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ACM GORDON BELL PRIZE - WINNER

Pushing the limit of molecular dynamics with ab
initio accuracy to 100 million atoms with machine
learning

University of California Berkeley, Institute of
Applied Physics and Computational Mathematics,

ing University, Lawrence Berkeley National
Laboratory, Princeton University
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V4y” THE NOBEL PRIZE IN PHYSICS 2024

David Baker Demis Hassabis John M. Jumper
University of Washington Google DeepMind Google DeepMind
USA United Kingdom United Kingdom

*fér datorbaserad proteindesign” “fér proteinstrukturprediktion”

“for computational protein design” “for protein structure prediction”
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EcoSched ( Eco-Friendly Scheduler) BHzl{tHiEE=
8ix:

SEREREEIEE: TERRAMRTREFIEZNER T, &8
B6#5/922,220.29 kWh; EcoSchedg/2EERFREREIEEZE
4,746.64 kWh, SEFRREFETE 778.64%

HBAOKATE:: EcoSchedsLIl 72910,484 RMBRIEE A TS
g, NEFETE1THE

HFFIARRER: BENHCRAERE, EcoSchedBERATE
BHRISSERI R, DT SIRAERE.,

i

Metric Value
Root Mean Squared Error (RMSE) 6.7469
Mean Absolute Error (MAE) 2.4389
R? Score 0.9962

Symmetric Mean Absolute Percentage Error (SMAPE) 2.48
Exact Match (Error 0)
Error within +1 node
Error within +3 nodes
Error within +5 nodes

23.80%
47.34%
81.63%
94.72%
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 Scheme Total Cluster Energy Consumption (kWh) | Electricity Cost (RMB) | Saved Electricity Cost (RMB)
| NPLB 22,220.29 13.,332.17 RMB -
{ APLB 11.600.43 6,960.26 RMB 6,371.91 RMB

ECOSCHED 4,746.64 2,847.99 RMB 10,484.18 RMB

EESHETERR

Total Cluster Energy Consumption

22.220.29

Energy Cansumption (kWh

4,746.64

ECOSCHED

Electricity Cost and Savings Comparison

12000

NPLB

mmm Electricity Cost
Saved Cost

APLD ECOSCHED
Scheme
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B ORA ( Online Retrieval Augmented) {EMVARIFGNIE E:

>
>
>

>

LR KRFS4R

ERR AT G2 ESLEHRN AT EIES

izt

BAERXESIRE (LLM) #EESREHELLTN FEaY
IR (ERESEFRIR RV EEEEERE, ERR(FI S hiFaR

TS ETTN HERE(RAYE)R

QRS2 (ERETIMIETYSES, BSRRRrlSSaRLE
FERFINES, ERREEINGERAEES NS

HYMRJRR
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Online Database Updating

Append em Oldest Job

Memory
Jobs

Pop & Append

Online Prediction

l
Qu:n_'x User-based DllT gunqtmn Pr:
/‘ = Remew <"f> Fill
Query me Similar Pmmpl
Job Database Jobs Template
[ Q 1 Diff & Fill 4
HPC \ n
System Static Features | -—
Save
B > |}| -
7 P '] —-—
History é
Jobs Embedding Vector
Database

Seript Features Model

Diffline Database Constriuction

I = PR HUFu R

dict @

Runtime
Prediction
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Table 2: Main Result. MAE and MSE should be minimized, while EA should be maximized. The best values are highlighted for
easy reference.

KTH SDSC D1 D2 Average

MAE MSE EA MAE MSE EA MAE MSE EA MAE MSE EA EA
LightGBM (NeurIPS 17) 0.0367 0.0057 0.4235 0.0134 0.0006 0.3547 0.1044 0.0284 0.2691 0.061 0.0123 0.3701 0.3543
ClusterSVM (SC 22) 0.0379 0.0052 0.4166 0.0151 0.0006 0.2961 0.1056 0.0268 0.3331 0.0659 0.0115 0.2849 0.3326
RandomForest (HP3C 20) 0.0367 0.0054 0.4584 0.0139 0.0006 0.3577 0.1116 0.0288 0.3309 0.1459 0.0428 0.303 0.3625
DNN (Clust Comput 21) 0.0338 0.0056 0.5164 0.0145 0.0008 0.3125 0.1064 0.0354 0.2156 0.0523 0.0141 0.3249 0.3423
Transformer (J Supercomput 23) 0.0342 0.0053 0.5069 0.0145 0.0007 0.3108 0.1082 0.0363 0.1998 0.0519 0.0139 0.3139 0.3328

ORA (Our)

BREZEHMFUANTNEBRZRABR

Table 4: Ablation Study on Base Model. Table 3: Ablation Study on Modules.

0.0198 0.0039 0.8164 0.0052 0.0003 0.7825 0.0624 0.0239 0.7402 0.0301 0.0102 0.7189 0.7645

EA KTH SDSC Average D1 D2 Average EA KTH SDSC_ D1 D2  Average
Qwen2.5:14b 0.8164 0.7825 0.7994 0.7402 0.7189 0.7295 g:%;g;z ) (31291:: 3‘;::5 1;?]1262 ':,1;?3 ';';gg:
Phi3:14b 0.6658 0.5199 0.5928 0.2236 0.6048 0.4142 wo User 07737 07401 0.6845 07041  0.7256
Llama3.2:3b 0.3321 0.3139 0.3231 0.3639 0.3412 03525 wo Diff 0.8012 07826 0.7036 07139  0.7503
GPT-40 0.8038 0.7807 0.7922 - - - wo RAG 0.3255 0.2636 0.1525 0.2686  0.2525

wo LLM 0.5244 0.5298 0.5201 0.6326 0.5517

w BERT 0.5164 0.3125 0.2854 0.3549 0.3673

AEEELLMIY N ERZEHRW
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