DI MACS Technical Report 2002 - 10

April 2002

Use of virtual semantic headers to impr ove the coverage of natural language question answering domains by

Boris Galits ky 1

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

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

( galitsky@dimacs.rutgers.edu )

The autho r gratefullyacknowledges the grant NSF STC 91 - 19 99 9 fo r the su ppo rt while visiting DIM ACS.

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

(formerlyBellcore).

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

ABSTRA CT

We rep ort on the kno wled ge rep resentation mechanism d esigned fo r natu ral langu age qu estion - answering system to function in such po orly - formalized and hetero geneo us do mains as the financial, legal, p harmaceu tical and p sycholo gical. The system is o riented to pro vid e a cu stomized exp ert ad vice, given the p re - designed set o f textual templates and the datab ase that contains custo mers´ p rofiles and p references, parameters o f pro du cts and services, etc. Qu estion answering is based o n matching a formal representatio n o f a query against the fo rmalized representations o f answers´ essential id eas (semantic headers o f these answers). Semantic headers are designed to be ind ep end e nt on the qu eryphrasing and are the means o f ap pro ximate reasoning while generating the mo st relevant advice. A semantic skeleto n of an answer inclu des semantic head ers and dedu ctive links between them and their entities, based o n the co mmo n - sense do main knowled ge. Semanticskeleton includ es the virtu al semantic head ers, which d o not have to be exp licitlyp rogrammed bu t are generated o n the fly, using the clauses o f semantic skeleton, to be matched with a qu estion.

We p resent the evalu ation of the rele ased q uestio n - answering system, advising the custo mers of H&R Blo ck and CBS Market Watch o n various taxes and asso ciated legal issues starting fro m 1 99 9. Do main develo pment and maintenance implications of semantic header techniqu e, answer accuracy, meaning deviations and overall custo mer impressions are analyzed.

Introduction

In recent years, qu estion - answering (Q/A) systems are becoming important means for finding relevant informatio n in a varietyof d omains. Attracting new custo mers bythe va lu ab le content and keeping them surfing a p ortal is essential to establish the co mpetitive advantage. Pro per kno wled ge representatio n fo r natu ral language (NL) Q/A allows add ressing the p articular to pic and ob taining an answer in an exact, co nvenient and i mmediate way.

T he role of Q/A systems to intro du ce custo mers to new kno wledge d omains is rather high relativelyto the traditional learning and information access metho do logies, includ ing textual, hyp er - textual and menu - based so urces. We believe Q/A is o ne o f the b est ways to introd uce a novice custo mer to a new do main witho ut making him/her to obtain a prio r knowled ge o f its o verall structure. Under ro bu st knowled ge representatio n, vertical - do main natu ral language Q/A allo ws obtaining the specific po rtio n of info rmatio n independ entlyon the accompanying top ics and o n the d egree of familiaritywith the do main termino logy(that is rather extensive in such fields as finance, legal, p sycho logical and med ical).

In o ur previo us studies, we have presented a wid e manifo ld of financial d omains

(Galitsky20 01 ), inclu ding tax, mortgage, real estate, insurance, retirement, investment, banking, legal advises literatu re search, geograp hyand po litics, sp orts, psycho logyand others. Details on syntactic and semantic p ro cessing (Galitsky19 99 ), lo gical meta - pro gramming imp lementation, performance evalu ation and co mparison with other academic and commercial qu estion - answering systems can b e fo und elsewhere (Galitsky

20 00 a). In this p ap er, we focus on the knowledge represen tatio n issues of an NL Q/A app lication.

Ou r knowledge rep resentation compo nent is qu ite different from su ch NL Q/A systems as a p rod uct choice d omain that is based on d atab ase search, or a horizo ntal do main qu erying, usuallyb ased o n syntactic match (Se e Galitsky20 00 b fo r comparison).

Fu rthermore, d ue to d omain d evelop ment and maintenance issu es, trad itio nal app roaches to representatio n of semi - structu ral kno wled ge, (e. g. using mark - up langu ages), were fou nd to be inco nvenient. The reaso n is that under the ab ove app roaches, do main canno t be naturallysplit into the qu ery - oriented and user d etails - oriented p arts, req uired for Q/A.

In ad dition to the p re - edited units o f textu al answers, represented via semantichead ers and stored within the system, Q/A nee ds to invo lve the external d ata sources o f vario us natu res.

Becau se of the co mplicate d natu re of q uestio ns in the abo ve do mains (See Tab le 1 for the sample q uestio ns) , knowled ge representation means must satisfythe large - scale vertical do mai n requ irements o f lo gical co mp lexityand high accuracy. T he co mp lexity raise of the structu re o f links between the entities and heterogeneityof information sou rces for the selected domains caused the necessityto extend the techniq ue of semantic headers t owards the semantic skeleto ns (SSK) metho do logy. It ad ds the advanced reaso ning cap ab ilities to the metho ds, emplo yed in ou r earlier Q/A domains. SSK techniq ue b rings in the d ed uctive links b etween the semantic head ers, completing the co mmo nsense knowled ge rep resentation on o ne hand and keep ing the convenience of d omain cod ing, inherent to SHtechniq ue, o n the o ther hand. Ded uctive links b etween the semantic headers impro ve the co ntent and qu eryp hrasing coverage o f a do main, p roviding a mo re po werfu l wayt o asso ciate a fo rmal representatio n o f a q uerywith the existing semantic head ers.

What is the difference between hu mans and other species in terms of geno me?

What is the purp ose o f extracting the genes responsib le for growth control?

Cam animals serv e as organ do no rs for humans?

How d oes the bio tech help to pro du ce crop s that resist insects and d isease?

How d oes the gene in cows trigger the release of bo vine gro wth hormone?

What organs are in u se for DNA id entificatio n?

If myuncle has a Huntingto n d isease, at what age do I have to undergo the genetic test?

Table1: S ample questions of the genome domain.

To mo tivate the actu al co mp lexityo f ou r knowledge rep resentation system, we need ed to demonstrate that keyword - based and syntactic match - based s ystem would no t function pro perlyin ou r d omains, u nless a cu stomer just uses the companyo r p erso n name to initiate a search. While building the financial d omains, we discovered that rather limited number of structural u nits (tenths of thou sand o f p otenti al answers, thousand s of answers) covered uniqu elya logicallyco mp lex and p oorlyformalized do main. It is well known, that the generic vo cab ularyof b usiness co mmunication do es not exceed three to fou r tho usand word s. It wou ld requ ire 1 0 - 10 0 times higher number of syntactic structures (headers) to pro vide the Q/A access to the same set of answers, u sing syntactic match. We wou ld have to explicitlyenu merate the combinatio n o f keywords fo r a syntactic match instead of u sing the dedu ctive capab ilities of the SH app roach, which allo ws us to auto maticallyjoin entities in the fo rmal rep resentatio n of a q uery.

Semantic headers

The technique of semantic head ers is intend ed to so lve a pro blem o f conversio n an abstract textual d ocument into form, read yfo r Q/A. Th e essence o f ou r app roach is to divid e do main knowled ge into two p arts:

1) The fo rmalized p art. It inclu des kno wledge that is explicitlymatched against the qu erying expressions. This p art does not co nstitute an answer.

2) Non - formalized kno wled ge in the wayo f human - read ab le means (o riginal so urces of info rmation). This knowledge do es not participate in the estimatio n whether it is relevant to a p articular qu ery, or not.

The first part inclu des essential knowledge only, and the second p art is exp ected to co ntain all information valu ab le for a Q/A user. Suggested d ivision is also based on ob servation that the level of d etails, co ntained in a qu ery, is always mu ch lo wer that the amou nt o f details, expected in an answer.

There are two o pp osite ap pro aches to the pro blem of d omain kno wled ge divisio n into formalized and no n - formalized parts. With respect to the degree o f fo rmalizatio n, the traditional method olo gies are the highest d egree o f formalization (o nto logies) and the least degree of formalization (syntactic match). The first o ne assu mes that co mp lete fo rmal representation of anytextual do cu ment is po ssible, and the seco nd o ne assu mes that the textual information is too tightlylinked to natural langu age and it canno t be satisfacto rily represented withou t it.

The first app roach brings the advantage of the u nd erstanding, b ased o n the full - range reaso ning cap ab ilities, b ut sacrifices the ro bu stness o f p roviding a marginallyrelevant answer and the necessityo f NL generatio n. Attemp ts to provid e an exact answe r, inherent to the fu llyfo rmalizatio n app roach, narrow d own the o verlap b etween a qu eryand existing answers. (Under SH, qu eryunderstand ing is po sed as a recognition pro blem: ho w to find the most relevant answer fo r a given q uery, even if there is no dir ectlyrelated answer

(Fain&Ru banov 19 96, Mirkin 19 96 )). Also , the co nd itio n oflogical co mp leteness makes it hard er to bu ild an ontologyfo r a vertical do main. As our experience shows, if to b uild a pro jection o f a fu ll - scale ontolo gylike CYC (Lenat 19 98 ) onto ou r vertical do main, resultant knowledge would b e insu fficient and limited in spite o f the huge total number o f clauses in the who le CYC. The same observation is tru e fo r b iolo gical (genome) onto logies.

The SH techniqu e is an intermed iate app roac h in resp ect to the d egree of kno wledge formalization. Onlythe d ata, which can be exp licitlymentio ned in a p otential q uery, occurs in semantic headers. The rest o f info rmatio n, which wo uld unlikelyoccur in a qu estion b ut can po tentiallyfo rm the relevan t answer, does no t have to b e fo rmalized.

Pattern recognition method olo gy(Fain&Ru bano v 1 99 6, M irkin 19 96 ) has the significant influence on ho w we treat the answers. When we saythat a d ocument (o r its fragment) serves as an answer to a q uestio n we mean that fo r this q uestio n (related to a do mains) either (o r) hold s:

1) The fragments contains the info rmation that is the su bject of this qu estio n;

2) The fragment is marginallyrelated to the q uestio n, b ut the o ther fragments have even lo wer co rrelatio n with the q uestio n (assuming the qu estion indeed related to the given do main).

SH techniq ue is based on lo gical programming, taking advantage o f its co nvenient handling of semantic rules (Partee et al 19 90, McCawley1 993 ) on o ne hand, and exp licit implementatio n o f the d omain commo n - sense reasoning on the other hand . The declarative natu re o f cod ing semantic ru les, do main knowledge and generalized po tential qu eries introd uces logical p rogramming as a reasonab le to ol (Tarau et.al. 199 9, Dahl

19 99 ). At the same time, the machineryo f text anno tatio n b ythe set o f keywords has been pro ven to leverage the machine learning technique. Instead of u sing ju st the keyword s as semantic means to rep resent the meaning o f a short textual d ocument (answer), we either use the lo gica l formula where the keywo rds serve as ato ms or ap plythe p ragmatic pro cessing to keyword SH’s. Therefore, SH techniq ue can b e viewed as so me wayof merging p otential resu lts o f statistical appro ach to Q/A with the lo gical p rogramming way of matching the fo rmal representatio n of a qu erywith the fo rmal representation of an answer (semantic head er of this answer). What we call ^statistical~ here is indeed the intuition o f a kno wled ge engineer who has manu allylo oked throu gh a manifo ld of answers to annotate a given o ne. In legal and financial d omains, where the semantics of conversational langu age can onlybe amb igu ou slymapp ed into the semantics of the legal language, u sing just the statistical annotatio n bykeyword s d oes not lead to satisfacto ry results (Gal itsky, 20 01 ).

Let u s co nsid er the Intern et A uction do main, which includ es the d escrip tio n o f bid ding rules and variou s typ es of auctions.

^ Restricted - Access Au ction s. Th is separa te catego ry ma kesiteasyfo ryou to find o ravoid ad ult - on ly merch and ise. To viewan d bid on ad ult - on lyitems,b uyers need to h avea credit card on file with eB ay. Yo ur card will n ot be charg ed . S ellers mu st also ha ve cred it card verifica tio n. Items listed in th e A dult - Only catego ry a re n ot in clu ded in the NewItems pa ge o r the Hot Items section , a nd cu rren tly, a re n ot available b y an y title search. ^

What is this p aragrap h ab ou t?It introd uces the ^Restricted - Access~ au ction as a sp ecific class of auctio ns, explains how to search for or avoid selected catego ryof p rodu cts, pr esents the credit card rules and describes the relatio ns b etween this class of au ctions and the highlighted sections of the Internet auctio n site.

We d o no t change the paragraph to adju st it to the po tential q uestions; instead, we consider all the p os sib le q uestio ns this paragraph can serve as an answer to by enu merating the semantic headers. Bu ild ing the semantic headers of a textual docu ment is based o n the po sing of queryunderstand ing pro blem as the recognition of the best p attern

(do cument, answer ). For example, if there is a q uestion such that the paragraph above is a more app rop riate answer than anyo ther paragraph fro m the given d omain, then the paragraph abo ve sho uld serve as an answer or at least a p art of it. Evid ently, kno wled ge o f the other p aragrap hs and the semantic mod el of the whole d omain are requ ired to bu ild the set of semantic head ers fo r the given p aragrap h.

What kind of q uestio ns can this p aragrap h serve as an answer to ?

Wh at is the restricted - access a uctio n? Wh at kind of a u ction s sells ad ult - on ly items? Ho w to a void a du lt - rated p rod ucts for my so n? Ho wdo you sell a du lt items? Wh en do es a bu yer n eed a credit ca rd o n file? Who needs to have a cred it card on file? Why do es a seller need cred it card verifica tio n?

Below is the l ist o f semantic headers for the answer above.

au ction (restricted_ access,_ ): - restricted Auctio n.

pro du ct(adu lt,_ ): - restricted Auctio n.

seller(credit_ card(verificatio n, _),_ ): - restricted Auctio n .

cred it_ca rd (verifica tion ,_ )): - restricted Auctio n.

sell(cred it_card ( reject(_ ,_), _),_ ): - restricted Auctio n.

bidder(cred it_ca rd (_, _),_ ): - restricted Auctio n.

seller(credit_ card(_ ,_), _): - restricted Auctio n.

wh at_ is(au ction(restricted_a ccess,_),_ ): - restricted Auctio n.

Then the call to restricted Auctio n will add the p aragrap h ab ove to the answer.

As ano ther example, we consider an answer from the tax do main:

^ Th e timing o f you r divorce co uld ha ve a sign ifican t effect o n th e amou nt o f federal 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 we ver, if o ne spo use earns a sig nifica nt a mou nt mo re than th e oth er, waiting 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 .~

When we form the cano nical qu estions, we start with the answer´s phrasi ng. Then we tryto co mp ose mo re general qu estions in the terms, which are not necessarilypresent in the answer.

Wh at are th e tax issues of divo rce?

Howca n timing of my d ivorce sa ve a lo t of federal income ta x?

I a m recently d ivorced ; ho wsho uld I file s o I do no t h ave a n et tax liab ility?

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 o f semantic headers fo r the answer abo ve. No te that the third canonical queryis r epresented b ya single term (not a conjunctive memb er) b ecause the first p art o f the sentence is semanticallyinsignificant (ju st divo rce, recently is irrelevant here).

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.

A generic set o f semantic headers for an entity e , expressed bya pred icate with the same name, and its attribu tes a 1 , a 2 , � lo oks like the fo llo wi ng:

e(A): - var(A), cla rify([a 1 , a 2 , � ]) . If the attribute o f e is unkno wn, clarificatio n procedu re 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 ans wer, asso ciated with the entityand its attrib ute ( # is the answer id ).

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 en titythat 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(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 be mutuallysub stitu ted into each o ther.

Before we p roceed to the d escription o f semantic skeleto ns, the final definitio n of

semantic head ers is presented. Semantic head ers o f an answer are the formal generalized

representations of po tential q uestio ns. These representatio ns are bu ilt, taking into accou nt

the set o f o ther semanticallyclose answers and relevant semanticallyclose q uestions.

Therefore, semantic analysis under the SH techniqu e co nsists in the formal representatio n

of a questio n and relating it to a fixed set of answers.

Semantic skeleton of a do main

Evidently, the set o f semantic headers rep resent the associated answer with the lo ss o f

information. What kind of information can be saved given the fo rmal language that

sup po rts semantic head e rs?

When we extract the answer identifying information and co nstru ct the semantic headers,

we intentionallylo ose the co mmo nsense links b etween the entities and ob jects u sed . It

hap pens for the sole pu rpo se of bu ild ing the mo st ro bu st and compact expre ssion for

matching with the q ueryrep resentations. Nevertheless, it seems reasonab le to conserve the

answer info rmatio n that is no t directlyconnected with p otential qu estions, but useful fo r

completeness o f knowledge being q ueried. Semantic skeleton can b e considered as a set of

semantic head ers, assigned to answers, to gether with mutu al explana tio ns o f ho w theyare

related to each o ther (fro m the answer´s prosp ective). Co nsult Fig. 1 for the illustratio n o f

the idea of a semantic skeleto n concep t.

Input query

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

Translation formula

Virtual

semantic

header

Head : -

Body1 Body2

Answer 2

Body3

Answer 1

Semantic

header

No match

Clause of semantic skeleton

Match

F ig. 1: Illustration for the idea of semantic skeletons. Input queryis converted into TF and matched against

the virtual semantic headers if there is no appropriate regular semantic header to match with. Virtual

semantic headers are obtained given the terms of SS K clauses. The S Hs are assigned with answers directly,

however, vSHs assigned with answers via clauses. Both Answer1 and Answer2 mayhave other assigned

regular and virtual semantic headers.

Semantic skeletons serve the pu rpo se o f handling the q ueries not directlyrelated to the

informational content o f the answers, represented b ysemantic headers. For an answer and

a set o f assigned semantic headers, semantic skeleto n d erives an ad ditional set o f virtua l

headers to co ver tho se qu estions that requ ire a d ed uctive step to be linked with this

answer. In other words, semantic skeleton expands a set of q uestio ns that is covered by existing semantic headers towards the sup erset o f questio ns, d ed uctivelyconnected with

the former o nes. This can b e written as

" a S SK : {S H(a)} ® {vSH(a)}, where { SH(a ) } and { vSH(a) } are the sets of o riginal and

virtual semantic headers for an answer a . A virtu al semantic header can be yielded b y

multiple answers. However, virtual semantic head ers ca nnot b e the regu lar head ers fo r

ano ther answer (note that two semantic head ers fo r different answers can be dedu ctively

linked ): " a´ vSH(a) Ç S H(a´)= Æ .

Hence, virtual semantic head er fo r a q ueryis an expression that enters a clau se of the

semantic ske leto n and can b e matched with the translation fo rmu la o f a qu eryo r its

compo nent. In the latter case, the terms o f mentioned clau se mu st no t match with the

negations of the compo nents of that translatio n formula. For examp le, imagine a

semantic header t ax(in co me) that is intend ed to hand le questio ns abo ut tax b rackets in

TAX do main: how the ta x amo unt dep ends o n in co me . E vid ently, this answer wou ld b e a

right o ne fo r the q uestion Wh at wou ld b e my ta x if I lo st my job last year? Since lo osin g

jo b is not d irectlyrelated to ta x (the former is dedu ctivelylinked to the latter via in co me ,

jo b(lo st) ® n ot income ). T herefore, exp ressio n jo b(lo st) serves as a virtu alsemantic header

in the TAX do main. At the same time, in the IRA do main lo osin g jo b scenario is u n der

special co nsid eration, and expressions ira(tax(inco me)) and ira(job (lost)) are expected to

be the semantic headers for d ifferent answers, one for calcu lating ta x o n IRA d istribu tio n

amo un t that d ep ends on in co me , and the o ther for the special case o f t ax o n IRA

distribu tion under emplo yment termination .

As well as appro ximatio n of meaning b ysemantic herders, semantic skeleto n are

cap ab le of involving app roximate semantic links. Fo r examp le, vario us fo rms o f pa yment

qu estions are ad dressed to the I ntern et reta iler do main that u suallyhas an answer ab ou t

cred it card payment . Ho w shou ld we handle the qu estions mentioning pa ymen t by check,

mon ey o rder, wirin g etc?^Pure~SH techniqu e req uires enu meration o f SHs

pa ymen t(ch eck): - cred it_ca rd _p aymen t_a nswe r.

pa ymen t(money_o rder) : - cred it_ca rd _p aymen t_a nswer.

pa ymen t(wiring ) : - cred it_ca rd _p aymen t_a nswer.

pa ymen t(credit_card ) : - cred it_ca rd _p aymen t_a nswer.

Using SSK clau se

pa yment(X ): - memb er(X , [ check, mon ey_o rder, wirin g, credit_card ]).

One can use the fou rth SH ab ove as a regular SH and the first three ones as virtual SHs,

invo lving the clau se abo ut fo rms of p ayment. The advantage o f u sing SSK is the lower

number of SHs to cod e, clearer semantic structure o f a do main and reu sab ilityo f encod ed

commo nsen se knowledge for the similar d omains.

To fo rm a semantic skeleton fo r an answer, the semantic headers need to b e dedu ctively

linked via the clauses, involving the d omain rep resentation entities. The clauses b elo w

present the explanation o f ho w a term di vorce is linked to the terms marria ge, ta x, file,

separa te, joint . The first clause, completing the set of semantic headers abo ve, introd uces

the commo nsense fact that b eing divo rced is an op po site entityto being married . The

seco nd clau se is saying that if a cou ple was filing jo int tax return before the divorce, it is

filing sep arate tax retu rn afterwards. Enumeration of terms within a clause mayb e used to

exp ress the temp oral relatio nship b etween the respective entities (ho w theyo ccur in time).

divo rce (_): - n ot ma rriag e(_ ).

ta x(file(sep arate)): - file(join t), d ivo rce(_ ).

Using ju st the semantic head ers we can answer the d ivo rce q uestions witho ut knowing

that divo rce sto ps marria ge !Surp risingly, o ne do es no t need to kno w that fact to separate

answers ab ou t divo rce . Intuitively, a speaker wou ld d efinitelyneed the b asic

commo nsense facts to ta lk abo ut a top ic b ut can d o with ou t them answering qu estio ns

abo ut that top ic, inclu ding rather sp ecific and deep qu estions. Semantic skeletons co me into p lay, in p a rticular, to semanticallylink the b asic do main entities. At the same time,

semantic skeleton is a least knowled ge requ ired to have all the entities linked .

The clau ses o f semantic skeleton are not directly u sed to sep arate answers, so theycan

be b uilt as complete as po ssible irresp ectivelyo n the knowled ge co rrelatio n with the

other answers. Fu rthermore, semantic skeletons for a p air of answers mayoverlap , having

the co mmon clauses.

Note that the p redicates we u se to describ e the tax issues of marriage fo r Q/A are

different fro m one we wou ld use to better fo rmalize the d omain itself. SH - oriented

pred icate divo rce ranges o ver its attribu tes, ^squ eezed~ into a single argu ment, and an

exten ded p red icate divo rce in a logical pro gram would have t wo arguments ranging o ver

the d ivorce p arties and o ther arguments fo r the variou s circumstances of d ivo rce action.

Frequ ently, more semanticallytransparent ( exten ded ) p red icates are req uired to fo rm the

semantic skeleton; analogou s semantic header p red ica tes sho uld then be mutu ally

exp ressed via the pu rified o nes. These d efinitions d o not u suallybring in co nstraints for

the attributes o f semantic head er p red icates. Belo w is the semantic skeleto n fo r the same

answer in exten ded pred icates. The first argume nt of the extended p redicate ta x (that is

indeed a metap red icate) ranges over the formulas fo r a ta xp ayer´s sta tes ; therefo re, ta x is

a metap red icate.

divo rce(Husb and , Wife, Da te, Pla ce,�): - divo rce(_).

marria ge(Husba nd , Wife, Date, Place,�): - marria ge(_).

t ax( (p ay(Husb and )&pa y(Wife)), file (sep arate),_ ): - ta x(file(sep arate)).

ta x( (pay(Husb an d)&pa y(Wife)), file (joint),_ ): - ta x(file(joint)).

divo rce(Husb and , Wife, Da te, Pla ce): - n ot ma rriag e(Hu sb an d, Wife, Da te1, Place1)

ta x( (pay(Husb an d)&pa y(Wife)), file (separa te),_): -

ta x( (pa y(Hu sb an d)&p ay(Wife)), file (jo int), _), d ivorce(Hu sban d, Wife, Da te, Place).

A p articu lar case o f what we call a no n - direct link is the tempo ral o ne. If a p air o f

answers d escrib e two co nsecu tive states or actions, and a gi ven queryad dresses a state

befo re, in between o r after these states (actio ns), the clauses o f semantic skeleton are

exp ected to link the latter states with the former ones and p rovide a relevant answer.

For a scenario, semantic skeleton mayinclud e al ternating sequ ence of states,

interchanging with actions intermed iate states (we assu me no forks for simplicity). No t

alike the situ ation calcu lus considerations, states and actio ns can be merged into the same

sequence in the p ersp ective of being explicitl yassigned with an answer. The set of these

states and actio ns fall into sub sets co rresp onding to the answers (based on exp ressio ns for

these states and actio ns that are semantic headers as well). It can natu rallyhappen that

answers are no t ordered bythi s sequ ence (theymayb e assigned b e the expressions

(semantic head ers) fo r alternating states and actio ns). T hen, if a qu estion ad dresses so me

un assig ned sta tes or a ctions , those an swers should b e cho sen , which are assig ned to th e

previou s an d fo llo wing el ements of the sequence.

For the sequences being co nsid ered, we do no t req uire their elements to b e ded uctively

linked : just their enumeration is su fficient. We fo llo w the same idea o f informatio n

app roximatio n as while co nstructing semantic head ers. To ded uctivelylink states and

actions (more precisely, situations) in a real - world domain, it wo uld b e necessaryto

define all the used entities and p rovide a large nu mb er o f details, irrelevant to querying

the d omain. Ho wever, so me analo gu e o f the frame axi om, o ptimizing representatio n o f

knowled ge that o nlythe ob jects affected byactions change their states, are ap plicable to

ou r co nsid eratio ns to cho se an optimal semantic header in case of the lack of direct

match.

We p resent the state - action seq uence fo r tax retu rn p reparation scenario :

file(ta x(retu rn)): -

ta x(min imize(sp ecu late), _ ), % state

collect(receip ts), calculate(dedu ction ), % action

collect(fo rm(_ )), con sult(a cco un tan t), % actio n

fill(form(_)), % act io n

calculate(tax(p roperty )), % actio n

calculate(tax(in co me)), % actio n

estimate(ta x(value)), % state

send(form), % actio n

ta x(return (_), expect(_)). % state

Semantic skeleto ns are helpf ul for qu eries with translation formula as co nju nctio ns o f

multiple terms (It hap pens fo r complex qu eries, co nsisting from two or more compo nents,

for examp le Can I q ualify for a 15 - yea r loa n if I filed ba nkruptcy two yea rs ago with my

pa rtner?) . If a term can b e neither matched against a semantic head ers o r d elivers too

manyo f them, this term can serve as a virtu al o ne. In the Table 2 belo w we analyze

vario us cases o f the satisfactio n o f a translatio n formula with two terms.

In the complex sentence, we distinguish two p arts: lead ing and assisting ; these p arts are

frequ entlyco rrelated with syntactic comp onents o f a sentence. In accord ance to ou r

informational model o f a co mplex q uestio n, its principle p art is usu allymo re general than

the d epend ent p art. One o f the cano nical examples of a complex qu eryis as fo llo ws (note

that we rather accent its semantic structure than semantic one): Howca n I d o this Action

with th at Attrib ute , if I a m Add itio na lAttrib ute1 a nd Add itio na lAttrib ute2 . We enumerate

th e pro perties of ou r informational mo del ab ove:

1. Actio ns and its Attrib ute are mo re impo rtant (and more general) than

Ad ditiona lAttrib ute1 and Ad dition alAttribu te2 .

2. Ad ditiona lAttrib ute1 or Ad dition alAttribu te2 are mo re sp ecific and mo re likelyto

po int to an exact answer.

Therefore, if we mishand le the lead ing part, we wo uld likelyd issatisfythe assisting o ne

and find o urselves with a to tallyirrelevant answer. Conversely, if the assisting part is

mishand led when the leading part has b een matched, we frequen tlyob tain the situatio n

with marginallyrelevant o r to o manyanswers. In general, the number o f assisting

compo nents is mu ch higher than that of the lead ing o nes; therefore, assisting co mp onents

are more likelyto b e rep resented as virtu al head ers. Prop er cod ing is intended to achieve

the coverage of all lead ing co mponents, so most of them are rep resented b ysemantic

headers.

There are a few ad ditional mod els fo r co mp lex qu estions. When the q uestions obey

neither informational mo del, semantic headers a nd semantic skeletons can b e ind ividu ally

bu ilt to hand le particular asking schema. Ho wever, if no sp ecial means have been d esigned

for the d eviated (semantically) qu estio ns, the resultant answers maybe irrelevant.

To estimate the results of matching proc edu re witho ut SSK, the reader mayhypo thetically

replace matching with a virtual SH by^no match~ and track the nu mb er of situatio ns with

the lack o f pro per hand ling, when semantic skeleto ns are not used. Ho w to compu te the

overall Q/A accuracyin case o f SH+SSK? There is the similar criterion of the Q/A system

accuracyfo r the keyword search and NL - based implementatio n (however, the values are

dramaticallydifferent).

accura cy = < info rma tive p ortio n of an swer* tota l size of an swer > ® max , averaging

(<�> ) t hro ugh the set o f sample questio ns.

First term

(leading)

Second term

(assisting)

Resultant answer and co mments

Matches with

multiple SHs

Matches with

a single SH( a )

The case for a ^dead end~ semantic header for an

assisting term, which redu ces the num ber of matched

SHs fo r the first term, having the co mmo n variab le

(answer Id). Answer a is cho sen in this situ ation that had

requ ired special p rep aratio n.

Matches with

a single SH( a )

Matches with

multiple SHs

Answer a fro m the leading term is taking o ver the

multiple ones delivered b ythe assisting term. T he

confidence o f that right d ecision wou ld gro w if the

assisting term matches with a vSH of a ; o therwise, we

assu me that the assisting co mponent is unknown.

Matches with

a single SH( a )

or onlyvSH( a )

Ma tches with

a single SH(a)

or only

vSH( a )

The answer is a. The higher confid ence of the p rop er

decisio n wou ld b e if the leading term matches with SH

and the assisting - with vSH.

Matches with

a set of SH( a ),

a Î A

Matches with

a single SH( a )

The answer is a. The assisting term matches against a

single semantic head er and therefo re redu ces the

answers yield b ythe leading term.

Matches with

a set of SH( a ),

a Î A

Matches with

a vSH( a ) o nly

All answers from A. The fact that assisting term matches

against a virt ual semantic header is insufficient evid ence

to red uce the answers yield bythe lead ing term.

Matches with

a set of

vSH( a ), a Î A

Matches with

a single SH( a )

The answer is a. The assisting term rather contrib utes to

that d ecisio n, consistent with the mat ch of the leading

term.

Matches with

a set of

vSH( a ), a Î A

Matches with

a vSH( a ) o nly

All answers from A. Resultant confidence level is rather

lo w and there is insu fficient evidence to redu ce the

answers yield b ythe set of vSH of the leading term.

Mat ches with

a single SH( a )

Matches with

a virtual

SH( a´ ) o nly

The answers are bo th a and a´ except in the case when

the first term matches with virtu al SH( a´ ) and the

answer is ju st a .

Matches with

a virtual SH( a )

only

Matches with

a virtual

SH( a´ ) o nly

All answers that yield vSH( a ). The questio n is far fro m

being co vered b ySH, so it is safer to pro vid e all

answers, dedu ctivelylinked to the lead ing term and

igno re the assisting term

Matches with

a set of

vSH( a ): a Î A

Matches with

a set of

vSH( a´ ):

a´ Î A´

W e find the answer that d eliver most of vSH in

{ vSH( a ) Ç vSH( a´ ): a Î A, a´ Î A´ }

Table2: Various cases of matching (disagreements) for the leadingand assisting components of complex

query. F irst and second columns enumerate matching possibilities for the leading and assisting components.

Pro position 1 : The ru les (Table 2 ) fo r matching a translatio n formula as a conjunction

with virtual semantic headers deliver the highest resu ltant accu racy, averaging thro ugh the

respective set of qu eries (complex sentences).

It is veryimportant for observing the o ptimal domain stru ctu re that the clauses o f

semantic skeleto n ^fill the gaps~ in b etween the semantic headers, which enforce the

do main taxo no my. Fo r a Q/A d omain, if the clauses b etween entities are introd uces first

and the exp ressio ns, which remain u ncovered , serve as a b asis for semantic headers,

do main stru cture wou ld be far ap art from the answer taxonomy. Therefore, do main structu re, derived in su ch a manner, wo uld b e inconsistent with ou r answer classification

app roach.

To co nclu de the Sectio n, we mention that SSK ap pro ach ad ds the ad vanced reasoning

cap ab ilities to the techniqu e o f semantic head ers. SSK techniq ue brings in the dedu ctive

links between the semantic headers, comp leting the co m monsense kno wledge

representation o n o ne hand and keep ing the co nvenience of do main coding, inherent to SH

techniqu e, on the o ther hand. Dedu ctive links between the semantic head ers imp roves the

content and q ueryphrasing coverage o f a do main, provid ing a more powerful wayto

asso ciate a fo rmal rep resentation of a q uerywith the existing semantic headers.

T he keyrequ irements to a kno wled ge representation system for Q/A is easyextension

cap ab ility. The normal pro cedu re of b uilding a kno wled ge b ase is con tinuo us u pd ate with

new answers and new links b etween existing entities, attrib utes and ob jects. Therefore, the

set of semantic head ers and semantic skeleton o f a do main must b e ab le to naturallyaccep t

whatever needs to b e d one to handle p rop erlya new q u ery. It is clear, for example, that it

maynot be straight - forward to ad d a new axiom to a (co mplete) axio matic system. Ind eed ,

the set of semantic headers is far fro m b eing co mp lete in a sense that it sto ps separating

answers mu ch in advance ap proaching a state of being a complete axiomatic system.

At the same time, the set o f semantic head ers p lus semantic skeleton is app roaching the

coverage o f all po ssible q uestions that we can call the covera ge completen ess. Therefo re,

the lo gical system for Q/A mu st be inco mp lete as the axiomatic system and complete in

terms of handling all p otential q ueries.

Propo sitio n 2 SH+ SSK techniqu e is logicallyincomplete b ut p ossess p otential coverage

completeness. The latter means that fo r anynew qu eryit is po ssible to ad d a semantic

header, readju st the o ther o nes in accord ance to certain ru les, add a clause o f the semantic

skeleto n, and mod ifythe existing clau ses in accord ance to certain clause rules such that it

will be p ro perlyhandled , as well as the o the r o nes of the o riginal system.

The p ropo sitio n abo ve is b ased on the existence o f sema ntic h eader mod ification s rules

and sema ntic skeleton mod ificatio n ru les under d omain upd ate. Existence ofsu ch ru les for

semantic head ers means that to add a new sem antic header, o nlya limited sub set of the

to talityof semantic headers sho uld b e mo dified to obeythe original sep aratio n o f answers.

Indeed , if a new semantic head er introd uces a new entity, there is no potential co nflict

with the o ther rules. If a new o bject or attrib ute is add ed with existing entity, all the

semantic head ers for this entitymu st undergo a po ssible mod ification o f instantiatio n state

or po ssib le exceptio n for the mentioned o bject o r attribu te.

The semantic head er mo dificatio n ru les are discu ssed in details in co nnectio n with

Domain Optimizer in Sectio n 3.5 . Concerning the clause mod ification, the fo llo wing

pro po sitio n is suggested :

Pro position 2 : Such clau se mod ification rules as the insertio n and d eletion of a p red icate

in the b od yof clau ses are sufficient for Prop osition 2.1 .3. 2 to hold .

In ad dition to semantic pro cessing, lead ing to fo rmatio n of the mo st p recise formal

representation o f an inpu t q uery, default reaso ning (Antonio u 1 99 7, Ou riou pina &

Galitsky20 01 ) is requ i red to mod ifytranslatio n formu las. Default ru les are intended to

handle the situatio ns, where an extra constraint need s to b e eliminated o r added in spite o f

the co rrect translation into the fo rmal langu age. Fo r examp le, the qu ery Howca n mu tation

of ch ro moso mes in my g enes occu r? is actuallyabo ut the chromo some muta tion s and no t

abo ut gen es , which are much mo re generalin this context. Therefore, the following defau lt

rule ( schema ) is exp ected to be app lied:

ch romoso me(mu tatio n, _ ) : gene(_ ,_)

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

ch romoso me(mutatio n, _ )

Methodolo gy and to ols fo r building knowledge representation for Q/A

domain

F ig 1: The domain restructuring tool (genome domain).

In this Sectio n, we present the knowld ge represena ttion to ols for SH - do main. Fig. 1

dep icts the do main restru ctu ring visualization by DomViewer, the Wind ows software fo r

knowled ge engineers, experts and do main testers. On the right, classificatio n grap h is

displayed ; the nod es are assigned with p redicates and edges with their mu tual su bstitution

to form semantic head ers. The thicker the edge, the more times the d ifferent p aths for the

who le do main co ntain this ed ge. In other wo rds, the ed ge thickness visualizes how many

times the correspo nd ing sub fo rmu la occurs in the totalityof semantic head ers for the

who le do main. Evid ently, the majo rityo f ed ges convert to the predicate gen e(_ ,_) .

The toolkit au tomaticallydistribu tes the no des througho ut the rectangle to minimize the

number o f edge intersectio ns . Built - in manu al editing cap abilities allo w a kno wled ge

engineer to d istrib ute the p rincip le entities in acco rdance to her view of the do main

structu re.

On the left, the answers are enumerated. The p aths fo r given answer are shown in gray.

In p articul ar, the answer 5 - 2 (see the examp le ab ove) has the p aths gen e - disea se, g en e -

predict, gene - disea se - hea rt, gene - kno wled ge, d isea se - smoke , etc. Jud ging o n these

entities, one can reco nstru ct the meaning o f the answer, enco ded u sing SH´s.

The to olkit is in u se to restru ctu re the d omain when add itio nal answers have to be

add ed or the info rmatio n has to b e redistribu ted b etween answers. Also, the to ol helps to

impro ve the overall domain stru cture ap pro aching a tree - like domain graph, eliminating

convergence o f edges.

Kno wledge rep resentatio n for a given entityfor TAX d omain is depicted at Tab le 2.

Do main extension wizard (DEW, Table 3 ) allo ws a p erson, knowledgeab le in a

particu lar geno me area, to share his/her experience in this d omain. A cu sto mer can extend

the natural langu age questio n - answering do main with the new ad vice, recommend ation or

intriguing sto ryand to sp ecifythe majo r ways of asking abo ut it. T his toolkit pro cesses the combina tion of the answer (the textu al rep resentation of advi ce with p ossible URL links to more detailed references) and a set of q uestions o r statements. These qu estions o r statements are sup po sed to be natural fro m the pro spective o f the domain extensio n au tho r to generate the d ocument as a reaso nable answer (asso ciation). DEW do es not d irectly sup po rt the add itio n of new facts or entities into the do main rep resentation. However, the inpu t o f a set o f questio ns, acco mp anied byan emp tyanswer will mean that the p ure formal facts are add ed (answers co ntain the para meters of the p red icates). In the same manner, the inp ut o f an answer with an emptyqu estion wind ow will switch DE W to the op tio n of auto matic annotatio n: fo rmal qu estions will b e generated indep endently. T he

(base) d omain is readyfor extension byDE W whe n its semantic model is d esigned : the essential entities and their attrib utes are specified, and the d omain - related synonyms and multiword su bstitutions are d efined.

Development and evalua tion of Q/A domains

In this section, we consider GENOME and TAX do ma ins. Hu man geno me do main includ es 20 0 answers and 23 00 semantic headers. The size o f the internal vocab ularyis abo ut 1 00 0 atoms, and the NLP vo cab ularyis abo ut 2 00 0 wo rds, includ ing the synonyms and taking into accou nt the multiwo rd sub stitution. Do main of such complexitywas verified bythe experts to co ver the majo rityof to pics for the general au dience. Desired accuracycan be achieved o nlyb ytho rou gh do main adju stment in accord ance to the query lo gs, pro cessed bythe do main experts. Usually, cust omers try to rephrase qu estions in case o f the system´s misunderstanding or failu re to provid e a respo nse. Re iteratio n

(rephrasing the qu estion ) is almost always sufficient to o btain the req uired information. At the b eginning of evalu ation period , the number of misunderstoo d qu estion was significantlyexceeded b ythe nu mb er of answers not known b ythe system. This situ ation is d ramaticallyreversed later, however the number of misu nd ersto od qu estio ns is monoto nicallyd ecreasing in sp ite of the increase of o verall represented kno wledge.

With the answer size not to exceed 6 paragrap hs, the system correctlyanswers more than

70 % o f all q ueries, in accord ance to the analysis of the Q/A lo g b ythe exp erts. Even with

70 % accu racy, which is relativelylow for trad itional pattern recognition systems, o ver

95 % of custo mers and qu alityassurance p erso nnel agreed that tax Q/A system is the preferab le wayof accessing informa tio n fo r no n - pro fessional u sers. Using natural language Q/A system fo r advising is the fastest wayto receive a reasonab le advice, compare to Internet keywo rd search.

As an example o f dep loyed d omain, we can mention the TAX one with tens o fthou sand us ers monthly. Since the end o f 200 0, the major tax services pro vid er H&R Block has used the tax ad viser (p lease see www.hrb lock.co m/taxes/fast_ facts/tax_search.html , Fig. 2 ).

The T ax Advi sor was sub ject to evaluatio n b yab ou t 6 tho usand users per month du ring the season of filing returns for 1 99 9. T hou gh the answers u su allydo no t exceed a page o f text, the custo mers had mo re than 9 0% satisfactio n with the system. T he cu stomers were attrac ted to our web site bythe articles in ^Bosto n Glo be~ newsp ap er and ^Mass High -

Tech~ magazine, describ ing the Q/A system as an alternative to the traditional wayof tax cou nseling. At that time, the answers usu allyd o not exceed a p age of text. 90 % of the custo mers were satisfied with the system.

A lo t of co ntent improvement effo rts dramaticallyimp roved the TAX engine fo r 20 00 tax filing season. Obtaining the lo nger answers, users u sed hyper - references and related qu estion links to o btain the relevan t po rtio n o f info rmatio n, and the NLP job itself was eased. The style o f the p resentatio n was much smo other than a year before that also contribu ted to the overall increase o f user satisfaction.

gain(X,_,_): - var(X), clarify([home, remainder_interest, trade,transfer, installement_sale]), !, fail.

If a qu erycontains gain witho ut p arameters (o r with unknown parameters), the cu stomer is su ggested to clarify(to cho ose from the dro p - do wn co mb o b ox).

gain(sell(P,_),_,77114): - nonvar(P), sell(P,77114).

The line ab ove redu ces o ne SH to another. In the TAX d omain, docu ment ab ou t the gain on a sale is the same do cu ment, containing the general information abou t sales. Argu ment of the p red icate sale should b e instantiated.

gain(sell(home(X,_,_),_),how(ca lculate,_),82103): - var(X), do(82103).

gain(sell(home(X,_,_),_),how(calculate,_),82107): - nonvar(X), home(X,_,82107).

If we sp eak ab ou t calcu lation o f the gain for a sale of home, the situation depend s on the attrib ute o f th is home. If there is no attrib ute (var(X)), then the answer ^To figu re the gain

(or loss) o n the sale of you r main home�~ is initiated. If there is a sp ecific home attrib utes (a word , fo rming a sp ecific meaning together with the entity ho me ) su ch as rema in der_interest, impro vemen t, inh erita nce, tempo rary, con domin ium, selling _price , the answer is different. In co ntract to the previou s SHabo ve, the ga in - sell - ho me is redu ced to ho me and no t to sell ; in ad dition, instantiated argument o f ho me is requ ired to o btain the answer ab ou t ^Fo reclo su re or rep ossessio n / Ordinaryincome~.

gain(sell(home(_,_,_),_),_,82116).

SH ab ove is req uired when we b uild the translatio n fo rmula with two or more conju nctive members with the co mmo n answer id (here, 8 21 16). This SH is design to b e matched against one of these memb ers. This match will not occur if another answer id is generated

(verified ) bythe previou s (following) conju nctive memb er (in the translation formula).

For example, the qu erŷ how to estimate the gain from s ale of myhouse if I have used it for bu siness~ is rep resented as gain(sell(home(_,_,_),_),_,Id), business(use(home(_,_,_),_),_Id);

SH fo r the second co nju nctive member contains the reference to the answer

(do(82116)) and the first c onju nctive member introd uces the constraint via the answer id (SH abo ve).

gain(sell(home(_,_,_),_),when,82121): - do(82121).

gain(sell(home(_,_,_),_),how(report,_),82122): - do(82122).

SH´s abo ve intro duce the difference between the q uestio ns ^when to do som ething~ and

^ho w to rep ort so mething~.

gain(sell(home(X,_,_),_),_,82128): - nonvar(X),X=remainder_interest, do(82128). The particular case o f the familyof SH above for rema ind er_ interest.

gain(trade(home(_,_,_),_),how(calculate,_),82106): - do(82106). We have different answers for sale and tra de , tho ugh their occurrence is symmetric.

gain(home(X,_,_),_,82107): - nonvar(X), home(X,_,82107).

^Gain fo r a ho me~ is the same as ^gain fo r a sale of home~, if the predicate ho me is instantiated.

gain(home(transfer,_,_),_ ,82108): - do(82108).

Table2 Representation of an entity gain.

Enter question(s): In this windo w, you can inpu t all the q uestio ns o r statements you think to be the natural ways of qu erying abo ut the geno me in the right window.

Enter answer : Here yo u can inpu t the text you want to be availab le to yo ur custo mer. Yo u, as a q uestion - answering system develo per, have the co ntro l over how large the po rtio ns of text sho uld b e.

What is the difference betweenmale and female chromosomes?

How many chromosomes do humans have?

Chromosomes are�

There are 46 chromosomes�

Male chromosomes are�

$ GG�WR�GRPDLQ Press this b utton when

you want to ad d a new p ortio n o f text

(answer) with a list o f qu estions

& RPSLOH�GRPDLQ

When you press this b utto n, the newlycreated sou rce file will b e app ended to the existing do main and the u pd ated sou rce will be compiled to up date the domain.

When the extended do main is compiled , you can see the formal (internal) rep resentation for the q uestions. Domain extension code:

differen ce(chromo some(ma le,_), ch romoso me(fema le,_)): - do 20 1.

chromo some(numb er,_ ): - do 20 1.

do 20 1: - ia ssert($ Chromo so mes a re� $).

Domain is compiled. Ask a question to the updated domain

$

V