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Abstract—Mining gradual patterns invokes a number of
iterations for generating, adjusting, measuring, and comparing
gradual tendencies between numeric attributes of imprecise
or uncertain databases. Gradual tendencies are complex cor-
relations of the form {The hight/lower X, the hight/lower
Y}. Automatic extraction of such gradual patterns involves
huge amounts of processing time, load balance, and high
memory consumption. When managing large databases, taking
this into account is challenging. In this paper, we show a
framework and an algorithm based on rank correlation and
fuzzy orderings for mining gradual patterns from imprecise
or uncertain data. We also present an approach to improve
performance of the algorithm using the parallel programming
model of OpenMP and the Yale Sparse Matrix Format to
reduce memory consumption. Through an experimental study,
we show the performance of our approach with respect to the
number of attributes of the databases and the number of cores
available.

Keywords-Scaling fuzzy models; Fuzzy orderings; Fuzzy grad-
ual dependencies; OpenMP; Parallel programming.

I. INTRODUCTION

Data mining is often defined as the formulation, analysis,
and implementation of an induction process proceeding
from specific data to general patterns that facilitates the
non-trivial extraction of implicit, unknown, and potentially
useful information [20]. Data mining techniques are
employed in traditional scientific discovery disciplines,
such as biological, medical, biomedical, chemical, physical,
social research, and other knowledge industries.

Mining gradual patterns (MGP) is an important task for
knowledge discovery (KDD) and data mining (DM). In
MGP, the goal is to find in numeric databases interesting
and complex correlations of the form {X{>|<}, Y{>|<}},
interpreted as {The hight/lower X, the hight/lower Y} and
named gradual dependencies.

Gradual dependencies express a relation (tendency or
correlation) among the variation of the values of attributes
of a gradual pattern. For example, in the database shown
in Table I containing data about fruit characteristics,
such as Aj:Size, Ap:Weight and Ajs:Sugar Rate, the
gradual pattern {the higher the weight, the hight the sugar
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Table 1
A SMALL DATABASE OF SOME FRUIT CHARACTERISTICS

Id | A;: Size | Ag: Weight | As: SugarRate
to 6 6 5.3
t1 10 12 5.1
to 14 4 4.9
ts 23 10 4.9
tyg 6 8 5.0
ts 14 9 4.9
te 18 9 52
tr 23 10 5.3
ts 28 13 5.5

rate}, means that as the weight of a fruit increases, its
sugar rate tends to increases. Accordingly {the lower
the weight, the lower the sugar rate}, means that as the
weight of a fruit decreases, its sugar rate tends to decreases.

This new way to analyse the degree in which a pattern is
present in a transaction, called gradual pattern or gradual
dependency, was first proposed in [10], thereafter studied
in [1][13][16], and more recently in [S][12][18].

There exist some algorithms for MGP that focus
on finding gradual patterns from precise and certain
data [12][22]. Unfortunately, this is not always so, there are
situations where databases contain imprecise and uncertain
data (e.g., meteorological data, river pollution data, indicator
economic data, biological data, and so on) due to human
errors, instrument errors, recording errors, noisy data,
variables with imprecise and uncertain behaviour, and so
on [2][6][22].

In this paper, we present a framework and an algorithm
based on rank correlation and fuzzy orderings for MGP
(fuzzy-MGP) [18] from imprecise or uncertain data. We
also present an approach to improve performance of fuzzy-
MGP algorithm using the parallel programming model of
OpenMP [19][21] and a dedicated technique for handling
sparse matrices to reduce memory consumption.

The outline of the paper is as follows: In Section II,
we present the definitions of gradual dependency, fuzzy
orderings, fuzzy ~ rank correlation and related works. In
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Section III, we explain our parallel fuzzy orderings for fuzzy
gradual pattern mining algorithm (parallel fuzzy-MGP). Sec-
tion IV presents experiments and main results. Lastly, in
Section V, we present our conclusions and perspectives of
research.

II. DEFINITIONS AND RELATED WORKS
A. Gradual dependency: Some Background

In the context of fuzzy data mining, the concept of grad-
ual dependency was first proposed to perform a regression
analysis between the change of the presence of fuzzy items
in a transaction [10].

In [1], a gradual dependence is defined as a rule
of the form (vy,X,A) — (v2,Y,B) holds in D if
V(z,y),(z ,y) € D, meaning that A(x)v; A(z) implies
B(y)v2B(y'), where X,Y are two attributes of database
D containing pairs of values (z,y) € X x Y, two fuzzy
sets A, B defined on the domains of X, Y respectively, and
v1,v9 € {<,>}, represent two variations the less (<) and
the more (>).

In [16], Molina et al. propose a particular definition
of fuzzy gradual dependence from an specific approach
to fuzzy association rules, where gradual dependencies
represent tendencies in the variation of the degree of
fulfilment of properties in a set of objects, and also
introduce the notion of degree of variation associated to a
pair of objects.

In [13], Laurent et al. present an approach for extracting
gradual itemsets, where combines the interpretation of
gradual dependency of Berzal in [1], with a rank correlation
measure and the concept of binary matrices for representing
the sets of concordant couples.

Koh and Hiillermeier [12] present a framework for
mining fuzzy gradual dependencies, in which the strength
of association between itemsets is measured in terms of a
fuzzy rank correlation coefficient.

B. Gradual Pattern: Concepts and Definitions

Given a DB (database), constituted of n data record
(transactions) T={ti,%s,...,t,}, described by m numeric
attributes A={ 41, A,, ..., A, }, each record ¢; is represented
as a vector with m values, t; ={A1(t;), A2(t;), ..., Am (t:) },
were As(t;) is the value of ¢; for the attribute Ao, similarly
for each record ¢;.

A GP(gradual pattern) defines a relation of simultaneous
variation between values of the attributes of two or more
gradual items, different approaches have been defined
according to the interpretation of the concept of gradual
dependency, a GP is a combination of two or more gradual

Copyright (c) IARIA, 2012.  ISBN: 978-1-61208-217-2

items of the form GP={A;>A;>A3<} interpreted as {The
hight Ay, the hight As, the lower A3}, where the size (k) of
a GP is defined as the number of gradual items contained
in the GP, such that k{2, 3, 4,..., m}.

A gradual item is defined as the variation v associated
to the values of a attribute A;€DB denoted as A;v, where
v can be ascending (>|+) if the attribute values increase,
descending (<|—) if the attribute values decrease, i.e.,
{Ai>} = (At <Ai(t;)} and {A<} = {A(t)>Ai(t;))
for i=1, 2, ..., n, for j=i+1, ..., n, i#j and l€{1,2, ..., k}.

A concordant couple (cc) is an index pair cc(li,1j)
defined in (1), where the records (¢;, t;) satisfy all the
variations v expressed by the involved gradual items in
a given GP of size k, e.g., let GP={A;>A>>A3<} with
size k=3, an index pair cc(Ii,lj) is a concordant couple if
((Al (ti)<A1 (t]) implies Ay (ti)<A2 (tj)) implies A3 (ti)>
As(t;)), where [i is defined in (2) and [j in (3).

1 if ec(I4, 1) is concordant couple

ce(Ii, Ij) =
0 in otherwise.
(1)
{Il = ((A1(t:), A2(t:)), (A1(t:), As(ti))) or )
= ((A1(t:), A2(t:)), As(ti))
{u—wumﬂwm«umﬁwmmr )
= ((A1(t5), A2(t;)), As(t;))

In MGP a minimal support is used to choose interesting
GP from gradual items which frequently occur together. A
GP is an interesting pattern if support(GP) is greater than
or equal to the user-predefined minimal support named
minimum threshold.

In order to compute the support of a GP, different
approaches have been defined according to the interpretation
of the concept of gradual dependency, such as based on fuzzy
implication interpretation [4][7][9], regression analysis [10],
induced rankings correlation [1][13], ranking-compliant
data subsets [15], strengthening quality criteria [5], and
so on. An interesting analysis of such interpretations is
considered in [5][13].

In the framework of the interpretation of gradual depen-
dency based on induced rankings correlation and concordant
couple concept, the support of a GP is computed as

doimy 2y ce (i, 1)

n(n—1)
2

support(GP) = 4
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C. Fuzzy Orderings-Based v Rank Correlation Measure

Fuzzy orderings is a concept that have been introduced
with the aim to model human-like decisions by taking the
graduality of human thinking and reasoning into account.
Within the framework of a process of making decisions
fuzzy orderings allow express and evaluate preferences
among a set of available alternatives [2][24].

A fuzzy relation L : X? —[0,1] is called fuzzy ordering
with respect to a t-norm T and a T-equivalence £ : X2
—[0,1], for brevity 7T-E-ordering, if and only if the
following three axioms are fulfilled for all x, y, z € X:

(1)  E-Reflexivity: E(x,y)< L(x,y)
(1)  T-E-Antisymmetry: T'(L(x,y),L(yx))< E(x,y)
(iii)  T-Transitivity: T'(L(x,y),L(3,2))< L(x,z).

The result of combining fuzzy orderings and gamma rank
correlation measure is a robust rank correlation coefficient
ideally suited for measuring rank correlation for numerical
data perturbed by noise [3]. This innovative correlation co-
efficient is known as fuzzy ordering-based rank correlation
measure 7. Its formal definition is:

. CT-DT

=T+ DT ®)
CT =% C(.j) (©6)

=1 jAi
DT =3_% D(ij) @)

i=1 j#i
C(i,j) = T(Rx (i, ), Ry (vi,y;)) (8)
D(i,j) = T(Rx (zi,2;), Ry (yj,vi)) ©)
Rx(.l’i,llj) = 1—Lx((L‘j,$i) (10)
L (21,22) = min(1, maz(0,1 M)) (1)
Ry (yi,yj) =1 — Ly (y;, i) (12)
Ly (y1,42) = min(1, maxz(0,1 — M)) (13)
T(a,b) = maz(l,a+b—1) (14)
{(zi,y:)1|lx; € X and y; € Y} (15)
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where C\(i, Jj) is the degree to which (i, j) is a concordant
pair and D( i, j) is the degree to which (i, j) is a discordant
pair, for i=(x;,y;) and j=(x;,y;), such that ;—1 o . n,
j=1, 2,...n» i#j and n # CT + DT. Given n>2 pairs of
numeric observations, defined in (15)

Rx (z,x;) is a strict T;, — Ex — ordering on X defined
in (10), Ry (y;,y;) is a strict T;, — Ey — ordering on Y
defined in (12), Lx(x;,x;) is a strongly complete 17 —
E, — ordering on X defined in (11), and Ly (y;,y;) is a
strongly complete 17, — E,. — ordering on Y defined in (13)
(assume r>0).

T is a T—equivalence relation and denotes a
Lukasiewicz t-norm defined in (14) for a=Rx(x;,x;)
and b =Ry (y;,y;). For more information we recommend
consulting [2][3][12].

D. Problem statement

An important challenge in gradual pattern mining is to
analyze the correlation between the variation of numerical
attribute values perturbed by noise, and to consider when
such a small difference between two values is meaningful. In
this context, we present a fuzzy orderings-based framework
for mining fuzzy gradual patterns, where we propose to
compute the support of a GP, as in (16) based on compute of
the degree to which (1i, Ij) is a concordant pair as is defined
in (8) and according to the definition of concordant couple
given in (1), (2), and (3).

fuzzsupport(GP) = (16)

Huge amounts of processing time, load balance and
high memory consumption are important problems observed
in gradual pattern mining algorithms. We addressed these
problems making use of a parallel programming model and
an efficient technique to reduce memory consumption.

E. Related Work

Recently, in [14] and [15], Laurent et al. have presented
PGP-mc a multicore parallel approach for mining gradual
patterns where the evaluation of the correlation and support
is based on conflict sets and precedence graph approaches.
PGP-mc was implemented using the g++ 3.4.6 and 4.3.2
with POSIX threads, on two different workstations: i) COY-
OTE machine, with 8 AMD Opteron 852 processors (each
with 4 cores), 64 GB of RAM with Linux Centos 5.1 And
ii) IDKONN machine, with 4 Intel Xeon 7460 processors
(each with 6 cores), 64 GB of RAM with Linux Debian
5.0.2. The experiments were led on synthetic databases
automatically generated by a tool based on adapted version
of IBM Synthetic Data Generation Code for Associations
and Sequential Patterns.
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Figure 1.  Parallel fuzzy orderings-based extraction of fuzzy frequent

gradual dependencies: General structure.

An efficient parallel mining of closed frequent gradual
patterns, named PGLCM, has been proposed by Do et
al. [8]. This approach is based on the principle of the
LCM algorithm for mining closed frequent patterns, an
adaptation of LCM named GLCM in order to mine closed
frequent gradual patterns, and parallelization of the GLCM
algorithm named PGLCM based on the Melinda parallelism
environment. The comparative experiment is based on
synthetic databases produced with the same modified
version of IBM Synthetic Data Generator for Association
and Sequential Patterns. All the experiment have been
conduced on a 4-socket server with 4 Intel Xeon 7460 with
6 cores each and 64 GB of RAM.

III. PARALLEL FUZZY ORDERINGS FOR FUZZY GRADUAL
PATTERN MINING

In this section, we present an approach to improve
the performance of our method of automatic extraction of
frequent gradual patterns on the basis of fuzzy orderings [18]
and the idea of storing the fuzzy concordance degrees
C(i,7) in sparse matrices.

Figure 1 shows the general structure of our optimization
approach which has two purposes: A) Reduce memory
consumption and B) Improve execution time via
parallelization.

A. Memory consumption

In order to reduce memory consumption, we represented
and stored each matrix of concordance degrees C(i,7)
according to the Yale Sparse Matrix Format [23], such as
only non-zero coefficients are retained. Because we generate
candidates from the frequent k—patterns, only matrices of
the (k-1)—level frequent gradual patterns are kept in memory
while being used to generate the matrices of the (k)—level
gradual pattern candidates, e.g., Figure 2 illustrates the
extraction of gradual patterns, from the data set of Table
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GP Support
A+AY 0347

1, with a minimum threshold= 0.15, for level k=2 and k=3,
where, if support of a gradual pattern (GP) is less than
minimum threshold then the GP is pruned and its matrix of

“+"="2"| positive variation
“="="<"| negative variation

minimum threshold=0.15

Ag+A;~} | 0.08[ x|
AN A} 0278

{A-A) 0329

Gradual Frequent
Items JA+A-} 043 x GP
{A+} [AA~A,+) 0.08] X {(A1+A2+} >} Frequent GP | Support
A} L A-A} 0347 \{A1+A3+) {A+A+A+} | 0.245
A (), A=A} {A-A, A~} |0.245

\JAA-A+} | 0.13] X
i) oA 013 x| o as) -
(A%} SO0 FATAT| 0278 T thatAsh)
A} 1\ \[{A#A) 0329 AL}

\¥A+As} | 0.1 x

WAA# 011 x )

Pruned infrequent GP

Support(GP) < minimum threshold

Figure 2. Extraction of gradual patterns from data set of Table I for level
k=2 and k=3.

Level k=2 :

[{A*Az+} < {{A+).{A,*)) - supp = 0.347 |

[{Ac*As*) <~ HA#){As#) - supp = 0.278 |

‘ 25 non-zero values : 127 / 93 bytes ‘

‘ 21 non-zero values : 115/ 93 bytes ‘

0.00 1.00 0.00 1.00 0.00 1.00 1.00 1.00 1.00
0.00 0.00 0.00 0.00 0.00 0.00 0.00 1.00 1.00
0.00 0.00 0.00 1.00 0.00 0.00 1.00 1.00 1.00
0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 1.00
0.00 1.00 0.00 1.00 0.00 1.00 1.00 1.00 1.00
0.00 0.00 0.00 1.00 0.00 0.00 0.00 1.00 1.00
0.00 0.00 0.00 1.00 0.00 0.00 0.00 1.00 1.00
0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00

0.00 0.00 0.00 0.00 0.00 0.00 0.00 1.00 1.00
0.00 0.00 0.00 0.00 0.00 0.67 1.00 1.00 1.00
0.00 0.00 0.00 1.00 0.00 0.00 1.00 1.00 1.00
0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 1.00
0.00 0.66 0.00 0.00 0.00 1.00 1.00 1.00 1.00
0.00 0.00 0.00 0.00 0.00 0.00 0.66 1.00 1.00
0.00 0.00 0.00 0.00 0.00 0.00 0.00 1.00 1.00
0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00

minimum threshold=0.15
[{A+A+Ag+) <A +A*), {A+AL ] - supp = 0.245 |
‘ 18 non-zero values : 106 / 93 bytes ‘
0.00 0.00 0.00 0.00 0.00 0.00 0.00 1.00 1.00
0.00 0.00 0.00 0.00 0.00 0.00 0.00 1.00 1.00
0.00 0.00 0.00 1.00 0.00 0.00 1.00 1.00 1.00
0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 1.00
0.00 0.66 0.00 0.00 0.00 1.00 1.00 1.00 1.00
0.00 0.00 0.00 0.00 0.00 0.00 0.00 1.00 1.00
0.00 0.00 0.00 0.00 0.00 0.00 0.00 1.00 1.00
0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00

Level k>2 :

Figure 3. Examples of matrices of fuzzy concordance degrees C(i,j) of
three gradual patters of Figure 2 with ascending variation.

Compressed matrix of fuzzy concordance degrees C(i)):

Gradual pattern  GP3 = {A;+Ay+Azt}e—— {{A;+A+}{A+As+]}

‘ 18 non-zero values : 106 / 93 bytes ‘

o 1 2 3 4 5 6 71 8
A0 2 4 8 9 14

16 null null

1 2 3 4 5 6 7 8 9 10
JA 7 8 7 8 3 6 7 8 8 1 5
A 10 10 10 10 10 10 072 10 10 066 1.0

1 12 13 14 15 16 17
JA 6 7 8 7 8 7 8
A 10 10 10 10 10 10 10

Figure 4. Example of representation of a matrix of fuzzy concordance
degrees C(i,j) in the Yale Sparse Matrix Format.
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Parallel evaluation of concordance degrees C(i, j) in:

a) Fuzzy frequent gradual
dependencies level k=2

b) Fuzzy frequent gradual
dependencies level k > 2

) )
Master ol ™ o) 0 mmd O
thread R [ | R I
K — N K —) N
— —
Team of parallel Team of parallel
threads threads
{1,2,4,6, ..., 32} {1,2,4,6, ..., 32}

Figure 5. Parallel evaluation of fuzzy concordance degrees in: a) Gradual
dependency of level k = 2, b) Gradual dependency of level k > 2.

fuzzy concordance degrees C(i,j) is removed.

Figure 3 shows the matrices of fuzzy con-
cordance degrees C(i,j) of the gradual patters
GP2’1:{A1+A2+}, GP2’3:{A1-|-A3—|—} of level k=2,
and GP31={A1+A2+As3+} of level k=3. Notation “+”
represents an ascending variation “>” and notation “—”
represents an descending variation “<”. Figure 4 shows the
representation of the matrix of fuzzy concordance degrees
C(ij) in the Yale Sparse Matrix Format for the gradual
patter GP3 1.

B. Parallelization of algorithm

Load balance, huge amounts of processing time and high
memory consumption are important problems observed
in gradual pattern mining algorithms. We addressed
these problems using the shared memory architecture
API of OpenMP, which is ideally suited for multi-core
architectures [19][21].

Figure 5 gives an overall view of our approach to
parallelize the automatic extraction of frequent gradual
patterns of level k=2 and the automatic extraction of
frequent gradual patterns of level k>2.

Algorithm 1 shows the pseudocode of the master thread,
where DB is a database, m is the number of attributes in
DB, n is the number of records in DB, {Any} represents
the identifiers of the m attributes.

The variable named minSupp is the minimum threshold,
v<{+} denotes a positive (ascending) variation in each
index pair of an attribute, v<{-} denotes a negative
(descending) variation in each index pair of an attribute,
ListGls represents the list of gradual items level k=1, Fr—o
is the set of gradual patterns/dependencies of level k=2, F},
is the set of gradual patterns/dependencies of level k>2,
Frgp are all fuzzy frequent gradual dependencies and Nt
is the number of threads of each parallel region.
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Algorithm 1: Main Thread for Fuzzy Gradual Depen-
dency Mining
Data: Database(DB), # Attributes(m), # Records(n),
Data: Id. Attributes{ Ay, }, minSupp, # Threads (Nt).
Result: Fuzzy Frequent Gradual Dependencies Frap
Frep < 0; v+ {+,—-}
ListGIs = build_gItems({Am} X V);
k<« 2;
/* Parallel extraction of fuzzy frequent gradual
dependencies level k = 2*/;
Fr=2 = Gradual Patterns(ListGIs, Ds,minSupp);
Frep < Frap U{Fr=2};
k++;
repeat
/* Parallel extraction of fuzzy frequent gradual
dependencies level k& > 2%/,
Fr=Gradual Patterns(Fj_1,level(k), minSupp);
Frop < Frap U{Fk};
Delet(Fy—1.M);
k++;
until Frgp does not grow any more;

The pseudo-code of the Algorithm 2 corresponds to the
parallel extraction of frequent gradual dependencies of
level k = 2, where Sdcp—s is the set of gradual patterns of
size k = 2, Gdc is a pattern gradual candidate € Sdcg—o,
Gdcy. .M represents the matrix of fuzzy concordance
degrees C(i,j) computed by fuzzy orderings.

The pseudo-code of the Algorithm 3 corresponds to the
parallel extraction of frequent gradual dependencies of level
k > 2, where {Fj1} is the set of frequent gradual patterns
of level (k — 1), Cj .M represents the matrix of fuzzy
concordance degrees C(i,7) of a gradual pattern candidate
of level k (computed by T — norm) and Fy, is the set of
frequent gradual patterns of level k.

IV. EXPERIMENTS AND MAIN RESULTS

A. Experiments

We present an experimental study of the scaling

capacities of our approach on several cores, for the database
C500A100 with 500 records and 100 attributes, and
database C500A150 with 500 records and 150 attributes,
which were used in [8][14] and produced with the IBM
Synthetic Data Generator for Association and Sequential
Patterns.
Our experiments were performed on a workstation with
up to 32 processing cores, named COYOTE, with § AMD
Opteron 852 processors (each with 4 cores), 64 GB of
RAM with Linux Centos 5.1, GCC OpenMP 3.1.
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Algorithm 2: Parallel Fuzzy Orderings for Gradual Pat-
tern Mining: Level k = 2

Data: List_of _gradual_Items(List_gls), minSupp
Data: Attribute values (aValues), # Threads (INt)
Result: Fuzzy Frequent Gradual Dependencies (Fj—2)
Freo +—0; g« 1;
/*Each thread computes the support of its fuzzy
frequent gradual dependency of level k = 2%/;
for all(thread in(1,2,4,6,8, ..., Nt = 32)) do
Sdcg—g < GenCand({List_gIs},level(k = 2));
Gdc + FirstzCandidate € Sdcy—s;
foreach Gdc € Sdci—o do
Gdcy.M = FuzzOrderings(Gde, aValues);
Support(Gdey) = EvalSupport(Gdey.M);
/* minSupp stands for a user-specified
minimum support value */,
if Support(Gde,) > minSupp then
Critical section :

L >>>  Fpeg ¢ Fr=2 U {Gdcy};
q++;
Gdcy + NextCandidate € Sdcy—s;

Algorithm 3: Parallel Fuzzy Orderings for Gradual Pat-
tern Mining: Level k& > 2

Data: Fuzzy Frequent Gradual Dependency Fj,_1,
Data: minSupp, Level(k>2), # Threads (Nt).
Result: Fuzzy Frequent Gradual Dependencies (F},)
Fp+0; g+ 1; k' + k—1;
/*Each thread computes the support of its fuzzy
frequent gradual dependency of level k& > 2%/;
for all(thread in(1,2,4,6,8, ..., Nt = 32)) do
Fy1 o < GenFirstFatherl({Fj});
Fi1p < GenFirstFather2({Fj});
foreach {Fkl,aaFkl,b} S {Fkl} do
Cryg-M =T —norm({Fy1 o M}, {Fy1 .M});
Support(Cy q.M) = Eval Support(Cy,q.M);
/* minSupp stands for a user-specified
minimum support value */,
if Support(Cy. q.M) > minSupp then
C'ritical section :
L >>> Fi %ka{Ckyq};
Fy1 o < GenNextFatherl({Fj});
Fi1p < GenNextFather2({Fj: });
L g+ +;
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Figure 6. Threads vs. elapsed time with a database of 500x100 and

minSupp=.375 and .38, using uncompressed binary matrices of concordance
degrees.
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Figure 7. Speedup with a database of 500x100 and minSupp=.375 and

.38, using uncompressed binary matrices of concordance degrees.

B. Main Results

The first experiment involves a database with 500 lines
and 100 attributes, Figures 6 and 7 depict the execution
time and speed-up related to: 1, 2, 4, 6, 8§, 10, 12, 14,
16, 18, 20, 22, 24, 26, 28, 30, and 32 threads, on the test
database, from which were found 186994 frequent gradual
patterns for a minimum threshold of 0.375, and 121154
frequent gradual patterns for a minimum threshold of 0.38.
In the first case we reach a memory consumption of 36.2%
using uncompressed binary matrices of concordance degrees
and of 14.4% using compressed matrices of concordance
degrees (Yale Sparse Matrix Format). While for the second
case we obtained a memory consumption of 24.7% with
uncompressed binary matrices of concordance degrees
and of 10.3% with compressed matrices of concordance
degrees. Within this experimental framework, Figures 8 and
9 illustrate the execution time and speed-up of our approach
using compressed matrices of concordance degrees.

The second experiment involves a database with 500 lines
and 150 attributes, from which were found 100834 frequent
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Figure 9. Speedup with a database of 500x100 and minSupp=.375 and
.38, using compressed matrices of concordance degrees.

gradual patterns for a minimum threshold of 0.40, where we
reach a memory consumption of 24.5% using uncompressed
binary matrices of concordance degrees and of 10.8% using
compressed matrices of concordance degrees (Yale Sparse
Matrix Format). Within this experimental framework, Fig-
ures 10 and 11 depict the execution time and speed-up of
our approach, related to: 1, 2, 4, 6, . . ., to 32 threads.

V. CONCLUSION AND FUTURE WORK

In this paper, we presented the parallelization of our
fuzzy gradual pattern mining named fuzzy orderings for
fuzzy gradual pattern mining. Our approach consists in
parallelizing the extraction of gradual dependencies of
level £ = 2 and in parallelizing the extraction of gradual
dependencies of level £ > 2. The programming parallel
model used was the shared memory with the API of
OpenMP - C++.

In order to reduce memory consumption, each matrix
of concordance degrees C(i,j) is represented and stored
according to the Yale Sparse Matrix Format, such as only
non-zero coefficients are retained. Because we generate
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degrees.
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Figure 11. Speedup with a database of 500x150 and minSupp=0.40, using
uncompressed and compressed matrices of concordance degrees.

candidates from the frequent k—itemsets, only matrices
of the (k — 1)—level frequent gradual patterns are kept in
memory while being used to generate the matrices of the
(k)—level gradual pattern candidates.

The experimental work reported in this document was
conducted on two databases, the first with 500 records and
100 attributes and the second with 500 records and 150
attributes.

In general, the performance of our Parallel Fuzzy Gradual
Dependency Mining is significantly improved with the use
of compressed matrices, mainly with databases containing
a large number of attributes. We recommend testing our
algorithm with databases with a larger number of records
and real world databases.
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