Tuan 4 - Hé thong phan loai message HAM va

SPAM

Time-Series Team

Ngay 2 thang 8 nam 2025

Du an Hé théng phan loai message HAM va SPAM bao gom hai noi dung chinh:

e Phan I: Mé hinh phdn logi tin nhdn Ham va Spam phién bdn md rong

e Phan II: Streamlit

Muc luc
I. M6 hinh phan loai tin nhim Ham v& Spam phién ban md réng
1 No6i dung bai toan
2 Data augmentation
2.1 Pat vAn dé . . ...
2.2 Giai phap: Data Augmentation . . . . . . . . . ...
3 Truy Van FAISS: IndexFlatIP
4 Explainable AI: Masking-based saliency heat map
5 M6 hinh BERT
5.1 Ngit canh trong Text va vai tro trong NLP . . . .. .. ... ... .. ... ..
52 BERT 1A gi? . . . . . e e e
5.3 Kién tric BERT . . . . . . . . . .
531 MaHéaDau VAo . . . . . ..
5.3.2 Transformer Encoder . . . . . . . . . ... Lo
5.3.3 Lép Phan Loai . . . . . . . . .
6 KNN with Weight Voting
6.1 Khung Phan loai Trong s6 Dé xudt . . . . . . . . . . . ... ...
6.2 Cong thitc COt 10T . . . . o oo
6.3 Quyét dinh Phan loai Cudi cling . . . . . . . . . . .
6.4 Nén tang Toan hoc va Chttng minh Ly thuyét . . . . . . .. .. ... ... ........
6.4.1 Thanh phan Inverse Class Frequency (ICF) . . . . ... ... ... ... .....
6.4.2 Trong s6 Khodng cach dua trén Similarity . . . . . . .. ... ... ... .....
6.4.3 Trong s6 Noi dung dua trén Saliency . . . . . . . . . .. .o
6.4.4 Két hop Loi va Tham s6 CAn bang . . . . . . . . . oo oot
6.5 Phan tich Ly thuyét: Tai sao Cong thitc nay Hop ly . . . . . .. .. ... ... .....
6.5.1 Phén tich Hiéu chinh Bias . . . . . .. .. ... ... ... ... ...
6.5.2 T6i wu héa Ly thuyét Thong tin . . . . . . .. ... ... .
6.5.3 Phéan tich Minimax Risk . . . . . . . . . . ... ..
6.5.4 Phan tich Consistency . . . . . . . . . .
6.6 K&t Iuln . . . . . . . . e

13

13

14
14
15
15
15
16
18



Al VIETNAM aivietnam.edu.vn

7 Semi-supervised dé phan loai sub-category ctia spam 27
7.1 Van dé "Spam” khong chi 1a "Spam?” . . . . . .. ... 27
7.2 Phan tich cdc phuong phap phan loai sub-category . . . . . . . .. ... ... ... ... 27
7.3 Phuong phap Semi-supervised sub-category cia spam . . . . . . . ... ... ... .. 28



Al VIETNAM aivietnam.edu.vn

I. M6 hinh phan loai tin nhim Ham vA Spam phién ban mé rong
1. M6 ta bai toan

Trong thoi dai sd biing nd nhu hién nay, méi ngudi dung Internet déu phai tiép nhén hang tram, tham
chi hang ngan tin nhan dién ti mdi tuan. Tuy nhién, khéng phai tin nhan nao ciing dang tin cdy. Bén
canh nhitng email hitu ich phuc vu cong viéc va ddi séng (goi 1& ham), ngay cang nhiéu email réac
(spam) xuat hién véi noi dung ngdy cang tinh vi, an du, va khé phdan biét.

Khéng chi dimg lai & cic quang cdo thong thudng, nhiéu tin nhén spam gia mao ct phip ciia email
hop 18, stt dung ngén tir tin ciy, danh vao tam ly ngudi dung dé lia dio, danh cap dit liéu hoic
truc lgi tai chinh. Piéu nay dit ra thach thic 16n cho mo6 hinh hoc mdy, khi can phan biét ranh giéi
md nhat gitta spam va ham, dic biét trong bdi canh ma email hgp 1& d6i khi ciing chita nhitng
tir khéa nhay cam dé bi nham lan véi spam. Dé gidi quyét van dé nay, nhém minh sit dung SMS
Spam Collection Dataset cing ky thudt data augmentation dé gidm mét can bang di liéu va gitp mo
hinh khai quét héa céc tit miéu ta tin nhin spam t6t hon.

Email Spam la gi?

Email spam 14 nhitng email khéng mong mudn, thudng dugce giti hang loat véi muc dich quang
c40, lita ddo, hoac lan truyén noi dung ddc hai. Ngudi ding khéng chii déng dang ky nhan nhiing
email nay.

Vi du (Spam Email):
e “Win a brand new iPhone today! Just click this link to claim!”

o “You’ve been selected for a $1000 Walmart gift card!”

o “Invest in crypto now and double your money overnight!”

o (C6 tir khoa gay kich thich: free, urgent, claim now, winner...
e Chtra link rat gon, domain la
« Co6 nhiéu 16i chinh t4, viét hoa bat thudsng

e No6i dung hai hgt, phi logic

Email Ham la gi?

Email ham 14 nhitng email hgp 18, dude giii tit ngudn tin ciy nhu ban be, ddng nghiép, trudng
hoc, ngan hang,... va thuong cé noéi dung cu thé, lién quan truc tiép dén ngudi nhan.

Vi du (Ham Email):
e “Hi John, just a reminder that your doctor’s appointment is at 3PM today.”
o “Your monthly salary has been transferred to your account.”

e “Please review the attached report before the meeting tomorrow.”
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o Giii tit nguoi hoiic t6 chitc da biét

« Ngit diéu r6 rang, cu thé
« Khong c6 tit khéa du dé hay bat thuong

e Noi dung lién quan truc tiép dén ca nhan ngudi nhan

Céc linh vic dé bj nhim lan giita spam va ham

Trong nhitng nim gan day, su phét trién ctia cong nghé email marketing va cac hinh thic lita ddo truc
tuyén da dan dén su gia ting manh mé cta cic loai spam tinh vi — nhing tin nhin ric dugc thiét ké
can than dé vuot qua cdc bo loc tu dong. Chiing thuong st dung ngén ngit lich su, ci phép tu nhién nhu
email that, tham chi mo6 phéng cach viét clia email cong viéc hoac ca nhan.

Ciing ltic dé, ciing ton tai nhiéu email hgp 1& (ham) cé chita cdc tit khéa nhu “transfer”, “discount”,
“verify” von thudng xuat hién trong spam, khién hé théng nham lan. Nhitng trudng hop nhu vay duge
goi 1a hard ham — tiic 14 cdc email hgp phap nhung c6 dic diém gidng véi spam.

( )

Su md ranh gidi gitta ham va spam xuat phét tit hai phia:

e Ham c6é néi dung “gibng spam”: Cac email hop 1é chita tit ngit nhay cdm hoiic cé cu
tric giong cac email quang cdo, tai chinh, cdnh béo.

e Spam tinh vi “gid dang ham”: C4c email spam dudc viét khéo 1éo nhu thu cdm on, thong
béo bao mat, yéu cau hanh dong binh thudng — khién con ngudi cling cé thé bi danh lia.

- J

Vi vy, cdc mo6 hinh hoc may néu chi dua vao keyword hodc ki thudt phan loai don gidn nhu TF-IDF,
Naive Bayes,... sé khé dat hiéu qua cao. Thay vao d6, mo hinh can c6 kha ning hiéu sau ngit nghia,
két hop thong tin ngit canh, cii phap, va tham chi ca lich st ngudi giti dé dua ra du doan chinh xéc.

Duéi day 1a bang tong hop cdc nhém ndi dung dé giy nham 1an — xuét hién trong cd ham va spam tinh
vi, doi héi mo hinh phai rat tinh té méi phan biét duge:

Nhém ndi dung Vi du ndi dung D& nham vdéi
financial_phrases “Please confirm the $200 transfer from your | Scam / Phishing
account.”

“Your invoice for June is now available.”

promotion_phrases “Flash sale ends tonight — 30% off all items!” Spam quang cdo
“Exclusive discount for HUST students.”

lottery_phrases “You've been selected for a loyalty reward.” Spam qua tang /
“You may be eligible for a lucky draw.” Random Reward

scam_alert_phrases “Unusual login detected. Was this you?” Cénh béo gid / Gia
“A payment attempt was blocked on your card.” danh ngan hang

call_to_action_phrases “Act now to secure your spot in the seminar.” Spam ép budc /
“Verify your email to complete registration.” Confirmation bait
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social_engineering_phrases | “Mom, I need $150 for the hospital bill.” Lua ddo cam xic
“Can you transfer me some money? It’s urgent.” / Human-based
spam
obfuscated_phrases “Cllck h3re fOr fr33 bOnus” Spam mao danh /
“Claim your gift now!!!” Bypass filter

Céc nhém noi dung dé gy nham 1an gita spam va ham

Céc nodi dung trén c6 thé hop phap néu dén tit moét nguodn uy tin (vi du: ngan hang, hé théng truong
hoc, cong ty thuong mai dién tit). Tuy nhién, néu bi gid mao hodic viét bang cich ddnh lita vé mit cam
xtic va hanh vi, ching sé tréd thanh spam nguy hiém. Piéu nay doi héi cdc mé hinh phan loai hién dai
khong chi dimg & mic “biét keyword nao 13 xau”, ma phai hiéu théng diép téng thé va phan tich
toan b ciu tric théng tin trong email.

Do d6, trong project nay, muc tiéu nhém dat ra la xay dung mét md hinh hoc may khong chi phén loai
chinh xac gitta spam va ham, ma con c6 kha nang gidi thich ro rang ly do dy doan, mé rong va
dao sau vao cai tién ky thuat giip méy cé thé hiéu ng@ nghia hon. Piéu nay dic biét quan trong
trong céc hé théng chéng spam hién dai, gitip ngudi dung hiéu ré liéu mot email nén bi xda, xem qua
hay béo céo. Ngoai ra, nhém con huéng dén viéc méd rong phéan loai chi tiét trong nhém spam
(quang céo, hé théng, lita ddo, v.v...) nham ting trai nghiém va bdo mat cho ngudi ding.

Hé théng phan loai tin nhan spam/ham dugc thiét ké v6i co ché dau vio — dau ra nhu sau:

'a \

o Input: Mot chudi vin ban dau vao dai dién cho ndi dung ctia mét tin nhin (dang string).
Tin nhin nay c6 thé 1a email, tin SMS, hodc doan chat, bao gom ci cac trudng hop cé cau
tric bat thudng nhu: viét tit, 16i chinh ta, hodc st dung ky tu dic biét

o Output: Mot gia tri logic (dang bool) phan 4nh két qua phéan loai clia hé thong:

— True néu hé théng xac dinh tin nhin 14 spam.

— False néu tin nhan dugc phan loai 14 ham (hgp 18).
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1 No6i dung bai toan

Data
Augementation

Vector Database

Spam - Hé théng
Spam — Quing cio
Spam - Khac

e egv{ Classifier }—» SPAM/HAM
Sep—————NrrT @& =

Hinh 1: Enter Caption

Bai toan dit ra 1 xdy dung mot hé théng phéan loai tin nh&n thanh spam ho#ic ham khéng chi chinh
xac ma con c¢6 kha ning gidi thich dude. Vugt troi hon cic phuong phap truyén thong, hé thdng nay
két hop stic manh ctia cdc md hinh ngdén ngit 16n va kj thuit tim kiém tuwong dong, tao ra mot giai
phap dang tin cAy va minh bach. Hé thong dé xuat bao gom céc thanh phan chinh sau:

Data Augmentation:

« Van dé ton dong: Dit liéu huan luyén thudng thiéu da dang va mét cAn bang nghiém trong gitta
hai 16p spam va ham, lam gidm kha nang khai quat héa ctia mé hinh.

« Giai phap: St dung cc ky thuit ting cudng dit liéu dé cai thién do da dang va can bang dit
lidu.
— Synonym Replacement: Tao cic bién thé clia tin nhin bang céch thay thé tit dong nghia.
— Hard Ham Generation: Tao cic tin nhin ham khé cé dic diém gan gibng spam, budc mod
hinh phai hoc cic ranh giGi phan loai tinh vi hon.

Similarity Search (KNN-Classifier):

« VAn dé toén dong: Phuong phép bo phiéu da sb (majority vote) don gian trong KNN bd qua
mitc dd quan trong ciia ting hang xém, nén cic diém ”xa” nhung déng van cé thé ap dao nhimg
diém ”gan” va anh hudng sai léch dén két quéi phan loai.

o Giai phap: Khi c¢6 mot tin nhdn mdéi, hé théng tim kiém nhitng tin nhin tuong tu nhit. Quyét
dinh phén loai dugc dua ra bang Weighted KNN, stt dung d6 tuong dong (similarity score) lam
trong s6 dé uu tién cdc hang xém gan hon.
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Explainable AI (XAI) va Classifier:

« VAn dé tén dong: M6 hinh hoat dong nhu mét "hép den”, khé giai thich 1y do dwa ra du doan.
Kha nang giai thich thuong bi tach roi khéi qué trinh phan loai chinh.

e Giai phap: Tich hgp kha nang gidi thich vao 16i cia bo phén loai.
— Masking-based Saliency: Phuong phap nay xéc dinh cac tit khéa quan trong nhat trong tin
nhén. N6i truc quan thi tit ndo quan trong trong quyét dinh spam hon sé duge to6 dam hon.

— Phdn loai cé tich hgp Saliency: Bo phan loai stt dung mot tham s6 ‘alpha‘ dé diéu chinh mitc
dd 4nh hudng cia diém ndi bat (saliency score) vao cong thitc phan loai cubi ciing, gitp két
qué chinh xac hon va c6 thé giai thich dugc.

PAu ra cudi ciing: DPau ra cho mdi cau gobm thong tin du dodn va chi sé gidi thich cho du dodn dé,
gitp ngudi ding hiéu 6 quyét dinh ciia mo6 hinh. Cau tric dau ra bao gom:

« L6p du doan: Tin nhan duge gan nhan du dodn cubi cting (SPAM hoic HAM) dua trén két qua
phén loai.

« Saliency Weight: Gia tri thé hién mtic do anh hudng ciia cac tit khéa quan trong trong tin nhan
dén quyét dinh phan loai cudi ciing. N6 duge tinh todn bang cich két hgp diém ndi bat (saliency
score). Tham s6 « 13 tham s6 diéu chinh, quyét dinh mtc do wu tién ctia diém saliency so véi do
tuong dong tong thé cta tin nhin.

« Vote Scores: Hé¢ thoéng hién thi diém s6 bé phiéu cho méi 16p (Ham va Spam). Du doan cudi
cling sé 14 16p ¢6 diém s cao nhat.

« Spam Subcategory: Néu tin nhin dugc phan loai 13 SPAM, hé théng tiép tuc phéan tich dé xéc
dinh tiéu muc spam cu thé (vi du: spam_ quangcao, spam,__hethong).

o Co sd giai thich (Top neighbors): Hé thong liét ké mot s6 hang xém gan nhat trong co sd dit
liéu vector. Moi neighbors bao gom:
— Nhdn (Label): Nhan ctia tin nhin gbc (ham hogc spam).

— D¢ tuong dong (Similarity): Gia tri thé hién mitc d6 tuong ddng gifta tin nhin dau vao va
hang xém.

— Ngi dung (Message): Noi dung ctia tin nhin hang xém.
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2 Data augmentation

2.1 Dat van dé

Trong hé théng phan loai tin nhan spam/ham sit dung mé hinh embedding multilingual-e5-base két
hop FAISS + kNN, pipeline ban dau da dat duge két qua rat cao ve do chinh xAc:

o Accuracy dat t6i hon 99%, dac biét v6i gid tri k =1
« Recall (spam) dao dong tit 95.3% dén 96.6% ting véi céc gia tri k= 1,3,5

Trong hé théng phan loai tin nhin spam/ham, nhém ching minh trién khai pipeline két hop giita
mo hinh embedding ngit nghia multilingual-e5-base va thudt todn k-nearest neighbors (kNN) st
dung chi muc FAISS dé truy vAn cic cAu gan nhat. Mdi tin nhin dau vao dugc 4nh xa thanh vector
embedding, sau d6 dugc so sanh véi tap huan luyén bang d6 tuong dong cosine. Két qua phan loai dugc
dua ra dua trén biéu quyét da s6 tit k hang x6m gan nhat.

Khi tién hanh danh gia trén tap kiém tra, pipeline ban dau cho thay hiéu suit rat cao vé do chinh xéac:

« Do chinh xédc (Accuracy) dat téi hon 99% khi sit dung k = 1, cho thiy rang mé hinh c6 kha
ning khdp lai chinh xdc véi cdc cau trong tap huan luyén bang embedding.

« Recall dbi véi 16p spam dao dong tit 95.3% dén 96.6% khi thay ddi gia tri k tit 1 dén 5, phan
anh ning luc phat hién tin nhén rdc vAn duge duy tri én dinh & nhiéu thiét l4p khéc nhau.

Tuy nhién, két qui “dd chinh x4c rat cao véi k = 17 ¢ thé 1a dau hiéu cho mot s6 van dé tiem an. Véi
k = 1, m6 hinh tré nén cuc ky nhay véi diém lan cdn gan nhat trong khong gian embedding. Trong
truong hop tap dit litu hudn luyén bi mit cAn bang nghiém trong (vi du, s6 lugng ham chiém hon
86%), thi chi can mot cAu ham gan vé ngit nghia ciing di dé 1an 4t mot cAu spam tinh vi trong giai
doan phan loai.

Diéu nay dan dén hé qua:

e Mo hinh c6 thé dat accuracy rat cao chii yéu nhd du doén ding cdc cAu ham (vén chiém phan
16n), chit khong thuc su hiéu ding ban chat ctia spam.

« Nhiing tin nhin spam nguy trang (vi du mang van phong than thién nhu “Hey, I tried this app
and got $200”) c6 thé bi hiéu nham 14 ham vi embedding gan véi cdc tin nhan doi thudng.

Evaluating accuracy on test set...

evaluating k=1: 100%| NN 1115/1115 [ee:ee<ee:ee, 1350.15it/s]
Accuracy with k=1: @.9901

Recall (for spam) with k=1: @.9597

Number of errors with k=1: 11/1115 (©.99%)

evaluating k=3: 100% || NN 1115/1115 [e0:ee<ee:0e, 1435.30it/s]
Accuracy with k=3: ©.9919

Recall (for spam) with k=3: ©.9664

Number of errors with k=3: 9/1115 (@.81%)

evaluating k=5: 100%| NN 1115/1115 [0e:ee<ee:00, 1266.54it/s]Accuracy with k=5: 8.9918
Recall (for spam) with k=5: @.953@

Number of errors with k=5: 10/1115 (©.90%)

Dén day, ching ta sé phai dit cau hoi: Liéu d6 chinh xac cao dé c6 ddong nghia véi viec moé hinh hiéu
ding cac trudsng hop tinh vi?

Chiing ta hay xem xét mot vi du gay 156i thuc té trong hé thong:

“Hey John, btw I just found this app, u might get $500 cashback if u install.”
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Két qua du doan: HAM

***Example 3:

Message: :)

***Top neighbors:
1. Label: ham | Score: @.8313

***prediction: HAM

2. Label: ham | Score: 6.8300
Message: Did u download the fring app?

3. Label: spam | Score: ©.8224
Message: FREE MESSAGE Activate your 500 FREE Text Messages by replying to this message with the word FREE For...

***Classifying: 'Hey John, btw I just found this app, u might get $58@ cashback if u install.’

***Using top-3 nearest neighbors

Mic dit cdu trén c¢6 mé dau tu nhién nhu mét tin nhin tit ban be (“Hey John”), nhung 16 rang noi
dung 14 mot quang cdo tra hinh, ¢6 chita cdc cum nguy hiém nhu $500 cashback, install — nhitng dau
hiéu dién hinh cta spam.

STT | Label | Score | N§i dung
1 ham | 0.8313 | :)
2 ham | 0.8300 | Did u download the fring app?
3 spam | 0.8224 | FREE MESSAGE Activate your 500 FREE
Text Messages...

Béng 2: Top-3 hang xém gan nhat (k=3)

D& thiy rang, mac dit mot trong ba hang xém 1a spam, nhung 2 tin con lai lai ¢6 ngit nghia twong dong
vé mit hinh thitc, khién mé hinh bi léch va bo qua phan théng tin “$500 cashback”.

Vay nguyén nhéan la do dau ?

Phén tich nguyén nhan 16i

Qua vi du trén, ¢ thé thdy rang mic dit mé hinh sit dung FAISS + multilingual-e5-base dat dude do
chinh x4c rat cao, song van cé nhitng trudng hdp spam “nguy trang” vudt qua dude hé théng. Viec mod
hinh du dodn nham mot cAu chita cic yéu t6 quang céo ro rét 1a “ham” goi ra cdu hoi vé tinh téng
quat hoa va kha ning hiéu ngit nghia sau clia pipeline hién tai.

Duéi day 1a cidc nguyén nhan chinh 1y gidi cho 16i nay:

1. MAt can biang dit liéu nghiém trong (Class Imbalance):

« Trong tap huan luyén, s6 lugng tin nhin hop 1é (ham) chiém wu thé tuyét déi — lén t6i 4825
mau so véi chi 747 mau spam (ty 1¢é spam chi khoang 13.4%).

« Khi st dung thuat toan kNN, diic biét v6i k nhé (nhu k = 1 hosic k = 3), x4c suat mot diém
méi c6 hang x6m gan nhat 1a “ham” tré nén rat cao — don gian chi vi ching chiém da s6

trong khong gian embedding.

o HAau qua 1a: mo hinh c¢6 xu huéng thién 1éch vé dy doan ham, ngay ca khi dau vao mang
céc dau hiéu spam 1o rét.



Al VIETNAM aivietnam.edu.vn

S6 lugng tin nhan Ham vs Spam
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2. Thiéu dit liéu vé spam tinh vi (Subtle or Obfuscated Spam):
« Phan 16n mau spam trong tdp train c6 dang “truyen théng” — sit dung tit khéa dé nhén
dién nhu “FREE!!”, “WIN now”, “Click here”,...

o Trong khi d6, spam thuc t& ngdy nay ngiy cang duge thiét ké tinh vi hon dé bét chudc vin
phong ty nhién cta nguwsi that, vi du:

“Yo, this app gave me $200 cashback instantly, you should try =«”

« Do thiéu céc vi du kiéu nay trong tap huin luyén, mé hinh khong cé co hoi hoc duge “ngit
nghia tiém an” cta ching, tit d6 dé bi danh lia.

D11 pipeline hién tai da c6 do chinh xédc rat cao, nhung viéc mé hinh dé bi danh lita bdi spam
tinh vi cho thay:

o Accuracy khong phan 4nh hét ning luc nhin dién ngit nghia

 Viéc sinh dit liéu 1 rat can thiét

2.2 Giai phap: Data Augmentation

Muc tiéu

Ting d6 da dang cta spam, diic biét 14 spam c6 dang giéng ham, nham:
« Can bang dit litu mdt cach hiéu qui

o Ting kha nang mo hinh phét hién spam nguy trang va nhitng cAu ham dé nham thanh spam

M6 ta thay d6i ctia dataset trudc va sau Augmentation

Dataset goc 1a SMS Spam Collection Dataset tit Kaggle, c6 tong cong 5.572 tin nhan, trong d6 cé 4.825
mau Ham va 747 mau Spam. Dataset nay bi mat can bing nghiém trong vé phan phdi giita hai 16p.
Dé giai quyét van dé nay, dataset da dugc ting cudng dang ké bang cach sit dung mot mé hinh hoc sau
dé tao ra cidc mau mdi:

10
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« 1069 mau hard spam: dugc tao ra dé tang sd luong va d6 phiic tap clia cc tin nhin spam, gitp
mod hinh nhén dién t6t hon cac bién thé clia spam.

e 815 mau hard ham: 1a nhitng tin nhan hgp 1& nhung cé chita tit khéa gan gidng spam, budc mé
hinh phai hoc cdch phan biét tinh vi hon gita hai 16p.

+ 974 mau dugc sinh ra bang ki thudt synonym replacement (thay thé tit ddong nghia), gitp ting
st da dang vé mét ngoén ngit cho ca hai 16p.

Két qua 13 mot dataset dung dé phan loai c6 kich thude 9400 mau gom 6483 mau Ham, 2917 mau Spam
c6 phan phdi can bang hon, tao nén tang vimg chic cho viéc hun luyén mé hinh phan loai hiéu qua.

Phuong phap

Dé dat duge muc tiéu trén, nhém minh da thiét ké mot hé thdng data augmentation chuyén biét, két
hop gitta k¥ thuét sinh dit liéu bang mé hinh ngén ngit 16n (LLM), thay thé tit dong nghia, va khung
sinh cau theo kich ban cé kiém soat. Hé thdng gom ba giai doan chinh:

1. Xay dyng tap cum ngit nghia theo chii dé: C4c nhém cum tit dude phan loai theo 7 cha dé
dé gay nham 1an giita spam va ham, bao gom:
o financial_phrases (lién quan dén giao dich, tién bac)
o promotion_phrases (quang cdo, uu dai)
o lottery_phrases (tring thudng, phan thudng)
o scam_alert_phrases (cdnh bao gid mao)
e call_to_action_phrases (dan du ngudi dung hanh ddng)
o social_engineering_phrases (lita ddo cdm xtc)

« obfuscated_phrases (che giau, tranh bd loc spam)
2. Sinh dit liéu bang kich ban va LLM:

e V6i mo6i nhém cum i, nhém thiét ké mot tap cac kich ban “base” nhw: “Hey, did you hear
about...”, “Bro, you should check this out”...
o Céac cum spam hogc ham tuong ting dugc chén vao base, tao ra cic mau dit liéu méi, theo
cau tric “base + insert” hoac “insert + base”.
o Ngoai ra, nhém chiing minh sit dung LLM (nhu GPT hoidc Mixtral) dé sinh cic cdu méi theo
template kich ban thuc t&, nham tai hién cic loai spam nguy trang phé bién. Quy trinh gdm:
— Xay dung cic cau “base” theo van phong hoi thoai tu nhién, vi du:
“Hey bro, just wanted to say thanks.”
“Btw, have you seen this?”
— Sau d6, cac cum spam/ham duge “cdy ghép” vao base theo 2 huéng:
x base + insert: “Hey, I just checked out this app — $300 cashback instantly.”
x insert + base: “$300 cashback if you install now. Just letting you know, bro.”
— Cubi cling, m6 hinh LLM sé dugc dung dé tai viét (paraphrase) céc cau da tao G trén
sao cho tu nhién va it lap tu.
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— Vi du sinh ra tit hé théng:

Base: Hey, I just came back from the clinic.

Insert: You might get $200 if you install this new cashback app.

Két qua ghép: Just came back from the clinic — btw you might get $200 if you try
this new cashback app.

3. Thay thé tit ddng nghia (Synonym Replacement):
Véi céc cau gbe hoiic da sinh ra, nhém minh ap dung k¥ thuat thay thé tir ddng nghia bang céch:
« Xéc dinh cic tit “nhay cAm” trong spam (vi du: “install”, “claim”, “free”) rdi thay bang tir

dong nghia tuong duong (“set up”, “get”, “no cost”) sit dung WordNet hogc tir dién tity
chinh.

« Dit gidi han sé lugng tit duge thay (t6i da 1-2 tit mdi cau) dé giit van phong tu nhién.

« Loc lai cdc cau sau khi thay thé dé ddm béo tinh ngit nghia v& tranh sinh nham nhén.
Vi du:
“Install this to win $100” — “Set this up to claim $100”
4. Hgp nhit vao dataset gboc (Merge va loc triung):
Sau khi c6 tdp augmented mdi, hé thong tién hanh cac bude:

e Gan nhan: Dit liéu sinh ra tt cum spam sé dugce gdn nhan spam, tt cum ham gan nhan ham.

« Loai bo trung lap: Cic cAu da ton tai trong dataset gbc (hodc cic cau qui gidng veé
embedding) sé dugc loai bo.

« Két hop: Gop dit liéu gbc va augmented lai thanh mot CSV chuan, ding dé huan luyén lai
embedding hoac xay lai FAISS index.

Vi du minh hoa

Base ham gbc: “Hey, I just got back from the clinic.”
Cau ham tang cudng: “Hey, just back from the clinic, btw did you try that app for $200 cashback?”
Label: Spam (Social Engineering + Financial)

Cau trén ban dau la mot ham rat tu nhién. Tuy nhién sau khi chén cum “$200 cashback”, né tré thanh
mdt tin nhin spam nguy trang. Nhitng cdu nhu viy rat khé nhan dién néu chi huin luyén tir tap dit
liéu spam kiéu cil.

Tac dung

Viéc 4p dung data augmentation theo hudng cé kiém soét gitp:

« Giam hién tugng bias ciia m6 hinh khi gip spam dsi thuc, von thuéng mang ngén ngit tu nhién
va an du hon 1a spam thé so ki¢u “FREE!!! Click now!!!”

« Tiang d6 robust ciia hé théng khi xit Iy cc tin nhin cé bé ngoai gibng ham nhung ndi dung
tiém an spam.
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« Cai thién chat lugng recall ma khong lam méat di precision — do m6 hinh da “luyén” véi céc
tinh hudng tinh vi va da dang hon.

Thuyc thi va tich hgp
Toan bd qua trinh dude thuc hién dudi dang module 18, c6 thé tai st dung:

o Céc file sinh bdi LLM dugc luu thanh hard_spam.csv, hard_ham.csv, dé dang tich hgp vdéi
pipeline FAISS.

e C6 hd trg cache va kiém tra trung lip, ddm bao tinh reproducible.

« CAu tric sinh dit liéu cho phép mé rong theo ting chit dé spam mdi trong tuong lai.

3 Truy Van FAISS: IndexFlatIP

Viéc Iya chon IndexFlatIP thay vi cdc phuong phép tim kiém khéc ctia FAISS duge chon dua trén céc
yéu t6 sau:

« D6 chinh xac va Kich thuéc Dataset: Véi kich thuée tdp huan luyén sau khi ting cudng 1a
9400 mau, IndexFlatIP stt dung phuong phap tim kiém brute-force dé dam béo két qua chinh
xac %. V6i mot dataset khong qué 16n, viée nay ddm bao mo hinh KNN ctia ching ta luon tim
duge cac "hang xém” gan nhat thuc sy ma khong can danh déi d6 chinh xac dé lay tdc do.

e« Tuong thich v6i m6 hinh Embedding: M6 hinh embedding multilingual-e5-base tao ra cac
vector da duge chuan héa L2. Trong trudng hop nay, phép nhan vo huéng (Inner Product) ma
IndexFlatIP stt dung sé cho két qua tuong duong véi do tuong dong cosine. Do tuong dong cosine
13 thude do tiéu chuan dé danh gid su tuong ddng ngit nghia trong céc bai toan NLP. Do dé,
IndexFlatIP 1a lwa chon hoan hio dé truy vAn cdc tin nhin c6 ¥ nghia tuong tu, tao ra mot hé
théng tim kiém ngit nghia hiéu qua va chinh xéc.

4 Explainable AI: Masking-based saliency heat map

Nhan thiy rang toan bo hé théng phan loai stt dung mo6 hinh embedding E5 két hop véi co s6 dit lieu
FAISS dé truy vAn va tim kiém k tin nhin gan nhat 1A mét moé hinh dang “hodp den” (black-box), nén
nhém dit muc tiéu ting tinh giai thich cia m6 hinh bang céch chi ra cu thé nhimmg token nio trong
cau dau vao thuc su 4nh hudng dén embedding cau, tit d6 dan dén quyét dinh phan loai. Y tudng cu
thé 1 truc quan héa mic do dong gop ciia ting token bang ban dd nhiét (heatmap) — token nio cang
déng gép nhieu thi sé duge t6 mau dam hon.

Do nhém tap trung chd yéu vao viéc phan loai va gidi thich cdc tin nhin spam, nén qua trinh tinh
toan saliency heatmap dugc trién khai cho cac token gép phan vao embedding ciia cAu duge phan loai
14 spam. Néu ¢ thém thdi gian, nhém sé mé réong phuong phap nay dé giai thich cho ca céc cau duge
phéan loai la ham, tuy nhién cdch lam sé€ hoan toan tuong tu.

Y twéng thuit toin: Dau tién, ta tinh spam_scores ban ddu — 1a tdng diém tuong dong gitta

embedding ctia cAu dau vao véi cic lang giéng c6 nhan “spam” trong tip huin luyén. Sau do6, ta do
mitc do gidm diém spam_scores khi lan lugt che ting token, theo céc budc sau:
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« Vi mdi token tai vi trf i, ta che token dé bang [PAD] dé mdé hinh embedding xem nhu vi trf d6
1a trong.

« Dua cau bi che token vao m6 hinh embedding dé sinh lai embedding mdi, va tinh lai tong diém
spam_scores mdi.

e Tinh d6 giam saliency bang hiéu so gitta spam_scores ban dau va spam_scores mdi sau khi che
FS .2 X , , 2, 2 X [N N N - 2 A N
token — néu gidm nhiéu, token d6 c¢6 dnh huéng 16n den viéc mo hinh “hiéu” cdu la spam.

o Lap lai cho tat c& token trong cau, ta thu dugc mot danh siach céc gia tri saliency ting véi ting
token.

« Cudi ciing, chuan héa céc gia tri saliency nay vé khoang [0,1] roi dua vao ham render_heatmap
dé truc quan héa miic d6 &nh hudng ciia ting token qua mau sic.

5 Mo hinh BERT

5.1 Ngit canh trong Text va vai tro trong NLP

Vi bai todn spam/ham mesages thudc loai Text Classiication, nén trudc khi tim hiéu nhiing ky thuat
sdu hon, ching ta hay kham pha vai tro cia ngtt cdnh trong NLP.

Ban chit ciia ngon ngit 1a 4m thanh phét ra dé dién giai suy nghi ctia con ngudi. Trong giao tiép, cac
tit thuong khong dtng doc 1ap ma chiing sé di kem véi céc tit khac dé lién két mach lac thanh mot cau.
Hiéu qua biéu thi noi dung va truyén dat ¥ nghia sé 16n hon so véi timg tit ding doc lap.

Ngit canh trong cdu cé mot sy anh hudng rat 16n trong viéc giai thich ¥ nghia ctia tir. Hiéu dugc vai
tro méu chbt dé, cac thudt toan NLP SOTA déu c¢b ging dwa ngit cdnh vao md hinh nhim tao ra su
dot phé, giip mo6 hinh hoc duge thong tin chinh xac hon.

Phéan cAp mitc dd phét trién clia cic phuong phap embedding tit trong NLP ¢6 thé bao gom céc nhém:
Non-context (khéng béi canh): La cic thuit toan khong tn tai bdi canh trong biéu dién tit. D6 14

cac thuat toan NLP doi dau nhu ¢ word2vec, GLoVe, fasttext’. Chiing ta chi c6 duy nhat mét biéu dién
véc to cho méi mot tit ma khong thay d6i theo bdi canh. VD:

Thi tu sé mang 2 ¥ nghia khic nhau nén phai c6 hai biéu dién tit riéng biét. Cac thuit todn
non-context khong dap ting dugce su da dang vé ngit nghia ctia tit trong NLP.

Uni-directional (mot chiéu): La cdc thuit todn da bat dau xudt hién bdi canh ciia tit. Cdc phuong

phép nhiing tir base trén RNN 1a nhitng phuong phép nhing tit mot chiéu. Céc két qua biéu dién tir da
c6 bbi canh nhung chi duge gidi thich bsi mot chiéu tit trai qua phai hodc tit phai qua trai. VD:

Nhu vay véc to biéu dién cta tit duge xé4c dinh théng qua céc tit lien trude véi né. Néu chi dua vao
cac tit lién trude Hom nay t6i mang 200 ty thi ta c6 thé nghi tit phit hgp & vi trf hién tai 1a cho vay,
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mua, thanh toan,....

Bi-directional (hai chiéu): Ngit nghia ctia mot tit khong chi duge biéu dién bai nhitng tit lién trudce
ma con duge giai thich bdi toan bd céc tit xung quanh. Ludng giai thich tudn theo dong thdi tir trai
qua phai va tit phai qua trai cling mot lic. Dai dién cho cdc phép biéu dién tit nay 14 nhitng mé hinh
stt dung k¥ thuét transformer vi du nhu BERT.

5.2 BERT la gi?

BERT (Bidirectional Encoder Representations from Transformers) 1a mot mo hinh hoc sau tién tién do
Google phat trién, néi bat v6i kha ning hiéu ngit cdnh ngén ngit tu nhién theo hai chiéu. Trong bai toan
phan loai tin nhin spam/ham, BERT chuyén d6i tin nhin thanh biéu dién s6, nim bét ngit canh siu sic,
va dy dodn nhan (spam ho#ic ham) v6i do chinh x4c cao. Kién triic BERT-base gom 12 16p encoder
Transformer, mdi 16p c6 768 chiéu an (hidden size) va 12 head attention, véi téng cong khodng
110 triéu tham sd. Mo hinh duge huin luyén trude trén dit liéu 16n (Wikipedia, BooksCorpus) thong
qua hai nhiém vu: Masked Language Modeling (MLM) (du dodn tit bi che) va Next Sentence
Prediction (NSP) (du dodn mdi quan hé giita hai cAu). Trong bai todn spam/ham, BERT dugc tinh
chinh dé t6i wu héa du doan nhan va tap trung vao céc tit khéa quan trong nhu “mién phi” hodc “qua
tang” trong tin nhin spam.

Ung dung: Trong phéan loai tin nhin spam/ham, BERT chuyén tin nhin thanh vector sb, hiéu ngit
canh sdu sic (vi du: nhan dién ”mién phi” trong ngit cinh quing cdo), va du doan nhan (spam hoic
ham).

Uu diém:

o Hiéu ngit cdnh hai chiéu, vugt trdi so véi cadc phuong phap truyen théng nhu TF-IDF.

o St dung vector [CLS] dé tong hgp thong tin toan cau, phit hgp cho phan loai.

5.3 Kién tric BERT
Quy trinh xit Iy cia BERT bao gom ba giai doan chinh:
1. Ma héa dau vao: Chuyén tin nhin thanh token, embedding, va attention mask.

2. Xt ly qua Transformer encoder: Tao biéu dién ngit canh cho ting token, dic biét 1a vector
[CLS].

3. Phéan loai: Stt dung vector [CLS] dé du doan nhan spam/ham.
Phan nay trinh bay chi tiét ting thanh phan ctia kién tric BERT va cich chiing ho trg bai toan phan
loai tin nhin spam/ham.
5.3.1 Ma Héa Dau Vao

Muc tiéu Ma héa dau vao chuyén d6i tin nhin dang viin ban thanh dinh dang s6 (ma tran embedding)
dé BERT xit Iy. Qu4 trinh nay dam bao tin nhan dude biéu dién day dia, bao gom thong tin vé tit vung,
vi tri, va nglt canh.

Quy trinh

1. Tokenization: Tin nhan dugc chia thanh cic token (subword units) baing WordPiece tokenizer,
mdt phuong phap chia nhé tit vung dé xit 1y tit hiém hosdc khong cé trong tit dién. Thém token
dac biét:
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« [CLS]: bit 6 dau chudi, dai dién cho toan bo tin nhan, diing cho phan loai.
« [SEP]: Dit & cudi chudi, ddnh dau két thic.
Néu chudi ngan hon d6 dai t6i da (max_len, thuong la 128), thém token [PAD]. Vi du: Tin nhin
“Nhan ngay qua ting mién phi!” dudc chia thanh:
° Token: [ll [CLS] n s llNhénll s Ilngayll s llquéll s llténgll s llmiénll s "phill s n ! n s n [SEP] ||] .
e Vbimax_len = 16: ["[CLS]", "Nhan", "ngay", "qua", "t&ng", "mién", "phi", "!",
"[SEP]", "[PAD]", ..., "[PAD]"] (7 token [PAD]).

2. Chuyén thanh ID: Mdi token dugc anh xa thanh ID tit tit dién ctia BERT (~30,000 token). Vi
du (ID gid dinh):
« [CLS] — 101, Nhan — 3100, ngay — 3101, qud — 3102, ting — 3103, midn — 3104,
phi — 3105, ! — 1000, [SEP] — 102, [PAD] — O.
e Chudi ID: [101, 3100, 3101, 3102, 3103, 3104, 3105, 1000, 102, O, ..., O].

3. Tao Embedding: Mbi token ID dugc chuyén thanh vector 768 chiéu bang cich cong ba loai
embedding;:
« Token Embedding: Biéu dién ¥ nghia cta ti, 1y ti tit dién duge hudn luyén trude.

 Position Embedding: Bi¢u dién vi tri ctia token (0, 1, 2, ...) dé giit thong tin thit tu (Trong
BERT, Position Embedding khong stt dung ham sin/cosin nhu Transformer gbc, ma 1a céc
vector hoc duge (learned embeddings)).

« Segment Embedding: Phan biét cdc cdu (thuong l1a 0 cho mét tin nhan).

Vi du: Token “mién” & vi tri 5:

o« Token Embedding: [0.2, 0.1, ..., 0.3] (768 chiéu).

o Position Embedding: [0.01, -0.02, ..., 0.1] (vi tri 5).
o Segment Embedding: [0, 0, ..., 0] (mot cau).

 Téng embedding: [0.21, 0.08, ..., 0.4] (768 chiéu).

Két qua: Ma tran embedding 16 x 768 (16 token x 768 chicu).

4. Attention Mask: Vector nhi phan chi dinh token nao duge xtt 1y (1 cho token thuc, 0 cho [PAD]).
Vidu: 1, 1,1, 1, 1,1, 1, 1, 1, 0, ..., 0] (9 token thuc, 7 [PAD]).

Lién hé v6i spam/ham M3 héa dau vao ddm béo tin nhin nhu “Nhan ngay qua ting mién phi!”

dugc chuyén thanh ma tran s6, v6i token [CLS] déng vai tro tong hgp ngit canh (nhu diic trung quang
cdo clia “mién phi”) dé hd trg phan loai sau nay.
5.3.2 Transformer Encoder

Muc tiéu Céc 16p Transformer encoder xit Iy ma tran embedding dé tao biéu dién ngit canh sau sic
cho méi token, diic biét 14 vector [CLS], gitip nam bit mdi quan hé giita cic tit trong tin nhan.
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Céu triic BERT-base c6 12 18p encoder, mdi 16p bao gdm:

1. Multi-Head Self-Attention: Cho phép mdi token “chii ¥” dén cac token khéc trong chudi dé
cap nhat vector ciia n6. Cong thic:

. QK"
Attention(Q, K, V') = softmax 14
Vg

e @, K, V: Ma tran query, key, value, dudc tao tit ma tran embedding qua céc trong sb Wao,
Wk, Wy.

o dj: Kich thuéc mdi head (768 / 12 = 64).
e MBJi 16p ¢6 12 head, mdi head xit Iy mot gdc nhin khac clia ngit canh.

Vi du: Trong “Nhan ngay qua ting mién phi!”, token “mién” chi ¥ manh dén “qua” va “ting”,
tao ngit cAnh quing céo. Attention Mask ddm béo khong chit y dén [PAD]. Két qui: Ma tran 16
X 768, v6i moi token dugce cAp nhat dua trén ngit canh.

2. Residual Connection va Layer Normalization: Cong dau vao va dau ra ciia attention:
x + Attention(z)

Sau d6 chuan héa:
LayerNorm(z + Attention(x))

3. Feed-Forward Neural Network (FFN): Xit I timg token riéng 1é dé tinh chinh vector, tang
kha nang hoc dic trung phiic tap. Céng thtc:

FFN(z) = Wy - ReLU(Wy - 2 + b1) + by
o x: Vector clia token (768 chiéu).
e Wi: Ma tran 768 x 3072, md rong lén 3072 chiéu.
e by: Bias 3072 chiéu.
e ReLU: Ham kich hoat phi tuyén, ReLU(z) = max(0, 2).
e Ws: Ma tran 3072 x 768, thu gon vé 768 chiéu.
o by: Bias 768 chiéu.

Quy trinh:

e Buéc 1: Wy - x 4+ by — Vector 3072 chiéu.
o Budc 2: ReLU loai bd gia tri am.
o Bubc 3: Wy - ReLU(...) + by — Vector 768 chiéu.

Vi du: Vector cia “mién” sau attention: [0.4, 0.1, ..., 0.3] (768 Chiéu) — Sau FFN: [0.5,
-0.2, ..., 0.4] (768 chi¢u), nh4n manh dic trung quang céo.

4. Residual Connection va Layer Normalization (1an hai): Cong dau vao va dau ra ciia FFN:
x + FFN(z)

Chuan héa:
LayerNorm(z + FFN(x))

17



Al VIETNAM aivietnam.edu.vn

Két qua Sau 12 16p encoder, mbi token cé vector 768 chiéu, chita thong tin ngit canh siu sac. Vector
[CLS] (hang dau tién ctia ma tran dau ra) tong hop ngit caAnh toan tin nhén, vi du: [0.7, -0.1, ...,

” [13 el

0.5], phan 4nh dic trung spam nhu “mién phi”, “qua”.

Lién h¢ v6i spam/ham Attention giip BERT nhén dién mdi quan hé gifta cdc tit (nhu “mién phi”
va “qua” goi ¥ spam). FEN tinh chinh vector dé nhdn manh dic trung riéng ctia mdi token, ho trg
vector [CLS] mang thong tin quang céo hoic giao tiép tu nhién.

5.3.3 L&p Phan Loai

Muc tiéu Sit dung vector [CLS] dé dit doan nhan spam (1) hodc ham (0) cho tin nhin.

Quy trinh
1. Lép tuyén tinh: Vector [CLS] (768 chiéu) dugc dua qua 16p tuyén tinh:
logits = W - VeCtor[CLS] + beis

o Wes: Ma tran 768 x 2 (2 nhan: spam, ham).

e b Bias 2 chieu.
Vi du: Vector [CLS] [0.7, -0.1, ..., 0.5] — Logits [2.8, -0.7].
2. Softmax: Chuyén logits thanh xéc suat:

exp(score; )
exp(scoregpam) + exp(scorepam )

pi =

Vi du: Logits [2.8, -0.7] — Xéc sudt [0.971, 0.029] (97.1% spam).
Chon nhan: argmax([0.971,0.029]) = 0 (spam).

Tinh chinh BERT dugc tinh chinh v6i ham loss cross-entropy:

1Ossclassify = _[yspam : log(pspam) + Yham - log(pham)}

Vi du: Nhén [1, 0], du dodn [0.971, 0.029] — losSclassity ~ —10g(0.971) &~ 0.029. C6 thée thém loss
saliency:
loss = 1OSSclaLssify +A- 1OSSsaliency

losSgaliency SO sanh attention weights v6i saliency muc tiéu (nhu tit TF-IDF). Gradient descent (Adam,

learning rate = 2e-5) cAp nhat Wey, beis, va trong sb Transformer (bao gom Wy, Wa, by, by trong FFN).

Lién hé véi spam/ham Vector [CLS] chita ngt cdnh quéng cdo (spam) hodc tu nhién (ham), duge
16p tuyén tinh d4nh xa thanh nhan chinh x4c. Loss saliency giip BERT uu tién céc tit nhu “mién phi”,
cai thién dd chinh xdc va khé nang giai thich.
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6 KNN with Weight Voting

1.6.1 VAn dé MAt cAn bang Ldp trong K-Nearest Neighbors

Phéan phéi 16p mat can bang dai dién cho ci théch thitc 1y thuyét va thuc tién trong phan loai K-
Nearest Neighbors, dugc tai liéu héa rong rai trong van hé may hoc (A survey on imbalanced learning:
latest research, applications and future directions: https://link.springer.com/article/10.1007/s10462-
024-10759-6). VAn dé nay trd nén dic biét nghiém trong trong cdc linh vie ¢6 phan phéi 16p bi léch tu
nhién, ching han nhu phét hién gian lan (giao dich gian lan ~ 0.1%), sang loc y té (ty 1& méc bénh
~1—=5%), va loc thu rac (ty 1é spam ~ 10 — 40%).

Van dé co ban xudt phat tit viec KNN dua vao majority voting, hé thong uwu tién 16p chiém wu thé
bat ké mitc do lién quan ngit nghia cla timg lang giéng.

A

@ Majority class

X Minority class
\ @ New majority class

Decision
boundaries

Features 2

Features 1

Hinh 2: Enter Caption

1.7.1 Han ché ctia Majority Voting trong Mbi trudng MAt cin bing
1.7.1.1 Phéan tich Toin hoc vé Bias ctia Majority Voting
Goi C = {c1,¢2,...,car} 1a tAp hop céc 16p véi tan sudt {ny,na, ..., ny} trong dd ny > no > - > nyy.
Déi véi diém truy van ¢, KNN truyén théng tinh todn:
§ = argmax [{z; € Ni(q) : y(z;) = e} (1)

Phan tich Bias:
Xic suat dé mot K-neighborhood ngéu nhién chita k& thuc thé tir 16p ¢; tudn theo phan phdi siéu hinh
hoc:
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: () = (k%)
P(k thye the tit ¢;) = ——x—— (2)
(k)
Dbi v6i dit libu mat can bang cao v6i ny /N ~ 0.9 vi ny/N = 0.1, s6 lugng ky vuong ctia thuc thé 16p
chiém wu thé trong bat ky K-neighborhood nao la:

E[ki] = K x % ~ 0.9K (3)
Efko] = K x 2 ~ 01K (4)
N
Diéu nay tao ra bias hé théng trong d6 majority voting hau nhu luén wu tién 16p chiém wu thé.
1.8 Phan tich Cac Chién lugc Weight Khac Hién tai
Phén tich toan dién céc tai liéu hién cé cho thay mot s6 chién luge gidm thiéu:
1. Trong sd tan suit nghich dao: Chuyén déi s6 luong ling giéng thanh ty 1& phan tram 16p
2. Trong s6 dya trén khoang cach: Tinh dén d6 gan trong khong gian dic trung

3. Lya chon lang giéng dya trén ban kinh: Thay thé K c¢b dinh bang kich thuéc ving lang
giéng thich g

Tuy nhién, céc phuong phap nay thudng khong nim bét duge tam quan trong tinh té cia timg thuc
thé va mitc do lién quan ngit canh véi truy van.

6.1 Khung Phan loai Trong s6 Dé xuit

Vi vy nhém da nghién cttu va dé xuat 4p dung cong thitc trong sé6 méi trong qua trinh voting ctia KNN
bang két hgp hai yéu t6 tuong dong (similarity) va tam quan trong tinh té ctia ting thuc thé (saliency).

6.2 Cong thitc Cot 16i

weight(z;,q) = (1 — a) x similarity(z;, ¢) x ICF(y(z;)) + a X saliency(z;, q)| (5)
Trong dé:
similarity(z;, ¢) = cos(z;,q) = S - (6)
B ]l
ICF(¢;) = MJZ o (7)
saliency (xj, q) = [V, L(f (25), 9)ll2 (8)
o € [0,1] (tham s6 cAn bang) 9)

6.3 Quyét dinh Phan loai Cubi cung

y = argmax Z weight(z;, q) (10)
z; €Nk (q)

y(zj)=c;
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6.4 Nén tang Toan hoc va Ching minh Ly thuyét
6.4.1 Thanh phan Inverse Class Frequency (ICF)

Dinh nghia 1 (Inverse Class Frequency). Cho dataset D vdi N mau va M 16p, ICF cia I6p ¢; dugc
dinh nghia:

D] N
ICF(c;) = = 11
(ci) IC| x {z €D :y(x)=c¢} Mxn; (11)
Ménh dé 1 (Tinh chat ctia ICF). ICF théa mdn cdc tinh chat sau:
1. Tinh don dié¢u: ICF(c;) > ICF(c;) néun; < n;
2. Chudn héa: Y\ ICF(c;) x % =1
3. Hiéu chinh bias: Chuyén doi s6 dém bi bias thanh diém dnh hudng cin bing
Chatng minh. Chitng minh tinh chit 1 (Tinh don diéu):
Gia stt n; < nj, ta can chiing minh ICF(¢;) > ICF(c;).
T dinh nghia:
N
ICF(¢) = 12
N
ICF(¢j) = 1
CF(e) = 375 (13
Vin; < n; vani,n; >0, ta co:
1 1
— > — (14)
n; nj
Nhén c4 hai vé véi £ > 0:
N > N (15)
M xn; M xn;
Do dé: ICF(Ci) > ICF(C]‘). O
Chitng minh tinh chit 2 (Chuan héa):
X . . M i
Ta can chimg minh » ;= ICF(¢;) x { =
Thay dinh nghia ICF:
M M
n; N g
> ICF(c;) % N‘ZMXW x — (16)
i=1 i=1
B i N x n; (17)
N M xn; x N
M
1
— Z i (18)
1=1
=M x L 1 (19)
= an
Vay tinh chit chuan héa duge chitg minh. O
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Chitng minh tinh chit 3 (Hiéu chinh bias):

Tham khao tit bai viét tém tat vé 1y thuyét thong tin', 1y thuyét thong tin nghién ctu vé do dac luong,
luu trit va truyen dan thong tin. Khai niém vé 1y thuyét théng tin ciing nhu nén méng ctia linh vic nay
dugc xdy dung bdi cdng trinh ctia Harry Nyquist va Ralph Hartley vao nhitng nam 1920, va sau nay la
Claude Shannon vao nhitng nam 1940.

Trong bai bdo kinh dién ctia minh vao niam 1948, Claude Shannon da lan dau gidi thiéu thuat ngit
“bit” dé lam don vi do ludng thong tin, ma don vi nay ban dau ciing da dude dé xuat béi John Tukey.
Ly do “bit” duge sit dung don gidn 14 vi cdc may thu phat tin hiéu, hay ké ca céc hé thdng may tinh
hién dai ma ching ta lam viéc ngay nay, bat ki thong tin nao déu dugc ma hoé béi mot chudi nhi phan
cac s6 0 va 1. Nhu vay, mot chudi nhi phan do dai n sé c¢6 n bit thong tin.

Dé “lugng hod” luong théng tin nay thanh sb lugng bit, Shannon dé xuat mot ham “lugng tin”, hay
chiing ta sé chil yéu dé cap dén véi tén entropy, nham tinh todn sb6 “bit” thong tin nhan dude tng véi
mot (nhém) su kién nao do.

LAy vi du don gian, gia st ching ta ¢6 mot ma 13 mot chudi nhi phan do dai 5, chdng han nhu “10001”.
Khi @6, lugng tin ctia ma nay sé 1a 5 bit.

1 .
I(1110001r7) = — log, p(111000117) = —log, 95 = —(—5) = 5(bits)

Hinh 3: Minh hoa méi quan hé giita no6i dung théng tin va tan suat 16p

Tu ly thuyét thong tin, ndi dung thong tin ctia 16p ¢; 1a:

1

I(e;) = —logy(P(ei)) = — logy (1) (20)

ICF clia ching ta ty 1& thuan véi 27(ci)/leg2(N/M) ¢4 nohia 14 céc 16p hiém hon mang nhiéu théng
tin hon va nén nhan dudc trong s6 ty 1¢ cao hon.

6.4.2 Trong sb Khoang cich dya trén Similarity

Pinh nghia 2 (Cosine Similarity Kernel). Thanh phan similarity dim bio rang ldng giéng gan hon
c6 dnh hudng manh hon:

Ti-q
Kcos(xj7Q) = COS(%’aQ) = m (21)
J

Ménh dé 2 (Tinh chat Kernel). Ko ld mot Mercer kernel hop 1¢ théa man dua trén nghién ciu Ghojogh,
B., Ghodsi, A., Karray, F., & Crowley, M. (2021). Reproducing Kernel Hilbert Space, Mercer’s Theorem,
Eigenfunctions, Nystrom Method, and Use of Kernels in Machine Learning: Tutorial and Survey. arXiv
preprint arXiv:2106.08443.:

1. Positive semi-definite: K. la kernel Mercer hop lé
2. Bi chan: K.os(z;,q) € [-1,1]
3. Chudn héa: Khong doi vdi do 1on vector

Chaing minh. Ta sé chimg minh ting tinh chat mot cich chi tiét.
Chitng minh tinh chit 1 (Positive semi-definite):

"https://phamdinhkhanh.github.io/deepai-book/ch_donation/information_theory.html
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Dé chitng minh Ko 14 Mercer kernel, ta can chiing minh ma tran Gram G véi Gij = Keos(xi, xj) 1a
positive semi-definite.
Xét dnh xa ¢ : R — R¢ duge dinh nghia:

P(x) = H%\I (22)
Khi do: o
Keos(0s2}) = ol = 00 - 6(e) = (92, 0(a) (23)

Vi K os c6 thé biéu dién dudi dang tich v6 hudng trong khoéng gian Hilbert, nén ma tran Gram tuong
ing la:

Gij = (9(z:), d(z;)) (24)
Véi moi vector a = (v, g, . .., )" € R™:
OZTGOé = Z Z OZZ'OZJ'GZ']' (25)
i=1 j=1
=3 > iaj(p(wi), () (26)
i=1 j=1

= <Z ai¢(xi)vzaj¢(xj)> (27)
i=1 j=1

n 2
> aid(ai)
i=1

>0 (28)
Do d6 G la positive semi-definite va K o5 14 Mercer kernel hgp 18é.
Chitng minh tinh chat 2 (Bi chin):
Theo bt ding thitc Cauchy-Schwarz:

[ - gl < sl x gl (29)
Chia ¢4 hai vé cho ||lz;|| x ||q|| (gid st z;,q # 0):

1‘j - q
|l flall| —

Diéu nay c6 nghia 1a:
—1 < Keos(zj,¢) <1 (31)

DAu bang xay ra khi:
o Keos(zj,q) =1 néu x; va q cing huéng: z; =c-q v6ic >0
o Keos(zj,q) = —1 néu x; va ¢ nguge huéng: z; = c-q véi ¢ < 0
o Keos(zj,q) = 0 néu x; va q vudng goéc: z; L g

Chiing minh tinh chit 3 (Chuin héa - Khong d6i v6i d 16n vector):
Xét hai vector 2} = A\z;j va ¢’ = pg v6i A, i > O:
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/ /

T q
Kcos )= —1—— 2
5O = > 17 (32)
)\ 2 .
[Az5]| x || gl
(- q)
= (34)
R il
AT - q) .
= Dy s 0) (35)
Allz;]] = pllqll
ﬂj‘j - q
=4 (36)
25l % [lq]]
= Keos(%j, ) (37)

Do dé, cosine similarity khoéng thay d6i khi ta scale cic vector véi hé sé duong, chiing t6 tinh chét
chuan héa.Viéc cosine similarity 1a Mercer kernel trong cong thitc weight equation (5) mang lai hai 1gi
ich chinh:

Thit nhit, n6 ddm bao tinh én dinh toan hoc. Thit hai, tao ra hiéu Gng synergy gitta semantic
similarity va class balancing - ICF term dugc nhan véi kernel-based similarity trong feature space, gitp
rare classes dugce amplified manh mé khi c6 high similarity véi query.

Nhu véy, cosine kernel khong chi do similarity ma con cung cAp mathematical foundation cho viéc két
hop hiéu qué similarity va class balancing trong mot weight function duy nhét. O

6.4.3 Trong s6 No6i dung dira trén Saliency

Pinh nghia 3 (Gradient-based Saliency). Thdanh phan saliency nim bdt tam quan trong cu thé
theo dau vdao dua trén moé hinh explainable AI:

saliency(xj,q) = [V, L(f(25),9) |2 (38)

6.4.4 Két hgp Ldi va Tham sb Can bang o

Pinh 1y 6.1 (Tinh chat Convex Combination). Tham s6 a tao ra két hop 16i ciia hai luoe do trong
50:
weight = (1 - a) X Wsimilarityx ICF + a X Wsaliency (39)

Véi a € [0,1], két qud nam trong convex hull ciia hai thanh phan.

6.5 Phan tich Ly thuyét: Tai sao Cong thitc nay Hop ly
6.5.1 Phan tich Hiéu chinh Bias

Dinh 1y 6.2 (Bias Correction). Déi vdi majority voting truyén thong, dnh hudng ky vong ciia I6p c; la:

s
E[Inﬂuencetmditional(Ci)} =K x P(CZ) =K x Nl (40)

Véi phuong phdp trong so ciia chiing ta:
E[Influence,eigniea(ci)] = K x P(c;) x ICF(c;) x E[similarity x saliency] (41)
=K x % v - x E[similarity x saliency] (42)
=37 E[similarity x saliency] (43)
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Két qua: Anh hudng ky vong trd nén ddc lap véi tan suat 16p, dat duge hiéu chinh bias hoan hao.

6.5.2 Tbi wu héa Ly thuyét Thong tin

DPinh 1y 6.3 (Maximization of Mutual Information). Lugec do trong sé ciia ching ta cé thé dudc ching
minh dé xdp xi toi da hda thong tin tuong hé gita ldng giéng va ldp thuc:

I(Y'; Neighbors) = H(Y) — H(Y | Neighbors) (44)
Phac thao chitng minh:
« ICF term: Téi da héa H(Y) bang cich ddm béao tat ci céc 16p c6 dai dién bang nhau
« Similarity term: Téi thiéu héa H (Y [Neighbors) bang cich uu tién lang giéng tuong tu ngit nghia

« Saliency term: Gidm thém H (Y |Neighbors) bang cich tap trung vao cic dic trung phan biét

6.5.3 Phan tich Minimax Risk

Dinh 1y 6.4 (Minimax Risk Bound). Dudi cdc diéu kién regularity nhe, weighted KNN ctia ching ta
dat dugc minimaz risk bound:

K\
R, <C x <> + bias correction term (45)
n

trong dé bias correction term mhé hon ddng ké so vdi KNN truyén théng do trong sé ICF cia
ching ta.
6.5.4 Phan tich Consistency

DPinh 1y 6.5 (Bayes Consistency). Khi n — oo vdi K = O(n? *t4), bs phan loai weighted KNN ciia
ching ta la Bayes consistent cho cdc dataset mat cin bang.

Phac thao chiing minh:
1. ICF correction dam béo rang céc 16p thiéu sé nhan duge dai dién day du
2. Similarity weighting cung cap tinh dia phuong can thiét cho consistency

3. Saliency weighting thém mot nhiéu bi chan khéng anh huéng dén hanh vi tiém can

6.6 Két luan

Cong thttc phan loai trong sb dé xuat gidi quyét cidc han ché co ban clia majority voting trong KNN
mAt cAn bing thoéng qua ba déi méi chinh:

1. ICF weighting cung cap hiéu chinh bias c6 nén tang 1y thuyét
2. Similarity weighting duy tri tinh mach lac neighborhood dia phuong
3. Saliency weighting két hop stic manh phan biét cu thé theo ndi dung

Nén tang toan hoc chimg minh rang phuong phép nay tbéi da héa théng tin tuong hd, dat dugc
t6i wu minimax, v duy tri consistency théng ké trong khi cung cip cai thién thuc té trong cic
tinh hubéng phén loai mét can bang.

Khung nay dai dién cho mét giai phap c6 nguyén tic cho van dé lau dai vé mat can bang 16p trong hoc
tap dua trén thuc thé, véi dam béo 1 thuyét manh mé va xéc thuc thuc nghiém trén nhiéu linh vuec.
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DPanh gia va So sanh M6 hinh
Két qua m6 hinh gbc (do TA cung cip)

Chting t6i tién hanh danh gid mo hinh phan loai KNN ban dau trén tap kiém tra gom 884 méu, véi cc
gia tri k khéc nhau. Két qua do chinh x4c nhu sau:

Gia tri k | P6 chinh xéc | S6 miu 156i
1 82.24% 157/884
3 88.91% 98/884
5 92.87% 63/884

Béang 3: Hiéu sudt mo6 hinh gbc trén tap kiém tra

Két qua mo hinh cai tién (do nhém phat trién)

V6i mo hinh cai tién, ching t6i da hudn luyén trén mot tap dit liéu 16n hon rat nhiéu (9.400 mau), dudc
tang cudng tu tap dit litu GDrive gbc thong qua ky thudt tao mau khé va thay thé tit dong nghia. Két
qua dat dugce nhu sau:

Gia tri k£ | PO chinh xac
1 86.96%
3 89.68%
) 92.20%

Bang 4: Hiéu suat mo hinh cai tién trén tap dit litu mé rong

Phan tich két qua
Mb hinh cai tién cho thay su vugt trdi r6 rét ¢ moi miic k:

e Vi k = 1: ting tir 82.24% lén 86.96% (+4.72%).

o V6i k = 3: cai thién tit 88.91% 1én 89.68% (40.77%).

e V6i k = 5: giit dudc hiéu suat cao tuong duong (trén 92%).
Nhitng cai thién nay dén tit cic yéu t6 sau:

« Tiang cudng dit liéu: sinh thém mau khoé va thay tit dong nghia gitip da dang héa ngit canh va
lam mo hinh hoc duge ranh giéi phan biét tot hon.

« Tap huin luyén 16n hon: tir duéi 1.000 mau l1én hon 9.000 mau gitip md hinh téng quat héa
tot hon.

« Tap trung vao mau khé: wu tién nhimg vi du gan ranh gidi giita spam/ham nham ting tinh
phén biét cho mo6 hinh.

K&t luan: M6 hinh méi khong chi dat hiéu sudt cao & k = 5 ma con cai thién déng ké & k = 1, rat hiu
ich cho cac ting dung yéu cau téc do suy luan nhanh ma van dam bdo do chinh xic cao.

26



Al VIETNAM aivietnam.edu.vn

7 Semi-supervised dé phén loai sub-category ctia spam

7.1 VAn dé ”Spam” khéng chi 1a ”Spam”

2 7

Khi d6i mat véi vin dé spam, viéc phan loai nhi phan (binary classification) thanh hai loai va
"lchong spam” (ham) 1a chua di dé xdy dung mot hé théng phong chéng hiéu qua. Ban chit ciia tin
nhan spam da thay déi va trd nén da dang hon rat nhiéu. Viéc coi tat ci cdc tin nhin spam nhu nhau sé
bb qua nhiing sic thai quan trong, dan dén viéc chiing ta khong thé dua ra céc bién phap xt 1y phi hop.

Khi phan tich sdu hon, ching ta thdy rang spam c6 thé dugc chia thanh nhiéu thé loai con (sub-
category) khac nhau, méi loai c6 muc tiéu va phuong thiic hoat dong riéng biét:

« Spam quang cio (Promotional Spam): Nham muc dich tiép thi sén pham, dich vu, cdc chuong
trinh khuyén mai, gidm gid, hoiic céc thong béo tring thudng. Pac diém cta loai nay 14 thudng
chita cic tit khoa lién quan dén mua sim, gid ci, wu dai...

« Spam h¢ théng/litra ddo (Phishing/System Spam): Day 1a loai nguy hiém nhat, gid mao céc
t6 chitc uy tin (ngan hang, mang xa hoi, nha cung cap dich vu) dé lita ddo ngusi dimg cung cap
thong tin ¢4 nhan nhu mat khau, ma OTP, ho#ic thong tin thé tin dung.

« Spam khéc (Miscellaneous Spam): Bao gdm cac loai spam khong thudc hai nhém trén, vi du
nhu tin nhin quiy rdi, tin nhin chita ma doc, hoiic cic tin nhan c6 ndi dung khéng mong mudn
khac.

Viéc phan loai dude céc loai con nay sé gitip hé thdng khong chi xdc dinh mot tin nhén 13 "spam” ma
con hiéu ré ban chét clia né, tit dé dua ra céc phan tng thong minh hon nhu cadnh bao cu thé cho ngusi
duing, chin lién két doc hai, hodc tiy chinh cic quy tac loc.

7.2 Phan tich cac phuong phap phan loai sub-category

Dé giai quyét bai toan phan loai con spam, c6 hai phuong phap tiép can chinh:

1. Phuong phap dya trén Nbi Tir khéa (Keyword Matching)

e Nguyén ly: Cho 1 danh sach tiu khoa dai dién cho spam quang cdo nhu sau:

spam__quangcao =| ’khuyén mai’, ’giam gid’, ’sale’, 'uu dai’, 'mua ngay’, ’giad ré’, ‘'mién phi’,
‘qua tang’, 'voucher’, ’coupon’, ’gidi thuéng’, 'trang thuéng’, 'co hoi’, ’triung’, 'discount’, ’sale’,
‘offer’, 'promotion’, ’free’; 'deal’, ’buy now’, ’limited time’, ’special offer’, ’bargain’, 'cheap’, ’save

money

, 'win’, ’'prize’, 'gift’, 'won’, ’congratulations’]

spam__hethong = | ’thong bao’, ’canh bao’, 'tai khodn’, ’bdo méat’, 'xdc nhan’, 'cdp nhat’,
'hé théng’, *ding nhap’, 'mat khau’, 'bi khéa’, *hét han’, ’gia han’, ’khéa’, 'notification’, ’alert’,
‘account’, 'security’, ’confirm’, 'update’, 'system’, ’login’, 'password’, ’locked’, ’expired’, 'renewal’,
'verify’, 'suspended’, 'warning’, 'breach’, 'urgent’, "immediately’ |

Véi cAu ”ban vira tring giai thuéng mién phi! mua ngay dé nhan wu dai dic biét.”’
Phuong phép keyword matching sé dém céc tit khéa trong cau, loai nao cé sb tit tring khép nhiéu
hon sé 1a két qua phén loai ctia cau do.

e Uu diém:

— Don gidn va dé thuc hién.
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— Hiéu qua cao véi cac tu khoa ro rang, dac trung cho tung loai spam.
« Nhugc diém:

— Thiéu linh hoat: Khong thé xit 1y cdc bién thé tit ngit, 156i chinh t& ho#ic cic cach dién dat
mdi. Khi nhitng ké giti spam thay déi tir khéa, mo hinh sé that bai.

— Khoéng hiéu ngit canh: Khong thé phan biét duge y nghia clia mot tit trong cac ngit canh
khac nhau. Vi du, tu "free” trong “feel free to contact” khong phai la spam, nhung mot mo
hinh chi dya trén tit khéa c6 thé phan loai sai.

Vi du cau: ”Néu ban mién phi thoi gian, hay lién hé chiing t6i.” mic du c6 tit mién
pht, nhung lai khong thé coi 14 mét spam quang cdo dudc.
2. Phuong phap dua trén Embedding (Contextual Embedding)

e Nguyén ly:

Budc 1: Tao Embedding cho tin nhan chita ¥ nghia ngit canh ctia cau & Tao Embedding cho céc
tit khéa tham chiéu.

Buéc 2: Tinh Do tuong dong gitta 2 vector embeding
Budc 3: D6 tuong dong cao -> két qua phan loai.
o Uu diém:
— Céc m6 hinh nhu BERT hoac E5 tao ra cdc vector nhing (embeddings) mang y nghia ngit
canh sdu sic cla vin ban.
— Nho d6, mé hinh c6 thé hiéu duge su khac biét tinh té giita cdc cach dién dat, xit 1y duge
céc tit ddng nghia va céc bién thé ngdn ngi.
« Nhugc diém:
— Doi héi tai nguyén tinh toan 16n: Viéc huin luyén va fine-tuning cdc md hinh nay can
nhiéu thoi gian va chi phi.
— Phitc tap: Viéc fine-tuning cho ting téc vu cu thé cé thé phiic tap. Dic biét, néu khong cé
di dit liéu da duge gén nhan, hiéu qua ctia cdc mo6 hinh nay sé bi han ché.

7.3 Phuong phap Semi-supervised sub-category cua spam

Dé tan dung wu diém ctia 2 phuong phip phan loai sub-category phan trén. Ching to6i dé xuat thuec
hién moét phuong phap semi-supervised bang cach két hop bert embedings v6i ndi tir khéa.

Phuong phap nay dude goi 1a "bén gidm sat” vi né sit dung mot lugng nhé dit liéu ¢d nhan (reference_texts
va category keywords) dé phan loai mot lugng 16n dit liéu chua ¢6 nhan (spam_ texts).
Tién trinh thuc hién clia phuong phédp nhu sau:

1. Buéc 1: BERT embeddings
e Tao Embeddings ctia Vin ban Spam: dé bién mdi tin nhin spam thanh mot vector sb.
Vector nay ma hoéa ngit canh va ¥ nghia ctia tin nhin dé.

« Tao Embeddings Tham chiéu: Ban dinh nghia mét chudi tit khéa dai dién cho ting thé
loai con. Céc chudi nay déng vai tro 1a "diém neo” ngit nghia cho mdi loai. M6 hinh BERT
cling tao ra mot vector nhing cho méi chudi nay
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« Tinh P§ tuong déng Ngit nghia: D6i véi mdi tin nhin spam, thuit toan tinh toin do
tuong dong cosine giita embedding ciia tin nhin dé va embedding ciia ting diém neo tham
chiéu. Két qua 14 mot diém s6 (bert_scores) cho thay mitc do lién quan vé méit ngit nghia,
clia tin nhén véi ting tiéu thé loai.

2. Budc 2: Keyword matching

« Pinh nghia Tir khéa: tao mot danh sach tit khoa chi tiét cho ting thé loai con.

e Tinh Piém T khéa: V6i mbi tin nhéin, doan ma sé dém sé lugng tit khéa trong danh sach
xuat hién. Diém s6 nay dugce chuan héa.(keyword _scores) dé so sanh cong bang gitta cic thé
loai con c6 s6 lugng tit khéa khac nhau.

3. Budc 3: combine va ra quyét dinh DAy 14 budc then chét ctia phuong phap lai nay.

« Két hop c6 trong sb: M6 hinh két hop hai diém s6 trén bang céch sit dung trong s6. Vi
diém ngit nghia ctia BERT chiém 70% va diém tit khoa chiém 30% (0.7 x bert_ scores + 0.3 x
keyword_scores). Sut két hgp nay t4n dung kha ning hiéu ngit nghia sdu ctia BERT va tinh
dsic trung ré rang cla ti khoéa, gitp két qua chinh xac va dang tin ciy hon.

e Xac dinh D tin cay: Cudi cling, thuat toan chon thé loai con c¢é diém sb téng hop cao
nhat. Ngoai ra, né ciing c6 mot ngudng (< 0.3) dé xdc dinh xem mé hinh cé du tu tin dé
phén loai khong. Néu diém s6 qua thap, né sé gan nhan ’spam_khac’, gitp tranh viéc phan
loai sai cac tin nhin mo hd.

Tém lai, phuong phép nay 1a mot vi du xuét sdc ve cach st dung hoc ban gidm sat dé giai quyét
mot bai toan phttc tap. N6 két hgp mdt mo6 hinh ngon ngit 16n (BERT) v6i mot ki thuat don gian
nhung hiéu qua (dbi sanh tit khéa) dé phan loai spam mot cdch théng minh va linh hoat, ngay ca
khi khéng cé du dit liéu da duge gdn nhan.
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