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First Motivation: Characterisations and Connections

graph class F relation ≡F

G isomorphism Lovász (1967)

C cospectral adjacency matrices Folklore
P quantum isomorphism Mančinska and Roberson (2020)
T Wk Ck+1-equivalence Dvořák (2010); Dell, Grohe, and Rat-

tan (2018)
Weisfeiler–Leman algorithm Cai, Fürer, and Immerman (1992)
Sherali–Adams hiearchy Atserias and Maneva (2012); Grohe

and Otto (2015)
Pk-coKleisli-isomorphism Dawar, Jakl, and Reggio (2021)
Graph Neural Networks Xu et al. (2018); Morris et al. (2019)

… …
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Second Motivation: Measuring Distinguishing Power Roberson and S. (2023), Zhang et al. (2024)

Machine Learning
Architecture 1

Machine Learning
Architecture 2
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Complexity of Homomorphism Indistinguishability

Mančinska and Roberson (2020); Böker et al. (2019)

HomInd(F )
Input Graphs G and H.

Decide G ≡F H.

PTIME

T Wk
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C

Decidable

K

Undecidable
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An Algorithmic Meta Theorem

Theorem
For every recognisable graph class F of bounded treewidth, HomInd(F ) is in coRP.

Minor-closed and bounded
treewidth

CMSO2-definable and bounded treewidth
Courcelle (1990); Bojańczyk and Pilipczuk (2016)
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Combinatorial and Algebraic Operations: Gluing and Schur Product
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Homomorphism Indistinguishability over Trees

Attaching new edge Gluing Attaching new edge
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Space of homomorphism vectors of labelled trees
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Homomorphism Indistinguishability over Paths: Recognisability Courcelle (1990)

Let F be a graph class. Let F1 ∼F F2 if and only if for all labelled graphs K

unlabel(K � F1) ∈ F ⇐⇒ unlabel(K � F2) ∈ F .

Definition
F is recognisable if ∼F has finitely many equivalence classes.
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Conclusion

Theorem
For every recognisable graph class F of bounded treewidth, HomInd(F ) is in coRP.

• New algorithms for known problems:
Lasserre semidefinite program in
coRP.
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A conjecture

Conjecture
For a minor-closed graph class F , either

F contains all graphs and HomInd(F) is Graph Isomorphism,

F has bounded treewidth and HomInd(F) is in polynomial time, or
F has unbounded treewidth and HomInd(F) is undecidable.
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