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TOM TAT

Dur béo nhu cau thwe phdm dong vai tro quan trong trong viéc toi wu héa chudi cung vmg, gitip
giam lang phi, ton kho va cdi thién dich vu khdach hang. Cde mé hinh truyén théng thirong gdp kho
khéin khi xir Iy di¥ liéu phi tuyén, nhiéu va phike tap trong thuc té. Bai bdo dé xudt hé thong dw bdo
dira trén XGBoost két hop véi tién xir Iy ddc trung, bién doi log va toi wu siéu tham sé. Trén dir
liéu thuc té, mé hinh dat dé chinh xdc cdi thién khoang 13,7% so voi trucc khi tinh chinh va cho
thdy kha ndng duy tri hiéu qua die bdo trong nhitng giai doan bién dong I6n nhie khuyén mai hodc
thay déi thoi tiét. Két qua khang dinh vai tré quan trong ciia viéc khai thdc déc tring va toi wu siéu
tham sé trong dir bdo nhu cau thwe pham quy mé I6n.

Tir khéa: Hoc may, XGBoost, t6i wu héa siéu tham so, dw bdo nhu cau, chudi cung vmg thire
pham.

ABSTRACT

Food demand forecasting plays a vital role in optimizing supply chains, reducing waste, lowering
inventory costs, and improving customer service. Traditional models often struggle with nonlinear,
noisy, and complex real-world data. This paper proposes a forecasting system based on XGBoost
combined with feature preprocessing, logarithmic transformation, and hyperparameter optimization.
On real-world datasets, the proposed model improves forecasting accuracy by approximately 13.7%
compared to the baseline and demonstrates strong adaptability during periods of high volatility,
such as promotional events or weather changes. The results highlight the importance of feature
engineering and hyperparameter tuning in enhancing large-scale food demand forecasting.

Keywords: Machine learning, XGBoost, Hyperparameter optimization, demand forecasting,
food supply chain.

1. Giéi thiéu thoi thay doi lién tuc theo thoi gian. Viée
du bao trd nén phirc tap nhung rat can thiét,
nhit 13 trong giao d an truc tuyén, giup toi
vu ton kho, giam lang phi va ning cao hiéu
qud van hanh ciing nhu trai nghiém khach
hang. (Nguyen et al., 2025).

Trong bdi canh thuong mai dién tir va
giao hang nhanh phat trién, nganh thuyc pham
gap nhiéu thach thirc trong viéc du béo chinh
x4c nhu cau tiéu dung, dac biét voi thuc
phim tuoi séng d& hong. Nhu cau bi anh

huong boi nhi€u yéu td nhu gid ban, chiét
khau, khuyén mai, thoi diém theo tuan, dac
diém mon an va trung tdm phan phoi, dong
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Mic di cac phuong phap truyén thong
nhu mo hinh thdng ké ding dé du bao chudi
thoi gian Trung binh truot tich hop tw hdi quy
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(ARIMA), hdi quy tuyén tinh hay trung binh
dong duogc sir dung phd bién, chung gip khé
khian trong viéc xtr 1y cac quan hé phi tuyén
va tuong tac phirc tap gitta cac bién. Ngoai
ra, nhitng mé hinh nay yéu cau dit liéu chét
luong cao, trong khi dit liéu thyuc t& nganh
thyc pham thudng bién dong theo mua, thiéu
hut va c6 nhiéu nhiéu. Viéc chon va xay dung
ddc trung phu hop cling 1a thach thirc 16n
khi cac mdi quan hé gitra bién nhu gid ca va
khuyén mai khong phai lic ndo ciing tuyén
tinh. Do d6, can phat trién hé théng du bao
co kha nang xu ly dir li€u da chiéu, hoc céc
mau phirc tap va t6i vu hiéu suit trong thuc
té (Park et al., 2025).

Pé giai quyét cac van dé trén, chung toi
dé xuat hé thong du bao nhu cau thuc phdm
dua trén mo hinh hoc may XGBoost, két hop
quy trinh tién xir ly va tao dic trung toan
dién. Cac bién sb duoc bién doi log, tinh
toan ty 1& giam gia, ty s6 gia va bo sung dic
trung nhi phan nhu tudn chin/lé nhim cai
thién kha nang hoc cia mé hinh. XGBoost
duoc chon vi kha ning xir ly méi quan hé
phi tuyén va khong can gia dinh phan phi
dir li€u (Zhang et al., 2025; Martinez et al.,
2024). Viéc t6i wu siéu tham sd duge thuc
hién bing RandomizedSearchCV dé chon
s6 lugng cdy, do sau va ty 1¢ hoc phu hop.
Mo hinh duoc danh gid qua cac chi sb Sai
s6 tuyét d6i trung binh (MAE), Cin béc hai
clia sai s6 binh phuong trung binh (RMSE)
va R2, ciing v6i phan tich biéu d sai sb va
mbi quan h¢ gitra sai s6 véi gia tri thuc. H¢
théng dé xuit gitp nang cao do chinh xac
du bao va cung cip cai nhin sau sic vé bién
dong nhu cau, hira hen hiéu qua vuot trdi so
v6i cac phuong phap truyén thong.

2. Cac nghién ctru lién quan

Trong nhitng ndm gan day, du bdo nhu
cau thuc pham phat trién manh v&i nhiéu
nghién ctru cai thién d chinh x4c va kha
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nang tong quat hoa nho két hop hoc may,
hoc sdu va k¥ thuat tao dac trung (Nguyen
et al., 2025; Park et al., 2015; Zhang et al.,
2024). Cac md hinh ensemble nhu XGBoost,
LightGBM va CatBoost giit vai tro trung tam
nho kha nang xt ly dit li¢u phtic tap; Park
va Kim (2025) so sanh va thiy CatBoost uu
thé trong bién phan loai khong can bang.
Hoc sdu ngay cang phd bién cho chudi thoi
gian co yéu t6 mua vu va do tré, véi mang
no-ron hoi tiép ho nhd dai-ngin han (Long
Short-Term Memory LSTM) dugc Martinez
va Lopez (2024), Wang va Liu (2024) ing
dung hi¢u qua.

Mo hinh lai két hgp hoc méay va théng
k&, nhu LSTM va XGBoost cua Zhang va
Chen (2024), cai thién du bao ngin va dai
han. K¥ thuat tao ddc trung thong minh nhu
log-transform, ty 1& khuyén mai va bién
tuan chin/lé dugec Nguyen va Lee (2025)
nhin manh, dong thoi Lee va Park (2025)
phat trién k¥ thuat chon loc dac trung dua
trén tuong tac. T6i wu siéu tham sb ty dong
qua RandomizedSearchCV va Bayesian
Optimization dugc Singh va Gupta (2024)
ap dung thanh cong ning cao hiéu sut.
Chen va Zhao (2025) phat trién pipeline
du bao hoan chinh cho hang dé hong, con
Johnson va White (2025) tich hop yéu té
gi4 va khuyén mai dé phan anh hanh vi thi
truong. Tuy nhién, cac nghién ciru con thiéu
pipeline dong b, tai str dung day du tir tién
xur ly dén danh gia.

3. M hinh 1y thuyét

Duy bao nhu cau trong nganh thuc pham

12 bai toan hoi quy phi tuyén da bién, nhim
du doan sé luong don hang duwa trén nhiéu
dic trung phirc tap va tuong tac 1an nhau.
Chung t61 tiép can nhu mot bai toan tdi wu
ham mét mat, ddm bao mé hinh hoc duoc
quan hé phi tuyén ddng thoi kiém soét sai
s6 du bao trong gidi han cho phép. M6
S6 39 nam 2025 | 11
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hinh chinh st dung 1a XGBoost (Extreme
Gradient Boosting) 1a thuat todn taing cuong
cay quyét dinh, c6 kha nang xir ly dir liéu
phi tuyén va tuong tac bién phuc tap, toi uvu
hiéu qua bang cach thém ciy mdi cai thién
du bao. Cong thirc mé hinh dugc biéu dién
nhu sau:

y = XGBoost(X) (1)

Trong do, X 1a tap dac trung da duogc xur
ly va chuyén dbi, bao gdm cac bién sé dinh
luong va bién gia da duoc tién xur ly, tao dac
trung moi (nhu bién ddi log, ty 18 giam gia,
bién tuan chan/l¢, ...); ¥ 1a gid tri du béo,
cu thé 1a logarit ty nhién cua s6 don hang,
nham giup mé hinh hoc tap hiéu qua hon va
giam thiéu anh hudng cia cac gia tri ngoai
lai hodc phan phbi léch.

XGBoost t6i ru mot ham mat mét tong
thé L bao gdbm hai thanh phan: ham mat mat
chinh thiic do sai sb giira du béo va gia tri
thuc, va ham phat diéu chinh do phure tap cua
mo hinh dé tranh overfitting. Cu thé:

L=%lu9) + X Qi) 2

Trong d6, [(y;,¥;)1a ham mat mat do

XGBRegressor .

Xac dinh
khong gian

tim kiém |
siéu tham so
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khoang cach gifta gia tri thuc y, va gia tri
du bao ¥i. Trong bai toan nay, chung t6i uu
tién sir dung cac ham mat mat phd bién nhu
MAE hoic MSE (Mean Squared Error) dé
do hiéu suat mo hinh; Q(f,) 1a ham phat d6
phtrc tap cua cay thir K trong mo hinh, dinh
nghia nhu sau:

2(F) =T + > Allwl? (3)

Vi, T1a sb nit 14 caa cay; wla trong sb
clia cac nut 14, y va A 1a cac siéu tham sé diéu
chinh mtrc d6 phat nham can bang gitta 6
phuc tap va kha nang dy bao cua mo hinh.

Viée toi wu ham mat mat nay théng qua
thudt todn boosting theo tirng vong, tirng cay,
giiip mo hinh cai thién hiéu qua du bao bang
cach hoc tir cac sai sd cua cac cay truoc do mot
cach tuan ty va hi¢u qua (Chen et al., 2016).

4. M6 hinh chirc nang

4.1 So' d0 tong quan

Mo hinh chtrc nang dugc xay dung theo
mot quy trinh tuan tu tir viéc nap dit li¢u tho,
xu ly dac trung, huan luyén moé hinh dén
xuat két qua du bao. So d6 tong quan cua
hé thong dugc mo ta nhu sau:

Pau

. RandomizedSearchCV . i

Hinh 1. M6 hinh chtic nang

Quy trinh dy bao nay bit dau véi Dit
li¢u dang tap tin van ban dung dé luu trix
dir liéu bang (CSV - Comma-Separated
Values). Py 1a tap hop thong tin tho vé cac
don hang bao gdm céac thudc tinh nhu ma
mon an, mé trung tm phan phéi, tuan trong
nim, gia thanh toan, gia gc, c6 nhan email
khuyén mai hay khong, c6 dugc gidi thiéu
trén trang chii hay khong, s6 don hang thuc
té. Tiép theo, & giai doan Tién xu ly dic
trung, dit liéu s€ dugc tinh chinh béng cach
tao ra cac dac trung mai, ap dung bién doi
log dé chuén hoa, tinh toan ty 1& giam gia,
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va phan loai tuan thanh chin/lé. Muc tiéu
la giup mo hinh hoc héi hi€u qua hon tur dir
liéu. Sau d6, mot Pipeline (duong dan xir
ly) s& dugc st dung, bao gém cac budc tién
xtr ly dir liéu voi Preprocessor — ap dung
cac k¥ thuat nhu imputation (dién dir liéu
thiéu), scaling (chuan héa ty 1) va one-hot
encoding (ma héa mot nong). Cudi ciing, mod
hinh XGBoost sé& thuc hién du bao. Model
Output (két qua dau ra) chinh 1a du béo sb
lwong don hang, luu y ring sé lugng nay da
dugc bién ddi log, can duoc bién dbi nguoc
lai dé c6 dugc gia tri thuc té.
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4.2 Mo hinh

Pé minh hoa quy trinh van hanh chinh
cua hé théng, thuat toan dao tao mo hinh
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gébm bd tién xur ly va mé hinh
XGBoost

# Budc 4: TS1i uu siéu tham sb
mé hinh b3ng RandomizedSearchCV

duoc viet bang ngdn ngir gia nhu sau: 4 Tra v& md hinh da duoc

function train model (data) : huan luyen va tol uu

Cac budc nay duogc thuc hién tudn tu nham
dam bao dir liéu dau vao sach, c6 nhidu dic
trung hiru ich va md hinh dat hiéu suat du bao
t6t nht thong qua qué trinh t6i vu tham so.

4.3 Thuat toan

# Budc 1: Tién xu ly di
tao dac trung mdi

# Budc 2:
trung X va bién muc tiéu y

liéu,
Tach tép dac

# Budc 3: Xay dung pipeline

Thuit toan: Quy trinh du bio nhu ciu thue phim

Input: B dit liéu tho voi cac dac trung lién tuc X, cac ddc trung phan loai X, va bién
muc tiéu y
Output: M6 hinh hdi quy XGBoost di dugc tdi uu M*
1. Tién xu ly dit liéu
1.1. B6i véi mdi cot lién tuc ¢ € X . thay thé cac gia tri bi thiéu bang trung vi cta ¢
1.2. D6i v6i mdi cot phan logi ¢ € X, thay thé gia tri bi thieu bang gia tri xuat hién
nhiéu nhat cua ¢
1.3. Chuén héa mdi cot lién tuc ¢ € X vé gid tri trung binh [0, phuong sai don vi]
1.4. Ma héa one-hot mdi cot phan loai ¢ € X,
2. Két hop céac dac trung da xu ly

X « nbi cac dic trung lién tuc da xu 1y X  vadic trung phan loai d@ ma hda
one-hot X

3. Khoi tao M6 hinh

X <~ XGBRegressor(objective
= ‘reg:squarederror’,random_state = 42)

4. Xac dinh khong gian tim kiém siéu tham s ©:
- n_estimators~randint(100,500)
- max_depth~randint(3,10)
- learning_rate~uniform(0.01,0.2)
- subsample~uniform(0.7,1.0)
- colsample bytree~uniform(0.6,1.0)
5. Thuc hién diéu chinh siéu tham sb ngéu nhién:

5.1. Thiét 1ap RandomizedSearchCV v&i mé hinh M, khong gian tham sé @, 5-fold CV,
20 1an lap, diém sb theo MAE am

5.2. Huan luyén RandomizedSearchCV trén (X,y)

5.3. Truy xuit bo udc luong tét nhat M* — mod hinh tét nhat duoc tim thiy boi
RandomizedSearchCV

6. Tra vé mo hinh t6i wu M*

S$6 39 nam 2025 | 13
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5. Thuc nghiém

5.1 Dir liéu

Trong nghién ctru ndy, chung t6i str dung
tap dit liéu “Food demand.csv”, dugc trich
xuét tir bo dit liéu Food Demand Prediction
Dataset trén nén tang Kaggle, dai dién cho
nhu cau thuc phérn. B dir 1iéu bao g6m
téng cong 2182 mau dir liéu, mdi mau dai
dién cho mot to hop gitra mot mon an va
mot trung tam phan phéi tai mot tuan cu thé
trong nam. B dit li¢u bao g6m cac thuoc
tinh chinh nhu meal_id (ma mon an), cen-
ter_id (ma trung tim phan phéi), week (tuan
trong ndm), checkout price (gia thanh toan),
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base_price (gid goc), emailer for promotion
(c6 nhan email khuyén mai hay khong),
homepage featured (c6 dugc gioi thiéu trén
trang chu hay khong) va num_orders (sb
don hang thuc té). Bo dit liéu duoc thiét ké
cho ngudi méi bt dau, nhim kham phé dic
trung dir li¢u va xay dung mo hinh du bao
nhu cau thyc pham hang ngay va hang tuan.
Vi tinh thuc té va do thir thach cao do dic
thii nganh thyc pham dé hong va nhiéu yéu
t6 anh huong, bo dir liéu nay gitp mo hinh
hoc dugc xu hudng phuc tap va bién dong
nhu cau, tir 6 hd trg t6i wu chudi cung tng
va giam lang phi.

Bang 1. B6 dit licu thuc nghi¢m

id  week center_ meal_ checkout  base  emailer for homepage num_
id i price price promotion featured  orders
1000000 3 157 2760 233.83 | 231.83 0 0 149
1000001| 100 104 2956 486.03 583.03 0 0 161
1002180( 107 58 1543 47339 | 473.39 0 1 42
1002181 105 177 2322 284.27 | 284.27 0 0 485
5.2 Cong cu trung binh dy dodn sai bao nhiéu don vi.

Thuc nghiém dugc thuc hién trén Google
Colab véi Python 3.9, tan dung dién toan
dam mAy va chia sé ma ngudn linh hoat. Cac
thu vién chinh gdom scikit-learn (xay dung
pipeline, t6i uu siéu tham sé bang Random-
1zedSearchCV, danh gia MAE, RMSE, R?),
xgboost (m6 hinh dy bao), matplotlib va
seaborn (truc quan hoa dir liéu va két qua).
Viéc chon cong cu nay giup quy trinh phat
trién, thir nghiém hiéu qua va dé tai lap trong
nghién ctru tuong lai.

5.3 S liéu d4nh gia

Sai s6 tuyét ddi trung binh (Mean Abso-
lute Error (MAE)) 1a chi s6 do ludng trung
binh d6 1éch tuyét dbi giira gia tri du doan va
gi tri thyc té. Chi s nay cho biét mé hinh
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MAE d& hiéu va it bi anh hudéng boi cac gia
tri ngoai lai. Tuy nhién, MAE khong phan
biét 13 gitra sai s6 nho va sai s6 16n.
MAE = %Z?:llyi — ¥ 4)
Trong do, y, la gia tri thuc té, 9, 1a gia
tri du doan, n 1a sb lugng mau.

Cin bac hai cua sai s binh phuong trung
binh (Root mean Squared Error (RMSE))
1a chi s6 do luong do 1éch trung binh binh
phuong giira gia tri thuc va gié tri du doan.
RMSE phat céc sai s6 16n nang hon so véi
MAE do c¢6 tinh binh phuong. RMSE cung
cap cai nhin nhay cam hon vé hiéu suit méo
hinh trong truong hop c6 sai s 16n. Pay 1a
chi s6 duoc sir dung phd bién khi can giam
thiéu sai s6 16n trong du doan.



Tap chi Khoa hoc Pai hoc Ciru Long

RMSE = \/%Z?q(yl' -9 (5

Hé s6 xac dinh (Coefficient of Deter-

mination) phan anh mic d0 ma mo hinh c6

thé giai thich phuong sai trong dir liéu. Hé

sd nay cho biét bao nhiéu phan tram bién

thién cua gid tri thuc té dwoc giai thich boi
mo hinh du doan.
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_ Tima6i-9)?
Yie, i=y)?
Trong do, y la gié tri trung binh cua dir
liéu thuc té. Vi R’ =1 thi md hinh dyu doan
hoan hao, R? =0 thi m6 hinh khong giai thich
duogc gi so vai gia tri trung binh, R’ < 0 mo
hinh con t€ hon viéc chi du doan béng gia
tri trung binh.

R?> =1 (6)

Bang 2. Uu nhugc diém cua céc chi sé6 danh gid mo hinh

Uu diém

MAE

D@ hiéu, khong bi anh huéng boi ngoai lai | Khong phat ning sai s6 16n

Nhuwge diém

RMSE| ., ., - A A
ti€u gidm sai sO6 nghiém trong

Nhéan manh sai s6 16n, phu hop véi muc

Dé bi anh hudng boi gia tri ngoai lai

hop mo hinh

Cung cip goc nhin tong thé vé d6 phu | Cé thé bi hiéu nhadm néu khong dugc

két hop véi céc chi so khac

5.4 Kich ban 1: Khong cé diéu chinh
cic tham s (tuning)

Trong kich ban dau tién, ching toi st
dung bo dir liéu du doan nhu cau thyc pham
tai tr Kaggle qua thu vién kagglehub. Di
liéu duoc doc tur file CSV “Food demand.
csv” va tién xir 1y bang cach chuyén cac
bién phan loai nhu emailer for promotion
va homepage_featured thanh bién gia (one-
hot encoding). Cac bién dic trung dugc tach
riéng v6i bién muc tiéu 12 s6 lugng don hang
(num_orders). Dir liéu sau d6 dugc chia
thanh tap huan luyén va kiém tra theo ty 1&
80:20 voi random_state=42 dé dam bao ngau
nhién. M6 hinh Random Forest Regressor
gdém 100 cay duoc huin luyén trén tdp huin
luyén dé dy doan sb lwong don hang. Sau
khi huén luyén, mo6 hinh dugc danh gid trén
tap kiém tra bang sai s6 tuyét di trung binh
(MAE). Két qua du bao clng gia tri thuc té
cua 100 diém dit liéu dau tién duoc truc quan
héa bang biéu do dudng, gitip minh hoa su
trong ddng va danh gia hiéu qua mé hinh
mot cach truc quan.

5.5 Kich ban 2: Diéu chinh tham s6 va
xtr ly cac dac trung (Tuning va Feature
Engineering)

Trong kich ban thtr hai, dir li€éu nhu cau
thuc pham duoc tién xtr Iy nang cao, tao thém
cac ddc trung nhu ty 1¢ gidm gia, ty 1€ gia
ca va bién d6i log dé chuan hoa. Bién muc
tiéu (s6 luong don hang) cling duoc log hoa
dé 6n dinh phuong sai va giam anh huong
ngoai €. Tién xtr ly st dung pipeline chuyén
biét: bién lién tuc dugc dién thiéu trung vi
va chuin hoa, bién phan loai dién thiéu gia
tri pho bién nhit va ma hoa one-hot, qua dé
ColumnTransformer gitp xu ly tmg nhém
bién riéng biét, d& bao tri. M6 hinh chinh
1a XGBoost Regressor, toi wu siéu tham
s6 bang RandomizedSearchCV véi 5-fold
cross-validation nhim giam sai s tuyét d6i
trung binh. M6 hinh duogc huén luyén trén
tap huan luyén, dam bao kha nang tong quat.
Hiéu suit dugc danh gia trén tap kiém tra
qua MAE, RMSE, R? cung biéu do scatter
plot va phan tich sai s dé hiéu sau hon vé
du doan va diém bat thuong. M6 hinh cudi
cung dugc luu lai dé trién khai va tai str dung.
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So sanh giira dur bao va thuc té (100 diém dau tién)

Dy bio

Hinh 2. Két qua du béo trong kich ban 1
5.6. Théao luan

Biéu dd “So sanh du bao va thyc té (100
diém dau tién)” (Hinh 1) cho thdy mé hinh
du bao vuot trdi vdi kha nang nam bt bién
dong manh, dinh nhon va gia tri ting vot trén
1700 don hang. So véi cac md hinh trude,
mo hinh hién tai phan tmg nhanh, chinh xac
hon, giam sai s6 va duy tri do 6n dinh cao,
gitp cai thién hi€u qua du bao trong dir liéu
phirc tap va hd tro ra quyét dinh. Biéu do
phan tan “Dy doan vs Thuc té” (Hinh 2,
kich ban 2) cho thidy mé hinh dy doan chinh
xé4c voi cac don hang thap, diém di liéu tap
trung sat duong ly tudng, chimg to kha nang
nim bit xu hudng ving it bién dong. Mo
hinh XGBoost cling pipeline tién xur 1y dic
trung dat sai s6 tuyét d6i trung binh khoang
118 don hang, thé hién du doan sat thuc té
va hiéu ning vuot tréi nhd bién do6i log va
tao dic trung moi. M6 hinh 6n dinh va tong
quat tét trén tap hudn luyén va kiém thu.

Dy béo 56 lupng don hang - So sanh thc té va mé hinh

1200

2 1000

6 lugng don har

-
H 8 g

o B

Hinh 3. Két qua du béo trong kich ban 2
6. Két luin va hwéng phat trién
Mo hinh du béo nhu ciu thyc pham st

dung XGBoost va pipeline tién xtr ly dic
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trung cho hiéu suat cao véi sai s6 trung binh
thép, theo sat bién dong thuc té. Viée ap dung
bién d6i log va tao dic trung méi (ty 1¢ giam
gia, tuan chin/I¢) nang cao do chinh xac va
kha nang tong quat. Két qua cho thidy mo
hinh ¢6 tiém ning tng dung thyc tién trong
quan ly nguyén lidu, giam lang phi va tdi wu
chudi cung tmg. Nghién ctru tiép theo s& mo
rong mo hinh bang thir nghiém céc thuat toan
khac nhu LightGBM, CatBoost, LSTM va
mang no-ron tich chap theo thoi gian (TCN),
dong thoi tich hop dir liéu ngoai canh (thoi
tiét, su kién, mua vu) va phat trién hé théng
du bao thoi gian thuc dé nang cao d6 chinh
xéac va kha ning trién khai.
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