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Source: Data Age 25, Spons data f D¢ re, ! 201,

88 IDC Whitepaper https://www.seagate.com/files/www-content/our-story/trends/files/idc-seagate-dataage-whitepaper.pdf
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S5427'5Y (Python J\w 4o —<)

Model
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Algorithms
ARV —AF—HCH T DA ITET)LEHE/\F— AL
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Demo App & Visualization
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Sawatabi Architecture

( Algorithm ) C Model ) ( Solver )
A =Y — LIBER D)\ TS 2555 LOgiCa| Model with Metadata Solver Connectors
AbYU—=LF—=B WL 22T e Local Solver

(1) BAMEFIAULERINAT 51 2885t

Continuous  Start streaming
input data (FILTU X LEIRTE)

¢ D-Wave Solver
¢ Optigan Solver
e Sawatabi Solver

EFILDEDERH (GBI - HIFR - BEE)

L F—sammmao) BT EHEDA S —
¥ > > JIAATHEHRL, WIE
MappingBE#1 < AT ILDE R
P ¥ IRENTES
3o0m | | Solving K SQLSURRES - EEEnzie | HOREIAE
= * Ex) attributes.currency == ‘JPY’
U”mapp':g"*m T FIUT—23 > LAILEIRITSR KESATSU
EFI - e N-hot constraint
" riind  Apache Beam
TR B (1/0) g%%_%’i e Equality constraint _ (2 N — /4 (’4754\/)
l ASAY) e 7ero-or-one-hot constraint « Pandas (E,Eg_ﬂ_gﬁéﬁ)
Output result Physical Model « PyQUBO(EF/LEIE)
(2) Beam ZFIBURINAD'SA 585 Logical Model DfRE I 2B (C 2R * dwave-neal )
A5+ >m)\y I R Apache LA 2> 0FFIL (O—=7ILVILIN)
Beam TEESNTULBDT. 1/0 - 2 8 « dwave-ocean-sdk
SHEOMBEEHCEMEDE TR = . (D-WaveVJLIN)
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Sawatabi on Google Cloud Dataflow

Sawatabi 7T'U&—> 3 > DRTEIE . e
O—7)L (PC - H—/t=). RhU—ppuET>>>  Spark éFlink
Input Pub/Sub Google Cloud Dataflow Output Pub/Sub
(message queue) v (KiEHBZ MJ—ANETO v (message queue)
2R —AF—4 ==V I BZEIT)
{“number”: 64} {“solution”: [
{“number”: 62} T FE] [62, 6, 27], [64, 30]]}
{“number”: 30} e | 5 - {“solution”: [
{“number”: 6} [62, 6], [30, 27, 12]]}
{“number”: 27} TE | e : {“solution”: [
{“number\”: 12} el 30, 28]. [6, 27, 12||t
{“number”: 28} Sawatabi {“SO].UtiOﬂ”: [
|[ “number”: 67} °| —_ ~ [6) 67]) [27} 12, 28]]}
H%\IZE.EJ BRIA R NF—4 rJ Ja: M/E / ~~~~~~~~~~~ BRADT —— > U EHER
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Sawatabi on GitHub

HFEIL—LDT—T(F0SSE U TRHEF

GitHub O Installation

https://agithub.com/kotarot/sawatabi
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(1) =R (Unit Clustering) (2) Job-shop Scheduling
i ] = T —

((3) Traveling Salesperson Problem (4) Ar

SAPPORO_AOMORI_MORIOKA_SENDAI_AKITA: total traveling distance = 1415[km]

| . = AHIFHEOHAT
Q2 A C55EHMLET)

Latitude

Sample Applications: https://github.com/kotarot/sawatabi/tree/main/sample/algorithm
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Traveling Salesperson Problem (TSP)

TSP := Rtz w9 1EHE D HFI T CIEBN &/ /3 D iEigE 3K DB LA

shEIeR(i,]) — =
> | TSP + AMU—-ALFT—FZAUIZERA
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j'_} 1 aj ..... @ ‘.. @ @ @ |= where a, 3 : const
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III__; LT ,' : : ) t’ll’ (t+1)] 1,7 : point 5, pointp
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AMU—ALFT—H% TSP [CiEHB

ANU—=ALFT—5%ZEKL, window B0 X58thT 189 DEM/HIBRUDHS
TSP ZfL\TUL\L _
shEEZ H /]

ABFT—4(json) Sawatabi A > 2B ...
" ., S dr=2 oMo A > B >
{"&fh%": [RE, BE]} . P ——
apporo -> Sendai -> Osaka ->
{'Hiroshima'": [132.45, 34.39]}, {'Hiroshima'; [132.45, 34.39]}, Hiroshima -> Yokohama
{'Sapporo': [141.34, 43.06]}, {'Sapporo": [141.34, 43.06]},
{'Yokohama': [139.64, 35.44]}, {"Yokohama': [139.64, 35.44]}, o
{'Osaka' [13552’ 3468]}’ {:gsasal.[]ii%%% %4é6286]}, . HIROSHIMA_SAPPORO_YOKOHAMA_OSAKA_SENDAI: total traveling distan _§264[kzi
{'Sendai': [140.87, 38.26]}, (SEEENS |Faher, Sy R
{'Fukuoka': [130.41, 33.60]}, —-—
(e (2750,2021)
OKYO'. DS 2RO =1 @59, ©) © )
V | fKyoto': [135.75, 35.02]} ' N OY
By 20,0, 0/9) 0,
36, 0) 0.0, 0,
Window V0, 0,0, 0" -
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AMU—ALFT—H% TSP [CiEHB

ARU—LF—9%Z{EML, window B X58HT 1#M 9 DEM/HIFRULBHS
TSP ZNTWL _
shfElllE% 7]

AFIFT—4(json) Sawatabi AT A > BB ...
" ”, v dr== 1 F A > B >
{"&fmh&": [RE, BE]}
Sapporo -> Fukuoka -> Osaka ->
fHiroshima—{132.45, 34391}, | ¥  rsapporo”: [141.34, 43.06]}, Yokohama -> Sendai
{'Sapporo': [141.34, 43.06]}, {'Yokohama': [139.64, 35.44]},
{"Yokohama'; [139.64, 35.44]}, ‘ {Osaka [135.52, 34.68]}, .
{'Osaka' [13552’ 3468]}’ {:ﬁeir(]dali !:1103374,13%;66]2)’ . SAPPORO_YOKOHAMA_OSAKA_SENDAI_FUKUOKA: total traveling dlstance=31z3os[::n] :
{'Sendai"; [140.87, 38.26]}, {Fukuoka’: [130.41, 33.60]}
{'Fukuoka': [130.41, 33.60]}, < |emn - fEFﬂﬁfﬁs —
{Naha': [127.68, 26.21]} 0@ @ 0) @ !
{Tokyo": [139.69, 35.68]}, L .
V | {Kyoto"; [135.75, 35.02]} | QY N2
B 2@ 20, ® 0
Window ¥ 0/"(‘0)/ 0 00,
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AMU—ALFT—H% TSP [CiEHB

ARU—LF—9%Z{EML, window B X58HT 1#M 9 DEM/HIFRULBHS
TSP ZNTWL _
shfElllE% 7]

AAFT—4(json) Sawatabi _ o
{"BHa" (K, BE]} #ibA->ETB->
Sendai -> Fukuoka -> Naha ->

{'Hiroshima" [132.45, 34.39]}, {"Yokohama': [139.64, 35.44]}, Osaka -> Yokohama
{Sapporo+{141.34-43.06}}; <f#ik {Osaka' [135.52, 34.68]},
{"'Yokohama': [139.64, 35.44]}, ‘ {'Sendai': [140.87, 38.26]},
{'OSaka': [135.52’ 34.68]}’ {:Fukuloka'. [130.41’ 33.601}’ ) YOKOHAMA_OSAKA_SENDAI_FUKUOKA_NAHA: total traveling distance=3855(5lﬁ(sr:\;:]:;F:Nk;‘a:a
{'Sendai': [140.87, 38.26]}, {Naha': [127.68, 26.21]} ==
{'Fukuoka': [130.41, 33.60]}, 2, ‘
: .09, . , - » 3
V | {Kyoto': [135.75, 35.02]} | e A
B 520 @) 020 0
3 080, 0,0, 0,
Window oo (')/(bf", Lot
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ABMU—ALF—4H% TSP [CEH — EBR

[RE&] A NU—AFT—FI[CUTL1EPTY DIEM/HIBRURH S 58MHD TSP

EERIRIE : Laptop PC O—73)L window DAFIC LT SEiE A& 3
APt ATERRORR T —s WU RS w5t

{"#hmhA": [EE, EE]}

SAPPORO_AOMORI_MORIOKA_SENDAI_AKITA; total traveling distance = 1415[km]
:Sapporo->Morioka

bW S

{"Sapporo"; [141.34694, 43.064170000000004]} oy
{"Aomori": [140.74, 40.82444]} . b
{"Morioka"; [141.1525, 39.70361]} ol

{"Sendai": [140.87194, 38.26889]}

{"Akita": [140.1025, 39.71861]}

{"Yamagata": [140.36333, 38.240559999999995]}
{"Fukushima": [140.46778, 37.75]}

{"Mito": [140.44666999999998,
36.3413900000000041}

{"Utsunomiya": [139.88361, 36.56583]}
{"Maebashi": [139.06083, 36.39111]}

Longitude

135.0
Latitude

{"Naha": [127.68111, 26.2125]}
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TSPEEZELUE, CNETDOYODH LB UTZ Sawatabi @D Pros/Cons

AN —4 (windowig &) YIBD) A TS5+ > OBEBIERETHARE

2B - HEEROX ST —5%FH U BEERVETLES
(B1: PBBRRE DR ZALADIIE)

BYVILNEDIEAL I ITTAR
Google Cloud Dataflow 72 &E®dD
A M) = HNIIBPFAST D’ O BS
+ Pub/Sub OF|AH E]EE

EET%@T?U T—>3> W9 TIC
F1£9 D155, sawatabiicih TD
BEEHNE
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Arbitrage Opportunities Finding



Arbitrage Finding (1/3) - 77U —33 > 0DE

o REL-—bhOMBDOEHZIRETDRE (S T7ILTUXLDY>TILELTEEDNTLD)
o REBL—MIEXREHNDIONBRRDT, T—INEHRNDHELTEMD LT

O:F—H EBDODY TV @: ERE

BUF(&[1]DFigure 1MSik#UIEBD, &HRD. IPY/USD->USD/CAD- [1]OERLICHDQUBO (FX) =ZDFFEM
>CAD/CNY->CNY/IPYD)ZATHIB|I D EIC KD T0.074% DR EED &
WNTEBIHCTIRD>TLND

X = argmax, [ Z x;j logc;;
(i,j)EE

_Mlz( Z xf.j"_ Z xji)2
iev  j,(i,j)EE Jli,jIEE
b 06463 _MZZ Z xif( Z Xij — 1)]
i€V j i, j)EE J.(i,j)EE

[104.05

[1] G. Rosenberg, "Finding optimal arbitrage opportunities using a quantum annealer," 1QBit White Paper, 2016. https://1gbit.com/whitepaper/arbitrage/
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Arbitrage Finding (2/3) - sawatabilc k3 %%

e Algorithm/@ TApache Beam®D#kge & ESHI & U THEE
e BeamiBAHAHDEE 7TV —2 3 ERE U TRERBERZEAENDE T —
SDINAT A >2KIRT D

run(argv=

(pl.

. (conversions_1gbit_example) |
-Map( e: (1, e)) |
>> - ( |
.Map(print))

>>

o SEIIBEL— DOEFNGDIEOISGHEEST/ILZEFHL. D-WaveTr/——U>0
HEITIDBEDICUIEDT, ArbFindingDoFn CETILDOEFHETF Z—U T DEIT
ZHIIEDTULD
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Arbitrage Finding (3/3) - {JHiffZ5X 53R

D-Wave Advantage 1.1 CD

e Arbitrage findingd77 U4 —> 3> (& 27—~ D DEAFIEEDTL

’Ei&@%ﬁ%lﬁl?ﬁ LCIRD Z“ct?‘\_@ § %) (&[E10EET)

DT, EHFHEDT7=——1)>TDS 5RO 3.50%

DF——U>TfERE))\—RT7=— 3.00%

USOOMEIRE UTEXBTENTE | a0 N\

3 - e \ /' \/
L ﬁﬁ@@ﬁg%*ﬂgﬂﬁgﬁ bt%ié@img% +§+ 1.50% ) \’\/

continuous, fRFEZEDRA T 1 —)L%Z S L 00%

simple, JI>F9DdRAT>1— )%= & oo /‘\,

quench& UZBRIC, FHE (IRBTHC I

hoUE CHE TS &) continuoush‘e 12 3 456 7 8 9 10111213 14 15 16 17 18 19 20

BERUMERE R T2 (%) i e et

X AR(1)Z=+HEAHEIE & 9 Brepeated measures ANOVATI(E. continuous, simple, quench(CZE(EHSNEAMN D
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Thank you !
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