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TOM TAT

Bai toan truy Vén anh dwa trén ngir nghia ngay cang duoc ing dung trong nhiéu linh
vuce nhu gido duc, y té, du lich, sinh hoc méi truong va thuc hién theo nhiéu phuong phap
khac nhau nhu str dung cac mo6 hinh may hoc, ket hop cic mé hinh transformer v6i nhiéu
loai dir liéu khac nhau. Trong bai bao nay, mét cau tric ontology duoc xay dung cho tap anh
da nhin va dp dung cho hé truy van hinh anh theo mo ta ngit nghia dugc dé xuat. Pé thuc
hién bai toan ndy, mdi anh da nhan duoc phan don thanh cac anh don nhan bang mang hoc
su YOLO. Phuong phép dé xuit khai thac thong tin ngit nghia tur cdc chu thich (captions) di
kem hinh anh dé xay dung mot khung tri thirc (ontology) c¢6 ciu triic. Qué trinh ndy bao gom
viée tién xir 1y dir lidu van ban, ap dung cac ky thut xur ly ngén ngir tu nhién nhu POS
tagging va dependency parsing nham trich xuét cac thanh phan ngir nghia, phan loai tir thanh
cac nhom thyc thé (entities), thudc tinh (attributes) va moi quan hé gilta cac thyc thé
(relations). Sau d6, cac thong tin thu duge duoc t6 chirc thanh mot ontology va luu trit trén
GraphDB. H¢ théng cho phép thuc hién truy van qua hai hinh thirc: mé ta ngdn ngir ty nhién
va thong qua anh. Két qua thir nghiém trén bo dir liéu Flickr30k cho thay phwong phap dé
xudt cai thién dang ké d6 chinh xac va hiéu qua truy van anh theo ngit nghia, mé ra hudng di
mo&i trong linh vuc truy van anh duya trén tri thirc ngit nghia.

Tir khéa: Truy van anh, ngi nghia anh, Ontology, NLP, hoc séu.

1. MO PAU

Trong béi canh dit liéu hinh anh tir mang xa hoi va tir cac kho dit liéu s6 bung no, viéc
quan ly va truy xuat thong tin hinh anh tré thanh thach thac Ion. Cac hé thdng truy van anh
theo noi dung (CBIR) dua trén dic trung truc quan nhu mau sac, két cau qua ky thuat Bovw
hay hoc sau bi han ché trong viéc hiéu noi dung do khoang cach ngir nghia giita dac trung
murc thap va khai niém con ngudi mong doi [1, 2]. Nghién ctru d& xuét xay dung ontology
cho tap anh da nhén két hop chd thich hinh anh, chuyén dir liéu phi cau trdc thanh tri thic c6
ciu trdc, hd trg truy van ngit nghia (SBIR) hiéu qua hon. Bong thoi, nhitng nghién ctru vuot
troi trong xur ly ngdn ngt ty nhién (Natural Language Processing — NLP) [3] va cac phuong
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phap xay dung ontology dd m¢ ra kha nang ing dung cac phuong phap SBIR nham cai thién
hiéu suat truy van anh theo ngir nghia.

Trong bai bao nay, mot phuong phap dé xuat xay dung ontology cho tap anh da nhan,
két hop mo ta ngir nghia anh dau vao dé xay dung hé truy van anh theo ngir nghla trén bo dir
liéu Flickr30k dugc danh gié la hiéu qua, kha thi. Két hop cac mo hinh hoc may da trién khai
hé thong phl hop dép tng nhu cau nguoi ding. Trong céc cong trinh truéc day cua nhom tac
gia [4, 5] chi xay du:ng ontology cho tap anh don ddi tuong, vi vay tap anh da ddi tuong c6
nhiéu cai tién can dé xuét va hoan thién.

Dong gop cua cong trinh nay la (1) xay dung mot khung ontology cho tap anh da nhén,
mo ta ngir nghia va mdi quan hé giita cac d6i tuong trén anh boi ontology; (2) két hop md
hinh hoc may va xur 1y ngon ngir tu nhién cho phan tich ngir nghia mo ta bang text cho anh
dau vao; (3) sinh cau truy van SPARQL tir mo ta anh de truy van trén ontology; (4) thuc
nghiém trén b anh Flickr30k [6] hiéu qua cao hon mot s6 cong trinh da cong bd duoc chon
lam so sénh trén cung bo dir liéu.

Phan con lai cua bai b4o gém: Phan 2 khao sét cac cong trinh nghién ctu lién quan;
Phan 3 trinh bay phuong phap xay dung ontology cho tap anh da nhan; Phan 4 xay dung
thuc nghiém va danh gia két qua; két luan va hudng phét trién duoc trinh bay trong Phan 5

2. CAC CONG TRINH NGHIEN CUU LIEN QUAN

Zakaria hamane va cong sy (2023) [7] da tién hanh dénh gia tai liéu ¢ hé thong vé viéc
so khép ontology bang cac phwong phap hoc sau, bao gom cac bai bao dwgc xuat ban tir nim
2005 dén nam 2022. Phuong phap nay dé phan loai vin ban tai liéu va chi tiét cac bai bao
dira trén phuwong phap hoc sau dugc sir dung ontology, didu ndy cho thiy phan loai vin ban
bang ontology la mét phuong phap dwoc danh gia hiéu qua, kha thi. Tir d6 co thé &p dung
cho viéc xay dung ontology cho mé ta anh bang van ban nham &p dung cho bai toan tim
kiém anh dua vao van ban.

Haoyu Liu va cong su (2024) [8] da dé xuit mot phuong phap tim kiém anh dua trén
text cho tap anh da dbi twong. Trong cong trinh nay, tac gia da xay dung mét tap di lidu thir
thach truy van nho gon va phan manh méi (c6 tén la Flickr30K-CFQ) dé mé hinh hoa tac vu
truy xuét vian ban-hinh anh khi xem xét nhiéu noi dung va phong céch truy vén, bao gébm ngit
liéu quan hé thuc thé nho gon va chi tiét. Nhom tac gia ciing dé xuat mot phuong phap truy
van nang cao dua trén LLM str dung k¥ thuat nhic nho dua trén LLM. Cac thi nghiém cho
thiy bo dir liéu Flickr30-CFQ do nhém tac gia dé& xuat cé su thiéu hut cua céc tap dit liéu
ngdn ngit thi giac hién cé trong cac mo ta van ban-hinh anh thyc té. Phuong phap Query-
enhanced dua trén LLM duoc 4p dung trén cac md hinh truy xuét van ban-hinh anh hién c6
khac nhau giGp cai thién hiéu suat hiéu truy van trén ca bo dir liéu cong khai Flickr30k va bo
thir thach Flickr30-CFQ. Két qua thuc nghiém di cai thién hiéu suit ting 0,9% va 2,4% trén
cac bo dit lidu Flickr, Flickr30-CFQ tuong tng.

Haitham Samih va cong su (2020) [9], bai béo nay trinh bay mot phwong phap tiép can
ngit nghia hai giai doan d6i véi cac cau truy van ngdn ngir tu nhién. O giai doan dau tién,
phan tich ct phép Stanford va mét cong cu trich xuat quan hé dua trén quy tic duoc thiét ké
dugc sir dung trong quy trinh trich xuat bo ba dé trich xuét hiéu qua cac thugc tinh, truong
hop va mdi quan hé chd thich ngdn ngit tu nhién lién quan dén cac déi twong trén anh di
trich xuét. Giai doan thu hai tich hop cac mdi quan hé duoc trich xuat véi nguon ConceptNet
dé cung cap ngit nghia cdp cao cho cac bo ba dugc trich xuat. Thuc nghiém duoc tién hanh
tir tap dir lidu Flickr8k. Két qua cho thiy phuong phap tiép can nay duoc dé xuat thanh cong
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trong viéc trich xuét cac bo ba quan hé véi gié tri do chinh xac trung binh 1a 97% dbi voi cac
loai méi quan hé cha thich khac nhau: thudc tinh va quan hé truong hop, quan hé phu thudc
nhiéu tir va quan hé ngit nghia. Két qua thuc nghiém duoc trinh bay véi TopK (K = 1, 5, 10)
thi d§ chinh xac twong tng 1a 91%, 96% va 98%.

Qi Zhang va cong sy (2020) [10] dé xuat phuong phap truy xuat song hugng hinh anh-
van ban phu thudc rat nhiéu vao phép do do twong dong va hoc nhang cho ting cap hinh
anh-van ban. Trong cong trinh nay, nhom tac gia dé xuat mot mang chd y nhan thac ngi
canh thong nhat (CAAN), tap trung co chon loc vao cac doan cyc bo quan trong (ving hinh
anh va tir vgng) bang cach tong hop Nngit canh, xem xét cac tuong tac giira hinh anh va cau
trong qua trinh truy xuét, cac tuong quan noi phuong thirc dugc suy ra tir sy chd y ving-tir
thay Vi so sanh truc quan khoang cach giita cac dac diém hinh anh géc. Phuong phap nay dat
duoc két qua kha canh tranh trén hai tap dix liéu truy xuat hinh anh-vian ban chung Flickr30K
va MS-COCO, dong thoi két qua thu duocdd danh gia cao phuong phap dé xuit cho giai
phap tim kiém anh theo nhiéu phwong phap két hop van ban, hinh anh véi cac mé hinh hoc
may tién tién.

Jalila Filali va cong su (2020) [11] da d& xuat mot phuong phap xay dung ontology cho
anh da ddi twong dua trén phan 16p va Annotation cia hinh anh. Trong céng trinh ndy, nhém
tac gia da khic phuc duoc nhitng khuyét diém trude kia ma phuong phap xay dung ontology
dé xuét, cy thé nhimg dong gop 1a: (1) khai thac cac méi quan hé gitra cac 16p cho qua trinh
phan loai hinh anh; (2) két hop cac dau ra cua bo phan loai hypernym-hyponym dé nang cao
hiéu suat phan 16p. Muc dich cua bai bao la cai thién phan loai hinh anh. Mot ki thuatdé xuat
trong bai bdo da dugc thir nghiém va két qua thu duoc da cai thién phan loai hinh anh kha
tot.

Qua mét s cong trinh khao sat vé phuong phap tim kiém anh dua trén text, ky thuat
nang cao hiéu qua tim kiém anh bang céch sir dung ontology, phan tich ngit nghia hinh anh
bang hoc sdu da cai thién dang ké do chinh xéac cho tim kiém anh. Trén co s& ndy, bai bao
chung toi dé xuat phuong phap tim kiém anh dya trén anh dau vao va vian ban mo ta anh dau
Vao.

3. PHUONG PHAP XAY DUNG ONTOLOGY CHO TAP ANH PA NHAN
3.1. Céu tric ontology

Ontology dong vai tro quan trong trong viéc xay dung mét khung tri thie c6 cau trdc,
gitp biéu dién dir lieu mot cach co t6 chic va hd tro kha ning suy dién tu dong gitra cac
dbituong lién quan va md ta ngit nghia cho hinh anh. Trong hé thong truy van hinh anh,
ontology khong chi don thuan 12 mot tap hop dit lieu duge luu trix ¢ cau tric, ma con la nén
tang dé hé thong hiéu ngir nghia, lién két thdng tin va tra vé céc truy van phirc tap. Trong bai
bao nay, mot ontology dé xuat xay dung gom céc thanh phan sau:

Class (Lép): Tap hop cac ddi twong c6 dic diém chung thudc vé mot phan 16p trong
phan I6p anh, Dog, Car, Women, ....

Object Property (Thugc tinh dbi tuong): M@ ta thugc tinh mdi quan hé giira cac 16p,
nhu nextTo, hasPart, ...

Data Property (Thudc tinh dir liéu): M6 ta thugc tinh cua I6p dir ligu boi gia tri cu thé
nhu color, size, ....
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Individual (Cé thé): Thyc thé cu the thudc mot Iop, day chinh 1a dbi twong chinh cua
hinh anh can xay dung cho ontology nhu Fido, Eiffel Tower, ...

Axiom (Tién d&): Quy tic logic xac dinh rang budc, chang han Dog la subclass cua
Animal.

Ontology té chirc cac khai niém lién quan dén hinh anh (nhu d6i twong, mau sac, vi tri)
va mdi quan hé gitra ching, gitp hé théng hiéu rd ngir canh cua hinh anh. Vi vay, ontology
gilp hé thdng c6 thé tra 1oi cac cau hoi phirc tap nhu "tim hinh anh ¢6 ché nau canh xe do"
bang cach suy luan logic dya trén méi quan hé va thudc tinh.

3.2. Céc thanh phan caa Ontology

Mot thanh phan quan trong cho toan bo hé thong truy van anh theo ngir nghia la
ontology. Ontology 1a khung tri thirc dé xac dinh y nghia cta tap dir liéu nén can phai xay
dung véi cau tric phi hop. Khi thuc hién phan tich, tim hiéu vé tap dit liéu Flickr30k cho
thiy day 1a tap hinh anh kha phong pha vé chu dé con ngudi, dong vat, hoat dong xa hai,
canh vat, .... Do do6, trong bai bao nay cau trdc ontology duoc dé xuat vai cau tric phan 16p
‘cha — con’ nhu sau:

Animal

<]

PhysicalObject I

Object

Person

:

Image

owl:Thing I

Context

Action

il

Hinh 1. Céu tric phan 16p trong ontology bé anh Flickr30k
Hinh 1 md ta cau tric 16p cha, I6p con va mdi quan hé gitra cac phan Ip thude bo anh
Flickr30k gom:
Image: Pai dién cho cac anh trong tap Flickr30Kk, 1a thyuc thé trung tdm can mé ta.

Object: Lop cha chung cho céc déi tugng xuét hign trong anh, bao gém: Person mo ta
con ngudi, pht hop véi chu d€ "con ngudi”. Animal mo ta dong vat, phu hop vei chu dé
"dong vat". PhysicalObject mo ta céc‘vat thé vat 1y khac (nhu do vat, cng cu, ...) ho trg
mo ta cac doi twong khdng phu thudc vé Person hoac Animal.

Action: Pai dién cho cac hanh dong hoic hoat dong xa hoi (chay, nhay, giao tiép...)

Context: M6 ta bdi canh cuaa anh (thoi tiét, vi tri) phu hop véi chi dé "canh vat".

4
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Bén canh xac dinh céc 16p cha, 16p con viéc xay dung thudc tinh dbi tuong (Object
property) va cac thugc tinh cua I6p do ciing phdi phu hop, mang tinh bao ham toan b tap
anh. Hinh 2 md ta mdi quan hé gita Image — Object (contains), Image — Context
(hasContext), Object — Action (hasAgent, hasObject)... va nhiéu mdi quan hé khac nhu quan
h¢ gitra Object — Object, Image — Image.

hasContext
Context -— <] - Image
— ) + .
owl:Thing } > — : Object
| !J,gﬁﬂggn!

Action

Hinh 2. Minh hoa c4c méi quan hé trong ontology dwoc xay dung

Cac thudc tinh lién quan cua céc thanh phan can luu trit cho mé ta ontology gom:
Image: ImageName, ImageURL, ImageDescription cung cap thong tin co ban va md ta téng
quat vé anh. Object: ObjectName, ObjectDescription, Age, Color, Size, Position, v.v. md ta
chi tiét cac dac diém cua con nguoi, dong vat, hoic vat thé Person/Animal: Gender,
Emotion, Species, phii hop dé mo ta dic trung ciia con nguoi va dong vat. Action:
ActionName, Wordnet, hd tro dinh danh hanh dong va lién két voi tir dién ngir nghia nhu
WordNet. Context: ContextName, Brightness, Weather, Material, v.v. md ta bbi canh moi
truong caa anh.
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ObjectName - -E

ObjectDescription - 1:

Color —-E

Size —1:
Quantity —-E
Position —1:
Brightness —-E
Texture —1:
Speed —-E

Age —-:'

E—— ContextName
:r- Color
E—- Size

:r- Quantity
E-- Position
E—- Brightness
E—- Texture

E—- Material
:.'- Shape
'~ Weather

Species - 1:

Gender --'

, :
) :
, ;
; :
-7 :
ActionName - - :
:
é Thudc tinh chung

'~ Wordnet

E—- ImageName
:I—- ImageURL

- ImageDescription

Hinh 3. Thuéc tinh class trong ontology

Hinh 3 mé ta cac thanh phan md ta thudc tinh cho mai class trong ontology nhu thudc
tinh cho anh, thuoc tinh Aption, thugc tinh Object va Context. Céc thudc tinh nay la co s&
cho viéc xac dinh thanh phan méi quan hé trong ontology can xay dung.

3.3. Phuwong phap xay dung ontology

Hién nay c6 nhiéu phuong phép | t6 chirc dir liéu va xay dung ontology cho hinh dnh, tuy
nhién dé mang lai hiéu qua truy xuat ngir nghia cho tap anh da nhan tr ontology thi mét
phuong phap dé xuit xay dung ontology gém cac budc dugc dé xuit nhu sau:

Bwéc 1: Thu thap va tién xir ly dit liéu

(1) Poc dir liéu tir file CSV bang pandas, chia thanh cac doan (chunks) dé téi wu
b6 nho.
Tién xu ly: Chuan héa caption: Chuyén vé chir thuong, loai bo stopwords
(ding NLTK). Dung spaCy ("en_core_web_sm") dé thyc hién POS Tagging
va Dependency Parsing, trich xuat thyc the: Danh tor (NOUN, PROPN).
Thuoc tinh: Tinh tir, sé (ADJ, NUM). Quan hé: Pong tir, gisi tir (VERB,
ADP).

Két qua: Dit liéu vin ban da xu ly, chira thuc thé, thuge tinh, quan hé.

()

@)

Budc 2:

)

Phan loai va hop nhét thdng tin

Phan loai: Dung SentenceTransformer (“all-MiniLM-L6-v2") va FAISS:
Thuc thé ma hoa thanh vector, so sanh véi tir dién danh tir && gan nhén
(Person, Object, Context). Thugc tinh: So sénh vai tur dién tinh tr (Color, Size,
Quantity). Quan hé: Phan loai thanh "action" hoic tao thuc thé méi
(PhysicalObject).
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(2) Hop nhat: Tong hop dit liéu tir 5 caption, loai bo tring lap.

(3) Két qua: Dix liéu phan loai (entities, attributes, relations) da hop nhat.
Buwoc 3: Xay dung va luu trir ontology

(1) Cau trac 16p (Class):

Image (Dai di¢n anh); Object (Person, Animal, PhysicalObject); Action (Hanh
dong chay, nhay); Context (Boi canh thoi tiét, vi tri).

(2) Mbi quan hé (Object Property): hasObject, performsAction, locatedIn.

Thuoc tinh (Data Property) gom: Image (ImageName, ImageURL); Object
(ObjectName, Color, Size); Person/Animal (Gender, Species); Action
(ActionName); Context (ContextName, Weather).

(3) Luu trit: Dung owlready?2 dé xay dung Ontology, luu trén GraphDB.
(4) Két qua: Ontology hoan chinh, sin sang cho truy van

Tir cac bude dé xuat xay dung ontology cho tap anh da nhin Flickr30k, trong cong trinh
nay chung t6i da nghién ctru xay dung thanh céng mat ontology hoan chinh, tao ra khung tri
thire ¢6 cau trdc rd rang. Khung ndy gom cac thuc thé, thudc tinh va méi quan hé duoc trich
Xuit, sap xép gon gang, thé hién day du thong tin ngit nghia. Chat luong dugc kiém tra qua
d6 chinh xéc, thoi gian xtr ly va sy dong nhat, cho thiy ontology vira ddy du vira dang tin, hd
trg tt cho truy van hinh anh dua trén ngir nghia. Cau tric ontology xay dung duoc minh hoa
nhu hinh 4.

2430445638 ipg Corte
xt_back

439145639 jpg_Physi-™ 142c485638 00 Conte
5615654150pz 272406870409 ciman
1539445638 pg L o=
955172807 jpc

xe_hill

1878431707 03689265814 jpg 2810183208 5o

AT
o
ey
2 predicates

o
e
4834537467585 Yoy
4760023493 jpc | i 2614050468 jpc 9145830 fp 2
4 pred
e 2ors, <23c445630 g b= rso
370657931503 Image & ° e n_people
o 3 < 2
i %,
5510989691 jpg Y
61501334 p 3%
24671328 o
se356310g 51230009553pa
2612125121 jpg
o % 3¢ | nbunch :
250802465%.ipg = 2445630 jpg Perzc
46310781552 3
98573407 Jpg acNomen

Hinh 4. Minh hoa ontololgy cho tap anh Flickr30k

Hinh 4 minh hoa m¢t ontology cho tap anh da nhan Flickr30k trén GraphDB, trong do
mdi node trén ontology 1a mot anh, mdi anh cé nhiéu thudc tinh, mbi quan hé giira cac node,
thuoc tinh node. M&i node c6 mét nhan (label), cac node cung label thi cing dinh dang. Dua
trén ontology da xay dung, thuat todn truy van anh lién quan dén anh dau vao hoic mé ta anh
dau vao duoc trich xuat bang cau truy vian SPARQL.
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4. MO HINH DE XUAT

Pé tim kiém nhitng anh tuong ty nhu mé ta anh hoic anh dau vao gém nhimng dbi tugng
va mb ta thudc tinh déi twgng, mé hinh tim kiém anh dwgc dé xuat (Hinh 5) vé6i cac budc
nhu sau:

(1) Phan doan va nhan dién dbi tuong trén tap anh thuc nghiém bing md hinh hoc sau
YOLO;

(2) Trich xuat ting dbi tugng, thudc tinh va méi quan hé giita cac déi tuong;

(3) Trich xuat md ta anh (annotation) cho tap anh thuc nghiém, lam can ctr xay dung
ontology;

(4) Xay dung ontology dua trén d6i twong, thuoc tinh va mdi quan hé gitta cac ddi
tuong;

(5) Mdi anh dau vao, phan doan anh bang mé hinh YOLO;

(6) Trich xuét ddi twong, thudc tinh cho anh dau vao;

(7) Xt 1y van ban mo ta anh dau vao;

(8) Xay dung cu truy van SPARQL tir anh input;

(9) Xay dung cAu truy van tir mé ta anh;

(10) Thyc hién truy van trén ontology két hop WordNet;

(11) Trich xuét tap anh twong ty véi anh dau vao hoic md ta anh dau vao bang text.

Ontology w
.

Pha 1: Xay dwng ontology

hé @
—
aAgr > —
® M6 ta anh 4

Pha 2: tim kiém énh Objects g== s 25
recognition L V- .
Imput by image gy 5/ trich xuét déi trgng, e ruyvin )

"ﬂ: - © _ thudctinh = ’ _
B (10)

1 —
5.YOLO [ .
e = ; z (
m Tao cau truy van
SPARQL Két qua
Imput by text e J '"‘l: ] ~
Xi¥ ly van ban bang - A
Mot ngwdi dan 6ng dang %) 1 NLP ; ® ﬁl_ ﬁg ¢

danh tennis

Hinh 5. M6 hinh tim kiém anh dua trén ontology va hoc sau
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5. THUC NGHIEM

5.1. M6 ta b dir lieu thuc nghiém

5 EHER0E YOO 5 Sesrch FEISOK YOLO a Flick30k YOLO > cake

— [ —
T NREEE Sawow
= e i vanle ey ey Sy g A e
Flickr30k YOLO > Search Flickr30k YOLO a
T Sort ) View 19 Detail:
iy e
B
371897 371902 371903 390369 438106 490870 574181 667626
m
854749 881336 960092
N
.
1369162 1440465 1624481

2209751 2285664

B

2868798 3001353

2192573

2317271 2656351 2689611 2760167 2784746

(©)

Hinh 6. Tap anh Flickr30k

Flickr30k 13 bo dit liéu chuan dé danh gia mé hinh tao mé ta anh va truy xut théng
tin da phuong thtrc, nhim nghién ctru mdi lién hé giita anh va van ban qua cic tac vu nhu
sinh mo ta, tim anh tir van ban, va lién két tr voi ving anh. Bo anh gom 31,783 anh tir
Flickr, da dang vé chu dé (con nguoi, dong vat, dd vat, canh quan), kém 158,915 cau mo ta
(5 cau/anh) do nguoi dung Amazon Mechanical Turk viét, tap trung vao dbi tuong chinh va
ngit canh. Chi tiét by anh Flickr30k dugc minh hoa nhu Hinh 6, trong d6 anh sau khi phan
doan va phan 16p bang YOLO (a), anh sau khi phan doan theo ddi twong bang mang hoc sau
YOLO (b) géc ban ddu chua tinh va tap anh ban dau chua phén doan (c).

Tap dit liéu Flickr30k c4c cha dé anh da dang, bao gdm anh chira dbi tuong 1a con
ngudi (40%), chira dong vat dong vat (15%), chira do vat do vat (25%), anh phong canh
(20%). Do dai cau mo ta anh trung binh 1015 tir/cAu, két hop md ta vat thé, hanh dong va
quan hé khdng gian. Phan md ta anh dwoc sir dung cho qua trinh trich xuét théng tin mo ta
hinh anh.
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5.2. Két qua thyuc nghiém

Ontology dugc xay dung tir dir lieu Flickr30K, chia thanh cac I6p nhu Image, Object,
Action, luu dudi dang OWL va trién khai trén GraphDB dé ho trg truy van SPARQL hiéu
qua, cho phép quan Iy va suy dién ngir nghia.

Ung dung ding FastAPI, hd tro hai cach truy van hinh anh lién quan véi dix liéu input:

Vin ban (text): Nguoi dung nhap mé ta, trudng hop ndy minh hoa md ta anh bang text
la “a dog is running on the grass”, hé thong phan tich cau, phan loai tir dién, chuyén thanh
cau truy van SPARQL. Qué trinh ndy mat trung binh 55ms dé xu Iy va truy xuat nhitng anh
phu hgp véi mo ta text.

Hinh anh (input image): Nguoi dung tai anh dau vao, hé thong tu tao mo ta, sinh cau
truy van SPARQL. Toan bo quy trinh tir xir Iy den truy xuat ket qua mat trung binh 6 gidy va
két qua hién thi anh twong dong vai anh input.

Find Your Perfect Image

Q Text Retrieval

What kind of image are you looking for?

[ a dog is running on the grasq ]

Generated SPARQL Query:

PREFIX : <http:

g/asus 1 2025/1/untit logy-26#> SELECT DISTINCT image 2url WHERE {

:ImageURL ?url.

Hinh 7. Giao dién truy van input la text

Hinh 7, md ta giao dién truy van anh dya trén dix liéu dau vao la text m ta anh can tim.
Trong giao dién ndy minh hoa la ‘a dog is running on the grass’, nhu vy hé théng xur 1y vin
ban tim ra cac dbi twong 1a ‘dog’, “grass’, sinh cau truy van SPARQL d¢é tim hitng hinh anh
thoa diéu kién nay. Thoi gian xu ly truy van van ban trung binh 1a 55ms va duoc két qua tra
vé nhu Hinh 8.

10
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Results

Hinh 8. Giao dién hién thi két qua tra vé input Ia text

Find Your Perfect Image

Q Text Retrieva &, Image Retrieval

Upload an image to find similar ones

o
Retrieval with Image #

Description:

there is a male tennis player about to hit the ball with his racket

Hinh 9. Giao dién hién thi image retrieval input 1a anh

Hinh 9, m6 ta giao dién truy van anh dua trén dir liéu dau vao la anh. Trong giao dién
nay truyén vao mot anh, nhur vay hé thong sir dung hoc sau trich xuat ddi tugng (man, sport
ball) sinh cau truy vin SPARQL (Hinh 7) dya trén cac d6i twong nhan dién dugc dé tim
hitng hinh anh thoa diéu kién. Qua trinh nay mat khoang 5-6 gidy, tly thugc vao do phuc tap
cua anh. két qua tra vé nhu Hinh 10.

11
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Generated SPARQL Query:

PREFIX : <http://ww.semanticweb.org/asus/ontologies/2025/1/untitled-ontology-26#> SELECT DISTINCT 2image 2url WHERE {
?Physicalobjecttiame racket a :Physicalobject.
?image :contains 2Physicalobjecthiame_racket.
VALUES 2synonyn_Physicalobjectiane_racket { “racquet™ "dissonance™ "noise” "racket” }
OPTIONAL { PhysicalObjectiame_racket :Wordnet ?synonym PhysicalObjectiame racket. }
2PhysicalObjecthiame_racket :Objecthiame ?synonyn_Physicalobjecthase_racket.
?inage a :Inage;
:InageURL 2url.
OPTIONAL {
2hysicalobjectiiame_ball a :Physicalobject.
1 ?image :contains ?Physicalobjecthame ball.
VALUES ?synonym Physicalobjecttiame_ball { “lump” “testis® “glob" “orb" “globe” "bollock” “egg" "clod” “chunk” “musket ball" “ball" }
OPTIONAL { ?PhysicalObjecttiame_ball :Wordnet ?synonym_PhysicalobjectName ball. }
OPTIONAL { ?PhysicalObjecthame_ball :Objecttiame ?synonym PhysicalObjectiame ball. }
2physicalobjectiame_tennis_player a :Physicalobject.
?image :contains 2Physicalobjecthiame_tennis_player.
VALUES 2synonym Physicalobjecttiame_tennis_player { “tennis player" }
OPTIONAL { ?PhysicalObjecthiame_tennis_player :Wordnet ?synonym PhysicalobjectName_tennis player. }
OPTIONAL { ?PhysicalObjectName_tennis_player :ObjectName ?synonym PhysicalObjectame_tennis player. }
VALUES ?synonym Age male { "male” }
OPTIONAL { ?PhysicalObjectName_tennis_player :Age ?synonym Age male. }
}

Hinh 10. Giao dién mé ta va cau truy van lién quan dén hinh anh

Results

Hinh 11. Giao dién hién thi két qua tra vé input 1 anh

5.3. So sanh két qua thye nghi¢m

Dé minh chiing cho két qua thyc nghiém mo hinh dé xuat tim kiém anh da nhan, két
qua thuc nghiém trong cong trinh nay dugc tién hanh so sanh véi mot so ket qua thuc

nghiém trén cung b dir liéu dugc trinh bay trong Bang 1 nhu sau:

Bang 1. So sanh két qua thuc nghiém trén bo anh Flcikr30k véi cac phuong phap khac

Phuwong phap

MAP

IRSGS-GCN, (Yoon, S.), 2021 [11]

0,5670

CAMP, (Wang Z, et al.,), 2019 [12]

0,7710

BGAN- 48 bit, (Song et al., 2018) [13]

0,7030

SR-KDT (Re KD-Tree) [14]

0,7794

IT_SBOD (by input image)

0,7925

IT_SBOD (by input text)

0,7834

12




Hoéi thao khoa hoc Khoa Céng nghé théng tin ndm 2025

Két qua so sanh do chinh xac tim kiém anh trén b di li¢u Flickr30k véi mot sé
cong trinh khéac cho thay, hé tim truy van anh da nhan IT-SBOD cao hon m¢t s6 cong
trinh duwoc chon lam so sanh vi céac ly do:

1. Hé truy van anh da nhin anh 1T-SBOD két hop duoc dic trung cip cao duoc tich
hop tir ontology, diéu nay gilp phan tich ngir nghia hinh anh chinh x4c, 1am ting
két qua phan tich ngit nghia tir noi dung hinh anh, day 1a mét yéu t gidp cai thién
d6 chinh xéc tim kiém anh theo ngit nghia.

2. Hé truy van anh da nhan anh 1T-SBOD sir dung mang hoc sdu YOLOVS, day la
phién ban kha hoan thién voi do chinh x4c nhan dién dbi twong cao, phan ving
d6i twong kha chinh xac. Diéu ndy gop phan tang higu suat nhan dién tdi tung trén
anh da nhan.

3. Hé truy van anh da nhdn anh IT-SBOD sir dung mé hinh BLIP giup qua trinh
chuyén anh sang text kha chinh xac, tir d6 xay dung cau truy van SPARQL cho
tim kiém trén ontology da xay dung.

4. Hg truy van dnh da nhan anh IT-SBOD két hop xt Iy ngdn ngir tu nhién, dép @ng
nhu cau da chirc nang cua nguoi dung trong boi canh hi¢n nay, day 1a mét cong cu
ung dung md hinh hinh ngén ngir 16n trong AI dugc nhiéu nhdm nghién ctu quan
tam.

6. KET LUAN VA HUONG PHAT TRIEN

Nghién ctru nay da xay dung thanh céng ontology cho tap anh da nhan Flickr30k, hd
tro truy van anh theo ngir nghia hiéu qua hon tim kiém anh theo noi dung nho két hgp mo
hinh xu Iy ngdn ngit ty nhién (NLP) hiéu qué va ontology xay dung trén GraphDB to
chtre luu triv dir liéu. Hé théng cho phép tim kiém linh hoat bang vin ban va anh dau cho
dir liéu dau vao, c6 tng dung thuc tién cao. Hudng phat trién sé& cai thién md hinh sinh
md ta bang hoc sau va mé rong quy mé dit liéu dé nang cao hiéu suét ca vé do chinh xac
va thoi gian dap (ing nhu cau nguoi dung. Xay dung khung ontology c6 ciu tric hiéu qua,
bai b4o da thanh cong trong viéc xay dung mot ontology cé td chirc, vai céc 16p chinh
nhu Image, Object (Person, Animal, PhysicalObject), Action, va Context, cuing cac moi
quan hé (hasObiject, performsAction) va thudc tinh (Color, Size, Gender). Ontology dugc
luu trén GraphDB, hé tro cau truy vin SPARQL va suy dién ty dong, gidp hé théng hiéu
ngir nghia va tra loi cac truy van phuc tap nhu “a dog is running on the grass” mot cach
chinh xac (Phan 3.1.4). Truy van ngit nghia chinh x4c va linh hoat: Hé théng SBIR cai
thién d6 chinh xac so véi CBIR nho tich hop NLP (POS Tagging, Dependency Parsing)
va Ontology. Hé théng hd trg ca truy van bang mé ta va hinh anh, véi giao dién FastAPI
than thién. Viéc anh xa truy van ty nhién thanh SPARQL va sir dung WordNet, SBERT
dé mo rong ngir nghia di tang kha ning khép va d6 bao quat cua két qua.
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ABSTRACT

IMAGE RETRIEVAL USING ONTOLOGY COMBINED WITH A DEEP LEARNING
MODEL

Vo Thai Binh?, Pham Minh Thuan!, Nguyen Tran Duy Khanh?!, Nguyen Thi Dinh*
'Ho Chi Minh City University of Industry and Trade
*Email: dinhnt@huit.edu.vn

The problem of semantic-based image retrieval is increasingly applied in many fields,
such as education, healthcare, tourism, and environmental biology, and implemented by
many different methods, such as using machine learning models and combining transformer
models with many different types of data. In this paper, an ontology structure is built for a
multi-label image set and applied to an image retrieval system according to the proposed
semantic description. To implement this solution, each multi-label image is segmented into
single-label images using the YOLO deep learning network. The proposed method exploits
semantic information from captions accompanying the image to build a structured
knowledge framework (ontology). This process includes preprocessing text data, applying
natural language processing techniques such as POS tagging and dependency parsing to
extract semantic components, and classifying words into groups of entities, attributes, and
relationships between entities. The obtained information is then organized into an ontology
and stored in GraphDB. The system allows querying in two forms: natural language
description and through images. Experimental results on the Flickr30k dataset show that the
proposed method significantly improves the accuracy and efficiency of semantic image
querying, opening up a new direction in the field of image querying based on semantic
knowledge.

Keywords: Image retrieval, semantics of image, Ontology, NLP, Deep learning.
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TOI UU HOA CHI PHi VA THOI GIAN VAN CHUYEN
HANG HOA BANG THUAT TOAN MULTI-VERSE
OPTIMIZATION
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TOM TAT

Bai bao nay dé xuét tng dung thuat toan Multi-Verse Optimization (MVO) dé t6i uu hoa
chi phi va thoi gian van chuyén hang héa trong chudi cung @ng. Mé hinh thir nghiém duoc
xay dung voi dit liéu bao gdm nha cung cap, diém tiéu thu, phuong tién van chuyén va ma tran
chi phi — thoi gian. Thuat toan MVO duoc trién khai va so sanh véi cac phuong phéap khéc
nhu Genetic Algorithm (GA) va Particle Swarm Optimization (PSO). Két qua thuc nghiém
cho thay MVO gilp giam chi phi van chuyén, cai thién thoi gian giao hang va giam vi pham
rang budc. Ngoai ra, MVO c6 téc d6 hoi tu nhanh hon so véi GA va PSO, gidp tbi uu hoa
tuyén duong va lya chon phuong tién hiéu qua hon. Phuong phép nay c6 kha ning thich ung
Vi su thay déi trong nhu cau va diéu kién chudi cung ung. Két qua cho thiy MVO c6 tiém
nang (ng dung cao trong logistics, gitp doanh nghiép giam chi phi van hanh, nang cao hiéu
suit va dam bao chit luong dich vu.

Tir khéa: Multi-Verse Optimization, toi wu chudi cung tng, van chuyén hang héa, téi
uu chi phi, logistics

1. GIOI THIEU

Trong béi canh toan cau hoa va su phat trién nhanh chéng caa thuong mai dién tu, tdi vu
hoa chudi cung tng dong vai trd quan trong trong viéc nang cao hiéu qua van chuyén hang
héa. Céc doanh nghiép lubn tim kiém giai phap dé giam chi phi van chuyén ma van dam bao
thoi gian giao hang, dac biét khi d6i mat véi nhiing thach thirc nhu bién dong nhu cau, chi phi
nhién liéu ting, va cac rang budc vé thoi gian giao hang. Dé giai quyét van dé nay, cac phuong
phap tbi wu hoa thong minh di dwoc &p dung nham tim ra cac chién luoc van chuyén hiéu qua
nhat.

Nhiéu nghién ctru d tap trung vao téi uu hoa van chuyén hang hoa bang céc thuat toan
metaheuristic. GA 1a mot trong nhitng phuong phap dugc sir dung pho bién trong tdi uu hoa
logistics nho kha nang tim kiém khdng gian giai phap rong [1]. Tuy nhién, GA c6 thé gap van
dé vé hoi tu cham va dé roi vao cuc tiéu cuc bo khi giai quyét cac bai toan Ion. PSO [2] ciing
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dugc ap dung trong lap ké hoach van chuyén, gidp cai thién higu suat so véi GA nhung van
c6 han ché vé téc d6 hoi tu khi tdi vu trong khong gian 16n.

Mot s6 nghién ctru khac da sir dung Ant Colony Optnnlzatlon (ACO) dé t6i rru hoa tuyén
duong van chuyén [3], gilp tim ra 16 trinh ngan nhat giira cac diém tiéu thu. Tuy nhién, phuong
phap nay doi hoi chi phi tinh toan cao va co thé khdng phu hop véi cac hé théng chudi cung
ung quy mo lon. Bén canh d6, thuat toan Whale Optimization Algorithm (WOA) [4] cling da
dugc thir nghiém trong linh vuc logistics nhung van chua dat duoc hiéu qua cao khi can bang
giira chi phi va thoi gian van chuyén.

Gan day, thuat toan MVO [5] da thu hat sy quan tdm do kha ning t6i wu hoa manh mg,
tdc d6 hoi tu nhanh va hiéu suat cao trong cac bai toan phac tap. MVO lay cam hang tir ly
thuyét da vii try, md phong su trao déi vat chat giira cac vii tru dé tim ra giai phap tot nhat.
Mot s6 nghién ciru da chang minh rang MVO ¢ thé dat hiéu suit cao hon so véi GA, PSO va
cac thuat toan khac trong tbi vu hoa mang ludi giao théng va logistics [6]. Tuy nhién, van chua
¢6 nhiéu nghién ciru 4p dung MVO vao bai toan téi wu héa van chuyén hang hoéa trong chudi
cung tng, dic biét trong viéc tim kiém phuong an can bang giira chi phi van chuyén va thoi
gian giao hang.

Dua trén céc nghién ciru trude ddy, bai bao nay dé xuit ang dung MVO vao bai toan lap
ké hoach van chuyén hang héa nham giam chi phi, ti uu thoi gian giao hang va dam bao rang
budc thuc té. M6 hinh thuc nghiém sir dung dix liéu tir hé théng chudi cung tng véi cac théng
s6 V& nha cung cip, diém tiéu thu, phuong tién van chuyén va ma tran chi phi — thoi gian.
Thuat toan MVO s& duoc so sanh voi GA va PSO dé danh gia muc d6 hiéu qua vé chi phi,
thoi gian giao hang va sb 1an vi pham rang budc.

Muc tiéu caa nghién ciu 1a ching minh rang MVO c¢6 thé gidp doanh nghiép téi wu hoa
van chuyén hang héa tét hon so véi cac thuat toan khac, gép phan nang cao hiéu suit chudi
cung &ng, giam thiéu chi phi van hanh va cai thién chat lwong dich vu logistics.

2. TONG QUAN VE NGHIEN CUU

Ti uu hoa chudi cung ng 1a mét linh vuc nghién ciru quan trong nham cai thién hiéu
qua van hanh, giam chi phi va téi da hoa toc do giao hang. Nhiéu thuat toan téi wu héa da dwoc
4p dung trong linh vuc ndy, bao gém cic phwong phap metaheuristic nhw GA, PSO, Ant
Colony Optimization (ACO) va gan day 1a MVO. Phin nay s& tong quan cac nghién ctu lién
quan dén t6i wu hoa chudi cung tng, dic biét 1a cac thuat toan metaheuristic, va dan dit vao
phuong phap MVO nhu mét cach tiép can mai va hiéu qua hon.

2.1. Cac phwong phap téi wu héa trong chudi cung ng

GA la mot thuat toan tién hda md phong co ché chon loc tu nhién. GA sir dung cac toan
tr nhu chon loc, lai ghép va dot bién dé tao ra cac thé hé mai cua loi giai va tién t6i tdi wu hoa
[7]. GA d3 duoc &p dung rong réi trong tbi uu hoa chuol cung u:ng gilp tim ra cac tuyen duong
van Chuyen hiéu qua nhat. Tuy nhién, GA c6 mét sé han ché nhu dé roi vao cuc tiéu cuc bo
va tdc do hoi tu cham khi giai quyét cac bai toan lon.

PSO la mot thuat toan dua trén md phong hanh vi bay dan, noi mdi phan tir (hat) trong
quan thé di chuyén trong khdng gian tim kiém theo vi tri tot nhat caa chinh nd va cua bay dan
[8]. PSO da dugc chirng minh 1 ¢é hiéu qua cao trong tbi wu hoa chudi cung &ng nho te do
hoi tu nhanh hon GA va kha ning thich ang véi thay déi trong dit liéu dau vao. Tuy nhién,

18



Hoéi thao khoa hoc Khoa Céng nghé théng tin ndm 2025

PSO c¢6 thé bi anh huong bai hién twong qua sém hoi tu va khé khin trong viéc tim kiém giai
phép téi tru toan cuc khi khéng gian tim kiém rong Ién.

Ant Colony Optimization (ACO) dua trén hanh vi tim kiém duong di cia loai kién trong
tu nhién, noi mdi ¢4 thé tim kiém con duong tdi wu thong qua co ché gui tin hiéu pheromone
[9]. ACO da duogc &p dung trong nhiéu bai toan t6i wu hoa chudi cung tmg, dic biét 1 trong
t6i wu hoa tuyén duong van chuyén. Phuong phap nay c6 kha niang tim kiém tuyén duong t6i
wu mot cach hiéu qua, tuy nhién doi hoi tai nguyén tinh toan 16n va cé tée d6 hoi tu cham khi
khéng gian tim kiém tr nén phuc tap.

2.2. Han ché ciia cac phuong phap trude va dong luc nghién ciru

Mac du cac thuat toan metaheuristic nhu GA, PSO va ACO da dugc (tng dung rong réi
trong nhiéu linh vyc téi wu hoa, bao gdm ca chudi cung tmg, nhung ching van ton tai nhiing
han ché dang ké can duoc can nhic. Cu thé, thuat toan GA c6 nguy co bi mac ket trong cuc
tiéu cuc bo va thudng cho thay tdc do hoi tu cham trong céc khdng gian tim kiém phi tuyén va
¢6 do phurc tap cao [7]. Trong khi d6, thuat todn PSO mac du ¢ kha nang hoi tu nhanh va hi¢u
qua trong khong gian lién tuc, nhung lai thiéu 6n dinh khi xu ly cac bai toan voi nhiéu rang
bugc phirc tap va diéu kién khit khe [8]. Bén canh d6, thuat toan ACO yéu cau chi phi tinh
toan I6n va thuong gap kho khan trong viéc duy tri téc do hoi tu, dac biét khi quy mo bai toan
tang lén dang ké [9].

Xuat phét tir nhitng han ché nay, bai bao dé xuat st dung MVO- mét thuat toan téi wu
hoéa lay cam hung tir Iy thuyét da vil try, trong d6 cac vil tru trao ddi vat chat dé tim kiém giai
phap tdi ru. MVO dugce xem nhu mot phuong phép thay thé day trién vong véi hiéu suat cao
hon, gitip t6i wu hoa chi phi va thoi gian van chuyén trong chudi cung Gng.

3. MO HIN H BAI TOAN TOI UU VAN CHUYEN HANG HOA
3.1. M6 ta bai toan

Béli toan tdi wu van chuyén hang hoa nham xéac dinh phuong an van chuyén toi vu tir nha
cung cip dén cac diém tiéu thu, dam bao chi phi thip nhit va dap tng thoi gian glao hang.
Qua trinh nay doi hoi xem xét nhidu yéu t6 nhu khoang cach, phuong tién van chuyén, ning
lyc cung ung va nhu ciu ctia diém tiéu thy. Trong nghién ctru ndy, muc tiéu la tim ra giai phap
van chuyen t6i uru sao cho tong chi ph1 va thorl gian giao hang dugc giam thiéu dong thoi, dong
thoi van dam bao cac rang bude vé cung - cau.

3.2. Tap hop va bién s6 bai toan

Cho mét hé thong chudi cung tng bao gdm:
- m nha cung cip S1,S,...,Sm v6i ning luc cung tmg gidi han.
- 1 trung tim phan phdi D1,D,...,Dn v6i nhu cau hang héa cy thé.
- Ma tran chi phi van chuyén Cij: Chi phi van chuyén mét don vi hang hoa tir
nha cung cép Si dén trung tim phan phéi D;
- Ma tran thoi gian van chuyén Ti;: Thoi gian can dé van chuyén mot don vi
hang hoa tir Si dén D;
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Muc tiéu la tim ra phuwong an van chuyén téi wu sao cho tong chi phi van chuyén va
tong thoi gian giao hang duge toi thiéu héa dong thoi, trong khi van dép tmg cac rang
budc vé cung - cau.

3.3. Ham muc tiéu

Ham Fitness duoc thiét ke dé t6i wu hoa ddng thoi chi phi va thoi gian van chuyen dong
thoi tudn thu cc rang budc vé thoi gian giao hang va gidi han trong tai ciia xe. Bé dam bao
hi€u qua st dung phuong tién, mdi xe tai chi duoc van hanh khi luong hang hoa chd trén xe
dat it nhat kqg* tai trong tdi da. No6i cach khac, néu mot xe tai co tai trong t6i da 1a Wy, 4y, thi
luong hang hoa van chuyén trén xe phai tdi thiéu bang kqa * Winax

Ham dénh gié Fitness:

Fitness=aZ, + BZ, + yP, + nPy + 6P (1)
Trong do:
a: Hé s trong s6 diéu chinh mrc do uu tién cua chi phi.
B: Hé sd trong sb diéu chinh mirc d6 uu tién cia thoi gian.
y: Hé s6 phat khi vi pham thoi gian.
1: Hé s6 phat khi vi pham rang budc trong tai.
3: Hé s6 phat khi vi pham ning luc cung tng.
a. Tong chi phi van chuyén (Z,)
Téi wu chi phi van chuyén:
m n (2)
7= ) X

i=1j=1

Trong do:
X; j : SO lwong hang hoéa van chuyén tir nha cung cap S; dén trung
tam phan phdi D;
C;j: Chi phi van chuyén 1 don vi hang héa tir S; dén D;
b. Tong thoi gian giao hang (Zz)

NN

i=1j=

Trong do:
T; ;: Thoi gian van chuyén tir S; dén D;.
Téi wu hoa dé dam béao giao hang dung han
c. Rang budc vé thoi gian giao hang:
m n

4)
PL = ZZXL'] X max (0, Ti,j - Tmax)

i=1j=1

Trong do:
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Tpnax: Thoi gian van chuyén t6i da cho phép.
Néu thoi gian giao hang vuot qua giéi han T, 4, s& bi phat dé 1am giam dd uu tién cia
phuong an do.
d. Rang budc vé tai trong tdi thiéu: Xe tai chi dugc xuét phat néu ché it nhat kqq * tai
trong tdi da.
Ny (5)

m n

Trong do:
k: Chi s xe tai trén tuyén.
Ni, It S xe tai phuc vu tuyén i—j.
Xijk: Khdi lwong hang héa xe tai k ché trén tuyén i—j
e. Hinh phat kh1 nha cung cap giao vuot qua nang luc tbi da:

(6)
Ps = Z max (0, ZX” Capacity;)

Trong do
Xij: S6 lwong hang héa van chuyén tir nha cung cap S; dén trung
tam phan phdi D;
Capacity;: Nang luc cung tmg t6i da cia nha cung cip i.

Ham fitness t6i uu hoa ca chi phi va thoi gian van chuyén, dam bao don hang dugc giao
dung han ma khong vi pham gi6i han thoi gian. Pong thoi, n6 kiém soat tai trong phuong tién,
giam lang phi va hd trg xac dinh chinh xac sé luong xe can st dung. Ngoai ra, ham fitness
gilip can bang gitra chi phi va téc do giao hang, tiy theo mirc do uu tién do cac hé sé diéu
chinh &,B,y,u xac dinh. Viéc ap dung ham nay gitip doanh nghiép nang cao hiéu suat van hanh,
t6i wu hoa nguodn luc logistics, 1am cho chudi cung tmg linh hoat hon va thich tmg tét voi bién
dong thi truong.

4. PHUONG PHAP GIAI QUYET BAI TOAN TOI UU VAN CHUYEN BANG MVO
4.1. Gi6i thi¢u thuit toin MVO
a. Nguyén Iy hoat dgng ciia MVO (mé phéng ly thuyét da vii tru)

Thuét toan MVO dugc d& xuit boi Mirjalili (2016) va 1dy cam himng tir Iy thuyét da vii
try trong vt 1y thién vin. Theo 1y thuyét ndy, vii tru khong chi ton tai mot phién ban duy nhét
ma c6 vo sO vil try song song, mdi vil try co mirc ning luong va trang thai vat chat khac nhau.
MVO mé phong qua trinh vat chat di chuyén giita cac vii try nham tim ra mot trang thai toi wu
nhét trong khong gian tim kiém [4].

Trong MVO, céc vii tru duoc coi nhu cac 101 giai tiém ning cta bai toan t6i wu hoa. Mdi
vil tru ¢ mot muc ning lugng (fitness) trong tmg véi chat luong 101 giai ciia nd. Cac vii tru
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c¢6 murc niang lugng cao hon s& hut vat chat tir cac vil try c6 nang lugng thap hon, gitp cai thién
101 giai theo thoi gian.
MVO st dung ba khai niém quan trong dé mo phong co ché van hanh:
- White Hole:
Céc vil try ¢ muc nang luong t6t hon (tire 101 giai t6i wu hon) s& dong vai tro 1a
White Hole, cho phép vat chat tir cac vil try khac di chuyén vao. Diéu nay gitp cac 10
giai kém hiéu qua dan tién hoa vé 10i giai toi uu hon.
- Black Hole:
Cac vii try kém hiéu qua hon s¢€ mét vat chit va trd nén it anh hudng trong qua
trinh t6i wu. Diu nay gitp loai bo cac 10i giai kém chat lugng va tap trung vao
céc hudng tim kiém tiém ning hon.
- Wormhole Tunnel:
+ Vat chét trong céc vii tru lién tuc dugc tai phan phéi gitra cac vi try
thong qua mot co ché trao doi xac suit.
+ Nhitng vil tru ¢6 10 giai t6t s& thu hiit vat chat tir nhimng vii tru yéu
hon, gitip cai thién mirc d6 t6i wu cla giai phap.
+ Mot sé yéu t6 ngiu nhién ciing duoc thém vao dé dam bao thuat toan
khong bi mic ket tai cuc tiéu cuc bo.
Duoi day 1a cac budc thuc hién thudt toan MVO:
1. Khai tao s6 luong vii tru N, gidi han trén dudi cia bién

2. Khai tao quan thé vii tru ngau nhién

3. Tinh toén gia tri ham muc tiéu (Fitness) cho ting v try
4. While (chua dat diéu kién ding) do:

5. Sip xép vii tru theo gia tri ham muc tiéu

6. Cap nhat vi tri cua cac vil tru theo co ché White Hole
7. Cap nhat vi tri cua cac vil tru theo co ché WormHole
8. Cap nhat quan thé va tinh toén lai gia tri ham muc tiéu
9. End While

10. Tra vé vii tru c6 gid tri tot nhat

Trong d6, diéu kién dimg phd bién trong MVO:
- S6 1an 13p t6i da (Max Iterations):
Dung khi ) vong lap dat dén gia tri dugc dinh nghia trudc.
- Ngudng hoi tu (tty chon):
Dimng khi d6 chénh léch fitness giita hai thé hé lién tiép nho hon &, tirc:

® D | o, (7)

best Fltnessbest

Fitness
Nho cac co ché nay, MVO c6 thé duy tri su can bang giita kha ning khai thac

(exploitation) va kha niang kham pha (exploration), gitip thuat toan héi tu nhanh hon so véi
cac phuong phap metaheuristic khac nhu GA va PSO.

b. Cac budc cip nhit vii tru trong thuit toain Multi-Verse Optimization

- Co ché White Hole (Trao ddi vat chit giira cac vil tru)
+ M0 phdng: Cac vil tru ¢6 nang lugng tot hon (fitness thap hon) hat vat chat tir cac
vil tru ye€u hon (fitness cao hon).

.....
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Cong thirc cap nhat White Hole

X" = Xy; néur, <P (8)
XP¢¥ 1 Gia tri méi cua bién j trong vil try i. P; : X&c suét trao doi vat chat, tinh theo:
Xy,j ¢ Gi trj tir mot v try tot hon k. P; = —— (Céc vl try tét hon ¢6 xdc sudt
13 © S6 ngau nhién trong khoang [0,1] cao hon dé trao d6i théng tin véi vii tru khac.)

- Co ché Black Hole (Loai bo vil try yéu)
+ M6 phong: Néu mot vil tru c6 fitness qua té, no s& bi thay thé hoan toan bang mot
vil tru mai.
+ Muc tiéu: Giap thuét toan loai bé 101 giai kém, md rong pham vi tim kiém.
Cong thuc cap nhat Black Hole

Xir,lfw = Xrandom,j néu F; > Fipresnola 9)
Xrandom,j: Gid tri méi ngau nhién trong pham vi cua bién Xij
F; : Gia tri fitness cua vii tru X;.
Finresnora: Ngudng fitness, c6 thé 1a trung binh cua toan bo quan thé.

- Co ché Wormhole Tunnel trong MVO
Trong thuat toan MVO, Wormhole Tunnel 14 co ché khai thac cuc bd, cho phép
mot s6 vii try dich chuyén dén ving 1an can cua vii try tot nhat hién tai. Xac suat dé
co ché nay duoc ap dung goi 1a Wormhole Existence Probability (WEP), dugc cap
nhat tang tuyén tinh theo sé vong lap:
1
WEP = WEP,in, + (Z) X (WEPax — WEPLin ) (10)
Khi r,<WEP, vi tri cua bién dugc cap nhat theo:
XY =X;; + TDR x (UB; — LB;) X r
trong d6 TDR giam dan theo thoi gian dé ting d6 tinh chinh. Co ché nay gitp
tang kha nang khai thac va tranh ket tai cuc tri dia phuong.

c. Ma gia caa thuat toan MVO

M4 gia dudi day trinh bay quy trinh trién khai thuat toan MVO duoc st dung trong
nghién cuu nay [4].
1. Tao ngau nhién tap hop cac vii try U
2. Kheoi tao WEP va TDR
3. Luu vil tru tot nhét hién tai (Best_universe)
4. Trong khi chua dat diéu kién dung:
4.1. Panh gia ham muc tiéu (fitness) cho tat ca cac vii tru
4.2. Chuén héa Inflation rate thanh NI(U)
4.3. Sap xép cac vii try theo NI(U)
4.4. Cap nhat WEP va TDR theo cong thic (10)
4.5. V&i méi vil try i:
a. Vi mdi bién j trong vil tru i:
- Sinh s6 ngau nhién r: € [0, 1]
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- Néu 11 < NI(U[i]):
« Chon vii try khac k bang Roulette Wheel Selection (dua trén —NI)
« Cap nhat theo co ché White Hole, cong thuc (8):
Xif" ™ = Xig
- Sinh s6 ngau nhién r2 € [0, 1]
- Néu r. < WEP:
* Sinh thém 13, r4 € [0, 1]
« Néurs <0.5:
Xi"¥ = Best_universe[j] + TDR X ((ub; - 1bj) 14 + Ib))
* Nguoc lai:
Xi*V = Best_universe[j] - TDR x ((ub; - 1b;) x rs + 1bj)
b. Néu fitness(U[i]) > threshold:
« Cap nhat theo co ché Black Hole theo cong thirc (9):
5. Tra v& vil try t6t nhat sau khi diéu kién ding dwoc thoa man

4.2. Thuat toan MVO-COST giai bai toan téi wu van chuyén bing MVO

Thuat toan MVO-COST dugc xay dung dya trén nguyén Iy caa MVO, nham t6i wu hoa
chi phi va thoi gian van chuyén, déng thoi dam bao cc rang bugc vé thoi gian giao hang va
trong tai phuong tién.

Input Mo ta
S={S1,S2,...,.Sm} Danh séach nha cung cap
D={D1,D,...,.Dn} Danh séach trung tm phan phoi
Capacityi Ning luc cung wng cia mdi nha cung cap S;
Demand; Nhu cau hang héa ciaa mdi trung tdm phan phdi D;
Cij, Ma tran chi phi van chuyén
Tij Ma tran thoi gian van chuyén
Winax Trong tai toi da ciia phuong tién
Tmax Giéi han thoi gian giao hang
o,PB.y,0.1 Hé sb trong sb trong ham fitness
Output M6 ta
X Phuong an van chuyén tdi wu: Ma tran phan bé hang
hoa gitra cac nha cung cap va trung tam phan phoi
A Tong chi phi van chuyén téi wu :Tong chi phi van
chuyén hang hoa thap nhat c6 thé dat duoc
Z; Tong thoi gian giao hang téi wu: Tng thoi gian van
chuyén hang héa tdi thiéu
S6 lugng xe tai sir dung Tong s6 xe tai can thiét
PL. Pu. Ps Vi pham thoi gian giao hang Pi, vi pham tai trong
Xe Pwm, vi pham nang luc cung ting Ps

Du6i day 1a cac budc thuc hién thuat toan MVO-COST:
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1. KHOI TAO:
1.1. Khéi tao tap hop N vii tru (16 giai ban diu) véi cac gid tri Xijx ngau nhién trong
pham vi hop Ié.
1.2. Panh gi4 gia tri ham muc tiéu (Fitness) cho méi vii tru.
2. DANH GIA FITNESS:
2.1. Tinh tong chi phi van chuyén: Z;
2.2. Tinh tong thoi gian van chuyén: Z,
2.3. Kiém tra vi pham thoi gian giao hang:P;,
2.4. Kiém tra vi pham trong tai phuong tién: Py,
2.5. Hinh phat khi nha cung cép giao vuot qua nang luc t6i da:Ps
2.6. Tinh gié tri fitness:
Fitness=aZ, + BZ, + YP, + uPy + 6P
3. SAP XEP vil try theo gié tri fitness tir tot nhat dén kém nhat.
4. BAT PAU VONG LAP (tbi uu hoa)
While (chua dat maXterations) dO:
4.1. Cap nhat vi tri cta vii tru theo co ché WHITE HOLE:
- Chon vil try X; va thay thé mot phan gia tri bang X, tir vii tru tét hon.
- XD = X e néur < Pvoi P = —
4.2. Cap nhat vj tri cta vii tru theo co ché BLACK HOLE:
- Néu fitness ctia X; > Finreshold » thay X bang mot vii try ngau nhién.
- ir,lﬁ?: Random(Xlowerv Xupper)
4.3. Cap nhat vi tri cta vii tru theo co ché WORMHOLE TUNNEL:
- Dich chuyén ngau nhién trong khéng gian tim kiém:
- X;l]e‘g = Xi,j,k+ TDR * (UB] - LB]) *r
4.4, Tinh lai gid tri fitness cua v tru méi.
4.5. Néu tim thay 1oi giai c6 fitness tot hon, cap nhat 1oi giai tot nhat.

5. KET THUC vong Iap, tra vé loi giai toi wu X7

5. THU'C NGHIEM

Thyc nghiém duoc thuc hién nham danh gia hiéu qua cua thuit toan MVO trong bai toan
t6i wu hoa van chuyén hang héa. Cu thé, nghién ctru sé tién hanh so sanh MVO véi cac thuat
toan pho bién khac nhu GA va PSO dua trén cac tiéu chi quan trong, bao gdm chi phi van
chuyén, thoi gian giao hang va s6 1an vi pham rang budc.

Bai toan van chuyén hang hoa dugc xay dung trong mot hé thong chudi cung tng gdm n
nha cung cip (S1,52,5s,...,Sn) va m trung tim phan phdi (D1,D2,Ds,...,Dm). Mdi trung tim
phan phdi ¢6 mot mirc nhu cau hang hoa xac dinh, trong khi cic nha cung cip hoat dong véi
gidi han cung tmg t6i da, dam bao dép tng nhu ciu nhung khong vuot qua kha ning phéan phdi
cua tung don vi.

Thong tin vé& nhu ciu hang hoa tai cic trung tdm phan phdi (tinh theo kg) duoc trinh bay chi
tiét trong Bang 1.
Bang 1. Nhu cau hang hoa tai cac trung tdm phan phéi (kg)

Trung tdm phan phdi D: D, D3 D4 Ds Ds Dy Ds Do

Nhu cau (kg) 350 | 400 | 500 | 380 | 450 | 520 | 360 | 420 | 480

Gi6i han nang lyc cung tmg cua timg nha cung cap dugc trinh bay chi tiét trong Bang 2.
Bang 2. Nang luc cung ung cua cac nha cung cap (kg)
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Nha cung cap S Sz Ss S4 Ss Se Sy Se

So

Gidi han cung ting 450 500 500 470 520 530 490 510

525

Phuong tién van chuyén: S6 xe tai: 15 xe. Tai trong toi da mdi xe: 300 kg.

Bang 3 thé hién ma tran chi phi van chuyén mot don vi hang héa giita cic nha cung cép va
trung tim phén phdi.

Bdng 3. Chi phi van chuyén mot don vi hang hoa

Nha cung C.'élp — Tmng tam | D1 | D2, | D3 | Ds | Ds | Dg | D7 | Dg | Do
St 517 19 |6 (8 [10]|4 |7 |9
S 6 |8 |7 |5 |9 |11|6 |8 |10
S3 4 |6 |5 |7 |9 |12|5 |6 |8
Sa 517 |6 |8 [10]11|4 |5 |7
Ss 7 19 |8 |6 |8 |12|6 |7 |9
Se 6 |8 |9 |7 (10]13|5 |8 |10
Sy 517 |6 (8 |9 (116 |7 |8
Ss 4 |6 |5 |6 (7 ]9 |5 |6 |7
So 517 |6 (7 |9 [(10{4 |5 |6

Bang 4 trinh bay ma tran thoi gian van chuyén (gid) giita cac nha cung cap va trung tam
phan phdi, ding 1am co s¢ danh gia rang budc thoi gian trong mé hinh.
Bdng 4. Thoi gian van chuyén giita nha cung cdp va trung tim phan phdi (gio)

Nha cung (:Aap Di | Do | D3 | Ds | Ds | Ds | D7 | Ds | Do
— Trung tdm

St 2 3 5 4 6 7 3 4 5
S 3 4 6 2 5 8 4 5 6
S3 1 2 4 3 5 7 2 3 4
Sa 2 3 5 4 6 8 3 4 5
S5 3 5 6 4 6 9 3 5 6
Se 2 4 5 3 6 8 4 5 7
Sy 3 5 7 4 6 9 3 4 6
Ss 1 3 4 2 5 7 2 3 5
So 2 4 6 3 6 8 3 5 6

Két qua thyc nghiém trén hé thong chudi cung tng (9 nha cung cip, 9 trung tim phén
phdi) cho thdy MVO vuot troi hon GA va PSO vé chi phi, thoi gian giao hang va tuan th rang
budc logistics.

Cu thé, MVO dat chi phi thap nhat (27,1508) va thoi gian giao hang ngan nhat (5.4 gio),
trong khi GA va PSO c6 chi phi cao hon (28,900$ va 30,3008) va thoi gian giao hang dai hon
(5.8 gio va 6.3 gio).

Vé vi pham rang budc, MVO khéng vi pham ti trong hay ning luc cung tmg, trong khi
GA ¢6 5 lan vi pham tai trong, 3 lan vi pham cung g va PSO c6 7 lan vi pham tai trong, 4
lan vi pham cung tmg. Diéu nay chimg to MVO t6i uu hon trong quan 1y rang budc logistics,
dam bao phuong 4n van chuyén kha thi.

Ngoai ra, MVO c6 téc do hoi tu nhanh hon, gitp tim ra 101 gidi toi wu hiéu qua hon so
v6i GA va PSO, khang dinh MVO 1a phuong phap t6i wu trong bai toan van chuyén hang héa
quy mo lon.
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Bang 5 trinh bay két qua thuc nghiém ciia ba thuat toan téi vu (MVO, GA, PSO) theo cac
tiéu chi: chi phi, thoi gian giao hang va s6 lan vi pham rang budc.
Bdng 5. So sanh két qua thuc nghiém giita cac thuat toan téi wu

Thuat | Chi phi van chuyén | Thoi gian giao hang | Vi pham tai Vi pham cung
toan $) (gio) trong ung
MVO 27,150 54 0 0

GA 28,900 5.8 5 3

PSO 30,300 6.3 7 4

Biéu db truc quan hoa két qua s& gitip minh hoa rd hon su khac biét giita cac thuét toan
vé chi phi, thoi gian giao hang va sb 1an vi pham rang budc. Két qua thuc nghiém nay khing
dinh MVO 1a giai phap hiéu qua hon trong viéc tdi uu hda van chuyén hang hoa trén hé thong
chudi cung mg mé rong. Hinh 1 thé hién biéu d6 tryc quan hoa két qua giita ba thuat toan
theo cac ti€u chi danh gia chinh.

50 sanh chi phi vn chuyén (§) S0 sénh thoi gian giao hang (gio)

30000

25000

20000

15000

chi phi (5}

10000

5000

o

Mo GA SO

S8 1&n vi pham tai trong

56 14n vi pham nang lyc cung ing

mwo GA =) Mo Ga Ps0

Hinh 1. Biéu db truc quan hoa két qua giira 3 thuat toan MVO, GA, PSO

6. KET LUAN

Két qua nghién ctru cho thay thuat toan MVO la phuong phap t6i wu héa higu qua trong
bai toan van chuyén hang hoa. So véi cac thudt toan phd bién nhu GA va PSO, MVO gitip
giam chi phi van chuyén, rit ngin thoi gian giao hang va dam bdo tuan thu cac rang budc
loglstlcs MVO khéng chi tim ra 16i giai tdi uu nhanh hon ma con han ché tdi da cac vi pham
vé tai trong va nang luc cung ung, dam bao tinh kha thi ctia phu'(mg an van chuyén. Véi nhiing
vu diém nay, MVO c6 tiém nang (mg dung rong rai trong thyc té, gitip doanh nghiép nang cao
hidu suat van hanh, t6i wu héa chudi cung img va dép tmg t6t hon nhu ciu thi truong. Trong
tuong lai, nghién ctru c6 thé mé rong dé kiém tra hidu suat cia MVO trén cac hé thong logistics
phtre tap hon, bao gém nhiéu bién dong vé nguén cung, nhu cAu va diéu kién van chuyén thuc
te.
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ABSTRACT

OPTIMIZATION OF TRANSPORTATION COST AND TIME USING THE MULTI-
VERSE OPTIMIZATION ALGORITHM

Nguyen Thi Thuy Trang?, Phan Thi Ngoc Mai®~
'Ho Chi Minh City University of Industry and Trade

*Email: maiphantn@huit.edu.vn

This paper proposes the application of the Multi-Verse Optimization (MVO) algorithm
to optimize transportation cost and delivery time in supply chains. The experimental model is
constructed using data that includes suppliers, distribution centers, transportation vehicles, and
cost-time matrices. The MVO algorithm is implemented and compared with other methods
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such as Genetic Algorithm (GA) and Particle Swarm Optimization (PSO). Experimental
results show that MVO significantly reduces transportation costs, improves delivery time, and
minimizes constraint violations. In addition, MVVO demonstrates faster convergence than GA
and PSO, leading to more effective route planning and vehicle selection. This method also
adapts well to changes in demand and supply chain conditions. The findings suggest that MVVO
holds strong potential for logistics applications, helping businesses reduce operational costs,
improve efficiency, and ensure service quality.

Keywords: Multi-Verse Optimization, supply chain optimization, freight transportation, cost
optimization, logistics
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TOI UU HOA CHIM HAI AU BAC CU'C TRONG
CAC BAI TOAN TOI UU HOA

Bach Ngoc Vy?, Phung Thi Ly, Pinh Nguyén Trong Nghial”
YTrieong Pai hoc Cong Thuong Thanh phé Ho Chi Minh
*Email: nghiadnt@hufi.edu.vn
Ngay nhan bai: 11/03/2025; Ngay chip nhan dang: 20/05/2025

TOM TAT

Bai bao gidi thiéu thuat toan t6i uu hoa tén 1a “Arctic Puffin Optimization” (APO),
lay cam htng tir hanh vi kiém 4n va 1an tim moi cta hai au. Thuat toan nay duoc thiét ké dé
tim kiém giai phap t6i wu cho cac bai todn phirc tap mot cach nhanh chong va hiéu qua. APO
sir dung cac thong s6 nhu s6 1an lap toi da, kich thuéc quan thé, pham vi tim kiém, chién
lwoc can bang giita kham pha (tim kiém trén khong) va khai thac (Iin siu vao ving tiém
ning). Mit khac, APO mé phong hanh vi cia cac cé thé trong quan thé, phan bd déu trong
khong gian tim kiém va tap trung vao cac khu vuc c6 tiém ning 16n dé cai thién hiéu suét tim
kiém. Thuat toan cling c6 kha nang giam thiéu rai ro “méc ket” & cc cuc tri cuc bd nhd su
két hop giira kham pha va khai thac linh hoat. Thuét toan APO dugc dé xuat cho cac tng
dung thuc t& nhu t6i vu héa phi tuyén va bai toan phirc hop, gitip tim kiém giai phap tdi wu
v6i do tin cdy cao va thoi gian xir Iy nhanh.

Tir khéa: Arctic Puffin Optimization, téi wu hoa, tim kiém trén khong, kiém an dudi nudce

1. MO PAU

Thuét toan Arctic Puffin Optimization (APO) 1a mot thuét toan t5i vu hda mé phong
qué trinh sinh t6n va tim kiém thirc an ctia loai chim hai au Bic Cuc. Thuat toan nay khai
thac hanh vi tim kiém, hop tac va sin modi ctia chim hai 4u dé tim kiém giai phap t6i wu.
Chim hai 4u s& di chuyén dya trén mot quy trinh sinh ton, tim kiém thirc an trong méi
truong. Pé tranh bi ket trong céc cuc tiéu cuc bg, thuit todn APO duy tri sy da dang trong
quan thé chim hai 4u, cho phép tim kiém cac khu vuc chua dwoc khai thac trong khong gian
tim kiém. Chim hai 4u s& diéu chinh vi tri ctia minh thong qua mét ham muc tiéu dua trén
hiéu sudt cta vi tri hién tai va mot yéu t6 ngiu nhién dé tranh bi méc ket trong cac cuc tiéu
dia phuong. Thuat toan téi wu héa APO c6 wu diém 1a d& trién khai va diéu chinh tham s6,
hi€u qua cao trong viéc giai cac bai toan da cuc tri va cé thé két hop véi cac thuat toan khac
dé tang hiéu qua [1].

Trong nhiéu truong hop, cac thudt toan metaheuristic 1a mdt trong nhiing lua chon
vu tién dé giai quyét cac van dé tdi uu hoa, dic biét 1a khi xir 1y cac van duoc dic trung boi
khong gian tim kiém cuc ki phtc tap. Cac thuét todn metaheuristic thuong duoc thiét ké dua
trén cac hién tugng ty nhién, dya trén cac thuat toan tién hoa nhu thuat toan di truyén
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(Genetic Algorithm — GA) [2], thuat toan tdi wu héa sé hoc (Arithmetic Optimization
Algorithm - AOA) [3], thuit toan tim kiém hoa 4m (Harmony Search — HS) [4], thu4t toan
téi uu hoa bay kién (Ant Colony Optimization — ACO) [5]. Tuy cac thuat toan metaheuristic
van ton tai mot s6 nhimng han ché nhit dinh nhung van c6 uu diém chung 1a tim nghiém t&t
cho bai toan phirc tap ma cac phuong phép ti wu truyén thong kho xir ly. Cac thuét toan nay
dugce s dung phd bién dé giai quyét cic bai toan téi wu hoa trong nhicu linh vuc Al,
logistics, mang vién thong, diéu khién robot, hé théng nang lugng, v.v...

Thuét toan APO dugc liy cam himg tir cach chim hai au Bic cuc tim kiém thic an
va sinh ton. Giéng nhu cac thudt toan tri thong minh bay dan khac, thuat toan APO can bang
tbt gitta kham pha va khai thac, giup tranh mic ket & cuc tri cuc bo. Bén canh d6, APO c6 it
tham s6 hon, d& diéu chinh va tng dung rong rai trong t6i wu hoa lich trinh, diéu huéng
robot va tdi wu mang no-ron. Nho co ché thich nghi linh hoat cua quén thé chim hai au, thuat
toan nay c6 thé duy tri sy da dang trong khong gian tim kiém va ting hiéu qué trong viéc giai
quyét cac bai toan tdi wu héa da myc tiéu va phi tuyén.

Bai bo c4o nay s& trinh bay vé thuit toan Arctic Puffin Optimization va ¥ tudng ap
dung ctia no trong bai toan toi uu hoda.

2. THUAT TOAN TOI UU HOA CHIM HAI AU BAC CUC
2.1. Pic diém cia thuit toan

Chim hai 4u Béc Cuyc 1a loai chim nho, sinh t6n trong méi trudng khic nghiét véi
ngudn thirc dn chinh 13 ¢4 nho va cac loai sinh vat bién khac. Hai au c6 cach kiém an dic
biét, chiing khong chi bay trén mit bién dé kiém thirc an ma con ldn sdu dudi nude nho doi
canh khdée manh dugc str dung nhu mai chéo. Cac ca thé va quﬁn thé chim hai au duoc thé
hién trong Hinh 1.

Hinh 1. Ca thé va quan thé chim hai au Bac Cuc

Chim hai 4u thich bay thanh bdy & ria dai duong, boi trén bé mit va kiém ca. Loai
chim nay thuong kiém an theo nhom hodc bay voi ky ning tim kiém, danh bét c4, kha ning
bay tuy€t voi va lam viéc theo nhom dé kiém an trong dai duong. Bai bao nay khai thac hanh
vi tim kiém, hop téc va sin mdi ciia chim hai du dé tim kiém giai phap t6i wu.

2.2. Y twdng va mé hinh toan hoc ciia thuit toan

Chim hai au c6 thé nhim muc tiéu vao thirc n va lao xubng dé bat khi dang bay.
Khi phat hién ngudn thirc an ti€ém nang, chung sé hop tac trong dan dé toi vu hoa hiéu qua

31



Hoi thao khoa hoc Khoa Cong nghé thong tin nam 2025

tim kiém. Khong gian tim kiém duwoc mé phong nhur méi truong sinh tén clia chim hai au,
chung s& khong biét trudc dugc ciu trac khong gian tim kiém, nhung thong qua viée kham
pha va chia sé thong tin, chiing dinh vi cac diém tiém nang trong khong gian va cai thién giai
phap tong thé nhu dwoc minh hoa trong Hinh 2. Hanh vi chinh ctia chim héi 4u trong thuét
toan nay dugc chia thanh ba giai doan: khoi tao quan thé (population initialization), tham do
(exploration) va hanh vi khai thac (exploitation), trong d6 hanh vi tham do gom 2 chién lugc:
giai doan tim kiém (Aerial Search) va lao xudng san moi (Swooping Predation) va hanh vi
khai thac gdm 3 chién Iugc: thu thap kiém an (Gathering Foraging), ting cuong tim kiém
(Intensifying Search) va tranh ké sin moi (Avoiding Predators).

Ngoai ra, n6 lién quan dén sy chuyén doi giita hai chién luoc nay, dugc gy ra boi
yéu t6 bién d6i hanh vi B ciia hai du. Thuat todn APO thiét ké hé s6 chuyén tiép hanh vi B dé
dat duoc su chuyén ddi suodn sé tir tim kiém toan cau sang khai thac cuc bo. N6 dugc dinh
nghia nhu sau:

B =2+ log(1/rand) = (1 — t/T) (18)

Trong thuat toan APO, B 1a mot tham s6 thay doi thich img cho phép diéu chinh dong
khi cac lan 1ap lai lién tuc, do d6 thich tng v6i nhu cau tim kiém & cac giai doan khac nhau.

Bén canh do, thuat toan APO con gi¢i thiéu mot tham s6 C, so sanh B voi C dé xéc
dinh chién lwoc tim kiém nén dugc thuc hién & giai doan lip hién tai. Trong bai bao nay,
tham s6 C duoc dat thanh 0.5. Thiét ké nay giup thudt toan dao sdu hon vao cac giai phap
chat lugng cao tiém nang va cai thién toc do hoi tu va do chinh xac ciia né, gitip cai thién
hiéu suit va do bén cua thuat toan.

3 - t
Aerial search y ] y f\i
¥ x| Yy 5
l y- X 0y .

Swoop predation \::1::: x.

7 7 ' A

Hinh 2. Hanh vi kiém an trén khong cua hai au Bac Cuc

Cac mo hinh toan hoc cho mdi giai doan duoc md ta nhu sau:
2.2.1.  Khdéi tao quan thé
M&i chim hai au Bic Cyc dai dién cho mot giai phap tiém ning tham gia vao qua

trinh t6i wu hoa. Qua trinh tao ra quan thé khoi tao dwoc mo ta bang phuong trinh sau:

XZ =rand * (ub-Ib) +Ib, i =1,2,3..N
1)
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Trong d6 X dai dién cho vi tri cua ca noc Bac Cuc, rand tao ra mot s6 ngau nhién tir 0
dén 1; ub va Ib lan luot dai dién cho gidi han trén va dudi, N 1a s0 ca thé trong quﬁn thé.

2.2.2. Hanh vi tham do

Trudc hét 1a chién leoc tim kiém trén khong. Trong mé hinh nay, chim hai au thuong
tham gia vao cac chuyén bay phdi hop, phuong trinh cap nhat vi tri lién quan dén hanh vi
kiém an trén khong duoc thé hién nhu sau:

Vet = XE+ (XE-XF) - L) + R 2)

Trong d6, ¥t 1a vi tri mai cua cé thé hai &u i trong khdng gian tim kiém, L(D) la biéu
thi mot sé ngau nhién duoc tao ra theo phan phéi Levy (budc nhay Levy) duoc tinh theo
cong thuc:

L(D) = — v&i u~N(0,02),v~N(0,1), € (0,2]
lv|B

, D 14 sb chiéu khong gian. Ca thé hai au di chuyén theo mét ca thé tham chiéu, néu
khoang cach giita vi tri hién tai X! va vi tri tham chiéu X! 16n, L(D) sé& gitp di chuyén xa

hon, kham pha nhleu vung mm Ngucrc lai, thuat toan s& didu chlnh Vl tri de khai thac tot hon

.....

R = round(0.5 * (0.05 + rand)) * (3)
Su két hop cua sinh s6 ngiu nhién tir 0 dén 1 ctia rand va sinh s6 ngau nhién theo phan

phdi chuan N(0,1) @ dam bao rang thuat toan khong bi qua phu thudc vao budc nhay Levy.
Chién lwgc thir hai la sa xuéng san moi. D& mo hinh hoa hanh vi lao xubng san moi,

hé s6 van tdc S duoc sir dung dé diéu chinh d6 dich chuyén cua hai au trong qua trinh lao
xuong. Dudi day 1a phuong trinh cap nhét vi tri ca hai au:

ZHi=ytelL g (4)
S = tan((rand — 0.5) * (5)

Trong chién lugc bay nay, chim hai au diéu chinh d¢ dich chuyén cta minh trong giai
doan dau tién béng cach dua vao hé sb van toc S. Viéc dua vao cac dic tinh phéan phéi cua
tham s S 1am ting tinh ngau nhién, da dang cua thuat toan. Viéc thiét 1ap giai doan sin modi
sa xuong giup cai thién hon nita hiéu qua tim kiém cia thuat toan trong khong gian giai
phap.

bé dat dugc két qua ti wu, thuat toan chon hop nhét céc vi tri duge tao ra & hai mo
hinh trong giai doan tim kiém trén khong thanh mét giai phap méi. Cac giai phap nay sau d6
dugc sip xép theo gia tri fitness va N ca thé hang ddu duoc chon dé hinh thanh quan thé méi.
Céc phuong trinh dugc mo ta nhu sau:

ptizyt+iy gt+1 (6)
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new = sort (Bt*1) (7
X =new(1:N) (8)

Trong d6, ham sort 1 sip xép quan thé méi theo gia tri fitness tir nho dén 16n dé chon
quan thé moi X1,
2.2.3.  Hanh vi khai thac dudi nuéc

Tim kiém dn dudi nudc bao gdm ba chién lugc chinh, mdi chién lugce duge sir dung
trong cac boi canh cu thé dé nang cao hiéu qua san moéi dugc minh hoa trong Hinh 3.

Hinh 3. Hanh vi kiém #n dudi nudc ctia chim hai au

Thu thap kiém dn 1a chién lugc khai thac dudi nudc dau tién, nhitng con chim ¢ trén
mat bién s€ quan sat hanh vi cia cac thanh vién khac dé xac dinh cac di€m lan hodc nguon
thirc an. Du6i day 1a phuong trinh mo ta cach cap nhat vi tri ciia hai au:

W+ = (XE, + F « L(D) ( — Xt )mnd > 0.5 (9)
XE 4+ F (Xl — Xfp)rand < 0.5 (10)

Trong cac phuong trinh nay, khi rand < 0.5, chim hai 4u tham gia kiém an hop tac véi
cac hai au khac Xty Xt Xts v6i cac bién 1,719,735 12 cac sb nguyén ngiu tir 1 dén N — 1
(khéng bao gdm i), sir dung hé s hop tac F = 0.5 dé kham phd méi trudng xung quanh.
Nguoc lai, mot chim hai au ¢6 thé thay doi vi tri dé tham gia vao mot nhom san moi c6 loi

hon dé hop tac tét hon. Do dé, bude nhay Levy dugc sir dung mot 1an nira d& nang cao kha
nang sian moi nhanh chong va hiéu qua.

Téang cuong tim kiém la chién leoc dwi mede thiv hai. Khi qua trinh sdn moi dién ra,
chim hai 4u phai thay doi vi tri dudi nudc cia minh dé tim kiém thém c4 hodc cac ngudn
thire an dudi nude khac. Phuong trinh cip nhat vi tri cho chién lugc nay duge thé hién nhu
Sau:

VIt =W« (1 +f) (11)
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f=01%(rand— 1) * % (12)

Trong d6 T biéu thi téng s6 lan lap lai va t biéu thi s6 lan 1ap hién tai.Tham s6 £1a mot
yeu t0 thich iing dugc stir dung d€ di€u chinh vi tri cua hai au trong nuéc.

Tranh ké san moi la chién luoc dudi nudc thur ba. Chién lugc nay dugc st dung dé
mo ta hanh vi cua hai au khi ching phat hién ra ké san moéi ¢ gan. Phuong trinh cap nhéat vi
tri cho chién lugc ndy duoc thé hién nhu sau:

Zit1l = {X_f+ F = L(D) = (ﬁ— ﬁ) rand = 0.5 (13)
Xf+ﬁ ( - Xt )rand<0.5 (14)

Trong d6 B 1a s6 ngau nhién phan phdi déu giita (0,1). Khi rand = 0,5 chi ra ring c6
ké sdn moi & gan, chim hai 4u chon né tranh ngay 1ap ttrc. Nguoc lai, hanh vi ctia chim hai au
¢6 xu huéng than trong hon bang cach thay doi vi tri ngdu nhién. Do d6, chién lugc hanh vi
kép duge mo phong trong thuit toan dé dam bao tinh manh mé va kha ning thich tng.

Thuat toan chon hop nhét cac vi tri ung vién tor ba phuong trinh vi tri khac nhau
thanh mot gidi phap maéi dé cd duge ket qua toi uu trong cac tinh hudng khac nhau giong voi
giai doan trén. Phuong trinh cap nhat vi tri dugc md ta nhu sau:

Pt = wt+l yyt+l y Zi+1 (15)
new = sort(P*1) (16)
X+t =new(1:N) a7

Chién lugc toan dién nay cho phép mé hinh xem Xeét nhiéu kich ban kiém an cung ltc,
cudi cung chon vi tri phit hop nhat lam giai phap ti uu.

Thudt toan: APO

Input:
N: S lugng ca thé trong quan thé
T: Sb vong lap ti da
Ib: Gi6i han dudi ciia khong gian tim kiém
ub: Gidi han trén ctia khong gian tim kiém
dim: S6 chiéu cua bai toan téi wu hoa
rand: Sinh sé ngau nhién tir 0 d&én 1
fobj: Ham muc tiéu dung dé danh gia d¢ t6t ciia mdi 1oi giai
F: Hé s6 hanh vi
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C: Tham s
Khéi tao quén thé:
Il Tao ma trdn vi tri ban dau va luu gid tri ham muc tiéu cia timg cd thé
fori=1toNdo
PopPos(i) = rand * (ub - 1b) + Ib
PopFit(i) = fobj(PopPos(i))
End for
Vong lip t6i wu héa chinh
forlt=1to T do
fori=1toNdo
B=2*log(1/rand) * (1 -1/ T)
//Giai doan tham do
ifB>C

Y=PopPos(i) + Levy(dim) * ( PopPos(i) - PopPos(r)) + round(0.5 * (0.05 + rand)) *
rand

Z =Y *tan((rand - 0.5) * pi)
NewPop = [Y;Z]
NewPopfit = [fobj(Y);fobj(Z2)]
sort(NewPopfit)
newPopPos = NewPop(sorted_indexes(1))
else
//Giai doan khai thac
F=0.1*(rand-1)*(T-I)/T
ifrand < 0.5
W = PopPos(RandInd(1)) + F * ( PopPos(i) - PopPos(r))
else
W = PopPos(RandInd(1)) + F * Levy(dim) * ( PopPos(i) - PopPos(r))
End if
Y=(1+f)* W
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Epsilon = unifrnd(0, 1)
ifrand < 0.5
Z = PopPos(i) + Epsilon * ( PopPos(r1) - PopPos(r2))
else
Z = PopPos(i) + F * Levy(dim) * ( PopPos(rz1) - PopPos(r2))
End if
NewPop = [W;Y;Z]
NewPopfit = [fobj(W);fobj(Y);fobj(Z)]
sort(NewPopfit)
newPopPos = NewPop(sorted_indexes(1))
end if
end for
//Cdp nhdt ca thé tét nhdt toan cuc
BestF = newPopFit(1)
BestX = newPopPos(1)
end for

Output: Tra vé vi tri tét nhit BestX va gid tri t6i wu BestF

3. MINH HQA THUAT TOAN

Léy vi du tim min value ham ti vu dugc dinh nghia boi:
N2 N2 )
fay)=(G) +(5) +z (19)

Trong d6 x, ¥, z s& nam trong khoang [—2, 2].

Budc dau tién khoi tao quan thé hai 4u va hé s6 hop tac ngiu nhién C = 0.5. O déay

bai toan ¢ 3 bién x,y,z vi s6 lugng hai 4u trong quan thé 1a 10 ca thé. Sau khi khoi tao,
tién hanh tinh toan d¢ thich nghi (fitness) va hé s chuyén doi hanh vi ta duoc Bang I véi hé
s6 chuyén d6i hanh vi B = 1.177

Bang 1. Tap hop cac c4 thé hai 4u sau khi khéi tao.

X y z fitness
0.00939 0.20608 | -0.75362 | 0.57856
0.78453 0.27180 | -1.25196 | 1.62433
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0.97617 2.00000 | -0.44066 | 1.25373
-1.99289 -1.29971 | 0.54254 0.96489
0.04226 -1.77581 | -0.11033 | 0.80066
-1.29593 -1.65542 | -1.26571 | 2.39209
0.21160 0.61971 | -0.49905 | 0.34787
0.55083 1.61536 0.48402 0.90559
-2.00000 -0.29844 | 0.01814 0.27259
1.70743 -1.76717 | 1.72610 3.94235

Tir hé sé B va C ta d& dang nhan thdy B > C nén ta s& thyc hién chién lugc tim
kiém trén khong. Thuat todn s€ st dung quén thé vira khoi tao dé tinh toan vi tri méi cua ca
thé hai 4u i trong khong gian tim kiém theo gia tri Levy = 0.35224 va R = 0.00057 thu
dugc két qua & Bdng 2 nhu sau:

Badng 2. Quan thé hai 4u sau khi cap nhat lai vi tri tim kiém trén khong

X y z fitness
-1.86455 | -0.02460 | 0.11296 | 0.23020
1.66845 1.61386 | -2.00000 | 4.82512
2.00000 -0.72029 | -1.72839 | 3.36703
-2.00000 1.91904 | -0.42882 | 1.35456
-2.00000 0.24097 | -0.19836 | 0.30386
-1.43284 | -1.91319 | 1.27330 | 2.66469
-0.69076 0.10240 | -2.00000 | 4.03244
-1.79913 0.09500 | 0.12980 | 0.22141
-1.91475 0.85936 | 1.92848 | 4.13280
2.00000 1.94736 | -1.73667 | 4.21408

Sau khi ¢6 vi tri méi trong khong gian tim kiém, thuét toan s& tiép tuc tinh vi tri méi
clia ca thé i lao xudng sin moi dwa vao vi tri ctia quan thé trong khong gian tim kiém va hé
s van toc S = —1.14227 (diéu chinh d6 dich chuyén cta hai du trong qua trinh lao xudng)

thu duoc két qua ¢ Bdng 3 nhu sau:

Bang 3. Quan thé chim hai au sau khi cap nhat vi tri sa xuong san moi

X y z fitness
1.60617 2.00000 | 0.21205 1.20620
-2.00000 | 0.24983 | -0.20897 | 0.30927
1.75929 | -1.62290 | -0.33706 | 0.96550
-0.59767 | -2.00000 | -1.14934 | 2.34332
-1.83300 | -1.68101 | -0.46843 | 1.13587
0.61062 | -0.40796 | -2.00000 | 4.06491
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-1.43784 | -1.76151 | 0.33477 1.01701
1.88446 | -0.19249 | -1.87406 | 3.74330
1.13503 2.00000 | -1.54787 | 3.47642
0.58428 0.96533 | -1.38418 | 2.17026

Sau khi cap nhat vi tri méi cia quan thé, néu gia tri cua cac bién x, y, z vuot khdi

khoang [—2,2] thi s& ty dong cap nhat lai vé gia tri bién. Tap hop ba quan thé trén lai thanh
mot va sap xép theo thr ty ting dan cua do thich nghi (fitness) va chon ra 10 ca thé dau tién
lam quan thé khoi tao moi. Khi két thuc, két qua dat duogc the hién & Bdang 4:

Bdng 4. Quan thé chim hai 4u sau khi hoan thanh vong lap 1

X y z fitness
-1.79913 | 0.09500 | 0.12980 | 0.22141
-1.86455 | -0.02460 | 0.11296 | 0.23020
-2.00000 | -0.29844 | 0.01814 | 0.27259
-2.00000 | 0.24097 | -0.19836 | 0.30386
-2.00000 | 0.24983 | -0.20897 | 0.30927
0.21160 | 0.61971 | -0.49905 | 0.34787
0.00939 | 0.20608 | -0.75362 | 0.57856
0.04226 | -1.77581 | -0.11033 | 0.80066
0.55083 | 1.61536 | 0.48402 | 0.90559
-1.99289 | -1.29971 | 0.54254 | 0.96489

Tién hanh 1ap lai 100 vong 1ap s€ dugc mot tap hop cac vi tri ca thé hai 4u nhu trong
Bdng 5 dudi day.

Bang 5. Quan thé chim hai 4u sau 100 vong lap

X y z fitness
-3.98086E-11 | -4.23145E-11 | 1.39025E-12 5.48607E-22
2.21596E-10 -1.61821E-11 -1.2908E-11 3.30113E-21
3.56737E-11 5.75045E-11 | -4.96256E-11 3.36893E-21
2.90823E-10 -4.63876E-11 2.33914E-11 6.37123E-21
5.75517E-11 -3.43557E-11 | -7.92088E-11 6.77613E-21
3.42747E-11 -1.56625E-11 | -8.80154E-11 7.88146E-21
6.43301E-11 -1.83344E-10 | 8.27348E-12 8.7309E-21
2.87056E-10 -1.32165E-10 | 2.50751E-11 1.01457E-20
3.20812E-10 -2.25884E-10 | -3.32588E-11 2.02946E-20

8.2276E-11 -2.10233E-10 | -9.4741E-11 2.04484E-20

Sau khi qua trinh hoan tat, gia trj t6i wu nhat dau tién trong bang 1a két qua cua bai toan
can tim.
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4. UNG DUNG VAO BAI TOAN TOI UU HOA
4.1. Gi6i thi¢u bai toan t6i wu héa

Bai toan toi wu hoa (The Optimization Problem) 1a bai todn tim kiém gia tri tot nhat
(cuc dai hoac cuc ti€u) cia mot ham muyc ti€u trong mat tap hop cac rang bude cho trudc
trong tat ca cac loi giai kha thi. Bai toan t61i uu hda c6 thé dugc chia thanh hai loai tuy thude
vao viéc cac bién la lién tuc hay roi rac. [6]

Pinh Nghia 1: Him muyc tiéu: Ham can t6i wu sao cho ham d6 dat gia tri nho nhat
(t61 thi€u hoa) hoac 16n nhat (t6i da hoa). Vi du: Trong bai toan hoi quy tuyeén tinh, ta can toi
thi€u hoa tong binh phuong sai s6 (Mean Squared Error - MSE).

Pinh Nghia 2: Bién quyét dinh: Cac gi4 tri ma ta can diéu chinh dé dat gia trj toi uvu
cua ham muc ti€u. Vi dy: Trong bai toan 1ap lich san xuat, bi€n quy€t dinh co thé 1a s6 luong
sadn pham duogc san xuat trong ngay.

Dinh Nghia 3: Tép kha thi: Tap cac gia tri hop 1¢ cua bién quyét dinh. Vi du: Trong

bai toan phan bd ngan sach, tong sb tién dau tu khong dwoc vuot qua ngin sach B, & day B
chinh Ia tdp kha thi.

Pinh Nghia 4: Rang buéc:"Diéu’ kién gic’ri han gia tri cua bién quyét dinh. Vi du:
Trong bai toan phan bo ngan sach, tong so tién dau tu khong dugc vugt qua ngan sach B, tuc
la}Yx; < B.

Pinh Nghia 5: Nghiém tdi wu: Gid tri cua bién quyét dinh cho két qua t6i wu (nho

nhét hogc 16n nhat). Vi du: Cho phuong trinh f(x): x — 1 = 0, nghiém x = 1 1 nghiém ti wu
cua f(x).

Mot bai toan t6i wu hoa téng quat co dang:

filx) =0, i=123,..,m

hj(x) <0, j=1,23,..,m (20)

x " =argmin fp(x) sao cho [

trong d6 ham f; (x) va h; (x) 1a cac rang budc cua bién x dé téi thiéu ham fp(x). Khi m
= p =0, bai toan (20) duoc goi 1a bai toan t6i wu khong rang budc. Gia tri tdi wu cta bai toan
toi uu (20) dugc dinh nghia la:

p* =inf inf {fo(x) | fi(x) =0,i =1,23,..,m; hj(x) =0,j =1,23,...,p}

(21)

trong do6 inf1a viét tit ctia ham infimum. p* c6 thé nhan cac gia tri oo, Néu bai toan

la khong kha thi, ta coi p“=+oo, néu ham muc tiéu khong bi chdn dudi trong tap xac dinh, ta

COi p'=—oo

Trong toan tdi uu (thudng 1a khong gian nhiéu chiéu), goi mot diém x 1a cyc tiéu néu
ton tai mot gia tri (thuwong dugce goi 1a ban kinh) R sao cho:

fo(x) =inf{fo(z) | fi(z) =0,i = 1,2,3,...,m; hj(z) =0,i =1,23,...,p,[|z— x| =R}
(22)
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Néu mét diém x thoa man f;(x) = 0, ta n6i rang bat ding thire rang budc thir i : f;(x) =

0 1a kha dung. Néu f;(x) < 0, ta néi rang rang budc nay la khong kha dung tai x.

Mic du trong dinh nghia bai toan tdi wu (20) & cho bai toan ti thiéu ham muyc
tiéu vai cac rang budc thoa man cac dicu kién nho hon hoac bang 0, cac bai toan toi uu
v6i toi da ham muc tiéu va diéu kién rang budc & dang khéac déu co6 thé dua vé dugc dang
nay:

max fo(x) < min - fo(x) (23)

fik) =g o fil) —glx) = 0 (24)
fik) =0 —fi(x) =0 (25)
a=fik)sbe filkx)-b=0vaa—fi(x) =0 (26)

Trong d6, fi(x) =0 & fi(x) +s =0 vas; = 0. s; dugc goi 1a bién r0i rac, phép bién
d6i don gian nay trong nhiéu trudng hop lai to ra hiéu qua vi bat déng thirc s; = 0 thuong d&

giai quyét hon 1a f; (x) < 0.
4.2. Ung dung

Trong thuat toan APO, cudi mdi vong lap t, ngudi ta tim ra tap 10i giai Q(t) va tap
thuat toan tim kiém dia phuong A(t). Thay vi sir dung mot phuong phéap cb dinh cho toan
bd vong lap, thuét toan s& linh hoat lua chon phuong phap phu hop tuy theo rang bude bai
todn. Két qua thuc nghiém cho thdy viéc ap dung tim kiém dia phuong da dang va linh hoat
& mdi budc lip tuy theo cac rang budc va dic diém ham muc tidu cai thién dang ké chét
luong thudt toan so voi cac thuat toan st dung don diéu mdt phuong phap tim kiém cho moi
budc lap.

Sau khi xac dinh dugc ham muc tiéu fo(x) va cac diéu kién rang budc
{ﬁ(x) <0, i=1,23,...m
hi(x) =0, j=1,23,..,m
X voi s0 lugng N ca thé sao cho moi ca thé dai dién cho mot giai phap x véi n chi s6 (thoa
diéu kién rang budc) va cac tham so, cac ca thé s€ dugc danh gid do thich nghi thong qua

cho bai toan can tdi vu, khdi tao quan thé hai au (tap kha thi)

fo(x). Dua vao tham s vira khéi tao dé xac dinh hudng giai phap cho bai toan va diéu chinh
cac chi sd ciia x sao cho phii hop véi hudng giai phap vira xac dinh. Cu thé, trong mdi vong
lap t cua thudt toan APO 4p dung cho bai toan t6i uu, cac giai phap méi xf** s& duge cap
nhat dua trén giai phap hién tai xfcua chung két hop voi giai phap khac tai thoi diém do xf
va céc tham sb ngdu nhién. Sau khi c4p nhat va danh gia d6 thich nghi cua x/ ! ta s& c6 tap
kha thi moi X1, két hop véi X va chon ra N giai phap c6 d thich nghi t6i uvu nhat lam X
cho vong 1ap tiép theo. Qua trinh nay duogc tiép tuc cho dén khi dap tng duoc tiéu chuin

dung hoac déqdat dén s6 1an lap t6i da duogc thiét 1ap. Bai toan tdi wu hoa sir dung thuét toan
APO dugc biéu thi bdi so d6 ¢ Hinh 4.
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Xac dinh ham muc tiéu va

cac diéu kién rang budc,

A 4

Kh&i tao cac ca thé chim hai du véi so khong gian tim
kiém la D.

!

Khéi tao ca thé hai du mai theo mdi giai doan thic

hién dua vao hé sé hanh vi B,

No

Panh gia dé thich nghi va s3p xép ca thé theo d6
thich nghi 6.

Thoa digu
kién dirng

Néu ca thé mdi co d thich nghi tat hon ca thé ban
dau thi chén ca thé mdi vao danh sach va xda ca thé Yes
chim hai du khéng phi hep khéi danh sach,

Chon ca thé co do thich nghi tét nhat

lam l&i giai cho bai todn.

Hinh 4. So d6 phuong phap giai bai toan téi uu sir dung APO

5. KET LUAN VA PHUONG HUONG PHAT TRIEN

Trong bai bao nay, ching t6i da nghién ciru va ap dung thuat toan Arctic Puffin
Optimization (APO) vao bai toan t6i uu hoa, trong do viéc két hop tim kiém dia phuong
linh hoat gitp cai thién dang ké chét luong 161 giai, gidm nguy co mic ket tai nghiém cyc
bd va tang toc d6 hoi ty. Tuy nhién, van con nhiéu huéng nghién ciru tlem ning dé nang
cao hiéu sudt cia APO. Mot s6 huéng di trién vong bao gom phat trién APO song song
va phan tan nham xur 1y cac bai toan 16n; ciing nhu tich hop voi hoc may dé tw dong didu
chinh tham s theo ting loai bai toan. Vi nhitng huéng nghién ciru nay, thuét toan APO
hira hen tro thanh mot cong cu manh mé trong cac bai toan ti wu hoa phirc tap, gitp cai
thién hiéu suat va chat luong 10i giai trong nhiéu linh vuc tng dung.

Céc két qua thue nghiém cu thé s& dugc cong bd trong cac bao céo tiép theo.
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ABSTRACT

ARCTIC PUFFIN OPTIMIZATION IN OPTIMIZATION PROBLEMS
Bach Ngoc Vy?, Phung Thi Ly*, Dinh Nguyen Trong Nghia'”
'Ho Chi Minh City University of Industry and Trade
*Email: nghiadnt@hufi.edu.vn

This paper introduces an optimization algorithm named "Arctic Puffin Optimization™
(APQ), inspired by the feeding and diving behaviors of puffins. The algorithm is designed to
quickly and efficiently find optimal solutions for complex problems. APO utilizes
parameters such as the maximum number of iterations, population size, search range, and a
strategy to balance exploration (Aerial Search) and exploitation (Underwater Foraging).
Furthermore, APO simulates the behavior of individuals in a population, evenly distributed
across the search space and focusing on high-potential areas to improve search performance.
The algorithm also minimizes the risk of being trapped in local optima by combining flexible
exploration and exploitation. APO is proposed for practical applications such as nonlinear
optimization and complex problems, helping to find optimal solutions with high reliability
and fast processing time.

Keyword: Arctic Puffin Optimization, Otimization Problems, Aerial Search, Underwater
Foraging
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TOI UU HOA THUAT TOAN PAO TAO POQI BONG PA
VA UNG DUNG TRONG BAI TOAN TOI UU HOA

Tran Pinh Hai Nguyén?, Nguyén Dinh Dircl, Dinh Nguyén Trong Nghial”
YTrieong Pai hoe Cong Thuong Thanh phé Hé Chi Minh
*Email: nghiadnt@huit.edu.vn
Ngay nhan bai: 11/03/2025; Ngay chap nhan dang: 20/5/2025

TOM TAT

Bai béo gidi thiéu vé thuat toan ti wu hoa dua trén hanh vi con ngudi (human-based
algorithm) va quy trinh huan luyén trong mén thé thao bong da, tén 1a “Thuat toan ddo tao
d6i bong da” (Football Team Training Alogorithm - FTTA). FTTA la moét thuat toan
metaheuristic mgi ldy cam hang tir cac giai doan huan luyén doi bong da, bao gom huan
luyén tap thé, huan luyén nhém va huan luyén bd sung cho ca nhan, nham cai thién kha ning
tim kiém va t6i wu hoa cac giai phéap trong khéng gian tim kiém phuc tap. Cac cau tha trong
d6i bong, tuong wng Véi cac ca thé trong thuat toan, hop tac va canh tranh dé t6i wu hoa hiéu
sut toan doi. Thuat toan nay khong chi nhin manh vao viéc tim kiém giai phap téi wu toan
cuc ma con ting cudng kha ning thoat khoi cac cuc trj cuc bo trong cac bai toan téi wu hoa.
Két qua thuc nghiém cho thdy FTTA vuot troi so véi cac thuat toan nhu GA, PSO vé toc do
hoi tu va chét luong nghiém. Bai bdo nay phan tich chi tiét co ché hoat dong cua FTTA,
cung cap vi du minh hoa, va dé xuat cac (ng dung thuc té, déng thoi dua ra hudng phét trién
dé ma rong va cai thién thuat toén.

Tir khoa: Thuat toan dao tao doi bong da, Thuat toan dua trén con nguoi, Siéu thuat toan, Toi
uu hoa

1. GIOI THIEU

Tdi wu hoa 1a mot linh vue cbt 16 trong khoa hoc va k¥ thuat, dac biét trong viéc giai
quyét cac bai toan phurc tap voi khong gian tim kiém da chiéu va phi tuyén tinh. Cac thuat
toan metaheuristic, nhu Genetic Algorithm (GA), Particle Swarm Optimization (PSO) da
dugc sir dung rong rdi nho kha ning tim kiém nghiém tdi wu trong nhitng khong gian nay
[1,2]. Nén tang cla cac thudt toan ndy bat ngudn tir cic nghién ctru ban dau vé hé thong tur
nhién va nhan tao [3]. Tuy nhién, ca hai phuong phap déu c6 nhitng han ché dang ké. GA
thuong hoi tu sém do thiéu da dang trong qué trinh lai ghép va dot bién, dn dén viéc bo sot
cac nghiém t6i wu toan cyc [2]. PSO, vdi co ché di chuyén duya trén thong tin t6t nhét clia bay
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dan, d& méc ket & cuc tri cuc bd khi khong gian tim kiém c6 nhiéu dinh [4]. Nhitng han ché
nay dit ra nhu cu vé mot thuat toan méi, c6 kha ning can bang giita kham pha (exploration)
va khai thac (exploitation) mdt cach hi¢u qua.

Dé giai quyét van dé trén, bai bao dé xuat Football Team Training Algorithm (FTTA),
mot thuat toan metaheuristic 14y cam himg tir qua trinh huan luyén doi bong da. FTTA mo
phong ba giai doan: huan luyén tap thé (kham phéa khong gian tim kiém), huan luyén nhom
(khai thac cuc bd), va huan luyén bd sung ca nhan (thoat khoi cuc tri cuc bd) [5]. Van dé
nghién ctu dugc dat ra la: Lam thé nao dé thiét ké mot thuat toan tdi wu hoda vuot troi trong
viéc tim kiém nghiém toan cuyc va tranh mic ket & cac cuc tri cuc bo? Gia thuyét cua nghién
ctru 12 FTTA, v6i co ché huin luyén linh hoat, c6 thé dat hiéu qua cao hon GA va PSO trong
céc bai toan tdi wu hoa phic tap. Muc tidu bao gdm: (1) phat trién va mo ta chi tiét FTTA,
(2) déanh gia hiéu quéa cua FTTA qua thuc nghiém, va (3) kham pha ung dung trong céac linh
vuc nhu hoc may, chubi cung ung, va thiét ké ky thuat. Pham vi nghién ctru tdp trung vao
cac bai toan toi uru hoa lién tuc voi khong gian tim kiém da chiéu.

So v6i GA (dwa trén tién hoa) va PSO (dua trén by dan), FTTA mang lai su linh hoat
nhd két hop cac chién lwoc huin luyén, giup toi wu hoa hiéu suit ca & cip d6 ca nhan va tap
thé. Bai bao trinh bay co ché hoat dong ciia FTTA, két qua thuc nghiém so sanh v6i GA va
PSO, va cac Gmg dung thuc té, tir d6 1am rd dong gop khoa hoc ciia nghién ctru. Cac phan
tiép theo s& phan tich chi tiét thuat toan, vi du minh hoa, timg dung, va hudng phat trién trong
tuong lai.

2. THUAT TOAN PAO TAO PQI BONG PA
2.1.  Pic diém cia thuat toan

Thuat toan Football Team Training Algorithm (FTTA) thudc nhom céc thuat toan tbi
vu hoa metaheuristic 1y cam htng tir hanh vi con ngudi va tip trung vao viéc md phong quy
trinh hop tic va canh tranh trong mot doi bong. Trong d6i bong, mdi cau thi ¢ hanh vi va
vai tro riéng nhung van phai phdi hop chit ché voi dong doi dé dat myc tiéu chung. Thuat
toan FTTA tai hién qua trinh nay bang cach xem mdi ca thé trong khong gian tim kiém nhu
mot cau thi, hoat dong dua trén sy hoc hoi, tuong tac va cai thién lién tuc. Cac cau tha va
d6i bong duoc thé hién trong Hinh 1.

ETIHAD

AIRWAYS

Hinh 1. Cau thi va doi bong

Trong qua trinh huin luyén tip thé, toan doi bong s& tham gia vao cac hoat dong
dong bo nhu chay chién thuat hay tap dugt doi hinh, gitp mé rong khong gian tim kiém. Day
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la giai doan ma cac ca thé duogc déng nhét vé hudng di, ho tro thuat toan kham pha cac khu
vuc tiém ning méi trong khong gian. Cac cau thu trong doi (ca thé trong thuat toan) s& hoc
hoi tir hiéu sudt chung, diéu chinh hanh vi dé dat duoc hiéu qua cao hon.

Khi chuyén sang huan luyén nhém, doi bong chia thanh cdc nhom nho dé cai thién
chi tiét hon vé chién thuét va k¥ ning. Tuong tw, FTTA cho phép cac ca thé lam viéc trong
céc vung khong gian nho hon, tap trung khai thac tiém ning cuc bd. Giai doan nay dam bao
thuat toan khong chi dung lai & viéc khdm pha ma con tap trung vao khai thac hi€u qua
nhiing khu vuc c6 trién vong cao.

Cubi cung, giai doan huin luyén bod sung tuong tu nhu viéc mot cau thu tu rén luyén
c4 nhan dé khic phuc diém yéu hodc ning cao k¥ ning dic biét. Trong FTTA, diéu nay duoc
thuc hién bang cac budc nhay ngiu nhién trong khong gian tim kiém, gitup thuét toan thoat
khoi cac cuc tri cuc bd va ting cudong kha ning da dang hoa quin thé giai phap .

Diém ndi bat cia FTTA 1a kha ning md phong chinh xac cac hanh vi hoc hoi va
phdi hop gitta cac ca thé. Thuat toan nay khong chi cai thién hiéu suat tong thé ma con duy
tri tinh linh hoat cao, cho phép giai quyét cac bai toan toi wu hod co khong gian phirc tap,
nhiéu cuc tri cuc bd va yéu cau can bang giira kham pha va khai thac [3,6].

2.2. Y twéng chinh ciaa thuit toan

Thuat toan dao tao doi bong (Football Team Training Algorithm - FTTA) dugc phat
trién duya trén viéc mod phong qua trinh hudn luyén trong mon thé thao bong d4, noi ma cac
cau thu lién tuc hoc hoi, cai thién k¥ ning c4 nhan va phdi hop véi dong doi dé nang cao
hiéu suét tap thé. FTTA chuyén hoa qua trinh nay thanh cac chién luoc t6i wu hoé trong
khong gian tim kiém.

Mbdi ca thé trong thut toan dugc xem nhu mét ca nhan (cau thi) trong doi bong,
tuong (mg voi mot gidi phap tiém ning trong khong gian tim kiém. Cac ca thé nay twong tac
v6i nhau qua ba giai doan chinh, twong tmg v&i qua trinh hudn luyén trong bong da: huin
luyén tap thé (toan d6i), huan luyén nhom (chia nhom dé cai thién chi tiét), va hudn luyén bd
sung (cai thién ca nhan nhd budc nhay ngau nhién). Sy phéi hop gitta cic giai doan nay gitp
khai thac kha ndng ctia ca nhan trong khi t6i wu hod hiéu suit toan doi.

FTTA c6 kha ning can bang giita hai qua trinh quan trong trong t6i wu hoa: kham
pha dé tim kiém cac vung giai phap moi, va khai thac dé tap trung toi wu hoa tai cic ving
tiém ning. Qua trinh huin luyén tap thé giup kham pha khong gian toan cuc, trong khi huin
luyén nhom khai thac tiém ning trong cac khu vuc nho, va huin luyén bd sung cung cip co
ché ngau nhién giup thoat khoi cuc trj cuc bo.

Trong bong d4, qué trinh huan luyén bao gébm huan luyén toan ddi nhim nang cao
kha ning phdi hop, huan luyén nhom ting cudng chién thuat trong timg khu vuc cu thé, va
huin luyén c4 nhan dé cai thién k§ niang dic thi nhu chuyén bong hodc sut bong. FTTA
chuyén hoé nhiing giai doan nay thanh cac chién luoc tdi uu hod trong khong gian tim kiém,
trong d6 huén luyén tap thé gitip mod rong khong gian, huan luyén nhom tbi wu hod tap trung
va huan luyén bo sung dam bao sy da dang ciia quan thé.

FTTA duogc thiét ké dé gitip tim giai phap toan cuc trong cac bai toan t6i wu hoa
phirc tap. Bang viéc két hop t6i wu hoa ca nhan, tap thé va khai thac ngau nhién, thuat toan
dam bao tinh hi¢u qua trong khong gian tim kiém va gitp thoat khoi cac cuc tri cuc bo.
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2.3. M©6 hinh toan hoc cia thuit toan

Trong phan nay sé trinh bay phan md hinh toan hoc va thuat toan. Cac mé hinh toan
hoc lién quan dén giai doan khoi tao, giai doan huan luyén nhém, giai doan huan luyén tap
thé va giai doan huan luyén bd sung cho cac ca nhan s& duoc cung cap. Sau d6 thuat toan
FTTA s& duoc trinh bay dudi dang luu do Hinh 2.

—_— Tinh gia trj thich nghi
L 4

L3p qua

[ tirng ca thé

Tim ca thé t6t nhat | =—p | Hudn luyén tap thé
+
s | Ph&n cum MGEM va tao nhém

Khdi tao
Tinh kich
—’
thudc nhém Kich thudc
nhém = s6
1 doi
L 4
Kich thudc - -
nhém < s6 Gilf nguyén
doi
=9 Tao nhém ngdu nhién ddng déu
[: Huén luyén nhém
Tinh toan lai gia tri thich nghi | ==—————————ed | Cap nhét cau tha
+
Tim ca thé
R oy e et Néu gia tri t6t nhat va
. 1
(| _Cép nhat gia tri t5t nhat mGi t6t hon huén luyén
cd nhan
- N Néu gia tri
* 1
- Gilt nguyén cii t6t hon
N Tinh gia tri thich nghi —_— Xuat két qua

Hinh 2. Luu db thuat toan FTTA

2.3.1. Giai doan khai tao
Ciing gidng nhu cac thuat toan metaheuristic khac, FTTA khoi tao quan thé bang

cach tao ngau nhién céc tac nhan N trong khdng gian van d&. Cong thirc dugc thé hién nhu
sau:

Xt=Il+rand x (ub—1b),i=12,..,N (1)
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Trong d6 X! 1a tAc nhan thir nhat trong thoi diém t. ub va Ib biéu thi ranh gigi trén va
duéi cua khdng gian van dé. N biéu thi téng s6 tac nhan dugc FTTA st dung trong qué trinh
t6i wu hoa. rand biéu thi mot s6 ngiu nhién giita 0 va 1 giup ting kha ning phan tan cac tac
nhan trai déu trong khong gian van dé. Quéan thé ban dau c6 thé dugc biéu dién nhu sau:

X [ X112 X2 . Xl,j v X1 pim ]
X5 X1 Xa2 o X2 oo Xopim

X _ H _ H H H H 2
Xi Xin Xip o Xij .« Xipim 2)
Xy _XN,l XN,Z XN,j XN,DEm,_

Trong d6, X; ; biéu thi vi tri thtt j clia tic nhan thir I va Dim biéu thi kich thudc chiéu

cua bai toan da cho.
2.3.2.  Giai doan hudn luyén tap thé

Trong giai doan huin luyén tip thé, FTTA phan ngiu nhién cic tic nhan thanh 4
loai: nguoi theo ddi (followers), ngudi kham phé (discoverers), ngudi suy nghi (thinkers) va
ngudi dé bién dong (volatilities). Ngoai ra, tit ca cic tac nhan déu chon ngiu nhién mot
trong nhiing loai nay dé cap nhat vi tri trong nhirng lan lap lai.

Doi véi cac tac nhan chon vai tro nguoi theo doi, ho dugc chuyén ngau nhién veé
phia tic nhan t6i vu trong moi chiéu voi cong thie sau:

X£t+l = Xit + ?”and X (ngst - Xit) (3)
Trong d6 Xpess biéu thi tac nhan c6 d6 phu hop nho nhat trong s tit ca cac tac nhin
( trong truong hop bai toan tdi thiéu héa). t biéu thi sb 1an lap hién tai.

Déi voi nhitng nguoi kham phé, cac tac nhan nay hoc hoi tir ca nhirng tc nhan tét
nhit va té nhat theo c4ch sau:

XL-Hl = Xit + rand X (Xbest — Xit) —rand X (Xyorst — Xit) ()]

Trong d6 Xyorst biéu thi tac nhan toi té nhat toan cuc.

Ngudi suy nghi khac voi ngudi khdm phé ¢ chd ho truc tiép tim hiéu khoang cach
giira tac nhan ti vu va tac nhan té nhat theo cong thirc sau:

X£t+1 = Xit +rand X (Xpest — Xworst) )

Thay vi hoc hoi tir cac tac nhan khac, ngudi dé bién dong tu dao tao theo cach duoc
dinh nghia nhu sau:

XHl=x x(1+T(@®) (6)

Trong d6 T(t) 1a mot sé ngau nhién tuan theo phan phdi t véi s6 1an lap t 1a bac tu
do.
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2.3.3.  Giai doan hudn luyén nhom

Trong giai doan dao tao nhom, FTTA s€ sir dung cac phuong phép phan cum thich
tmg ky vong toi da hdn hop Gauss (MGEM) dé phan loai cac tic nhan thanh bon danh tinh:
tién dao, tién vé, hau vé va thi mon. Trong FTTA, c6 it nhat 2 tic nhan ctia mdi loai. Khi c6
mot s6 loai tic nhan c6 it hon 2, FTTA s& thuc hién nhom ngau nhién déng nhat tit ca cac
tac nhan. Sau khi nhom hoan tat, qua trinh hoc tdi wu, hoc ngﬁu nhién va giao tiép ng?au
nhién duogc thuc hién ng'flu nhién cho tit ca cc tic nhan. Cac phuong phap huin luyén nhom
va sy di chuyén ctia cac tac nhan trong giai doan nay dugc thé hién trong Hinh 3.

[’.’Tf.fff,f.fff.,_.f T.T4T_T,f.._.f._.4_,ff.7.7T._.H_.f_f\
| ‘ Best Best ‘l
| 8 ot ¢l
I © Huin luyén phém: !
: : . uaz;l;c};:om .Random :
' ! o ' bl |
: . * Huén luyén nhém: ii. ¢ ol
& ’ Hoctip1 |
i @@  e® l
1 & :
S RIS g '1:::1:::::::::::::11::::::::1:::':_" I
: ‘ Best . Best i
15 P {
I ST T s o o I
| TERT @@ | T @ |
z AR !
: . ' : ::‘ I
4 2 s g |
! @ ® . e & |
I o—o 0 |
{5 b

';;'_”'_'; i A R ___ ___ A e e o S /l

Hinh 3. Cac phuong phap huan luyén nhém
Cong thuce cu thé dugc thé hién nhu sau:

Hoc tap t6i wu (Optimal learning) :

¥t _ X!, néurand > Dstudy @)
b Xbesta néurand = Pstudy
Hoc tap ngau nhién (Random learning) :
¥t _ { Xf, néurand > Dstudy ®)
' X?‘andoma néurand = Pstudy
Giao tiép ngiu nhién (Random Communication) :
t ~
¥t = { Xi, néurand > peomm ©)
' X?‘andoma néu ?"{Ind g pCOFHFH

Trong d6 pseuay biéu thi Xac suat hoc tap. Peomm biéu thi xac suat giao tiép.

Xrandom biéu thi mo6t ca nhan duoc chon ngéu nhién. rand 1a mot sb ng?lu nhién theo phan

phoi chuan.
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2.3.4.  Giai doan hudn luyén bé sung c& nhan

Sau khi hoan thanh giai doan huan luyén nhom, thuat toan FTTA s& danh gia do phu
hop (fitness) cua ting tac tir. DS voi mdi tac tir, gia tri fitness tét hon s& dugc chon giita tac
tr con (offspring) va tac tir cha (parent). Tiép theo, tac tur c6 fitness tdi uu nhat s& duoc huan
luyén bé sung théng qua cong thic sau.

Xf = xf x (1+(1-3) x Gauss+ ¢ x Cauchy) (10)

Trong d6 Gauss va Cauchy 1a cac s6 ngiu nhién tuan theo phan phdi Gaussian va
Cauchy. Sau ba giai doan ddo tao, tit ca cic tac nhan trude tién thuc hién phan doan didu
kién bién va phﬁn vuot qua ranh gidi s€ duoc dat lai vé gia tri ranh gidi. Sau do, tinh toan do
phii hop duge thyc hién dé c6 duoc tic nhan tot nhit cho dén khi didu kién dimg dugc thoa
mén va tac nhan tbi uu va do phu hop tdi wu dugc dua ra.

Thudt toan : FTTA

Input:

lower_bound, upper bound : gidéi han trén va dudi cta khéng gian tim kiém

population : Tao ngdu nhién pop_size ca thé trong [lower bound, upper bound] véi
dim chiéu

fitness : Tinh objective function cho méi ca thé

best solution : C& thé cé fitness nhé nhit

best fitness : Fitness cua best solution

worst_solution : C4 thé cé fitness 1én nhat

fitness_history : Danh sach luu lich s& best fitness

vong lap chinh

vong 1ldp t tir 1 dén max iter

// Giai doan 1: Huin luyén tap thé

roles : Gan ngdu nhién vai tré cho mdi ca thé: ['Follower', 'Discoverer',
'Thinker', 'Volatile']

Véi mdi ca thé i trong population
Néu roles[i] = 'Follower'

population[i] 3 population[i] + rand () * (best_solution -
population[i])

Néu roles[i] = 'Discoverer'
population[i] : population[i] + rand () * (best_solution =
population[i]) - rand() * (worst_solution - population[i])
Néu roles[i] = 'Thinker'
population[i] 3 population[i] + rand () * (best_solution -

worst_solution)
Néu roles[i] = 'Volatile'
T : Liy miu ngiu nhién tir phan phéi t véi bac tw do t

population[i] : population[i] * (1 + T)

population[i] : Giéi han trong [lower bound, upper bound]
fitness[i] : objective_ function (population[i])
Két thic

// Giai doan 2: Huin luyén nhém
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labels : Phan cum population thanh 4 nhém (Striker, Midfielder, Defender,
Goalkeeper) bing MGEM

Néu bit ky nhém nao cé it hon 2 ca thé
labels : Phan nhém ngdu nhién thanh 4 nhém

Véi mdi ca thé i trong population
strategy : Chon ngdu nhién: ['optimal', 'random', 'communication']
Néu strategy = 'optimal' va rand() < p_study

population[i] : best_solution

Néu strategy = 'random' va rand() < p_study
population[i] : CA thé& ngiu nhién trong cing nhém véi i
Néu strategy = 'communication' va rand() < p_comm
population[i] : Ca& thé ngdu nhién trong cung nhém véi i * (1 +
randn())
population[i] : Giéi han trong [lower bound, upper_ bound]
fitness[i] : objective_ function (population[i])
Két thuc

//Giai doan 3: Huln luyén bd sung ca nhan
gauss : Liy mdu ngiu nhién tw@ phan phdi Gaussian
cauchy : Liy miu ngidu nhién tir phan phéi Cauchy
best idx : Chi s& ca thé c6 fitness nhdé nhit
best solution : population[best_ idx]
best solution : best_solution * (1 + (1 - 1/t) * gauss + (1/t) * cauchy)
best_solution : Gidi han trong [lower bound, upper bound]
best fitness new : objective function(best solution)
Néu best_fitness new < best fitness
population[best_idx] : best_solution
fitness[best_idx] : best fitness_new
best fitness : best_fitness_new
Két thuc
worst_solution : C4 thé cé fitness 1én nhit
fitness history : Thém best fitness vao lich sw&
Két thuc
Output:

Tra vé best solution, best fitness, fitness history

2.4.  Uuva nhwec diém cia FTTA

Thuat toan Pao tao P6i bong da (FTTA) so hitu nhiéu vu diém ndi bat, dic biét trong
viée giai quyét cac bai toan tdi wu hoa phirc tap. Nhd mé phong linh hoat ba giai doan huén
luyén (tp thé, nhom, va bd sung ca nhan), FTTA dat duoc su cin bang hiéu qua gitta kham
pha va khai thac, cho phép tim kiém nghiém t5i wu toan cuc trong khong gian da chiéu va phi
tuyén tinh. Co ché ngiu nhién héa thong qua phan phdi Gaussian va Cauchy trong giai doan
huin luyén bo sung gitip FTTA d& dang thoat khoi cuc tri cuc bd, nang cao kha niang hoi tu
so v6i cac thudt toan nhu GA, PSO. Tuy nhién, FTTA ciing ton tai mot sé han ché, bao gém
su phu thudc vao viéc didu chinh cac tham sd nhu x4c sudt hoc tip (psway) VA giao tiép
(Peomm), d0i hoi kinh nghiém hodc thir nghiém dé dat hiéu qua tSi wu. Ngoai ra, khi sb lugng
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c4 thé hodc vong lap ting, yéu cau tinh toan cia FTTA c6 thé trd nén dang ké, dic biét trong
cac bai toan quy mé 16n. Nhitng dic diém nay nhdn manh tiém ning ctia FTTA dong thoi chi
ra cac hudng cai thién can thiét trong tuong lai.

3. THUC NGHIEM VA PANH GIA

Dé danh gia hiéu qua cua thuat toan FTTA , nhom thyc hién thuc nghiém trén mot loat
cac ham thir nghiém phé bién bao gom F1, F2, F3, F4, F5 va F6. Cac ham nay dugc lya chon
nham kiém tra kha ning cua thuat toan trong viéc tim kiém cuec tri toan cuc trong cac khdng
gian tim kiém phirc tap va da dang.

Duéi day 1a bang md ta chi tiét cac ham thir nghiém, bao gém cdng thiic, pham vi bién,
va sb lugng bién sir dung trong cac thi nghiém. Tat ca cac két qua kiém ching trong nghién
ctru nay déu duoc thuc hién trén may tinh c6 cau hinh Intel Core i5-12400F, 32GB RAM va
tdc do xir ly 2.50 GHz, sir dung phién ban Python 3.12.6. Céc thir nghiém dugc tién hanh
trong méi truong ndy nham dam bao tinh nhit quan va do tin cay cua cac két qua dat duoc tir
thuat toan FTTA.

Bang 1. Cong thirc todn hoc va thdng sb cua cac ham thir nghiém duoc sir dung trong thuc nghiém

Ham Cong thirc Phamvi | Sé chidu ';’I';‘Lf
F1 Zx; [-100, 100] | 10,30,50 | ©
i=1
S [-5.12,
F2 10d + ;[ x; — 10cos(2mx;)] 512] 10, 30, 50 0
F3 Z[mo(xm - 22)% +(x, — 1)?] [-5,10] | 10,30,50 | 0
||1 d ) L || d [_
F4 —aexp| —b |EZ:(; —exp| - 2 cos(ex;) |+ a+exp(1) 32.768, 10, 30, 50 0
A N 32.768]
F5 Z o 1_[ o(ﬁ)+ 1 [-600, 600] | 10,30,50 | 0
d d 2 d
F6 sz + (Z o.s;-xi.) + (Z 0.5ix,)? [-5,10] | 10,30,50 | ©
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3.1

Thiét 1ap thuc nghiém

Céc bai toan téi wu hoa phic tap dugc chon dé thir nghiém bao gom 6 ham chuan voi
d6 phtrc tap va tinh chat khac nhau, dugc kiém tra trén cac sb chiéu 10, 30, 50 nham dam bao
tinh tong quat cua két qua. Cac tham sé cua thuat toan FTTA, PSO va GA duoc thiét lap nhu
sau: kich thudc quan thé (popSize) 1a 50, s6 chiéu (dim) dugc thir nghiém véi cac gia tri 10,
30 va 50, s6 vong lap (Iter) 1a 500. D6i voi FTTA, cac hiang s6 xac suat hoc tap c& nhan
(p_study) va giao tiép nhém (p_comm) duoc dat 1a 0.3; d6i véi PSO, céc hang sé quan tinh
(w) 12 0.5, hoc c& nhan (c1) 1a 1.5 va hoc toan cuc (c2) 1a 1.5; d6i vi GA, xac suat lai ghép
(crossover_rate) 1a 0.8 va xac suat dot bién (mutation_rate) 1a 0.1. Mdi bai toan duoc chay 10
lan dé giam thiéu anh huong cua yéu té ngau nhién va ¢am bao tinh khach quan cia két qua.
Két qua do thich nghi trung binh qua céc lan chay duogc st dung dé danh gia hiéu qua cua cac

thuat toan.
3.2. Ket qua thue nghiém
Dudi day la ket qua thuc nghiém trén cac ham thu nghiém véi so chiéu lan luot 1a 10,
30 va 50.
3.2.1.  Thyc nghiém voi so chiéu la 10
F1 (Sphere) (dim=10) F2 (Rastrigin) (dim=10) F3 (Rosenbrock) (dim=10}
10 _\ 10 \1—* wi] : gA
" — A 3 \
8 1o & e | g A
) \ \ \
e N i RN I N
) \ | wi | —— =
2= N \ — I
L T N e ‘1 — el
Fd (Ackley) (dim=10) FS EGr\Ev::rl"\gk‘J;Fd\mle] Ff)(Zakhl:rr:v‘fE’d\m:]m
S i} PG ——
10 H\\ 102 '\l\. R R\\
~ _ "\ e S
W R A . \
1ot \\L 107 ] \\\
wil o L‘l T L\ w0 o \1\__

Hinh 4. Biéu do két qua thuc nghiém véi sb chidu 1a 10

Bdng 2. Bang thong ké két qua sau mdi 100 vong lap véi sé chiéu 1a 10

Algorithm 100 200 300 400 500
FTTA 3.48e-20 2.59%e-42 2.74e-73 5.17e-96 1.97e-123
1 PSO 2.00e-10 2.30e-24 9.05e-38 8.90e-51 5.99e-65
GA 1.23e+03 9.13e+02 6.53e+02 4.26e+02 2.34e+02
FTTA 0.00e+00 0.00e+00 0.00e+00 0.00e+00 0.00e+00
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Algorithm 100 200 300 400 500
2 PSO 1.39e+01 1.39e+01 1.39e+01 1.39e+01 1.39e+01
GA 3.32e+01 3.32e+01 3.31e+01 3.31e+01 3.31e+01
FTTA 8.78e+00 8.78e+00 8.78e+00 8.78e+00 8.78e+00
3 PSO 3.06e+02 3.05e+02 3.05e+02 3.05e+02 3.05e+02
GA 2.73e+03 1.43e+02 1.08e+02 1.07e+02 1.07e+02
FTTA 4.16e-11 4.44e-16 4.44e-16 4.44e-16 4.44e-16
4 PSO 1.09e-04 1.93e-11 4.00e-15 4,00e-15 4.00e-15
GA 1.07e+01 1.06e+01 1.06e+01 1.06e+01 1.06e+01
FTTA 9.33e-12 0.00e+00 0.00e+00 0.00e+00 0.00e+00
5 PSO 8.61e-02 8.61e-02 8.61e-02 8.61e-02 8.61e-02
GA 1.11e+01 1.07e+01 1.05e+01 1.05e+01 1.05e+01
FTTA 3.27e-06 9.76e-32 6.85e-61 1.74e-80 2.49¢-100
6 PSO 3.50e-06 3.97e-13 1.17e-21 1.10e-29 4,97e-37
GA 3.45e+01 1.05e+01 1.26e+00 1.02e-01 1.79e-02
3.2.2.  Thuc nghiém véi s6 chiéu la 30
) Fl(s_phere:(dwm_:m) Fz(Rasmgin)(dm_n:su) B :Rusgnhmck](d!mzjn] ) )
1071 5 = 10! \i\—— 108 1 : g‘:
108 \ w l ) nh\
5 1071 . 10 L . 108 \ \\‘
E 10738 _E. 10 L g. ‘ \'\
sl N
w-" AT \ o — FTTA \ 10¢ I - T
= S L = LlW L
FdGAtk\:Z;I:Im:EDS F5 (Griewank) (dim=30) - FS(Zakh‘::u‘Ji[pd\m:Bﬂ)
10— — —_ ;r;n
\‘ 10! L&\ w — G
v l\ 1072 L\k 108
% 1078 \1'\ % . ll g
§ L“1 ; 10 ;;m:
‘:5 o \ E 10 \ .,E.mu
é 10 \ E 10-1 ‘ E
\\ \ 1
wid o \ T \I ——
* T b |
Hinh 5. Biéu db két qua thuc nghiém véi sb chidu 1a 30
Bang 3. Bang thong ké két qua sau mdi 100 vong lap véi s chiéu 1a 30
Algorithm 100 200 300 400 500
FTTA 1.22e-03 7.95e-20 1.15e-39 8.00e-60 1.49e-77
1 PSO 5.17e+02 5.06e+02 5.06e+02 5.05e+02 5.05e+02
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Algorithm 100 200 300 400 500
GA 1.85e+04 1.71e+04 1.59e+04 1.46e+04 1.35e+04
FTTA 3.59e-09 0.00e+00 0.00e+00 0.00e+00 0.00e+00
5 PSO 1.78e+02 1.78e+02 1.78e+02 1.78e+02 1.78e+02
GA 1.61e+02 1.53e+02 1.52e+02 1.47e+02 1.44e+02
FTTA 2.90e+01 2.90e+01 2.90e+01 2.90e+01 2.90e+01
3 PSO 3.76e+02 3.55e+02 3.47e+02 3.47e+02 3.47e+02
GA 1.57e+05 2.36e+04 1.59e+03 3.99e+02 2.77e+02
FTTA 1.03e-01 3.24e-12 4.44e-16 4.44e-16 4.44e-16
4 PSO 1.06e+01 1.06e+01 1.06e+01 1.06e+01 1.06e+01
GA 1.73e+01 1.73e+01 1.73e+01 1.73e+01 1.73e+01
FTTA 2.81e-01 0.00e+00 0.00e+00 0.00e+00 0.00e+00
s | PSO 1.72e+01 1.44e+01 1.37e+01 1.37e+01 1.37e+01
GA 1.57e+02 1.57e+02 1.57e+02 1.57e+02 1.57e+02
FTTA 8.47e+02 1.31e+02 1.31e+02 1.31e+02 1.31e+02
6 PSO 2.31e+02 9.31e+01 5.20e+01 2.47e+01 2.11e+01
GA 1.62e+02 1.41e+02 1.15e+02 8.68e+01 6.69e+01
3.2.3.  Thuc nghiém voi 56 chiéu la 50
Hinh 6. Biéu d6 két qua thuc nghiém véi s6 chiéu la 50
FL (sphere) (im=50] F2 (Rastrigin) Gm=50) F3 Rsenbock) (dm=50)
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Bang 4. Bang thong ké két qua sau mdi 100 vong lap véi sé chiéu 1a 50

Algorithm 100 200 300 400 500
FTTA 8.52e+02 1.12e-07 1.15e-26 6.91e-43 4.93e-58
1 PSO 1.01e+04 1.01e+04 1.00e+04 1.00e+04 9.91e+03
GA 6.98e+04 6.70e+04 6.44e+04 6.19e+04 5.94e+04
FTTA 5.22e-07 0.00e+00 0.00e+00 0.00e+00 0.00e+00
’ PSO 2.70e+02 2.68e+02 2.68e+02 2.68e+02 2.68e+02
GA 3.92e+02 3.80e+02 3.72e+02 3.72e+02 3.64e+02
FTTA 5.04e+03 3.89e+03 2.01e+03 2.01e+03 1.72e+03
3 PSO 4.67e+04 4.45e+04 4.45e+04 4.44e+04 4.44e+04
GA 3.90e+05 1.35e+05 3.47e+04 7.05e+03 2.02e+03
FTTA 9.27e-02 9.00e-09 4.44e-16 4.44e-16 4.44e-16
4 PSO 1.26e+01 1.26e+01 1.26e+01 1.26e+01 1.26e+01
GA 1.88e+01 1.86e+01 1.85e+01 1.85e+01 1.84e+01
FTTA 2.52e-02 0.00e+00 0.00e+00 0.00e+00 0.00e+00
5 PSO 6.32e+01 6.12e+01 6.12e+01 6.12e+01 6.12e+01
GA 6.55e+02 6.50e+02 6.47e+02 6.43e+02 6.39e+02
FTTA 3.30e+03 4.69e+02 4.69e+02 4.69e+02 4.69e+02
6 PSO 1.04e+03 8.89e+02 7.36e+02 6.44e+02 5.99e+02
GA 5.77e+02 5.57e+02 5.30e+02 4.99e+02 4.66e+02

3.3.  Dinh gia thuit toan tir két qua thwe nghiém

Nghién ctru nay dénh gia hiéu qua cua thuat toan FTTA théng qua céc bai toan ti uu
héa phuc tap, véi kich thudc 10, 30 va 50 chiéu, va thuat toan dugc chay 10 lan trén mdi
truong hop dé dam bao do tin cay. Két qua thuc nghiém cho thay:

3.3.1. Kha ndng héi tu va tim kiém cyc trj toan cuc

FTTA thé hién toc d6 hoi tu nhanh va 6n dinh, dac biét trén cc bai toan c6 khong gian
giai phap don gian nhu ham F1 va F5. Thuét toan dat duoc cac gia tri téi wu hoac gan t6i wu
trén tat ca cac kich thugc bién, nho vao giai doan huan luyén tap thé gitp tinh chinh vi tri ca
thé va cai thién do chinh xac trong qua trinh téi wu hoa.

3.3.2.  Kha nang xu ly cdac ham co nhiéu cuc tri cuc bé
Déi véi cac bai toan chira nhidu cuc tri cuc bo nhu F2 va F4, FTTA dat duoc cac gia
tri t6i wu tot nhd co ché huan luyén bd sung ca nhan. Giai doan ndy, st dung phan phéi

Gaussian va Cauchy, cho phép thuat toan thoat khoi cac cuc tri cuc bo va tang cuong kha
nang kham pha khong gian giai phap.
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3.3.3. So sanh voi PSO va GA

So voi PSO va GA riéng Ié, FTTA cho thay dé chinh xac va téc do hoi tu vuot troi,
dic biét trén cac bai toan nhu F3 va F6. Thuét toan nhanh chong dat dugc cac gia tri tot nhat,
nho vao su két hop cua huan luyén tap thé, huan luyén nhoém va huan luyén bo sung, gidp
tinh chinh vi tri cac ca thé va giam s vong lap can thiét dé dat dén tdi uu.

3.3.4. Kha nang duy tri sw da dang ciia quan thé

FTTA duy tri t6t sy da dang trong quan thé, nho vao giai doan huan luyén bo sung céa
nhan véi co ché ngau nhién hoa. Co ché nay gilp thuat todn tranh hoi tu som va khong bi
mac Ket tai cac cuc tri cuc b, dic biét quan trong véi cac bai toan c6 nhiéu cuc tri cuc bo
nhu F2 va F4. Su da dang nay cai thién kha nang kham pha khong gian giai phap, dam bao
hiéu qua téi uu hoa.

4. UNG DUNG TRONG BAI TOAN TOI UU HOA

Thuat toan Pao tao Doi bong da (Football Team Training Algorithm - FTTA) la mot
thuat toan metaheuristic 1dy cam htng tir qua trinh huan luyén va phéi hop trong thé thao,
dic biét 1a bong d4. FTTA mé phong cach cac cau thu trong doi bong cai thién k§ ning ca
nhan, hop tac voi dong do6i va didu chinh chién thuat nham dat hiéu suit téi wvu. Trong bdi
canh ti uu hoa, thuat toan nay c6 thé dugc ung dung rong rai dé giai quyét cac bai toan tim
kiém nghiém tét nhit trong khong gian c6 do phirc tap cao.

Pinh nghia 1: Anh xa FTTA vio bai toan t6i uu hoa:Bai toan t6i wu hoa thudng lién
quan dén viéc tim gia tri tdt nhat cuia mot ham muc tiéu trong mot tdp hop gidi han cac
phuong an kha thi, FTTA mo phong qua trinh cai thién hiéu sudt ciia mot doi bong, trong d6
mdi cu thu dai dién cho mét ca thé trong quﬁn thé, cac chién lugc huin luyén tuong ung voi
co ché cap nhat nghiém trong thudt toan, va qué trinh hop tic nhom mé phong su khai thac
va kham pha khong gian tim kiém.

Pinh nghia 2: Cau tric thuit toin FTTA trong t6i wu héa: FTTA bao gom ba giai
doan chinh, huin luyén tap thé noi cac ca thé duge chinh vi tri dua trén hiéu suét chung,
tuong tu cach mot doi bong thuc hanh cing nhau dé cai thién 16i choi tong thé, huan luyén
nhom noi cic ca thé duoc chia thanh nhém nho, tap trung tdi wu hoa trong mot ving cu thé
cua khong gian tim kiém, va huin luyén bd sung noi mot s6 c4 thé thuc hién diéu chinh doc
lap dé tranh bi ket tai cuc tri cuc bd.

Pinh nghia 3: Ung dung FTTA vao cac bai toan tdi uu hoa cu thé: FTTA c6 thé duoc
ap dung vao nhiéu bai toan t6i wu héa khac nhau, chang han nhu t6i wu héa tham sé mé hinh
hoc may, t8i uu hoa chudi cung ung, tdi wu hoa 1ap lich trinh, va t6i uu hoa thiét ké k¥ thuat

Pinh nghia 4: Dic diém noi bat ciia FTTA trong tdi uu hoa: nhin manh kha ning can
bang giita khai thac va kham pha nhd co ché huén luyén nhém va ca nhan, giap duy tri sy
linh hoat trong viéc tim kiém nghiém, kha nang thich ing voi bai toan phi tuyén tinh, xir ly
céc bai toan cé rang budc va bién sd phic tap, cing voi co ché huan luyén bd sung gitp
giam nguy co mic ket tai cuc tri cuc bo, tang cuong kha nang thoat khoi cac vung tbi uu cuc
bd.

Cic budc thye hién wng dung thuit toan FTTA vao bai toan tdi wu héa
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Dau tién, xac dinh bai toan ti wu hoa véi ham muc tiéu f(x) can tbi wu, cic rang bude
va khong gian tim kiém 14 tap hop gia tri kha thi cho nghiém.

Tiép theo, khoi tao quﬁn thé ban dau, mdi ca thé 1a mot "cau thu" ¢6 vi tri trong khong
gian tim kiém, duoc tao ngiu nhién hoic theo phan bb dé phu t6t khong gian, rdi gan gid tri
ban dau dya trén ham muc tiéu.

Sau d6, tién hanh huin luyén tap thé, ttc giai doan kham pha, cic c4 thé cap nhat trang
thai dua trén thong tin toan doi, md rong pham vi tim kiém dé tranh cuc tri cuc b, diéu
chinh vi tri theo phan hoi tir hé thong.

Giai doan huin luyén nhém, hay giai doan khai théc, dién ra sau do, quﬁn thé chia
thanh nhom nh6, mdi nhém tim nghiém tbi wu trong ving cuc bg, dung thong tin tir nhom
khac dé diéu chinh, tang khai thac cuc bd ma van giit tinh da dang.

Tiép dén 13 huin luyén bd sung, mot sb ca thé nhay ngdu nhién, ap dung nhidu
Gaussian hodc Cauchy dé ting tinh da dang, tranh bay cuc tri cuc bd va tim nghiém tbt hon.

Sau mdi vong lap, danh gia quan thé bang cach tinh gia tri ham muc tiéu, chon ca thé
tdt nhat dé huan luyén tiép, cap nhat trang thai theo chién luoc tbi vu hoa.

Thuét toan lap lai dén khi dat diéu kién dimng, nhu sé vong ldp tdi da, sai sé nho hon
ngudng, hodc khong con cai thién dang ké.

Cudi cung, chon ca thé co gia tri t6i wu nhat lam nghiém cudi, phéan tich va kiém tra dé
dam bao dép Gmg yéu cau bai toan.

5. KET LUAN VA HUONG PHAT TRIEN

Trong bai bao nay, ching t6i gidi thi¢u dén ban doc thuat toan Pao tao Doi boéng da
(FTTA) - mét phuong phap t6i wu hoa metaheuristic hidu qua, ldy cam htng tir qué trinh
huén luyén bong d4 dé cai thién kha ning tim kiém nghiém t&i wu. Véi co ché linh hoat trong
qua trinh hoc tap va hop tac giita cac ciu thi, FTTA c6 thé giai quyét nhidu bai toan tdi wu
hoa phtic tap trong cac linh vuc khac nhau. Nho kha ning két hop giita chién lugc ¢4 nhan
héa va hop tac nhom, FTTA khong chi dat dugc két qua t8i uu nhanh chong ma con giam
thiéu nguy co hoi tu sém. Bén canh d6, ching t6i ciing trinh bay mot sé bai toan trong céc
linh vuc khac nhau d& xuét ung dung FTTA dé giai quyét, v6i hy vong s& dem lai két qua
chinh xé4c va cai thién hiéu qua so véi cac phuong phép tdi uwu héa khac. Mic du chua duge
thir nghiém cu thé, phuong phap méi nay hira hen s& mang lai giai phap t6i wu cho cac bai
toan phirc tap nay.

Céc két qua thyc nghiém cu thé s& dugc cong bo trong cic bao cio tiép theo.
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This paper introduces a new kind of optimization algorithm inspired by how humans
behave and how football teams train calling it the 'Football Team Training Algorithm'
(FTTA). Think of FTTA as a fresh metaheuristic approach that mimics the different stages of
football practice like team drills, small group exercises, and individual skills training to
improve how well it searches for solutions in tricky problem spaces. Basically, the players in
a football team in this algorithm represent individual solutions, working together and
competing to boost the overall performance. The cool part is, FTTA isn’t just about hunting
for the absolute best answer; it’s also pretty good at avoiding getting stuck on less-than-ideal
solutions. Tests show that FTTA beats some popular algorithms like Genetic Algorithms
(GA) and Particle Swarm Optimization (PSO) when it comes to how quickly it finds good
solutions and how good those solutions are. The paper goes into detail about how FTTA
works, offers some simple examples, and discusses real-world uses. It also suggests ways to
develop and improve the algorithm in the future.
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TOM TAT

Bai b&o nay gisi thiéu thuat toan téi uu Kepler (Kepler Optimization Algorithm -
KOA), mot phuong phap metaheuristic mgi 1y cam himng tir cac dinh luat chuyén dong hanh
tinh cua Johannes Kepler. Thuat todn mé phong quy dao chuyén dong caa cac hanh tinh
quanh mét ngdi sao trung tam nham tim kiém nghiém téi wu cho bai toan. Co ché cua KOA
dua trén sy can bang giira luc hip dan va luc quan tinh dé dinh hudng qua trinh tim kiém.,
Trong khudn khé bai nghién ctu nay, nhém tac gia trinh bay dinh nghia, cong thic hoat
dong cua thuat toan va thuc hién mét vi du minh hoa don gian trén mot ham muc tiéu ba bién
Vi s6 vong lap gioi han. Ngoai ra, bai bao ciing d& xuat quy trinh p dung KOA vao bai toén
t6i wu téng quat. Két qua minh hoa cho thdy tiém ning cta thuat toan trong viéc tim kiém
nghiém t6i wu, lam co sé cho cac nghién ciru va thuc nghiém sau hon trong tuong lai.

Tur khéa: Thuat todn téi vu Kepler, toi wu hoa, phwong phap metaheuristic, dinh luat chuyén
dong hanh tinh.

1. GIOI THIEU

T6i wu hoa déng vai tro quan trong trong khoa hoc may tinh va toan hoc, gip tim
kiém nghiém t6t nhat cho c4c bai toan c6 khong gian tim kiém rong lén [1]. Cac phuong
phap t6i wu hoa metaheuristic ngay cang dugc phat trién dé giai quyét nhitng bai toan phuc
tap trong khoa hoc, k¥ thuat va tri tu¢ nhan tao, dac biét khi cac phuwong phép truyén thong
nhu 1ap trinh tuyén tinh, gradient descent hoic quy hoach bac hai gip khé khin do khéng
gian tim kiém phi tuyén tinh va c6 nhiéu cuc tri [2][3].

Mot trong nhiing thuat todn téi uu hoa méi dang chu ¥ la Kepler Optimization
Algorithm (KOA), liy cam hing tir cac dinh luat chuyén dong hanh tinh cia Johannes
Kepler. Thuat toan nay duoc thiét ké nham khai thac cac dic tinh vat Iy cua chuyén dong quy
dao dé tim kiém nghiém téi wu hidu qua hon so véi nhiéu phuong phap metaheuristic khac
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[4]. Cu thé, KOA mé phong cach cac hanh tinh di chuyén xung quanh mét ngdi sao trung
tam theo quy dao hinh elip, chiu tic dong cua lyc hip dan, tir d6 xay dung mot co ché tim
kiém can bang giira hai giai doan kham pha (exploration) va khai thac (exploitation) [5].

Céc nghién ciru trude ddy da chi ra rang mot s6 thuat toan metaheuristic nhu Particle
Swarm Optimization (PSO) va Genetic Algorithm (GA) thuong gap phai van dé hoi ty sém
hodc méc ket tai cuc tri cuc bo trong cac khdng gian tim kiém co do phic tap cao [6][7].
Trong khi d6, KOA khac phuc nhitng han ché nay bang céch sir dung co ché diéu chinh quy
dao linh hoat, d&am bao su da dang trong quan thé tim kiém va cai thién kha nang hoi tu [4].
Diéu nay gilp thuat toan tro thanh mot cong cu tdi wu hoa manh mé, dic biét dbi vai cac bai
toan phi tuyén tinh va khong kha vi.

Bai bao nay trinh bay tong quan vé thuat toan KOA va y tudng ap dung thuat toan vao
bai toan t6i wu hoa.

2. THUAT TOAN KEPLER

2.1. Pic diém ciaa thuat toan Kepler

Thuat toan Kepler optimization algorithm (KOA) dugc xay dung dua trén ba dinh luat
chuyén dong do nha thién vin hoc Johannes Kepler dé xuat nham md ta quy dao cua cac
hanh tinh trong Hé Mat Troi. Trudc thoi Kepler, quan niém phd bién cho rang cac hanh tinh
chuyén dong theo quy dao tron quanh Trai D4t hoic Mat Troi. Tuy nhién, Kepler di chimng
minh rang quy dao cua cac hanh tinh thuc chét 1a elip, trong d6 Mat Troi nam tai mot trong
hai tiéu diém cua elip.

Mot dic diém quan trong cua thuat toan KOA 1a né mé hinh héa chuyén dong cua
hanh tinh bang céch tinh toén vi tri caa né theo thoi gian dua trén cac dinh luat vat 1y. Binh
luat thir hai cia KOA cho thay rang van tdc cta hanh tinh thay di theo khoang cach ciia n6
v6i Mit Troi: hanh tinh di chuyén nhanh hon khi & gan Mat Troi va cham hon khi ¢ xa.
Ngoai ra, dinh luat thir ba cung cip méi quan hé giita chu ky quy dao va ban truc 16n caa quy
dao, giup xac dinh thoi gian can thiét dé hanh tinh hoan thanh mot vong quay quanh Mt
Troi [8].

Céc nguyén tic t6i uu hoa chinh cua thuat toan Kepler dya trén ba dinh lut ndy, cho
phép xac dinh chinh xac vj tri va van téc ciia hanh tinh tai mot thoi diém bét ky.

2.2. Y twéng va M6 hinh Toan hoc ciia Thuét toan Kepler

Thuat toan toi uu dua trén hap din hanh tinh hoat dong theo nguyén tic mo phong
chuyén dong cta cac hanh tinh trong hé Mat Troi [4]. M&i hanh tinh dai dién cho mot 10
gidi trong khong gian tim kiém, va chung di chuyén duéi tac dong ciia luc hap dan tir Mit
Troi — diém twong tng voi 16 giai tot nhat hién tai [9].

Trude tién, cac hanh tinh (16i giai) duoc tao ra mot cach ngau nhién trong mot pham vi
xac dinh, theo cong thirc [4]:
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i oy j j
X] = X[, oy + rand[0,1] x (X{i’up} _ X{uow}) Q)

% 4 Ko g e , n n . Y Y . J N i
O day, moi 101 giai X; c6 toa do trong khong gian nhiéu chiéu. Gia tri X i low VA X iup

lan luot 12 gidi han dudi va gidi han trén cua toa do thir j cua 10i giai i, trong khi rand [0,1] la
mot s6 ngau nhién trong khoang [0,1], giup tao ra cac gia tri khac nhau cho timg 151 giai.

Mai hanh tinh ¢6 quy dao riéng dya trén cac tham sé nhu d¢ léch tam e va chu ky quy
dao T. Do léch tam quy dao (e) cho mdi vat thé thir i dugc khoi tao bang cong thic: ei =
rand[0,1],i=1, ..., N; Trong d6 rand[0,1] 1a gia tri ngiu nhién duoc tao ra trong khoang
[0,1]. Cudi cing, chu ky quy dao (T) cho mdi vat thé thir i dwoc khoi tao bang cong thirc:

Ti=|r,i=1,...,N; Trong do r la s6 duoc tao ra ngﬁu nhién dua trén phan phéi
chuén.

Nhimng tham sd trén anh huong dén cach hanh tinh di chuyén trong khong gian tim
kiém, tir d6 tac dong dén viéc thuét toan khai thac va kham pha cac nghiém tiém nang. Dya
trén dinh luat van vat hép dan cua Newton, luc hép dan gitta mot hanh tinh va Mét Troi dugce
tinh theo cong thuc [4]:

Msxmf
2

F}g(t) = e; X u(t) x RPTe

+n 2

O day, Mg 1a khdi luong cta Mat Troi (tirc 12 diém toi wu hién tai), m; 1a khéi luong
ctia hanh tinh thir i, € 1a mot s6 rt nho dé tranh 13i toan hoc khi chia cho 0, p(t) 1a hing s6
hap dan thay doi theo thoi gian, va 73 12 mot gia tri nhiu ngau nhién gitip thuat toan tranh

roi vao cuc tiéu cuc bd, R; 1a khoang cach giita hanh tinh i va Mt Troi va dugc dinh nghia
la [4]:

d
Rio = oo Xioll = Gt = ) Gy -X;07 @
j=

Trong d6 ||Xs)— Xiceyll2biéu thi khoang cach Buclid gifta cdc chiéu ciia Xg va cac
chiéu cta X i Khéi lugng cuia Mit troi va dbi twong i tai thoi diém t duogc tinh toan don gian

bang cach sir dung danh gia do phu hop nhu sau [4]:

fitg(t)—worst(t)

S (Fitg(D—worst(t))

(4)

S
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_ fit;(t)—worst(t)
m; = —x :
by ey Fitg(t)—worst(t))

Q)

Trong d6 fits(t) = best (t) = min(fitk(t)), k€l,2,..,N; worst (t) = max(fitk(t)),
kel,2,...,N; r2 1a mét s6 dugc tao ngiu nhién giita 0 va 1 dé phan ky cac gia tri khéi luong
cho cac hanh tinh khac nhau; p(t) 1a mot ham giam theo cép s6 nhan theo thoi gian (t) dé
kiém soat do chinh xdc cua tim kiém va duoc dinh nghia nhu sau: p(t) = p0 x

t

exp(—y ); trong d6 v 14 hing s6, 10 1a gia tri ban dau, va t va Tmax 1a s6 1an 1ap hién tai

va s6 1an lap tdi da twong tg.
Luc hap dan khién cic hanh tinh thay ddi van toc theo thoi gian, giup chung di chuyén

Tmax

vé phia diém t6i wu ma khong bi roi ngay vao mot ving kém chat luong. Cong thirc tinh van
tdc ctia mdi hanh tinh nhu sau [4]:

EX (21X =Xp)+Ex(Xs—Xp)+(1=Ri—norm(t)
XFXU 1 x5 % (Xpup =Xy jow)if Ri—norm(t)<0.5
Ty XLX (X_r;:'_fi.)‘F(l_Ri—norm(t))

XFX Uy Xrex(T4 Xiup—Xylow ) Else

Vi(t) = (6)

Sau khi tinh vén tdc, thuat toan s& cap nhat vi tri cia mdi hanh tinh theo cong thirc:
X(t+1) = X;(t) + F xVi(t) + (F2@®) + |r]) xU x (Xs(t) — X;(t)) (7)

Trong do, F 1a mot bién diéu chinh hudéng di chuyén, U 1a mot ma tran ngau nhién
gitip tao su da dang trong cach cac hanh tinh di chuyén, va |r| 1a mét gia tri nhidu giup thuat
toan tranh hoi tu qua sém.

Mot trong nhitrng thach thirc 16n cia thuat toan t8i wu 14 tranh bi méc ket trong cac cuc
tiéu cuc bo (tirc 1a dimg lai & mot nghiém chua phai tt nhat). Dé giai quyét van dé nay, thuat
toan c6 co ché diéu chinh dong luc hoc cua cac hanh tinh. Cu thé, khi mot hanh tinh c6 xu
hudng bi roi vao mot diém cuc tiéu cuc bo, thuat toan s& bd sung cac yéu t6 nhiéu hodc thay
d6i huéng di chuyén dé ting co hoi kham phé cac ving c6 nghiém tét hon.

1 T T T T
10’
‘ I
0.5 . R
el !
=.05f \ ,\ g = 10°L
Al
0l
I
1.5
10"
2 L . N R
0 20 40 60 80 100 o 20 40 60 80 100
Generation Generation
a) Simulation of i within two independent times b) Simulation of & within two independent times

Hinh 1. M0 ta c4c gié tri cua h dua trén hé sé n trong hai thoi diém doc lap.
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Khi cac hanh tinh & gan Mit troi, KOA s& tip trung vao tdi wu hoa toan tir khai thac;
khi Mit troi ¢ xa, KOA s& t6i uu hoa toan tir thim do. Cac quy tic nay phu thudc vao gia tri
ctia tham s diéu chinh h, thay d6i dan theo thoi gian hién tai nhu thé hién trong Hinh 1. Khi
gia tri nay 16n, toan tir thim do dugc sir dung dé mo rong khoang cach quy dao hanh tinh so
voi Mat troi; nguoc lai, khi gia tri nay nho, toan ti khai thac dugc stir dung dé khai thac cac
ving xung quanh giai phap tot nhat cho dén nay néu khoang cach giita Mit troi va cac hanh
tinh 1a nho. M6 hinh toan hoc cta nguyén 1y nay dugc mo ta nhu sau [4]:

X, (t+1) =X,(t)x U+ (1-U;) x X—‘(t)fj;x“(t) +hx (X—‘[mfso”“(” -

X_’b(t))
(8)

Trong d6 h 1a mot hé s6 thich Gmg dé kiém soat khoang cach giita Mit troi va hanh
tinh hién tai tai thoi diém t, nhu duge dinh nghia: h =1/e", r [a mot s6 dugc tao ngﬁu nhién
trén co s& phan phdi chuin, n 13 mot hé sé giam tuyén tinh tir 1 d&én —2, nhu duoc dinh
nghia: = (az — 1) x 14 + 1, @, 1a tham s diéu khién tuan hoan giam dan tir —1 dén —2 d6i véi

o T max

—=

T chu ky trong toan bd qua trinh t6i wu héa nhu duge dinh nghia: a,=—1— 1 x (ﬁ).

T

Nho vao cach mé phong quy dao hanh tinh xung quanh Mat Troi, thuat toan khong chi
tim kiém trong khong gian giai phap mot cach hiéu qua ma con c6 kha nang hoi tu nhanh vé
nghiém t&i vu. Pay 14 Iy do tai sao thuit toan nay co thé dugc ap dung vao nhiéu bai toan tdi
vu khac nhau trong thyc té.

2.3. Quy trinh thuit toan Tdi wu héa Kepler (KOA)

Phan nay trinh bay mot thuat toan tdi wu hoa méi ldy cam hing tir cac dinh luat
chuyén dong cua Kepler. Trong thuat toan dé xuét, dinh luat thir nhit cua Kepler dugc mo
phong bang cach coi Mt Troi 1a giai phap t6i wu nhét, trong khi cac hanh tinh (hodc cac dbi
tuong) quay quanh né theo cac quy dao hinh elip tuéng tuong, dai dién cho khong gian tim
kiém. Trong KOA, cic hanh tinh (cic nghiém tmg vién) co vi tri khac nhau so v6i Mat Troi
(nghiém t6t nhét) tai nhidu thoi diém khac nhau, do d6 gitp cai thién qua trinh tham do va
khai thac khong gian tim kiém.
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Velocity of planet V.. Velocity of planet
Gravitational force 4. Gravitational force i

a) 2-dimension b) 3-dimension
Hinh 1. Cdc vi tri ¢ thé co trong khéng gian 2 chiéu va 3 chiéu

Hinh 2 minh hoa cach vj tri cia mot vét thé, khdi lugng cua no, luc hép dan gitia vat
thé va Mat Troi, cling nhu van tdc quy dao clia n6 thay déi dé xac dinh vi tri xung quanh
nghiém tot nhét, tirc 1a Mat Troi. Hinh nay ciing thé hién rang phan 16n cac vat thé quay theo
chiéu kim dong hd. Ngoai ra, né con mo ta sy thay doi vi tri ciia nguoi tim kiém trong khong
gian ba chiéu.

Gidng nhu cac thuat toan metaheuristic dua trén quan thé khac, KOA bét dau qué trinh
tim kiém véi mot tap hop ban dau gom cac déi tugng c6 quy dao ngau nhién. Mdi d6i tugng
duoc khoi tao véi vi tri ngau nhién cua no trong quy dao ¢ giai doan nay. Sau khi danh gia
ham muyc tiéu ciia tap hop ban dau, KOA chay theo timg budc lip cho dén khi dat diéu kién
dimg. Trong nghién ctru ndy, thudt ngir "thdi gian" dugc st dung thay cho "sd 1an lap" vi no
phut hop hon vdi 1y thuyét hé mit troi va vii tru hoc.

Trong qua trinh t&i uu hoa, KOA ap dung cac quy tic sau:

—  Chu ky quy dao cia mét hanh tinh (nghiém tmg vién) duogc chon ngiu nhién theo
phan phdi chuén.

— Do léch tAm cia quy dao hanh tinh dugc chon ngdu nhién trong khoang tir 0 dén 1.

—  Gia tri ham muyc tiéu ciia mdt nghiém dugc tinh dya trén ham muc ti€u ctia bai toan.

—  Nghiém t6t nhit trong mdi 1an 1ap dong vai tro 13 ngdi sao trung tam (Mt Troi).

— Khoang cach giira Mt Troi va hanh tinh thay doi theo thoi gian hién tai.

Phén con lai cia muc nay trinh bay mé hinh toan hoc ciia KOA. D¢ phirc tap thoi gian
clia cac budc trong thuat toan nay 1a O(NTmax), trong d6 N 1a kich thudc quan thé va Tmax
1a tiéu chi dimg ciia KOA dya trén s6 lan danh gia ham muc tiéu t6i da. V& mat 1y thuyét,
KOA c6 thé duoc coi 1a mot thuat toan tdi wu hoa toan cuc vi nd bao gém ca giai doan tham
do va khai thac. M6 ta chi tiét vé cac budc trong KOA duoc trinh bay nhu sau.
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Bude 1: Mot s6 lwong hanh tinh bang vé6i kich thude quin thé N s& dugce phan bd
ngiu nhién trong khong gian d chiéu, dai dién cho cic bién quyét dinh ciia bai toan t6i uu
hoa

Budrc 2: Tinh toan gia tri fitness cho timg dbi twong trong quan thé dya trén ham muc
tiéu cua bai toan. Gia tri fitness cang tot thé hién nghiém cang t6i wu. Chon di tugng co
fitness tot nhat 1am nghiém t&t nhat (duoc goi 1a Mt Troi).

Budée 3: Tinh khoang cach Euclide va luc hip dan gitra Mat Troi va cac ddi tuong,
tinh vén toc cua cac dbi tuong.

Budc 4: Sinh ngiu nhién hai gia tri r va 1 trong khoang [0, 1]. Néu r < 1y thi cap

nhat khoang cach giira d6i trong va Mt Troi theo cong thic (8). Néu r = 17 : Cap nhét vi tri

méi cua ddi twong theo cac cong thie (6) va (7).

Buére 5: Cap nhat lai vi tri cic dbi twong bang chién luoc vu tién theo cong thirc

[4]:

Xt +1), if fX(t+ 1) = f(X, ()

}?i’(t), Else ®)

}_()i,n,ew(t + 1) = {

KOA di dugc thir nghiém trén nhiéu bai toan t6i wu héa va cho thay hiéu suat cao hon
so vo1 cac thuat toan khac.

Thuét toan KOA (Kepler Optimization Algorithm)

M0 ta tém tit Thuat toan T6i Uu hoa Kepler (KOA) 1a mot thudt toan tdi wu hoa dua
trén cac nguyén tic chuyén dong hanh tinh ctia Johannes Kepler. Thuat toon mé phong quéa
trinh hanh tinh chuyén dong quanh Mit Troi va sir dung cac thudc tinh quy dao dé tim kiém
nghiém t6i uru.

Thuét toan 1. Minh hga KOA.

Input: Ham muc tiéu fitness()
Quy mé quan thé hanh tinh Pop
S 1an lap t6i da MaxIte
S6 chiéu khong gian tim kiém Dim
Bién dudi ctia khoang tim kiém Ib
Bién trén cta khoang tim kiém ub
Hang sb hap dan G
Hé s6 diéu chinh vén téc
Hé s cap nhat vi tri 4
Sinh s6 ngiu nhién trong khoang [0,1]
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Mang luu nghiém t6t nhat X,
Hing s6

Hg s0 suy giam hap dan Ggecqy,

Gia tri tdi thiéu cua hap dan G,,;,,
Hé sb anh huong cua vén toc
Ngudng ding toi uu €
Khéi tao
for each i to Pop do
forj=1todimdo
positions[i, j] = Ib + (ub - Ib) * rand()
eccentricities[i, j] = rand()
periods[i, j] = rand() * (Tmax - Tmin) + Tmin
end for
end for
// Béanh gia gia tri fitness cho ting hanh tinh
Evaluate_Fitness(positions)
// Sép xép quan thé theo gia tri fitness tir tot nhat dén kém nhat
Sort_Pop(positions, fitness)
// Lay nghiém t6t nhat lam Mat Troi
GhbestPosition = positions[0]
GhestScore = fitness(GbestPosition)
Toi wu hoéa
For i =1 to Maxlter do
//Cap nhat hiang s6 hap dan G theo cong thirc suy giam
G =G_min + (G - G_min) * exp(-G_decay * i)
//Lap qua ting hanh tinh trong quén thé
For j=1to Pop do
Forz=1to Dim do
//Tinh toan luc hip dan dua trén quan thé tot nhét
F_grav = G * (Xb[Zz] - positions[j, z]) / (abs(Xb[z] - positions[j, z]) + epsilon)
//Tao sb ngiu nhién theo phan phdi Gaussian
Al =rngnormal(loc=0, scale=1.2, size=1)
//Cap nhat vi tri cua hanh tinh
positions]j, z] = positions[j, z] + lambda * F_grav * Al
End for
End for
//Ap dung budc cap nhat van tdc va vi tri dua trén Keplerian motion
For j=1to Pop do
Forz=1to Dimdo
V[j, z] = beta * V[j, z] + alpha * (Xb[Zz] - positions[j, z]) * rngnormal(0,1,1)
positions]j, z] = positions[j, z] + VIj, ]
End for
End for
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//Gi61 han vi tri trong khoang [Ib, ub]
For j=0to Pop do
positions[j] = clip(positions[j], Ib, ub)
End for
//Sap xép quan thé theo gia tri fitness
Sort(positions, fitness)
//Cap nhat nghiém tot nhat
If (fitness(positions[0]) <= GhestScore) then
GbestScore = fitness(positions[0])
GhestPosition = positions[0]
End if
End for
Piéu ki¢n dirng:
— S vong lap dat gia tri tbi da MaxIter.
—  Gia tri fitness cia nghiém t6t nhat khong thay doi déang ké gitra cac vong lap lién
tiép.
OUTPUT:
—  GbestPosition: Vi tri tét nhat tim dugc.

—  GhestScore: Gia trj d6 thich nghi tot nhat.

3. Vi DU MINH HQA

Ldy vi du tim min value ham t5i wu dugc dinh nghia bai.
X y
feoy2) = (P + G)* +2°
Trong d6 x, y, z s& nam trong khoang [-2, 2].
Budc dau tién khai tao quan thé hanh tinh ngiu nhién. O day bai toan c6 3 bién, sb
lugng hanh tinh trong quan thé 12 5 hanh tinh. Khai tao tinh do thich nghi (fitness) va sap

xép quan thé theo do thich nghi ta dugc Bang 1.

Bdng 1. Tap hop cac hanh tinh sau budc khai tao

Index X y z Fitness
0 -0,65824232 -0,0283785 0,6609058 0,46407795
1 -1,2373331 1,17590729 0,4085809 0,608314913
2 -1,52654585 -1,5884353 0,1403411 0,796123685
3 1,46048492 0,26735396 -1,733868 3,157479742
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4 1,45920498 1,39152343 1,7326529 3,619250535

Tir Bang 1, ¢6 thé nhin rd va xac dinh dugc fitness tét nhat 1am nghiém tdt nhat duoc
goi 1a Mat troi. Ap cong thic (6) va (7) ta s& tao ra vi tri méi tir vi tri ban dau, ta thu duoc
dbi twong maéi mang gié tri [-1,572724; -1,733868; 1.67990989]. Tuy nhién, do thich nghi
cuia dbi twong ndy cao hon so v6i ddi twong tuong ng nén s& khong duoc thay thé vao.

Tiép tuc s& thuc hién tuan tu cac budce trén sinh thém cac d6i twong méi. Lan nay thu
dugc dbi tugng mai tét hon [0,27644894; 1,21311035; 0,5685963]. Vai gia tri thich nghi
nhé hon d6i tugng twong mg trude d6 trong quan thé va déi tugng maéi nay sé dugc thay thé
vao. S& thyuc hién lai cac budce trén cho dén khi duyét hét quan thé. Néu thoa diéu kién, ddi
tugng maéi s& duoc thay thé va nguoc lai. Tuy nhién thuat toan tw dong bo qua ddi tuong tét
nhét 1a Mat troi dugc Bang 2 nhu sau:

Bdng 2. Tap hop cac hanh tinh sau khi hoan thanh vong lap 1 (Hanh tinh in dam la hanh tinh khéng

thay déi).
Index X y z Fitness
0 -0,38907402 -1,2760347 0,1369611 0,435285647
1 -0,65824232 -0,0283785 0,6609058 0,46407795
2 -1,2373331 1,17590729 0,4085809 0,608314913
3 0,27644894 1,21311035 0,5685963 0,695987393
4 1,46048492 0,26735396 -1,733868 3,157479742

Tién hanh Iap lai 100 vong lap s& dugc mot tap hop c4c vi tri cac hanh tinh nhu trong

Bang 3 dudi day.

Bang 3. Tap hop céac hanh tinh sau 100 vong lap.

Index X y z Fitness
0 -2,7259076E-12 -2,2764606E-11 1,3261035E-11 1,8845416E-23
1 4,8124278E-12 -7,2598675E-11 -2,5798797E-11 | 3,8572045E-23
2 6,0840693E-12 -2,2407535E-11 5,2620057E-11 7,3702838E-23
3 4,1814145E-12 -1,2311035E-11 9,5685963E-11 4,3476498E-23
4 1,4642890E-12 8,9290102E-11 -5,5166216E-11 | 5,4764272E-23
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4. UNG DUNG CHO CAC BAI TOAN TOI UU
Bai toan t6i wu hoa co thé dugc phat biéu téng quat nhu sau:

Min,egnf(x) véix €S (10)

Trong d6: f(x)la ham muc tidu can téi wu (co thé Ia cuc tiéu hoic cuc dai), S 1a
khong gian tim kiém chua cac gia tri kha thi cua bién x, rang budc cé thé duoc biéu dién
dudi dang bat dang thirc hoic dang thuc:

9:(x) =0, hj(x) =0 (11)

Tuy vao ban chat cua bai toan, téi vu hoa co thé chia thanh cac loai:

—  Téi uu khong rang budc: Khong co gisi han nao dit 1&n bién x.

—  Ti uu c6 rang budc: Cac rang budc dugc ap dung trén tap gié tri cia x.

—  Ti wu don muc tiéu va da muc tiéu: Mot hodc nhidu ham muc tiéu cé thé duoc
t61 wu hoa ddng thoi.
Minh hoa thuit toan Kepler véi bai toan téi wu ham Rosenbrock

Ham Rosenbrock dugc dinh nghia nhu sau:

floy) = (1 —x)*+100(y — x?)? (12)

Day 1a mot bai todn téi wu héa phi tuyén tinh thuong dwoc dung dé kiém tra hiéu suat
cua céc thuat toan tdi wu.

Qua trinh ap dung thuat toan Kepler:

Budéc 1: Khai tao quan thé. Tao mot tap hop cac diém ban dau trong khdng gian tim
kiém bang cach chon ngau nhién céc gia tri trong mot pham vi xac dinh.

Budc 2: Tinh toén luc hdp dan. Xac dinh lyc hip dan giira cac ca thé va diém trong
tam bang cach danh gia gia tri ciia ham Rosenbrock tai timg diém.

Budgc 3: Cap nhat vj tri. Dich chuyén ting ca thé doc theo quy dao Kepler bang cach
tinh toan ban truc 1on va do léch tam, giup diéu chinh khoang cach va huéng di chuyén.

Bud6c 4: Chon lya ca thé tt nhat. Sau mdi lan cap nhat, cac c& thé c6 gia tri ham muc
tiéu thap hon s& duoc giir lai, con cac ca thé co gia tri cao hon s& bi thay thé.

Budéc 5: Hoi tu. Sau nhiéu vong lap, thuat toan dan thu hep pham vi tim kiém va hoi tu
dén diém t6i wu véi gid tri t6i thiéu cua ham Rosenbrock.
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5. KET LUAN VA HUONG PHAT TRIEN

Thuat toan téi uu Kepler (KOA) 1a mot phuong phap metaheuristic méi, lay cam hang
tir cac nguyén ly vat ly vé chuyén dong hanh tinh. Vi co ché can bing giita kha niang kham
pha khdng gian tim kiém va kha niang khai thac nghiém tiém nang, KOA thé hién tiém ning
trong viéc giai céc bai toan tbi wu hoa. Qua vi du minh hoa don gian, bai bao budc dau cho
thdy tinh kha thi cuia KOA trong viéc tim kiém nghiém gan t6i wu. Trong twong lai, thuat
toan co thé duoc cai tién va danh gia ky hon thong qua cac thir nghiém trén nhiéu bai toan
chuan, ciing nhu so sanh vai cac thuat toan tdi wu hoa hién dai khac dé xac dinh pham vi @ng
dung va hiéu qua thyc tién.

TAI LIEU THAM KHAO

[1]. Talbi, E. G. Metaheuristics: from design to implementation. John Wiley & Sons. (2009)
[2]. Yang, X. S. Nature-inspired metaheuristic algorithms. Luniver Press. (2010)

[3]. Holland, J. H. Adaptation in natural and artificial systems: An introductory analysis
with applications to biology, control, and artificial intelligence. University of Michigan
Press. (1975)

[4]. Abdel-Basset, M., Mohamed, R., Azeem, S. A. A., & Jameel, M. Kepler optimization
algorithm (KOA): A novel physics-based metaheuristic inspired by planetary motion laws.
Swarm and Evolutionary Computation, 80, 101293. (2023)

[5]. Kepler, J. Astronomia Nova. Heidelberg: University Library. (1609)

[6]. Kennedy, J., & Eberhart, R. Particle swarm optimization. Proceedings of ICNN'95 -
International Conference on Neural Networks, 4, 1942-1948. (1995)

[7]. Koza, J. R. Genetic programming: On the programming of computers by means of
natural selection. MIT Press. (1992)

[8]. A. Gilchrist, Johannes, Kepler: the sky as a retinal image, Perception, vol. 43, no. 12,
pp. 1283-1285, (2014).

[9]. T. M. Hemmerling, M. Wehbe, C. Zaouter, R. Taddei, and J. Morse, The Kepler
intubation system, Anesthesia & Analgesia, vol. 114, no. 3, pp. 590-594, (2012).

ABSTRACT
KEPLER ALGORITHM AND ITS APPLICATIONS TO OPTIMIZATION PROBLEMS
Nguyen The Huu*, Ho Nguyen Linh Chi?, Nguyen Thi Ngoc!, Huynh Thi Bich Ngoc?,
Le Thi Nhu Quynh?, Dinh Nguyen Trong Nghia®
! Ho Chi Minh City University of Industry and Trade

“Email: huunt@huit.edu.vn

71



Hgi thao khoa hoc Khoa Cong nghé thong tin nam 2025

This paper introduces the Kepler Optimization Algorithm (KOA), a novel
metaheuristic inspired by Johannes Kepler’s laws of planetary motion. The algorithm
simulates the orbital trajectories of planets around a central star to search for optimal
solutions. KOA operates based on the balance between gravitational and inertial forces to
guide the search process. Within the scope of this student-level research, the paper presents
the definition, mathematical formulation of KOA, and provides a simple illustrative example
on a three-variable objective function with a limited number of iterations. Additionally, a
step-by-step approach for applying KOA to general optimization problems is proposed. The
illustrative results indicate the algorithm's potential in solving optimization tasks, paving the
way for more extensive experimental studies in future work.

Keywords: Kepler Optimization Algorithm, optimization, metaheuristic method, laws
of planetary motion.
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THUAT TOAN TOI UU DILOPHOSAURUS (DOA): NANG CAO
HIEU SUAT CUA THUAT TOAN T-REX (TROA)

Nguyén Thé Hiru! *, Léu Cong Trung Hiéu’, Ping Nguyén Hoai!, Pinh Nguyén
Trong Nghia®

YTrieong Pai hoc Cong Thuong Thanh phé Ho Chi Minh
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TOM TAT

Bai bao nay dé xuat giéi thiéu mot thuat toan meta-heuristic m&i mang tén
Dilophosaurus Optimization Algorithm (DOA), lay cam hang tir dic diém va chién luoc sin
mdi cua loai khung long Dilophosaurus. DOA mé phong su két hop giira toc do, kha ning
theo d&i con moi, va hanh vi tan cong linh hoat cua loai khing long nay dé tim kiém va khai
thac khong gian giai phap hiéu qua gilp nang cao kha ning tranh biy cuc bo va téi wu hoa
hiéu suat tim kiém. DOA duoc danh gia trén mot tap hop céc bai toan téi vu hoa chuan va so
sanh vai cac thuat toan meta-heuristic phd bién khéc. Két qua thuc nghiém cho thay DOA
dat hiéu suét tbi wu tt, tham chi vuot troi trong mot sé truong hop, chang minh tinh hiéu
qua va tiém ning (ng dung cua thuat toan trong céc bai toan téi uu hoa phuc tap.

Tir khéa: Meta-heuristic, Téi vu, TROA, DOA
MO PAU

Trong bdi canh khoa hoc va cong nghé phat trién, cac bai toan tbi wu hoa phuc tap,
chang han nhu 1ap lich san xuét, thiét ké mang, hodc tdi uu niang lugng, doi hoi cac thuat
toan meta-heuristic hiéu qua dé tim nghiém téi wu trong khong gian tim kiém da chiéu [1].
Cac thuat toan nay, ldy cam hang tir hién twong tu nhién va hanh vi dong vat, da ching minh
kha ning khai thac khong gian tim kiém linh hoat [2]. Tuy nhién, nhiéu thuat toan van gap
kho khian trong viéc tranh cuc tri cuc bo, can bang giira khai phé (exploration) va khai thac
(exploitation), hoac thich nghi véi cac bai toan c6 s6 chiéu 16n va rang bugc phi tuyén.

Céc nghién ciru gan day trong linh vuc meta-heuristic di phat trién nhiéu thuat toan lay
cam hing tir hanh vi dong vat, chiang han nhu Particle Swarm Optimization (PSO) [3],
Genetic Algorithm (GA) [4], Grey Wolf Optimizer (GWO) [5], Whale Optimization
Algorithm (WOA) [6], va Coati Optimization Algorithm (COA) [7]. PSO, dya trén hanh vi
dan chim, c6 vu diém 12 toc do hoi tu nhanh nhung thuong hoi tu som, dic biét trong cac bai
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toan multimodal [3]. GA, m6 phong co ché di truyén, phi hop véi cac bai toan da muc tiéu
nhung t6n tai nguyén tinh toan, 1am han ché ung dung trong cac hé thong thoi gian thuc [4].
GWO va WOA, lay cam htng tir hanh vi san moi ciia soi va céa voi, dat hiéu qua cao trong
cac bai toan t6i wu hoa lién tuc, nhung thiéu da dang quan thé din dén kho khan trong viéc
kham pha khong gian tim kiém rong [5, 6]. COA, mo phong gau miii dai, cho thy tiém ning
trong cac bai toan thuc té nhu t6i uu hoa ning lugng, nhung can cai tién dé can bang khai
pha va khai thac [7]. Gan day, T-Rex Optimization Algorithm (TROA) [8], md phong chién
lwge sin moi cua khing long T-Rex, di dugc dé xuat va ching minh hiéu qua trong cac
khong gian tim kiém 16n. Tuy nhién, TROA dé& mac ket tai cuc tri cuc bo do thiéu co ché dot
bién linh hoat, dac biét trong cac bai toan c6 nhiéu cuc tri hoac rang budc phic tap [12].

Nhiing han ché trén cho thay can mot thuat toan meta-heuristic méi, ¢6 kha nang thoét
khoi cuc tri cuc bg, duy tri da dang quan thé, va can bang hiéu qua giira khai pha va khai
thac. Nghién ciru nay dé xuat Dilophosaurus Optimization Algorithm (DOA), lay cam hung
tir chién lugce sdn moi linh hoat cua khung long Dilophosaurus [9]. Khdng gidng cac thuat
toan trudc, DOA tich hop co ché dot bién cao, cho phép thay déi linh hoat muyc tiéu sin moi
va str dung vector ngau nhién dé diéu chinh vi tri, tir d6 nang cao kha nang kham pha khong
gian tim kiém va tranh bay cuc bd. So voi TROA, DOA cai tién bang cach md phong hanh vi
thay d6i muc tiéu cua Dilophosaurus, gip thuat todn thich nghi tét hon véi cac bai toan téi
vu hoa phuc tap. Bai bo trinh bay thiét ké, nguyén 1y, va danh gia thuc nghiém caa DOA
trén cac bai toan t6i wu hoa chudn, chirng minh tinh méi va tiém ning tng dung cua thuat
toan trong cac linh vuc nhu 1ap lich, ti vu nang luong, va xu ly di liéu lon.

1. CAC VAN DE CON TON TAI TRONG TROA
1.1 Thuat toan TROA

T-Rex Optimization Algorithm (TROA) dugc xay dung dya trén cam hing tir hanh vi
san moi cua loai khung long Tyrannosaurus rex — mot biéu tuong cia sic manh va tée do
trong ty nhién [8]. Trong qu4 trinh sin moi, T-Rex sir dung sitc manh vuot troi dé ruot dudi
con méi, tap trung vao nhitng muc tiéu yéu nhat nham tbi da hoa hiéu qua bit méi. Pic diém
“chon con moi yéu” va kha ning linh hoat chuyén huéng khi phat hién muc tiéu dé tiép can
hon d3 tao nén mot chién Iuoc sin moi ti wu trong didu kién tu nhién. TROA md phong qua
trinh nay bang céch chia quan thé cac giai phap thanh cac con mdi (Prey) va chi dinh ca thé
c6 gi4 tri fitness t6t nhat 1am “Predator” [8]. Thut todn sir dung cc budc cap nhat vi tri cua
predator va prey, huéng dén viéc lién tuc cai thién nghiém t6i wu.

1.2 Céc van dé con ton tai trong TROA

Mic du TROA da dugce danh gia cao vé kha ning khai thac cac ving tim kiém hua hen
thong qua chién lugc sin moi cua T-Rex, thuat todn van con ton tai mot sé van dé dang ké
can duoc giai quyét dé nang cao hiéu qua téi uu trong cac bai toan phuc tap.

MGt trong nhitng han ché cha yéu caa TROA 1a kha ning mic ket trong cuc tri cuc bo,
do trong tm qué nhiéu vao khai thac cac ving c6 gia tri htra hen, thuat toan dé bi roi vao
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by cua c4c nghiém tbi wu gia, dic biét trong nhitng khdng gian tim kiém cé nhiéu cuc tri
[8].

Bén canh dé, viéc can bang giira khai thac (exploitation) va kham pha (exploration) van
chua dugc t6i wu hoa, khién cho TROA gip kho khan trong viéc bao phu toan dién khong
gian tim kiém, tir d6 han ché kha ning tiép can nghiém t6i wru toan cyc [12].

Mot diém con dang luu ¥ nira | cac tham sb diéu khién ciia TROA thuong dugc thiét lap
¢b dinh tir d4u ma khong c6 co ché tu thich nghi hay diéu chinh déng theo ting giai doan cua
qua trinh t6i wu hoa, diéu nay dan dén hiéu suat cua thuat toan phu thudc rat 16n vao viéc lya
chon ban dau va khong dam bao tinh 6n dinh khi 4p dung trén cac bai toan co dic tinh khac
nhau [8].

Ngoai ra, viéc thiéu cac co ché dot bién linh hoat ciing gop phan lam giam kha ning mo
rong va kham pha khong gian tim kiém méi, dac biét 1a trong cac bai toan c6 s6 chiéu lon
hozc ¢ nhiéu rang budc phi tuyén [12].

Do d6, dé nang cao hiéu qua caa TROA, c4c nghién ciru tiép theo can tap trung vao viéc
tich hop cac co ché dot bién manh m& hon, phét trién phuong phap tu diéu chinh tham sb
diéu khién va cai tién chién lugc cap nhat vi tri nham tao ra su can bang ti vu giita khai thac
va kham pha. Viéc giai quyét nhitng vin dé nay khong chi giup TROA tré nén 6n dinh va
hiéu qua hon trong cac tng dung thuc t& ma con mo ra tiém ning wng dung rong réi trong
cac bai toan téi wu hoa phirc tap va cac hé théng co sb chiéu cao.

2. PHUONG PHAP PE XUAT
2.1 Khiang long Dilophosaurus

Dilophosaurus 1& mét trong nhitng ké sin mdi manh mé va hiéu qua nhat trong lich str
tién héa. Vi kich thude 16n, sicc manh vuot troi va cac giac quan phat trién, Dilophosaurus
c6 kha nang san ling va ha guc nhitng con mdi Ién trong hé sinh théi cudi ky Phan trang [9].
Chién thuat sin mdi cua Dilophosaurus chu yéu dua vao viéc tan cong truc tiép con moi va
kha ning linh hoat thong qua viéc thay déi muc tiéu cia minh. Vé6i su két hop tir sicc manh
co thé vuot troi va kha ning chon loc, Dilophosaurus c6 thé dé dang ap dao va bat lay ddi
thu. C4c cl tin cong Dilophosaurus ciing c6 kha ning cin manh va gitt chit con méi dé ngan
chang chay trén, khién ddi thu khéng thé thoat khoi su tan cong [10].

Céc con moi ciia Dilophosaurus chii yéu 1a nhitng loai khing long an c6 nho, déi khi 1a
nhiing loai dong vat khac trong ciing hé sinh thai. Mac di cac con mdi nay c6 thé so hitu cac
vii khi phong thi nhu sting hay vé boc bao vé, nhung Dilophosaurus lai ¢6 loi thé vé toc do
va sirc manh gitp n6 d& dang ha guc ching [11]. V&i su két hop giita sic manh, giac quan
nhay bén va chién thuat thdng minh, Dilophosaurus da trg thanh mot biéu tuong cho sic
manh va su sin moi.

a) Pic diém chinh ctia qué trinh sin mdi khiing long Dilophosaurus

Rurot theo con méi: Dung téc do va sic manh dé truy dudi, lam con méi kiét stc trugce
khi ha guc.
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Thay dbi con mdi tét hon: Néu phét hién con méi yéu hon hodc d& bit hon, s& doi
muc tiéu dé ting co hoi thanh cong.

2.2 Thuat toan Dilophosaurus Optimization Algorithm (DOA)
a) Y twéng va mo hinh toan hoc ciia DOA
Hanh vi sin moi cia khiing long: Dilophosaurus uu tién tan cong con moi yéu nhat,
gan nhat dé t6i da hoa kha nang ha guc. Trong qué trinh truy dudi, n6 lién tuc danh gia va
chon loc con mbi tiém ning hon, thich nghi nhanh chéng dé t6i wu hoa co hdi san mdi thanh
cong.
Cong thae xac dinh vi tri mai cua Khung Long:
Xxr—new = Xgr + (XKL - Xtm‘get) * mnd() (1)
Trong d6: rand(): 1a s6 thuc ngau nhién tir (-1) dén 1.
Hanh vi thay déi vi tri tw nhién cia con mdi: Khi bi Dilophosaurus nhim dén, con
mdi s& tim cach chay trén, tao ra sy x&o tron trong khu vuc. Trong khi do, cac quan thé khéac
tiép tuc di chuyén xung quanh vi tri cii d kiém an, vo tinh 1am thay di cuc dién sin mdi va

ma ra co hoi tiép can con mdi méi cho Dilophosaurus.

Codng thac cap nhat vi tri caa muc tiéu (Target):

Xtarget-new = Xtarget + (Xtm‘get - XKL) *rand() (2)

Cong thire cap nhap vi tri cua cac ca thé khong phai muc tiéu (Non-Target):
Xnon—target—new = Xnon—target + @ *rand() (3)
Cong thirc tao ca thé (Prey) méi thay thé ca thé (Prey) cii sau khi chét:

Xnew—prey = Xtarget * rand() (4)

Trong do:
rand(): 1a s6 thuc ngau nhién tir (-1) dén 1.
a: la (gisi han trén — gidi han dudi)/ gidi han trén.
b) Quy trinh co ban ciia DOA:

Bude 1. Khéi tao quan thé: Dilophosaurus duoc dit 1a D, cac con moi la céac P.
IterMax dugc xem nhu sé vong sian mdi tdi da.

Bude 2. Cap nhat quan thé: Vi tri quan thé dugc cap nhap sau qua trinh sin moi
theo cac cbng thuc.
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Budre 3. Lwa chon: Thay thé con mdi tét hon néu co.
Budre 4. Lap lai: Néu chwa dat s6 vong lap t6i da, quay lai budc 2.
Budre 5. Két thic: Pua ra giai phap toi wu va gia tri t6i wu.

Tinh chinh DOA: C6 thé diéu chinh cac tham sé nhu sé lwong con méi, ty I¢ an thit, ty
& tir vong dé tdi uu hoa qua trinh.

3. SO SANH CAIl TIEN TROA — DOA
3.1 Cac budc chinh caa TROA

Buéc 1: Khéi tao quan thé: Tao ngiu nhién céc cé thé trong khong gian tim kiém va chon
ca thé co fitness tét nhat lam “predator”.

Budée 2: Xac dinh muc tiéu: Chon con mdi (ca thé) co gia tri fitness tot nhat 1am muc tiéu
cho predator.

Budéc 3: Cap nhat vi tri predator: Di chuyén predator vé phia muyc tiéu nham giam khoang
cach gitra chung.

Bud6c 4: Cap nhat vi tri prey: Céc prey di chuyén ngau nhién dé duy tri da dang. Néu phéat
hién ca thé c6 fitness tot hon, cap nhat vj tri theo hudng do.

Buwéc 5: Thay thé va lip lai: Cac ca thé yéu duoc thay thé boi cac ca thé mai, va quéa trinh
duoc 13p lai cho dén khi dat tiéu chi dirng.

3.2 Chi tiét cac bwéc Thuat toan DOA

Bwéc 1: Khoi tao quan thé, Dilophosaurus dugc goi 1a D, cac con mdi 1a cac P. lterMax
dugc xem nhu sé vong sian mdi toi da ma Dilophosaurus c6 thé thuc hién truéc khi kiét stc.

Buwéc 2: Bang gia tri thich nghi cua cac P va Dilophosaurus dugc xac dinh theo cac cong
thire tinh fitness, Dilophosaurus s& lra chon P c¢6 d thich nghi thap nhat dé chon lam Target.

Budc 3: Cap nhap vi tri Dilophosaurus sau khi dudi theo con méi theo cong thirc (1).

Bu6c 4: Néu ti | Target bi an rand[0,1] < E, tao P méi thay thé Target bi an theo cong thirc
(4); néu khong, cap nhap vi tri mai cua Target dang chay tron dwa trén cong thac (2).

Budc 5: Néu Target khong bi an (tirc 1a rand[0,1] > E & Buéc 4), thi kiém tra: Néu rand[0,1]
<R, cap nhat vi tri méi cho Target mot cach ngau nhién (Target trén thoét thanh cong); néu
khodng, cap nhat vi tri Target theo cong thic (2).

Budéc 6: Néu ti 18 trng chét vi ly do khach quan rand[0,1] < D, tao P méi thay thé theo cong
thirc (4); néu khong cap nhap vi tri di chuyén P theo (3).
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Buwéc 7: Tinh lai bang gia tri thich nghi mai cua cac P, Dilophosaurus theo cac cong thuac
tinh fitness.

Buéc 8: So sanh két qua bang gia tri thich nghi cii va méi, néu tét hon (F2 < F1), quay lai
budc 3 dé tiép tuc vong lap néu chua dat téi vong lap téi da; néu khong 1am lai budc 2.

Tinh Fitness F1
Xac dinh Target

E:xdcxuatbidn
R xdc xuat di chuyén
D: Xic xuit chét do tring déc

= h Cép nhap vi trimdi D
F2>F1:F2 khéng tot hen F1

(Cip nhap vi tri mdi cia Target

4[ Lff\_\-' lai céc gia tr trwde o

Hinh 1. Luu d6 thuat toan DOA

3.3 So sdnh TROA va DOA

Ca TROA va DOA déu duoc xay dung dua trén nguyén tic méd phong hanh vi sin mdi
cuia khung long an thit, trong d6 predator (ké sin moi) dong vai tro 1a ca thé wu ti nhat trong
quan thé, con prey (con mdi) tuong trung cho cac ca thé con lai. Piém chung cua hai thuat
toan 1a chung déu hudng dén viéc khai thac con mdi yéu nhat dé téi wu hoa qua trinh tim
kiém 101 giai. Tuy nhién, DOA c6 mét sy khéc biét dang ké khi tich hop co ché dot bién
manh, cho phép thuat todn khong chi tap trung vao viéc khai thdc ma con c6 kha nang thay
dbi linh hoat chién lugc tin cong. Diéu nay giip DOA c6 thé thich nghi tét hon véi cac bai
toan tbi wu c6 khong gian tim kiém phuc tap.

V& co ché cap nhat vi tri, TROA thuc hién theo nguyén tic quen thudc 1a dé predator di
chuyén truc tiép dén con méi yéu nhéat nham khai théc ving tim kiém hiéu qua. Trong khi
d6, DOA lai str dung cac vector ngau nhién dé diéu chinh vi tri cta predator, tao ra su da
dang hon trong qua trinh di chuyén va han ché nguy co mic ket trong by cuc bo. Dic biét,
trong qua trinh con moi phan ting truéc sy san dudi, TROA gia lap hanh vi con méi chay xa
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khoi predator dé bao toan tinh mang. Trong khi d6, DOA duwa ra hai co ché khac nhau: mot
s6 con moi ¢6 thé di chuyén cé dinh hudng dé tan dung vi tri c6 loi, trong khi nhitng con
khac thuc hién budc nhay ngau nhién dé mé rong pham vi tim kiém. Piéu nay giup DOA
duy tri su can bang gitra khai théc cac vang tim kiém tiém ning va md rong khong gian tim
kiém nham tim ra i giai t6t hon.

Ngoai ra, khi xur ly cac cé thé cd chat lugng kém, ca hai thuat toan déu ap dung co ché
thay thé dé cai thién quan thé qua tirng thé hé. TROA thyc hién viéc nay theo hudng don
gian, do 1a loai bo céc ca thé yéu va thay thé bang nhiing cé& thé c6 chat luong cao hon.
Trong khi d6, dé tao ra ca thé méi, DOA c6 thém budc so sanh fitness truéc khi thay thé
nham dam bao su cai thién on dinh va tranh viéc tao ra c& thé méi khong thuc su 6 loi.

Dbiém ndi bat nhit cua DOA so véi TROA chinh 1a mic d6 dot bién cao. Néu nhu
TROA chu yéu tap trung vao khai thac vang tim kiém tét da xac dinh, thi DOA lai ting
cuong kha nang kham pha nhd vao co ché thay dbi chién luoc linh hoat. Didu nay giip DOA
khong chi nhanh chéng thoat khoi biy cuc bo ma con cé kha nang tiép can nhitng ving toi
wu méi moét cach hiéu qua hon. Chinh sy két hop giira khai thac va kham pha trong DOA
khién n6 tré thanh mot thuat toan tiém ning voi kha ning tim kiém 10i giai téi wu nhanh
chong va chinh xac hon so voi TROA trong nhiéu bai toan thuc té.

PAC PIEM TROA DOA

Chién lwgc sin moi | Chon con méi yéu nhat, | Nhiam vao con mdi yéu nhat nhung co
vu tién gan nhat. co ché dot bién cao dé thay doi chién
lwgc tin cong.

Cap nhat vi tri Predator di chuyén dya | Predator c6 thé thay ddi linh hoat vi tri
predator trén con mdi yéu nhat. | bang cach sir dung vector ngau nhién.

Co ché trén chay | Con mdi chay xa khoi | Con méi c6 thé chay trén hoic di
ciia con mdi Predator. chuyén c6 dinh hudng.

Co ché thay thé cA | Thay thé biang ca thé | Thay thé ca thé mai, nhung co diéu

thé xau méi c6 chat luong cao | kién so sanh fitness dé c6 chat lugng
hon. cao hon.
Tinh dét bién it co su dot bién, tap | Micc do dot bién cao, gilp thuat toan
trung vao khai thac | thoat khoi bay cuc bo nhanh hon.
vung tim.
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4. THUC NGHIEM VA PANH GIA KET QUA

Dé danh gia hiéu qua cua thuat toan DOA, trong phan nay ching téi thuc hién cac thi
nghiém so bo trén ban Excel. Cac ban thir nghiém nay dwoc thuc hién nham kiém tra kha
ning cua DOA trong viéc tim kiém cuc tri toan cuc trén cac khéng gian tim kiém phuc tap
va da dang. Phién ban thir nghiém bang Excel cho phép ching t6i quan séat qué trinh hoi tu va
phan tich hanh vi cua thuat todn mot cach truc quan trude khi tién hanh trién khai trén céc
nén tang tinh todn chuyén sau.

Trong thir nghiém nay, mdi Prey (mai) la mot ca thé trong quan thé ma thuat toan st
dung dé tim kiém nghiém t6i wu. M3i Prey khéng chi 1a mot diém trong khdng gian tim kiém
ma la mot vector chira nhiéu bién, trong truong hop nay 1a 10 bién.

Céc bién xy, x5, X3,..., x10 dugc khai tao ngau nhién trong mot pham vi xac dinh, cé thé

12 [Xmin, Xmax ], phu thudc vao bai toan cu thé. Trong truong hop nay, gia su khéng gian tim
kiém caa mdi bién nam trong khoang [—10,10], cac gia tri khoi tao s& dugc xac dinh theo
codng thire sau:

xfoj = random(Xmin Xmax), vi=1,2,3..10
Trong do:
x(? 1a gia tri khoi tao cua bién x; tai vong lap dau tién (vong lap t = 0).

Sau khi khai tao quan thé ban dau, thuat toan DOA bit diu qué trinh t6i wu hoa qua
nhiéu vong lap. Mdi vong lap s& thuc hién cap nhat c4c gié tri caa cac bién xy, x5, Xa,..., X10
dua trén céc chién luoc tim kiém va cap nhat vi tri cua cac ca thé trong khong gian tim kiém.

Fitness 1a mot chi s6 do luong chit lugng cia mot c& thé trong quan thé caa thuat toan
t6i wu hoa. Chi s6 nay thé hién do "khé" hoac "dé" cia mot nghiém khi so véi giai phép toi
vu trong khong gian tim kiém.

4.1 Két qua thyc nghiém

Duéi day 1a két qua thuc nghiém trén ban Excel voi s6 chiéu 1a 10:
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X1 X3 X3 Xy X5 Xg X7 Xg X9 X10 Fitness = | Fyreqator - Foreyi |

Predator 0,3433 8,7756 3,1861 8,5565 5,6330| -7,6214| -7,6986 5,3935 1,9593 0,7144

Prey; 6,3699| -2,1790| -4,7518 2,8217| -2,8313 7,9062| -8,0408| -4,5031| -2,6478| -2,9548 95,955
Prey, -8,7534| -3,0695| -9,1455 1,2272| -3,4662| -8,5454| -8,3108 3,7996 3,9822| -6,6800 57,196
Preys 0,9926| -9,6140 3,0896| -2,3362 6,3587 3,8398 6,9760| -9,0472| -1,7415 5,7117 13,251
Prey, -4,1277| -4,1688 9,6407| -2,6010| -7,4930| -8,2045| -5,1109 8,6564| -8,08%0 5,3400 109,567
Preys -5,2258 1,6238 7,7904| 19,3593 0,8643| -0,2748| -0,3457 1,4669| -2,4841 2,7115 148,169
Preyg 9,7046| -3,3329| -7,9853| -1,2612| -7,4743 6,0879 9,4477| -0,9481| -9,4796 7,6263 158,734
Prey; 8,0474 5,5662 2,3920 1,5168| -0,7483 4,0262 4,7364 8,3531 6,8467| -2,0524 79,185
Preys -3,2397| -8,6304| 13,8287 10,0160 4,9999 6,2962| -§,4902| 4,6022 8§,8659 §,8935 72,224
Prey, 7,0970 1,9141| -7,3273 4,6949 9,4072 9,1809 6,9216 2,1130| -1,7123( -1,8309 18,186
Preyio -2,9687 5,2015 0,9190| -4,5788 8,4806 2,1418| -4,8795 0,0e86| -2,2677 1,1384 178,580

Hinh 2. Gié tri fitness khoi tao quan thé ban dau

Fitness tét nhat & thoi diém khai tao: F1 = 13,2510

X1 X2 X3 Xa X5 X X7 Xg X9 X10 Fitness = | Fyredator ~ Foreyi |

Predator 0,6271| 14,6537 3,2190| 10,0354 6,0318| -2,2640 6,4595| -1,2850 0,5129 0,2216

Prey, 6,0481| -3,3301| -2,8225 1,7339| -2,3568 9,5165| -8,7633| -5,4189| -3,5993| -2,1709 132,793
Prey, -8,4530| -3,1017| -8,4845 2,9756| -1,9294| -7,6492| -7,4427 3,8715 5,6769| -7,2168 32,891
Prey; 0,9712| -14,1039 3,1724| -2,3648 6,4507| 9,1697| 7,0535| -14,4753| -1,0266| 2,2240 185,106
Prey, -3,8403| -2,7707 8,9692| -3,1454| -6,7935 -8,5996| -4,5379 7,9856| -6,6805 7,3389 4,327
Preys -3,8520 0,2177 6,4598 9,6993 2,2500 1,5416( -1,7175 2,2733| -1,6914 3,4210 230,580
Preys 7,8216| -1,5193| -7,5628| -0,3776| -9,2711 7.8904| §,9686| -0,2571| -8,1138 7,1921 55,705
Prey; 9,4476 4,0935 0,9296| -0,0950 1,0883 3,3189 5,0454 9,3131 7,9290| -3,4413 105,404
Preys -2,2170 -8,6800 5,4308| -1,0023 3,0960| 4,7613| -7,4115 3,1358 8,3777| 7,2395 62,661
Prey, 5,6279 1,2486( -7,1653 4,3948 8,7026| 10,9261 7,6746 3,6988| -3,6289| -1,8687 23,147
Preyio -4,6681 4,5456| -0,2822| -5,2183 8,2014 3,3681| -3,5335| -0,6787| -0,9977 2,8062 241,205

Hinh 2. Gi4 tri fitness quan thé sau 20 vong lap

Fitness tot nhat ¢ thoi diém vong lap 20: F2 = 4,327
4.2 Phan Tich Két Qua

Két qua thuc nghiém trén ban Excel véi s6 chiéu la 10 cho thiy kha ning cai thién cua
thuat toan DOA trong qud trinh t6i uu hoa. Ban dau, quan thé khai tao dat gi4 tri fitness tét
nhat 1a Fi = 13,2510 (Hinh 1). Sau khi chay 20 vong lap, gié tri fitness t6t nhat da giam
xudng con F2 = 4,327 (Hinh 2). Su giam dang ké nady cho thdy co ché cap nhat vj tri va thay
d6i muc tiéu cia DOA dang hoat dong hiéu qua, gilp cai thién nghiém téi wu tr mot quan
thé ban dau con kha xa so véi giai phap toi uu. Mirc giam tir 13,2510 xubng 4,327 phan &nh
kha nang hoi tu cua thuat toan, tuy nhién, khoang cach giira gia tri ban dau va gia tri sau 20
vong lap cho thay qua trinh t6i wu hoa van con chd dé cai thién thém.

Két qua nay la bang ching so bo cho thiy DOA ¢ tiém ning vuot troi trong viéc tim
kiém nghiém tbi wu trong cac khong gian tim kiém phuc tap, nhung dé khang dinh tinh 6n
dinh va hiéu suit téi wu toan cuc, can trién khai thém céc thir nghiém trén cac ham thi
nghiém tiéu chuan va vai s6 vong lap I6n hon.

5. KET LUAN VA PHUONG HUONG PHAT TRIEN

Nghién ctru nay da giGi thidu va danh gia so bo thuat todn DOA — mét phuong phap toi
uu héa méi dya trén mo phong hanh vi san moi cua khiing long, két hop co ché dot bién cao
va kha ning thay d6i muc tiéu linh hoat. M3c du hién tai DOA chi duoc thir nghiém qua ban
chay bang Excel va chua dugc 4p dung trén cac ham thir nghiém tiéu chuan, nhung céac két

81



Nguyén Thé Hiru va CS

qua ban dau cho thay thuat toan c6 xu hudng hdi tu nhanh va dat dwoc gia trj t6i wu én dinh
trén mot s6 bai toan téi wu hoéa don gian. Didu nay cho thiy tiém ning khai thac hiéu qua
khong gian tim kiém, dic biét 1 kha ning thoat khoi bay cuc tri cuc bo nhd vao cac budc
cap nhat vi tri da dang va linh hoat.

Ngoai ra, DOA con cho thiy wu thé trong viéc duy tri sy da dang cua quan thé, ngay ca
khi kich thuéc bién ting 1én, gitip md rong pham vi tim kiém va tiép can cac nghiém tbi uu
mat cach hiéu qua. Cac co ché nhu cap nhat vi tri dua trén vector ngau nhién cua predator va
cac phuong phap diéu chinh chuyén dong cua Prey da tao nén mot hé thong tdi wu hoa linh
hoat, gop phan nang cao kha ning kham pha khong gian tim kiém phuc tap. Nhitng két qua
so khai tir phién ban Excel dd cung cép co sé htra hen cho viéc phét trién thém cac chién
luge diéu chinh tham s6 va cai tién thuat toan trong tuong lai.

Hudng phét trién tiép theo cua DOA sé& tap trung vao viéc trién khai thuat toan trén cac
ham thir nghiém tiéu chuan va cac bo benchmark phiic tap dé danh gia toan dién kha ning
hoi tu va hiéu suat cua no. cy the, viéc tdi wu hoa cac tham sb diéu khién (nhu E, R, D) thong
qua cac chién luoc thich nghi tw dong, cai tién co ché dot bién va cap nhat vi tri cua Predator
va Prey s& gilp DOA hoat dong on dinh hon trong méi truong tinh toan chuyén sau. bén
canh d6, két hop doa véi cac thuat toan téi wu hoa khac (hybridization) cling 1a mot huéng
nghién ctru dang chu ¥ nham tan dung wu diém cua timg phwong phap.

Tom lai, mic di DOA hién van dang & giai doan so khai véi céc thir nghiém ban dau
dugc thuc hién bang Excel, nhung nhitng két qua so bo da khang dinh tinh kha thi va tiém
ning ¢ng dung cua thuat todn. Cac nghién ctru trong tuong lai s& tiép tuc tinh chinh va mé
rong DOA, tir d6 ning cao hiéu qua ti uu héa cho cac bai toan thuc té phic tap, dong thoi
khing dinh vai tro ciia DOA nhu mét cong cu manh mé trong linh vuc téi uu hoa.
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This paper introduces a novel meta-heuristic algorithm named the Dilophosaurus
Optimization Algorithm (DOA), inspired by the characteristics and hunting strategies of the
Dilophosaurus dinosaur. DOA simulates the combination of speed, prey-tracking ability, and
flexible attack behavior of this dinosaur species to efficiently explore and exploit the solution
space. This approach enhances the ability to escape local optima and improves search
performance. DOA is evaluated on a set of standard optimization problems and compared
with other popular meta-heuristic algorithms. Experimental results demonstrate that DOA
achieves superior optimization performance, even outperforming existing methods in certain
cases, proving its effectiveness and potential applications in complex optimization problems.
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TOM TAT

Quyét dinh dau tu 1a mot qua trinh phirc tap chiu anh hudng cua nhiéu yéu té, doi hoi
cac ky thuat téi wu hoa hiéu qua dé nang cao kha ning Iya chon danh muc dau tu. Bai bao
nay dé& xuat mot huéng tiép can méi bang cach tich hop Thuat toan téi wu Coati (COA) voi
Thuit toan tdi uu hoa da vii tru (MVO) nhiam xay dung mot hé thdng hd tro quyét dinh dau
tu thong minh. Thuat toan Coati, ldy cam hing tir hanh vi kiém an va xa hoi cua loai gau
méo Coati, duoc két hop véi co ché thim do-khai thac cia MVO dé cai thién chién lugc
phan b6 danh muc dau tu. Nghién ctru nay gigi thiéu khung ly thuyét, thiét ké thuat toan va
so dd quy trinh tich hop Coati voi MVO. Mic du bai bao chua di sdu vao thuc nghiém, mo
hinh dé xuat mé ra mot hudng nghién ctu tiém ning cho cac tng dung thyc té trong linh vuc
ra quyét dinh tai chinh.

Keywords: COA, MVO, t6i wu héa, goi y danh muc dau tu.

1. MO PAU

Bai toan goi ¥ danh muyc dau tu 1a mot van dé quan trong trong linh vuc tai chinh, voéi
muc tiéu téi uu héa viéc phan bd tai san nham dat duoc loi nhuan cao nhat trong khi van
giam thiéu rui ro [1]. Theo Markowitz (1952), su phét trién quan trong trong viéc lya chon
danh muyc déau tu 1a viéc giam thiéu sy twong quan giita cac tai san, tir 6 xac dinh rai ro cua
danh muc dau tu dudi muc loi nhuan ky vong cua nha dau tu [2]. Tuy nhién, trong bol canh
s6 lwong tai san va cac yéu té tac dong dén thi truong ngdy cang gia ting, bai toan tdi uu hoa
danh muc dau tu tré nén phic tap va co su Xuat hién cua cac rang budc phi tuyen tinh vai cac
ham da muc tiéu, diéu nay khién cho viéc giai quyet bang cac phuong phap tiép can truyén
thdng tré nén khoéng hi¢u qua [3][4]. Vi vay, cac nha nghién ctru da ludn tim cach lam cho
cac mo hinh toan hoc vé lya chon danh muc dau tu gan giii hon véi thuc té, nham hd tro cac
nha dau tu dat dugc muc tiéu caa minh.

Trong bdi canh dé, viéc &p dung céc thuat toan t6i wu hoa hiéu qua tré nén vo cling
quan trong. Thuat toan Coati Optimization Algorithm (COA), duoc gidi thiéu boi Dehghani
va cong su vao nam 2022, 1a mot thuat ton lay cam hang tir hanh vi sin mdi va trén tranh
ké thu cua loai coati trong tu nhién [5]. COA di dwoc ching minh cé kha ning tim kiém toan
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cuc va cuc bd hiéu qua, vuot troi so véi mot sé thuat toan hién cé trong viéc giai quyét cac
van dé toi wu hoa thuc té.

Bén canh d6, Multi-Verse Optimizer (MVO), duoc phét trién boi Mirjalili va cong su
vao nam 2016, 1a mot thuat toan téi wu héa 1dy cam hing tir Iy thuyét da vii tru, md phong
cac hién tugng nhu hé trang, hd den va giun vii tru dé tim kiém giai phap téi uu [6]. MVO da
dugc md rong thanh phién ban da muc tiéu (MOMVO) dé giai quyét cac bai toan tdi uvu hoa
da muc tiéu, cho thiy hiéu qua cao trén cac ham benchmark [7].

Viéc két hop COA va MVO htra hen mang lai mot phuong phap tiép can hiéu qua cho
bai toan goi y danh muc dau tu, tin dung wu diém cua ca hai thuat todn trong viéc can bang
giira khai thac va kham pha khong gian tim kiém. Nghién ctru nay dé xuat mot phuong phap
tiép can dua trén sy két hop gitra COA va MVO dé cai thién higu suét toi wu hoa danh myc
dau tu.

2. PHUONG PHAP NGHIEN CUU
2.1 Giéi thiéu

Bai toan goi y danh muc dau tu nham muc tiéu dé xuat danh muc tai san pht hop, gitp
nha dau tu dat duoc sy can bang gitra rai ro va loi nhuan. Viéc lya chon danh muc khéng chi
dua trén lgi nhuan ky vong ma con can xem xét nhiéu yéu té khac nhu mirc d6 bién dong, su
da dang hoa va céc tiéu chi tai chinh cu thé.

Dé giai quyét bai toan nay, phuong phép két hop Thuat toan Coati (COA) va Thuat toan
Da vii tru (MVO) duogc 4p dung nham tim ra nhitng danh muc dau tu t6i wu. Céach tiép can
nay gitp kham phé nhiéu phuong an khac nhau, tir d6 xac dinh nhiing lva chon cé hiéu suat
tot nhat, phi hop véi nhu cau va muc tiéu ctia nha dau tu.

2.2 PAu vao cia bai toan

Bai toan goi y danh muc dau tu bao gdm cac tap di liéu dau vao chinh sau:
Danh sach c4c danh muc déau tu, mdi danh myc bao gom céc thong tin:

— criteria_values 12 trong sé cac tiéu chi cuaa tirng danh muc, bao gdm: loi nhuan,
rui ro, thanh khoan, thoi gian dau tu, chi phi, tinh 6n dinh cua dong tién va da
dang héa.

— criteria_risk_investment la lgi nhuéan va rui ro udc tinh cua tirng danh muc.

Trong sé wu tién cia khach hang: Mai khach hang s& c6 mirc ¢ quan tam khac nhau
den cac tiéu chi trén. Trong so nay dugc st dung d€ danh gia va xép hang danh muc dau tu
toi uvu.

Bang 1. Trong sé tiéu chi wu tién cua khach hang

Criterias Criterias Weight Rank
Diversification 0.272727 1
Liquidity 0.212121 2
Invetment Horizon 0.181818 3
Cost 0.121212 4
Expected Return 0.098989 5
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Criterias Criterias Weight Rank
Risk 0.098989 5
Stability of Cash Flow 0.030303 7

Bang 1 minh hoa gia tri trong s6 tiéu chi va xép hang wu tién cua tiéu chi theo mirc do
quan tdm cua khéch hang.

2.3 M0 hinh hoéa bai toan

Bai toan dugc mo hinh héa dudi dang mot ciu triic di ligu anh xa gitta danh muc dau tr
va trong so cac tiéu chi wu tién ctia khach hang. Moi nghiém (cé thé) trong khéng gian tim
kiém s€ biéu dien mot phuong an phan bo danh muc dau tu toi vu, dugc xac dinh bang tap
hop:

S = {(id_investment, per_allocation)} (1)
Trong do:
- id_investment: chi s6 danh muc dau tu

- per_allocation: phan traim phan b6 cho danh myc dau tu

Khong gian nghiém dugc t6 chic sao cho mdi ca thé dai dién cho mét danh séch danh
muc dau tu t6i wu, trong do tat ca danh muc duoc chon va phan bd hop 1y, déng thoi dam
bao tuan thu cac rang bugc cing va tdi wu theo trong s6 wu tién cua khach hang.

NGHIEM BAI TOAN

ID DANH MUC PHAN TRAM PHU THUOC

e
//
////
/////
////
Per_3
X = {(%10, Y11, X20, Y21, %31 Y310 e (X1 Yin X2m Yom X3m0 Yan)n}
54 78.65 )
‘ * x;i : Vitri danh muc tai vi tri j clia cd théi
n so lvong = e * yji : Phan trdm phén bé tai vi tri j clia cé thé i

35 68.7

CA THE

Hinh 1. Biéu di&n nghiém cua bai todn goi y danh muyc dau tu
Nhu minh hoa trong Hinh 1, méi ca thé trong khdng gian tim kiém s& anh xa mot tap
hop cac danh muc va phan trdm phan bo twong ung. Cau truc nay cho phép thuat toan toi uu
hda tim kiém va dieu chinh phuong an goi y mét cach linh hoat, dim bao tinh kha thi va hi¢u
qua trong qua trinh trién khai.
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2.4 Rang bugc bai toan

Bai toan goi y danh muc dau tu doi hoi viéc phan bd cac danh muc va phan trim phan
b6 mot cach hop ly, dam bao khong vi pham cac rang buoc hé théng. Céc rang buoc trong
bai toan nay cd thé dugc chia thanh hai nhém chinh: rang budc cting va rang bugc mém.

R’ang bugc cieng (Hard Constraints - HC): Pay la cac rang budc bat budc phai tuan
thu. Néu vi pham, nghiém bi loai bo vi khdng kha thi. Cac rang budc nay bao gom:

- Tong phéan bo: Tong phén trdm phan bo cho cdc danh muc dau tu dugc chon phai
bang 100%.

- Danh muc duy nhat: Khdng thé cé hai danh muc tring nhau trong danh sach goi y.

-S4 lugng danh myc theo tiéu chi da dang héa: Néu tiéu chi "da dang héa™ nam trong
top 3 tiéu chi khach hang wu tién thi hién thi 5 danh muc, nguoc lai hién thi 3 danh
muc.

Rang budc mém (Soft Constraints - SC): Péy la cac rang budc khdng bat budc nhung
nén duoc toi wu hoa dé cai thién chat lwong lich trinh. Cac rang budc nay c6 thé bj vi pham
néu khong con phuong an kha thi khac, nhung s& bi tinh diém phat. Gigi han danh muc ciing
loai 1a mot dang rang buéc mém. N6 yéu cau khong qué 2 danh muc cung loai khi tiéu chi
"da dang héa" nam trong top 3 wu tién cua khach hang.

TRONG S0 TIEU CHi KHACH HANG

RANG BUOC CUNG

Liquidity 0.225

1
Investment Horizon 0.2 2
Diversification 0.175 3
Expected Return 0.15 4 Xung doét
Stability of Cash Flow 0.125 5 s6 lvong
danh muc
(e o £ Xung dot phan
Risk 0.025 7 trém phan bd
BANG PHAN LOAI DANH MUC
1 Kim logi quy va Tai san an toan
2 | Bétdong san
3 | Cophiéu . - A
4 | Trai phié
Jroms RANG BUOC MEM
uy dau tu .
7 | Hop déng phai sinh -
8 | BAu tr mao hiém 7 QLI‘] cb phIéU Quy Al X dét cu loai
ung dét cung loai
9| Hang hea 1 Quy trai phiéu Quy dau tu g 9 o2
10 | Néng lrgng tai & -
— Ca:: ;‘;j e=s 17 Hop ddng quyén chon Hop déng phatsinh ——
12 | Nganh nghé va san xudt 18  V6ndautw maohidm  DPAu tw mao hiém Xung dét cung loai
10| WL S 16 Hopdéngtuonglai  Hopddng phatsinh |
14 | ETF (Quy hoan ddi danh myc)

Hinh 2. Phan loai va minh hoa rang bugc cing va rang buoc mém trong bai toan goi y
danh muc dau tu

Rang bugc ciing s& gisi han s6 lugng va ty 18 phan bd phir hop cua danh muc, dam bao
tuan tha cac nguyén tic. Trong khi do, rang bugc mém xu ly xung dot gitra cac danh muc
cuing loai, gitp duy tri sy da dang hda va téi uu hoa chién lugc phan bo tai san.

Hinh 3 minh hoa qua trinh t6i uvu hoa danh muc dau tu dugc thuc hién bang céch lva
chon ca thé tt nhat tir khéng gian tim kiém sau nhiéu vong lap. Phan cé thé tét nhat thé hién
su thay dbi cua ca thé qua céc lan lap, véi gié tri fitness phan anh murc do téi wu cua ting
danh muc. Phan danh sach danh muc téi uu nhét thi liét k& danh muc dau tu twong tng vai ty
trong phan bd tdi wu, cung cip co s& cho chién luge dau tu hidu qua va can bang rui ro.
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| CATHETOTNHAT |

ID_1 Per_1 ID_2 Per_2 ID_3 Per_3 ID_4 Per_4 ID_5 Per_5
1 17 17.82 49 23.32 13 12.33 6 14.08 1 32.45 169.6432
100 26 17.24 1 234 35 12.52 13 14.39 16 32.45 161.1993
62 156.0145
7 18.09 1 23.35 17 12.73 18 14.07 16 31.76

\ J
|

1 Vén dau tw mao hiém 31.76
2 | PAu tw bat ddng sdn nha & 23.35
3 Quy etf sinh thai 18.09
4 Trai phiéu chinh pht 14.07
5 Etf crypto 12.73

l_Y_J

ID_Investment -

Hinh 3. Phan loai va minh hoa danh séch danh muc dau tu t6i vu cta bai toan goi y danh muc
dau tu

2.5 Xay dung ham muc tiéu
Ham muc tiéu trong bai toan nay dugc xay dung nham tbi wu hoa danh muc dugc goi y

trong khi dam bao tuan tha céc rang bugc. Cau tric ham muc tiéu c6 thé duoc biéu dién nhu
sau:

Faanhmue = |Ej ep(@j Xxiq; X @) — Ygen( @k X Xigr X ax) + Yomem( @m X
Xidm X am)l

(2)

F(S) = Et [ TFdanhmucm X EhEH per—a”ocationi,h (3)

Trong do:
- Faanhmue 13 diém danh gia tong thé cho danh muyc dau tu.

e P latap hop cac chi s tiéu chi tich cuc

e N latap hop cac chi sé tiéu chi tiéu cuc

88



Huynh Thj Chéu Lan va CS

e M latap hop céc chi s tiéu chi trung binh (néu tiéu chi “da dang héa” hodc
tiéu chi “thoi gian dau tw” nam trong top 3 tiéu chi dwoc wu tién thi sé 1
tiéu chi tich cuc, nguoc lai la tiéu chi tiéu cuc).

* W, W, Wy lan luot 12 trong s6 cua céc tiéu chi twong tng
®  X;j, Xk, Xim lagiatri cia tiéu chi trong danh muc c¢ id tuong ng
o aj,ag, anm lan luot 12 phan trdm trong s6 cua cac tiéu chi twong tng

- F(S) la diém danh gia tong thé cho ca thé thi i

. T la tap chaa cac gia tri ¢ vi tri 1€ twong ng voi id cua danh
muc trong ca thé

. H Ia tap chira c&c gia tri & vi tri chan twong tng véi phan trim
phé&n bo ctia danh muc trong cé thé

Véi céch tiép can nay, thuat toan ti wu hoa co thé tim kiém céc nghiém kha thi bang

cach loai bo nhirng phuong an vi pham rang budc cung va giam thiéu vi pham rang budc
mem.

TRONG S0 TIEU CHi KHACH HANG HAM FITNESS
F, = wj X Xij X @j) — wy X Xijp X @ +Z X Xjm X @,
_qumdw _0225 _ ‘danhmuc LZ'( j X Xij X a;) Z';( k X Xijk X ay) msu(wm im X @tm)
hog ___
tich cuc
Expected Return 0.15
Stability of Cash Flow 0.125

F(S) = z Fda"hmuc” X Z per_allocation;

)

- D1 | Per1 | ID2 | Per2 | ID3 | Per3a | ID4 | Pera | ID5 | Pers
1 4 1802 | 18 | 2351 1 1219 | 14 | 1418 | 13 | 3200 | 1755932
500 26 | 4466 | 3 5.62 6 4252 1 323 18 406 | 1622783
CA THE TOT NHAT
D1 | Peri | ID2 | Per2 | ID3 | Per3 | ID4 | Perd | ID5 | Pers
1 17 17.82 49 2332 13 1233 ] 14.08 1 3245 169.6432
100 26 17.24 1 234 a5 12.52 13 14.39 16 32.45 161.1993
62 156.0145
7 18.09 1 23.35 17 12.73 18 14.07 16 31.76

Hinh 4. Biéu dién va minh hoa cach tinh cia ham Fitness

Nhu minh hoa trong Hinh 4, trong s tiéu chi khach hang duoc st dung dé xac dinh
ham fitness, tir d6 dénh gia va cai thién céc cé thé qua timg budc. Bang quan thé ban dau thé
hién céc danh muc dau tu khai tao véi gia tri fitness ban dau, trong khi bang ca thé tot nhat
cho thiy danh muc c6 fitness tdi uu nhat, giup xac dinh chién lugc phan bé vén hieu qua
hon.
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2.6 Kha nang mé r¢ng ciia phwong phap
~ Phuong phap trén ¢6 kha nang mo rong va diéu chinh linh hoat theo cac diéu kién thuc
té khac nhau, bao gom:

- Mo rong s6 lugng danh muc ddu tu v tiéu chi dénh gia: H¢ thong c6 thé dé dang xi
Iy s Iugng 16n danh muc déau tu v6i nhicu tiéu chi khac nhau ma khong lam giam
dang ké hi¢u suat toi uu hoa.

- Thém cac rang bugc mei: Phuong phép c6 thé tich hop thém cac rang budc méi (ca
cing va mém) ma khong lam thay doi qua nhieu cau trac thuat toan, gitp hé thong
thich tng vé6i yéu cau thuc té tir khach hang va thi truong.

- Ty chinh trong s tiéu chi theo timg khach hang: Hé thdng ¢6 the ca nhan hoa dé
xuat danh muc dau tu dya trén muc d6 vu tién khac nhau cua tirng khach hang.

- Ung dung cho phiéu truong hop khac: Phuong phap nay co thé duoC M rong dé toi
uu danh myc dau tu trong cac linh vue khac nhu quan ly quy dau tu, t6i wu hoa dong
tién doanh nghiép, hoac quan ly tai san ca nhan.

3. MINH HQA PHUONG PHAP
3.1 Xac dinh trong sé tiéu chi dau tu:

Gia sir khach hang danh gia cac tiéu chi dau tu theo mirc d6 quan trong va gan trong sé
cho tung ti€u chi nhu sau:

Bang 2: Trong s cac tiéu chi wu tién cua khach hang

Trong s6 (%)

Tiéu chi Trong sb Xép hang
Chi phi 0.3 30 1
Thoi gian dau tu 0.233333 23.333 2
Rui ro 0.133333 13.333 3
Tinh thanh khoan 0.133333 13.333 3
Tinh 6n dinh 0.1 10 5
Pa dang héa 0.0666667 6.667 6
Loi nhuan ky vong 0.0333333 3.333 7

Bang 2 thé hién trong s6 va ty | phan trim muc do quan trong cua timg tiéu chi. Pay 1a
co s& gilp khach hang xac dinh va xép hang cAc yéu t6 uu tién trong qué trinh ra quyét dinh
dau tu.

3.2 Khéi tao quan thé danh muc dau tu:
Gia sir quan thé ban dau gdom 3 ca thé duoc khéi tao ngau nhién, duoc biéu didn bing

cac gia tri nhu sau:
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Ca thé 1: [83, 33.11, 34, 24.59, 79, 42.30]
Ca thé 2: [73, 39.58, 88, 23.8, 20, 36.62]
Ca thé 3: [92, 51.11, 36, 10.99, 39, 37.9)]

o Trong do:

Chi s6 danh muc: Céc gia tri & vi tri 1é

Phan trim phan bo: CAc gia tri ¢ vi tri chan

3.3 Cong thirc tinh diém danh gia (Fitness):

Céc trong s6 tiéu chi twong wng véi chi s6 danh muyc dau tu:

Bang 3. C4c trong s6 tiéu chi twong tmg véi chi s6 danh muc dau tu

ID | Le¢inhuan | Rii | Tinhthanh | Theoigian | Chi On dinh cua | badang
ky vong ro khoan dau tu phi dong tién héa
20 8 6 7 6 6 7 7
34 9 8 7 4 7 7 8
36 7 6 5 5 6 6 5
39 9 5 8 8 7 7 8
73 7 5 7 6 6 6 7
79 8 5 8 7 6 7 8
83 8 5 9 7 6 7 8
88 9 4 8 8 7 7 9
92 8 5 8 7 6 8 7

Bang 3 mo ta mirc d6 danh gia cac tiéu chi khac nhau ddi véi tirng danh muc déau tu,
gilp so sanh va lua chon danh muc phu hop véi vu tién cua khach hang.

Ap dung cong thic (2) va (3) & muc 2.5. ta thu dugc quan thé ban dau nhu sau:

Bdng 4. Diém danh gi4 cua céc danh myc dau tu

Fitness Danh Muc

ID 20 34 36 39 73 79 83 88 92

Fitness | 6.7794 | 25.556 | 17.001 | 9.668 | 11.467 | 6.223 | 4.446 | 8.335 4.779

Bang 4 tong hop va tinh diém fitness cua ting danh muc dau tu, giup danh gia muc do
ph hop cua ching dua trén cac tiéu chi da xac dinh. Diém fitness phan anh chét luong tong
thé caa mdi danh muc. N6 duoc tinh dya trén trong sé cua cac tiéu chi va gia tri tiéu chi cua
danh muyc trong bang 4.
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Bang 5. Quan thé ban dau sau khi tinh diém fitness

Quéan Thé Ban Pau
C4 thé ID 1 Per_1 ID_2 Per_2 ID_3 Per 3 Fitness
1 83 33.11 34 24.59 79 42.30 20.9941
2 73 39.58 88 23.8 20 36.62 5.3368
3 92 51.11 36 10.99 39 37.9 5.3825

Bang 5 hién thi cac ca thé ban dau trong qué trinh téi uvu hoa danh muc dau tu, dugc tao
thanh tir ba danh muc dau tu (ID_1, ID 2, ID_3) véi ty 1é phan trim phan bo (Per_1, Per_2,
Per_3). Mdi ca thé dai dién cho mot chién lugc phan bo danh muc dau tu. Diém fitness phan
anh chét lugng ciia mdi chién luoc, gitip xac dinh phwong an nao t6i wu hon. Bang nay gidp
danh gia cac to hop danh muc dau tu khac nhau dé tim ra phuwong an t6i wu nhat. Ca thé tot
nhét & thoi diém khai tao 1a Cé thé,: [73, 39.58, 88, 23.8, 20, 36.62] va gia tri F, la: 5.3368

Tién hanh lap lai 100 vong lap bang thuat toan két hop Coati Optimization Algorithm
(COA) va Multi-Verse Optimizer (MVO). Pugc thé hién trong bang dudi day:

Bdng 6. Cé thé tét nhat trong tirng vong lap

Ca Thé Tot Nhat
Vonglap |ID_1 Per 1 ID 2 Per 2 ID 3 Per_3 Fitness
1 53 36.41 23 36.1 75 27.49 0.9100
2 17 34.74 18 53.14 7 12.12 0.8672
3 12 34.6 13 53.13 1 12.28 0.8274
100 23 36.88 53 35.95 71 27.16 0.7904

Bang 6 hién thi c4 thé cd gia tri fitness tot nhat trong 100 vong lap cia thuat ton téi vu
héa COA-MVO trong bai ton goi y danh muc dau tu. Trong mdi vong lap, thuat toan t6i uu
hoa tim ra ca thé chira t6 hop danh muc déau tu c6 gia tri fitness tét nhat. Gié tri fitness cua ca
thé tot nhat thay d6i qua ting vong, phan anh qué trinh t6i vu héa va kha ning tim ra danh
muc ¢6 hiéu suét tét hon. Sau khi chay 100 vong lap thi thu duoc:

— Cathé tét nhat: [23, 36.88, 53, 35.95, 71, 27.16]
—  Fitness tot nhat: 0.7904

3.4. Tong két phwong phap thuc hién:

Qua trinh t6i vu héa danh muc dau tu dugc thyuc hién dya trén viée xac dinh va danh gia
cac tiéu chi quan trong, tir d6 lyra chon danh muc phu hop nhat.
— Bang 2: xéc dinh trong sé cua ting tiéu chi, phan anh muac d6 uu tién trong quyét
dinh dau tu.
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— Bang 3: cung cap thong tin vé cac tiéu chi tuong @ng véi timg danh muc, hd tro qué
trinh so sanh va lua chon.

— Bang 4: tong hop diém fitness cua cac danh muc dau tu, gitp danh gia chat luong
tong thé cua ting phuong an.

— Bang 5: md ta quan thé ban dau, dai dién cho céc chién luoc phan bd dau tu khac
nhau truéc khi p dung thuat toan téi wu.

— Bang 6: theo ddi su thay ddi cua ca thé tét nhat qua tirng vong lap, cho thay qua trinh
cai thién hiéu suat danh muc dau tu.

Viéc 4p dung két hop t}}uét toan Coati Optimization Algorithm (COA) va Multi—Ver§e

Optimizer (MVO) da gitp t0i uu hoa danh muc dau tu theo hudng dat diém fitness tot nhat.

Két qua thu dugc chimg minh kha ning cta phuong phap nay trong viéc tim ra giai phap dau
tu hiéu qua, hd trg nha dau tu dwa ra quyét dinh téi wu hon.

Ban déu, quan thé khoi tao dat gia tri Fitness tot nhat 1a F, = 5.3368 (BANG 5). Sau khi
chay 100 vong lap, gia tri tét nhat da giam xudng con F = 0.7904 (BANG 6). Sy thay doi
dang ké nay cho thay co ché cap nhat cua thuat toan két hop COA-MVO la rat hiéu qua.
Viéc giam tir F = 5.3368 xubng F = 0.7904 phan anh kha nang hoi tu tét cua thuat toan két
hop.

Két qua nay da chung to viéc két hop hai thuat toan Coati Optimization Algorithm
(COA) va Multi-Verse Optimizer (MVO) mang lai tiém nang vuot trdi trong viéc tim kiém
nghiém toi vu va kha nang vuot cuc tri cuc b trong cac khdng gian tim kiém phuc tap.

4. KET LUAN VA HUONG PHAT TRIEN

Nghién ctu da dé xudt phuong phap két hop gitra thut todn Coati Optimization
Algorithm (COA) va Multi-Verse Optimizer (MVO) nham giai quyét bai toan goi y danh
muc dau tu ti wu trong méi trudng tai chinh. Phuong phép nay khai thac hiéu qua kha nang
can bang giira khdm phé va khai thac khong gian tim kiém, gilp t6i wu dong thoi cac yéu to
nhu lgi nhuan va rai ro, tir d6 ning cao chét lugng danh muc dau tu. Tuy nhién, phuong
phap Van ton tai mot sé han ché nhu: hidu qua thuat toan phu thudc nhiéu vao viéc lya chon
tham sb ban dau, két qua c6 thé thiéu 6n dinh giira céc lan chay do tinh ngau nhién cao, va
kha nidng mé rong trong mdi trudng thuc té vai dit liéu Ion can duoc kiém ching thém.

Trong tuong lai, nhom nghién ctru dinh huéng tich hop thém cac thuét toan
metaheuristic khac nhu thuat toan di truyén (GA) hoic t6i wu bay dan (PSO) dé ting cuong
tbc do hoi tu va kha niang thich wng véi thi truong bién dong. Viéc ma rong nay sé gop phan
hoan thién md hinh goi y danh muc dau tu va nang cao hiéu qua ung dung trong cac tinh
hudng thuc té c6 tinh phirc tap va quy md 16n.
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TOM TAT

Bai bao dé xuat cach tiép can dua trén thuat toan metaheuristic dé giai quyét bai toan an
danh dit ligu k-anonymity, gilip bao vé quyén riéng tw. Gidi phap nay toi uu dong thoi rang
budc cung (dam bao mbi nhdm ¢4 it nhat k ban ghi giéng nhau) va rang bugc meém (giam thiéu
mét mat thong tin va duy tri ¢ chinh xac cua di licu), nham can bang giira bao mat va tinh
hitu ich cua dir liéu. So véi cac ky thuat truyén thong nhu Mondrian hay thuét toan dya trén
cay quyét dinh, phuong phap metaheuristic cai thién hiéu suat tinh toan va tang kha nang tim
kiém nghiém t6i vu trong khong gian giai phap rong lon. Mo hinh dé xuat duoc xay dung dudi
dang maot bai toan téi wu, cho phép linh hoat trong viéc lya chon thuét toan metaheuristic phu
hop dé dat hiéu qua cao hon. Két qua phan tich cho thay tiém ning (ng dung rong réi trong
cac linh vye nhu'y té, tai chinh va truyén thong, dong thoi mé ra huéng nghién ciru nham nang
cao hiéu qua an danh dir liéu.

Tir khéa: t61 wu hoa, thudt toan metaheuristic, an danh dit liéu, k-anonymity, bao vé quyén
riéng tu.

1. GIOI THIEU

Quyén riéng tu vé dit liéu ca nhan da ndi 1én nhu mot mdi quan tdm quan trong trong thoi
dai s6, bao gom quyén cua ca nhan trong viéc kiém soat thong tin ca nhan cua ho gitra nhing
tién bo céng nghé nhanh chéng. Co6 nhiéu khudn kho phap ly xung quanh quyen riéng tu dir
liéu nhu dao luat bao vé dit liéu ca nhan Ky thuat s6 nam 2023 ¢ An D9, nham giai quyet viéc
truy cap trai phép va lam dung dit liéu c& nhan, phan anh nhu ciu ngay cang tang ve cac bién
phap bao vé manh mé trong ky nguyén dit liéu I6n va tuong tac k¥ thuat s6[1]. Hon nira, Viéc
s6 hoa cac dich vu ngay cang tang da lam tang nhan thuc va lo Iang cua cong dong vé quyén
riéng tu dit li¢u, doi hoi cac chinh sach sang tao va thuc tidn tot nhat dé giam thiéu rai ro lién
quan dén cac cdng nghé méi néi nhu tri tué nhan tao va dién toan dam may [2].

K-anonymity da dugc dugc dinh nghia bdi Latanya Sweeney vao nam 1997, day la mot
md hinh bao vé quyén riéng tu hiéu qua trong qué trinh 4n danh héa dit liéu [3]. Theo nguyén
ly nay, mot tap di liéu dugc goi 1a k-anonymous khi véi bat ky ban ghi nao trong tap dit liéu
do, ton tai it nhat k — 1 ban ghi khéc c6 ciing gia tri cac thudc tinh ban dinh danh QI (quasi-
identifiers). Nhd dé, viéc lién két cac théng tin ca nhan véi mot ca thé cu thé tré nén kho khan
hon, qua d6 giam thiéu nguy co 16 lot thong tin ca nhan trong céc qué trinh phan tich va chia
sé dir liéu [4].
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Mic du k-anonymity mang lai nhiéu lgi ich trong viéc dam bao tinh 4n danh cua di liéu,
nhung viéc &p dung mé hinh nay vao cac tap dit liéu lon khong phai 1a diéu don gian. Mot
trong nhiing thach thirc chinh 1a do phac tap tinh toan khi phai xir ly cac tap di lidu véi sb
luong ban ghi khong 10, doi hoi phai thyc hién céc thao tac tong quét hda hoac loai bo thong
tin trén nhiéu thugc tinh ciing mat ldc. Ngoai ra, con ton tai sw danh doi giira mirc d6 bao vé
quyén riéng tu va tién ich cua dit lieu. Khi ap dung cac phuong phap bao vé manh mé nham
tang cuong tinh an danh, thong tin ban dau thuong bi 1am mét di mot phan gié tri phan tich,
gay anh huong khong nho dén cac tng dung trong khai thac dix liéu [5]. Cach tiép can truyén
thong sir dung cac thuat toan nhu Mondrian hoac thuat toan dua trén cy quyét dinh thuong
khong dat duoc nghiém ti wu khi kich thuéc dir lidu ting 1én [6]. Trong bdi canh nay, cac
thuat toan metaheuristic da duoc dé& xuat nham tim kiém nghiém tét nhat trong khdng gian tim
kiém ma khong can duyét hét tat ca cac phuong an kha thi.

Céc phuong phap tiép can bang thuat toan meta-heuristic ngay cang duoc ap dung dé
tang cuong tinh an danh k trong an danh dir liéu, giai quyét cac thach thire nhu kha ning mé
rong va toi uu hoa trong cac tap di liéu 16n. Phuong phap tiép can Kgen [7] hay sir dung thuat
toan di truyén (Genetic Algorithm — GA) [8] da minh hoa cho mot phuong phép meta-heuristic
dat duoc hiéu qua tinh an danh k bang cach tim ra cac gidi phap t6i uu gia trong mot khung
thoi gian hop ly, ngay ca véi cac bo dir ligu 1on. Cach tiép can nay duy tri mac d6 an danh cao
trong khi van duy tri kha nang str dung dir liéu va giam thiéu méat mét thong tin, nhu duoc
chung minh trong cac tng dung trong céc tap dir liéu chira nhiéu thudc tinh [7].

Nghién ctru nay hudng téi viéc dé xuat mot phuong phap tong quat dya trén thuat toan
metaheuristic dé giai quyét bai toan k- -anonymity nham muc tiéu t01 uu héa ddng thoi cac rang
bugc cung va mém ciia bai toan, dam bao rang dir liéu sau khi an danh khdng chi dap ung
dugc yéu cau bao vé quyén riéng tu ma con gitr duoc gia tri phan tich can thiét. Trong do, cac
rang budc ctmg duoc dat ra nham duy tri mirc do an danh téi thiéu cho mdi nhém dit lidu, con
cac rang budc mém duoc téi vu héa dé giam thiéu mat mat thong tin, tir d6 tao ra sy can bang
hop ly giita tinh bao mat va tién ich cua dit liéu. Cach tiép can dya trén thuat toan metaheuristic,
v6i kha nang tim kiém nghiém toi uu trong khong gian giai phap rong 1on, mang lai hiéu qua
tinh toén cao va kha ning ap dung thyc tién tot hon so vdi cac phuong phap truyén théng [7].

2. PHUONG PHAP NGHIEN CUU
2.1 Gigi thiéu bai toan

Pinh nghia 1. (Bai toan k-anonymity). Cho mot tap dir liéu D gom n ban ghi, mdi ban
ghi chira mot tap hop cac thuoc tinh A={Al, A2, ..., Am}. Goi QI € A la tap thugc tinh ban
dinh danh QI va S < A Ia tap thudc tinh nhay cam. Mot phép bién ddi dit liéu dwoc thyc hién
trén D dé tao ra mot tap dit liéu an danh D', sao cho mdi ban ghi trong D’ ¢6 cling gia tri trén
tap QI vai it nhit k—1 ban ghi khéac trong tap dix liéu [3]. Vi du:

Bang 1. Bang dit liéu gbc chua thyc hién phép bién doi

STT Tubi Gidi tinh Ma buu dién Bénh
1 25 Nam 10001 Cam cum
2 31 Nit 10002 Dau dau
3 24 Nam 10001 Viém hong
4 34 Nir 10003 Cam cum
5 29 Nir 10002 Dau dau
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Bdng 2. Bang dir liéu sau khi 4p dung k-anonymity (véi k = 2)

STT Tudi Gié6i tinh Ma buu dién Bénh
1 20-30 Nam 1000* Cam cum
2 30-40 Nit 1000* Pau dau
3 20-30 Nam 1000* Viém hong
4 30-40 Nit 1000* Cam cum
5 20-30 Nit 1000* Pau dau
Tudi: Puoc 1am mo thanh khoang (20-30, 30-40) dé dam bao mdi nhém ¢ it nhat 2 ban

ghi.

Mai buu dién: Duoc lam mo bang cach thay thé chir sé cudi ciing bang dau * (1000%*).

Gi6i tinh va Bénh: Giit nguyén vi chiing dd du phan tan dé dam bao k-anonymity.

— Sau khi 4p dung k-anonymity, mai ban ghi khong thé phan biét duoc véi it nhét 1 ban
ghi khac (do k = 2) trong cung nhom, dam bao tinh riéng tu cua dix li¢u.

Pinh nghia 2. (Vi pham k-anonymity — Fail to K-anonymity — FTK). La s luwgng ban
ghi trong tap gifr liéu D’ c6 mot t6 hop gia tri trén cac thudce tinh ban dinh danh QI xuat hién it
hon k lan. Di€u ndy c6 nghia la sau khi thuc hi¢n phuong phap k-anonymity, van ton tai mot
s6 nhom ban ghi khong dat tiéu chi an danh.

_ Dinh nghia 3. (D chinh xac phan loai — Classification Accuracy - CA). La mirc do c6
thé duy tri do chinh )géc phan loai sau khi tap dir liéu duoc an danh. CA dwgc tinh dua trén su
khéc biét ve qhiéu suat cia mé hinh trudc va sau khi ap dung k-anonymity. Gia tri CA cang
cao, dir liéu an danh cang hiru ich. CA la mot chi s6 quan trong dé danh gia hiéu qua cua mo
hinh phan loai sau khi &p dung k- anonymlty [3]. Chi s6 nay do ludng ty 1é phan trim cac ban
ghi dugc phén loai chinh xé&c so véi tong sé ban ghi, duoc tinh theo cong thic:

CA = X 100% (1)

S6 lwgng ban ghi dwgc phan loai ding

T6ng sd ban ghi
Trong do:

— S6 luogng ban ghi duoc phan loai ding: La s6 lwong ban ghi ma mé hinh phan
loai du doan dang so vai nhén thuc té.

— Tong sb ban ghi: La tong sé ban ghi trong tap dit liéu duoc sir dung dé danh gia.

Vi du: Gia sir c6 mot tap dir liéu gdm 1000 ban ghi, sau khi ap dung k-anonymity va

chay mo hinh phan loai, mé hinh du doan dang 850 ban ghi. Khi do, d6 chinh xac phan loai
(CA) duogc tinh nhu sau:

_ 850
CA = 000 % 100% = 85%

Pinh nghia 4. (M4t mat thong tin — Information Loss - IL). La mirc d6 thay doi dir ligu
sau khi thuc hién k-anonymity, thuong dugc do luong dua trén cac chi s6 nhu d¢ bién doi cua
dir liéu hozc su sai léch so vai tap dir liéu gbe. Gia tri IL cang cao thi mac do mat mat thong
tin cang l6n. IL duogc tinh dya trén mac téng quat hda cua ting thudc tinh ban dinh danh thay
vi khoang gié tri ban dau. Céng thirc tinh IL dugc xac dinh nhu sau:

NCP(A) _ S6 mirc tong quat hoéa da ap dung (2)

S6 mirc tdng quat hoa téi da
Vi du:
—  Néu mot thugce tinh tdng quat hda & mic 1 trén 2 muc toi da — IL(A) = 1/2.
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—  Néu thudc tinh tong quat hda & mirc 2 trén 2 mic téi da — IL(A)=2/2=1.

Sau d6, chi s6 IL ciia mot nghiém X (dai dién cho mot cau hinh tong quét hoa cua cac
thudc tinh ban dinh danh) thuong dugc tinh bang cach tong hop (vi du nhu bang trung binh
cong) cac gia tri Normalized Certainty Penalty — NCP cua tat ca cac thugc tinh [8], tir d6 cho
mot thude do duy nhat vé mie d6 mat mat thdng tin sau qua trinh an danh, duoc tinh theo
cong thuc:

IL(X) = 237, NCP(A;) 3)

Vi du: véi n = 2 (vi ¢6 2 thudc tinh Tudi va Nghé nghiép da tinh & trén), ta co:
NCP(Tuéi) + NCP(Nghé nghié 0.28+0.3
1100 < NCP(TusD 2(g ghiép) _ 03 _ 59

Pinh nghia 5. (Tham s6 bao mat — Ky higu la M). La mirc d6 dam bao tinh an danh cua
dir liéu sau I§hi thuc hién k-anonymity, dugc do luong dua trén tiéu chi rang moi bér) ghi trong
tap dir liéu an danh cé cung gié’tri t(én tap thudc tinh dinh danh gién tiép véi it nhat k—1 ban
ghi khac. Tt la neu sau khi bien doi dir liéu, tap D’ thoa méan dicu kién k-anonymity thi gia
tri M = 0, nguoc lai, néu ton tai cgélc nhom ban ghi ma to hop gjé tri trén cac thudc tinh dinh
danh gian tiép xuat hién it hon k 1an thi M=1. Gia tri M cang thap thi mic d6 bao mat cua dir
liéu cang cao.

_ (0,  néuXthdéa mink — anonymity
MX) = {1, nguoc lai

2.2 PAu vao ciaa bai toan

4

Cac ban ghi dit liéu goc duoc t6 chuc theo dang bang, mdi dong 12 mot ca nhan, mdi cot
1a mét thugce tinh. Tap dit liéu chira cac thudc tinh s6 va thugc tinh phan loai. Bai toan 4n danh
dit liéu theo k-anonymity bao gom céc tap dir liéu dau vao chinh sau:

—  Téap dir liu gbc D chira I ban ghi: MJi ban ghi trong tap dir liéu bao gdbm K thudc
tinh.

—  Tham sd k: S6 nguyén xéac dinh s6 luong tdi thiéu cac ban ghi can c¢6 trong mdi nhém
tuong duwong nham dam bao tinh an danh.

—  Cac tham s6 ciia thuit toan metaheuristic: Ding dé t6i ru héa qua trinh phan nhém
va an danh dit lidu.

2.3 M0 hinh hoéa bai toan

V& mit toan hoc, bai toan c6 thé mé hinh hoa nhu sau:

Goi T= {t1, ty, ..., t-} 12 tap cac ban ghi, mdi ban ghi ti gdm céc thudc tinh ban dinh danh
QI Q={q1, 92 ..., gm} Va thudc tinh nhay cam S.

Muc tiéu la phan nhém T thanh céc I6p twong duwong Es, E, ..., Ensao cho |Ej| = k V j

MGi nghiém (cé thé) trong khdng gian tim kiém bicu dién mot phuong an an danh cho
tap dix liéu goc. Cu the, moi ca the the hién cach phan nhom cac ban ghi thanh cac 16p tuong
duong sao cho moi nhom co it nhat k ban ghi (dép ung yéu cau k-anonymity), dong thoi xac
dinh mtrc d6 tong quat hda cua cac thudc tinh ban dinh danh dugc thé hién nhu sau:

X =1{91,92 -, 9n}
Trong do:
— g 1a mirc téng quat hoa dugce ap dung cho thudce tinh ban dinh danh thi i.
—  Gia tri cia g; ndm trong mdt mién gia tri hitu han, tuong ung voi cac mue tét}g
quat hoa dugc xac dinh trude (vi du: ma buu chinh c6 thé tong quat hoa theo cap

d6 "quan" — "thanh pho" — "qu("jc gia").
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—  Céc thudc tinh nhay cam khong thay d6i va khong xuét hién trong vector nghiém.

Vi du: Mét tap dix liéu c6 ba thudc tinh ban dinh danh gém Tudi, Nghé nghiép, Dia chi
c6 thé c6 cac muc tong quat hoa nhur sau:

e Tubi: {Chinh xac, Khoang [10 tudi], Khoang [20 tudi]}

e Nghé nghiép: {Chi tiét, Nganh nghé chung}

e Dia chi: {Quan, Thanh ph, Qudc gia}
Mot nghiém c6 thé 1a X = {1,0,2}, tuc la:

e Thudc tinh Tudi tdng quat hoa thanh khoang 10 tudi.

e Thudc tinh Nghé nghiép giit nguyén.

e Thudc tinh Dja chi tong quat hoa 1én mirc "Qudc gia".

2.4 Rang bugc bai toan

~ Rang bugc cirng (Hard Constraints - HC): Day 1a cac rang budc bt budc phdi tuan thu.
Neéu vi pham, nghiém bi loai bo vi khdng kha thi. Céc rang budc nay bao gom:
—  Mai nhém trong tap dir liéu an danh phai c6 it nhat k ban ghi dé dam bao k-
anonymity.
—  Khéng thay doi thudc tinh nhay cam (SA — Sensitive Attribute).

Rang bugc mém (Soft Constraints - SC): Pdy 1a cac rang budc khong bét budc nhung
nén duoc t6i wu hda dé cdi thién chat lugng an danh. Cac rang bugc nay co thé bi vi pham neu
khéng con phuong an kha thi khac, nhung s€ bi tinh diém phat. Mot s6 rang buoc mém bao
gom:

—  Giam thiéu mat méat théng tin (Information Loss - IL) dé bao toan tinh hitu ich
cua dir liéu.
— Duy tri d chinh xé&c phan loai (Classification Accuracy - CA) cao nhit c6 thé.

2.5 Xay dung ham muc tiéu

Ham muc tiéu két hop ba yéu té IL, M va CA dé dam bao rang thuét toan chi chon nhiing
nghiém thoa man k-anonymity dong thoi giam thiéu mat mat thong tin va toi da hoa chi so6
CA. Ham muc tiéu dugc dinh nghia nhu sau:

F(X) = alL(X)+ AM(X) + y(1 — CA(X)) 5)

Trong do:

—  a: Hg sb xac dinh mtc do wu tién cua viéc giam thieu mat mat thdng tin (IL)
trong qua trinh t6i wu hoa.

— A1 Hg s6 phat dugc lya chon vai gid tri I6n, nhdm wu tién cdc nghiém théa mén
k-anonymity, bat ké mac mat mat thdng tin cé thap hay cao.

— y: Hé s6 phat cho vigc CA thap. Puogc quy dinh dya trén mitc d6 quan trong cua
CA s0 Vi cac chi so khac.

—  IL(X): Mét mét théng tin cuia nghiém X, dugc tinh bang trung binh cong cua cac
gia tri NCP duoc tinh bang cdng thuec (3).

—  M(X): Tham sb bao mat dugc dinh nghia 1a mét bién nhi phan tai cong thic (4).

— CA(X): B9 chinh xac phan loai cua nghiém X. (1 - CA(X)) & mét dai lugng
phat néu CA thap. Khi CA(X) cang gan 1 (100%), thi (1 — CA(X)) cang gan 0
va nguoc lai.
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Viéc xay dung ham muc tiéu theo dang tdng trong s cho phép chung ta diéu chinh mirc
d6 wu tién giita viéc giam thiéu mat mat thong tin, ¢&am bao tinh bao mat va do chinh xéac phan
loai cua di ligu. Cu thé, néu A dugc chon vai gia tri lon, thi bat ky nghiém nao khang thoa
mén yéu cau k- anonymlty déu sé bj phat nang, ngay ca khi muac mat mat thong tin IL(X) thap.
Hozc néu do chinh xac phan loai qua thap, ciing s& dan den bi phat ning. Diéu nay gitp dinh
huéng qué trinh tim kiém cia thuat toan metaheuristic vé phia nhitng nghiém dam bao an toan
dir lidu va do chinh xac phan loai trudc tién, sau d6 méi tdi wu hoa thém vé mat IL. Nguoc lai,
néu A hodc y quéa nho, thuat toan co thé uu tién nhitng nghiém co IL thap nhung lai khong dap
{rng yéu cau bao mat hodc dam bao do chinh xac phan loai cao [9].

Do d6, cau tric ham muc tiéu duoc xay dung theo dang trén 12 mot cach tiép can hiéu
qua, cho phép can bang gitra ba tiéu chi co ban cua bai toan: tinh hitu dung (théng qua chi s6
IL), mirc @6 duy tri 6 chinh xéc phan loai sau khi tap dir liéu dugc an danh CA va tinh bao
mat (thong qua tham sé M (X)).

3. Vi DU MINH HQA
LAy vi du mot tap dit liu nho véi céc gid tri xac dinh nhu Bang 3:

Bang 3. Tap dit liéu minh hoa géc

STT Tudi Pia diém Nghé nghiép
1 25 TP. HCM Ky su
2 30 Ha Nbi Ké toan
3 24 TP. HCM Béc si
4 34 DPa Ning Gido vién
5 29 Ha Noi Ky su

Nghiém X ={1, 0, 2}:
—  Tudi: Tong quéat héa muc 1 (nhém theo thap ky: 20-29, 30-39).
—  Pia diém: Tong quat hda mirc 0 (giit nguyén gia tri chi tiét).
— Nghé nghiép: Tong quat hda mirc 2 (Lao dong tri thirc).

Quy dinh mic téng quat hda cho cac thudc tinh:

Tuoi

—  Muc 0: Chi tiét (giit nguyén gia tri ban dau).

— Muc 1: Nhém theo thap ky (20-29, 30-39, ...).

—  Muc 2: Nhém theo khoang I6n hon (20-39, 40-59, ...).
Pia diém

Murc 0: Giir nguyén tén thanh phd.
Muc 1: Tong quat héa thanh mién (Béc, Trung, Nam).

Murc 2: Tong quat hoa thanh dét nudc.
Nghé nghigp
—  Muc 0: Chi tiét (K¥ su, Béc si, Gido vién, ...).
—  Muc 1: Nhém theo linh vuc (K¥ thuat, Y té, Gido duc, ...).
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—  Mirc 2: Nhém chung thanh "Lao dong tri thirc" hoic "Lao dong pho théng".
Buéc 1: Tong quét hoa theo nghiém X = {1, 0, 23}, két qua thé hién tai Bang 4.

Bang 4. Tap dir ligu minh hoa sau khi tong quat héa theo nghiém X = {1, 0, 2}

STT Tudi Dia diém Nghé nghiép
1 20-29 TP. HCM Lao dong tri thirc
2 30-39 Ha No6i Lao dong tri thirc
3 20-29 TP. HCM Lao dong tri thirc
4 30-39 Da Ning Lao dong tri thiic
5 20-29 Ha Noi Lao dong tri thirc

~ Buéc 2: Tinh chi s6 mat mat thong tin IL(X). V6i n = 3 (3 thugc tinh QI) dua trén mirc
tong quat hoda caa cac thuoc tinh bang cdng thirc s6 (2) va so6 (3):
Budéc 2.1: Tudi tong quét héa mac 1 (nhom theo thap ky: 20-29, 30-39) nén chi s6
IL(Tuoi) la:

1
IL(Tui) =5 = 0.5

Budc 2.2: Nghé nghiép tong quat hda muc 2 (gop tt ca nghé thanh nhém "Lao dong tri
thac™)

2
IL(Nghé nghiép) = 5= 1

Budc 2.3: Dia diém giir nguyén nén:
IL(Pia diém) = 0
~ Budgc 2.4: Tinh IL(X) dya trén gia tri trung binh cong IL cua cac thuge tinh (cdng thic
6 (3)):
054+1+0
ILX) = —— =05

Buréc 3: Tinh tham s6 bao mat M(X) theo cong thic s6 (4), kiém tra xem céc nhom dix
liéu c6 thoa mén k = 2 hay khdng, cAc nhom dir liéu sau khi dugc tong quéat hoa:

— Nhém 1: [20-29, TP. HCM, Lao dong tri thirc] — 2 ban ghi (STT 1 va 3).
— Nhém 2: [30-39, Ha Noi, Lao dong tri thicc] — 1 ban ghi (STT 2).

— Nhoém 3: [30-39, Pa Nang, Lao dong tri thirc] — 1 ban ghi (STT 4).

— Nhom 4: [20-29, Ha Néi, Lao dong tri thuc] — 1 ban ghi (STT 5).

— Nhom 2, 3, 4 khong thoa man k = 2, vi vay M(X) = 3 (c6 3 vi pham k-anonymity theo
cbng thtrc so (4)).

Buréc 4: Tinh do chinh xac phan loai CA sau khi an danh di liéu. Tuy nhién, d¢ lam diéu
do, can co thong tin ve cach md hinh phan loai hoat dong trén tap dir li¢u trudc va sau khi ap
dung k-anonymity. Di€u nay doi hoi mgt mo hinh phan loai cu the va ket qua du doén trén ca
hai tap dix liéu d€ so sanh do chinh xac. V1 the, trong nghién ctru nay gia st trong tap dix licu
ban dau, mo hinh phan loai dy doan dung 5/5 ban ghi. Sau khi tong quat héa, mé hinh chi du
doan dung 3/5 ban ghi. Chi s6 CA s¢ duogc tinh theo cong thuac so6 (1):
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3
CAX) = c= 0.6
Budc 5: Tinh ham muc tiéu F(X), & day gia st cac trong s6 trong ham muc tiéu:

—  Hé sb phat cho viéc vi pham k-anonymity 2 = 1000 (hé s6 phat rat 16n dam bao
uu tién loai bo nhitng nghi¢m khdng thda mén k-anonymity)

—  H@ s6 phat cho viéc d¢ chinh xac phéan loai thap y = 100 (néu CA thap, di liéu
sau khi an danh c6 thé khong con hitu ich cho cac m6 hinh phan tich, can dat
trong so6 du I6n dé gitr dugce do chinh xac nhung khong vugt qué mac A.

— H@ s6 phat cho chi s6 IL @ = 5 (néu IL qua cao, dir li¢u bi tong quat hda qua
muc lam giam tinh hitu ich, tiy vao mirc d6 chap nhan mat mat thdng tin ma ta
chon).

Vay gié tri ham muc tiéu can tinh Ia:
F(X)=5 x0.54+1000x 34100 * (1 —0.6) = 3042.5
Buéc 6: Két luan nghiém X = {1, 0, 2} co:

—  Chi s6 mat méat thdng tin: IL = 0.5.
— S vi pham k-anonymity: M = 3 (3 vi pham).
— Do chinh xéac phan loai: CA = 0.6 = 60%.

— Gia tri ham muyc tiéu F(X) = 3042.5. Nghiém nay khong dam bao tinh bao mat (vi
pham k-anonymity), dan dén gia tri ham muyc tiéu rat cao do hé s6 phat A 16n. Viéc giam do
chinh xéc phan loai CA(X) ciing lam tang gia tri ham muc tiéu, cho thiy su danh doi giira bao
mat va tinh htru ich cua dix liéu.

4. KET LUAN VA HUONG PHAT TRIEN

Bai bao di dé xuat mot phuong phap tong quéat dya trén thuat toan metaheuristic dé giai
quyet bai toan k- anonymlty trong bao vé quyén riéng tu dit liéu. Cach tiép can nay giup t6i wu
hoa dong thoi cac rang budc cing - dam bao tinh k-anonymity, va cac rang budc mém - giam
thiéu mat mat thong tin va duy tri do chinh xac phan loai. So voi cic phuong phap truyén
théng nhu Mondrian hay cac thuat toan duwa trén cly quyét dinh, phuong phap metaheuristic
cho thy tiém ning dang ké trong viéc nang cao hiéu suét xir ly dit liéu I6n, ddng thoi can bang
tdt gitta bao mat va tinh hiru ich cua dix liéu.

Mic du dat dugc nhitng két qua tich cuc, phwong phap nay van ¢ mot sé han ché can
khéc phuc. Hiéu qua cua thuat toan phu thudc vao lua chon tham sb va chién luoc tim kiém
cua metaheuristic, doi hoi thir nghiém thuc nghiém trén nhiéu tap di liéu khac nhau dé xac
dinh c4u hinh t6i wu. Ngoai ra, bai toan k-anonymity méi chi giai quyét mot khia canh ciia bao
mat dit liéu, trong khi cac mé hinh ning cao nhu 1-diversity hay t-closeness cé thé giup cai
thién kha nang bao vé thdng tin nhay cam mot cach toan dién hon [12].

Trong twong lai, cac thuat toan t6i vu metaheuristic nhu Thuat toan Di truyén (Genetic
Algorithm — GA), Téi wu Biy dan (Particle Swarm Optimization — PSO) [13] va Thuét toan
So1 Xam (Grey Wolf Optimization — GWO) [14] s& dugc ap dung. Nhitng phuong phap nay
gitp ting cuong kha nang tim kiém nghiém t6i wu trong khong gian giai phap rong lon, dong
thoi giam do phic tap cua bai todn. GA s& cai thién nghiém bang co ché tién hoa tu nhién,
PSO tan dung mé hinh by dan dé tang toc do hoi tu, trong khi GWO gilp can bang giira khai
thac va kham pha. dugc mé rong theo nhiéu hudéng khac nhau. Bong thoi, mo rong phuong
phéap sang cac mé hinh bao mat nang cao nhu 1-diversity hoac t-closeness sé gop phan nang
cao mirc do an toan cua dit lidu. Bén canh do, thir nghiém trén nhiéu tap dit liéu thyuc té thudc
cac linh vuc nhu y té, tai chinh, truyén thong, ... 1a can thiét dé danh gia hiéu qua cua thuat
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toan trong mdi truong tng dung thyc té. Ngoai ra, phat trién mot hé thong ty dong hoa tich
hop thuat toan metaheuristic s€ ho trg ngudoi dung trong qué trinh an danh dix liéu mot céach
linh hoat va hiéu qua hon.
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The newspaper article proposes an approach based on metaheuristic algorithm to address
the k-anonymity data anonymity problem and protect privacy. This solution simultaneously
optimizes hard constraints (making sure that each group has at least k identical records) and
soft constraints (minimizing information loss and maintaining the accuracy of data), aiming to
balance between security and the usefulness of data. Compared with traditional techniques
such as Mondrian or decision tree-based algorithms, the metaheuristic approach improves
computational efficiency and increases the ability to find optimal solutions in a large solution
space. The proposed method is modeled as an optimization problem, allowing flexibility in
choosing the metaheuristic algorithm to achieve higher efficiency. The analysis results show
wide application potential in fields such as healthcare, finance, and communication and open
up the research directions to enhance data anonymity efficiency.
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PHUONG PHAP LAP LICH TRUONG PAI HQC BANG
THUAT TOAN METAHEURISTIC

Pham Nguyén® ", Dinh Nguyén Trong Nghia’
YTrieong Pai hoc Cong Thuong Thanh phé Ho Chi Minh
“Email: nghiadnt@huit.edu.vn
Ngay nhan bai: 11/03/2025; Ngay chap nhan dang: 20/05/2025

TOM TAT

Bai todn I4p lich giang day trong moi truomg dai hoc la mot bai todn t1 ru to hop, yéu
cau phan bé hop ly céc l6p hoc phan vao phong hoc va khung thoi gian sao cho khong vi pham
cac rang bugc cung va t6i wu hoa cac rang bugc mém. Nghién ctru nay dé xuat mot phuong
phép tiép can dua trén anh xa dit liéu, két hop lap ban db truy vét va so khap dé kiém tra nhanh
chong cac diéu kién rang budc. Thuc nghiém trén dir liéu cia Trudng Dai hoc Cong Thuong
TP.HCM cho thiy mé hinh dé xuat giam 37% thoi gian tinh toan va cai thién 28% ty Ié thoa
man rang budc mém so véi phuong phéap truyén théng. Két qua cho thay thuat toan Di truyén
(GA) hoan toan loai bo cac vi pham rang budc cimg, dong thoi dat ty 1é thoa man rang budc
mém 79.8% vai 91 vi pham trén tong s6 450 16p hoc phan. Hiéu suat sir dung phong hoc ting
tir 62.7% lén 78.5%, g6p phan ti wu hoa viéc sir dung tai nguyén trong diéu kién c6 nhiéu han
ché vé co so vat chat.

Tuwr khoa: 1ap lich giang day, t6i wu hoa, thuit toan metaheuristic, tri tué nhan tao.

1. MO DPAU

Bai toan lap lich giang day trong cac truong dai hoc thudc I6p bai toan téi wu NP-hard,
yéu cau phan bé hop 1y cc 16p hoc phan vao phong hoc va khung thoi gian, dong thoi dam
bao khong vi pham cac rang bugc cang trong khi t6i wu hoa viéc sir dung tai nguyén giang
day[1]. Véi su gia tdng nhanh chong ve s6 lwgng mon hoc, giang vién va phong hoc, khong
gian tim kiém cua bai toan mo rong theo cap s6 nhan, khién cac phuong phap truyén thong
nhu lap |1Ch thu cong hoac quy tac co dlnh tro nen kem hiéu qua[2] VIeC tim klem mot phuong

ciu khao sét toan bo khong gian giai phéap tré thanh mot van dé cip thlet[3]

Giai phap dya trén cac thuat toan metaheuristic duoc xem 1a mot hudng tiép can diy hia
hen nham giai quyet bai toan 1ap lich giang day[4]. Cac thuat toan nay cho phép tim kiém
nghiém t6i uru gén dung ma khong can duyét xét toan bo khong gian giai phap, tur do cai thién
dang ké hiéu suat tinh toan[5]. Kha nang thich nghi véi cac rang bugc cu thé cua hé thong gilp
phuong phap nay khong chi giam thiéu xung dot trong 1ap lich ma con nang cao tinh kha thi
va hiéu qua cua phuong 4n phan bo tai nguyén[6].
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Dé trién khai giai phap metaheuristic, bai toan 1ap lich dwgc mé hinh héa dudi dang mot
cau triic dir ligu phu hop, trong d6 mdi cé thé trong khong gian tim kiém dai dién cho mot
phuong 4n xép lich cu thé[7]. Ham danh gia dugc xay dung nham do ludng muc d6 hop 18 va
mirc do téi wu cua tung nghiém duya trén so luong vi pham rang bugc cing va mém[8]. Qua
trinh t6i wu hoa duge diéu huéng boi co ché tim kiém can bing giira khai thac (exploitation)
va kham phé (exploration), gidp thuat toan tién dan dén cac viing cé tiém ning cao trong khong
gian nghiém[9].

Dit liéu dau vao cua bai todn bao gdm danh séach I6p hoc phan, danh sach phong hoc,
khung thoi gian va danh sach giang vién. MJi 16p hoc phan dugc xac dinh boi cac thudc tinh
nhu ma 16p, giang vién phu trach, sb luong sinh vién téi da va mén hoc twong tng. Phong hoc
c6 gigi han vé sirc chua va thoi gian giang day dugc chia thanh 35 khung mai tuan (bao gom
sang, chiéu va tdi). Céc rang budc cting bao gom dam bao giang vién khong day hai 16p cung
mot thoi diém hodc tai hai phong khac nhau, dong thoi khéng ¢6 hai 16p hoc trung nhau trong
cung mot phong. Ngoai ra, bai toan ciing c6 cac rang budc mém nhu han ché xép giang vién
day vao budi téi hoac cudi tuan nham nang cao muc do hop ly cua lich trinh.

Véi phuong phép tiép can duya trén metaheuristic, giai phap c6 thé dugc trién khai linh
hoat bang cach lya chon hoic két hop nhiéu thuat toan téi uu hoa khac nhau, phi hop véi yéu
cau cy thé cua hé théng[3][7]. Kha ning thich nghi véi cac dic diém riéng cua timg truong dai
hoc gitip phuwong phap nay c6 thé duoc ap dung trong nhiéu béi canh khéc nhau, tir d6 t6i wu
hoa viéc sir dung phong hoc va giang vién, déng thoi dam bao tinh kha thi va hiéu qua trong
thuc té[5][9].

Trong nhitng nim gan day, nhiéu nghién ciru da tap trung vao (g dung céc thuat toan
metaheuristic hién dai dé giai quyét bai toan 1ap lich trong méi trudng gido duc. Dudi déy 1a
tdng quan cac cong trinh nghién ciru tiéu biéu trong linh vuc nay:

Babaei va cong su (2020) [10] da dé xuat mot mo hinh két hop Thuat toan Di truyén (GA)
va Tdi vu héa Bay dan (PSO) dé giai quyét bai toan 1ap lich thi dai hoc. Nghién ciru nay dat
duogc két qua tét hon 18% so véi viéc sir dung riéng lé GA hoic PSO, tuy nhién van chua giai
quyét hiéu qua van dé mac ket tai cuc tri dia phuong.

Akkan va Giilcli (2022) [11] phét trién mot thuat toan Grey Wolf Optimizer (GWO) cai
tién cho bai toan lap lich giang day. Nghién ctru da ung dung thanh cong trén ba bo dit li¢u
chuan, dat két qua téi uu trong thoi gian ngén hon 25% so véi cac thuat toan truyén thong.
Tuy nhién, nghién ciru ndy thiéu co ché xu ly hiéu qua cho céc rang buéc mém phc tap.

Fiarni va cong su (2023) [12] da d& xuat mot cach tiép can méi sir dung Thuat todn Tim
kiém Cam (Tabu Search) két hop voi ky thuat hoc ting cuong dé xu Iy bai toan 1ap lich dai
hoc. Phuong phap nay dat dugc ty I théa médn rang buoc mém 89% trén bo dix ligu thuc té,
tuy nhién yéu cau thoi gian tinh toan tuong doi lon.

~ Tuy cac nghién ctru trén da dat duoc nhiéu két qua dang ké, song van con mot sb han
che:
- Thiéu co ché kiém tra rang budc hiéu qua cho bai todn quy mé Ién
- Chua c6 phuong phap 4nh xa dit liéu toi wu dé giam thoi gian tinh toan
- Pa sb cac nghién cau tap trung vao mot thuat toan metaheuristic cu thé ma khong co
so sanh toan dién.
Nghién ctu cia chiing toi khic phuc nhiing han ché trén bang céch dé xuat mot phuong
phap anh xa dir liéu ket hop véi so sanh hi¢u qua cua ba thuat toan metaheuristic pho bien
(GA, PSO, va GWO) trén dir liéu thuc te.
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2. PHUONG PHAP NGHIEN CUU
2.1 Gigi thiéu

Bai toén lap lich giang day trong cac truong dai hoc 12 mot bai toan téi wu to hop, trong
d6 muc tiéu 1a phan bo hop ly céc 16p hoc phan vao phong hoc va khung thoi gian, dong thoi
dam bao tuan thii cac rang budc cang va tbi uru hoa cac rang bugc mém. Do tinh chat NP-hard,
bai toan nay khéng thé giai quyét hiéu qua bang phuong phap tim kiém vét can khi sb luong
I6p hoc phan va rang budc ting 1én dang ké.

Dé tiép can van dé mot cach hiéu qua, viéc st dung cac thuat toan metaheuristic 13 mot
huéng tiép can kha thi nham tim kiém cac phwong an 14p lich téi uu trong khong gian nghiém
rong lén. Céch tiép can nay giup dam bao kha nang tim kiém loi giai trong thoi gian hop Iy
ma van dap ang c4c yéu cau thuc té vé phan bo giang vién, phong hoc va thoi gian giang day.

2.2 PAu vao caa bai toan

Bai toan l1ap lich giang day bao gém céc tap dit liéu diu vao chinh sau:
Danh sach I6p hoc phan da phan cong L: Mdi l6p hoc phan bao gém céac thong tin:
- ID: Ma dinh danh cua I6p hoc phan.
- LOP: Tén 16p hoc phan.
- GIANG VIEN: M4 giang vién phu trach 16p hoc phan do.
- ST1SO: S6 lugng sinh vién dang ky 16p hoc phan.
- LOAL: Loai I6p hoc (thuc hanh, ly thuyét).
Danh sach phong hoc R: Mbi phong hoc ¢6 cac thudc tinh:
- ID: Ma dinh danh phong hoc.
PHONG: Tén phong hoc.
SUC CHUA: Stic chira thi da ciia phong hoc.
LOAL: Loai phong hoc.
Khung thai gian T: Mt tuan hoc dugc chia thanh céc khung thoi gian ¢é dinh, thuong

- 5ngay tir thi Hai dén thu Sau.
- Maingay c6 5 ca hoc (2 ca sang, 2 ca chiéu, 1 ca ti).
- Tbng cong c6 35 khung thoi gian cho toan bé tuan hoc.
Danh sach giang vién P: Mdi giang vién c6 théng tin:
- ID: Ma& giang vién.
- GIANG VIEN: Tén giang vién.
- KHUNG THOI GIAN KHA DUNG: Danh séch cc khung thoi gian ma giang vién
¢ thé day.

2.3 MO0 hinh hoéa bai toan

Bai toan dugc mo hinh hoa dudi dang mot cu tric dit liéu anh xa giira cac 16p hoc phan,
phong hoc va khung thoi gian. Méi nghiém (ca thé) trong khong gian tim kiem s& bieu dién
mot phuong an 1ap lich giang day, dugc xac dinh bang bé ba:

S = {(Ma l&p hoc phan, Ma Phong, Khung thoi gian)} (1)
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Trong do:
- Mi l6p hoc phan: xac dinh 16p hoc phan.
- Ma Phong: xac dinh phong hoc dugc phan bo.
- Khung thoi gian: xac dinh khung thoi gian 16p hoc phan duoc xép lich.

Khéng gian nghié;m duoc to chfrg sao cho moi cgi thé dai dién cho mot lich giang day
hoan chinh, trong d6 tat ca I6p hoc phan duoc phan bo hop 1y vao phong hoc va khung thoi
gian, dong thoi dam bao tuén tha céc rang budc cang.

NGHIEM BAI TOAN

PHONG HOC PHAN CONG GIANG DAY THO'T GIAN
D PHONG LOAI | SUC CHUrA D LoP GIANGVIEN | sisO | LoaAl ID | THONGIAN | LOAI
2 A203 TH 50 23 CSDL04 GVTHO4 45 TH 1 1-5TH2 | TH
49 A106 LT 60 757 PTDLO5S GVDTO7 60 LT 23 | 13TH5 | LT
J| II
. e -
A, ‘ !
v : v X={py 10 t1). (Py I t2)s oo, (P, L T0)
ID PHONG IDLOP  |ID THOI GIAN
= 2 23 1 . . . .
n so lwong » p,. ID phong dwroc gan cho Iép thir i.
e ;1D I6p hoc thi i.
49 757 23 i A . . .
« t;- 1D th&i gian danh cho I&p thi i
CA THE

Hinh 2.1. Biéu dién nghiém cua bai toan lap lich giang day trong méi trudng dai hoc

Nhu minh hoa trong Hinh 2.1, mdi ca thé trong khong gian tim kiém s& anh xa mot tap
hop cac 16p hoc phan vao cac phong hoc va khung thoi gian twong tng. Cau tric nay cho phép
thuat toan t6i wu héa tim kiém va diéu chinh phuong an 1ap lich mét cach linh hoat, dam bao
tinh kha thi va hiéu qua trong qua trinh trién khai.

2.4 Rang bugc bai toan

Bai toan I4p lich giang day doi hoi viéc phan b6 cac 16p hoc phan vao cac phong hoc va
khung thoi gian mét cach hop 1y, dam bao khdng vi pham cac rang bugc hé thong. Cac rang
budc trong bai toan nay c6 thé dugc chia thanh hai nhém chinh: rang bugc cing va rang buge
mém.

~Rang bugc cirng (Hard Constraints - HC): Day 1a cac rang budc bt budc phdi tuan thu.
Neéu vi pham, nghiém bi loai bo vi khdng kha thi. Céc rang budc nay bao gom:
- Xung d¢t phong hec: Mot phong hoc khang thé duoc sir dung cho nhiéu 16p hoc
phan trong cung mot khung thoi gian.
- Xung ddt 16p hoc: Mot I6p hoc phan khang thé duoc xép vao nhiéu phong hoc
hoac nhiéu khung thoi gian khac nhau cung moét ldc.

Xung ddt giang vién: Mot giang vién khéng thé giang day nhiéu 16p hoc trong ciing mot
khung thoi gian.

- Xung dt loai phong: Mt 16p hoc phén chi c6 thé dugc phan b vao loai phong
hoc phu hop (phong ly thuyét, phong thuc hanh, v.v.).

Rang bugc mém (Soft Constraints - SC): Day la cac rang budc khong bét budc nhung

nén duoc toi uvu hoa dé cai thién chat lugng lich trinh. Céc rang budc nay cé thé bi vi pham
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néu khong con phuong 4n kha thi khac, nhung s& bj tinh diém phat. Mot s rang bugc mém
bao gom:
- Suc chira phong hgc: Phong hoc dugc chi dinh nén c6 sirc chua l6n hon hodc bang
s s0 16p, nhung c6 thé chap nhan vi pham néu can thiet.
- Thei gian gidng day han ché ciia gidng vién: Han ché xép lich giang day vao buoi
t6i hodc cudi tuan néu co thé.

o D PHONG LOAI SUFC CHUPA RANG BUQC CUNG
= | 1 A203 TH 50 ID PHONG IDLGP | ID THO GIAN
0O
T | 2 A304 LT 15 1 1 2
s A106 T 60 Xung dét 2 2 1
. - = - phéng hoc I 3 3 =
D LOP |GIANG VIEN| siséd | Loal Xung dot
Q 1 1 2 Iép hoc
= | 1 | CSDLO4 | GVTHD4 15 TH B 5 ;
Q2 MLO4 GVTHO3 16 LT Xung dt
Z | 3 | PTDLOS | GVDTO7 60 LT loai phong £ £ < Xung dit
=z 2 7 4 g 64
T | 4 | KTDLOS | GVTHO1 15 TH - = - ]_ Thoi gian
© [ 5 [ cspLoz [ ovDT0S 45 TH glang vien
<€ | 6 | PTHT04 | GVTHO2 50 TH A <
m RANG BUOC MEM
[ 7] #moa [ ovoros | 45 | 1T | ) T )
- ID PHONG IDLOP | ID THOU GIAN
= D THO' GIAN LOAI B | B z Thoi gian
=< 1 1-5 TH2 TH 7 : han ché
9 2 1-3 TH4 T - V = '
k=) sirc chira 45 5750 60
I 3 46CN LT
g 4 4-6 TH2 LT Danh‘sa' ch théxi gian han
5 7-11 TH4 TH Xung ddt sirc chira che cia Giang Vién

Hinh 2.2. Phan loai va minh hoa rang budc ctiing va mém trong bai toan l1ap lich

Hinh 2.2 cho thay cach rang budc cing va mém duoc xir ly trong bai toan lap lich, véi
cac xung dot dugc xac dinh trong bang phan bo thoi gian va phong hoc.

2.5 Xay dung ham muc tiéu

Ham muc tiéu trong bai todn nay dugc xay dyng nham toi uu héa lich trinh giang day
trong khi dam bao tuén tha céc rang buoc. Cau trac ham muc tiéu cé thé duoc biéu dién nhu
sau:

F(S) = XiwHC; + Xj w;SC; 2
Trong do:

- HC; lacac rang budc ciing voi trong sb phat rat cao (thuong la vo cuc hoac gia tri 1on)
de dam bao khong vi pham.

- SC; la cac rang buoc mém, mdi vi pham s& bj tinh diém phat twong tng véi mic do
anh huong cua né dén chat luong lich trinh.
- w;Vvawj latrong sb quy dinh mirc d6 quan trong cua ting loai rang bugc.
V6i cach tiép can nay, thuat toadn téi wu hoa co thé tim kiém cac nghiém kha thi bang
cach loai bo nhirng phuong an vi pham rang budc cirng va giam thiéu vi pham rang bugc mem.
2.6 Phwong phap diém phat

Phuong phap diém phat duoc sir dung dé diéu chinh gia trj ham muyc tiéu sao cho thuat
toan cé thé hudng dén cac nghiém tot hon. Cac diém phat duoc tinh dya trén s6 luong va muc
d6 vi pham rang buéc mém Hinh 2.3.
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RANG BUOC MEM RANG BUOC CUNG

TR R | e | L3 e IDMAP | ID CLASS|| IDMAP | IDROOM || IDMAP |ID CLASS
3 2 3 (1.2) 2 21 2 (2, IDGV) 7
! . (1.2 4 @1 3 @1D6v)| 5

2 ) DS-GV DS HC L J

h 4 h 4 3 3

[sicchiads| | siséen | z ~
L J U 4]

Penalty + 10 Penalty + 10 rID PHONG | IDLOP | 1D THOM GIAN W

3 2 3

Loai: LT Loai TH

Hinh 2.3. Co ché tinh diém phat khi vi pham rang budc trong qué trinh 1ap lich

Cong thuc tinh diém phat ¢ thé dugc x4c dinh nhu sau:
Penalty(S) = X.j w;SC; 3)
Trong do:
- w; lamuc diém phat cho tng loai vi pham rang buoc mém.
- SCj lasd lugng vi pham cua rang buoc mém thi ;.
He théng diém phat cho phép thuat toan linh hoat hon trong viéc tim kiém nghiém t6i uu,
thay vi chi loai bo nghiém khong hoan hao ngay tir dau.
2.7 Phwong phap 14p 1ap ban d6 truy vét va so khép

Pé t6i uru hoa qua trinh tim kiém nghiém va kiém tra rang bugc, phuong phap 1ap lap ban
dd truy vét (Mapping & Backtracking) dugc ap dung. Cach tiép can nay giup luu trit mdi quan

hé gitra 16p hoc phan, phong hoc va khung thoi gian trong mét cau tric dix liéu c6 thé tra ctu
nhanh chong.

CAu trdc 1ap map truy vét cho phép:

- Xac dinh nhanh chéng danh sach cac 16p hoc phan dang st dung cting mét phong hoic
trung khung thoi gian.

- Kiém tra tinh hop 1& cua nghiém trong thoi gian thuc bang cach so khép thong tin
trong bang di liéu.
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IDMAP |ID CLASS RANG BUQC CUNG
B 0.2 1 ID PHONG IDLOP | ID THOI GIAN
T en 2 1 1 2
2 @.3) & Xung dét 2 2 1
& p
o (1.2) 4 phong hoc 3 3 3 Xung g4t
§ 3.1 2 1 4 2 16p hoc
a | @5 6 3 2 1
T 24 7 Xung dgt 3 6 5
. logi phong Xung dét
(1.1 5 2 7 £ ]_ Thoi gian
) 1 5 1 giang vién
SO KHOP
ID PHONG | ID LOP | 1D THO'I GIAN RANG BUQC MEM
3 2 3 |- o IDPHONG | IDLOP |ID THOI GIAN
= T - . Thixi gian
_ . T . 3 | 2 3 :
N han che
v DS.GV DS HC P ! '
[sicchiads| [ sisée0 | 3 3 = c:,m T = ; e
Loai: LT Loai TH 8 10

Danh sach thii gian han

D LOP GIANG VIEN | SISO | LOAI Xung dét sirc chira ché cilia Giang Vién
23 CSDLO4 GVTHO4 45 TH

Hinh 2.4. M hinh lap map truy vét va so khop dé téi uu viéc kiém tra rang budc

Hinh 2.4 trong bai béo cho thfiy cach anh xa gitra ID 16p hoc, 1D phong hoc va ID thoi
gian, cung vai qua trinh so khap dé kiém tra vi pham rang budc.

Phuong phap so khép duoc st dung dé gan 16p hoc phan vao phong hoc phil hop dua
trén:

- Sirc chira: So sanh si s6 16p hoc véi sire chira phong.
- Loai phong: Kiém tra xem phong c6 pht hop véi yéu cau 16p hoc hay khéng.
- Tinh trang phong tréng: Dam bao khdng c6 16p hoc khac dang sir dung phong trong
cung khung thoi gian.
2.8 Thuat todn Metaheuristic

Nghién ciu nay trién khai va so sanh ba thuét toan metaheuristic pho bién trong bai toan
Iap lich. Bé minh hoa cu thé, thuat toan di truyén (Genetic Algorithm — GA), mét dai dién tiéu
biéu dua trén nguyén ly tién héa tu nhién, dugc md ta véi cac bude co ban nhu sau:

Function GeneticAlgorithm Scheduling(n, Tmax, p mutation):

Input:
n // kich thuéc quin thé
Tmax // s6 thé hé tbi da
p_mutation // xé&c sudt dét bién
Output:

best individual // c& thé cé &6 thich nghi cao nhit

// 1. Khoi tao quan thé
population « [RandomIndividual() for i = 1 to n]

// 2. DPanh gi& d6 thich nghi
For each individual in population:
individual.fitness « EvaluateFitness(individual)

// 3. Véong ldp tién hoéa
For generation = 1 to Tmax:
new_population « []

While size of new population < n:
// a. Chon cha me
parentl — SelectParent (population)
parent2 « SelectParent (population)
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// b. Lai ghép
child < Crossover (parentl, parent2)

// c. Pdét bién
If Random() < p_mutation:
child ~ Mutate (child)

// d. Danh gi& dé thich nghi
child.fitness « EvaluateFitness (child)

// e. Thém vao quin thé méi
new_population.append(child)

// f. Cap nhat quin thé
population « new population

// 4. Tra vé ca thé tbt nhit
best individual < individual in population with max(individual.fitness)
Return best individual

2.9 Kha nang mé rgng ciia phwong phap

Phuong phap trén c¢6 kha ning mo rong va diéu chinh linh hoat theo cac diéu kién thuc
té khac nhau, bao gom:

Tang s6 luong 16p hoc phan va giang vién: Nho céch to chie di ligu theo dang anh
Xa va so khap, hé thong c6 thé mé rong quy moé ma khdng lam giam hiéu suat dang
ké.

Thém céc rang buoc mai: D& dang ma rong hé thong dé bo sung cac quy tac méi ma
khong lam thay do6i qua nhiéu cau trdc thuat toan.

Ung dung cho nhiéu truong hop khac: C6 the ap dung vao cAc bai toan lap lich khac
nhu 1ap lich thi ctr, xép lich phong hop, hoac t6i wu héa st dung co sd vat chat.

3. THUC NGHIEM VA PANH GIA

3.1 Dir ligu thuc nghiém

D¢ dénh gia higu qué clia phuong phap dé xuat, ching toi da tién hanh thuc nghiém trén
b6 dir liéu thuc te tr Truong, Pai hoc Cong ‘Thuong TP.HCM trong hoc Ky 1 nam hoc 2023-
2024. Dtr liéu dau vao bao gom ba thanh phan chinh:

Danh séch 120 giang vién véi thong tin vé thoi gian kha dung va cac rang budc ca
nhan

450 16p hoc phan (280 16p ly thuyét va 170 16p thuc hanh) da dwoc phan cong cho
giang vién phu trach

75 phong hoc (45 phong ly thuyét, 30 phong thuc hanh) véi thong tin vé stc chira va
vi tri

MGi tuan hoc dugc chia thanh 35 khung thoi gian (7 ca hoc mdi ngay tir thir Hai dén thir Sau).
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Hinh 3.1. Ban lich du kién cua céc 16p hoc hoc ky 1 nam hoc 2023-2024.

Danh sach giang vién

Unavailable Timeslots

1 TG00000253-Bui Duy Crrong 1,8,11,23,9
2 01014015-Dinh Huy Hoang 33,7,6,25,15
3 01001022-Tran Déc Tét

4 01001028-Va Bie Thinh 22,33

5 01001018-Nguyén Thi Hng Thao 34

6 01001011-Nguy&n Vén L& 10,3

7 01001012-Manh Thign Ly 19, 11,27, 15
8 TGO0000659-Ngd Minh Anh Thu 11,17,26, 3, 16
9 01001013-Lam Thi Hoa Mi

10 01001026-Bui Cng Danh 3,11

1 01001015-Nguyén Thi Bich Ngan 8,18

12 01001002-Vi Vién Vinh 18,14

13 01001024-Dao Minh Chau 26,33, 13

14 01001005-Nguyén Thi Binh 31,26,4,5

15 01014014-Nguyén Phuong Hac 31,8,29

16 01001021-Nguy&n Thi Thanh Thily 33,1

17 01008001-Tran Thi Van Anh 19

Hinh 3.2. Trich xuét dit liéu dau vao - Bang danh sach giang vién
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Danh sach I&p hoc

Number of Class Instructor Unavailable
_ Siris nstctortiame

TG00000253-Bui Duy

An ninh ha tang mang - 10110017501 - 12DHBMO1 Curong 1,8,11,23,9
Céng nghé tudng Itka - 10110016901 - 12DHBMO1 58 LT 01014015-Dinh Huy Hoang 33,7, 6,25, 15
Giam sat va tng ciru sy cd an toan thong tin - 10110108001 - PO

12DLBMO1 49 LT 01001022-Trén Déc Tét

Phép chiing ky thuat s6 - 10110011501 - 12DHBMO1 44 LT 01001028-Vi Birc Thinh 22,33

Thuc hanh an ninh ha tang mang - 10110017601 - 12DHBMO1 49 TH 01001022-Trén Déc Tét

Thuc hanh cdng nghé trang Ita - 10110017001 - 12DHBMO1 47 TH 01014015-Dinh Huy Hoang 33,7, 6,25, 15
Thurc hanh cong nghé twomg Ita - 10110017003 - 12DHBMO1 43 T _?_:'221018—Nguyén ThiHong 5,

Thuc hanh Giam sat va (rng ctru sw cd an toan thong tin - o

10110108101 - 12DHBMO1 45 TH 01001028-Vi Birc Thinh 22,33

Thurc hanh Giam sat va (¢ng ctru st c6 an toan thong tin - 47 ™ 01001018-Nguyén Thi Hong 2
10110108107 - 12DHBMO1 Thao

An ninh ha tng mang - 10110017502 - 12DHBMO2 55 T Eﬁgﬂgﬂm&ﬁm LUy 1,8,11,23,9
Céng nghé tudrng Itka - 10110016902 - 12DHBM02 58 LT 01014015-Dinh Huy Hoang 33,7, 6,25, 15
Giam sat va (g ciru si cd an toan thang tin - 10110108002 - A ops T

12D0BM02 56 LT 01001022-Tran Déc Tét

Phép chiing ky thuat s6 - 10110011502 - 12DHBM02 60 LT 01001028-Va Birc Thinh 22,33

Hinh 3.3. Trich xuat dir liéu ddu vao - Bang danh sach 16p hoc phan
Danh sach phong

B302 - 140 L& Trong Tan

2 B307 - 140 L& Trong Tén 60 LT
3 A401 - 140 Lé Trong Tan 60 LT
4 A101 - 140 L& Trong Tén 45 TH
5 A105 - 140 Lé Trong Tén 40 TH
6] A102 - 140 Lé Trong Tan 50 TH
7 B402 - 140 L& Trong Tén 50 LT
8 A307 - 140 Lé Trong Tén 45 LT
9 A103 - 140 L& Trong Tan 40 TH
10 B503 - 140 L& Trong Tén 50 LT
1" B507 - 140 Lé Trong Tén 40 LT
12 B407 - 140 Lé Trong Tén 60 LT
13 A104 - 140 Lé Trong Tén 45 TH
14 B206 - 140 Lé Trong Tén 45 LT
15 F602 - 140 L& Trong T4n 50 LT

Hinh 3.4. Trich xuét di liéu dau vao - Bang danh sach phong hoc

3.2 Thiét 1ap thuc nghiém

Thuc nghiém duoc thuc hién trén may tinh vai cau hinh chi tiét nhu sau:
—  Hé diéu hanh: Windows 10 Home Single Language (64-bit)
- May chu: Acer Aspire A715-41G
- CPU: AMD Ryzen 5 3550H with Radeon Vega Mobile Gfx @ 2.096GHz
- GPU: NVIDIA GeForce GTX 1650 Ti
- RAM: 13.94GB
- Ocung: 281 GB
- Ngobn ngir lap trinh: Python 3.11

114



Hoéi thao khoa hoc Khoa Céng nghé théng tin ndm 2025

Thuat toan Di truyén (GA) duoc cai dat véi cac tham sb sau: kich thuéc quan thé 200 ca
thé, xac suat lai ghép 0.85, xac suat dot bién 0.1, va s6 lugng tinh hoa (elitism) 10 cé thé. Biéu
kién dirng duoc dit 12 300 thé hé hozc khi khdng co cai thién sau 50 thé hé lién tiép.

MJi cé thé trong thuat toan GA biéu dién mot phuong an 1ap lich hoan chinh, trong d6
mdi gen dai dién cho viéc phan cong mét 16p hoc phan vao mot phong hoc va khung thoi gian
cu thé. Ham thich nghi dugc xac dinh dua trén sé luong va mic do vi pham cac rang budc,
Véi trong s6 cao hon cho cac rang budc cing.

3.3 Két qua thuc nghiém

Thuat toan GA da tao ra lich giang day hoan chinh cho 450 lép hoc phan trong thoi gian
trung binh 273.5 giay (khoang 4.56 phat). Nghiém toi uu dugc tim thay sau trung binh 198 the
hé, vai toc @6 hoi tu nhanh trong 50 thé hé dau tién va sau d6 cham dan.

Fitness over Generations

—— Fitness
160000 -

140000 +

120000 +

100000 +

80000 +

Fitness

60000 +

40000 +

20000 +

o

T T T T T T
0 100 200 300 400 500
Generation

Hinh 3.5. D6 thi thé hién qua trinh hi tu cua thuat toan GA

Két qua lap lich cudi ciing bao gém lich hoc chi tiét cho ting 16p hoc phan, thoi khéa
biéu cho ting giang vién, va bang phan bd phong hoc theo tirng khung thai gian. Phan tich két
qua cho thay giai phap khong c6 vi pham rang bugc cimng vé xung dot phong hoc va thoi gian,
ciing nhu khong c6 xung dot giira loai phong va loai 16p hoc. Tuy nhién, van con mot sb vi
pham rang bugc mém nhu di duogc théng ké:

- 0 xung dot phong hoc va thoi gian.

- 0 xung dot loai phong va loai 16p.

- 016p hoc phan duogc sip xép vao ngay bi han ché.

- 0 xung dot giang vién va thoi gian.

- 0 xung dot 16p hoc va thoi gian.

- 79 xung dot s6 lugng sinh vién va stic chira phong hoc
- 0 xung dot thoi gian dang ky khong day cua giang vién.
- 12 xung dot thoi gian khong uu tién.
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Xung dot phong hoc va thai gian - 0

Xung dot loai phéng va I6p - 0

Xung dét gidng vién va thai gian - 0

Xung dot 16p hoc va thoi gian - 0

Théng ké xung dot trong lich giang day

Thoi gian dang ky khéng day ctia giang vién - 0

Thei gian khéng uu tién khéng duge uu tién - 12

o]

10 20

30

i
40 50

S6 lugng xung dot

Hinh 3.6. Bang thong ké vi pham rang budc

Tinh tong thé, phuong 4n 13p lich dat ty 1¢ théa man rang buoc mém 1a 83.3% (75 vi pham
trén tong so 450 16p), mot ket qua dang khich 1€ doi voi bai toan NP-hard c6 khéng gian tim

kiém rong lon.

Danh séach lich hoc

Class

An ninh ha t4ng mang - 10110017501 - 12DHBMO1

C6ng nghé tuong Iiva - 10110016901 - 12DHBMO1

Gidm sét va (Fng clru su ¢é an toan thang tin - 10110108001 - 12DHBMO1

Phap chifng ki thudt s6 - 10110011501 - 12DHBMO1

D Room Timeslot Instructor Name
1 B407 - 1_‘;2"“‘3 Treng 13 TG00000253-Bii Duy Curong
2 A304 - 1¢2nLé Trong 27 01014015-Dinh Huy Hoang
5 B407 - 140 L& Trong 6 01001022-Tran Bic Tét
Tan
A F302 - 1$2nLé Trong 20 01001028-Vii Birc Thinh
5 A210-1 _i;gnLé Treng 20 01001022-Trén Dic Tét Thye

hanh an ninh ha tng mang - 10110017601 - 12DHBM01

Hinh 3.7. Bang lich két qua da sap xép cho cac I6p hoc phan

o CHO

Thwe hanh Giam sat Thwe hanh Giam sat
va (rng clru s co va irng clFu siF co
an toan théng tin - an toan théng tin -

10110108102 - 10110108101 -
Sang 12DHBMO02 12DHBMO1
80 lrong: 46 S0 Irong: 45
Sirc chira: 40 Sirc chira: 45
A110 - 140 Lé Trong A111 - 140 Lé Trong
Téan Tén
Timeslot: 3 Timeslot: 4
An toan biao méit
mang - 10110216501
- 12DHTH17
i3 S0 Irgng: 56
Chiéu Sirc chira: 50
B402 - 140 L& Trong
Tén
Timeslot: 24
Tol
Ly thuyét  Thwechanh  Thoi gian khéng dwoc khuyén khich

Phap chirng kj
thudt so -
10110011502 -
12DHBMO02
56 wreng: 60
Strc chira: 40
B507 - 140 Lé Trong
Tén

Timeslot: 13

Phap chirng ki
thudt so -
10110011501 -
12DHBMO01
s6 rong: 44
Sirc chira: 45
F302 - 140 Lé Trong
Tén
Timeslot: 20

Thai gian khdng kha dung

Hinh 3.8. Minh hoa thai khéa biéu cho mot giang vién
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3.4 So sanh véi phwong phap truyén théng

So véi phuong phap 1ap lich thu c¢éng truyén thong, giai phap dua trén thuat toan GA cho
thiy nhiéu vu dlem vuot troi. Ve thoi gian, phuong phap dé xuat giam thot gian 1ap lich tur
khoang 40 gid xudng con chua day 5 phit, tuong duong vai sy cai thién gan 500 lan. Vé chat
luong, giai phap hoan toan loai bo cac xung dot rang budc cung (trong khi phuong phap thu
cong thuong c6 khoang 8.2% xung dot can diéu chinh bd sung), dong thoi tang ty 1¢ thoa mén
rang buéc mém tir 65.0% lén 79.8%.

Hiéu suat sir dung phong hoc ciing dugc cai thién dang ké, tir 62.7% Ién 78.5%, véi cac
phong ly thuyét dat ty 1& s dung cao hon (80.8%) so v6i phong thuc hanh (75.0%). Su phan
bd déu dan cac 16p hoc trong tuan ciing dugc nang cao, tao diéu kién thuan loi cho ca giang
vién va sinh vién.

So sanh hiéu qua giira phuong phap truyén thong va thuat toan GA

2500 -
2400.0 Thi céng

= Thuat toan GA

2000 -

1500 -

Gia tri

1000 -

650 833 62.7 185 66.0 80.8 595 75.0

5.0 8.2 0.0
o- ! : I — I —
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o ciomo

nat)
jicn (@
» - a9
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e
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Hinh 3.9. Biéu d6 so sanh hiéu qua giita phuong phap dé xuat va phuwong phép truyén thong
3.5 Phan tich két qua

Phuong phap 14p ban d6 truy vét két hop voi GA da chirng minh hiéu qua trong viéc giam
thoi gian kiém tra rang bugc, gop phan quan trong vao hiéu suat tong thé caa hé thong. Co ché
anh xa dir liéu gitp xac dinh nhanh chdong céc 16p hoc phan dang sir dung cling phong hozc
trung khung thoi gian, tir d6 kiém tra tinh hop 1& ciia nghiém trong thoi gian thyc.

Diém ndi bat cua giai phép 1a kha ning loai bo hoan toan cac vi pham rang bugc cung,
bao gém xung dot phong hoc va thoi gian, xung dot loai phong va loai 16p, xung dot giang
vién va thoi gian, xung dot 16p hoc va thoi gian, cling nhu dam bao khéng cé 16p hoc nao dugc
sap xép vao thoi gian giang vién ding ky khong day.

Phan tich chi tiét cac vi pham rang buéc mém con lai cho thiy van d& chinh tap trung vao
hai khia canh:

Xung dot s6 luong sinh vién va strc chira phong hoc (79 truong hop): Day la van dé ndi
bat nhat, chiém 86.8% tong sb vi pham. Hién tugng nay XUt phat tir thyc té 12 mot sé giang
vién c6 thoi gian giang day rat han ché, dan dén viéc phai tap trung nhiéu 16p vao cac khung
thoi gian cu thé. Bong thai, sé lwong phong hoc cé stc chira 16n con han ché so véi nhu cau,
budc phai sir dung cac phong c6 sirc chira khong tuong thich véi si s6 16p.

Xung dt thoi gian khong wu tién (12 truong hop): Chiém 13.2% tong s6 vi pham, lién
quan dén viéc phai sap xép mot s 16p vao cac khung thoi gian it dwoc ua thich (nhu budi tdi
hozc cudi tuan) do han ché vé thoi gian kha dung caa giang vién va tai nguyén phong hoc.
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Mic di van con mét s6 vi pham rang budc mém, két qua nay van duoc danh gia la rat
tich cuc trong bdi canh cua bai toan 1ap lich dai hoc vai s6 luong tai nguyén han ché. Bac biét,
viéc loai bo hoan toan cac vi pham rang bugc cung da tao ra mét lich giang day kha thi va thyuc
té, c6 thé trién khai ngay ma khéng can diéu chinh tha cong.

Mot diém dang chu ¥ 1a téc d6 hoi tu cua thuat toan cho thiy su cai thién nhanh chong
trong cac thé hé dau tién va sau d6 cham dan, phd hop voi dic diém cua cac thuat toan
metaheuristic khi 4p dung vao bai toan t6i uu té hop. Su on dinh cua két qua qua nhiéu lan
chay ciing 1a mot diém manh cua giai phap dé xuat.

Tom lai, két qua thyc nghiém da ching minh rang phuong phép 1ap ban do truy vét két
hop véi thuat todn GA 1a mot giai phap hiéu qua va thuc té cho bai toan 1ap lich giang day
trong moi truong dai hoc, dac biét voi quy mé 16n nhu tai Truong Pai hoc Céng Thuong
TP.HCM. Phuong phap nay khong chi giam dang ké thoi gian lap lich ma con nang cao chat
lwong va tinh kha thi cua lich giang day, dong thoi ti wu hoa viéc sir dung tai nguyén phong
hoc trong diéu kién c6 nhiéu han ché vé co s& vat chat.

4. KET LUAN VA PHUONG HUONG PHAT TRIEN

Bai toan lap lich giang day trong méi truong dai hoc 12 mot bai toan ti uu td hop phirc
tap, yéu cau phan bé hop ly cac 16p hoc phan vao phong hoc va khung thai gian trong khi van
dam bao khdng vi pham cac rang budc hé thdng. Trong nghién ctu ndy, mot mé hinh téi uu
hoa da duoc dé xuat dya trén anh xa dir liéu, két hop gitra lap ban d truy vét va so khop dé
kiém tra nhanh chong cac diéu kién rang budc. Két qua thuc nghiém trén dit liéu thuc té tur
Truong Pai hoc Cong Thuong TP.HCM cho thiy phuong phép nay khong chi giam thoi gian
Iap lich tir khoang 40 gio xudng con chua day 5 phdt (cai thién 99.8%) ma con ning cao dang
ké chat lugng lich hoc.

Viéc phan loai va xt ly rang budc thanh hai nhém, bao gom rang budc ciing va rang budc
mém, da giup ning cao tinh linh hoat va hiéu qua cua giai phap. Thuc nghiém cho thiy thuat
toan Di truyén (GA) di loai bo hoan toan céc vi pham rang budc cang, bao gdm xung dot
phong hoc va thoi gian, xung dot loai phong va loai 16p, xung dot giang vién va thoi gian,
cling nhu dam bao khong ¢0 16p hoc nao dugc sap xép vao thoi gian giang vién dang ky khong
day. Ty I¢ thoa man rang buéc mém dat 79.8%, véi cac vi pham con lai chi yéu lién quan dén
van d¢ strc chira phong hoc (79 trudng hop) va thoi gian khong wu tién (12 truong hop).

Hiéu suét sir dung phong hoc da duoc cai thién dang ké, tir 62.7% lén 78.5%, Vi cac
phong ly thuyét dat ty 1& sir dung cao hon (80.8%) so voi phong thuc hanh (75.0%). Diéu nay
chang to phuong phap dé xuat khong chi giai quyét van d& xung dot lich hoc ma con tdi uu
héa viéc sir dung tai nguyén phong hoc sin co.

Mot trong nhiing wu diém quan trong cua phuong phap nay 1a kha ning mo rong. Véi
cach tiép can lap ban do truy vét va so khap, hé thong cé thé nhanh chéng kiém tra xung dot
va tim Kiém céc phuong én thay thé ma khong can phai thyc hién toan bo qua trinh I4p lich tir
dau. Diéu nay gitp ting téc do tinh toan dang ké, ngay ca khi sb luong l6p hoc phan, giang
vién va phong hoc tang Ién. Hon nita, mo hinh c6 thé dé dang dugC mo rong de ap dung vao
cac bai toan khac, ching han nhu 1ap lich thi ci, phan b giang vién coi thi, téi wu hoa quy
thoi gian sir dung phong thi nghiém hozc té chirc cac sy kién hoc thuat trong trudng dai hoc.

Tuy nhién, nghién ciu van con mot sb han ché can duoc giai quyét trong twong lai. Van
dé ndi bat nhat Ia ty I cao cac xung dot s6 lugng sinh vién va stc chira phong hoc (79 trudng
hop), phan &nh thach thac thuc té vé sy mat can di giira nhu cau sir dung va tai nguyén phong
hoc c6 san. Piéu nay doi hoi cac nghién cau tiép theo can phét trién cac co ché thong minh
hon dé t6i wu viéc phan bd phong hoc, cd thé két hop vai cac giai phap quan 1y co s vét chat
trong dai han.
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Trong tuong lai, dé nang cao hiéu qua caa hé thdng lap lich giang day, ching t6i du kién
s& tap trung vao cac huéng phét trién sau:

- Két hop cac thuat toan metaheuristic: Phat trién md hinh lai ghép gitra GA, PSO va
GWO dé tan dung uu diém cua tirng thuat toan. Dya trén két qua thuc nghiém, GA da
ching minh hiéu qua trong viéc giai quyét bai toan nay, nhung viéc két hop véi cac
thuat toan khac co thé gitp tang cuong kha nang tim kiém nghiém téi wu va giam thoi
gian hoi tu.

- Tich hop hoc méy: Ap dung céc ky thuat hoc may dé du doan cac tham s6 t6i wru cho
thuat todn metaheuristic dua trén dic tinh caa bd dit liéu dau vao, tir do cai thién kha
nang thich nghi cua hé thong véi cac diéu kién dau vao khac nhau.

- Phat trién hé thong thoi gian thuc: Xay dyng hé thong lap lich thich tng c6 kha ning
diéu chinh lich hoc khi c6 thay d6i dot xuat (giang vién vang mat, phong hoc bao
tri,...), gitp d4p tng nhu cau quan ly linh hoat trong mdi truong giao duc thuc té.

- Téi wu héa da muc tiéu: Mo rong mo hinh hién tai dé xu ly dong thoi nhidu muc tiéu
t6i wu hoa, khong chi giam thiéu vi pham rang budc ma con tbi da hoa sw hai long cua
cac bén lién quan (giang vién, sinh vién, quan ly).

Tom lai, két qua thyc nghiém da ching minh rang phuong phép 1ap ban do truy vét két
hop véi thuat todn GA 1a mot giai phap hiéu qua va thuc té cho bai toan 1ap lich giang day
trong moi truong dai hoc, dac biét voi quy mé 16n nhu tai Truong Pai hoc Céng Thuong
TP.HCM. Mac dii van con mot s6 han ché lién quan dén t6i wu hoa siic chira phong hoc,
phuong phép nay da chirng minh tiém ning dang ké trong viéc cai thién qué trinh 1ap lich
giang day, gidp tiét kiém thoi glan nang cao chat lugng lich hoc va téi wu hoa viéc sir dung
tai nguyén phong hoc trong diéu kién c6 nhiéu han ché vé co so vat chat.
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UNIVERSITY TIMETABLING APPROACH USING METAHEURISTIC ALGORITHMS
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The university course scheduling problem is a combinatorial optimization challenge that
requires efficient allocation of courses to classrooms and time slots while ensuring hard
constraints are not violated and soft constraints are optimized. This study proposes a data-
mapping approach that integrates trace mapping and matching to quickly verify constraint
conditions. Experiments on data from Ho Chi Minh City University of Industry and Trade
show that the proposed model reduces computation time by 37% and improves soft constraint
satisfaction by 28% compared to traditional methods. Results demonstrate that the Genetic
Algorithm (GA) completely eliminates hard constraint violations while achieving a 79.8% soft
constraint satisfaction rate with only 91 violations across 450 courses. Classroom utilization
efficiency increased from 62.7% to 78.5%, contributing to resource optimization despite
significant infrastructure limitations.

Keywords: university timetabling, optimization, metaheuristic algorithms, artificial
intelligence.
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TOM TAT

Tri tué nhan tao (AI) dang ngay cang khing dinh vai tro quan trong trong nhiéu linh vuc,
trong do c6 gido duc. Hoc tap truc tuyén (E-learning) 1a mot mo hinh gido duc hién dai, tin
dung c()ng nghé va internet dé cung cip ndi dung hoc tap linh hoat, khong bi gic’yi han béi
khong gian va thoi gian. Viéc tich hop Al vao E-learning mo ra nhiéu tiém nang, giup ca nhan
hoa trai nghiém hoc tap, t6i vu hoa ndi dung giang day va ning cao hiéu qua tiép thu kién thirc.

Nghién ciru nay tap trung khao sat cach thirc van hanh cua cac hé thong E-learning hién
nay va danh gia mtc d6 tmg dung cuia Al trong linh vuc nay. Cu thé, bai bao phan tich cac
phuong phap Al dang duoc trién khai, bao gém goi ¥ khoa hoc thong minh, trg 1y a0 hd trg
hoc tap, hé thong cham diém ty dong va phan tich hanh vi ngudi hoc. Dong thoi, nghién ctru
cling 1am rd nhiing loi ich ma AI mang lai ciing nhu nhitng thach thirc cAn vuot qua dé phat
trién cac h¢ thdng hoc tap truc tuyén thong minh, nang cao trai nghiém nguoi hoc trong thoi
dai so.

Tir khéa: Al (Attificial Intelligence), Hoc tap tryc tuyén (E-learning), Ung dung AI vao E-
learning

1. MO PAU
1.1 Giéi thi¢u vé Tri tu¢ nhin tao (AI)

Tri tué nhan tao (Artificial Intelligence — Al) 1a mét linh vuc khoa hoc may tinh tap trung
vao viéc phat trién cac hé thong c6 kha niang mé phong tri tué con ngudi. Al c6 thé thyuc hién
céc tac vu nhu hoc hoi, suy ludn, nhan dién giong néi, xtr Iy ngdn ngit tw nhién va ra quyét
dinh duya trén dit liéu [1]. Véi su phat trién nhanh chéng cta cong nghé, Al da tré thanh mot
yéu td quan trong trong nhiéu linh vic, bao gdm y té, tai chinh, giao thong, va dic biét 1a gido
duc.

1.2 Hoc tap truc tuyén (E-learning)

Hoc tép truc tuyén (E-learning) 14 phuong thirc gido duc sir dung cong nghé va internet
dé cung cap ndi dung hoc tap ma khong bi gi6i han boi khong gian va thoi gian. Theo Elliott
Masie, mét chuyén gia trong linh vuc nay, E-learning 13 “viéc 4p dung cong nghé dé tao ra,
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cung cap, chon lya, quan tri, hd trg va mé rong cach hoc truyén théng” [2]. Hién nay, cac nén
tang pho bién nhu Coursera, Udemy, va Moodle da giup hang tridu nguoi tiép can kién thirc
mot cach linh hoat va hi¢u qua.

1.3 Su két hop giira AI va E-learning

Viéc tich hop Al vao E-learning dang mé ra nhiéu co hoi dé ca nhan hoa trai nghiém hoc
tap, t6i wu hoa giang day va nang cao hiéu qua tiép thu kién thirc. Al c¢6 thé hd trg goi ¥ khoa
hoc, danh gia nang luc nguoi hoc, tao tro 1y 4o hd tro hoc tap va tu dong hoa chim diém bai
tap, gitip qua trinh hoc truc tuyén trd nén linh hoat va hiéu qua hon. Két hop voi wu diém cua
gi4o duc truc tuyén — cho phép hoc tap moi luc, moi noi, truy cap khoa hoc theo yéu cau — Al
cang 1am tang tinh c4 nhan héa, giup ngudi hoc, dic biét 1a nhitng nguoi ban ron, dé dang tiép
can kién thirc theo thoi gian biéu cua riéng minh.

Khao sat cach thirc hoat dong ctia cac hé théng E-learning hién nay va danh gia mirc do
mg dung ctia Al trong linh vuc nay. Phan tich cac phuong phéap Al dang duogc trién khai, lam
16 nhitng loi ich ma chiing mang lai, ddng thoi nhan dién cac thach thirc va co hoi trong viée
phat trién céc hé thong hoc tap thong minh, t6i wu héa trai nghiém cua nguoi hoc.

2. NHUNG NEN TANG HQC TRUC TUYEN PA AP DUNG AI VA CAC CONG
NGHE AI LIEN QUAN

2.1 Cac nén tang di ap dung Al

Coursera: Str dung céac thudt toan machine learning dé thu thap va phan tich dir liéu tir
hanh vi ciia ngudi hoc, nhu lich sir dang ky khoa hoc, thoi gian hoc, diém sb va phan hdi cua
hoc vién. Tir d6, hé thong goi ¥ cac khoa hoc phu hop v6i ning luc va sé thich ca nhin caa
ting ngudi. Coursera tich hop Al vao quy trinh chim diém cho cac bai kiém tra va bai luan.
Céc hé thong nay khong chi gitip chidm diém nhanh ma con cung cip phan héi kip thoi cho
ngudi hoc, giup ho nhan biét va khic phuc 151 mot cach hidu qua.
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Speak sir dung tri tué nhan tao (AI) dé ning cao kha ning giao tiép tiéng Anh cua nguoi
hoc thong qua nhén dién giong néi va phan tich phat 4m. Hé thong Al c6 thé danh gia cach
phat 4m cua ngudi dung, so sanh v6i giong chuin ciia ngudi ban xt va dua ra phan hoi chi
tiét. Ngoai ra, Speak tich hop cdc m6 phong hoi thoai thuc té, gitp nguodi hoc luyén tép giao
tiép trong nhiéu tinh hudng khac nhau.

21:30 @

Thai tiét & Seattle nhur thé nao? Thai tiét nhu thé nao?

1193 tam dimg 11 Da tam dimg

Hinh 3. Al phét hién 15i phat &m

2.2 Ciac cong nghé Al pho bién trong E-Learning

H¢ thong goi y (Recommendation Systems): Str dung thuat toan may hoc dé dé xuét
ndi dung hoc tap dya trén so thich va nang lyc cua hoc vién.

Content-Based Filtering: 1a mét ky thuat trong hé théng goi y, trong d6 cac dé xuit dugc
tao ra dua trén vi€c phan tich cac ddc trung cla cac muc (san phﬁm, bai bao, phim, v.v.)
ma ngudi dung da thé hién sy quan tim trong qua khir [3]. Cu thé, hé thng s& xdy dung
mot hd so s& thich ca nhan cho mdi ngudi dung dua trén cac thude tinh cua nhitng muc
ma ho da thich (vi du: thé loai, tir khoa, dic diém noi dung...). Sau do, no6 so sanh cac
thudc tinh ndy v&i cac muc méi trong co s dir liéu va dé xuat cac muc ¢ ndi dung twong
tur vo1 so thich da dugc xac dinh.

Collaborative Filtering (CF): CF dya trén gia thuyét rang ngudi ding c¢6 hanh vi tuong
dong s€ co s thich giong nhau [4]. C6 hai hudng chinh:
User-based CF: Hé thong tim nhimg nguoi dung c6 hanh vi twong ty v6i nguoi dung
hién tai (vi du: ciing dénh gia, mua sdm, xem nhiing san pham tuong tur) va goi y cho
ho nhiing muc ma nhiing nguoi dung d6 da tuong tac tich cuc.
Item-based CF: Hé théng phan tich mdi quan hé giita cac muc (san pham, phim, bai
béo, v.v.) dva trén cach ma ngudi dung twong tac v6i ching. Néu hai muc thuong duge
ngudi dung cung lya chon, hé thong s& goi ¥ mot trong hai muc cho ngudi dung néu
ho d thé hién su quan tim dén muc con lai.
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Adaptive Learning [5]: 1a mot h¢ thong gido duc truc tuyén co kha nang tu dong didu
chinh ndi dung, phuong phap va téc d6 hoc dua trén phan hoi va higu suat ctia timg hoc vién
[6]. Muc tiéu ctia hé thong nay khong chi 1a cung cap ndi dung phu hgp ma con 1a tao ra mot
10 trinh hoc tap cé nhan hoda, gitp hoc vién hoc nhanh hon va hiéu qua hon. Str dung cac thuét
toan may hoc nhu Bayesian Networks, Decision Trees hodc cac mo hinh dy béao de phéan tich
di liéu va dy doan kha nang tiép thu cua hoc vién. Qua do, hé théng c6 thé xac dinh diém
manh, diém yéu va phong cach hoc tap ctia mdi c4 nhan.

Automated Grading [7]: 1a cong ngh¢ sir dung cac thudt toan hoc may va xu Iy ngoén
ngir tu nhién (NLP) dé ty dong cham diém bai 1am cua hoc vién. Hé thong nay khong chi ap
dung cho céc bai kiém tra tric nghiém ma con mé rong sang viéc danh gia bai luan, ma ngudn
1ap trinh va cac dang bai tap phire tap khac. Muyc tiéu chinh 1a cai thién hiéu qua danh gia, cung
cép phan hoi nhanh chong va giam tai cong viéc cho giang vién. N6 cung c6 thé ty dong khao
sat va danh gia tién d hoc tap ciia hoc sinh, cung cap thong tin chi tiét giap quan 1y va hd trg
hoc sinh phu hop [8]

Virtual Reality (VR) in E-Learning [9]: La cong ngh¢ thuc té 40 giip hoc vién trai
nghiém moi trudong hoc tp truc quan, song dong thong qua kinh VR. H¢ thong hoc tdp VR
cho phép mo phong cac tinh hubng thuc té nhu phong thi nghiém 4o, m6 phong phau thuat y
khoa, hodc huan luyén ky ning trong moi trudng gia lap. Al c6 thé dugc tich hop dé t6i uu hoa
trai nghiém, gitip ca nhan héa ndi dung va twong tac theo thoi gian thyc. Cac mo hinh Al nhu
Computer Vision va Reinforcement Learning c¢6 thé duogc sir dung dé theo ddi hanh vi cua
ngudi hoc va diéu chinh trai nghiém hoc tap phu hop.

Augmented Reality (AR) in E-Learning [10]: La cong ngh¢ thyc té ting cuong gitp
bd sung cac yéu td a0 vao méi truong hoc tap thuc té, gitip bai giang trd nén truc quan va hap
dan hon. AR duoc tng dung manh mé trong gido duc STEM, y hoc, va huén luyén k¥ thuat.
Al déng vai trd quan trong trong viée tdi vu hoa AR bang cach sir dung Computer Vision dé
nhan dién vat thé va cung cip ndi dung phu hop theo bdi canh. Mot sb tmg dung két hop Al
v6i AR dé gitp ca nhan héa trai nghiém hoc tap, chang han nhu huéng dan timg budc trong
thuc hanh hodc hd trg hoc sinh giai toan béng cach quét hinh anh bai tap.

Generative Al in E-Learning [11]: La cong nghé st dung mé hinh Al dé tao noi dung
hoc tap mot cach ty dong, bao gém bai giang, cau hoi kiém tra, bai tap thuc hanh va tham chi
1a giao trinh tuy chinh. M6 hinh AI nhu GPT-4, DALL-E hoic Stable Diffusion c6 thé gitp
tao bai giang dudi dang van ban, hinh anh, video hodc tham chi 12 mé phong tinh hudng.
Generative Al con ¢ thé hd tro tao trg giang 4o c6 kha ning tra 161 cau hoi va ho tro hoc vién
theo thoi gian thuc. Viéc ing dung Generative Al gitp ca nhan héa ndi dung hoc tap, tang
cuong sy sang tao va giam tai cong viéc bi€n soan tai li€u cho giang vién.

3. PHAN TICH VA PANH GIA

Nghién ciru di phan tich mirc d6 tmg dung tri tué nhan tao (AI) trong cac hé théng E-
learning hién nay va danh gia hiéu qua cua cac cong ngh¢ Al trong viéc ca nhan hoa trai nghiém
hoc tép, tu dong hoa giang day, phan tich dir liéu hoc tap va hd trg giang vién. Duya trén khao
sat va nghién ciru thuc té, c6 thé tong hop mot s6 két qua quan trong sau:

Al dang ngay cang tré thanh mot nhan td then chdt trong viéc ning cao chit luong va
hiéu qua cua gido duc truc tuyén (E-Learning) bang cach mang lai nhirng trai nghiém hoc tap
dugc ca nhan hoa, hip dan va hiéu qua hon . Viéc tich hop Al vao E- Learning khong chi don
thuan 1a mot xu huéng cong ngh¢ ma con la mot giai phap chién lugc dé giai quyét nhiing
thach thic trong gido duc truyén thong va tryc tuyén, dong thdi mo ra nhiing co hoi hoc tap
moi.
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Al cai thién dang ké trai nghiém hoc tip bang cach tac dong dén nhiéu khia canh cua quéa
trinh gido duc, tir viéc cung cap ndi dung dén danh gia va hd tro ngudi hoc . Dudi day 1a mot
s6 vi du cu thé vé cach Al dang dinh hinh lai E-Learning:

C4 nhan héa 19 trinh hoc tap: Mot trong nhiing vai trd quan trong nhat ctia Al 1a kha

nang tao ra cac 16 trinh hoc tip dwoc ca nhan héa. Al phan tich dir liéu vé& hanh vi hoc

tap, hiéu sudt, s thich va muc tiéu cua timg ngudi hoc dé diéu chinh ndi dung phu hop.

Vidy, néu mot hoc vién hoc t6t hon thong ‘qua hinh anh, hé thong Al ¢6 thé uu tién cung

cép nhiéu hon vé hinh anh, video va céac yéu tb twong tic truc quan hon 13 vin ban thuan

tay.

Hé théng trg'ly do: co kha nang tuong tac vdi nguoi hoc, tra 101 cau hoi va cung cép

phan hdi ngay 1ap e, tuong ty nhu mot gia su truc tlep CAc trg 1y 4o (chatbot) dugc hd

trg boi NLP (Natural Language Processing) co thé hiéu va phan hdi cac cdu hoi bang
ngon ngit ty nhién, hd trg nguoi hoc diéu hudng qua cac khoa hoc va tai licu.

Phin tich hanh vi va du do4an két qua hoc tip: Al c6 kha ning phan tich lugng 16n dit
lidu hoc tap dé xac dinh cdc mau hanh vi, du doan hiéu suét hoc tap va nhn dién s6m
nhiing hoc vién c6 nguy co gap kho khan. Thong tin nay cho phép giang vién dua ra cac
bién phéap can thiép kip thoi dé hd tro nhitng hoc vién can gitp d& va tdi wu hoa ndi dung
giang day.

Tao ndi dung hoc tip tw dong [12]: Al c6 thé hd tro trong viéc tao ra ndi dung hoc tap
nhu cau hoi trac nghiém, bai tap, tom tat va tham chi ca cac khoa hoc hoan chinh, giup
tiét kiém thoi gian va ngudn luc cho cac nha thiét ké khoa hoc va giang vién.

3.1 Tac dong cia AI dén E-Learning

Céc nghién ciru so sanh hiéu qua hoc tip trudc va sau khi trién khai Al cho thay nhiing
két qua day hira hen. Mot nghién ctru ctia Knewton [13] cho thdy nhiing sinh vién st dung
chuong trinh hoc tap thich img dugc hd trg boi Al ciia ho di cai thién diém kiém tra 1én dén
62% so véi nhiing sinh vién khong st dung chuong trinh nay. Mdt nghién ctru khac bao cao
rang mot hé thong day kém thong minh da cai thién diém s6 cua hoc sinh 1én 30% dong thoi
giam lo ldng 20% [14]. Mot nghién ctru tai Pai hoc Ajman [15] cho thdy cac gido vién sinh
vién st dung cac cong cu hoc tip ca nhan hoa duge hd trg bai Al trong Moodle — mot nén tang
hoc tap truc tuyén, da co su khac biét dang ké vé hiéu suét hoc tap va kha nang ghi nhé kién
thirc, nghiéng vé nhom thir nghiém. Ho ciing thé hién murc d6 tu duy phan bién, dong luc va
su tham gia cao hon. Tl cac nghién ctru trén cho thiy rang viée tich hop Al vao e-learning da
cai thién dang ké hiéu suét hoc tap va kha nang ghi nhé kién thirc cua sinh vién.

3.2 Ca nhan héa trii nghiém hgc tip thong qua Al

Mot trong nhitng tac dong rd rét nhét ciia Al d6i voi E-learning 1a kha ning ca nhan hoa
19 trinh hoc tap cho ting hoc vién. Cu theé:

Bdng 1. Cai thién két qua hoc tdp nhod Al

Tiéu chi Trudce khi 4p dung AT | Sau khi ap dung Al
Ty 1€ hoan thanh khoa hoc 65% 85%
Diém trung binh khoa hoc 70/100 82/100
Mirc d6 hiéu bai (mén ky thuat) 60% 78%
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Nhing s6 liéu trén duoc tham khao tir khao sat cua Knewton vé tac dong cua Al
trong ca nhan hoa hoc tap [13].

3.3 Tu dong héa danh gia va hd trg gidng day

Al d3 dong vai trd quan trong trong viéc cai thién toc do va chat luong danh gia trong E-
learning:

Automated Grading (Chim diém tw ddng): Cac hé thong cham diém dya trén Al da

giip giam tai cong viée cho giang vién, dac biét la trong cac khoa hoc co s6 lugng hoc

vién 16n. Al c6 thé chdm bai klem tra tric nghiém, phan tich bai luén bang xu 1y ngdn

ngt tu nhién (NLP) va cung cap phan hoi chi tiét. Tuy nhién, hé thong cham diém bai

luan van gdp han ché trong viéc hiéu ngit canh phirc tap va danh gla tu duy phan bién.

Tro 1y 40 va chatbot hd trg hoc tip: Al di dugc tich hop vao cac nén tang nhu Duolingo
va Coursera dé hd trg hoc vién giai dép thic méc, cung cép hudng dan hoc tap va phan
hoi tirc thi. Nhimng chatbot nay str dung NLP dé giao tiép vdi nguoi hoc, tuy nhién van
chua thé thay thé hoan toan giang vién do han ché trong viéc hiéu ngir canh phirc tap.

3.4 Phan tich di liéu hoc tap va téi wu hoa ndi dung giang day

AI khéng chi hd trg hoc vién ma con gitp giang vién va nha quan 1y gido duc hiéu rd hon
vé€ hanh vi hoc tap de toi vu hoa ndi dung giang day:

Learning Analytics (Phan tich dir liéu hoc tip): Cac hé thong E-learning hién dai co
thé thg:o dai thoi gian hoc tap, ty 1€ hoan the‘mh khoa hoc, muc d6 tuong tac va két qua
bai kiém tra. DT li€u nay giup giang vién di€u chinh phuong phap giang day phu hop vai
tirng nhom hoc vién.

Nhin dién sém hoc vién gip khé khin: Al c6 thé phat hién nhimg hoc vién co dau hi¢u
tut lai phia sau dya trén hanh vi hoc tap (vi du: it truy cap hé thong, diém so giam dan)
va dua ra canh bao cho gidng vién hodc deé xuat tai liéu ho trg.

3.5 Nhiing thach thirc khi trién khai AI trong E-learning

Du Al mang lai nhiéu loi ich, viéc trién khai trong gido duc truc tuyén van gip phai mot
s0 thach thace 16m:

Do chinh xac va tinh khach quan cia AlL: Cac thu;flt toan 201 vy khoa hoc doi khi chua
thuc su phu hop véi nhu cau ciia nguoi hoc. HE thong cham diém tu dong cling gap kho khan
trong viéc danh gid nhiing bai tap doi hoi tu duy sang tao.

Giai phap: Cai tién thuat toan Al bang cach huan luyén voi dir liéu da dang va c6 gan
nhan tr chuyén gia. K&t hop danh gia cua Al véi gidang vién dé€ ddm bao tinh chinh xac. [16]

_ Kha ning tiép can cong nghé: Viéc trién khai AT trong E-learning doi hoi ngudn lue 16n
v€ ha tang cong ngh¢, dir liéu va doi ngi phat trién. Diéu nay gay kho khan cho cac t6 chue
giao duc nhé 1€ hodc khu vuc c6 diéu kién cong nghé han che.

Giai phap: Xay dung hé thong Al trén dam may (Cloud-based) dé giam chi phi phan

cung. Ho trg cac nén ting ma ngudn mé nhu Moodle, Open edX dé gitip cac td chirc nho dé
dang trién khai. [16]

Bdo mat dir liéu: Al trong gido duc thu thap va xt 1y mot lugng 16n di li€u hoc vién,
bao gém két qua bai kiém tra, hanh vi hoc tap, s& thich ca nhan va thim chi 1a dir liéu sinh tric
hoc trong mot s6 hé thong giam sat. Dicu nay dat ra nhitng thach thirc 16n vé quyén riéng tu
va an toan dir liéu, nhu ro ri dit li€u ca nhan, lam dung dir liéu hodc thiéu minh bach trong cach
Al thu thap va su dung thong tin.
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Giai phap: Ap dung ma hoa dir 1iéu manh, an danh hoa dit liéu va quan ly quyen truy cap
dé ngan chan riii ro bao mét. Cac hé thong Al can tuan thu cac tiéu chuan bao mat quéc té nhur
GDPR, FERPA, HIPAA. Pong thoi, cic nén tang hoc tryc tuyén can cong khai chinh sach
bao mat va cung cip quyén kiém soat dit liéu cho nguoi hoc. [17]

Vai tro ciia gidng vién trong mdi trwomg AL: Al c6 thé hd tro nhiéu khia canh ctia giang
day, nhung viéc thay thé hoan toan vai tro ctia giang vién van chua kha thi. Hoc tap khong chi
12 qua trinh tiép thu kién thirc ma con can sy huéng dan, dong vién va danh gia tir con nguoi.
Al tuy c6 thé gitp ca nhan hoa 19 trinh hoc tap, cung cap phan hdi nhanh, nhung van gip han
ché trong viéc tao dong luc va xay dung méi truong hoc tap linh hoat.

Giai phap: Dung Al dé hd trg chi khong thay thé glang vién. Al c6 thé tu dong cham
diém, theo dai tién d6 hoc tip, nhung giang vién van dong vai tro quan trong trong viéc hudéng
dan, tao dong lyc va danh gia ky nang mém cua hoc vién. Sy két hop giita Al va gido vién s&
gitip t01 wu hoéa qué trinh gidng day, dam bao yéu t6 con nguoi trong giao duc. [17]

Thiéu dir liéu chét lwgng cao: Al hoat QQng hi€u qua khi co dq liéu dl} 16m va ch:?it luong
cao. Tuy nhién, trong giao duc, dir li¢u c6 thé bi phan tan, khong dong nhat hodc thiéu thong
tin quan trong, dan dén mo hinh Al hoat dong khong chinh xéc.

Giai phap: Xay dyng hé théng thu thap va lam sach dif liéu tir nhiéu ngudn khac nhau.
Tao kho dir liéu chung d€ dam bao Al c6 du dit li€u huan luyén. [16]

N Kha an'lnqg ca nh@n hoa chu’gl hqz‘m héo: Du Al c6 thé ¢4 nhan hoa 19 trinh hoc tdp, nhung
van kho d€ hiéu séu sac nhimg yéu to tam ly, cam xuc hodc dong luc cua ting nguoi hoc. Al
c6 thé dua ra de xuat hoc tap khong thyuc sy phu hop voi nhitng nhu cau ca nhan dic thu.

Giai phap: Ung dung Adaptive Learning Al ”dé’ tiy chinh ndi dung hoc theo thoi gian
thuc, két hop véi khao sat phan hoi cua hoc vién dé t6i vu hoa ca nhan hoa. [16]

Chfmg gian 14n va tinh trung thuc trong hoc tip: E-learning déﬂbi}qi dung dé gian lan
trong kiém tra, [am pai tap hoéc tham chi gian 1an danh tinh. Al co thé ho tro phat hién hanh
vi gian lan, nhung van chua thé dam bao tinh trung thyuc tuyét doi.

Giai phap: Sir dung Al nhén dién khudn mat daé xac thyc danh tinh trong cac ky thi online.
Ung dung Al kiém tra dao vén, sao chép ndi dung d€ dam bao trung thyc. [17]

Twong tic nguoi hoc bi han ché: Al co thé hd trg giang day, nhung khong thé thay thé
hoan toan sy tuong tac gitra con nguoi voi con nguoi. Nhitng hoat dong nhu thao luan nhom,
tranh.

Giai phap: Két hop Al véi cac nén tang hoc tép cong tac, gitp hoc vién théo luan va trao
doi dé dang hon. Phat trién Al tutor c6 thé giao tiép bang ngdn ngit tu nhién, tao cam giac
tuong tac glong nhu véi giang vién that. [16]

4. KET LUAN

Nghién ctru di chi ra tiém nang to 16n cua tri tu¢ nhan tao (Al) trong viéc nang cao chat
luong va hiéu qua cua cac h¢ thong E-learning, tir 6 mo ra hu0’ng di mai trong phat trién cac
giai phap hoc tép thong minh. bé khai thac tiém nang nay, viéc trién khai mot chatbot hd tro
tim kiém khoa hoc, giai dap thac mic va dua ra goi y khoa hoc ¢4 nhan hoa 1a mot giai phap
kha thi. Cu thé, nhom s& phat trién hé théng E-learning tich hop cac cong nghé tién tién vé xir
ly ngdn ngir tw nhién (NLP) va hoc may, trong do chatbot s€ sir dung cdc mo hinh ngdn ngir
hién dai nhu GPT hoic BERT dé hiéu va phan tich yéu cau cua hoc vién, tir d6 trich xuét cac
tir khoa quan trong nhu chuyén nganh, cap do va muc tiéu hoc tap. Dya trén nhiing thong tin
nay, hé théng s€ truy xuét dit lidu tir co s& dir liéu khoa hoc va tra vé danh sach cac khoa hoc
phu hop véi ndi dung yéu cAu. Song song d6, mdt module goi v khda hoc thong minh, dugc
xay dung dua trén cac thuat toan Content-Based Filtering va Collaborative Filtering, s& phan
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tich hanh vi, lich sir hoc tap va s¢ thich cta tirng hoc vién nhim dé xuét cac khoa hoc c4 nhan
hoa, t6i uu héa qua trinh hoc tap. Chatbot duge tich hop truc tiép vao giao dién web hoic g
dung di dong, cho phép hoc vién tuong tac lién mach va nhan phan hdi nhanh chong. Déng
thoi ap dung cac bién phép bao mat nghiém ngit nhu ma hoa va xac thuc dé bao vé thong tin
ca nhan ctia ngudi dung.
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Artificial Intelligence (Al) is increasingly asserting its crucial role in various fields,
including education. E-learning is a modern educational model that leverages technology and
the internet to provide flexible learning content, unrestricted by space and time. Integrating Al
into E-learning unlocks numerous potentials, enabling personalized learning experiences,
optimizing teaching content, and enhancing knowledge acquisition efficiency.

This study focuses on examining the operation of current E-learning systems and
assessing the extent of Al application in this field. Specifically, the paper analyzes Al methods
being implemented, including intelligent course recommendations, virtual learning assistants,
automated grading systems, and learner behavior analysis. Additionally, the research clarifies
the benefits Al brings, as well as the challenges that need to be overcome to develop intelligent
online learning systems, enhancing learner experiences in the digital age.
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TOM TAT

Bai bao nay gidi thiéu mot thuat toan metaheuristic mai két hop giira téi wu truong dién
tir va thuat giai di truyén dé giai quyét cac van dé téi wu hiéu qua. Thuat toan dé xuat lan luot
&p dung téi wu trudng dién tir va thuat giai di truyén trong mdi vong lap, tan dung nhitng uu
diém cua ca hai phwong phap. Thuc nghiém mé rong trén cac ham benchmark théng dung cho
thay su vuot troi cua thuat toan dé xuat so véi cac thuat toan thanh phan vé téc do hoi tu va
chét luong giai phap.

Tir khéa: T6i Uu Metaheuristic, Téi Uu Truong Dién Tir, Thudt Toan Di Truyén, Thujt
Toan T6i Uu Két Hop, Haim Panh Gia To6i Uu

1. MO DAU

Céc thuat toan metaheuristic dwoc sir dung dé tim kiém mot giai phép gan dung tdi wu
cho céc van dé tbi wu kho khin, trong d6 khong c6 phuong phap xac dinh nao c6 thé giai quyét
ching trong mot thoi gian hop ly. Mot thuét toan metaheuristic duoc dinh nghia la mot thuat
toan doc 1ap véi van dé cé thé tim ra céc giai phap gan dung cho cac van dé kho khan.
Metaheuristics duoc lay cam hing tir thién nhién va ¢ ging giai quyét cac van dé bang cach
mo phong hanh vi dong vat, sinh hoc hoac vat ly. [1]

Céc thuat toan tién hoa (EAs) la cac thuat toan metaheuristic ngau nhién, dya trén quan
thé. EAs khac biét voi mot sb phuong phap t6i wu hoa, nhur Simulated-Annealing [2] va Tabu
search [3], vi ching tién héa mot quan thé cac giai phap dé dat dugc mot giai phap gan dung
t6i wu thay vi chi mot giai phap. Dai khéi, EAs tim kiém mién van dé nhu sau: mot quan thé
c4c ca thé ngau nhién (giai phap) dugc khoi tao lan dau tién, sau do danh gia sirc khoe cia cac
ca thé thdng qua ham siic khoe. Trong cac thé hé tiép theo, céc cé thé tién hoa vé phia giai
phap tét nhat toan cau thong qua EAs va sy huéng dan caa ham sac khoe. Qué trinh nay tiép
tuc cho dén khi dat dén sé lan lap tbi da hoac tim thiy giai phap gan dang ky vong. [4] [5]

Kha ning can bang giita kham pha (da dang hda) va khai thac (cing cé) dong mot vai tro
quan trong trong su thanh cdng cia mot EA. Su khai théc 1a can thiét dé kham pha bé mit van
dé mot cach toan ciu va xac dinh khu vuc cia khong gian tim kiém chira giai phap tét nhat
toan cau (gia tri nho nhat toan cau). Sy khai thac ciing can thiét dé tim ra mot giai phap chinh

130



Nguyén Thj Thu Tam, Binh Nguyén Trong Nghia

X4c bang cach ting cuong tim kiém trong khu vuc dugc xac dinh béi giai doan kham pha. Dat
dugc sy can bang nay 1a ddc diém chinh ctia EAs va cach chiing khéc biét voi nhau. Dai khai,

EAs c¢6 huong kham phd hon 1a huéng khai thac. Dac diém nay lam cho ching pht hop cho
cac van dé kho vai nhiéu giai phap ti wu dia phuong vi chung gittr mét quan thé cac giai phap
va nghién cttu mot khu vurc 16n dé tim ra giai phap tot nhat toan cau.

Tinh can bang gitra su khdm pha va su khai thac 1a dic diém quan trong cuaa EAs va dé
la cach chiing khac biét véi nhau. Nhin chung, EAs ¢6 xu huéng tép trung vao kham phd hon
1a khai thac. Didu ndy lam cho ching tré nén phu hop Vvéi cac van @& kho véi nhiéu giai phéap
t6i wu dia phuong vi _chung duy tri mét quan thé cac giai phap va kham pha mot khu vuc 16n
dé tim ra giai phap t6t nhat toan cau.

Nhiéu thuat toan ti uu hoa dugc ldy cam hing tir thién nhién da tré nén rat noi tiéng,
trong d6 co: Genetic Algorithm (GA) [6], hoat dong dua trén nguyén tic caa ly thuyét tién hoa
ctia Darwin, Particle Swarm Optimization (PSO) [7], hoat dong dua trén hanh vi tim kiém thic
an cua mot dan chim, Differential Evolution (DE) [8], twong ty nhu GA nhung ¢6 cac phuong
phap lai va dot bién duoc sta d6i, va Harmony Search (HS) [9], hoat dong dua trén cach ma
nhac st the hghiém va thay ddi nbt nhac cua cac nhac cu dé sang tac am nhac t6t hon. Cac
thuat toan t6i wu hoa ndi tiéng nay di dwoc ap dung cho viéc téi wu hoa cua nhidu van dé téi
vu hoa va da chimg minh duoc d6 chinh xéac va toc do chap nhan dwoc. Tuy nhién, thach thirc
& trong linh vuc ndy 1a 1am thé nao dé dugc ldy cam hing tir kién thic hién c6 vé t6i wu hoa
va cach ma tu nhién hoat dong dé cai thién cac thuat toan hién c6 hoic phét trién mot thuat
toan mai, cd thé nhanh chéng tim ra giai phap tot nhat todn cau ma van tranh giai phap téi uu
cuc bo.

Hai thuat toan tdi wu hoa mai duoc dé xuét gan day 1a Artificial Bee Colony (ABC) [10]
va Group Search Optimizer (GSO) [11]. ABC la mét thuat toan téi wu hoa dua trén hanh vi
tim kiém thic an théng minh cta dan ong mat, trong khi thuat toan GSO duoc ldy cam hing
tir hanh vi tim kiém thirc an ctia dong vat. Ca hai thuat toan nay da duoc &p dung thanh cong
cho nhiéu van dé t6i uru hoa khac nhau va di chimg minh dwoc sirc manh tim kiém canh tranh.

Céc thuat toan heuristics 1y cam hung tir vat ly 1a mot loai thuat toan t6i wu hoa khac,
dugc thuc day boi cac dinh luat vat 1y. Vao nam 2008, Tayarani di d& xuat mot thuat toan téi
wu hoa 14y cam hang tir tir tinh duoc goi 1a Magnetic Optimization Algorithm (MOA) [12],
dugc lay cam hing tir luc hit gitra cac hat tir tinh. Trong MOA, c4c giai phap c6 thé dugc thé
hién bang nam cham c6 khéi lugng khac nhau, duoc phan tan trong mét ciu tric gidng nhu
lué6i trén khong gian tim kiém va 4p dung mét luc hat d6i voi cac hang x6m cua chidng, theo
suc khoe cuaa minh. Mét thuat toan tuong tu voi MOA la Gravitational Search Algorithm
(GSA) [13], ma xem xét c&c yéu t6 tim kiém (hat) nhu cac khéi lugng tuong tac voi nhau dya
trén lec hap dan giira ching. Mot sé thuat toan khéc gan day da sir dung mot ¥ tudng twong tu
cho téi uu hoa duya trén cac dinh luat luc hoc lay cam hing tir vat ly. Magnetic Charged System
Search (MCSS) [14] sir dung cac dinh luat diéu khién cho luc tir cong thém vao cac luc dién
dé t6i wu hoa. Tons Motion Optimization (IMO) [15] dwoc dé xuat dya trén sy hap dan va day
IUi cua anion va cation dé thuc hién tdi vu hoa.

Pugc thue déy boi cac thuat toan duya trén trudng lee di duoce dé xuit trude do va sy thuc
té rang trong hau hét cac trueong hop, cac hat dugc hip din dén hat s& cho két qua tot nhat,
diéu nay tang kha ning tim ra diém tdi wu cuc bo, mot thuat toan téi wu hoa ldy cam hung ter
vat ly khac duoc goi 1a Electromagnetic Field Optimization (EFO) [16] [17], duoc ldy cam
himng tir hai hién tuong. Hién tuong dau tién 1a luc hap dan - day IUi giita cac tu dién co cuc
khéc nhau, va hién tuong thir hai 12 mot ty 1é 1ay cam hing tir thién nhién goi 1a ty 1& vang,
con dugc biét dén 12 ban tay cia Chua.

Dua trén céc thuat toan Iy cam hang tir vat ly va sinh hoc da duoc dé xuét trudce do, va
V6i muc tiéu ting cuong sy da dang héa va khai thac trong qua trinh tim kiém giai phép, bai
bao nay dé xuit mot phuong phap t6i wu méi, két hop gitra thuat toan trudng dién tir va thuat
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giai di truyén. Thuat toan nay, dwoc goi 1a Electromagnetic Genetic Optimization Algorithm
(EGOA), sé& tan dung stirc manh cua ca vat ly va sinh hoc trong qua trinh tim kiém giai phéap
t6i wu.

Trong EGOA, ¢ mdi vong 13p, thuat toan s& ap dung mot phan cua thuat toan truong dién
tir dé tao ra su da dang trong quan thé giai phap. Sau do, thuat giai di truyen sé duoc st dung
dé tim kiém va cai thién céc giai phap trong quan thé nay. Bang cach két hop giita viéc tao ra
da dang va khai thac tét nhat tir ca hai phuong phap, EGOA hira hen mang lai nhitng két qua
t61 wu hoa hap dan va hiéu qua hon cho cac van dé téi uvu kho khan.

2. TOI UU TRUONG PIEN TU

Mot nam cham dién hoat dong dua trén nguyén ly rang dong dién di qua tao ra mét truong
tir. Khac v6i nam cham cb dinh, nam cham dién chi ¢c6 mét cuc (dwong hodc am), dugc Xac
dinh boi huéng cia dong dién va c6 thé thay doi bang cach thay d6i hudng cua dong dién.
Hon nira, ¢ hai luc khac nhau gitra cac nam cham dién: luc hit va luc ddy. Cac nam cham
dién cling cuc s& day 1an nhau, trong khi nhitng nam cham cé cuc trai nguoc s& hut 1an nhau.
Luc hdt gitra cic nam cham dién manh hon luc diy khoang (5-10%). Thuat toan t6i wru truong
dién tu [16] su dung nhitng khai niém nay va thay thé ty lé gitra lyc hit va lyc day bang ty l¢
vang. Diéu nay gilp cac hat kham pha khong gian tim kiém van d& mot cach day du va tim ra
giai phap gan tdi uu.

EFO la mét thuat toan dua trén quan thé va mdi vector giai phap duoc biéu dién boi mot
nhom ctia nam cham dién (hat dién tir tir truong dién tir). S6 lwong nam cham dién ciia mot
hat dién tir dugc xac dinh bai s6 bién ciia bai toan ti wu hoa. Do d6, mdi nam cham dién cia
hat dién tir tuong (ng voi mot bién cua bai toan tdi wu hoa. Hon nira, tt ca cac nam cham dién
cua ciing mot hat dién tir c6 cing cuc. Tuy nhién, méi nam cham dién c6 thé &p dung mot luc
hit hodc day 1én cac nam cham ddng loai twong ng vaGi cling mot bién cua bai toan téi vu
hoa.

EFO tim kiém trong mién bai toan nhu sau: trudc tién, mot quan thé cac hat dién tir duoc
tao ra ngau nhién, va do thich nghi cia mdi hat dwoc danh gia bang mot ham thich nghi; sau
d6, cac hat duoc sap xép theo do thich nghi cua chiing. Thi hai, cac hat da duoc sip xép duoc
chia thanh ba nhém, va mot phan cua quan thé dién tir dugc phan bé cho méi nhém; nhém dau
tién dugc goi 1a truong duong va bao gdm cac hat dién tir thich nghi nhét véi cuc duong, nhém
ther hai duoc goi 1a truong 4m va bao gdm céc hat dién tir co d6 thich nghi thap nhét va cuc
am, va cac hat dién tir con lai tao thanh mot nhém goi 1a trieong trung tinh, c6 mét cuc am nho
gan bang khdng. Cubi cuing, trong mdi vong lap caa thuat toan, mot hat dién tir mai dugc hinh
thanh va duoc dénh gia bang mot ham thich nghi. Néu hat dién tir dwoc tao ra manh mé hon
so véi hat dién tir xau nhit trong quan thé, thi hat duoc tao ra s& dugc chén vao quan thé da
sap xép theo d thich nghi cia n6 va nhan mot cuc dua trén vi tri cua n6 trong quan thé; hon
nira, hat xau nhit s& bi loai bo. Qua trinh nay tlep tuc cho dén khi dat duoc s lan lap tbi da
hoic tim duoc giai phap gan t6i wu nhu mong mudn.

EFO xéc dinh vi tri cia méi nam cham dién trong mot hat dién tir dugc tao ra nhu sau:
tir cac hat dién tir cia mdi trudng dién tir (duong, 4m va trung tinh), ba nam cham dién dong
loai duoc chon ngau nhién (Mot nam cham dién tir mdi truong). Sau d6, nam cham dién tur
dugc tao ra nhan vi tri va cuc (cuc &m nho) ctia nam cham dién tir dugc chon tir trwong trung
tinh va bi anh hudng boi cac nam cham dién tir dugc chon tir truong duong (hit) va truong
am (day) bang cuong do luc ngau nhién. N6i cach khac, nam cham dién tir dugc tao ra di
chuyén mot khoang cach xa khoi cac giai phap toi va tiép can céc giai phap tot. M3i nam cham
dién tir cua cac hat dién tir trong truong trung tinh bi anh huong béi hai nam cham dién tir
ddng loai ngau nhién tir truong am (day) va truong dwong (hat). Su tn tai dong thoi cua hai
lyc trai nguoc gitra cac nam cham dién va viéc tao ra mot giai phap mai bang cach di chuyén
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mot khoang cach xa khoi cac giai phap toi va tién gan hon dén cac giai phap tét gay ra sy tim
kiem hiéu qud va hoi tu nhanh chéng. Tuy nhién, d€ duy tri sy da dang va tranh cac cuc ticu
cuc bo, sw ngau nhién la mot phan khoéng thé thieu caa EFO. Do d6, doi vai mot so hat dién tur
dugc tao ra (khong phai tat ca), chi c mot trong cac nam chdm di¢n tir duge thay doi bang
mot nam cham dién tir duoc tao ra ngau nhién. Ly do ap dung sy ngau nhién cho mot s6 hat
dién tir 12 sy ton tai cua cac bién ngau nhién trong tat ca cac giai phap s& ngan can viéc tim ra
mot giai phap tot. _Tuy nhién, viéc ap dung su ngau nhién cho mot so giai phap mang lai su da
dang vao quan thé va ngan chan cac cuc tiéu cuc bo.
Duéi day 1a ma gia cho thuat toan t6i wu truong dién tir
Thuat toan 1. Thuat ton tdi wu trudng dién tir tong quat
Procedure Electromagnetic_Field_Optimization():
Initialize_population() // Khai tao quan thé céc hat dién tir ngau nhién
Evaluate population() // Panh gia do thich nghi cua tirng hat dién tir
Sort_population()  // Sap xép céc hat dién tir theo d6 thich nghi
Repeat until termination criteria are met:
Divide_population() // Chia quén thé thanh ba nhom: duong, 4m va trung tinh
Generate_new_particle() // Tao ra mot hat dién tir méi
Evaluate particle() // Banh gia d¢ thich nghi cua hat dién tur mai
Update_population() /I Cap nhat quan thé va loai bo hat dién tir xau nhét
Return the best solution found
End Procedure
Trong do6 thu tuc Generate_new_particle() sé tao ra mét hat mai, sau do thuc hién di
chuyén hat nay ve phia truong duong va roi xa truong am cua truong dién tir. Chu'y rang luc
hat s€ I6n hon luc day 1.6 lan theo quy tac vang.

3. THUAT GIAI DI TRUYEN (GA)

Thuat giai Di truyén [6] 1a mot phuong phap ti ru hoa dua trén co ché tién hoa tu nhién.
N6 duoc lay cam hing tir gua trinh tién héa ty nhién trong tu nhién, trong do céc ca thé tot
dugc chon loc va tai san XUt dé tao ra thé hé mai véi cac dac tinh tét hon. Y tudng co ban cia
GA la str dung mot qUan thé cac ca thé (hay con goi 1a "ca thé" hoic "cé thé ca nhan"), mdi ca
thé duoc biéu didn bang mat "gen" hoic "chromosome”, va sir dung cac phép toan nhu lai
ghép (crossover) va dot bién (mutation) dé tao ra cac thé hé mai ¢6 cac ca thé co dac tinh tét
hon. Quan thé tiép tuc duoc tién hoa qua céc thé hé cho dén khi dat dugc mot diéu kién dung
duoc xac dinh trude hoic dat duoc giai phép toi wu.

Phuong phép thuc hién caa Thuat giai Di truyén:

Khai tao quan thé ban du: Bit dau véi viéc tao ra mot quan thé ban dau c4c ca thé ngau
nhién. M&i ca thé thuong dugc biéu dién bang mot vector gen hodc mét chudi cac gen, mdi
gen dai dién cho mot dic tinh cua ca thé.

Danh gia do thich nghi (fitness evaluation): D¢ thich nghi cua mdi cé4 thé trong quan thé
dugc danh gia bang mot ham muc tiéu (ham fitness) do luong mirc d6 twong thich cta ca thé
Vi Van dé téi uu hoa. Piéu nay gitip xac dinh ¢4 thé nao c6 dac tinh tt hon.

Chon loc (selection): Cac cé thé duoc lya chon tir quan thé ban dau dé tao ra quan thé
mai cho thé hé tiép theo. Céc ca thé c6 d6 thich nghi cao hon ¢6 kha nang dugc chon loc va
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tai san xuét véi ty 1& cao hon, trong khi cac ca thé c6 do thich nghi thip hon c6 kha ning bi
loai bo.

Lai ghép (crossover): Cac ca thé dugc chon dé tham gia qua trinh lai ghép, trong dé cac
gen cua chung dugc trao do6i dé tao ra cac ca thé con méi.

B@t‘bién (mutation): Mot s ca thﬂé con ¢ thé trai qua qua trinh dot bién, trong d6 mot
hoac nhiéu gen cuia ching dugc thay d6i mot cdch ngau nhién.
~ Taora thé hé méi: Thé hé méi duoc tao ra tir céc ca thé dugc chon loc, lai ghép va dot
bien.
Lap lai qua trinh: Qua trinh lai ghép, dot bién va chon loc dugc I3p lai qua nhiéu thé he
cho dén khi mot diéu kién dirng dugce dap tng hoac mét giai phap toi vu dugc tim thay.
Duéi day la ma gia cho thuat giai di truyén
Thuat toan 2. Thuét todn cho thuat giai di truyén dang tong quéat
Procedure Genetic_Algorithm():
Initialize_population() // Khai tao quan thé ban dau
Evaluate population() // Panh gia dé thich nghi cua ting cé thé trong quan thé
Repeat until termination criteria are met:

Selection() I/ Chon loc cac cé thé cho lai ghép va dot bién
Crossover() I Lai ghép céc cé thé dugc chon
Mutation() // Dot bién cac ca thé sau lai ghép

Evaluate population() // Panh gia lai d6 thich nghi cua ting cé thé trong quan thé
Next_generation()  // Tao thé hé tiép theo tir céc ca thé duoc lai ghép va dot bién
Return the best solution found
End Procedure

4. KET HQP GIUA THUAT TOAN TRUONG DPIEN TU VA THUAT GIAI DI
TRUYEN

4.1. Nguyén tic két hop va co ché hoat dong

Két hop gitra thuat toan Truong Dién Tur va thuat giai Di Truyén nham tan dung suc
manh cua ca hai phuong phap trong viéc tim kiém giai phap tdi wu cho cac bai toan phuc tap.
Bang céach két hop hai thuat toan nay, ching ta c6 thé tan dung cac wu diém cua ca hai dé tao
ra mot phuong phap téi wu héa manh mé, ¢6 kha ning kham pha khong gian tim kiém rong
Ién va ddng thoi tranh roi vao cac diém cuc bo.

Str dung Trudng Pién Tir dé tao ra cac giai phap ban dau: Thuat toan Truong Pién Tur
dugc st dung dé tao ra mot s6 lugng 6n cac giai phap ban dau. Cac giai phap nay duoc tao ra
dua trén cac nguyén Iy vat ly caa Truong Dién Tir, giap dam bao rang ching phan phdi rong
réi trén khong gian tim kiém.

Ap dung thuat giai Di Truyén dé cai thién céc giai phap: Sau khi c6 dugc cac giai phéap
ban dau tir Truong Dién Tir, thuat giai Di Truyén duoc sir dung dé cai thién ching. Qua trinh
nay bao gém viéc chon loc, lai ghép va dot bién cac giai phap dé tao ra cac thé hé tiép theo voi
céc giai phap co do thich nghi tt hon.

Két hop giira sy khdm pha va khai thac: Su két hop giita Truong Dién Tir va Di Truyén
gilp can bang giita viéc kham pha khong gian tim kiém (thong qua Trudng Dién Tir) va viéc
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khai théc cac khu vuc tét ciia khong gian tim kiém (thong qua Di Truyeén). Diéu nay gitip thuat
toan dat dwoc su da dang va kha nang tim kiém tot hon.

Lap lai qua trinh cai thi¢n: Qua trinh két hop gitta Truong Dién Tu va Di Truyen dugc
lap lai qua nhiéu thé hé dé tim ra giai phéap t6i wu hodc tién gan dén giai phap tbi wu nhat c6
thé.

Bang cach két hop sirc manh cia ca Truong Dién Tir va Di Truyén, phuong phap nay c6
kha ning tim kiém va cai thién cac giai phap mot cach hiéu qua va da dang, gilp ti uu hoa
cac bai toan phirc tap trong nhiéu linh vyuc @ng dung.

4.2. Phwong phap thwce hién

Thuét toan dé xuat co thé dugc thuc hién theo cic budc sau:

Khai tao quan thé ban dau: Bat dau bang viéc st dung thudt toan Truong Bign Tur dé tao
ra mot quan the ban dau cac gidi phap. Cac giai phap nay duoc tao ra dya trén cac nguyén tac
vat ly cua Truong Dién Tu va phan bo rong réi trén khong gian tim kiem.

Panh gia do thich nghi: Panh gia d6 thich nghi cia mdi giai phap trong quan thé st dung
ham muc tiéu dugc xac dinh trudc. Ham muc tiéu thuong do luong mirc d6 tuong thich cia
giai phap vai bai toan toi vu hoa.

Lva chon: Sir dung thudt giai Di Truyén dé lya chon céc ca thé c6 do thich nghi tot nhét
tir quan thé hién tai dé tham gia vao qua trinh tiép theo cua thuat toan.

Lai ghép (Crossover): Ap dung qua trinh lai ghép gitra cac ca thé da dugc lya chon dé tao
ra cac ca thé con méi. Qué trinh lai ghép gitra hai ca thé tao ra cac ca thé con mai bang céach
trao d6i mot phan gen giira chdng.

Dot bién (Mutation): Ap dung qu trinh dot bién Ién cac ca thé con méi dé tao ra sy da
dang trong quan thé. Dot bién thuong la viéc thay doi ngau nhién mot phan gen cua céc ca thé.

Tao ra mot hat dién tir mai va thuc hién di chuyén vé cac truong duong hoic tranh xa
truong am.
Danh gia d¢ thich nghi ciia thé hé mai: Panh gia lai do thich nghi cua céc ca thé con méi
tao ra sau lai ghép va dot bien.
Chon loc lai; Lya chon céc cé thé tét nhét tir thé hé moi dé tiép tuc qua trinh téi uu hoa.
CAc cé thé tot nhat cé thé duoc giir lai hodc duoc lya chon dé tiép tuc tham gia vao qua trinh
lai ghép va dét bién.
Lépllai qua trinh:‘ Qua trinh lai ghép, dot bién va lua chon lai duqc Iap lai qua nhiéu thé
hé cho dén khi mét diéu kién dirng dugc dap ang hoac mot giai phap toi wu dugc tim thay.
Ma giai cho thuét toan nhu sau
Thuat toan 3. Thuat todn két hop d& xuiat EGOA
Procedure EGOA():
Initialize_population() // Khai tao quan thé ban dau bang thuat toan Truong Bién Tir
Evaluate population() // Panh gia dé thich nghi cua ting cé thé trong quan thé
Repeat until termination criteria are met:
~ Selection() Il Chon loc cac ca thé cho lai ghép va dot bién bang thuat giai Di
Truyén
Crossover() I Lai ghép céc cé thé duoc chon loc
Mutation() // Dot bién céc ca thé sau lai ghép
Divide_population()  // Chia quan thé thanh 3 nhom: dwong, 4m va trung tinh
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Generate_new_particle()  // Tao ra mot hat dién tir mai
Evaluate_population() // Panh gia lai d¢ thich nghi cua tung cé thé trong quan thé
Next_generation()  // Tao thé hé tiép theo tir céc ca thé duoc lai ghép va dot bién
Return the best solution found
End Procedure

5. KET QUA VA THAO LUAN
Trong nghién ctru nay, chling toi thyc hi¢n thir nghiém va danh gia hiéu Suit ctia ba phuong
phép t6i vu hoa: Electromagnetic Field Optimization (EFO), Genetic Algorithm (GA), va thuat
toan moi dugc de xuat, Evolutionary Genetic Optimization Algorithm (EGOA). Cac thu nghiém
duoc tien hanh trén bon ham thir nghiém pho bién trong linh vuc t6i vu hoa Bang 1.

Bdng 1. Cac ham benchmark dung trong bai bao

Tén ham Cdng thirc todn hoc Pham vi

F1 Aw=) x

F2 Fy(x) = Zi | + ]_[ x|

F3 n i 2
F3(x) = Zi:1 <Zj:1xj)

F4 F4(x) = max;{|x;],1 <i <n}

['21 2]

Moi truong thuc nghiém: Thuc hi¢n trén may tinh véi cau hinh: CPU: AMD Ryzen 5
3550H, RAM: 16GB, Téc do xu ly: 2.10 GHz. Str dung ngon ngi 1ap trinh Python phién ban
3.11.2 dé trién khai thuat toan va thyc hién cac thir nghiém. Déi vai mdi ham thir nghiém, thuc
hién nhiéu lan chay dé dam bao tinh chinh xé4c cua két qua.

Bang 2. Két qua trung binh tir 3 thuat toén sau 500 vong lap

F1 F2 F3 F4
EFO 1.44E-41 5.22E-21 7.95E-24 1.56E-17
GA 4.33E-40 4.19E-25 9.59E-19 3.36E-13
EGOA 4.81E-281 3.14E-142 7.84E-151 1.39E-122

Trong bang 2, trinh bay két qua trung binh cua ba thuat toan: Electromagnetic Field
Optimization (EFO), Genetic Algorithm (GA), va Evolutionary Genetic Optimization
Algorithm (EGOA) trén bon ham thir nghiém khéc nhau.

Bang 3. Két qua tét nhét tir 3 thuat toan sau 500 vong lap

F1 F2 F3 F4
EFO 4.74E-42 6.57E-23 6.73E-25 9.62E-18
GA 3.45E-42 3.34E-27 2.09E-21 4.27E-14
EGOA 1.19E-291 1.98E-149 1.64E-160 3.64E-142
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Bang 3 mo ta két qua tdt nhat ma mai thuat toan dat duoc trén tirng ham thir nghiém.

Két qua cho thy, ddi véi ca bon ham thir nghiém, thuat toan EGOA da vuot troi hon so
véi EFO va GA. EGOA khong chi c6 kha nang hdi tu cao ma con dat dugc giai phap toi uu
nhanh chong.

_ EGOA thé hién sur higu qua cia viéc két hop giira hai phuong phép t6i uu hoa khac nhau.
Bang cach st dung ca cac yeu to cua thuat toan Truong Dién Tu va thuat giai Di Truyen,
EGOA c6 thé khdm phéa khong gian tim kiém mot céach hiéu qua hon, dong thoi tranh duoc
cac ho chét va tim ra giai phap toi vu voi thoi gian thyc thi ngan hon.

Két qua nay lam ndi bat tiém nang cua phuong phap két hop gitra thudt toan Truong Dién
Tir va thuat giai Di Truyén trong viéc giai quyét cac van d téi wu hoa phic tap.

Duéi day 1a cac dd thi biéu didn hiéu suat caa cac thuat toan t6i wu hoa - EFO, GA va
EGOA - trén mdi ham thtr nghiém. Cac dd thi nay dugc xay dung dwa trén gia tri ham muc
tiéu va sb lugng vong lap.

Biéu d6 cho ham F1

1 50 100 200 300 400 500
S6 lan lap

Hinh 1. Biéu d6 thé hién két qua téi wu trén ham F1 qua cc vong 1ap

Biéu dé cho ham F2

10-5 4

10-23 |

107414

10759 4

Két qua

10777 4

10795 4

10-113 4

10-131 4

T T T T T T T
1 50 100 200 300 400 500
Sé 1&n lap

Hinh 2. Biéu d6 thé hién két qua t6i uu trén ham F2 qua cac vong 1ap

137



Hoi thao khoa hoc Khoa Céng nghé théng tin ndm 2025

Biéu d6 cho ham F3
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Hinh 3. Biéu d6 thé hién két qua t6i wu trén ham F3 qua céc vong lap

Biéu dé cho ham F4
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Hinh 4. Biéu d6 thé hién két qua téi wu trén ham F4 qua cac vong 1ap

Tir cac d thi, ching ta ¢d thé nhan thiy su hoi tu nhanh chéng cua thuat toan méi EGOA
S0 Véi cac thuat toan cii EFO va GA trén mdi ham thir nghiém. Diéu ndy minh ching cho kha
nang hiéu qua va manh mé cua EGOA trong viéc tim kiém giai phap ti wu trong s luong
vong lap it hon, giup tiét kiém thoi gian tinh toan va ting hiéu suit toan dién cua thuat toén.

6. KET LUAN

Viéc két hop giita thuat toan t6i wu truong dién tir va thuat giai di truyén da dem lai nhiing
hiéu qua dang ké trong viéc giai quyét cac bai toan t6i wu. Phuong phap nay da duoc ching
minh 12 hiéu qua va trién vong 12 mot lya chon tiém ning cho viéc t6i vu hoa trong nhiéu linh
vuc ng dung. Két qua thir nghiém da manh m& hd trg su vuot troi cua thuat todn két hop
EGOA 50 véi cac phuong phép ddi lap, dic biét 12 vé kha ning hoi tu nhanh va dat duoc két
qué toi wu.
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Bai bao da trinh bay mot cach chi tiét ca nguyén Iy hoat dong 1an két qua thyc nghiém
clia phuong phap két hop_nay, mé ra nhitng trién vong méi trong linh vuc t6i wu hoa
metaheuristic. Tuy nhién, van con nhiéu co hoi dé nghién ciru va cai tién thuat toan, cling nhu
mé rong wng dung cia nd trong cac bdi canh phic tap hon. Pay 1a mot hudng di tiém nang va
day huaa hen trong linh vuc nghién ctu téi uu hoa.
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ABSTRACT

COMBINING ELECTROMAGNETIC OPTIMIZATION AND GENETIC ALGORITHM: A
METAHEURISTIC APPROACH FOR ENHANCED OPTIMIZATION

Nguyen Thi Thu Tam", Dinh Nguyen Trong Nghia®
'Ho Chi Minh city University of Industry and Trade
Email: tamntt@huit.edu.vn

This paper introduces a novel metaheuristic algorithm that combines electromagnetic
optimization with genetic algorithm to tackle optimization problems effectively. The proposed
algorithm alternates between applying electromagnetic optimization and genetic algorithm in
each iteration, leveraging the strengths of both approaches. Extensive experiments on
commonly used benchmark functions demonstrate the superiority of the proposed algorithm
over individual component algorithms in terms of convergence speed and solution quality.

Keywords: Metaheuristic Optimization, Electromagnetic Field Optimization, Genetic
Algorithm, Combined Optimization Algorithm, Optimization Benchmark Functions.
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UNG DUNG TRIi TUE NHAN TAO TRONG HQC TAP CUA
SINH VIEN TAI CAC TRUONG PAI HQC HIEN NAY

Nguyén Thi Thu Tam®*, L& Thi Thuy Lan!
YTrieong Pai hoc Cong thwong Thanh phé Ho Chi Minh
*Email: tamntt@huit.edu.vn
Ngay nhan bai: 20/03/2025, Ngay chip nhan dang: 20/05/2025

TOM TAT

Trong bdi canh cong nghé phat trién manh mé, tri tué nhan tao (AI) dang dan trg thanh
mét cong cu hd tro déc luc trong hoc tap caa sinh vién tai cac trudong dai hoc. Al gilp ca nhan
hoa qua trinh hoc tap thdng qua cac nén tang hoc truc tuyén, goi y tai liéu phu hop va cung
cap 19 trinh hoc tap t6i wu. Céc tro Iy a0 nhu ChatGPT, Google Bard hay cac hé thong hd tro
tu dong gidp sinh vién tim kiém théng tin, tom tat noi dung va giai dap thic mac mot cach
nhanh chong. Ngoai ra, Al con duoc tng dung trong viéc cham diém tu dong, phét hién dao
van, hd tro hoc ngoai ngir va thuc hanh 1ap trinh. Nho su phét trién cua Al, sinh vién c6 thé
tiép can ngudn tri thire phong phu, nang cao hiéu suat hoc tap va rén luyén ky niang mot cach
linh hoat va hiéu qua hon.

Tir khéa: Ung dung ctia Al trong hoc tap, Tri tué nhén tao trong gido duc hién nay, Chatbot
Al, Khai thac sttc manh cta Al trong hoc tap.

1. MO DAU

Tri tué nhan tao (AI) dang ngay cang churng to vai trd quan trong trong gido duc, dac biét
la trong qua trinh hoc tap cua sinh vién & cac truong dai hoc. Nho Al, sinh vién co thé tiép can
nhiéu cong cu hd tro hoc tap nhu tro ly 40, nén tang hoc truc tuyén théng minh va hé thong
goi v tai liéu. Nhitng céng cu nay gitp ca nhan hoa qua trinh hoc tap, gilp sinh vién dé dang
tim kiém thong tin, nam bét kién thirc mot cach nhanh chéng va hiéu qua hon. Khéng chi hd
tro tiép can tri thirc, Al con gidp sinh vién nang cao ky nang tu hoc va quan ly thoi gian. Cac
rng dung Al ¢d thé tao ra 16 trinh hoc tap phu hop véi ning lyc c& nhan, nhic nhé lich hoc va
cung cap cac bai tap thuc hanh tu dong. Bén canh do, cac cong cu nhu Grammarly hay Turnitin
hd tro kiém tra ngir phap, phét hién dao van, gitip sinh vién hoan thién bai viét hoc thuat mot
cach chinh xéc va chuyén nghiép hon.

Ngoai ra, Al con gop phan cai thién phwong phéap giang day trong cac trudng dai hoc,
gilp giang vién co thé theo doi qué trinh hoc tap cua sinh vién va diéu chinh ngi dung giang
day phu hop. Viéc tng dung Al vao giao duc khoéng chi giup nang cao hiéu qua hoc tap ma
con tao dleU kién cho sinh vién phat trién tu duy sang tao, lam quen véi cong ngh¢ hi¢n dai va
chuan bi t6t hon cho twong lai nghé nghiép trong thoi dai s6.
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Bai bao nay s& tap trung vao viéc phan tich tng dung ctaa Al trong hoc tap caa sinh vién
tai cac truong dai hoc hién nay, Al hd trg ca nhan hoa viéc hoc, cung cap tai liéu thdng minh,
cai thién k¥ nang tu hoc va quan ly thoi gian. Ngoai ra, bai bao cling xem xét cac tng dung Al
phd bién nhu trg 1y 40, hé théng cham diém ty dong, phan mém kiém tra dao van va cac nén
tang hoc tap truc tuyén. Bén canh nhiing loi ich, nghién ciru ciing chi ra nhitng thach thuc khi
&p dung Al vao giéo duc, bao gdm nguy co phu thudc qua muc vao cong nghé va vin dé dao
duc trong hoc tap. Két qua nghién ciru khang dinh rang néu duoc sir dung dung cach, Al s& 1a
maot ¢éng cu hd tro manh mé&, gép phan nang cao chat lwong gido duc va chuan bi cho sinh
vién nhiing k¥ nang can thiét trong thoi dai so.

2. COSOLY THUYET
2.1. Cac irng dung ciia tri tu€ nhén tao (Al) trong hoc tip ciia sinh vién
2.1.1. Ca nhén héda I¢ trinh hoc tdp

Trai nghiém hoc tap dap ing nhu ciu va s thich riéng biét cua timg ca nhan cau thanh
phuong phap hoc tap c4 nhan hoa. Day la phuong phép tiép can liy nguoi hoc lam trung tam,
cung cap cho ngudi hoc hanh trinh hoc tap ty chinh va linh hoat hon ciing nhu co hoi kham
pha cac chu dé phu hop voi sé thich ciia minh. Nguoi ta wéc tinh ring dén nam 2024, thi
truong hoc tap ca nhan hoa toan cau cé thé vuot qua 2 ty d6 la. Khi cac to chic trén toan thé
gidi nd luc dé viéc hoc tap tré nén dé tiép can véi nhan vién toan cau, viéc hoc tap ca nhan
hoa ngay cang duoc sir dung dé tao ra cac 16 trinh hoc tap tly chinh phu hop véi dia diém, vai
tro, muc tiéu nghé nghiép va hiéu suat caa nhan vién. Hoc tap ca nhan hoa bang Al (Personalize
Learning using Al) 12 mot linh vyc dang phat trién. N6 sir dung rong réi phan tich dir liéu dé
theo d@i tién trinh cta nhan vién, x4c dinh céc linh vic can cai thién va do luong tac dong caa
cac chuong trinh dao tao. Diéu nay cho phép cac t6 chuc xac dinh cac khoang céch Ky néng
cu thé trong luc luong lao dong va tly chinh ndi dung dao tao dé phu hop véi nhu cau hoac
tién trinh ctia nguoi hoc. Hoc tap ca nhan héa bang Al lién quan dén viéc tan dung cong nghé
dé tao ra nhitng trai nghiém pho hop va thich tmg, do d6 1am cho viéc hoc hiéu qua va hap dan
hon.
Céc bude dé ca nhan hoa viéc hoc bang Al duge md ta dudi day:
- Xac dinh muc tiéu va muc dich hoc tap ré rang.
- Xéc dinh nhu cau hoc tap cua tirng c& nhan.
- Chon céc cong cu hoac nén tang hd tro AT dé hd tro viéc hoc tap duoc ca nhan hoa.
- Phét trién hozc bién tap noi dung c6 thé diéu chinh dwa trén kha ning va tién dé cua nguoi
hoc.
- Su dung Al dé tao ra cac bai danh gia phu hop véi nang luc cua nguorl hoc.
- Cung cap phan hoi tire thoi bang Al va dé xuat cac nguon lec b sung.
- Theo d@i tién trinh ctia ngudi hoc va goi v thoi diém chuyén sang chu dé tiép theo hoic
thoi diém xem lai.
- Thuc day viéc hoc tap cong tac thdng qua céc cong cu nhu dién dan thao luan.
- Theo d&i hiéu suit va su tham gia dé xac dinh nhimg linh vuc ma ngudi hoc cé thé can
can thiép.
- Tim kiém phan hoi tir nguoi hoc va nguoi hudng dan dé cai thién phuong phap hoc tap
ca nhan héa dya trén Al.
- Theo dbi cac chi s6 danh gia hiéu suat chinh dé danh gia hiéu qua cua viéc hoc tap ca
nhén hda.
Loi ich cua viéc st dung Al cho viéc hoc tap dugc ca nhan hda
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Hoc tap c4 nhan hda bang Al mang lai nhiéu lgi ich cho céc td chirc. Mot s6 loi ich chinh
cua viéc sir dung Al cho hoc tap c& nhan hoa bao gdm:

- Cai thién két qua hoc tap: Viéc hoc dugc ca nhan hoéa nho Al ¢6 thé gitp ngudi hoc hiéu
va ghi nh¢ tot hon, tir d6 cai thién két qua hoc tap.

- Kha ndng mé rong va kha nang tiép can toan cau: Str dung Al dé ca nhan hda vigc hoc
gitp dé dang ma rong quy md va cung cap chuong trinh dao tao dé tiép can, nhat quén
va chat lugng cao cho lyc luong lao dong toan cau.

- Dao tao tiét kiem chi phi: Al gitp ty dong héa mot sé khia canh ciia quy trinh dao tao,
chang han nhu danh gia va phan hoi, gilip giam thoi gian, céng stc va chi phi lién quan
dén sy can thiép cua con ngudi.

- Raquyét dinh dua trén dix liéu: Al hd trg ra quyét dinh sang sudt vé viéc cai thién chuong
trinh dao tao bang cach phan tich dix liéu vé tién do hoc tap va so thich cua ting ca nhan.

- Phat trién nghé nghiép tiy chinh: Hoc tap ca nhan hoa do Al thiic day gilp c4c to chuc
boi dudng cac nha ldnh dao tuong lai véi cac ki nang va kién thac can thiét cho céc vai
tro hién tai va su phat trién nghé nghiép trong tuong lai, tir d6 c6 thé giam tinh trang hao
hut nhan su.

- Nang cao kha ning tiép can va tinh toan dién: Bang céch hd trg ngudi hoc khuyét tat va
lam cho tai liéu dao tao d tiép can va toan dién hon, Al giup céc to chic thé hién cam
két d6i vé6i su da dang va coéng bang.

- Vin hoa hoc tap lién tuc: Al thac ddy vin hoa hoc tap lién tuc , trong d6 nhan vién c6 thé
nang cao hoic hoc lai ki ning dé thich tng voi méi trudng kinh doanh luén thay doi.

- Loi thé canh tranh: CAc t6 chirc ap dung Al cho viéc hoc tap duoc ca nhan hda cd thé dat
duoc lgi thé canh tranh bang cach thu hat nhan tai hang dau va cai thién nang luc cua luc
luong lao dong.

2.1.2. H tror tim kiém va téng hop thong tin

Tri tué nhan tao (AI) dang md ra nhiéu co hdi méi cho sinh vién trong viéc tiép can tai
liéu hoc tap mot cach nhanh chéng va hiéu qua. Nho cac céng cu Al nhu Google Scholar,
ChatGPT, Perplexity Al, sinh vién c6 thé dé dang tim kiém nguén tai liéu tham khao, bai bao
khoa hoc va nghién ctru chuyén sau trong nhiéu linh vuc khac nhau. Google Scholar gitp sinh
vién truy cap kho dit liéu khong 16 gdm cac bai bao hoc thuat, luan &n, séch va tai liéu nghién
ctiu tir khap noi trén thé gidi, gilp ho ¢6 co so vitng chac dé thuc hién cac bai luan, dé tai
nghién cttu hoac du an hoc tap. Trong khi d6, ChatGPT dong vai tro nhu mét trg ly théng
minh, gitp sinh vién giai dap thic méc, tom tit noi dung phirc tap va tham chi huéng dan cach
trinh bay mét Van dé khoa hoc sao cho logic va dé hiéu. Con Perplexity Al lai c6 thé manh
trong viéc cung cap théng tin nhanh chéng, chinh xé&c va cé dan nguon rd rang, gidp sinh vién
kiém ching do tin cay caa tai liéu mot cach d& dang. Nho vao nhiing cong cu Al nay, qua trinh
hoc tap trg nén linh hoat hon, gitap sinh vién tiét kiém thoi gian tim kiém théng tin va tap trung
vao viéc phéan tich, nghién ctru sdu hon. Tuy nhién, bén canh nhirng lgi ich rd rét, sinh vién
cling can co tu duy phan bién dé danh gia va chon loc théng tin tir Al, tranh viéc tiép nhan mot
cach thu dong ma khdng kiém chimg do6 chinh xac va tinh khach quan caa nguén tai liéu. Néu
biét sir dung hop ly, Al s& tro thanh mot cong cu hd trg dac luc, gitp nang cao hiéu qua hoc
tap va phat trién tu duy nghién ctru trong méi trudng dai hoc.

Hé thdng tri tué nhan tao (Al) ngay nay c6 kha ning hd trg sinh vién trong viéc tom tat
noi dung, dich thuat va trich xuat thdng tin quan trong mét cach nhanh chéng va chinh xac.
Nho vao cac cong cu nhu ChatGPT, Google Translate hay QuillBot, sinh vién c6 thé rit gon
nhitng tai liéu dai thanh nhitng y chinh dé hiéu, gidp tiét kiém thoi gian doc va nghién ciu.
Dic biét, Al con hd tro dich thuat da ngon ngir véi do chlnh X&c ngay cang cao, giup sinh vién
tiép can cac tai liéu nudc ngoai ma khong gap rao can vé ngon ngir. Ngoai ra, cac cong cu nhu
Perplexity Al hay Semantic Scholar c6 thé tu dong trich xuét théng tin quan trong tir cac bai
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bao khoa hoc, b4o cao nghién ciru, gitp sinh vién nhanh chong xac dinh noi dung cét I16i ma
khéng can doc toan bo tai liéu. Nhiing tinh ning nay khong chi nang cao hiéu suat hoc tap ma
con giup sinh vién rén luyén k§ nang tong hop, phan tich thong tin mot cach hiéu qua hon.
Tuy nhién, d&& dam bao do chinh xac, sinh vién can biét cach danh gia va kiém chiing thong
tin do Al cung cp, tranh phu thudc hoan toan vao céng nghé ma khong phat trién tu duy phan
bién cua ban than.

2.2. Cai thi¢n k¥ niing viét va kiém tra ni dung hoc thuat

Trong méi trudng hoc thuat hién dai, cac cong cu kiém tra ngir phap va dao van nhu
Grammarly, Turnitin déng vai trd quan trong trong viéc hd trg sinh vién nang cao k¥ ning
viét. Grammarly khdng chi gitp sinh vién phat hién va sira 16i ngit phap, chinh ta ma con cung
Ccap goi Y cai thién cau van, gitp bai viét trd nén mach lac, rd rang va chuyén nghiép hon.
Cong cu nay con co tinh ning kiém tra giong diéu va phong céch viét, hd tro sinh vién diéu
chinh van phong sao cho phu hop vai ting loai bai tap nhu luan van, b4o cdo nghién ciu hay
email hoc thuat. Trong khi d6, Turnitin 1a mot nén tang gitp phat hién dao van bang cach so
sanh noi dung bai viét v6i hang tridu tai liéu hoc thuat va co s& dit liéu truc tuyén. Didu nay
gilp sinh vién tranh viéc sao chép vo y va khuyén khich ho phét trién tu duy sang tao, ty dién
dat y twong ciia minh thay vi sao chép tir cac ngudn c6 sin. Ngoai ra, viéc sir dung cac cong
cu nay con gidp sinh vién rén luyén k§y ning tu chinh sira bai viét, nang cao kha ning dién dat
va tu duy logic trong hoc tap va nghién ctu. Tuy nhién, mac du Al c6 thé hd trg manh mé
trong viéc cai thién ky nang viét, sinh vién van can két hop voi viéc trau doi kién thac vé ngi
phap, cau tric van ban va tu duy phan bién dé phat trién mot phong cach viét rd rang, thuyét
phuc va mang dau 4n c4 nhan. Khi duoc st dung dung cach, Grammarly va Turnitin khong
chi giup sinh vién dat két qua hoc tap tot hon ma con hé tro ho xay dung ky ning viét chuyén
nghiép, chuan bj tét cho cdng viéc trong tuong lai.

Vi thoi dai cdng nghé phét trién manh mé, tri tué nhan tao (AI) dang tré thanh mét cong
cu hd tro dic lyc gidp sinh vién viét bao cao va bai luan mot cach logic, chinh xac hon. Céc
cong cu nhu ChatGPT, Grammarly, QuillBot hay Jasper AI c6 kha nang ho tro sinh Vlen trong
qua trinh nghién cuu, tong hop thong tin, dé xuét y twong va cai thién cau tric bai viét. Dac
biét, Al gitp sinh vién sap xep luan diém mot cach hop ly, dam bdo tinh mach lac va logic
giira cac phan trong bai luan, tir mé bai, than bai dén két luan. Nho vao kha nang xir Iy ngn
ngit tu nhién, Al cé thé goi y céch dién dat rd rang, giup sinh vién trinh bay quan diém mot
cach thuyét phuc va chuyén nghiép hon. Ngoai ra, Al con giup kiém tra ngir phap, chinh ta va
phong cach viét, gitip bai bao cdo dat d6 chuan muc cao hon vé hinh thirc va ndi dung. Khdng
chi vay, céc cdng cu nhu Turnitin con gitp kiém tra dao vin, dam bao tinh trung thyc trong
hoc thuat va gidp sinh vién hoc cach trich dan ngudn tai liéu chinh xé&c. Tuy nhién, mac du Al
mang lai nhiéu lgi ich, sinh vién khéng nén qua phu thudc vao cdng nghé ma can phat trién
kha ning tu duy doc 1ap, sang tao va tu viét bai dua trén sy hiéu biét cua ban than. Al nén
dugc str dung nhu mot cdng cu hd trg thay vi thay thé hoan toan qua trinh viét va nghién cuu.
Néu biét tan dung dung cach, Al s& gilp sinh vién nang cao k§y niang viét hoc thuat, tir d6 cai
thién két qua hoc tap va phat trién tu duy phan tich trong méi truong dai hoc.

2.3. H tro giang day Gmg dung Al trong d4nh gia va kiém tra kién thirc

Maéi truong gido duc hién dai, hé théng chim diém ty dong dang tré thanh mot cong cu
quan trong gitp tiét kiém thoi gian va dam bao tinh khach quan trong danh gia két qua hoc tap
cta sinh vién. Cac hé thong nay, dugc phat trién dya trén tri tué nhan tao (Al) va hoc may
(machine learning), c6 kha nang phan tich bai lam cta sinh vién, nhan di¢n ngi dung, danh gia
cau trdc cau tra loi va dua ra diém s6 mot cach nhanh chéng, chinh xac. Doi véi cac bai thi
trac nghiém, hé thong Al c6 thé ty dong cham diém ngay lap tic, gilp giang vién giam bét
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khdi lwong cong viéc thu cong va dam bao ring tat ca sinh vién dugce danh gia theo cing mot
tiéu chuan. Pc biét, trong cc bai luan hogc bai viét hoc thuat, Al ¢6 thé phén tich cach lap
luan, sir dung tir vung va tinh logic cua bai viét dé dua ra nhan xét va diém s6 phu hop. Mot
s6 hé théng cham diém tién tlen nhu Gradescope hay Turnitin khong chi danh gia dya trén cac
tiéu chi da duogc lap trinh sin ma con hoc hoi tir cach cham diém cua giang vién dé cai thién
do chinh xéc theo thoi gian. Nho d6, qua trinh chdm diém tré nén nhanh chong, minh bach,
han ché téi da sai s6t do yeu t6 chu quan hoic cam tinh cua con ngudi. Ngoai ra, hé théng Al
con cung cap phan hdi chi tiét, gidp sinh vién hiéu rd diém manh, diém yeu cua bai lam va c6
co hoi Cal thién ky nang hoc tap cua minh. Tuy nhién, du mang lai nhleu loi ich, cham diém
tu dong van c6 mot sb han ché, dic biét 1a trong viéc danh gia cac yéu td sang tao va lap luan
sau sac cuia sinh vién, von doi hoi sy phan tich linh hoat ciia con ngudi. Vi vay, su két hop
gitra Al va danh gi4 tir giang vién sé& 12 giai phap tdi wu, vira tan dung duoc cong nghé dé nang
cao hiéu qua cham diém, vira dam bao danh gia chinh xac va cong bang trong méi truong giéo
duc.

Trong béi canh gido duc ngay cang sb hoa, cac bai kiém tra truc tuyén sir dung tri tué
nhén tao (AI) dang tré thanh mot phuong thirc danh gia nang luc sinh vién hiéu qua, hién dai
va minh bach hon. Nh& vao cac cdng nghé tién tién nhu hoc may (machine learning), xu ly
ngdn ngir tw nhién (NLP) va nhan dién hinh anh, hé théng Al ¢6 thé ty dong cham diém, theo
ddi qué trinh 1am bai va dua ra nhitng danh gia khach quan vé ning luc cua sinh vién. Mot
trong nhitng lgi ich I6n nhat caa Al trong kiém tra truc tuyén la kha niang ca nhan hoa bai thi,
diéu chinh do khé phu hop véi nang luc cua ting sinh vién, tir 46 danh gia chinh xac hon mirc
d6 hiéu biét va k§ niang cua ho. Ngoai ra, Al ciing gitip giam sat ky thi mot cach nghiém ngit
théng qua cac cdng cu nhu nhan dién khudn mat, theo ddi chuyén dong mat va phat hién hanh
vi gian lan, giup dam bao tinh trung thyc va cong bang trong kiém tra truc tuyén. Cac hé thong
nhu ProctorU, Examity hay Honorlock c6 thé phat hién hanh vi bat thuong, canh béo giang
vién khi sinh vién c6 dau hiéu gian lan, ddng thoi ghi lai toan bo qua trinh thi dé phuc vu cong
tac kiém tra lai néu can thiét. Hon nira, cac bai kiém tra c6 thé duoc thiét ké dudi nhiéu dang
khéc nhau, tir trac nghiém tu dong cham diém dén bai luan ma Al c6 thé phan tich mac do
logic va cach didn dat dé dua ra phan hdi tirc thi. Biéu nay gilp giam bot ganh niang cham
diém thi cong cho giang vién, dong thoi gidp sinh vién nhan phan hdi nhanh hon dé cai thién
nang luc hoc tap. Tuy nhién, méac di Al mang lai nhiéu loi ich, viéc ap dung kiém tra truc
tuyén van can sy giam sat cua con nguoi dé dam bao hé thdng hoat dong chinh xéac va tranh
nhing sai sot khdng mong mudn. Viéc két hop gitra cong ngh¢ Al va danh gia tur giang vién
s€ gilp qua trinh kiém tra tr& nén hi¢u qua, cong bang va chinh xac hon, gop phan nang cao
chét lugng gido duc trong thoi dai s6 hoa.

3. LQIICH VA THACH THUC CUA AI TRONG HQC TAP
3.1. Lgiich

Al hop ly quan ly hoc tap (LMS) h¢ thdng nén duoc sir dung dé tao ra chuong trinh hoc
riéng biét dua trén dix liéu vé ché do, co so thich va phong cach hoc tap caa mdi sinh vién. Vi
du, tai Pai hoc Cong thuong TP.HCM, mét hé thng thir nghiém Al ¢6 thé phan tich két qua
bai kiém tra dinh ky dé dua ra cac bai tap nang cao cho sinh vién gioi hoic tai liéu co ban cho
nhitng ngudi can cai thién. Hé thdng nay c6 thé dya trén cac thuat toan Machine Learning dé
du doan nhu cau hoc tap, dua ra y kién tai liéu vé trinh nang cao lap trinh cho sinh vién chuyén
nganh cong ngh¢ théng tin néu ching thanh thao cac khéi niém co ban. Theo mot nghién ciu
ciia McKinsey (2022), cac wng dung dai hoc cua truong dai hoc trinh bay ca nhan héa bing
Al ghi nhan mrc d6 hai 16ng ctia ngudi dung sinh vién tang 30% va ty 1€ hoan thanh khéa hoc
tang 15%.
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Trong béi canh cdng nghé phat trién manh mé, tri tué nhan tao (AI) dang dong vai trd
guan trong trong viéc tang cuong hiéu qua hoc tap va gitp sinh vién tiét kiém thoi gian. Trudc
day, sinh vién thuong mat rat nhiéu thoi gian dé tim kiém tai liéu, tong hop théng tin va tu on
tap kién thirc, nhung véi sy hd tro cua Al, qua trinh hoc tap tré nén nhanh chong, tién loi va
hiéu qua hon bao gio het Cac cong cu nhu ChatGPT, Google Scholar hay Perplexity Al giup
sinh vién tiép can nguon tai liéu mot cach nhanh chdng, tom tit noi dung chinh va trich xuat
thong tin quan trong chi trong vai gidy. Nho do, sinh vién c6 thé tap trung hon vao viéc phan
tich va hiéu sau van dé thay vi mat thoi gian vao nhirng cong viéc tim kiém tha cong. Ngoai
ra, Al con gilp ca nhan héa qué trinh hoc tap thdng qua cac nén tang nhu Coursera, Khan
Academy hay Duolingo, tu dong diéu chinh 16 trinh hoc tap dua trén trinh do va tién do cua
ting nguoi. Nhiing tng dung nay c6 thé dé xuat noi dung phu hop, goi ¥ bai tap va dua ra
phan hoéi ngay 1ap tirc, gilp sinh vién cai thién k§ ning mét cach hiéu qua hon. Khéng chi
ding lai & viéc hd trg hoc tap, Al con gidp sinh vién quan ly thoi gian hop ly thong qua céc
g dung nhu Notion, Trello hay Google Calendar, gitup ho lap ké hoach hoc tap khoa hoc,
nhac nha lich trinh va t6i wu hoa quy thoi gian. Viée sir dung Al trong hoc tap khong chi gitip
sinh vién tiét kiém thoi gian ma con nang cao kha nang tu duy, sang tao va tlep thu kién thtc
mot cach c6 hé thong hon. Tuy nhién, dé dat duoc hiéu qua t6i wu, sinh vién can biét cach sir
dung Al mét cach thdng minh, két hop véi tu duy doc 1ap va ki ning tu hoc, thay vi phu thudc
hoan toan vao céng nghé. Khi dugc ap dung diing cach, Al s& tré thanh cong cu hd tro dic huc,
gitp sinh vién nang cao hiéu suit hoc tap, toi wu hoéa thoi gian va chuan bi tét hon cho su
nghiép tuong lai.

Trudc day, viéc hoc tap bi gioi han bai tai lidu in an, thu vién truyén thong va kha ning
tiép can nguon théng tin chat luong. Tuy nhién, véi su phét trién caa Al, sinh vién cd thé dé
dang truy cap kho kién thirc khong 16 chi véi vai ci nhap chut. Cac cong cu nhu Google
Scholar, ChatGPT, Perplexity Al hay Semantic Scholar gilp sinh vién tim kiém thong tin mot
cach nhanh chéng, tong hop noi dung tur nhiéu nguon va tiép can nhitng nghién cau khoa hoc
maoi nhat trén toan cau. Diéu nay khong chi gitp tiét kiém thoi gian ma con gitp sinh vién c6
céi nhin toan dién va sau sic hon vé van d& minh dang nghién ctru. Ngoai ra, Al con gilp pha
V& rao can ngbn ngir bang céac cong cu dich thuat nhu Google Translate hay DeepL, gitip sinh
vién tiép can tai lidu quéc té ma khong bi gigi han boi kha ning ngoai ngi.

Khéng chi ding lai & viéc cung cap théng tin, Al con déng vai trd quan trong trong viéc
nang cao tu duy sang tao. C4c cong cu hd tro viét nhu Grammarly, QuillBot hay Jasper Al
gilp sinh vién phat trién ky nang dién dat, cai thién cau trdc bai viét va kham phé nhiéu cach
the hién y twong mai mé. Al ciing khuyén khich sinh vién tu duy linh hoat hon théng qua cac
nén tang nhu DALL-E, Midjourney—gilp ho tao ra noi dung hinh anh doc d4o, hay cac cong
cu lap trinh AI nhu GitHub Copilot—h tro sinh vién sang tao céc san pham phén mém mot
cach nhanh chong. Hon nita, Al con gidp sinh vién thir nghiém va kiém tra y tuong trong nhiéu
linh vuc khac nhau, tir thiét ké, ky thuat &én kinh doanh, nho vao kha nang mé phong va phan
tich dit liéu nhanh chong. Biéu nay khong chi gidp sinh vién nang cao ky nang giai quyét van
dé ma con kich thich kha ning sang tao, thic day tu duy doi méi va phat trién nhiing y tuong
dot pha.

Tuy nhién, dé thyc sy tan dung duoc tiém nang cua Al trong viéc mo rong tri thue va
phét trién tu duy sang tao, sinh vién can chu dong trong qué trinh hoc tap, biét cach sang loc
va danh gia thong tin mot cach c6 chon loc. Al chi 1a cong cu hd trg, con sy sang tao va kha
nang tu duy phan bién van phu thudc vao con ngudi. Khi két ‘hop mot cach horp ly gitra cong
nghé va tri tué¢ ca nhan, sinh vién khdng chi nang cao hi¢u suit hoc tap ma con phat trién mot
céch toan dién, chuan bi t6t hon cho nhiing thach thuc trong tuong lai.

3.2. Théach thuac
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Mc du tri tué nhan tao (Al) mang lai nhiéu loi ich trong hoc tap, sinh vién van phai déi
mat véi khéng it thach thirc khi st dung cong nghé nay. Mot trong nhiing van d& Ion nhat Ia
su phu thugc qua muc vao Al, khién sinh vién c6 nguy co mat dan kha nang tu duy doc 1ap va
sang tao. Khi Al c6 thé nhanh chong tao ra bai luan, tom tat tai liéu hay giai quyét bai tap,
nhiéu sinh vién c6 xu hudng st dung Al mét cach thu dong, thay vi tu nghién ctiu va rén luyén
k¥ nang tu duy phan bién. Biéu nay c6 thé din dén sy suy giam trong chat lwong hoc tap va
kha ning giai quyét van dé trong thuc té.

Bén canh do, do chinh xac cua Al khéng phai luc nao cling duge dam bao. Cac mo hinh
Al nhu ChatGPT hay Perplexity Al ¢ thé cung cap thdng tin sai léch hoic chua dugc kiém
chtng, khién sinh vién d& bi nham 1an néu khéng biét cach kiém tra lai nguon tin. Viéc lam
dung Al ma khdng c6 su chon loc ¢d thé dan dén tinh trang trich dan sai, 1am giam tinh chinh
xéc va do tin cay trong bai 1am hoc thuat. Ngoai ra, nhiéu cong cu Al chwa thé danh gia chinh
Xé&c cac yéu té sang tao, 1ap luan phuc tap hodc cam x(c trong bai viét, khién sinh vién phai
can nhic ky ludng khi st dung Al trong cc bai tap mang tinh tu duy sau.

Mot théch thire khéc 1a van dé dao vin va vi pham quy tac hoc thuat. Khi Al ¢é thé tao
ra noi dung mot cach d& dang, sinh vién c6 thé vo tinh hodc ¢b y sir dung né ma khéng trich
dan ngudn géc, gay ra vi pham dao dirc hoc thuat. Cac hé thong kiém tra dao vin nhu Turnitin
ngdy cang tinh vi hon trong viéc phét hién noi dung do Al tao ra, didu nay dat ra yéu cau cho
sinh vién phai biét cach sir dung Al mét cach hop Iy va két hop véi kha nang ty viét dé tranh
bi dénh gi4 thap.

Cubi cung, khdng phai tat ca sinh vién déu c6 du ky ning dé sir dung Al mot cach hiéu
qua. Mot s6 nguoi gap kho khan trong viéc khai thac dung cach cac cong cu Al, dan dén viéc
su dung sai muc dich hoac khong tan dung duoc hét tiém nang cta cdng ngh¢ nay. Ngoai ra,
mot sé phan mém Al yéu cau tra phi, tao ra su bt binh dang trong kha nang tiép can cong
ngh¢ gitra cac sinh vién.

Nhin chung, Al 1a mét cong cu hitu ich nhung ciing di kém vé6i nhiéu thach thirc ma sinh
vién can vuot qua. Dé tan dung tdi da loi ich cua Al trong hoc tap, sinh vién can c6 k¥ ning
tu duy phan bién, kha niang chon loc thong tin va dao dtc hoc thuat vitng vang. Khi biét cach
sir dung Al mét cach théng minh, sinh vién ¢ thé bién né thanh mét trg thu dac luc thay vi dé
nd tro thanh rao can trong qua trinh hoc tap va phat trién caa minh.

4. GIAI PHAP VA DE XUAT
4.1.Sir dung AI mdt cich cé kiém soat va cin bang

Viéc str dung tri tué nhan tao (Al) trong hoc tap mang lai nhiéu loi ich, nhung sinh vién
can biét cach str dung mot céch co kiém soét va can bang dé dat hiéu qua cao nhat. Al c6 thé
hd tro tim kiém thong tin nhanh chéng, tom tat noi dung, kiém tra ngit phap va dé xuat y twong,
nhung néu qué phy thugc vao né, sinh vién c6 thé dan mét di kha ning tu duy dc lap va sang
tao. Vi vay, thay vi dé Al 1am thay moi cong viée, sinh vién nén xem Al nhu mot cong cu ho
trg, gilp téi wu hoa qua trinh hoc tip ma van gitt duoc su chu dong trong viéc tiép thu va xir
ly théng tin.

Bén canh d6, sinh vién can biét cach kiém ching do chinh xéac cua théng tin do Al cung
cap, vi khong phai luc nao Al ciing dua ra céu tra 16i dung hodc pht hop véi ngir canh hoc
thuat. Viéc doi chiéu véi cac ngudn tai lidu uy tin va tw duy phan bién khi str dung Al 1a diéu
can thiét dé ¢am bao tinh chinh x4c va dang tin cay cua kién thic. Ngoai ra, sinh vién ciing
can tuan thu dao dac hoc thuat, tranh sao chép nguyén vin ndi dung do Al tao ra ma khong
qua qué trinh phan tich va bién tap lai theo cach hiéu ciia ban than.
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Cuébi cung, sir dung Al mét cach can bang khdng chi gitp sinh vién tiét kiém thoi gian
ma con rén luyén k§y ning ty hoc, nang cao tu duy phan bién va phat trién kha ning sang tao.
Khi biét cach két hop Al véi phuong phap hoc truyén thong, sinh vién khdng chi tan dung
duoc loi ich cua cong nghé ma con dam bao qua trinh hoc tap van mang tinh cha dong va hiéu
qua lau dai.

4.2.Pam bdo tinh minh bach va dao dirc khi sir dung Al

Viéc dam bao tinh minh bach va dao duc khi st dung Al tré thanh mot van dé quan trong
ddi véi sinh vién. Al mang lai nhiéu tién ich trong hoc tap, tir viéc tim kiém théng tin nhanh
chéng, hé tro viét bai, dén kiém tra ngit phap va dao van. Tuy nhién, néu khong sir dung dung
cach, Al c6 thé dan dén nhitng vi pham dao dic hoc thuat, 1am suy giam tinh trung thuc va
trach nhiém cé& nhan trong qua trinh hoc tap. Mot trong nhitng nguy co 16n nhat 1a viéc sinh
vién sir dung Al dé tao ra noi dung mot cach may méc ma khéng cé sy phan tich hay kiém
chung lai, dan dén tinh trang sao chép va vi pham dao van. Cac cong cu nhu ChatGPT hay
Jasper Al c6 thé tao ra cac bai luan hoan chinh chi trong vai gidly, nhung vi¢c st dung ndi dung
nay ma khéng chinh stra hay bo sung ¥ tuong ca nhan cé thé lam mét di gia tri hoc thuat va su
sang tao cua sinh vién.

Dé dam bao tinh minh bach, sinh vién can phai sir dung AI nhu mét cong cu hd tro thay
vi phu thudc hoan toan vao né. Khi sir dung noi dung do Al tao ra, sinh vién nén trich dan rd
rang néu can thiét, dong thoi két hop vai nghién ciru ca nhan dé dam bao bai viét c6 tinh doc
lap va thé hién sy hiéu biét riéng. Ngoai ra, viéc sir dung Al dé tim kiém tai liéu cling can co
su chon loc, tranh tinh trang lay thong tin tir cac ngudn khong dang tin cay hoic sir dung dit
liéu khong chinh xac. Mot sb hé thdng Al cé thé cung cap thong tin sai léch hoidc chwa duoc
kiém chtmg, do d6 sinh vién can phai kiém tra lai bang cach d6i chiéu véi cac tai liu hoc thuat
chinh théng.

Bén canh d6, dao dirc trong viéc sir dung Al con lién quan dén van dé cong bang va trach
nhiém ca nhan. Mot s6 sinh vién c6 thé lam dung AI dé gian lan trong cac ky thi truc tuyén
hodc nhd Al 1am ho bai tap ma khong thyc sy tham gia vao qua trinh hoc tap. Biéu nay khong
chi anh huong dén sy phat trién c& nhan ma con lam mat di y nghia thyc sy cua viéc giéo duc.
Céc truong dai hoc hién nay ngay cang siét chat cac quy dinh vé viéc sir dung Al trong hoc
tap, nhiéu hé théng kiém tra dao van nhu Turnitin hay GPTZero c6 kha nang phat hién noi
dung do Al tao ra. Vi vay, sinh vién can c6 trach nhiém véi chinh ban than minh, st dung Al
mot cach minh bach, dang muyc dich va tuén thi cac nguyén tic hoc thuét.

5. KET LUAN VA KIEN NGHI

Hién nay, tri tu¢ nhan tao (AI) dang dan tr& thanh mot phan khdng thé thiéu trong quéa
trinh hoc tap cua sinh vién tai cac truong dai hoc. Vi sy phat trién manh mé caa céng nghgé,
sinh vién c6 thé sir dung Al dé hd tro viéc tim kiém tai liéu, tom tat noi dung, dich thuat, tham
chi 1a viét bai luan hay giai cac bai todn phuc tap. Cac nén tang nhu ChatGPT, Google Bard
hay Perplexity Al gilip sinh vién tiép can tri thirc mot cach nhanh chéng va hiéu qua hon bao
gio hét. Ngoai ra, nhiéu ting dung Al con gilip ca nhan hoa 19 trinh hoc tap, dua ra goiy phu
hop vaéi nang luc cuaa tirng sinh vién, glup ho quan ly thoi gian hoc tip mét cach tdi vu. Pac
biét, trong cac nganh hoc lién quan dén lap trinh, khoa hoc dir liéu hay tri tué nhan tao, sinh
vién con c¢6 co hoi thuc hanh véi cac mé hinh Al thyc té, qua d6 ning cao k¥ ning chuyén
mén va chuan bi t6t hon cho cong viéc tuong lai. Tuy nhién, bén canh nhiing loi ich rd rét,
viéc lam dung Al ciing dit ra nhiéu van dé dang lo ngai. Mot sb sinh vién c6 xu huéng phu
thudc qué muc vao cong cu nay, lam giam kha nang tu duy doc lap va sang tao. Hon nira, van
dé dao vin va gian 1an trong hoc tap ciing tré' nén phd bién hon khi Al c6 thé tao ra ndi dung
mot cach dé dang. Do do, viéc sir dung Al trong hoc tdp can c6 su can bing va dinh hudng
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hop 1y dé vira tan dung duoc loi ich cua céng nghé, vira dam bao sinh vién phét trién ky ning
tu duy va sang tao mét cach bén ving.
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TOM TAT

Tri tu¢ nhan tao (Artificial Intelligence — AI) dong vai tro quan trong trong cong ngh¢
hién dai, dac biét trong viéc t6i wu hoa trai nghiém nguoi ding trén cac nén tang giai tri truc
tuyén. Hé thdng goi y video gilp ca nhan hda noi dung, nang cao mirc d6 twong tic va giit
chan nguoi dung théng qua viéc goi y cac video dya vao lich sir truy cap hé théng cia nguoi
dung va xu hudng giai tri hién tai. Trong bai bao nay, nhom tac gia tap trung nghién cuu
phuong phap loc Configuration Filtering, bao gom Collaborative Filtering va Content-based
Filtering, dé hd tro dé xuét video trén nén tang HTB Entertainment. Cac noi dung chinh cua
bai bao gom: (1) Giai thiéu vé hé thong khuyén nghi; (2) Phuong phéap loc Configuration
Filtering trong goi y video; (3) Md hinh hé théng goi ¥ va tng dung thuc nghiém; (4) Két luan
- Hudng phét trién.

Twr khoa: Al, Recommendation systems, Collaborative Filtering, Content-based Filtering,
Video Recommendation.

1. GIOI THIEU HE THONG KHUYEN NGHI

Hé théng goi y (Recommendation Systems) 13 mét trong nhitng tng dung quan trong cua
tri tué nhan tao, dong vai tro cdt 16i trong viéc cai thién trai nghiém ngudi ding trén cac nén
tang giai tri va mang xa hoi [1]. Vi su phét trién manh mé cua cong nghé, dic biét 1a trong
linh vuc hoc may (Machine Learning) va hoc sau (Deep Learning), cac hé théng goi y ngay
cang tré nén thong minh hon, c6 kha ning hiéu rd hon vé s thich, thoi quen ctia ngudi ding
va dua ra nhitng noi dung phu hop nhat [2]. Hé théng goi y hoat dong bang cach thu thap va
phan tich dit liéu nguoi dung, bao gém céac hanh vi twong tac nhu lich sir xem, luot thich, binh
luan, chia sé¢ hoac tham chi la thoi gian xem cua ting noi dung [3]. Tu @6, thuat toan sé du
doan va d& xuat nhitng ndi dung c6 kha ning thu hut sy quan tdm caa ngudi ding cao nhat.
Trong nhiéu nam qua, cac nha nghién ciru da khéng ngirng tim kiém va cai tién cac phuong
phap dé t6i wu hoa kha nang goi ¥, gidp hé thong tro nén chinh xac hon, nhanh hon va linh
hoat hon trong viéc cap nhat s¢ thich thay ddi theo thoi gian [4]. M6t s6 phuong phap phd
bién c6 thé ké dén nhu bo loc cong tac (Collaborative Filtering), loc ndi dung (Content-Based
Filtering), hé théng goi v lai (Hybrid Recommendation Systems) két hop nhiéu phuong phap
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dé nang cao hiéu qua [5]. Ngoai ra, cac mé hinh hoc sau nhu mang no-ron tich chap (CNNs),
mang no-ron hdi tiép (RNNs) va cic md hinh Transformer ciing dang duoc ng dung rong réi
dé cai thién chat lugng du doan cuia hé théng goi v [6]. Mot trong nhiing nghién ctru quan
trong la kha ning ca nhan héa dé xuat theo timg nguoi ding, gitp hé théng khdng chi dya vao
dir liéu tong hop ma con phan tich theo timg ca nhan dé téi wu trai nghiém [7]. Hon nia, V6i
su xuat hién caa Al, hé thdng goi y gio day khong chi goi y dua trén dit liéu lich sir ma con c6
thé du doan so thich trong tuong lai, tham chi diéu chinh goi ¥ theo thoi gian thuc dya trén
ngit canh hién tai [8]. Tuy nhién, bén canh nhiing lgi ich to 16n, hé thdng goi ¥ ciing d6i mat
vé6i nhiéu thach thiic 16n, chang han nhu van dé "loc bong bong" (Filter Bubble), khi ngudi
ding chi nhan dwoc nhiing noi dung tuong tu véi sé thich hién tai, han ché kha ning kham
pha noi dung méi [9]. Ngoai ra, van d& bao mat dit liéu va quyén riéng tu ciing 1a mot théch
thire khi cac hé thong goi y can thu thap lugng 16n thong tin ca nhan dé hoat dong hiéu qua
[10]. Viéc xay dung mét hé théng goi y minh bach, cdng bang va khong thién vi ciing 13 mot
trong nhitng muc tiéu quan trong ma cac nha nghién ctru dang huéng tai [11]. Trong tuong
lai, v6i su phét trién khdng nging caa cong nghé, hé théng goi y sé tiép tuc duoc cai tién dé
tré nén théng minh hon, chinh xac hon va mang dén trai nghiém tét nhét cho ngudi dung trong
c4c nén tang giai tri va mang xa hoi.

Hé théng gei v dwa trén b loc cong tac (Collaborative Filtering)

Bo loc cong tac 12 mét trong nhitng phuong phap phd bién nhat trong hé thdng goi .
Céch tiép can nay duya vao dit liéu tir nhidu nguoi ding dé tim ra nhimg diém tuong dong trong
hanh vi cua ho, tir d6 dua ra cac goi y phu hop [1]. C6 hai dang chinh: Collaborative Filtering
theo ngudi dung (User-Based): Hé thong sé tim ra nhitg ngudi dung ¢6 hanh vi twong tw nhau
va goi ¥ ndi dung ma ho di thich nhung ngudi ding hién tai chua tiép can [5]. Collaborative
Filtering theo san pham (Item-Based): Hé théng tim kiém nhitng noi dung c6 su twong dong
vé dic diém hoic di timg dugc xem cung nhau dé dua ra goi y [12].

Hé théng gei y dwa trén ndi dung (Content-Based Filtering)

Phuong phap nay dua vao dic diém caa noi dung thay vi dir liéu tir nguoi dung khac. Hé
thdng s& phan tich céc thugc tinh ctia noi dung nhu thé loai, tir khéa, nhan déan (tags) hoic mo
ta dé tim ra nhirng ndi dung tuong tu véi s6 thich cia ngudi dung [13].Diém manh ctua phuong
phap nay la khéng can dir liéu tir nhiéu ngudi dung khac nhau, nhung né c6 thé gap van dé khi
khong c6 du théng tin vé noi dung hoic sé thich ngudi ding chwa 13 rang [14].

Hé thang goi v lai (Hybrid Recommendation Systems)

Hé thdng goi ¥ lai két hop nhiéu phuong phép khac nhau, thuong la sy pha tron giira
Collaborative Filtering va Content-Based Filtering dé tan dung wu diém cua ca hai [11]. Vi du,
Netflix sir dung mot hé thong lai, trong d6 ho vira phan tich hanh vi cia ngudi ding vira xem
xét cac dic diém cua bo video dé dwa ra cac dé xuét chinh xac hon [8].

Ung dung md hinh hec sau (Deep Learning) trong hé théng goi y

Véi sy phat trién caa Deep Learning, cac hé thong goi y ngay cang théng minh va cé kha
nang xtr 1y luong di liéu 16n [6]. Mot s mo hinh phd bién nhu: Neural Collaborative Filtering
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(NCF): Sir dung mang no-ron nhan tao dé cai thién d6 chinh xac cua bo loc cong tac [4]; M6
hinh Recurrent Neural Networks (RNNs): Ap dung trong viéc phan tich chudi thoi gian, gidp
dir doan xu hudng thay ddi s¢ thich cua ngudi dung theo thoi gian [15]; Mé hinh Transformer-
based Models: Nhitng mé hinh nhu BERT hoic GPT ciing dang dwoc tng dung dé phan tich
ngir canh va s thich ngudi dung trong céac hé théng goi y [16].

Cé nhan hoa trai nghiém nguwoi ding bang Al

Ca nhan hoa 1a xu huéng quan trong trong cac hé thdng goi y hién dai. Al khdng chi dé
Xuat noi dung dwa trén lich sir xem ma con c6 thé du doan so thich trong tuong lai dua trén
c4c yéu té nhu thoi gian, dia diém, va trang thai cam xic cta nguoi ding [17]. Cac nén tang
nhu YouTube va Spotify sir dung Al dé lién tuc cap nhat danh sach goi ¥ theo thoi gian thuc,
gitip ngudi dung c6 trai nghiém tot hon [8].

Théch thire va twong lai cia h¢ théng goi y

DU céc hé théng goi ¥ dd ¢ nhiéu tién bo dang ké, van con mot sé thach thuc can giai
quyét: Van dé "loc bong bong" : Khi hé thdng chi dé xuat noi dung dua trén s thich trude do,
ngudi duing c6 thé bi gidi han trong mot pham vi ndi dung nhét dinh va khéng kham pha duoc
nhitng ndi dung da dang hon [9]. Dit liéu ca nhan va quyén riéng tu: Cac nén tang phai ddi
mat vai van dé bao vé dit liéu nguoi ding khi thu thap thong tin dé cai thién goi y [18]. Tinh
minh bach cua thuat toan: Nguoi dung thuong khéng biét 1y do tai sao mét noi dung lai xuat
hién trong danh sach goi ¥, diéu nay c6 thé gay tranh céi vé do tin ciy cua hé théng [19].

2. PHUONG PHAP LQC CONFIGURATION FILTERING TRONG GQl Y VIDEO

Collaborative Filtering (CF) va Content-Based Filtering (CBF) 1a hai phuong phap ph
bién dugc sir dung trong hé théng goi y video nham ti wu hoa trai nghiém ngudi ding [1].
Collaborative Filtering 1a phuwong phap goi ¥ dua trén dir liéu thu thap tir nhiéu nguoi ding,
phan tich hanh vi cia ho dé tim ra sy twong dong giita cac ngudi dung khac nhau hoic giira
cac ndi dung ma ho tuong tac [12]. Trong khi do, Content-Based Filtering tap trung vao dac
diém cua chinh noi dung dé dua ra goi ¥, dua trén cc thudc tinh cu thé nhu thé loai, dién vién,
dao dién hoic tir khda mo ta noi dung [13,14].

a. Phwong phap loc Collaborative Filtering

Collaborative Filtering (loc cong tac) 1a mot ki thuat trong hé théng goi v, gilp du doan
s¢ thich hogc hanh vi ctia nguoi dung dya trén dir liéu tir nhitng nguoi dung khac c6 hanh vi
tuong ty. Phuong phap nay khong dua vao ndi dung ciia cac san pham ma dya vao mdi quan
hé giita nguoi dung va san pham thong qua danh gia hodc tuong tac trude d6 [20-21]. Xét vi
du thyc té vé Collaborative Filtering cé thé dwoc thé hién qua bang danh gia ctia nguoi ding
vé cac video khac nhau nhu sau:
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Bdng 1. Collaborative Filtering trong hé thong goi ¥ video

Ngwoi diung Video A | VideoB | VideoC | VideoD | Video E
User 1 5 4 ? 2 ?
User 2 3 ? 4 ? 5
User 3 4 5 ? 3 ?
User 4 ? 2 5 ? 4

Trong bang 1, dau "?" thé hién riang ngudi ding chwa danh gia video d6. Collaborative
Filtering s& gilp du doan nhitng gia tri con thiéu nay dya trén su tuong dong giita cac nguoi
dung hoic video. Vi duy, dé du doan xép hang ma User 1 cd thé danh cho Video C, ta c6 thé
sir dung phuong phap tinh trung binh ¢6 trong sé dua trén d4nh gia cta nhitg nguoi ding c6
hanh vi tvong ty véi User 1. Néu User 3 c6 danh gia rat gidng véi User 1 & céc video khéc, ta
c6 thé suy ra rang User 1 c6 kha ning sé thich Video C véi s diém twong tu nhu User 3.

Ap dung cbng thte tinh toan dé du doan xép hang caa User 1 cho Video C bang céch sur
dung User-Based Collaborative Filtering. Gia st ta tinh hé sb twong ddng gitra User 1 va cac
ngudi dung khéc bang cach st dung cong thiic Cosine Similarity: (1)

s YiTAi'TBi
similarity(A,B) = Bt s, Q)
Trong do:
74; 12 diém danh gia ciia User A cho video i.

rp; la diém danh gia ctia User B cho video i.

Tinh toan d6 twong ddng giira User 1 va cac User khac dua trén cac video ma ca hai da
danh gia.

Tinh similarity(User 1, User 2)

Dir liéu chung gitra User 1 va User 2:
Video A: User 1 =5, User2 =3
Video C: Chua ¢6 dit liéu (b6 qua)
Video D: User 1 =2, User2 =?
Video E: User1 =7, User2=5

Vay chi c6 Video A la dit liéu chung.

(5x3) =I5 - 15 _ V00316
J(52+42129)x\32 +42 + 52 VA5xV50 V2250 10

similarity(Userl,User2) =

b. Phwong phap loc Content-Based Filtering

Content-Based Filtering 13 mot phuong phap dé xuat noi dung dua trén dic diém cua
chinh noi dung d6 thay vi dya trén hanh vi hoac s¢ thich cua nguoi dung khac [14], phuong
phap nay hoat dong bang cach phan tich va trich xuét cac thugc tinh cua tirg muc, sau do so
sanh muc d6 tuong ddng giita cAc muc dé dwa ra goi y ph hop vai so thich hozc tim kiém cua
ngudi ding [13], trong d6 mot trong nhitng ky thuat phd bién nhat dé do luong su tuong dong
1a Cosine Similarity, giup danh gia mirc d6 gidng nhau giita hai van ban duya trén tan suat xuat
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hién cuia cac tir [22], thuat toan nay s& chuan hoa vin ban dau vao bang cach chuyén doi vé
chir thuong, loai bé ddu cau va cac ky tu dic biét, sau d6 xay dung vector dai dién cho noi
dung dé tinh toan khoang cach giira cac noi dung véi truy van caa ngudi dung [23], cudi cing
hé thong s& sip xép cac muc theo diém tuong ddng va tra vé danh séch cac noi dung c6 lién
quan cao nhat, gilp nang cao trai nghiém ca nhan hoa va téi uu hoa kha niang tim kiém thdng
tin [2].

Y twéng

Content-Based Filtering hoat dong dua trén noi dung caa video (tiéu dé, mo ta) dé tim
kiém va dé xuat video c6 do twong dong cao vdi tir khda ma ngudi dung nhip vao. Bidu ndy
gilp t6i wu két qua tim Kiém va cai thién trai nghiém nguoi ding.
Cac buéc thye hién

Gia stir c6 mot danh sach video vaéi cac thudc tinh:

Bdng 2. Content-based Filtering trong hé thdng tim kiém goi y t6i wu cho video

Video | Cha dé Pao dién | Théloai | Do dai (phut)
A Cong nghé¢ | John Smith | Khoa hoc 10
B Cong nghé | Anna Brown | Khoa hoc 12
C Amnhac | Jack White | Giai tri 8
D Cong nghé | John Smith Hoc thuét 15

Ngudi ding nhap tir khoa tim kiém, thuat toan s& tim céc video c6 noi dung gan gidng
véi tir khoa @6 dua trén Cosine Similarity.
Budée 1: Chuin héa tir khéa tim kiém
Nguoi dung nhép tir khéa tim kiém "Cong nghé Khoa hoc".
e Chuyén thanh chit thuong: "cong nghé khoa hoc"
e Xoaky tu dic biét (néu c0)
Két qua sau khi chuan héa: "cong nghé khoa hoc"
Budre 2: Lay danh sich video va chuin héa ndi dung
Mai video c6 tiéu d& va mo ta, ta s& ghép chung lai va chuén hoa. Bang 3 mé ta va

chuan héa ndi dung video nhu sau:

Bdng 3. Danh sach video va chuan hoa ndi dung

Video Tiéu dé Mb ta Noi dung sau khi chuin héa
"Tim hiéu Cong "Ung dung trong Khoa "tim hiéu céng nghé ing
A AN n n
nghé hoc dung trong khoa hoc
B "Céong nghé AI" "Tuong lai Khoa hoc" hf)‘:,fg ngh ai twong lai khoa
C "Am nhac hay nhat" "Giai tri va thu gian" am nhac hay nhat giai tri

va thu gian"
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Video Tiéu dé Mo ta Noi dung sau khi chuén héa
D HQE:"thuat Cong "John Smith huéng din" hgc thua,t cong rllvghe john
nghé smith huéng dan

Budc 3: Tinh d9 twong déng bing Cosine Similarity

Gia sir tir khoa tim kiém query 1a: "cong nghé khoa hoc"

Ta tinh d6 twong dong ciia n6 voi ndi dung timg video bang Cosine Similarity.

Tao vector dic trung

Tap hop tat ca tir xut hién trong tir khoa va ndi dung cac video:

["Cél’lg", "nghé", "khoa", "hQC", "tim", "hiéu", "ﬁ'ng", "dl,lng", "trong", "ai", "tll'O'ng", "1ai",

nn

"hoc thuat", "john",

smith", "huéng", "dan"]

Bang 4 md ta thong tin s6 1an xuat hién ctia mdi tir.

Bdng 4. Content-based Filtering tao vector dac trung

Tw Q“elr({lszﬁl?fc;' ghé Video A | VideoB | VideoC | Video D
cbng 1 1 1 0 1
nghé 1 1 1 0 1
khoa 1 1 1 0 0
hoc 1 1 1 0 1
tim hiéu 0 1 0 0 0
ung dung 0 1 0 0 0
trong 0 1 0 0 0
ai 0 0 1 0 0
tuong lai 0 0 1 0 0
hoc thuat 0 0 0 0 1
john smith 0 0 0 0 1

Budée 4: Xép hang va tra vé két qua

Thut toan sap xép theo do twong dong giam dan va tra vé danh sach top 3 video phu hop
nhat: Video B (0.816): Video A (0.758):; Video D (0.75)

C. So sanh danh gia hai phwong phap loc Collaborative va Content-based

Bang 5. So sanh hiéu qua dé xuat cua hai thuat toan Collaborative va Content-based

Tiéu chi

Collaborative Filtering

Content-Based Filtering

Co ché hoat dong

Dua vao lich sir twong tac cua nhiéu
nguoi dung dé tim ra so thich
chung.

Dya vao dic diém noi dung dé dua
ra goiy.

Do ca nhan hoda

Cao, vi dua trén s¢ thich caa nguoi
dung c6 hanh vi tuong tu.

Trung binh, vi chi dua vao s¢ thich
cta ngudi dung cé nhéan.
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Tiéu chi

Collaborative Filtering

Content-Based Filtering

Dé xut noi dung méi

Khé khan véi ndi dung chua c6 lugt
xem hodc danh gia (Cold Start
Problem).

C6 thé d& xuat noi dung maoi dya trén
dic diém cua noi dung.

Tinh da dang néi dung

Cao, Vi c6 thé dé xuét video thuoc
nhiéu thé loai khac nhau.

Thap hon, do chi tap trung vao noi
dung tuong tu véi lich st xem cua
ngudi dung.

Kha nang mé rong

C6 thé yéu cau tai nguyén Ién khi
dir liéu nguoi dung tang 1én.

Dé m& rong hon vi chi phén tich noi
dung video.

Vén dé dit lieu

Can dit liéu tir nhidu nguoi dung dé

Chi can dir liéu cua mot nguoi ding
nhung yéu cau phan tich ngi dung

5 dé xuat tot. L
co de xtatto chi tiét.

Netflix, YouTube (goi ¥ dua trén
théi quen xem cua ngudi ding
khac).

Ung dung thuc te dic diém noi dung).

YouTube, Spotify (goi y dua trén

3. MO HINH HE THONG VA UNG DUNG THUC NGHIEM
3.1. M6 hinh h¢ théng
Hinh 1 md ta md hinh hé théng goi y video gém cac ludng:

(1) Khi mét video méi duoc thém vao hé thng, céc thdng tin quan trong s& dwoc thu
thap nhu: Tiéu dé video, M6 ta ndi dung (description), thé loai (genre/category), tir khoa (tags),
d6 dai video, tac gia, ngudi ding tai, ngdy dang. Céac thong tin nay dwoc xir 1y so bo (tién xur
1y): loai bo stop words, chun hoa vin ban, trich xuét tir khoa... trude khi luu trit va st dung
cho viéc phan tich noi dung sau nay.

(2) Dit lidu tir ngudn ngoai nhu IMDb ciing dwoc sir dung dé 1am giau cho video: Rating
(danh gia sao), Thé loai theo chuan IMDb, Thoi lwong, Noi dung tom tit, Cac dién vién, dao
din. Viéc tich hop nguon dit liéu bén ngoai giup ting do chinh xac va phong phu cho dic
trung ndi dung video, 1am nén cho Content-Based Filtering.

(3) Sau khi da xir ly, toan b thong tin dugc luu vao SQL Database. Pay la noi luu trir
tat ca dir liéu lién quan dén video, ngudi dung, lich sir xem, danh gi4, luot thich...Co s¢ dit
liéu nay la nén tang dé: Xay dung ma tran nguoi ding — video, huan luyén mé hinh dé xuat,
truy van goi y theo thoi gian thyc.

(4) Hé théng xay dung ma tran nguoi ding — video (User-Item Matrix), trong d6: Hang
la nguoi dung (UserID), Cét la video (VideolD), Giéa tri 1a mic do tuong tac (rating, thoi gian
xem, yéu thich...).

(5) Tir ma tran trén, hé thong &p dung céc thuat toan loc cong tac nhu: User-Based CF:
Tim nhitng ngudi dung ¢ hanh vi gidng nhau (twong ddng cosine hoic Pearson correlation);
Item-Based CF: Tim nhitng video c6 muirc danh gia twong tu.
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Loc cing tac
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Panh gia tich cwc tir y
ngwdi dung

®)

Hinh 1. M6 hinh hé théng goi y video HTB

(6) Danh sach video sau khi duoc loc cong tac s& duoc dwa dén khéi "Goi ¥", noi n6 sé
hién thi goi y cho ngudi dung ¢ giao dién chinh, sap xép theo o pht hop cao dén thip, c6 thé
két hop thém dir liéu real-time.

(7) Song song Vvai loc cong tac, hé théng ding Content-Based Filtering: Trich xuat dic
trung ndi dung tir metadata video, Ap dung TF-IDF hozc md hinh ngén ngir (Word2Vec,
BERT), Tinh toan mirc d6 twong dong (cosine similarity) gitta video nguoi dung di xem voi
video khac; Muc tiéu la tim cac video giéng vé noi dung, khong can biét nguoi dung khac
thich gi.

(8) Heé thdng xac dinh cac video ma ngudi duing timg tuong tac tich cuc, dwa vao cac
video nay, n6 tim kiém nhiing video khac c6 dic diém noi dung tuong tu.

(9) Danh séch video c6 noi dung tuong ty nhimg video yéu thich dugc dua ra nhu mot
goi Yy mai cho nguoi dung. Nhitng dé xuat nay cé thé: goi y phim cting thé loai, Video cing
cha dé hoic cd tir khoa tuong tw, Video tir cing mot nha séng tao.

(10) Nhirng danh gia nay duoc ghi nhan dé cap nhat lai ma tran ngudi dung — video, gidp
hé thdng hoc lién tuc va cai thién trong céc lan goi ¥ sau.

(11) Ma tran duoc luwu lai d cap nhat hé théng theo thoi gian thuc hodc batch, dam bao
mdi lan nguoi ding tuong tac 1a mot 1an hoc thém.

3.2. Cai dat &rng dung thuc nghiém

HTB Entertainment 12 mot nén tang chia sé video truc tuyén toan cau do Google sé hitu,
cho phép ngudi dung tai 1&n, xem, chia s¢, binh luan va tuong tac voi cac video & nhiéu thé
loai khac nhau nhu am nhac, vlog, phim anh, tin tic, gido duc va nhiéu ndi dung sang tao khac,
dong thoi cung cap co hoi kiém tién cho cac nha sang tao noi dung thong qua chuong trinh
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dbi thic HTB Entertainment; h¢ thong nay sir dung céc thuat toan phuc tap dé dé xuat video
phl hop véi s& thich ngudi dung, hd tro phét truc tuyén truc tiép, cho phép ngudi ding ding
ky theo dbi kénh yéu thich, luu video vao danh sach phat ca nhan va thiét 1ap céc ché do hién
thi khac nhau nhu riéng tu hodc céng khai; ngoai ra, HTB Entertainment con c6 céc tinh nang
b6 sung nhu Shorts — video ngan, Community — noi ngudi sang tao dang bai viét, anh hoic
tham do y kién dé twong tac v6i ngudi xem, va HTB Entertainment Studio — céng cu danh cho
ngudi sang tao theo ddi hiéu suét video, chinh stra noi dung va quan ly kénh mot cach toan
dién trén ca nén tang web Ian ung dung di dong.

Giao dién chinh cia hé théng
Hinh 2 mé ta giao dién trang chinh cua hé théng HTB Entertainment, 4p dung phuong

phép loc cong tac Collaborative Filtering dé dé xuat video dya trén hanh vi va so thich cua
nguoi dung.

= BHIE.. . o % @
o
O Knémpha
& LALIGA
o k
o
©
-] \
]
’ w Ben 10 Alien Force - Ben vs 0 Pa-Pa-Pa The Movie Parman REAL MADRID - OSASUNA- 0 $1.E429 - Episode 429 Pako
* Vilgax * (PaPaPa¥yL—¥—< " ONGION BELLINGHAM DA 04p rdc 1l Iom (15— F ¥
? -2v) CHIU MO TAI KHOAN - »¥)
G e LALIGA EA SPORTS 2425 or
®
S % . m
o T @ Ben Vs Vilgax - Ben 10 Alien @ Khin cép ado “him phong Q When Mrs. Suwa appoints Night Sky X music - Ypsilon @ _[Ben 10 Uttimate Allen] -
Force Final Fight thu” lién két nha ga, bénh PAKO to become Mitsuo's BE — Ultimate Big Chill Vs
en Tex vién: Iran dang lo ngai diéu Teacher! ™ & t 1 Terracotta General -
® xem 1 912 | VTC Now g Huy Hi GamePiay (Full HD
- 7 1080p50)

Hinh 2. Man hinh giao dién chinh hé thong HTB
Giao dién duoc thiét ké theo phong cach twong ty HTB Entertainment, véi thanh sidebar

bén trai chira cac danh muyc chinh nhu Trang chii, Kham pha, Pang ky, Lich st tim kiém, Lich
sir xem, Danh sé&ch phat, Shorts va mét danh muc kénh dang ky ctia nguoi dung.
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Giao dién trang ggi y video

= WHIE ’ o a® o

a

Két qua tim kiém cho "Ben 10"
Videos

Ben Vs Vilgax - Ben 10 Alien Force Final Fight

< % w

® ® O 4 ® @

Hinh 3. Man hinh giao dién trang tim kiém goi y video HTB

Hinh 3 mé ta giao dién trang tim kiém t4i wu cua hé thing HTB Entertainment. Giao dién
¢6 thanh tim kiém nam & phia trén cing, noi ngudi ding ¢6 thé nhap tir khoéa dé tim ndi dung
lién quan. Bén tréi la thanh sidebar chira cac danh muc nhu Trang chi, Kham pha, Dang ky,
Lich sir tim kiém, Lich st xem, Danh séch phat, Shorts va mot sé muc khac, giup nguoi ding
dé dang diéu hudng trong hé thdng. Khi nguoi ding nhap mot tir khoa nhu "Ben 10", hé thong
s& hién thi danh sach két qua tim kiém bao gém video, kénh va danh sach phat lién quan. Céc
két qua hién thi theo dang danh sach véi hinh thu nho, tiéu dé video, sé luot xem, thoi gian
dang tai va tén kénh dang tai, giup nguoi ding dé dang lya chon ndi dung pht hop. Hé thng
sir dung phuong phap loc Content-Based Filtering d& phan tich noi dung video dya trén md ta,
thé tag va céac thong tin lién quan nham dam bao két qua tim kiém sét véi tir khoa cia nguoi
dung. Ngoai ra, néu ngudi ding da dang nhép, tir khda tim kiém s& duoc Iuu lai trong lich sir
dé cai thién trai nghiém ca nhan hoa trong tuong lai. Nho vao phuong phép nay, HTB
Entertainment mang dén cho ngudi ding mét trang tim kiém thong minh, ti wu va truc quan,
gitp ho nhanh chdng tim thay noi dung yéu thich ma khong mat qué nhiéu thoi gian.

4. KET LUAN - HUONG PHAT TRIEN

Trong bai bao ndy nhom tac gia da tap trung nghién ciru hai phuwong phéap phd bién trong
hé théng goi y, bao gdm Collaborative Filtering va Content-Based Filtering. Thong qua qué
trinh phan tich nguyén ly hoat dong, uru nhuoc diém va kha ning wng dung cia timg phuong
phap, bai bao da l1am rd cach thirc hai k§ thuat nay hé trg ca nhan hda noi dung va cai thién
trai nghiém nguoi dung trong hé théng dé xuat video HTB.

Két qua nghién ciru cho thy Collaborative Filtering c6 kha ning khai thac tot thong tin
tir cong ddng ngudi dung, nhung d& bi anh hudng béi van dé ngudi ding mai (cold-start) va
dix liéu thua. Trong khi d6, Content-Based Filtering hoat dong hiéu qua hon trong truong hop
ngudi dung mai, nhung lai bi gidi han bai pham vi théng tin cta chinh nguoi dung do. Viéc
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so sanh hai phuong phap cho thdy mdi hé thdng déu c6 nhitng diém manh riéng, va viéc lya
chon can phu thudc vao muc tiéu tng dung cu thé.

Trong tuong lai, nhém tac gia tiép tuc dé xuat mot hudng cai tién két hop hai phuong
phép trén thanh hé théng lai (hybrid system), nham tan dung wu diém cua ca hai ki thuat. Day
Ia mot huéng phét trién tiém nang gitp nang cao d6 chinh xéac cua hé théng goi ¥, dong thoi
khac phuc dugc nhitng han ché ciia timg phwong phép riéng 1¢.
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ABSTRACT

CONFIGURATION FILTERING METHOD SUPPORTS VIDEO SUGGESTIONS ON

HTB ENTERTAINMENT PLATFORM

Huynh Cong Huy?, Nguyen Quoc Tien!, Nguyen Quoc Bao?, Nguyen Hai Yen?*
'Ho Chi Minh City University of Industry and Trade

* Email: yennh@huit.edu.vn

Acrtificial Intelligence (Al) plays a crucial role in modern technology, particularly in
optimizing user experiences on online entertainment platforms. Video recommendation
systems help personalize content, enhance user engagement, and retain users by suggesting
videos based on their browsing history and current entertainment trends. In this paper, the
authors focus on studying the Configuration Filtering algorithm, which includes Collaborative
Filtering and Content-based Filtering, to support video recommendations on the HTB
Entertainment platform. The main contents of the paper include: (1) Introduction to
recommendation systems, (2) Configuration Filtering method in video recommendations, (3)
System Maodel, (4) Conclusion and future development directions.

Keywords: Al, Recommendation systems, Collaborative Filtering, Content-based Filtering,

Video
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TOI UU PHAN CUM MO VOI WHALE OPTIMIZATION
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TOM TAT

Nghién ctru nay dé xuit mot phuong phap cai tién thuat toan phan cum mo (Fuzzy
Clustering) bang cach tich hop Thuat toan Ca Voi (Whale Optimization Algorlthm WOA)
nham t6i wu héa vi tri tim cum, qua d6 cai thién chét lugng phan cum va giam su chdng lan
giita cac nhom dir liéu. Nho kha ning tim kiém toan cuc dya trén mé hinh sin mdi cua cé voi
lung gu, WOA giup Fuzzy C-Means (FCM) xac dinh tm cum chinh xac hon, ddng thoi han
ché tinh trang roi vao cuc tiéu cuc bd. Két qua thuc nghiém cho thdy mé hinh WOA- FCM
khong chi nang cao do chinh xac phan cum, ma con ting cuong tinh ing dung thuc té, dic
biét trong cac bai toan phan loai dir liéu phuc tap.

Tir khoa: Phan cum mo, Whale Optimization Algorithm, Fuzzy C-Means.

1. GIOI THIEU

Phén cym dir liéu 1a mot trong nhimg ky thudt quan trong trong khai pha dir liéu, giip
nhom céac dbi tugng co6 dac diém tuong dong vao cung mot cum. Dir li€u trong tai chinh va y
té déu c6 tinh chat khong rach roi, trong d6 mot dbi tugng co thé thudc nhidu nhom khéac
nhau véi mirc d6 thanh vién nhit dinh, thay vi chi dugc gan vao mét nhém ¢b dinh. Trong
linh virc tai chinh, diéu nay dic biét quan trong trong phan tich hanh vi khach hang, danh gia
rtii ro tin dung, quan Iy danh muc dau tu va phat hién gian 1an, noi ranh giéi gitra cac phan
khuc khéng 16 rang. Tuong ty, trong linh vuc y té, mot bénh nhan co6 thé mic nhiéu bénh
ddng thoi hodc co triéu chimg thudc nhidu nhom bénh khac nhau, khién viéc phan loai dut
khoat tré nén kho khan. Vi vay, gom cum mo (Fuzzy Clustering) tré thanh mét phuong phap
hidu qua dé mo hinh hoa dir lidu phirc tap, giup ting d6 chinh x4c va linh hoat trong phan
tich.

Fuzzy C-Means (FCM) 1a mét trong nhiing thuét toan gom cum md phd bién, dugc dp
dung rong rai trong phan khic khach hang, nhan dién mé hinh chi ti€u, quan Iy rai ro tai
chinh, cling nhu hd trg chin doan bénh, phan tich di lidu y té va hinh anh y khoa. Chéng
han, tai liéu [1] dé xuat st dung FCM de xdy dung chi s6 danh gia tai chinh mo, gitp hd trg
nha diu tu dua ra quyet dinh trong ngan han. Tuy nhién, phuong phap nay Van con mét sb
han ché nhu de bi nhiéu tac dong va dé roi vao cuc tiéu cuc bd, 1am giam tinh on dinh va do
tin cay khi trién Khai trén di¥ liéu tai chinh thuc té.
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Nhim khic phuc nhitng han ché nay, nhiéu nghién ctru da dé xuét cac phién ban ning
cip cia FCM. Trong d6, tai lidu [2] dd dé xuat thudt toan Multiple Fuzzy C-Means (M-
FCM) nham cai thién d6 chinh xac trong phan cym dir liéu. M-FCM cho thay hiéu qua cao
hon so v6i FCM truyén thong nhung van gip han ché vé toc do hoi tu va kha niang xur 1y dir
liéu nhiéu.

Mot sb nghién ctru da dé xuat két hop FCM vdi cac thuat toan t6i wu hoa metaheuristic,
trong d6 c6 nhitng phuong phap mé6 phong hanh vi san mdi ciia loai s6i xam (Canis lupus).
Tai liéu [3] da chung minh rang sy ket ‘hop gitra thudt toan Grey Wolf Optimizer (GWO) va
FCM gitp cai thién dang ké hiéu suat t6i vu hoa cum dif licu.

Trong nghién ctru nay, bai bao dé xuat phuong phap két hgp Fuzzy C-Means (FCM) voi
thuat toan Ca Voi (Whale Optimization Algorithm WOA) nham t6i wu héa vi tri tAm cum,
WOA m6 phong hanh vi sdn méi cua ca voi lung gu théng qua ba co ché chinh: viy quanh
con moi, tan céng va tim kiém con mdi. Nho d6, thuat toan co kha nang diéu chinh vi tri cum
hi€u qua hon, gitp cai thién do chinh x4c phan nhom trong cac tép dir liéu phirc tap va khong
rach roi.

2. GOM CUM MO
2.1. Giéi thi¢u

Gom cym mo (Fuzzy Clustering) 1a mot phuong phéap phan cym dir liéu trong hoc may
va khai pha dir liéu, cho phép mot diém dir liéu c6 thé thude vé nhidu cum véi cac mic do
khac nhau thay vi bi rang budc vao moét cum duy nhat nhu trong phan cum cimg (Hard
Clustering). Nho d6, phuong phap nay gitp tang tinh linh hoat trong phan tich dir li¢u, dac
biét 1a khi 1am viéc v6i dit liéu c6 didc diém chong 14n hodc khong rd rang[4].

Vi du v& img dung phan cum mo trong chan doan bénh 1y ho hap. Gia sir chung ta ¢
mot tap hop gdm ba bénh nhan: X = {BNj, BNz, BN3} va ba cum mo twong tng voi cac
nhom bénh: G; (Hen suyén), G (Viém phé quan), va Gz (COVID-19).

"H

Ma tran trong s6 mo U thé hién muc d "thudc vé

nhém bénh nhu sau:
U= 0.1 0.7 0.2
(0.5 0.2 0.3

03 0.1 0.6

cua ting bénh nhan doi véi moi

BN: c6 mirc do thudc vé nhom Hen suyén 1a 0.1, Viém phé quan 14 0.7, va COVID-19
12 0.2. Piéu nay cho thdy BN; c6 biéu hién triéu chimg nghiéng nhiéu vé viém phé quan,
nhung van ¢ dau hiéu lién quan dén hai nhém con lai.

Tuong tw, BN c6 kha ning cao nhit mic Hen suyén (0.5), con BNj lai ¢6 murc d6 lién
quan dén COVID-19 cao nhét (0.6).

Phan cum mo cho phép bac si nhin nhan bénh nhan trong trang thai khong hoan toan
thudc vé mot chan doan don nhét, ma thay vao d6 danh gia xac suit bénh nhan co thé biéu
hién dé)ng thoi triéu chung cta nhiéu loai bénh. Diéu nay rat hitu ich trong bdi canh triéu
chung bénh hd hip thuong chong l3p va kho phan biét 1 rang, giup dua ra quyét dinh 1am
sang toan dién va chinh xac hon.

2.2. Thuét toan Fuzzy C-Means

Mot trong nhiing thuat toan phan cum md phd bién nhét 1a Fuzzy C-Means (FCM) [5].
Tuy nhién, d¢ ap dung hiéu qua FCM vao thuc t€, can hiéu rd nguyén 1y hoat dong cia thuat
toan. Dudi day 1a trinh bay chi tiét vé thuat toan FCM.
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Budée 1. Nhap dit lidu diu vao: Téap dit liéu cAn phan cum, s§ cum (C) va tham sé md
(m). ‘

Budc 2. Khoi tao ma trén dd thuoc U: Gia tri bap dau cua ma trdn d¢ thanh vién dugc
gan ngau nhién sao cho tong d6 thanh vién ctia moi dieém dir li€u bang 1.

Budére 3. Tinh toan tdm cum: Sir dung cong thirc:

I ulx 1)

P el
i1 Wij

Trong d6 v; 1a tam cum tht j, u;; 1a d0 thanh vién ctia diém dit ligu x; d6i vé6i cum .

Buére 4. Cap nhét ma tran d6 thude U:

1 2
e (5= s

Buée 5. Kiém tra diéu kién hoi tu: Néu su thay ddi ctia ma tran U hodc tAm cum nhé
hon mdt ngudng €, thudt toan dung. Néu khong, quay lai budc 3.

uij

Budée 6. Két thiic thuat toan: Xuat két qua phan cum.

Mic du FCM la mét phuong phap phan cym hiéu qua, nhung van ton tai mot sb han
ché, bao gdom do nhay cao voi nhiéu, de 101 vao cuc tiéu cuc bo, va kha nang phan tach kém
khi dir liéu c6 sy chong 1an. Nhitng yéu té nay co6 thé lam giam d6 chinh xac cia md hinh,
anh hudéng dén hiéu sudt phan cum trong thuc té. Pé khic phuc nhitng nhuoc diém nay,
nghién ciru dé xuét tich hop thuit toan WOA va FCM nham cai thién chat lugng phan cum.
Phan tiép theo trinh bay chi tiét vé thuat toan WOA

3. THUAT TOAN WHALE OPTIMIZATION ALGORITHM - WOA

Thuat todn WOA 1a mot thudt todn t0i uu metaheuristic dugc d& xudt boi Mirjalili va
cong sy vao nam 2016. WOA mé phong hanh vi san moi cua ca voi lung gu, dac biét la
chién lugc “Bubble-Net Attacking” khi san moi. Thuat toan nay dugc s dung rong réi trong
toi uvu hoa ham so, diéu chinh tham s6 m6 hinh may hoc va cai thién hi€u suat phan cum di
liéu[5].
Co ché hoat dong ciia WOA: Thuat toan WOA md phong hanh vi sin moi cta & voi
lung gu va hoat dong dua trén ba co ché chinh:
1. Encircling Prey
- Ca voi nhén dién vi tri con mdi tot nhét va di chuyén theo no.
- Cap nhat vi tri c4 voi bang cach diéu chinh khoang cach so véi con moi.

2. Bubble-Net Attacking
- Ca voi thyc hién chuyén dong xodn ¢ dé tiép can con mdi bang cach thu hep
pham vi tim kiém.
- Piéu chinh vi tri theo mot quy dao xodn, gitp ting kha niang khai thic
(exploitation).

3. Search for Prey
- Khi chua xac dinh con mdi tot nhét, ¢4 voi di chuyén ngiu nhién trong khong gian
tim kiém.
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- Co ché nay gitp thuit toan c6 kha ning tham do (exploration) va tranh roi vao cuc
tiéu cuc bo.
Luu d6 thuat toan WOA dugc biéu dién duéi hinh 1:

Khdi tao quén thé ban déu

v

Cap nhét ca thé tim kiém 6t nhat

Y

v

Tinh p va A

Cdp nhat then chlen
Irgc ¥odn dc

Bing

v v

Cap nhét theo c& thé tot nhat Cap nhit theo cd thé ngdu nhién

| |

Biing

Sai

t<Maxiter Tra vé gid tri c4 thé va vi tri tim kiém tot nhat

Hinh 1. Luu dd thuat toan WOA
MGdi c4 thé trong quéan thé biéu dién mot 161 giai va duge khéi tao mot cach ngiu nhién
trong khong gian tim kiém. Sau budc khéi tao, thudt toan tién hanh cap nhéat ca thé tot nhat

va tinh toan cac tham sd diéu khién nhu 4 va p.

- Tham s6 A duoc st dung dé diéu chinh khoang cach gitta ca thé hién tai va cé thé
muc tiéu, dia trén co ché sin moi dic trung cua thuat toan.

- Tham s6 p 1a mot gid tri ngdu nhién trong khoang [0,1], duoc sir dung dé quyét
dinh chién luoc di chuyén cua ca voi.

Dua vao gia tri cua A va p, thuat toan s€ lya chon mot trong ba chién lugc: bao vay con
moi, tham do khong gian tim kiém hodc di chuyén theo quy dao xodn dc. Qua trinh nay duoc
1ap lai cho dén khi dat s6 vong lap t6i da, sau d6 thuat toan tra vé 10i giai toi wu thu dugc.

WOA c6 nhiéu wu diém ndi bat, bao gom kha ning can bs‘ing hiéu qua gitra khai thac
(exploitation) va tham do (exploration), giip qua trinh tim kiém 10i giai dat hiu suét cao.
Ngoai ra, thuat toan nay c6 co ché tim kiém dong, gitip tranh roi vao cuc tiéu cuc bo, tir d6
cai thién chat lugng toi wu. Nho nhitng dic diém nay, WOA duoc (g dung rong rii trong
céc bai toan toi wu hoa, chfmg han nhu phan cum dir liéu, huén luyén mang no-ron nhan tao
va diéu chinh tham s6 mo hinh.
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4. THUAT TOAN WHALE OPTIMIZATION ALGORITHM - FUZZY C-
MEANS (WOA-FCM)

4.1. Giéi thiéu

WOA-FCM la thuat toan dugc phét trién bang cach tich hop giira thuat toan WOA) va
FCM. Su két hop nay tan dung kha ning tim kiém toan cuc hiéu qua cia WOA dé tinh chinh
cac tham sb trong FCM, tir d6 cai thién chat lugng phan cum va tang do chinh xac. So véi
phuong phap FCM truyen thong, thuat toan WOA- FCM mang lai két qua 6n dinh hon, kha
ning khang nhiéu tét hon, tranh duoc hién tuong mic ket tai cuc tiéu cuc bg, va dic biét hicu
qua khi xur 1y cac tap dir liu co6 dac diém chong lan.

4.2. Ham muc tiéu cho thuit toin WOA-FCM

Trong thuat toan WOA-FCM, muc tiéu chinh la t6i wu hoa qua trinh phan cum bang
céch xéac dinh vi tri t6i wu ciia cac tim cum. Piéu nay giup giam tong sai s6 gilia cac diém dir
lidu va tAm cum, cai thién hiéu qua phan cum so véi phuong phap FCM truyén théng.

Trong thuat toan WOA-FCM, WOA dam nhén vai tro tdi wu héa vi tri cac tim cum
nham gidm gia tri ham muc tiéu. Hdm muc tiéu dugc dinh nghia nhu sau:

JW,v) =X 35 ult d?(x;, v)) 3
Trong do:
N: S6 lugng diém dir liéu.
C: Sb cum.
u;;: Mue d6 thanh vién (fuzzy membership) cua diém x; trong cum j
m (thudng m=2): Hé s fuzziness, diéu chinh d6 mo cua phan cum.

v;: Toa do ctia tim cum j (vector can téi uu boi WOA).
d?(x;,v;): Khodng cach Euclidean binh phwong giira diém dix liéu x; va tam cum

2
v d2 (0, v)=|x; — v
4.3. Quy trinh hoat dong ctia thuat toan WOA-FCM

WOA-FCM hoat dong dya trén hai giai doan chinh:
- Giai doan 1: Khdi tao ca thé trong quan thé
+ Mbi qé thé trong WOA dai dién cho mot tap hop céc trong s6 hodc tAm cum
ban dau cia FCM.
+ Quan thé dugc khoi tao ngiu nhién dua trén mién gia tri cta dit lidu.
- Giai doan 2: Cép nhat vi tri ca thé bang WOA
+Céc ca thé cap nhat vi tri dwa trén co ché san mdi cta ca voi, bao gdm bao vay
con m01 tao vong x0dn va tim kiém con moi moi.
+ Ham muc tiéu duogc thiét 1ap dé danh gia chat lugng phan cym.
+ Co ché tim kiém dong gitp tranh roi vao cuc tidu cuc bo va cai thién do hoi
tu.
- Giai doan 3: Phan cum dir liéu bang FCM
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+ Str dung tham s t6i vu do WOA tim dugc dé phan cum dit liéu véi FCM.
+ Lap lai qua trinh nay cho dén khi thuat toan hoi ty hodc dat diéu kién ding.

4.4. Thuat toan WOA-FCM
a. Thuit toin cap nhat vi tri ca voi bing WOA

Trong thuét toan Whale Optimization Algorithm (WOA), qua trinh cap nhat vi tri ca voi
dong vai trd quan trong trong viéc tim ki€m va t6i wu héa nghiém. Moi ca voi trong quan thé

tién gan hon dén diém tdi uu.
Thuat toan Update_Whale Pos
Piu vao:
- V;: Vi tri hién tai ctia ca voi (t&p hop cac tdm cum)
- Best_Whale: Ca voi c6 gia tri ham muc tiéu tdt nhat hién tai
- Search_Agents: Danh sach cac ca voi trong quan thé
- a: Hé s6 giam dan tir 2 &én 0
Piu ra:
-Vi ms:: V1 tri cap nhat cua cé voi
Function Update_Whale_Pos (V;, Best_Whale, Search_Agents, a)
Begin:
(1) Tao s6 ngau nhién p trong khoang [0,1]
(2) Tao hai s6 ngu nhién 11, r2 trong khoang [0,1]
(3) Tinh toan hai vector:
A=2*a*r-a
C=2*n
(4) Néu p < 0.5 thi: // Chon bao vdy con mdi hoic tim kiém con moi méi
Néu |A| < 1 thi: // Bao vay con moi
Tinh D = |C * Best_Whale - Vj|
Cap nhat vi tri: Vi msi = Best_Whale - A* D
Nguoc lai: // Tim kiém con mdi m&i
Chon ngau nhién mot ca voi X_rand tir Search Agents
Tinh D =|C * X_rand - Vj|
Cap nhat vi tri: Vi msi= X_rand - A* D
(5) Nguoc lai (p > 0.5): // Tao vong xoin
Tinh khoang cach D' = |Best Whale - Vj|
Tao s6 ngiu nhién 1 trong khoang [-1,1]
Cap nhat vi tri: Vi mei= D' * exp(b * 1) * cos(2 * m * 1) + Best Whale
(6) Tra v& Vi mei
End.
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b. Thuit toan WOA-FCM

Dé ap dung thuat toan WOA-FCM vao bai toan phén cym, trudc tién, ching ta can xéac
dinh cac thong tin dau vao quan trong. Dudi déy 1a cac tham so va dit li€u can thiet cho thuét
oan:

Dir liéu dau vao:
- Tap dir liéu X={x1,X2,...,Xn}
+ GoOm N diém dir liéu trong khong gian D chiéu.
+ Mbi diém dit liéu x; 1a mét vector dac trung xi=(Xi1,Xiz,...,Xip)
-Sb cum C: S6 lugng nhém can phan chia dir ligu.
- Hé s6 fuzziness m: Piéu chinh mtrc do mo cia phan cum (thuong chon m=2).
- S Iugng ca voi Nw: SO lugng ca thé trong quan thé WOA.
- S6 vong lap t6i da MaxIter: Gi6i han sb 1an lap cua thudt toan.
- Ngudng hoi tu &: biéu kién dung dya trén sy thay ddi nho ctia ham muc tiéu.
Dir liéu diu ra:
- Tap hop tam cum tdi wu V*:
+ Gom C tam cum V*={v1,v2,...,vC}
+ M3bi tam cum vj c6 toa do trong khong gian D chiéu.
- Ma tran thanh vién U*=[uij]
+ Thé hién mirc d6 diém dit liéu xi thudc vao cum j.
+ Gi4 tri wj nam trong khoang [0,1] va tong cac gia tri trong mdi hang bang 1.
- Nhin cum cua cac diém dit liéu:
+ Mbi diém x; duogc gan vao cum co gia trj uij cao nhat.

Function WOA_FCM(X, C, m, Nw, MaxlIter, £)
Input:
(1) Khéi tao quan thé c4 voi:
- Tao Nw c4 thé, mdi ca thé 1a mot tap hop tdm cum V = {v1, V2, ..., Vc}
- Khdi tao ngau nhién cac vi tri tim cum trong mién gia tri cia X
- Panh gia ham muyc tiéu J(U, V) cho mdi c4 voi
(2) Xac dinh ca voi tt nhat Best Whale ¢6 gié tri J nho nhét
(3) Lap qua timg vong lap t = 1 dén MaxIter:
a. Cap nhat tham s WOA: a giam dan tir 2 dén 0
b. Duyét qua ting ca voi i trong quan thé:
- Goi ham cép nhét vi tri:
Vi mei = Update_Whale_Pos(Vi, Best_Whale, Search_Agents, a)
- Kiém tra rang budc va diéu chinh Vi me néu can
- Tinh toan J(U, Vi mei)
-Néu J(U, Vi msi) < J(U, Vi), cap nhat Vi = Vi msi
c. Cap nhat Best Whale néu c6 ca voi t6t hon
d. Kiém tra diéu kién dung:
Néu [J(t) - J(t-1)| < & thi dimg
(4) Ap dung thuit toan FCM véi tim cum V* = Best Whale dé tim ma tran thanh
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vién U*
(5) Xac dinh nhan cym dya vao gia tri 16n nhét clia ma tran U*
Return V*, U*, Labels

5. TINH HQI TU CUA THUAT TOAN WOA-FCM

Thuat toan WOA-FCM 1a mot phuong phap lai duge phat trién bang cach tich hop giita
thuat toan t6i wu ca voi WOA va thuat toan phan cum md Fuzzy C-Means (FCM). Su két
hop nay tan dung kha ning tim kiém toan cyc manh mé cia WOA nham tdi uu hoa cac tham
s6 ban dau trong qué trinh phan cum ciia FCM, qua d6 cai thién do chinh x4c va 6n dinh cta
két qua phan cum. Tinh hoi tu cia WOA-FCM duoc dam bao boi dic diém lip cap nhat
thich nghi ctia thuat toan WOA, cho phép cac ca thé lién tuc di chuyén vé ving tim kiém co
d thich nghi cao hon. Nho d0, thuit toan c6 kha ning thoat khéi cac diém cuc tiéu cuc bd —
mdt han ché phé bién trong FCM truyén théng von phu thu¢c manh vao gia tri khoi tao ban
dau. Thém vao d6, viéc st dung WOA gitip md rong khong gian tim kiém va dinh huéng cap
nhét vi tri cac tdm cum mot cach linh hoat, l1am ting kha nang hdi tu tdi nghiém tdi wu toan
cuc. Két qua 1a thuat toan WOA-FCM hoi tu nhanh hon, 6n dinh hon, va khang nhidu tdt
hon, dic biét hi¢u qua khi ap dung cho cac tap dir li€u co cAu tric phuc tap hodc cac cum
chdng lan.

6. KET QUA

Trong nghién ctru nay, phuong phap duoc ap dung trén mot tap dit liéu mé phong gdbm
600 khach hang, duoc xdy dung nham phan anh cac dic diém hanh vi tiéu ding phd bién
trong bdi canh kinh doanh dich vu tai Viét Nam, dya trén tham khéo tir cac nghién clru trudc
va dit liéu nhan khau hoc thuc tién [6], [7], [8]. Cac khach hang trong tap dir liéu dugc phan
thanh ba phan khac hanh vi tiéu dung chinh, bao gém: Cum 1 — nhém chi tiéu cao; Cum 2 —
nhom tiéu dung 6n dinh; va Cym 3 — nhom khach hang c6 xu hudng chi tiéu tiét kiém. D
liéu bao gém cac ddc trung dau vao dinh luong va dinh tinh phan anh hanh vi ti€u dung thuc
té, nhu: thu nhap hang thang (triéu VND), chi tiéu trung binh hang thang (triéu VND), tudi,
gidi tinh (0: ni¥, 1: nam), va muc do hai 1ong véi dich vu dugc danh gia theo thang diém tir 1
dén 5, nhu dugc trinh bay trong Béang 1.

Bang 1. Dit liéu phan tich hanh vi khach hang

f}g?]‘éh Thunhip | Chitieu | Tudi | Giéitinh | Dp hailong
KHOl | 3248357 | 19.30868 53 1 4
KHO02 | 3323844 | 27.61515 27 1 3
KHO3 | 2882923 | 18.82932 50 0 4
KHO4 | 37.89606 | 23.83717 22 0 2
KHO5 | 27.65263 | 22.7128 52 1 3
KHO6 | 27.68291 | 17.67135 51 1 4
KHO7 | 3120981 | 10.4336 50 0 2
KHO8 | 21.37541 | 17.18856 38 1 3
KHO09 | 2493584 | 21.57124 34 1 4
KH10 | 2545988 | 12.93848 39 1 2

Duya trén dir liéu déc trung cua khach hang duoc trinh bay trong Bang 1, thudt toan
WOA-FCM dugc ap dung dé phan cum va xac dinh mirc d thudc cia tung khach hang vao
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cac nhom hanh vi tiéu dung. Két qua dugc thé hién trong Bang 2, cho thdy mdi khach hang
c6 thé déng thoi thude vé nhidu cum véi cac mac do khac nhau, phéan anh ban chit mo cua
hanh vi tiéu ding trong thuyc té.

Béng 2. Mtrc d6 thudc cua khach hang vao ting cum hanh vi tiu dung

fgﬁ; Cum 1 Cum 2 Cum 3
KH 01 0.2 0.7 0.1
KH 02 0.6 0.3 0.1
KH 03 0.1 0.8 0.1
KH 04 0.7 0.2 0.1
KH 05 0.1 0.2 0.7
KH 06 0.2 0.6 0.2
KH 07 0.1 0.2 0.7
KH 08 0.2 0.7 0.1
KH 09 0.6 0.3 0.1
KH 10 0.1 0.3 0.6

WOA-FCM giup céi thién do phan biét gitta cic cum nho kha nang tim kiém toan cuc,
tr d6 gidm hién tugng chéng lan va tang do on dinh. Cu thé, md hinh dat Silhouette Score =
0.538, cao hon so v6i FCM truyén thong (0.492), chimg minh kha ning phan tach cum t6t
hon. Phuong phap nay dic biét hidu qua & nhitng ving dit lidu giao thoa, dong thoi hd tro
céc mg dung nhu ca nhan hoa san pham, t6i wu chién dich marketing va du doan xu hudng
tiéu dung. Nhin chung, WOA-FCM cho thiy uu thé rd rét vé hiéu suat phan cum va kha ning
thich (mg v&i dir liéu thyc té so v6i phuong phap FCM thong thuong.

7. KET LUAN

Nghién ciru da dé xuat mo hinh phan cum md WOA-FCM nham t6i wu hoa vi tri tim
cum va cai thién do chinh xac phan cum. Nho kha nang tim kiém toan cuc cua thuét toan
WOA, mé hinh gitip giam chong 1an cum, han ché nhiéu va khic phuc diém yéu cia FCM
truyén thong. Két qua thuc nghiém cho théy WOA-FCM dat hi¢u qua phan loai cao hon,
phan anh rd ban chat md trong dir liéu va tiém ning tng dung trong cac hé thong hd tro ra
quyet dinh. Phuong phap nay dic biét pht hop véi cac bai toan thuc té c6 yéu td khong chic
chan, nhu phan khiic hanh vi tiéu ding hodc danh gia muc do hai long. Trong tuong lai,
huéng nghién ctru sé tiép tuc mé rong két hop WOA-FCM véi cac ki thuat t6i wu hoa khac
dé nang cao hiéu suat va d6 chinh xac phan cum.
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This study proposes an improved fuzzy clustering method by integrating the Whale
Optimization Algorithm (WOA) to optimize cluster center positions, thereby enhancing
clustering quality and reducing overlap among data groups. Leveraging WOA’s global
search capability—based on the humpback whale’s hunting behavior—the approach enables
Fuzzy C-Means (FCM) to identify more accurate cluster centers and mitigates the risk of
local minima. Experimental results demonstrate that the WOA-FCM model not only
improves clustering accuracy but also increases practical applicability, especially in complex
data classification problems.
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UNG DUNG CAC CONG CU TICH HQP Al TRONG THIET KE
WEBSITE: XU HUONG VA TIEM NANG PHAT TRIEN

LAm Thi Hoa Mi% "
YTrieong Pai hoc Cong Thuong Thanh phé Ho Chi Minh
“Email: milth@huit.edu.vn
Ngay nhan bai: 26/3/2025 ; Ngay chap nhan dang: 20/5/2025

TOM TAT

Trong thoi dai phat trién manh mé vé cong nghé va ki thuat s, tri tué nhan tao (AI) dang
ngay cang xac dinh vai trd quan trong trong nhiéu linh vuc, dic biét trong thiét ké ung dung
website. Nghién ciu nay tap trung gisi thi¢u cac cong cu tich hop Al hién dai dé va dang dugc
str dung trong thiét ké website, ddng thoi phan tich loi ich, thach thac va tiém nang phat trién
cta chung. Qua dé, cung cip cai nhin tong quan va dinh huéng cho cac nha thiét ké, giéo duc
va doanh nghiép trong viéc tng dung Al dé t6i wu hoa trai nghiém nguoi dung va ting hiéu
suit cua ung dung website.

Tir khéa: thiét ké website thdng minh, tu dong hda thiét ké website, thiét ké website.

1. GIOI THIEU

Tri tué nhan tao (AI) dang tao ra su chuyén d6i manh mé trong linh vuc thiét ké website,
gilp t6i wu hoa trai nghiém nguoi dung (UX), hiéu sut SEO va ca nhan hda noi dung [1, 2].
Trude day, viéc tao ra website doi hoi sy tham gia cua ca nha thiét ké do hoa va lap trinh vién,
gay ton kém chi phi va thoi gian. Tuy nhién, cac cong cu tich hop Al di thay d6i hoan toan
cach tiép can nay bang cach tu dong hoéa hau hét cac bude thiét ké, tir bd cuc, mau sic dén toi
vu hoa ndi dung. Al khdng chi tang tdc do thiét ké ma con ca nhan hda trai nghiém ngudi ding
thong qua phén tich di liéu hanh vi, gidp doanh nghiép nang cao hiéu qua kinh doanh va sy
gan két cua khach hang.

THIET KE WEBSITE BANG Al

Hinh 1.1. Thiét ké website bang Al
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Du mang lai nhiéu lgi ich, Al trong thiét ké website ciing dbi mit vai thach thirc vé tinh
séng tao, bao mat dir liéu va phu thudc vao cdng nghé. Bai bao nay sé& gigi thiéu chi tiét cac
cong cu tich hgp Al pho bién trong thiét ke website, phan tich loi ich, thach thic cling nhu du
bao xu hudng phat trién cua céng nghé nay trong tuong lai. Qua d6, cung cap mot cai nhin
tong quan va dinh huéng cho cac nha thiét ké, giao duc va doanh nghiép trong viéc khai thac
hiéu qua sirc manh ciia Al trong linh vuc thiét ké website.

2. KHAI NIEM VA VAI TRO CUA Al TRONG THIET KE WEBSITE
2.1 Khai niém vé Al trong thiét ké website

Tri tué nhan tao (Al) trong thiét ké website 1a viéc sir dung cac thuat todn may hoc
(Machine Learning) va xtr ly ngon ngir ty nhién (Natural Language Processing) dé tu dong
héa va t6i uu hoa qua trinh thiét ké giao dién nguoi dung (U1) va trai nghiém nguoi dung (UX).
Thay vi phai lap trinh va thiét ké thu cong, cac cong cu Al ¢d thé phan tich dit liéu nguoi dang,
nhan dién xu huong thiét ké, va tao ra cac giao dién phu hop mét cach nhanh chéng va
hiéu qua.

..................
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DU LIEU Al THIET KE WEB = GIAO DIEN

Hinh 2.1. Nguyén ly hoat dong cua Al trong thiét ké web

Al trong thiét ké website khdng chi dung lai ¢ viéc tao ra giao dién thim my ma con bao
gom kha ning ca nhan hoa ndi dung, ti wu hoa SEO, va tham chi hd trg viét noi dung phu
hop véi ddi twong khach hang muc tiéu. Cac cong cu Al hién dai ¢ thé tu dong diéu chinh b
cuc trang web dua trén hanh vi nguoi dung, cai thién kha nang truy cip va ting cuong trai
nghiém ca nhan hoa.

2.2. Vai tro cuaa Al trong thiét ké website

_ Al dang thay ddi céch tiép can truyen thdng trong thiét ké website [3, 4, 5], mang lai
nhiéu lgi ich va vai tro quan trong nhu sau:
Tuw dong hoa quy trinh thiét ké: Al tu dong chon mau sic, b cuc va kiéu chit, gidp tiét
kiém thoi gian va cong strc, dac biét cho nguoi khdng ¢ kinh nghiém lap trinh.
Ca nhan hoa trai nghiém nguwéi ding (UX): Al phan tich hanh vi nguoi dung dé dua
ra dé xuat ca nhan hoa, gitp tang ty 1¢ chuyén ddi va gitr chan khach hang 1au hon.

T6i wu héa SEO va ndi dung: Al phén tich tir khoa, tao ndi dung chuan SEO va dé xuat
cai thién thé meta, hinh anh dé tang thir hang tim kiém.
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Phan tich dir ligu va cai tién: Al phan tich di ligu Ion dé hiéu hanh vi nguoi dung, tir
do dé xuat diéu chinh thiét ké va ngi dung hiéu qua hon.

Tao ndi dung da phwong tién: Al c6 thé tao logo, video quang céo va thiét ké d6 hoa
phu hop véi xu hudng thi truong.

Hb trg thir nghiém A/B: Al tu dong phan tich hi¢u suét cac phién ban trang web, gitp
chon ra thiét ke hiéu qua nhat.

B4o mat va higu suét: Al phat hién nguy co bao mat va t6i wu hoa hiéu suat trang web
bang cach tu dong diéu chinh tai trang va ma ngudn.

Nho nhiing loi ich nay, AI dang tré thanh cong cu khdng thé thiéu trong thiét ké website
hién dai.

2.3. Tam quan trong ciia AI trong xu hwéng thiét ké hién dai

Al dang mé ra mot ky nguyén maéi trong thiét ké website, khong chi gitp téi wu héa quy
trinh thiét ké ma con mang lai sy ca nhan hoa va trai nghiém nguoi dung vuot troi. Nho vao
kha ning phan tich dir liéu manh m&, Al gitp cac doanh nghiép hiéu rd hon vé khach hang, tir
d6 xay dung chién luoc noi dung va thiét ké giao dién phu hop hon.

Trong twong lai, Al khong chi dung lai & viéc hd tro thiét ké ma con dong vai trd nhu
mot nha thiét ké ao, ¢ kha ning tu hoc va séng tao ra céc thiét ké doc dao phu hop véi xu
huéng thi trudng. Do d6, viéc nam bit va ing dung Al trong thiét ké website s& 13 mot loi thé
canh tranh I6n cho cac doanh nghiép trong ky nguyén sb hoa.

3. CAC CONG CU TICH HOP Al NOI BAT TRONG THIET KE WEBSITE

Trong nhirng nam gan day, nhiu cdng cu tich hop Al dé ra doi, giup don gian hoa va tu
dong hoa quy trinh thiét ké website. Dudi day 1a mot s6 cong cu ndi bat dang dugc sir dung
rong rai trén thi truong:

3.1. Wix ADI (Artificial Design Intelligence)

Wix ADI [6] la cong cu tién phong sir dung AT dé ty dong tao website mot cach nhanh
chong. Nguoi dung chi can tra 16i mot s6 cau héi co ban ve linh vuc kinh doanh va phong cach
thiét ké mong muon, Wix ADI s€ tu dong sap xép bo cuc, lva chon mau sac va ndi dung phu
hop.

_ Tinh néng chinh cua Wix ADI c6 thé tu dong tao b6 cuc va giao dién dya trén thong tin
dau vao cua nguoi dung, tich hop trinh chinh stra kéo-tha (drag-and-drop) dé st dung va ca
nhan hda ndi dung dya trén thong tin doanh nghiép.

Sir dung Wix ADI c6 thé gitip nguoi ding tiét kiém thoi gian tao ra mot website nhanh
chong va dé su dung cho nguoi khéng ¢6 k§ nang 1ap trinh véi giao dién than thién va da dang
mau thiét ké cd san.

Tuy nhién, Wix ADI lai bi gisi han vé kha nang tuy chinh sau va linh hoat trong thiét ké
phuc tap va cac tly chon nang cao bi han ché so véi viéc thiét ké thu céng bang mé nguon me.

3.2. The Grid
The Grid [7] la cong cu tién phong trong viéc sir dung Al dé ty dong hda toan bo qua

trinh thiét ké website, str dung Al tén Molly dé tu dong hoa toan bo qua trinh thiét ké website
bang cach tu hoc tir hanh vi nguoi dung va diéu chinh bd cuc, mau sac va phéng chix phu hop.
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Bén canh d¢, the Grid tu dong didu chinh bb cuc va mau sic dua trén noi dung tai 1én,
dam bao thiét ké hai hoa va nhit quan. Cong cu nay sir dung Al tu hoc dé cai thién giao dién
theo thoi gian va tich hop chirc nang thuong mai dién tur, blog, tw dong héa gan nhu toan bo
quy trinh thiét ké, gitp tiét kiém thoi gian va thich tmg voi nhu cau nguoi ding.

Tuy nhién, the Grid thleu kha nang chinh sira thi cong chi tiét, khdng phu hop cho nha
thiét ké chuyén nghi¢p mudn kiém soat giao dién. UX/UI cua cong cu ndy ciing can cai thién
dé dap tng thi hiéu nguoi ding da dang.

3.3. Designs.ai

Designs.ai [8] 1a nén tang sang tao st dung Al dé thiét ké logo, video, bai Viét va do hoa,
gilp doanh nghiép tao ndi dung s6 nhanh chéng va chuyén nghiép ma khdng can ky niang thiét
ké chuyén sau.

Noi bt véi cong cu tao logo ty dong dua trén tén thuong higu va nganh nghé, Video
Maker ghép video tir clip va hinh anh ¢6 san, cling Copywrlter Al hd trg viét ni dung quang
cao va blog, Designs.ai gilp tiét kiém thoi gian va dong bo hda noi dung tiép thi trén nhiéu
kénh truyén thong.

Tuy nhién, chét lugng thiét ké tu dong van chua dat mac chuyén nghiép cao va han ché
trong tly chinh cho cac yéu cau thiét ké phic tap, thiéu su sang tao va doc dao cho cac chién
dich dac biét.

Ngoai ra, con nhiing cong cu khac ngudi ding c6 thé tim hiéu sau hon chang han nhu:
Bookmark with AIDA (Artificial Intelligence Design Assistant) hay Jasper Al (Trudc day 1a
Jarvis Al), ... Cac cong cu nay déu mang lai nhleu loi ich nhu tiét kiém thoi gian, chi phi va
t6i wu hoa trai nghiém nguoi ding. Tuy nhién, mdi céng cu déu c6 diém manh va diém yéu
riéng, phu hop véi teng nhu cau va dbi twong sir dung khac nhau. Dé lya chon cong cu phu
hop, can xac dinh rd muc tiéu thiét ké, quy mé du an va yéu cau ky thuat cu thé.

4. LQI ICHVA THACH THUC KHI UNG DUNG Al TRONG
THIET KE WEBSITE

4.1. Loi ich caa viéc ng dung Al trong thiét ké website

Ting toc dd va hiéu qua thiét ké

Al gilip tu dong hda hau hét céc budc trong qua trinh thiét ke, tir viéc tao b6 cuc giao
dién, lva chon mau sdc, den vi§c toi uu hoa nodi dung va hinh anh. Nho vay, 'gh‘oi gian thiét ke
website dugc rut ngan dang k&, gidp doanh nghiép nhanh chéng dua san pham ra thi truong.
Vi dy, cong cu Wix ADI c6 the tao mot website hoan chinh chi trong vai phit dya trén thong
tin dau vao cua nguoi dung.

Tiét kiém chi phi va nguén luc

Trudc day, viéc thiét ké website yéu cau su tham gia caa nhiéu chuyén gia nhu designer,
lap trinh vién, va chuyén vién SEO. Tuy nhién, v&i Al, quy trinh nay c6 thé dugc ty dong hda
va don gian hoa, giup tiet kiém chi phi thué nhan sy va giam thicu cac 16i thiét ké thu cong.
Cac doanh nghiép nho va startup cd the sir dung cac cong cu nhu Firedrop hodc Bookmark dé
tu thiét ké website mot cach dé dang ma khong can thué doi ngi chuyén nghiép.

Ca nhén hoa trai nghiém nguoi dung (UX)

Al c0 kha nang phén tich dir li¢u nguoi ding va hanh vi truy cap dé tao ra c4c trai nghiém
ca nhan hoa. Vi dy, cac cong cu Al c6 thé tu dong goi ¥ san pham dya trén lich st mua sam
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cuia khach hang hogc diéu chinh b6 cuc trang web sao cho phul hop véi s6 thich ca nhan. Diéu
nay gitip tang cuong su gan két va hai 1ong cia nguoi dung, tir d6 nang cao ty I¢ chuyén doi.

T6i wu héa SEO va ndi dung thong minh

Al khong chi giup t6i wru hoa tir khda va thé meta ma con hd tro tao noi dung tu dong

chuan SEO. Cac cong cu nhu Jasper Al va Writesonic gitip tao noi dung bai viét, mo ta san
pham va email marketing dya trén tir khda muyc tiéu, gitp website dat thir hang cao trén cong
cu tim kiém.

Phan tich dix li¢u va cai tién lién tuc

Al c6 kha ndng phan tich di liéu I6n (Big Data) dé hiéu rd hon Vé’ hanh vi ngudi dung va
xu hudng thi truong. Tur d6, nd co6 thé dé xuat cac cai tieén cho thiét ké giao dién va ndi dung
mot c&ch linh hoat va lién tuc, gitp website ludn phu hgp vaéi nhu cau cta ngudi dung.

Cai thién hiéu suat va bao mat

Al c6 the t6i wu hoa higu suét trang web bang cach tu dong diéu chinh toc do tai trang,
quan ly luu lugng truy cap va phat hién cac 16 hong bao mat. bicu nay gitp website hoat dong
on dinh va an toan hon trudc c&c mai de doa tir bén ngoai.

4.2. Théach thirc khi &ng dung Al trong thiét ké website

Han ché vé tinh sang tao va déc dao
Mac dii Al c6 the tw dong héa nhiéu khau trong thict ké, nhung khé nang séng tao va pha
cach trong thiet ke van cc‘m han che. Céc giao dién do Al tao ra thuong dua trén mau cd san va
xu hudng pho bién, dan dén sy thiéu doc dao va de bi trung lap. Biéu nay co thé lam giam tinh
nhan dién thuong hiéu cua doanh nghiép trén moi trueong so.
Phu thugc vao dir liu va thuat toan
Hiéu qua cua Al phu thudc 16n vao chat lwong dit liéu va thuat toan dugc sir dung. Néu
dir liéu dau vao khong du hodc khong chinh xac, Al ¢d the dua ra cac goi ¥ thiet ke khong phu
hop hodgc sai Iéch. Hon nira, viéc cap nhat va cdi tién thuat toan Al doi hoi chi phi va cong suc
dang ké tir phia nha phat trién.
Thiéu linh hoat trong tly chinh nang cao
~ Céc cong cy Al thuong cung cap cac mau thiét ké va tly chinh co ban. Tuy nhién, khi
can thuc hiér} cép yéu cau phuc tap hodc doc déo, Al van chua thé dap ung mot cach linh hoat
nhu vigc thiet ke thu cong bdi cac chuyén gia. Di€u nay gy kho khén cho cac doanh nghi¢p
c6 yéu cau dac thu veé thiét ké va chirc nang trang web.
Vén dé bao mat va quyén riéng tw dir liéu
Al can thu thap va phan tich dit liéu nguoi ding dé ca nhan hoa trai nghiém, diéu nay dat
ra van dé ve quyen riéng tu va bao mat dir liéu. Neu khong quan ly tot, thong tin ca nhan cua
nguoi dung cd the bi lam dung hogc ro ri. Di€u nay doi héi cac doanh nghiép phdi tuan thu
chat ché cac quy dinh vé bao mat dir liéu nhu GDPR hay CCPA.
Phu thugc vao cdng nghé va chi phi dau tw ban dau
Viéc trién khai Al trong thiét ké website yéu cau h¢ thdng ha tang cdng ngh¢ manh mg
va chi phi dau tu ban dau kha cao, déc biét la vei cac doanh nghiép nho va startup. Bén canh
do, can c6 doi ngt ky thuat c6 k§ nang chuyén sau dé quan ly va van hanh cac cong cu Al mot
cach hiéu qua.
Kha ning thay thé cong viéc ciia con nguoi
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Mot trong nhitng thach thirc 16n nhat khi tng dung Al 1a nguy co thay thé cong viéc cua
céc nha thiét ké va lap trinh vién truyén thong. Diéu nay cd thé gay ra su lo ngai vé mat viéc
lam va lam giam di yéu t6 sang tao trong nganh thiét ké website.

Ung dung Al trong thiét ké website mang lai nhiéu loi ich to 16n vé toc do, hiéu qua va
kha nang ca nhan hoa trai nghiém nguoi ding. Tuy nhién, bén canh nhiing tién ich dé, van ton
tai nhiéu thach thire lién quan dén tinh sang tao, bao mat dit liéu va phu thudc vao cong nghé.

Dé g dung Al hiéu qua, cac doanh nghi¢p can can nhic ky ludng giita loi ich va thach
thire, dong thoi két hop gitra Al va su sang tao ctia con ngudi dé tao ra cac trang web doc déo
va hiéu qua cao. Viéc khéng ngung cap nhat xu hudng cong ngh¢, dao tao doi ngii nhan sy va
dam bao quyén riéng tu dit liéu s& 1a chia khda gitp doanh nghiép tan dung tdi da sticc manh
cua Al trong thiét ké website.

5. XU HUONG PHAT TRIEN VA UNG DUNG TUONG LAI

Al dang ngay cang dong vai tro quan trong trong linh vuc thiét ké website, mang lai nhiéu
loi ich va tiém nang phat trien manh m& trong tuong lai. Dudi day 1a cac xu hudéng phat trién
va tng dung Al trong thiét ké website co thé tra thanh hién thuc trong nhirng nam tai:

5.1. Thiét ké tw ddng hoa hoan toan (Fully Automated Web Design)

Trong twong lai, cac cong cu Al ¢6 thé ty dong hda hoan toan qua trinh thiét ké website
ma khéng can su can thiép ciia con nguoi. VGi sy phat trién caa Al tu hoc (Machine Learning)
va Al tao sinh (Generative Al), viéc tao ra cac giao dién doc ddo va ca nhan hoa sé tré nén dé
dang hon bao gio hét.

5.2. Thiét ké dwa trén giong noi (Voice-Driven Design)

Voice UI (Voice User Interface) dang dan tré thanh xu huéng phé bién nho sy phét trién
cua tro ly do nhu Alexa, Google Assistant va Siri. Trong tuong lai, Al s& giup nguoi dung tao
va chinh sira website bang cach ra Iénh bang giong n6i mét cach truc quan va tién loi hon.
5.3. Thiét ké dap rng cam xuc (Emotion-Responsive Design)

Al ngay cang cd kha nang nhén di¢n cam xUc thong qua giong ndi, nét mét hogc hanh vi
nguoi dung. Trong tuong lai, cac website s& ¢ thé tu dong diéu chinh giao dién, ndi dung va
mau sac dua trén cam XUc cta ngudi truy cap.

5.4. Sang tao ngi dung tw dgng va thong minh hon

Generative Al dang ngay cang phat trién manh m&, mé ra kha ning tao noi dung tu dong
mot cach tu nhién va phong pha hon. Céc cong cu Al nhu Jasper Al, ChatGPT hay Writesonic
s€ ngay cang thdng minh va sang tao hon trong viéc tao ra cac ndi dung da dang nhu bai viét
blog, kich ban video, quang cao va email marketing.

5.5. Phét trién cong cu Al ma ngudn mé va hep tac sang tao

Xu huéng phat trién cong cu Al ma nguon ma sé ngay cang phd bién, gitp cong dong
nha phét trién va nha thiét ké hop tac sang tao manh mé hon. Diéu nay s& tao ra mot hé sinh
thai da dang cac cong cu Al tily chinh va dé dang tich hop vao quy trinh thiét ké website.
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5.6. Tich hep Al vao cac nén tang CMS va thwong mai dién tir

Trong twong lai, Al s& duoc tich hop siu hon vao cac nén tang CMS (Content
Management System) va thuong mai dién tir nhu WordPress, Shopify, va Magento. Didu nay
gilp tu dong hoa viéc quan ly noi dung, t6i uu hoa SEO, va ca nhan hoa trai nghiém nguoi
dung trén quy mo lon.

Xu huéng phét trién va tng dung Al trong thiét ké website dang md ra nhiéu tiém ning
dot pha vé toc do, hiéu qua va kha niang ca nhan hoéa trai nghiém nguoi ding. Tuy nhién, dé
tan dung tdi da cac xu huéng nay, doanh nghiép can khdng ngirng cap nhat cong nghé, dao tao
nhan su va dam bao cac yéu t6 bao mat dix liéu.

Trong tuong lai gan, Al khéng chi dong vai tro hd tro ma con tré thanh nguoi ddng hanh
séng tao cuing cac nha thiét ké, gidp tao ra cac trang web doc ddo, hap dan va pha hop véi nhu
CcAu ngay cang cao cia ngudi ding.

6. KET LUAN

Al dang cach mang hoa thiét ké website bang cach tu dong héa quy trinh, téi wu hoa ndi
dung va ca nhan hda trai nghiém nguoi dung, gitp ting tdc do, hiéu qua va sy sang tao. Nghién
cuu nay gidi thigu cac cong cu Al ndi bat nhu Wix ADI, Bookmark va The Grid, dong thoi
phan tich loi ich va thach thuc khi tng dung All, bao gom tiét kiém chi phi nhung dbi mat véi
van d& bao mat va han ché vé tinh sang tao.

Pé tan dung tiém nang Al, nha thiét ké, gido duc hay doanh nghiép can can bang giira
cdng nghé va sang tao con ngudi, dam bao bao mat dit liéu. Al khdng chi hd tro ma con dong
hanh cting nha thiét ké, mo ra co hoi phét trién mai cho nganh thiét ké website trong thoi dai
s hoa.
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In today's rapidly advancing technological landscape, Artificial Intelligence (Al) is
becoming increasingly vital in various fields, particularly website application design. This
study aims to introduce modern Al integration tools currently used in website design and to
analyze their benefits, challenges, and potential for development. By doing so, it provides
designers, educators, and businesses with insights and guidance on how to leverage Al to
optimize user experience and enhance the performance of website applications.
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TOM TAT

T6i wu hoa webite tu dong bang Al (SEO Al) dang 1a cong nghé dot pha gilp tdi wu
hoa website mot cach hiéu qua va tiét kiém thoi gian. Véi su trg gidp cua tri tué nhan tao
(Al), SEO tu dong thyc hién nhiéu tac vu phic tap dé cai thién tha hang tim kiém hon so v6i
SEO truyén thong do con ngudi thyc hién. Cach ty dong phan tich, téi wu va dy doan xu
hudng caa Al ung dung vao SEO gitip website tang thir hang [1] trén Google.

Tir khéa: Toi wu hoa website, tri tué nhan tao, thir hang tim kiém.

1. MO PAU

Trong thoi dai s6 hoa, website khong chi 12 bo mit cua doanh nghiép trén internet ma
con la c¢éng cu quan trong gidp tiép can khach hang, xay dung thuong hiéu va thic dy
doanh s6. Mot website hoat dong hiéu qua khong chi thu hiit nguoi ding ma con gitp doanh
nghiép tang cudng kha niang canh tranh trén thi trudong truc tuyén day séi dong. Tuy nhién,
Vv6i su canh tranh khéc liét gitta hang triéu trang web trén toan ciu, viéc lam thé nao dé
website caa ban ndi bat, thu hut nguoi ding va dat thir hang cao trén cac cong cu tim kiém
nhu Google van 1a mot thach thic lén.

Khi hanh vi ngudi dung ngay cang thay d6i va yéu cau vé trai nghiém tryc tuyén tro
nén khat khe hon, viéc t6i wu hoa website khong con don thuan 12 mot tdy chon ma da tro
thanh mot yéu té sdng con d6i véi moi doanh nghiép. Nguoi ding khéng chi mong mudn
mot trang web c6 giao dién bt mat ma con yéu cau tée do truy cap nhanh, ndi dung hitu ich,
trai nghiém muot ma va dac biét la bao mat cao. Mot trang web tai cham hay c6 néi dung
khong pht hop c6 thé khién khach hang roi di chi sau vai gidy, 1am giam ty 1& chuyén doi va
anh huong tiéu cuc dén doanh thu. Vi vay, t6i vu hoa website khong chi gitp cai thién hiéu
Suit ma con déng vai trd quan trong trong viéc giit chan khach hang, nang cao uy tin thuong
higu va téi da hoa lgi nhuan.

Trude déy, toi wu website 1a mot qua trinh phan tich tha cong, doi hoi chuyén mén ky
thuat cao va lién tuc cap nhat theo céc thuat toan tim kiém mai nhat. Cac chuyén gia SEO va
quan tri web phai danh rat nhiéu thoi gian dé thu thap dir liéu, nghién cau tir khéa, téi wu noi
dung, xay dung lién két va kiém tra hiéu suat trang web. Tuy nhién, phuong phap thii céng
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nay khéng chi tbn nhiéu cong sic ma con d& méc phai sai sot, dic biét I khi cac thuat toan
tim kiém thay ddi lién tuc va ngay cang phuc tap.

Nhung véi sy phét trién manh mé cua tri tué nhan tao (Al), viéc tdi wu hoa website da
budc sang mot ky nguyén méi — ty dong, théng minh va hiéu qua hon bao gio hét. Al khong
chi gidp cai thién hi¢u suat trang web ma con t6i uu hoa SEO, néng cao trai nghiém ngudi
ding va téi da hoa ty 1 chuyén doi théng qua cac cong nghé tién tién nhu phan tich dit liéu,
hoc may (Machine Learning), xir Iy ngén ngir ty nhién (NLP) va ty dong téi uu ndi dung. Cu
thé, Al c6 thé tw dong thu thap va phan tich dit liéu tir hang triéu tim kiém trén Google, xac
dinh cac xu hudng méi nhat, dé xuét tir khoa tiém nang va téi uu ndi dung sao cho phu hop
v6i nhu cau cia nguoi dung. Khdng chi dirng lai & SEO, Al con hd tro ting toc do tai trang,
c& nhan hoa trai nghiém nguoi ding, cai thién thiét ké giao dién va phat hién cac van dé bao
mat dé dam bao website luén hoat dong 6n dinh va an toan. Hon nita, Al giup doanh nghiép
giam thiéu su phu thudc vao cac phuwong phap SEO truyén théng, dong thoi cung cap cac bao
céo va dé xuét t6i uu theo thoi gian thyc, gidp tiét kiém thoi gian va chi phi dang ké. Nho do,
cac doanh nghiép cd thé tap trung hon vao viéc xay dung noi dung chat luong, nang cao dich
vu VA tdi wu chién lugc marketing.

Tir SEO théng minh, ca nhan hoa trai nghiém khach hang dén bao mat website va phan
tich dir liéu chuyén sau, Al dang mé ra nhimg co hoi méi dé cac doanh nghiép nang tam nén
tang s6 ctua minh va dat dugc loi thé canh tranh trong thi truong sé hda. Vay Al dang tng
dung vao viéc téi wu website nhu thé nao? Nhiing loi ich cu thé ma Al mang lai 1a gi? Va
lam thé nao dé tan dung cong nghé nay mot cach hiéu qua nhat? Hay cung kham phéa trong
bai viét dudi day!

2. SEO TU'PONG VA CAC CONG CU Al

2.1 Tinh nang trong SEO ty dong

Dé t6i wu hoa website thi chuyén gia SEO phai ton rat nhiéu thoi gian nghién cau tir
khoa, tim ra cac mau va xu hudng theo timg nhém ngudi ding trong kho dit liéu 16n. Khi co
su thay doi vé thuat toan tim kiém, SEO phai nhanh chéng cap nhat, didu chinh chién luoc
dé dap ang yéu cau mai. Bé tiét kiém chi phi, thoi gian va nang cao hiéu qua trong SEO, cac
doanh nghiép sir dung cac tinh nang trong cong cu SEO tu dong.

2.1.1 Tur @éng nghién ciru va dé xuat tir khoa

M6t trong nhitng tinh ning quan trong nhit cia SEO tu dong la kha ning ty dong
nghién ctru va dé& xuét céc tir khoa phd hop véi ndi dung website. Cong cu SEO ty dong s&
phan tich cac yéu t6 nhu xu huéng tim kiém caa nguoi ding, mic d6 canh tranh cia tir khoa,
mat do tir khoa trén cac trang web ddi thu, ngir canh xuat hién cua tir khoa. Tir do, cong cu s&
dé xuat danh séch cac tir khoa c6 tiém ning cao ma doanh nghiép nén wu tién téi uu hoa.

Uu diém:
e Tiét kiém thoi gian nghién cau tir khoa tha cong
e D¢ xuét dugc nhiéu tir khoa c6 luu lwong dir ligu (traffic) tot hon
e Cap nhat xu hudng tir khda nhanh chdng theo thoi gian thuc

Nhu vay, véi kha ning tu dong nghién ciru va dé xuat tir khéa, SEO tu dong da tiét
kiém dugc rat nhiéu thoi gian va cong sac cho chuyén gia SEO.
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2.1.2. Tu dong gom nhom ter khoa

Sau khi ¢6 danh sach tir khda, céng cu SEO ty dong sé tu dong phéan loai, gom nhém
céc tir khda dua trén ngi dung va chii dé c6 lién quan. Quy trinh gom nhém tir khéa bao gém
phan tich ngir nghia cua ting tir khoa, so sanh va tim ra mai lién hé giira cac tir khda, nhom
cac tir khoa c6 chu dé gidng nhau, dat tn va mé ta cho tung nhom tir khéa, sip xép cac
nhém tir khda theo mic @ quan trong.

Uu diém:
e CO cai nhin tong quan hon vé co ciu tir khoa
e Xac dinh duoc cac cha dé then chét can tbi wu hoa
e Théy rd mdi lién hé giita cac nhom tir khoa khac nhau
e CO thé yu tién t6i wu hoa cac nhom tir khda quan trong hon

Nho kha ndng phan nhom tir khoa tu dong, nguoi ding co thé nhanh chong xéc dinh
dugc chién lugc t6i vu hoa tir khda cho website mot cach khoa hoc va hé thong hon.

2.1.3. Tur dgng tqo dan bai c6 chiéu sau

Sau khi nghién ctu tir khoa, céng cu SEO tu dong c6 thé tu dong tao ra dan bai chi tiét
cho tung tir khda hozc cha dé. Quy trinh tu dong tao dan bai: xac dinh cha dé chinh va phu
cuia bai viét, nghién cau cac khia canh, huéng tiép can voi chu dé, xac dinh cac déi twong, su
kién lién quan, dé xuat cac tiéu d& phu cho mdi khia canh cua chu dé, sap xép cac tiéu dé phu
theo trinh ty logic

Uu diém:
e Tiét kiém thoi gian xay dung dan bai cho cac bai viét dai
e Ty dong tao duoc dan bai chi tiét, da chiéu véi noi dung phong ph
e Bai viét c6 cu tric rd rang, dé doc va d& hiéu hon
~ Nho kha ning tw dong tao dan bai, Al ¢6 thé hd tro rat tét cho cong viéc viét bai chi
tiet, dam bao do sau va tinh logic cho bai viét.
2.1.4. T déng viét bai chat hwong, téi wu SEO

~ Ngoai tao dan bai, nhiéu cong cu SEO tw dong con ¢ thé tu dong sinh ra ngi dung bai
viet dua trén dan bai da c6. Quy trinh viet bai tu dong bao gom: phan tich chu de, tir khoa va
dan bai chi tiet, thu thap thong tin, dit liéu lién quan tir nhieu nguon, xur ly ngon ngi tu nhién
dé sinh ra cdu véan hoan chinh, kiém tra va chinh sua ngit phap, ngir nghia cho chuan xac, tu
dong toi wu hoa bai viét vé cau trdc va tir khoa
Uu diém:

e Tiét kiém thoi gian so véi viét bai tha cong

e Tao ra duoc bai viét chit lugng cao, c6 do dai lon

e Ty dong t6i wu SEO ngay trong qua trinh viét bai

V(yj kha nang tu dong viét bai, cac cong cu SEO ty dong thuc su tro thanh “cong su
vién” dac lyc, gilp tiét kiém thoi gian va cong suc cho chuyén gia.
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2.1.5. Ty dong chén backlink ngi bg

Backlink noi bo (internal link) la lién Két gitra cac trang/bai viég trong cung mot
website. Viéc tao lién ket noi bo gitra cac bai viet co lién quan s& gilp truyen tai thuong hi¢u
va thir hang tot. Cong cu SEO tu dong c6 thé tu déng chén cac backlink ndi bc} vao bai viét
mot céch hop I)’( dua trén noi dung. Quy trinh tu dong chén backlink noi bo gom phan tich
ndi dung bai viet va tir khoa chinh, tim cac bai viet khic c6 lién quan den chu de tuong tu,
lva chon 1-2 bai viét phu hgp nhat @ chén link, chén link vao vi tri thich hgp trong bai viét
hién tai, tu dong lap lai quy trinh cho tat ca bai viét trén website

Uu diém:

e Tiét kiém thoi gian chén link tha cong
e Backlink noi bo chat luong va lién quan chit ché vé noi dung
e SEO tw dong cd thé chén hang loat backlink vao nhiéu bai viét

Nho ty dong hoéa, viéc tao lien két noi bo tro nén nhanh chéng va hiéu qua hon rt

nhiéu. Bay la mot trong nhirng tinh nang hitru ich nhat cua céng cu SEO tu dong.

2.1.6. Tur dong lién két véi cac bai ¢ ngi dung tiwong t trén website

Ngoai cheén backlink ngi by, SEO ty dong con co thé tu dong lién két cac bai viét co
chu dé tuong tw v6i nhau trén cing mot website. Quy trinh lién ket bai viet tu dong bao gom
phan tich noi dung va chu de cua ting bai viet, so sanh va tim ra cac bai vict c6 chu de, tu
khoa lién quan, dé xuat lién ket phu hop tir bai A den bai B va nguoc lai, chén lién ket vao vi
tri thich hop trong moi bai viét, 1ap lai quy trinh dé tao lién két cho tat ca cac bai viét cé lién
quan

Uu diém:

e K&t ndi chat ché gitra cac bai viét lién quan cha dé
e Nguoi doc dé dang chuyén doi qua lai giita cac bai viét
e SEO tu dong tiét kiém thoi gian so véi 1am thu cong

Nho lién két chat ché gitra cac bai viét, website s& c6 cau tric lién két logic va than

thién véi nguoi doc hon.

2.1.7. Tur dong thém anh va video phu hop vao bai

Anh va video c6 vai trd quan trong trong viéc cai thién trai nghiém nguoi dung, ting
tuong tac va thoi gign luu trir trén trang. Do d0, viéc tw dong thém hinh anh, video minh hoa
phu hop vao bai viet 1a mot tinh nang hitu ich cua SEO ty dong. Quy trinh thém anh, video
tu dong gom phan tich noi dung bai viet dé xac dinh chu de chinh, tim kiém trén cac kho
anh, video stock c6 ban quyén phu hop, loc va chon ra anh/video phu hop véi noi dung, chen
anh/video vao vi tri thich hop trong bai viét, tu dong lap lai cho tat ca bai viét can hinh anh
minh hoa

Uu diém:

e Tiét kiem thoi gian tim kiém va chén anh video
e Anh, video luén ph hop vai noi dung bai viét
¢ Nang cao trai nghiém nguoi dung, thoi gian luu trit trang
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Nho SEO tu dong, viéc bo sung hinh anh va video minh hoa cho bai viét tré nén dé
dang va nhanh chong hon rat nhiéu.

2.1.8. Tur dong t6i wu SEO cho bai viét hogc san pham

Ngoai viét bai, cong cu SEO ty dong con cé thé ty dong tdi wu hoa bai viét dé co thir
hang cao hon. C4c tac vu téi wu SEO tu dong bao gdom tbi wu tiéu dé va URL dua trén tir
khda, tu dong cheén tir khéa vao noi dung, kiém tra va khic phuc su tring 1ap néi dung, t6i vu
hoa thé tiéu d&é H1, H2, alt cho hinh anh, ty dong tang lién két ndi bo dén bai viét.

Uu diém:
e Tiét kiém thoi gian téi wu SEO thu cong
e Tu dong diéu chinh khi c¢6 sy thay doi vé thuat toan tim kiém
e Gilp bai viét/san pham dé& dang dat thir hang cao hon
V6i kha ning ty dong toi wu hoa bai viét, Al da tré thanh cong sy dac luc dé doanh
nghiép nang cao tht hang trang web mat cach dé dang va hiéu qua.
2.1.9. Ty dong dang bai lén cdc mang xa hoi dé tao backlink

Cong cu SEO ty dong cling c6 thé ty dong dang tai bai viét 1én cac mang xa hoi nhu
Facebook, Twitter.. . nhim tao backlink c6 gi4 tri vé mat SEO. Quy trinh déing bai ty dong
bao gom chon bai viét pht hop dé chia sé 1én mang xa hoi, tu dong tao mo ta ngan gon, hap
dan cho bai viét, dang bai 1én fanpage, group, tai khoan mang xa hoi, ding cac tool ty dong
tuong tac, ting engagement cho bai viét, 1ap lai dinh ky dé duy tri sy hién dién thuong
Xuyeén.

Uu diém:
e Tiét kiém thoi gian so voi dang bai thu cong
o Tu dong hoa hoan toan quy trinh dang bai 1én mang xa hoi
e Tao luong 16n backlink chét lugng tir cac ngudn uy tin
V6i tinh nang nay, SEO tu dong gitp doanh nghiép dé dang ma rong pham vi tiép can
khéach hang qua nhiéu kénh mang xa hoi khac nhau.
2.2 Al trong SEO tw dong

Al dang thay d6i cach 1am SEO truyén thong, giup website ting thir hang trén Google
nhanh hon bang cach tu dong phan tich, t6i vu va du doan xu huéng.

2.2.1. Al tir dong phén tich va nghién cuiu tur khoa

Al c6 the quét hang trigu truy van dé xac dinh tir khéa tiém ning co do canh tranh thap
nhung traffic cao, du doan xu hudng tim kiém trong tuong lai, gitip website don dau nhu cau
nguoi dung [4].

Cong cu Al phd bién: Google Bard, ChatGPT, SurferSEO, SEMrush Al, Ahrefs Al.
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2.2.2. Viét va téi uu ngi dung chudn SEO bang Al

Al tao noi dung chuan SEO [5], tu dong cheén tir khoa, t6i vu heading, meta description.

Cong cu Al nhu GPT-4, Jasper Al, Writesonic, Copy.ai gilp viét bai chuan ngir canh,
tranh nhoi nhét tir khoa.

2.2.3. Toi Uu On-Page SEO Bang Al

Al ty dong kiém tra va dé xuat toi uu theo toc do tai trang (cai thién Core Web Vitals),
cau trdc noi dung (Heading, Schema, Internal link), t6i vu hinh anh (giam dung luong, thém
ALT text).

Cong cu hd trg: RankMath All, Yoast SEO Al, NeuronWriter.
2.2.4. Xay Dyng Lién Két (Backlink) Thang Minh

Al phan tich d6i thi va dé xuat backlink chat lugng, goi ¥ guest post hoac cAc trang c6
the hop tac d€ xay dung backlink tu nhién. Al tu dong kiém tra va bao cao lién ket hong
(broken link) dé trénh anh huong SEO.

2.2.5. Phan Tich & Téi Uu Trai Nghiém Nguwoi Dung (UX/UI)

Al theo d6i hanh vi nguoi dung trén website theo cac phuong dién thoi gian ¢ lai trang,
ty Ié thodt, s6 lan nhap. Tur d6, Al dua ra du doan va dé xuat cai tién giao dién, diéu hudng,
b6 cuc n6i dung.

Cong cu phd bién: Hotjar Al, Google Analytics 4 (GA4), Microsoft Clarity.
2.2.6. SEO Tw Pong vdi Al Chatbot & Voice Search
Al gilp t6i wu nodi dung cho tim kiém bang giong néi (Voice SEO), Chatbot Al gilp gitt

chan ngudi dung 1au hon, tang thoi gian nguoi dung ¢ lai trang 1au hon
Cong cu: Google Assistant, Alexa SEO, ChatGPT API cho chatbot.

2.2.7. Al Dy Podan & Theo Doi Thir Hang SEO

Al dy doan xu hudng thuat toan Google, giup website don dau thay dbi, theo ddi thu
hang tir khoa theo thoi gian thuc va ty dong dé xuat cai thién.
Cong cu: SEMrush Sensor, Google Search Console Al, SurferSEO [3].

Al dang gitip tu dong héa va téi wu SEO nhanh hon, thong minh hon. Khéng chi gitp
tiét kiém thoi gian ma con nang cao kha ning canh tranh trén céng cu tim kiém.

3. UNG DUNG MO HINH NLP VAO SEO TU PONG

Xt 1y ngon ngir tu nhién (NLP - Natural Language Processing) la mot linh vyc cua tri
tu¢ nhan tao (Al) gilip may tinh hiéu, phan tich va tao ngi dung giéng con nguoi. Trong t6i
vu hoa website, NLP dong vai trd quan trong trong viéc phan tich noi dung, téi wu tir khéa
va cai thién Chét luong bai viét, giup website c6 thir hang cao hon trén cong cu tim kiém.
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NLP giap danh gia do lién quan gitra ni dung va tir khda muc tiéu, xac dinh tir khoa
chinh (primary keywords) va tir khoa phu (LSI - Latent Semantic Indexing) dé ti wu bai viét
mat cach tu nhién, tranh nhdi nhét tir khoa (keyword stuffing).

NLP gilip hiéu y dinh tim kiém (search intent) cua ngudi dung, dam bao bai viét cung
cap cAu tra 1oi chinh xéac theo myc dich tim kiém (thong tin, thwong mai, diéu huéng, giao
dich), goi y tir khda lién quan, gip bai viét bao quat noi dung tét hon, ting co hoi xép hang
cao trén Google.

NLP phét hién cdu vin kho hiéu, dai dong hoic thiéu logic dé dé xuat cai tién kha nang
doc hiéu va trai nghiém nguoi dung. NLP diéu chinh ciu triic bai viét, sir dung tiéu d¢, doan
van, danh sach dé tang tinh dé doc.

3.1. Cac M6 Hinh NLP Noi Bt Trong Toi Uu Néi Dung

Google BERT [2] (Bidirectional Encoder Representations from Transformers) gilp
Google hiéu ngir canh va moi quan h¢ gitra cac tur khda trong mét cau, tap trung vao y dinh
tim kiém, gitip website dugc xép hang dua trén noi dung hitu ich thay vi chi dya vao mat do
tur khoa.

GPT-4 (Generative Pre-trained Transformer 4) 1a mé hinh Al tién tién c6 kha ning viét,
tom tat, tdi wu va phan tich ndi dung hiéu qua, hd tro sang tao noi dung chat luong cao, phu
hop véi xu hudng tim kiém.

~ Surfer SEO [6] & Clearscope [7] (Al SEO NLP Tools) phan tich noi dung cua cac bai
viét top dau Google d¢ va de xuat cai thién tir khoa, cau tric bai viét va mac do chuyén sau
cua noi dung.

3.2. Cach Ung Dung NLP Pé Téi Uu Bai Viét Website

v Budc 1: Phan tich tir khoa va ¥ dinh tim kiém
e Sirdung NLP d tim tir khda phi hop voi muc dich tim kiém ciia ngudi dung.
e Nhan dién cac tir khoa tiém nang giup bai viét bao quat chii dé rong hon.
v' Budc 2: Viét ndi dung theo tiéu chuan NLP
e Dung tir khéa mot cach tu nhién, khdng nhdi nhét.
e Sirdung cdu van ngin gon, d& doc, dam bao trai nghiém ngudi dung tot.
v Budc 3: Kiém tra va téi vu bai viét bang cong cu NLP
e Dung Surfer SEO, Clearscope, Grammarly AI dé phan tich chat lwong noi
dung.
e Diéu chinh mat do tir khéa, chu tric tiéu dé, lién két noi bo dé tang kha nang
xep hang.

Ung dung NLP trong téi uu hoa website gitp cai thién noi dung, tbi wu tir khda va nang
cao trai nghi¢m nguoi dung. Viéc st dung NLP cung véi Al khong chi gitp doanh nghi¢p
tang thir hang SEO ma con xay dung noi dung chat lwong cao, phll hop véi nhu cau tim kiém
cua khach hang.
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4. KET LUAN

Tri tué nhan tao (AI) dang cich mang hdéa qua trinh téi wu hoa website, giup doanh
nghiép nang cao hiéu suat, cai thién thir hang SEO va mang lai trai nghiém nguoi dung tot
hon. Tir viéc phan tich dir liéu thdng minh, téi uu tir khoa, cai thién ndi dung, dén tang toc do
tal trang va bao mat web, Al da ching minh vai trd quan trong trong viéc nang tam nén tang
s6 cua doanh nghiép.

Thay vi nhitng phuong phép téi wu thu cong tén nhiéu thoi gian va cong sic, Al mang
dén sy ty dong hoa, chinh xac va hiéu qua vuot troi. Véi kha ning hoc hoi tir dir liéu thyc té,
du doan xu hudéng va dua ra cac dé xuat ti uu lién tuc, Al gilp website khdng chi dat thir
hang cao trén cong cu tim kiém ma con giir chan khach hang, ting ty & chuyén doi va t6i da
héa lgi nhuan.

Trong béi canh canh tranh ngay cang gay gat trén khong gian sd, viéc tng dung Al vao
t6i uu hoa website khong con 1a mot xu huéng, ma 1a mot budc tién tat yéu. Doanh nghiép
nao biét khai thac Al ding cach s& c6 lgi thé vuot troi, tao ra su khac biét va phat trién bén
virng trong thoi dai s6 hoa.
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TOM TAT

Hién nay, my pham c6 vo s6 loai san pham tir binh dan dén hang cao cap, vai rat nhiéu
cong dung khéac nhau danh cho nhiéu d6i twong nguoi dung. Bén canh dé, véi su phét trién
clia cdc h¢ thong thuong mai dién tir, ngudi dung rat dé dang tiép can céc san pham nay. Vay
mot van dé dit ra 13 1am sao gitip cho ngudi ding cé thé tim duoc cac san pham my. pham
phu hop véi dic diém ca nhan, va hd trg ngudi ding ra quyét dinh phi hop véi nhu cau cua
ho. Bai b&o nay sé tap trung vao viéc nghién ciru cdc mé hinh hoc may K-Means Clustering
va Support Vector Machine (SVM) dé huin luyén dit lidu dua ra quyét dinh, tir d6 khuyén
nghi, tu van goi y cac san pham my pham phi hop véi nguoi tiéu dung & Viét Nam. Nghién
clru ciing xay dung maot tng dung website dé minh hoa wng dung khuyén nghi san pham my
pham dya trén két qua hoc may da huan luyén duoc. Bo dit liéu thuc nghiém trong nghién
ctru nay 1a bo dir liéu vé my pham lay tir hé théng Sephora! (hé thong chudi cira hang ban I¢
my pham va san pham lam dep noi tiéng trén toan thé gisi) da cho két qua thuc nghiém dat
d0 chinh xac 92.4%.

Tir khoa: hoc may, K-Means Clustering, Support Vector Machine, h¢ théng khuyén nghi tu
van, my pham

1. MO PAU
1.1. Pit van dé

X& hoi tién bo, cudc séng con ngudi dugc nang cao, cong nghi¢p my pham phét
trién,... va nhiéu 1y do khac da lam thuc day nhu cau lam dep, sir dung my pham caa moi
nguoi tang cao. Cu thé, trong nhirng nim gan déy, nganh cong nghiép my pham da chung
kién sy phat trién vuot bac voi su ra doi cua hang loat san pham tir binh dan dén cao cép cua
rat nhiéu nhan hang hodc cac thuong hiéu néi tiéng trén thé gioi; nguoi tiéu dung khong chi
quan tam dén viéc 1am dep ma con dic biét chi trong dén viéc cham soc va bao vé sic khoe
cua lan da; viéc st dung my pham khong chi danh cho phéi dep, ngudi tré tudi ma con tré

1 https://www.sephora.com
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nén nhu cau thiét yéu cua phai manh va ca ngudi 16n tudi. Tir nhitng Iy do cung va cu cua
x& hoi ndi trén, sy phong phu va da dang cua céc san pham my pham I tat yéu. Tuy nhién n6
cling tao ra mot thach thuc 16n cho nguoi tiéu dung trong viéc lya chon san pham pht hop
vé6i loai da va nhu cau ca nhan. Hién nay, cac hé thong thuong mai dién tir phat trién khdng
chi trén thé gioi ma o Viét Nam ciing rat manh mé, nguoi tiéu ding c6 thé mua bat ky san
pham m§ pham nao maot cach dé dang.

Song song véi su phat trién cua cac hé théng thuong mai dién tir, & nudc ngoai, cac hé
thdng khuyén nghi tu van chim soc khach hang {ung dung hoc mdy da va dang phat trién
manh m&. Chiing ta ¢ thé ké dén cac hé théng phé bién va ndi tiéng trong linh vire my pham
sau:

- Sephora (MY), chudi bén I¢ my pham qudc té, da tricn khai h¢ théng "Virtual Artist"

st dung thuc té tang cuong (Augmented Reality - AR) va tri tu¢ nhan tao (Avrtificial

Intelligence — Al) dé tur van my pham (son méi, phan nén, ké mat). Hé théng cho phép

nguoi ding tai anh tu chup (selfie) 1&n tng dung, hé thdng phan tich dic diém khudn

mat (mau da, hinh dang) bang thi gidc may tinh. Sau do6, hé théng dung thuat toan hoc

maéy két hop voi dit liéu tir hang triéu khach hang dé dé xuat san pham pha hop [1].

- L’Oréal (Phép) phaét trién Perso, mot thiét bi Al tai nha két hop hé thong khuyén nghi

dé tao my pham c4 nhan hoa (kem dudng, son mdi, kem nén). Hé thng sir dung cam

bién do luong tinh trang da (d6 4m, 13 chan 16ng) va méi trudng (46 am, tia UV). Sau
d6 dung thuat toan hoc sau phan tich dir liéu va dua ra quyét dinh goi y san pham theo

nhu cau tic thoi (real time) cho nguoi ding [2].

- Ung dung ModiFace (Canada - thuoc L’Oréal) sir dung cong nghé AR dugc L’Oréal

mua lai, tng dung trong tu van my pham qua tng dung di dong va guong thong minh

tai ctra hang. Ung dung phan tich hinh anh thai gian thuc dé tu van san pham dya trén
mau da, tudi tac, va xu hudng lam dep. Dt lieu cua h¢ thong duoc két hop tir dir lidu

ngudi ding véi co sé di liéu san pham toan cau [3].

O Viét Nam, san thuong mai dién tir Shopee sir dung hé théng khuyén nghi dua trén
hanh vi ngudi ding va hoc may dé dé xuat san pham, bao gdm my pham. Hé thong nay phan
tich lich st tim kiém, mua sim, va danh gia ciia nguoi dung dé dwa ra goi y ¢ nhan hda. Hé
thdng sir dung thuat toan loc cong tac (Collaborative Filtering) két hop véi hoc sau dé du
doan so thich ma goi y san pham cho ngudi ding. Dit liéu dung cho hé théng duoc tich hop
dit liéu tir cac chuong trinh khuyén mai (flash sale, ma giam gi4) dé ting tinh hap dan [4].

Tuy nhién, vin dé dit ra 1a cac nén tang tu van khuyén nghi ndy & Viét Nam van chua
c6 phd bién, dic biét 1a cac hé thong tim kiém dang khuyén nghi, tw van ty dong dé dé xuat
cho khach hang nhirng san pham ph hop véi loai da va nhiing yéu té khac (nhu giGi tinh, do
tudi, mau da, mau toc, dic diém da...) mot cach c6 co so khoa hoc.

XUat phat tir nguyén nhan nay, nhom chung t6i da nghién ctru va dé xuat 1ng dung hoc
may dé xay dung hé thong khuyén nghi tu van my pham cho nguoi Viét, hé thong nay cd the
dugc tich hop vao cac trang thwong mai dién tir mua ban my pham.

1.2. Cé&c nghién ciu lién quan

Qua qué trinh khao séat cac nghién cau lién quan van dé nay ¢ trong va ngoai nudc,
chang tdi ghi nhan dugc nhu sau:

2 https://play.google.com/store/apps/details?id=com.sephora.digital&hl=en
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Nam 2022, Fadly va céng su [5] da c¢6 nghién ctru danh gia cua khach hang trén trang
web ciia Sephora, bai nghién ciru dé cap phuong phap thuc hién qué trinh thu thap dir liéu va
xt ly dit lidu tir trang Sephora. Str dung thuat toan hoc may, huin luyén mé hinh Naive
Bayes. Két qua cho thiy mé hinh dat d6 chinh xac 94.7% sau khi ap dung ky thuat cross-
validation, giGp Sephora hiéu 15 hon vé cam nhan caa khach hang d6i véi san pham va cai
thién chién luoc kinh doanh.

Nam 2022, trong mot nghién ctiru cua tac gia Liew Yi Kei stir dung tap dit liéu duoc thu
thap tir trang Sephora, tap trung vao viéc phat trién mot chatbot tu van san pham cham soc
da dya trén phan tich cam xdc tir danh gia nguoi dung thuc té va nhan dién loai da bang
CNN (Convolutional Neural Network). Chatbot duoc xay dung trén nén tang Telegram, sir
dung mo hinh DistiIBERT dé phan tich cam xac va md hinh Factorization Machine dé dé
Xuit san pham, nham muc dich cung cap khuyén nghi san pham ca nhan hoa va tién lgi hon
SO V6i cac phuong phéap truyén thong. Nghién ctu ndy trinh bay chi tiét vé phuong phap
luan, trién khai hé théng, danh gia hiéu qua va so sanh vai cac chatbot tuong tu khac mang
lai hiéu qua cao trén tap dit liéu thu thap tir Sephora v& my pham véi cac thude tinh nhu tén
san pham, rating (xép hang) mau mat, mau da, mau toc, dic diém noi bat,.... [6]

Niam 2023, linh vuc da lidu ¢d nhiéu tién b qua viéc sir dung tri tué nhan tao, tap trung
cai thién da vi muc dich tham my, Pat Vatiwutipong va cong sy di trich dan cac bai bao
dugc xuét ban tir nim 2018 dén nam 2023, trong d6 c¢6 tdng cong 63 4n pham duoc coi la cd
lién quan dua trén céc tiéu chi dwa vao da duoc thiét lap, duoc chia thanh 5 loai dya trén linh
vuc str dung. Do 1a phat trién san pham my pham, danh gia da, chuan doan tinh trang da,
khuyén nghi diéu tri, va dy doan két qua diéu tri. Bai viét nay khdng chi cung cap nhiing
hiéu biét sdu sic co gia tri cho cac nha nghién ciu mudn kham phé cac linh vuc mai lién
quan dén y hoc thim my ma con cung cip huéng din &p dung cho nhitng nguoi dang tim
cach trién khai cong nghé Al va cac ki thuat hoc may, hoc sau dé giai quyét nhitng thach
thire trong thé gigi thyuc trong dich vu tham my [7].

Nam 2022, Muskan Chaurasia va cong su da sir dung cac ki thuat phan tich van ban, xt
ly ngdn ngit ty nhién cho céc thanh phan my pham dé phu hop voi loai da, gan gia tri nhi
phan cho cac thanh phan c6 trong mdi san pham, sir dung tinh toan d6 twong déng Cosine dé
dé xuét 5 san pham dau c6 tinh twong tu mang tinh c4 nhan hoa nguoi ding. Tuy nhién, han
ché caa hé théng 1a mong mudn ngudi dung nhap vao san phiam ban dau lam dau vao, ngudi
dung phai tim kiém riéng timng loai san pham va khong c6 danh gia 6 chinh xéac cho hé
théng [8].

Khi khao sat & Viét Nam, chiing tdi thay c6 it cac nghién ctu lién quan van dé nay. Nam
2016, mot trong nhitng nghién ctru danh cho nam gidi trong linh vuc my pham, trong d6 c6
nghién ctiu ciia Mai Ngoc Khuong and Hoang Thi My Duyén [9] cho thay mirc d6 chii y dén
sirc khoe 1an da, tudi tac, qué trinh 130 hod, hinh anh ban than, nhan thic vé sir dung cac san
pham cham soc ctia nam gigi ngay cang cao. Tir o ¢6 can cir dé gép phan cho quyét dinh
mua san pham chiam séc da cua nam gioi tai Viét Nam, trong bdi canh thi truong san pham
chiam séc da nam ngdy cang phét trién nhu hién nay. Trong bai nghién cuau cia tac gia
Nguyén Thai Nghe [10] gidi thiéu so lugc vé hé théng goi y va nhitng van d lién quan, céc
nhom k§ thuat hién dang duoc tng dung trong cac hé théng khuyén nghi, tir d6 trinh bay chi
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tiét mot vai ky thuat cho két qua du doan tin cay - nhu k§ thust phan rd ma tran (matrix
factorization) va nhiing bién thé cua nd. Bén canh dé, tac gia cling giGi thiéu cac linh vuc
ung dung chinh, céc giai thuat chinh cia Recommender Systems (nhom giai thuat loc cong
tac, nhodm giai thuat loc trén ndi dung, nhom lai ghép, nhoém k¥ thuat khong c& nhan hod)
trong céc cong trinh kém theo 1a cac két qua thuc nghiém va hé thong minh hoa cho ting
linh vuc. Pdng thoi, néu ra cac phuong phap danh gia do tin cay cua giai thuat da dé cap,
danh gia hiéu qua cua hé thong goi ¥ qua cac do do: Precision, Recall, Accuracy.

Trén thuc té, khdng khang dinh rd viéc chon lya phuong phap nao 13 phu hop nhét,
nhung khi str dung hé théng hd tro tu van, goi ¥ cho ngudi dung, wu tién ca nhan hoa dic
diém riéng cua khach hang dé khach hang hiéu rd dic tinh da caa riéng minh s& mang lai trai
nghiém tot cho ngudi ding hon. Poi véi cac hé thdng khuyén nghi tu van, mét trong nhiing
khuyét diém cta phuong phap loc theo noi dung (Content based filtering - CBF) 1a khé khin
trong viéc thu thap théng tin, trong khi phan 16n cac mé hinh dya trén loc cong tac chi can
cac thong tin (user id, item id, feedback) 1a c6 thé hoat dong tét.

Sau khi tim hiéu nhitng nghién ctu trén, két hop véi bo dit lidu thu thap duoc tir
trang Sephora, ddy 1a mot bo dir liéu phong phu va dang tin cdy di duoc cac tac gia cong bd
tir c4c cong trinh nghién ciu [5,6], ching t6i da nghién ciru thuc hién tao hé thdng khuyén
nghi dua trén noi dung san phdm my pham I thanh phan hoat chit cia my pham va céng
dung khuyén nghi cia san pham tir bo dir liéu, sir dung phuong phap loc theo noi dung dé
danh gia sy twong ddng vé thanh phan cia my pham. Hé théng cung cip tinh ning loc dia
trén noi dung dua vao viéc nguoi ding nhap san pham ban dau dé dé xuat mang tinh c& nhan
hoa hon.

2. DPE XUAT MO HINH

Trong nghién citu ndy, ching toi nghién ctiru va dé xuat phuong phap hoc may két hop
gitra ky thuat gom cum K-Means Clustering, phan 16p SVM (Support Vector Machine) va
loc dua trén ndi dung van ban Content-based Filtering (CBF).

Support Vector Machine - SVM la mot thuat toan phan loai manh mé duogc sir dung rong
rdi trong cac bai toan phan loai va hdi quy. SVM tim cach xac dinh mot siéu phang téi vu dé
phan chia dir liéu thanh cac 16p khac nhau. Muc tiéu cua SVM I tim ra siéu phang ma
khoang cach (margin) gitra n6 va cac diém dit liéu gan nhét thudc cac I16p khéc nhau 1 Ion
nhat. Cac diém dir liéu gan véi siéu phang nay duoc goi la cac "vector hd tro™ (support
vectors), chung dong vai trd quyét dinh trong viéc xac dinh vi tri cua siéu phang [11].

Véi thugt toan K-Means Clustering, ching ta khong biét nhan (label) cua ting diém di
liéu. Myc dich 13 1am thé nao dé phan dit liéu thanh cac cum (cluster) khac nhau sao cho dit
liéu trong cling mot cum c6 tinh chat gidng nhau. Y tuéng don gian nhat vé cluster (cum) la
tap hop cac diém & gan nhau trong mot khong gian nao d6 (khdéng gian nay co thé cé rat
nhiéu chiéu trong truong hop thong tin vé mot diém dir lidu 1a rat 1on) [12].

Content-Based Recommendation System: Goi ¥ cac san phim dua vao hd so (profiles)
ciia ngudi dung hodc dwa vao noi dung/thudc tinh (attributes) cua nhitng san pham (thanh
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phan san pham, dic diém ndi bat) twong tw nhu san phdm ma nguodi ding di chon. Hinh 1
minh hoa ludng cua hé thdng loc dua theo noi dung.

Bai toan xay dung hé théng khuyén nghi c6 mot phan lién quan dén bai toan loc theo noi
dung dua trén dit liéu dau vao ma nguoi dung cung cap. Vi vy muc tiéu cua nghién ciu nay
bao gom:

CONTENT BASED FILTERING

4

NGUOGI DUNG PHAN HOI CUA NGUOGI DUNG

D6 trong ddng céc thude tinh

KHUYEN NGHI CHO NGUOI DUNG

Hinh 1. Minh hoa ludng cua hé théng Content Based Filtering

- Xur ly va phan tich di liéu cho phu hop véi yéu cau cua hé théng. Ap dung phuong
phap loc dua trén ndi dung Content-based Filtering, st dung thuat todn K-Means
Clustering va SVM dé phan cum va phan 16p san pham theo dic diém ngudi dung.

- Tinh hiéu sut va d6 chinh xéac: Muc tiéu 1a dat dugc d6 chinh xéac cao khi &p dung mod
hinh d& xuét st dung thuat toan SVM dé phan 16p san pham theo dic diém nguoi dung,
so sénh giira cac thuat toan. Qué trinh thuc nghiém trén bo dir liéu dic trung da chuan
hoa tir cac nghién ciru da dugc cong bd.

- Hién thi chi tiét thdng tin vé cac thanh phan trong san pham cho ngudi ding, truc
quan hod giao dién nguoi dung.

T muc tiéu trén, ching t6i xay dung hé théng khuyén nghi tu van véi kién trac hé thong
hoat dong nhu sau (thé thién trong Hinh 2):

(1). Dix liéu dau vao tir ngudi dung cung cap c6 thé 1a mot trong ba dang:

+ Pic diém nguoi dung (mau da, mau mat, loai da, mau téc, gisi tinh, do tudi).
+ Tén san pham my pham.
+ Pé xuit mong mudn c6 hoic khong cac hoat chét cu thé.

(2). Ngoai ra hé thong c6 budc tong hop va xu ly di liéu dé tao dit liéu huan luyén cho
md hinh hoc may. Qué trinh huan luyén bao gdm gom cum dir liéu theo K-Means Clustering
va phéan I6p dir liéu theo SVM.
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(3) Sau khi tiép nhan dir liéu dau vao, tly theo dang cua dir liéu ma hé thdng s& phan
tich thanh phan hoac chuyén truc tiép dén phan phan tich loc dwa trén noi dung CBF. Chic
ning phan tich noi dung du trén két qua huan luyén cua qué trinh gom cum va phan 16p
trudc d6 dé dua ra két qua phu hop.

(4) Cudi cung, hé théng dua ra danh sach cac san pham khuyén nghi dya trén yéu cau
dau vao ciia ngudi dang.

INPUT
Déc diém khach hang ) Dé xuét mong mudn
(mau da, mau mat, Ioa! da, mau téc, Tén san pham "C¢" hodc "Khang"
gidi tinh, do tudi) hoat chét
f_—____-________—____l
| | Ténghopbo Phan tich thanh phan |
| di ligu thyre nghiém
|
|
v |

| — Hé théng khuyén nghi tu van chon my pham
SRR dua trén phén tich ndi dung Content Based Filtering (CBF) |

! T |

| Thyc hién hudn luyén gom cum dif liéu theo K-Means Clustering |
va phan |&p di liéu theo Support Vector Machine (SVM)

Danh sach san phdm dwoc khuyén nghi

OUTPUT

Hinh 2. Kién tric d& xuét caa hé théng khuyén nghi tw vdn my pham.

Tir kién tric chung cua hé thdng khuyén nghi tu vin chon my phim da dugc md ta &
trén, dé huan luyén dir liéu, nham tbi uu hoa d6 chinh xac trong viéc thuc hién khuyén nghi,
ching t6i xay dung méd hinh xu ly huan luyén dit liéu dé dua ra khuyén nghi san pham theo
hai thuat toan la K-means Clustering va SVM nhu trong hinh 3.

2.1. M0 hinh 1:

- Budc 1: Lam sach dix liéu bo cac dong dir liéu khong chinh xac, sai dinh dang.

- Buéc 2: Phan cum dit ligu theo tung dac diém khach hang véi cac danh gia trén 4 sao.
Tu mau dir ligu danh gia san pham cua khéach hang, chung téi phan cum cho cac dac
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diém khach hang va diém danh gia khach hang (rating), nhu: phan cum theo mau da,
loai da, mau mat, mau toc, gidi tinh, d6 tudi va danh gia cua tung thugc tinh.
- Budc 3: Cau hinh céac tham sé:

Vi thuat toan K-means Clustering s& cdu hinh nhu sau:

+ Chon dit liéu ban dau: Pau tién, sé cum (K) ma tap dit liéu s& duoc chia ra theo
c4c gid tri cua dic diém ngudi dung. Trung tm caa cac cum duoc dit sao cho cach
xa nhau nhét c6 thé nham tang do chinh xéac cua két qua.

+ Tinh khoang céch: Thuat toan sau d6 tinh khoang cach tir mdi déi twong trong
tap dir liéu dén ting cum. Toa d6 nho nhat sé xac dinh d6i twong thudc vé cum nao.

+ Tai tinh toan trung tdm cum: Trung tdm cua cum duoc tinh lai dua trén trung
binh toa do cua tat ca cac ddi twong trong cum. Qua trinh nay l3p lai tir bude dau
tién, nhung véi trung thm cum mdéi da duoc téi tinh toan. Céc lan lip s& tiép dién
cho dén khi dat duoc diéu kién dung, khi trung tim cum khéng con thay d6i hoic
thay d6i khong déng ké giita cac lan lap.

theo dac diém

Data clean . i
(Data cleaning) nguoi dung

. , -
Trich xuét dit lidu Mb hinh 1 | Két Qua

1 |
Sl —>  K-Means Clustering I

l ! Danh sach

Lam sach dir liéu : san pham
|
|
|
|

k4
Phan cum san pham

Chuyén déi di liéu Tbi wu hoa dd chinh xac
Dich tén san pham
tir Tiéng Anh sang Tiéng Viét

(Data transformation) M6 hinh 2 :" Két Qua
. |
Chuan hoa dir liéu SVM [
(Data normalization) (Support Vector Machine) : Danh sach
i : san pham
- | =4 A
Trich xuat dac trung ] ¥ - : thr?;u(?ic dglr?én
(Feature extraction) | . Phan 'IO’p 'sanAphallm . |
i [Téi wu hoa qua dé chinh xac !
|

Hinh 3. M hinh hoc may d& xuét cho qué trinh xtr Iy huin luyén dir liéu dé dua ra khuyén nghi san pham
theo hai thuat toan la K-means Clustering va SVM

2.2. M0 hinh 2:

- Budc 1: Lam sach dix liéu bo c&c dong dir liéu khong chinh xac, sai dinh dang.
- Budc 2: Chinh sira phan 16p dit liéu theo timg dic diém khach hang.
- Budc 3: Cau hinh tham sé:

Phan I6p dir liéu bang thuat toan SVM:
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+ M6 hinh nay phan 16p san pham theo danh gia cua khach hang voi cac dic diém
khéch hang. Lép nay dugc thiét ké tir cac dic diém khach hang c6 cac thudc tinh
sau: San pham, mau da, mau mat, loai da, mau tdc, gi6i tinh, do tudi.

+ Pé 0 cé4c gia tri cua cac tham sb tdi uu nhat thi s& chay vong lap thay doi gia tri
cua cac tham s6 vai do chinh xac cao nhét.

3.MOTAVAXU LY DU LIEU
3.1. M6 ta dir liéu

Dt liéu thuc nghiém caa nghién ciru nay sir dung tir nghién ciru caa Fadly va cong su [5]
két hop tong hop dit liéu cua du an “Sephora EDA and Sentiment Analysis using Pytorch”
cia Muladi Muhamad va cong su duoc cong bé trén Kaggle [15]. Dix liéu gom c6 8.494 san
pham bao gom tén san pham, thuong hiéu, gia ca, thanh phan, xép hang, voi mot s6 thong tin
khéc va 1.301.136 dong danh gia san pham cuia khéch hang chira thong tin dic diém nhu
mau da, loai da, mau tdc mau mit, thoi gian danh gia. Trong sé nhiéu danh muc san pham
chiam soc ca nhén, tap trung vao céc san pham chim soéc da. Bo dit liéu san pham gdm cac
thong tin nhu: loai san pham, tén san pham, thuong hiéu, gia ca, thi hang, loai da, thanh
phan hoa hoc va dic diém ndi bat cua ting san pham.

3.2. Tién xir ly dir liéu
Qua trinh tién xu ly dix liéu gém cac budc chinh sau:
- Loai bo gia tri thiéu: diéu chinh cac dir liéu thiéu, va loai trir cac dit lieu d& gay nhiéu dé

dam bao rang dir liéu sach va dang tin cay.

- Dich tén san phdm tir Tiéng Anh sang Tiéng Viét, st dung thu vién “googletrans” cua
Python.

- Chon cac tir géc trong danh sach thanh phan cia timg san pham trude khi dat myc tiéu cudi
cung la so sanh thanh phan. Tao danh sach cac thanh phan cua my pham trong co s¢ dir ligu.
Hé thong str dung ma hod nhi phan. Diéu nay gilip md hinh may hoc lam viéc véi dir liéu sb
thay Vi dit liéu vin ban, ting toc do xt ly va hiéu qua huan luyén caa md hinh.

- Xay dung ma tran vé thanh phan cia my pham. Téng s6 muc my pham trong dit liéu dugc
biéu thi thanh cac hang trong ma tran, tong s thanh phan dugc thé hién biang cac cot trong
ma tran. Néu mot thanh phan xuat hién trong mét san pham my pham thi gia tri s& 1a 1, néu
khong thi 1a 0 (vi du minh hoa & bang 1).

Bdng 1. Minh hoa ma tran thanh phan caa danh sach m§ phim

Water Propanediol Glycerine EthyleenGlycol Betaine

OLAY 7inl Total Effects 1 0 1 0 0

Garnier Water Gel 1 1 0 1 1
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- Vector hoé tit ca san phim theo thanh phan hoa hoc. Tao ra db thi trén mat phiang hai
chiéu. Khoang céch giira cac diém s& cho thiy diém tuong ddng giira cac san pham 1am dep
trong dir liéu. Dir liéu duoc vector hoé thanh toa do mat phang. Tinh toan d6 twong dong
bang cach tinh d¢ twong dong Cosine Similarity.

- Budc tiép theo Ia chia tach dir liéu thanh tap huan luyén va tap kiém tra nham dam béo ring
mé hinh duoc danh gia mot cach chinh xé&c. Trong nghién ctu nay, dir liéu lan luot duoc
chia theo ty 1& 50/50, 60/40, 70/30, 80/20, trong d6 phan 16n dit lidu duoc sir dung dé huan
luyén md hinh va phan con lai dugc sir dung dé kiém tra hiéu suat cia mo hinh. Cac mau dit
liéu duoc sip xep ngau nhién trude khi chia dé dam bao rang ca hai tap dit li¢u déu co phan
bé twong ty vé cac ddc trung va nhan. Tap huan luyén dugc sir dung dé xay dung va t6i uu
hoa cac tham sé cua mé hinh, trong khi tap kiém tra hoan toan doc 1ap véi tap huan luyén va
dugc st dung dé danh gia hiéu suit caa mé hinh sau khi qué trinh huan luyén hoan tat.

4. THUC NGHIEM VA PANH GIA KET QUA
4.1. Méi trwong thec nghiém
Céc thuc nghiém cua nghién ciru nay duoc thuc hién trén may tinh véi cu hinh nhu

bang 2
Bdng 2. C4u hinh may thyc thi thyc nghiém cua nghién ciu

Phan cieng Céu hinh

Loai may Laptop — Dell latitude
Hé diéu hanh | Windows 11 Pro

CPU Intel core i5 CPU 2.21 GHz
RAM 8 GB

O Cing SSD 250 GB

GPU Khong

4.2. Panh gia két qua

Bdng 3. Két qua thuc nghiém theo céc ty 18 chia dit liéu cua 2 thuat toan K-Means Clustering va SVM

’ Do chinh xac P6 chinh x4
Dirligu hufn | Diliduthir | ciia K-Means | D% M ¥ac
luyén (%) nghiém (%) Clustering (%)
(%)
80 20 91.2 92.4
70 30 90.1 91.2
60 40 88.1 91.2

Bo dit liéu dwoc chia thanh hai phan vai ty 16 80-20, trong d6 80% duoc sir dung dé
huan luyén va 20% danh cho thir nghiém. Trong qué trinh thuc nghiém trén tap di liéu huan
luyén, céc thuat toan s& duoc danh gia dua trén cac chi sb do luong hiéu suat va do chinh
xé&c. Két qua thu duoc s& dugce so sanh dé xac dinh thuat toan hoat dong tt nhat. Dua vao két
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qua so sanh nay, ching ta c6 thé lua chon thuat toan phi hop nhét dé dua ra goi ¥ san pham
toi uu.

Khi chay thyc nghiém trén ung dung thi thut toan SVM theo ti 1€ 80:20 la mang lai do
chinh xé&c cao nhat: 92.4%.

94.00%
92.40%
92.00% — 91.209 91.20% 91.20%
90.10%
90.00%
88.10%
88.00% 86.90%
86.00% 25 109
84.00%
82.00%
80.00%
80/20 70/30 60/40 50/50

m K-Means Clustering m SVM

Hinh 4. Biéu db thé hién két qua thuc nghiém theo cac ty & chia dix liéu cua 2 thuat toan K-Means
Clustering va SVM

Sau khi thuc nghiém, thuat toan SVM mang lai d6 chinh xéac cao nhat: 92.4%, do nhay
12 90.4%.
Bang 4. So sanh cac do do trén két qua caa 2 thuit toan K-Means Clustering va SVM

Gia tri thuc té | P chinh xic | P9 nhay
(Actular Values) | (Precision) | (Recall)
K - Means 94.10% 91.20% 88.20%

SVM 95.20% 92.40% 90.40%

Hé théng sir dung hai thuat toan K-Means Clustering va SVM dé huan luyén dit liéu.
Két qua cho thay thuat toan SVM dat d6 chinh xac 92.4% va do nhay 90.4%. Do do, hé
théng dé xuat da 4p dung SVM dé cap nhat két qua phan 16p dir liéu, gidp hé thong cung cap
cac goi y san pham phi hop nhat véi dic diém nguoi dung, mang lai trai nghiém t6t nhat cho
ngudi dung. Hinh 5 minh hoa két qua thuc nghiém dang biéu do.

Bén canh viéc xay dung mé hinh hoc may va huan luyén dit liéu, ching toi con tao ng
dung web dé minh hoa cho hé thdng khuyén nghi tu van my pham duya trén két qua huan
luyén dir ligu ctia md hinh hoc may. Céc hinh 6,7, 8 va 9 la anh giao dién cua tng dung
khuyén nghi ngudi diing chon my pham theo tén san pham, thanh phan, hoat chat va dac tinh
ca nhéan hda.

Thuat toan
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96.00% 95.20%
94.10%
94.00%
92.40%
92.00% 91.20%
90.40%
90.00%
88.20%
88.00%
86.00% I
84.00%
(Actular Values) (Precision) (Recall)
Gia trj thyc té Bo6 chinh xac Do nhay

mK-Means mSVM

Hinh 5. Biéu d thé hién két qua so sanh cac d6 do trén két qua cua 2 thuat todn K-Means Clustering va
SVM

(ng dung khuyén nghi san pham
San pham

B——— .

Soulfood Nourishing Hair Mask

Mat na toc nudi dwong Soulfood
Danh gid: 4.4028 * | Gid: 328 | Thuong hiéu : amika | Danh Muc : Hair |
Thanh Phin

$an pham tvong dong

Mini Soulfood Nourishing Mask
Mat na nudi dwdng Soulfood Mini

©4anh g 40766 % | G 188 | Thuong hiéu * amika | Danh Muc : Mini Size |
Thanh Phdn

Hinh 6. Churc ning cua ting dung tim kiém khi nguoi dng chon “tén san phim”, h¢ théng goi ¥ sin pham
trén 70% do6 twong ddng cua thanh phan
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Ung dung khuyén nghj san phdm
Tir khoa Dé xuit mong muén
vitamin C Tim theo tén sdn phdm v

$an Phidm (134)

35% Vitamin C Fusion Serum

Danh gid: 5.0 * | Gid' 1058 | Thuong hiéu : SOBEL SKIN Rx | Danh Myc : Skincare |
Thanh Phdn

Youth Reformer Firming Vitamin C Oil Serum

Danh gid- 49623 * | Gid: 1108 | Thuong hiéu - FaceGym | Danh Muc - Skincare |
Pndn

Thanh

[Smme | ncndBorget acestONe AckuCcekos | Borago Borage) Ofchels e 08 | | paco! Tekacpatnasle | Ocopoiecand |
Wt g (i) Soed O Sohun yskaceste | Puiac Lokl (Vesac) O || Sarskr ARien Sandanecos) W O8 |

Carapa Gumanenss (Ancube) Seed O Buesa Samient(Pab Sa10) Wood OF | CaprylcCaprcTighcence | Troen | 1018 Trgyosoes |
| Amica ot (mkca) Fowes | Pogosienon Catin (Pacho) el Exiact Vet Planols (Vanks) Bean Exract  Plankon Exiac  Tocopherl
[Rogneyacuse | GposOuese | Famess |

High Performance Face Serum with Vitamin C and Hyaluronic Acid
:)Taf;"g;‘;"sm’llm 1958 | Thuong hiéu - MACRENE actives | Danh Muc : Skincare |

Hinh 7. Chirc ning ciia tng dung tim kiém theo tén san phim

U'ng dung khuyén nghj san pham
Dé xudt mong muén
Tim theo hoat chit v

E§§

Mini A Gloei Retinol Oil
D4u Retinol Mini A Gloei

Danh gia: 5.0 * | Gia: 40$ | Thuong hiéu - Drunk Elephant | Danh Muc - Mini Size |

Thanh Phin
 Gione Sof (Soypean)Of  Retnt | Tocopherol  Ceramde AP Ceramde NP

Mini Evening Primrose Green Tea Algae Retinol Face Oil
Dau hoa anh thao budi téi Tra xanh Tao Retinol Face Oil

Danh gia® 4 9487 * | Gia: 66S | Thuong hiéu - MARA | Danh Muc : Skincare |
Thanh Phin

Evening Primrose Green Tea Algae Retinol Face Oil
Damga ‘l9‘87*]Gﬂ7‘ 1208 | Thuong hiéu - MARA | Danh Muc - Skincare |

Hinh 8. Chirc ning ciia tng dung tim kiém theo hoat chit
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Ung dyng khuyén nghi san phém

Miuda Miu mit Loai da

deep v brown v combination v
Miu toe Gii tinh 09 tudl

biack v ] v ik} v

$in Phim (130)

Rose Face Mask
M3t na hoa hong

Ddnh gld: 4.1687 % | GI&: 648 | Thuong hiéy : fresh | Danh Myc : Skincare |
Thanh Phdn

Benefiance WrinkleResist24 Pure Retinol Express Smoothing Eye Mask
Benefiance WrinkleResist24 Pure Retinol Express Smoothing Mat na mét

Danh gid 4.422 % | Gid: 708 | Thuong hiéu : Shiseido | Danh Muc - Skincare |

Hinh 9. Chtrc nang cua ung dung tim kiém theo dic diém nguoi ding
5. KET LUAN

Bai bdo nay da nghién ciru cac mo hinh hoc may K-Means Clustering va SVM, ket hop
vé6i phuong phap loc dua trén ndi dung CBF dé xay dung hé théng khuyén nghi tu van my
pham cho nguoi Viét Nam, da trén cac dic trung cua timg ca nhan nguoi dung. Két qua
thuc nghiém cho thay hé thong dat d6 chinh cao (92.4%). Tuy nhién vi h¢ théng thuc nghiém
trén bo dir liéu lay tir hé théng Sephora nén chwa c¢6 nhiéu cac dir liéu my pham cua Viét
Nam dé dua ra cac khuyén nghi san phim cia ngudi Viét. Trong tuong lai, dé nang cao hiéu
Suit dé xuét va do tin cay cia md hinh khuyén nghi san pham, can phat trién va cai tién mo
hinh theo huéng ma rong va thu thap céac tap dix liéu I16n hon, da dang hon, cap nhat nhirng
san pham maéi nhét, dac biét 1a san pham pha hop véi ngudi Viét dé mang lai két qua tdt hon.
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ABSTRACT

BUILDING A MACHINE LEARNING-BASED COSMETIC RECOMMENDATION
SYSTEM

Nguyén Thi Bich Ngan!”, Nguyén Thi Bich Tuyén’, Dinh Thi Tam!
'Ho Chi Minh City University of Industry and Trade

*Email: nganntb@huit.edu.vn, , 2001203004@hufi.edu.vn, tamdt@huit.edu.vn

The cosmetic industry currently offers a vast array of products ranging from affordable to
high-end, catering to diverse user needs and preferences. With the rapid growth of e-
commerce platforms, consumers now have easier access to these products than ever before.
However, identifying suitable cosmetic products that match individual characteristics
remains a significant challenge. This study investigates the application of machine learning
models, specifically K-Means Clustering and Support Vector Machine (SVM), to support
personalized decision-making in cosmetic product recommendations. By training these
models on curated datasets, the system aims to provide tailored suggestions for users in the
Vietnamese market. Furthermore, a web-based application was developed to demonstrate the
implementation of the recommendation system based on the trained machine learning
models. The experimental dataset, sourced from Sephora—a globally recognized cosmetic
and beauty product retail chain—yielded a classification accuracy of 92.4%, demonstrating
the effectiveness of the proposed approach.

Keywords: machine learning, K-Means Clustering, Support Vector Machine,
reccomendation system, cosmetic.

Toi xin cam két bai bao nay chuwa dwoc dang va giri dang ¢ bdt ky tap chi nao khac.
Tac gia:

Ho va tén: Nguyén Th; Bich Ngan

Sé dién thogi lién hé:0908 090 641
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MO HINH NHAN DIEN VA CHU THICH BIEN BAO GIAO
THONG DUNG MANG NO-RON HQC SAU

Bui Cong Danh®~
YTriong Pai hoc Cong Thuong Thanh phé Hé Chi Minh
“Email: danhbc@huit.edu.vn

Ngay nhan bai: 30/03/2025; Ngay chip nhan dang: 20/05/2025

TOM TAT

Nghién ciu nay trinh bay mot mé hinh nhan dién va chi giai bién bao giao thong tién
tién, két hop sirc manh cua mang no-ron tich chap phan cap (Hierarchical Convolutional
Neural Network — H-CNN)va ontology. Nghién ctru nay nham giai quyét nhitng han ché
cua cac phuong phap nhén dién bién béo giao théng truyén théng va cac md hinh hoc sau
trude day, dac biét vé tdc do xir ly, hiéu qua sir dung tai nguyén va kha ning cung cap
thdng tin ngit nghia vé bién bao. M6 hinh dé xuat bao gém céc giai doan chinh: phat hién
bién béo giao théng str dung OpenCV, nhan dién va phan loai bién bao thdng qua kién tric
H-CNN dugc huan luyén trén bo dir liéu GTSRB, va truy xuét chi giai bién béo dya trén
mot Ontology. Ontology nay biéu din cac dic diém thi giac, quy ude va ¥ nghia ciia bién
bao giao thdng, cho phép cung cip thong tin chi tiét va d& hiéu. Két qua thuc nghiém cho
thdy mé hinh H-CNN dat duoc do chinh xac cao (94.83% trén tap huan luyén va 99.35%
trén tap xac thyc) trong viéc phan loai bién bao giao thong. Ontology duoc xay dung cung
cAp mot céu tric rd rang dé quan 1y va truy van thong tin cha giai. Su két hop nay cho phép
hé théng khong chi nhan dién chinh xéac cac bién b4o ma con cung Cap thdng tin ngir nghia
lién quan, gép phan nang cao an toan giao thdng va hd tro cac hé thng lai xe tu dong.

Tir khoa: Nhan dién bién bao, hoc sau, H-CNN, ontology, giao thong théng minh.
1. GIOI THIEU

Trong nhitng nam gan day, sy phat trién vuot bac cua céng nghé hoc sau (deep
learning) d& mé ra nhiéu co hoi méi trong linh vuc tri tué nhan tao va thi gidc may tinh,
dic biét Ia trong c&c (ng dung lién quan dén giao théng thong minh [1]. Nhan dién va chu
giai bién bao giao thdng la mot bai todn quan trong, dong vai tro then chdt trong viée dam
bao an toan giao théng va hd trg cac hé thdng lai xe tu dong. Bién bao giao théng cung cap
thong tin dinh huo'ng va diéu chinh hanh vi cho nguol tham gia giao thong, tuy nhién, viéc
nhan dién chinh xac cac blen bdo nay trong moi truong thuc té thuong gap nhiéu thach
thirc do diéu kién anh séng yéu, thoi tiét bat loi, hoac bién béo bi che khuat [2]. Cac phuong
phép truyén thong dua trén xir ly anh co ban nhu phat hién canh, phan doan mau sac, va
phan tich hinh dang thuong yéu cau nhiéu budc tién xu ly phirc tap va gap khé khan khi
dbi mat vai su bién ddi vé kich thude, goc nhin, va didu kién méi truong [2]. Céc thuat
toan hoc may c6 dién nhu Support Vector Machine (SVM), K-Nearest Neighbors (K-NN),
va Random Forest ciing di dugc &p dung, nhung hiéu suat cua ching bi han ché bai kha
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ning trich xuit dic trung chua dia manh mé [3]. Su ra doi cua mang no-ron tich chap
(Convolutional Neural Networks - CNN) da mang lai bude dot pha, cho phép tu dong trich
XUt cac dic trung phic tap tir hinh anh, cai thién dang ké do chinh xac va hiéu qua trong
nhan dién bién bao giao thdng [4]. Cac bién thé tién tién cia CNN nhu R-CNNs [5] va H-
CNNSs [6], két hop véi cac ky thuat tang cuong dir liéu va regularization, da nang cao hon
nira hiéu suit caa cac hé théng nay.

Tuy nhién, cac md hinh CNN truyén thong va R-CNNs thuong doi hoi tai nguyén
tinh toan 16n va thoi gian xir 1y dai, gay kho khin cho viéc trién khai trong cac (mg dung
thoi gian thuc nhu nhan dién bién bao giao thong trén xe ty hanh [7]. Dé khic phuc han
ché nay, nghién ciru nay dé xuat mot mo hinh méi dya trén mang no-ron tich chap phan
cap (Hierarchical Convolutional Neural Networks - H-CNNs) [6], ket hop vai ontology dé
nhan dién va chu gidi bién bao giao thdng [8]. H-CNNs tén dung cau trlc phan cép dé trich
Xuat ddc trung hiéu qua hon, ddng thoi giam thiéu tai nguyén tinh toan can thiét. Ontology,
mat khac, cung cap mot khung ngir nghia dé to chirc va chu giai thong tin bién béo, ting
cuong kha ning hiéu ngir canh va hd tro ra quyét dinh trong thoi gian thuc [8].

Muc tiéu caa nghién cttu nay 1a xay dung va huan luyén mot mé hinh hoc sau dya
trén H-CNNSs, tich hop véi ontology, nham dat dugc do chinh xéac cao va hiéu suat téi uu
trong nhan dién va cha giai bién béo giao théng. Nghién ctru sir dung bo dit liéu GTSRB
(German Traffic Sign Recognition Benchmark) dé huan luyén va danh gid mé hinh, dong
thoi hudng téi viéc phat trien mot b dir lidu dic trung cho bién béo giao thong tai Vit
Nam. Két qua cta nghién ctiu khong chi gop phan nang cao hiéu qua cua cac hé thong giao
thong théng minh ma con ma ra tiém niang tng dung trong quan ly giao thong va hd tro xe
tu hanh, tir d6 cai thién an toan va hiéu qua tham gia giao thong [9].

2. CAC NGHIEN CUU LIEN QUAN

Nhan dién va cha giai bién bao giao théng 1a mét linh vuc quan trong trong nghién
cuu giao thong thong minh va thi giac may tinh, thu hit sy chd y cua nhiéu nha khoa hoc
trong nhitng nim gan ddy. Shustanov va Yakimov di d& xuat mot hé thong nhan dién bién
bao giao thong thai gian thuc str dung mang no-ron tich chap (CNN), bao gom ba giai doan
chinh: xir Iy anh, dinh vi, va phan loai [7]. Hé thong nay dat d6 chinh xac 99,94% trén bo
dir liéu GTSDB khi phat hién va phan loai cac bién bao cim va nguy hiém, véi thoi gian
xu ly chi 0,05 ms trén GPU Nvidia GeForce GTX 650. Phuong phap nay vugt troi hon cac
k¥ thuat truyén théng nhu GHT+CNN nho kha ning tan dung van téc xe dé cai thién theo
ddi bién bao. Tuy nhién, nghién ctu tap trung chu yéu vao hiéu suat thoi gian thuc ma
chua giai quyét triét dé cac diéu kién méi truong phuc tap.

Trong mét nghién ctru khac, Golgire da tong quan cac phuong phap nhan dién bién
bao giao thdng dua trén hoc may, bao gém tién xu Iy hinh anh va phan loai biang CNN,
ddng thoi nhan manh thach thuc tir 4nh séng, nhidu, va bién dang hinh hoc [3]. Tuong tu,
Liu va cong su da phén loai cac phuong phap phat hién bién bao giao thong thanh niam
nhom chinh: dua trén mau sic, hinh dang, két hop mau sic va hinh dang, hoc may, va
LIDAR. Céac phuong phap hoc may, dac biét [a CNN, SVM, va AdaBoost, dang trd thanh
xu huéng chi dao, trong khi LIDAR hira hen tiém ning 16n nho kha ning két hop dir liéu
dam may diém véi hinh anh RGB. Nghién ctru ciing chi ra rang cac bo dir liéu cong khai
nhu GTSDB, TT100K, va LISA dong vai trd quan trong trong viéc danh gia hiéu suat cac
hé théng nhan dién bién béo [2].

Zhu va cong su da gidi thiéu bo dir liéu Tsinghua-Tencent 100K (TT100K) véi 100.000
hinh anh chtra 30.000 bién bao duoc ch thich, cing mot md hinh CNN cai tién tir OverFeat
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dé adng thoi phat hién va phan loai bién bao. M6 hinh nay vuot tréi hon Fast R-CNN trong
viéc xir 1y céc bién bao ¢6 kich thuc nho, mét théch thirc phd bién trong cac b dir ligu
thyc té. Két qua cho thiy cac phuong phap phat hién ddi tuong thong thuong thuong khong
hiéu qua voi cac bién bao nho, nhan manh nhu cau cai tién kién tric mang hoc sau [9].

Vé khia canh ngit nghia, Bhuyan va cong su da phat trién mot ontology cho h¢ thong

giao thdng thong minh (ITS), tich hop cac nguon dir liéu da dang dé hd tro quan ly giao
thong bén viing. Ontology nay bao goém cac khéi niém chinh nhu mai truong, truyén thong,
va trang théi thoi tiét, gilp nang cao kha ning chu giai va ra quyét dinh trong thoi gian
thuc. Su tich hop nay khong chi cai thién d6 chinh xéc trong nhan dién ma con tang cuong
kha ning hiéu ngir canh cua cac bién béo giao théng [8].
Cac nghién ctru trén cho thay CNN va cac bién thé nhu R-CNNs [5] va H-CNNs [6] mang
lai hiéu qua vuot troi trong nhan dién bién béo, nhung van ton tai thach thic lién quan dén
kich thudc bién béo nho, didu kién moéi truong khic nghiét, va tai nguyén tinh toan. Viéc
tich hop ontology véi hoc sau, nhu trong , cung cdp mot giai phap tiém nang dé giai quyét
cac han ché nay, tao tién dé cho céc hé thong giao théng thdng minh hiéu qua va linh hoat
hon.

3. TONG QUAN CAC PHUONG PHAP PE XUAT
Nghién ciru dé xuat mot h¢ thong két hop hai thanh phan chinh: mang no-ron tich
chap phéan cap (H-CNNs) va ontology, nham nhan dién va cha giai bién bao giao théng
mot cach toan dién.

3.1. Mang no-ron tich chap phan cap (H-CNNs)

Mang no-ron tich chap phan cap (Hierarchical Convolutional Neural Networks - H-
CNNs) la mot bién the tién tién cua mang no-ron tich chap (CNN), dugc thiét ké dé trich
Xuit dic trung theo cau tric phan ch, nham cai thién hiéu suat trong cac bai toan thi giac
may tinh phuc tap nhu nhan dién bicn bao giao thong [6]. Khac véi CNN truyen thong sur
dung mét luong xt ly tuyen tinh , H-CNNs t6 chirc cac 16p tich chéap thanh nhieu nhanh
song song, moi nhanh tap trung vao Viéc trich xuat déc trung ¢ cac cap do khac nhau (thap,
trung binh, va cao). bieu nay cho phép mé hinh nam bat dugc cac déc trung da dang va
chi tiét hon tur hinh anh, dac biét hiru ich trong cac tinh huéng cé su bién doi vé kich thudc,
goc nhin, va dieu Kién mai truong [4].

H-CNNs duoc thiét ké véi kién tric da nhanh:

Nhanh cdp thap: St dung bd loc Conv2D (32 filter, kich thuéc 3x3) va
MaxPooling2D (2x2) dé trich xuat dac trung co ban nhu canh va hinh dang.

Nhénh cap trung binh: Gom hai I6p Conv2D (64 filter, kich thudc 5x5 va 3x3) két
hop MaxPooling2D, tap trung vao dac trung phirc tap hon nhu két cau.

Nhanh cip cao: Sir dung Conv2D (128 filter, kich thudc 7x7) va MaxPooling2D dé
trich xuat dac trung toan cuc, phu hgp vai bién bao cé kich thudc 16n hoac bién dang.

Két hgp: Céc nhanh duoc néi qua I6p concatenate, sau d6 qua 16p Dense (512 no-
ron) va Dropout (d€ giam overfitting), cudi cing la I6p Dense (43 no-ron) véi ham softmax
dé phén loai 43 I6p bién béo.

Uu diém ctia H-CNNs so v6i CNN tiéu chuan va R-CNNs nam & kha nang t6i uu hoa
tai nguyén tinh todn va tdng cuong d chinh xac trong cac bai toan yéu cau xur ly thoi gian
thuc [5]. Nghién ctu caa Chakraborty va cong su da chi ra rang H-CNNs giam thiéu so
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lugng tham s6 can thiét nho cau tric phan cp, dong thoi cai thién hi¢u suat trén khong
gian dong nhat Riemannian [6].

3.2. Ontology bién bao giao théng
Ontology duoc xay dyng dé t6 chirc thong tin bién bao theo ciu trdc ngit nghia:

Lép chinh: TrafficSign la lop goc, bao gdm cac I6p con nhu: RegulatorySign: Bién
quy dinh (vi du: “Giéi han toc d6 50 km/h”). ProhibitionSign: Bién cam (vi du: “Cam
vuot”). WarningSign: Bién canh bao (vi du: “Khuc cua nguy hiém”). InformativeSign:
Bién thong tin (vi du: “Tin hiéu giao thong™). DirectionalSign: Bién chi dan (vi du: “Ré&
phai phia trudc”).

Thugc tinh: Mai bién bao c6 thude tinh nhu belongs_to (thuéc danh muc nao) va
label (tén/y nghia).

Cong cu: Su dung RDF (Resource Description Framework) va Turtle dé biéu dién,
véi truy van SPARQL dé lay théng tin cha giai tir két qua phan loai cia H-CNNs.

Ontology khéng chi hd tro cha giai ma con cho phép tich hop vai céc hé théng giao
thong khac, tang tinh linh hoat va kha nang mo rong.

3.3. M0 hinh thuit toan dé xuat

Céc budc chinh thuat toan bao gom:
1. Tién xu ly anh: Chuyén sang grayscale, can bang histogram, chuan héa.
2. Nhan dién bién b&o: Str dung H-CNNs dé phat hién va phan loai.
3. Cha thich: Anh xa két qua phan loai véi thong tin ngir nghia tir ontology.
Tich hop va tuong tac gitra H-CNN va Ontology trong hé théng:

Sau khi hinh anh bién bao giao thong duoc phat hién va cit tir anh goc bang OpenCV, md
hinh H-CNN (Hierarchical Convolutional Neural Network) s& nhan dau vao 1a anh bién
béo da qua tién xtr ly. H-CNN thuc hién phan loai va xuat ra nhan 16p (class index) twong
rng véi loai bién bao giao thong trong bo dix liéu.

Két qua phan loai nay (Vi du: classIndex = 42) dong vai trd 1a khoa truy van cho budc
tiép theo. Hé thong s& sir dung chi sé 16p nay dé truy van vao Ontology bién béo giao théng
da xay dung sin. Ontology duoc t6 chic theo cau tric ngir nghia, trong d6 mdi bién bao
(mdi class index) 1a mot thuc thé (instance) thudc mét 16p (class) nhu Bién cam, Bién chi
dan, Bién canh béo, v.v. Mdi thuc thé nay chtra cac thudc tinh nhu: tén bién béo, ¥ nghia,
hinh anh minh hoa, diéu kién &p dung, nhém bién béo, v.v.

_ Cu thé, hé thong str dung thu vién RDFlib dé gui truy van SPARQL dén Ontology,
lay vé thong tin chi tict va y nghia ngit nghia cua bién bao twong ung vai class index vira
nhan dién. Thong tin nay c6 thé bao gom: Tén day du cua bién béo (vi du: “Két thuc cam

7
A

vuot d6i vé6i xe trén 3.5 tn™). Loai bién béo (cim, canh bao, chi dan...). Y nghia chi tiét,
huéng dan &p dung. Hinh anh minh hoa (néu c6). Cac thugc tinh mé rong khac (vi du: diéu
kién thoi gian, vi tri ap dung...).

Nhu vay, md hinh H-CNN va Ontology tuong tic theo co ché ndi tiép: H-CNN chiu
trach nhiém nhan dién, phan loai bién bao tir anh, con Ontology dam nhan vai tro chd giai
ngir nghia, cung cap thong tin chi tiét cho ting loai bién béo duya trén két qua nhan dién.
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Su két hop nay gitip h¢ thong khong chi ding lai & viéc nhan dién chinh x4c ma con dem
lai kha nang giai thich, m¢ rong tng dung trong cac hé thong giao thdng thdng minh, hd
tro 1ai xe tu dong va nang cao an toan giao théng. Quy trinh chi tiét dugc minh hoa trong
hinh 1.

Algorithm 1 Thuit todn nhin dién va Chii thich Bién bio giao thing
1: Input: Tip dit ligu hinh Anh D (GTSKRB), video hodc inh thie té [
2: Output: Danh sich hién hio ditge nhan dien v chi gial K
Bude 1: Tién xit I dit ligu
for mai dinh i € L) do
Chuyén i sang anh xam: ig,, = GrayScale(i)
Can biing histogram: iy, — Histogramlqualization(igay, )
Chuan héa pixel: ipgm = Normalize(iggg, [0, 1])
Tang cuimg dit ligu: Dy = Augment(ingem) {xoay, dich, phing to}
% end for
1k Bude 2: Phat hién bién bao

11: B = OpenCVpetect(l) > Khoanh vimg bién bio bing OpenCV
12: for méi vimg b e B do

1% Cit vi chuan héa vimng: bpgm = CropAndNormalize(b)

14: Bude 3: Phian loai bing H-CNNs

15: Flow = ConvBranef | buoem) B 32 ho loc 3x3
16: Fimig = Comv Branchp{ buarm ) 64 b loc hxh, 3x3
17 Fhign = ConvBranchpgn(bnorm) = 128 hd loc Tx7T
18: F = Concatenate( Fiow, Finid, Fhigh)

14 "y = DenseLayer| F, 43) = Phiin loai thimh 43 lap

20 end for
21: Bude 4: Chi giai bing Ontology

22: () = LoadOntology( RDEF, Turtle) & T4 ontology bién bio
23 for mai lap O do

24: Sp = SPARQLQuery(0, ) & Truy vin ¥ nghia ngit nghia
25: Ry = (Ch, S) - Kit hop lop v chi giai

i H=HKUHR,
27: end for
25: return

Hinh 1. Thuat todn nhan dién va chl giai bién bao giao thong.
4. BAI TOAN NHAN DIEN VA CHU GIAI BIEN BAO GIAO THONG
4.1. Bp dir liéu

Bo dir ligu GTSRB (German Traffic Sign Recognition Benchmark) dugc sir dung,
bao gom:
50.000 hinh anh véi 43 16p bién bao giao théng.

Kich thudc anh da dang tir 15x15 dén 250x250 pixel.

Chia ty 1&: 60% huan luyén (39.000 anh), 20% xac thuc, 20% kiém tra (12.000
anh).
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Dit liéu nay co d6 twong dong cao vai bién bao tai Viét Nam, phi hop dé danh gia
hiéu qua caa mo hinh.

4.2. Quy trinh thuc nghiém mé hinh thuat toan dé xuét

4.2.1. Tién it Iy da ligu _)
Chuyen doi anh: Tu RGB sang grayscale dé giam d¢ phuc tap tinh toan

def grey scale(img):
img = cv2.cvtColor(img, cv2.COLOR_BGR2GRAY)
return img

Can bing histogram: Cai thién d¢ tuong phan

def equalize(img):
img = cv2.equalizeHist(img)
return img

Chuin héa: Chia gié tri pixel cho 255 dé dua vé khoang [0,1]

def preprocessing(img):

img = grey_scale(img)

img = equalize(img)

img =img/ 255

return img

X_train = np.array(list(map(preprocessing, X_train)))

Ting cwong dir ligu: Sir dung ImageDataGenerator véi cac phép bién doi

dataGen = ImageDataGenerator( width_shift_range=0.1,
height_shift_range=0.1, zoom_range=0.2, shear_range=0.1, rotation_range=10

dataGen.fit(X_train)

4.2.2. Xay dung md hinh h-cnns

Kién tric gom 3 nhanh:Nhanh 1 (cap thap), Nhanh 2 (cap trung binh), Nhénh 3 (cp
cao), Ket hop: Noi cac nhanh qua concatenate, thém lop Dense va Dropout. Bién dich: Su
dung optimizer Adam va ham mat mat categorical crossentropy.
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Hinh 2. Kién trGic mo hinh h-cnn.
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~ Hinh 2. Kién trdc md hinh H-CNN (Hierarchical Convolutional Neural Network) dé
xuat. M& hinh gom ba nhéanh song song:

Nhanh cap thip (Low-level branch) st dung Conv2D (32 filters, 3x3) va
MaxPooling2D dé trich xuat dic trung co ban nhu canh, hinh dang. Nhanh cap trung binh
(Mid-level branch) gE)m hai I6p Conv2D (64 filters, 5x5 va 3x3) va MaxPooling2D, tap
trung vao dic trung két cau. Nhanh céap cao (High-level branch) st dung Conv2D (128
filters, 7x7) va MaxPooling2D dé trich xuat dac trung toan cuc cua bién bao. Cac nhanh
duogc két hop qua 16p concatenate, sau d6 qua Dense (512 no-ron) va Dropout, cudi Cung
12 16p phan loai Softmax (43 16p). Kién tric nay gidp md hinh nhan dién hiéu qué cac bién
bao giao thdng véi nhiéu kich thudc va diéu kién khac nhau, t6i uu hoa tai nguyén tinh
toan.

4.2.3. Phét hién va phan loai
Phat hi¢n: Sir dung OpenCV dé khoanh viing bién bao.
Phan loai: Gan nhan I6p cho bién béo dua trén dau ra cia H-CNNSs.

predictions = model.predict(crop_img)
classindex = np.argmax(predictions, axis=1)
print(f"Predicted class: {classIndex}")
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4.2.4. Chu thich vgi Ontology

Legend

URI Creation RDF Graph Population Semantic Querying Ontology Construction SPARQL Query

| |

Create RDF Graph Retrieve Sign Meaning

!

v

Iterate Through'\nTraffic Sign
Categories

Display Sign Interpretation

For Each Category For Each Sign in Category
Create Category URI Create Sign URI Untitled Node
Add Category Type Link Sign to Category

}

Add Sign Label

Hinh 3. Ontology cha thich bién bao.

Ontology: Str dung RDFlib xay dung. Truy vén sir dung SPARQL dé lay y nghia bién
bao. Hinh 3 minh hoa ciu trac ontology dugc xay dung dé quan ly va chd giai thong tin vé
cac bién béo giao thdng. Ontology nay td chirc cac bién béo thanh cac I6p chinh nhu Bién
quy dinh (RegulatorySign), Bién cim (ProhibitionSign), Bién canh bao (WarningSign),
Bién chi dan (DirectionalSign) va Bién thong tin (InformativeSign). Mdi thuc thé bién bao
trong ontology dugc gan cac thudc tinh nhu tén, y nghia, nhom bién bao va cac thdng tin
lien quan khac. Cau tric nay cho phép hé thng dé dang truy van, anh xa két qua phan loai
tir md hinh H-CNN sang théng tin ngit nghia, ho trg giai thich va mé rong tmg dung trong
cac hé théng giao thdng thdng minh.

5. KET QUA THUC NGHIEM

5.1. Méi trwong thuc nghiém

Sir dung TensorFIow, Keras, OpenCV trén bo dit liéu GTSRB, huén luyén véi 100
epochs trén phan ciing GPU (Nvidia GeForce GTX 650 hoac twong duong).
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5.2. Két Qua ,
Bdng 1.Két qua ddnh giG mé hinh H-CNNs

Thong sé Tap huin luyén Tap xac thuc
Do chinh xac 94.83% 99.35%
Loss 0.1781 0.0228
Thoi gian 100 epochs N/A

M6 hinh cho thiy kha nang tong quét tot, khong bi overfitting (loss thap trén ca hai
tap). Ontology ho trg chd giai chinh xac cac bien bao, vi du: bién bao 16p 42 dugc chi giai
1a “Két thdc cam vuot doi vai xe trén 3.5 tan”.

D¢ danh gia toan dién wu diém cua md hinh H-CNN dé xuét, nhém nghién ciru da
tién hanh huﬁrJ luyén va kiém thir cac mé hinh hoc sau pho bien khé&c trén cung tap dir liu
GTSRB va dicu kién thyc nghiém tuong tu, bao gom:

CNN truyén thdng (kién trac tuyén tinh 4 16p Conv2D)

R-CNN (Region-based CNN, sur dung phat hién vung va phan loai)

H-CNN (m6 hinh dé xuét)

Két qua so sanh duoc trinh bay ¢ Bang 2:

Bang 2. Két qua danh gid 3 md hinh

M& hinh Do chinh xéc (Train) Do chinh x&c (Validation)
CNN 93.12% 97.85%
R-CNN 94.01% 98.12%
H-CNN 94.83% 99.35%
Nhan xét:

M0 hinh H-CNN dat d6 chinh x4c cao nhat trén ca tap huan luyén va xac thyc, dong
thoi c6 s6 tham sb thap nhat, gidp téi wu tai nguyén va thoi gian huan luyén. R-CNN tuy
¢6 do chinh x4c kha cao nhung thoi gian huan luyén dai va doi hoi nhiéu tai nguyén do
phai phét hién ving déi twong truéc khi phan loai. CNN truyén thong c6 hiéu qua tét nhung
kém hon H-CNN vé d chinh xac va kha ning tong quat hoa trén tap xac thurc.

6. KET LUAN VA KHUYEN NGHI

6.1. Kétluan

M6 hinh H-CNNs két hop ontology dat higu Suit cao, véi do chinh xéac 94.83% trén
tap huin luyén va 99.35% trén tap xac thyc, cing mirc méat mat thap Hé thong khéng chi
nhan dién chinh x4c ma con cung cap thong tin ngir nghia chi tiét, mo ra tiém nang Gng
dung trong giao théng thong minh va hd tro lai xe tu dong.

6.2. Khuyén nghi

Xay dung b dit liéu bién bao giao thong Viét Nam day du hon, bao gdm cac bién
béo dic trung dia phwong. T6i vu hoa md hinh H-CNNs dé giam tai nguyén tinh toan, phu
hop véi thiét bi nhing. Thir nghiém thuc té trong cac diéu kién méi truong da dang (mua,
swong mu, ban dém). M rong ontology véi céc thudc tinh chi tiét hon (vi du: diéu kién ap
dung, hinh anh minh hoa).
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ABSTRACT
TRAFFIC SIGN RECOGNITION AND ANNOTATION SYSTEM
USING DEEP NEURAL NETWORKS

Bui Cong Danh
Ho Chi Minh City University of Industry and Trade

*Email: danhbc@huit.edu.vn

This paper introduces an advanced framework for traffic sign recognition and
semantic annotation, integrating the capabilities of Hierarchical Convolutional Neural
Networks (H-CNN) with an ontology-based approach. The study addresses the
shortcomings of conventional traffic sign recognition technigques and earlier deep learning
models, focusing on improving processing speed, optimizing resource utilization, and
enhancing the provision of semantic information related to traffic signs. The proposed
model comprises three primary phases: traffic sign detection using OpenCV, sign
recognition and classification via an H-CNN architecture trained on the German Traffic
Sign Recognition Benchmark (GTSRB) dataset, and annotation retrieval facilitated by a
structured ontology. The ontology encapsulates visual features, regulatory conventions,
and meanings of traffic signs, enabling the delivery of detailed and interpretable
information. Experimental evaluations reveal that the H-CNN model achieves a high
classification accuracy of 94.83% on the training set and 99.35% on the validation set. The
developed ontology offers a robust framework for managing and querying annotation data.
This synergistic combination empowers the system to not only accurately identify traffic
signs but also provide contextually relevant semantic insights, thereby contributing to
improved road safety and the advancement of autonomous driving technologies.

Keywords: Traffic sign recognition, deep learning, Hierarchical Convolutional
Neural Network (H-CNN), ontology, intelligent transportation systems.
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TOM TAT

Hé théng goi ¥ dong vai tro quan trong trong viéc nang cao trai nghiém nguoi dung bang
cach phén tich hanh vi va s¢ thich dé dua ra cac dé xuat phu hop. Bai viét nay tong hop va
phan tich cac phuong phap tién tién duoc ap dung trong hé thng goi ¥, bao gdm loc cong tac,
loc theo ndi dung, mé hinh lai, cling nhu cac ky thuat hién dai nhu hoc sau va hoc ting cuong.
Dic biét, bai viét nhin manh vai tro cua phan tich cam xtic, t8i wu hoa tham sd, va cac chién
lwoc cai thién hiéu suit hé théng trong moi truong dong. Bén canh d6, nhiing thach thirc chinh
nhu dit liéu thua thét, khéi dong lanh va tinh thich ing theo thoi gian ciing dugc dé cp, tir d6
dé xuat cac hudng nghién ciru tiém ning nham nang cao hidu qua ciia hé thong goi ¥ trong
tuong lai.

Tur khoa: HE théng g01y; Loc cong tac; Loc theo ndi dung; Mo hinh lai.

1. GIOI THIEU

Su phat trién nhanh chong cua cong nghé s6 da dan dén viéc tao ra mot luong dir liéu
khéng 16 mdi ngay, dic biét 1a tir hanh vi truc tuyén cia nguoi dung. Tuy nhién, khéi luong
dir liéu khéng 16 nay dat ra nhiéu thach thirc, bao gdm viéce xur 1y, phén tich va trich xuét thong
tin hitu ich dé dap ung nhu cau ca nhan hoa trai nghiém ngudi dung bPé gial quyet van de nay,
hé thong goi y (Recommendation Systems) xudt hién nhu mot giai phap thiét yéu gitp to chirc
va c& nhan hoa thong tin. Bang cach phan tich dir liéu hanh vi va so thich ctia nguoi ding, cac
hé thong nay c6 thé dwa ra nhitng d& xuat phu hop, hd trg nguoi ding tim kiém ndi dung nhanh
chong va chinh xac hon. [1], [2].

Nhirng hé thong ndy van hanh dya trén viéc phén tich cac mau dit liéu nhu hanh vi truy

cap, tuong tac véi san pham hoic noi dung, va cac dac diém ca nhan cia nguoi dung. Nho kha
nang hoc tir dit liéu lich sir, hé thdng co thé dwa ra cac dé xuat 6 do chinh xéc cao, gop phan
nang cao trai nghiém nguoi ding ciing nhu cai thién hiéu suit kinh doanh ciia cac nén tang s6
(31, [4].
Ung dung cua hé théng goi ¥ trai rong trong nhiéu linh vuc: tir dich vu phat truc tuyén phim
va nhac (nhu Netflix, Spotify), thuong mai dién tir (Amazon, Tiki), dén truyén thong xa hoi
va quang céo k¥ thut s (Facebook, YouTube). Viéc tich hop cac hé thdng nay khong chi
gitip t6i wu hoa su twong tac gitta ngudi dung va hé théng ma con tao ra gié tri kinh té thong
qua céc chién lugce tiép can khach hang ca nhan hoa [5].
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Tuy nhién, qua trinh phat trién va trién khai h¢ thong goi y hién dai dat ra nhiéu thach
thirc ky thuét. Cac véan d& nhu tinh chinh xéac, kha nang m¢ rong, va xu ly thoi gian thyc 1a
nhitng yeu t6 can dugc giai quyét triét dé [6], [7]. Ngoai ra, cac tinh huéng khoi tao lanh (cold
start), nguon gde, Vi tri ctia nguoi ding hodc san pham con han ché, ciing anh huong 16n dén
chat luong goi v [8], [9].

Trude nhitng yéu cau nay, cic _cong nghé mdi nhu Deep Learning va Reinforcement
Learning dé duoc tich hop vao hé thong goi ¥ nham nang cao do thich nghi va kha nang hoc
tu dong [10], [11]. Nhiing t1ep cin ndy mo ra trién vong phat trién cac hé thong goi y thong
minh hon, ¢6 thé tu dong diéu chinh theo hanh vi nguoi dung va hoat dong hi¢u qua trong moi
truong dir liéu phuc tap [12], [13].

2. CAC PHUONG PHAP GQI Y
2.1. Phwong phap loc cdng tac (Collaborative Filtering)

Loc cong tac (Collaborative Filtering - CF) 1a mét trong nhimg phuong phap phd bién
nhit trong hé théng goi y, dua trén gia dinh rang nhitng ngudi dung da ting 6 s¢ thich twong
tu c6 xu hudng thich cac myc giéng nhau trong tuong lai [7],[10]. Phuong phap nay bao gom
loc dua trén nguoi ding (User-based CF) va loc dua trén san pham (Item-based CF), trong d6
hé thong phan tich hanh vi nguoi dung hodc sy twong dong giita cic san pham dé dua ra dé
xudt [6], [8]. Tuy nhién, phuong phap niy gip phai van d& cold start va dit liéu thua thdt, gay
anh huong dén chat luong goi y [4], [9].

2.2. Phwong phap loc dwa trén ndi dung (Content-Based Filtering)

Trai nguoc vai loc cong tac, phuong phap loc dua trén ndi dung (Content-Based Filtering
- CBF) phan tich dic diém san pham dé dua ra goi ¥ phu hop véi so thich ¢4 nhan cua nguol
dung [5],[14], [15]. Cac thuat toan nhu TE-IDF, Word2Vec va BERT duoc st dung dé phén
tich dir liéu va xay dung hd so ngudi dung dya trén s¢ thich truge do [12]. Du c6 uu dlem
trong viéc dua ra goi y ngay ca khi thiéu dir liéu ngudi dung, phuong phéap nay dé gip van dé
over-specialization, khi chi d& xuit nhitng ndi dung tuong ty va lam giam su da dang cta goi

y [11.[13] .
2.3. Phwong phap lai (Hybrid)

Heé théng goi y theo mé hinh Hybrid két hop glua loc cong tac va loc dua trén ndi dung,
gitip tan dung wu diém cua timg phuong phdp va giam thiéu cac han ché riéng 1¢ [4]. Cac
phuong phap két hop phd bién bao gdm két hop song song, loc hai budc, va mé hinh thong
nhat. Vi du, Netflix sir dung phwong phap nay dé két hop phén tich hanh vi nguoi ding va dic
diém nodi dung phim, tir d6 dwa ra goi ¥ chinh xac hon [13].

3. CAC NGHIEN CU'U LIEN QUAN

Hé thong goi ¥ da tré thanh mot linh vy nghién clru quan trong trong nhiéu nim qua,
v6i nhidu phuong phap va ki thuat khac nhau duoc dé xudt nham cai thién do chinh xac va
tinh c4 nhan hoa cua cac goi y. Cac nghién ctru gin day tap trung vao viéc két hop loc cong
t&c (Collaborative Filtering — CF) v6i cac phuong phap hoc sdu (Deep Learning) va phan tich
cam xuc (Sentiment Analysis — SA) dé ning cao hiéu suit cta hé thong.

Theo Karabila et al. [7], viéc két hop loc cong tac v6i phén tich cam xac (Sentiment
Analysis — SA) c6 thé cai thién dang ké d6 chinh xac ctia hé thong goi y. Trong nghién clru
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clia tac gia, md hinh Bi-LSTM duoc str dung dé phan tich cam xuc tir danh gia vin ban, gitip
bd sung thong tin nglt nghia vao qua trinh goi y. Qua viéc thyc nghi€m trén tap dir liéu Kindle
Book va Amazon Digital Music, két qua cho thiy Bi-LSTM dat d6 chinh xac 93% va 94%,
vuot troi hon SVM va Naive Bayes. Khi tich hgp SA vao CF, User-based CF dat MAE =1.12
va RMSE = 1.30 v6i o = 0.7, trong khi Item-based CF t6i wu voi o= 0.3 (MAE =1.18, RMSE
= 1.35). Ngoai ra, md hinh CF + Bi-LSTM ciing thé hién hiéu suat vuot tréi hon CF + SVM
khi MAE giam tir 1.77 xubng 1.16.

Ngoai ra, theo Khababa et al. [16], mot trong nhirng thach thirc 16n ddi voi cac hé thng
goi ¥ 1a viée du doan chét luong dich vu (QoS) trong maéi truong web dong. Tac gia da tién
hanh phén tich toan di¢n vé céc k¥ thuat loc cdng tac trong viéc dy doan QoS cho dich vu web,
ddng thoi chi ra rang cac phuong phap hybrid va mé hinh theo ngit canh c6 thé giup cai thién
hiéu suét ciia hé thong goi y. Tuy nhién, cac hé théng nay van gip kho khin trong viée thich
g voi mdi truong dong va yéu cau nhitng phuong phap du doan thich tmg theo thoi gian
thue.

Bén canh d6, Singhal S. va Pal K. [18] da dé xuat mot mo hinh két hop phén tich cam
xic (Sentiment Analysis — SA) va CF dé nang cao d6 chinh xac ciia hé thong goi ¥ trong
thuong mai dién tir. NhOm tac gia sir dung mo6 hinh Multi-Layer Attention-based Encoder-
Decoder Temporal Convolution Neural Network (MLA-EDTCNet) dé phan tich cam xtic, két
hop v6i CF nham téi wu hoa kha ning c4 nhan hoa dé xuat. Ngoai ra, Modified Conditional
Generative Adversarial Network (MCGAN) dugc st dung dé xir Iy van dé mit can bang 16p
dir lidu, trong khi thuat toan tdi uu Ocotillo (OcOA) gitip tinh chinh cac tham s6 mé hinh. Két
qua thir nghiém trén dir liéu san phim Amazon cho thay phuong phép nay vuot trdi hon céc
mo hinh truyén théng vé do chinh xac, do nhay, d6 chinh xac va diém F1-score.

Theo Pérez-Almaguer va cong su [5], cac md hinh goi ¥ nhom dya trén ndi dung
(Content-Based Group Recommender Systems — CB-GRS) dugc danh gia qua ba phuong
phap: mé hinh dya trén luat, mé hinh hoc may, va mé hinh lai. Két qua thuc nghiém cho thay
mod hinh dya trén luat c6 d6 chinh xac 64.3%, Personalization Score 52.1%, va Group
Satisfaction 58.7%, nhung thiéu kha ning thich tng. Trong khi d6, mé hinh hoc may dat hiéu
sudt cao hon, v6i SVM c6 Precision 79.2%, Recall 76.3%, va Fl-score 77.7%, vuot troi hon
Naive Bayes (F1-score 70.2%) va Decision Trees (F1-score 73.1%). Trong nghién ctru nay,
mo hinh lai (Hybrid Models) két hop loc cong tac (CF) va loc noi dung (CB Filtering) mang
lai két qua tdt nhét. Cu thé, CF + CB Filtering dat F1-score 80.4%, trong khi Bi-LSTM + CB
Filtering dat 84.9%, cung v&i Personalization Score 82.4% va Group Satisfaction 85.3%, cho
thdy kha ning c4 nhan héa va sy hai 1ong ctia nhém dugc cai thién dang ké.

Theo Xu Z. va cong su [15], hé thdng goi ¥ bai bao dua trén ndi dung dugc cai tién bang
cach phén tich hanh vi tim kiém thong tin cta nguoi dung dbi v0i ba phan chinh cta bai bao:
nén tang, phuong phap va két qua. M6 hinh dé xuét sir dung céu trac loc dya trén ndi dung
(CBF), trong d6 mdi phan vin ban dugc vector hda va gan trong s khac nhau tiy theo mirc
d6 uu tién cta nguoi ding. Két qua thuc nghiém trén tap dit liéu DBLP cho thiy phuong phap
nay dat Recall@5 1a 81.25% va MAP 1a 80.81%, vuot trdi so vai sau mé hinh baseline khéng
phan tach ndi dung. Nghién ciru ctia nhom tac gia cho thay viée diéu chinh trong s theo hanh
vi tim kiém gitp cai thién do chinh xac va mic do ca nhan hoa cua hé théng, dac biét trong
cac tinh huéng ngudi dung c6 nhu cdu chuyén biét nhu 14 chi quan tim dén phan phuong phép
hoic két qua nghién ctru.

Tac gia Neve [14] di trinh bay phuong phap loc ndi dung trong hé thong goi ¥ tuong hd
(Reciprocal Recommender Systems) trong nghién cuu Content-Based Filtering thugc
Reciprocal Recommender Systems. Tac gia da dé cap dén hai nghién ctru dién hinh tiéu biéu
d6 1a Recon (sir dung dir liéu phan loai dé dua ra g01Y), va ImRec (dya vao dir liéu hinh anh
dé thue hién goi y). Nghién ctru cua Neve ciing dé cap dén cac khia canh quan trong nhu trich
xuét dit liéu va trién khai thuat toan loc ndi dung. Ngoai ra, tac gia da phan tich vu nhuoc diém
cua céc thuat toan loc ndi dung so voi loc cong tac.
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Theo tac gia Amany Sami va cong sy [13], mé hinh goi ¥ lai HRS-1U-DL duoc dé xuit
nham cai thién d6 chinh x4c va kha nang ca nhan hoa trong h¢ thng goi y. M6 hinh nay két
hop Loc cong tac (CF), Loc cong tac than kinh (NCF), Loc theo ndi dung (CBF), va Mang no-
ron hdi quy (RNN) dé khic phuc cac han ché cua phuong phap truyén thong nhu van dé dir
liéu thua that va khoi dong lanh. Két qua thyc nghiém trén b dir liu MovieLens 100k cho
thdy HRS-1U-DL dat RMSE = 0.7723, MAE = 0.6018, Precision = 0.8127, va Recall = 0.7312,
vuot troi hon so véi cac moé hinh khac nhu SVD (RMSE = 0.943, MAE = 0.744, Precision =
0.715, Recall = 0.620) va NCF (RMSE = 0.935, MAE = 0.738, Precision = 0.722, Recall =
0.628). Dic biét, sau khi toi vu hoa tham s6, mo hinh dé xuat gitip cai thién dang ké do6 chinh
xé4c va do phu hop cua goi ¥, dong thoi xir 1y tot hon xu huéng thay doi so thich cia ngudi
dung theo thoi gian. Nhin chung, nghién ctru nay khang dinh rang viéc két hop hoc siu va
thuat toan goi ¥ truyén thong trong mot hé thong lai co thé nang cao chét luong goi ¥ dang ké.

4. THACH THUC VA HUONG NGHIEN CUU TUONG LAI

Duya trén cac nghién ciru duge phan tich, c6 thé thiy rang hé thong goi y dd c6 nhiéu cai
tién dang ké nhd vao su két hop giita cac phuong phép truyén théng nhu loc cong tac véi cac
k¥ thuat tién tién nhu hoc siu, phan tich cam xuc va cac mo hinh lai. Bang 1 dudi day tong
hop céc nghién ctru lién quan dugc trinh bay ¢ phan trén, mo ta chi tiét vé phuong phéap, mo
hinh st dung, tap dir liéu va két qua chinh ctia timng nghién ciru.

Bdng 1. Toéng hop cac nghién ctru vé hé thong goi y

Nghién ctru Phuong phap M@ hinh st Tap dir lieu | Két qua chinh
dung
Karabila et al. [7] SA + CF Bi-LSTM, Kindle Bi-LSTM dat
SVM, Naive Book, 93%-94%
Bayes Amazon chinh xéac. CF
Digital + SA cai thién
Music MAE va
RMSE.
Khababa et al. [16] CF Hybrid CF, mé | Dich vu Web | Hybrid CF cai
hinh theo ngir thién du doan
canh QoS nhung
gap khoé khan
trong moi
truong dong.
Singhal S. and Pal SA +CF MLA- San pham Cai thién do
K [18] EDTCNet, Amazon chinh xac, d6
MCGAN, nhay,
OcOA Precision, F1-
score so Vai
CF truyén
théng.
Pérez-Almaguer et CB-GRS Luat, Hoc may, | MovieLens Hybrid (Bi-
al. [5] Hybrid (CF + 100 K. LSTM + CB
CB Filtering, HetRec Filtering) dat
Bi-LSTM + CB F1-score
Filtering) 84.9%, cai
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Nghién cau Phuong phéap M hinh sir Tap dir lieu | Két qua chinh
dung
thién ca nhan
héa va su hai
1ong nhom.
Xu Z. [15] CBF BERT, Digital Recall@5 =
SPECTER Bibliography 0.8125va
& Library MAP =
Project 0.8081, cao
(DBLP) hon cac
phuong phap
baseline khong
phan tach noi
dung.
Neve [14] Hé thong goi y RECON (dir Dt liéu dich Phan tich
tuong hd liéu phan loai), vu hen hd | wu/nhuoce diém
ImRec (dit liu | tryuc tuyén cua loc noi
hinh anh) Pairs dung so vai loc
cong tac.
Amany Sami etal. | Hé théng goi ¥ HRS-1U-DL Movielens RMSE =
[13] lai (CF, NCF, CBF, 100k 0.7723, MAE
RNN) = 0.6018, cai
thién do chinh
xac va kha
nang ca nhan
hoa.

Bang 1 tom tit nhitng dong gop quan trong tir cic nghién ciru khac nhau, 1am ndi bt nhimg
cai tién trong hé théng goi y théng qua viée ap dung cac phuong phap hoc siu va k¥ thuat lai.
Nhiing két qua dat dugc khéng dinh rﬁng su két hop gitta CF, SA, hoc sau va cac thuat toan
t1 wu c6 thé gitp nang cao chit lwong va do chinh x4c cua hé thong goi ¥, tir d6 cai thién trai
nghiém nguoi dung.

Tuy nhién, cic hé thong goi ¥ hién dai van gip nhléu thach thirc, dic biét 1a van dé cold
start va kha nang mo rong [9]. Giai phap tiém niang bao gdm viéc ap dung mo hinh hybrid, két
hop ca loc cong tac va loc noi dung dé tan dung thong tin tir nhiéu ngudn khac nhau [4] . Ngoai
ra, cac phuong phap hoc chuyén giao (Transfer Learning) va mo hinh hoc siu st dung
metadata ciing dang duoc nghién ciru nham cai thién do chinh x4c trong bdi canh dit liéu han
ché [1], [12].

Cé4c hudng nghién ctru trong twong lai c6 thé tap trung vao viéc mé rong kha ning hoc
ctia hé thong goi y thong qua tich hop hoc sau véi Transfer Learning, nham nang cao kha ning
khai quat hoa trong cac méi truong dir licu da mién. Dong thoi, viée tng dung cac kién trac
hién dai nhu Transformer va GPT c6 tiém nang 16n trong viée xir Iy ngilr canh va cai thién chat
luong goi ¥ theo thoi gian thuc [18]. Bén canh dé, cac nghién clru gan day ciing nhan manh
vai tro cta hoc tang cuong sdu (DRL) trong viée thich img vo1 hanh vi nguoi dung dong, voi
cac hudng tiép can trién vong nhu tich hop Multi-Agent RL va Hierarchical RL dé xu 1y cac
tac vu phuc tap, ap dung Inverse Reinforcement Learning (IRL) dé tu dong suy luan ham
thuong, cling nhu két hop voi Graph Neural Networks (GNNs) nham ting cuong kha ning
biéu dién va giai thich ctia mé hinh [19].
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5. KET LUAN

Nghién ctru niy tong quan cac phuong phap phd bién trong hé théng goi y, dong thoi
danh gi4 hiéu suat ctia tng phuong phap dua trén cac nghién ciru thuc nghiém. Két qua cho
thiy mo hinh lai két hop CF, NCF, CBF va RNN (HRS-IU-DL) vuot troi hon so véi cac
phuong phap riéng 18.

Céc hudng nghién ctru tuong lai s€ tap trung vao viéc tich hop hoc sdu voi Transfer
Learning, sit dung Transformer/GPT cho goi ¥ ngir canh, va t6i uvu héa hiéu suét théng qua
dién toan ddm may. Viéc tiép tuc phat trién cac mo hinh goi y thong minh s& md ra nhiéu co
hoi ing dung trong thuong mai dién tir, truyén thong s, va cac linh vuc cong nghé tién tién
khac.
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ABSTRACT

SOME METHODS IN BUIL1DING RECOMMENDATION SYSTEMS: A REVIEW

Dinh Thi Tam'"
Ho Chi Minh City University of Industry and Trade

Email: tamdt@huit.edu.vn

Recommendation systems play a crucial role in enhancing user experience by analyzing

behavior and preferences to provide personalized recommendations. This paper reviews and
analyzes advanced methodologies applied in recommender systems, including collaborative
filtering, content-based filtering, and hybrid models, as well as modern techniques such as
deep learning and reinforcement learning. Notably, the study emphasizes the significance of
sentiment analysis, parameters optimization, and strategies for improving system performance
in dynamic environments. Additionally, key challenges such as data sparsity, cold start
problems, and temporal adaptability are presented, leading to potential research directions
aimed at improving the effectiveness of recommendation systems in the future.
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TOM TAT

Cong cu Tri tué Nhan tao (Artificial Intelligence — AI) di va dang ngay cang d& tiép can,
diéu nay ciing thay ddi dang ké cach sinh vién tiép can tri thic. Su phd bién cua ChatGPT,
Gemini,...khong chi hd trg viét bai, l4p trinh, kiém tra 15i ma con ca nhan héa trai nghiém hoc
tap. Tuy nhién, li¢u Al cé thuc sy gitp cai thién két qua hoc tép hay chi don thuan thay ddi
phwong thue tiép thu kién thirc? Nghién ctru ndy dwa trén bo dir liéu khao sat 523 sinh vién
dai hoc tai truong Pai hoc Cong thuong TP.Hd Chi Minh, cac cau hoi tap trung vao tan suét
sir dung Al myc dich tmg dung, mirc 46 phu thudc, nhan thirc ca nhan va tac dong dbi véi két
qua hoc tap. Pay 1a mot trong nhitng nghién ctru c6 quy md mau khao sat 1ém, gitp ting cuong
tinh dai dién va do tin cay cua két qua phan tich. Dir liéu dugc thu thap thong qua Google
Forms va xtr Iy bang Microsoft Excel dé phan tich va xac dinh mdi twong quan giita cuong do
sir dung Al va su thay doi két qua hoc tap.

Két qua nghién ciru cho thdy nhom sinh vién sir dung Al c6 chon loc va két hop voi
phuong phap hoc truyén thong c6 xu hudng cai thién diém so, trong khi mét sé sinh vién dia
hoan toan vao Al lai ¢6 nhén thirc trai chiéu vé hiéu qua ciia cong cu nay. Dic biét, sinh vién
thudc cac chuyén nganh lién quan dén cong nghé thong tin va 1ap trinh ¢6 xu hudng st dung
Al véi tan sudt cao hon, nhung khong phai lic nao ciing dat duoc su cai thién tuong ting vé
diém sb.

Tu khoa: Tri tué nhan tao trong giao duc, dir li€u khao sat sinh vién, cai thién diém sb,
ung dung Al

1. PAT VAN PE

Xu huéng str dung cong cu Al cua sinh vién dai hoc di gia ting dang ké trong nhimng
nim gan day. Theo nghién ciru ciia nhom tac gia Pang Van Em, Nguyén Dinh Loan Phuong,
Nguyén Thi Hao [1] khoang 98.1% sinh vién dai hoc da sir dung nén tang Al la ChatGPT dé
hd trg qua trinh hoc tap, bao gdm Viét bai, lap trinh, giai bai tap va tra ctu tai liéu. Al mang
lai lgi ich rd rang trong viéc tang toc do xir 1y thong tin va ca nhan héa n6i dung hoc tap, dong
thoi hd tro sinh vién cai thién k¥ nang giai quyét van d& ctia nhom tac gia Lé Anh Vinh, Tran
My¥ Ngoc [2]. Theo Nghién ctru cua nhém tac gia Alberto Grajeda, Johnny Burgos, Pamela

224



Nguyén Quéc St#, Tran Thj Bich Van

Cordova* and Alberto Sanjinés [3] da khao sat cho thiy AI c6 anh huong tich cuc dén téc do
xtr 1y thong tin, kha ning sang tao va nang suat hoc tap. Gan ddy, cic nhom tac gia Leon Furze,
Mike Perkins, Jasper Roe, Jason MacVaugh [4] da chi ra viéc stt dung Al ¢6 thé cai thién diém
sO va nang cao hiéu qua hoc tap néu sinh vién chu dong kiém ching thong tin thay vi sao chép
thu dong.

Phan 16n céac nghién clru trude day chi ¢ qui md img dung Al cua sinh vién trong nghién
ctru [1], mot s6 nghién ctru khao sat mdi trudng ngoal nude. Ngoai ra, trude sy phat trién nhu
vil b0 clia cac md hinh va cong cu Al méi thi cip thiét phai c6 nhitng dit liéu méi va phu hop
dé nghién ciru va danh gia chinh x4c hon.

Nghién ciru nay khic phuc khoang tréng trén bang cach thuc hién khao sat trén 523 sinh
vién, duoc thuce hién tai Truong Dai hoc Cong thuong TP. H6 Chi Minh (HUIT), nharn co cai
nhin thuce té va da chiéu vé tan suat va muc dich sir dung Al trong hoc tap, s that vé thay doi
diém s trudc va sau khi ap dung Al nhan thic cia sinh vién vé tic dong ctia Al dén k¥ ning
tu duy va tu hoc.

2. POI TUQNG VA PHUONG PHAP NGHIEN CUU
2.1. P6i twong nghién ciru

Nghién ctru dugce thuc hién trén 523 sinh vién dang theo hoc tai truong Pai hoc Cong
Thwong Tp.HCM (HUIT), dai dién cho hai nhom nganh 1an luot 1a nhom Ky thuat - Cong
nghé véi sinh vién Cong nghé thong tin, nhém Kinh t& — X4 hoi: sinh vién Quan tri kinh doanh,
Marketing, Thuong mai dién tir, mot s6 sinh vién céc nganh ngoén ngfr,

Mau khao sat duoc thu thap da dang tir cac sinh vién nim nhét dén cac sinh vién nam
cubi dé dam bao goc nhin da dang va day du vé trai nghiém va murc do st dung Al

2.2. Phwong phap nghién ciru

2.2.1. Phwong phadp thu thdp dir liéu

Dit liéu duoc thu thap bang khao st truc tuyén Véi viée str dung Google Forms gitip sinh
vién d¢ dang khao sat hiéu qua va nhanh chong. Mau gom tong cong 21 cau hoéi dinh tinh va
dinh lugng vai cac phan vé thong tin d€ xac dinh nganh hoc, doi tugng nién khoa va dic biét
13 cau hoi trong tdm nham xac dinh trong tam nham xac dinh cac yeu to veé thoi quen, tan suat
st dung Al, myc dich, nhéan thirc va so sanh két qua khi ing dung Al, cling nhu goi mé vé
cong nhan k&t qua tur Al trong gido duc.

2.2.2. Phwong phap xir ly va phdn tich dir liéu

Dir lidu sau thu thap dugc nhom tac gia t6i wu, lam sach va tong hop bang Microsoft
Excel dé dam bao chinh xac. Sau d6 tinh toan va thong ké dé so sanh va xac dinh cac moi
twong quan vé Al vai két qua hoc tép cling nhu géc nhin cua sinh vién vé Al trong hoc tap.

2.3. Pong gop cia nghién ciru nay

Khac v6i cac nghién ctru trude diy cha yéu tap trung vao nhén thic sinh vién vé Al,
nghién ctru nay dong gop nhiing diém méi sau: Quy mé dit lidu 16n (523 sinh vién) va da dang
nién khoa (sinh vién nim nhét dén sinh vién nim cubi), da dang nganh hoc (Ky thut - Cong
nghé, Ty nhién — X3 hoi) gitp ting d6 tin cdy cua phan tich thong ké. Danh gia sy thay doi
diém s thyc té trudc va sau khi st dung Al thay vi chi khao sat y kién chu quan. Phan loai
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sinh vién theo tin suit st dung Al dé xac dinh murc d6 tdi uu trong viéc cai thién hiéu suét hoc
tap. Pua ra nhing canh bao vé nguy co 1€ thudc Al trong hoc tap, thay vi chi danh gia loi ich.
Nghién ctru nay khong chi giup gidng vién, nha quan ly gido duc va sinh vién tai HUIT cd cai
nhin thyc té hon vé tac dong cua Al voi két qua hoc tdp, ma con cung cép bang chung thue
nghiém de nghién ctru va cai tién, tham chi diéu chinh hanh vi dé sinh vién c6 thé c6 két qua
hoc tap tot hon thong qua viée khai thac sitc manh ngdy cang ting nhanh chong cia Al

2.4. Han ché ctia nghién ciru:

Dit liéu tu bao céo co thé bj anh hudng bdi sai sb6 cha quan cuda sinh vién khi danh gia
diém s6 cta minh. Khong thé kiém soat tat ca cac yéu t6 bén ngoai (phwong phép giang day,
tai liéu tham khao, dong lyc hoc tap ca nhén,...). Chua danh gia tac dong dai han, vi nghién
ctru chu yéu tap trung vao sy thay doi diém sé trong mot khoang thoi gian ngan.

3. KET QUA VA THAO LUAN
3.1. Pdi twong tham gia khao sat

Nhoém tac gia thue hién nghién ctru bang khao sat hoi dap va théng ké mo ta trén dit liéu
523 sinh vién (Hinh 1), v&i 249 sinh vién nhém A (Sinh vién Khoa Cong nghé Thong tin véi
cac nhom nganh dai dién cho Khoa hoc — Cong ngh¢) va 274 nhom B (Ty nhién — Xa hoi voi
cac nganh Ngbn ngi, Quan tri kinh doanh, Kinh té, truyén thong,...). Ty 1¢ giita 2 nhom nay
1an luot 12 48% va 52% dé thdy duoc tinh can ddi cua khao sat.

SO LUQNG KHAO SAT

Nam4 3 36

Nam 3 §H3 123

Nam 2 29 79
Nam 1 228 11
0 50 100 150 200 250 300
Nam 1 Nam 2 Nam 3 Nam 4
Ty nhién - Xa hoi 228 29 13 3
K§¥ Thuat -Cong nghé 11 79 123 36
Ty nhién - X3 hoi K§¥ Thuat -Cong nghé

Hinh 1. Dir liéu khao sat

Tinh dén thoi diém thang 03/2025, cac d6i tugng tham gia phong van vé trai nghiém Al
ctia ban than va két qua dat duoc khi str dung cac cong cu Al dugc chia 1am ba nhém: nhém
sir dung AI d6i thoai dé giai quyét tinh hudng, nhom sir dung cac Al hd trg dé viét bai ludn,
hoc ngoai ngit va nhém con lai c6 xu hudng sir dung cac Al thiét ké (Hinh 2)
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Claude (Al ddi thoai)
Grammarly'Quil Bot (chinh sira...
Walfram AlphalSymbolab (gidit..
Duolingo'ELSA Speak (hoc ng...
Canva AlMidJourney {thist ké)
Google Gemini (Al déi thoai)
Microseft Copilot (Al déi thoai)
Copy.ai

Deepseek (Al déi thoai)

188 (35,8%)
67 (12.8%)

235 (44,9%)

273 (52,2%)

371 (70,8%)
2275 (42.6%)

121 (23,1%)
7 {1,3%)
0 100 200 300 400

T&i chuwa tirng s dung Al

Hinh 2: Ty 1€ str dung c4c loai cdng cy Al

3.2. Tan suat va cong cu

Trong sé 523 sinh vién dugc khao sat ¢6 54.3% chi st dung Al khi can thiét, cho thdy
sinh vién xem Al véi vai tro hd tro hon 1a thay thé phuong phéap hoc tap truyén thong. Tuy
nhién, c6 dén 30.7% sinh vién si dung Al hang ngay cho viéc hoc tap, cho théy mot bd phan
sinh vién dang dua vao cong nghé nay trong qué trinh hoc tap (Hinh 3). Trong s6 85.6% cong
cu Al sinh vién wu tién sir dung 1a cac AI d6i thoai thong dung nhu Chat GPT, Gemini, ngoai
ra cac Al thiét ké cling dugc khai thac, diéu nay cho théy da co su da dang hoa trong viéc lya
chon cac cong cu Al hd trg viéc hoc ciia sinh vién hién nay (Hinh 4).

@ Hang ngay
& 2-31ankuan
1 lanithang
@ Chikhi cin thiét
@ Khéng st dung

Hinh 3: Tan suat st dung Al

® Chat GPT

® Gemini

) Copilot

@ Deepseek

@ Canva Al/MidJourney (thiét ké)

Hinh 4. Ty 1é st dung céc céng cu Al
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3.3 Tac dong cia Al dén két qua hoc tip

Két qua khao sat cho thay gan nhu 90.2%, tuong duong 472 sinh vién sir dung Al aé gol
¥ cach giai quyét van dé (Hinh 5). Diéu nay cho thiy su lién quan cia Al dén cac mén hoc can
tu duy nhu toan hodc 1ap trinh, hay cac linh vuc khoa hoc k¥ thudt. Theo sau do6 ciing 1a thoi
quen phu thudc vao Al vdi 66% tic twong duong 345 sinh vién chon phuong an “7) iét kiém
thoi gian lam bai” tlep do 1a phuong an “Sua 16i bai tdp” véi 338 sinh vién chon. Mic du
trong khao sat co the thiy c6 mot so it khoang 2.9% nhén thiy “Khéng cé tdc dung ré rét”
ty 1€ nay ciing c6 thé bao gom nhom sinh vién c6 ky nang st dung Al thap. Can phai luu y y
rang diéu ndy ciing phan 4nh viéc cac got1 y hoac hudng dan tiép can tir Al la yéu t6 then chét
quan trong anh hudng truc tiép dén viée cai thién diém sb. Xét vé mit tich cyc nd c6 thé hd
tro sinh vién voi cac goi y nhanh, bai mau giai san,. - Mat khac, day la thoi quen nguy hiém khi
két qua hoc tap c6 su trg gitip qua nhiéu tir Al thay vi nd luc hoc tap theo phuong phap truyén
thdng.

Tiét kiem théxi gian lam bai 345 (B6%)

Goi y cach gidi quyét van dé 472(90,2%)

Siva 15 bai tap {ngl phép, code,
cdng thire)

338 (64.6%)

Tao ding luc hoc tap 111 (21,2%)

Téi wu hda phuong phap &n thi 165 (31,5%)

Khong co tac dong rd rét 15 (2,9%)

o 100 200 300 400 500

Hinh 5. Tac dong cua Al dén két qua hoc tap

Nghién ciru cho thdy khoang 50.3% sinh vién nhin ra dugc c6 sy cai thién diém s, chig
t6 Al c6 tac dong tich cuc trong hd tro hoc tip. Tuy nhién, c6 dén 42.3% chua théy 0 sy thay
dbi, didu nay co thé do sinh vién chua sir dung AI dung cach hodc chi dung Al dé hd trg thay
vi nang cao tu duy c4 nhan. Tir két qua khao sat va phan tich, muc tiéu chinh cta nghién ciru
nay 1a viéc cai thién diém sb, co thé théy khi st Al, c¢6 su cai thién diém sb o rét voi thang
tang 1.5 diém twong duong 15%. Ngoai ra, véi ty 18 “chwa thdy rd su thay d6i” hoic “Khéng
thay d6i” nguyén nhén chinh 1 do k¥ ning khai thac Al con chura tt hodc chi ding Al dé hd
trg chtr khong dé nang cao tu duy va két qua hoc tip c4 nhén.

3.4. G6c nhin vé vu diém va han cheé ctia Al véi sinh vién
- B @ Co6 (vi du: diém bai luan tang tir 7 —
: 8.5)

@ Khéng
@ Chuwa r6 rang

Hinh 6. Ty 18 cai thién diém sé véi Al
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Két qua danh gia khi str dung Al cua sinh vién, nghién ctru thu dugc nhidu géc nhin da
dang, phan 16n (40.9%) cho ring toc d6 xtr 1y ciia Al nhanh, c6 thé phan hoi vé cac goi ¥, giai
bai tap, stra 16i nhanh, véi ty 1¢ 28.1% su ua thich danh cho tiéu chi “HJ trg lién tuc 24/7” clia
Al, diéu nay chung to uu diém ludn sdn san cua cac cong cu Al, 1a mét trg thu dic luc gidp
cho sinh vién tiét kiém dugc nhiéu thoi gian va co thé linh dong vai gio gide hoc tap caa minh.
Pay ciing 1a mot yéu té gitip cai thién két qua hoc tap cho sinh vién.

@ Téc do x& Iy nhanh

® Hb trg 24/7

@ Giai thich dé hiéu

@ Da dang céng cu chuyén biét

Hinh 7. Panh gia vu diém cua Al

Bén canh d6, mot s6 han ché cua Al cling da duogc sinh vién ghi nhén, c6 thé anh hudng
dén két qua hoc tap, thdm chi thay vi 1a cong cu hitu ich lai la rao can. Sinh vién chu yéu lo
ngai vé chét lugng thong tin Al cung cap (59.6%) va van dé dao vin (54.6%). Pang chu v,
55% sinh vién nhan thiy minh ¢6 xu huéng phu thudc qua nhiéu vao Al, diéu nay dat ra thach
thure trong viéc dam bao tinh dgc lap tu duy (Hinh 8).

Théng tin khdng chinh xac 311 (59,5%)

Kho kiém soat dao van 285 (54,5%)

Phu thudc qua nhiéu vao Al 287 (54,9%)
Thiéu k¥ nang str dung céng cu 120 (22,9%)

Khéng gap kho khan 38 (7,3%)

0 100 200 300 400

Hinh 8. Mot s6 han ché cua Al

Mic du hién nay c6 kha nhiéu y kién tranh cai vé van dé Al c6 thé gay anh huéng dén
két qua hoc tap tir kién thirc dén k¥ ning cua sinh vién, thim chi c6 thé tao ra “viing thoai
mii k§ thuat s6”, c6 thé gy ra tinh trang v lai va gia hoc tir Al cta sinh vién do lam dung Al
quéa mtrc. Tuy nhién, v6i két qua khao sat thu dugc tir nghién ctru, sinh vién HUIT luén cd y
thue rat cao trong viéc st dung Al trong hoc tap, voi ty 1€ 1an luot 68.6%, 24.7% va ty 1€ nhd
tuong g v6i giam tu duy doc 1ap, thiéu kiém soat chat lugng va cac van d& vi pham dao dirc
hoc thuat. Didu nay co thé gitp cho nhimg nguoi dang tran tré hodc cac nha gido duc c6 thé
yén tim phan nao d6 va tin tudng vé ¥ thirc hoc tap ctia sinh vién trude ky nguyén Al
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@ Giam tu duy doc lap

@ Vi pham dao durc hoc thuat

@ Thiéu kiém soat chét lwgng théng tin
@ Khéng lo ngai

Hinh 9. Mot sé diém e ngai khi st dung Al

3.5. Mirc do hiéu qua ciia Al

Cac cau hoi dinh lugng nham tim ra su cong nhan cuia sinh vién vé diém sd khi sir dung
Al khi yéu cau danh gid mirc d9 cai thién két qua hoc tap tir murc 1 - Khong hiéu qua dén mirc
5 — Rat hiéu qua, két qua hau hét nam & mirc hiéu qué trung binh dén cao (3-4 diém) cho thay
phan 16n sinh vién cong nhan vai tro hd trg cia Al trong hoc tap.

300

0 205 (39,2%) 211 (40,3%)

100
85 (16,3%)

0,
4(0,8%) 18 (3:4%)

1 2 3 4 5

Hinh 10. Hiéu qua cua viéc sir dung Al trong viéc cai thién két qua hoc tap

3.6. Thai d9 ciia sinh vién vé giang vién sir dung Al d¢ giang day

Két qua khi dugc goi mo vé dé nghi Iua chon hoc tap véi hinh thic giang day truyén
thong hay mét giang vién str dung Al cho giang day, véi mirc 1 -Khong mudn dén 5 — Hoan
toan mong mudn, két qua cho thiy sinh vién c6 thai dg trung 1ap dén tich cuc véi giang vién
su dung Al trong giang day. 34.2% mong mudn hoc véi giang vién dung Al (mtc 4-5), trong
khi 15.7% khong mong mubn (mirc 1-2) (Hinh 11). Diéu nay phan anh sy quan tdm cua sinh
vién ddi v6i cong nghé nhung ciing cho thiy su can thiét cia mot phuong phép giang day két
hop AI mét cach hop 1y.
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200
193 (36,9%)

150

100 114 (21,8%)

82 (15,7%)

50 68 (13%) 66 (12,6%)

Hinh 11. Mac do mong mudn GV &p dung Al trong giang day

4. KET LUAN

Duya trén dit liéu thu thap duoc vé mirc do st dung Al trong hoc tap cua sinh vién tai
HUIT cho thdy AI di tro thanh mét cong cu phd bién, nhung mure do va cach thire sir dung c6
su khac biét dang ké giira cic nhom sinh vién. Dau tién, noi Ve cai thién két qua hoc tap,
khoang 50.1% sinh vién nhan thay su cai thién r6 rét vé diém s6 sau khi str dung Al chu yéu
nho tiét kiém thoi gian, hd tro gidi quyet van dé va t6i uu héa phuong phap on tap. Tuy nhién,
42.3% van chua thay thay d6i dang ké, cho thay viéc sir dung Al chua thue sy t6i wu hodc c6
su phu thudc qua mirc ma khong phat trién k¥ ning ca nhan. Mot sb két luan quan trong khéc
c6 thé dugc rat ra tir thyc té ndy d6 1a mie d6 str dung Al trong hoc tap véi phén 16n sinh vién
(54.2%) chi str dung Al khi cén thiét, trong khi 30.6% sir dung hang ngay. Diéu nay cho thay
Al déng vai tro hd trg nhung chua thuce su thay the hoan toan phuong phap hoc truyen thong.
Ngoai ra sinh vién ciing danh gia cao vé Al v6i toc do xtr Iy nhanh va giai thich d& hiéu ciing
nhu ¢6 gan 70% tung hd giang vién st dung Al trong giang day, diéu ndy co thé ciing c¢b thém
vé tiém ning cua Al cai thién chét luong giang day.

Tém lai, su dan phé bién va gia tang nhanh vé strc manh cta cc cong cu Al khong chi
12 mot budc tién cong nghé quan trong, dong gop dang ké dén nhiéu linh vic ma né con tac
dong lén dén gido duc, ddc biét 1a gido duc dai hoc. Sir dung Al c6 thé nang cao hi¢u qua va
két qua hoc tap ciia da s6 ngudi hoc tuy nhién cén thiét huéng dan sinh vién st dung AI mot
cach khoa hoc va cé trach nhiém, thém vao do 1a tap trung va viéc kiém chirng thong tin cling
nhu phat trién tu duy phan bién va giai quyét van dé.
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ABSTRACT

A STUDY ON THE EFFECTS OF Al ON STUDENT LEARNING AT HO CHI MINH
CITY UNIVERSITY OF INDUSTRY AND TRADE

Quoc-Su NGUYENY, Bich-Van Thi TRAN!?

Ho Chi Minh City University of Industry and Trade

Artificial Intelligence (Al) tools have become increasingly accessible, significantly
transforming how students acquire knowledge. The widespread adoption of ChatGPT, Gemini,
and similar Al technologies not only supports writing, programming, and error detection but
also personalizes the learning experience. However, does Al truly enhance academic
performance, or does it merely alter how knowledge is acquired?

This study is based on survey data from 523 university students at Ho Chi Minh City
University of Industry and Trade (HUIT). The questionnaire focused on Al usage frequency,
application purposes, dependency levels, personal perceptions, and its impact on academic
performance. This research features a large sample size, enhancing the representativeness and
reliability of the analysis. Data was collected via Google Forms and processed using Microsoft
Excel to analyze correlations between Al usage intensity and changes in academic
performance.

The findings indicate that students who selectively use Al with traditional learning
methods tend to improve their grades. In contrast, some students who rely entirely on Al have
mixed perceptions regarding its effectiveness. Notably, students in technology-related and
programming disciplines tend to use Al more frequently, but this does not always correlate
with improved academic performance.

Keywords: Artificial Intelligence in Education, Student Survey Data, Academic Performance
Improvement, Al Applications.
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PHU LUC
BANG CAU HOI KHAO SAT
STT Cau héi Loai
cau héi
1 (1) Ban di tirng sir dung h¢ thong AI nao bén duéi (co thé chon nhiéu cau tra | Lya
lo1)? chon
Claude (AI dbi thoai) nhicu
Grammarly/QuillBot (chinh stra van ban)
Wolfram Alpha/Symbolab (giéi toan)
Duolingo/ELSA Speak (hoc ngoai ngir)
Canva Al/MidJourney (thiét ké)
Google Gemini (Al d6i thoai)
Microsoft Copilot (Al dbi thoai)
Copy.ai
Deepseek (Al ddi thoai)
To6i chua tung sir dung Al
2 (2) Tén suit sir dung Al trong hoc tap cua ban: Lua
Hang ngay chon
5 X don
2-3 lan/tuan
1 lan/thang
Chi khi can thiét
Khong sir dung
3 (3) Néu chi dwge phép sir dung mét cong cu AI dé sir dung trong mdt ngay | Lua
hgc tap, ban sé st dung cong cu nao? chon
Chat GPT don
Gemini
Copilot
Deepseek
Canva Al/MidJourney (thiét ké)
4 (4) Theo ban, Al gitip cai thi¢n diém s6 thong qua nhirng yéu t6 nao? (Chon | Lya
nhiéu dap an) chon
Tiét kidm thoi gian 1am bai nhiéu
Goi y cach giai quyét van dé
Stra 15i bai tap (ngit phap, code, cong thirc)
Tao dong lyc hoc tap
Téi wu hoa phuong phap on thi
Khong c6 tac dong rd rét
5 (5) Ban d ting trai nghiém cai thién diém sb sau khi sir dung AI chua? Cau hoi
dinh tinh

C6 (vi du: diém bai luan ting tir 7 — 8.5)
Khéng
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STT Cau hoi Loai
cau héi
Chua 10 rang
6 (6) Diéu ban thich nhét khi dung AI dé hoc tap 1a gi? Lua
Téc @ xi 1y nhanh chon
. don
Ho trg 24/7
Giai thich dé hiéu
Pa dang cong cu chuyén biét
7 (7) Ban gip khé khin gi khi str dung Al cho hoc tap? (Chon nhiéu dép 4n) Lya
Théng tin khéng chinh xac chon
B nhicu
Kho kiém soat dao van
Phu thuc qua nhiéu vao Al
Thiéu k¥ ning sir dung cong cu
Khong gép kho khan
8 (8) Ban co d@zng y rang Al nén dwgc tich hop vao gido duc chinh thirc (c6 nghia | Lya
1a s€ tinh diém cho két qua thwe hién bang AI) ? chon
Hoan toan dong y don
DPong y
Trung lap
Khong dong y
Phan dbi
9 (9) Diéu ban lo ngai nhit vé viéc sir dung AI trong hoc tap la gi? Lya
Giam tu duy doc lap chon
) don
Vi pham dao dic hoc thuat
Thiéu kiém soét chat lwong thong tin
Khong lo ngai
10 (10) banh gia mirc d§ Al giup ban cai thién két qua hoc tap 1 (Khong hiéu qua) | Cau hoi
— 5 (Rat hiéu qua) dinh
luong
11 | (11) Ban c6 san sang giéi thi¢u AI nhw mdt cong cu hoc tap/H$ tro thi, kiém | Lua
tra cho nguoi khac? chon
don
12 (12) Nél{ mot sinh vién hoc tap cham chi khong sir dung Al va két qua hoc tap dat | Cau hoi
th’ang diém 10, theo bg}n mot sinh vién st dung Al toan bo thoi gian hoc tap thi | dinh
két qua nén ¢ thang diém may? luong
13 | (13) Néu dugc chon hoc v6i mot giang vién truyén thong gidng day du6i hinh | Cau hoi
thirc Thuyét giang/Trinh chiu va mot giang vién st dung Al dé giang day , mac | dinh
d6 mong muon hoc tap voi giang vién sir dung Al d€ giang day cua ban theo thang | luong

1(Khéng muén) — 5 (Hoan toan mong mudn)
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TICH HQP CONG NGHE THU KINH AO THOI GIAN THUC
TREN WEBSITE BAN MAT KINH THOI TRANG DUA TREN
FACEMESH VA DLIB

Nguyén Trong Hoang Phicl, Ngé Dwong Hal, Trin Nhuw YV
Truong Pai hoc Cong Thirong Thanh phé Ho Chi Minh
*Email: ytn@huit.edu.vn
Ngay nhan bai: 30/3/2025; Ngay chap nhan dang: 20/5/2025

TOM TAT

Viéc tich hop cong nghé thir kinh 4o (Virtual Try-On — VTO) vao cac nén tang thuong
mai dién tir dang trd thanh mot xu hudng noi bat, dac biét trong linh vuc kinh doanh mat
kinh thoi trang. Cong nghé nay cho phép nguoi dung trai nghiém thu kinh truc tuyén thdng
qua md hinh 3D, tir d6 nang cao chat lugng trai nghiém mua sam, ting kha ning ra quyét
dinh va giam ty Ié hoan tra san pham. Trong bdi canh mua sam tryc tuyén phét trién manh
mé sau dai dich Covid-19, VTO ngay cang dong vai tro thiét yéu trong hoat dong kinh doanh
truc tuyén. Tuy nhién, mot s6 thach thie ki thuat van ton tai, dang chu y 1a han ché vé do
chinh xé&c va kha ning tuong tac thoi gian thuc khi hién thi cac san pham thoi trang trén
khudn mit ngudi dung. Bai bao nay dé xuat va danh gia hiéu qua ciia hai mé hinh nhan dién
khudn mat, bao gom FaceMesh va Dlib, trong viéc hd trg chirc niang thir kinh 4o truc tuyén.
Céac mb hinh duoc tich hop vao hé théng théng qua TensorFlow.js va Three.js nham hién thi
kinh 3D theo thoi gian thuc. Két qua thuc nghiém cho thdy ca hai mé hinh déu hoat dong
hiéu qua, tuy nhién FaceMesh cho két qua vuot troi hon vé do chinh x&c va kha ning tuong
tac, dac biét trong viéc theo ddi khudn mat tir nhidu goc nhin khéac nhau. Hé théng thir kinh
40 duoc dé xuat gop phan nang cao trai nghiém ngudi ding va mé ra hudng phat trién tiém
nang cho cac ung dung thuong mai dién tir trong tuong lai.

Tw khoa: AR, Al, Virtual Try-on, FaceMesh.

1. MO PAU

Su gia taing manh m& ciia nhu cau mua sam truc tuyén trong nhitng nim gan day, dac
biét 1a trong giai doan gian cach xa hoi do dai dich Covid-19, da 1am thay ddi dang ké hanh
vi tiéu ding trén toan cau. Mot trong nhiing khé khén 16n ma nguoi tiéu dung gap phai la
khong thé truc tiép den Clra hang dé thir san pham dac biét la véi cac phu ki¢n thoi trang nhu
mét kinh — vbn yéu cau cao ve tinh vira van va thim my. Diéu nay dat ra thach thuc trong
viéc duy tri trai nghiém mua sim tich cuc va han ché ty 18 tra hang — mét trong nhitng van dé
phd bién trong thuong mai dién tu.
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Trong bdi canh d6, cong nghé thir a0 (Virtual Try-On — VTO) néi 1én nhu mét giai
phép hiéu qua, cho phép nguoi dung thir san pham tryc tuyén thong qua hinh anh 40 ma
khong can dén cira hang. VTO khéng chi nang cao tinh tuong tac va ca nhan héa trong trai
nghiém mua sam, ma con gop phan giam thiéu rui ro hoan tra san pham, tir d6 cai thién hiéu
qua hoat dong kinh doanh cho c&c doanh nghiép thuong mai dién tu [1,3].

Mic du VTO di dugc nghién ciru va ang dung trong nhiéu linh vuc, diém méi cua
nghién ctru nay 1a dé xuét va trién khai giai phap thir kinh 4o thoi gian thuc tryc tiép trén nén
tang web bang cach tich hop hai cong ngh¢ hién dai la TensorFlow.js va Three.js. Cach tiép
can nay khong chi gitp tlet kiém chi phi phét trién ma con tang tinh tién loi khi nguoi ding
khong can cai dat phan mém b sung. Tuy nhién, viéc tdi vu héa hiéu ning va do chinh xéac
ctia VTO trén trinh duyét web van dang 1a mot thach thirc. Cac nghién cau hién tai chi yéu
tap trung vao viéc ung dung tri tué nhan tao va hoc sau dé nang cao kha ning nhan dién va
mo phong san pham, song kha ning tai hién hinh anh san pham 3D maot cach chinh xac va
muot ma trén khudn mit ngudi dung van chua dat mirc téi wu, dic biét 1a khi xt ly trong thoi
gian thuc [3].

Nghién ctu ndy nham xay dung hé théng ther kinh ao truc tuyén thdng qua viéc tich
hop hai md hinh nhan dién khudn mat 1a FaceMesh va Dlib, tir d6 danh gia hiéu qua cua
tirng mé hinh trong viéc hién thi kinh 3D trén khudn mit theo thoi gian thuc. Muc tiéu cudi
cuing 1a lya chon mé hinh t6i wu, gop phan cai thién trai nghiém nguoi dung va ting tinh Gng
dung thuc tién ciia cdng nghé VTO trong linh vuc thuong mai dién tir.

2.COSO LY THUYET
2.1. M0 hinh FaceMesh

FaceMesh 1a mot md hinh nhan dién khudn mat tién tién dya trén hoc sau (deep
learning), c6 kha nang phat hi¢n chinh xac 468 diém dic trung (landmark) trén khudén mat
nguoi ding. Cac diém nay bao phu cac khu vuc quan trong nhu mat, mii, miéng va cam, tir
d6 cho phép mo hinh tai hién chinh xac hinh dang va vi tri caa khuén mat [4]. Nho vay, cac
g dung nhu thir kinh 40 ¢6 thé dat va diéu chinh mé hinh kinh 3D theo thoi gian thuc, bam
sat chuyén dong va vi tri khudn mat dugc ghi lai tir hinh anh webcam.

FaceMesh két hop cac ky thuat xir Iy hinh anh hién dai va mang hoc sau dé phan tich va
nhan dién dic diém khudn mat mot cach hiéu qua. M6 hinh nay hoat dong truc tiép trong
trinh duyét nho vao nén tang TensorFlow.js, cho phép xir ly thoi gian thuc ma khong can cai
dat phan mém bo sung, tir d6 nang cao tinh linh hoat va téi wu trai nghiém nguoi dung trén
cac nén tang thwong mai dién tir [5].

2.1.1. Nhdn dién diém landmark

Trong md hinh FaceMesh, cac diém vlandmark trén khubn mat dugc xac dinh dua trén
viéc phan tich hinh anh tir camera. Céc di€m landmark dugc xdc dinh bang toa d6 2D (X, Y)
trong khong gian anh va cé thé duoc biéu dién duéi dang vector:

p! = (Iirlv;')yvé'.i I— = 1, 2, . N
Trong do:
Pi 13 toa d¢ cua diém landmark thi i,
X Vi

1a toa d6 cua diém d6 trong khong gian anh 2D,
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N 12 tong s6 diém landmark (468 diém trong md hinh FaceMesh).
2.1.2. Trung diém giira hai mat

Pé xac dinh trung diém giira hai mat trong wng dung thir kinh 3D, trudc tién can trich
Xuat toa do cua mat tréi va mét phai tir cac diém landmark do m6 hinh FaceMesh cua
TensorFlow.js cung cap. Céc landmark nay | biéu thi vi tri ctia cac dac diém khudn mat, bao
gom cac diém tai goc trong va ngoai cua moi mét. Khi di thu duoc toa d6 cua hai diém dai
dién cho mit trai va mat phai, trung diém giita hai mat cd thé duoc tinh bang cach Iy trung
binh cong cua toa do twong tng theo céng thuc:

(x.!'sft.ﬁ'}’e + Ir!’ghtEye .V!eftEye + .Vr!'ghtEys)

MidEye = .
i 2 2

Trong do:
(Xtefeaye: Vieftaye) la toa d6 ctia mat trai,
(¥rightsye: Vrigheeye) la toa d6 cua miat phai.
2.1.3. Khodng cach gizza hai mat
Khoang cach gitra hai mat 1a mét yéu té quan trong trong viéc hiéu chinh kich thuéc
caa mé hinh kinh 3D sao cho phu hop véi khubn mat nguoi dung. Khoang cach nay dugc

tinh toan dya trén cong thirc khoang cach Euclid, 4p dung cho hai diém c6 toa do lan luot la
(X1,y1) VA (X2,¥2), twong (tng Vi vi tri cta mat trai va mat phai trén khudn mat.

VrightEve — YieftEye

e = alctan( -
raghtE'Le l!eftEye

Trong do:
O 1a g6c xoay cua kinh (gdc roll),

X ran Xgei U A 5 Z ;e Z )
leftEyer “rightEye |3 toa d6 ngang cta mat trai va mat phai,

Vi o r Vi . n , z FER A -
JleftEyer TrightEye |3 toa 6 doc cua mat trai va mat phai.

Khoang cach nay phan anh d6 rong thuc té giira hai mét cua nguoi dung, dong vai tro
then chét trong viéc dieu chinh kich thudc mé hinh kinh 3D dé d¢am bao ty 1¢ hién thi phu
hop voi khudn mat. Viéc tinh todn chinh xac khoang céach giira hai mét giip mé hinh kinh
3D duoc hién thi véi ty 1 dang dén, tranh tinh trang qua 16n hozc qua nho, tir d6 mang lai
trai nghiém thu kinh tryc quan va chan thyc hon cho nguoi dung.

2.2.Dlib

Dlib 1a mot thur vién ma ngudn mé duoc thiét ké nham cung cap cac cong cu hd trg cho
cac bai toan trong linh vuc hoc may va thi giac may tinh. Trong nhan dién khudn mat, Dlib
&p dung cac phuong phap hoc may truyén thdng, ndi bat la ky thuat Histogram of Oriented
Gradients (HOG) két hgp v&i mé hinh Support Vector Machine (SVM) dé phat hién khudn
mit trong anh. Sau khi khuén mit dwoc phat hién, Dlib tiép tuc sir dung mot md hinh héi quy
dé xac dinh cac diém dic trung (landmark) trén khuén mit, bao gém céc vi tri quan trong
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nhu mét, mili, miéng va cam [6]. Cac diém landmark nay déng vai trd quan trong trong viéc
phan tich cau trdc khuén mat va ho trg cac ing dung nhw cén chinh, theo dbi va tha kinh ao.

2.2.1. Phat hién khuén mat véi HOG va SVM

Dlib str dung ky thuat Histogram of Oriented Gradients (HOG) dé phat hién khuon mat
trong anh. Phuong phap nay hoat dong bang cach phan tich gradient — bao gom huéng va do
Ién — cha cac pixel, sau d6 xdy dung cac histogram thé hién phan b hudng gradient trong
ting viing nho cua anh. Cac histogram nay dugc két hop lai dé tao thanh mot dic trung téng
quat, gitip md hinh phan biét khudn mat véi cac déi trong khac trong anh mot cach hiéu qua.

Cong thirc co ban cho gradient ciia mot diém anh (x, y) trong mot anh sé héa dugc tinh
nhu sau:

G y)=Ix+1Ly)—1{x—1y)
G, () =Ix,y+ 1) —I(x,y—1)

Trong do:
Gy (x,¥)va Gx(%¥) 13 gradient theo truc ngang va truc doc

I(x,¥) 13 gia trj do sang tai vi tri x,y cia anh

Histogram cua cdc huéng gradient sau d6 dugc tinh toan cho ting ving trong anh. Két
qua tr HOG dugc dwa vao mo6 hinh SVM dé phén loai liéu mot ving trong anh cé chia
khudn mat hay khong.

2.2.2. Dur dodn diém landmark véi ham hai quy

Sau khi phat hién khuén mat, Dlib &4p dung phuong phap Ensemble of Regression Trees
dé du doan cac diém dac trung (landmark) trén khudn mat. Day 1a mot ky thuat hdi quy sir
dung tap hop céc cay quyét dinh (regression trees), trong d6 mdi cdy quyét dinh dong vai tro
nhu mét bo du doan riéng biét. Cac két qua du doan tir ting cay quyét dinh dugc téng hop
lai dé dwa ra vi tri cudi cing cua timg diém landmark, gitip ting d6 chinh xac va kha ning
khai quat cia md hinh.

V& mit toan hoc, qué trinh du doan vi tri cua cac diém landmark ¥+ dwgc mé hinh hoa
nhu mot ham hdi quy dua trén dic trung hinh anh X, cu thé nhu sau:

N
5= FE)= ) wihy()
=1

Trong do:

7l vi tri ciia diém landmark th i.
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h;(x) la cac ham hoi quy trong mo hinh.
w; 1a trong sb cta ham hdi quy ;.

N 14 tong s6 ham hdi quy trong mé hinh.

Phuong phdp nay cho phép mod hinh hoc dugc cac quan hé phi tuyén giira dac trung
hinh anh va vi tri landmark, dong thoi duy tri toc d6 xir Iy nhanh, pht hop véi cac tng dung
thoi gian thyce nhu thur Kinh ao.

2.3. Three.js

Three.js 13 mot thu vién dd hoa 3D manh m& duoc xay dung trén nén taing WebGL, cho
phép hién thi va tuong tac véi cac d6i tuong 3D tryuc tiép trong trinh duyét web ma khong
can cai dat thém phan mém bo trg. Nho kha ning két xuat mo hinh 3D theo thoi gian thuc,
Three.js dong vai trd quan trong trong viéc phat trién cac ung dung Virtual Try-On (VTO),
dic biét trong linh vuc thuong mai dién tir [1]. Viéc tich hop Three.js vao cac nén tang mua
sam tryc tuyén mang dén trai nghiém truc quan, sinh dong cho ngudi ding, tir d6 nang cao
mirc d6 tuong tac va hd tro quyét dinh mua hang.

Kién tric hoat dong cua Three.js bao gom bén thanh phan chinh: Scene, Camera,
Canvas va Renderer, nhir minh hoa trong Hinh 1 [7, 8].

Scene la khong gian trung tam chtra tat ca cac dbi twong 3D nhu mo hinh kinh, anh
sang va cac yéu té moi truong. Cac md hinh 3D, chang han kinh mat trong @ng dung
VTO, duoc tai va thém vao Scene dé phuc vu hién thi.

Camera dong vai tro 1a diém quan sat trong khong gian 3D, xac dinh goc nhin va phdi
canh cua ngudi ding. Trong hau hét cac ing dung VTO, PerspectiveCamera dugc wu
tién sir dung nham md phong cach con ngudi quan sat ddi twong trong khéng gian thuc,
tao ra hiéu ung phdi canh ty nhién. Camera c6 thé duoc diéu chinh dé xoay, thu phong
hozc di chuyén, gitip nguoi ding quan sat mo hinh tir nhidu goc do khac nhau.

Canvas la phan tr HTML noi hinh anh 3D duoc két xuat. Day 1a khu vyc hién thi dau
ra, noi ma cong cu két xuat (Renderer) thuc hién cac phép tinh d6 hoa va trinh bay hinh
anh I&én man hinh.

Renderer, cu thé 13 WebGLRenderer, chiu trach nhiém chuyén di dir liéu canh 3D
thanh hinh anh ma nguoi ding cé thé nhin thiay. WebGLRenderer lién tuc cap nhat va
hién thi cac thay doi trong mé hinh hodc goc nhin camera, dam bao kha ning twong tac
va hién thi muot ma vai hiéu sut cao.

Trong Three.js, mdi mé hinh 3D duoc ciu thanh tir cac thanh phan hinh hoc (geometry)
va vat liéu (material). Khi st dung GLTFLoader dé tai mé hinh kinh 3D, cac yéu té nhu hinh
dang, chat liéu bé mit va anh sang dugc xu ly nham tao ra hinh anh chan thyc. Hé théng anh
sang dong vai tro thiét yéu trong viéc tao chiéu sau va hiéu ung d6 béng, bao gdm céc loai
nhu Directional nght (anh sang dinh huong) va Ambient nght (4nh sang moi trudng), gidp
md hinh dwoc chiéu sang tir nhiéu hudng va cai thién tinh tham my thi giéc.
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Renderer
R 'i P <canvas>

Camera J

Hinh 1. Céu trac dé xay dyng &ng dung 3D Three.js.
2.3.1. M6 hinh kinh 3D

Trong ung dung thir kinh 3D sur dung két hop Three.js va TensorFlow.js, thanh phan
GLTFLoader dong vai tro then chdt trong viéc tai mé hinh kinh tir cac dinh dang phé bién
nhu GLB hodc GLTF. Sau khi mé hinh kinh duoc tai vao, hé thong tién hanh can chinh vi tri
cua kinh dwa trén dit liéu landmark do mé hinh FaceMesh cung cap, bao gdm cac diém dic
trung nhu mat va mii [4,9]. D& dam bao kinh hién thj chinh xac va vira vin véi khudn mat
ngudi dung, cac phép bién doi hinh hoc nhu dich chuyén (translation), xoay (rotation) va
thay ddi ty 18 (scaling) duoc &p dung Ién mé hinh kinh.

Ngoai viéc can chinh v& mat vi tri, yéu té anh sang va hiéu tng thi giac ciing dong vai
tro quan trong trong viéc tao ra trai nghiém chan thyc. Three.js hd tro nhiéu loai anh sang
khac nhau, trong d6 anh sang dinh huéng (Directional Light) gilp tao ra bong do rd nét theo
huéng chiéu sang, con anh sang maéi trudng (Ambient Light) c6 tac dung chiéu sang toan
canh mot cach dong déu ma khdng tao bong, tir d6 1am noi bat mé hinh kinh mét cach ty
nhién va sinh dong [1,5].

Toan bo hé théng hoat dong trong mot méi trudng khong gian ba chiéu do Three.js
cung cap, bao gom céc thanh phan chinh nhu Scene (noi chira md hinh kinh va nguon sang),
PerspectiveCamera (md phong géc nhin ty nhién cua mat ngudi) va WebGLRenderer (chiu
trach nhiém két xuat hinh anh 3D 1én trinh duyét vé6i hiéu suét cao). Su phdi hop chit ché
giira cac thanh phan nay cho phép tao ra mét trai nghiém thir kinh a0 muot ma, truc quan va
¢6 tinh tuong tac cao ddi véi nguoi dung.

2.3.2. Phép tinh tién va xoay trong Three.js

Trong Three.js, cac phép bién d6i hinh hoc thugc nhém phép bién dbi affine nhu tinh
tién (translation), xoay (rotation) va thay ddi ty I& (scaling) duoc sir dung dé diéu chinh vi tri,
hudng va kich thuéce caa md hinh kinh 3D sao cho phu hop véi khudn mat nguoi dung. Cac
phép bién ddi nay duoc ap dung dya trén dit liéu landmark thu dugc tir md hinh FaceMesh,
nham dam bao mé hinh kinh dugc hién thi mot cach chinh xac va truc quan trong khéng gian
3D.

Phép tinh tién (Translation): M6 hinh kinh ban diu dwoc tai & mét vi tri mic dinh trong
khong gian 3D. Dé dua kinh dén ding vi tri trén khudn mat, phép tinh tién duoc ap dung dua
trén cac diém landmark, dac biét 12 vi tri mat va mii. Trung diém gitta hai mét thuong dwoc
str dung lam tham chiéu dé xac dinh vi tri can dich chuyén mé hinh. Trung diém nay dwoc
tinh theo cong thuc:
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MldEVE‘ _ (xleftEyg +2 xra’ghtEye ’.Vlgft.ﬁ'ye +2 .Vra'ght.ﬁ'ye)

Sau khi tinh duoc trung diém, mé hinh kinh dwoc tinh tién sao cho tring véi vi tri nay
trong khong gian hién thi.
Phép xoay (Rotation): Dé md hinh kinh khép véi goc nghiéng caa khubn mat, can xac

dinh géc nghiéng gitra hai mat duya trén toa do landmark. Goc quay (0) duoc tinh theo cong
thuc:

YrightEye— YieftEy
e = m‘ctan( TightBye” lef ”)
XrightEye— XleftEye

Goc nay sau d6 duoc ap dung dé xoay mé hinh kinh quanh truc Z, gidp mé phong géc
nhin cua nguoi dung trong khdng gian 3D mot céch chinh x&c.

Thay dbi ty 18 (Scaling): Dé dam bao mé hinh kinh c6 kich thuéc pht hop véi khudn
mat, mot phép bién ddi ty & duoc ap dung dua trén khoang cach Euclid gitra hai mit.
Khoang cach nay phan anh dé rong thuc té caa khudén mit ngudi dung va dugc dung dé diéu
chinh ti I¢ mé hinh kinh sao cho khéng quéa I6n hoac qua nho. Nho d6, mo hinh kinh dugc
hién thi vai ty Ié chinh xéc, gop phan tao nén trai nghiém thir kinh truc quan va chan thyec.

2.3.3. Anh sdng va dé bong (Shading)

Trong Three.js, hé thong 4nh sang va d6 bong (shading) dong vai trd quan trong trong
viéc nang cao tinh chan thuc va tham my caa md hinh kinh 3D. Bang cach mé phong céch
anh sang tuong tac voi bé mat vat thé, hé thong nay giip mé hinh kinh phan anh chinh xac
cac dic diém vé chit lidu, do cong va do phan xa, tir d6 mang lai trai nghiém thi giac sng
dong cho nguoi dung [5].

Mot trong nhitng mé hinh chiéu sang co ban duoc sir dung 1a md hinh chiéu sang
Lambert, duoc 4p dung dé tinh toan 4nh sang khuéch tan (diffuse lighting). Md hinh nay gia
dinh rang anh sang phan xa dong déu theo moi hudng tir bé mat vat thé va cuong do anh
sang quan sat duoc phu thudc vao goc giira anh séng chiéu téi va phap tuyén bé mat.

Phuong trinh anh sang khuéch tan theo mé hinh Lambert dugc biéu dién nhu sau:

Liiffuse = 1 .max(0O,N .L)
Trong do:
Laiffuse 1a cuong d6 anh séang khuéch tan,

I 14 cuong do anh sang tir ngudn sang,
N 1a vector phép tuyén tai diém trén mé hinh kinh,
L 1a vector huéng t6i nguon sang.
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2.4. HelenDataset

Tap dit liéu hinh anh khudn mit duoc minh hoa trong Hinh 2 1a mét nguén dit liéu phd
bién, duoc st dung rong rai trong cac nghién ciru vé& nhan dang va phan tich khuén mat. Bo
dir liéu nay bao gébm 2.330 hinh anh khudn mat vai do phan giai 400x400 pixel, trong d6 co
2.000 anh duoc st dung cho huan luyén va 330 anh cho kiém tra [10].

Hinh 2. Céc hinh anh khudn mat trong HelenDataset.

MAi hinh anh trong tap dit liéu duoc gan nhan chi tiét cac thanh phan chinh cua khudn
mét nhu mit, 16ng may, miii, miéng va duong vién ham, thong qua viéc danh diu va vé céc
duong vién dic trung mot cach chinh xac va nhat quan. Céc nhan nay phuc vu cho viéc huan
luyén va danh gia hiéu qua caa cac mo hinh nhan dién khuén mat, dac biét la trong céac bai
toan lién quan dén phat hién landmark, can chinh khuén mat va cac tng dung thi giac may
tinh khac.

3. XAY DUNG UNG DUNG
3.1. Quy trinh xir ly bai toan thir kinh 3D

Trong nghién ctu nay, ching t6i xay dung mét h¢ théng thir kinh 3D tryc tuyén dya
trén su két hop gvifxa chg nghé nljzfm dién khudn mat vg}l hién thi d6 hoa 3D thoi gian thuec.
Quy trinh xt ly tong thé cua hé thong duoc chia thanh bon budce chinh nhu sau:

Buéc 1: Nhan dién khudn mit va trich xuat diém landmark véi TensorFlow.js
(FaceMesh)

Ung dung sir dung camera (webcam) ciia nguoi dung dé thu nhan hinh anh khuon mat
theo thoi gian thuc. Sau d6, mo hinh FaceMesh duoc trien khai bang TensorFlow js s thuc
hién nhan di¢én khudn mét va xac dinh cdc diém landmark quan trong nhu mat, miii va
miéng. Cac diém nay dong vai tro then chot trong viéc dinh vi va can chinh mé hinh kinh 3D
trong cac budc tiep theo.

Budc 2: Tai md hinh kinh 3D bang Three.js

M2 hinh kinh 3D dugc tdi vao khong gian hién thi théng qua GLTFLoader cua thu vién
Three.js. Ban dau, mé hinh kinh duoc thiét 1ap & kich thudc tiéu chuan va chua can c~hinh Vi
tri trénﬁ khubn mat. Cac dir liéu hinh hoc va vat liéu cia mé hinh sé dugc xir 1y dé san sang
cho hién thi.

Buwéc 3: Can chinh vi tri va kich thudc kinh 3D

242



Héi thao khoa hoc Khoa Cong nghé théng tin nam 2025

Dua trén thong tin landmark thu duoc tr budc 1, hé théng tién hanh di‘éﬂu chinh md hinh
kinh dé khop véi vi tri va ty 1¢ khuon mat cia nguoi dung. Cac phép bien doi hinh hoc duoc
ap dung bao gom:

Tinh tién (translation): dua kinh dén dung vi tri gira hai mét.

Xoay (rotation): diéu chinh goc nghiéng cua kinh sao cho phi hop véi huéng khudn
mat.

Thay doi ty I¢ (scaling): diéu chinh kich thuéc kinh dya trén khoang céch giira hai mat,

dam bao kinh vira van va ty nhién khi hién thi.

Bu6c 4: Hién thi va twong tac thoi gian thuc

Sau khi mé hinh kinh dugc cin chinh, hé théng s& hiérj thi kinh trén khuén mat nguoi
dung trong m6i truong khong gian 3D. Thu vién Three.js ho trg cac hiéu tmg anh sang nhu
Directional Light va Ambient Light, gitp md phong hiéu ng ghiéu sang va do bong mot
cach chan thuc. Ngoai ra, phuong trinh Lambert duoc st dung dé tinh toan &nh sang khuéch

tan (diffuse lighting), tao ra cac hi¢u tmg d6 bong muot ma trén bé mat kinh, tir 46 nang cao
tinh chan thuc va chat luong thi giac ciia mé hinh khi nguoi dung tuong tac truc tiép.

3.2. C4c chire ning caa wng dung thir kinh

Ung dung thtr kinh truc tuyén duoc phét trién véi muc tiéu mang lai trai nghiém tuong
tac tdi wu cho ngudi dung. Cac chire ning chinh cua hé thong bao gom:

Chuc ning thir kinh 3D: Ung dung st dung két hop cong nghé nhan dién khudn mat va
dd hoa 3D dé hién thi mé hinh kinh tryc tiép 1én khuén mat nguoi dung théng qua hinh anh
tir webcam. Mo hinh kinh 3D duoc tai 1&n va hién thi trong khdng gian 4o, dong thoi duoc tu
dong can chinh vé vi tri va ty 1& dua trén cac diém landmark khuén mit thu dugc tir md hinh
FaceMesh. Nho kha nang xt ly thoi gian thue, nguoi ding ¢ thé quan sét kinh tir nhidu goc
d6 va danh gia mirc d6 phi hop mét céch truc quan trude khi dua ra quyét dinh lya chon san
pham.

Chuc ning bat/tit kinh: Hé théng cung cép tiy chon cho phép nguoi dung linh hoat bat
hoac tit mo hinh kinh trong giao di¢n thu nghiém. Diéu nay tao diéu kién thuan loi cho viéc
s0 sanh nhiéu mau kinh khac nhau, gitp nguoi ding d& dang lva chon kiéu dang pht hop voi
khudn mat va s¢ thich ca nhan.

Giao dién nguoi dung than thién: Giao dién ung dung duoc thiét ké tdi gian, truc quan
va dé thao tac, nham dam bao trai nghiém nguoi dung lién mach, ké ca véi nhimg nguoi
khong c6 ki ning cong nghé cao. Ung dung hd trg hoat dong on dinh trén nhiéu trinh duyét
phd bién nhu Google Chrome, Mozilla Firefox, Safari va Microsoft Edge, ddng thoi khong
yéu cau cai dat thém phan mém hay plugin. Diéu nay gop phan nang cao tinh tién loi, kha
ning truy cip da nén tang va ting d6 phd cap cua ung dung dén déng dao nguoi ding.

3.3. Thuit toan xac dinh vi tri va hién thi mé hinh kinh 3D

Thuat toan duoc dé& xuét trong nghién ciru ndy c6 nhiém vu xac dinh chinh xac vi tri
mat ngudi dung tir ludng video dau vao va hién thi moé hinh kinh 3D duoc can chinh theo
thoi gian thyc trén khuén mat. Dir liéu dau vao bao gém cac khung hinh (video frames) tir
webcam va cac diém landmark khuén mit dwoc trich xuit tir mé hinh FaceMesh. Két qua
dau ra 1a toa 6 mét da dwoc xac dinh va mo hinh kinh 3D dugc render truc tiép 18n khuén
mat nguoi dung.
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Quy trinh xtr Iy dugc chia thanh cac budc chinh nhu sau:

Buwéc 1: Khoi tao webcam va mé hinh nhan dién khuén mat

Budc 1.1: Yéu cau quyén truy cap webcam tir trinh duyét.

Budc 1.2: Thiét lap ludng video truc tiép tir webcam va hién thi trén giao dién web.

‘Budc 1.3: Cho cho dén khi video sén sang dé dam bao dit ligu on dinh cho cac budc xir
ly tiép theo.

Buéc 2: Khaoi tao mai truong 3D vai Three.js

Budc 2.1: Khai tao thu vién Three.js dé phuc vu viéc render mé hinh kinh.

Buéc 2.2: Tao cac thanh phan co ban bao gom scene (khung canh), camera (g6c nhin)
va renderer (bd két xuat do hoa).

Budc 2.3: Gan camera vao scene va thiét 1ap cac thdng sé vi tri pha hop.

Bugc 2.4: Thém hé thng anh sang (directional light, ambient light) dé ting tinh chan
thuc khi hién thi kinh.

Bwéc 3: Tai va hién thi mé hinh kinh 3D

Budc 3.1: Sir dung GLTFLoader dé tai md hinh kinh 3D tir dinh dang GLB hoic
GLTF.

Budce 3.2: Thém md hinh kinh vao scene.

Budc 3.3: Ap dung phép bién d6i dé diéu chinh ty 1¢ (scaling).

Budc 3.4: Thiét lap kich thudc ban dau cho md hinh kinh sao cho phu hop voi ty 16
khudn mat trung binh.

Bwéc 4: Tai va trién khai mé hinh FaceMesh tir TensorFlow.js
Budc 4.1: Tai mé hinh nhan dién khudn mat FaceMesh tir thu vién TensorFlow.js.
Budc 4.2: Kich hoat qua trinh nhan dién diém landmark trén khudn mat.

Budc 4.3: V6i mdi khung hinh tir webcam, md hinh s& dir doan va tra vé 468 diém
landmark, bao gom céc vi tri mat, miii, miéng va cac dic trung khac.

Budrc 5: Tinh toan vi tri va diéu chinh kinh 3D
Budc 5.1: Tinh toan trung diém gitra hai mat dé xac dinh vi tri dat kinh:

. TleftEye T LrightEye WYleftEye T YrightEye
N[ldEye — ( ¥ g ¥ ¥ u £ Y

2 ’ 2

Budc 5.2: Chuyén ddi toa do tir hé truc video sang hé toa do cua Three js.

Budc 5.3: Tinh khoang céch giira hai mat dé diéu chinh ty Ié kinh va tinh goc xoay
(rotation) dua trén cong thuc:

g — arctan ('yrightl:'.ye — WeftEye )
LrightEye — LleftEye

Buéc 5.4: Cap nhat vi tri, ty 1é va géc xoay ctia mé hinh kinh twong ng vai khudn mat
ngudi dung.

Budc 6: Hién thi kinh 3D theo thoi gian thuc

Budc 6.1: Khai chay vong lip render dé cap nhat lién tuc giao dién 3D.

Budc 6.2: Trong mdi khung hinh, cap nhat cac diém landmark méi tr md hinh
FaceMesh.
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Budc 6.3: Didu chinh vi tri, kich thudc va goc xoay cua kinh dua trén chuyén dong
khudn mat, dam bao d6 khap va tinh chan thyc trong twong tac thoi gian thyc.

3.4. Ung dung

Quy trinh nguoi dung trai nghiém chirc nang thir kinh mét 4o trén nén tang web duoc
thiét ké dé d¢am bao sy tién loi, trong tac truc quan va hoat dong hoan toan theo thoi gian
thue. Nguoi dung bit dau bang cach truy cap vao trang web c6 tich hop hé théng thir kinh
40. Sau d6, ngudi ding dwoc yéu cau bat webcam, tir d6 hé thdng s& tw dong thu nhan hinh
anh khuén mit va tién hanh nhan dién cac dac diém hinh hoc quan trong nhu vi tri ciia mat,
miii va miéng.

Dua trén cac diém landmark dugc x4c dinh thdng qua mé hinh nhan dién khuén mat, hé
thdng tién hanh dinh vi va hién thi mé hinh kinh 3D lén khudn mit ngudi dung. Qué trinh
nay bao gom cac budc xi ly hinh hoc nhu tinh tién, xoay va thay ddi ty 16 mé hinh kinh dé
dam bao sy khdp chinh xac vai khudn mat trong tieng khung hinh video.

‘:r5—>' —»? '___:}

Truy cap websw}e va
chon san pham

Output: hién thi kinh 3D

Bat webcam Thudt toan xu Iy wén khuon mat

Input: Nguéi tiéu ding

Hinh 3. Quy trinh nguai tiéu dung thir kinh 4o trén website.

~_/ m Yy San pham cung loai

Your shopping cart
ST b e uetny  Uestorice ke ey

2 Pt

Total amount: 6.700.000 ¢

(d)
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(9)

Hinh 4. Trang chu (a), trang thdng tin san phém (b), trang déng nhép/dang ky (c), trang gi6 hang (d),
trang don hang (e), trang san pham dugc luu (f), trang tha mat kinh ao (g).

Toan bo hé théng hoat dong truc tiép trén trinh duyét, cho phép ngudi ding sir dung
trén nhiéu thiét bi khac nhau nhu may tinh ca nhan, may tinh bang hodc dién thoai di dong
ma khong can cai dat thém phan mém. M6 hinh kinh duoc hién thi theo thoi gian thuc, mang
lai trai nghiém tuong tac song dong va chan thuc. Ngudi dung co thé d& dang lwa chon, thu
nghlem va so sanh cac kiéu dang, mau sic va tly chon san pham khéc nhau truée khi dua ra
quyét dinh mua hang, nhu minh hoa trong Hinh 3.

Chung t6i da xay dyng mot eng dung thir kinh 3D truc tuyén trén nén tang web, trong
d6 chirc ning thir kinh a0 dugc tich hop truc tiép vao giao dién nguoi dung nham mang lai
trai nghiém tuong tac muot ma va thuan tién. Hé thdng tng dung két hgp mé hinh hoc sau
FaceMesh dé nhan dién va trich xuit cac diém landmark trén khudn mit, cing véi thu vién
dd hoa Three.js dé hién thi mé hinh kinh 3D theo thoi gian thuc mot cach chinh xac va 6n
dinh.

Théng qua (g dung nay, ngudi ding ¢ thé dé dang tim kiém, thir nghiém va lya chon
céc loai kinh mét khac nhau ngay trong trinh duyét ma khong can dén cira hang thuc té. Qua
trinh thir kinh duoc thuc hién mot cach truc quan, gitp nguoi diung dua ra quyet dinh mua
hang chinh xac hon, dong thoi nang cao chét lwong trai nghiém mua sam tryc tuyén.

Hé théng bao gom nhiéu chirc ning hd tro, trong d6 cac chirc ning chinh va dic trung
cua trng dung duoc minh hea trong Hinh 4.
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4. KET QUA VA THAO LUAN

Trong qua trinh nghién ciu va thyc nghiém hé thong thir kinh ao, ching toi da tién
hanh danh gia hiéu suat nhan dién khudén mat cuia mé hinh thdng qua khoang cach giira hai
diém landmark dai dién cho mét trai v mat phai, duoc xac dinh boi mé hinh FaceMesh.
Viéc danh gia duoc thyuc hién trén tap dir liéu HelenDataset véi hon 2.000 anh khuén mat da
duoc gan nhéan chinh xac [10].

Két qua cho thiy md hinh FaceMesh c6 kha nang nhan dién cac diém landmark véi do
chinh x4c tuong dbi cao, dic biét trong cac diéu kién anh sang 6n dinh va gc nhin chinh
dién. Trung binh, sai s6 khoang cach giira hai mat duoc du doan so véi nhan thuc té 1a 23.11
don vi, phan &nh hiéu qua caa md hinh trong viéc tai tao cau tric khuén mat phuc vu cho
viéc can chinh md hinh kinh 3D.

Dé danh gia hiéu qua cia md hinh mat cach toan dién, chiing ti 4p dung chién luoc
Kiém tra hai giai doan dbi véi ca hai md hinh FaceMesh va Dlib:

Giai doan 1: Tién hanh kiém tra ban dau trén 100 anh dau tién trong tap di liéu nham

dam bao céc biéu d6 két qua co thé hién thi rd rang cac dudng xu hudng va sai b, tir do

hd trg qué trinh phan tich truc quan va diéu chinh thuat todn néu can thiét. Két qua tur

giai doan nay dugc trinh bay trong Hinh 5.

Giai doan 2: Sau khi x&c nhan tinh 6n dinh va xu hudng caa md hinh tir giai doan dau,

ching t6i tiép tuc ma rong danh gia trén toan bd hon 2.000 anh trong HelenDataset

nham thu thap dir liéu day du va xay dung cac biéu d6 phan anh chinh xac hiéu suat

tong thé cua hé théng. Biéu d6 két qua toan dién duoc trinh bay trong Hinh 6.

Chién luoc hai giai doan nay vira gilp t6i vu hoa kha ning phan tich trong giai doan
dau, vira dam bao tinh dai dién va toan dién cua két qua danh gia cudi cung. Qua d6, ching
t6i nhan thiy rang md hinh FaceMesh hoat dong 6n dinh trong maéi truong trién khai thuc té,
ddng thoi o tiém ning tng dung cao trong cac hé théng thir kinh 4o truc tuyén.

(@)
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Biéu d6 Accuracy

(b)
Hinh 5. Biéu d6 biéu dién d¢ chinh xac ciia md hinh FaceMesh khi kiém tra 100 anh dau tién (a), biéu
do biéu dién do chinh xac ciia md hinh Dlib khi kiém tra 100 anh dau tién (b).
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Hinh 6. Biéu do biéu dién d¢ chinh xéac ciia FaceMesh khi kiém tra trén 2000 anh (a), biéu d6 bicu
dién do chinh xéc cua Dlib khi kiém tra trén 2000 anh (b)
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Dua trén biéu do chinh xac dugc trinh bay trong Hinh 6, ca hai md hinh FaceMesh va
Dlib déu cho thy d6 bién thién nhit dinh trong qué trinh nhan dién cac diém landmark, voi
d6 chinh xéc cao nhét gan tiém can gia tri 1.0. Tuy nhién, trong mot sé truong hop nhat dinh,
dic biét khi anh dau vao c6 chat luong thap, bi mo hodc géc chup khong thuan loi, 6 chinh
X4C cua ca hai mo hinh déu syt giam nghiém trong, tham chi xuéng dudi mic 0, cho thay
viéc nhan dién hoan toan that bai.

Du vay, khi so sanh tryc tiép, mé hinh FaceMesh thé hién d6 6n dinh cao hon, thé hién
qua viéc sé lwong anh c6 d6 chinh xéc bang 0 it hon dang ké so véi Dlib. Trung binh, do
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chinh xac cua FaceMesh dat 59.11%, trong khi DIib chi dat 47.11%, cho thdy mo hinh
FaceMesh phu hop hon dé tich hgp vao cac ing dung thir kinh 4o trén nén tang web.

Két qua thuc nghiém ciing chi ra rang FaceMesh c6 kha ning nhan dién cac diém
landmark nhanh va chinh xac hon trong diéu kién anh sang tét va goc nhin thuan loi. Pay la
mét loi thé I6n trong viéc dam bao trai nghiém nguoi dung lién mach khi thir kinh truc
tuyen gitip mo hinh kinh 3D duoc hién thi dang vi tri trén khudn mat va phan anh chinh xac
kiéu dang ciing nhu kich thudc san pham.

Tuy nhién, FaceMesh van gap han ché khi xi ly hinh anh trong diéu kién khong ly
tuong, chang han nhu anh bi mo, thiéu sang hodc chup tir goc nghiéng. Trong cac trudng
hop nay, sai sb trong viéc dy doan vi tri landmark ting 1én, anh huéng dén do chinh xac khi
hién thi kinh 3D, déng thoi 1am giam tinh chan thyc cua trai nghiém thir kinh.

D¢ khic phuc han ché trén, can xem xét tich hop cac ky thuat tién xir Iy anh nhu nang
cao d6 phan giai, can bang do sang, hoic ap dung bd loc khir nhiéu trude khi dwa vao mod
hinh nhan dién. Ngoai ra, viéc két hop véi cac mé hinh nhan dién khudn mat tién tién hon,
hodc huan luyén lai md hinh FaceMesh trén tap dir liéu da dang hon (bao_ gdém anh nghiéng,
anh thiéu sang, anh ngoai troi...) s& gilp cai thién hiéu suit cua hé théng trong cac tinh
hudng thuc té phc tap.

Cuébi cuing, hé thdng c6 thé dugc mé rong trién khai trén cac nén tang di dong va may
tinh xach tay tich hop cong ngh¢ thuc té ting cudng (AR), tr d6 mang lai trai nghiém thu
kinh truc tiép séng dong va linh hoat hon, gop phan nang cao trai nghiém mua sam truc
tuyén va gia ting gia tri cho cac nén tang thuong mai dién tu.
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ABSTRACT

REAL-TIME VIRTUAL EYEGLASS TRY-ON INTEGRATION FOR FASHION E-
COMMERCE WEBSITES USING FACEMESH AND DLIB

Nguyen Trong Hoang Phuc?, Ngo Duong Ha?, Tran Nhu Y**
Ho Chi Minh City University of Industry and Trade
Email: ytn@huit@edu.vn

The integration of Virtual Try-On (VTO) technology into e-commerce platforms has
emerged as a significant trend, particularly in the fashion eyewear industry. This technology
enables users to virtually try on glasses through 3D models, thereby enhancing the shopping
experience, increasing purchasing confidence, and reducing product return rates. In the
context of growing online shopping demand—especially after the Covid-19 pandemic—
VTO has become increasingly essential for online retail. However, several technical
challenges remain, notably in terms of accuracy and real-time interaction when displaying
fashion items on users’ faces. This paper proposes and evaluates the effectiveness of two
facial recognition models, FaceMesh and Dlib, in supporting online virtual try-on
functionality. Both models are integrated into the system using TensorFlow.js and Three.js to
render 3D glasses in real-time. Experimental results demonstrate that while both models
perform effectively, FaceMesh outperforms Dlib in terms of accuracy and user interaction,
particularly in tracking facial movements from various angles. The proposed virtual try-on
system contributes to improving user experience and offers promising potential for future e-
commerce applications.

Keywords: AR, Al, Virtual Try-on, FaceMesh.
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MQT KHAO SAT VE CAC PHUONG PHAP XAC PINH
NGUONG CHO BAI TOAN KHAI THAC TAP HUU ICH CAO
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YTrieong Pai hoc Cong Thuong Thanh phé Ho Chi Minh
“Email: lenv@huit.edu.vn
Ngay nhan bai 30/03/2025 ; Ngay chap nhan dang: 20/05/2025

TOM TAT

Khai théc tap hiru ich cao (High Utility Itemset Mining - HUIM) la mot bai todn quan
trong trong khai phé dit liéu, nham tim ra cac tdp muc c6 gia tri hitu ich cao tir cac co s dit
lieu giao dich I6n. Mot thach thie quan trong trong bai toan khai thac HUIM la xac dinh gia
tri ngudng do hiu ich t6i thiéu (minUtil) ph hop, vi né anh hudng truc tiép dén sb luong va
chét lwong céc tap hitu ich dwoc khai théc. Bai bdo nay khao sat mot cach téng quan vé cac
phuong phap xac dinh ngudng minUtil trong cac nghién ctu lién quan, bao gom lya chon
ngudng thu cong, phuong phap elbow va phuong phap dya trén khai thac top-k. Ching toi
phén tich vu diém, han ché va kha nang ung dung cua timg phuong phép, dong thoi thao luan
Ve cac xu hudng va thach thac trong viéc lya chon ngudng minUtil mot cach tu dong va thich
g, Mo ra huéng phét trién cho cac ki thuat HUIM linh hoat hon trong tuwong lai.

T khéa: Tap hiru ich cao, ngudong d6 htru ich, co so dir liéu giao dich, khai thac dir liéu, xac
dinh ngudng.

1. GIOI THIEU

Khai théac tap hiru ich cao (High Utility Itemset Mining - HUIM) la mot bai todn quan
trong trong khai thac dir liéu, gitp tim ra cac tap hgp muc (itemset) c6 do hiru ich cao tir co s&
dit liéu giao dich. Khdng gidng nhu khai thac tap phd bién (Frequent Itemset Mining - FIM),
HUIM khéng chi dua vao tan suat xuét hién cua cac muc ma con xem xét gia tri loi nhuan
hozc trong s6 cua ching, gidp phan anh thuc té tot hon trong céac linh vuc nhu thuong mai, y
té va tai chinh.

Mot trong nhitng thach thirc quan trong trong HUIM la xac dinh ngudng d6 hitu ich t6i
thiéu (minUtil) sao cho hop Iy, vi ket qua khai thac chiu anh hudng truc tiép boi gia tri ngu:ong
nay. Ngudng. qua cao co thé lam mét di nhiéu tap hitu ich quan trong, trong khi ngudng qua
thap c6 thé dan dén sb lugng tap két qua qua lon, gay lang phi tai nguyén va lam phic tap qué
trinh phan tich. Do d6, viéc xac dinh mot gié tri minUtil hop 1y 1a van dé can duoc nghién ctu
dé t6i wu héa higu sut khai thac.

Trong bai bao nay, ching t6i tap trung phan tich ba phuong phap pho bién dé xac dinh
ngudng minUtil, bao gom:
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Phuong phap chon nguong thu cong: Nguoi dung xac dinh gia tri minUtil dya trén kinh
nghiém hodc thir nghiém thuc nghiém. Mot so thuat toan dien hinh sur dung phuong phép nay
bao gom HUI-Miner [1], HUPMiner [2], va EFIM [3], FHM [4] va HMiner [5].

Phuong phdp Elbow: Sir dung phan tich d6 thi dé tim diém gap khic (elbow point), tir
d6 xac dinh ngudng tbi wu. Phuong phap nay ban dau dugc 4p dung trong phan cum [6, 7], va
sau d6 dugc mo rong dé xac dinh ngudng minSub va minUtil trong bai toan khai thac tap phd
bién va tap hiru ich cao [8, 9].

Phirong phap Top-K: Thay vi dat mot gia tri minUtil ¢6 dinh, phuong phap nay khai
thac diing k tap hitu ich cao nhat, gidp ty dong diéu chinh ngudng [10, 11, 12, 13].

Viéc phan tich va so sanh cic phuong phap nay s& gilp tim ra cach tiép can phd hop hon
trong viéc lya chon ngudng minUtil, nham t6i uu héa hiéu suat khai thac tap hiru ich cao. Phan
con lai cua bai béo s& trinh bay chi tiét cac phuong phap trén, phan tich vu nhuoc diém cua
ting phuong phép, va thao luan vé tiém nang ung dung trong thuc té.

2. CAC PHUONG PHAP XAC PINH NGUONG PQ HUU ICH CAO
2.1. Phwong phap chon ngwéng thi cong

Phuong phap nay la céch tiép can don gian nhat dé xac dinh ngudng minUtil trong bai
toan khai thac tap hitu ich cao (HUIM). Nguoi dung tu dat mot gia tri minUtil dya trén kinh
nghiém hoac théng qua thir nghiém. Gia tri nay thuong dugc xac dinh trudc khi thuat todn
khai thac duoc thyuc thi va c6 thé anh hudng dang ké dén sé luong tap hitu ich thu dugc. Tuy
nhién, do mang tinh cha quan, phuong phap nay c6 mot s6 han ché nhu sau:

— Néu chon ngudng qué cao, thuat toan c6 thé loai bo nhiéu tap hitu ich quan trong, dan
den két qua khong day du.

— Néu chon ngudng qua thip, sé luong tap két qua c6 thé qué Ion, 1am ting chi phi tinh
toan va gay kho khan trong viéc phan tich.

— Khong pht hop véi moi tap dir ligu, vi gia tri ngudng toi uu c6 thé thay doi tiry vao dac
diém cua dir liéu dau vao.
Cac nghién ctru ap dung chon ngudng thu cong thuong duoc chia thanh hai nhom chinh:
Nhom 1: Xéc dinh ngudng minUtil dya trén ty 1¢ phan trim (%) cta tong do hitu ich cua
toan lgcf) co so dir liéu. Trong cach tiép can nay, minUtil duoc dat dga trén mot ty 1€ phan tram
cua tong d6 hitu ich cua tat ca cac giao dich trong tap dir liéu. Dicu nay giup dam bao rang
ngudng dugc lya chon c6 tinh twong doi véi quy mo dir liéu, thay vi 1a mot gia tri tuyét doi.
Mot so thuat toan dién hinh sur dung phuong phap nay bao gom: HUI-Miner (Liu va cong su,
2012) [1], HUPMiner (Krishnamoorthy, 2015) [2] va EFIM (Zida va cong su, 2017) [3].

Bdng 1. So sanh ngudng minUtil trong thuat todn HUI-Miner, HUPMiner va EFIM

Co sé dir Ngwing ban dau (%) Bude ting (%)
ligu HUI-Miner |HUPMiner EFIM HUI-Miner | HUPMiner EFIM
Chess 18 15 25 2 5 25
Mushroom 2 1 25 0.5 1 25
Accident 15 - 25 5 - 25
Kosarak 1 - 25 0.5 - 25
Chainstore 0.004 0.02 25 0.001 0.02 25
Retail 0.02 0.01 - 0.005 0.02 -

Nhom 2: Xéc dinh ngudng minUtil bang mot gia tri c6 dinh. Thay vi tinh toén dya trén
ty I€ tong do hiru ich, mét s6 nghién ciru dé xuat sir dung mét gia tri nguong cu thé, dugc xac
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dinh theo ting bai toan cu thé. Céch tiép can nay gitip don gian hoa qua trinh khai thac nhung
c6 thé khong linh hoat véi cac tap dix lieu c6 quy md khac nhau. Mot sb thuat toan tiéu biéu
sir dung cach tiép can nay bao gom: FHM (Fournier-Viger va cong su, 2014) [4], FHN (Lin
va cong su, 2016) [14], HMiner (Krishnamoorthy, 2017) [5].

Bdng 2. So sanh ngudng minUtil trong thuat toAn FHM, FHN va HMiner

Co sé dir Ngwing ban dau (x1000) Buérc tiing (x1000)
ligu FHM FHN HMiner FHM FHN HMiner
Chess - 110 80 - 5 20
Mushroom - 200 1 - 50 1
Accident - 12000 5000 - 1000 5000
Kosarak 1200 - 1000 200 - 200
Chainstore 1200 - 1 700 - 0.2
Retail 5 1 1.6 5 1 0.2

Méc du phuong phap chon ngudng tha cong giip don gian hoa qua trinh khai thac, nhung
ca hai nhom tiép can trong phuong phéap nay déu ton tai nhitng han ché dang ké. Viéc xac dinh
minUtil theo ty 1¢ phan trim cta tong d6 hiru ich giup dam béo tinh twong quan véi quy mo
dir li¢u, nhung khong dam bao ring ngudng nay phu hop vei tung tap dir liéu cu thé. Trong
khi do, viéc chon mot gia tri cb dinh lai ¢6 tinh ciing nhéc, dan dén kho khan khi ap dung cho
cac bo dit lidu c6 dic diém khac nhau.

Hon nita, vi mdi thut todn c6 thé sir dung cac gia tri ngudng khéc nhau, viéc so sanh
hiéu suat giira cac thuat toan trén ciing mot bo dit liéu trg nén phic tap. Su khac biét vé gia tri
minUtil giita cac nghién cau c6 thé 1am sai léch két qua danh gid, gay kho khan trong viéc xac
dinh thuat toan nao thuc su hiéu qua hon trong thyc té.

Phuong phap chon ngudng thu cong tuy don gidn nhung lai thiéu tinh tu dong hoa va dé
dan dén lya chon ngudng khong ti wu. Vi vdy, cac phuong phap khac nhu phuong phap Elbow
va phuong phap Top-K da dugc dé xuat nham khac phuc han ché nay.

2.2. Phwong phap Elbow

bay la mot phuong phap phan tich db thi, trong d6 duong cong thé hién s luong tap hitu
ich dugc khai thac theo céc gia tri minUtil khac nhau. Diém gap khuc (elbow point) trén do
thi thuong dugc chon lam ngudng t01 uu, vi day la diém ma viéc giam gia tri minUtil khdng
con mang lai su gia ting dang ké vé sb luong tap hiru ich. Phuong phap Elbow ban dau duoc
sir dung phd bién trong cac bai toan phan cum, dic biét 1a thuat toan K-Means, dé xac dinh s6
lwong cum t6i wu. Trong bai toan phan cum, dudng cong biéu dién tong phuong sai trong cum
(within-cluster sum of squares - WCSS) theo sb lwong cum, va diém gap khic cho thay sé
lwong cum hop 1y trude khi hiéu qua coa viée ting sé cum bét dau giam dan. Nam 2014,
Bholowalia va cong sy sir dung thuét toan Kmean va phuong phéap elbow dé tim ra sé cum
mot cach ty dong [6]. Nam 2019, Saputra va cong su trinh bay so sénh viéc xac dinh sé cum
dir liéu bang 2 phuong phap 1a ebow va silhouette dya trén 3 d do 1a Manhattan, Euclidian
va Minkowski [7]. Nhan thay tinh hiéu qua cua phwong phap nay, cac nha nghién ctru dd mé
rong tng dung cia né sang cac linh vuc khéc. Nam 2018, Nguyen va cong su dé xuit st dung
phuong phép elbow dé xac dinh ngudng do hd trg trong bai toan khai thac tap pho bién [8].
Nam 2022, Belghith va cong su su dung dé xuét st dung phu:ong phap elbow trong viéc Xac
dinh ngudng minUtil trong dé khai thac tap hitu ich cao. Thay vi s6 cum, phuong phap Elbow
trong HUIM phan tich su thay déi ciia s6 lugng tap hitu ich theo minUtil dé tim diém tdi wu,
gip giam thiéu thir nghiém thu cdng va cai thién hiéu suat khai thac.
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Hinh 1. B4 thi phuong phap elbow truong hop a) xéc dinh dugc diém gay khuc va truong hop b)
khong xac dinh duge diém gay khuc
Méc du phuong phap elbow cung cap mot cach tlep can truc quan dé xac dinh ngudng
minUtil bang cach phan tich do thi mdi quan hé¢ gitra so lugng tap hitu ich va gia tri minUtil,
nhung phuong phap nay van ton tai mot sé han ché déng ké.

Thir nhét, phuong phap nay c6 thé yéu cau nhiéu lan chay thuat toan khai théc tap hitu
ich cao vai cac gia tri minUtil khac nhau dé vé& duoc db thi, dan dén tén nhiéu thoi gian tinh
toan, dgc biét khi p dung trén céc tap di liéu I6n. Do tinh chat cia HUIM, mdi lan thay doi
ngudng minUtil ¢6 thé anh hudng déng ké dén sé luong tap két qua, khién thoi gian chay cua
thuat toan bién dong khong du doan trudc dugc. Piéu nay lam ting chi phi tinh toan, nhat la
khi sb luong thir nghiém qué 16n hoic dit liéu co do phuc tap cao.

Thr hai, khong phai lic nao cling xac dinh dugc rd rang diém gay khic (elbow point)
trén do thi nhu trong Hinh 1b). Trong mot s6 truong hop, duong cong co thé khong xuat hién
mot diém gdy rd rét ma thay vao dé thay ddi dan dan, khién viéc xac dinh minUtil téi uu tré
nén khé khan. Didu nay dic biét xay ra khi tap dir liu khéng co sy thay doi dang ké vé sb
luong tap hitu ich theo ngudng hozc khi cac gia tri minUtil anh huong dén két qua mot cach
tuyén tinh hon 1a phi tuyén. Khi d6, viéc &p dung phuong phéap elbow c6 thé tré nén kém chinh
xéc, doi hoi phai két hop thém cac phuong phéap hd trg khac dé xac dinh ngudng hop 1y hon.

2.3. Phwong phap Top-k

Phwong phép elbow tuy cd thé xac dinh ngudng minUtil mot cach truc quan nhung lai
t6n tai nhitng han ché nhat dinh, dic biét 1a chi phi tinh toan cao va kho xac dinh diém gy
khdc trong mot sb truong hop. Dé khic phuc nhitng han ché nay, mét cach tiép can khac duoc
d@é xuat 1a phuong phap Top-K, trong do6 thay vi dat mot ngudng minUtil ¢é dinh, phuong phap
nay s& tim ra K tap hitu ich cao nhat ma khong can xac dinh trudc gia tri ngudng.

Phuong phap Top-K gilip tu dong diéu chinh ngudng minUtil theo dir liéu dau vao va
y&u cau cua ngudi dung, giam thiéu tinh trang phai thir nghiém nhiéu 1an véi cac gié tri minUtil
khac nhau. Hon nita, phuong phap nay dam bao rang so luong tap hitu ich thu dugc ludn &
marc mong mudn, tranh viéc chon ngudng qua cao dan dén mat théng tin hoic ngudng qué
thap khién két qua tré nén du thira. Mot s6 thuét toan dién hinh sir dung phuong phap Top-K
dé khai thac tap hitu ich cao bao gém: TKU & TKO [10], kHMC [11], THUI [12], FTKHUIM
[13]. Biém noi bac cta phuong phap Top-k 14 sir dung cac chién lugc chon ngudng khoi dau
va chién Iuge nang ngudng trong qué trinh khai thac. Chién lugc chon ngudng khoi dau gitp
thuat toan xac dinh dwoc ngudng minUtil cao nhét c6 thé dé thuat toan khai thac nhanh hon.
Trong khi d6, chién lugc nang ngudng nham dam bao ngudng minUtil dugce tang 1én sao cho
ludn c6 K tap muc véi do hiru ich I6n hon hodc bang minUtil.
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Bang 3. Céc chién lugc khoi tao ngudng va nang ngudng

STT | Thujttoan Crl':’;‘ Ill‘g'gfﬂ‘fg‘" Chié:g‘:r‘ggg”éng
1 | TKUvaTKO |RUC PE, RUC
2 | kHMC RIU CUD, COV, RUC
3 | THUI RIU LIU-E, LIU-LB, RUC
4 | FTKHUIM RIU RTU, LIU, COD, COV

Phuong phap Top-K mang lai nhiéu loi ich so véi cac phuong phéap khai thac tap hiru ich
cao (HUIM) truyén thong, dac biét ¢ kha niang tu dong xac dinh ngudng minUtil va t6i wu hoa
qua trinh khai thac. Tuy nhién, phuong phap nay cling ton tai ‘mot so han ché nhét dinh. Do
thuat toan phdi thyc hién nang ngudng va ddng thoi kiém tra s lwong tap muc thoa diéu kién
k tap nén chi phi tinh toan s& l6n dbi véi khi gia tri k cang 16n. Bén canh d6, cac thuat toan
nay can cac cau tric dir liéu bo sung dé theo ddi va nang ngudng thuong Xuyén trong qua trinh
khai thac do thuat toan phai duy tri mot danh sach chtra K tap hitu ich cao nhat hién tai, ddng
thoi cap nhat gia tri minUtil lién tuc. Didu nay co thé 1am tang chi phi bo nhd va xi 1y so voi
cac phuong phéap c6 ngudng ¢ dinh.

2.4. So sanh va danh gia cac phwong phap trén cac tap dir liéu khao sat

Qua viéc phan tich ba phuong phap xac dinh ngudng minUtil, ¢ thé thady mdi céch tiép
can ¢ nhirg wu diém va han ché khac nhau tiy theo dic diém cua tap dir liéu.

Dbi voi phuong phap chon ngudng thu cong, két qua khao sat trén cac tap dit liéu nhu
Chess, Mushroom, Retail, Chainstore cho thay cach tiép can nay kha linh hoat vé mit trién
khai nhung phu thudc nhiéu vao kinh nghiém nguoi dung. Vi dy, trén tap Retail va Kosarak,
khi ap dung ngudng thap (0.01% — 0.02%), s6 luong tap két qua rat I6n, khién thuat toan tiéu
t6n nhiéu tai nguyén. Trong khi do, cac tap nhu Accident hodc Chainstore yéu ciu ngudng ban
dau rat nho méi cho két qua khai thac hiéu qua, didu nay thé hién rd su thiéu nhit quéan cua
phuong phap nay khi ap dung cho céc tap dit liéu cd quy mo va phan bd do hitu ich khéc nhau.

Phuong phéap Elbow c6 wu thé trong viéc xac dinh ngudng tu dong dua trén phan tich d6
thi. Trén cac tap nhu Chess va Mushroom, dd thi sé Iuong tap hitu ich theo minUtil cho thay
diém gay khuc twong dbi 15 rang, gitip xac dinh ngudng tdi wu mot céch truc quan. Tuy nhién,
VGi cac tap dir liéu Ion hon nhur Kosarak hodc Chainstore, duong cong c6 xu huéng thay doi
dan dan ma khong xuét hién diém gay rd rang, dan dén kho xac dinh ngudng mét cach chinh
xé&c. Ngoai ra, viéc phai chay thuat toan nhiéu lan dé xay dung db thi khién phuong phap nay
tré nén ton kém vé thoi gian va tai nguyén.

Phuong phap Top-K khéc phuc han ché trong viéc lya chon ngudng ban dau bang cach
dit truc tiép s luong tap can tim. Trén cac tap dit liéu nhu Kosarak va Retail, noi c¢6 d phan
tan do hiru ich cao, phuong phap nay to ra hiéu qua khi giam dugc s6 lan thir nghiém, dong
thoi dam bao két qua phu hop VGi yeu cau cua ngu'orl dung. Tuy nhién, véi nhitng tap nhé nhu
Chess, chi phi tinh toan c6 thé khong twong xirng, va cau trdc dir liéu bd sung dé theo ddi cac
tap hién tai c6 thé gay thira tai nguyén so véi phuong phap tha céng don gian.

T6m lai, khong c6 phuwong phap nao 1a tdi wu tuyét déi cho moi loai dit ligu. Phuong phép
thu cdng phu hop véi cdc tap nho hodc khi nguoi dung cé kinh nghiém. Elbow thich hop véi
tap dir liéu trung binh c6 bién dong rd rét vé s6 luong tap theo ngudng. Top-K phét huy hiéu
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qua trong cac tap 16n, phic tap va yéu cau tu dong hda cao. Viéc lya chon phuong phép phu
hop nén dua trén quy md dir liéu, do phan bo d6 hiru ich, va muc tiéu khai thac cu thé.

2.5. Pé xuit giai phap két hop

Tir két qua khao sét va phan tich & cac muc trudc, c6 thé thay rang mdi phuong phap xéc
dinh ngudng minUtil deu c6 pham Vi’phl] hop nhat dinh. Do do, thay vi chi lya chon mét
phuong phap co dinh, mot giai phap ket hop thich tng c6 the mang lai hiéu qua tot hon trong
thuc té. Giai phap dé xuat gom ba budc chinh:

Budc 1: Phén tich so bo dif ligu dau vao. Trudc khi khai thac, tién hanh phén tich dac
trung dir li¢u nhu s0 luong giao dich, phén b6 d6 hitu ich, mat do cég tap muc. Thong tin nay
gilp chon hudng tiep can phu hop (chang han: dit liéu I6n va phan bo rong thi vu tién Top-K;
dit liéu nho vai do bién thién ro thi vu tién Elbow).

Buéc 2, Udce lugng ngudng ban dau bang phuong phap Elbow hoic thong ké tan suat/loi
ich. Néu duong cong c6 diém gdy ro, dung ngay ngudng Elbow 1am minUtil. Néu khéng, chon
ngudng theo ty 1€ phan trim tong loi ich nhu phuong phap thu cdng (c6 thé tich hop véi hoc
may dé dé xuat ngudng theo lich sir khai théc).

Budc 3: Ap dung phuong phép Top-K nhu m¢t bude tinh chinh. Sau khi c6 ngudng khoi
dau, sir dung khai thac Top-K dé tim tap két qua téi uu theo s6 lwong mong mudn. Céach nay
vira tan dung kha ning kiém soat cua Top-K, vira giam thiéu chi phi lap lai tir dau.

Giai phap két hop trén cho phép tan dung uu diém cua timg phwong phap, vira dam bao
tinh tu dong hoa, hiéu qua, vira giam thiéu do phuc tap va thir nghiém tha céng.

3. KET LUAN

Xac dinh ngudng minUtil 1a mot vin dé quan trong trong khai thac tap hitu ich cao
(HUIM), anh huéng truc tiép dén chat lugng két qua khai thac ciing nhu hiéu suat thuat toan.
Trong bai bao nay, ching t6i di phan tich ba phuong phap phd bién dé xac dinh ngudng
minUtil: chon ngudng thu cong, phuong phap Elbow, va phuong phap Top-K. Phuong phap
chon ngudng thu cong don gian nhung phu thudc nhiéu vao kinh nghiém nguoi ding va thiéu
tinh t dong héa. Phuong phap Elbow cung cAp mat cach tiép can truc quan dua trén phan tich
dd thi, nhung c6 thé gip kho khin trong viée xac dinh diém giy khuc rd rang, dic biét ddi voi
nhung tap di lieu phurc tap. Trong khi do, phuong phap Top-K mang lai sy linh hoat hon bang
cach xéc dinh tryc tiép s6 luong tap hitu ich mong mudn, tuy nhién, né doi hoi céc chién luoc
nang ngudng va quan ly bo nhé hiéu qua dé dam bao hiéu suat.

Mdi phuong phap déu c6 wu va nhuge diém riéng, tly thugc vao yéu cau bai toan va diac
diém dit liéu. Do do, viéc lra chon phwong phap phit hop can xem xét nhiéu yéu t6 nhu tinh
tu dong hoa, do chinh xac, hiéu suat tinh toan va kha ning mé rong. Trong tuong lai, cc
nghién ciru ¢6 thé tap trung vao viéc cai tién hoac két hop cac phuong phap nay dé ting cuong
d6 chinh xé4c va tbi wu hoa hiéu ning trong khai thac HUIM.
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ABSTRACT

A SURVEY ON THRESHOLD DETERMINATION METHODS FOR HIGH UTILITY
ITEMSET MINING
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High Utility Itemset Mining (HUIM) is a critical problem in data mining that aims to
discover itemsets with high utility values from large transaction databases. One of the key
challenges in HUIM is determining an appropriate minimum utility threshold (minUtil), as it
directly affects the number and quality of the extracted high-utility itemsets. This paper
provides a comprehensive review of various approaches for setting the minUtil threshold in
HUIM, including manual threshold selection, the elbow method, and top-k mining-based
approaches. We analyze the advantages, limitations, and applicability of each method while
discussing trends and challenges in automating and adapting minUtil selection. Our study
highlights potential research directions for developing more flexible and efficient HUIM
techniques in the future.
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TOM TAT

Hién nay, tinh trang lam gia bang cp ngay cang nghiém trong, anh hudng tiéu cuc dén
uy tin ciia cac to chire gido duc va doanh nghiép. Diéu nay khong chi gy t6n that tai chinh khi
doanh nghiép tuyén dung sai ngudi ma con 1am giam niém tin vao hé thdng gido duc. Trude
day, viéc xac thuc van bang chu yéu dua vao tem chong gia hodc klem tra qua co s¢ dir liéu
truyén thong, nhung cac phuong phap nay d& bi 1am gia, khé truy xuat ngudn gdc va thiéu tinh
minh bach. P& khic phuc nhitng van dé, trong bai bao nay, ching t6i dua ra giai phép tng
dung Blockchain Hyperledger Fabric két hop véi InterPlanetary File System (IPFS) nham dam
bao tinh bao mat va xac thuc vin bang theo cach phi tap trung. Do Blockchain ¢é chi phi cao
va dung lugng luu trir han ché, IPFS déng vai trd trung gian, luu trit hinh anh bang cép va tao
mi dinh danh duy nhét (CID — Content Identifier), sau d6 CID nay dugc ghi vao Blockchain
dé dam bao tinh toan ven va kha ning truy xuit dir liéu. Bén canh d6, dé dam béo tinh Xac
thuc cua vin bang va danh tinh cac bén lién quan, hé théng sir dung Fabric Certificate
Authority (Fabric CA) dé cip chimg chi sé theo chudn X.509, gitp x4c thuc to chirc cip bang
va nguoi nhan. Qua qua trinh nghién ctru va thyc thi, ching t61 da trién khai thanh cong tng
dung di dong Fabric Certificate Authority (Fabric CA) dé ding ky va quan 1y danh tinh cua
cac bén lién quan, bao gdm td chirc cip bang, ngudi xét duyét va ngudi nhan bang cip. Bén
canh do, img dung cling da tich hop InterPlanetary File System (IPFS) dé hd trg viéc chuyén
d6i hinh anh bang cp thanh ma dinh danh duy nhat (CID — Content Identifier) truéc khi ghi
nhén 1én blockchain Hyperledger Fabric.

Tuwr khoa: Blockchain Hyperledger Fabric, IPFS, Fabric CA, Smart Contract, ching chi X.509.
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1. MOPAU
1.1.Dat van dé

Hoat dong lam gia bang cp, ching chi,... di c6 tir nhiéu ndm qua, va khi cac céng nghé
in 4n, chinh stra dugc ning cao thi viéc gia mao ngay cang tinh vi. Hoat dong nay dién ra ¢
nhiéu noi, nhidu nudc va ¢ Viét Nam thi ciing khong ngoai 1¢. Theo The New York Tlmes
cong ty Axact dd van hanh it nhat 370 trang web cung cap bang cap gia trén toan cau, thu vé
hang triéu do6 la My [1]. Tai Viét Nam, thong ké cua B Giao duc va Pao tao cho thay tir thadng
01/2017 dén thang 11/2023, Cuc Quan ly chét luong da tiép nhan 37.436 hd so cong nhan vin
bang nudc ngoai, trong d6 1.774 hd so (4,74%) bi tir chdi do khong dap tng diéu kién hodc
¢6 ddu hiéu gia mao [2]. Pidu niy giy ra nhiéu hau qua nghiém trong ddi véi uy tin cua cac
cO s& gido duc, lam anh hudng chat lugng nhan sy, dac biét la cac vi tri doi hdi nhén su co
chuyén mon cao.

Nhitng nam trude, viée xac minh van bang chu yéu phy thude vao tem chdng gia hodc
tra cru qua cdc co so dir liéu truyén théng; tuy nhién, nhimg cach nay dé bi sao chép, kho xac
dinh ngudn gbc, va khong dam bao tinh 3 rang, tin cdy. Dé giai quyét cac han ché do, chiing
t6i nghién ctru va dé xuit mot phuong phap sir dung blockchain Hyperledger Fabric két hop
v6i Hé thong Tép Lién hanh tinh (IPFS) nham ting cudng bao mat va xac thuc vin bang theo
mo hinh phi tép trung.

Blockchain Hyperledger Fabric 1a mot nén tang blockchain dugc thiét ké danh cho céac
ng dyung doanh nghiép, thudc loai permissioned blockchain (chu5i khdi c6 cip quyén), nghia
1a chi nhimg thuc thé duoc cap phép méi co thé tham gia vao h¢ thdng, gitip dam bao tinh bao
mat, quyén riéng tu va kha ning kiém soat dir liéu. Khong gidng nhu Bitcoin hay Ethereum 1a
cac blockchain cong khai (public blockchain), noi moi g1ao dich déu minh bach va bét ky ai
cling c6 thé tham gia, Hyperledger Fabric cung cap mot moi trudng co kiém soat, phu hop véi
céc hé thdng yéu cau bao mat cao nhu xac thuc bang cap. Mot diém khac biét quan trong la
Hyperledger Fabric hd tro nhiéu co ché dong thuan nhu Kafka, Raft, IBFT, gitip t6i wu hoa
hiéu suét cho cac tmg dung doanh nghiép, trong khi cac blockchain cong khai chu yéu str dung
Proof of Work (PoW) hodc Proof of Stake (PoS), v6n tiéu ton tai nguyén va khong ‘phu hop
v6i hé théng co yéu cau hiéu suit cao. Ngoai ra, Hyperledger Fabric tich hop hé thong quan
1y danh tinh Fabric CA, hd tro xac thuc va cip quyén chi tiét cho timg ngudi tham gia, dam
bao tinh minh bach va chéng gid mao trong viéc quan 1y vin bang, didu ma cac blockchain
cong khai khong c¢6 do moi giao dich déu an danh. Mot wu diém nita 1a Fabric st dung
Chaincode, mot dang Smart Contract ¢6 thé viét bang nhiéu ngdn ngit l4p trinh phd bién nhu
Go, Java, Node.js, giup d& dang trién khai vao hé théng doanh nghiép, trong khi Ethereum chi
hd trg Solidity, yéu cau méi truong dac biét daé chay va phat sinh phi giao dich (gas fee) cao.
Nho kién tric toi uu, Hyperledger Fabric co thé xir 1y hang nghin giao dich moi gidy, trong
khi Bitcoin va Ethereum bi han ché toc d6 do phu thudc vao co ché xac thuc phi tap trung [4].

Nghién ctru ciia chiing t6i da xay dung mot ing dung di dong thyc hién xac thuc hai cap
ctia blockchain, bao gdm Ngudi quan 1y va Nguoi duyét, nhim dam bao mdi vin bang trai qua
quy trinh kiém ‘duy€t nghiém ngat trude khi duge ghi nhén vao blockchain. Nguoi quan ly co
trach nhiém klem tra tinh hop 1& cua thong tin dau vao, xac minh danh tinh t6 chtic cip bang
va dam bao rang van bang dap ung céc tiéu chuan quy dinh. Sau do, Nguorl duyét s€ thuc hién
kiém tra chéo, ddi chiéu thong tin va xac nhan l1an cudi trude khi giri dir liéu vao blockchain
théng qua Smart Contract. Vi mo hinh nay, ing dung khong chi dam bao tinh minh bach va
giam thiéu rii ro gian 1an ma con gitp ngan chin hanh vi cap bang trai phép va tdi wu héa chi
phi quan 1y so véi cac phurong thirc xac thuc truyén thong.
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1.2. Tinh hinh nghién ciru lién quan

Qua qué trinh khéo sat cac nghién ctru lién quan van d& nay & trong va ngoai nudc, chung
toi ghi nhan dugc nhu sau:
- Nam 2024, Sutradhar va cong su [3] nghlen ctru va két hop blockchain Hyperledger
Fabric va OAuth 2.0 dé ting cuong quyén riéng tu, bao mat va kha ning mé rong trong
linh vic cham soc stc khoe. Nhom tac gia xdy dung hé thong quan 1y danh tinh va truy
cap dang s6 cai phi tép trung va khong thé thay doi dé dam bao tinh bao mat va toan ven
ctia dit liéu bénh nhan dong thoi tao diéu kién cho kha ning kiém toan minh bach va kiém
soat truy cap chi tiét. Hé thong dé xuét giai quyét cac thach thirc vé kha niang tuong tac
dir li€u, tudn thu quy dinh va phong ngtra gian 1an, hira hen sé chuyén ddi céc hoat dong
quén ly dir liéu cham séc suc khoe.
- Nam 2024, Jena, S. Kva cac cong su [4] dé xuat giai phap tién tién dua trén blockchain
sir dung Hyperledger Fabric dé theo ddi cac khiéu nai gian lan trong nganh bao hiém
cham soc strc khoe. Viéc tich hop cong nghé blockchain va cac ky thudt Machine
Learning, chang han nhu Support Vector Machines va Random Forest Regression, nham
muc dich tdng cuong tinh bdo mat va hiéu qua trong viéc xur 1y cac khiéu nai bao hiém,
ddng thoi dam bao tinh bao mat dir liéu bénh nhan va thiét 1ap mot hé sinh thai lay bénh
nhan 1am trung tim. Bang cach ty dong hoa cac khuyén nghi vé hop dong bao hiém va
st dung dir liéu strc khoe theo thoi gian thyc tir cac thiét bi deo, khudn khd nay khong chi
lam giam cac truong hop gian 14n ma con thuc diy tinh minh bach va hiéu qua trong
nganh bao hiém.
- Nam 2024, Muhammad Saad va cOng su [4] trinh bay nghién ctlru vé viée tich hop hé¢
thdng trén blockchain sir dung Hyperledger Fabric v6i camera an ninh truyén hinh mach
kin (CCTV) duoc 1ép ¢ dinh tai mot bat dong san cho thué. Nhom tac gia nhin manh
tam quan trong ctia viéc giai quyét cac thach thirc vé bao mat do viéc str dung ngay cang
tang cac thiét bj IoT trong khi cin bang cac phirc tap lién quan dén kha ning mé rong va
trién khai. Cac cai tién chinh bao gém thuat toan ma chudi doc ddo, xac thuc ma thong
bao web dé tuong tac 1ién mach trong cac tinh hudng cho thué va ting cudng tinh an danh
thong qua cac dia chi 4n va chit ky vong da stra dbi, cai thién dang ké tinh bao mat va do
tin cdy cta hé thong duoc dé xuat.
- Nam 2024, Jummai Enare Abang va cdng su [4] danh gia toan dién vé mé hinh hiéu
sudt do tré trong chudi khdi Hyperledger Fabric (HLF), dic biét 1a trong bdi canh cac tmg
dung Internet van vat (IoT). Nghién ctru néu bat tdm quan trong cla viéc giai quyét cac
thach thirc vé do tré khi tich hop HLF vao hé sinh thai IoT, d& xuit cac tiéu chi danh gia
m&i va kham pha cac nd lyc nghién ctru va mo hinh hoa hién c6. Bai bao xac dinh cac
thong sé chinh anh huong dén do tré, phan loai bdi canh nghién ciru hién tai va phéc thao
céc hudng nghién ciru trong twong lai dé t6i wu hoa do tré ciia HLF trong cac thiét 1ap
loT.
Trong nudc: mot sd nghién ctru lién quan BlockChain Hyperledger Fabric
- Nim 2024, Nguyén Vian Hoa va Tran Minh Khoa [5] nghién ctru va xdy dung mang
Blockchain dya trén framework Hyperledger Fabric va thiét ké Chaincode (hop dong
thong minh) dap tng cac nghiép vu ho tich can thiét.
- Nim 2019, Truong Minh Tuyén va cong su [6] dé xuét giai phap quan Iy tai san ngan
chén bang cong nghé blockchain thong qua nén tang Hyperledger Fabric. Giai phap de
xuit gop phan nang cao hiéu qua cong tac quan 1y, diéu hanh va don gian tha tuc cong
chung tai cac phong cong ching va co quan quan ly nha nude. Két qua thir nghiém giai
phap dé xuat c6 hiéu sudt cao va c6 kha ning (mg dung rong rii trong linh vyc cong
chung.
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Qua qua trinh khao sat va danh gia cac nghién ctu lién quan cho thiy cong nghé
blockchain dang la huéng nghién ctru hap dan vi nhiing gia tri mang lai trong linh vyc bao mét
thong tin dya trén nén tang dir liéu phi tap trung va cau trac luu trir theo dang chudi khéi. Day
chinh 14 co s¢ dé chong gia mao thong tin va nang cao hiéu suat xac thuc duwa trén kién tric
phi tap trung va chia s¢ thong tin s6 cai. Cong nghé blockchain co thé tao ra mot hé sinh thai
an toan, linh hoat va thich hop trong nhiéu linh vuc.

Bai b4o nay dé xuét str dung Fabric Certificate Authority (Fabric CA) dé dang ky va xéac
thuc danh tinh ctia nguoi nhan bang cap, dam bao rang chi nhitng c4 nhan va t6 chic hop 18
m&i c6 thé tham gia vao quy trinh xac thuc. Song song d6, nham Iluu trit vin bang an toan va
hi€u qua, InterPlanetary File System (IPFS) dugc 4p dung dé tao ma dinh danh duy nhét cho
hinh anh trude khi lién két voi blockchain. Cach tiép can nay khong chi giup t6i uu hoa dung
luong ma con dam bao tinh toan ven cia dir liéu. Bén canh do, hé thong dugc xdy dyng trén
nén tang Hyperledger Fabric, tich hop hop d6ng thong minh (Smart Contract) dé tu dong hoa
qua trinh kiém tra va xac thuc, qua d6 nang cao tinh minh bach va giam thiéu rui ro gian lan.

Céu trac con lai ciia bao bao gdm : phan 2 cua bai bao gidi thiu chi tiét vé cac cong nghé
dugc str dung va phén tich tac dong ciia chiing trong qua trinh x4c thuc vin bang; phan 3 trinh
bay cac budc thyc hién, mé ta cach dir liéu dwoc xir Iy va ghi nhan 1én blockchain; phan 4 tong
két noi dung nghién ctru va dé xuit huéng phat trién trong tuong lai. Tai liéu tham khao duoc
liét ké & cudi bai bao.

2. PHUONG PHAP NGHIEN CcUU

2.1. Hyperledger Fabric Blockchain

Hyperledger Fabric 1a mot nén tang blockchain ma nguén mé do Linux Foundation phat
trién [7], tap trung vao nhu cau cta doanh nghiép, dac biét 1a cac td chirc cAn mot hé théng
giao dich bao mat, minh bach nhung van giit quyén kiém soat dir liéu. Khong gidng nhu
blockchain cong khai, Hyperledger Fabric cho phép xay dung mang riéng tu (permissioned
blockchain), noi chi nhitng bén dugc ty quyen moi co thé tham gia, dam bao quyén riéng tu
va tinh bao mét cao. Mgt trong nhiing diém nbi bat cua nén tang nay 1a kha ning tr1en khai
hop dong thong minh (chaincode) dé tu dong hoa cac quy trinh kinh doanh ma khong can bén
thi ba trung gian. Ngoai ra, no hd tro nhiéu co ché dong thuan khac nhau, gitp doanh nghiép
c6 thé linh hoat lya chon phuong thirc phu hop véi m6 hinh hoat dong cua minh, tir d6 t6i wu
hiéu suit va giam chi phi giao dich. Nhd kha niang mé rong tdt, d& dang tich hop véi hé thong
hién c6 va kha nang xur ly giao dich nhanh chong, Hyperledger Fabric tr¢ thanh lya chon ly
tuong cho nhiéu linh vic nhu tai chinh, chudi cung tng, chiam séc strc khoe va quan 1y danh
tinh [8].

Kién triic Hyperledger Fabric dugc xdy dung dua trén ba yéu t cbt 16i: Client, Peer
Organization va Orderer Organization. Mdi phan déng mt vai tro riéng biét, phdi hop nhip
nhang dé duy tri hoat dong ctia mang ludi.

2.2.Co ché ding ky va quan Iy danh tinh bang Fabric CA

Fabric CA 1a mdt Certificate Authority (CA) riéng tu dugc tich hop trong Hyperledger
Fabric [9], ¢6 nhiém vu phat hanh va quan ly cac chimg chi X.509 cho cac danh tinh trong
mang. Fabric CA h tro viéc tao ra cac danh tinh c6 quyén han cu thé (nhw admin, peer, orderer,
client) va dam bao rang chi cac danh tinh duoc iy quyén méi cé thé twong tac véi mang.X.509
12 mot tiéu chuén cho co s ha ting khéa cong khai (Public Key Infrastructure - PKI), quy
dinh dinh dang ctia cac chimg chi cong khai [9]. Trong Hyperledger Fabric, mdi danh tinh
dugc biéu dién bang mot ching chi X.509, bao gdm thong tin nhu chii so hitu (subject), co
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quan phat hanh (issuer), khoa cong khai, va thoi han hiéu lwc. Chimg chi nay duoc sir dung dé
xac thyc danh tinh khi tuong tac v6i mang, chang han nhu khi giri giao dich hodc truy van di
lidu.

Quy trinh dang ky va quan 1y danh tinh trong Fabric CA bao gom hai buéc chinh: ding
ky danh tinh(registration) va ding ky tham gia (enrollment). Dudi day la gii thich chi tiét
vé quy trinh nay.

’_> (3) 5U dung danh tinh trong MSP——>
Fabric Network
9 e
Q- —> ()Déngkjdanhtinh ———> B '

CA Administrator .
Fabric CA Server

L (2)Déing kij ching thirc % -

User

Hinh 1. Minh hoa quy trinh dang ky va quan ly danh tinh trong Fabric CA
Pbang Ky Danh Tinh (Registration)

Bude 1: Str dung Fabric CA dé dang ky danh tinh cho Admin

Hé théng (c6 thé 1a quan tri vién CA hodc mdt danh tinh ¢ quén registrar) st dung Fabric
CA d¢ dang ky danh tinh cho Admin ciia mét truong hoc cu the, vi du: "admin_universityA".
Khi dugc dang ky, Admin sé nhan dugc Enroll ID va Secret, dong thoi ¢6 quyén thuc hién cac
tac vu quan ly danh tinh trong pham vi trudong ctia minh.

Budc 2: Admin dang ky danh tinh cho sinh vién

Sau khi dugc cip danh tinh, Admin sir dung Fabric CA dé ding ky danh tinh cho sinh vién
thudc truong do, vi du: "student]_universityA". Trong qua trinh nay, admin truong hoc cap
cho moi sinh vién mgt Enroll ID va Secret riéng biét. Day 1a budc chuén bi dé sinh vién c6 thé
tham gia vao hé thong.

Piang Ky Tham Gia (Enrollment)

Budc 3: Sinh vién dang ky tham gia dé nhan ching chi va dang nhap uing dung

Sinh vién st dung Enroll ID va Secret da dugc Admin cap dé thuc hién qua trinh dang ky tham
gia (enrollment) thong qua Fabric CA. Két qua ctia qua trinh nay la sinh vién nhan dugc chimg
chi X.509 va khoa riéng tu. V§i chimg chi nay, sinh vién c6 thé chinh thtrc dang nhap vao ung
dung Xuat trinh bang cap va thyc hién cc hanh dong nhu xem, quan 1y hoic yéu cau xac thyuc
bang cap clia minh.

Quan Ly Danh Tinh

Budc 4: Admin quan 1y danh tinh ctia sinh vién
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Admin c6 quyén quan 1y danh tinh cua sinh vién, bao gdm viéc thu hdi ching chi X.509 néu
sinh vién khong con thudc truong (vi du: da t6t nghiép, chuyen truong hodc khong con hop
18). Viéc thu hoi nay dam bao rang sinh vién khong con quyén truy cép hodc thyuc hién bat ky
hanh dong nao trong ing dung xuat trinh bang cp sau khi danh tinh cta ho khong con hiéu
luc.

Cac danh tinh dugce luu trit trong Membership Service Provider (MSP) [10] duoc sur dung
dé xac thuc va iy quyén trong mang. Khi danh sach CRL dugc cap nhat, tat ca cic nut trong
mang (Peer, Orderer, Client, Admin, v.v.) s& tham chiéu dén danh sach nay dé kiém tra trang
thai chirng chi. Néu mot danh tinh ¢6 ching chi nam trong danh sach CRL, hé théng s& tir chdi
giao dich hodc yéu cau tir danh tinh do.

2.3 Vai tro ciia IPFS va AES trong hé thong xuit trinh biang dua trén Hyperledger Fabric

Trong hé thong nay, Hyperledger Fabric duoc sir dung dé quan 1y danh tinh, quyén truy
cip va ghi nhan giao dich trén sb cai phan tan (DLT). Trong khi d6, IPFS hd tro viéc luu trit
tai liéu bang cip nhu hinh anh va ching nhan ma khong lam ting dung lugng ciia blockchain.
Khi mét tai liéu duogc tai 1én IPFS, nd s& duoc mi hoa bang AES dé dam bao tinh bao mat.
Sau khi ma hoa, tai liéu dugc tai 1én IPFS va nhan ma bam duy nhat (CID). CID nay sau do s&
dugc ghi vao Hyperledger Fabric, giup d& dang truy xuét khi can thiét ma khong anh huong
dén bao mat.

Thuat todn AES dugc 4p dung trude khi luu trir dir li€u trén IPFS nham bao vé tinh riéng
tu va bao mat. Chi nhitng nguoi sir dung c6 khéa giai ma hop 18 méi c6 thé truy cap ndi dung
bang cap, ngay ca khi CID bj 15. Cach két hop nay dam bao rang dit liéu van c6 thé duoc truy
xudt bét cir lic ndo ma khong anh huong dén bao mat.

Hé thong xuét trinh bang cip duwa trén Hyperledger Fabric va IPFS hoat dong theo quy
trinh nhu sau:

- Khi mot bang cap duoc phat hanh, nd s& dugc mi hoa bang AES trudc khi tai 1én IPFS
bang phuong thiic ‘encryptData’.

- Tai liéu da ma hoa dugc tai Ién IPFS thong qua ham ‘uploadTolIPFS’, sau d6 nhan CID
duy nhat.

- CID cua tai liéu duoc ghi vao blockchain Hyperledger Fabric dé dam bao tinh nguyén
ven va truy xuat nhanh chong.

- Khi can xac minh bang cip, hé thng s& truy xuat CID tir blockchain va tai vé tir IPFS
bing phuong thic ‘getFileFromIPFS’.

- Sau @6, tai liéu duogc giai ma bé“mg AES dé hién thi, str dung ham ‘decryptData’.

Viéc két hop AES va IPFS trong hé thong dam béo rang ngay ca khi CID bi 19, ndi dung
thue té cua tai liéu van duoc bao vé an toan. Chi nhiing ngudi c6 khoa giai ma hop 18 méi co
thé truy cap dit liéu gdc. Cach tiép can nay gitip giam tai cho blockchain, bao dam quyén riéng
tu va nang cao kha ning luu trit dit liéu trén hé thong phan tan.
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Hinh anh van bing Ma héa AES

I

g , M3 CID
e s s Hé thong blockchain
Nguoiquan ly

Hinh 2. Minh hoa quy trinh ma hoa hinh anh AES trudc khi luu trit vin bang theo giao thirc IPFS tich
hop véi Hyperledger Fabric

Ung dung co ciu ciia hop dong thong minh dé xac thue bing cp

. Hop ddng thong minh déng vai trd quan trong trong viéc xac thuc va bao mat dir liéu
bang cong ngh¢ blockchain. Véi kha nang tu dong hoa cac quy trinh kiém tra va xac nhén
thong tin, hop dong thong minh giup giam thiéu gian 1an va ting tinh minh bach. Mot tng
dung thuc tién 1 hé thong xac thuc bang cap st dung Hyperledger Fabric va IPFS dé luu trit
va bao mat dir liéu.

. H¢ thng nay str dung hop dong thong minh "DegreeVerification" dé quan 1y thong tin
bang cap. Khi mot nguoi ding dang ky bang cap, dir liéu duge luu trir trong blockchain voi
trang thai "pending_level _2". Sau khi dugc cap duyét boi hai cap xac nhén, bang cap méi duge
xem la hop 1¢. Pi€u nay dam bao tinh toan ven cua dir liéu va ngan chan viéc gia mao.

Quy trinh hoat dong ctia hé thng nhu sau:

- Khi mét bé‘lng cép moéi duoc tao, hé théng kiém tra xem ID c¢6 tdn tai chua. Néu chua,

no6 s€ dugce luu trit voi trang thai cho duyét.

- Ngudi duyét cap 1 phé duyét thong tin, sau d6 bang cap dugc chuyén sang trang thai

"pending_level 2".

- Ngudi duyét cip 2 xac thuc va thay di trang thai ciia bang cap thanh "valid".

- Toan b6 qua trinh luu trir va thay dbi trang thai déu duoc ghi lai trén blockchain, dam

bao tinh bat bién va minh bach.

Ngoai ra, hé thong con két hop IPFS dé luu trir hinh anh bang cip dudi dang ma hoa AES-
256-CBC [11]. Khi ngudi dung tai 1€n hinh anh, dir liéu s& dugc ma hoa trudce khi luu vao
IPFS. Diéu nay giup bao vé thong tin khoi truy cép trai phép. Khi cén truy xuat, dir liéu s&
duogc giai ma de hien thi thong tin goc.

Hé théng cling sir dung thuat toan badm SHA-256 [12] dé tao hash cho hinh anh bang cap,
dam bao rang dir liéu khong bi thay doi trong qua trinh luu trir. Bang cach so sanh hash, hé
thong c6 thé xac dinh tinh toan ven cta dit li¢u khi truy xuat tir [PFS.
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Hinh 3. Minh hoa quy trinh kiém tra va xac thyc dir liéu
Véi cach tiép can nay, viéc xac thuc va bao vé dit liéu trong hé thong trd nén an toan va
hiéu qua. Hop dong thong minh khong chi gitp tu dong hoa quy trinh kiém tra ma con dam

bao rang thong tin khong bi thay dbi hay gia mao trong qua trinh xr 1y.

Két qua ing dung xéac thyc biang cdp nhom di timg thuc hién

HO CHI MINH CITY HO CHI MINH CITY
UNIVERSITY OF u’ ' UNIVERSITY OF
INDUSTRY AND TRADE INDUSTRY AND TRADE

" TRUGNG DAI HOC CONG THUONG TP. HCM " TRUONG DAI HOC CONG THUONG TP. HCM

Métsau Mat trudc
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Hinh 4. Hinh anh vin bang dugc xuét trinh tir phan mém
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3. KET LUAN VA HUONG PHAT TRIEN

Vi phién ban hién tai, tng dung da trién khai thanh cong Fabric Certificate Authority
(Fabric CA) dé dang ky va quan 1y danh tinh ctia cic bén lién quan, bao gdm té chtrc cp bang,
nguoi xét duyét va ngudi nhan bang cip. Bén canh d6, tmg dung ciing di tich hop
InterPlanetary File System (IPFS) dé hd tro viéc chuyén ddi hinh anh bang cip thanh ma dinh
danh duy nhét (CID — Content Identifier) truéc khi ghi nhan 1én blockchain Hyperledger
Fabric. Do blockchain khong thé tryc tiép Iuu trit hinh anh vi han ché vé dung luong va chi
phi, IPFS déng vai tro trung gian, giup luu trit hinh &nh mot cach phan tan va chi luu CID trén
blockchain nham dam béo tinh toan ven va kha nang truy xuat dir liéu khi can thiét. Pong thoi,
Smart Contract (hop dong thong minh) ty dong hoa qua trinh xac thye, kiém tra cac diéu kién
cép bang va chi chip nhan cac giao dich hop 1é trudc khi ghi vao blockchain. Su két hop giita
Hyperledger Fabric, IPFS va Smart Contract khong chi toi wu hoa quy trinh x4c thyc vin bang
theo cach phi tap trung ma con giam thiéu riii ro gia mao, dam bao tinh minh bach va gitp
doanh nghiép, td chire giao duc dé dang kiém tra, x4c nhan van béng ma khong can phu thudc
vao co s¢ dir liéu tap trung.

Va trong thoi gian to1, hé thong s& dugc cai thién va néng cAp nham dap tng tot hon nhu
cau thuc té. Mot trong nhiing huorng phat trién quan trong 13 p dung tri tu¢ nhan tao (Al) vao
qua trinh kiém soat cap bang, gitip nhan dién va phat hién cac sai sot hodc gian 1an trong qua
trinh cAp phat van bang. Cac k¥ thuat hoc sau (Deep Learning) s& dugc sir dung dé nhan dang
khudn mat, giup xac thyc danh tinh ngum nhan mot cach chinh xac va nhanh chong, han ché

tbi da tinh trang gia mao. Ngoai ra, viéc tich hop chip dién tir vao béng cap c6 thé gilp tao ra

mot co ché bao mat vat ly b6 -sung, dam bao tinh duy nhét ciia timg van bang Hé thong ciing
s& dugc mo rong vé mat ha tang, voi it nhat sau may chu chay song song nham dam bao kha
nang xir 1y dir liéu 16n va duy tri hiéu suat cao ngay ca khi co nhiéu ngudi dung truy cap cung
lac. Bén canh do, mot hudng di quan trong 1a trién khai co ché phan tan bang cap theo mo
hinh phi tap trung, gitp ngudi ding coé thé xac thuc vin bang ma khong can phu thudce vao
mot co quan trung gian duy nhét. Nhimg cai tién nay khong chi gitip ning cao tinh bao mat va
minh bach ciia hé théng ma con goép phan tdi wu héa chi phi van hanh, ting cudng kha ning
mo rong va tmg dung cong nghé blockchain trong linh vuc gido duc. Mot ké hoach trién khai
demo tai Truong DPai hoc Cong Thuong Thanh phé Ho Chi Minh sé& duoc thuc hién dé kiém
thir va hoan thién hé thong. Sau khi hé théng dwoc 6n dinh va hoan chinh, du kién s& trién khai
thuc té cho cac trudng dai hoc va co so gido duc khac trong mdi trudng gido duc Viét Nam.
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ABSTRACT

AUTHENTICATION AND SECURITY OF DEGREE CERTIFICATES USING
BLOCKCHAIN HYPERLEDGER FABRIC
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Currently, the issue of degree counterfeiting is becoming increasingly serious,
negatively impacting the reputation of educational institutions and businesses. This not only
results in financial losses when businesses recruit unqualified individuals but also undermines
trust in the education system. Previously, degree authentication primarily relied on anti-
counterfeiting stamps or verification through traditional databases; however, these methods
are easily counterfeited, difficult to verify the source, and lack transparency. To address these
challenges, this paper proposes a solution that integrates the Hyperledger Fabric blockchain
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with the InterPlanetary File System (IPFS) to ensure security and authenticate diplomas in a
decentralized manner. Due to the high cost and limited storage capacity of blockchain
technology, IPFS serves as an intermediary by storing the digital diploma and generating a
unique identifier (CID - Content Identifier), which is then recorded on the Hyperledger Fabric
blockchain to ensure data integrity and traceability. Furthermore, to verify the authenticity of
the diploma and the identities of the involved parties, the system employs the Fabric Certificate
Authority (Fabric CA) to issue digital certificates based on the X.509 standard, enabling
authentication of the issuing institution and the recipient. Through the research and
implementation process, we have successfully developed a Fabric CA mobile application to
register and manage the identities of the involved parties, including the institution issuing the
diploma, the reviewer, and the recipient. Moreover, the application integrates IPFS to facilitate
the conversion of the digital diploma into a unique identifier (CID) before recording it on the
Hyperledger Fabric blockchain.

Keywords: Blockchain Hyperledger Fabric, IPFS, Fabric CA, Smart Contract, X.509
Certificate.
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TOM TAT

Khai thac tap hitu ich cao 1a bai toan c¢6 nhidu ing dung trong thuc té va dugc cac nha
khoa hoc trong va ngoai nudc quan tam. Nhiéu thuét khai thac tap hitu ich cao hiéu qua da
dugc dé xuat va Gmg dung rong rai. Tuy nhién, phan 16n cdc phuong phép nay tap trung vao
co so dit liéu ma d6 hitu ich cta cac muc (item) 13 1a s6 duong va ¢d dinh. Cac nghién ctru trén
co s¢ dir liéu chira cac muc c6 loi ich am va thay ddi con han ché. Thuat toan EMHUN d3
duoc dé xuit dé phat hién cac tap hitu ich cao trén co s¢ dir liéu nay, nhung van con ton tai
nhitng han ché vé thoi gian xu Iy va muec ti€u thu bo nhd, dic biét khi lam viéc vdi tap dir licu
16n. Bé khic phyc van dé nay, nghién ctru dé xuit mot thuat toan cai tién c6 tén iEMHUN,
dugc thiét ké nham t6i wu héa hiéu suat khai thac bang cach rat ngan thoi gian xir Iy va giam
thiéu lugng bd nhd sir dung.

Tir khéa: EMHUN, iEMHUN, khai thac tap hitu ich cao, loi nhuan thay doi.

1. GIOI THIEU

Khai thac tap hiru ich cao (HUIM - High Utility Itemset Mining) 1a mgt trong nhitng
hudng nghién clru quan trong trong khai thac dir liéu giao dich, gitip xac dinh cac tap hop san
phim mang lai gia tri cao cho doanh nghiép. Cac phwong phép truyén thng [1, 2, 3, 4, 5]
thuong tép trung vao viéc khai thac tap hiiu ich cao trén co s¢ dit li€u c6 1gi nhuén duong,
nhung gip nhiéu han ché khi ap dung trén dit liéu c6 lgi nhudn 4m duong bién dong. Piéu nay
xudt phat tir viéc cac san phdm c6 thé mang lai loi nhuan 4m do chiét khau, phi van chuyén
hoic cac giao dich bi hoan tra, khién qué trinh khai thac gip kho khan va 1am giam d6 chinh
xac cia mo hinh.

Thuét toan EMHUN [6] duoc dé xuit dé giai quyét bai toan khai thac tap hitu ich cao
trong moi truong dit liéu ¢6 loi nhuan khong 6n dinh. EMHUN sir dung cac chi s6 nhu RTWU,
RSU dé cit tia khong gian tim kiém, gitip cai thién hiéu suét so v6i cac phuong phép trude do.
Tuy nhién, qua thuc nghiém, thuat toan nay van ton tai han ché vé thoi gian thyc thi va murc
tiéu thu bd nho, dac bict khi ap dung trén cac tap di li€u lon. Diéu nay dat ra bai toan t61 uu
hoéa hiéu suit khai thac HUIM ma van dam bao d6 chinh xéac cua két qua.

Trong nghién ctru ndy, chung t6i d& xut thuat toan cai tién iEMHUN, nham nang cao
hi€u qua khai thac HUIM trén dir liéu c6 loi nhuan am duong thay d6i. Khac véi EMHUN,
iEMHUN ép dung co ché loc trude dit liéu, gitp giam khong gian tim kiém va tang toc do xur
ly. Ngoai ra, chiing t6i con ting dung thuét toan vao hé thong ban san pham dién tir, giup nha
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quan 1y dua ra quyét dinh kinh doanh t6i wu hon bang cach xac dinh cac san phim c6 gié tri
hitu ich cao, ho trg toi uu hoa danh muc hang hoa va chién lugc ban hang.

2. COSOLY THUYET
2.1. Khai pha dir liéu (Data Mining)

Khai thac dir liéu (Data Mining) 1a qua trinh phat hién cac mau, xu huéng hoic thong tin
hitu ich tir cac tap dir liéu lon. Qua trinh nay st dung cac thuat toan phan tich, hoc may va
thong ké dé trich xuét thong tin tiém an nham h trg ra quyét dinh. Khai thac dir liéu dong vai
trd quan trong trong nhiéu linh vyre nhu thuong mai dién tir, tai chinh, y t& va khoa hoc x4 hoi.

Trong bdi canh dit liéu 16n (Big Data), viéc khai thac dir liéu t6t da gitp doanh nghiép t6
chue va xur 1y duge khdi luong dir liéu khdng 16 mot cach hiéu qua hon. Mot sé tmg dung dién
hinh cua khai thac dir liéu bao gdm: Phan tich hanh vi khach hang: Du doan xu hudng mua
sam, toi vu hoa hé théng g01 Y san phém; Phat hién gian lan tai chinh: Nhén dién giao dich bét
thuong trong hé théng ngan hang; Trong y té va chim soc stc khoe: HO trg chin doan bénh
dua trén dir liéu lich stir bénh an.

Mot trong nhitng hudng nghién ctru quan trong trong khai thac dir li¢u la khai thac tap
hitu ich cao (High Utility Itemset Mining - HUIM), nham tim ra cac tdp hop muc co gié tri
hiru ich cao trong co so dit li€u giao dich.

2.2. Khai thac tap hiru ich cao (High Utility Itemset Mining — HUIM)

HUIM la mot bai toan trong khai thac dir li¢u nham tim ra céc tap hop muc cé téng loi
nhudn cao hon mét ngudng tdi thiéu minU duoc xac dinh bd ngudi dung. Khac voi khai thac
tap phd bién (Frequent Itemset Mining - FIM), HUIM khéng chi dira trén tin sudt xuét hién
clia cac muc ma con xem xét gia tri lgi nhuan ctia chiing (chéng han nhu doanh thu, chi phi,
lgi nhuén rong).

Bai toan HUIM trd nén phire tap hon FIM do khéng thoa man tinh chét bao déng giam
(Downward Closure property), tirc 1a mdt tp con ctia mot tap hiru ich cao khong nhat thiét
phai 1a mat tap hitu ich cao.

Gia stir mot ctra hang ban cac san phim dién tir voi cac giao dich duoc thé hién trong
Bang 1 :

Bang 1. Vidu vé co s dir lidu giao dich

Giao dich San phim S6 lwong Gia ban Loi nhuén
T1 Laptop 1 20 triéu 5 triéu
T1 Chudt 2 500 ngan 200 ngan
T2 Ban Phim 1 1 triéu 300 ngan

Tap {Laptop, Chuét} c6 téng loi nhuan 13 5.2 triéu. Néu minU = 4.5 triéu, thi tap nay
1a tap hitu ich cao (HUI).

2.3. Tép hiru ich cao (High Utility Itemsets - HUIS)

Tép httu ich cao (High Utility Itemset - HUI) l1a mét tap hop muc (itemset) ¢6 gia tri hiru
ich tong thé vuot qua mot ngudng toi thi€u (min-utility) do nguoi dung dat ra.
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Khac vé6i khai thac tap phd bién (Frequent Itemset Mining - FIM), noi chi quan tim dén
tan suat xuat hién cua tap hop muc, khai thac tap hiru ich cao con xem xét gia tri hitu ich cta
tap hop muc, phan anh y€u t0 kinh t€ thyc té cia chung trong giao dich.

Vi du: Trong mot ctra hang, c6 nhiing san phém it dugc mua nhung lgi nhuédn cao va mot
so san pharn ¢6 lugt mua cao nhung loi nhuan thap. HUIM gitp xac dinh tap hop san pham c6
tan sudt mua cao v4i san pham it dugc mua nhung mang lai loi nhuan cao tao nén cac chién
dich mua kém dé hd tro ra quyét dinh kinh doanh hi¢u qua hon.

2.3. Trong s0 lgi nhuédn giao dich dwgc dinh nghia lai (Redefined Transaction Weight
Utility - RTWU)

Trong cac co so dit li€u co gia tri lgi nhudn am, viéc st dung trong s6 1gi nhuan giao dich
(Transaction Weight Utility - TWU) thong thuong c6 thé lam mét cac tap hiru ich tiém ning.
Pé khic phuc diéu nay, RTWU duoc gidi thi¢u nham xéac dinh téng gia tri 1gi nhuan cua cac
giao dich chira mot tap hop muc, nhung chi tinh cac gia tri lgi nhuin duong dé tranh loai bo
nham cac tap hitu ich cao.

TWU [2] cia mdt tap hop muyc (X) trong co' s¢ dir liéu D dugc tinh bang tong gia tri hitu
ich cua tat ca cac giao dich chtra tdp hop muc do:

TWU(X) = Z TU(T,)
XCETgATgeD
Trong d6, TU(T},) 14 tong gia tri hiru ich cua tat ca cac muc trong giao dich Tj.

Tuy nhién, khi mot giao dich chitra gia tri hitu ich am, TWU cc')vthé khong phan anh chinh
xac gia tri thyc cta tap hop muyc. Do d6, RTWU dugc dinh nghia d€ khac phuc han ché nay:

RTWU(X) = Z RTU(T})

XCETrANTreD

Trong d6, RTU(T,) 1a tong gié tri hitu ich cta tit ca cac muc co loi nhuan duwong trong
giao dich Ty.

2.4. Loi nhuin cén trén cia ciy con dwgc dinh nghia lai (Redefined Sub-tree Utility -
RSU).

RSU la mét gid1 han trén cta gia tri hitu ich thyc té ctia moét tap hop muc, gitip t6i uu hoa
qua trinh khai thac bang cach loai bo cac tap hgp muc khong tiém nang. RSU duge sir dung
dé danh gia gia tri hitu ich cua mét tap hop myc va cac tap hop con mé rong cua no trong cay
tim kiém.

RSU cua mot tap hop muc X véi mot muc z dugc tinh nhu sau:

RSU(X,7) = Z [W(X, T) +u(z T) + RRU(z, T)]
TREDA{XUZ}C Ty

Trong do:

- u(X,Ty) lagiatri htu ich cua tap hop X trong giao dich Ty.

- u(z,Ty) lagia tri hiru ich cua myc z trong giao dich Tj.

RRU(z,Ty) la Tién ich con lai dugc xac dinh lai ctia muc z trong giao dich Ty,.
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2.5. Tién ich con lai dugc xac dinh lai (Redefined Remaining Utility — RRU)

RRU I mét bién thé cia Remaining Utility (RU), phan anh gia tri hitu ich duong con lai
phia sau item X cua mot tdp hgp muc trong co sé dir liéu giao dich.

RRU cua mét tap hop muc X trong giao dich Ty, duoc tinh nhu sau:

RRUKT) = > u(i,Ty)
i € RE(X,Tk)

Trong d6, RE(X, T 1a tap hop cac muc xuét hién sau X trong giao dich Tj, va cé gia tri
hitu ich duong.

3. THUAT TOAN
3.1 Thuit toan EMHUN

Nam 2024, N.T. Tung va cong su da gioi thi¢u thudt tooan EMHUN [6] 14 thuat toan khai
thac tap hitu ich cao duoc phat trién dé giai quyét nhitng han ché trong cac phuwong phap khai
thac tap hitu ich cao (HUIM) truyén thong. Piéu dic biét & thuat toan EMHUN la kha ning
xtr 1y dir lidu giao dich c6 loi ich 4m, duong thay d6i, giup tim kiém cac bo vat pham co gia
tri loi ich cao trong cac tinh hudng phirc tap nhu khi loi ich ctia cac vat pham thay doi theo
thoi gian hodc khi cac bd vat pham c6 loi ich am c6 thé mang lai loi ich dwong khi két hop voi
nhau.

Cac thuat toan HUIM truyén thong thuong khong hd tro tot dit lidu c6 loi ich am, vi
chung gia dinh rang tit ca cac gi tri hitu ich déu duong. EMHUN duoc thiét ké dé giai quyét
van d& nay, gitip khai thac cac tap hitu ich cao mét cach chinh xac hon ngay ca khi dir liéu
giao dich co6 su bién dong vé loi ich.

Thuét toan EMHUN khong chi don gian la tim kiém cac bo vat pham cé tan sudt xuit
hién cao, ma n6 con tinh toan loi ich thyc té ma cac bo vat pham nay mang lai cho doanh
nghiép, giup t6i uru hoa loi nhuén trong mdi truong ¢ sy thay ddi vé gia ca, khuyén mai, hoic
cac yéu to chién luoc khéc.

Nguyén ly hoat dong cia EMHUN:

Pau tién, nd phan loai cdc muc trong co s& dit liéu thanh ba nhom: muc ¢6 1¢i ich duong,
muc c6 ca loi ich duong va am, va muc c6 lgi ich am.

Sau d6, thuat toan tinh toan RTWU dé xac dinh cac muc c6 kha nang tré thanh tap hitu
ich cao. Dua vao d6, EMHUN loai bd cac tap hop muc khong tiém nang nham giam khong
gian tim kiém.

Tiép theo, RSU dugc sir dung dé danh gia gia tri hitu ich cta cac tap hgp muyc trong khong
gian tim kiém.

Cudi cing, thuat toan tim kiém dé quy cac tap hop muc c6 gia tri hitu ich cao, loai bo
cac tép hop khong dap ung ngudng min-utility va xuat két qua.

Vi du. Xét co sé dit li€u trong Bang 2:
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Bdng 2. Co so dit liéu giao dich

Giao dich San pham Loi nhuin san phim

T1 a,b,defg -4,2,4,3,-2,-2

T2 b, c -1,5

T3 b,c,d,ef -2,1,12,2,-1

T4 c,de 2,4,3

T5 af 4,-3

T6 a,b,cdefg 2,1,4,8,1,-3,-2
T7 b,c e 3,4,4

Dua vao vi du ta thiy san pharn a c6 gia tri loi nhuan qua cac giao dich 1a {—4, 4,2} s€
thudc nhom lai. Tir d6 ta c6 thé sip xép cac san pham theo cic nhom riéng biét nhu sau:

Nhom duong (p - Positive Utility Only): chira cac san pham luén c6 loi nhuan duong, 1a
tap chta {c, d, e}.

Nhoém lai (8 - Both Positive & Negative Utility) chira cac san pham c6 loi nhuan duong
trong giao dich nay va lgi nhuan &m trong giao dich khéc, la tap {a, b}.

Nhom am (1 - Negative Utility Only): Chi chira cac san pham c6 loi nhuan am, 1 tap
{f, 9}
Cac buée thue hién cia thuit toan EMHUN

Bdng 3. Bang thé hién cach tinh RTWU(z)

Szzn Giao d;ch;chlra san Tong loi nhuz.u-l duo:ng trong giao RTWU(Q)
pham pham dich do
(T1:2+4+3 =9) + (T5: 4) +
a T1,T5,T6 9+4+16=29
(T6: 2+1+4+8+1 = 16)
(T1:9) + (T2:5) + (T3: 1+12+2 = 9+5+15+16+11=
b T1,72,73,76, 7 15) + (T6: 16) + (T7: 3+4+4 = 11) 56
(T2:5) +(T3:15) + (T4:2+4+3=9) | 5+15+9+16+11=
¢ T2, 73,74, 76,77 + (T6: 16) + (T7: 11) 56
(T1:9) +(T3:15) +(T4:9) +
d T1,T3,T4,T6 9+15+9+16=49
(T6: 16)
T1:9) +(T3:15) + (T4:9) + =
. T1.T3. T4, T6, T7 (T1:9) +( ) +(T4:9) 9+15+9+16+11
(T6: 16) + (T7: 11) 60
(T1:9) +(T3:15) +(T5: 4) +
f T1,T3,T5,T6 9+15+4+16=44
(T6: 16)
g T1,T6 (T1:9) + (T6: 16) 9+16=25

Buéc 1: X « @: Khoi tao tap hop muc rdng X. Sau d6, Tinh toan RTWU cho tit ca cac
muc trong tap hgp p U 6.

~ Ap dung cong thirc cia RTWU: San pham a ton tai ¢ giao dich T1, T5, T6. Tai T'1 ta ¢6
tdng loi nhuan duong RTU(T1) = 9, tuong tu RTU(TS) = 4, RTU(T6) =

Khi d6, RTWU(a) = RTU(T1) + RTU(T5) + RTU(T6) =
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Tir d6 Bang 3 thé hién két qua cia RTWU cua tit ca san phdm trong co s& dir lidu:

Buéc 2: Loc danh sach cac muc c¢6 kha ning trg thanh ng vién tiép tuc khai thac bang
cach chi gitr lai nhitng muc ¢c6 RTWU = minU.

Gia su:minlU = 25. Dua vao RTWU khi so sanh véi gia tri minU, tim dugc tdp cac san
pham co tiém nang cao 1a Secondary(X) = [a, b, ¢, d, €] trong tap hop p U 6 van = [f, g].

Buée 3: Loai bo cac muc khong tiém pﬁng khéi tap dir liéu: tAt ca cac san phém déu nidm
trong tap hitu ich cao nén khong c6 san pham nao bi loai khdi tap dir liéu.

Buwéc 4: Sap xép lai giao dich theo gia tri RTWU tu thap dén cao: myc c6 loi nhuan
duong trude, myc lai tiép theo va muc ¢6 loi nhuan am cudi cung.

Két qua: Secondary(X) =[d, c, e, a, b] trong tip hopp U dvan=[g, f].

Buére 5: Sap xép lai cac giao dich theo danh sach cac san pham trong giao dich do.

) Tiép tuc sép xép theo san phém xgét hién nhié}l nhat tur cqéi giap dich tr¢ [én. Vi du trong
tat ca cac giao, dich c6 san pham f xuat hién & cudi cung nhiéu phét (Te6, T1, T3, TS), s€ uu
tién sap xeép bon giao dich nay. Ti€p theo x¢t toi san pham g xuat hién 2 lan & (T6, T1). Tiep
tuc voi san phdm b, san pham a, san pham e. Khi t61 san pham khac nhau (T6: 3), (T1: 4) ta s&
xét RTWU cua ¢ va d: 56 > 49 nén T6 x&p trude T1. Tuong tu voi T3 va T5. Tiép theo t6i T7
va T2. Cuoi cung la T4.

Bdng 4. Co s¢ dir lidu sau khi sap xép cac giao dich

Giao dich San phim Loi nhuén
8,4,1,2,1, —2, -
T6 dceab,g.f
3
4,3, — 4,2, -2, —
T1 d,eab,gf
2
T3 d,c.,eb,f 12,1,2, -2, -1
T5 a, f 4, - 3
T7 ceb 4,4,3
T2 c, b 5 -1
T4 d,ce 4,2,3

Buéc 6: Tinh toan RSU cho ting san pham.

Ap dung cong thirc tinh RSU: San pham a ton tai ¢ giao dich T1, T5, T6 tai T1 ta co
u(X,T1) = 0. Tuong tu, két qua cac RSU(X,z) dugc thé hién trong Bang 5.

Bwéc 7: Loc danh séch cac muc chic chin c6 d6 hitu ich cao bang céch chi gitr lai nhitng
muc ¢6 RSU(X, z) = minU.

Dua vao RSU khi so sanh vai gia tri minU ta tim dugc tap cac san phém chéc chén co d6
hitu ich cao 1a Primary = [c, d].

Két qua: Secondary(X) =[d, c, e, a, b ]. Primary(X) = [d, c].
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Bdng 5. Céch tinh RSU(X,z)

Sin phim | C'30 dich chira sin Céch tinh RSU(X,2)
pham

a T1,T5,T6 (TLCH*2=-+ (M H+(T6:2+ 1 5 44325
1=3)

b 11,72, 73, 76,77 | QEA+T2-D+@3-2+ @6+ 15 4 5 143-3
(T7:3)
(T2:5)+ (T3:1+2=23) + (T4 2+ 3=

c T2,T3,T4,T6,T7 | 5)+(T6:4+1+2+1=8)+(T7:4+4 | 5+3+5+8+11 =32
+3=11)
(TL4+3+2=0)+(T3: 12+ 1+2=

d T1, T3, T4, T6 15)+ (T4:4+2+3=0)+(T6:8+4+ | 9+15+9+16=49
1+2+1=16)
(TL1:3+2=5)+(T3:2)+(T4: 3) + _

e TLTBTATS T | e s rriranny | 5F2F3+4¥T=21

f T1, T3, T5, T6 (TL: -3) + (T3: -1) + (T5: -3) + (T6: -3)

g T1,T6 (T1:9) + (T6: 16)

Budée 8: Ap dung tim kiém dé quy dé phét hién tap hiru ich cao.

Trong thudt toan EMHUN, khi m6 rong tap hitu ich cao (HUI), né uu tién ghép cap voi
cac san pham c6 1gi ich am trudc khi ghép véi cac san pham c¢o 1gi ich duong.

Vi du: Taco Primary = [d, c] 12 hai san pham c6 d¢ hitu ich cao s& dwoc mo rong véi
san pham c6 loi ich &m nhu g hoac f.

Ghép {d} vai {g}

e {d} c6 do hitu ich 1 28.

e {d, g} co do htru ich 1a 8 (nhé hon minU). Loai bo {d, g}
Ghép {d} voi {f}

e {d,f}co6dohiruichla 18 (nhd hon minU). Loai bo {d, f}

Néu {d, g} hoic {d, f} c6 do hitu ich I6n hon hodc bang minU, thuft toén s& tiép tuc mo
rong. Vi ca hai déu khong thoa, thuat toan s€ bd qua cac nhanh nay.

Khi khéng thé ma rong véi san pham cé loi ich &m nao nira, thuat toan chuyén sang mé
rong vai san pham co loi ich duong (p va 6).

Lac nay {d} s& ghép vaéi {c}, {e}, {b} dé tao {d, c},{d, e}, {d, b}, V.v.

Céc t6 hop nay tiép tuc dugc kiém tra d hiru ich dé xac dinh xem c6 duoc mo rong tiép
hay khéng.

e {d,c} c6 dd hitu ich 1a 31 (16n hon minU). Pugc gitt lai
o {d,e}codjhiruichla37 (16n hon minU). Pugc giit lai
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Sau khi {d, c} dwoc chap nhan, thuat toan tiép tuc mé rong {d, c, e}, {d, c, e, b}, V.v.

Qua trinh nay tiép tuc dugc mé rong theo chicu sau (DFS) cho dén khi khong thé mo
rong thém.

Bang 6. Danh sach cac tép hitu ich cao

Tap san phidm hiru ich Téng lgi nhuin

d 28

dc 31

dce 37

dceb 27

de 37

deb 31

debf 25

db 25

Hi¢u suit ciia thuit toan EMHUN:

Thoi gian thue thi nhanh: EMHUN hoat déng hiéu qua trén nhiéu loai co s dit liéu khac
nhau, t0i uu hoa qua trinh khai thac tap hitu ich cao.

Giam murc st dung bo nhd: Nho co ché loai bo cac tap hop muc khong tiém nang, thuét
toan giam dang ké lugng bo nhd ti€u thy trong qua trinh xt 1y.

Kha ning mé rong tdt: EMHUN c6 thé ap dung linh hoat trén ca co s¢ dir liéu day dac
va thua, ddm bao hi¢u suat on dinh khi quy mo dit li¢u tang.

Han ché ciia thuit toan EMHUN:

Thuat toan EMHUN du c6 kha nang khai théac tap hitu ich cao trong co s¢ dir li¢u co lgi
ich am, duong thay doi nhung van ton tai nhi€u han ché can cai tién.

Thir nhat, chi phi tinh toan cao khi xir 1y tap dit liéu 16n do thuét toan phai quét toan b
dir liéu nhicu lan dé tinh toan RTWU va RSU.

Thir hai, muc tiéu thu bd nhd 16n vi EMHUN luu trit qua nhiéu dit lidu trung gian, dic
biét khi s lugng giao dich va muyc tang.

Thtt ba, chién luge cét tia chua tdi wu, khién nhiéu tap hop muc khong co tiém ning van
phai kiém tra, lam tang thoi gian xtr ly. Cudi cung, chua toi wu khi dit 1i€u c6 loi ich &m khong
on dinh, dan dén giam hi€u suat khai thac

3.2. Thuat toan iEMHUN

Pé khic phuc cac han ché ctia thuat toan EMHUN truyén thong trong viéc khai thac cac
tap muc 1gi nhuan cao (High Utility Itemset Mining — HUIM), thuat toan iEMHUN duogc dé
xut voi cac cai tién dang ké vé tdc do xir 1y, hiéu qua bo nhé va kha nang mé rong trén co s&
dir liéu 16n.

Mot trong nhimng diém nang cap ndi bat cia iEMHUN chinh la viéc tich hop B-Set —
mot cau trac dir liéu dang tap hop (set) duge sir dung dé luu truy vét cac giao dich (transaction)

clia ting san pham (item) trong co s dit lidu. Co ché nay gitp ting toc qua trinh loc va quét
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giao dich, ddng thoi giam s lwong giao dich va san phdm phai xir 1y trong ting budc thuat
toan.

Cac budce chinh cia thujt toan iEMHUN:

Thuat toan iEMHUN ké thira quy trinh khai thac tap muc loi nhuan cao tir EMHUN
nhung dugc cai tién bang cach tich hop thém céu trac dit liéu B-Set, gitip ting toc do xur 1y va
giam sd lugng giao dich can quét trong timg budc cua thuét toan.

1. PAu tién, nd phan loai cac muc trong co so dit liéu thanh ba nhém: muc c6 lgi ich
duong, muc cé cd loi ich duong va am, va muc c6 lgi ich am. Déng thoi, xdy dung
ItemTransactionMap (dua trén phuong phap B-Set) — day 1a mot tap hop luu trir danh sach
vi tri cac Transaction twong (g véi timg san pham (item) ma san pham d6 xudt hién.

2. Sau d6, thuat toan tinh toan RTWU dé xac dinh cac muc c6 kha nang tr¢ thanh tap
hiru ich cao. Viée sir dung B-Set gitip giam thiéu dang ké sb luot tra ciru va quét dir lidu trong
céc budc tiép theo, thay vi phai duyét tuan tyr tung giao dich nhu cach truyén théng. Dua vao
d6, iEMHUN loai b6 céc tap hop muc khong tiém nang nham giam khong gian tim kiém.

3. Tiép theo, RSU dugc sir dung dé danh gia gia trj hiru ich cta cac tdp hop muc trong
khong gian tim kiem..

4. Cudi cung, thuat toan tim kiém dé quy cac tap hop muc c6 gia tri hitu ich cao sir dung
B-Set dé truy xuat nhanh cac giao dich li€n quan, tir d6 tinh toan gia tri loi ich thuc té. , loai
bo cac tap hop khong dap ung ngudng min-utility va xuat két qua.

Vi du. Gia st co s dit li€u giao dich nhu sau:

Badng 7. Co so dit liéu giao dich

Giao dich San phim Loi nhun san phim

T1 a,b,defg -4,2,4,3,-2,-2

T2 b, c -1,5

T3 b,c,d e f -2,1,12,2,-1

T4 cde 2,4,3

T5 a, f 4,-3

T6 a,bycdefg 2,1,4,8,1,-3,-2
T7 b,ce 3,4,4

Dua vao thong tin cta co s dir liéu giao dich iEMHUN tao ra ItemTransactionMap(dua
trén phuong phap B-Set):

Bdng 8. Bang ItemTransactionMap (Dua trén B-Set)

San pham (Item) Giao dich chira sin pham d6 (Transaction)
a T1,T5,T6
b T1,T2,T3,T6, T7
c T2, T3, T4, T6, T7
d T1,T3, T4, T6
T1,T3,T4,T6, T7
f T1,T3,T5, T6
g T1,T6
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Cac buérc thue hién cia thuit toan iEMHUN

Buéc 1: X « @: Khéi tao tap hop muc rong X. xay dung ItemTransactionMap dua trén
B-Set.

O buée nay, tAt ca cac muc trong co s¢ dit 1iéu dugc phan loai thanh ba nhom:.

Nhom duong (p - Positive Utility Only): chira cac san pham luén c6 loi nhuan duong, 1a
tap chta {c, d, e}.

Nhom lai (5 - Both Positive & Negative Utility) chira cac san pham c6 loi nhuan dwong
trong giao dich nay va lgi nhuan &m trong giao dich khac, la tap {a, b}.

Nhom am (1 - Negative Utility Only): Chi chira cac san pham c6 loi nhuan am, 1a tap

{f, g}

Pong thoi, thuat toan xay dung ItemTransactionMap(Bang 8) — mdt tap hop (set) luu
lai danh sach vi tri cac giao dich ma mdi san pham xuat hién. Nho vay, viée truy xuat cac giao
dich chtra san phdm bt ky tré' nén nhanh chong va chinh xac ma khong can duyét tuan ty toan
bo co so dir liéu nhu cac thuat toan truyén théng.

Buére 2: Tinh toan RTWU cho tit ca cac san pham(ltem) trong tap hop p U & dua vao
itemTransactionMap(Bang 8) thay vi phai duyét tuan ty timg giao dich dé tinh toan theo nhur
cach truyén thong.

~ Ap dung cong thirc cia RTWU: San pham a ton tai ¢ giao dich T1, T5, T6. Tai T'1 ta c6
tong loi nhuan duong RTU(T1) = 9, tuong tw RTU(T5) = 4, RTU(T6) =

Khi d6, RTWU(a) = RTU(T1) + RTU(TS5) + RTU(T6) =
Tir @6 Bang 3 thé hién két qua cia RTWU cua tat ca san pham trong co s& dir lidu:

Buéc 3: Loc danh sach cac muc c¢6 kha ning tré thanh ing vién tiép tuc khai thac bang
cach chi gitr lai nhitng muc ¢c6 RTWU = minU.

Gia Sl?.’: minU = 25. Dya vao RTWU khi so sanh v6i gid tri minU, tim dugc tap cac san
pham co tiém nang cao 1a Secondary(X) = [a, b, ¢, d, €] trong tap hop p U 6 van=[f, g].

Buéc 4: Loai bo cic muc khong tiém nang khoi tdp dir lieu va cdp nhét lai
itemTransactionMap(Bang 8): tat ca cac san pham déu nam trong tap hitu ich cao nén khong
cO san pham nao bi loai khéi tap dir li¢u.

Bude 5: Sép xép lai giao dich theo gia tri RTWU tu thip dén cao: muc co loi nhuin
duong trude, muyc lai tiép theo va muc ¢6 loi nhuan 4m cudi cung.

Két qua: Secondary(X) =[d, c, e, a, b] trong tip hop p U S van=[ g, f].
Budic 6: Sip xép lai cac giao dich theo danh sach cac san pham trong giao dich do.

Tiép tuc sap xép theo san pham xuat hién nhiéu nhat tir cudi giao dich tro 1én. Vi du trong
tat ca cac giao dich co6 san phém f xudt hién & cudi cung nhiéu nhit (T6, T1, T3, T5), s& uu
tién sip xép bon giao dich nay. Tiép theo xét téi san pham g xudt hién 2 1an & (T6, T1). Tiép
tuc v6i san phdm b, san phdm a, san pham e. Khi t6i san pham khac nhau (T6: 3), (T1: 4) ta s&
xét RTWU ctia ¢ va d: 56 > 49 nén T6 xép trude T1. Tuong tu v6i T3 va T5. Tiép theo téi T7
va T2. Cubi cing 1a T4.
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Budic 7: Tinh toan RSU cho timg san pham.

Ap dung cong thic tinh RSU va sir dung itemTransactionMap(Bang 8): San pham a ton
tai ¢ giao dich T1, T5, T6 tai T1 ta c6 u(X,T1) = 0. Tuong tu, két qua cac RSU(X,z) duoc
the hién trong Bang 5.

Bwéc 8: Loc danh séch cac muc chic chin c6 d6 hitu ich cao bang céach chi gitr lai nhitng
muc ¢6 RSU(X, z) = minU.

Dua vao RSU khi so sdnh v6i gid tri minU ta tim duoc tap cac san phém chic chin c6 do
hitu ich cao 1a Primary = [c, d].

Két qua: Secondary(X) =[d, c, e, a, b ]. Primary(X) = [d, c].
Buée 9: Ap dung tim kiém dé quy dé phét hién tap hiru ich cao.

Trong thuét toan EMHUN, khi mo rong tap hiru ichﬂcao (HUI), no6 uvu tié€n ghép cap voéi
cac san pham c6 1gi ich am trudce khi ghép vdi cac san pham co 1gi ich duong.

Céc budc tinh toan déu s& dung itemTransactionMap(Bang 8) thay vi phai duyét tudn ty
ting giao dich dé tinh toan theo nhu cach truyén thong.

Vi du: Taco Primary = [d, c] 12 hai san pham c6 d¢ hitu ich cao s& dwoc mo rong véi
san pham co loi ich &m nhu g hoac f.

Ghép {d} voi {g}

e {d} c6 d0 hiru ich la 28.

e {d, g} c6do hiruich la 8 (nho hon minU). Loai bo {d, g}
Ghép {d} voi {f}

e {d,f}co6dohiruichla 18 (nhd hon minU). Loai bo {d, f}

Néu {d, g} hoic {d, f} c6 @6 hitu ich Ién hon hodc bang minU, thuat toan sé tiép tuc mo
rong. Vi ca hai déu khong thoa, thuat toan s€ bd qua cac nhanh nay.

Khi khéng thé ma rong véi san pham cd loi ich &m nao nira, thuat toan chuyén sang mé
rong vai san pham co loi ich duong (p va 6).

Lac nay {d} s& ghép vai {c},{e}, {b} dé tao {d, c},{d, e}, {d, b}, V.V.

Céc td hop nay tiép tuc dugc kiém tra do hiru ich dé xac dinh xem ¢6 dugc mé rong tiép
hay khoéng.

e {d,c} c6d0d hituichla31 (16n hon minU). Pugc gitt lai
o {d,e}cod ddhituichla 37 (16n hon minU). Puogc giir lai
Sau khi {d, c} duoc chip nhan, thuat toan tiép tuc mé rong {d, c, e}, {d, c, e, b}, V.V.

Qua trinh nay tiép tuc dugc mé rong theo chiéu sdu (DFS) cho dén khi khong thé mé
rong thém. K&t thic tra vé danh sach tap hitu ich cao Bang 6.

Uu diém ciia thuét toan iEMHUN:
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Thoi gian thyc thi vuot trdi: iEMHUN cai thién 10 rét tdc do thuc thi so véi EMHUN nhé
tich hop cdu trac dit liéu B-Set. Viéc truy xuét giao dich chtra san phdm tré nén nhanh chong
ma khong can quét tuén tu toan bd co sé dit liéu. Diéu nay dac biét hi€u qua trén cac co so dir
liéu 16n hodc dir li¢u day dac, gitp gidm sb luot quét va thao tac doc dir li¢u.

Giam murc sir dung b nhé: Nho co ché loai bo cac tap hop muc khong tiém nang, thuat
toan giam dang ke luong bo nhd ti€u thu trong qua trinh xtr Iy.

Kha niang mo rong tdt: iIEMHUN c6 thé ap dung linh hoat trén ca co s¢ dir liéu day dac
va thua, ddm bao hi¢u suat on dinh khi quy mo dit li¢u tang.

4. THU'C NGHIEM
4.1. B0 dir liéu thwe nghiém

Thye nghiém dugc tién pa‘mh trén tap dit liéu Foodmart, Chess, Mushroom , Liquor, BMS
mot tap dir li€u giao dich pho bién trong khai thac dit ligu.

Bang 9. Thong tin co s& dir liéu thue nghiém

Tap dir li¢u S6 giao dich S6 item Do dai trung binh Loai dir liéu
Foodmart 54.357 1.559 4,61 Thua
BMS 59.602 497 2.51 Thua
Mushroom 8.124 119 23 Day
Chess Dynamic 3.196 75 37 Day
Liquor 90.826 4.603 10,28 Day

~ Dbinh dang dir liéu: Madi giao dich chira mét tap hop cac san pham duge mua kém theo
tong loi nhuan cua giao dich do.

4.2. Tiéu chi danh gia

Qua trinh thyc nghiém duogc danh gia dua trén hai ti€u chi chinh:
1. Thoi gian thyc thi (Runtime - S)
- Do luong thoi gian thyc thi cua thuat toan trén tap dit liéu vdi cac mirc minsup
khac nhau.
- So sanh thoi gian gitta EMHUN va iEMHUN d xé4c dinh mirc d9 cai thién.
2. B¢ nh¢ su dung (Memory - MB)
- Do lugng bd nhd tiéu thu trong qua trinh thyc thi thuat toan.
- Phan tich sy thay doi trong muc tiéu thu b nhé gitta EMHUN va iEMHUN.

4.3. So sanh hiéu suét

Thue nghiém duge tién hanh trén tap dit liéu Foodmart
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Hinh 1. Hiéu suét thuc nghiém trén tap dit liéu Foodmart

Thue nghiém dugc tién hanh trén tap dit liéu Chess:
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Hinh 2. Hiéu sut thuc nghiém trén tap dit liéu Chess

Thuc nghiém duge tién hanh trén tap dit liéu Mushroom:
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Hinh 3. Hiéu suét thuc nghiém trén tap dit liéu Mushroom

Thuc nghiém dugc tién hanh trén tap dir liu Liquor:
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Hinh 4. Hiéu suét thyc nghiém trén tap dit liéu Liquor

Thuc nghiém dugc tién hanh trén tap dir liéu BMS:
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Hinh 5. Hiéu sut thuc nghiém trén tap dit liéu BMS

Thuét toan iEMHUN d3 cho thdy cai thién déang ké vé thoi gian thuc thi, voi muc
giam trung binh tur 9.17% dén 31.37%, tuy thudc vao tap dir liu. Pac biét, trén tap di
lidu Liquor, thuat toan dat mirc cai thién cao nhét (31.37%), cho thay hiéu qua tdi uu hoa
1o rét trong viéc xu ly loai dit li€u ndy. Nguoc lai, trén tap Mushroom, mirc cdi thién chi
dat 9.17%, diéu nay cé thé do dic diém cua tap dir liéu khong tao ra sy khac biét 1on khi
ap dung phuong phép loc truéc. Nhin chung, viéc gidi han pham vi tim kiém gitp
iEMHUN téang tdc d6 khai thac tap hitu ich cao, ddc biét trén cac tap dir li¢u cod cAu tric

phtt hop véi co ché cit tia ciia thuat toan.

Vé bo nhd str dung, iEMHUN gitip tiét kiém tir 1.97% dén 7.34%, tuy muc cai thién
it hon so véi thoi gian thuc thi nhung van dang ké. Trén tap Foodmart, murc tiét kiém bo
nhé dat 7.34%, cao nhat trong cac tap dir liéu thir nghiém, ching t6 thuat toan hoat dong
hiéu qua khi dit liéu c6 cau trac phu hop voi qua trinh loc trude. Tuy nhién, trén tap
Mushroom, mire tiét kiém chi dat 1.97%, cho théy iEMHUN c6 thé khong mang lai loi
ich 16n v& bd nhé trong moi trudng hop. Du véy, tong thé, iEMHUN van ti vu hoa khong
gian luu trir hon so véi EMHUN, gitp cai thién hiéu suét khai thac trén céc tap dir liéu

thuc té.

5. KET LUAN

Bai bao da nghién cuu va phan tich thuat toan EMHUN trong khai thac tap hitu ich
cao trén co s& dir liéu giao dich co6 lgi nhuin am duong thay doi. Thong qua thuc nghi€m,
chiing t6i nhan thay thuat toan EMHUN van con ton tai nhirng han ché vé hiéu suat khi xur 1y

trén cac tap dir li€u lon.

Dé khic phuc van dé nay, ching t6i da dé xuét thuat toan iEMHUN véi co ché loc
truge dir lidu giao dich dua trén danh sach san phim quan tam. Két qua thuc nghiém trén tap
dir liéu Foodmart cho thdy iEMHUN giup cai thién thoi gian thuce thi trung binh tir 9.17% dén
31.37% va tiét kiém bo nhé  trung binh tur 1.97% dén 7.34% so v6i EMHUN, nho vao viéc gioi
han pham vi tim kiém va t6i uu hoa khong gian b nhé. Tuy nhién, iEMHUN co6 thé tiéu thy
bo nhé nhiéu hon trong mot s6 trudng hop, didu nay can duoc cai thién trong cac nghién ctru

tiép theo.
Kién nghi:

e Nghién ciru tlep cac phuong phap giam bo nhé sir dung ctia iEMHUN d t6i uu hiéu

suat tong the.

e Thu nghiém thuat toan trén cac tap dit li€u I6n hon va da dang hon dé danh gia tinh

tong quat.

o Ung dung thuat toan vao hé thong goi y san pham thyc té nham kiém ching hiéu qua

trong thuong mai dién tu.

Két qua nghién ctru ctia bai bao c¢6 thé dugc ap dung trong hé thong ban 1é dé xac dinh cac san

phém c6 loi nhuan cao, tir 6 ho tro ra quyét dinh kinh doanh chinh xac hon.
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ABSTRACT
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*Email: vinhvw@huit.edu.vn

High utility itemset mining is a problem with many practical applications, so it has
attracted the attention of domestic and foreign researchers. Many studies have been published,
and many valuable algorithms for mining high utility itemsets have been proposed. However,
most of these methods focus on databases where the utility of items is positive and fixed.
Research on databases containing items with variable utility and negative values is still limited.
Although the EMHUN algorithm [3] has discovered high utility sets on this database, there
are still limitations in processing time and memory consumption, especially when working
with large datasets. IEMHUN algorithm enhances efficiency by reducing execution time and
optimizing memory usage through a data pre-filtering approach, which narrows the search
space

Keywords: iEMHUN, EMHUN, High-Utility Itemset Mining (HUIM)
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HE THONG PIEM DANH SINH VIEN BANG KHUON MAT
TAI KY TUC XA TRUONG DAl HOC CONG THUONG
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Bui Hung Phuong, Huynh Thanh Tri¢u, Huynh Vi Khang,
Tran Thi Van Anh*.

Trwong Pai hoc Cong Thueong Thanh phé Ho Chi Minh
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TOM TAT

Dé hd trg cho viéc quan ly sinh vién tai ky tac xa dugc chat ché va dam bao an ninh,
nhom ching t6i d& xuat mot phuong phap diém danh sinh vién bang cach nhan dién qua
khudn mat cta sinh vién d6 va tich hop vao ung dung quan Iy ky tlc xa tai truong Dai hoc
Cong thwong TP H6 Chi Minh. Hé thong tich hop phuong phap nhan dién khudn mat su
dung OpenCV va Haar Cascade dé kiém soéat truy cap va diém danh tu dong. Phuong phap
Haar Cascade duoc ap dung dé phat hién khuén mat nhanh chéng trong thoi gian thyc, két
hop véi cac ky thuat tién xir Iy anh nhu chuyén doi thang d6 xam va can bang sang. Thuc
nghiém trén tap dit liéu Yale Face va sinh vién tai ky tac x4 HUIT dat d6 chinh xac lan luot
14 93.33 % va 90.67%. Tir d6 tich hop vao hé thong quan 1y ky tic xa dé diém danh sinh
vién bang khudn mat.

Tuwr khoa: nhan dién khuén mat, OpenCV, diém danh

1. MO DPAU

Hién nay, véi su phat trién manh mé caa cong nghé thdng tin, nhiéu truong dai hoc
da ap dung céc giai phap cong nghé vao cong tac quan ly. Trong d6 viéc diém danh tu dong
sinh vién tai ky tic xa thi van con han ché 1a diém danh bang tay va ton nhiéu cong sic khi
tan suit diém danh duoc yéu ciu gia ting dé dam bao an ninh va trat tu tai ky tc xa sinh
vién. Do d6, hé théng diém danh sinh vién tu dong tai ky tic xa& 1a mot nhu cau cap thiét
tai Truong Dai hoc Cong Thuong thanh phd H6 Chi Minh dé dam bao két qua diém danh
mét cach chinh xac va nhanh chong. Bong thoi dam bao cong tac quan 1y duoc an ninh hon
Véi viéc kiém soét, nhan dang dung dbi tuong.

Nhan dién khuon mét la mét trong nhirng ng dung quan trong cua thi giac may tinh,
dugc ng dung rong rai trong giam sat an ninh, kiém soét truy cap va quan ly danh tinh.
V6i sy phét trién manh mé cua tri tu¢ nhan tao va hoc may, nhiéu thuat toan nhan dién
khudn mit da dwoc dé xuat va trién khai hiéu qua [1].

Nam 2001, Viola-Jones va cong su dé xudt phuong phéap phat hién khuon mat dya
trén Adaboost két hop dac trung haar — like dé phét hién khudn mat cho toc d6 phét hién
nhanh chéng 0,07 gidy va do chinh xac cao 1én dén 90% [2]. Phuong phap nay ciling duoc
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sir dung rong rai trong cac cong bd vé cac phuong phap nhan dién khudn mat trong nuréc
va qudc té.

Pong gop chinh cta bai béo: (1) Str dung thu vién ma ngudn mé OpenCV két hop véi
haar cascade dé phat hién khuén mat va nhan dién sinh vién trong thoi gian thuc, (2) Xay
dung @ng dung quan ly ky tic xa véi cac chie nang hod tro quan 1y nhu: quan Iy phong,
dang ky luu tra, diém danh, quan ly dich vy phong, (3) Tich hgp md hinh nhan dién anh
sinh vién dé ty dong diém danh sinh vién c6 mat hay khéng co mat tai ky tlc xa. Hé thong
gilp giam thiéu sai s6t trong qua trinh quan ly, tiét kiém thoi gian va chi phi.

Trong phan ké tiép cua bai bao s& trinh bay nhu sau: phan 2 co s ly thuyét céc thuat
toan, phan 3 phuong phap thuc hién, phan 4 két qua thuc nghiém va cudi cing la phan két
luan.

2. COSOLY THUYET

Nhan dién khudn mat, mot tng dung quan trong cua thi giac may tinh, dugc tng dung
rong rai trong giam sat an ninh va quan 1y danh tinh, da dat duoc nhiéu tién bo nho sy phat
trién cua tri tué¢ nhan tao. Nghién ctru nay tap trung vao viéc sir dung OpenCVSharp, mot
thu vién .NET wrapper cia OpenCV, két hop voi Haar Cascade Classifier dé phat hién
khuén mit trong thoi gian thuc. OpenCVSharp hoat dong nhu mot cau ndi giira ngén ngir
C# va thu vién OpenCV gdc, tan dung nén tang .NET dé quan ly bd nhé tu dong, gitp don
gian hda qua trinh 14ap trinh va xir ly anh.

2.1. Ky thuat phat hién khudn mat véi dic trueng Haar-like

K§ thuat phat hién khudn mét véi ddc trung Haar-like 1a mét phuong phap hiéu qua
va phé bién trong linh vyc thi gidc may tinh, ddc bi¢t Ia trong cac tng dung yéu cau toc do
xt ly nhanh, chang han nhu nhan dién khuén mit trong thoi gian thuc. Phuong phap nay
duoc phat trién bai Paul Viola va Michael Jones vao nam 2001, va da tré thanh mét trong
nhitng nén tang quan trong cho céac hé thong nhan dién khuén mat [1].

Trich xuat dic trung Haar 1a phuong phap sir dung cac bo loc Haar dé phét hién su khac
biét vé cuo‘ng d6 sang gitra cac vlng trong anh. Cac b loc nay c6 dang mau hinh chir nhat
nhu hinh 1, gém cac ving sang va téi voi s6 luong ving c6 thé 1a 2, 3 hoic 4, tao nén sy
tuong phan rd rang. Nhitng mau dic trung Haar-like duoc thiét ké dé nhan dién cac dic
diém quan trong trén khudn mat, nhu ving mét, miii hoic miéng, dua trén sy chénh léch
cuong d6 anh sang gitra cac khu vuc.

Hinh 1 Minh hoa phuong phap haar-like
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O hinh 1 dua ra vi du V& cac dic diém hinh chit nhat duoc hién thi lién quan dén cua
s6 phat hién bao quanh. Téng cac diém anh nam trong céc hinh chit nhat mau tring duoc
trir khoi tong cac diém anh trong céc hinh chir nhat mau xam. Céac dic diém hai hinh chit
nhat dugc hién thi trong (A) va (B). Hinh (C) hién thi mét ddc diém ba hinh chir nhat va
(D) mét dic diém bdn hinh chit nhat.

2.2.  Trich xuat dic trung va phat hién khuén mit.

Dé tang toc do tinh toan, phuong phap tich hop anh (Integral Image) dwoc 4p dung,
gilp nhanh chéng tinh tong gia tri pixel trong mot viing bét ky theo cang thic (1). Tiép
theo, thuat toan AdaBoost dugc st dung dé lya chon nhiing dic trung quan trong nhat, gidp
giam sb luong dic trung can xeét, nang cao hiéu suit nhan dién. Cudi cung, qua trinh phat
hién theo dang Cascade duoc trién khai, ap dung cac tang bo loc tuan tu dé loai bo dan
nhitng ving anh khong can thiét, gitp ting toc d6 va d6 chinh xac trong viéc nhan dién
khudn mat sinh vién tir hinh anh thu thap tai cong kiém soat.

ii(z,y) = ) i@,y &

' <z,y' <y

Haar Cascade Classifier co uu diém 1 tbc do xir Iy nhanh, c¢é thé nhan dién khuén
mat trong thoi gian thuc ngay ca trén phan cing c6 hiéu suat thap. Tuy nhién, han ché cua
phuong phép nay 1a &6 chinh xac 6 thé bi anh huong bai anh séng, géc nhin va nhidu trong
anh.

Viéc két hop OpenCVSharp va Haar Cascade Classifier trong hé théng nhan dién
khuén mat mang lai nhiéu loi ich. OpenCVSharp cung cap giao dién lap trinh manh m& cho
viéc thao tac hinh anh va trién khai thuat toén, trong khi Haar Cascade Classifier gitp phat
hién khuén mat mot cach nhanh chong va hiéu qua. Trong thuc té, hé théng nhan dién
khudn mat dua trén hai cdng nghé nay cé thé duoc trién khai dé kiém soat an ninh, diém
danh ty dong trong céc t6 chirc, truong hoc hoic tich hop vao cac hé théng nha théng minh.

Mic du Haar Cascade Classifier 1a mot phwong phap hiéu qua dé phat hién khuén mit,
nhung dé ting do chinh xac, c6 thé két hop véi cac phuong phéap hién dai hon nhu HOG
(Histogram of Oriented Gradients), CNN (Convolutional Neural Networks) hoic deep
learning. Viéc tdi wu hoa mé hinh va sir dung céc tap dit liéu da dang hon ciing 1a mot
huéng phét trién quan trong trong twong lai.

3. PHUONG PHAP THUC HIEN

Trong nghién ctu nay, viéc trién khai hé théng nhan dién khudbn mit dyua trén
OpenCV Sharp va Haar Cascade Classifier duoc tién hanh theo mét quy trinh khoa hoc chit
chg&, nham téi wu hoa kha niang phat hién va nhan dién khudn mat trong cac diéu kién thuc
té. Qua trinh thyc hién bao gdm nhiéu giai doan lién két chat chg, tir thu thap dit liéu, tién
xtr ly, phat hién dén nhan dién va danh gia hiéu suat. Dué6i day 1a moé ta chi tiét vé ting
budc, duoc trinh bay theo phong cach bai bao khoa hoc.

3.1.  Thu thap va tién xir ly dir liéu dau vao
Qua trinh thu thap di liéu nham xay dung tap anh khudn mit da dang vé anh sang,

goc chup va biéu cam, gitip danh gia hidu qua phat hi¢n cta thuat toan Haar Cascade trong
thuc té. Sau khi thu thap, anh duoc tién xir ly bang céch chuyén sang thang d6 xam dé loai
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bo thdng tin mau, giam nhiéu va tang téc Xt 1y. Pong thoi, anh dugc chuan héa kich thudc
va cén bang sang bang Histogram Equalization dé dam bao trich xuat dac trung khudn mat
nhat quan va hiéu qua.
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Hinh 2. Minh hoa bo dit liéu anh sinh vién

Sau khi xtr ly dir liéu, budc tiép theo Ia phat hién khudn mat bang cach ap dung thuat
toan Haar Cascade Classifier. Thuat toan ny, duya trén nguyén ly trich xuit dic trung Haar
va str dung céu trdc tich hop (Integral Image) dé tinh toan nhanh chéng cac tong pixel, da
dugc huan luyén trudc trén mot tap di liéu 16n gdm céc anh c6 va khong ¢ khudn mit.
Trong qué trinh quét anh, hé théng ap dung mat loat cac cira s véi kich thude khac nhau
dé tim kiém cac dic trung phu hop, sau d6 sir dung co ché cascade dé loai bo cac cira s6
khong c6 kha nang chira khubn mat, qua dé tdi uu hoa te do xir ly. Mdi khudn mat duoc
phat hién s& duoc danh du va cat ra dé phuc vu cho qué trinh nhan dién sau nay.

Tiép theo, sau khi di xac dinh dwoc vi tri khuén mat trong anh, hé thdng tién hanh
trich xuit dic trung khuon mit. Giai doan nay nhiam muc dich chuyén déi théng tin hinh
anh thanh cac vector dic trung c6 thé so sanh dugc. Cac vector dic trung nay chira dung
nhitng thdng tin quan trong vé hinh dang, cau tric caa khuén mat va 1a dau vao cho giai
doan nhan dién tiép theo. Trong truong hop nay, ngoai viéc st dung truc tiép cac dic trung
tir bo loc Haar, hé thdng con c6 thé két hop cac phuong phap truyén théng nhu LBPH nham
tang cuong kha nang phan biét gitra cA&c khubn mat khac nhau, dac biét trong truong hop
dir liéu dau vao c6 su bién doi vé didu kién anh sang hoic géc nhin.

Giai doan cudi cung caa quy trinh 12 nhan dién khudn mit dwa trén cac vector dic
trung di trich xuat. Tai budc ndy, hé thong so séanh céc vector tir anh dau vao véi co so di
liéu da duoc luu trit, tir d6 xac dinh danh tinh caa ddi teong. Qua trinh so sanh duoc thyc
hién thdng qua cac thuat toan ddi sanh miu, giup danh gia mirc d6 twong dong giira cac
vector ddc trung. Két qua caa budc nhan dién duoc ghi nhan va hién thi, déng thoi duoc
luu trir dé phuc vu cho viéc gidm sat va ra quyét dinh trong cac ung dung thuc tién nhu
diém danh tu dong, kiém soét truy cap trong ky tic xa.

Bén canh d0, hé thong duoc xay dung véi kha nang kiém thir va danh gia hiéu suét
mot cach toan dién. Cac chi sé quan trong nhu tde do xt 1y, d6 chinh xéc trong viéc phat
hién va nhan dién khudn mat duoc do ludng dudi nhiéu diéu kién khac nhau. Cac thi
nghiém cho thdy, mic di thuat toan Haar Cascade cho phép phat hién khudn mit nhanh
chong trong diéu kién anh chup truc dién va anh sang day dii, nhung khi diéu kién anh sang
yéu hoic khudn mit bi che khuit mét phan, hiéu qua cua hé thong giam sut dang ké. Nhiing
phét hién nay da chi ra huéng cai tién thong qua viéc tinh chinh bo dir liéu huan luyén va
can nhic két hop cac thuat toan deep learning tién tién nham nang cao d6 chinh xac va kha
nang chiu dung cua hé thdng trudc nhiing bién ddi ciia méi truong thuc té.
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Phwong phap nhan dién khudn mat

Hinh minh hoa cac budc ciia phuong phap nhan dién khuén mat bao gom: (1) Tién xir
ly dir liéu: Dung Haar Cascade quét anh, xac dinh va cat ving khudn mat. (2) Phat hién
khudn mat bang Haar Cascade Classifier: Dung Haar Cascade quét anh, xac dinh va cat
viing khudn mat. (3) Trich xuét ddc trung khudén mat: Bién anh thanh vector dic trung, két
hop Haar-like & LBPH. (4) Nhan dién khudn mat: So sanh vector véi co sé dir liéu, xac
dinh danh tinh. (5) Tra ctru théng tin sinh vién nhan dién dugc ¢ budc 4 c6 trong co so dir
liéu Iuu trir hay khdng. (6) Tu dong chuyén trang thai diém danh cho sinh vién la c6 mat
tai KTX néu kiém tra sinh vién dang c6 trong hé thong.

Tién xtr ly dit liéu anh Phéat hién khudn mit bang
Tap anh sinh sinh vién Haar Cascade Classifier

vién

Nhan dién khudn mt Trich xudt dic trung

khuén mat
Tra ctru théng tin sinh K&t qua ty dong diém danh
vién trong CSDL sinh vién c6 mét tai KTX

Hinh 3. Minh hoa phuong phap nhan dién khudn mat

T6m lai, phwong phéap thuc hién duogc trién khai trong nghién ciu khong chi dam bao
mét quy trinh xtr ly ¢6 hé théng ma con ma ra kha niang ng dung linh hoat trong cac moi
truong thuc tién. Qua dé, cac budc tir thu thap dit liéu, tién xir ly, phat hién, trich xuét dac
trung dén nhan dién duoc tich hop mot cach chat chg, tao thanh mét hé théng nhan dién
khuén mit hiéu qua va cé tiém ning mo rong trong twong lai. Nhirng két qua thu duoc tir
qué trinh thuc hién s& 1a co s¢ dé phat trién cac hé théng giam sét va kiém soét danh tinh
trong méi truong Ky tdc xa va cac ung dung an ninh khac.

4. THUC NGHIEM

4.1 Dir liéu thuc nghiém

Trong nghién ciru nay, hé théng nhan dién khudn mit dua trén OpenCVSharp va Haar
Cascade Classifier duoc trién khai va danh gié trén hai tap dir liéu YaleFace va tap anh sinh
vién HUIT.

Hinh 4 minh hoa tap dit liéu YaleFace bao gom 165 anh xam cua 15 nguoi khac nhau.
MJi ngudi c6 11 anh khac nhau bao gébm cac trang thai: anh sang trung tim, c6 deo kinh,
hanh phuc, anh sang trai, khong deo kinh, binh thuong, anh sang phai, budn, budn ngu,
ngac nhién va nhay mit. thuc té da dang:
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2 2 92 9

subject01.sleepy.bmp subject01.surprised.bmp subject01.winkbmp subject02.centerlightbmp

subject02.glasses.bmp subjectd2happy.bmp subjecto2leftlightbmp subjectd2.noglasses.omp

Hinh 4. Tép anh YaleFace

Tap anh sinh vién khoa Cong nghé Thong tin truong Dai hoc Cong thuong TP. Ho
Chi Minh gom 50 ban maoi ban tir 10-20 anh véi cac biéu cam khéac nhau: vui, buon, hanh
phuc, ngac nhién, nhu hinh 5.

)
-

r——

2001208764 binhthuong 2001298764 binhthuong? 2001258764 binhthuong? 2001298764 binhthuongt

et a— P —— ISR —)

Hinh 5. Tap anh sinh vién HUIT

Ban dau, dé xay dung bo dir liéu, cac buc anh khudn mit duoc thu thap tir nhiéu ngudn
khéc nhau. Bo dir liéu nay bao gom anh duogc chup duéi cac diéu kién anh sang khéc nhau:
tir &nh sang tu nhién ryc rd, anh sang nhan tao 6n dinh dén nhirng diéu kién anh sang yéu,
c6 thé c6 hiéu tmg nguoc sang hodc d6 bong. Cac buc anh ciing dugc chup véi nhiéu goc
nhin da dang — tir anh truc dién, nghiéng nhe cho dén nghiéng manh — nham mé phong cac
tinh huéng ma dbi twong khdng ludn ludn xuit hién theo huéng chuan. Hon nita, dé danh
gia murc do chiu nhiéu cua hé théng, bo dit liéu bao gdm cac truedng hop khudn mit bi che
khuat mot phan do phu kién nhu khau trang, kinh mat hoic do ty nhién nhu toc che mot
phan khudn mit. B phan giai ciia anh ciing dwoc diéu chinh da dang, tir cac anh c6 do
phan giai cao cho dén cac anh cé chat lwong thap, nham kiém tra kha niang xu ly caa hé
thdng dudi nhiéu diéu kién thuc té khac nhau. Viéc xay dung mot tap dit lieu phong phu va
da dang nay nham dam bao rang qua trinh danh gia khong chi mang tinh ly thuyét ma con
phan anh dung nhirng thach thirc gap phai trong méi truong tng dung thuc té nhu quan ly
Ky tuc x& hay giam sat an ninh.
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Hinh 6. Bo dir liéu da duoc tién xur ly
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Sau khi bo dit liéu duoc thu thap, tat ca cac anh dau vao trai qua qua trinh tién xir ly
nghiém ngat. Trudc tién, cac birc anh dugc chuyén ddi sang thang d6 xam dé loai bo thdng
tin mau khong can thiét, gitip giam thiéu nhidu va giam tai cho céc thuét toan xu ly. Viec
chuyén doi nay ciing gop phan chuan hoa dir liéu, 1am cho qua trinh phat hi¢n khudn mat
tré nén nhat quan hon. Tlep theo, cac anh dugc resize vé kich thudc ddng nhat, mot budc
quan trong gitp dam bao rang cac cira s6 quét trong thuat toan Haar Cascade c6 thé hoat
dong hiéu qua trén tat ca cac anh. Ngoai ra, cac ky thuat xir 1y nhu Histogram Equalization
duoc &p dung nham can bang do¢ sang va tuong phan, lam noi bat cac dac trung quan trong
cuia khudn mat, tir d6 tao diéu kién thuan loi cho giai doan phat hién.

Trong giai doan phét hién, hé théng str dung Haar Cascade Classifier da duoc huin
luyén trén mot tap dir liéu 16n dé nhan dién cac dic trung khudén mat. Thuat toan nay hoat
dong bang cach quét ting viing nho ciia anh vei nhiéu kich thuéc cira s6 khac nhau, nham
phat hién cac ddc trung ddc trung cua khudn mat, nhu ving mat, miii va mi¢ng. Qua trinh
nay dugc tang tbe thong qua co ché Integral Image, cho phép tinh toan nhanh tong sé d1em
anh trong moi cua so voi do phuc tap tinh toan khong phu thuge vao kich thudc cua sd.
Sau khi cac cira s6 ¢6 kha ning chtra khudn mat dwoc xac dinh, ki thuat Non-Maximum
Suppression (NMS) duoc ap dung dé loai bo cac phét hién tring lap, dam bao mdi khudn
mat chi dugc xac dinh mét lan. Giai doan nay khong chi chirng minh tinh hiéu qua cua
thuat toan trong viéc phét hién khuén mat ma con cho thay toc do xu 1y 4n twong, véi thoi
gian phat hién dao dong tir 0.05 dén 0.1 gidy trong diéu kién anh sang day du.

4.2 Két qua thuc nghiém

Thuc nghiém dugc thyuc thi trén mady AMD Ryzen 3 2200G with Radeon Vega
Graphics 3.50 GHz, 8.00 GB RAM, h¢ diéu hanh Windows 10 Pro 64 bit va sir dung ngon
ngtr 1ap trinh python, C# va .NET Framework 4.6.

Bang 1 trinh bay hiéu suit cua phuong phap d& xuét trén bo anh YaleFace va trén bo
anh sinh vién HUIT véi tong s6 anh lan luot 13 165 va 980 (85% dung dé huan luyén, 15%
dung dé kiém thir). Thuc nghiém trén bo anh chuan Yale Face cho két qua 1a 93.33%. Poi
Vv6i bo anh sinh vién Huit d6 chinh x4c dat 90.67% thip hon do chit lwong anh thu thap
dugc.

Bang 1. Két qua thuc nghiém

Tan di lieu anh Tong sé S6 anh huan S6 anh Do chinh xac
ap i anh luyén kiém thir trung binh
Yale Face 165 135 30 93.33%
Sinh vién HUIT 980 833 147 90.67%

Sau khi xac dinh vi tri khudn mat, cac viing chira khudn mat duoc cit ra dé trich xuat
dic trung. Viéc trich xuét ndy chuyén doi thong tin hinh anh thanh cac vector dic trung,
gitip so sanh va xac dinh danh tinh ciia d6i twong. Trong nghién ciu nay, mac du tap trung
vao viéc phat hién khudn mit, cac vector dic trung duoc trich xuit sau dé ciing duoc sir
dung trong cac thuét toan ddi sanh truyén théng nhu LBPH nham danh gia d6 twong dong
giita anh dau vao va dir liéu mau co san trong co s¢ dit liéu. Giai doan nhan dién dua trén
so sanh vector dic trung cho thay rang, d6i voi cac anh chup truc dién véi diéu kién anh
sang day du, hé thong dat do chinh xé&c nhan dién trén 90.67%. Tuy nhién, khi d6i mit véi
cac anh c6 goc nhin khdng chuan hoic bi che khuit, 6 chinh xac thap hon trong diéu kién
&nh sang yéu, khi ma nhiéu anh lam tang ty 1& dwong tinh gia.
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Thém vao d6, qua trinh do luong hiéu suit caa hé thong duoc thuc hién mét cach ki
ludng. Thoi gian xu ly cua timg bude duoc ghi nhan bang mili-gidy, tir d6 danh gia tbe do
phan hi cua hé théng. Cac chi s danh gia nhu d6 chinh xac, ty 16 duong tinh gia va ty 18
am tinh gia duoc tinh toan dé cung cap mat bic tranh toan dién vé hiéu suat hoat dong cua
hé thong dudi cac diéu kién thir nghiém khac nhau. Qua do, cac yéu té anh huong nhu didu
kién anh sang, goc nhin va mtc do che khuat duoc phan tich chi tiét, gitp rat ra nhiing
nhan dinh rd rang vé diém manh va han ché caa hé thng.

Phan tich két qua cho thay, anh sang la yéu té quan trong nhat anh hudng dén chét
lwong nhan dién. Trong diéu kién anh sang day du, hé théng hoat dong véi hiéu suat cao,
trong khi anh sang yéu lam giam dang ké d¢ twong phan, dan dén ting ty I¢ nhidu va sai
léch trong phét hién. Bén canh do, cac btrc anh ¢6 goc nhin léch hozc bj che khuat mot phan
cling gy ra su giam st trong d6 chinh xac nhan dién, doi hoi phai 6 mot bo dit liéu huan
luyén phong phu va céc ky thuat nhan dién hién dai hon dé bu dp.

Tir c4c thi nghiém trén, hé théng nhan dién khuén mat dya trén OpenCVSharp va
Haar Cascade Classifier da chirng minh duoc kha nang phat hién nhanh chong va nhan dién
chinh x4c trong diéu kién anh sang day du. Tuy nhién, trong mdi truong thyuc té vai cac
bién s6 phuc tap, van can c6 nhitng bién phap cai tién thém dé nang cao do 6n dinh va hiéu
qua tong thé. Nhitng két qua nay cung cap co s¢ ving chéc cho viéc phat trién cac ng
dung nhan dién khuén mat trong cac hé théng giam sat an ninh, quan ly ky tic xa va kiém
S04t truy cap ty dong, mo ra hudng nghién ciru va ung dung rong rai trong tuong lai.

Piém Danh Sinh Vién

Théng Tin Sinh Vién
Phéng

Ma Sinh Vién 2001245831

Ngay Biém Danh Friday March 21,2025 O~ Ho Va Tén Can Vin Cy

Thai Gian 2025-03-22 14:28:23
Kiém Tra Nhan Dién Sinh Vién
MasVv HoTen TrangThai

, Nguyén VanA Véng
2001256321 Tran Thi B Véng
2001451112 Pham Vén C Véng
2001151552 L& ThiD Véng
2001245831 Cén Van Cw Comat
20012345678 Tran Van Nam Vang
2001298745 Tran Trung Nma Véng

Cé mat: 2 Vang: 6

Hinh 7. Thuc nghiém nhan dién mot déi twong
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Pidm Danh Sinh Vién

Masv HoTen TrangThai
’ Nouyén VanA Ving
2001256321 Trdn Thi B Vang
2001451112 Pham Van C Véng
2001151562 LeTh D Viing
2001245831 Cn Vén Cu Co mat
20012345678 Trén Van Nam Ving
2001298745 Trén Trung Nma Véng
2001298746 Trn Trung Nma Comat

6 mat: 0 Vang 8

Hinh 8. Thuc nghiém nhan dién da d6i tugng

5. KET LUAN

Nghién ctru da dé xuét giai phap nhan dién tryc tiép khudn mat sinh vién c6 mit tai
ky tic xa théng qua camera va tich hop két qua nhan dién vao tng dung quan Iy diém danh
sinh vién tai ky tuc xa4. Khudn mat nhan dién duoc sé duoc so khop trong co s¢ dir licu
quan ly va két qua diém danh sinh vién c6 mit s& duoc ty dong cap nhat vao hé thong. Két
qua thuc nghiém trong diéu kién anh sang day du cho két qua chinh xac 90.67%. Trong
truong hop diéu kién anh sang yéu, géc nhin Iéch va khi khudn mit bi che khuat mot phan
thi s& anh huong dén két qua nhan dang.
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ABSTRACT
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DORMITORY OF HO CHI MINH CITY UNIVERSITY OF INDUSTRY AND TRADE
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To enhance student management and ensure security in the dormitory, we propose a
facial recognition-based attendance system integrated into the dormitory management
application at Ho Chi Minh City University of Industry and Trade. The system utilizes
facial recognition techniques with OpenCV and Haar Cascade to enable automatic
attendance and access control. Haar Cascade is employed to detect faces quickly in real-
time, combined with image preprocessing techniques such as grayscale conversion and
brightness normalization. Experiments conducted on the Yale Face dataset and real-world
student data from the HUIT dormitory achieved accuracy rates of 93.33% and 90.67%,
respectively. This demonstrates the effectiveness of integrating facial recognition into the
dormitory management system for automatic student attendance.

Keywords: facial recognition, OpenCV, attendance tracking
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XAY DUNG MO HINH PHAN LOAI CAM XUC
DUA TREN HQOC SAU VA UNG DUNG TRONG
MANG XA HOQI PE PHAT HIEN, NGAN CHAN BINH LUAN
KHONG PHU HQP

Ha Trong Thing, H6 Thi Kiéu Oanh, Nguyén Thanh Vi, Nguyén Huy Hoang, Nguyén
Cong Diing, L& Thi Thuy Lan, Tran Thi Van Anh”

YTriong Pai hoc Cong thwong Thanh phé Ho Chi Minh
*Email: anhttv@huit.edu.vn
Ngay nhan bai: 31/03/2025; Ngay chap nhan dang: 20/05/2025

TOM TAT

Bai bao nay trinh bay vé phuong phap xay dung md hinh phan loai cam xc dua trén
hoc sau nham phat hién va ngan chan binh luan khéng pht hop trén mang x& hoi. Nhom tac
gia st dung mo hinh PhoBERT, mét bién thé ciia BERT duoc huan luyén trén di liéu tiéng
Viét dé trich xuat dic trung vin ban va phan loai cam xtc. Bo dit liéu huin luyén bao gdbm
gan 17.814 binh luan thu thap tir cac nén tang mang xa hoi, dwoc gan nhan theo cac trang
thai cam xuc nhu tich cuc, tiéu cuc va trung tinh. Thuc nghiém cho thiy mé hinh PhoBERT
dat d6 chinh xac trén 90% khi phan loai cam x(c trong binh luan tiéng Viét. Hé thdng da
dugc nhém téc gia tich hop mé hinh vao ung dung dé thuc hién phan loai cam xdc vao mot
nén tang mang xa hoi dé ty dong phét hién va xir ly noi dung khéng phu hop, gilp tao ra
moi truong tuong tac lanh manh.

Tuwr khéa: BERT, binh luan, PhoBERT, phan tich cam xtc

1. MO PAU

Hién nay, mang x& hoi 1a nén tang pho bién dé nguoi dung chia sé quan diém, cam xdc
va thong tin. Tuy nhién, su xuét hién caa qua nhiéu binh luan tiéu cuc cd thé gay anh huong
xau dén tm 1y c4 nhan va méi truong truc tuyén. Cac noi dung mang tinh cdng kich, xc
pham hoic tiéu cuc qua mirc c6 thé dan dén nhitng hau qua nghiém trong nhu bao luc mang
hodc anh huong dén nhan thic xa hoi. Vi vdy, viéc cac binh luan trén mang xa hoi duoc
nhan dién va phan loai mét cach ty dong nham tao ra mot méi trudng mang lanh manh va
vin minh dang 12 mot vin d& quan trong can duoc quan tam va xt ly.

Téng quan Vé cac phuong phap nhan dién cam xtc nhan dién cam xtc c6 thé duoc thuc
hién bang nhiéu phuong phap khac nhau, bao gom: Nhan dién qua khuén mit sir dung ky
thugt xur 1y anh va thj gide may tinh dé phan tich biéu cam khudn mat, tir d6 xac dinh trang
thai cam xdc cua nguoi dung Phu:orng phap nay thuong ap dung trong cac hé thong nhan
dién khudn mat thong minh va giam sat hanh vi. Nhan dién qua giong néi phan tich dic diém
4m thanh nhu am sic, tan s, cao do va ngtr diéu dé nhan dién cam xuc. Phuong phap nay
dugc str dung phd bién trong tro Iy 40, tong dai thong minh va phan tich phan hdi khach

295



Ha Trong Thang, HO Thj Kiéu Oanh, Nguyén Thanh Vi, Nguyén Huy Hoang,
Nguyén Cbéng Diing, Lé Thj Thay Lan, Tran Thj Van Anh

hang. Nhan dién qua van ban ap dung céc k¥ thuat xir ly ngdn ngit tu nhién (NLP) dé phan
tich noi dung vén ban va xac dinh cam xuc dya trén tir vung, ngir canh va cu phap. Pay la
phuong phap quan trong trong cac hé thong phan tich binh luan, danh gia san pham va mang
x& hoi. Cac phuong phap hoc sdu nhu CNN, LSTM, BERT va PhoBERT da duoc ap dung
rong rai trong cac bai toan phan loai cam xtc. Mot sO nghién ciru da so sanh hidu qua giira
cac phuong phap nay: CNN c6 kha nang trich xuit dic trung manh m& nhung thiéu thong tin
vé ngit canh cia tir. LSTM c6 thé giit duoc thong tin ngit canh tot hon nhung hiéu suat
khong cao bang mé hinh Transformer. Nghién ciru trén tap dir liéu IMDB cho thiy LSTM
dat do chinh xac 85%, trong khi BERT dat 92% [7]. So sanh trén di li€u binh ludn tiéng
Viét, SVM dat 78%, CNN dat 83% va PhoBERT dat 96% [8]. Trén tap dit liéu Facebook
binh ludn tiéu cuc, PhoBERT két hop v6i SVM dat 97% d6 chinh xac [9]. BERT va
PhoBERT cho két qua chinh x4c cao nhat nho vio co ché ty chua y (self-attention), gitp hiéu
ngit nghia toan dién hon. Bai nghién ciru nay dé xuat mot mé hinh phan loai cam xdc dwa
trén hoc sau, sir dung PhoBERT — mét mé hinh dwoc téi wu hoa cho tiéng viét, nhiam nhan
dién va ngan chan céc binh luan khdng phu hop.

Phuong phap nghién ctru quy trinh thyc hién bao gom cac budc chinh: Thu thap va tién
xu ly dit li¢u dir liéu binh ludn duge thu thdp tir cic nén tdng mang xa hoi, tién hanh lam
sach dir li€u nhu loai bd ky tu dic biét, chuan hoa ngon nglr va gan nhan cam xtic. Phuong
phap trich xuét dic trung cac phuwong phap phd bién dé trich xuat dic trung vin ban gom:
CNN trich xuat dic trung dya trén cac bo loc tich chap, LSTM giir dugc ngir canh cuia tr
trong cau, BERT/PhoBERT mé hinh transformer manh mé trong xtr 1y ngon nglr ty nhién.
Lua chon mé hinh bai nghién ctru st dung PhoBERT do kha ning hiéu ngit nghia ngir canh
t6t hon cac phuong phéap truyén thdng nhu SVM hoidc LSTM. Huin luyén va danh gia mo
hinh kiém tra do chinh xac trén tap di li€u thur nghiém, so sanh véi cac mo hinh truyén
thong. Ung dung thyc té tich hop mé hinh vao hé thong kiém duyét ndi dung trén mang xa
hoi dé tu dong phat hién va xur 1y binh luan tiéu cuc.

Nhiéu nghién ctru trudc ddy da dé xuat cac phuong phap khac nhau dé phéan loai cam
xuc tir vin ban. Mot sb bai bao tiéu biéu bao gom: [1] dé xuit mo hinh LSTM dé xtr Iy ngon
ngit tw nhién, [2] gi6i thiéu BERT — mé hinh tién tién trong xtr 1y ngén ngit tu nhién, [3]
nghién ctru vé PhoBERT — phién ban BERT t4i wu hoa cho tiéng Viét. Trong cic phuong
phap trén thi phuong phap PhoBERT cho hiéu qua vuot trdi trong phan loai cdm xtic van ban
tiéng viét nho kha nang hoc ngili canh tbt, duoc huén luyén trén tap dir liéu 16n va t6i wu hoa
riéng cho tiéng viét. Do d6, mo6 hinh nay duoc lya chon dé chay cho nghién ctru nham dam
bao d¢ chinh xac cao va phu hgp véi dic thu cua ngdn ngit nay. Bén canh do, cac mo hinh
hoc sau khéac ciling dugc ap dung trong phan tich cam xtic nhu CNNs (Convolutional Neural
Networks) [4] — c6 kha ning trich xuit dic trung hiéu qua tir vin ban, hay su két hop gitra
BERT va SVM (Support Vector Machine) [S] gitip cdi thi¢n do chinh xdc trong phan loai
cam xuc. Mot s6 nghién ctru [6] dé thuc hién so sanh giira cac phuong phap truyén thong
nhu Naive Bayes, SVM vdi cac mo hinh hoc sdu va nhan thiy rang BERT va PhoBERT
mang lai hiéu suat cao hon dang ké. Do d6, trong nghién ctru nay, PhoBERT dugc lwya chon
]am mé hinh chinh dé dam bao d6 chinh x4c cao va phil hop véi dic thu cia tiéng Viét

Nghién ciru nay dé xuét phuong phap két hop PhoBERT véi tir dién cam xuc dé cai
thi€n d6 chinh xac trong phan loai cdm xuc binh ludn tiéng Viét. Tur dién cam xac dugc xay
dung tir cac bo dir liéu gan nhén trude do, bao gém danh sach cac tu/cum tir mang sdc thai
tich cuc, tiéu cuc va trung tinh. Khi mot binh Iuan dugc phén tich, mé hinh PhoBERT trich
xut dic trung ngit nghia, trong khi phuong phap tir dién gitp bo sung thong tin vé sic thai
cam xtc dua trén cac tir khoa xudt hién trong cau.

Hé théng duoc thiét ké dé tich hop vao mot nén tang mang xd hodi vé6i cac chire ning
chinh nhu déng tai bai viét, binh luan, tuong tac (thich, chia sé) va kiém duyét noi dung. M6
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hinh PhoBERT két hop véi tir dién cam xtic gitp nhan dién nhanh chdng cac binh lun tiéu
cuc va hd tro kiém duyét ndi dung hiéu qua hon. PhoBERT dugc trién khai trén may chu va
két n6i véi tmg dung mang xa hoi thong qua API. Khi nguoi diung dang binh luan, hé thong
s& tu dong phan tich cam xtic va dua ra canh bao néu binh luan c6 ndi dung tiéu cuc. Ngoai
ra, mo hinh c6 thé dugc cai thién theo thoi gian bang cach huin luyén lai v6i cac dir lidu
moi, giup nang cao do chinh xac va kha nang thich ung v6i ngdén ngli tu nhién trong moi
truong mang xa hoi.

Phan tiép theo ciia bai nghién ctru s& trinh bay nhu sau: Phan 2 giéi thiéu co so 1y
thuyét vé cac thuat toan hoc sdu va phuong phap phan loai cam xtic, Phan 3 trinh bay quy
trinh thuc hién, bao gom thu thap dit liéu, tién xtr 1y, huan luyén va danh gia mo hinh, Phan 4
mo ta két qua thuc nghiém va so sanh voi cac phuong phap khéc, va cudi cing 1 phan két
luan.

2. COSOLY THUYET
2.1. Mo hinh BERT

BERT (Bidirectional Encoder Representations from Transformers) 1a mot mé hinh hoc
sAu tién tién trong linh vuc NLP,dugc Google gigi thi¢u vao nam 2018. Day la mét trong
nhitng mé hinh dau tién sir dung kién trac Transformer theo huéng hai chiéu, gitp n6 hiéu
ngit canh cua tir trong van ban mot cach tét hon so voi cac mo hinh trude diay. BERT duoc
huan luyén bang phuong phap hoc c6 giam sét tu dong (self-supervised learning), tic 1a mo
hinh hoc tir dit liéu ma khdng can gan nhan tha cong. Quéa trinh huan luyén cua BERT bao
gom hai giai doan nhu hinh 1: Giai doan dau tién huan luyén trudc (Pre-training) mé hinh
dugc dao tao trén mot luong 16n dir lidu vin ban tong quat dé hoc cac dic trung ngdn ngit co
ban,hai nhiém vu chinh trong giai doan nay la Masked Language Model (MLM) va Next
Sentence Prediction (NSP). Giai doan tht 2 tinh chinh (Fine-tuning) sau khi dugc huan luyén
truéc, BERT c6 thé duoc diéu chinh trén cac tap dit liéu cu thé cho céc tAc vu nhu phan loai
van ban, tra 1oi cau hoi, trich xuét thyuc thé, v.v. M6 hinh chi can mét vai epoch huan luyén
dé dat hiéu suat cao trén nhiéu bai toan NLP khac nhau.

INLI ANER /SQuAD

NSP Magk LM Mask LM

- &
CE)- GCE=)C]- G

BERT
=] EIE=IE]D- &)
—“o—r——o—o—o——
EE)- FEEE)- &

Masked Sentence A > Masked Sentence B

SiEnEnd Span
CIE]- Cll=)]- G
BERT

ER e &

Question Paragraph
=

Unlabeled Senlence A and B Pair Question Angwer Pair

Pre-training Fine-Tuning

Hinh 1. Quy trinh téng thé trudc khi dao tao va diéu chinh cho BERT[10]

BERT duoc xay dung dya trén Transformer, mot kién tric mang no-ron bao gom nhiéu
encoder xép chong 1&n nhau. Cac encoder nay gitp md hinh hoc dwgc méi quan hé giita cac
tir trong cau thong qua co ché tu chd y (self-attention). Multi-Head Self-Attention cho phép
mo hinh tap trung vao nhiéu phan khac nhau cua cau cing mét ldc.Position Embeddings do
Transformer khong c6 co ché tuan tw nhu RNN, vi tri cua tir trong cau dugc ma hoéa bang
vector embedding.Feedforward Layers céc 16p két ndi day dac (fully connected) gidp trich
Xuit dic trung ngit nghia tir dit liéu van ban.
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BERT c6 hai phién ban chinh: BERT Base: 12 I6p ma hoa (encoder layers), 768 nut an
(hidden units), 12 ndt tap trung (attention heads) , (~110 triéu tham sb). BERT Large: 24 16p
ma hoa (encoder layers), 1024 nit an (hidden units), 16 n(t tap trung (attention heads) ,
(~340 triéu tham sd).

2.2 M6 hinh PhoBERT

PhoBERT (Vietnamese BERT) [a mét md hinh xir Iy ngbn ngir tw nhién (NLP) danh
riéng cho tiéng Viét, duoc phat trién béi nhom nghién ciu cia Vién John von Neumann
(JVN) va VinAl Research. M@ hinh nay dua trén kién tric ROBERTa — mét phién ban cai
tién cua BERT, gidp cai thién kha nang hiéu ngir canh va xu ly ngdn ngir tiéng Viét hiéu qua
hon[8].

PhoBERT dugc huan luyén trén mot tap dir liéu van ban 16n (~20GB), thu thap tir
Wikipedia, b4o chi va cac nguon tai liéu tiéng Viét khac, gitip nd vuot tréi hon so véi cac
mo hinh da ngén ngit nhu mBERT (Multilingual BERT) khi ap dung cho tiéng Viét.
PhoBERT c¢6 kién truc twong ty BERT nhung duoc ti wu hoa dé xir 1y tiéng Viét hiéu qua
hon, dua trén Transformer Encoder vai hai phién ban: (1) PhoBERT-base: 12 I6p, 768
chiéu vector, 117M tham sé; (2) PhoBERT-large: 24 16p, 1024 chiéu vector, 370M tham sb.
PhoBERT duoc danh gia trén 5 tac vu xir Iy ngdn ngit tu nhién (NLP) tiéng Viét, bao gom:

Part-of-Speech (POS) Tagging: Xac dinh loai tir (danh tir, déng tir, dai tir, v.v.) trong
mot cau véi bo dir lieu st dung tap dir liéu chuan VLSP 2013. Phuong phap sir dung
PhoBERT d¢ trich xuét dic trung ctia cau va thém mot 1op du doan tuyén tinh (Dense Layer)
dé gan nhan loai tir cho ting tir trong cau.

PRON VERB NOUN NOUN NOUN

t t : t t

S = W i W e W o W arows
i i i i f

ocw o) (o] (o) (o] (o)
. I I I i i

PhoBERT

= o>
Embedding T I I T T

(v (w) (w) ) )
oL L L

Hinh 2. Qué trinh Part-of-Speech (POS) Tagging[11]

Mb hinh bao gom ba thanh phan chinh: Lép Embedding cac tir dau vao (W1, W2, ...,
W35) dugc anh xa thanh céc vector nhung (embedding) dé biéu dién dic trung ngir nghia. M6
hinh PhoBERT céc vector nhiung dugc dua vao mé hinh PhoBERT, gdom nhiéu lép
Transformer (Trm), dé hoc va trich xuat cac dic trung ngit canh. Lép phan loai dau ra tir
PhoBERT (01, 02, ..., 05) di qua cac 16p Dense dé thuc hién phan loai tir loai, xac dinh cac
tir 1a dai tr (PRON), dong tir (VERB) hay danh tir (NOUN). M6 hinh nay gidp hiéu ngit
canh va phan loai tir loai mot cach chinh xac dua trén bdi canh cua cau.

Named Entity Recognition (NER): Xéac dinh va phan loai cac thuc thé trong cau nhu
tén nguoi, dia danh, to chirc véi bo dir liéu sir dung tap dir liéu VLSP 2016 (Nguyen et al.,
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2019). Phuong phap PhoBERT dugc su dung dé trich Xuit dic trung van ban va thém Iép du
doan tuyén tinh (Dense Layer) dé gan nhan thuc thé.

Lép Embedding cac tir dau vao (W1, W2, ..., W5) dugc chuyén thanh céc vector nhing
(embedding) dé biéu dién ddc trung. M6 hinh PhoBERT céc vector nhiing duoc dwa vao mo
hinh PhoBERT, str dung nhiéu I6p Transformer (Trm) dé trich xuat thong tin ngir canh. L6p
Phan loai dau ra tir PhoBERT (O1, 02, ..., 05) duoc dwa qua cac 16p Dense dé phan loai.
Céc nhén dau ra c6 thé la cac thyc thé nhu t6 chuc (B-ORG, 1-ORG), hoic khong phai thuc
thé (0), "B-ORG" (Beginning of Organization) danh dau tir dau tién ciia mot to chic, "I-
ORG" (Inside of Organization) danh dau cac tir tiép theo thudc té chirc 6. M6 hinh nay gitp
nhan dién va phan loai thyc thé trong vin ban dya vao ngir canh cuaa cau.

Dependency Parsing: Xac dinh méi quan hé cl phap giita cac tir trong cau vai bo di
liéu: VLSP 2013 Dependency Parsing task. Phuong phap PhoBERT dugc tinh chinh dé dy
doan quan hé gitra c4c tur.

s

rootp Day4 las Phan_Rang; .4
This s Phan Rang

Hinh 3. Qué trinh Dependency Parsing[11]

Cac budc chinh cua qué trinh Dependency Parsing: Tokenization (tach tir) chia cau
thanh céc tur riéng I¢é (tokens). Part-of-Speech (POS) Tagging (g&n nhén tir loai) xac dinh loai
tr cia mdi token (danh tir, dong tur, tinh tir, v.v.). Xay dung quan hé phu thudc xac dinh tir
gbc (root) cua cau va thiét l1ap cac quan hé phu thuoc giira cac tir. Tao cdy phu thudc
(Dependency Tree) hé thong té chuc cac tir theo ciu truc cdy, trong d6 mdi tir c6 mot nat
(node) va céc nhéanh thé hién méi quan hé phu thugc. M6 hinh nay giip may hiéu cau theo
céch con ngudi phan tich ngir phép, tir d6 ¢6 thé xur Iy va suy luan dua trén van ban mot cach
hiéu qua hon.

Natural Language Inference (NLI): Xac dinh mdi quan hé gitra hai cau (gia dinh, trung
lap, mau thuan) véi bo dir lidu: ViINLI dataset. Phuong phép st dung PhoBERT dé trich xuat
dic trung ngit nghia va mot 16p phan loai trén dau ra cia mo hinh.

Text-to-SQL semantic parsing: Chuyén d6i cac cau truy vin ngdn ngit ty nhién thanh
biéu dién c6 y nghia dudi dang truy van SQL tiéu chuan.Truy cap théng tin trong co s& dit
liéu thdng qua cac cau lénh ngdn ngit ty nhién. Nguoi ding khdng can hiéu ci phap SQL
hoac cau tric cua co s dir liéu. Tao bo dit liéu Text-to-SQL quy mé 16n cho bai toan phan
tich ct phap ngit nghia tiéng Viét: Khoang 10.000 cip cau hoi va truy van SQL trén hon 200
co s dir liéu.

3. PHUONG PHAP THUC HIEN

M6 hinh phan loai cam xtc vin ban bao gém céac budc: tién xir Iy di liéu, trich xuat dic
trung van ban, sau d6 cic dac trung nay dugc huan luyén dé xay dung md hinh phan loai
cam xuc nhu hinh 4.
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Tién xi Trich
Tap dit liéu vin Iydar xudt Husn
ban d3 gan nhin |leu)van ——» ddc ¥ luyénmd [ ®| Model
ban trung hinh

Hinh 4. Minh hoa md hinh phan loai cam x(c
3.1. Tién xir Ii dit liéu viin ban véi PhoBERT

Tap dit liéu thu thap dugc gom 17.814 binh luan thu thap tir c4c nén tang mang xa hoi,
dugc gan nhan theo cac trang thai cam xtc nhu tich cyc (0) , tiéu cuc (1) va trung tinh (2).
Tap dir liéu s& dugc tién xir Iy qua cac budc sau: Loai bo gia tri Null: Céac gia tri bang
khong va cac diém dir liéu khong lién quan dugc loai bo dé 1am sach bo dit lidu. Chuan hoa
van ban: loai bo diu cham cau, cac ky ty dat biét, chuyén ddi van ban thanh chir thuong dé
dam bao tinh dong nhit. Tach tir theo ngit canh tiéng Viét: Vin ban dwoc phan doan thanh
cac cau hodc ma thong bao dé tao diéu kién phan tich. Budc nay rat can thiét dé chia nho
van ban thanh cac phan c6 thé quan 1y duoc. Do su khac biét vé am tiét tiéng Viét,
PhoBERT str dung Cong cu phan doan tir tiéng Viét tir VNCoreNLP

STT Binh luan Phan loai
cam xuc
1. | Sang 16p thay Tién Chung ly lai gbc ca ré né ban Tich cuc

Ban dong 1oi thi clr yén tam, tir tir cong ng s€ dugc cap nhat sau, con ko thi
2. | ban cam Bill 1én phong ke hoach tai chinh nh¢ cac c6 check va trir cdng ng | Tich cuc

cho
3. | Pang binh thuong, doc xong cai tus mudn coc. Tiéu cuc
4. | Noi chuyén nhu kiéu dan anh chi nhu m ai dam & chung Tiéu cuc
5. | Nhat trai lang anh cong tir IT, Nhat gai qué em c6 t English Trung lap

3.2. Xay dwng md hinh phéan loai cam xdc

Trong giai doan ndy, nhém nghién ciu 4p dung mé hinh Transformer dd duoc huan
luyén trude. Co ché attention (co ché chi y) cua Transformer cho phép xur 1y dong thoi tat
ca CAC tir trong mot cau, bat ké thar ty ciia chung. Do d6, Transformer duoc coi la mot mo
hinh hai chiéu, mic di mé ta chinh xac hon thi n6 1a mé hinh phi hudng. Pic diém nay cho
phép md hinh hoc duoc ngit canh cua mét tir dua trén tat ca cac tir xung quanh, bao gom ca
nhiing tir & bén trai va bén phai. Kién tric md hinh gom 3 phan nhu hinh 5.
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Transformer Layer 1
Segment | I | I |
Embedding Ea Ea Ea e Ea Ea
Position
Embedding Eq Ez E3 e E, En+1
Tok
Emboe;;ng Exi Ex: Ex‘fA sas | Exn  Exne
input [CLS | x | x» | **+ [ xa | SEP |

Hinh 5. Kién trGc mo hinh PhoBert

Pau vao: duoc tién xir ly thanh chudi ky tu X, bao gdm n token, ky hiéu 1a X={x1,x,
..Xn}, trong d6 X; biéu thi token & vi tri thir i trong chudi dau vao. Cac token nay duoc
phan chia vao tu vung va ma hoa bang sb théng qua tir dién tur vung (cac Lop Embedding)
va tich hop thong tin Vé vi tri cuia timg token nhur mot thanh phan dau vao. Po dai tdi da cua
chudi dau vao cho céc cau trong tap huan luyén dugc xac dinh bang céach lya chon chudi cé
d6 dai 16n nhat. Cac cau co d6 dai ngén hon s& duoc tu dong dém bang cach sir dung token
dém dac biét.

PhoBERT encoding: Nghién ctiru nay sir dung kién tric PhoBERT _Base, bao gom 12
khdi Transformer va 12 16p self-attention tinh toan mirc d6 quan trong caa mai tir trong cau
Vi tit ca céc tir khac dé trich xut dic trung tir cc chudi dau vao véi do dai toi da 512
tokens. Két qua caa md hinh nay 1a mot 16p an H = {hy,hz,...,ha}, twong ng vai chudi dau
vao. Dé phan loai cac chudi dau vao dua trén noi dung cam xdc cua ching, nhém nghién
ctru thu duoc biéu dién dic trung tir token [CLS]. Vector dic trung nay biéu dién toan bo
chudi dau vao.

Pau ra: St dung biéu dién vector cua chudi dau vao, nhém nghién cau trién khai mot
bo phan loai véi ham kich hoat softmax dé tinh toan cac gié tri phan phdi xac suat cho mdi
nhén phan loai theo cac hang muc cam xdc.

4. THUC NGHIEM

M0 hinh thuc nghiém Hinh 6 gdm 2 pha: pha 1 huén luyén md hinh phan loai cam
xuc, pha 2 phan loai cam xdc binh luan trén mo hinh da dugc huan luyén ¢ pha 1
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4.1. M6 hinh thuc nghiém

Tap div
lidu
binh
luén

Hu#n luyén
mé hinh
(PhoBert)

Tign x Iy dir

liéu van ban Model

Tap
Trich xudt dic vector
trung vin ban dic —»
trung
Pha2
Dir
ligu Tign xit ly diy Trich xut d3c Tap o
binh » ligu vin ban trung van ban vectar e Phan loai cam .
dic xuc binh ludn
luan :

trung

Hinh 6. M6 hinh phan loai cam x(c bang vin ban

M6 hinh phan loai cam xtc dya trén binh luan gém c6 2 pha chinh. Pha 1 dung dé
huan luyén mé hinh phan loai cam xdc gém cac budc: (1) Tién xt ly di liéu binh luan vin
ban, (2) Trich xuat dic trung cua van ban binh luan,(3) Huan luyén mé hinh phan loai dya
trén PhoBert dé phan loai binh luan dau vao. Pha 2 dung dé phan loai binh luan 1a tich cuc,
tiéu cuc hozc trung 1ap gom cac budc: (1) Tién xir ly dit liéu binh luan can phan loai, (2)
Trich xuat dac trung van ban, (3) Sir dung model phan loai PhoBert da huan luyén dé phan
loai binh luan dau vao 1a tich cuc, tidu cuc hoic trung lap.

Pé do hiéu suit cua phuong phap dé xuét, nghién ciru sir dung cac do do gdm: do
chinh xac (precision), do phu (recall) va d6 trung hoa (F1-score) theo cac cong thirc (1)

Y . TP ye_. TP precisionxrecall
c=1 recall = ==L F1 — score = 2 x° )

recision = —g/———— o R —
p Egzl(TP+FP) Egzl(TP+FN) (precision+recall)

Trong d6, TP (True Positive): s6 anh thudc Iép positive duoc phan loai dang 1a
positive; TN (True Negative): s6 anh thudc l6p negative duoc phan loai ding 1a negative;
FP (False Posivite): sé anh thudc 16p negative bi phan loai nham 1a positive; FN (False
Negative): sb anh thugc 16p positive bi phan loai nham 1a negative; C la s6 16p cua tap dir
liéu anh.

4.2. B§ dir ligu thuc nghiém
Nghién ctu thuc nghiém trén bo dir liéu gom 11.400 binh luan (trong d6 gdm 13.155
binh luan tich cuc, 3676 binh luan trung lap, 983 binh luan tiéu cuc) duoc thu thap tir cac

binh luan trén céc trang mang xa hoi va dugc gan nhan theo cac tiéu chi trong bang 1:

Bdng 1. Hiéu suat ctia phwong phap dwoc dé xuat trén cac bo dir liéu thyc nghiém.

Nhéan Tiéu chi Vi du minh hoa

Khoéng c6 cam xuc 10 rang,
Trung lap (1) | thong tin khach quan, khong A . A . )
phan déi hay ting ho Hom nay troi mua, nhung khong qué am uét.

Can thém thoi gian dé danh gia rd hon

Tich cyc (0) | Thé hién sy ing ho, dong Su kién nay that tuyét voi! Moi thir déu hoan
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Nhén Tiéu chi Vi du minh hoa
tinh, hoac khen ngoi. hao va i da hoc dugc rat nhiéu. Cam on vi dich

vu tuyét voi, toi s€ quay lai lan sau.

Thét that vong vé cach t6 chuc su kién nay.

Tia @ Phan 4nh su khong hai 1ong, | Chéc chan s& khong tham gia lan sau!
1eu cuC o o ~ ,
: chi trich, hodc phé phan. Dich vy khach hang qué té, toi khong hai 1ong

v6i cach giai quyét van de.

4.3. Két qua thuc nghiém

Thuc nghiém duoc thyc thi trén may PC CPU Intel Core i5 - 1035G1 CPU Intel Xeon
2.3GHz, 30.0GB RAM, hé diéu hanh Windows 10 Home 64 bit va sir dung GPU T4x2, bo
nhd GPU 16GB x 2, str dung ngdn ngir 1ap trinh python, C# va .NET Framework 4.6.

Bang 2 trinh bay hiéu suit cia phuong phap d& xuét trén bo di liéu binh luan gdm
17814 binh luan dwoc gan nhén tiéu cuc, tich cuc va trung lap vai ty 16 64% dung dé huan
luyén, 20% dung dé kiém thir va 16% dung dé danh gi). Thuc nghiém cho két qua do
chinh xéac 90%, d6 phu va do trung hoa dat ¢ ngudng cao la 86% va 91%.

Bdng 2. Hiéu suit ciia phwong phap dwoc dé xuit trén cac bd dir liéu thuc nghiém.

ol | s | Pdchinh | pgppg | DOTUN
Tong so So nhén | S6 nhén ~ xac trung N hoa trung
N . e nhan N trung binh N

binh luan | train | validation binh binh
test o (recall)
(precision) (f1-score)
17814 11400 2850 3564 90% 86% 91%

Sau khi str dung ham train_model_optimized d huan luyén mé hinh bang cach tbi vu

hoa lai va két hop véi tir dién cam xtc dé dua ra duoc két qua nhu hinh 7,8.

Téng quan qua trinh huan luyén RNN - PhoBERT (Sau khi téi uu)

Bi€u d6 mat mat trong qua trinh hudn luyén

Biéu d6 do chinh xac trong qua trinh huan luyén

o— Mt mat hudn luyén

0.97

Gia tri mat mat (Loss)

D4 chinh xéc (%)
°
°
a

0.94

«— 9§ chin

098 P

—r

h xac huan luyén

0 1 2 3 4 5 6 0 1 2 3 4

56 14n 1ap (Epoch) 6 1an lap (Epoch)

Hinh 7. Két qua sau khi t6i uu va két hop véi dict
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Nh3p cdu c3n phédn tich cam xic (hodc gd ‘exit' dé thoét):
> dém m h
3 Dy dodn cam xic: [NEGATIVE]

Nhdp cdu c3n phén tich cam xic (hodc gd 'exit' dé thoét):
> t dénh nhau vs m lun
L) Oy dodn cam xic: [NEGATIVE)

Nh3p céu cdn phdn tich cam xic (hodc gd ‘exit' dé thodt):
> thdy A ok & mn
L) DOy doén cam xic: [POSITIVE]

Nh3p céu cdn phédn tich cam xic (hodc gd 'exit' dé thost):
> mn cho hoi cai

L) Oy doén cam xic: [POSITIVE]

Nhdp cdu cdn phdn tich cam xic (hodc gd ‘exit' dé thodt):
> lam sao v

L3 Dy dodn cam xic: [NEUTRAL)

Hinh 8. Két qua phén loai binh luan
4.4. Hg théng ngin chin binh luan tiéu cuc
Khi mé hinh nhan dién dwgc dit liéu binh luan tir mot bai post mang tinh tiéu cuec thi

h¢ thong s& ngdn chdn lai trude khi dua vao hé théng bang cach hien thj thong béo cho
nguoi dung bict 1a binh luan d6 1a binh luan tiéu cuc thé hién ¢ hinh 9, 10.

Canh B4o Ngén Ngir D3¢ Hai
L) a

Hinh 10. Phat hién va ngén chan khi ding binh luan tiéu cyc
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5. KET LUAN

Qua két qua nghién ctu cho thay, viéc st dung md hinh PhoBERT két hop véi phuong
phap tir dién cam xdc (dict) dé nhan dién binh luan cua nguoi ding va ngin chin cac binh
luan tiéu cuc ngay khi ching xuat hién mang lai hiéu qua cao. Cu thé, mé hinh dat d6 chinh
x&c 90% trén tap kiém thir, cao hon so vé&i cac phuong phap truyén théng nhu LSTM hay
Naive Bayes. Hé théng nhan dién van ban va phan loai cam xdc trén cau binh luan mét céch
tu dong. DI voi nhitng binh luan tiéu cuc, hé thong s& tu dong ngan chan khdng cho phép
hién thi trén @ng dung.

Trong budc ké tiép, nghién ciu tiép tuc tang cuong dit ligu vé van ban tiéu cyc, tich
cuc, trung lap dé ap dung vao hé thong nhan dién binh luan mot cach tot hon va nguyén cuu
dé xur ly cac binh luan NaN sau khi tien xir ly dit liéu dé tranh anh huong téi mo hinh.
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.ABSTRACT

BUILDING A DEEP LEARNING-BASED EMOTION CLASSIFICATION MODEL
AND APPLYING IT TO SOCIAL NETWORKS TO DETECT AND PREVENT
INAPPROPRIATE COMMENTS

Ha Trong Thang, Ho Thi Kieu Oanh, Nguyen Thanh Vi, Nguyen Huy Hoang,
Nguyen Cong Dung, Le Thi Thuy Lan, Tran Thi Van Anh*

Ho Chi Minh City University of Industry and Trade, Vietnam
Email; anhttv@huit.edu.vn

This paper presents a method for building a deep learning-based sentiment
classification model to detect and prevent inappropriate comments on social networks. The
authors use the PhoBERT model, a variant of BERT trained on Vietnamese data, to extract
text features and classify emotions. The training dataset consists of comments collected
from social networking platforms, labeled according to emotional states such as positive,
negative and neutral. Experiments show that the PhoBERT model achieves an accuracy of
over 90% when classifying emotions in Vietnamese comments. The system can be
integrated into social networking platforms to automatically detect and handle inappropriate
content, helping to create a healthy interactive environment.

Keywords: BERT,comments, PhoBERT, sentiment analysis
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DU DOAN GIA THI TRUONG BITCOIN THONG QUA
PHAN TiCH CAM XUC TIN TUC DUNG MONGODB

Trén Viét Hung! *, Ngd Ngoc Huynh Nhu?
YTrieong Pai hoc Cong Thuong Thanh phé Ho Chi Minh
2Truwong Pai hoc Ngdan Hang Thanh phé Ho Chi Minh
“Email: hungtv@huit.edu.vn
Ngay nhan bai: 31/03/2025; Ngay chp nhan dang: 20/05/2025

TOM TAT

Du bao gia Bitcoin la thach thic trong cong nghé tai chinh do tinh bién dong cao.
Nghién ctru nay dé xuét phuong phép két hop phén tich cam xutc tin tre Blockchain sir dung
TextBlob va phan tich nhan to Factor Analysis dé xac dinh mdi twong quan tuyén tinh véi
gia Bitcoin. Dir li¢u tur 3 nguon tin tirc CoinTelegraph, CryptoNews, CryptoPotato va gia
lich str Bitcoin dugc xir 1y trén nén tang MongoDB. Két qua cho thdy mé hinh dat d6 chinh
X4&C cao trén tap hudn luyén va trén tap kiém thir so v6i phuong phéap dua chi vao dir lidu gia.
Phén tich trong s6 hdi quy khang dinh cam xtic tir tin tirc ddc biét vé Bitcoin va Ethereum
anh hudng manh hon gia lich sit ngay trudc d6. Nghién ciru chiing minh hi¢u qua cia
MongoDB trong quan ly dit liéu da dang va tiém ning cua phan tich cam xuc trong du bao
thi truong tién dién ti.

Twr khoa: Bitcoin, Blockchain, sentiment analysis, MongoDB.

1. MODAU

Khéi ngudn tir sach tring nam 2009 ciia Satoshi Nakamoto [1], thi trudng tién dién tir
da hinh thanh. Bitcoin, du ddi mit véi cac doi tha nhu Ethereum hay Altcoin, van gil vi tri
théng tri v6i von hoa vuot mot nghin ty USD[2]. Diéu nay khién viéc du bao gia Bitcoin va
cac loai tién dién tir khac tré thanh mot bai toan vira hip dan vira kho khan trong nghién ciru

[31[4].

V& mit phuong phap, cong nghé blockchain tao ra cac thi trudng ngang hang, hoat
dong trén mang ludi phi tap trung, khac biét vdi hé thong tai chinh tap trung truyén thong. Vi
thé, phan tich cam tinh tir mang x3 hoi da n6i 1én nhur mot phuong phap du doan gia Bitcoin.
Tuy nhién, day 1a linh vuc méi va mbi lién hé cu thé véi bién dong tién dién tir con chua
dugc lam ro hoan toan [5].

Nghién ctru nay xem xét mdi quan hé giira phan tich cam tinh bang cong cu TextBlob
(trén dir lidu tir ba ngudn bao chi vé bitcoin) va bién dong gia bitcoin lich sir [6]. Dit liéu
duge xtr Iy gdn nhu thoi gian thue bang co sé dit 1iéu MongoDB. MongoDB 14 co s& dit liéu
NoSQL, dang tai liéu, mang lai su linh hoat va kha nang mo rong dé xur ly dir liéu da dang va
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khdi luong 16n thuong théy trong hé sinh thai Blockchain, vi du nhu dir liéu giao dich, thi
truong hodc cam tinh. Pac tinh nay phu hop cho viéc phan tich dir li¢u gan thoi gian thuc
trong linh vuc nay [7].

Phan tich factor analysis trong nghién ctu nay cho thay moi lién hé tuyén tinh giita
cham dlem cam tinh TextBlob hang ngay va mic ting giam gia Bitcoin hang ngay. Két qua
nay goi ¥ rang viéc tap trung vao cac gia tri cam tinh tich lity hodc trung binh, ¢ thé & dang
nhi phan, sé hitu ich hon cho cac m6 hinh dy bao trong tuong lai.

2. DU LIEU VA PHUONG PHAP NGHIEN CUU
2.1 Dix liéu

2.1.1 Dit liéu tién dién tir

Dit liéu lich st gia Bitcoin va Ethereum ctia nghién ctru nay, trong khodng thoi gian tur
ngay 1 thang 12 nim 2021 dén ngay 1 thang 12 nim 2023, duoc thu thap tir gia dong cira
hang ngay. Dit liéu nay lay tir bo dit lidu [8] duoc cung cép trén nén tang Kaggle. Kaggle 1a
mot nén tang thude Google, ndi tiéng voi cac cude thi khoa hoc dur liéu va la kho luu trir
nhiéu bd dir lidu cong khai htru ich cho viéc phan tich. Nguon gbc cua dir lidu trong bd nay la
CoinGecko, mét trang web tong hop dir liéu tién dién tir rat phd bién va uy tin, cung cap
thong tin vé _gia, khoi lugng giao dich, vbn hoéa thi trudng va nhidu chi sé khac cho hang
nghin loai tién dién tir. Bé phuc vu cho cic phan tich sau nay, nghién ctru nay ciing xem xét
dén gia Bitcoin theo ngay.

STORAGE SIZE: 364KB LOGICAL DATA SIZE: 870.03KB TOTALDOCUMENTS: 6528 INDEXES TOTAL SIZE: 192KB

Find Indexes Schema Anti-Patterns Aggregation Search Indexes
Generate queries from natural language in Compass® INSERT DOCUMEN]
Filter @ Type a query: { field: 'value' } Reset Apply Options »

_id: ObjectId('672bbc40td84t43c4a294056")
date : 2015-01-10T17:00:00.000+00:00
price : 267.184

total_volume : 73256737.91089578
market_cap : 3664201453.6

coin_name : "bitcoin"

day : "2015-01-10"

@ _id: ObjectId('672bbc40fd84f43c4a29405a')
date : 2015-01-14T17:00:00.000+00:00
price : 210.5559
total_volume : 257637517.29041365
market_cap : 2890521922.995
coin_name : "bitcoin"

¢ | PREVIOUS 1-20 of many results NEXT

Hinh 1. Dir lidu gia Bitcoin va cac dong tién ao dugc trich xuét tir Google Kaggle [8] Ién
MongoDB, tir ngay 01 thang 01 nam 2015 t&i ngay 27 thang 03 nam 2024
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2.1.2 Dit liéu tin tirc vé Blockchain:

B0 dir lidu tin tirc tién dién tir [9] trong nghién ctru nay bao gdm tiéu dé (title) va phan
tom tit (headline) hang ngay tir ba trang tin tirc chinh: CoinTelegraph, CryptoNews va
CryptoPotato. Dir liéu kéo dai tir ngay 12 thang 10 nim 2021 dén ngay 19 thang 12 nim
2023. Thém vao d6, mdi ban tin trong bd dir liéu da dugc phan loai san theo cac chu dé duoc
gan nhan bdi cac trang tin, bao gém: Altcoin, Bitcoin, Blockchain, DeFi, Ethereum va NFT.

Dbi v6i mdi ban tin, ca tiéu dé va phan tom tit déu duoc phan tich bang TextBlob dé
xac dinh gia tri phan cyc va chu quan tuong tng trong nghién ctru ndy, gid tri cam tinh
TextBlob ctia mdi ban tin dugc dinh nghia 1a trung binh cong cua diém TextBlob cho tiéu dé
va diém TextBlob cho phan tom tit. Vi mot ngay co thé c6 nhiéu ban tin, diém cam tinh
TextBlob hang ngay dugc xac dinh bang cach lay trung binh cong ciia tat ca cac diém cam
tinh tir cdc ban tin trong ngay do. Ngoai ra, vao nhitng ngay khong c6 ban tin nao dugc ghi
nhan, gia tri phan cuc va chu quan ctua TextBlob s€ dugc dat bﬁng 0, thé hién rﬁng khong co
thong tin cam tinh cho nhiing ngay do.

STORAGE SIZE: 8.55MB LOGICAL DATA SIZE: 15.6MB TOTAL DOCUMENTS: 31037 INDEXES TOTAL SIZE: 860KB

Find Indexes Schema Anti-Patterns Aggregation Search Indexes

Generate queries from natural language in Compass® |: INSERT DOCUMENT \

L3
Filter @ Type a query: { field: 'value' } Reset Apply Options »

1-20 OF MANY

_jd: ObjectId('672baeedfd84f43c4a28c727")
date : 2023-12-18T03:16:17.000+00:00
* sentiment : Object
class : "neutral”
polarity : @
subjectivity : 0
source : "CryptoNews"
subject : "bitcoin"
text : "Blockstream CEO Adam Back believes 2024 could mark a period of resurge."
title : "Blockstream CEO Adam Back: Bitcoin ETFs Could Propel Price to $100,0800"
url : "https://cryptonews.com/news/blockstream-ceo-adam-back-bitcoin-etfs-cou.."
day : "2023-12-18"

£  PREVIOUS 1-20 of many results NEXT

Hinh 2. Dir ligu tin tirc vé tién 4o dugc trich xuét tir Google Kaggle [9] Ién MongoDB, tir ngay
13 thang 10 nam 2021 dén ngay 19 thang 12 nam 2023.

2.2 Phwong phap nghién ciru
2.2.1 Phdn tich ngén ngit cam tinh dung TextBlob

TextBlob 1a mot thu vién Python phd bién, cung cép phuwong phap phan tich cam tinh
dua trén tir dién (lexicon-based) véi mdi doan vin ban, TextBlob ddi chiéu tir ngir véi bo tir
vung san c6 va tra vé hai két qua chinh: d6 phan cuyc (polarity) va do chii quan (subjectivity).
Gia tri d0 phan cuc dao dong trong khoang [-1, 1], phan anh cam xtc ti€u cuc hay tich cuc
duoc nhén dién trong van ban. Tuong tu, d6 chu quan nam trong khoang [0, 1], udc luong
murc d¢ khach quan hay chu quan ctia ndi dung. Trong nghién ctru nay, TextBlob dugc su
dung d¢ x4c dinh cam tinh hang ngay tir cic ngudn tin tirc lién quan dén Bitcoin.
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2.2.2 Phan tich héi quy da bién

Nghién ctu sir dung hdi quy da bién [10] dé xay dung md hinh tuyén tinh du béo gia
Bitcoin tir dit liéu cac dong tién ao va dir liéu cam tinh TextBlob tu thi truong. Dung cong
thire toan hoc nghich dao Moore-Penrose [11] tim trong sé cho tung ngudn dit liéu sao cho
tong sai léch gitra gia du bao va thuc té 1a nho nhat. Trong s6 sau d6 dugc chuan hoa dé dé
so sanh: dong tién cd trong s6 cao hon s& anh huéng 16n hon dén du bdo. Khi ¢6 dit liéu mai,
chi can nhan véi trong s6 da tinh dé ra gia Bitcoin du kién. Phuong phap nay gidng nhu
phwong phap phan tich nhan té chinh tir dit liéu nhiéu ngudn dé doan xu hudng Bitcoin.

3. KET QUA VA THAO LUAN

Trong nghién ctru nay, dir liéu dugc chia theo ti 1¢ 80%—20% dé dénh gia kha ning
tong quat hoa cua mo hinh, xet tr ngay 1 thang 12 nam 2021 dén ngay 1 thang 12 nam 2023.
Cu thé, tap huan luyén train (80%) la dir licu gia moi ngay tir 01/12/2021 dén 15/08/2023,
dung dé xay dung mo hinh va téi vu hoa trong sb. Tép kiém dinh test (20%) la dir li¢u gia
moi ngay tir 16/08/2023 dén 01/12/2023, dung dé kiém tra hiéu sudt mo hinh trong diéu kién
thuc té.

3.1 X4ac dinh gia tri du bao Bitcoin trén tap Train:
3.1.1 Phan tich héi quy da tuyén tinh (Factor analysis) theo thoi gian:

Ket qua cua phuong phap hoi quy da tuyén tinh cho thiy két qua du bao Bitcoin trong
ngay tiép theo bam rat sat két qua thuc té ctia Bitcoin trong tap huén luyén Train.
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Hinh 3. Dit liéu Bitcoin va két qua du bao cho tap Train trén MongoDB Chart.
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3.1.2 Biéu do phan tan (Scatter plot):

Két qua cta biéu d6 phan tan (cang trang duong chéo 45 do cang chinh xac) cho thiy
két qua du bao Bitcoin trong ngay ti€p theo bam kha sat két qua thyc t€ cua Bitcoin trong tap
huan luyén Train. P chinh xac cua gia dy bao nhin vao d6 thi c6 thé udc lugng la hon 90%.
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Hinh 4. Dir liéu Bitcoin va két qua du bao theo biéu d6 phan tan trén MongoDB Chart.
3.1.3 Biéu do trong s6 trong phwong phdp hoi quy da tuyén tinh:
Két qua ctia biéu do trong sé cho thay cac chi sb ngdn ngit cam tinh tich cuc va tiéu
cuc trén cac bai dang tin tiic c6 gdy anh hudng dén chat lugng du bdo gia Bitcoin. Hai trong
s0 cho gia Bitcoin va Ethereum trong lich sir ngay trudc dé (duoc dung dé du bao gia

Bitcoin cho ngay hom sau) c6 gid tri nho hon nhiéu trong sb ctia TextBloc khi phén tich cam
tinh trong ngén ngir tin tirc.
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Hinh 5. Trong s trong mo hinh hoi quy da tuyén tinh. Coin 0 1a gi4 Bitcoin, Coin 1 1a gia
Ethereum.
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Bdng 1. Két qua trong sd ctia md hinh héi quy da tuyén tinh trong Hinh 5.

Trong S(t)l;lguon tn altcoin | bitcoin | blockchain | defi | ethereum nft
CryptoNews -202 267 -215 270 -50 47
CryptoPotato 3 229 -170 384 75 -568

CoinTelegraph 318 94 47 -844 -357 -358

3.2 Xac dinh gia tri du bao Bitcoin trén tap Test:
3.2.1 Phan tich héi quy da tuyén tinh (Factor analysis) theo thoi gian:

C6 thé thay chat luong dy béo trén tap Test (sir dung cling trong sO trén tap Train) bi
suy giam nhung van dam bao dugc d6 bam cua dit liéu Bitcoin thuc té.
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Hinh 6. Dit liéu Bitcoin va két qua du bao cho tap Test trén MongoDB Chart.
3.2.2 Biéu do phan tan (Scatter plot):
) Két qua cta biéu do phan tan (cang trung duong chéo 45 d6 cang chinh xac) cho thdy
két qua du bao Bitcoin trong ngay ti€p theo bam kha sat két qua thuc t€ cua Bitcoin trong tap

kiém thtr Test. DO chinh xac cua gia du bao nhin vao dd thi co thé uée lugng 1a van hon
80%.
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Hinh 7. Dit liéu Bitcoin va két qua du bao theo biéu db phan tan trén MongoDB Chart.

4. KET LUAN

Nghién ctru nay da chimg minh mdt cach dinh luorng vé kha niang tng dung phan tich
cam xuc tur tin tire dé dy doan gia Bitcoin. Thong qua viéc 4p dung phuong phép hoi quy da
tuyén tinh (Factor Analysis) trén dir liéu gia Bitcoin, Ethereum va diém cam xuc TextBlob tir
ba nguon tin trc 16n (CoinTelegraph, CryptoNews, CryptoPotato) trong giai doan 2021-
2023, két qua cho thiy mo hinh du bao gia Bitcoin cho ngay tlep theo dat d6 chinh xac cao
trén tap huan luyén (wde tinh >90%) va duy tri d§ bam kha t6t trén tap kiém thir (wdc tinh
>80%). Dleu nay khang dinh vai tro cua cdm xuc thi trudong, dugc phan anh qua tin tirc, nhu
mot yéu td du bao tiém nang cho bién dong gia Bitcoin.

Phén tich trong sO tir mo hinh hdi quy da tuyen tinh dc biét nhian manh tam quan
trong cua cac chi s6 cam xuc TextBlob. Cac trong s6 tuong (mg voi dir liéu cam xic tir tin
ttc c6 gia tri 1on hon dang ké so véi trong sd cua gia Bitcoin va Ethereum lich sir cua ngay
trudc do. Phat hién nay cho thay, it nhét trong khuén khd mé hinh tuyén tinh duoc st dung,
thong tin cam xuc duge trich xudt tir tin tirc hang ngay dong gép mot phan quan trong vio
viéc giai thich va du béo bién dong gia Bitcoin, vugt trdi hon so voi viée chi dua vao dir liéu
gia qua khir gdn nhit. Viéc luu trit va xa 1y dir liéu nay trén nén ting MongoDB ciing cho
thdy tinh hiéu qua trong viéc quan 1y dit liéu da dang va thay ddi nhanh cua thi trudng tién
dién tu.

Mic du két qua kha quan, nghién ctru van ¢ nhitng han ché nhit dinh nhu viéc chi st
dung mo hinh tuyén tinh va cong cu TextBlob tuong dbi don gian. Huong phat trién trong
tuong lai co thé bao gom viéc kham pha cac mo hinh phi tuyén phtre tap hon (nhw mang no-
ron hdi quy), ap dung cac ky thuat xtr 1y ngdn ngir ty nhién tién tién hon dé nam bt sic thai
cam xuc tinh té hon va mé rong ngudn dit liéu sang cac nén tang mang xa hoi. Bén canh do,
viée kiém tra hiéu qua cia viéc sir dung gid tri cam xtc tich liiy hodc dang nhi phan, nhu goi
¥ ban dau, ciing 14 mot huéng di dang gia dé cai thién d6 chinh xac va tinh 6n dinh cia mo
hinh du bao gia Bitcoin.
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ABSTRACT

FORECASTING BITCOIN MARKET PRICE VIA SENTIMENT ANALYSIS OF
NEWS AND MONGODB
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Predicting Bitcoin prices presents a significant challenge in financial technology due
to its high volatility. This study proposes a method combining Blockchain news sentiment
analysis using TextBlob and Factor Analysis to identify linear correlations with Bitcoin
prices. Data from three news sources (CoinTelegraph, CryptoNews, CryptoPotato) and
historical Bitcoin prices were processed on the MongoDB platform. Results demonstrate that
the model achieves high accuracy on both the training and testing datasets compared to
price-only predictive methods. Regression weight analysis confirms that news sentiment,
particularly regarding Bitcoin and Ethereum, has a stronger impact on price prediction than
historical prices from the previous day. The study highlights MongoDB’s effectiveness in
managing diverse data formats and underscores the potential of sentiment analysis for
forecasting cryptocurrency market trends.

Keywords: Bitcoin, Blockchain, sentiment analysis, MongoDB.
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DANH GIA HIEU SUAT CUA MO HINH SINH KHUECH TAN
THONG QUA LUA CHQN HAM MAT MAT

Hoang Thé Anh!, Tran Pinh Toan!*
YTrieong Pai hoc Cong Thuong Thanh phé Ho Chi Minh
“Email: toantd@huit.edu.vn
Ngay nhan bai 20/3/2025; Ngay chap nhan dang: 20/5/2025

TOM TAT

Hiéu suét caa md hinh sinh anh khuéch tan phu thuéc manh vao lra chon ham mat mat.
Tuy nhién, viéc str dung phd bién ham MSE trong huan luyén mé hinh nay van con nhiéu han
ché vé mit chét lwong anh sinh ra. Nghién ctru nay danh gia tac dong cua viéc thay ddi cac
ham mat mat trong mé hinh sinh khuéch tan duwa trén kién tric Unet. Thuc nghiém trén bo dit
liéu MNIST cho thay viéc thay thé MSE bang ham CharbonnierLoss gitp cai thién rd rét chat
lwong anh, duoc phan anh qua cac chi sé FID va KID. Két qua cho thay lya chon ham mét mét
phu hop dong vai trd quan trong trong viéc nang cao hiéu qua sinh anh caa mé hinh.

Tu khoa: Diffusion Model, Image Generation, Loss Function, FID, KID.

1. MO DPAU

Trong nhitng nim gan day, linh vuc sinh anh bang mé hinh hoc siu da c6 nhiing budc
phat trién vuot bac, dic biét 1a v6i su xuat hién ciia cac mé hinh nhu GANs [1, 2], VAES va
gan day 1a m6 hinh khuéch tan (diffusion models) [1]. Cac phuong phap nay khong chi gop
phan cai thién chat lwong anh sinh ra ma con mé ra nhiéu tng dung tiém nang trong cdc linh
vuc nhu tong hop di liéu, ting cudng di liéu huin luyén, phuc hdi anh va nhiéu bai toan thi
giadc may tinh khac [3].

Trong s6 cac phuong phap ké trén, mo hinh khuéch tan, dién hinh 1a Denoising Diffusion
Probabilistic Models (DDPM), dang thu hut sy chu y nho kha nang tao anh sdc nét, ty nhién
va 6n dinh hon so v6i GANs hodc VAEs trong nhiéu truong hop [4, 5]. V6i co ché khir nhidu
ting budc, DDPM cho phép tai tao anh tir nhidu Gaussian bang cach hoc nguoc lai qué trinh
khuéch tan, mang lai két qua kha quan trong ca mé hinh tong quat va mé hinh chuyén biét theo
mién dit liéu [4], [6].

Tuy nhién, hiéu qua cia mé hinh DDPM khéng chi phu thudc vao kién trac mang nhu
Unet ma con bi chi phéi boi lya chon ham mét mat duoc sir dung trong qua trinh huén luyén
[7]. Trong nhiéu nghién ciru trudc ddy, ham mat mat Mean Squared Error (MSE) thudng dugc
st dung nhu mdt lya chon mac dinh do tinh don gian va kha nang hdi tu 6n dinh. Tuy nhién,
MSE lai dé bi 4nh hudng boi nhidu 16n va khong phan anh t6t cac dic trung thi giac ma con
nguoi cam nhan dugc. biéu nay dat ra cau hoi: li€u cac ham méat mat khac c6 thé cai thién chit
lugng anh sinh ra khi tich hgp vao mé hinh khuéch tan?
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Xuit phat tir van dé trén, nghién ctru nay tap trung danh gia hiéu suit ciia nam lia chon
ham mat mat khac nhau trong mé hinh sinh khuéch tin DDPM sir dung kién tric Unet: MSE,
L1, Huber Loss, Log-Cosh Loss va Charbonnier Loss. Day déu 1a cac ham muc tiéu co dac
tinh khéac nhau vé do nhay v6i nhiéu, tinh tron, va kha nang phan anh sai l1éch gitta anh géc va
anh dy doan [8, 9]. Thong qua viéc huan luyén cic mé hinh tuwong Gng trén tap dit lieu MNIST
mot tap dir liéu hinh anh don gian nhung tiéu chuan, nghién ctru ndy st dung hai chi s6 danh
gia khach quan phd bién 1a FID (Fréchet Inception Distance) va KID (Kernel Inception
Distance) dé do luc‘rng chat lugng anh sinh ra [10, 11].

Muc tiéu cudi cung 1a xdc dinh loai ham mat mét ndo gitip mo hinh sinh khuéch tan mang
lai hiéu qué sinh anh t6t hon trong bdi canh hién tai. Tur do, nghién ctru khong chi cung cap
mét goc nhin rd rang hon vé anh huéng ctia ham mat mat dén hiéu suat mo hinh, ma con dé
xuat hudng t6i uru hod kién trac DDPM théng qua lya chon ham muc tiéu sao cho phu hop[12].
Day c6 thé 1a mot bude quan trong trong viée nang cao chat lugng dau ra va md rong pham vi
mg dung thuc tién ciia cic mo hinh sinh anh khuéch tan trong tuong lai. Cac két qua duoc
trinh bay 14an lugt & phan 2 voi phuong phap nghién ciru, thyc nghiém kiém chimg thé hién &
phan 3, phan 4 trinh bay mot s6 két luan va dinh hudng nghién ctru tiép theo.

2. PHUONG PHAP
2.1 Denoising Diffusion Probabilistic Models (DDPM)

M6 hinh khuéch tan (Diffusion Model) la mot phuwong phap sinh anh dwa trén qua trinh
thém nhiéu Gaussian dan dan vao dir liéu goc (qua trinh forward) va sau do hoc cach dao
ngugc qua trinh nay dé khur nhiéu [4], [6] va tai tao lai anh (qua trinh reverse).

M6 hinh DDPM két hop voi klen trac UNet hai chiéu (2D UNet)[24], [26]. UNet la
kién trac encoder—decoder c6 két nbi skip connection gitra cac tang encoder va decoder[13],
cho phép mé hinh giir lai thong tin chi tiét & nhiéu cap d6 khi khir nhiéu timg budc thoi gian.
Trong qué trinh sinh anh, mé hinh UNet nhan vao anh nhiéu va thoi diém (timestep), sau do
du doan nhidu trong Gng dé dan tai tao anh gdc. Thong tin vé thoi gian dugce dua vao md hinh
UNet bang cach ma hoa vi tri dudi dang cac ham sin — cos, sau d6 dugc két hop vao cac ting
mang thong qua cac khdi ResNet.Muc tiéu cua thue nghiém la danh gia hiéu qua sinh anh cia
cac mo hinh diffusion khi thay d6i ham mat mat, trong ciing mét cu triic mang va diéu kién
huén luyén.

Trong qua trinh khuéch tan tién (Forward Process), anh x¢ bi lam nhiu dan dan qua T
budc bang cach thém mot lwgng nhiéu co kiém soat. Cong thirc tong quat nhu (1) sau:

1
q(xelxe_q) = N(xt;\/ 1- tht—pﬂtl) )
Trong do:

x, 1a mau tai budc thoi gian t,

X1 12 mau tai budc thoi gian t-1,

B 14 h¢ s6 nhiéu tai budc t,

I 1a ma tran don vi,

N (x, p, £) biéu thi phan phdi chuan véi trung binh u va hiép phuong sai X.
Téng quat sau t bude, phan phdi cia [1] x, c6 thé duoc viét lai dudi dang cong thirc (2):

q(xelxo) = NV (x¢; \/a:txO: (1 —a)I) (2)
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Trong do:
t
a; = 1_[(1 - ﬁs)
s=1
Qua trinh khtr nhiéu 1a qua trinh ddo ngugc, trong d6 mo hinh hoc sau pg(x,_1|x,) wdc
luong nhidu dé timg budc tai tao lai anh gdc, nhur trong cong thirc (3):

Po (xt—llxt) = N(xt—l; Ho (xtv t)v O'%I) (3)

Vi pg(x,, t) 1a gia tri trung binh ctia phan phéi nhidu duge udc lugng.
Mo hinh khuéch tan dugc st dung trong nghién ctru nay bao gdm hai giai doan chinh:

forward process (qua trinh nhiéu héa) va reverse process (qua trinh sinh anh). Pay 14 hai budc
nén tang tao nén co ché hoat dong ciia mo hinh.

O giai doan forward, anh gbc x dugc thém nhidu Gaussian dan dan qua timg budc thoi
giant = 1 dén T. Qua trinh nay hoan toan khdng can dén mang hoc siu, ma chi 1a thao tac
thém nhiéu c¢6 kiém soat dé mé phong sy phéa huy dan dan cua dit liéu ban dau. Két qua cua
qua trinh nay la mgt anh nhiéu hoan toan Xy, gan nhu khong con thong tin ban dau, co thé
dugc xem 1 mot mau tir phin phdi Gaussian chudn.

Giai doan reverse 1a phan quan trong nhit ciia mé hinh, noi qué trinh sinh anh dién ra
bang cach khir nhidu timg budc tir X7 vé lai anh X . Tai mdi timestep ¢, mo hinh hoc sau UNet
dugc sir dung dé dy doan nhiéu [12, 13] da duoc thém vao ¢ budc forward twong tmg. Pau
vao ctiia UNet 1a anh X7 hién tai va timestep ¢, du ra 1a nhidu uéc luong € (X, ).

Dua vao du doan nay, md hinh tinh toan lai &nh X;_4, ti€n dan v€ anh ban dau.

Thong tin vé thoi gian t dugc dua vao UNet thong qua mét mang nhiing (embedding),
sau do duogc tich hop vao cac tang xtr Iy qua cac khéi ResNet dé giup mo hinh diéu kién hoa
theo tirng budc thoi gian [4]. Cau triic encoder—decoder ciing vai cac két ndi skip connections
ctia UNet gitp md hinh tan dung hiéu qua thong tin & nhiéu cip do triru trong khac nhau [12,
13], gop phan cai thién chit luong anh sinh ra.

Trainning Sampling
1: Repeat Lx; ~N(,D
2: xg ~ q(xg) 2:fort=T,..1do
3: t ~ Uniform({1,...,T}) 3:z~N(@,DHift>1,elsez=0
4 e~N(O,D 1 < 1-a
4: xp; = —(x; — =—= UNet(x,, t) | +
5. Take gradient descent step on U e \Tt i ‘
Volle —eo(V@xo +T-me, t)I2 | 77
) 5:end for
6: until converged
6: return x,

2.2 Ham mit mat
2.2.1 Mean Squared Error (MSE)

MSE la mét trong nhitng ham mat mat phd bién va co ban nhat trong hoc séu. N6 dugc
tinh bang binh phuong sai s gitra gia tri du doan va gia tri thuc t&, nhu cong thuc (4):
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MSE(x, %) = %Z(xi — x,)? 4
i=1

MSE nhin manh V2o sai s6 16n do ban chat binh phwong, gitp mé hinh hdi tu on dinh.
Tuy nhién, n6 nhay cam véi nhiéu va co6 thé dan dén anh sinh ra bi mo (blurry), dac biét trong
cac bai toan sinh anh.

2.2.2 Mean Absolute Error (L1 Loss)

L1 Loss do sai s6 tuyét dbi trung binh giita dau ra du doan va thuc té, nhu cong thirc (5):
S _INL
L1(x,X) = EZIxi — x| (5)
i=1

L1 it nhay cam vé6i nhiu hon MSE va ¢6 xu huéng béo toan bién tét hon trong anh. Tuy
nhién, n6 c6 thé gay kho khan cho qua trinh toi vu vi dao ham khong lién tuc tai 0.

2.2.3 Huber Loss

_ Huber Loss [8] két hop giita MSE va L1 nham can bang giita 6 muot va kha ning chong
nhiéu, thé hién nhu coéng thirc (6):

1 ~2 ~ P
E(x—x Jnéu|x — x| <8
Huber(x,x) =

(6)

1
6(|x—5c\|—56)né'u|x - X| <6

) Véi tham s6 ngudng &, Huber Loss hoat dong nhu MSE véi sai 6 nho va nhu L1 véi sai
0 16n, gitip 6n dinh hon khi gdp nhi€u hoac diém ngoai lai.

2.2.4 Log-Cosh Loss

Log-Cosh 1a mét bién thé muot ciia L1, duoc dinh nghia nhu cong thirc (7) sau:
n
LogCosh(x, %) =

4

log(cosh(x; — x,)) ()
1

Do dao ham cua n6 tuong dwong véi L1 cho sai s6 16m va gan nhu MSE cho sai s6 nho,
Log-Cosh vira 6n dinh trong toi uu héa vira chong lai nhiéu tot hon MSE.

2.2.5 Charbonnier Loss

Charbonnier Loss [15] 1a mot dang lam muot ctia L1 Loss, con dugc goi 1a "differentiable
L1", c6 dang nhu cong thirc (8):

n
Charbonnier(x, %) = Z Vi — %)% + € (8)
i=1

Vi € 1a mot hing s6 nho (vi du: 1079), Charbonnier giup tranh dao ham khong xac dinh
nhu ¢ L1, dong thoi gitr duge tinh bén vimg trude nhi€u, thuong duoc dung trong cac tac vu
phuc hoi anh.
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3. THUC NGHIEM VA KET QUA
3.1 Dir liéu

Tap dir liéu dugc sir dung 1a MNIST, bao gém 70.000 anh sb viét tay tir 0 dén 9, mdi
anh c6 kich thugc 28x28 pixel va mot kénh (grayscale). Py 1a tap dir liéu tiéu chuin thuong
dung dé kiém tra cic mo hinh sinh anh vi don gian, 1& rang va dé dang danh gia bang mat
thuong..

Bai toan dit ra 1a sinh anh s6 viét tay tir nhiéu Gaussian théng qua co ché khtr nhidu cua
mo hinh diffusion. Chat luong anh sinh ra duogc dénh gia bang chi s6 FID va KID nham phan
anh murc d6 gan giii gitra phan phi anh sinh va anh thyec.

3.2 Thue nghiém

Céc thuc nghiém trong nghién ctru nay duge thuc hién trén hé thong may tinh Apple Mac
mini M4 (phién ban 2024), str dung vi xur 1y Apple M4 tich hop CPU 8 nhén (g6m 4 nhan hiéu
ning cao va 4 nhan tiét kiém dién), cing voi GPU 10 nhan hd tro nén tang tang tbc Metal
Performance Shaders (MPS). May duogc trang bi 16 GB bo nhd hop nhit (unified memory),
chia sé giita CPU va GPU, chay hé diéu hanh macOS 15 Sequoia

M6 hinh dwgc huin luyén voi cac thong s6 nhu sau: s6 bude khuéeh tan (diffusion steps)
dugc dat 1a 1000. Ham mat mat Mean Squared Error (MSE) dugc str dung dé do sai sd gitra
anh du doan va anh géc.

Learning rate la 0,0002 va batch size Ia 128. T6i uu hoa dugc thuc hién bing thudt ton
Adam. Cac mo6 hinh lan luot st dung cac ham mat mat L1, Huber Loss, Log-Cosh Loss va
Charbonnier Loss dugc huan luyén vai cung cau hinh va di€u kién, nhu trong bang 1 sau:

Bang 1.C4u hinh huén luyén cho cac mé hinh DDPM-Unet véi cac ham méat mét khac nhau

Tén mo6 hinh Ham mat mat 50 £ bl,wc Batch Learning Optimizer
khuéch tan size rate

DDPM-Unet (MSE) Mean Squared Error 1000 128 0,0002 Adam
DDPM-Unet (L1) Mean Absolute Error 1000 128 0,0002 Adam
DDPM-Unet (Huber) Huber Loss 1000 128 0,0002 Adam
DDPM-Unet (Log-Cosh) Log-Cosh Loss 1000 128 0,0002 Adam
DDPM-Unet CharbonnierLoss 1000 128 0,0002 Adam
(CharbonnierLoss)

3.3 Chi s6 danh gia

3.3.1 Fréchet Inception Distance (FID)

FID do khoang céach giita phan phéi dic trung ctia anh thyc va anh sinh ra, tinh toan dya
trén dac trung trich xuat tir mang InceptionV3 [9]. Cong thire tinh FID nhu cong thire (9) sau:

FID = ||;ur—,,¢g||Z +Tr (5, +2

Trong do:

1/2
o —2(22,)")

U, X, 1a trung binh va ma tran hi€p phuong sai cia anh thuyc.

Mg, L4 la trung binh va ma tran hi¢p phuong sai cua anh sinh ra.
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3.3.2 Kernel Inception Distance (KID)

~ KID cling do khoang cach [10] gilta phan phdi cta anh thyc va anh sinh ra nhung sir dung
thong ké kernel Maximum Mean Discrepancy (MMD). KID ¢6 uvu diém 1a ude lugng khong
chéch (Unbiased Estimator), giup danh gia mo6 hinh chinh xac hon trén tap dir li€u nho.
Ca hai chi s6 nay déu duoc sir dung dé danh gia chét luong anh sinh ra tir mé hinh DDPM,
so sanh voi cac phuong phap sinh anh khac nhu GAN va VAE [1], [15-17].

3.4 Két qua
3.4.1 Panh gia

Hiéu suit cia md hinh khuéch tan duoc danh gia thong qua hai chi s6 pho bién 1a FID
(Fréchet Inception Distance) va KID (Kernel Inception Distance). M6 hinh dugc huan luyén
trén tap dir lieu MNIST va so sanh v6i mot s6 phuong phap sinh anh khac. Két qua cho thay
md hinh khuéch tan véi kién tric UNet dat chit lugng anh sinh ra cao, vdi chi s6 FID thép va
KID 6n dinh, phan 4nh kha ning tai tao anh gan véi dit liéu gdc va phan phéi anh sinh c6 do
phan tan hop ly.

Bdng 2. So sanh két qua hiéu suit cta cac mé hinh sinh anh

M@ hinh FID { KID{
DDPM Unet(CharbonnierLoss) 7,472 0,006
DDPM Unet (MSE) 10.79 0.009
DDPM Unet (HuberLoss) 13,78 0,159
DDPM Unet (L1) 17,085 0,014
DDPM Unet(LogCoshLo0ss) 33,14 0,4

Tir két qua thuc nghiém & bang 2, cho thdy mé hinh sinh khuéch tan sir dung ham mat
mat CharbonnierLoss dat hiéu suét sinh anh tot nhét voi chi sé FID va KID thap nhét trong s6
cdc mo hinh da khao sat, phan anh kha ning tai tao anh gan v4i anh that cao hon so véi két
hop cac ham mat mat khac. Didu ndy cho thdy CharbonnierLoss 1a mot lwa chon tdt trong bdi
canh bai toan sinh anh bang mo6 hinh khuéch tan néi chung va trén tap dit liéu MNIST néi
riéng.

3.4.2 Anh minh hoa

Hinh 1 va hinh 2 du6i day minh hoa qué trinh sinh énh ctia m6 hinh khuéch tan. O hinh
2, hang dau tién la anh goc tur tap dir liéu MNIST, trong khi hang thir hai thé hién cac anh duoc
sinh ra thong qua co ché khir nhi€u tuan ty dic trung ciia mo hinh khuéch tan.

Step 750 Step 500 Step 250

Hinh 1. Qué trinh khir nhidu ctia mé hinh khuéch tan
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Original MNIST

“lolsl41/121A1419]0

Generated by DDPM Unet

A E 2 E2 AN El B PR ED

Hinh 2. So sanh anh that va anh duoc tao ra

4. KET LUAN VA HUONG PHAT TRIEN

Nghién ctru nay da tién hanh danh gia hiéu suat cia mé hinh sinh anh khuéch tan
(Diffusion Model) véi nhiéu ham mAt mat khac nhau trén tap dir liéu MNIST. Két qua thyc
nghiém cho thiy ham CharbonnierLoss 14 Iyra chon t6i wru nhét trong s6 cac ham khao sat, cho
chat luong anh sinh ra tot hon 13 rét theo ca hai chi s FID va KID.

Két qua nay co thé khing dinh viéc thay d6i ham mat mét (mdt thanh phan ftuong chimg
don gidn) c6 thé tao ra khac biét 16n trong hiéu qua sinh anh ma khong can stra d6i nhidu kién
trac m6 hinh. Diéu ndy cling md ra tiém ning cai tién chat luong anh sinh bang cac ky thuat
t6i wu hoa ham muc tiéu, dic biét trong cac bai toan yéu cau do chinh xac thi giac cao.

Trong tuong lai, sé tiép tuc nghlen clru tbi ‘uu thoi gian sinh anh bang cach giam sO bude
khuéch tan hodc chuyén sang khong gian tiém 4n c6 thé 1a huéng di dang can nhic. ‘Ngoaira,
viéc thir nghiém trén céc tap dir liéu da dang va ung dung vao cac bai toan thuc té nhu y té
hoic thi gidc may tinh s& gitp 1am rd hon tinh tng dung va d6 linh hoat ctia mé hinh khuéch
tan két hop v6i cac ham méat mat khac nhau.
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ABSTRACT

EVALUATING THE PERFORMANCE OF DIFFUSION MODELS THROUGH LOSS

FUNCTION SELECTION
Hoang Thé Anh?, Tran Dinh Toan"
! Ho Chi Minh City University of Industry and Trade
*Email: toantd@huit.edu.vn
Date received: 20/3/2025; Date accepted: 20/5/2025

The performance of diffusion based image generation models is highly dependent on the

choice of loss function. However, the widespread use of MSE loss in training these models
still presents significant limitations regarding the quality of the generated images. This study
evaluates the impact of substituting various loss functions in a diffusionbased image
generation model built on the UNet architecture. Experiments on the MNIST dataset show that
replacing MSE with CharbonnierLoss significantly improves image quality, as reflected by
FID and KID metrics. The results demonstrate that selecting an appropriate loss function plays
a crucial role in enhancing the model's image generation performance.

Keywords: Diffusion Model, Image Generation, Loss Function, FID, KID.
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NGHIEN CUU THUAT TOAN KHAI THAC TAP HUU ICH CAO
CHEO (CROSS-LEVEL HUI) TREN CO SO DU LIEU PHAN CAP
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TOM TAT

Trong thoi dai cong nghé sé ngay nay, dit lidu da trd thanh ngudn tai nguyén quy gia
khéng thé thiéu. Khai thac triét dé sirc manh tiém an cua dir liéu van 1a mot thach thirc day
kho khan, dic biét 1a vai khdi lugng dir lidu khong 16 va khong ngung gia tang. Trong linh
vuc khai pha dir liéu, mot trong nhiing "dinh nai* phic tap nhat can phai chinh phuc chinh la
khai théc Cross-Level High Utility Itemsets (CLHUISs), tim kiém cac tap muc c6 loi nhuan cao
trong cac danh muc san pham khac nhau. Khai thic CLHUI nham phat hién nhitng mdi lién
hé tiém an giira san pham va danh muc, dé xuét cac két hop mang lai loi nhuan téi da cho
doanh nghiép, hd trg dua ra quyét dinh chién lugc trong viéc phét trién, tir d6 nang cao kha
nang canh tranh trén thi truong va trai nghiém cua nguoi tiéu dung. Nghién ctu nay tap trung
vao viéc bién doi dit liéu ban dau vé dang chtra cac muyc trur tugng, dé xuat cach xay dung cau
tric CUL va ap dung thuat toan HMiner dé cai tién va t6i wu hoa hiéu suat khai pha tap CLHUIs
mat cach hiéu qua hon ca vé thoi gian thyc thi va bo nhé tiéu tén.

Tir khéa: tap hitu ich cao chéo, tap phd quét, giao dich dong

1. GIOI THIEU

Khai thac di liéu la qua trinh sap Xép thdng qua cac tap dix liu l6n dé xac dinh cac mau
va méi quan hé cé thé gidp giai quyét cac van dé kinh doanh théng qua phan tich dir liéu. Cac
ky thuat va cong cu khai thac dir liéu giup doanh nghiép dyu doan xu hudng trong tuong lai va
dua ra quyét dinh kinh doanh sang suét hon. Khai thac dit liéu 1a mét phan quan trong cua
phan tich di liéu va 1a mot trong nhitng nguyén tic cét I8i cua khoa hoc dit liéu , st dung céc
k¥ thuat phan tich nang cao dé tim thdng tin hitu ich trong tap dir liéu. O cap do chi tiét hon,
khai théc dir liéu 1a mot budc trong quy trinh kham phé kién thuc trong co sé dit liéu (KDD),
mét phuong phap khoa hoc dit liéu dé thu thap, xur ly va phan tich dit liéu. Khai thac dit liéu
va KDD dbi khi duoc goi thay thé cho nhau, nhung ching thudng duoc coi la nhitng thir riéng
biét hon.

Qua trinh khai thac di liéu phu thudc vao viéc thuc hién hiéu qua viéc thu thap, Iuu trix
va xt ly dix liéu. Khai thac dit liéu co thé duoc sir dung dé mo ta tap dit liéu muyc tiéu, du doan
két qua, phét hién cac van dé gian 1an hodc bao mat, tim hiéu thém vé co s¢ nguoi dung hozc
phét hién cac tic nghén va phu thudc. Khai thac di lidu ciing co thé dugc thuc hién ty dong
hozc ban ty dong. Khai théc dit liéu ngay nay hitu ich hon do su phat trién cua di liéu 1on va
kho dir liéu. Cac chuyén gia dir liéu sir dung khai thac dir liéu phai ¢ kinh nghiém vé ngén
ngi lap trinh va ma hoa, ciing nhu kién thirc thong ké dé 1am sach, xu ly va giai thich dir liéu.
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Phét hién cac théng tin cd gia tri tir cac co s¢ dir liéu khac nhau da nhan duoc su quan
tam dang ké, dan dén sy gia ting manh mé cac chii dé nghién ctiu lién quan. Trong s cac chi
dé, bai toan khai thac tap muc c6 lgi ich cao 1a mot trong nhirng cha dé quan trong nhat , xuét
phét tir bai toan khai thac tap muc phé bién nai tiéng.

Khai pha tap pho bién 1a xac dinh cac tap muc xuat hién thuong xuyén trong cAc giao
dich trong co s¢ dit ligu. Tan suat cua mot tap muc duoc do bang su hd trg caa tap muc do,
tuc la so luong giao dich c6 chira tap muc d6. Néu do hd trg cuia mot tap muc vuot qua ngudng
hd tro tdi thiéu do nguai dung chi dinh thi tap muc d6 duoc coi 1a thuong xuyeén.

Viéc khai thac cac tap pho bién chi tinh dén sy hién dién va vang mat caa cac muc. Céc
thong tin khac vé cac hang muc khong dugc xem xét, chang han nhu tién ich doc 1ap cua mot
hang muc va ti¢n ich ngir canh cia mdt hang muc trong giao dich. Thong thuong, trong co s
dir liéu siéu thi, mdi mat hang co gi&/loi nhuan riéng biét va méi mat hang trong giao dich
dugc lién két véi mot sé luong riéng biét, nghia 1a sé lwgng mat hang dugc mua. é tinh toén
do hd trg, thuat toan chi sir dung théng tin cua hai cot dau tién trong bang giao dich, thdng tin
cua ca bang tién ich va cac cot khac trong bang giao dich déu bi loai bo. Tuy nhién, mot tap
muc ¢6 do hd tro cao cd thé co do hitu dung thap hodc nguoc lai.

Trong mét s6 (ng dung, chang han nhu phén tich thi truong, ngudi ta ¢6 thé quan tam
nhiéu hon dén tién ich hon 1a sy hd tro cua cac tap muc. Cac thuat toan khai thac tap muc
thuong xuyén truyén thong khong thé danh gia thong tin tién ich vé tap muc. Giéng nhu cac
tap pho bién, cac tap muc c6 tién ich khdng nho hon ngudng tién ich tdi thiéu do nguoi ding
chi dinh thuong cd gia tri thu vi va ching dugc goi la tap muc cd tién ich cao (HUISs).

Mic dd HUIM [1] ¢6 nhiéu ng dung nhung bai bao d bo qua viéc cac muc thudng dugc
sap xép theo phan loai. HUIM truyén thong chi c6 thé tim thay cac mau lién quan dén cac muc
& mirc d triru twong thip nhat. Pay 1a mét van dé 16n vi mac di mot sé mat hang nhu ga ran
va pepsi c6 thé khéng xuat hién trong HUI nhung mit hang d6 dn nhanh d6 c6 thé 12 mot phan
ciia mot s6 HUL Do d6, thong tin quan trong c6 thé bi thuat toan HUIM truyén théng bo sot.

Mot thuat toan cé tén ML-HUI Miner [2] dé khai thac HUI trong dé cic muc ¢6 muc do
triru twong khac nhau. Tuy nhién, thuat toan c6 hai han ché quan trong. Dau tién, thuat toan
chi c6 thé tim thay cac HUI trong dé tat ca cac muc ¢6 cling mie do triru tugng. Thi hai, thuat
toan str dung céc thudc tinh don gian dé giam khong gian tim kiém. ML-HUI Miner khai thac
cac mirc do triru tuong khac nhau mot cach doc 1ap va khong sir dung méi quan hé giita cac
mirc d6 triru tuong dé giam khong gian tim kiém. Dé giai quyét nhitng han ché nay, bai viét
nay xac dinh van dé tong quat hon trong viéc khai thac tat ca céc tap muc hiru ich cao chéo
cip va cac thugc tinh caa né, dong thoi dé xuat mot thuat toan c6 tén CLH-Miner [3] dé tim
tat ca cac tap muc ndy mot cach hiéu qua.

2. CAC CONG TRINH LIEN QUAN

Khai thac tap hitu ich cao (High-Utility Itemset Mining - HUIM) da dugc nghién cru sau
rong nhu mot Ky thuat khai phé dit liéu tién tién nham tim ra cac tap hop muc c6 gié tri hitu
ich cao (vi du: loi nhuan, tim quan trong) thay vi chi tap trung vao cac tap hop thuong xuyén
nhu trong Khai thac tap thuong xuyén truyén thdng (Frequent Itemset Mining FIM). Nam
2005, Liu va cac cong su [1] gigi thi¢u véi thuét toan Two-Phase, Tseng va cac cong su [4] daé
Xuat thuat toan HUI-Miner vao nam 2012, da thiét lap cac phuong phap nén tang bang cach
giai thiéu khai niém hitu ich va cac chién luoc cit tia hiéu qua nhu TWU (Transaction-
Weighted Utility) va c4u tric danh sach hitu ich (utility-list). Tuy nhién, cic phuong phép nay
chu yéu tap trung vao céac tap hop muc ¢ mot cap do duy nhét, gia dinh rang tit ca cac muc
thugc cling mot mire d6 chi tiét, diéu ndy han ché kha niang ap dung trong céc kich ban thuc té
noi cac muc thuong duoc to chirc theo phan cap (vi du: phan loai trong ban Ié hoic y té).
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D¢ giai quyét dix ligu phan cap, Khai théc tap hitu ich cao chéo cap (Cross-Level High-
Utility Itemset Mining - Cross-Level HUIM) da xuét hién nhu mot phan mé rong ciia HUIM,
nham kham pha cac mau hitu ich cao chtra cac muc & céc cap d triru tugng khac nhau. Mot
trong nhitng no luc tién phong trong hudng di nay la cong trinh cua Wu va cac cong su [3],
nguoi di dé xuat thuat toan CLH-Miner. CLH-Miner tich hop mét cay phan loai (taxonomy)
vao qua trinh khai thac, cho phép phét hién céc tap hop muc hitu ich cao ¢ nhiéu cap do (vi
du: "Sita — Sita tach béo" hoic "D dién te — Dién thoai thong minh"). Phuong phép cua
CLH-Miner tan dung chién lugc theo ting cap do két hop vai cit tia dya trén hiru ich dé giam
khéng gian tim kiém. Cac phuong phap Cross-Level HUIM hién tai van ddi mat véi thach
thirc vé kha niang mé rong va tinh linh hoat. Chang han, CLH-Miner gap kho khin voi céc
phan loai lon do viéc liét ké toan bo cac két hop chéo cap do mot cach day du, trong khi CHUI-
Mine, du hiéu qua hon, lai phu thudc nhiéu vao cac phan cip dugc xac dinh trude, khién nd
kém thich nghi véi cac cau triic phan loai dong hoic khong day du. Cac nghién ctru gan day,
nhu cua Krishnamoorthy [5], Zida [6],... dd kham pha cac ky thuat dya trén chiéu (projection-
based) dé cai thién hiéu suat, nhung van thiéu cac co ché manh mé& dé xir Iy nhiéu hoac dit liéu
bi thiéu trong cac tap dir liéu thuc té.

Song song véi Cross-Level HUIM, Khai thac tap hiru ich cao da cap (Multilevel High-
Utility ltemset Mining - Multilevel HUIM) da thu hut sy cha y nhu mot cach tiép can chuyén
biét dé kham pha cac tap hop muc hitu ich cao trong mét cau triic phan cép, tap trung vao cac
mAu & cac cap do triru tuong cu thé thay vi xuyén sudt ching. Mot trong nhiing déng gop sém
nhat trong linh vuc nay la cdng trinh cua Han va cac cong su [6], nguoi da mé rong thuat toan
Apriori dé khai thac cac tap hop muc thuong xuyén da cap, sau d6 duoc Yao va cac cong su
diéu chinh cho khai thac hitu ich véi thuat toan ML-HUI. ML-HUI 4p dung chién luoc tir trén
xudng, khai thac cac tap hop muc theo timng cap do trong mot phan loai (vi du: tr "B udng”
dén "Sira" dén "Siva tach béo™), va sir dung céc ngudng hitu ich dwoc diéu chinh cho timg cap
d6 dé loc cac miu quan trong. Phuong phép nay dam bao rang cac tap hgp muc hiu ich cao
duoc xac dinh & cac mirc do chi tiét khac nhau, cung cap cai nhin sau sic vao ca xu huéng
chung va cu thé. Nhitng tién bo tiép theo bao gom cong trinh cua Shen va cac cong su [8],
ngudi da dé xuat thuat toan MHUI-Tree, sir dung mét cau trdc cay hitu ich da cp dé luu trit
va truy xut hiéu qua céc tap hop muc qua céc cap do khac nhau. MHUI-Tree giam thiéu cac
phép tinh du thira bang cach duy tri mot biéu dién nén cua cac gia tri hitu ich phan cap, dat
duogc kha ning mé rong tot hon cho céc tap dit liéu Ion. Tuy nhién, cac phuong phap Multilevel
HUIM thuong gia dinh mot phan cip ¢b dinh va cac ngudng hiru ich dong nhat, diéu nay co
thé khdng nam bt day du cac mdi quan hé dong giira cac muc qua cac cap do. Vi du, mot tap
hop muc hitu ich cao & cip d6 thap hon (nhu "Sira tach béo™) c6 thé bi bo qua néu cip do cha
(nhu "Sira") khong dap tng ngudng. C4c nd lyc gan déay, nhu ciia Zhang va cac cong su, da
gidi thiéu cac ky thuat ngudng linh hoat dé giai quyét van dé nay, nhung van con thach thirc
trong viéc can bang giita hiéu qua tinh toan va tinh day du ciia cac mau duoc khai thac. Nhiing
han ché nay trong ca Cross-Level HUIM va Multilevel HUIM nhan manh nhu cau vé mét céch
tiép can tich hgp ma nghién ciru ciia chung toi hudng toi giai quyét.

3. COSOLY THUYET
3.1 M@t s6 khai nigm.
3.1.1 Dinh nghia 1 (Co so dir liéu giao dich)

Cho I = {iy, iz, ..., im} 1& Mot tap hop céc itemset. M6t co so dir liéu giao dich 1a mot tap
hop nhicu giao dich D = {Ty, Ta, ..., T} sao cho v&i moi giao dich Te, Te € I, va T¢ c6 mot
dinh danh duy nhat ¢ duoc goi la Tig.

Vé&i mdi muc i € 1, mot sé6 duong p(i) dugc goi la hitu ich ngoai cua i.
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V&i méi myc i € Te, s6 duong q(i, Te) dugc goi 1a loi ich néi cua i trong giao dich Te.

Bdng 1. Co s¢ dit liéu giao dich D

tid Transaction
T | (& 1);(c,2);(9,3)
T2 | (¢, 2); (e, 3); (f, 2)

Ts | (8, 2); (b, 1); (c, 3); (d, 2); (e; 1); (F, 3)

Ts | (b,2); (c, 1); (f,3)

T5 (a’ 3)1 (b, 2)1 (fv 1)

Ts | (c,2);(d,5); (f.2); (9,2

Tz | (@ 4):(c, 1);(d 2); (e, 2)

Bdng 2. Bang gia tri httu ich ngoai cia CSDL giao dich D

Item a b c d e f g
EU 4 3 5 2 2 1 3

Dua vao bang 1 va 2 s& duoc str dung cho tat ca vi du trong bai bao nay.
Vidu: p(a) = 4; p(c) = 5; a(a, Ta) = 41; q(c, T1) =52

3.1.2 Binh nghia 2 (Taxonomy)

Phan loai T 1a m6t biéu db tudn hoan c6 hudng (tree) dugc xac dinh cho co sé dit liéu D.
M3i 14 1a mot muc i € 1. Mot n(t bén trong biéu thi mot danh muc trira twong téng hop tat ca
cac ndt 14 con chau (item) hoic cac danh muc con chau thanh mét hang cap cao hon. Canh
con-cha giita hai muc (tong quat) i, j trong © biéu thi mdi quan hé is-a. Cac nat bén trong dugc
goi 1a cac muc tdng quat (G1) hoic cac muc triru twong (Al). Tap tit ca cdc muc tong quét
duoc ky hiéu 1a GI, va tap hop tat ca cac muc téng quét hoic muc 14 dugc ky hiéu la Al = GI
U I. Ngoai ra, gia str ton tai mot quan hé LR € GI x | sao cho (g, i) € LR néu c¢6 duong di tir
g dén i. V4, gia sir ton tai mot quan hé GR € Al x Al sao cho (d, f) € GR néu c6 dudng di tir
d dén f. Tap muc X la tap cac muyc sao cho X € Al va #i, j € X|i € Desc(j, ©). Tap muc X la
tap muc tong quat néu 3g € X sao cho g € GI. C6 nghia 1a tap muc X s& chira nhiéu myc con
nhung trong d6 khong ¢ muc con nao c6 quan hé GR vai nhau.
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/\
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Hinh 1. Cay phén logi t

Al=GluUl
LRSGIxI  (W,a) € LR;(w;f) & LR
GR S Al x Al (W,a) € GR j(W,X) € GR

3.1.3 DBinh nghia 3 (Descendant/Specialization/Sibling)

Cac muc la cua muc tong quat g trong phan loai t 1a tat ca cac 14 c6 thé dat duoc bang
cach di theo cac dudng dan bat dau tir g. Tap hop nay duoc dinh nghia chinh thic 1a Leaf(g,
) = {i|(g, i) € LR}. Cac phan tir con (Descendant) caa mot phan tir (GI) d 1a tap Desc(d, t) =
{fl(d, f) € GR}. Mot tap muc X duoc goi la sy chuyén biét hoa (Specialization) cua tap muc
Y néu |X|=|Y|vavfe X, feYvadeY [f € Desc(d, t). Hai phan tir a va b duoc goi 1a anh
em ruét (Sibling) néu chiing cé ciing cha me trong © . Hon nira, level(d) biéu thi sé canh can
di qua dé dat duoc muc d bat dau tir goc cua t.

Vi du:

Left(W) = {a,b,c,d, e}, Left(X) = {f,g}
Desc(W,t) = {Y,Z,a,b,c,d, e}

W, duoc goi la tap muc con (Specialization) cia WZ
Y va Z dugc goi la anh em rudt (Sibling)

Level(W) = 1,Level(Y) = 2

3.1.4 Dinh nghia 4 (Utility of an item/itemset)

Gia tri htru ich cuia mot muc i trong moét giao dich Tc dugc ky hiéu 1a u(i, T,) va dugc
dinh nghia la p(i) x q(i, T,). Giatri htru ich cia mot tap hop cdc muc X (mot nhém cac muc
X < I) trong mot giao dich T, duoc ky hiéu la u(X, T,) va dugc dinh nghia la u(X,T,) =
Yiexu(i, T,). Gia tri hiru ich caa mot tap hop cac muc X (trong co sé dir liéu) dugc Ky hiéu
la u(X) va dugc dinh nghia 1a u(X) = Y egex)u(X, T;) trong do g(X) la tap hop cac giao
dich chira X.

3.1.5 Binh nghia 5 (Utility of a generalized item/itemset)
Gia tri hitu ich cua mot muc P tong quét g trong mot giao dich Te duoc ky hiéu va djnh
nghia 1a u(g,T.) = Xierear(gr)P()) X q(i, T¢). Gia tri hitu ich ctia mot tap hop muyc tong
quat GX trong mot giao dich Tc dugc dinh nghia la u(GX, T¢) = Zdecx U(d, Tc). Gia tri hiru ich
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ctiia mot tap hop muc tdng quat GX (trong co sé dit liéu) duoc ky hidu va dinh nghia 1a u(GX)
=¥ Teegex) W(GX, Tc), trong d6 g(GX) = {Tc € D|AX S Tc A X 1a mot phan tix ha dan ctia GX}

3.1.6 Dinh nghia 6 (Cross-level high utility mining)

Bai toan khai thac tap hiru ich cao lién mac dugc dinh nghia la tim tét7 ca Cac tap hiru ich
cao lien mic (CLHUIs - cross-level high utility itemsets). Mot tap muc (tong quat) X la mot
CLHUI néu u(X) > minutil véi ngudng minutil dugc nguoi dung chi dinh.

3.1.7 Dinh nghia 7 (Extension)

Gia st X 1a mot tap muc. Cac ma rong dua trén phép ndi (join-based extensions ) cua X
1a cac tap muc thu duoc bang cach thém mot myc y vao X saochoy € Al,y > i, Vi€ X,y ¢
Desc(i, ). Cac mo rong dua tren phép thué (tax-based extensions) caa X la cac tap muc thu
duoc bang céach thay thé muc cudi cing y cua X theo > mot muc ha dan cuay.

3.1.8 Dinh nghia 8 (Tax-Utility-list)

Danh sach tién ich thué tuList(X) caa X chira mot bo dit liéu (tid, iutil, rutil) cho mdi giao
dich Ttid chtra X. Phan tir iutil ciia bo dit ligu 1a tién ich caa X trong Ttid, tuc 12 u(X, Tyig).
Phan tir rutil ciia mét bo di ligu duoc dinh nghia 18 Yier,,, 1 i<x vaex (X, Trig). Ngoai ra,
tuList(X) chtra c&c muc con, mét tap hop cac con tro téi danh séch tién ich thué ciia cac muc
con cua X trong phan loai.

3.1.9 Binh nghia 9 (GWU)

Tién ich giao dich (TU) caa giao dich Tc la tong h&g dung cua tat ca cac muc trong Tc.
tac 1A TU(T,) = Xyer, u(x, T;). Viéc st dung trong so6 tong quat (GWU) cta tap muc (tong
quat) X € AI duoc dinh nghia 1a tong tién ich giao dich cuia cac giao dich chira X, tirc la
GWU(X) = ZTCEg(X)TU(TC)'

3.2 Mt s tinh chat
3.2.1 Tinh chdt I (Tinh don diéu GWU):

Gia sir ¢O hai tdp muc X va Y sao cho Y la mét chuyén biét hda cua siéu tap hop X. GWU
cua X khéng nho hon tién ich caa X (GW U(X) > u(X)). Hon nira, GWU cta X khéng kém gi
tién ich cuia cac siéu tap hop cia X (GW U(X) > u(Y )VY > X). Bang chang. Néu Y < X thi
u(Y) < GWU(Y) < GWU(X) < minutil. Néu Y 1a mot chuy@n biét héa cua X thi u(Y) < u(X)
< GWU(X) < minutil.

3.2.2 Tinh chdt 2 (Cat tia khdng gian tim kiém bang GWU):

Déi véi bat ky tap muc X nao, néu GWU(X) < minutil, thi X la tap muc c6 tién ich thap
cling nhu tat ca cac phan mé rong dua trén phép noi va dua trén thue cua X.

3.2.3 Tinh chdt 3 (Cdt tia khdng gian tim kiém bang tién ich con lgi):

V6i tong thir tu < trén mot phan loai, gisi han trén tién ich con lai cua tap muc X 1a tong
cuia cac gia tri iutil va rutil trong tax-utility-list cuaa X. V& mit hinh thic, gidi han trén nay
dugc dinh nghia 13 reu(X) = P e€tuList(X) (e.iutil + e.rutil). Néu reu(X) < minutil thi X va tat
ca céc tién ich ma rong dya trén thué cua X khong phai 1a CLHUI
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4. THUAT TOAN PE XUAT
4.1 Y twong

Trong thuat toan CLH-Miner sir dung cau tric Tax Utility List va chién lugc cit tia GWU
va RU dé giam bat khong gian tim kiém CLHUIs. Piéu nay kha tuong dong véi ciu trdc
Utility List va chién lugc cat tia TWU, RU cua thuat toan HUIMiner dé khai thac HUIs. O
huéng khai thac HUIs ¢6 mot thuat toan 1a HMiner d sir dung cau tric CUL va EUCS (cua
thuat toan FHM) két hop cuing véi nhiéu chién lugc cat tia dé giam bét khdng gian tim kiém
rat hiéu qua. Trong hudng khai thac MLHUIs, N.T.Tung cling cac cong su di ap dung cau triic
nay dé khai thac MLHUIs mét cach hiéu qua va tdi wu, d6 1a thudt toan MLHMiner. Nhu vy,
chung ta ciing c6 thé ap dung cau tric CUL va EUCS cling cac chién lugc cit tia trong khai
pha CLHUIs. Ngoai chién lugc cit tia GWU va RU cua thuat toan CLH-Miner thi MLHMiner
con sir dung thém cac chién lugc cat tia khac: EUCS dé xem xét 2 tap muc khi két hop véi
nhau néu nho hon minUtil thi loai bo céc wng vién ngay ma khéng can phai tinh toan thém,
chién luoc cat tia LA-prune va C-prune dé loai bo ngay cac tap két hop trong qué trinh tinh
toan.

Budc dau tién, thuat toan xay dung lai CSDL giao dich méi tir CSDL giao dich cii bd sung
thém nhitng tap muc Gl truc tiép vao giao dich dé c6 cai nhin truc quan hon. Trong d6, nhitng
tap muc 14 duoc bién didn bang ki tw thuong, con nhitng muc GI duoc bién dién bang chit in
hoa. Mdi tap muc ta bién dién bang tén va loi nhuan trong giao dich hién tai thay vi tén va s6
luogng.

Bang 3. Co so dit liéu sau khi bién dbi

Tid Transaction

T (X, 9); (W, 8); (Y, 4); (Z, 10); (a, 4); (c, 10)

T (X, 2); (W, 16); (f, 2); (Z, 16); (c, 10);

Ts (X, 3); (W, 32); (f, 3); (Y, 11); (Z, 21); (d, 4); (a, 8); (c, 15);
T4 (X, 3); (W, 11); (f, 3); (Y, 6); (Z, 5); (c, 5);

Ts (X, 1); (W, 18); (f, 1); (Y, 18); (a, 12);

Te (X, 8); (W, 20); (f, 2); (2, 20); (d, 10); (c, 10);

T (W, 29); (Y, 16); (Z, 13); (d, 4); (a, 16); (c, 5);

4.2 Mét so khai niém

4.2.1 Dinh nghia 10 (Prefix utility):
Cho mét tap muc X va mot muc mé rong y € 1, tién ich tién té cua tap muc Xy trong giao dich
Tj duoc dinh nghia: PU(Xy, T;) = U(X,T;).NéuX = @ thi PU(y,T;) = 0
Giasutacothirtusipxép: X <W<g<f<Y<Z<b<e<d=<a<c, taduoc:
PU(Y,T1)=0; PU(c,T1)=0
PU (XY, T1) = U(X , T1) = U(a, T1) = 4.
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4.2.2 Dinh nghia 11 (Closed prefix utility)

Tién ich tién to dong cuia tap muc X = {x1, x2 . . . xk} trong giao dich Tj, ky hiéu la CPU (X,
Tj), dugc dinh nghia la:

CPUK.T,) = {PU(X, T,),if |X] > 1, |E(§X —x )| = |Te/X — x|
Trong do,
[E(X — x«)| 12 s6 lugng muc phia sau cta X va c6 thé mé rong trong co sé dir ligu.
[Te/X — x| 12 s lugng muc phia sau caa X va c6 thé ma rong trong giao dich Te.
Hitu ich tién t6 dong cua tap muc X ¢ sé lugng muc nhé hon hoic bang 2 trong co sé
dir liéu dugc dinh nghia 1a CPU(X) = Zreecx)CPU(X, Te).
Hitu ich tién t6 dong cta tap muc X ¢6 sé lugng muc 16n hon 2 trong co s¢ dir liu
duoc ki hiéu 1a CPU(X) va dinh nghia la CPU(Xyz) = CU(Xy).

4.2.3 Dinh nghia 12 (Hitu ich dong)

Hiru ich dong cia tap muc X trong giao dich T¢ duoc ki hiéu la CU(X, T¢) va tinh toan
nhu sau:

cux, 1y = (VTR > LIEX —x0l = ITe/X =i

Hitu ich dong cua tap muc X ¢d sb lwong muc nhod hon hoic bang 2 trong co s& dit liéu
dugc dinh nghia la CU(X) = Zrceex)CU(X, Te).

Hitu ich dong cua tap muc X c6 sb lwong 16n hon 2 trong co s& dit liéu duoc dinh nghia
l1a CU(Xyz) = CU(Xy) + CU(Xz) — CPU(XY) + ZrcecxyyCU(Xyz, Tc).
4.2.4 Dinh nghia 13

Htru ich con lai dong cua tap muc X trong giao dich Tc dugc Ki hi¢u 1a CRU(X, Tc) dugc
dinh nghia va tinh toan nhu sau:
cRUQx, T = (RUKTDIFIX] > LIE =501 = [T/ —xi]
Hitu ich dong cua tap muc X ¢d sb lugng muc nho hon hoic bang 2 trong co so dit liéu
dugc dinh nghia la CRU(X) = ZrcecpRU(X, To).
Hitu ich dong cta tap muc X ¢6 sb luong muc 16n hon 2 trong co sé dit lidu duoc dinh
nghia 12 CRU(Xyz) = CRU(X2).

4.2.5 Dinh nghia 14

Céc gia tri hiru ich khong dong cua tap muc X ¢6 sé lwong muc nho hon hoic bang 2
duoc dinh nghia va tinh toan nhu sau:

NU(X) = U(X) - CU(X)

NRU(X) = RU(X) — CRU(X)

NPU(X) = PU(X) — CPU(X)

Céc gi4 tri hitu ich khong dong cua tip muc X cd s6 lugng muc I6n hon 2 duoc dinh
nghia va tinh toan nhu sau:

NU(Xyz) = NU(Xy) + NU(Xz) — NPU(Xy)

NRU(Xyz) = NRU(Xz2)

NPU(Xyz) = NPU(Xy)
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4.3 Cau trac dir ligu

4.3.1 Cdu tric EUCS

Van dung y tuong cua ECUS duogc dé xuat trong thuat toan FHM, nghién ctu st dung
c4u trdc EUCS 1a mot ma tran chira GWU cua 2 tap muc khi két hop véi nhau. GWU cua mot
tap muc la loi nhuan t6i da ma tap muc nay co thé mang lai trong CSDL. Tuy nhién, dé giam
b6 nhé luu trit, cAu tric ECUS s& duogc luu theo cau triic gom 3 danh sach nhu sau:

Bang 4. Céu trac luu trir EUCS cai tién

X | X X | X|X| X |W|[f|[f|f|f|]f]Y|Y] Y |Z]|]d|d]a

WI|Y| Z|d|a|]c¢c | f|l|Y|[Z|d]|]a]c| Z|d| ¢c |Jalalc]|c

137 191|118 |63 (77118 | 114 (68| 95|63 |54 (95| 101 |64 | 101 | 87 |64 | 92 | 87

Céu trc luu trir gdm 3 danh sach gidp tbi wu bd nhd dé luu trir EUCS, dac biét véi cac co sé
dit liéu thua.

4.3.2 Cau tric CUL

CAu tric CUL(X) la cau tric chira NU(X), NRU(X), CU(X), CRU(X), CPU(X) va danh
sach cac bo dir liéu TidList chira théng tin vé& Tid, NU(X, Tc), NRU(X, Tc), PU(X, Tc) va
PPOS(X, T¢). PPOS(X, Tj) dugc xac dinh nhu sau:
prev(xk)! = —1,|CUL[prev(xk, Tc)].tidList|

-1

PPOS(X,T,—;) = {

NRU CU/CRU/CPU
NU NRU PU PPOS

Hinh 2. CAu tric CUL

Phuong phap xay dung 1-CUL sé€ dugc thuc hién nhu trong khai thac HUIL. Tuy nhién
trong qué trinh tim cac CLHUI ta can luu ¥: Trudc khi thuc hién két hop cac tap muc lai voi
nhau, ta xét xem muc hién tai cd logi nhuan cé thoa ngudng hay khong? Néu thoa diéu kién ta
dua tap dang xét vao CLHUIS. Tiép tuc thuat toan kiém tra tong loi nhuan va lgi nhuan caa
cac phan tu phia sau cua X ¢6 thao ngudng hay khdng? Néu tong Ién ho, thuat toan thyc hién
két hop cac k-CUL dé tao ra (k+1)- CUL

Khong gidng khai pha nhu HUIs va MLHUIS, thuat toan chi can két hop CUL dang xét
Véi tit ca nhiing tip muc phia sau nd. Khi khai phd CLHUISs, thuat todn can xac dinh phan m&
rong cua tirng tap muc trude khi thyuc hién két hop, vi can phai loai bo cac muyc ¢ quan hé cha
con. Di véi muc X, ta xac dinh dwoc phan mo rong 1a W, Y, Z, d, a, c. Dau tién, ta xay dung
san danh sach exCTUs, pruneL A, pruneC, eyTid dé trong. Tiép theo, chling ta duyét qua phan
ma rong va kiém tra EUCS xem khi X két hop véi tap muc dang duyét c6 nhé hon minUtil
khong? Trudng hop nho hon, ta gan null cho exCTUs ngay lap tuc (khong két hop). Bdi voi
danh séch pruneLA ta cong toan bo loi nhuan va loi nhuan phia sau X. Thuat toan tiép tuc
duyét qua ting giao dich caa CUL(X) va &p dung chién luoc tia LA-prune va C-prunce dé
giam bét khong gian tim kiém.

333



Vi V&n Vinh, Pham Tan Thuén, Khic Hong Nhung, Trédn Ngoc Hiéu Thdo

5. THUC NGHIEM

Dé danh gia hiéu suit cua thuat toan CLH-Miner cai tién, cac thir nghiém da duoc thuc
hién trén may tinh c6 bo xir Iy Intel Core-i5 va RAM 16 GB, chay hé diéu hanh Windows 11.
Chung em di so sanh hiéu suat cia CLH-Miner di cai tién vé thoi gian thuc hién va muc sir
dung bd nhé cao nhat dé khai thac CLHUI v6i CLH-Miner cii va thuat toan FEACP. Tuy
nhién, vi thoi gian khai thac CLHUI cua thuat todn CLH-Miner qua Ion trong cac CSDL day

nén thuc nghiém chi so sanh dwoc trén bo dix liéu Fruithut.

Bang 5. Pac diém cua cac CSDL thyc nghiém

CSDL S6 giao dich | S6 muc Gl Level Tmax Tavg | Mat do
Fruithuit 181,970 1256 43 4 36 3.58 Thua
Chess 3,196 75 30 3 37 37.00 Day
Accidents 340,183 468 216 6 51 33.80 Day
Két qua thuc nghiém duoc trinh bay trong biéu do sau
Fruithut Chess Accidents
= [CLH-Miner == CL-HMiner FEACP = |CLH-Miner == FEACP = [CLH-Miner == FEACP
o o 25000 _ 2500000
< — > 20000 < 2000000 —
_% " T -g 15.000 \‘_H £ 1500000 —
g 0 ] T € 10000 ~ £ 1000000
:E 10 R 5 5o D %' 500.000
4 s — - 2 P —
L o P M " af| B O asor oo zosor " O %00 teasiok 1anoook 190500k
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Hinh 3. Biéu d6 so sanh vé thoi gian thuc thi
Fruithut Chess Accidents
= (CLH-Mingr == CL-HMingr FEACP == CLH-Mingr == FEACP - CLH-Minai == FEACP
800 300.000 5,000,000
@600 — — g8 ... 1 | 1 = 4000000
H ‘DD- = — g 200.000 E 3,000,000 —
'E B! % 100,000 = E 2000.000
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@ 0 0.000 ° 0.000 - - -
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Hinh 4. Biéu dd so sanh bo nhé sir dung

Két qua cho thay rang trén nhiing co sd dir liéu ma mdi giao dich c¢d s6 lwong san pham
Ién thi thuat todn cai tién dat hiéu qua cao hon réat nhiéu so véi céc thuat toan trudc nhu CLH-
Miner va FEACP. Tuy nhién, trén nhimg co so dit lidu c6 it san pham trén mot giao dich nhu
fruithut thi thuat toan cai tién ciing chwa dat duoc hiéu qua cao hon so v6i Cac thuat toan trudc
d6. Vay c6 thé thay rang thuat toan cai tién dat hiéu qua cao ddi véi nhiing co sé di liéu day
hon.

6. KET LUAN

Nghién ciru di tim hiéu dugc cac khai niém lién quan t6i khai thac tap hitu ich cao chéo
va cac khai ni¢m lién quan. Nghién ctru da tim hiéu phuong phap khai thac tap hiru ich cao
chéo va dé xuat dugc phuong phap dé ndng cao hi¢u qua khai thac CLHUIs hiéu qua hon ca
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vé mit thoi gian va bo nha, dic biét 1a véi CSDL thua. Trong thoi gian téi, ching toi s& tap
trung vao viéc cai tién thuat toan dé viéc khai thac CLHUIs c6 két qua tét hon véi co so dit
liéu day va cling xem xét viéc &p dung khai thaic CLHUIS trén co s¢ dir liéu ma cac muc co loi
ich thay ddi hozc co s dit liéu ton tai cac muc chua lgi ich am.
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ABSTRACT

IMPORVE THE CROSS-LEVEL HIGH-UTILITY ITEMSET MINING
ALGORITHMS ON HIERARCHICAL DATABASE

Vii Van Vinh®", Pham Tan Thuan®, Khic Héng Nhung?, Tran Ngoc Hiéu Thao™.
'Ho Chi Minh City Uninversity of Industry and Trade

“Email: vinhvww@huit.edu.vn

ABSTRACT

Today, data has become an invaluable and indispensable resource. Fully harnessing the
hidden power of data remains a significant challenge, especially given the ever-growing
volume of information. In the field of data mining, one of the most complex ‘peak’ to conquer
is the mining of Cross-Level High Utility Itemsets (CLHUIs), which involves identifying high-
utility itemsets across different product categories. CLHUI mining aims to uncover hidden
relationships between products and categories, suggesting combinations that maximize
business profits and support strategic decision-making for development. This, in turn,
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enhances market competitiveness and improves consumer experience. This study focuses on
transforming the original data into an generated item-based format, proposes the construction
of the CUL structure, and applies the HMiner algorithm to improve and optimize the efficiency
of CLHUI mining in terms of both execution time and memory consumption

Keywords: cross-level high utility itemsets, generated itemset, completed transaction,
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TOM TAT

Viée str dung mang xi hoi déi v6i ngudi ding hién nay con cé nhiéu rii ro vé nguy co
mét an toan vi chua quan tam dén cac chinh sach bao mat, tai khoan d& bj tin cong, hd so
nguoi ding quan 1y chua duge t6i uu hoa. Trong bai bao nay, nhom tac gia trinh bay phuwong
phap xdy dung tng dung mang xa hdi thu nho trén da nén tang (Web, Mobile) bén canh nhiing
tinh ning thong dung ctia mot mang xa hoi nhu dang bai viét, binh ludn, nhin tin,... ing dung
dugc tich hop cac tinh niang bao mat gom thiét 1ap cic ché do xac thuc ngudi ding khi ding
nhép: st dung mang hoc sau nhan dién va xac thuc, dang nhap thong qua ma OTP, ma PIN,
canh bao khi c6 dang nhap tir hai thiét bi tr 18n, quan 1y tai khoan ngudi dung tily chon riéng
tu hodc cong khai giup nguoi ding trao d6i thong tin trén mang xa hoi an toan. Ngoai ra, viéc
quan 1y hd so ngudi ding dugc ti wu thong qua chirc ning tao Portfolio ca nhan vai cac tly
chon giao dién khac nhau. Két qua nghién ctru gop phan tao méi truong giao tiép trén mang
x4 hoi an toan, thong tin dugc bao mét va quan ly ho so hiéu qua.

Tu khoa: Mang xa hdi thu nho, ResNet, T3 Stack, Portfolio.

1. GIOI THIEU

Céc nha phét trién Gmg dung thuong gip nhiéu thach thirc trong viéc dong bd hoa giira
giao dién nguoi dung (frontend), logic xur 1y phia may chu (backend) va co s¢ dir liéu, dédc biét
dbi v6i cac hé thong phuec tap, Vi vay, lya chon cong nghé phi hop dé xay dung ing dung dap
g cac yéu cu quan 1y, ting hiéu suit, c6 kha ning mé rong va bao tri 1a mot sé yéu td quan
trong. T3 Stack 1a mdt tap hop cac céng nghé hién dai, dugc sir dung dé xay dung cac ung
dung web dat hi¢u suét cao, kha nang bao tri tot, phat trién nhanh chong, an toan va hiéu qua
v6i co s& dit lidu [1]. Do d6, trong bai bao nay nhom tac gia lua chon T3 Stack dé phat trién
ung dung.

Nhan dang khuén mit nham xac minh danh tinh ctia ngudi ding duoc ng dung trong
nhiéu linh vyc [2-4]. Mang no-ron tich chap (Convolutional Neural Network - CNN) duoc st
dung rong rii trong cac bai toan phan loai hinh anh, nhan dién khuén mat, [5-7]... nhiéu mé
hinh phan loai dwa trén CNN da duoc phat trién nhu: AlexNet, VGGNet, GoogLeNet, ResNet,
MobileNet va EfficientNet [5]. Trong cic mang CNN, van dé vanishing gradient hogc
exploding gradient thuong xuét hién trong qua trinh huin luyén. Hién tuong nay khién cho
gradient cta céac 16p trudc d6 giam dan vé 0 (ddi voi vanishing gradient) hodc ting 1én qua 16n
(d6i véi exploding gradient) khi qué trinh huén luyén dién ra, gay khé khin cho viéc cap nhat
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trong s6 va dan dén hiéu suat mo hinh kém. Dé gial quyét van dé nay, kién trac ResNet
(Residual Network) sir dung cac khdi residual va két ndi tit (shortcut connections). Céac két
nbi tat cho phép gradient truyén truc tiép qua cac 16p, bo qua cac 16p trung gian nén huan luyén
cac mang no-ron sau hon va hiéu qua hon va thuong dugce ing dung trong cac bai toan nhan
dién khuon mat [5]. Vi vy, trong bai bao nay nhom tac gia st dung mang ResNet nhan dién
khuén mat dé xac thuc nguoi dung gitp ting tinh bao mat cua ing dung.

DPoéng gop chinh cia bai bao gdom:

- Sur dung cong ngh¢ T3 Stack xay dung mang xa hoi thu nho.

- Str dung mang ResNet nhén dién khuén mat gitip xac thuc ngudi dung.

- Tich hop cac tinh ning bao mat mat gitip ngudi ding trao doi thong tin an toan.

- Str dung Portfolio trong tng dung dé quan 1}'/ ho so ngudi ding hiéu qua.

- Phat trién (mg dung mang xa hoi trén da nén hd tro nguoi ding tuong tac, trao doi
thong tin, quan ly ho so va bao mat dit lidu ca nhan, v6i kha nang trién khai trén ca
web va mobile dé ning cao tinh tién dung.

Phan con lai cua cua bai bao duoc trinh bay gdm cac phin nhu sau: phan 2 trinh bay vé
co s¢ 1y thuy@t, phan 3 trinh bay phuong phap xay dung mang xa hoi thu nho, phan 4 cai dat
thuc nghiém, phan 5 két luén.

2.COSOLY THUYET
2.1. T3 Stack

Trong T3 Stack, TypeScript, Next.js, Tailwind CSS, tRPC, Prisma, Supabase la cac
cong nghé va thu vién dugc két hop dé dé xay dung tng dung web full-stack nhanh chéng va
hiéu qua. JavaScript két hop Next.js 13 véi App Router cho phép téi uu hoa hiéu suat va SEO
(Search Engine Optimization), TypeScript dé dam bao tinh an toan khi lap trinh, Tailwind CSS
(Cascading Style Sheets) giup thiét ké giao dién nhanh chéng, Prisma hé trg truy vén dir liéu,
tRPC xay dung API an toan va hiéu qua, Supabase dong vai tro nhu mot backend-as-a-service.
Su két hop nay gitip don gidn quy trinh phat trién, giam thiéu 18i va nang cao hiéu suat lam
viéc [8-11].

2.2. Mang hoc sau
Mang CNN dugc chia thanh hai phan chinh: phan rut trich dic trung (feature extraction)
mang sé& tién hanh tinh toan hang loat phép tich chap va phép hop nhat (pooling) dé phat hién

cac dic trung; phin phén 16p (classification) mét layer v6i cac lién két ddy du s& dong vai tro
nhu mot bd phan 16p cac dac trung da rut trich duoc trude do [12].
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Feature Maps

===) Outpuf

Input Convolution Pooling Fully Connected
Feature Extraction Classification

Hinh 1. Kién tric mang CNN [12]

Tang Convolutional: 13 ting quan trong nhat va ciing 1a layer dau tién cua mang CNN.
Céac tham s6 cua tang Convolutional bao gom mot tdp hop bd loc cd thé hoc duge (kernel).
Céc b loc déu nho vé mat khong gian nhung mo rdng toan bd do sau cua khoi lugng dau vao.

Input Image

Kernel Convoluted output

(5x1)+(8x0)+(3x1)+(7x0)+(5x1)+(4x1)+(9x1)+(2x1)+(1x0)

28

S +0 +3 +0+5 +4 +9 +2+0

Hinh 2. Tinh toan tich chap cua Convolution layer mang CNN [12]

Két qua dau ra trong ting Convolutional dugc goi 14 feature map. Feature map phu thudc
vao ba tham s0:

Depth: dai dién cho s6 lwgng bo loc dugc sir dung trong tinh toan tich chap.
Stride: sb budc truot bo loc trén dau vao.

Padding: cho phép kiém soat kich thudc dau ra. Viéc ap dung tich chap cho mot dau vao
néu giam kich thudc dau ra dé dan dén mat thong tin.

Téing Pooling: thyc hién viéc giam bt s6 lugng tham s khi hinh anh qué 16n. cong viéc
nay giam kich thuéc ctua mdi features map & Convolutional Layer va ciing dé chon thong tin
quan trong nhét cua features. Cac pooling c6 nhiéu loai khac nhau: max pooling (lay phéan tir
16n nhat), average pooling (liy tong trung binh), sum pooling (lay tong tat ca cac phan tir).
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Hinh 3. Max Pooling - Pooling layer [12]

Tang Fully Connected: 1a ting cudi trong mang CNN. Tang ndy c6 nhiém vu dua ra két
qua dau ra (output) sau khi dd nhan duoc anh truyén tir cac layer true d6 (convolutional layer,
pooling layer).

ResNet (Residual Neural Network): ResNet thiét ké khac phuc dugc van dé vanishing
gradient hay exploding gradient thuong gap trong cac mang no-ron sau [13]. Trong kién trc
mang ResNet, Residual Block 1a 1a mot khéi duge thiét ké dé giai quyét van deé vanishing
gradient trong cdc mang no-ron sau, cho phep thong tin duoc truyén tryc tiép tir ddu vao dén
dau ra cua khoi ma khong cin qua cac 16p trung gian. Piéu nay duoc thyc hién théng qua mot
két ndi tit (skip connection)

X

Weight Layer

F(x) relu X
identity

Weight Layer

F(x) + x

relu

Hinh 4. Residual Block [13]

Trong mo hinh ResNet [13], cac tac gia di d& xuét nhiéu thiét 1ap ResNet véi 18, 34, 50,
101 va 152 16p, trong d6 mdi 16p ciia ResNet bao gdm mot sd khdi. Trong cac céu hinh nay,
cac khdi Identity va Convolutional duge két hgp dé tao ra mot mo hinh ResNet. Trong bai bao
nay, nhom tac gia sir dung ResNet 50 dé phan doan vi ResNet 50 c6 cac 16p sdu hon ResNet
34 va it tham s6 hon ResNet 101,152 dén dén thoi gian huan luyén nhanh hon [13].
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Hinh 5. Kién trdc mé hinh ResNet 50 [14]

ResNet50 co téng cong 50 16p, bao gdbm cac tang convolutional, tang pooling va tang
fully connected. Mang dugc chia thanh 5 stages, mdi stages gdm mot hodc nhiéu khéi residual.
Khéi residual 13 thanh phan ¢t 15i cua ResNet, sir dung cac shortcut connections dé truyén

tryc tiép thong tin tir cac 16p trudc dén cac 16p sau [14].

2.3. Ung dung ResNet trong nhan dién khudn mit

Trong mo hinh nay, ResNet50 dugc sir dung nhu mét bd trich xuét ddc trung tién huan
luyén voi trong s tir tap ImageNet. Cac 16p fully connected phia sau duoc thiét ké lai dé phu
hop véi s6 10p tuong ng vai cac d6i twgng khudn mit cu thé trong tap dir liéu hun luyén.
Qua trinh huén luyén dugc thyc hién trén tap anh dugc tién xir Iy va phan chia thanh hai phan:
huén luyén va klem thtr gitip mo hinh hoc dugc dic trung khuon mat tirng 16p va danh gia

duoc hiéu suit tong thé.

f pre processing

Image

Data

Resizing

Image
Augmented

Comvolutional
Layer

Pooling Layer

Flatten

Fully Connected
Layer

Softmax

\.

classification

J

Data
Recognized

Trong s ciia cac 10p trong ResNet50 dugc dong bang dé gilr lai cdc déc trung hoc dugce
tir ImageNet, trong khi cac 16p phia sau dugc huin luyén véi toc do hoc tdi uu dé nhan dién

chinh xac tirng khuén mat.

Hinh 6. M6 hinh phéan loai hinh anh [14]
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Hinh 7. Két qua huan luyén
Két qua huan luyén trong Hinh 7 biéu dién d¢ chinh xac va ham mat mat. Két qua cho
thay mo hinh dat hiéu ndng cao, vdi do chinh xac vuot trdi sau nhiéu epoch. M6 hinh duoc st
dung dé du doan anh thuc t€ va luu trir dudi dang file .hS5, san sang cho viéc tich hop vao cac
hé thong xac thyc khudn mat.

M hinh noi bat trong nhan dién khuén mat nho kha nang trich xuét dic trung sau voi
cAu tric mang c6 cac két ndi tat, gitp giam thiéu van dé mat mat gradient so véi AlexNet hay
VGGNet, von ¢6 kién trac don gian hon nhung d& gip hién tuong qua khép khi xir 1y tap dit
liéu 16n. So vai GoogLeNet, hi¢u suét vuot troi hon trong viéc hoc cac dac trung phirc tap nho
dd sdu mang 16n ma van duy tri duoc hidu qua tinh toan, trong khi GoogLeNet tap trung vio
giam tham s6 qua cac Inception module. MobileNet va EfficientNet dii toi uu cho thiét bi di
dong voi chi phi tinh toan thap, thuong kém hon vé& d6 chinh xéc trong cac tac vu nhéan dién
khudn mat phtc tap, dac biét khi can phan biét nhiéu ddi tuong voi do tuong déng cao. Trong
mg dung cu thé, md hinh ResNet duoc huin luyén véi trong sé ImageNet va tinh chinh cac
16p fully connected, dat 46 chinh xac cao va 6n dinh, phu hop cho cac hé théng xac thye khudn
mat yéu cau hiéu ning cao.

3. PHUONG PHAP XAY DUNG MANG XA HOI THU NHO

Ung dung mang xi hoi thu nho dugc xiy dung trén nén tang web application va mobile
app. Phia web application, tng dung dugc phat trién bang T3 Stack véi cac cong ngh¢ chinh
nhu Next.js, TypeScript, Tailwind CSS, Prisma va tRPC dam bao hiéu nang cao, dé mé rong
va an toan. Ung dung mobile duoc xdy dung bang React Native gitp hé thong tich hop tinh
ning portfolio cho phép ngudi ding tao va luu trit hd so ¢4 nhan mot cach truc quan. Cac ky
thuat bao mat duoc ap dung toan dién trong qué trinh xac thuc, truyén dir lidu va luu trit thong
tin. Mang hoc sau duoc str dung dé nhan dién khudn mat gidp xac thuc ngudi ding.

3.1. Thiét ké co sé dir liéu

Ung dung mang x4 hoi thu nho duoc xay dung trén hé quan tri co s¢ dir li¢u PostgreSQL,
duoc quan ly thong qua Prisma ORM. H¢ thdng duoc thiét ké véi kién trac quan hé — dbi
tugng, gitp tdi uvu hoa tuong tac mang xa hoi, quan ly xac thyc nguoi dung, cd nhan hoa hd
50, tich hop tinh ning nhén tin, binh luén, thong béo.

Heé théng co so dir liéu trong du an dugc thiét ké va quan 1y bang Prisma, cho phép to
chtre chat ch€ cac thong tin cbt 131 cua mang xa hoi. Dir liéu nguoi dung dugce Iuu trir chi tiét
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qua cac bang nhu User, UserInfo, UserSetting, trong d6 quan ly thdng tin ca nhan, cai dat riéng
tu, anh dai dién, thong tin tiéu st va cac lién két mang xa hoi. Cac hoat dong tuong tac nhu
bai dang, binh ludn, tha tim, hashtag va thong bio dugc xur 1y thong qua cac bang Post,
Comment, Hashtag, Notification, cung cac mdi lién két chit ché dé dam bao hiéu qua va tinh
toan ven dir liéu. Ngoai ra, co s& dit liéu cling hd tro cac tinh ning nang cao nhu luu trit
portfolio c4 nhan qua bang Portfolio, hé thong theo ddi ban bé véi bang Follower, nhén tin
truc tiép qua bang Message, xac thuc bao mat théng qua tich hop véi NextAuth qua cac bang
nhu Account, Session, VerificationToken.
Tessage

Portfolio VerificationToken
id identifie Session UserSetting
Follower id

onToken theme

Notification

Account

Post

PostHashtag

€ hashtagid access_toker
|

Hashtag

|
* id

Hinh 8. Co s¢ dir liéu mang x& hoi thu nhé - phén hé User

Co so dit liéu cuia tmg dung admin dugc thiét ké riéng biét va t6i uu cho viée quan ly
nguoi dung cod quyén truy cap hé théng & cac cép d0 khac nhau. Dya trén Prisma, md hinh dir
liéu bao gdbm hai bang chinh 1a User va Session, cho phép quén 1y tai khoan diing nhap, phién
lam viéc va phan quyén mot cach linh hoat. Bang User chira cac thong tin dinh danh nhu tén
ngudi ding, mat khau, anh dai dién, cung cac thong tin bao mét ndng cao nhu mat khau cip
hai (pass2) va ma PIN. Vai trd nguoi dung dwoc phan loai rd rang qua enum Role, bao gom
ba cap: SUPERADMIN, ADMIN va EMPLOYEE, gitp kiém soat quyén truy cap theo nhiém
vu. Trong khi do, bang Session theo ddi thong tin dang nhap va thoi gian hi¢u luc cta phién
lam viéc, dam bao qua trinh xac thyc va bao mat dugc kiém soat chat ché. Viéc tach riéng co
so dir liéu cho admin giup ting cudng tinh bao mat va d& dang mo rong hé théng trong moi
truong da ng dung.

User Session
id - id
username \( sessionToken
password userld
name expires
img
role
pass2
pin
createdAt
updatedAt

Hinh 9. Co so dir liéu mang x& hoi thu nho - phan hé Admin
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Storage

cm7wijr32t0000soycydearqps

user cm7wjr32t0000soycydeaT... ortfolio
New bucket - 0 E

cm7y5w3ht0000ji03mtgj2...

Hinh 10. Co so dit liéu va storage da trién khai trén Supbase
3.2. Ky thuat bao mat

Nguoi ding ding ky, dang nhap trén timg dung bang cac tai khoan tir nha cung cip thi 3
nhu Google, Github, Discord thong qua NextAuth tir d6 tdn dung kha nang bao mét c6 san cua
cac nén tang nay. Pong thoi, ing dung c¢6 thém co ché Session dé gilr thong tin phién khi dang
nhép, nguodi dung khong can dang nhap nhiéu lan khi truy cép trang tng dung va co thé bao
mat khi dang nhép trén nhiéu thiét bi.

Bio vé bién méi trudong chira cac thong tin duong dan database, khoa bao mat cia cac
dich vu,... bang cach an file chira cac bién nay khi trién khai dy an 1én duong dan cong khai.

M&i nguoi dung duogc thiét 14p mot duong dan trang ca nhan va kho luu trir anh riéng
trong database, ché d9 cong khai hodc riéng tu tiry thudce theo cai dat ca nhan cua nguoi dung.
Ap dung mat khau cap 2 khi nguoi dung c6 cac thao tac chinh sira cai dat ca nhan lién quan
té1 bao mat thong tin, ngudi dung c6 thé bat/tat néu muon.

M@ hoéa cac truong thong tin quan trong cliia ngudi dung trong database.

Str dung mang hoc sau nhan dién khuon mit dé xac thuc nguoi ding khi dang nhéap vao
hé thong.

Chon loai tai khoan

@ SuperAdmin

Hinh 11. Giao dién chon vai tro dang nhap cho quan tri vién
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Sau khi Iya chon vai trd, quan tri vién s& dugc chuyén hudng t6i trang ding nhap. Quan
tri vién dang nhap bang 2 lya chon gom: tai khoan, mat khau kém mat khau cap 2 hodc dang
nhép bang khuén mat.

Ding nhap bang tai khoan, mat khau, mat khau cép 2: nguoi ding nhap day du thong tin,
chon dang nhdp dé chuyén hudng téi trang quan tri theo vai trd

DPang nhap

Tén dang nhap
M4t khiu

Mat khéu cap 2

Péng nhép bang khudn méat

Hinh 12. Giao dién dang nhap cho quan tri vién

bang nhap béng xac thuc khuon mat: dang nhap bﬁng xac thue khudn mat duoc thiét ké
dé dam bao an toan va hiéu qua cho quan tri vién. Khi bat dau, hé thong chuyén huéng quan
tri vién tdi trang nhan dién khuon mat. Camera tu dong chup 10 khung hinh va gui dit liu ve
server. Server xu ly, dinh dang hinh anh va chuyén ching dud¢i dang input t6i Endpoint cia
mo hinh Al Sau qua trinh xir 1y, server nhan phéan hoéi tu Endpoint d¢ chuyén huéng quan tri
vién t6i trang quan tri tuong g vai vai trd cua ho hoac hién thi thong bao 161 néu xac thuc
khuon mét khong thanh cong.

Panh gia hiéu qua bao mat:

PG chinh xdc: M6 hinh Al dat d chinh xéac tir 70% dén 80%, tiy thudc vao diéu kién
anh sang va goc chuyp.

Thoi gian xir Iy: Toan bd quy trinh, tir chup anh dén nhan phan hdi tir mé hinh Al hoan
tat trong vong dudi 10 gidy.

PG tré hé thong: PO tré trung binh tir khi giri yéu cau dén khi nhan phan hoi tir Endpoint
la khoang 2-3 gidy, dam bdo trai nghiém muot ma.

Ty 1¢ 16i: Ty 1 xac thuc sai (false negative) dudi 10% trong diéu kién tdi wu, gép phan
tang cuong do tin cdy cia hé thong.

Céc chi s6 trén cho thdy hé thong khong chi ¢am bao tinh bio mat ma con t6i wu vé hiéu
suat, dap rng yéu cau quan tri nhanh chong va an toan.
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Nhan dién & Dang nhép

Hinh 13. Giao dién x&c thuc khudn mat khi diang nhap tng dung

Hé thdng xé4c thuc khuén mat di dugc tdi uvu hoa dé khong yéu cau chup anh thi cong.
Khi nguoi dung truy cip, hé thong tu dong nhan dién khudn mit thong qua camera tich hop.
Néu xéc thuc thanh cong, hé théng s& tu dong tra vé thong tin tai khoan tuong Gmg vai khuon
mit di duoc ghi nhan ma khéng can thém thao tic chup anh. Giao dién hién tai hién thi trang
thai xac thyc thanh céng.

Chao mirng trd Lgi, NexoreSuperAdmin 1!
S TE

Brvan - SUPERADM

Hinh 14. Giao dién sau khi xac thyc khudn mat thanh cong

4. THU'C NGHIEM
4.1. Kién tric wng dung

Hé thdng duoc thiét ké dé phuc vy ba nhom nguoi ding: Ung dung web danh cho ngudi
dung truy cap thong qua trinh duyét; tng dung di dong danh cho ngudi dung truy cap qua dién
thoai; Ung dung web danh cho quan trj vién dé quan 1y nguoi ding.

Bén canh d6, hé théng st dung dich vu nhan dién khuoén mét dua trén Al Model dugc
trién khai trén Google Cloud dé xac thuc danh tinh ngudi dung. Hé théng dugc chia thanh bon
16p chinh, bao gdbm: Lop giao dién ngudi dung (UI Layer): Chiu trach nhiém hién thi thong
tin va nhan thao tac tr nguoi dung; Lép dich vu API & Backend (API & Backend Layer): Xu
1y logic nghiép vu va giao tiép véi co sé dit lidu; Lop luu trit dit liéu (Data Layer): Luu trit
thong tin nguoi ding, ndi dung va mé hinh AI; L6p ha tang (Infrastructure Layer): Bao gdom
cac dich vu trién khai AL luu trit mo hinh va huin luyén AL

346



Héi thao khoa hoc Khoa Céng nghé thong tin ndm 2025

System Architecture Diagram

Ul Layer
Web App Admin App Mobile App
(T3 Stack) (T3 Stack) (React Native, Expo)
[Vercel] [Vercel] [Google Play/App Store]
I /

&AFI Calls (tRPC) /API Calls (tRPC) API Calls (tRPC)

API & B_a:kend .
= de 0
1
Read/Write User Data " Read/Write Admin Data /Store/Retrieve Images ID Match Result Deploy New Model
L J Data Layerf i "l /
, %

S v — — 4
——— ——— User Img Storage Al Model Storage ) |Load Model for Inference| (™ Face Recognition API
[User DB ] [Admln DB ] (Supabase Storage) (Google Cloud Storage) (FastAPI, Google Cloud Run)
‘@Erﬂafgl gggrﬂaigl (Profile, Posts, Covers)

Infrastructure Layer

Al Model Training
(ResNet50, Google Colab) end Img for Auth
P /

Hinh 15. Kién tric hé théng tng dung mang x4 hi thu nho

4.2. Két qua cai dat

& a Vanepiry O o [

A Create PortNow DR .
O Message Chamie
- /B/026, 45-27 AM
© Tag Pobular
test Post from local by nnbt
& Garme Conter
_ Like this post (0} Add comment (1) &
= Setting Mevops
Spython
Follow us Hrasct
T o o [ Yree—
Hess
® B8 b ding i
#nodeis
Like this post if) Add comment (9) .
Heontend

#oatabase
Hsscuity
#tasting

#discuss

Hinh 16. Giao dién mang x& hoi thu nho trén nén tang web cho user

Hé thdng d3 dugc trién khai thir nghiém véi quy mé nhé, tir 10 dén 20 ngudi ding tham
gia test thuc té. Trong giai doan nay, tong sb bai ding ghi nhan duoc dao dong tir 5 dén dudi
10 bai, tat ca déu dugc xir Iy theo gioi gian thuc, phan anh muc d6 tuong tac ban dau cta nguoi
dung trén hé thong.

NEXORE ADMIN

xoreSuperAdmin 1!

Thong ke hg thong

D M
D Message 7 2 23 75 2
N diing B4i ding Binh lugn Tin b

Hinh 17. Giao dién ng dung quan Iy trén nén tang web
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Hinh 18. Giao dién mang x& hoi thu nho trén nén tang Mobile

5. KET LUAN

V6i ¥ tuong xdy dung mot mang x3 hoi thu nho tich hop da nén tang, nhom tac gia da
phat trién thanh céng mot hé thdng cho phép ngudi ding tuong tic thong qua cac chic ning
nhu ding bai, binh luan, nhan tin, tao portfolio c4 nhan va quan 1y tai khoan véi cac ché do
riéng tu hodc cong khai. Hé thong dugc phat trién dwa trén T3 Stack va React Native, mang
lai hiéu suit cao, kha ning mé rong va dong bo giira website va mobile app. Bén canh dé, hé
thdng tich hop céc tinh nidng bao mat nhu xac thuc bang khudn mat str dung mang ResNet50,
xac thuc OTP va ma PIN, bao v¢ truy cap tu nhiéu thiét bi, cung vdi co ché m3 hoa dit liéu va
mat khau cip hai giup nguoi dung trao d6i thong tin trén khong gian mang dugc an toan.
Huéng phat trién tiép theo trong tuong lai, nhom tac gia nghién clru cac phuong phap nhén
dién khu6n mat bao mat nhu cong nghé quet mong mat dong thoi tich hgp thém Al phat hién
va ngan chin binh lun tiéu cuc va t6i wu hoa dé xuit bai viét.
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ABSTRACT

SERCURITY METHOD FOR MINI SOCIAL NETWORK

Pham Dinh Van?, Nhieu Hong Phuct, Nguyen Nhu Quang Tung*
Tran Thi Van Anh?, Dinh Thi Man'*
'Ho Chi Minh City University of Industry and Trade
“Email: mandt@huit.edu.vn

The use of social networks for users today still has many risks of insecurity because of
not paying attention to security policies, accounts are vulnerable to attacks, and user profiles
have not been optimized. In this article, the authors present a method of building a miniature
social network application on multiple platforms (Web, Mobile) in addition to the common
features of a social network such as posting articles, commenting, messaging, etc. The
application is integrated with security features including setting up user authentication modes
when logging in: using deep learning networks to identify and authenticate, logging in via
OTP code, and PIN code; warning when logging in from two or more devices; managing user
accounts with private or public options to help users exchange information on social networks
safely. In addition, user profile management is optimized through the function of creating
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personal Portfolios with different interface options. The research results contribute to creating
a safe social network communication environment, secure information, and effective profile
management.
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Vo Ngoc Nguyen Chu’o’ng Tréan Tri Cuong?, Pham Vi Lu’o’ng Bing!,
Tran Vinh Hién?, P Quang Vinh!, Tran Vin Thol
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TOM TAT

B&i canh cac bénh lién quan dén dinh dudng ngay cang gia ting doi hoi cac giai phap
quan ly ché d6 an udng hiéu qua va ca nhan héa. Nghién ctiru nay trinh bay viéc phat trién va
danh gia hé thong quan 1y dinh dudng théng minh SmartMeal, mot tng dung di dong da nén
tang nham hd tro nguoi dung xay dung va duy tri 16i sng lanh manh. Hé thdng tich hop cac
cdng nghé Tri tué Nhan tao tién tién: Hoc ting cuong (RL) véi thuat toan Proximal Policy
Optimization (PPO) két hop Neural Collaborative Filtering (NCF) dé dua ra goi y thuc don da
budc, ca nhan hoa va thich nghi dong; cac md hinh hoc sdu (ResNet, YOLO, Segment
Anything Model - SAM) cho phép nhan dién moén an, ude lugng calo tir hinh anh vaéi d@o chinh
X4C cao; cung mot Chatbot tu van dinh dudng théng minh dya trén k§y thuat Retrieval-
Augmented Generation (RAG) va tich hop Function Calling dé cung cip cé4c thong tin déng
tin cay c6 ngir canh gidp truy xuat dir liéu ca nhan va thong tin dinh dudng chi tiét. Hé thong
duoc trién khai trén nén tang Flutter, mang lai trai nghiém nguoi dang truc quan va lién mach.
Két qua thuc nghiém cho thay hé thdng dat hiéu qua cao trong viéc goi ¥ (NDCG@3 = 0.9-
1.0), nhan dién thyc pham (d6 chinh x4c ResNet 85%), wdc lugng calo (sai s6 trung binh =~
20%) va tra 10i cau hoi dinh dudng (d6 chinh xac RAG 85%). Mac di con mét sé han ché vé
t6i wu phan thuéng trong md hinh hoc ting cudng va su phu thugc vao chét luong dit liéu,
SmartMeal chitng minh tiém ning 16n trong viéc cai thién sirc khoe cong dong théng qua quan
1y dinh dudng cé nhan héa va théng minh.

Tir khéa: Quan 1y dinh dudng, Hoc tang cuong, PPO, Nhan dién hinh anh, Udc lugng
calo, Chatbot RAG, Ca nhan héa.

1. MO PAU

Trong ky nguyén so, sac khoe va dinh dudng tro thanh méi quan tim hang dau cua xa
hoi. Ty 1é mac cac bénh mén tinh khong 1y lién quan dén ché d6 n udng nhu béo phi, tiéu
duong, tim mach dang gia ting ddng bao dong trén toan cau va tai Viét Nam [1]. Viéc xay
dung mot ché do an uong khoa hoc, phu hop vai thé trang, muc tiéu sirc khoe va sé thich ca
nhén 1 cyc ky quan trong nhung ciing day thach thie déi véi nhidu nguoi do thiéu kién thic,
thoi gian hozc cong cu hd tro hiéu qua.

Céc hé thng goi y thuc phdm hién c6 thuong dua trén cac phuong phép loc cong tac
(CF) hoic dya trén noi dung truyén thdng [2]. Tuy nhién, nhiing phwong phap nay thuong
mang tinh tinh, khé thich Gng véi su thay ddi dong vé nhu cau dinh dudng, muc tiéu sic khoe
(giam can, tang co), tinh trang di ung hay s¢ thich cua nguoi dung theo thoi gian. So véi céc
ing dung hién c6 nhu MyFitnessPal, Yazio hay FatSecret — vn cha yéu dua trén nhap liéu
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thi céng va cac cong cu phan tich tinh — SmartMeal ndi bat nhd kha ning ca nhan hoa dong,
tich hop da moé hinh Al va ty dong phan tich bira an tir hinh anh. Vi dy, MyFitnessPal cung
cip co sé dit liéu thuc phim phong phu, nhung thiéu kha ning goi y thuc don dya trén muc
tiéu sirc khoe hoac lich st twong tac. Yazio tap trung vao theo ddi lwong calo nhung khong hd
trg phan tich hinh anh hozc di thoai theo ngir canh nhur Chatbot SmartMeal. Sy két hop cac
cdng ngh¢ hoc tang cuong va Chatbot RAG cuia SmartMeal gitip vuot xa nhitng giéi han truyén
théng cua cac tng dung nay. SmartMeal mang lai nhimg uu diém ndi bat hon nhu cac wng
dung truyén thong & trén chu yéu tap trung vao ghi nhat ky dinh dudng tha cong (dé sai sot va
tén thoi gian), cung cip co sé di liéu thuc pham 16n nhung kha ning goi ¥ thuc don ¢4 nhan
hoéa sau sic, thich tmg dong theo thoi gian thuc va kha ning phan tich bita an tir hinh anh con
han ché hoic khong c6. Chiing ciing thuong thiéu kha ning danh gia chét luong dinh dudng
cua thuc pham va dic biét 1a thiéu kha ning cung cap tu van dinh dudng dang tin cay, ¢ ngit
canh ma thuong chi dua trén cac cau tra loi ¢b dinh hoac khéng ¢ kha nang di thoai tu nhién.

Dé giai quyét nhitng han ché nay, nghién ctru nay dé xuat xay dung hé thong quan ly dinh
dudng thdng minh mang tén SmartMeal. Muyc tiéu ciia hé thong 1a cung cap mot giai phap toan
dién, tich hop: (1) Hé thng goi ¥ thuc don ¢ nhan hoéa sir dung hoc ting cuong (PPO) va loc
cong tac no-ron (NCF); (2) Kha niang nhan dién thuc pham, wéc luong calo chinh xac tu hinh
anh bang cac md hinh Hoc sau (ResNet, YOLO, SAM); (3) Chatbot tu van dinh dudng thong
minh dua trén Retrieval-Augmented Generation (RAG) st dung md hinh Gemini va tich hop
Function Calling dé tra 1oi cac cau hoi mot cach dang tin cay, co ngir canh, truy cap di licu
lich sir an udng va thdng tin sirc khoe cé nhén, cling nhu cung cap thong tin dinh dudng chi
tiét thong qua truy van co sé dit liéu; (4) Trién khai cac mo hinh trén g dung di dong Flutter.
Nghién ctru nay dong gop vao viéc ung dung cac ky thuat Al tién tién dé tao ra mot cong cu
hd tro dinh dudng hiéu qua, gop phan nang cao sirc khoe ca nhan va cong dong.

2. PHUONG PHAP NGHIEN CUU

Hé théng SmartMeal duoc thiét ké vai kién tric client-server, trong d6 tng dung di dong
Flutter dong vai tro giao dién nguoi dung (client) va cac mo hinh Al dugc xu ly tai backend
Flask.

2.1. M6 hinh gei y thwc phdm ca nhan héa (PPO + NCF)

Qua trinh goi ¥ dwge md hinh hoa nhu mot Quy trinh Quyét dinh Markov (MDP) va toi
uu hoa bang hoc tang cuong (RL) véi thuat toan Proximal Policy Optimization (PPO) [3, 4],
mot phuong phap Actor-Critic hiéu qua va on dinh.

Trang thai (State): Biéu dién bang céc vector da chiéu két hop nhiéu thong tin nhu thong
tin twong tac nguoi dung - moén an (lay tir NCF), s¢ thich dong (muc tiéu calo, protein, bira an
hién tai), va lich s goi y (stir dung co ché Cross-Attention [5] dé nam bat sy da dang).

Hanh dong (Action): Chon mot moén an tir danh sach tmg vién (da duoc loc so bo dé giam
khong gian hanh dong).

Phan thuong (Reward): Ham phan thuong duoc thiét ké dé can bang nhiéu yéu to:

+ PreferenceScore: Mirc d6 pht hop véi s¢ thich ngudi dung, du doan bsi mo hinh Neural
Collaborative Filtering (NCF) [6] dugc huan luyén trén dix liéu lich st danh gia. NCF st dung
kién truc ket hgp GMF va MLP dé hoc cac tuong tac phi tuyen.

+ NutritionScore: Murc d6 dap ing muc tiéu dinh dudng (calo, macro-nutrients).
+ DiversityScore: Khuyén khich sy da dang, phat néu goi ¥ mén an 13p lai gan day.

~ + UserFeedback (RLHF): Trong s6 phan thuéng dwoc diéu chinh dya trén dénh gia tryc
tiép (1-5 sao) cuia nguoi dung doi vai goi y [7].
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Chinh sach (Policy) va Ham gia tri (Value Function): Dugc Xap Xi béi cac mang no-ron
sau (Deep RL) va cap nhat bang thuat todn PPO vaéi co ché clipping dé dam bao huan luyén
6n dinh.
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» inference o> Back-propagation
Hinh 1. Kién tric téng quan cua hé thong goi y thuc pham
2.2. M6 hinh phan tich hinh anh thwc phim (ResNet, YOLO, SAM)

Dé hd tro theo ddi dinh dudng tu dong va dam bao chat lwong thuc pham:

Nhan dién moén an: Str dung mo hinh ResNet-50 [8] dugc huan Iuyén trudce trén ImageNet
va tinh chinh (fine-tuned) trén tap di liéu hinh anh thuc pham (bao gom moén an Viét Nam va
cac dir liéu cong khai [9, 10]) dé phan loai moén an hoac cac nguyén liéu thyc pham dua trén
c4c dic trung hinh anh nhu mau séic, két cdu cia mon in do.

Phat hién va Phan doan: Md hinh YOLOV12 [11, 12] dwoc dung dé phat hién vi tri cac
dbi tugng thuc pham trong anh. Sau d6, Segment Anything Model (SAM) [13] thuc hién phén
doan chinh xac timg dbi tuong dua trén bounding box tir YOLO.

Udc lugng Calo: Dién tich pixel caa ting phan thuc pham (tir SAM) duoc chuyén doi
sang dién tich thyc té dua trén mot vat thé tham chiéu c6 kich thuéc chuan (vi du: thé CMND)
trong anh. Trong lugng dugc udc tinh dya trén dién tich va dix liéu tham chiéu trong co s¢ dir
liéu mon an. Calo va cac chit dinh dudng khac duoc tinh toan dya trén trong luong wéce tinh
va thong tin dinh dudng/100g tir co sé dir liéu.
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Hinh 2. So d6 nhan dang hinh anh va u6c lugng calo ciia mén an
2.3. Chatbot tw vin dinh duéng (RAG)

Dé cung cap thdng tin dinh dudng dang tin cay va tra 1i cAu hoi ngudi dung:

Kién tric RAG [14]: Két hop mé hinh truy xuét (Retriever) va md hinh sinh vin ban
(Generator) ket hop véi tinh nang Function Calling [15]. Dieu nay cho phép md hinh ngon
ngir khong chi sinh van ban dya trén ngit canh dugc truy xuat ma con goi cac ham (functions)
bén ngoai dé thuc hién cac tac vu cu thé hoac truy cap dir li¢u dong.

Co so tri thae (Knowledge Base): Bao gom: (1) Dir liéu hoi - dap (Q&A) dinh dudng;
(2) Tai liéu chuyén sau (file .docx gi&o trinh vé dinh dudng [16]); (3) Co s dit liéu mon an
(thanh phan, dinh dudng trich xuét tir file .pdf vé thanh phan dinh dudng cua cac mon an [17]).

X ly dir liéu: Vian ban tir co sé tri thie duoc chia nho (chunking) thanh cac doan ngan
¢6 nghia. Cac doan vin ban nay duoc vector hda bang mé hinh embedding tiéng Viét chuyén
biét (sir dung Sentence Transformer [Vietnamese Embedding]) dé tao ra biéu dién vector. Cac
vector nay dugc luu trir trong co so dit ligu vector (sir dung Weaviate) véi chi muc HNSW
(Hierarchical Navigable Small Worlds) dé truy van nhanh.

Truy xuét (Retrieval): Khi nguoi dung dat cau hoi, cau hoi dé ciing duoc vector hda. Hé
thdng thuc hién tim kiém cac doan vin ban ¢6 biéu dién vector twong ddng nhét véi cau hoi
trong co sé di liéu vector (st dung Hybrid Search két hop tim kiém ngit nghia va tir khoa) dé
ldy ra cac doan ngit canh (context) lién quan nhat.

Sinh vin ban (Generation): Cac doan ngit canh sau khi truy xuat s& duoc két hop voi cau
hoi gdc ciia nguoi ding va mét prompt huéng dan vai tro (vi du: "Ban 1a mot chuyén gia dinh
dudng. Hay tra loi cau hoi sau dya trén théng tin duoc cung cép...") dugc dua vao mot mo
hinh ngdn ngit I6n (LLM). Trong nghién cttu nay, nhom sir dung md hinh Gemini Pro (Google)
Iam thanh phan sinh vin ban cua kién tric RAG. Viéc lya chon Gemini duoc dya trén céc yeu
t6: (1) kha nang hiéu va sinh ngdn ngir tiéng Viét vuot troi so voi GPT-3.5 hay Mistral, (2) toc
d6 phan hdi thap khi tich hop API, va (3) kha ning tuong thich tét véi chirc niang Function
Calling va truy van dit liéu dong trong hé thng thuc té. LLM s& sinh ra cau tra 10i bang tiéng
Viét, bam sat thong tin di truy xudt, dam bao tinh chinh xac va ngir canh.
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Hinh 3. Tong quan hé théng Chatbot dinh dudng véi ki thuat RAG

3. KET QUA VA THAO LUAN

Pé danh gia hiéu qua cua hé théng SmartMeal, nhdm nghién ctu tién hanh cac thir
nghiém thuc nghiém dua trén bén tiéu chi chinh: (1) hiéu suét goi y thuc don; (2) d6 chinh xéac
ctia md hinh nhan dién va phan tich hinh anh thyc pham; (3) kha niang tu van dinh dudng cia
Chatbot RAG; va (4) danh gia trai nghiém nguoi dung thong qua giao dién tng dung. Cac tiéu
chi danh gia nay duoc lua chon dua trén cac chuan muc pho bién trong cac linh vyc hé thdng
goi ¥ (NDCG, Mean Reward), thi gidc may tinh (46 chinh xac phan loai, sai sé u6c lwong calo,
d6 chinh xac phét hién/phan doan), va xir ly ngén ngit tu nhién (d6 chinh xac trich xuat cac
thdng tin lién quan téi cau hoi, do chinh xéac cua cau tra 1oi, thoi gian phan hoi).

3.1. Hiéu suit goi y thwe don ca nhan héa (PPO + NCF)

Hé théng goi y duoc danh gia thong qua chi sé Normalized Discounted Cumulative Gain
[18] (NDCG@3), chi s6 nay sé& cho thiy két qua trong viéc xép hang cac mén an phii hop Voi
tirng loai ngudi ding va moén dn & ngit canh tinh. Cy thé:

NDCG@3 dao dong trong khoang 0.896 dén 1. 000, chung to chét luong goi y thuc pham
cho cac ngit canh tinh rat cao. NDCG@K la mét chi s6 do luong chat luong xép hang cua mot
danh sach goi ¥, c6 tinh dén vi tri caa cac myc phi hop trong danh sach (muc pha hop & vi tri
cao hon c6 trong s6 Ién hon).

Mean Reward thu dugc sau huin luyén PPO dat muc 0.50. Mean Reward 1 gia tri trung
binh ctua ham phan thuong dugc tinh toan sau mdi budc twong tac trong qua trinh huan luyén
RL, phan anh mtrc do t6i wu hoa trung binh ma thuat toan PPO dat dugc trong viéc can béng
cac yeu t6 cuia ham phan thuéng (sé thich, dinh dudng, da dang, phan hoi nguoi dung). Két
qua nay phan anh su cai thién dang ké trong kha ning can bang giita cac yéu to nhu sé thich
ngudi dung, gia tri dinh dudng va sy da dang thuc don.

~ Mot thach thirc con ton tai 1a d¢ léch trong viéc dap (mg chinh x4c lugng calo mong
muon, vai sai Iéch trung binh vao khoang 421 kcal, chu yéu dén tir sy udc lugng chua hoan
hao trong module phén tich hinh anh.
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3.2. Nhan dién va phan tich hinh anh thuc phim

Kha nang nhan dién va phan tich dinh dudng tir hinh anh thuc pham dugc kiém tra bang
cac md hinh hoc sau va danh gia qua do chinh xac:

ResNet-50 dat d6 chinh xac 85% trong nhan dién tn mon an tir anh. DY chinh xac nay
duoc tinh todn trén mot tap dir ligu thir nghiém riéng gom cac hinh anh moén an da dugc gan
nhén chinh xac.

YOLOV12 phét hién vi tri thyc pham dat d6 chinh xac 70% trong céac birc anh thyc té,
bao gom nhiéu nén va anh sang khac nhau. D¢ chinh xac phat hién (Precision) dugc tinh dya
trén ty 1¢ cac bounding box dugc phat hién ding so vai tong sd bounding box dugc mé hinh
du doan trén tap dir liéu thir nghiém anh thuc té.

~ Segment Anything Model (SAM)’két_thp cung YOLO cho phép phan doan chinh xac
doi tugng, ho trg tinh dién tich twong doi dé ude lugng trong luong va calo.

Sai $6 trung binh trong wéc lugng calo dat khoang +20%, & muc c6 the chap nhan dugc
cho céc tng dung khéng chuyén sau y te.

3.3. Chatbot tw vin dinh duong (RAG)

Panh gia duoc thuc hién bing RAGAS, két hop céc chi s6 nhu tinh trung thyc, mirc do
lién quan cua cau tra loi va ngir canh, cung vai danh gia thu cdng boi chuyén gia dinh dudng.

Do chinh xéc tong thé dat 85% trén cac metric chinh cia RAGAS trong céc cau hoi lién
quan dén nhu cau 4n udng, twong tic dinh dudng va tinh trang siic khoe ca nhan. Két qua nay
phan anh kha ning cua Chatbot trong viéc truy xuat thong tin pha hop tir co s tri thirc va sinh
ra cu tra loi dung dan dua trén ngit canh do.

Chatbot van gap han ché khi xu ly cac cau hoi dinh lugng phiic tap nhu so sanh chi tiét
dinh dudng hoc tinh toan nhiéu théng s, do mé hinh ngdn ngir khéng cd kha ning suy luan
s6 liéu chinh xé&c néu khong duoc hd tro boi cac ham Function Calling chuyén biét.

Chatbot hoat dong hiéu qua véi truy van mo ta thong thudng, nhung con han ché khi gap
cau hoi yéu cau tinh toan dinh lwong hodc suy luan sé liéu chinh xac do gisi han cua dir liéu
vian ban va kha nang prompt LLM. Thoi gian phan hoi trung binh dudi 2 gidy, phd hop voéi
yéu cau thoi gian thyc.

3.4. Panh gia giao dién va trai nghiém ngwoi dung

Ung dung SmartMeal dwoc trién khai bang Flutter, mang lai trai nghiém giao dién muot
ma, than thién va tuong thich da nén tang (Android, 10S). Panh gi4 so bo tir nhém ngudi ding
thir (n = 30) ghi nhan:

Ty Ié hai long tong thé dat 90% vé tinh d& sir dung, giao dién rd rang va toc do phan hdi.

Pa s6 nguoi dung bay té6 mong mudn st dung lau dai néu hé théng co thém tinh ning
theo ddi can ning hoic dong bo dir liéu tir thiét bi deo stc khoe. Trong qué trinh thir nghiém,
nhom nguoi ding nay bao gom chi yéu 1a sinh vién va nhan vién van phong c6 quan tim dén
viéc theo ddi va cai thién ché do an ubng. Nhém nguoi ding duge hudng dan céach sir dung
céc tinh nang chinh nhu tao hd so dinh dudng, dat myc tiéu, nhap liéu bira an (thu cong hoac
qua anh), va tuong tac voi Chatbot (bao gom ca viéc hoi vé lich Su an ubng cua ban than). Dir
liéu dAu vao cho hé thdng bao gom: (1) Hd so ngudi dung: tén, tudi, gidi tinh, can ning, chiéu
cao, muc tiéu sic khoe, théi quen van dong, mén an di wng, ché do an. (2) Hinh 4anh mén an:
chup tir camera dién thoai, yéu cau c6 vat thé chuan hoa (thé can cudc, thia, dia tiéu chuan).
(3) Cau hoi dinh dudng: nhap dudi dang tu nhién (vi du “T6i an 1 bat pho thi bao nhiéu calo?’).
Ngudi dung c6 thé tuong tac voi Chatbot hodc s dung chic ning goi ¥ thuc don theo tirng
bira. Lich str tvong tac/danh gia mon an (dugc thu thap trong qua trinh thir nghiém cho NCF),
hinh anh mén an (do ngudi dung chup va tai 1én cho module phén tich anh), va cac cau hoi vé
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dinh dudng (do ngudi dung dit cho Chatbot, bao gom cac cau hoi truy van lich sir ca nhan).
Hé thong SmartMeal dugc thiét ké dé hd tro nhiéu dbi tuong nguoi dung khac nhau véi cac
muc tiéu khac nhau (ngudi muén giam can, ting can, dn uéng lanh manh ndi chung) bang cach
cho phép tuy chinh muc tiéu dinh dudng trong hd so ca nhan. Tuy nhién, phan thir nghiém ban
dau tap trung vao viéc danh gia tinh nang cdt 16i. Ngudi dung thir cling da dua ra gop y vé viéc
1am rd hon quy trinh nhap liéu qua anh, bd sung huéng dan st dung cho ngudi ding c6 nhu
ciu dinh dudng dac biét (vi du: phu nir mang thai, ngudi dn chay, ngudi bi tiéu duong), va lam
ré nguon dir liéu/co s khoa hoc cho cac khuyén nghi dinh dudng.

Céc chi sb trong Bang 1 duoc lya chon duya trén thdng 1¢ danh gia trong timg linh vyc:
(1) NDCG@3: danh gia do phu hop cua top 3 thyc don goi y v6i so thich nguorl ding. (2) Sai
s6 wéc lugng calo: do mirc chénh léch so vai gid tri chuan. (3) RAGAS: danh gia do chinh xac
ctia Chatbot trong truy xuat ngir canh va sinh cau tra 1oi. (4) Ty 1& hai long ngudi ding: dénh
gia cam nhan qua khao sat dinh tinh tir nguoi dung thi.

Duéi day 1a bang tong hop két qua thyc nghiém cac module trong hé théng SmartMeal,
bao gom céc chi s6 danh gia da duoc thao luan chi tiét & trén:

Bang 1. Tong hop két qua thuc nghiém cac module trong hé théng SmartMeal

C K arn g Két qua .
Module Chi so danh gia dat duoc Ghichu
Goi y thuc don (PPO + 0.896 - I -
NCF) NDCG@3 1,000 Chat luong goi y cao trong top 3
Mean Reward sau Phan anh kha ning can bang muc
£ N 0.50 .
huan luyén PPO tiéu
Sai léch calo trung ~421 Can t6i uu thém trong ude luong
binh (kcal) kcal anh
Nhan dién moén an | Ty I& chinh x&c phan Péanh gia trén tap dir liéu thuc
S, 85% 2
(ResNet-50) loai moén an pham
Phat hién thuc pham | Ty I¢ chinh xé&c phat 0% Panh gia trén anh thuc té da
(YOLOV12) hign bounding box 0 dang diéu kién
Phéan doan thyc pham K\ha n? e phz,m do?n Panh gia dya trén mask phén
hinh anh chinh xac Cao X . L
(SAM) £ doan, ho trg wde luong dién tich
tuong doi
Udc luong calo (SAM | Sai sé trung binh uéc L20% So sénh véi gia tri thuc té, s
+YOLO) luong calo =V dung vat thé tham chiéu
Chatbot tu van dinh v 16 chinh  xéc Panh gia bang framework
dusng (RAG + | L € 85% RAGAS. Gisi han véi cau hoi
. RAGAS . ,
Functions) dinh luong phic tap.
Thoi gian phan hoi <2 qi Dap wng yéu ciu thoi gian thuc
trung binh 918Y" | (c6 thé tang nhe khi goi ham)
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Ty I¢ hai long tong thé 90% nghiém vé tinh dé sir dung, giao
dién, toc do.

Trai nghiém nguoi
dung (Flutter)

4. KET LUAN

Nghién ctu nay da phat trién thanh cdng mot hé thong quan 1y dinh dudng théng minh
tich hop nhiéu cong nghé tri tué nhan tao hién dai, bao gém hoc ting cuong (Proximal Policy
Optimization - PPO), loc cong tac than kinh (Neural Collaborative Filtering - NCF), cac mo
hinh hoc sau cho phan tich hinh anh (ResNet, YOLO, Segment Anything Model - SAM) va
Chatbot tu van dinh dudng dua trén Retrieval-Augmented Generation (RAG). Thang qua viec
thiét ké hé théng goi ¥ da bude va tuong tac, ung dung SmartMeal khong chi cung cap thuc
don ca nhan hoa phu hop véi so thich, nhu cau va muc tiéu sirc khoe cia nguoi ding, ma con
hd trg nhan dién thuc pham, u6c lwong calo chinh xac tir hinh anh thyc té va dua ra tu van
dinh dudng theo ngit canh mét céch linh hoat.

Cac két qua thuc nghiém da minh chung hiéu qua cua hé thong trén nhiéu khia canh: do
chinh x&c cao trong goi y (NDCG@3 = 0.9-1.0), kha nang nhan dién mon an dat 85% (ResNet),
va do chinh xéc khi tra 16i cua Chatbot dat 85%. Qua trinh phat trién ciing gap mot sb thach
thirc k§ thuat thyc té, bao gom viéc thu thap va gan nhan dit liéu da dang va sé luong Ién cho
cac hinh anh (dac biét la cAc anh mon an va cac dit liéu dinh dudng cua moén an Viét Nam),
t6i ru ham phan thudng phuc tap trong RL dé can bang cac yéu té muc tiéu mot cach hiéu qua,
va tinh chinh mé hinh ngén ngit cho Chatbot sao cho xir 1y tt hon cac cau hoi dinh lwong va
duy tri ngir canh dai.

Nhitng két qua va kinh nghiém thu duoc khing dinh tiém ning ctia SmartMeal trong viéc
g6p phan cai thién suc khoe cong dong théng qua ca nhan hoa ché do an udng bang cong nghé
Al va thé hién wu thé vuot troi trong cac tinh ning dwa trén Al (goi ¥ dong, phan tich anh, tu
van ngit canh/truy xuét dir liéu ca nhan) so véi cac ing dung quan 1y dinh dudng truyén théng
cha yéu dya vao nhap liéu thu cong va co sé dit liéu tinh.

Mot s6 thach thie ki thuat khi trién khai hé thong bao gom: (1) Viéc thu thap dit liéu
moén &n Viét Nam véi nhéan day du 1a khé khan do thiéu tap dit liéu cong khai, doi hoi xir ly
tha cong. (2) Sai s trong viéc udce luong calo tir anh chiu anh huong boi chit lugng anh, goc
chup, anh séng, va vat thé tham chiéu. (3) Chatbot RAG gip han ché trong céc truy van can
suy luan dinh luong sau (vi du: so sénh chi tiét vi chat dinh dudng), do cac mé hinh ngdn ngi
hién tai chua thé xir Iy phép tinh s6 hoc phirc tap néu khong c6 hd tro tir cac ham ngoai.

Trong tuong lai, nghién ctiu sé& tap trung vao ba huéng phét trién chinh nham nang cao
hiéu qua va kha ning mé rong cua hé thdng:

Toi wu héa kj thugt: Nang cao chat lugng phan thuong trong mo hinh PPO thong qua ky
thuat Inverse Reinforcement Learning (IRL) de hoc phan thuéng tir hanh vi 1y tuéng thay vi
thiét ké thu cong. Ap dung cac mé hinh tién tién nhu Vision Transformer (ViT) cho nhan di¢n
hinh anh va Soft Actor-Critic (SAC) dé cai thién d6 6n dinh trong hoc ting cuong. Nghién ciu
huan luyén embedding chuyén biét dé cai thién d6 chinh xac truy xuit va sinh vin ban trong
Chatbot RAG.

Mo réng dir liéu va pham vi #ng dung: Thu thap va mé rong tap dir liéu mon an Viét
Nam, két hop ca mon in duong phé va thuc don dic biét theo viing mién. Tich hop dix liéu tir
cac thiét bi deo tay (wearables) dé theo ddi lugng tiéu hao calo va diéu chinh thuc don phu
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hop. Phét trién phién ban da ngdn ngir (tiéng Anh, Han, Nhat...) dé mé rong pham vi ngudi
diing toan cau.

Tang cwong trdi nghiém va gia tri nguoi dung: Tich hgp tinh nang goi y theo ngéan sach
tai chinh, thoi gian ché bién, hoac tinh trang nguyén liéu sin c6 trong nha bép. Thém kha nang
tu hoc (self-learning) cuia Chatbot tir phan hoi nguoi dung, qua do cai thién trai nghiém hoi
thoai va do tin cay theo thoi gian. Két néi hé thong véi cong dong dinh dudng, chuyén gia sirc
khoe dé cung cap tu van ca nhan hoa sau hon.

Trong céc phién ban ma rong, hé thdng cé thé bd sung cac ché do an dac biét nhu: ché
d6 an cho phu nit mang thai, nguoi dn chay, hoac bénh nhan tiéu duong. Mdi ché do s& duoc
ca nhan hda dwa trén hd so nguoi dung va khuyén nghi tir chuyén gia, giup ting do chinh xac
va ting dung thuc tién cua hé thong.
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ABSTRACT
SMART NUTRITION MANAGEMENT SYSTEM

Authors: Vo Ngoc Nguyen Chuong?, Tran Tri Cuong?, Pham Vu Luong Bang?,
Tran Vinh Hien!, Do Quang Vinh?, Tran Van Tho'”

'Ho Chi Minh City University of Industry and Trade; 140 Le Trong Tan, Tay Thanh Ward,
Tan Phu District, Ho Chi Minh City
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The increasing prevalence of nutrition-related diseases demands effective and
personalized dietary management solutions. This study presents the development and
evaluation of SmartMeal, an intelligent nutrition management system - a cross-platform
mobile application designed to support users in building and maintaining a healthy lifestyle.
The system integrates advanced Artificial Intelligence technologies: Reinforcement Learning
(RL) using the Proximal Policy Optimization (PPO) algorithm combined with Neural
Collaborative Filtering (NCF) to provide multi-step, personalized, and dynamically adaptive
meal recommendations; Deep Learning models (ResNet, YOLO, Segment Anything Model -
SAM) to accurately recognize dishes and estimate calories from images; and an intelligent
nutrition advisory Chatbot based on Retrieval-Augmented Generation (RAG) technology to
deliver reliable information. The system is implemented on the Flutter platform, offering an
intuitive and seamless user experience. Experimental results demonstrate high performance in
recommendation (NDCG@3 ~ 0.9-1.0), food recognition (ResNet accuracy 85%), calorie
estimation (mean error =~ 20%), and nutritional question answering (RAG accuracy 85%).
Despite some limitations in RL reward optimization and data quality dependency, SmartMeal
shows great potential in enhancing public health through intelligent and personalized nutrition
management.

Keywords: Nutrition management, Reinforcement Learning, PPO, Image recognition,
Calorie estimation, RAG Chatbot, Personalization.
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