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Abstract

Given that the expanded dominance relation is overly lenient while the limited dominance re-
lation is excessively strict, this paper proposes a new [S-dominance relation in incomplete ordered
information system, and on this basis, constructs both an optimistic multiple granulation rough set
model and a pessimistic multiple granulation rough set model. Subsequently, the paper elaborates
in detail on the accuracy measures and approximation qualities of these two multiple granula-
tion rough set models, along with their corresponding algorithms. Finally, through experimental
analysis of data from the University of California, Irvine data warehouse, it is confirmed that the
proposed multiple granulation rough set models exhibit outstanding performance in both knowledge
acquisition and fault tolerance capability.

Keywords: Multiple granulation rough set; S-dominance relation; Incomplete ordered infor-
mation system; Approximation quality.

1 Introduction

The rough set model was proposed by Pawlak in 1982 as a theory for handling uncertainty issues
in datasets [1]. To date, it has been successfully applied across multiple domains including machine
learning [2], data mining [3], pattern recognition [4], and group decision-making [5].

As is well known, Pawlak’s rough set model is fundamentally based on complete information
system and equivalence relation when processing dataset. However, this model proves inadequate
when dealing with incomplete information system or non-equivalence relation in complete information
system. Moreover, from the perspective of granular computing, a binary relation on the universe U
in an information system can be regarded as a granularity, while the corresponding partition can be
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viewed as a granular structure. Consequently, Pawlak’s rough set model represents a single granulation
rough set model, exhibiting deficiencies in adaptability, fault tolerance, and flexibility when addressing
complex decision-making scenarios. Based on the aforementioned issues, scholars have conducted
research on rough sets primarily from two aspects: first, establishing appropriate binary relations in
incomplete information system or complete information system with non-equivalence relation, thereby
proposing corresponding rough set model. Second, extending single granulation rough set model
to multiple granulation rough set model and conducting a series of studies within the theoretical
framework of Pawlak’s rough set.

When dealing with complete information system with non-equivalence relation or incomplete infor-
mation system, numerous scholars have conducted in-depth research on the Pawlak’s rough set model
to expand its application scope, achieving a series of substantial result. In complete information sys-
tem with non-equivalence relation, Greco employed dominance relation to replace equivalence relation,
thereby proposing a rough set model based on dominance relation [6]. Wang defined probabilistic dom-
inance relation in multiple attribute decision-making and accordingly introduced a decision-making
model based on probabilistic dominance relation [7]. Further studies can be found in references [8, 9].
In incomplete information system, Kryszkiewicz treated missing value as any value within the do-
main, and proposed a tolerance relation, thereby introducing a rough set model based on tolerance
relation [10]. In system with incomplete information and partial order properties, Shao proposed
the expanded dominance relation rough set model[11] , while Luo introduced the limited dominance
relation rough set model[12]. Furthermore, Wang defined the prior probability tolerance dominance
relation in incomplete fuzzy ordered information system, and based on this relation, proposed a three-
way decision-making method grounded in regret theory[13]. Mondal developed a potential dominance
relation model within an incomplete ordered information system, leveraging the possibility measure
of interval-valued Fermatean connection numbers specific to Broussonetia papyrifera. This innovation
facilitated the implementation of three-way multiple attribute decision modeling in such incomplete
ordered information system [14]. Based on the TOPSIS method and the concept of regret theory, Li
respectively defined the dominance relation in relation to the positive ideal solution and negative ideal
solution within the incomplete ordered information system, which allow for the effective classification
and ranking of objects [15]. However, in-depth analysis reveals that the expanded dominance relation
is overly broad, while the limited dominance relation is excessively stringent. They exhibit signifi-
cant inadequacies in knowledge acquisition within incomplete ordered information system. Therefore,
to enhance the fault tolerance and approximation quality of incomplete ordered information system,
defining its dominance relation from a probabilistic perspective undoubtedly constitutes a worthwhile
topic.

In multiple granulation rough set model, Qian successfully expanded the single granulation rough
set model into the multiple granulation rough set model for the first time, achieving this by incor-
porating multiple equivalence relations within the universe to precisely define the upper and lower
approximation operators. This innovation not only enriched and improved the theoretical framework
of multiple granulation rough set, but also significantly enhanced the performance metrics of rough set
theory in dealing with complex scenarios, including adaptability, fault tolerance, flexibility, and ap-
proximation quality[16]. Therefore, Zhang proposed a multiple granulation intuitionistic fuzzy rough
set model in the intuitionistic fuzzy set information system [17]. Zhan introduced the covering multi-
ple granulation fuzzy rough set model in the covering information system and discussed its properties
and applications [18]. Xu proposed a local generalized neighborhood multiple granulation rough set
model, and then analyzed the dynamic updating process of global multiple granulation rough set and
local multiple granulation rough set when objects change [19]. Meanwhile, Li introduced a local mul-
tiple granulation rough set model in the complete ordered information system, and further provided
dynamic object approximation updating algorithms for both global and local multiple granulation
rough sets [20]. Furthermore, Yang extended the three binary relations of tolerance relation, limited
tolerance relation, and similarity relation in incomplete information system to the multiple granula-
tion rough set models and investigated their properties [21]. Additionally, Zhai proposed multiple
granulation rough set models based on expanded dominance relation and limited dominance relation
in incomplete ordered information system [22]. In the complete information system, by introducing
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the rough membership function and approximation parameter from variable precision rough set into
the multiple granulation environment, Chen proposed a variable precision multiple granulation rough
set model with misclassification tolerance and noise resistance [23]. More detailed studies on multiple
granulation rough sets can be found in references [24, 25, 26, 27]. However, research has found that the
multiple granulation rough set model based on expanded dominance relation is overly lenient in terms
of knowledge acquisition and fault tolerance, while the multiple granulation rough set model with
limited dominance relation is overly strict in these aspects, in incomplete ordered information system.
Both models lack misclassification tolerance and noise resistance in data processing. Therefore, it
is necessary to improve the multiple granulation rough set model in incomplete ordered information
system, thereby enhancing their fault tolerance capability and expanding their application scope.

The main contributions of this paper are as follows: (1) From a probabilistic perspective, we define
the dominance relation between two objects under single attribute in an incomplete ordered informa-
tion system, and propose a discrimination method for two objects under an attribute set, namely the
B-dominance relation, laying the foundation for constructing the multiple granulation rough set model.
(2) By incorporating the S-dominance relation into a multiple granulation context, we develop both
an optimistic multiple granulation rough set model and a pessimistic multiple granulation rough set
model. These models are designed with capabilities for misclassification tolerance and noise resistance,
all grounded in the 8-dominance relation. Moreover, we conduct an in-depth study on the properties of
the proposed models, and explore the relationships among three multiple granulation rough set models
under the f-dominance relation, limited dominance relation, and expanded dominance relation. (3)
We design algorithms for the S-dominance class, accuracy measure, and approximation quality in the
optimistic multiple granulation rough set under the S-dominance relation. The design of these three
algorithms in the pessimistic multiple granulation rough set model is similar.

The remaining sections of this paper are organized as follows: Section 2 reviews expanded dom-
inance relation, limited dominance relation, and the fundamental concepts of multiple granulation
rough set models based on these two dominance relations. Section 3 delves into the concept and char-
acteristics of S-dominance relation, as well as the relevant algorithm for calculating object dominance
classes. Section 4 delves into the concepts and properties of both optimistic multiple granulation rough
set model and pessimistic multiple granulation rough set model under the S-dominance relation. Fur-
thermore, the accuracy measures and approximation qualities of these two models are proposed, along
with the corresponding algorithms. Section 5 explores the relationships among multiple granulation
rough set models based on [-dominance relation, expanded dominance relation, and limited domi-
nance relation. Section 6 demonstrates the superiority of the proposed models through experimental
analysis. Section 7 summarizes the research findings of this paper and points out future research
directions.

2 Preliminaries

In this section, we briefly review the concepts of expanded dominance relation and limited dom-
inance relation, and explore some definitions of multiple granulation rough set models based on two
dominance relations in incomplete ordered information system.

2.1 Dominance relation in incomplete ordered information system

Let an information system be described as IS = (U, AT, V, f), and it is a quadruple, both U and
AT are finite sets that are not empty, which contain n objects and m attributes, respectively. AT is
called condition attributes. V, is a value of the object in single attribute a, V = U,car Vo - fis a
mapping from object to attribute, represented by f: U x a — Vg, f(¢,a) € V,, Va € AT, V¢ € U,
called an information function. If the value of the object in information system is missing, represented
by f(1,a) = *, then it is called an incomplete information system, if not, it is a complete information
system [1, 10]. If the attributes exhibit partial order relationship under the incomplete information
system, then this incomplete information system is referred to as incomplete ordered information
system, denoted as IOIS [11, 12].
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Definition 2.1 [11] Let IOIS = (U, AT, V, f), A C AT, V1,1, € U, we have that

RE*E = {(¢1»¢2) e U x U|Va € Avf(wba) > f(wQaa) \4 f(%’a) =%V f(¢2,a) = *}’

>xF

where the logical operator "or" is described by ” vV ”. Denote the set R7™" as a dominance relation

>xF
A

under 1OIS, called expanded dominance relation, denoted as EDR. Represented by [i]
{¢2 € U‘(¢27¢1) € RE*E} = {¢2 € U‘f(1/127a) > f(d}l’a) \ f(wlua) =*V f(w%a) = *7va € A}7 then

expanded dominance class about 1; is expressed as [wl]f*E. Because of U/ Ri*E = {wl]f*Ele e U},
therefore U/ Ri*E forms a cover in U about attribute set A.

From definition 2.1, the EDR indicates that the missing value in the IOIS can be regarded
as any value, and is prone to amplifying dominance class of objects. For example, 11 = (1,1,x),
Yo = (1,1,5), 3 = (*,%,5), where suppose the maximum value and the minimum value under
each attribute are 5 and 1, respectively. It can get the expanded dominance class of each object as
W] = {1, P}, (o] 377 = {1, , 03}, [¥s]5*7 = {41,909, ¢3}. However, from probability
perspective, the probabilities that 1; and 1 are superior to 3 are extremely low. Therefore, a new
dominance relation is brought forward to deal with the defect of the EDR in the literature [12].

Definition 2.2 [12] Let IOIS = (U, AT,V, f), A C AT, Y11, € U, we have that

R = {(¢n,40) €U x UNa € A, f(th1,a) > f(a,a) V (f(¢1,0) = max Vg A f (2, a) = %)

V(f(1,a) =« A f(a,a) = minV,)} U Iy,

where the logical operator "and" is described by ” A", Iy = {(¢1,%1)|¢1 € U} is reflexive. Denote
the set Ri*L as a dominance relation under OIS, called limited dominance relation, denoted as
LDR. Represented by [11]5*" = {42 € U|(¢h2,1b1) € RZ**}, then limited dominance class about
is expressed as [¢1]5". Because of U/RF* = {[y1]5*"|Vyyy € U}, therefore U/R5*" forms a cover in
U about attribute set A.

According to the above definition 2.2, the partition of the LDR is overly strict. For example,
1 = (5,4,2,1), Y2 = (%,%,2,1), where suppose the maximum value and the minimum value under
each attribute are 5 and 1, respectively. It can get the limited dominance class of object o as
[wg]i*L = {12 }. However, from probability perspective, the probability that 1), is superior to 1)y is very
large. Based on the above motivation, in order to improve the accuracy measure and approximation
quality, we must construct a relatively reasonable binary dominance relationship in the IOIS.

2.2 Multiple granulation rough set models in /OIS

Definition 2.3 [22] Let IOIS = (U, AT,V, f), AC AT, A = {Ay, Ay, -+, A}, for any Y& C U. Based
on FDR and LDR, the upper and lower approximation operators of optimistic multiple granulation
rough sets and pessimistic multiple granulation rough sets for the object set ¥ under the attribute
sets Aq, Ao, ..., As are respectively defined as follows:

> AG(Y) = (¢ € UV W57 C W), Y AG(Y) = {v € UA[9]377 n W # 0;
i=1 =1

D AL(Y) = {v € UVl I3 C W), D AG(Y) = {v € UNL [WIF" ¥ # 0}
i=1 =1

> Afp(Y) = (¥ € UINLWIET C U, Y AL(Y) = (¢ € UL [WIF" N # 0},
i=1 =1
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DALY = {Y e UNL[IT" € ¥, Y AL(Y) = {v € UV I N ¥ # 0}
=1 =1

8 A (W), 38 A (V)] and [YF, AG (W), 5 AD ()] are respectively called optimistic
multiple granulation rough set models under FDR and LDR in multiple granulation spaces Ai, Ao, - -
-, Ag. optimistic multiple granulation rough set model is denoted as OMGRSM.

(S8 AL (U), 38 ADL(W)] and [0, AL (W), 35 | AL (D)] are respectively called pessimistic
multiple granulation rough set models under EDR and LD R in multiple granulation spaces A1, Ao, - -
-, Ag. pessimistic multiple granulation rough set model is denoted as PMGRSM.

The accuracy measures of ¥ in OMGRSM and PMGRSM on the basis of EDR and LDR are
defined by using the following method. Where is |¥|# 0.

s S5, AGW)] & 5 AG ()]
Q A V) = —Fr—— A, U) = _—
E(g )= S AW Z S5, A (W)
s e AL ) 5, AL (D))
OéP Ai, —l P AZ,‘I’ —Z
E(g X, AL ()] L(E )= S8, AL (D))

Furthermore, let an incomplete ordered decision system be described as IODS = (U, AT Ud,V, f),
and it is also a quadruple, AT is called condition attribute, d is called decision attribute, and A C
AT, A = {Ay, A, -+, As}, {D1, Do, -+, Dy } is partition of decision class, which is described by d. Based
on FDR and LDR, the approximation qualities of the OMGRSM and PMGRSM with respect to
the decision attribute d under the attribute sets Ay, Ao, ..., As are respectively defined in the following
way:

o5 A, ) = Zt(Eim A LS A - T (1T AG(P))
i=1 U U]

BE 0= 1<’Z|U‘ LA (S Ay - E B
i=1

Where Ry = {(¢1,v2) € U x Ulg(31,d) = g(¢2, )}, U/d = {[]alV¢1 € U} = {D1, Da,- - -, Dy},
YO And) 495 A d) L AE (S5 A d) and 4F (305, Ay, d) are also respectively called the
degree of dependency in OMGRSM and PMGRSM on the basis of EDR and LDR, and they are
used to evaluate the accuracy of decision classes.

3 [(-dominance relation

In this section, according to analyze the deficiencies of EDR and LDR, we put forward a new
[B-dominance relation, analyze its properties, design an algorithm to compute the S-dominance class
for each object, and discuss the differences and relationships among S-dominance relation, EDR, and
LDR.

In the OIS, attribute domain of the object can be distributed in many ways, such as uniform
distribution, triangular distribution, exponential distribution, and so on. For the convenience of the
following discussion, we assume that the attribute values of the IOIS are uniform distribution.

Definition 3.1 Let I01S = (U, AT, V, f) ,Va € AT, V,, = {a1, a9, - -,an} represents the value of the
object under single attribute a, respectively, and a; < ag < - -+ < a,. For any V1,19 € U, then the
probability that v is superior to s under single attribute a is defined:

L f(1,a) > (2, )
V, (¢1)/n, f(h1,a) # %A f(h2,a) = *
Ro(¥1,92) = § (n =V (¥2) +1)/n,  f(¥1,a) =% A f(¢ aa)#*
(n+1)/2n f(W1,a) =% A f(¢2,a) = *
f(1,a) < f(t2,a)
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where V, (1;) means the conversion value of ¢; under single attribute a, and ¢; € U. Let a; = 1, a9 =
2, an=n, V() ={1,2,---,n}.

The first case and the fifth case in the above definition 3.1 formula are obvious. For the second
case, the third case and the fourth case, it can be explained as follows:

(b) the second case: when f(i1,a) # * A f(p2,a) = *, suppose f(1,a) = a;, and V, (1) = i
indicates that the value of the object 11 under the attribute a is sorted in the i position (i = 1,2, ..n).
In this case, the value of the object 5 under the attribute a is unknown or uncertain, that is, its value
may be any one of n, then its value sorting can be expressed as P{V, (¢») = j} = 1/n (j = 1,2, ..n).
We can derive:

Ra(11,12) = P{f(¢1,a) > f(19,a)}
= P{V, (¢1) >V, (1)} = P{V, (o) < i}
= Y PV, (¢2) = j} = i/n =V, (¢1)/n.

(c) the third case: when f(i1,a) = * A f(12,a) # *, suppose f(¢2,a) = a;, and Va/ (o) = 7
indicates that the value of the object 15 under the attribute a is sorted in the j position (j = 1,2, ..n).
In this case, the value of the object 11 under the attribute a is unknown or uncertain, that is, its value
may be any one of n, then its value sorting can be expressed as P{V, (¢1) =i} = 1/n (i = 1,2, ..n).
We can derive:

Ra(Y1,v2) = P{f(¢1,a) > f(¢2,a)}
= P{V,(¢1) > V, (4h2)} = P{V, (¥2) > j}
=Y PV =it =(n—j+1)/n=(n—V, () +1)/n.

(d) the fourth case: when f(11,a) = x A f(12,a) = *, and the values of the objects 11 and v
under the attribute a are unknown or uncertain, that is, their values may be any of n, then their values
sorting can be expressed as P{V, (1) = i} = 1/nand P{V, (o) = j} =1/n (i =1,2,.n;j = 1,2, .n).
We can derive:

Ro(¥1,2) = P{f(¢1,a) > f(¥2,a)} = P{V, (¥1) >V, (¢2)}
= P{i > j|V, (1) =i, V, (¢1) = j} = iy (P{V, (1) = i} Xooy (P{V, (1h2) = j}))
=Y (/n Y 1/n) = Y (i/n?) = n(n+1)/2n? = (n+ 1)/2n.

Definition 3.1 tells us the dominance probability between two objects under single attribute in the
101S. The dominance probability between two objects under the attribute set is as follows.

Definition 3.2 Let OIS = (U, AT,V, f), and A C AT, V1,12 € U, we have that
R5™? = {(¢1,42) € U x U|Ra(¢1,42) > B ,Va € A} U Iy.

The set Rf‘*’g is called B-dominance relation under 1OIS, and 0 < § < 1. [B-dominance class of
11 is denoted by using [wl]i*ﬁ, and [@bl]i*ﬁ = {¢o € Ul(¥2,¢1) € Ri*ﬁ}. Because of U/Ri*ﬁ =
{[wl]i*ﬁwwl € U}, therefore U/Ri*ﬁ forms a cover in U about attribute set A.

To facilitate obtaining the S-dominance class for each object, the detailed steps are provided in
Algorithm 1,and its time complexity is given as follows. Steps 4 to 8 assign the value * to objects with
missing values under single attribute, with the time complexity of O(|U|); Steps 9 to 11 discretize
the values of the incomplete ordered information system under single attribute, also with the time
complexity of O(|U|). Steps 12 to 34 calculate the S-dominance class of each object under single
attribute by using definition 3.1 and 3.2, and its time complexity is O(|U|?). Step 35 calculates the 3-
dominance class of each object under the attribute set by using definition 3.2, and its time complexity
is O(|AT||U?). Therefore, the time complexity for all object dominance classes is O(|AT||U|?) in the
Algorithm 1.

Proposition 3.1 Let IOIS = (U, AT,V, f), A,B C AT , for any Vi € U, the following properties
are established:

(1) Ri*ﬁ satisfies reflective, but it dissatisfies symmetric and transitive,
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Algorithm 1: An algorithm for computing S-dominance classes of each object in IOIS

Input : An OIS = (U, AT,V, ), A; C AT, Va € A;, threshold g € (0,1] ;
Output : [-dominance classes of each object, Vi); € U, [T,Z)j]ijﬁ )

begin

Initialize [w]] B0, set B € (0,1].

for each a € A do

for j=1tondo

if f(¢;,a) = ¢ then

LT =

for j =1 ton do

Computef (1), a) hash value fl(wj,a), f/(@/}j,a) € {1,2,....,m}(m < n),
L mmf(l/ﬁﬂ) =1, maxf(wjaa) =1m;

for h=1 ton do

for j =1 ton do

if h = j then

| continue;
if f(q/}ha ) (wjva) ?é gb ;a’nd f(whva) > f(wjaa) then
L R 7/%7%) 17

if f(wha ) (wjva‘) 7& Cb ;and f(whva‘) < f(wjaa) then
L R whij = 0;

if f(¢n,a) # ¢,f(1;,a) = ¢ then

| R Tﬂhﬂ/h = f (¢n,a)/m;

if f(yn,a) = ¢.f(,a) # ¢ then

| R, wh,% (m — f (¥j,a) + 1) /m;

if f(Yn,a) = ¢,f(¥j,a) = ¢ then

L Ra Tlfh,% (m 1)/2m7

| Yy €U, [15)7 = (el Ra(vn. ) = B, Va € Ai} U v}
return: Vi, € U, [¢j]ijﬂ-




https://doi.org/10.15837 /ijccc.2026.4.7210 8

(2) For BC A C AT, then R53 C R5* C RZ* and [¢]53° C [v]57 C w37,
(3) For 0 < B1 < 9 <1, then [1#]%*’82 c [¢]%*ﬁ17

(4) For 0 < 8 < 1, then [y 3" € [9]5™ C [0]537".

Proof. Combine the above definitions, they are easily proved.

According to Proposition 3.1, we draw conclusions in three aspects. First, the larger the attribute
set, the smaller the S-dominance class of the object; second, for the same object, when 3 is within
the range of [0,1], the larger its value, the smaller the corresponding dominance class; third, for the
same object, the size of the S-dominance class set lies between the limited dominance class and the
expanded dominance class.

Example 1 Suppose that the values of three objects under single attribute a are f(i1,a) = 3,
f(e,a) = %, f(13,a) =4 in the OIS, respectively. And their smallest attribute value is 1, and their
largest attribute value is 6.

Suppose 5 = 0.5 and |a|= 1, from definition 3.1, we can get that R,(¢1,12) = 3/6, Ra(12,13) =
3/6. But Ry(11,13) = 0. It can be demonstrated that RZ*” does not satisfy transitive.

In order to research the relationships among B-dominance relation, DER and LDR, Ya € A,
suppose n indicates the maximum value of the conversion value V, (1), and the following conclusions
can be drawn from Figure 1.

EDR

J
\ P-dominance relation /

When F=1

Figure 1: The relationships among DER ,LDR and -dominance relation

(1) For 0 < B < 1/n, then [w]i*ﬁ = [w]i*E, i.e, f-dominance relation is transformed into EDR;

(2) For g =1, then [1#]?1*’3 = [w]i*L, i.e, f-dominance relation is transformed into LDR.

It is shown that S-dominance relation is an extension of EDR and LDR in the IOIS. In other
words, S-dominance relation is more adaptable and flexible to noise data.

Similar to the Pawlak’s rough set model[l], we propose relevant concepts of single granulation
rough set model based on the S-dominance relation.

Definition 3.3 Let OIS = (U, AT,V, f), A C AT, ¥ C U, for any V¢ C U, the two approximation
operators about upper and lower of ¥ on A under S-dominance relation are defined:

RA(W) = {¢ e U|[]5" € 0}, R (W) = {v € U|[]57 nw 0}

[Ri(\Il), Rii(\ll)] is called single granulation rough set model under 3-dominance relation. Moreover,

if Ri(\ll) = Fﬁ(@), and ¥ is a definable set about attribute set A. Otherwise, ¥ is a rough set.
~ The uncertainty or boundary area of ¥ under single granulation rough set model of S-dominance
relation is defined by using the following method.

BNDJ (W) = R}(¥) — R} (V).
4 Multiple granulation rough set models under S-dominance rela-
tion

We can understand that a [-dominance relation can be regarded as single granulation, while
multiple S-dominance relations can be viewed as multiple granulation. In expert evaluation system,
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the following two scenarios may occur: first, the event is deemed to pass as long as any one condition
in the system is met; second, all conditions in the system must be met for the event to pass. Therefore,
from the perspective of granular computing, they have the following four conditions:

(a)At least one granulation is included in a given concept;

(b)All the granulation intersecting a given concept is not equal to an empty set;

(c)All the granulation is contained in the given concept;

(d)At least one granulation intersecting a given concept is not equal to an empty set.

We can use (a) and (b) to describe the lower and upper approximations under S-dominance relation
in optimistic situation, and (c) and (d) as the lower and upper approximations under S-dominance
relation in pessimistic situation.

4.1 Optimistic multiple granulation rough set model

In this subsection, we propose for the first time an optimistic multiple granulation rough set model
based on the S-dominance relation in the 1OI1S, and its related properties are studied.

Definition 4.1 Let IOIS = (U, AT,V, f), AC AT, A = {A1, Ay, ---, As}, for any V¥ C U. The lower
and upper approximation operators of ¥ for optimistic multiple granulation of S-dominance relation
under attribute sets A1, Ao, ..., As are respectively defined as:

STAL(Y) = {y € UV, [W]T7 € 0}, Y AL(D) = {v € UL, [0]777 N # 6}
i=1 =1

> oicq A%(\Il), 1 AZ%(\I/)] is called OMGRSM under S-dominance relation in multiple granula-

tion spaces Ay, Aa, - - -, As. Moreover, if Y7, AZ%(\I/) =>7 A%(\IJ), then WU is a definable set about
multiple granulation space Aj, As,- - -, As. If not, ¥ is a rough set in the IOIS.

The uncertainty or boundary area of ¥ under OMGRSM of f-dominance relation is defined by
using the following method.

s

Y BNDG(W) =" A (W) — >~ AG(V).

i=1 i=1 i=1

It can be inferred from definition 4.1 that the two approximation operators for lower and upper
approximations in OMGRSM are obtained by utilizing the object dominance classes derived from
multiple S-dominance relations. If all granulation spaces are equal (A; = Ay = - -+ = Aj), then
OMGRSM under g-dominance relation will become single granulation rough set model under S-
dominance relation.

According to definition 4.1, the following properties of OMGRSM under S-dominance relation
are got by us in the IOIS.

Proposition 4.1 Let IOIS = (U, AT,V, f), A C AT, A = {A1, Ay, - -, Ag}, YU C U, the following
properties in OMGRSM under S-dominance relation are established:

(1) Xo7g AG(Y) C W C 37y AG(Y),
) S5t AG(0) = S5y AG(0) = 0, S5y AG(U) = i AG(U) =T,
) Yiy AR~ W) =~ S5 AG(Y), 5 AG(~ W) =~ 5, AR(Y),
)51<52:>Z 251( ) C i @52( ),
) B1 < Bo = iy AD, 152( ) € X 151( ).
Proof. (1a) For any Vi € Y7, A; ( ), by definition 4.1, exists 3i € {1,2,- - - s} we obtain that
[¥]57 C T . For any Vi € {1,2,--- } Due to ¢ € [1]5™, so ¢ € . Then Y5, A (W) C V.
(Ib) V¢ € ¥, for any Vi € {1,2,---,s},and ¢ € [w]ijﬁ, by definition 4.1, we can have [w]ijﬁﬂﬁ/ # 0.
So ¢ € 37 AZ(W). Then W C 377 ; AQ (D).

(2
(3
(4
(5
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(2a) From(1), we can obtain that Y7 , A%(@) CO,but @ C>F A,L%(@). So >0 4 A%(@) = 0.

(2b) Assume Y37_; AG(0) # 0, and exists 3¢ makes ¢ € 325y AD(0), by definition 4.1, For any
Vi e {1,2,---,s}, we can obtain [w]i*ﬁ N® # 0. But [w]i*ﬁ N # 0, contradict the hypothesis. So

L AT(0) = 0.

(2¢) From(1), we can obtain that > 5_; A%(U) C U. Due to ¢ € U, For any Vi € {1,2,-- -, s}, it
is described that [¢]§j5 CU,s0¢e>ij AQ(U), ie, UC R(OA N B)ﬂ(U) Then Y5, A9 (U) =U.

(2d) From(1), we can obtain that >>7_; A (U) DU. But Y5, A9, (U) CU,so Y5, A9 (U) =U.

(3a) For any Vi) € Y5y AQ(~ ¥) & [w]Zjﬁ Cn WV [w]j;‘ﬁ Cn W V- 'v[w},i:ﬁ C~ ¥ &
W NT =0 AW NT=0A 57T NT =0 e AQ(D) & v e~ S5 AG(D).

(3b) For any Vi € Y5, AG(0) & [v]57 c 0 v [y]57 C @ v vW*B Ve 5 N~ T =0
NPT~ T =0A - AT~ T =0 ¢ S5 AQ(~ 0) & 1 e~ S AD(~ D).

(4) For any V¢ € U Vi € {1,2,---,s}, A; C AT, 1 < (2, by proposition 3.1, it is described
that [w]ijﬁ 2 C [Q/J]i*'g '. Combine with definition 4.1 about the concept of the lower approximation

operator, we can have >5_; Z51( ) C > 152( ).
(5) For any V¢ € U Vi € {1,2,- s} A; C AT, 1 < (32, by proposition 3.1, it is described
that [Mijﬁ 2 C [1/)];;5 ' Combine with definition 4.1 about the concept of the upper approximation

operator, we can have > 7 ;| A ( ) C i AS 51( ).

The proposition was proved

Proposition 4.1 demonstrates the correlation between the upper and lower approximation operators
and the given object set in the OMGRSM based on the S-dominance relation. When the value of
B increases, the lower approximation operator of the OMGRSM based on the S-dominance relation
also increases, while the upper approximation operator correspondingly decreases.

In OMGRSM, to find the relationships of two approximation operators about single object set
and two object sets under multiple S-dominance relations, we give the following properties.

Proposition 4.2 Let OIS = (U, AT,V, ), AC AT, A = {A;, Ag,---, A5}, YU, T C U, the following
properties in OMGRSM under S-dominance relation are established:

(1) 51 AB(T NT) © 3y AR(P) N Y55, AR(Y),
(2) iy AG(T U T) 2 3 AG () Ui AR(T),
(3) T C T = 30y AB(P) © iy AR(T),

(4) W CT =3, AR(P) C S5y AR(Y),
(5)
(

5 AG(P)U Zi:l AG(T) C X5, AB(PUT),

6) f:1 A%(‘I’ NT) C 3y AG(T) N 325, AG(T).
Proof. (1) For any Vi € 325, A%(\IIHT) =Jdie{l,2,---,s}, [¥ ]Z*B cvnY =die{l1,2, -, s},
WG Cv AR T = v e iy AR(Y) N XL AR(T) - So Ui, AG(YNT) C L, AG()N
i=1 A (T).
(2) For any Vi) € 377, A%(‘I’) USSio AQ(Y) = for Vi € {1,2,-+-, s}, (W57 N # OV ([¢]57 N
T # () = for any Vi € {1,2,-- -, s}, [Mijﬁ NPUT)#D= ¢ e X AQ(TUT). So 7 AG(V) U
Y AG(T) ST AO(‘I’UT)

(3) Assume ¥ C 7T, and it can obviously be known that ¥ NYT = ¥, so > 7 ; A%(\Il nNY) =
i1 A%(\I!) From(1), we can get that >; AZ%(\IIHT) C>ig A%(\P)ﬂZle AZ%(T), So> i A%(\I/)
i1 AQ(T).

(4) Assume ¥ C T, and it can obviously be known that T U Y = T, so >5_ AO(\II uvY) =
=1 A%(T)- From(2), we can get that 37_; AQ(P)UY7; AR(T) C 7, iﬁ(‘I’UT)a So i1 i,B( )

c

-
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s AT,
=1 i3
(5) Because ¥ C WUTY and T C WUTY, From(3), so it can be got that >_5_; AZ-OB(\IJ) Cy i AZ%(\IIU
T)and Y35, AZ%(T) Cy i AZ%(\II UTY). Hence Y7, A%(\I/) Uiy AZ%(T) Cy i A%(\If uv).
(6) Because Y NY C ¥ and Y NY C T, From(4), so it can be got that > 7 ; A%(\I’ n7Y) C
S, AG(W) and Y5, AG(F N T) € Yo, AQ(T). Hence Yo, AG(W N T) © Yo, AD(W) )
i1 AG(T).
The proposition was proved.
proposition 4.2 indicates that as the object set expands, both the upper and lower approximation
operators of the OMGRSM based on the S-dominance relation exhibit an increasing trend.

4.2 Pessimistic multiple granulation rough set model

In this subsection, similar to the OM GRS M, we propose a pessimistic multiple granulation rough
set model based on S-dominance relation in the /OIS and investigate its related properties.

Definition 4.2 Let I0IS = (U, AT,V,f), A C AT, A = {A;, Ay, - -, As}, V¥ C U. The lower
and upper approximation operators of W for pessimistic multiple granulation of S-dominance relation
under attribute sets Aq, Ao, ..., As are respectively defined as:

ST ALW) = {p e UL [WIF7 € 0}, S ALW) = { € UV, [0]57 N W # 0}
=1 =1

>y AII-Z(\I'), i Af;(\ll)] is called PM GRSM under S-dominance relation in the multiple gran-

ulation spaces A1, Ag, -+, As. Moreover, if >°7_; AZ%(\II) =37 Afz(\ll), then W is a definable set about
multiple granulation spaces Aq, As, - - -, As. If not, ¥ is a rough set in the IOIS.

The uncertainty or boundary area of ¥ under PMGRSM of p-dominance relation is defined by
using the following method.

ST BNDE(W) = Y0 AL W)~ S AL,
=1 =1 =1

It can be known from definition 4.2 that the two approximation operators for lower and upper
approximations in PMGRSM are obtained by utilizing the object dominance classes derived from
multiple S-dominance relations. If all granulation spaces are equal (A; = Ay = - - - = Aj), then
PMGRSM under pB-dominance relation will become single granulation rough set model under -
dominance relation.

According to definition 4.2, the following properties of PMGRSM under S-dominance relation
are got by us in the IOIS.

Proposition 4.3 Let 101S = (U, AT,V,f), A C AT, A = {A1, A, - -, As}, V¥ C U, then the
following properties in PMGRSM under S-dominance relation are established:
(1) Xi Al(P) C W C 38, Af(D),

(2) 5y A3 (0) = iy Alp(0) = 0, 3551, Al (U) = X3, Af(U) = U,
(3) i1 Az%("’ ) =~ 3774 AZ%(‘I’% -1 AZ]‘;(N ) =~ 3774 Afﬁ(‘l’)a
(4) B < B2 = Xiy AL, (¥) € X0y AL, (D),

(5) A1 < Ba = Xoiy Afg, () C X5 Afg (D).

Proof. Combining definition 4.2, it can be easily proven by following the proof approach of propo-
sition 4.1.

Proposition 4.3 demonstrates the correlation between the upper and lower approximation operators
and the given object set in the PMGRSM based on the S-dominance relation. When the value of
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B increases, the lower approximation operator of the PMGRSM based on the S-dominance relation
also increases, while the upper approximation operator correspondingly decreases.

In the PMGRSM, to find the relationships of two approximation operators about single object
set and two object sets under multiple S-dominance relations, we give the following properties.

Proposition 4.4 Let IOIS = (U, AT,V, f), AC AT, A = {A1, Ay, -+, As}, V¥, T C U, the following
properties in the PMGRSM under -dominance relation are established:

(1 )Zz VAT NT) =30 A () N X2 AT(Y),
2) (‘I’UT) Al () U YT AJ(T),
3>\I’CT$Z ( )inzl iﬁ( )a
)
)

(
(
(4) U CT =30, AL(Y) C X0 AR(Y),
(
(6

5 Aj(T)U 2:1 Af(T) C i AT UT),

) S AL NT) C X5 AD(R) N i, AD(Y).
Proof. Combmmg definition 4.2, it can be easily proven by following the proof approach of propo-
sition 4.2.
proposition 4.4 indicates that as the object set expands, both the upper and lower approximation
operators of the PMGRSM based on the S-dominance relation exhibit an increasing trend.

4.3 Accuracy measure and approximation quality

As we all know, the uncertainty of knowledge is determined by the ambiguity in the border region.
In the multiple granulation rough set model, the larger the boundary area of the set, the smaller its
accuracy measure. In this subsection, we present some important measures in two types of multiple
granulation rough set models under the g-dominance relation, including accuracy measure, approxi-
mation quality, and also design their corresponding algorithms.

Definition 4.3 Let I0IS = (U, AT,V,f), A C AT, A = {A;, Ay, - -, As}, VU C U. The accuracy
measures of OMGRSM and PMGRSM based on p-dominance relation with respect to ¥ under
Aq, Ag, ..., As are respectively defined as:

\J s s AP (P
2051 Af( )I, WP(>" A0 w) - > 2i=1 Aja( )\7
!E 1 AR(D)] i=1 351 Alp(D)]

ZA“\II

where U # ().

To facilitate the calculation of accuracy measure, we propose an accuracy measure algorithm
based on the OMGRSM under the S-dominance relation. The detailed steps are provided in Al-
gorithm 2, and its time complexity is given as follows. Step 4 calculates the time complexity of
all objects’ -dominance classes as O(|AT||U|?)(see Algorithm 1). Steps 5 to 10 demonstrate that
the time complexity for computing both the upper approximation operator and lower approxima-
tion operator of OMGRSM based on S-dominance relation under attribute set is O(|U|?). Steps
3 to 11 demonstrate that the time complexity for computing the upper approximation operator
and lower approximation operator of OMGRSM based on [-dominance relation under multiple
attribute sets is O(2ATAT||U|2+2AT-1U|?). Therefore, the time complexity of Algorithm 2 is
O(RATI|AT||U 22147~ 11|U73),

Regarding the accuracy measure algorithm of the PMGRSM under the g-dominance relation,
by incorporating the concept of accuracy measure as defined in definition 4.3 within the PMGRSM
under the g-dominance relation, it becomes relatively straightforward to design with reference to
Algorithm 2.

Proposition 4.5 Let I0IS = (U, AT,V, f), AC AT, A = {A1, A, -+, As}, V¥ C U, some properties
of OMGRSM and PMGRSM under S-dominance relation are established:
(1) B < o = 0 (X5 A4, ¥) < o (D0, Ai, 1),
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Algorithm 2: An algorithm for computing the accuracy measure of OMGRSM based on
[-dominance relation in the 1O1S

Input : An IOIS = (U, ATV, f), A; € AT(i=1,...,5),0 CU
Output : ag(Zle A;, U)

begin

Initialize 337_; AQ () « 0,35 AQ(V) 0 ;
fori=1tosdo

Return to Algorithm 1 and calculate each v¢; € U, [wj]>*5 ;
if [wj]>*’8 C \Il then

| X AB(Y) « i AB(Y) Ul
if each [¢j]>*5 ﬂ ¥ # () then
| T = X AQ (W) U {y};

i Compute (S5 Aiy W) = |51 AG(W)]/125, AG(D)].
return: ag(z,f:l A, ).

(2) B < B = 0 (S5, A W) < af (5, A, ).

Proof. (1) For any Vi € U VA C AT, A = {A1, A, -+, As}, 1 < B2, VW C U, by proposition
4.1, we can get » ;_ lAzﬁl( ) C > %ﬁ2( ) and Y7 Zﬁz( ) C > A%l(\ll). Combine with
Definition 4.3, we can have agl( i1 Al, U) < 0%2( i AZ, ).

(2) For any Vip € U, VA C AT, A = {A1, Ay, -+, A}, B1 < Ba2, V¥ C U, by proposition 4.3, we can
get Yo7 Z51( ) C Y 152( ) and >7_, A%Q(\I/) C i AZ%I(\I/). Combine with Definition 4.3,
we can have O‘B1( A Al, U) < a§2( 1AL ).

The proposition was proved.

Proposition 4.5 indicates that as the value of J increases, the accuracy measures of both the
OMGRSM and PMGRSM under S-dominance relation increase.

Definition 4.4 Let IODS = (U, AT Ud,V,f), A C AT, A = {A1, As,- - -, As}, {D1,Da,- - -, Dy} is
partition of decision class, which is described by d. The approximation qualities of OMGRSM and
PMGRSM based on the S-dominance relation are defined with respect to the partition of d under
Ay, Ag, ..., Ag as follows:

s S AGD) S (S8 ABD))
S A d) = TS A (O And) = TS
i=1 i=1

where Ry = {(¢17¢2) S U x Ulg(yr,d) = g(¢27d)}7 U/d = {Wj]dvvw € U} = {DlaDQW ’ '7Dk}7
V5 O35, A;,d) and ’yﬁ( 1 4;,d) are respectively elaborate on the percentage of objects whose
knowledge obtained through the divisions of A1, Ao, ..., As can be accurately classified into decision
classes.

Given that the approximation quality algorithm design for the OMGRSM under S-dominance
relation is similar to that of the PMGRSM under S-dominance relation, this paper only elaborates
on the approximation quality algorithm for the OM GRS M under S-dominance relation. For detailed
steps, please refer to Algorithm 3, whose time complexity be specifically explained as follows.

Step 4 calculates the time complexity of all objects’ 3-dominance classes as O(|AT||U|?)(see Algo-
rithm 1), and calculate the time complexity of each object’s decision class under the decision attribute
d as O(|U|?). Steps 5 to 7 demonstrate that the time complexity for computing the lower approxima-
tion operator of OMGRSM based on 3-dominance relation under attribute set is O(|U|?). Steps 3 to 8
demonstrate that the time complexity for computing the lower approximation operator of OM GRS M
based on S-dominance relation under multiple attribute sets is O(247 Y| AT||U|2+2AT—1|U}3).

Therefore, the time complexity of Algorithm 3 is O(2MAT 1| AT||U|2+2AT-1T)3).
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Algorithm 3: An algorithm for computing the approximation quality of OMGRSM based
on [-dominance relation in the JODS

Input : An IODS = (U, AT Ud,V, f), A; € AT(i=1,...,s);

Output : vg(Zle A, d).

begin
Initialize D; = [wj]d — @(l =1,2,.., k), ,L 1 A (Dl) —0.

fori=1 to s do

Return to Algorithm 1 and calculate each v¢; € U, [@bj]ijﬂ , meanwhile, calculate

= [¥jla = {Von € Ulg(¢n, d) = g(15,d)} U{s};
if [¢j]>*5 C D, then

| S AGDY) © X5, AL (D) U )

(I is (PO
Compute Vg(ZleAiad) i ZTU\l -

return: fyg(Zle A, d).

Proposition 4.6 Let IODS = (U, AT Ud,V,f), A C AT, A = {A1,As,- - -, A5}, {D1,Da,- - -, Dy}
is all decision classes, V¥ C U, some properties of OMGRSM and PMGRSM under S-dominance
relation are established:

(1) B1 < Bo = 15, (5o Aiyd) <AE (25, Aid).

(2) /81 < /82 = 7,61’:; (Ef:l Ai7 d) < 7152 (Z?:l Ai> d)

Proof.

(1) For any V¥ C U, 1 < [2, Combine with proposition 4.1, we can get > : ; A%l(‘ll) -

i AO ,(¥). Due to {D1, D, - -, Dy} is all decision classes of the object for any Vj = 1,2, - -, k,
A9, (D) € £ty A9, (D)) e Ty (Tiey A, (D7) € Ty (i A, (D) Hence, Combine
Wlth Definition 4.4, we can have 'yﬁl( S1 Ai, d) < 752( 1A, d).

(2) For any V¥ C U, 1 < (32, by proposition 4.3, we can get > ;_; 2%1( yC >y, AL ( ) Due to

{Dl, Dy, -+, Dy} is all decision classes induced of the obJect forany Vj =1,2,---, k, Z ( ;) C
A%Q( ), ie, ijl( Ale( i) € E 1( A%Q( ;). Hence, combine w1th Deﬁmtlon
4.4, we can have 75( i Ai,d) < 752( A d).

The proposition was proved.

Proposition 4.6 indicates that as the value of 5 increases, the approximation qualities of both the
OMGRSM and PMGRSM under S-dominance relation increase.

In order to conveniently calculate the accuracy measures and approximation qualities of the
OMGRSM and PMGRSM under g-dominance relation with different thresholds , it is necessary
to give the following properties.

Proposition 4.7 Let I01S = (U, AT, V, f), AC AT, A = {Ay, Ag,- - -, As}, VU C U, then:

(1) 5o Al3(9) © 27y AG(D),

(2) Xioy AG(P) © Xy Al (D).
Proof. (1) For any Vi € > 7, Al%(\ll), by definition 4.2, we know for any Vi € {1,2,---, s}, [¢ ]i C
U. And we get ¢ € {1 € U[Vi,[¥]3"7 C U}, Therefore, v € 335) AG(P), ie, 5, AL (W) C
i1 AB (D).
(2) For any V¢ € 74 AZ%(\I/), by definition 4.1, we know for any Vi € {1,2,---, s}, [w]fjﬁ Nw # 0.
And we get ¢ € {¢ € U\szl[lb]ijﬁ NP # 0}. Therefore, ¥ € >7 A%(\Il), ie, iy Aioﬁ(\ll) C
L AD(D).

The proposition was proved.
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Proposition 4.8 Let I0IS = (U, AT,V,f), A C AT, A = {A,Ay,-- A}, V¥ C U, 0 < g <1,
0<51<1and0<62<1 then:
1) Ifz U) =W, when 81 < 2 <1, then > 7

v U, when 8 < 2 <1, then > ;_

( %,(0) = i1 A, (V)
(2) zﬁl( )= i1 A, (9)
(3) If z Y51 A, (W) = U, when 0 < B < B, then 25, A, (T)
(4) If o5y AR, () = i AR, (9)
(5)

7

o
o
U;
U

4 1 435,(¥) =U, when 0 < 81 < S, then }-7_ 0
5) If Zi:l AQ (W) =0, then >>5_; ALZ(V) = 0;
(6) If 3574 AG (V) = U, then 3254 Al (¥) =U.

Proof. Combine with proposition 4.1, proposition 4.3 and proposition 4.7, it can be obtained easily.

The propositions 4.7 and 4.8 illustrate the differences and relationships between the two models,
OMGRSM and PMGRSM , under the S-dominance relation. They also demonstrated that under the
B-dominance relation, the lower approximation of the OMGRSM contains the lower approximation
of the PMGRSM , whereas the upper approximation of the OMGRSM is contained within the upper
approximation of the PMGRSM under the S-dominance relation.

)

5 Comparative analysis of three multiple granulation rough set mod-
els

In this section, we will discuss the relationships between upper and lower approximation operators,
accuracy measures, and approximation qualities in multiple granulation rough set models based on
[-dominance relation, EDR and LDR in the 10IS.

Proposition 5.1 Let IOIS = (U, AT,V, f), AC AT, A = {Ay, Ay,-- -, As}, V¥ C U, then:

(1) X5y AT (P) © 3y AR (Y) € X5, AG(9),

(2) 51 AG(P) € 351 AQ(W) € 351 AG(D),

(3) Xiy BNDG () € Zi:l BNDG(¥) C 3y BN D{;(9).

Proof. (la) For any Vi € Y5 | A% (¥), by Definition 2.3, we obtain 3i € {1,2, - -, s}, makes
[1/1]%1@ C . Since ¥ € U, for any Vi € {1,2,- - -, s}, makes [¢]>*5 C [1/1]>*E Therefore, exists 3i €
{1,2,- - -, s}, makes [w]ijﬂ C WU, wecan get v € Y7 A%(\If) Hence, > 7 A%( )C >, Aioﬁ(\ll).

(1b) For any V¢ € 35 A9 5(V), by Definition 4.1, we obtain 3i € {1,2,- - -, s}, makes [1#]%1*5 C .
Since ¢ € U, Vi € {1,2,---,s}, and [w}>*L - [w]fjﬁ. Therefore, exists 3i € {1,2,- - -, s}, makes
[1/}]>*L C U, we can get 1) € ZZ L A9 (). Hence, 5, A?B(\Il) C Y5 AG (D).

(2a) For any Vi € Y5 A (V), by Definition 2.3, we obtain Vi € {1,2,- - -, s}, [1#]%? Ny # 0.
Therefore, we get ¢ € {¢ € U|/\f:1[1/)]§jL N # (}. Since ¥ € U, for any Vi € {1,2,- - -, s},
makes WJEJL C [w]ijﬁ. Therefore, for any Vi € {1,2,- - -, s}, makes [w]ijﬁ NT # (), we can get
b € {v € UINL [WIE N # 0} Hence, 37, AG (V) € 3 A(Y).

(2b) For any V¢ € >25 A%(\P), by Definition 4.1, we obtain Vi € {1,2,- - -, s}, [w]ijﬁ N # 0.
Therefore, we get ¥ € {¢ € U]/\le[w]fjﬁ N # (}. Since ¢ € U, for any Vi € {1,2,- - -, s},
makes [w]fjﬁ C [w]i*E Therefore, for any Vi € {1,2,- - -, s}, makes [w]>*E NW # ), we can get
b€ {y € UINL[IF" N # 0} Hence, 337, A?Bom € Xi A().

(3a) Because Y31y BNDG,(¥) = S, AG (W) — Ti_y AG(¥), S5, BNDG(W) = S0, AG(W)
S1 AZ%(‘IJ). Applying the results of (1b) and (2a), so we have that ZZ 1 BND&(\IJ) cy BND? (D).
(3b) Because 327 BND{;(¥) = 3y A (V) — X5, AG(P), BNDg(¥) =327, AZ%(\I’) -
i AZ%(\I/). Applying the results of (1a) and (2b), so we have that ZZ 1 BNDZ%(\I/) C Y%, BNDY(V).

The proposition was proved.
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Based on the above results, the following properties about PMGRSM are given.
Proposition 5.2 Let IOIS = (U ATV, f), AC AT, A ={Ay, Ay, -+, As}, V¥ C U, then:
(1) iy Alp(9) € Xy AR() © X8, Af (D),

(2) o5y ALL(W) € 55, AR (D) € Yoy D),

(3) X2iy BNDf(¥) € Zi:l BNDJ;(V) C 323y BND/;(9).

Proof. Similar to the proofs of proposition 5.1 can be easily got.

Proposition 5.1 and Proposition 5.2 illustrate that the lower approximation operator sets of
OMGRSM and PMGRSM based on the S-dominance relation not only include the lower approx-
imation operator sets of OMGRSM and PMGRSM based on the EDR, but are also contained
within the lower approximation operator sets of OMGRSM and PMGRSM based on the LDR in
the IO1S. Similarly, the upper approximation operator sets of OMGRSM and PMGRSM based on
the S-dominance relation not only include the upper approximation operator sets of OMGRSM and
PMGRSM based on the LDR, but are also contained within the upper approximation operator sets
of OMGRSM and PMGRSM based on the EDR.

To further investigate the relationships among multiple granulation rough set models based on
[-dominance relation, EDR, and LDR, Ya € A, suppose n indicates the maximum value of the con-
version value V, (1)). When 0 < 8 < 1/n, OMGRSM and PMGRSM based on the S-dominance re-
lation transform into OMGRSM and PMGRSM of EDR; when 8 =1, OMGRSM and PMGRSM
based on the S-dominance relation transform into OMGRSM and PMGRSM of LDR. That is as
follows:

(1 ) For 0 < 5 < 1/n and we can have ) 7 1AZOE(\I/) A9 5(V), 220 A9 (V) =38, AZ-OB(\I/),
1 Alp(9) = 3 AR(P), 300 Afp(P) = AP( )

(2 ) For =1, and we can have Zi:l AG (V) = Zf:l AR(0), 305 AG () = 37 AR(D),
L ALL(D) = X0 Al (D), S5 AL (W) = 3T, Af(T).

The above concluswn can also be explained through Figure 2.

MGRSM
based on LDR

When 0<f 5% MGRSM based on
MGRSM |:> B-dominance relation and
based on LDR MGRSM based on EDR
MGRSM based on
p-dominance relation When S=1

MGRSM based on

|:> p-dominance relation and

MGRSM based on LDR

MGRSM based on EDR

MGRSM based on EDR

Figure 2: The relationships among M GRS M s under S-dominance relation, EDR and LDR

Proposition 5.3 Let IODS = (U, AT Ud,V,f), A C AT, A = {A1,As,- - -, As}, {D1,Ds,- - -, Dy}
is partition of decision class, which is described by d, V& C U, then the relationship between the
accuracy measures of OMGRSM and PMGRSM under the three dominance relations, as well as
their approximation qualities, has been clearly established as follows.

( ) aE(Zz 1AZ7\I’) <a5 (Zz IA’H‘II) <aL( Ala\I])
( ) ( AM\II) <aﬁ( Ah\I]) <aL( AM\II)
(3) YR (i1 Aiyd) <AF (5= Aid) < A7( i:lAi7d)7
(4) vE (i Aiyd) < 95 (X3 Aiyd) < vf (X4 i, d).
Proof. Combme with definition 4.3, definition 4.4, proposition 5.1 and proposition 5.2, they can
be obtained easily.
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Proposition 5.3 illustrates that the accuracy measures and approximation qualities of OM GRS M
and PM GRS M based on the S-dominance relation are higher than those of OMGRSM and PMGRSM
based on EDR, but lower than those of OMGRSM and PMGRSM based on LDR.

In comparison, OMGRSM and PMGRSM based on the S-dominance relation demonstrate supe-
rior knowledge acquisition and fault tolerance capabilities, yielding more reasonable accuracy measure
and approximation quality.

6 Experimental analysis

To further illustrate the advantages of the multiple granulation rough set model under S-dominance
relation in handling incomplete ordered information system, we select dataset from University of
California, Irvine Machine Learning Repository (UCI, http://archive.ics.uci.edu/ml/datasets.html)
and the data in Table 1 for experimentation. A comparative analysis is carried out to assess the
accuracy measure and approximation quality between the multiple granulation rough set model under
the S-dominance relation and those under the EDR and the LDR. Table 2 details the information
of the test datasets. Owing to space constraints, we validated the proposed OMGRSM using the
datasets. The PMGRSM is analogous to the OMGRSM, so it will not be elaborated on here. All
experiments are implemented using PyCharm Community Edition 2021 software on a 64-bit windows
system equipped with an Intel(R) Core(TM) i5-10210, 2.11 GHz processor and 8.0GB memory.

In fact, the downloaded dataset UK M is a complete dataset. Therefore, for the convenience of
research, we need to randomly expand the missing values in this dataset by three percent of the
total quantity. Additionally, in the multiple granulation rough set model, the required granularities
are usually two or more. We assume that the granularity set of dataset ESR is Al = {aj,a9,as},
A2 = {ay4, a5}, with the candidate set or decision class being U = {49, 16, ¥7,110}; the granularity
set of dataset UK M is Al = {a1,a2,a3}, A2 = {a4,as}. The last attribute UNS is regarded as the
decision attribute d. Under the constraint of this decision attribute, objects are partitioned based on
equivalence relations. We designed two candidate sets or decision classes for algorithm experiments:
the first candidate set or decision class includes objects with decision attribute values of High and
Middle; the second candidate set or decision class includes objects with decision attribute values of
High, Middle, and Low. The computational results of Algorithm 2 and Algorithm 3 are presented as
follows.

Table 1: the ranking of excellent students in an OIS

Student ai as as as as Decision
1 75 80 75 76 75 N
P2 90 86 * 80 81 Y
3 82 75 85 75 * N
(o 83 76 86 * 89 N
s 86 s 83 77 85 N
e 91 85 87 76 84 Y
Y7 100 86 89 86 83 Y
s 90 89 * 88 82 N
g 86 * 90 89 75 N
P10 * 100 100 100 100 Y

Table 2: The basic information of datasets

NO. Dataset Abbreviation  Objects  Attributes missing — Number
1 excellent — students — ranking ESR 10 5 6
2 user — knowledge — modeling UKM 403 5 60

Figures 3, 4, and 5 depict the trends of the accuracy measures and approximation qualities in the
OMGRSM based on S-dominance relation, FDR, and LDR. Following the sequence of EDR ,LDR,
and B-dominance relation, as the value of 8 increases, the accuracy measures and the approximation

qualities of three OM GRS M s exhibit an ascending trend. Specifically, the OMGRSM under the
E DR exhibits the smallest values in terms of accuracy measure and approximation quality, indicating
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the poorest performance; whereas the OM GRS M under the LD R achieves the largest values in accu-
racy measure and approximation quality, but imposes the most stringent requirements. However, as
the value of 5 varies, the OMGRSM based on the S-dominance relation can achieve accuracy mea-
sure and approximation quality that are either equal to those of the OMGRSM s based on EDR and
LDR, or fall within the range between their respective value intervals. This result indicates that the
OMGRSM based on the S-dominance relation possesses favorable fault tolerance and approximation
quality.

Accuracy Measure Comparison Of OMGRSMs Approximation Quality Comparison Of OMGRSMs
Based on Three Different Dominance Relations Based on Three Different Dominance Relations
—— EDR 0407 —— EDR
0657 B-deminance relation —+— B-dominance relation
—— LDR —— LDR
. 0.60 2 0.38
5 055 ]
o o
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=]
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Figure 3: Experimental comparisons in ESR data
Accuracy Measure Comparison Of OMGRSMs Approximation Quality Comparison Of OMGRSMs
Based on Three Different Dominance Relations Based on Three Different Dominance Relations
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Figure 4: In the UK M dataset, experimental comparisons are conducted using decision attribute
values of "high" and "medium" as candidate set

7 Conclusions

With the continuous advancement of technology, data scales are growing increasingly large, and
incomplete ordered information system is widely prevalent. To enhance the fault tolerance and ap-
proximation quality of incomplete ordered information system, this paper adopts a probabilistic per-
spective to define the B-dominance relation for single attribute, and further proposes the concept
of S-dominance relation under attribute set. Then the paper explores several properties of the -
dominance relation and provides corresponding computational algorithm. Following this, by inte-
grating the method of granular computing, the paper combines the S-dominance relation to propose
OMGRSM and PMGRSM based on the S-dominance relation. The properties of these models are
thoroughly analyzed, and concepts such as accuracy measures and approximation qualities, along with
their algorithms, are introduced. Finally, through experimental comparative analysis with multiple
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Accuracy Measure Comparison Of OMGRSMs Approximation Quality Comparison Of OMGRSMs
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Figure 5: In the UK M dataset, experimental comparisons are conducted using the decision attribute
values of "high," "medium," and "low" as candidate set

granulation rough set models based on EDR and LDR, it is found that the multiple granulation rough
set model based on the S-dominance relation demonstrates significant advantages in fault tolerance
and approximation quality. Although these achievements expand the application scope of incomplete
ordered information system and significantly enhance their practicality, several critical issues still de-
mand further exploration, such as feature selection and rule extraction in multiple granulation rough
set model for incomplete ordered information system.
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