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First-Order Logic (FOL) Queries

V
Paul

McCartney

John 

Lennon

Grammy 

Award

𝑉?

Compose

Compose

AwardedTo Negation

Intersection

SungBy

Union

𝑞 = 𝑉?: ∃ 𝑉 (𝐶𝑜𝑚𝑝𝑜𝑠𝑒 John Lennon, 𝑉 ⋁ 𝐶𝑜𝑚𝑝𝑜𝑠𝑒(Paul McCartney, 𝑉))
⋀ ¬𝐴𝑤𝑎𝑟𝑑𝑒𝑑𝑇𝑜(Grammy Award, 𝑉) ⋀ 𝑆𝑢𝑛𝑔𝐵𝑦(𝑉, 𝑉?)

Query target 

node

Anchor entity

Comparison with Existing Works on Desired Model Properties

FuzzQE

• Relation Projection

• Fuzzy Logic based Logic Operators

• Loss Function

𝒒 = 𝝈(𝑾𝑟𝒆 + 𝒃𝑟)

𝑞1⋀𝑞2: 𝒞 𝒒𝟏, 𝒒𝟐 = 𝒒𝟏 ∘ 𝒒𝟐
𝑞1⋁𝑞2: 𝒟 𝒒𝟏, 𝒒𝟐 = 𝒒𝟏 + 𝒒𝟐 − 𝒒𝟏 ∘ 𝒒𝟐

¬𝑞: 𝒩 𝒒 = 𝟏 − 𝒒

Product Logic
A fuzzy logic system developed with the classical logic axiom 
and two extra axioms. Satisfy all the listed logic laws.

Overview
We present FuzzQE, a fuzzy logic based query embedding framework for 
answering First-Order Logic (FOL) queries over KGs.  
• FuzzQE follows product logic to define logical operators in a principled 

and learning free manner. 
• Extensive experiments on two benchmark datasets demonstrate that 

FuzzQE achieves significantly better performance in answering FOL 
queries compared to the state-of-the-art methods. 

• When trained with only KG link prediction, FuzzQE can achieve 
comparable performance with the systems trained with all FOL queries.

Logic Laws and Desired Logical Query 

Answering Model Properties

Axioms and derived logic laws 
in both classic logic and fuzzy logic

𝝓 𝒒, 𝒆 estimates the probability that entity 𝒆 answers query 𝒒

Desired model property according 
to the logic law

Our model satisfies all these desired properties!

• Proposition 1. Our conjunction operator 𝒞 is commutative, associative, and satisfies conjunction elimination.

• Proposition 2. Our disjunction operator 𝒟 is commutative, associative, and satisfies disjunction amplification.

• Proposition 3. Our negation operator 𝒩 is involutory and satisfies non-contradiction.

This is a huge advantage in real-world applications, since complex FOL training 

queries are often arduous to collect and not available in most real-world KGs.

Experiments

• Train with Complex Queries

• Train with only Link Prediction


