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@ Trinity College Dublin

begun in 1944 by an unknown colleague of the
Nobel prizewinner Ernest Walton while he was In
the physics department of Trinity College (wikipedia).

2013 broadcasted by Prof. Shane Bergin

 Nature News

* Times of India

The_lndependent (UK) . NBC Bav Area
« Radio Lab . ’ .
e - National Geographic
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« Huffington Post ) )
<  Daily Mall
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 ScienceNews
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http://www.nature.com/news/world-s-slowest-moving-drop-caught-on-camera-at-last-1.13418
http://www.independent.co.uk/news/science/the-pitch-drops-science-experiment-going-for-69-years-caught-on-film-for-first-time-8720320.html
http://www.radiolab.org/story/267176-never-quite-now/
http://online.wsj.com/news/articles/SB10001424127887323971204578626162396965242
http://www.theregister.co.uk/2013/07/19/fever_pitch_as_dublin_tar_drop_fall_captured_by_webcam/
http://cir.ca/news/pitch-drop-experiment-on-camera
http://www.huffingtonpost.com/2013/07/18/pitch-drop-experiment-single-drip-69-years-video_n_3618195.html?ir=Science
http://www.slate.com/blogs/the_slatest/2013/07/18/pitch_drop_experiment_video_science_world_aflutter_after_experiment_pays.html
http://www.irishtimes.com/news/science/a-trinity-world-first-for-a-blob-of-bitumen-1.1471516
http://www.rte.ie/news/2013/0717/463097-trinity-college-dublin-pitch-experiment/
http://www.ibtimes.com/13-best-science-videos-2013-capella-string-theory-space-oddity-orbit-videos-1514558
http://www.theatlantic.com/technology/archive/2013/07/the-3-most-exciting-words-in-science-right-now-the-pitch-dropped/277919/
http://blogs.discovermagazine.com/d-brief/2013/07/19/drip-from-tar-pitch-experiment-seen-for-the-first-time-ever/#.UrRkavRSaQA
http://www.theaustralian.com.au/sport/opinion/shane-watson-experiment-a-slow-burner/story-fnb58rpk-1226682305004
http://www.scientificamerican.com/article.cfm?id=worlds-slowest-moving-drop-caught-on-camera-at-last
http://articles.timesofindia.indiatimes.com/2013-07-21/science/40708179_1_pitch-experiment-tar
http://www.nbcbayarea.com/news/national-international/69-Year-Pitch-Drop-Experiment-Caught-on-Camera-216035901.html
http://news.nationalgeographic.com/news/2013/07/130719-tar-pitch-longest-running-experiments-science/
http://www.zeit.de/wissen/2013-07/pechtropfenexperiment-video-dublin
http://www.foxnews.com/science/2013/07/19/worlds-slowest-moving-drop-caught-on-camera/
http://www.newscientist.com/article/dn23896-pitch-drop-caught-on-camera-after-69year-wait.html#.UrRk8PRSaQA
http://www.dailymail.co.uk/sciencetech/article-2369074/Pitch-ure-perfect-Scientists-capture-drop-falling-tar-camera-time-70-YEARS.html
http://www.businessinsider.com/tar-drop-has-been-falling-for-almost-70-years-2013-7
http://phys.org/news/2013-07-scientists-capture-pitch-camera-video.html
http://news.cnet.com/8301-17938_105-57594322-1/69-year-experiment-captures-pitch-tar-drop/
https://www.sciencenews.org/article/oldest-pitch-drop-experiment
http://www.theverge.com/2013/7/20/4539820/after-69-years-pitch-drop-experiment-finally-caught-on-video
http://www.gizmag.com/pitch-drop-experiment-video-trinity-college/28381/
http://www.newscientist.com/article/dn25441-longest-experiment-sees-pitch-drop-after-84year-wait.html#.U2N65fFwZvw

Science & Engineering of glasses
© DeepMind 2020 (V. Bapst et al. )

https://deepmind.google/discover/blog/towards-understanding-glasses-with-graph-neural-networks/

Glass
— extremely long time

%

experiment > hours

Supercooled liquid Glass

simulation ~ pus

Crystal


https://deepmind.google/discover/blog/towards-understanding-glasses-with-graph-neural-networks/
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L. Berthier & G. Biroli, RMP (2011)
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L. Berthier & G. Biroli, RMP (2011)
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Physics-based ML etc...
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RITHER, 7 2 A Y #MNr, GradCAM, etc...

E. Boattini ef al., Nat. Commun.
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SVC, GNN,
MLP, CNN,

arXiv:2311.11452 (2023)
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Prediction PSOCF

WEET)L — SVM, LR, etc..
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© DeepMind 2020

https://deepmind.google/discover/blog/towards-understanding-glasses-with-graph-neural-networks/
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Towards understanding glasses with
graph neural networks
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https://deepmind.google/discover/blog/towards-understanding-glasses-with-graph-neural-networks/

GNNs by DeepMind [Nature Physics, 2020]
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Our GNN — BOnd TArgeting Network (BOTAN)
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L. Berthier & G. Biroli, RMP (2011)
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ZD#% — “Roadmap” review, preprint arXivi2311.14752 (2023, submitted)

G. Jung, R. Alkemade, V. Bapst, D. Coslovich, L. Filion, F. Landes, A. J. Liu, F. S. Pezzicoli,
H. Shiba, G. Volpe, F. Zamponi, L. Berthier, and G. Biroli

Latest models
supervised machine learning

model # params. ShER 1 Ay

GlassMLP MLPs with - 650 — FRRIGYPERIHIRY - HEREH
Jung, Biroli, & Berthi complex (input + loss
 Jung, Biroll, & Berthier] plex (inp ) - forward model DF]F:
Hinear Regression linear fittin ~ 1000 \
[Boattini & Filion] J — YW TFT—%& (~ MB)
CNN
- )
Fan & Mal CNN (ResNet) O(10%)
SE(3)-equivariant GNN _ .
F Landes et al GNN (node targets) O(109)
Geo—GNN GNN (node targets) | ~ O(109 =LW\EEH o BEIOREE
[2. Jiang et al] + self attention e R
BOTAN GNN (node + edge - 0(108) REDFET—Y LY ME
[H. Shiba et al] targets) (~ GB)

22



ZD#% — “Roadmap” review, preprint arXivi2311.14752 (2023, submitted)

G. Jung, R. Alkemade, V. Bapst, D. Coslovich, L. Filion, F. Landes, A. J. Liu, F. S. Pezzicoli,
H. Shiba, G. Volpe, F. Zamponi, L. Berthier, and G. Biroli

Latest models
supervised machine learning

Prediction accuracy
(Pearson coeffs.)

model # params. 1 —
X X
GlassMLP MLPs with ~ 650
[Jung, Biroli, & Berthier] ~ complex (input + loss) 0.8 N\
Linear Regression . L ; o
Boattini & Filion] linear fitting 1000 .l
Deelend GNN--
CNN CNN (ResNet) ~ O(109%) S A e
[Fan & Ma] o4 L oo
SE(3)-equivariant GNN GNN (node targets) ~ O(106)
[F. Landes et al] sed-ML
Geo-GNN GNN (node targets) 2T UNSUpervise
. _ ~ O(109) - —
[2. Jiang et al] + self attention — A e
0 = i NNy |
BOTAN GNN (node + edge ~0(108) |\, 101 100 101
[H. Shiba et al] targets) | y



Roadmap review — KRS

G. Jung, R. Alkemade, V. Bapst, D. Coslovich, L. Filion, F. Landes, A. J. Liu, F. S. Pezzicoli,
H. Shiba, G. Volpe, F. Zamponi, L. Berthier, and G. Birali,

» HSORABHZRD TRKFEFH, CLDIBRIFEOHVYTYUVI?

preprint arXiv:2311.14752 (2023, submitted)

(BRI Z X, “ultrastable” glass)

Input prediction prediction glass?
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- NVIDIA Tesla V100 SXM (32 GB) @ UHyogo

- NVIDIAA100 SXM (40 GB) on Wisteria-A @ UTokyo
- NVIDIAA100 PCle (40 GB) @ UTokyo

- NVIDIAH100 HBM3 @ ITC, UTokyo

- AMD Instinct MI1100, MI210 PCle @ ITC, UTokyo

- DataLoader (ZBIE D S BRAL
- SO, HERONRNYFIY—71F U

mrr
ol
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BOnd TArgeting Network (BOTAN)

[Shiba et al., JCP 2023]

___backpropagation - node output

AL EE]

node input
LT DIEFE

EN
o>

EN
&>

edge input o edge output
XS - > ayer MLP (») v 1 z
(neighbors r;; < 2.00, ) A< TN

Edge Update Node Update
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BOTAN GNN (MPNN) Benchmark
PyTorch 2.2.1 + PyTlorch Geometric 2.5

6

exec. time per epoch (sec.)

CUD 11.8,12.1, or 123

0
NV V100 NV A100 NV A100 NV A100 NV H100 NV H100
SXM PCle SXM PCle PCle SXM
32GB, 300W 40GB, 250W 40GB, 400W 80GB, 300W 80GB, 350w 80GB, 700W

AMD MI210
PCle

2/



NVIDIA H100 (HBM3) benchmarking

Total Time (us)

Tensor Cores Utilization

@ void at::native::reduce_kernel<128, 4,
at::native::ReduceOp<float, at::nativ...

® void (anonymous
namespace)::.indexing backward ke...

@ void at::native::(anonymous namesp...
® void cutlass::Kernel<cutlass_80 sim...
@ void at::native::vectorized elementw...

® void at::native::elementwise_kernel<...

@ void at::native::index_elementwise ...
@ void cutlass::Kernel<cutlass_80_sim...



NV H100 (HBM3) VS AMD MI210 (PCle)
TF32 tensor 989 TFLOPs FP32/64 matrix 45.3 TFLOPs

Total Time (us) Total Time (us)

@® sm80 xmma_gemm_f32f32 3232 ...

@® sm80 xmma_gemm_f32f32 3232 ...

@ void at::native::reduce_kernel<128, 4,
at::native::ReduceOp<float, at::nativ...

@ void (anonymous
namespace)::.indexing backward ke...

@ void at::native::(anonymous namesp...
@ void cutlass::Kernel<cutlass_80 sim...

® void at::native::vectorized elementw...

® void at::native::elementwise kernel<...

@ void at::native::index_elementwise ...

@ void cutlass::Kernel<cutlass_80_sim... @ Cijk_Alik_Blik_SB_MT64x64x32_MI...
® Cijk_Ailk Blik SB_MT128x96x16 M...

29



x&EO (cHhzT)

NORADREFE

. BREEOMDT— 4 DGNN %3 —
- {IZAIN "EEE, LTWLWBDH

rE|=§’I'I.==J”EJ§J 0)%5,%

- EDWoTEHER TERy Uy TUVIIC, R B
- S, BECRDSD L S L T
- RBN + DT -9 TOFEE — HEBRULFBEDHEFEDE Nal\Na L
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- KHEEBEMD F—9\DEHE
ERETILEDRYF VS

M

+ GNN D485

- multi-arch Benchmarking (Cf&{&

H. Shiba, et al., J. Chem. Phys. 1588, 184503 (2023).

Code & Dataset https://qgithub.com/h3-Open-BDEC/pyg botan

G. Jung, R. Alkemade, V. Bapst, D. Coslovich, L. Filion, F. Landes,
A. J. Liu, F. S. Pezzicoli, H. Shiba, G. Volpe, F. Zamponi, L. Berthier, and G. Biroli,

preprint arXiv:2311.14752 (2023)
Dataset on Zenodo: https://zenodo.org/records/10118191

33


https://github.com/h3-Open-BDEC/pyg_botan

Thank you!



