import math
from math import sqrt, fabs, exp
import matplotlib.pyplot as plot
from sklearn.model_selection import train_test_split
from sklearn import ensemble
from sklearn.metrics import roc_auc_score, roc_curve,accuracy_score
import numpy as np
import pandas as pd
from sklearn.preprocessing import StandardScaler
from sklearn.pipeline import make_pipeline
import warnings
warnings.filterwarnings("ignore")
[3]
[bookmark: _GoBack]data = pd.read_csv(r'D:/AOSD /All single feature data.csv',encoding='gbk')

X = np.array(data.iloc[:,1:])
y = np.array(data.label)
TO = len(data.columns)
Names = np.array(['V' + str(i) for i in range(TO)])
xTrain, xTest, yTrain, yTest = train_test_split(X, y, test_size=0.20, random_state=100,stratify=y)
[4]
from sklearn.model_selection import KFold
import pandas as pd
from sklearn import metrics
from sklearn.metrics import confusion_matrix
def class2kfolds_threshold(model,Xtrain,Ytrain,k,thresholds):
    kf = KFold(n_splits=k, shuffle=True,random_state=324)
    listauc = []
    listrecall = []
    listprecision = []
    listf1 = []
    listacc = []
    listsen = []
    listspe = []
    listmcc = []
    threshold = thresholds
    for i, (train_index, test_index) in enumerate(kf.split(Xtrain)):
        X_train, X_test = Xtrain[train_index], Xtrain[test_index]
        y_train, y_test = Ytrain[train_index], Ytrain[test_index]
        clf = model.fit(X_train,y_train)
        y_pro = clf.predict_proba(X_test)[:,1]
        y_pred_threshold = []
        for i in y_pro:
            if i >= threshold:
                y_pred_threshold.append(1)
            else:
                y_pred_threshold.append(0)
        auc = metrics.roc_auc_score(y_test, y_pro)
        recall = metrics.recall_score(y_test, y_pred_threshold, average='binary')
        precision = metrics.recall_score(y_test, y_pred_threshold, average='binary')
        f1 = metrics.f1_score(y_test, y_pred_threshold, average='binary')
        con_mat = confusion_matrix(y_test, y_pred_threshold, labels=[0,1])
        acc = (con_mat[0,0]+con_mat[1,1])/sum(sum(con_mat))
        sen = (con_mat[1,1]/sum(con_mat[1,:]))
        spe = (con_mat[0,0]/sum(con_mat[0,:]))
        mcc = (con_mat[0,0]*con_mat[1,1]-con_mat[0,1]*con_mat[1,0])/((sum(con_mat[1,:])*sum(con_mat[0,:])*sum(con_mat[:,0])*sum(con_mat[:,1]))**0.5)
        listauc.append(auc)
        listrecall.append(recall)
        listprecision.append(precision)
        listf1.append(f1)
        listacc.append(acc)
        listsen.append(sen)
        listspe.append(spe)
        listmcc.append(mcc)
    aucmean = sum(listauc)/len(listauc)
    recallmean = sum(listrecall)/len(listrecall)
    precisionmean = sum(listprecision)/len(listprecision)
    f1mean = sum(listf1)/len(listf1)
    accmean = sum(listacc)/len(listacc)
    senmean = sum(listsen)/len(listsen)
    spemean = sum(listspe)/len(listspe)
    mccmean = sum(listmcc)/len(listmcc)

    df = pd.DataFrame({'aucmean':('%.4f' % aucmean), 'recallmean':('%.4f' % recallmean), 'precisionmean':('%.4f' % precisionmean),
                       'f1mean':('%.4f' % f1mean) , 'accmean':('%.4f' % accmean), 'senmean':('%.4f' % senmean),
                       'spemean':('%.4f' % spemean), 'mccmean':('%.4f' % mccmean)},index=[0])

    return df
[5]
def sensaddspec_max(model,Xtrain,Ytrain,k):
    sens = []
    spec = []
    sensspec = []
    for i in np.linspace(0,1,20):
        result = class2kfolds_threshold(model,Xtrain,Ytrain,k,i)
        sens.append(float(result['senmean']))
        spec.append(float(result['spemean']))
        sensspec.append((float(result['senmean'])+float(result['spemean'])))
    resultfinal = class2kfolds_threshold(model,Xtrain,Ytrain,k,list(np.linspace(0,1,20))[sensspec.index(max(sensspec))])
    
    return resultfinal,list(np.linspace(0,1,20))[sensspec.index(max(sensspec))]
[6]
import warnings
warnings.filterwarnings("ignore")
RFModel2 = ensemble.RandomForestClassifier(n_estimators = 51, 
                                           max_depth=3, 
                                           min_samples_split=2,
                                           min_samples_leaf=1,
                                           oob_score=True, 
                                           random_state=10,
                                          max_features='sqrt')

RFModel2.fit(xTrain,yTrain)
result= sensaddspec_max(RFModel2,xTrain,yTrain,5)
result[0]
[7]
cols = [i for i in data.columns[1:]]
[8]
xTest  = pd.DataFrame(xTest)
xTest.columns = cols
[9]
import shap

shap_values = shap.TreeExplainer(RFModel2).shap_values(xTest)
[10]
shap_df = pd.DataFrame(np.abs(shap_values[1][1:]), columns=cols) 
[11]
shap_importance = shap_df.mean().sort_values(ascending=False).reset_index() 
[13]
shap_importance.columns = ['Feature', 'Shap_Importance']
pd.set_option('display.max_rows',None)
shap_importance
[15]
a = np.array(shap_importance.Feature[0:20])
a
[bookmark: OLE_LINK1]array(['WBC', 'arthralgia', 'Monocyte percentage', 'Alpha 1- Acid glycoprotein', 'sore throat', 'ferritin', 'creatinine', 'LDH',
       'PCT', 'APTT', 'Percentage of eosinophils', 'ADA', 'PLT', 'cystatin C',
       'FIB', 'PDW', 'glucose', 'Uric Acid', 'D-dimer', 'urea'], dtype=object)
[16]
xTrain  = pd.DataFrame(xTrain)
xTrain.columns = cols

xTrain1 = xTrain[['WBC', 'arthralgia', 'Monocyte percentage', 'Alpha 1- Acid glycoprotein', 'sore throat', 'ferritin', 'creatinine', 'LDH',
       'PCT', 'APTT', 'Percentage of eosinophils', 'ADA', 'PLT', 'cystatin C',
       'FIB', 'PDW', 'glucose', 'Uric Acid', 'D-dimer', 'urea']] 

xTest1  = pd.DataFrame(xTest)
xTest1.columns = cols

xTest1 = xTest[['WBC', 'arthralgia', 'Monocyte percentage', 'Alpha 1- Acid glycoprotein', 'sore throat', 'ferritin', 'creatinine', 'LDH',
       'PCT', 'APTT', 'Percentage of eosinophils', 'ADA', 'PLT', 'cystatin C',
       'FIB', 'PDW', 'glucose', 'Uric Acid', 'D-dimer', 'urea']]
[20]
auc2= []
acc2= []
mcc2= []
for i in range(1,21):
#     RFModel = ensemble.RandomForestClassifier(n_estimators=nTreeList[auc1.index(max_data)], max_depth=None,
#                                                  oob_score=False, random_state=531)
#     RFModel.fit(xTrain[:,idxTemp[0:i]],yTrain)
#     prediction = RFModel.predict_proba(xTest[:,idxTemp[0:i]])
#     fpr, tpr, thresh = roc_curve(yTest, list(prediction[:,1:2]))
#     aucCalc = roc_auc_score(yTest, prediction[:,1:2])
#     auc2.append(round(aucCalc,4))
    result = sensaddspec_max(RFModel2,np.array(xTrain1.iloc[:,0:i]),yTrain,5)
    
    auc2.append(result[0]['aucmean'][0])
    acc2.append(result[0]['accmean'][0])
    mcc2.append(result[0]['mccmean'][0])
    
    print(i)

[27]
for i in range(len(auc2)):
    auc2[i] = float(auc2[i])

print('auc maximum value')
print(max(auc2))
print('auc The first 20 features Max')
print(max(auc2[0:10]))
print('auc The first 20 features Max')
print(auc2.index(max(auc2[0:10])))

[31]
auc2[5]
0.9798
[39]
import matplotlib.pyplot as plt
for i in range(len(auc2)):
    auc2[i] = float(auc2[i])
    acc2[i] = float(acc2[i])
    mcc2[i] = float(mcc2[i])
fig,ax= plt.subplots(figsize=(6, 4), dpi=300)
list_x = list(range(10))
x=list_x
x2=[5,5]
y1 = auc2[0:10]
y2 = acc2[0:10]
y3 = mcc2[0:10]
# y4 = [0,0.9798]

# font={'size':4,'color':'black'}
ax.set_xlabel('Feature Number',fontsize=14)
ax.set_ylabel('Performance',fontsize=14)
plt.rcParams['xtick.direction'] = 'in'
plt.rcParams['ytick.direction'] = 'in'
plt.title("RF",fontsize=20)
ax.plot(x, y1, linewidth=0.5, ls='-',marker='*',label='AUC',markersize=2)
ax.plot(x, y2, linewidth=0.5, ls='-',marker='o',label='ACC',markersize=2)
ax.plot(x, y3, linewidth=0.5, ls='-',marker='o',label='MCC',markersize=2)
# ax.plot(x2, y4, linewidth=0.5, ls='-',marker='o',markersize=2)
plt.legend(frameon=False) 
plt.plot()
plt.show()

