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Structural causal models (SCMs): Causal models 
able to model cycles, interventions, and counterfactuals
 Given N variables 𝑥𝑥𝑛𝑛 , an SCM consists of a set of 

structural equations of the form 𝑥𝑥𝑖𝑖 ∶=  𝑓𝑓𝑖𝑖(𝑥𝑥𝑗𝑗 ,𝑁𝑁𝑥𝑥)
 SCMs can be visualized as directed graphs

Validation through a causal lens: Causal discovery 
methods applied to simulation models and observed 
experimental data are designed to generate SCMs which 
are then compared to help analysts identify the equation 
parameters of the simulation model that needs to be 
modified (calibration) Our methods blend statistical independence 

testing methods (to discover physical relations) 
with regression models (to quantify the amount of 
these causal relations) to construct causal models
Model-based causal discovery
 Intervention driven method
 Requires simulation model
 Relies on Maximum Mean Discrepancy (MMD)

Data-based causal discovery
 Input: Temporal profile of N variables
 Conditional independence testing: PC, PCMCI
 Regression methods: SINDY, MMD

Assumptions
 Causal sufficiency 
 Causal stationarity
 Contemporaneous effects
 Markov + faithfulness properties
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Causal approach to 
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 Comparison of simulated and experimental setups is 
framed in terms of generation and comparison of 
causal models

Developed AI/ML methods embrace causality 
at their core by identifying the physical relation 
among data elements, and then by quantifying 

it in the form of causal models Context
 Machine learning (ML) and artificial intelligence (AI) 

have spread in almost all science and technology 
fields, but the employed methods have focused on 
“fitting” rather than “understanding” the data

 This project has brought back a science-based 
mindset to AI/ML methods with the goal of 
discovering and quantifying causal relationships 
between observed data elements 

Model validation
 Current validation methods employ standard 

statistical analysis or machine learning methods to 
quantitatively measure the difference between 
simulated and experimental datasets

 We propose an alternative approach based on 
causal inference

 Goal: Identify and quantify the causal relationships 
between data elements rather than looking at their 
associations
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