHRABER~A 7 iz

T8 77— 7T (FEAH L,

% 2qubit_simulator_fullfunc.grc - q g

- GNU Radio Companion

18E 1y ME) 2B L E LT,

Fle Edit View Run Tools Help

OD-B-BX 28 «508 ¢IO@RD B & <Aeld[)/Q W

1qubit_simulator_simple 3¢ | 1qubit_simulator_complier 3¢ | 1qubit_simulator_SDR 3¢ | 2qubit_simulator_simple 3¢ 2qubit_simulator_fullfunc 3¢

GNU Radio D&

QT GUI Frequency Sink
FFT Size: 1024k

Center Frequency (Hz): 0
Bandwidth (Hz): 32k

Title: 2Qubit 5..II Function
Author: Noritsu..siprop.org)
Generate Options: QT GUI

' Float To Complex

QT GUI Frequency Sink
FFT Size: 1.024k

Center Frequency (Hz): 0
Bandwidth (Hz): 32k

QT GUI Frequency Sink

FFT Size: 1024k
Center Frequency (Hz): 0
Bandwidth (Hz): 32k

Qubit Detector

Number of Points: 1024k
Autoscale: No

Line 1 Label:

Line 1 Width: 1

Line 1 Color: Blue

Line 1 Style: None

Line 1 Marker: Circle
Line 1 Alpha: 1

-l

[[| Message Debug

Yy

1
Center Frequency: 1k

Sample Rate: 32k
Time Scale Rate: 1

oy “" izer x readout
. 1 Frequency: 1k 1 Frequency: 1k

1 Frequency: 1k
Q Frequency: 1k Q Frequency: 1k
1 Amplitude: 1 e | Amplitude: 1 Quantum ¢

NOT Junction Point
[ -~ o[ @ eomesers o Junction Pint e[| o Ampleuser e

1 Bandwidth: 1 ot Timelnsl 1 Bandwidth: 1 e e
Q Bandwidth: 1

Q Bandwidth: 1
Processing Time(ns): 10k
Sample Rate: 32k

Time Scale Rate: 1
Processing Time(ns): 10k 1 Frequency: 1k

Processing Time(ns): 10k
REfl Sample Rate: 32k

Sample Rate: 32k

Sync Qubit [ T4

Qubit Simulator

JJ| qubit ip: 2
Center Frequency: 1k

readout
cnoT 1 Frequency: 1k
I Frequency: 1k Q Frequency: 1k
Q Frequency: 1k : 1 Amplitude: 1 z::::‘;:"ﬂ'
B - > R
. mple Rate:
[I---»{] ' ! Bandwidth: 1 Time Scale Rate: 1
3 m--- Q Bandwidth: 1 | Fraqencys T
Q Bandwidth: 1 Processing Time(ns): 10k
e :::::;.1:1,::»;) 10k Sample Rate: 32k
Sample Rate: 32k

o JJ| sample Rate: 32
Time Scale Rate: 1

—
[P core
Options GUI Constellation Measurement
1D: two_qubit..Itor_fullfunc Quantum

< controllers
initializer
Quantum Coprocessor
Qubit Simulator
Sync Qubit
Wait
readout

~ gates
cNoT
H
NOT Junction Point

< x -4 0

z
~ measurements
GUI Bloch Measurement
GUI Constellation Measurement

Qubit Detector

Id Value

Loading:
2qubit_simulator_simple.qrc*
>>> Done

Imports
v Variables

samp_rat: 32000

Loading: “/h

X + +

g
1qubit_simulator_complier.grc”
>>> Done

Loading:
1qubit_simulator_simple.grc*
>>> Done

- INLRE DI D E AR ZBlock%
“QuTip>Sal—A3—ELDEHRHEELE

L. Bt AZERFE,

(e]

Page. 28




2020

EFI77—Lz7 DEFHRE -BiTE R THEE (FRFES)

20194FJE Tl MEMREINE ) ICEFIHANRZEAANTE L O &) AR DTz, T
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L., TEFIEESHINE ] [>T W Lo TCLE-TZ, £FI T, KFEET
X TEFIFEECHINE ] IS T2 72012 TRFEN— R ] TNV R EA KT 5
OpenPulseZ X— R L L7 TO AN Tl REZ2 M mETLE A TS Z & & LT,

SDRMLEERELTH S

GNURadio (Y27t x7) ETA T

Example JSON - Pulse Library
02
[ L J
{"name": "pulsel", "samples": [[0.1,0.0],[0.2,0.0], '; 0.0 L
[0.1,0.01,[0.0,0.01,[-0.1,0.0]1,[-0.2,0.0]1, =
[0.1,0.0],[0.1,0.0],[0.05,0.0]11}, g
{"name": "drag_pulse", "samples": [[0.004,0.009], & —0.2
[0.029,0.05],[0.135,0.18],[0.41,0.365],[0.8,0.355], E [ ]
[1.0,0.0],[0.8,-0.355],[0.41,-0.365],[0.135,-0.18], E -04 °
[0.029,-0.05], [0.004,-0.00911}, <
{"name": "square_pulse", "samples": [[0.1,0.0], 06 o
: [0.1,0.0], [O.l,0.0],[O.l,0.0],[O.l,0.0],[O.l,0.0EI]}ﬁ ‘ '................. ................‘
X_nﬂwﬂ*ﬁﬁ‘: ) -08

4.9I55 4.9|60 4.9'65 4.9170 4975 4980 4985 4990
Frequency [GHz]

-AREBEIE/ NIV RIED - WIBER S DFERET - EREIETET
UID R 2 RERFE S
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