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Abstract In this paper we will consider, among others, the
. . following important aspect of cooperative answer-
This paper addresses the issue of ap- jng: providing additional information useful for

plicability of erotetic search scenar- g ser confronted with a failure. As Terry Gaaster-

ios, a tool developed within Inferential land puts it:

Erotetic Logic, in the area of cooperative

answering for databases and information On asking a query, one assumes there

systems. Short descriptions of coopera- are answers to the query too. If there

tive answering and Erotetic Search Sce- are no answers, this deserves an expla-

narios are given. Some basic cooperative nation. (Gaasterland et al., 1994, p. 14)

answering phenomena are modeled within

the framework of Erotetic Search Scenar- We may consider a well known example here

ios. (cf. (Gal, 1988, p. 2)). Imagine that a student
wants to evaluate a course before registering in it.

1 Introduction He asks the secretary:

The issue of cooperative answering is important Q: How many students failed course number
in the field of databases and information systems. ~  ~c100 |ast semester?

Databases and information systems in general of-

fer correct answers (as far as these systems coffhe course CS400 was not given last semester, so
tain valid data). The problem is to ensure that thehe secretary would easily recognise the student’s
answers will be also non-misleading and usefufalse assumption and correct it in her answer:

for a usef To solve this problem certain specific

techniques were developed. The most importanti:: Course number CHA00 was not offered last

are the following: semester.

e consideration of specific information about However, for most database interface systems the
a user’s state of mind, answer would be:
e evaluation of presuppositions of a query,
e detection and correction of misconceptions in41: None.
a query (other than a false presupposition),
o formulation of intensional answers,
e generalization of queries and of responses.

Without additional explanations given, this re-
sponse would be misleading for the student, and
thus uncooperative from our perspective.

A detailed description of the above techniques We will be addressing this issue, focussing our
may be found in (Gaasterland et al., 1994) andittention on the following cases: (a) the answer
(Godfrey, 1997). For their implementation in var-t0 @ question is negative, (b) there is no an-
ious database and information systems see e.g§Wwer available in a database, and (c) the asked

(Godfrey etal., 1994), (Gal, 1988), (Benamara andluestion bares a misconception (i.e. it requests
Dizier, 2003b). for information impossible to obtain from the

—V . , , database). We are going to make use of the
H. P. Grice in (Grice, 1975) points out three features ofE tetic S hs ios f K d | d

what we may call @ooperative answer. It should be (i) cor- ':O e IC e?}rc_ ananos ra_mewor " eve Qpe

rect, (i) non-misleading, and (iii) useful answer to a quer ~ within A. Wisniewski's Inferential Erotetic Logic
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(cf. (Wisniewski, 1995)). The reason for this The exemplary e-scenario, as well other e-
choice is that Inferential Erotetic Logic provides scenarios, may be written in a formal language.
the concept of validity of inferences which involve Let us use here a language which we will cal,
questiong. this language resembles a language characterised
For the reasons of space, only an informal charin (Wisniewski, 2001, p. 20-21). The ‘declara-
acteristics of Erotetic Search Scenarios (thereafteive’ part of L, is a first-order language with iden-
referred to ase-scenarios) will be given here. tity and individual constants, but without function
The exact definition and many examples can besymbols. Asentence is a declarative well-formed
found in (Wisniewski, 2001), (Wisniewski, 2003) formula (d-wff for short) with no occurrence of

or (Wisniewski, 2004). a free variable. The metalinguistic expressibn
E-scenarios are defined in terms of syntax andefers to d-wffs ofZ, which haver as the only free
semantics. But: variable. A(z/c) designates the result of the sub-
stitution of an individual constamtfor the variable
Viewed pragmatically, an e-scenario in Az
provides us with conditional instruc- The vocabulary of the ‘erotetic’ part df, con-
tions which tell us what questions sists of the signs?, {, }, S, U, and the comma.
should be asked and when they should Questions of L, are expressions of the follow-
be asked. Moreover, an e-scenario ing forms:
shows where to go if such-and-such
a direct answer to a query appears to () 7{A1,Aq,..., Ay}
be acceptable and goes so with re- wheren > 1 andAq, As, ..., A, are syntac-
spect to any direct answer to each tically distinct sentences df,,

query. (Wisniewski, 2003, p. 422) (i) 7S(Ax)
For instance, let us imagine that we ask if(iii) 7U(Ax)
a given system is valid and at the same time we  wherex is an individual variable andlz is
construe the relevant concept of validity as fol- a d-wff of Ly which hasz as the only free
lows: a system is valid just in case it works variable.

properly and is stable. How can one cope with Direct defined foll E
this problem? A solution may be offered by an Irt' ar}st/;/wersf are cetine ha; vows. Aor a
e-scenario. We can present this e-scenario aguestion ot the form (i), eac L4720

a downward tree with the main question as the root> & direct answer to the question. For a question

and direct answers to it as leaves. The relevant le the form (ii), a direct answer to it is a sentence

scenario for our exemplary problem is: of the form A(x/c), wherec is an individual con-
' stant. Direct answers to questions of the form (iii)

Is this system valid? fall under the schema:
This systemisvalid if and only if
it works properly and it is stable. A(@/c) Ao NA(xfen) NVZ(Az — 2 =1 V
Is it true that this system VT =)
works properly and it is stable? o o
wheren > 1 andc, ..., ¢, are distinct individual
Is it true that this system constants.

k ly? : . .
works property A question of the form (i) can be read, ‘Is it the

case that4;, or is it the case thatl,, ..., or is

YES _ NO. _ it the case thatd,,?". A question of the form (ii)

that'stkﬁ;r;‘;stem Thissystemisnotvalid. can pe read, ‘Which is such that4z?", whereas
is stable? a question of the form (iii) can be read, ‘What are

all of thex’s such thatdz?".

For brevity, we will adopt a different nota-
tion for some types of questions. A question
S of the form 7{A,—A} (‘Is it the case thatd?’)

*For comparison of Inferential Erotetic Logic and J. Hin- |l be abbreviated a8 A. The so-called (two-
tikka’s Interrogative Model of Inquiry (withinterrogative . . . o

4,argument)conjunctlve questions, namely?{A A

game as a central concept) see e.g. (Wisniewski, 200
p. 139-140). B,AN-B,~ANB,-ANA-B} (to be read, ‘Is

YES NO.
Thissystemisvalid  Thissystem isnot valid.
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it the case tha#l and is it the case that?’), will ] ] o ]
be abbreviated a3+ |A, B| — cf. (Wisniewski, if the main question is ?valid(s) andthe
2003, p. 399). |n|t|'al premiseis

Here is the exemplary e-scenario written in the valld(il < prop(s) A stable(s) then
languageLs (valid stands for ‘system is valid’, | ask?prop(s);
prop stands for ‘system works properly’, and if the answer is prop(s) then
stable for ‘system is stable’; the letters* is an | ask?stable(s);
individual constant, a name of the system):

Tvalid(s) if the answer is stable(s) then
valid(s) < prop(s) A stable(s) the answer to the main question is
?(prop(s) A stable(s)) valid(s);
7+ |prop(s), stable(s)|
?prop(s) Algorithm 1: Instructions given by the
leftmost path of the exemplary e-scenario
prop(s) —prop(s)
?stable(s) —walid(s) sibly empty) set of d-wffs X, and a questiony);.
Without going into details let us only say thiat
stable(s) —stable(s) ensures the following: (a) i) has a true direct an-
valid(s)  —walid(s) swer andX consists of truths, the®; has a true

direct answer as well (‘transmission of soundness

As above, the e-scenario has a tree-like SUUCH g truth into soundness’), and (b) each direct an-

ture with the main question as the root and directswer t0Q,, if true, and if all theX-es are true

nswer i leaves. her ions ar - . )
answers o it as leaves. Other questions are au)ﬁarrows down the class at which a true direct an-

|I|ary.t_ Elthertsn guxmadr_ytquestlon has aPOtherswer to@ can be found (‘open-minded cognitive
‘ques lon as the |mme, |ae_ successor (C.' e'gijsefulnes.‘=,’). For details see (Wisniewski, 2003).
?(prop(s) A stable(s))’) or it has all the direct

: : : Our exemplary e-scenario is based upon the fol-
answers to it as the immediate successors (cf. €-95wina loaical facts @ and B perform here the
“?prop(s)’). In the latter case the immediate suc- g 109 P

) : : role of metalinguistic variables for sentences of
cessors represent the possible ways in which thf )
relevant request for information can be satisfied, 2
and the structure of the e-scenario shows what fudm(?C,C «— A A B,?7(A A B))
ther information requests (if any) are to be satisfiedm(?(A A B),? &+ |A, B|)
in order to arrive at an answer to the main questionlm(? £ |A, B|, A)
If an auxiliary question is a ‘branching point’ of an Im(? & |A, B|, B)
e-scenario, it is called guery of the e-scenario.
Among auxiliary questions, only queries are to be2 Erotetic Search Scenarios and basic
asked; the remaining auxiliary questions serve as COOperative answering behaviours

‘erotetic’ premises only. . . . . .
b Y In this section we will consider a very simple

An e-scenario consists gaths, each of which (‘toy’) example of a database. The database will

Iead_s_ from the_ main question through PreMIS€Spe in a deductive database form. This exemplary
auxiliary questions and answers to them, to a (di-

i to the initial tion. Viewed database (thereafter we will refer to it @8) will
rec) answer fo fhe intial ques 'OT' 'eV,V‘? Prad-serve as a testing field for e-scenarios applicability
matically, a path delivers some ‘if/then’ instruc-

. . . . . in the domain of cooperative answering.
tions. For instance, the instructions given by the

leftmost path of our exemplary e-scenario are pre- Each deductive database consists of:
sented by Algorithm 1. _ _

The key feature of e-scenarios is that auxiliary © EXtensional databasép5) — build out of
questions appear in them on the condition they  acts,

are erotetically implied (in the sense of Inferen-  © Intensional databas&DB) — build out of
tial Erotetic Logic). Erotetic implicationlm, is a rules,

semantical relation between a questigh.a (pos- e Integrity constraintsZC).
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For simplicity and notation coherence, we do

not use the Datalog notation usually applied in | DATABASE DATALOG e O
similar contexts. Instead, we will be using the lan- igg = i e =
guageL, described in the previous section. T  user(p) w(p)y —(p)

In our case€ D5 consists of the following facts USER
(whereusr stands for ‘is a user’ antive stands  Figure 1: Scheme of the cooperative database sys-
for ‘lives in’): tem using e-scenarios

usr(a) live(a,p)

usr(b) live(b, zg) Im(?A,C — A, 7{A,-A,C})

usr(c) live(e, p) Im(?{A, ~A, C},7C)

usr(d) Im(?A, By A By — A, Bi, A — By, 7Bs)

The ZDB contains the following rules (where
loc_usr means ‘is a local user’):

Here is the schema:

7A
loc_usr(z) — usr(x) A— By
A— B
loc_usr(z) — live(x, p) B, /\;2 _2> A
usr(x) A live(x,p) — loc_usr(x) {A,-A, B}
7B
As for theZC, there is only one, saying that it is
not possible to live ing andp at the same time. By - B
, , 7By -A
—(Jx(live(x, zg) A live(x, p)))
. . : By -B,
uestions carried out against tb8 may be
Q g y B1 A By —-A

polar questions asking if objects have some prop-
erties. For example, one can ask if objegtis 4

a ‘user’; this is expressed by1isr(a;)’. A di- We may adapt the above schema to our specific
rect answer is either ‘yes’ or ‘no’ (expressed byneeds, obtaining e-scenarios for the concepts that
usr(a;) and—usr(a;), respectively). But we may occur inDB. For instance, the relevant e-scenarios
as well ask about an example of an object satisfor questions of the form ‘ls; a local user?’ fall
fying the condition ‘is a user’. This question is under the schema (we will refer to it as ESS1).
expressed inLy by ‘?S(usr(z))’. We can also

ask of all the objects satisfying the condition ‘is loc_usr(a;)

a user, by means of?U(usr(z)). Then an loc_usr(a;) — usr(a;)

answer is supposed to list all the objects in the loc_usr(a;) — live(a;, p)

database having the property of being a user (e.g. usr(a;) A live(ai, p) — locusr(a;)

‘usr(a) A usr(b)’). loc_usr(a;), —loc_usr(a;), usr(a;)}
E-scenarios are applied by a layer located be- Tusr(a;)

tween a user and tHeB (let us call it a ‘cooper-

ative layer’). The layer proceeds a question asked

by a user by carrying out the relevant auxiliary ?lng((;i) ) ﬁl;ZZs(f(i;)

guestions/queries against tbd in a way deter- ' i»P - !

mined by an e-scenario. The received answers to

queries are then transformed into an answer to the live(a;, p) —live(a;, p)

main question. The scheme of such a system i§y(a;) A live(a;,p)  —loc_usr(a;)

presented in Figure 1. loc_usr(a;)

For the purposes of this paper we need to choose
some e-scenarios that might be used to work witliNote that theZDB rules are used as premises of
the exemplaryDB. Most of them will fall under the e-scenario.
a certain general schema; in designing the schema ESS1 should be regarded as a plan of question-
we rely on the following logical facts: ing for the main question. It tells us which sub-
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sequent questions should be executed against thige behaviors will be needed. First, let us consider
DB and in which order/when it should be done. the following question, ‘I$ a local user?’.
Let let us see how ESS1 may be execute(bz: Is b a local user?
against theDB. oc_usr(b)
First, we consider an example of a question loc_usr(b) — usr(b)
whose answer in view of theDJ is affirmative. loc_usr(b) — live(b,p)
This will help us to understand how ESS1 is exe- wsr(b) A live(b, p) — loc,_usr(b)
cuted against thBB. The question is, ‘Is is a lo- 2loc_usr(b), ~locusr(b), usr(b)}
cal user?’. The question is executed agaifiBi3

ol Tusr(b)
as follows:
/\
Q1: Isa alocal user? usr(b)
?loc_usr(a) ?live(b, p)
loc_usr(a) — usr(a) “live(b.p)

loc_usr(a) — live(a, p)

usr(a) A live(a, p) — loc_usr(a) =loc_usr(b)

{loc_usr(a), —loc_usr(a),usr(a)} After ESS1 execution against ti¥B, one gets
Tusr(a) the negative answer to the main question. How-
ever, negative answers to polar questions are of-
usr(a) ten less expected than affirmative ones; in some
tlive(a,p)

cases a negative answer can even be regarded as
N a failure. But we can easily supplement a nega-

li”e(a; p) tive answer received with agxplanation. We do
usr(a) A live(a, p) it by making use of the path just executed and the
loc_usr(a)

premises involved. Here is an example of an ex-

. planation:
answer: a is a local useripc_usr(a)),

since:
loc_usr(b) — usr(b),
loc_usr — live(b, p), ‘
usr(b) A live(b, p) — loc_usr(b) usr(b) A lwe(b,p).—> loc_usr(b? .
and we know that: ?qd we kn_ow ‘that. b does not live irp
ais a userand a lives inp Mlive(b, p): —live(b, p)
_ The explanation contains information about the

The diagram shows that only one path of ESSknitial premises of the e-scenario (which reflect
has been ‘activated’ or ‘actualized’ in order to get7pp part of theDB) and confront them with
the answer (here the leftmost path). As long agjained pieces of information. What is more it
a successful execution of an e-scenario is CONpoints out the query that failed, so a user knows
cerned, this is always the case. To indicate th@xactly what information was not obtained from
unrealized questioning options we left the correthepDB.
sponding branches empty. FQ1 the process  As the example shows, e-scenarios allow to
of ESS1 execution against ti#B boils down, in  generate explanations of this kind in a quite easy
essence, to carrying out two subsequent queriegyay. The relevant procedure can be briefly de-
namely 7usr(a)’, and (after receiving the affir- gcribed as follows.
mative answerasr(a)’), the query ?live(a, p)’. We produce a list on the basis of the e-scenario’s
The answers obtained entail the affirmative answepart just activated. We enumerate elements of the

to the main question, which states thas a local  |ist consecutively; as a result we obtain an index,
user, foc_usr(a)’. This answer is then provided j e a sequence of indices.

(with additional explanations) to the user. Needles
to say, the answer received can be regarded as CO-1 2lpc usr (b)
operative. _ 2. loc_usr(b) — usr(b)
Now we shall turn to other questions, chosen in .
h h : 3. loc_usr(b) — live(b, p)
such a manner that some more complex coopera- , usr(b) A live(b, p) — loc_usr(b)

answer: b is not a local user,
since: loc_usr(b) — usr(b),
loc_usr — live(b, p),
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5. M{loc_usr(b), ~loc_usr(b),usr(b)} Data: E-scenario path as a list with
6. ?usr(b) index (we will denote element
7. usr(b) of the list asc and element of
8. ?live(b,p) the index as)
9. —live(b, p) Result Additional explanations for
10. —loc_usr(b) the answer to the initial
guestion
By means of the list we can identify the main 1iq «—ewithi =1
question and the initial premises. The main ques- 2 answ_iq < e with maxi
tion will be a formula of the forn?_ (i.e. formula 3 next_q « e of the form?_ with min
beginning with the question mark ?’) with index i>1
number 1. Then we identify a formula of the form 4 negt.q =1 Of next_gq
?_that has the lowest index number greater thah s premises « e With 1 < i < ipeqt g
1. Let the index number bl. All formulas with 6 failing_q «+ e of the form?_ with
index numbers larger than 1 and lower tHaare maxi
the initial premises; we write them down consecus 7 i failing.q = 1 Of failing_q
tively. 8 answer_failing_q < e with
Z.failing_q +1
2. loc_usr(b) — usr(b) Algorithm 2 : Generation of additional
3. loc_usr(b) — live(b, p) explanations for the answer to the ini-
4. usr(b) A live(b,p) — loc_usr(b) tial question

The task of finding the next remaining elementloc_usr(b) — usr(b),
of the explanation reduces to the issue of finding; . ..~ live(b, p),
on the list, a formula of the forr. with the largest wsr(b) A live(b, p) — loc_usr(b)
index number. In this way the last ‘active’ query and we know that: e is not a user
is identified. Then the query and the next element,

of the list (i.e. direct answer to this query) will be
used in the explanation. The next example illustrates how one can cope

with a misconception of a question asked by a user.
The question is: Does live in zg and is a local
user? We apply an e-scenario of a slightly differ-
ent form than ESS i.e.

usr(e): ~usr(e)

8. ?live(b, p)
9. —live(b, p)

A formal description of the procedure is pre- ?(live(ai, zg) A loc-usr(a;)

sented as Algorithm 2 ? & [live(as, 29), loc_usr(as)|
' ?oc_usr(a;)

Let us now consider another example. By the loc_usr(a;) — usr(a:)
way, the example shows how e-scenarios can de- locusr(a;) — live(ai, p)
crease the number of queries executed agains the usr(ai) A\ live(ai, p) = loc-usr(ai)
R locousr(a;), —loceusr(as), usr(as:)}
DB. The question is, ‘I a local user?’ 2usr(a;)
Q3: Ise alocal user?
tloc-usr(e) usr(as) —usr(as)
loc_usr(e) — usr(e) ?live(ai, p) —loc-usr(a;)
loc_usr(e) — live(e ~(live(ai, zg)\
y P

usr(e) A live(e, p) — loc_usr(e) Noc-usr(ai)

live(as, p) —live(as, p)
{loc_usr(e), ~loc_usr(e),usr(e)} usr(az) A live(as, p) ~locusr(a)
Tusr(e) loc_usr(a;) —(live(ai, zg) A
PN Nive(ai, zg) Nloc_usr(as)
—usr(e)
—\lOC_UST(e) live(ai, zg) —live(ai, 2g)
answer: e 1S not a local user-tloc_usr(e)), 3An additional logical fact is used here, namely:
since: Im(2(A A D), A, 7D).
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QuestionQ4 is executed against tbB as fol-  the process of ESS1 execution will always stay in
lows: connection with the main question. Consequently,
we may simply report the obtained answers to
queries to a user as a piece of information relevant
to his/her question.

Q4: Doesb live in zg and is a local user?
?(live(b, zg) A loc_usr(b)
? + |live(b, zg), loc_usr(b)]
tloc.usr (b) Q5: Isd alocal user?
loc_usr(b) — usr(b) Yocusr(d)
locusr(b) — live(b, p) loc u.sr(c;) — usr(d)
usr(b) A live(b,p) — loc_usr(b) loc dsr(d) — live(d, p)
{loc_usr(b), —loc_usr(b),usr(b)} usr(d) /_\ live(d, p) — loc,isr(d)

o
Fusr (b) {loc_usr(d), —loc_usr(d), usr(d)}
Tusr(d)
/\
ysr(b) usr(d)
?live(b, p) ive(d, p)
N
X KX
—live(b, p)
—loc_usr(b) answer: the answer is unknown, since:
—(live(b, zg) A loc_usr(b)) loc_usr(b) — usr(b),

A simple negative answer to the initial question ¢4 — lLive(b, p),
will not make a user aware of the misconceptionusr(b) A lzve(b’p) — loc.usr(b)
in the question. But when explanations are adde(fmd: query?lwe(d,p? failed
a user can learn about the database schema aHHt we know that: dis a user

understand better the obtained ansfver.

answer: no (—(live(b, zg) A loc-usr(b))) 3 Summary and further works

since: b is not a local user-(loc_usr(b))
this is due to: ,
loc_usr(b) — usr(b), | have presented here only some simple exam-
loc_usr — live(b, p), ples of cooperative answering behaviours that can
usr(b) A live(b, p) — loc_usr(b) modelled by means of the e-scenarios framework.

?cr:)?;egtliigﬁ%gs)er'smisconception aboutthe  BUL in my opinion, Inferential Erotetic Logic pro-

DB schema) vides many useful tools for investigating the area
but we know that: usr(b) of cooperative answering. Erotetic Search Sce-
_harios framework presented in this paper allows
Yet another example shows one of the possiy, join o focus points of cooperative answering
ble ways of dea"”g_w"h information gaps in the research: question analysis and fundamental rea-
database. We askdfis a local user. During ESS1 soning procedures — cf. (Benamara and Dizier,
execution against tHBB a query fails since the re- 543, 1, 63) |t also allows to develop techniques
q“?SFeO,' mformanon |snot present in the databasgicy, are domain unspecific (in contrast to limited
(this is indicated by thé&d symbol on the schema 4 maing systems like the WEBCOOP developed

below). From this point, a further execution of by Benamara and Dizier (2003a), (2003b)).
ESS1 is no longer possible. However the exe- ’

cuted part of the e-scenario enables us to gener- Future works will concentrate mainly on in-

ate a sensible explanation of this fact and to repoﬁ;orporatlng _technllques devgloped n (G‘ffll’ 19_88)
the gained information relevant to the main ques—(baSeOI on integrity constraints processing) into

tion. Let us stress that the information gained inPréSented framework. Also new algorithmic pro-
cedures working on e-scenarios that enable imple-

4At this stage of this research integrity constraints are notmentations of specific cooperative techniques will
employed in the process of generating cooperative answe

T . .
using e-scenarios. However concerning techniques and r<5—e developed. The area of automatic generation
sults presented in (Gal, 1988) it would be necessary toincorof premises for e-scenarios using Formal Concept
porateZC into e-scenarios’ premises to obtain better COOper'AnaIysis will also be explored.

ative behaviours (especially when users’ misconceptioas a

considered).
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