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Motivation

I Agents have to adapt their beliefs according to
potentially conflicting information

I Operators, classified axiomatically by
syntactic/semantic postulates

I Postulates need to be certified for new operators

I Can classification be automated?
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Deterministic Multiform Revision
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Extended Epistemic States

I AGM Belief Change [AGM85]

I Belief Revision on Epistemic States [DP97]

I Extended epistemic states (e.g. [BM11])
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Uniform Revision [Ara20]

I One, static tpo �

I Family of tpos due to URF1: For any ω1, ω2 /∈
Mod(Ψ), ω1 ≤Ψ ω2 iff ω1 � ω2

I Select a tpo ≤B for any belief set B by
faithfulness to B

I AGM revision operator
B ∗ α = th(min(Mod(α),≤B)) [KM91]
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Deterministic Multiform Systems

I Extends uniform revision (different contexts,
history...)

I Multiform system M = (T,E)
I Deterministic and syntax-independent

�1
2 ab
1 ab, ab
0 ab

�2
2 ab
1 ab
0 ab, aba ∨ b

a→ b

Figure: Example of a multiform system as a graph
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Deterministic Multiform System States

I Tupel sM = (B,�)

I DMF system state assignment Ψ 7→ sMΨ iff
Bel(Ψ) = BΨ

I Operator for belief set revision (UR operator for
�Ψ): ∗sM

Ψ
: B × L → B
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Deterministic Multiform System Revision

I Revision operator ◦ : E × L → E

I Called DMF revision operator if there is a DMF
system state assignment such that
sMΨ◦α = (BΨ◦α,�Ψ◦α) :

BΨ◦α = BΨ ∗sM
Ψ
α

�Ψ◦α=
�

′ if (�Ψ, α,�′) ∈ E
�Ψ otherwise



11/46

Derived-faithful tpos

Definition (Derived-faithful tpo to a DMF
system state)
A tpo ≤sM

Ψ
is called derived-faithful to a DMF

system state sMΨ = (BΨ,�Ψ) iff:
1. It is faithful to the belief set BΨ of sMΨ :

BΨ = th(min(Mod(>),≤sM
Ψ

))
2. Other conditional beliefs encoded by it align

with the state context �Ψ: For any
ω1, ω2 /∈ Mod(BΨ), ω1 ≤sM

Ψ
ω2 iff ω1 �Ψ ω2



12/46

Compute derived-faithful tpo

Input: DMF System State sMΨ = (BΨ,�Ψ)
Result: Derived-faithful tpo ≤sM

Ψ
≤sM

Ψ
= ∅

foreach (ω, ω′) ∈�Ψ do
if ω, ω′ /∈ Mod(BΨ) then
≤sM

Ψ
:=≤sM

Ψ
∪ {(ω, ω′)}

end
end
foreach ω ∈ Mod(BΨ) do
≤sM

Ψ
:=≤sM

Ψ
∪ {(ω, ω′) | ω′ ∈ Ω−Mod(BΨ)}

end
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DMF Revision Operator
1. Construct ≤sM

Ψ
for the initial DMF system state sMΨ ,

encoding a revision operator ∗sM
Ψ

2. Compute BΨ◦α = BΨ ∗sM
Ψ
α

2.1 Minimal models of α in ≤sM
Ψ

define the belief set of
Ψ ◦ α: Mod(Bel(Ψ ◦ α)) = min(Mod(α),≤sM

Ψ
)

2.2 Set BΨ◦α := th(min(Mod(α),≤sM
Ψ

)) (minimize
using Quine–McCluskey [McC56])

3. Find �Ψ◦α

3.1 Outgoing edge e from context tpo �Ψ: (�Ψ, β,�′)
with β ≡ α

3.2 If e exists, set �Ψ◦α:=�′, otherwise �Ψ◦α:=�Ψ

4. Set sMΨ◦α := (BΨ◦α,�Ψ◦α)
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Implementation
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Certification Problem [SH21]

I Given: A belief change operator ◦ and a
postulate P

I Question: Does ◦ satisfy the postulate P?

I Sub-Problems: Singular belief change,
consecutive belief changes, all belief changes
from one state...
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Encoding as Model-Checking Problem

I Define a first-order fragment FOTPC to encode
change in epistemic states with new information

I Build a FOTPC-structure AC for a concrete
belief change C = (Ψ, α,Ψ′)

I Load postulate as formula ϕ and evaluate
AC |= ϕ
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FAIR research software [Has+20]

I Findable: Be easy to find and cite

I Accessible: Provide a way to download a
software snapshot

I Interoperable: Use existing standards and target
as many runtime platforms as possible

I Reusable: Modular and easy to extend, follow
good software development practices



18/46

Implementation Overview

I Open Source (GitHub)
I Citation and Snapshots with Zenodo [EO13]
I Frontend: TypeScript, Web Components/React
I Backend: Java
I Automated CI/CD (GitHub Actions)
I Deployment with Docker
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Software Architecture

Ser ver

post ul at e- check- ser ver

Coeus 
Fr ont end

Post ul at es

l ogi cal - syst ems
User
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Postulates in TPTP Syntax

f o f (
’CR1 ’ ,
p o s t u l a t e ,
! [W1,W2] : (

( i n t (W1) & i n t (W2) & mod(W1, A) & mod(W2, A) )
=>
( l e s s e q (W1, W2, E0 ) <=> l e s s e q (W1, W2, op (E0 , A) ) )

)
) .
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Textual Representation: TPOs

I Encode a world ω = ab

I As variables that are interpreted as true: ["a"]

I By a binary number, alphabetically ordering
variables, setting true ones to 1: ω = ab = 10
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Textual Representation: TPOs

2 ab, ab
1
0 ab, ab

Figure: Ordinal conditional function on {ab, ab, ab, ab}
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Textual Representation: TPOs
Listing: Ocf represented as JSON

{
" s i g n a t u r e " : [ " a " , "b " ] ,
" r ank s " : [

[
[ " a " ] ,
[ " b " ]

] ,
[ ] ,
[

[ " a " , "b " ] ,
[ ]

]
]

}
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Textual Representation: TPOs
Listing: Ocf in worldlist binary

00000001 // Ve r s i o n : 1
00000000000000000000000000000010
// S i g n a t u r e s i z e : 2

00000000000000000000000000000010
// Rank s i z e : 2
00000000000000000000000000000001
// Gap s i z e : 1

00000010 // World 2
00000001 // World 1

00000000000000000000000000000010
// Rank s i z e : 2
00000000000000000000000000000000
// Gap s i z e : 0

00000011 // World 3
00000000 // World 0
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Textual Representation: TPOs

Listing: Ocf in ranklist binary
00000001 // Ve r s i o n : 1
00000000000000000000000000000010
// S i g n a t u r e s i z e : 2

00000000000000000000000000000010
// World 0 i s on rank 2
00000000000000000000000000000000
// World 1 i s on rank 0
00000000000000000000000000000000
// World 2 i s on rank 0
00000000000000000000000000000010
// World 3 i s on rank 2
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Textual Representation: TPOs

5 10 15 20

102

103

104

105

106

107

|Σ|

By
te

JSON
Binary Worldlist
Binary Ranklist

Figure: Size of serialized tpo (log)
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Postulate Check Server

post ul at e- check- ser ver

App Cont r ol l er s

Ser vi ces

I nt er net

JSON
Ser i al i ze

Deser i al i ze

Post ul at e
Cont r ol l er

For mul a
Cont r ol l er . . .

Bel i ef Change
Ser vi ce

For mul a
Ser vi ce . . .

Use

Maps requests to

HTTPS

CORS

. . .
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Packages

l ogi c- t s

l ogi c- component s

dmf - r evi s i on
Pr ef er ence 

Bui l der
Al chour r on
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Signature
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System Graph
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System List
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DMF State
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Revision Input
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Revision Configured
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Result Settings
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Individual Result
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Result Overview
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Evaluation and Improvements
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Software Quality

I choosing JSON and TPTP

I automated tests and builds

I Web components and React
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Performance

I signature size has biggest impact

I postulate evaluation performance depends on
amount of quantors

I some work already done [SH21]
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Thank you

I Philip Heltweg, pheltweg@gmail.com

I Try yourself online at
http://coeus.rhazn.com/

http://coeus.rhazn.com/
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