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Introduction

 Association rules mining (ARM): a Data Mining technique

« Classical algorithms for mining association rules:
> Apriori
> FP-Growth

« (Genetic Programming: computer programs

« Grammar Guided Genetic Programming (G3P)

« Our proposal is a G3P-based approach for ARM
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Model description

« G3PARM = G3P Association Rules Mining

« Designed for the extraction of association rules
- Based on the use of a context-free grammar

« Each individual represents a rule

 An auxiliary population:
> Exceed a minimum threshold for two different measures
» Maximum auxiliary population size

Analysis of the Effectiveness of G3PARM Algorithm [3 of 15]



Model descri ption Context-free grammar

G = (YN, X1, P, Rule) with:
Y’n = {Rule, Antecedent, Consequent, Comparison, Categorical Comparator,
Categorical Attribute Comparison }

Yr = {AND, "I =" “=", “name”, “value”}
P = {Rule = Antecedent, Consequent ;
Antecedent =  Comparison | AND, Comparison, Antecedent ;
Consequent = Comparison ;
Comparison = Categorical Comparator, Categorical Attribute Comparison ;
Categorical Comparator = "I =" | "=";
Categorical Attribute Comparison = “name”, “value” ;}
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Model descri ption Syntax-tree structure

[Antecedent: Consequent J

“a

[ CumparisunJ [Curnpari&:un ]
Cat. Comp., Cat. Att. Cnmp.] Cat. Comp., Cat. Att. Emmp.J
L] L] Y
[ !:] [ALL_A_rmrne, All_A_queJ [ = ] [Att_E_narne, All_E_que]

£ e
Phenotype:

(1= Att A name Att_A_ wvalue) — (= Att B name Att B value)
L\ A
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Model description Crossover

Parent 1 : Lj;le?

Offspring 1

< pe =
ant con ] <ant> <con> I

[ccat_cmp:v <cat_a‘rt_cmp>J <cat_cmp> <cat_att_cmp>] <cat cmp> <cat att cmp> écat  cmp> <cat_all cmp>]

Y
[ - J [age youngJ [!: ] [astigmatism yes] [ = J [ age youngJ [ ] [tprate reduced]

_ Crossover
<ru|e>1 <rule>
Parent 2 ) E . Offspring 2
<ant> <con> <ant> <con)

[ccat_cmp> ccat_att_cmp:'J <cat_cmp> ﬂcat_att_cmp:']
| AR | A
[ = JLC—Ienses softJ [ = ] {t—p—rate reduced] [ ,_ ]Lclenses soft ] [ T ] [astlgmatlsm yes]

‘{CGT crnp> <cat_att cmp> ﬁC&t . Cmp> <cat_ait cmp>]
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Model description Mutation

a) <ru|e> Mutate this

Parent nontermlnal symbol | <rule>
j . Offspring
iaﬂ’["" <con=>

<ant> <con>]

<cmp> @ Mutate <cm p>

<cat cmp> <cat_att cmp> <cat cmp> <cat_att cmp::]

<cat cmp> <cat_att cmp>J <cat_cmp> <cat_aftt_cmp=>

L J Lage youngJ [ !: ] [astlgmatlsm Yes] L = J [age youngj [ : ] [c—lensez none]

b)

[crule>J <rule> ]
Parent Offspring
can‘[b <con> <ant> <con>

<cat crnp> <cat_aft cmp> <cat cmp> <cat_aft cmp>

ccat cmp> <cat_att cmp:-} [CCGT cmp> <cat_att_cmp>
A p =

[ = J [age }"OUHQJ [ '_ ] {agngma‘[ism yeSJ L = ] [age youngJ [ ! ] {as‘[lgmatzsm yESJ

Mutate this '

terminal symbol
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MOdEl descri ption Measures and fitness function

« G3PARM uses two measures:
> Support measure: proportion of the number of transactions T
including the antecedent A and the consequent Cin a dataset D.

_ {AuCcT.TE D}

supplA — C) D

» Confidence measure: proportion of the number of transactions
which include A and Cin transaction which include A.

{AUC CT,Te D}
{ACT.T € D}|

conf(A— ) =

 Fitness function = support measure
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Model description G3PARM algorithm

Algorithm 1 G3PARM algorithm
Require: max_generations, N

Ensure: A

1: P« random(N)

2: A+ 0

31 num_generations < ()

4: while num_generations < max_generations do
B Parents < Select parents (P U A)
6:  Crossover (Parents)

7:  Mutation (Parents)

8:  Update auxiliary population (A, P)
9: num-_generations +

10: end while

11: return A

Lo D

Algorithm 2 Update auxiliary population

Require: A, P

Ensure: A

1. A« PUA

2: Order (A)

3: Eliminate duplicate (A")
4: A < Threshold(A")

5 return A
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Model description G3PARM algorithm

Algorithm 1 G3PARM algorithm

Require: max_generations, N
Ensure: A

1: P« random(N)

2: A« l;ﬂ

3: ﬂ-?;-lml--gfﬂ-ﬂ‘ﬂ-fioﬂ-s< 0 . Rules comprised by the same

4: while num_generations < max_generations do . . .
5. Parents < Select parents (P U A) attributes are considered equals.
6:  Crossover (Parents)

7:  Mutation (Parents) 1AND 2 -> 3

8:  Update auxiliary population (A, P) )

9: num-_generations + 2AND 1->3

10: end while
11: return A

Algorithm 2 Update auxiliary DL’J/D{ﬂ:“Ltiﬂll
Require: A, P

Ensure: A

1. A+ PUA

2: Order (A)

3: Eliminate duplicate (A")

il

5

: A ¢ Threshold(A")
: return A
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Model description G3PARM algorithm

Algorithm 1 G3PARM algorithm

Require: max_generations, N

Ensure: A

1: P« random(N)

A+ 0

num_generations + ()

while num_generations < max_generations do
Parents < Select parents (P U A)

6:  Crossover (Parents)

7:  Mutation (Parents)

8:  Update auxiliary population (A, P)

9:  num_generations + Minimum threshold for support
10: end while and confidence measures

11: return A

[

DL ke O BD

Algorithm 2 Update auxiliary population
Require: A, P
Ensure: A

1. A+ PUA

2: Order (A)

3: Eliminate duplicg
il

5

: A ¢ Threshold(A")
: return A
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Experiments Datasets

« To evaluate the usefulness of G3PARM, several
experiments have been carried out on differents datasets:
> Credit-g: 1000 instances and 21 attributes

HH: 22784 instances and 17 attributes

Mushroom: 8124 instances and 23 attributes

Segment: 1500 instances and 20 attributes

Sonar: 208 instances and 36 attributes

Soybean: 683 instances and 36 attributes

Wisconsin Breast Cancer: 683 instances and 11 attributes

- Discretization of datasets with numerical attributes.

YV V. V VY V V
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Experiments Experimental set-up

 G3PARM:

Population size: 50

Crossover probability: 70%
Mutation probability: 10%
Maximum derivation numbers: 24
External population size: 20
Support threshold: 70%

> Confidence threshold: 90%

 Apriori and FP-Growth:
> Support threshold: 70%
> Confidence threshold: 90%

YV V V VY V V
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Results

Results obtained

Average_support

Average_confidence

% Instances

Dataset (1) (2)  (3) (1) (2) (3) (1) (2)  (3)

Credit EqFrell) 0.780 0.709 0.850|/0.941 0.855 0.939 ||0.987 0.987 1.000
Credit EqF'reb 0.780 0.709 0.850|/0.941 0.855 0.953 ||0.987 0.987 1.000
Credit EgWidl0 0.780 0.709 0.892| 0.941 0.855 0.965 ||0.987 0.987 1.000
Credit EqWid5 0.773 0.709 0.858|0.942 0.863 0.961 ||0.989 0.989 1.000
HHFEqFrelO None None 0.803|| None None 0.913 ||None None 1.000
HHFEqFregh None None 0.740|| None None 0.909 ||None None 0.997
HHEqWidl0 0.761 0.761 0.922|0.950 0.950 0.986 (|1.000 1.000 1.000
HH EqWid5 0.765 0.765 0.902|0.955 0.955 0.979 (|1.000 1.000 1.000
Mushroom 0.824 0.817 0.890( 0.968 0.960 0.978 {|1.000 1.000 1.000
SegmentFgFrel0 ||0.876 0.876 0.813 (|0.975 0.975 0.926 || 0.996 0.996 1.000
SegmentEqFred [|0.876 0.876 (0.817(0.975 0.975 0.974 {/0.996 0.996 1.000
Segment EgWidl10|| 0.815 0.815 0.884|[0.968 0.968 0.979 ||1.000 1.000 1.000
Segment EgWidh || 0.860 0.860 0.882( 0.964 0.964 0.969 ||1.000 1.000 1.000
SonarFEqgl'rell) None None 0.782|| None None 0.909 ||None None 1.000
SonarEql'reb None None 0.583|| None None 0.731 ||None None 0.626
Sonar EqWidl0 None None 0.958| None None 0.887 ||None None 1.000
Sonar EqgWidh 0.747 None 0.835|0.942 None 0.947 ||0.846 None 1.000
Soybean 0.778 0.722 0.822|0.950 0.953 0.957 (|1.000 1.000 1.000
WEBCEqFrelO None None 0.875|| None None 0.958 ||None None 1.000
WEBCEqFres None None 0.806|| None None 0.928 ||None None 1.000
WEBCEqWidl0 0.821 0.821 0.900{/0.996 0.996 0.971 ||0.821 0.821 1.000
WBCEqWid5 0.872 0.872 (.864(/0.996 0.996 0.956 [|0.872 0.872 1.000
Ranking ||2.2[]-'1 2.522 1.272”:2.159 2.431 1.409 ||2.3-'1[} 2.386 1.272
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Results Scalability

Different humber of instances Different humber of attributes
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w100 w100+
O o
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« Novel G3P-based algorithm for mining association rules
« G3PARM obtains rules with:

> High support
» High confidence
» High representative rules

« G3PARM scales quite linearly as we increase up the
dataset size and the nhumber of attributes

[14 of 15]
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Future research lines

« Use of numerical attributes
« Modify our approach to work with infrequent pattern

« Multiobjective version using support and confidence as
objectives to be optimized
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