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8bit
2020

Overview

Quantum computer qubit gate control
microwave pulse design sound and
chladni figure.

Exhibit
Maker Faire Tokyo 2020

Others
https://www.youtube.com/w atch?
v=xUeFOtJOaYw

chaotic fidget spinner
2018-19

- Overview
magnetic correlation and chaosic bufferfly effect
movement with fidget spinners.

« Exhibit

Maker Faire Tokyo 2018
Maker Faire Bay Area 2019

- Others
hitps://www.youtube com/watch?v=-
23SGERVWDY.
18/10/11/introd
spinners/

arims
2017

Overview
LED robot arm tracking human
movements interaction.

Exhibit

Santomyuze(Ueda city Culture and Art
Center)

Maker Faire Bay Area 2018

Others
https://www.youtube.com/watch?
v=JGYQzyZI6jU

Typing Board
2015

Overview
keyboard auto typing machine.

Exhibit
Maker Faire Tokyo 2015
Maker Faire Bay Area 2016

Others
https://www.youtube.com/watch?
v=FfJPddTjIKw

Typing Board

Brain Maze
2013-14

- Overview
create a maze automatically apps with bran
wave sensor.

- Exhibit
Internet Yami-ichi 2014, 2016
Maker Faire Tokyo 2014
SHUTTER magazine Art Lounge Vol.1

- Others
https://www.youtube.com/watch?
v=w-60EhJzhnM

slime lamp
2013

Overview
combines, bends, and shreds the light by
touching.

Exhibit

Exploratorium after dark 2018
Maker Faire Bay Area 2013/Taipei
2014(workshop)

Others
https://www.youtube.com/watch?
v=PbZG_UvPcrc

nebula
2012

- Overview
hand gesture controlled picorover balls
interaction.

- Exhibit
Fukuoka Asian Art Museum 2013
National Science Museum Thailand 2013

« Others
https://www.youtube.com/watch?
v=x9PizsCYBxs
Asia Digital Art Award Interactive Art
category prized 2012

Treasure Hunting Robot
2012

- Overview
AR treasure hunging game control robotics
with transparent glass and brain wave sensor.

- Exhibit
Embedded Linux Conference Europe 2012
Maker Faire Bay Area/Taipei/Hong Kong/
Shenzhen 2012
Android Builders Summit 2012

- Others
https://www.youtube.com/watch?
V=GCfiXjuEb4!

Auto Chasing Turtle
2011

Overview

By autonomous control, robots
recognizes people's face and
approaches to the detected human.

Exhibit
Campus Party 2011 Columbia
Google Developer Day 2011 Tokyo

- Others
https://www.youtube.com/watch?
v=8EgfAK5RBVo
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NOT

AND

OR

NAND

NOR

XOR

XNOR

GATE

The outputis 1
when the input
is 0and 0 when
the inputis 1.

The output is 1
only when both
inputs are 1,
otherwise the
output is 0.

The output is 0
only when both
inputs are 0,
otherwise the
outputis 1.

The output is 0
only when both
inputsare 1,
otherwise the
outputis 1.

The output is 1
only when both
inputs are 0,
otherwise the
outputis 0.

The output is 1
only when the two
inputs have
different value,
otherwise the
output is 0.

The outputis 1
only when the two
inputs have the
same value,
otherwise the
output is 0.

CIRCUIT
SYMBOL

v v v 9 ¥ by

TRUTH TABLE
Input Output
0 1
1 0
Input Output
0 0 0
0 1 0
1 0 0
1 1 1
Input Output
0 0 0
0 1 1
1 0 1
1 1 1
Input Output
0 0 1
0 1 1
1 0 1
1 1 0
Input Output
0 0 1
0 1 0
1 0 0
1 1 0
Input Output
0 0 0
0 1 1
1 0 1
1 1 0
Input Output
0 0 1
0 1 0
1 0 0
1 i 1

i

>

.

=<

G

N

.

=R

==X

GATE

Identity-gate:
no rotation is
performed.

gate:

rotates the
qubit state by
nradians
(180°) about
the x-axis.

gate:

rotates the
qubit state by
n radians
(180°) about
the y-axis.

gate:

rotates the
qubit state by
mradians
(180°) about
the z-axis.

gate:

rotates the
qubit state by 2+
radians (90°)
about the
z-axis.

gate:

rotates the
qubit state by -
radians (45°)
about the
z-axis.

gate:

rotates the
qubit state by

m radians (180°)
about an axis
diagonal in the
x-z plane. This is
equivalent to an
X-gate followed
bya £ rotation

about the y-axis.

.

G

.

,L(1 1
=V 14

Output

0)
n

Output

D
0)

Output

i)
-ij0)

Output
0)
-m

Output
0)
ei 1)

Output

1),
elq1)

Output
[0)+]1)

N
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A. Kandala et al., Nature 549, 242 (2017)
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B3V a2 — X ORBHEGEIINIENED b TLHRE T, MEMNRT —%7 7 F v
b EEA, APJTIE, THOX ) Gz ELZ 7 L—Lb Y =7 ZRREL £,

Quantum Application

- Integer / Floating point < Qubits
- Decompose Gates ( SK, Toffoli, ... )
- Add Ancilla lines

- Qubit Allocation mE

3

ShorlZ&BZERM A BT O S LIGE
(NISQIFHEELLZWT T —3Y)

(BF (T OO

RISC-V Quantum Extension

- Mapping of Lattice Surgery
- Gate Set conversion
- SWAP insertion

- Planning Teleportation Al

N

EFRYSTERODEFaS YL
(Clifford + T & CNOT)

[BF oL /31 T |
(BFT77—ALU =T ]

Constrained Qubits

- Gate, Measurement < Microwave

N

MERE(CISCEHNAEDEFE VL
(Gatefl#9, #5 5 Hl#9 3F)

Physical Qubits

B&FT77—bv=T] OO

=~

(BELLTH) BEEEFEVH

XAMRAY 7R = — RO FRIEAGIT RN IS H THR R0,
BIRERES Y bW EFRY RO =2 3 TICERZK > TRET L £,
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Why RISC-V

RISC-ViL, A—7 >V —ATHHIO, BELDODENTA—T Y —AY T N =T 8
RISC-V o LThy . W—ILDETERE L7,

«gcc(GNU= /R4 F)% & E¢ riscv—gnu—toolchain
«RISC-V Foundation 8l I21—4# spike

BT v IV EFEICKIN AR AT LLVM A — Y

— 2D 7y Ial—F% QEMU x4

RISC-VDYHERFAR D7 —FTIFvIZRISC-VEETELT-EH

‘RISC-VI3L v 7 Vgt yhe 7 —F%727F % (ISA)

CREARMA T EF U BET D PRIRm A I Lo THERK
*RISC-VIZFFEFIFHATRISC-V Foundation | 73 B

(PR QUAYSY ¥R

SLEM S Ao BENWIG XS

\

4 )

I\

| IEERECSBRENES
:0SSYThH 7 ELMMAEL
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\- J
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SREELLTD
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[EFa/\1 5]

Yr7NEFITOT T A
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RISC-Vi&FHIEIE DAAR L. Creative Commons Attribution 4.0 International ™
TAEBLADYE E riscvk-spec EVWNI LT Github (2 TARH

BEELE-700 5 LORE/N—2 3 o~DERH
KT TV r— a2 0%, BB L TKRO L IR EKRKRE s N H 0 £7,

-G a=N AT

« NISQIZKF I3~ B 72D D ISAD BN
* QPU profileZx 3% L CPasskétls (= o734 7 OWEBERE) Zfif 5 (LA D B3

BF vty d - Izl —F—|
- RISC-V&FJL5E (QPU) on RISC-V
s Ao —a T EITRECTEFILEY I 2 L—% OEIfE

(BT 77 —AL0U=T )

- BFZERERE & R CEBOBGEM By MO 2HlZ L7
- HEHRE LT R - BRE27TL8 T —v 3 ) OFERK
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FARIRLE

m OS Ubuntu 18. 04/Mac 0S, Docker
m 2317 riscv gee (mHThR)
LLVM 10 (8l
m % PC Windows/Mac
m {58 1IDE Visual Studio Code/vim
) gee/LLWME $12 Y — A5 7L EJL R (fERR)
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RISC-VEF#

X

[RISC-VE&{-Pr5k] 1%, RISC-VD B A & AyraRpaisfs > T, BATOHLAR) B EREL 2 <
JEREFR L T, RISC-VEF 7t ot « I 2 L —X—%B%., FiE,

@=FL RS

q0 : FIHMEICHIA,

ql ... g3l : 32EFE VIO EF LI AKX

Q@ 1—-#)ERFEZXRImH Yyt (PrsRMEE custom0 DA ZFIFAL THLER)

gmeas.k rd rsl rs2 qimm6 31=1 14..12=0 6..0=0x0b # quantum measurement
gtelep.k rd rsl rs2 qimm6 31=0 14..12=0 6..0=0xOb # quantum teleportation
qgtocx.k rd rs1 rs2 qimmé6 31=1 14..12=4 6..0=0x0b # quantum two—qubit operator CX-gate
qootdg. k rd rsl1 rs2 qimm6 31=0 14..12=1 6..0=0x0b # quantum one—qubit operator Tt-gate
qoosdg. k rd rsl rs2 qimmé6 31=0 14..12=2 6..0=0x0Ob # quantum one—qubit operator St-gate
gooz. k rd rs1 rs2 gimmé 31=0 14..12=3 6..0=0x0Ob # quantum one—qubit operator Z/-gate
goox. k rd rs1 rs2 gimmé 31=0 14..12=4 6..0=0x0Ob # quantum one—qubit operator X-gate
goos. k rd rs1 rs2 gimm6 31=0 14..12=5 6..0=0x0Ob # quantum one—qubit operator S-gate
goot. k rd rs1 rs2 gimm6 31=0 14..12=6 6..0=0x0Ob # quantum one—qubit operator T-gate
gooh. k rd rs1 rs2 gimmé 31=0 14..12=7 6..0=0x0Ob # quantum one—qubit operator H-gate
RISC-V Quantum Extension
https://quantum.siprop.org/risc-v-quantum-extension/ Page. 28



https://quantum.siprop.org/risc-v-quantum-extension/

RISC-VS 13 —4(Spike)

ERLTMSE Y NOIEEARISC-VY = I L—& SpikelZHiALE LT,
@ Spike DT EfFI

spike -k -1192.168.0.2 —s7000 -07001 -r32 -q4 pk test_gfunc

-k B 77— A7 T ALEEON/OFF(default : QuEST simulator)
—i B 77— LU 77 KU A(default: localhost)

=S 77— AU =7 8fE HiEEAR —Mdefault : 7000)

-0 ®EfT77—ALy=718{E (5 —Mdefault: 7001)

-r mALUATE

—q =By MK

@ SpikeBERAF

- RISC-VIZal—RIZE2F RS EyrEENM

- EFHDLYVRAZEIZIAL—3—LIZER

- EFRAOEEIX IOV EIZEST

- EFHOEEIZIZQUESTZFIAL T VTV EFRANE 7S L—42ELTEH)
BEDgcc TTEUTZELTQRGBREEMMICETITSET, BERBDC/CHEEET
Eon=705 S L0—RICHBEEICEFROMGTETOICENTES
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RISC-VZ a3 —%(Spike) ~ BuERAUF

@ SpikeEL=YV—RO—KFRERLE

« RISC-V ISA SIM(Spike) https://github.com/riscv/riscv-isa-sim

- EFIZaL—2AIZ(EQUEST (https://quest.qtechtheory.org/ ) ZHH A #

- HYLEEICHETETIX

- R tybMLEE-T B9 D5 THBA
QuESTZRISC-V_ETEIMT https://quantum.siprop.org/?p=105
Quantum compute on RISC-V emulator(Spike) https://quantum.siprop.org/?p=183

RISC-V spike vs QuEST https://quantum.siprop.org/?p=552
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RISC-V GCC K&

w777 I RRER K DT, gee [CE MDYy MTHHL LTZIREEAINZ 5,
@ gcc DELE

riscv64-unknown-elf-gcc -march=rv64imafdkv test.c -o test

-march k : EFHL5RD 1B

@ gcc WERAUL

- gccDA—RZFHRALEMNS, [FIXRE THRE

- MPID &SGR VATEFERGZEHDORELZEADNTZA...VNNEILDTOHT:
- S EVEDIRER kA Tay)

- EFLURIEEDEM

- EFMEEYREZDIENM

- TEUT)DEBROEE
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RISC-V GCCKHiE ~ WEDRSAUb

® goc BIEY—RO—FGE

« RISC-V ISA SIM(Spike) https://github.com/riscv/riscv-gnu-toolchain

- EJLRF T ANTERNT (F—hhof=.. EILFEBINETES...

-+ 707 D75 TEREA
RISC-V Quantum Extension https://quantum.siprop.org/?p=770
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EFI2/\15 (CIC++)

GNU Toolchain(GCC) = > /34 T Zki&E L C., RISC-VEILEmMmS Y &
S TAT T I TCEHE LR L TEITTEALIICLTNET,

BEU F TIiI T > TV EHE A,

BEFEDC/C+HTOYSLICEFTAY IV EEEI—T127 35
#tinclude <stdio.h>

int main() {
int 1, j, ret;

s (T 0T L)

\
asm volatile( ) HHE T 049 5324 [ZH-gate. MeasurementZ B {58k L 1=,
“gooh.k  qa0, qtl,qzero, L BMEOHHRIOVSEIVITEEC/ICHTAT SL)IZFEMASHE
“agmeas.k %0, qtl, gzero, 1; W, BBIZEFRBEFHADLHELICLTLET, )
=r"(ret) : );

printf(“%d¥n”, ret);
return 0;
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EFIa2/\15 (qglang)

7oy b RELTCLLWZAIH LE-SEE

qlang % PH¥6,

GO-LikeZZ M B EETHESE LOELTWWAEFTOT T L ()

func main() {
qint x, y;
var z;

0;
1;
y

X
y
X

.
b

ifx ==1{
write x;

J

// primitiveZa % x = 1;
while x <= 10{ // Implicit Measurement
write X;
x=x+1;
// quantum teleportation }
// Implicit Measurement if x <> 1A // Implicit Measurement
write x:

BN ERENREL DD, EFICETTEHNEDIEEA B Z OO

DINIIVIT—FHIEE

ABIZESTERMT, ERILENVIAANZL

%9 5705550 S & maeIcLET .

~

T[T AT S L%E

J
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EFIa2/\15 (qglang)

@ I /1)L

qlang -O[0-3] example/test.q

@ scc BIEYV—RO—KRiGE
- JOVRIVRENE

- NI ITURIEBERRgCC
- LLVMY A a—IZEF (EJLFAIELY)
- 70T DA TERAA

LLVMZ{#5 https://quantum.siprop.org/?p=802
LLVMEx#E 1L/ N\ R Z{E>1=4~ —br &1t https://quantum.siprop.org/?p=878
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EF7O0tyY - 2 alL—45—

(TQPUYIalL—&— ] LHFENET)

RISC-VE ik sz &

[RISC-VETFIEIENEET 5 S IR Ak

RISC-VDZEEERBEITIZTDEE
L

'ty a2 B~ (Virtual Machine,

VM) & L TRAZE L.
| ZDocker CHE

RISC-VDIZHEHEEIZH S
HWARZLYLEZFI AL THLEE )

RISC-V ({ZAERkgE N
Ezl@:*ﬂzu L VR4 s 7% (=QPU)
vy
(RV32I / x0 ~ x31, pc _
RV64| ) ETWH
[N — vk
Siker) FE/ N R LR - RVF, RVD (RV32K /
[Efatn oLk RV64K )
(RV32C) SZE)/IN A LR &
IJD‘D’{Z V4 l‘
=Y - BRESH (RV32F / f0 ~ f31
4%%35 RV64F ) ...
RV64M ) RV64D ) '
(GFHlDEEITRE)
TEkIvy :
o ihaR R bILAar S LR L AN : . . .
(RV32A) (RV32V / RV64V) (B,E,H,J,L,N,P,Q) q2 o0000 m
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RISC-VEFILikDiE &

FANL, RISCVOMIED S 2 L—4 — [Spike) ZHiELFE LTz,
BYRHROEIET, BEAFD0SST A 77 U [QUEST) ZMAIALE LT,

= BEFLIORAHI-YDEFEYMIUQIXATE
873k (=QPU) — —~ qu) —
—
) a3l | [elelefefel——{eieie]
(V32K / ‘
RV32K .
qmeas. k RV6AK )
qtelep. k \ R EFLCRAM LT E
a00x. k& / \ RO —C 1)
qo02. k EFTLAR—T—av0EHDTILS
ook |5 Liiide 444
qoos. k 1
q
qoosdg. k S ® 2
qoot. k T~
qootdg. k [%?t‘“‘/b%?ﬂl qx (r+1) @D =i P a3
qtocx. k EFRal—3— m B LV AZ B ONEEE &)

16,18
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{fotl::fn? }

EFIaOVNATDEBL
EFEIEZARTS

JLEo57—o3Y




HBEEEFIOVEL—420D
SERETHEHS. /NILARE
Eof=7T)r—3y




8bit

5] https://www.youtube.com/watch?v=ts4 WP3nBXMc

HI{EARZA https://quantum.siprop.org/?p=1433
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