pandas pd

numpy np

warnings

warnings.filterwarnings (

sklearn.model selection KFold
sklearn.preprocessing MinMaxScaler, OneHotEncoder, LabelEncoder
xgboost XGBClassifier
sklearn.linear model LogisticRegression
sklearn.model selection RandomizedSearchCVv
sklearn.calibration CalibratedClassifierCV
imblearn.pipeline make pipeline
imblearn.under sampling TomekLinks
sklearn.metrics auc, roc_curve

joblib

matplotlib.pyplot plt

seaborn sns

xgbc (df x, df y, based, tuned, calibrated):
based auc = []
tuned auc = []
tuned fi = []
tprs = []
calibrated auc = []
kf = KFold( = =
train index, test index kf.split (df x):

df x train, df x test = df x.iloc[train index, :] df x.iloc[test index
df y train, df y test = df y.iloc[train index], df y.iloc[test index]

scaler = MinMaxScaler ()
df x train[continuous] = scaler.fit transform(df x train[continuous])
df x test[continuous] = scaler.transform(df x test[continuous])

ohe = OneHotEncoder ( = =

nominal train = ohe.fit transform(df x train[nominall])

nominal name = ohe.get feature names (nominal)

df x train = pd.concat ([df x train, pd.DataFrame (nominal train
=train_ index =nominal name) ] =1)

df x train = df x train.drop (nominal =1)

nominal test = ohe.transform(df x test[nominall])

nominal name = ohe.get feature names (nominal)

df x test = pd.concat ([df x test, pd.DataFrame (nominal test =test index

=nominal name) ] =1)

df x test = df x test.drop(nominal =1)

le = LabelEncoder ()
df y train = le.fit transform(df y train)
df y test = le.transform(df y test)

df y train 1 (df y train)
df y train 0 (df y train) - (df y train)

xgbc = XGBClassifier ( =

xgbc based = xgbc.fit(df x train, df y train)

joblib.dump (xgbc based, based)

df y test pred based = xgbc based.predict proba(df x test)

fpr, tpr, thresholds = roc curve(df y test, df y test pred based[: 1)
test auroc based = auc(fpr, tpr)

based auc.append(test auroc based)




hyperparameters xgbc = {

df y train 0, df y train 0 / df y train 1)}

pipeline = make pipeline (TomekLinks () XGBClassifier (

xgbc rscv = RandomizedSearchCV ( =pipeline
=hyperparameters xgbc

=19)
xgbc tuned = xgbc rscv.fit (df x train, df y train)
joblib.dump (xgbc tuned, tuned)
df y test pred tuned = xgbc tuned.predict proba (df x test)
fpr, tpr, thresholds = roc curve(df y test, df y test pred tuned[: 1)
test auroc tuned = auc(fpr, tpr)
tuned auc.append(test auroc tuned)

interp tpr = np.interp (mean fpr, fpr, tpr)
interp tpr[0] =
tprs.append(interp tpr)

xgbc tuned fi =
xgbc tuned.best estimator . final estimator.feature importances
xgbc tuned fi df = pd.DataFrame (xgbc tuned fi)
xgbc tuned fi df.index = df x train.columns
xgbc tuned fi df.columns = ([ 1)
tuned fi.append(xgbc tuned fi df)

xgbc cccv = CalibratedClassifierCV ( =xgbc tuned.best estimator

xgbc calibrated = xgbc cccv.fit (df x train, df y train)
joblib.dump (xgbc calibrated, calibrated)

df y test pred calibrated = xgbc calibrated.predict proba (df x test)
fpr, tpr, thresholds = roc curve(df y test, df y test pred calibrated[:
test auroc calibrated = auc(fpr, tpr)

calibrated auc.append(test auroc calibrated)

based auc, tuned auc, calibrated auc, tprs, tuned fi

logistic(df x, df y, based):
based auc = []
tprs = []
kf = KFold( = =
train index, test index kf.split(df x):

df x train, df x test = df x.iloc[train index, :] df x.iloc[test index
df y train, df y test df y.iloc[train index] df y.iloc[test index]

scaler = MinMaxScaler ()
df x train[continuous] = scaler.fit transform(df x train[continuous])
df x test[continuous] = scaler.transform(df x test[continuous])




ohe = OneHotEncoder ( = =

nominal train = ohe.fit transform(df x train[nominal])

nominal name = ohe.get feature names (nominal)

df x train = pd.concat ([df x train, pd.DataFrame (nominal train
:trainiindex :nominaliname)} =1)

df x train = df x train.drop(nominal =1)

nominal test = ohe.transform(df x test[nominall])

nominal name = ohe.get feature names (nominal)

df x test = pd.concat ([df x test, pd.DataFrame (nominal test =test index

=nominal name) ] =1)
df x test = df x test.drop(nominal =1)

le = LabelEncoder ()
df y train = le.fit transform(df y train)
df y test = le.transform(df y test)

lr = LogisticRegression ( =

lr based = 1lr.fit(df x train, df y train)

joblib.dump (1r based, based)

df y test pred based = lr based.predict proba(df x test)

fpr, tpr, thresholds = roc curve(df y test, df y test pred based[: 1)
test auroc based = auc(fpr, tpr)

based auc.append(test auroc based)

interp tpr = np.interp(mean fpr, fpr, tpr)
interp tpr[0] =
tprs.append (interp tpr)

based auc, tprs

roc_ccurve (tuned auc, tprs, based auc lr, tprs lr, name, save name) :
mean tpr = np.mean(tprs =0)
mean tpr[-1] =
mean auc = auc (mean fpr, mean tpr)
std auc = np.std(tuned auc)
plt.plot (mean fpr, mean tpr
% (mean auc, std auc)

std tpr = np.std(tprs =0)
tprs upper = np.minimum(mean tpr + std tpr
tprs lower = np.maximum(mean tpr - std tpr

plt.fill between (mean fpr, tprs lower, tprs upper

mean tpr 1r np.mean (tprs 1r
mean tpr lr| ] =
mean auc_lr auc (mean fpr, mean tpr 1r)
std auc lr = np.std(based auc 1r)
plt.plot (mean fpr, mean tpr 1lr =
% (mean auc lr, std auc 1r)

std tpr lr = np.std(tprs 1r =0)

tprs upper lr = np.minimum(mean tpr lr + std tpr 1r )
tprs lower lr = np.maximum(mean tpr lr - std tpr 1r )
plt.fill between (mean fpr, tprs lower lr, tprs upper 1lr

plt.plot ([ Iy ]




plt.title (name)
plt.legend ( =
plt.savefig(save name
plt.show ()

fi plot(fi df, name, save name) :
fi plot mean (fi df[0] + fi df[1] + fi df[2] + fi df[3] + fi df[4])
fi plot mean sorted = fi plot mean.sort values([ ]

fi value = pd.DataFrame ([fi df[0].index, np.around (np.mean (fi df
=0) .flatten () ) ,np.around (np.std (fi_df =0) .flatten () ) 1) .
fi value.columns = [ ]
fi value sorted = fi value.sort values ([ ]

Value = pd.DataFrame (fi value sorted| ] .astype (
fi value sorted] ] .astype ( ) )

plt.figure ( = ))
sns.heatmap (fi plot mean sorted

plt.title (name)
plt.savefig(save name
plt.show ()

___name ==
ra sum = pd.read csv (
ra df = ra sum.drop ([

ra x = ra df.drop ([

ra df 1 = ra df[~ra df]
ra 1 x = ra df 1.drop ([
mean fpr = np.linspace (

nominal = [
continuous = |

]

based auc YN, tuned auc YN, calibrated auc YN, tprs YN, fi YN = xgbc(ra x
ra df[ ]

)
based auc YN 1r, tprs YN lr = logistic(ra x, ra dff
)
roc_ccurve (tuned auc YN, tprs YN, based auc YN 1r, tprs YN 1r

fi plot(fi YN
)

based auc major, tuned auc major, calibrated auc major, tprs major, fi major
xgbc(ra 1 x, ra df 1] ]

)

based auc major lr, tprs major lr = logistic(ra 1 x, ra df 1]
)

roc ccurve (tuned auc major, tprs major, based auc major lr, tprs major lr

fi plot(fi major




