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Abstract. We connect the algebraic specification language Casl with
a variety of automated first-order provers. The heart of this connection
is an institution comorphism from Casl to SoftFOL (softly typed first-
order logic); the latter is then translated to the provers’ input syntaxes.
We also describe a GUI integrating the translations and the provers
into the Heterogeneous Tool Set. We report on experiences with provers,
which led to fine-tuning of the translations. This framework can also be
used for checking consistency of specifications.

1 Introduction

The Common Algebraic Specification Language (Casl) [3, 5] is a modern stan-
dard for axiomatic specification using first-order logic and datatypes. During
the development of Casl specifications, it is crucial to have good proof support
– be it for proving intended consequences of specifications, or checking their
consistency.

So far, only interactive provers like Isabelle [12] have been connected to Casl.
This paper describes reasoning support for Casl with automated first-order logic
theorem proving (ATP) systems made available through the Heterogeneous Tool
Set (Hets) [11]. Although ATP systems do not provide reasoning support for
all features of Casl, they can take us surprisingly far.

The ATP reasoning support for Casl described in this paper is based on
softly typed first-order logic (SoftFOL) which is presented as an institution. Fur-
thermore, a coding of a sublogic of Casl into SoftFOL is formalized as an insti-
tution comorphism. Two different syntactical representations (DFG and TPTP)
of SoftFOL allow the connection of Spass [15] and MathServe [16] with Hets.
While Spass is an ATP system by itself, MathServe offers reasoning support for
different ATP systems as web services and a broker service, which chooses a suit-
able ATP system after classification of the problem. Furthermore, the integration
of reasoning support into Hets is presented together with a description of the
graphical user interface (GUI) used to control the ATP. Finally, we summarize
optimisations of the coding implemented in Hets.

⋆ This paper has been supported by Deutsche Forschungsgemeinschaft in the
SFB/TR8 “Spatial Cognition” and in the project MULTIPLE under grant KR
1191/5-2.



2 Institutions and Their Comorphisms

The use of automated first-order provers for Casl requires translations to be set
up between the Casl logic and the provers’ logics. We formalize these transla-
tions as institution comorphisms. Institutions were introduced by Goguen and
Burstall [7] to capture the notion of logical system and abstract away from the
details of signatures, sentences, models and satisfaction.

Let CAT be the category of categories and functors.3

Definition 1. An institution I = (Sign,Sen,Mod, |=) consists of

– a category Sign of signatures,
– a functor Sen:Sign −→ Set giving, for each signature Σ, the set of sen-

tences Sen(Σ), and for each signature morphism σ: Σ−→Σ′, the sentence
translation map Sen(σ):Sen(Σ) −→ Sen(Σ′), where often Sen(σ)(ϕ) is

written as σ(ϕ),
– a functor Mod:Signop−→CAT giving, for each signature Σ, the category of

models Mod(Σ), and for each signature morphism σ: Σ−→Σ′, the reduct
functor Mod(σ):Mod(Σ′)−→Mod(Σ), where often Mod(σ)(M ′) is writ-

ten as M ′|σ,

– a satisfaction relation |=Σ ⊆ |Mod(Σ)| × Sen(Σ) for each Σ ∈ |Sign|,

such that for each σ: Σ−→Σ′ in Sign the following satisfaction condition holds:

M ′ |=Σ′ σ(ϕ) ⇔ M ′|σ |=Σ ϕ

for each M ′ ∈ |Mod(Σ′)| and ϕ ∈ Sen(Σ), expressing that truth is invariant

under change of notation and enlargement of context. ⊓⊔

A theory in an institution is a pair T = (Σ, Γ ) consisting of a signature Sign(T ) =
Σ and a set of Σ-sentences Ax(T ) = Γ , the axioms of the theory. Theory mor-

phisms are signature morphisms that map axioms to logical consequences.
Institution comorphisms [6] allow the expression of the fact that one institu-

tion I is included or encoded into an institution J . Given institutions I and J ,
an institution comorphism ρ = (Φ, α, β): I −→J consists of

– a functor Φ:SignI −→SignJ ,
– a natural transformation α:SenI −→SenJ ◦ Φ,
– a natural transformation β:ModJ ◦ Φop−→ModI

such that the following satisfaction condition is satisfied for all Σ ∈ SignI ,
M ′ ∈ ModJ (Φ(Σ)) and ϕ ∈ SenI(Σ):

M ′ |=J
Φ(Σ) αΣ(ϕ) ⇔ βΣ(M ′) |=I

Σ ϕ.

In more detail, this means that each signature Σ ∈ SignI is translated to a
signature Φ(Σ) ∈ SignJ , and each signature morphism σ: Σ −→Σ′ ∈ SignI is

3 Strictly speaking, CAT is not a category but only a so-called quasicategory, which
is a category that lives in a higher set-theoretic universe.



translated to a signature morphism Φ(σ): Φ(Σ)−→Φ(Σ′) ∈ Sign
J . Moreover, for

each signature Σ ∈ SignI , we have a sentence translation map αΣ :SenI(Σ)−→
SenJ(Φ(Σ)) and a model translation functor βΣ : ModJ (Φ(Σ)) −→ ModI(Σ).

A simple theoroidal comorphism is like a comorphism, except that the sig-
nature translation functor Φ ends in the category of theories over the target
institution.

3 The Casl logic

Casl, the Common Algebraic Specification Language, has been designed by
CoFI, the international Common Framework Initiative for algebraic specifica-

tion and development [1], with the goal to subsume many previous algebraic
specification languages and to provide a standard language for the specification
and development of modular software systems. See the Casl user manual [3]
and reference manual [5] for further information.

Here, we concentrate on Casl basic specifications, designed for writing single
specification modules. Casl also provides constructs for structured and archi-
tectural specifications and specification libraries.

The logic of Casl basic specifications combines first-order logic and induc-
tion (the latter is expressed using so-called sort generation constraints, and is
needed for the specification of the usual inductive datatypes) with subsorts and
partial functions. The institution underlying Casl is introduced in two steps [5]:
first, we introduce many-sorted partial first-order logic with sort generation con-
straints and equality (PCFOL=), and then, subsorted partial first-order logic
with sort generation constraints and equality (SubPCFOL=) is described in
terms of PCFOL=.

3.1 Partial First-Order Logic

We now sketch the institution PCFOL= of many-sorted partial first-order logic
with sort generation constraints and equality. Full details can be found in [10,
5].

A many-sorted Casl signature Σ = (S,TF ,PF , P ) consists of a set S of
sorts, two S∗ × S-indexed4 sets TF = (TFw,s) and PF = (PFw,s) of total and
partial operation symbols, and an S∗-indexed set P = (Pw) of predicate symbols.
Function and predicate symbols are written f : s̄ → t and p : s̄, respectively,
where t is a sort and s̄ is a list s1 . . . sn of sorts, thus determining their name

and profile. Symbols with identical names are said to be overloaded ; they may be
referred to by just their names in Casl specifications, but are always qualified
by profiles in fully statically analysed sentences. Signature morphisms map the
sorts and the function and predicate symbols in a compatible way, such that the
totality of function symbols is preserved.

4
S
∗ is the set of strings over S.



Models are many-sorted partial first order structures, interpreting sorts as
carrier sets, total (partial) function symbols as total (partial) functions and pred-
icate symbols as relations. Homomorphisms between such models are so-called
weak homomorphisms. That is, they are total as functions, and they preserve
(but not necessarily reflect) the definedness of partial functions and the satisfac-
tion of predicates.

Concerning reducts, if σ: Σ1−→Σ2 is a signature morphism and M is a Σ2-
model, then M |σ is the Σ1-model which interprets a symbol by first translating
it along σ and then taking M ’s interpretation of the translated symbol. Reducts
of homomorphisms are defined similarly.

Given a many-sorted signature Σ = (S,TF ,PF , P ) and a pairwise disjoint
S-indexed set of variables X , the set TΣ(X) of terms over Σ and X is defined
inductively as usual, using variables and operation symbols. Concerning the
semantic interpretation of terms in a model, variable assignments are total, but
the value of a term w.r.t. a variable assignment may be undefined, due to the
application of a partial function during the evaluation of the term. Undefinedness
propagates from subterms to superterms.

Sentences are built from atomic sentences using the usual features of first
order logic. Given Σ and X , the set AFΣ(X) of many-sorted atomic Σ-formulas

with variables in X contains:

1. pw(t1, . . . , tn), for ti ∈ TΣ(X)si
, p ∈ Pw, w = s1 . . . sn ∈ S∗,

2. t
e
= t′, for t, t′ ∈ TΣ(X)s, s ∈ S (existential equations),

3. t = t′, for t, t′ ∈ TΣ(X)s, s ∈ S (strong equations),
4. def t, for t ∈ TΣ(X)s, s ∈ S (definedness assertions).

A definedness assertion holds w.r.t. a given valuation in a model if the term
is defined under that valuation. A strong equation holds if its two sides are
both defined or both undefined under the valuation, and in case of definedness,
they are interpreted equally. An existence equation holds if both sides are defined
and interpreted equally. A predicate application holds if all the terms are defined
under the given valuation, and the resulting tuple of model elements is in the
corresponding predicate. In this way, we retain the simplicity of a two-valued
logic.

The satisfaction of compound formulas, built from atomic formulas using
logical connectives and quantifiers, is defined as usual in first-order logic.

There is an additional type of sentence that goes beyond first-order logic: a
sort generation constraint states that a given set of sorts is generated by a given
set of functions, i.e. that all the values of the generated sorts are reachable by
some term in the function symbols, possibly containing variables of other sorts.

Formally, a sort generation constraint over a signature Σ is a triple (S′, F ′, θ),
where θ: Σ̄−→Σ, Σ̄ = (S̄, T̄F , P̄F , P̄ ), S′ ⊆ S̄ and F ′ ⊆ T̄ F ∪ P̄F .

A Σ-constraint (S′, F ′, θ) is satisfied in a Σ-model M if the carriers of M |θ
of the sorts in S′ are generated by the function symbols in F ′, i.e. for every sort
s ∈ S′ and every value a ∈ (M |θ)s, there is a Σ̄-term t containing only function
symbols from F ′ and variables of sorts not in S′ such that ν#(t) = a for some
assignment ν into M |θ.



Translation of a sentence along a signature morphism just replaces all the
symbols in the sentence according to the signature morphism; this (together with
the reducts) fulfills the satisfaction condition [10]. Sort generation constraints
cannot be translated in this way; instead, the extra signature morphism compo-
nent is used: The translation of a constraint (S′, F ′, θ) along σ is (S′, F ′, σ ◦ θ).
This obviously leads to fulfillment of the satisfaction condition.

This completes the definition of the institution PCFOL=.
Casl additionally has unique existential quantification and a conditional

term construct. These are coded out; see Sect. 7 for details.

3.2 Subsorted Partial First-Order Logic

Subsorted partial first-order logic is defined in terms of partial first-order logic.
The basic idea is to reduce subsorting to injections between sorts. While in the
subsorted institution, these injections have to occur explicitly in the sentences,
in the Casl language, they may be left implicit. Apart from the injections, one
also has partial projection functions (one-sided inverses of the injections) and
membership predicates.

The institution SubPCFOL= is defined as follows, extending the notion of
order-sorted signatures as given by Goguen and Meseguer [8].

A subsorted signature Σ = (S,TF ,PF , P,≤S) consists of a many-sorted
signature (S,TF ,PF , P ) together with a reflexive transitive subsort relation ≤S

on the set S of sorts.
For a subsorted signature, Σ = (S,TF ,PF , P,≤S), we define overloading

relations (also called monotonicity orderings), ∼F and ∼P , for function and
predicate symbols, respectively:

Let f : w1 −→ s1, f : w2 −→ s2 ∈ TF ∪ PF , then

f : w1 −→ s1 ∼F f : w2 −→ s2

iff there exist w ∈ S∗ with w ≤ w1 and w ≤ w2 and s ∈ S with s1 ≤ s and
s2 ≤ s. Let p : w1, p : w2 ∈ P , then p : w1 ∼P p : w2 iff there exists w ∈ S∗

with w ≤ w1 and w ≤ w2.
A signature morphism σ : Σ → Σ′ is a many-sorted signature morphism that

preserves the subsort relation and the overloading relations.
With each subsorted signature Σ = (S,TF ,PF , P,≤S) we associate a many-

sorted signature Σ̂, which is the extension of the underlying many-sorted signa-
ture (S,TF ,PF , P ) with new symbols,

– a total injection function symbol inj : s → s′, for each pair of sorts s ≤S s′,
– a partial projection function symbol pr : s′ →? s, for each pair of sorts

s ≤S s′, and
– a unary membership predicate symbol ∈s: s′, for each pair of sorts s ≤S s′.

Subsorted Σ-models are ordinary many-sorted Σ̂-models satisfying the fol-
lowing properties (which can be formalized as a set of conditional axioms):



– Embedding operations are total and injective; projection operations are par-
tial, and injective when defined.

– The embedding of a sort into itself is the identity function.
– All compositions of embedding operations between the same two sorts are

equal functions.
– Embedding followed by projection is the identity function; projection fol-

lowed by embedding is included in the identity function.
– Membership in a subsort holds just when the projection to the subsort is

defined.
– Embedding is compatible with those operations and predicates that are in

the overloading relations.

Signature morphisms, homomorphisms, reducts, sentences, sentence trans-
lation and satisfaction are simply inherited via the translation Σ 7→ Σ̂ from
PCFOL=.

This completes the definition of the institution SubPCFOL=.
Every Casl basic specification SP generates, along with its SubPCFOL=-

signature Σ, a set Γ of Σ-sentences; together, these determine the theory (Σ, Γ )
generated by SP . Note that Γ contains not only explicitly stated sentences, but
also sentences that are generated e.g. by Casl’s powerful datatype constructs
(see below), such as the statement that selectors are one-sided inverses of their
constructor. See [5] for further details.

3.3 Derived Casl sublogics

Let SubCFOL= be the restriction of SubPCFOL= to signatures without par-
tial functions symbols, and SulPCFOL= be the restriction of SubPCFOL= to
signatures with a locally filtered subsort relation. Furthermore, SulCFOL= is
the similar restriction of SubCFOL=. Recall that a pre-order is locally filtered,
if each connected pair has an upper bound.

4 Spass, MathServe and SoftFOL

This section introduces the ATP system Spass and the MathServe-system. The
latter provides web services for different FOL ATP systems, as well as a broker
for FOL ATP web services. The following part of this section introduces the logic
SoftFOL which provides softly typed FOL, while the last two parts introduce
the input languages of Spass and MathServe.

4.1 Spass

Spass [15] is a saturation based automated theorem prover and supports full
sorted first-order logic with equality. It has been developed as an open source
tool (GPL) since 1991 at the Max Planck Institut Informatik in Saarbrücken,
Germany by Christoph Weidenbach, Thomas Hillenbrand, Dalibor Topić et al.

The reasoning methods utilized by Spass include the following:



– superposition calculus,
– specific inference/reduction rules for sorts,
– splitting rules for explicit case analysis,
– sophisticated clause normal form (CNF) translation.

4.2 MathServe

The MathServe system has been developed by Jürgen Zimmer as open source
software (GPL) and provides web services for ATP [16]. MathServe uses state-of-
the-art Semantic Web technologies for describing the input, output and effects of
the provided reasoning web services. It uses standardised protocols and formats
to communicate with client software systems such as HTTP, SOAP and XML.

Table 1. ATP systems provided as web services by MathServe

ATP System Version Suitable Problem Classesa

DCTP 10.21p effectively propositional

EP 0.91 effectively propositional; real first-order, no equal-
ity; real first-order, equality;

Otter 3.3 real first-order, no equality;

Spass 2.2 effectively propositional; real first-order, no equal-
ity; real first-order, equality

Vampire 8.0 effectively propositional; pure equality, equality
clauses contain non-unit equality clauses; real
first-order, no equality, non-Horn;

Waldmeister 704 pure equality, equality clauses are unit equality
clauses

a The list of problem classes for each ATP system is not exhaustive,
but only the most appropriate problem classes are named according
to benchmark tests made with MathServe by Jürgen Zimmer.

The reasoners provided by MathServe (version 0.81) as web services are sum-
marized in Table 1 (see [14] for further details – all listed ATP systems partici-
pated in the competition CASC-20). Additionally, a broker service is provided by
MathServe which classifies a given reasoning problem given in FOL with equality
and calls the most appropriate reasoning service.

4.3 SoftFOL

We now capture the logic underlying the Spass theorem prover. The institution
SoftFOL 5 (softly typed first order logic) is a softly (i.e. semantically) typed vari-
ant of unsorted (i.e. single-sorted) first-order logic. In the signatures, it provides

5 SoftFOL it similar to membership equational logic [9], but provides only one (im-
plicit) kind and has operation symbols as part of the signatures, instead of coding
them as axioms.



sorts, predicates and total functions. Each predicate and function symbol may
optionally have a type profile in terms of the sorts. Overloading of predicates
and functions is only allowed if the kind of symbol (predicate or function) and
the arities are the same. Subsorting is available as in Casl except that only a
locally filtered subsort relation is allowed. Signature morphisms are similar to
those of Casl; they have to preserve the typing, if present.

SoftFOL models have only one carrier set. Sorts are interpreted as subsets of
the carrier. Subsorts must lead to subset inclusions. Each operation or predicate
symbol is interpreted as one operation or predicate over the whole carrier. Each
typing of an operation leads to the restriction that the operation takes arguments
from the subsets as determined by the typing to results as determined by typing.

Sentences in SoftFOL are closed untyped FOL sentences, and hence applica-
tions of predicates and functions are not qualified with types and a type-correct
usage of predicates and functions is not statically checked. (Only an invoked ATP
may find incorrect applications to be inconsistent.) Variables may be typed (as
operations may be), but again the typing information is not used for sentence
formation. Sentences may also involve sort membership tests (as in Casl). Sat-

isfaction is mostly as in untyped first-order logic – only the typing of variables
leads to a restriction of their possible valuations. Sort generation constraints are
available as sentences as in Casl, and their satisfaction is also inherited from
Casl (note that this, unlike the case in the rest of SoftFOL, involves correctly
strongly typed terms only!).

4.4 DFG Syntax

The input language of Spass is called DFG and is a notation for SoftFOL.
The DFG format distinguishes three relevant sections of a problem: (1) a list of
symbols; (2) a list of declarations; and (3) two lists of formulas for axioms and
conjectures. In the list of symbols the arities for functions and predicates are
declared and the symbols for sorts are fixed. The list of declarations is a special
form of axioms dealing with information about subsorting and (free) generated-
ness of sorts and the types of predicates and functions. Internally subsort and
function type declarations are treated as axioms by Spass and the other decla-
rations are used for the Knuth-Bendix ordering of symbols. The lists of formulas
allow for the typing of variables with sort predicates at the quantification level,
but internally the typing of variables is treated as the antecedent of an implica-
tion where the quantified formula is the consequent. A symbol declared as sort,
predicate or function cannot be used as a variable symbol. The DFG language
has a built-in special predicate for equality.

4.5 TPTP Syntax

The TPTP (Thousands of Problems for Theorem Provers) language was in-
vented as a uniform exchange language for ATP systems and is used for the
TPTP library of logical problems [13]. This library forms the basis for the annual
CADE ATP System Competition (CASC) [14] at the Conference on Automated



Deduction (CADE). It is also used as the input language for the MathServe
web-services (Sect. 4.2). The TPTP format provides only untyped FOL with
an equality predicate. So, there are no constructs for the declaration or typing
of symbols. A TPTP problem consists simply of a list of labeled axioms and
conjectures.

5 Coding of logics

The process of coding Casl into the input languages of Spass and MathServe
is performed in three steps, where the first step may be omitted if the Casl
theory has no partial functions:

1. Coding of SulPCFOL= into SulCFOL=, using a comorphism,
2. Coding of SulCFOL= into SoftFOL, using a comorphism,
3. Coding of SoftFOL into DFG or TPTP, using a syntax translation.

The first translation has been described as translation (5a′) in [10], modulo
the – here inessential – Sub versus Sul. Note that this translation totalizes
not only the user-declared partial function, but also uses of partial projection
symbols (for the latter, total projection symbols are introduced). The second
translation will be detailed below. The translations in the third item are not
described as comorphisms, because the logic remains essentially the same and
only the syntax changes, while usually a theory (with proof goals) is translated
as a whole.

SoftFOL

DFG TPTP

SulPCFOL
=

SulCFOL
=

Casl

Fig. 1. Relation of the logics and translations

Figure 1 shows the codings as arrows and the logics and syntax formats used
for automated theorem proving. The rest of this section covers the second and
third step of the list shown above.



5.1 Coding Casl into SoftFOL

We now describe a simple theoroidal institution comorphism from SulCFOL=

to SoftFOL.

Signatures. Casl signatures are mapped to SoftFOL signatures where each Casl
symbol is qualified with its kind (sort, pred, op) and its arity, e.g. sort s becomes
sort s and operation f : s ∗ s → r becomes op f 2. The subsorting relation is
kept, but for each subsorting relation s < t, an operation op inj: s−→t is added
(for potential use in sort generation constraints), axiomatized to be the identity

∀x :s . op inj(x) = x

For each sort in the Casl signature an axiom is generated stating that the sort
is not empty.

Models. SoftFOL models have only one carrier set. In order to obtain a Casl
model, subsets of this carrier set (according to the interpretation of sorts in
SoftFOL) are taken as carrier sets of a Casl model. Since Casl operations are
translated to typed operations in SoftFOL, their restrictions are well-defined to-
tal operations on the subsets corresponding to the carriers of the Casl model.
Subsort injections are interpreted as identities and membership as subset mem-
bership. This automatically ensures that the subsorting axioms (see Sect. 3.2)
hold.

Sentences. Sentences are translated by erasing all subsorting injection opera-
tions; only in sort generation constraints are injections kept (therefore, we needed
to introduce special injections into the signatures above).

Satisfaction. The satisfaction condition is clear from the fact that erasing all sub-
sorting injection operations in the sentences corresponds to interpreting them as
identities. Note that while SoftFOL-sentences may be ill-typed, all sentences in
the image of the translation (and therefore all sentences relevant for the satis-
faction condition) are well-typed.

Proposition 2. For finite signatures, the model translation components of the

comorphism from SulCFOL= to SoftFOL are surjective.

Proof. Since we have restricted ourselves to SulCFOL=, in a finite signature,
each connected component of the subsort graph has a top element. A Casl
model can be turned into a SoftFOL model as follows: take the disjoint union
of all carriers of top sorts to be the carrier of the SoftFOL model. Predicates
of same name and arity of the Casl model are united into a single predicate
in the SoftFOL model. Similarly with operations, where operations need to be
extended to the whole carrier of the SoftFOL model in an arbitrary way. ⊓⊔

Corollary 3. We can use the borrowing technique along the comorphism from

Casl to SoftFOL. That is, Casl proof goals can be translated to SoftFOL proof

goals in a sound and complete way.



Proof. We assume that proof goals live over finite signatures and hence can apply
Prop. 2. It is well known (see e.g. [4]) that surjectivity of the model translation
leads to the property

Γ |=Σ ϕ iff Ax(Φ(Σ)) ∪ αΣ [Γ ] |=Sign(Φ(Σ)) αΣ(ϕ).

⊓⊔

5.2 Generating DFG format from SoftFOL

A SoftFOL theory is transformed into a list of symbols, a list of declarations, and
a list of axioms. The symbol list distinguishes sorts, predicates and functions and
each predicate and function symbol is paired with its arity. Each subsort relation
is transformed into a subsort declaration. The profiles of predicates and functions
are also transformed into corresponding declarations. The sort generation axioms
are turned into declarations of generated sorts (and to free generatedness, if the
corresponding axioms are present). Note that declarations are treated by Spass
as special sentences.

5.3 Generating TPTP format from SoftFOL

Since the TPTP language has no notion of a signature, only type information
given in the signature is taken into account. A SoftFOL theory is transformed
into a list of sentences named declarationX where X is a natural number. Each
subsort relation and each function type is turned into a corresponding impli-
cation treating sorts as unary predicates. Typing information of predicates is
not used. Concerning sentences, each variable list in a quantification that has
type information is turned into an antecedent of an implication with the original
quantified formula as consequent. The sorts are used like unary predicates. All
other sentence constructs in SoftFOL have corresponding constructs in TPTP.

Development Graph  Automatic Structural Proof

Goal Inspection

 Invoked at grey nodes

Proof Details

Opened for
selected goals

ATP Interface

Invoked for selected
goals and prover

By Closing the window
 proof results are integrated

Fig. 2. Proof work-flow used for ATP proofs in Hets



6 Integration of ATP reasoning into Hets

The logics and comorphisms described in the previous sections are integrated
into the Heterogeneous Tool Set Hets, which already offers static analysis of
Casl specifications and libraries and an automatic proof system at the struc-
turing level of Casl. The Graphical User Interface (GUI) initially presents an
analyzed and structurally proved development graph and offers to open the Goal
Inspection GUI for the selection of goals and theorem provers at nodes with proof
obligations, which are colored grey (see Fig. 2 for the proof work-flow and see
Fig. 3 for a development graph).

Relation

IrreflexiveRelation AsymmetricRelation

TransitiveRelation

BooleanAlgebra

StrictOrder

Fig. 3. Extract of the RelationsAndOrders development graph

Figure 4 shows the interface for inspecting goals and discharging goals to
different provers. The list on the left shows all goal names prefixed with the
proof status in square brackets (see Tab. 2).

The two lists at the bottom of the window allow the detailed selection of
axioms and proved theorems of this theory (see Sect. 7). By pressing the ‘Prove’
button the ATP interface of the selected prover is opened with the selected goals.
The shortest (composed) comorphism is used for the translation into a prover
supported logic. The button ‘More fine grained selection...’ allows the user to
pick a (composed) comorphism in a separate window from where the prover
interface is launched.

Table 2. Possible proof statuses

[+] proved goal

[-] disproved goal

[×] proved goal revealing an inconsistent theory

[ ] open goal



Fig. 4. Hets Goal Inspection Interface

Currently the ATP systems Spass and Vampire are connected to Hets and
the MathServe broker, which classifies the theory and chooses a suitable ATP
system for the proof attempt. The ATP interface for SoftFOL based provers is
implemented generically, such that each interface has the same layout. Figure 5
shows a screen shot of the ATP interface instantiated for Spass. The Vampire
interface looks the same except for the window title and the broker interface has
no extra options fields.

The ATP interface offers functions to call and inspect the selected goal in
the upper part and the indicators in the goal list are the same as in the goal
inspection interface (see Tab. 2). The batch mode tries to prove each open goal
without interaction. The details shown for each goal in the ATP interface are
specific to the different provers, while the proof tree integrated into the develop-
ment graph is always in the TSTP format which is the unified TPTP solution
format.

After closing the ATP interface the goal inspection interface (see Fig. 4) gets
the proof results and offers a unified view at the structural level. Figure 6 shows
the proof details for some goal proved with Spass where the tactic script and
the proof tree are hidden initially and the underlined labels are used to toggle
the information hiding. The (composed) comorphism used for the translation
into SoftFOL is shown as well. This example is taken from the specification
StrictOrder in the library Basic/RelationsAndOrders.



Fig. 5. ATP Interface of the Spass prover

6.1 Connection of the ATPs

While Spass is supposed to be installed and run locally with Hets on the same
computer, MathServe is running on a dedicated central server which offers its
reasoning services through HTTP and SOAP. The communication with Spass is
done via a standard Unix pipe and for MathServe all encoding, communication,
and parsing of XML, SOAP, and HTTP is done through the Hets binary.

6.2 Consistency Checking with Spass

Because Spass can also disprove theorems, a consistency checker based on Spass
seemed appropriate. Because consistency checking of large libraries is time-

asym

Com: SuleCFOL2SoftFOL : CASL -> SoftFOL

Status: Proved

Used axioms: "irrefl", "trans"

Prover: SPASS

Tactic script

Time limit: 20

Extra options: ["-DocProof"]

Proof tree

Fig. 6. Proof details for goal asym



consuming and hence more suitable for batch processing, we did not integrate it
into the GUI of Hets. Instead, consistency checking is invoked outside of Hets
after generating DFG problem files for each Casl specification in a library with
logical atom false as conjecture. Each of these files is run through Spass with
time limit t (initially, t is 500 seconds). If Spass finds a proof for false from the
current theory it is inconsistent. If false is disproved Spass has found a comple-
tion for the current theory and it is logged as consistent. But, often the time
limit is exceeded, because the search space for the given theory is too large. In
this case, the theory is t-consistent.

We have taken Casl specifications from the repository available under www.
cofi.info/Librariesand tested their 500-second-consistency. Actually, this al-
ready revealed a number of inconsistencies. Passing to 1500-second-consistency
increased the number of inconsistencies, while at 5000 seconds, a kind of satu-
ration could be observed. Inconsistencies have been caused by

– missing definedness conditions when using partial functions within axioms,
that is, formulas of the shape

∀x : s . f(x) = t,

which force f to be total. The correct form is

∀x : s . def x ⇒ f(x) = t

– missing side-conditions ensuring the well-definedness of operations on non-
freely generated datatypes (such as sets), that is, formulas like

leftSummand(x∪ y) = x

– erroneously declaring a partial function as total,
– oversight of Casl’s non-empty carrier assumption when defining subsorts,

that is, declarations of form

sort s = {x : s′ • ϕ(x)}

with the possibility that there is no x with ϕ(x) in some circumstances.

It should be noted that consistency checking with Spass only concerns the first-
order fragment of Casl specifications. That is, even when Spass proves a theory
to be consistent, using saturation, there can still be inconsistencies due to the
presence of sort generation constraints.

6.3 Induction

Spass uses sort generation constraints only for obtaining efficient rewriting
strategies, and the other provers do not use these at all. That is, all provers
that we have considered in this work are pure first-order provers. Still, we have
realised a strategy how to perform induction proofs using first order provers:



Along with the first-order goals sent to the prover, Hets takes the induction
principles corresponding to sort generation constraints and instantiates them
for the given proof goals. This already has been used for proving a number of
theorems about inductive datatypes. Of course, with this method, one cannot
expect the prover to find intermediate lemmas and prove them with induction –
rather, the user has to provide the lemmas as proof goals along with the spec-
ification. Still, the method has turned out to be quite efficient: the fact that
reverse(reverse(L)) = L for any list L has been proved with just one lemma,
which is much less than in the standard proof in Isabelle.

For induction proofs, it is crucial to carefully select the axioms that are fed
into the first-order prover, otherwise it is very easy to run into a time-out (see
also the next sections).

7 Used Optimisations

This section discusses some optimisations that we have implemented for the
comorphism SulCFOL= to SoftFOL and the encodings into the DFG and TPTP
syntaxes.

Most of the optimisations are needed to shorten the search space of the
proof and have been discussed with the developers of Spass: Christoph Weiden-
bach, Thomas Hillenbrand, and Dalibor Topić. The central feature shortening
the search space is the selection of axioms and proved goals that are included in
the theory sent to the ATP system (see Fig. 4).

The more specialized optimizations are the following ones. Single sorted the-
ories are translated into untyped FOL theories, because the sort provides no
additional information in a single sorted theory; if the single sort is generated,
it is still kept in the theory. If a sort is generated by constant constructors only,
a sentence stating the exhaustive generation is introduced. Binary predicates
equivalent to the built-in equality predicate are removed from the signature; the
definitions of such binary predicates are removed from the sentences and the
application of such binary predicates is substituted with the built-in equality in
the other sentences. Unique existential quantification is coded out into a con-
junction of two formulas: (1) there exists an element that satisfies the quantified
formula and (2) all elements fulfilling the formula are equal to the element of the
first conjunct. The conditional term construct is coded out in a standard way as
a conjunction of two implications [5].

Before the DFG and TPTP format generation those signature elements,
which are not used in the axioms and conjecture sent to the ATP system, are
removed, except for sorts. This removes the declaration sentences of unused sym-
bols from the theories. Sentences related to the definedness encoding of partial
functions are not considered for finding used symbols. All sort injection func-
tions, which are not used as constructors for generated sorts, are removed from
the SoftFOL signature.



8 Conclusion and Future Work

We have connected Spass and several other automated theorem provers to Casl.
This has been done via an institution comorphism to an intermediate logic Soft-

FOL (softly typed first logic). Both the comorphism and the prover interfaces are
integrated into the Heterogeneous Tool Set. The resulting tool has been used to
verify a number of properties of Casl specifications, in particular for the com-
plete verification of the composition table of the qualitative spatial calculi RCC5
and RCC8 based on Bennett’s first-order axiomatization of connectedness [2].
The latter verification goal involved 95 theorems and turned out to be much too
tedious to be carried out with the interactive prover Isabelle [12], which previ-
ously was the only prover for Casl available in a stage beyond initial prototypes.
With Spass, now a higher degree of automation is available.

The possibility of using the SoftFOL coding for checking consistency of Casl
specifications turned out to be extremely useful – several typical specification
errors could be found in a number of specifications. It is therefore advisable
to check specifications in this way before proceeding e.g. to further proofs or
refinements.

Actually, the Spass developers often have the opinion that certain specifi-
cation styles are just wrong, because they lead to theories that are difficult to
handle for Spass. We have answered this by implementing several optimiza-
tions according to feedback from the Spass developers about unsuccessful proof
attempts. We think that it is more the responsibility of tools to transform spec-
ifications that are“bad” for provers to “good” ones, and not the responsibility
of the specifier – especially since the latter has to consider other goals such as
clarity and validity of specifications.

To obtain further optimization, we have considered analyzing the Spass out-
put of unsuccessful proof attempts in order to obtain hints which axioms to
exclude from the next proof attempt because they lead the prover into infinite
loops. However, we think that such an analysis should be done by Spass itself,
since it can lead to a more fined grained penalty system that only gradually
removes axioms from the list of used input formulas. The Spass developers are
somewhat reluctant to follow this path, as they claim that it is difficult to design
general strategies detecting loops, and they point to the fact that the general
problem is undecidable. We nevertheless think that it is worth trying to obtain at
least some partial information along these lines and to use it for loop avoidance.

Currently, proofs are only inspected to obtain the list of used axioms, infor-
mation which is essential for efficient change management. A future extension
of the tool described here will translate the proof trees returned by the various
provers into a format that is more easily readable by the Casl specifier.
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