from math import sqrt, fabs, exp
import matplotlib.pyplot as plt
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 math

from sklearn.model_selection import KFold, cross_val_score
data = pd.read_csv('/ All single feature and ratio product data.csv',encoding='gbk')
data.shape
[3]
data = data[['label','White Blood Cell count','Articalgia','Ferritin * Platelet count', 'Ferritin * Lymphocyte count','α1-Acid Glycoprotein/Creatine Kinase ratio']]
[4]
data
' Articalgia ',' Ferritin * Lymphocyte count ',' White Blood Cell count ',' Ferritin * Platelet count ','α1-Acid Glycoprotein/Creatine Kinase ratio '
data7,data1*data3,datat2,data1*data4,data5/data6
[5]
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)])
#break into training and test sets.
xTrain, xTest, yTrain, yTest = train_test_split(X, y, test_size=0.20, random_state=100,stratify=y)
[6]
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)):
        #print(f'KFold {i+1}:')
        #print("Train index:", train_index, "Test index:", test_index)
        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)
        acc = metrics.accuracy_score(y_test, y_pred_threshold)
        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])
    df2 = pd.DataFrame({'auc':(listauc), 'recall':(listrecall), 'precision':(listprecision),
                       'f1':(listf1) , 'acc':(listacc), 'sen':(listsen),
                       'spe':(listspe), 'mcc':(listmcc)})

    return df#,df2
[7]
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))]
[8]
GBMModelstill = ensemble.GradientBoostingClassifier(learning_rate=0.1, n_estimators=81,max_depth=4,min_samples_split=2, min_samples_leaf=1, subsample=0.8, random_state=10,
                                               max_features='sqrt')
GBMModelstill
GradientBoostingClassifier(ccp_alpha=0.0, criterion='friedman_mse', init=None,
                           learning_rate=0.1, loss='deviance', max_depth=4,
                           max_features='sqrt', max_leaf_nodes=None,
                           min_impurity_decrease=0.0, min_impurity_split=None,
                           min_samples_leaf=1, min_samples_split=2,
                           min_weight_fraction_leaf=0.0, n_estimators=81,
                           n_iter_no_change=None, presort='deprecated',
                           random_state=10, subsample=0.8, tol=0.0001,
                           validation_fraction=0.1, verbose=0,
                           warm_start=False)
[11]
import warnings
warnings.filterwarnings("ignore")
[12]
result= sensaddspec_max(GBMModelstill,xTrain,yTrain,5)
result[0]
[13]
result[1]
[13]
from sklearn.externals import joblib
joblib.dump(GBMModelstill, 'stillmodle.pkl')  

[31]
prediction = GBMModelstill.predict_proba(xTest)
[23]
import numpy as np
import matplotlib.pyplot as plt
from sklearn.metrics import plot_roc_curve
from sklearn.model_selection import StratifiedKFold
from sklearn.metrics import auc
kf = KFold(n_splits=5, shuffle=True,random_state=324)
# cv = StratifiedKFold(n_splits=5,
#                     random_state=223,shuffle=True).split(xTrain,yTrain)
tprs = []
aucs = []
mean_fpr = np.linspace(0, 1, 100)
scores = []
fig, ax = plt.subplots()
for i, (train, test) in enumerate(kf.split(xTrain)):
    GBMModel.fit(xTrain[train], yTrain[train])
    score = GBMModel.score(xTrain[test], yTrain[test])
    scores.append(score)
    print('Fold: %2d, Class dist.: %s, Acc: %.3f' % (i+1,
          np.bincount(yTrain[train]), score))
    viz = plot_roc_curve(GBMModel, xTrain[test], yTrain[test],
                         name='ROC fold {}'.format(i),
                         alpha=0.3, lw=1, ax=ax)
    interp_tpr = np.interp(mean_fpr, viz.fpr, viz.tpr)
    interp_tpr[0] = 0.0
    tprs.append(interp_tpr)
    aucs.append(viz.roc_auc)

ax.plot([0, 1], [0, 1], linestyle='--', lw=2, color='r',
        label='Chance', alpha=.8)

mean_tpr = np.mean(tprs, axis=0)
mean_tpr[-1] = 1.0
mean_auc = auc(mean_fpr, mean_tpr)
std_auc = np.std(aucs)
ax.plot(mean_fpr, mean_tpr, color='b',
        label=r'Mean ROC (AUC = %0.2f $\pm$ %0.2f)' % (mean_auc, std_auc),
        lw=2, alpha=.8)

std_tpr = np.std(tprs, axis=0)
tprs_upper = np.minimum(mean_tpr + std_tpr, 1)
tprs_lower = np.maximum(mean_tpr - std_tpr, 0)
ax.fill_between(mean_fpr, tprs_lower, tprs_upper, color='grey', alpha=.2,
                label=r'$\pm$ 1 std. dev.')

ax.set(xlim=[-0.05, 1.05], ylim=[-0.05, 1.05],
       title="GBM")
ax.legend(loc="lower right")
plt.show()
Fold:  1, Class dist.: [34 24], Acc: 0.867
Fold:  2, Class dist.: [32 26], Acc: 1.000
Fold:  3, Class dist.: [30 28], Acc: 0.867
Fold:  4, Class dist.: [33 26], Acc: 1.000
Fold:  5, Class dist.: [31 28], Acc: 0.929
[image: ]
[28]
prediction
array([9.99759151e-01, 5.66949481e-04, 9.95612699e-01, 2.33915977e-04,
       9.99660153e-01, 5.07836459e-01, 2.72725003e-03, 4.00049367e-03,
       3.24887237e-04, 9.99727171e-01, 2.57911050e-04, 9.49889055e-01,
       9.99780497e-01, 9.70780596e-01, 5.39419795e-02, 9.66792114e-01,
       9.19487992e-01, 2.62725241e-04, 3.23440926e-04])
[33]
fpr, tpr, thresh = roc_curve(yTest, list(prediction[:,1:2]))
#calculate total points, total positives and total negatives
totalPts = len(yTest)
P = sum(yTest)
N = totalPts - P

print('')
print('Confusion Matrices for Different Threshold Values')


listtpr = []
listtnr = []
listall = []
listacc = []

for i in range(len(thresh)):
    TP = tpr[i] * P; FN = P - TP; FP = fpr[i] * N; TN = N - FP
    print('')
    print('Threshold Value =   ', thresh[i])
    print('TP = ', TP/totalPts, 'FP = ', FP/totalPts)
    print('FN = ', FN/totalPts, 'TN = ', TN/totalPts)
    print('TPR = ',TP/(TP+FN))
    print('TNR = ',TN/(TN+FP))
    print('ALL',TP/(TP+FN)+TN/(TN+FP))
    print('ACC = ',(TP+TN)/(TP+TN+FN+FP))
    
    listall.append(TP/(TP+FN)+TN/(TN+FP))
    listacc.append((TP+TN)/(TP+TN+FN+FP))
    listtpr.append(TP/(TP+FN))
    listtnr.append(TN/(TN+FP))

Confusion Matrices for Different Threshold Values

Threshold Value =    1.9997804974803914
TP =  0.0 FP =  0.0
FN =  0.47368421052631576 TN =  0.5263157894736842
TPR =  0.0
TNR =  1.0
ALL 1.0
ACC =  0.5263157894736842

Threshold Value =    0.9997804974803913
TP =  0.05263157894736842 FP =  0.0
FN =  0.42105263157894735 TN =  0.5263157894736842
TPR =  0.1111111111111111
TNR =  1.0
ALL 1.1111111111111112
ACC =  0.5789473684210527

Threshold Value =    0.9997591509134381
TP =  0.10526315789473684 FP =  0.0
FN =  0.3684210526315789 TN =  0.5263157894736842
TPR =  0.2222222222222222
TNR =  1.0
ALL 1.2222222222222223
ACC =  0.631578947368421

Threshold Value =    0.9997271708284203
TP =  0.10526315789473684 FP =  0.05263157894736842
FN =  0.3684210526315789 TN =  0.47368421052631576
TPR =  0.2222222222222222
TNR =  0.9
ALL 1.1222222222222222
ACC =  0.5789473684210527

Threshold Value =    0.5078364585572042
TP =  0.47368421052631576 FP =  0.05263157894736842
FN =  0.0 TN =  0.47368421052631576
TPR =  1.0
TNR =  0.9
ALL 1.9
ACC =  0.9473684210526315

Threshold Value =    0.0002339159766293244
TP =  0.47368421052631576 FP =  0.5263157894736842
FN =  0.0 TN =  0.0
TPR =  1.0
TNR =  0.0
ALL 1.0
ACC =  0.47368421052631576
[34]
#plot best version of ROC curve
fpr, tpr, thresh = roc_curve(yTest, list(prediction[:,1:2]))
ctClass = [i*0.01 for i in range(101)]

plt.plot(fpr, tpr, linewidth=2)
plt.plot(ctClass, ctClass, linestyle=':')
plt.xlabel('False Positive Rate')
plt.ylabel('True Positive Rate')
plt.show()
[image: ]
[37]
data3 = pd.read_csv('/lishuyan/wjr/stillex3.csv',encoding='gbk')
data3.shape

data4 = data3[['Articalgia',' ferritin',' lymphocyte count','WBC','PLT','α1-Acid Glycoprotein','Creatine kinase ']]

import pandas as pd
def xiangcheng2(dfdata):
    
    dfdata2 = dfdata.copy()
    
    for i in range(dfdata.shape[1]):
        for j in range(i):
            data = np.multiply(dfdata2.iloc[:,i].values.reshape(-1,1),dfdata2.iloc[:,j].values.reshape(-1,1))
            c={(str(i)+'*'+str(j)) : list(data)}
            dfnew=pd.DataFrame(c)
            
            dfdata2 = pd.concat([dfdata2, dfnew],axis=1)

    for i in range(dfdata.shape[1]):
        for j in range(i+2):
            data = (dfdata2.iloc[:,i].values.reshape(-1,1))/(dfdata2.iloc[:,j].values.reshape(-1,1))
            c={(str(i)+'/'+str(j)) : list(data)}
            dfnew=pd.DataFrame(c)
            
            dfdata2 = pd.concat([dfdata2, dfnew],axis=1)
    
    
    return dfdata2
[38]
data5 = xiangcheng2(data4)
[39]
dataex = data5[['Articalgia ', '2*1', 'WBC', '4*1', '5/6']]
for i in range(dataex.shape[0]):
    for j in range(dataex.shape[1]):
        dataex.iloc[i,j] = float(dataex.iloc[i,j])

dataexlabel = data3['label']
[40]
prediction2 = GBMModelstill.predict_proba(dataex)
[41]
fpr2, tpr2, thresh2 = roc_curve(dataexlabel, list(prediction2[:,1:2]))
#calculate total points, total positives and total negatives
totalPts = len(dataexlabel)
P = sum(dataexlabel)
N = totalPts - P

print('')
print('Confusion Matrices for Different Threshold Values')


listtpr = []
listtnr = []
listall = []
listacc = []

for i in range(len(thresh2)):
    TP = tpr2[i] * P; FN = P - TP; FP = fpr2[i] * N; TN = N - FP
    print('')
    print('Threshold Value =   ', thresh[i])
    print('TP = ', TP/totalPts, 'FP = ', FP/totalPts)
    print('FN = ', FN/totalPts, 'TN = ', TN/totalPts)
    print('TPR = ',TP/(TP+FN))
    print('TNR = ',TN/(TN+FP))
    print('ALL',TP/(TP+FN)+TN/(TN+FP))
    print('ACC = ',(TP+TN)/(TP+TN+FN+FP))
    
    listall.append(TP/(TP+FN)+TN/(TN+FP))
    listacc.append((TP+TN)/(TP+TN+FN+FP))
    listtpr.append(TP/(TP+FN))
    listtnr.append(TN/(TN+FP))

Confusion Matrices for Different Threshold Values

Threshold Value =    1.9997804974803914
TP =  0.0 FP =  0.0
FN =  0.3333333333333333 TN =  0.6666666666666666
TPR =  0.0
TNR =  1.0
ALL 1.0
ACC =  0.6666666666666666

Threshold Value =    0.9997804974803913
TP =  0.06666666666666667 FP =  0.0
FN =  0.26666666666666666 TN =  0.6666666666666666
TPR =  0.2
TNR =  1.0
ALL 1.2
ACC =  0.7333333333333333

Threshold Value =    0.9997591509134381
TP =  0.26666666666666666 FP =  0.0
FN =  0.06666666666666667 TN =  0.6666666666666666
TPR =  0.8
TNR =  1.0
ALL 1.8
ACC =  0.9333333333333333

Threshold Value =    0.9997271708284203
TP =  0.26666666666666666 FP =  0.06666666666666667
FN =  0.06666666666666667 TN =  0.6
TPR =  0.8
TNR =  0.9
ALL 1.7000000000000002
ACC =  0.8666666666666667

Threshold Value =    0.5078364585572042
TP =  0.3333333333333333 FP =  0.06666666666666667
FN =  0.0 TN =  0.6
TPR =  1.0
TNR =  0.9
ALL 1.9
ACC =  0.9333333333333333

Threshold Value =    0.0002339159766293244
TP =  0.3333333333333333 FP =  0.6666666666666666
FN =  0.0 TN =  0.0
TPR =  1.0
TNR =  0.0
ALL 1.0
ACC =  0.3333333333333333
[42]
#plot best version of ROC curve
fpr2, tpr2, thresh2 = roc_curve(dataexlabel, list(prediction2[:,1:2]))
ctClass = [i*0.01 for i in range(101)]

plt.plot(fpr2, tpr2, linewidth=2)
plt.plot(ctClass, ctClass, linestyle=':')
plt.xlabel('False Positive Rate')
plt.ylabel('True Positive Rate')
plt.show()
[image: ]
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