First order logic

Syntax, semantics, models, interpretations,
decidability, proof systems, axiom systems, Godel’s
completeness theorem, strong completeness,
compactness,
first-order theories, quantifier-free theories,
decidable theories, Nelson-Oppen combination,

SMT, SMT solvers
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Overview of various theories

From Calculus of Computation (switch to this text)
- Theory of equality (“uninterpreted functions”)
- Peano arithmetic (natural numbers, 0, 1, +, *)
- Presburger arithmetic (natural numbers, O, 1, +)
- Integers with above two sets of signatures
- Reals (reals, 0, 1, +, -, *, =, <)
- Rationals (rationals, 0, 1, +, -, =, <)
[same as reals with this signature]
- Recursive data structures
- Lists, cons, car, cdr, atom, =
- RDS in general : constructors, projections, atom, =
- Arrays



Theory Full FO OTEL]
logic free frag

Equality (uninterpreted fns)  (/ndeadde  Decdable

Peano arithmetic (+, *) ndecitde  (Jadeodnble
Presburger arithmetic (+) Dec Dece
Linear integers (+) Dec Dec
Reals (+, *) Dec (69  Dec
Rationals (only +) Dg(_ (QE) D
Rec data str (incl lists) nde Des

Arrays (with or without dee Dec
extensionality)
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Complexity of decidable theories

Theory |Complexity
PL NP-complete

Tn. Tz |2 (22”), O (222“)
Ty O (22'”‘)
s 2 (2), 0 (22'°")

T%S not elementary recursive




Complexity of quantifier-free
conjunctive fragments

Theory|Complexity || Theory|Complexity

PL O(n) Te O(nlogn)
In, Tz |NP-complete ||Tr O (QQM)
To PTIME o ©(n)

TrDS O(nlogn) T NP-complete




Combination theories
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Nelson-Oppen
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SMT solvers

e Support decision procedures for quantifier
free fragments of the theories we have seen

(and a semi decision procedure for Peano
arithmetic)

e Support Nelson-Oppen combination of gf
fragments of these theories as well






SMT solver Z3

Propositional logic
Using various theories
Using combination of theories

See Z3 Tutorial



