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Explanations and levels of abstraction
Motivation

Ability to provide an explanation is increasingly important in
various areas of (computer) science:

1. Data integration in systems biology1

2. Autonomous decision making2

3. Blame analysis3

4. Artificial intelligence4

Choosing the right level of abstraction of paramount importance in
all of the above, e.g.

1. Functional vs. mechanistic level

2. What level of detail is wanted, who the explanation is given to
etc.

1Krivine, 2017
2Nashed et al. 2022
3Goessler and Le Metayer 2015
4The Royal Society 2019
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Layers of abstraction

Image source: Openclipart
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Structure of explanations
Motivation for formalism

▸ Want to take layers of abstraction into account

▸ Want to go easily from one context/theory to another

▸ What is being explained is seen as a process

▸ Processes and their explanations should compose

▸ Modularity: an explanation of a sub-process should be seen as
a partial explanation of the larger process
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Layered props
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Example: glucose phosphorylation
after Jean Krivine

We wish to explain the chemical reaction rule:

glucose +ATP Ð→ glucose-6-phosphate +ADP + hydrogen ion

using the interaction between parts of molecules:
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We draw this as an internal box:

APartMol+

in the layered prop.
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Example: glucose phosphorylation
after Jean Krivine
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Example: electrical circuits
after Boisseau and Sobociński

We wish to explain the rule for the sequential composition of
resistors:

R1 R2 R1 + R2
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Example: electrical circuits
after Boisseau and Sobociński

R1 R2

ECirc
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ECircImp◀ ▷ ECircImp◀ ▷ECirc
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Example: Calculus of Communicating Systems
after Jean Krivine

We wish to explain the rewrite rule

x .0 ∥ (y .0 ∥ x̄ .0) → 0 ∥ (y .0 ∥ 0).

It has a derivation:
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which can be turned into an explanation using the translation:

P, ↑ x

Q, ↑ x̄
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Example: Calculus of Communicating Systems
after Jean Krivine

There is also a counterfactual explanation:

x .0

y .0

x̄ .0

y .0

0

0
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0, ↑ x

A1
0, ↑ x̄

y .0 ∥ 0, ↑ x̄

A2

0

y .0 ∥ 0

◀ ▷Red RedLTS

.
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Explanations
Formal definitions

Definition (Explanation of a 1-cell)

Let e and σ be parallel 1-cells in a layered prop. We say that e is
an explanation of σ if

1. σ is an internal morphism contained in some category ω ∈ Ω,

2. every internal non-identity morphism of e is contained in some
category ω′ such that ω′ < ω in the partial order of Ω,

3. there is either a 2-cell e→ σ or a 2-cell σ → e.
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Explanations
Formal definitions

Definition (Explanation of a 2-cell)

Let η and µ be parallel 2-cells in a layered prop. We say that η is
an explanation of µ if

1. µ is generated by an equality of morphisms in some category
ω ∈ Ω,

2. η can be constructed using the generating 2-cells of a layered
prop and the 2-cells that come from an equality of morphisms
in those categories ω′ for which ω′ < ω in the partial order of
Ω.

Definition (Window, cowindow)

A window is a morphism in a layered prop of the form on the left
below. Dually, a cowindow is a morphism in a layered prop of the
form on the right below.

◀ ▷

σα f α f β β

◀▷

σf α α β f β
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Future directions

▸ Data integration and hypothesis generation

▸ Unsharp compartments in biology
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▸ Formalising scientific explanations

▸ Counterfactual reasoning

▸ Layered props as a Grothendieck construction

▸ Other ideas welcome!
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Thank you for your attention!
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