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Abstract 2 Fuzzy Database with FSQL 

FSQL language is an extension of the SQL language 
which permits us to write flexible (or fuzzy) conditions 
in our queries to a fuzzy or traditional database. In this 
work we present some new fuzzy data types based on 
time concepts. We extend the existing temporal data 
types in SQL2 and we give a brief overview of basic 
definitions in fuzzy temporal databases. In particular, 
we explain how query operations in TSQL2 language 
need to be extended for fuzzy temporal querying. 
Keywords: Fuzzy Time, Temporal Databases, Infor- 
mation Retrieval, Flexible Queries, Fuzzy SQL, Fuzzy 
Query Languages, Fuzzy Relational Databases. 

1 Introduction 
Many times databases require some aspect of time when 
organizing their information. Temporal databases, in 
the broadest sense, encompass all databases of this kind 
[2, 71. On the other hand, fuzzy databases have been 
developed in the last years, rising up different models 
[5, 91, among which they highlight the Umano-Fukami 
model, and the GEFRED model by Medina-Pons-Vila. 
This last model represents an eclectic synthesis of the 
different models for fuzzy RDB (Relational Databases). 

In this article we present some new fuzzy data types 
based on time concepts. We extend the existing data 
types in SQL2. Time in databases is very useful, be- 
cause it allows to store the date/time in which the fact 
was considered to be true in the real world. But some- 
times, this time is not exactly known or it is a vague 
time period. It is studied here and we give a brief 
overview of basic definitions in fuzzy temporal RDB. 

Besides, we explain how query operations in TSQL2 
language [ll] need to be extended for fuzzy temporal 
querying. TSQL2 language extends SQL for querying 
valid time, transaction time and bitemporal RDB. 

All these definitions are maded based using the Fuzzy 
SQL (FSQL) language concepts [3,4, 51. In [6], authors 
extend FSQL to express fuzzy division in fuzzy RDB. 

First, we include a brief explanation of the main ad- 
vantages of the FSQL SELECT sentence, in order to ex- 
press fuzzy queries (see [4, 51 for details about this and 
other FSQL sentences). Next, we will expose briefly 
the information that is stored in the database (fuzzy 
attributes types...). Finally, we will study how fuzzy 
time may be included and treated in databases. 

'Partially supported by CICYT project TIC99-0558. 

The FSQL language [3, 4, 51 extends the SQL language 
to allow flexible queries, taking into account the char- 
acteristics of imprecise information. We have extended 
the SELECT command to express flexible queries and, 
due to its complex format, we only show here an ab- 
stract with the main extensions added to this command: 

Linguistic Labels: If an attribute is capable of fuzzy 
treatment then linguistic labels can be defined on it. 
Every label has an associated trapezoidal possibility dis- 
tribution (four values like figure in Table 1) or there is 
a similarity relationship defined between them. 

f i z z y  Constants:  In FSQL we can use all the fuzzy 
constants which appear in Table 1. 

Fuzzy Comparators :  In addition to the common 
comparators (=, >, etc), FSQL includes the fuzzy com- 
parators of Table 2, where U is the underlying domain or 
Universe, A=$CCQ,P,,,~,,,GAI, B=$C~B.W,YB,GBI and 
CDEG function indicates the compatibility degree in the 
fuzzy comparison. Of course, the specified definition 
may be changed. In the same way as in SQL, fuzzy 
comparators can compare one column value with one 
constant or two column values of the same type. Neces- 
sity comparators are more restrictive than possibility 
comparators are, i.e. necessity degree is always lower 
than possibility degree. 

Fulfillment Thresholds (7): For each simple condi- 
tion a fulfillment threshold may be established (default 
is 1) with the format: <condit ion> THOLD y, indicating 
that the condition must be satisfied with a minimum d e  
gree y E [ O , l ] .  The reserved word THOLD is optional and 
it can be substituted by a traditional crisp comparator 
(=, <, etc), modifying the meaning of the query. The 
word THOLD is equivalent to >. 

CDEG(<attribute>) function: This function, used 
in the select list, shows a column with the fulfillment 
degree of the query condition for the specified attribute. 
CDEG(*) computes the fulfillment degree of each tuple in 
the condition (considering all its attributes, not just one 
of them). If logic operators appear, the calculation of 
the compatibility degree is carried out, by default, using 
the minimum T-norm and the maximum T-conorm. 

We have a painstaking FSQL Server [4, 51 to ob- 
tain the answers to FSQL queries. It is programmed 
in PL/SQL language for oracle@ DBMS. The FSQL 
Server has been programmed to work with crisp or fuzzy 
databases (based on the GEFRED model). 
Example  1: SELECT * FROM Persons WHERE Hair 



Table 1: Fuzzy values that may be used in the fuzzy database or in FSQL sentences. 
F. Constant Significance 
UNKNOWN 

I I  
Unknown value but the attribute is applicable. 

UNDEFINED The attribute is not applicable or it is meaningless. . . - 
NllLL Total ignorance: We know nothing about it. 
$Ca.b,c ,dl Fuzzy trapezium: a<b<c<d (See figure on the right). 

Linguistic label (a trapezium or a scalar defined in FMB). 
Interval "Between n and mn (a=b=n and c=d=m). 

#n "Approximately n" (Triangle: b=c=n and n-a=d-n=mar@n) 0 
a b  c d 

Table 2: Fuzzy 
eaning 

Fuzzy Equal 
Fuzzy Greater 
(Fuzzy After) 

Fuzzy Greater 
or ~ q u a l  
(Fuzzy After 
or at a Time) 

Fuzzy Less 
(Fuzzy Before) 

FUZZY Less 
or Equal 
(Fuzzy Before 
or at a Time) 

Much Greater 
Than 
(Much After) 

Much Less 
Than 
(Much Before) 

FEQ $Fair  0.6 AND Age FGT $Young 0.8; b) Fuzzy Meta-knowledge Base (FMB): It stores 
Two kind of information are stored in the database: data about the FRDB: attributes which are capable to 

a) Traditional Database: I t  consists of all the data fuzzy treatment, linguistic labels, margin and M (see 
stored in the relations but with a special format in order Tables 1 and 2), the similarity relation (Type 3).. .  
to represent fuzzy attribute values. Fuzzy attributes are 
classified by the system in 3 types: 

Type 1: These attributes are totally crisp (tradi- 
3 Fuzzy Time 

tional), but they have some linguistic trapezoidal labels In [I], a framework for modeling temporal knowledge 
defined on them. With these fuzzy attributes, we can pervaded with imprecision or uncertainty is introduced 
use all constants (Table 1) in the query conditions. in terms of possibility distributions: Ill-known dates, 

Type 2: These attributes admit crisp data as well time intervals with fuzzy boundaries, fuzzy durations 
as possibility distributions over an ordered underlying and uncertain precedence relations between events. In 
domain or Universe U .  With these attributes we can [lo], fuzzy time is used for problem solving in industrial 
store and use all the constants shown in Table 1. dynamic systems. In [12], time dependent fuzzy set A(t) 

Type 3: These attributes are defined on a not ordered is defined as a fuzzy set whose membership function 
underlying domain, for instance the hair colour. On may change with time. Besides, an inference processing 
these attributes some labels are defined and on these is defined in order to obtain the fuzzy set A(t) when t 
labels a similarity relation has yet to be defined. With is a time fuzzy set (based on [I]). Authors apply those 
these attributes we can only use the fuzzy comparator definitions in time dependent fuzzy rules. 
FEU, as they have no relation of order. Many authors [I ,  81 have pointed out that problems 

comparators definitions for fuzzy attributes 

CDEG(A FEQ B)=sup,,,{ min (A(u), B(u))) 
CDEG(A FGT B)= 
' 1 if ?A > 6s 

61- 
(6a- , ) -K1-61)  if 71 < 6s Y 61 > YB 
0 in other case ( ~ 5 ~  5 3 )  

CDEG(A FGEQ B)= 
/ I  i f - y ~ > W  

6  - a  
( B a - a $ - ( i - 6 1 )  if 71 Y 6~ > 
0 in other case (61 5 IB) 

CDEG(A FLT B)= 
I 1  if PA 5 IB 

Q - 8  
( a a - B a j - ~ o I - a I )  if PA > QB Y 11 < W 
0 in other case (QA > W) 

CDEG(A FLEQ B)= 
/ 1  if PA 6 YE 

Type 1 and 2, and their (temporal) meaning. 

CDEGCA NFEQ B)=infUEu max (1 - A(u), B(u)) 
CDEGCA NFGT B)= 
I 1  if a, > 6~ 

B1- 
(6a-,)-g1-'31) if QA < 68 Y PA > YB 

0 in other case (PA 5 IB) 
CDEG(A NFGEQ B)= 

' 

' 

6,-a, if OA > 7s y IA < 6B ( P I - ~ I ) - ( % - ~ B )  
0 in other case (11 2 6s) 

if QA > p~ 
PI-as 

( B s - a a ) - ( a r - P ~ )  
if QA < h y PA > QB 

0 in other case (PA 5 IB) 

CDEG(A MGT B)= 
1 if 2 6s + M - +M-61 i f 7 ~ < 6 s + M  Y { 0 

61 > 'Ye + M 
0. C. (61 6 -/s + M )  

CDEG(A MLT B) = 
i f b < o , - M  

( B 1 ~ I ) - ( Q a - f i a )  B - M - a 1  if A > 0 8  - M Y { I a l < W - M  
0. c. (11 > ,& - M )  

CDEG(A NFLT B ) =  

I 1  if 61 5 QB 

I-Pa 
( a a - ~ ) - ( 6 1 - 7 1 )  if > OB Y < w 
0 in other case (?A > b)  

CDEGtA NFLEQ B)= 
* 1  if 61 5 3 

a - 6 ~  
(.,-&-(61-71) i f 6 ~ > %  Y 
0 in other case ( y ~  > 6e)  

CDEG (A NMGT B) = 
1 if IA 2 6s + M 

"+M-@l if 01 < 6s + M y ( a r - P 1 ) - ( 6 a - n )  { PA > 7's + M 
0. C. (PA 5 3 + M )  

CDEG(A NMLT B ) =  
i f 6 ~ < a ~ - M  

( 61~1 ,$ : ; ! ' 3a )  
if 6* > QB - M Y i: a < & - M  
0. C. (7, L W - M )  



of processing space or time information in reasoning are 
similar. Thus, time may be considered like a fuzzy at- 
tribute Type 2: where its underlying domain (X axis 
in figure in Table 1) is t.he absolute time. This abso- 
lute time is an ordered sequence of points in the time. 
Thus, it is necessary to set a granularity in this absolute 
time, i.e., time is considered to be an ordered sequence 
of points with a minimum and fixed distance between 
every two consecutive points. Of course, granularity is 
determined by the application. This special underlying 
domain makes necessary to define new fuzzy types. 

There are two types of temporal information accord- 
ing to the event duration: 

1. Point  events: These are events or facts without 
duration. They are typically associate with a single 
time point in some granularity. In SQL2, temporal data 
types including this information are: DATE (specifying 
year, month and day), TIME (specifying hour, minute 
and second), and TIMESTAMP (specifying a DATEITIME 
combination). Fuzzy point events allow to use fuzzy 
values in this domain. We define new fuzzy time types 
named FDATE, F-TIME and F-TIMESTAMP (including its 
corresponding crisp values). Fuzzy point events are rep- 
resented using approximately values in Table 1 (triangu- 
lar functions) with a predetermined margin (according 
to the context). For example, in healthcare application 
it is interesting to store that a patient recovered ap- 
proximately o n  January 6, 1994. Besides, using fuzzy 
comparators (Table 2) we can realice fuzzy queries. For 
example: "Retrieve all patients who recovered approxi- 
mately on December 31, 2000". 

2. Durat ion events: These events are associate with 
a specific time period in the database. In SQL2, tempo- 
ral data types including this information are: INTERVAL 
(a relative time duration, such as 2 days, 5 hours or 30 
seconds), and PERIOD (an anchored time duration with 
a fixed starting point, such as from Augoust 3, 1970 to 
October 29, 1970). A new fuzzy INTERVAL type is not 
necessary, because the underlaying domain is the real 
numbers (just like fuzzy attributes Type 2). However, 
measurement unit (years, hours, seconds ...) must be 
stored with every value or with every attribute, accord- 
ing to the application. Of course, measurement unit 
must be used in all computations. 

A new fuzzy PERIOD type is not necessary either, 
because there are two alternative representation ways: 
The first one is using fuzzy point events, i.e. the fuzzy 
types defined above but with others values, specially 
the trapezoidal shape (Table 1). For example, value 
"on May but specially near or between days 11 and 27" 
is represented by a=(May 1, 2001), b=(May 11, 2001), 
c=(May 27, 2001) and d=(May 31, 2001). The second 
way is using two fuzzy point events, representing its 
start and end time points. For example, we can store 
that the most grave stage of a patient disease was from 
aproximately April 14, 2001 until approximately July 
25, 2001. 

4 Fuzzy Temporal RDB 
In this section we study how to incorporate fuzzy time in 
RDB (tuple versioning). The extension for incorporat- 
ing fuzzy time in Object-Oriented Databases (attribute 
versioning) is easy [2]. 

Basically, time may be interpreted to mean two differ- 
ent things (time dimensions). Valid t ime  is the most 
natural interpretation and it is that the associated time 
is the time that the event occurred, or the period dur- 
ing which the fact was considered to be true in the real 
world. Transaction t i m e  mean that the associated 
time refers to the time when the information was ac- 
tually stored in the database, i.e. the value of the sys- 
tem time clock when the information was changed in 
the system. Some applications need only one of the 
dimensions (valid time databases or transaction time 
databases), others need both time dimensions (bitem- 
poral databases) and others need an user-defined inter- 
pretation (user-defined time databases). 

We study only valid time databases, because transac- 
tion time databases need the exact system time. How- 
ever, valid time databases need the time in which the 
fact was considered to be true in the real world. Some 
times, this time is not exactly known or it is a vague 
time period, as we saw in previous examples. 

Just like usual temporal RDB, valid time relations 
have two additional attributes whose data type is one 
of the previosly defined fuzzy time types: VST (Valid 
Start Time) and VET (Valid End Time). These at- 
tributes in tuple t represent that its information is 
valid in the real world only during the time period 
[t.VST,t.VET]. A special value "now" is included in the 
domain of VET attribute. Value "now" in a tuple rep- 
resents that this tuple is valid from VST till now, i.e., 
this tuple represents the current values of the entity 
represented in the relation. 
Example  2: Let us suppose a healthcare database stor- 
ing the most grave stage of some diseases. Then, some 
attributes of this relation would be patient name, dis- 
ease, treatment ... and attributes VST and VET. So, 
two valid tuples are (Dominique, asthma, ... #(June 4), 
$[July 6, July 6, July 6, July 151) and (Dominique, 
asthma, ... #(September l ) ,  now). 

First tuple represents that Dominique suffered an 
asthma attack approximately on June 4. The same 
symptoms continued until July 6. Then, patient b e  
gan slowly to get better until July 15. Note that VET 
attribute is a trapezoidal value with four values (like 
figure in Table 1). The second tuple represents that 
Dominique suffered a new asthma attack approximately 
on September 1 and it is the current state. 

Note that several tuples for the same entity may exist 
(like Dominique in the previous example). In temporal 
databases this is solved including VST (or VET) in the 
relation key. With fuzzy VST attributes, we must s u p  
pose that two tuples with different values in VST are 
different, even though they are very similar. 

Fuzzy valid time relations keep track of the history of 



changes as they become efective in the real world, even 
if these changes occurred gradually or in a n  ill-known 
t.ime. However, because updates, insertions, and dele- 
t.ions may be  applied proactively (before current time) 
or retroactively (after current time), there is no record 
of the actual database s tate  a t  any point in time. If 
it is needed, then we must use bitemporal relations. 
They include T S T  (Transaction Star t  Time) and T E T  
(Transaction End Time) attributes, whose da ta  type is 
typically crisp TIMESTAMP. In this case we must include 
T S T  attribute in the relation key, instead of VST. 

5 Extending TSQL2 Language 
So far, we have discussed how d a t a  models may be ex- 
tended with fuzzy time using temporal constructs. We 
now give a brief overview of how query operations need 
t o  be extended for fuzzy temporal querying. We briefly 
discuss a n  extension of TSQL2 language [2, 111. 

Typical conditions for valid time databases are, for 
example, t o  select all tuple versions that  were valid on 
a certain time point T or that  were valid during a certain 
time period [Tl,T2]. The  specified time point or time 
period may be fuzzy or crisp values and they are com- 
pared with the valid time period of each tuple version 
t: [t.VST, t.VET]. In Table 3 we extend the more com- 
mon operations with the  prefix F- and we define each 
one using existing fuzzy possibility comparators (Table 
2). The  last four comparators are totally new and the 
last two need a value M (according to the context) in 
order to  consider two time values as very separated. The  
extension using necessity comparators (with prefix FN-) 
is trivial. 

Table 3: Extending TSQL2 comvarators (vossibilitv - \- 

versions) and four new ones (X means exclusively). 
1 Expression 1 Equivalence 
I [t.VST,t.VET] F-INCLUDES ITl,T21 I T1 FGEQ t.VST AND 1 

I [t.VST,t.VET] FBEFORE [Tl,T2] I T1 FGEQ t.VET 1 

. . . 

[t.VST,t.VET] FINCLUDED-IN [Tl,T2] 

[t.VST,t.VET] F-OVERLAPS [Tl,T2] 

[~.vsT,~.vET] FAFTER [TI ,T~] I T2 FLEQ t.VST 
[t.VST,t.VET] FXBEFORE ITl,T2] I T1 FGT t.VET 

T2 FLEQ t.VET 
T1 FLEQ t.VST AND 
T2 FGEQ t.VET 
T1 FLEQ t.VET AND 
T2 FGEQ t.VST 

This new fuzzy temporal comparisons may be com- 
pleted with the threshold clause, in order t o  retrieve 

[~.vsT,~.vET~ FXAFTER [ ~ 1 , ~ 2 j  
[t.VST,t.VET] FMCHBEFORE [Tl,T2] 
[t.VST,t.VET] FMCHAFTER ITl,T21 

only values with a certain minimum threshold. The 
logic operator AND may be translated by the mini- 

T2 FLT t.VST 
T l  MGT t.VET 
T2 MLT t.VST 

mum T-norm. For example, t o  select all tuple ver- 
sions that  were valid (at  any point) during arround 
1994 (in minimum degree 0.6), the condition is: [t.VST, 
t.VET] F-OVERLAPS [#(1994,1,1),#(1994,12,31)] THOLD 
0.6 (OVERLAPS has also been called INTERSECTS-WITH). 

6 Conclusions and Future Lines 
We have presented a definition for fuzzy time, extending 
the SQL2 da ta  types, and we have extended temporal 
comparators in TSQL2 language in order t o  use fuzzy 
time values. These extensions are useful because many 
times the database user do not know the  exactly time 
when a n  event occurs or this exactly time does not exist, 
because the event occurs in a fuzzy time period (gradual 
events). All of this may be used for fuzzy queries in 
existing temporal databases (crisp or fuzzy). 

In these definitions we extend the TSQL2 language 
using the FSQL comparators, in what may be called 
FTSQL2 language, for fuzzy temporal databases. Next, 
we plan t o  study how t o  store in fuzzy databases values 
on the precedence relations between two fuzzy dates in 
the database. Besides, some others functions may be  
useful, such as length of a fuzzy time value. 
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