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LOI CAM POAN

Ti Vii Thi Kim Thu xin cam doan rang dé tai nghién ctru trong luan vin mang
tén goi “Ung dung mé hinh hoc siu Transformer cho bai toan khuyén nghi trich
din khoa hoc” 13 thanh qua nghién ctru do chinh t6i thuc hién dudi sy huéng dan
khoa hoc tan tam cua PGS.TS. Nguyén Long Giang. Toan bd noi dung duoc trién
khai tir qua trinh tim hiéu, tong hop va phan tich tai liéu do chinh t6i tién hanh. Moi
s6 liéu, két qua va nhan dinh trinh bay trong luén vin déu phan anh trung thie qua
trinh nghién ctru va chua xuat hién trong bat ky cong trinh nio dugc céng bd trude
day. T6i hoan toan chiu trach nhiém phap 1y vé ndi dung cua tai liéu nay.

Ha Néi, ngay 06 thang 07 nam 2026

Tac gia lun van

B

Vi Thi Kim Thw



LOI CAM ON

Trudc hét, em xin danh 151 tri 4n chan thanh nhat t&i Thiy PGS.TS. Nguyén
Long Giang huéng din khoa hoc — ngudi da tan tinh chi bao, dinh huéng va hd trg
toi trong subt qua trinh thuc hién va hoan thi¢n luan van. Nhitng dinh hudng kip thoi,
su phan bién sic bén va niém tin khong dao dong cua thiy chinh 14 chd dwa tinh than
giup em hoan thién luan van nay.

Em xin chan thinh cadm on cac Thay, cac chuyén gia va nhiing ca nhan da hd
trg, gitp dd t6i vé chuyén mon, tai liéu, phuong phap nghién cru va kinh nghiém
thyuc tién dé luan vin c6 thé duoc trién khai va hoan thanh dang tién do.

Xin tran trong cam on Ban Lanh dao Hoc vién Khoa hoc va Cong nghé, dac biét
Phong DPao tao cuing cac phong chirc nang ctia Hoc vién da tao diéu kién thuan lgi vé
co' s& vat chit, tha tuc hanh chinh va moi truong hoc thuat dé em co thé yén tdm hoc
tap va nghién cuu.

Loi cam on cudi cing, em xin giri 101 cam on chan thanh t6i gia dinh, ban bé va
ddng nghiép — nhitng nguoi ludn bén canh dong vién, chia sé va hd trg em trong sudt
qua trinh hoc tap va thyc hi¢n luan van.

Ha No¢i, ngay 06 thang 07 nam 2026

Tac gia luan van

T

Vi Thi Kim Thw
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MO PAU

Hai muoi nim qua, cong ddng khoa hoc toan cau dang ddi mit voi mot
nghich 1y thd vi: cang c6 nhiéu tri thitc dugc san sinh, nha nghién ctu lai cang
khé dinh huéng trong kho tai liéu khong 16 d6. Khoi diém tir ndm 1673 khi
Hiép hdi Khoa hoc Hoang gia Anh ra mat tap chi hoc thuat dau tién, nhan loai
d4 chimg kién san luong xut ban khoahoc ting truéng khong ngimg — va toc
d6 tang truong ngdy cang duoc ddy nhanh hon nho sy phd bién cia cac nén
tang chia sé truc tuyén.

Nhin vao dir liéu cu thé, tir dau thap nién 2000 dén giita thap nién 2010,
téc do tang truong binh quan hang nam cta an pham khoa hoc va ky thuat dao
dong quanh mirc 10%, véi tong s6 vuot ngudng 4 triéu bai vao ndam 2018. Riéng
v6i linh vuc khoa hoc may tinh, con s6 bai bao méi cong bé mdi nam di ting
gap ba lan so voi dau thé ky XXI. Co sd dir liéu y sinh PubMed — mét trong
nhitng ngudn tai litu dugc tra ciu nhiu nhét thé giéi — ghi nhan su ting
truong hang chuc 1an chi trong vai thap ky. Xu hudéng nay dién ra tuong ty trén
hau khap cac nganh hoc thuat.
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Hinh 1.1. Xu hwéng ting truéng 4n pham khoa hoc dwgre 1ap chi muc
trong DBLP (1995 - 2024)

Su bung nd nay dat ra mot thach thuc cu thé: nghién ctru nam 2014 cho
théy nha khoa hoc tai cac dai hoc My va Uc chi doc duoc trung binh 22 bai béo
mdi thang — con sO khong thay ddi so v6i mot thap ky trudc, trong khi téng sO
bai bao can theo ddi di ting dang ké. Diéu nay cho thdy kha nang xir Iy thong
tin cia con nguoi da dat ngudng bio hoa, trong khi lwong tri thic can tiép thu

ctr lién tuc tang 1én.
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Trong linh vyc viét bai hoc thuét, trich dan tai liéu tham khao dong vai
tro thiét yéu: do 1a cach ghi nhan nguon goc y tudng, xay dung nén tang 1y luan
cho 13p luan méi, ddng thoi thé hién dao dtc khoa hoc. Song chinh vi danh muc
tai liéu qua phong phu, viéc xac dinh diing nhiing cong trinh can trich dan trong
mot doan vin cu thé ngay cang tén nhiéu cong stc va dé bo sot.

Trudce thyc trang do, cac hé théng go1 y trich dan tu dong n6i 1én nhu
mot hudng giai phap htra hen. Y tudng cdt 16i: thay vi dé nha nghién ctru ty do
tim, hé théng s& phén tich ngit canh dang viét va chit dong dé xuét danh sach
tai liéu co thé lién quan. Bai toan nay lan dau duoc McNee va cong su hé théng
hoa vao nam 2002, va tir d6 tré thanh mot trong nhitng huéng nghién ctru dugc
cong dong CNTT va Thong tin hoc quan tim ngdy cang nhiéu.

Pic biét tir nam 2017, kién triac Transformer do Vaswani va cong sy gioi
thiéu da mang lai budc dot pha can ban cho toan nganh xtr Iy ngén ngit tu nhién
(NLP). Co ché ty cht y (self-attention) — wu diém cdt 16i ciia Transformer —
cho phép mo hinh héa lién hé gilra moi cdp tir trong cau ma khong bi rang budc
boi khoang cach tuan ty. Tir nén tang d6, cic mo hinh tién huin luyén nhu
BERT, RoBERTa lan lugt pha v& nhiéu ky luc hiéu ning. Pic biét, SCiBERT
— bién thé duoc Beltagy va cong sy (2019) huan luyén riéng trén ngit liéu khoa
hoc — cho théy loi thé rd rang trong cac tac vu lién quan dén van ban hoc thuét
chuyén nganh.

Song ndi dung vin ban chi 1a mot chidu thong tin. Trong thuc té, quyét
dinh trich din ctia mot nha nghién ctru con chiu anh hudéng ciua nhiéu yéu t6
khéc: danh tiéng tac gia, uy tin noi xuat ban, tinh méi cia cong trinh, va dic
biét 12 vi tri cia bai bao trong mang luéi trich dan hoc thuat. GraphSAGE —
mo hinh hoc biéu dién d6 thi quy nap (Hamilton va cong su, 2017) — mo ra
kha ning khai thac chinh xac chiéu thong tin cdu trac nay, véi vu diém vuot
troi 1a co thé tong quat hoa sang bai bao méi ma khong can huan luyén lai.

1. Muc tiéu luin van

Khao sat tong thé cho thy cdc mo hinh khuyén nghi trich dan hién tai
ton tai ba khoang trong chinh. V& phia biéu dién ngdn ngit: nhiéu mé hinh van
str dung kién trac BERT tong quat hodc BiLSTM tir trude 2019, chua tan dung
SciBERT dugc t6i wu hoa cho vin ban hoc thuat. V& phia biéu dién d6 thi: GCN
transductive pho bién trong cic mé hinh két hop gap khé khan khi bai bao méi
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lién tuc duge bd sung. Vé khai thac siéu dir liéu: ph?m 16n hé théng hién tai bo
qua thong tin quan trong nhu tic gia, dia diém, nim cong bé — nhiing yéu t6
thuc té anh huong dang ké dén quyét dinh trich dan.

Xuét phat tir ba khoang tréng do, luan vin huéng dén ba muc tiéu cy thé:

« Xay dung btic tranh tong quan c6 hé thdng vé cac phuong phap hoc sau
hién c6 cho bai toan khuyén nghi trich ddn — phan tich tir loc cong tac,
loc noi dung, loc do thi dén mo hinh két hop — nham 1am 18 wu diém,
han ché va xu huéng phat trién cua timg hudng.

« Tim hiéu va phan tich sdu mé hinh SciBERT-GraphSAGE — hudng tiép
can két hop SciBERT va GraphSAGE do Pinh Ngoc Thi va cong su
(2023) [22] cong bd — bao gém kién tric, co ché hoat dong, chién lugc
huén luyén va nguyén Iy tich hop hai nhanh.

« Phan tich va dién giai két qua thuc nghiém trén cac bd dir liéu chuén, so
sanh v&i cac md hinh tién tién, tir 46 danh gia khach quan vé hiéu qua,
han ché con ton tai va tiém ning tmg dung thyc tién.

2. Céu triic ludn vin
Ngoai phan Mé dau va Két luan, luan vin duoc t6 chtic thanh ba chuong:

« Chuong 1 — Tong quan Iy thuyét va co so khoa hoc ctia dé tai: Trinh bay
dinh nghia va cac khai ni¢ém ¢t 161 cua bai toan khuyén nghi trich dan;
tong quan bén nhom tiép can chinh kém phén tich mo hinh tiéu biéu;
phén tich han ché con ton tai; va gidi thiéu nén tang 1y thuyét vé nhung
van  ban, RNN/LSTM/BiLSTM/RHN, Transformer/SciBERT,
GraphSAGE cuing cac chi s6 danh gia.

« Chuong 2 — Ung dung m6 hinh hoc sau Transformer tién tién theo tiép
can két hop cho bai toan khuyén nghi trich dan bai bao khoa hoc: M6 ta
chi tiét kién triic hai nhanh, nguyén 1y timg thanh phan, co ché két hop
va ham muc tiéu; thao luan vé thach thire k¥ thuat va vu-nhuoc diém cia
hudng tiép can.

« Chuong 3 — Xay dung chuong trinh thir nghiém khuyén nghi trich dan
bai bao khoa hoc sir dung cac mé hinh dé xut: M6 ta méi truong thuc
nghiém, ba bo dir liéu chuan, phuong phap danh gia, két qua dinh luong

va thdo luan vé y nghia, han ché con lai.
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CHUONG 1
TONG QUAN LY THUYET VA CO SO KHOA HQC CUA DE TAI

Chuong 1 trinh bay 1y thuyét va co so khoa hoc ctia dé tai. Noi dung gom:
gi6i thiéu bai toan khuyén nghi trich din va cac khai niém co ban; tong quan
toan dién cac huong nghién ctru hién co (loc cdng tac, loc ndi dung, loc do thi
va mo hinh két hop); phan tich han ché con ton tai va huéng giai quyét; va cac
kién thirc nén ting can thiét vé phép nhiing vian ban, ho mé hinh no-ron hoi
quy, kién tric Transformer, SCiBERT va GraphSAGE.

1.1. BAI TOAN KHUYEN NGHI TRiCH DAN KHOA HQC

Khuyén nghi trich dan (Citation Recommendation) 14 bai toan tu dong xac
dinh, tor mot tap hop céc bai bado khoa hoc, mot hodc nhiéu bai bao c6 thé hodc
duoc trich dan trong mot bai bao khac hoic trong mot ban thao chua duoc Xuét
ban. Bai toan nay dugc McNee va cong su chinh thirc gidi thi¢u tir nam 2002
va ké tir 46 da thu hit ngdy cang nhiéu sy quan tAm cua cong déng nghién ciu,
dac biét 1a khi cac phuong phép hoc sdu mang lai nhiing budc tién dot pha.

Vé hinh thirc, md hinh khuyén nghi trich din nhan dau vao 1a truy van q
—cothéla ngit canh trich dan cu thé (tai vi tri trich dan) hodc toan bd nodi dung
bai bdo — cung co so dit liéu D = {d4, d, ..., du} cac bai bio di xuét ban. He
thdng tinh diém twong thich R(q, di) cho mdi cip truy vin — bai bao ting vién,
sau d6 xdy dung danh sach khuyén nghi C = {c4, Cy, ..., ¢} dugc xép hang tir
cao dén thap theo diém sb.

Diu vao: Ngit cnh “
trich dan ‘

Danh sich khuyé"n nghi

Bai bio 1 Q

Bai bio 2 Dinh gid | Diu ra: Két qua
khuyén nghj

Tim kiém | Cicbai
Co s& dit liéu cac ————— bio frich
bai béo khoa hoc dén itng
vién

Xép hang

Bii bdo (1)

Hinh 1.2. So' @6 tong quat ludng xir Iy hé thong khuyén nghi trich din

Cac khai niém co ban trong bai toan bao gdm: Trich dan (citation) 1a moi
lién két gilta mot tai liéu trich din va mot tai liéu duoc trich dan tai vi tri cu thé,
dugc biéu thi bang ky hiéu nhu [1], [2]. Ngit canh trich dan (citation context)

1a phan vin ban xung quanh vi tri trich dan, thudng bao gom cau trudc va ciu
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sau (+200 ky tir), cung cap thong tin vé 1y do tai sao tai liéu duoc trich dan. Bai
béo mg vién (citation candidates) 13 tap tai liéu c6 thé duoc khuyén nghi, c6
thé 1én dén hang tram nghin hodc hang tridu bai. Siéu dit liéu bai bao (paper
metadata) bao gdm tén tac gia, nim cong bd, dia diém xuat ban, tir khoa va lién
két trich dén.

Bai bao trich dan Bai bao dwoc trich dan
Tiéu dé Tiéu dé
Cac tac gia Cé4c tac gia
Tém tat Tém tat
No1 dung Noi dung
Ebesu and Fang[ 1 ]|proposed...
References: References:
1. T. Ebesu, Y. Fang,... 1. D. Bahdanau, K. Cho....
2. M. Farber, 1. Klem.... 2. 7. Beel, B. Gipp....

Hinh 1.3. Vi du minh hoa ngit cinh trich din trong vin ban hoc thuit

C6 hai dang khuyén nghi trich dan chinh. Khuyén nghi trich dan cuc b
(local citation recommendation) st dung mdt doan nhé — thudng 1a cau chua vi
trf trich dan va ngit canh xung quanh (£200 ky tu) — lam truy van. La loai
khuyén nghi nhan biét ngir canh, c6 tinh tng dung cao trong viéc hd tro viét bai
tryc tiép. Khuyén nghi trich dan toan cuc (global citation recommendation) dua
trén toan bo ndi dung bai bao, thich hop hon dé tim kiém tai liéu lién quan & mirc
tong quan. Trong thyc tién, dang khuyén nghi cuc bd dugc quan tim nhiéu hon
va la trong tdm cua ludn van nay.

Bai toan dat ra nhiéu thach thuc ki thuat: khong gian Gng vién co thé 1én
td1 hang tram nghin bai bdo, do1 hdi hi€u qua tinh to4dn cao; ngén ngir hoc thuat
chuyén nganh phirc tap v6i nhiéu thuat ngir dic thu; dir liéu huin luyén mat can
bang nghiém trong giira trich dan dung va khong ding; va bai bio méi cong bd
chua c6 lich sir trich din tao ra van dé cold-start. Ngoai ra, viéc danh gia chat
lwong khuyén nghi ciing phtic tap vi "ding" trong khuyén nghi trich dan c6 tinh

chu quan va da tri.
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Hinh 1.4. So' d6 phén loai bon nhém mé hinh theo ngudn thong tin sir dung
1.2. TONG QUAN CAC VAN PE NGHIEN CUU LIEN QUAN
Dua trén khéo sat toan di¢n ctia Ali va cong su (2020), dén nam 2020 da

c¢6 khoang 67 md hinh hoc sau cho bai toan khuyén nghi trich dan dugc cong

b6 trong cac hoi nghi va tap chi khoa hoc qudc t€ uy tin. Cac mé hinh nay co

thé phan loai thanh bon nhom chinh dua trén loai thong tin duogc khai thac: loc

cong tac (Collaborative Filtering — CF), loc ndi dung (Content-Based — CB),
loc dua vao d6 thi (Graph-Based — GB) va mé hinh két hop (Hybrid). Mdi

nhom da cé uu diém va han ché riéng, phdn anh sy danh doi gitra chat lugng

khuyén nghi, khd ndng m¢ rdng va yéu cau dir lidu.

Bang 1.1. So sanh bon nhom tiép cin khuyén nghi trich din chinh

Phwong | Ngudn thong tin sit | Uu diém néibat| Han ché chinh
phap dung
Loc cong |Hanh vi nguoi dung,|Khong can hiéu|Cold-start ~ nghiém
tac (CF) |lich sur trich dan, danh|noi dung; khailtrong; dit liéu hoc
gid cong dong thac tri tué tap thé|thuat thua thdt
Loc ndi |NOi dung van ban, tom|Ca nhan hoa t6t| Bo qua cAu trac mang

dung (CB)

tit, tr khoa caa bai bao

theo no1 dung;
khong can lich su

nguoi dung

va siéu dir lieu; phu
thudc chét lugng biéu

dién van ban




Phwong | Ngudn thong tin sit | Uu diém néi bat Han ché chinh
phap dung

Loc d6 thi |Mang trich dan, quan hé|Khai thac quan hé|Cold-start v4i bai bao
(GB) tac gia-bai bao hoc thuat sau; anh|mai; kho mo rong quy
hudng cong dong |mo; bo qua ndi dung

van ban

Két hop |Két hop nhidu ngudn:|Ting do chinh|Phic tap trong tich
(Hybrid) |van ban + @6 thi + siéu|xac toan dién; b6|hop va t6i wu; chi phi
dir liéu sung han ché 14n|tinh toan cao

nhau

1.2.1. M6 hinh lgc cong tac

Loc cong tac (Collaborative Filtering — CF) khai thdc danh gid va hanh
vi ciia cdng déng hoc thuéat dé du doan tai liéu trich dan. Trong mo6 hinh CF
dién hinh c6 danh sach m nguoi dung U = {uy, Uy, ..., um} VA n bai bdo P = {py,
P2, ..., Pn}. Ma tran xép hang tao ra dé biéu dién s¢ thich va mé hinh st dung
ky thuat "hang xom gan nhat" dé dé xuét bai bao.

Liu va cong sy phat trién mo hinh CF trén trich dan twong dong — hai bai
bao dugc coi 1a lién quan cung trich din mot bai bao chung (co-citation) hoic
cung duoc trich dan béi mot bai bao (bibliographic coupling). Bansal va cong
su di dé xuit mo hinh st dung mang no-ron hoi tiép sau GRU véi hoc da tac
vu — d6ng thoi huin luyén cho bai toan khuyén nghi noi dung va du doan siéu
dit liéu bai bao — dac bi¢t cai thién hi€u qua trong tinh huéng cold-start.
Sugiyama va Kan xac dinh bai bao trich dan tiém nang bang cach khai thac ma
tran trich dan va sir dung hé ) tuong quan Pearson dé tinh toan do tuong tu
gilra cac bai bao.

Jeon va Jung xay dung mang ludi trich dan tich hop thong tin ngir canh
khéng gian cta céc trich din trong bai viét — phan theo vung xuét hién nhu
Mo dau, Phuong phap, Két qud, Thao luan hay Két luan. Ho ap dung phuong
phap CRITIC két hop vé&i PageRank cé trong sé dé danh gia tim quan trong
theo timg phan bai bao.

Han ché cta loc cong tac trong bai toan khuyén nghi trich dan rat rd rang.

Thong tin bai bio cua cong dong nghién ctru khan hiém hon nhi€u so véi cac




linh vyc khac nhu phim hay nha hang. Bai bao méi chua c6 dit liéu tuong tac
s& khong dugce khuyén nghi — day 1a van dé cold-start nghiém trong trong boi
canh hoc thuat. Co s¢ dir liéu hoc thuat thuong phan tan va thua thot. Vi thé,
rat it nghién ctru thanh cong theo huéng CF thuan tiy va hau hét cac nghién
ctru hién dai déu két hop CF véi cac phuong phép khac.

< Bat ddu )

l

Whiung tai liéu

|

Tim hang xém gén nhat

|

Xép hang lai
Ung vién

l

Puwa ra danh sach khuyén
nghi

!
( Két thuc )
Hinh 1.5. Quy trinh xi ly ciia m6 hinh lgc néi dung

1.2.2. M6 hinh lgc ndi dung

Mo hinh loc ndi dung (Content-Based — CB) phéan tich ndi dung van ban
ctia bai bao nhim tim cac bai c6 nodi dung twong ty. Quy trinh chinh gdm: (1)
nhing tai liéu — chuyén d6i van ban thanh vector biéu dién s6; (2) im hang x6m
gan nhét trong khong gian vector dya trén do tuong ty; (3) xép hang lai tmg vién

bang mo hinh phan biét d6i xir; (4) khuyén nghi cac bai xép hang cao nhat.

Bhagavatula va cong sy dé xuat nhing tai lidu truy van vao khong gian
vector dé im hang xom gan nhat lam tmg vién trich din, rdi xép hang lai bang
mo hinh phéan biét. Két qua tot ma khong can siéu dit lidu 1a diém manh ctia huéng
nay. Ebesu va Fang dé xuat mo hinh NCN (Neural Citation Networks) sir dung
TDNN (Time-Delay Neural Networks) va RNN dé xay dung bo ma hoa-giai ma
trich xuét thong tin tir ngit canh trich din va bai bao tmg vién, st dung BM25 dé
sap xép lai danh sach Gng vién. Firber va cong su cai tién NCN niam 2020, c6 dé
xuat phuong phap tiép can di truyén két hop nhing va truy xuat thong tin, thu
duoc két qua t6t hon trén bo dit liéu RefSeer, arXiv CS, nhung van chua sir dung

du thong tin bai bao va phuong phap nhiing hién dai nhét.
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Gu va cong su dé xuat mo hinh HAtten (Hierarchical Attention) sir dung
bd ma héa vian ban ¢ ciu triic chi ¥ phan cip dé nam bat thong tin ngit canh
da cp tir bai bao trich ddn. Hé thong hai giai doan: giai doan tim nap dung
Siamese encoder dé truy xuat K bai bao tmg vién gan nhét; giai doan xép hang
lai dung SciBERT dé tinh diém chinh xac. Zhang va Ma dé& xuit MP-
BERT4REC xir Iy tinh huéng mét ngir canh can nhiéu trich dan phu hop, t6i
vu bang ham mat mat multi-positive triplet loss v&i nhiéu positive samples
trong cung batch. Cohan va cong su gidi thiéu SPECTER tich hgp thong tin
mang trich din vao qu4 trinh tién huén luyén tai liéu, tao embedding phan anh
ca nglt nghia va quan h¢ hoc thuat.

Han ché co ban cua loc noi dung 14 khong xem xét dac diém riéng cua
nguoi dung va thay d6i s¢ thich theo thoi gian; hiéu qua phu thudc 16n vao chat
luong biéu dién van ban; bo qua thong tin siéu dit liéu va quan hé trich dan gitra
c4c bai bao — nhiing tha thyc té c6 anh hudong 16n dén quyét dinh trich dan.
1.2.3. M hinh loc dya vao db thi

Loc dua vao do thi (Graph-Based — GB) cAu trac mang lién két trich dan
dé khuyén nghi. Quy trinh: (1) xdy dung d6 thi — nut 13 bai béo, canh 1a lién
két trich din; (2) nhung nit bang GNN (Graph Neural Networks); (3) tinh toan
d6 tuong t; (4) xép hang bai bao.

C B4t dau )
Xay dipng dd thi

|

Nhing mat

Tinh toan &9 twrong tuwr

r

Xép hang

C Két thuc )

Hinh 1.6. Quy trinh xir Iy ciia mé hinh loc dya vio d6 thi trich din
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Céac mo hinh khai thic mang thong tin khong dong nhét di duoc nghién
ctru va phét trién. Chang han, Chen va cac cong su xdy dyng cic mang nhu bai
b&o—bai bao, bai bao—tac gia va bai bao—thuat ngir nham biéu dién cac mdi quan
h¢ da dang trong linh vuc hoc thuat. Yang va cong su tap trung huan luyén mo
hinh trén mang khéng ddng nhét bao gdm céc loai nit nhu bai béo, tic gia va
dia diém cong bd. Trong khi d6, Cai va cong sy dé xuat cach biéu dién mang
thu muc hoc thuat dé luu trix thong tin vé tac gia, tbm tit va noi xuat ban, tir d6
tinh toan d6 twong ddng dé tao danh sach goi ¥ phu hop. Bén canh do,
Pornprasit va cong su phat trién thuat todn nhing mang trich din ConvCN
nham mo hinh héa méi quan hé trich dan giita cac bai bao. Cudi cung, Guo va
cong sy dwa ra mdé hinh CSCR (Content-Sensitive for Citation
Recommendation), b sung cac lién két giita nhiing bai bao c6 noi dung twong
ddng, qua d6 gitip gidm thicu tinh trang dit lidu thua thot.

Ali va cic cong su dé xuit md hinh GCR-GAN (Global Citation
Recommendation sir dung Generative Adversarial Network) nham xdy dung hé
thdng goi ¥ trich dAn mang tinh c4 nhan hoa trén mang thong tin hoc thuat khong
ddng nhat (Heterogeneous Bibliographic Network — HBN). Phuong phap nay tan
dung cic quan hé ngit nghia gita cac thuc thé trong HBN bang cach ap dung
SPECTER dé biéu dién noi dung hoc thuat. Déng thoi, mo hinh sir dung mang tu
ma héa khir nhiéu (Denoising Auto-encoder) dé hoc cac dic trung biéu dién cua
do thi, qua d6 ning cao hiéu qua trong viéc dé xuét trich dan.

Han ché ciia loc d6 thi kha rd rang. Van dé md rong (scalability) 1a tro
ngai 16n khi xtr 1y cic mang trich din hang triéu nat va canh — GCN truyén
théng can toan bo dd thi trong bd nhd. Hién tuong dit li¢u thua (sparsity) va
van dé cold-start véi bai bao méi cong bd 1am suy giam hiéu nang mé hinh.
Cudi cung, ndi dung vin ban — yéu td quan trong dé danh gia sy lién quan vé
chu dé — thudng bi bo qua trong cac mo hinh dd thi thuan tay.

1.2.4. M6 hinh két hop

Nhén thirc dugc han ché cua timg phuong phap don 1€, tir naim 2020 nhiéu
cong bd dé xuat két hop cac phuong phap dé cai thién hiéu qua. Pay 1a hudng
tiép can ma luan van tap trung khao sat va tim hiéu.

Jeong va cac cong su gidi thi¢u mo hinh BERT-GCN, trong d6 BERT duoc

st dung dé nam bat nglr canh va ndi dung van ban, con GCN dam nhiém viéc
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biéu dién cac thong tin siéu dit lidu cta bai bao nhu tac gia, nim céng bd va dia
diém xuat ban. Pay duoc xem 1a mot trong nhimg hudng tiép can tién phong cho
thay hiéu qua rd rét khi két hop gifra dit liéu vin ban va cau tric do thi.

Trong mot hudng nghién ctru khac, Medi¢ va Snajder dé xuat mé hinh
DualLCR vdi kién tric gdm hai thanh phan tach biét. Thanh phan thir nhét 13
mo-dun ngit nghia, ap dung BILSTM dé xtr Iy ndi dung bai béo, trong khi thanh
phan tht hai 12 mo-dun thong tin hoc thuat, tip trung khai thac cac dic trung
nhu tén tac gia, sb lugng trich dan theo nam va tong s6 trich dn tich liy.

Wang va cong su phat trién DeepCite két hop BERT, CNN da ti 1¢ va
BiLSTM: BERT trich xuat dic trung ngit nghia cip cao; CNN khai thac dic trung
cuc bo theo nhiéu kich thudc ctra s6; BILSTM nam bt phu thudc dai han trong
chudi vin ban. Wang va cac cong su dé xuit mot mo hinh dua trén kién trac
mang bo nhd dau cudi, trong d6 biéu dién cua bai bao va ngit canh trich dan
dugc hoc thong qua BILSTM. Pdng thoi, mé hinh con két hop thém thong tin
vé tic gia va cac mdi quan hé trich dan vao khong gian vector phan tin nham
nang cao kha nang biéu dién. Bén canh do, Cai va cong sy gidi thi¢u mod hinh
GLNNR (Global-Local Neighborhoods based Network Representation), két
hop ca ciu trac mang (cac lién két trich dan) va dit liéu phi cdu tric nhu tén tac
gia, dja diém va nim xuét ban. Cach tiép can nay giap hoc dugc biéu dién nat
giau ngir canh va toan di¢n hon.

Celik va cong su gidi thi€u CiteBART — mo hinh sinh (generative) dua
trén kién trac BART c6 kha nang tao truc tiép tiéu dé bai bao tir ngit canh trich
dan theo hudéng end-to-end. Thi va cong sy dé xuat mé hinh RHN-DualLCR
tich hop Recurrent Highway Networks véi SciBERT cho khuyén nghi trich dan
cuc bo. Sau d6 nhom nay phat trién tiép thanh mé hinh SciBERT-GraphSAGE

— day 13 mé hinh duogc luan vin tp trung tim hiéu.
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Bang 1.2. Tong hop va ddi chiéu cac md hinh ti¢u biéu

M6 hinh | Nhém PP | Thanh phian| Utu diém Han ché
chinh
NCN [6] CB TDNN + | Bo ma hoa-giai | Chua dung du thong
RNN ma linh hoat | tin; phép nhing cii
(Encoder-
Decoder)
DualLCR [8]| CB+CF | BiLSTM + | Két hopngit | BiLSTM va phép
Al2 nghia vahoc | nhtng AI2 16i thoi
embedding thuat
BERT-GCN |CB+Graph| BERT + Khai thac ca | GCN transductive;
[10] GCN vin ban va d6 | BERT tong quat
thi
HAtten [11] CB Hierarchical Trich xuat |Khong dung cau tric
Attention + | thong tin da mang trich dan
SCIiBERT ting
SPECTER CB BERT + |Embedding hoc| Khong hoc quy nap
[13] Triplet Loss | thuat phong cho bai maéi
(citation) phu
CiteBART | CB (Gen)| BART Sinh tryc tiép | Kho kiém soat do
[12] Seq2Seq | tiéu dé bai bao chinh xac
RHN- CB+CF | SciBERT + SCiBERT + | Chua khai thac cu
DualLCR RHN RHN hién dai trac dd thi
[21] hon BiLSTM
SciBERT- |CB+Graph| SciBERT + | Ngit nghia KH | Chi phitinh toan cao
GraphSAGE GraphSAGE | + db thi quy
[22] nap
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1.3. PHAN TiCH HAN CHE VA PINH HUONG NGHIEN CUU

Qua khdo sat toan dién cac nghién ctru hién co, cé thé nhan théy ba han
ché ¢t 18i can dugc giai quyét nham nang cao hiéu qua hé théng khuyén nghi
trich dan:

Han ché thr nhat lién quan dén biéu dién ngdn ngit hoc thuat. Nhidu mo
hinh str dung BERT tong quat hodc BILSTM véi phép nhung cii (AI2, GloVe)
cho nd1 dung van ban hoc thuat. Ti€u biéu 13 md hinh NCN cua Ebesu va Fang
(2017), phién ban cai tién cua Firber va cong sy (2020) — mic du dat két qua
tt trén bo dit liéu RefSeer va arXiv CS, chua sur dung dugc toan bo thong tin
bai bao (tiéu dé, tic gia, ndm xuat ban) va chwa ap dung cic mo hinh ngdn ngit
tién tién. Khoang 42% tlr vung trong van ban khoa hoc khong xuét hién trong
tir dién BERT tong quat, dan dén biéu dién ngir nghia kém chinh x4c cho céac
thuat nglr chuyén nganh nhu "ablation study", "perplexity", "nucleotide
sequencing".

Han ché tht hai lién quan dén phuong phap hoc biéu dién d thi. M6 hinh
BERT-GCN cua Jeong va cong su (2020) 1a huéng di dung khi két hop noi
dung va d6 thi, nhung ding GCN transductive — khong thé tong quat hoa cho
bai bao m&i ma khong can huan luyén lai toan bd moé hinh. Pay 1a han ché
nghiém trong trong bdi canh thuc té c6 hang nghin bai bao méi duogc cong bd
mdi ngdy trén ArXiv, PubMed va cic co s& dit liéu khac. Mo hinh DualLCR
ciia Medi¢ va Snajder st dung phép nhiing AI2 tir nam 2017 khoéng con la
phuong phap tét nhat cho vin ban khoa hoc khi dd c6 SciBERT duoc huén
luyén chuyén bié¢t trén hang tri¢u bai bao.

Han ché thtr ba ndm & viéc cac mo hinh hién tai van chua tn dung mot
cach hiéu qua ngudn siéu dit lidu cta bai bao. Trong thuc té, khi tim kiém tai
liéu @é trich dan, cic nha nghién ctru khong chi quan tim dén ndi dung ma con
can nhac dén nhiéu yéu td khac nhu uy tin cia tic gia, sé luong trich dan, thoi
diém cong bd cling nhu hdi nghi hoac tap chi noi bai bao dugc xuét ban. Phan
16n cac mé hinh loc ndi dung bé qua hoan toan nhimg yéu t6 nay.

Tir ba phan tich trén, giai phap tu nhién 1a: (1) thay BERT tong quét bang
SciBERT chuyén biét cho vin ban hoc thuat; (2) thay GCN transductive bang
GraphSAGE quy nap giai quyét cold-start; (3) khai thac siéu dir liéu bai bao
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thong qua vector dic trung nut trong dd thi. Pay chinh 13 ba ¢6i méi cbt 16i cua
mo hinh SCiBERT-GraphSAGE dugc tim hiéu trong chuong tiép theo.
1.4. CAC KIEN THUC LY THUYET
1.4.1. Phép nhung van ban

Trong linh vuc hoc may va tri tu¢ nhan tao, nhing van ban (document
embedding) 13 phuong phap chuyén ddi cic don vi vin ban — nhu cau, doan
hodc toan bo tai liéu — thanh cac vector sd ¢6 s6 chiéu thap. Nhimng vector nay
phan anh dic trung ngit nghia ctia noi dung, sao cho cac vin ban cé y nghia gan
nhau s& duoc biéu dién bang cic vector ndam gan nhau trong khong gian. Nho
do, c6 thé thyc hién hiéu qua céac tdc vu nhu so sanh, tim kiém, phan cum hay

phﬁn loai van ban dya trén y nghia, thay vi chi dua vao su trung khép tir khoa.

: ChatGPT remembers a
lumted number

E\ D humanrewewew [4.56,0.71,3.76, ..., 7.63]

prefen ed longer answers
A

[0.23,1.58,2.35, ..., 5.89]

Hinh 1.7. Nguyén ly phép nhing van ban trong khong gian vector

C6 hai nhém phuong phép chinh. Nhém dura trén tir (word-based) két hop
cac vector tir dé tao vector van ban: tinh trung binh vector tir don gian nhung
bo qua thir tw; TE-IDF weighted average gan trong sb theo tin suat nghich déo,
wu tién tr hiém va c6 nhiéu thong tin; SIF (Smooth Inverse Frequency) 14 bién
thé cai tién loai bo thanh phan chinh dau tién dé loai bo thong tin pho bién
khong c6 ¥ nghia. Nhom dya trén van ban (document-based) ma hoda toan bo
van ban cung lic: Doc2Vec hoc embedding bang cach dy doan cac tir tir
embedding tai liéu; BERT va SciBERT st dung Transformer encoder ma hoa
toan bo van ban theo ngit canh hai chiéu.

V6i cac md hinh khuyén nghi trich dan, khoang cach gitra hai vector biéu
dién thudng dugce do bang do twong tu cosine:

cosine_similarity(e;, e;) = (e;7 % e5) / (lesl x le,l)

Trong d6: lel = V(Ze?) 1a d6 16n (norm) ciia vector e. Do tuong tu cosine

bang 1 khi hai vector cing huéng (hai vin ban hoan toan twong ty vé ngit nghia)
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va bang 0 khi hai vector vudng goc (khong lién quan vé ngit nghia). Day 1a chi
s6 duoc st dung phd bién vi n6 khong phu thudce vao do dai ciia van ban.
1.4.2. Ho cac md hinh no-ron hoi quy

Dir liéu van ban 13 dit liéu tudn tu v6i do dai thay d6i — khong thé xur 1y
hiéu qua bang mang no-ron truyén thang (FNN). Mang no-ron hdi quy (RNN)
1 mét kién tric duge xay dung dé xa 1y dit liéu tuan tu dang chudi bang cach
st dung dau ra tir 1an lap trude lam dau vao cho lan lap sau, tao ra "bo nho" vé

cac phan tir truée d6 trong chudi.

Pooprr s
rA_—l— » A

I S e A

Hinh 1.8. Ciu triic mang RNN va co ché xir Iy tudn tu

v

v

Tuy nhién, RNN gip van dé gradient bién mat (vanishing gradient) khi xur
Iy chudi dai — kho nam bat phu thudc dai han gitra cac tir cach xa nhau trong
cau. LSTM (Long Short-Term Memory — Hochreiter va Schmidhuber, 1997)
duoc thiét ké dé giai quyét van dé nay véi cau tric phiic tap hon gdm bdn tang
twong tac theo co ché cong: cong quén (forget gate) quyét dinh thong tin nao
can loai bo khoi trang thai 6 nhd; cong dau vao (input gate) quyét dinh théng

tin méi nao dugc luu triv; cong dau ra (output gate) quyét dinh dau ra dya trén

& ®) &

trang thai 6 nho.

t T 1
I

| |
&) ® ©

Hinh 1.9. Kién tric 6 nhé LSTM véi ba cong diéu khién
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BiLSTM (Bidirectional LSTM) xir Iy chudi theo cé hai chiéu — tir trai sang
phai va tir phai sang trdi — r6i tong hop cac dau ra. Picu nay dic biét hitu ich
trong NLP vi ngilr nghia cua mot tr phu thudc vao ca ngtr canh trude va sau. Tuy

nhién, BILSTM van ton kém vé tinh toan va gip kho khan véi chudi rat dai

Piura
i i
Lép LSTM LSTM LSTM —
backward (-
Lé
o LST™M LSTM LST™M > f;TM

forward

Déu vio Xt-1 Xt Xt+1 Xr

Hinh 1.10. M6 hinh BiLSTM véi hai hwéng xir ly song song
RHN (Recurrent Highway Networks — Zilly va cong su, 2017) dugc dé

xuit nhu mot mo rong cua BILSTM, cho phép thuc hién céac bién d6i sdu hon
tai mdi bude thdi gian thong qua cac 16p highway. RHN c6 gradient flow t6t
hon, it tham sé hon cho cing d6 sau, va kiém soat chinh xac hon thong qua céc
cong highway — day 1a nhiig uu diém quan trong khi xir Iy van ban hoc thuat
dai va phuc tap.

Bang 1.3. Pic diém so sanh RHN va BiLSTM

Tiéu chi RHN BILSTM
Bién d6i mdi budc|Sau qua nhidu 16p|Néng (trir khi thém nhiéu 16p
thoi gian highway LSTM)
S6 luong tham s& |t hon cho cing 6 sdu  |Nhiéu hon do ciu tric hai chiéu
Gradient flow Tét hon nho két ndi|Giam gradient bién mat nhung
highway van c6 han ché

Kiém soat ludng|Chinh xac qua cac cong|it kiém soat hon cho bién d6i noi
thong tin highway bd

Phuy thudc dai han |Nam bit tot qua bién d6i|Uu thé nhd hai chiéu nhung c6
sau gioi han

Téc do suy luan  |Nhanh hon Cham hon do xir 1y hai chiéu
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1.4.3. Kién triic Transformer va cac md hinh tién huin luyén

Kién trac Transformer duoc Vaswani va cong su gidi thiéu trong cong
trinh "Attention Is All You Need" (NeurIPS, 2017). Khac vo1 RNN/LSTM xtr
Iy tudn tu timg tr, Transformer st dung co ché ty cha y (self-attention) dé mo

hinh h6a mo1 quan hé gitra tat ca cac cap tur trong cdu mot cach dong thoi, cho

phép tinh toan song song hoan toan va nim bat phu thudc dai han hiéu qua.

Output
Probabilities

~
Add & Norm B
Feed
Forward
e ) Add & Norm
_ -
SELLCSTON Multi-Head
Feed Attention
Forward J ) Nx
—
N
f—>| Add & Norm | Masked
Multi-Head Multi-Head
Attention Attention
At 1t
W J — )
Positional @_@ & Paositional
Encoding y y Encoding
Input Output
Embedding Embedding
Inputs Outputs

(shifted right)

Hinh 1.11. Kién tric Transformer gbc (Encoder-Decoder)
C6t 161 14 co ché multi-head self-attention: mdi tir duoc anh xa thanh ba
vector Query (Q), Key (K) va Value (V). Trong s6 cht y dugc tinh bang:
Attention(Q, K, V) = Softmax(Q x K7/~Ndy) x V
Trong do
di 14 chiéu cua vector Key,

\dy 14 hé sb chia dé 6n dinh gradient.
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Multi-head attention thuc hién dong thoi nhiéu phép tinh attention song song,
mdi phép st dung cac phép bién doi tuyén tinh riéng biét. Cac két qua sau do
dugc ghép lai, cho phép mé hinh hoc va khai thac nhiéu khong gian biéu dién

ngtt nghia khac nhau cung mdt luc.

Self-Attention

Value

Hinh 1.12. Nguyén Iy co ché Self-Attention

BERT (Bidirectional Encoder Representations from Transformers —
Devlin va cong sy, 2019): M6 hinh Transformer encoder hai chiéu, tién huéan
luyén theo Masked Language Modeling (MLM — du doan tir bi che ngau
nhién) va Next Sentence Prediction (NSP — du doan cau tiép theo). BERT-
Base: 12 16p Transformer, 768 chiéu an, 12 dau chu y, 110 tri¢u tham s6. Nho
ma hoéa hai chiéu, BERT xay dung biéu dién ngit canh sdu sic — biéu dién cua
modi tir phu thudc vao ca ngir canh trudc va sau.

SCiBERT (Beltagy va congsu, 2019): Bién thé ctia BERT duogc huan luyén
lai trén 1,14 triéu bai bao khoahoc tir Semantic Scholar (18% khoahoc may tinh,
82% y sinh), tong cong 3,17 ty token — twong duong kho dir liéu BERT 3,3 ty
token. SciBERT x4y dung bo tir vung riéng SCIVocab gdm 30.000 token tir vin
ban khoa hoc — khoang 42% token trong SCIVocab khong xuat hién trong tir
vung BERT chuén. Day chinh la cic thut ngir chuyén nganh khoahoc ma BERT
téng quat khong thé xu ly t6t. Thuc nghiém cho théy SciBERT vuot tro1 BERT
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dang ké trong phan loai vin ban hoc thuat, trich xuat thuc thé va phan tich quan
hé trong bai bao khoa hoc.

SPECTER (Scientific Paper Embeddings using Citation-informed
Transformers — Cohan va cong sy, 2020): Mé rong BERT bang céach tich hop
thong tin mang trich dan vao qua trinh tién huan luyén. SPECTER st dung ciu
trac trich dan nhu tin hiéu gidm sat bd sung qua ham mat mat triplet loss, giup
embedding phan anh ca ngit nghia va quan hé hoc thuat. Hai bai bao trich dan

nhau s& c6 embedding gan nhau hon, bai bao khong lién quan sé c6 embedding

xa nhau.
Bang 1.4. Piic diém so sanh cac md hinh Transformer tién huan luyén phd bién

M6 hinh | Dirliéu tién | Kiéu ma | Piém dic biét | Ung dung

huén luyén héa pht hop
BERT |Wikipedia+ Hai chiéu, |NSP objective |NLP tong quat
BookCorpus | Masked LM
(3,3B tokens)

SCiBERT |1,14M bai bdo| Hai chiéu, |Tir vung khoa|Vin ban hoc
KH (3,17B| SCIVocab |hoc chuyén biét |thuat, KH may
tokens) tinh, y sinh

SPECTER|Bai b& +| Hai chiéu + |Embedding ti|Tim kiém hoc
mang trich dan| triplet loss |quan hétrich din|thuat, khuyén
(triplet) nghi KH

RoOBERTa|Nhiéu corpus| Hai chiéu, |Téi uu lich trinh|NLP nng cao,
16n hon BERT | khéngco |huin luyén nhiéu nhiém

NSP vu

GPT-2/3 |Web text quy| Mot chiéu, |Kha ning sinh|Sinh vin ban,

mo 16n tir hoi quy |van ban manh  |hoan thién cau

1.4.4. Hoc biéu dién dd thi véi GraphSAGE

Mang no-ron dd thi (Graph Neural Network — GNN) 13 ho cac m6 hinh
hoc sdu duoc thiét ké dé hoc trén dir liéu dang do thi G = (V, E), trong d6 V 1a

tap nat va E 1a tap canh. Y tuong cot 16 1a cap nhat biéu dién ctia mdi nat bﬁng
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cach tong hop thoéng tin tir cac nut lang giéng — phuong phéap nay goi 1a
Message Passing.

GCN (Graph Convolutional Networks — Kipf va Welling, 2016) la mo
hinh GNN phd bién, lan truyén thong tin qua cac canh trong d6 thi theo cong
thic: HI*P = (A x H® x WW), trong d6 A =D™/2 x A x D™'/2 13 ma tran ké
chuén héa, H 12 ma tran dic trung nit, W 1a ma tran trong s6 hoc duge. GCN
hoat dong theo phuong thirc transductive — can toan bo db thi trong bd nhé va
khong thé tong quat hoa sang nat méi ma khong huan luyén lai.

GraphSAGE (Graph Sampling and Aggregation — Hamilton va cong su,
2017) gidi quyét han ché ndy bang phuong phip hoc quy nap (inductive
learning). Thay vi dung toan bd d6 thi, GraphSAGE 1y mau mét tip con cb dinh
K niit lang giéng va hoc ham tong hop trén tap mau d6. Tai 16p 1, biéu dién nut
vi duogc cap nhat theo hai budc:

h¥ @ = AGGREGATE({h ¥/ :j eN(v)})
h @ = gW . CONCAT(h ¢/, h¥v&)) + b ¢

Trong do

N(v;) 1a tap lang giéng duoc lay miu ngiu nhién cia v,

AGGREGATE 14 ham tong hop (c6 thé 1a mean aggregator,

LSTM aggregator hodc pooling aggregator),

W 13 ma tran trong s6 hoc dugc,

o la ham kich hoat ReLU.

Vi GraphSAGE hoc ham tong hop (aggregation function) thay vi hoc
embedding cho timg nut cy thé, nd c6 thé ap dung ham nay dé tinh embedding
cho bét ky nut méi nao — ké ca nat chwa thay trong qua trinh huan luyén.

Bang 1.5. So sanh GraphSAGE va GCN

Tiéu chi GCN GraphSAGE

Phuong thitc hoc | Transductive (chi hoc|Inductive (tong quat cho niit méi)
nut di thay)

Xur Iy bai bao méi |Can hudn luyén lai toan|Tong quat héa ngay khong can

bo huén luyén lai
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Tiéu chi GCN GraphSAGE

Téng hop lang | Toan b lang giéng Liy mau K lang giéng ngiu nhién
giéng

Yéu cau bo nhé |Toan bd ma tran ké&|Mini-batch véi lang giéng da lay

trong bo nho mau

Kha ndng mo rong|Khé voi d6 thi quy mo| Tot nho co ché lay mau

16n

Phi hop cho KN |Han ché — bai mdi|Phu hop — bai bdo méi duoc hd

trich dan xuét hién lién tuc trg ngay

1.4.5. Him mat mat b ba va cac chi sé danh gia

Ham mat mat bo ba (Triplet Loss) thuong duoc ap dung trong cac md hinh
khuyén nghi trich ddn nham giup phan biét 1d giita cac bai béo lién quan va
khong lién quan. Phuong phap nay dua trén viéc xay dung cac bd ba dir licu
gém (anchor, positive, negative), trong d6 anchor dai dién cho ngir canh trich
dan, positive 1a bai bao thuc su duoc trich dan, con negative 13 bai bao khong

duoc trich dan va thudng duoc chon ngau nhién.

(@)
CNN ®
O
&)
Chia sé Phép nhung
— A
P 1 < 4
=% 1,—, CNN .' At mat
! O bo ba
ed O ‘
Phu hop N/
Chia sé Phep nhiing,
S
CNN
O
@
Khéng phu hop Phép nhing

Hinh 1.13. Y nghia true quan ciia ham mat mat Triplet Loss
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Muc tiéu caa Triplet Loss 1a dua embedding ctia cip (anchor, positive) gan
nhau hon va day embedding ctia cip (anchor, negative) xa nhau hon trong khong
gian vector:

L_triplet = max(0, d(anchor, positive) - d(anchor, negative) + margin)

Trong do

d(-,-) 1a ham khoang cach (thuong la khoang cach Euclidean hodc 1 —
cosine similarity),

margin 1a ngudng dam bao khoang cach ti thiéu gitta positive va
negative.

Ham max(0, ...) ddm bao mat mat bang 0 khi diéu kién margin di duogc
thoa man. Trong SPECTER va SciBERT-GraphSAGE, Triplet Loss dugc ap
dung dé t6i vu embedding tai liéu véi tin hiéu gidm sat tir mang trich dan.

Vé chi sb danh gia, co ba chi s tiéu chuén sitr dung phd bién nhat trong
bai toan khuyén nghi trich ddn. MAP (Mean Average Precision) danh gi4 chét
luong toan bd danh sach khuyén nghi, pht hop khi ngudi ding quan tdm dén
tat ca két qua lién quan. AP 1a d6 chinh xac trung binh tai mdi vi tri két qua
dung; MAP 13 trung binh AP trén toan bo tip truy van Q:

MAP = (1/n) x 2; AP(i) , AP() = 2 P(k) x rel(k) / |R|

MRR (Mean Reciprocal Rank) tap trung vao vi tri két qua diing dau tién,
dac biét quan trong khi nguoi dung chi can tai liéu phu hop nhat & vi tri cao
nhét:

MRR = (1/|Q]) x 2; (L/rank(i))

Recall@K do ty 1¢ tai liu dung duoc truy xudt trong top-K két qua.
Recall@10 dic biét phd bién vi ngudi dung thudng xem xét khoang 10 dé xudt
hang dau:

Recall@K = |R N Ry| / |R|

trong d6 R 1a tap tai lidu lién quan thuc sy, Ry 1a top-K két qua duoc truy
xuat. Thuc nghiém thudng bao céo Recall@s, @10, @30, @50 va @80 dé
danh gia toan dién & nhiéu ngudng khac nhau.

1.5. KET LUAN CHUONG 1

Chuong 1 d3 trinh bay tong quan toan dién vé bai toan khuyén nghij trich

dan va cac phuong phéap hoc sau lién quan. Qua phan tich tir loc cong tac, loc
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ndi dung, loc d6 thi dén mo hinh két hop, xu huéng nghién ciru rd rang 1: cac
mo hinh két hop tich hop nhiéu ngudn thong tin ngay cang cho két qua t6t hon,
va cac mo hinh st dung Transformer chuyén bi€t cho van ban hoc thuat
(SciBERT, SPECTER) vuot troi so vi BERT tong quat.

Phan tich han ché hién tai c6 ba van dé cdt 161 sau: (1) can mo hinh ngon
ngir chuyén biét cho van ban hoc thuat — SciBERT 1a lya chon t6i wu véi bd
tir vung SCIVocab va dit liéu tién huén luyén khoa hoc; (2) can phuong phap
biéu dién d6 thi quy nap cho bai bao méi — GraphSAGE giai quyét han ché
cold-start cia GCN transductive; (3) can két hop hiéu qua thong tin ngit nghia
va cAu tric mang dé tan dung t6i da ca hai ngudn thong tin bd sung. Mo hinh
SCIBERT-GraphSAGE dugc tim hiéu trong chuong tiép theo nham giai quyét

ddng thoi ba van dé nay.
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CHUONG 2

UNG DUNG MO HINH HQC SAU TRANSFORMER TIEN TIEN
THEO TIEP CAN KET HQP CHO BAI TOAN KHUYEN NGHI
TRiCH DAN BAI BAO KHOA HQC

Chuong nay tip trung phan tich va trinh bay chi tiét mé hinh SciBERT -
GraphSAGE — mot phuong phap két hop gitra loc dua trén ndi dung thong qua
SciBERT va loc dya trén cau trac d6 thi bang GraphSAGE, duoc nghién ctu
va cong bd boi Pinh Ngoc Thi va cong sy trong bai bao trén IEEE Access
(2023) [22]. M6 hinh nay tan dung dong thoi hai ngudn thong tin bd sung cho
nhau vé bai bao khoa hoc: thong tin ngir nghia tir ndi dung vin ban va thong tin
cdu trac tr mang trich din cung siéu dit liéu. Noi dung chuwong bao gdm: phan
tich van dé va hudng tiép can; mo ta kién trac tong thé; bo ma hoa ngir nghia
SciBERT; bd ma hoa d6 thi GraphSAGE; co ché két hop va ham myc tiéu;
thach thuc trong tich hop; va phan tich uu diém, han ché.

2.1. PHAN TiCH VAN PE VA HUONG TIEP CAN

Phén 16n cic mé hinh khuyén nghj trich dan hién c6 nhan biét ngit canh
va tip trung vao ndi dung clia ca ngit canh trich dan va bai bao tmg vién. Cach
tiép can don 1& nay bod qua cac yéu t6 bo sung quan trong c6 anh huong truc
tiép dén quyét dinh trich din cua nha nghién ctru trong thyc té.

Dé hiéu rd van dé ndy, can xem xét hanh vi trich dan thue té. Khi quyét dinh
trich din mot bai bao, cac nha nghién ctru khong chi xem xét sy tuong tu vé noi
dung ma con can nhéc nhiéu yéu td khac: Tac gia — thong tin vé tic gia cua bai
béo c6 thé phan dnh mdi lién hé véi cac cong trinh khac thong qua quan hé
ddng tac gia; dong thoi, cac nha nghién ctu thudng co6 xu hudng trich din
nhiing tdc gia c6 uy tin trong linh vyc. Noi xuét ban — hoi nghi hodc tap chi
noi bai bao dugc cong bd thudng tap trung vao nhimg chu dé nhat dinh, vi vay
cac cong trinh cing noi xuét ban c6 kha ning lién quan vé ndi dung; bén canh
d6, mirc d uy tin cta noi cong bé ciing tic ddong dén quyét dinh trich dan. Nam
xuat ban — cac nghién ctru gin day thudng dugc vu tién hon do tinh cip nhat
va phan 4nh tién bo moi nhat cta linh vyc. Mang ludi trich ddn — cac lién két
trich dan gitta cac bai bao thé hién muc d6 anh huong va sy lan toa hoc thuat
cia mot cong trinh trong cong dong nghién ctru; bai bao dugc nhiéu nguoi uy

tin trich dan thuong 14 tai liéu quan trong trong linh vuec.
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Phén tich trén dan dén két luan: dé xdy dung mo hinh khuyén nghi trich
dan hiéu qua, can két hop hai nguon thong tin bo sung cho nhau: (1) Thong tin
ngit nghia tir ndi dung vin ban cia ngit canh trich dan va bai bao; (2) Thong tin
cau trac duoc khai thac tr mang lu6i lién két trich dan cung véi siéu dit lidu
ctia bai bao (bao gdm tac gia, nim cong bd va dia diém xuét ban). Mo hinh
SCIBERT-GraphSAGE duoc phat trién dua trén nguyén tic tich hop cac ngudn
théng tin nay.

2.2. KIEN TRUC TONG THE MO HINH SCIBERT-GRAPHSAGE

M hinh SciBERT-GraphSAGE c¢6 kién truc hai nhanh song song (dual-
branch parallel architecture), dugc thiét ké dé xir Iy dong thoi hai loai thong tin
khac nhau vé bai bao khoa hoc. Mdi nhanh duoc toi uu hoa cho mdt loai dix

liéu va hai nhanh duoc két hop ¢ 16p phan loai cudi.

Nhing d8 thi
lién két

\
1
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1
| — | o
] 1
1 1 .
] 1
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Hinh 2.1. Kién tric hai nhanh song song ciia SciBERT-GraphSAGE

Dit liéu dau vao ctia mé hinh duoc thu thap tir co s dit li€u céac bai béo
khoa hoc va dugc chia thanh hai nhém chinh. Nhém thr nhét 13 dir liéu van
ban, bao gém ngit canh trich dan (cAu hoic doan vin tai vi tri can cheén trich
dan), cing véi tiéu dé va phan tom tit cia cac bai bao ung vién. Nhoém thtr hai
la siéu dir liéu, bao gém thong tin vé noi cong bd (tén tap chi hodc hoi nghi),
niam xuat ban, danh sach tac gia, ciing nhu cac lién két trich dan nhu bai bao
trich dan nhing cong trinh nao va dugc nhing cong trinh nio trich dan.

Hai nhanh xtr Iy song song hoat dong doc 1ap: Nhanh 1 12 B0 ma hoa ngtr

nghia SciBERT nhan dir liéu van ban va tao ra vector nhiing 768 chiéu cho mdi
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chudi van ban dau vao, nim bat ngit nghia siu ctia ndi dung hoc thuat. Nhanh
2 13 Bo ma hoa d6 thi GraphSAGE nhan siéu dit liéu va cdu tric mang trich
dan, tao ra vector nhung 768 chiéu cho mdi bai bo trong db thi, nim bat vi tri
va tim anh hudng trong cong dong hoc thuat.

Hai loai vector nhiing sau d6 duogc két hop bang phép néi (concatenation)
thanh vector 1536 chiéu. Vector nay dugc dua qua mang no-ron truyén thang
(FNN) véi ham kich hoat ReLU va 16p Dropout dé tranh overfitting, roi qua 16p
hdi quy Softmax dé wéc lugng xac suat ton tai quan hé trich dan giita ngit canh

va bai bao g vién. Bai bao ting vién c6 xac suat cao nhat dugce khuyén nghi.

( Bét dAu )

h

Poc co sé dix liéu bai bao
khoa hoc

L 4

Phian tach cdu, nhiang ngte
canh va ndi dung bai bao
(SciBERT)

L 4

Lay siéu dir ligu cua bai bao
va biéu dién bang
GraphSAGE

h 4

Két hop (concat) nhing van
ban va nhing lién két trich
dan

FFININ + Softmax

w

Prwra ra danh sach khuyén
nghi

+
C Két thuc )

Hinh 2.2. So' d6 xir Iy tuan tw ciia mé hinh SciBERT-GraphSAGE
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2.3.BO MA HOA NGU NGHIA SCIBERT

SciBERT 1a thanh phan dau tién trong kién trac hai nhanh cia mé hinh,
chiu trach nhiém ma hoda thong tin nglr nghia tr nd1 dung van ban hoc thuét.
Nhu di trinh bay & Chuong 1, SciBERT 14 bién thé chuyén biét cia BERT duoc
huén luyén trén 1,14 triéu bai bao khoa hoc vdi bd tir vung SCIVocab gém
30.000 token khoa hoc — diéu nay giup SciBERT xir Iy chinh xac hon céc
thuat ngit chuyén nganh so véi BERT tong quat.

Trong mé hinh SCIBERT-GraphSAGE, SciBERT duoc st dung dé ma hoa
ba loai dit liéu vin ban: ngir canh trich dan, tiéu dé bai bao ung vién va tom tit
bai bao tmg vién. Chudi dau vao dugce t6 chirc theo ciu tric chuan BERT:

[CLS] ngiz_canh_trich_ddn [SEP] tiéu dé + tom_tat [SEP]

Trong do

[CLS] 1a token dic biét dai dién cho toan bo chudi,

[SEP] la token phan cach.

Céu tric nay duoc tokenize bang b tir vimg SCIVocab va t6i da 128 token.

Phép nhiing dau vao ctia SciBERT dugc cau thanh tir ba thanh phan cong
lai: (1) Nhing token biéu dién timg don vi tr vung — SCciBERT dlng
WordPiece dé phan tach tir thanh subword units, gitp xtr 1y hiéu qua thuat ngit
chua gip, mdi token duoc anh xa thanh vector 768 chiéu; (2) Nhung phan doan
phan biét cau dau va cau sau — token thudc cau dau nhan vector loai A, token
thudc cau sau nhan vector loai B; (3) Nhung vi tri ma hoa thir tu ctia token trong
chudi — vi Transformer khong c6 co ché hdi quy tudn tu.

E: = E_token(i) + E_segment(i) + E_position(i)

Chudi biéu dién dau vao sau d6 duoc dua qua 12 16p Transformer encoder.
Mbi 16p bao gdm Multi-Head Self-Attention va Feed-Forward Network véi
layer normalization:

LNx) =ax(x-w/o+p

FEN(X) = max(0, x x W; +b;) x W, + b,

Trong do

1 va o 14 gia tri trung binh va do léch chuan;

a, B 1a tham sb hoc dugc.
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Vector tai vi tri [CLS] tir 16p Transformer cudi cing duoc sir dung lam
biéu dién tong hop cho toan bo chudi dau vao — day 1a vector ngir nghia 768
chiéu dau ra cua nhanh SciBERT.

D6 phrc tap tinh toan ctia SciBERT: véi chudi do dai L; token, tinh toan ma
tran cha y doi hoi O(L2) phép nhan, dan dén do phiic tap O(L2 x 768) mdi 16p va
O(L2 x 768 x 12) toan bd. V&i Ly = 128 va 110 triéu tham sd, day la chi phi tinh
toan dang ké nhung dugc bu dap bai kha ning tinh toan song song ctia GPU.

Piém dic biét quan trong la SciBERT duogc fine-tune (tinh chinh) trén
timg bo dit liéu cu thé chr khong chi dung nguyén ven trong s tién huén luyén.
Qua trinh fine-tune cip nhat nhe cac trong sé cua SciBERT dé phu hop voi dic
diém cta timg bd dit libu (ACL-200 chuyén vé NLP, RefSeer da linh vuc,
FullTextPeerRead tir nhiéu hoi nghi). Piéu nay gitip mo hinh vira tin dung tri
thirc ngdn ngit rong 16n tir tién hudn luyén, vira thich nghi véi dic thu cua bai
toan cu thé.
2.4.BO MA HOA PO THI GRAPHSAGE

GraphSAGE 13 thanh phan thi hai trong kién trac hai nhanh, chiu trach
nhiém ma hoa thong tin cu trac tir mang trich din va siéu dir lidu bai bao.
Trong md hinh SciBERT-GraphSAGE, céc bai bao khoa hoc duge bicu dién
dudi dang @b thi c6 hudng G = (V, E), trong d6 V = {v4, Va, ..., va} 12 tip nat
(mdi nut twong tmg mot bai bao) va E = {(vi, vj)} 13 tdp canh (mdi canh biéu
dién bai bao v; trich dan bai bao v;).

bé xay dung dac trung nit X; cho bai bao vi, si€u dit liu dugc ma hoa
nhu sau: tén tic gia dugc ma hoa thanh vector multi-hot (danh déau cac tac gia
xuat hién); nam xuat ban dugc chuan hoa vé khoang [0,1] theo cong thirc (ndm
— ndm_min)/(nim_max — nim_min); dia diém xuat ban (tén tap chi/hdi nghi)
dugc ma hoabang embedding da hoc. Tat ca cac thanh phan nay dugc ghép noi
(concatenation) thanh vector dic trung nut tong hop X.
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Hinh 2.3. Cach xay dung do thi trich din tir siéu dir liéu bai bao

GraphSAGE duogc tich hop trong framework VGAE (Variational Graph
Auto-Encoder — Kipf va Welling, 2016). VGAE la m6 hinh sinh (generative
model) hoc biéu dién Z bang cach t6i thiéu hoa ham mat mat ELBO (Evidence
Lower Bound):

L =E {a(ZIX,A)}log p(Al2)] - KL[ZIX.A) || p(2)]

Trong do

Sd hang dau la likelihood tai tao do thi, s6 hang KL 1a regularizer veé phan
phdi tiém an. B6 ma hoa GraphSAGE hoc biéu dién nut theo cong thirc d3 trinh
bay ¢ Chuong 1. Bo giai ma VGAE téi tao ma tran ké dua trén biéu dién tiém an:

P(A; =11z, z) = o(z:" x z)

Trong do

o la ham sigmoid. Khi xéc suét tai tao canh gitra hai nat cao, mo6 hinh da
hoc duoc rang hai bai bao d6 co lién két trich dan.
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Hinh 2.4. Céu triic va nguyén ly hoat dong ciia mé hinh VGAE

Uu diém then chdt cia viée dung GraphSAGE trong framework VGAE 1a
hoc quy nap: khi mot bai bao mdi duge thém vao co s¢ dir ligu voi si€u dir licu
va mot sb lién két trich dan ban dau, mo hinh co thé tinh toan biéu dién cho bai
b4o d6 ngay lap tirc ma khong can huin luyén lai. Him tong hop (aggregation
function) d3 hoc dugc trong qua trinh huan luyén s& duoc ap dung truc tiép —
day 1a diém khac biét can ban so véi GCN transductive trong BERT-GCN.

Theo cach tinh chuin cia Hamilton va cong su (2017), do phuc tap cua
mot luot lan truyén tién trong GraphSAGE duoc xac dinh bai sé nat, s lang
giéng duoc 14y mau cb dinh tai mdi 16p, s6 16p tong hop va sb chiéu dic trung
— chir khong phai boi s6 luong siéu dir lidu. Cu thé, véi mdi nit (bai bao), chi
phi xap xi O(KL x d?), trong d6 K 1a sb lang giéng duoc lay mau tai mdi 16p, L
14 86 16p tong hop va d 1a sb chiéu dic trung/nhiing; do d6 d6 phtc tap toan do
thi 1a O(N x KU x d2) v6i N 1a s6 nat. Chinh co ché 1dy mau ¢é dinh K lang
giéng tai mdi 16p da khdng ché hién tugng “bung nd kich thudc 1an can”, gitp
chi phi tinh toan ting tuyén tinh theo sd nut thay vi phu thudc vao bac tdi da
ctia nGt nhu GCN truyén thdng (vn can toan bo d thi trong b nhd, d6 phirc
tap xap xi O(|E| x d + [V| x d?)).
2.5.CO CHE KET HQP PAC TRUNG VA HAM MUC TIEU

Sau khi thu duoc vector nhiing ngit nghia h_c tir SCiBERT (768 chiéu dai
dién cho ngit canh trich dan) va vector nhung db thi h_d; tir GraphSAGE (768
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chiéu dai dién cho bai bao ung vién di), mé hinh thyc hién phép ndi
(concatenation):

h_combined = CONCAT(h_c, h_d;) — 1536 chiéu

Phép ndi (concatenation) duoc chon thay vi phép cong (addition) hay cac
phuong phap khac vi Iy do sau: nod bao toan dy du thong tin tir ca hai ngudn
ma khong mat thong tin do rat gon chiéu; né cho phép 16p FNN tiép theo hoc
cach két hop hai loai théng tin mot cach linh hoat; va né tranh viéc gia dinh cdu
tric vector cua hai ngudn twong thich nhau.

Vector két hop 1536 chiéu duoc dua qua mang no-ron truyén thang gom
hai 16p an v6i ham kich hoat ReLU va 16p Dropout (ty 16 0.1-0.3 tiy bo dit liéu)
dé tranh overfitting, rdi qua 16p Softmax dé udc lugng diém khuyén nghi:

s(c, d)) = Softmax(FNN([h_c ; h_d])) = Softmax(W, x ReLUW; % [h_c; h d] +
b;) +by)

M5 hinh dugc t6i wu v6i ham mat mat binary cross-entropy:

L =-2; [y; x log(y) + (1 - yi) < log(1 - )]

Trong do

yi = 1 néu d; 1a trich din dng cho ngit canh ¢ (positive sample), yi = 0
cho negative samples; §; 1a xac suit du doan caa mé hinh. Trong mdi batch
huén luyén, voi mdi ngit canh trich dan, mot bai bao positive, nhiéu bai bao
negative 14y mau (negative sampling ratio thuong 13 1:5 hodc 1:10 tuy bd dit
ligu).

Qua trinh huén luyén dién ra theo chién luoc hai giai doan. Giai doan 1 —
Tién hudn luyén riéng 1é: SciBERT dugc fine-tune trén dit liéu vin ban bai béo
vé6i trong s khoi tao tir mo hinh scibert_scivocab_uncased d4 cong bd cong khai;
GraphSAGE duoc huan luyén trén d6 thi trich din véi myc tiéu téi tao cau tric
lién két theo framework VGAE. Giai doan 2 — Huén luyén két hop: Hai by ma
hoa dugc ghép ndi va 16p phan loai duoc tdi uu v6i Adam optimizer, hoc cich
két hop hai loai thong tin dé dua ra quyét dinh khuyén nghi chinh x4c nhét.

Tham s6 t6i wu cho SciBERT: téc dd hocn =2x1075, ¢ = 1x107%, B, = 0.9,
B, = 0.999, weight decay = 0.01. Tham s6 GraphSAGE: optimizer VAE, toc do
hoc n = 0.01. Méi truong thuc nghiém: Python 3.8.5, TensorFlow 2.7.0, GPU
NVIDIA H100 80GB.
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Bang 2.1. Siéu tham s6 t6i wu ciia SciBERT-GraphSAGE trén tirng b

dit liéu
Tham s FullTextPeerRead| ACL-200 RefSeer
SCiIBERT — Kich thudc 16
. 16 32 64
(batch size)
SCiBERT — Tén suét cap
A : 5 10 20
nhat gradient
SCIBERT — S& vong lap
. 30 60 120
huan luyén (epochs)
SCiBERT — D9 dai chudi toi
128 128 128
da (tokens)
GraphSAGE — S chiéu an [19.606;
_ i [7.071; 768] [33.559; 768]
(hidden dim) 768]
GraphSAGE — S6 vong lap
. 200 500 1.000
huan luyén
GraphSAGE — Sé nut lan
. ~ 5 10 20
can lay mau (K)
GraphSAGE — Kich thudc
R . 32 64 128
16 (batch size)

2.6. THACH THU'C TRONG TiCH HQP HAI THANH PHAN

Viée két hop SciBERT v&1 GraphSAGE dat ra mot s6 thach thire k¥ thuat
dang ké can dugc giai quyét can than trong thiét ké mo hinh.

Théch thtic thir nhét 13 kién tric va t0i uu héa khac biét. SciBERT 1a mo
hinh Transformer v&i ~110 tridu tham s duoc tién huan luyén trén ngdn ngir
v6i Adam optimizer, trong khi GraphSAGE 13 mé hinh hoc trén do thi véi s6
luong tham s6 it hon nhung phu thudc vao viée khai thac ciu trac cua mang
lién két. Do @6, tbc do hoc va kha ning hoi tu cia hai thanh phan nay co su
khac biét dang ké: SciBERT can téc d6 hoc rat nho (2x107°) dé tranh
"catastrophic forgetting" (quén tri thirc da hoc), trong khi GraphSAGE c6 thé

hoc véi tdc d6 16n hon (0.01). Giai phap 13 tién huén luyén riéng roi két hop —
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giup don gian héa tdi wu hoéa va tranh viéc hai thanh phan "kéo" nhau theo
huéng khac nhau trong qua trinh huan luyén.

Thach thtic thir hai 13 quy mé tham s6 16n. SciBERT véi ~110 triéu tham
s6 doi hoi GPU bd nhd 16n. Khi két hop v6i GraphSAGE xir Iy ma tran ké cia
d6 thi 16n (hang chuc nghin dén hang tram nghin nat), nhu cau b nhd ting
thém dang ké. Diéu nay dit ra yéu cau vé phan cing tinh toan cao — GPU
NVIDIA H100 80GB dugc st dung trong thuc nghiém. Co ché lay mau lang
giéng K ¢6 dinh cua GraphSAGE gitip kiém soat bo nhé trong qua trinh huan
luyén, nhung van 1a thach thic cho moi truong tai nguyén han ché.

Thach thirc thit ba 1a biéu dién bai bao méi. D6i véi bai béo rat méi chua
c6 bat ky lién két trich dan nao, nhanh GraphSAGE chua thé hoc dugc théng
tin cdu tric d6 thi diy di — biéu dién ciia bai bao nay chi dua trén siéu dit liéu
(tac gia, nim, dia diém). Trong trudng hop nay, khuyén nghi phy thudc nhiéu
hon vao nhanh SciBERT. Khi bai bao dan tich liiy dugc céc trich dan tir cac bai
béo khac, biéu dién GraphSAGE ngay cang phong phu va chinh xac hon.

2.7. PHAN TiCH UU PIEM VA HAN CHE CUA MO HINH
Su két hop SciBERT va GraphSAGE tao ra hiéu tmg bd sung

(complementary effect) dang ké vi mdi thanh phan nam bat cac khia canh khac
nhau ma thanh phan kia khong thé.

SciBERT nim bét: (1) sy twong dong vé chu dé nghién ctru gifta ngit canh
va bai bao tmg vién; (2) tuong dong vé phuong phap luan va k¥ thuat; (3) tuong
ddng vé két qua va két luan; (4) su lién két ngit nghia sau gitra cac khai niém
hoc thuat. GraphSAGE nam bét: (1) vi tri cia bai béo trong cong déng hoc thuat
(ai d4 trich dén, bai nay trich dan ai); (2) tim anh huéng (bai nhiéu trich dan
thudng quan trong); (3) xu hudng trich dan cua cong dong (tac gia nao hay trich
dan nhau); (4) vi tri theo linh vuc (NLP, Computer Vision, bioinformatics...).

Vi du minh hoa vé hiéu tmg bd sung: Xét hai bai bao A va B déu vé
“attention mechanism" — SciBERT s& cho diém twong tu cao véi ca hai.
Nhung bai A thudc cong dong NLP (duoc trich din boi BERT, GPT) va bai B
thudc cong ddng Computer Vision (duoc trich din boi ViT, DETR). Néu ngit
canh trich din dén tir mot bai bao NLP, GraphSAGE sé& giup phan biét va uu
tién bai A hon bai B — diéu ma chi dung SciBERT khong thé 1am duoc. Nguoc
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lai, khi hai bai cing cong déng nghién ciru nhung ndi dung khac nhau,
SciBERT sé& phan biét dugc ma GraphSAGE khong thé.

Vé han ché: Chi phi tinh toan cao do SciBERT (110M tham s6) két hop
GraphSAGE trén dd thi quy mé 16n doi héi GPU manh — han ché tng dung
trong moi trudng tai nguyén han ché. Bai bao rat méi chua c6 lién két trich dan
van phu thudc chi yéu vao nhanh SciBERT. Chién Iugc tién huin luyén riéng
161 két hop khong t6i uu toan cuc ngay tir ddu. Pham vi thyc nghiém giéi han &
bai bao tiéng Anh tir linh vuc khoa hoc méy tinh va y sinh.

2.8. KET LUAN CHUONG 2

Chuong 2 da trinh bay va phan tich chi tiét kién triic, nguyén 1y hoat dong
va co ché két hop ciia mo hinh SciBERT-GraphSAGE. M6 hinh tan dung dong
thoi hai ngudn thong tin quan trong va bd sung cho nhau: SciBERT nim bt
nglt nghia sdu cua van ban hoc thuat thong qua bd tir vung khoa hoc chuyén
biét; GraphSAGE hoc biéu dién d6 thi quy nap cho phép xir 1y bai bdo méi ma
khéng can huin luyén lai.

So véi cac mé hinh tién nhiém, SciBERT-GraphSAGE c6 hai cai tién cbt
16i: (1) thay BERT tong quat bang SciBERT chuyén biét, cai thién dang ké kha
nang biéu dién ngit nghia hoc thuat; (2) thay GCN transductive bang
GraphSAGE quy nap, giai quyét van dé cold-start v&i bai bao moi — day 1a uu
thé thyc tién quan trong. Két qua trong chuong tiép theo s& cung cip bang

chtng dinh luong vé hiéu qua cua hudng tiép cin két hop nay.
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CHUONG 3

XAY DUNG CHUONG TRINH THU NGHIEM KHUYEN NGHI
TRiICH DAN BAI BAO KHOA HQC SU DUNG CAC MO HINH
DE XUAT
Chuong nay tip trung vio viéc xdy dyng va trién khai hé thong thuc

nghiém nham danh gia mot cach toan dién hiéu qua ciia mo hinh SciBERT-
GraphSAGE. Noi dung chinh bao gdm: mé ta mdi trudng cai dat, thiét lap thuc
nghiém; gidi thi€u chi tiét ba bo dit liéu chuan duoc st dung; trinh bay céac
thudc do danh gia; phan tich va so sanh két qua thuc nghiém; thao luan vé y
nghia, nhimg han ché con ton tai va cac hudng cai tién trong tuong lai.
3.1. CAIPAT MOI TRUONG THUC NGHIEM

M& hinh SciBERT-GraphSAGE dugc xdy dung va trién khai trong moi
truong: Python 3.8.5 trén hé diéu hanh Linux 3.10.0-x86-64; TensorFlow 2.7.0
lam framework hoc sau; GPU NVIDIA H100 80GB cho tinh toan song song. Déi
v61bd ma hdéa SciBERT, mo hinh khéi tao tir trong s6 tién huin luyén cong khai
scibert_scivocab_uncased ctia Beltagy va cong su (2019), c6 thé tai truc tiép tir
HuggingFace Transformers. B) ma hda GraphSAGE dugc xay dung dya trén ma
ngudn gc ctia Hamilton va cong su voi cac diéu chinh cho bai toan khuyén nghi
trich dan.

DPé dam bao tinh khach quan va cong bang trong qua trinh so sanh, két qua
ctia cac md hinh baseline dugc trich tir cac cong bd gdc cia chinh tac gia. Trong
truong hop tac gia khong congbd két quatrén bo dit liéu cu thé (danh dau (*) trong
bang két qud), nhomnghién ctru da cai datlai va chay thuc nghiém doclap sur dung
ma ngudn gde cua tac gia. Cu thé, két qua ciia HAtten trén FullTextPeerRead dugc
chay lai vi cong bd gdc khong bao cdo trén bo dit liéu nay.
3.2.BO DU LIEU THUC NGHIEM

Viéc lya chon b0 dir liéu thuc nghiém c6 ¥ nghia quan trong trong danh
gid mo hinh khuyén nghi trich dan. Ba b6 dir liéu dugc chon dai dién cho ba
quy md va dic diém khac nhau: FullTextPeerRead c6 quy mod nhé nhung cung
cap toan bod van ban va siéu dir liéu ddy du nhat; ACL-200 c¢6 quy md trung
binh, chuyén vé NLP va ngon ngit hoc tinh toan; RefSeer ¢ quy mo 16n nhit,

da linh vuc, dai dién cho diéu kién thyc té.
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Bing 3.1. Pic trung thong ké ba b dir liéu chuin

Tap huin| Tap xac| Tap S6 bai Giai
B0 dir li¢u 2 , Linh vue
luyén thwe |ki€ém tra| bao doan
NLP, 2009—
ACL-200 30.390 | 9.381 9.585 | 19.711 L
Linguistic | 2015
NLP, ML, | 2007-

FullTextPeerRead| 9.363 1.043 6.841 4.898
Al 2017

Pa linh vuc| Dén

RefSeer 3.521.582 | 124.551 | 126.021 | 624.957
KHMT 2014

3.2.1. By dir liéu ACL-200
ACL-200 duogc xay dung tir ACL Anthology Network (AAN) — mdt

trong nhiing ngudn dit liéu hoc thuat quy md 16n trong linh vyc ngdn ngit hoc
tinh toan va xir Iy ngdn ngit tu nhién. BO dit liéu ndy bao gdm 49.356 ngit canh
trich dan duoc trich xuét tir 19.711 bai bao, duge cong bd trong giai doan 2009—
2015, bao gém cac bai bao tir cac hoinghi uy tin nhu ACL, EMNLP, NAACL,
COLING, EACL.

Mbi ngit canh trich din bao gom ciu ding trude, cau dung sau va cau
chta vi tri trich dan, dugc 13y trong pham vi khoang +200 ky tu xung quanh
diém trich dan. Bo dir liéu dugc phan chia theo mdc thoi gian: tap huan luyén
gdm cac ngir canh tir giai doan 2009-2013, tap xac thyc tir ndm 2014 va tip
kiém tra tir ndm 2015 tr¢ di. Cach chia theo thoi gian phan anh diéu kién sir
dung thuc té: md hinh duoc huin luyén trén bai bdo cti hon va kiém tra trén bai
bédo mdi hon — day 1a thiét 1ap thuc tién va thach thirc hon so véi chia ngau
nhién. ACL-200 cung cip day du tiéu dé, tom tit va ndm xuat ban.

3.2.2. B¢ dir liéu FullTextPeerRead

FullTextPeerRead duoc Jeong va cong su cong bd vao nim 2020, phat
trién tir bo dir libu PeerRead — tip hop cac bai bao cung voi danh gid phan
bién tir cac hoi nghi uy tin nhu ACL, NAACL, EMNLP, ICML va NIPS. Piém
ndi bat ctia bo dit liéu nay 13 cung cap toan vin bai bao di kém véi siéu dir lidu
day du (bao gdm thdng tin tac gia, noi cong bd va nam xuat ban), cling nhu noi
dung phan bién (peer review). Nho d6, FullTextPeerRead tré thanh mot ngudn
dit liéu phu hop dé danh gia cac mé hinh két hop ca thong tin ndi dung va cu
tric d6 thi, chang han nhu SciBERT-GraphSAGE.
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B dit liéu FullTextPeerRead loc ra cac bai bao co it hon 5 trich dan (qua
it dé hoc) hoac khong viét bang tiéng Anh. Két qua gom 4.898 bai bao va 17.247
ngit canh trich din. Mdi ngir canh trich din bao gdm ciu trudc, ciu sau va cau
chtra vi tri trich dan, dong thoi di kém véi tiéu dé va phan tom tat cia ca bai
bao thuc hién trich dan va bai bao duoc trich dan. Mac du quy mod nho nhit,
FullTextPeerRead 1a bo dit liéu gidu thong tin nhat va cho thdy uu diém ctia mo
hinh két hop rd rang nhat.
3.2.3. B§ dir li€éu RefSeer

RefSeer dugc trich xuat tir CiteSeerX — mat trong nhiing thu vién sb khoa
hoc 16n nhét thé gi6i. Bo dit liéu nay bao gdm cac bai bao thudc nhiéu linh vuc
khéc nhau trong khoa hoc may tinh. Pay ciing 13 tap dir liéu c6 quy mo 16n nhat
trong ba bo, v&i hon 3,7 triéu ngit canh trich dan duoc thu thap tur gﬁn 625.000
bai bao cong bd dén nam 2014. Quy md nay cho phép danh gia kha ning mé

rong thuc t& ciia mo hinh trong diéu kién gan véi tmg dung thyc.

Bo dit li¢u RefSeer da duoc xur ly nham loai bo khoang 230.000 bai bao
c6 tiéu dé va tom tat ngan dudi 100 ky tu (do 16i trong qua trinh phén tich ca
phap). Cac bai bao bi loai bo chil yéu 1a nhiing ban ghi khong phén tich duoc
ct phép hoic thiéu nodi dung vian ban t6i thiéu, nén vé co ban khong cung cip
duogc dac trung dau vao sir dung dugc cho mo hinh; do d6 tac dong cua viée
loai b Ién tinh dai dién cua bg dir li¢u duoc danh gid 1a han ché. Quan trong
hon, do tat ca cdc md hinh ddi sanh déu dugc huan luyén va danh gia trén cling
mot phién ban dir liéu da loc, bude tién xir Iy nay khong 1am anh hudng dén
tinh cong bang khi so sanh hiéu ning gitta cac moé hinh. Tuy vy, ddy van 1a
mot gidi han can duoc luu ¥ khi dién giai va khai quat hoa két qua thyc nghiém
trén RefSeer. Do thiéu thong tin vé nim xuit ban & phﬁn 16n cac bai bao, viéc
xdy dung ham mat mat bo ba chi dua trén tong s trich dan ma khong ap dung
rang budc theo thoi gian. Mdi ngit canh trich dan dugc biéu dién bang doan vin
gdm 200 ky tr trude va sau vi tri trich din. RefSeer dong vai tro quan trong
trong viéc danh gid kha nang m¢& rong ciia mo hinh khi lam viéc véi tap ung
vién ¢6 quy mo lon.

3.3. PHUONG PHAP DANH GIA

Khi danh gia toan dién hiéu qua mo hinh, luan van da sir dung ba chi s6

danh gia tiéu chuén trong cong ddng nghién ctru vé hé thdng khuyén nghi trich
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dan: MAP, MRR va Recall@K. Ba chi s6 nay bo sung cho nhau, danh gia cac

khia canh khac nhau cua chat luong khuyén nghi.

MAP (Mean Average Precision) danh gia hiéu suat tong quan trén toan bo
danh sach khuyén nghi, pht hop khi nguoi dung quan tdm dén chat luong toan
bo danh sach. MAP duogc tinh dua trén Average Precision (AP) — d0 chinh xac
trung binh tai mdi vi tri két qua dung trong danh sach xép hang. Vi du minh
hoa: néu danh sach Xép hang la [R, N, R, R, N, N, R, N] (R = lién quan, N =
khong lién quan), thi AP = (1/1 + 2/3 + 3/4 + 4/7) / 4 = 0.71. MAP la trung binh
AP trén toan bo tap truy van Q.

MRR (Mean Reciprocal Rank) tap trung vao vi tri cua két qua diing dau
tién trong danh sach xép hang. Chi sb nay dic biét quan trong khi nguoi dung
chi mudn tim tai liéu pht hop nhat & vi tri cao nhét c6 thé — truong hop phd
bién khi ngudi viét bai chi can trich din mét hodc hai bai bao chinh cho mét
phat biéu cu thé. Vi du: néu két qua ding dau tién & vi tri 3, MRR = 1/3.

Recall@K do ty 1¢ tai liéu dung duoc truy xuit trong top-K két qua.
Recall@10 dic biét pho bién vi ngudi dung thuong xem xét khoang 10 dé xuat
dau tién trong thuc té st dung. Ludn vin bao cdo Recall@s, @10, @30, @50
va @80 dé danh gia toan dién ¢ nhiéu ngudng — tir rat chat (Top-5) dén rong
hon (Top-80), phan anh nhiéu kich ban sir dung khac nhau.

3.4. KET QUA THU'C NGHIEM
3.4.1. Két qua trén b dir litu FullTextPeerRead

Bang 3.2 Ia két qua so sanh hi¢u suét trén bd dit liéu FullTextPeerRead
gitta mo hinh SciBERT-GraphSAGE va bén mé hinh baseline tién tién: CACR
(st dung LSTM thuén tay), BERT-GCN (két hop BERT tong quét véi GCN
transductive), HAtten (b ma héa cha ¥ phan cap) va SciBERT-base (chi dung
SciBERT, khéng c6 nhanh d6 thi). Két qua SciBERT-base la baseline quan
trong dé danh gia dong gop riéng 1é cua thanh phan GraphSAGE.
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Mo hinh | MAP |[MRR| R@5 |[R@10| R@30 | R@50 | R@80
CACR 0,1551 |0,1549| 0,2154 |0,2761| 0,4128 | 0,4794 | 0,5516
BERT-GCN
[10] 0,4181 |0,4179| 0,4864 |0,5291| 0,6093 | 0,6495 | 0,6994
HAtten [11] |0,1672*|0,1670|0,2780* |0,3060 | 0,4850* |0,5270* |0,5560*
SciBERT-
0,454 | 0,466 — — — — —
base
SciBERT-
GraphSAGE| 0,5162 |0,5163| 0,6217 |0,6744| 0,7636 | 0,8099 | 0,8504
[22]

(*) Két qud dwoc nhém tac gia chay lai vi khéng cé trong céng bé géc.
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Hinh 3.1. So sanh hi¢u ning cic mo hinh trén b dir li€éu FullTextPeerRead

Két qua SciBERT-GraphSAGE vuot troi dang ké so véi tat ca cac baseline
trén moi chi s6 danh gia. Trong sb cac baseline, BERT-GCN va SciBERT-base
cho két qua tot nhat, va thay tim quan trong cua viéc két hop do thi (BERT-
GCN) va str dung mo hinh ngén ngir chuyén biét (SciBERT-base). Tuy nhién,
SCIBERT-GraphSAGE két hop ca hai uu diém nay véi hai cai tién dong thoi,

tao ra budc cai thién dang ké.

Phan tich chi tiét: MAP cai thién tir 0,454 (SciBERT-base) Ién 0,5162
(tang 13,7%); MRR cai thi¢én tir 0,466 1én 0,5163 (tang 10,8%); Recall@10 cai
thién tir 0,5291 (BERT-GCN) Ién 0,6744 (tang 27,5%); Recall@50 cai thién tir
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0,6495 1én 0,8099 (tang 24,7%); Recall@80 cai thién tr 0,6994 1én 0,8504
(tang 21,6%). Dic biét dang chl y 1a mirc cai thién 16n & cac chi sb Recall@K
— diéu nay cho thiy thanh phan GraphSAGE dic biét hiéu qua trong viée tim
ra cac bai bao lién quan ¢ nhiéu vi tri trong danh sach xép hang, khong chi & vi
tri dau.
3.4.2. Két qua trén bd dir litu ACL-200 va RefSeer

Trong bang 3.3 trinh bay két qua trén hai bo dir lidu ACL-200 va RefSeer.
M6 hinh duoc so sanh v1 nam baseline tién tién: HAtten [11], FLCR, DualCon
[8], DualEnh [9] va DualLCR-design [9] — day 1a cac mé hinh t6t nhat dugc
cong bd trude do trén hai bo dit lidu nay.

Béng 3.3. So sanh hi€u nang cac mé hinh trén ACL-200 va RefSeer

. ACL-200 | ACL-200 | RefSeer | RefSeer
M6 hinh
MRR R@10 MRR R@10
HAtten [11] 0,148 0,281 0,115 0,214
FLCR 0,331 0,604 0,196 0,376
DualCon [8] 0,340 0,693 0,206 0,406
DualEnh [9] 0,366 0,716 0,280 0,534
DualLCR-design [9]| 0,413 0,746 0,210 0,418
SCiBERT-
0,472 0,765 0,308 0,565
GraphSAGE [22]
0.5 = HAtten > 0765 = gﬁ;tlecr;n

0.472 @ DualCon

B DualEnh

BN DualLCR-design
I SciBERT-GraphSAGE

W= DualEnh
I DualLCR-design

B SciBERT-GraphSAGE
0.4
0.565

0.5 1

R@10 metric

0.3 4 0.281

0.14

0.0 -

ACL-200 ACL-200 RefSeer

Hinh 3.2. Biéu d0 so sanh hi¢u niing cAc mé hinh trén ACL-200 va RefSeer
Trén bo dir liu ACL-200: SciBERT-GraphSAGE dat MRR = 0,472 va
Recall@10 = 0,765. So v6i DualLCR-design (mo hinh ot nhat trudc dé vai
MRR = 0,413, Recall@10 = 0,746), SCIBERT-GraphSAGE cai thién MRR
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thém 14,3% va Recall@10 thém 2,5%. So v6i DualEnh, cai thi¢n MRR 28,9%
(tir 0,366 1én 0,472) va Recall@10 6,8% (tir 0,716 1én 0,765).

Bo dit liéu RefSeer (bo dit liéu 16n nhat): SciBERT-GraphSAGE dat MRR
= 0,308 va Recall@10 = 0,565. Cai thi¢n 10,0% MRR so voi DualEnh (MRR
=0,280) va 5,8% Recall@10 (tir 0,534 1€n 0,565). Pac biét, so vdi DualLCR-
design, cai thiecn MRR dén 47,0% (tir 0,210 Ién 0,308) — day la muc cai thién
an tuong trén bo dir liéu 16n va da linh vuc nhat. Két qua trén RefSeer xac nhan
kha ning mo rong tét ciia md hinh trong diéu kién thuc té.

3.5. THAO LUAN VA PHAN TiCH SAU
3.5.1. Giii thich tai sao SCIBERT-GraphSAGE vuot troi

Dua trén phan tich két qua thuc nghiém, co thé Iy giai hiéu qua vuot troi
ctia SciBERT-GraphSAGE qua ba yéu t6 chinh. Yéu té 1 — SciBERT uu viét
hon BERT trong vin ban hoc thuat: So véi BERT tong quat dung trong BERT-
GCN, SciBERT dugc tién huin luyén cho van ban khoa hoc véi bd tir vung
30.000 token khoa hoc. Piéu nay giup SciBERT nam bat tot hon cac thuat ngi
chuyén nganh, ct phap hoc thuat va quan hé ngit nghia. Két qua so sanh truc
tiép SciBERT-base (MAP = 0,454) v6i BERT-GCN (MAP = 0,4181) trén
FullTextPeerRead xac nhan loi thé ndy ctia SciBERT.

Yéu t6 2 — GraphSAGE wu viét hon GCN: So v6i GCN transductive dung
trong BERT-GCN, GraphSAGE c6 thé tong quat héa cho bai bdo méi ma
khong can huén luyén lai toan bd. Trén FullTextPeerRead, bd dit liéu cung cap
dﬁy du siéu dit liéu nhét, mic cai thién cua SciBERT-GraphSAGE so véi
SCIBERT-base rat rd rang (tir 0,454 1én 0,5162 MAP) — phan 16n dong gop
ndy dén tir thanh phan GraphSAGE.

Yéu té 3 — Hiéu qua khai thac siéu dit liéu: GraphSAGE khai thac siéu
dit lidu (tac gia, nam, dia diém) thong qua vector dac trung nat. Thong tin nay
bd sung quan trong: hai bai bao vé cing chi @& NLP nhung mdot xudt tir hoi
nghi top-tier (ACL, NeurIPS) va mgt tr workshop nho — GraphSAGE s€ phan
biét dugc muc d6 anh huong khac nhau ctia chiing trong cong dong nghién ciru,
diéu ma SciBERT khong thé 1am tir ndi dung vin ban thuan tay.

3.5.2. Phén tich két qua theo tirng bd dir liéu
Két qua trén FullTextPeerRead cai thién nhiéu nhat (22-28% so véi

baseline tot nhét) vi bd dit liéu nay cung cip day du nhat siéu dir liéu bai bao
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va vin ban toan bd — phu hop nhét voi kién trac hai nhanh ctia SciBERT-
GraphSAGE. Khi ca hai nhanh déu c6 dir liéu chat luong cao, hiéu tmg bd sung
t0i da.

Trén ACL-200 (b dir liéu chuyén biét vé NLP/CL), cai thién vira phai (2—
14%) vi tat ca bai bao déu tir cing mot linh vuc hep, 1am giam tac dung phan
biét cua siéu dit liéu dia diém va tac gia. DAy ciing 1a moi trudng ma DualLCR-
design da duoc t6i wu hoa dic biét, nén khoang cach cai thién nho hon.

Trén RefSeer (da linh vuc, quy mo 16n), cai thién dang ké vé MRR (10—
47%) nhung vira phai vé Recall@10 (6%). Piéu nay phan anh rang hoc quy
nap cua GraphSAGE dac biét hi€u qua khi bai bao moi xuét hién lién tuc trong
co s¢ dit lidu 16n. Recall@10 thap hon mot chit so véi RHN-DualLCR trén
RefSeer (0,565 vs 0,582) goi y réng loc cong tac van c6 uu thé trong bd dir licu
du 16n véi nhiéu dit liéu twong tac.
3.5.3.So sanh v6i m6 hinh RHN-DualLCR

Mong mudn ¢ bic tranh toan dién hon, luan vin cling so sanh vo1 RHN--
DualLCR — mé hinh két hop loc noi dung va loc cong tic tién tién duoc dé
xuét bai cing nhom nghién ctru trong bai bao Applied Sciences (2022) [21].
RHN-DualLCR sir dung SciBERT va RHN (thay vi BILSTM) nhung chua khai
thac cu tric do thi.

Bing 3.4. P6i chiéu SciBERT-GraphSAGE véi RHN-DualLCR

SCIBERT- .
o r RHN- Chénh
B0 dir lifu | Chi so GraphSAGE R
DualLCR [21] léch
[22]
ACL-200 MRR 0,403 0,472 +17,1%
ACL-200 |[Recall@10 0,748 0,765 +2,3%
RefSeer MRR 0,307 0,308 +0,3%
RefSeer |Recall@10 0,582 0,565 -2,9%

Trén ACL-200, SciBERT-GraphSAGE vuot trdi rd rang voi MRR tang
17,1% va Recall@10 tang 2,3%, cho théy loi ich cua viéc khai thac cu trac dd
thi trong bo dit liéu c6 mang trich dan day dic.

Trén RefSeer, hai mé hinh cho két qua tuong duong vé MRR nhung RHN-
DualLCR nhinh hon vé Recall@10 (0,582 vs 0,565). Diéu nay phan anh rang
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loc cong tac — khai thac thong ké trich dan cong dong — c6 wu thé trong bd
dit lidu 16n véi nhiéu dir liéu tuong tac. Mdi mo hinh c6 uu diém riéng phu
thudc vao dic diém bo dit licu, goiy tiém nang két hop ca hai huéng tiép can
(CB + CF + Graph) trong nghién ctru twong lai.

3.5.4. Phan tich thach thirc va hwéng cai thién

Mic du dat két qua vuot troi, md hinh van dbi mit voi mot sb thach thic
can duoc giai quyét trong huéng nghién ctru twong lai. Chi phi tinh toan cao:
SciBERT voi 110 triéu tham s6 két hop GraphSAGE trén dd thi quy mé 16n
doi hoi GPU NVIDIA H100 80GB — han ché ing dung trong méi trudng tai
nguyén han ché. Huéng giai quyét: ap dung knowledge distillation dé nén
SciBERT thanh mé hinh nho hon (DistilBERT c6 66 triéu tham s6), hodc
quantization dé giam d6 chinh xac tham sd tir float32 xudng int8.

Van dé d6 tré suy luan: Véi bo dit liéu RefSeer hon 600.000 bai bao, tinh
diém cho tit ca Gng vién doi hoi co ché pre-computation embedding. Hudng
giai quyét: tinh trude va cache embedding ctia cic bai bao trong co s dir lidu;
khi suy luan chi can tinh embedding ngit canh mdi rdi tim kiém hang x6m gan
nhét béng FAISS (Facebook Al Similarity Search) trong khong gian da dugc
index san.

Han ché cold-start voi bai bao rat méi: Bai bao méi chua c6 bat ky lién
két trich d4n nao van phy thudc chu yéu vao nhanh SciBERT. Hudng giai quyét:
két hop metadata-only features (chi dung tac gia, nim, dja diém — khong cin
lién két) cho nut chua c6 canh; hoac sir dung zero-shot embedding tr SPECTER
cho bai bdo méi dua trén ndi dung.

Gi6i han da ngdn ngir: Hién tai chi xtr 1y bai bao tiéng Anh. Vi xu hudng
xuit ban bai bao bang nhiéu ngdn ngir ngdy cang ting, can mo rong sang da
ngodn ngir. Huéng giai quyét: thay SciBERT bang mé hinh da ngon ngir nhu
mBERT (Multilingual BERT) hoac XLM-R.
3.5.5.Y nghia thue tién

Két qua nghién ctru ¢ y nghia thuc tién quan trong d6i véi linh vuc hoc
thuat. V& tng dung trong cong cu soan thao bai bio: mo hinh SciBERT-
GraphSAGE c¢6 thé dugce tich hop vao céc cong cu soan thdo hoc thuat nhu
Overleaf, Microsoft Word hay LaTeX editors dudi dang plugin goi y trich dan

theo thoi gian thuc. Khi nguot dung viét mot cau va dung lai, h¢ théng tu dong
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phan tich ngit canh va goi ¥ 5-10 bai béo phu hop nhét. Diéu nay khong chi
tiét kiém thoi gian ma con giap nha nghién ctru khong bo 1§ cac tai liéu quan
trong lién quan.

Vé kha ning tich hop vao cong hoc thuét: cac hé thong nhu Semantic
Scholar, Google Scholar, ResearchGate va PubMed c6 thé tich hgp mé hinh dé
cai thién tinh nang "cited by" va "related papers". Kha nang hoc quy nap cua
GraphSAGE déc biét phu hop cho moi truong nay vi c6 hang nghin bai bao
méi duge thém vao moi ngay.

Vé kha ning md rong sang bai toan lién quan: kién triic hai nhanh ciia mo
hinh ¢6 thé 4p dung cho tim kiém bai bao hoc thuéat (academic search), phat
hién dao van (plagiarism detection), xay dung ban dd tri thic hoc thuét
(knowledge graph construction) va phan tich xu hudng nghién ctru (research
trend analysis). Tt ca cic bai toan nay déu huong loi tir kha ning biéu dién
ddng thoi ngit nghia vin ban va cau tric mang.

3.6. KET LUAN CHUONG 3

Chuong 3 di trinh bay chi tiét viéc xay dung va trién khai chuong trinh
thir nghiém dénh gia SciBERT-GraphSAGE trén ba bo dit liéu chuan véi sau
mo hinh so sanh. Két qua thuc nghiém nhat quan va rd rang trén tat ca bo dir
litu va s danh gia: SciBERT-GraphSAGE vuot tréi dang ké so voi cac
baseline tot nhét, v6i muc cai thién 13-28% trén FullTextPeerRead, 14% MRR
trén ACL-200 va 10% MRR trén RefSeer.

Phan tich sau chi ra ré“mg hiéu qua vuot troi dén tir su két hop cua ba yéu
td: SciBERT xir 1y tot hon van ban hoc thuat chuyén nganh; GraphSAGE khai
thac hiéu qua ciu tric mang trich din va siéu dir liéu; va co ché két hop
concatenation bao toan ddy du thong tin tir ca hai ngudn. Cac thach thiic con
ton tai (chi phitinh toan, cold-start hoan toan, giéi han ngdn ngi¥) da dugc phéan

tich va cac huong giai quyét tiém nang da duoc goi mo.
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KET LUAN

Bai luan vin da khao sat, tim hiéu va tong hop vé bai toan khuyén nghi
trich dan bai bao khoa hoc theo hudng tiép can tng dung mé hinh hoc sau
Transformer két hop vé6i hoc biéu dién d6 thi. Véi dic thu 1a mot bai tap tim
hiéu chuyén sau, luan vin tip trung vao viéc hiéu sau, giai thich rd rang va danh
gia c6 cin cir khoa hoc vé mot hudng tiép can tién tién trong linh vuc. Duéi
day 1a tong két cac két qua chinh.

1. Cac két qua dat dwogc

Vé tong quan va phan tich 1y thuyét, luan van da khao sat va phan loai hé
théng 67+ mo hinh hoc sdu cho bai toan khuyén nghi trich dan dugc cong bd
dén nam 2023, phan loai thanh bén nhém (CF, CB, GB, Hybrid) va phan tich
chi tiét dai dién tiéu biéu cua tung nhom. Tt d6 xac dinh rd ba han ché cot 16i
ctia cac md hinh hién co: biéu dién ngdén nglt hoc thuat chua ti wu, phuong
phéap d6 thi transductive khéng mé rong dugce, va chua co khai thac hiéu qua
vé mit siéu dit lidu bai béo.

Vé tim hiéu kién trac SciBERT-GraphSAGE, luin van di trinh bay chi
tiét kién tric hai nhanh song song ctia mé hinh: nhanh SciBERT ma héa ngir
nghia van ban hoc thuat vdi by tr vung khoa hoc chuyén biét; nhanh
GraphSAGE hoc biéu dién dd thi quy nap cho phép xur 1y bai bao méi; co ché
két hop concatenation bao toan thong tin tir ca hai nguén; va ham muc tiéu
binary cross-entropy voi chién lugc huin luyén hai giai doan. Pac biét, luan
van phan tich cu thé hiéu tng bd sung (complementary effect) gitta hai nhanh
— yéu t6 then chdt giai thich hiéu qua vuot trdi ciia mo hinh.

Vé phan tich két qua thuc nghiém, luan van da trinh bay va dién giai két
qua trén ba bo dit liéu chuan voi sau mo hinh so sanh. Két qua nhat quan xac
nhén hiéu qua vuot trdi cia SciBERT-GraphSAGE, dong thoi phan tich duoc
doéng gop riéng 1é cua ting thanh phan, 1y giai sy khac biét két qua gilta cac bo
dit liéu va chi ra thach thirc con tdn tai.

2. Han ché ciia ludn viin

V& han ché cua ludn van: pham vi thuc nghiém gié1 han ¢ bai bao tiéng
Anh tur linh vuc khoa hoc may tinh va y sinh; chi phi tinh toan cao han ché kha
ning thir nghiém thém cac ciu hinh; chua thyc hién ablation study day du dé
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dinh luong dong gop riéng 1é cua timg thanh phan; chua co trién khai thyc té
dé danh gia trong moi truong st dung thyc.
3. Hwéng phat trién

Vé hudng nghién citu tiép theo dang quan tim: t6i wu hoa chi phitinh toan
bang knowledge distillation hodc quantization dé trién khai trén moi truong tai
nguyén han ché; tich hgp thong tin thoi gian (temporal graph models) dé nam
bét xu hudng trich dan va giam thiéu popularity bias; két hop ba hudng tiép can
(CB + CF + Graph) vao mot framework thong nhat; mé rong da ngdn ngit voi
mBERT hoac XLM-R; va tng dung Large Language Models nhu GPT-4 hay
Claude nhu mot bo tai xép hang (re-ranker) dé cai thién chét luong danh sach

dé xuat cuodi cung.
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