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DEFINING A CONNECTION FUNCTION AS A BASE FOR A USER INTERFACE
TO A RELATIONAL DATABASE

Zh. S. ANGELOV

"Interprograma"
P.0:b. %795
1000 Sofia, Bulgaria

Introductlon

The wide proliferation of computers In Information servicing
puts forward the problem for the development of user Interfaces
(UI), l.e. the methods for the mapping of querles, formulated
In terms of the problem area Into querles, formulated In terms
of the system storing and maintalning data. Such a problem
arises In the development of Informatlon systems based on DBMS.
The DBMS's used nowadays support data models, which offer
simple structures for the modelling of the real world and are
orlented to easier physical reeresentatlon. In order to avold
redundancy the desisner cannot capture In the schema all knouwn
semantic relationships from the problem area when modelllng
with the help of these structures. The end-user, who IS not a
speclallst In data processing but Is a sepeclalist In the
problem area and knows these relationships will probably use
them formulating his aqueries. A problem area with a glven
semantics which Is known to any end-user can often be modelled
In different ways, for example depending on the frequency of



querles to DBMS. Therefore we need a way for mapping the user
view about the part of the modelled area Into operations over
the structures of the stored data. One possibility Is to define
a connection functlon. This function Is a mapping of the
database state Into relatlons over sets of the problem area
terms. Ue can say that the connectlon function has as Its
values the usual user vilews. But user vlews in DBMS must be
deflned In advance for any set of attributes, whlile the
connectlon functlon, once deflned, glves us a way to compute
these vlews for any subset of problem area terms.

This parer dlscusses the assumptions under which 3
connectlon function can be deflned. Its prorerties and the way
for its deflnition are also dlscussed. An algsorithm, based on
the connection functlon for the development of UI, IS proposed.

AssumPrt il ons

The proposed approch for bullding an end-user interface
assumes that the attributes carry the whole semantics of the
problem area and that the relational schemes are constructed
taking Into consideration Informatlon Processes and are not
uniquely determined by the dlven problem area. Hence, from user
polnt of view the data describing the problem area are stored
In a single relation over the set of all attrlbutes. This Is
the so called universal relation (UR).

In order to ensure the adequacy of the idea of UR exlistence
and the possibility of |ts automatical malntalnance the
database schema should possess some properties. For thls reason



In the works adopting UR approch some assumptions about the
database scheme are made [Ang85, Ans86b, FMUB2, MRW83, MUVE4,
Men84, 0sb79, Roz83, Sas83, ULL83].

The flirst basic assumptlon, which all authors accept, Is:

Assumption 1. ‘Unlversal Relation Scheme Assumptlion’ (URSA).
Any attrlbute In U corresponds to the same class of entlitles
wherever [t appears.

Most of the authors understand under this assumption the
fact that any attribute plays only one role. For example,
NUMBER cannot refer to the number of children and to the
department number of an emplOyee.

The next assumption discusses the connectlon among the aiven
set of attrlbutes X<U. In order to be able to bind together
relations automatically, l.e. to blnd tosether different -
attributes there should be set up @ basic semantic relatlonship
In the scheme. The wuser should have In mind the same
relationship when .thinking about the attrlbutes of the glven
problem area.

Assumption 2. ‘Relatlionship Unlqueness AssumPtion’ (RUA).
Let X<U. There exlsts only one basic semantical relatlonship
among the attributes X. The user means this unique relationship
(denoted [X]) when talking about the attributes X as a whole.

The relatlonship between the attributes In
X-{TEACHER,STUDENT} Is an example of the unlgueness of the
basic semantic relatlonship. Speakin9 about a teacher and a



student together, flrst of all we have In mind that “The
teacher teaches the student”.

Let us consider an example taken from [MU83] and falrly
often used In cases when the adequacy of one or another
formglism, describling semantic relationshlp among attributes Is
dlscussed [Ang86a,D AMS83, MRWB3, MUB3, Roz83].

Example 1. Let us consider a banking database. The
attributes are BNK (bank ), ACC (account), L (loan), C
( customer ), AMT ( loan amount ), BAL ( account balance.) and
ADR ( customer address ), 1.e. U={BNK,ACC,L,C,AMT,BAL,ADR}. Let
the database scheme be D-{Ry.R,....,R;}, where the relational

schemes are respectlvely R1-{C.L}, RZ-{C.ACC). R3-{C.ADR}.
R4-{AHT.L}, RS-(L,BNK}. R5-<BNK.ACC} H R7-{AC[I,BAL}. The

hypergrarh of the database scheme |s depicted on flg.1. a

If X1-{C,ACC}. then [X1] means “Ihe customers own accounts”®.
If x2-{C.ACC.BNK}. then [X2] means “The customers own accounts
at the banks®. Simllarly for X3-{E.L.BNK). [X3] means

"The customers have taken out loans from the hanks®. If we
conslder X4- {C,BNK}, then under [X4] . we must understand

“The customers are served at ihe bhanks” or “Ihe hanks serve
the customers®. Finally, If X5-{AL‘C,L}. then [XS]-@. because

there is no basic semantic relationship ( The relatlonship Is
neither “the Lloans and accounts at one and the same bank”, nor
“the loans and accounts of one and the same customer” ).



Fla. 1. The banklng database scheme

Let us consider asain the set X-i{C,BNK}. If we connect the
attributes C and BNK ( see flg.1.) the access path can Pass
throush the attribute ACC ( l.e. the customers own accounts at
the glven banks, so they are served by them ) or pass throush
the attribute L ( l.e. the customers have taken out Lloans from
the glven banks, so they are asaln served by them ). In this
case two access paths are possible but both have the same
‘flavor® ( the customers are served by the bahks ).

The pPossibility to connect attributes throush more then one
path arlises when the database scheme Is cyclic as the one In
example 1. In this case the database scheme must satisfy the
followlng assumptlon:

Assumption 3. ‘One Flavor Assumption’ (OFA). ALL access
paths used to compute the connectlon on X represent the same
“flavor’ of the relationship amons the attributes In X.
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Connectlon functlion and 1ts
Prorertles

In the rest of the paper we shall denote with U the set of
all terms ( called attributes ) of the modelled area. This Is
the so called universe of the database. Following assumptlon 2
there exlsts an unlaue semantic relatlonship among the
attributes of the set XcU. This relationship deflnes a
functlon. The functlon value ls a relatlion over X.

Definition 1. Let X<U and R(X) Is the set of all relatlons
over X. A functlon [X] (d) Is a connectlon function If It maps
the database state d to the set R(X). ( Ue will omlit (d and
denote only with [X] the value of the connectlion function. The
functlonal (.] maps a subset of U to a function from database
states to relations over that subset. )

The connection function Is named also simply “connectlon”
(FMU8B2] and “window function” or “window” [MRW83].

The use of the connectlion functlon has some effects which
lead to the requirement that the connectlon functlon should
possess certaln propertles. Such a prorerty Is the satlsfactlon
of the contalnment conditlon.

Definition 2. [MRUB3] The connection function [.] satlsfies

the containment condltlon If the Inclusion XcYcU Implies
xﬂncmL

In other words the followins princlple must be reflected In
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the connectlon function: UWhen one speaks In general
( consldering only a few attributes ) one refers to more
obJects than when speclfylns more details ( i.e. when one Is
Interested In more attributes ).

Let us conslder the database from example 1. The contalnment
condition implles the fact: “The customers served at the banks
as a whole” are not less than “the customers who own accounts
at the banks” ( |.e. E{C,BNK}[{C.L.BNKI]<:[{C.BNK¥] L

When asking for some data the end-user expects to retrieve
the data which has been Inserted, i.e. |f the user has added a
turle t to a stored relation r(R) then the value of the
connectlon function for the set R must contain such a tuple {.
In other words the connection functlon must provide vislbillity
of all tuples stored In the database. This property is called
“falthfulness”.

Definltion 3. (MRWB3] The connection function Is falthful
( possesses the property falthfulness ) if r(R)=I(R) holds for
any relatlonal scheme R<U and any database state d.

This means that the connection function must nelther hide
turples nor add any. Therefore we have to explicltly store in
the database all known facts. Taking [nto consideration the
trend to Introduce deductlve carabllities In DBMS, a more
reallstic definitlon of thls prorerty may be r(R) < (R].
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ArPProaches to the deflinlitlion of
the connectlon functlon

ALl known methods for the definitlon of a connectlon
function Include Jolns of the stored relatlons. Relatlons are
the minimal objJects which can be updated. Therefore the
relational schemes can be called update structures. These are
the base for the conection function definitlon. Followlng the
fact that a “good” connectlon functlon must satlsfy the
containment condltion and Is a monotonously decreasing function
we can construct for any definltion method a speclal kind of
structures - retrleval structures. These structures are sets
of attributes.

Definltlon 4. The set of attributes X<U Is a retrleval
structure If there exlsts a database state such that the
connectlon functlon value Is not the empty set ( [X]#@ ) and
the extension of X wlth any other attribute A<U-X does not have
this prorerty ( l.e. XU{Atl=2 ).

As the retrieval structure colncides with the unlon of some
of the update structures we can conslder the retrieval
structures as sets of update structures.

The retrleval structure semantically corresponds to one of
the possible aspects of the baslc semantic relationship. Thus
the deflnitlion of the connection function can be formulated as
follows:

Definition 5. Let V-{R1.R2.....Rn}‘ls the set of the urdate
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structures and U-{51a52-...,5m} Is the set of retrleval

structures, where Slczv. Then the connectlon functlon Is

(X1-Usey,xeattr 5) *x ("< Rev,Res MR
where attr(S) - URGSR'

Therefore, the way of constucting the retrieval structures
Is sileonlflcant for the connection functlon definltlon. There
exlst two aperoaches of wusing ( l.e. constructlng) the
retrieval structures:

- the structures are not explicltly glven and have to be
constructed from the database scheme using some additional
Information as functlonal dependencles ( for example, bullding
“lossless Jolns®, In particular “extension Jolns® )

- the structures are explicltly glven, l.e. a set of new
structures 1s added to the database scheme (for example
“maximal obJects” In System/U or “oblects” In PIQUE ).

The nonexplicltly deflned retrieval structures are based on
one or more classes of data dependencles ( malnly functlional
ones ). As a consequence [f the modelled area Is more complex
and lts semantics cannot be described using these kinds of
dependences, we cannot obtaln an adequate connection functlion
deflnltion. This gives us confldence to clalm that the explicit
definitlon glves better results.

The explicit definitlon ralses some problems too. It Is not
absolutely clear how to create the retrieval structures. We can
use some algorithms to construct posslble retrival structures,
but sometimes the obtalned structures may be not very good. The
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example In [KKFGU84] shows that Little changes in the modelled
area can imply essentlal reconstruction in the set of retrleval
structures.

These dlfflcultles show that the database scheme and
Intesrity constraints are not sufflclent for the adeguate
definition of retrleval structures which are used In UI. Thils
is a consequence of the loss of some Information In the Process
of the mapplng the conceptual model of the problem area to
model supported by the DBMS. ALl proposed methods dliscuss the
creation of retrleval structures after deflning the database
scheme, [.e. after deflning the update structures. The Process
Is depicted on flg9.2. Thus the way In which the database scheme

semantic
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Flg.2. Mapping the models In the database scheme deslon Process

Is obtalned, Is lost. If we ( In a semantic or a conceptual
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model ) deflne first the retrieval structures and after that
maP them onto the update structures, then we automatically
obtain a deflnition of a connection function. In this way the
last mapping I(n fig9.2. may be removed and we have the chance to
capture more meaning. This approach Is followed In [Ang86a,
Ang86bl . The retrieval structures are constructed usling the
aogregation hierarchy.

AN algorlithm for an user
interface to a DBMS, supPpPOortins
an unlversal relatlion

as an user view

The query languase used by the end user has to provide the
following two capablilltles:

- explanatlon of the target attributes:;

- speciflcation of the condltions which the target data must
satlsfy.
If the query lansuase is Intended to free the user from the
logical navioation then It obeys the followins principle: The
sentences of that language cannot Include any structure related
to data storase detalls. Instantlating this principle In the
relational data model we obtaln the assertion that the query
languase cannot Include any relatlon names. Thus a query may
consist only of attribute names and the way they are related.
In this case the user wants to extract Information from a view.
This view must Include all attributes mentloned In the query
and 1t can be calculated using a connection functlon. In this
way for any query we can Juxtapose a value of the connectlon
function for the set of attributes mentioned In that query. The



tuples which contain the Information of Interest are among the
tuples of the connection function. The former can be extracted
throush testing which of the latter satlisfy the condlitlions In
the query.

In almost every Kknown system, based on the universal
relation scheme, the query processing Is separated Into two
steps [AngBBb, KKFGUB4, MRS85, MRW83, MUVB4) :

a) binding ( i.e. user view creation ). It consists of the
construction of the connection function (X] for the set X of
attributes mentioned In the query: :

b) evaluation ( i.e. target data extractlion ). Uhatever
orerations must be applied to answer the query, are then
arplied to (X].

The following example |llustrates these two staps.

Example 2. Let us consider the database from example 1 and
let d be a database state. Let the connection function [X] be
defined as a projectlion of Jolns of relations wlith relatlonal
schemes  coverling the set of attrlbutes X, l.e.
[X]"‘x“x’Ren”R”’ where X<attr(M and r(R)e¢d. If the user

query Is "Find all account balances of the customer named
‘Angelov’“, then the answer can be contructed In the afore sald
two steps. The first step Is the binding of the attributes
mentioned In the aquery, namely {BAL.C}. In other words, uwe
build an exepression whose value 9ives the value of the
connection function for {BAL,C}. According to the above
definition the expression Is [{BAL,C}]-K{BAL’C} (r(RZ)Nr(R-,)).

The second step should reflect the fact that the user would.
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Like to retrieve Information referring to the customer named
‘Angelov’ only. Therefore we have to use the selection
oreration over [{ BAL,C }]. Flnally, the answer to the user
query Is the value of the expresslon

6C-'Angelov' ™ { BAL,C 3 TRIHr Ry O

Settlng up the constructlon of a connectlon as a flrst step
allows us to test easily new Ideas for the building of the
connection functlon ( as In [Ang86b] ). We would Llke to stress
that this glves also the opportunlity to use dlfferent
aleorlthms depending on the avallable additional Informatlon.
Below we wlll describe a generallzed alsorithm for an user
Interface to a RDBMS ( without takine Into conslderation the
type of the additional Informatlion ). Thils alsorithm allows the
user to view the data In the database as stored Into one unique
relatlon. But firstly let us name some of the sets and
relations, which will be used later: MENSET will denote the set
of all attributes mentloned In the gquery, ANSSET - the set of
the target attributes and RETSTRl - the set of relational

schemes Included In a glven retrleval structure. RETSTRSET Is
the set of all sets RETSTRl which cover MENSET. The relation of

-the user view will be denoted by window and the answer will
be received In the relation answer. window® Is a relation
over MENSET and answer s a relatlon over ANSSET. Let cond
be the condition formulated In the 9lven query. As a query
language we can assume a modiflcatlon of SOL according to the
princirle stated above, l.e. only the use of attrlbute names Is
permitted.

Algorithm 1. Construction of the answer to & query to a
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system, supporting an universal relatlion.

Input: An user query specifled In “modlifled” SOL.

Output: The relatlon answer which Is the answer to the
user query or a messagse for the “meaninglessness” of the query
If the set MENSET s unconnected.

Method:

1. Extract the names of all the attributes mentloned In the
user query, thus constructing the set MENSET. Extract the names
of the target attrlbutes and construct the set ANSSET.
Construct the expression cond.

2. Find all retrleval structures RETSTR; covering the set

MENSET ( l.e. MENSET<attr RETSTRy) ).

3. If there exists no retrleval structure whlch covers
MENSET ( l.e. RETSTRSET-2 ), then output the messagse for the
“meaninglessness” of the query and stop.

4. For each | reduce the retrieval structure RETSTRI. Remove

any set RETSTRI which is a superset for any other set RETSTRJ.

5. For each | compute the Joln of the relations over schemes
from RETSTRI. Project the result over HENSET and make 1ts union

with the temporary relation window.

6. Remove ( using selectlon ) all tuples which do not
satlsfy the condition cond.

7. Project the relatlon window over ANSSET In order to
obtain the relation answer.

Ster 1 includes only prellminary procedures. In step 2 the
connectlion functlon Is formed. Here are the main dlfferences
among the various approaches. As mentioned above, different
aloorithms can be used derending on the avallable Information.
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Ster 3 has a control functlon. The procedures included In step
4 alm to optimize the creatlon of the relation @lndow ( the
value of the connection functlon ). Althoush most of the
definitions of the connection functlon take Into conslderation
some criteria for oetimization, this leads to local
ortimlzation only. Generaly, it 1Is assumed that the
ortimization Is carried out by the DBMS and not by the
Interface. The reductlon of a retrieval structure alms to
remove relations which will not change the result. The
Information of Interest, contalned In those relatlons Is
Included Into the remaining relation. In other words, the
remaining relatlons contain more seneral Informatlon about the
partlicular case. As an example let us consider the expression
[C,L,BNKH =% 4o | oy (T (Rq) X (Rg) M (Rg) Mr (Ry))

( Note that the definitlon of (.], glven In example 2., [s used
here ). The relation r(R3) contains information for all bank

customers. The attribute L In the set {C,L,BNK} shows that we
are Interested only in the customers whlch have taken ogut
loans. The absence of the attribute ADR shows that we are not
Interested In the customers’ addresses. Therefore the Inclusion
of the relatlon r(R3) In the evaluatlon of the expression will

be a pure loss of time. The reductlon can be performed in
different ways. For example, In System/U minimlzatlon under
weak equivalence Is used. A different method Is slven below,
which Is a modlficatlion of the Graham reduction. The ProPosed
second part of step 4 follows directly from the Join property.
Stepr 5 calculates the value of the connection function. Step 6
and 7 perform the second part of query Processing.

It should be pointed out that step 4 [s optional. If step 4
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Is omitted, the result will be the same but In thls case we
will lose much more resources than are needed for the executlon
of ster 4. That Is why we suggest to use Graham reduction
aleorithm. The orlgsinal Graham alsorithm [Gra80] [s Intended
for testing hypergrarh acycllicity. For the purpose of
optimlzation we prorose a modlfied alsorlthm. The Idea Is:
Consider the attributes mentlioned In the guery as a goal set
and the hypergraph, having as Its nodes the attributes and as
edoes - the relatlonal schemes from thls structure. The
aloorithm removes edoes and nodes preserving the goal set and
the hypergraph connectlvity. '

Algorithm 2. Reduction of a set of relational schemes with
respect to a goal set of attributes.

Input: A set of relational schemes R and a goal set of
attributes Gecattr(R).

Output: A set of relational schemes R'cR uwhich when
considered as a hypergraph has the followlns property: for any
two elements of G, there exists a path between them.

Method:

1. Let R'-R.

2. Arply one of the following operations as many tlmes as
possible over the relational schemes In R:

a) If A Is not In G and Is Included In only one relational
scheme R ¢R then remove A from R;:

b) If RieR is a subset of RJeR then remove Rl from the
sets R’ and R. a
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Conc Luslilon

In the paper an approach to the development of an user
Interface s considered. It Is based on the use of the
connection function. It Is shown that the problems arising In
develorment of the UL can be separated from the specliflc model
of the problem area which ls used as a database scheme. The
Introduction of the connection function as a base for the UI
makes the latter Independent from the manner of the real world
modeling. Thils facllltates the transltlon towards the use of a
more complex model 1f the one In use does not POssess enoush
expressive power. There 1s @ price to be pald for this freedom
by the database administrator. He ( or she ) has to create and
maintaln a database scheme which satisfles the glven
condltions. In the paper, such conditions are formulated and
discussed. Such an interface may serve as a workbench and can
be an useful tool for testing new Ideas In the fleld of the
gutomation of query answerling.

References

[Ang85] Angelov Zh.S. : Towards a Universal Relation View. In
Proceedings Elghth Internatlional Seminar on Database Manasement
Systems, Plestany, Czechoslovakla, 1985, pp. 9-17.

[Anc8bal Angelov Zh.S. : A Connection Functlon for End-User
Interface. In Proceedlngs XV-th Sering conference of SMB, Sunny

beach, Bulearia, 1986, pp. 350-355. ( In bulearian )

[Ang86b] Angelov Zh.S. : Slimulatine a Universal Relation View



D

Introducine Agsresatlon Informatlon. In Proceedings Ninth
International Seminar on Database Management Systems,
Relnhardsbrunn, GDR, 1986, pp. 189-194.

(D'AMS83] D'Atrl A., Moscarini M., Sepyratos N. : Answering
querles In relatlonal database. In Proceedings ACM SIGMOD
Annial Meetlng, San Jose, May 23-26, 1983, pP. 173-177.

(FMU8B2] Fagln R., Mendelzon A.0., Ullwan J.D. : A Simplifled
Universal Relation Assumption and Its Propertles._ ACM Trans.
Database Syst. Vol.7, No.3, 1982, pp. 343-360.

(Gra80] Graham M.H. : On the Unlversal Relatlion. In A Panache
of DBMS Ideas III. (ed.) D Tsichritzls. Technical Report CSRG-
111, Unlversity of Toronto, 1980, pp. 68-92.

(KKFGU84] Korth H.F., Kuper G.M., Flegsenbaum J., Gelder A.,
Ullman J. : System/U - A Database System based on the Unlversal
Relation Assumption. ACM Trans. Database Syst. Vol.9, No.3,
1984, pp. 331-347.

[MRS85] Maler D., Rozenshtein D., Steln J. ¢ Representing roles
In universal scheme Interfaces. IEEE Trans. on Software
Engineering. Vol.SE-11, No.7, 1985, pp. b644-652.

(MRWS3] Maler D., Rozenshtein D., Warren D.S. : Uindows on the
World. Proceedings ACM SIGMOD Internatlonal Symposium on
Manasement of data, San Jose, Calif., 1983, pp. G68-78.

'MUB3] Maler D., Ullman J.D. : Maximal oblects and the
Semantics of Unlversal Relatlon Databases. ACM Trans. Database



- 23 -

Syst. Vol.8, No.1, 1983, pp.1-14.

(MUv84] Maler D., Ullman J.D., Vardl M.Y. : On-the Foundations
of the Unlversal Relatlon Model. ACM Trans. Database Syst.
Vol.9, No.2, 1984, pp. 283-308.

(Men84] Mendelzon A.0. : Database states and thelr tableaux.
ACM Trans. Database Syst. Vol.3, No.2, 1984, pp. 264-282.

(0sb79] Osborn S.L. : Towards a Unlversal Relatlon Interface.
In Proceedings Conf. on Very Large Data Bases V, 1979, pp. 52-
60.:

(Roz83] Rozenshteln D. : Query and Role Playing In the
Assoclation-ObJect Data Model. Ph.D. dlssertation, SUNY at
Stony Brook, 13983.

(SaeB83] Sasiv Y. : A Chacterization of Globally Consistent
Databases and Thelr Correct Access Paths. ACM Trans. Database
Syst. Vol.8, No.2, 1983, pp. 266-286.

(ULL83] Ultman J.B. : Universal Relation Interfaces for
Database Systems. In Informatlon Processins 83, R.E.Mason(ed),
Elsevier Sclence Publishers B.Y. (North-Holland), pp. 243-242.



DEFINING A CONNECTION FUNCTION AS A BASE FOR A USER
INTERFACE TO A RELATIONAL DATABASE

Zzh. S. Angelov

Summarz

In the paper an approach to the development of a user
interface is considered. It is based on the use of

the connection function. The introduction of the con-
nection function as a base for the user interface (UI)
makes the latter independent from the way of the real
world modelling. There is a price to be paid for this
freedom by the database administrator. The administrator
has to create and maintain a database scheme which satis-
fies the given conditions. In the paper such conditions
are formulated and discussed. Such an interface may serve
as a workbench and can be a useful tool for testing new

ideas in the field of the automation of query answering.
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KAPCSOLATFYGGVENYEN ALAPULO FELHASZNALOI INTERFACE
RELACIOS ADATBAZISOKHOZ

Zh. S. Angelov

Osszefoglald

A dolgozat egy kapcsolatfiliggvényen alapuld, a valds vilag
modellezésének mdédjatdl fliggetlen felhaszndldi interface-
szel foglalkozik. Ezt a fliggetlenséget természetesen nem
adjak ingyen: az adatbazis adminisztratoranak létre kell
hoznia és karban kell tartania egy bizonyos feltételeknek
eleget tevd sémat. A dolgozat megadja, és részletesen meg-
vizsgalja ezeket a feltételeket. Az interface az automati-
zalt lekérdez® rendszer terililetén az uj Stletek kiprdobala-

sanak hasznos eszk®ze lehet.
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