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Subjective Logic Introduction

X ∈ X = {x1, x2, x3}

ωA
X

= (bA
X ,u

A
X ,a

A
X ) cA

X = 1− uA
X =

∑
x

bA
X (x)

multinomial opinions: bA
X : X→ [0,1]

hyper-opinions: bA
X : P(X)→ [0,1]
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Subjective Logic Multinomial Example

Domain X = {r,g,b}

Use ωA
X to model whether the die is weighted, e.g., by

repeated experiments
Fusion?→ combine results from different actors
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Subjective Logic Hyper-opinion Example

Domain X = {r,g,b} for observations

under:
low light condition (green/blue indist.): bLL

X ({g,b})
colorblindness condition (red/green indist.): bCB

X ({r,g})
→ no assignment of relative belief (as in multinomial case)!
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Subjective Logic Fusion

Available binary operators:
Cumulative Belief Fusion
Belief Constraint Fusion (aka Dempster’s Rule)
Averaging Belief Fusion
Weighted Belief Fusion
Consensus & Compromise Fusion

Multi-source generalizations do not exist for all these
operators!
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Subjective Logic Fusion: Previous Work

Jøsang et al. (FUSION 2017) provide:
Cumulative Belief Fusion
Belief Constraint Fusion (aka Dempster’s Rule)
Averaging Belief Fusion
Weighted Belief Fusion
Consensus & Compromise Fusion
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Subjective Logic Fusion: Commutativity

Dempster’s Rule is commutative:
Cumulative Belief Fusion
Belief Constraint Fusion (aka Dempster’s Rule)
Averaging Belief Fusion
Weighted Belief Fusion
Consensus & Compromise Fusion
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Subjective Logic Fusion: Our Work

We define multi-source fusion operations for:
Cumulative Belief Fusion
Belief Constraint Fusion (aka Dempster’s Rule)
Averaging Belief Fusion
Weighted Belief Fusion
Consensus & Compromise Fusion
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Subjective Logic Fusion: WBF generalization
Two-source:

b�̂AX (x) =
bA

X (x) · c
A
X · u

B
X + bB

X (x) · c
B
X · u

A
X

uA
X + uB

X − 2uA
X uB

X

Multi-source:

b�̂AX (x) =

∑
A∈A

bA
X (x)

(
1− uA

X

) ∏
A′∈A,A′ 6=A

uA′
X(∑

A∈A

∏
A′ 6=A

uA
X

)
− |A| ·

∏
A∈A

uA
X
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Conclusion & Take-away

Multi-source Fusion Operations

Proof of WBF through Dirichlet HPDFs (Theorem 1)
Multi-source CCF provides valid opinions (Remark 4)
Multi-source CCF is a valid generalization (Remark 5)
Binomial Implementation:
https://github.com/vs-uulm/subjective-logic-java

Next steps:
Efficient representations
Computational efficiency of CCF

https://github.com/vs-uulm/subjective-logic-java
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Questions?

Contact information
Web: https://namnatulco.eu/work
Email: rens.vanderheijden@uni-ulm.de
Twitter: @namnatulco

https://namnatulco.eu/work
rens.vanderheijden@uni-ulm.de
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David Köhler (Ulm University)
Audun Jøsang (University of Oslo)

These slides are licensed as CC4.0-BY-SA. The title image
is used under a CC0 License and can be found here:
https://pixabay.com/en/

liquid-colors-ocean-waves-mix-1908965/

Slide & TikZ templates are available here:
https://github.com/vs-uulm/latexslides-uulm

https://github.com/vs-uulm/tikz-vanet

https://pixabay.com/en/liquid-colors-ocean-waves-mix-1908965/
https://pixabay.com/en/liquid-colors-ocean-waves-mix-1908965/
https://github.com/vs-uulm/latexslides-uulm
https://github.com/vs-uulm/tikz-vanet


18 Multi-source Fusion in SL – FUSION 2018 | R. W. vd Heijden, H. Kopp, F. Kargl | 2018-07-13

Backup Slides



19 Multi-source Fusion in SL – FUSION 2018 | R. W. vd Heijden, H. Kopp, F. Kargl | 2018-07-13

Multi-source Weighted Belief Fusion

Definition (WBF of opinions for multiple sources)
Let A be a finite set of actors and let ωA

X = (bA
X , uA

X , aA
X ) denote the multinomial opinion held by A ∈ A over

X . Then we define the weighted belief fusion of these opinions as the opinion ω�̂AX = (b�̂AX , u�̂AX , a�̂AX ) as
follows:
Case 1: (∀A ∈ A : uA

X 6= 0) ∧ (∃A ∈ A : uA
X 6= 1)

b�̂AX (x) =

∑
A∈A

bA
X (x)

(
1− uA

X

) ∏
A′∈A,A′ 6=A

uA′
X ∑

A∈A

∏
A′ 6=A

uA
X

− |A| · ∏
A∈A

uA
X

u�̂AX =

(
|A| −

∑
A∈A

uA
X

)
·
∏

A∈A
uA

X ∑
A∈A

∏
A′ 6=A

uA
X

− |A| · ∏
A∈A

uA
X

a�̂AX (x) =

∑
A∈A

aA
X (x)

(
1− uA

X

)
|A| −

∑
A∈A

uA
X


