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Abstract: The change of house price is a common phenomenon. People are eager to grasp the law of house price to become the
winner of real estate investment. This paper uses Boston house price data to explore the relationship between Boston house price
and which independent variables. This paper uses linear regression model to construct the relationship between housing prices
and crime rate in Boston. First, the classical linear model is adopted. Then we do the collinearity test, removing the lever point
and other operations, the residual of the model still does not conform to the normal distribution, so the classical linear model
cannot describe the data very well. Then, we add the quadratic term and the cross term, and use the method of stepwise regression
to get the optimal regression autoregressive quantum set. After removing the leverage point and significance test, we found that
the residual distribution was approximately normal. It shows that the improved model has well described the law of data. Finally,
according to the data, the main conclusions are as follows: house price and tax rate, index close to the highway and index close to
the city center are inversely correlated, which is positively correlated with the number of rooms, the proportion of teachers and
students, and whether it is close to the Charles River. In addition, the concentration of nitric oxide, the proportion of low-end
population and crime rate also have a certain relationship with housing prices.
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AR KLU — TN (PRICE) , HAER
134, B

CRIM : A 29I FEF,

ZN: 12 € H#:225000 sq.fi. 69 /o

INDUS : J#IFRAE B LR 65,

CHAS: R TETFF (W BLZRETR, WHI;
FH#40) o

NOX: — AR K.

RM: 1£%-FH 5 H#.

AGE : 1940-FZ 5] & 69 B ] 5 £ 1 7)o

DIS : Z]% 241 Z AN & X, 69 92 X FE 5 o

RAD : #5511# s\54 69 #2753 o

TAX: 4 10000 #7492 180 % %,

PTRATIO : # 2T 4 H 1o

B: 1000 (Bk-0.63) "2, K ¥ Bk #5/K44#E # B4
K,

LSTAT: A & FrL2 /8 F #6554,

AT TR TR s A A A XA R R R R, B
TR F 2R [ AR A DA FLAT AR AR AR o S At AR ) A Jig v
DLIEW R s A S RGNy =X8+¢,

e~N (0, 021) o IXAMFRLAE — 26 LY i B 4% T v] DA 28 Hb
SN [ AR B AR AR B 2R 1 5 R B K 2 B L N R
TR ZE e TR B AL R AN . Rk, Sibx
TG AR : ¥ = XB + ¢, e~N(0,%), K%Mz
EZ AR R [2198T0, IS HY) BB RAEE AU
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NIRRT R 5 2 B SR . 41T 72, LADJTTE
(1R A mlH[6, 7, 8155 7 ikAHgk . F4h, BICH
AICH /M EFR )28 R T P4l 250 BORURS J5 2 1A]
(A, ] DA AT e fe 1 e VA A8 B T4

AP LHW R : e, R0 BREAR Y
GUFtERGIR . g, 1R sy, BATERAH R A S 2R
P A SRR S AR, T AR TR () G A IR AN B 25 A AT
FRATE S o 8 L, Box-Cox 28 He[9] A [3] [ 10145 24
ot B, EE =8, BAIFEIMAN kI S e
HF4. fa, EHUES, FRATTHSERL R 1458 A
I 2

2. HHEGTHEHR

FKIER T13A A m AN A ST 2ME, bz,
S BN [EREERNZ, XI3NEBERE N
0-1%F F---CHAS, Fon2 S miTasm g . HRmieiE
AR B o0 A #A2 S R IR JE R Ar Af[11]. 1M [K1 A8 S PRICEH)
AR ECEE 5T, REUF & IEA A o 3% i P (] VA 70 2
KT RRIHER], PIALEHER B IE SR

F1 X5 AR EMNEER M, dREE, MR

CRIM ZN INDUS CHAS NOX RM AGE
count 506 506 506 506 506 506 506
mean 3.593761 1136364 11.13678 0.06917 0.5546 6.284634 68.5749
std 8.596783 23.32245 6.860353 0.253994 0.115878 0.702617 28.14886
min 0.00632 0 0.46 0 0.385 3.561 29
25% 0.082045 0 5.19 0 0.449 5.8855 45.025
50% 0.25651 0 9.69 0 0.538 6.2085 77.5
75% 3.647423 12.5 18.1 0 0.624 6.6235 94.075
max 88.9762 100 27.74 1 0.871 8.78 100

F1 4k4t,

DIS RAD TAX PIRATIO B LSTAT PRICE
count 506 506 506 506 506 506 506
mean 3.795043 9.549407 408.2372 18.45553 356.674 12.65306 22.53281
std 2.10571 8.707259 168.5371 2.164946 91.29486 7.141062 9.197104
min 1.1296 1 187 12.6 0.32 1.73 5
25% 2.100175 4 279 17.4 375.3775 6.95 17.025
50% 3.20745 5 330 19.05 391.44 11.36 21.2
75% 5.188425 24 666 20.2 396.225 16.955 25
max 12.1265 24 711 22 396.9 37.97 50

B 1 134> F AR 8 N R A 8 ) A 2 T D I

1 HPRICES £ AR AR R HIAH R 2%, RAFEPRICEZ M
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In [165]: X=A.ilocl[:, :-1)
Y=A["PRICE"]
X = sm. add_constant(X) # adding 2 consran:
mnodel = sm. OLS(Y, X).fit()

predictions = model.predict(X)

print_model = model. susmary()
print (print_model)

3. ZHEHENH T
2 R 28 ML B 2R 4[] AR Y,
Y =XB + ¢, e~N(0,02I)

Jefi FHOLS N H, HHEARILI 1A = X(XTX) 7Y,
K2 R T fd Fpython statsmodels.api #L [ OLS {45 21| () 5
TUMEIR . T LAE

R? = 0.741 FIRZ;justeq = 0.734 71 UL H B ALUA 2
ARREE AR AR R 9, e AR A2 5773 4% 115 B

D-W Siit &% 11078, A& T2, BWREKRZEIFA
Py VA
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In [173]:

def VIF(datal):
col=list(datal. columns)
VIF_store=pd. Sexies([1.0]*len(col), index=col)
for i in col:
#porint(col)
datal_dropped=(datal. drop([i], axis="colunns")). copy()
SSE, SST, H=55E_and_35T (datal_dropped, datal[i])
x_2=(SST-SSE) /SST
VIF_store[il=1/(1-x_2)
VIF=VIF_store.sort_values(ascending=False)
print (VIF)
if (VIF[0]>7) :
col_dropped=VIF. index [0]
return True, col_dropped, (datal. drop ([VIF. index[0]], axis="colunns")). copy ()
else:
print(“THe max VIF is °,VIF[0])
return False, "7, datal
&m, col_dropped, datal=VIF (4 reduced)
def literation_to_drop_by_VIF(datal, target, significance_level) :
ym, col_dropped, data_dropped=VIF (datal)
print (datal. head(2), data_dropped. head(2))
if(yn):
X_r= sn. add_constant (data_dropped)
¥_f=sm. add_constant (datal)
df=¥_£. shape [0]—¥_{. shape[1]
SSE_x, SST_x, H_r=SSE_and_SST(¥_x, target)
SSE_f, SST_f, H_f=SSE_and_SST(X_{, target)
if (F_test_reduce (SSE_f, SSE_x, 1, df, significance_level)):
#print{ DOOO0000 |n ")
literation_to_drop_by_VIF(data_dropped, target, significance_lewvel)

else:
return datal
else:
dorx'nr (#8&", datal)
return datal
A_new=literation_to_drop_by_VIF((A_reduced. iloc[:, :~1]). copy (), target,0.05)
A_new["PRICE"]=A_reduced["PRICE"]

(b)
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» im.ridge (PRICE~, ,data=d, lambda=]l)
CRIM ZN
20.85244%980 -0.07852136 0.03107167
DIS RAD ThX
-1.33337100 0.25932295 -0.0139%3641
» Im(PRICE~. ,data=d)
Call:
lm(formula = PRICE ~ ., data = d)
Coefficients:
(Intercept) CRIM Fa |
21.20113 -0.08090 0.03180
DIS RAD TRX
-1.34553 0.27242 =-0.01464

4.2. RS E WA
4.2.1. B, ROBEZBEEF AT S

B4 () BARGEMILEE, (b) BARMERSEAL TR/ TR fhit.

INDUS
0.00710557

FTRATIO

-0.86307571

INDUS
0.01255
FTRATIO

-0.86565

(b)

CHAS NOX
2.00759423 -10.775%0421
B LSTAT
0.01214596 ~-0.42533547
CHAS NOX
1.97335 -10.99169

B LSTAT

0.01218 -0.42602

B5 fE AR AR .

RM
5.35027445

RM
5.34393

56

RAGE
-0.02040578

AGE
-0.02034
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PRIEHAE A BN B AOALATE,  BS T AR A TP 39ME (2%12/503=0.044) BSEA R Z K T0.1HALFT i

4.2.2. ERTAFR, RINFEBEENRERKRBAEE

K67 1 Bonferroni XIS (1 FHEL|-3. 90 A1 Ffr A 78 H e SR A B0dfe 5, W1 LA Y 35336 155335 Hudle i 2 5
flo X T REEF AR, FAVEFHE R T2 b TR ARG RIS AR AER . PrU AT RE e,

> d=read.csv("D:/Boston.csv", head=T)
> PRICE.lm=1m(PRICE~.,data=d)
> stud=rstudent (PRICE.1m)
» stud|[which.max (abs(stud))]
336
7.108767
> gt (0.05/(456*2) ,443)
[1)] -3.903311
» stud (which (abs (stud) >3.903))
Error in stud(which(abs(stud) > 3.903)) : &H "stud "X EHE
> stud[abs(stud)>3.903])
335 336
6.?61932 7.108767

6 Bonferroni XX {4 36 f¥] i 1L AH o 47 8 L s (L ) i o«

4.2.3. BJERMNBEAE RN R

B7iH 5 T cookGi it IF M RB/IEE, S5HRE/RE335, 334, 337, 139, 131A1142000 & ffcook i it & i k.
FATR X e p 5 22

MiIn [28]: import pandas as pd
d=pd. read_csv("D:\Boston. csv")
fit=sm. formula. ols ("PRICE CRIM+ZN+INDUS+CHAS+NOX+RM+AGE+DIS+RAD+TAX+PTRATIO*B+LSTAT", data=d). fit ()
outliers=fit. get_influence()
cook=outliers. cooks_distance[0]
cook=pd. Series(cook)
cook. sort_values(ascending=False
Out(28]: 333 2.679718e-01
334 9. 925955e-02
337 6. 526435¢-02
139 4. 258937e-02
131 4.237777e-02
142 3. 891719e-02
338 3. 109538e-02
371 2. 884962e-02
162 1. 791818e-02
333 1. 744932e-02
336 1. 744446e-02
137 1. 613875e-02
61 1. 581450e-02
367 1. 564850e-02
366 1. 539618e-02
202 1. 504983e-02
362 1.331127e-02
199 1. 325439e-02
314 1. 242505e-02
207 1. 141169e-02
435 1. 099208e-02
346 1.081277e-02

B7 it5icookgi it I M REINEFF

e A AN IEH (0 it 5 B, JATE B HOLSIEH . B8R 1 HF i /h IR [l 45 R . W] LU H & X ok
R JE IR R
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MIn [169): #test for the validity of removing some variables fros the previous model
SSE_xeduced, SST_reduced, H_reduced=SSE_and_SST(X_reduced, target)

SSE_full, SST_full, H=SSE_and_SST(X, target)

def F_test_reduce(SSE_full, SSE_reduced, n, df, significance_level) :#a, k-]
F=((5SE_reduced-SSE_full) /n) /(SSE_full/df)
if (Fostats. f. isf (significance_level, n, df)):
return False
else:
return True
F_test_reduce (SSE_full, SSE_reduced, 2, 494, 0.05)

SSR/SST=  [[0. 74054535)])
SSR/ssT=  [[0.74060774])

11 True
B9 i K T-0.051 = AN [ 28 h (PR 56 .
4.3. Box-coxZ#t yr-1 .
y =1 P A0 0 i TR SR A RS (L
M #EPRICER B 7 W LLE H, PRICES IE&Sr Inyif A=0

A5 AR AL, HLPRICE>0. $8A17% & FiBox-cox 5 #:, HI4  FILAVEEIARI9S%EEIXRITE[0.1, 0.25] /41, N T TR
B, FA1HIA=0.25. EDEAZEAS NPRICE* = YPRICE %
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I PRICE*f#OLS[AIJH, [E10.bfoR 1 RIS R, 7] DUA BRI ILIN R D4R R 170.79. HHTHIEAR Y,

YPRICE = 2.1642 + 0.0897 + RM — 0.0140 * DIS + 0.0038 * RAD — 0.003 * TAX — 0.019 * PTRATIO + 0.0003 * B — 0.016 * LASTT

8 [ 95%
“?95

log-Likelihood
-1000  -900 -800 -700
1 1 1

-1100
1

@

> data_reduced=read.csv("D:/Boston_reduced changed.csv",6 head=T)
> aumma:y(lm(FRICE~.,data-data_:educed))

Call:
lm(formula = PRICE ~ ., data = data_reduced)

Residuals:
Min 1Q Median 3Q Max
=-0.37011 -0.04906 -0.00425 0.04268 0.52198

Coefficients:
Estimate Std. Error t value Pr(>|tTt])
(Intercept) 2.162e+00 1.036e-01 20.869 < 2e-16 "**

RM 8.970e-02 9.€07e-03 9.337 < 2e-16
DIS -1.407e-02 2.818e-03 -4.994 8.50e-07 *»»
RAD 3.82%e-03 1.548e-03 2.474 0.013737 *

TAX -3.2491le-04 8.374e-05 -3.870 0.000125 *=**
PTRATIO -1.88%e-02 2.561le-03 -7.375 7.99e-13 *an»
B 3.1494e-04 ¢€.003e-05 $.237 2.51e-07 %an
LSTAT -1.575e-02 1.160e-03 -13.57€ < 2e-16 ***

Signif. codes: 0 Vexx? .001 ‘VExr .01 ‘=* .05 *.? 0.1 ** 1
Residual standard error: 0.09515 on 448 degrees of freedom

Multiple R-squared: 0.7916, Adjusted R-squared: 0.7883
F-statistic: 243.1 on 7 and 448 DF, p-value: < 2.2e-16

(b)
E10 (a) XTHBIRBEARIAZLIE,(b) X PRICE*f§OLS[al )75 fI4h 5 .
4.4. BRENW

B, BADRETHRZE . B Lamh [ FrEL R E - AR B IERUR . aTBVEH, FRZEIFARI IR A #E
BTN . PGk EMQQEIME K (E1l.c) , FRATAT LK 52 i 22 H A MM IEAS 73 i o
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Fitted Fitted =10 0 10 20 -2 0 2
(@) (b)
E11  (a) ArdEfbiisk z2- AR B EEUSE, (b)) “FHRERZ G ER, (o) HEERNQQRME K.
45. HARERBAR T EMIEL N INT2.2%e-16,1X /& 5 A S HEBR IE S « (H2ED-WSL it &

790.98, B —M 2t o RIFA B E 1T RE [=ANIE,
BT BN FIRE 2 (W R 9, 6 A (R jgo FIIEIER AT LA REAT P X

PR R MplE UFE LM EAIFA R, HIZ AN
B M A R . B12b/ER VD-WSiHERME, pfi

Call:
lm(formula = sqgrt (abs(residuals (PRICE.1m))) ~ fitted(PRICE.1lm))

Residuals:
Min 1Q Median 3Q Max
-1.4630 -0.5734 -0.0688 0.4661 3.831l¢

Coefficients:

Estimate Std. Exror t value Pr(>|t])
(Intercept) 1.373260 0.110515 12.426 <2e-16 ***
fitted (PRICE.1m) 0.0073&4 0.004¢lée 1.585 0.111

Signif. codes: 0 ‘***’ Q.001 ‘**’ 0.01 **" 0.05 ‘." 0.1 * " 1

Residual standard error: 0.7563 on 454 degrees of freedom
Multiple R-squared: 0.005575, Adjusted R-squared: 0.003384
F-statistic: 2.545 on 1 and 454 DF, p-value: 0.1113

> dwtest (PRICE~. ,data=d)
Durbin-Watson test

data: PRICE ~ .
DW = 0.97752, p-value < 2.2e-16
alternative hypothesis: true autocorrelation is greater than 0

El12 (a) RRD-WHIHHEIEKRE, (b) D-WHITERE.

4.6. HERETH
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HIESTERUERS, ELLR T R RZ R BT 2 AT LB, T 5 B,
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S, BREPRARFA A A TIN. BWRT I g e e dal P AT , Ik
TS AKIER, WO T EER OV, 1L R E
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D
yi = Z Qg jXipXij + Z[ﬁxu +e,e=12..p

k<j =1

BP R HEE R a0 R [12]

HHBERGIG ) 4G, FRYIG ) 4EE A b EF
Fer TR Xt K78 P Z 18] 89 A8 K A R R Y .

ISR F. A EEGEARE, THENBDTFHS
£ UK, Pk B XA NS REGE TP T E AR KFE T
BWEF, THEZEAFHTER, SFSQREAATIZET
RE I NTFT AL,

BIERF. it HE e 7 AP EIIANNEAFE T ER
, b T E TR DGR T, HEZR TS £,
EFoA AR IZR T RE KT HI%,

EEFR S WS ZNE [

FEMET M, BRI IR I ANTAZN BT 5Tt
IT4EME T 3, RS HEMEFRET I E R F ARk EF
Y%, AEARATFTTAE, LLETF TR AL,
e A D EPA i -

B3R T %5 M A AR RO 46 5 . vE = R R 25
(IS IR IENNERE 4 justeq A IR KII3R 1, 153 70.860,
mHEME T, HHERIVERIRD. B4, T
D-W4iit &t 2 B 2302, i B U A (5% 22 3 2 T
BA]E R, AICHIBICHE /D, 8RS B B3 ok K
RS EHE R R

P BAT I & — AR P iR S o (RTAF ), %8
IR EO AR, R IO A AT AT S AR R LT
STHItE K T2 (WIE14) : PRATIO,B, LSTAT? TAX *
PRATIO #IB * LSTAT . TAMUFALLS, R, Hixf
ANAFE AR . 15 B B LA,

VPRICE = —43.0051 + 34.7164 * CHAS + 17.7707 * RM — 0.0972 * TAX + 4.0136 % LSTAT — 0.0507 * DIS? — 0.1082

* RAD? + 2.1578 * CRIM = CHAS — 7.2173 * CHAS * RM — 0.6689 « RM = LSTAT + 0.0058 « RAD = TAX + 0.0040

* TAX » PTRATIO — 0,0011 * TAX * LSTAT — 0.0141 * CRIM » LSTAT — 30.9793 x CHAS * RAD — 0.6003 * CHAS

* LSTAT — 09181 x NOX * RAD — 0.3182 x RM * PTRATIO

&Ryt

=<cn

K15 bR T IALERNEER. HR TS )G
R34 justea i N%0.868. AICHIBICKIE FFE, D-W4iit&
WEEIT1.6, R HDEE NPT, E15af8R T R4
HR R (1 ke 22 T T 22 DK B350 S0 1D 43 A E O f 6 ) HL A HE 4L

PRZESE T AAE[-2, 2] R X . 15 b 1 QQEIAM
HTHE, SR T IR f R K BURMIES 22 A6[13]. 2%
BT, BATR R B T T 2 2 M

def stageWise(xArr, yArr, step=0.01, numIt=100):

In [214]):
xMat = mat (xdrr)
xMat = regularize(xMat)
yMat = mat(vixx).T

yMean = mean(yMat)

yMat = yMat — yMean

N, n = shape(xNat)
returnMat = zeros((numIt, n))

ws = zeros((n, 1)

)

wsTest = ws. copy ()

wellax = ws. cnpy()

for ii in range (numIt):

print (ws. T)

lowestExrr = inf

for jj in range(n):
for sign in [-1, 1]:
wsTest = ws. copy ()
wsTest[jj] += step * sign
yTest = xMat * wsTest
rssE = rssError(yMat. 4, yTest.A)
if rssE < lowestExx:
lowestExr = rssE
wsMax = wsTest

ws
returnMat [i1,
return returnMat

wsMax. copy ()

] = ws. T

OLS_summary (stagewise (¥, ¥,0.001,91))

@
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(b)
Bl13 () B EAKRR, (b) ZBP RIS

El14 FHA IR PR A LT R0 BERTAL

62
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