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Пробоподготовка
• 1 - 10 минут
• ~ 80 % погрешности

2. Измерение
• 5 - 300 секунд
• ~ 5 % погрешности

3. Расчет 
концентрации
• 1 - 60 секунд
• остальные 15 % 

погрешности
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# Импортирование модулей 
import numpy as np 
import matplotlib as mpl 
from matplotlib import rc 
import math 
import pandas as pd 
import scipy 
import seaborn as sns 
from sklearn.cross_validation import train_test_split 
from sklearn.linear_model import LinearRegression 
from sklearn.ensemble import RandomForestClassifier 
from sklearn.naive_bayes import MultinomialNB 
from sklearn.metrics import classification_report, accuracy_score, f1_score  
from sklearn.metrics import precision_score, recall_score, mean_squared_error 
from sklearn import cross_validation, datasets, linear_model, metrics, grid_search 
from sklearn.preprocessing import OneHotEncoder 
from sklearn import random_projection 
from sklearn.decomposition import PCA 
from sklearn import manifold 
from sklearn.cluster import KMeans 
from sklearn.neighbors import KNeighborsClassifier 
sns.set_style("whitegrid") 
sns.set_palette('Accent') 
rc('font', family='Arial') 
% matplotlib inline 
print 'Import Ready' 
 
# Функции для классификации 
def classif(all_data, all_labels, tdata=''): 
    ''' 
    Function for optimmize classification and calculate main quality metrics. 
    Return: 
        outputs with data 
    Parameters:  
        train_data 
        train_labels 
        test_data - data for test 
        test_labels - labels for test  
        tdata 
    ''' 
    # Split to train and test 
    train_data, test_data, train_labels, test_labels = 
cross_validation.train_test_split(all_data, all_labels, 
                                            
test_size=0.2,train_size=0.8,stratify=all_labels) 
    print 'Test train-test split: ', 
    print Counter(all_labels), 
    print Counter(train_labels), 
    print Counter(test_labels) 
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    cv = cross_validation.StratifiedShuffleSplit(train_labels, n_iter = 10, 
test_size = 0.3, random_state=0) 
    cv_metricks = cross_validation.StratifiedShuffleSplit(all_labels, n_iter = 10, 
test_size = 0.3, random_state=0) 
    metrics_all = ['accuracy', 'precision_macro', 'f1_macro', 'recall_macro'] 
    metriks_names = ['accuracy', 'precision_macro', 'f1_macro', 'recall_macro'] 
     
    # 1 - Liner classifire with SGD 
    print '\tSGD Liner classifire:' 
    log_regressor = linear_model.SGDClassifier(penalty='none', shuffle=True, 
random_state=0) 
    parameters_grid = { 
        'loss': ['hinge', 'log','squared_loss', 'modified_huber'], 
        'fit_intercept': [True, False], 
        'n_iter' : np.linspace(1000, 15000, 5, dtype=int), 
    } 
    grid_cv = grid_search.GridSearchCV(log_regressor, parameters_grid, scoring = 
'f1_macro', cv = cv) 
    grid_cv.fit(train_data, train_labels) 
    print '  Best with grid search: ' 
    print '  estimator: ', grid_cv.best_estimator_ 
    print '  score: ', grid_cv.best_score_ 
    print '  parameters: ', grid_cv.best_params_ 
    print '  Features importamce: ' 
    a = train_data.columns 
    imp = np.mean(np.abs(grid_cv.best_estimator_.coef_),0) 
    b = imp / np.sum(imp) * 100. 
    importances = pd.DataFrame(zip(a, b)) 
    importances.columns = ['feature name', 'importance'] 
    print '  ', importances.sort_values(by='importance', ascending=False) 
    print "  Detailed classification report:" 
    y_true, y_pred = test_labels, grid_cv.best_estimator_.predict(test_data) 
    print '  ', classification_report(y_true, y_pred) 
    for i in xrange(len(metrics_all)): 
        scor = metrics_all[i] 
        scoring = cross_validation.cross_val_score(grid_cv.best_estimator_, 
all_data, all_labels, scoring = scor, cv = cv_metricks) 
        print '  Best SGD Lin ' + \ 
            metriks_names[i] + \ 
            ' mean:{}, max:{}, min:{}, std:{}'.format(scoring.mean(), 
scoring.max(), scoring.min(), scoring.std()) 
         
    # 2 - Ridge (L2) classifire 
    print 
    ridge_classifier = linear_model.SGDClassifier(penalty='l2',shuffle=True, 
random_state=0) 
    print '\tRidge Classifire (SGD with L2):' 
    parameters_grid = { 
        'loss': ['hinge', 'log','squared_loss', 'modified_huber'], 
        'fit_intercept': [True, False], 
        'n_iter': np.linspace(1000,15000, 5, dtype=int),   
        'alpha': np.linspace(0.0001, 1., num = 10) 
    } 
    grid_cv = grid_search.GridSearchCV(ridge_classifier, parameters_grid, scoring 
= 'f1_macro', cv = cv) 
    grid_cv.fit(train_data, train_labels) 
    print '  Best with grid search: ' 
    print '  estimator: ', grid_cv.best_estimator_ 
    print '  score: ', grid_cv.best_score_ 
    print '  parameters: ', grid_cv.best_params_ 
    print '  Features importamce: ' 
    a = train_data.columns 
    imp = np.mean(np.abs(grid_cv.best_estimator_.coef_),0) 
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    b = imp / np.sum(imp) * 100. 
    importances = pd.DataFrame(zip(a, b)) 
    importances.columns = ['feature name', 'importance'] 
    print '  ', importances.sort_values(by='importance', ascending=False) 
    print "  Detailed classification report:" 
    y_true, y_pred = test_labels, grid_cv.best_estimator_.predict(test_data) 
    print '  ', classification_report(y_true, y_pred) 
    for i in xrange(len(metrics_all)): 
        scor = metrics_all[i] 
        scoring = cross_validation.cross_val_score(grid_cv.best_estimator_, 
all_data, all_labels, scoring = scor, cv = cv_metricks) 
        print '  Best Ridge ' + \ 
            metriks_names[i] + \ 
            ' mean:{}, max:{}, min:{}, std:{}'.format(scoring.mean(), 
scoring.max(), scoring.min(), scoring.std()) 
     
    # 3 - Lasso (L1) classifire 
    print 
    print '\tLasso Classifire (SGD with L1):' 
    lasso_classifire = linear_model.SGDClassifier(penalty='l1',shuffle=True, 
random_state=0) 
    parameters_grid = { 
        'loss': ['hinge', 'log','squared_loss', 'modified_huber'], 
        'fit_intercept': [True, False], 
        'n_iter': np.linspace(1000,15000, 5, dtype=int),   
        'alpha': np.linspace(0.0001, 1., num = 10) 
    } 
    grid_cv = grid_search.GridSearchCV(lasso_classifire, parameters_grid, scoring 
= 'f1_macro', cv = cv) 
    grid_cv.fit(train_data, train_labels) 
    print '  Best with grid search: ' 
    print '  estimator: ', grid_cv.best_estimator_ 
    print '  score: ', grid_cv.best_score_ 
    print '  parameters: ', grid_cv.best_params_ 
    print '  Features importamce: ' 
    a = train_data.columns 
    imp = np.mean(np.abs(grid_cv.best_estimator_.coef_),0) 
    b = imp / np.sum(imp) * 100. 
    importances = pd.DataFrame(zip(a, b)) 
    importances.columns = ['feature name', 'importance'] 
    print '  ', importances.sort_values(by='importance', ascending=False) 
    print "  Detailed classification report:" 
    y_true, y_pred = test_labels, grid_cv.best_estimator_.predict(test_data) 
    print '  ', classification_report(y_true, y_pred) 
     
    for i in xrange(len(metrics_all)): 
        scor = metrics_all[i] 
        scoring = cross_validation.cross_val_score(grid_cv.best_estimator_, 
all_data, all_labels, scoring = scor, cv = cv_metricks) 
        print '  Best L1 ' + \ 
            metriks_names[i] + \ 
            ' mean:{}, max:{}, min:{}, std:{}'.format(scoring.mean(), 
scoring.max(), scoring.min(), scoring.std()) 
         
    # 4 - Random Forest 
    print 
    rf_classifier = RandomForestClassifier(random_state=0) 
    print '\tRandom Forest:' 
    parameters_grid = { 
        'n_estimators' : range(2, 100, 20),  
        'max_features' : ['auto', 'sqrt', 'log2', None],   
        'max_depth': [None] + range(2,13,5),   
        'bootstrap' : [False, True],   
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        'class_weight': ['balanced', None]   
    } 
    grid_cv = grid_search.GridSearchCV(rf_classifier, parameters_grid, scoring = 
'f1_macro', cv = cv) 
    grid_cv.fit(train_data, train_labels) 
    print '  Best with grid search: ' 
    print '  estimator: ', grid_cv.best_estimator_ 
    print '  score: ', grid_cv.best_score_ 
    print '  parameters: ', grid_cv.best_params_ 
    print '  Features importamce: ' 
    importances = pd.DataFrame(zip(train_data.columns, 
grid_cv.best_estimator_.feature_importances_ * 100.)) 
    importances.columns = ['feature name', 'importance'] 
    print '  ', importances.sort_values(by='importance', ascending=False) 
    print "  Detailed classification report:" 
    y_true, y_pred = test_labels, grid_cv.best_estimator_.predict(test_data) 
    print '  ', classification_report(y_true, y_pred) 
    for i in xrange(len(metrics_all)): 
        scor = metrics_all[i] 
        scoring = cross_validation.cross_val_score(grid_cv.best_estimator_, 
all_data, all_labels, scoring = scor, cv = cv_metricks) 
        print '  Best RF ' + \ 
            metriks_names[i] + \ 
            ' mean:{}, max:{}, min:{}, std:{}'.format(scoring.mean(), 
scoring.max(), scoring.min(), scoring.std())     
     
    # 5 - Baess 
    print 
    b_cl = MultinomialNB() 
    b_cl.fit(train_data.abs(), train_labels) 
    print '\tBaess: ' 
    try: 
        for i in xrange(len(metrics_all)): 
            scor = metrics_all[i] 
            scoring = cross_validation.cross_val_score(b_cl, all_data, all_labels, 
scoring = scor, cv = cv_metricks) 
            print '  Baess ' + \ 
                metriks_names[i] + \ 
                ' mean:{}, max:{}, min:{}, std:{}'.format(scoring.mean(), 
scoring.max(), scoring.min(), scoring.std())    
    except: 
        b_scoring = cross_validation.cross_val_score(b_cl, all_data.abs(), 
all_labels, scoring = 'accuracy', cv = cv_metricks) 
        print '  Baess accuracy mean:{}, max:{}, min:{}, 
std:{}'.format(b_scoring.mean(), b_scoring.max(), b_scoring.min(), 
b_scoring.std()) 
 
# Функции для регрессии 
def regr(all_x, all_y, name): 
    ''' 
    Function for optimmize regression and calculate main quality metrics: absolute 
error, square_error and r2. 
    Return: 
        outputs with data 
    Parameters:  
        train_data (x) 
        train_labels (y) 
        test_data - data for test (x_test) 
        test_labels - labels for test  (y_test) 
        name of target data 
    ''' 
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    x, x_test, y, y_test = cross_validation.train_test_split(all_x,all_y, 
test_size=0.2, train_size=0.8, stratify=all_y) 
    print 'Test train-test split: ', 
    print Counter(all_y), 
    print Counter(y), 
    print Counter(y_test) 
    cv = cross_validation.StratifiedShuffleSplit(y, n_iter = 10, test_size = 0.3, 
random_state=0) 
    cv_metricks = cross_validation.StratifiedShuffleSplit(all_y, n_iter = 10, 
test_size = 0.3, random_state=0) 
    metrics_all = ['mean_absolute_error', 'mean_squared_error', 'r2'] 
     
    print '\tLinear: ' 
    linear_regressor = linear_model.LinearRegression() 
    linear_regressor.fit(x, y) 
    print '  Features importance: ' 
    a = x.columns 
    imp = np.abs(linear_regressor.coef_) 
    b = imp / np.sum(imp) * 100. 
    importances = pd.DataFrame(zip(a, b)) 
    importances.columns = ['feature name', 'importance'] 
    print importances.sort_values(by='importance', ascending=False) 
    for score in metrics_all: 
        linear_scoring = cross_validation.cross_val_score(linear_regressor, all_x, 
all_y, scoring = score, cv = cv_metricks) 
        print '  Linear ' + score + ' mean: {}, std: {}, rel std: 
{}'.format(linear_scoring.mean(),linear_scoring.std(),linear_scoring.std()) 
     
    print 
    print '\tLasso (L1): ' 
    lasso_regressor = linear_model.Lasso() 
    parameters_grid = { 
        'fit_intercept': [True, False], 
        'normalize': [True, False], 
        'max_iter': range(2, 20, 2),   
        'alpha': np.linspace(0.0001, 2., num = 10) 
    } 
    grid_cv_lasso = grid_search.GridSearchCV(lasso_regressor, parameters_grid, 
scoring = 'r2', cv = cv) 
    grid_cv_lasso.fit(x, y) 
    print '  Best with grid search: ' 
    print '  estimator: ', grid_cv_lasso.best_estimator_ 
    print '  score: ', grid_cv_lasso.best_score_ 
    print '  parameters: ', grid_cv_lasso.best_params_ 
    print '  Features importamce: ' 
    a = x.columns 
    imp = np.abs(grid_cv_lasso.best_estimator_.coef_) 
    b = imp / np.sum(imp) * 100. 
    importances = pd.DataFrame(zip(a, b)) 
    importances.columns = ['feature name', 'importance'] 
    print '\t', importances.sort_values(by='importance', ascending=False)  
     
    for score in metrics_all: 
        lasso_scoring = 
cross_validation.cross_val_score(grid_cv_lasso.best_estimator_, all_x, all_y, 
scoring = score, cv = cv_metricks) 
        print '  Best Lasso ' + score + ' mean: {}, std: {}, rel std: 
{}'.format(lasso_scoring.mean(), lasso_scoring.std(), lasso_scoring.std()) 
     
    print 
    print '\tRidge (L2): ' 
    ridge_regressor = linear_model.Ridge() 
    parameters_grid = { 
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        'fit_intercept': [True, False], 
        'normalize': [True, False], 
        'solver' : ['auto', 'svd', 'cholesky', 'lsqr', 'sparse_cg', 'sag'],  
        'max_iter': range(2, 20, 2),   
        'alpha': np.linspace(0.0001, 2., num = 10) 
    } 
    grid_cv_ridge = grid_search.GridSearchCV(ridge_regressor, parameters_grid, 
scoring = 'r2', cv = cv) 
    grid_cv_ridge.fit(x, y) 
    print '  Best with grid search: ' 
    print '  estimator: ', grid_cv_ridge.best_estimator_ 
    print '  score: ', grid_cv_ridge.best_score_ 
    print '  parameters: ', grid_cv_ridge.best_params_ 
    print '  Features importance: ' 
    a = x.columns 
    imp = np.abs(grid_cv_ridge.best_estimator_.coef_) 
    b = imp / np.sum(imp) * 100. 
    importances = pd.DataFrame(zip(a, b)) 
    importances.columns = ['feature name', 'importance'] 
    print '\t', importances.sort_values(by='importance', ascending=False) 
     
    for score in metrics_all: 
        ridge_scoring = 
cross_validation.cross_val_score(grid_cv_ridge.best_estimator_, all_x, all_y, 
scoring = score, cv = cv_metricks) 
        print '  Best Ridge ' + score + ' mean: {}, std: {}, rel std: 
{}'.format(ridge_scoring.mean(), ridge_scoring.std(), ridge_scoring.std()) 
         
    print 
    pred_lin = linear_regressor.predict(all_x) 
    pred_lasso = grid_cv_lasso.best_estimator_.predict(all_x) 
    pred_ridge = grid_cv_ridge.best_estimator_.predict(all_x) 
    sns.set(font_scale=2, style='whitegrid', palette='Accent') 
    plt.scatter(pred_lin, all_y, c='blue', alpha=0.5, marker='o', s=150, label = 
u'без регуляризации') 
    plt.scatter(pred_lasso, all_y, c='red', alpha=0.5, marker='s', s=150, 
label='L1') 
    plt.scatter(pred_ridge, all_y, c='green', alpha=0.5, marker='v', s=150, 
label='L2') 
    plt.ylabel(u'реальные значения') 
    plt.xlabel(u'предсказанные значения') 
    plt.legend(loc='upper left') 
    plt.draw() 
    plt.savefig('lin_regr_' + name + '.png', dpi=300) 
    plt.show() 
# Выбор данных и их нормализация 
df_calc = all_df[[ 
        u'mark', u'base_s', u'base_max_int', 
        u'Gauss.int_Ti', u'Gauss.int_Mo_Coh', 
        u'Gauss.int_P', u'Gauss.int_Si', u'Gauss.int_Ta', u'Gauss.int_Zn', 
        u'Gauss.int_Fe', u'Gauss.int_S', u'Gauss.int_K', u'Gauss.int_Mo', 
        u'Gauss.int_Sr', u'Gauss.int_Ca', u'Gauss.int_Mn', u'Gauss.int_Cl', 
        u'aver_gray', u'counters_num', u'counters_size' 
    ]] 
num_data = df_calc.ix[:, df_calc.columns != 'mark'] 
# normalisation without std 
data_norm_r = (num_data - num_data.mean()) / (num_data.max()-num_data.min()) 
# normalisation with std (Z-conversation) 
data_norm_z = (num_data - num_data.mean()) / (num_data.std()) 
labels = df_calc['mark'] 
# Кластеризация 
names = ['data_norm_r', 'data_norm_z'] 
datas = [data_norm_r, data_norm_z] 
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for ind in xrange(len(datas)): 
    X_raw = datas[ind] 
    feature_names = labels 
    transformer = random_projection.SparseRandomProjection(n_components = 2, 
random_state = 12) 
    # transformer = PCA(n_components=2) 
    # transformer = manifold.MDS(n_components = 2, n_init = 1, max_iter = 100) 
    # transformer = manifold.TSNE(n_components = 2, init = 'pca', random_state = 
0) 
    X_2d = transformer.fit_transform(X_raw) 
    estimator = KMeans(n_clusters=len(Counter(labels)), init='k-means++', 
n_init=10) 
    estimator.fit(X_2d_norm) 
    labels_t = estimator.labels_ 
    ftype_name = Counter(labels).keys() 
    shifr = dict(zip(ftype_name, xrange(len(labels)))) 
    labels_class = np.array([shifr[x] for x in labels], dtype=int) 
    # classifire with K-means 
    classifier = KNeighborsClassifier() 
    x, x_test, y, y_test = cross_validation.train_test_split(X_2d_norm, 
labels_class, test_size=0.2, train_size=0.8) 
    classifier.fit(x, y) 
    for score in ['accuracy', 'precision_weighted', 'f1_weighted']: 
            ridge_scoring = cross_validation.cross_val_score(classifier, x_test, 
y_test, scoring = score, cv = 10) 
            print score + ' mean: {}, std: {}, rel std: 
{}'.format(ridge_scoring.mean(), ridge_scoring.std(), ridge_scoring.std()) 
    label_color = [colors[l] for l in labels_t] 
    # plot clusters 
    fig, ax = plt.subplots() 
    plt.title(u"Кластеризация по марке\nслучайные проекции") 
    ax.scatter(X_2d_norm[:,0], X_2d_norm[:,1], c=label_color, s=50) 
    ax.scatter(estimator.cluster_centers_[:,0], estimator.cluster_centers_[:,1], 
marker='*', s=150, c='g') 
    shifr = dict(zip(ftype_name, xrange(len(labels)))) 
    inv_shifr = {v: k for k, v in shifr.iteritems()} 
    shifr2 = { 
        '12.52': u'МАФ\n12-52',  
        '12.40.10': 'NP(S)\n12-40(10)',  
        '0.20.20.5': 'NPK(S)\n0-20-20(5)',  
        '4.30.15.16': 'NPK(S)\n4-30-15(16)',  
        '16.16.8': 'NPK\n16-16-8' 
    } 
    title_font = {'fontname':'Arial', 'size':'16', 'color':'black', 
'weight':'normal', 
              'verticalalignment':'bottom'} 
    _ = Counter(labels_t).keys() 
    for ind2 in xrange(len(_)): 
        k = _[ind2] 
        x = X_2d_norm[:,1] 
        y = X_2d_norm[:,0] 
        plt.text( 
            y[labels_t==k].mean(), 
            x[labels_t==k].mean(),  
            shifr2[str(inv_shifr[k])], 
            horizontalalignment='center', 
            bbox=dict(alpha=.5, edgecolor='w', facecolor='w'), 
            **title_font 
        ) 
    plt.draw() 
    plt.savefig(names[ind] + '.png', dpi=300) 
    plt.show() 


