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TOM TAT

Hién nay, cac hé théng go1 y da thu hut dugc sy quan tdm 16n trong linh vuc nghién
ctru va img dung thuc tién. Viéc ap dung cac k¥ thuat goi y vao linh vuc am thuc, dic
biét 1a goi y mon an, van con nhiéu tiém ning dé khai thac va phat trién. Dé tai “Goi y
moén an két hop ki thuat loc ndi dung va loc cong tic theo nguoi dung” dé xuat mo hinh
cu thé dé giai quyét bai toan dat ra dung k¥ thuét loc theo ndi dung két hop véi loc cong
tac dé goi y mén an cho khach hang. Tiép theo 1a hé théng dugc tich hop vao menu dién
ttr dé thuc nghiém, dua ra nhitng goi y mot cach truc quan cho ngudi ding. Két qua thuc
nghiém ciia mo hinh ¢6 gia tri sai s6 binh phuong trung binh gbc (RMSE) 14 0.325 va ¢6
gia tri F1-Score 1a 66.3%.

Tiwr khoa: H¢ théng go1y, goi y mén dn, loc cong tac, loc ndi dung.

ABSTRACT

Current recommender systems have attracted significant attention in research
and practical applications. Applying recommendation techniques to the culinary field,
especially in suggesting dishes, still holds considerable potential for exploration and
development. This paper, titled “Dish Recommendation Combining Content-Based and
User-Based Collaborative Filtering Techniques” proposes a specific model to address
this problem. It employs a hybrid approach combining content-based filtering with
collaborative filtering to recommend dishes to customers. Subsequently, the system is
integrated into an electronic menu for practical experimentation, offering intuitive
recommendations to users. The experimental results of the model show a root mean
squared error (RMSE) of 0.325 and an F1-Score of 66.3%.

Keywords: Recommender system, dish recommendation, collaborative filtering,
content-based filtering.

1. GIOI THIEU gian 1a cac ung dung phin mém cung cip
1.1 Gi6i thiéu bai toan cac dé xuét va dé xuat dugc ca nhan héa

H¢ thong goi y mon an khong chi don  cho cdc mén an dya trén sé thich, nhu cau
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an kiéng ciia nguoi ding va cac yéu td lién
quan khac. V&i viéc phét trién ngay cang
tang cua cac lga chon mon an da dang,
ngudi ding co thé bi choang ngop khi diéu
hudng qua céc trang lya chon rong rai va
dua ra quyét dinh sang sudt. Hé thong goi
y mén an khong chi la mét trong nhiing
giai phap tot nhat trong méi truong nay,
ma con bang cach phan tich s¢ thich cua
nguoi ding, nhu cau an kiéng va cac yéu
t6 lién quan khac dé dua ra goi ¥ phu hop.
Hé théng dé& xuit moén an khong chi gidi
thiéu mén an cho nguoi dung dua trén tén
mén an, id mén an, loai mon an, loai ché do
an kiéng nhu chay hoac khong chay trong
truong hop dé xuit loc duwa trén ndi dung.
Dé dé xuit mon an véi sy trg gitp cua tinh
nang loc cong tac, chung t61 da st dung id
ngudi dung, id mén an va xép hang lam
thudc tinh.

1.2 Nhirng nghién ciru lién quan

Nghién cuu cua nhém tic gia M.
Trattner va D. Elsweiler (2017) véi dé
tai “Food Recommendation: Framework,
Existing Solutions, and Challenges” [6]
da téng hop cac k¥ thuat phd bién trong hé
thong goi y mon an va nhan manh rang cac
phuong phap hién tai, bao gdm loc ndi dung
va loc cdng tac, thuong hoat dong kém khi
xur ly céac yéu t& nhu han ché di ung hodc
s¢ thich an udng ca nhan hoa. Két qua cho
thdy su két hop gitra dit liéu dinh dudng va
sO thich ngudi dung c6 thé ning cao hiéu
qua cua hé thong goi y. Ngoai ra, tic gia
Adadi, S. F. (2021) ciing ¢6 d¢ tai nghién
ctru “Personalized Food Recommendation
Using Machine Learning: A Review” [7].
Nghién ctru nay cho thdy rang viéc su
dung céac k¥ thuat hoc sau (deep learning)
két hop véi mo hinh loc cdng tac cai thi¢n
dang ké d6 chinh xéc trong du doan. Mot
s6 mo hinh hybrid dugc 4p dung cho tap dir
liéu 16n da dat duoc mirc do chinh xac trén
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85% khi goi y mén dn. Ngoai ra, nghién
cuu cling nhan manh vai tro cia dir liéu
ngit nghia (semantic data) trong viéc cai
thién hé théng goi y.

Nghién ctru ctia tic gia Nguyén Thai
Nghe (2024) va cac dong su thuc hién dé
tai nghién ctru mot giai phap ung dung tri
tu¢ nhan tao trong goi y mon an cho céc
nha hang[1]. Dé tai dé xuit ung dung tri
tué nhan tao (AI) trong h¢ théng goi y mén
an, tich hgp k¥ thuat loc cong tac va luat
két hop. Hé thdng tap trung ca nhan hoa
goi y dua trén lich st dat moén, sé thich
va dic diém cua khach hang tai cac nha
hang. Két qua d6 chinh xac cia cac goi
y dat 91% qua phan hdi ctia nguoi ding
thuc té. Tac gia Tran Nguyén Minh Thu
va Huynh Quang Nghi (2016) thuc hién dé
tai xay dung hé thdng goi y thirc dn nhanh.
Hé thdng tap trung vao goi y cac moén an
nhanh dya trén dir li¢u lich st mua hang
va danh gid cia khach hang. Nghién cuu
su dung loc cOng tac dua trén md hinh lang
giéng (Neighborhood-based Collaborative
Filtering). Két qua goi y mén an nhanh
chinh xac hon cho cic dbi twong khach
hang thuong xuyén. Tang ty 1€ tuong tac
cua nguoi dung 1én 20%. DBJ hai long cua
ngudi ding dbi véi cac goi y dat mirc 85%.

2. PHUONG PHAP DE XUAT

2.1 Loc ngi dung (Content-Based
Filtering)

2.1.1 Nguyén ly

Duya trén cac thong tin chi tiét vé mén
an nhu tén, mo ta cac thanh phan (nguyén
li¢u), hé thong s€ goi y cdc moén an tuong
tu dua trén do tuong dong gilta cac dac
diém nay.

2.1.2 Cdch hoat dpng cu thé

- Phan tich thong tin mén an ma khach
hang da yéu thich hodc lua chon trudc do
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(vi dy: mén “Com ga” ¢6 mo ta thanh phan
nhu “gao, thit ga, rau thom”).

- St dung cac phuong phép tinh toan
d6 tuong ddng (nhu Cosine Similarity hozc
TF-IDF) dé tim cac mon an c6 md ta va
thanh phan tuong tu.

- Goi y cdc mén an gan nhét véi so
thich cua nguoi dung.

- Vi du: Néu khach hang thich mén
“Phé bo” (gom thit bo, banh phd, hanh
14, nudc dung), hé thdng c6 thé goi y cac
mon tuong ty nhu “Bun bo Hué” hoic
“Hu tiéu bo”.

2.2 Logc cfng tac (Collaborative
Filtering)

2.2.1 Nguyén ly:

Hé théng dua trén su twong tic giita
nguoi dung véi mon an dé goi y. Néu hai
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nguoi dung c6 hanh vi chon mén tuong tu,
ho cé thé thich cdc mén ma nguoi con lai
da chon nhung minh chua thu.

2.2.2 Cdch hoat dpng cu thé:

- Dua trén nguoi dung (User-based
Collaborative Filtering): Tim nhitng nguoi
ding c6 so thich twong ddng véi ngudi
dung hién tai, sau dé ggi y mon an dua trén
lich st chon mon cua ho.

- Dya trén san pham (Item-based
Collaborative Filtering): Phan tich mbi
quan h¢ gitra cdc mon an dugce chon boi céac
nguoi dung khac nhau dé goi y cic moén
phd bién tuong ty.

- Vi du: Néu nguoi ding A thich
“Pizza” va “Mi Y”, con ngudi ding B thich
“Pizza” va “Hamburger”, hé thong c6 thé
goi y “Hamburger” cho A va “Mi Y” cho B.

2.3 M6 hinh tong quan ciia hé thong

Nguoi dung
| CSDL |
[ Foods [ Ratings Ding nhép
Y
Tinhdo | L Danh séch mén
tuong dong Model an dugc goi v

Hinh 1 So dé téng quan hé théng goi y

Trinh tw cdc budc thuce hién:

- Budc 1: Chung t61 da thu thap
thong tin lién quan nhu id nguoi dung, id
mon an va xép hang tir tap dir liéu. Ngoai
ra, chung t6i da thu thap tén moén an lién
quan dén timg id mén dn c6 do tuong
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ddng vé nodi dung v6i cdc mon dn khach
hang da rating.

- Budc 2: St dung dir li€u da thu thap,
chung t61 da tao mot ma tran bao gém id
nguoi dung, id mén an va xép hang tuong
mg. Ma trén nay déng vai tro 1a nén tang
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dé nim bat cac tuong tac va so thich cua
nguoi dung.

- Budc 3: DPé xac dinh do twong dong
gitra id nguoi dung va id mén an, ching
t6i dd st dung do tuong ddng cosine.
Ngoai viéc xem xét xép hang, chung t6i
cling két hop thong tin van ban cua tén
mon an bang cach chuyén ddi chiing thanh
vecto dac trung.

- Budc 4: Dung phuong phép loc theo
ndi dung, phan tich thong tin mon dn ma
khach hang da lya chon trudc dé (vi du: mon
“Com ga” ¢6 mo ta thanh phan nhu “gao,
thit ga, rau thom”). St dung céc phuong
phap tinh toan do tuong dong (Cosine
Similarity) dé tim cic mon an ¢6 mo ta va
thanh phan tuong tu. Goi y cic mén dn gan
nhét v6i so thich ciia ngudi dung.

- Budc 5: Dung phuong phap loc
cong tac, dua trén nguoi dung (User-based
Collaborative Filtering): Tim nhitng ngudi
ding c6 s¢ thich tuong déng véi ngudi
dung hién tai, sau d6 goi y mén an dua trén
lich sir chon mén cua ho. Bing cich phan
tich mbi quan hé giita cac moén an dugc
chon béi cac ngudi ding khac nhau dé goi
y cac mén pho bién tuong tu.

- Bu6c 6: Tién hanh két hop hai mo
hinh bang phuong phap két hop mudn
Weighted Average: Tinh toan diém goi y
tong hop bang cach cho trong sé khac nhau
cho mdi mé hinh tuy thudc vao do tin cay
hodc hiéu qua cia mdi md hinh.

Biang céach lién két phuong phap loc
theo ndi dung va phuong phdp loc cong
tac, ching t61 da nang cao kha nang cta hé
thdng d& xuét dé cung cp cac dé xuat mén
an dugc ca nhan hoa va nhan biét theo ngir
canh cho nguoi dung dua trén ndi dung céac
moén an nguoi dung da xép hang va thong
tin van ban lién quan dén cac mén an.
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2.4 Tap dir licu

bPé tai go1 y mén an su dung tip dir
liéu do chung t6i ty khao sat va thu thap
tir mot s& nha hang, cira hang in udng &
tinh Kién Giang. Tép di liéu dung dé huin
luyén goém 2 tép tin csv (hinh 3.1). Tép tin
Foods.csv gom 5 truong: Food ID, Name,
C Type, Veg Non, Describe va 432 dong
12 432 mén an. Tép tin Ratings.csv gdm 3
truong: User ID, Food ID, Rating va 5000
dong 1a thong tin khao sat mic do danh gia
ctia 500 luot khach hang vé cac mén an cua
mot khu 4m thuc tai Thanh phé Ha Tién,
tinh Kién Giang.

2.5 Ky thuat phan loai KNN

Phuong phap phan loai 1a mot thuat
toan ty dong gan dir li€u thanh cac danh
muc hodc 16p cu thé. N6 sir dung cac quy
tdc hodc mau duoc xac dinh trude dé thuc
hién cac phan loai nay. Két qua cua qua
trinh hoc may dugc ap dung cho by phan
loai 1a mgt mo6 hinh phén loai. M6 hinh nay
déng vai tro 1a nén tang dé thyuc hién phan
loai dir liéu. Trong hé théng khuyén nghi
duoc dé xuit, bo phan loai K-lang giéng
gan nhat duoc st dung [3.1]. Bang cach
sir dung k¥ thuat nay, ching toi cung cép
cho hé théng dir liéu va c6 duoc mo hinh
chinh xac cho phép phan loai chinh xéc.
Thuat toan lang giéng gan nhat 1a mot cach
tiép can don gian nhung hiéu qua dua trén
cac mau cuc bd trong dir liéu dé dua ra du
doan hodc dé xuét. Day 1a mét thuét toan
hoc khong tham s6, c6 nghia 1a n6 khong
xdy dung mo6 hinh mot cach rd rang trong
giai doan dao tao ma truc tiép su dung
céc truong hop dao tao dé dy doan. Trong
thuat toan lang giéng gin nhat, do tuong
ddng giira cac diém dir liéu duoc xac dinh
bang cach do khoang cach giita chung bang
thudc do khoang cach da chon, chfmg han
nhu khoang céch Euclide hodc d¢ tuong
ddng cosine nhu trong hinh 2.
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2.6 D) twong dong Cosine

Do tuong dong cosine 1a thudc do
dugc st dung dé xac dinh do tuong tu
giitta hai vecto trong khong gian nhiéu
chiéu. Trong bdi canh khuyén nghi vé
mon an, do tuong tu cosine thuong dugc
ap dung dé tinh toan do tuong tu gitra so
thich hodc dic diém cta cac mén an hoic
hd so ngudi dung khac nhau. Do tuong
tu cosine gitra hai vecto A va B duogc tinh
bang cong thirc sau:

A-B
hANl.1BI

A.B dai dién cho tich vO hudéng cua
vecto A va B, 1a tong ctia phép nhan phan tir
clia cac thanh phan twong (mg ctia chiing.

cosine similarity(A4, B) =

| Al va || B|| 1an lugt biéu thi cac chudn
muc Euclide (con dugc goi 1a do 16n hoac
d6 dai) cia vecto A va B. Pé ap dung do
tuong tu cosine trong khuyén nghi mén
an, vecto A va B ¢6 thé biéu thi s¢ thich
ctia ngudi dung hodc dic diém ctia mon an
hodc hd so ngudi dung.

Céc phan tir ctia vecto c6 thé twong tmg
v6i cac thude tinh nhu mui vi, thanh phan,
gia tri dinh dudng hodc bat ky dic diém
lién quan nao khac. Bang cach tinh toan do
tuong tu cosin gitta cac mon in hodc hd so
nguoi ding, c6 thé xac dinh dugc so thich
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hoac dic diém cua ho gidng nhau dén mirc
nao. Sau d6, thong tin twong tu ndy cé thé
dugc su dung dé tao ra cac dé xuét, chéng
han nhu dé xuat cac mén an twong ty véi
nhirng mén an ma nguoi dung da yéu thich
trude day hodc xac dinh nhitng nguoi dung
c6 so thich tuong tu dé dua ra cac dé xuat
dua trén loc cong tac.

2.7 Danh gia d¢ tin ciy cuia giai thuat
bing thang do RMSE

Root Mean Square Error (RMSE) hodc
Root Mean Square Deviation (RMSD) la
can bac hai cia muc trung binh cua céc sai
s6 binh phuong. RMSE 1a d6 1éch chudn
ctia cac phan du (sai s6 dy doan).

Phan du 13 thuéc do khoang cach tir
cac diém dir liéu duong hoi quy; RMSE 1a
thudc do muc do dan trai cua nhitng phan
du nay, noi cach khéc, n6 cho ban biét murc
do tap trung cua dir liéu xung quanh duong
phii hop nhét.

RMSE =

Trong do:

RMSE 1a d6 1éch binh phuong gbc

i: Bién i

N: S6 diém dir liéu khong thiéu

x, : Chudi thoi gian quan sat thuc té
X:: Chudi thoi gian uéc tinh

2.8 Phwong phap két hop cé trong sb

Két hop hai phuong phap loc noi dung
(CBF) va loc cong tac (CF) dugc thuc hién
thong qua mot trong sé dé didu chinh mirc
d6 anh hudéng ciia mdi phwong phap trong
qua trinh tao ra goi y. Dé tai d3 ap dung
trong s6 két hop (Weighted Hybrid) voi
cong thuc nhu sau:
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Shybrid (u’ i) =a- SCF (ua i) + (1 - 0[) : SCBF (u, i) )

Trong do:

hybnd (u, l) Diém goi y cudi cung cho
nguoi dung u d6i v6i san pham i sau khi két
hop ca CF va CBF.

- Sep(u,i): Pidm goi y tir phuong
phdp Content-Based Filtering doi véi
ngudi ding u va san pham i.

- Sepr (i) : Piém goi y tir phuong
phdp Content-Based Filtering doi véi
ngudi ding u va san pham i.

-a: Trong s6 cho phwong phap
Collaborative Filtering (0 <a <1).

- (1-a): Trong sb cho phwong phap
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2)

Content-Based Filtering.
3. KET QUA THU'C NGHIEM

3.1 Thwe nghiém mé hinh sir dung
phwong phap loc theo ngi dung

Két qua thyc nghiém trén mo hinh su
dung phuong phap loc theo ndi dung dua
trén mo ta mon an. Bing cach chuyén doi
tén cdc moén an thanh cac vécto dac trung,
so sanh do twong dong cia mén in ma
khach hang da chon véi cdc mén an con lai
dé tim mon an gan gidng goi y cho khach
hang. Két qua thuc nghiém trén tap dit liéu
chia theo ti 1& 80% huén luyén va 20% kiém
thir. Cho két qua trén 10 1an chay nhu sau:

Bang 3.1 Két qua 10 lan thiee nghiém trén mé hinh loc theo ngi dung

Linthe | 1 | 2 | 3 | 4 | 5| 6 | 7| 8 | 9 | 10 | Trungbinh

RMSE  [0.36]0.35(0.35/0.37[0.35[0.36 [0.35[0.37 [0.35[0.34|  0.36
Precision (%)|61.2|61.361.4|61.2|61.2|612|61.5(61.2|61.4|612| 61.3
Recall (%) |61.4|61.4|61.5[61.3[61.3]61.2[61.6|61.3[61.4|61.3 61.4
F1-Score (%) |61.3]61.3|61.4|61.2(61.261.2(61.5[612(61.4[612| 613

Qua bang két qua sau 10 1an chay thuc
nghiém moé hinh loc ndi dung cho ta thay
két qua cua céc chi so twong doi cao.

RMSE: Céc gia tri RMSE dao dong tur
0.34 dén 0.37 trong 10 1an thyc nghiém, voi
gia tri trung binh 1a 0.36. Gia tri RMSE kha
nho va 6n dinh, cho thdy mé hinh dy doan
c6 d6 chinh x4c twong ddi cao va it bién
dong Tuy nhién, gia tri 0.36 cho thay van
t6n tai mot mirc do sai s6 nhat dinh glua két
qua dy doan ciia mo hinh va thuc té.

Precision: Céac gia tri Precision dao
dong tir 61.2% dén 61.5%, véi gia tri trung
binh 1a 61.3%. D chinh xac cia mo hinh
& muc kha, cho thiy khoang 61.3% sb goi

TRUGONG BAIHOC SU PHAM KY THUAT VINH LONG

y thic an ma moé hinh dy doan 1a phu hop.
Gié tri Precision khong c6 nhiéu sy bién
dong giira céc lan thuc nghiém, cho théy
tinh 6n dinh cua mé hinh.

Recall: Cac gia tri Recall dao dong tur
61.2% dén 61.6%, v6i gia tri trung binh
la 61.4%. Do bao phu cia mo6 hinh ciing
& muc kha, cho thdy mé hinh c6 kha nang
tim ra khoang 61.4% céc loai thirc an phu
hop trong tong sb cac loai thic an phu
hop. Tuong tu Precision, d bao phu cling
khong c6 nhiéu sy bién dong, cho thay tinh
on dinh cua md hinh.

F1-Score: Cac gia tri F1-Score dao
dong tr 61.2% den 61.5%, voi gia tri
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trung binh 14 61.3%. Diém F1 trung binh
1a 61.3%, cho thay hiéu qua tong hop ciia
mo hinh & mirc kha. Su twong dong vé gia
tri gitra Precision, Recall, va F1-Score cho
thdy mo hinh khong c6 su thién léch gitta
kha nang tim kiém két qua chinh xac va
kha ning bao phu cac két qua phu hop.

3.2 Thuc nghiém mé hinh sir dung
phuwong phap loc cong tac

Két qué thuc nghiém trén mo hinh su
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dung phuong phép loc cong tac, dé tao
dé xuit cho timg id nguoi ding, ching
t61 da tan dung xép hang va tén moén an
ctia nhitng nguoi co sé thich mon in gan
giéng nhat. Chung t6i tong hop xép hang
cac mon an cua nhirng nguodi cd so thich
gan gidng nhat. Két qua thyc nghiém trén
tap dir liéu chia theo ti 1& 80% huén luyén
va 20% kiém thir. Cho két qua trén 10 lan
chay nhu sau:

Bang 3.2 Két qua 10 1an thyc nghiém trén mé hinh str dung phuwong phép loc cong tac

Lan thir 1 2 3 4 5 6 7 8 9 | 10 |Trung binh

RMSE 0.3310.35/0.35/0.34|0.34|0.33{0.34|0.33|0.330.33 0.34
Precision (%) [63.362.5(62.7|63.6|64.8|63.6|62.8|63.7|64.4|62.9 63.4
Recall (%) |63.4|64.7/63.5|64.3/65.6|64.863.9|62.6(64.9|63.3 64.1
F1-Score (%) [63.363.6|63.1|63.9]|65.2|64.2|63.3|63.1|64.6|63.1 63.8

Qua bang két qua sau 10 1an chay thuc
nghiém mo hinh loc cong tac cho ta thiy
két qua c6 phan cai thién hon so véi mo
hinh loc theo ndi dung.

RMSE: Cac gia tri RMSE dao dong
tir 0.33 dén 0.37, v6i gia tri trung binh 1a
0.34. So v6i gia trj trung binh 0.36 ¢ két
qua trudc, gid tri RMSE trung binh bay gio
da giam xudng 0.34. Didu nay cho thdy, mo
hinh d3 duoc cai thién va du doan chinh
xac hon. Sy dao dong cia RMSE van kha
on dinh trong khoang 0.04, chimg t6 tinh
nhit quan ctia mo hinh.

Precision: Cac giad tri Precision dao
dong tir 62.5% dén 64.8%, véi gia tri trung
binh 1a 63.4%. D§ chinh xac trung binh da
tang tir 61.3% (¢ két qua trude) 1én 63.4%.
Diéu nay cho thdy mé hinh dwa ra goi y
thic an chinh xac hon. Precision van duy
tri tinh 6n dinh, khong c6 su bién dong 16n
giita cac lan thyc nghiém.

Recall: Céc gia tri Recall dao dong tur
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62.6% dén 65.6%, v6i gia tri trung binh 1a
64.1%. Do bao phu trung binh da tang tur
61.4% (¢ két qua trude) 1én 64.1%. Pidu
nay cho thiy mé hinh c6 kha nang tim ra
nhiéu hon céc loai thtrc an phu hop. Recall
ciing khong c6 su bién dong 16n giita cac
lan thuc nghi¢m, cho théy tinh 6n dinh cua
mo hinh.

F1-Score: Cac gid tri F1-Score dao
dong tir 63.1% dén 65.2%, véi gia tri trung
binh 13 63.8%. Diém F1 trung binh d3 ting
tir 61.3% (O két qua trude) 1én 63.8%, cho
thiy hiéu qua tong hop ctia mo hinh da duoc
cai thién dang ké. Su tuong dong vé gi tri
gitra Precision, Recall, va F1-Score van cho
thdy mo hinh khong c6 su thién léch giita
kha ning tim kiém két qua chinh x4c va kha
nang bao phu cac két qua phu hop.

3.3 Thue nghiém mé hinh két hop

Tién hanh két hai m6 hinh vdi céc trong
s0 khac nhau theo cong thic (2) ¢ trén, két
qua thye nghiém nhu sau:
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Bang 3.3 Két qua nghiém trén mo hinh két hop véi cac trong sb khac nhau

a 0.5 0.45 0.4 0.35 0.3 0.25 0.2
RMSE 0.353 | 0.347 | 0.336 | 0.321 | 0.326 | 0.330 | 0.357
Precision (%) 63.5 | 64.6 | 656 | 66.2 | 657 | 644 | 63.9
Recall (%) 64.7 | 649 | 653 | 665 | 656 | 649 | 643
F1-Score (%) 64.1 64.7 | 654 | 663 | 65.6 | 64.6 | 64.1

Qua thyc nghiém cho thiy két qua két
hop cao nhét véi trong s6 0=0.35 1a phu
hop nhat, gia tri RMSE = 0.32

RMSE: RMSE giam dan khi o giam tir
0.5 dén 0.35, sau d6 c6 xu hudng tang lén
khi a tiép tuc giam.Gia tri RMSE nho nhat
1a 0.321, dat duoc khi a = 0.35. Piéu nay
cho thiy, trong s6 o= 0.35 gitip mo hinh dy
doan chinh x4c nhét, it sai s6 nhat.

Precision: D9 chinh xac ting khi o
giam tir 0.5 dén 0.35, sau d6 c6 xu hudng
giam xudng khi a tiép tuc giam. P9 chinh
xac cao nhét 1a 66.2%, dat duoc khi o =
0.35. Piéu nay cho thiy khi a = 0.35, mo
hinh c6é kha nang goi y thuc an phu hop
nhit so véi tong sb goi y dua ra.

Recall: D§ bao phu tdng khi o giam tur
0.5 dén 0.35, sau d6 giam khi a tiép tuc
giam. Do bao phu cao nhét 1a 66.5%, dat
duoc khi o = 0.35. Tuong tu Precision, o =
0.35 gitip m6 hinh ¢6 kha nang tim ra nhidu
hon céc loai thirc an phi hop trong tong sb
cac loai thtrc an phu hop.

F1-Score: Diém F1 tang khi o giam
tir 0.5 dén 0.35, sau d6 giam khi a tiép
tuc gidm. Diém F1 cao nhét 1a 66.3%, dat
duoc khi o= 0.35. Piém F1 cao nhat khi a
= 0.35 chung to, trong s6 nay mang lai sy
can bang t6t nhat giita Precision va Recall,
ddng nghia véi hiéu qua tong hop cao nhét
cua mo hinh.

Két luan:

- Trong s6 o = 0.35 cho thiy hiéu qua
t6t nhat cho mé hinh két hop, voi RMSE
thap nhét (0.321) va Fl-Score cao nhit
(66.3%).

- Trong s6 0.35 ciing cho thay su can
bang tét giita Precision (66.2%) va Recall
(66.5%), cho thdy mo6 hinh hoat dong 6n
dinh vé ca hai mat chinh xac va bao phu.

- Céc chi s6 déu cao hon so véi két
qué trude d6, ching to viée két hop hai mo
hinh véi trong s6 pht hop di cai thién dang
ké hiéu qua goi y thtc an.

- Viéc thay déi trong s6 a c6 anh huéng
dang ké dén hiéu qua ctia mé hinh. Viéc
tim duoc gid tri o téi wu la rit quan trong
dé dat hiéu qua tot nhat.

3.4 Tién hanh thye nghiém véi méd
hinh d3 huin luyén

Tién hanh thuc hién chay Demo hé
thdng, bang cach chon ngiu nhién ID khach
hang trong danh sach cac khach hang trong
bang Rating dé hé thong goi y.

Hinh 4 minh hoa khach hang c6 ma ID
1a 72; 5 dong dau tién hién thi 5 mén in
ma khach hang nay danh gia s diém cao
nhat. 10 dong cudi hién thi 10 moén an ma
hé théng goi ¥ dya trén nhitng mén an cta
cac khach hang c6 mtrc danh gid cdc mén
an tuong dong véi khach hang ¢ ma ID
la 72.
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Showing recommendations for users: 72

Banh gai: Ba&nh (chay)

Canh tén & cha <&: Canh (mdn)

Ca loc kho kh&€: Kho (man)

Nudc €p budi: Nudc gidi khdt (chay)
Chan ga nudng mat ong: MNudng (man)

Mye rim me: An vadt (man)

Canh mang gid heo: Canh (man)

Canh rau ngdt thit badm: Canh (m3n)

Ca trach chié&n gion: Chié&n (man)

Banh canh ghe: ©iém tam (man)

C& ngdn kho ca: kKho (man)

Ch& d3u den: Trang mig&ng (Ngot) (chay)
Ch& hoa cau: Trang miéng (Ngot) (chay)
Kem ddu dd: Trang mi&ng (Ngot) (chay)
Kem khoai mdn: Trang miéng (Ngot) (chay)

Hinh 3 Demo hé théng véi khdch hang c6 ID
ngau nhién
4. KET LUAN VA HUONG PHAT
TRIEN

4.1 Két luan

Két qua thir nghiém trén mo hinh goi
y cho thiy hé théng dat duoc gia tri RMSE
(Root Mean Square Error) l1a 0.325. Pay
1a mot chi s6 kha 4n tugng, phan anh rang
do sai 1éch gitra dy doan ctia md hinh va
danh gia thyc té cua nguoi dung dbi véi cac
mon in 1a twong d6i thap. RMSE 1a mot
chi s6 quan trong trong viéc danh gia do
chinh xac ctia cdc md hinh goi y, va véi gia
tri nay, c6 thé khang dinh rang mé hinh da
c6 thé du doén kha chinh xéc s& thich ciia
nguoi dung.

Tuy nhién, gid tri F1-Score cua mo
hinh chi dat 66.3%, mdt con s6 khong duoc
cao so voi ky vong. F1-Score 1a chi s6 danh
gid d6 chinh x4c va kha nang thu hoi ciia hé
thong, dac biét 1a trong viéc goi ¥ cac mén
an phu hgp vai so thich ciia nguoi dung. Du
két qua nay cho thdy hé thong c6 thé goi y
dling cdc moén an theo s¢ thich cia nguoi
dung & mirc do nhat dinh, nhung hiéu qua
thuc t& cia hé thong trong viéc dap tng
dung nhu cau cua ngudi dung chua that sy
cao. Piéu nay chi ra ring mé hinh van con
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nhitng han ché, ddc biét trong viéc toi uu
hoéa dd chinh xac cta cac goi y thuc t&€ ma
nguoi dung mong doi.

Mac du hé théng dat dugc mot muace do
chinh xéac kha t6t vé mit du doan danh gia
(thé hién qua RMSE), nhung hiéu qua tong
thé cia md hinh, ddc biét 1a vé do chinh
xac va kha nang thu hoi (thé hién qua F1-
Score), van con han ché. Su chénh 1éch
giita hai chi s nay chi ra ring mé hinh van
con kho khén trong viée dua ra nhitng goi
y hoan toan phu hop véi sé thich cia nguoi
dung trong mot pham vi rong 16n cac lya
chon mon an.

4.2 Huéng phat trién

T6i uu hoa dit lidu dau vao va cai thién
chat luong dir liéu: T4p trung vao thu thap
dir liéu day di va chit lugng cao hon vé
thoi quen an uéng, s& thich ca nhan, va
danh gia cua nguoi ding dé mé hinh hoc
t6t hon va dua ra goi y chinh xéac hon.

Tich hop thém dir liéu ngit canh: B
sung thong tin ngt canh nhu thoi gian, dia
diém, thoi tiét, va stre khoe ca nhan dé lam
phong phu thém dir lidu dau vao, tir d6
cung cp goi y phi hop hon.

Nang cao kha ning c4 nhan héa bang
cach hoc hoi tir phan hdi ciia nguoi dung:
Phat trién hé théng tu dong cap nhat va
diéu chinh mé hinh dya trén phan hoi thuc
té tir nguoi ding sau mdi lan sir dung, gitp
cai thién do chinh xac cua goi y theo thoi
gian. Hodc sir dung phuong phap hoc tang
cuong (Reinforcement Learning) bang
cach ap dung ky thuat hoc tang cuong dé
md hinh ¢ thé tu diéu chinh dya trén phan
hoi cia ngudi ding va tdi wu hoa cac quyét
dinh goi y.

TAP CHi KHOA HOC | rringosizoos



JOUPnal o]( Science - V L U T E ISSN 261 5-9945

TAI LIEU THAM KHAO

[1] . T. Lién, “Hop nhit loc cong tac va loc ndi dung bang phuong phap hoc ban giam
sat,” Truong Pai hoc Buu chinh Vién thong, 2020.

[2] Nguyén Hung Diing, Nguyén Thai Nghe. 2014. Hé théng goi y san phim trong ban
hang truc tuyén str dung k¥ thuat loc cong tac. Tap chi Khoa hoc Trudng Pai hoc Can
Tho, s6 31a (2014), trang 36-51. ISSN: 1859-2333.

[3] N. T. Nghe, D. H. H. Nguyén, T. Q. Toanh, va N. H. Hoa, “Mot giai phép ung dung tri
tué nhén tao trong goi ¥ moén an cho cac nha hang,” Tap chi Khoa hoc Pai hoc Can
Tho, vol. 60, no. SDMD, pp. 17-24, 2024.

[4] P. M. Chuan, L. T. Huong, T. P. Khang, and N. V. Hau, “Hé thong goi ¥ sir dung thuat
toan t6i wu bay dan”. Ky yéu Hoi nghi qudc gia 1an tha VIII “Nghién ctru co ban va
ung dung Cong nghé thong tin” (FAIR 2015)

[5] Nguyén Tan Phong, Nguyén Thai Nghe. 2014. Mot giai phap trong xay dung Heé
thong goi ¥ bai hat. Trang 149-154, ky yéu hoi thao qubc gia l1an thir XVII: Mot s6
van dé chon loc cia CNTT&TT (@2014). Nha xuat ban Khoa hoc va ky thuat. ISBN:
978-604-67-0426-3

[6] R. Baeza-Yates and B. Ribeiro-Neto (1999), “Modern Information Retrieval”.
Addison-Wesley.

[7] T. Mitchell (1997), “Machine Learning”, 1 ed. McGraw Hill.

[8] M. Pazzani and D. Billsus (1997), “Learning and Revising User Profiles: The
Identification of Interesting Web Sites”, Machine Learning, vol. 27, pp. 313-331.

[9] G. Somlo and A. Howe (2001), “Adaptive Lightweight Text Filtering”, Proc. Fourth
Int’l Symp. Intelligent Data Analysis.

[10] Y. Zhang and J. Callan (2001), “Maximum Likelihood Estimation for Filtering
Thresholds”, Proc. 24th Ann. Int’l ACM SIGIR Conf.

[11] G. Adomavicius, A. Tuzhilin (2005), “Toward the Next Generation of Recommender
Systems: A Survey ofthe State-of-the-Artand Possible Extensions”, IEEE Transactions
On Knowledge And Data Engineering, vol. 17, No. 6, 2005.

[12]J.L. Herlocker, J.A. Konstan, and J. Riedl (2000), “Explaining Collaborative Filtering
Recommendations”, Proc. ACM Conf. Computer Supported Cooperative Work.

[13] B. Sarwar, G. Karypis, J. Konstan, and J. Riedl (2001), “Item-Based Collaborative
Filtering Recommendation Algorithms”, Proc. 10th Int’l WWW Conf.

[14] J.L. Herlocker, J.A. Konstan, L.G. Terveen, and J.T. Riedl (2004), “Evaluating
Collaborative Filtering Recommender Systems”, ACM Trans. Information Systems,
vol. 22, No. 1, pp. 5-53.

[15] B. Marlin (2003), “Modeling User Rating Profiles for Collaborative Filtering”, Proc.
17th Ann. Conf. Neural Information Processing Systems (NIPS *03).

[16] D. Billsus and M. Pazzani (1998), “Learning Collaborative Information Filters”,
Proc. Int’l Conf. Machine Learning.

[17] D. Billsus and M. Pazzani (2000), “User Modeling for Adaptive News Access”, User
Modeling and User-Adapted Interaction, vol. 10, No. 2-3, pp. 147-180

TRUGONG BAIHOC SU PHAM KY THUAT VINH LONG 5 7




JOUPI’]C]I ol( Science - \/ L U T E ISSN 261 5-9945

[18] [103] X. Su and T. M. Khoshgoftaar (2006), “Collaborative filtering for multi- class
data using belief nets algorithms”, in Proceedings of the International Conference on
Tools with Artificial Intelligence (ICTAI “06), pp. 497-504.

[19] X. Su, T. M. Khoshgoftaar (2009), “A Survey of Collaborative Filtering Techniques”.
Advances in Artificial Intelligence, vol 2009, pp.1-20.

[20] B. Sarwar, G. Karypis, J. Konstan, and J. Riedl (2000), “Application of Dimensionality
Reduction in Recommender Systems—A Case Study”, Proc. ACM WebKDD Workshop.

[21] L.H. Ungar and D.P. Foster (1998), “Clustering Methods for Collaborative Filtering”,
Proc. Recommender Systems, Papers from 1998 Workshop, Technical Report WS-
98-08 1998.

[22] L. Si and R. Jin (2003), “Flexible Mixture Model for Collaborative Filtering”, Proc.
20th Int’l Conf. Machine Learning.

[23] T. Hofmann (2003), “Collaborative Filtering via Gaussian Probabilistic Latent
Semantic Analysis”, Proc. 26th Ann. Int’l ACM SIGIR Conf.

[24] T. Hofmann (2004), “Latent Semantic Models for Collaborative Filtering”, ACM
Trans. Information Systems, vol. 22, No. 1, pp. 89-115.

[25] C. Desrosiers, G. Karypis (2008), “Solving the Sparsity Problem: Collaborative
Filtering via Indirect Similarities”, Department of Computer Science and Engineering
University of Minnesota (Technical Report).

[26] D. Pavlov and D. Pennock (2002), “A Maximum Entropy Approach to Collaborative
Filtering in Dynamic, Sparse, High-Dimensional Domains”, Proc. 16th Ann. Conf.
Neural Information Processing Systems (NIPS *02).

[27] C.C.Aggarwal, J.L. Wolf, K.L. Wu, and P.S.Yu (1999), “Horting Hatches an Egg:
A New Graph-Theoretic Approach to Collaborative Filtering”, Proc. Fifth ACM
SIGKDD Int’l Conf. Knowledge Discovery and Data Mining.

[28] Z. Huang, H. Chen, D. Zeng (2004), “Applying Associative Retrieval Techniques
to Alleviate the Sparsity Problem in Collaborative Filtering”, ACM Transactions on
Information Systems, vol. 22(1) pp. 116142

[29] I. Soboroff and C. Nicholas (1999), “Combining Content and Collaboration in Text
Filtering” Proc. Int’l Joint Conf. Artificial Intelligence Workshop: Machine Learning
for Information Filtering.

[30] C. Basu, H. Hirsh, and W. Cohen (1998), “Recommendation as Classification: Using
Social and Content-Based Information in Recommendation”, Recommender Systems.
Papers from 1998 Workshop, Technical Report WS-98-08, AAAI Press 1998.

[31] J. Balisico, T. Hofmann (2004),”Unifying collaborative and content-based filtering”,
In Proceedings. of Int’l. Conf. on Machine learning (ICML-2004).

[32] A.L. Schein, A. Popescul, L.H. Ungar, and D.M. Pennock (2002), “Methods and
Metrics for Cold-Start Recommendations”. Proc. 25th Ann. Int’l ACM SIGIR Conf.

[33] P. Melville, R.J. Mooney, and R. Nagarajan (2002), “Content-Boosted Collaborative
Filtering for Improved Recommendations”, Proc. 18th Nat’1 Conf. Artificial Intelligence.

[34] A. Gunawardana, C. Meek (2009), “A unified approach to building hybrid
recommender systems. Microsoft Research , RecSys 2009: 117-124.

58 TAP CHi KHOA HOC | rringosizoos




