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Abstract. In the form of background in the form of concept partial relation to the corresponding
concept lattice, concept lattice is the core data structure of formal concept analysis. Association rule
mining process includes two phases: first find all the frequent itemsets in data collection, Second it is
by these frequent itemsets to generate association rules. This paper analyzes the association rule
mining algorithms, such as Apriori and FP-Growth. The paper presents the construction search engine
based on formal concept analysis and association rule mining. Experimental results show that the
proposed algorithm has high efficiency.

Introduction

Traditional search engine technology to meet certain needs of the people, but because of its universal
nature, still can not satisfy different backgrounds, different professions, and different periods of the
information retrieval. Also, the search engine returns the results of the query words are a huge number
of user needs is just one little part, in general, users rarely turn many pages are turned the first few
pages, so the user clicks on the URL strong locality. So, how to provide users with more accurate and
more effective results have been efforts in the direction of search engine development.

This philosophy based on the concept of understanding, the German Wille, R Professor of formal
concept analysis for the discovery of the concept, sort and display. In the form of conceptual analysis,
the extension of the concept is understood as the collection of all objects belonging to this concept,
but the connotation is considered to be characteristics common to all of these objects (or attributes) set
to achieve the concept of philosophy in an understandable form of'it. The concept lattice structure is in
order to reflect a complete contact and the concept of generalization and case relations between the
objects and attributes in the concept of hierarchy.

Association rule mining in large amounts of data to find interesting association or contact between
the itemsets is an important topic in the research of KDD (Knowledge Discovery in Database). With
the large amounts of data constantly collect and store a lot of people in the industry are increasingly
interested in mining association rules from their databases. The paper presents the construction search
engine based on formal concept analysis and association rule mining.

Formal concept analysis model

The study of formal concept analysis involves four main aspects: the study of basic theory, the
concept lattice generation method, the visualization of the concept lattice and the applied research of
the concept lattice. The formal concept analysis as a formal mathematical methods, and artificial
intelligence, it is database technology, software engineering, computer science, closely linked, but
relatively independent. At present, the theory of formal concept analysis has been successfully applied
to software engineering, data mining, information retrieval and other fields.

Concept lattice as the core data structure in the theory of formal concept analysis in software
engineering, knowledge discovery, cluster analysis, rules, Web knowledge discovery and information
retrieval, a variety of semantic analysis involving data field has been widely used.
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The study of formal concept analysis involves four main aspects: the study of basic theory, the
concept lattice generation method, the visualization of the concept lattice and the applied research of
the concept lattice. At present, the theory of formal concept analysis has been successfully applied to
software engineering, data mining, information retrieval and other fields.

Definition 1 a formal context K: = (G, M, I), composed by the set G, M, and the relationships
between them, the elements of G are called objects (objects), the elements of M are called attributes
(Attributes).

Set <H, £> posets for arbitrary B < H, if there is a€B is an arbitrary element x, satisfy x £ a, called
the upper bound of a subset of B. Similarly, if B is any element x, meet a £ x, called the lower bound
of a subset of B. If the posets <H, £> each element are a formal concept, the partial order focus on any
one node of the upper bound is called the super-concept of the node, the lower bound is called the
node of the sub-concepts. All these sub-concepts - the super-concept of the relationship between the
composition form of the concept of partial order set, as is shown by equation 1.

V (g {g}) = Alim} {m}"),
ge4d meB (1)

The concept lattice can be a graphical representation of the labeled line graph (lapelled line
diagram), also known as the Hasse diagram of concept lattice. The map was generated as follows: if
C1 <C2, and the grid element C3 makes the C1 <C3 <C2, then there exists an edge from C1 to C2.
Node in the line graph representation of concepts line up the Asian concepts - ultra-concept
relationship. For an object, if C is the smallest concept that contains the object, the name of the object
to be attached to the C corresponding to the node. For a feature, if C contains the characteristics of
concept, the characteristics of the name were attached to the C corresponding to the node. Concept
lattice label chart is often used as a mode of communication, which makes the concept of the
background of a given data structure becomes clear and easy to understand, in order to achieve the
visual display of the concept lattice.

Set (A, £) is a partially ordered set if for any non-empty collection S < A, there are v S-(A, £) is
called a semi-lattice, similar to, if for anynon-empty set Ac S there A S (a, £) be called a complete
intersection semi-lattice. Both fully and semi-lattice (A, £) is completely cross-semi lattice, then it is a
complete lattice.

L (K1)e Ox,DI1)uC1 =(03 and C2=(03 U Oy, D2), € L (K2) and satisfies D1, U D2 =D3 and
Ox N Oyo, = ¢, the K1 D1 makes (O3) = D1 (any less than C1 grid node C''C 1 is equal to or greater
than the C3 to know) and g (D1) = of O3 U of Ox, in K2 D2 makes f (O3) = D2 (any less than the C2
gridnode C ', also 2'C is equal to or greater than the known C3) and g (D2) =0of O3 U Oy, D1 UD2,
K1 + K2 =D3 meet f (0O3) =D3 and g (D3) = of O3, C3 = (03 D3) € L. (K1 + K2).

Conceptual analysis on the background of the multi-valued multi-valued background is in order to
a single value of the background. It is easy to some technical background of the multi-valued form to
convert the single value in the form background. Background conversion of multi-valued
single-valued background in two ways - the concept of scaling conceptual scaling, it is the logical
scaling logical scaling which is to complete, as is shown by figurel.

Figure. I Concept lattices Hasse diagram example
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The concept lattice process is actually the link between a concept and the concept formation
process. Therefore, the concept lattice, making the grid algorithm has a very important position. For
the same data, generated by the grid is unique, ie, not the data or attributes of the order of one of the
advantages of this concept lattice. The concept lattice construction algorithm method can be divided
into two categories: traditional serial construction algorithm and the rise in recent years, parallel
construction algorithm. Traditional serial algorithm can be divided into a batch algorithm and the
incremental construction algorithm.

Let the transaction Tr has the item set T to be inserted into the lattice L in newborn grid node, if a
grid node N1 =(C1, D1) to meet: (1) Intersection = D1 m T-and L in any of the node N2Intent to have
(N2) the # Intersection; (2) for any L meet the N3> N1 node N3, Intent to (N3) N T # Intersection;
then N1 is called a node of a lattice can be generated by the N1a newborn grid node (C=C1 +1,Z =
D1 N T).

Formal context by the set of objects, it is attributes and two binary relations, which is the basis of
the concept lattice. The amount of data of different forms of background may be different,
corresponding to the speed of the concept lattice are also different. How to efficiently construct the
concept lattice is one of the most concerns undoubtedly one of the best ways to reduce the amount of
data of the formal context, as is shown by figure2.

Figure. 2 Concept lattices and Formal context example

Concept lattice in addition to the concept of classification and definition from the data, it can also
be used to find dependencies between objects and attributes. This has two meanings: (1) scan some or
all of the lattice structure generates a rule set that can be used in the future; (2) browse the lattice
structure in order to test a given rule is established.

Batch algorithm, the idea of the incremental construction algorithm is similar. The basic idea is
you want to insert the object and the concept of the grid intersection, take different actions based on
the results submitted. One of the most typical algorithms is the Godin algorithm.

Incremental construction of concept lattice is given the original formal context K=(X, D, R),
corresponding to the original concept lattice L and the new object x * solving the formal context
K*=(Xu{x*}, D, R), corresponding to the lattice L *. In the incremental generated concept lattice the
process of solving the problem to be solved are mainly three: (1) the generation of the entire new
node; (2) to avoid duplication of generation of the existing grid node ;( 3) side of the update. In order
to effectively address these three problems, each node in the original concept lattice, according to the
relationship between the connotation description and the new object, you can define the different
types of it.

Association rule mining algorithm

Association rules in data can be divided one-dimensional and multidimensional. One-dimensional
association rules, we only involve one-dimensional data, such as the user to purchase items;
multidimensional association rules, data to be processed will involve more than one dimension.



628 Information Technology for Manufacturing Systems lli

Replaced by another sentence, one-dimensional association rules to deal with some of the relationship
of the individual properties; multidimensional association rules to deal with some of the relationships
between the various properties., the support and confidence is defined as equation 2.

Support(A = B) = P(AuU B)

Confidence(A = B) = P(B| A) (2)

Single-dimensional association rules show that contact (the same attribute or dimension within
the association); within the dimensional and multidimensional association rules show that the
dimension between the contact (the relationship between the property and dimension).

These e-shopping site to use the rules of the association rules mining, and then set the user intends
to purchase with the bundle. There are some shopping sites use them to set the corresponding
cross-selling is to buy a commodity customers will see the addition of a commodity advertising.

The association rule mining algorithm considers the following two: (1) to reduce I/ O operations.
Association rule mining of data sets are sometimes up to GB and even TB magnitude, frequent I/ O
operation is bound to affect the efficiency of mining association rules, reduce I / O operation is to
reduce the number of scan data set D; (2) reduce the need to calculate the number of support set
(usually called the candidate set), with the frequent item sets the number of close. Reduction in the
number of candidate itemsets can save computing time and storage space required to address some of
the candidate itemsets, as is shown by equation3.

Support _count(AY B)

confidence(A = B) = P(B| A) =
Support _count(A) 3)

We can observe that a good modeling of the relationship between the item sets can be used concept
lattice. To set a concept lattice grid node (X, Y) if X is as the transaction sets, Y as the item sets, a
concept lattice grid node itemset Y transaction sets. In fact, the rule mining, the contents of X is not
important; important is the number of X. On this basis, we will design the grid nodes in the concept
lattice into the data structure as follows: Y is used to store node set of connotations, that is, itemsets, C
is used to the extension of the number of storage nodes.

The researcher proposed a fundamentally different from the Apriori algorithm does not produce
the candidate set of frequent itemsets generation algorithm, called the frequent pattern growth
(frequent pattern growth), or referred to as the FP-growth, using a special data structure FP-tree
storage transaction database information, the maximum degree of compression of data and ensure
data completeness, to generate frequent itemsets by the FP-tree traversal algorithm than in the past has
greatly improved efficiency. FP-growth to take the following divide and conquer strategy: provide
frequent itemsets database is compressed into a frequent pattern tree (or FP-tree), but still retains the
itemset associated information; then this compressed database into a set of conditions database (a
special type of projection database), each associated with a frequent item, and were digging for each
database.

Construction search engine based on formal concept analysis and association rule mining

Pages of information or text information stored in the database of search engine system, we can think
that it is constituted by one or more background. Then we can put the organization of knowledge in
the database into one or more forms of background. Through the application of the concept lattice
construction algorithm, we will be able to get the corresponding knowledge of the concept lattice [3].

This step of the completion of the concept lattice structure, the semantic correlation calculated
preparations. The concept lattice construction algorithm used in this paper is an improved algorithm
Godin algorithm [4]. The algorithm by a number of experiments and the proof of the use of multiple
projects, in the concept lattice structure is correct and efficient. Algorithm in the literature is mainly
reflected in two aspects of the algorithms and data structures: first, use a depth-first graph traversal
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algorithm to ensure that will not produce the side of the condition is not met, and to reduce traverse
times; by increasing the description of the grid nodes connotation of a collection of the number of
elements, and parent node information, auxiliary find newborn grid nodes child nodes. The data
mining algorithms based on improved-Godin and Apriori are following.

(1) IF inf(L) = (¢, ¢) THEN;

(2) for (k=2;Lk-1£J;k++) {

3) ifH[1=R2[NA[2]=12[2]A ... A1 [k-2]=12[k-2] A11[k-1]<12[k-1];

(4) for(i=0;i< ColNode.Length;i++) do

(5) {Intent(inf(L)) « Intent(inf(L)) U £*({x*})

(6) Ck={XNY |Xelk-1,YeLk-1; X(1)=Y(i), i=1,2,..., k-2; X(k-1)<Y(k-1)}

(7) Rules[N] := GenerateRulesForNode(N);

(8) R :=RuURules[N];

(9) Lk={ceCk|WSup(c)>wminsup}

(10) Intersection= f(x*) N Intent(Ci)

(11) return R1 := (R1-Gk1)uGkUGn;

Windows XP operating system using Visual C#.net2010 to achieve the above rule set and
computing algorithm. For randomly generated data sets, the relationship between the probability of
25%, the number of attributes is 50, we do the extended test, the number of objects in increments of
352, recorded by the sub-formal context, The paper presents the construction search engine based on
formal concept analysis and association rule mining, FCA-Apriori compared to FP-Growth the results
shown in Figure 3.

Construction search ensgine based on formal concept analysis and
association rule mining
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Figure. 3 The search engine based on FCA-Apriori compared to FP-Growth map

The purpose of the experiment the overall efficiency of the contrast to the concept lattice of the two
access methods - is isomorphic to generate and direct construction - until the final concept lattice,
including all the time overhead in the process from beginning to enter the formal context. Isomorphic
to generate third-order form of the background of nuclear as a support, directly constructed using the
Godin algorithm. The concept lattice model used as a data organization and formalization of data
analysis tools; both theoretical research and practical applications are of great significance, it has a
broad and successful application in many fields.

Summary

The paper presents the construction search engine based on formal concept analysis and association
rule mining. Formal Concept Analysis The starting point for research is a form of background, in the
form of background is the formal description of the background knowledge. By the formal context
can be a certain method of calculating the formal concept. The properties in the form of background
can be a single value can also be multi-valued, so that the form of the background is also single-valued
and multi-value. Generally during the multi-value form of background research, through a certain
transformation rules to the formal context of the multi-value converted to single-valued formal
context.
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