KINH TE

UNG DUNG CAC MO HINH
LM, PCR, VA RF PE DU BAO GIA NHA
TREN PIA BAN THANH PHO HA NOI

® PHAM THI THANH HUYEN

TOM TAT:

Nghién cttu nhiim so sanh hiéu qu ctia 3 md hinh du do4n gid nha khac nhau: M6 hinh hdi quy
tuy€n tinh, PCR (Hbi quy thianh phan chinh), va Random Forest. Biing cich st dung dif liéu vé bat

dong san tai Ha Noi, nghién cttu nay dit ra muc tiéu danh gid kha ning duy dodn cta tirng md hinh

dua trén cdc bién doc 1ap nhu dién tich, s6 ting, s& phong ngli va cidc yéu to khdc. K&t luin cda

nghién ctfu nhan manh vao sy quan trong ctia Iya chon mo hinh phit hgp cho tirng bo dit liéu cu thé
dé ddm bao tinh chinh x4c va do tin cy trong du dodn gid nha hd trg cho nhitng ngudi cé nhu ciu
tim nha trén dia ban TP. Ha Noi trong giai doan nay.

T khéa: mo hinh, du bdo, gid c4, nha dit, TP. Ha Noi, bAt dong san.

1. Dit van dé

Trong linh vyc bat dong sdn, viéc dinh gid nha
déng mot vai trd quan trong trong qud trinh giao
dich va quyét dinh dau tu. Pic biét, sau dai dich
Covid-19, gia nha dat trén dia ban Ha Noi lién tuc
bi€n dong, gy khé khin cho nhitng ngudi c6 nhu
cau thuc sy vé chd 8, ciing nhu cdc nha diu tu.
Tuy nhién, viéc dua ra modt du bdo chinh xdc vé
gid tri cia mot cdn nha 1a mdt thach thic. Vi vay,
nghién cttu vé cdc phuong phdp du dodn gid nha
rat can thi€t € cung cap thong tin hitu ich cho cic
bén lién quan trong qué trinh mua ban va diu tu
bat dong sdn. Nghién cifu nay tap trung vao viéc
so sdnh va ddnh gid hiéu sudt ciia cdc mo hinh du
dodn gid nha, bao gdbm md hinh dinh gi4 Hedonic,
mo hinh hdi quy tuyé&n tinh, mo hinh PCR va md
hinh Random Forest trén co s3 tip dif liéu vé bat
dong san tai Ha Noi.

2. Phuong phap nghién ciu

2.1. Nguobn dit ligu

Nghién cttu nay st dung dir liéu tir Kaggle cé

tén Vietnam Housing Dataset (Hanoi) dugc ding
bdi tic gid Le Anh Duc. D{f liéu goc: 82.495 quan
satva 13 bién vdi cu thé cdc bi€n gom: STT, Ngay,
bia chi, Quan, Huyén, Loai hinh nha &, Gidy t5
phép 1y, S8 tang, SO phong ngd, dién tich, dai, rong
va gid/m2. Trong nghién ciru cia minh, tic gid Le
Anh Duc di st dung md hinh ANN va RF dé xic
dinh cdc nhén t6 4nh hudng dén gid nha dat trén dia
ban Ha Noi. Tuy nhién, nhitng mo hinh nay c6 do
chinh x4c chua cao. Bing viéc ng dung cdc mod
hinh LM, PCR va RF dé du bdo gia nha, k&t qua du
béo s€ co tinh chinh x4dc cao hon.

2.2. Tién xit li dit ligu

2.2.1. Loc ditliéu

Xt 1y missing - value: C6 3 cach xit 1y missing -
value thuong dugc st dung:

- Loai bd missing - value: Cach nay dung trong
trudng hop ti 1& missing - value trong bién dé qu4 it
(khodng dudi 3% so véi tdng quan sit), hoic
missing - value khdng quan trong ddi véi dit liéu.

- Thay th&€ missing - value bing mot gid tri
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mean/median/mode: V&i cach nay, ta dién nhitng
gié tri bi thi€u biing gia tri mean hay median cla
mot vai bi€n néu bién lién tuc va dién mode, néu
bi€n 12 bién categorical. Tuy nhién, cach nay c6 thé
khi€n phuong sai clia dit liéu bi gidm xudng.

- Loai bd bi€n chita missing - value: Cdch nay
chi dugc stt dung néu ti 1& missing - value trong bién
chi€m hon 50% hoic bi€n d6 duge dinh gid 1a
khong tic dong d&€n bi€n muc dich hay nhitng bién
khéc trong bo dir li¢u.

K& ti&p, ching ta ti€p tuc ti€n hanh loai bd cdc
outliers, v&i 2 phuong 4n kha phd bién:

- Phuong phap IQR filtering: 13 mot cach dé loc
dit liéu bing cich st dung pham vi cia phan trung
binh 50% ctia mau dit liéu. Bing cdch nay, ching ta
c6 thé loai bd cic gid tri ngoai lai hodc cdc gia tri
cuc dai/cuc tiéu cé thé Anh hudng dén tinh toan ven
clia phan tich dir liéu. Piéu nay gidp cai thién do
chinh xédc ctia phan tich va ddnh gid chinh xac hon
vé phan phdi ciia dit lieu.

- Phuong phap Z-score filtering: 1a mot k¥ thuat
thong ké dugc st dung d€ chuin héa va so sanh cic
di€m dir liéu tir cdc phan phdi khac nhau. N6 do
ludng xem mot diém di liu cich bao nhiéu d6
1éch chudn so v§i gid tri trung binh ctia phan phéi.

Qua qué trinh chon loc, do s6 outliners 1a qué
nhiéu, c6 nhitng outliners thim chi da dé gi4 nha
1én tdi ca tram ti/m? va k€ ca khi dung IQR, van con
céc outliner Ién t6i cd ti/m2, viy nén dé 4n nay sé&
st dung phuong phap [2] véi hé s6 z-score=0.7 dé

Hinh 1: B6 dir liéu truéc va sau khi loc
(o) B6 da liéu trudc khiloc

X Ngay Bia.chi Quén
Win. : 2 Length:11473 Length: 11473 Length:11473

Logi. hinh.nha.&
Length: 11473

Hayén
Length: 11473

st Qu.:21279  Class :character Class :character Class :character Class :character Class :character
Median 41611 Mode :character Mode :character Mode :character Mode :character Mode :character

sé.phong.ngi  Dién. tich(n?) Dai () Rng (w)
100 Win. :  LO0 MWin. : 100
WO Istqu: 800 Istqu: 3.0

phip. Ty 5. ting
Length:11473 Min. :1.000 Min. :L000 MWin.
Class :character 1st Qu.: 4.000 1st Qu.: 3.000 1st Qu.:
Mode :character Median : 4.000 Median : 4.000 Median : 40.00 Median: 10.00 Median: 4.00
Mean : 4432 Mean :3.955 Mean : 55.05 Mean : 4542 Mean : 17.64
3rdqu.: 5.000 3rdqu.: 4000 3rdqu.: 5200 IrdqQu.: 1200 3rdqu: 5.0
Max. :73.000 Max. :10.000 Max. :40000.00 Max. :120000.00 Max. :5500.00
Gid.m2(trizu)
Kin 1.0

Mean : 2000.2
dqu: 167
Max. :934059.0
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loc 1 lugng 16n céc outliners. Sau ddy 1a thdng s6
cua dir liéu sau khi loai bb cdc outliners. (Hinh 1)

2.2.2. Vé heatmap

Dé dang quan sit thdy cdc bi€n nhu Dai, Rong
va Dién tich s& c6 tuong quan nhat dinh t6i nhau,
hay cdc bién nhu S6 tang va S& phong ngl ciing 1a
nhitng nhém céc bi€n c6 thé tuong quan tdi nhau
mot cach chit ché. Cuing xem bang heatmap dudi
day d€ c6 thé hinh dung sy tuong quan nhau giita
cédc bi€n doc 1ap nay la nhu thé nao.

Qua Heatmap, thdy dudc céc bién déu c6 do
tuong quan kh4 cao v6i nhau, diéu nay tuong ddi dé
hiéu va c6 thé giai thich dudc. Li do: S& phong ngti
va SO tAng c6 tuong quan cao (cu thé 13 0.18) vi khi
x4y thém tang thi s6 phong chifc ning ciing sé ting.
Dién tich va s& phong ngi cling c¢6 do tuong quan
16n (0.38), khi ¢6 nhiéu dién tich hon, ngudi ta cling
s& ¢6 xu huéng xAy nhiéu phong ng hon.

2.3. Lua chon mé hinh

2.3.1. Cong cu ddnh gid mo hinh

+ Mean Squared Error (MSE) c6 1& 1a s& liéu
phd bi€n nhat dudc sit dung cho cic bai todn hdi
quy. V& cd ban, né tim thdy sai s6 binh phuong
trung binh giita cc gid tri dugc duy dodn va thuc té.
MSE 1a thu6c do chat lugng clia mdt cong cu udc
tinh - n6 ludn khdng Am va cdc gid tri cang gin 0
cang tot.*

MSE = Y i)?
—~ 5 Z(yz — %)

=1

(b) B6 du liéu sau khi loc

X Moy B (] i Lot binh. k¢

Nin, o 2 leghWE oo lewthBX  leghWB  Leghd

Iot Qu.s200 Class ccharacter Class character Clss character  Cls ccharacter  Class :character

Nedian 4100 Node :character Node :character Node haracter Mok character Node :character

hean ALY

rd (v, 6163

LT 1L )

Giytophdply  Shthg  Shobgagt Dintin() D ) Rag () ciaad(trian)

logthBd  Kin 00 M L0 Min : LOD Mn LD Wn L0 M : 10O

Clas :character 36t u;d000 1tz 000 Lot Qs .00 Lot B0 Istua: 3600 st B

Node :character Nedian S.000 Nedin : 4,000 Nedian: 4000 Wefian: 10.00 Medimm: 4000 Nedimn: 9.1
b A0 M 3D Mem MG e 108 M S0 dem UL
0 QusS.000 3rd ot 000 ed Quut 000 3nd ot 1200 3rd Qs 5000 3ed QuaiLILTE
K 500 N G000 M 3000 K IS0 N B0 Max W0
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Hinh 2: Ma trdn tidng quan

Réng (m)

Dai (m)

D tichim®)

34 pnong ngd
Sé rdng
Sédng Sé.phéng ngd Didn tichim®) Dai (m) Réng (m)
Nguén: Tdc gid thic hién
Trong d6: ndm 1960 - 1970. Ly thuy&t nay cho ring mot hang

o 112 56 lugng quan sat trong tap dit liéu ki€m tra.

o y; 12 gid tri thyc t€ clia quan sdt thiti.

e y; 1a gid tri dy dodn ctia md hinh cho quan sat
thit i.

+ RMSE (Root Mean Squared Error) 1a cén bac
2 cia MSE, c6 cong thiic:

1
= | 42
RMSE = - E (ys — Gs)

Trong do:

e RMSE Ia Root Mean Squared Error.

o 12 58 lugng quan sét trong dit liéu.

o y;1a gid tri thyc t€ clia quan sdt thiti.

e y; 1a gid tri du dodn ctia md hinh cho quan sat
thi i

Chi s6 MSE hay RMSE c6 gi4 tri thdp cho thay
mo hinh c6 thé dy dodn gid tri muc tiéu v6i do chinh
x4c cao, trong khi chi s& MSE hay RMSE cao sé&
cho thay sur chénh 1éch 16n gitta c4c gid tri du dodn
va thyc t€&.

2.3.2. M6 hinh dinh gid Hedonic

M6 hinh dinh gid hedonic (hedonic pricing
model) bit ngudn tir 1y thuyét vé gid tri do
Lancaster (1966), Griliches (1971) va Rosen (1974)
phit trién thong qua nhitng nghién cttu vao nhitng

héa c6 vo s6 cdc thudc tinh két hgp lai thanh cac
nhém thudc tinh va cAu thanh nén gid cda hang hda
d6. Lancaster da xay dung nén ting 1y thuy&t cho
mo hinh hedonic thong qua 1y thuyé&t tiéu ding nim
1966 ring sy thda dung clia ngudi tiéu dung c6
dugc tir nhitng dic tinh cda sidn phdm, chi khong
phai truc ti€p tir sin phdm d6. Trong du bdo bat
dong sdn, mo6 hinh Hedonic sé& gid dinh ring gid cla
mot cin nha, sé& 1a tdng cdc gia tri cdc dic tinh cla
né nhu dién tich, vi tri, tién ich xung quanh, chat
luong xay dung, va cic yéu td khic. P& 4p dung md
hinh Hedonic, thong thudng ngudi ta sé st dung cac
phuong phap hdi quy d€ udc tinh gid tri clia tilng
thudc tinh, sau d6 k&t hop chiing lai d€ tinh todn
dugc gia tri du dodn ctia sin phim. Ngoai thi trudng
bAt dong san, mo hinh Hedonic c6 thé dudc sit dung
trong nhiéu linh vic khac nhu thi trudng hang héa
tiéu dung, giip du bdo gid cd va hiu rd hon vé
cdch ma cdc dic tinh cia mot sdn phdm 4dnh hudng
dé&n gid tri cia né.

2.3.3. Mé hinh héi quy tuyén tinh

V& ban chit, mo hinh hdi quy tuyé&n tinh hay
Linear Regression 12 mot phuong phép thong ké cd
ban dugc st dung d€ tim hi€u mdi quan hé tuyén
tinh giita mot bi€n phu thudc y (outcome) va mot
hodc nhiéu bi€n doc 1ap x (predictors). Muc tiéu
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clia Linear Regression 12 tao ra mot mo hinh tuyé&n
tinh dua trén dit liéu d€ du dodn gid tri cia bi€n phu
thudc khi bi€t gia tri clia cdc bién doc lap.

Theo d6, mo hinh gid dinh ring mdi quan hé
gitta cdc bi€n 1a tuyén tinh, c6 nghia 1a bi€n phu
thudc bi€n ddi tuyén tinh theo cc bi€n doc 1ap. Mo
hinh Linear Regression dugc bi€u dién bing
phuong trinh tuy&n tinh nhu sau:

y=PBo+ Brxp+ Boxot o+ By + &

Trong do:

y: Bi&€n phu thudc (outcome) ma chiing ta mudn
du doan.

X}, X2,..,%,,: Cdc bi&€n doc 1ap (predictors).

Bo Bp Bo, - B,: Céc hé s8 (coefficients) cia md
hinh, biéu thi d6 4nh hudng cta cic bi€n doc lap
dé&n bi&n phu thudc.

€ : Sai s& ngdu nhién, bi€u thi sy bi€n thién
khong thé gidi thich dudc ctia bi€n phu thudc.

Trong qua trinh xdy dung md hinh Linear
Regression, chiing ta st dung ciac phuong phap nhu
phuong phap OLS (Ordinary Least Squares - OLS)
dé u6c lugng cic hé s6. Muc tiéu ctia OLS 1a tim ra
mo hinh ma 1am gidm thiéu tdng binh phuong ciia
céc sai sO gifta gid tri du dodn va gia tri quan sit
thuc t&.

Linear Regression dudc st dung rong rii trong
nhiéu linh vuc, tif nghién citu khoa hoc d&€n du dodn
tai chinh, vi tinh don gidn va dé& hi€u ctia n6 ciing
nhu kh3 ning Gng dung trong nhiéu bai todn du
dodn va phén tich dit liéu. Trong mé hinh dy bdo
gid nha, ching ta s& dung y hay bi€n phu thudc
tuong (ng v6i bién Gid/m? va tat cdc bién dang sd
(numeric) con lai nhu Dién tich, S6 tang, S& phong
ngd,... 12 x hay bi€n doc 1ap d€ gidi thich cho y.

2.3.4. M6 hinh PCR

PCA (Principal Components Analysis): Phan

Hinh 3: Bang thanh phén chinh theo Prcomp
Importance ot components:

PC1
1.2719 1.0866 0.9755 0.8419 0.7357

Standard deviation

tich thanh phan chinh 12 mdt phuong phdp bi&n
ddi gitp gidm sd lugng 16n cdc bién ¢ tuong quan
v6i nhau thanh tap it cdc bi€n sao cho cdc bién
méi tao ra 1a t8 hop tuyén tinh cda nhitng bién cii
khong c6 tuong quan Iin nhau. Pic tinh cia PCA
nhu sau:

1. Gidm s6 chiéu di liéu: PCA gidp gidm s&
chiéu cta dir liéu, dic biét hitu ich khi dir liéu c6
qué nhiéu chiéu thong tin, gitip cho viéc truc quan
héa dit liéu tré nén dé dang hon.

2. T6i uu héa sy bién thién: Bing cdch xoay truc
toa do, PCA tao ra mot hé truc toa d0 mdi sao cho
dd bién thién clia dit lieu dudc t6i da hoa, giit lai
nhiéu thdng tin nhit ma khong dnh hudng t&i chat
lugng cta cdc md hinh dy béo.

3. Xay dung bién factor mdi: Trong khong gian
m&i, PCA tao ra nhitng bién factor mdi 1a t8 hgp
tuy€n tinh clia cdc bi€n ban diu, giip ting kha
ning hi€u va dién gidi dit liéu.

4. Khdam phd thong tin mdi: Trong khong gian
méi, PCA c6 thé gitp ching ta khim pha thém
nhitng thong tin quy gia m&i ma trong chiéu thong
tin cii, nhitng thong tin nay cé thé bi che mat.

St dung prcomp dé quan sat, ta c6 cic bang
thanh phan chinh nhu sau:

Nhan xét: v6i 3 thanh phan PC1, PC2. PC3 gidi
thich dugc xap xi 76% do6 bién dong clia md hinh,
vay mo hinh hdi quy PCR clia ta s& sit dung 3 thanh
phan nay lam thanh phan chinh.

2.3.5. M6 hinh Random Forest

Random forest 14 thuat toan c6 thé gidi quyé&t ca
bai todn regression va classification. Thuat toan
Random Forest hoat dong bing cdch xdy dung
nhiéu cAy quyét dinh ngiu nhién trong qué trinh
huin luyén. Mdi cay trong rirng (forest) dugc xay
dung dya trén mot mau dit liéu con ngiu nhién tir

PC2 PC3 PC4 PC5

Proportion of variance 0.3236 0.2361 0.1903 0.1418 0.1082

Cumulative Proportion
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0.3236 0.5597 0.7500 0.8918 1.0000
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Hinh 4: M6 hinh Random Forest

‘data.frame’: 4214 obs. of 9 variables:
Quan -
Loai.hinh.nha.&:
Gidy.ts.phap. ly:
Sé.téng : num
sé.phong.nga  : num
Dién.tich(m2) : num
pai (m) : num
R&éng (m) : num
Gia.m2(triéu) : num

445455
344443
24 38 55 36
8§ 911 10 8
3244 5 3.6'5 5
F5560:=5 1091 K

4 4

$
$
$
$
$
$
$
$
$

tap dit liéu hudn luyén va sit dung mot sd bién dic
trung ngAu nhién dé tao ra sy da dang giita cic cay.
Khi c6 dit liéu méi, mdi cdy trong ring s& dua ra
mot dy dodn, sau d6 du dodn cudi cling s& dugc tinh
todn bing cach 14y trung binh clia cdc du dodn tir tat
ca caccay. (Hinh 4)

3. Két qua

3.1. M6 hinh hoi quy thong thuong

Hinh 5 mé t& d6 thi dai diém v&i truc Y 12 gid tri
du bdo, truc X 13 gi tri that cia md hinh Hoi quy,
dé dang quan sit dugc ring cic di€m phan phoi
léch khé cao so v6i dudng ké (d6 doc = 1). Ngoai
ra, dua vao viéc cic di€m c6 xu huéng l1éch vé bén
phia trdi dudng ké nhiéu hon, c6 thé két luan mod
hinh thudng cho ra k&t qua du dodn cao hon so véi
thuc t&.

Nhan xét: Dya vao f(coefficients), dung nhu
dién tich va do dai, rong ctia cin nha khéng anh
hudng 16n dén gid tri clia ciin nha 1dm, tuy nhién s&
tang va phong ngt thi c6. Piéu nay c6 thé gidi thich
phin nio bdi tim 1y mua nha tai Viét Nam v&i
nhitng mi€ng da't dién tich 16n s& c6 it nha dau tu cé
nhu cAu hon va da phadn moi ngui déu sé chi c6 di
diéu kién tai chinh cho 1 cin nha véi dién tich

Hinh 5: DS thi déi diém theo mé hinh héi quy

Factor w/ 23 levels "Huyén Chuong Mg$",..: 22 17
Factor w/ 4 levels "Nha bist thg",..:

Factor w/ 2 levels "co","khong co6":

4 4 525

4 3 354 ..

40 60 62 20 37 58 ...

12 15368 145, ..

. S e

526755

2PNtk

Nguén: Tdc gid thic hién

khong qud rong nhung lai ddy di tién nghi (nhiéu
tAng va phong)

Qua mo hinh hodi quy tuyén tinh thdng thudng,
c6 thé rit dugc ra mot vai k&t luan nhu sau, hé s6
B(coefficients) clia “Dai” 1a Am, nhung 2 bién c6
tuong quan khéd cao véi “Dai” la “Dién tich” va
“Rong” lai c6 hé s6 B(coefficients) duong, diéu nay
dudng nhu 1a vo 1y. Ngoai ra, Hé s6 R hiéu chinh
chi xap xi 0.04 hay 4%, diéu nay c6 nghia cic bién
doc lap it gidi thich dugc cho bi€n phu thudc
(Gid/m?). Mit khac, p-value < 2.2e-16 (p-value
thap) cho thdy mo hinh c6 mot hoic mot sd bi€n
doc 1ap khong ¢6 &nh hudng 16n dén bi€n phu
thudc, nhung khi k&t hdp lai cing nhau, ching vin
tao ra mdt 4nh hudng c6 ¥ nghia thong ké tot. K&t
luan lai, trong trudng hgp nay, du md hinh c6 y
nghia thong k&, nhung kha ning dy dodn ctia n6 c6
thé khong cao do R2 thip.

Nhitng dong cudi ciing md hinh nay biéu thi
khodng cdch k&t qua du dodn va chi s6 RMSE, theo
d6 véi chi s6 RMSE 1én t6i 49,51 (50% so v6i trung
binh gi4 nha dv dodn, cu thé 12 Mean = 101.83), ta
k&t luan ring md hinh nay khong mang lai do chinh
xdc cao cho bd di li¢u. (Hinh 6)

Nguén: Tdc gid thuc hién
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Hinh 6: Mé hinh héi quy
Call:
Tm(formula = Gia.m2(triéu) -~

Residuals:
Min
-170.07

1Q Median
—2b_22- —10.06

Coefficients:
Estimate Std.
17 .98493
12.50981
3.75884
0.27721
-0.13736
0.15011

(Intercept)
Sa.tang
Sé.phong.nga
"Dién.tich(m3)°
"Dai (m)°

"Réng (m)~
Signif. codes:

0 “===7 0_.001
Residual standard error:
Multiple R-squared: 0.03963,
F-statistic:

Mean
101.83

Median
100.75

Min. 1st Qu.
66.85 93.37
[1] 49.51074

3.2. M6 hinh PCR

Hinh 7 m6 ta dd thi dai diém v&i truc Y 1a gid
tri du bdo, truc X 1a gid tri that cia m6 hinh PCR,
khong quéd khéc biét so v4i Hinh 5 m6 ta cho md
hinh Hbi quy thong thudng. Tuy nhién, thiy lan
nay cic di€m thudng tu lai theo tirng cum hon thay
vi rdi rdc. Céc gid tri thyc t€ vin thudng nhé hon
gia tri du béo.

Nhu da n6i & trén, PCR s€ dugc xay dung vdi 3
components PC1, PC2, va PC3, m6 hinh du bdo cho
ra RMSE la 49.66, thim chi con cao hon so v6i mo
hinh hdi quy tuyén tinh ban diu, dii khdng dang ké.

Hinh 7: D4 thi ddi diém theo mé hinh PCR

3Q
10.30

Y

3rd Qu.

data = train_clean)

Max
866.60

Error t value Pr(lt])
6.51924
1.42088
0.66543
0.03589
0.08536
0.12997

2.759
8.804
5.649
7.724
-1.609
173155

0.00582
< 2e-16
1.69e-08
1.30e-14
0.10763
0.24816

£ =7

0.01 005 5.0 5 T

54.27 on 6315 degrees of freedom
Adjusted R-squared:
52.12 on S and 6315 DF,

0.03887
p-value: < 2.2e-16
Max.

108.38 193.78
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Tinh khdng hiéu qua ctia md hinh PCR c6 thé dugc
gidi thich vé6i 1i do 12 c¢6 qud it chiéu clia bién X
ngay tir dau, va do tudng quan gitta cic bién doc 1ap
chua di cao. K&t luan lai md hinh PCR khdng phu
hop cho dit li€u nay. (Hinh 8)

3.3. M6 hinh Random Forest

D6i v6i mo hinh Random Forest nay, ta khong
cin chi duing 5 bi€n ¢6 dang numeric nhu 2 md hinh
trén, thay vao dé ching ta phan loai ching theo 4
bi€n dang categorical nita nhd sy vu viét cia mo
hinh nay.

Hinh 9 m6 t& d6 thi dai di€m v&i truc Y 1a gia tri

Actual and Values (PCR Model)
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Hinh 8: M6 hinh du béo PCR

Data: 6321 5

6321 1

X dimension:
Y dimension:

Fit method: svdpc

Number of components considered:

VALIDATION: RMSEP

Cross-validated using 10 random

(Intercept) 1 comps
55.36 54.79
55.36 54.79

CcV
adjcv

TRAINING: % variance explained

1 comps 2 comps

X 33.153 57.082

Gia.m2(trigu) 2.083 3.638

Min. 1st Qu. Median Mean

79.12 94.93 99.68 101.78
[1] 49.66287

2 comps
54.36
54.36

5

segments.

3 comps
54.37
54.37

4 comps
54.35
54.35

3 comps
76.058
3.665

3rd Qu.

107.23

4 comps

89.626

3.761
Max.
168.26

5 comps
100.000
3.963

Nguén: Tdc gid thite hién

Hinh 9: Dé thi ddi diém theo mé hinh Random Forest

400

300

Predicted

200

100

o 250

Comparison between Actual and Predicted Values

* o
L -
- = - : 3 -
500 750
Actual

du béo, truc X 1a gid tri that ciia mod hinh Random
Forest, dugc phan bd khac hoan toan so véi db thi
di diém ctia 2 md hinh truéc d6. LAn nay mo hinh
Random Forest khong con du bdo cdc gid tri cao
hon hén so véi gid tri Actual nita, song tuy nhién
chiing lai du b4o ra rit nhiéu cic gid tri Predict véi
su chénh 1éch 16n hon hin so vé6i gid tri Actual.
Ngoai ra, do Random Forest ciing la thuat todn dya

Nguén: Tdc gid thic hién

bdo trén Classification nén ta thiy cic diém dugc
du bdo dudng nhu dugc phan thanh 2 loai ddi xitng
nhau qua dudng phan chia.

M5 hinh Random Forest nay s& c6 s6 lugng cay
1a 500 va tudng tng v6i nd, s6 lugng bi€n dugc thit
nghiém tai mdi phan chia 1a 2.

1. Mean squared residuals (Sai s& binh phudng
trung binh): Pay la gid tri trung binh cta binh
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Hinh 10: M6 hinh Random Forest

call:

randomForest(formula = train_set$ Gia.m2(trigu)  ~ train_set$Loai.hinh.nha.& +
train_set$ Dién.tich(m?)” + train_set§$ Dai (m)  + train_set$ Rséng (m)",

train_set$sé.phong.nga +
importance = T)
Type of random forest: regression
Number of trees: 500
No. of variables tried at each split: 2

Mean of squared residuals: 2031.816
% var explained: 25.94

%INcMSE IncNodePurity

1323430.1

358274.6
1811213.0

744749.4
2010606.1
1131638.9
1016795.9

train_set$Loai.hinh.nha.& 44.497411
train_set$55.ting 16.620322
train_set$Quan 44.071390
train_set$sa.phdng.nga 7.871292
train_set$ Dién.tich(m?)”~ 15.597363
train_set$ Dai (m)’ 17.207431
train_set$ Réng (m)~ 10.607594
[1] 64.74504

phuong clia sai s8, tifc 1a do l1&ch giita gid tri du
dodn va gi4 tri thuc (€, trén tap huan luyén. Trong
trudng hdp nay, gid tri 1a 2031.816, cho thdy mic
do sai s0 trung binh trén tap hudn luyén.

2. % Var explained (Phin trim bié&n thién dugc
gidi thich): PAy 12 phin trim cla sy bién thién
trong bi€n phu thuéc ma md hinh gidi thich dugc.
Trong trudng hgp nay, mdé hinh giai thich dugc
khodng 25.94% clia sy bi€n thién trong bi€n phu
thudc.

Cudi ciing chi s6 RMSE 1a 64.74, khong khé dé
thay riing sai s6 ciia md hinh Random Forest s& cao
hon so véi 2 md hinh true khi ma & Hinh 9, sd cic
gi4 tri du bdo “Predict” ¢6 gid tri 16n hon nhiéu gid
tri that “Actual” 1a kha nhiéu. (Hinh 10)

4. Kétluan

Muc dich clia nghién cttu d€ tim hi€u va so sanh

TAILIEU THAM KHAO:

train_set$S4.téng + train_set$Quan +
data = train_set,

Nguébn: Tdc gid thie hién

hiéu qua ctia cic m6 hinh hoc mady khac nhau trong
viéc du dodn gid nha st dung dif liéu vé bat dong
san tai Ha Noi, cdc m6 hinh m6 hinh dugc st dung
gdm Linaear Regression, PCR, va Random Forest
Regression. Sai s6 clia cdc mo hinh theo tuin ty
LM, PCR, FR 1an lugt 1a: 49,51; 49,66 va 64,74, qua
k&t luan c6 thé thdy mo hinh mang lai du bao cich
chinh xdc nhat cho dit liéu 12 mod hinh Linear Model
va mo hinh kém hiéu qua nhat 12 Random Forest
véi chi s6 RMSE cao hon xap xi 30% so v6i 2 md
hinh Linear Model va PCR. Tuy nhién, trong tuong
lai, v6i cdc bo dif lieu c6 thé tich hgp dit liéu bat
dong san tir cdc khu vuc dia 1y khdc nhau ciing
nhiéu bi€n hon (S& phong khich, tudi nha) dé tao
ra mOt md hinh da dang hon. M6 hinh PCR va
Random Forest s& mang lai nhiéu gi4 tri hon so véi
tap dr liéu hién tai ®
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USING LINEAR REGRESSION MODEL,
PRINCIPAL COMPONENTS REGRESSION (PCR),
AND RANDOM FOREST TO PREDICT HOUSE PRICES IN HANOI

® Master. PHAM THI THANH HUYEN
Faculty of Accounting - Finance, Hai Phong University

ABSTRACT:

This study compared the effectiveness of three different house price prediction models,
including the linear regression model, principal components regression (PCR), and random forest.
Using real estate data in Hanoi, this study aimed to evaluate the predictability of each model based
on independent variables, such as square footage, number of floors, number of bedrooms, and other
factors. This study’s conclusion emphasized the importance of choosing the appropriate model for
each specific data set to ensure accuracy and reliability in predicting house prices in Hanoi.

Keywords: model, forecast, prices, real estate, Hanoi.
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