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Abstract. FCA(Formal Concept Analysis), which is accurate and complete in
knowledge representation, is an effective tool for data analysis and knowledge
discovery. A new lattice structure named RCL (Rough Concept Lattice) is
presented. Using the approximation method of rough sets, we described the
extent as approximation extent so that it can deal with uncertainty knowledge.
In the end, a construction algorithm CARCL is provided based on it.
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1 Introduction

Formal concept analysis, which was presented by Wille R in 1982, is an effective tool
for data analysis and knowledge discovery [1].Every node is a formal concept, which
was composed of two elements: Intent and Extent. Intent is description of concept,
and extent is objects set, the elements of which have all the attributes of intent. The
process of Construction is actually concept clustering. In addition, the relation of
specialization and generalization can be shown through Hash map vividly and
sententiously. It can be used in information searching, digital library, knowledge
discovery, etc [2]. Now, many researches are centered in construction algorithm of
concept lattice and its improvement [3] [4], and extension of concept lattice using
other theories, such as rough set, fuzzy theory, etc[5-7].

Concept lattice is accurate and complete in knowledge representation, and intent of
node describes the common attribute of objects. For an Extent of normal concept
lattice, the relation among the attributes of the intent is “and”. So, if an object has no
only an attribute value of the intent, it has to be got out of the extent set. It is an
advantage of FCA, but it is limited in some areas too. If an object has one, another, or
some of attributes of the intent, this uncertain data can’t be shown, or probably hard to
be shown, in FCA. Further more, we have to traverse all the nodes of FCA to get this
uncertain knowledge, which will pay out huge cost. For example, a people may have
one, another or some of symptoms of one certain illness, but a doctor must not debar
this people from the illness just because of the information being uncertainty. So,
expressing this uncertain knowledge in concept lattice will be valuable.

First, a new lattice structure, named RCL, is presented based on decision context in
this paper. Next, using the approximation method of rough sets, it describes the extent
afresh. Last, a Construction Algorithm of Rough Concept Lattice (CARCL) is
provided based on it.
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2 Rough Concept Lattice

Definition 1. For two random sets A, B, the CADAP (Condition Attribute —Decision
Attribute Product) of set A and B, is defined by:

A*B= {(a,b) la€ P (A), b= “bIb2b3...bn", bi€ B (ie[l, n])} (1)

Definition 2. Suppose a triple S= {O, CUD, V1u V2} is a decision table where O=
{x1, x2,..., xn}, C={cl, c2, ..., cm}, D= {dl, d2, ..., dr}, V1 and V2 are finite and
nonempty sets, the elements of which are called objects, condition attributes, decision
attributes, condition attribute values and decision attribute values, and CND=®. The
relationships of objects and attributes are described by a binary relation R between O
and C*D, which is a subset of Cartesian product OXC*D. For a pair of elements
x€ Oand a €C*D, if (x, a) ER, we say that the object x has the attribute a, or the
attribute a is possessed by the object x. So the triple Ks= (O, C*D, R) is called
Decision Context which was educed from the decision table S.
Table I is a decision context.

Table 1. A simple decision context

Cu 1 2 3
Fever(c) N N N
Cough(c,) v v
Headache(cs) v v

Lack of Power(c,) v
In appetence (cs)
Conclusion(D) Grippe (d;) Chicken pox (d,) Measles (d3)

Let Ks= (O, C*D, R) be a decision context. Then there is only one partial ordering
set respond to it and this partial ordering set can create a structure of normal concept
lattice.

Definition 3. For a decision context Ks= (O, C*D, R), operator f and g can be defined
by:

Vx €0,f(x)={ylVy €C*D, xRy} 2)

Vy €C*D, g (y)={xI Vx €0, xRy} 3)

Which is to say that f is a mapping from object x to all attributes possessed by x, and
g is a mapping from attribute y and all objects which has y.

Definition 4 Let Ks= (O, C*D, R) be a decision context. For an attribute set Y <
C*D, we can define the set M and N:

M= {xl Vx €0, f(x) NY # O} “4)

N={xlVx €0,fX) Y=Y} 5)
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A triple H (M, N, Y) can create any node of concept lattice L, and L is called RCL
(Rough Concept Lattice) educed from the decision context Ks.

For a node H (M, N, Y), the element Y is called Intent, which is description of
concept; M is called Upper Approximation Extent; and N is called Lower
Approximation Extent. The elements of M are objects which have one, another, or
some of attributes of Y probably; and the elements of N are objects which have all the
attributes of Y certainly.

Definition 5. Let an ordering set H (M, N, Y) be a node of RCL. It is complete on
relation R, and it has the properties:

M= {x EOIEly €Y, xRy}, N= {x €0IVy €Y, xRy} (6)

Y={y EC*DIVx €M, Jy C*D, xRy} ©)

Definition 6. For two rough concepts (M1, N1, Y1) and (M2, N2, Y2), (M1, N1, Y1)
is a sub-concept of (M2, N2, Y2), written (M1, N1, Y1) (M2, N2, Y2), and (M2, N2,
Y?2) is a super-concept of (M1, N1, Y1), if and only if Y1cY2. If there is no concept
(M, N, Y) that is a sub-concept of (M2, N2, Y2) and is a super-concept of (M1, N1,
Y1), M1, N1, Y1) is an immediate sub-concept of (M2, N2, Y2), and (M2, N2, Y2)
is an immediate super-concept of (M1, N1, Y1).

Obviously, if (M1, N1, Y1) is a sub-concept of (M2, N2, Y2), M1 is the subset of M2,
and N2 is a subset of N1.

Definition 7. For two nodes of RCL: r and t. If r is the super-concept of all other
nodes of the RCL, we call r the Root-Node; and if t is the sub-concept of all other
nodes of the RCL, we call t the Twig-Node.

3 A Construction Algorithm

3.1 The Main Steps of Construction Method

There are three steps in constructing a RCL. First, to get all intents from decision
context, we will turn different decision attribute values into one string, and get the
ordering sets, the elements of which is one element of condition attributes’ power set
and a decision string; Next, to get all Upper Approximation Extents and Lower
Approximation Extents, we will traverse all records of decision context. M is
consisted of all objects possessed one or some of attributes of an appointed intent, and
N is consisted of all objects possessed all attributes of an appointed intent. The
process of construction is to find immediate sub-concept nodes and immediate super-
concept nodes for every new node. We can suppose the node as sextet (M, N, Y,
Parent, Children, no).
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3.2 The Description of CARCL (the Construction Algorithm of Rough Concept
lattice)

INPUT: Decision Table S (O, CuUD, V,UV,)
OUTPUT: Rough Concept Lattice L
Functionl: Get-Intent(S)

1 BEGIN

2 FOR every record in S

3 {FOR every v in current record {d=d & v}

4 Des<«d}

5 Get power set of condition attributes set C: P(C)
except @

6 FOR every d in Des

7 {Create Node h and set h->M, h->N and h->Y &
8 FOR every element P in P(C) {h->Y =P u{d};
Hé¢ehl}

9 ENDS

Function2: Get-M-N(S, H)

10 BEGIN

11 FOR every h in H

12 {FOR every Record in S

13 {IF the object possessed all the attributes
of h->Y THEN {h->N<-o}

14 FOR every element d in attributes set of
object ‘o’

15 {IF deh->Y THEN {h->M«-o, EXIT FOR}}}
16 FOR every node h in H {IF h->M = ® THEN delete
this node}

17 ENDS

Function3: Build-RL(S, H)

18 BEGIN

19 L={(0+®, CuUDes, ®, {1}, 0), (®, @, ®, {0}, D, 1)}
20 FOR every h in H

21 {h->no=Count

22 FOR every node n in L

23 IF h is an immediate sub-concept of n

24 THEN {h->Parent <n->no; n->Children<h->no;
25 FOR every immediate sub-concept node n’
of n

26 {IF n’'->Y < h->Y

27 THEN {h->Children¢n’->no; n’-
>Parent«h->no;

28 delete n’->no from n-
>Children}}}

29 Count++; L¢h}}

30 ENDS
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3.3 Algorithm Analysis and Example

We can turn multi-decision-attributes values into one string, get power sets of
condition attributes, and initialize all nodes with intents, in Functionl. Its time
complexity is O (2" x n x n). Upper Approximation Extent M and Lower
Approximation Extent N for every node will be initialized in Function2. It’s time
complexity is O (nx2" xIh.Yl. And we can build RCL in Function3. It is complete, but
inefficient.

Figurel is a part of RCL based on a decision context which is expressed through
tablel. #1 and #2 are Root-Node and Twig-Node respectively. For M, the relation
among the intent of other nodes is “or”, and for N, the relation among the intent is
“and”. For example, M of #9 is {1, 2, 3}, which express that its objects may have
fever or cough and may have Chicken pox possibly, N of #9 is {2}, which express
that its objects have fever and cough and have Chicken pox certainly.

#1123 ) &feledelededdl 28 )

CARAWACTR BRI L Y WACTR DT R TP 1D PR PR (AT

HIR (1,23 )20l ) #0247, e}

Fig. 1. An Example of a Rough Concept Lattice

4 Conclusions

In this paper, we described extent as approximation extent by using upper (lower)
approximation method of Rough Set, so that it can deal with uncertainty knowledge.
Based on a decision context, the correctness of CARCL is verified. Next research will
be extraction based on RCL and the character and application of RCL.
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