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Abstract

The problem of decision making under imprecise environments are widely spread in real life decision situations. We
present a method of object recognition from imprecise multi observer data, which extends the work of Roy and Maji
[J. Compu. Appl. Math. 203(2007) 412-418] to generalized intuitionistic fuzzy soft set theory. The method involves
the construction of a comparison table from a generalized intuitionistic fuzzy soft set in a parametric sense for decision
making.
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1. Introduction
and is based on a combination of vague sets and soft set

The theories such as probability theory [1], fuzzy set thenodels. Majumdar and Sama_nta [17] further generalized
ory [2, 3], intuitionistic fuzzy set theory [4, 5], vague setth€ concept of fuzzy soft sets, in the other words, a degree
theory [6] and rough set theory [7], which can be considiS attached with the parameterization of fuzzy sets while
ered as mathematical tools for dealing with uncertaintie§€fining a fuzzy soft set. Maji and his coworker [18, 19, 20]
have their inherent difficulties (see [8]). The reason foltroduced the notion of intuitionistic fuzzy soft set theory
these difficulties is possibly the inadequacy of parameterf?hich is based on a combination of the intuitionistic fuzzy
zation tool of the theories. Molodtsov [8] introduced sofS€tS and soft set models and studied the properties of in-
sets as a mathematical tool for dealing with uncertaintidditionistic fuzzy soft sets. Park et al [21] presented the
which is free from the above-mentioned difficulties. Sinc&©NCePt of the generalized intuitionistic fuzzy soft sets by

the soft set theory offers mathematical tool for dealing witlfoMPining the generalized intuitionistic fuzzy sets [22] and
uncertain, fuzzy and not clearly defined objects, it has $Oft sét models.

rich potential for applications to problems in real life situ-
ation. The concept and basic properties of soft set theoryln this paper, we present some results on an application

are .presented in [8, 9]. He a!so §ho_wed how soft set thgf generalized intuitionistic fuzzy soft sets in decision mak-
ory is free from the parameterization inadequacy syndrom

A Ifig problem. The problem of object recognition has re-
of fuzzy set theory, rough set theory, probability theo%egvgd paramount i?nportance in rjecent timges. The recog-

and game theory. However_, several assertions presentnel jon problem may be viewed as a multiobserver decision
by Maji et al. [9] are not true in general [10].

Maji et al. [12] presented the concept of fuzzy soft Set%‘naklng problem, which the final identification of the object

which is based on a combination of the fuzzy sets angrbased on the set of inputs from different observers who

soft set models. Roy and Maji [13] provided its proper] ovide the overall object character?zatio_n in _ter_ms_ of di-
ties and an application in decision making under imprecis\éerse sets of pgrameters. A genergllzed Intuitionistic fl.JZ.Zy
environment. Kong et al. [14] argued that the Roy-Majl‘SOft _set theoretic gpproach to solut.|on of thg above deC|§|on

' j making problem is presented. This paper is arranged into

. . fBur sections. The intent of the Section 2 is to deal with the
rithm. Zou and Xiao [15] u;ed soft sets and fuzzy soft se asic concept of generalized intuitionistic fuzzy soft sets
to develop the data analysis approaches under mcompleo\t

. : : fid some relevant definition to solve a decision making
environment, respectively. Xu et al. [16] introduced the . : .

: o ) roblem. A numerical example of object recognition prob-
notion of vague soft sets which is an extension to soft se

8m in generalized intuitionistic fuzzy soft environment is
used to illustrate the feasibility of the proposed method in
Section 3. Finally, conclusions are offered in Section 4.
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2. Generalized intuitionistic fuzzy soft sets in (h3,0.5,0.4), (hy,0.6,0.5), (hs,0.6,0.4)};
decision making F(reddish) = {(h1,0.8,0.2), (hs,0.7,0.2),

(hs,0.7,0.4), (hs,0.8,0.3), (h5,0.5,0.4) };
In this section we present generalized intuitionistic fuzzy F(green) = {(h1,0.6,0.2), (h2,0.5,0.3)
soft set and some results of it. Most of them may be found R
(h3,0.4,0.5), (hy,0.7,0.5), (hs,0.6,0.4)};

in [21].

Let U = {hy,ha,...,hn} be the set ofn ob- G(blackish) = {(h1,0.4,0.6), (h2,0.9,0.3),
jects, which may be characterized by a set of parameters (hs3,0.7,0.4), (h4,0.8,0.3), (h5,0.8,0.4) };
{A1, Ay, ..., A;}. The parameter spade may be written G(reddish) = {(h1,0.9,0.2), (hs,0.8,0.3),

ask D Ay UAs U---UA;. Leteach parameter séf;
repres,_ents1 the‘zth2 class of plarameters alr31d the elemgzts of {hs, 0.7,04), {h4, 0.6,0.5), (hs, 0.7, 04 };
A; represents a specific property set. Here we assume that G (green) = {(h1,0.6,0.2), (h2,0.5,0.3),
these property sets may be viewed as generalized intuition- (h3,0.4,0.5), (h4,0.7,0.5), (h5,0.6,0.4) };
iStilc fuzzy Sfei- o edint G(large) = {(h1,0.4,0.6), (hs,0.9,0.3),
n view of above we may now define a generalized intu-
itionistic fuzzy soft set(Fi,yA,) which char?icterizes a set (hs,0.7,0.4), (14,0.8,0.3), (s, 0.8,04)}.
of objects having the parameter skt Clearly, (F, A) C (G, B).

Definition 2.1. Let GZF(U) denotes the set of all gener- Definition 2.4. Let (F, A) and (G, B) be two gener-
alized intuitionistic fuzzy sets of. Let 4; C E. A pair alized intuitionistic fuzzy soft sets over a universe
(F;, A;) is a generalized intuitionistic fuzzy soft set overThen “(F, A) and (G, B)" is a generalized intuition-
U, whereF; is a mapping given by : A; — GZF(U). istic fuzzy soft set, denoted byF,A) A (G,B), is
defined by (F,A) A (G,B) = (H,A x B), where
In other words, a generalized intuitionistic fuzzy soft seti («, 3) = F(a) N G(B) for any (o,8) € A x
is a parameterized familyof_generglizedintuitionisticfuzzyB, that is, H(o, 8)(z) = (min{pp@)(2), pa@e) ()},
subsets of/ and thus its universe is the set of all generalmax{yp q) (), v6(s) ()}), for all (a,3) € A x B and
ized intuitionistic fuzzy sets d¥/, i.e.,GIF(U). Agener- g e U.

lized intuitionistic fuzz is al ial
alized intuitionistic 2 y;oft setis also a special case O{Sefmmon 2.5. Let (F,A) and (G, B) be two gener-
a soft set because it is still a mapping from parameters 9 o :

alized intuitionistic fuzzy soft sets over a univerge

GIFU). Then “(F,A) or (G,B)” is a generalized intuitionis-
Definition 2.2. Let (F, A) and (G, B) be two generalized tic fuzzy soft set, denoted byF,A) v (G, B), is de-
intuitionistic fuzzy soft sets ovey. Then(F, A) issaid to fined by (,4) v (G.B) = (0,A x B), where
be a generalized intuitionistic fuzzy soft subset(6f B) O(a,8) = F(a) U G(B) for any (a,8) € A x
if B, that is, O(, 8)(z) = (max{pp()(@), has) (@)},
(1) A C B; min{vp(a) (), ve(s) (2)}), for all (a,8) € A x B and

(2) for anye € A, F(e) is a generalized fuzzy subset® € U.
Of G(E), that iS, for a”l’ e U andE S A, /LF(E)(Z’) S 21 Comparison Tab'e
MG(e)'(x) anQVF(s)_(Q{) > Ya(e) (). o The Comparison Table of generalized intuitionistic
This relationship is denoted by, A) £ (G, B). Simi-  fuzzy soft set(F, A) is a square table in which number of
larly, (F’, A) is said to be a generalized intuitionistic fuzzyrows and number of columns are equal, rows and columns
soft superset ofG, B), if (G, B) is called a generalized gre |abeled by the object names, hs, . . . , h,, of the uni-
intuitionistic fUZZy soft subset qu, A> We denote it by verse sel/, and the entriesij (Z,] =1,2,... ,n) is the
(F,A) 2 (G, B). number of parameters satisfying

In view of above discussions, we present an example be- i > ik and v < vk,

low. . .
wherep;;, and ;. are, respectively, the membership val-

Example 2.3. Consider two generalized intuitionistic ues ofh; andh; in F(ex) for all k, and~;; and~;,. are,
fuzzy soft sets(F, A) and (G, B) over the same univer- respectively, the non-membership valueshgfand /; in
sal setU, whereU = {hy, ho, hs, hy, hs} is the set of F(ex) for anyk, wherek is the number of parameters pre-

five houses,A = {blackish, reddish, green} and B = sented in a generalized intuitionistic fuzzy soft set.
{blackish, reddish, green, large} are the sets of parame- Clearly,0 < ¢;; < k for anyi, j, wherek is the number
ters, and of parameters iM. Thus,c;; indicates a numerical mea-
sure whichh; dominatesh; in ¢;; number of parameters
F(blackish) = {(h1,0.9,0.2), (hs,0.7,0.3), out of k parameters.
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2.2 Row sum, column sum and score of an object 3. An application in a decision making
problem
e The row sumv; of an objecth; is calculated by

n In this section, we present an application of generalized
Ty = Z Cij- intuitionistic fuzzy soft set in a decision making problem.
j=1 Consider the problem of selecting the most suitable
object from the set of objects with respect to a set of
Clearly,r; indicates the total number of parameters irchoice parameters. Le = {hi, ha, h3, ha, hs, he}
which h; dominates all the members bf be the set of objects having different colors, sizes and
surface texture features. L&t = {blackish, dark brown,

e The column sunt; of an objecth; is calculated by ~ yellowish, reddish, small, very small, average, large, very
large, course, moderately course, fine, extra fine} be the

n set of parameters. Le#l, B and C be three sub-
tj :Zcij- sets of £ such thatA = {blackish, dark brown,
=1 reddish, yellowish}  represents the color space,
B = {small, very small, average, large, very large}

The integerg; indicates the total number of param-represents the size of the object, ad = {course,
eters in whichh; is dominates by all the numbers of moderately course, fine, extra fine} ~ represents  the
U. surface texture granularity.
Assuming that the generalized intuitionistic fuzzy soft
e The scores; of an objecth; is calculated by set(F, A) describes the ‘objects having color space’, the
generalized intuitionistic fuzzy soft sét:, B) describes
s =1; — ;. the ‘objects having size’ and the generalized intuitionis-
tic fuzzy soft set(H, C') describes the ‘texture feature of
2.3 Algorithm the objects surface’. The problem is identify an unknown

The problem here is to choose an object from the set 8pject from.r.nultiobse'rvers generalized iqtuitionistic fuzzy
given objects with respect to a set of choice parametters 9ata, specified by different observers, in terms of gen-
We now present an algorithm for identification of an objectSr@lized intuitionistic fuzzy soft set§”, 4), (G, B) and
based on multiobservers input data characterized by col(ggf]7 ). ) o )
size and surface texture features. The generalized intuitionistic fuzzy soft seF, A) is

defined as(F, A) = {objects having blackish color =
{(h1,0.4,0.7), (hs,0.3,0.7), (h3,0.4,0.5), (h4,0.8,0.3),
(hs5,0.7,0.4), (hg, 0.9,0.3) }, objects having dark brown
color = {(h1,0.4,0.7), (h2,0.9,0.3), (hs,0.5,0.4), (hs,
b- 0-2,0.7), (h5,0.3,0.6), (hg, 0.2,0.8) }, objects having
yellowish color = {(h1,0.6,0.3), (h2,0.3,0.8), (hs, 0.8,
0.4, (hy,0.4,0.5), (hs,0.6,0.4), (hg, 0.4,0.6)}, objects

3. Compute the corresponding resultant generalized i i“’ing reddiSthObY = 2<h1,0.9,0.2>k<h2,0.5,0.6>,
witionistic fuzzy soft set(S, P) from the general- (3:0-7:0.4), (h4,0.8,0.3), (n5,0.5,0.4), (hg, 0.3,0.8)} }.

ized intuitionistic fuzzy soft setéF, A), (G, B) and The generalized intuitioni;tic fuz;y soft SQ:G,B>
(H,C), and place it in tabular form. is defined as(G,B) = {objects having large size =
{(h1,0.4,0.8), (h2,0.8,0.3), (h3,0.6,0.4), (hy,0.9,0.2),

4. Construct the Comparison Table of the generalize&fl570~270-9>v (h,0.3,0.7) }, objects having very large
intuitionistic fuzzy soft setH, C') and compute row Size = {(h1,0.2,0.9), (h2,0.6,0.3), (h3,0.4,0.5), (h4,

1. Input the generalized intuitionistic fuzzy soft sets
(F,A), (G, B) and(H,C).

2. Input the parameter se? as observed by the o
servers.

sumr; and column sumz of hz for all <. 08, 03>7 <h/5, 01, 09>, <h6, 027 09>}, ObjeCtS havmg
small size = {(h1,0.9,0.2), (h2,0.3,0.7), (hg,0.4,0.5),
5. Compute the score df; for all i. (h4,0.2,0.8), (h5,0.9,0.2), (hs,0.8,0.3)}, objects having
very small size = {(h1,0.6,0.5), (h2,0.1,0.8), (hs,0.1,
6. The decision is, if s, = max; s;. 0.8), (h4,0.1,0.9), (hs,0.8,0.3), (he,0.6,0.4) }, objects

having average size = {(h1,0.5,0.6), (h,0.5,0.7), (hg,

7. If k has more than one value then any onépinay  0.7,0.4), (h4,0.7,0.5), (h5,0.6,0.4), (he, 0.5,0.4) } }.
be chosen. The generalized intuitionistic fuzzy soft sé, C) is
defined as(H,C) = {objects having course texture =
{(h1,0.3,0.8), (hs,0.6,0.3), (hs,0.5,0.4), (hy,0.7,0.5),
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(hs,0.6,0.4), (hg,0.8,0.3)}, objects having moderately ~ ters of the forme;;, wheree;; = a; A b;, for all i =

course texture color = {(h1,0.4,0.6), (hs,0.5,0.5), 1,2,3,4andj = 1,2,3,4,5. If we require the general-
(h3,0.6,0.4), (h4,0.6,0.5), (hs,0.6,0.4), (he,0.7,0.4)},  ized intuitionistic fuzzy soft set for the parametdis=
objects havingfine texture = {(h1,0.1,0.8), (h2,0.4, {ei1,e1s5, €21, €33, €44}, then the resultant generalized intu-
0.7), (h3,0.3,0.7), (hy,0.6,0.5), (hs,0.5,0.4), (he, 0.7, itionistic fuzzy soft set for generalized intuitionistic fuzzy
0.4)}, objects having extra fine texture = {(hy,0.9, softsets(F, A) and(G, B) will be (K, R), say.

0.2), (h2,0.5,0.5), (h3,0.6,0.4), (h4,0.3,0.7), (hs5,0.4, So, after performing the(F, A) and (G, B)” for some

0.6), (hs,0.9,0.2) }}. parameters the tabular representation of the resultant gener-

The tabular representation of generalized intuitionisti@lized intuitionistic fuzzy soft setf, R) will take the form
fuzzy soft setsF, A), (G, B) and(H, C) are shown in Ta- as
bles 1-3.

Table 4: Tabular representation of the resultant generalized
Table 1: Tabular representation of the generalized intuitionntuitionistic fuzzy soft set K, R)
istic fuzzy soft set{ F, A)

U e11 e1s €21 €33 €44

U  blackish  dark brown yellowish  reddish hi (0.4,0.8) (0.4,0.7) (0.4,0.8) (0.6,0.3) (0.6,0.5)

(a1) (a2) (a3) (aa) he (0.3,0.7) (0.3,0.7) (0.8,0.3) (0.3,0.8) (0.1,0.8)
hi (0.4,0.7)  (0.4,0.7)  (0.6,0.3) (0.9,0.2) hs (0.4,0.5) (0.4,0.5) (0.5,0.4) (0.4,0.5) (0.1,0.8)
he  (0.3,0.7)  (0.9,0.3)  (0.3,0.8) {0.5,0.6) ha (0.8,0.3) (0.7,0.5) (0.2,0.7) (0.2,0.8) (0.1,0.9)
hs (0.4,0.5)  (0.5,0.4) (0.8,0.4) (0.7,0.4) hs  (0.2,0.9) (0.6,0.4) (0.2,0.9) (0.6,0.4) (0.5,0.4)
ha (0.8,0.3)  (0.2,0.7)  (0.4,0.5) (0.8, 0 3) he (0.3,0.7) (0.5,0.4) (0.2,0.8) (0.4,0.6) (0.3,0.8)
hs (0.7,0.4)  (0.3,0.6)  (0.6,0.4) (0.5,0.4)
he (0.9,0.3) (0.2,0.8) (0.4,0.6) (0.3,0.8)

Let us now see how the algorithm may be used to solve

Table 2: Tabular representation of the generalized intuitioreriginal problem. Consider the generalized intuitionistic
istic fuzzy soft set{G, B) fuzzy soft set§F, A), (G, B) and(H, C) as defined above.

U large  verylarge  small  very small averageSUppoSe thaP = {e11/\cy, e15/\cs, ea1Aca, €333, eaalh
cs}, be the set of choice parameters of an observer. On

b b b b b
(by) (b2) (bs) '( ) (6s) the basis of this parameter we have to take the decision

hi  (0.4,0.8) (0.2,0.9) (0.9,0.2) (0.6,0.5) (0.5,0.6 s _

hy  (0.8,0.3) (0.6,0.3) (0.3,0.7) (0.1,0.8) (0.5,0.7) from the availability set/. The tabular representation of
hs (0.6,0.4) (0.4,0.5) (0.4,0.5) (0.1,0.8) (0.7,0.4) generalized intuitionistic fuzzy soft séf, P) will be as

hs  (0.9,0.2) (0.8,0.3) (0.2,0.8) (0.1,0.9) (0.7,0.5)

hs  (0.2,0.9) (0.1,0.9) (0.9,0.2) (0.8,0.3)  (0.6,0.4) _ .

he (0.3,0.7) (0.2,0.9) (0.8,0.3) (0.6,0.4) (0.5,0.4) Table5: Tabular representation of the resultant generalized

intuitionistic fuzzy soft setsS, P)
Table 3: Tabular representation of the generalized intuiti%

L. ei1 Nc e1s N\ c3 e21 N\ C2 es3 N\ c3 eqq N\ C3
istic fuzzy soft setH, C') hi (0.3,0.8) (0.1,08) (0.4,0.8) (0.1,0.8) (0.1,0.8)
U course moderately course fine extrafineghz  (0.3,0.7)  (0.3,0.7) (0.5,0.5) (0.3,0.8) (0.1,0.8)
(c1) (c2) (cs) (ca) hs (0.4,0.5) (0.3,0.7) (0.5,0.4) (0.3,0.7) (0.1,0.8)
hi (0.3,0.8) (0.4,0.6) 0.1,0.8) (0.9,02) ha (0.7,0.5) (0.6,0.5) (0.2,0.7) (0.2,0.8) (0.1,0.9)
he  (0.6,0.3) (0.5,0.5) (0.4,0.7)  (0.5,05) hs (0.2,0.9) (0.5,04) (0.2,0.9) (0.5,0.4) (0.5,0.4)
hs  (0.5,0.4) (0.6, 0.4) (0.3,0.7)  (0.6,0.4) he (0.3,0.7) (0.5,0.4) (0.2,08) (0.4,0.6) (0.3,0.8)
ha  {0.7,0.5) (0.6,0.5) (0.6,0.5)  (0.3,0.7)
hs  (0.6,0.4) {0.6,0.4) (0.5,0.4)  (04,0.6) The Comparison Table of the above resultant generalized
he  (0.8,0.3) (0.7,0.4) (0.7,0.4)  (0.9,0.2)

intuitionistic fuzzy soft set is as below.

After performing some operations (like “and”, “or” etc.) . _ _
on the generalized intuitionistic fuzzy soft sets for somdable 6: Comparison Table of the resultant generalized in-
particular parameters of and B, we obtain another gen- tuitionistic fuzzy soft setS, P)

eralized intuitionistic fuzzy soft set. The newly obtained hi  ha  hs  ha  hs ke
generalized intuitionistic fuzzy soft set is termed as resul- hi 5 1 1 1 2 1
tant generalized intuitionistic fuzzy soft set @, A) and ha 5 5 2 3 2 2
(G, B). hs 5 5 5 3 2 2
Considering the above two generalized intuitionistic hy 3 2 2 5 3 3
fuzzy soft sets(F, A) and (G, B) if we perform “(F, A) hs 3 3 3 2 5 3
he 4 4 3 2 3 5

and (G, B)” then we will have4 x 5 = 20 parame-
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