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% OCTOPUS: Operation Control System for Task Optimization and Job Parallelization via a User-
optimal Scheduler
©® OCTOPUS OS= et=ubet7 || (KIST) 1R85 AM HA7ME S FLie| AFZIO|
FLEOH LS, A AE|0[d 5! Al A
SAHE M| 7HX| Lo E(node)E 7[EHO 2 A ME AARIS H|O{SHTY.

g|.$El‘

S AIXEO) 22ioks @ M oz

QIEH[O[A T » AFBIHJSON BAO2 FOIst Mp 71 9l Ao T 2ot 22 m
(Interface node) ¥ (JSON HA)H0|E{Z 0|21} Zfo| o2 XS0 A|AR 7 HEE nslsh= B 5
NEER
OF~Ef == < M Tl AJN|ZR, KR HE, W 3, | 7t 55 WA| S YnalEg st
(Master node) 33 %] 58S Hofste B2 2| ol
EE=E AR 22| A3 EH|QF 112 AZE0f Alof B BhS 43 24 x| H|o| 59| st=9of
(Module node) AAS K| Al

@®OCTOPUS OS= 2t E&Es}, %t X AAE™ 7| AHE VIS
X|3sto] o] S HEZ fAHst D XY S-S ISkt M2 THE 2IH|H <t
HH| ZH A IS X[ -ot= S FZE E8eitth

X (Rfe] Y3t Job parallelization) 02f AY ZIS SA |0l +2St0] HH| CH7| A|ZHS 2| A0kt 0
Ao MelZe =0ls 2 Yy
X (2t A ™3}, Task opt|mizatlon) MY Aol =AMQ M| S (st M| 7t BES

x| AA|1E8, Closed-packing schedule) 2% ZAS A|ZHEMO| BIEGI0] BiX[SH0]
Tt RO 48X E Fretsts AHEY Yu2|E

23) Yoo et al. (2024). OCTOPUS: operation control system for task optimization and job parallelization via a user-optimal scheduler. Nat.
Commun., 15(1), 9669.
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0[21%t OCTOPUS OS= SDL2| il 2EMAZM M XSt +FS £0|0 AL
Ltd S A7 Ol 7| Btk

\

OCTOPUS 0OS 72

SDL 2% Al2Ho 2, 2 AE 0[N 2 HFE SHHR 25t A2

%,9 MIZH| B2 P80 MY HYe SF HElet 28 +YS XY

OCTOPUS 08 )

OCTOPUS OS 74 (37 =E)

(@ Master node ® Module node

@ Interface node

ALgRISt N ARl 6 T 48 35 Hof A A YHe A5
AF2AL7L JSON Ao 2 _’ 2 Y 212, 0~ A MY Hulet
AR A 32U : el v, B 4y F4 9 mm s Ao EF,
e WXE Yot 2, Fol 2 58 W 5. D S 44, 54 Fu|
AAHOZ Hgt 58 ggstol 1A R Aot s 2=
48 528 AHof — EEERS ]

& £l

OCTOPUS 0S°] =2 JI5 :

Closed-Packing Schedule (CPS) : CIE A8 HE 28 X9

—— ol it : ol 2jms : e
(Job Parallelization) @ (Task Optimization) | [ ~'& 27483 &&
BB = ald

of2f 48 Y2 SAl0] 2sto] e TRl A WH| HES NHTUBMZE N WS QO | ¢ 7I5SS o ofe Hug
S

| 7] A2t 2 Askstn #elotol Bl 2t 58 YRSt HiZ|SHO FHlet At EEES YEE YL A HETot
Helgs w0ls 7ls TH HY 550 284 ¥Y L SUEstE AEY gRelFE : HE A2lYs S

E:
=3

P

oA 2=

STV o
dolel ¥ 3 g % =2
Cloyet SYMN / 4 BE NARUMS S) ¢ N N @ i o= 2 ne vl
R-WILS,

oY F=, T| YeH, 234 GOIE §

[ ‘ OCTOPUS OSE S8 2r2iet 2 Xetel AASY S S5l SDL #3oIMe 28 2348 Aty 28 IJrhst

[221 3] OCTOPUS 0OS 7|8t ASAEA 2 1 X

StEgllof - olmal 2y si3t

7~
@

A

=
SiM|Eel £9 ZE S S SDL 7|u Aot 3 Z4o
SR Bl 2 Ao} lIe o) i 7|2 S Sojol F4lo| %7
Q71814 BIOIQOIOFE, Z0f - AIATH, HHO| 2 HOFS FAQR M 7|wro] Srhel D Urt,

-

SUOME F8 R 5 Qlma} 75, s 74 S| Kig Y EUE 29, X4
|

o
gal
i)
|0
> Huon
N
Flﬁ”

HE ZRTo| SDL A Qlmet 1%

- BAEXRe} SRLAMATIEAUS A DS HOPHY IS U B AYO| YO 31y SDL
M QImat 7ES B2skeln QICE Ol2fet M 0| SDL A QIZats I Bjo|2 HpK
X7 ZE BIE 90| BS - A TE B8 UI8h 7F EA2 TIYotn 9SS KR,
9718 9 HHO|Q0|FE HOjo A SHEIE M FS BT Moz D M0/ Yo
7|7t % Utk

@ B 810l 2% 319| §7/8H4 2OF SDL A2 9l zat

- SIAR|ofu0] 23] AINISfI TS 20251 R7IBH ZOI9IS BAOR Al 7|8 Ao SDL
A% QIImBtS TAIQICE BhE QI mat A 02 YNRE T B2 2R K53 HHIE QIR
A HEI XL AS A2 XISolt, Hfe Afi ARXITFSDL 7[ure] A A1, XS5t
3 HOJEf 27, AAIZH E40f 0|2 H Z7|0] TS 1Y XY Fustn AFY 4 UTE

A=A



@ AM[ChStul K-NIBRTS| HHO|22[9FE 20k SDL & @l et

% K-NIBRT : Korea National Institute for Bioprocessing Research and Training

- Mt K-NIBRT= OFZ#E NIBRTS| W HAHIE =0 =RI5H0] HiO|2 38 HE01 &y
AtRE FTIoHD QUCE A B S S| HE AtSet QI Z2tE 2fHotn I, 0|2 7[Eez
20269 RE = S oY S8 S;UE, Al 7|8 ST 2ot R, FH| 2t S8 Hof- HA| AL
THE FT S0 ATk

- 0| 7|1 StESI0 S XSSt SFE A HO|Ef =8 7|8H9] SDL A ARO 2 =HEstY|
Pt AR, HiO| 2ot B 8! ik SHO|M SDLIHES ws- - d&e 4= A TIX[ZE Al 7|8t
HIO|20/9F Sy 88 TEHE LEote m/MA gy HE gede +dg Ao 2 2oltf

StESIof - olmat 2| i

© FHLICES] H-dl=2{2]|0] M A K| A (Acceleration Consortium, AC

)24)25)26J

O
=

- FHLICH ACE HYHE Canada First Research Excellence Fund(CFREF) X[¢E HIECZ S
718t A QIZELE F=0t1 Qo EE2ELHet i (University of Toronto)& S412
UCH ACE 7[Ast&1t RSt 2t Ate e MAIE Soff AxH, A<,

=
Of ATHE £ ehes =TSt AUCH

[y
[}
o
=2
A
Ral
on o
inl
02
ot s
HT
k=)

>
(@)
rr
wn
(W)
—
AL
o
i
(@]
i
>

Q7| A2, ojopsiet, DEXY, K, 91K &) 7 ¢ 2
TZOITH 0] F 0|0 BHSH(SDL 3)2 APl B2 178 EEstl 200, 0|8 Sef 7|% A
A0 S8 ST EATIK| SDLS HASH SHES A7 WA S 725510 Uck
- S CP| B CHX Y e lo] Aofets 22 SDL ¥ 7AZS 2D AN EME A
HYONC HlO[ES RO staetn B2 BUS HMY 4 YTE MA=of ULt 0|2
79O TH7|2HLY 217K Ol 410 TS ATH SETS SHoH HTHE HEUCH
cojolat 7|

- AC AtEll= SDLO| Y Aol aof Xtsst =5
f

ZeiZ oz ofxt

Am o

o g

> 2 1
inl
09
ik
re
4

n

I:I_l- o= 4\_ AN % (L )
AERA| ol M HARICHE FollM =L S5 2EY SDL QI Zat 750l SQot & A7t & 4= QUL

24)

25)

26)

Acceleration Consortium. (2026). AC labs and collaborating facilities - Explore our core facilities and related labs. Retrieved from
https://acceleration.utoronto.ca/ac-labs-and-facilities

University of Toronto. (2023, Apr. 28). U of T receives $200-million grant to support Acceleration Consortium's ‘self-driving labs’
research. Retrieved from https://www.utoronto.ca/news/u-t-receives-200-million-grant-support-acceleration-consortium-s-self-
driving-labs-research

Faculty of Arts & Science, University of Toronto. (2024, Jun. 12). Acceleration consortium and global collaboration of self-driving labs
discovers new molecules for organic solid-state lasers. Retrieved from https://www.artsci.utoronto.ca/news/acceleration-consortium-
and-global-collaboration-self-driving-labs-discovers-new-molecules
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<E 7> XHBAEA 20PE M5 74 1 o

SDLO Al B XSt SDL 71o12 Qo Al =719 282 A SDLB&E 7[et7]&, HE X
(Al and Automation) A& SEof 7 CllojEf 7|8t A
oL 1 e~ 7| M9 Xg LA, By, AR Ys CO., ZEF-Teh olldx] M,
(Inorganic) Ed 2N 8848 HY TEME, ZEHA, WXL &
DL RI| 22X 7| AEXE| Ite U, oY, =Xz, OffF, TXIAT, ZEHA,
(Organic) 22, 71X 75 S8 2M 9l 88y wot 01||-‘|X| M A ME S
i ofst mE2H It Mol hit-to-lead o o
SDL3 e e EAS SIot B4 2 HHOIDOIO| At oot S A, Bt
(Medicinal Chemistry) Te OIOFEW B n2d g
===
SpL4 DX AXY UEX MO It LA, oY, A XI5 BAAO, XETHEY,
(Polymers) SEM2M Y 284 Bt OIHX M &
awamgrs  EAZESwezamwmnan
SDL5 (Formulations) il;éi E;OIOH'_ TEIs EG MY mHAGH O, dAAH S
So o o
spLe DM E7I2ARBOI2 2E KRNI Q1N =X 2 g AigEel N =X 29, 2K K,
(Human organ mimicry) ~ Xt& A HO|2 88 <I|:r‘
L7 AU EXRAT LHS AH LY 2 Het At o, 25 e,
(Scale-up) CHAl9L A ZSt= Xt8 |2 2R 75 HE-HE%

(EH) Lt AC
© SF ALBSHAAATTI|Z(CSIRO)| Al AHE3H A2 B A{2| MIE{(RAMP centre) ™

% CSIRO: Commonwealth Scientific and Industrial Research Organisation

% RAMP: Rapid Automated Materials Processing Centre

- RAMP MIE{= &2 WHE H=52 (Southeastern Melbourne)oll /x| ¢t CSIRO Bl E2[0f3 Z2|0|
2 A0 QIX[SHATE AT HTAE R SDL 7| 2Ho| ML HIAIZE Fst QUL

- S LS 2 7|5 AJ2 FIRF BoLAIAG Al 7| Al A, M 7|9 GlolE XS 48 1S
So16101 A7 B4, TH2IZ BIL AAIZHGIOIE 47 W BRI 7|8t Mg A2t 29It of
Soff Ao} S| HIE THS ST BHOIA ATH EFD A M IS TS BfOLT QUCt,

- S5 Z0§ MEUHIS £ BSATOINE S0 A 7|24 7IE o S0 6HY £FOR
CHEH AR 7 TSRO, B K0, DR, Lo AT S B A Eofof SDL Jlte
AN HAIS Gt D ct

- CSIRO A2l BT 177|240 SDL Q1 Z2tE R0t Aizfote] BS BBBORM AP
22019 MYl MBS SAI0) Aot IS S HOELE Ol RN E B 28 SDL oImat
T A G2 UFS Srfot=r| AT 4 Q= AlRIZHE 4 2ct

27) CSIRO. Rapid Automated Materials and Processing centre. Retrieved from https://www.csiro.au/en/research/production/materials/

ramp

28) CSIRO Rapid Automated Materials and Processing (RAMP). Retrieved, Jun. 10, 2026, from https://research.csiro.au/ramp/



® z20| 2| AEtmo|(XtalPi)””

== XtalPi=

AL HAE 2ot

(intelligent autonomous lab solution platform)g 7

Hgs Y 2o, AHE =

AI-EE 7|8k sbLe &

8ot0] tlepiE 8l 4axf A
UCH Al2t 22 Xts2t 7|
|

pEdi Ay My

o= o o AN

- SiE SUS2 A 7|8 EX HAIR 21 A XtSet 7 |as AASH 24417 A4 A 0t H0]H
=M0| 7tsote S AA =0 QUCH X ™ MAHSZ 30071 0|49 2% Ae YIAAHO|EE
2ot ol 0|2 Sl SDL 7 [=2 S0 THAIQ i A5 "o A 2Y 22 A5t
ACH

- ok XtalPie 228 NQfArR! 22to] Ze| HE ADLI(El Lilly and Company)2t 250 Al 22
718t XtE A MAIE 2ES AM M (first-in-class) 22 HTE S QUL =LY H[QfALR!
SelH|ofte| e Solf Ataet MU LIIAH|O|MuE Al 7|8t BES XXMt ZHES 50
S MRt = HRIE 2ot QT

- XtalPi Atdlli= SDLO| Y AR Ao Aol Xisot +52 F0, it 22 QIZatet H|O[E At
HAE 7|2 M AN SAHECE ST E + ABS BHELL

<N AT FAO| £ | £« BIFCHEHAITI | FE) « MEHA| T 21}
- chel x| 7|t Za=st o e wB0 N et
=9 PoCOHEZH)e e A% - EESHE SpL olmat &t cholo] 0
HeE 2P FYS I AT BSHG0| ST Ate] 1| -%n xtelo| ZE olmetEE
Jlt A8 et AES 7 S BT &7| EXt
i‘: o o] TR
« 52 AT CHRlo| T4 2%« Ci4 FH|-Al RET|0|EIS .29 E3 2%}
- |- AT EYOfH0|E] 2t Sofet IH2|2HC |2 HY - £kl B| R|0jZ Hold St
oy SVl 29 272 HEo| A1
e - 2242C 7|8 942 H|oft - T 2t AS EE, A
EESEl SHA St AT pE|, AHEY
ANAESEI e
SO|ESISHHERIATHEIM S P AR S B > 2 W TERARS | 2K}
Ex ool F4 A3t - AFAUARYOR OfofRlE - s AP 4%9
SUYQ| - AMY IV AN SHEH D HEI| U A WBAHRIT AR Ko H
=y Mo B 17 2 ARG A
« AOkBIO|Q AT OAX] S SAHIIX| ERSH= SDL Mo
ChHeob2 o =)
« AT AH T|0|E] ZH A0 M0| « THFR BIOJE| 5|29t BB-UUZH  «Cflo|E| EES 2kt
gogy - GO COJE] A2 7|4t SEEERSER LR
ey SOIEEOlE BT - EZ THOEIHIOIE A7 Slofl /et lolE EESILAlZ
< 7|Z=0] mpHat Al 8158 HlolElZ X - A% oo|E| 2R A2, B e,
HorAs Ba| #|A 2X0| TR
CIPR NI e ARD BBIE  « BBRHI0| - ATHAL - Mol Zxt
ZAO= M A2 R H0[E] 250)0|5 M27}e| Cist -SDLE FH| Egjptoz
oo NENoIEEMoz Fy Hel 3z FHE|7| 0f2 0
sior oo+ SDLTE gjolz{n 831 - HE egolzf AT ESof 2F-QX|=4-H|0|E] oA
BETE ot mm QIX|L|of XS 3t M2}t of2r0] B,
Hofots Attt ZAAI Tlut - 881 M0l oM Cpy |3t
35 eY HAHA P=0| W2

(EX) =25 CSIRO, ZHHUTIAC S Rz H 7.

29) XtalPi. NEWS - Keep you updated with the latest info of XtalPi. Retrieved Jun. 10, 2026, from https://en.xtalpi.com/category/news/

30) XtalPi. Autonomous lab solution empowering next-generation R&D - Building the closed-loop lab of the future. Retrieved Jun. 10,

2026, from https://en.xtalpi.com/lab_automation/
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2 ZH|(hardware) SA0|lM 2H4|%|(0S)

MARE

o IAloZ M8t

Ho

oS
@ SDL =92 BHed| XtSst FHIE 70 - 2855k= A0| OfLI2t AL T2 M2 XHHE

AtEotots 2EM IOk oitf, 7| E XSt FoliEl ZREZ S HhE sAst= o
AHE FUCHH, SDL2 A 21E SH&5t1 O|E HIRY QR L3 Ay RUS A4 =2
B - ZYSICHE HolM Rh2etEl A0 JiA|off ZHZ T

@ matA FollT FAlIS HhE A= TH| 25 HEF|AM oL, e 2, H|olH +H,
OIAIZE, THI M7t AR HEE= HFIY A 2FHHIE 1= R} UL
0|2 fIsliM= 0|5 FH|2t Ao U, HloJE SES S 22le = A= A AEH0[H
7|5 2SHA =0 MY Q42 HEE 4 UL}
Lot SDLO| A2 JHE HH| §SEL} H|o[E BESH 4% 234, 2 2ZES0{9
20| ZYEL) HH[E - 7|2 E2 ZHE H0IHE & A1t HEF HI0|E HAZ2
ZH|sta, Aol el 5l Zat Cl0[E 7} S22 =XE[= FZE EA6H0f Sttt 0| Sl
Al St&0l &8 7hse HIOolE 2t OfL|2t 7| ZE0f| HIZtA|=te|H Huf A H|O|E 7tX]
MAXCZ 2t e £ QICt

Hardware ﬂ Key
Yes P‘ Robotic arm

; Rob?tip Batch synthesi (stationery or portable)
formulation atch synthesis
of precursor Flow synthesis Punflcatlon —>LPmoessmg ] [ Product ] Fluidic sample
library transfer
A Online
H characterization
6 o Hecoesocoossooooomonmoeg
Y : . ... Flow of
Automation of robotic vy Y information
%"a‘::rgg‘qirgﬁgg' Machine learning Machine—learning-assisted
data analysis and benchmarking experiment selection
experiment selection
B
__________ > Software: automation and machine— R,
learning-assisted experiment selection !
¥ v
A2
[ R o aton }—{ Single-step synthesis }—» Online characterization
* Colorimetric assay
* Well-plate reader
« Synthesized at room temperature by solution-phase routes
* Precursors and products are stable under air and moisture
C

_____________ e Software: automation and machine—- €mmmmmmmmmmmmmmmeem ey
I Iearnlng—a33|sted experiment selection | g-emnennens,

Robotic fon‘nulatlon Multlstep Processmg or (Pseud dewce
[ of precursor library synthesis r Purification printing integration

+ End-to—end autonomous experimentation
+ Co-design of materials and devices
* Air-and moisture—free environment

(&H) Abolhasani & Kumacheva. (2023).
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