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Abstract. Association rule mining often results in an overwhelming
number of rules. In practice, it is difficult for the final user to select the
most relevant rules. In order to tackle this problem, various interesting-
ness measures were proposed. Nevertheless, the choice of an appropriate
measure remains a hard task and the use of several measures may lead
to conflicting information. In this paper, we give a unified view of ob-
jective interestingness measures. We define a new framework embedding
a large set of measures called SBMs and we prove that the SBMs have
a similar behavior. Furthermore, we identify the whole collection of the
rules simultaneously optimizing all the SBMs. We provide an algorithm
to efficiently mine a reduced set of rules among the rules optimizing all
the SBMs. Experiments on real datasets highlight the characteristics of
such rules.

1 Introduction

Exploring and analyzing correlations between features is on the core of KDD
processes. Agrawal et al. [I] define association rules as the implications X — Y
where X and Y represent one or several conjunctions of features (or attributes).
However, among the overwhelming number of rules resulting from practical ap-
plications, it is difficult to determine the most relevant rules [I0]. An essential
task is to assist the user in selecting interesting rules.

Measuring the interestingness of discovered rules is an active and important
area of data mining research. Interestingness measures are numerous and they
are usually divided into two groups: subjective and objective measures. Whereas
subjective measures take into account both the data and the user’s expectations,
objective measures are only based on raw data. In this paper, we focus on objec-
tive measures. Support and Confidence are probably the most famous ones [2],
but there are more specific measures (e.g., Lift [6], Sebag and Schoenauer [I8]).
In practice, choosing a suitable measure and determining an appropriate thresh-
old for its use is a challenge for the end user. Combining results coming from
several measures is even much more difficult. Thus an important issue is to com-
pare existing interestingness measures in order to highlight their similarities and
differences and better understand their behaviors [I7, [B]. The lack of generic
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results about the characteristics captured by interestingness measures was the
starting point of this work.

Contributions. This paper deals with the behavior of objective interestingness
measures when applied to association rules. Our main objective is to make clear
the choice of such a measure. For this purpose, we design an original framework
which gives a unified view of a large set of measures, the Simultaneously lower
Bounded Measures (SBM). We demonstrate that SBMs have similar behaviors so
that choosing an appropriate measure among them becomes a secondary issue.
This framework shows that three parameters (the minimal threshold for the
antecedent frequency -y, the maximal consequent frequency n and the maximal
number of exceptions §) are on the core of many measures. This formalization
provides lower bounds for the SBMs according to these parameters and thus
guarantees a minimal quality for the rules. Moreover, we provide an efficient
method to mine a reduced set of rules simultaneously optimizing all the SBMs,
which ensures to produce the best rules according to these measures.

In a previous work [12], we addressed the specific case of the so-called classi-
fication rules (i.e., rules concluding on a class label). In this context, we showed
that most of the usual interestingness measures only depend on the rule an-
tecedent frequency and the rule number of exceptions and that they have a
similar behavior. This paper is a generalization of [12] to any association rule.
This generalization is not straightforward because one key point in [I2] is the
fact that the rule consequent is a class label and thus its frequency is known.
This is obviously no longer true when considering any association rule and the
major difficulty is the lack of information about the consequent frequency. We
overcome it by bounding the consequent frequency. The fact that any attribute
may appear in a rule consequent also requires to design a new algorithm to mine
the rules simultaneously optimizing all the measures of the framework.

Organization. The rest of the paper is organized as follows. Section [2] discusses
related work on rule selection and gives preliminary definitions. Section [ in-
troduces our framework and the SBMs. Section @l shows how the SBMs can
be simultaneously lower bounded and studies their behavior. Section [ presents
our algorithm to mine a reduced set among the most significant rules from a
database. Section [0l gives experimental results about the quality of the discov-
ered rules.

2 Preliminaries

2.1 Related Work

Lossless cover. 1t is well known that the whole set of association rules contains a
lot of redundant rules [I]. So several approaches (see [I3] for a survey) propose
to restrict the mining to a rule cover [22] like the informative rules [15] or the
informative generic base [9]. These rules have minimal antecedents and maximal
consequents. They are lossless and informative since they enable to regenerate
the whole set of valid association rules and their exact support and confidence
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values. Our work is linked to this approach because we define informative SBM
rules that have minimal antecedents and that simultaneously optimize the SBMs
(see Section [)).

Selecting the most interesting rules with objective measures. As already told, re-
searchers have proposed a lot of interestingness measures for various kinds of pat-
terns. There is no widespread agreement on a formal definition of interestingness
and several works attempt to define properties characterizing “good” interesting-
ness measures [I0, [16]. Piatetsky-Shapiro [16] proposes a framework with three
properties and we set our work with respect to it. Other works compare interest-
ingness measures to determine their differences and similarities, either in an exper-
imental manner [20] or in a theoretical one [19,[8]. In [], a visualization method is
proposed to help the user in the rule exploration. There are also attempts to com-
bine several measures to benefit from their joint qualities [7]. However choosing
and using a measure remains a hard task. Our approach differs from these works :
we argue that choosing the appropriate measure is a secondary issue because they
all behave the same. We aim at analyzing the behavior of existing measures and
showing their common features. We exhibit the minimal properties that a measure
must satisfy to get a unified view of a lot of objective interestingness measures, the
SBMs. Second, by simultaneously optimizing all the SBMs, our work combines the
information brought by these measures.

2.2 Definitions

Basic definitions. A database D is a relation R between a set A of attributes
and a set O of objects: for a € A,0 € O, aR o if and only if the object o contains
the attribute a. A pattern is a subset of A. The frequency of a pattern X is the
number of objects in D containing X; it is denoted by F(X). Table [[] shows an
example of a database containing 8 attributes and 9 objects.

Table 1. An example of a database D

D Attributes
Objects ABCDEFGH
01 1010100
02
03
04
05
06
o7
(&)

O = O = O == O
—_ O = O OO
O = = O =
—o o, OO0COO
O O = O
=== O OO
_ O OO0 O oo
O = == O

09

Association rules. An association rule r : X — Y is an implication where X
and Y are patterns of D. X is the antecedent of r and Y its consequent. F(XY)
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is the rule frequency, F(X) the antecedent frequency and F(Y) the consequent
frequency. In Table [ r; : CG — BEH and ry : BCF — E are association
rules. The frequency of 1 (resp. 73) is equal to 1 (resp. 2), the frequency of its
antecedent is 1 (resp. 2) and the frequency of its consequent is 2 (resp. 6).

Evaluating objective measures. An interestingness measure is a function which
assigns a numerical value to an association rule according to its quality. A lot
of interestingness measures are based on the rule, the antecedent and the con-
sequent frequencies. We recall here the well-known Piatetsky-Shapiro’s proper-
ties [I6] which aim at specifying what a “good” measure is. In the next section,
we will use properties P2 and P3 to define the SBMs.

Definition 1 (Piatetsky-Shapiro’s properties). Let r: X — Y be an asso-
ciation rule and M an interestingness measure.

— P1: M(r) =04f X and Y are statistically independent i.e. if |D| x F(XY) =
F(X) x F(Y);

— P2: When F(X) and F(Y) remain unchanged, M (r) monotonically increases
with F(XY);

— P3: When F(XY) and F(X) (resp. F(Y')) remain unchanged, M (r) mono-
tonically decreases with F(Y') (resp. F(X)).

P2 ensures the increase of M according to the rule frequency and P3 the de-
crease of M according to the antecedent and the consequent frequencies. Most of
usual measures satisfy P2 (e.g., support, confidence, interest, conviction). How-
ever, there are a few exceptions (e.g., J-measure, Goodman-Kruskal, Gini index).
In [16], Piatetsky-Shapiro defines a measure called the Rule-Interest which sat-
isfies the three properties P1, P2 and P3.

3 A Formal Framework for Objective Measures: The Set
of Simultaneously Bounded Measures

This section presents our framework which gives a unified view of a large set of
measures, the SBMs. The key idea is to express a measure according to variables
which depend on frequencies in order to capture their joint effect. We will see in
Section [ that this rewriting provides lower bounds for the SBMs and highlights
their behavior.

3.1 Measures as Functions

We rewrite any interestingness measure as a function according to the frequencies
of a rule.

Definition 2 (Associated function). Let M be an interestingness measure
and r : X — Y an association rule. Wpr(x,y,2) is the continuous function
associated to M where x = F(X) and y = F(Y) and z = F(XY).

zX|D]|

For instance, the function associated to the Lift measure is: ¥r, ¢ (2, y, 2) = exy



A Unified View of Objective Interestingness Measures 537

Let 6 be the maximal authorized number of exceptions for a rule. Variables
x, y and z are frequencies in the dataset and we only have to consider the case
where they are greater than or equal to zero. Moreover, since the rules have less
than 6 exceptions, z > 0 implies x > §. Definition ] underlines the influence of
the rule number of exceptions.

Definition 3 (6-dependent function). Let M be an interestingness measure
andr: X — Y an association rule. The 6-dependent function associated to M
called Wpr s(x,y) is the two-variable function obtained by the change of variable
z=x—0in W, i.e. Yars(x,y) =V (z,y,x —0).

_ @=8)x|D|

Pursuing the Lift example, we obtain: ¥, s(z, y) ety

3.2 Identifying Properties Shared by Measures

By using the previous definitions, we give now properties expressing basic char-
acteristics of interestingness measures. These properties are on the core of our
framework.

Property 1 (P2’: weak P2). Let M be an interestingness measure. Wy in-
creases with z.

We call Property 0l weak P2 since it is closely related to Piatetsky-Shapiro’s
property P2. The slight difference being it is not necessary that the measure
monotonically increases.

Property 2 (P3’: weak P3). Let M be an interestingness measure. Wy de-
creases with y.

Property 2lis called weak P3 since it corresponds to the first part of P3 (as well
as P2, the definition does not require the monotonical decrease). Contrary to
the Shapiro’s set of properties, we do not make assumptions on the measure’s
behaviour according to the antecedent frequency. P3’ only considers the con-
sequent frequency and, unlike P3, does not require the symmetry between the
antecedent and the consequent. As ¥y, (z,y, 2) increases with z and decreases
with y, it is immediate that the Lift satisfies P2’ and P3’.

The link between the frequencies expressed by Definition[3 captures an impor-
tant feature of an interestingness measure: its behavior with respect to the joint
development of the antecedent and the consequent frequencies and the maximal
rule number of exceptions. This characteristic is translated by Property [3] and
we will use it in our framework.

Property 3 (P4: property of $-dependent growth). Let M be an interest-
ingness measure. Wy s increases with .
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3.3 SBMs

Property @l defines the SBMs. It establishes a powerful framework for analyzing
the behavior of interestingness measures. Table2lprovides a sample of SBMs. The
Rule-Interest measure (RI), which is a good measure according to Definition [T}

C. Hébert and B. Crémilleux

belongs to this framework.

Property 4 (SBM). An interestingness measure M is a simultaneously lower

bounded measure (or SBM) if M satisfies P2’, P3’ and P4.

Theorem [l states that a linear combination of SBMs with positive coefficients is

still a SBM. It also shows that the set of SBMs is infinite.

SBM

Support
Confidence
Sensitivity
Specificity
Success Rate
Lift
Rule-Interest [16]
Laplace (k=2)
Odds ratio
Growth rate
Sebag & Schoenauer
Jaccard
Conviction
¢-coefficient
Added Value
Certainty Factor

Information Gain

Table 2. A sample of SBMs

Definition
F(XY)
D
F(XY)
F(X)
F(XY)
F(Y)
_ F(X) - F(XY)
|D| — F(Y)
ID| - F(Y) = F(X
D
Y)
F(X)
F(Y) x F(X)
D]

) + 2F(XY)

ID| x F(X
F(Y) x
F(XY) -
FXY)+1
F(X)+2
F(XY)
F(X) - F(XY)
F(XY)
F(X) - F(XY)
F(XY)
F(X) - F(XY)
F(XY)
FY)+F(X) -
Dl - F(Y)
D]

F(XY)
F(X)
(X)
IDI F(XY) -
\/F (Y) x(ID] =
XY) ( )
F(X) D|
F(XY) x |D| - F(X)x F(Y)
F(X) x (|D] = F(Y))

F(XY) |D|
log ( F(x) * fm)

XY)
F(Y) x F(X)
F(X)) x

(IP] = F(Y))
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Theorem 1. Let My, ...,M, be SBMs and oy, ...,a, be n positive real num-
bers. ooy X My + -+ a,, X M,, is a SBM.

The key idea of the proof relies on the fact that when multiplying a SBM M
by a positive real number «, the associated function ¥, 5, and the §-dependent
function ¥,ar,s behave like ¥y and Wy s.

Proof. We denote oy X My + -+ -+ aw, X M,, by M. Let us show that M satisfies
P2’, P3’ and P4. The following equalities hold: ¥y = a1Was, + -+ + an¥Wnr,
and Y5 = a1y 5 + - - + Wi, 5. Since My, ..., M, are SBMs, they satisfy
P2, P3’ and P4. ¥y, (2,9, 2), ..., ¥, (¢, 9, z) increase with z and decrease with
Y, e.g., the partial derivatives of Wy, ..., ¥y, w.r.t. z are positive and their
partial derivatives w.r.t. y are negative. Thus the partial derivative of ¥, w.r.t.
z remains positive and the partial derivative of ¥, w.r.t. y remains negative. We
conclude that ¥, also increases with z and decreases with y. Thus M satisfies P2’
and P3’. By the same reasoning, we prove that M satisfies P4 and we conclude
that M is a SBM. O

Theorem [l can be used to define new SBMs or to check if a candidate in-
terestingness measure is a SBM. For instance, the Novelty [I4] (defined by

F(XY) x|D|—F(X) x F(Y)
Nov(r) = D2
Rule-Interest since Nov = « x RI with a = |11)|. As the Rule-Interest is a SBM
and « is a positive real number, Theorem [ ensures that Novelty is a SBM as
well.

) can be expressed according to the

4 SBMs’ Bounds and Behavior

This section provides lower bounds for the SBMs. We show that all the SBMs
can be simultaneously lower bounded and behave in a similar way. Let v be the
minimal antecedent frequency and 7 the maximal consequent frequency. Except
for Property Bl the values of the parameters v, n and § are fixed.

4.1 Lower Bounds

Theorem 2l provides for each SBM its lower bound according to v, n and 8. Such
a bound expresses the minimal quality of a rule according to 7, n and é. Table Bl
gives the lower bounds for SBMs quoted in Table Pl With v = 3, § = 1 and
17 =5 in Table[D the Lift lower bound is 4.6 and the Rule-Interest lower bound
is 217. Note that Theorem [lenables to calculate Wi oy s(7v, 1) with a X Urr s(v,n)
where av = |11)|.

Theorem 2 (Lower bounds). Let M be a SBM. If r : X — Y is an associ-
ation rule such that F(X) >, F(Y) < n and r admits less than 6 exceptions,
then M (r) is greater than or equal to Wars(y,n).
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Proof. According to P2’, Wy (x,y, z) increases with the variable z. Since X — Y
admits less than ¢ exceptions, F(XY) > F(X)— ¢ and consequently ¥y (z,y, 2)
> Uy(x,y,x—06) =P s(x,y). A lower bound for x is v and a upper bound for
y is n thus, since Wy increases with = and decreases with y (consequence of
weak P3), a lower bound for ¥ys s(z,y) is Yar,s(7v,n). O

Table 3. Lower bounds for SBMs defined in Table

SBM Lower bound
y—20
Support
IDI(5
Confidence 1-— 5
Sensitivity v ; 0
6
Specificity 1-—
|D|26_ n
Y- -
Success Rate 1+
) P D
Lift (1- %) x I
Ty
Rule-Interest y—06—
547
y—
Lapl k=2
aplace (k=2) . vt |2 | .
. Y= Dl —n—
Odds ratio X
rati L s (T
Growth rate -0 X Dl =n
6 7
Sebag & Schoenauer v g d
Jaccard =94
n+6
Conviction |D||D_| N X Z

v x (Dl =n) =6 x|D|

V7 x (ID] =) x 0 x (|D| —n)
y=0 n

¢-coefficient

Added Value —
D]

v
Certainty Factor ¥ x (D] —=n) =6 x|D
v X (ll()sl - 17%
Information Gain log <’y I | |)
v n

As Theorem Plis true for all the SBMs, we deduce that all the SBMs are simul-
taneously lower bounded. It means that the set of rules such that F(X) > ~,
F(Y) <n and admitting less than § exceptions simultaneously satisfy minimal
values according to all the SBMs. Thus, Theorem [] enables to identify a set
of “good” rules according to the SBMs because all the SBMs have high values,
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at least greater than or equal to their lower bounds. In the following, we are
interested in all the rules r such that M(r) > Wars(7y,n) for all the SBMs:

Definition 4 (SBM rule). The set of rules satisfying M(r) > Wy s(v,n) for
all the SBMs is denoted by Rspar- A SBM rule is a rule belonging to Rspa -
4.2 SBMs’ Behavior

Property Bl specifies the behavior of the lower bounds according to v, n and 6.
Property 5. War 5(v,n) increases with v and decreases with n and 6.

Proof. As M is a SBM, it is obvious that Was s(y,n) increases with v (P4) and
decreases with 7 (weak P3). From weak P2, it follows that ¥/ (z,y, z) increases
with z. Hence assuming 61 > 82 we have Wy (x,y,x — 62) > ¥p(x,y,x — 61) and
Unr.s, (v, 1) > Yars, (7,m). Consequently, War s(v,n) decreases with 6. O

Property [l states that all the lower bounds behave in a similar way according
to the parameters v, n and 6. Consequently, it is possible to increase the rule
quality according to the SBMs by increasing v and decreasing n and 6.

T T T T T T 16 T T
Support —+— Support —— Slpport —+—
Confidence --x-—- Confidence ~—x-—- Confidence -—x-—-
Sensitivity -+ %--- 14 Sensitivity B 14 1 Sensitivity ---%---
Success Rate & Success Rate Success Rate 8
- Laplace -1
15 Jaccard -0~ 1 121 Jaccard -0~

LR -5

Laplace —-m-—
121 Jaccard ---0-~

,,,,,,,,,,,,,,,,,,,,,,,,,,,,
I e— - S — |
Rk 08 G

lower bounds
lower bounds
°
®
[}
lower bounds

ogge 06 a 1 06

osf 2 g 04 e s 1 04 L TR
s g B
e 02 L [ e |

20 40 60 80 100 120 140 150 200 250 300 350 400 450 500 0 5 10 15 20 25
gamma eta delta

Fig. 1. Lower bounds according to v, § and 7

For some usual measures, Figure [I] depicts the lowers bounds according to
(with n = 200 and 6 = 5), n (with v = 100 and 6 = 5) and ¢ (with n = 200
and v = 100). These figures show the similar behavior of SBMs and that these
measures can be simultaneously optimized.

5 Rule Mining

In this section, we start by characterizing Rgpas. This characterization enables
to infer an efficient rule mining algorithm.

5.1 Characterizing Rspn

Theorem B provides properties on the frequencies of a SBM rule.
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Theorem 3. If r: X — Y is a SBM rule then r satisfies the following condi-
tions: F(X) >, F(Y) <n and r admits less than § exceptions.

Proof. We define M (r)=F(X), Ms(r)= ]__(ly) and M3z(r) = F(X) _lf(Xy)'

Tt is trivial to check that M1, M2 and M3 are SBMs. The inequalities M;(r) >

o
diately prove the result. O

1 1.
Unt,s(vsm) =7, Ma(r) > War, s(7,m) = , and Ms(r) > Wag, s(v,n) = . imme-

Theorem Blis the converse of Theorem Pl These two theorems prove that Rspas
is equal to the set of rules having a y-frequent antecedent, an n-infrequent con-
sequent and less than ¢ exceptions. Thus, even if the set of SBMs is infinite,
this characterization of Rgpas makes feasible the mining of the rules optimizing
all SBMs and ensures the completeness of the mining. The next section shows
that we can only mine a reduced set of rules having minimal antecedents among
RsBum-

5.2 Informative Rules of Rspnr

Section 2] has introduced the rule cover based on informative rules [15]. In-
formative rules are build with minimal patterns (also called free [5] or key pat-
terns [I5]) as antecedents and one part of their closures (see [21] for a definition)
as consequents. By analogy in Definition [ we call an informative SBM rule a
rule having a minimal pattern (i.e., free pattern) as antecedent and one part of
its closure as consequent.

Definition 5 (Informative SBM rules). An informative SBM rule r: X —
Y is a SBM rule such that X is a free pattern and XY s a closed pattern. Thus
r satisfies:

— X is y-frequent and free

— Y is n-infrequent
XNy =90
— XY is closed
— r has less than 6 exceptions

The set of informative SBM rules is denoted by Inf(Rspnm)-

This definition is precious in practice to mine the informative SBM rules be-
cause there are efficient algorithms to extract the free or key patterns and their
closures [B]. The next section provides an algorithm which mines the whole set
of informative SBM rules.

5.3 Algorithm Mining Inf(Rssn)

This section gives the main features of our algorithm for mining Znf(Rsgum)-
The basic principle is to associate the free and the closed patterns given in input
to build the informative SBM rules. Definition Ml states that the SBM rules satisfy
the following constraints: F(X) > v, F(Y) <n and F(X) — F(XY) < 8. These
constraints lead to Property [0l which provides pruning conditions:
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Property 6. The SBM rules satisfy:

1Ly <F(X)<n+6
2.y =0 < F(XY)<F(Y)<n

Proof.

1. Since Y C XY, F(XY) < F(Y) <n. F(XY) <7 is obvious. Thus F(X) <
F(XY) + 6 and we have F(X) <n+ 6.

2. Since Y C XY, F(XY) < F(Y). We have v — § < F(X) — § < F(XY).
Thus v — 6 < F(Y).

Algorithm [l considers each pattern X in Free(, ,1s), i.e., each free pattern hav-
ing a frequency between v and 1 + §. Then the closed patterns containing X
and having a frequency between v — 6 and 7 are determined. Z is the set of
discovered informative SBM rules. Note that the antecedent and the rule satisfy
the frequency constraints of Property [0 by construction. Then, the number of
exceptions and the consequent frequency are checked. This latter is obviously
greater than v — ¢ but not necessarily less than 1. The consequent frequency is
computed by finding the smallest closed pattern containing the rule consequent.
When discovered, a valid rule is added to Z. The algorithm stops when all the
patterns in Free( ,4s) have been considered.

Data: Free the set of free patterns, Closed the set of closed patterns
Result: the informative SBM rules Znf(Rspar)
1 foreach X € Free(y 1) such that F(X)— F(Z) <6 do

2 foreach 7 = XY € Closed(,_s, ) such that F(X)— F(Z) <6 do
3 if 7(Y) <n then

4 T=TU{X —Y}

5 end

6 end

7 end

8 return 7
Algorithm 1. Mining Znf(Rspm)

6 Experiments

The aim of the experiments is twofold: first, we quantify the size of Znf(Rspa)
according to the parameters of our framework, and second we observe the quality
of the informative SBM rules mined in practice. Experiments are performed on
a real data set, the hepatitis data collected at the Chiba University Hospital
(Japan). These data are used in discovery challenges [I1]. They contain the
examinations of 499 patients which are described with 168 attributes.

Number of informative SBM rules. Figures on the top of Figure [ plot on a
logarithmic scale the size of Znf(Rspa) i.e. the number of informative SBM
rules according to the minimal antecedent frequency threshold « (on the left) and
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the maximal number of exceptions § (on the right) with n = 200. The figure on
the bottom of Figure 2] plots the size of Znf(Rspa) according to the maximal
consequent frequency threshold n with v = 60. As expected (cf. Property (), the
number of rules clearly decreases according to v and increases both with n and
6. Nevertheless, these curves specify how these numbers vary.

T T T T T
delta=0 —+—
L delta=5 — = ] e-
tes07 delta = 10 --%--- 10407 | L 4
T delta =15 & o
18406 - % o delta = 20 E .
STy m 1406 e E
100000 F E =
0 R E « . -
o T ey o -
2 o000 | e K e ] 2 100000 | .- P
@ h @ e
£ 1000 ¢ e € 10000 £
=1 .. =1
z 100 L -] 4 -
1000 +
10 b 4
gamma =100 —+—
s ] 100 gamma =80 — -
gamma = 60 ---%*---
gamma =40 &
0.1 1 Il Il Il Il 10 1 Il Il
40 60 80 100 120 140 o] 5 10 15 20
Minimal antecedent frequency (gamma) Maximal number of exceptions (delta)
T T T
delta=0 —+—
L delta =5 —-—-— i
THB T Gelta = 10 -k
delta = 15 8-~
6o+06 |- Celta=20 4
9 5e+06 [ 4
2
B 40406 | -4
[ a7
=
E -
3 30406 L -
o
2e+06 - o L
o e
- LK
18406 o e 7
- T U T
e P S IR

o]
100 150 200 250 300 350 400 450 500
Maximal consequent frequency (eta)

Fig. 2. Size of Inf(Rspm) according to v, 6 and n

Figure [3 plots the number of rules with 17 = 200 and without maximal conse-
quent frequency i.e., n = 500 (since the hepatitis data only contain 499 objects).
It shows the reduction of the rule number due to 7. For instance, with v = 80,
there are 5605 rules with n = 200 versus almost 200.000 rules with n = 500.
Clearly, bounding the consequent frequency enables to drastically reduce the
size of the output. This result is interesting because we know (thanks to Prop-
erty B) that the discarded rules have the worst values according to the set of
SBMs.

Quality of the mined rules. We now focus on the quality of the informative
SBM rules. With v = 60, n = 200 and 6 = 5, Znf(Rspan) includes 40697
rules. Table ] indicates the minimal value, the lower bound (calculated with the
expressions given in Table B]), the average value for the rules in Znf(Rsp)



A Unified View of Objective Interestingness Measures 545

4.5e+06 T ' ) " eta=200 ——

Y eta =500 ---%---
4e+06 -\ bl

350406 | | 1
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Fig. 3. Number of rules with and without a maximal consequent frequency

and the maximum value of a few SBMs. These results show for each SBM the
minimal value guaranteed by our framework. Obviously, the average values are
higher than the lower bounds and the difference between the average value and
the lower bound depends on the measures. For instance, the Sensitivity ranges
from 0 to 1. Its lower bound equals 0.275 and its average value is 0.411. For the
Sebag & Schoenauer’s measure (ranging from 0 to infinity), the lower bound is
11 while the average value is about 21.

Table 4. Minimum, lower bound, average value and maximum of a few SBMs

Measure Support Confidence Sensitivity Rule-Interest Odds Ratio
Minimum 0 0 0 -0.25 0
Lower bound  0.1102 0.917 0.275 0.06203 22.303
Average value 0.134 0.962 0.411 0.089 74.038
Maximum 1 1 1 0.25 o0
Measure GR  Sebag & Schoenauer Jaccard ¢-Coefficient Added Value
Minimum 0 0 0 -1 -0.5
Lower bound 16.45 11 0.300 0.452 0.599
Average value 43.616 21.274 0.406 0.540 0.626
Maximum 00 o) 1 1 1

7 Conclusion and Future Work

Further work addresses the multi-criteria optimization of the SBMs. Theorem [I]
shows that it is possible to combine several SBMs without loosing the properties
of our framework. An approach is to get a lower bound for a weighted combina-
tion of SBMs in order to ensure a global quality for all SBMs. Another way is to
automatically determine the parameters involved in the mining of the SBM rules
in order to take into account the various semantics conveyed by the measures
during the mining process.



546

C. Hébert and B. Crémilleux

Acknowledgements. The authors thank Nicolas Durand for preparing the hep-
atitis data. This work has been partially funded by the ACI "masse de données”
(French Ministry of research), Bingo project (MD 46, 2004-2007).

References

[1]

2]

3]

[4]

[5]

[7]

8]

[9]

[10]

[11]

[12]

[13]

Agrawal, R., Imielinski, T., Swami, A.N.: Mining association rules between sets
of items in large databases. In: Buneman, P., Jajodia, S. (eds.) SIGMOD’93 Con-
ference, pp. 207-216. ACM Press, New York (1993)

Agrawal, R., Srikant, R.: Fast algorithms for mining association rules in large
databases. In: Bocca, J.B., Jarke, M., Zaniolo, C. (eds.) VLDB’94, Proceedings
of 20th International Conference on Very Large Data Bases, Santiago de Chile,
Chile, September 12-15, 1994, pp. 487-499. Morgan Kaufmann, San Francisco
(1994)

Bayardo, J.R.J., Agrawal, R.: Mining the most interesting rules. In: KDD’99, pp.
145-154 (1999)

Blanchard, J., Guillet, F., Briand, H.: A user-driven and quality-oriented visual-
ization for mining association rules. In: the 3rd IEEE International Conference
on Data Mining (ICDM 2003), pp. 493-496. IEEE Computer Society Press, Los
Alamitos (2003)

Boulicaut, J.-F., Bykowski, A., Rigotti, C.: Approximation of frequency queries
by means of free-sets. In: Zighed, D.A., Komorowski, H.J., Zytkow, J.M. (eds.)
PKDD 2000. LNCS (LNATI), vol. 1910, pp. 75-85. Springer, Heidelberg (2000)
Brin, S., Motwani, R., Silverstein, C.: Beyond market baskets: Generalizing as-
sociation rules to correlations. In: Peckham, J. (ed.) SIGMOD 1997, Proceedings
ACM SIGMOD International Conference on Management of Data, Tucson, Ari-
zona, USA, May 13-15, 1997, pp. 265-276. ACM Press, New York (1997)
Francisci, D., Collard, M.: Multi-criteria evaluation of interesting dependencies
according to a data mining approach. In: Congress on Evolutionary Computa-
tion, Canberra, Australia, 12, pp. 1568-1574. IEEE Computer Society Press, Los
Alamitos (2003)

Fiirnkranz, J., Flach, P.A.: Roc ’'n’ rule learning-towards a better understanding
of covering algorithms. Machine Learning 58(1), 39-77 (2005)

Gasmi, G., Yahia, S.B., Nguifo, E.M., Slimani, Y.: Igh: A new informative generic
base of association rules. In: Ho, T.-B., Cheung, D., Liu, H. (eds.) PAKDD 2005.
LNCS (LNAI), vol. 3518, pp. 81-90. Springer, Heidelberg (2005)

Hilderman, R.J., Hamilton, H.J.: Measuring the interestingness of discovered
knowledge: A principled approach. Intell. Data Anal. 7(4), 347-382 (2003)
Hirano, S., Tsumoto, S.: Guide to the hepatitis data. In: ECML/PKDD’05 Discov-
ery Challenge on hepatitis data co-located with the 9th European Conference on
Principles and Practice of Knowledge Discovery in Databases (PKDD’05), Porto,
Portugal, October 2005, pp. 120-124 (2005)

Hébert, C., Crémilleux, B.: Optimized rule mining through a unified framework for
interestingness measures. In: Tjoa, A.M., Trujillo, J. (eds.) DaWaK 2006. LNCS,
vol. 4081, pp. 238-247. Springer, Heidelberg (2006)

Kryszkiewicz, M.: Concise representations of association rules. In: Hand, D.J.,
Adams, N.M., Bolton, R.J. (eds.) Pattern Detection and Discovery. LNCS (LNAI),
vol. 2447, pp. 92-109. Springer, Heidelberg (2002)



[14]

[15]

[16]

[17]

[18]

[19]

[20]

[21]

[22]

A Unified View of Objective Interestingness Measures 547

Lavrac, N., Flach, P., Zupan, B.: Rule evaluation measures: a unifying view. In:
Dzeroski, S., Flach, P.A. (eds.) Inductive Logic Programming. LNCS (LNAI),
vol. 1634, pp. 174-185. Springer, Heidelberg (1999)

Pasquier, N., Bastide, Y., Taouil, R., Lakhal, L.: Discovering frequent closed item-
sets for association rules. In: Beeri, C., Bruneman, P. (eds.) ICDT 1999. LNCS,
vol. 1540, pp. 299-312. Springer, Heidelberg (1998)

Piatetsky-Shapiro, G.: Discovery, analysis, and presentation of strong rules. In:
Knowledge Discovery in Databases, pp. 229-248. AAAI/MIT Press, Cambridge
(1991)

Plasse, M., Niang, N., Saporta, G., Leblond, L.: Une comparaison de certains
indices de pertinence des régles d’association. In: Ritschard, G., Djeraba, C. (eds.)
EGC. Revue des Nouvelles Technologies de I'Information, vol. RNTI-E-6, pp. 561—
568. Cépadues-Editions (2006)

Sebag, M., Schoenauer, M.: Generation of rules with certainty and confidence
factors from incomplete and incoherent learning bases. In: Boose, M. L. J., Gaines,
B. (eds.)European Knowledge Acquisistion Workshop, EKAW’88, pages 28-1-28—
20 (1988)

Tan, P.-N., Kumar, V., Srivastava, J.: Selecting the right interestingness measure
for association patterns. In: KDD, pp. 32-41. ACM, New York (2002)

Vaillant, B., Lenca, P., Lallich, S.: A clustering of interestingness measures. In:
The 7th International Conference on Discovery Science, 10, 2004, pp. 290-297
(2004)

Wille, R.: chapter Restructuring lattice theory: an approach based on hierachies
of concepts. In: Ordered sets, pp. 445-470. Reidel, Dordrecht (1982)

Zaki, M.J.: Generating non-redundant association rules. In: KDD’00, pp. 34-43
(2000)



	A Unified View of Objective Interestingness Measures
	Introduction
	Preliminaries
	Related Work
	Definitions

	A Formal Framework for Objective Measures: The Set of Simultaneously Bounded Measures
	Measures as Functions
	Identifying Properties Shared by Measures
	SBMs

	SBMs' Bounds and Behavior
	Lower Bounds
	SBMs' Behavior

	Rule Mining
	Characterizing $R_SBM$
	Informative Rules of $R_SBM$
	Algorithm Mining $Inf(R_SBM)$

	Experiments
	Conclusion and Future Work



<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (Gray Gamma 2.2)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (ISO Coated)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Error
  /CompatibilityLevel 1.3
  /CompressObjects /Off
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJDFFile false
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.1000
  /ColorConversionStrategy /sRGB
  /DoThumbnails true
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 524288
  /LockDistillerParams true
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness true
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts false
  /TransferFunctionInfo /Remove
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 150
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 600
  /ColorImageDepth 8
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.01667
  /EncodeColorImages true
  /ColorImageFilter /FlateEncode
  /AutoFilterColorImages false
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /ColorImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /AntiAliasGrayImages false
  /CropGrayImages true
  /GrayImageMinResolution 150
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 600
  /GrayImageDepth 8
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.01667
  /EncodeGrayImages true
  /GrayImageFilter /FlateEncode
  /AutoFilterGrayImages false
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /GrayImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /AntiAliasMonoImages false
  /CropMonoImages true
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 2.00000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile (None)
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName (http://www.color.org)
  /PDFXTrapped /False

  /SyntheticBoldness 1.000000
  /Description <<
    /DEU ()
  >>
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [595.000 842.000]
>> setpagedevice




