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Data columns (total 27 columns):
#

Non-Null Count

Dtvpe

396030
396030
396030
396030
396030
396030
373103
377729
396030
396030
396030
396030
396030
396030
394275
396030
396030
396030
396030
396030
395754
396030
396030
396030
358235
395495
396030

non—null
non—null
non—null
non—null
non—null
non—null
non—null
non—null
non—null
non—null
non—null
non—null
non—null
non—null
non—null
non—null
non—null
non—null
non—null
non—null
non—null
non—null
non—null
non—null
non—null
non—null
non—null

float6d
object
float64
floatG4
object
object
object
object
object
float64
object
object
object
object
object
floatG4
object
float64
float64
float64
floatG4
float64
object
object
float6d
floatG4
object
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BlZ—1Eloan_repaidiyiEl - BUCRANEBR A BIE RI|oan_status

df [" loan_repaid’'] = df[’ loan_status’ ].map({'Fully Paid :1, Charged Off’ :0}) df[[ loan_repaid’,’ loan_status’]].head()

U EMERE MR loan_repaid A48 B8 14 e

loan_amnt
term

df. corr () [" loan_repaid’ ]. sort_values(ascending=True). drop(’ loan_repaid’ ). plot. bar(color="green’) int_rate
installment
grade
sub_grade
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« Drop

print (df [’ emp_title' 1. nunique())
df[' emp_title' ].value_ counts()

173105

Teacher

Manager
Registered Nurse
RN

Supervisor

CLE Properties

driver / sales

Aspire Technologies

crabiel inc

Financial advisor associate

Name: emp_title, Length: 173103, dtype: int64

1
1
1
1

1

df[[' title’,

title

Vacation

Debt consolidation
Credit card refinancing
Credit card refinancing
Credit Card Refinance
Debt consolidation
Home improvement
No More Credit Cards
Debt consolidation

Debt Consolidation

"purpose’ 1]1. head (10)

purpose
vacation
debt_consolidation
credit_card
credit_card
credit_card
debt_consolidation
home_improvement
credit_card
debt_consolidation

debt consolidation




df[df[’ loan_repaid’'] == 1][ emp_length’ ]. value_counts()

per_charge off = df[df[’ loan_repaid’] == 0][ emp_length’]. value_counts()

per_charge_off. plot. bar (color="green’ )
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print ("Mean of mort acc column per total acc”)

total acc_ave = df. groupby( total acc’).mean() [ mort acc’]
print (total acc_avg)

total acc_avg = df. sroupby(’ total acc’).mean() [ mort_acc’]

def fill mort_acc(total_acc, mort_acc):

LIRS |

Accepts the +total acc and mort acc values for the row.

i

Checks if the mort_ace is NaN , if seo, it returns the ave mort_acc value

int rate
revol util
loan_amnt
installment
revol _bal
total acc
mort_acc

annual inc

for the corresponding total_acc value for that row.

total acc_ave here should be a Series or dictionary containing the mapping of the

pub_rec_bankruptcies

groupby averages of mort_acc per total_acc wvalues

LIRS |

if np.isnan{mort_acc):
return total acc_avgl[total acc]
else:

return mort_acc

df ['mort_acc'] = df.apply(lambda =x: fill mort_acc(x[’ total acc'], =["mort_acc'l), axis=1)




- Drop

df. dropna ()

df. isnull(). sum()
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- fARIEZE
® apply

print (df [ term’ ]. value _counts()) 36 months 301247
print({ \n') 60 months 93972

print C \n’) Name: term, dtype: int64

df [ term'] = df[ term ].apply(lambda term: int(term[:3]))

36 301247
60 93972
Name: term, dtype: int64

print (df[’ term’ ]. value_counts())

@ get_dummies
df [ home_ownership’] = df[ home_ownership’].replace(['NONE’', ’'ANY ], ’OTHER')

dummies = pd. get_dummies(df[’ home_ownership’ ], drop first=True)

= df. drop( home_ownership’, axis=1)
df = pd.concat([df, dummies], axis=1)




- PJEIERE

#tsplit the dataset
# Features
X = df.drop(’ loan_repaid ,axis=1).values

Label
= df[’ loan repaid’ ]. values

= np. asarrav(X).astype( float32 )

Split
X _train, X_test, v_train, v_test = train test_split(X, v,

X
¥ = np.asarrav(y).astype( float32 )
#
X

X train, X_wal, v_train, v_val = train test_split(X_ train,

test_size=0. 2,

y_train,

test_size=0. 2,

random state=101)

random state=1)




- ERNERIE

scaler = MinMaxScaler()

# fit and transfrom

¥ train = scaler.fit_transform(X_train)
¥ test = scaler.transform(X test)

X val = scaler.transform(X_wal)

# everything has been scaled between 1 and 0
print ( Max: ’,¥_train.max())
print  Min: ’, X_train.min())
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#thuild a model
model = Sequential()

# input layer
model. add (Dense (78, activation= relu’'))
model. add (Dropout (0. 2))

# hidden layver
model. add (Dense (39, activation= relu'))
model. add (Dropout (0. 2))

# hidden layer
model. add (Dense (19, activation= relu’ ))

model. add (Dropout (0. 2))

# output layer

model. add (Dense (1, activation= sigmoid ))

# compile model
model. compile (optimizer="adam”, loss= binary_crossentropy ,metrics=[" accuracy 1)




optimizer #R  EiE loss function

adam 0.888 O mean_squared_error

sgd 0.887 binary_crossentropy

RMSprop  0.887 squared_hinge

adagrad  0.887 logcosh

Input+hidden layer e omm output layer yrem

mEa mEa

activation function activation function

relu O, sigmoid

tanh tanh

exponential softmax

linear relu




e (Catbooster securaey (teot) [l

Recall (test): ©.993

from catboost import CatBoostClassifier, Pool
pool_train = Pool(¥_train, v_train)
pool_test = Pool(X_test, v_test)
pool_val = Pool(X_val, y_val)
model = C(CatBoostClassifier(learning rate=0. 03,
iterations=1000,
early_stopping_rounds=100,
verbose=False,
random_state=0)
model. fit (pool_train, eval_set=poocl_wal, plot=True): Predicted

from sklearn. metrics import accuracy_score, bprecision_score, recall_score, | confusion_matrix, precision_recall_curve
v_pred_test = model.predict(pool test)

acc_test = accuracy_score(y_test, y_pred_test)
prec_test = precision_score(y_test, v_pred test)
rec_test = recall_score(y_test, v_pred_test)
print (f '’ Accuracy (test): {acc_test:.3f}
Precision (test): I{prec_test:.3f}

Recall (test): {rec_test:.3f}'"")

confusion_matrix(y_test, v_pred_test)

sns. heatmap (em, cmap=' viridis_r', annot=True, fmt="d’, square=True)
.set_xlabel (' Predicted’ )
.set_vlabel (" True’):




y_proba_val = model.predict_proba(pool_val)[:, 1]

p_val, r_wval, t_val = precision_recall_curve(y_val, y_proba_val)
plt.plot(r_val, p_val)

plt. xlabel (' Recall’)

plt. vlabel (" Precision’) :

Precision

p_max = p_vallp val != 1].max()

t all np. insert (t_val, 0, 0)

t_adj_val = t_alllp_val == p_max]

v adj val = (y_proba val > t_adj val).astype(int)
p_adj_val = precision_score(y_val, v_adj_val)
print (f Adjusted precision (validation): {p_adj wal:.3f}")

_ . . 5  Adjusted precision (test)j
v_proba_test = model.predict_probalpool_test)[:, 1] 7 Ad;mtmiﬁamll(te;j: éE%Eiﬁ

v_adj _test = (y_proba_test > t_adj _wval).astype(int)
p_adj_test = precision_score(y_test, y_adj_test)
r_adj_test = recall_score(y_test, y_adj_test)
print (f' '’ Adjusted precizion (test): {p_adj test:.3f}
Adjusted recall (test): {r_adj test:.3f}'"")

em_test = confusion matrix(y_test, v_adj_test)

ax = sns.heatmap(cm_test, cmap= viridis_r', annot=True, fmt="d, square=True)
ax. set_xlabel (' Predicted’)

ax. set_vlabel (" True' ) :
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