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ABSTRACT

In this paper, to reduce the unpaid rate of local governments, the internal data elements affecting the arrears in
Water-INFOS are searched through interviews with meter readers in certain local governments. Candidate data affecting
arrears from national statistical data were derived. The influence of the independent variable on the dependent variable
was sampled by examining the disorder of the dependent variable in the data set called information gain. We also
evaluated the higher prediction rates of decision tree and logistic regression using n-fold cross-validation. The results
confirmed that the decision tree can find more accurate customer payment patterns than logistic regression. In the process
of developing an analysis algorithm model using machine learning, the optimal values of two environmental variables, the
minimum number of data and the maximum purity, which directly affect the complexity and accuracy of the decision tree,
are derived to improve the accuracy of the algorithm.
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Table. 1 Example entropy for a variable

Notice type | Payment mtd.
(Independent |  (Dependent Entropy
variable) variable)
Giro Payment after due date
Giro Payment after due date Entropy(notice type, giro)=
Giro Be in arrears 1 . 1 2 2
~ 09 T\ glosg
Giro Paid by the due date 3 3
+ | = Elogzg) =0.91
Giro Be in arrears
Giro Be in arrears
Direct debit | Paid by the due date
Direct debit | Paid by the due date | Entropy(notice type, E. trans)
Direct debit | Paid by the due date (7 Ezo E) . (7 910 Q)
Direct debit | Paid by the due date 69926 69976
. 000,91 =
Direct debit | Paid by the due date | T |~ Gleg27g | = 0-00
Direct debit | Paid by the due date
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Paid by the due date Payment after due date Be in arrears

month | 2015 | 2016 | 2017 month | 2015 | 2016 | 2017 month | 2015 | 2016 | 2017

1 | 363725 388210 | 408428 1 19010 23412 | 26626 1 57646 | 56179 | 61441
351220 | 380,693 | 408610 2 %813 | 29984| 27175 2 63876 56645 | 63865
364286 | 381,879 |420079 3 21963 | 2240 20791 3 56010 | 55369 | 58910
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Fig. 1 Distribution of Dependent Variables by Adjusted
Month
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Fig. 2 Decision Tree Example
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Table. 2 Algorithm Performance Comparison Result
Decision Logistic
hierarchy Tree regression
Experiment data 1 76.29% 75.65%
Experiment data 2 76.32% 75.61%
Experiment data 3 76.29% 75.63%
Experiment data 4 76.18% 75.69%
Experiment data 5 76.39% 75.69%
Mean 76.294% 75.654%
(£standard deviation) (£0.075) (£0.035)
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Legend: Runningdata Test data

Fig. 3 5-fold Cross-validation Example
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Table. 3 Impact on Minimum Data Count and Maximum
Purity

Specific local Minimum data(%, EA)

2ov.(107,274EA) 100 200 300
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Table. 4 Sample Payment Type Forecast Rule

Rule Condition of Rule Possibility | Exp.
(%) num.
(1) Number of last month’s 92.00 1
arrears > 0 AND i 5
Arrear (2) Notice type = Giro AND
Rule | (3) Number of last month’s - 3
payment method 92.13 4
eGiro <=0 AND
(4) Recent arrear‘s ratio > 0.67 - 5
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Fig. 5 Consumer Payment Pattern Screen

Table. 5 Predecition result and actual payment form
comparion result.

Timil'lg pigjiﬁsn Payment Accuracy

of notice (A) (B) (B/A)

2017.7 2,685 1,719 64.02%

2017.8 2,683 1,713 63.85%

2017.9 3,267 1,872 57.30%
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