DI MACS Technical Report 2001 - 16

May 2001

Application of default r easoning to semantic processing under question - answering by

Olga Ourioupina 1 and Boris Galits ky 2

1 Dept . T heoretical & App lied Linguistics , M oscow State University, M oscow, Ru ss ia

2 KnowledgeT rail, Inc., 9 Charles Str. Natick MA 0 17 60 USA .

http://dimacs.rutgers.edu/~galitsky

( galitsky@dimacs.rutgers.edu )

The second author g ratefullyackno wledges the grant NSF STC 9 1 - 19 99 9 fo r the sup po rt while visiting DIMACS.

DIMACS is a p artnership o f Ru tgers University, Princeto n University, AT&T

Labs - Research, Bell Labs, NEC Research Institu te and Telcord ia Technologies

(formerlyBe llco re).

DIMACS was founded as an NSF Science and TechnologyCenter, and also receives su pp ort from the New JerseyCommission on Science and Techno lo gy.

ABSTRA CT

We b uild the natural langu age qu estion - answering system, where the qu ery representation fo rmula is su bject to transfo rmatio n in accord ance to the set of d efault rules. This transformation is requ ired to disambiguate entities in a vertical do main, where theyusuallyhave a p rincip le meaning and a set o f foreign ones. Defau lt reasoning is discu ss ed to be ap plicable to a varietyo f semantic pro cessing algorithms, inclu ding the semantic head er app roach. Using default rules can b e referred as p ragmatic machinery, complementaryto syntactic and semantic pro cessing of complex q ueries in a vertical do ma in. The method ologyof b uilding the set of d efau lt rules is develo ped, capable o f add ing the essential entities or eliminating mislead ing ones to the rep resentation of inpu t qu ery.

Implementation of o perational semantics for d efau lt reaso ning is su gges ted to transfo rm the q ueryrepresentatio n bymeans o f co nflicting defau lt ru les. T echniq ue of the keyword - based qu estion answering is d evelop ed , where defau lt ru les link the set of po tential qu eries with the initiallycod ed canonical ones. The task of au to matic anno tation is then po sed as b uilding the set o f keywo rds semantic head ers and the set of cano nical semantic headers for an answer.

1 Intro duction

Althou gh recent years have seen an explosio n in the qu estion - answering (Q/A) technolo gy, there is sti ll lack of systems, satisfactorilyp roviding answers in the d omains, which are bo th logicallyco mp lex and po orlystructu red . Designers o f everyQ/A system find the compro mise b etween the fu ll - featured NLP system, o riented for co mp lex do mains, and the shall ow processing, leveraging performance and au tomation issu es.

In spite of the high nu mb er of co mmercial Q/A systems, functioning in the wide spectrum of do mains, it is still u nclear what NLP comp onent is essential to achieve a satisfacto ryanswer accurac y, high performance and efficient d omain p reparation. Let us enu merate the potential compo nents o f an ab stract Q/A system, keeping in mind that a particu lar implementation is b ased onlyon some of these co mp onents:

1) Mo rpholo gical and syntactic analysis.

2) Sem antic analysis, obtaining the most p recise q ueryrep resentation.

3) Pragmatic analysis, transfo rming qu eryrep resentatio n in accordance to the answer knowled ge base.

4) Answer knowled ge base.

5) Information extraction.

6) Information retrieval.

The third co mp onent , p ragmatic analysis, is usuallyattracts the least attention.

Traditionally, it is d esigned to co mp ensate p rob ab le failures or misu nd erstand ings o f the syntactic and semantic compo nents. Pragmatic co mp onent is usu allyb ased o n heu ristic rules rather than on a solid linguistic o r knowled ge engineering b ackgrou nd and implements verificatio n of compatib ilitybetween the formal rep resentatio n o f a qu ery and the knowled ge b ase. Therefore, p ragmatic analysis filters ou t the hyp otheses of syntactic and semantic t ranslatio n o f inpu t qu ery, inco nsistent with do main representation. This app roach is especiallyviab le u nd er the fully - formalized do mains

(Galitsky, 199 9).

In this p aper a technique is pro posed that allo ws d evelop ers o f Q/A systems to use do main - specifi c pragmatic information. The aim is not to make semantic representatio ns more p recise, bu t to make the given representatio n fit better to the do main. This is achieved byap plicatio n of the Default Lo gic machinery. Defau lt ru les can naturally app ear in the do main rep resentation itself. Note that the u se of d efault rules for the transfo rmatio n o f translation formula is ind ep endent on the d egree of kno wled ge formalization: it helps from fu llyto p oo rlyfo rmalized d omains. Ho wever, one need s to distinguish the default rules for q uerytransformatio n and for d omain representatio n: the former are linked to NL, and the latter are supp osed to b e language - independ ent. Tho ugh the d efau lts reaso ning techniq ue is app licab le to the varietyo f semantic analysis app roaches , the particu lar set of d efau lt ru les is do main - specific.

Default reaso ning seems to be well suited to rep resent the semantic ru les, which pro cess the ambiguo us terms. In a ho rizo ntal domain, a term mayhave a set of meanings such that each o f them i s important and need s a sep arate consideration. Fo r a narro w do main, an amb iguou s term usu allyhas o ne common meaning and o ne infrequ ent meaning that still has to b e fo rmallyrep resented . The system mayassume the d efau lt meaning o f this term unless it is inconsistent to do so. This inconsistencymaybe determined b ased on the occurrence o f some wo rds in a sentence, o r some terms in the translatio n formula. We refer the read er to (Hirst 198 8, Creary& Po llard 1 98 5 ) fo r the discu ssions of d isamb igu ation p rob lem.

In ou r paper we use sem antic head ers, as d escribed in ( Galitsky, 200 0 ) fo r qu eryand do main rep resentation. The pro posed techniqu e, thou gh, is rep resentation - independ ent and can b e co mb ined with anyapp roach to semantic analysis, achieving certain level o f formalization (So nd heimer et al 19 84 , van Eijck & Mo ore 19 92 , Romacker et al 1 99 9 ,

Ciravegna &Lavelli 19 99 ).

2 Semantic H eaders machinery

The techniqu e o f semantic head ers is intended to resolve the pro blem of converting an abstract textu al docu ment into a fo rm, ap pro priate for answering a questio n . There are two o pp osite ap pro aches to this prob lem. T he first one assu mes that complete formal representation of anytextual d ocument is p ossib le, and the second o ne assu mes t hat the textual information is too tightlylinked to NL and it canno t be satisfacto rilyrepresented withou t it.

The SH techniq ue is an intermediate one in respect to the d egree of knowledge formalization. Onlythe data, which can b e exp licitlymentioned in a po tential q uery, occurs in semantic headers. The rest of the information, which wo uld be unlikely to occur in a qu estion bu t can po tentiallyform the relevant answer, d oes not have to be formalized.

SH techniqu e is based on logical p rogramming, taking a dvantage of its co nvenient handling o f semantic ru les on o ne hand , and explicit imp lementation o f the d omain commo n - sense reasoning on the other hand . The declarative natu re o f co ding semantic rules, do main knowled ge and generalized po tential qu eries intro du ces logical pro gramming as a reasonable too l (Tarau et.al.1 999 , Dahl 1 99 9). At the same time, the machineryo f text anno tatio n bythe set o f keywo rds has b een p roven to leverage the machine learning techniq ue. Instead of using ju st the keywo rds as semant ic means to represent the meaning o f a sho rt textu al d ocument (answer), we either u se the lo gical formu la where the keywords serve as atoms (Section 3 and 4) o r ap plythe pragmatic pro ces sing to keyword SHs (Sectio n 5 ) . T herefo re, SH techniq ue is so me way o f merging po tential results of statistical ap proach to Q/A with the lo gical programming wayof matching the fo rmal rep resentation of a q uerywith the formal representatio n of an answer (semantic head er o f this answer). What we call ^statistical~ here is indeed the intuition o f a kno wledge engineer who has manuallyloo ked thro ugh a manifold of answers to annotate a given one. In legal and financial do mains, where the semantics of conversational language can onlybe amb iguou slymap ped into the semantics of the legal language, u sing just the statistical annotatio n bykeyword d oes not lead to satisfactory results (Galitsky, 20 01 ).

Und er the SH techniq ue, the d omain co ding starts with the set o f answers (the content). As an examp le, we consider an answer fro m t he tax do main:

^ Th e timing of yo ur d ivo rce cou ld h ave a sig nifica nt effect o n th e amou nt of fed e ral in co me tax you will pay th is year. If both sp ou ses earn ab ou t th e same amo unt of money, getting a divo rce before the year en ds will sa ve taxes b y elimina ting the ma rria ge pen alty. Ho wever, if on e sp ou se ea rn s a significan t amo unt more th an the o ther, w aiting un til Ja nua ry will sa ve ta xes by ta king adva nta ge of the married filin g jo intly sta tu s for on e last year .~

What is this paragraph abo ut? It exp lains how the time of divorce can affect someone´s tax liab ilityand describes po ssible tax saving strat egies fo r p eo ple with different inco me and filing status. Rather than chang ing the paragraph in ord er to adju st it to the po tential q uestio ns answered within it, we co nsid er all the po ssible qu estions this paragraph can serve as an an swer to. Building the semantic head ers ofa textual docu ment is based on the p osing of a qu eryu nd erstand ing p roblem as the reco gnitio n o f the best pattern (docu ment, answer). For example, if there is a q uestion such that the p aragrap h abo ve is a more ap pr op riate answer than anyo ther paragraph from the who le domain, then the paragrap h ab ove shou ld serve as an answer or at least a part o f an answer to this qu estion.

Evidently, knowledge o f the semantic mod el o f the whole do main is requ ired to bu ild the set o f semantic head ers for a given paragraph. This p aragraph serves an answer to the fo llo wing kind of questio ns

Wh at are th e tax issues of divo rce?

Howca n timing yo ur d ivorce sa ve a lo t o f federal inc ome ta x?

I a m recently d ivorced ; ho wsho uld I file so I d o n ot ha ve a net ta x lia bility?

Can I a vo id a ma rriage p en alty?

Howto take a dvan tag e of the ma rried filing jointly sta tu s when I a m getting divo rced?

Below is the list of semantic head ers fo r the a nswer abo ve.

divo rce ( ta x(_ ,_, _) ,_ ): - divo rceTa x.

divo rce ( ta x(_ ,_, _), time ): - divo rceTa x .

divo rce ( ta x(file(_),lia bility,_), _ ): - divo rceTa x .

pen alty(marria ge,_): - d ivorceTa x .

divo rce ( file(jo int),_) : - divo rceTa x .

Then the call to divo rceTa x willadd the paragrap h ab ove to the current answer , which mayconsist fro m the multiple pre - prep ared ones.

A generic set o f semantic headers for an entity e and its attribu tes a 1 , a 2 , � lo oks like the following:

e(A): - var(A), cla rify([a 1 , a 2 , � ]) . If the attribute o f e is unkn own, clarification p roced ure is initiated , suggesting choo sing an attrib ute fro m the list.

e(A): - no nvar(A), A = a 1 , an swer(# ). The attribu te is determined and the system o utp uts the answer, associated with the entityand its attrib ute ( # is the answer i d).

e(e 1 (A)): - no nvar(A), A= a 1 , e 1 (A).

e(e 1 (A),e 2 ): - no nvar(A), A

¹ a 1 , e 2 (_). Depend ing on the existence and valu es o f

attrib utes, an embed ded exp ression is redu ced to its innermo st entitythat calls ano ther

SH.

e(A,# ). This semantic headers serves as a constraints for the rep resentation of a co mp lex

qu ery e 1 (A,# ), e 2 (B,# ) to deliver just an an swer(# ) instead of all pairs fo r e 1 and e 2 . It

works in the situatio n where e 1 and e 2 canno t b e mu tuallysu bstitu ted into each other.

This temp late o f semantic h ead ers serves as a criteria for completeness, consistencyand

coverage o f the po ssib le spectrum o f meanings bya formalized entity. These

We conclu de the section bythe final definitio n what semantic headers are. Semantic

headers of an answer are the forma l generalized representatio ns of p otential questio ns.

These rep resentations are b uilt, taking into acco unt the set o f other semanticallyclose

answers and relevant semanticallyclo se q uestio ns. Therefo re, semantic analysis u nd er the

SH techniq ue co nsists i n the fo rmal representatio n o f a questio n and relating it to a fixed

set of answers.

3 B asics of D efault Reasoning

3. 1 Default Rules

An abstract d efau lt logic (as pro po sed b yReiter 19 80) d istinguishes b etween two

kind s of kno wled ge, u sual p red icate lo gic fo rmu lae (axioms, facts) and ^rules o f thumb~

(defaults). Default theo ryinclud es a set o f facts, which represent certain, bu t u sually

inco mplete, information ab ou t the world (qu ery, in ou r case); and a set of defaults that

cau se plausib le bu t not ne cessarilytru e co nclu sions (becau se, for example, o f ambiguity).

So me o f these co nclu sions have to be revised when add itio nal co ntext informatio n

becomes available. Co nsid er the traditional examp le qu oted in the literature o n

nonmo notonic reasoning:

bird(X): ( ) .

fly(X) fly X

One read s it as ^if X is a b ird and it is co nsistent to assume that X flies , then conclud e

that X flies~. As a matching rule d efault, it reads as fo llo ws. ^If the q ueryis ab ou t the

bird, and it is co nsistent to assume that there can b e a wo rd in this querywith the

meaning of flyin g, then conclude that the q ueryis ab ou t flying~. If nothing contradicto ry

can be d erived fro m the o ther word s of the q uery, it is natural to assume that this q ueryis

abo ut flying of a b ird.

As a trad i tio nal default, we o btain the assumption ^Usually(typ ically) b irds flỹ .

Given the info rmation that ^Tweetyis a bird~ (in accord ance with the histo ryof

nonmo notonic reaso ning), we mayco nclu de that he flies. But if we learn later that he

canno t fly, for example, because he is a penguin, then the d efault becomes inap plicable.

Nonmo no tonic reasoning techniqu e helps us to pro vid e the pro per qu estion -

answering in this situatio n. Imagine that we have a set of d ocuments answering q uestio ns

abo ut b irds. Let us imagine there is a general answer, which p resents info rmatio n that

bird s fly , and contains the common remarks. Besid es, there is also a sp ecific answer,

stating that th ere is a bird Tweety, who is a p en gu in, lives a t th e S ou th Pole, swims, b ut

do es no t fl y .

If there is no pro cessing o f the translation formula, then the exp licit restrictio n for the

semantic rep resentation will lo ok like the fo llowing. The p ossible questio ns are Do b irds

fly? , Tell me a bo ut b irds, Wh ich a nimals fly?, Do seag ulls fly?, Wha t do you kno wab ou t

eag le birds? , Is Tweety a b ird? , Does Tweety fly?, Is Tweety a pen guin? ; theywill cause

the same answer that b irds fly, unless we mentio n the bird Tweety .

bird (X), not(X=Tweety)

:

�UHVSRQG�ELUGV�IO\� fly(X), not(X=Tweety) : �UHVSRQG�ELU ds fly).

bird (Tweety) :

�UHVSRQG�WKHUH�LV�D�ELUG�7ZHHW\�ZKLFK�LV�D�SHQJXLQ�OLYHV�DW�WKH�6RXWK�

Po le, swims, b ut d oes n ot fly).

fly(Tweety) : �UHVSRQG�WKHUH�LV�D�ELUG�7ZHHW\�ZKLFK�LV�D�SHQJXLQ�OLYHV�DW�WKH�6RXWK�

Po le, swims, b ut d oes n ot fly).

6

The p rob lem with this ap proach is that it requires explicit enumeration of co nstraints in

knowled ge b ase. Each excep tio nal object has to be enumerated in the rep resentation,

which inclu des the pro perties o f no rmal o bjects. When d efau lt rules come into p layto

mod i fythe translatio n, this complicatio n is avo ided. T he first answer d oes not have to

contain explicit co nstraints that X is n ot Tweety o r some other o bject; it will be reached if

it is consistent to assu me that fly(X) . T he latter is verified u sing the defau lt rule abo ve and

the clau se that Tweety do es n ot fly .

Here is a formal definitio n o f d efault rule, as prop osed in (Antoniou , 1 99 7).

Ma in Definitio n. A default

/ has the form 1 : , .., , n j y y d c = where

1 , , .., , n j y y c are closed p red icate fo rmu lae and 0 n >. The formula

3 is called prerequ isite, 1 , .., n y y the

$

�WKH�FRQVHTXHQW�RI�

/

�SUH� /

�MXVW� / �DQG�FRQV� /

�FRUUHVSRQGLQJO\�$� default 1 : , .., n j y y d c = is app licabl e to a d ed uctivelyclo sed set of fo rmu lae E iff EjÎ and 1 , .., . n E E y y Ø Ï Ø Ï

3. 2 Ex amples of default rules

Defau lts can b e u sed to mo del situ ations in vario us do mains. Belo w there are several examples, p ropo sed b yAntonio u.

1) Legal reaso ning and justice accused(X): innocent(X) .

innocent(X)

This rule mo dels the presumptio n of innocence p rincip le: if there is no evidence to the contrary, we assume the accu sed to be inno cent.

2) Databases and Logic Pro gramming true: not(X) .

not(X)

This rule is the ^Clo sed Wo rld Assump tion~. Acco rding to it, a grou nd fact is taken to be false if it d oesn´t fo llo w fro m the axioms o r cannot b e fo und in the database. For example, if there is no 1 3. 13 train in the schedu le, than there is no such train in real world also.

3) Every - daylife go_to_work(X): use_bus(X) .

use_bus(X)

This rule d escribes usu al mo rning behavior: if no thing co ntradicts to it, peop le go to the wo rk b ybus. Following su ch rule o f thumb, I shou ld go to the bu s station and , most pro babl y, take a b us. Bu t it can turn ou t that drivers are on a strike, I am late o r I want to go on foo t, b ecause the weather is fine. In that cases I definitelyknow that I cannot (or do n´t want to ) use the bu s and the rule beco mes inapp licab le.

Let u s no w ima gine that I fo llow classical lo gic ru le go_to_wo rk(X)&no t(strike)&no t(late(X))&not(fine_weather)&�

:

XVHBEXV�;�

7

In this case I have to list all the possib le ob stacles: strike, hu rry, fine_wea ther, and so on. Then I have to ob tain a lo t of info rmatio n to estab lish whether all the p reco nd itio ns ar e true. Therefore finallyI arrive at wo rk at afterno on.

3. 3 Operatio nal Sema ntics

In this Section, info rmal description o f o perational semantics fo r defau lt reaso ning is pro po sed . Formal definitio ns, theo rems and p roo fs can b e fou nd , fo r example, in

(A ntoniou , 1 997 ).

The main goal of app lying defau lt ru les is to make all the p ossible conclusio ns from the given set o f fact. If we ap plyo nlyo ne d efault, we can simplyad d its co nsequ ent to o ur knowled ge base. The situatio n becomes more co mp licated, if we have a set of defaults, becau se, fo r examp le, the ru les can have conseq uents, co ntradicting each o ther or a conseq uent o f one ru le can contradict to a justificatio n o f another one. In ord er to pro vide accu rate solu tio n we have to introd uce the no tio n of e xtensio ns ˙ cu rrent knowled ge bases, satisfying some specific cond itio ns.

Su pp ose D is a set of d efau lts and W - a set of facts (o ur initial knowled ge base).

/HW�

û �EH�DQ�RUGHUHG�VXEVHW�RI� D witho ut multiple occurrences (it is u seless to app ly default twice, becau se it wou ld ad d no info rmation). Denote

,Q�

�ZH�FDQ�GHWHUPLQH�ZKHWKHU�LW¶V�VXFFHVVIXO�DQG�FORVHG�$�SURFHVV� û � is called su ccessfu l iff ( ) ( ) .

In Out D Ç D = Æ �$�SURFHVV� û �LV�FDOOHG�FORVHG�LI� û �DOUHDG\� contains all the d efaults from D, ap plicable to ,Q� û �

Now we ca n define extensions. A set o f formu lae E WÉ is an extension iff there is

VRPH�SURFHVV� û �VR�WKDW

1) û �LV�VXFFHVVIXO�

2) û �LV�FORVHG�

3)

( ,Q� û �

Let u s co nsid er an example.Supp ose W is emptyand D is the set of

1

: ( _ ( )) : , ( _ ( )) true not tax fraud X

not tax fraud X d 2

: _ ( ) : . ( _ , ) true tax fraud X

check tax police X d

These ru les d escrib e a situatio n, when p eople are normallyno t assumed to commit tax

fraud s, bu t if it´s consistent to suspect someone in a tax fraud , than tax po lice loo ks more

thoro ughlyat his bills.

After we have ap plied the first rule, we extend ou r kno wledge base b y

no t(ta x_ frau d(X)) :

1

1

({ }) { ( _ ( ))},

({ }) { _ ( )}.

In not tax fraud X

Out tax fraud X d

d

=

=

The seco nd ru le is not app licab le to 1 ({ }).

Ind Therefore a p rocess 1 { } d D = is

closed. It is also successful, so 1 ({ }) { ( _ ( ))}

In not tax fraud X d = is an extension.

Su pp ose no w that we app ly 2 d first:

2

2

({ }) { ( _ , ))},

({ }) { ( _ ( ))}.

In check tax police X

Out not tax fraud X d

d

=

=

The ru le 1 d is still applicab le no w, so 2 { } d pro cess is not clo sed . Let u s ap ply 1 d to

2 ({ }) :

Ind

2 1

2 1

({ , }) { ( _ , )), ( _ ( ))},

({ , }) { ( _ ( )), _ ( )}.

In check tax police X not tax fraud X

Out not tax fraud X tax fraud X d d

d d

=

=

Now ,

In Out

Ç ¹ Æ so 2 1 { , } d d is not su ccessful and { ( _ , )), check tax police X

( _ ( ))} not tax fraud X is no t an extensio n. T his comes in accord ance with ou r intu itive

exp ectatio ns, b ecause if we accep t { ( _ , )), check tax police X ( _ ( ))} not tax fraud X to be

a possib le knowledge b ase, we assu me that tax po lice checks thoro ughlytax b ills o f all

the peop le, no t the suspicious o nes.

The next example shows that there can be multiple extensio ns fo r one set of facts and

default rules.

1

_ ( ) : _ ( ) : , _ ( ) dangerous job X insure life X

insure life X d

2

( ) : ( _ ( )) : . ( _ ( )) young X not insure life X

not insure life X d

These rules explain that p eo ple having dangerous jo b u su allyinsu re their lives and

you ng p eop le no rmallyd o not. Su pp ose no w that we want to co nclud e something ab ou t a

you ng man who has a d angerou s jo b: W={d an gerous_ job (X), yo un g(X)}. After the

app lication of each default, the o ther one becomes inapp licab le. So , b oth 1 { } d and 2 { } d

are closed and successfu l p rocesses. Thu s, bo th {da ng ero us_jo b(X ), you ng (X),

in su re_ life(X)} and {da ng ero us_jo b(X ), yo un g(X), no t(insu re_ life(X))} are extensio ns.

4 P ragmatic analysis with the help o f default rules

Su pp ose S is a semantic representatio n o f a qu ery. Ou r intentio n is to transform S to @S -

ano ther well - formed semantic representation, which fits ou r narro w domain better. To d o

this the follo wing algorithm is pro po sed : u sing a set of facts like X is used in S o r no t(X is

used in S ) as an initial kno wled ge base, we can app lydefault rules (created manuallyb y

knowled ge engineers) to ob tain all the p ossible extensio ns. T hese extensio ns contain facts

abo ut elements o f @S (as well as initial statements). After do ing that we can u se the

extensions to b uild u p the @S rep resentation. Note that S is indeed the most accu rate and

precise representatio n o f the qu erymeaning, taken separately. However, S need s to be

transfo rmed to match the d omain b etter. This transformation is intend ed to eliminate the

least impo rtant entities no t to interfere with the mo st impo rtant o nes, as well as to add the

implicitlyassu med elements.

There are two p ossible ways to use default systems to mo difysemantic rep resentations:

· App lication o f defau lts in the fixed o rder. It can be u sed when there are no

conflicts in the co nsequ ents of the d efau lt ru les.

· Building extensio ns fo r conflicting d efau lts. We emp lo ythe op erational semantics

of d efau lt lo gic in more co mp lex situ ation, fo r example, wh en we have multiple

amb iguou s terms in a q uery(Fig.1).

F ig 1. Processing a question as a set of facts in the default theory. For a given domain, default system

includes the fixed set of default rules D, determiningthe mean ing of the terms, and the set of facts about

the word occurrence, specific toeach query. Multiple processes are constructed in real time. If the process

is successful and closed, it is associated with an answer via @S . Modified representations are formed by

the obtained extensions of the default theory.

4. 1 Trivial default rules

If we do n´t want to mod ifyinitial rep resentation at all (S=@S), we can ap ply

trivial d efaults to each element o f S:

X is used in S: X is used in @S .

X is used in @S

All the facts in our kno wl edge b ase are ab out the element occu rrence: it is either used

in the representatio n or not. In o ur ru les we can write X instead of X is used in S and @X

instead of X is u sed in @S , not cau sing anyco nfu sion. So metimes we will speak abou t

entities X and Y c onnected semanticallyor syntactically. In that case we wo uld write

X(Y) , which means that X is used in S , Y is u sed in S and X an d Y a re con nected by

sema ntic o r synta ctic link . In this fo rm trivial rules lo ok like

X: @X .

@X

We can u se these d efau lts no t onlywhen we want to have S unmo dified . In fact, we

sho uld app lytrivial rules to everyrep resentatio n. Elements that are not affected by

nontrivial defaults are simp lymoved from S to @S. As far as other elements are

concerned , trivi al and nontrivial ru les can interact with each o ther, leading to sp ecific

extensions.

4. 2 No ntrivia l defa ult rules.

4. 2.1 Processing ambiguous terms

Ambiguo us elements co rresp ond to mu ltip le default rules. Co nsid er an examp le from an

insurance do main.

Facts: S ˙

qu ery

representation

Defau lt ru les, estab lishing the

meanings of wo rds b ased on the

other word s and other meanings

Su ccessful &

closed

pro cess:

answer 1

Su ccessful &

closed

pro cess:

answer 2

Either

unsuccessfu l o r

non - closed

pro cess:

No extensio n

Default

theory

T he wo rd compa ny is amb iguou s: it can refer either to in su ran ce co mpan y or to

compa ny wh ere th e cu stomer works . In d efault fo rm it lo oks like

/

� company(): @insurance_company()&not(@pla ce_of_work()) ,

@insurance_company()

0 :

company(): not(@insurance_company())&@pl ace_of_work() .

@place_of_work()

If we have no other co ncepts in the q ueryt hat can help u s to make a decision on what

compa ny is meant, b oth ru les ( / � and

0 ) can lead to an extensio n. As a resu lt, we have two representations @S d and @S e and two co rresp onding answers.

But if the qu eryco ntains some words, inco mp atible with o ne o f the meanings pro po sed , then o ne o f the ru les do es not lead to an extension. Fo r example, if the q ueryis abo ut companies´ rating ( Wh at is the best co mpan y? ), than it is rather abo ut in su ran ce_co mp an y than abou t place_ of_ work . M ind , that this rule o f thu mb hold s fo r narro w d omain on insu rance. If a p erso n lo oks fo r a jo b - related do main, the decision sho uld be the op posite one. And in everything - abo ut - the - world d omain we canno t create such rules at all. As a d efau lt , it lo oks like the fo llo wing:

. :

company(rating): @insurance_company() .

@insurance_company(rating)

Conseq uent of . co ntradicts to a ju stification o f 0 . That is whythere can be no

extension, created b ymeans of 0 : 0 is inapp licab le after . , . is still app licable after 0 , b ut

it m akes the process unsu ccessful.

Let us now co nsid er mo re co mp licated examp le fro m the Ind ividu al Tax d omain. In the

table b elow some qu estions co ncerning rent are listed. Theyrefer either to situ ation when

someone rents o ut a p rop erty(rent1 ), o r to sit uation when someone rents a p rop ertyfo r

bu siness (rent2). In reality, the first o ne is mo re frequ ent, b ecause rentin g fo r b usin ess

has no effect on ind ividu al taxes. Nevertheless, bo th situatio ns mayapp ear in a qu estion,

so we need to prop ose the pro per disambiguation here.

Questions about a person whorents out

his/her property (la ndlord) a nd ma y ha v e

the ma intenance expenses

Questions a bout a person who rents a

property to conduct his/her business (renter)

a nd ma y consider it as a business expense.

Ho w to deduct rental expense?

How to deduct rental exp enses from mytaxes?

Can I includemyrent exp ensein the itemized deduction?

How to deduct rental exp enses from myrent

income?

How todeduct rent exp ense from mybusiness

income?

How muchtaxes shou ld I p ayon myrental

income?

How to calculate myexpenses ofrentinga

p rop ertyfor myb usiness?

Myb usiness is torent out myproperty. How

about taxes?

IfI need to rent a propertyfromthe p roperty

management business, what are the tax issues?

How mu ch tax do I p aywhenI rent out my

p rop erty?

How to deduct rental exp enses fromthe income

ofmyb usiness?

How can I deduct what I p aidfor repair from

the income ofmyrental business

Ifmybusiness is to rent out myprop erty, how

canI deduct the rep a ir exp enses?

How to deduct rent from mysalary?

We pro po se the set of d efaults to analyze the concep t rent . The following d efau lts lead to

two extensio ns, when no sp ecific wo rds are used in the qu ery.

1

: @ 1, (@ 2) : , @ 1 rent rent not rent

rent a 2

: @ 2, (@ 1) : . @ 2 rent rent not rent

rent a

The seco nd group consists of rules that blo ck 2 a d efau lt. Theyare u sed when a

qu eryco ntains some co ncepts, helping us to conclude, that it is actuallyab out renting ou t a

pro perty:

1

, _ : @ 1 : , @ 1(_ ) rent out rent

rent out d 2

( ) : @ 1 : , @ ( 1) income rent rent

income rent d

3

( ) : @ 1 : , @ ( 1) repair rent rent

repair rent d 4

( ) : @ 1 : . @ ( 1) business rent rent

business rent d

The third group consists of rules that blo ck 1 a d efau lt. Theyare u sed when a query

contains so me concepts, help ing us to conclud e, that it is actually abo ut renting so mething

for bu siness:

1

, : @ 2 : , @ 2 salary rent rent

rent e 2

, ( ), : @ 2 : . @ 2 rent business X X rent rent

rent e ¹

Note that some ru les 2 2 4

( , , ) e d d u se informatio n not o nlyabo ut wo rds in a qu ery,

bu t also ab ou t their semantic and syntactic connections.

B elow we d escribe how so me q ueries can be analyzed with the help o f p ropo sed ru les.

1) Howto d educt rental expense?

The initial representatio n for this queryis dedu ct(expense(rent())). Only 1 a and 2 a

defa ults are ap plicable to it:

In({ 1 a} ) ={d educt, expense,rent, @rent1 },

In({ 2 a} ) ={d educt, expense,rent, @rent2 }.

After the ap plicatio n o f 1 a, the 2 a rule b eco m es inapp licable and vice versa. So, bo th

{ dedu ct, expense,rent, @rent1 } and {d ed uct,exp ense,rent,@rent2} are extensions.

Therefore, the system will give two answers to the qu estion Howto dedu ct ren ta l

exp en se? .

2) Howto d educt my renta l expenses from my r enta l in co me?

The initial rep resentation for this q ueryis d ed uct(exp ense(rent()),inco me(rent())). T he

rules 1 a, 2 a, and 2 d are app licab le to it. The onlysu ccessful and clo sed p rocesses are

1 2 { , } a d and 2 1 { , } d a . Theylead to the extensio n {d ed uct, exp ense, rent, income(rent),

@income(rent1)} . Co nsid er a p rocess tree fo r this qu ery(Fig. 2 ) .

So , if the qu erycontains no information that can he lp us to make d isamb iguation,

default rules lead to multiple extensions, co rresp onding to mu ltip le meanings o f

amb iguou s elements. If the q ueryco ntains some specific co ncepts, o ur ru les lead to single

extension and the system p ropo ses a single answer. We believe that the o ptimal solutio n

for Question - Answering system is to p rovide multiple answers in case o f multiple

extensions (i.e. in case there are no word s indicating p articu lar meaning).

F i g.2 P rocess tree for ^ How to deduct my rental expenses from my rental income?~

4. 2.2 Adding new info rmatio n

Defau lt ru les can help us to add new elements to semantic representatio n, using the

basics of commo nsense knowledge. Freq uently, it is necessary to insert an entitywhich

links the sp ecific attrib ute with the more general co ncept, which o ccurs in a query. Fo r

example, if the q ueryco ntains wo rd schoo l , it is likelyto b e ab out ed ucation. So Can I

ded uct my sch oo l expenses? sho uld be interpreted as

ded uct(expense(edu catio n(scho ol()))). We pro po se the following defau lt ru le:

school(): @education() .

@education(school())

This ru le sho uld b e accompanied b ythe clau se, presenting situ ations of ju stification

inco nsistency. If we have a q uery Can I dedu ct my do na tio n to a ca tho lic sch ool?, it is

rather abou t a d onation than ab ou t ed ucation. The fo llo wing clau se pro vides the pro per

solutio n:

1 a

1 a

2 a 2 d

2 d 2 d

In={d ed uct,expense,rent,income(rent)}

Out= Ø

In={d ed uct,expense,

rent,inco me(rent),

@rent 1}

Out= {not(@rent1),

@rent2 }

In={d ed uct,expense,

rent,inco me(rent),

@rent2 }

Out= {not(@rent2),

@rent1 }

In={d ed uct,expense,

rent,inco me(rent),

@income(rent1)}

Out= {not(@rent1)}

In={d ed uct,expense,

rent,income(rent),

@rent1 ,

@inco me(rent1 )}

Out= {not(@rent1),

@rent2}

In={d ed uct,expense,

rent,income(rent),

@rent1 ,

@inco me(rent1 )}

Out= {not(@rent1),

@rent2 }

In={d ed uct,expense,

rent,inco me(rent),

@rent2,

@income(rent1)}

Out= {not(@rent2),

@re nt1,

no t(@rent1 )}

Su ccessful & Closed Su ccessful & Closed

Unsu ccessful

@edu ca tio n : - d ed uct(Attribute), not( Attrib ute =expense).

This rule exp resses the fact that if there are attribu tes o f ded uct in a qu ery, then the qu ery

is likelyab ou t these attrib utes ( do na tio n, con structio n, mo ving , etc.). If Attrib ute is rather

general ( exp en se ), then the clause fails and ju stification stays co nsistent.

Let u s consider ano ther example, when we add an entity( do na tio n ) to the qu ery

representation to link the specific wo rd ( chu rch ) to a general co ncep t ( ded uct ): Can I

ded uct wh at I gave to church? . We have the similar default rule.

() : @ () .

@ ( ) church donation

donation church

Fu rthermore, what would hap pen if we have mo re than o ne specific wo rds, p otentially

connected with the general co ncept, as in a q uery Can I dedu ct my chu rch schoo l

exp en ses? Occurrence of multiple attrib utes mayrequ ire analysis o f co nflicting d efau lts

(op erational semantics). If the justificatio n fai lu re clau se for @d on atio n is similar to

pro po sed ab ove, we have two extensions for this qu ery - { �, @d onation} and

{ �,@edu catio n} . But if we co nsid er edu ca tion to b e more general than do na tio n , the

ju stification failu re clau se looks like

@d on atio n: - ded uct (Attribute),n ot(Attribu te=expen se),n ot(A ttribu te=ed ucation),

and the o nlyp ossib le extensio n is {�, @do na tion }.

Default techniqu e ind eed b rings in the significant advantages in the p rocessing of poo rly

structu red (NL) knowled ge rep resentation. If we d o not want to use default techniq ue for

ou r schoo l example, then either we are no t able to su bstitu te schoo l() in the formula at all,

or we have to use ded uct(exp en se(scho ol())) rep resentation. In the first case we lose

impo rtant informatio n and ob tain a w rong answer. In the second case we have to pro vide

the p ossibilityto su bstitu te un iversity, colleg e, institute , and other terms in exp en se() as

well. As a result, do main b ecomes less structured and querypro cessing loses efficiency.

As we have seen, d e fault rules can help u s to imp rove d omain hierarchy. It affects not

onlythe performance b ut also the qu alityof q uerypro cessing. Let us imagine that we have

no informatio n abo ut schoo l expenses . Instead , we kno w ho w to treat edu ca tion al

exp en ses in gener al. If the system canno t co nnect schoo l with edu ca tion , u sers get wrong

answers becau se the formula ded uct(exp en se(scho ol())) is interp reted literary.

4. 2.3 Elimina ting pa rts o f semantic representatio n

Semantic representatio n can co ntain more o r less s pecific entities. The most

general p arts can lead to vague answers. Fo r examp le, the qu ery Howto file time exten sion

fo r my tax return? has a rep resentation ta x(return )&extensio n(file). It lead s to two

answers: ab ou t ta x return s in general and ab ou t exten sion of time for filing . It´s o bviou s

that the first part is su perflu ous and mu st b e eliminated . In fact, in tax do main we can

interpret exten sion onlyas extensio n o f time to file, and not, for example, as extension of

compu ter file. Therefo re, ta x(return ) can b e deleted from the formula withou t loss o f

information. We first present the naïve stand - alone rule

extensio n(time): tax

-----------------------

@extensio n()

This rule can b e read as follows: if a q uerymentions exten sion of time and i t is co nsistent

to assu me that it is ab ou t ta x , then the qu eryis ind eed onlyab ou t exten sion . Altho ugh this

rule follows ou r intuition better, it is not app ro priate for interactio n with other ru les,

becau se it do es no t actu allyeliminate ta x fro m the curr ent knowledge b ase. Therefore, we

suggest the following ru le instead :

/ :

extension(): not(@tax()) .

not(@tax())

It is read as follo ws: if a q ueryco ntains exten sion , then ta x sho uld b e eliminated .

Mind, that eliminatio n o f sup erfluo us elements is connected wi th the

disambiguation p rob lem. If we have no id ea abou t the topic o f the q uery, b oth meaning

(filing time extension and co mputer file extension) are pro bable, so we need ad ditional

information to ap plyo ur analysis to . However, if we p rovide the qu estion - a nswering fo r a

narro w d omain, o nlyone meaning is exp ected and the other is exceptional. That´s why

this add itio nal informatio n b ecomes sup erfluou s.

To co mment o n the rule / , we present the simp lified defau lt ^withou t exten sion ~,

which wou ld mean that we can always eliminate ta x from a q uery.

: (@ ) .

(@ ) not tax

not tax

^

However, this rule wo uld misinterpret the qu eries Wh at is tax? , Can I ded uct the

ta x I pa id last year? and others.

Depend ing on the o rder in which ru les of eliminating sup erfluou s parts and trivial

rules are used, we can ob tain several extensio ns containing mo re ore less elements of the

initial stru ctu re, becau se these two types of d efau lts make each other inap plicab le. If we

begin with trivial rules, the representatio n remains unmo dified . Otherwise, some entities

are eliminated. T he o rder, in which defaults are app lied, can be chosen b yknowled ge

engineers depending o n the task sp ecifics.

4. 2.4 Nontrivia l rules a nd domain classificatio n g ra ph

Domain stru ctu re can be represented as an o riented grap h with no des co rresp onding to

concepts and edges sho wing their interd ep endences (p ossib le sub stitu tio n ord er). This

grap h shou ld ad visablyb e close to a tree and , in anycase, co ntain no o riented cycles.

Semantic representation is mapp ed to a sub graph and d efau lts can b e defined as

op erations o n this su bgrap h. Ru les, intro du ced in 4. 2.1 ˘ 4.2 .3 are describ ed belo w in

terms o f graphs. Word s p rinted in ro man and solid edges sho w the co ncepts (and their

interdepend ences), which b elong to q ueryrep resentatio n su bgrap h. Word s printed in italic

and dotted ed ges sho w the co ncepts, which do no t belo ng to this sub graph (bu t still are

parts o f do main classification graph) .

1) Making disambiguatio n

These rules are ap plicab le, when qu eryrepresentation co ntains ambiguo us word

and therefore corresponds to a sub graph with a nod e co nnected with manyothers.

It lo oks as if two or more no des were merged . When we app lydefau lts, we split

those no des in two or more and then tryto b uild up new representations for each

node separately. Consider an examp le for Wh at is th e b est compa ny? .

The term place_ of_ work was eliminated, becau se it´s not co nnected with the rest o f

the query, while t he alternative term ( in su ran ce_co mp an y ) is linked to rating .

F ig. 3. Transformation of queryrepresentation subgraph for What is the best company?

2) Add ing new info rmatio n.

These rules are ap plicable to queries, corresponding to disconnec ted sub graphs.

Theyconsist in add ing an intermediate no de and acco mpanying edges to make a

sub graph co nnected . The read er mayconsider an example fo r Howto dedu ct my

schoo l expenses?.

3) Eliminating su perfluo us p arts.

These rules are also app licab le to disc onnected su bgrap hs. Theyco nsist in

eliminating p arts, p laced o n high level in the domain hierarchy, if all the other

elements are placed under them (and no t aside). We mayconsider an example fo r

Howto file time extension for my ta x retu rn? .

5.0 Using d efaultrules for keyword semantic headers

Usually, u sing pu re keyword analysis for Q/A is considered as rather primitive ap pro ach.

Representing a q ueryas a Bo olean comb inatio n o f keyword s is insufficientlyexpressive, if

there are mo re than two entities (with attribu tes) in a q uery. To o btain high Q/A accuracy

under the shallo w syntactic p rocessing, it is necessaryto ap plyso me pragmatic machinery

to sort o ut improp er qu erytranslation hypo thesis (Grishman 19 97 , Ng et al 19 97 , Boro s et

al 1 998 ) . We use the defau lt logic to build a set o f keyword s for an answer su ch that these

keyword s will be directlymatched against the querykeyword s, provid ing satisfactory

accuracy. In this section, we show that the u se of nonmo nto nic reaso ning versu s p ure

Boo lean key word exp ressio ns can co mp ensate sophisticated semantic machineryand

perfo rm a p rop er Q/A for q ueries with mu ltip le entities.

In this section, techniqu e o f semantic head ers is red uced to o ne with keywo rds semantic

headers, consisting fro m the list of en tities and their attrib utes, correspo nd ing to the ato ms

of the expressions fo r standard semantic headers. Under the semantic head er techniqu e,

the q uestio n - answering pro blem is po sed as find ing the mo st relevant class (answer) fo r a

qu ery, u sing the p re - bu ilt set o f the canonical qu eries. We reformulate this prob lem as a

separa tion of answers, using the representation of these canonical q ueries as keywo rd

lists (keywo rd semantic headers). In contrast to the abo ve p resentatio n ofd efau lt reasoning

for NLP, app ropriate for a generic semantic analysis, this sectio n introd uces the d efau lt

reaso ning ap pro ach, oriented to semantic header technique.

We use the fo llowing diagram to position ou r appro ach amo ng the o ther NL systems in

respect to the d egree o f cont rib utio n fro m syntactic, semantic and pragmatic co mp onents

(Fig.4 ). The trad itio nal SH system (dotted line), which req uires manu al co ding, is less

sensitive to syntactic misunderstanding and requ ires pragmatic machineryin a lower

degree, than the keyword SH ˘ based system (solid line). At the same time, keywords SH

techniqu e canno t relyon a so phisticated rep resentatio n language for qu eryor do main

becau se of the desired au tomatic anno tatio n features, therefo re, more advanced pragmatics

(default reaso ning) i s requ ired.

company

key_p erso n rating

Pragmatic

Semantic

Syntactic

F ig.4: the diagramof feature comparison between the semantic headers and keyword semantic headers

approaches.

Below we will p resent two answers and p ropo se the wayto distinguish them. Then we

demonstrate h ow d efau lt ru les are used to transfo rm an inpu t NL q ueryto a fo rm that can

be matched against the keywo rd semantic head er o f an answer. Bu ild ing default ru les is

followed b ytheir verificatio n, given the set of semanticallyd iverse qu eries, and

constructi on o f the clauses fo r checking their ju stifications.

Fu rther o n, we sho w ho w to p erform the automatic anno tation of new answers, where the

constructed default rules bu ild the keyword semantic headers for these answers, together

with the new defaults for th em.

5. 1 How to distinguish a nswers using the keyword annota tion

As an example, let u s have the follo wing two answers that need to be assigned b ythe

distinguishing set o f keyword s.

You can get the in formation ab out your tax return from th e IRS web s ite. The d ocuments

are a va ila ble fo r do wnlo ad as the files with extensio n *.p df. From timeto time,th eweb site

may experien ce techn ical d ifficu lties.

E veryo ne is encou raged to file the tax retu rn o n time. If you exp erien ce fina ncia l

difficulties, yo u c an file a n extension of time fo r yo ur ta x retu rn. Deta iled in formation is

ava ilab le for down lo ad at the IRS web site.

In terms o f the keywo rds, these paragrap hs are almost identical, but the topics theyad dress

are qu ite d ifferent. Su ch a situatio n takes place frequ ently, when a Q/A system goes

deeper into details within a vertical do main, trying to separate the answers co nsisting from

the same keywo rds.

We ignore the info rmation abo ut syntactic relatio ns b etween word s in sentences and

consider the to t al list o f keywo rds fo r these p aragrap hs. As a resu lt, we see that theyare

different byd omain - invariant words o nly( need, en co ura ge, techn ica l ) .

{do wnlo ad , ta x, return , irs, website, file, exten sion , time, experien ce, tech nical,

difficulty},

{en coura g e, file, ta x , retu rn, time, experience, fina ncial, difficulty, file, extensio n, time,

ta x, retu rn, info rmatio n, irs, website}.

It is evident, that thou gh the paragraphs ab ove have the similar keywo rds, there is the

critical difference in their impo rt ance fo r the meanings of these p aragrap hs. The main

qu estion of this section is how to pro perlyanno tate these p aragrap hs, b ased o n the mo st

impo rtant keyword s and ignoring the least impo rtant o nes. For the first p aragrap h, o ne o f

the expected annotating sets of keywo rds (semantic header) is in formation , ta x, return. Fo r

the second o ne, we have file, extensio n, time, tax, retu rn.

Pu re keywo rd extractio n system wou ld no t be ab le to distinguish these answers.

Su ggested ap plicatio n o f the default reasonin g is based on the specific mod el of how the

textual information is d istrib uted thro ugh the sentences in a paragraph.

Defau lt rules are intend ed to link the ap proximate, d eviated meaning, exp ressed bya

prerequisite , to the exact meaning, exp ressed b y con seq uent

p rerequ isite: justificatio ns

-------------------------------------

co nsequ en t

where prerequisite, justifica tio ns an d con seq uent are the lists of keyword s. Prereq uisite

includ es the list of keyword s that mayoccur in a sentence, ju stification specifies the wider

to pic (context o f this sentence), which is evalu ated byp ro cessing the current and the other

sentences in a p aragrap h. Con seq uent contains the combination of keyword s that is the

best representation of meaning of a p ortio n o f text (sentence in an answer or a q uery).

Intuitively, an arb itrarywayof asking abo ut a top ic is exp ressed (po tentiallymatched )

with the prereq uisite, and the exact to pic is expressed byconseq uent.

One of the natu ral wayto d istingu ish the answ ers is to assign different justifications to

the keyword pair file, extension , which will serve as a prereq uisite to the pair of d efau lt

rules.

file, extensio n: d own loa d

-------------------------------

file, downlo ad, ta x

file, extensio n : time

------ ---------------------------------

exten sion , time, ta x, in formation

Consequences o f the first and seco nd ru les p resent the essential idea of the resp ective

answers. These d efaults are natural from the pro sp ective o f the do main knowled ge

representation, b u t theyare not helpfu l to link a po ssible q uestion with the most relevant

canonical one.

5. 2 Using defa ults to tra nsform a query into a semantic header

To ob tain an answer given a q uestio n, we wou ld expect to employthe d efau lt ru les in the

following way. A qu estion co rresp onds to prereq uisite and ju stification, and an answer is

asso ciated with the keywo rd semantic header (list of keywo rds) of the conseq uence:

q uestio n

----------------

SH of a nswer

How can a qu estio n be d ivided into p rerequ isite and jus tificatio n? T he p rerequ isite

includ es the keywords, u niq ue for the answer, and the ju stificatio n co ntains the rest o f

word s. We call the default alien, if there are no common keywo rds in its p rerequ isite and

conseq uence.

Let us consider the first senten ces o f the answers and b uild the templates o f the d efault

rules:

do wnload , in fo rma tion , ta x, return , irs, web site

---------------------------------------------------------

file, downlo ad, ta x, info rmatio n encou rage, file, ta x, return, time

------------- ---------------------------

exten sion , time, ta x

To construct the default ru les fro m their templates, we fo rm the ju stification from the

keyword s, no t particip ating in the sep aration between answers (no t o ccurring in semantic

headers). These wo rds are simu ltaneo uslyfrequ ent and essential fo r given Q/A domain.

do wnload , in fo rma tion , web site, irs: tax, retu rn

---------------------------------------------------------

file, downlo ad, ta x, info rmatio n

time, enco urag e: file, ta x, return

---------------------- ------------------

exten sion , time, ta x

Since the wo rds ta x, retu rn , file occur in bo th answers, theydo no t have to be matched

against an inpu t q ueryto p rovide a sp ecific answer. Ho wever, these word s are necessaryto

ob tain the evidence of the p rop er co ntext (sub domain) fo r the word s from prereq uisite.

Sp eaking in other way, p rereq uisite p erforms the answer separation on the lower (specific)

level, and justificatio n do es o n the higher (general) level.

Learning stage o f au tomatic anno tatio n consists from b uild ing the defau lt ru les, given

the p re - compo sed semantic headers, asso ciated with an answer. A template of a default

rule is b uilt for each semantic header and fo r each sentence in an answer. A template is

convertib le into a default rule if there i s at least a single co mmo n wo rd in prerequ isite and

in conseq uent. Evidently, if we allo w an overlap ju st between ju stificatio n and conseq uent,

it wo uld mean that we allo w verygeneral answer to be activated that can cau se p otential

conflict with the o ther more specific answers. The procedu re o f conversion a template to a

default ru les is based on intu itio n that a p otential qu estio n can be clo se to an answer

sentence, however, no t all the answer sentences need to b e represented bysemantic

headers.

T empla te o f default rule ® d efau lt ru le

an swer sen ten ce prereq uisite (u niq ue wo rds) : justifica tion (a ssu med wo rd s)

------------------- ® ------------------------------------------------------------------------

sema ntic h ea der wo rds of the existing semantic head er

How d o defaults convert an inpu t qu eryinto a semantic head er?For a given qu ery, the

system loo ks throu gh semantic head ers to match the maximal nu mb er o f word s and

throu g h default rules to match the maximal number of words against their p rerequ isite and

verifies the consistencyo f justification. If the number of matched keywo rds o f a d efault

rule p rereq uisite is higher than that of a semantic head er, the fo rmer is cho sen. Note that

multiple answers can be delivered . We present the algo rithm o f matching the keywo rds o f

inpu t queryagainst semantic headers (SH) and d efault rules (DR) in accord ance to the

following expression, where cardinality means the number o f keywo rds

qu e ry « keywo rds: max {card ina lity(keyword s): keyword s Î SH È (

keyword s Î (prerequisite(DR):ju stification (DR)holds)}

A qu ery is map ped into the set o f keywo rd s such that this set delivers the highes t number

of matched wo rds fo r the to talityof all semantic headers and default rules with co nsistent

ju stifications.

To raise the relevancyof these compu tatio ns, we can su ggest to take into accou nt the

number of unmatched keywo rds in a semantic head er and default rule ju stificatio n as well.

The lesser the nu mb er of unmatched keyword s, the higher the evidence o f relevancy

between a q ueryand a keyword s semantic head er.

To d isco ver that the justificatio ns of d efau lt rules are consistent, the system ne eds to

verifythe following:

· While pro cessing a q uery: a clau se, expressing the ju stification inco nsistency, fails.

· While pro cessing a sentence within an answer, su bject to annotatio n:

a) ju stification wo rd s are present in a given or accompanying sentences in an

answer;

b) there are no explicit negations o f the justification ato ms, o btained bythe o ther

default rules that have been app lied to the other sentences in an answer;

c) a clau se, exp ressing the ju stification inco nsistency, fails.

Fo r examp le, a qu ery Does IRS en coura ge ta xp ayers to timely respo nd to the au dit no tice

sho uld no t activate the seco nd defau lt ru les ab ove. In the ta x do main, the mo st co mmo n

action is filing a tax return that is assu med bydefault in the rule. If one speaks abo ut su ch

action as re spo nd ing to an a ud it, it is legitimate bu t no t mo st common, therefore the

ju stification has to be fou nd inco nsistent. We need to ad d the clau se in acco rdance to the

following scheme

ju stification_ inco nsistent( tax) : - [ta x, Action ], Actio n ¹ file.

It means that the rule is ab ou t encou raging to file ta x on time and no tabo ut encou raging to

perfo rm so me o ther, less frequ ent actio n o n time.

The p redicate ju stification_ inco nsistent is called for each keyword in justificatio n. If there

is no sp ecial clause fo r a keyword, this predicate fails:

justification_inconsistent( A) : - fail.

Negation mayappear in a p rerequ isite in the following situatio n. Let u s have a pair o f

answers, one is for an entity e and the set o f its attributes, and ano ther fo r this entity e and

a particular attribu te a . T hen the first answer can be assigned bya d efau lt with

prerequ isite, co ntaining this entityand the justificatio n, containing the negatio n of this

particu lar attribu te. The second d efau lt will not have such co nstraint in it s ju stification:

e,�: no t a, � e,� : �

------------------ , ---------------

� �

Fo r examp le, if we have a general answer abo ut d ed uctio n o f everything excep t

mortgages, and a sp ecific o ne ab ou t mo rtgage d ed uctio n, the fo llo wing rules will b e in

use:

ded uct, n ot ( mortg age): ta x dedu ct, mortg ag e, �:ta x

------------------------------- , ------------------------------

general_ dedu ct d ed uct, mo rtga ge

5. 3 Co nstruction of sema ntic header fo r n ew answers, ba sed on built default rules

Using default ru les to link a p otential querywith cano nical ones, we app roach qu estion -

answering and au tomatic anno tatio n fro m the unifo rm p ositions (Fig.4). An answer that is

sub ject to anno tation is co nsid ered as a set of sentences, each of which can serve as a

template for cano nical qu estion to this answer. For each sentence in an answer, we search

for the mo st ad eq uate pre - bu ilt d efau lt ru le in a sense o f the b est match of this sentence

and the co nsequ ent. Seman tic header is constru cted with a new d efault rule, assigned to

the anno tated answer. We u se the co rresp ondence diagram between the existing and new

defaults to show how theyare interrelated .

prerequisite: justifica tio n an swer senten ce: j ustificatio n

------------------------------- ® ---- -------------------------------

con seq uent can onica l q uestion

Unmatched word s in the answer sentence can p articipate in the formation of sema ntics

as well, if the structu re of semantic link between the p air matched - unmatched word s in the

answer sentence is similar to that o f two word s in a conseq uent o f the u sed defau lt ru le.

We can plot the co rresp ondence diagram, taking into acco unt replaceme nt of un matched

by newTerm , if match ed is an entity, and un matched together with newTerm are its

attrib utes.

match ed , u nmatch ed , �: justifica tio n matched, newTerm, � : ju stification

----------------------------------------------- ® ------------------------------------------------

-

match ed , u nmatch ed , � match ed , n ewTerm, �

As an example, we construct a semantic header with d efault ru le for the an swer,

containing the fo llo wing sentence:

�You ca n obtain information ab out filin g yo ur ta x retu rn b y ca llin g IRS 1 - 80 0 - �

do wnload , in fo rma tion , web site, irs: tax, retu rn call, informatio n, irs: tax, retu rn

------------------------------------ ----------------------- ® ----------------------------------------

file, downlo ad, ta x, info rmatio n file, call, ta x, info rmatio n

We replace d own loa d by call, becau se bo th do wnload and call are the attri bu tes (actio ns)

of the entity in formation that is essential fo r the answer.

Evidently, we need a su fficient numb er o f pre - bu ilt defau lt ru les to ad eq uatelyannotate

the new answer in the same do main, consisting mostlyfrom the known terms. T herefo re ,

the annotatio n training (Sectio n 5.1 ) need s to p rovid e the reasonable co verage o f the

do main and its terms to prepare it for automatic anno tation.

To co nclud e the sectio n, we ou tline the semantic features o f the suggested techniqu e.

Generallysp eakin g, defau lt ru le are used to co nvert a translation formula in case it do es

not match existing semantic head ers. In other words, d efau lt ru les are designed to co ver

the space o f queries, do no t d irectlyrepresented b ysemantic head ers. As we explained

while introd ucing SH techniqu e, an individu al semantic head er co vers the to talityo f

semanticallysimilar bu t syntacticallydifferent q ueries. The set o f d efau lt rules with the

conseq uence that matches a semantic header co vers semanticallyd ifferent, bu t

pragmat icallysimilar qu estions.

Co nclusions

Reaso ning with excep tions is an inherent feature of natural langu age. Domain - independ ent

semantic analysis skips the exceptio ns, and therefore the matching unit b eco mes the

essential o ne to hand le the domain - specific d eviatio ns o f the co ncep ts.

We implement the machineryo f default logic to handle exceptions. Default reaso ning

is a convenient means of p rogramming the data analysis rules, p resented separatelyfo r

typical and special situatio ns. Typical rules are ap plie d first, and the rules for unusu al

situ ations are called o nlyu po n requ est. Thus, d efau lt lo gic serves as a reaso nable stru cture

on the set o f rules in terms o f so ftware cod ing styles, when a knowledge engineer

represents the frequ entlyand infrequ entlyac cessed p ieces of kno wled ge separately. As a

result, mo dificatio ns o f the latter co mp onent (enu meratio n o f the excep tions) do not affect

the domain skeleton.

NLP o ffers u niq ue po ssib ilities to ap plythe nonmo no tonic reasoning. Advanced

theo retical investiga tio ns have been carried out in ord er to build the fo rmalb ackgro und fo r

nonmo notonic intuition and a series o f cou nter - examples. Ho wever, the number o f practical applications of nonmo no tonic reaso ning is far belo w the number and valu e of the

theo retical re sults.

T r a i n i n g E v a l u a t i o n A n n o t a t i o n

:

+ E x c e p t i o n r u l e s

A d d i n g e x c e p t i o n

r u l e s , b r e a k i n g t h e

w r o n g l i n k s

D e f a u l t r u l e s :

F ig.4: Architecture of the keywords annotation system. F irstly, on the training stage (on the left), the

answers with pre - coded queries are automaticallyassigned with thedefault rules, based on the sentences in

these a nswers. Clauses for exceptions are encoded manuallybecause theyreflect the domain knowledge that

is not represented formallyfor question - answering.

On the second (verification) stage, the association between questions and answers bymeans of default

rules and semantic headers is tested against an extensive set of queries torestructure or remove the wrong

links. On thethird stage, semanticheaders and default rules are built automatically, usingexisting default

rules and the sentences of answers to be annotated.

As we have seen, default ru les techniqu e can help to perfo rm p ragmatic analysis in

pro cessing NL q ueryand therefore impro ve qu estion - answering qu alityfor narrow

do mains. Several typ es of defaults are pro po sed that can be used in o rder to pro cess

amb iguou s concep ts, ap plyco mmo nsense kno wled ge and eliminate superflu ou s terms.

Defau lt reasoning for the term disambiguatio n disp lays some similarityto the p opu lar

context - based app roach (M cCarthy199 3, Buvac 1 99 6).

A disadvantage of the tradit io nal reaso ning to rep resent the semantic and p ragmatic

rules is that it symmetricallyhand les frequ ent and infrequ ent situ ations. Default system,

instead , always assumes that the typical situ ation occu rs, unless it is no t co nsistent for a

varietyof reaso ns to app lythis assump tion. Considerations o f these ^reasons~ requ ire

much more detailed domain analysis. Hence, app lication of d efault reasoning help s us to

structu re the d omain representatio n, firstlyconsidering the main ru les and then fo rming

the ad di tio nal o nes.

A reader can evaluate Q/A capabilities of suggested system, for example, in the ta x

do main (see the web sites of HRBlo ck.com and CBSM arketWathc.com ; do mains are

developed byAnseri ty.com). Ho wever, no t all the defau lt reasoning functionalityhas b een

implemented co mmercially.

This studydemonstrated that even if an NLP system performs ^ideal~ syntactic and

semantic analyses and is combined with the efficient kno wledge representatio n , cod ed in

sufficientlyexpressive language, the resultant Q/A system might still be u nsuccessfu l. A

pragmatic compo nent inevitablyneeds to come into play, and the default reasoning seems

to be a solid b ackgro und fo r the pragmatic framework.

References

1. An to nio u, G.,1 99 7. Nonmo no tonicreaso ning. MIT Press, Camb ridge,Lo nd on.

2. Galitsky, B. 2 001 . Semi - structu red kno wled ge representatio n fo r the au to mated

financial advisor. 14 th In tl Co nf o n IEA/AIE, Bud apest, Hu ngary .

3. GalitskyB., 20 00 . Techniq ue of semantic headers: a manual fo r kno wledge

engineers. DIMACS Tech. Report # 20 00 - 29 , Ru tgers University.

4. Galitsky, B. 1 99 9 Natural Language Understanding with the Generality

Feedb ack. DIMACS Tech. Repo rt 99 - 32

5. Reiter R. , 19 80. A lo gic for default reasoning. Artificia l Intelligence

Jou rn al, N° 13 , p p. 81 - 13 2.

6. Grishman , R. 199 7. Information extractio n: Techniq ues and challenges. In

M. T. Pazienza, ed. Informatio n extractio n: a multidiscip lina ry app roa ch to an

emerg ing tech no log y . Springer - Verlag.

7. Ciravegna, F and Lavell i, A. 19 99 . Fu ll text parsing u sing cascades of rules: an

information extraction perspective. In Pro c 9 th Eu ro pean ACL Co nf., Bergen

Norway.

8. Romacker, M., M arkert, K. , Hahn, U., 1 99 9 Lean semantic interpretation In

Pro c IJCAI - 99 , 8 68 - 87 5.

9. van Eijck, J. &M oo re, R.C. 199 2, Semantic ru les for E nglish. In Hiyan

Alsh awi, ed . Th e co re lan gua ge eng ine 83 - 11 5 MIT Press.

10. Creary, L.G, & Po llard C. J. 198 5 A co mp utatio nal semantics for natural

language. In Proc ACM - 85 1 72 - 17 9.

11. So nd heimer, N.K., Weischedel R. M., and Bo b row, R.J. 19 84 . Semantic

interpretation using KL - One. In COLING - 84 1 01 - 10 7.

12. Hirst, G. 19 88 . Semantic interpretation and amb iguity AI 3 4(2 ):13 1 - 17 7.

13. Buvac, S. 1 99 6 Qu antificatio nal logic o f co ntext. In Pro c 13 th AAAI Con f

Menlo Park CA.

14. McCarthyJ. 19 93 No t es o n formalizing context Pro c IJCAI ˘ 93 M organ -

Kaufmann.

15. Ng, H - T, Goh, W - b and Low, K - L. (19 97 ) Feature selection, p erceptro n

learning and a u sabilitycase stu dyfor text catego rization. In Belkin, N.J. ,

Narasimhalu , A.D.,Willett, P., ed s. Pro c 20 th Annual Intl ACM SIGIR Co nf o n

IR, Philad elphia, p p67 - 73 .

16. Boro s, E., Kanto r, P.B., Lee, J.J., Ng, K. B., Zhao , D. (199 8) App lication of

lo gical analysi s of d ata to TREC6 rou ting task Text Retrieva l Conf - 6 , NIST

Sp ecial Pub lication .