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Abstract: A new algorithm for the knowledge discovery based on statistic induction logic is proposed, and the validity of the method is
verified by examples. The method is suitable for a large range of knowledge discovery applications in the studying of causal relation, un-
certainty knowledge acquisition and principal factors analyzing. The language field description of the state space makes the algorithm

robust in the adaptation with easier understandable results, which are isomotopy with natural language in the topologic space.
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1 Introduction

Knowledge discovery in database (KDD) is the pro-
cess of extracting the novel and potentially useful
knowledge from a very large database [1-3]. In the dat-
abase of science and engineering, there are lots of hid-
den knowledge regarding the state and state changing
of objects in their state spaces, such as trend and ratio
of change efc., which represent the state, the variation
and the causal relationship of the objects and their at-
tributes. They are the kernel or deep level knowledge,
and useful for analyzing the mechanism of the develop-
ment of objects in the real world. The knowledge dis-
covery algorithm of association rule proposed by Agra-
wa [4] is in the logic form of X= ¥, showing a general
association between attributes in a database. The short-
comings of the algorithm are: (1) difficult to represent
the knowledge of the states change; (2) too abstract to
explain the causal relationship among the attributes.
Therefore, for the knowledge discovery in science and
technology database, a new method of KDD should be
d eveloped to meet the needs of trend analysis, predica-
tion and forecasting.

2 Fuzzy language and fuzzy language value

structure

The knowledge of the state and variation of state of
objects in the state space are normally represented in
the attributes and records, which are qualitative or
quantitative representations of the complexity, abstrac-
tion and uncertainty of the objects' properties and beha-

viors. The theory of fuzzy set language field and lan-
guage structure provide a fusing technique and a tem-
plate for describing the complicated relation and struc-
ture, which are the knowledge people want to acquire

(5]

Suppose X is the fuzzy language variable, which
describes the state or state changing.

Definition 1 Given two real intervals L, and L,, if
either L, or L, is a subinterval of the other, and L, NL,+
@, then call L, and L, the overlapping interval pair.

Definition 2 Given a sequence of # real intervals, if
every two adjacent intervals are overlapping interval
pair, then call the sequence an overlapping interval se-
quence.

Obviously, all the corresponding base variable inter-
vals of fuzzy language value X (in real domain) com-
pose an overlapping interval sequence.

Definition 3 To set D consisting of » real intervals
that may compose an overlapping interval sequence,
the binary relation < is defined as: to any two intervals
[x,,x-)J€D and [y, ] €D, can get

[xl,x2]<[V|,y:]<:>(x|5yz)/\ (szJ’:) (1)
Theorem 1 The binary relation < defined on D is a

complete ordering relation.

Definition 4 In the corresponding base variable re-
gion of fuzzy language variables, the dots in the middle
of every overlapping subinterval, & and its adjacent re- .
gion ¢ (¢ is generally the tolerance error) are called the
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standard samples (dots), the interval ({—¢, +¢) is cal-
led standard values; any other dots are called nonstan-
dard samples (dots); they are called standard sample
space and nonstandard sample space, respectively.

Definition 5 /=(B, [, N, <), if the following are sat-
isfied:

(1) B is a set of all overlapping intervals of base vari-
able region on R;

(2) N*¢ is a finite set of fuzzy language value;
(3) <, is a complete ordering relation on ;

(4) I: N— B is a standard value mapping, and satisfies
isotonicity.

Then / is called a fuzzy language field.

Definition 6 For the fuzzy language field /=(B, I, N,
<wh F={, W,K) is a fuzzy language value structure of
L if

(1) I satisfies definition 5;
(2) K is a natural number;
(3) W:N—[0, 17, it satisfies the following:
Y n, mEN (m<N n,— Wn) <o W(n)),
Y ny,n,EN(n#n— Wn,)+ W(n.)),
in which, <. is a lexicographic order in [0, 1]~

In F, the K-dimensional vector corresponding to the
standard value in the subinterval of base variable re-
gion of every language value is called standard vector;
otherwise it called nonstandard vector.

Definition 7 Given two fuzzy language fields /, and
f,, say that is an expansion of /;, if there is a 1-1mapping
[ Bi—B,, g: N\ =N, satisfying

(1) fis monotonous;
(2) VnIENI (f(ll(nl))zlz(g(nl)))
in which /, =(B,, [;, N\, <), I, =(B2, I, Nz, <).

Definition 8 Given fuzzy language value structures
Fi={w,K)and F,={,W,,K,) of I=(B, I, N, <y, if
there is a 1-1 mapping 4: [0, 1]*—[0, 1]* that satisfies

(1) fis strictly monotonous in lexicography;
(2) VrEN, f(W,(n)) = W.(n));

(3) (JeER)(Vn, n'eN) dis(Wi(n), W(n))=¢-
dis,(W:(n), Wa(n"));

in which dis,: [0, 1]*x[0, 1]*—[0, 1], dis;: [0,1]*x
(0, 1]%; then, call Fiand F, are (dis,, dis,)-isomorphic
(the abbreviation is "dis-isomorphism").

Theorem 2 (expansion theorem) Given two fuzzy
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langnage fields /, and /;, /, is an expansion of /., if /;and
[, are the same-type (that is, [N, = N:|) language field.

Theorem 3 (dis-isomorphism theorem) Suppose that
F is a fuzzy language value structure of Fu., then F
and F.. (the double-extension of F) are dis-isomor-
phic under the weighted Hamming distance.

Since the same fuzzy language fields are not distin-
guished from each other in the expansion sense, the
language fields can be described based on the langnage
value of natural number such as "large", "small" and so
on, and fuzzy language value structure can be built on
different dimension spaces in the dis-isomorphism
sense. The discrete type vector corresponding to each
fuzzy language value can be chosen according to the

application.

3 State or state changing knowledge dis-

covery based on statistic induction

The statistic induction is one of the important techni-
ques of the inductive logic. The knowledge discovery
based on the statistic induction (KDBSI) can be used to
discover the abstract pattern, concept and efc. This is a
process from concrete to the integration and from spe-
cific to abstract. Therefore, the statistic induction can
be defined as a process of extracting the samples hav-
ing attributes ¢ with probability p from a set s, that is if
a is a random element of ¢ then the probability of ¢(a)

is p [6].
@)/ R(x,5.9,h)-h=p 2)

where ¢(x) is the set of characteristics, s is the sample
set, A is the facts or evidences, x is the random samples
with characteristics ¢ in s, and p is the probability. 1f
there are samples with different » attributes, such as
¢.(x), Pix), -, ¢.(x), and put them in m observation
groups to study the frequency, f, (i=1,2, -, m;j=1,2,
--m) of satisfying ¢,(x), ¢.(x), -, @.(x) at the same
time. If f, is larger than the given threshold, in the m
observation groups, ¢{x) is inductively associated with
@,(x). This relationship is the knowledge people want to
discover. The inductive association is a kind of hypoth-
esis rule, the metric of relationship of attributes.

The verification of the hypothesis is based on the sta-
bility evaluation, which is the base or precondition of
statistic induction knowledge discovery. Therefore,
should verify the stability of the rules, which can be
measured with the value of Q.

- =, jAel o [2d=y)
O=R/r,R=p 1 7=P g

Where p is a constant, v is the basic probability, g is the
number of samples, [§°] is the mean of the squares of
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frequency difference for each sample, # is the number
of samples. If the samples from s, or s, are randomly
chosen from a field u, the stability defined as: 0= 1 is
stable; Q<1 is sub-stable; (>1 is unstable. If =1, the
hypothesis rules are verified, and can be used as knowl-
edge.

As to the driven mechanism, there are two different
processes: hypothesis rule verification driven mechan-
ism and discovery driven mechanism. The discovery
driven mechanism means that the hidden knowledge is
discovered automatically. The verification mechanism
is completed through the verification of hypothesis ru-
les in the database, and the hypothesis rule is determin-
ed by human experts according to their field knowl-
edge. This process is helpful to discover the significant,
useful and understandable knowledge. In addition, the
verification mechanism can accelerate the speed of
knowledge discovery, and is more efficient for the dis-
covering of deep level knowledge.

In a transaction of 7, = {i,, i, -+, in} is the set of at-
tributes, and the hypothesis rule is X=¥, XCI, ¥YC/
and XN Y=¢. The attributes can be mapped to a stan-
dard vector with the language field and structure, for
example, X= (x,, Xz, -,x), Y= (i, V2, =, ¥»), have the
ordering pairs {x,y), (i=1, 2, -, n, j=1, 2, -, m),
therefore, the association of state and state changing
between X and ¥ can be presented by H: x,.—y,.

Definition 9 The support of the state (and state chan-
ging) association rule H: x,—y, is the probability of x,
and y; in database occurring at same time, namely
Support(x;.—y,).

Definition 10 Intensity of the state (changing) asso-
ciation rules H, describes the association degree be-
tween attributes, and is defined as: H, = Support(x,—y,)/
Support(x,—y,).

Definition 11 The confidence of rules, CF, can be
described by confidence factor in uncertain induction,
namely

CF(Hle) =MB(Hle)—MD(Hle) A3)

where MB(H|e) and MD(H|e) represent the increase of
confidence of rule H induced by evidence e.

Suppose P(H) is the prior probability of rule H,
P(Hle) describes probability of H occurring under the
condition e, then

0, P(H)=P(Hle)
mB(ie) = PED=PED, prp)p il @

1, P(H)=0

0, P(H)<P(Hle)
MD(le) = {PHIELPUD, by )
L, P(H)=0

The threshold of support and confidence is S. and C,
separately, which are compared with the calculating re-
sults. If the support and confidence of hypothesis rule
surpass the given threshold, then this rule is proven and
accepted, otherwise cancel it.

4 Algorithm and test

Based on the theory of language field and statistic in-
duction a new algorithm of KDD can be summarized
as: (1) Mapping the real world state into the standard
state space; (2) discovering the hypothesis rules
through the statistic inductive logic; (3) the verification
of hypothesis rules.

4.1 Mapping between the real state and language ve-
ctor

The first step of the algorithm is mapping the attribu-
tes of a real database into a standard vector by structure
transformation of language field and language value to
create a database (D) used for knowledge discovery.
For a single language field, P= {{#,s.)} is used to de-
scribe sample value # and s, in the state space and state
changing space. The mapping can be implemented by
the following equation, and can get a state or a state
changing value (a.).

a=a(1-070) 1 4, Nt (6)

Where ¢, is the input data of the i interval, t, is the mid-
point of the i® interval, / is the length of the interval, 4,
is the state (or state changing) standard vector, and
Ao 18 @ adjacent standard vector of state (or state
changing) in the left or the right determined by the po-
sition of ¢, then can get a..

Determine the type of the state (or state changing)
vector a, such as A4; (k=1,2,3,4,5) calculating the met-
ric, dy, between a, and each standard vector 4, selec-
ting the minimum as the state (or state changing) type
of a..

N
du(aw, A)= Zlual—pd!) )
J=1
Where, ual’ and uA? are the elements of the correspon-
ding vectors, respectively.

4.2 Knowledge discovery based on statistic induc-
tion

The form of discovered knowledge with the statistic
induction is a hypothesis rule, and can be formally de-
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scribed as: supposing /= {i, &, -, i} attributes sets,
the hypothesis rules are X=¥, Xe&l, Y&l and
XNY=¢. The attribute value is mapped into standard
vectors, such as X=(x,, xz, -+, x,), Y= (1, ¥2, -, ), ac-
cording to the dis-isomorphic structure of language fi-
eld and language value, in which the ordering pair is:
L), 1=1,2, -, n,7=1,2, -, m). The statistic asso-
ciation of the state (or state changing) between X and

Y can be described as: H: x,—y,. Based on the theory of
statistic induction, an algorithm of the knowledge dis-
covery that has been proposed, and can be described as:

Step 1 Determine the rule template according to the
domain knowledge and the interesting degree, such as
X=>7Y;

Step 2 Combine the elements of the standard vector
corresponding to X and ¥, calculate the statistical para-
meters after scanning the database, and compute sup-
port and intensity of a hypothesis rule. For an ordering
pair {x, v}, (i=1,2, -, n,j=1, 2, -, m), the support is
Support=c/T .

Where ¢, is a statistical count of the k-th vector. T is
the support of the rule template in the database. While
rule intensity is: H, = Support(x,—y,)/Support(XA Y).

Step 3 Calculate the confidence CF of hypothesis
rule with its support larger than the threshold,

CF(x|y) = [Cusy/ T— (T—Cleyy)/T]-max[0, C,,/T].

Step 4 Select the hypothesis rules from the output as
the discovered knowledge, according to the present
threshold of support (S.) and confidence (C), or by the
verification of hypothesis rules.

4.3 Algorithm verification

In order to prove the correctness of the algorithm
proposed in this paper, a software was developed to im-
plement the algorithm. The software coded in VC++
and run to discover the knowledge from a database of
physical factors of atmosphere. The database contains
twenty attributes of weather of the investigated area,
such as temper, humidity, pressure and etc., the number
of records in the database is 15 000. After running the
software, sixteen rules are acquired. Select one of them,
such as the rule 'if the humidity is heavy and pressure
is higher then it rains with higher probability ', has sup-
port and confidence 0.45, 0.61 respectively, which are
over the given thresholds. The support equaling 0.25
means that there are more than 25% records satisfying
the condition 'the humidity is heavy and pressure is hig-
her' and conclusion 'it rains' at same time in the data-
base. The confidence, 0.61, means that in the records
having the attributes "humidity is heavy' and 'pressure is
high', there are 61% of them with the attribute 'it rains'
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in the database. The thresholds of support and confi-
dence affects the number of discovered rulers (table 1
and 2). In practice, the thresholds of support and con-
fidence should be given according to the studied prob-
lems and the background knowledge. In order to ana-
lyze the effective of the algorithm, the program has run
based on CPU of Intel PIII 766 with 256 M primary
memory, and the results of run time vs. number of re-
cords are shown in table 3.

Table 1 Support vs. number of discovered rules
(confidence=0.5)

Support 0.35 0.36 0.37 0.38 0.39 0.40 0.420.440.46
Number of ruler 144 112 92 72 63 45 30 19 15

Table 2 Confidence vs. number of discovered rules

(support=0.4)

Confidence 04 05 0.6 0.7
Number of ruler 35 33 13 8

Table 3 Number of rules vs. run time

Number of records 1000 5000 10000 15000
Run time/s 2 4 5 6

5 Conclusion

KDD deals with all kinds of databases, which are
consisted of qualitative and quantitative attributes.
Rakesh Agrawal's algorithm for mining the association
rule can't be adapted for describing the knowledge of
the state and the state variation. The method of this pa-
per can acquire the knowledge of causality and the rela-
tionship of state and its variation in the attributes. The
method can be used not only in discovering knowledge
from the science and engineering database, but also
suitable for the general transaction database.
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