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Question: How to organize 16 alloy atoms (Si: 8, Ge: 8) to obtain the largest and %i@{ B
smallest interfacial thermal conductance?

“ Lead S1/Ge alloy region Lead
Descriptors: C,, =12,870

Casel 11213/4/5/6/7/8/9110/11/12/13/14 /15116
N Y O B N Rch R EoR e A R G
A e e e e e e e e [ | O
S E e

Calculator: Atomistic Green’s Function (AGF): Phonon transmission
Evaluator: Interfacial Thermal Conductance (ITC)

Optimization method: Thompson Sampling (Bayesian Optimization)
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S. Ju, K. Tsuda, J. Shiomi, et al, Phys. Rev. X 7, 021024 (2017).
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R. Tamura, T. Osada, K. Minagawa, T. Kohata, M. Hirosawa,

K. Tsuda, and K. Kawagishi,
Materials & Design 198, 109290 (2020).
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N s - ~NI: Aé
VAR E UTEELGNI-CoEEEE
. y'-solvus Solidus Liquidus
N1 Co Cr Mo w Al Ti Nb Ta Hf Zr C B (0] Temp. Temp. Temp.
wt.% ppm °C °C °C

Nominal Bal. 27.0 11.7 34 1.9 3.2 4.4 0.5 2.2 0.35 0.05 0.03 0.02 - 1178 1232 1339

Actual Bal. 27.8 11.6 3.39 1.95 3.22 4.53 0.49 2.21 0.33 0.046 0.03 0.016 150 1182 1231 1337
(<53 pm)




Bl

RAX
miE b

{LFIR

RIAONET—2€v b

BREE  AREH |53 pmLITURE

[MPa] | [%]

1600 6.0 64.63658
1500 9.0 76.64815
1650 7.0 71.50594

EFIVDEY

L e ] J‘;#%ﬁﬁ?EEEE

FE7OCXDRE
(T, P) = (1650 °C, 9.0 MPa)

l

HAAET [MPa)

S50 1600 1650 1700

1500 1450 1500 1550 1 1
BRRER °C)

T—Z0iEN

[P

[%] 70
60

50

40

30

20

10

0

RESD T

ﬂﬂﬁm

<38 38-5353-7575-106 >106 [um]

mE(

~

ARy L))
RE

Wz

BARBETOLR | 20

ﬁ17h74x




BB b R-1T21 6 [El-

Cycle of BO  Temperature Pressure

*ﬁFﬁE Bl O (initialdata)  1600°C 6.0 MPa

(b4 B 0 (initial data) 1500°C 9.0 MPa

B O (initial data) 1650°C 7.0 MPa

100 | 1 1650°C 8.0 MPa

90 | 2 1450°C 9.0 MPa

. = 3 1650°C 9.0 MPa
=X,
fed
C
[}
O
| .
[}
Qo
-+
N e
D
=

<53 <38 38-53 53-75 75-106 >106

Classified diameter [um]

100
90 1 77.85%% Rk |
Q ' 4
§:L 80 1 O ® o ® ° P
71 E e e
ZES 60 -:
E 50 +
1 L
o 40 1
E)/ 30 _:
# 0l W = ® ¢ 0 ¢ 0 o
B ol ) B ff
0 | 1 | | 1 | 1 | |
A B O 0 O 1 2 3
| J | ) | )
HARFIZR PEAT—5 HEmMEE 0

/S

120000

1+ 100000

T 80000

T 60000

1+ 40000

T 20000

JFRIEH (53 pmILT) [M/kg]




T

(a) 1st cycle (number of training data is 3)
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(b) 2nd cycle (number of training data is 4)
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(c) 3rd cycle (number of training data is 5)
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(d) 4th cycle (number of training data is 6)
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Re(Z)/kQ

les}a J.\ ),4.1380 Database of =
Li-ion conductivity %@riments 2

Training

New candidates

Z ’ ~ y g .
g1 J1 Y\ with higher predicted
T X = = = =
2y Li-ion conductivity
""" st
G . Selection
aussian process e

regression candidates o - .

K. Homma, Y. Liu, M. Sumita, R. Tamura, N. Fushimi, J. lwata,

K, Tsuda, and C. Kaneta,
The Journal of Physical Chemistry C 124, 12865 (2020).
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152 D#ERT—5
sample no.  ratio (Li;POy,, Li;BO;, Li,SOy)
1 (100, 0, 0)
2 (75, 0, 25)
3 (75, 25, 0)
4 (50, 0, 50)
S (50, 25, 25)
6 (50, 50, 0)
7 (25, 0, 75)
8 (25, 25, 50)
9 (25, 50, 25)
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12 (0, 25, 75)
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14 (0, 75, 25)
15 (0, 100, 0)

ionic conductivity (S/cm)
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N1 AgE{E/Nyr—COMBO

/ ()tsudalab/combo: COMme x | |

e o - o

- c GitHub, Inc. [US] https://github.com/tsudalab/combo 2 =

FZ7Y ™M Gmall - REMLA @ Pocket: 71Uk [ osry - v % GitLab Tsudalab JBpress(BXE Y3 [ A—L-Wx-20 [} +/mamE070 » Ll zomoSyIv—-2
O This repostory Pull requests Issues Gist A +-~

tsudalab / combo @Unwatch~ 3  JUnstar 1 YFork 0

<> Code Issues 0 Pull requests 0 Wiki Pulse Graphs Settings

COMmon Bayesian Optimization — Edit

) 25 commits ' 2 branches 0 releases 2 contributors

Branch: master ~ h rpull i Newfile Findfile HTTPS~ https://github.com/tsud [ (@1  Download ZIP

kojitsuda README Latest commit ¢9f5e44 6 hours ago

s combo

I docs add document

R B —= VIN\AIN=I\SXHYDEE %X
l;IEﬁ-\Dh‘E i README Pro—— g Eb T\\%?E_

[ README.md

v N\Lb—ZV0F7 =5 U

COMmon Bayesian Optimization Library (COMBO ) TR EtE 0] 8E

https://qithub.com/tsudalab/combo Pyth_on2.7
MITS1MEVA




Windows A1 XA &1L

COMBO%ZPython®D - > A k—=IJL73 L ICWindows TR1T

CSV

data.csv COMBO.exe

faReET—9771IIC
23AD

RODE@EHOHAETND
! or &= Next Point: [0.74 0.45]
Row Number: 274

¥ o 514 K. Terayama, K. Tsuda, and R. Tamura,
Jpn. J. Appl. Phys. 58, 098001 (2019).

Rowo&kOyv 7/

Enter¥+—
Y
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— 5771 IVOREE
data.csv
Rt BERE  HAREA |
______________ 00 i .10
______________ 02 .97 |
______________ 04 .94 |l
0.6 9.1 o
Z DS, o es [ | RO
RODIERHHEIR o 85 | w5
=Nns. 12 82 | =
L. 19 o
Lo S R £ S L HBROEWN
8 13 v SO R DE N
i E3
COMBOexe: | |20 | 20 1" ro T FHRAON
BRiE{ELTcLY 5 """"""""" """"""""" """""""""""""""" REDEL

BWEH  HREM(TRETHOK) Ll
¥22



Windows D E1TH!

= e 8 B 17K 7O0Y7E - C¥Users¥Ryo¥Desktop¥COM

== A SMicrosoft Windows [Version 10.0.17134. 590]
(c) 2018 Microsoft Corporation. All rights reserved.

v U  COMBOM#ER

* 71499 FIEZ

@@ OneDrive

2 EDES IE%EIR 207 MB

RICREI I N E®EMAH 1 DHATN B




Windows 77U —> 3>

COMBOZPython®D- > A h—)LIRUICWindowsT ®{T

MItools for everyone
Kei Terayama, Koji Tsuda, Ryo Tamura R e —

2019/10/10

FSvJaroyd

BERTERWEWS CEEZBRULLETY O O—-—RULTESTLEZ W,

datacsv COMBO.e

EEFTCBEFEE R, TR, TETR. LBENATHES5E VYIho7
ICEEAXLEFREEL, BHIVWRY I MV 7OERFLEZDMOFEWVNCL>TEL S — ﬁ!i?—??;;gg\ y
YIoFER, BE, ZOMOREICODWTHASOETFEEDLBEVWEDELET, ROBHINEHEND
or & Next Point: [0.74 0.45]
Row Number: 274

e COMBO.exe
K. Terayama, K. Tsuda, and R. Tan®ira,

e PDC.exe 5% E8Voulube MEFIEOE Jpn. J. Appl. Phys. 58, 098001 (2019).

https://www.tsudalab.org/project/mitools/
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COMBO® -
7V 7T L—FKiR AR

| s
! GPL 74'&/1 ! Top PHYSBOILDWT A YRb—JL RFaxXyh =—a—-X HHEAE

PHYSBO

https://www.pasums.issp.u-tokyo.ac.jp/physbo/

0. PHYSBO X 4

PASU |V| S vt

Pro lectf ement of VI7rox7RE - -sEETOS I

softwar blty n materials

B&5E

5
o
Er

« PIPTTIVAM=I

- Python3%it

- HEAE—FEZEL

- BUEMHIER

- ZHMNERIEIL

s AVIIVT 1T BET
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A

e ver.1.0-
o BN T (M8 - MRS B/ 7—F7 7 b =7 AMRLR)
o FI R (BEEMILKZRFE £inERZHZERY)
o EH &g (RRAKFEKZER MREEl R ZHRR)
o HEEF Ml (RRKRKFEKRZFEP FHESEI BRI ZHRR)
o AL #— RRKZE YHEMFFR)
o TR —B (RRKXZE YIEZ)
o JI|E EXE (RRKZF YIERAZTRN)
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LN
https://issp-center-dev.github.io/PHYSBO/manual/master/ja/index.html

# PHYSBO

# » Welcome to PHYSBO's documentation! View page source

RITHRIR « RBRBRINYT—Y

Welcome to PHYSBO's documentation!

PHYSBODRITERIE - BNy r—IJEIUTODED TF5 BUBi Contents:
BEXNBERAE
B Fa—RUPIL o T
e Python >= 3.6 e o PHYSBO & i3
L] numpy AP| Reference :;Hg;;;ga[ﬁﬁ
B o A4tV RA

e scipy
FyvaA—K A4 YAR=I A4 9=27
o PyPI DSDA VA=)l (H3F)

$ pip3 install physbo

o NumPy R EDEEFENY I —IBERKFICA VAR =ILENET,
o —user AV aVEEMTZEI-YDR—LT« LI MNIBTIRAVARM=ILENE

ED

$ pip3 install =--user physbo




HEANBREWA
BRT BT —5 L

import numpy as np
import scipy
import physbo
import itertools

#HEM T — 9 Z 1R
window_num=10001
X_max 2.0
X_min -2.0

X = np.linspace(x_min,x_max,window_num).reshape(window_num, 1)

T NBT — 5 ZFHARAL KD ICE&EE LU THOK
ERDRITDIEMT — 5 ZFAJaE
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# S 2L —9YZRE

TRANEE | LT OREER/NET dxaEROHD

class simulator: f(m) — 3$4 — 4$3 + 1

def

~_call_ (self, action): \ o \
action_idx = action[0] <« actionHMEET—YDA VT VIR
x = X[action_idx] [0]

X = 3.0%xxx4 + 4.0%xxx3 + 1.0

fx_list.append(fx)

x_list.append(X[action_idx][0])

print ("skkskkskokskokskskokskokkskkkkkkxk' )
print ("Present optimum interactions")

print ("x_opt=", x_list[np.argmin(np.array(fx_list))])

return -fx «— PHYSBOZERA{bLZBHE LTse

b
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HARWGREWS
PolicyDty bSO LTI TY) T DEST

# policy Ot v b
policy = physbo.search.discrete.policy(test_X=X)

oy ! BElRELY N
policy.set_seed(0)

fx_list=[]
x_list = []

#OVILYG TV I ERTT
res = policy.random_search(max_num_probes=5, simulator=simulator())

YYTUYIETO0MT TyeRiEtdYIal—%

b
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skokokokokokokok oKk kK okkkkokokokok

Present optimum interactions

x_opt= 1.758

0001-th step: f(x) = -51.387604 (action=9395)
current best f(x) = -51.387604 (best action=9395)

skokokskokokok Kok kK okkkokkkkk kK

Present optimum interactions

X_opt= -0.5668

0002-th step: f(x) = -0.581263 (action=3583)
current best f(x) = -0.581263 (best action=3583)

skokskskokokkkokk Kok sk kkkkkk kK

Present optimum interactions

X_opt= -0.5668

0003-th step: f(x) = -0.827643 (action=4015)
current best f(x) = -0.581263 (best action=3583)

skokskskokokskkokskkokskk ok kK kk kK

Present optimum interactions

X_opt= -0.5668

0004-th step: f(x) = -14.220707 (action=154)
current best f(x) = -0.581263 (best action=3583)




HARNEEWNS
A A RBELERT

N A A BBILZERTT

res = policy.bayes_search(max_num_probes=25, simulator=simulator(), score='TS’,
interval=0, num_rand_basis=500)

max_num_probes: N/ A&zi@E{t T YT VT 9 BEH

score: N1 X @{t CARWA R (TS, El, PINERETIRE)

interval: I\1J\—/\S X5 %ZF2EB I 258E (QIFRMEF)

num_rand_basis: random feature map®D#

|
b
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Start the initial hyper parameter searching ...
Done

Start the hyper parameter learning ...

® -th epoch marginal likelihood 20.97382285870551

50 -th epoch marginal likelihood 20.912127433547955

100 -th epoch marginal likelihood 20.87096704197894

150 -th epoch marginal likelihood 20.83711886237566

200 -th epoch marginal likelihood 20.80955386449423

250 -th epoch marginal likelihood 20.78762706057598

300 -th epoch marginal likelihood 20.770561465402302
350 -th epoch marginal likelihood 20.757535174493253
400 -th epoch marginal likelihood 20.747743310952192
450 -th epoch marginal likelihood 20.74044551012996

500 -th epoch marginal likelihood 20.73499825017711

Done

skokskokskskokskokskskkskokkokskkkkok

Present optimum interactions

X_opt= -0.5668

0006-th step: f(x) = -0.716884 (action=3800)
current best f(x) = -0.581263 (best action=3583)

skokokok kKK KK KKK KKK KKK KKK

Present optimum interactions

X_opt= -0.5668

0007-th step: f(x) = -1.008253 (action=5309)
current best f(x) = -0.581263 (best action=3583)
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X b
f(x)DERZT0OWvY ~
plt.plot(res.fx[0:res.total_num_search])

fx)DJRXEZTO Y ~

best_fx, best_action = res.export_all_sequence_best_fx()
plt.plot(best_fx)
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—20 A

-f(x)
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PHYSBOT®OBOE®EIL

Ho 7 oh—=RIV%ZRandom feature map Ll

k(x,x") = exp [—2—7172\\X - X’H] - (x) " p(x')

-
P(x) = (Zwl,bl (x/1), .- Zwy,by (x/n)) <« ~5 ~ILDRITH numM_rand_basis(ZXF i

[ — 00+ AE{AVEREE (C ARIL
2wb(X) = V2cos(w ' x + 1) .

BEDAHDERELRE : BT —FNICXH U TON)GHELRE

num_rand_basis=0Cst& o] gE

Random feature map(Cc & 3388 : 28T —YNICH L TO(N)SHEH T 8E

\, 33
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PHYSBOT{#EZ %5 A7

-Thompson Sampling (TS)
Random feature mapD¥I(CxF L TO(l)

TS(x) = w* ' ¢(x)

-Maximum Probability of Improvement (PI)
Random feature map D& (C3xd L TO(I2)
PI(x) = B(2(x)), () = 1)~ Ymax

T (X)

-Maximum Expected Improvement (El)
Random feature map D& (C3xd L TO(I2)

EI(x) = [pe(%) = Ymax|P(2(x)) + 0c(x)9(2(x))

b
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PHYSBO® & EE

-7 ZBELROF BRI E
100018 EHH 5 200184 B 55
DHERT — 9 Bk

(200@DZFENTHND)
INAI=ISA=5DFEE 2022

-3 R 5 el

YT —5#1000f8 & LU, 200M@%
ZSFE DR T — 5 #UKTFIE
(200EDZEBHTHN D)
INAIN=)\SX=FDZFE20%ZET

time [s]

time [s]

1400 { ® num_rand_basis = 0
® num_rand_basis = 500

1200 { ® num_ran
1000 A

800 -

600 -

400 A

200 A

1200 A

1000 A

800 ~

600 A

400 -

200 A

0 T T T T T T T T T T T T
0 2000 4000 6000 8000 O 2000 4000 6000 8000 O 2000 4000 6000 8000

number of training data

TS El Pl

® number of core = 1
® number of core = 2
® number of core = 3

TSIERLN |

04 06 08 1.0 04 06 08 1.0 04 06 08 1.0
le6 le6 le6

number of candidate data

b
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MRRA 7V -7 DETHI

NYRFYYTDRELGHMHEEROITSMHEICER

MElT—5%: 12778
s2BAZ#x: magpie descriptor

Machine learning models for predicting the dielectric constants
of oxides based on high-throughput first-principles calculations

Akira Takahashi, Yu Kumagai, Jun Miyamoto, Yasuhide Mochizuki, and Fumiyasu Oba
Phys. Rev. Materials 4, 103801 — Published 9 October 2020

number of cycles

8_

TS
7_
— 6 -
a a ]
S 5 d_basis=1000
) W =,/ L) num_ran asS|IS=
2 < [FUOHI0EEREZVY A 2 4 — DT
8 1 8 BETELEZS
TS 3 —— num_rand_basis = 100
— El —— num_rand_basis = 1000
— p=ps— — PI — = — — _rand_basis = 10000
| IR eEiT 10 — Random o IRIZAREHATIOE o and basie = o
6 2|5 510 7|5 160 1&5 1_%0 1%5 260 6 2IO 4I0 6IO 8I0 160 1&0 1210

number of cycles

36

W

\



BRIREDIES
# T aLb—9Z8TE
class simulator:

def call (self, action):
fx_list = []
for i in range(len(action)):

action_idx = action[il
x = X[action_idx][0]
fx = 3.0%xxkk4 + 4.0%xx%x3 + 1.0

fx_list.append(-fx)
return np.array(fx_list) <& DIEE N action|CFkBD T,
numpy® U X ~kTRY
num_search_each_probelCIRR=#¥ %=L E,
#NA A BB Z ETT J

res = policy.bayes_search(max_num_probes=8, num_search_each_probe=10, simulator=simulator(), score='TS’,
interval=0, num_rand_basis=500)

3

Y’

37
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0031-th

current
list of

f(x)=-0.
f(x)=-0.
f(x)=-0.
f(x)=-0.
f(x)=-0.
f(x)=-0.
f(x)=-0.
f(x)=-0.
f(x)=-0.
f(x)=-0.

0032-th

current
list of

f(x)=-0.
f(x)=-0.
f(x)=-0.
f(x)=-0.
f(x)=-0.
f(x)=-0.
f(x)=-0.
f(x)=-0.
f(x)=-0.
f(x)=-0.

multiple probe search (TS)

best f(x) = -0.001735 (best action = 2543)
simulation results

015494 (action = 2377)
030324 (action = 2330)
005170 (action = 2428)
013488 (action = 2385)
029953 (action = 2331)
017371 (action = 2370)
006574 (action = 2419)
017096 (action = 2371)
019952 (action = 2361)
029218 (action = 2333)

multiple probe search (TS)

best f(x) = -0.001735 (best action = 2543)
simulation results

054117 (action = 2276)
009913 (action = 2401)
007970 (action = 2411)
014223 (action = 2382)
016285 (action = 2374)
028493 (action = 2335)
033381 (action = 2322)
009507 (action = 2403)
010120 (action = 2400)
021779 (action = 2355)




BHIERDIES

R RAXARBIEDY A 7B &EPE{TES.
R2 - yDFHMiEE (RERER - SAREZICHE) FIBZS.

8 A 8
7 1 7
6 — 6
> =
()
Z 54 92, 5 -
T &
=) o)
° °
c 4 2 44
3 S |
—— num_search_each_probe =1 Q —— num_search_each_probe = 1
3 ——— num_search_each_probe =2 34 | —— num_search_each_probe = 2
—— num_search_each_probe =5 —— num_search_each_probe = 5
= num_search_each_probe = 10 — num_search_each_probe = 10
2 —— Random 2 Random
0 25 50 75 100 125 150 175 200 0 25 50 75 100 125 150 175 200
number of cycles number of total experiments

HIKRER, WHEREDIARX D+ FhiE, ERIERESERD !
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Z HRNRE1L

£ BBELORIBERE : minlf; (0, ., fn(]

o BHDEEL ULICWLWEE f1(X), ..., fn(X) DD DD,
BEEREICENL—RADTDERLH D, Z< DI
L — @HFET D.

@ /\L—FEELZIKROTHESE, S ICTrv U
fcBR7%ZEIRT 5.

PHYSBO®MZ BHISRE{L THIATE SB[

HVPI (Hypervolume-based Probability of Improvement)
EHVI (Expected Hyper-Volume Improvement)
TS (Thompson Sampling)

|
y, 39
Vo4



% E Eg%ﬁ{t ﬁii) (F72/(L— FRD¥ Dominated region

—— EHVI
81 — HvPI

—— Random 441

*9 ‘ ‘

# S 2aL—YZRE
class simulator:

dominated region

36

number of pareto solutions

34 4

def call_ (self, action): o N
0 25 50 75 100 125 150 175 200 -|-IS E|.I|V| H\I/p| Ranldom
action_idx = action[0] number of eycles y
X = X [aCt io n_idX] [0] 124 TS : Z::zg solutions
fx1 = 3.0xxxk4 + 4.0%xx*x3 + 1.0 o] e,
fx2 = =3.0%xxxx4 — 4.0%x*x3 - 1.0 17,
— .o.‘ °
return [[fx1,fx2]] « 2 RIThEH TR T i .’.':.‘":.'1{:_%‘&'-.‘0 .
# policy Dt b |\ bandgap [eV]

policy = physbo.search.discrete_multi.policy(test_X=test_X, num_objectives=2)
T BRI D
N XABBIEEZERTT

res = policy.bayes_search(max_num_probes=40, simulator=simulator(), score='EHVI’,

interval=0, num_rand_basis=500) THVPL EHVI, TS




[ pANESY T

195951 7TBET (simulatorz®SHUHEZEZLEW)
#7VVLICER

actions = policy.random_search(max_num_probes=1, simulator=None) <—gction/Z(FIEE==ND
fx = simulator(actions)

policy.write(actions, fx)<#E5R%ZpolicylCEZIAT

N ABREBEILDETT

actions = policy.bayes_search(max_num_probes=1, simulator=None, score='EI"',
interval=0, num_rand_basis = 5000)

fx = simulator(actions)

policy.write(actions, fx)

BEFOHR - ERERZFIHLTIRNI AREBILZAY—b
# policy Ot v b
policy = physbo.search.discrete.policy(test_X=X, initial_data=[calculated_ids, fx_initiall)

calculated_ids: x5 59 TICFHImBFADidD U R ~

\ fx_initial: SHEHEFHADYDEZIEHA LT R ~
N X BRBLEDET - SHiFA Dy DB L7
actions = policy.bayes_search(max_num_probes=1, simulator=None, score='EI’,
interval=0, num_rand_basis = 5000) 3

41
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https://issp-center-dev.github.io/PHYSBO/manual/master/ja/index.html

# PHYSBO
@ » Welcome to PHYSBO's documentation! View page source

Welcome to PHYSBO's documentation!

iU oic Contents:

BEERNBEERAE
Fa—kUZI
ZILTV XL

@ PHYSBO

# » Welcome to PHYSBO's documentation! View page source

API Reference

B EF

~ — ~ Introduction Contents:
1 J 74 J Basic usage

¢ Introduction

_— Tutorials
[ J Algorithm o APOL{t PHYSBO
o Citation

API Reference

Welcome to PHYSBO's documentation!

o Main Developers
Acknowledgement o License

Contact

e Basic usage

Y. Motoyama, R. Tamura, K. Yoshimi, K. Terayama, T. Ueno, and K. Tsuda,
Computer Physics Communications 278, 108405 (2022).
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N1 A& T, érwﬂse?ﬁh_sdbﬂﬁ SEMZEHELTWS,
EHHDZWVWEETEL KT

300
'3‘ —® 10 known points
O - —® 100 known points
2k —® 1000 known points ] ] Ak
o 200] MEIBEIE T,
£ HEY7OERD
2 INFIT1H%<L,
S 100 BEICHSEEEI R S.
-
©)
@)

0 0 50600 106000 156000 206000 250000

Number of candidate points
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Ef7 =V Y IE%TeAWTEEL

Factorization machine with guantum annealing

(EF7=—I2VZRAWVWEH7ILII)XL)

FMQA

Fr=—Y 27 (QA)

Qij = E VikVjk
k

irQUBO/\"EXQ or
AIVTINS K

Factorization machine(FM) <:

O |= X

BEYIaL—Y3Yy or £

N/

No—=vo FOM=0.724 ($f£2277)
F—5D3Eh

K. Kitai, J. Guo, S. Ju,
S. Tanaka, K. Tsuda, J. Shiomi, and R. Tamura,

Phys. Rev. Research 2, 013319 (2020).
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AIOVIIIV(EFT7=—I20)E?
1IOVIETINOEERE(ZRILF—DMEWZEEXRTHESI/IN—KD 7
L IVIEFI
H = Z Ji;8i8; + Zh sz s, € { 1,+1}
i,j REVBBERR $

QUBO (Quadratic unconstrained binary optimization)

= ;:S:Qijxiajj z; € {0,1}

i=1 j=1

ETOIRILF—H

AU R RIENPRE) G ArsndZonsd

o5 © \3 — E’Eqﬁﬁg%%j ‘1%0)‘; -------- ;— ------- i‘ --------- E

1 IV TETINTRETRE UL DG
(REV T Z R) - N o
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D-Wave Systems  Hitachi

Annealmg Cloud Web

T 74 )\RiEaR RREIIMS T b

I74)\ (1 km)
2,048{EMDOPO
(RE>)

1
1
= PRI :

=\ DAY o« SRR % (RRR,

Fujitsu
Digital Annealer

The world’s first Quantum-Inspired technology

REENEALRDAHENHL WVESERBCRBICRNZRET D
TFUJITSU Quantum-Inspired Computing Digital Annealer; %12 U X3,

Toshiba

HEEREEYIVIN- .'
Simulated Blfurcatlon Machine
NEC

A unique way to break the |lml'tS of the world

BE - J1— Ky Z#ICEBDOPORAEE
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ANCAR

ECH. FEIC,
FP_—=UVII> %,

=2 ANCAR

https://ancar.app/ i’48'ﬂ
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D-Wave

Amplify Annealing Engine

Home | Jv7vvV—5 | XEE—ILAYVEE

KEE—ILAY VEE -
e

¥[Etz—)L A <Y > EE(Traveling salesman problem) &g, E—ILAY NN OO DOFEHE1ET OIRTOELHEHE L
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H = Z Z di,jxt,imt+1,j + A Z (1 — Z mt,i) + AZ (1 — Z mtyi)
t=1 i=1 j=1 =1 i=1 i=1 t=1
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Factorization machine

AIVITETFILD
HEEREHLLEHDFFEE
FoOEFHIINAHE

FMQA

EF — )Y (QA)
= {E;//w
-
ﬁQUBO/\?X@ or
AIVITINS XS

Qij = Z VikUjk

k

=

Factorization machine(FM) <:

No—=24
F—ADEND
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Factorization machine

N N K
Z Wi n > > > -~ ’Uzkvjkaj xj I:Bhgw%i;!\ggi'{b(*gd?mzbﬁg)
am;ssz g g e o (BOTOH™ ZBEDKHLD)
(A EFE) N1 N\ T; € {O, 1} : SRR (1BIE)
H = s, - QUBO 4—| R
>4>4Q” e =X AlEE
=Ld=1 0.22 -
FMORIE : 74974V TI5%5 &) Bae
MRIC—R (B1<) 1D o
BEBDLRT . S 0.14 -
S. Rendle, IEEE International Conference on 0:10- o e

Data Mining pp. 995-1000 (2010).

1 2 3 45

Factorization machineZzZQUBOICE=

6 7 8 9 101112131415 16
Size of factorization

iz 35L&,

QUBODEEIAREL, FAHEL RS REWHAEIDRAZEE
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L =4, C = 3 (16 bits)
0.2 1 — Factorization machines
- (Gaussian process
o FOM=0.624 —— Random search
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L =6, C =3 (24 bits)
0.2 1 = Qur method (FMQA)
FOM=0.686 —— Random search
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Calculated structures
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FMQA package

O Why GitHub?

Team Enterprise

H tsudalab / fmqga

<> Code Issues Pull requests >

¥ master ~ ¥ 2branches © 0tags

Explore Marketplace Pricing Search

Actions Projects

k-kitai Prevent error when key is missing

fmga
LICENSE
README.md

setup.py

README.md
fmqa

Zalb—TFTYyR7PZ—

Prevent error when key is missing
Licensing and reference
Update README.md

Rename fmbgm to fmqga

V2V HFIRATE 3.

https://github.com/tsudalab/fmqga
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CONtinuous Black-box optimization
with Qubo model solved by Annealer
(CONBQA)

Black-box
Provide known data

Propose next candidate x

Software Acquisition Machine
optimizer function ¢ learning
x* = arg max 9(x) g(x) y = fur(x)

Conventional: Software-based black-box optimization

Decoder Annealing Acquisition Machine Encoder

to continuous € machines € function € learning € to binary

™ =wlz®) z" = arg max 9(z) 9(z) y = fumL(z) Zr= gl
CONBQA: Hardware-assisted black-box optimization
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Random search
Add-GP

6 RITERZE F FE

QUBO solver Empty Admissible Decodable
D-Wave Advantage | 44.4 % 54.4 % 1.2 %
Simulated annealing| 0 % 12.1 % 87.9 %

Greedy search 0 % 3.6 % 96.4 %

D-Wave hybrid 0% 53.5 % 46.5 %

0.4 4 ~  CONBQA with D-Wave Advantage
=~ CONBQA with simulated annealing
= CONBQA with greedy search

0.2 == CONBQA with D-Wave hybrid
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CONBQA package

0 Why GitHub? Team Enterprise Explore Marketplace Pricing Search Signin

H tsudalab / conbqga ' Public L\ Notifications % Fork 0O ¢ Star 0 S

<> Code () lIssues 1 Pull requests (» Actions fJ Projects O Wiki @ Security [~ Insights

¥ master ~ ¥ 1branch 0 tags Go to file About
No description, website, or topics
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https://github.com/tsudalab/conbga
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