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LLMs kept improving with more data, more compute, more parameters.

4.2
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4 55
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Compute Dataset Size Parameters
PF-days, non-embedding tokens non-embedding

Figure 1 Language modeling performance improves smoothly as we increase the model size, datasetset
size, and amount of compute® used for training. For optimal performance all three factors must be scaled
up in tandem. Empirical performance has a power-law relationship with each individual factor when not
bottlenecked by the other two.
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We discovered scaling law of EEG in speech decoding.

Sato M, Tomeoka K, Horiguchi I., Arulkumaran K, Kanai R, & Sasai, S. (2024). Scaling Law in Neural Data: Non-Invasive Speech Decoding with 175 Hours of EEG Data. arXi:2407.07595 10
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o Pre-training on a large healthy-subject
dataset: 54.5%
. 799
o Patient’s data only: 13.2%
§ data
§ 0.50 - single sbj
< 1 all sbj + GAP
‘g B all sbj + SS
=
0.251
0.00-

hea'lthy pati'ent

Pre-training on 300 h of healthy-subject data ey kS
|iftS a fu"y Iocked_in patient’s WOI‘d accuracy https://moov.ooo/article/645a1b0692174f167ab055b4
from 13.2 % to 54.5 %

Inoue et al. (2025). Interspeech, arXiv: 2506.13835 11
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Classification of hand-written characters keeps improving with more data.
Kaifosh et al. (2025). Nature = 12
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Scaling laws in various modalities of non-invasive brain measurements.
Benville et al. (2025). arXiv:2501.15322v2 13



Ethics of Neurotechnology 7% ARAYA

Building Trust Contribution to UNESCO’s Recommendation
We are developing guidelines for users and developers of Our outcomes are features by OECD and we actively participate in
emerging neurotechnology. drafting UNESCO’s Recommendation. (Kanai, Vice Chair).

Pls: Dr. Takemi (Keio) & Dr. Kanai (Araya)
It was adopted by Member States in May 2025.

Co-Chair

Neurotech Neurotech

) | )
I I |
Hervé Chneiweiss Nita Farahany

Neurotech Guidebook & Evidence book (INSERM, France) (Duke, USA)
https://www.unesco.org/en/ethics-neurotech/expert-group

https://trustedneurotechnology.org/ y
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Iwata, T., et al. A microendovascular system can record precise neural signals from cortical and deep vessels with minimal invasiveness.
Advanced Intelligent Systems 2025. Accepted. 16
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Iwata, T., et al. A microendovascular system can record precise neural signals from cortical and deep vessels with minimal invasiveness.
Advanced Intelligent Systems 2025. Accepted. 17
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Neuralink T3, 9 TICZEEKEUTVWIEEDEERICAKRIILTWS.

decoded sounds

AYV LEN KINNG

e — — LINK
Sealed, implanted
devices that receive,
process and transmit
neural signals.

® B
5 q,,:',\
e -~

*— NEURAL THREADS

Each small and flexible
thread contains many
electrodes for detecting

neural signals.

Phase 3: Decoding imagined speech (no movement)

https://neuralink.com/trials/speech-restoration/

© 2026 ARAYA Inc. 1€
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Figure 1: Fabrication and loading of microwell scaffolds

https://www.biorxiv.org/content/10.1101/2024.11.22.624907v1 .full.pdf
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Article Open access Published: 05 November 2025

A nonsurgical brainimplant enabled through
a cell-electronics hybrid for focal
neuromodulation

Shubham Yadav, Ray X. Lee, Shivam N. Kajale, Baju Joy, Monochura Saha, Preet Patel,

Loey Bull, Sarah Cao, Samir Mitragotri, David Bono & Deblina Sarkar 83

Nature Biotechnology (2025) | Cite this article

a (1) Targer beain 2) Selt.implanted |1| Wirebess

Time point © 6 72 735  fegon (red) (M-:MI, onics ssmulaton 1

- f | | | 9 T8 9

Procedure LPS Cell-electronics Wireless Endpoint
(i.e.) hybrids (i.v.) stimulation

b Zoomed in view Zoomed in view Zoomed in view Zoomed in view
(cell nuclei, Hoechst) (target region) (c-Fos) (overlay)

Self-implanted
cell-electronics
hybrids « wireless actuation

https://www.biorxiv.org/content/10.1101/2024.11.22.624907v1 .full.pdf
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