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0:2180% 535 ([Al3) (Logistic Regression) , —1MEIIFEE,
BEEERTF o, tFRAXNEULEET, 210

O 7SI —n2E, BEERNZE— B M EREET
O ZETE S RETIUS—MFRIREL, BMEEERFHREL (Logistic
Function) #1793
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EhInth

#{134.1 T4 1 EEHELER TR ETRRE
import numpy as np
import matplotlib.pyplot as plt
def initPlot():
plt.figure()
plt.title('"House Price vs House Area’)
plt.xlabel('House Price') #x3fitR&s N F
plt.ylabel('House Area') #yiliir&E =
plt.grid(True) #RR=MHE
return plt
xTrain0 = np.array([[3.32, 94], [3.05, 120], [3.70, 160], [3.52, 170]
155]) #RiEARIFERIES
yTrain0 = np.array([0, O, 0, O, 0]) #y=0ZFR"AEFSE
xTrain1 = np.array([[3.36, 78], [2.70, 75], [2.90, 80], [3.12, 100],
125]]) #RFEHIFERES
yTrain1 = np.array([ 1, 1, 1, 1, 1]) #y=1FKRiFE
plt = initPlot()
plt.plot(xTrainO[;, 0], xTrainO[;, 1], 'k+") #kFXR~EE, +FrRIRKRA+F
plt.plot(xTrain1[;, 0], xTrain1[;, 1], 'ro’) #r&¥ =&, oRIAHIFLRAE
plt.show()
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LogisiticRegressiong

O sEFScikit-learnEEfILogisticRegression iR RIBIEHT#>J AIER
O from sklearn.linear model import LogisiticRegression
O model=LogisticRegression(penalty="12', dual=False, tol=0.0001,
C=1.0, fit_intercept=True, intercept scaling=1, class weight=None,
random state=None, solver='liblinear', max iter=100,
multi_class="'ovr', verbose=0, warm start=False, n jobs=1)
v’ penalty: IERf¢ZS#L, vlikER “L1° #0 "L2"
v solver: {LItEERESE
- liblinear: {&FRAATRH FREZRIEMAIRIREZL
- |bfgs: HIGHRERI—FF
- newton-cqg: R4 AR
- sag: FENNEIIEE TBF
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LogisiticRegressiong

O §EAScikit-learnZEEfILogisticRegression AR RIBIEHTF 4 25 )R
O from sklearn.linear model import LogisiticRegression
O model=LogisticRegression(penalty="12', dual=False, tol=0.0001,
C=1.0, fit_intercept=True, intercept scaling=1, class weight=None,
random state=None, solver='liblinear', max iter=100,
multi_class="'ovr', verbose=0, warm start=False, n jobs=1)
v multi_class: 33EFIEFESE
v class weight: ZE5INNESE]
v fit intercept: EARFEEEE
v max_iter: BiEBERAISRAIEREN
O HLEREN fit(X, y). FTRNIERZL predict(X). FRHIZ=RREL
predict proba(X), 1o #UE score(X, y)
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O%5—F: ER)IGE0E
v xTrain = np.array([[94], [120], [160], [170], [155], [78], [75], [80], [100], [125]])
v yTrain = np.array([0,0,0,0,0,1,1,1,1,1])
O 25 gliELogisticRegressionftRHIUS
v from sklearn.linear model import LogisticRegression #3532
v model = LogisticRegression(solver = "lbfgs") #8315, BRAMLELIEZL-BFGS
O%=%: TS
v modelfit(xTrain, yTrain) #{THE
v print(model.intercept ) #%iH &b
v print(model.coef ) ##itHFIER
O 5002 XIFEUEAA T
v' newX = np.array([[100], [130]]) #&ENXHtEAR
v newY = print(model.predict(newX)) ##HiH &=




{th34.2

#({15 4.2 ET Scikit-learn EEkfE B EiFSEFuln)ER
import numpy as np
import matplotlib.pyplot as plt

from sklearn.linear_model import LogisticRegression

xTrain = np.array([[94], [120], [160], [170], [155], [78],
[75], [80], [100], [125]])

yTrain = np.array([0,0,0,0,0,1,1, 1,1, 1])

model = LogisticRegression(solver = "lbfgs")
model.fit(xTrain, yTrain)

newX = np.array([[100], [130]])

newY = model.predict(newX)

def initPlot():
plt.figure()
plt.title('House Price vs Is Easy To Sell’)
plt.xlabel('House Price")
pltylabel('ls Easy To Sell’)
plt.grid(True)

return plt

plt = initPlot()

plt.plot(xTrain[:5,0], yTrain[:5], 'k+")
plt.plot(xTrain[5:,0], yTrain[5:], 'ro)
print ("model.coef : ", model.coef )

print ("model.intercept_: ", model.intercept )

#HIESERIFIE x B
split x = -model.intercept [0] / model.coef [0][0]
print("DEIRIHE x E: %.2f" % split x)

x = np.linspace(30, 200, 10000)
y =1/ (1 + np.exp(-(x * np.reshape(model.coef , [-1])[0] +
model.intercept [0])))

pltplot(x,y, 'g-) #EINFFFER'g-", FNEHIFBILER
HIRHI IR

plt.plot([split x]*2, [0, 1], 'b-")

plttext(split x, 0.5, "({:.2f}, {})".format(split_x, 0.5))
plt.show()
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W*{H%{E‘i‘l‘ (Maximum Likelihood Estimation)

O RARLIMETTR— R R T oot EReYSE, BT REVIRIREESR SRR
ZHUE, ERAKUAMETR, BMIESHEXCINEERENSHE, LUIE
XLESHUERETE - EMNEIETE.

O ERXUAETTT, BIMRKWNZINEIERMAE MEES RIS ERY,
FHEREZSRS IR, EFEERISEE. KIIRIBRERE
WNZIRYEEE, HE&EERREERMIXEEIERNSAUE.

O #=40MF, REAIE—MEm, FIANBEX MEDLERE LRIHMRES D,
BATT LU T &S HofEmsEle, FHCRERIEMATHE M IEEmEA_ LRSS, A
RBAMRXMERIEEFA ERIEERE p, BARATTLATE SRS ED
IFEEA_ERIEER, PASSGRTEEIaRIESRRER, SENNEIX LRI,
BAIHBIRMERRI— & p B, (EEXMEREAN, NNEEsRIT iz
BERA IR0ETE.
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P(y=1]x) = f(X) =——— =
1+e
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7z N
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BE T EEUCBNR
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B N E AU BR

O BUA LRSS Birarca, ATLISEISRYAAERINAT

maximize=>  v"lo )+ (1— v log(l— _
mz'=1y 9(1+e_WTX<.)) (1-y*)log( 1+e_WTX<.>)

O 2234095 RFASERREREIA 1 BOYIRREA TG, ZE2Rs> R FISTRReE
B9 0 AIRREAHHT AL

O UL Ein—REH TRIMUMARRAN, L(w) EEFR/IFRIEREL

(Loss Function)

_l m M 1 (1 v _ 1
L(W)_mZizl y Iog(1+e_WTX(i)) (1 y )Iog(l 1+e_WTx(i))

min L(w)
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BETR
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Xh34.3

#13 4.3 ETHE TREEEE KRB EIF 2Tl R
import numpy as np

import matplotlib.pyplot as plt

from bgd_optimizer import bgd optimizer

def normalize(X, mean, std): #33&dEHITIT—CEIRREL

return(X-mean)/std

def make_ext(x): #3J x #{TH &, MA—"1= 1 /9%
ones = np.ones(1)[;, np.newaxis] #4521 AZE
new x = np.insert(x, 0, ones, axis = 1)

return new x

def logistic_fun(z):
return 1./(1 + np.exp(-2))

def cost_fun(w, X, y):
tmp = logistic_fun(X.dot(w)) #£L14REL, =k

cost = -y.dot(np.log(tmp) - (1 - y).dot(np.log(1 - tmp)))

return cost

def grad_fun(w, X, y): #ZRAANR 4.12 it& w AUEE
loss = X.T.dot(logistic_fun(X.dot(w)) - y) / len(X)

return loss

mean = xTrain.mean(axis = 0) #i)||ZE0EFIY(E
std = xTrain.std(axis = 0) #})|Z&EUER =

xTrain_norm = normalize(xTrain, mean, std) #|3—{t&iE

np.random.seed(0)
init W = np.random.random(3) #FEH1#0%a4 w, 38 wo, w1, w2

xTrain_ext = make_ext(xTrain_norm)

#EFASE =EE XA E TR T REEREL
iter count, w = bgd_optimizer(cost_fun, grad_fun, init W, xTrain_ext,
yTrain, Ir = 0.001, tolerance = 1e-5, max_iter = 100000000)

wo,wlw2 = w

#HRHIDEDEZ,

x1 = np.array([2.7, 3.3, 4.0])

x1_norm = (x1 - mean[0]) / std[0]

x2_norm = -(w0 + w1 *x1 _norm) / w2 ##l&H%Z: wO+w1*x1+w2*x2=0
x2 = std[1] * x2_norm + mean[1] # T =HIER ARG x B, EIHE
ZiT "ER—L

plt.plot(x1, x2, 'b-")

plt.show()
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Python#zf33EIl

O &R TA84.3 . BT HE NEKEHENTIEREAIPy thonsCH]
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iR ESSRATIRER
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7 RRBIRNFN X

OXT—85%% (WELE. 3%F) [ ABFTREZ0.5%HABHXM
wim. B, FTEALIKH—MRRATSE: ST HAUER, Kizfl
y=0, BIZENE%ER. XEREERTERT0.5%HERER, ]
HRIXMERER R AR F B X AR B B iR B e?

O TR RREXEIN, FlimEResESARBIRMERIXEE, BME—
ETFERBERA AN, BALIBALR T RS, BE—LX
SANREGET, NEABEEMIFET™ERIRR.

O BE R E IR IEER (Accuracy) RHAIERBUTFIAA—ER
FhEIERIIE.
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O IF#ER (Accuracy) Y = S TN T EP T FN
. .. .. TP
O #&&EZ (Precision) : Precision=
MRIER ( ) T
O ZBEZE (Recall) Recall = — "
TP +FN
s 2PR
O F1#52% (F1-Score) : F1Score= 5 R

(=l
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IRENRAEAREEL/910001,
HApE SN ERN NERIZTK
Bl (y=1) , WNRREERR
DX EBITEEATTN
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X184.4

# (\154.4 FNt BB EF RIS TN TER

# ZIOABEIRIZHA T, IBFEMGEMAS4.3/plt.show ) iER ZRIBIETT

xTest = np.array ([[3.00,100],[3.25,93],[3.63,163],[2.82,120],[3.37,8911)
xTest norm = normalize ( xTest, mean, std )

xTest _ext = make ext ( xTest norm)

yTestProbability = logistic fun ( xTest ext.dot (w ) ). # [0.93, 0.62, 0.00, 0.89, 0.40]
yTestPredicted = yTestProbability > 0.5 #Fi{EA: 11010

yTest = np.array ([ 1,0, 1,1, 1])

yTest real pred = yTestPredicted == yTest #i1 EfNESELIFMEESERE

accuracy = np.sum ( yTest real pred ) / len ( yTest) #itHIEif=ZE
precision = np.sum (yTest real pred * yTestPredicted ) / np.sum ( yTestPredicted ) #it&E Ef=
recall = np.sum ( yTest real pred * yTest) / np.sum ( yTest ) #itHH M=

f1score = 2 * precision * recall / ( precision + recall )

FUU{E: [True True False True False]

print ( "FRUKE: ", yTestPredicted ) SCRRE: [10111]

print ( "SEFME: ", yTest) IFHE=R (Accuracy) : 0.4

print ( "IEf#= (Accuracy) - *, accuracy ) RS (Pecision) : 0.6666666666666666
print ( "JEHEZR (Pecision) : ", precision) ZEZ= (Recall) : 0.5

print ("BEZE (Recall) : " recall) F1Score: 0.5714285714285715

print ( "F1Score: ", f1score)
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IBZ1T4ERIREP
O MRS, SHAHEISE ERFIRN, Ty &,
GBI IR, FARIEA ISRy,

01549 "yTest real pred = yTestPredicted == yTest” BENESE
SCEXDIEE, ERNXSRAYTTT, AERRISAAEYIA0, EFE1E
BIFIGAGIERAH T TECE:, WRIFRE (T, 1, 0, 1, 0], ESE{EA(1,0, 1,
1, 1]

O ZigF o REEITRERIERERE, AENFERE—MHEK, S
BREXFFFKREAERIES, NFKEFAEARS

O 2% 501, £Covid-19%EtellimsnllF, BENEBRIFFHER
RN BIZR PR LASIR?
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ROCHI%

O ROCRERTRESEIADHEEEE CHATHIR, —HHAEEXAT
PTEILAERE. EREREIL, BIREEN W EoHHE—RE,
REAZRSER ROC HZSRIU LI IR S R TAB R R
HYfEE SIS ARIX 5!
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ROCHI%

O AR ESIEZE (receiver
operating characteristic curve, &
FRROCHNZE) , NFRARSZIERZ,

(sensitivity curve) , ERF kAT
HAERIA T RIXRUS SH T

O ROCHIZLIERHESE (TPR) a4k,
{RBEMEER (FPR) JotathRrEmA 4R
&, RAREEEGEA ESHEKAIRT R
H BRI R R E S E

TP FP

TPR = FPR =
TP+ FN FP+TN
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0.8 4
T
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v 064
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S 041
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0.0

Receiver operating characteristic example
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' v v -
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e
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{th34.5

# A34.5 25 EF TN AYRO CHIZLE]

# ZRIBBEESRID4 IER A BEIEHEIET

xTest = np.array([[3.00, 100], [3.25, 93], [3.63, 163], [2.82, 120], [3.37, 89]])
xTest norm = normalize(xTest, mean, std)

xTest_ext = make ext(xTest_norm)

yTestProbability = logistic_fun(xTest _ext.dot(w)) # 0.93,0.62,0.00,0.89,0.40
yTest = np.array([1, 0, 1, 1, 1])

from sklearn import metrics

fpr, tpr, thresholds = metrics.roc_curve(yTest, yTestProbability)

print ("K{&: ", "' join(['%.2f'%(t) for t in thresholds]))

print ( "fpr: ", fpr)

print ( "tpr: ", tpr)

plt.scatter ( fpr, tpr)

plt.plot ( fpr, tpr)

1.0 1

0.8

0.6

0.4 1

0.2 1

0.0 -

K{E: 1.93,0.93, 0.89, 0.62, 0.00
fpr: [0. 0. 0. 1. 1.]
tpr: [0. 0.25 0.5 0.5 1. ]

T T T T T
0.0 0.2 0.4 0.6 0.8 10

thresholds[0] represents no instances being predicted and is arbitrarily set to max(y_score) + 1
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AUCH&IT

O FENENE: TPREGSHYF, FPRE(THLF, 25 —EiHIg?
TP cpg__ FP
TP + FN FP+TN

O Bz FRYEFR#AFRIAUC (Area under curve) ., AUCKREIRVES B
=Ha?

O AUCEIERE, RIFHEINSIEE, BB SEERENRE. ROCHZ

EEA B, BRERERETES

O AUCEUESEREA 0-1

OYREE N : AUCERTREINIE (Z6) RONLFFEING (LA6) FEIalaY
Hﬁgﬂl

titttttitititetiteiiteiiitiis

0.0 Output of Log. Reg. model

TPR =

tLI_

@ Actual Negative
O Actual Positive

o

b——

—

[1] https://ke proof-of-the-auc-is-equivalent-to-probability-of-ranking-positives-over-negative
[2] https://roge spygthub 0/2021/07/29/ roc-auc/ 33/49



https://kevincodeidea.wordpress.com/2017/01/23/proof-of-the-auc-is-equivalent-to-probability-of-ranking-positives-over-negatives/

E]3 23k 50 ES L

OERSERT, HASIEREERTDR, FFEEEY— sz

B HHEA BEX! 2 FK

#194.6 LHIE4.6PRIEHEE

import numpy as np

import matplotlib.pyplot as plt

#FN A HINEEEE, BITR— IS, AIRSIEFAREMY, F=FIRHF
AR, LABIZRRF \t' PRI,

#EWENNE R loadtxthYdelimiterR 0 fRET, BEIRIXEST=5IRnumpy
#48

X = np.loadtxt ( "non-linear-data.txt", delimiter = "\t")

plt.figure ()

X11 =X[X[:2]==1,0] #3XEFrBEE31A1RTRIEONEIHE

X12 = X[X[:2]==1,1] #3kEFrBE3IATRUTRIEINEIHE

X01 = X[X[:2]==0, 0] #HXEFBEZE5IH089THIEO N EEE

X02 = X[X[:2]==0,1]#35REFrER5H0891TRISE 1 MEIEE
plt.plot (X11, X12, "r+" ) #22HSB/91BIEAR

plt.plot ( X01, X02, "ko" ) #22HIZE5I/908IRFEA

plt.show ()
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To R R A LA X EE R ST o
FRIESZ:, XMMERIRA "SR D"
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BN IRT
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HTFScikit-learn =K%

O _BAEUERVICK SN e RIgedt 77

T}

[

O B =R AN NZ AR R S5 RREY
1
1 + egW (X)

f (x) =

v He

0,(X) =W, + WX, +W,X, + WX+ W, X X, + W X5 + WX +W, XX, + WX, X2 +WyX5 +L
6 541 4.,2 33 2,4 5 6
+W21X1 +W22X1X2 +W23X1 X2 +W24X1 X2 +W25X1 X2 +W26X1X2 +W27X2

v o, 1 x, EEANRNEY, #iTEMMiesBAET, rILSEIRE
2 828 AR RYH4SFHLE



Xh34.7F014X654.8

#{X794.7 XFALogisicRegessionZEH T LM
import numpy as np
from sklearn.linear_model import LogisticRegression
def extendData(X0, X1):
rowCount = len(X0)
feature index =0
features = np.zeros([rowCount, 28]) #28=1+2+3+4+5+6+7
foriin range (0, 7):
forjin range(0, i+1):
features|[:, feature index] = (XO0**(i — j))*(X1**j)
feature index +=1
return features
data = np.loadtxt("non-linear-data.txt", delimiter = "\t")
newData = extendData(data[;, 0], datal[:;,1])

model = LogisticRegression(solver="newton-cg", penalty=

"none")
model.fit(newData, datal[;, 2])
print("model.coef : ", model.coef )

print("model.intercept : ", model.intercept )

#X184.8 LLHULHE4. 7 FIREIN S R
plt.figure()
X11 =data[data[:;2]==1,0]
X12 =data[data[:; 2] ==1,1]
X01 =data[data[:;2]==0,0]
X02 =data[data[:;2]==0,1]
pltplot ( X11, X12, "r+")
plt.plot ( X01, X02, "ko" )
newX1 = np.linspace (-1, 1.6, 100)
newX2 = np.linspace (-1, 1.6, 100)
Z = np.zeros ( [ len (newX1), len (newX2)1])
foriin range (len (newX1)):
forjin range (len (newX2)):
tmp = extendData ( np.array ([ newX1 [i]]),
np.array ([ newX2 [j11)) #i RAHIE
Z[i,j] = model.predict (tmp ) #i+E5
plt.contour ( newX1, newX2, Z, levels =[01])

plt.show ()
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SR

15 A

i H -

model.coef_: N . .' .

[[ 6.75648906 15.61204317 42.60187485 -61.49758007
-35.68695213 -89.18474107 -13.76242629 -193.87613648
-301.02643472 -244.9038965 96.59149095 132.7132875
425.84753516 254.50022587 307.12501577 -23.98634476
146.08263767 504.59891556 823.70400268 772.78806942 "
386.27226822 -46.62328301 -74.27162823 -517.93456299

-778.26775291 -1226.28898173 -729.0797253 -444.26963462]] 7
model.intercept_: [6.75648906]

0.5

‘WS (A
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IEN{L )R

O AL SRS, ENCEEERLE T

O zOEEE: ATHSIIHEEREZMENNESHTRS, NEAJEE
BAMNESHRNED), LIHEEESERENARERRE, AmErdil
(=): 0]

O RS AR AR EF IIA— NI

L(w) =%Z!"1[—y“> l0g(———)— (- y*) log(1- 1+;WTXM )] {zfnZ?lWﬂ

14"
O B-REHIJIERE (Occam's Razor) : WIREZMRIRSME—E, N
eExiE ERHIAER
O3S, MENGREEEMSRE— R, REEAEIWASREEENE
X, ERURNNXER, REEITHRERRIZL. XHERERETTHR
S NXEERNSEE (BX3E) IFEXR, BTEZTEEAXA/, FrlL
RERYEB K, FRIESEUERX
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IE ML IR5AR

L(w)=— Z [— ")Iog( T()) (1- y('))log(1—1+ WX())] [ leﬂ

A ~d
O 5, 2 RESI, tEFRpenaltyll, EITSHEBRA/IMILIR

O ESIESEnR, UER e, W LRESFRESHME B
(BABZH W, BAaRE5Hw) . —BIl. =E

O /1 BEs¥, BATEEETINNE
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IE ML IR5AR

L(w)=— Z [— (')Iog( T()) (1- y('))log(1—1+ X())] { leﬂ

O ESIAERE 2
oPenalty A
OW. m '

J

O SEIRAS RE I EIN T

~ —mZizl[( y +1+ewx<))@< I+ —w,

J

O ZRIERTI wo LUNIBE w, RS




: T h
IENHL IR RREI R EFSCIN
0 RFEERFEPEIEEEIRANEGE SN NMEaIRIA]
v" model = LogisticRegression ( solver = "newton-cg", penalty =
“12") #a]gk: 11, 13, 142

O iz1TEME4.9

o HMTHUENIANEMEBETEEHER, FLbaT
LA&ZXIF—t (normalize) &f5;

o EZTER5EIE4.8FRNE, Hpo/EmhL
IS SR B E.
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O ISHARENER:
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KRBT
0O S5—2: ES)IEGEERNNNEE
v )| GEEE A 50005k FEHFE R
MRXEEE S 5005k FEHNFEH
FOKE RO AIIEREF, FRIDIRE
SIE R SIS —F28"28
BIKEREPREREE, BMR=ENEA0~255, 0FRRHEH,
255FR7R, FEEAREAENKE, HEXTLERGBEE
El 19538
v #iEfEarab digits for training.txtf[]
arab digits for testing.txt3{4

N X X
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O %52 [TESIEMERTIEERY) I
v BEMEERAEM—MFHE, SKEXN—#HEE, BE RS
GERERRESEESES, HE53128* 281N ETTR; BR
SRS ERRI; =RE—HEERIARNZE28*28+1=785
v' 50001 IIERB R 3T R— 4204, R/INES5000*785, Hapk—
M) ERAERE
v ENGEEREEEIR0~255, EX) ISR TII— s

(normalization)

O 5=2 g B0 R EFHTN



EHFScikit-learnFE=CH)

#{X784.10 fEEFHLogisicRegessionsSLINZ 4 RI95 2
import numpy as np
import matplotlib.pyplot as plt
from sklearn.linear_model import LogisticRegression
def normalize ( X, col means ):
return ( X - col means) / 255
# NN || Z5E50=
trains = np.loadtxt ( "arab _digits_training.txt", delimiter
="\t")
trainX = trains [ ;, 1: ] #5805 25
trainY = trains [: 0]
col_means = np.mean ( trainX, 0 ) #8NEHF9E
trainX = normalize ( trainX, col means )
model = LogisticRegression ( solver = "lbfgs",
multi_class = "multinomial”, max_iter = 500 )
model.fit ( trainX, trainY )

#INEN AR

tests = np.loadtxt ( "arab_digits_testing.txt", delimiter = "\t")

testX = tests[:, 1: ] #8057 25
testY =tests [, 0]

testX = normalize ( testX, col means)
predictY = model.predict ( testX )

errors = np.count_nonzero ( testY — predictY)

print("TUNsEREE . {}/{".format ( errors, np.shape ( tests )

[01))

FllEEREZ: 54/500

O KRRy — (LR Einormalize(), ESHE "4
numpy#iE, SEPEENT (BE) ZBEHITIH—
i, EENRATHILTEEREIERREAEERS
EIRIE BT KT SRR A R E

O R ERAREETRE—HAT
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BT ThEENE
O BT RIRAEERRFEREIERAIE —oRMERE, AT RAFEHFR
BIRIZ DR, AJLUES o 28 ARAR /9 — 50 SR Ak g
v AN E—INESHIEEIF SRR, HzsEhlilE,
HEE3SaR, SRN01EEARESHAINEEEEE=EE
v EFRUET, (ERIX10MEESI A SSBIT EIEEIA RTINS,
BV E PR E KRS R /TS5

O /&~ CAE4.11
v IEERREE . 53/500
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True Class

(AR  AtE R TS

LogisticRegression Confusion Matrix

= s}
Predicted Class
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