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Foundation Models

Sajadieh et al., “The AI Index 2026 Annual Report”



  

Foundation Models

Tu, et al., An overview of large AI models and their applications, 2024

Do we really need 
billion-parameter 
general-purpose models 
for every domain?

FMs design/use according the constraints of each domain.



  

Dutch drinking water network
~ 121,500 km of pipes



  

Foundation Models for WDNs



  

Problem
Reconstruct the pressures of the entire water distribution network 
using few existing sensors

GATRes



  

GATRes Model



Model Training & Evaluation



GATRes Performance

MAPEHistogram of MAPE per node



  

GATRes Generalization

Large

GATRes



  

How to improve Generalization and 
Transferability in WDNs domain?



  

Dual-Encoder GFM

Masked node degree

Masked pressure

Masked demand

Node elevation

Pipe diameter

Pipe length

Roughness coefficient

estimated pressure



101,649

DiTEC-WDN Dataset
●36 WDNs Baselines

⮚ small (19 - ~500 nodes), 

⮚ medium (500 - ~1000 nodes)

⮚ large (> 1000 nodes)

●HuggingFace largest dataset for Graph Machine 
Learning  

⮚ 3.65 Terabytes of data

⮚ 1000 scenarios of WDN operation per network

⮚ More than 200 Million WDN states while operating 
under normal conditions.

15,782



Dual-Encoder GFM 

Bellingham (WA1)

Ky13

North Penn Water Authority System (NPCL-1)

Oberlin (OBCL)

Fossolo

Exeter

20 WDNs
19 – 1900 nodes

TRAINING

D-Town

Ky14

5min: 288 snapshots   1tr / 1val / 286 test

15min: 96 snapshots   1tr / 1val / 94 test



  

Now that we have a generalizable 
model, can we make it more efficient?



  

Small parameter count does not 
mean cheap training

Masked node degree

Masked pressure

Masked demand

Node elevation

Pipe diameter

Pipe length

Roughness coefficient

estimated pressure

1.4M parameters
It saturated 24GB VRAM of an NVIDIA A30 
with bs=64

H100 with 80GB max bs=192



Efficient Model Adaptation

Hu et al., Lora: Low-rank adaptation of large language models., 2022



Experiments with LoRA

Training Strategy Description

Single model baseline Train one GNN from scratch for each target WDN

Dual Encoder GFM Pretrain on 20 WDNs

GFM-LoRA
Freeze the GFM and adapt low-rank modules to each 
target WDN

GFM-LoRA 5k Reduced target adaptation data budget 

100 epochs

50 epochs

10k samples (6:2:2)

5k samples (6:2:2)



  

Energy/Performance across WDNs
19|



  

Performance Comparison
20|



  

Energy Consumption
21|



  

Take aways
● Sustainable AI is not only about compressing huge 

models after over-scaling. It is about designing 
reusable, structurally appropriate, and cheap to adapt 
from the beginning.

● Small parameter count does not mean cheap training
● Energy-Performance trade-off was not observed in all 

our experiments. 



  

Thank you
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