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Jupyter IRIS Mgt
Notebook Portal

Web Browser

b

HTTP:8896 ) SSH:22 TCP:8091 TTP:8092
[
L
JDBC
HTTP:8888 :6006 TCP:51773 HTTP:52773
[ ] [ ]
L ! L L] —
|
| Container (tf2jupyter): Container(irisimlsvr):
' | -Jupyter Server - IRIS 2020.3 CE (with DBs)
I |- Tensorflow 2.2 + Tensorboard - Demo data in USER
- | - Py3 over JayDeBeAPI etc for
I | JDBC etc etc
|

Docker-machine + docker-compose: DE, Docker Desktop, or Docker Toolbox etc

Host machine: Ubuntu, Mac 0S, or Windows etc

0 O notebook O O O “tf2jupyter’D O O O O O IntegratedML O IRIS O “irismlsrv"0 O 00 0 Docker-compose [
AWS Ubuntu 16.04 0000

gooodg

o0o00o0oo0obog 300001925500 0000000050000 000 231
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i mport numpy as np
i mport pandas as pd

from skl earn.inpute inport Sinplelnputer

i mport matplotlib.pyplot as plt

from skl earn.linear_nodel inport LogisticRegression

from skl earn. nodel _sel ection inport train_test _split

fromsklearn.metrics inport classification_report, roc_auc_score, roc_curve
i mport seaborn as sns

sns. set (styl e="whitegrid")

i mport os
for dirnane, _, filenanes in os.walk('./input'):
for filenane in fil enanes:
print(os.path.join(dirnane, filenane))

./input/datasets 605991 1272346_Kaggl e_Sirio_Li banes_I CU Predi ction. x| sx
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df = pd.read_excel ("./input/datasets 605991 1272346_Kaggl e_Sirio_Li banes_I CU Predicti

on. x| sx"
df
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W NDOW obj ect
| CU i nt 64
Length: 231, dtype: object
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df cat = df.sel ect_dtypes(include=["'object'])

df _nuneric = df.sel ect_dtypes(exclude=['object'])

imp = Sinplelnputer(m ssing_val ues=np. nan, strategy='nean')
idf = pd.DataFrame(inp.fit_transfornm(df _nuneric))

i df . colums = df _nuneric. col ums

i df .index = df _numeric.index

idf.isnull().sun()

goon

gooobooobooboboboobooboobooboboooboicubgooboo

goog-g0o

i df . drop([" PATIENT_VI SI T_I DENTI FI ER"], 1)

idf = pd.concat([idf,df _cat ], axis=1)

cor = idf.corr()

cor_target = abs(cor["ICU'])

rel evant _features = cor_target[cor_target>0.1] # correlation above 0.1
print(cor.shape, cor_target.shape, rel evant features. shape)

#rel evant _f eat ures. i ndex

#rel evant _features.index.shape

gboogssbgbooobgicugbogbuogobg oilb oobobooboobooobob

goooboobooobooMLOObDOoOoD*OOobDoor ™
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goog-go

from skl earn.feature_sel ection inport Sel ect KBest

from skl earn. feature_sel ection inport chi?2

from skl earn. preprocessing i nport M nMaxScal er

X_norm = M nMaxScal er ().fit_transformX)

chi _sel ector = Sel ect KBest (chi 2, k=88)

chi _selector.fit(X_norm vy)

chi _support = chi _sel ector.get_support ()

chi _feature = X. loc[:,chi_support].colums.tolist()
print(str(len(chi_feature)), 'selected features', chi_feature)

88 selected features [' AGE_ABOVEGS', 'GENDER , 'DI SEASE GROUPING 1', ... ... 'PO2_VEN
QUS_ M N, "PO2_VENOUS MAX' , ... ... RATURE_MAX' , 'BLOODPRESSURE_DI ASTOLI C_DI FF',
' TEMPERATURE_DI FF_REL', ' OXYGEN_SATURATI ON_DI FF_REL' ]

oooOo-oobon

def cor_selector(X, y,numfeats):

cor list =1]

feature_name = X. colums.tolist()

# calculate the correlation with y for each feature

for i in X colums.tolist():
cor = np.corrcoef (X[i], y)[O, 1]
cor_list.append(cor)

# replace NaN with O

cor_list =[0if np.isnan(i) else i for i in cor_list]

# feature nane

cor_feature = X.iloc[:,np.argsort(np.abs(cor_list))[-numfeats:]].columms.tolist(

# feature selection? 0 for not select, 1 for select
cor_support = [True if i in cor _feature else False for i in feature_nane]
return cor_support, cor_feature

cor_support, cor_feature = cor_selector(X, y, 88)
print(str(len(cor_feature)), 'selected features: ', cor_feature)

88 sel ected features: [ TEMPERATURE_MEAN , ' BLOODPRESSURE DI ASTOLIC MAX', ... ... '
RESPI RATORY _RATE_DI FF', ' RESPI RATORY_RATE MAX' ]

0000 -000000 (RFE) {#feature-selection---Recursive-Feature-Elimination-(RFE)}

from skl earn.feature_sel ection inport RFE

from skl earn.linear_nodel inport LogisticRegression

rfe_selector = RFE(estimator=Logi sticRegression(), n_features_to_sel ect =88, step=100,
ver bose=5)

rfe_selector.fit(X_norm vy)

rfe_support = rfe_selector.get_support()

rfe feature = X loc[:,rfe_support].colums.tolist()

print(str(len(rfe_feature)), 'selected features: ', rfe feature)

Fitting estimator with 127 features.
88 selected features: ['AGE ABOVEGS', 'GENDER, ... ... 'RESPIRATORY_RATE DI FF_REL',
' TEMPERATURE_DI FF_REL' ]
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0000 -Lasso

ffrom skl earn. feature_sel ection inport Sel ectFromnivbdel

from skl earn.linear_nodel inport LogisticRegression

from skl earn. preprocessi ng i nport M nMaxScal er

X_norm = M nMaxScal er ().fit_transformX)

enbeded | r_sel ector = Sel ect Fronmvbdel (Logi sti cRegressi on(penal ty="12"), nax_features=
88)

enbeded Ir_selector.fit(X norm vy)

enbeded I r_support = enbeded Ir_sel ector.get support ()

enbeded Ir _feature = X. loc[:, enbeded |r_support].colums.tolist()
print(str(len(enbeded_|Ir feature)), 'selected features', enbeded_|r_feature)

65 selected features [' AGE_ABOVEGS', 'GENDER , ... ... 'RESPIRATORY_RATE DI FF_REL', '
TEMPERATURE_DI FF_REL' ]

0000 -RFODOOO SelectFromModel

from skl earn. feature_sel ection inport Sel ect Fromvbdel

from skl earn. ensenbl e i nport Randontorestd assifier

enbeded rf _sel ector = Sel ect Fronvbdel (Randontorest d assi fier(n_estinators=100), nax_f
eat ur es=227)

enbeded_rf_selector.fit(X V)

enbeded_rf_support = enbeded_rf_sel ector.get_support ()

enbeded_rf _feature = X. loc[:, enbeded_rf_support].colums.tolist()
print(str(len(enbeded rf feature)), 'selected features', enbeded rf_feature)

48 sel ected features [' AGE_ABOVE65', 'GENDER , ... ... 'TEMPERATURE DI FF_REL', ' OXYGE
N_SATURATI ON_DI FF_REL' ]

O0O00O0d -LightGBM O XGBoost

from skl earn. feature_sel ection inport Sel ect Fromvbdel
fromlightgbminport LGMI assifier

| gbc=LGEBM assifier(n_estimators=500, |earning_rate=0.05 numl|eaves=32, col sanpl e_by
tree=0. 2,
reg_al pha=3, reg_|l anbda=1, min_split_gai n=0.01, min_child_wei ght=40)

enbeded | gb_sel ector = Sel ect Fromvbdel (1 gbc, max_feat ures=128)
enbeded_| gb_selector.fit(X V)

enbeded | gb_support = enbeded | gb_sel ector. get _support ()
enbeded I gb feature = X loc[:, enbeded | gb_support].colums.tolist()

print(str(len(enbeded_| gb feature)), 'selected features: , enbeded | gb feature)
enbeded_| gb_f eat ure. i ndex

56 sel ected features: ['AGE_ABOVEG5', 'GENDER , 'HTN, ... ... ' TEMPERATURE DI FF_RE
L', ' OXYGEN_SATURATI ON DI FF_REL' ]

gogoo -oodad

feature _name = X. colums.tolist()
# put all selection together
feature_sel ection_df = pd. DataFrane({' Feature':feature_name, 'Pearson':cor_support,
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Chi -2' : chi _support, 'RFE :rfe_support, 'Logistics':enbeded_|r_support, 'Random For est
' enbeded_rf_support, 'LightGM :enbeded_I| gb_support})

# count the selected times for each feature

feature_selection_df[' Total'] = np.sun(feature_sel ection_df, axis=1)

# display the top 100

num feats = 227

feature_selection df = feature_sel ection_df.sort_values([' Total','Feature'] , ascend
ng=Fal se)

feature_sel ection_df.index = range(l, len(feature_selection_df)+1)

feature_sel ection_df. head(num feats)

df _selected_colums = feature_selection_df.loc[(feature_selection_df['Total'] > 3)]
df _sel ected_col unns

gogoobobboog 4000000000

oboooooooossfnoobo ooboboooooboooooooboooo oo obobboooooDo
goooboobooooboobooboooboboMLDOODOO

gboogo-gobogoon
00000000000 AuoMLODOODOO DataRobot DO O OOOOOOOODOOO

0000 DataRobot 00D O0OD0OODODDOO RespiratoryRate [0 BloodPressure O 0 0 ICU
ooooooooo

goog-g0ooo
OO00o0Oo0oO00ooooOoOooooOgO LightGBMm
gobooboobooboobobooboobooboooo

df _sel ected_col unms = enbeded_| gb_feature # better than ensenbl ed sel ection

dataS = pd.concat ([idf[df _selected _colums],idf['ICU], df_cat[' WNDOWN]], 1)
dat aS. | CU. val ue_count s()
print (dat aS. shape)

(1925, 58)

googoboog 58
googoboooboooboboobooboobooobooboobooboobobooboobon

gooog

plt.figure(figsize=(10,5))

count = sns.countplot(x = "ICU', dat a=dat a)

count . set _xtickl abel s(["Not Admitted","Adnitted"])
plt.xl abel ("1 CU Adni ssi on")

plt.ylabel ("Patient Count")

plt.show()
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goooboooboob 26% 000000 ICubO Ob0ooboobooboobobooboobooobooboo
SMOTE O O

o0o00o0O0o0obo0ob0obD eEbPAD0ODOODOOODOO0ODOO0

gl LrROO

Kaggle OOODOOOOODOODOOO notebookD DO DO ODOOOOODOOOOODOODOOO
goooboooboobobobo LrROObDOOO

data2 = pd.concat([idf[df _selected colums],idf['ICU], df_cat[' WNDOW]], 1)
dat a2. AGE_ABOVE65 = dat a2. AGE_ABOVEG5. ast ype(int)

data2. |1 CU = data2.1CU. astype(int)

X2 = data2.drop("ICU", 1)

y2 = data2.1CU

from skl earn. preprocessi ng i nport Label Encoder
| abel _encoder = Label Encoder ()
X2. WNDOW = | abel _encoder.fit_transform np.array(X2["WNDOWVN].astype(str)).reshape((-

1,)))

confusion_matrix2 = pd.crosstab(y2 test, y2 hat, rownanes=['Actual'], col nanes=['Pred
icted])

sns. heat map(confusi on_matri x2, annot=True, fm ='g', cmap = 'Reds') print("OR G NAL"
)

print(classification_ report(y test, y hat))

print("AUC = ", roc_auc_score(y_test, y hat),'\n\n")

print ("LABEL ENCODI NG')

print(classification_report(y2_test, y2 hat))

print("AUC = ", roc_auc_score(y2_test, y2 hat))
y2hat _probs = LR predict_proba(X2_test)
y2hat _probs = y2hat _probs[:, 1] fpr2, tpr2, _ = roc_curve(y2_ test, y2hat_probs) plt.f

i gure(figsize=(10,7))

plt.plot([O0, 1], [O, 1], "k--")
plt.plot(fpr, tpr, |abel="Base")
plt.plot(fpr2,tpr2,|abel ="Label Encoded")
plt.xl abel (' Fal se positive rate')
plt.ylabel (' True positive rate')
plt.title(' ROC curve')

plt.legend(l oc="best")

plt.show()
ORI G NAL

preci sion recall fl-score support
0 0. 88 0.94 0.91 171
1 0.76 0. 57 0. 65 54
accuracy 0. 85 225
macro avg 0. 82 0.76 0.78 225
wei ght ed avg 0. 85 0. 85 0. 85 225

AUC = 0.7577972709551657
LABEL ENCODI NG
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preci sion recall f1l-score support

0 0. 88 0. 93 0.90 171

1 0.73 0.59 0. 65 54

accuracy 0. 85 225
macro avg 0. 80 0.76 0.78 225
wei ght ed avg 0.84 0.85 0.84 225

AUC = 0.7612085769980507

oooooon 76% 0 AUCOODOOD 8% 000 Iicudnoooog s%»-000000000 oboooog
-gboooboobooboobiicuoob oobooboooboooboobobobobg EN
goooboopoooobooboobooobo

ooo0o0OobOo0oOobOobo0o0oobOoooobUobobooDOobooog stratiyd D oDODOooOOO
SMOTELDOOOOODOOO0OOOO0ODOOO

#istratify the test data, to make sure Train and Test data have the same ratio of 1:0
X3 train, X3 _test,y3 train,y3 test = train_test_split(X2,y2,test_size=225/1925,random_
state=42, stratify = y2, shuffle = True) & t;span> & t;/span>

# train and predict

LR fit(X3 train,y3 train)

y3 hat = LR predict(X3_test)

#SMOTE the data to nake ICU 1: 0 a bal anced distribution
frominbl earn. over_sanpling inport SMOTE sm = SMOTE(random state = 42)
X train_res, y train_res = smfit_sanple(X3_train,y3 train.ravel ())
LR fit(X train_res, y train_res)

y_res_hat = LR predict(X3_test)

#draw confusion matrix etc again

confusion_matrix3 = pd.crosstab(y3 test, y res_hat, rownames=['Actual'], col nanmes=['P
redicted'])

sns. heat map(confusi on_matri x3, annot=True, fnm ="'qg', cmap="YIOBr")

print ("LABEL ENCODI NG + STRATI FY")

print(classification report(y3 test, y3 hat))

print("AUC = ", roc_auc_score(y3 test, y3 hat),'\n\n")

print (" SMOTE")

print(classification_report(y3_ test, y res_hat))

print("AUC = ",roc_auc_score(y3_test, y res_hat))

y_res_hat _probs = LR predict_proba(X3_test)

y_res_hat _probs =y res_hat_probs[:, 1]

fpr_res, tpr_res, _ =roc_curve(y3 test, y res_hat _probs) plt.figure(figsize=(10, 10))

#And pl ot the ROC curve as before.

LABEL ENCODI NG + STRATI FY

preci sion recall f1l-score support

0 0. 87 0.99 0.92 165

1 0. 95 0. 58 0.72 60

accuracy 0. 88 225

macro avg 0.91 0.79 0. 82 225

wei ght ed avg 0. 89 0.88 0.87 225
AUC = 0.7856060606060606

SMOTE

preci sion recall fl-score support

0 0.91 0. 88 0. 89 165

1 0. 69 0.75 0.72 60
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accuracy 0. 84 225
macro avg 0. 80 0.81 0.81 225
wei ght ed avg 0.85 0.84 0.85 225

AUC = 0.8143939393939393
Ooo0oO0O00O STRATIFYO sMOTUODODOOODOODOO 059000 0750000000 0.840

gooobooMLoobgoooboboobooboobooboboobooboooobooboooboob
gooobooboobgooooboo

gooboboobbododd

goooooobooMLOObOOoObOOobooobooboboboboo

# conpare al gorithms

frommtplotlib inport pypl ot

from skl earn. nodel _selection inport train_test _split
from skl earn. nodel _sel ection inport cross_val score
from skl earn. nodel _sel ection inport StratifiedKFold
from skl earn.linear_nodel inport LogisticRegression
fromsklearn.tree inport DecisionTreed assifier
from skl earn. nei ghbors inport KNei ghborsC assifier
from skl earn. di scrim nant _anal ysis inmport LinearDi scrininantAnalysis
from skl earn. nai ve_bayes i nport Gaussi anNB

from skl earn. svminport SVC

#l mport Random For est Model

from skl earn. ensenbl e i nport Randontorestd assifier
from xgboost inport XGBd assifier

# List Algorithnms together

nodel s = []

nodel s. append((' LR, &anp;lt;strong>LogisticRegression&anp;lt;/strong>(solver="1iblin
ear', nulti_class="ovr')))

nodel s. append( (' LDA', LinearDi scrim nant Anal ysis()))

nodel s. append( (' KNN , &anp;|t; strong>KNei ghborsC assifier&anp;lt;/strong>()))

nodel s. append( (' CART', &anp;|t;strong>Deci sionTreeC assifier&np;lt;/strong>()))

nodel s. append( (' NB', &anp;|t;strong>Gaussi anNB&anp; |t;/strong>()))

nodel s. append((' SVM, &anp;|t; strong>SVC&anp;It;/strong>(gamma="auto')))

nodel s. append( (' RF', &anp;|t;strong>Randonforestd assifier&anp;lt;/strong>(n_estimato
rs=100)))

nodel s. append( (' XGB', &anp;|t;strong>XEBd assifier&np;lt;/strong>())) #clf = XGEBd as
sifier()

# eval uate each nodel in turn
results =[]
names = []
for nane, nodel in nodels:
kfold = StratifiedKFold(n_splits=10, random state=1)
cv_results = cross_val _score(nodel, X train_res, y train_res, cv=kfold, scoring=
f1') ## accuracy, precision,recal
resul ts. append(cv_results)
nanes. append( nane)
print('"%: % (%)' % (nane, cv_results.nean(), cv_results.std()))

# Conpare all nodel's performance. Question - would like to see a Integrated itemon
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it?

pypl ot.figure(4, figsize=(12, 8))
pypl ot . boxpl ot (resul ts, |abel s=nanes)
pyplot.title(" Al gorithm Conparison')

pypl ot . show()

LR 0.805390 (0.021905) LDA: 0.803804 (0.027671) KNN
0.841824 (0.032945) CART: 0.845596 (0.053828)

NB: 0.622540 (0.060390) SVM 0.793754 (0.023050) RF
0.896222 (0.033732) XGB: 0.907529 (0.040693)

gbooobooooXxeeoooooobooobooo RROOODOODOO

ooooboooboobobboboooboobooboooboon

i mport time

from pandas inmport read csv

from skl earn. nodel _selection inport train_test _split
fromsklearn.metrics inport classification_report
fromsklearn.metrics inport confusion_matrix
fromsklearn.metrics inport accuracy_score

from skl earn. svminport SVC

for nanme, nodel in nodels:
print(name + '":\n\r")
start = tinme.clock()
nodel .fit(X_ train_res, y_train_res)
print("Train tine for ", nodel, " ", tinme.clock() - start)
predi ctions = nodel . predict(X3 test) #(X validation)
# Eval uate predictions
print(accuracy_score(y3 test, predictions)) # Y validation
print(confusion_matrix(y3_test, predictions))
print(classification_report(y3_test, predictions))

LR
Train time for LogisticRegression(rulti_class="ovr', solver="liblinear") 0. 0281449
9999999498
0. 8444444444444444
[[145 20]
[ 15 45]]
preci sion recall fl-score support
0 0.91 0. 88 0. 89 165
1 0. 69 0.75 0.72 60
accuracy 0. 84 225
macro avg 0. 80 0.81 0.81 225
wei ght ed avg 0.85 0.84 0.85 225
LDA:

Train time for LinearDi scrinnant Anal ysis() 0.2280070000000194
0. 8488888888888889
[[147 18]
[ 16 44]]
preci sion recall fl-score support
0 0.90 0. 89 0.90 165
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1 0.71 0.73 0.72 60

accuracy 0. 85 225
macro avg 0.81 0.81 0.81 225
wei ght ed avg 0.85 0.85 0.85 225

KNN:
Train tinme for KNeighborsC assifier() 0. 13023699999999394
0. 8355555555555556

[[145 20]
[ 17 43]]
preci sion recall fl-score support
0 0.90 0. 88 0. 89 165
1 0. 68 0.72 0.70 60
accuracy 0. 84 225
macro avg 0.79 0. 80 0.79 225
wei ght ed avg 0.84 0.84 0.84 225
CART:

Train tinme for DecisionTreed assifier() 0. 32616000000001577
0. 8266666666666667

[[147 18]
[ 21 39]]
preci sion recall fl-score support
0 0. 88 0. 89 0. 88 165
1 0. 68 0. 65 0. 67 60
accuracy 0. 83 225
macro avg 0.78 0.77 0.77 225
wei ght ed avg 0.82 0.83 0.83 225
NB:

Train tinme for GaussianNB() 0. 0034229999999979555
0. 8355555555555556

[[154 11]
[ 26 34]]
preci sion recall fl-score support
0 0. 86 0. 93 0. 89 165
1 0.76 0. 57 0. 65 60
accuracy 0. 84 225
macro avg 0.81 0.75 0.77 225
wei ght ed avg 0.83 0.84 0.83 225
SVM

Train tine for SVC(gamma='auto') 0. 3596520000000112
0.8977777777777778

[[157 8]
[ 15 45]]
preci sion recall fl-score support
0 0.91 0. 95 0. 93 165
1 0. 85 0.75 0. 80 60
accuracy 0.90 225
macro avg 0. 88 0. 85 0. 86 225
wei ght ed avg 0.90 0.90 0.90 225
RF:

Train tinme for Randonforestd assifier() 0.50123099999999
0. 9066666666666666
[[158 7]
[ 14 46]]
preci sion recall fl-score support
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0 0.92 0. 96 0.94 165

1 0.87 0.77 0.81 60

accuracy 0.91 225
macro avg 0. 89 0. 86 0. 88 225
wei ght ed avg 0.91 0.91 0.90 225

XGB:
Train time for XGBC assifier(base_score=0.5, booster='gbtree', col sanpl e_byl evel =1
col sanpl e_bynode=1, col sanpl e_bytree=1, gama=0, gpu_id=-1
i nportance_type='gain', interaction_constraints=""
| ear ni ng_r at e=0. 300000012, nax_delta_step=0, nax_dept h=6,
m n_child wei ght=1, m ssing=nan, nonotone_constraints=' ()",
n_estimat ors=100, n_jobs=0, num parallel _tree=1, random st ate=0,
reg_al pha=0, reg_l anbda=1, scal e_pos_wei ght =1, subsanpl e=1
tree_met hod=' exact', validate_paraneters=1, verbosity=None) 1. 6495209

99999993
0. 8844444444444445
[[155 10]
[ 16 44]]
preci sion recall fl-score support
0 0.91 0.94 0.92 165
1 0.81 0.73 0.77 60
accuracy 0. 88 225
macro avg 0. 86 0.84 0. 85 225
wei ght ed avg 0. 88 0. 88 0. 88 225

U0O0O0O0ORFOODOO XGBO ODOOO XGBOOODOOODDODODOOODOODO RFCOOODO LR
gooon

guooob“abbbooogooxuooood

gooobooboobgoobooooboo
gboooboobooboobooboobooboobobboboooboobo

goooboobooboboobooboobobooboobooboboobOooD ey
0000000000000 0O0OODO"ecallscore'0 000000000 ODO0ODOODODODO 10
0000 0o0b0o0ob0oboboOobooob 201500000 12% 000

from skl earn. nodel _sel ection inport GidSearchCVv
# Create the paraneter grid based on the results of random search

paramgrid = {' bootstrap': [True],
'ccp_alpha': [0.0],
class_weight': [None],
criterion': ['gini', "entropy'],
max_depth': [ None],
max_features': ['"auto', 'log2'],
max_| eaf _nodes': [ None],
max_sanpl es': [ None],
mn_inpurity decrease': [0.0],
mn_inmpurity_split': [None],
mn_sanples leaf': [1, 2, 4],
mn_sanples split': [2, 4],
mn_weight fraction leaf': [0.0],
'n_estimators': [100, 125],

# n_jobs': [None],

'oob_score': [False],
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‘random state': [None],
#' verbose': 0,
"warmstart': [Fal se]

}

#Fi ne-tune by confusion matrix
fromsklearn.metrics inport roc_curve, precision_recall _curve, auc, nmake_scorer
Il _score, accuracy_score, precision_score, confusion_matrix
scorers = {
"recall _score': make_scorer(recall _score),
'precision_score': make_scorer(precision_score),
'accuracy_score': make_scorer(accuracy_score)

}

# Create a based node

rfc = Randontorestd assifier()

# Instantiate the grid search nodel

grid_search = GidSearchCV(estimator = rfc, paramgrid = paramgrid,
scoring=scorers, refit="recall _score'
cv = 10, n_jobs = -1, verbose = 2)

train_features = X train_res
grid_search.fit(train_features, train_Ilabels)
rf_best grid = grid_search. best_estinmator_
rf_best_grid.fit(train_features, train_|abels)
rf predictions = rf_best _grid. predict (X3 _test)
print(accuracy_score(y3 test, rf _predictions))

print(confusion_matrix(y3 test, rf_predictions))
print(classification_ report(y3 test, rf_predictions))

0.92
[[ 46 14]
[ 4 161]]
preci sion recall fl-score  support
0 0.92 0.77 0.84 60
1 0.92 0.98 0.95 165
accuracy 0.92 225
macro avg 0.92 0. 87 0. 89 225
wei ght ed avg 0.92 0.92 0.92 225

gboooboobooboboboboobooboobobbo FENODO

gooobogoo AuUCODOon

reca

confusion_matrix4 = pd.crosstab(y3_test, rf_predictions, rownanes=['Actual'], col nanme

s=['Predicted'])
sns. heat map(confusi on_matri x4, annot=True, fm ="'g', cmp="YIOBr")

print ("LABEL ENCODI NG + STRATI FY")
print(classification report(y3 test, 1-y3 hat))
print("AUC = ",roc_auc_score(y3 test, 1-y3 hat),'\n\n")
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print (" SMOTE")
print(classification_report(y3_test, 1-y res_hat))
print("AUC = ",roc_auc_score(y3_test, 1-y res _hat), '\n\n")

print("SMOTE + LBG Sel ected Weights + RF Grid Search")
print(classification_report(y3 test, rf_predictions))
print("AUC = ", roc_auc_score(y3_ test, rf _predictions), '"\n\n\n')

y_res_hat probs
y_res_hat probs

LR predict_proba(X3_test)
y _res_hat probs[:, 1]

rf_best grid.predict_proba(X3 test) #(X validation)
predictions_rf_probs[:, 1]

predictions rf_probs =
predictions_rf_probs =
fpr_res, tpr_res, _ =roc_curve(y3_ test, 1-y res_hat_probs)

fpr_rf_res, tpr_rf_res, _ = roc_curve(y3_test, predictions_rf_probs)

plt.figure(figsize=(10, 10))

plt.plot([O0, 1], [O, 1], "k--")
plt.plot(fpr, tpr, |abel="Base")
plt.plot(fpr2,tpr2,|abel ="Label Encoded")
plt.plot(fpr3,tpr3,label="Stratify")
plt.plot(fpr_res,tpr_res,|abel ="SMOTE")
plt.plot(fpr_rf _res,tpr_rf _res,|abel ="SMOTE + RF GRID")
pl t.xl abel (' Fal se positive rate')
plt.ylabel (' True positive rate')
plt.title(' ROC curve')

plt.legend(l oc="best")

plt.show()

LABEL ENCODI NG + STRATI FY

preci si on recall fl-score support

0 0. 95 0. 58 0.72 60

1 0. 87 0.99 0.92 165

accuracy 0. 88 225

macro avg 0.91 0.79 0. 82 225

wei ght ed avg 0. 89 0. 88 0. 87 225
AUC = 0.7856060606060606

SMOTE

preci sion recall fl-score support

0 0. 69 0.75 0.72 60

1 0.91 0. 88 0. 89 165

accuracy 0. 84 225

macro avg 0. 80 0.81 0.81 225

wei ght ed avg 0. 85 0.84 0. 85 225

AUC = 0.8143939393939394

SMOTE + LBG Sel ected Wights + RF Gid Search

preci sion recall f1l-score support

0 0.92 0.77 0. 84 60

1 0.92 0.98 0.95 165

accuracy 0.92 225
macro avg 0.92 0. 87 0. 89 225
wei ght ed avg 0.92 0.92 0.92 225

AUC = 0.8712121212121211

gbooobooboooobooboooboobobn AuCO 78% 000 87%0 000000 92%00000
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