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Abstract
We build the knowledge representation machinery for
answering complex questions in poorly formalized an
logically complex domains. Answers are annotateth wi
deductively linked logical expressions (semantic
skeletons), which are to be matched with formal
representations for questions. Technigue of semanti
skeletons is a further development of our semdreader-
based approach to question answering.

The  question-answering technigue has  been
implemented for the financial and legal domainsjcivh
are rather sophisticated on one hand and requiiey f
precise answers on the other hand.

I ntroduction

Domain-specific ontologies are an important compbne
of question-answering (Q/A). While the keyword s&ar
and open domain question answering are oriented for
wide (horizontal) domain, handling relatively simpl
questions containing an entity and its attributés ts not
the case for a legal, financial or business Q/Atesys
Representation of the above knowledge, orientethéo
general audience, is much less structured and resqui
much richer set of entities than a natural language
interface to SQL databases (Maybury 2000, Popeisali e
2003, Galitsky 2003). Furthermore, the structurdirkfs
between these entities is significantly more comjpte
such domains.

Domain-specific ontology for Q/A must be demsd
in a way to deliver a limited portion if informatiavhich:

1. is adjusted to the question;
2. is linked to additional
necessary;

indicates its position in the taxonomy of given Q/A
domain;

is consistent with other answers and provides a
uniform coverage of Q/A domain.

Earlier studies into design of natural langubgeed
and expert systems showed that adequate commonsense
reasoning is essential for answering complex coiesti

resources if they are
3.

4,
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(Winograd 1972). A number of recent studies hawewsh
how application of advanced reasoning is helpful to
compensate for a lack of linguistic or domain-dejsart
knowledge while answering complex questions (N@let
2001, Moldovan et al 2002, Pasca 2003, Rus and
Moldovan 2002, Baral et al 2004, Galitsky 2004).

In our earlier studies we have explored whatnfoof
reasoning can overcome the bottleneck of a limited
accuracy of delivered answers. Default logic hasnbe
shown to provide a significant assistance disandiigy
questions formed by a domain non-expert (Galitsky
2005). An architecture for merging vertical questio
answering ontologies has been proposed in (Galisidy
Pampapathi 2005). In this paper we continue
development of the knowledge representation and
reasoning technique for building sharable reusable
ontologies for answering complex questions.

The technique of semantic headers (SH, Gslits
2003) is intended to represent and reason aboutypoo
structured knowledge, manually extracted from txd
match it with formalized questions. Having undergdime
commercial evaluation, this technique demonstraied
superior performance in the market niche of expensi
guestion answering systems, requiring a substantial
domain-representation work of knowledge engineers.
However, its accuracy and complexity of delivered
advices is much higher than that of open-domairstipre
answering with automatic annotation. SHs are specia
logical forms oriented to represent partial (most
important) information from a textual document.

Semantic skeletons (SSK) extend the functionality o
guestion answering by means of commonsense reasonin
machinery. Designed for the above market niche, a
semantic skeleton — enabled knowledge domain pesvid
a better coverage of a totality of possible questid his
is due to the fact that an “emergent” questionxjzeeted
to be deductively linked to one or more of the &xg
annotated answers by application of commonsense
reasoning, inherent to SSK. Moreover, SSK exprassio
closer follow natural language expressions than
knowledge representations which abstract away from
natural language means. Hence SSK technique seems t
be a good candidate for building a domain-specific
repositories for Q/A. A number of encoded domaims i
available for reuse atww.dcs.bbk.ac.uk/~galitsky/NL/boak




To illustrate the target complexity of questionse th

proposed repository will provide knowledge for, we
present questions from Mortgage domain. NLP system
needs to handle up to four entities; neither kegwor

search—-based nor statistical nor syntactic matah ca
provide satisfactory information access in vertical
domains.

How much lower is an adjustable rate mortgage coetbp
to a fixed rate loan?

Does the "start" rate quoted by lenders on a Iteanis
effect for the term of the mortgage?

How can | avoid negative amortization on an adjista

rate mortgage?
How risky is a 125 percent loan to value second

mortgage?

The desired suite of features we are attemptirarhieve
by SSK — based knowledge representation machirgery i
as follows:
1) simplicity and expressive power;
2) capability to reason with incomplete information;
3) existence of a well developed programming
methodology;
4) availability of rather efficient reasoning features
5) encoding defeasible relations, defaults, causal
relations, argumentations, and inheritance
hierarchies (Galitsky 2005);
6) being elaboration-tolerant knowledge base, i.e., be
able to accommodate new knowledge without doing
large-scale modification.

Building semantic header s of answers

The problem of question answering in a vertical diom
is posed as building a mapping between formal
representations of the fixed set of answers anchdbr
representations of possible questions. The tecknimfu
semantic headers is intended to be the means of
conversion of an abstract textual document int@ranf
appropriate to be associated to a question andriergte
an answer from pre-designed textual components
(Galitsky 2003). Only the data, which can be exgjic
mentioned in a potential query, occurs in semantic
headers. The rest of the information, which woutl b
unlikely to occur in a question, but can potenyidrm
the relevant answer, does not have to be formalized

Let us consider thénternet Auctiondomain, which
includes the description of bidding rules and wasio
types of auctions.
“Restricted-Access Auctions. This separate category
makes it easy for you to find or avoid adult-only
merchandise. To view and bid on adult-only itenuyelos
need to have a credit card on file with eBay. $elfaust
also have credit card verification. Items listed tine
Adult-Only category are not included in the Newrige"

What is this paragraph about? It introduces the
“Restricted-Access” auction as a specific class of

auctions, explains how to search for or avoid getec
category of products, presents the credit cardsraled
describes the relations between this class of euetind
the highlighted sections of the Internet auctice.siWe

do not change the paragraph in order to adjusi thé
potential questions answered within it; instead, we
consider all the possible questions this paragregi
serve as an answer to:

What is the restricted-access auctiofffis question is
raised when a customer knows the name of the $pecif
class of auction and wants to get more details tahou
What kind of auctions sells adult-only items? Haw t
avoid adult-rated products for my son? Do you aellilt
items? These are similar questions, but the class of
auctions is specified implicitly, via the key dbuteadult-
only.

When does a buyer need a credit card on fild® W
does a seller need credit card verificationPhese are
more specific questions about what kind of auctions
requires having credit cards on file, and what hs t
difference in credit card processing for the auctio
seller/buyer The above paragraph serves as answer to
these questions as well, and since we are notidgithe
paragraph into smaller fragments, the question edae
will get more information than he/she has directly
requested; however this additional informationeievant
to that request.

Below is the fragment of SH repository whiigtd of
headers for the above answer.

auction(restricted_access):-addAnswer(restrAuction)
product(adult):-addAnswer(restrAuction).
seller(credit_card(verification,_), ):-
addAnswer(restrAuction)
credit_card(verification,_)):-addAnswer(restrAuatio
buyer(credit_card(reject(_,_ ), ), ):-
addAnswer(restrAuction)
bidder(credit_card(_,_), ):-addAnswer(restrAuction)
seller(credit_card(_, ), ):-addAnswer(restrAuction)
what_is(auction(restricted_access, ), ):-
addAnswesfrAuction).

What happens when the system receives a question
What if buyers’ credit card is not approved immeelia
when | shop at restricted access auctidripstly, it is
translated into representation (we do not preséet t
details here)

buyer(credit_card(_, ),

shop(auction(restricted_access, ), ).

Secondly, we search for a proof of this conjuntti
given all available SHs, including ones for the \abo
answer. The first conjunctive member will be saidfoy
the clause

buyer(credit_card(reject(_, ), ), ):--

addAnswer(restrAuction).

Finally, the predicataddAnswer(restrAuction$ called
and the above paragraph is added to the curremteans
which may consists of multiple pre-prepared ondse T



second conjunctive member might be satisfied with
another SH, which would deliver another answer.

Now we will briefly introduce a generic set®¥fls for
an entity. For an entitye, its attributesc,, ¢, ...,
variables over these attribut€s G, as well as other
involved entitiese;,..., andthe ID of resultant answer,
SHs look like the following:

e(A):-var(A), answer(id)This is a very general answe
introducing (defining) the entitye. It is not always
appropriate to provide a general answer (e.g. swan
What is tax, so the system may ask a user to be njore
specific:

e(A):-var(A), clarify([g, ¢, ...]). If the attribute ofe is
unknown, a clarification procedure is initiatgd,
suggesting the choice of an attribute from the dist
Cy... to have the specific answer ab@(t) instead of
general one foe( ) (definition fore).

e(A):-nonvar(A), A = ¢, answer(id).The attribute is|
determined and the system outputs the answer asso¢
with the entity and its attribute.

e(a(A):-nonvar(A), A=g, a(A).
e(a(A),e):-nonvar(A), A4 c,, (). Depending on the
existence and values of attributes, an embedded
expression is reduced to its innermost entity twls
another SH.

e(A,id). This (dead-end) semantic header serves as a
constraint for the representation of a complex guer

=

Note thatvar/l and nonvar/l are the built-in
PROLOG metapredicates that obtain the respective
status of variables.

From the perspective of logic, the choiceSefs to
be matched against a formal representation of ayque
corresponds to the search for a proof of this
representation, considering SHs as axioms.

Hence, SHs of answer are formal generalized
representations of potential questions which cantiag
essential information from answers and serve tarsep
them, being matched with formal representations of
questions. SHs are built taking into account thieofe
other semantically close answers, and the totality
relevant questions, semantically similar to generic
questions above.

Semantic skeletons for common sense

Evidently, a set of SH represents the associatsd/em
with the loss of information. What kind of infornian
can be saved given the formal language that support
semantic headers?

When we extract the answer identifying information
and construct the semantic headers we intentiohadky
the commonsense links between the entities ancttsbje
used. This happens for the sole purpose of buildlirg
most robust and compact expressions for matchirly wi
the query representations. Nevertheless, it seems

reasonable to conserve the answer information wisich
not directly connected with potential questiong, tseful

for completeness of knowledge being queried. A sdima
skeleton (SSK) can be considered as a combination o
semantic headers wittnutual explanation®f how they
are related to each other from the answers peigpect
SSKs are domain-specific and coded manually by
knowledge engineers

Input question Semantic
Formalized query
M atch
Virtual
semantic
No matck header
Head = Bodyl Body2 Body3

Clause of semantic skeleton

“““ Answer ¢

Fig. 1: lllustration for the idea of semantic skeles

SSKs serve the purpose of handling the queras
directly related to the informational content ofeth
answers, represented by semantic headers. Forsarean
and a set of semantic headers, an SSK derives an
additional set oVirtual headers to cover those questions
which require a deductive step to be linked witls th
answer. In other words, a semantic skeleton extarskt
of questions which is covered by existing semantic
headers towards the superset of questions, dedlyctiv
connected with the former ones. It happens during a
guestion answering session, unlike the creatioregdlar
SHs which are built in the course of domain corcstou.

Yielding virtual SHs in a domain can be writles/ /a
SSK : {SH(a)}- {vSH(a)}, where SH(a} is the set of
original semantic headers for ansvegrand{vSH(a} is
the set of virtuakemantic headers derived from SSK for
an answera. A virtual semantic header (vSH) can be
yielded by multiple answers (Galitsky 2003). Howe\ae
VvSH cannot be a regular header for another ansvee (
that two semantic headers for different answers are
allowed to be deductively linked)fa,a” VvSH(a) n
SH(a')=/J. Hence, a vSH for a query is an expression
that enters a clause of the semantic skeleton andbe
matched with the translation formula of a queryitsr
conjunctive component. In the latter case, the $eah
mentioned clauses must not match with the negatiéns
the (conjunctive) components of that translatiomfiala.

The idea of SSK is depicted in Figure 1. The input
query is matched against the vSHs if there is no
appropriate regular semantic header to match with.
Virtual semantic headers are obtained given thadesf
SSK clauses. The SHs are assigned to answerslylirect
However, vSHs are assigned to answers via claBsdis.
Answerland Answer2may have other assigned regular
and virtual SHs.



For example, imagine a semantic headg(income)
that is intended to handle questions aliaxtbracketsn
the Tax domain: how théax amount depends dncome
Evidently, this answer would be a relevant onehe t
questionWhat would my tax be if | lost my job last year?
Sincelosing a jobis not directly related ttax (the former
is deductively linked to the latter vincome job(lost)—
not income( ) it would be unreasonable to have a
special semantic header to linkax and job-lost
Therefore, the expressiob(lost) serves as a virtual
semantic header in the TAX domain, being generated
dynamically from the claus@b(lost)- not income(,)
instead of being a regular one. If we do not use th
regular semantic header instead of the virtual fon¢he
entities which are neither deductively nor syntaaty
linked in a query, it would damage the domain dtmec

and lead to an excess number of semantic headers.

Indeed, this used to happen before the concepiedtEK
was introduced.

At the same time, in the IRA domain tleesing job
scenario is under special consideration, and egjues
ira(tax(income))andira(job(lost)) are expected to be the
semantic headers for different answers; one for
calculatingtax on IRA distribution amounthat depends
on income and the other for the special caseaf on
IRA distributionunderemployment terminationThus a
pair (triple, etc.) of entities may form a vSH (tha
requires a SSK-clause that would yield, generally
speaking, multiple links between entities) or, foan
regular header, depending on whether these endites
directly semantically or syntactically linked incaery.
The clauses of the semantic skeleton are dictly
used to separate answers, so they can be built as
complete as possible irrespectively on the knowdedg
correlation with other answers. Furthermore, semant
skeletons for a pair of answers may overlap, hatfieg
common clauses.

SSK handling of complex questions

Semantic skeletons are helpful for formalizing deser
which are conjunctions of multiple terms (This happ
for complex queries consisting of two or more
components, for examp{@an | qualify for a 15-year loan
if | filed bankruptcy two years ago with my partRer
loan(qualify)& bankruptcy(file, 2yearg) If a term is
either matched against none of the SHs or delit@ws
many of them, then this term can serve as a viSthlIn
the Table 1 below we analyze various cases of the
satisfaction (matching) of a translation formulghamiwo
terms against regular and virtual SHs.

In a complex question, we distinguish two gart
leading and assisting These parts are frequently
correlated with the syntactic components of quastioln
accordance to our observations (Galitsky 2003), the
leading part is usually more general than the tsgis

part. One of the canonical examples of a complesrygis
as follows (note that we accent its semantic ginect
rather than its syntactic one}dow can | do thisAction
with that Attribute, if | am Additional Attributel of / by /
with / from/andAdditional Attribute2. We enumerate the
properties of our informational model above asofol:

1) Action and its Attribute are more important (and
more general) than AdditionalAttributel and
AdditionalAttribute2;they are more likely to point
to a specific topic (group of answers).

2) AdditionalAttributel or AdditionalAttribute2 are
more specific and more likely to point to an exact
answer.

Therefore, if we mishandle the leading pae, would
probably dissatisfy the assisting one and find elues
with a totally irrelevant answer. Conversely, ifeth
assisting part is mishandled when the leading past
been matched, we frequently find ourselves in the
situation where we have either a marginally relévan
answer or too many answers. In general the vaoéty
assisting components is much higher than that ef th
leading ones. Therefore, it is reasonable to remtes
assisting expressions as vSHs. Proper domain casing
intended to achieve the coverage of all leading
components, so most of them are represented by SHs.

Assuming that the complete (linking all emtifj SSK
is built, we approach the Table 1. It shows thesubr
building SSK ontology to handle complex questions.
There are a few additional models for complex daast
When a question does not follow our two-part model,
SHs and SSKs can be individually built to handle
particular asking schema. However, if no speciahmse
have been designed for a (semantically) deviated
question, the resultant answers may be irrelevant.

As a final SSK example, we show how to haribdke
question What if my credit card is not approved
immediately when | shop at restricted access an@tim
the domain discussed above. Ibayeris mention in one
way or another, SH technique would deliver the arsw
but not otherwise. A simple SSK
buyer(person,_):- shop(person, auction(Any, ))
is required to express knowledge that a shoppea is
potential buyer. Obviously, such kind of SSKs assu
that a wide class of complex questions is properly
understood.

Evaluation of Q/A improvement dueto SSK

A series of tax return assisting, investment, nag&and
financial companies have been using the Q/A systems
with SSK-based knowledge representation. Q/A can
replace human agents, automatically answering tax
questions in up to 85% of all cases. Human ageerte w
ready to get involved in the Q/A process in caseaof
failure of the automatic system.



First term Second term Resultant answer and comments

(leading) (assisting)

Matches with Matches with a single The case for a “dead end” semantic header for sistay term, which reduces th
multiple SHs SH(@) number of matched SHs for the first term, havirgg¢gbmmon variable (answer Id

~ @

Answera is chosen in this situation which had required &dgumeparation.

Matches with a single
SH(@)

Matches with multiple
SHs

Answera from the leading term is taking over the multipiees delivered by th
assisting term. The confidence of that right decisivould grow if the assistin
term matches with a vSH af otherwise, we conclude that the assisting compi
is unknown.

oD

Matches with a single
SH(@) or only vSHf)

Matches with a single
SH(a) or only vSH{)

The answer is. Higher confidence in the proper decision would btalglished if
the leading term matches with SH and the assistmegwith vSH.

Matches with a set off

Matches with a single

The answer is. The assisting term matches against a single setnlaatider and

SH@), alA SH(@) therefore reduces the answers yielded by the Igadimm.
Matches with a set of| Matches with a vSHY{) All answers fromA. The fact that the assisting term matches againgttaal
SH(), alA only semantic header is insufficient evidence to redheeanswers yield by the leading

term.

Matches with a set of]

Matches with a single

The answer is. The assisting term contributes to that decisionsistent with the|

vSH(@), alA SH(@) match of the leading term.
Matches with a set of| Matches with a vSHY{) All answers fromA. The resultant confidence level is rather low andrehis
VSH(@), alA only insufficient evidence to reduce the answers yielaethe set of vSH of the leadirig

term.

Matches with a single

Matches with a virtual

The answers are bothanda’ except in the case when the first term matches

SH(@) SH(@’) only virtual SH@') and the answer is juat
Matches with a Matches with a virtual All answers which are yielded by vS&J( The question is far from being covered
virtual SH@) only SH(@’) only by SH, so it is safer to provide all answers, dédaly linked to the leading term

and ignore the assisting term.

Matches with a set

of vSH(@): al/A

Matches with a set of
vSH@'): a' LA

We find the answer which delivers most of vSH in
{vSH(a)n vSH@'): alA, a’[A’ }

Table 1: Various cases of matching (disagreemdotghe leading and assisting components of comglesty. First and
second columns enumerate matching possibilitiethinteading and assisting components.

In particular, the suite of legal (family lawpmain has
been created, which covers sufficient information the

always sufficient to obtain the required informatiéit the

general audience of using about 1000 answers in the misunderstood question was significantly exceedethb

principle and accompanying domains.
includes more than 240 entities and more than 2600
their parameters in these sub-domains. More tha0 30
semantic headers and semantic skeletons were ddsign
provide an access to these answers. During thetdstag,

The domain number of answers not known by the system. This

situation was dramatically reversed later, howetrez

decreasing in spite of an increase in overall regred
knowledge.

with

beginning of the evaluation period, the number of

number of misunderstood questions was monotonically

the Family Law adviser was subject to evaluatiorabigw
hundred users starting from the summer of 2000.
Customers had the options to provide the feedbadke
system concerning a particular answer if they were
dissatisfied or not fully satisfied with it (toorlg, non-
relevant, partially relevant, etc.). With the answize not
to exceed 6 paragraphs, the system correctly answere
than 70% of all queries, in accordance to the amlgf
the Q/A log by the experts. Even with 82% resultant
accuracy (Table 2), which is relatively low for ditional
pattern recognition systems, over 95% of custoraeic
quality assurance personnel agreed that the lely@a is
the preferable way of accessing information for -non
professional users.

Usually, customers tried to rephrase questiomsise of
the system’s misunderstanding or failure to provale
response. Reiteration (rephrasing the question)alaest

Use of SSK allowed increasing the percentafe o
correctly answered questions from 60 to 67 (Table 2
about 7 % of questions are indirect and requirapply a
commonsense reasoning to link these questions to
formalized answer components. In 2% of cases vSéte w
built but they derived multiple inconsistent SH&dese of
a lack of a specific knowledge (which has been ddde
later). As one would expect applying SSK technidhe,
decrease of cases with a lack of understanding (8&6)
higher than (twice as much as) the decrease of caik
misunderstanding (3%). To estimate the results of
matching procedure without a SSK, the reader may
hypothetically replace matching with a virtual SK ‘mo
match” and track the number of situations with ldmek of
proper handling where SSKs are not in use.
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Initial coding Initially designed| 47 | O 35| 18
(expert) questions
for SH
Testing & Initially designed | 52 | 18 | 21| 9
reviewing of & accompanying
initial coding questions
Adjustment to | Additional and 60 | 15| 10| 15
testers’ reformulated and
questions rephrased testers
guestions
Adding SSKs | Domain-specific | 63 | 17 | 7 13
without Tablel | knowledge
rules
Adding SSKs | Domain-specific | 67 | 17 | 4 12
with Tablel knowledge
rules
Adjustment to | More questions, | 74 | 8 4 14
content reflecting a
providers’ different
questions viewpoint
Adjustment to | No additional 82 | 4 4 10
users’ guestions
questions

Table 2: The progress of question answering enimaece at
consecutive steps of domain development (%). S8 istshown
in bold. Commonsense domain knowleddgelps to vyields
questions which were not encoded during initialgghaf domain
development, but are nevertheless relevant.

Conclusions

Application of the SSK technique to NL Q/A showéxe t
following. There is a superior performance over the
knowledge systems based on the syntactic matcHiig. o
queries with the previously prepared NL represé@nabf
canonical queries, and the knowledge systems based
fully formalized knowledge. Moreover, the domain
coverage of SSK is better than that of SH becauseva
question can be reduced to existing pre-coded @yes
means of commonsense reasoning.

The SSK approach to knowledge representatio@fé

provide, including open-domain question answeriag,
expert system on its own, a keyword search, stalsbr
syntactic pattern matcher. Indeed, SSK technique
approaches the accuracy of a Q/A in a fully-foraedi
domain, assuming the knowledge representation machi
obeys the features outlined in the Introduction.

In this paper we described the design of glsiQ/A
domain. To merge multiple vertical domains to foem
horizontal one, we suggest a multiagent question
answering approach, where each domain is repraségte
an agent which tries to answer questions taking int
account its specific knowledge. The meta—agentrobnt
the cooperation between question answering agems a
chooses the most relevant answer(s). In (Galitsky &
Pampapathi 2005) we argue that multiagent question
answering is optimal in terms of access to busirsess
financial knowledge, flexibility in query phrasingnd
efficiency and usability of advice.

Using semantic resources like WordNet, autothate
statistic-based annotation systems and commonsense
ontology resources would decrease the cost of domai
development at the expense of lower accuracy. In ou
future studies we plan to perform the above intiégmaor
less narrow domains and less complex questions, but
automated annotation.
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