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import warnings
warnings.filterwarnings('ignore")

import numpy as np

import pandas as pd

import matplotlib.pyplot as plt

import matplotlib
matplotlib.rcParams['font.sans-serif'] = ['SimHei']
matplotlib.rcParams['axes.unicode_minus'] = False

from scipy import stats

from scipy.stats import gaussian_kde

import statsmodels.api as sm

from statsmodels.stats.diagnostic import het_breuschpagan
from statsmodels.stats.stattools import durbin_watson

print("FREES NI ")
FREESNI!

1552: #BRSASLE

o MCSVIHSNEIE

o HERANEHWER: r, = In(P/P,_)
o IHEBEUSEER

o LHEREIMREMERR

o WMBERKBESREE

# 2.0 SAHIE

stock_df = pd.read_csv('stock daily.csv', parse_dates=['trade date'])
index_df = pd.read_csv('index_daily.csv', parse_dates=['trade_date'])
rf_df = pd.read_csv('risk_free_rate.csv', parse_dates=["'trade_date'])
ff_df = pd.read_csv('fama_french_factors.csv', parse_dates=['trade_date'])

print("#IBESNEIN! ")
print(f"MEREIE: {stock_df.shape}, 1E#EIE: {index_df.shape}")
print(f"TTXEFIZE: {rf_df.shape}, =FAF: {ff_df.shape}")



BIBRS NRIN!
MERELIE: (2908, 12), ISEUEUE: (1454, 12)
EREFIE: (12, 3), ZEAF: (726, 4)

# 2.1 IFEAXNEM R

# TR EE

stock_pivot = stock df.pivot_table(index='trade date', columns='ts code', values='c
stock_pivot = stock_pivot.sort_index()

stock_returns = np.log(stock_pivot / stock_pivot.shift(1))

stock_returns.columns = [f'{c}_ret' for c in stock_returns.columns]

# FEHIaE

index_pivot = index_df.pivot_table(index='trade_date', columns='ts_code', values='c
index_pivot = index_pivot.sort_index()

index_returns = np.log(index_pivot / index_pivot.shift(1))

index_returns.columns = [f'{c} _ret' for c in index_returns.columns]

# EH W FHIEHE

returns_df = pd.concat([stock_returns, index_returns], axis=1).dropna()

# EXEE

stock_codes = ['300750.SZ', '600276.SH', '600519.SH', '601012.SH']

index_codes = ['000001.SH', '0©00300.SH']

stock_name_map = {'300750.SZ': 'TERI', '600276.SH': '"1EIHEZL",
'600519.SH': 'TIMNFH', '601012.SH': '[EELFEE’

index_name_map = {'000001.SH': ' LIF4RfS', '000300.SH': 'JFiX300'}

print (" BXEUEE REBIEE: ")
print(returns_df.head(10))
print (f"\nF3EEAIKR: {returns_df.shape}")



EPOE U ERE S 6 N
300750.SZ_ret 600276.SH_ret 600519.SH_ret 601012.SH_ret \

trade_date

2023-01-04 -0.014555 0.008548 -0.002894 -0.033385

2023-01-05 0.059397 0.019919 0.043109 0.010279

2023-01-06 0.022205 -0.006087 0.001537 0.038218

2023-01-09 -0.000144 0.006087 0.020539 -0.009418

2023-01-10 0.036299 -0.004308 0.007171 0.007072

2023-01-11 -0.009630 -0.023899 -0.005136 -0.004001

2023-01-12 0.013096 -0.017314 -0.005953 0.023081

2023-01-13 0.013746 0.038416 0.028489 0.000230

2023-01-16 0.016093 0.093758 0.013632 0.013730

2023-01-17 -0.002286 -0.022273 -0.002565 0.006343
000001.SH_ret ©000300.SH_ret

trade_date

2023-01-04 0.002245 0.001298

2023-01-05 0.010098 0.019241

2023-01-06 0.000767 0.003097

2023-01-09 0.005825 0.008064

2023-01-10 -0.002073 0.001084

2023-01-11 -0.002423 -0.001854

2023-01-12 0.000510 0.001953

2023-01-13 0.010019 0.013966

2023-01-16 0.010053 0.015486

2023-01-17 -0.001037 -0.000175

BIRIERK: (726, 6)

# 2.1(4) LHEXRESEMEHINaEEE=E

fig, axes = plt.subplots(len(stock_codes), len(index_codes), figsize=(14, 16))

for i, sc in enumerate(stock_codes):

for j, ic in enumerate(index_codes):

ax = axes[i][]]
x = returns_df[f'{ic}_ret']
y = returns_df[f'{sc} _ret']
ax.scatter(x, y, alpha=0.3, s=10, color='steelblue')
# EET4
z = np.polyfit(x, y, 1)
p = np.polyld(z)
x_line = np.linspace(x.min(), x.max(), 100)
ax.plot(x_line, p(x_line), 'r-', linewidth=1.5)
ax.set_xlabel(f'{index_name_map[ic]}WZZ")
ax.set_ylabel(f'{stock_name_map[sc]}ZZK")
ax.set_title(f'{stock_name_map[sc]} vs {index_name_map[ic]}")
ax.grid(True, alpha=0.3)

plt.tight_layout()

plt.suptitle(' MRINEAERSIEHKNATHSE", fontsize=14, y=1.01)
plt.savefig('task2_scatter_returns.png', dpi=150, bbox_inches='tight")
plt.show()
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# 2.2 BEWzEEITE
# EHIEXPFLFIE

returns_df =
returns_df =

# FERIERFSIRABI X BLFE
returns_df['rf_daily'] =

returns_df.merge(rf_df[[ 'trade_date"',
returns_df.set_index('trade_date")

'rf_daily']], left_index=True, r

returns_df['rf_daily'].fillna(method="ffill").fillna(metho

# NREBTWEE - MEE - BEEREFIE

for sc in stock_codes:
returns_df[f'{sc} _excess'] =

returns_df[f'{sc} _ret'] - returns_df['rf_daily']

# HFETKmE = HkmE - BEEXRFE




for ic in index_codes:
returns_df[f'{ic}_excess'] = returns_df[f'{ic} _ret'] - returns_df['rf_daily']

print("BEINERITETK: ")
excess_cols = [c for c in returns_df.columns if ‘excess' in c]
print(returns_df[excess cols].head(10))

BEWERItE e
300750.SZ_excess 600276.SH_excess 600519.SH_excess \

trade_date
2023-01-04 -0.014640 0.008463 -0.002980
2023-01-05 0.059311 0.019833 0.043024
2023-01-06 0.022120 -0.006172 0.001451
2023-01-09 -0.000230 0.006001 0.020453
2023-01-10 0.036214 -0.004393 0.007085
2023-01-11 -0.009715 -0.023985 -0.005221
2023-01-12 0.013010 -0.017400 -0.006038
2023-01-13 0.013660 0.038331 0.028403
2023-01-16 0.016007 0.093672 0.013547
2023-01-17 -0.002372 -0.022358 -0.002650
601012.SH_excess ©000001.SH_excess 000300.SH_excess
trade_date
2023-01-04 -0.033470 0.002160 0.001212
2023-01-05 0.010194 0.010012 0.019156
2023-01-06 0.038133 0.000681 0.003012
2023-01-09 -0.009504 0.005740 0.007978
2023-01-10 0.006987 -0.002159 0.000999
2023-01-11 -0.004087 -0.002508 -0.001940
2023-01-12 0.022995 0.000425 0.001867
2023-01-13 0.000145 0.009934 0.013881
2023-01-16 0.013645 0.009968 0.015401
2023-01-17 0.006258 -0.001123 -0.000260

# 2.3 LEERRELE, REFEHE
print (f"#IEEREISIR: {returns_df.shape}")
print (f"TREEZE: {returns_df.isnull().sum().sum()}")

# WIFFIRAAE

returns_df = returns_df.dropna()
print (f"#UIEEEERIR: {returns_df.shape}")

# MEBEFEE (Bts 1MrEE094E)
ret_cols = [c for c in returns_df.columns if ' _ret' in c or
for col in ret_cols:

mean_val = returns_df[col].mean()

std_val = returns_df[col].std()

outliers = returns_df[(returns_df[col] > mean_val + 5*std val) | (returns_df[cc

if len(outliers) > @:

print(f" {col}: {len(outliers)} NREE")

_excess' in c]

print("\nFEEEIERRLSIT: )
returns_df.describe()



BIRESEIFAR: (726, 13)

FRKERE: o

BUEESRETAR: (726, 13)
300750.5Z_ret: 3 NEREE
600519.SH_ret: 4 NREE
000001.SH_ret: 3 NREE
000300.SH_ret: 4 MNREE
300750.5Z_excess: 3 NREE
600519.SH_excess: 4 NREE
PPPO1.SH_excess: 3 NHREE
P00300.SH_excess: 4 NREE

A RSIERR ST
300750.SZ ret 600276.SH ret 600519.SH ret 601012.SH ret 000001.SH ret C

count 726.000000 726.000000 726.000000 726.000000 726.000000

mean -0.000081 0.000603 -0.000314 -0.001153 0.000333
std 0.031373 0.019895 0.013898 0.024191 0.009746
min -0.541703 -0.095555 -0.077099 -0.105643 -0.076275
25% -0.012022 -0.010632 -0.007212 -0.015800 -0.004461
50% -0.001963 -0.000378 -0.000952 -0.002962 0.000312
75% 0.011556 0.009917 0.005162 0.011138 0.005153
max 0.171451 0.095310 0.088856 0.095538 0.077551

2.3 #IEFREIL

o BICRIREUREIAINIYA (726, 13), FTTERA(EFELE.
o REENE (BI5MIEE)
» PRI 3MREE (WERRHRK, ZRim{TIERm)
 EIRER: TREE
» BNFE: MNREE
» [EREFEE: TREE
» HEGHE: 3N REE
= jPi#300: 4NFEE
- FEEHERVERTEIMNHTRE (WFKEKME) . FLMRE, NMHEZIFREE.

1553 fmRtSiSadit

o IHEE. WEE. RE. BE
o WmERoMmELE (FEERHLZ)
o BIEFFHUE (XUHE)

o BEWEmERARE

o HEXRMEDHT



# 3.1 A MEZTE: A EE. RE. IBE

all ret_cols = [f'{sc} ret' for sc in stock_codes] + [f'{ic} ret' for ic in index_c

desc_stats = pd.DataFrame(index=all_ret_cols, columns=['J{&', 'tREE", '"RE', 'l&

for col in all_ret_cols:
desc_stats.loc[col, 'E"]
desc_stats.loc[col, 'tREZE"
desc_stats.loc[col, "RE']
desc_stats.loc[col, 'lEE"]

returns_df[col].mean()
= returns_df[col].std()
returns_df[col].skew()
returns_df[col].kurtosis()

n =

# EWIIF5IE

name_map_full = {**{f'{k} _ret': v for k, v in stock_name_map.items()},
**¥{f'{k}_ret': v for k, v in index_name_map.items()}}

desc_stats.index = [name_map_full.get(c, c) for c in desc_stats.index]

desc_stats = desc_stats.astype(float).round(6)

desc_stats

9E  REE RE IR
SEERME  -0.000081 0.031373 -6.752291 124.747536
{BEREZS  0.000603 0.019895 0489571  3.338585
S=MF4&  -0.000314 0.013898 0.938760  7.540893
PEEEFEE -0.001153 0.024191 0.552081 2.798688
HiEg$E  0.000333 0.009746 -0.191049  14.645285
AR300 0.000241 0.010726 0.249779  11.771380

3.1 ARSIt oSS
BRE/iEH A mEE  RE  BE
SERHY  -0.000081 0.031373 -6.75 124.75
{EE5EEZ  0.000603 0.019895 049 3.34
SMF4E  -0.000314 0.013898 0.94 7.54
BEE4RRE  -0.001153 0.024191 0.55 2.80
FiF4Rig  0.000333  0.009746 -0.19 14.65
JBZR300  0.000241 0.010726 025 11.77

* FIERFHIEEIIKRTFO, RPURZERSMEGRIEERFE (BYIESSM) .

o TEMNKRNIEESIX124.75, REN-6.75, RAGERRTKREE (KIETE) .
o [RERNORBKGEES AT,

o INEIERTSE: TREHMC > EELREE > BEREZD > [MFE > IFR300 > LiEGRE.

# 3.2 WmERBE: BHE + ZEMZE
fig, axes = plt.subplots(3, 2, figsize=(14, 15))
axes = axes.flatten()



plot_cols = [f'{sc} _ret' for sc in stock_codes] + [f'{ic}_ret' for ic in index_code
plot_names = [stock_name_map.get(sc, sc) for sc in stock_codes] + [index_name_map.g

for idx, (col, name) in enumerate(zip(plot_cols, plot_names)):

for

plt.
plt.
plt.

ax = axes[idx]

data = returns_df[col].dropna()

ax.hist(data, bins=60, density=True, alpha=0.6, color='steelblue', edgecolor="w
Xx_range = np.linspace(data.min(), data.max(), 200)

ax.plot(x_range, stats.norm.pdf(x_range, data.mean(), data.std()), 'r-', linewi
kde = gaussian_kde(data)

ax.plot(x_range, kde(x_range), 'g--', linewidth=2, label='#ZZE{&it")
ax.set_title(f'{name} HUWIENF"', fontsize=12)

ax.set_xlabel(' HUWZHZ")

ax.set_ylabel('ZRE")

ax.legend(fontsize=8)

ax.grid(True, alpha=0.3)

idx in range(len(plot_cols), len(axes)):
axes[idx].set_visible(False)

tight_layout()
savefig('task3_return_distribution.png', dpi=150, bbox_inches="tight")
show()
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In [9]: # 3.3 BYEFSIE: TRKENSKREKE =T (KHE)
fig, axes = plt.subplots(len(stock _codes), 1, figsize=(14, 16))

for i, sc in enumerate(stock_codes):
axl = axes[i]
stock_close = stock_pivot[sc].dropna()
axl.plot(stock_close.index, stock close.values, color='steelblue', linewidth=1.
axl.set_ylabel(f'{stock_name_map[sc]} WEMN(FT)', color='steelblue', fontsize=I
axl.tick_params(axis='y', labelcolor='steelblue")

ax2 = axl.twinx()

idx_close = index_pivot[ '000300.SH'].dropna()

ax2.plot(idx_close.index, idx_close.values, color='orangered', linewidth=1.0, a
ax2.set_ylabel('iFiR300 W SfI', color='orangered', fontsize=10)
ax2.tick_params(axis='y', labelcolor='orangered")



axl.set_title(f'{stock_name_map[sc]} 5 Fix3e0 WENKEIFY] (NiHE) ', fontsi:
axl.grid(True, alpha=0.3)

linesl, labelsl = axl.get_legend_handles_labels()
lines2, labels2 = ax2.get_legend_handles_labels()
axl.legend(linesl + lines2, labelsl + labels2, loc='upper left', fontsize=9)

plt.tight_layout()
plt.savefig('task3_timeseries.png', dpi=150, bbox_inches='tight")
plt.show()
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# 3.4 HRE: TREGIKZFS B8 @ F
fig, axes = plt.subplots(2, 2, figsize=(14, 12))
axes = axes.flatten()



BFE BEFEE

market_excess = '000300.SH_excess' # & F3001EN 175 E

for i, sc in enumerate(stock_codes):

ax = axes[i]

x = returns_df[market_excess]

y = returns_df[f'{sc} _excess']

ax.scatter(x, y, alpha=0.3, s=10, color='steelblue')

slope, intercept, r_value, p_value, std_err = stats.linregress(x, y)

x_line = np.linspace(x.min(), x.max(), 100)

ax.plot(x_line, intercept + slope * x_line, 'r-', linewidth=2,
label=f"'B={slope:.3f}, R2={r_value**2:.3f}")

ax.set_xlabel(' MiZBEIMNEER (FiR300) ')

ax.set_ylabel(f'{stock_name_map[sc]} BEANZEE")

ax.set_title(f'{stock_name_map[sc]} vs HiZHBHUWEE")

ax.legend(fontsize=10)

ax.grid(True, alpha=0.3)

plt.tight_layout()
plt.savefig('task3_excess_return_scatter.png', dpi=150, bbox_inches="tight")
plt.show()
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# 3.5 WX

ret_for_corr = returns_df[[f'{sc}_ret' for sc in stock_codes] + [f'{ic}_ret' for ic



ret_for_corr.columns = [stock_name_map.get(c.replace('_ret',"'"'), index_name_map.get

corr_matrix = ret_for_corr.corr()

print(corr_matrix.round(4).to_string())

# FALE
fig, ax = plt.subplots(figsize=(10, 8))
im = ax.imshow(corr_matrix.values, cmap='RdY1lBu_r', vmin=-1, vmax=1)
ax.set_xticks(range(len(corr_matrix.columns)))
ax.set_yticks(range(len(corr_matrix.columns)))
ax.set_xticklabels(corr_matrix.columns, rotation=45, ha='right")
ax.set_yticklabels(corr_matrix.columns)
for i in range(len(corr_matrix)):
for j in range(len(corr_matrix)):
ax.text(j, i, f'{corr_matrix.iloc[i, j]:.3f}', ha='center', va='center', fo
color="white' if abs(corr_matrix.iloc[i, j]) > 0.5 else 'black")
plt.colorbar(im, ax=ax, label='1HXZI{")
plt.title('WERFAEXRIANE", fontsize=14)
plt.tight_layout()
plt.savefig('task3_correlation_heatmap.png', dpi=150, bbox_inches="tight")
plt.show()

TR  EREH FNFE  EREEZE  LiisiE PR30

TERM  1.0000 ©.3285 0.3461 ©0.3737 0.4351 ©.5293
1EI5EEZS  ©.3285 1.0000 ©0.3666 0.3244 0.4558 0.5090
HMNFE 0.3461 0.3666 1.0000 0.3965 0.5765 0.6554
[RELEEE  ©.3737 0.3244 0.3965 1.0000 ©0.5985 0.6423

Filf45#8  ©0.4351 0.4558 0©.5765 ©.5985 1.0000 0.9551
JFR300 ©.5293 ©.5090 0.6554 0.6423 0.9551 1.0000
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MRWEER SIS KZIEUT??‘ ARIZEMIERXXR.
BMFESFRI00EXMRS (0.655) , ARERSKEFRARL.
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fiEREBetaRiFE N, #lTAlphaB&1
ITREICTHAS SRR

=R



# 4.1 OLS[E])7: MREEIK 7R ~ HIGEEMzE (Fx300)
market_excess_col = '000300.SH_excess'
capm_results = {}

for sc in stock_codes:
y = returns_df[f'{sc} _excess']
X = returns_df[market_excess_col]
X_const = sm.add_constant(X)

model = sm.OLS(y, X_const).fit()
capm_results[sc] = model

print("=" * 70)

print(f"CAPME]JILER — {stock_name_map[sc]} ({sc})")
print("=" * 70)

print(model.summary())

print()



Dep. Variable:
Model:

Method:

Date:

Time:

No. Observations:

Df Residuals:
Df Model:
Covariance Type:

300750.SZ_excess
oLS

Least Squares
Fri, 10 Apr 2026
22:05:11

726

724

1

nonrobust

const

-0.0004
1.5484

0.001
0.092

Omnibus:
Prob(Omnibus):
Skew:
Kurtosis:

1284.439
0.000
-11.195
235.429

R-squared: 0.280
Adj. R-squared: 0.279
F-statistic: 281.9
Prob (F-statistic): 1.11e-53
Log-Likelihood: 1603.0
AIC: -3202.
BIC: -3193.

t P>|t] [0.025

-0.420 0.674 -0.002

16.790 0.000 1.367
Durbin-Watson: 2.049
Jarque-Bera (JB): 1649371.502
Prob(JB): 0.00
Cond. No. 93.3

Notes:

[1] Standard Errors assume that the covariance matrix of the errors is correctly spe

cified.

Dep. Variable:
Model:

Method:

Date:

Time:

No. Observations:

Df Residuals:
Df Model:
Covariance Type:

600276.SH_excess
OLS

Least Squares
Fri, 10 Apr 2026
22:05:11

726

724

1

nonrobust

const

0.0004
0.9441

0.001
0.059

Omnibus:
Prob(Omnibus):
Skew:
Kurtosis:

103.900
0.000

R-squared: 0.259
Adj. R-squared: 0.258
F-statistic: 253.2
Prob (F-statistic): 4.13e-49
Log-Likelihood: 1923.2
AIC: -3842.
BIC: -3833.

t P>|t] [0.025 0.975]

0.585 0.559 -0.001 0.002

15.912 0.000 0.828 1.061
Durbin-Watson: 1.957
Jarque-Bera (JB): 578.474
Prob(JB): 2.43e-126

Cond. No. 93.3



Notes:

[1] Standard Errors assume that the covariance matrix of the errors is correctly spe

cified.

Dep. Variable: 600519.SH_excess R-squared: 0.430
Model: OLS Adj. R-squared: 0.429
Method: Least Squares F-statistic: 545.1
Date: Fri, 10 Apr 2026 Prob (F-statistic): 2.56e-90
Time: 22:05:11 Log-Likelihood: 2278.5
No. Observations: 726  AIC: -4553,
Df Residuals: 724  BIC: -4544.
Df Model: 1
Covariance Type: nonrobust

coef std err t P>|t]| [0.025 0.975]
const -0.0005 0.000 -1.357 0.175 -0.001 0.000
000300.SH_excess 0.8492 0.036 23.348 0.000 0.778 0.921
Omnibus: 96.048 Durbin-Watson: 1.937
Prob(Omnibus): 0.000 Jarque-Bera (JB): 627.950
Skew: 0.367 Prob(3JB): 4.39e-137
Kurtosis: 7.497 Cond. No. 93.3
Notes:

[1] Standard Errors assume that the covariance matrix of the errors is correctly spe

cified.

Dep. Variable: 601012.SH_excess  R-squared: 0.413
Model: OLS Adj. R-squared: 0.412
Method: Least Squares F-statistic: 508.5
Date: Fri, 10 Apr 2026 Prob (F-statistic): 1.06e-85
Time: 22:05:11 Log-Likelihood: 1865.4
No. Observations: 726  AIC: -3727.
Df Residuals: 724  BIC: -3718.
Df Model: 1
Covariance Type: nonrobust

coef std err t P>|t]| [0.025 0.975]
const -0.0015 0.001 -2.134 0.033 -0.003 -0.000
000300.SH_excess 1.4487 0.064 22.550 0.000 1.323 1.575
Omnibus: 113.532  Durbin-Watson: 2.042
Prob(Omnibus): 0.000 Jarque-Bera (JB): 330.835



Skew: 0.771  Prob(JB): 1.45e-72
Kurtosis: 5.926 Cond. No. 93.3

Notes:
[1] Standard Errors assume that the covariance matrix of the errors is correctly spe
cified.

# 4.2 JLECAPME]YTEERE
capm_summary = pd.DataFrame(columns=['Alpha(a)', 'Alpha_pf&', 'Beta(B)', 'Beta_pfE'
'Beta_t#iItE', 'R?2', 'REEE'])

for sc in stock_codes:

model = capm_results[sc]

capm_summary.loc[stock_name_map[sc]] = [
model.params|[ ‘const'],
model.pvalues[ 'const'],
model.params[market_excess_col],
model.pvalues[market_excess_col],
model.tvalues[market_excess_col],
model.rsquared,
np.sqrt(model.mse_resid)

]

capm_summary.round(6)

Alpha p Beta p Beta t#it ., REE
Alpha(a) & Beta(p) & = R =
T%?_% -0.000416 0.674358 1.548443 0.0 16.790064 0.280251 0.026635
Eiﬁ;% 0.000372 0.558516 0.944127 0.0 15.912020 0.259102 0.017136
) E
Z. -0.000529 0.175219 0.849161 0.0 23.348354 0.429537 0.010504
=
@Eg -0.001470 0.033152 1.448684 0.0 22.549608 0.412569 0.018555

4.2 BetaZHEF RN SAIphaZBEF DT
BetaZEfiFEE:

BRER Beta ESi5) aX
TR 1.5484 BB (B>1)  THiALEK1 %EITRER E3KEY1.55%, RAMNKE T
1BIREZS  0.9441 BB (B<1)  mhip EEK1%BIFRER_E3KL90.94%, RAMKET 7
SMFE 08492 [HEIE (B<1) miA LK1 %AIFAHA L3kE90.85%, RAMNIET %
PRESREE 1.4487 HIRE! (B>1) ™37 LK1 %AIFHEA Like91.45%, RAEMEXEET %



AlphaEBZ{HHIHR:

BRE Alpha p{E e

ﬁ

== = T vah=i =5 =A==

E‘|~

Bk

=0\ E = T =< 44—5,:4.‘,
[ m

BER 001470 00332 TEWR (p<005) , FERMEEMCE, BT CAPMIAL

IS RETE:

BRE= R? o3 F]

TREHME 02803 KR, BEFREMEENER
BiREZR 0.2591 BE, BEFEEHEEREOER
BMFE 04295 —f%, TREREEESEFKER
PEELREE 04126 —fr, AIREREESE R

# 4.3 CAPMAIUITE . MEICTTAIF b Mz F

# E(Ri1) = Rf + 61 * [E(Rm) - Rf]

rf_annual = rf_df['rf_annual pct'].mean() / 100 # FIIFHTEXFLFIE
market_annual_ret = returns_df[f'000300.SH ret'].mean() * 252 # FiFELKZE
market_premium = market_annual_ret - rf_annual # FIX [N

print (f"FEHEXTXEFIZE RFf = {rf_annual*100:.2f}%")
print(f"HIHENKKZEER (GFR300) E(Rm) = {market_annual_ret*100:.2f}%")
print(f"HIHXPLIEN [E(Rm)-RF] = {market_premium*100:.2f}%")

print()

for sc in stock_codes:
beta = capm_results[sc].params[market_excess_col]
expected_return = rf_annual + beta * market_premium
actual_return = returns_df[f'{sc} _ret'].mean() * 252
print(f" [{stock_name_map[sc]}] ")
print(f" Beta = {beta:.4f}")
print(f" CAPMIBICTIHAEWINEZR E(Ri) = {rf_annual*100:.2f}% + {beta:.4f} x {mar
print(f" LPREHUEZE = {actual_return*100:.2f}%")
print(f" ZE5 (Alpha®Z) = {(actual_return - expected_return)*100:.2f}%")
print()



TFENTREFIZE R = 1.50%
HIHENWEZER (FiR300) E(Rm) = 6.06%
HIAXBLEN [E(Rm)-RF] = 4.57%

|(GRENERY

Beta = 1.5484
CAPMIBICTRHAE (L URERZR E(Ri)
KIRFERREE = -2.05%
Z% (AlphaXiZ) = -10.62%

1.50% + 1.5484 x 4.57% = 8.57%

(1EHEZ)

Beta = 0.9441
CAPMIEILTIHAE LN ERZ E(Ri)
TIRERWEE = 15.21%
E5% (Alpha®i) = 9.40%

1.50% + 0.9441 x 4.57% = 5.81%

[BEMNFE]

Beta = 0.8492
CAPMIEILTIHAFE LN ZRZ E(Ri)
EPRENREER = -7.92%
=% (AlphaXfz) = -13.29%

1.50% + 0.8492 x 4.57% = 5.37%

(PEELREE

Beta = 1.4487
CAPMIEICTRHAEE (L ULZRZEE E(Ri) = 1.50
TIRENRREE = -29.05%

% (AlphaX¥iZ) = -37.16%

2

6 + 1.4487 x 4.57% = 8.11%

1555 RELWZHSIRN

o HEBEAE (ESHNR)

Q-QE (IEXH i)
Shapiro-Wilki&3&
RESHSENRE (RAEM)
Durbin-Watson&itE (BH8XiEIR)

# 5.1 HEEHE
fig, axes = plt.subplots(2, 2, figsize=(14, 10))
axes = axes.flatten()

for i, sc in enumerate(stock_codes):
ax = axes[i]
residuals = capm_results[sc].resid
ax.hist(residuals, bins=50, density=True, alpha=0.6, color='steelblue', edgecol
x_range = np.linspace(residuals.min(), residuals.max(), 200)
ax.plot(x_range, stats.norm.pdf(x_range, residuals.mean(), residuals.std()),

‘r-', linewidth=2, label='IE&#%")

ax.set_title(f'{stock name _map[sc]} CAPMEZZEESE"', fontsize=11)
ax.set_xlabel('7%ZE")
ax.set_ylabel('ZE")
ax.legend()
ax.grid(True, alpha=0.3)



In [16]:

plt.tight_layout()

plt.savefig('task5_residual_hist.png', dpi=150, bbox_inches='tight")

plt.show()
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# 5.2 Q-0

fig, axes = plt.subplots(2, 2, figsize=(14, 10))

axes = axes.flatten()

for i, sc in enumerate(stock_codes):

ax = axes[i]

residuals = capm_results[sc].resid
stats.probplot(residuals, dist="norm", plot=ax)
ax.set_title(f'{stock_name_map[sc]} CAPMiXZEQ-QE]', fontsize=11)

ax.grid(True, alpha=0.3)

plt.tight_layout()

plt.savefig('task5_qgq_plot.png', dpi=150, bbox_inches='tight')

plt.show()




Ordered Values

TR CAPMEZE0-0E

1BTHREET CAPMFRZQ-QE

0
01 wee

0.100 o

0.075

0.050

0.025 4

Ordered Values

-0.050 4

0.075 1

=0.100 q

0.000 4

=0.025 1

-3 -2 -1 0 1 2 3
Theoretical quantiles

BHFE CAPFEZ0-0E

-1 0
Theoretical quantiles

B ELFEE CAPMFRZ0-0E

1

stat, p_value =

sw_results

WititE pfE
ERME  0.524055 3.060384e-40
{BEREZ 0.943603 5.489726e-16
EHFE 0953249 2.061803e-14
BEELFEE 0.945148 9.515179%-16

# 5.4 ZRESHESENHRE (FHEMRR)
fig, axes =
axes = axes.flatten()

for i, sc in enumerate(stock_codes):
ax = axes[i]
model = capm_results[sc]
fitted = model.fittedvalues
residuals = model.resid

stats.shapiro(sample)
sw_results.loc[stock_name _map[sc]] = [stat, p_value]

plt.subplots(2, 2, figsize=(14, 10))

° ® 0.08 -I [ ]
0041 - 0,06
L]
-
0.02 4 0.04
g ;? 0.02
= 0.00 A =
g -§ 0.00 1
< .02 < oo
..
-0.04 e -0.04
..
-0.06 (1)
-0.06 y .
T T T T T T T —0.08 T T T T T
-3 -2 -1 a 1 2 3 -3 -2 -1 1 3
Theoretical quantiles Theoretical quantiles
# 5.3 Shapiro-wilkEZIEF25S
sw_results = pd.DataFrame(columns=['WItE", 'plE'])
for sc in stock_codes:
residuals = capm_results[sc].resid
sample = residuals.values[:5000] if len(residuals) > 5000 else residuals.values



ax.scatter(fitted, residuals, alpha=0.3, s=10, color='steelblue')
ax.axhline(y=0, color="red', linestyle='--', linewidth=1)
ax.set_xlabel('#IN&ME")

ax.set_ylabel('7&RE")

ax.set_title(f'{stock_name_map[sc]} 7%ZE vs IE{E', fontsize=11)
ax.grid(True, alpha=0.3)

# Breusch-PaganZ7HE18

X_const = sm.add_constant(returns_df[market_excess col])

bp_stat, bp_p, _, _ = het_breuschpagan(residuals, X_const)

ax.text(0.02, 0.98, f'BPHiit=={bp_stat:.2f}\npfBE={bp_p:.4f}",
transform=ax.transAxes, verticalalignment='top', fontsize=9,
bbox=dict(boxstyle="round', facecolor="'wheat', alpha=0.8))

plt.tight_layout()
plt.savefig('task5_residual_vs_fitted.png', dpi=150, bbox_inches='tight")
plt.show()

THERR HE vs LAE BIRES HE vs BIEH

PHITED 02 0100 T fepgsim— 15
0.1 1 |pE=0. 8282 piE=0. 2841
0.075 1

0.050

0.025 1

ﬁ 0.2 1 ﬁ 0.000
-0.025
0.3
~0.050
0.4
~0.075
0.5
~0.100
T T T T T T T T T T T T T
-0.10 -0.05 0.00 0.05 0.10 -0.06 .04 -0.02 0.00 0.02 0.04 0.06 0.08
HeE HeE
FNFE HE vs HEHE TRt BE vs WIS

0.06 7 (@t @=51 30 BPHHE=] 10
p{8=0. 0000 0.8 4 letE=0 1925

o
.*ﬁ"?&‘ o 5 002 At
3 Ty
ﬁ 0.00 ,'1%1' ﬁ Lo
i o e N 0.00 4 >
s 7 b ‘0'
- B
f Sl
.02 -0.02 TR
-0.04 0.04
-0.06
-0.06
. T . T . . : -0.08 T : : . T
-0.06 .04 002 000 0.02 004 006 010 .05 0.00 005 010
HeE HeE

# 5.5 Durbin-WatsonZitE (EIEXIVI)
dw_results = pd.DataFrame(columns=['DWZIt="])
for sc in stock_codes:

residuals = capm_results[sc].resid

dw = durbin_watson(residuals)

dw_results.loc[stock_name_map[sc]] = [dw]

dw_results




DW#itE
SERME  2.048754
fBIREZ  1.957310
S=MFEE 1.937405
BEEZREE 2.042245

{£555 &BNZIEIS
(1) IEFMHEIE (Shapiro-Wilk) :
BBE WHitE plE Zie
TR 05241  0.0000 3E48HO, PREARRMIESSTH
1BIGEZ  0.9436 0.0000 #E4#2HO, “XEARMESDTH

=MFEES 09532 0.0000 1E4EHO, BERRMESS
EELREE 09451  0.0000 IE48HO, TEEARMIESHT

PSR ERRICAPMILZEIIRERMIES ST (pEINT0.05) . XESRMEERREL, I
nXEEEARIEERIHE. MEEESEMQ-QEFTBAIEREEEHREXIALAIIR.

(2) BBZEMIRIE (Breusch-Pagan) :

Breusch-Pagant@iG4ER WAESHIGERREINE. GpE<0.0SNEFESSENE, FES
OLStmHEERAYRT St

(3) BtBX%t&3& (Durbin-Watson) :
BEZE  DWHitE Zie
TR 2.0488 DW = 2, BREBEANFEBHEX, HEOLSERIR
fEREZ  1.9573 DW = 2, HEEARFFEBEX, HEOLSEIR

=MFE 1.9374 DW » 2, BEEAAFEBREX, HEOLSRIR
PEELREE 2.0422 DW = 2, REEAFFEEHEX, WEOLSEKRIR

PSZARRRIDWEETH BI9iRIA2, RIARERFEREBEX, HEOLSHFAIRIMRIR.

{F536: Fama-French=FFERE SYTIEY,
FECAPMELY FE AT ESIEET. (SMB) FIKEBELET (HML) -
E(R,) — Rf =q; + ﬂl(Rm - Rf) + By - SMB+ B3- HML + ¢

o SREV/EEIE=[FFEIE



o ENEITEMERETEE
* SCAPMBYRZFHITIIEL
o EFHE

# 6.1 BEIE=[RXFIAEH S H 2 mt R EHENE
print("=FEFEHIEFIZ:", ff_df.columns.tolist())
print(ff_df.head())

print(f"\n#3EAIK: {ff_df.shape}")
print(f"\nEFERESIT: ")

print(ff_df[[ 'mkt_rf', 'smb', 'hml']].describe())

=EFEIEFIR: ['trade_date', 'mkt_rf', 'smb', 'hml']
trade_date mkt_rf smb hml

0 2023-01-04 0.001298 -0.001876 0.012702
1 2023-01-05 0.019241 -0.009543 -0.008752
2 2023-01-06 0.003097 -0.002706 -0.004487
3 2023-01-09 0.008064 -0.003550 ©0.002978
4 2023-01-10 0.001084 0.000285 -0.016825

PUEAR: (726, 4)

EFER 1t

mkt_rf smb hml
count 726.000000 726.000000 726.000000
mean 0.000241 0.000071 -0.000233
std 0.010726 0.006501 0.013340
min -0.073123 -0.032792 -0.124278
25% -0.005363 -0.003633 -0.006560
50% -0.000167 0.000372 0.000400
75% 0.005269 0.003832 0.007558
max 0.081420 0.051673 0.077425

# 6.1(4) EH=RFHIETIN e FHEE
ff_merge = ff_df[['trade_date', 'smb', 'hml']].copy()
ff_merge = ff_merge.set_index('trade_date')

# S#ZEreturns_df

returns_with_ff = returns_df.merge(ff_merge, left_index=True, right_index=True, how
returns_with_ff = returns_with_ff.dropna()

print(f"&HEHIEFIR: {returns_with_ff.shape}")

print(returns_with ff[['smb', "hml']].describe())

BHEBIERAR: (726, 15)

smb hml
count 726.000000 726.000000
mean 0.000071 -0.000233
std 0.006501 0.013340
min -0.032792 -0.124278
25% -0.003633 -0.006560
50% 0.000372 0.000400
75% 0.003832 0.007558
max 0.051673 0.077425

# 6.2 Fama-French=[FF1230])7
ff3_results = {}



for sc in stock_codes:
y = returns_with_ff[f'{sc}_excess']
X = returns_with_ff[[market_excess_col, "smb', "hml']]
X_const = sm.add_constant(X)

model = sm.OLS(y, X_const).fit()
ff3_results[sc] = model

print("=" * 70)

print(f"Fama-French=FEF1RE[E])FLER — {stock_name_map[sc]} ({sc})")
print("=" * 70)

print(model.summary())

print()



Dep. Variable:
Model:

Method:

Date:

Time:

No. Observations:

Df Residuals:
Df Model:
Covariance Type:

300750.SZ_excess
oLS

Least Squares
Fri, 10 Apr 2026
22:05:16

726

722

3

nonrobust

R-squared:

Adj. R-squared:
F-statistic:

Prob (F-statistic):

143.2
7.98e-73
1653.1
-3298.
-3280.

const

smb

Omnibus:
Prob(Omnibus):
Skew:
Kurtosis:

1465.751
0.000
-14.831
332.652

Log-Likelihood:

AIC:

BIC:

t P>|t]

-0.500 0.617
9.226 0.000
-7.881 0.000
-9.988 0.000

Durbin-Watson:

Jarque-Bera (JB):
Prob(JB):
Cond. No.

2.039

0.00

Notes:

cified.

Dep. Variable:
Model:

Method:

Date:

Time:

No. Observations:

Df Residuals:
Df Model:
Covariance Type:

600276 .SH_excess
oLS

Least Squares
Fri, 10 Apr 2026
22:05:16

726

722

3

nonrobust

R-squared:

Adj. R-squared:
F-statistic:

Prob (F-statistic):

89.59
2.72e-49
1929.2
-3850.
-3832.

const

smb

Omnibus:
Prob(Omnibus):

104.471
0.000

Log-Likelihood:

AIC:

BIC:

t P>|t]

0.557 0.578
10.825 0.000
-0.822 0.412
-3.245 0.001

Durbin-Watson:

Jarque-Bera (JB):

1.969
618.775



Skew:
Kurtosis:

0.474

7.422

Prob(JB):
Cond. No.

4.31e-135
208.

Notes:

cified.

Dep. Variable:
Model:

Method:

Date:

Time:

No. Observations:

Df Residuals:
Df Model:
Covariance Type:

600519.SH_excess
oLS

Least Squares
Fri, 10 Apr 2026
22:05:16

726

722

3

nonrobust

R-squared:
Adj. R-squared:
F-statistic:

Prob (F-statistic):

const

smb

Omnibus:
Prob(Omnibus):
Skew:
Kurtosis:

Log-Likelihood:

AIC:

BIC:

t P>|t]

-1.365 0.173
26.231 0.000
-4.935 0.000
6.597 0.000

Durbin-Watson:

Jarque-Bera (JB):
Prob(JB):
Cond. No.

0.530
0.528
271.7
5.44e-118
2349.0
-4690.
-4672.
[0.025 0.975]
-0.001 0.000
9.997 1.159
-0.467 -0.201
0.183 0.338
1.862
367.745
1.40e-80
208.

Notes:

[1] Standard Errors assume that the covariance matrix of the errors is correctly spe

cified.

Dep. Variable:
Model:

Method:

Date:

Time:

No. Observations:

Df Residuals:
Df Model:
Covariance Type:

601012.SH_excess
oLS

Least Squares
Fri, 10 Apr 2026
22:05:16

726

722

3

nonrobust

R-squared:
Adj. R-squared:
F-statistic:

Prob (F-statistic):

206.2
1.38e-96
1897.0
-3786.
-3768.

coef std err

Log-Likelihood:
AIC:
BIC:
t P>|t]

[0.025 0.975]



const -0.0015 0.001 -2.310 0.021 -0.003 -0.000

000300.SH_excess 1.1423 0.077 14.912 0.000 0.992 1.293
smb 0.2811 0.126 2.226 0.026 0.033 0.529
hml -0.3783 0.074 -5.140 0.000 -0.523 -0.234
Omnibus: 152.222  Durbin-Watson: 2.036
Prob(Omnibus): 0.000 Jarque-Bera (JB): 509.911

Skew: 0.979  Prob(JB): 1.88e-111
Kurtosis: 6.609 Cond. No. 208.
Notes:

[1] Standard Errors assume that the covariance matrix of the errors is correctly spe
cified.

# 6.3 CAPM vs Fama-French=[FF12% R2 XftL
comparison = pd.DataFrame(columns=["'CAPM_R2', 'FF3_R2', 'R2#gH', 'CAPM_Adj R2', 'F

for sc in stock_codes:
name = stock_name_map[sc]
capm_r2 = capm_results[sc].rsquared
ff3_r2 = ff3_results[sc].rsquared
capm_adj_r2 = capm_results[sc].rsquared_adj
ff3_adj_r2 = ff3_results[sc].rsquared_adj
comparison.loc[name] = [capm_r2, ff3_r2, ff3_r2 - capm_r2, capm_adj_r2, ff3_adj

print(comparison.round(4).to_string())

# BIRIIERTEE

fig, ax = plt.subplots(figsize=(10, 6))

X = np.arange(len(comparison))

width = 0.35

barsl = ax.bar(x - width/2, comparison['CAPM_R2'], width, label='CAPM R2?', color='s
bars2 = ax.bar(x + width/2, comparison['FF3_R2?'], width, label="FF3 R2?', color='ora

ax.set_ylabel('R2")

ax.set_title('CAPM vs Fama-French=FF1E% R2 Itkb', fontsize=14)
ax.set_xticks(x)

ax.set_xticklabels(comparison.index, fontsize=11)
ax.legend(fontsize=12)

ax.grid(True, alpha=0.3, axis='y")

for bar in barsl:
ax.text(bar.get_x() + bar.get width()/2., bar.get_height() + ©.005,
f'{bar.get_height():.3f}"', ha="center', va='bottom', fontsize=9)
for bar in bars2:
ax.text(bar.get_x() + bar.get_width()/2., bar.get_height() + ©.005,
f'{bar.get_height():.3f}', ha='center', va='bottom', fontsize=9)

plt.tight_layout()
plt.savefig('task6_r2_comparison.png', dpi=150, bbox_inches="tight")
plt.show()



In [24]:

CAPM_R2 FF3_R2 R23ZF+ CAPM_Adj_R2 FF3_Adj_R2

TERA  0.2803 ©.3731 0.0929 0.2793 0.3705
BIREZ  0.2591 0.2713 0.0122 0.2581 0.2683
|MNFE  0.4295 0.5303 0.1007 0.4287 0.5283
[BELEBE  0.4126 ©.4614 ©0.0489 0.4118 0.4592

CAPM vs Fama—French=[FTF1&E%! R[] *ft:

0.5 1

0.530

TR

# 6.4 FFRILEE
summary = pd.DataFrame(columns=['Alpha(a)', 'a_pfE', 'B1(MKT)', 'MKT pf&',
'B2(SMB)', 'SMB pfE', 'B3(HML)', 'HML_pfE', 'R

££3_

for

sc in stock_codes:

model = ff3_results[sc]
name = stock_name_map[sc]
params = model.params
pvals = model.pvalues

ff3_summary.loc[name] = [
params[ 'const'], pvals['const'],
params[market_excess_col], pvals[market_excess_col],
params[ 'smb"], pvals['smb'],
params[ "hml"], pvals['hml'],
model.rsquared

]

f£3_summary.round(6)

s CAPM RLJ
s FF3 RO

0. 461




Alpha(a) o p{E B1(MKT)

& & ai dt

o R e i

TR RR D= e

6.3 CAPM vs FF3 #2284 R? 33t 1T

-0.000462 0.617353 0.988792

0.000352 0.577836 0.793211

-0.000484 0.172614 1.077990

-0.001526 0.021145 1.142274

BIRZE  CAPM R? FF3R?

FERHM  0.2803
1BIREZ  0.2591
BMNFEE 04295

pEELREE 04126

0.3731
0.2713
0.5303
0.4614

MKT p

=]

B2(SMB)

SMB p
=]

HML p

B3(HML) B

0.0 -1.392506 0.000000 -1.028530 0.00000

0.0 -0.099260 0.411531 -0.228422 0.00123

0.0 -0.334367 0.000001 0.260462 0.00000

0.0 0.281147 0.026299 -0.378274 0.00000

RAEFH
0.0929
0.0122
0.1007
0.0489

i
FR3tREYERE N BEMRTFCAPM
FF3RELRRESIREHETFCAPM
FFRAYER H BERFCAPM
FF3fRAYERE DT CAPM

o MBREN=EFEERAYFTCAPM, A5 NSMBIIHMLEFEEEMEENBTIE

3:'_

o [MFERTTEKX (+0.1007) , =FEFRIAFI0.53, RIAFHEMINMERFXIF KT

BRGEEREN.

o FREREFERES (+0.0929) , MO0.2852FFI0.37,
o {EIRELGRET R (+0.0122) , RATVIEFIEBRENER, JEFESINTIEF

o
=Jo

6.4 R FEREZFENHE

FRERM:

e B1(MKT) = 0.9888: RBREZEMEHIZMILHEIE.

e B2(SMB) = -1.3925 (p=0.0000) : BEAR, RB%XKRBW@ESKERINVIER

X, FREGAHERRE, FEG/NER@N.

e B3(HML) = -1.0285 (p=0.0000) : BEAG, RHXKREEERRIKBIFE (EKES

BEY) |, (RAIBGIKELXIAS.



BIREZ:

e B1(MKT) = 0.7932: RELAEZMHIZXEHI.
e B2(SMB) = -0.0993 (p=0.4115) : RBE, SMBREFIHZIEMGZRAIEREIKEE.
e B3(HML) = -0.2284 (p=0.0012) : EFAR, RINXREZEEKRIKIASIE, RRMAIK

BN,
SMNFEE:

e B1(MKT) = 1.0780: REREFMHIAXEHN.

* B2(SMB) = -0.3344 (p=0.0000) : BEARA, HHZRERNEGAHERSE, TR
BINEREN.

* B3(HML) = 0.2605 (p=0.0000) : RFEMIE, HIBZREESMERIST (SKET
Ett) | RRETMNMEEN FIREE.

PEE&ZEE:

o B1(MKT) = 1.1423: RBERFMETIZXSHO.

e B2(SMB) = 0.2811 (p=0.0263) : BEAIE, RIZIRERERS/INEIRZINIEH
x, BARNERIGINHLE.

e B3(HML) = -0.3783 (p=0.0000) : REFHRA, RFXREEFHIKBRISIE, REAK
RIS,

B4 4

IoNeO

Fama-French=FF&EUEII5|IASMB (MEREF) FOHML (IMEETF) , ECAPMEREF
EHifl FIRETELEIIXEENIELE. =EFEEIEEeE FIF iR N RIS REmE
%, TEXTEEIEESMESRENERMNAIRE, RREGREIRTT.



