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Causal Abstraction
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Thermostat

dial temp(t0) dial temp

heat(t0) temp(t1)

heat(t1)
...

temp(tn)
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Fluids
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Circuits
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Alignment

When is a Causal Abstract Model
"Correct"?
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Queries

A B

▶ Probabilistic

▶ Counterfactual
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Probability

A B

▶ P[A]
▶ P[A | B]
▶ P[B | A]
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Queries

A B

▶ Probabilistic

▶ Counterfactual
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Thermostat

dial temp(t0) dial temp

heat(t0) temp(t1)

heat(t1)
...

temp(tn)
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Circuits
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Circuits
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Variables/Values

▶ V

▶X ∈ V, ValX ̸= ∅

Σ = (V,Val)
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Partial/Total Settings

Value Spaces are Disjoint

X ⊆ V

x : x ∈ ValX , ∀X ∈ X
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Partial/Total Settings

x ⊆
⋃

X∈X

ValX

x ∈ ValX partial

v ∈ ValV total
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Projection

X ⊆ Y ⊆ V

y −−→ ProjX(y)
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Causal Model

M = (Σ, {FX }X∈V)

FX : ValV −−→ ValX

FX := {FX }X∈X
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Inducing Graphical Structure

Y X

dial ≺ temp

X Y

temp ̸≺ dial
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Hard Interventions

I ⊆ V, i ∈ ValI

Replace FX with constants functions

v 7−→ ProjX (i), ∀X ∈ I

HardI := ValI
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Soft Interventions

X ⊆ V

Replace FX replaced with IX

{IX }X∈X

IX : ValV −−→ ValX

SoftX := {{IX }X∈X}
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Soft Interventions Generalise Hard Interventions
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Interventionals

X ⊆ V
I = {IX }X∈X

IX : SoftX −−→ SoftX

Replace FX with IX [FX]

FuncX := {{IX : SoftX −−→ SoftX }X∈X}
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Interventionals Generalise Interventions
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Composition

⋃

X⊆V

HardX ⊂
⋃

X⊆V

SoftX ⊂
⋃

X⊆V

FuncX ⊂ FuncV
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A Solution to a Model

Given a modelM

v : ProjX (v) = FX (v)
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Example
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Example cont.
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Example cont.cont.
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Intervention Algebras
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Exact transformations
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Alignment
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Constructive Abstraction
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Thank You!
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