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Abstract

In this pap er a 
at notation for logical forms is describ ed. This

notation allo ws the logical forms to b e easy to build, easy to w ork

with, and able to deal with am biguit y b y undersp eci�cation. The main

mec hanism to con v ert a logical form in to the corresp onding 
at form is

the rei�cation of all the predicates and op erators used in an otherwise

nested expression. The resulting 
at logical forms are con v enien t for

natural language pro cessing applications that require the use of par-

tial logical forms. In particular, it is sho wn ho w partial logical forms

(enco ded in 
at notation) can b e used to p erform answ er extraction.

Keyw ords: 
at logical form, rei�cation, undersp eci�cation, par-

tial logical form, answ er extraction

In this pap er w e explore a notation for logical forms that can b e useful

for sev eral Natural Language Pro cessing (NLP) applications. The main goal

is to pro vide a notation that is easy to build, easy to w ork with, and able

to deal with am biguit y b y undersp eci�cation. In Section 1 w e in tro duce

the notation. In Section 2 w e men tion some of the most imp ortan t features

of this notation and ho w the resulting logical forms can b e used for NLP .

Finally , in Section 3 w e explain the use of this notation for a particular NLP

application, Answ er Extraction.
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1 The notation

1.1 The basic idea

The basic idea is to do lik e computer programmers do when the program-

ming language only allo ws a function to return the result in one of the

argumen ts: use one of the argumen ts to collect the result. F or example,

the instruction (1a) can b e substituted b y the sequence of instructions (1b),

where the functions factorial and exp are c hanged to mak e them return

the v alue in their �rst argumen t:

(1) a. A := (factorial(25)-exp(12)) * 2;

b. factorial(X,25);

exp(Y,12);

A := (X-Y) * 2;

If the programmer w an ts to rede�ne subtraction and m ultiplication,

then (1b) could ev en b e translated in to:

(2) factorial(X,25);

exp(Y,12);

subtract(P,X,Y);

multiply(A,P,2);

The resulting expression (2) is a completely 
at form that pro duces the

same result as the nested form (1a).

1.2 On tological promiscuit y

A metho d to con v ert a (nested) logical form in to a 
at form is to reify all

the partial expressions that app ear in the logical form, and use the rei�ed

en tities to refer to these partial expressions. In our analogy with computing

programs, these rei�ed en tities are the \results" of the partial expressions.

Let us start with a preliminary example:

(3) a. John ate an apple quickly

b. 9 a ( quick ( eat ( j; a )) ^ apple ( a ))

c. 9 a; e

1

( eat ( e

1

; j; a ) ^ quick ( e

1

) ^ apple ( a ))
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The logical form (3c) is a 
at form of (3b). T o obtain it, w e ha v e rei�ed

the eating ev en t and b y so doing the predicate quick in tro duced b y the

adv erbial quickly do es not need to tak e the predicate eat as its argumen t.

Instead, the argumen t is the rei�ed en tit y e

1

that represen ts the eating ev en t.

Reifying ev en ts is a common practice in Da vidsonian approac hes (Da vidson

1967; P arsons 1985),

1

but w e go further and reify all the predicates. This is

Hobbs' on tological promiscuit y (Hobbs 1985) carried to its extremes. The


at form of (3b) b ecomes:

(5) 9 a; e

1

; e

2

; e

3

( eat ( e

1

; j; a ) ^ quick ( e

2

; e

1

) ^ apple ( e

3

; a ))

This is a consequence of Hobbs' on tological promiscuit y: all the mor-

phemes in the sen tence are sub ject to rei�cation. By using on tological

promiscuit y , one can easily express sen tences with adv erb mo di�ers (or an y

other t yp e of mo di�ers):

(6) a. John ate a p ale gr e en apple very quickly

b. 9 a ( very ( quick ( eat ( j; a ))) ^ apple ( a ) ^ pale ( green ( a )))

c. 9 a; e

1

; e

2

; e

3

; e

4

; e

5

; e

6

( eat ( e

1

; j; a ) ^ quick ( e

2

; e

1

) ^ very ( e

6

; e

2

) ^

apple ( e

3

; a ) ^ green ( e

4

; a ) ^ pale ( e

5

; e

4

))

The relation b et w een on tological promiscuit y and the programming tec h-

nique discussed in the in tro duction can b e seen quite clearly b y comparing

the original nested form (6b) and the 
at form (6c) with (1a) and (2).

1.3 Existence

A p oten tial complication of the prop osed notation is the scop e of existen tial

quan ti�cation. Since no w all the v ariables ha v e existen tial quan ti�cation

with the widest p ossible scop e, what happ ens with en tities that should ap-

p ear in a narro w er scop e, as is the case with opaque v erbs, negation, or

implication?

1

It ma y b e argued that actually Da vidson's ev en ts and our rei�cation system b elong

to di�eren t domains. In fact, w e ma y need to use b oth the ev en t as a new indep enden t

en tit y ( s b elo w) and the predicate rei�cation ( e

1

b elo w):

(4) a. John sle eps de eply

9 e

1

; s ( sleep ( e

1

; s ; j ) ; deep ( s ) ; john ( j ))

b. John pr ob ably sle eps

9 e

1

; s ( sleep ( e

1

; s; j ) ; probable ( e

1

) ; john ( j ))

This p ossibilit y , ho w ev er, is not considered further in this pap er.
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Hobbs himself addresses this complication b y making the univ erse of

quan ti�cation an imaginary univ erse that con tains ev erything that one can

think of. This is what Hobbs calls the \Platonic univ erse". Those en tities

that also exist in the univ erse of discourse are sp eci�cally mark ed b y a new

predicate, sa y , Rexists . Th us, if an en tit y is the argumen t of Rexists ,

then it exists in the univ erse of discourse. If an en tit y is not the argumen t

of Rexists , then w e do not kno w if it exists in suc h univ erse or not. This

can b e seen in the example:

(7) John wants to 
y

9 e

1

; e

2

( want ( e

1

; j; e

2

) ^ fly ( e

2

; j ) ^ Rexists ( e

1

))

The existence of e

1

( want ) is asserted, but the existence of e

2

( fly ) is

not asserted. Therefore, it is not kno wn whether e

2

exists in the univ erse of

discourse. One needs to use extra axioms (based on our general kno wledge

of w an ting and 
ying) that allo w us to infer that, sa y , e

2

do es not exist in

the univ erse of discourse. The logical form (7) is therefore undersp eci�ed

with resp ect to the existence of e

2

in the univ erse of discourse.

Hobbs relates a non-rei�ed predicate with its corresp onding rei�ed pred-

icate (mark ed with

0

in his notation) b y means of the axiom:

Axiom 1

8 x

1

; � � � ; x

n

[ p ( x

1

; � � � ; x

n

) � 9 e ( Rexists ( e ) ^ p

0

( e; x

1

; � � � ; x

n

))]

This axiom states that an unprimed (non-rei�ed) predicate is equiv alen t

to its primed (rei�ed) predicate plus the assertion that the rei�ed en tit y

exists in the univ erse of discourse. Th us, an y unprimed predicate can alw a ys

b e expressed b y means of a primed predicate plus Rexists . Ho w ev er, a

primed predicate cannot necessarily b e expressed b y means of an unprimed

predicate, since a primed predicate b y itself do es not ensure that the rei�ed

ev en t exists in the univ erse of discourse.

Logical op erators w ould b e liable to rei�cation just in the same w a y

as predicates. A p ossible (simpli�ed) expression in Hobbs' notation of a

sen tence with negation and implication w ould b e:

(8) if John is a b achelor, then he is not marrie d

9 e

1

; e

2

; e

3

; e

4

( bachelor ( e

1

; j ) ^ married ( e

2

; j ) ^ not ( e

3

; e

2

)

^ if ( e

4

; e

1

; e

3

) ^ Rexists ( e

4

))

This notation is clearly di�eren t from a traditional non-
at expression

that uses logical op erators:
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(9) if John is a b achelor, then he is not marrie d

bachelor ( j ) � ! : married ( j )

The question is, if w e assume (as Hobbs do es) that the logical op era-

tors � ! and : are equiv alen t to if and not , can Axiom 1 mak e (8) and (9)

equiv alen t? Note that Axiom 1 w ould in tro duce existen tial quan ti�cation

inside the comp onen ts of the implication:

(10) if John is a b achelor, then he is not marrie d

( 9 e

1

( bachelor ( e

1

; j ) ^ Rexists ( e

1

))) � !

: ( 9 e

2

( married ( e

2

; j ) ^ Rexists ( e

2

)))

Hobbs (Hobbs 2000) prop oses the use of sp eci�c axioms that allo w infer-

ences with logical op erators. Ho w ev er, these axioms b ecome v ery di�cult to

use when w e ha v e a com bination of op erators. The case of em b edded exis-

ten tial quan ti�ers b ecomes esp ecially di�cult, and therefore the equiv alence

b et w een (8) and (9) is not clear.

One ma y argue (as Hobbs migh t) that (9) is not an adequate logical

form of the example sen tence, and therefore (8) and (9) ough t to b e di�er-

en t. Ho w ev er, w e w ould lik e to k eep the p ossibilit y of (9) or similar b eing

adequate. Since Hobbs' com bination of Rexists and Axiom 1 do es not al-

lo w us to establish the relation b et w een a nested form and its 
at form,

w e do not mak e use of Axiom 1 in our notation. T o a v oid confusion and

distinguish our notation from Hobbs', to express existence in the univ erse

of discourse w e will use True instead of Rexists . The use of the name True

also allo ws a b etter parallelism with False , as w e will see later.

What w e prop ose is this: Reify all the predicates and logical op erators in

the logical expression, and add True ( e ) for the en tit y that results of reifying

the top lev el op erator. T o ease readabilit y , the expressions in the rest of this

pap er will not sho w the existen tial quan ti�cation o v er the rei�ed en tities

(it is alw a ys going to ha v e the widest p ossible scop e), and the predicates

are conjoined b y a comma, instead of ^ . Th us, our prop osed represen tation

of (9) b ecomes:

(11) if John is a b achelor, then he is not marrie d

bachelor ( e

1

; j ), married ( e

2

; j ), : ( e

3

; e

2

), � ! ( e

4

; e

1

; e

3

), True ( e

4

)

2 W orking with the notation

The notation in tro duced in this pap er has sev eral prop erties that mak e it

v ery in teresting for some NLP applications. In this part w e will brie
y
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men tion some of these prop erties.

2.1 P artial logical forms

An imp ortan t feature of our 
at forms is that it is p ossible to use them to

express partial information. Consider, for example:

(12) John may have wante d to e at al l the apples in the b asket

This sen tence con tains, among others, a mo dal v erb, a complex tense,

an em b edded clause, a quan ti�er, and a plural. An NLP system ma y ha v e

di�cult y to pro vide a correct logical form for the sen tence. Let us assume

that there is an agreemen t ab out the logical form of (12), sa y:

(13) all ( x; apple ( x ) ^ in ( x; b )

� !

may ( perfect ( want ( j; eat ( j; x )))))

It is fairly easy to �nd the corresp onding 
at form:

(14) True ( e

1

) , all ( e

1

; x; e

2

) , � ! ( e

2

; e

3

; e

4

) , ^ ( e

3

; e

5

; e

6

) ,

apple ( e

5

; x ) , in ( e

6

; x; b ) , may ( e

4

; e

7

) , perfect ( e

7

; e

8

) ,

want ( e

8

; j; e

9

) , eat ( e

9

; j; x )

Giv en (14), it is trivial to pro duce a partial represen tation of it, one

need just remo v e some of the predicates. More imp ortan tly , the parser of

a NLP system ma y fail to pro vide a full parse of (12) b ecause it ignores,

sa y , quan ti�cation, mo dalit y , complex tenses, and PP mo di�ers. But the

output giv en b y the parser can still b e used to form a partial logical form.

F or example, the follo wing could b e generated from the information of this

h yp othetical parser:

(15) eat ( e

9

; j; x ), apple ( e

5

; x ), in ( e

6

; a

1

; b )

The new v ariable a

1

is in tro duced to express that the attac hmen t of the

PP is not resolv ed (as it could b e either x or e

9

). It is trivial to see that (15)

pro vides partial information with resp ect to the complete logical form (14).

W e w ould sa y that (15) is a partial logical form.
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2.2 Inferences

The predicate True b ecomes v ery useful for systems that need to mak e

inferences. Ev ery partial expression that can b e inferred to b e true can b e

mark ed b y adding True o v er its rei�ed en tit y . P arallel to this, ev ery partial

expression that can b e inferred to b e false can also b e mark ed b y a new

predicate, sa y , False . This information can b e used in subsequen t inference

steps.

The follo wing equiv alence rules can b e used for inferences o v er some of

the logical op erators:

9 e

1

( ^ ( e

1

; e

2

; e

3

) ^ True ( e

1

)) � True ( e

2

) ^ True ( e

3

)

9 e

1

( ^ ( e

1

; e

2

; e

3

) ^ False ( e

1

)) � False ( e

2

) _ False ( e

3

)

9 e

1

( _ ( e

1

; e

2

; e

3

) ^ True ( e

1

)) � True ( e

2

) _ True ( e

3

)

9 e

1

( _ ( e

1

; e

2

; e

3

) ^ False ( e

1

)) � False ( e

2

) ^ False ( e

3

)

9 e

1

( � ! ( e

1

; e

2

; e

3

) ^ True ( e

1

)) � True ( e

2

) � ! True ( e

3

)

9 e

1

( � ! ( e

1

; e

2

; e

3

) ^ False ( e

1

)) � True ( e

2

) ^ False ( e

3

)

9 e

1

( : ( e

1

; e

2

) ^ True ( e

1

)) � False ( e

2

)

9 e

1

( : ( e

1

; e

2

) ^ False ( e

1

)) � True ( e

2

)

These axioms do not enco de inferences ab out quan ti�cation,

2

but they

su�ce for simple inferences.

Note that w e are not trying to pro v e the logical equiv alence b et w een

a 
at form suc h as (14) and the nested form (13). W e are instead trying

to construct a notation that k eeps as man y of the inferences as p ossible.

Therefore, w e do not need axioms lik e Hobbs' Axiom 1.

2.3 Am biguit y b y undersp eci�cation

The rei�ed 
at forms in tro duced in this pap er ha v e some resem blances with

approac hes that treat am biguit y b y means of undersp eci�cation (Reyle 1993;

Pink al 1999; Cop estak e et al. 1997). Lik e in these approac hes, partial ex-

pressions ha v e iden ti�ers that can b e used for reference. W e could create

dominance graphs b y adding dominance predicates o v er rei�ed en tities in the

same w a y as these approac hes use dominance predicates o v er meta-v ariables.

2

This is still a topic for further researc h. One could try to use Hobbs' quan ti�cation

mec hanism (Hobbs 1983; Hobbs 1996), for example.
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As a w a y of illustration, the follo wing expression could b e used to accoun t

for scopal undersp eci�cation:

(16) every man dates some woman

man ( e

1

; x ) , woman ( e

2

; y ), date ( e

3

; x; y ), every ( e

4

; x; e

9

),

� ! ( e

9

; e

1

; e

5

), some ( e

6

; y ; e

10

), ^ ( e

10

; e

2

; e

7

), dominates ( e

5

; e

3

),

dominates ( e

7

; e

3

), True ( e

8

), dominates ( e

8

; e

4

), dominates ( e

8

; e

6

)

Here, b oth quan ti�ers some e

6

and every e

4

are dominated b y e

8

(whic h

is true), and indirectly they dominate the dating ev en t e

3

via e

5

and e

7

,

resp ectiv ely .

3 Application: Answ er Extraction

The most ob vious application of this notation is an NLP system that can tak e

adv an tage of partial logical forms of natural language sen tences. Answ er

extraction (AE) systems are examples of suc h applications. In this section

w e brie
y in tro duce AE and ho w it can tak e adv an tage of our notation.

Most of the w ork in this part is a natural extension of the w ork done in

ExtrAns, an existing AE system (Moll� a et al. 1998; Sc h witter et al. 1999).

3.1 Answ er extraction

Answ er extraction systems try to �nd the smallest parts of con tiguous text

that individually pro vide an answ er to an arbitrary question phrased in a

natural language (suc h as English). Answ er extraction is therefore a t yp e

of information retriev al (IR), but AE systems are not t ypical IR systems.

T ypical IR systems pro vide p oin ters to do cumen ts that are relev an t to the

query . These systems are useful for situations where the user needs to get

all the information related to the query . AE systems, on the other hand,

are ideal for situations where the user needs to �nd a sp eci�c answ er to

a particular question under sev ere time constrain ts. T ypical applications

of AE systems include in terfaces to soft w are man uals, help-desk systems in

large organisations, and public enquiry systems a v ailable o v er the In ternet.

Giv en the curren t information o v erload, the need for this t yp e of applications

is b ecoming increasingly eviden t.

AE systems share man y features with question answ ering (QA) systems.

A full-
edged QA system, ho w ev er, needs to tac kle problems suc h as w orld

kno wledge, inferences, and language generation. It is still a long w a y un til

the problems of enco ding and using w orld kno wledge and inferences are
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solv ed, and language generation is unfortunately an area where not m uc h

researc h is b eing done. AE is far less an am bitious task than QA, but a task

that can b e used for practical purp oses and, more imp ortan tly , that can b e

used now .

3.2 (W eb)ExtrAns

ExtrAns is an application that p erforms AE o v er UNIX manpages (Moll� a

et al. 1998; Sc h witter et al. 1999). There is a w eb-based v ersion that uses

ab out 500 manpages for the AE task.

3

A new pro ject, W ebExtrAns, has

started in No v em b er 1999 that will p erform AE o v er the complete main te-

nance man ual of the Airbus 320. The size of this man ual (the size of the

original SGML man ual is o v er 100Mb) will b e conclusiv e in determining the

scalabilit y of suc h a system.

Both ExtrAns and W ebExtrAns share the same arc hitecture. In an

o�-line stage, the do cumen ts are pro cessed b y a sequence of mo dules that

p erform sev eral t yp es of linguistic analysis. Some of these mo dules are adap-

tations of publicly a v ailable soft w are. F or example, full-parsing is done b y

the Link Grammar (Sleator & T emp erley 1993). All the w ord forms are

normalised b y con v erting them to the ro ot forms, b y using a lemmatiser

that is pro vided together with the GA TE to ols (Gaizausk as et al. 1996).

Disam biguation is done in sev eral stages (Moll� a & Hess 2000), including a

corpus-based PP disam biguator (Brill & Resnik 1994). Finally , anaphora

resolution is done b y adapting an algorithm devised for the Slot Gram-

mar (Lappin & Leass 1994). Other mo dules had to b e implemen ted from

scratc h. One of them is the prepro cessor and tok eniser that splits the text

in to sen tences and sends them to the parser. Another mo dule is the log-

ical form generator, whic h constructs the logical forms that are stored in

databases for the AE task (Moll� a et al. forthcoming).

In an on-line stage, the user questions are pro cessed with the same lin-

guistic mo dules and the logical forms of the questions are pro duced. The

answ ers are found b y applying a pro of algorithm of the logical forms of the

questions o v er those of the do cumen t sen tences. The retriev ed sen tences

are displa y ed to the user, with the w ords that directly answ er the question

highligh ted according to their con tribution to the answ er.

A cen tral p oin t of (W eb)ExtrAns is the format of the logical forms used,

and ho w they can b e constructed and used for the AE task. Whereas the

tec hnical details of the actual logical forms used in ExtrAns ha v e b een ex-

3

http://www.ifi.unizh.ch/cl/extr ans/
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plained elsewhere (Moll� a et al. 1998; Moll� a et al. forthcoming; Sc h witter

et al. 1999), the follo wing sections explain ho w the notation in tro duced in

this pap er (whic h is more general than the notation actually used in the

(W eb)ExtrAns pro jects) can b e used for AE.

3.3 Logical forms for answ er extraction

The most imp ortan t feature of our notation for AE is the p ossibilit y of

expressing partial logical forms. Ev en if the parser pro vides a thorough

syn tactic analysis of the sen tences (as the parser used for ExtrAns do es),

the resulting syn tactic structures ma y turn out to b e to o di�cult to analyse

b y the logical form generator. And ev en if they can b e analysed, there is

no need for suc h a �ne detail in the logical form. This is so b ecause the AE

system will return acceptable results ev en if the sen tences retriev ed do not

giv e an exact answ er to the question. In fact, sometimes a near-miss ma y

b e informativ e. Belo w is a question and some p ossible answ ers:

(17) which c ommand c opies �les?

(18) a. cp c opies �les

b. cp c opies the c ontents of �lename1 onto �lename2

c. if the option -r is sp e ci�e d, cp r e cursively c opies dir e ctory1 and al l

the �les and dir e ctories within it

d. cp r efuses to c opy a �le onto itself

The b est answ er to (17) is undeniably (18a). But (18b) is also an accept-

able answ er, although it is sa ying that cp copies the c ontents of a sp eci�c

�le. The next sen tence, (18c), also con tributes to the answ er to the question.

One could ev en argue that (18d) is also an informativ e sen tence, ev en when

it explicitly sa ys that cp do es not cop y certain t yp es of �les under certain

conditions.

An imp ortan t piece of information that is retained in all the answ ers

ab o v e is the v erb-argumen t structure of the sen tences retriev ed. All of the

answ ers are ab out commands cop ying (or not cop ying) �les or parts of them.

The follo wing logical forms are partial logical forms of the answ ers:

(18') a. True ( e

2

) , cp ( e

1

; x ) , copy ( e

2

; x; y ) , file ( e

3

; y )
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b. True ( e

2

) , cp ( e

1

; x ) , copy ( e

2

; x; z ) , content ( e

4

; z ; y ) ,

file ( e

3

; y ) , onto ( e

5

; e

2

; w ) , file ( e

6

; w )

c. True ( e

4

) , if ( e

4

; e

5

; e

6

) , � � � , cp ( e

1

; x ) , copy ( e

2

; x; y ) ,

file ( e

3

; y ) , � � �

d. True ( e

4

) , cp ( e

1

; x ) , refuse ( e

4

; x; e

6

) , copy ( e

2

; x; y ) ,

file ( e

3

; y ) , onto ( e

5

; e

2

; y ) , and ( e

6

; e

2

; e

3

; e

5

)

These logical forms ignore m uc h of the information giv en b y the sen tence.

F or example, tense and asp ect, quan ti�cation ( al l , etc), mo dalit y , plurals, are

all ignored. Still, the resulting partial logical forms are not trivial to pro duce,

since one needs to solv e anaphoric references and �nd the argumen ts of

v erbs in em b edded clauses. Pro ducing these partial logical forms is feasible

with the curren t tec hnology , as ExtrAns has demonstrated (Moll� a et al.

forthcoming).

And more imp ortan tly , these logical forms can b e used to decide if the

sen tence is an answ er to the question. This is the topic of the next section.

3.4 Finding an answ er to the question

Finding an answ er to a question in an AE system b ecomes relativ ely easy

if one uses the 
at logical forms describ ed in this pap er. W e can use the

question to pro duce the partial information that the answ er m ust ha v e. F or

example, (17) pro duces the follo wing partial logical form:

(17') command ( e

1

; x ), copy ( e

2

; x; y ), file ( e

3

; y )

No w, pro vided that w e add an axiom that states that cp is a command,

the predicates in (17') are part of the logical forms of all the answ ers (18).

Note that w e do not add True ( e

2

) to (17') so that w e can �nd em b edded

clauses, suc h as in (18c) and (18d).

4

An answ er to a sp eci�c question is suc h that it follo ws the follo wing

de�nition:

De�nition 1 L et P LF

Q

b e the p artial lo gic al form of a question Q , and let

P LF

A

b e the p artial lo gic al form of a sentenc e A . Then, A answers Q i�:

P LF

A

� ! P LF

Q

4

An inference rule is also needed to retriev e (18b), namely , that the con ten ts of an

ob ject is iden tical to the ob ject itself. In (18b) this means that z = y . This and other

inference rules (suc h as that all UNIX commands including cp are commands) ha v e b een

added to ExtrAns.
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In other w ords, a sen tence A answ ers a question Q if the logical form of

A is more restricted than the logical form of Q . The partial logical form of

the question is an undersp eci�ed v ersion of the partial logical form of the

answ er. If w e use the notation in tro duced in this pap er, the test cannot b e

easier:

De�nition 2 L et P LF

Q

b e the p artial lo gic al form of a question Q , and let

P LF

A

b e the p artial lo gic al form of a sentenc e A . Then, A answers Q if

P LF

A

c ontains al l the pr e dic ates of P LF

Q

.

Using De�nition 2, di�eren t t yp es of questions �nd di�eren t t yp es of

sen tences. In particular, this mec hanism returns acceptable answ ers for the

follo wing t yp es of questions:

Wh-. The question which c ommand c opies �les? �nds sen tences that ex-

plicitly sa y that a sp eci�c command copies �les, suc h as:

(19) a. cp c opies the c ontents of �lename1 onto �lename2

b. r cp c opies �les b etwe en machines

c. se d c opies the �lenames to the standar d output, e dite d ac c or d-

ing to a script of c ommands

d. cp r efuses to c opy a �le onto itself

Y es/no. The question do es cp c opy �les? �nds sen tences that state that

cp copies �les:

(20) a. cp c opies the c ontents of �lename1 onto �lename2

b. cp r efuses to c opy a �le onto itself

c. If dir e ctory2 do es not exist, cp cr e ates it and duplic ates

5

the

�les and sub dir e ctories of dir e ctory1 within it

De�nition 2 can ev en w ork for some t yp es of how. . . ? questions. F or

example, the question how do I r emove a �le? �nds all the sen tences that

sp ecify that �les are remo v ed (if w e assume that \I" is treated roughly as

\an yb o dy/an ything"):

(21) a. rm r emoves one or mor e �les

5

T o retriev e (20c) and (21b) w e w ould also need to k eep a thesaurus that lists synon ym y

relations, suc h as b et w een c opy and duplic ate . ExtrAns, for example, k eeps a simple

thesaurus with some of the most frequen t synon yms in the w orld of manpages.

12



b. If a single �le is c ompile d and lo ade d al l at onc e, the interme diate

�le is delete d

5

c. If p ack is suc c essful, �lename wil l b e r emove d

Other t yp es of questions, suc h as why . . . ? , or more complex questions

suc h as what is the b est . . . ? or how many . . . ? w ould require less triv-

ial pro cedures to �nd the answ ers b ecause these questions do not directly

determine adequate undersp eci�ed v ersions of partial logical forms of the

answ ers.

If there are no sen tences in the do cumen ts that satisfy the implication,

it is still p ossible to �nd the b est answ ers b y selecting those sen tences whose

partial logical forms con tain the highest o v erlap with the partial logical form

of the question. The pro cess w ould b e similar to ho w one can determine the

similarit y b et w een t w o sen tences, whic h is explained in the next section.

3.5 Ev aluating the system: a prop osal

It is fairly easy to use our 
at logical forms to compare the seman tic con ten ts

of t w o sen tences:

De�nition 3 A sentenc e A with p artial lo gic al form PLF

A

is semantic al ly

e quivalent to another sentenc e B with p artial lo gic al form PLF

B

if PLF

A

and PLF

B

unify.

F or example, the t w o follo wing sen tences are seman tically equiv alen t:

(22) a. cp c opies the �les

True ( e

2

) , cp ( e

1

; x ) , copy ( e

2

; x; y ) , file ( e

3

; y )

b. the �les ar e c opie d by cp

True ( e

2

) , file ( e

1

; y ) , copy ( e

2

; x; y ) , cp ( e

3

; x )

The logical forms unify b ecause e

1

in (22a) maps e

3

in (22b), and e

3

in (22a) maps e

1

in (22b).

The true usefulness of our notation is the comparison of sen tences that

do not ha v e the same logical forms. Tw o sen tences that are v ery similar

in meaning will ha v e a high o v erlap of predicates. It is therefore easy to

compute the seman tic closeness of t w o sen tences b y simply computing the

b est w a y to unify their logical forms. Giv en t w o sen tences, A and B , four

indices can b e computed:

13



O

A

: The maxim um n um b er of predicates in A that can unify at once with

predicates in B .

O

B

: The maxim um n um b er of predicates in B that can unify at once with

predicates in A .

D

A

: The n um b er of predicates that remain in A .

D

B

: The n um b er of predicates that remain in B .

F or example, let us consider the follo wing sen tences in the con text of a

sp orts rep ort:

(23) a. A : Madrid defe ate d Bar c elona in the last match

Madrid ( e

1

; x ) , defeat ( e

2

; x; y ) , Barcelona ( e

3

; y ) ,

in ( e

4

; e

2

; e

5

) , last ( e

5

; z ) , match ( e

6

; z ) , True ( e

2

)

b. B : Madrid was defe ate d by Bar c elona in the last match

Madrid ( e

1

; x ) , defeat ( e

2

; y ; x ) , Barcelona ( e

3

; y ) ,

in ( e

4

; e

2

; e

5

) , last ( e

5

; z ) , match ( e

6

; z ) , True ( e

2

)

The t w o sen tences generate exactly the same predicates (7 predicates),

but the argumen ts in defeat (b o xed) are di�eren t. F or that reason, the

logical forms do not unify . The v alues of our four indices are:

(24) O

A

= 6 ; O

B

= 6 ; D

A

= 1 ; D

B

= 1

These four indices can b e com bined to form a unique index. F or example,

w e can use a straigh tforw ard form ula suc h as:

(25) I =

O

A

O

A

+ D

A

+

O

B

O

B

+ D

B

2

� 100

F orm ula (25) w ould giv e a v alue I = 86% for the indices (24).

O

A

ma y b e di�eren t from O

B

if one of the sen tences con tains redundan t

information. F or example:

(26) a. A : the cp c ommand c opies �les

cp ( e

1

; x ), command ( e

2

; x ), copy ( e

3

; x; y ), file ( e

4

; y ), True ( e

3

)

b. B : the cp c ommand is a c ommand that c opies �les

cp ( e

1

; x ), command ( e

2

; x ), command ( e

5

; z ), be ( e

6

; x; z ), copy ( e

3

; z ; y ),

file ( e

4

; y ), True ( e

6

)
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If w e assume that be ( e; x; z ) implies x = z , then b oth command ( e

2

; x )

and command ( e

5

; z ) in (26b) unify with command ( e

2

; x ) in (26a), giving the

follo wing indices:

(27) a. O

A

= 4 ; O

B

= 5 ; D

A

= 1 ; D

B

= 2

b. I = 76%

It is of course p ossible to assign di�eren t w eigh ts to di�eren t t yp es of

predicates. F or example, the v erb of a main sen tence could pro duce a pred-

icate with higher w eigh t than the predicates of sen tence complemen ts. This

w a y w e ma y obtain more in tuitiv e v alues for the indices.

Sen tence comparison can b e used for an ev aluation of the p erformance

of QA systems in general. F or example, it w ould b e p ossible to compile a set

of questions for the ev aluation. The ev aluation team w ould write the b est

answ ers to eac h question as complete sen tences, v ery m uc h lik e a learner

of a new language is supp osed to answ er questions: what is your name? {

my name is Peter , etc. These answ ers w ould b e stored as \gold standard"

answ ers. The results giv en b y the system can no w b e compared with the

\gold standard" b y using the indices explained in this section.

The \gold standard" answ ers can also b e used to ev aluate the retriev al

p erformance of AE systems (suc h as ExtrAns). The most di�cult problem

in ev aluating AE systems is to �nd the set of all the answ ers a v ailable in the

do cumen ts. Apart from the ob vious problem of searc hing the do cumen ts to

�nd the candidates, sometimes it is di�cult to decide if a particular sen tence

actually answ ers a particular question, and the decision ma y dep end on the

p erson that do es the judgemen t, or ev en on the p erson's mo o d at that

particular momen t. Instead of using a h uman, the \gold standard" answ ers

can b e used to help �nding the b est answ ers in the do cumen ts. Those

sen tences in the do cumen ts that are close enough to the \gold standard" are

selected. The selection can no w b e revised man ually b y an exp ert (whic h, as

w e ha v e just said, ma y b e problematic, but at least the exp ert has to lo ok at

less data), or they ma y b e tak en as they are. W e b eliev e that the ev aluation

with these selected sen tences w ould b e fairly acceptable, at a fraction of the

cost of a full ev aluation b y a h uman.
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