J. Sci. & Devel. 2015, Vol. 13, No. 6: 1028-1035

Tap chi Khoa hoc va Phat trién 2015, tap 13, s 6: 1028-1035

www.vnua.edu.vn

ON THE PICTURE FUZZY DATABASE: THEORIES AND APPLICATION

Nguyen Van Dinh", Nguyen Xuan Thao, Ngoc Minh Chau

Faculty of Information Technology, Viet Nam National University of Agriculture

Email’: nvdinh@vnua.edu.vn

Received date: 22.07.2015

Accepted date: 03.09.2015

ABSRACT

Around the 1970s, the concept of the (crisp) relational database was introdued which enables us to store and
practice with an organized collection of data. In a relational database, all data are stored and accessed via relations.
The extension of the relational data base can be done in several directions. Fuzzy relational database generalizes
the classical relational database. In this paper, we introduce a new concept: picture fuzzy database (PFDB), study
some queries on a picture fuzzy database, and give an example to illustrate the application of this database model.
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Co s& div lieu mé& birc tranh: ly thuyét va irng dung

TOM TAT

Nhitng ndm 1970, khai niém co sé& di¥ liéu quan hé (rd) dwoc dé& xuat cho phép chung ta cé thé lwu triv va thao
tac véi mot ho cé td chirc cla div liéu. Trong mot co s& dir liéu quan hé, tat ca cac div liéu dwoc lwu triv va truy cap
théng qua cac quan hé. Sy mé rong clia co sé dir liéu quan hé co thé& thuwc hién theo nhiéu hwéng khac nhau. Co
s& di¥ liéu quan hé md 1a mét sy mé rdng cla co s& div liéu quan hé cd dién. Bai bao nay xin gidi thiéu mot khai
niém méi vé co s& dir liéu mo birc tranh (PFDB), nghién ctru mot vai truy van trén mot co s& di liéu md ble tranh
va dwa ra mot vi du minh hoa cho (rng dung ctia mé hinh CSDL nay.

T khoa: Co sé& di liéu mé birc tranh, quan hé me birc tranh, tap mé birc tranh.

1. INTRODUCTION

Fuzzy set theory was introduced since 1965
(Zadeh, 1965). Immediately, it became a useful
method to study in the problems of imprecision
and uncertainty. Since, a lot of new theories
treating imprecision and uncertainty have been
introduced. For instance, Intuitionistic fuzzy
sets were introduced in 1986 by Atanassov
(Atanassov, 1986), which is a generalization of
the notion of a fuzzy set. While fuzzy set gives
the degree of membership of an element in a
given set, intuitionistic fuzzy set gives a degree of
membership and a degree of non-membership. In
2013, Bui and Kreinovich (2013) introduced the
concept of picture fuzzy set, which has identifies
three degrees of memberships memberships for
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each element in a given set: a degree of positive
membership, a degree of negative membership,
and a degree of neutral membership. Later on,
Le Hoang Son va Pham Huy Thong (2014); Le
Hoang Son (2015) reported an application of
picture fuzzy set in the clustering problems.
Nguyen Dinh Hoa et al. (2014) proposed an
innovative method for weather forecasting from
satellite image sequences using the combination
of picture fuzzy clustering and spatio-temporal
These
application of picture fuzzy set in the actual

regression. indicate the effective

problems.

Around the 1970s, Codd introduced the
concept of the (crisp) relational database (the
classical relational database) which enables us



to to store and practice with an organized
collection of data. A relation is defined as a set
of tuples that have the same attributes. A tuple
usually represents an object and information
about that object. A relation is usually described
as a table, which is organized into rows and
columns. All the data referenced by an attribute
are in the same domain and conform to the
same constraints. In a relational database, all
data are stored and accessed via relations.
Relations that store data are called base
relations, and in implementation are called
tables. Other relations do not store data, but are
computed by applying relational operations to
other relations. In implementations, these are
called queries. Derived relations are convenient
in that they act as a single relation, even
though they may grab information from several
relations. Also, derived relations can be used as
an abstraction layer.

Fuzzy data structure was first studied by
Tanaka et al. (1977) in which the membership
grades were directly coupled each datum and
that
generalizes the classical relational database by

relation. Fuzzy relational database
allowing uncertain and imprecise information to
be represented and manipulated. Data is often
partially known, vague or ambiguous in many
real world applications. There are several
methods to describe a fuzzy relational database.
For instance, either the domain of each
attribute is fuzzy (Petry and Buckles, 1982) or
the relation of attribute values in the domain of
any attribute in the relational database is fuzzy
relations (Shokrani-Baigi et al., 2002; Mishra
and Ghosh, 2008).
relational database can be done in many
different directions. Roy et al. (1998) introduced

the concept of intuitionistic fuzzy database in

The extension of the

which, the relation of attribute values in the
domain of any attribute in the relational
database is intuitionistic fuzzy relations. After
that, some application of intuitionistic fuzzy
(2005)
applied the Intuitionistic Fuzzy Relational
Databases in Football Match Result Predictions.

Kolev and Boyadzhieva, (2008) extended the

database was studied. Kelov et al.

Nguyen Van Dinh , Nguyen Xuan Thao, Ngoc Minh Chau

relational model to intuitionistic fuzzy data
quality attribute model and Ashu (2012) studied
the intuitionistic fuzzy approach to handle
imprecise humanistic queries in databases.
Hence, the
relational database is necessary. In this paper

extension of concepts of

we studied picture fuzzy relations and

introduced a new concept: picture fuzzy
database in which, the relation of attribute
values in the domain of any attribute in the
relational database is picture fuzzy relations.
Which is an extension of a fuzzy database,
intutionistic fuzzy database. The remaining of
this paper: In section 2, we recalled some
notions of picture fuzzy set and picture fuzzy
relation; we consider some properties of picture
fuzzy tolerance relation in section 3; finally, we
introduce new concept: picture fuzzy database

and some queries on PFDB.

2. BASIC NOTIONS OF PICTURE FUZZY
SET AND PICTURE FUZZY RELATION

In this paper, we denote U be a nonempty set
called the universe of discourse. The class of all
subsets of U will be denoted by P(U) and the class
of all fuzzy subsets of U will be denoted by F(U).

Definition 1. (Bui and Kreinovick, 2013) A
picture fuzzy (PF) set A on the universe U is an
object of the form:

A = {(x,ua(x),m 4(x), va(x))|x € U}

where pu(x) € [0,1], the “degree of positive
membership of x in A”; n,(x) € [0,1], the “degree
of neutral membership of x in A” and y,(x) €
[0,1]; and the “degree of negative membership of
x in A”, and pu,ma and vy, satisfied the following
condition:

HA() + Na(X) +va(x) <1, (VX EX).

The family of all picture fuzzy set in U is
denoted by PFS(U). The complement of a picture
fuzzy set A is denoted by
A = {(xya(x),na(), ua(x))|vx € U}

Formally, a picture fuzzy set associates

three fuzzy sets, they are identified by
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Ha:U - [0,1],n4:U - [0,1] and y,:U - [0,1] and

can be = (Ha,Na Ya)-
Obviously, any intuitionistic fuzzy set

A = {(xpa®),Ya(x))} may be identified with

represented as

the picture fuzzy set

in the form A =

{(X' HA(X)’ 0' YA(X))lx € U}

The operator on PFS(U) was introduced [1]:
Vv A, B € PFS(U),

" ACBIffua(x) < pp(x), na(x) < Mp(x) and ya(x) = yg(x) Vx € U.

= A =BiffACBandBCA.

" AUB = {(X' max (uA(X)! UB (X))! mln(n A(X)' nB(X)! min (YA(X)' YB (X)))lX € U}
* ANB = {(x, min (ua(x), ug(x)), min (N 5 (%), N (x), max (ya(x), yg(x))|x € U}

Now we define some special PF sets: a
constant PF set is the PF set (a,B,0) =
{(x,0,B,0)|x€U}; the PF universe set is
U=1y = (1,00) = {(x,1,0,0)]x €U} and the
PF  empty set is @ = 0y = (0,1,0) =
{(x,0,1,0)|x € U}.

For any x € U, picture fuzzy sets 1, and
1y-(x are, respectively, defined by: for ally € U

hy, () = {16, ifif };z;
N1, (Y) = {06, iff yy;}:
My () = {01 iff yy::
Vi) = {10 iff yy:t;:

0, if y=x
T]lu_{x}(}’) - { 0’ if y * X

Definition 2.
universe of discourse which many be infinite. A

Let U be a nonempty

picture fuzzy relation from U to V is a picture
fuzzy set of U X V and denote by R(U - V), L.e, is
an expression given by
R = {((x,y), ur(x,¥),mr(x, ¥), vr (x, y)) | (x, ¥)

€ UxV},

where
Hr, Yr, Mg are functions from UxV to [0,1] such that
urR(x,y) + Mr(x,y) +yr(x,y) < 1for all (x,y) € U X
V.

When U=V then, R(U->U) is called a
picture fuzzy relation on U.

Definition 8. Let P(U -» V) and Q(V - W).
Then, the max-min composition of the picture
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fuzzy relation P with the picture fuzzy relation
Q 1is a picture fuzzy relation PoQ on UXW
which 1s defined by, for all (x,z) e U X W :
lpoo(x,2) = maxyey{min{up(x,y), 1oy, 2)}}
nPOQ(x'Z) = minyev{min{np(x,y),nQ(y,Z)}}
VYpog(x,2) = minyey{max{yp(x,y), 7oy, 2)}}
Definition 4. The picture fuzzy relation
R on U is referred to as:
»  Reflexive: if for all x € U, ug(x,x) = 1,
»  Symmetric: if for all x,y € U,ug(x,y) =
tr(, %), vr(x,y) = yr(y,x),and
nr(x,y) = nr(y, %),
»  Transitive: IfR?> ¢ R, where R> = RoR,
» Picture tolerance: if R is reflexive and
symmetric,
= Picture preorder: ifR is reflexive and

transitive,
» Picture similarity  (picture  fuzzy
equivalence): 1if R 1s reflexive and

symmetric, transitive.

Let U = {u;,u,u;} be a
universe set. We consider a relation R on U as
follows (Table 1):

It is easily that R is reflexive, symmetric.
But it is not transitive, because R*> ¢ R. The
relation R? is computed in Table 2. Here, we see
that (Mror (U1, U3), NRor (Ug, U3), YRor (U1, U)) =
(0.4,0,0.1) > (ur(ug, uz), Mr(uy, up), yr(uy, uz)) =
(0.3,0.4,0.2).

Example 1.

The transitive closure (proximity relation)
of R(U - U) is R, defined by
R = RUR?UR3U ...
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Table 1. The picture fuzzy relation R

R Uy u, Us Uy

u (1,0,0) (0.3,0.4,0.2) (0.4,0.5,0.1) (0.3,0.4,0.2)
u, (0.3,0.4,0.2) (1,0,0) (0.7,0.2,0.05) (0.4,0.5,0.1)
u; (0.4,0.5,0.1) (0.7,0.2,0.05) (1,0,0) (0.3,0.4,0.2)
u, (0.3,0.4,0.2) (0.4,0.5,0.1) (0.3,0.4,0.2) (1,0,0)

Table 2. The picture fuzzy relation R?

R? uy u, us u,

U, (1,0,0) (0.4,0,0.1) (0.4,0,0.1) (0.3,0,0.2)
u, (0.3,0,0.1) (1,0,0) (0.7,0,0.05) (0,4,0,0.2)
us (0.4,0,0.1) (0.7,0,0.05) (1,0,0) (0.7,0,0.1)
u, (0.4,0,0.1) (0.4, 0,0.1) (0.4,0,0.1) (1,0,0)

Definition 5. Let A be a picture fuzzy set of
the set U. For a € [0,1], the @ —cut of A (or level
a ofA) is the crisp set A, defined by A, = {x €
Uiya(x)<1—a}.

Note that if pa(x)+ Na(x) =a then
yax) £1-a

Example 2. A = (0-8,01.105,0.1) 4 (0.7’?1.1’0.2) N
(0.50.01,04) . ' 2

. is a picture fuzzy set on the universe
3

U = {u;,u,,uz}. Then 0.2 —cut of A is the crisp
set Ay = {uy,uy}.

3. ON PICTURE FUZZY RELATION

In this section, we study some properties of
picture fuzzy relations.

Definition 6. If R(U - U) is a picture fuzzy
tolerance relation on U, then given an a € [0,1],
two elements x,y € U are a —similar, denoted
by xR,y, if only if yp(x,y) <1 —a.

Definition 7.

If R(U - U) is a picture fuzzy tolerance
relation on U, then two elements x,z € U are
o« —

tolerance, denoted by xR}z, if only if either
xR,y or there exists a sequence y;,Y,, ...,Vy €U
such that xR,y R,Y, ... VrRyZ.

Here, we show that R} is transitive. Then
we have

Lemma 1. If R is a picture fuzzy tolerance
relation on U, then R} is an equivalence
relation.. For any a € [0,1], R} partitions U into

disjoin equivalence classes.

Lemma 2. If R is a picture fuzzy similarity
relation on U then R, is an equivalence relation
for any a € [0,1].

Lemma 3. If R is a picture fuzzy similarity
relation on U and a € [0,1] be fixed. Y c U is an
equivalence class in the partition determined by
R, with respect to R if only if Y is a maximal
subset obtained by merging elements from
U that satisfies max, yeyYr(x,y) <1—a.

Lemma 4. If R is a picture fuzzy similarity
relation on U then for any a € [0,1], R, and R} is
generate identical equivalence classes.

Lemma 5. The transitive closure R of a
picture fuzzy tolerance relation R on U is a
similarity relation

minimal picture fuzzy

containing R.
The proof of these results is obviously.

Example 3. Consider the picture fuzzy
tolerance relation R on U = {u,,u,, u;,u,} given
by
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Table 3. The tolerance picture fuzzy relation

R Uy u, Us Uy

u (1,0,0) (0.8,0.1,0.1) (0.6,0.1,0.3) (0,0.2,0.8)
u, (0.8,0.1,0.1) (1,0,0) (0.5,0.1,0.4) (0.6,0.1,0.3)
u3 (0.6,0.1,0.3) (0.5,0.1,0.4) (1,0,0) (0.3,0.4,0.2)
u, (0,0.2,0.8) (0.6,0.1,0.3) (0.3,0.4,0.2) (1,0,0)

By Definition 7, it can be computed that: for
a = 1, then the partition of U determined by

Ryis: {{uy}, { uy}, {us}, {uy}},

for a = 0.9, then the partition of U
determined by Ry, is: {{uy, u,}, {us}, {u,}},
a = 0.8, then the partition of U
determined by Ry g is: {{uy, u,}, {us, us}},

for a« = 0.7, here, although ygr(uzuz) =
04>1-0.7 = 0.3, but also we have u,Ry,u;
and u;Ry;u; then u,R{,u;. Furthermore, we

for

have uzR,,u,, so that partition of U determined
by Rz is: {{uy, uz, us, us}}.

Moreover, it is easily seen that:

for 09 < a <1, then the partition of U
determined by R; given by

{{us}, {uz} {us}, (e},

for 0.8 < a<0.9, then the partition of U
determined by Ry 4 given by {{uy, u,}, {us}, {u,}},

for 0.7 < a < 0.8, then the partition of U
determined by Ry g given by {{uy, u,}, {us, u,}},
a< 0.7, then the
determined by R, given by {{uy, u,, us, us}}.

for partition of U

4. PICTURE FUZZY DATABASE

In the section we introduce the concept of
picture fuzzy database. First, we recall that the
ordinary relation database represents data as a
collection of relations containing tuples. The
organization of relational databases is based on
a set theory and relation theory. Essentially,
relational databases consist of one or more
relations in two-dimensional (row and column)
format. Rows are called tuples and correspond
to records; columns are called domains and
correspond to fields. A tuple t; having the form
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ti = (dil,diZ'

value of a particular domain set D;.

,dim), where d;; € D; is the domain

In the fuzzy relational database, dj < D; is
the fuzzy subset of D;. If d;; € D; is the (fuzzy)
subset of D; and they have the intutionistic

fuzzy tolerance relation for each other,

themselves, 1.e., the domain values of a
particular domain set D; have an intutionistic
fuzzy tolerance relation. Then we obtain the
intuitionistic fuzzy database. Also, if dj c D; is
the (fuzzy) subset of D; and they have the
picture fuzzy tolerance relation for each other,

themselves, 1.e., the domain values of a
particular domain set D; have a picture fuzzy
tolerance relation. In this case, we call this new
concept is picture fuzzy database.

Now, for each the attribute D;, we denote
P(Dj) as the collection of all subset of D; and
2P = P(D;) — @ as the collection of all nonempty
subset of D;. There exists at least an attribute
D;,

defines on it domain.

in which, the picture fuzzy tolerance relation

Definition 8. A picture fuzzy database
relation R is a subset of the cross product
201 % 202 x . x 2Pm,

Definition 9. Let R c 2P1 x 2Pz x ., x 2Pm pe
a picture fuzzy database relation. A piture fuzzy
tuple (with respect to R) is an element of R.

An arbitrary picture fuzzy tuple is of the
form ti = (dil,diZ' "'rdim)’ where dl] C D]

Definition 10. An
ti = (dil,din

0 = (a,a3, ...,4,,) Wwhere a; €d;;

interpretation of
ydim), is a tuple
for each

domain D;.



For each domain Dj, if R; is the picture
fuzzy tolerance relation then its membership
functions are defined by:

= the degree of positive membership
Wg;: Dj X Dj — [0,1],

= the degree of neutral membership
Ng;: D; X D; — [0,1],

= the degree of negative membership

YR]': D] X D] 4 [0,1],

where ur; (%) +nr;(x,y) + YR (x,y) < 1,
(X,y) € D] X D]

In summary, the space of interpretations is
the Dy X Dy X ... X Dy,.

However, for any particular relation, the space

set cross product

is limited by the set of valid tuples. Valid tuples
are determined by an underlying semantics of
the relation. Note that in an ordinary relational

databases, a tuple 1is equivalent to its

interpretation.
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crime. We consider a criminal data file. Supose
that one murder has taken place at an area in a
deep, dark line. The police suspects that the
murderer is also from the same area.

Listening to the eye-witness, the police has
discovered that the murderer has more or less
full big hair coverage, more or less curly hair
texture and he has moderately large build.

Police refers to the criminal data file of all
the suspected criminals of that area, the short
information table with attributes ‘HAIR
COVERAGE’, HAIR TEXTURE’ and ‘BUILD’ is
given by Table 4. Then, we consider the picture
fuzzy tolerance relation R; on the domain of
attribute ‘HAIR COVERAGE’, which is given in
Table 5.

Next, the picture fuzzy tolerance relation R,

on the domain of attribute ‘HAIR
TEXTURE’ which is given in Table 6. Finally,
we consider the picture fuzzy tolerance relation

Example 4. Let us make a hypothetical R; on the domain of attribute ‘HAIR
case study for an application in the fight against TEXTURE’, which is given in Table 7.
Table 4. The short information table from the criminal data file
(SHORT CRIMINAL DATA)
NAME HAIR COVERAGE HAIR TEXTURE BUILD
Arup Full Small (FS) Ste. Large
Boby Rec. Wavy Very Small (VS)
Chandra Full Small (FS) Straight (Str.) Small (S)
Dutta Bald Curly Average (A)
Esita Bald Wavy Average (A)
Faguni Full Big (FB) Ste. Very Large (VL)
Gautom Full Small (FS) Straight (Str.) Small (S)
Halder Rec. Curly Average (A)
Table 5. The picture fuzzy tolerance relation R; on the domain
of attribute ‘HAIR COVERAGE’
R FB FS Rec. Bald
FB (1,0,0) (0.8,0.1,0.1) (0.4,0.1,0.4) (0,0,1)
FS (0.8,0.1, 0.1) (1,0,0) (0.5,0.1,0.4) (0,0.1,0.9)
Rec. (0.4,0.1,0.4) (0.5,0.1,0.4) (1,0,0) (0.4,0.1,0.4)
Bald (0,0,1) (0,0.1,0.9) (0.4,0.1,0.4) (1,0,0)
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Table 6. the picture fuzzy tolerance relation R,
on the domain of attribute ‘HAIR TEXTURE’

Rz Str. Wavy Curly
Str. (1,0,0) (0.6,0.1,0.3) (0.1,0.1,0.7) (0.1,0,0.7)
Stc. (0.6, 0.1, 0.3) (1,0,0) (0.3,0.1,0.4) (0.5,0.1,0.2)
Wavy (0.1,0.1,0.7) (0.5,0.1,0.4) (1,0,0) (0.4,0.1,0.4)
Curly (0.1,0,0.7) (0.5,0.1,0.2) (0.4,0.1,0.4) (1,0,0)

Table 7. the picture fuzzy tolerance relation R; on the domain of attribute ‘BUILD’

Rs VL L A s VS
VL (1,0, 0) (0.7, 0.1, 0.2) (0.4, 0.1, 0.4) (0.3,0.1, 0.6) 0,0,1)
L (0.7,0.1,0.2) (1,0, 0) (0.5, 0.1, 0.4) (0.4, 0,0.5) (0, 1,0.9)
A (0.5, 0.1, 0.4) (0.5, 0.1, 0.4) (1,0, 0) (0.5, 0.1, 0.3) (0.3, 0.1, 0.6)
S (0.3,0.1, 0.6) (0.4, 0, 0.5) (0.5,0.1,0.3) (1,0, 0) (0.7, 0.1, 0.2)
VS (0,0, 1) (0, 1,0.9) (0.3, 0.1, 0.6) (0.7,0.1,0.2) (1,0, 0)

Table 8. Relation ‘LIKELY MURDERER ¢

NAME HAIR COVERAGE

HAIR TEXTURE BUILD

{Arup, Faguni} {Full Big, Full Small}

{Curly, Stc.} {Large, Very Large}

Now, based on listening to the eye-witness,
the job is to find out a list of the criminals who
resemble with more or less full big hair
coverage, more or less curly hair texture and
moderately large build.

The job can be done with a query on the
picture fuzzy database. It can be translated into
relational algebra in the following form:

Select NAME, HAIR COVERAGE,
HAIR TEXTURE, BUILD
From SHORT CRIMINAL DATA
With Level(NAME) = 0,
Level(HAIR COVERAGE) = 0.8,
Level(HAIR TEXTURE) = 0.8,
Level (BUILD) = 0.7
HAIR COVERAGE = ‘Full Big’
HAIR TEXTURE = ‘Curly’
BUILD = ‘Large’
Giving LIKELY MURDERER

Where
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It can be computed that the above query

gives rise to the following relation (Table 8):

Therefore, according to the information

obtained from the eye-witness, the police
concludes that Arup or Faglguni are the likely
murderers. And, further investigation now is to
be done on them only, instead of dealing with a

hugo list of criminals.

5. CONCLUSION

In this paper, we consider some properties of
picture fuzzy relation and picture fuzzy tolerance
relation on a universe. Finally, we introduced the
new concept: picture fuzzy database (PFDB) and
have shown by an example usefulness of picture
fuzzy queries on a picture fuzzy database. In the
next time, we will study about the functional
dependence and practice the normalization in the

picture fuzzy database.
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