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The Problem

⊲ Natural language (NL) is not, prima facie, well-suited for querying and managing data

or information stored in a relational database (DB) or a knowledge base (KB), let alone

for engaging in knowledge representation (KR) tasks.

⊲ On the other hand, formal query languages (like SQL or Datalog) and KR formalisms

like description logics (DL’s) have an unambigous syntax and semantics, together with

a well-defined expressivity.

⊲ Querying can be seen in this context as evaluating a first order logic (FOL) formula over

a finite model under a set of constraints (i.e. query answering can be conceived, grosso

modo as FOL model-checking).

⊲ It would be desirable to reach a trade-off between this restricted expressivity and the

intuitive meaning of everyday speech.
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Why Controlled Languages

⊲ We believe that using a subset of, say, English with a limited vocabulary and a restricted

syntax (a controlled language) can tackle this problem.

⊲ A controlled language will disallow or preclude ambiguity and map into some logic.

⊲ However, this approach has to be accompanied by a thorough study of the expressivity

of the controlled language, since we want it to be as expressive as the query languages

and the KR languages, but not more.

⊲ Let’s see why this makes sense.
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Controlled Languages

⊲ A controlled language (CL) is a fragment of NL (say, of English), with a limited

lexicon and small set of grammar rules.

⊲ A CL sentence is compiled into a logic formula that constitutes its meaning represen-

tation (MR).

⊲ We retain compositionality and, furthermore, we can enginneer the grammar (and, ulti-

mately the semantics) of the CL in such a way that every sentence has a unique parse

and a unique logical form (up to logical equivalence) belonging to some well-known KR

formalism or query language.
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Attempto Controlled English (ACE)

⊲ Attempto Controlled English (ACE) is a controlled language that has been advanced as

a suitable means for KR.

⊲ Every sentence of ACE is unambigously compiled into a FOL sentence – its MR.

⊲ To achieve this it imposes structural contraints on English.

⊲ For instance, quantifiers are allowed one unique reading, namely, surface order.
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An Example - ACE (2)

ACEText

TopicalizedQuestion

Question

YesNoQuestion

Copula

Is

NPCoord

Det

the

CN

sky

Adj

blue

VP*

QuestionMark

?

Figure 1: Parsing an ACE Y/N-question
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Pratt's Approa
h

⊲ Pratt in [16, 17, 18, 15] defines a family of fragments of English and studies them w.r.t.

to expressive power.

⊲ COP, the minimal fragment, deals only with copula, negation, nouns (common and

proper) and existential and universal quantification.

⊲ COP+TV+DTV extends the coverage to transitive verbs and distransitive verbs. COP+REL,

COP+TV+DTV are their extensions that cover relative pronouns.

⊲ Expressive power is defined in terms of that of the underlying meaning representation

logic.
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An Example - COP (1)

COP’s Phrase-structure Rules

IP/(φ)ψ → NP/φI′/ψ

I′/φ→ is a N′/φ

I′/¬φ→ is not a N′/φ

NP/φ→ PropN/φ

NP/(φ)ψ → Det/φN′/ψ

N′/φ→ N/φ
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An Example - COP (2)

COP’s Function Lexicon

Det/λPλQ∀x[(P )x → (Q)x] → every

Det/λPλQ∀x[(P )x → ¬(Q)x] → no

Det/λPλQ∃x[(P )x ∧ (Q)x] → some

COP’s Content Lexicon

N/λx(P )x→ woman

N/λy(Q)x→ human

PropN/λP (P )d→ Diana
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An example - COP (3)

⊲ The grammar of COP allows some kinds of sentences of NL:

Sentence FOL

Diana is a woman Woman[d]

Some woman is a human ∃x[Woman[x] ∧Human[x]]

Every woman is a human ∀x[Woman[x] → Human[x]]

⊲ But not all. A sentence like:

Every woman who is human is human

Lies outside of the language given that it does not deal with pronouns.

⊲ This is an important issue.
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Complexity of Controlled Languages (Pratt 2003)

Fragment Decision class for satisfiability

COP P

COP+TV+DTV P

COP+REL NP-Complete

COP+REL+TV EXPTIME-Complete

COP+REL+TV+DTV NEXPTIME-Complete

COP+REL+TV+RA NEXPTIME-Complete

COP+REL+TV+GA undecidable
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Why Des
ription Logi
s

⊲ Description logics are decidable fragments of FOL specifically conceived for declaring,

queryng and reasoning over knowledge bases.

⊲ Their formal properties are well known.

⊲ They have the advantage that for some reasoning tasks they are more efficient than FOL

(cf. [1]).

⊲ What we need now is to choose the best-suited for querying – DL-Lite (cf. [6]).
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DL-Lite (1)

⊲ Let A = {Ai|i ∈ N} and R = {Ri|i ∈ N} be two countable sets of primitive concept

and role symbols.

⊲ Let K = {ci|i ∈ N} be a set of constants.

⊲ DL-Lite left and right hand side concepts are then defined as follows:

B ::= A|∃R|∃R−.

C ::= B|¬B|C ⊓ C|∃R : C|∃R− : C.

⊲ And DL-Lite A-box and T-Box assertions as follows:

A ::= B(K)|R(K,K)|A(K).

T ::= R ⊑ R|B ⊑ C.

⊲ A DL-Lite knowledge base is a set of A-box and T-Box assertions.
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DL-Lite (2)

⊲ DL-Lite corresponds to a tractable fragment of FOL.

⊲ This is because operators such as, for instance, negation and the universal and existential

quantifiers cannot be used freely.

⊲ T-Box satisfiability is in P and query answering is LOGSPACE in data complexity

(i.e. on the size of the KB or, alternatively, of the DB).

⊲ Using DL-Lite as a meaning representation formalism means that reasoning tasks can

be carried out efficiently by means of tools such as QONTO (cf. Calvanese et al. [7]).
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DL-Lite and Natural Language

⊲ DL-Lite can express properties that NL can express:

Language Sentence

NL Every woman who is human is human

FOL ∀x[Woman[x] ∧Human[x] → Human[x]]

DL-Lite Woman ⊓Human ⊑ Human

⊲ But not all:

Diana in not a man.

⊲ Since its syntax disallows negative facts
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Expressive Power of DL-Lite (1)

Theorem. We have proven the following:

1. The expressive power of ΛCOP cannot be compared to that of DL-Lite.

2. The expressive power of ΛCOP+TV+DTV cannot be compared to that of DL-Lite.

3. That their expressive power nevertheless overlaps.
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Expressive Power of DL-Lite (2)

ΛCOP+TV+DTV

ΛCOP DL-Lite
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Lite-English

⊲ Lite-English is a controlled language where sentences can be translated at runtime,

during parsing, into a DL-Lite meaning representation with little or no ambiguity. It has

a compositional semantics based on Montague’s approach (i.e. on lambda expressions,

type theory and the homeomorphism principle, cf. [12]).

⊲ Syntactic composition mirrors semantic composition.

⊲ This implies (trivially) that Lite English and DL-Lite share the same expressive power.
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Expressive Power of Lite English

⊲ Since Lite English inherits the expressiveness of DL-Lite itself, its satisfiability problem

is in P.

⊲ Moreover, it allows for a restricted use of relative clauses without yielding a state explo-

sion.

⊲ This is relevant, since the addition of relatives to COP or COP+TV+DTV yields un-

tractability.

⊲ This comes from the fact that relative pronouns are constrained in their use both in

subject and predicate position, thus precluding full-blown gap-filler dependencies.
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Lite English's Grammar

⊲ A grammar for Lite English has to constrain parse trees in such a way that sentences

compile into DL-Lite.

⊲ For instance, it must allow negation only over nouns, adjectives and verbs in predicate

position (but not over VP’s or any other recursive component).

⊲ this can be achived by restricting the syntax rules related to the function lexicon.

⊲ This characteristic is independant of the grammar formalism. We have tried categorial

grammar (CG) (cf. Bernardi et al. [2]) and implemented a sample parser based on

phrase structure grammar (PSG).
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Con
lusions

⊲ We have defined a controlled language, Lite-English, based on the KR logic DL-Lite

sharing its expressive power.

⊲ Its expressiveness is therefore suitable for representing and managing data in restricted

domains, just as it is the case for DL-Lite.

⊲ Its satisfiablity problem is in P.

⊲ It provides, moreover, coverage for (restricted) long distance dependencies without com-

promising these complexity results, as it is the case with Pratt’s fragments or ACE.
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A Sample DL-Lite Knowledge Base

T-Box

MarriedMan ⊑Man

Man ⊑ ∃Loves

Man ⊑ ∃Loves : Woman

Man ⊑ LivingCreature

A-Box

Man(James)

MarriedMan(John)

Loves(John,Mary)

(∃Loves : Woman)(John)



KRDB - FUB (28)

Homeomorphism Prin
iple (Montague)

NL HOL FS.τ .I

.I = .I ◦ .τ

⊲ Mappings .I and .τ are, respectively. homeomorphims from NL to HOL and from HOL

to FS.

⊲ Therefore .I = .I ◦ .τ is an homeomorphism from NL to FS.

⊲ Syntactic composition is thus homeomorphic to semantic composition and .I provides a

compositional semantics for NL.
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Lite-English - Logi
al Form of Categories

POS Word Lexicon MR (= .τ ) Type

Determiner every Function λPλQ∀x[(P )x→ (Q)x] (e→ t) → t

Determiner some Function λPλQ∃x[(P )x ∧ (Q)x] (e→ t) → t

Proper noun Julian Content λP (P )j (e→ t) → t

Intransitive Verb rules Content λx(rules)x e→ t

Transitive verb loves Content λPλx(P )λy((loves)x)y ((e→ t) → t) → (e→ t)

Common noun man Content λx(man)x e→ t

Relative pronoun who Function λPλQλx[(P )x ∧ (Q)x] (e→ t) → (e→ t)

Pronoun somebody Function λP∃x(P )x (e→ t) → t
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A Sample Parse Tree of Lite English (1)

S − ((λx((Loves)x)y)λQ(Q)m)λP (P )j

NP − λP (P )j

PN − λP (P )j

John

VP − (λx((Loves)x)y)λQ(Q)m

V − λy((λx(Loves)x)y

loves

NP − λQ(Q)m

PN − λQ(Q)m

Mary
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A Sample Parse Tree of Lite-English (2)

(λP (P )j)(λQ(Q)m)λyλx((Loves)x)y ⊲β (λP (P )j)(λyλx((Loves)x)y)m

⊲β (λP (P )j)λx((Loves)x)m

⊲β (λx((Loves)x)m)j

⊲β ((Loves)j)m

⊲ This HOL normalized expression is actually a DL-Lite A-Box assertion, namely:

Loves(John,mary).

⊲ It has been computed compositionally in the sense that syntactic composition is mirrored

by lambda-calculus application (with or without reduction).


