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Abstract. Fusing the structure feature of interval concept lattice and the actual
needs of rough control rules, we have constructed the decision interval concept
lattice, further more, we also have built a rules mining model of rough control
based on decision interval concept lattice, in order to achieve the optimality
between rough control mining cost and control efficiency. Firstly, we have
preprocessed the collected original data, so that we can transform it into Boolean
formal context form, and then we have constructed the decision interval concept
lattice in rough control; secondly, we have established the control rules mining
algorithm based on decision interval concept lattice. By analyzing and judging
redundant rules, we have formed the rough control association rule base in end.
Analysis shows that under the premise of improving the reliability of rules, we
have achieved the rough control optimization goal between cost and efficiency.
Finally, the model of reservoir scheduling has verified its feasibility and
efficiency.

Keywords: Rough control - Decision interval concept lattice - Attribute
discretization * Decision rule mining

1 Introduction

Rough control is a new type method of intelligent rules control [1], rules extraction is
the crucial link in intelligent control. The precision of rules directly affect the efficiency
and accuracy.

Many researchers have adopted a lot of means to extract decision rules and a variety
of algorithms have been developed. Dong et al. [2] presented the rough rule mining
algorithm based on the theory of variable precision rough set. Huang [3] proposed the
method of attribute reduction and rule extraction under the decision background.
Rough control has achieved some success in industrial control applications [4, 5],
however, when the variables in the control system is continuous, there are some
problems, such as the establishment of a decision table, discretization of continuous
variables, the consistency of rules and so on. Rough control always limited application,
for its reason, there are some problems of rules in large number and low efficiency. In
this paper, we put forward the decision interval concept lattice based on interval
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concept lattice [6]. Based on the feature that concept lattice extension must meet a
certain amount of the intension property, and its intension is determined by conditional
attributes and decision attributes, so we adopt the theory of decision interval concept
lattice to mine the decision rules, which become more decisive than traditional rules.
The method we put forward not only reduce the mining cost, but also improve the
control efficiency.

In this paper, we have designed the decision rule mining model of rough control
based on decision interval concept lattice. Firstly we construct the decision interval
concept lattice, then mine the decision interval rule based on the decision interval
concept lattice. The model we constructed has achieved the optimum between rules
mining cost, efficiency and reliability. The rationality of model analysis is presented,
further more its feasibility and efficiency are proved by an example.

2 Decision Interval Concept Lattice

2.1 Basic Concepts

Definition 2.1. Let (U, C x D, R) be a decision context. RL(U, C x D, R) is the deci-
sion interval concept lattice constructed by (U, C x D,R), and (M,N,Y) is a decision
interval concept based on RL. Where C is the set of conditional attributes, D is the set of
decision attributes. In the interval [, §](0 <« < § < 1), o upper bound extension M* and
8 lower bound extension M” are defined respectively by Egs. (1) and (2)

M* = {xlx € M, [f()NY]/|¥] > 2,0 <2< 1} (1)
MP = {x|x € M,|f(x)"Y|/|Y|>B,0<a<B<1} (2)

Where Y is the intension of concept, among them, ¥ = C'UD’, C'CC, D'CD. If
Y = ¢, then D' # ¢, C’ is the set of child conditional attributes of C, and D' is the set
of child decision attributes of D. |Y| is the number of elements in Y, namely cardinal
number. M* is the set of objects that may be covered by at least a x |Y| attributes in Y;
MP is the set of objects that may be covered by at least § x |Y| attributes in Y.

Definition 2.2. Let (U,C x D,R) be a decision context. The ternary ordered pair
(M‘“,Mﬂ,Y ) is called decision interval concept, where Y is intension, it contains
conditional intension and decision intension, namely decision concept description; M”*
is o upper bound extension and M” is § lower bound extension.

Definition 2.3. Let LE(U ,C X D,R) be the set of decision interval concepts getting
from (U,C x D,R) in [o, f]. If (MZ% M v)) < (M3 ML Y,) & C, D Cy,Dy D Dy,
then “ < is called partial order relation on L(U,C x D, R).

Definition 2.4. Let L/(U,C x D,R) be the set of decision interval concepts getting
from (U, C x D,R) in [, f]. If all of the concepts in L#(U, C x D, R) meet the partial
order relation “ <”, then Lg (U,C x D,R) is called decision interval concept lattice.
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Definition 2.5. Let G, — (Mf,M{‘, Yl) and G, — (Mg,Mf, Yz) be two nodes in
decision interval concept lattice, and they have the relationship G| <G, & C; 2 G, If

there is no G3, which meet G| < G; < Gy, then G, is a parent node (immediate pre-
decessor) of G| and G is a child node (immediate successor) of G,.

2.2 Decision Interval Rule

Definition 2.6. Let (U,C x D,R) be a decision context. D is the set of decision
attributes, U is the set of rule objects, and C x D is the set of rule projects. R describes
the relationship between U and C x D. For ACC and BCD, then Ag = B is a decision
interval rule getting from (U, C x D,R) in [, f].

Definition 2.7. For the decision interval rule Ag = B, if RO,, is the set of objects in B
that meets the degree of «, ROp is the set of objects in B that meets the degree of f3, then
the set of objects in A that meets the degree of [o, f§] also meets the possible degree in B,
which is defined the roughness of interval rules by (3)

7 = p(ROB/RO,) = |ROg|/|RO,| (3)

0 <7y < 1. For decision interval rule, the lower roughness, the more accurate.

Definition 2.8. For the decision interval rule r : Ag = B, If Vp € A, the weight of p
based on B is defined by (4)

o(p,r) = lg)|Ug)l,, (v € A) (4)

|Ug(y)|, is the number of objects in A that meets the degree of .

2.3 Construction Algorithm for Decision Interval Concept Lattice

Algorithm: (DICLCA) Construction Algorithm for Decision Interval Concept
Lattice

INPUT: Decision Context (U, C x D, R)

OUTPUT: Decision Interval Concept Lattice Lg

(1) Suppose a, ff, determine the intension of decision interval concept, then get the
initial node set G.

The intension of decision interval concept is determined by conditional attributes
and decision attributes. If conditional attributes are A = {a;,as,...an}, B=
{b1,bs,...b,} and so on, and decision attributes is D = {d;,d,,...d;}, then for
decision attribute d>, the set of intension is {a;b;...d>}, i =0,1...m,j=0,1...n,
m, n. .. can be 0 in a different time. | - | is the number of elements, then the number
of intension is ‘aibj. ..
time.

,i=0,1...m,j=0,1...n, myn... can be 0 in a different
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(2) Get the upper bound extension M} and lower bound extension M,ﬁ .
(3) Construct the lattice. For the initial node set G, determine the layer and the
parent-child relation according to the relationship between precursor and successor.

2.4 Mining Algorithm for Decision Interval Rule

Algorithm: (DIRMA) Mining Algorithm for Decision Interval Rule

INPUT: Decision Interval Concept Lattice Lf(U, C x D, R), parameters o, 3
OUTPUT: Decision Interval Rule

(1) For parameters o, 5, use the breadth-first traversal method to get the set of
decision concept node, namely Dcset. The object “x” of every concept node in
Dcset must meet the requirement of conditional attributes A in [o, f5].

Let Lf( U, C x D,R) be the set of decision interval concept lattice, and ACC, if Jy,
meets y € f(x),y € A, and a <|y|[/]A| < (0<a < p<1), then “x” is called that it
meets the conditional attributes A at the degree in [o, f5].

(2) For each concept node in Dcset, mining rules 7 : Af = B, to form the set of
decision Rules, namely Diset.

Let every intension of concept node contains conditional attributes and decision
attributes, so one node can extract one rule, the former in rule is conditional
attributes and the latter is decision attributes. Repeat the above steps, the set of
decision Rules Diset be formed.

(3) For every rule in Diset, calculating its roughness and attribute contribution
respectively, and then judging the accuracy and reliability based on its size of
roughness and attribute contribution., so that we can extract the more optimal rules.
That is, removing undesirable rules, the set of final decision rule be formed, namely
Disset.

3 Mining Model of Decisions Interval Rule in Rough Control

3.1 Model Design

The simplest decision rules in rule base is used to realize the goal of rough control,
which actually queries the same or similar condition attributes of decision rules in the
rule base, to be applied to rough control. Using the mining algorithm of decision
interval concept lattice can get a set of decision interval rules in rough control, the
mining model is shown in Fig. 1.

The most prominent advantages of rough control rules mining model based on
decision interval concept lattice is that it guarantees the reliability of the rules, at the
same time, realizes the optimality between the scale of rule base and the mining cost.
The optimality depends on the interval parameter Settings, because of interval
parameter determines the structure of constructed decision interval concept lattice, and
then affects the number of interval association rules and its accuracy. So adopting the
decision rule extraction method to extract rules based on decision interval concept
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Fig. 1. Decision rule acquisition process

lattice, we can realize the optimization between mining cost and efficiency. Specific
steps are as follows:

Step 1, Collect and preprocess the original data so as to get a decision table.

D

(©))

(©)

According to the practical background in rough control, the observation and
control quantity be considered as condition attributes and decision attributes
respectively. Record the control strategy adopted by dispatch staff on represen-
tational state in rough control so as to form the original decision table;

In most cases the data in industrial control is continuous. Using the method of
decision interval concept lattice to mining control rules, we can discretize the
continuous variables. With the aid of the background knowledge in industrial
processes, we discrete continuous data, and mark each discrete interval with
numbers;

Using the method of rough set theory to reduce and combine data, after that we
get the processed original decision table.

Step 2, Build the Boolean form of decision context table.

D

(@)

According to the attributes condition showed by original decision table, which
had got in above steps, we mark attributes and construct the set of attributes. The
marking numbers are subscript of set elements. For example, an attribute is
marked by A, the appeared marking number in the table are 2, 3, 4, then the set of
attribute is A = {ay, a3, a4 };

According to the corresponding attribute set, we build the Boolean form of
decision context table.

Step 3, Suppose a, f3, use the algorithm of Sect. 2.3 to construct the decision interval

concept lattice, which is matched by practical background in rough control.

Step 4, Use the algorithm of Sect. 2.4 to extract decision interval rules in rough

control.



88 A. Sun et al.

Step 5, Calculate the roughness and attributes contribution. Taking various factors
on roughness, attributes contribution, and actual cost into consideration. Removing the
undesirable rules, ultimately we get the rough control rule base.

In the process of constructing the decision interval concept lattice, the intension is
determined by condition attributes and decision attributes. Therefore, the extracted
rules mean that for some different rules, taking same measures, we can get all results
we expected. For this reason, it improves the control efficiency.

3.2 Model Analysis

The decision rule acquisition methods of decision interval concept lattice is divided
into two parts: construct the decision interval concept lattice that meet the practical
meaning in rough control and mining rough control decision rules. Among them, let the
original data table be transformed into the Boolean context table is the key step. So we
should discrete those continuous attributes. Such as a condition attribute marked by A,
discrete it, it will become a;,as,...,a;. Each object has attributes at most one.
Therefore, the DICLCA is different from the reference [7], and it can form |a[bj. . |
decision interval concepts.

The decision interval concept extension contains a certain amount or proportion of
objects set in intension, so the extracted rules become more targeted. Removing
undesirable rules, consequently the reliability of the rules and control efficiency have
been improved. In the process of traditional rough control rules extraction, in some
respects, the establishment of decision table, the discretization of continuous, and the
consistency of decision rules, its time complexity becomes more larger, and mining
cost highly. The model guarantees the reliability of the rules, at the same time,
improves the mining precision of rough control rule and control efficiency.

4 Case Study

Reservoir is a complex system. In this example, under the premise of the function is
mainly electricity, the first hydropower station is a large hydropower station that power
generation and flood play important roles simultaneously. An upstream hydropower
station, that is, the second hydropower station have great influence on the first
hydropower station. Mining decision rules of reservoir dispatching, specific steps are as
follows:

(1) Collect and preprocess the original data

Analysis specific conditions of the first hydropower station. Considering observa-
tion about the main factors influencing the hydropower station scheduling as condition
attribute set, the control quantity as decision attribute set. Discrete those continuous
attribute. The specific process is as follows:

Condition attributes: a— water discharge by the second hydropower station

b- the natural runoff condition
Decision attributes: d— daily average electricity by hydropower station
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(a) The range of discretized water discharge by the second hydropower station (m*/s)
1 —[100 —200) 2 —[200—300) 3 —[300—400) 4 — [400 — 500)
(b) The range of discretized natural runoff condition
l—dry 2—moderate 3—flood
(d) The range of discretized daily average electricity (kWh/d)

1—[250 —300) 2—[300—350) 3—[350—400) 4 — [400 — 450)

Record the measure that is taken by scheduling persons from January to June,
merge the same decision, finally the original data table is formed. As is shown in
Table 1.

Table 1. Original data table
b

o v hwN e~
— W NN W(e
W W NN = =

W W W NN N

(2) Construct the decision formal context table of reservoir scheduling. According to
the data shown in Table 1, mark discretized attribute with numbers and build
attribute set. It can get A = {az,a3,as} B = {b1,by,b3} D = {d3,ds,ds}. The
decision form table is shown in Table 2.

Table 2. Decision form table

Ula |ay|as| by by by|dy|ds
1/0/0 1|1 |0]0 |1 |0
2/0/1{0 |10 |0 110
3/0/1{0 (0|1 |0 110
41010 1|01 |00 |1
5/0/1]01(0 0|1 |01
6|1 /0|00 |01 |0]1

(3) Construct the decision interval concept lattice in reservoir scheduling.

For the decision context in Table 2, supposing o, f§, and then get the concept

intension, the upper bound M} and lower bound extension Ml.ﬁ . It is concluded that
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Table 3. Decision interval concept

Concept | M* M?P | Intension | Concept | M* M?P | Intension
Fl ¢ ¢ (i) Fl7 {456} {6} a1d3
F2 {1236} ¢ a|d2 F[g {23456} {5} a2d3
F3 {1235} {2} azdz F19 {1456} {4} a3d3
F4 {6789} {1} a3d2 F20 {12456} ¢ b1d3

Fs {123} {12} bidy Fyy {3456} | {4} | byds

Fi3 {235} |¢ |absdy | Fy {14} ¢ |azbids
Fuy {12} {1} |asbid> | F3o {4} {4} | asbrds

Fis {134} (¢ |ahdy | Fy {456} | ¢ | asbads
Fis {1} ¢ |asbsdy | Fo ¢ ¢ |Q
FO
F8 F9 FI0 Fll FlI2 FI3 Fl4 FI5 Fl6 F23 F24 F25 F26 F27 F28 F29 F30 F31

F2 F3 F4 F5 F6 F7

F17  FI8 F19 F20 F21  F22

LU\

Fl1

Fig. 2. Decision interval concept lattice based on reservoir scheduling

decision interval concept is shown in Table 3. The decision interval concept lattice is
shown in Fig. 2

(4) Extract control rules in reservoir scheduling.

For parameters o, f3, use the breadth-first traversal method to get the set of decision
concept node. Because of the feature that cardinal number of condition attribute must
meet o<|y|/|A|<f, so we can get the set of decision concept node
Dcset = {F3 F4 F5 F6 F11 F12 F14 F17 Flg F19 F21 F22 F25 Fzg F30}. Calculate its I'Ollgh-
ness and attribute contribution, and all the association rules of the roughness and
attribute contribution as is shown in Table 4.

(5) The construction and optimization of rule base in reservoir scheduling

According to the roughness and contribution, we remove those undesirable rules.
For example, comparing the rules a; = ds with a3 = d3, under the premise that they
have the same attribute contribution, but the former roughness is lower than the latter,
thus, the latter is a desirable rule. Repeat steps, the final set of rules Disset can be
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Table 4. Decision interval rules

Rules Roughness | Attribute Rules Roughness | Attribute
contribution contribution
a, = dy 25% (dz,é) =100% a, = ds 20% (ag, 5) =100%
arb, = d, 25% (a37 5) =100% az = ds 25% (a37 5) =100%
bh=>d | 61% (b1,8) =100% |by=d5 | 25% (by,8) = 100%
aby = dy 34 % (dz,é) =75% a1b3 $d3 50 % (a],é) =50 %
(b1,8) = 50% (bs,3) = 100%
arby = d, 50% (az, 5) =75% ayby = dy 50% (az, (S) =75%
(b,6) = 50% (b2, 8) = 50%
azby = d, 50 % (a37 5) =67% azby = dj 100 % (a3, 5) =67%
(b1,8) = 67% (b2,0) = 67%
a, = d 34 % (a1,5) =100%

obtained. Under the practical cost, remove redundant rules secondly. The final reservoir
scheduling rule base in rough control is

{a2 = dz,bl = dz,azbl = dz,a3b1 = dz,al = d3,b2 = d3,a1b3 = d3,a2b3 = d37a3b2 = d3}

5 Conclusions

In this paper, we put forward the rule mining model based on the theory of the decision
interval concept lattice in rough control. From the initial data preprocessing to the
decision interval concept lattice construction in rough control, and the decision control
rules extraction, the model has carried on the detailed design. Model analysis sum-
marizes the two main parts of the model, constructing decision interval concept lattice
and decision rule mining. Compared with the traditional methods in rough control,
model highlight the reliability and effectiveness. It is verified by a case that the model
improves its feasibility.
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