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1. Introduction

Alot of practical and complicated problems in many fields involve uncertain, fuzzy, not clearly defined data. Uncertainties
may be dealt with by making use of a wide variety of theories as diverse as probability theory, fuzzy sets [1], rough sets [2],
intuitionistic fuzzy sets [3], vague sets [4] and interval mathematics [5], each of which has its inherent difficulties as pointed
out in [6]. To overcome these difficulties, Molodtsov initiated soft set theory [7] as a new general mathematical tool for
dealing with uncertainties which is free from the inadequacy of the parameterization tools. Therefore, it is very convenient
and easy to apply soft set theory into practice. It has great potential for applications in several directions, some of which
had already been demonstrated by Molodtsov [7], such as the smoothness of functions, game theory, operations research,
Riemann integration, Perron integration, probability theory, and measurement theory.

Presently, theoretic study on soft set is progressing rapidly. Maji et al. [8] firstly introduced some definitions of the related
operations on soft sets. Ali et al. [9] took into account some errors of former studies and put forward some new operations on
soft sets. Aktas et al. [10] initiated soft groups. Jun and Park [ 11] gave the definition of soft ideals and idealistic soft BCK/BCI-
algebras. Feng et al. [ 12] depicted the definitions of soft semirings, soft subsemirings, soft ideals and idealistic soft semirings.
GCagman et al. [ 13] defined soft matrices and their operations and described products of soft matrices and their properties.
Qin et al. [14] introduced the concept of soft equality and some related properties were derived. Jiang [15] extended soft
sets with description logics. Xiao et al. [16] proposed the notion of exclusive disjunctive soft sets and studied some of its
operations. Xu et al. [17] gave the vague soft sets. It could be shown that soft set theory is closely associated with rough
setsin [18-21]. Maji et al. [22] extended soft sets to fuzzy soft sets and Majumdar and Samanta [23] further generalized the
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concept of fuzzy soft sets. Liu and Yan [24] studied the algebraic structure of fuzzy soft sets and described the notion of fuzzy
soft group. Maji [25], Maji et al. [26,27] extended soft sets to intuitionistic fuzzy soft sets. Soft set models in combination with
the interval-valued fuzzy set have been proposed as the concept of the interval-valued fuzzy soft set [28] by Yang et al. Jiang
et al. [29] presented the interval-valued intuitionistic fuzzy soft set theory by combining the interval-valued intuitionistic
fuzzy sets and soft sets. As for practical applications of soft set theory, great progress has been made. Maji and Roy [30]
employed soft sets to solve the decision-making problem. Roy and Maji [31] presented a novel method of object recognition
from an imprecise multi-observer data to deal with decision making based on fuzzy soft sets, which was revised by Kong
et al. [32]. Feng et al. [33] showed an adjustable approach to fuzzy soft set based decision making by means of level soft
sets. Jiang et al. [34] presented an adjustable approach to intuitionistic fuzzy soft sets based decision making by using level
soft sets of intuitionistic fuzzy soft sets. Feng et al. [35] gave deeper insights into decision making involving interval-valued
fuzzy soft sets and put forward flexible schemes for decision making based on interval-valued fuzzy soft sets by using reduct
fuzzy soft sets and level soft sets. Qin et al. [36] further presented an adjustable approach to interval-valued intuitionistic
fuzzy soft sets based decision making. Zou and Xiao [37] depicted data analysis approaches of soft sets under incomplete
information. Qin et al. [38] proposed a data filling approach for an incomplete soft set. Xiao et al. [39] described a combined
forecasting approach based on fuzzy soft sets. Herawan and Mat Deris [40] proposed a soft set approach for association rules
mining.

It is worthwhile to mention that some effort has been made towards issues concerning reduction of soft sets. Chen
et al. [41] pointed out that the conclusion of soft set reduction offered in [30] was incorrect, and then present a new notion
of parameterization reduction in soft sets in comparison with the definition to the related concept of attributes reduction
in rough set theory. The concept of normal parameter reduction was introduced in [42], which overcomes the problem of
suboptimal choice and added parameter set of soft sets. An algorithm for normal parameter reduction was also presented
in [42]. However, the algorithm is hard to understand and involves a great amount of computation. In order to make the
reduction of soft sets easy to implement and reduce computation, in this paper, we propose a simpler and more easily
understandable algorithm which is referred to as a new efficient normal parameter reduction algorithm of soft sets.

The rest of this paper is organized as follows. Section 2 reviews the basic notions of soft set theory. Section 3 analyzes
the normal parameter reduction of soft set put forward in [42]. Section 4 gives some new related definitions and proved
theorems and then proposes a novel normal parameter reduction algorithm of soft sets. Section 5 firstly compares the
proposed algorithm with the algorithm of [42] in terms of computational complexity, and then elaborates the comparison
result for capturing the normal parameter reduction through a Boolean data set. Finally Section 6 presents the conclusion
from our study.

2. Soft set theory

In this section, we review some definitions and properties with regard to soft sets. Let U be a non-empty initial universe
of objects, E be a set of parameters in relation to objects in U, P (U) be the power set of U, and A C E. The definition of soft
set is given as follows.

Definition 2.1 (See [6]). A pair (F, A) is called a soft set over U, where F is a mapping givenby F : A — P(U).

That is, a soft set over U is a parameterized family of subsets of the universe U. As an illustration, let us consider the
following example, which is quoted directly from [6].

Example 2.1. A soft set (F, E) describes the “attractiveness of houses” that Mr. X is going to purchase. Suppose that

U = {hy, hy, h3, h4, hs, he} and E = {eq, ey, €3, €4, €5},

where there are six houses in the universe U and E is a set of parameters, e; (i = 1, 2, 3, 4, 5) standing for the parameters

LY

“expensive”, “beautiful”, “wooden”, “cheap”, and “in green surroundings” respectively.
Suppose that we have
F(e1) = {hy, ha},  F(ea) ={hi,h3},  F(es) =@,  F(es) ={h, h3, hs}, and F(es) = {hi},

where F (e;) means a subset of U which elements match the parameter e;. Then we can view the soft set (F, E) as a collection
of approximations as below:

expensive houses = {h;, hs},
beautiful houses = {hy, h3}
(F,E) = wooden houses = ¢
cheap houses = {hy, hs, hs}
in green surroundings houses = {h;}
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Each approximation has two parts, a predicate p and an approximate value set v. For example, for the approximation
“expensive houses = {h;, hs}”, we have the predicate name of expensive houses and the approximate value set or value
set is {hy, hs}. Thus, a soft set (F, E) can be viewed as a collection of approximations below:

(F,E) ={p1 =v1,p2 =V2,P3 =V3,...,Pn = VUn}.
The soft set is a mapping from the parameter to the crisp subset of the universe. From such a case, we may see the structure
of a soft set can classify the objects into two classes (yes/1 or no/0). Thus we can make a one-to-one correspondence between
a Boolean-valued information system and a soft set, as stated in Proposition 2.1.

Definition 2.2. An information system is a 4-tuple (quadruple) S = (U, A, V,f), where U = {u1, Uy, ..., uw‘} is a non-
empty finite set of objects, A = {a1, a, ..., aw} is a non-empty finite set of attributes, V = UaeA Va, Vg is the domain
(value set) of attribute a, f : U x A — V is an information function such that f (u, a) € V,, for every (u, a) € U x A, called
the information (knowledge) function.

An information system is also called a knowledge representation system or an attribute-valued system and can be
intuitively expressed in terms of an information table. In an information system S = (U, A, V, f), if V, = {0, 1}, for every
a € A, then S is called a Boolean-valued information system.

Proposition 2.1. If (F,E) is a soft set over the universe U, then (F, E) is a Boolean-valued information system S = (U, A,

Vio, 1), f)-
Proof. Let (F, E) be a soft set over the universe U, we define a mapping
F= {f11f27-'-!fn}7
where
. _ )1, xeF(e)
fi:U—>V; and fi(x) = 0, x&F(e)
. _J1, x€F(e)
LU=V, and f, (%) = 0, x¢F(e)
. _J1, x€F(en)
U=V, and f(x) = 0, x&F(e,)

Thus, if A = E, V = [J,ca Ve, Where Ve, = {0, 1}, then a soft set (F, E) can be considered as a Boolean-valued information
systemS = (U, A, Vio,1y.f). O

Obviously, for the reverse process, an information system of Boolean-value can be represented as a soft set.
According to Proposition 2.1, the soft set (F, E) mentioned in Example 2.1 can be represented as a Boolean table as shown
in Table 1.

3. Analysis of the normal parameter reduction of soft sets in [42]

In this section, we briefly discuss the normal parameter reduction of soft sets and its algorithm, which were presented
by Kong et al. in [42].

3.1. The normal parameter reduction of soft sets

Suppose U = {hy, hy, ..., h,},E = {ej, ez, ...,em}, (F, E) is a soft set with tabular representation. Define f; (h;) =
2 hij, where hy; are the entries in the table of (F, E).

Definition 3.1 (See [42]). With every subset of parameters B C A, an indiscernibility relation IND (B) is defined by
IND (B) = {(hi, bj) € U x U : fg (hy) = f (hy)}.

For soft set (F, E) , U = {hy, hy, ..., hy}, the decision partition is referred to as
Ce = {thi byl i il ]
where for subclass {hvs hv+1a B hv+w}fi,fE(hv) = fE(hv+1) = = fE(hv+w) = fi- and f] = f2 = ez fs; s is the

number of subclasses. In other words, objects in U are classified and ranked according to the value of fz(.) based on the
indiscernibility relation.



X. Ma et al. / Computers and Mathematics with Applications 62 (2011) 588-598 591

Definition 3.2 (See [42]).Forsoftset (F,E),E = {e1, ey, ..., ey}, if there exists a subset A = {e/], €ty el’j} C E satisfying
fa (h1) = fa (hy) = --- = fx (hy), then Ais dispensable, otherwise, A is indispensable. B C E is a normal parameter reduction
of E, if the two conditions as follows are satisfied

(1) Bis indispensable
(2) fe— (h1) = fe—p (h2) = - - = fe—p (hn).

3.2, Algorithm of normal parameter reduction

Definition 3.3 (See [42]). The decision partition mentioned above is Cx = {Ef1 JEn, .. E } similarly, decision partition
deleted e; is figured as

CE—E,‘ = lE—eifl/,E—eier,...,E—eifs/] .

The importance degree of e; for the decision partition is defined by

1
Te; = m (al.ei +aze +--+ as.ei) s

where |.| denotes the cardinality of set and

ak,e,- = {

Based on the parameter importance degree, Kong et al. [42] presented the algorithm of normal parameter reduction as
shown in Fig. 1.

Itis clear that this algorithm is hard to understand and implement. Besides, parameter importance degree involves a great
amount of computation. In order to make reduction of soft sets easy to implement and reduce computation, we propose a
new efficient normal parameter reduction algorithm of soft sets below.

Ep, —E —ey, |, ifthere existz'suchthatfy =f/, 1<z <s', 1<k<s

Eq |, otherwise.

4. A new efficient normal parameter reduction algorithm

4.1. The proposed technique

Given a soft set (F, E) with a tabular presentation, U = {hy, hy, ..., h,} is the object set, E = {eq, €3, ..., en} is the
parameter set, and h;; are the entries in the table of (F, E).

Definition 4.1. For soft set (F,E),U = {hy, hy, ..., h,},E = {e1, ez, ..., en}, we denote f; (h;)) = Zj h;j as an oriented-
object sum.

Definition 4.2. For soft set (F,E),U = {hy,hy,...,h;},E = {eq1,ea2,...,en}, we denote S (ej) = ), hy as an oriented-
parameter sum.

Definition 4.3. For soft set (F,E) ,U = {h, hy, ..., h,} ,E = {e1, €3,..., en}, we denote Sy = Y, S (e), for A C E as the
overall sum of A.

Theorem 4.1. For soft set (F,E),U = {hy, hy, ..., hy},E = {eq, ez, ..., en}, if there exists a subset A = {e/l, e, ...,e;,} -
E, such that E — A is the normal parameter reduction of E, then we have S, = qn, for q = 0, 1, 2, ..., m, where n is the number
of the universe U.

Proof. Suppose A = {e/l, e, ..., e;} C E. According to Definition 3.2, if B C E is defined as a normal parameter
reduction of E, then fr_p(h;) = frp(hy) = --- = fg_p(hy). In other words, if A = E — B can be reduced, then
fa (h1) = fa (hy) = - - - = fx (hy). Therefore the following equations must be satisfied.

Wy +hy,+ -+ hp=q
hyy +hyy + -+ hyp =g

oy +hy + -+ hyp = q.
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Table 1
Tabular representation of a soft set in the above
example.
U e, [ es ey €s
hy 0 1 0 1 1
hy 1 0 0 0 0
hs 0 1 1 1 0
hy 1 0 1 0 0
hs 0 0 1 1 0
he 0 0 0 0 0
Table 2
A soft set (F, E).
U/E e e e3 ey es €6 e7 eg €9 €10 o
hy 1 0 1 1 1 0 1 0 0 1 6
hy 0 0 1 1 1 1 0 0 0 0 4
hs 0 0 0 0 0 1 0 1 0 1 3
hy 1 0 1 0 0 0 0 0 1 1 4
hs 1 0 1 0 0 0 1 1 0 1 5
he 0 1 1 1 0 1 0 0 0 0 4
S (¢) 3 1 5 3 2 3 2 2 1 4 Sg =26

We can easily get
Sa = S(e}) +S(ey) + -+ -+ S(ep)
= (hyy +hy + -+ hyy) 4 (W + oy + -4 hpy) + -+ (W + hyp + - 4 pp)
= (hyy + My + -+ hip) + (hyy 4+ oy + -+ hyp) + - 4 (g 4y + -+ 4 )
=n-q.
Namely, S, is a multiple of n. This completes the proof. O
In order to explicitly clarify this theorem, the following example is given.
E})l(ample 4.1. Letasoftset (F, E) with the tabular representation displayed as in Table 2, which is quoted from [42]. Suppose
that
U ={hy, hy, h3, hg, hs, he},  E = {e1, €2, €3, €4, €s, €5, €7, €3, €9, €10} ,
wheren = 6.

In [42], it turns out that {eq, e,, es, g, €3, €9} , {€6, €7, €9}, OF {e1, €4, €5, €3, €9} can be deleted from E. The subsets
{es, e4, €7, €10}, {€1, €2, €3, €4, €5, €3, €19} and {e,, e, es, e7, e1o} are the normal parameter reductions of soft set. It is clear
that

5{96«57199} =6=1x6 and 5{81,62,85,86,88,99] = S{el,e‘l,ee,es,gg} =12=2 x 6,
which are the multiples of 6, respectively.
Theorem 4.2. For soft set (F,E), U = {hy, hy, ..., hy},E = {e1, €2, ..., en}, Suppose a subset A C E and its complement A.

Check whether Sy = qn, for q = 0, 1, 2, ..., m, at the same time, we can determine if Sy = pn, forp =0, 1,2, ..., m, where
n is the number of the universe U.

Proof. Let S be the overall sum of the whole table. It is obvious that S4 + S; = Sg. Hence by checking S,, then Sz can also
be determined. O

Example 4.2. In Table 2, n = 6, Sg = 26, S¢; ;e = 1 X 6 = 6. Due to

Stes,e7.e9) T Ster.ea.e3.eq.65.e8.10) = 26,
we can come to the conclusion that S, e, e;,e4.e5.e5,e10} = 26 — 6 = 20, which is not a multiple of n.
Theorem 4.3. For soft set (F,E),U = {h{,hy,...,h,},E = {e1,ez,...,en}, and A = {e/], e, ..., e;} C E. If the value

e R is a nonnegative integer, then we have Sy, = qn, for q = 0, 1, 2, ..., m, where n is the number of the universe
U; vice versa, if Sp = qn, forq =0, 1, 2, ..., m, then we have T T+ F T is a nonnegative integer.
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Proof. Let
CE = {EflaEfza "‘7Efs} = {{hlahz» "'ahi}ﬁ ) {hi+1a 0"7hj}f2 L) {hkv "'ahm}fs}

be a decision partition of objects in U. If the parameter ¢; is deleted from set E, then the decision partition is changed and it
can be denoted as

Co g = [{hl,hz,...,hi}fl Air ), ,...,{nk,,...,hm,}fS].

Now we can calculate the importance degree of e/. Based on Definition 3.3, for the parameter e}, if h; = 0, it means that
there is no change, the corresponding object will be deleted; otherwise if h; = 1, it means that there is a change and the
corresponding object will be reserved. In other words, for the parameter ¢;, if the number of h; = 1isx,

X N
Te; = Tk namely, Z i = S (ej/-) )
i=1

Therefore,

] S N S
T ey Ty = ( i+ D g ek ) g
1= 1= 1=
] / / /
= 0l (S (el) +S(e2) +"'+5(9P))
1
= —S§
U
— SA
=
Therefore, if the value e, —l—re/z +-- -+re;) is a nonnegative integer, then we have S, = qn,forq =0, 1, 2, ..., m,wherenis
the number of the universe U; vice versa, if S, = qn,forq = 0, 1, 2, ..., m, then we have Te, —}—re/2 +-- -+re;j is a nonnegative
integer. That is,S4 = qn,forq =0, 1,2, ..., mand Te, +Tey £+ 1y, being a nonnegative integer are equivalent. [

D=
&
|
ala
o
£
|
alw
&
|
NN
&
|
alw
&
|
NN
&
|
NN
o
©
|
D=

Example 4.3. In Table 2, we can get that r,, = %, e, =
and r.,, = 2.1tis clear that

Te, + Te, + Tes + Teg + Teg + Teq = 2, Teg + Te, + Teg = 1,
accordingly,

S( )= 12=2x6, and 5{9637’99} =6=1x6.

€1,€2,€5,€6,6g,€9

Definition 4.4. For soft set (F,E),U = {hy, hy, ..., hy},andE = {eq, e, ..., ey}). Fore € E,ifhyj =hyj=--- =hy; =1,
we denote ¢; as e].

Definition 4.5. For soft set (F,E),U = {hy, hy, ..., hy},andE = {eq, e, ...,ey}). Fore € E,if hyj = hyy = --- = hy; =0,
we denote e; as e}.

4.2. The proposed algorithm

Based on above theorems and definitions, we give our algorithm in Fig. 2.
The algorithm of [42] and the proposed algorithm represent two different approaches to normal parameter reduction of
the soft set. There are some differences between them as follows.

(1) We directly put ejl and ejo into the reduced parameter set, which leads to the number of subsets in the candidate
parameter reduction set of the proposed algorithm being much less than that of subsets in the feasible parameter
reduction set of the algorithm in [42]. Hence computation is reduced.

(2) We compute the oriented-parameter sum rather than parameter importance degree. It is evident that the oriented-
parameter sum is much more easily obtained and involves much less relative computation than the parameter
importance degree.

(3) If S4 is a multiple of |U|, we refer to A as a candidate parameter reduction in the proposed algorithm; while a subset
is regarded as a feasible parameter reduction if the sum of all of parameter importance degrees in this subset is a
nonnegative integer in [42].
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Table 3

A soft set (F, E).
U/E €1 € €3 €4 €s €6 €7 €g €9 €10 en €12 €13 €14 €15 €16 fQ)
hq 1 0 0 1 1 0 0 1 1 0 0 0 0 0 1 0 6
hy 1 1 0 0 0 0 1 0 1 0 0 0 0 0 1 0 5
hs 1 0 0 0 1 1 0 1 0 1 1 0 0 0 1 1 8
hy 1 0 0 1 0 1 1 0 1 0 0 1 0 0 1 0 7
hs 0 1 1 1 0 1 0 0 1 1 1 0 0 0 1 1 9
hg 0 0 0 0 1 0 1 0 0 1 0 1 0 0 1 0 5
h; 0 1 1 0 1 1 1 0 1 0 0 1 0 0 1 0 8
hg 1 1 1 1 0 1 0 0 1 1 0 1 0 1 1 0 10
S(e) 5 4 3 4 4 5 4 2 6 4 2 4 0 1 8 2 Sp =58

5. The comparison result

In this section, we compare the proposed algorithm with the algorithm of [42]. Firstly, we compare them in terms of
computational complexity. And then, a comparison for capturing the normal parameter reduction is elaborated through a
Boolean data set as shown in Table 3. Both algorithms are implemented in the C++ program. They are executed sequentially
on an Intel Core 2 Duo CPU processer. The total main memory is 1 GB and the operating system is Windows XP Professional
SP3.

5.1. The comparison of computational complexity

In this section, we compare the algorithm in [42] with our algorithm in view of computational complexity from three
aspects, which are as follows:

5.1.1. The parameter importance degree vs. oriented-parameter sum

We estimate the computational complexity of the algorithm by counting the number of the basic operation. Because the
basic operation perhaps varies with different implementation of the algorithm, we consider element access here as the basic
operation.
The algorithm in [42].

For computing parameter importance degree r;, 1 < j < m, the following steps must be taken,

1. Compute f; (h;) = Zj hij, 1 <i<n,1<j < m.Every entry will be accessed once, so the number of element access is
m-n.

2. Get G = {Ef1 N } that is, classify objects according to f (h;). The column of f; (h;) will be accessed once, so the
number of element access is n.

3. Obtain decision partition deleted e;. This step includes two sub steps:
(1) Compute fr_¢ (hi), 1 <i<n, 1<j<m-1
(2) Partition, i.e. get Cg_;.
These two steps are similar to Steps 1 and 2. So the numbers of element access are n - (m — 1) and n respectively.

4. Calculate parameter importance degree Te;- This step includes two sub steps:
(1) Compute ay . Every object h; will be accessed once, so the number of element access is n.

(2) Compute re;. Every oy will be accessed once. The maximum value of k is n. So the approximate number of element
access is n.

From the above Steps 3 and 4, we obtain the total number of element access for computing one parameter importance
degree, n - m + 2n. Hence for m parameters, the number of element access is m(n - m + 2n) = m?n 4+ 2mn. Including Steps
1and 2, the number of element access is m?n + 2mn + mn + n = m?n + 3mn + n. Taking big O notation, the complexity of
computing the whole parameter importance degree is O(m?n). Suppose m = n, the complexity will be 0(n?).

The proposed algorithm.

For computing the oriented-parameter sum in our algorithm, we only need to access every entry once, so the number
of element access is m - n. Compared with m?n + 3mn + n in computing the parameter importance degree, the amount of
computation is greatly decreased. Taking big O notation, the complexity of computing oriented-parameter sum is O(mn).
Suppose m = n, the complexity will be O(n?).
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(1) Input the soft set (F, E) and the parameter set E;
(2) Compute parameter importance degree rﬁ,l < i< m;
(3) Find maximum subset A = {e,’,e;, '--,e;} < E in which

that sumof r,, for 1 < i < p,is nonnegative integer,

then put the Ainto a feasible parameter reduction set;
(4) Filter in the feasible parameter reduction set,
if £,(n) = £,(h,)=...=7f(h), then E-A 1is the
normal parameter reduction, otherwise A is deleted.
Get the maximum cardinality of A in feasible parameter
reduction set.

Compute E — A as the optimal normal parameter
reduction.

(5

(6

Fig. 1. The algorithm of normal parameter reduction in [42].

5.1.2. Looking for feasible parameter reduction set vs. candidate parameter reduction set

For ease of description, we call the combination that consists of k' parameter columns combination-k’. Generally, we
will test all of the combinations from combination-1 to combination-m. In fact, it is not necessary to test all of them. When
we check the combination-k’, at the same time, we can check the combination-(m — k). So, we only need to test from
combination-2 to combination-(|m/2]).

The algorithm of [42].

In the algorithm of [42], for subset A = {e’l, ety e;

1 < i < pisanonnegative integer. At the same time, if its complement A is checked, the importance degree of all of
the parameters in A should be accessed and then summed up. Consequently, the number of parameter importance degree

access is (Cr}1 +C: 4+ CnL{"/ZJ> m

} C E, it is necessary to check whether the sum of r,, for
1

The proposed algorithm.
However in our algorithm, according to Theorem 4.2, due to S4 + S5 = Sg we only need to have a basic operation of

subtraction to determine if S; = pn rather than access every oriented-parameter sum in A. So the number of oriented-
parameter sum access is C,i -3+ C% 444 CnHm/ZJ - (lm/2] + 1).Itis evident that our algorithm reduces computation.

5.1.3. Card (feasible parameter reduction set) vs. card (candidate parameter reduction set)
Suppose that the number of ej1 and ej‘-) is k. If card (candidate parameter reduction set) = x, it can be concluded that

card(feasible parameter reduction set) = x - 2¢ + k, and then the difference between card (candidate parameter reduction
set) and card (feasible parameter reduction set) is equal to x - (2X — 1) + k. It is very obvious that the larger k is, the larger
the difference between them is.

As a result, it is found that our algorithm outperforms the former algorithm.

5.2. A comparison on capturing the normal parameter reduction in a Boolean data set

Example 5.1. Let (F, E) be a soft set with the tabular representation displayed in Table 3. Suppose that
U = {hy, hy, hs, hy, hs, he, hy, hs},
and

E = {eq, es, €3, €4, €5, €6, €7, €3, €9, €10, €11, €12, €13, €14, €15, €16} .

5.2.1. The results from the algorithm in [42]
Step 1: Figuring out the oriented-object sum and then getting a decision partition.

Ce = {{hs}io . {hs}g . {h3, hylg , {ha}7 . {h1}s . {h2, he}s) .

Step 2: Figuring out the oriented-object sum deleted e; and the decision partition deleted e;, see Fig. 3.
Step 3: Getting the importance degree of e;.

5 4 3 4 4 5

Tey, = 3’ Te, = 3’ Tes = 3’ Te, = 3 Tes = 3’ Teg = 3

Te, = 4 T 2 T 6 T 4 T 2 T

e7 — 5> eg — 5 eg — o e10 — o e — oo e — o
8 8 8 8 8 8
0 1

Te;3 = g’ Teyy = 8’ Tes = 5> and Teq =
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(1) Input the soft set (F, E) and the parameter set E;

(2) If there exists e; and e?, they will be put into the
reduced parameter set denoted by C and a new soft
set (F, E') will be established without ej and e},
whereU = {h,, hy, -, hn}, E' = {el,, e,y e,,};

(3) For the soft set (F, E'), calculate S(e,,) of e, (that
is, oriented-parameter sum), for j = 1,2, ,¢;

(4) Find the subset 4 < E' in which §, is a multiple
of ‘U‘ , then put A into a candidate parameter

reduction set;

(5) Check every A in the candidate parameter reduction
set, if f,(n) =f,(h) = - = f,(h),it will be kept;
otherwise it will be omitted;

(6) Find the maximum cardinality of A in the candidate
parameter reduction set, then E - 4 - C as the
optimal normal parameter reduction.

Fig. 2. The proposed algorithm.

Cro = W5 hibos b Ushos o Wy Bihss by
Cre, = Whios s hishgs thys iy o U fs g5 oo
CE—e; = {hgto.{hy. hstg Ahy byt B 6 ARy s}
C57e4 YR UNN R UR PR NN T

Coo, = Whshoshshos thss hys o iy Iy, gy s
Crgy = Whiosthstos s o iy By U B s
Cre, = UhshiosUshos g Ao W s U, B}
Cro, = Wishios Uhstos Uy ies s oo s T s
O A PR N A PR U PR U PR N S PR Y Y
Eeey = WSos s Iy b Ahss s U s Lo T b s g}
ooy = Ushios Vs, o Yo Ahss By U, Ao B} )
P N R U IS I R U PR LY PR Y,
beey = WUshos s Sos Uy o s Uy ta s U s U i s
beey = Vs Pigtos Uy oo Uy 3o U s U B s
by = Wghos sy (s o Ao A s U B 3
E-eq RS CHIB TN S U A PR U PRUN S AR

a0

a a0 a0

Fig. 3. The decision partitions after deleting e;.
Step 4: Finding the maximum subset A = {eg, e, ....e } C E in which that sum of Tel, for 1 < i < pis a nonnegative
integer. As a result, we get 8190 subsets which are put into a feasible parameter reduction set, such as
{e1s}, {e11, 12, es}, {€7, €3, €9, €10, €11, €12, €13, €15, €16}  and so on.
Step 5: Filtering in the feasible parameter reduction set. We get
{e1s} . {es}, {e7. es, €9, €10}, {es, es, €9, €10, €15} , {e7, es, €9, €10, €13}, {e13, e1s}
and

{e7, eg, eq, €10, €13, €15}

satisfying f4 (h1) = fa (hy) = - - - = fa (h,) and then the remainders are deleted.
Step 6: Getting the maximum cardinality of A in feasible parameter reduction sets {e, eg, eg, €19, €13, €15}. S0, the set
{e1, ez, €3, e4, €5, €6, €11, €12, €14, €16} is the optimal normal parameter reduction.

5.2.2. The results from the proposed algorithm
Step 1: Because there exists e}s and e?3, they are put into the reduced parameter set denoted by C and a new soft set

(F, E') is established without ej1 and ej(-’, where

/
U = {hy, hy, h3, h4, hs, he, hy, hg}, E' = {e1, €3, e3, €4, es, €g, €7, €3, €9, 19, €11, €12, €14, €16} -
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Table 4

The comparison result.
Comparison The algorithm [42] The proposed algorithm Improvement%
Optimal normal parameter reduction {e1, ez, €3, eq4, €5, €5, €11, €12, €14, €16} {e1, ey, €3, €4, €5, €5, €11, €12, €14, €16} The same
The number of entry access 2440 128 94.75%
The number of parameter importance The number of parameter importance The number of oriented-parameter sum 51.96%
degree access and oriented-parameter degree access 627 232 access 301314
access
The number of candidate parameter 8190 2047 75%
reduction set
The involved operation Addition, set operation, classification for ~ Only addition for oriented-parameter

parameter importance degree sum

Step 2: Calculating the oriented-parameter sum S (e]f) of ej/. shown in Table 3.
Step 3: Finding the subset A C E’ in which S, is a multiple of |U| = 8. As a result we put 2047 subsets such as

{es, €9, €10, €12} , {e7, es, €9, €10}, {e1, ez, €3, e4, €10, €12}, {e1, ez, e3, e4, €7, €3, €19, €11, €12},

and so on into a candidate parameter reduction set.

Step 4: Filtering in the candidate parameter reduction set. We get {e;, eg, eg, €1} satisfying fa (h1) = fa(hy) = ---
fa (hy) and the remainders are deleted.

Step 5: Finding the maximum cardinality of A in the candidate parameter reduction set. Finally E — A — C
{e1, ez, €3, eq4, €5, €5, €11, €12, €14, €16} is considered as the optimal normal parameter reduction.

We can draw conclusions from the above example:

(1) In order to obtain all the decision partitions, the data in Table 3 are accessed 17 times by means of the algorithm
in [42]. However, the data in Table 3 are accessed only once for the oriented-parameter sums in the proposed algorithm.
Consequently our algorithm involves much less relative computation compared with the former algorithm.

(2) Due to considering ej] and e]o, the number of subsets in the candidate parameter reduction set of the proposed algorithm
is much less than that of subsets in the feasible parameter reduction set of the algorithm in [42]. Hence computation is
reduced.

(3) It is necessary to calculate the oriented-object sums, classify objects according to the oriented-object sums and then
compute the importance degree in [42], whereas our algorithm only needs to calculate the oriented-parameter sums.
As a result our algorithm is easier to implement and understand compared with the former algorithm.

Some details on the comparison result for this example are clearly depicted in Table 4. These data in Table 4 can be
obtained by computational complexity analysis and the programming experiment.

6. Conclusion

Several algorithms exist to address the issues concerning reduction of soft sets. The most recent concept of normal
parameter reduction is introduced in [42], which overcomes the problem of suboptimal choice and added parameter set
of soft sets. However, the algorithm is hard to understand and involves a great amount of computation. In this paper, some
new theorems are presented and proved. Based on the theorems, we propose a new efficient normal parameter reduction
algorithm of soft sets, which can be carried out without parameter important degree and decision partition. As a result, it
can involve less relative computation and is easier to understand and implement, compared with the algorithm of normal
parameter reduction [42]. The example illustrates our contribution and shows that the proposed algorithm efficiently
captures the reductions.
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