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Associative classification is one of rule-based classifiers that has been applied in many
real-world applications. One advantage of the associative classifier is its easy interpretability in
terms of classification rules. However, there is room for improvement when associative
classification is applied in the imbalanced classification task. In many applications such as
medical diagnosis, the minority class can be the class of primary interest and it has a much higher
misclassification cost than the majority class. Existing associative classification algorithms can be
limited in their performance on highly imbalanced datasets in which the class of interest is a
minority class. In this paper we present an approach, SSCR for improving associative
classification in imbalanced data sets. SSCR combines statistically significant association rules
with cost-sensitive learning to build as associative classifier. Experimental results show that SSCR

archives best performance on real-world imbalanced datasets, compared with CBA and C4.5.
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Ci(X >Y) =TPR,xC(++) (25)
+ FPy xC(—+)
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1 Let rdenote the rule

2. Let NVdenote the node of prefix trees

3. Let Mdenote the cost matrix

4. calculateRuleCost(r; N, M)

5. X = rX getBitVector(N)

6. Y = r.Y.getBitVector(N)

7. if (Y € PositiveChss) then

8. TP=06(XNY),FP=0(X n-Y),FN=0,TN =0
9. else

10. TN =6(X nY),FN =c(X n-Y),FP =0,TP=0
11. endif

12.  rcost=(TP x M[+.+]) + (FPx M[—+]) + (FN xM[+.—])+ (IN x M[—.—])
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1.  Let Ddenote the dataset

2. Let o denote the significant level

3. Let Mdenote the cost matrix

4, Let Pdenote the prefix trees

5. Let Rdenote the set of rules

6. generateRules(D, o, M)

7. P=buildPrefixTrees(D)

8. R=9¢

9.  whilenotvisit (P.node)  //Use depth-first search approach
10. r=createRule(P.node) [/ Create association rule from path of current node
11. if ris CARsthen // Selectclass association rules only
12. if corr(r) =1 then // Positively correlated & Independence
13. rpvalue = FET(r) [/ Statically Significant Test

14. if ».pvalue < « then

15. calculateRuleCost(r, P.node, M) /[ Evaluate risks of rule
16. R=Rur

17. end if

18. end if

19. end if

20. endwhile

21. returnR®
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1.  Let Rdenote the setofrules

2. Letzdenote the unseen data

3 Let /1, denote the attribute value hiding index

4 Let C'; denote the predict class

5 Let I/, denote the set of instances which generate from unseen data with /i, degree
6 Let C};p denote the set of predicted class from attribute value hiding
7. classification (R, u)

8. h, =0 //attribute value hiding degree

9. Cp =classifier(R u)

10.  while (Cp =@) v (hp < u|)

11. hy =hy +1 //No of attribute value hiding degree

12. U, =generate instances with attribute value hiding 4, degree
13 Crp=¢

14.  foreachu €U, do

15. Chp =Cpp U classifier(R, u)

16. end for

17. C, =majorityvote from V{c|c € Cpp}

18. endwhile

19. if C, =¢ then

20 C, = Defaultclass

21 endif

22 return C,

MNN 25 S aNeNvoIdanaInuaIUSUMITUNITZIAN
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16.
17.

18.
19.

20.

21.
22.

23.
24,

25.
26.

Let Rdenote the set of rules
Let uzdenote the unseen data

Let C,, denote the predict class
Let R, denote the set of matched rules
Let C}, denote the majority class from set of matched rules
Let R, . denote the set of rules which equally rule size and lowest cost from R,
classifier( &, u)
Cr=9¢
R, ={r|re R,r.X Cu} //Findall matched rules
C,, = majority vote from V{rY |r € R, }
repeat
R, = setofrules which equally rule size and lowest cost from R,,
case
when V{r|rekr,
// prediction with its class
C,=rY
when V{r|reR;
// prediction with majority votes from lowest cost of rules set.
C, =majorityvote from V{rY |r e R, }

} arethe same | r X | and r.cost and rY then

} are the same | r.X | and r.cost but difference .Y then

ow

end case
if C, = ¢ then
Ry =Ry —R
end if
until (C, # @) vV (R,, =¢)
if C, = ¢ then
C, =C,, //prediction with majority votes from all matched rules

end if

return C,

// Remove all the rules which used
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Algorithm  Measure Breast Cancer Yeast3 Yeast6 Abalonel9
CBA TPR 36.5% 23.3% 0.0% 0.0%
C4.5 TPR 37.6% 69.9% 42.9% 0.0%
SSCR TPR 60.00% 91.41% 82.86% 68.75%
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Algorithm  Measure Breast Cancer Yeast3 Yeast6 Abalonel9
CBA FPR 16.9% 0.2% 0.0% 0.0%
C4.5 FPR 19.9% 4.2% 0.8% 0.1%
SSCR FPR 35.32% 16.12% 22.84% 23.47%
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Algorithm  Measure Breast Cancer Yeast3 Yeast6 Abalone1l9
CBA Precision 47.7% 92.7% 0.0% 0.0%
C4.5 Precision 44.4% 67.5% 55.6% 0.0%
SSCR Precision 41.80% 41.16% 8.06% 2.21%
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Algorithm  Measure Breast Cancer Yeast3 Yeast6 Abalonel9
CBA Recall 36.5% 23.3% 0.0% 0.0%
C4.5 Recall 37.6% 69.9% 42.9% 0.0%
SSCR Recall 60.00% 91.41% 82.86% 68.75%
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Algorithm  Measure Breast Cancer Yeast3 Yeast6 Abalone1l9
CBA F-Measure 41.3% 37.3% 0.0% 0.0%
C4.5 F-Measure 40.8% 68.7% 48.4% 0.0%
SSCR F-Measure 49.28% 56.76% 14.68% 4.29%
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Algorithm Measure Breast Cancer Yeast3 Yeast6 Abalone1l9
CBA ROC Area 59.8% 61.5% 50.0% 50.0%
C4.5 ROC Area 58.1% 88.9% 72.8% 69.0%
SSCR ROC Area 62.30% 87.60% 79.90% 72.20%
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Algorithm Measure Breast Cancer Yeast3 Yeast6 Abalone1l9
CBA Accuracy 59.8% 61.6% 50.0% 50.0%
C4.5 Accuracy 58.9% 82.9% 71.1% 50.0%
SSCR Accuracy 63.29% 84.70% 77.29% 76.47%
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