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
import numpy as np
import pandas as pd
from sklearn.linear_model import LogisticRegression
data = pd.read_csv('/ All single feature and ratio product data.csv',encoding='gbk')
data.shape
[59]
data1 = data[['label','64*16','64*6','64*25','64/31','64*19','63/43']]
[71]
X = np.array(data1.iloc[:,1:])
y = np.array(data1.label)
TO = len(data1.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=20, stratify=y)
[72]
from sklearn.model_selection import GridSearchCV
lr = LogisticRegression()
penalty = ['l1','l2','elasticnet', 'none']
solver = ['liblinear','lbfgs', 'sag','newton-cg', 'saga']
param_range = [0.0001,0.001,0.1,0.2,0.3,0.4,0.5,0.6,0.7,0.8,0.9,1,10,100,1000]
max_iter = list(np.arange(0,100,10))
randomstate = list(np.arange(0,200,20))
param_grid = [{'penalty':['l1'],
                'C':param_range,
               'max_iter':max_iter,
                'solver':['liblinear'],
              'random_state':randomstate},
             {'penalty':['l1'],
                'C':param_range,
              'max_iter':max_iter,
                'solver':['saga'],
             'random_state':randomstate},
             {'penalty':['l2'],
                'C':param_range,
              'max_iter':max_iter,
                'solver':['newton-cg'],
             'random_state':randomstate},
             {'penalty':['l2'],
                'C':param_range,
              'max_iter':max_iter,
                'solver':['lbfgs'],
             'random_state':randomstate}]
gs = GridSearchCV(estimator = lr,
                 param_grid=param_grid,
                 scoring = 'roc_auc',
                 cv=5,
                 n_jobs=-1)
gs = gs.fit(xTrain,yTrain)
print(gs.best_score_)
print(gs.best_params_)
0.9339285714285713
{'C': 10, 'max_iter': 10, 'penalty': 'l1', 'random_state': 40, 'solver': 'liblinear'}
[79]

from sklearn.model_selection import KFold
import pandas as pd
from sklearn import metrics
from sklearn.metrics import confusion_matrix#交叉检验带阈值
def class2kfolds_threshold(model,Xtrain,Ytrain,k,thresholds):
    kf = KFold(n_splits=k, shuffle=True,random_state=79)
    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)
        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

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))]
[80]

from sklearn.model_selection import KFold
import pandas as pd
from sklearn import metrics
from sklearn.metrics import confusion_matrix#交叉检验带阈值
def class2kfolds_threshold(model,Xtrain,Ytrain,k,thresholds):
    kf = KFold(n_splits=k, shuffle=True,random_state=79)
    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)
        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

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))]
[81]
result[1]
0.21052631578947367
[82]
def class2test_threshold(model,X_test,y_test,thresholds):
    listauc = []
    listrecall = []
    listprecision = []
    listf1 = []
    listacc = []
    listsen = []
    listspe = []
    listmcc = []
    threshold = thresholds

    y_pro = model.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
[83]
result = class2test_threshold(lrmodel,xTest,yTest,0.5)
result

