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o BFscikit-learnFEkiFE TS 1M
o HENKFREELEMD]
o B Fm/INIE
o HTHETIEE
o ZTELED]) )RR




AT E&E vs Hlz2F>

O &FSEN (Symbolism)
v —METEEEENE R
v NFREZEENX. DEFREITETFIR
v BEREEX - EXRESG — MMRIE, FhRERE

O &+ Y (Connectionism) :
v NFMBEFIRSEEFIR
v B—FETHEMNENMNEERNERTH SZEI T ENE RIS
%=, HHIREZES
v MBSRRIEHESFS]

O 17 AENX (Actionism) :
v B EFY: "RBAl—1T81" BT ASERERIGE



==+
ONEES Tl HE
v ARIRERAI ETUBAR A SRR S

v RIS R AR e
v R, PR, EEEREEREN yzi@,
N /
oz .
O 2853 AR

v INTBETIRBAZR, NZEERFFI—) 18" | BEFR
RYRBS X F B4 H— 1 Tl
v UEIET BRI "R A IEE

O mEF>
v 933 (classification) : FTUAYERZR "B&l" Y
v @3 (regression) : FLNAVER "EL" HY
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St o i (3
|a)RTE X
O #0ES
O J)I|ZRE0ESE (X train, y train) %} feature
FEA sample —_
100 200
\ 35 200 35 12 46 7.8

4.5 7.2 100 5 13.5 9.2

R label

<

O N EEEE X test
' - -----_-

13.5 300 15 11 4.8
14.5 52 2 3 12.5

-~ -~ -~

O Bix
v NWlgr#iEEFEIEE f (AfIRZzit f)

v EEENHEURES f(X test) FIESLHY v test RERRIA
(WnfaE N izi)
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1% [o])J )i SR EY
O EAF
v G d MHERIER x = (15 %05 X35 5 %g), B x; 2 x 156
MFEERIEVE, ZERIFXEZFSIER— TS f(x) , 1R
HAVEERRHERZMEINNFD, AT

f(x) =wix; +wox, + -+ wyxg+ b

OREHIA: f(x) =wix+b

v w il b BERIEIMFERISE, JIRIBEENFINGE, KEIIME
B SERE
v EERRENERN

f(x) = 3XMEFIAN + 0.5x1EZEIEE0 + 0.2xEMNEHETEEL

O SLEERI5ZEE5MRT
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===y pd E P[]
O SFEANMEFERS (BIRE ) - REXKERITSE (w,f1b) |, B
B E M A TRE
f(x) =wix; +b

O =fliEd . RKENKBIEEFNEEELSER, FERNEERE
EIRZEBU TRIESIERER. WEZNXI—L RSB NXFE
FNHEERE, Al ERHEEERE, RIEIGEYE, TEE08E
LEHZEENEEEENSE?

gt a | BRER (FAXK) |BERM (Bt)
270

87 280
105 295
110 310

120 335
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Ehnth

O BEEERERELE x, BERNBEREEZE y, ZBISEEL"E
ZIBJHYRER

#{193.1 EE/\XCEREFNFALE
import numpy as np House Price vs House Area

imnort matnlotlih nvnlat ag nlt

1. BEESMEEFEERNZMNL, XHEHN
L ETAEEE | =
2. WISRIRIEI BRI AR S
—FRE%, EZ5FGFENEIERERL
Rz, BAREZES, MAUTESR

340 A

FIIBIEREL
f(x)=wix; +b

House Price
w
o
o

HEsEL

280 A

TREEERNEERZNT . 2601
return plt
plt = initPlot() 24070 80 9% 100 110 120 130

House Area

xTrain = np.array([75, 87, 105,110,120])

yTrain = np.array([270,280,295,310,335])

plt.plot(xTrain, yTrain, 'k.") #kFRKREHIEIBANER, mERFAHESE
plt.show()
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BE

O BILA TR MFEEE R LAALinearRegressionsCI AN il
vV BFKE
vV BFRE



IREFI/PIUS
O ESFENISEIREE f(X_test) FIEISCH] y_test RBHER
OAUAE, BATFRAE y test

O EMkEIR, HEEISGEEEEFL f(X_train) FIESLRY y_train R
ERER
v ElEEESEZME (generalization) 137?
v WMAIE MR ?

O X3FEFEE, JLAENARIRKREL (loss function)
v I9F1RZE (mean squared error, MSE)

N
1
MSE = NZ(f(Xi) - )



LinearRegression3g

O Scikit-learnf&fit 7 sklearn.linear model.LinearRegressionZz{4[a])3
K, FJLABRAER & WAL E ] T

O ¥hS75i&
O model = LinearRegression(fit_intercept = True, normalize = False,
copy X = True, n_jobs = 1)
v fit_intercept: 2ETTERERIEEE, ENAERTrue, JIFalseld
N TEWE ML
v normalize: 2&II3—4, BAAEREFalse
v copy X: FKiATrue, fEX.copy() LHITIRE, BNISERIBLIEX
EITIERE, BERRHE
v’ n_jobs: FRRFEACPURINEL, BOAT, 3-18Y, UERFEAEIH
CPU



LinearRegression3g

O LinearRegressionZEMEMF157%

v coef : JIIZG/EHUMINIRIRELREL, WRfeatureEH, BIX(ER
w5, B— 1 2DRYEEE

v intercept_: #iE, BIATN f(x) = wixg + wo F wy BYE

v fit(x, y): BIERREL, BTSSR EGETERIIRE Yy KU SR
i)

v predict(x): FUNIREL, BEIMSHFHIRE, NEEEFTNYE

v score: TN DEUE, BT IHNMEEGFIA

THEINT AR LinearRegression R F B TRl
AU EL MR, Lot KkELE, BIRHTE
KIBHLEERLUSER
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KRS T

O%—24: ERIGEIE
v X train = np.array([[75], [87], [105], [110], [1201]])
vy train = np.array([270, 280, 295, 310, 335])

OF "2 fERENsR
v" model = LinearRegression()

O%=®: TS
v' modelfit(X train, y train)

O 50028 EFUHEEE
v' X test = np.array([[82], [104]])
v" model.predict(X_ test)



Xh593.2

#X583.2 EFScikit-learn=CIL A M TR Z R FAHS

import numpy as np

import matplotlib.pyplot as plt

from sklearn.linear model import LinearRegression

# LUBRE A RIA I TREE, BENEFIBERN)

xTrain = np.array([[75], [87], [105], [110], [120]])

yTrain = np.array([ 270, 280, 295, 310, 335])

model = LinearRegression() # EIiEIEBINISR
model.fit(xTrain, yTrain) # {REIIGEIEINS HEZ (LASRIRIZEL)
print("&#Ebakw0=", model.intercept )  # &b
print("flEw1=", model.coef ) # IR

# AR 7 ORI ETRAI SN
print("FGERR/70RIFBIRAVSMN . ", model.predict([[70]]))
# O LMERNEZ N EIR, i ERE2LSIEERARX

xTest = np.array([85, 90, 93, 109])[;, np.newaxis]
yTestPredicted = model.predict(xTest)
print("H S IREWERYERR: ", xTest)
print("FRNFT S IREGERISMN . ", yTestPredicted)

def initPlot():
plt.figure()
plt.title("House Price vs House Area’)
plt.xlabel('House Area')
plt.ylabel('House Price’)
# IR EXEHFy HIRYE S 50/970~130%0240~350
plt.axis([70, 130, 240, 350])
plt.grid(True)
return plt
plt = initPlot() yTrain
plt.plot(xTrain,, 'k.") #IBXF=/FEK, ¥RE
R ERTER
#EHEEAI G
plt.plot([[70], [130]], model.predict([[70], [130]]),
'b-)
plt.show()

13/55




{h593.2

House Price vs House Area

#BEbEEWO= 163.75113877922868 3407
Slw1 = [1.35059217]
FENER S 70REIERISMA . [258.29259034] 207
HFSTRAIRIE: ([ 85] P
[ 90] ; 300 A
[93] g
[109]] 2801
TN B REEEAY SN -
[278.55147282  285.30443365  289.35621014 2607
310.96568479]
240 T T r T T
70 80 90 100 110 120 130
House Area
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KRS T

O %F—2: ES)EGE0E
v X train = np.array([[75], [87], [105], [110], [120]])
vy train = np.array([ 270, 280, 295, 310, 335])

OF "2 fERENsR
v" model = LinearRegression ()

O%=%: TG J
M EPR {4V AR ?
v' modelfit(X train, y train) 2 SRPLARE:
O FEP0L: ESENHEE

v' X test = np.array([[82], [104]])

. njRi1: fEBEEEREET ?
v model.predict (X_test) 1 REEREEER



1=RBY I
O AR SR TR
v PR AR A R TN ?
- F SR AR S o) R
- EMR SR AR SR
- MEggREh, REYISSEERaTTIA
- YIRRERRIME, F—EEEMRiRE R/ MY,

v Bt AN SRESH TN ?
- T RSMEHREIEr T EREREFBHISRE (-

squared)



=

O %%%= (Residual)
v IEIHE y S@EdRBFEIREGTERN vy EZENER
v EREXHMRGEEESE NIRRT AERENF S
v FREEBNURTNEGRIUS BT, Z5%EH08S, Fully[ESI
MEyFTE—

SSres = Z(f(xl) - Yi)z
i=1

House Price vs House Area

eeeeeeeee
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RB

ORJ75 (R-Square) , NFRREZFREL (coefficient of determination)
v RAERTESEHTEZENRBAKXR
v RIMTEZEyY (I8&) BUiks), B2V0BotleEHETE x ()
AU ENRTHEA
v SREXAMEREFFTELEEREGX

m m
SSTeS = Z(f(xl) — yl_)Z SStotal = Z(y — yi)z
i=1 i=1

55res

R>=1-
SStotal

O REAR. 0. 193ICRMA?
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RESRERITE

O FhitE:
v G EEETREF SR
-» ssSResTrain=sum((yTrainPredicted - yTrain) ** 2)
v MR EHEREF5F0:
> ssResTest= sum((yTestPredicted - yTest) ** 2)
v R EERE R0
> ssTotalTest= sum((np.mean(yTest) - yTest) ** 2)
v R EEERTS
> rsquareTest=1 — ssResTest / ssTotalTest
O LinearRegressiont& BB IR G IE:
v I GEEEFEEFSF]: model. residues, 1@iTYIIEEURE) 1S5
[EEEXE
v BantERAIEREL: model.score(xTest, yTest)



X633.3

#5 3.3 IINITHNHIET Scikit-learn SCEUEM TSR 4R LHD
import numpy as np
import matplotlib.pyplot as plt

from sklearn.linear_ model import LinearRegression

xTrain = np.array([[75], [87], [105], [110], [120]]) # i)|E&E=(EFR
yTrain = np.array([270,280,295,310,335]) # i/|Ex&ERE(=4T)

xTest = np.array([85, 90, 93, 109])[;,np.newaxis] # HEHE(EF-
yTest = np.array([280, 282, 284, 305]) # MRXEFRE(ZN)

model = LinearRegression()
model.fit(xTrain, yTrain)

227.29
# )| TIRLAT &) |18 RE 29729
yTrainPredicted = model.predict(xTrain) 5
# SRR E R TN 0.80

yTestPredicted = model.predict(xTest)

# Fomt & GEuEERE

ssResTrain = sum((yTrainPredicted - yTrain)**2)
print(ssResTrain)

# Bt &R GEEREERE

print(model._residues)

# FamtEHEUESRERE

ssResTest = sum((yTestPredicted - yTest)**2)
# FontENHEIES v ElRET5F
ssTotalTest = sum((np.mean(yTest) - yTest)**2)
# FantENEE R 75

rsquareTest = 1 - ssResTest / ssTotalTest
print(rsquareTest)

# BantEINHEEESEN R 75

print(model.score(xTest, yTest))

plt.plot(xTrain, yTrain, 'r.") # )| egdREIR, )
plt.plot(xTest, yTest, 'bo’) # Uik ruR(IER, Km)
plt.plot(xTrain, yTrainPredicted, 'g-) # PIEHIREEL(EFE)
plt.show()

House Price vs House Area

House Price
w w
[=] N
o [=]

N
]
o

260

70 80 920 100 110 120 130

House Area 20/5 5




/N SRECK R
O RERENEY, SNIGEIERIRER f(x0) - y©
0 1165 R A M P B 2 R

. ) =y©)
O EXEATZHITERSHNEE, FLCRREEEE S
Z;(f (@) - y®)°

BREREBNEZAEANAER, FEREFSNRIME, XA
WIRNERIMN_5F’iL (Least Squares Method)

|

O 3/
FAEREE

EARMAW BRI TR, BRMERNGIE, DRRSEHE



SHEKBRNIRE
= Ullgﬁgd&j—‘ L(wy,w,) = iZZl (f(x(i)) _y(i))z = izzl (W, xl(i) + W _y(i))z
m m

RREN L tHEJHRART "HRK"  (Loss) BREN 1Y
/\ﬂm wom w R—IMRE, FHE 590 \

[

[

[

[

[

(i) (l) :

211(W1 +w,—»")=0 % | P

< |
[

a—L—zzll P x” +wy —y")=0 |

v K{Bw = —Z,.”; 0" -wx)=y-wx . Hehy flx, BRIYE

v k18 Zx(z) C— CEINESIHIR)
1 Z(x m;12
. w y wx — e s
ogenst: N7 GaRiESio)
_cov(x,,y

var(x )



Gl

B S/N SR ENSEET LA T B RSN )Y
A

MR TRTRANER, HEEERE M, 5
i EHE,

ISHEFRS | BEER (FHXK) EE=2f (A7)
1 78 270
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{t33.4

#(U183.4 (ERRSECKER/ NSk

import numpy as np

X_train = np.array([75, 87, 105, 110, 120]) # jJl|Z:&4E@FR
y train = np.array([270,280,295,310,335]) # iJl|ZEER(R2M)

w1 = np.cov(X train, y train, ddof = 1)[1, 0] / np.var(X_train, ddof = 1)

w0 = np.mean(y train) - w1l * np.mean(X train)

w1= 1.350592165198907
w0= 163.75113877922863

24/55



{EFRRERFEKAE
O NEEEREME AN &N AU Bimd TRE
Y=wyel+wex, +wyex, +...+w,ex,

O%5 Y=wX

W, | 1 1 1
(1) (2) 3)

W X Xy X X
_ (1) (2) 3)

W=|W, X =| X, X=|x"~ x~ X

O KEBER w=XX")"'XY" (BERESTE)

https://www.math.uwaterloo.ca/~hwolkowi/matrixcookbook.pdf




{SE B RE K A

OF—2: EXANEREL

L(w) = |[Y —w'X[} = (Y - w"X)(Y — w'X)"

052 EIMUITEREL

Lw) =YY - YX'w - w'XY' + w/ XX'w

—YY? - 2XYTw + wIXXTw

O%E=2: X wkSHSHAO

OL(w)

= 2XYT +2XXTw =0
oOw

= (XX1)"IxYy?
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{X33.5%#03.6

#153.5 RSEHWHIRERE5EAAS: linreg_matrix.py
import numpy as np
def linreg_matrix(x, y):

X_X_T = np.matmul(x, x.T)

X X T 1=np.linalg.inv(X_X_T)

X X T 1 X=np.matmul(X_X_T_1, x)

x=[[1T 1 1 1 1]

[75 87 105 110 120]]
y=[[270 280 295 310 335]]
w= [[163.75113878]

[1.35059217]]

#1893.6 (EREREMETT A RESNTTNEIRT
import numpy as np
from linreg_matrix import linreg_matrix
#)|GEE(ER), BITRm N EIER
xTrain = np.array([[75], [87], [105], [110], [1201])
# Y GEHR(RYY), BITRT— 1 EIER
yTrain = np.array([270, 280, 295, 310, 335])[:;,np.newaxis]
def make_ext(x) : #3Ix#HTH &, IMMA— I 2187
ones = np.ones(1)[;, np.newaxis] #4£pLE 189 TRIE
new x = np.insert(x, 0, ones, axis = 0)
return new_x
#FIEN AT NNEN, ExTrainflyTrain#iikkik, 15875
R MEUER
x = make_ext(xTrain.T)

y = yTrain.T
print("x=", x)
print("y=",y)

w = linreg_matrix(x, y)

print("w=", w)
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BE

O SHEANER A THEENER, FlaN1005MF2, 10004E4HE,
RNk EREEIE?
v BEAUEEEETTREISE. KEFNFEITRIMETTEYS
Z, REERENREENZIERE
X WEFHX

O HEEHET AT HALER, Fla010001M£EA, 100004E454iE, 2
S LB&/NRE?
X FAJgeHINZEHLZE (multicollinearity) RIARR, XPIRESEUR
SN REARE, BN AFESEREXME, F15E
T 158U
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=k

o ZEI%[O])IITE T
o EATEL %] )RR
o HTFScikit-learnEERZEATELEEE] T
o HENKFPEESEL %MD
o HEFmINRE
o HTFHEETIEE
o ZEELIEM])F AR
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(LA
O IR, it EiRRmie
259, A

w* = (XXT) 7 XYT

O {BEESLPRER

v AR ETEEERS

- RIZEIEES m=10051MER,
FMMERNT d=10004FIE

- FEfEESE: d*m*d
- FEREKIE: d*d*d

v XXTAHEEARHAEN, FEALEN
I

v' sklearn.linear model.SGDRegressor

Ay

\|
U/

=Y

- BETEZL. T—EVRINE

InERENRIGRE, BHESE
SPEIERNER T E—E, e
PESKESRINEBE

« FGE: AR/ NSMTEE R

TR, BERNRRT—D
e
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IR RS AR

O #E MEER— M RREURERSESZ, HEEARIERN BIRREER—
iR, Nizsik, RIERE (S5 WAELEEE, sEBRE—MKE,

IZIR(E R BE 2 P ERER IR

(2.00,4.00)

(1.60.2.56) ® TIEEHEIHAEIHRIRIE;
(1.28.1.64) o RBZNMRE, NBREXKEINE

(1.02,1.05)

(0.520%1) BERMLA, MIFLBRMLHA




— IR E AR
O BHE NEEE—MRRARERNLERZ, EEAREEXBERREIEN—
IaR, NzRER, RIEHE (8280 NLRLLEE, seEEiE—MRE,
1Z (BRI R R EPR AR
O XFBEIMRERES (W) = w?RISBE NEERIRE
v B8 IEE—IRE, HUNEE we) =2, f(we)) = 4
v BTE: HEIZRRSEL ' (wey) = 2w
v B=2 BRATGHE w BSHE wa,
Wy = Weoy — L f (Weoy)
- I, =01 BFIRE
- f'(w) BT =HELaHNG R, THESEERSGARIH
O EFWE: &S (wa))  RIEMNFEEREL, tLImEEEREHENTE
MEFE (200.00001)
O F5H2: #IESIARHSERVEINREL (R110000K) , WNSERINER, R
RIEZINNE weoy = wy, BEREIS ZLHEHAIT
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{X833.7

#RAG 3.7 X y=x*x REAIEBE FEIILETE
import numpy as np
import matplotlib.pyplot as plt

return x * x #FEERIRERIBFREREL
return 2 * x #BirRENES

def obj_fun(x):
def dir_fun(x):

x_list =[]
y list = [1 # FFIREEITHS
def minimize(init_x, Ir = 0.1, diff = 1e-9, max_iter = 1000):

if abs(y1 - y0) <= diff: #XFINLENSRM
print("EBUEL: True", "tR/m: (%e, %e)"%(x1,
y1), "TEIREL: %d"%i)
return
x0 = x1
y0 =y1
print("E2& U : False”, "#r/Nex: NaN", "fEHREL:
%d" % max _iter)
minimize(2.0)
plt.plot(x list, y list, "0") #4%3FEm

# init x: ¥08AR, I EIEK, dif: BPRTERIERE, plt.show()
max_iter: xR RIECIREL 40 °
X0 = init_x 3:5<
y0 = obj fun(x0) 30
x_list.append(x0) 3] ‘
y_list.append(y0) 21: .
for i in range(max iter): 1:0_ .
x1 = x0 - Ir * dir_fun(x0) =AW : True /M r: 05 e .
y1 = obj fun(x1) (3.794275e-09, 1.439652e-17) L=~

x_list.append(x1)

/| SFa e .
y_list.append(y1) BIREL: 89

0.00 0.25 0.50 0.75 1.00 125 150 175 2.00
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{€33.7

REEREH TR
EBDNIE:

M AAFR, M: 3228938 El: 11.076147

Y\ A4%E, M -4.837386 Bl: 4699405

Variable:  x

—log(x)

-1
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{€33.7

REEREH TR

BRI ERER \AE:

(x"4+x"3-x"2

¥ 4%, M: -2.762896 Bl:  1.924596 Variable:  x

Y\ A4KR M: -1.911797 F:  1.213219 5 E%

XM+x"3-x"2

1.0
0.5
0.0
-0.5
-1.0
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SEIRTIEE

O F3=RIrpiksF

Just make

O WA BRI .
v FEEEBIMEAD
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ZSURENHBE T

[(w) :4
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il

XFFERELS (0) = x7 + 10x,x,, EEVIIARI(10,1), REBHBE NEE
KIZREIRIE, BEEZZK790.085, TK:

(1) FRERZIEHIXRYE,

(2) FERRERPIERRIAIFRM.



SR TP

O TR/ 5k% EBRREE:
A S LIPYIUNEINGIC SN S LI (i)y2
L(W09W1):%Zizl(f(x )=y") _%Zizl(wlxl Wy =)

v ERSEERT, DRI wo v,

v EERMEEREINIGEEE, SR ESEE FEE
(Batch Gradient Decent)



=W
O SZ2%:
v B BEIEE w, F0 w BIRIERE, FIHE Liv,, w)
v %:"Ii: W *D Wi E/M}FF:IH'U' *&/\anjaL/(aWo)$DaL/(aW1) 1)?1]'%"75

[[) w ML ERIR
oL oL
Wy =W, —Ir*— wo=w —Ir*
8w0 8w1

4 *U%E?E}:EI/J Woﬂ] Wi 15@”(}1«-'_% L(Wo W1) *DH-@%
v B=8: BEINVTEZS, BEISHENNTFENGFEEIRE
RIRENERNL ERITRAIREY

O B~ ESHRE
8L(w0 W)

—— 3 (=)

0

OL(W0 w,) @ (D)
: ——le(wlxl +w, — 3" )ex;" ]
1
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{X133.8 fib =6 = T FF3EIR

#X153.8 HLEHE TEL: bgd_optimizer.py

def bgd optimizer(target fn, grad fn, init w, X, Y, Ir=0.0001,tolerance=1e-12, max_iter=100000000):
w = init w
target value = target fn(w, X, Y) # ITEZRIWE FRILW)E

for i in range(max_iter):

grad = grad fn(w, X, Y) # It EBE
next w = w - grad * Ir #BETH, BETw

next target value = target fn(next w, X, Y) # it&3{E

# WMRFRITEZBRNRE/\Ftolerance, NZFRBEEWE
if abs(next_target value - target value) < tolerance:
return i, next w #IRENEOREFISEWENE

else: w, target value = next w, next_target value # REHIT T RITE

return i, None #IREIEMUREL, HTRIE, wigBHRIE

41/55




{93.9

#153.9 ETHE FEEKERMN TR
import numpy as np
from bgd optimizer import bgd optimizer
import matplotlib.pyplot as plt
def target_function(w, X, Y): # X BHREREL
w0, wl =w # w:[w0, w1]
# PfEFANp.sum, MAZEERsum,
#np.sum3z§FnE/EMHEE
return np.sum((w0 + X * w1 =Y) ** 2) / (2 * len(X))

# TRIE BTREUENRE, XIX0MIX1KSEL,

# R S8EE

def grad function(w, X, Y):
wO, w1l =w
# XM WORI S
w0 _grad = np.sum(wO0 + X * w1 -Y) / len(X)
#MNwINSE, TERAREIEE
w1 _grad = np.sum(X.dot(w0 + X * w1 -Y)) / len(X)
return np.array(f[w0_grad, w1 _grad])

# 1) || 28R (AR

x = np.array([75, 87, 105, 110, 120], dtype = np.float64 )

# I ZFREHE(N)

y = np.array([270, 280, 295, 310, 335], dtype = np.float64)
np.random.seed(0)

init W = np.array([np.random.random(), np.random.random()])
# BENAIIRWIE

i, W= bgd optimizer(target function, grad function, init W,

X Y)
if W is not None :

wO, wl =w

print("ERREL: %d, RMLAIWOFOWT:(%F, %f)" % (i, w0, w1))
else:p

ERIREL: 4051854, —
ER{LAIWORIW1:(163.746743, 1.350635)
B MRBINKARKE WREN

0.018¢0.1) SHMHANR?
MERFINABIME (WNigES1e-6) e?
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FEHEEE T BEiE

O WELE NFERVERE: SHEAMEIFERAN, TESxR. EITER

BAgeiEHEdeE ] (WEFEE. CPUITEREDNS) R

O BEVERE FEE (Stochastic Gradient Decent, [&#RSGD) , HEIH

EEIRREHNIEEN—ER AT B iR e &Y

TR

O FEHIEE PR AREISIARIASS THILERSE FEERARER, E3EiR7

=TPNHEENZ
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{L883.10

#893.10 BEHERE PEiX: sgd_optimizer.py
import numpy as np
def sgd optimizer(target fn,grad fn, init w, X, Y, Ir=0.0001, tolerance=1e-12, max_iter=1000000000):
w, rate = init_ w, Ir
min_w, min_target value = None, float("inf")
no_improvement = 0
target value = target fn(W, X, Y)
for i in range(max iter):
index = np.random.randint(0, len(X)) # RE—HEINEERNZESE
gradient = grad fn(w, X[index], Y[index]) # IHHEIZEIE AR SE
w = w - Ir * gradient
new target value = target fn(w, X, Y)
if abs(new_target value - target value) < tolerance :
return i, w

return i, None
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Z 3 E %] A=A

O PWLEFF, BINAMEEREX, B5FE. RESFHEX. BT

BEFEEARZE, BHRIEIEINZRFR

v PRIER: 1 (—B=E) . 2 (ZR%E) . 3 (ZE=E) . 4 (M
B=E)
YIIGFEAR

BGNERFEAN

| BREES |

87
105
110
120

EERER (EAK) EREN (BTT)

85
90
93
109

3
3
3
4

2

3
3
4

BREER (FHK) BREA (57)
75 1 270

280
295
310
335

280
282
284
305
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HTF-Scikit-learnEKf#

#(893.12 {EMAScikit-learnESLIMZ 3 B BN TN EJRUK 2
import numpy as np

from sklearn.linear model import LinearRegression

xTrain = np.array([[75, 1], [87, 3], [105, 3], [110, 3], [120, 4]]) # Jl&EE(@EER, PB)

yTrain = np.array([270,280,295,310,335]) # )| ZREHRE(B1N)
xTest = np.array([[ 85, 2], [90, 3], [93, 3], [109, 4]]) # WFEFE(ETR, FI)
yTest = np.array([280, 282, 284, 305]) #IGUFEHR(BT)

model = LinearRegression()

model.fit(xTrain, yTrain)

print(model._residues) #IIFEHRESTRE: 226.8291
print(model.score(xTest, yTest)) HIGUFEIESERIRS: 0.8374

TeZE: 226.82910636037715
R75: 0.8373813078020356
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EF R =RiERRE

#1X893.13 BRI AKES T E BN TN R)
import numpy as np
from linreg_matrix import linreg_matrix
xTrain = np.array([[75, 1], [87, 3], [105, 3], [110, 3], [120, 41])
# i)\ G 0E (B, FBY)
# | GREHR (R
yTrain = np.array([270, 280, 295, 310, 335])
# IWNEEIR(ER, FB)
xTest = np.array([[85, 2], [90, 3], [93, 3], [109, 4]])
# IUEEHR (M)
yTest = np.array([280, 282, 284, 305])
def make_ext(x): #3Dhi#{TH B, MA—N21891T
ones = np.ones(1)[;, np.newaxis] #2189/ HE
new x = np.insert(x, 0, ones, axis = 0)
return new_x
#RHENAT3.INEN, BxTrainflyTraindtlidéik, HE58—7!
R MEUER
x = make_ext(xTrain.T)

y = yTrain.T

w = linreg matrix(x, y)

print("w=", w)

yTrainPredicted = w.dot(x)

yTestPredicted = w.dot(make ext(xTest.T))
ssResTrain = sum((yTrain — yTrainPredicted )**2)
print("))I|E5EEFREFSF0: ", ssResTrain))
ssResTest = sum((yTest — yTestPredicted)**2
ssTotalTest = sum((yTest - np.mean(yTest ))**2)
rsquareTest = 1 - ssResTest / ssTotalTest
print("IIEEUERS: ", rsquareTest)

w= [162.19293587 1.38427832 -0.63935732]

|G EHETREFSF:  226.8291063603765
KUFEdER: 0.837381307801918
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£1533.14

#793.14 ETMEBSE NEEAKBZTEE N TTNa
def target_function(w, X, Y): # TEX BHRERZEL
return np.sum((w[0] + X.dot(w[1:]) — Y)**2)/(2*len(X))

def grad function(w, X, Y): # {RIEEITREENERE, w0, w1, w2RSEFIE
w0 grad = np.sum(w[0] + X.dot(w[1:]) - Y) / len(X) #33RiwORISEL
w1 grad = X[:, 0].dot(np.array(w[0]) + X.dot(w[1:]) - Y) / len(X) #3IRiw189SEL
w2 grad = X[:;, 1].dot(np.array(w[0]) + X.dot(w[1:]) - Y) / len(X) #3IRiw2aISEL
return np.array([w0 grad, w1 grad, w2 grad])

EAREL: 6598762,

x = np.array([[75, 11, [87, 3], [105, 3], [110, 3], [120, 4]], dtype = np.float64) fz{jﬁ%"z"qfs‘gldrg

y = np.array([270, 280, 295, 310, 335], dtype = np.float64) 1.384389, -0.640646)

np.random.seed(0)
init W = np.array([np.random.random(), np.random.random (), np.random.random ()]) #BEH1#1%84W
i, W = bgd optimizer(target function, grad function, init W, x, y)

if W is not None :

wO, wl, w2 =W
print("EREL: %d, ®RITAIWO, w1, w2:(%f, %f, %f)" % (i, w0, w1, w2))
else:

print(SABISAIEAORE, FHesh’)
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{{883.15

#{893.15 FetfTI3—LbIR, BfERScikit-learnZEKi#
import numpy as np
from sklearn.linear_model import LinearRegression
def normalize(X):
X mean = np.mean(X, 0) #1838
X std = np.var(X, 0) #i{EiREEE
return (X - X mean)/X std
xTrain = np.array([[75, 1], [87, 3], [105, 3], [110, 3], [120, 4]1) #i)l|Z&EHE@R, PRE)
yTrain = np.array([270, 280, 295, 310, 335]) # )| EEHEE)
xTrain = (normalize(xTrain))
model = LinearRegression()

model.fit(xTrain, yTrain)
print(model._residues) # )| G HEERE

HEIHHEER Y. 226.82910636037712
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=M S e
ONFT—1BETE20072, JLIREZMEREL:

S =2, w!

0o — 3ﬂ$§§m§&% : £(x) = w, + wx +w,x°
O =BT =RE fi(x)=w, + wx+w,x* +w,x’
O PO R E R : £,(0) =w, + wx +wyx” +wyx’ +w,x’

O AT LA o TUH T35 HR
v IDAFZE x,, 18 x=x;
v IINFIEE x,, ] x,=x2;
vV O IANFTEE x3, ] x=x3;

v IOAFTZE x,, 1€ x,=x*;



{Li83.16

#1X183.16 {EMScikit-learnFELME ML SR =HEMN Tl
xTrain = np.array([[75], [87], [105], [110], [1201])

x1 = xTrain

x2 = xTrain ** 2

x3 = xTrain ** 3

x4 = xTrain ** 4

new xTrain2 = np.concatenate([x1, x2], axis = 1)

new xTrain3 = np.concatenate([x1, x2, x3], axis = 1)

new xTrain4 = np.concatenate([x1, x2, x3, x4], axis = 1)

yTrain = np.array([270, 280, 295, 310, 335])

xTest = np.array([[85], [90], [93], [109]])

x1 = xTest

x2 = xTest ** 2

x3 = xTest ** 3

x4 = xTest ** 4

new xTest2 = np.concatenate([x1, x2], axis = 1)
new xTest3 = np.concatenate([x1, x2, x3], axis = 1)

new xTest4 = np.concatenate([x1, x2, x3, x4], axis = 1)

new xTest4 = np.concatenate([x1, x2, x3, x4], axis = 1)

yTest = np.array([280, 282, 284, 305]) # M EEE (=2
model1 = LinearRegression()

model1.fit(xTrain, yTrain)

print("—/)|IGREHEERKZ: ", modell. residues)
print("—fXEIEERTS : ", modell.score(xTest, yTest))
model2 = LinearRegression()

model2.fit(hew xTrain2, yTrain)

print(" ZHi)IIGREHEERE: ", model2. residues)

print(" ZMUX#EIBERT : ", model2.score(new xTest2, yTest))
# Bl EEEEAIRTS

—IM)IIZREBERE: 227.2965381111449
—hEEERS . 0.8090280549127149
ISR RE: 38.38456969539346
ZIREUESERTS :  0.8714891148616254
=MlgrEESERE: 16.488230700095926
=R EdESERS: 0.9885676670452613

PR SR EdESE R = 5.498381308907731e-18
POR i EESER G . 0.8830805089175938

xTest3, yTest))

xTest4, yTest))
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