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Abstract

Interval set theory and soft set theory are mathematical tools for dealing with uncertainty information.
As a combination of interval set and soft set, recently, we introduced the new notion of interval soft
sets. In this paper we further research interval soft sets and its application. We investigate the tabular
representation of interval soft sets, introduce the new concepts of interval choice values, and apply the
theory of interval soft sets to solve a decision making problem by using two methods. We discuss some
operations of interval soft sets, and construct some lattice structures. Moreover, we introduce the notion
of soft equality in interval soft set theory, establish quotient algebra by soft equality relation, and discuss
the application of soft equality relations in preconditioning of decision making.
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1. Introduction

In order to describe and deal uncertainties, many

mathematical tools are developed, for example,

probability theory, fuzzy set theory, rough set theory
12,13,14, interval sets theory 20,21 and soft set theo-

ry 10. This paper mainly related to the soft sets and

interval sets.

Molodtsov 10 introduced the concept of soft sets,

which can be seen as a new mathematical tool for

dealing with uncertainties. This so-called soft set

theory is free from the difficulties affecting existing

methods. Now, works on soft set theory are pro-

gressing rapidly. Maji, Ali and Sezgin et al. 1,8,18

defined some operations on soft sets and made some

theoretical studies on the theory of soft sets. Jun

et al. 5,6 introduced the notion of soft BCK/BCI-

algebras and discussed the applications of soft sets

in ideal theory of BCK/BCI-algebras. Feng et al. 3,4

applied soft set theory to the study of semirings and

introduced the notions of rough soft sets and soft

rough sets. Qin et al. 16 introduced the notion of

soft equality and established lattice structures and

soft quotient algebras of soft sets. For the applica-

tions of soft set theory, Maji et al. 9 introduced the

notion of reduct-soft-set and described the applica-

tion of soft set theory to a decision making problem

using rough sets; Pei and Miao 15 discussed the rela-

tionship between soft sets and information systems;

Chen et al. 2 presented a new definition of soft set

parametrization reduction, and compared this defi-

nition to the related concept of attributes reduction

in rough set theory.

For representing qualitative information, Yao 20

proposed the notion of interval set, and the relation-

ship among interval sets, rough sets and fuzzy sets

are investigated in 21,22,23,24. As a generalization of

interval set, Zhang et al. 25 introduced lattice-valued

interval set and discussed its algebra operations. It is
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worth to show that interval set is not interval-valued

fuzzy set. An interval set is an interval in the power

set lattice based on a universal set and is a family of

subsets of the universal set. Interval-valued fuzzy set

can be regarded as a special lattice-valued interval

set. Interval sets provide a new means for represent-

ing partially known concepts or for approximating

undefinable concepts or complex concepts.

Every mathematical tool always has its limita-

tions, and the integration of a variety of tools often

can obtain the desired result of unexpected, there-

fore, the new theories by integrating different uncer-

tainty mathematical tools become a hot of academ-

ic research (for example, probabilistic soft sets 29,

fuzzy soft sets 7,17,19 and rough soft sets 4). recently,

we introduced the new notion of interval soft set by

combining interval set theory and soft set theory in
27 (It is differing from interval-valued fuzzy soft set
19).

This paper is further study interval soft set the-

ory in detail. The paper is organized as follows: In

Section 2, we recall some notions and properties of

interval sets, soft sets and interval soft sets. In Sec-

tion 3, we discuss tabular representation of interval

soft sets, and apply the theory of interval soft sets to

solve a decision making problem by two methods.

In section 4, we investigate some operations of in-

terval soft sets and construct some lattice structures.

In section 5, we introduce the notion of soft equality

in interval soft set theory and establish quotient alge-

bra by soft equality relation. Moreover, we describe

the role of soft equality relations in preconditioning

of decision making.

2. Preliminaries

Let U be the universe set and E the set of all pos-

sible parameters under consideration with respect to

U . Usually, parameters are attributes, characteristic-

s, or properties of objects in U . Molodtsov defined

the notion of a soft set in the following way:

Definition 2.110 A pair (F,A) is called a soft set

over U , where A ⊆ E and F is a mapping given by

F : A → P(U).

In other words, a soft set over U is a parameter-

ized family of subsets of U . For e ∈ A, F(e) may be

considered as the set of e−approximate elements of

the soft set (F,A).

Example 2.210 Suppose that there are six houses in

the universe U given by U = {h1,h2,h3,h4,h5,h6}
and E = {e1,e2,e3,e4,e5} is the set of parameter-

s. Where e1 stands for the parameter ‘expensive’,

e2 stands for the parameter ‘beautiful’, e3 stands for

the parameter ‘wooden’, e4 stands for the parameter

‘cheap’ and e5 stands for the parameter ‘in the green

surroundings’.

In this case, to define a soft set means to point

out expensive houses, beautiful houses, and so on.

The soft set (F,E) may describe the ‘attractive-

ness of the houses’ which Mr.X is going to buy.

Suppose that F(e1) = {h2,h4}, F(e2) = {h1,h3},

F(e3) = {h3,h4,h5}, F(e4) = {h1,h3,h5}, F(e5) =
{h1}. Then the soft set (F,E) is a parameterized

family {F(ei) : 1 � i � 5} of subsets of U and give

us a collection of approximate descriptions of an ob-

ject. F(e1) = {h2,h4} means ‘houses h2 and h4’ are

‘expensive’.

In 1993, Yao 20 introduced the notion of interval

sets. Interval set is a new kind of sets, represented

by a pair of sets, namely, its lower and upper bound-

s. Interval sets are interpreted in a similar way that

interval numbers are introduced in interval analysis
11.

Definition 2.320 Let U be a finite set, called the uni-

verse or the reference set, and 2U be its power set. A

subset of 2U of the form

A = [Al,Au] = {A ∈ 2U | Al ⊆ A ⊆ Au}.

is called an interval set, where it is assumed Al ⊆ Au.

The set of all interval sets is denoted by I(2U).

Remark 1: (1) In fact, the condition ’finite set’ in

Definition 2.3 is not necessary, we assume that U is

a non-empty set in this paper. (2) Degenerate inter-

val sets of the form [A,A] are equivalent to ordinary

sets. Thus, interval sets may be considered as an ex-

tension of elementary sets.

Definition 2.420,24 Let ∩, ∪ and c be the usual set

intersection, union and complement defined on 2U ,

respectively. We define the following operations on
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I(2U): for arbitrary interval sets A = [Al,Au] and

B = [Bl,Bu],

A �B = {A∩B | A ∈ A ,B ∈ B},
A �B = {A∪B | A ∈ A ,B ∈ B},
A \B = {A−B | A ∈ A ,B ∈ B},

¬A = ¬[Al,Au] = [Ac
u,A

c
l ].

In fact, �,�,\ can be explicitly computed by us-

ing the following formulas:

A �B = [Al ∩Bl,Au ∩Bu],
A �B = [Al ∪Bl,Au ∪Bu],
A \B = [Al −Bu,Au −Bl].

Moreover, the order relation 	 (inclusion of in-

terval sets) on I(2U) be defined by:

A 	 B ⇐⇒ Al ⊆ Bl and Au ⊆ Bu.

Based on this definition, for two interval sets A
and B,

A = B if and only if A 	 B and B 	 A .

As a combination of interval set and soft set, re-

cently, we introduced the new notion of interval soft

sets 27.

Definition 2.5 Let U be an initial universe set, E
a set of parameters and A ⊆ E. If F is a mapping

of A into the set of all interval sets over U , that is,

F : A → I(2U), then the pair (F,A) is called an inter-

val soft set over U .

Example 2.6 Let U be the set of houses under con-

sideration, suppose U = {h1,h2,h3,h4,h5,h6}. E is

the set of parameters, each parameters is a word or a

sentence, suppose E = {e1(beautiful), e2(wooden),

e3(cheap), e4(in the green surroundings),e5(in good

repair)}. Putting

F(e1) = [{h2},{h2,h4}],
F(e2) = [{h1},{h1,h3}],
F(e3) = [{h3,h4},{h3,h4}],
F(e4) = [{h5},{h1,h3,h5}],
F(e5) = [{h4},{h1,h4,h6}].

Then (F,E) is an interval soft set over U .

Consider soft set (F,E), for every parameters e,

F(e) is a subset of universal set U , it can be regard-

ed as all of objects which have the feature ’e’. For

interval soft set (F,E), corresponding to every pa-

rameters e, F(e) is a subset of I(2U), that is, F(e) is

a interval set, its lower bound (subset of U) can be

regarded as all of objects which assuredly have the

feature ’e’, its upper bound (subset of U) can be re-

garded as all of objects which relatively have the fea-

ture ’e’ . In example 2.6, F(e1) = [{h2},{h2,h4}],
we can regard that the house in {h2} is assuredly

’expensive’ (e1) and the house in {h2,h4} are rela-

tively ’expensive’ (e1). Obviously, compared to soft

sets, interval soft sets have more flexibility in the ex-

pression of uncertainty.

Remark 2: By Remark 1 (2), degenerate interval

sets of the form [A,A] are equivalent to set A. There-

fore, if (F,A) is a soft set, for all e ∈ A, F(e) is e-

quivalent to [F(e),F(e)], then (F,A) is also a inter-

val soft set. That is, interval soft set is regarded a

generalization of soft set.

3. Tabular representation of interval soft sets
and its application

Similar to soft sets, we can represent interval soft

sets in a tabular form. For interval soft set (F,E) in

Example 2.6, its tabular form as shown in Table 1.

Table 1. I-type tabular representation of an

interval soft set (F,E)

e1 e2 e3 e4 e5

h1 [0, 0] [1, 1] [0, 0] [0, 1] [0, 1]

h2 [1, 1] [0, 0] [0, 0] [0, 0] [0, 0]

h3 [0, 0] [0, 1] [1, 1] [0, 1] [0, 0]

h4 [0, 1] [0, 0] [1, 1] [0, 0] [1, 1]

h5 [0, 0] [0, 0] [0, 0] [1, 1] [0, 0]

h6 [0, 0] [0, 0] [0, 0] [0, 0] [0, 1]

In Table 1 (call it I-type tabular representation),

we use an interval number ci j = [ai j,bi j] to denote

an attribute, where ci j are the entries in Table 1. For

F(e j) = [A( j)
l ,A( j)

u ], we define

if hi ∈ A( j)
l then ai j = 1, otherwise ai j = 0;

if hi ∈ A( j)
u then bi j = 1, otherwise bi j = 0.

In fact, it has only three attribute value:

[0,0], [1,1] and [0,1] in I-type tabular representation.

Therefore, we can use an simple form (call it II-type

tabular representation) as shown in Table 2.
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Table 2. II-type tabular representation of an

interval soft set (F,E)

e1 e2 e3 e4 e5

h1 0 1 0 u u

h2 1 0 0 0 0

h3 0 u 1 u 0

h4 u 0 1 0 1

h5 0 0 0 1 0

h6 0 0 0 0 u

In the above table, 0 stands for [0,0], 1 stands

for [1,1], ”u” stands for [0,1]. Obviously, an interval

soft set indeed is a simple information system (or in-

formation table, see 12,13,14) in which the attributes

take three values 0, 1 and ”u”, it is differing from

soft set whose tabular representation has only two

attribute values.

In order to discuss the application of interval soft

sets, we define the notion of interval choice value.

For an object hi ∈ U , its interval choice value is a

interval number vi given by

vi = [v(1)i ,v(2)i ], v(1)i = ∑
j

ai j, v(2)i = ∑
j

bi j. (1)

where ai j,bi j are defined in I-type tabular represen-

tation. For Table 1, the interval choice values are

shown in Table 3.

Table 3. An interval soft set (F,A) with

interval choice values (v)

e1 e2 e3 e4 e5 v
h1 [0, 0] [1, 1] [0, 0] [0, 1] [0, 1] [1, 3]

h2 [1, 1] [0, 0] [0, 0] [0, 0] [0, 0] [1, 1]

h3 [0, 0] [0, 1] [1, 1] [0, 1] [0, 0] [1, 3]

h4 [0, 1] [0, 0] [1, 1] [0, 0] [1, 1] [2, 3]

h5 [0, 0] [0, 0] [0, 0] [1, 1] [0, 0] [1, 1]

h6 [0, 0] [0, 0] [0, 0] [0, 0] [0, 1] [0, 1]

Moreover, for II-type tabular representation of

interval soft sets, we define interval choice value of

object hi to be a formal interval number νi given by

νi = [ν(1)
i ,ν(2)

i ], ν(1)
i = ∑

j, ci j=1

ci j, ν(2)
i = ∑

j, ci j=u
ci j.

(2)

where ci j are the entries in II-type tabular represen-

tation. For Table 2, the interval choice values are

shown in Table 4.

Table 4. An interval soft set (F,A) with

interval choice values (ν)

e1 e2 e3 e4 e5 ν
h1 0 1 0 u u [1, 2u]

h2 1 0 0 0 0 [1, 0u]

h3 0 u 1 u 0 [1, 2u]

h4 u 0 1 0 1 [2, 1u]

h5 0 0 0 1 0 [1, 0u]

h6 0 0 0 0 u [0, 1u]

Now, we consider the application of interval soft

sets to decision making problems. Suppose that,

Mr.X is interested to buy a house on the basis of

his choice parameters ’beautiful’(e1), ’wooden’(e2),

’cheap’(e3), ’in the green surroundings’(e4), ’in

good repair’(e5), which constitute the set E =
{e1,e2,e3,e4,e5}. There are six houses under con-

sideration, that is, U = {h1,h2,h3,h4,h5,h6}. Mr.X

already give the evaluation data of six houses in Ex-

ample 2.6 (interval soft set (F,E)). The problem

is to select the house which is most suitable with

the choice parameters of Mr.X (that is, the optimal

house for Mr.X). By interval choice value (v) of in-

terval soft set, we give the following algorithm:

1. input the house set U and parameters set E
(may be a subset of E);

2. input the interval soft set (F,E);
3. give I-type tabular representation of interval

soft set (F,E);
4. compute interval choice value vi ;

5. find k such that v(1)k = maxv(1)i and v(2)k =

max{m|v(1)m =maxv(1)i } v(2)m .

Then hk is the choice object. If k has more than

one value, then any one of them could be chosen by

Mr.X by using his option.

By the above algorithm, from Table 3, we get that

the optimal house for Mr.X is h4.

Similarly, for II-type tabular representation of in-

terval soft set and interval choice value νi , we can
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give a decision algorithm (it is omitted).

Moreover, we consider the problem using new

method. In fact, interval choice value νi is a for-

mal interval number. For convenience, we define a

new choice value μi by putting ”u” to a real number

α ∈ [0,1] (it can be regarded as reliability level).

μi =Count({ j | ci j = 1})+Count({ j | ci j = u})×α.
(3)

where ci j are the entries in II-type tabular represen-

tation, Count(A) denote the cardinal number of set

A . For Table 2, the interval choice values are shown

in Table 5 (putting α = 0.7 ).

Now, we give the following new algorithm:

1. input the house set U and parameters set E
(may be a subset of E);

2. input the interval soft set (F,E);
3. give II-type tabular representation of interval

soft set (F,E);
4. choice a real number α ∈ [0,1], compute

choice value μi ;

5. find k such that μk = max μi.

Then hk is the choice object. If k has more than

one value, then any one of them could be chosen by

Mr.X by using his option.

By the above algorithm, from Table 5, we get that

the optimal house for Mr.X is also h4.

Remark 3: For interval soft sets, we can also dis-

cuss the parameters reduction which are different

with attributes reduction in rough set theory (see 2).

The aim of attributes reduction is to keep classifica-

tion ability, however, the aim of parameters reduc-

tion is to keep the optimal objects. On parameters

reduction of interval soft sets, we will discuss in the

next paper.

4. The lattice structures of interval soft sets

Definition 4.127 The extended intersection of two

interval soft sets (F,A) and (G,B) over a universe

U is the interval soft set (H,C) = (F,A)�e (G,B),

where C = A∪B, and for all e ∈C,

H(e) =

⎧⎨
⎩

F(e) if e ∈ A−B,

G(e) if e ∈ B−A,

F(e)�G(e) if e ∈ A∩B.

Definition 4.227 The extended union of two inter-

val soft sets (F,A) and (G,B) over a universe U is

the interval soft set (H,C) = (F,A)�e (G,B), where

C = A∪B, and for all e ∈C,

H(e) =

⎧⎨
⎩

F(e) if e ∈ A−B,

G(e) if e ∈ B−A,

F(e)�G(e) if e ∈ A∩B.

Theorem 4.327 Let (F,A),(G,B) and (H,C) be in-

terval soft sets over the same universe U . Then

(1) (F,A)�e (F,A) = (F,A);

(2) (F,A)�e (G,B) = (G,B)�e (F,A);

(3) ((F,A) �e (G,B)) �e (H,C) = (F,A) �e
((G,B)�e (H,C));

(4) (F,A)�e (F,A) = (F,A);

(5) (F,A)�e (G,B) = (G,B)�e (F,A);

(6) ((F,A) �e (G,B)) �e (H,C) = (F,A) �e
((G,B)�e (H,C)).

Definition 4.427 The restricted intersection of two

interval soft sets (F,A) and (G,B) over a universe

U is the interval soft set (H,C) = (F,A)�r (G,B),
where C = A∩B and for all e ∈ C, H(e) = F(e)�
G(e).

Definition 4.5 27 The restricted union of two inter-

val soft sets (F,A) and (G,B) over a universe U is

the interval soft set (H,C) = (F,A)�r (G,B), where

C =A∩B �=∅ and for all e∈C, H(e)=F(e)�G(e).

Theorem 4.627 Let (F,A),(G,B) and (H,C) be in-

terval soft sets over the same universe U . Then

(1) (F,A)�r (F,A) = (F,A);

(2) (F,A)�r (G,B) = (G,B)�r (F,A);

(3) ((F,A) �r (G,B)) �r (H,C) = (F,A) �r
((G,B)�e (H,C));
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(4) (F,A)�r (F,A) = (F,A);

(5) (F,A)�r (G,B) = (G,B)�r (F,A);

(6) ((F,A) �r (G,B)) �r (H,C) = (F,A) �r
((G,B)�r (H,C)).

For interval sets, operations � and � satisfy com-

mutativity, associativity, idempotent and absorption

(see 20,24). Using these properties, we can get fol-

lowing results.

Theorem 4.7 Let (F,A) and (G,B) be interval soft

sets over the same universe U . Then

(1) ((F,A)�e (G,B))�r (F,A) = (F,A);

(2) ((F,A)�r (G,B))�e (F,A) = (F,A).

Proof. (1) Suppose that (F,A)�e (G,B) = (H,A∪B)
and ((F,A)�e (G,B))�r (F,A) = (K,(A∪B)∩A) =
(K,A). For all e ∈ A,

(a) if e ∈ B, then K(e) = H(e)�F(e) = (F(e)�
G(e))�F(e) = F(e);

(b) if e /∈ B, then K(e) = H(e)�F(e) = F(e)�
F(e) = F(e);
Therefore, ((F,A)�e (G,B))�r (F,A) = (F,A).

(2) Suppose that (F,A) �r (G,B) = (H,A ∩ B)
and ((F,A)�r (G,B))�e (F,A) = (K,(A∩B)∪A) =
(K,A). For all e ∈ A,

(a) if e ∈ B, then K(e) = H(e)�F(e) = (F(e)�
G(e))�F(e) = F(e);

(b) if e /∈ B, then e /∈ A∩B. By Definition 4.2,

K(e) = F(e).
Therefore, ((F,A)�r (G,B))�e (F,A) = (F,A). �

The above theorem shows that the absorption law

with respect to operations �e and �r holds. Similar-

ly, we can get that the absorption law with respect

to operations �r and �e holds as following theorem

(the proof is omitted).

Theorem 4.8 Let (F,A) and (G,B) be interval soft

sets over the same universe U . Then

(1) ((F,A)�r (G,B))�e (F,A) = (F,A);

(2) ((F,A)�e (G,B))�r (F,A) = (F,A). �

In follows, the set of all interval soft sets over

the universe U and the parameter set E is denote by

IS(U,E):

IS(U,E) = {(F,A) | A ⊆ E,F : A → I(2U)}. (4)

Theorem 4.9 Let U be an universe set and E a set of

parameters. Then

(1) (IS(U,E),�e,�r) is a distributive lattice.

(2) Denote by �1 the order relation in lattice

(IS(U,E),�e,�r). For all (F,A),(G,B) ∈
IS(U,E), (F,A) �1 (G,B) ⇐⇒ A ⊆ B and

F(e)	 G(e) for all e ∈ E.

Proof. (1) From Theorem 4.3, 4.6 and 4.7, we get

that (IS(U,E),�e,�r) is a lattice. We show that the

following distributive law holds:

(F,A) �e ((G,B) �r (H,C)) = ((F,A) �e
(G,B))�r ((F,A)�e (H,C)),
where (F,A),(G,B),(H,C) ∈ IS(U,E). Suppose

that

(F,A)�e ((G,B)�r (H,C)) = (K,A∪ (B∩C)),
((F,A)�e (G,B))�r ((F,A)�e (H,C)) = (L,A∪

(B∩C)).
For any e ∈ A∪ (B∩C),

(a) if e /∈ A, then e ∈ B and e ∈C. Thus, K(e) =
G(e)�H(e) = L(e).

(b) if e ∈ A,e /∈ B,e /∈ C, then K(e) = F(e) =
F(e)�F(e) = L(e).

(c) if e ∈ A,e ∈ B,e /∈ C, then K(e) = F(e) =
(F(e)�G(e))�F(e) = L(e).

(d) if e ∈ A,e /∈ B,e ∈ C, then K(e) = F(e) =
F(e)� (F(e)�H(e)) = L(e).

(e) if e ∈ A,e ∈ B,e ∈ C, then K(e) = F(e) �
(G(e)� H(e)) = (F(e)� G(e))� (F(e)� H(e)) =
L(e).

Therefore, the distributive law holds, this means

that (IS(U,E),�e,�r) is a distributive lattice.

(2) Assume that (F,A)�1 (G,B). Then (F,A)�e
(G,B) = (G,B). By the definition of �e, we have

A ∪ B = B,(∀e ∈ E)F(e) � G(e) = G(e). Hence,

A ⊆ B and F(e)	 G(e) for all e ∈ E.

Conversely, assume that A ⊆ B and F(e)	 G(e)
for all e ∈ E. By the definition of �e, we get that

(F,A)�e (G,B) = (G,B), it follows that (F,A) �1

(G,B). �
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Theorem 4.10 Let U be an universe set and E a set

of parameters. Then

(F,A) �r ((G,B) �e (H,C)) = ((F,A) �r
(G,B))�e ((F,A)�e (H,C)),
where (F,A),(G,B),(H,C) ∈ IS(U,E).

Proof. Suppose that

(F,A)�r ((G,B)�e (H,C)) = (K,A∩ (B∪C)),

((F,A)�r (G,B))�e ((F,A)�r (H,C)) = (L,A∩
(B∪C)).
For any e ∈ A ∩ (B ∪C), we have e ∈ A and e ∈
(B∪C).

(a) if e /∈ B,e /∈ C, then K(e) = F(e)�H(e) =
L(e).

(b) if e ∈ B,e /∈ C, then K(e) = F(e)�G(e) =
L(e).

(c) if e ∈ B,e ∈ C, then K(e) = F(e)� (G(e)�
H(e)) = (F(e)�G(e))� (F(e)�H(e)) = L(e).

Therefore, (F,A) �r ((G,B) �e (H,C)) =
((F,A)�r (G,B))�e ((F,A)�e (H,C)). �

By Theorem 4.3, 4.6, 4.8 and 4.10, we can get

another lattice structure of interval soft sets.

Theorem 4.11 Let U be an universe set and E a set

of parameters. Then

(1) (IS(U,E),�r,�e) is a distributive lattice.

(2) Denote by �2 the order relation in lattice

(IS(U,E),�r,�e). For all (F,A),(G,B) ∈
IS(U,E), (F,A) �2 (G,B) ⇐⇒ B ⊆ A and

F(e)	 G(e) for all e ∈ B.

Proof. It is similar to Theorem 4.9. �

5. Soft equality relation and quotient algebras

Definition 5.1 Let (F,A),(G,B) be two interval soft

sets over the universe U and the parameter set E.

(F,A) is called I-type soft equal to (G,B) denoted

by (F,A)≈1 (G,B), if for all e ∈ A∪B,

e ∈ A∩B implies F(e) = G(e);
e ∈ A−B implies F(e) = [∅,∅];

e ∈ B−A implies G(e) = [∅,∅].

Example 5.2 Let U = {h1,h2,h3,h4,h5,h6} and E =
{e1,e2,e3,e4,e5}. Putting A = {e1,e2,e3,e4},B =
{e1,e2,e3},C = {e1,e2,e3,e5} and

F(e1) = G(e1) = H(e1) = [{h2},{h2,h4}],
F(e2) = G(e2) = H(e2) = [{h1},{h1,h3}],
F(e3) = G(e3) = H(e3) = [{h3,h4},{h3,h4}],
F(e4) = [∅,∅],
H(e5) = [U,U ].

Then (F,A) ≈1 (G,B). Obviously, (F,A) ≈1 (H,C)
and (G,B)≈1 (H,C) are not true.

Theorem 5.3 ≈1 is an equivalence relation on

IS(U,E).

Proof. It is easy to verify that ≈1 is reflexive and

symmetric.

Suppose that (F,A) ≈1 (G,B) and (G,B) ≈1

(H,C). For all e ∈ A∪C,

Case 1: e ∈ A∩C. If e ∈ B, then e ∈ A∩B and

e ∈ B ∩C, it follows that F(e) = G(e) = H(e); if

e /∈ B, then e ∈ A−B and e ∈ C−B, it follows that

F(e) = [∅,∅] = H(e).
Case 2: e ∈ A −C. It follows that e ∈ A and

e /∈ C. If e ∈ B, then e ∈ A∩B and e ∈ B−C, so

F(e) = G(e) = [∅,∅]; if e /∈ B, then e ∈ A−B, so

F(e) = [∅,∅].
Case 3: e ∈ C − A. It follows that e ∈ C and

e /∈ A. If e ∈ B, then e ∈ B∩C and e ∈ B−A, so

H(e) = G(e) = [∅,∅]; if e /∈ B, then e ∈ C−B, so

H(e) = [∅,∅].
This means that ≈1 is transitive. Therefore, ≈1

is an equivalence relation on IS(U,E). �

Theorem 5.4 ≈1 is a congruence relation with re-

spect to operations �e and �r. That is, if (F,A) ≈1

(G,B) and (H,C)≈1 (L,D), then

(1) (F,A)�e (H,C)≈1 (G,B)�e (L,D).

(2) (F,A)�r (H,C)≈1 (G,B)�r (L,D).

Proof. (1) Suppose that (F,A)�e (H,C) = (M,A∪
C),(G,B)�e (L,D) = (N,B∪D). For all e ∈ (A∪
C)∪ (B∪D),

Case 1: e∈ (A∪C)∩(B∪D). That is, e∈ (A∪C)
and e ∈ (B∪D). Without loss of generality, we sup-

pose that e ∈ A and e ∈ D.
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If e∈B and e∈C, then e∈A∩B and e∈C∩D. It

follows that F(e) = G(e),H(e) = L(e), thus M(e) =
F(e)�H(e) = G(e)�L(e) = N(e).

If e /∈ B and e ∈C, then e ∈ A−B and e ∈C∩D.

It follows that F(e) = [∅,∅],H(e) = L(e), thus

M(e) = F(e)�H(e) = H(e) = L(e) = N(e).
If e ∈ B and e /∈ C, then e ∈ A ∩ B and e ∈

D−C. It follows that F(e) = G(e),L(e) = [∅,∅],
thus M(e) = F(e) = G(e) = G(e)�L(e) = N(e).

If e /∈ B and e /∈C, then e ∈ A−B and e ∈ D−C.

It follows that F(e) = [∅,∅],L(e) = [∅,∅], thus

M(e) = F(e) = [∅,∅] = L(e) = N(e).
Case 2: e ∈ (A ∪C)− (B ∪ D). That is, e ∈

(A∪C),e /∈ B and e /∈ D.

If e ∈ A and e ∈C, then e ∈ A−B and e ∈C−D.

It follows that F(e) = H(e) = [∅,∅], thus M(e) =
F(e)�H(e) = [∅,∅].

If e ∈ A and e /∈C, then e ∈ A−B. It follows that

F(e) = [∅,∅], thus M(e) = F(e) = [∅,∅].
If e /∈ A and e ∈C, then e ∈C−D. It follows that

H(e) = [∅,∅], thus M(e) = H(e) = [∅,∅].
Case 3: e ∈ (B ∪ D)− (A ∪C). We can get

N(e) = [∅,∅] (the proof is similar to Case 2).

Therefore, (F,A)�e (H,C)≈1 (G,B)�e (L,D).
(2) Suppose that (F,A) �r (H,C) = (S,A ∩

C),(G,B)�r (L,D) = (T,B∩D). For all e ∈ (A∩
C)∪ (B∩D),

Case 1: e∈ (A∩C)∩(B∩D). That is, e∈ (A∩B)
and e ∈ C∩D. It follows that F(e) = G(e),H(e) =
L(e), thus S(e) =F(e)�H(e) =G(e)�L(e) = T (e).

Case 2: e ∈ (A∩C)− (B∩D). That is, e ∈ A,e ∈
C and e /∈ (B∩D). It follows that e /∈ B or e /∈ D).

If e /∈ B, then e ∈ A−B and hence F(e) = [∅,∅].
It follows that S(e) = F(e)�H(e) = [∅,∅].

If e /∈D, then e∈C−D and hence H(e)= [∅,∅].
It follows that S(e) = F(e)�H(e) = [∅,∅].

Case 3: e ∈ (B ∩ D)− (A ∩C). We can get

T (e) = [∅,∅] (the proof is similar to Case 2).

Therefore, (F,A) �r (H,C) ≈1 (G,B) �r (L,D).
�

Let (F,A)≈1
= {(G,B) | (G,B) ≈1 (F,A)} be

the congruence class and IS(U,E)/≈1= {(F,A)≈1
|

(F,A) ∈ IS(U,E)}. We define operations �1 and �1

on IS(U,E)/≈1 as follows:

(F,A)≈1
�1 (G,B)≈1

= ((F,A)�e (G,B))≈1
. (5)

(F,A)≈1
�1 (G,B)≈1

= ((F,A)�r (G,B))≈1
. (6)

By Theorem 5.4 we know that these operations are

well defined. We call (IS(U,E)/≈1,�1,�1) the soft

quotient algebra with respect to ≈1 over the universe

U and the parameter set E. By Theorem 4.9 and

applying the related results in universal algebra (see
26), we can get following theorem (the proof is omit-

ted).

Theorem 5.5 The soft quotient algebra

(IS(U,E)/≈1,�1,�1) is a distributive lattice. �

The above soft equality relation and soft quo-

tient algebra are based on the operations �e and �r.

Similarly, we can establish another quotient algebra

structures based on the operations �r and �e. We list

related concepts and results in the end of this section

and omit the proofs.

Definition 5.6 Let (F,A),(G,B) be two interval soft

sets over the universe U and the parameter set E.

(F,A) is called II-type soft equal to (G,B) denoted

by (F,A)≈2 (G,B), if for all e ∈ A∪B,

e ∈ A∩B implies F(e) = G(e);
e ∈ A−B implies F(e) = [U,U ];
e ∈ B−A implies G(e) = [U,U ].

For Example 5.2, we have (G,B)≈2 (H,C).

Theorem 5.7 ≈2 is an equivalence relation on

IS(U,E).

Theorem 5.8 ≈2 is a congruence relation with re-

spect to operations �r and �e. That is, if (F,A) ≈2

(G,B) and (H,C)≈2 (L,D), then

(1) (F,A)�r (H,C)≈2 (G,B)�r (L,D).

(2) (F,A)�e (H,C)≈2 (G,B)�e (L,D).

Let (F,A)≈2
= {(G,B) | (G,B) ≈2 (F,A)} be

the congruence class and IS(U,E)/≈2= {(F,A)≈2
|

(F,A) ∈ IS(U,E)}. We define operations �2 and �2

on IS(U,E)/≈2 as follows:

(F,A)≈2
�2 (G,B)≈2

= ((F,A)�r (G,B))≈2
. (7)

(F,A)≈2
�2 (G,B)≈2

= ((F,A)�e (G,B))≈2
. (8)
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We call (IS(U,E)/ ≈2,�2,�2) the II-type soft quo-

tient algebra with respect to ≈2 over the universe U
and the parameter set E.

Theorem 5.9 The II-type soft quotient algebra

(IS(U,E)/≈2,�2,�2) is a distributive lattice. �

Finally, we discuss the application of soft equal-

ity relations to preconditioning of decision making.

Example 5.10 Let U be the set of houses under con-

sideration, suppose U = {h1,h2,h3,h4,h5,h6}. E1 is

the set of parameters, each parameters is a word or a

sentence, suppose E1 = {e1(beautiful), e2(wooden),

e3(cheap), e4(in the green surroundings), e5(in good

repair), e6(expensive)}. Putting

G(e1) = [{h2},{h2,h4}],
G(e2) = [{h1},{h1,h3}],
G(e3) = [{h3,h4},{h3,h4}],
G(e4) = [{h5},{h1,h3,h5}],
G(e5) = [{h4},{h1,h4,h6}],
G(e6) = [∅,∅].

Then (G,E1) is an interval soft set over U . Com-

pared with interval soft set (F,E) in Example 2.6, we

know that (G,E1) ≈1 (F,E). Since G(e6) = [∅,∅],
this means that all of houses under consideration are

not expensive, therefore, e6 is not considered in the

decision problem to select houses.

By the above example, we give the following de-

cision method by using soft set (G,E1):

Step 1: from (G,E1), delete the parameters (at-

tributes) whose valued are always [0,0] in the I-type

tabular representation of (G,E1), obtain a new in-

terval soft set (F,E) such that (G,E1)≈1 (F,E) and

E ⊆ E1;

Step 2: for interval soft set (F,E), apply the al-

gorithms in Section 3.

This means that the soft equality relation ≈1 is ap-

plied to preconditioning of decision making.

Similarly, the soft equality relation ≈2 can be ap-

plied to preconditioning of decision making, there-

fore, the above decision method can be extended to

following general method by using soft set (H,E2):

Step 1: from (H,E2), delete the parameters (at-

tributes) whose valued are always [1,1] in the I-type

tabular representation of (H,E2), obtain a new inter-

val soft set (G,E1) such that (H,E2)≈2 (G,E1) and

E1 ⊆ E2;

Step 2: from (G,E1), delete the parameters (at-

tributes) whose valued are always [0,0] in the I-type

tabular representation of (G,E1), obtain another new

interval soft set (F,E) such that (G,E1) ≈1 (F,E)
and E ⊆ E1;

Step 3: for interval soft set (F,E), apply the al-

gorithms in Section 3.

Example 5.11 Let U be the set of houses under con-

sideration, suppose U = {h1,h2,h3,h4,h5,h6}. E2 is

the set of parameters, each parameters is a word or a

sentence, suppose E2 = {e1(beautiful), e2(wooden),

e3(cheap), e4(in the green surroundings), e5(in good

repair), e6(expensive), e7(modern)}. Putting

H(e1) = [{h2},{h2,h4}],
H(e2) = [{h1},{h1,h3}],
H(e3) = [{h3,h4},{h3,h4}],
H(e4) = [{h5},{h1,h3,h5}],
H(e5) = [{h4},{h1,h4,h6}],
H(e6) = [∅,∅],
H(e7) = [U,U ].

Then (H,E2) is an interval soft set over U . Com-

pared with interval soft set (G,E1) in Example 5.10,

we know that (H,E2) ≈2 (G,E1). Since G(e7) =
[U,U ], this means that all of houses under consider-

ation are modern, therefore, e7 is not considered in

the decision problem to select houses, we can apply

the above general decision method by using soft set

(H,E2) (from Step 1 to Step 3).

6. Summary

Interval sets provide a new means for representing

partially known concepts or for approximating unde-

finable concepts or complex concepts. The soft set

theory is also a new mathematical tool for dealing

with uncertainties that is free form the difficulties

that have troubled the usual theoretical approaches.

In order to better play the role of these two math-

ematical tools, we proposed a new concept of in-
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terval soft set. The paper illustrate the tabular rep-

resentation of interval soft sets, apply the interval

soft sets to solve a decision making problem, and

show that interval soft sets have more flexibility in

the expression of uncertainty compared to soft sets.

As a basic theoretical research of interval soft sets,

we investigate some operations of interval soft sets

and construct some lattice structures. Moreover, we

introduce the notion of soft equality (I-type and II-

type)in interval soft set theory and establish quotient

algebra by soft equality relation. Finally, by some

examples, we discuss the preconditioning method of

decision making by using soft equality relations. In

future, we will study the interval soft sets combining

with fuzzy sets, rough sets and (intuitionistic) fuzzy

rough sets (see 28).

Acknowledgments

This work is supported by National Natural Science

Foundation of China (No. 61175044), Science and

Technology Commission of Shanghai Municipality

(STCSM, No. 12510501700) and Science and Tech-

nology Program of Shanghai Maritime University.

References

1. M. I. Ali, F. Feng, X. Liu, W. K. Min, M. Shabir, “On
some new operations in soft set theory,” Computer-
s and Mathematics with Applications, 57, 1547–1553
(2009).

2. D. G. Chen, E. C. C. Tsang, D. S. Yeung, X. Z. Wang,
“The parameterization reduction of soft sets and its
applications,” Computers and Mathematics with Ap-
plications, 49, 757–763 (2005).

3. F. Feng, Y. B. Jun, X. Z. Zhao, “Soft semirings,” Com-
puters and Mathematics with Applications,56, 2621–
2628 (2008).

4. F. Feng, C. X. Li, B. Davvaz, M. I. Ali, “Soft sets
combined with fuzzy sets and rough sets: a tentative
approach,” Soft Computing, 14, 899–911 (2010).

5. Y. B. Jun, “Soft BCK/BCI-algebras,” Computers
and Mathematics with Applications, 56, 1408–1413
(2008).

6. Y. B. Jun, C. H. Park, “Applications of soft sets in ideal
theory of BCK/BCI-algebras,” Information Sciences,
178, 2466–2475 (2008).

7. P. K. Maji, R. Biswas, A. R. Roy, “Fuzzy soft set-
s,” The Journal of Fuzzy Mathematics, 9, 589–602
(2001).

8. P. K. Maji, R. Biswas, A. R. Roy, “Soft set theory,”
Computers and Mathematics with Applications, 45,
555–562 (2003).

9. P. K. Maji, A. R. Roy, R. Biswas, “An application of
soft sets in a decision making problem,” Computer-
s and Mathematics with Applications, 44, 1077–1083
(2002).

10. D. Molodtsov, “Soft set theory-First results,” Com-
puters and Mathematics with Applications, 37, 19–31
(1999).

11. R. E. Moore, “Interval Analysis,” Prentice-Hall, En-
glewood Cliffs, New Jersey, 1966.

12. Z. Pawlak, “Rough sets,” International Journal of
Computer and Information Science, 11, 341–356
(1982).

13. Z. Pawlak, “Rough sets: Theoretical Aspects of Rea-
soning About Data,” Kluwer Academic Publishers,
Boston, 1991.

14. Z. Pawlak, A. Skowron, “Rudiments of rough sets,”
Information Sciences, 177, 3–27 (2007).

15. D. W. Pei, D. Q. Miao, “From soft sets to information
systems,” Proceedings of the IEEE International Con-
ference on Granular Computing, 2, 617–621 (2005).

16. K. Y. Qin, Z. Y. Hong, “On soft equality,” Journal of
Computational and Applied Mathematics, 234, 1347–
1355 (2010).

17. A. R. Roy, P. K. Maji, “A fuzzy soft set theoretic
approach to decision making problems,” Journal of
Computational and Applied Mathematics, 203, 412–
418 (2007).

18. A. Sezgin, A. O. Atagun, “On operations of soft set-
s,Computers and Mathematics with Applications,” 61,
1457–1467 (2011).

19. X. B. Yang, T. Y. Lin, J. Y. Yang, Y. Li, D. J. Yu,
“Combination of interval-valued fuzzy set and soft
set,” Computers and Mathematics with Applications,
58, 521–527 (2009).

20. Y. Y. Yao, “Interval-set Algebra for Qualitative
Knowledge Representation,” Proceedings of the 5th
International Conference on Computing and Informa-
tion, 370–375 (1993).

21. Y. Y. Yao and X. Li, “Comparison of Rough-set and
Interval-set Models for Uncertain Reasoning,” Funda-
menta Informaticae, 27, 289–298 (1996).

22. Y. Y. Yao and S. K. M. Wong, “Interval Approach-
es for Uncertain Reasoning,” Proceedings of the 10th
International Symposium on Methodologies of Intelli-
gent Systems, 381–390 (1997).

23. Y. Y. Yao and J. Wang, “Interval based Uncertain Rea-
soning using Fuzzy and Rough Sets,” Advances in
Machine Intelligence and Soft-Computing, 196–215
(1997).

24. Y. Y. Yao, “Interval sets and interval-set algebras,”
Proceedings of the 8th IEEE International Conference
on Cognitive Informatics, 307–314 (2009).

Co-published by Atlantis Press and Taylor & Francis
Copyright: the authors

195



On Interval Soft Sets with Applications

25. X. H. Zhang, X. Y. Jia, “Lattice-valued interval sets
and t-representable interval set t-norms,” Proceedings
of IEEE International Conference on Cognitive Infor-
matics, 333–337 (2009).

26. X. H. Zhang, “Fuzzy Logics and Algebraic Analysis,”
Science Press, Beijing, 2008.

27. X. H. Zhang, Q. Fu, “Interval soft sets,” Proceedings
of 2nd IEEE International Conference on Cloud Com-

puting and Intelligence Systems, 74–78 (2012).
28. X. H. Zhang, B. Zhou, P. Li, “A general frame for

intuitionistic fuzzy rough sets,” Information Sciences,
216, 34–49 (2012).

29. P. Zhu, Q. Y. Wen, “Probabilistic soft sets,” Proceed-
ings of 2010 IEEE International Conference on Gran-
ular Computing, 635–638 (2010).

Co-published by Atlantis Press and Taylor & Francis
Copyright: the authors

196



<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (Dot Gain 20%)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Error
  /CompatibilityLevel 1.4
  /CompressObjects /Tags
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJDFFile false
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.0000
  /ColorConversionStrategy /CMYK
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams false
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness true
  /PreserveHalftoneInfo false
  /PreserveOPIComments true
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 300
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /CropGrayImages true
  /GrayImageMinResolution 300
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /CropMonoImages true
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile ()
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /Description <<
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000410064006f006200650020005000440046002065876863900275284e8e9ad88d2891cf76845370524d53705237300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef69069752865bc9ad854c18cea76845370524d5370523786557406300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /DAN <>
    /DEU <>
    /ESP <>
    /FRA <>
    /ITA <>
    /JPN <FEFF9ad854c18cea306a30d730ea30d730ec30b951fa529b7528002000410064006f0062006500200050004400460020658766f8306e4f5c6210306b4f7f75283057307e305930023053306e8a2d5b9a30674f5c62103055308c305f0020005000440046002030d530a130a430eb306f3001004100630072006f0062006100740020304a30883073002000410064006f00620065002000520065006100640065007200200035002e003000204ee5964d3067958b304f30533068304c3067304d307e305930023053306e8a2d5b9a306b306f30d530a930f330c8306e57cb30818fbc307f304c5fc59808306730593002>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020ace0d488c9c80020c2dcd5d80020c778c1c4c5d00020ac00c7a50020c801d569d55c002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken die zijn geoptimaliseerd voor prepress-afdrukken van hoge kwaliteit. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 5.0 en hoger.)
    /NOR <>
    /PTB <>
    /SUO <>
    /SVE <>
    /ENU (Use these settings to create Adobe PDF documents best suited for high-quality prepress printing.  Created PDF documents can be opened with Acrobat and Adobe Reader 5.0 and later.)
  >>
  /Namespace [
    (Adobe)
    (Common)
    (1.0)
  ]
  /OtherNamespaces [
    <<
      /AsReaderSpreads false
      /CropImagesToFrames true
      /ErrorControl /WarnAndContinue
      /FlattenerIgnoreSpreadOverrides false
      /IncludeGuidesGrids false
      /IncludeNonPrinting false
      /IncludeSlug false
      /Namespace [
        (Adobe)
        (InDesign)
        (4.0)
      ]
      /OmitPlacedBitmaps false
      /OmitPlacedEPS false
      /OmitPlacedPDF false
      /SimulateOverprint /Legacy
    >>
    <<
      /AddBleedMarks false
      /AddColorBars false
      /AddCropMarks false
      /AddPageInfo false
      /AddRegMarks false
      /ConvertColors /ConvertToCMYK
      /DestinationProfileName ()
      /DestinationProfileSelector /DocumentCMYK
      /Downsample16BitImages true
      /FlattenerPreset <<
        /PresetSelector /MediumResolution
      >>
      /FormElements false
      /GenerateStructure false
      /IncludeBookmarks false
      /IncludeHyperlinks false
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles false
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /DocumentCMYK
      /PreserveEditing true
      /UntaggedCMYKHandling /LeaveUntagged
      /UntaggedRGBHandling /UseDocumentProfile
      /UseDocumentBleed false
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [612.000 792.000]
>> setpagedevice


