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I. Pat van dé

Trong tai liéu gbc ctia du 4n House Price Prediction — Advanced Regression Techniques, pipeline dugc
thiét ké theo hudng tuyén tinh: tit giai doan kham pha dit liéu (EDA), lam sach, tién xi ly, dén
huin luyén cdc mo hinh héi quy tuyén tinh va phi tuyén cd ban nhu Linear, Polynomial, Ridge
va Lasso Regression. Quy trinh nay phi hop cho muc tiéu hoc tip, nhung khi trién khai trong thuc té,
nhém nhan thay ton tai nhiéu han ché:

Thiéu co ché chon dic trung cé hé théng: pipeline gbc st dung toan bd tap bién, dé dan
dén da cong tuyén va giam hiéu suat.

Chua kiém soat overfitting & cip do dic trung: chi 4p dung diéu chuin § mitc mé hinh,
khong sang loc sém céc bién nhiéu.

Khoéng danh gia anh hudng ciia PCA hoic giam chiéu di liéu.

Thiéu kha ning dién giai: pipeline dimg lai & so sanh chi s6 R? va RMSE, chua 4p dung céc
phuong phap giai thich mo6 hinh.

Khéng c6 huéng mé rong ting dung thyc té: chua két ndi mé hinh véi hé théng dinh gid tu
dong.

»

1 Cai tien trong pipeline mdi

Pipeline méi duge nhém dé xut theo dinh huéng két hop gitta kha ning ty déng héa, phan tich
da chiéu va giai thich mé hinh. Céc cai tién chinh bao gdm:

Chon dic trung da huéng: két hop Genetic Algorithm (GA) dé tim tap bién t6i wu va
Correlation/F-test &¢ ddnh gid théng ké truyen théng.

Phan nhanh huin luyén véi va khéng c6 PCA: gitp so sanh téc dong ciia gidm chiéu dit
liéu dén hiéu qua mo hinh va kha nang dién giai.
M& rong pham vi mé6 hinh: bd sung cac thuit toan nang cao nhu ElasticNet, Random Forest,

Gradient Boosting, Ensemble Learning.

Giai thich bing SHAP: dinh luong mic déng gép cia timg dic trung vao két qua du dodn,
giip m6 hinh minh bach va dang tin cay.

Hudng dén tmg dung thuyc té: tich hop bude Prompting to build Agent for Housing Appraisal,
tao nén tang cho hé thong dinh gid nha tu dong.

2 Tém tit su khic biét

Thanh phan Pipeline gbc (AIO) Pipeline méi ctia nhém
Feature Selection  Thu cong GA, Correlation, F-test

Feature Khéng xét PCA song song véi dit liéu goc
Reduction

Model Scope Linear, Ridge, Lasso + ElasticNet, RF, GB, Ensemble
Interpretability Khoéng c6 SHAP dé¢ giai thich két qua
Application Notebook mo6 phéng Agent dinh gia tu dong
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Hinh 1: Pipeline cia nhém

Pipeline méi 4 khong chi céi thién do chinh xdc, ma con tang tinh minh bach va khé nang tng dung
trong thuc t&, hudéng t6i muc tiéu xay dyng mo hinh dinh gia nha thong minh, c6 thé dién giai
va mé rong thanh céng cyu hd trg ra quyét dinh.

I1. Huéng phéat trién md rong
1 Xt ly gia tri khuyét (N/A)

Gia tri khuyét thiéu l1a mot thach thicc phd bién trong hoc may va phéan tich dit liu. Ching xay ra
khi mot s6 diém dit liéu bi thiéu ddi véi cac bién cu thé trong mot tap dit liéu. Nhitng khoang tréng
thong tin nay c6 thé & dang 6 trdng, gid tri null hodc cdc ky hiéu dic biét nhuw "NA”, "NaN” hoic
"khong xac dinh”. Néu khong duge xit 1y ding cach, gid tri bi thiéu cé thé gay anh hudng dén d6 chinh
xéc va do tin cdy ctia mo6 hinh. Ching cé thé lam gidm kich thudc mau, giy ra sai léch va giy kho khan
cho viéc 4p dung mot s6 ky thuat phan tich yéu cau dit lieu day du. Viéc xtt Iy hiéu qua cdc gid tri bi
thiéu 13 rdt quan trong dé ddm bao cdc mé hinh hoc méy ciia ching ta tao ra két qua chinh xéc va
khéch quan.

Ciing giéng nhu moi loai dataset khac, dataset trong du 4n House Price Prediction ciing ton tai
nhitng gid tri khuyét thiéu nhu vay:

Id MSSubClass MSZoning LotFrontage LotArea Street Alley LotShape LandContour Utilities ... PoolArea PoolQC Fence MiscFeature MiscVal MoSold YrSold SaleTyp
60 RL 65.0 8450 Pave  NaN Lvl AllPub .. 0 NaN 0 2008 Wi

20 RL 80.0 9600 Pave = NaN Lvl AllPub . NaN 2007 Wi

0
1
2 60 RL 68.0 11250 Pave  NaN Lvl AllPub .. NaN 2008 Wi
3

70 RL 60.0 9550 Pave = NaN Lvi AllPub .. 2006 Wi
4 60 RL 84.0 14260 Pave  NaN Lvi AllPub ... 2008 Wi

5 rows x 81 columns

1.1 Ly do ding sau cac gia tri khuyét thiéu trong tap dit liéu

Dit liéu c¢6 thé bi thiéu trong mot tap dit liéu vi nhiéu 1y do, va viéc hiéu r6 nguyén nhan rat quan trong
dé lua chon céch xt Iy hiéu qué nhat. Céc 1y do phd bién giy ra tinh trang thiéu dit liéu bao gom:

Thu thap dit liéu khong thanh cong hoiic c6 16i trong qué trinh truyén dit lidu.
« Nhiing sai s6t nhu nhap dit liéu khéng chinh x4c hodc so sudt trong qué trinh xt ly dit lieu.
« Thiéu thong tin nhay cdm hodc thong tin c4 nhan do chinh sich bdo maét.

« Ldi x4y ra trong qua trinh chuan bi dit liéu.
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Bang cach xdc dinh 1y do dang sau viéc dit liéu bi thiéu, ching ta c6 thé danh gid t6t hon tac dong
clia noé, liéu né cb gy ra sai léech hay anh huéng dén qué trinh phan tich hay khong, va lia chon phuong
phap xit Iy phit hgp nhu quy két hosic loai bé.

1.2

TAm quan trong cua viéc x@t 1y cac gia tri khuyét thiéu

Viéc xit Ij céc gid tri bi thiéu rat quan trong dé dam béo tinh chinh xéc va dd tin cdy ciia phan tich dit
liéu va cédc md hinh hoc méy. Céc 1y do chinh bao gom:

1.3

Cai thién @6 chinh xac ctia m6 hinh: Xt 1y céc gid tri bi thiéu gitp tranh du doian khong
chinh x4c va ting hiéu suit ctia mé hinh.

Ting sttc manh théng ké: Viéc thay thé hodc loai bd dit liéu bi thiéu cho phép sit dung nhiéu
k¥ thuat phan tich hon, dong thdi duy tri quy mé mau.

Ngin ngita sai léch: Xit ly ding cidch ddm bao dit liéu bi thiéu khoéng giy ra sai léch hé théng,
dan dén két qui dang tin ciy hon.

Quyét dinh dang tin cay: Mot tap dit liéu sach sé dan dén nhitng quyét dinh sang subt va dang
tin cdy hon dua trén nhitng hiéu biét chinh xéc.

Phuong phép xac dinh dit liéu khuyét thiéu

Viéc phat hién va quan ly dit liéu bi thiéu rdt quan trong dbi véi viéc phan tich dit liéu. Trong phan
nay chi néu mot s6 ham tiéu biéu dé tham khéo khi lam viéc v6i Pandas:

1.4

.isnull() : X4c dinh cdc gid tri nao bi thiéu trong mot Series hosic DataFrame.

.notnull(): ngudc lai véi .isnull(), né tra vé True cho cac gid tri khong bi thiéu va False cho cac
gid tri bi thiéu.

.info(): display tém tat vé kicu dit lidu, mitc st dung bo nhé va sé lugng gid tri bi thiéu trong
mot DataFrame.

.isna() : Tra vé True cho dit liéu thiéu va False cho dit liéu khong thiéu.
dropna(): Xéa cdc hang hodc cot c6 gid tri thiéu

fillna() : Dién cdc gid tri con thiéu bang mot gid tri cu thé (mean, median,...)
drop__duplicates(): X6a cdc hang trung lap dua trén céc cot duge chi dinh.
unique(): Tim céc gid tri duy nhat trong mot Series hodc DataFrame.

replace(): Thay thé cic gid tri dugce chi dinh trong DataFrame

Xt 1y gia tri khuyét thiéu trong project

Trude tién, chia dataset thanh hai nhém: categorical feature va numerical column. Sau d6 xit Iy cho
tung loai.

Véi nhém categorical, mot sé diic trung bi thiéu, thuc ra cé nghia 13 “khong ton tai”, chit khong
phéi “thiéu théng tin”, vi du PoolQC (chat lugng ho boi) — nha khong cé ho bai, ... Vi nhém nay, sé
dc thay thé bang "None”. Céc cot categorical con lai — dién gia tri phd bién nhét.
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V6i nhém numerical, nhitng co6t dang s nhu dién tich tang ham hodc s6 gara thudng bi thiéu khi...
nha khéng c6 phan dé...Vi vay, dién 0 13 hgp 1y nhat. LotFrontage (chidu rong mit tién) thay ddi manh
tuy khu vic, vi vay khong nén dién toan cuc. Thay vao d6, tinh median riéng cho titng Neighborhood
dé phan anh dic trung dia 1. Céc numerical con lai — dién median toan cot

2 Ky thuat dac trung (Feature Engineering)

Dé nang cao kha ning du doan ctia mé hinh hoéi quy, nhém da tién hanh tao ra mot tap hop céc dic
trung dan xuit (derived features) nhim phan dnh tét hon cic yéu tb ciu tric, tién ich va chat
luong clia ting cén nha. Nhitng dic trung méi ndy dude xdy dung tit cdc bién goc trong dit lidu, gitip
md hinh ndm bit cdc mdi quan hé phi tuyén va da chiéu giita cic yéu td vat Iy — kinh té ca bat dong
san. Phan nay mo ta chi tiét timg nhém dac trung duge xay dung.

2.1 Téng dién tich st dung (Total Square Footage)

Bién TotalSF biéu thi téng dién tich sit dung cla cin nha, duge tinh bang tong dién tich tang ham,
tang 1 va tang 2:
TotalSF = TotalBsmtSF + 1stFlrSF + 2ndFIrSF

Day la thude do tong thé vé khong gian sinh hoat, thuong 14 mét trong nhitng yéu t6 chinh dnh huéng
truc tiép dén gié tri thi trudng ctia cin nha.
2.2 Téng sb phong tam (Total Bathrooms)

Dé chuan héa gia tri gitta phong tam day da va phong tam ban phan, nhém tinh téng s6 phong tam
theo cong thiic c6 trong sb:

TotalBathrooms = FullBath + 0.5 x HalfBath + BsmtFullBath + 0.5 x BsmtHalfBath
Céch tinh nay gitip ddm bio phong tim ban phan (Half Bath) dugc tinh hop 1j trong téng dién tich
tién nghi sinh hoat.
2.3 Dic trung vé tudi nha va cai tao (Age Features)

Hai bién méi dude tao ra dé thé hién do tudi ciia cin nha va khodng thoi gian ké tit lan cai tao gan
nhat:
HouseAge = YrSold — YearBuilt

YearsSinceRemod = YrSold — YearRemodAdd

HouseAge cho biét s6 nim ké tit khi cin nha duge xay dung, trong khi YearsSinceRemod gitip mé hinh
hiéu 16 hon vé mitc d6 cap nhat va tinh trang bao tri cia tai san.

2.4 Dién tich hién va ban c6ng (Porch Features)

Khong gian ngoai trdi 1a yéu té quan trong trong viéc dédnh gid gid tri cAm nhan ciia cin nha. Bién
TotalPorchSF dudc xdy dung bang cich téng hop dién tich tit cdc loai hién va ban cong khac nhau:

TotalPorchSF = OpenPorchSF + 3SsnPorch + EnclosedPorch + ScreenPorch + WoodDeckSF

Chi s6 nay dai dién cho mitc do tién nghi va khéng gian thu gidn ngoai trdi ctia ngdi nha.
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2.5 Tuong tac giita chit lugng va tinh trang (Quality Interaction Feature)

Dé thé hién mbi quan hé gitta chéat lugng xay dung va tinh trang béo tri, nhém tao bién OverallGrade:
OverallGrade = OverallQual x OverallCond

Bién nay gitip mo6 hinh nhan biét rang mot cin nha cé vat lidu tdt va dude bao tri t6t thudng ¢ gié tri
cao hon nhiéu so véi céc can cling hang muc nhung xudng cap.

2.6 Tudi ciia gara (Garage Age)

Tudi clia gara duge tinh bang:
GarageAge = YrSold — GarageYrBlt

Céc gid tri khuyét (do khéng c6 gara) duge dién bang 0. Bién nay cho phép mo hinh phan biét giita céc
can c¢6 gara mdi va cac gara da ci, tt d6 danh gia chinh xac hon gia tri tién ich.

2.7 Bién nhi phan vé su ton tai (Binary Features)

Dé gitip mo6 hinh nhéan biét su c6 mat ciia cac dic trung quan trong, nhém tao ra cic bién nhi phan
nhu sau:

1 néu TotalBsmtSF > 0 1 néu GarageArea > 0

HasBasement = )
0 ngugc lai

HasGarage = ]
0 ngugc lai

1 néu Fireplaces > 0 1 néu PoolArea > 0

HasFireplace = { HasPool = {

0 ngugc lai 0 ngugc lai

Nhitng bién nay gitip m6 hinh phan biét ré rang gitta céc cin c6 hoic khong cé cac tién ich quan trong
nhu tang ham, gara, 1o sudi hay ho bai.

2.8 Ty lé dién tich (Ratio Features)

Hai bién ty 1é dugc tao ra nham chuén héa dién tich sinh hoat va dién tich gara theo kich thuéc 16 dat:

GrLivArea GarageArea
LivLotRatio = ———, GarageLotRatio = ———
LotArea & LotArea
Céc chi s6 nay gitip m6 hinh ddnh gi4 mtic do st dung dat hiéu qué clia ting cin nha, dong thoi gidm
thiéu su sai léch do quy mo 16 dat khéac nhau.

2.9 Téng két

Qué trinh x4y dung dic trung nay da gitp cai thién dang ké kha ning hoc va gidi thich ctia mo6 hinh
hoi quy. Nhitng dac trung mdéi khong chi phdn 4nh khong gian va tién ich, ma con két hop ca yéu td
thoi gian, chat Iugng, va ty 1é sit dung dat — tao ra nén tdng manh mé cho viéc huan luyén va suy luan
gia nha chinh xac hon.
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3 Lua chon dac trung (Feature Selection)

3.1 Chon dic trung bing hé sb tuong quan va F-statistics

Sau khi tién xit 1y, tap dit liéu con lai chita nhiéu dic trung mé ta hinh thai, vat liéu va diéu kién ban
ctia ngdi nha. PEé tranh da cong tuyén va gidm chiéu dit liéu, nhém thuc hién bude lua chon dic trung
theo hai huéng song song: (i) lIita chon bién s6 dua trén hé sb tuwong quan Pearson, va (ii) lua chon bién
phén loai dya trén kiém dinh F-statistics (ANOVA F-test).

(1) Lya chon dic trung s6. Vi mdi bién sb xj, tinh he s6 tuong quan Pearson véi bién muc tiéu y:

_ iz (i — 7)Y — 9)

Vi (@i — 252/ 20 (vi — 9)?
Giit lai cdc bién c6 |r;| > 0.3, biu thi mbi lign hé manh vdi gid nha. C4c bién niy thudng gom
OverallQual, GrLivArea, GarageCars, TotalBsmtSF, v.v. Budc nay loai bo céc dic trung yéu va gidm
da cOng tuyén giita cic bién.

Ty

# Compute the absolute correlation between each numerical feature and the target variable
correlation = numeric_df.corr() ["SalePrice"].abs().sort_values(ascending=False)
print (correlation)

# Select features with correlation above the threshold (e.g., 0.1)
selected_numeric_stats = correlation[correlation >= 0.1].index.tolist ()

# Remove the target variable itself from the selected feature list
selected_numeric_stats.remove("SalePrice")
print (selected_numeric_stats)

Code Listing 1: Feature selection for numerical variables using correlation analysis

(2) Lya chon dic trung phan loai. Véi cic bién phan loai, 4p dung ma hod One-Hot va sit dung
kiém dinh ANOVA F-test cho hoi quy:

Fo— Varpetween (x])
7 Vargithin (z)

Gitt lai cac diic trung c¢6 p < 0.05 dé dam bao su khéc biét ¢6 ¥ nghia thdng ké giita cic nhém. Céc bién
nhu Neighborhood, HouseStyle, SaleCondition thuong dudc chon nho gia tri F' cao.

from sklearn.feature_selection import SelectKBest, f_regression

# Select top k categorical features using ANOVA F-test
selector = SelectKBest(score_func=f_regression, k=min(15, len(categorical_cols)))
X_cat_selected = selector.fit_transform(X_cat, y)

# Get mask of selected features
selected_cat_mask = selector.get_support ()

# Extract feature names that passed the selection
selected_categorical_stats = [
categorical_cols[i]
for i in range(len(categorical_cols))
if selected_cat_mask[i]

# Retrieve and sort F-statistic scores for the selected features
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feature_scores = selector.scores_

cat_feature_scores = [
(categorical_cols[i], feature_scores[i])
for i in range(len(categorical_cols))
if selected_cat_mask[i]

]

cat_feature_scores.sort(key=lambda x: x[1], reverse=True)

# Extend the final feature list with the selected categorical features
selected_features_stats.extend(selected_categorical_stats)

Code Listing 2: Feature selection for categorical variables using F-statistics

(3) Tap dic trung cudi cung. Hgp nhét hai tap con:
Final = Feorr U FF_test

TAp Fhinal 1 dau vao cho cidc buéec PCA, GA, hoidc m6 hinh Ridge/Lasso sau nay, ddm bdo mé hinh
vita gon nhe vita dé dién giai.

3.2 Chon dic trung bang thuit todn di truyén (Genetic Algorithm)

Feature Selection hoat dong bang céch loai b céc dic trung du thita va chi git lai nhitng diic trung
dugc coi 14 quan trong lién quan dén bién dau ra can du doan. Bing cich nay, dé phitc tap ciia mo hinh
duge gidm thiéu.

Trong phan nay, nhém minh 4p dung Thuat toan di truyén (GA) dé lua chon dic trung. Céch
nay thudc vé loai lra chon dic trung bang phuong phap Embedded methods. Phuong phap nay chi viéc
thue hién hva chon dic trung trong qud trinh huan luyén moé hinh, tao ra mé hinh duge huan luyén cudi
cling lam noi bat cac dic trung hitu ich nhat.

0 day, thuat toan di truyén sé dugc nhém st dung dé tim kiém t6 hgp dic trung tbi wu
bang cach két hop céc cha me dua trén diém sb fitness clia ching, Diém fitness duge xdc dinh dua
trén higu suat cia md hinh hdi quy tuyén tinh (Linear Regression), dugc do bang hé s xéc
dinh R? khi mé hinh dugc huin luyén trén tap dic trung tuong tmg.

3.2.1 So lugc vé thuit toan di truyén(genetic algorithm)
Thuét todn di truyén gom cic budc co ban sau:
1. Tao quan thé ban dau:
2. Pao tao mot mo hinh trén moi ca thé tit quan thé va xac dinh ham fitness.

3. Tinh d6 diém sb fitness clia mdi ca thé tit quan thé.

1. Khdi tao quan thé

h'n&‘f Feaiure 2 l'r'-??%f 3. PDiém fitness
1 0 1 1 0 : 0.95
1 0 0 1 2. Huén luyén 0.79
_________________________________ — Population) —09 — - —
o 1 0 0 T b P mé hinh 0.89
Y Y Y Y YT rl -
(1° 1 1 1 0 > 0.92
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4. Chon cha me: St dung ham fitness dé chon cha me tiém ning tit quan thé dé sinh con.

5. Sinh con: Tao ra cic c4 thé méi bing cach két hop hai cd thé b me duge chon thoéng qua phép
lai ghép. Céc ca thé con méi tao thanh mot quan thé méi.

6. Dot bién: St dung x4c suat duge chi dinh (5%), 5% gen clia thé hé con sé bi dot bién. Diéu nay
duge thuce hién dé cé kha ning dua gen méi la vao quan thé.

7. Danh gid c4 thé con: Hudn luyén mo hinh trén moi ca thé trong quan thé va danh gid mitc do
phit hop ctia chiing bang cich sit dung cling ham fitness nhu trén.

8. Chon thé hé tiép theo: Chon nhitng cé thé c6 diém sé t6t nhat va thém ching vao quan thé thé
hé tiép theo.

9. biéu kién dimg: Xac dinh thoi diém dimg thuit toan dua trén sd thé hé da dat hosc khi dat dén
miic chat luong gidi phap mong mudn.

10. Tiép tuc danh gid, chon lia, lai ghép va dot bién dén khi théa man dicu kién dimg

3.2.2 Ap dung thuit toan di truyén vao tap dit liéu Sales Predict

B6 di liéu dy doan gid nha sau khi nhém thuc hién ciac bube xt Iy nhu lam sach, xit Iy NaN, feature
engineer chita 92 dic trung va 1 bién du dodn. Muc tiéu la dao tao mot mo hinh cé thé xac dinh céc
diic diém quan trong nhat tir bo dit liéu.

for col in cat cols:
X[col] = le.fit transform(X[col].astype(s

print(f"S6 lugng features ban dau: {X.shape[1]}")
print(f"S X: {X.shapel}™)

print(f"She cua y: {y.shapel™)

So luong features ban dau: 92
Shape cua X: (1460, 92)
Shape cua y: (1460,)

Tiép theo, nhém dinh nghia cidc ham cho ting phan ctia thuét toan di truyén nhu sau. Trong budc
nay, chiing t6i chon N_ POPULATION = 100, N_ GENERATION = 30, crossover=0.5, Xac suat cé thé
dot bién = 0.05...

Théng qua qué trinh hun luyén, két qua nhém chon loc duge 48/92 feature dé thuc hién cic budc
training model phia sau.

Danh sach 48 features dugc chon:

MSSubClass , LotArea , Street , LotShape , Neighborhood , HouseStyle , OverallQual , OverallCond
, YearBuilt , RoofStyle , RoofMatl , Exteriorlst , MasVnrType , MasVnrArea , ExterQual , Foundation ,
BsmtQual , BsmtCond ,BsmtExposure ,BsmtFinTypel ,BsmtFinSF2 HeatingQC ,CentralAir ,Electrical
,GrLivArea ,BsmtFullBath ,HalfBath ,BedroomAbvGr ,KitchenAbvGr ,KitchenQual ,Functional ,Fireplaces
JFireplaceQu ,GarageCars ,GarageCond ,PavedDrive ,WoodDeckSF ,EnclosedPorch ,ScreenPorch ,PoolArea
,SaleCondition ,TotalBathrooms ,TotalPorchSF ,GarageAge ,HasGarage ,HasFireplace ,HasPool ,GarageLotRatio.

10
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4 Huan luyén va so sanh moé hinh

4.1 Giam sb chiéu dit liéu bing phuong phip PCA

Trong thuc té, céc bién ngadu nhién thudng cé s6 chiéu va kich thudc rat 16n, c6 thé 1én t6i hang nghin.
Thém vao dé, s6 luong cac diém dit liéu 16n gy khé khan cho viée Iwu trit va tdc do tinh toan.

Gia sit cho p bién ngau nhién. Liéu c6 cach nao dé xay dung dude p bién méi khoéng tuong quan véi
nhau va duge biéu dién tuyén tinh thong qua céc bién cii, dong thoi khong lam mat mat dit liéu ban
dau hoac lam mat mét it nhat?

Cau tra 10i chinh 13 Thuat toin phan tich thanh phan chinh (Principal Component
Analysis - PCA).

Pong co (vin dé dit ra trong dy dodn gia nha).

Sau buéc ma hoa/khai pha diic trung (vi du One-Hot Encoding cho khu phd, chit lugng; tong hop dién
tich), ta thudng c6 hang chuc bién, trong dé nhiéu bién twong quan manh. Diéu nay gy da cong tuyén
cho mo6 hinh tuyén tinh, lam tdng phuong sai wic hiong, dé overfit va cham huan luyén. PCA dugc diing
nhu mot phép nén tuyén tinh dé thay thé cum bién tuong quan bang vai truc truc giao (PCs) giit phan
l6n phuong sai.

Phan tich thanh phan chinh (PCA) 14 mot ky thuat phan tich cAu tric ma tran hiép phuong sai
¥ ctia mot tap hop céc bién X thoéng qua cac t6 hop tuyén tinh ciia cdc bién d6. Muc tiéu chinh
ctia PCA bao gom:

e Gidm so0 chieu ctua dir liéu.

e Thay vi git lai cdc truc toa do ctia khong gian cii, PCA xay dung mét khdng gian méi it
chiéu hon, nhung lai ¢6 kha ning biéu dién dit liéu tét tuwong duong khong gian ci, tic 1
dam bdo do bién thién ctia dit liéu trén mdi chiéu méi.

« Céc truc toa do trong khong gian méi 1a t6 hop tuyén tinh ciia khong gian cii. Vé mit ngit
nghia, PCA xay dung céc bién méi dua trén cac bién da quan sat duge, ddng thoi van bicu
dién t6t dit liéu ban dau.

 Trong khong gian méi, cac lién két tiém an ciia dit liéu c6 thé duge kham pha. Trong khong
gian cii, cic lién két nay c6 thé khé phat hién hon hodc khong ré rang.

\. J

Vay ta mubén PCA lam diéu gi?

PCA phén tich cau triic ma tran hiép phuong sai ¥ ciia dit ligu va tim hé truc tryuc giao {e1,...,e,}
sao cho:

1. PC; giit phuong sai 16n nhat; PCy giit phan con lai 16n thit hai va truc giao PCy; tiép tuc nhu
vay;

2. Khi chi giit k¥ PC dau (k < p), ta gidm chiéu nhung van giit phan lén bién thién cta dit liéu;

3. Céc truc mai (PCs) 1a t6 hop tuyén tinh clia cac bién gbc va khong tuong quan v6i nhau.

11
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Ca sé toan hoc
Thiét 1ap va bai toan cuyc tri:
Goi X € R™*? 1a ma tran di liéu da quy tam theo cot (3 1 ; X;. = 0). Ma trén hi¢p phuong sai

1
n—1

Y=

X'X (X0, dbi ximg).

PCA tim huéng w (dd dai 1) t6i da hod phuong sai chiéu:
max Var(Xw) = max w'Xw.
w]=1 [[w]=1

T

Dung nhén ti Lagrange cho rang budéc w'w = 1:

LwN)=w'Sw—-\Nw w-1) = Yw=w.

Do d6, nghiém w 1 véc-to riéng va \ 1 tri riéng clia . Sip A\ > Xy > --- > Ap > 0, ta nhan dudc
PC; = ¢; (véc-to riéng thit i), v6i phuong sai PC; giit lai ding bang );. T¥ 1¢ phuong sai tich luy khi
gitt k PC:
k
YN
ExplainedVariance(k) = Z;,_l)\z.
i=1"\

Gé6c nhin SVD va y nghia tbi wu ctia PCA.
PCA con c6 thé duge hiéu thong qua phan ra gid tri ky di (SVD — Singular Value Decomposition).
Gia st dit liéu da duge quy tdm c6 dang:
X=USV',

trong do:

e U va V 1A cdc ma tran tryc giao (giong nhu ma tran “quay” dit liéu),

o S 1a ma tran chéo chita cic gia tri ky di s;1 > so > --- > s, (lién hé chat véi lugng théng tin hay

“do lan” cia du liéu trén ting huéng).
Céc truc chinh ctia PCA chinh 14 cdc cot ctia V, va phuong sai ma moi truc git lai dugc:

52

A= ——.
" on—1
Diéu nay c6 nghia la: thay vi phai tinh tri riéng tit ma trdn hiép phuong sai ¥ = ﬁX TX, ta cb
thé ding SVD dé tim truc tiép cdc huéng lan rong nhat (6n dinh hon khi p 16n).
Hon nita, PCA khong chi “quay” truc cho dep — né con tdi wu theo nghia nén thong tin. Néu ta chi
gitt k gid tri ky di 16n nhat (s1,...,s;) va tao lai dit liéu xap xi:
Xi = UpSiVy!,

thi X 1a ban nén hang-k t6t nhat ciia X theo chuan 16i binh phuong (Frobenius). Phan 15i con lai
khi bé céc thanh phan nhoé hon chinh 13 téng lugng phuong sai bi mat:

p
IX = XillF=(n—1) > X\
i=k+1

No6i céch khéc, cdc tri riéng bi b6 di biéu dién phan thong tin ma ta hy sinh khi gidm chiéu.

PCA giéng nhu viéc nén hinh &nh — gift lai vai “kénh” mang nhiéu théng tin nhat. Néu ta giit cang
nhiéu PC, hinh (dit liéu) cang rd; giit it PC thi md hon nhung nhe va nhanh hon.

12
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Chuin hoa khi nao?

Néu céc diic trung khic thang do/don vi (m2, s6 phong, tudi nha, ...), nén chuian hoa (z-score) trudc
PCA. Khi d6, PCA tuong duong lam trén ma trdgn tuong quan, tranh viéc bién cé phuong sai tu nhién
16n ”ap dao” PCs.

Minh hoa

Dit liéu 13 “ddm may diém”. PCA dich gbc t6i trong tam va quay hé truc t6i huéng lan rong nhat (PCy),
r6i huéng 16n thit hai truc giao (PCs), v.v. (Hinh 2). D6 thi scree (Hinh 3) gitip chon & tai “diém gay”.

Z2
PC, Y tudng:
PCi pc, = huéng lan réng nhat;
PC2 = 16n thit hai va tryc giao.

I

Hinh 2: Tryc quan hinh hoc: quay truc t6i cdc huéng t6i da phuong sai (PCy, PCy).

o 60 —

©

= 48

) —

7

Eb 407 _

= 28

95}

2 90

= 12

&o 0 I I I \D I__\l IFI l__r\Ll (\)
1 2 3 6 7 8

)

Hinh 3: D6 thi scree minh hoa: diém gy sau PCo-PCs. Chon k = 2 hoiic 3 tuy ngudng tich luy (vd.
> 95%).

PCA giam chiéu hiéu qui, ha da cong tuyén, ting 6n dinh v tdc d6 huin luyén cho bai toin
gid nha. Ta dung PCA nhu budc trung gian—khong phai muc dich cudi—va chon k bang tiéu chi
phuong sai tich luy/scree.

Vi du vé PCA Gi4 sit ching ta c6 dit liéu vé mot sd diic trung clia cic ngdi nha, bao gdom:

1. Dién tich (95).

13
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S6 phong ngti (R).
S6 phong tam (B).
Dién tich sdn vuon (G).

Khoang cich dén trung tam thanh phd (D).

o ot wN

Tudi ctia ngdi nha (A).
Dit liéu nay cé thé duge biéu dién bang mot ma tran dit liéu véi m ngdi nha va n = 6 dic trung:
Sl Rl Bl Gl Dl Al
SQ R2 B2 G2 D2 A2
Muc tiéu:
« Chiing ta muén dut doan gid tri clia mot ngdi nha dua trén cac dic trung nay.
« Tuy nhién, c6 nhitng dic trung tuong quan chat ché véi nhau (nhu dién tich ngdi nha, s phong

ngi, s6 phong tam), vd mot sé dic trung cé thé it quan trong hon (nhu dién tich sin vudn hodc
khodng cach dén trung tAm thanh phd).

« Vi vay, PCA c6 thé gitip chiing ta gidm sb chiéu dit liéu tit 6 xudng mot sd chiéu nhé hon ma van
gitt dugc phan 16n thong tin quan trong.

Chon k thanh phan chinh

« Gid st k = 2, chiing ta chon hai vector riéng tuong ttng véi hai gid tri rieng 16n nhat, tao ra mot
khong gian méi véi 2 chiéu. Cac vector riéng nay cé thé bicu dién su két hop ciia cic dic trung
ban dau.

e Vidu:

- Vector riéng thtt nhat cé thé dai dién cho "tong kich thude” ctia ngdi nha, 1a su két hop ciia dién
tich, s6 phong ngt va sé phong tam.

- Vector riéng thit hai c6 thé dai dién cho ”vi tri dia 1§” ctia ng6i nha, 1a su két hop ciia khoang
céch dén trung tam thanh phd va dién tich san vuon.

Dit liéu sau khi gidm chiéu c6 thé dudce biéu dién bdi ma tran Z:

o Gia stt sau khi thuc hién PCA, ta nhan thiy rang cic dic trung ”dién tich”, "sé phong ngi” va
”s6 phong tdm” tuong quan chiit ché va ¢ thé duge thay thé bing mét thanh phan chinh duy
nhat.

o Tuong tu, "dién tich sdn vuon” va "khoang cach dén trung tdm thanh phé” cé thé duge gop lai
thanh mot thanh phan chinh thit hai.

« Bay gio, thay vi st dung 6 diic trung ban dau, chiing ta chi can st dung 2 dic trung:

Z§1) Zél)
2 2
| P

Trong dé 21 va zp dai dién cho hai thanh phan chinh (principal components) quan trong nhéat.

14
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Céc thanh phan chinh

« Céc thanh phan chinh p duge ding dé tao téng do bién thién ciia hé thdng, nhung thudng thi
phan 16n d6 bién thién nay c6 thé duge tinh toan bdi mot phan nhé sé k cdc thanh phan chinh,
ma van giit gan nhu toan bo théng tin trong p thanh phan ban dau.

« Do d6, k thanh phan chinh c6 thé duge sit dung thay thé cho p thanh phan ban dau, gitp gidm
d6 phtic tap ma van ddm bdo tinh chinh xac.

Khai quat: Céc s6 litu dugc xem nhu tao thanh mot “ddm may”. PCA gitip phan 4nh tot nhat
hinh dnh ctia “dam may”, titc 1a “béng” ctia né chiéu lén céc truc toa do. N6i cdch khic, PCA dich
chuyén gbc toa d6 dén trong tam ciia “dam may”va xéac dinh cic truc toa dé méi chinh 1a cic thanh
phan chinh.

Y tudng va cach thitc trién khai thuat toin

1. Chuan héa dit liéu: Trude khi 4p dung PCA, dit liéu can duge chuan héa dé mdi dic trung
c6 cung do6 16n. Piéu nay rat quan trong vi céc dic trung khic nhau cé thé c6 don vi do khac
nhau (vi du: chidu dai va trong lugng), va néu khong chuan héa, cic ddc trung cé gia tri 16n hon
sé chiém wu thé trong két qua PCA.

2. Tinh ma tran hiép phuong sai: dé hiéu r6 mdi quan hé gitta cdc dac trung. Ma tran hiép
phuong sai cho biét mitc dd ma hai dic trung thay ddi ciing nhau. Néu hai ddc trung cé tuong
quan cao, diéu nay ngu ¥ rang c6 thé loai bé mot trong sé chiing ma khong mat nhiéu théng tin.

3. Tinh gia tri riéng va vectd riéng ctia ma trian hiép phuong sai: T ma tran hiép phuong
sai, ching ta tién hanh tinh gi4 tri riéng (eigenvalues) va vecto riéng (eigenvectors). Vecto riéng
xéc dinh huéng clia cdc thanh phan chinh, con gia tri riéng cho biét mitc d6 bién thién ma moi
thanh phan chinh nim giit. C4c thanh phan chinh nay 1a céc t6 hop tuyén tinh ciia cic dic trung
ban dau, dude sap xép theo thit tu tit quan trong nhat dén it quan trong nhat

4. Chon sb luwgng thanh phan chinh: Giit lai nhitng thanh phan chinh c6 tong gié tri riéng chiém
90-95% téng bién thién.

5. Chiéu dit liéu 1én khéng gian mdi: Dit liéu dude chiéu 1én khong gian méi véi s6 chieu gidm
nhung van gitt lai phan 16n thong tin.
4.2 Huin luyén md hinh va thyc nghiém PCA
4.2.1 CAu trac huin luyén theo pipeline

Dua trén quy trinh trong Hinh 4, nhém thiét ké bén huéng pipeline doc lap nham danh gia hiéu qua
ctia ting phuong phap chon dic trung va ky thuét gidm chiéu:

1. GA_ base_ scaled: dic trung dugc chon bang Genetic Algorithm (GA) trén dit liéu da chuan
hod (Min-Max Scaler).

2. GA_base_raw: dic trung duge chon bang GA nhung huin luyén trén dit liéu gée chia chuan
hoa.

3. Stats_ base_ scaled: dic trung dugc chon bang théng ké (tuong quan 4 F-test) va chuan hoa.

4. Stats_ base_ raw: dic trung dugc chon bang théng ké nhung giit nguyén phan phdi gbc.
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MBai pipeline dugc huan luyén trén nhiéu mé hinh hdi quy khic nhau: Linear Regression, Ridge,
Lasso, ElasticNet, Random Forest, Gradient Boosting, Ensemble Learning. Hai nhanh thir nghiém song
song dugc thuc hién cho mdi pipeline: Experiment 1: PCA va Experiment 2: No PCA. Sau khi
danh gid, mo6 hinh c6 hiéu suidt cao nhat duge chon dé giai thich bang SHAP va xay dung Housing
Appraisal Agent.

Hinh 4: Pipeline tong quét tit lva chon dic trung dén xay dung Agent dinh gid nha

4.2.2 Quy trinh huin luyén

Mbi m6 hinh trong timng pipeline déu tuan theo quy trinh huin luyén théng nhat:
1. Chia dit liéu thanh tdp huan luyén va kiém thit véi ty 16 75%25%.
2. Huin luyén mé hinh trén tap train.
3. Dy dodn gid nha trén cd hai tap (train/test).

4. Panh gia bang hai chi s6 chinh:

1 N Zn— (Z)z - yi)2
RMSE = |23 -y, R =1zl v
n ; 1:1(% - 9)2

5. Luu két qua va sip xép theo gid tri R? giam dan dé xac dinh m6 hinh t6t nhat.

1 for name, model in models.items():

2 regressor = model.fit(X_train, y_train)

3 y_train_pred = regressor.predict(X_train)
1 y_test_pred = regressor.predict(X_test)

6 rmse = np.sqrt(mean_squared_error(y_test, y_test_pred))
7 r2 = r2_score(y_test, y_test_pred)

9 results.append ({

10 "Pipeline": pipeline_name,
11 "Model": name,

12 "RMSE": rmse,

13 "R2": r2

Code Listing 3: Unified model training and evaluation process
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4.2.3 Két qua va so sanh cac pipeline

Bang 1 trinh bay két qua huin luyén cla tat ca cic pipeline va mo hinh, dude sip xép theo R? gidm
dan. Céc mé hinh Stats_ base_ raw dat hiéu suit vugt troi hon han so véi nhém GA, diic biét v6i mod
hinh Ensemble Learning.

Bang 1: Két qua so sanh gitta cic pipeline va mo hinh hoéi quy

Pipeline Model RMSE R?

Stats__base raw Ensemble 0.1353 0.9018
Stats__base raw Gradient Boosting 0.1360 0.9008
Stats base scaled Linear Regression  0.1392 0.8962
Stats__base_scaled Ridge 0.1444 0.8883
Stats_base raw Random Forest 0.1447 0.8879
Stats base scaled ElasticNet 0.1448 0.8877
GA_base raw Ensemble 0.1451 0.8872
Stats base scaled Lasso 0.1455 0.8866
GA_base raw Gradient Boosting 0.1481 0.8825
GA_Dbase_scaled Ridge 0.1483 0.8822
GA_base_scaled ElasticNet 0.1499 0.8796
GA_Dbase_scaled Lasso 0.1530 0.8746
GA_ base raw Random Forest 0.1563 0.8691
GA_ base scaled Linear Regression 0.1888  0.8089
GA_pca Gradient Boosting 0.2483  0.6695
Stats_ pca Gradient Boosting 0.2503  0.6642
Stats_ pca Random Forest 0.2590  0.6405
GA_ pca Ridge 0.4130  0.0859
Stats_pca Lasso 0.4300  0.0094

4.2.4 Phéan tich két qua

1. Hiéu qua ctia pipeline Stats_base_raw. Pipeline nay cho két qui cao nhat v6i mé hinh
Ensemble, dat R?> = 0.9018 vA RMSE = 0.1353. Viéc giit nguyén thang do gbc (raw) cho phép
md hinh ensemble (két hgp Gradient Boosting va Random Forest) tdn dung dugc mdi quan hé phi
tuyén gitta cac dic trung ma khong bi bép méo do chuan hod. Diéu nay chimg t6 rang cic dic trung
duge chon bang tuong quan va F-test da du t6t, khong can dén GA hoic PCA.

2. So sanh giita dit liéu chudn hoa (scaled) va dit liéu gbc (raw). DGi v6i cidc md hinh tuyén
tinh (Linear, Ridge, Lasso), dit liéu scaled cho két qua 6n dinh hon (vi du Stats_base_scaled dat
R? = 0.896), do thang do dong nhét gitip thuit todn hdi tu nhanh. Ngugc lai, cic mo6 hinh phi tuyén
(Ensemble, Random Forest, Gradient Boosting) lai hoat dong t6t hon trén dit liéu gbc, vi chiing khong
phu thudc vao khoang gié tri tuyét déi ma chi dua vao cidc phan chia nit cy.

3. So sadnh gitta GA va Statistical Selection. Céc pipeline st dung Genetic Algorithm (GA)
c6 R? dao dong tir 0.808 dén 0.887, thap hon nhém Statistical. Diéu nay c6 thé do GA bi gi6i han béi
kich thuée quan thé hodc tiéu chi chon loc chua t6i wtu, trong khi phuong phap thong ké (correlation +
F-test) da loai bd hiéu qua cac bién nhiéu.
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4. Anh huéng cia PCA. (4 hai nhém (GA_pca, Stats_pca) déu cho két qua R? < 0.67, thip hon
déng ké so v6i pipeline khong PCA. Nguyén nhan 1a PCA chi giit thong tin vé phuong sai tong thé ma
lam mat médi quan hé truc tiép gitta diic trung va gid nha. Do vdy, PCA khong phit hop trong bai todn
nay vi interpretability (gidi thich dac trung) la muc tiéu quan trong.

5. Tong két.
o Best Model: Stats_ base raw — Ensemble Learning.
« Best Performance: R?> = 0.9018, RMSE = 0.1353.

« Key Insight: Statistical feature selection (Correlation + F-test) trén dit liéu gbc cho két qua tot
nhat, vita ddm bdo do chinh xéc, vita duy tri kha nang gidi thich moé hinh.

6. Hudng phat trién. Mo hinh t6t nhat dude sit dung trong budc tiép theo ciia pipeline dé tinh
toan gia tri SHAP, gitip giai thich anh huéng clia ting dic trung dén gid du dodn. Cac két qua nay sé
duge dung dé xay dung Agent dinh gid nha (Housing Appraisal Agent) — mot hé thdng cé thé
trd 16i truy van ctia ngudi dung vé udc lugng gié tri bat dong san mot cach minh bach va cé co sé dit
ligu.

5 Giai thich mé6 hinh bing SHAP (XAI)

Trong hoc mdy (Machine learning), ta thudng quan tdm dén cac chi s6 nhu accuracy, Fl-score,
RMSE, AUC,... v4 xem mo hinh nao dat diém cao nhét thi “t6t nhat”.

Nhung néu chi dimg & dé, ta méi chi thiy dau ra, chit chua hiéu céch suy nghi bén trong ctia mé
hinh.

Vi du thyc té: M6 hinh chan doan viém phdi

Mét mé hinh Deep Learning dugc huan luyén dé phét hién viém phdi tit &nh X-quang nguc dat

t6i 95% accuracy. Tuy nhién, khi dung cong cu XAI dé truc quan héa ving ma mo hinh “chi 7,
ngudi ta phat hién:

e M5 hinh khéong hé nhin vao viing phoi.

e N6 dua vao manh kim loai nhé hoac ky hiéu clia may X-ray di dong. Nguyén nhén: trong
tap dit litu hudn luyén, phan 16n bénh nhan ning dugc chup bang méiy X-ray di dong c6
gan token kim loai dé. Do d6 mé hinh hoc sai quy ludt: “Néu c6 token kim loai — bénh
nang”.
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Why we need XAI?

F_. .j Types of Explanations
A model built . J

b
L e ® oo
p
to predict pneumonia

Accurate, but based heavily on metal

Model-centric Human-centric Example-based
token or specific markings

s ™
. l - Benefits of XAl
We need to understand what m Regulatory compliance
the model is thinking to enable [———>| = Reduce bias
what we can trust its m Discover new rules
prediction B Increase trust

Hinh 5: Vi sao ta can mé hinh gidi thich trong mo6 hinh chan doan bénh stt dung anh X-ray

Két luan: M6 hinh ding vé mat théng ké, nhung sai vé mit y hoc. Day 1a 1 do ta can XAI
(Explainable AI) dé nhin vao bén trong “hop den” va hiéu vi sao md hinh dua ra quyét dinh nhu vay.

Trong bai todn du doan gid nha, viéc tim hiéu bién nao déng goép vao gia tri du doan 1a rat quan
trong bdi diéu nay gitip mé hinh tré nén minh bach hon, dong thdi cung caAp géc nhin chuyén sau vé yéu
t6 &nh huéng dén gia tri bat dong san. Pac biét d6i véi bo dit libu ma nhém da 4p dung nhiéu ki thuat
feature engineering, viéc kiém tra mttc do déng goép clia céc bién sé cho thay liéu céc dic trung moi
c6 thuc sy mang lai gid tri cho m6 hinh dy dodn hay khong.

Chinh vi vay, nhém da thuc hién phan tich SHAP (SHapley Additive exPlanations) trén mot tap
mau dai dién, nham cung cip giai thich & ca cip dd toan cuc (global) va cuc bd (local) cho md
hinh du doan gid nha. Nhém luya chon 4 loai biéu d6 SHAP dé minh hoa cho céc géc nhin khéc nhau.
Duéi day 14 mé ta va két qué biéu dd dau tién:

e 1. Summary Plot:

— Duing dé trinh bay mitc d6 quan trong téng thé ctia cic bién trong mé hinh, dong thoi
thé hién Anh huéng ctia gia tri cao/thip ciia tirng bién dén dy doan.

— MBbi diém dai dién cho mot mau dit lieu. Mau biéu thi gid tri diic trung (cao — thudng lam
tang gia du doan, thaip — c6 thé lam gidm hosc it 4nh huéng).
Két qua thu dugc:

19



Al VIETNAM aivietnam.edu.vn

SHAP Summary Plot - Ensemble Model
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Hinh 6: Biéu d6 SHAP summary cho 50 mau (chi in ra 15 mau dé quan sit)

Biéu d6 Summary Plot cho thay mot s6 dic trung c6 4nh hudng manh nhat dén dy doan gia
nha bao gom:

*

TotalSF (Téng dién tich) — la bién 4nh huéng manh nhat; dién tich cang 16n thi gia
cang cao.

OverallQual & OverallGrade — chét lugng tong thé va danh gid tong thé ciia cin
nha tac dong tich cuc ro rét dén gis ban.

GrLivArea (Dién tich san) — dién tich sit dung 16n gan lién vé6i gia tri nha cao.
GarageCars & GarageAge — s6 luong chd dé xe cé tic dong lam ting gid; nha cé
garage md&i hon cling ¢c6 xu huéng cé gia tri cao hon.

TotalBathrooms, HouseAge, YearsSinceRemod — céc bién vé tudi nha va thoi
diém cai tao thé hién tam quan trong trung binh.

Céc bién nhu Lot Area, KitchenQual__TA, BsmtQual_ TA ciing tdc dong nhung it
hon.

Nhin chung, cdc dic trung lién quan dén quy mé nha, chit lwgng xay dung va garage
déng vai tro quan trong nhat trong mé hinh.

o 2. Feature Importance (mean absolute SHAP):

— Biéu d6 nay hién thi giad tri SHAP trung binh theo tri tuyét dbi clia ting bién, dai
dién cho mitc do déng gbp tong quét clia mdi dic trung vao mo hinh.

— Khéc v6i Summary Plot (hién thi cd phan bo gid tri cao-thap), biéu dd nay tap trung vao
dd quan trong tdng thé, gitp xic dinh céc bién then chét anh hudng dén gid nha mot
cach truc quan.
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Két qua thu dudgc:

TotalSF
OverallQual
GarageAge
GarageYrBlt
OverallGrade
GrLivArea
GarageCars
TotalBathrooms
HouseAge
YearsSinceRemod
TotalPorchSF
LotArea

BsmtQual TA

MSZoning RM
KitchenQual TA
Fireplaces
TotRmsAbvGrd

Foundation_PConc

Hinh 7: Biéu d6 SHAP dang c6t ngang cho 50 mau (chi in ra 15 mau dé quan sat)

* TotalSF tiép tuc la bién quan trong nhit, khing dinh dién tich téng thé 14 yéu té quyét
dinh gia tri bat dong san.

* OverallQual va GarageAge/GarageYrBlt xép sau, cho thiy chat lugng xay dung va
tinh trang/tudi garage déng vai tro quan trong.

* GrLivArea va GarageCars ciing dong gép dang ké, cho thiy sé luong chd dd xe va
dién tich san déu cé ¥ nghia trong du dodn gi4 nha.

* Céc bién khic nhu TotalBathrooms, HouseAge, YearsSinceRemod, TotalPorchSF,
LotArea c6 miic &nh hudng trung binh.

* Mot sb bién tit feature engineering nhu BsmtQual__TA, KitchenQual__TA, MSZoning RM
c6 4nh huéng nhung thap hon, cho thiy ching bé tr¢ moé hinh nhung khong phai yéu td
quyét dinh chinh.

« 3. Waterfall Plot (Local SHAP Explanation)

— Waterfall plot thé hién déng gép ciia titng dic trung dbi v6i mét mau cu thé, cho
thiy cdch mo hinh di tit gia tri duy dodn trung binh E[f(X)] dén gia tri du doan cudi cling
cho can nha dang xét.

— Biéu dd minh hoa huéng tac dinh:

x Mau do: cac dac trung lam tang gia tri du doan so véi trung binh.
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* Mau xanh: cac dac trung lam gidm gia tri du doan so véi

Két qua thu dugc:

OverallGrade
TotalSF
GarageCars
GrLivArea
OverallQual
GarageYrBIt

TotalBathrooms

BsmtQual_TA -0.01 .
KitchenQual_TA -0.01 '
109 other features -0 ‘
11.85 11.90 11.95 12.00
E[f(X)]

Hinh 8: Biéu d6 SHAP dang thac nuéc cho 50 mau (chi in ra 15 mau dé quan sat)

Vi du cu thé cho mdt cdn nha (mau dau tién) trong tap dit liéu cho thay:

* OverallGrade déng gép manh nhat theo huéng ting giad v6i gia tri SHAP khoang
+0.06, thé hién cin nha nay duge danh gia tong thé rat tot.

* Ngugc lai, cdc bién nhu TotalSF, GarageCars, GrLivArea, va OverallQual c6 gi4
tri tuong dbi thap so v6i mat bang chung, dan dén tac dong giam gia dy doan (gia tri
SHAP tit —0.05 dén —0.03).

x Mot sb dic trung khic nhu GarageYrBlt, TotalBathrooms, BsmtQual_TA, va
KitchenQual__TA ciing gép phan nhoé theo huéng gidm gia tri du doan.

+ Phan con lai 109 dic trung khéc c6 anh hudéng rat nho, gan nhu khong thay déi du
doan cudi cung.

Dua trén biéu dd, mé hinh du doan gid tri cin nha nay thip hon miic trung binh chii yéu
béi dién tich st dung va garage it hon chuan chung, mic du chat lugng tong thé tét. Diéu
nay minh chimg kha nang giai thich ting dy doan riéng 1é (local interpretability)
ctia SHAP, gitip ngudi diing hiéu 6 1y do dang sau két qui mé hinh.

o 4. Dependence Plot (Top 3 Feature):

— Dependence Plot cho phép quan sat méi quan hé gitta gid tri dic trung va déng gép
SHAP tuong ting, dong thoi biéu dién tuong tac véi mot dic trung khic thong qua
mau sic.

— Muc tiéu: hiéu cich sy thay ddi clia ting bién lam ting/gidm gid du dodn, va xem lidu c6
tuong tac phi tuyén giita cdc bién hay khong.

Két qua thu dudgc:
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SHAP Dependence: TotalsF SHAP Dependence: OverallQual SHAP Dependence: GarageAge
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Hinh 9: Biéu d6 SHAP phu thuoc cho 50 mau (chi in ra 15 mau dé quan sat)

(a) TotalSF vs SHAP value (mau theo GarageArea)
— SHAP value tang 1o rét khi dién tich tong thé (TotalSF) tiang, thé hién xu huéng tuyén
tinh: nha cang 16n, gia du doan cang cao.

— Diém c6 mau dé (GarageArea 16n) c6 xu huéng nam cao hon, cho thiy GarageArea cé
tuwong tac bd trg véi TotalSF: nha 16n va garage 16n cang lam ting gid tri du doan.

— Khi TotalSF thap (<2000 sqft), SHAP value chii yéu 4m — nhiing can nha nho lam gidm
gid so vGi trung binh.

(b) OverallQual vs SHAP value (mau theo TotalSF)
— Chét lugng tong thé clia cin nha (OverallQual) cang cao thi SHAP value cang ting manh,
thé hién day 14 yéu t6 then chét nang gid nha.
— Céc diém mau dam (TotalSF 16n) tap trung & ving SHAP cao — chét luwgng cao + dién
tich 16n tao hiéu @ng cong hudng lam tang gid nha ding ké.

— M6 hinh nhan dién r6 xu huéng phi tuyén: tit mtic chat lugng 7 trd lén, mitc tang gia du
doan manh hon dang ké.

(c) GarageAge vs SHAP value (mau theo Fireplaces)
— Tubi garage (GarageAge) cang 16n (garage cii), SHAP value c6 xu huéng am, cho thdy
garage cl lam gia tri duy doan gidm.

— Mot s6 diém c6 GarageAge thap nhung SHAP am nhe — kha ning do cac yéu td khac khong
thuan lgi (e.g., dién tich nhd hodc chat lugng trung binh).

— S6 lugng fireplace khong tao tuong tdc manh véi GarageAge (mau phan b6 déu), nghia 13
Fireplaces khong anh huéng dang ké dén mébi quan hé nay.

Nhin chung, cdc Dependence Plot cho thidy mé hinh hoc dudc cdc mdi quan hé hgp 1y theo tri
thitc thuc té bat dong san: dién tich 16n, chat luong tdt va garage méi => tang gia tri; ngudc
lai dién tich nhd, chat lugng thap, garage cii => giam gia tri.

6 Ung dung Prompting dé xay dung Trg 1y AI dinh gia bt dong san

Sau khi Iita chon dude mo6 hinh du dodn t6t nhat (trong du 4n nay la Stats_ base_raw — Ensemble
v6i R% =~ 0.90), bai toan khong dimg lai & viéc “dut doan duge gida nha”. Trong thuc té, ngusi ding (ngan
hang, méi gidi, nha dau tu, chii nha) thudng can thém:

o gidi thich tai sao mitc gid nay la hop ly / khéng hop 1y;
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e 5o sanh véi cdc bat dong san tuong duong (comparable sales);

e g0i ¥ cai tao dé nang gia;

« phén tich géc nhin dau tu (ROI, cho thug, rii ro);

« béo cdo tham dinh & dang chuan hod, cé thé giti cho khéch hang.

Do d6 nhém bé sung mét tang ting dung st dung LLM, goi 14 Agent for Housing Appraisal. Tang
nay nhan dau vao 13 dy doan tir mé hinh ML + ban mé ta ciu tric ctia cin nha vi sinh ra
bédo cido phan tich bat déng san & dang ngén ngit tu nhién. Y tudng cot 16i:

ML prediction — Chudn hod dic trung — Prompt cho LLM — Béo cdo tham dinh

You are a real estate valuation assistant.
The target property (Index 58) is located in Gilbert.
It has 3 bedrooms, 2 garage(s), 1470 square feet of living area, built in 1997, with an overall quality rating of 6.

Actual sale price in dataset: $177,008.
Predicted price from ML model: $175,451.
The prediction differs by -@.9% from the actual sale price.

The dataset's mean sale price is $18@,921, ranging from $34,90@ to $755,800.

Here are the top 5 comparable properties:

- The first comparable: Located in Gilbert, built in 1997, 1511 sqft, 3 bedrooms, quality €/1@, 2 garage(s), selling for $185,800 (similarity score: ©.992).
- The second comparable: Located in Gilbert, built in 1994, 1481 sqft, 3 bedrooms, gquality 6/18, 2 garage(s), selling for $174,000 (similarity score: ©.989).
- The third comparable: Located in Gilbert, built in 1995, 1498 sqft, 3 bedrooms, quality €/1@, 2 garage(s), selling for $187,50@ (similarity score: ©.988).
- The fourth comparable: Located in Gilbert, built in 1993, 1478 sqft, 3 bedrooms, gquality 6/1@8, 2 garage(s), selling for $185,000 (similarity score: ©.988).
- The fifth comparable: Located in Gilbert, built in 1993, 1501 sqft, 3 bedrooms, quality €/1@, 2 garage(s), selling for $165,60@ (similarity score: ©.982).

Based on these comparables and model estimates, analyze whether the predicted walue is reasonable. Explain which features likely contributed most to the price difference.

Hinh 10: Két qua du doin gid nha clia Agent

6.1 Chuan hoa dit liéu diu vao cho LLM

Céc ban ghi trong dataset thudng chita rdt nhiéu cot ky thuat (vi du GrLivArea, OverallQual,
TotalBsmtSF, ..) va c6 thé bi thiéu gid tri.
Dé LLM hiéu duge, nhém xdy dung ham extract_property_features(...) nham:

1. Gom nhém thudc tinh theo ngit nghia (thong tin co ban, kich thudc, chat lugng, tién ich, chi sb
tai chinh);

2. Xit Iy thiéu dit liéu an toan bang safe_get;

3. Dinh dang lai tién té, dién tich, nam xay dung;

4. G&n thém két qua tit mé hinh ML: gid du dodn, dé tu tin, cdc dic trung quan trong nhit.

import pandas as pd
from typing import Dict, Any

def extract_property_features(house_data: pd.Series,
predictions: Dict = Nome) -> Dict[str, Any]:
def safe_get(key, default=0):
return house_data.get(key, default) if pd.notna(house_data.get(key, default)) else
default

features = {
'basic_info': {
'sale_price': f"${safe_get('SalePrice'):,.0f}" if 'SalePrice' in house_data
else "Not available",
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'predicted_price': f"${predictions.get('predicted_price', 0):,.0f}" if
predictions else "Not available",

'year_built': int(safe_get('YearBuilt')),

'house_age': int(safe_get ('HouseAge', 0)),

'neighborhood': str(safe_get('Neighborhood', 'Unknown')),

'house_style': str(safe_get('HouseStyle', 'Unknown')),

'building_type': str(safe_get('BldgType', 'Unknown'))

},

'size_metrics': {
"total_sqft': f"{safe_get('TotalSF'):,.0f} sq ft",
'living_area': f"{safe_get('GrLivArea'):,.0f} sq ft",
'lot_area': f"{safe_get('LotArea'):,.0f} sq ft",
'bedrooms': int(safe_get ('BedroomAbvGr')),
'total_bathrooms': f"{safe_get('TotalBathrooms', 0):.1f}",
'garage_cars': int(safe_get ('GarageCars'))

},

'quality_ratings': {
'overall_quality': f"{safe_get('OverallQual')}/10",
'overall_condition': f"{safe_get('OverallCond')}/10",
'kitchen_quality': str(safe_get('KitchenQual', 'Unknown')),

'exterior_quality': str(safe_get('ExterQual', 'Unknown'))

Yo

'features_amenities': {
'central_air': 'Yes' if safe_get('CentralAir') == 'Y' else 'No',
'fireplaces': int(safe_get('Fireplaces')),
'basement_sqft': f"{safe_get('TotalBsmtSF'):,.0f} sq ft",
'garage_area': f"{safe_get('GarageArea'):,.0f} sq ft",
'"total_porch': f"{safe_get('TotalPorchSF', 0):,.0f} sq ft",
'has_pool': 'Yes' if safe_get('PoolArea') > 0 else 'No'

},

'financial_metrics': {
'price_per_sqft': f"${safe_get('SalePrice', 0) / max(safe_get('TotalSF', 1), 1)

:.0f}/sq ft",

'lot_value_ratio': f"{safe_get('SalePrice', 0) / max(safe_get('LotArea', 1), 1)
:.2f}/sq ft lot"

}
}
if predictions:
features['ml_analysis'] = {
'model_confidence': f"{predictions.get('confidence', 0):.1f}%",
'value_assessment': predictions.get('value_assessment', 'Unknown'),
'key_drivers': predictions.get('key_drivers', [])
}

return features

Code Listing 4: Extracting property features for LLM input
Nho ham nay, LLM luén nhan duge JSON gon, nhit quin va ¢6 thé hién thi thing cho ngudi ding.
6.2 Sinh prompt phan tich bat déng san
Nhém dinh nghia hai kiéu prompt chinh:

« Comprehensive analysis prompt: cho chatbot/LLM tra vé phan tich nhiéu chiéu (gid thi
truong, diém manh, ROI, rii ro, gdi ¥ nang cap).

« Formal appraisal report prompt: cho bdo cdo tham dinh cé cau tric ¢d dinh, d& in va gii
mail.
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import json
from typing import Dict, Any

def generate_comprehensive_analysis_prompt (property_features: Dict[str, Any],
market_context: str = "") -> str:
prompt = f£"""
You are an expert real estate analyst with 20+ years of experience in property valuation,
market analysis, and investment advisory. Analyze the following property
comprehensively:

PROPERTY OVERVIEW:
{json.dumps (property_features, indent=2)}

MARKET CONTEXT:
{market_context}

Please provide a comprehensive analysis covering:

Market value assessment

Key value drivers

Property analysis
Investment perspective
Improvement recommendations
Neighborhood & location
Buyer recommendations
Potential concerns

0 N O O W -

s Provide specific, actionable insights with professional real estate terminology.

return prompt

Code Listing 5: Generating a comprehensive real-estate analysis prompt

def create_property_report_prompt (property_features: Dict[str, Any],
comparable_properties: list | None = None) -> str:
prompt = f"""
Create a professional property appraisal report for the following property:

SUBJECT PROPERTY:
{json.dumps (property_features, indent=2)}
if comparable_properties:
prompt += f nnn
COMPARABLE SALES:

{json.dumps (comparable_properties, indent=2)}
nmnn

prompt 4= nnn

; Please structure your response as a formal appraisal report with these sections:

EXECUTIVE SUMMARY

PROPERTY DESCRIPTION
NEIGHBORHOOD ANALYSIS

VALUATION APPROACH

RISK ASSESSMENT

CONCLUSIONS AND RECOMMENDATIONS

D O W N

return prompt

Code Listing 6: Generating a formal property appraisal report prompt
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6.3 Tim bit dong san tuong déong (Comparable Sales)

Dé viéc dinh gid c¢6 co s3 hon, agent can chi ra nhiing cin tuong tu da giao dich trong dit lieu. Ham
find_comparable_properties_advanced(...) thuc hién viéc nay bang cich cham diém tuong dong
c6 trong s6 cho titng can: dién tich séng chiém 30%, khu phd 20%, chit lugng 20%, tudi nha 15%, sb
phong ngi va garage chiém phan con lai. Cac cin c6 diém cao nhat sé dude dua vao prompt dé LLM
so sanh.
def find_comparable_properties_advanced(target_house, house_df, n_comps):
weights = {

'sqft': 0.3,

'neighborhood': 0.2,

'quality': 0.2,

'age': 0.15,
'bedrooms': 0.1,
'garage': 0.05
}
scores = []
for idx, row in house_df.iterrows():
if idx == target_house.name:
continue
score = 0

# Square footage similarity
if pd.notna(row['GrLivArea']) and pd.notna(target_house['GrLivArea']):
sqft_diff = abs(row['GrLivArea'] - target_house['GrLivArea']) / target_housel['
GrLivArea']
score += weights['sqft'] * (1 - min(sqft_diff, 1))

# Neighborhood match
if row['Neighborhood'] == target_house['Neighborhood']:
score += weights['neighborhood']

# Quality similarity

if pd.notna(row['OverallQual']) and pd.notna(target_house['OverallQual']):
qual_diff = abs(row['OverallQual'] - target_house['OverallQual']) / 10
score += weights['quality'] * (1 - qual_diff)

# Age similarity

if pd.notna(row['YearBuilt']) and pd.notna(target_house['YearBuilt']):
age_diff = abs(row['YearBuilt'] - target_house['YearBuilt']) / 50
score += weights['age'] * (1 - min(age_diff, 1))

# Bedroom similarity

if pd.notna(row['BedroomAbvGr']) and pd.notna(target_house['BedroomAbvGr']):
bed_diff = abs(row['BedroomAbvGr'] - target_house['BedroomAbvGr']l) / 5
score += weights['bedrooms'] * (1 - min(bed_diff, 1))

# Garage similarity

if pd.notna(row['GarageCars']) and pd.notna(target_house['GarageCars']):
garage_diff = abs(row['GarageCars'] - target_housel['GarageCars']) / 3
score += weights['garage']l * (1 - min(garage_diff, 1))

scores.append ((idx, score))

27



AI VIETNAM

aivietnam.edu.vn

scores.sort (key=lambda x: x[1], reverse=True)
top_comps = scores[:n_comps]

comparable_list = []
for idx, similarity_score in top_comps:
comp = house_df.loc[idx]
comparable_list.append ({
'similarity_score': f"{similarity_score:.3f}",
'price': f£"${comp['SalePrice']:,.0f}",
'sqft': f"{comp['GrLivArea']:,.0f}",

'price_per_sqft': f"${comp['SalePrice']/comp['GrLivArea']:.0f}",

'bedrooms': int(comp['BedroomAbvGr']),

'bathrooms': f"{comp['FullBath'] + comp['HalfBath'] * 0.5:.1f}",

'quality': f"{comp['OverallQual']l}/10",
'year_built': int(comp['YearBuilt']),
'neighborhood': comp['Neighborhood"']

1)

return comparable_list

Code Listing 7: Finding advanced comparable properties

6.4 G6i thanh 16p PromptM5 va vi du chay

Dé tién tai st dung (vi du goi tit API hodc tit mot notebook khéc), toan bd logic duge goi lai thanh 16p

PromptM5. Lép nay:
e luu dataset da dugc engineering;;

o tu tinh trung binh/gid min/gid max cta thi trudng;

e cho phép chon 1 dong bat ky theo index, du doan lai bing mé hinh ML;

e tim comparable;
o sinh prompt cubi ciing dé giii cho LLM.
class PromptMb5:

def __init__(self, df_engineered: pd.DataFrame):
self .df = df_engineered

self .mean_price = self.df['SalePrice'].mean()
self .min_price = self.df['SalePrice'].min()
self .max_price = self.df['SalePrice'].max()
# ... (method find_comparable_properties_advanced same as above)

def get_price_prompt(self, target_idx: int, model=None, df_ml=None,

n_comps: int = 5, context: bool = True):
target_house = self.df.loc[target_idx]
comps = self.find_comparable_properties_advanced(target_house, n_comps)
predicted_price = None

if model is not None and df_ml is not None:
features = df_ml.loc[target_idx].values.reshape(1l, -1)
log_pred = model.predict(features) [0]
predicted_price = np.expml(log_pred)

actual_price = target_house["SalePrice"]
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prompt = f"You are a real estate valuation assistant.\n"
prompt += f"The target property (Index {target_idx}) is located in {target_housel['
Neighborhood']}.\n"
prompt += (
£"It has {int(target_house['BedroomAbvGr'])} bedrooms, "
f"{int (target_house['GarageCars'])} garage(s), "
f"{int (target_house['GrLivArea'])} square feet of living area, "
f"built in {int(target_house['YearBuilt']l)}, "
f"with an overall quality rating of {target_house['OverallQual']}.\n"

prompt += f"\nActual sale price in dataset: ${actual_price:,.0f}.\n"
if predicted_price:
prompt += f"Predicted price from ML model: ${predicted_price:,.0f}.\n"
diff_pct = (predicted_price - actual_price) / actual_price * 100
prompt += f"The prediction differs by {diff_pct:+.1f}), from the actual sale
price.\n"

if context:
prompt += (
f"\nThe dataset's mean sale price is ${self.mean_price:,.0f}, "
f"ranging from ${self.min_price:,.0f} to ${self.max_price:,.0f}.\n"

prompt += f"\nHere are the top {n_comps} comparable properties:\n"
# ... loop to append comparables
prompt += (
"\nBased on these comparables and model estimates, "
"analyze whether the predicted value is reasonable. "
"Explain which features likely contributed most to the price difference."
)

return prompt

Code Listing 8: Wrapper class for valuation prompting

prompt_engine = PromptM5(df_engineered)

sample_idx = 50

prompt_text = prompt_engine.get_price_prompt (
target_idx=sample_idx,
model=ensemble, # best model from previous section

df _ml=X_train_stats, # ML feature matrix
n_comps=5

print (prompt_text)

Code Listing 9: Example: generating an appraisal prompt for one property

6.5 Két luan
Phan m& réng nay bién mé hinh du dodn gid nhd thanh mot tdc nhan tham dinh gia thuc thu:

1. mé hinh ML cung cip gid tri udc tinh;
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2. ham trich xuét bién déi dit liéu tho thanh JSON dé hiéu;
3. module tim comparable b6 sung bang chimg dinh gia;

4. prompt mau giip LLM sinh ra bdo cdo tham dinh day du, c6 thé gii cho khach hang hodc ding
lam ghi chl ndi bo.

Diém manh ctia cdch lam nay 1 tach dugc phan dy doan (ML) khéi phan trinh bay (LLM), nho
vy khi thay mo6 hinh (vi du chuyén tit Ensemble sang Gradient Boosting) ta khong can thay prompt,
con khi thay format bdo cdo ta khéng can train lai mo hinh.
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