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ARBBEAR, B N 47K TR BE— AN E RHAEANIES Z MR, Fits
FRRBIGFEARSL, W@ sms, M RHANTE, B2 — AR E M RFEARN B 5 —A
A () S TR AN A

DR Arthritis 28 S RMREE0G, 2 A0 A2 2 — T0UXR M 011 28872 IR 00 E I R S 56 1 45
B, A DU XA B R SR O e 528 . R S Arthritis (OB BEE, XA EUEAERAE dataframe
EAETEY A

ID Treatment Sex  Age Improved
1 57 Treated Male 27 Some
2 46  Treated Male 29 None
3 77 Treated Male 30 None
4 17 Treated Male 32 Marked
536 Treated Male 46  Marked
6 23  Treated Male 58 Marked

Arthritis["Improved"].value_counts()#f /& X Improved S5 H R TSt Giit45 /2 None :42,
Some:14, Marked: 28. H A EH R ox & W . W R E AR 4R BEER, WA
pd.crosstab(Arthritis["A"], Arthritis["B"]). " A, B ZRHMBES . RRx A hEE—ARBFEAR
B AN RIS B 4K . AT DL crosstab()%} Arthritis [“Treatment™], Arthritis [“Sex”]42 %,
R, HERUER. HAK Python 5 & SKH:

import readDataFromWugangTOP as wt

import pandas as pd

# TP Ik HOE B AR b I s B AR 0 O

url = “https://wugang69. top/dataset/Arthritis. csv”

Arthritis = wt.read csv with headers(url) # N A%i'S K3z ECHIRE R %L

oneTable = Arthritis[”Improved”]. value_counts ()

cont_table = pd. crosstab(Arthritis[”Treatment”], Arthritis[”Sex”])
print ("HEITIEEER")

print (oneTable)

print ("Treatment vs Sex FJEt&: )

print (cont_table)

EORGRIT
Female Male
Placebo 32 11
Treated 27 14

FIBRRET X BRI B AR &, T Treatment HUE &2 2 BFIFNEIT ], Sex AR B ML, #RZEHK
IR AR B, %A B2 A 2 U 2 A8 B Treatment 1 Sex 1X P MREASE &, Treatment HU{E 4 Placebo
B, XTRHT Sex, HAHUE Female HJA 32 4, HUE male FJF 11 4~; Treatment HUE N Treated i,
HU{A Female fI4 27 4, HUE Male FIA 14 4>, HU Arthritics U881 =M, 2E A1 8515k
*x

table = pd. crosstab ([Arthritis[’ Treatment’ ], Arthritis[’ Sex’]], Arthritis[’ Improved ])
print (table)

WoRE R

Improved None Some Marked
Treatment Sex

Placebo  Female 19 7 6
Male 10 0 1
Treated Female 6 5 16
Male 7 2 5

Z 55 BRITEIA =A% E, 403/& Treatment, Sex A1 Improved. W% gk R al LIS H,
XA RS K Improved HUE RAUAEA, St HEW AR EH S KRR REH .
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import pandas as pd
from scipy. stats import chi2 contingency
mytablel = pd.crosstab(arthritis[’ Treatment’], arthritis[’ Improved ])

mytable2 = pd.crosstab(arthritis[’ Improved’ ], arthritis[’ Sex’])

# Xt mytablel fi-KJ7H#i%:
chi2 1, p 1, dof 1, expected 1 = chi2 contingency (mytablel)
print (f”Chi2 = {chi2 1}, p-value = {p 1}, dof = {dof 1}”)

# Xt mytable2 K774
chi2 2, p 2, dof 2, expected 2 = chi2 contingency (mytable2)
print (f”Chi2 = {chi2 2}, p-value = {p 2}, dof = {dof 2}”)

SN P
X-squared = 13, df = 2, p-value = 0.001
X-squared = 4.8, df = 2, p-value = 0.09

LA BLRTT ARG 8 OR Z RIS O HE RN p=0.001, BEFRAR/IN, /T 0.05, MiIZIEAE
T2 B AN, Mgl RIE A R R, BIRARAN, MR MInsT 2 H . %
ARG B ORI I BE R Y p=0.09, MEFRECK, Wt KT 0.05, BOZikszfigssrr, R
SEPERTRERAL 7 EVE R AR BA MR BRI R, TTREREBOR, U s B R B X i, e
K, BB RO 1, AR AR

R g EETEARY

n

, (0 —T)?
X = Z - )

EANRIEITEAIRE 58, w2 dIBeaR T, 2800 808 & Fr A BUE FOS0IME 9 25 3R E 2R
JE BRI EEZe 2 AT, Horh 0,30 R S — SRR RE AR S bR A, T T, 2 B AL 9 /N 28 S AH EL T T H B0
PR AEL . bhin A mytablel FIBSER QIR

Improved
Treatment None Some Marked
Placebo 29 7 7
Treated 13 7 21

WATE LHPIEER, 2R Treated XA Marked % H #H E EE Placebo £, A4 BB IGWE ?
X K B F A=A, A i SRR AR D, AT A 0 R AN BEE B ) L, PR e 7R A
L3575 1% Marked #H MAEANELROZEA B, WMREOE S B 2T . fan k), RTARK,
O; AT, RIS AH ZE A XS 8K, AR TR R 5 T B AT SRR /N, A2 X P A R AR S AT SR & L oG o
ULEAB 1 Treatment £ Improved & TG, IX 5t E PR L None, Some F Marked M HUE 73 71 &
5 2 ANER DABEAS 2 55, RVEUE 270 42/84, 14/84 Fi1 28/84 . RESRI 175 14035 1% 105 42 75 H ) Placebo
1 Treated T2, B4 N4 Ni&H None, Some Fl Marked H1H 1 BAWE ? X 1] BE A2 HH1Z90 1545
RUGER, I RAER . R I BURIANAR 22 S 0 1 P 15 #0 mT B i — BT Rl LS, AcE 2
B, H R EE DRSS TR BB MR AT UX A THEL: Placebo IS FEAEZ 43, ‘B FLL None, Some
1 Marked HMEZ 5t 7] LL#32 Placebo 7E None, Some il Marked HJHUE, Xt eHUE, FRIFEA]
PLUT5 Treated XS AERRHUE, T8 UMARN B BR TSR EIFE AR T o BRI F0 2B,
WAR N R RS, AR AR A S RE IR A S, RIEAXQ), W R SR EER S
RN, BIUARK . WRBEALAR B H ML, W2 IESSAT, 40X Lo bl AR 2 7 7 Fi 2
T753 A%, ] Lt BAZ AR 45 € R T A IME2 . Python & 5 {4 scipy.stats 5 chi2.cdf(y, n)K it
HEMAE, Hd 2 RME, nEEWE, Fnr DUEH eSS R S e p (E,
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BERAE, FAT U R ERAE.

import numpy as np
from scipy. stats import chi2
def kSquare (myDataSet) :
# dataset: numpy array, n 4T m %l
myDataSet = np. array (myDataSet)
rowNum, colNum = myDataSet. shape
# R
ssValue = myDataSet. sum()
& Gy
pValue = myDataSet. sum(axis=0) / ssValue
& AT R
rowVector = myDataSet. sum(axis=1).reshape(-1, 1)
# FIRAERE (HIEEED
dataSetTheory = rowVector @ pValue. reshape (1, -1)

t RHGIE

kSquareValue = np. sum((myDataSet — dataSetTheory) sk 2 / dataSetTheory)
# HHE

dfValue = (rowNum — 1) * (colNum — 1)

#pfH

pChistValue = 1 - chi2. cdf (kSquareValue, dfValue)
return kSquareValue, pChistValue

R G P S B A AT (b I A BE AL AR BT AR B R ORI R 5 o0 A, T Tt BL YA
PrAE IEASBENL R BHUE, AEME R oM. B 131 s A HERER 1, 2, 3, 5 EREINRT S
A o

import numpy as np
import matplotlib. pyplot as plt
from scipy. stats import gaussian kde

# A RBENLEL AT rnorm (1000000)
n = 1000000

x1 = np. random. normal (size=n)

x2 = np. random. normal (size=n)

x3 = np. random. normal (size=n)

x4 = np. random. normal (size=n)

x5 = np. random. normal (size=n)

# Mg T AL,

Q1 = x1%x2

Q2 = x1*%2 + x2%k2

Q3 = x1*%2 + x2%k2 + x3%%2

Q5 = xIxk2 + x2%k2 + x3%kk2 + x4kk2 + xH¥k2

# RS AT

kde Q1 = gaussian_kde (Q1)
kde Q2 = gaussian kde (Q2)
kde Q3 = gaussian_kde (Q3)
kde Q5 = gaussian kde (Q5)

# AR O AL R
x = np. linspace (0, 6, 500)

t %2H

plt. figure(figsize=(8,6))

plt.plot(x, kde Q1(x), color="blue’, 1w=1.5, label="df=1")
plt.plot(x, kde Q2(x), color="black’, lw=1.5, label="df=2")
plt.plot(x, kde Q3(x), color="red , 1w=1.5, label="df=3")
plt.plot(x, kde Q5(x), color="green’, 1w=1.5, label= df=5)

plt.x1im(0, 6)

plt.ylim(0, 0.6)

plt.title("Chi-square (simulation)”, fontsize=14)
plt. xlabel ("”)

plt. ylabel (")

plt. legend (loc="upper right”)

plt. show()
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B 13.1 ARBEHETRRTSHRE

A 131 FTRUREL, HHEEBOR, BB T RS . X2 RARN), FABENAZ S IES
o)A, AR AR, HAF O M R i R IEAS A . FRATE LlE7, s AscE TR R
TN 13, FTUEE BB a2 (E BER 2), 7RI E RN T 0.05, BRIZIE
LT AR, (R RAEH EE G, i 95%, WM N KT 95%I 252 7 A 1
AT ULEE EHETE, 95%%F R HF-RITIERMAIZLE 0.1 Zity, Wit Er-RITENT 0.1 A eedesz
s, MIETFERRITEAN 13, @i KT 0.1, KRR LR . bhAb B s A 2 EAE K
AL A (B2 p H).

ETHME, @ EERorT RS, 2B E RN N TAIRETN S, FIENATH
AT LB &, RbR— DR EE VR EIUE, (H2m TREARSERRE, &%t
S E B ERATEUNZ 1 e LISIBORE 1. 380 — S TFHEU W, i 4, Treatment 1 Improved
g T IES AT, RBRTRE, LK REE AT R, RS REANZR, Wygmnk
Treatment F1 Improved FAH <P 54636 Improved 11 Treatment HAH I VE & —FERY .

R VBLIRTT R 16 B0 ROCR AR ANSL Y, RN SR 25 a8k, At 2 Al FH 245 0 A0 i FH 22 R RO —
FE, I8 B A B 2500 A AR AR FH 22 BRI RE AR VR 97 ORI ZR 70 A %2 — AR

=, HRXRARTTEAGLR

XA RERERTEZMMAR, MEEHETRZMMKR, AR ESE LT
RIAR G 2 [W] 8 R o AR REUELT Pearson #HK R 4L, Spearman #H2C R £ Kendall #H5C¢ %L Pearson
FH O R B B A 8 AR ) 2R VA SRR . Spearman #5570 2 5E R AR B [A)FH S AEE, Kendall
—FAES BN S YA E B . python 1B 5 pandas £ BT corr()BR 3Tt AN R4, HEHIEAE
R A G A FZ R BRI X LR B S ECAIRZo R R, AT, B4
FE— AR RN N ) [ Al A IR BUR 4 state x77 T3, SEIRE A EAEZK 50 MEIX 1977
EMATL WA SCER. Bl AR e Sl , 1w AT 2 RS aFR. A1 H
corr PRI LA 2 (] ) TH A OC R AL, R EUBRIAE ) Pearson AHOC RS T, HARAG AN
SR BIZR 13.1 fow

FR 13.1 EH 50 MEX KT A OFMBRAEST R RRE.

import readDataFromWugangTOP as wt

import pandas as pd

url = “https://wugang69. top/dataset/state x77.csv”
state_x77 = wt.read _csv_with_headers (url)

print (state x77)

from scipy import stats

# 1. AR RBGERE

# BRI 25

state_x77 = state_x77.drop(columns=["State”])
corr_matrix = state_x77. corr()
print (A REEFE: ")

print (corr matrix)



BATERUT:

Population Income Illiteracy Life Exp Murder HS Grad Frost Area
Population 1.00000 0. 2082 0. 10762 —0. 06805 0.3436 -0.09849 -0.33215 0. 02254
Income 0.20823 1.0000 -0.43708 0.34026 -0.2301 0.61993 0.22628 0.36332
T1literacy 0. 10762 -0.4371 1. 00000 -0.58848 0.7030 -0.65719 -0.67195 0.07726
Life Exp -0.06805 0.3403 -0.58848 1.00000 —0.7808 0.58222 0.26207 -0.10733
Murder 0. 34364 -0.2301 0.70298 -0.78085 1.0000 -0.48797 -0.53888 0.22839
HS Grad -0.09849 0.6199 -0.65719 0.58222 —0.4880 1.00000 0.36678 0.33354
Frost -0.33215 0.2263 -0.67195 0.26207 -0.5389 0.36678 1.00000 0.05923
Area 0. 02254 0.3633 0.07726 —0.10733 0.2284 0.33354 0.05923 1.00000

MFIFE 13.1 AT LAK IR, Hs Grad Al Life Exp FIAHC RECH 0.5822, Ui BH B A1 1R 58 (1) 1IEAH G4,
Hs Grad 5 Murder A REUN-0.4880, iR ARSS, T lliteracy 5 Murder #H5¢ R %N
0.7030, X UiEHEATTIEAHCHEM SR . 2498 corr()pR R AT AT ST 2 9 2H A 2 [R) A o0 R B

I 131 R R B EE, TEHATRL, FOVIRMEAZIRD, TR AR B2
FTEER) o AH SR IR S5 2 VA 0 FH AR R AR B 2 AR B TR AN A G, 3 2 AH 58 RN 0. BIAEAR X Mliteracy
5 Murder 28 5 [A] ANAH G AL, AR50 FHEATARLEG o #5645 FH (1) scipy.stats AEH K%L, Bl pearsonr(),
spearmanr()Fl kendalltau() =M (1A 5C R BRGS0 . AHORTEAR S AKAD

corr, p value = stats.pearsonr(state x77[”I1literacy”], state x77["Murder”])
print ("\nIlliteracy 5 Murder FIAHHRZE:", corr)
print ("p {H:”, p_value)
if p value < 0.05:
print ("&5it: IELFRERE (FEHSHRE, A7)
else:
print ("45i8: NREIELAFEMRE QA BEMRME )
(LR SN
Il1literacy 5 Murder MIAHRAREL: 0.70
p {4: 1.25e-08
gt BAEERR (WHEARRIERE, e

TATWEL R, AFE T BEYE P=1e-08, iX 138 Illiteracy 5 Murder 2% 5 [8] ASAH G R A BT,
W2 Illiteracy 5 Murder /5 B AH 2 AT {E 1Yo

Mg, t Rk

RO KB R R AR, T ¢ RIS TG & SR MR MXR, X
PRS0 % A B R A i, IS IES/MG, A SR KM AR, W N ea A
o t RIS TN A ERBER SRR EER . LR PR SR E R 2
Tt K H AR P AR A T A R IR A R B R R AR AR A,
ARV T AR T — M0, RISk, Xt i A A E A R RO,

FESRSLHY, AT R R IR ¢ R ) B AR — B
Bt ARG 0 AR R HU R4 E RE A 5 O AN BB R S A 23 A1 R B S R e A 25

REAREZER. W RA t S H TR — MR RIE R S O e s SR I A7 £ 2
EEF. FHEPRAERER t St H AR
t=(x—w/(s/vn)
HAOORFEAT M, W S ERIIE BRI, sREAEZ, n@ffEARE. XK t KK R
SEAR IR, e el 2GR REES . ZRKEFH T RmarEAz
[ B3 22 7 o 9 T EE S MBI T TR RR . AN BEAR I PR G5 « AU t SR 1 t Siit & i

NS W
t=(—-%)/ ’512/711 +s3/n,

Forrxy Flix, 73 AR A FEAR T IME, 51 H8s, 73 A2 AN FEAR AR HEZE , ny Fling 73 70 52 P REAS
MR E. t S MREE DR TSR N R A, TRIERS/ A, K ¢ St EEsoR, WHE ¢
Gt oA R BIPMER/DN, MERIELAH, F %, Wl AR RS E A S B A AL, X
EMRAREA R 7 5.

t #5595 ] python 1 5 BRE T LL2 scipy.stats "I EREL ttest_ind. IAAEfE FHEHE A UScrime, X4

F M ZE IR A A2 5 540 T 2 [ SR p 7 MUIX AN AR B 77 s XA R R e AR B 75 AL 7 Bl I A R 1
8



PIELEE R ANLI), tBEURANIREA . BB SO 25, Ul &H, F BT, EixEmE
WX A ZE R XA DB R, POHREENRR Oy B REAT ¢ /s, Bkt
¥

import readDataFromWugangTOP as wt

url = “https://wugang69. top/dataset/UScrime. csv”
UScrime = wt.read csv with headers (url)

print (UScrime)

import pandas as pd
from scipy import stats

# 2. B
prob_south = UScrime[UScrime[”So”] == 1]["Prob”] # E§/i4
prob_north = UScrime[UScrime[”So”] == 0]["Prob”] # e 4

# 3. MOIAEA t K36, # Welch t—test, BUH False RN R T EALE.

t stat, p value = stats.ttest ind(prob north, prob south, equal var=False)
print ("t 4iit&E:”, t stat)

print ("p {&:”, p_value)

# 4. 4t
alpha = 0.05
if p value < alpha:
print ("45i: LR, EHS5EETINEMEEFREER. ")
else:
print ("45i: TREIEAEMRE, M SEMTMLEMRRAREER. ")
AT R
t Giita: -3.8953717090736655

p {&: 0.0006505783178002
g YRR, M SIEE T ILEMEE REER.

Hrp UScrime["Prob" 2B JEMEZ, UScrime["So"|HUE A 0 84 1, HL 0 BRHEAER 7, 1 &
FIORAEFE T PRI B AN S G R 2 ) 24 A B o DA 0 465 SR mT DUV 82 B3 P e A 22 57 264 0.0007
DR b ] DAHERRIX PP 15, I B R 7E e 7 AR AR AIAE L e B 7 098, Bl IS AR (0 AT B 1 AN — A 11,
P 75 B ] REA A

WIER B HAEAE T R — PR o0 A, RWRAE IR R AR AR DG, I At 3% A M A M e R b B 457
BT, 2 M A e A0 b B A B Y

B LMERIF S

(5 =1 73 3 5 i A5 22 TN A B 358 ) SR T v [ A R (PRI A ) K v, (EL TE N EL LY
I B UA 73 A SR Pk 5 R AR A O R R AR B, R A T A T AR R, R AR X A
AL, WREAR R IR, B 2 W PN AR RN (8] VAR o SR TN PR A . AN BT
A 6 A 3o SR A 15 A i R R AR B A ST R A, BRI A T A R T X PR A R R R
A LA TN AR B 22 6 A BRI e, R S TN AR B TE, 2T P00 RS R AT, fr A
FUAEAE LA T (1) TN AR B AN RS A DG o0 R Il (2) T AL B 2 A) f A S P 1) s (3) [l Y 6
AR el TN A A (s (4) T R] A ) oA 1 8 ) R4 4

— @R/ H (0LS)

1. OLS IR %A

M8 A/ 3 ] 1 F SEL AR gl A ek 25T A 1 M) e s R O 1 P P 2 AN . A BN
FIE R S M IR A . OLS MBI RUA R A 4 10, IEA LT AT (O A0EE, X 5
DA 58 2 ) R0 TR0 A 2 R DR AR Bt ) 0B A — o I R A RE A F BB AL, gk i R A5 2 |1 5 R
BRI E R o RS (D B ERS T Q) AR M (3) RARLM:; (4) HZEFM. K
WUEASTERS IR T E € B RME, NAREEESOE, 2 AR R BUE 5 2 8% 25 N
0 FIIEZRSAY A [RIAS ST 1l A2 R A8 B VR A MO ) s 9% R R MR (02 TR AR B R | AR e 2 ]

9



FELRNER R ISR AR A RIRE I T 218 E, ANE B R RBUEREIA R E B A2 &), B
RIGIASFEIRAN S VI x PN —FERSE, FREMBEIIE AR xR KA KB,
AR AL SR ZE R AT R AP RIS AN RO, R4 e v 22 PEAS S0 AT T 45 1) A5 X 8] 5 i) REANHS
.

2. LRYEEIHE Python 355 BRI
I L 14 [ )T 7E Python i85 AT LA statsmodels.api 1] OLS X} G R SEH . Ui A 255 %45
e, NIZEEAE spyder ] console H1IZ4T pip install statsmodels. 8 HIXANpREI 5, 7524 Z M
add_constant()25 H A2 & INAEE T, 75 R IA 2 R HOm o AL AR R A
AR — 4 women, $RME T 15 MERRTE 30-39 & LM & SR E(E B . Al & mi
AT, e PR e 7, RS 1 X — AN YERNE, B R — I
WA, 2 S . FARS T
import readDataFromWugangTOP as wt
url = “https://wugang69. top/dataset/women. csv”

women = wt. read_csv_with headers (url)
print (women)

import pandas as pd
import statsmodels.api as sm

x = sm. add_constant (women[“height”]) # 7E X RU¥SHII—ZFIH %L 1, XM #EEEIN
y = women[“weight”]

# 4. AL B

model = sm. OLS(y, x).fit()

# 5. AAMEHLER

print (model. summary ())

NSNS S

OLS Regression Results

Dep. Variable: weight  R-squared: 0.991
Model : OLS  Adj. R-squared: 0. 990
Method: Least Squares F-statistic: 1433.
Date: Wed, 03 Sep 2025 Prob (F-statistic): 1. 09e-14
Time: 14:57:36  Log-Likelihood: -26. 541
No. Observations: 15 AIC: 57.08
Df Residuals: 13 BIC: 58. 50
Df Model: 1
Covariance Type: nonrobust

coef std err t P>[t] [0. 025 0.975]
const -87.5167 5. 937 -14. 741 0. 000 -100. 343 -74. 691
height 3. 4500 0. 091 37.855 0. 000 3.253 3. 647

M TH B2 50T PUS H RERERY, & weight = - 87.5167 + 3.45%Heighto XTiX MR ) fiE
B gE A TR N 0, A SATTREN 0, FIGAEREIR A YIS S, (U HE D, XEH
RNE AR EAR R —NEN, WEFHED. FIHRHG45HEEANN 0, FA t it B4
B4 37.9, T PriR/N, —f/N T 0.05 BRI N REUG 5 2.3 7 (B4 B0 RESH0N 0). R EAREIH
RGWMEMAREHAT t WIS, WS RLSIHANTMARNTERAZR, YRR ESHIUE
RN A2, XEMRAE RGN 1 g, AREMN 3.45 B2 R (5. R-squared 4 0.991, IXANEHE
#& 1-SSE/SST, e 1 JskZ b v iR 27 FIASE R ZEF- 7 L, ZABAE O A 1 22 J8], Bk B Al 11 1)
AR . XA A DU BT 2 ok, BARARS 2 :

import matplotlib. pyplot as plt

plt. scatter (women[“height”], women[”weight”], color="blue”, label="Data”)

# N EE A R4 R model FIBREL predict O SZILTIM

plt. plot (women[”height”], model.predict(x), color="red”, label="Fitted line”)
plt. xlabel ("Height (inches)”)

plt. ylabel ("Weight (1bs)”)

plt. title (“Linear Regression: Weight ~ Height”)

plt. legend ()

plt. show()

VER model.predict(x) BAEUSLILLL M M K2 AL TN RE . EARZ i 45 B T L HAT & . XM
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MPG—A AR, HARLER, Wil FEACRIG BB, QIR 2 S, At 4t
B, Bhn s 22 T e

—. ER&K

1. [EIHS W R G v

OLS [m] AR AR 2 5 IEAA AT 58, T3 22 B2 W, 32 B 24 [l A 75 223 2 B $ 20/ Y MR
WA, WRAWL, SR TTR A . LrEREHDUEREIMZER, RIES M plot 7T IEES
il PUIEETE, aallaikzr, B4 QQ B, REAMER, FREFATE. {H2 Python 1fF 7 %
H o2, KA FEAEREL plot Im_diagnostics(model)ZEALL R 1 5 1Y plot()RR%L, LEANTIHR LA H A
S B ], efl X YA ETE, BRI, AR BIEaE 13. 2 fos.

import WugangFunction as wuFunction
wuFunction. plot Im diagnostics(model) # model mt/& LIfZM: RIAMI45 R .

Residuals vs Fitted Mormal Q-Q
a4 .
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al ¥ a
14
LY
12
o
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= 10
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o
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3 E
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& 06 L] [ E
2 ° "
0.4
0.2 ®

° g °©

120 130 140 150 160 0075 0.100 0125 0.150 0175 0.200 0225 0.250
Fitted values Leverage

& 13.2 EIF2HER

M 13. 2 ATLA%EH] Resuduals vs Fitted BTG E SHEZIAIN KR, BARENRZIZEK
R, DREGMXRZR, XU RETHRZAE RS i —A kI, DS IEHREE: Normal Q-Q &
SEFRUETR Z2 0] B S SR MR I, 5 2 IEZS 20 A0 (1 BB s B AE— 2% 456 FE A E L b, ME BT
DA IR Gk, 3t 75t Ul B R AR R E R IE S 40 AF , HARZ(E 2 — AN ME N 0 MIER /3 i . Scale-
Location FIFLAHI KIS RE FEZRME, e, AKPLSH B ROZBENL A, DA R I
XAMERT o B E—IRRZTRZFAT B, FROERAN G E, MEIESINEHE A, SFLF s DL 58
SO R . EALEE 14 ST BRI SRECIA A, T DA R PR S B A o 13 W] DRI IR TR AT 4%
PEENA, SR 5 HEAT B2 A —ike 75 ZE B I ATA BIZRME DA, 21 13.2 S DU B 2R3,
L 1B VA P e AN PE A B AR T

2. ZIALEE
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EmEEEZE A, BoE R women VR ELAT S & BRI SR E B ALK EHE L, WLEHEE

AN, FRATTAT DABG I — A RIS = [l AR B2, HARAC D a2
# EE x FE
x = women[”height”]
# MG IR Z A
X poly = pd. DataFrame ({
“height”: x,
"height2”: x%%2
i3]
# O (GRERD
X poly = sm. add constant (X poly)
# OLS W&
model = sm. OLS(y, X poly).fit()
print (model. summary ())
# G s
X fit = np. linspace (58, 72, 200)
X fit poly = pd.DataFrame ({
“height”: X fit,
“height2”: X fit#%2
)
X fit poly = sm. add constant (X fit poly)
y pred = model. predict (X fit poly)
plt.scatter(x, y, color="black”, label="Data”)
plt.plot (X fit, y pred, color="red”, label="Quadratic fit (OLS)”)
plt. xlabel ("Height”)
plt. ylabel ("Weight”)
plt. legend()
plt. show()

i A i R 2 T S A B AR R AT IS S A . IBAT A R KL R-
squared fE24 0.999, IXULMHNE HIARFLF o FATTAT DAA R SR 00 o8 B0 — A AR b & (312 W
MISE R, S EHRER S KR —FK P& L, SETUATIBITEE .

AT 1 2 0 AR 2 LR R ), 3 B SG B 2 AR T A AR BB A 2 e 1Y) AT B
U7 SR, DR RT DU 2 [ U (0 e R B [l AR B 5 1), XA R A AR S R AN B AR R
R ZMEC R, iy = Klog(x), HHZ y Ml log(x) REMAL, 5RM x AR, X—
R EAMS EFRERE. FE, RN TIRIOREABSHT, HREKRER T RS HIL
YEOTREA . WEREIHTTIER y = ae?*, Hirba bR RESH, WA ARLYERIH T, BIARBSH
BRI B T

3. ERMEIET I BGE I e

AR PR ZEATAT IR B o SRR RN AT AT A, 7T DI o B3 A0 8 55 T v 5 ek [l
AR AT S IR Stk el Ty ZE FIVRBRGR AT DL I AR o LA e, XT3 T A
AL — DS MR

=, BPLERA

L. BB &R HKE X

FEAE P LA BRI R, A — N R A ) A AE , A B — AN LR, #R7 — KHEFEAR,
T HAREE TAR 2 FR AR B AREA S, DUAE A B2 A T 2R PR IR BEAT A 1, (BRI SR b 1 R0 1]
FATRZMANS 2 SR BAT RO, A PR R Bl FORE AR, R AN AT RE AR R ) o Bl b Y
RPIFIHHELE state x77 1, FEEILIRAA S X IR LA LFR EBAH HHER R, WRIMRS 5L
PR, o3& o bR T30, AEIUARAR MR BT Fe Ak B T — NI T By AL A ) gl 2
LRI LENS 1] AT RS B MR /N AR X T e B T A B B el L, ot e R Bk
xof PR AR A BOR R R RN AR AR N [ AR B . 53— J7 T L BRI A K P AR &, 15 ml
PR AR A5 5 g it [FI AR AR EE L, S R 3B D 2 P [l R DR [ 0 M [ VA 7 Dy 1A I IB A
[BIH, [EJEEA R, B4 8 S 1A HTIZ AR 8] S B N P AL e R R b, ) E S T
ARG P, [[)EZ5 R R, WITHGITA TSR A S 5 R @, K52
A2 3% T 01 4 45 A o 0 2 2 PR A Y o O 1k
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2. ZHEAEE T Python 75F LI

Python & 5 [ statsmodels.api 1] OLS.fit 4% AIC {£. AIC(Akaike Information Criterion)fs []

gt E I R IR —MirdE, E58 VRN SIS R LA ESHEH, AIC E/)h
(PRI ELAR S e 4% o [81H 5 1 model.aic F& AR AIC R R SEMLX FHEAL LU . i AChS 2 HdE 4R
state_x77 "HARAEZR 73 A I [R] AR ALC {8 LBARAS a0 T

import WugangFunction as wuFunction

import readDataFromWugangTOP as wt

url = “https://wugang69. top/dataset/state_x77.csv”

state x77 = wt.read csv_with headers (url)

Murder = state x77["Murder”]

fourData = state x77[["Population”, “I1literacy”, ”Income”, “Frost”]]
twoData = state x77[["Population”, “I1literacy”]]
modell = sm. OLS Murder, sm.add constant (fourData)). fit()
# AL 2: x1 + x2

model2 = sm. OLS Murder, sm.add constant (twoData)). fit()
print ("Modell AIC:”, modell.aic)

print ("Model2 AIC:”, model2.aic)

Peas R s

Modell AIC: 239.642948715101
Model2 AIC: 235.65652123237624

A LR IR — AN R AIC B2 239.6429, 25 —ANEIARIALA 235.6565, WAREE 2 /MAlH
AR AIC (BRI, 2 28 = AN FEA R B 4, X UL T AR & “UN” A “ RS LB
LR VERN AR TR 4 . BDER YRR 2 A 3R EHkE, AN ZEFEIINAL R, BE python iEH
SEPARES

import WugangFunction as wuFunction

import readDataFromWugangTOP as wt

url = “https://wugang69. top/dataset/state x77.csv”

state x77 = wt.read csv_with headers (url)

#E B PN RS R EUECRE TR R dataframe R R

x_state x77 = state x77[[“Population”, "I1literacy”, “Income”, “Frost”]]y state x77 = state x77["Murder”]
#OREI R — AN FRFE A, FT I S-S T LB R B

selected features, aicValue=wuFunction. stepwise selection aic(x state x77,y state x77)
print (“Selected features:”, selected features)

print ("IZA FAM) ATC fE: ")

print (aicValue)

#—— WA ERARR —

final model = sm. OLS(y state x77, sm.add constant(state x77[selected features])).fit()
print (final model. summary ())

KEAREF BRPAEEE, RER AICH, THZRIESH MASS 1) stepAIC iB1T745 R,
SIS B TR R R AT R, AR LB .

Start: AIC=97.75
Murder ~ Population + Illiteracy + Income + Frost

Df Sum of Sq RSS AIC
- Frost 1 0.02 289.19 95.75  (PiHH 288 Frost I, AIC #it/NHN 95. 75)
— Income 1 0.06  289.22 95. 76
<none> 289.17  97.75 (HSAZBIRS, AIC Jy97.75)
- Population 1 39.24  328.41 102. 11
- Illiteracy 1 144.26  433.43  115.99 (4 I1literacy i, AIC HK)

Step: AIC=95. 75
Murder ~ Population + Illiteracy + Income (FHEL/ZZHE Frost LG 4k SEHGEZ A A1)

Df Sum of Sq RSS AIC
~ Income 1 0.06  289.25 93.76 (Z$F Income i}, AIC /M)
<none> 289. 19 95. 75
- Population 1 43.66  332.85 100. 78
- Illiteracy 1 236.20  525.38 123. 61

Step: AIC=93.76
Murder ~Population + Illiteracy

Df Sum of Sq RSS AIC
<none> 289. 25 93.76  (ANEHRUEM—A BRI E, EAR ALC H/))
- Population 1 48.517 337.76 99. 51
- Illiteracy 1 299. 646 588. 89 127.31
Call:
Im(formula = Murder ~ Population + Illiteracy, data = states)
Coefficients:
(Intercept) Population Tlliteracy
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1. 6515497 0. 0002242 4. 0807366

FENZED RNARE R, RN TINAR X R ALC B F8 A2 M) b 12 0000 22 5 5 (] A A8 1)
AIC i, <none>3 [ 22 1A B 00 A% & ) [ RS 1) AIC fH o R BAREE— P MK, <none>ff]
4 97.75. MR+ Frost B, [RIERAY K] AIC H& /), N 95.75, RILSZIERMIER Frost iX Al
i, [ D ROZMIBER Income, IXFE2 4G [RIEHEAL AIC 285N 93.76, 17 1 5 7 Ak HE e Fl
A oA A AR AIC (AR, BB P RHSE W, A RAMERRAE “AN07 f o
FE7 Bk T A fE 2 5 R A

B=T MRS

SRR AR LA B, BRI S SN B R LS R, (HA N 45 E s
EEAREAE FH AR Rl A, T A 22 0 Bl A s A A R R el AN E , IR ] R i A A 2
s TR EE FE R BN ST A RO A R IX I ST A S R A SRS A A s
£, BeRESZEN B R iz AL AT 48 o Python 15 5 7 scipy.optimize.curve fit()BR B HE B SLELIX F HE 28 14
WG, ZRBEARE AT

scipy. optimize. curve fit(formula, xdata, ydata, pO=None, sigma=None, absolute sigma=False,
check finite=True, bounds=(-inf, inf), method=None, jac=None, *¥kwargs)

Hrr formula /2L RIECEERE A, xdata fl ydata 2L & EHE, p0 2¥IIGMHE. FHiZE—JT
BREA S I, gk 13.2 P,
PR 13.2 — TGRSR AR B

import numpy as np
from scipy.optimize import curve fit
import matplotlib. pyplot as plt

§ —— HHE —
np. random. seed (0)
x = -np.arange(l, 101) / 10 # X -(1:100) /10

y = —100 + 10 * np.exp(x / 2) + np.random. normal (0, 0.1, size=x.shape) # ¥N/IM:E

#—— EXWAERE ——
def model (x, ¢, a, b):
return ¢ + a * np.exp(b * x)

# —— JELMERE —
popt, pcov = curve fit(model, x, y, p0=[-100, 10, 0.5]) # ¥I4H{E p0 W RASR k& Fesc
c fit, a fit, b_fit = popt

print "ESH:7)
print (f”c = {c_fit:.4f}, a = {a fit:.4f}, b = {b fit:.4f}”)

# — K —

# WEP SRR

plt. rcParams[’ font. sans—serif’ ] = [’ SimHei’ ]

plt. rcParams[’ axes. unicode minus’ ] = False
plt.scatter(x, y, label=" %{#%, s=10)

x fit = np. linspace (x.min(), x.max(), 200)

y_fit = model(x_fit, *popt) #¥MEMSEEN, RIEHEME
plt.plot (x_fit, y_fit, color="red, label=" & HIZE")
plt.xlabel ( x’)

plt.ylabelCy’)

plt. legend()

plt. show()

pO HIUEAE A R ERIN N None, WIS INA J M T BHSEVIGAME, AB] TR B IHT UG8 512 N [-100,
10, 0.5], Wit2E =S4 c,ab MVILAE, TamEFmE 13.3 Fix.
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—10 8 % “a 2 0
x

B 13. 3 RRMEALARSR
BRI A RINE 133 fios

HR 13.3 LM ALER
BABHMT 54 R

c = -99.9871 std.err = 0.0186 t = -5364.3236 p = 0.0000e+00
a = 10. 1524 std.err = 0.0461 t = 220.3012 p = 0.0000e+00
b = 0.5095 std.err = 0.0048 t = 106.0185 p = 0.0000e+00

EDNERVER

RSS = 0.9097

R"2 = 0.9985

HHE dof = 97, MSE = 0.009378

AT LWL B A AR AR UF o 1T DM XA R LR PR R Rk iz i dE . FsE b, FIR 133 1F
AAEH ¢=-100, a=10, b=0.5 EMMEIRES . NFIFE 13.3 v LRI ML A IR S 800 71N
c=-99.9871, A=10.1524, B=0.5095, B 1C& T/r#r EIGEME, M RA2 $:E 1 AT DU I & 2%
BARUTF . AANEEI 2 model BB EUEIELL p0 44 S EPNERIVIGEE, (F15 5K EUnE e 2
S8, W R AR B4, ERMERAL —RERS R VIGE, SN IERERIE D RIG RN,
(R E a0 R BN GT, ] Rt BORE 2% pR B R N R iR i AL AR B3 H 7 S, DRt mT DA O 4
AT v BRI A o . LA T THT R AR T A S5 K A B s e B T TH ) T 4

FIUH ekt

— EKHEK
L. REfS(E M Python i F AT A M ST 5
2. FARZEMERIAR) Python 5 5 SEIL LA BT Y= RGN [ VA6 7R f it
3. ERFIEEARLIEI S Python i 5 S

=\ PSR
1. HEMF&
2. IHEHNLZRS
3. Spyder M IEH1 python & F 4 RGR

= ZRAENDER
L. HEARGHR R T
(1) *EYE4E Arthritis 7T Treatment A1 Improved A RFNEER, =T Improved Fl Sex A%,
HIBRE
(2) 1 HFEITRE /34T Treatment A1 Tmproved LA Tmproved A1 Sex [RJH ST 4 7] 5 .
(3) s FH UScrime 4 80 3 15 5 77 Hb X AR WG 252 (1 50 RaBEAT e 40, JFEorpriude g R .
(4) AT RITREIG AN t A0 )48 FH 254
2. ZRAERIH ST
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(1) R women, X weight J&T height 2k [H] I

(2) WHEIAZRHEAT T, BEERIHRGSHEE

(3) AT LW, WERBIVAMCERAGE, 45 i — 8 o i

(4) STEAYEEE state x77 T Murder 55F Population, Illiteracy, Income f frost #E{T&
AR, g5 A R AR

3. AR AR5 H

(5) Ty = c+be, Hh x 2R, vy &KL, a,b, c&2Z%. 4 x=-10:0:0.5,
AR R v AR, AR ARSI UG B S A B R A, IR ER AR 1t R AL TT DL
JReR L, AT LU 2 IR 2L

(6) TR AR,

M. seiedike (5510 43)

1. WEIELE state x77 FH Murder 5F Population, Illiteracy, Income 1 frost i#47% 76
AEENE, FEHAT RSB AT, 3B AR TN AR AT SR R A R (4 9))

2. 4 E— NIRRT, PR BIKEE, B R  [E

timeData = [0,2,4,6, 8,24,49,72,96]
sampleData = [0, 0.0682, 0.0816, 0.0999, 0.1182, 0.1593, 0.1809, 0.2139, 0.2258]

T, IR ERIE, 2 = AR R RZ B AT YR AR, OF
IR G 45 R (AT DA 2 T RR 2, TR SeR B, A B0 0 R B DU B B pr s, T 4
HAREAGRIEN 0, HIMEREXTATUHEEAZED) 6 70)

3. LRSI BLI R AL, A IF s R sk Inig (1 7))
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