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This paper
Defines a rigorous semantics to Equality Saturation (EgSat).

Studies EqgSat in relationship to Term Rewriting and the Chase.

Proves the undecidability of EgSat termination in three cases.
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Deterministic tree automaton

A =0, 2, A).

Aterm tis represented at g € Q ift =% g.

An E-graph G is a reachable deterministic
tree automaton.

e E-classes = states, E-nodes = transitions

[Kozen ’93] The semantics of an E-graph G is

R

hRglh < dq.1) =% q <51
X Is a partial congruence relation, or a PCR
(= symmetric, transitive, and congruent).

s
Q = {15, Cyy Cops €2}
a() = ¢,
10 = ¢}, 20 = ¢,
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Equality Saturation

The immediate consequence operator: Properties of EqSat

(rule application T defined in the paper) .
 (Inflationary) G C EgSat(R, G).

ICOg = CC o I » (Finite convergence)
The fixpoint semantics of EqSat If EgSat(R, G) is finite, Equality
EgSat(R, G) = ;5 ICOg)(G) Saturation converges in a finite

number of steps.
The model semantics of EqSat: EqSat(R, G) is

a universal model of R and G

(see the paper for defn. of universal models).

The two semantics coincide.
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» Let RbeaTRS, s € Ty, G = EqSat(R, s)

. Ifs =% 1, then s & 1.

e If s X 1, thens &7 1.

. If R is bidirectional, =%, ~, <—>1>§‘< coincide.

* |In this case, EgSat semi-decides the word problem.
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e The Chase We build an entire system out of this idea!
A generalization of Datalog. (Zhang et. al. 2023)
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Termination Theorem

e (Single-instance) Does EqSat terminate with for a single term 7?

* Recursive enumerable (R.E.)—complete.

 (All-E-graph) Does EqSat terminate for all E-graph G?
 R.E.-hard.

o (All-term) Does EgSat terminate for all t € 1+.?

o [l,-complete.
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 (All-E-graph) Does EqSat terminate for all E-graph G?
 R.E.-hard.

o (All-term) Does EgSat terminate for all € 1+.?

o [l,-complete.

YStrictly harder than R.E.

| More details in the paper! |
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Summary

The fixpoint and model semantics of
Equality Saturation

Connections to Term Rewriting and
the Chase

Undecidability of Termination
Open problems

e Extraction

 Provenance
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