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0 Ab out this Do cumen t

This paper de¯nes and discussesVersion1.0 of a languagestandard for the Satis¯a-
bilit y Modulo TheoriesLibrary, or SMT-LIB for short.

This is an incompleteworking document that will be updated on a regular basis.
Each new revision of the document will be identi¯ed by its date.

It is expectedthat each newrevisionwill contain only conservativeadditions and
changeswith respect to the previousrevision, that is, it will not modify any already
given de¯nitions for the SMT-LIB standard. A new revision will only add missing
de¯nitions, or provide a more completeand improved presentation of the standard.

Placeholdersfor missingmaterial are denotedby text in squarebrackets.
To facilitate the reading of the document, explanations of the rationale of the

variousdesigndecisionstaken in de¯ning the SMT-LIB standard are written in small
san-seriffont. They can be skipped on a ¯rst reading.

0.1 Copyrigh t Notice

Permissionis granted to anyone to make or distribute verbatim copiesof this doc-
ument, in any medium, provided that the copyright notice and permissionnotice
are preserved, and that the distributor grants the recipient permissionfor further
redistribution as permitted by this notice. Modi¯ed versionsmay not be made.

1 In tro duction

The main goal of the SMT-LIB initiativ e [2], coordinated by these authors and
supported by a large number of research groupsworld-wide, is to producea on-line
library of benchmarks for satis¯ability modulo theories. By benchmark we mean
a logical formula to be checked for satis¯abilit y with respect to (combinations of)
background theoriesof interest. Examplesof background theories typically usedin
computer scienceare real and integer arithmetic and the theories of various data
structures such as lists, arrays, bit vectorsand so on.

A lot of work has been done in the last few years by several research groups
on building systemsfor satis¯abilit y modulo theories [?]. The main motivation of
the SMT-LIB initiativ e is the expectation that having a library of benchmarks will
greatly facilitate the evaluation and the comparisonof thesesystems,and advance
the state of the art in the ¯eld, in the sameway as,for instance,the TPTP library [3]
has donefor theorem proving, or the SATLIB library [1] has donefor propositional
satis¯abilit y.

[more]
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SMT-LIB consistsof two main sections:one containing the speci¯cation of sev-
eral background theories, and another containing benchmark sets, grouped under
a number of indexessuch as their corresponding background theory, the classof
formulas they belongto, the type of problem they originate from and so on.

For the library to be viable and useful,SMT-LIB adoptsa commonstandard for
expressingthe benchmarks, and for de¯ning the background theories in a rigorous
way|so that there is no doubt on which theoriesare intended.

2 Basic Assumptions and Structure

In the SMT-LIB standard input problems, i.e. logical formulas, are assumedto be
checked for satis¯abilit y, not validit y.1 In particular, given a theory T and a formula
' , the problem of interest is whether ' is satis¯able in T, or is satis¯able modulo T,
that is, whether there is a model of ' that satis¯es (the existential closureof) ' .

Informally speaking, SMT-LIB calls a theory solver, or also a satis¯ability pro-
cedure, any procedurefor satis¯abilit y modulo somegiven theory. In general,with
satis¯abilit y proceduresonecan distinguish among

1. a procedure'sunderlying logic (e.g., ¯rst-order, modal, temporal, second-order,
and so on),

2. a procedure'sbackgroundtheory, the theory againstwhich satis¯abilit y is checked,
and

3. a procedure'sinput language, the classof formulas the procedureacceptsas
input.

For better clarity and modularit y, thesethree aspectsare kept separatein SMT-
LIB. SMT-LIB's commitments to each of them are described in the following.

2.1 The Logic

Version1 of the SMT-LIB standardadoptsasits logic a basicmany-sortedversionof
¯rst-order logic with equality. This logic allows the de¯nition of sorts and of sorted
symbols but not allows no subsorts,sort constructors,terms declarationsand soon.
Thesemore sophisticatedfeaturesmay be addedin the future2 but only as needed.

In an attempt to combine the simplicity and familiarit y of classical,unsorted
logic with the convenienceof a sorted language,the SMT-LIB standard de¯nes two

1Note that the di®erencematters only for those classesof problems that are not closedunder
logical negation.

2For instance, it is expected that Version 2 of the standard will include subsorts.
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semantics for its logic: the ¯rst oneis a translation semantics into classical(unsorted)
¯rst order logic with equality (FOL= ), the secondoneis a direct algebraicsemantics
basedon many-sorted models.

The ¯rst semantics is meant to easethe transition to a sorted framework for
existing tools, expertise and results, most of which have so far have beendeveloped
in the context of classicalFOL= . For the purposesof SMT-LIB the two semantics are
equivalent, as an SMT-LIB formula admits a (many-sorted) model in the algebraic
semantics if and only if its translation into FOL= admits a (unsorted) model in
FOL= .

The logic and its two semantics are speci¯ed in the next sections.

2.2 The Background Theories

Oneof the goalsof the SMT-LIB initiativ e is to clearly de¯ne a catalogof background
theories, starting with a small number of popular ones, and adding new onesas
solvers for them are developed. Theoriesare speci¯ed in SMT-LIB independently of
any benchmarks or solvers. Each set of benchmarks then contains a referenceto its
own background theory.

The SMT-LIB standardwill eventually distinguish betweenbasic (or component)
theoriesand combined (or structured) theories. Basic theorieswill include theories
such as the theory of real numbers, the theory of arrays, the theory of lists and so
on. A combined theory will be one that is de¯ned as somekind of combination of
basic theories.

The current version of SMT-LIB supports only basic theories. This meansin
practice that a theory composedof previously de¯ned onescan always be de¯ned in
this versionof the standard, but only from scratch, as if it wasa basictheories,with
no external referencesit its previouslyde¯ned components. Support for the modular
de¯nition of structures theorieswill be addedin future versionsof the standard.

For practicality, the standard insists that only the signatureof a theory be spec-
i¯ed formally.3 The theory itself can be de¯ned either formally, by meansof a set of
axioms,or informally, in natural language,as convenient.

2.3 The Benchmarks Language

The SMT-LIB standard adopts a singleand general¯rst-order (sorted) languagein
which to write all SMT-LIB benchmarks.

It is often the case,however, that many benchmarks are expressedin a some
fragment of the languageof ¯rst-order logic. The particular fragment in question

3By "formal" here we will always mean written in a machine-readableand processableformat,
as opposedto written in free text no matter how rigorously.
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doesmatter becauseone can often write a solver specializedon that fragment that
is a lot more e±cient than a solver meant for a larger fragment. 4

An extremecaseof this situation occurswhensatis¯abilit y modulo a giventheory
T is decidable for a certain fragment (quanti¯er-free, say) but undecidable for a
larger one (full ¯rst-order, say), as for instance happens with the theory of arrays
speci¯ed in Section C. But a similar situation occurs even when the decidability
of the satis¯abilit y problem is preserved acrossvarious fragments. For instance, if
T is the theory of real numbers, the satis¯abilit y in T of full-¯rst order formulas
is decidable. However, one can build increasingly faster solvers by restricting the
languagerespectively to quanti¯er-free formula, linear equations and inequations,
di®erenceequations,inequationsbetweenvariables,and so on [?].

As a consequence,the SMT-LIB standard makes it possibleto specify for any
benchmark set the speci¯c sublanguageits benchmarks belongto.

3 The SMT-LIB Logic and Language

Becauseof the SMT-LIB translation semantics, for a semantical viewpoint the ul-
timate underlying logic for SMT-LIB is FOL= , the classical(unsorted) ¯rst-order
logic with equality. The external logic and its languageare however many-sorted.

As a typed language,the SMT-LIB languagefor formulas and theories is inten-
tionally limited in expressive power. In essence,the languageallows one only to
declaresorts (types)only by meansof sort symbols, to specify the interface,or rank
of function and predicatesymbols in terms of the declaredsorts, and to specify the
sort of quanti¯ed variables.

In type theory terms, the languagehas no subtypes, no type constructors, no
type quanti¯ers, no provisions for parametric or subsort polymorphism, and so on.
Even explicit (ad-hoc) overloading of function or predicate symbols|b y which a
symbol could be explicitly given more than one rank|is not allowed. The idea is
to provide, at least in this version,just enoughexpressive power to represent typical
benchmarks without getting boggeddown in the complexity (and higher-orderness)
of type theory.

3.1 The Form ula Sublanguage

The syntax of formulas in the SMT-LIB languageextends the standard abstract
syntax of FOL= with a construct for declaring the sort of quanti¯ed variables,plus
the following non-standardconstructs:

4By e±ciency herewe do not necessaryrefer to worst-casetime complexity, but to e±ciency \in
practice".
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(Annotations) ® ::= a = v

(Terms) u ::= x j n j f t¤ j ite ' t1 t2

(Annot. Terms) t ::= u ®¤

(Connectives) · ::= not j implies j and j or j xor j i®

(Atoms) A ::= true j false j » j p t¤ j = t¤ j distinct t¤

(Formulas) Ã ::= A j · ' + j 9 (x:s)+ ' 0 j 8 (x:s)+ ' 0

j let x = t in ' 0 j °et » = ' 0 in ' 1

j if ' 0 then ' 1 else ' 2

(Annot. Formulas) ' ::= Ã ®¤

x 2 X ; the set of term variables » 2 ¥; the set of formula variables
n 2 N ; the set of numerals f 2 F ; the set of function symbols
p 2 P; the set of predicatesymbols s 2 S; the set of sort symbols
a 2 A; the set of attributes v 2 V; the set of attribute values

Figure 1: Abstract syntax for unsorted terms and formulas

² an if-then-else construct for terms,

² an if-then-else logical connective,

² a let construct for terms,

² a let construct for formulas, and

² a distinct construct for declaringa number of valuesas pairwise distinct.

² an annotation mechanism for terms and formulas.

Except for the ¯rst extension,neededto support sorts, the other extensionsare
provided for greater convenience.We discusseach of them in the following.

An abstract grammar and syntax for a superset of the SMT-LIB languageof
logical formulas is de¯ned in Figure 1 by means of production rules. This is a
superset of the languagebecauseit contains ill sorted terms and formulas. The
proper well sorted subsetis de¯ned later by meansof a separatesort system.

The rules assumeas given the following setsof symbols:

² an in¯nite set X of term variables, standard ¯rst-order variables that can be
usedin placeof a term;
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² an in¯nite set ¥ of formula variables, second-ordervariablesthat can be used
in placeof a formula;

² an in¯nite set N of numerals, for the natural numbers;

² an in¯nite set F of function symbols;

² an in¯nite set P of predicate symbols;

² an in¯nite set S of sort symbols;

² an in¯nite set A of attribute symbols;

² a set V of attribute values.

It is required that A be disjoint from all the other sets. The remainingsetsneed
not be disjoint becausethe syntax of terms and formula allows one to infer to which set a
particular symbol/value belongs.

In Figure 1 and later in the paper, boldfacewords denoteterminal symbols and
the ( )¤ operator denotesasusual zeroor more repetitions of the operand,while the
( )+ operator denotesone or more repetitions of the operand. Function/predicate
applications are denotedsimply by justaposition, as this is enoughat the abstract
level. Parenthesesare metasymbols, used just for grouping|they are not symbols
of the abstract language. In the production rules, the letter a denotesattribute
symbols, the letter v attribute values,the letter x term variables,the letter » formula
variables,the letter n numerals,the letter f functions symbols, the letter f predicate
symbols, the letter u terms, the letter t annotated terms, the letter s sort symbols,
the letter Ã formulas, and the letter ' annotated formulas.

The given grammar doesnot distinguish betweenconstant and function symbols
(they are all de¯ned as members of the set F ), and betweenpropositional variables
and predicatesymbols (they are all de¯ned asmembersof the set P). Thesedistinc-
tions are really a matter of arity, which is taken careof later by the well-sortedness
rules. A similar observation applies to the logical connectives, the members of ·
class,and the number of arguments they are allowed take.

From now on, we will simply say term to meana possibly annotated term, and
formula to meana possiblyannotated formula.

As usual, one can speak of the free variables of a formula. Formally, The set
Var (t) of free term variables in a term t and the set Var (' ) of free term variables
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in a formula ' are respectively de¯ned below by structural induction.

Var (x) = f xg
Var (n) = ;
Var (f t1 ¢¢¢tk) = Var (t1) [ ¢¢¢[ Var (tk)
Var (ite ' 0 t1 t2) = Var (' 0) [ Var (t1) [ Var (t2)
Var (u ®1 ¢¢¢®k) = Var (u)

Var (true ) = ;
Var (false) = ;
Var (») = ;
Var (¼t1 ¢¢¢tk) = Var (t1) [ ¢¢¢[ Var (tk)

if ¼2 P [ f = ; distinct g
Var (· ' 1 ¢¢¢' k) = Var (' 1) [ ¢¢¢[ Var (' k)
Var (8 x1:s1 : : : xk :sk ' 0) = Var (' 0) n f x1 : : : xkg
Var (9 x1:s1 : : : xk :sk ' 0) = Var (' 0) n f x1 : : : xkg
Var (let x = t in ' 0) = Var (t) [ (Var (' 0) n f xg)
Var (°et » = ' 0 in ' 1) = Var (' 0) [ Var (' 1)
Var (if ' 0 then ' 1 else ' 2) = Var (' 0) [ Var (' 1) [ Var (' 2)
Var (Ã ®1 ¢¢¢®k) = Var (Ã)

[note on the fact that with let x = t in ' 0, x is bound in ' 0 but not in t. ]
The set F ar (' ) of free formula variables in a formula ' is instead de¯ned as

follows

F ar (true ) = ;
F ar (false) = ;
F ar (») = f »g
F ar (¼t1 ¢¢¢tk) = ; if ¼2 P [ f = ; distinct g
F ar (· ' 1 ¢¢¢' k) = F ar (' 1) [ ¢¢¢[ F ar (' k)
F ar (8 x1:s1 : : : xk :sk ' 0) = F ar (' 0)
F ar (9 x1:s1 : : : xk :sk ' 0) = F ar (' 0)
F ar (let x = t in ' 0) = F ar (' 0)
F ar (°et » = ' 0 in ' 1) = F ar (' 0) [ (F ar (' 1) n f »g)
F ar (if ' 0 then ' 1 else ' 2) = F ar (' 0) [ F ar (' 1) [ F ar (' 2)
F ar (Ã ®1 ¢¢¢®k) = F ar (Ã)

[note on the fact that with °et » = ' 0 in ' 1, » is bound in ' 1 but not in ' 0. ]
A formula ' is closed i® Var (' ) = F ar (' ) = ; .
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3.2 The additional constructs

[connectingtext]

The if-then-else construct for terms

This construct is very common in benchmarks coming from hardware veri¯cation.
Technically, it is a function symbol of arity 3, taking as¯rst argument a formula and
as secondand third arguments a term. Semantically, an expressionlike

ite ('; t1; t2)

evaluates to the value of t1 in every interpretation that makes ' true, and to the
value of t2 in every interpretation that makes' false.

Although it can be de¯ned in terms of more basic constructs, this construct
provides important structural information that a solver may be able to useadvan-
tageously. More importantly, for large benchmarks, eliminating ite constructs can
result in an unacceptableblowup in the sizeof the formula. For thesereasons,the
SMT-LIB standard supports them natively.

The if-then-else logical connectiv e

This construct is also common in veri¯cation benchmarks. It is used to build a
formula of the form

if ' 0 then ' 1 else ' 2

which is semantically equivalent to the formula

(' 0 implies ' 1) and (not ' 0 implies ' 1)

The SMT-LIB standard supports this if-then-else connective natively for similarly
reasonsit supports the ite term constructor.

The let construct for terms

This construct builds a formula of the form

let x = t in ' 0

which is semantically equivalent to the formula obtained from ' 0 by simultaneously
replacingevery freeoccurrenceof x in ' 0 by t, and renamingasnecessarythe bound
variablesof ' 0 sothat the variablesof t remain free. The construct is convenient for
benchmark compactnessas it allows oneto replacemultiple occurrencesof the same
term by a variable. It is alsouseful for a solver becauseit savesthe solver the e®ort
of recognizingthe various occurrencesof the sameterm as such.

[comment on semantics, scope and binding]
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The let construct for form ulas

This construct builds a formula of the form

°et » = ' 0 in ' 1

which is semantically equivalent to the formula obtained from ' 1 by simultaneously
replacing every free occurrenceof » in ' 1 by ' 0, and renaming as necessarythe
bound variables of ' 1 so that the free variables of ' 0 remain free. The rationale
for supporting this construct in SMT-LIB is similar to that for supporting the let
construct for terms.

[comment on semantics, scope and binding]

The distinct construct

This construct as well is supported for conciseness.It is a variadic construct for
building formulas of the form

distinct (t1; : : : ; tn )

with n ¸ 2. Semantically, it is equivalent to the conjunction of all disequationsof
the form not (t i = t j ) for 1 · i < j · n.

The annotation mechanism for terms and form ulas

Each term or formula can be annotated with a list of attribute/v alue pairs where
each pair has the form

a v

wherea is a symbol representing an attribute's nameand v is the attribute's value.
The syntax of attribute valuesis user-dependent and assuch it is left unspeci¯ed by
the SMT-LIB standard. Annotations are meant to provide extra-logical information
which, while not changing the semantics of a term or formula, may be useful to an
SMT solver.

It is expected that typical annotations will provide operational information for
the solver. For instance,the annotation ® in a formula of the form

8 x1:s1 : : : x:sk ' 0 ®

might specify an instantiation pattern for the quanti¯er 8 x1:s1 : : : x:sk , as done in
the Simplify prover [?]. Or, for formulas that represent veri¯cation conditions for
a program, the annotation might contain information relating the formula to the
original code the formula was derived from.5

5A similar idea is usedin the ESC/Java system with the useof a special \lab el" predicate [?].
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3.3 Well-sorted form ulas

The SMT-LIB languageof formulas is the largest set of well-sorted formulas con-
tained in the languagegeneratedby the rule for annotated formulas in the grammar
of Figure 1.

Well-sorted formulas are de¯ned by meansof a set of sorting rules, similar in
format and spirit to the kind of typing rules found in the programming languages
literature. The rulesarebasedon the following de¯nition of (many-sorted)signature.

De¯nition 1 (SMT-LIB Signature) An SMT-LIB signature § is a tuple consist-
ing of:

² a non-empty set § S µ S of sort symbols, a set § F µ F of function symbols, a
set § P µ P of predicatesymbols,

² a total mapping from the term variablesX to § S,

² a total mapping from § F to (§ S)+ , the non-empty sequencesof elements of § S,
and

² a mapping from § P to (§ S)¤. the sequencesof elements of § S,

The sequenceof sorts associated by § to a function/predicate symbol is called
the rank of the symbol

As usual, the rank of a function symbol speci¯esthe expectedsort of the symbol's
argument and result. Similarly for predicatesymbols. Note that the sets§ S, § F and
§ P of an STM-LIB signature are not required to be disjoint. So it is possiblefor a
symbol to be both a function and a predicate symbol, say. This causesno ambiguity
in the languagebecausepositionalinformation is enoughto determingduringparsingif a given
occurrenceof a symbol is a function, predicateor sort symbol. However, is not possiblefor
a function (resp. predicate)symbol to have more than onerank.6 In other words,ad
hoc overloadingof function or of predicatesymbols is not allowed. This restriction is
imposedmainly in order to simplifyparsingandwell-sortednesscheckingof SMT-LIB formulas.

Figure 2 providesa setof rulesde¯ning well-sortedterms, while Figure 3 provides
a rule setde¯ning well-sortedformulas. The sort rulespresupposethe existenceof an
SMT-LIB signature§. Strictly speakingthen, the SMT-LIB languageis a family of
languagesparametrizedby §. As explainedlater, for each benchmark ' and theory
T, the speci¯c signature is jointly de¯ned by the speci¯cation of T and that of the
benchmark set containing ' .

6This is a consequenceof the last two mappings in the de¯nition of SMT-LIB signature.
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§ ` t x : s
if x : s 2 §

§ ` t n : s
if n : s 2 §

§ ` t t1 : s1 ¢¢¢ § ` t tk : sk

§ ` t f t1 ¢¢¢ tk : sk+1
if f : s1 ¢¢¢sk+1 2 §

§ ` f ' § ` t t1 : s § ` t t2 : s

§ ` t ite ' t1 t2 : s

Figure 2: Well-sortednessrules for terms

§ ` f true § ` f false § ` f »

§ ` t t1 : s1 ¢¢¢ § ` t tk : sk

§ ` f p t1 ¢¢¢ tk
if p : s1 ¢¢¢sk 2 §

§ ` t t1 : s ¢¢¢ § ` t tk+2 : s

§ ` f = t1 ¢¢¢ tk+2

§ ` t t1 : s ¢¢¢ § ` t tk+2 : s

§ ` f distinct t1 ¢¢¢ tk+2

§ ` f '

§ ` f not '

§ ` f ' 1 § ` f ' 2

§ ` f impl ' 1 ' 2

§ ` f ' 0 § ` f ' 1 § ` f ' 2

§ ` f if ' 0 then ' 1 else ' 2

§ ` f ' 1 ¢¢¢ § ` f ' k+2

§ ` f c ' 1 ¢¢¢ ' k+2
if c 2 f and ; or ; xor ; i®g

§ ; x1:s1; : : : ; x:sk+1 ` f '

§ ` f 9x1:s1 : : : x:sk+1 '

§ ; x1:s1; : : : ; x:sk+1 ` f '

§ ` f 8x1:s1 : : : x:sk+1 '

§ ` t t : s § ; x : s ` f '

§ ` f let x = t in '

§ ` f ' 0 § ` f ' 1

§ ` f °et » = ' 0 in ' 1

Figure 3: Well-sortednessrules for formulas
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The format and the meaningof the sort rules in the two ¯gures is pretty standard
and should be largely self-explanatory. The integer index k in the rules is assumed
¸ 0; the notation x:s 2 § meansthat § maps the variable x to the sort s. The
notation f :s1 ¢¢¢sn+1 2 § meansthat f 2 § F and § maps f to the sort sequence
s1 ¢¢¢sn+1 (and similarly for numeralsand predicatesymbols). The expression§ ; x:s
denotesthe signature that mapsx to the sort s and otherwisecoincideswith §.

A term t generatedby the grammar in Figure 1 is well-sorted (with respect to § )
if the expression§ ` t t:s is derivable by the sort rules in Figure 2 for somesort
s 2 § S. In that case,we say that t is of sort s.

A formula ' generatedby the grammar in Figure 1 is well-sorted (with respect to
§ ) if the expression§ ` f ' is derivable by the sort rules in Figure 3.

De¯nition 2 (SMT-LIB form ulas) The SMT-LIB languagefor formulas is the
set of all closedwell-formed formulas.

Note that the SMT-LIB languagefor formulas contains only closed formulas.
This is mostlya technicalrestriction,motivatedby considerationsof convenience.In fact, with
a closedformula ' of a signature§ the particular mappingof term variablesto sorts de¯ned
by § is irrelevant. The reasonis that the formula itself containsits own sort declaration for
its term variables,either explicitly, for the variablesbound by a quanti¯er, or implicitly, for the
variablesboundby a let . Usingonly closedformulasthen simpli¯es the task of specifyingtheir
signature,as it becomesunnecessary to specify how the signaturemapsthe elementsof X to
the signature'ssorts.

There is no lossof generality in allowing only closedformulas because,as far as
satis¯abilit y of formulas is concerned,every formula ' with free variablesVar (' ) =
f x1; : : : ; xng, whereeach x i is expectedto have sort si , can be rewritten as

9 x1:s1 : : : xn :sn ':

An alternative way to avoid free variablesin benchmarks is de¯ned in Section5
A similar situation ariseswith formula variables. In fact, all free occurrencesof

a formula variable can be replacedby a fresh predicate symbol p declaredin § as
having empty arity.

4 The SMT-LIB Theory Language

This version of the standard considersonly the speci¯cation of basic background
theories. Facilities for specifying structured theories will be introduced in a later
version.
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(Fun. sym. declaration) D f ::= f s+ ®

(Pred. sym. declaration) Dp ::= p s¤ ®

(Attribute-v alue pair) PT ::= sorts = s+

j funs = (D f )+ j preds = (Dp)+

j de¯nition = w j axioms = ' +

j extensions = w j notes = w j ®

(Theory declaration) DT ::= theory T begin
(PT )+

end

T 2 T ; the set of theory symbols w 2 W; the set of character strings

Figure 4: Abstract syntax for theories

A theory declaration de¯nes both an order-sortedsignature for a theory and the
theory itself. The abstract syntax for a theory declaration in the SMT-LIB format
is provided in Figure 4. The syntax follows an attribute-v alue-basedformat.

In addition to the already de¯ned symbols and syntactical categories,the pro-
duction rules in Figure 4 assumeas given the following setsof symbols:

² an in¯nite set W of character strings, meant to contain free text;

² an in¯nite set T of theory symbols, usedto give a nameto each theory.

In the rules, the letter w denotesstrings and the letter T theory symbols.
The symbols funs , preds , axioms , extensions , notes , sorts , and de¯nition

are reserved attribute symbols from A. Their setsof valuesare as speci¯ed in the
rules. In addition to the prede¯ned attributes, a theory declaration D T can contain
an unspeci¯ed number of userde¯ned attributes, and their values|formalized in the
grammar simply as annotations ®.

[note on userde¯ned attribute: expandableand customizableformat ]
Note that attribute/v alue pairs in a theory declaration can be written in any

order. However, they are subject to the restriction below.

De¯nition 3 (Theory Declarations) The only legal theory declarations in the
SMT-LIB format are thosethat

1. contain the attributes sort and de¯nition 7;
7Which makesthose attributes non-optional.
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2. do not contain repeated attribute symbols;

3. [restrictions on function/pr edicate symbols declarations: no overloading]

4. [more restrictions on axioms: must be of the declared signature]

The ¯rst restriction is explainedin the following. The secondrestriction is just to simplify
later the de¯nition of a declationsemantics,andthe automatedprocessingof theory declations.

Someattributes, such as de¯nition for instance,are informal attributes in the
sensethat their value (w) is freetext. Ideally, a formal speci¯cation of the givenfree-text
attributes would be preferableto free text in order to avoidambiguitiesand misinterpretation.
The choiceof usingfree text for theseattributes is motivated by practicality reasons.In fact,
(i) theseattributes are meant to be readby humanreaders,not programs,and (ii) the amount
of e®ort neededto ¯rst devisea formal languagefor theseattributes and then specify their
valuesfor eachtheory in the library doesnot seemjusti¯ed by the current goalsof SMT-LIB.

The signatureof a theory is de¯ned by the attributes sorts , funs and preds in
the obvious way. A declaration D f for a function symbol f speci¯es the symbol's
rank, and may contain additional, user-de¯nedannotations. A typical annotation
might specify that f is associative, say. While this property is expected to be speci¯ed
alsoin the de¯nition of the theory (or to be a consequencethereof), an explicit declaration at
this point could be useful for certain solversthat treat associative symbols in a special way.
Similarly, a declaration Dp for a predicatesymbol p speci¯es the symbol's the rank and may
be augmentedwith user-de¯nedannotations.

This versionof the format doesnot specify any prede¯ned annotations for func-
tion and predicate symbols. Future versionsmight do so, depending on the recom-
mendationsand the feedback of the SMT-LIB usercommunity.

The funs and preds attributes areoptional becausea theory might lack function
or predicatesymbols.8 The sorts attribute, however, is not optional becausesorted
frameworks require the existenceof at leastonesort. This is no real limitation of course
because,for instance,any unsorted theory can be always seenas at leastone-sorted.

The non-optional de¯nition attribute is meant to contain a natural language
de¯nition of the theory. While this de¯nition is expectedto beasrigorousaspossible,
it doesnot have to be a formal one. Sometheories(like the theory of real numbers)
are well known, and sojust a referenceto their commonnamemight be enough.For
theoriesthat have a small set of axioms(or axiom schemas),it might be convenient
to list the actual axioms. For someother theories, a mix a formal notation and
informal explanation might be more appropriate.

Formal, ¯rst-order axiomsthat de¯ne part of or a whole theory can be addition-
ally provided in the optional axioms attribute as a list of SMT-LIB formulas. In

8Or both, although a theory with no function and no predicate symbols is perhaps not very
useful.
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(Formula status) ¾ ::= sat j unsat j unkno wn

(Attribute-v alue pair) Pb ::= assumption = ' j form ula = '
j status = ¾ j ®

(Benchmark declaration) Db ::= benchmark b begin
(Pb)+

end

b2 B; the set of benchmark symbols

Figure 5: Abstract syntax for benchmarks

addition to being more rigorous, the formal de¯nition of (a part of) a theory providedin the
axioms attribute, might be useful for solversthat might not have(that part of) the theory
built in, but accepttheory axiomsinput. In essence,this is currently the casefor instancefor
the solversSimplify [?], CVC Lite [?], Harvey [?], and Argo-lib [?].

The optional attribute extensions is meant to document any notational conven-
tions used in the listed benchmarks. This is useful becauseoften the syntax of a
theory is extendedfor conveniencewith syntactic sugar. One exampleof such con-
ventions comesfor instancefrom (the theory of) linear Presburgerarithmetic, where
a numeral n abbreviatesthe n-fold application of the successorfunction to 0, and
the expressionn ¤ t standsfor the term t + ¢¢¢+ t| {z }

n times

.

The optional attribute notes is meant to contain documentation information
such as authors, date, version,etc. of a speci¯cation.

5 The SMT-LIB Benchmark Language

In SMT-LIB, a benchmark is a closedSMT-LIB formula with attached additional
information, speci¯ed in a benchmark declaration. Benchmarks are grouped into
benchmark sets. A benchmark set declaration contains, in addition to the bench-
marks themselves,a referenceto their background theory, a description of the lan-
guagefragment to which the benchmarks belong, and an optional speci¯cation of
additional function and predicatesymbols.

The abstract syntax for a benchmark and for a benchmark set declaration in the
SMT-LIB format is provided in Figure 5 and Figure 6, respectively. This syntax too
is attribute-v alue-based.

In addition to the already de¯ned symbols and syntactical categories,the pro-

18



(Attribute-v alue pair) PS ::= theory = T j benchmarks = (Db)+

j extrafuns = (D f )+ j extrapreds = (Dp)+

j language = w j notes = w j ®

(Bench. set declaration) DS ::= benchset S begin
(PB )+

end

S 2 BS; the set of benchmark set symbols

Figure 6: Abstract syntax for benchmark sets

duction rules in the two ¯gures assumeas given the following setsof symbols:

² an in¯nite setB of benchmarksymbols, usedto givea nameto each benchmark,
and

² an in¯nite set BS of benchmark set symbols, used to give a name to each
benchmark set.

In the rules, the letter b denotesbenchmark symbols and the letter B benchmark
set symbols.

The symbolsassumption , form ula , status , theory , benchmarks , extrafuns ,
extrapreds , language , and notes are reserved attribute symbols from A. Their
sets of values are as speci¯ed in the rules. As with theories, both benchmark
and benchmark set declarationscan also contain user-de¯nedattributes and their
values|formalized again as annotations ®.

De¯nition 4 (Benc hmark Declarations) The only legal benchmarkdeclarations
in the SMT-LIB format are thosethat

1. contain the attributes form ula and status , and

2. do not contain repeated attribute symbols.

In a benchmark declaration of the form

benchmark b begin
assumption = ' 0

form ula = ' 1

status = ¾
end
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the formulas ' 0 and ' 1 together constitute the benchmark. The intended test is
whether the formula ' 1 is satis¯able in the background theory under the assumption
' 0; in other words, whether the formula (and ' 0 ' ) is satis¯able in the background
theory. The assumption ' 0 is assumedto be just true whenever the optional at-
tribute assumption is absent. [explanationof why it is useful to haveexplicit assump-
tions]

The attribute status of a benchmark declarationrecordswhether the benchmark
is known to be(un)satis¯able in the backgroundtheory. Knowingabout the satis¯ability
of a benchmark is usefulfor debuggingnew solvers.

De¯nition 5 (Benc hmark Set Declarations) The only legal benchmarkset dec-
larations in the SMT-LIB format are thosethat satisfy the following restrictions:

1. the declaration contains the attributes theory and benchmarks ;

2. the value of the attribute theory coincides with the name of a theory T for
sometheory declaration DT in SMT-LIB;

3. thesort symbolsoccurring in (the valueof) theattributes extrafuns or extrapreds
are amongthe symbols listed in the attribute sorts of DT ;

4. there are no repeated occurrences of function (resp., predicate) symbols in the
attribute extrafuns (resp.,extrapreds );

5. no symbol occurring in extrafuns (resp.,extrapreds ) occurs in the attribute
funs (resp.,preds ) of DT ;

6. all function (resp.,predicate) symbols occurring in the attribute benchmarks
are declared either in extrafuns (resp.,extra preds ) or in the attribute funs
(resp.,preds ) of DT .

7. all formulas in the benchmarkscontained in the attribute benchmarks are
over the sort, function and predicate symbols declared in DT , extrafuns and
extra preds .

The optional attribute language of a benchmark set declaration attribute de-
scribes in free text the speci¯c subset of SMT-LIB formulas to which the listed
benchmarks belong. As explained in Section 2.3, this is information is useful for
tayloring solvers to the speci¯c sublanguageof formulas usedin the benchmark set.
The attribute is text valuedbecauseit hasmostly documentationpurposesfor the bene¯t of
benchmark users.A natural languagedescriptionof the sublanguageseemstherefore adequate
for this purpose.
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The extrafuns attribute complements the funs attribute of the corresponding
theory speci¯cation by declaring additional function symbols with their rank. The
extrapreds attribute hasa similar purpose,but for predicatesymbols. In contrast
with the symbols possibly de¯ned in the extensions attribute of a theory speci¯-
cation, which are interpreted in terms of the symbols in the theory, the symbols in
extrafuns and extrafuns are \unin terpreted" in associated theory.9 Uninterpreted
function or predicatesymbols are found often in applicationsof satis¯abilit y modulo
theories,typically asa consequenceof Skolemization or abstraction transformations
applied to more complex formulas. Hencetheory solvers typically accept formulas
containing uninterpreted symbols in addition to the symbolsof their background the-
ory. The extrafuns and extrapreds attributes serve to declareany uninterpreted
symbols occurring in benchmarks listed in the benchmarks attribute. The valueof
extrafuns and extrapreds attributes is speci¯ed formally because,in e®ect,it dynamically
expandthe signatureof the associated backgroundtheory, henceit is convenientfor it to be
directly readableby satis¯ability proceduresfor that theory.

The extrafuns attribute is also useful for specifying benchmarks consisting of
formulas with free term variables(such as quanti¯er-free formulas). As discussedin
Section3.3, the legal formulas of SMT-LIB do not contain free variables. One way
to circumvent this restriction is to closeformulas existentially . Another one is to
replaceeach free term variable by a fresh constant symbol of the appropriate sort.
In the secondcase,theseextra constant symbols can be declaredin the extrafuns
attribute. A similar situation can occur in principle with free formula variables,
which canstand for unspeci¯ed predicates.Each freeoccurrenceof a formula variable
can be replacedby a fresh predicate symbol of empty arity (a.k.a, a propositional
variable). Such symbols can be declaredin the extrapreds attribute.

Note that all function or predicatessymbols occurring in the benchmarks of a
benchmark set must be declaredeither in the corresponding theory speci¯cation or
in the extrafuns and extrapreds attributes. Onecouldthink of relaxingthis restriction
by adopting the conventionthat any undeclared function or predicatesymbol occurring in a
benchmark is automaticallyconsideredasuninterpreted. Contrary to unsorted logics,however,
this approachis not feasiblein SMT-LIB becauseit is not bepossiblein generalto automatically
infer (the sorts in) the rankof anundeclaredsymbol. [to add: at the manysorted levelonecould
assumean uninterpreted sort aswell and default to that sort, but that is not very satisfactory,
and in any caseit will be enoughto achieveautomatedsort inferenceoncesubsorts are added.
]

9In logic parlance, they are free symbols for the theory.
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6 Semantics

6.1 Translation Semantics

One semantics for SMT-LIB formulas and theories is provided by a translation of
formulas and their signature into formulas of FOL= , classical¯rst order logic with
equality.

We de¯ne a translation operator ¿, following a well-known relativization pro-
cessfor translating many-sorted logics into classicallogic|see for instance [?, ?].
Formally, the SMT-LIB translation semantics is de¯ned as follows.

De¯nition 6 Let § be an SMT-LIB signature and let T be a theory of signature
§ axiomatized by a set Ax of (SMT-LIB) formulas. For every §-formula Ã we say
that Ã is satis¯able in T i® the set

f (f : s1 ¢¢¢sk+1 )¿ j f : s1 ¢¢¢sk+1 2 § Fg [ f ' ¿ j ' 2 Axg [ f Ã¿g

of FOL= formulas is satis¯able (in the classicalsense).

The signature § and the axioms Ax in the de¯nition above are meant to be
elicited from the speci¯cation of a benchmark set containing the formula Ã, and
from the speci¯cation of the benchmark set's background theory. [to add: more
details on ow to elicit §].

A ¯ne point to note about our translation semantics is that it e®ectively requires
the given background theory to be de¯ned axiomatically|so that one can identify
the set Ax neededin De¯nition 6.

The translation operator ¿ is de¯ned in Figure 7 for function symbol declara-
tions and terms, and in Figure 8 for formulas. The translation into F OL = use a
conventional syntax for F OL = sentences,with the exclusive or connective denoted
by ©. On terms, the operator ¿ is de¯ned only for terms that do not contain ite
espressions.ite 's are eliminated from terms asshown in Figure 8. It is easyto show
that ¿ is well de¯ned.

In Figure 8, ' 0 denotesa recti¯ed version of ' obtained by renaming apart all
quanti¯ers|and their boundvariables|in to freshvariables,while ' 0f x 7! tg denotes
the formula obtained from ' 0 by simultaneouslyreplacingevery unbound occurrence
of the variable x in ' 0 by the term t.10 Similarly for ' 0f » 7! ' 0g. The expression
A[ite ' t1 t2] denotesan atomic formula A containing an occurrenceof the term
(ite ' t1 t2), while A[t i ] (i = 1; 2) denotesthe formula obtained from A[ite ' t1 t2]
be replacing that occurrenceof (ite ' t1 t2) with t i .

10This is to avoid that the (free) variables of t becomebound after the substitution.
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Function declarations

(f : s1 ¢¢¢sk+1 )¿ = 8x1; : : : ; xn : (s1(x1) ^ ¢¢¢^ sk(xn ) ) sk+1 (f (x1; : : : ; xk)))

ite-free Terms

x¿ = x
n¿ = n
(f t1 ¢¢¢tk)¿ = f (t1

¿; : : : ; tk
¿)

(u ®1 ¢¢¢®k)¿ = u¿

Figure 7: Translation of function declarationsand terms

Form ulas

false¿ = ?
true ¿ = :?
(¼t1 ¢¢¢tk)¿ = ¼(t1

¿; : : : ; tk
¿)

if ¼2 P [ f = ; distinct g and t1; : : : ; tk are ite -free
(A[ite ' t1 t2])¿ = (' ¿ ) (A[t1])¿) ^ (: ' ¿ ) (A[t2])¿)
(not ' )¿ = : ' 1

¿

(implies ' 1 ' 2)¿ = ' 1
¿ ) ' k

¿

(and ' 1 ¢¢¢' k)¿ = ' 1
¿ ^ ¢¢¢^ ' k

¿

(or ' 1 ¢¢¢' k)¿ = ' 1
¿ _ ¢¢¢_ ' k

¿

(xor ' 1 ¢¢¢' k)¿ = ' 1
¿ © ¢¢¢© ' k

¿

(i® ' 1 ¢¢¢' k)¿ = ' 1
¿ , ¢¢¢, ' k

¿

(if ' 0 then ' 1 else ' 2)¿ = (' 0
¿ ) ' 1

¿) ^ (: ' 0
¿ ) ' 2

¿)
(8 x1:s1 : : : xk :sk ' 0)¿ = 8 x1; : : : ; xk : (s1(x) ^ ¢¢¢^ sk(xk) ) ' 0

¿)
(9 x1:s1 : : : xk :sk ' 0)¿ = 9 x1; : : : ; xk : (s1(x) ^ ¢¢¢^ sk(xk) ^ ' 0

¿)
(let x = t in ' )¿ = (' 0f x 7! tg)¿

(°et » = ' 0 in ' )¿ = (' 0f » 7! ' 0g)¿

(Ã ®1 ¢¢¢®k)¿ = Ã¿

Figure 8: Translation of formulas
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6.2 Mo del-theoretic Semantics

[to do]

6.3 Equiv alence of the two Semantics

[to do]

7 Concrete Syntax

This section de¯nes and explains the concretesyntax of the whole STM-LIB lan-
guage. The adopted syntax is attribute-based and Lisp-like. Its designwas driven
more by the goal of simplifying parsing, than that of facilitating readability by hu-
mans. Preferringeaseof parsingoverhumanreadability is reasonablein this context because
it is expected not only that SMT-LIB benchmarks will be typically read by solversbut also
that, by and large, they will be producedin the ¯rst placeby automatedtools like veri¯cation
condition generators or translators from other formats. An alternative concretesyntax,
more readablefor human users,and a translation from the current concretesyntax
might be de¯ned in a later versionof the standard.

In BNF-style production rules that de¯ne the concretesyntax, terminal symbols
are denotedby sequencesof charactersin typewriter font . Syntactical categories
are denotedby text in angular bracesand slanted font . For simplicity, white space
symbols are not modeled in the rules. It is understood though that, as usual, every
two successive terminals in an actual expressionmust be separatedby one or more
white spacecharacters,unlessoneof them is a parenthesis.11

As with the abstract syntax, the production rules of the concretesyntax de¯ne a
supersetof the legal expressions.The subsetof legal expressionis of coursethe one
the satis¯es the sameconstraints de¯ned for the abstract syntax.

7.1 Commen ts

Source¯les containing SMT-LIB expressionsmay contain comments in the senseof
programming languages.In SMT-LIB, a comment is a sequenceof characters that
start with the character ; and is terminated by a new line character. The choiceof
; as the commentcharacter is simply for consistencywith the Lisp-like °avor of the concrete
syntax.

11The set of concreteterminal symbols includes the open and closedparenthesis symbols.
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hidenti¯er i ::= a sequence of letters, digits, dots (.), and underscores ( ),
starting with a letter

hnumerali ::= a non-emptysequence of digits

hvari ::= ?hidenti¯er i

hfvari ::= $hidenti¯er i

hattribute i ::= : hidenti¯er i

har symbi ::= a non-emptysequence of the characters:
=, < , > , &, @, #, +, - , * , / , %, | , ~

hfun symbi ::= hidenti¯er i j har symbi

hpred symbi ::= hidenti¯er i j har symbi j distinct

hsort symbi ::= hidenti¯er i

hannotationi ::= hattribute i j hattribute i hvaluei

hbasetermi ::= hvariablei j hnumerali j hidenti¯er i

han termi ::= hbasetermi j ( hbasetermi hannotationi + )
j ( hfun symbi han termi + hannotationi ¤ )
j ( ite han formulai han termi han termi hannotationi ¤ )

hprop atomi ::= true j false j hfvari j hidenti¯er i

han atomi ::= hprop atomi j ( hprop atomi hannotationi + )
j ( hpred symbi han termi + hannotationi ¤ )

hconnectivei ::= not j implies j if then else
j and j or j xor j iff

hquant symbi ::= exists j forall

hquant vari ::= ( hvari hsort symbi )

han formulai ::= han atomi
j ( hconnectivei han formulai + hannotationi ¤ )
j ( hquant symbi hquant vari + han formulai hannotationi ¤ )
j ( let ( hvari han termi ) han formulai hannotationi ¤ )
j ( flet ( hfvari han formulai ) han formulai hannotationi ¤ )

Figure 9: Concretesyntax for unsorted terms and formulas
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hstringi ::= any sequence of characters other than doublequotes(" ),
and enclosed in doublequotes

hfun symb decli ::= ( hfun symbi hsort symbi + hannotationi ¤ )

hpred symb decli ::= ( hpred symbi hsort symbi ¤ hannotationi ¤ )

htheory namei ::= hidenti¯er i

htheory attribute i := :notes hstringi
j :sorts ( hsort symbi + )
j :funs ( hfun symb decli + )
j :preds ( hpred symb decli + )
j :extensions hstringi
j :definition hstringi
j :axioms hstringi
j hannotationi

htheoryi ::= ( theory htheory namei htheory attribute i + )

Figure 10: Concretesyntax for theories

7.2 Terms and form ulas

The concretesyntax for SMT-LIB unsorted terms and formulas is given in Figure 9
with BNF production rules basedon the abstrat syntax rules given in Figure 1.

[more]

7.3 Theories

The concretesyntax for SMT-LIB theory declarations is given in Figure 10 with
BNF production rules basedon the abstrat syntax rules given in Figure 4.

[more]

7.4 Benchmarks and benchmark sets

The concrete syntax for SMT-LIB benchmark and benchmark set declarations is
given in Figure 11 and Figure 12 with BNF production rules basedon the abstrat
syntax rules given in Figure 5 and Figure 6, respectively.

[more]
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hstatusi ::= sat j unsat j unknown

hbench namei ::= hidenti¯er i

hbench attribute i := :assumption han formulai
j :formula han formulai
j :status hstatusi
j hannotationi

hbenchmarki ::= ( benchmarkhbench namei hbench attribute i + )

Figure 11: Concretesyntax for benchmarks

hbenchset namei ::= hidenti¯er i

hbenchset attribute i := :theory htheory namei
j :benchmarks hbenchmarki +

j :extrafuns hfun symb decli +

j :extrapreds hpred symb decli +

j :language hstringi
j :notes hstringi
j hannotationi

hbenchseti ::= ( benchset hbenchset namei hbenchset attribute i + )

Figure 12: Concretesyntax for benchmark sets
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8 Ac knowledgmen ts

The SMT-LIB initiativ e was establishedin response to a call by AlessandroAr-
mando at the FroCoS 2002 businessmeeting for a library of benchmarks for the
SMT community.

The following people(in alphabetical order) haveprovided suggestions,comments
and feedback on the SMT-LIB initiativ e and format: Peter Andrews,AlessandroAr-
mando,Clark Barrett, SergeyBerenzin,JosephKiniry , Sava Krstic, PredragJani·ci¶c,
Shuvendu Lahiri, Jos¶e Meseguer,Greg Nelson,Harald Ruess,Geo®Satcli®e,James
Saxe,Roberto Sebastiani,Natarajan Shankar, and Aaron Stump. [did we missany-
body?]

The following peoplehave provided suggestions,comments and feedback on this
document: Mike DeCoster.
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