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TOM TAT— Bai to4n du doan 1 mot trong nhitng bai todn quan trong va cé &ng dung rong rai nhat trong linh vyc hoc may.
N6 déng vai tro nén tang cho nhiéu rng dung quan trong trong doi séng con ngudi, tir nhirng linh viec quen thudc nhw dw bao
thoi tiét, dw dodn gid cd dén nhirng linh vyc phirc tap hon nhw chin doan bénh, phat hién gian lan, va 1ai xe tw ddng. Bai toan
du doan tap trung vao viéc dw doan két qua clia mot su kién hodc mot bién s6 trong twong lai dwa trén dit liéu lich st bing
cach ty dong hoc dit liéu va xay dung mo hinh dw doan. Bai bao nay tap trung vao viéc xay dung mo hinh dw doan gia nha &
khu vyc thanh phé H6 Chi Minh. Théng qua ap dung cac ky thuat phén tich va tién x 1y dit liéu trén cic thw vién cia ngon
ngit 1ap trinh Python bao gom lam sach dir liéu, x( 1y gia tri thi€u, gia tri trung, gia tri ngoai lai, ma héa bién phan loai, chudn
héa di liéu, trich chon dic trung, gidm chiéu di liéu. Sau d6, hudn luyén cdc mé hinh hoc may d€ dw doan gia nha théng qua
phuwong phap Support Vector Regressor (SVR) va Random Forest Regressor (RFR). Két qua thwc nghiém cho thdy RFR c6
kha ning ndm bit cidc mbi quan hé phitc tap va phi tuyén tinh, it bi &nh hwéng béi cac gia tri ngoai lai va nhiéu, va cé hiéu
sudt cao hon so v&i SVR.

Tir khéa — Dy doan gid nha, phan tich dir liéu, tién xir 1y dit liéu, Support Vector Regressor, Random Forest Regressor,
Python.

I. GIO'I THIEU

Trong thoi dai cong nghé sé hién nay, viéc 'ng dung cac ky thuit phén tich va tién x ly dir liéu dong vai tro ngay
cang quan trong trong nhiéu linh vwc, dic biét 1a trong cac bai todn dw dodn va ra quyét dinh. Mot trong nhirng
tng dung quan trong 1a du doan gia nha. Dw doan gid nha 1a mot bai toan phd bién va cé y nghia thuec tién cao
trong linh vwc bat dong san. Viéc c6 thé dw dodn chinh x4c gia nha khéng chi gitip ngwdi mua va ngwdi ban dwa ra
quyét dinh sang suét, ma con hd tro cdc nha dau tw va cac té chirc tai chinh trong viéc danh gia rii ro va co hdi
dAu tu.

Trong bai bao nay, chiing t6i sé trinh bay quy trinh phan tich va tién xt ly dit liéu bdng Python, bao gdbm cac buéc
nhw [am sach dir liéu, xt 1y gia tri thiéu, x& 1y gia tri trung, x 1y dit liéu ngoai lai, ma héa bién phan loai, chuin
héa dir liéu, trich chon dic trung va gidm so chiéu dir liéu. Ching t6i cling st dung cac ky thuit trwc quan héa dir
liéu d€ kham pha mdi quan hé gitra cac bién va phat hién cac xu hwéng tiém 4n trong dit liéu. Cudi cuing, ching toi
sé danh gia hiéu qua cta qua trinh tién xi ly dir liéu bang cach so sanh két qua dw dodn gia nha trwdc va sau khi
ap dung cac ky thuat nay. K&t qua ciia nghién ctru nay sé cung cip céi nhin siu sic vé tim quan trong cla viéc
phén tich va tién xtr ly dit liéu trong bai todn dw doan gia nha, dong thoi dé xuit cdc hwdng phat trién tiép theo
cho viéc cai thién do chinh xac cdia mé6 hinh dw doan.

Phin con lai cia bai bao dwoc td chirc véi bd cuc bao gobm: Muc II trinh bay tém tit cac nghién ciru lién quan. Muc
I1I md ta bai ton va cac khai niém lién quan. Muc IV thé hién m6 hinh dé xuit. Tiép theo, muc V cia bai bio trinh
bay két qua danh gia thwc nghiém. Cudi cling, két luan va cac hwéng nghién ctiru tiép theo dwoc thé hién trong muc
VI

II. CAC CONG TRINH NGHIEN CU’U LIEN QUAN

C6 nhiéu nghién ctru da tip trung vao viéc &rng dung phan tich va tién x ly di¥ liéu trong cac bai toan hoc may, dic
biét 1a trong dw doan gia nha. Nhirng nghién ctru nay thwong dé cp dén cac phwong phap khic nhau dé lam sach
dir liéu, xtr Iy cac gia tri thi€u, chuin héa dir liéu va bién d6i dir liéu d€ phi hop véi cdc m6 hinh hoc may.

Mot nghién ctru tiéu bi€u clia Kok, Monkkonen va Quigley [1] da 4p dung phwong phap hoi quy tuyén tinh dé dw
doan gia nha & California. Nghién ctru ndy nhin manh tim quan trong ctia viéc chon Iwa cac bién dau vao thich
hop nhw dién tich nha, s6 phong, vi tri dia 1y va cac tién ich xung quanh. Viéc 1am sach va chudn hoa dit liéu ciing
dwoc coi la buwde quan trong gitp cai thién do chinh xac cia mo hinh.

Zhang, Li va Sun [2] da kham ph4 viéc sit dung mang no-ron tich chip (Convolutional Neural Network - CNN) dé
dv doén gia nha & Bic Kinh. Nghién ctru nay dic biét chu trong vao viéc xi ly dir liéu phi ciu tric nhw hinh dnh
clia cac cin nha va khu vuc xung quanh. Ho d3 chi ra rang viéc két hop dir liéu phi ciu triic va ciu tric sau tién xir
Iy mét cach cin thdn cé thé cai thién dang ké dd chinh xac cia dw doan.
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Mot nghién ctru khac 1a "An Optimal House Price Prediction Algorithm: XGBoost" [3]. Cac tac gia da thuc nghiém
so sanh cac thuat todn nhw SVR, Random Forest, XGBoost, multilayer perceptron, va multiple linear regression.
Két qua cho thiy XGBoost 1a md hinh c6 hiéu suit cao nhit trong dw dodn gia nha trén tip dit liéu thwc nghiém.

Phwong phap hoc mdy cling dwoc cac tac gia ap dung dé€ du doan gia nha & Kuala Lumpur [4]. Trong d6, hai thuat
toan LightGBM va XGBoost dwgc so sanh v&i multiple regression analysis va ridge regression. Két qua cho thay
mob hinh du doan gia nha dwa trén XGBoost dat hiéu suit cao nhit. Mot cach tiép cin khac ctia nhém tac gia trong
cbng trinh [5] dé xuit dw doan gia nha théng qua cidc mé ta dang van ban véi ba ki thuiat TF-IDF, Word2Vec va
BERT két hop v&i bdn mo hinh hdi quy dwgc hudn luyén dwa trén cac dang dir liéu khac nhau (dir liéu van ban, dir
liéu khéng phai van ban, hoic ca hai). Két qua thwe nghiém cho thiy viéc str dung dir liéu md ta véi Word2Vec va
mo hinh hoc sau dat hiéu suit tdt nhit. Hay trong nghién ctru [6], nhdém téc gia cling 4p dung cac phwong phap cho
viéc dw dodn gid nha & Quin King, Washington bao géom linear regression, random forest, neural network va
XGBoost. Két qua cho thdy XGBoost dat dwgc d6 chinh x4c cao nhat. Ngoai ra, trong nghién ctiru [7], nhém tac gia
str dung cac phwong phap hoc may nhw Random Forest, Stacked Generalization Regression, Linear Regression va
XGBoost dé du doan gia nha. Két qua cho thay hiéu sudt vwrot trdi ciia cdc mo hinh trong cac gid thuyét khac nhau
va cung cAp cai nhin siu sic vé hiéu qua clia ching dé du doan gia nha mot cach chinh xac nhat.

Nhin chung, cdc nghién cttu trén di chitng minh ring viéc st dung cac phwong phap phan tich va tién x ly dit liéu
hién dai, két hop véi cac thuit todn hoc may tién tién, c6 thé mang lai nhitng két qua dang ké trong viéc du doan
gid nha. Nhirng phwong phap nay khéng chi gidp cai thién d6 chinh xac cia m6 hinh ma con mé ra nhiéu huéng
nghién clru méi trong viéc tdi wu hda cac quy trinh tién xr Iy va mo hinh hoa dir liéu.

III. MO TA BAI TOAN

D& giai quyét bai todn dw dodn gia nha, viéc st dung cac cdng cu phan tich va tién x ly dit liéu manh mé 1a rit cin
thiét. Python 1a ngdn ngit 1ap trinh 1y twéng cho muc tiéu nay nhd vao thu vién phong phti va kha ning hé tro cac
thuit toan hoc may hiéu qua. Dt liéu vé gia nha thudng bao gom nhiéu bién sd nhw dién tich, s6 phong ngd, vi tri
va nhiéu yéu t6 khac. Viéc tién xtt Iy dir liéu bao gom cic bwéc nhw xtr ly dir liéu thiéu, dit liéu trung, ma hoa bién
s6 phan loai, chudn hoa dit liéu, va tach tip dir liéu thanh cac tip huin luyén va kiém tra. D€ thwc hién cac buéc
nay, ching ta sé str dung cac thw vién manh mé cda Python nhw Pandas, NumPy va Scikit-learn. Pandas gitp x ly
va kham pha dit liéu, xtt 1y cac dit lidu thiéu, loc va thao tac véi cac DataFrame. NumPy hd tro cac thao tac s6 hoc
co ban va ning cao, lam viéc véi cdc mang nhiéu chiéu. Scikit-learn 13 thw vién chinh dé xay dwng va danh gia cac
mo hinh hoc may.

Vé&imuc tiéu 1a c6 thé dp dung phwong phap xay dwng mo hinh dw dodn mét cdch don gian va hiéu qua. Chdng téi
xem xét str dung hai thuit todn phé bién SVR [8] va RFR [9]. Thuit toan SVR la mot thuit todn co ban c6 wu diém
trong viéc tim ra ranh gi¢i phan 1¢p tdi wu, phit hop véi cac bai toan c6 khong gian mau phitc tap. D6i véi thuat
toan RFR c6 kha nang ndm bat cAc mdi quan hé phirc tap va phi tuyén tinh giita cac dic trung, diéu nay rat phu
hop véi dir liéu bat dong sadn thwong cé nhiéu yéu té anh hwdng phirc tap dén gia. Bén canh do, RFR it bi d&nh
hwéng béi cac gia tri ngoai lai va nhiéu trong dit liéu, gitip mo6 hinh 6n dinh hon trén dit liéu thuc té. Ngoai ra, RFR
c6 kha niang danh gia thm quan trong clia cac dic trung, gitp chdng ta hiéu ré hon vé cac yéu t6 anh hwdng dén
gid nha. Diéu dic biét 1a Random Forest c6 thé dé dang dwoc song song hoéa, gitp ting tdc do hudn luyén trén cac
tap dir liéu lom.

Thuét todn SVR 1a mdt thuit todn hoc may cé gidm sat dwoc st dung cho hoi quy. Muc tiéu chinh cta thuét todn
SVR 14 tim ra siéu phang t6i wu (hyperplane) trong khong gian N-chiéu dé c6 thé tach biét cac diém dit liéu thudc
cac 16p khac nhau trong khong gian dic trung. Siéu phang nay cd ging t6i da hda khoang cach giita cac diém gan
nhit clia cac 16p khac nhau. Kich thwéc clia siéu phing phu thudc vao sé lwong dic trung dau vao. Néu c6 hai dic
trwng dau vao, siéu phing chi 1a moét dudng thang. Néu c6 ba dic trung dau vao, siéu phang tré thanh mot mit
phang 2-chiéu. Khi sé dic trung dau vao lén hon ba, viéc twéng twgng siéu phang nay tré nén kho khan.

Thuit todn RFR la mdt ky thuidt manh mé trong hoc mdy, st dung nhiéu ciy quyét dinh (decision trees) dé€ dwa ra
dw doan. Trong giai doan huan luyén, thuat toan tao ra nhiéu ciy quyét dinh. Mdi cAy dwgc hudn luyén trén mot
tap con ngiu nhién cda tap dit liéu. Khi xdy dung méi cdy, thuat todn chon ngiu nhién mdt tip con cla cic dic
trung (features) trong dit liéu. Piéu nay tao ra sw khac biét gitra cic ciy va gitp gidm nguy co qud khép
(overfitting). Khi dw doan, thuat toan sé& két hop két qua tir tit ca cac cAy bang cach tinh trung binh két qua tir cac
cdy. Qua trinh nay gidp tao ra cac du doan 6n dinh va chinh xac hon vi né tin dung thong tin tir nhiéu ciy quyét
dinh khéic nhau. Rirng ngau nhién rat hiéu qua trong viéc xtt ly dir liéu phttc tap, gidm thiéu nguy co qua khép, va
cung cip du dodn dang tin ciy cho nhiéu rng dung khac nhau nhw phén loai va hoi quy.
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IV. MO HiNH PE XUAT

Hinh 1 thé hiél} so dd xur Iy cua qua trinh dy doan gia nha. Qua trinh xir Iy gdm 5 giai doan: (i) Thu thap dir liéu, (ii)
phan tich va tién xur 1y dit liéu, (iii) trich chon déc trung chinh, (iv) xdy dung mo hinh va cubi cung (v) danh gia mé

hinh du doan.

o ly dir lié
trung

Thu thap dir X ly va lam
ligu sach dir liéu

Trich chon dac
trung

RandomForest

Xay dung
md hinh

upport Vector
Machine

Hinh 1. So do qud trinh dw dodn gid nha.

Bwéc 1: Thu thap div liéu

Tap dir liéu House_price_predict dwoc thu thap tir GitHub [10]. Tdp dir liéu mo ta gia cia cac can chung cw & khu

Banh giamé |4
hinh

Adjusted R2

HC0l00

vuc TP. H6 Chi Minh gdm 24,949 dong v&i 16 cot dwge md ta trong Bang 1. Dit liéu mAu cta 5 dong dau tién dwoc

thé hién trong Hinh 2.

Bang 1. M6 td tdp dir liéu

Tht tw | Thuoc tinh Y nghia

0 DiaChi M6 ta dia chi chung cw

1 TinhTrangBDS MO ta tinh trang cua chung cu

2 DienTich M6 ta dién tich cia chung cw

3 Gia/m2 Mo ta gia ciia 1 mét vudng

4 Phongngu M5 ta s6 luong phong ngu

5 TenPhanKhu M0 ta block ctia can chung cw

6 SoTang M5 ta chung c nim & tAng bao nhiéu

7 PhongTam S6 lwong nha vé sinh

8 Loai Mo ta loai hinh chung cw

9 GiayTo Tinh trang phap ly cia can nha

10 MaCanHo Ma can hd

11 TinhTrangNoiThat | M6 ta tinh trang néi thit cia cdn chung cw

12 HuongCuaChinh Hwéng ctra chinh cia chung cw

13 HuongBanCong Hwdéng ban cong cua chung cw

14 DacDiem Can trong goc hodc can chinh gitra

15 Gia Gia ban cda can chung cw

Diachi TinhTrangBDS DienTich  Gia/m2 Phongngu TenPhanKhu SoTang PhongTam  Loai GiayTo MaCanHo TinhTrangNoiThat HuongCuaChinh HuongBanCong DacDiem Gia

0 B%}igﬁgﬂ?};; Dabangiao  62m? tri:j‘i‘; 2 phéng NaN  NaN  2phéng “’“23 Pacoss NaN NaN NaN NaN NaN 2 ";gé
1 BUS:E;EE:‘}%E%‘EE Pabangiao  95m? m;ui';’; 3 phong NaN  NaN 2 phong (h“"fu d?;';g NaN  Nai that cao cip NaN NaN  Can géc 92 f“‘zyd
2 Phﬁ:gggpx\r:o%zn"agg: Chuabangiao 75 m? méui:’j 2 phéng 2 50  2phéng Ch“'lgu C‘iif‘;: 17 NaN Déng Nam Déng Nam NaN i;i“z’fd
3 Tﬁféﬁ? gg%;%an Pabingiao  70m? m;;‘:: 1 phang A 70 ipheng N9 Bang By Noithat cao cip ang Nam Tysic  nan ‘070
4 Phu{?n”gd:?, ';;L;.?‘asanfgp Dibangiao  83m? m;llsf‘r:': 2 phéng NaN  NaN  2phéng c'“‘"?f Pacoss NaN N that cao cip Tay Bic NaN NaN ;f?n‘z’;

Ha Chi

Hinh 2. DiF liéu mdu ctia 5 dong ddu tién..

Bwéc 2: Phan tich va lam sach dir liéu
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Véi dir liéu & Bwdc 1, ching toi tién hanh xt Iy va 1am sach dir liéu. Thong tin (data.info()) vé s lwong hang, cét,
tén cot, s6 lwong gia tri khong null, kiéu dit liéu dwoc thé hién trong Bang 2. Thong ké tém tit ctia cac cot dit liéu
s6 (data.describe()) dwoc thé hién trong Bang 3.

Bang 2. Théng tin vé tdp dir liéu

Rangelndex: 24949 entries, 0 to 24948
Data columns (total 16 columns):
Column Non-Null Count Dtype
0 | DiaChi 24624 non-null object
1 | TinhTrangBDS 24924 non-null object
2 | DienTich 24917 non-null float64
3 | Gia/m2 24916 non-null float64
4 | Phongngu 24926 non-null float64
5 | TenPhanKhu 7036 non-null object
6 | SoTang 6726 non-null float64
7 | PhongTam 24388 non-null float64
8 | Loai 24926 non-null object
9 | GiayTo 18852 non-null object
10 | MaCanHo 3358 non-null object
11 | TinhTrangNoiThat 12790 non-null object
12 | HuongCuaChinh 9370 non-null object
13 | HuongBanCong 8670 non-null object
14 | DacDiem 5601 non-null object
15 | Gia 24949 non-null float64
Bang 3. Tém tdt théng ké cho tdp dir lidu
DienTich Gia/m2 Phongngu SoTang PhongTam Gia
count 24917.00000 2.491600e+0 | 24926.00000 | 6726.000000 | 2488.000000 | 24949.00000
mean 193.907179 6.803146e+0 | 2.045134 11.482307 1.750656 2.865201
std 7465.948823 5.424467e+0 | 0.730980 18.142728 0.596897 7.827805
min 1.000000 0.000000e+0 | 1.000000 1.000000 1.000000 0.000000
25% 56.000000 1.412000e+0 | 2.000000 5.000000 1.000000 1.600000
50% 68.000000 2.973500e+0 | 2.000000 9.000000 2.000000 2.250000
75% 80.000000 4.151000e+0 | 2.000000 16.000000 2.000000 3.300000
max 780000.000000 | 5.428571e+1 | 10.000000 789.000000 | 6.000000 980.000000

Do céc cot 'DienTich', 'Gia/m2', 'Phongngu’ va 'PhongTam' thudéc dang dong ky tw (string) bao gdbm ca s6 va chir
nén can chuyén ching sang dang sd (float). Tiép theo, cAn xir ly trich loc ra tén Quin va Huyén & cot ‘DiaChi’ vi
khong can dia chi chi tiét cia cac can ho. Twong tw, cot ‘Gia’ vira chira s6 va chir nén ciing can Convert lai c6t ‘Gia’
theo don vi ty dong. K&t qua bién ddi di liéu dwoc thé hién trong Hinh 3.

DiaChi TinhTrangBDS DienTich Gia/m2 Phongngu TenPhanKhu SoTang PhongTam Loai GiayTo MaCanHo TinhTrangNoiThat HuongCuaChinh HuongBanCong DacDiem Gia
0 Quén7 B3 ban giao 620 32260 20 NaN NaN 20 Chung cu [SER T NaN MaM NaN NaN NaN  2.00
1 Quén 7 D3 ban giao 950 55790 30 NaN NalN 20 Chungcu Dang chd sa NaN N5 that cao cap NaN NaN  Cangéc 530
2 Quan Binh Tan  Chua ban giao 75.0 3440 20 2 50 20 Chungey Gidy t& khac 17 MNaN Béng Nam Béng Nam MNaN 258
3 Quan Tén Binh D3 ban giao 700 57140 1.0 A 70 10 Chungcy Dangchasd BPA - 0712 N&i that cao cap Béng Nam Tay Bac NaN 400
4 Quan 6 ©a ban giao B30 35540 20 NaN NahN 20 Chung cv Dacosé NaN NGi that cao cap Tay Bac Nal NaN 295

Hinh 3. Dir liéu liéu mdu sau khi bién do6i 5 dong dau tién..
Thong qua phén tich, tip dit liéu cé tén tai nhiéu gia tri null (Bang 4). Do vy, can xt& Iy nhirng gia tri null nay.

DAu tién, cac cot TenPhanKhu, SoTang, MaCanHo, HuongCuaChinh, HuongBanCong, DacDiem cin phai xéa vi cac
cOt nay c6 cac gia tri missing rat 16n (hon 50%). Tiép theo, st dung ‘dropna’ dé€ loai bo cac gia tri null cho cac cot
DiaChi, TinhTrangBDS, DienTich, Gia/m2, Phongngu, PhongTam, Loai vi cic cOt nay c6 s6 lwong cac gia tri bi thiéu
nho hon 5%. Dai véi cot ‘GiayTo’ va ‘TinhTrangNoiThat’ c6 phan tram gia tri null lan lwot 1a 24.43% va 48.73%
thi ta tién hanh xt ly bang cach thay thé gia tri null bang gia tri mode vi kiéu dit liéu cta 2 cdt nay 1a object. Bang 5
thé hién két qua sau khi xir Iy nhirng gia tri null.
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Bang 4. Ty Ié phdn trdm cdc gid tri null.

DiaChi 1.302657
TinhTrangBDS 0.100204
DienTich 0.128262
Gia/m2 0.132270
Phongngu 0.092188
TenPhanKhu 71.798469
SoTang 73.041004
PhongTam 2.248587
Loai 0.092188
GiayTo 24.437853
MaCanHo 86.540543
TinhTrangNoiThat 48.735420
HuongCuaChinh 62.443385
HuongBanCong 65.249108
DacDiem 77.550202
Gia 0.000000
dtype: float64
Bang 5. Két qud sau khi xt¢ Iy cdc gid tri null.
DiaChi 0
TinhTrangBDS 0
DienTich 0
Gia/m2 0
Phongngu 0
PhongTam 0
Loai 0
GiayTo 0
TinhTrangNoiThat | 0
Gia 0
dtype: int64

Ngoai ra, dit liéu trung cling can dwoc loai bé. Hinh 5 trinh bay thong tin nhuwng dit liéu bi tring nhau (7,358 dong
bi trung)

Number of duplicate rows: 7358

Diachi TinhTrangBDS DienTich Gia/m2 Phongngu PhongTam Loai GiayTo TinhTrangNoiThat Gia
25 Quané6 D3 ban giao 83.0 3554.0 2.0 2.0 Chungcu P& co sd Noi that caocdp 2.95
29 Quan7 Da ban giao 95.0 5579.0 3.0 2.0 Chungcu bDangchd sd Noi that cao cap 5.30
51 Quéané6 Da ban giao 83.0 3554.0 2.0 2.0 Chungcu D& co so Noi that cao cap 2.95
53 Quan7 D& ban giao 62.0 3226.0 2.0 2.0 Chungcu Pacésé Hoanthiéncoban 2.00
75 Quans Dé ban giao 65.0 2769.0 2.0 1.0 Chungcu Pdcosd  Hoanthiéncoban 1.80

Hinh 4. M@t phdn cdc gid tri triung trong tdp dir lidu.



Nguyén Mai Khanh Vy, Tran Ngoc Thao Ngan, Tran Minh Thai

77

Sau do6, chung tdi phan tich mdi twong quan gitra cac bién dang s6 véi gid tri “Gia” thong qua biéu do Scatter (Hinh

DienTich vs Gia Gia/m2 vs Gia Phongngu vs Gia PhongTam vs Gia
1000 {5 1000 {5 w003 1000 {5
800 4 800 4 800 4 800 4
600 4 600 4 600 4 600 4
- ® o ° o ® © ®
[} [} o} 5]
400 400 400 400 4
® o L ] L ]
200 4 200 4 200 4 200 4
L. i Bodses " i
ofllose o« | o e oilk . - oja o B OB G e Ul oo 0 0 0 4 |
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Hinh 5. Biéu do Scatter truc quan mdi quan hé gitva cdc bién dang sé véi gid tri “Gia”.

Theo Hinh 5, cac diém dir liéu tp trung nhiéu & cac gia tri thap cia DienTich va Gia, cho thiy hau hét cac bat dong
san c6 dién tich va gia tri thip. Tuy nhién, c6 mot vai diém ngoai 1é v&i gia tri rat cao. Hau hét cac diém dir liéu tip
trung & gia tri thip clia Gia/m2 va Gia, cho thiy cic bat dong san c6 gia cao trén mdi mét vudng it phd bién hon.
Cac diém dir liéu tip trung da s6 & cic bat dong san cé 2-4 phong ngu, va gia ca twong doi thip. Trén day ciling
xuit hién mot s6 diém ngoai 1é véi gid cao hon. Hau hét cic diém dir liéu tip trung & cac bat dong san cé 1-3
phong tdm, va gia ca twong déi thip. Trong méi biéu d6 nay ciing c6 mot vai diém ngoai 1é véi nhiéu phong tim
hon va gia cao hon.

Boxplot of DienTich 1e10 Boxplot of Gia/m?2 Boxplot of Phongngu Boxplot of PhongTam Boxplot of Gia
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Hinh 6. Biéu do6 hdp trwérce khi xi ly ngoai Ié.
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Hinh 7. Biéu dd hdp sau khi xi Iy ngoai Ié.

Do d4, ching t6i st dung biéu do boxplot (Hinh 6) cho cac cot 'DienTich’, 'Gia/m2', 'Phongngu’, 'PhongTam’, 'Gia'
dé xac dinh outliers va tién hanh xr 1y trén nhirng ngoai 1é nay. Biéu d6 trong Hinh 6 cho thiy sw hién dién cua
nhiéu gia tri ngoai 1€, diac biét 1a & cac bién DienTich, Gia/m2 va Gia. Phan hop chinh ctia tit ca cac bién s déu rat
nhd, chitng té sw tip trung cao dd cta dir liéu & pham vi thdp cta cac bién s6. Xr 1y cAc gia tri ngoai 1& bing
phwong phap IQR. Thay thé cac gia tri 1én hon upper_limit bing upper_limit va cac gi4 tri nhé hon lower_limit
bing lower_limit. K&t qua xi ly ngoai 1&é dwoc thé hién trong Hinh 7. Sau khi xir ly outlier, bién "Phongngu" phan
phdi dong nhit cho thiy su thiéu da dang vé s6 phong ng trong tap dir liéu, diéu nay c6 thé anh hwdng dén kha
nang phan tich va dw bio vi vy bién nay can loai bo. Hinh 8 va Hinh 9 thé hién biéu d6 Scatter va biéu do
Heatmap truc quan mdi quan hé gitra cac bién dang s6 véi gia tri “Gia”.
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Hinh 8. Biéu db Scatter truc quan méi quan hé gitra cdc bién sé véi cét gid “Gia”.

Hinh 8 cho th4y sw phan tan dit liéu rong, dic biét & cac bién DienTich va Gia/m2, diéu nay cho thdy ring cac yéu
t6 nay c6 thé c6 anh hudng dang k€ dén gia. Hinh 9 cho thiy cac bién DienTich, Gia/m2 va PhongTam déu c6 anh
hwdng nhit dinh dén Gia.
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Hinh 9. Biéu db heatmap thé hién sw twong quan giia céc bién.

Hinh 10 trwc quan héa méi quan hé giira cac cot dir liéu phan loai va gia tri trung binh cta gia nha dé xac dinh
mutc do anh hwdng cia cic bién phén loai ndy. Biéu do cot gitra DiaChi va Gia thé hién cac quan trung tAm thwong
c6 gia trung binh cao hon cic huyén ngoai thanh. D&i véi Bidu do cot gitva TinhTrangBDS va Gia thé hién tinh
trang ciia bt dong san ciing &nh huwdng dén gia. Loai hinh b4t dong san cling anh hwdng lén dén gia (iéu do cot
gitra Loai va Gia), véi penthouse va duplex cé giad cao nhat. Riéng Biéu do cot giira GiayTo va Gia, loai gidy to
khong anh hwdng nhiéu dén gia trung binh. Cudi cling, 1a Bi€u do cot giira TinhTrangNoiThat va Gia thé hién tinh
trang ndi thit c6 anh hwdng dang k€ dén gia tri cia bat déng san. Cac cin ho "Ban giao thd" va "Noi thit cao cip”

AN

c6 gia trung binh cao hon so véi cac cian h "Hoan thién co ban" va "Noi that day da".
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Biéu dé c6t giira DiaChi va Gia

Biéu d6 cét gilra TinhTrangBDS va Gia
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Hinh 10. Biéu dé cét gitra cdc dir lidu phdn logi va Gia.

Officetel

Penthouse

Tap thé, cu xa

Chinh vi vdy, chidng tdi cAn ma ho4 cic bién phan loai nay dé c6 thé 4p dung vao mo hinh dw doan. Trong dd, bién
phan loai 'DiaChi', 'TinhTrangBDS', 'Loai’, 'GiayTo', 'TinhTrangNoiThat' dwoc ma héa théng qua phwong phap

One-hot Encoder (Bang 6).

Bang 6. Két qud sau khi md héa

Rangelndex: 16728 entries, 0 to 16727
Data columns (total 41 columns):

Column Non-Null Count Dtype

0 DienTich 16728 non-null float64
1 Gia/m2 16728 non-null float64
2 PhongTam 16728 non-null float64
3 DiaChi_Huyén Binh Chanh 16728 non-null float64
4 DiaChi_Huyén Ci Chi 16728 non-null float64
5 DiaChi_Huyén H6éc Mén 16728 non-null float64
6 DiaChi_Huyén Nha Beé 16728 non-null float64
7 DiaChi_Quéin 1 16728 non-null float64
8 DiaChi_Quéin 10 16728 non-null float64
9 DiaChi_Quéin 11 16728 non-null float64
10 DiaChi_Quéin 12 16728 non-null float64
11 DiaChi_Quén 2 16728 non-null float64
12 DiaChi_Quén 3 16728 non-null float64
13 DiaChi_Quan 4 16728 non-null float64
14 DiaChi_Quéan 5 16728 non-null float64
15 DiaChi_Quan 6 16728 non-null float64
16 DiaChi_Quéan 7 16728 non-null float64
17 DiaChi_Quédn 8 16728 non-null float64
18 DiaChi_Quéan 9 16728 non-null float64
19 DiaChi_Quéan Binh Thanh 16728 non-null float64
20 DiaChi_Quéin Binh Tan 16728 non-null float64




80 (’NG DUNG PHAN TiCH VA TIEN XU LY D{* LIEU TRONG PYTHON VAO BAI TOAN DU’ POAN GIA NHA

21 DiaChi_Quéan Go Vip 16728 non-null float64
22 DiaChi_Quén Phi Nhuéin 16728 non-null float64
23 DiaChi_Quéan Thu Pc 16728 non-null float64
24 DiaChi_Quéan Tan Binh 16728 non-null float64
25 DiaChi_Quan Tan Phu 16728 non-null float64
26 TinhTrangBDS_ Chwa ban giao 16728 non-null float64
27 TinhTrangBDS_P3a ban giao 16728 non-null float64
28 Loai_ Chung cw 16728 non-null float64
29 Loai_ Can ho dich vy, mini 16728 non-null float64
30 Loai_ Duplex 16728 non-null float64
31 Loai_ Officetel 16728 non-null float64
32 Loai_ Penthouse 16728 non-null float64
33 Loai_ Tap thé, cw x4 16728 non-null float64
34 GiayTo_ Gify t& khac 16728 non-null float64
35 GiayTo_Pang chd s6 16728 non-null float64
36 GiayTo_D3i c6 s6 16728 non-null float64
37 TinhTrangNoiThat_Ban giao tho 16728 non-null float64
38 TinhTrangNoiThat_Hoan thién co ban 16728 non-null float64
39 TinhTrangNoiThat_Ndi thit cao cip 16728 non-null float64
40 TinhTrangNoiThat_Néi thit day du 16728 non-null float64
dtypes: | float64(41)

Cudi cling, cdng cu StandardScaler duoc ding dé chuan héa dir liéu nham dwa gia tri cac cot dit liéu s6 vé mot
thang do véi gia tri trung binh 12 0 va d6 1éch chuin 13 1. Bang 7 thé& hién két qua chuin héa cho 5 mau dit liéu dau

tién.

Bang 7. Sau khi Feature Scaling

DienTich Gia/m2 PhongTam
0 -0.337101 0.107491 0.497391
1 1.207092 1.255721 0.497391
2 0.271218 -1.298883 0.497391
3 0.037249 1.321599 -1.278945
4 0.645568 0.267550 0.497391
5 rows x 41 columns

Bwérc 3: Trich chon dac truwng

Trong nghién cttu nay, phwong phap Recursive Feature Elimination (RFE) dwgc chon lam k§j thuét trich chon dac
trueng chinh, médc du c¢é nhiéu phwong phap khac nhw phwong phap Filter (Chi-Square Test, Mutual Information,
ANOVA), phwong phap Wrapper (Forward Selection, Backward Elimination), va phwong phap Embedded (Lasso,
Ridge Regression). RFE dac biét phu hop véi bai toan dw doan gia nha do kha nang xt ly hiéu qua cac tap dir liéu
c6 nhiéu dic trieng va phirc tap. So véi cac phwong phap Filter nhw Chi-Square Test hay Mutual Information c6 thé
b6 qua mdi twong tac phic tap gitra cic dic trung. Trong khi d6, RFE thuwc hién qud trinh loai bé dic trung mot
cach c6 hé thong va lap di 1ap lai, gidp xac dinh chinh xac hon tAim quan trong cta tirng dic trung doi vdi gid nha.
RFE ciling vuot tréi hon cac phwong phap Wrapper khac nhu Forward Selection hay Backward Elimination trong
viéc can bang gitra hiéu suit tinh toan va do chinh xac. Dong thoi, RFE ¢6 thé két hop véi nhiéu loai md hinh khéc
nhau, khong bi gi¢i han béi mot mé hinh cu thé nhw véi mot s6 phwong phap Embedded nhw Lasso hay Ridge
Regression [11] [12]. Trong nghién cru nay, mo hinh Linear Regression dugc sit dung nhw mot mé hinh hoéi quy
co ban d€ danh gia cic tip hop dic trung théng qua RFE. RFECV (Recursive Feature Elimination with Cross-
Validation) dwgc ap dung v&i cac thiét 1ap cu thé: mo hinh Linear Regression dwoc chon lam estimator, step=1:
mbi 1an loai bé mot dic trung kém nhat, cv=KFold(5): str dung K-Fold Cross-Validation vé&i 5 fold dé danh gid mo
hinh, scoring='r2": st dung R-squared lam thwéc do hiéu suat md hinh. Sau khi thwc thwe hién Feature Selection
ta giam dwoc s6 chiu di liéu tir 41 xuéng con 35 (Hinh 11).
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Optimal number of features: 35

Selected Features: Index(['DienTich', 'Gia/m2’, 'PhongTam', 'DiaChi_Huyén Binh Chanh',
'DiaChi Huyén Cu chi', 'DiaChi Huy@&n Hoc Mén', 'DiaChi_Huyén Nha B2,
‘DiaChi_Quan 1', 'DiaChi_Quén 16', 'DiaChi_Quan 12", 'DiaChi_Quan 2°,
‘DiaChi_Quan 3', 'DiaChi_Quéan 4', 'DiaChi_Quan 5%, 'DiaChi_Quan 6',
‘DiaChi Quan 8', 'DiaChi Quan 9', 'DiaChi Quan Binh Thanh',
'DiaChi Quan Binh Tan', 'Diachi Quan Go vdp', 'DiaChi Quan Phd Whudn',
'Diachi Quan Thu pkrc¢', 'Diachi Quén Tan Binh',
'TinhTrangBDS_ Chua ban giao', 'TinhTrangBDS_ Da ban giao’,
‘Loai_ Chung cu', "Loai_ can hd dich vu, mini', 'Loai_ officetel’,
"Loai Penthouse', 'Loai Tap thé, cw xa', 'GlayTo D3 ¢d sd',
'TinhTranghNoiThat  Ban giao thé', 'TinhTrangMoiThat Hoan thién co ban',
'TinhTrangNoiThat_ nNgi that cao cap’,
'TinhTranghNoiThat  noi thdt day da'],

dtype="object")
Feature Ranking: [11111111161111114211111111511112111371
111 1]

Hinh 11. Két qud sau khi trich chon ddc trung.
V. KET QUA THU'C NGHIEM

Sau khi thwc hién phan tich va tién xit Iy cho tip dir liéu, chung téi tién hanh thwc nghiém hai mo hinh hoc may dé
dw doan gia nha: SVR va RFR. Chwong trinh dwoc viét bing ngdn ngir Python phién ban 3.10.12, chay trén nén
tang Google Colab, may tinh Intel Core i7-12700H, bd nhé 16GB va hé diéu hanh Windows 11. Chdng tdi stt dung
k{ thuét Cross-Validation dé ddm bao tinh khach quan va chinh x4c ctia két qua danh gia. Cac do do bao gobm Mean
Absolute Error (MAE), Mean Squared Error (MSE), Root Mean Squared Error (RMSE), R-squared (R?), do 1éch
chuin ctia R?, va R-squared hiéu chinh (Adjusted R2).

(i) MAE [13] 13 1 metric danh gia m6 hinh bang cach tinh trung binh gia tri tuyét d6i sai s giita gia tri thuc té va
gia tri dw doan duoc tinh theo Cong thirc 1. Trong d6: x; 1a cic gia tri thuc té va y; 12 cac gia tri dw doan.

1 n
MAE =23 =yl (D
n i=1
(ii) MSE [13] 1a mdt chi s6 phd bién trong thong ké va hoc may. N6 tinh trung binh ctia binh phwong sai s6 gitra

céc gia tri thuwe té va cac gia tri du doan cta mot tip div liéu. MSE thwong dwoc st dung trong cac vin dé hoi quy
dé danh gia hiéu suit cia cic md hinh dw doan dwoc tinh theo Cong thikc 2.

1 n
MSE = ;Zizl("i )

(iii) RMSE [13] la can bac hai ciia MSE. RMSE do lwong mirc do phu hop cla cac gia tri du doan tir mo hinh so véi
céc gia tri thuwc t€ dwoc quan sat trong tip dit liéu dwoc tinh theo Cong thirc 3.

1 n
RMSE = |23 (q-y)? ()
n i=1

(iv) R2 [14] 12 mdt chi s8 thdng ké dwoc st dung dé danh gia mc do phlt hgp ctia mot mo hinh hdi quy tuyén tinh.
N6 do lwong ty 1€ bién thién trong bién phu thudc (bién két qua) dworc giai thich bdi bién doc 1ap (bién dw dodn)
trong md hinh. R? c6 gia tri tir 0 dén 1, gia tri R? cang cao, md hinh cang phu hop véi di liéu va giai thich dwoc
nhiéu bién thién hon (Céng thic 4).

Trong dd: RSS (Residual Sum of Squares): Tong binh phwong ciia cac sai s6 (phan dw) gitra gia tri dw doan va gia
tri thwe t€ dwoc tinh theo Cong thirc 5 (y;1a gia tri thuwce té ctia bién phu thudc va J; 1a gia tri dw doan tir mo hinh).
TSS (Total Sum of Squares): Téng binh phwong clia sw khac biét gitra gia tri thuwc té va gia tri trung binh clia ching
dwgc tinh theo Cong thirc 6 (y, la gia tri trung binh ctia bién phu thuéc van 1a s6 lwgng quan sat).

RSS = Z;(yi -9 (5)

rss=)" (i-5) ©
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(v) Adjusted R2? [14] 12 mot phién ban dwoc diéu chinh cha R-squared, dwgc st dung d€ danh gia mic do phu
hop ctia m6 hinh hodi quy tuyén tinh. R? thong thuwdng chi do lwong ty 18 bién thién clia bién phu thudc duoc giai
thich b&i m6 hinh hoi quy. Tuy nhién, mét han ché& 16n ctia R? 1a né ludn ting hoic khong thay déi khi thém bién
giai thich mé&i vao md hinh, ngay ca khi bién d6 khong thuc sw c6 y nghia. D& khic phuc van dé nay, Adjusted R-
squared trong Cong thitrc 7 dwoc st dung. V&i nla s6 lwong diém dit lidu, k 12 s6 lwong bién doc 1ap va R? 1a gia
tri R-squared

Adjusted R* = <w> (7

n—k-—1

Trong nghién ciru nay, ching t6i stt dung phwong phap RandomizedSearchCV dé xac dinh cac siéu tham sé phu
hop cho hai m6 hinh SVR va RFR [15]. RandomizedSearchCV thirc hién tim ki€ém ngiu nhién cac t6 hop siéu tham
s6 tlr cac lwdi tham s6 da dinh nghia va danh gia mé hinh trén tip dit liéu st dung phwong phap cross-validation.
RandomizedSearchCV dwgc chon thay vi GridSearchCV, do n6 hiéu qua hon vé mat thoi gian khi lam viéc véi
khong gian tham sé 16, dong thoi van cung cip két qua t6i wu gan nhu twong dwong.

Ca hai qua trinh tim kiém siéu tham s& t6i wu va ddnh gid mo hinh déu s dung K-Fold Cross-Validation véik = 5.
K¢ thuat nay chia dit liéu thanh 5 phan, mbi phan lan lwot dwoc st dung lam tap kiém tra trong khi cac phan con
lai dwoc sir dung lam tap huin luyén. Viéc str dung ky thuit nay gitip gidm thiéu hién twong qua khép va dam bao
mo hinh c¢6 tinh téng quat t6t hon. Tiéu chi danh gia (scoring) 1a 'neg_root_mean_squared_error', nham tim kiém
mo hinh c6 kha ning dw doan chinh xac nh4t bing c4ch t&i thi€u hoa sai s6 RMSE.

Doi véi mo hinh SVR, chung téi thiét 14p khong gian tim ki€m véi cac gid tri C (0.1, 1, 10, 100) va cac loai kernel
('rbf, 'linear’, 'poly’, 'sigmoid"), thuc hién 16 1an lap ngau nhién. Két qua cho th4y siéu tham s6 tot nhat cho SVR 1a
kernel 'rbf va C = 1. Him kernel ‘rbf’ gitip bién d6i khéng gian dic treng d€ mo hinh ¢6 thé tim ra cac quan hé phi
tuyén gitta cac dic trung, trong khi tham sé C diéu chinh mitc d§ phat 4p dung cho cac 13i trong dit liéu huin
luyén, gitp dat dwoc sw cAn bang gitra dd phirc tap clia m6 hinh va kha ning khai quat héa.

D6i véi mo hinh RFR, chiing toi thiét 1p khéng gian tim kiém v&i cac gia tri n_estimators (s6 lwong ciy) tir 50 dén
300 v&i bwdc nhay 50, max_depth (d6 siu t6i da clia ciy) tir 10 dén 30 v&i bude nhdy 1 va thém gia tri None,
min_samples_split (s6 mAu t&i thi€u dé phan tach) tir 2 d€n 10 v&i bwdce nhay 2, va min_samples_leaf (s6 mau tdi
thi€u & nut 1a) tir 1 dén 4 véi budc nhay 1. Qua trinh tim ki€m nay thwc hién 50 1an lip ngiu nhién. K&t qua céc
siéu tham s6 t6i wu cho RFR 1a n_estimators = 300, min_samples_split = 4, min_samples_leaf = 1, va max_depth =
22. Ching toi str dung random_state = 42 cho cd RandomizedSearchCV va md hinh RFR dé dam bdo tinh tai lap
cta két qua.

Bang 8. So sdnh két qud ciia SVR va RFR

b6 do SVR RFR
MAE 0,2978 | 0,1617
MSE 0,4278 | 0,2817
RMSE 0,6541 | 0,5307
R2 0,7892 | 0,8611
Adjusted R? 0,7887 | 0,8608
Thoi gian thucthi | 97,07s | 212,14 s

RFR vuot troi hon SVR & hau hét cic chi s6 danh gid. Cu thé, RFR c6 céc gia tri MAE, MSE va RMSE thap hon, dong
nghia vé&i viéc c6 do chinh xac cao hon va it 16i hon trong dw doan. Bén canh d6, gia tri R* va Adjusted R? ctia RFR
cling cao hon, cho thdy kha nidng giai thich bién thién ctia dit liéu t6t hon. Mic du RFR cé thoi gian thuc thi dai
hon so vGi SVR, tuy nhién, sy chénh 1éch nay 1a khéng dang ké so véi lgi ich ma RFR mang lai vé mit do chinh x4c
va kha nang giai thich. Nhin chung, m6 hinh RFR la lya chon t6t hon cho bai todn dw dodn gid nha trong trwong
hop nay.

Hinh 12 thé hién mdi quan hé gitra gia tri thwc té va gia tri dw doan ctia hai m6 hinh dw doén gia nha: SVR va RFR.
Biéu do scatter giita gia tri thuc t& va gi tri dw doan ctia m6 hinh SVR cho thay cic diém dit liéu ndm rai rac va c6
d6 phan tan 1én xung quanh dwong ly twdng (dwong mau dd), dic biét 1a & cac gia tri thip va cao. Diéu nay cho
thdy mo hinh SVR c6 sw bit 6n dinh va dd chinh xac khong cao trong viéc du doan gia tri thwc té. Trong khi do,
Biéu do scatter gitra gid tri thuc t€ va gia tri dw dodn cia m6 hinh RFR cho thiy cac diém dir liéu tip trung gan
dwong ly twdng hon, cho thdy mé hinh nay c6 kha ning dw dodn chinh x4c va én dinh hon. Cac di€ém dir liéu it bi
phan tan hon, dic biét1a & cac gia tri thap va cao, chirng td6 mé hinh Random Forest Regressor c¢6 do chinh xac cao
hon trong viéc dw doan gia tri thuc té. Do d6, RFR cho thdy sw wu viét hon so véi SVR trong viéc dw doan gia tri
thwc té, véi do chinh xac cao hon va sw 6n dinh tot hon. Diéu nay cho thiy RFR 1a m6t mo hinh dw doan hiéu qua
va dang tin cdy hon so v&i SVR trong bai todn dw dodn gid nha.
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Biéu dé scatter gilra gia tri thuc té va gia tri dy doan clia mé hinh SVR Biéu dé scatter gilra gia tri thuc té va gia trj du doan cia mé hinh RFR

e e
°

Gia tri du doan

Gia tri thuc té Gid tri thuc t&
Hinh 12. Biéu dd scatter thé hién méi quan hé gitra gid tri thwc té€ va gid tri dw dodn ctia mé hinh SVR va RFR.
VI. KET LUAN

Bai bo d trinh bay viéc 4p dung cac ky thuit phan tich va tién xt ly dir liéu trong Python d€ du doan gia nha tai
thanh phd H6 Chi Minh. Qua viéc phan tich va tién xir ly dit liéu, dir liéu dwoc lam sach d€ huin luyén mé hinh.
Trong nghién ctru nay, hai mé hinh hoc may dwoc thir nghiém la SVR va RFR. K&t qua cho thdy mé hinh RFR hiéu
qua hon khi ndm bit cdc mé8i quan hé phirc tap va phi tuyén tinh, it bi anh huéng béi ngoai 18 va nhiéu, va dat hiéu
sudt tot hon so véi mé hinh SVR. Qua trinh tién x& 1y va chudn héa dir liéu da chirng minh dwoc sw quan trong
trong viéc cai thién do chinh xac ctia cic mé hinh hoc may. Cac buwéec tién xir ly dit liéu nhw ma héa bién s6, chudn
héa dir liéu va giam chiéu dir liéu da déng vai tro quan trong trong viéc cai thién hiéu suit dw doan.

Nhin chung, nghién cttu cho thay rang viéc st dung cac phwong phap phan tich va tién xi ly dir liéu hién dai két
hop v&i cac thult todn hoc may tién tién c6 thé mang lai nhitng két qua dang ké trong viéc dw dodn gia nha. Diéu
nay khong chi gidp cai thién d6 chinh xac ctia m6 hinh ma con mé ra nhiéu hwéng nghién cru méi trong viéc téi
wu héa cac quy trinh tién xt Iy va mo hinh héa dit liéu. Nghién ctru trong twong lai cé thé tip trung vao viéc thir
nghiém cac phwong phap hoc may khéc, cling nhw dp dung cac ky thuét tién xir ly va phén tich di liéu mai dé tiép

tuc cai thién do chinh xac va hiéu qua clia mo6 hinh dy doan gia nha.
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APPLICATION OF DATA ANALYSIS AND PREPROCESSING IN PYTHON TO

THE HOUSING PRICE PREDICTION PROBLEM
Nguyen Mai Khanh Vy, Tran Ngoc Thao Ngan, Tran Minh Thai

ABSTRACT— Predictive modelling is one of the most important and widely applicable problems in machine learning. It
serves as the foundation for many important applications in human life, ranging from familiar areas such as weather
forecasting and price prediction to more complex areas such as disease diagnosis, fraud detection, and autonomous driving.
The focus of predictive modelling is to predict the outcome of an event or a variable in the future based on historical data by
automatically learning from the data and building a prediction model. This paper proposes a model to predict housing prices
in Ho Chi Minh City. Through the application of analysis and data preprocessing techniques using Python programming
language libraries, the data is cleaned, missing values are handled, duplicates and outliers are addressed, categorical
variables are encoded, data is normalized, and feature selection and dimensionality reduction are performed. Next, machine
learning models are trained to predict housing prices using the Support Vector Regressor (SVR) and Random Forest
Regressor (RFR) methods. Experimental results show that RFR is capable of capturing complex and nonlinear relationships,
is less affected by outliers and noise, and outperforms SVR in terms of performance.

Keywords— House price prediction, data analysis, data preprocessing, Support Vector Regressor, Random Forest
Regressor, Python.
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