
What is an Ontology of
Computational Complexity?

Anton Gnatenko, Oliver Kutz, Nicolas Troquard

Free University of Bozen-Bolzano
Gran Sasso Science Institute

Abstraction Workshop

July 11, 2025



Decision Problems

AlgorithmPosition of chess
on n × n board

Do the white win?

requires exponential time
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Oracles

Polynomial-Time
Algorithm

Chess Position

Immediate Answer

Resulting class: PolyTimeChess Problem
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•
Complexity Class

•
Decision Problem

•
Complexity Class

h
asB

ase

hasOracle

Class(x) ∧ Problem(y)→ ∃z
[
hasBase(z , x) ∧ hasOracle(z , y)

]
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[Once] I spent a week trying to put AM
outside QMA relative to an oracle, only
to learn that this followed trivially from
two known results: that of Vereshchagin
[Ver92] that AM is outside PP relative to
an oracle, and that of Kitaev and Watrous
(unpublished, but mentioned in [Wat00])
that QMA is in PP.

Scott Aaronson
complexityzoo.net

6 / 9



•AM • QMA

•

• •

h
asB

ase

hasOracle

h
asB

ase

hasOracle

notSubset

•
AM

•
PP

•
O

• •

h
as

B
as

e

hasOracle

h
as

B
as

e

hasOracle

notSubset

•
QMA

Subset
• hasBase

hasO
racle

Subset

no
tS

ub
se

t

7 / 9



•AM • QMA

•

• •

h
asB

ase

hasOracle

h
asB

ase

hasOracle

notSubset

•
AM

•
PP

•
O

• •

h
as

B
as

e

hasOracle

h
as

B
as

e

hasOracle

notSubset

•
QMA

Subset

• hasBase

hasO
racle

Subset

no
tS

ub
se

t

7 / 9



•AM • QMA

•

• •

h
asB

ase

hasOracle

h
asB

ase

hasOracle

notSubset

•
AM

•
PP

•
O

• •

h
as

B
as

e

hasOracle

h
as

B
as

e

hasOracle

notSubset

•
QMA

Subset
• hasBase

hasO
racle

Subset

no
tS

ub
se

t

Class(x) ∧ Problem(y)→ ∃z
[
hasBase(z , x) ∧ hasOracle(z , y)

]
7 / 9



•AM • QMA

•

• •

h
asB

ase

hasOracle

h
asB

ase

hasOracle

notSubset

•
AM

•
PP

•
O

• •

h
as

B
as

e

hasOracle

h
as

B
as

e

hasOracle

notSubset

•
QMA

Subset
• hasBase

hasO
racle

Subset

no
tS

ub
se

t

(
hasOracle ◦ hasOracle−

)
u
(
hasBase ◦ Subset ◦ hasBase

)
v Subset

7 / 9



•AM • QMA

•

• •

h
asB

ase

hasOracle

h
asB

ase

hasOracle

notSubset

•
AM

•
PP

•
O

• •

h
as

B
as

e

hasOracle

h
as

B
as

e

hasOracle

notSubset

•
QMA

Subset
• hasBase

hasO
racle

Subset

no
tS

ub
se

t

notSubset ◦ Subset− v notSubset

7 / 9



•AM • QMA

•

• •

h
asB

ase

hasOracle

h
asB

ase

hasOracle

notSubset

•
AM

•
PP

•
O

• •

h
as

B
as

e

hasOracle

h
as

B
as

e

hasOracle

notSubset

•
QMA

Subset
• hasBase

hasO
racle

Subset

no
tS

ub
se

t

7 / 9



An Ontology of Complexity

Dots: problems and classes.

Lines: relations between them.

Axioms: description logic + first-order logic.
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Is a dot more abstract than a complexity class?
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