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Abstract
This work is developed in the area of multi-agent systems specification and certification. Our goals are the
following: to implement the abductive reasoning techniques presented in [7] in a propositional context,
using the Mathematica system; to extend those techniques to a fragment of first-order logic; to implement
that extension. Throughout our work we use the situation and state calculus for specifying an agent’s
behaviour. This specification is restricted to formulae of a certain type. Whenever a property of an
agent’s behaviour can not be inferred from its specification, this specification must be enriched with new
apropriate formulae. We define such a property as an abduction problem, and the formulae that enrich
the specification as explanations. In the case of an agent specification in a propositional context, we shall
use propositional tableaux methods as an auxiliary to the abductive reasoning techniques. Nevertheless,
these methods are not sufficient when we consider an agent specification in a first-order logic context. In
this case, the abductive reasoning techniques are complemented by linear programming techniques.

1 Introduction
When specifying an agent system, we are interested not only in a description of its behaviour but also
in ensuring that the system verifies certain properties. However it may be necessary to go beyond
the task of verification. We aim at enriching an agent specification, so that properties previously not
verified, become so in the new specification. This task may be accomplished using abductive reasoning
techniques. Capitalizing on the work presented in [7], our goals are: i) to implement the abductive
reasoning techniques described therein for an agent specification, in a propositional setting; ii) to extend
the techniques to a fragment of first-order logic and; iii) to implement that extension. In this work we
deal only with the case of a single agent, not considering possible interactions between agents.

In order to use the abductive reasoning techniques we use the situation and state calculus (SSC) [13],
an extension of the situation calculus, to describe the behaviour of an agent. The situation calculus was
initially proposed to specify dynamic systems [11, 14, 8, 4]. Each agent specification includes a set of
attributes, a set of actions and a set of formulas describing the intended behaviour for the the agent. That
set includes formulas describing: the initial condition of the agent; the effect of actions on attributes;
and pre-conditions (enabling conditions) for the occurrence of actions. Throughout our work we focus on
safety properties [10, 7] of an agent specification. Others may also be considered.

The abductive reasoning techniques for an agent specification are based on the following idea: if a
property is not verified by that specification then it is a abduction problem and any set of formulas that
enrich the specification, so that the new specification is not incoherent and verifies the property, is a
explanation. In order to generate explanations, we must take into account that in an agent specification
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only certain types of formulas are allowed. The explanations consist in new initial conditions and enabling
conditions. These are generated from tableaux for certain sets of formulas.

In the propositional setting it is possible to use only propositional tableaux, because we consider only
propositional fluents. When extending these techniques to first-order logic, it will be necessary to consider
a first-order signature of the real numbers Σreal. In this case, we will use not only propositional tableaux
but also linear programming methods in order to generate explanations.

In this report, we omit the details about the techniques for the propositional setting (see [7]). We focus
on the extension of these techniques to the first-order setting. This extension is presented in Section 2.
In Section 3 we describe the implementation details for the propositional setting as well for the first-order
setting. In Section 4 we present the conclusions and future work.

2 Abductive Reasoning in First-Order Logic
Herein we extend the abductive reasoning techniques presented in [7] in a propositional context to a
first-order logic fragment. To do this, we use linear programming as an auxiliary method in the process
of tableaux verification. We start by defining the first-order logic fragment in which we will propose our
extension of the abductive reasoning techniques. We assume defined the first-order signature Σreal, which
contains a set of constants (designated by R). We also assume defined a set of real variables V ar. The
interpretation of the symbols in Σreal is the usual for the real numbers and their operations.

2.1 Language and Agent Specification
The language Lreal is constructed from Σreal in the usual way for first-order languages, but not all
the formulas of Lreal are useful to us. Considering the set TΣreal of the terms of Σreal we restrict its
elements to linear expressions of the variables in V ar. If t ∈ TΣreal then t = c +

∑n
i=1 aixi, where

c, ai ∈ R, xi ∈ V ar and n ∈ N0, for any 1 ≤ i ≤ n. We also restrict the predicate symbols to the set
Preal = {==, 6=, <,>,≤,≥}. We define as linear constraints the elements of the set LC = {t1 ./ t2 :./∈
Preal, t1, t2 ∈ TΣreal}. If q = t1 ./ t2 ∈ LC and ./ is == then we call q a linear equality. Otherwise, we
call q a linear inequality. Also, we define the sets LC0 = {t1 ./ t2 :./∈ {==,≤,≥}, t1, t2 ∈ TΣreal} and
LC 6= = {t1 6= t2 : t1, t2 ∈ TΣreal}.

We define the situation and state calculus (SSC) language LΣ from an SSC signature Σ which contains
the signature Σreal. Therefore, LΣ will contain all the formulas of Lreal. In [7] the abductive reasoning
techniques were presented considering only boolean attributes of an agent specification. We now assume
that the set of data-type sorts is Gdt = {real}. To deal with attributes of the sort real we need to restrict
the agent specification definition. To do this, we present the following definition of state constraints.

Definition 2.1 The set SCu
ASig of state constraints for state u is the set of the formulas q such that

q =
∧

1≤i≤n qi, where qi ∈ ASCu
ASig, or qi ∈ LC, or qi = ¬ϕ and ϕ ∈ LC. Each qi is called a simple

state constraint.

In the sequel, we will see how we can use linear programming methods to verify if a tableau is open or
closed. To use this methods over the particular fragment of first-order language we are considering we need
to define the following abbreviation. Consider q such that q =

∧
1≤i≤n qi, qj = holds(f(x1, . . . , xn), u),

to some 1 ≤ j ≤ n e qi 6∈ ASCu
ASig to any i 6= j, then:∧

1≤i≤n,i 6=j

q x1,...,xn

i f(u)1,...,f(u)n
≡abv q (1)

Supposing that q = holds(f(x), u)∧¬(x− y ≤ 2)∧x > 1, we have ¬(f(u)− y ≤ 2)∧ f(u) > 1 ≡abv q.
If q is a conjunction of formulas in ASCu

ASig, then q does not have an abbreviation. With the use of this
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abbreviation we have that all the state constraints that effectively have an abbreviation are conjunctions
involving linear constraints and negations of linear constraints. We will also restrict the notion of valuation
schemata. We define by valuation schemata the following formula schema:

∀ s (occurs(a, s) ∧ α f1...fn

[s]p1...pn
)→ α[do(a,s)] (2)

where f1, . . . , fn, p1, . . . , pn ∈ TΣASig,flt. The formula αf1...fn
p1...pn

is obtained by the substitution of each fi =
fi(x1, . . . , xm) by pi = fi(t1, ..., tm), where x1, . . . , xm ∈ V ar and t1, . . . , tm ∈ TΣreal . The substitution
occurs simultaneously for all 1 ≤ i ≤ n. We will apply the substitution only to the components of
q ∈ SCu

ASig that are linear constraints or negations of linear constraints. If q =
∧

1≤i≤n qi, then:

q
f(x1,...,xm)

i f(t1,...,tm) =
{
qi , se qi ∈ ASCu

ASig

q x1,...,xm

i t1,...,tm
, otherwise. (3)

Supposing that q = f(u) ≥ 0 ≡abv (holds(f(x), u) ∧ x ≥ 0), we have qf(x)
f(x+y) = f(u) + y ≥ 0 ≡abv

(holds(f(x), u) ∧ x+ y ≥ 0). The remaining notions needed to the construction of an agent specification
remain unchanged.

Example 2.2 Consider the example of a bank account, from which we pretend to withdraw or deposit
currency. It has an attribute balance that represents the balance of the account, and two actions, withdraw
and deposit that allow us to make withdraws and deposits over the account. We consider the agent
signature ASigBA = 〈Act,Att, τ〉 such that:

• Act = {withdraw, deposit};

• Att = {balance};

• τ(withdraw) = τ(deposit) = τ(balance) = real.

This agent signature ASigBA induces a SSC signature ΣBA. We now consider a agent specification
ASpecBA = 〈ASigBA, AxFBA, AxSBA〉 for the bank account agent such that:

• AxFBA = {balance([S0]) == 50,
∀u poss(withdraw(x), u)→ x ≥ 0,
∀u poss(deposit(x), u)→ x ≥ 0}

• AxSBA = {∀ s (occurs(withdraw(x), u) ∧ α balance(y)
[s] balance(y−x))→ α[do(withdraw(x),s)],

∀ s (occurs(deposit(x), u) ∧ α balance(y)
[s] balance(y+x))→ α[do(deposit(x),s)]}

The balance of the bank account is initially of 50 units. We can make withdraws or deposits of any
positive amount, and by performing those actions we remove or add units to the account balance. This
specification is not complete face to is the usual behaviour of an bank account. The abductive reasoning
techniques will allow us to complete this specification so that some desired properties will verify.

2.2 Abduction
In [7] the abductive reasoning techniques were presented considering only boolean attributes of an agent
specification. Hence, we could use the usual tableaux methods to decide about the coherence of a set
of formulas and to generate explanations. However this propositional methods are not enough in this
new context of first-order logic. For instance, two literals may be contradictory without being negation
of each other (x ≤ 1 and x ≥ 2, for instance). Note that the tableaux that we will use do not refer to
all the formulas in LΣ but only to subsets of SCu

ASig. In the sequel we consider only state constraints
abbreviated as in (1).
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Definition 2.3 A literal l ∈ SCu
ASig is a simple state constraint. The conjugate l̄ of a literal l is its

negation, or the formula that l negates in the case of l being a negation.

In this new first-order logic context we consider literals as linear constraints or negations of linear
constraints. The definition of closed tableau is not altered, a tableau t is closed is all of its branches are
closed and open otherwise. Usually a tableau branch is closed if it contains a formula and its negation.
However, that definition needs to be altered in this new context, as we will see ahead. A branch is
exhausted if to all of its non-literal formulas has already been applied a tableau rule. A tableau is
exhausted if all its open branches are exhausted.

As before, a tableau branch is closed if it contains a formula and its negation. However, additional
restrictions are necessary to ensure that a incoherent set of linear constraints ou negations of linear
constraints is not considered as a open branch. We present a algorithm called coherent? that takes as
input a set of literals Φ ∈ SCu

ASig and returns true if Φ is coherent and false otherwise.
This algorithm is based on linear programming methods [15, 2, 5]. A linear programming problem

is the problem of maximizing or minimizing a linear expression subject to a set of linear constraints in
LC0. We call a feasible solution to an assignment of values to the variables involved that satisfies all
the constraints. The set of feasible solutions is called the feasible region. The linear expression we wish
to maximize or minimize is called the objective function, and the value of the objective function on a a
feasible solution is the objective value. If the objective value of a feasible solution is maximal (or minimal)
in the feasible region then that solution is a optimal solution to the linear programming problem.

There are many methods to solve linear programming problems. One of the most used is the simplex
algorithm. The abdutive reasoning methods here proposed use only the concept of linear programming
and not the simplex algorithm in particular. Thus, any other linear programming method could be used
in our implementation.

In order to verify the coherence of certain sets of formulas in Lreal we present two algorithms, feasible?
and minimize, that we will use in the coherent? algorithm. The feasible? algorithm takes as input a
set of linear constraints and builds the linear program L with and arbitrary objective function (we can
assume the identity function). Then feasible? applies the simplex algorithm to L. If simplex returns
infeasible then feasible? returns false, otherwise feasible? returns true. The minimize algorithm takes as
input a set of feasible linear constraints and a objective function, builds the corresponding linear program
L and applies the simples algorithm. Then minimize returns the same that simplex.

As referred above, the goal of the algorithm coherent? is to verify if a set of literals is coherent. From
a semantical point of view, a set is coherent if it exists a interpretation structure in which all the formulas
are true. In the case of a set of linear constraints Φ ∈ Lreal if it exists a attribution of values to the
variables in V ar such that all the constraints are satisfied, then Φ is coherent.

Proposition 2.4 Let Φ ⊆ LC0. Φ is coherent iif feasible?(Φ) = true.

Proof: By theorem 29.13 of [2] and the construction of the feasible? algorithm.

�

We use the following equivalences when building tableaux in this new context:

t1 < t2 ↔ (t1 ≤ t2) ∧ (t1 6= t2) (4)
t1 > t2 ↔ (t1 ≥ t2) ∧ (t1 6= t2) (5)

¬(t1 < t2)↔ t1 ≥ t2 (6)
¬(t1 > t2)↔ t2 ≤ t2 (7)

This ensures us that our tableau branches do not have any strict inequalities. The coherent? algorithm
executes the following procedure when it receives a set of literals Ψ ⊆ SCu

ASig:
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1. The first step is to eliminate the negations of elements in LC. To do so, we consider the function
f definid in the following manner:

f(ϕ) =


{t1 6= t2} , se ϕ = ¬(t1 == t2)
{t1 == t2} , se ϕ = ¬(t1 6= t2)
{t1 ≥ t2, t1 6= t2} , se ϕ = ¬(t1 ≤ t2)
{t1 ≤ t2, t1 6= t2} , se ϕ = ¬(t1 ≥ t2)
{ϕ} , otherwise

(8)

We then build the set Φ =
⋃

ϕ∈Ψ f(ϕ), and have that Φ ⊆ RL.

2. In the next step we split the formulas ϕ ∈ Φ such that ϕ ∈ LC6=. We obtain the sets Φ0 ⊆ LC0 e
Φ 6= ⊆ LC6=, such that Φ0 ∪ Φ 6= = Φ.

3. We then execute feasible?(Φ0). If feasible?(Φ0) = false then Φ0 is incoherent. Then coherent?(Ψ) =
false.

4. If feasible(Φ0) = true, it is necessary to verify if all the inequalities in Φ 6= are satisfied. To do so,
we test if for each ϕ = t1 6= t2 ∈ Φ 6= the equality t1 == t2 is implied by the set of constraints Φ0.
This test is done by verifying if the minimum and maximum value of t1 − t2 in Φ0 is 0.

5. We consider the minimization linear program with objective function t1 − t2 subject to the set of
constraints Φ0 and execute minimize(t1 − t2,Φ0). If minimize(t1 − t2,Φ0) = c 6= 0 then there is a
solution in the feasible region of Φ0 such that t1 6= t2 and the equality is not implied.

6. Ifminimize(t1−t2,Φ0) = 0 then it is necessary to verify is the maximum value is also 0. We consider
the minimization linear program with objective function t2− t1 subject to the set of constraints Φ0

and execute minimize(t2− t1,Φ0). If minimize(t2− t1,Φ0) = c 6= 0 then there is a solution in the
feasible region of Φ0 such that t1 6= t2 and the equality is not implied.

7. Otherwise, both the minimum and maximum value of t1 − t2 in the feasible region of Φ0 is 0 and
the equality is implied.

8. If for any formula ϕ = t1 6= t2 ∈ Φ 6= the equality t1 == t2 is implied by the set of constraints Φ0,
then Φ = Φ0 ∪ Φ 6= is incoherent and coherent?(Ψ) = false. Otherwise, coherent?(Ψ) = true.

Proposition 2.5 Let Φ ⊆ SCu
ASig be a set of literals. Φ is coherent iif coherent?(Φ) = true.

Proof: Considering Proposition 2.4 and theorem 29.13 of [2] then feasible? and minimize work as
expected. Hence, the result follow from the construction of the coherent? algorithm.

�

We can now present the definition of closed tableau branch in this first-order context.

Definition 2.6 A exhausted branch r of a tableau for Φ ⊆ SCu
ASig is closed if it exists ϕ such that

ϕ,¬ϕ ∈ r or if coherent?(Litr) = false, where Litr is the set of literals of r.

Proposition 2.7 Let r be a exhausted branch of a tableau t for Φ ⊆ SCu
ASig and Formr the set of

formulas of r. Then r is closed iif Formr is incoherent.

Proof: Assume that r is closed. Then it exists ϕ such that ϕ,¬ϕ ∈ r or if coherent?(Litr) = false. In
any of the cases ϕ,¬ϕ ∈ Formr or Litr ⊆ Formr. Thus, Formr is incoherent. Assume now that r is
open. Then coherent?(Litr) = true and by Proposition 2.5 there is a attribution Atr of values to the
variables of V ar that make all the literals true. All the formulas Formr are boolean combinations of the
literals in Litr. Thus, Atr makes all the formulas in Formr true and Formr is coherent.
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We can now ensure that any open banch of an exhausted tableau is coherent. With this method we
can apply the abdutive reasoning techniques presented in [7] to this particular context of first-order logic.

3 Implementation
We now describe how the implementation of the abductive reasoning techniques presented in [7] and
their consequent extension presented in the previous section was done. The chosen platform for this
implementation was the Mathematica system.

3.1 Agent Specification
Our first goal is to represent a agent specification in a propositional context to which we can apply
abductive reasoning techniques. The representation of an agent signature ASig = 〈Act,Att, τ〉 will be a
list ASIG = {Actions, Attributes}, containing a list os action symbols and a list of attribute symbols.
The formulas in LΣ will correspond to expressions of the form f[x1, . . . , xn] and all the implementation
will be based on their symbolic manipulation.

The representation of an agent specification ASpec = 〈ASig,AxF,AxS〉 will also be a list ASPEC =
{ASIG, AxF, AxS}. We consider AxF split into two components, AxF0 containing the initial state con-
straints, and AxFAct containing the enabling conditions of the actions in ASIG. Consider the enabling
condition ∀u poss(a, u) → ϕ ∈ AxF . Its representation will be {a, ϕ} ∈ AxFAct. Consider the valu-
ation schemata ∀ s

(
occurs (a, s) ∧ α f1...fn

[s]p1...pn

)
→ α[do(a,s)] ∈ AxS. Its representation will be the list

{a, {f1, . . . , fn}, {p1, . . . , pn}} ∈ AxS.

Example 3.1 Consider the readers/writers example presented in [7]. The representation of the specifi-
cation ASpecR is ASPECR = {ASIGR, AxF, AxS} such that:

• ASIGR = {{r?}, {read, stop}};

• AxF = {AxF0, AxFAct} where:

– AxF0 = {not[holds[r?, sit2stt[S0]]]};
– AxFAct = {{read, not[holds[r?, u]]},

{stop, holds[r?, u]}};

• AxS = {{read, {r?}, {t}}, {stop, {r?}, {f}}}.

3.2 Generator Sets, Tableaux and Closures
With the representations of the agent signature and specification we can build the explanation generator
sets for a given abduction problem. The generator of explanations for the initial establishment of q,
genI[ASPEC, q], is obtained through the union of the initial conditions AxF0 and {not[qsit2stt[S0]]}. The
generator of explanations for the establishment of q from p by a, genByA[ASPEC, p, a, q], is obtained through
the union of the formula ϕ such that {a, ϕ} ∈ AxFAct, and {p, not[(qf1,...,fnp1,...,pn)]}. Note that the formula
qf1,...,fnp1,...,pn is obtained from q by uniformly replacing fi by pi, using the Mathematica function ReplaceAll.

The next step in the generation of explanations is building the tableau for some generator set G. For
the implementation of the tableaux methods we used the Mathematica implementation of the Smullyan
calculus presented in [16]. We build the set of alternatives of G that will correspond to a exhausted
tableau for that set. A alternative A is possible se all of its formulas are simultaneously possible, i.e., if it
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does not exist ϕ such that ϕ, not[ϕ] ∈ A. Each possible alternative corresponds to a open branch of the
exhausted tableau for G. The function ramosAbertos[G] takes as input a set of formulas G and returns
the open branches for an exhausted tableau, or the empty set if the tableau is closed.

If the tableau for G is not closed we need to build its closures in order to obtain possible explanations
for the problem at hand. The function geraFechos[R] takes as input a set of open branches and returns
a set of formulas, each one representing a minimal closure of the tableau. All the minimal closures of the
tableau are returned from a call to geraFechos.

3.3 Explanations
Finally we have all the tools necessary to obtain explanations for a given abduction problem and agent
specification. Let ϕ = ∀ s, a occurs (a, s) →

(
p[s] → q[do(a,s)]

)
be an abduction problem and ASpec

an agent specification. the function explOccurs takes as input p, q and ASpec and returns a set of
explanations for the problem. It starts by identifying which fluents are present in p and q and se-
lecting a set of actions that modify those fluents. For each action a of this set the functions builds
the set genByA[ASPEC, p, a, q], executes ramosAbertos to obtain the open branches, and then executes
geraFechos to obtain the set of closures F for the corresponding tableau. Finally, the function explOccurs
generates the set of explanations E such that {a, ϕ} ∈ E and ϕ ∈ F.

Consider the abduction problem ϕ = ∀ s actual (s) → q[s]. The function explActual takes as input
q and ASPEC, and returns a set of explanations for the problem. It starts by building the generator set
genI[ASPEC, q] and executing ramosAbertos and geraFechos as described above. The set of explanations
Ei is the set of closures returned by geraFechos. It is necessary to verify that each element of e ∈ Ei,
the union of e and AxF0 is coherent. To do that we execute ramosAbertos[AxF0 ∪ {e}] and if the tableau
is open then the union is coherent. Finally, explActual executes the function explOccurs[ASPEC, q, q]
and returns the union of the result with Ei.

3.4 First-Order Language and Specification
We now describe the implementation of the abductive reasoning techniques in the context of the fragment
of first-order logic presented in the previous section. Our aim is to build closures of a tableau for a set o
state constraints. As in the previous section we consider all the state constraints in their abbreviated form,
as seen in (1). We represent a linear constraint t1 ./ t2 ∈ RL, where ./∈ {==, 6=,≤,≥}, by the Mathemat-
ica expression t1 ./ t2, where ./∈ {==, 6=,≤,≥}, i.e., ./ is the usual Mathematica representation of the
equality and inequality symbols. The representation t of a linear expression t = c +

∑n
i=1 aixi ∈ TΣreal

is also the usual of the Mathematica system.
In the representation of an specification agent we will use for this new context we do not explicitly

represent the parameters of actions and fluents. In the case of the fluents we have that their parameters
are implicit on the abbreviated form in which they are represented. In the case of actions we consider a
list of variables representing the parameters for each action. The set of all parameter lists is Param.

We consider the representation of an agent specification as previously defined. However the represen-
tation of the valuation schemata must be altered. Consider ∀ s

(
occurs (a, s) ∧ α f1...fn

[s]p1...pn

)
→ α[do(a,s)] ∈

AxS a valuation schemata for an action a ∈ Act, where f1, . . . , fn, p1, . . . , pn ∈ TΣASig,flt. The formula
αf1...fn

p1...pn
is obtained by replacing each fi = fi(x1, . . . , xm) by pi = fi(t1, ..., tm), where x1, . . . , xm ∈ V ar

and t1, . . . , tm ∈ TΣreal . Because of the representation of state constraints in their abbreviated form the
variables x1, . . . , xm do not appear explicitly in the representation of the constraints, being represented
by fi,1, . . . , fi,m. We consider the following representation por a valuation schemata for an action a:

{a, {f1,1, . . . , f1,m, . . . , fn,1, . . . , fn,m}, {t1,1, . . . , t1,m, . . . , tn,1, . . . , tn,m}} (9)

Example 3.2 Consider the agent specification for a bank account presented in Example 2.2, ASpecBA =
〈ASigBA, AxFBA, AxSBA〉. Its representation will be ASPECBA = {ASIGBA, AxF, AxS} such that:
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• ASIGBA = {{withdraw, deposit}, {balance}};

• Param = {param_wit, param_dep};

• AxF = {AxF0, AxFAct} where:

– AxF0 = {balance == 50};
– AxFAct = {{withdraw, param_wit[[1]] ≥ 0},

{deposit, param_dep[[1]] ≥ 0}}

• AxS = {{withdraw, {balance}, {balance− param_wit[[1]]}},
{deposit, {balance}, {balance + param_dep[[1]]}}}

The lists param_wit e param_dep represent the parameters of the actions withdraw and deposit.

3.5 Linear Programming
In Definition 2.6, a tableau branch is closed se its set of formulas is not coherent what, unlike in the
propositional case, does not depend only of the existence of a formula and its negation in the branch. As
in the propositional context, we apply the function ramosAbertos to a generator set G that builds the
set of alternatives and selects those that don’t contain a formula and its negation. We now need to test
if these alternatives are coherent.

The function feasibleEqsQ takes as input a set of linear restrictions Φ ⊆ LC0, and returns true
if there is a feasible solution to that set and false otherwise. This function implements the feasible?
algorithm and uses the Mathematica function LinearProgramming [18], which takes as input a vector c
specifying an objective function, a matrix A and vector b specifying a set of linear constraints, and returns
a vector x that minimizes c.x subject to the constraints A.x ≥ b and x ≥ 0. This function is implemented
using the simplex algorithm.

To implement the minimize algorithm we use the Mathematica function Minimize that takes as input
a objective function and a set of linear constraints, and returns the value of the optimal solution. This
function is also implemented using the simplex algorithm. The function implicaNeg verifies if for a linear
constraint p = t1 6= t2 ∈ LC 6=, the equality t1 == t2 is implied by a set of linear constraints Φ ⊆ LC0.

The function feasibleRamoQ[r] takes as input a branch r of exhausted tableau and verifies if it is
coherent. This function that implements the coherent? algorithm.First is separates r into r0 and r6= and
executes feasibleEqsQ[r0]. If r0 does not have any feasible solution, then feasibleRamoQ[r] = false.
Otherwise it verifies with implicaNeg if any of the constraints in r6= is implied by the set r0. If some
constraint is implied then feasibleRamoQ[r] = false, otherwise feasibleRamoQ[r] = true. The function
verificaRamos takes as input a set of alternatives and returns the open branches of the exhausted tableau,
or the empty set if the tableau is closed.

The generation of explanations is identical to the propositional case, except from some minor alter-
ations to the function that generates the closures.

4 Conclusions and Future Work
The work here reported as developed in the area of multi-agent systems specification and certification.
The following tasks were accomplished:

• capitalizing on the work presented in [7], we extended the abductive reasoning techniques therein
described to a first-order setting;

• we implemented the techniques for the propositional setting using the Mathematica system;
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• we implemented the techniques for the first-order setting we described, using the Mathematica
system and some of its linear programming functions.

As future work, we intend to extend the implementation to deal with the case of agent specifications
including terms of the sort int. To do so, it is necessary to take into account integer programming
methods [19]. We also intend to implement the abductive reasoning techniques for communities of agents
described in [7] and to extend these techniques to a first-order setting, as was done to the singular
agent case. Other of our goals, its to adapt to the situation and state calculus, the abductive reasoning
techniques for progress and response, already proposed in [6] in the context of temporal logic.
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