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ABSTRACT

In recent years, the three-way decisions theory has been developed in both theoretical and
practical applications. In fact, data are often incomplete and often change over time. To solve
this problem, a method of updating the three-way decisions in the dynamic incomplete
information system is proposed. First, we consider the relationship between the change of
conditional probabilities for the change of the three regions. Then, we consider the change of
conditional probability when objects and attribute values of the object change. From that
change, we propose a method for updating three-way decisions for two situations, namely, the
objects vary, and the attribute values of an object vary. Finally, we give an example to illustrate
this method.

Keywords: Rough Sets; Incomplete Information Systems; Three-way Decisions; Incremental Learning.
1. INTRODUCTION

The rough set theory introduced by Pawlak in 1982 was an effective mathematical
tool to analyze the vague description of objects [1]. It provides a method for
approximating a target concept according to three pairwise disjoint regions, namely, the
positive, boundary and negative regions. These three regions created three-way decision
rules of acceptance, rejection, and deferment decisions. These decision rules are made
without any error, the classification must be fully correct or certain, leading to limiting
their applications in practice. By allowing acceptable tolerance of errors, probabilistic
approaches have been applied to rough set theory and are called probabilistic rough set
models [2-5]. It used a pair of thresholds «a, § on probabilities for defining probabilistic
approximations, a generalized probabilistic model is determined, called a decision-
theoretic rough set (DTRS) [5].

In fact, information systems can evolve over time, that is, some new information
becomes available to replace some information that is no longer useful. Because the
information table in the rough set consists of data about objects, attributes, and attribute
values, the approaches to updating knowledge are mainly discussed on three types,
namely, variation of objects, variation of attributes, and variation of attribute values.
Therefore, the incremental learning technique is designed for mining dynamic databases.
Instead of exploiting the database from scratch, the researchers used the results obtained
earlier to facilitate maintenance knowledge in the database was altered. For incremental
approaches of updating approximations in rough set theory, the researchers have proposed
methods for incremental updating of rough approximations in information systems based
on characteristic relations, using lower and upper boundaries, or matrices and so on [6-11].

The three-way decision model is a new way of solving the uncertainty problem that
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has emerged in recent years. It was suggested by Yao [3-5] and has been used in many
real applications, including medical diagnosis, risk investment, face recognition, social
networks, etc. The main idea of three-way decisions is to divide a universe, based on the
set of criteria, into three disjoint regions called the positive, negative, and boundary
regions, respectively. In recent years, many scholars studied three-way decision and its
application in a dynamic environment. Yao presented a granular computing perspective
on sequential three-way decisions [12]. Li et al. presented a cost-sensitive sequential
three-way decision model, which simulates a gradual decision process from rough
granules to precise granules [13]. Liu et al. proposed a dynamic DTRS by considering
the dynamic change of loss functions under a dynamic decision environment [14]. Luo et
al. proposed a method for incremental updating three-way decisions in the incomplete
information system when the object set varies through time [15]. Accordingly, the three-
way decision rules are updated as new objects are added or removed from a given data
set. Xu et al. proposed a stream computing learning method based on existing
incremental learning studies to solve challenges resulting from the simultaneous addition
and deletion of objects with a complete information system [16]. Luo et al. present the
updating properties for dynamic maintenance of approximations when the criteria values
in the set-valued decision system evolve with time [10, 17]. Chen et al. proposed a
method for dynamic maintenance of decision rules w.r.t attribute values’ coarsening and
refining [18]. Zeng et al. present fuzzy rough sets approach for incrementally updating
approximations in hybrid information systems [19]. Their paper has developed two
incremental algorithms to update approximations based on the changing mechanism of
attribute values and fuzzy equivalence relations in fuzzy rough sets. Yang et al. proposed
a unified dynamic framework of decision theoretic rough sets for incrementally updating
three-way probabilistic regions based on a matrix [11]. They introduce a novel matrix
approach to updating three-way regions when objects, attributes, and attribute values
vary solely or simultaneously. Luo et al. studied the update problem of three-way
decisions with a dynamic variation of scales in incomplete multi-scale information
systems [20]. These studies have only proposed a method to update three-way decisions
in incomplete information systems when only adding or removing an object separately.
Research on the method of updating three-way decisions when adding and removing
objects simultaneously has only been studied for a complete information system. In this
paper, we focus on investigating how to update three-way decision in an incomplete
information system for two situations, namely, the objects vary, and the attribute values
of an object vary. The contributions of the paper are as follows. We first propose a
method to update three-way decisions in incomplete information systems when the
conditional probabilities change. This method helps us to update three-way decisions
based on existing three-way decisions without having to recalculate from scratch. We
then calculate the change of the conditional probability when simultaneously adding and
removing objects and when the attribute values of an object change, to serve as a basis
for updating three-way decisions in these cases.

This paper is organized as follows: in section 2, some basic concepts of the
incomplete decision system and three-way decisions based on rough set theoryare brief
reviews. Section 3 gives the principles of incremental updating three-way decisions in
the incomplete decision system when the conditional probabilities vary. Section 4 and 5
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investigates the tendencyto change the conditional probability that an object belongs
to a target set. when the objects change andthe attribute values of an object change,
respectively. Section 6 introduces an illustrative case study. Finally, conclusions and
future work are presented in section7.

2. THEORETICAL BACKGROUND

In this section, we review the basic concepts of a rough set and three-way decisions in
an incomplete system.

An information system usually is defined as IIS = (U,A,V, f), where U is a non-
empty finite set of objects, A = C U D is a non-empty finite set of attributes, where C is
the set of condition attribute, D is the set of decision attribute. V = U,y Vg, and V4 is a
domain of attribute a. f:U XA - V, is an information function such that for any
acAucelf,(w)ev,.

If U contains at least one object with an unknown value, then IIS is called an
incomplete information system, otherwise complete [21]. if IIS is an incomplete
information system, it may contain several unknown attribute values, but does not
include the cases where all objects take the unknown value for an attribute. In the
incomplete information system, the unknown values are denoted by special symbol " = ",
and they are assumed to belong to the set V.

Definition 1. Let the incomplete information system IIS = (U; A; V; f);P S A. A
tolerance relation [21] TORp, denotes a binary relation between objects that are possibly
equivalent in terms of values of attributes and defined as follows:

TORp ={(u,v) eUXU|Va€P,f,(w) = fo(W) V fo(w) ="+'V fo(v) ="'} (1)

This relation is reflexive and symmetric but does not need to be transitive.

Let Tp(u) = {v € U|(u,v) € TORp} be the set of objects which are in relation with
xin terms of P in the sense of the above tolerance relation. The lower and upper
approximations of target set X € U w.r.t P is defined by:

aprpX = {u € U|Tp(u) € X} = {u € X|Tp(u) € X} (2)

apr, X ={u € U|Tp(w) N X # @} = Uyex Tp(w) ©)

Definition 2. Given a subset of the universe the conditional probability of x belonging to
B [22] can be simply estimated as follows:

Pr(B|Tp(x)) =

[BNTp(x)|
ITp(x)]

(4)

Where |. | denotes the cardinality of a set.

By using a pair of thresholds on probability Yao et al. defined three regions, namely,
the positive, boundary and negative regions as follows:

Definition 3. [23] Given a pair (a, B) of thresholds with & > B, the (a, B)- probabilistic
positive, boundary and negative regions are defined as follows:
POS (4 5)(X) = {x € U|Pr(X|Tp(x)) = a},
BND ,5)(X) = {x € U|B < Pr(X|Tp(x)) < a},
NEG 4 p(X) = {x € U[Pr(X|Tp(x)) < B}. (5)
The (a, B)- Probabilistic lower and upper approximations of € are defined by:
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apr ez (X) = {x € U|Pr(X|Tp(x)) = a},
apr g, (X) = {x e U|Pr(X|Tp(x)) > B}. (6)

Assume that C; € U/C; where U/C is equivalent partition of condition attribute;
D; € U/D, where U/D is equivalent partition of the decision attribute. Three-way decision
rules, namely, acceptance, rejection, and deferment decisions, respectively, are extracted:

DESp(C; - D)), for C; € POS (o 3,(D));
DESgz(C; —» D;), for C; € BND(M;)(D,-);
DESy(C; - D), for C; € NEG(45,(D)). 7)
Where DES(.) denotes the logic formula defining a set.

3. APPROACHES FOR INCREMENTAL UPDATING THREE-WAY DECISION
UNDER THE VARIATION OF THE CONDITIONAL PROBABILITY

The three-way decisions model proposed by Yao [3] has been many applied in a wide
variety of applications, such as email filtering [24], investment decision [25], and cluster
analysis [26]. For dynamic information systems, studies on updating knowledge can be
divided into two aspects. First, use a characteristic matrix, relation matrix and
intersection matrix to calculate three-way regions. Then, based on the change of
matrices, propose a method for updating three-way regions. The other aspect is based on
DTRS model, updating knowledge by considering the change of conditional probability
that an object belongs to a target set [9, 15], 16]. Our previous study presented a method
to update three-way decision when simultaneously adding and deleting objects [27]. In
the following, we examine how the three-way regions change when the conditional
probabilities change.

Given an incomplete information system I1S = (U; A; V; f). To describe a dynamic
maintenance process from time t to time t + 1, the conditional probabilities at time ¢ are
denoted with the same symbol Pr(t) and those at time t + 1 with the same symbol
Pr(t+1).

At time t + 1, the conditional probabilities do not change, the three-way regions
always remain constant. If it decreases, we must recalculate the conditional probabilities
of the equivalence classes involved and compare them with the pair of thresholds (a, B)
to determine the updating of the three-way decisions.

Proposition 1. Suppose that at time t + 1, the conditional probabilities decreased, that
is, Pr(t + 1) < Pr(t), then

POS g ) (X)HD) = {pos(,,,,;) Gl ®)
POS(,5)(X)® — A P2
Where py: A= {x € POS (o (X)©|x ¢ TS Ax e Ty, Pr(X/T5 ™) 2 al,
p2: A= {x € POS( ) 0)®|x € T, Pr(X/TSY) 2 ).
BND (4 5,(X)® U Ay, b,
BND (4 (X)) = S BND (5,5, (X)® U A, b, 9)
BND (4 5)(X)® — A, b
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Where
by: A= {x € POS(p(X)®|x e T Ax e T4, g < Pr(X/T3H) < a},
by: A= {x € BND (4 (X)®|x ¢ TS Ax € TS, p < Pr(X/TS V) < ),
b3: A3= {x € BND (o, (X)©|x € TS, Pr(X/T3) < .

NEGp(X) P U, ny
NEG 45y (X)) = S NEG (4 (X)) U A, n, (10)
NEG (4, 5(X)D U A3 n3

Where ny:A'y = {x € POS(p(X)®|x e TS Ax e TE, Pr(x/T5 V) < B},
ny: &'y = {x € BND (o (X)©|x € TS, Pr(X/T5V) < B},
b3: A= {x € NEG (o (X)®|x ¢ T Ax e TG},
The same as Proposition 1, when the conditional probabilities increase due to a
change in an information system, we also recalculate the conditional probabilities of the

equivalence classes involved in updating three-way decisions. It is described in the
following proposition:

Proposition 2. Suppose that at time t + 1, the conditional probabilities increased, that is,
Pr(t+1) > Pr(t), then

POS, (X)) U A, P1
POS (4 p)(X) D = POS (4 5)(X)® U A P2 (11)
POS (X)) U A" P3

Where  py:A={x € POS(p(X)©|x ¢ TS Ax e TH ™},
p2:'={x € BND () (X)®|x € TS, Pr(X/T$HY) 2 .
p3: A" = {x € NEG(opy(X)©|x € TS, Pr(X/T47 V) 2 ).

BND (,3)(X)® — A, b,
BND (4 (X)) = { BND (45, (X)® U A, b, (12)
BND (3 (X)® U A3 b;

Where
by:Ay={x € BND (o) (X)©|x € TS, Pr(X/T4! V) 2 a},
by: A= {x € BND (o, (X)®|x ¢ TS Ax € TG, p < Pr(X/TS V) < .
b3: A3= {x € NEG (o (X)©|x € TG, p < Pr(X/TS ™) < a}.

NEG (o5 (X)® — Ay, ny
NEG (45, (X)D = S NEG (45 (X)® — A", n, (13)
NEG 5 (X)®P U A3 n3
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Where
ny: Ay = {x € NEG(o)(X0)©|x € TS, Pr(X/T4 V) 2 ),
ny: 'y = {x € NEGop(X)©|x e TS, p < Pr(X/T5 ™) < a}.
b3: A= {x € NEG(op(X)©|x e T Ax € Ty, Pr(x/T5 ™) < g},
4. THE VARIATION OF THE CONDITIONAL PROBABILITY
WHEN THE OBJECTS VARY

This section proposes a method for updating conditional probabilities when
simultaneously adding and deleting objects.

Consider an incomplete information system I1S = (U,C U D,V, f). We describe this
information system at time t, when the objects have not changed, is IIS® =
(U®,c®uDp®,v,f). And IISED = (Ut ¢ y pED Y, £) denotes the I1S
at time t + 1, when adding object x and deleting object x simultaneously.

Let U® /TOLY ,U®/D® be a set of Tolerance classes formed by U® /TOLY =
{Tf,?, ...,Tf,tzl} and U® /D® = {Dgt), ...,Dﬁf)}, respectively, at time . And those at time
t+1 be vV /ToLy™ = {13, .. 1o} and

Pq Pm
gD /p+D) = {Dgtﬂ), ""D1(1t+1)}'

Where {T}fi)}, {ngl)},i =1,2,..m are tolerance classes at time t and t + 1,
respectively.

When the dynamic information system is simultaneously adding and deleting objects,
the equivalent partition of Tolerance relation and decision are updated as follows:

Proposition 3. Given an information system at time ¢ is IIS® = (U®,c® u DO,y f).
We have
U /ToLytv

{{Tﬁf:”, TSV if 32U, € P (fo(x) = £oa(D) V (Fal2) =) V (Fo@) =5)
- {Tg,tlﬂ), s Tffntl), Tg’t,:g} ,otherwise.
(T @iserd arers)
| remenerd e,
Tp, U {x}— {x}ifx € Tp, AXETp,,
l Tgfi), otherwise.
For 1 SiSmandTE,t;ﬂ ={x}fori=m+ 1.
(DY, .. i) if 3x € U,vd € D; (d(x) = @),

{D 5’“), e D,(f“). Dﬁfﬂ )}, otherwise.

U(t+1)/D(t+1) —
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Where D}”l) = 4

®
\ Dj ’

Forlstnanleg”l)={E}forj=n+1.

(0 : ® )= (®)
(D, —{ﬁ,lfgeDj AX&D;”,
DO U @ if x ¢ DY AT € DY
® = : 0 A~ ®
D; U{x}—{g},lfgeDj AX ED;

otherwise.

In the above equation, we see that there is a case where new object x does not belongs
to any existing equivalence class of condition or any existing equivalence class of

decision. In this case, x will form a new class, respectively.

When simultaneously adding and deleting objects, the trends of conditional

probabilities be varied as follows:

Theorem 4. Let 1IS® = (U®,c®uD®,y,f) and NS = (D, ¢ty
D@V, y, £) be an information system at £ and £ + 1, respectively. Assuming there is an

object x is added to 1S while x is deleted from I1S and

Patterns

Trend

) @eT Az e D) A (xeTe™ Axe D™™);
(i) FeTe ™V AZe D" ) A (x e Te™ Ax e DY),
(i) X e Ty O Axe D) A (x e To™ Ax e DI*D);
(iv) (x ¢ Tﬁ,t:rl) AXE Dl(.tﬂ)) Alx ¢ Tgiﬂ) Ax € D]('t+1));
@) ®eTy ™ axe D) A (xeTy™ Ax e DY),
@) (ReTg ™ Axe D) A (x e Te™ Ax e D),

Pr(t+1) = Pt(t)

(o) (2 757 A€ D) (x € T4 nx e DY)
iit) X & Ty Ax e D) A (x e To ™ Ax e DY),
(@) (XeTp P AT D™ ) A (x e Ty ™ nx e Df™);
x) (i S Tg,t:l) AX E D](-Hl)) A (E € T;f:l) AX €& D]gt“'l));

N ( (t+1) , = (t+1) (t+1) (t+1)Y.
(xi) (xETPi AX ED; )A(EeTp,- Ax €D );

Pr(t+1) > Pt(¢)

(i) (X e To ™V Ax e D) A (x e TED Ax ¢ DID);
(xiii) (e Ty P Ax € D) A (x e TH Ax @ DY),
(xiv) (x € Tffi“) AT EDF VYA (x ¢ T;‘iﬂ) Ax & D](.t“));
() (e Ty Ax e D) A (x e Ty Ax g DIY);

N (% (t+1) , = (t+1) (t+1) (t+1)\.
(xvi) (XeTp " AXED; " )A(x & Ty " AxeD™V);

Pr(t+ 1) < Pt(t)

Proof.

@ since (xeTy P axeD™)A(xeTh ™ Axe D) then (TG =

) (0§ = of')

(t+1) ~p(t+1) @) ~pe(®)
e Dred] oot

>Pr(t+1) = Pr(D](.t+1)/T§fi+1)) = 1

N

Pr(D{"/TY) = Pt(8).
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Like (i) we have proofs of (ii); (iii); (iv); (v); (vi).
With the assumptions (vii) to (viii) above, we see that
t+1) A D] _ | n® A 7(© (t+1) 0
[DE 0 nTe ] = [P n 1| and [T50| < |18,
With the assumptions (ix) to (xi), implies that
t+1 t+1 t t t+1 t
e 0] > 0 0 7 e ] > 1)
o Doriirt] _ [ofory

] ‘Tg_)f" = Pr(t+ 1) > Pt(b).

Similar to above we have proofs of (xii) to (xvi),

Another type of dynamic information system is a variation of attribute values,
composite, variation of condition attribute values and variation of decision attribute
values, solely or simultaneously. When an object in the information system changes the
attribute value, we can consider it the same as deleting the object with the old
information and adding the object with new information simultaneously. According to
this approach, we need to investigate all changing situations of both tolerance classes
and decision classes, to calculate the change of conditional probabilities. However, when
the object only changes the value of the conditional attribute or decision attribute, we
only need to consider the individual fluctuations of the tolerance classes, or decision
classes instead of having to consider both. Even when both the conditional and the
decisive attribute values of an object change simultaneously, the investigation of
equivalence classes is also simpler because this object certainly does not belong to the
equivalence classes where it belongs before. This method helps shorten the time to
investigate the available knowledge, making the update time of decision rules shorter.

5. THE VARIATION OF THE CONDITIONAL PROBABILITY WHEN THE
ATTRIBUTE VALUES OF OBJECTS VARY

In this section, we focus on studying the change of conditional probability when the
attribute values of an object vary over time. First, we consider the case in which the
conditional attribute value and the decision attribute value of an object change
simultaneously. Then, we look at when they change individually.

At time ¢ let U® /ToL® = {TIS?}. ,U® /DO = {Dj(t)}. be tolerance

1=1,2,..,n j=1,2,.,m
classes and decision classes, respectively. At time t+1, when x; € U, the tolerance
classes and the decision classes are updated as follows:

f{TP(LF)}izlmn,if ax e U,va € P; ((fa®) = fulxi)

v®/ToLy = V(00 =9V (£ () =), (14)
k{T}E?}i=1,..,n+1 , otherwise.

=

7O -}, xeTPAx eV 1<i<m,
Where TF§1F+1)(x) 00 neTOAxeT D 1<i<m,

7®

i otherwise,

66 T.T.Huyen, L. B. Dung, “A method for incremental updating ... incomplete information system.”



Research

{Djt+1 if 3x € U,vd € D, (d(x) = d(xy)),

{Df*1}. , otherwise.
j=1,2,,m+1

And U(t+1)/D(t+1) — j=1,2,.m’

DY — {x,}, x €D Ax gD 1<) <,
Where D].(Hl) = Dj(t) U {x,}, xX; & Dj(t) AX; € Dj(tﬂ), 1<j<n,
Dj(t), otherwise.

When the object x, varies a condition and decision value simultaneously, there is a
case where new attribute value of object x; does not belong to any existing tolerance
class or any existing decision class. In this case, x; will form a new class, respectively
and we can be directly determined three-way decisions.

Since both the condition and decision attribute values vary, the tolerance classes and
the decision classes are also changed. In this case, to calculate the changing trend of
conditional probability, we must consider the change in both. The following theorems
will thoroughly analyze this issue.

Theorem 5. Let IIS = (U,A=CUD,V,f) be an information system, where U =
{x1,%5,..,%,}, P € A. Suppose 3x;, € U,a; € C and d € D, in order to a;(x,) ¢V #
a; ()P A d () = d(x)®.

Patterns Trend
(i & o Axic & D7) A (i @ Ty ™ A & D)
(i € TS Axie € DY A (i & Ti ™ A x & DY) Pr(D{**V /Tp;) = Pr(D{® /T5;)

(xk ¢ Tp(it) Axy & Dj(t)) A (xk ¢ T;Eztﬂ) Axy € Dj(t+1))
(xx € ToY Ax € D) A (xp & TS Ay & DY)
(v € TS Axie & DO) A (i € T Ax € DD) | Pr(Df*P/Tey) < Pr(D{®/T:)
(o € TS Az € D) A (3 € TS Ay & DY)
(xk € ngit) Ax, & Dj(t)) A (xk ¢ TP(it+1) Axp € Dj(t+1))
(xx € ToP Axie € D) A (3 & TS Ay € DY) Pr(D{*™" /Tp;) > Pr(D® /T5;)
(e € TS Axy € DO) A (3 € TS A € DY)

Proof: This proof is similar to the proof of Theorem 4.1

If at time t + 1, only the conditional attribute value on an attribute of object x;, € U
varies then we have D](.t“) = D}t). In this case, the changing trend of the conditional
probability is shown in the following table:

Patterns Trend
X €T Ax g TED Pr(x/T3:0) = Pr(x/1())

Xk ETH Ax € Tl D Axy €X

(t+1) ()
pr(x/T < Pr(Xx/T
X €T9 Axy €To D Axy & X ( /T, ) ( / p,-)

Xk ETo Ax @ Th P Ay € X

D AxEX

X € TO A, € TS Pr(x/1%0) > Pr(x/T())
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If at time t + 1, only the decision attribute value on an attribute of object x;, € U
varies then we have Tg' = Tg). Therefore, the changing trend of the conditional
probability is shown in the following table:

Patterns Trend
xx € D" Axy & DSV Axy & T,
X @DP Ax €DV Ax, 2T, Pr(D{"™V/Tp,) = Pr(D{"/T;,)
x; @ D Axy ¢ DV
X @DP Ax €DV A, €T, Pr(D{"™V/Tp,) > Pr(D{"/T,,)
X €D Axy @ DTV Axy €T, Pr(D{"/T;) < Pr(D{"/T;,)

6. AN ILLUSTRATIVE CASE STUDY

In the above section, we proposed a method for updating three-way decision when the
attribute values of an object vary. In the following, by means of the analysis of an
example, we explain how we can use this method. In this section, we only consider the
case when both the condition attribute and the decision attribute change simultaneously.
Other cases are considered similarly.

First step, we are calculating the conditional probability to induce three-way
decision regions.

Given [1S at the time t shown in table 1.
Table 1. The information system at time t. Table 2. The information system at time t +1.

ar a; a, as ay d Car a; a, as a, d

1 Low High Full High | Excel 1 Low High Full High | Excel
2 | Medium | Medium Full Low | Excel 2 | Medium | Medium Full Low | Excel
3 Low Medium | Medium * Poor 3 Low Medium | Medium * Poor
4 Low * * High | Poor 4 Low * * High | Poor
5 High Low Full High | Good 5 High Low Full High | Good
6 High * Full High | Good 6 Low * Full High | Excel
7 High Low Full High | Poor 7 High Low Full High | Poor
8 High Low Full High | Good 8 High Low Full High | Good

et C = {all aZ' a3l a’4-}
From table 1 we can calculate the tolerance classes and decision classes as follows:

Tc(1) ={1}5Tc(2) = {25 Tc(3) = Tc(4) = {3,4}, T¢(5) = Tc(6) = Tc(7) = T¢(8) =
{5,6,7,8}.

From there we get the partition and the conditional probabilities:

o vOroL? = {19, 1D, 19, 1}; where T = (1} 1Y = 2318 = 34L T =
{5,6,7,8}.

e UOPD® ={p® pP DP}; where D = {1,2}; D = (3,47} D = (5,68},

With a pair of thresholds: (0,8; 0,6), we induce the three-way decisions of
D1; D2; D3 (follow definition 3).
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r ©) _ (O 7® ©) _ 7O
POS(ep) (DP) =T U TS (POS(ap) (D) =T
D { BND o) (D7) = 9 D&Y, { BND(q g (D7) = 0
©) _ 7O, p® ©) _ (O 7® 7
(NEGap (D7) =T U T \NEGe) (D7) = T TS U TS

( ®Y\ _
POS(ap (D) =9
®), ®Y _ +@®

D374 BND(q,p) (D3 ) =Tey

®©) _ 7 ® @®
NEG(q,p) (D3 ) =Ty UTgy UTes

Next, we consider the case of the attribute values of object 6 varying simultaneously.
Suppose at time t + 1, the attribute values a,(6) = {low} A d(6) = {Excel} as shown in
table 2.

Like the above cases, we can calculate the tolerance classes, decision classes and
conditional probabilities as follows:

T = 1O (6} = (1,65 TEY = 79 — (6} = (5,7,8); DIV = D U {6} = (1,2,6);

D =P — {6} = {5,8}.

t+1 t+1 t+1 t+1 t+1
o+ pr (DTS = 1P (DSFVITSTY) = 0.
t+1 t+1 t+1 t+1 t+1 1
D pr (DTS = 0; r (DTS ) = 2
(t+1) . (t+1) | (t+1D)\ _ A. (t+1) - (t+1D)) _ 2
DD pr (DS TSY) = 0; r (DTS ) =2
By those results, we can obtain:
(POS(p (DiY) = T U TG, (PO (D57 = T
Dy BND(e (D) = 0, D3 BND o (D7) = 0
NEGap (D) = TG u T, NEGap (D) = TH U TG u TS

(POS@p (D) = 0
D3V BND ) (D5™V) = TS

NGy (D7) = T4 U TS U TS

By means of the analysis of the above example, we explain how we can update the

three-way decisions when the value of the condition attribute and decision change
simultaneously. At the same time, by this example, we have shown that this method
reduces the calculation steps to update three-way decisions for information systems with
various attribute values.

7. CONCLUSIONS

This paper studies the three-way decision for a dynamic information system. Two
strategies for updating three-way decisions are proposed with the variations of objects and
the variations of attribute values of the object, respectively. For this information system,
previous studies have given an approach by matrix approach. Our method is based on the
change of conditional probabilities to update three-way decisions. The proposed method
can update decision rules by modifying the original three regions without having to
recalculate from the beginning. In the information system with the attribute values of the
objects vary, we can use the method for updating three regions when the objects vary.

Journal of Military Science and Technology, No0.83, 11 - 2022 69



Information technology & Applied mathematics

However, if the system only changes the attribute values, we should use the second
approach. Because it helps to update three-way decisions faster due to less calculation.
Finally, we have given an example to describe how we use this method.

Our future work will focus on experimentation, evaluation, and comparison in real
databases to validate the proposed approach.
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TOM TAT
Cap nhat tang cwo’ng cac quyét dinh ba chiéu
trong h¢ thong thong tin khong day du

Trong nhitng nam gan day, quyet dinh ba chiéu dd phdt trién ca vé Iy thuyet va

ung dung thuc tién. Trén thuc té, co s dir liéu thuong khong day i va thuong
thay doi theo thoi gian. Pé giai quyét vin dé nay, phwong phdp cdp nhdt cac quyet
dinh ba chiéu trong hé thong thong tin dong khong day du da dugc dé xudt. Pau
tién, chung t6i xem xét moi quan hé giita si thay doi ciia xdc sudt c6 diéu kién doi
véi sw thay doi ciia ba mién trong quyét dinh ba chiéu. Sau dé, chiing téi khdo sat
sw thay déi ciia xdc sudt ¢é diéu kién khi cdc doi twong va gid tri thugc tinh cua
doi tiong thay doi. Tir s thay doi do, ching téi dé xudt mot phirong phdp cdp nhat
cac quyét dinh ba chiéu trong hai truong hop la khi cdc déi tiwong thay doi va khi
cdc thudc tinh cia mét doi twong thay déi. Va cudi cing, ching t6i dwa ra mét vi
du minh hoa cho phwong phap nay.

Tir khoa: Tap tho; Hé thong thong tin khong dy du; Quyét dinh ba chidu; Hoc ting cudng.
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