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Formal behavioral modeling techniques can be utilized effectively in the development and

refinement of practical systems. We find that logic-based research in the constrained theoret-
ical realm, producing “perfect” results, can be adapted to produce improved approximating
and “commonsense” models in actual practice. We describe applications [2,3] and poten-
tial applications to the behavioral data-mining of link analysis; agent design; synthesis of
specified systems; and detection of defects in systems already deployed.
In link analysis, we show that behavior of an economic sub-domain can be modeled,

approximating an entire domain’s (often unpredictable) behavior. For agent design, our
approach to problem decomposition and minimized realization of components has utility,
as in the congregation formation of Brooks and Durfee [1]. We see that applications of
formal modeling techniques abound in Khatib and Pecheur [6] and Fischer and Smith [4],
where logic-based construction of deployed systems and refinement/correction of systems
are described. Examples include Waldinger’s [7] deductive construction of goal-directed
agent systems, and Kant’s [5] analyst-specified refinement of mathematical modeling code.
In numerous applications, we find that local commonsense experts, with information

unanticipated in the development of global formal models, can help to produce accurate
results and achieve problem goals.
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NP conjunction is not defined in intensional algebraic logic [1] nor, in its standard devel-

opment, is there any way of introducing it that preserves the benefits of a cross-categorial
boolean interpretation. We develop a variant of this logic that treats boolean conjunction as
a level-shifting operation [3] conjoining non-boolean entities whose extensions are defined



over boolean domains.
We assume a sorted domain (consisting of kinds D−2, particulars D−1, propositions D0,

and n-ary relations-in-intension Dn) and a set E of extensionalization functions: for all
∂ ∈ E , if x ∈ D−2, then ∂(x) ⊆ D; if x ∈ D−1, then ∂(x) ⊆ D1; if x ∈ D0, then ∂(x) = n
for n ∈ {0, 1}; if x ∈ D1, then ∂(x) ⊆ D; if x ∈ Dn , then ∂(x) ⊆ Dn . The extension
of a particular is effectively a generalized quantifier [2]: ∂(x) = {ϕ ∈ D1 | ϕ(x) = 1}.
Determiners are treated as extension-shifting operations on kinds:

∂(det∀ k) = {ϕ | [∀x ∈ ∂(k)]ϕ(x) = 1}.
∂(det∃ k) = {ϕ | [∃x ∈ ∂(k)]ϕ(x) = 1}.

This yields uniform boolean extensions for NP semantic values. Consequently, we are able
to define both boolean conjunction and an associated predication operation for generalized
quantifiers:

x ∈ ∂(conj〈ϕ1, ϕ2〉) iffdef x ∈ ∂(ϕ1) ∧ x ∈ ∂(ϕ2).
∂(predGQ〈ϕ, x〉) = 1 iffdef ϕ ∈ ∂(x)).
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By formalizing some classical facts about provably total and provably recursive functions

of intuitionistic primitive recursive arithmetic (iPRA) we prove that the set of decidable
formulas of iPRA and of iΣ+1 (intuitionistic Σ1-induction in the language of PRA, [3])
coincide with the set of their provably ∆1-formulas and the set of their provably atomic
formulas. So, based on quantifier logic, iPRA differs from PRA afterward the decidability of
atomic (and ∆1) formulas, although the propositional counterpart of these two theories are
equal. By the same methods we shall give another proof of a theorem of Marković and De
Jongh [1]: the decidable formulas of Heyting Arithmetic HA are its (provably) ∆1-formulas.
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