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Abstract

For improving the expressve power, there have been proposed and developed severa extensions of SQL. One of
them is SQLf, a fuzzy set based extension that allows the expression d flexible queries involving user preferences.
On the other hand, SQL has evolved into: SQL2 that incorporates relationa agebra operations constrains and sub-
queries; and SQL3 that incorporates feaures of deductive, active and dvjed oriented databases. In a previous work
we have defined SQLf2 and SQLf3 as extensions of SQLf with the fuzzy set based treament of new feaures from
SQL2 and SQL3. In this paper we present ared fuzzy querying system based on SQLf2-SQLf3 that we have built
ontop d aRDBMS. This system provides aweb based interface and an API.
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1. INTRODUCTION

The use dboolean logic restrics the treatmenof imprecisbn a uncertainy in databas systems The queriesdon't
get prospective results,becaue these quergeae restrictie and they don't contempla¢ importan elemens tha
could be mnsiderd to analye dataA solution to ths problen is usirg fuzzy ses in databasesystemsn orde to
expres ron crip dak ard gradud (or flexible) requirements We hae concentratecur efforts in the stug and
implementation of fuzzy queryirg languags on relatond database due b the fad tha mary organkaions stoe
their information in relationadatabases.

There are sora different proposat o fuzzy se basel flexible querying languagesSQLf [[3]] is one d them tha
has been pragposel by the reseaiie team of IRISA-ENSSAT, whos unde the leadershd of Patrick Bosc SQLf isa
fuzzy extensio o the stamdad SQ that allows usirg fuzzy condtions in ary place whee SQ allows a regula
one We hawe adoptd this proposhsince 198 [26]] due © its desire characterigics. We hawe poposel sone
extensons b SQLf[[25]] and we have wdk in a red implementaton d a flexible queryirg systen basd in SQLf
and its extengins We cdl thisquely systen SQL1f (SQLf on Internet).

The standat SQ. has evolvel due © the nev tecnology presehin databas systemsISO ard ANSI organizatiors
hawe carriel out the woik of updding the standarsl definition d SQL. The two late versbons d SQL are known &
SQL2 [[1]] and SQL3 [20]]. The nom SQL2 incorporats sone reldiond algeba operdions sone mechaniss
for constraiis specificiions ard the possiblity of subqueries u® & the bag relaton fa a query The nom SQL3
incorporate sone featurs d dedudive databaseadive databasearnl objed orientel databases.

In previots works ve hae studiel the nev features of SQL2 ard SQL3 determiniig which of theme are suseible
of a fuzzy treatment The® works leadd us © the definitin of two extersions o SQLf, named SQLf2 [[10]] and
SQLf3 [[11]], correspading to the defirition d fuzzy queryirg componerg basd in the norns SQL2 ard SQL3
respectively. We thirk tha it is nd suficient to contribue to the thene d fuzzy queryirg proposirg the theorécd
definition d sudh larguages bu alo makirg a red implementaton o them in orde to allow furthe studies o
behavio ard developmenof apdications

We hawe structurd the presetpape as follows Sedion 2 briefly presers sone other's relatel works in sctin 3
we presehthe fuzz query language SQLf SQL2 and SQLf3 On the othe hand sedion 4 telk hav our systen
prototype ha evolved thrav the interventian of sonme colléborators Sectiom 5is devoted to ouline the nev SQLR2
and SQLRB featurs thad are implementd in the currem systen prototype we onit their feature prope of SQLf that
were implementd in prevous versons d the prototype The arclitectue o our fuzzy queryirg systen is show in
sedion 6. Sone remark abot the usel implementatin took ae in sectim 7. Findly, we sunmariz and poirt out
to the future in the setion 8

2. RELATED WORKS

Severdefforts hawe be@ mack by differert authos in orde to provide flexible queryirg databas systemssone o
them are the following

OMRON [[21]) is a processotha contairs a varian of SQL with fuzzy logic and is a fuzz information retrieval
library based It' sa fuzz query interface i tradtiona databasg9]]. Don' t dlow fuzzy quariifiers use
FQUERY is a effort tha adds fuzz/ quewy fundionality on a sm#l databas managemersysten [[14]] (Microsoft
ACCESS far Windows) Allow fuzzy quantifies u® in orde to qualify citeria quantiy tha satisfies a query but
this is na dlowed in partitioned bnestng queries

BANDINS is a projet that allove dat flexible representsn ard manipulation Its quey languag is SQLf [[3]].
There ae somequely processirg mechanisi [[4]][[5]I[[6]1[[7]] and the mo$ relevan is derivaton principke
[[6]1[[7]] becaus it has a less cost

FukamiUmarp in [[27]] proposel a fuzzy relationd model Which quey languag is the Fuzzy Relationd Algebra
They propog the bulding o a nev databas engire with fuzzy queryirg capabities.

A fuzzy quely languag was presents by Wong-Leung in [[28]] to retriexe information by mears o transldion
from a fuzzy query to a quey for the databas managemeénsysten VAX Rdb/VMS axd muticriteria decision
making.

ISKREOT (Intelligert Systen for Knowledge Representatiousing Expet systen and Objet Technology) [[18]] is
presentd in andit is frontend intdligent informatian interface operéing throudy a relationh databas ORACLE
with fuzzy queries.

None d thes previos works hae incoporatel in the prqposel ard devebped querying systemfeatures HSQL2
and SQL3 with a fuzz sd basel treatment

3. QUERY LANGUAGES

One d the moe remarkable féorts in the creatio of Flexible Queryirg Systen for Relatond Databass is SQIE
[[3]]- It is the mo$ complee fuzzy extensdn [26]] to SQ. due to the diversiy of fuzzy queries thd allows the
extenson d all SQL constructons with Fuzz Logic.



Fuzzy queries involve fuzzy terms (atomic predicates, modifiers, connectors, comparators and quantifiers) whose
meaning is user and context depending. Therefore a SQLf based querying system must provide a language for
defining such terms.
In SQLf, the querying basic block is:

SELECT <attributes> FROM <relations>

WHERE <fuzzy condition> W TH CALIBRATION [n|A|n,A]
Semantt o this constructin is cartesia pradud of relations involved in claug FROM, sekding tho® tuples tha
satisfied fuzzy condition ard taking the fuzz/ projection o those 4tributes indicatel in claug SELECT In claue
WHERE sorre logicd expresson can be use formed with terns definel by the use and predefined operat®of
fuzzy logic.
The resul of a quey in SQLf is a fuzz set In claug WITH CALIBRATION, a toleranced specifiel to sekd
tuples which is callel calibraion. In the origind definition of Bosc ard Pivet [[3]], the calibraion is specified in
the clause SELECTIn a late work, Goncalves and Tineo [[10]][[11]] extended the defintion with this claug in
prodf the orthogonkty of language Two calibrdion types exi$: Quantitatie and Qualitdive. In cag o
quantitatiwe calibraion, a maximum numbe "n" of answes isobtainel and in cag o quditative cdibration those
tuplas whose memberslp value is bigge or sinilar to the minimum leve of tolerane "A" is obtained.
SQLf also dlows subquerig with differert nesthg operatorsSubqueries ae quely structurs like the bagi blodk
without the WITH CALIBRATION clause Into the sulgueries atributes from the reldions in the ouer query may
be usel both in the SELEQ ard the WHERE clause The generbstructue d sud querie is:

SELECT <attributes> FROM <relations>

WHERE <negting operator> <fuzzy subquery> WITH CALIBRATION [n|A|n,A]
SQLf also has a parttioned blodk queryirg stucture In this kind o quely it is possile © impos a selecion fuzzy
criterionove the graips o the patition. Sut queries are:

SELECT <attributes> FROM <relations> GROUP BY <attributes>

HAVING < fuzzy condition> WITH CALIBRATION [n|A|n,A]
Inspiredin the nom SQL2 we have defing@ SQLR [[10]], an extensbn d SQLf tha contemplate incoporaion of
fuzzy sda basel extensios of relationd algebma operatorsintegrity constraints views defiritions, siyppott of date
and time types stbqueries in from claug ard dag manpulaion operéions and nev condtions kinds.
On the othe hand, we have creatk SQLB [[10]] as an extensia of SQLf inspired in the nom SQL3 SQLR
includes elemerg o dedudive databasesctive databaseam objed oriental databasesThey dl with a fuzzy sd
basel treatment.
Fa simplicity and sgace restricbns we don't presenhere the feature o SQLf2 and SQLf3 in detail The readeis
referred to the previos works [10]][[11]]. We will just enumerat the SQLR and SQL3 featurs tha where
implemente in the buit interpreter see secon 5

4. PROTOTYFE EVOLUTION

Since 1998 Tineo [[25]][[26]] has be@ direding the creatbn d a flexible queryirg systen to relationh database
basedin SQLf This systen has bea developd on tq of the ORACLE RelationaDatabas ManagemenSysten
(RDBMS). The developmeinhas be@ mack in the databas laboratoy a Simén Bdivar University and Venezuela's
Centrd University.

As al software SQLf has experiencd sone iteraion in its life cycle h orde to increasingts functionaity. Sone
times the prototye was limited to exiging technology and enhaned in a nev version.

In 1999 Borrajo and Rengib [[2]] caried ou a first protoype d an interprete with a minimun aubsé of SQLHf.
This protoype was limited to the type & queries express with a simpk block and it was devebped with certan
built i n linguidic ternms storel in a database.

In 200Q Guiérrez [12]] has performe the implementtion of evaludgion mechanisrms for SQLf. He ha deat with
the three kinds o queries d SQLf: Bast Block Neging ard Patitioning. This implementdon wes restrictd to
specific queris plogranmed in the mde basd in a red database.

Also in 2000 Ram@z [24]] extended the protoype integratilg the mechanismsdlowing inteadive definition o
fuzzy terms So this nev prototype satisfiel the comple¢ SQLf With it, the use may use his prope databas ard
define his pope linguidic terms.

In 2001 Goncalve[[9]], extendd the existirg protolype d SQLf with sone nev chaacteristic defned for SQLf2
and SQLf3 Neverthelss Goncalves work has be@ focusel mainly in the theoréic definition of new extensios
rathe than the compléion of the protoype.

In 2002 Hernanez Montara [[13]] and Leon, Martinez [[15]] hawe workel in the extensio o the exiging
prototype with the nev versiors d the queryirg language SQLR2 and SQLf3 They hawe implementd sone o
characteristis thd had na been caried ou in the previows version.

Also in 20@ Rodrigez and Ledn [16]] developel an improve nev prototype o flexible queryirg systen with dl
SQLf chamcteristics This nev prototyge is basd on Interné technology <0 it’ s called SQLfi.



In this pape we presenthe utimate SQLf prototype which includes the characterist definel for SQLf2 ard
SQLf3. This implementton provides an applcaion program inteface in orde to be useé in sone language &
ASP, JSR JAVA, amory othes [[8]].

5. NEw FEATURES

Current systen prototyge implemerg mog the nev featurs d SQLf2 and SQLB fundionality. The usel
devebping took limited the selectio o the implementd features We havechosa tho® feature tha were
compatibk with the suppot offered by the usel RDBMS, Oracle 8i

51 SQLf2Features
The implementd SQLR characteritics are:
1. Fuzzy comparisa ove dae type:Support of fuzzy compari®n operatas for Date type.
CREATE COMPARATOR <symbol>
ON {DATE | TIMESTAMP} AS<expression>
2. Checks with A cdibrated fuzzy condtions: It's possibe t havirg subqueries with calibraton in the claug
CHEX of CREATE TABLE sentene.
CHECK (<fuzzy- condition>)
WITH CALIBRATION A
3. Views basd in fuzzy queries: Suppot of creatihng aml modificatiors on views definel by sekction with
cdibration d somre attribute d a relationship
CREATE VIEW <name> AS <subquery>
WITH CALIBRATION A
4. Constrains tha involves mutiple tablesThe constraing aredefined by mears  CHECK clause It is sometime
required tha a mnstrairt involves a compleg relatonshp o more than a relationship.
CREATE ASSERTION <name> CHECK < fuzzy- condition >
WITH CALIBRATION A
5. Unique operatp ove fuzzy conditions in parttioning: Unique operato indicates if dudicates exig¢ in a fuzzy
sub-query.
SELECT <attributes> FROM <relations> GROUP BY <attributes>
HAVING UNIQUE <fuzzy condition>
WITH CALIBRATION A
6. Fuzz selecton contrd structure:Suppot of ca® constructowith fuzzy comparisons.
SELECT CASE (<attributes>)
WITH CALIBRATION A
{WHEN <fuzzy predicate> THEN action}
FROM <relations> WHERE <fuzzy condition>
7. Join ove the resul of fuzzy queries:Suport of cross ad naturdjoin with calibration ard fuzzy condition.
(<subquery> {CROSS| NATURAL} JOIN <subquery>)
WITH CALIBRATION A
8. Theta joins operators ovehe resul of fuzzy queries:Suppot of oute join with calibraion and fuzy condition
(<subquery> [[LEFT | RIGHT | FULL] OUTER] JOIN <subquery>
ON <fuzzy condition>)
WITH CALIBRATION A
9. Queries over the table resuing from a fuzz sub-query Suppot of a fuzz sub-query o join in FRCM clause.
SELECT <attributes> FROM < subquery>
WHERE <fuzzy condition>
WITH CALIBRATION A
10. Sd operatos ove the resul of fuzzy queries:Suppot of se operatos for fuzzy query
(<sub-query> {UNION | INTERSECT | EXCEPT} <subquery>)
WITH CALIBRATION A
11. UPDATE operaion with fuzzy condition: Suppot of UPDATE operatos with fuzzy subqueries on the sane
table.
UPDATE <table> &ET <attrib>=<value> [{, <attrib>=< value>}]
WHERE <fuzzy condition>
WITH CALIBRATION A
12. DELETE operatbn with fuzzy condition: Suppot of DELETE operatos with fuzzy subqueries on the sane

table
DELETE FROM <table> WHERE <fuzzy condition>
W TH CALIBRATION A



5.2 SQLf3Features
The implementd SQLf characteritics are:
1. Fuzzy predicats an complex structures:Definition o fuzzy predicats an comple structures and datatypse
defined by the user.
CREAE FUZZY PREDICAE <name ON <tuple typer AS <fuzz condtion>
2. Triggers with fuzzy condiions: Sugport of fuzzy trigger with componers d traditiond trigger (an acton and a
condition) viewed as fuzzy extension.
CREAE TRIGER <name> ... WHEN (<fuzz/ condtion>) WITH CALIBRATION A {<action>}
3. Fuzzy condtions in contrd structue IF: Fuzzy extensio of IF sentene d the larguag procedural.
IF <fuzzy candition> THEN {<action>}
[{ELSEIF <fuzzy conditon> THEN {< action >}}]
[ELSE {< action >}]
WITH CALIBRATION A
END IF
4. Fuzz condtions in contrd structue FOR Fuzzy extensio of FOR sentene d the language procedural.
FOR <resut> AS <fuzz query> DO <action> END FOR
5. Fuzz condtions in contrd structue WHILE: Fuzz extensia of WHILE sentene d the languag procelural.
WHILE <fuzz condition> DO {<action>} WITH CALIBRATION A END WHILE
6. Fuzzyy conditions in contrd structue REPEAT Fuzzy extensbn d REPEAT sentese d the larguage
procelural.
REPEA {<action>} UNTIL <fuzz/ condtion> WITH CALIBRATION A END REPEAT
7. Fuzzy quantifies FCR SOME and FCR ALL: To exterd FOR ALL and FOR SOME 9 thd they operae o
fuzzy subqueries
SELEQ <attributess FROM <relations>
WHERE [FOR SOME | FOR ALl <attribute> <fuzz subquery
WITH CALIBRATION A

6. SYSTEM ARCHITECTURE

Fo building the fuzzy queryirg systemwe have ued a three layersarchitecture(Fig. 1). The lowest dag layer is
the RDBMS The middle, logicd layer, is an interprete of SQLf2-SQLf3. The uppe layer & the clients interface.
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Fig. 1. Fuzzy Querying System Architecture

The main components inside the querying system are:
Client’s Interface Receives user' s fuzzy queries and term definitions. Shows the final results of user operations: the
fuzzy query answer.



InstrudionsDispatcher It is the responsild far delivering & remande of the malules the necessarstructurs for
the exection o the instrution ard to receie d these the respectig answers

Fuzz Terns Catabg. Allows the specificatbn d user defind fuzzy terms Retrieva the defintion of such terns in
orde to be usel by the sentepe analys ard evaluéion mechanismsThe® terns ae storel into a database.
Sentene Analyzer Analyzes the sentenceintroduced by the user checkirg the syntactt ard senartic carectnes
of the statementsPerfom the translatios reedel for the exection of the statementsin cag d fuzzy queries
builds a tree structw d the fuzz/ query tha is usel in the evaluabn praess.

Evaluator/Calibrator. Perforns the evaludion of fuzzy queries Interacts with the RDBMS in orde to retrieve
databas elemenrelevarn to the quely processing. Fa o doing use a regula SQL quely tha is given by the
Senterge Analyzer Computs the satisfactin degres ar calibrates the ansver of the fuzzy query Fa so doing
uses the resut of the regular query and the tree structurefahe fuzzy query.

Query’s Translator SQL — SQLB2 and SQL991t is the reponsibk fa translating queris thd contan fuzzy terns
in regula queries usirg the derivaton principles praducing queris in SQL-92 ard SQL-99 standards

Translation Instructios SQL92 and SQL99 - SQLRDBMS We hawe adpteal to expres regula queries in the
stendards SQL92 ard SQL-99 in orde to male ou systen & portabk & possible Therefore, v neel to translag
regula queries into specific RDBMS quely language

7. IMPLEMENTATION

This queryimg systen has be@ mad ushg:

The Java ppgrammirg languag [[22]]. Jawa is a languag o programmirg objed¢ oriented for a distrbuted
applicaion on WEB platform Beside it offers the facility of libraries and/a interfaces far cannedion with
database a server pageusirg JDBC convention.

The ORACILE 8.0.5.00 [[15]] [[17]l. RDBMS. Omrcl is ore d the mos efficient in the marke for storage capaity,
answe capacity stalility, backyp mechanismssecurity, etc. Tke tod of Orack usel was OQ (Oracle Cal
Interfacé tha is an interfa@ for programmirg of apgicatiors tha dlows to the applicatbns written in C interad
with an Oracle server.

The CLAIRE [[23]] is a 1006 Jawa compatibt LR (1) parse and lexicd analyze generatar designd and
devebpal by programmirg languag researt groyp a Sinmdn Boliva University It's al® languag independen
tha isit can generat cock on ary languag it has a pluy in for. The resilting parse isa Java ppgran maule.

8. CONCLUDIN G REMARKS

In this pape is show the feasiliity of implementatbn d a fuzz queryirg systen on web tha embrace mos of
the characteristied SQLf2 ard SQLf3 enrichirg the functionaity of the existen protolype d SQLf with a bigge
quantiyy of requiremens thd the use can execute Also, it was apealel to a seris d tess who® resuls
guaranted tha this protoype adapt © the reguiremens ard necasties oulined for the suppot of the nev
characteristis d SQLf2 ard SQLf3.

The bult fuzzy querying systen supports fuzzy comparisa on datesfuzzy checks Paritioned queria ushg the
UNIQUE operato over fuzzy conditions fuzzy views fuzzy assetions fuzzy joins, fuzzy subquerie in the from
clause fuzzy sd operdions updaé and déete with fuzzy conditions fuzzy predcates an complex structures
contrd instructiors with fuzzy conditions triggess with fuzzy conditions in the when clause stor@ fundions
procedures and ADT’s with fuzzy elements.

We ae working nowv in the implematation o the remainng SQLP ard SQLf3 features We al® poins ©
performane studis d systen prototype ard defirition o differernt query evaluatio mechanism far fuzzy queries
in SQLR ard SQLf3

We know a fuzz/ quely can returna bigge quartity of resudts thd a classic query The mos$ remarkabé fuzzy
queries praces nmechanisrm ae basd in A-cut, by the gplicaion of a principle cded Derivation Principle for tkin
advantage d the reldionshp between fuzzy queries ard regula ones This piinciple ha keen definal ard studiel
by Bosc ard Pivet [7] and Tineo[7]. We wokk in this principke ©o SQLf2 aad SQLB and its implementton &
query evaluaton mechanis in ou prototype.
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