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Abstract

The goal of this research is to investigate the pos-
sibility of automatically inferring a database schema.
Our motivation is to make the task of the database
designer easier. We require the designer only to provide a
picture of how s/he expects the database to be used.
This is provided in the form of natural language queries
which the database might be expected to answer. The
system synthesises a schema from this information. The
above problem can be viewed as a problem in learning.
The inference method we are proposing incrementally
constructs the schema. The central idea of the inference
mechanism is that it exploits certain features occurring in
natural languages, namely, the syntactic structure of sen-
tences.

1. Introduction

The goal of this research is to investigate the possibility of
automatically inferring a database schema. The state of the art in
database design is that, to create a database for a particular applica-
tion, one has to express one's needs using certain concepts and nota-
tion specific to the database-management system. The person creat-
ing the database thus has to deal with concepts foreign to the ap-
plication domain. Even for an expert, this is a tedious and error
prone task. Our motivation is to make the task for the database
designer easier. We desire that the designer should only be concerned
with providing a picture of how s/he expects the database to be used
and that the system should synthesis* a schema from this infor-

mation.
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Figure sbove provides a pictorial illustration of a database
schema. We kave chosen the fundional data model [Shipman
A1][Nik ilatltooxpml such schemas, A functionnl mode cas
be eny tion of daiabase types (entities) together
with & set of Menctions that operate on thuwe database typm. We
shall represeat s schems in this :model by s collection of
of the form, 5 () = 8, where Jis to be thought of m & function
whose domaia is of type o sad whose range ls of type 2. We will call
k& expression of this vort s database stracture. Thus the sbove
database schems, for example, will be represented by the followlag
collsction of expressions.
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student) ~ string
student) = courss

*This werk e partislly supportad by the NSF grans $MOMI-STIN ASE

teach(faculty) ~ course
department{caurse) — string
adviss{lnculty) — studeat

Wo expect the database designer (o provide a pleture of the
database by apecifying sample Eaglish querion thut the databass sy
tem might be expected to answer. The following set of queries might
serve this purpose for the sbove database.

L. Name the students enrclied lor » course
2. Which faculty testh » courss in the cis department!
3. Which fazulty advize students?

From thess queries we expect our syniem to systhesise (he sbove
database schema™.

viewed as n problem in learning. Most of the work in machine Joars-
ing ke concentrated on ipduclive inference [Plotkia 71]|Shapiro 81]
and concept learning [Mitchell 82]. The sssumption in theso
methods s that the iaput is ia some formal laaguage sad gensrulise-
tions formed from them are expressed in the same langunge. Our
work differs in that our input is in the form of parse trees of Eaglish
seatences and the geperalisations formed from them are expressed in
the functionnl dets model. That is, the iaput aad the geaeralinations
formed are expresesd in different formalisms; this disparity makes it
diffienit to charscterise the mochaniom that forms the
tion. This work siso differs from thowe mestioned sbove im that
m notions such ma uhlmplwn to form gessralisation [Plotkin 71|
imposs some ordering on the hypothasle space [Shapire
Slllehll 82], wheress we sttempt Lo exploit certals fenturos of
the input, namely the syntactic structure of the sentence, to form
abstractions from the iaput dais. Hovuu.-lhhwl
develops we might take ndvantage of the potions such s eubswmp-
tion snd other techuiqgues sdvanced by the above spprosches to
form further infarences or impose as ordering on the hypothesls
Epace.

In the following sections we addrese the issne of sutomstically
inferring 3 datubase schema in somon detall. s section 2 we outline
our basic approach. In saction 2.1 we wik explicate how informastion
pertinent to the datsbase structere is extracted from individual
querios. Soction 2.2 discusses how the informstion from different
querios might be istegrated to ayathosise a database schemn.

2. Inferring a database schema

The spprosch that we follow i that of comstructing the
database schems incrementally inm the following sense. Each query b
processed one at & thme and the following two tasks are performad.
Firei, the database siructures corrmponding to the query are in-
lcrnd.?huumnknahhhwuhhhmm
partial daisbase schems. We discum thase two sspects in detall
belaw,
n.nmdmmmwm

Database stractarm are sbeiracied from queries sssentially

w this Laterusted 'a schems.
e e R S AR
tant iask of seowsisting n presadure sach of the function namme,
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mappiag each individual query into a corresponding set of database
stractares. It s obviowsly mot semaible 4o dosire to do this by a-
socisting & rele with each query since there are far too maay
queries. What we require is a process that cas be deacribed in 2
finite manner but which is atill capable of mapping » large et of
queries into the appropriste structures. To achieve this goal we view
» query s being composed of seversl umaller pieces, which are in
perticalnr is syatactic comtituents. We thes sssocinte Tules with
specific syntactic coastiteents, each such rule performing the taak of
mapping the associsted syataciic strecture into a corresponding
database strectare. The database structures corresponding to an en-
tire query are obiained as 3 cumulstive sffect of applying these rules
to syntactic substrecinres of the query.

Each of the rules is motivated by the function the amsoriated
sysiactic structure serves i & database setting. For example, noun
phrases geverally correspond to objects {database types), pupon-
tional phrases to properiics of objects, and verbs to relationships be-
tween objects, We can capture these generalities by amsocisting rules
that map, for example, noun phrases to objects, prepositional
phrases to properties of objecta and etc. We present below examples
of same rubes. Before doing %o we need the following notions.

Definition 1: o dominates  f 5 s an inmediate son of o. For
example, ia the tree below, o domisates 5. In the case of 3 panse
troe of an Eagliah sentence, if NP dominates PP it in to be uader-
sood s the PP modifying the NP.
&
n
a7
/

A
Definlilon 3 : DB-property
i.If ¢ ia an NP and 2 s PP and a dominates 5 then
3. if the preposition i § s "ol then the common
nouh of a is & DB-property of the common noun
(object) of 8.

b. otherwise, the common acun of f is & DB-property
of the common woun (object) of a.

il. f o #is » nous-nonn compousd aad a is ot an -
stance of # then @ i & DB-property of the common nown
of 8.

For example, if the above definition is applied to the query "'What
we the names of students in the database course?” we gol nome s a
DB-property of student. Similarly, for the query "Which facuity
tesch a course in the cis depariment?’ we got depariment ma a DB-
property of sludeni, and for the query 'Namne the students enrolled
lor & course? we get name aa 8 DB-property of siudent.

Now for a few sampie rules:
Syatactic Structure §;; Noun Phrases,
Motivation lor the rule: Common nouns correspond to ob~
jocts (database types).
Rule R,: Common mouna thet do not denote DB-properties
by definition £} denote datadase types {entities).

Systactic Stractars Sy o dominates one or more streciures

A t..wiwereama NP and 8, 7. are PP
Mutioll'allhule Pupdtmpim-eomlpotdto

properties of objects.
Rule Ry: For each sirecture thot a dominates, ie., 8, 7,...

the common noun which is 5 DB-property by definition
2] of an object denctes the function name snd ihe objoct

iteslf denotes tAe lype of the domain.”""

Syntactic Structure 5;: A sentence structure with o s its
subject NP sad ope or more stractures 3, ..., conjoined
to the right of the main verb where 8, ,..are either
NP's or PP"s.

Motivation for the rele: Verbs correspond to relationships
between objecis.

Rule Ry The main verd denotes the funclion name. The
common noun of the subject NP denotes the type of the
domain of the function. The range of the funclion is
the n-tuple <ry, ry ..., 1,2, Whers each r; is the com-
mon noun of B, v,... conjoined to the right of the main
verd

We will now illustrate the wse of these rules to infer database
stroctutes from the paree trees of queries. The assumption being
made here is that parse trees of queries can be obtained and that the
parsing mechaniam aees 3 standsrd Chomsky trassformational
grammar aad aho filters out tense aad inflectional markers. A rule b
triggered if the structure associated with it matches » structure in
the parse tree. Further the rules are unordered and that a single
parse tree potentially triggers more than one rule.

Example: 1
Q1: Which faculty teach a course in the cis department?

Parss tres:
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the cis?  departasnt

The syatactic structere §; occurs in this parse tree” |, sod 5o the
sssocisted rule R, is applied to yield ihe database siruciure

facalty () — entity

course (} — entity
The syutactic structure 5y also occurs in the parse tree, and wo the
associated rule Ry io applied to yield the database structure

department(course) — string
Fioally, the syntactic stracture $; occarn in the parse tree and this
triggers the rule R, to yield the database structure

teach{faculty) — conree
2.3. Integrating database structores

The task here is to integrate the information iaferred from in-

dividual queries to form s cogent database schema which is concise
and comsistent. Two database structures are conflicting if they as-
siga different types to the same fenction. A dutabase achems i con-
sistent if no two structares in it coaflict. The procem of integrating
can be thought of as comsintiag of two tasks: one task in bo ideptily
conflicting database structures aad resolve them. The other is to
represent concisely the database schoma.

mﬂcwmh’mﬁdhm’mmbnlmmuhfﬂlh
Kp- of 1he range. Bome sdditional lnformasion sad hentistics are raquired for
ke porposs. For ihe present we will not coneern oureslvas with this lesus.

*** W saeume that in & 2ous-20un compound, ) By, i By b sx lavtance of

g thea ny bo marked by the parser. Hames ‘v’ o marked In the abows purm
trow. The mavivation hore b to facllitate Lhe idemiification of ihe vommes neuss,



3.2.1. Resolving Conflicta
Conffictiag database structyres are inferred from queries sad
in fact they caa be inferred from a single query. There are at least
two circumaetances that could potentially result in conflicting
hypotbeses****, First, due to the inberent ambiguity of nsteral las-
guage, it is possible to genernte muliple parse trees for » single
query. These diatinet parse trees may give rise to conflicting
hypotheses. For example, coasider the query
Q2: Which student is taking s cosrse in the cis department!?
There is ambigeity in where the PP - ‘in the cis department’ should
be wttached, thus yielding the two potential database structures,
i} take(student) — course
zii] take(student] — <coarse, department >
Second, application of different rules to & single parse tree may also
lead to conflicting hypotheses. For example, consider the query
Q3: What are the grades of the students in the seminar course?
This query gives rise to the conflicting database structures
:i} grade(stodent) — siring
ii) grade{student, course] — string

Ie certain situations different functions may be inferred that
actuslly bear s common name. For isstance, from the query ia
Exsmple 1, we can infer the database structure,

(i) course() — entity
From the query Q3, we infer the database strocture,

{ii) course{student) — string
The functions in {i) and (ii} are actually different; the function in (i)
returns all entities of type course wheress the fupetion in (ii) returns
the course-name the entity student is enrolled for. Functions of this
sort are eaid to be overloaded. A set of hypotheses which include
overloaded functions could also be mistakealy ideatified as conflict-
ing bypotheses. It ia therefore important to distinguish between
these two cases.

In order to resolve conflicts we need to address two insyes,
First, distinguishing between function overloading and conflicting
bypotheses; second, resolving confliciing hypoiheses. If only conflict-
ing hypotheses were present, then these could be resolved easily.
For example, from the additional information (the existing partial
database schema or the incoming data) if hypothesis, &,, is iaferred
sod if by happens to be one of the conflicting bypotheses then we
can resolve the conflicting hypotheses in favour of b;. But the

preseece of overloaded functions roles out such s siraightforward ap-
proach toward resolviag conflicts. Alternatively, if negative ex-
amples were provided in the input data then this information can be
used to rule ont certain hypotheses and this may help resolve con-
flicting bypotheses. Since it is hard for the database desigaer to ex-
press in terms of what requirements the database should not satisfy
we will pssuming only positive instances to be provided. From the
above arguments it is clear that we are unable to resolve conflicting
hypotheses and indeed even to distinguish between these and over-
losded functions. Therefore, us » laat resort we will turn to the
database designer (uset) to provide some crucisl information which
will aid the task of diatinguishing between conflicting hypotheses and
overloaded functions azd resolve conflicting hypotheses.

We will briefly give an overall picture of how the interaction
with the weer is carried and then illostrate it through an example. A
common represeatation will be adopted to express both conflicting
hypotheses and averloaded functions. They are represeated by a
diajoint wunion. For instance, 3i: A or 3, is a disjoint wnion where
bypathesis ¥ is either £ or B. Let us nesume we have such u st X,
Now from the sdditiosal information {the existing partial database
schems or the incoming data) say s hypothesis, ky, in jnferred and b,
is nlso part of ). Since we have gathered more evidence on 2
bypothesis beloaging to the disjoint union we could se this infor-
mation to sssess the other hypotheses in the disjoint union. At this
stage we initiste the interaction with the wser by asking if the otber
hypotheses in X, i, {¥ < 2,}, can be discarded. If the nser's

e will use the tarms conflicting Aypothoers and con flicting daiabass
structyres Intarchangeably.
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respopse is 'yes' then J can be thought of sa conflicting bypotheses
and it cas be resolved in favour of by. If the wser's response is 'no’
then ¥ can be construed as overloaded functioms. The following ex-
ample illustrates this,

Coasider we have formed the disjoint union, N, for the coaflict-
ing hypotheses inferred from query Q2. Nexi from the sdditional
information if we infer tbe following database struciure

b,: take{student) — courne®*****
Obviously the sbove database stracture i one of the hypothesis in ¥
bence st this atage the user is saked the explickt question

Can {tske{student) = <course, department>> } be disearded?
If waer's response is ‘ves’ then the conflicting hypotbesss } can be
resolved in favour of hy. If wser's responsc is 'm0’ then X is comstrued

s overloaded function,
2.2.3. Conclsspsss of representations Type hlerarchy

It is pomsible to eucode information economically by arvaaging
the objects of the database in & hierarchy waing the notion of sub-
type. A database type o is & subtype of a database type 4 if all
functions defined oa 2 must be defined on o dut o may have other
functions defined on it, That ia, the subtype inkerits all the
properties of ita supertype. This provides sn ecomomy ia represen-
tation since we meed represeat the common propertioa of the subtype
and the supertype only once st the supertype. The information per-
taining to the type hierarchy can be inferred but due to space limita-
tions we skall oot discess them here.

The notion of subtype i also used for another purpase, to iden.
tily whetber two fynctions are the same. For example, from the
query - "What are the names of the persons in the university?'; we
infer the database structure,

{i) name{person) — atring

and from the query - "What are the names of the students enrolled
for cis110 course?’; we infer

(ii) mame{student) — string

It student is 5 subtype of person thes both (i) and (ii) can be con=
strued as = single function and a single procedure can be attached to
botk these functions.

3. Summary

In this paper we have indicated an approsch to the problem of
antomatically inferring database schemas. Oor motivatioa is to
make the task for the database designer easier. The designer aeed
ouly provide aa ides of how s/be expects the databsse to be used
and that the aystem sypthesises s schema from this information.

We have chosen the functional date model to express datnbase
schemaa. The crux of the inference mechanism is to exploit certain
features of antural languages, namely, the syntactic structure of ses-
tences, to form abetractiona.
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