import pandas as pd

import numpy as np

import matplotlib.pyplot as plt

from sklearn.linear model import LinearRegression
from sklearn.metrics import r2 score

from sklearn.preprocessing import StandardScaler

data path = "dataset 2task final.csv"
data = pd.read csv(data path)
data.head()

landmarks_n map_quality rent_cost route_rating

o 107.450712 12.224891 3.175834 116.521789
1 97.926035 13.715135 2.986853 104.642491
2 109.715328 7.688631 1.768171 106.745418
3 122.845448 12.268211 0.667700 124.682481
4 96.487699 8.523100 2.803592 100.959460

fig, axes = plt.subplots(l, 4)

for i, col in enumerate(["landmarks n", "map quality", "rent cost", "route rat
axes[i].hist(data[col], bins = 20, color = "cornflowerblue")
axes[i].set title(col)

plt.tight layout()
plt.show()
data.corr() ["route rating"].sort values(ascending=False)
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route rating 1.000000

landmarks n 0.909559
map _quality 0.387550
rent cost -0.437450

Name: route rating, dtype: float64

Ncxoasa U3 3HaYeHUn, MOXKHO NOHATL, 4To landmarks_n oka3biBaeT Hanbosnbluee
BANSHUE Ha route_rating, U3 3Toro cnenyeT, YTO KOJINYECTBO YHUKaNbHbIX
NPUPOAHBLIX N NCKYCCTBEHHbIX AOCTONMPUMEeYaTeNbHOCTEN Ha MapLupyTe
Hanbonblle BANSET Ha PENTUHI TYPUCTUYECKOro MapLupyTa.

from statsmodels.api import OLS, add constant

X1 = data[["map quality"]]
X2 = data[["map quality", "landmarks n"]]
X3 = data[["map quality", "landmarks n", "rent cost"]]

Y = data[["route rating"]]
models = []

for X in [X1, X2, X31:
Xc = add_constant(X)
model = OLS(Y, Xc).fit()
models.append(model)



for i, m in enumerate(models):
print(f"Mogens {i + 1}")
print(m.summary())



Mopenb 1

OLS Regression Results

Dep. Variable: route rating R-squared: 0.150
Model: OLS Adj. R-squared: 0.148
Method: Least Squares F-statistic: 88.02
Date: Sun, 23 Nov 2025 Prob (F-statistic): 2.29%e-19
Time: 11:19:03 Log-Likelihood: -1932.4
No. Observations: 500 AIC: 3869.
Df Residuals: 498 BIC: 3877.
Df Model: 1
Covariance Type: nonrobust

coef std err t P>|t]| [0.025 0.975]
const 82.2426 2.610 31.506 0.000 77.114 87.371
map_quality 2.3840 0.254 9.382 0.000 1.885 2.883
Omnibus: 0.511 Durbin-Watson: 1.979
Prob(Omnibus): 0.775 Jarque-Bera (JB): 0.621
Skew: -0.033 Prob(JB): 0.733
Kurtosis: 2.840 Cond. No. 52.3
Notes:

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

y specified.
Mopenb 2

OLS Regression Results

is correctl

Dep. Variable: route rating R-squared: 0.844
Model: OLS Adj. R-squared: 0.844
Method: Least Squares  F-statistic: 1348.
Date: Sun, 23 Nov 2025 Prob (F-statistic): 1.77e-201
Time: 11:19:03 Log-Likelihood: -1508.0
No. Observations: 500 AIC: 3022.
Df Residuals: 497 BIC: 3035.
Df Model: 2
Covariance Type: nonrobust

coef std err t P>|t] [0.025 0.975]
const 23.6367 1.673 14.125 0.000 20.349 26.924
map _quality 0.8391 0.114 7.380 0.000 0.616 1.062
landmarks n 0.7409 0.016 47.080 0.000 0.710 0.772
Omnibus: 1.740 Durbin-Watson: 2.016
Prob(Omnibus): 0.419 Jarque-Bera (JB): 1.616
Skew: -0.047 Prob(JB): 0.446
Kurtosis: 3.262 Cond. No. 768.
Notes:

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

is correctl



y specified.
Mopenb 3

OLS Regression Results

Dep. Variable: route rating R-squared: 0.847
Model: OLS Adj. R-squared: 0.846
Method: Least Squares F-statistic: 912.1
Date: Sun, 23 Nov 2025 Prob (F-statistic): 2.15e-201
Time: 11:19:03 Log-Likelihood: -1504.5
No. Observations: 500 AIC: 3017.
Df Residuals: 496 BIC: 3034.
Df Model: 3
Covariance Type: nonrobust

coef std err t P>|t] [0.025 0.975]
const 26.7211 2.026 13.190 0.000 22.741 30.702
map_quality 0.8608 0.113 7.598 0.000 0.638 1.083
landmarks n 0.7201 0.017 41.238 0.000 0.686 0.754
rent cost -0.5842 0.219 -2.666 0.008 -1.015 -0.154
Omnibus: 1.985 Durbin-Watson: 2.017
Prob(Omnibus): 0.371 Jarque-Bera (JB): 1.843
Skew: -0.076  Prob(JB): 0.398
Kurtosis: 3.256  Cond. No. 938.

Notes:

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

y specified.
Ona monenn 1 ceoboaHbin YneH 82.2426, t - 31.506, p-value = 0 OueHka npu
map_quality - 2.3840, t - 9.382, p-value = 0 ns mogenu 2 ceobogHbIN YneH
23.6367, t - 14.125, p-value = 0 OueHka npu map_quality - 0.8391, t - 7.380, p-
value = 0 OueHka npu landmarks_n - 0.7409, t - 47.080, p-value = 0 Ona mogenn
3 cBoOOAHbIN YneH 26.7211, t - 13.190, p-value = 0 OueHka npmn map_quality -
0.8391, t - 7.380, p-value = 0 OueHka npu landmarks _n - 0.7201, t - 41.238, p-
value = 0 OueHka npu rent_cost - -0.5842, t - -2.666, p-value = 0.008 na Kaxaon
MoAenn KoauumMeHTbl 3Ha4YMMbl MOTOMY 4TO p-value < 0.05

for i, m in enumerate(models):
print(f"Mopgens {i + 1}: R"2 = {m.rsquared:.3f}")
print(m.params)



Mopens 1: R™2 = 0.150
const 82.242584
map_quality 2.384038
dtype: float64

Mogenb 2: R™2 = 0.844

const 23.636690
map_quality 0.839073
landmarks n 0.740858

dtype: float64

Mopenb 3: R™2 = 0.847
const 26.721100
map _quality 0.860822
landmarks n 0.720146
rent cost -0.584217
dtype: float64

3HaveHuns koapdunumeHToB b0 n bl namensercsa npm nobaBneHUN HOBbIX
MepemMeHHbIX B MoAenb. B nepeo mogenm KospuumnMeHT nosyyvyaeTcs
MaKCuMabHbIM = 2.384038 BoO BTOPOW PENTUHI MEHbLUE, TakK Kak MapamMeTpoB

6osnblie B TpeTenn Mmoaenm KO3PULUNEHTbI HEMHOFO KOPPEKTUPYETCS U
map_quality ctaHoBuTCa 0.860822.

scaler = StandardScaler()

Xs = scaler.fit transform(data[["map quality", "landmarks n", "rent cost"]])
Xstdl = Xs[:,[0]1]

Xstd2 = Xs[:,[0, 1]]

Xstd3 = Xs

Y = data[["route rating"]]
models std = []

for X in [Xstdl, Xstd2, Xstd3]:
Xc = add constant(X)
model = OLS(Y, Xc).fit()
models std.append(model)

for i, m in enumerate(models std):
print(f"Mopenb {i + 1}: ")
print(m.summary())



Mopenb 1:

OLS Regression Results

Dep. Variable: route rating R-squared: 0.150
Model: OLS Adj. R-squared: 0.148
Method: Least Squares F-statistic: 88.02
Date: Sun, 23 Nov 2025 Prob (F-statistic): 2.29%e-19
Time: 11:38:11  Log-Likelihood: -1932.4
No. Observations: 500 AIC: 3869.
Df Residuals: 498 BIC: 3877.
Df Model: 1
Covariance Type: nonrobust

coef std err t P>|t]| [0.025 0.975]
const 106.2469 0.517 205.454 0.000 105.231 107.263
x1 4.8516 0.517 9.382 0.000 3.836 5.868
Omnibus: 0.511 Durbin-Watson: 1.979
Prob(Omnibus): 0.775 Jarque-Bera (JB): 0.621
Skew: -0.033 Prob(JB): 0.733
Kurtosis: 2.840 Cond. No. 1.00
Notes:
[1] Standard Errors assume that the covariance matrix of the errors is correctl
y specified.
Mopenb 2:

OLS Regression Results

Dep. Variable: route rating R-squared: 0.844
Model: OLS Adj. R-squared: 0.844
Method: Least Squares  F-statistic: 1348.
Date: Sun, 23 Nov 2025 Prob (F-statistic): 1.77e-201
Time: 11:38:11  Log-Likelihood: -1508.0
No. Observations: 500 AIC: 3022.
Df Residuals: 497 BIC: 3035.
Df Model: 2
Covariance Type: nonrobust

coef std err t P>|t] [0.025 0.975]
const 106.2469 0.222 479.585 0.000 105.812 106.682
x1 1.7075 0.231 7.380 0.000 1.253 2.162
X2 10.8936 0.231 47.080 0.000 10.439 11.348
Omnibus: 1.740 Durbin-Watson: 2.016
Prob(Omnibus): 0.419 Jarque-Bera (JB): 1.616
Skew: -0.047 Prob(JB): 0.446
Kurtosis: 3.262 Cond. No. 1.35
Notes:

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



y specified.
Mopenb 3:

OLS Regression Results

Dep. Variable: route rating R-squared: 0.847
Model: OLS Adj. R-squared: 0.846
Method: Least Squares F-statistic: 912.1
Date: Sun, 23 Nov 2025 Prob (F-statistic): 2.15e-201
Time: 11:38:11  Log-Likelihood: -1504.5
No. Observations: 500 AIC: 3017.
Df Residuals: 496 BIC: 3034.
Df Model: 3
Covariance Type: nonrobust

coef std err t P>|t] [0.025 0.975]
const 106.2469 0.220 482.524 0.000 105.814 106.680
x1 1.7518 0.231 7.598 0.000 1.299 2.205
X2 10.5891 0.257 41.238 0.000 10.085 11.094
X3 -0.6570 0.246 -2.666 0.008 -1.141 -0.173
Omnibus: 1.985 Durbin-Watson: 2.017
Prob(Omnibus): 0.371 Jarque-Bera (JB): 1.843
Skew: -0.076  Prob(JB): 0.398
Kurtosis: 3.256  Cond. No. 1.77

Notes:

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

y specified.
B nepBont mogenn R™2 = 0.150 3T0 HM3KOEe 3Ha4YeHne, Tak Kak B MOLESIN Mbl
yyYnTbiBaeM anwb 1 npu3Hak. Bo BTopon mogenn R™2 = 0.844 Takon pe3kuin pocT
obbsicHAETCS TeM, 4YTO Y Hac cTaJslo B ABa pa3a bosblwe napaMeTpos, NpY 3TOM
HOBbIV MapaMeTp UMeeT CUJIbHYIO CBA3b C PENTUHIOM. B TpeTen mogenn R™2 =
0.847 B TpeTen mogenu KBagpaT MNOYTM HE OT/INYAETCH OT BTOPOro, npuynHa
3TOMY B TOM, 4TO rent_cost He CMNbHO BANAET Ha PENTUHT.

for i, m in enumerate(models std):
print(f"Mogens {i + 1}: R"2 = {m.rsquared}")
print(m.summary())

OTBeT Ha NYHKT 5 cM Bbiwwe. (N0 aHaornMm C NyHKTOM 2)

np.random.seed(42)
for i in range(100):
data[f"rand {i}"] = np.random.normal(size=1len(data))

X all = data.drop(columns=["route rating"l)
Y = data["route rating"]
Xc = add constant(X all)



model all = OLS(Y, Xs).fit()
print(model all.summary())

OLS Regression Results

Dep. Variable: route rating R-squared (uncentered):
0.012
Model: OLS Adj. R-squared (uncentered):
0.006
Method: Least Squares F-statistic:
1.943
Date: Sun, 23 Nov 2025 Prob (F-statistic):
0.122
Time: 11:48:49  Log-Likelihood:
-3042.9
No. Observations: 500 AIC:
6092.
Df Residuals: 497 BIC:
6104.
Df Model: 3
Covariance Type: nonrobust

coef std err t P>|t| [0.025 0.975]
x1 1.7518 4.996 0.351 0.726 -8.064 11.568
X2 10.5891 5.564 1.903 0.058 -0.342 21.520
x3 -0.6570 5.339 -0.123 0.902 -11.146 9.832
Omnibus: 1.985 Durbin-Watson: 0.004
Prob (Omnibus): 0.371  Jarque-Bera (JB): 1.843
Skew: -0.076  Prob(JB): 0.398
Kurtosis: 3.256  Cond. No. 1.77
Notes:

[1] R2 is computed without centering (uncentered) since the model does not cont
ain a constant.
[2] Standard Errors assume that the covariance matrix of the errors is correctl
y specified.
C:\Users\sie22\AppData\Local\Temp\ipykernel 16032\1229722133.py:3: PerformanceW
arning: DataFrame is highly fragmented. This is usually the result of calling
“frame.insert® many times, which has poor performance. Consider joining all co
lumns at once using pd.concat(axis=1) instead. To get a de-fragmented frame, us
e newframe = frame.copy()"

data[f"rand {i}"] = np.random.normal(size=len(data))

OTBeT Ha 9 Bbile, Nocse gobaBneHmnsa cnyv4anmHbix CTon6LOB BUONUM N3MEHEHNE

R™2 1 oTCyTCTBME 3aBUCMMOCTU KO3(hpuruneHToB MeTpmnKn Moaenmn yxynLatTCs.

OTBeT Ha 6: lNpwn cTaHgapTM3aLUMK BCE NMPU3HaKN NPMBOAATCA K cpegHeMy 0 n
CTaHOapPTHOMY 1 OTKJIOHEHMIO, KO3(ULUNEHTbI Tenepb NOKa3biBalOT HAaCKOJIbKO



N3MEHUTCA PENTUHI NMPU U3MEeHEeHUN NpU3Haka Ha 1 KBaapaTUYHYO eauHMLY

OTBeT Ha 7: 3Ha4YeHne R™2 gna mogesen Ha NCXO4HbIX N CTaHOAPTU3MPOBAHHbIX
OaHHbIX COBMAatoT. 3TO M3-3a TOro, 4TO MEHSAETCA MO CYTU TOJNIbKO MacwTab
MHTepnpuTaunm Ko3mMULMNEHTOB, HO HE Ka4eCTBO MOLESN.

OTBeT Ha 8: MNMpu pobasneHnn nepemeHHon landmarks_n, BaMsHue map_quality Ha
PENTUHI MOHU3WJIOCb, CBSA3AHO 3TO C TEM, 4YTO Ternepb y HacC NnosBuaach ewe oaHa
rnepemMeHHas, BANAIOLLAA Ha PENTUHI, U PENTUHI Tenepb eLle 3aBUCUT OT
landmarks_n.



