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in R PR B 4

8960 8403 1940 4886 4998

ExternalRiskEstimate 640 57.0 590 650 650
MSinceOldestTradeOpen 175.0 47.0 168.0 228.0 117.0
MSinceMostRecentTradeOpen 60 9.0 3.0 5.0 70
AverageMinFile 97.0 350 380 @890 480
NumSatisfactoryTrades 29.0 50 21.0 240 70
NumTrades60Ever2DerogPubRec 90 1.0 0.0 3.0 10
NumTrades90Ever2DerogPubRec 90 00 0.0 2.0 10
PercentTradesNeverDelg 63.0 50.0 1000 850 780
MSinceMostRecentDelq 20 160 NaN 3.0 360
MaxDelq2PublicRecLasti2m 40 60 7.0 00 60
MaxDelgEver 40 5.0 8.0 2.0 4.0

NumTotalTrades 41.0 100 210 27.0 9.0
NumTradesOpeninLast12M 10 10 120 1.0 20
PercentinstallTrades 630 300 380 310 560
MSinceMostRecentingexci7days 00 00 0.0 7.0 7.0
NumingLast6M 10 20 1.0 0.0 0.0
NumingLastéMexci7days 10 20 1.0 0.0 0.0
NetFractionRevolvingBurden 160 660 850 13.0 540
NetFractioninstallBurden 94.0 70.0 900 660 69.0
NumRevolvingTradesWBalance 10 20 100 3.0 2.0
NuminstallTradesWBalance 10 20 5.0 2.0 3.0

ilizati NaN 00 40 0.0 10

PercentTradesWBalance 500 57.0 940 460 830

!

I
EENY

Z |
~ls
-

—_
~
==}
[op}

# Instantiate BRCG with small complexity penalty and large beam search width
from aix360.algorithms.rbm import BooleanRuleCG
br = BooleanRuleCG(lambda0=le-3, lambdal=le-3, CNF=True)

# Train, print, and evaluate model

br.fit(dfTrain, yTrain)

from sklearn.metrics import accuracy_score

print('Training accuracy:', accuracy_score(yTrain, br.predict(dfTrain)))
print(’'Test accuracy:', accuracy_score(yTest, br.predict(dfTest)))
print('Predict ¥=0 if ANY of the following rules are satisfied, otherwise ¥=1:')
print(br.explain()[ 'rules’])

Learning CNF rule with complexity parameters lambda0=0.001, lambdal=0.001
Initial LP solved

Iteration: 1, Objective: 0.2895

Iteration: 2, Objective: 0.2B95

Iteration: 3, Objective: 0.2895

Iteration: 4, Objective: 0.2895

Iteration: 5, Objective: 0.2864

Iteration: 6, Objective: 0.2864

Iteration: 7, Objective: 0.2B64

Training accuracy: 0.719573146021883

Test accuracy: 0.696515397082658

Predict ¥=0 if ANY of the following rules are satisfied, otherwise ¥Y=1:

2) LogRR

# Instantiate LRR with good complexity penalties and numerical features
from aix360.algorithms.rbm import LogisticRuleRegression
lrr = LogisticRuleRegression(lambda0=0.005, lambdal=0.001, useOrd=True)

# Train, print, and evaluate model

lrr.fit(dfTrain, yTrain, dfTrainStd)

print('Training accuracy:', accuracy_score(yTrain, lrr.predict(dfTrain, dfTrainstd)))
print('Test accuracy:', accuracy score(yTest, lrr.predict(dfTest, dfTestStd)))
print('Probability of Y=1 is predicted as logistic(z) = 1 / (1 + exp(-2))')
print('where z is a linear combination of the following rules/numerical features:')
lrr.explain()

Training accuracy: 0.742536809401594

Test accuracy: 0.7260940032414911

Probability of Y=1 is predicted as logistie(z) = 1 / (1 + exp(-z])

where z is a linear combination of the following rules/numerical features:

rule/numerical feature cosfficient

0 (intercept) -0.0686341
1 MSinceMostRecentingexci7days > 0.00 0.680261
2 ExternaliskEstimate  0.654248
3 NetFractionRevolvingBurden  -0.553965
4 NumSatistactoryTrades 0551854
5 NuminglestsM  -0.463226
6 NumBank2NatTradesWHighUtilization  -0.448331
7 AverageMInFile <= 52.00  -0.43436
8 NumRevolvingTradesWBalance <=5.00 042154
9 MaxDelg2PublicRiecLast12M <= 500  -0.418142
10 PercentinstallTrades > 50.00  -0.317566
" NumSatisfactoryTrades <= 12.00  -0.312471
12 MSinceMostRecentDelq <= 21.00  -0.301566
13 PercentTradesNeverDeiq <= 95.00  -0.273824
14 ExternalRiskEstimate > 75.00 0.263437
15 AverageMinFile <= 8400  -0.182118
16 PercantTradasNeverDelq 0.168518
17 AverageMinFile 015069
18 ParcantinstallTrades > 42.00  -0.148802

18  NumBank2NatiTradesWHighUtilization <= 0.00  0.135396

20 MSinceOldestTradeOpen <= 12200  -0.132409
21 PercentTradesNeverDeiq <= 81.00  -D.11771
22 NumSatisfactoryTrades <= 17.00 -0.11022
23 ExternalRiskEstimate > 72.00  0.107613
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ExternalRiskEstimate

As expected from the BRCG Boolean rule above, 'ExternalRiskEstimate’ is an important feature
positively correlated with good credit risk. The jumps in the plot indicate that applicants with
above average 'ExternalRiskEstimate’ (the mean is 72) get an additional boost.

lrr.visualize(data,

£b, ['ExternalRiskEstimate']);
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Credit inquiries
The next two plots illustrate the dependence on the applicant's credit inquiries. The first plot

shows a significant penalty for having less than one month since the most recent inquiry
('MSinceMostRecentingexcl7days' =

lrr.visualize(data, fb, ['MSinceMostRecentIngexclZdays']);

=1
e
k3

contribution to log-odds of Y

0 5 b0 15 0 %
MSinceMostRecentingexci7days

The second shows that predicted risk increases with the number of inquiries in the last six
months ('NumlingLastéM').

irr.visualize(data, fb, ['NumIngLastéM']);
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Debt level

The following four plots relate to the applicant's debt level. 'NetFractionRevolvingBurden' is the
ratio of revolving debt (e.g. credit card) balance to credit limit, expressed as a percentage, and
has a large negative impact on the probability of good credit. A small fraction of applicants (less
than 1%) actually have NetFractionRevolvingBurden greater than 100%, i.e. more revolving debt
than their credit limit. This might be investigated further by the data scientist.

lrr.visualize(data, fb, ['NetFractionRevolvingBurden']);
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The second ‘"NumBank2NatTradesWHighUtilization' plot shows that the number of accounts
(*trades") with high utilization (high balance relative to credit limit for each account) also has a
large impact, with a drop as soon as one account has high utilization.

lrr.visualize(data, f£b, ['NumBank2NatlTradesWHighUtilization']);
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ki % i

: heloc = HELOCDataset()
df = heloc.dataframe()
pd.set_option( 'display.max_rows', 500)
pd.set_option('display.max_columns', 24)
pd.set_option('display.width’, 1000)
print("Size of HELOC dataset:", df.shape)
print("Number of \"Good\" applicants:", np.sum(df['RiskPerformance’']=='Good"))
print("Number of \"Bad\" applicants:", np.sum(df['RiskPerformance']=='Bad'))
print("Sample Applicants:")
df.head(10).transpose()

Using Heloc dataset: c:\users\ronnyluss\aix360\aix360\datasets\..\data\heloc_data\heloc_dataset.csv
Size of HELOC dataset: (10459, 24)

Number of "Good" applicants: 5000

Number of "Bad" applicants: 5459

Sample Applicants:

ExternalRiskEstimate 55 &1 67 66 81 59 54 68 59 61
MSinceOldestTradeOpen 144 58 66 169 333 137 88 148 324 79

MSinceMostRecentTradeOpen 4 15 5 1 27 1 7 7 2 4
AverageMInFile 84 41 24 73 132 78 37 65 138 36
NumSatisfactoryTrades 20 2 9 28 12 31 25 17 24 19
NumTrades60Ever2DerogPubRec 4 0 1 0 ] 0 0 0 0

3
NumTrades90Ever2DerogPubRec 0
PercentTradesNeverDelqg 83 100 100 93 100 91 92 83 8 95
MSinceMostRecentDelq 2
MaxDelg2PublicRecLast12M 3
MaxDelqEver L
NumTotalTrades 23
NumTradesOpeninLast12M 1
PercentinstallTrades 43 67 44 57 25 47 58 44 26 26
MSinceMostRecentingexci7days 0 0
NumingLasttM 0 0
NumingLastéMexci7days 0 o
NetFractionRevolvingBurden 33 )
NetFractioninstallBurden -8 -8 66 83 89 93 76 48 -8 86
NumRevolvingTradesWBalance 8 ']
NuminstallTradesWBalance 1 8
NumBank2Nat(TradesWHighUtilization 1 8
PercentTradesWBalance 69 o 8 91 80 94 100 40 90 82
RiskPerformance Bad Bad Bad Bad Bad Bad Good Good Bad Bad

# Clean data and split dataset into train/test
(Data, x_train, x_test, y_-train_b, y_test_b) = heloc. spl
it()

Z = np.vstack((x_train, x_test))

Zmax = np.max (Z, axis=0)

Zmin = np.min(Z, axis=0)
#normalize an array of samples to range [-0.5, 0. 5]
def normalize (V):

VN = (V = Zmin) / (Zmax — Zmin)

VN =VN - 0.5

return (VN)

# rescale a sample to recover original values for normal
ized values.
def rescale (X):

return (np.multiply ( X + 0.5, (Zmax — Zmin) ) + Zmi

n)
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N = normalize (Z)
xn_train = N[0: x_train. shape[0], :]

xn_test = N[x_train. shape[0]:, :]

2) RX AP GARER

# nn with no softmax
def nn_small():
model = Sequential ()
model. add (Dense (10, input_-dim=23, kernel_initializer
='normal’, activation='relu’))
model. add (Dense (2, kernel_initializer="normal’))
return model
# Set random seeds for repeatability
np. random. seed (1)

tf. set_random_seed (2)

class_names = [’Bad’, ’Good’]

# loss function
def fn(correct, predicted):
return tf.nn. softmax_cross_entropy_with_logits (label

s=correct, logits=predicted)

# compile and print model summary

nn = nn_small ()

nn. compile (loss=fn, optimizer="adam’, metrics=["accuracy
"1

nn. summary ()

# train model or load a trained model
TRAIN_MODEL = False

if (TRAIN_MODEL):

nn. fit (xn_train, y_train_b, batch_size=128, epochs=5
00, verbose=1, shuffle=False)

nn. save_weights ("heloc_nnsmall. h5")
else:

nn. load_weights ("heloc_nnsmall.h5")

# evaluate model accuracy
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score = nn.evaluate (xn_train, y_train_b, verbose=0) #Com
pute training set accuracy
#print ("Train loss:’, score[0])

print (! Train accuracy:’, score[l])

score = nn.evaluate (xn_test, y_test_b, verbose=0) #Compu
te test set accuracy
#print ("Test loss:”’, score[0])

print (' Test accuracy:’, scorel[l])
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ExternalRiskEstimate 059 029 042 084 021
MSinceOldestTradeOpen 0.76 062 076 009 0.79
MSinceMostRecentTradeOpen 1.00 0.09 083 0.8% 0.87
AverageMInFile 0.79 0.09 080 1.00 082
NumSatisfactoryTrades 095 038 074 039 015
NumTrades60Ever2DerogPubRec 1.00 1.00 008 1.00 1.00
NumTradesS0Ever2DerogPubRec 1.00 1.00 008 1.00 1.00
PercentTradesNeverDelg 1.00 015 081 015 015
MSinceMostRecentDelq 1.00 0.36 022 036 036
MaxDelg2PublicRecLast12m 1.00 0.13 1.00 0.13 1.00
MaxDelgEver 1.00 041 017 041 084

NumTotalTrades 0.80 023 086 026 035
NumTradesOpeninLast12M 1.00 1.00 040 040 0.06
PercentinstallTrades 1.00 005 054 037 033
MSinceMostRecentingexci7days 008 1.00 1.00 1.00 1.00
NumingLast6M 0.21 1.00 021 021 0.04
NumingLastéMexcl7days 0.26 1.00 026 1.00 007
NetFractionRevolvingBurden 0.96 0.88 096 092 0.09

NetFractioninstallBurden 1.00 1.00 1.00 1.00 0.08

g Trad 100 028 038 073 020

NuminstallTradesWBalance 1.00 0.13 1.00 0.13 1.00

Tr igh 0.69 069 069 1.00 0OM

PercentTradesWBalance 0.67 0.12 036 0.38 0.57
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