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Regression Analysis
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Truth is much too complicated to allow anything but approximations.
25y « o0« 3Bk E (John von Neumann) | EFEFEH 5K | 1903 — 19574

scipy.stats.kurtosis () T HIEE
scipy.stats.normaltest () Omnibus IEAL
scipy.stats.skew() HERE

scipy.stats.t.ppf () Xt MY RRD AR
scipy.stats.t.sf() KBt HDMIENRRAFHEE CCDOF = 1 - CDF
seaborn.distplot () %£HIHEHE, &5 KDE %
seaborn.pairplot () £ HE

seaborn.regplot () #Z%IEHE R

statsmodels.api.add constant () Z4[EIIIIEZIN—FIEE 1
statsmodels.api.OLS () B/N_F‘ERE
statsmodels.graphics.tsaplots.plot acf() 4HEEXLER
statsmodels.stats.anova.anova lm 3k{3 ANOVA A&
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OLS Regression Results

Dep. Variable: AAPL R-squared: 0.689
Model: OLS  Adj. R-squared: 0.687
Method: Least Squares F-statistic: 550.5
Date: Mon, 01 Jan 2024  Prob (F-statistic): 5.16e-65
Time: 07:03:51 Log—Likelihood: 675.37
No. Observations: 251 AIC: —1347.
Df Residuals: 249 BIC: —1340.
Df Model: 1
Covariance Type: nonrobust

coef std err t P>t| [0.025 0.975]
const 0.0019 0.001 1.819 0.070 —0.000 0.004
SP500 1.1234 0.048 23.462 0.000 1.029 1.218
Omnibus: 52.109 Durbin—Watson: 1.871
Prob(Omnibus): 0.000  Jarque—Bera (JB): 210.792
Skew: 0.772 Prob(JB): 1.69e-46
Kurtosis: 7.216 Cond. No. 46.0

Bk7_Ch02_01.ipynb%: | 7 AT EER. TE, WHMN—KBHRPHE P LB,
BT LUBEITARAD2.1 T H . B, FemERzE.,

{21 TH, LEBREHZMEIIEE | ©Bk7_Ch02_0lipynb

y_x_df = yf.download ( ['AAPL', 'AGSPC'],
start = '2020-01-01" ,
end = '2020-12-31", )

y_x_df = y_x_df [ 'AdjClose' ]. pct_change () I
y_x_df.dropna (inplace = True)

y_x_df.rename (columns ={ "AGSPC":"SP500" }, inplace=True)

x_df =y_x_df[[ 'SP500"']]

y_df =y_x_df[[ 'AAPL" ]] —_—

# Hw—7 41

X_df =sm.add_constant (x_df)
model = sm. OLS (y_df , X_df)
results =model.fit ()
print(results. summary())
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© Ayfinance.download, f&§5fEyf.download, TEEREIE. FU /T, KAKELEZHpip
install yfinance 2 2592 %

ABIF, FATTEHT FRAS (AAPL) FFRAEL/R500553 ("\GSPC) 7£20207F 15 1H 22020
12A31BMAEMBENEIE. TEEIBRFEELIRI y_x_df F.

AN, WMBEAR TEHHIEBEIEYE, KEHto csv() Flto_pickle() BHIFEREF TK. ME, AKX
o] ) FIpandas.read_csv() 5 pandas.read pickle() B EIEEEIE.

O “Adj Close” , RIAREWEN, HRIZETRENAMFRSRIREHOREN. RE,
F8755%pet_change() ITE AI#H K.

OMBEIBET B EREENTT. & Binplace=True/54 B IETERIGHIEM _E#HTEX, TAE
IR B — TRV ER N .

@ Frename()575% “~GSPC” FI&EEHR “SP500” . EFE, & Binplace=True/5= HIEERLA
IR EFHATER, AR E— NI SR

OO/ FIEEREFIEA BN HHE X EMRE B SHIE.

O Fistatsmodels.api, & 5Esm, HMHJadd constant() ¥ Emix dfIEIN—541%). BNEE
SRR B G B E I, RIEET. MREBX—F£15), HNEENERTHEL BT
il

Q27 —NOLSEMEAREN R, AXNMRHH, vy df SREEHE, X If REATEH
. @M OEERENE,

QI TENIEE AR

—FKHZ

B2 AfRAXD—ITOLSEMEAMN B EE. REERABBEALLIMEFE. BEEN—KA
B ATRE SO0 ZHEE (A TBMEE) BlEER, RETEARABERENERHHKREER. WRE S
B, ZMNITULIBERN “&Mt” XX,

MNERAE, BRIBTUES “BR” B— I hH ERENKE. &2.1,. 2% Astatsmodels.api.
A OLS() REAE AL IMAETILE R  [B2.2/17~4 Fiseaborn.jointplot() %2749
FohEA, &R @EE, FEHBLSE THES .
RE “BRELR” FAlRMNERER, FNPBEEBEDRBHEALSME, THILE
. TR FAREN.
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SEHRE
&12.3(a) FTA BUHRAIIN 5 Z4E66E . S e
BIRXFIYEERO, BARRBI M T EERS EgMma | (AHER) F12, 24%
ﬁﬁﬁito ”jl\?gf\i‘f(ﬂ’fq/ﬂ%’ﬁ‘#%$fﬁ
E12.3(b) FTR 5B RBCEREAE., REMEMEN,

e

| (mEAE) EBERBLALEARTAARL HRLGT LA, MEwELQ AR,

> >
i > T
< = <
2 = =z
=S x <
3 g g
S & %
n (%3] )
AAPL,y S&P 500, x AAPL,y S&P 500, x AAPL, y S&P 500, x

(a) (b) (©
E2.3 [y, x] BIBAINITEER . EXMERFARE | & Bk7_Ch02_01.ipynb
B2 AFTRAPW MROEZEENELE. ZAE/N, HRREZEREyMETE@EXiEL. 1
gaEw, XA, BTEnExEEANMERERTEREy. AZRXESFAX NN ARBE

BUADHTER
AEABENLRME, BWAREIZEBRAZEDIT(ANOVA), HEAEELGFENELRLE
AAZEERAR.
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52 . 2 BHESH (ANOVA)

AP TR TN BUTIERER2 2ATRAIANOVARIEE R . ANOVARIE X BHFEDHT (Analysis
of Variance). ANOVAZR—M A THELMEAREFINELEN BT ERERENFITEA.
ANOVABS ERER A AR EENTHTE, KA ERLELENBEIRLENBRREEES.

F:2.2 —rmE&MHEIAANOVARIE

df sum_sq  mean_sq F PR(>F)
X 1.0 0.149314 0.149314 549.729877 4.547147e-65
Residual 250.0 0.067903 0.000272 NaN NaN

ANOVAERR2. I EEAMNED = —
AT BT AR ID2.252 A ANOVA, NHHRE PGB,

ft#32.2 ANOVA | © Bk7_Ch02_02.ipynb (OXOXO)

from statsmodels. formula. api import ols
from statsmodels. stats.anova import anova_1lm

©® data = pd.DataFrame({'x': x_df['SP500'], 'y': y_df ['AAPL']1})
® model_V2 = ols('y ~ x, data).fit()

® anova_results = anova_lm(model_V2, typ=1)

(d

print (anova_results) ng

© Fpandas.DataFrame() #91&—MEUIEM,  “x” Z1F 5 ASP500%4E, “y” FH S AAAPL

.
BT A from statsmodels.formula.api import ols A Statsmodels # A9 formula.api SN T ols BREL
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EMNREAFFEBARFETREFKIEELMEEFER, O 7T — M EMEmAER, "y ~x" E— MR
TR, CRTREEYy EATE x ZEHEMEXR. data 2B ZHEIRAIEIRM.

B35t Ffrom statsmodels.stats.anova import anova ImA\ Statsmodels A9 stats.anova RSN T
anova_lm % . @fF A anova_Im EEHITANOVA. model V2 2&MEITHEANXN R, M typ=1 &
~MEA “Type 1”7 ANOVA. Type | ANOVARSLAINENEEE, KRS TETEMTM. HEST
BEATHOERTESEEZNTE, MAXETFENRETENTHEE.

O TEIANOVARIL R, BRIFRK2257R.

R2IFMRAITREANOVARE N NG 8. AREANOVARIEIER2.25—17. o, *2.3F
aFl.

CEIF A FTEN=ANFKIR,
<«E25)dfRFZEHE (degrees of freedom); BHERBAITESITEN T UBEREZ LRI IR

<« E3%SSHRIFTFEFF (Sum of Squares); FAFESE A THAEIENESREE, EliRSETY
BENEE.

<FE45IMSHKFITFF] (Mean Sum of Squares); FEZKITHER, HAHME—FHIHENESE, HitE
FEREEAABRIAE BE.

AESFIFREF-testRitE. FREE—MET HZRNAITRE %, BTHER SIS
A2 B RERFHERENER.

+2.3 ANOVAR#E

Source df SS MS F Significance
Regressor DFR=D=Fk-1 SSR MSR = SSR/DFR  F = MSR/MSE p-value of F-test
Residuals DFE=n-D-1=n-k SSE MSE = SSE/DFE

Total DFT =n-1 SST

EHnRESEEEANIFNaNEALE . MREREFERSHEE, BEEET. DREFNLEN
#HE, FAitk=D+1( “+1” RERFHISE). THBEMBRBR2ITHE—MENRX UEREA]
AL PEEFRR R

=AFEJifn
H TIEMRANOVARAE, HITELZE T BN T="1F7H.

<« E2BZEFHH (Sum of Squares for Total, SST), tFRTSS (Total Sum of Squares). =& Z=F 7740
ERAENNES 2EHEZEEFHFESM, BRFENMIBENEEREE.

<4FEEFT5H0 (Sum of Squares for Error, SSE), t#RRSS (Residual Sum of Squares). %z 77
M7 HAEEPLABEETEMNAS, WRARED, TUBTFRE TR A
SREEMANESFAEREE. ARASNTF, TRABIRK/NMBEEFAHXBERENE
BERE.

<[E])3FF5F0 (Sum of Squares for Regression, SSR), tFHRESS (Explained Sum of Squares). [0]J3~F
FASR T BHEARVABENHETFENA/N, ATHEEARYNNEEENRBTEN
REENTMEE.

F2 50 T HE =N FAMAFRNEE. RK24848 7 = MDFEAMPEX.
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2.5 ET—m&MREIERSRRATENTL

F24 =ATFFFHEX
EFF EX

sST=3 (1" - 3)
(Sum of Squares for Total, SST) ;(y y)

B3¢ 7540

SSR i(‘(" y)
(Sum of Squares for Regression, SSR) = s

TREFL M
(Sum of Squares for Error, SSE) P

FARR

T2 M AR, ANOVASERR E 3t 23SSTH #2 A SSEFISSR :

SST = SSR+SSE (2.1)

A

(y(i) —f)z - (j'“) _f)z +i(y(i,l 0 )2 2.2)
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FXAERFHARE, AP ABRTHE, AZEEESHRE/LATNBHEEN FEXR. 1,
AERSNARX=FEFM5 HN—RFNEXLELEANSEITE, $552R-squaredF1Ad]j. R-squared.

SEZEFF5F0 (Sum of Squares for Total, SST) RFFFEYFT B AR SHEEY HER:
SST = Z( w0 -3) 23)

Heh, H2EyA:

S | =

y==> (2.4)
i=1

ME2.6Fi7, RATIESSTEF—RIIEHH AR F, KL EFHEHKN | -5|. E26
PRI T — AT IR y XA

Y =bo+bix

X
E2.6 BEZEFITHI(SST)

EoE EEMT | (WEE)| 35
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B2 HhZ(DFT)

S EZBEHMRE (Degree of Freedom Total, DFT) AIE X4 :

DFT =n-1 2.5)
nBFREARHEE (NaNBRIM).
SAHMEZRIEER

SEZBHE (DFT). [EJIEHE (Degree of Freedom for Regression, DFR). 7%ZEHE (Degree
of Freedom for Error, DFE) =&~ [B]JE RN :

DFT = n—1=DFR +DFE = (k—1)+(n—k)=(D)+{n—-D-1) 2.6)
—— —_— °
DFR DFE DFR DFE

kZEVARIINSH, HPamamEmn. FAit,
k=D+1 2.7)

DAZSRARAFHIER, DMEREENHE. =0T, FT—T&MEE, D=1, k=
2. MRSERENFAREIE =252, JLEREDHIA:

DFT =252—-1=251
k=D+1=2

2.8)
DFR =k-1=D=1
DFE=n—-k=n-D-1=252-2=250
RSB ZE(MST)
FEHSEZE (Mean Square Total, MST) FIE XA
- 2
2=¥) g (2.9)

SKEhrE, MSTERFEZ 8 it AHIET =,

Bk7_Ch02_02.ipynbXA & %7 FiRSSTAIMSTEE R, TEFHEMRAL2.3.

£532.3 it BSSTHIMST | @ Bk7_Ch02_02.ipynb

® y_mean = y_df.mean()

# Sum of Squares for Total, SST
©® SST = ((y_df - y_mean)**2).sum()
n = len (y_df)

# degree of freedom total, DFT
© DFT = n-1

# mean square total, MST CE33
©® VST = SST/DFT
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O tEEEY.
O+ & SST = Z( W -3

OitEDFT=n-1, HEfnAS5SNERREARE
@i +EMST = SST/DFT.

EZ 4 E)3E5H (SSR)

EJAEFF] (Sum of Squares for Regression, SSR) X3 [ 3 52T E BB MTNE ) FIHAEE Y
Z [BRNZER:
ssR=3 (5 -5 (2.10)

i=1

FI2. 76 R HSSRES AR X E2.7H A N ERTAK S 39 - 7]

-y

X
E2.7 [B1J3FFHFISSR)

A
[B*%ﬁiﬁ%%“émﬁﬂﬁﬁﬁﬁﬁio ]
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