%smatplotlib inline

import numpy as np

import math

import matplotlib.pyplot as plt
import pylab

import pandas as pd

#df = pd.read excel('/data ml v2-03.xlsx")
#mylist = df['data'].tolist()

file = '/data ml v2-03.xlsx'
xl = pd.ExcelFile(file)
print(xl.sheet names)

dfl = xl.parse('data')

['data’]

data list = dfl['x1,x2,label,score'].values
print(len(data list))

350

data = []
data.clear()
for i in range(len(data list)):
string = data list[i]
1t = string.split(',")
new 1t = []
for j in range(len(lt)):
new lt.append(float(lt[j]))
data.append(new 1lt)

print(len(data)) # cnucok co cnuckamn Bupga [x1, x2, label, score]
350
N = 350

x1 false
x2_ false
x1 true =
X2 _true =
for i in range(N):
if (data[i][2] == -1):
x1 false.append(data[i][0])
x2 false.append(data[i][1])
else:



x1 true.append(datal[i][0])
X2 true.append(data[i][1])

print(len(x1 false),',',len(x2 false),' |
‘,len(x1 true),',"',len(x2_true))

300 , 300 | 50 , 50

fig, ax = plt.subplots()

fig.set figwidth(15)

fig.set figheight(10)

ax.set title(label="lcxogHble paHHble", fontdict={'fontsize': 21})
pylab.scatter(xl true,x2 true,color='b',label="'Mo3nTuUBHLIN Knacc (MeTKa
=1)",lw=1)
pylab.scatter(x1l false,x2 false,color='r',label="'HeratusHeii knacc
(MeTka = -1)",1lw=1)

ax.set xlabel(xlabel="x1")

ax.set ylabel(ylabel="x2")
plt.rcParams.update({'font.size': 21})
ax.minorticks on()

ax.grid(which="major"', color = 'k', linewidth = 0.2)
ax.grid(which="minor', color = 'k', linewidth = 0.1, linestyle = ':")
fig.tight layout()
plt.legend()
plt.show()
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x1 true = []
X2 true = []
for i in range(N):
#print(type(data[i][0]))
#print(data[i][0] , data[i][1])
if (datal[i]l[3] <= 0):
x1 false.append(datal[i][0O])
x2 false.append(data[i]l[1])
else:
x1 true.append(data[i][0])
X2 true.append(data[i][1])

print(len(x1 false),',',len(x2 false),' |
‘,len(x1 true),',"',len(x2_true))
313 , 313 | 37 , 37

fig, ax = plt.subplots()

fig.set figwidth(15)

fig.set figheight(10)

ax.set title(label="Pe3ynbTat OuHapHOW Knaccudpukaumm

", fontdict={'fontsize': 21})
pylab.scatter(x1l true,x2 true,color='b"',label="lo3utusHein knacc',lw=1)
pylab.scatter(x1l false,x2 false,color='r',label="'HeratusHsin
knacc',lw=1)

ax.set xlabel(xlabel="x1")

ax.set ylabel(ylabel="x2")
plt.rcParams.update({'font.size': 21})
ax.minorticks on()
ax.grid(which='major', color
ax.grid(which="minor"', color
fig.tight layout()
plt.legend()

plt.show()
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x1
TP =0
FN = 0
FP = 0
TN = 0
x1 TP = []
x2 TP = []
x1 FN = []
x2 FN = []
x1 FP = []
x2 FP = []
x1 TN = []
x2 TN = []
1t =[]

data full = []
for i in range(N):
if (data[i][2] == 1 and data[i]l[3] > 0):
x1 TP.append(data[i][0])
x2_TP.append(data[i][1])
1t = data[il
1t.append(1)
data full.append(lt)
TP += 1
elif (data[i]l[2] == 1 and data[i][3] <= 0):
x1 FN.append(data[i][0])
x2_ FN.append(data[i][1])
1t = datalil
1t.append(2)
data full.append(lt)



FN += 1
elif (data[i][2] == -1 and data[i][3] > 0):
x1 FP.append(data[i][0])
x2 FP.append(data[i][1])
1t = data[il
1t.append(3)
data full.append(lt)
FP += 1
elif (data[il[2] == -1 and datal[i][3] <= 0):
x1 TN.append(data[i][O])
x2 TN.append(data[i][1])
1t = data[il]
1t.append(4)
data full.append(lt)

TN += 1
print('Konuuyectso:', len(data full))
print('Confusion matrix")
print(" )
print('|", T “|', FN, " |")
print(" ")
print('|", FP, " |", TN, "[")
print ("’ ")

KonuuyectBo: 350
Confusion matrix

[32 | 18 |

| 5 | 295 |

print(TP + TN + FP + FN)
350
#data full

from sklearn.datasets import make classification

from sklearn.linear model import LogisticRegression

from sklearn.model selection import train test split

from sklearn.metrics import roc curve, auc, precision recall curve
from sklearn.metrics import roc auc score

y true = []
y score = []
for i in range(len(data full)):
y true.append(data full[i]l[2])
y score.append(data full[i][3])
print(y _true, y score)



(-1.0, -1.0, -1.0, -1.0, -1.0, -1.0, -1.0, -1.0, -1.0, -1.0, -1.0, -
1., -1.0, -1.0, -1.0, -1.0, -1.0, -1.0, -1.0, -1.0, -1.0, -1.0, -1.0,
-1.9, -1.0, -1.0, -1.0, -1.0, -1.0, -1.0, -1.0, -1.0, -1.0, -1.0, -
1., -1.0, -1.0, -1.0, -1.0, -1.0, -1.0, -1.0, -1.0, -1.0, -1.0, -1.0,
-1.9, -1.0, -1.0, -1.0, -1.0, -1.0, -1.0, -1.0, -1.0, -1.0, -1.0, -
1., -1.0, -1.0, -1.0, -1.0, -1.0, -1.0, -1.0, -1.0, -1.0, -1.0, -1.0,
-1., -1.0, -1.0, -1.0, -1.0, -1.0, -1.0, -1.0, -1.0, -1.0, -1.0, -
1., -1.0, -1.0, -1.0, -1.0, -1.0, -1.0, -1.0, -1.0, -1.0, -1.0, -1.0,

[
=
(<]

, -1.0, -1.0, -1.0, -1.0, -1.0, -1.0, -1.0, -1.0, -1.0, -1.0, -
1., -1.0, -1.0, -1.0, -1.0, -1.0, -1.0, -1.0, -1.0, -1.0, -1.0, -1.0,
-1.9, -1.0, -1.0, -1.0, -1.0, -1.0, -1.0, -1.0, -1.0, -1.0, -1.0, -
1., -1.0, -1.0, -1.0, -1.0, -1.0, -1.0, -1.0, -1.0, -1.0, -1.0, -1.0,
-1., -1.0, -1.0, -1.0, -1.0, -1.0, -1.0, -1.0, -1.0, -1.0, -1.0, -
1., -1.0, -1.0, -1.0, -1.0, -1.0, -1.0, -1.0, -1.0, -1.0, -1.0, -1.0,
-1.9, -1.0, -1.0, -1.0, -1.0, -1.0, -1.0, -1.0, -1.0, -1.0, -1.0, -
1., -1.0, -1.0, -1.0, -1.0, -1.0, -1.0, -1.0, -1.0, -1.0, -1.0, -1.0,
-1.9, -1.0, -1.0, -1.0, -1.0, -1.0, -1.0, -1.0, -1.0, -1.0, -1.0, -
1., -1.0, -1.0, -1.0, -1.0, -1.0, -1.0, -1.0, -1.0, -1.0, -1.0, -1.0,
-1., -1.0, -1.0, -1.0, -1.0, -1.0, -1.0, -1.0, -1.0, -1.0, -1.0, -
1., -1.0, -1.0, -1.0, -1.0, -1.0, -1.0, -1.0, -1.0, -1.0, -1.0, -1.0,
-1.9, -1.0, -1.0, -1.0, -1.0, -1.0, -1.0, -1.0, -1.0, -1.0, -1.0, -
1., -1.0, -1.0, -1.0, -1.0, -1.0, -1.0, -1.0, -1.0, -1.0, -1.0, -1.0,
-1.9, -1.0, -1.0, -1.0, -1.0, -1.0, -1.0, -1.0, -1.0, -1.0, -1.0, -
1., -1.0, -1.0, -1.0, -1.0, -1.0, -1.0, -1.0, -1.0, -1.0, -1.0, -1.0,
-1., -1.0, -1.0, -1.0, -1.0, -1.0, -1.0, -1.0, -1.0, -1.0, -1.0, -
1.0, -1.0, -1.0, -1. 0 -1.9, -1.0, -1.0, -1.0, -1.0, -1.0, -1.0, -1.
l.0, 1.0, 1.0, 1.0, 1.0, 1.0, 1.0, 1.0, 1.0, 1.0, 1.0, 1.0, 1.0, 1.

==
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) ) ) . -4.7261, -

. 7575, -1. 3024 3.02 1.7866 -2.044, -2.4764, -1.52006,
1.5761, -1.9428, -3. 4747 -3.3903, -3.612, -6.7941, -2.3966, -4.2183,
-1.1207, -3.6051, -3.017, -1.6044, -2.7352, -4.2082, -0.78882, -
1.6376, -2.1202, -4.0793, -3.3205, -1.5978, -1.7692, -1.0907, -
0.88981, -5.2411, -5.168, -3.2855, -2.4435, -1.1246, -3.1331, -4.6777,
-1.5709, -2.97, -3.4185, -4.006, -3.271, -3.3522, -1.0002, -2.5132, -
0.63392, -2.4092, -4.037, -3.7122, -2.2366, -2.9955, -3.6294, -1.8691,
-3.1522, -2.2767, -1.9917, -3.0384, -1.6683, -3.3891, -3.2323, -
0.91816, -0.86289, -1.901, -3.6665, -0.87332, -2.7085, -2.4125, -
3.844, -4.4976, -2.8973, -1.4929, -3.613, -1.5451, 0.41757, -2.6268, -
3.1849, -3.3396, -3.3316, -4.8101, -2.0304, -1.3535, -2.9212, -4.7141,
-4.7166, -3.2333, -2.3412, -2.3505, -1.1358, -0.35848, -3.3818, -
3.4916, -1.6565, -0.5912, -2.7599, -2.705, -3.7549, -1.5016, -2.2966,
-1.7411, -4.2862, -2.6305, -2.0144, -4.72, -0.3476, -5.4883, -2.9202,
-1.1924, -1.7636, -4.1656, -3.4901, -2.8424, -4.1408, -1.3293, -
2.8495, -2.6295, -2.9419, -0.20456, -2.0051, -1.6812, -2.2526, -
2.2177, -3.526, -3.2345, -3.7755, -1.9755, -3.8725, -1.8728, -2.3964,
-2.5416, -4.1786, -2.8311, -2.8763, -2.8154, -0.73227, -3.5886, -
2.6249, -2.7551, -1.375, -1.0979, -2.0116, -4.4595, -1.038, -3.154, -
3.0237, -2.1875, -1.3702, -2.7482, -2.1313, -3.0557, -2.0119, -2.9446,

0 1.
.0 1.
0 1.
7 0
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-3.3143, -2.8824, -4.0965, 0.05208, -1.6421, -1.7851, -2.1364, -
3.3678, -1.4154, -0.6359, -2.9938, -5.6963, -2.1382, -2.1399, -

0.60469, -3.1397, -2.593, -3.1519, -2.6756, -2.7201, -2.7159, -3.8237,

-4.1703, -3.7797, -1.6032, -3.6606, -0.15357, -4.5895, -2.5092, -

3.6007, -3.2795, -1.2782, -2.5749, -2.2311, -1.7534, -4.4335, -4.0972,

-4.0968, -1.8404, -3.1464, -3.3445, -1.733, -0.61867, -1.6598, -
2.1961, -2.538, -2.2601, -2.5926, 0.028802, -1.9121, -3.8742, -3.497,
-0.29226, -4.3084, -3.4094, -3.4441, -1.6704, -3.3545, -2.6001, -
0.11454, -3.2918, -1.531, -1.4857, -3.5017, -1.2785, -2.976, -1.6773,
-4.3832, -3.193, -1.5291, -2.2753, -4.4665, -1.3864, -5.4212, -
0.53913, -0.91299, -1.3043, -2.07, -1.6159, -2.8118, -3.0455, -3.878,
-3.0121, -1.3897, -2.6133, -3.546, -3.1778, -3.339, -1.2127, -2.728,
2.6658, -2.8649, -0.93558, -2.5585, -4.6917, -2.6738, -1.4646, -
3.3176, -0.52149, -3.7372, -1.3746, -3.4003, -0.85995, -3.4099, -
4.9048, -1.9712, -2.8404, -1.8712, -2.434, -3.0207, -2.5415, -1.6477,
-2.0286, -1.8876, -1.9957, -2.4907, -3.1572, -4.2076, -2.439, 0.2514,
-2.1535, -1.0435, -2.1437, -3.8702, -2.2157, -4.1225, -4.4452, -
1.7133, -2.298, -3.8537, -4.472, -2.3088, -1.8765, -1.6589, -4.1044,
0.57547, -4.2778, -3.6009, -1.4005, -2.4616, -1.3685, 0.52394, -
2.2122, -1.6654, -2.6141, -0.28205, 1.7397, -0.60974, 0.95799, -

1.6119, -1.673, 1.0004, -0.55806, -0.27843, 1.3711, -1.7984, -0.27541,

-1.3297, 1.058, 1.2733, -0.27696, 0.76978, 1.6626, 3.0516, 1.0606,

0.037896, -0.17203, 0.54667, 1.6202, -1.1047, 0.99978, 2.1915, 4.0744,

-1.2125, 0.32406, -0.49949, 0.13122, 0.95454, -0.66765, -2.2072, -
0.74071, 1.3006, 1.007, 0.052208, 0.35831, 1.1958, 2.8344, 2.7078,
2.0184, 0.29738, 2.4211, -1.5414, 1.1875, -1.5695, 4.6015, 4.5664]

fpr, tpr, treshold = roc curve(y true, y score)
roc_auc = auc(fpr, tpr)

plt.figure(figsize=(9, 7))

plt.plot(fpr, tpr, color='darkorange',linewidth = 2.5,
label="R0OC kpusas (AUC = %0.5f)"' % roc_auc)

plt.plot([O, 11, [0, 1], color='blue', alpha = 0.5, linestyle='--")

plt.xlim([0.0, 1.0])

plt.ylim([0.0, 1.05])

plt.xlabel('False Positive Rate')

plt.ylabel('True Positive Rate')

plt.title('ROC-kpusan')

plt.legend(loc="lower right")

plt.minorticks on()

plt.grid(which="major",

color = 'k', alpha = 0.25,

linewidth = 0.3)
plt.grid(which="minor",

color = 'k', alpha = 0.25,



linestyle = ':"')
plt.rcParams['font.size'] = '12'
plt.show()

ROC-kpuBasn

1.0 1
0.8 1

06 T 7

True Positive Rate

04 T P

0.2 1

0.0 ———

1 ROC kpueas (AUC = 0.95253)

0.0 2 04 06
False Positive Rate

roc_auc

0.9525333333333332

precision, recall, thresholds = precision recall curve(y true,

y score)

pr_auc = auc(recall, precision)
# cTpouM rpaguk
plt.figure(figsize=(9, 7))

0.8

1.0

plt.plot(recall, precision, color='darkorange',linewidth = 2.5,

label="PR kpusas (AUC = %0.5f)"' % pr_auc)

plt.plot([0, 1], [37/350, 37/350], color='blue', alpha

linestyle="'--")

plt
plt
plt
plt
plt

plt

xlim([0.0,

1.005])

ylim([0.0, 1.05])
.Xlabel('Recall"')
.ylabel('Precision')
.title('PR-kpuBasa')
plt.
.minorticks on()

legend(loc="1lower right")



# OnpepenseM BHEWHWW BUL JIMHUA OCHOBHON CETKU:
plt.grid(which="major",

color = 'k', alpha = 0.25,

linewidth = 0.3)

# OnpepgenseM BHEWHWUW BUL JINMHUA BCMOMOIraTesbHOU
# CceTKu:
plt.grid(which="minor",

color = 'k', alpha = 0.25,

linestyle = ':")
plt.rcParams['font.size'] = '12'
plt.show()
PR-KpunBas
1.0-
0.8
S 0.6
n
0
v
- 0.4
0.2
"""""""" PR kpuBas (AUC = 0.84283)
0. . - . - .
%LO 0.2 0.4 0.6 0.8 1.0

Recall

['unioteswl U - KpuTepusd ManHa-Yutuu HO: KnaccupukamuoHHBIE OUKHA
MMOJIOZKHUTEJILHOT O KJIacCa IIPEBHIIAI0T OUYKM OTPUILIaTEIbHOI 0 Kjlacca H1:
KnaccudpukaimoHHbIe OYKH ITOJIOKUTEJILHOTO KJIacCa He IPEBHBIIIAI0T OYKHU

OTPHULIATEJIBHOTI'O KJIaCCa

from scipy.stats import mannwhitneyu



Rn = 0
for i in range(N):
if (data full[i][3] <= 0):
s neg.append(abs(data full[i][3]))
Rn += abs(data full[i][3])
else:
s _pos.append(data full[i][3])
Rp += data full[i][3]
print(len(s_pos),len(s neg))

37 313

Ul, p = mannwhitneyu(s pos, s neg)
print(Ul,p)

2644.0 6.468675862682975e-08
nx, ny = len(s pos), len(s neg)
U2 = nx*ny - Ul

print(U2)

8937.0

Rp

50.647526000000006

Up = Rp + ((50%51)/2)

Up

1325.647526

Rn

792.7434999999997

Un = Rn + ((300*%301)/2)

Un

45942 .7435

AUC r = Un / (Up + Un)

AUC r

0.971954883650031

SPEC
SENS

TN / (TN + FP)
TP / (TP + FN)

print(SENS , SPEC)
0.64 0.9833333333333333



print(abs(SENS - SPEC))
0.34333333333333327

y true = []
y score = []
for i in range(len(data_full)):

fpr, tpr, treshold = roc curve(y true, y score)

y true.append(data full[i]l[2])
y score.append(data full[i][3])

roc_auc = auc(fpr, tpr)
print(fpr)

[0
0

0
0
0
0

0

criteria

.0
.0
.0
.1
.2
.2

0. 0. 0
1 0.01333333 0.01333333 0
2666667 0.04 0.04 0
5666667 0.06666667 0.06666667 0O
1333333 0.12666667 0.12666667 O

0.20333333 0.20333333 0

0 0 0

5333333 0.28666667 0.28666667

[]

cr =[]
fcl = []

fcl list

[]

fc2 = []

fc2 list

[]

fc3 = []
fc3 list = []

cr.clear()

fcl.clear()

fcl list.clear()
fc2.clear()

fc2 list.clear()
fc3.clear()

fc3 list.clear()

for i in range(len(fpr)):

cr =[]

cr.append(abs(tpr[i] - fpr[i]))
fcl.append(abs(tpr[i] - fprl[il]))
cr.append(fpr[i])
cr.append(tpr[i])

fcl list.append(cr)

cr =[]

cr.append(tpr[i] + fpr[i] - 1)
fc2.append(tpr[i] + fpr[i] - 1)
cr.append(fpr[i])
cr.append(tpr[i])

.00666667
02333333
.04666667
.07

. 14666667
.22

.38666667

[cNoNoNoNoNoNO]

.00666667
.02333333
.04666667
.07

. 14666667
.22

.38666667

.01
.02666667
.05666667
11333333
.2
.25333333



fc2 list.append(cr)

cr =[]

cr.append((1 - tpr[i])**2 + (fpr[i] - 1)**2)
fc3.append((1 - tpr[i])**2 + (fpr[i] - 1)**2)
cr.append(fpr[i])

cr.append(tpr[i])

fc3 list.append(cr)

import numpy as np

optimal idx1l = np.argmax(tpr - fpr)

optimal thresholdl = thresholds[optimal idx1]
print(optimal idx1l, optimal thresholdl)

optimal idx2 = np.argmin(abs(tpr + fpr - 1))
optimal threshold2 = thresholds[optimal idx2]
print(optimal idx2, optimal threshold2)

optimal idx3 = np.argmin((1l - tpr)**2 + (fpr - 1)**2)
optimal threshold3 = thresholds[optimal idx3]
print(optimal idx3, optimal threshold3)

22 -4.3084

27 -4.2076

41 -3.8742

print('Mepebmt ', fcl[fcl.index(max(fcl))]l, 'no3wuumnsa',
fcl.index(max(fcl)))

print('Brtopon ', fc2[fc2.index(max(fc2))], 'mo3uuusa’,
fc2.index(max(fc2)))

print('Tpetun ', fc3[fc3.index(min(fc3))], 'mo3uumna’,

fc3.index(min(fc3)))

MNepBbii  0.75 nosuuyma 22
Bropon 1.0 no3wuuusa 41
Tpetun 0.0 nosuums 41

fpr, tpr, treshold = roc curve(y true, y score)

roc_auc = auc(fpr, tpr)

# CcTpouM rpaguk

plt.figure(figsize=(9, 7))

plt.plot(fpr, tpr, color='darkorange',linewidth = 2.5,
label="R0OC kpusas (AUC = %0.5f)"' % roc_auc)

plt.plot([0O, 1], [0, 1], color='blue', alpha = 0.5, linestyle='--")
plt.scatter(fpr[22], tpr[22], ¢ = 'red',linewidth = 2.5,label="|SENS -
SPEC| ->min") # UBeT To4ek

plt.scatter(fpr[27], tpr[27], ¢ = 'blue',linewidth =
2.5,label="'Youden’'s index"') # UuBeT Touek

plt.scatter(fpr[40], tpr[40], c = 'green', linewidth = 2.5,label="(1 -
SENS)”2 + (SPEC - 1)72 - min"') # UBeT To4ek



plt

Xlim([0.0,

1.0])

plt.ylim([0.0, 1.05])
plt.xlabel('False Positive Rate')
plt.ylabel('True Positive Rate')
plt.title('ROC-kpusasa'")
plt.legend(loc="lower right")
plt.minorticks on()
plt.grid(which="major",
color = 'k', alpha = 0.25,
linewidth = 0.3)
plt.grid(which="minor",
color = 'k', alpha = 0.25,
linestyle = ':"')
plt.rcParams['font.size'] = '"12'
plt.show()
ROC-kpuBasn
1.0 1 g -
2 el
o8] ¥
1] ] /J,/
T g
CCOE' ’/’
G
£ el
g
= 0.4 1 P
0.2 1 ROC kpueas (AUC = 0.95253)
] . ® |[SENS - SPEC|->min
J/J @ ‘Youden's index
" @ (1 - SENS)"2 + (SPEC — 1)"*2 - min
0.0 ——————
0.0 0.2 0.4 0.6 0.8

False Positive Rate

len(data full)
350

data full pos
data full neg

[y —

1.0



for i in range(len(data full)):
if (data full[il[2] = ) :
data full pos. append(data full[i])
else:
data full neg.append(data full[i])
print(len(data full pos), len(data full neg))

50 300

res number = []
res roc auc = []
res pr_auc = []

y_pos = []
score pos = []
1st pos = []
y_neg = []
score neg = []
lst neg = []
for j in range(25):
y_pos = []
score pos = []
lst pos = []
y_neg = []
score neg =
lst neg = []
y true = []
y score = []
print ('Haxogmum gna ', 2*(j+1), 2*(j+1)*6)
lst pos = np.random.randint(0, 50, 2*(j+1
lst neg = np.random.randint (0, 300, 2*(j+
print(len(lst pos), len(lst neg))
print(lst pos)
print(lst_neg)
for pos in 1st pos:
y pos.append(data full pos[pos][2])
score pos.append(data full pos[pos][3])
for neg in 1st neg:
y neg.append(data full neg[negl[2])
score neg.append(data full neg[neg][3])
y true =y pos + y neg
y score = score pos + score_neg
print(len(y true), len(y score))
fpr, tpr, treshold = roc curve(y true, y score)
roc_auc = auc(fpr, tpr)
precision, recall, thresholds = precision recall curve(y true,
y score)
pr auc = auc(recall, precision)
res _number.append(2*(j+1) + 2*(j+1)*6)

[]

=~

)*6)



res roc auc.append(roc auc)
res pr_auc.append(pr_auc)
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231 79 5
32 160 28

266 142 197

38 21 2 27

28 3 40 32
156 9 41

65 23 288

222 83 234

55 155 133

144 241 278

1 251 124

1 246 179

191 40 137

113 281 114

296 37 240

10 272 163

268 128 182

146 290 206

226 19 10

236 174 106

7 6 315
19 219 7
205 256 150
18 250 266
71 258 213

41 248 294

0 22 28

41 44]

58

271

197

83

56

250

146

184

50

244

42

236

101

169

287

18

216

132

36

46

163

214

106

133

17

115

263

132

78

14 47 14

42 19 31

280

190

117

257

288

29

144

236



266
222
16
187
97
26
212
74
156
156
157
250
203
70
43
64
167 4
86
53
178
92
284
204 152
94]
336 336
Haxooum pns
50 300
[12 11 38 48
43
43 20 17 19
38
10 29]
[135 8
199
235
0

135 71

274 163

242 148

231 17

202 32

134 117

100 29

274 215

62

105 56

23 238

203

86

204 91
50
18
33
13
157
172
147
169
169
278
23
155
273
275

84 133

115 233
127 99
66 225
225 281
165 70

69 38

19 198 172

187 236 78

280 128 299

7 186 140

45 2 27

206 16 5

193 4 161

60 264 106

77 174 178

291 102 246

237 97 296

205 137 113

50 300

23 43 41 30

4 1 7 0

122 187 189

295 194 215

215 157 133

213 76 211

107 248 45

173 289 38

182 188 192

173 265 159

62 119 97

105 148 10

43 128 31

101 133 138

13 22 143

136 159 243

124 107 171

9 133 54

171 230 247

203 84 0O

279 191 194

238 271 40

4 273 195

2 3129 4

33 4 9 3

162 196 140

279 76 213

169 28 219

216 288 90

249 94 159

178 273 49

30 144 135

190 15 32

17 141 188

180 112 86

81 144 53

218 275 96

144 172 141

70 250 143

205 230 91

218 155 200

96 206 130

69 69 275

233 188 255

17 261 297

99 66 241

17 41 18 25

13 36 7 26

27 255 68

125 227 256

264 219 203

194 32 187

65 258 174

296 131 232

281 250 156

7 104 256

44 211 149

68 281 153

209 28 71

94 82 29

174 217 157

245 34 4

100 136 80

256 153 233

101 219 62

161 107 132

190 37 177

211 121 220

183 263 184

14 20 42 10

21 39 9 22

263 170 213

255 12 104

121 289 160

55 114 30

189 165 234

16 183 160

21 106 297

233 241 73

129 64 176

193

249

164

257

102

130

21

272

136

240

30

193

247

80

187

190

122

237

102

227

226

77

112

138

1 39 31

6 28 2

71

250

272

280

109

86

288

199

233

105

173

220

285

164

106

273

277



118 281 130 133 282 181 122 32 30 15 180 131 156 198 276 119 62
1931 20 29 35 297 151 107 282 158 286 201 85 186 29 135 108 155
2223 154 31 38 215 151 62 50 65 76 127 44 4 250 80 66 128
2328 205 20 6 291 59 10 108 299 72 114 267 4 65 297 72 234
1?22 55 27 3252 67 21 181 58 52 159 57 256 253 67 135 268
21;1 183 195 258 240 221 123 65 191 144 115 183 295 174 91 201 248
1223 73 147 98 60 244 34 111 252 203 30 294 98 279 149 272 101
4435 0 101 108 228 222 45 276 145 253 156 178]

350 350

for i in range(len(res number)):
print('N = ', res number[i], 'AUC roc = ', res roc auc[i], 'AUC pr
', res _pr_auc[i])

N = 14 AUC roc = 1.0 AUC pr = 1.0

N = 28 AUC roc = 0.9583333333333334 AUC pr = 0.8110119047619048
N = 42 AUC roc = 0.9490740740740741 AUC pr = 0.8249158249158248
N = 56 AUC roc = 0.9270833333333334 AUC pr = 0.8359035633484163
N = 70 AUC roc = 0.9883333333333334 AUC pr = 0.9431150793650794
N = 84 AUC roc = 0.9305555555555556 AUC pr = 0.7587742899301868
N = 98 AUC roc = 0.9345238095238095 AUC pr = 0.8112766059177312
N = 112 AUC roc = 0.9505208333333334 AUC pr = 0.7690231895909501
N = 126 AUC roc = 0.9614197530864197 AUC pr = 0.9183107040341085
N = 140 AUC roc = 0.9579166666666666 AUC pr = 0.8655275535958681
N = 154 AUC roc = 0.9724517906336088 AUC pr = 0.899070997571901
N = 168 AUC roc = 0.9560185185185186 AUC pr = 0.8673632360806022
N = 182 AUC roc = 0.9349112426035503 AUC pr = 0.8122622019682073
N = 196 AUC roc = 0.9696003401360545 AUC pr = 0.8833157379644636
N = 210 AUC roc = 0.9866666666666666 AUC pr = 0.9405669221709113
N = 224 AUC roc = 0.9549153645833334 AUC pr = 0.8661270833879822
N = 238 AUC roc = 0.9629469434832757 AUC pr = 0.8763182730837359
N = 252 AUC roc = 0.9502314814814814 AUC pr = 0.8091353324260337
N = 266 AUC roc = 0.9818790397045245 AUC pr = 0.9245918316138543
N = 280 AUC roc = 0.9408333333333332 AUC pr = 0.7772522388340942
N = 294 AUC roc = 0.9444444444444444 AUC pr = 0.831844142412522
N = 308 AUC roc = 0.9566115702479339 AUC pr = 0.867208067404442
N = 322 AUC roc = 0.9639256458727158 AUC pr = 0.8814291497903424
N = 336 AUC roc = 0.9559461805555556 AUC pr = 0.8403726506958965
N = 350 AUC roc = 0.9392666666666667 AUC pr = 0.7891118376144272

print(len(res _number), len(res roc auc), len(res pr _auc))

25 25 25



plt.

figure(figsize=(9, 7))

plot(res number, res pr _auc, color='green',linewidth

plt.plot(res number, res roc auc,
label="R0OC")

plt.

label="PR")

plt.xlabel('Pa3mep Buibopkn')
plt.ylabel('AUC")

plt

plt.legend(loc="lower right")
plt.minorticks on()

plt

plt

plt.
plt.

AUC

plt.

.grid(which="major",

color = 'k', alpha = 0.25,
linewidth = 0.3)

.grid(which="minor",

color = 'k', alpha = 0.25,

color='blue', linewidth

.title('IF'paduk 3aBmcumoctm ROC AUC u PR AUC oT obObéMa

2.5,

2.5,

BbIOOPKK ')

linestyle = ':")
rcParams['font.size'] = '12'
show()
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plt.scatter(res roc auc, res pr _auc, color='blue',linewidth = 1)

plt.xlabel('PR AUC")

plt.ylabel('ROC AUC")

plt.title('OuarpamMma paccesHus 3HayeHun ROC AUC u PR AUC')
#plt. legend(loc="1lower right")

plt.minorticks on()

plt.grid(which="major",

color = 'k', alpha = 0.25,
linewidth = 0.3)
plt.grid(which="minor",
color = 'k', alpha = 0.25,
linestyle = ':")
plt.rcParams['font.size'] = '12'
plt.show()
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np.corrcoef(res roc _auc, res pr_auc)

array([[1. , 0.91564973],
[0.91564973, 1. 11)

Pe3ynbTaTh MCCiemoBaHui: B manHoOM paboTe MPOBOAUIIOCH NUCCIIENOBaHUE
TMoKa3aTesiel KauecTBa OMHapHOM KilacCupUKaIINY, CBI3aHHBIX C
pPa3menuMOCThIO KiTaccoB. MccriemoBanme MPOBOAUIIOCEH C TTOMOIITBIO



3aaHHOT O Ha60pa OAHHBIX 1 PE€3YyJIbTaTa 61/IHapH0171 KJ'IaCCI/I(l)I/IKaLII/II/I 9TUX
OJAaHHBIX.

C nmoMmo1bio Kputepust ManHa-YuUTHU ObIJIO YCTAHOBJIEHO, YTO
KJIaCCU(PUKAIIMOHHBIE OUYKH MOJIOXKUTEIbHOT0 KJIaCC IPEBHIINAI0T OYKU
OTPHULIAaTEILHOTO KJlacca. Pa3Hulla 3HaUeHU S HOPMUPOBAaHHOI'O 3HAaYEHU ST
CTaTHUCTHUKHN MaHHa-YuTHHU 1 ROC AUC cocTaBiseT MeHee 2%.

Brl10 moOKa3aHo, YTO UMeeT MECTO CUJIbHas Koppensauus BenuuuHd AUC ajist ROC
U PR KPUBEHIX.

ROC u PR KpUBBI€E SABISIOTCS I10JIE3HBIM HHCTPYMEHTOM [JIs1 CDaBHEHUS
pa3nUYHBIX MOIeIel KiaccupukaTopos. [Tnomans nog rpaduKaMu 9TUX
KPUBBIX ITO3BOJISIET OLIEHUTH Ty UJIX UHYIO MOJIeJIb B II€JIOM, He ITPUBSI3BIBAsICh K
KOHKPETHOMY IIOPOTY.

ROC-kpuBEIe OoJiee 11ej1ecoo0pPa3Ho MUCII0Ib30BaTh, KOI'a HAOIIOmeHUsI
cOamaHCUPOBAHBI MEKIY KaXKIBIM KJIACCOM, TOT{Ia KaK PR-KPUBBIE TOOXOISAT
It HecOaslaHCUPOBAHHBLIX HAOOPOB MaHHBIX.



