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Abstract: Decision making is a cognitive process for evaluating data with certain attributes to
come up with the best option, in terms of the preferences of decision makers. Conflicts and
disagreements occur in most real world problems and involve the applications of mathematical
tools dealing with uncertainty, such as rough set theory in decision making and conflict analysis
processes. Afterwards, the Pawlak conflict analysis model based on rough set theory was established.
Subsequently, Deja put forward some questions that are not answered by the Pawlak conflict analysis
model and Sun’s model. In the present paper, using the notions of soft preference relation, soft
dominance relation, and their roughness, we analyzed the Middle East conflict and answered the
questions posed by Deja in a good manner.

Keywords: making decision; conflict analysis; rough set theory; soft preference relation; soft
dominance relation

1. Introduction

In daily life, we always face various decision making pursuits. Some decision are simple and some
are complex. When one faces a complex problem with conflicting criteria, an effective decision making
method becomes helpful to make an acceptable and reasonable decision. Decision making is a key
component for achieving objectives in diverse areas. Usually a conflict occurs when two people have
different points of view about the same event or thing. The study of conflict is of utmost importance
both practically and theoretically. No doubt its importance is increasing nowadays, as huge social
networks based on cell phones, tablets, computers, and other gadgets and systems of computers play
a paramount role in society [1]. There is always an uncertainty about agreement, disagreement, and
neutrality in a conflict situation among agents. To deal with such situations, the main aim is how to
model the uncertainty in conflict [2].

Pawlak applied rough set theory to the study of conflict analysis in Reference [3]. He also found a
mathematical formulation for a conflict situation based on agreement, disagreement, and neutrality,
and gave the axioms for these sets. Subsequently, Deja put forward an extension and generalization
of Pawlak’s model by adding some local aspects [2]. Pawlak conflict analysis model has certain
limitations, for example, it cannot deal with intrinsic causes in the Middle East conflict. Another
flaw of Pawlak’s model is that, it has failed to find a feasible consensus strategy for solving a conflict.
In Reference [4], Sun et al. developed a conflict analysis model based on rough set theory over two
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universes to overcome the above mentioned shortcomings in Pawlak’s conflict analysis. But in their
proposals, still there are many areas for critique, for example, the development of a proper and feasible
consensus strategy is missing.

As a general mathematical tool while dealing with uncertainty, Molodtsov proposed soft set
theory in Reference [5]. Maji et al. further strengthened the theory; they introduced several algebraic
operations and examined their basic properties in Reference [6], which was later corrected by
Ali et al. [7]. More on soft equivalence relations can be seen in Reference [8]. Applications of soft
sets (hybrid soft sets) in decision making problems have been widely studied by many authors in
different contexts (see References [9–24]). Many decision making problems have been characterized
by the ranking of objects according to a set of criteria with predefined preference ordered decision
classes, such as credit approval, stock risk estimation, university ranking, teaching evaluation, etc.
(see References [25–27]). A recent work on the tolerance rough set can be found in Reference [28].
Many authors used the game theoretic rough sets model to construct a mechanism for analyzing the
uncertainties of rough set theory [29–32]. In the present paper, we developed a new conflict analysis
model, which is based on soft preference relation and soft dominance relation, to study the Middle East
conflict situation. Further, we answered different questions raised by various authors in an affirmative
way. A general technique for the conflict problem is proposed and examined and our newly developed
model is more efficient than the existing techniques/models.

The rest of the paper is arranged as follows: Section 2 briefly reviews the Pawlak conflict analysis
model followed by the Deja, together with Sun et al., conflict analysis models. Drawbacks of the
Sun et al. conflict model are also discussed in this section. Section 3 consists of the proposed conflict
analysis model based on soft set theory. Various uncertainties have been studied, which tried to
address the shortcomings of Sun’s model.

2. Literature Review

In the following, different conflict models are presented.

2.1. Pawlak’s Conflict Analysis Model

The conflict analysis model introduced by Pawlak is based on rough set theory [3]. The Middle
East conflict analysis problem is shown in Table 1, where the agents are represented by rows and the
issues by columns. Each agent is assigned a value to an issue from the set {−, 0,+} , where − shows
that the agent is against that particular issue, 0 shows the neutrality of the agent, and + depicts the
favorability of the agent towards the issue/event. Furthermore, Pawlak discussed the Middle East
conflict analysis problem in Reference [3]. This conflict analysis problem consists of five issues and six
agents. The relationship of each agent to an issue is given in Table 1.

Let U = {u1, u2, u3, u4, u5, u6} be the universe of six agents, where

u1 : Israel u2 : Egypt u3 : Palestine
u4 : Jordan u5 : Syria u6 : Saudi Arabia.

Let V = {a1, a2, a3, a4, a5} be the universe of the five issues of the conflict situation, where

a1 : Autonomous Palestinian state on the West Bank and Gaza,
a2 : Israeli military outpost along the Jordan River,
a3 : Israel retains East Jerusalem,
a4 : Israeli military outposts on the Golan Heights, and
a5 : Arab countries grant citizenship to Palestinians who choose to remain within their boarders.
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Table 1. Information system for the Middle East conflict.

U\V a1 a2 a3 a4 a5

u1 − + + + +
u2 + 0 − − −
u3 + − − − 0
u4 0 − − 0 −
u5 + − − − −
u6 0 + − 0 +

In the information system, the attitudes of the six nations of the Middle East region towards the
above issues are presented.

2.2. Deja’s Conflict Analysis Model

The conflict analysis of Reference [3] is confined to the conclusions, such as to find the most
conflicted attribute or the assembly of agents when three or more take part in the conflict. Although
Pawlak’s conflict model has proven to be effective in practice, Deja in Reference [2], posed three
questions that Pawlak’s conflict model is unable to answer:

(i) What are the intrinsic reasons for the conflict?
(ii) How can a feasible consensus strategy be found?

(iii) Is it possible to satisfy all the agents?

2.3. Sun et al.’s Conflict Analysis Model

Sun et al. in Reference [4] tried to answer Deja’s questions and focussed on answering the first
and second questions raised by Deja in Reference [2].

Let U = {u1, ..., um} be the universe of agents and V = {a1, ..., an} be the universe of issues in the
conflict situation. For any subset A2 of V, we call A2 the feasible strategy for a conflict situation. Let
the set f = { f+, f−} be the collection of set valued mappings defined as follows:

f+ : U → P (V) , f+ (u) = {a ∈ V | f (u, a) = +} , for all u ∈ U

and:
f− : U → P (V) , f− (u) = {a ∈ V | f (u, a) = −} , for all u ∈ U.

The mapping f+ gives the subset of issues with which agent u agrees while the mapping f− gives
the subset of issues with which the agent u disagrees. For any feasible strategy A2 ∈ P (V) on an issue,
the approximations are:

apr+
f
(A2) =

{
u ∈ U | f+ (u) ⊆ A2

}
, apr−

f
(A2) =

{
u ∈ U | f− (u) ⊆ A2

}
,

apr+f (A2) =
{

u ∈ U | f+ (u) ∩ A2 6= ∅
}

, apr−f (A2) =
{

u ∈ U | f− (u) ∩ A2 6= ∅
}

.

Example 1. Consider the Middle East conflict as in Table 1.
Let A2 = {a2, a3, a5} ⊆ V. Then apr+

f
(A2) = {u6}, apr+f (A2) = {u1, u6}, apr−

f
(A2) = {u4, u6},

and apr−f (A2) = {u2, u3, u4, u5, u6} .
According to Sun et al. [4]:
Agreement subset = R+

f (A2) = apr+
f
(A2)− apr−

f
(A2) = ∅,

Disagreement subset = R−f (A2) = apr−
f
(A2)− apr+

f
(A2) = {u4} ,

Neutral subset = U −
(

R+
f (A2) ∪ R−f (A2)

)
= {u1, u2, u3, u5, u6} .
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It is observed that:

(i) For the feasible strategy A2 = {a2, a3, a5} ∈ P (V) using Sun et al.’s technique, the agreement
subset = ∅, the disagreement subset = {u4}, and the neutral subset = {u1, u2, u3, u5, u6} . This
is because, in the information system (Table 1) the values for u4 in the columns of a2, a3 and
a5 are in disagreement, that is “−”. Additionally, the case of u5 is not different from u4, but in
Reference [4] it is treated as neutral, so the agents of the same behavior have been grouped in
different coalitions, which causes confusion.

(ii) For the feasible strategy A2 = {a3} ∈ P (V) , the agreement subset = ∅, the disagreement
subset = {u6}, and the neutral subset = {u1, u2, u3, u4, u5} . This is because, in the information
system (Table 1) the attitude of u6 in the column of a3 is in disagreement, that is “−”. Also the
cases of u2, u3, u4 and u5 are not different from u6, but according to Reference [4], they should
be in neutral, so the agents of the same character are grouped in different coalitions, which is an
infirmity of the Sun et al. technique.

(iii) For another strategy, A2 = {a1, a3} ∈ P (V) , the agreement subset = {u2, u3, u5} , the
disagreement subset= {u1, u6} and the neutral subset = {u4} . Now, in the information system
(Table 1) the behavior of u4 and u6 in the columns of a1 and a3 are the same. But using technique
of Reference [4], these agents of the same character fall in different coalitions, which is another
infirmity of the Sun et al. technique.

(iv) The technique of Reference [4] declared the conflict problem as an undecided one, which is
another flaw of this technique as seen below:

Let V = {a1, a2, a3, a4, a5} be the set of all issues. Then

apr+
f
(V) = {u1, u2, u3, u4, u5, u6} ,

apr−
f
(V) = {u1, u2, u3, u4, u5, u6} ,

the agreement subset = ∅, the disagreement subset = ∅, and the neutral subset =

{u1, u2, u3, u4, u5, u6} .

So for a feasible consensus strategy when V = {a1, a2, a3, a4, a5}, the set of all issues of the
conflict situation, there is no agreement subset and disagreement subset; the attitudes of all agents
u1, u2, u3, u4, u5, and u6 are neutral for the feasible consensus strategy V.

3. Conflict Analysis Based on Soft Preference Relation

Inspired by the existing studies on conflict analysis based on Pawlak’s rough set theory, as well as
Sun et al.’s conflict analysis based on rough set theory over two universes, we propose a new conflict
analysis model based on a soft preference relation that will help to improve the above limitations in
the existing approaches in the literature.

In order to overcome the above mentioned shortcomings, a new conflict analysis model with the
help of soft set theory is developed which is free from all such weaknesses and works more efficaciously.

Let U be a set of agents and V be a set of issues. Let�a be an outranking relation on U with respect
to issue a ∈ V such that x1 �a x2 means “x1 is at least as good as x2 with respect to criterion a. Suppose
that �a is a complete preorder, it is strongly complete (which means that for each x1, x2 ∈ U at least
one of x1 �a x2 or x2 �a x1 exists) and a transitive binary relation defined on U. Thus x1 and x2 are
always comparable with respect to criterion a ∈ V. We say that an object x1 E-dominates an object x2

with respect to E ⊆ V (denoted by x1DEx2), if x1 �a x2 for all a ∈ E. Since the intersection of complete
preorders is a partial preorder, DE =

⋂
a∈E
�a, so the dominance relation DE is a partial preorder.
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Definition 1. [5] A pair < = (F, E) is called a soft set over U, where E is a subset of parameters of V and
F : E→ P (U) is a set valued mapping.

Definition 2. [8] If F : E→ P (U ×U) is a mapping from a subset of parameters E to the power set of U×U,
then the soft set (F, E) over U×U is called a soft binary relation over U. A soft binary relation (F, E) over a set
U is called a soft equivalence relation over U, if ∅ 6= F (a) is an equivalence relation over U for all a ∈ E.

Definition 3. Let IS =
(

U, V, f̃
)

be the Middle East conflict situation and F : E → P (U ×U) be a set
valued mapping from E to P (U ×U) , where E ⊆ V denotes the set of parameters or attributes and P (U ×U)

the set of all subsets of U ×U. If ∅ 6= F (a) is a preference relation for all a ∈ E, then (F, E) is called a soft
preference relation, where:

F (a) =
{

ui�uj | f̃ (ui, a) ≥ f̃
(
uj, a

)
, ui, uj ∈ U

}
and:

f̃ : U ×V → {−, 0,+} ,

such that f̃ (u, a) = s, where s ∈ {−, 0,+} and u ∈ U, a ∈ V. In fact f̃ is more general than Sun et al.’s
f of Reference [4]. Throughout the paper, we will use

(
ui, uj

)
for ui�uj. Preference relations are efficient tools

to address decision making problems that only require the decision makers to compare one pair of objects at a
time. In the information system (Table 1), favorability (+) is preferred to neutrality (0), while neutrality (0) is
preferred to antagonism (−) .

Definition 4. Let IS =
(

U, V, f̃
)

be the Middle East conflict situation and (F, E) be a soft preference relation
over U. Then there is an associated dominance relation, which can be denoted by Do min (F1, E) and is defined
as follows:

Do min (F1, E) =
⋂
a∈E

F (a) .

For any u ∈ U, define the soft dominance classes by:

[u]+Do min(F1,E) =
{

ui ∈ U : ui �Do min(F1,E) u
}

and:
[u]−Do min(F1,E) =

{
ui ∈ U : ui �Do min(F1,E) u

}
,

which represent the (F , E)-dominating set and (F , E)-dominated set with respect to u ∈ U of the IS ,
respectively. Class [u]+Do min(F1,E) describes the set of all those objects that dominate u and [u]−Do min(F1,E)
describes the set of all those objects that are dominated by u in terms of Do min (F1, E), where:

Do min (F1, E)+ =
{

u ∈ U : [u]+Do min(F1,E)

}
and:

Do min (F1, E)− =
{

u ∈ U : [u]−Do min(F1,E)

}
.

Theorem 1. Let IS =
(

U, V, f̃
)

be the Middle East conflict situation andDo min (F1, E) be a soft dominance
relation. Then the following hold:

(1) If E1 ⊆ E, then Do min (F1, E) ⊆ Do min (F1, E1) ;
(2) If an ∈ [am]

+
Do min(F1,E) , then [an]

+
Do min(F1,E) ⊆ [am]

+
Do min(F1,E) ;

(3) [am]
+
Do min(F1,E) =

⋃{
[an]

−
Do min(F1,E) : an ∈ [am]

+
Do min(F1,E)

}
;
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(4) [am]
+
Domk(H,C) = [an]

+
Domk(H,C) iff f

(
am, Cj

)
= f

(
an, Cj

)
and g (am, Dk) = g (an, Dk) for all Cj ∈ C

and Dk ∈ D;

(5) Γ =
{
[am]

+
Do min(F1,E) : am ∈ U

}
constitutes a covering of U.

Proof. The proof is straightforward.

Definition 5. Let IS =
(

U, V, f̃
)

be the Middle East conflict situation. Then, for any A1 ⊆ U the lower and
upper approximations with respect to the (F1, E)-dominating set and (F1, E)-dominated set are:(

A1
)
Do min(F1,E)+ =

{
u ∈ U : [u]+Do min(F1,E) ⊆ A1

}
(

A1
)
Do min(F1,E)+ =

{
u ∈ U : [u]−Do min(F1,E) ∩ A1 : 6= ∅

}
.

The lower approximation
(

A1
)
Do min(F1,E)+ , is the collection of all those objects u from U, such that all

objects ui, having at least the same evaluations on all of the considered criteria from V, also belong to A1.
Thus one can say that if an object ui has at least as good an evaluation on the criteria from V as an object u
belonging to

(
A1
)
Do min(F1,E)+ , then certainly ui belongs to A1. The upper approximation

(
A1
)
Do min(F1,E)+

is the collection of all those objects u from U whose evaluation on the criteria from V is not worse than the
evaluation of at least one other object ui belonging to A1. If

(
A1
)
Do min(F1,E)+ =

(
A1
)
Do min(F1,E)+ then it is

called soft definable, otherwise it is a soft rough set. Similarly:(
A1
)
Do min(F1,E) =

{
u ∈ U : [u]−Do min(F1,E) ⊆ A1

}
(

A1
)
Do min(F1,E)− =

{
u ∈ U : [u]+Do min(F1,E) ∩ A1 : 6= ∅

}
.

If
(

A1
)
Do min(F1,E)− =

(
A1
)
Do min(F1,E)− then it is called soft definable, otherwise it is a soft rough set.

We call,

(1) POS
(
(A1)Do min(F1,E)+

)
=

(
A1
)
Do min(F1,E)+ the positive region of A1 with respect to

Do min (F1, E)+ .

(2) NEG
(
(A1)Do min(F1,E)+

)
= U −

(
A1
)
Do min(F1,E)+ the negative region of A1 with respect to

Do min (F1, E)+ .

(3) BN
(
(A1)Do min(F1,E)+

)
=
(

A1
)
Do min(F1,E)+ −

(
A1
)
Do min(F1,E)+ the boundary region of A1 with

respect to Do min (F1, E)+ in information system IS .

(4) POS
(
(A1)Do min(F1,E)−

)
=

(
A1
)
Do min(F1,E)− the positive region of A1 with respect to

Do min (F1, E)−

(5) NEG
(
(A1)Do min(F1,E)−

)
= U −

(
A1
)
Do min(F1,E)− the negative region of A1 with respect to

Do min (F1, E)− .

(6) BN
(
(A1)Do min(F1,E)−

)
=
(

A1
)
Do min(F1,E)− −

(
A1
)
Do min(F1,E)− the boundary region of A1 with

respect to Do min (F1, E)− in information system IS .

Theorem 2. Let IS =
(

U, V, f̃
)

be the Middle East conflict situation. Then for any A1, A2 ⊆ U :

(1)
(

A1
)
Do min(F1,E)+ ⊆ A1 ⊆

(
A1
)
Do min(F1,E)+ ;

(2) (∅)Do min(F1,E)+ =
(
∅
)
Do min(F1,E)+ = ∅;

(3) (U)Do min(F1,E)+ :=
(
U
)
Do min(F1,E)+ = U;

(4) A1 ⊆ A2 implies
(

A1
)
Do min(F1,E)+ ⊆

(
A2
)
Do min(F1,E)+ ;
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(5) A1 ⊆ A2 implies
(

A1
)
Do min(F1,E)+ ⊆

(
A2
)
Do min(F1,E)+ ;

(6)
(

A1
)
Do min(F1,E)+ ∪

(
A2
)
Do min(F1,E)+ ⊆

(
A1
)
Do min(F1,E)+ ;

(7)
(

A1
)
Do min(F1,E)+ ∪

(
A2
)
Do min(F1,E)+ =

(
A1 ∪ A2

)
Do min(F1,E)+ ;

(8)
(

A1
)
Do min(F1,E)+ ∩

(
A2
)
Do min(F1,E)+ . =

(
A1
)
Do min(F1,E)+ ;

(9)
(

A1
)
Do min(F1,E)+ ∩

(
A2
)
Do min(F1,E)+ ⊇

(
A1 ∩ A2

)
Do min(F1,E)+ ;

Proof. These results follow from the respective definitions.

The following theorems give a connection between topology and soft dominating/dominated
definable sets.

Theorem 3. Let IS =
(

U, V, f̃
)

be the Middle East conflict situation. Then the collection of soft dominating
definable sets form a topology on U.

Proof. (i) From Theorem 2:

(∅)Do min(F1,E)+ =
(
∅
)
Do min(F1,E)+ = ∅

and:
(U)Do min(F1,E)+ =

(
U
)
Do min(F1,E)+ = U.

(ii) We prove that an arbitrary union of soft dominating definable sets is a soft dominating definable
set. For this consider:(

∪
i

Ai

)
Do min(F1,E)+

= ∪
i

(
Ai
)
Do min(F1,E)+ = ∪

i

(
Ai
)
Do min(F1,E)+

⊆
(
∪
i

Ai

)
Do min(F1,E)+

.

Similarly,
(
∪
i

Ai

)
Do min(F1,E)+

⊆
(
∪
i

Ai

)
Do min(F1,E)+

.

Hence,
(
∪
i

Ai

)
Do min(F1,E)+

=

(
∪
i

Ai

)
Do min(F1,E)+

.

(iii) Last, we prove a finite intersection of soft dominating definable sets is a soft dominating definable
set. For this consider:(

∩
i

n Ai

)
Do min(F1,E)+

⊆ ∩
i

n (Ai
)
Do min(F1,E)+ = ∩

i
n (Ai

)
Do min(F1,E)+

=

(
∩
i

n Ai

)
Do min(F1,E)+

.

Similarly,
(
∩
i

n Ai

)
Do min(F1,E)+

⊆
(
∩
i

n Ai

)
Do min(F1,E)+

. Therefore,
(
∩
i

n Ai

)
Do min(F1,E)+

=(
∩
i

n Ai

)
Do min(F1,E)+

.

Theorem 4. Let IS =
(

U, V, f̃
)

be the Middle East conflict situation. Then the collection of soft dominated
definable sets form a topology on U.
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Proof. The proof is similar to the proof of Theorem 3.

Definition 6. Let IS =
(

U, V, f̃
)

be the Middle East conflict situation. For any A1 ⊆ U, the approximate

precisions ρDo min(F1,E)+ (A1) and ρDo min(F1,E)− (A1) of A1 about Do min (F1, E)+ and Do min (F1, E)−

are defined as:

ρDo min(F1,E)+ (A1) =

∣∣∣(A1
)
Do min(F1,E)+

∣∣∣∣∣∣(A1
)
Do min(F1,E)+

∣∣∣ and ρDo min(F1,E)− (A1) =

∣∣∣(A1
)
Do min(F1,E)−

∣∣∣∣∣∣(A1
)
Do min(F1,E)−

∣∣∣ ,
where A1 : 6= ∅, and |·| denotes the cardinality of a set.

Let µDo min(F1,E)+ (A1) = 1− ρDo min(F1,E)+ (A1) and µDo min(F1,E)− (A1) = 1− ρDo min(F1,E)− (A1) .

Then µDo min(F1,E)+ (A1) and µDo min(F1,E)− (A1) are called the rough degrees of A1 about Do min (F1, E)+

and Do min (F1, E)−, respectively.
By definition 0 ≤ µDo min(F1,E)+ (A1) ≤ 1 and 0 ≤ ρDo min(F1,E)+ (A1) ≤ 1. It can be

seen that ρDo min(F1,E)+ (A1) = 1 if and only if
(

A1
)
Do min(F1,E)+ = A1 =

(
A1
)
Do min(F1,E)+ .

Similarly, 0 ≤ µDo min(F1,E)− (A1) ≤ 1 and 0 ≤ ρDo min(F1,E)− (A1) ≤ 1.

The following theorems describe the relationships of the precisions, ρDo min(F1,E)+ (A1)

and ρDo min(F1,E)− (A1), and rough degrees, µDo min(F1,E)+ (A1) and µDo min(F1,E)− (A1), with the
intersection and union of any subsets A1 and A2 of the universe U.

Theorem 5. Let IS =
(

U, V, f̃
)

be the Middle East conflict situation and A1, A2 ⊆ U. Then the rough
degree and precision of the sets A1, A2, A1 ∪ A2, and A1 ∩ A2 satisfy the following relations:

(1)

µDo min(F1,E)+ (A1 ∪ A2)
∣∣∣(A1

)
Do min(F1,E)+ ∪

(
A2
)
Do min(F1,E)+

∣∣∣
≤ µDo min(F1,E)+ (A1)

∣∣∣(A1
)
Do min(F1,E)+

∣∣∣+ µDo min(F1,E)+ (A2)
∣∣∣(A2

)
Do min(F1,E)+

∣∣∣
−µDo min(F1,E)+ (A1 ∩ A2)

∣∣∣(A1
)
Do min(F1,E)+ ∩

(
A2
)
Do min(F1,E)+

∣∣∣ .

(2)

ρDo min(F1,E)+ (A1 ∪ A2)
∣∣∣(A1

)
Do min(F1,E)+ ∪

(
A2
)
Do min(F1,E)+

∣∣∣
≥ ρDo min(F1,E)+ (A1)

∣∣∣(A1
)
Do min(F1,E)+

∣∣∣+ ρDo min(F1,E)+ (A2)
∣∣∣(A2

)
Do min(F1,E)+

∣∣∣
−ρDo min(F1,E)+ (A1 ∩ A2)

∣∣∣(A1
)
Do min(F1,E)+ ∩

(
A2
)
Do min(F1,E)+

∣∣∣ .

Proof. (1) By definition of the rough degree, we have:

µDo min(F1,E)+ (A1 ∪ A2) = 1−

∣∣∣(A1
)
Do min(F1,E)+

∣∣∣∣∣∣(A1 ∪ A2
)
Do min(F1,E)+

∣∣∣
= 1−

∣∣∣(A1
)
Do min(F1,E)+

∣∣∣∣∣∣(A1
)
Do min(F1,E)+ ∪

(
A2
)
Do min(F1,E)+

∣∣∣
≤ 1−

∣∣∣(A1
)
Do min(F1,E)+ ∪

(
A2
)
Do min(F1,E)+

∣∣∣∣∣∣(A1
)
Do min(F1,E)+ ∪

(
A2
)
Do min(F1,E)+

∣∣∣ .



Appl. Sci. 2018, 8, 1545 9 of 19

Thus we obtain:

µDo min(F1,E)+ (A1 ∪ A2)
∣∣∣(A1

)
Do min(F1,E)+ ∪

(
A2
)
Do min(F1,E)+

∣∣∣
≤

∣∣∣(A1
)
Do min(F1,E)+ ∪

(
A2
)
Do min(F1,E)+

∣∣∣− ∣∣∣(A1
)
Do min(F1,E)+ ∪

(
A2
)
Do min(F1,E)+

∣∣∣ .

Similarly:

µDo min(F1,E)+ (A1 ∩ A2) = 1−

∣∣∣(A1
)
Do min(F1,E)+

∣∣∣∣∣∣(A1 ∩ A2
)
Do min(F1,E)+

∣∣∣
= 1−

∣∣∣(A1
)
Do min(F1,E)+ ∩

(
A2
)
Do min(F1,E)+

∣∣∣∣∣∣(A1 ∩ A2
)
Do min(F1,E)+

∣∣∣
≤ 1−

∣∣∣(A1
)
Do min(F1,E)+ ∩

(
A2
)
Do min(F1,E)+

∣∣∣∣∣∣(A1
)
Do min(F1,E)+ ∩

(
A2
)
Do min(F1,E)+

∣∣∣ .
Hence:

µDo min(F1,E)+ (A1 ∩ A2)
∣∣∣(A1

)
Do min(F1,E)+ ∩

(
A2
)
Do min(F1,E)+

∣∣∣
≤

∣∣∣(A1
)
Do min(F1,E)+ ∩

(
A2
)
Do min(F1,E)+

∣∣∣− ∣∣∣(A1
)
Do min(F1,E)+ ∩

(
A2
)
Do min(F1,E)+

∣∣∣ .

We know that for any sets |A ∪ B| = |A|+ |B| − |A ∩ B|. It follows that:

µDo min(F1,E)+ (A1 ∪ A2)
∣∣∣(A1

)
Do min(F1,E)+ ∪

(
A2
)
Do min(F1,E)+

∣∣∣
≤

∣∣∣(A1
)
Do min(F1,E)+ ∪

(
A2
)
Do min(F1,E)+

∣∣∣− ∣∣∣(A1
)
Do min(F1,E)+ ∪

(
A2
)
Do min(F1,E)+

∣∣∣
=

∣∣∣(A1
)
Do min(F1,E)+

∣∣∣+ ∣∣∣(A2
)
Do min(F1,E)+

∣∣∣− ∣∣∣(A1
)
Do min(F1,E)+ ∩

(
A2
)
Do min(F1,E)+

∣∣∣
−
∣∣∣(A1

)
Do min(F1,E)+

∣∣∣− ∣∣∣(A2
)
Do min(F1,E)+

∣∣∣+ ∣∣∣(A1
)
Do min(F1,E)+ ∩

(
A2
)
Do min(F1,E)+

∣∣∣
=

∣∣∣(A1
)
Do min(F1,E)+

∣∣∣+ ∣∣∣(A2
)
Do min(F1,E)+

∣∣∣− ∣∣∣(A1
)
Do min(F1,E)+

∣∣∣− ∣∣∣(A2
)
Do min(F1,E)+

∣∣∣
−
{∣∣∣(A1

)
Do min(F1,E)+ ∩

(
A2
)
Do min(F1,E)+

∣∣∣− ∣∣∣(A1
)
Do min(F1,E)+ ∩

(
A2
)
Do min(F1,E)+

∣∣∣}
≤

∣∣∣(A1
)
Do min(F1,E)+

∣∣∣+ ∣∣∣(A2
)
Do min(F1,E)+

∣∣∣− ∣∣∣(A1
)
Do min(F1,E)+

∣∣∣− ∣∣∣(A2
)
Do min(F1,E)+

∣∣∣
−µDo min(F1,E)+ (A1 ∩ A2)

∣∣∣(A1
)
Do min(F1,E)+ ∩

(
A2
)
Do min(F1,E)+

∣∣∣ .

Moreover by definition of the rough degree:

µDo min(F1,E)+ (A1) = 1−

∣∣∣(A1
)
Do min(F1,E)+

∣∣∣∣∣∣(A1
)
Do min(F1,E)+

∣∣∣
and:

µDo min(F1,E)+ (A2) = 1−

∣∣∣(A2
)
Do min(F1,E)+

∣∣∣∣∣∣(A2
)
Do min(F1,E)+

∣∣∣ .
We obtain the following relation:

µDo min(F1,E)+ (A1)
∣∣∣(A1

)
Do min(F1,E)+

∣∣∣ = ∣∣∣(A1
)
Do min(F1,E)+

∣∣∣− ∣∣∣(A1
)
Do min(F1,E)+

∣∣∣
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and:
µDo min(F1,E)+ (A2)

∣∣∣(A2
)
Do min(F1,E)+

∣∣∣ = ∣∣∣(A2
)
Do min(F1,E)+

∣∣∣− ∣∣∣(A2
)
Do min(F1,E)+

∣∣∣ .

Therefore:

µDo min(F1,E)+ (A1 ∪ A2)
∣∣∣(A1

)
Do min(F1,E)+ ∪

(
A2
)
Do min(F1,E)+

∣∣∣
≤

{∣∣∣(A1
)
Do min(F1,E)+

∣∣∣− ∣∣∣(A1
)
Do min(F1,E)+

∣∣∣}+
{∣∣∣(A2

)
Do min(F1,E)+

∣∣∣− ∣∣∣(A2
)
Do min(F1,E)+

∣∣∣}
−µDo min(F1,E)+ (A1 ∩ A2)

∣∣∣(A1
)
Do min(F1,E)+ ∩

(
A2
)
Do min(F1,E)+

∣∣∣
= µDo min(F1,E)+ (A1)

∣∣∣(A1
)
Do min(F1,E)+

∣∣∣+ µDo min(F1,E)+ (A2)
∣∣∣(A2

)
Do min(F1,E)+

∣∣∣
−µDo min(F1,E)+ (A1 ∩ A2)

∣∣∣(A1
)
Do min(F1,E)+ ∩

(
A2
)
Do min(F1,E)+

∣∣∣ .

(2) By definition of the rough degree µDo min(F1,E)+ (A1) = 1− ρDo min(F1,E)+ (A1) . Since:

µDo min(F1,E)+ (A1 ∪ A2)
∣∣∣(A1

)
Do min(F1,E)+ ∪

(
A2
)
Do min(F1,E)+

∣∣∣
≤ µDo min(F1,E)+ (A1)

∣∣∣(A1
)
Do min(F1,E)+

∣∣∣+ µDo min(F1,E)+ (A2)
∣∣∣(A2

)
Do min(F1,E)+

∣∣∣
−µDo min(F1,E)+ (A1 ∩ A2)

∣∣∣(A1
)
Do min(F1,E)+ ∩

(
A2
)
Do min(F1,E)+

∣∣∣ .

Therefore:{
1− ρDo min(F1,E)+ (A1 ∪ A2)

} ∣∣∣(A1
)
Do min(F1,E)+ ∪

(
A2
)
Do min(F1,E)+

∣∣∣
≤

{
1− ρDo min(F1,E)+ (A1)

} ∣∣∣(A1
)
Do min(F1,E)+

∣∣∣+ {1− ρDo min(F1,E)+ (A2) }
∣∣∣(A2

)
Do min(F1,E)+

∣∣∣
−
{

1− ρDo min(F1,E)+ (A1 ∩ A2)
} ∣∣∣(A1

)
Do min(F1,E)+ ∩

(
A2
)
Do min(F1,E)+

∣∣∣
=

∣∣∣(A1
)
Do min(F1,E)+

∣∣∣− ρDo min(F1,E)+ (A1)
∣∣∣(A1

)
Do min(F1,E)+

∣∣∣+ ∣∣∣(A2
)
Do min(F1,E)+

∣∣∣
−ρDo min(F1,E)+ (A2)

∣∣∣(A2
)
Do min(F1,E)+

∣∣∣− ∣∣∣(A1
)
Do min(F1,E)+ ∩

(
A2
)
Do min(F1,E)+

∣∣∣
+ρDo min(F1,E)+ (A1 ∩ A2)

∣∣∣(A1
)
Do min(F1,E)+ ∩

(
A2
)
Do min(F1,E)+

∣∣∣
=

∣∣∣(A1
)
Do min(F1,E)+ ∪

(
A2
)
Do min(F1,E)+

∣∣∣− ρDo min(F1,E)+ (A1)
∣∣∣(A1

)
Do min(F1,E)+

∣∣∣
−ρDo min(F1,E)+ (A2)

∣∣∣(A2
)
Do min(F1,E)+

∣∣∣
+ρDo min(F1,E)+ (A1 ∩ A2)

∣∣∣(A1
)
Do min(F1,E)+ ∩

(
A2
)
Do min(F1,E)+

∣∣∣ .

By routine simplifications, we get:

ρDo min(F1,E)+ (A1 ∪ A2)
∣∣∣(A1

)
Do min(F1,E)+ ∪

(
A2
)
Do min(F1,E)+

∣∣∣
≥ ρDo min(F1,E)+ (A1)

∣∣∣(A1
)
Do min(F1,E)+

∣∣∣+ ρDo min(F1,E)+ (A2)
∣∣∣(A2

)
Do min(F1,E)+

∣∣∣
−ρDo min(F1,E)+ (A1 ∩ A2)

∣∣∣(A1
)
Do min(F1,E)+ ∩

(
A2
)
Do min(F1,E)+

∣∣∣ .

Theorem 6. Let IS =
(

U, V, f̃
)

be the Middle East conflict situation and A1, A2 ⊆ U. Then the rough
degree and precision of the sets A1, A2, A1 ∪ A2, and A1 ∩ A2 satisfy the following relations:



Appl. Sci. 2018, 8, 1545 11 of 19

(1)

µDo min(F1,E)− (A1 ∪ A2)
∣∣∣(A1

)
Do min(F1,E)− ∪

(
A2
)
Do min(F1,E)−

∣∣∣
≤ µDo min(F1,E)− (A1)

∣∣∣(A1
)
Do min(F1,E)−

∣∣∣+ µDo min(F1,E)− (A2)
∣∣∣(A2

)
Do min(F1,E)−

∣∣∣
−µDo min(F1,E)− (A1 ∩ A2)

∣∣∣(A1
)
Do min(F1,E)− ∩

(
A2
)
Do min(F1,E)−

∣∣∣ .

(2)

ρDo min(F1,E)− (A1 ∪ A2)
∣∣∣(A1

)
Do min(F1,E)− ∪

(
A2
)
Do min(F1,E)+

∣∣∣
≥ ρDo min(F1,E)− (A1)

∣∣∣(A1
)
Do min(F1,E)−

∣∣∣+ ρDo min(F1,E)− (A2)
∣∣∣(A2

)
Do min(F1,E)−

∣∣∣
−ρDo min(F1,E)− (A1 ∩ A2)

∣∣∣(A1
)
Do min(F1,E)− ∩

(
A2
)
Do min(F1,E)−

∣∣∣ .

Proof. The proof is similar to the proof of Theorem 5.

Definition 7. Let IS =
(

U, V, f̃
)

be the Middle East conflict situation. For any set A1 ⊆ U,

the approximate quality γDo min(F1,E)+ (A1) and γDo min(F1,E)− (A1) of A1 about Do min (F1, E)+ and

Do min (F1, E)− are defined as follows:

γDo min(F1,E)+ (A1) =

∣∣∣(A1
)
Do min(F1,E)+

∣∣∣
|U| and γDo min(F1,E)− (A1) =

∣∣∣(A1
)
Do min(F1,E)−

∣∣∣
|U| .

Clearly, 0 ≤ γDo min(F1,E)+ (A1) ≤ 1 and 0 ≤ γDo min(F1,E)− (A1) ≤ 1.

The following theorem illustrate the relationship between the rough degree and approximate
quality with respect to the intersection and union of sets A1 and A2 on the universe U.

Theorem 7. Let IS =
(

U, V, f̃
)

be the Middle East conflict situation and A1, A2 ⊆ U. Then the rough
degree and approximate quality of the sets A1, A2, A1 ∪ A2, and A1 ∩ A2 satisfy the following relations:

(1)

µDo min(F1,E)+ (A1 ∪ A2)
∣∣∣(A1

)
Do min(F1,E)+ ∪

(
A2
)
Do min(F1,E)+

∣∣∣
≤

∣∣∣(A1
)
Do min(F1,E)+

∣∣∣+ ∣∣∣(A2
)
Do min(F1,E)+

∣∣∣− |U| {γDo min(F1,E)+ (A1) + γDo min(F1,E)+ (A2) }

−µDo min(F1,E)+ (A1 ∩ A2)
∣∣∣(A1

)
Do min(F1,E)+ ∩

(
A2
)
Do min(F1,E)+

∣∣∣ .

(2)

µDo min(F1,E)− (A1 ∪ A2)
∣∣∣(A1

)
Do min(F1,E)− ∪

(
A2
)
Do min(F1,E)−

∣∣∣
≤

∣∣∣(A1
)
Do min(F1,E)−

∣∣∣+ ∣∣∣(A2
)
Do min(F1,E)−

∣∣∣− |U| {γDo min(F1,E)− (A1) + γDo min(F1,E)− (A2) }

−µDo min(F1,E)− (A1 ∩ A2)
∣∣∣(A1

)
Do min(F1,E)− ∩

(
A2
)
Do min(F1,E)−

∣∣∣ .

Proof. The proof is similar to the proof of Theorem 5.

The following theorem highlights the relationship between the approximate precision and
approximate quality in regards to the intersection and union of two sets.
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Theorem 8. Let IS =
(

U, V, f̃
)

be the Middle East conflict situation and A1, A2 ⊆ U. Then the
approximate quality and precision of the sets A1, A2, A1 ∪ A2, and A1 ∩ A2 satisfy the following relations:

(1)

ρDo min(F1,E)+ (A1 ∪ A2)
∣∣∣(A1

)
Do min(F1,E)+ ∪

(
A2
)
Do min(F1,E)+

∣∣∣
≥ |U|

(
γDo min(F1,E)+ (A1) + γDo min(F1,E)+ (A2)

)
−ρDo min(F1,E)+ (A1 ∩ A2)

∣∣∣(A1
)
Do min(F1,E)+ ∩

(
A2
)
Do min(F1,E)+

∣∣∣ .

(2)

ρDo min(F1,E)− (A1 ∪ A2)
∣∣∣(A1

)
Do min(F1,E)− ∪

(
A2
)
Do min(F1,E)−

∣∣∣
≥ |U|

(
γDo min(F1,E)− (A1) + γDo min(F1,E)− (A2)

)
−ρDo min(F1,E)− (A1 ∩ A2)

∣∣∣(A1
)
Do min(F1,E)− ∩

(
A2
)
Do min(F1,E)−

∣∣∣ .

Proof. The proof is similar to the proof of Theorem 5.

Definition 8. Let IS =
(

U, V, f̃
)

be the Middle East conflict situation. For any subset A1 of U,

the approximate accuracies ς[u]+Do min(F1,E)
(A1) and ς[u]−Do min(F1,E)

(A1) of A1 about [u]+Do min(F1,E) and

[u]−Do min(F1,E), respectively, are defined by:

ς[u]+Do min(F1,E)
(A1) =

∣∣∣[u]+Do min(F1,E) ∩ A1

∣∣∣∣∣∣[u]+Do min(F1,E)

∣∣∣
and:

ς[u]−Do min(F1,E)
(A1) =

∣∣∣[u]−Do min(F1,E) ∩ A1

∣∣∣∣∣∣[u]−Do min(F1,E)

∣∣∣ .

It is routine to verify that 0 ≤ ς[u]+Do min(F1,E)
(A1) ≤ 1 and 0 ≤ ς[u]−Do min(F1,E)

(A1) ≤ 1. For any

A1, A2 ⊆ U, the following properties hold:

(1) ς[u]+Do min(F1,E)
(A1) = 1 if and only if u ∈

(
A1
)
Do min(F1,E)+ ,

(2) ς[u]+Do min(F1,E)
(A1) = 0 if and only if u ∈

(
A1

c)
Do min(F1,E)+ ,

(3) ς[u]+Do min(F1,E)
(A1 ∪ A2) = ς[u]+Do min(F1,E)

(A1) + ς[u]+Do min(F1,E)
(A2)− ς[u]+Do min(F1,E)

(A1 ∩ A2) ,

(4) ς[u]+Do min(F1,E)
(A1) = 1− ς[u]+Do min(F1,E)

(A1) ,

(5) If A1 ⊆ A2, then ς[u]+Do min(F1,E)
(A1) ≤ ς[u]+Do min(F1,E)

(A2) ,

(6) ς[u]+Do min(F1,E)
(∅) = 0 and ς[u]+Do min(F1,E)

(U) = 1, for every u ∈ U, and

(7) ς[u]+Do min(F1,E)
(A1) + ς[u]+Do min(F1,E)

(A1) = 1.

Using the soft preference relation we give an affirmative response to the aforesaid drawbacks of
Sun et al.’s technique:

Let IS =
(

U, V, f̃
)

be the Middle East conflict situation and E ⊆ V be a feasible strategy for
resolving the conflict situation. Then for any A1 = {u ∈ U : f (u, a) 6= 0, ∀a ∈ E} ⊆ U, denote:

The agreement subset = AS =
(

A1
)
Do min(F1,E)+ −

(
A1
)
Do min(F1,E)− ,
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The disagreement subset = DS =
(

A1
)
Do min(F1,E)− −

(
A1
)
Do min(F1,E)+ and

The neutral subset = NS = U − (AS ∪ DS).
The relationships between the agreement, disagreement, and neutral subsets are:
(i) AS ∩ DS = ∅ (ii) AS ∩ NS = ∅ (iii) DS ∩ NS = ∅
(iv) AS ∪ DS ∪ NS = U.

Example 2. (Continued from Example 1) Consider the Information Table 1 for the Middle East conflict analysis.
If E1 = {a2, a3, a5} ⊆ V, then the soft preference relation F : E1 → P (U ×U) is defined by:

F (a2) =


(u1, u1) , (u2, u2) , (u3, u3) , (u4, u4) , (u5, u5) , (u6, u6) , (u1, u2) ,
(u1, u3) , (u1, u4) , (u1, u5) , (u1, u6) , (u2, u3) , (u2, u4) , (u2, u5) ,
(u3, u4) , (u3, u5) , (u4, u3) , (u4, u5) , (u5, u3) , (u5, u4) , (u6, u1) ,

(u6, u2) , (u6, u3) , (u6, u4) , (u6, u5)

 ,

F (a3) =



(u1, u1) , (u2, u2) , (u3, u3) , (u4, u4) , (u5, u5) , (u6, u6) , (u1, u2) ,
(u1, u3) , (u1, u4) , (u1, u5) , (u1, u6) , (u2, u3) , (u2, u4) , (u2, u5) ,
(u2, u6) , (u3, u2) , (u3, u4) , (u3, u5) , (u3, u6) , (u4, u2) , (u4, u3) ,
(u4, u5) , (u4, u6) , (u5, u2) , (u5, u3) , (u5, u4) , (u5, u6) , (u6, u2) ,

(u6, u2) , (u6, u4) , (u6, u5)


,

F (a5) =


(u1, u1) , (u2, u2) , (u3, u3) , (u4, u4) , (u5, u5) , (u6, u6) , (u1, u2) ,
(u1, u3) , (u1, u4) , (u1, u5) , (u1, u6) , (u2, u4) , (u2, u5) , (u3, u2) ,
(u3, u4) , (u3, u5) , (u4, u2) , (u4, u5) , (u5, u2) , (u5, u4) , (u6, u1) ,

(u6, u2) , (u6, u3) , (u6, u4) , (u6, u5)

 .

The soft dominance relation is given by:

Do min (F1, E1) =


(u1, u1) , (u2, u2) , (u3, u3) , (u4, u4) , (u5, u5) , (u6, u6) ,
(u1, u2) , (u1, u3) , (u1, u4) , (u1, u5) , (u1, u6) , (u2, u4) ,
(u2, u5) , (u3, u4) , (u3, u5) , (u4, u5) , (u5, u4) , (u6, u2) ,

(u6, u3) , (u6, u4) , (u6, u5)

 .

The dominance classes from Do min (F1, E1) are given in the Table 2.

Table 2. The dominating classes [ui]
+
Do min(F1,E1)

and dominated classes [ui]
−
Do min(F1,E1)

.

U [ui]
+
Do min(F1,E) [ui]

−
Do min(F1,E)

u1 {u1} {u1, u2, u3, u4, u5, u6}
u2 {u1, u2, u6} {u2, u5}
u3 {u1, u3, u6} {u3, u4, u5}
u4 {u1, u2, u3, u4, u5, u6} {u4, u5}
u5 {u1, u2, u3, u4, u5, u6} {u4, u5}
u6 {u1, u6} {u2, u3, u4, u5, u6}

Let A1 = {u1, u4, u5, u6} ⊆ U. Then
(

A1
)
Do min(F1,E1)

+ = {u1, u6} and
(

A1
)
Do min(F1,E1)

− = {u4, u5} .
By using the aforesaid definition, the agreement subset = {u1, u6} , disagreement subset = {u4, u5} and

neutral subset = {u2, u3} . So we say that for the feasible strategy E1 = {a2, a3, a5} ⊆ V of the conflict situation,
the agents u4 and u5 disagree with E1 = {a2, a3, a5} , the agents u1 and u6 agree with E1 = {a2, a3, a5} and
the attitude of the agents u2 and u3 are neutral for the feasible strategy E1 = {a2, a3, a5} . In order to provide
some information to decision makers, it is more pertinent to distinguish the agreement and disagreement subsets
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of agents rather than to distinguish the neutral subset attitudes of the conflict situation. Hence, we disclose
information about agreement and disagreement for any feasible strategy in the conflict situation by the agreement
and disagreement subsets. Also, we ascertain the feasible consensus strategy E1 = {a2, a3, a5} ⊆ V for the
conflict situation by choosing the maximum cardinality of the agreement subset. Thus, we have answered the
question “How can a feasible consensus strategy be found?” by using the agreement subset.

Example 3. (Continued from Example 1) Let the feasible strategy E2 = {a3} ⊆ V. The soft dominance relation
is given by:

Do min (F1, E2) =



(u1, u1) , (u2, u2) , (u3, u3) , (u4, u4) , (u5, u5) , (u6, u6) , (u1, u2) ,
(u1, u3) , (u1, u4) , (u1, u5) , (u1, u6) , (u2, u3) , (u2, u4) , (u2, u5) ,
(u2, u6) , (u3, u2) , (u3, u4) , (u3, u5) , (u3, u6) , (u4, u2) , (u4, u3) ,
(u4, u5) , (u4, u6) , (u5, u2) , (u5, u3) , (u5, u4) , (u5, u6) , (u6, u2) ,

(u6, u2) , (u6, u4) , (u6, u5)


.

The dominance classes from Do min (F1, E2) are given in Table 3.

Table 3. The dominating classes [ui]
+
Do min(F1,E2)

and the dominated classes [ui]
−
Do min(F1,E2)

.

U [ui]
+
Do min(F1,E2)

[ui]
−
Do min(F1,E2)

u1 {u1} {u1, u2, u3, u4, u5, u6}
u2 {u1, u2, u3, u4, u5, u6} {u2, u3, u4, u5, u6}
u3 {u1, u2, u3, u4, u5, u6} {u2, u3, u4, u5, u6}
u4 {u1, u2, u3, u4, u5, u6} {u2, u3, u4, u5, u6}
u5 {u1, u2, u3, u4, u5, u6} {u2, u3, u4, u5, u6}
u6 {u1, u2, u3, u4, u5, u6} {u2, u3, u4, u5, u6}

Let A1 = {u1, u2, u3, u4, u5, u6} . Then
(

A1
)
Do min(F1,E2)

+ = {u1, u2, u3, u4, u5, u6} and(
A1
)
Do min(F1,E2)

− = {u1, u2, u3, u4, u5, u6} . Now
AS = ∅, DS = ∅, and NS = {u1, u2, u3, u4, u5, u6} .

Example 4. (Continued from Example 1) (iii) For the feasible strategy E3 = {A1, a3} ⊆ V. The soft dominance
relation is given by:

Do min (F1, E3) =


(u1, u1) , (u2, u2) , (u3, u3) , (u4, u4) , (u5, u5) , (u6, u6) ,
(u2, u3) , (u2, u4) , (u2, u5) , (u2, u6) , (u3, u2) , (u3, u4) ,
(u3, u5) , (u3, u6) , (u4, u6) , (u5, u2) , (u5, u3) , (u5, u4) ,

(u5, u6) , (u6, u4)

 .

The dominance classes from Do min (F1, E3) are given in Table 4.

Table 4. The dominating classes [ui]
+
Do min(F1,E3)

and the dominated classes [ui]
−
Do min(F1,E3)

.

U [ui]
+
Do min(F1,E3)

[ui]
−
Do min(F1,E3)

u1 {u1} {u1}
u2 {u2, u3, u5} {u2, u3, u4, u5, u6}
u3 {u2, u3, u5} {u2, u3, u4, u5, u6}
u4 {u2, u3, u4, u5, u6} {u4, u6}
u5 {u2, u3, u5} {u2, u3, u4, u5, u6}
u6 {u1, u2, u3, u4, u5, u6} {u4, u6}

Let A1 = {u1, u2, u3, u5} . Then
(

A1
)
Do min(F1,E3)

+ = {u1, u2, u3, u5,} and
(

A1
)
Do min(F1,E3)

− = {u1} .
AS = {u2, u3, u5} , DS = ∅, and NS = {u1, u4, u6} .
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Example 5. (Continued from Example 1) (iv) Let the feasible strategy E4 = {a1, a2, a3, a4, a5} ⊆ V. The soft
dominance relation is given by:

Do min (F1, E4) =

{
(u1, u1) , (u2, u2) , (u3, u3) , (u4, u4) , (u5, u5) , (u6, u6) ,

(u2, u5) , (u3, u5) , (u6, u4)

}
.

The dominance classes from Do min (F1, E4) are given in the Table 5.

Table 5. The dominating classes [ui]
+
Do min(F1,E4)

and the dominated classes [ui]
−
Do min(F1,E4)

.

U [ui]
+
Do min(F1,E4)

[ui]
−
Do min(F1,E4)

u1 {u1} {u1}
u2 {u2} {u2, u5}
u3 {u3} {u3, u5}
u4 {u4, u6} {u4}
u5 {u2, u3, u5} {u5}
u6 {u6} {u4, u6}

Let A1 = {u1, u5} . Then by our proposed technique, the agreement subset = ∅, the disagreement
subset = {u5} and the neutral subset = {u1, u2, u3, u6} depict the real spirit of the conflict situation, while in
this case Sun et al.’s technique concluded that the conflict table under consideration is neutral.

Next for any issue ai ∈ V, we can easily obtain attitude information for every agent with respect to
issue ai ∈ V by using F (ai) which is a preference relation. F (ai) is more informative than the two set valued
mappings of Reference [4] . Thus, we answered the question “What are the intrinsic conflict reasons?” by
using F (ai) where ai ∈ V. In conclusion, we replied to Deja’s questions in the best way.

Now we present another methodology for determining the feasible consensus strategy of the
conflict situation. The other representation of the Middle East conflict information table is given in
Table 6.

Table 6. Information table for the Middle East conflict.

V\U u1 u2 u3 u4 u5 u6

a1 − + + 0 + 0
a2 + 0 − − − +
a3 + − − − − −
a4 + − − 0 − 0
a5 + − 0 − − +

According to Sun et al. [4], let g = {g+, g−} be a set valued mapping from V to U, where:

g+ : V → P (U) , g+ (a) = {u ∈ U | g (a, u) = +} for all a ∈ V,
g− : V → P (U) , g− (a) = {u ∈ U | g (a, u) = −} for all a ∈ V.

Now for any combination of agents A1 ∈ P (U) in a conflict situation, the approximations are
defined as follows:

apr+
g
(A1) =

{
a ∈ V | g+ (a) ⊆ A1

}
, apr−

g
(A1) =

{
a ∈ V | g− (a) ⊆ A1

}
,

apr+g (A1) =
{

a ∈ V | g+ (a) ∩ A1 6= ∅
}

, apr−g (A1) =
{

a ∈ V | g− (a) ∩ A1 6= ∅
}

.
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Example 6. Consider the Middle East conflict analysis of Table 6. Let A1 = {u1, u2, u3, u5} ⊆ U.
Then, apr+

g
(A1) = {A1, a3, a4} and apr−

g
(A1) = {A1, a4} .

According to Reference [4]:
The agreement subset = {a3} , the disagreement subset = ∅, and
The neutral subset = {A1, a2, a4, a5} .
It is noted that for A1 = {u1, u2, u3, u5} ⊆ U in the conflict analysis of Table 5, a3 and a4 behave alike,

while they have been placed in different alliances. Now, we propose a new and general algorithm for a conflict
analysis model which is immaculate from the above flaw.

Definition 9. Let S = (U, V, g̃) be the Middle East conflict situation and G : I → P (V ×V) be a set valued
mapping from I to P (V ×V) , where I ⊆ U denotes the set of parameters or agents and P (V ×V) the set of
all subsets of V ×V. If ∅ 6= G (u) is a preference relation for all u ∈ I, then (G, I) is called a soft preference
relation, where:

G (u) =
{

ai�aj | g̃ (ai, u) ≥ g̃
(
aj, u

)
, ai, aj ∈ V

}
and:

g̃ : V ×U → {−, 0,+} ,

such that g̃ (a, u) = w, where w ∈ {−, 0,+} and u ∈ U, a ∈ V. In fact g̃ is more general than Sun et al.’s g of
Reference [4].

Definition 10. If (G, I) is a soft preference relation over V, then there is an associated dominance relation,
denoted by Dom (G, I), which is defined as:

Do min (G1, I) =
⋂
u∈I

G (u) .

For any a ∈ V, define the soft dominance classes by:

[a]+Do min(G1,I) =
{

ai ∈ V : ai �Do min(G1,I) a
}

and:
[a]−Do min(G1,I) =

{
ai ∈ V : ai �Do min(G1,I) a

}
,

which represent the (G, I)-dominating set and (G, I)-dominated set with respect to a ∈ V of the IS = (U, V, g̃),
respectively. The class [a]+Do min(G1,I) describes the set of all those objects that dominate a and [a]−Do min(G1,I)
describes the set of all those objects that are dominated by a, in terms of Do min (G1, I), where:

Do min (G1, I)+ =
{

a ∈ V : [a]+Do min(G1,I)

}
and:

Do min (G1, I)− =
{

a ∈ V : [a]−Do min(G1,I)

}
.

For A2 ⊆ V the lower and upper approximations with respect to the (G1, I)-dominating set and
(G1, I)-dominated set are: (

A2
)
Do min(G1,I)+ =

{
a ∈ V : [u]+Do min(G1,I) ⊆ A2

}
(

A2
)
Do min(G1,I)+ =

{
a ∈ V : [u]−Do min(G1,I) ∩ A2 : 6= ∅

}
.

Similarly: (
A2
)
Do min(G1,I)− =

{
a ∈ V : [u]−Do min(G1,I) ⊆ A2

}
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(
A2
)
Do min(G1,I)− =

{
a ∈ V : [u]+Do min(G1,I) ∩ A2 : 6= ∅

}
.

Now, the agreement subset =
(

A2
)
Do min(G1,I)+ −

(
A2
)
Do min(G1,I)− ,

The disagreement subset =
(

A2
)
Do min(G1,I)− −

(
A2
)
Do min(G1,I)+ , and

The neutral subset = V − (Agreement subset ∪ Disagreement subset).

Example 7. Consider the Middle East conflict analysis of Table 6. Let I = {u1, u2, u3, u5} ⊆ U. Then by our
second proposed technique:

The agreement subset = ∅, the disagreement subset = {a3, a4} , and
The neutral subset = {A1, a2, a5} .
Thus for I = {u1, u2, u3, u5} ⊆ U in the conflict situation, the agents in I do not agree on a feasible

strategy in universe V. The example of the Middle East conflict analysis does not necessarily reflect the present
day situation in this region, but is used here only as an illustration of the basic ideas considered in this paper.

Aims and Advantages/Applications of the Proposed Model

(1) The proposed model rightly classifies the agents.
(2) The proposed model answers questions (i) and (ii) of Deja in a better way than Sun et al.
(3) Another advantage of the proposed model is that, it can be used for ranking the feasible

alternatives simpler than other existing techniques/models.
(4) The proposed model can be used for reduction of attributes.
(5) Using the proposed model, one can find two types of rough degree, precision and approximate

quality, and their relationship.
(6) The proposed model can be applied to multi-criteria and multi-decision conflict

analysis problems.
(7) As a real world world application, the proposed model can be applied to solve the problem of

determining the governor election results in Indonesia.

4. Conclusions and Future Work

This paper aimed to mainly discuss the Middle East conflict. The proposed model was studied
initially by Pawlak in Reference [3] with the help of rough set theory on a single universe. Subsequently,
drawbacks were highlighted by Deja, where he put some questions related to conflict analysis. Sun et al.
developed a new conflict analysis model and tried to answer the Deja’s questions with help of rough set
theory over two universes. But their model carried some shortcomings that made the study of conflict
analysis more ambiguous. In this paper, a new conflict analysis model is proposed to study the Middle
East conflict analysis problem with the help of the soft preference relation and soft dominance relation.
Further, attempted answers to Deja’s questions were made in a positive manner. The proposed model
can be extended to study other conflicts around the world. The present conflict analysis model depicts
the real spirit of the conflict situation. Beginning with some basic properties of soft dominance classes,
we discussed Pawlak’s properties in the framework of the proposed new rough sets. A connection
between the proposed new model and topology was established. Two types of approximate precision,
rough degree, and their relationship were also discussed. Further, two types of approximate quality
and the relationships between approximate quality and rough degree were also a part of the current
paper. The same relation is established between approximate precision and approximate quality. Last,
we answered the questions posed by Deja. We believe that this work would offer foundations for
further study of the theory of conflict analysis.

In our future study of conflict analysis, the following topics might be considered:

(1) To apply the proposed model to multigranulation decision theoretic rough sets.
(2) To apply this model to labor-management negotiation conflict analysis.
(3) To apply this model to game theory.
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