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LaaS:    Laboratory as a Service

кЩГϰАϼНϱϷкЅ˔

ᴬᶘםᾓϬ ʾᴟᶘᵃ χˮЯЛχФкϽжЬрϽ˯ρΰο™ Ṱ
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КАЕм˔ϼϬᵒΰοꜛ ᾒ Ố χṐṀϞAIЂ˔Н˔σςρ ὀΰʺ
ꜛ τ ΰσΥϣםᾓϬ “ʻ



LabTwin ʿ ᾓкЩАЕжЩχДЅЌиБϱрם (▀ ᾆΊ╦G)

ᾝםἋḧχMaholo ᴠ ἋḧχMaholo

ДЅЌиБϱр˙кЩАЕϞ χ ⌠ ϬзϯиЌϱЭπᴠ Ἃḧτ ›ΰḗ♪ʾ Ὲβϥ ЄІГЭ

ᴂ ʿ ᴠ ᾝםἋḧπχ⌠ỘχЍϱйϼЕễꜘṪ

Unity τ™ᾝήϦθН˔ЎаижЩ ᾓкЩАЕMaholoχДЅЌиБϱрם Ṑρᴠם Ἃḧχӡ ›ϩδ

ψVRХАЖЈАЕϬיּ ΰʺ ︣τⱱμθЀрЕк˔ж˔π⌠ỘϬễꜘʻкЩАЕϯ˔Эχṟ ϬễꜘβϥχπψσΨʺкЩАЕ⌠
ỘχṞ ρ ΣϢό ⱱβϥṀἇϞ ṀϬ◙ꜘβϥάρπ⌠ỘϬễꜘβϥʻάϦτϢϤʺםᾓФкЕЀиτψ ꜘ τṜ ήϦτΨΜ
Ἱχםᾓ⌠ỘϞʺ ΰθםᾓχзϸНз⌠Ộ Ϭ῟ ϢΨễꜘᴦ ʻ
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Ochiai, Motozawa et al.  SLAS Technology 2020.
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AIкЩАЕτϢϥiPS⇔ ᴟ Ὧχꜛ ᾋ

╩ ⇔ ∫√AI꜡ Ⱳ♇♩⅜ ⌐ ╩

Kanda et al. eLife 2022  (2022 6 ⱪ꜠☻ꜞꜞכ☻)
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ꜛ ᾓὓᵊAIʿם НϱϷםᾓχ πΚϥ‰ЛϱЇʺ‰ ʺ‰ЀІЕ τ ᴂΰθ
ЦϱЇΩ ᴟ︣ (Batch Contextual Local Penalization) Ϭᵫ ʻ

ᾭϯϱЈрЌ˔ Ԛ



кЩАЕ ⇔ ᴥῬ☼ ˢR-CPFˣϬᵫ ˢ ᵦ ˣ
Terada et al., SLAS Technology, 2023.    (23/11/30ⱪ꜠☻ꜞꜞכ☻)
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жЩχꜛ ᴟϬὊσΜρםᾓкЩАЕχϼжϳЖᴟψםᾝΰσΜ

χꜛ ᴟжЩ
ˢ σϥṐṀꜛ ᴟˣ

ωϣωϣχ
Ὲᾠ῎

ꜛ жЩ
ˢꜛᾪḁὫˣ

ᾆẕּי
ὫᴮйЪ˔Е

ᾓם
ᴠ ʾ χ
ϯАФД˔Е

ᴿ
χᾆẕ
ᵫ

ЯЛʾṐṀ
χḚ ψὫ
ộ ḧ

ꜛ ᴟΤϣꜛ ᴟϒχӱ“ΥϜθϣβϜχ

ʾ ᾆẕּיʺ֫ ᵫʺיּ χЧиЊЗΥיּ ʺΦϦΜσ Ộᴟ
ʾ ꜛᾪḁὫβϥάρπ֫ Υ῟ ᴟʺUI/UX ΥЄрФиᴟʾ ᶎᴟ
ʾ םᾓχϼжϳЖᴟ
ʾ ϢϤ‰ σAI ὀχṁ



жЩχꜛ ᴟάζΥ ᴬᶘχ ᴟτνσΥϥ

ʿ

⇔ ЄІГЭχ ╛

  ->  ᾤ χ ◓Ϟᾝ τᾤ χᴠ Ц˔Іπ ˑχםᾓϬΰοΜοϜ ΥᵫΤσΜʻ

ᾓχ™ᾝם

 ->  χ Υ χράϧπ χ χϜρτ“μθםᾓὫᴮ ●Υ ᶓᴦ πσΜʻ

Д˔Ќχ╩Ԅ

ᾓχԁם῞  <-  χД˔ЌΰΤ τσϤ῝ᵫήϦσΜʻ χ╦ΥּגοϣϦοΜϥʻ

LaaSΥםᾝβϥ ФжАЕТ϶˔ЭᴟπʺάϦϣχ τϯФк˔Ў ϥʿ

->  ᵦπ“ϩϦθםᾓД˔ЌΥ ●Υ ο α π╥ ᴦ ʻ

->  ᾝ χ ԁ σ ᵔτ σẢ σД˔ЌЦ˔ІΥᾆẕχ τϢϤꜛ τ Ϙϥʻ



ᴬᶘχ ᴟτ σꜛ ᾓФжАЕТ϶˔Эχם Ὧ

ꜛᾪḁὫ

 ->  г˔Ѓ˔ˢᾆẕּיˣτםᾓжЩ πṞΦϥάρχ ⇔ ӃϬ ΰσΜ

Ṝ

 -> г˔Ѓ˔Υᾆẕ “τ σФкЕЀиϞ Μϥ⇔ ♯ Ϭꜛ τṜ ʺ◙ ϥ

™ᾝ

 -> α⇔ ♯ τ ΰο αФкЕЀиϬϷ˔Ѝ˔βϦωʺ αὫᴮΥṍ ήϦϥ



ꜛᾪḁὫ ʺṜ ʺ™ᾝ Τϣ ΤϦϥЄІГЭйЦи Ὧʿ

ˢФкЕЀиʺЂрФиˣρ ˢὫᴮˣΥ ϘμοΜϥ   ˢꜛᾪḁὫ ˣ

ήϦϥФкЕЀи ●ʺЂрФи ●ΥṜ ◓Ц˔Іπ ᶓᴦ   ˢṜ ˣ

τ ΰ ήϦϥὫᴮχ ᾛ ˢ βϥᶎ Υԁ ˣΥ  ˢ™ᾝ ˣ

ꜛ ᾓФжАЕТ϶˔ЭΥם ᴬᶘϬ Д˔ЌЦ˔Іᴟβϥ

͏ ὯΥ Ξάρπ ϣϦϥ῟ᴮʿ

ᾓὫᴮχД˔ЌЦ˔ІᴟΥᴦם    

    (query)ρ (result)χЧϯΥ ΞάρΥ ήϦοΜϥʻὫᴮΥ ϥ

    ᵃẠτ αΤⱨθםᾓΥ ΫϣϦοΜθϣὫᴮΥ╥ ϥʻ(Ả χᾊ)



ⱪ꜡♩◖ꜟ LabCode

⌂╢ⱪ꜡◓ꜝⱶ≢
⌂╢꜡Ⱳ♇♩⅜ ↄ

꜡Ⱳ♇♩ה ─

ⱪ꜡♩◖ꜟ
₈LabCode₉╩

≈─ⱪ꜡◓ꜝⱶ≢ ─
꜡Ⱳ♇♩ה ה (AI)⅜ ⇔≡ ↄ

↓╣╕≢ LabCode

ʿ
ˮЯЛχФкϽжЬрϽ˯Ϭםᾝβϥ ΰΜФкϽжЬрϽОжЍϱЭπΚϥ
¬ϷУЅϴϼЕТк˔ФкϽжЬрϽºϬ ӛʾם ʻ



ᾓṜם ᾠ῎LabCode

ʾϷУЅϴϼЕʾТк˔ʾФкϽжЬрϽ(OFP)ОжЍϱЭ:
Д˔ЌТк˔ФкϽжЬрϽ(DFP)χם ᵦᶈ

ʾםᾓτΣΪϥЯЛϞ χ ϦϬ ḇ τ ᾝβϥ‰ẘᾠ῎

ʾТк˔Ṝ ρкЩАЕ ⌠χ ⇔Ϭ

ʾᵵ τψД˔ЌТк˔χ ӡ῀Ḋʻ
Ṍ χм˔ϼТк˔ϵрЅрρ ὀΰʺϳϴАЕםᾓρ
Д˔Ќ ʺЄЬвй˔Єдрם“ ϬЄ˔ЭйІτṜ ᴦ

ʾDFPψ ᶘ τψḩ ἷФкϽжЬрϽρ ᴣʻ
OFPτϜ χ ᴂḩἰʻ ˑσ ᶘ ГϼИАϼΥ ᴦ

ʾ “ Υ Ӭσθϛ ІϾЅв˔зрϽτ βϥ

ʾⱳ кЩАЕArdeaΥКϱГϰУם“ḕẽϬ ằ

inˢ ˣ

inˢЯЛˣ

outˢ ˣ

outˢЯЛˣ
, ЯЛ  ̡   f( , ЯЛ, ОжЮ˔Ќ)

ОжЮ˔Ќ

⌠

ФкЈІ

OFP:  ϷУЅϴϼЕТк˔ʾФкϽжЬрϽ



23

Ӱ ṐṀ ὀʾ ІϾЅв˔зрϽṪ τϢϥ ᴬᶘםᾓχ σ‰῟ ᴟχםᾝ
ˢ ᶘ ≤Gˣ

Ϙϕϧ+ Ὁ

x4

50%

Ϙϕϧ+ꜛ Ṑ+PCR+
Ὁ

x4

ІϾЅв˔зрϽὫᴮםᾓעχṐṀ 

ԁṐṀπםᾓβϥФкЕЀи

Ӱ ṐṀ ὀπםᾓβϥФкЕЀи

кЩАЕρ кЩАЕχӰ кЩАЕ ὀτϢϤ
кЩАЕ χ ›τ ϓʺϷЬϼІᵔ ᾓχם

ⱲḧϬ  50% ˢЄЬвй˔Єдр)

̙ ІϾЅв˔зрϽṪ Ϭ ΜθםᾓעṐṀ 
χЄЬвй˔ЄдрЊТЕϳϴϯϬᵫ



ᴬᶘםᾓχ ╩ᵫ τ ᴂΰθⱳ ἷםᾓкЩАЕЄІГЭχᵫ

ệʿ
FY2021H1 М˔Жϳϵϯᵵ ὓḁ
FY2021H2 М˔Жϳϵϯṁ ὓˢӦ Ộ ˣḁ
FY2022Q1 М˔Жϳϵϯ▫ ᶎ
FY2023 ͕Ὦ кЩАЕжЩτМ˔Жϳϵϯ
ᾝ∕ ЊТЕϳϵϯρФкЕЀиχᵫ Υ “

ІГ˔Єдр  χᾁ

ІϾЅв˔зрϽ ᴂԁФкЕЌϱФ Ѐ˔ЖК˔Эʿ Ardea(ϯиДϯ)

ʿ
̔ LabCode /LDOS χКϱГϰУם“Ϭ ρΰθЂϱН˔ТϰЅϸиϯ˔

ϺГϼЎа˔

̔ ЯЅвж˔  πᶈ ᴦ σ ὓ

̔ DT ᴂπẸ ▫ χ6꞊ ϯ˔ЭϬ⅜ ΰГϰ˔ЎрϽЀІЕϬ ᾚ

̔ LabCodeχOFPЀрЈФЕτ ᴂΰ ІϾЅв˔зрϽτ ᴂ

̔ OFPЀрЈФЕτϢϤםᾓФкЕЀиχ ╩ᵫ τ ᴂ

̔ ︣ χ‰Μ ∙π χϷ˔Фрṛᶊᴟτ
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arXiv:2409.04109

ʾꜛ ᾠ῎ χ τΣΜοLLMΥ ΰΜᾆẕϯϱДϰϯϬ ϥΤϬ100 ӟ χ ᴪτϢϥ ᾁπᾁ

ʾLLMψ ṛ ρϱрОϼЕτΣΜο ḧχ ᴪχ ỡϬ ᵕϥΥʺםᾝᴦ ρ πψ ΰ ϥὫᴮ

ʾϯϱДϰϯχ ᴣτΣΜοψLLMΥ ḧχ ᴪϢϤ ϥ



arXiv:2408.06292

sakana.ai τϢϥṐᵣᶘ ᾆẕχ ꜛ ᴟ

ήϦθᾆẕ χ

Ϝμο ṰήϦθм˔ϼТк˔
῝ᵫ₰ Д˔ЌϬ Μθᾆẕχꜛ ᴣ



 

  (emergent capabilities)

homogenization :

        (multi-task, few-shot / zero-shot learning)

       

         (scaling law)

AI is undergoing a paradigm shift 

with the rise of models (e.g., BERT, 

DALL-E, GPT-3) that are trained on 

broad data at scaleand are 

adaptable to a wide range of 

downstream tasks. We call these 

models foundation models to 

underscore their critically central yet 

incomplete character.

Bommasani et al. 2021

(Stanford Center for Research on Foundation Models)ṁ ЯДиρψ



◓fiꜞכ◔☻─ꜟ♦⸗

ІϾ˔зрϽ ʿ OpenAIΥ2020 τ ᾋʻ

 ЯДиχṛ ʺὓ▄ ʺД˔ЌЂϱЇϬ ϞβϕςʺΚθΤϜ∑ᾢΥσΨ Υΰ ΰοΜϥϢΞτᾋΠϥʻ

 

J. Kaplan et al., Scaling Laws for Neural Language Models. https://doi.org/10.48550/arXiv.2001.08361



/3 RNA-seq

Cui et al. bioRxiv 2023.
Theodoris et al. Nature 2023.

Single -cell transcriptome models: scGPT / geneformer



ESM-2

6 5

150 (GPT-3  (ESMFold)

AlphaFold 60

https://doi.org/10.1101/622803



ЄІГЭχᵬ ϬνσΩṁ ЯДи

=

Cell

Organ

Individual

Pathway

Atom

Molecule

Ecosystem

Molecular / cell

system

Organismic

system

Synergistic 

system

ESM-2, AlphaFold

scGPT, geneformer

Organismic

models?

Biophysics / 

structures



ΰΤΰʿ РАϽД˔Ќψᾯᶩβϥ֫

    (AI  embodiment)



ᵔὨ├ʿ ṁ ЯДиτкЩАЕχ Ϭ Πϥ

AI

ṧ

API

ḱ
ṇ

ṇ ṇ

ḱ

ƢƱƪ

ḱ API

ṇ API

Human - in- the - loop
ḱ

ךּ︡
ṇ

ה

─

⸗♦ꜟ ⅜∕─ ⌐ כ♦╢∆
♃ⱳ▬fi♩╩ ≤≤╙⌐
⇔⁸ ≤─ ≢

ṇḱ ṇ

ExSIE: Experimental Science Intelligence Embodiment 



ЯДи

σД˔Ќל

 

ṕ Ṗ

 

AI

GPU

ὓ▄Ɫᾛ

 

ЯДи

σД˔Ќל

ЯДи

σД˔Ќל
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ᾆᴬᶘᾆẕṁ ЯДиᵫ ФкϽжЭ (TRIP -AGIS) 
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