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1 D3t van dé

Trong ki nguyén biing nd tri thitc, sb lugng publication abstract ting nhanh trén cic kho hoc thuat (vi
du: arXiv). Piéu nay dit ra thach thitc 16n cho viéc tim kiém, lap chi muyc va khai thac tri thic.
Bai todn trong tAm la: vdi mét abstract dau vao, du dodn chinh xdc topic phi hop (vi du: Vit ly, Todn
hoc, Khoa hoc mdy tinh, ..). Bén canh yéu cau vé do chinh xdc, hé théng hién dai can kha ning giai
thich dy doan, gitip ngusi diing hiéu duge tai sao mé hinh lai dua ra két quéa dé.

Muc tiéu

o Xay dung mét chuong trinh phéan loai topic cho abstract bang Python, sit dung cac thu vién hoc
méy phd bién nhu scikit-learn, numpy, ..

e So sanh hiéu qué ctia cdc phuong phap ma hod van ban: Bag-of-Words (BoW), TF-IDF, va
Sentence Embeddings.

e Huén luyén va ddnh gid nhiéu mo6 hinh phan loai khéc nhau, bao gom Naive Bayes, KNN, va
Decision Tree.

2 Md rong ciia nhém

Ngoai céc yéu cau co ban, nhém tién hanh mét séb mé rong dé tang tinh thuc tién va gid tri hoc thuat
ctia du 4n. Céc md rong dude lra chon nham gidi quyét nhitng han ché quan sat dudc trong thyc
nghiém cd ban, ddng thoi bé sung kha ning giai thich két qua du doan. Cu thé:

(i) Thit nghiém phéan loai theo primary scores

O bude dau, nhém tién hanh kiém chiing gia thuyét rang viéc tan dung truc tiép céc primary scores
c6 thé phan loai abstract nhanh chéng. Tuy nhién, két qui thuc nghiém cho thiy phuong phap nay
khong mang lai d6 chinh xic cao do thiéu tinh khai quat va khé nim bat dic trung ngit nghia.
Diéu nay khing dinh su can thiét phai quay vé khung phéan loai véi cdc nhém chit dé chinh (astro-ph,
cond-mat, cs, math, physics) va st dung cdc phuong phap ma hod van ban hién dai hon.

(ii) Pé xudt KNN bo phiéu trong sb cai tién

KNN truyén théng thuong gip han ché khi dit liéu mat cdn bing hofic khi mitc d6 tuong ddng giita céc
diém 1an can khong phan 4nh ding tam quan trong thuc té. P& khic phuc, nhém dé xuit cong thiic bd
phiéu trong s6 méi:

weight = (1 — «) - similarity - class_ weights + « - saliency.
Trong dé:
o similarity: mitc do tuwong dong (cosine similarity) giita diém kiém tra va lang giéng.
o class weights: trong s 16p, giam thiéu dnh huéng ctia mat can bang di liéu.

« saliency: do quan trong ctia dic trung, giip mo hinh chii ¥ hon dén céc tin hiéu ngon ngit c6 gia
tri.

Cong thitc nay giip KNN 6n dinh hon, chinh xac hon, dong thdi tdng kha ning thich tng véi dit
liéu da dang.
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(iii) Giai thich tir vung quan trong gép phan phan loai chii dé ciia bai bao khoa hoc
bang saliency scores

Dé mo hinh khong chi “du dodn ding” ma con “giai thich duge”, nhém khai thac saliency scores dé
nhan dién nhitng tit/cum tit c6 déng gép 16n vao quyét dinh phan loai. Két qua nay cho phép:

« Loai bd stopwords va lam ndi bat cic thuat ngit ddc trung ctia ting linh vue (vi du: graph,
algorithm cho cs; galaxy, spectra cho astro-ph).

« Cung cap cong cu gidi thich truc quan, gitip ngusi ding hodc nha nghién ctu hiéu 16 “tai sao
abstract nay thudc vé topic X”.

Y nghia ctia cac mdé rong
Viéc thuc hién ba mé rong trén nham dat dude cdc muc tiéu sau:

1. Kh8c phuc han ché ctia phuong phip co ban (primary scores khong hiéu qud, KNN truyen
théng thiéu 6n dinh).

2. Tang tinh thyc tidén bang cich dicu chinh trong sb dé gidi quyét dit liéu mat cAn bang.

3. Nang cao tinh minh bach théng qua phén tich saliency, phu hgp véi xu huéng Fzxplainable Al

Poéng gép chinh

e Xay dung khung phén loai chti dé chu trinh tu phdn loai dén gidi thich ti khéa quan trong két
hop nhiéu phuong phap ma hod va mé hinh.

o D¢ xuét bién thé KNN bo phiéu trong sb két hop dong thdi similarity, class weights, va
saliency, nham cai thién hiéu ning trén dit liéu mat can bang.

« Phét trién mo-dun gidi thich dy doan & miic tit/ngit, gitip hé théng minh bach hon va hé trg
kiém tht dit liéu.

3 Gidi thiéu chi tiét M§& rong trong thuit todn ctia nhém

3.1 Giai thich cach tinh Saliency Score

Nhan thiy rang toan bo hé thdng phan loai sit dung mé hinh embedding E5 két hop véi co s6 dit liéu
FAISS dé truy van va tim kiém k lang giéng gan nhat 1a mot mo hinh dang “hép den” (black-box). Vi
vy, nhom dat muc tiéu ting tinh giai thich ctia mé hinh bang céch chi ra cu thé nhiing token nio
trong cau dau vao thuc su 4nh hudng dén embedding ctia cau, tit d6 din dén quyét dinh phéan loai. Y
tudng chinh 13 tric quan hod mitc dd déng gép clia tiing token bang bin do nhiét (heatmap) — token
nao cang ¢6 anh huéng 16n thi sé duge t6 mau dam hon.

Trong bbi canh ban dau nhém tap trung vao bai todn phan loai va gidi thich cc tin nhin spam, qué
trinh tinh toan saliency heatmap dudgc trién khai cho cc token gép phan vao embedding ctia cau dudc
phan loai 1a spam. Néu cé thém thoi gian, phuong phap nay hoan toan cé thé md rong dé giai thich cho
ca cac cau duge phan loai 1a ham véi cling co ché.
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Y twéng thuat toan.

Budc 1. Tinh class_scores ban dau: tong diém tuong dong gitta embedding ctia cdu dau vao
véi cdc ldng gieng c6 nhan tring véi 16p muc tieu (vi du: “spam™).

Buéc 2. V6i méi token tai vi tri i, thay token dé bang [PAD] (hodc [MASK]) dé mé hinh embedding
xem nhu vi tri nay bi che.

Buéc 3. Sinh embedding méi tit cau bi che token, thuc hién truy van FAISS, va tinh lai tong
diém class_scores cho 16p muc tiéu.

Budc 4. Do giam saliency ctia token ¢ duge xdc dinh bang hiéu sb:
Saliency(t;) = class_scoresggina — Class_sSCOTeSyasked(i)-
Néu gia tri nay cang 16n thi token ¢; cang quan trong déi véi quyét dinh phan loai.

Budc 5. Lip lai cho tat ca token trong cau dé thu duge mot danh sach gié tri saliency tuong @ng
v6i tling token.

Buédc 6. Chuan hoé cic gia tri saliency vé khoang [0, 1], sau dé6 dua vao ham render_heatmap

-

dé truc quan hod 4nh huéng ciia ting token bang mau sic.

Y nghia. Phuong phdp nay giip hé théng khong chi du dodn ding ma con gidi thich duoe, nhd dé
ngudi ding ho#ic nha nghién cttu c6 thé hiéu ré “vi sao” mot abstract hay tin nhan duge gan vao mot
chti dé cu thé.

3.2

Pé xuidt KNN bo phiéu trong sb cai tién

Han ché ciia KNN truyén théng. Thuit todn KNN (K-Nearest Neighbors) trong céc bién thé
majority voting va weighted voting thudng gip cac van deé sau:

MAt can bing di liéu: cic 16p ¢ s mau it thudng bi 14n 4t béi céce 16p 16n.

D6 tuwong déng khong dt manh: sit dung khoang cich hoiic cosine similarity thuan tiy chua
phan anh ding mic dd quan trong ctia cac dic trung.

Céng thitc cai tién. DE khic phuc, nhém dé xuét cong thitc bé phiéu trong s6 méi:

weight = (1 — «) - similarity - class_ weights + « - saliency.

Trong d6:

similarity: mitc d6 tuong dong (cosine similarity) giita diém kiém tra va lang giéng.
class_ weights: trong s6 16p (nghich tan suat), gitp gidm thiéu tac dong ciia dit liéu mat can bang.

saliency: do quan trong ctia dic trung, dude tinh todn tit bién thién embedding va kh& nang déng
g6p vao quyét dinh phan loai.

a € [0, 1]: hé s6 diéu chinh mtic do 4nh huéng gitta similarity va saliency.
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Y nghia. Céng thiic nay mang lai ba lgi ich chinh:
1. Ting tinh én dinh ctia KNN khi gip dit liéu da dang va mét can bang.

2. Cho phép mo6 hinh chii y nhiéu hon dén céc dic trung quan trong thay vi chi dua trén khoang
cach.

3. Linh hoat trong viéc diéu chinh bang tham sb «, giip can bang gitta d6 tuong dong va mic do
quan trong ngwt nghia.

Két qua thyc nghiém. Nhém da tién hanh so sénh gitta KNN truyén théng va KNN cii tién trén
ba phuong phap méa hod vin ban: Bag-of-Words, TF-IDF va Embeddings. Bang duéi day tém tat do
chinh xac (accuracy) thu duge:

M6 hinh Bag-of-Words TF-IDF Embeddings
Naive Bayes 0.8500 0.8300 0.8900
KNN (Majority) 0.6100 0.8250 0.9050
KNN (Weighted) 0.6150 0.8250 0.9050
KNN (Custom o = 0.3) 0.5400 0.8300 0.9050
KNN (Custom «a = 0.5) 0.5450 0.8200 0.9050
KNN (Custom a = 0.7) 0.5450 0.8200 0.9150
Decision Tree 0.6250 0.6400 0.6950

Phan tich.

« Vi Bag-of~-Words, KNN céi tién chua thé hién uu thé ré rét do biéu dién thua thét va it thong
tin ng nghia.

« V6i TF-IDF, KNN céi tién (o = 0.3) dat két qué ngang bang hogc nhinh hon so v6i KNN truyén
thong.

« V6i Embeddings, KNN cai tién v6i o = 0.7 dat do chinh x4c cao nhat 91.5%, vugt troi so véi
Naive Bayes (89.0%) va Decision Tree (69.5%).

Phan tich qua Confusion Matrix. Dé danh gia chi tiét hon ngoai chi s6 accuracy, nhém trinh bay
cac confusion matriz cho ting moé hinh va phuong phip ma hoé. Két qué cho thay:

« V6i Bag-of-Words, cd KNN truyén théng 1an KNN cai tién déu gip nhicu 16i nham lan giita
math va physics, cho thay biéu dién BoW con han ché trong viéc tach biét cac khéi niém.

e V6i TF-IDF, mo hinh cai tién (KNN Custom, a = 0.3) ¢ sut cAn bang t6t hon giita cac 16p,
gidm nham 1an so v6i Weighted KNN.

« V6i Embeddings, KNN Custom « = 0.7 thé hién vugt troi: cac 16p astro-ph, cond-mat, cs, math,
physics déu dat phan tach ro rét, sai s6 gidm dang ké so v6i cac baseline.
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Hinh 1: Confusion Matrix ctia tat c4 mo hinh v6i 3 phuong phap ma hod (BoW, TF-IDF, Embeddings).
Truong hop t6t nhat: KNN Custom (o = 0.7) + Embeddings dat accuracy 91.5%.

Két luan. Bién thé KNN bo phiéu trong sb tich hop similarity, class weights v saliency cho thiy
hiéu qua vugt troi khi két hgp véi phuong phap ma hoid Sentence Embeddings, tré thanh lia chon
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t6t nhat cho bai toan phan loai chii dé abstract khoa hoc.

3.3 Giai thich ti¥ ving quan trong bing saliency scores

Mot han ché 16n clia cAc mo6 hinh phan loai vin ban hién nay 1a tinh hop den (black-boz): mé hinh
c6 thé dua ra du doan chinh x4c nhung khé giai thich dude co ché ra quyét dinh. Dé khic phuc, nhém
ap dung saliency scores nhim nhan dién céc token (tit/cum tit) c6 déng gép 16n nhat vao qué trinh
phan loai. Cé4ch tiép can ndy giip mo6 hinh khong chi “du dodn ding” ma con “gidi thich duoc”.

Y tuwdng chinh. MBJi tit trong abstract sé dude ddnh gid vé mttc do dnh hudng ciia né t6i quyét
dinh phéan loai. Thuat toan dugc trién khai dua trén co ché leave-one-out masking: 1an lugt che mot
token khoi cau dau vao, tinh toan lai embedding va phan phéi xéc suat 16p, so sanh v6i du doan ban
dau. Do giam diém s6 ctia 16p muc tiéu chinh 13 saliency ciia token dé. Céc budce chi tiét:

1. V6i cau dau vao, tinh embedding goc va xac dinh 16p du doin cling do tin ciy.
2. V6i mdi token t;, thay thé bang [PAD] hodc [MASK], rdi tinh embedding va phan phdi 16p méi.

3. Tinh A = score,;, — SCOT€mpasked. Néu A 16n, token t; c6 vai trd quan trong.

gbc

4. Chuan hod toan bd gia tri vé khodng [0,1] dé truc quan hod bang ban dd nhiét (heatmap).

Két qua thuc nghiém. Khi 4p dung lén tdp dit liéu arXiv abstracts, két quéd thu duge céc ti
vung dic trung néi bat cho timg linh vyc (Hinh ??). Vi du:

7« b [13

o Computer Science (cs): “algorithm”, “polynomial”, “time”, “analysis”, “framework”.

W YW YW

o Astrophysics (astro-ph): “galaxy”, “stars”, “spectra”, “clusters”.

W

o Mathematics (math): “paper”, “group”, “theorem”, “function”.
o Condensed Matter (cond-mat): “magnetic”, “field”, “spin”, “temperature”.
o Physics (physics): “model”, “quantum”, “theory”, “field”.

Nhitng tit/cum tit nay vita mang tinh chuyén nganh cao vita khang dinh kha ning loai bé stopwords,
chi giw lai tin hiéu ngdn ngt ¢ gia tri thuc suw cho phan loai.

Y nghia. Viéc tich hgp saliency scores mang lai hai lgi ich chinh:
1. Tang tinh minh bach: ngudi diing cé thé thiy vi sao abstract duge gan vao mot topic cu thé.

2. Hd trg nghién ci@tu: cidc nha khoa hoc c6 thé khai thac truc tiép danh sich “tit dic trung” dé
phan tich ndi dung, danh gid chat lugng dit liéu, hosic phéat hién nhan sai.

Lgi ich khi kiém th& abstract m&i. Mot diém manh ciia co ché saliency scores 13 khong chi
dimg lai & viéc huan luyén va danh gid trén tap dit liéu, ma con c6 thé ap dung truc tiép cho abstract
mdi nham kiém chig kha ning gidi thich ctia mo hinh. Vi du, khi nhap vao mot abstract vé vat liéu
hai chiéu, m6 hinh diy dodn chii dé cond-mat (vat 1y chat ngung tu) véi do tin cay 100%.

Két qua phan tich saliency chi ra rang cic token magnetic, using, quantum déng vai tro then chdt,
dugc danh dau néi bat trong heatmap (Hinh ?77). Diéu nay hoan toan hgp 1y vé mat ngit nghia: cc khai
niém “t truong”, “co hoc lugng tG” va “sit dung phuong phap tinh todn” 1a nhimg dac trung chuyén
biét ctia linh vuc condensed matter physics.

Y nghia thyc tién:
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« Nguoi dung hoiic nha nghién citu ¢é thé hiéu 6 vi sao abstract duge gan vao 16p cond-mat, thay
vi chi nhin thiy nhan du doan.

« Co ché nay déng vai tro nhu mot “hop den c6 cita 567, gitp kiém thit do tin cdy, phéat hién dit liéu
nhiéu hodc sai nhan (mislabeling).

e Tao cong cu hd trg giang day va phan tich, noi ngudi ding c6 thé xem ngay nhitng tir khod
dac trung cia tung linh vyce hoc thuat.

4 Gidi thiéu chi tiét Mé& rong User-Interface cia nhém bing Streamlit

4.1 Muc tiéu va gia tri s dung

Dé gitip giang vién va nguoi dung tuong tac truc quan véi toan bd pipeline, nhém phét trién mot bang
di¢u khién (dashboard) bang Streamlit cho phép:

« Quan sat hi¢u nang ciia moi cip {mo6 hinh, bé ma hoa} (BoW/TF-IDF/Embeddings) kém bicu
do tuong téc.

« So sénh chi tiét giita cdc bién thé (Naive Bayes, KNN-Majority, KNN-Weighted, KNN-Custom
a €{0.3,0.5,0.7}, Decision Tree) theo do chinh xac, Precision/Recall/F1 macro/weighted.

« Phan tich 16i qua confusion matriz tuong tac cho ting cau hinh da chon.
o Thi nghiém suy ludn trén mot abstract méi va xem ngay vi sao duge gan nhan (ezplainability
qua saliency/“top words”).
4.2 Kién tridc man hinh va ludng thao tac
Ung dung t6 chitc thanh bén khéi chitc ning, ngudi ding chon trong Sidebar:

1) chart-increasing Model Performance Overview: tong quan mé hinh t6t nhat, do chinh xéc
cao nhat, bo ma hod tuong ting, va biéu do cot (plotly) so sanh hiéu ning.

2) bullseye Model Comparison: so sanh nhiéu mo hinh trén cing mét bd ma hoa, hién thi bicu do
accuracy va bang chi s6 chi tiét (Macro/Weighted F1, Precision, Recall).

3) mag Detailed Analysis: bdo cdo phan loai theo ting 16p (classification report) va confusion matrix
dang seaborn heatmap cho cap {mé hinh, ma hod} dugc chon.

4) memo Text Classification Demo: nhap abstract hoiic chon sample, hé théng suy ludn bang mé
hinh t6t nhat tim dugce (best result) va tra vé nhan du dodn, mo ta timg chi dé, vin ban da tién
xtt 1j; ¢6 thé gan kém heatmap saliency & phan md rong.

4.3 Tich hgp mo6 hinh va dit liéu

Tai va tién x&t ly. Ung dung tai tap UniverseTBD/arxiv-abstracts-large, loc 5 chil dé muc tiéu
{astro-ph, cond-mat, cs, math, physics} va liy ~ 1000 mau single-label. Chudi dugc chuan hod
(x04 ky tu ddc biét/s6, lowercase, nén khodng trang).
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Ma hoa van ban. Ba dac trung song hanh:
e BoW: CountVectorizer.
o TF-IDF: TfidfVectorizer.

« Embeddings: SentenceTransformer intfloat/multilingual-e5-base (chuan hoa L2).

Tap md hinh. Ung dung huén luyén tu déng céc mé hinh:
Naive Bayes, KNN(Majority), KNN(Weighted), KNN(Custom « € {0.3,0.5,0.7}), Decision Tree.

Mobi mé hinh dudce chay trén ci 3 khong gian dic trung; két qua (Accuracy, Report, Confusion Matrix)
va model object duge luu dé phuc vu céc tab phan tich.

4.4 KNN tuy bién trong ting dung

Pong cd. KNN truyen théng dé tréch khi dit liéu mat cAn bang va khi similarity khéng phan dnh da
tam quan trong ngit nghia. Do d6, bién thé KNN ctia nhém ding quy tac bd phiéu cé trong so:

weight = (1 — «) - similarity - class_ weights + « - saliency,

trong d6 similarity 1a cosine similarity (trén embeddings), class_weights 1 trong s6 nghich tan sudt
16p, va saliency 1 d6 quan trong instance-level ctia mau kiém tra. Tham s6 a € [0, 1] diéu tiét gitta tin
hiéu ldng gieng va dé noi bit ctia mau.

Hién thyc. L&p CustomKNN cai ba kicu boé phiéu (majority, weighted, custom). Nhanh custom:

1. Tinh similarity tit diém kiém tra dén toan b huan luyén (hodc lan can), lay top-k.

2. Véi tung lang giéng, cong don trong s6 theo cong thitc trén.

3. Tién doan 16p c6 tong trong sb cao nhat.

Trong s6 16p class_ weights gitip gidm thién vi vé 16p doéng; saliency khién KNN nhay hon véi cac tin

hiéu chi dé thuc su c6 ich.

Quan sit két qua trong dashboard. Trén khong gian Embeddings, KNN (Custom « = 0.7) dat
0.915 accuracy va la best overall.! Céc tab Comparison va Detailed Analysis cho thidy ma trdn nham
1an cai thién & cac cip 16p dé lan.

4.5 Ché d0 Text Classification Demo va giai thich

Trong phan Demo, ngudi diing nhap abstract hoic chon mau. Hé thong:
1. Tién xi Iy vin ban theo ding pipeline huin luyén.

2. Suy ludn bang mé hinh tét nhat ghi nhan tit phan Overview.

3. Hién thi nhan du doan, thong s6 mo hinh, v& vin ban da chuan hoa.

4. (Tuy chon) Goi mo-dun saliency dé vé heatmap t6 ddm token/cum tit déng gép nhidu nhat vao 16p
du doéan, gitp ngudi dung hiéu vi sao abstract thuoc vé chi dé doé.

1Téng quan sb liéu da liét ké & phan két qua thi nghiém.
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4.6 Trai nghiém ngudi dung va kha nang maé rong
Tuwong tic/Truc quan. Ung dung ding Plotly dé:

¢ So sanh Accuracy theo md hinh, t6 mau theo bd ma hoa.

o Xem chi tiét chi s6 (macro/weighted F1) & dang bang dong.

e Hién thi confusion matriz ¢ nhan truc ré6 rang cho 5 16p muc tiéu.

Tbi wu vAn hanh. @st.cache_data gitp:
1. Luu dém dit liéu da tai va két qué vector hod dé gidm thoi gian cho.

2. Tai stt dung két qua huan luyén khi ngudi diing chuyén tab.

L6 trinh phat trién.

« Explainability nang cao: hién thi token-level saliency cing biéu d6 class-score drop theo thuat
toan leave-one-token-out; ghép ciing topic TF-IDF words dé so khép thuit ngit ddc trung.

o Model Hub: lya chon thém b ma hod (SBERT da ngit, E5-large) va bo phén loai (LogReg/SVM/RF)

dé so sanh.
« Tbi wu hoa téc dd: tién tinh lang giéng bang FAISS cho khéng gian Embeddings va luu index vao
cache.
4.7 Tém tit déng gép ctia phin Streamlit

o Két nbi du sdu véi pipeline: tit tai dit liéu, vector hod, huin luyén, so sanh két qua dén suy lun
thi.

« HS trg quyét dinh mé hinh: biéu dé tuong téc, bang chi s6, vA ma tran nham lan gitp chon ciu
hinh téi wu.

« Giai thich dugc: tich hop saliency heatmap dé minh hoa vi sao mot abstract duge xép vao 16p du
doan.

o D& mé rong: thém mo6 hinh/bd ma hod, FAISS indexing, hodc cic tién ich giam sat 16i va lam sach
dit liéu.
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