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Tém tat

Céc mo hinh hoc may truyén théng dugc huin luyén trén toan bd dif liéu ciing mot luic.
Nhung trong thuc té, dit liéu dén lién tuc theo thdi gian, khong thé huin luyén lai tit dau
mdi 1an c6 thém dit liéu méi. Hoc lién tuc ra doi dé€ gidi quyét diéu nay, cho phép mo
hinh hoc thém tac vu méi ma khong “quén” nhiing gi da hoc truéc d6. Hién tugng mo
hinh quén kién thic cii khi hoc tdc vu méi dugc goi 1a quén nghiém trong (catastrophic

forgetting), day la thach thic trung tam cua linh vuc.

Ba hudng tiép cin hién ¢ va han ché

Hudng tiép can Y tudng Han ché

Phat lai bo nhé Luu lai mot phan dit liéu cii d€ 6n lai Lo ngai riéng tu, ton bo nhé
Chuyén giao tri thiic  Chat loc kién thic tit md hinh cii sang méi Bi gidi han bdi dung lugng tham sb

M3 rong kién tric ~ Thém thanh phan méi cho méi tac vu S6 tham sb ting tuyén tinh

Dong gop cua luin an theo ba giai doan
Giai doan 1: Khi khong thé lvu dir liéu that

Luén 4n d& xut phuong phap tang cuong bd nhé bang nguyén miu: thay vi luu dit liéu
thét, cic mau tdng hdp dudc tao ra bang cach thém nhiéu Gaussian vao cic nguyén mau
dai dién. Pong thdi, mot md-dun cin chinh dua trén ham nang lugng gidp phat hién va

stia chita hién tugng biéu dién dic trung bi “trdi dat” qua céc tic vu.

Giai doan 2: Khi khong c¢6 bat ky bé nhé nao

Luan 4n phat trién hai phuong phap hoan toan khong can luu di lidu cii. Phuong phap
CL-plugin thuc hién chuyén giao tri thiic c6 chon loc thong qua hai ham méat mat dic

biét 1a CED va CSC, ap dung cho bai toan phan loai cam xuc theo khia canh. Phuong



phap ZeroRFF bién bai todn hoc ting dan thanh bai toan hdi quy c6 thé giai chinh xéc

bing cong thiic d6ng, hoan toan khong can tdi uu hoa lip lai.

Giai doan 3: Khi chubi tac vu dai va da dang

Luén 4n dé xuit bén phuong phap vdi kién triic linh hoat va tham s6 dugc phan b dong.

Khung OPE va APF tach biét tung minh nhiém vu nhan dang tac vu va phan loai
nhan, tir d6 gidm thi€u su nham 14n giita cac tac vu khac nhau. Mot bién thé mé rong cla
khung ny tich hdp thém co ché cin chinh khong gian 4n, dudc ap dung dic biét cho bai

toan phan loai anh y té.

Phuong phdp DAKTA két hop LoRA vé6i bo phan loai Kolmogorov-Arnold (KAC)
c6 kha niing md hinh héa quan hé dic trung linh hoat hon so véi bo phan loai tuyén tinh
truyén thong. Chinh quy héa Fisher Information Matrix dudc 4p dung dong thdi 1én ca

backbone 1dn bd phan loai nham bao vé cac tham sb quan trong qua tling tac vu.

Phuong phap SO-LoRA xiy dung mot co sé truc giao chung ¢ dinh cho toan bd
tac vu, trong d6 moi tac vu chi dugc phép hoc cac t6 hop thua thét trén hé toa do nay.
Nho d6, dung lugng adapter dudc duy tri khong d6i bat ké chudi tac vu ¢ dai dén dau.

Két qua

Céc thuc nghiém toan dién trén cac bo dit liéu chuin vé phan loai viin ban va phan loai
anh cho thiy cac phuong phap dé xuat dat hiéu suat t6t nhit so v6i cac phuong phap hién
c6. Céac phan tich ablation c6 hé théng x4c nhén vai trd cda ting thanh phan, trong khi
phan tich 1y thuyét chinh thiic cung cAp nén ting viing chic cho phuong phap SO-LoRA.
Nhin chung, luan 4n cung cAp cdc gidi phap c6 cd s 1y luan rd rang va tinh ting dung cao

trong cic moi trudng c6 yéu cau khat khe vé quyén riéng tu, b nhé va tinh toan.

il



MO DAU

Dong luc nghién cuou

Hoc mdy tinh huin luyén mo hinh trén tap dit liéu c6 dinh va trién khai ma khong c6 bét
ky su thich nghi nao vé sau. Mic du dugc 4p dung rong rdi, mo hinh nay ton tai bon han
ché c6 lién hé mat thiét v6i nhau: khong c6 kha niing thich nghi vé6i su thay d6i cia phan
phdi dit liéu, kha niing tdng quat héa kém trén dif liéu chua ting gip, thiéu co ché cap
nhat lién tuc, va dé bi ton thuong trudc hién tugng concept drift. Hoc lién tuc (Continual
Learning - CL) khac phuc nhiing han ché nay bing cach cho phép mé hinh tiép thu tri
thiic m&i mot cach ting dan trong khi van duy tri nhiing gi da hoc truée d6, qua dé giam
thiéu nhu cau huin luyén lai toan bo dinh ky va hién thuc héa cac hé théng Al thich nghi
trong mdi trudng thuc té phi tinh. Hinh 1 dbi chiéu hai mo6 hinh hoc nay, con Hinh 2 minh
hoa su ting trudng nhanh chéng ctia nghién ctiu vé CL, tit 243 cong bd nam 2018 1én hon
1.800 cong bd vao nim 2024.

Learn once Learn continually

@ o p 2

Deploy once

Deploy continually

(a) (b)

New
Data

Figure 1: (a) Hoc mdy tinh huin luyén trén toan bo dit liéu mot 1an duy nhat. (b) Hoc

mdy lién tuc hoc trén dif liéu mdi khi ching xuat hién.

Mic du di dat dudc nhiing tién bo dang k&, ba khoang tréng nghién cu quan trong
1a dong luc chinh ciia ludn 4n nay. Khoang tréng thd nhit lién quan dén quyén riéng tu

dir liéu: phat lai bd nhé 1a huéng tiép can hiéu qué trong hoc lién tuc doi hdi luu trit cac
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Figure 2: Xu hudng cdng bd hang nim cla cac chii dé continual learning, lifelong

learning va incremental learning trén DBLP (2018-2025).

mAu thd tif cac tac vu cii, diéu ndy khong kha thi hodic bi cAm trong cic linh vuc nhay
cdm nhu y té va tai chinh. Khoang tréng thi hai lién quan dén su phu thudc vao bd nhg:
ngay c4 cic phuong phap xap xi nguyén mau giai quyét vin dé vé quyén riéng tu ciing tré
nén kém tin cay khi khong gian dic trung ngay cang phic tap, va bat ky bd dém bo nhé
nao con sét lai déu co thé khong kha thi trong diéu kién ngan sach tinh toan nghiém ngit.
Khoang tréng thi ba lién quan dén dung lwgng mé hinh: khi céc tic vu c6 tinh da dang
cao hoic chubi tac vu kéo dai, mot ngan sach tham s6 c¢b dinh budc mé hinh phai danh
d6i gitta tinh 6n dinh va tinh déo dai ma c4 chinh quy héa 14n chit loc tri thiic déu khong
thé giai quyét triét dé.

Ba khodng trong nay xac dinh logic tién trién ctia luan 4n. Chuong 2 gidi quyét
khoang tréng thi nhit bing cach thay thé cic mau thuc dudc luu trif biang cic prototype
16p dudc nhiéu loan Gaussian, két hgp v6i mo-dun cin chinh 4n duva trén ning luong.
Chuong 3 gii quyét khoang tréng thi hai thong qua chuyén giao tri thiic khong can
exemplar: mot CL-plugin véi chét loc ddi 1ap cho kich ban task-incremental, va ZeroRFF,
ap dung random Fourier features trén backbone dong bang v6i nghi€ém hoc phan tich dang
dong cho bai todn class-incremental learning. Chuong 4 giai quyét khoang tréng thi ba
thong qua céc chién ludc kién triic thich nghi, khung da dau phén loai tich hgp Online
Prototype Equilibrium va Adaptive Prototypical Feedback, DAKTA két hop LoRA véi bo
phan loai Kolmogorov-Arnold, va SO-LoRA thuc thi tach biét khong gian con thong qua
co sd truc giao cb dinh va do thua th6t nhom.



Ba ciu hdi nghién cifu ciu triic nén toan bd qud trinh diéu tra 1a: (Q1) co ché ting
cudng prototype c6 thé gidm thiéu hién tudng quén nghiém trong trong khi van bdo toan
quyén riéng tu nhu thé nao; (Q2) chuyén giao tri thiic ¢6 chon loc c6 thé gidm thiéu du
thita thong tin dén miic nao ma khong can luu trit exemplar; va (Q3) phan bd tham sd
dong c6 thé dong thdi ngin chin quén nghiém trong, han ché chi phi tinh toan va cho
phép chia sé tri thic giita cic tac vu nhu thé nao. Céc muc tiéu tuong ing 1a phat trién va
ki€m chiing cac phuong phdp méi trong tiing hang muc néu trén, véi cidc dong gop dudc

cong bd tai bay cong bd. Hinh 3 minh hoa cu triic tdng thé ctia luan 4n.
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Chapter 1

Neén tang Iy thuyét va cac kién
thirc tien deé

Hoc lién tuc (Continual Learning -CL), con dudc goi 1a hoc sudt doi hay hoc ting dan,
12 mdt mo hinh hoc mdy trong dé md hinh dugc huin luyén tuan tu trén mot chudi céc tac
vu, v6i muc tiéu dat hiéu suit tuong duong nhu khi toan bo dit liéu dudc quan sat dong
thoi. Nhin tif géc do hoc sau, CL dit nén méng cho céc hé thdng thong minh c6 kha ning
thich nghi v6i moi trudng thay ddi, phin dnh ning luc clia con ngudi trong viéc lién tuc
tiép thu, cip nhat va van dung tri thic. Trd ngai cbt 16i trong mo hinh nay 1a catastrophic
forgetting: khi mo hinh thich nghi v6i mot tac vu méi, cac budc cip nhat tham s6 chung
lam suy giam hiéu suét trén nhiing tac vu da hoc trudc d6. Su mau thuin gitta viéc duy tri
tri thic cii va tiép thu thong tin méi dugc goi chinh thiic 12 kha niang can bang tinh én
dinh-mém deo (stability-plasticity dilemma), va diy 1a dong lvc chi dao cta cac thach

thiic nghién ctu trong linh vuc nay.

Hai dinh nghia nén tang hinh thanh biic tranh ly thuyét ctia hoc lién tuc. Thrun (1996)
1an dau tién dé xuit ring mot hé théng hoan thanh NV tic vu can tan dung tri thic tich ldy
d€ mang lai 1¢i ich cho tac vu thd (IV + 1), ma khong can luu gitt dit liéu thd cta cic tac
vu triudc. Chen va Liu (2018) sau d6 md rong cong thifc héa nay, nhan manh ba thuoc
tinh thiét yéu: hoc lién tuc qua mot chudi tac vu, duy tri mot Co s Tri thic (Knowledge
Base - KB) tich liiy va bao toan thong tin da hoc, va kha nang khai thac tri thiic qua khu
d€ cdi thién hiéu suét trong tuong lai. Khac véi dinh nghia truéc, Chen va Liu hinh thiic
hda mot cach tuong minh viéc bao toan toan bd thong tin tich Iy nhu mot muc ti€u can

ban, thay vi chi t6i uu héa cho tic vu gan nhat.



Ngoai catastrophic forgetting, CL con phai dbi mit véi mot loat thach thifc c6 lién
hé chit ché v6i nhau. Chuyén giao tri thitc doi hdi phai can nhic ky ludng tri thic nao
can chia sé, thoi di€ém nao nén chuyén giao, va cach thic thuc hién sao cho khong gay ra
nhiéu loan tiéu cuc. Xung dot gilra cac tac vu nay sinh khi céc bi€u dién duge hoc cho
tac vu nay lai 1am suy giam hiéu sudt trén tac vu khéc, doi hdi su cin bang tinh té gitta
cc tham sb ding chung va cic tham s6 dic thil cho tiing tic vu. Dung lugng b nhé
htru han gidi han Iugng thong tin qua khit ¢6 thé duge Iuu gitt, trong khi trdi dat phan
phdi budc mod hinh phai thich nghi véi nhitng thay ddi dan dan hoiic dot ngdt trong théng
ké dit liéu. Sau ciing, hiéu qua mau yéu cau cic ky ning mdi phai dudc tiép thu tir sb

lugng mau han ché, thay vi thong qua qud trinh huin luyén lai tén kém.

Tuy theo cach thic nhan dang tic vu va cu tric khong gian nhan, tdm kich ban
chuan da dugc xéac dinh. Hoc tang dan theo miu (Instance-Incremental Learning -
IIL) lién quan dén mot tac vu duy nhit v6i cdc miu dén theo ludng tuan ty. Hoc tang dan
theo mién (Domain-Incremental Learning - DIL) git nguyén khong gian nhan trong
khi phan phdi dau vao thay ddi qua cc mién, va danh tinh tdc vu khong can thiét tai thoi
diém kiém tra. Hoc ting dan theo tic vu (Task-Incremental Learning - TIL) dua vio
cdc tap nhn rdi rac v6i danh tinh tac vu dudc cung cip tudng minh tai thoi diém suy luén,
khién ddy trd thanh kich ban don gian nhit. Hoc ting dan theo 16p (Class-Incremental
Learning - CIL), kich ban dudc nghién cifu nhiéu nhét, c6 cuing cAu tric nhin rdi rac
nhung 4n di danh tinh tdc vu tai thdi di€ém kiém tra, doi hdi phan loai thong nhét trén toan
bo cac 16p da quan sat. Cac kich ban khong ¢6 ranh gigi tac vu (Task-Free - TFCL)
va hoc truc tuyén (Online - OCL) tiép tuc loai bé ranh gidi tdc vu hoidc giéi han huin
luyén chi mot 1an duyét qua méi mau. Kich ban ranh giéi mo (Blurred Boundary -
BBCL) md hinh héa cac chuyén tiép dan dan vé6i phan phdi 16p chdng chéo, trong khi
tién huén luyén lién tuc (Continual Pre-training - CPT) hudéng dén viéc cap nhat tudn

tu cac md hinh nén tang 16n bang cac kho ngit liéu dic thu theo mién méi.

Nim nhém phuong phap da dudc phat trién d€ giai quyét cac thach thic trén. Cac
phuong phap dua trén chinh quy héa b3 sung ham mét mat véi mot sb hang phat nham
lam cham qua trinh hoc dbi v6i cac tham s6 dudc coi 12 quan trong véi cdc tac vu trude,
tiéu biéu la Elastic Weight Consolidation (EWC), Synaptic Intelligence (SI) va Learning
without Forgetting (LwF). Céac phuong phap dua trén replay Iuu trit hodc tong hgp
cac mau qud khi d€ 6n luyén trong cac budc huin luyén tiép theo (vi du: iCaRL, Dark
Experience Replay, Gradient Episodic Memory), véi chi phi la overhead bd nhé va nguy
co vi pham quyén riéng tu. Cic phuong phap dua trén t6i uu héa tryc tiép diéu chinh

quy trinh huén luyén thong qua chiéu gradient hodc céc chién lugc meta-learning. Céc



phuong phap dua trén biéu dién tap trung vao viéc hoc cdc khong gian dic trung c6 kha
ning chuyén giao va khang tr6i dat thong qua tién huin luyén déi 14p hoic tu giam sat,
két hop véi viéc duy tri prototype. Cubi ciing, cac phuong phap dua trén kién tric phéan
bd cidc mo-dun dic thu cho tiing tic vu trong mot backbone dung chung, nhu Progressive
Neural Networks, PackNet va cac thiét ké dua trén adapter, cho phép thich nghi theo tling

tac vu ma khong 1am tSng s6 tham s ting trudng qua muc.

Hiéu suét trong CL dugc danh gia theo ba chiéu b sung cho nhau. Hiéu qua tdng
thé dudc do bang do chinh x4c trung binh (Average Accuracy — AA) va do chinh xéc
ting dan trung binh (Average Incremental Accuracy — AIA). Tinh 6n dinh b nhé dudc
phéan dnh qua do do quén (Forgetting Measure — FM) va chuyén giao ngudc (Backward
Transfer — BWT), trong d6 BWT am cho thiy hiéu sut trén cac tic vu trudc d6 da bi
giam. Tinh mém déo trong hoc tap dudc danh gia thong qua chi sd khong nhuong bo
(Intransigence Measure — IM) va chuyén giao xu6i (Forward Transfer — FWT), 1an lugt
dinh lugng kha ning hoc céc tdc vu mdi va kha ning thu hudng tir cic biéu dién da tich

ldy truée d6 ciia mo hinh.
Tong két

Tir phan tich ba khoang tréng nghién ctiu con mé, tao nén ddng luc cho cac dong
g6p cuia luan 4n nay. Thi nhit, ciac phuong phdp dua trén phat lai bd nhé luu trit dif liéu
huan luyén thuc té dit ra nhitng méi lo ngai nghiém trong vé quyén riéng tw, ddi hdi cac
gidi phap thay thé bao toan quyén riéng tu thong qua viéc sinh dif liéu tong hop. Thd hai,
cic cd ché chuyén giao tri thifc dua trén chat loc hién tai con thiéu hiéu qud, thic day
céc chién lugc chat loc c6 chon loc, tin dung stic manh biéu dién ctia cic mo hinh tién
huan luyén. Thi ba, cac phuong phap dua trén kién tric thudng thiéu co ché chia sé tri
thiic gifta cdc tdc vu, chi ra huéng thiét ké kién tric dong can bang giita viéc thich nghi
dic thu theo tac vu va khai théc tri thiic chung. Ba khoang tréng nay xdc dinh cac hudng

nghién cttu cbt 16i dudc theo dudi trong cac chuong tiép theo cia luan 4n.



Chapter 2

Cac phuong phap phat lai bo nho
cho bai toan trich xuat quan hé

lien tuc

Trich xuét quan hé (Relation Extraction — RE) la tadc vu nhan dang va phan loai cac
quan hé ngit nghia gitta cdc cip thuc thé trong vin ban, déng vai tro 1a mot tac vu con cdt
16i cda trich xuét thong tin trong céc ing dung nhu hoéi ddp, phan tich cam xtc va tim
kiém c6 cau tric. Cac mo hinh RE truyén théng hoat dong trén mot tip quan hé ducc
dinh nghia trudc cb dinh, diéu niy han ché kha niing ting dung ctia ching trong cic tinh
hudng thuc té, noi cac loai quan hé mdi lién tuc xuét hién. Trich xuét quan he lién tuc
(Continual Relation Extraction — CRE) khic phuc han ché nay biang cach huin luyén
mo hinh tudn ty trén cdc tip quan hé mdi trong khi ngin chin catastrophic forgetting doi
v6i cac quan hé da hoc truée d6. Trong sd cdc nhom gidi phap chinh, dua trén chinh quy
héa, kién tric dong va dua trén bd nhd, cac phuong phap dua trén bd nhé nhit quan dat
hiéu suat manh nhét trong cic tic vu NLP nhd duy tri mot ngan hang bd nhé episodic luu

trif cac mau qua khit dé€ on luyén.

Cong trinh lién quan ndi bat nhét 12 Hoc biéu dién nhét quéan (Consistent Repre-
sentation Learning - CRL), két hop hoc dbi 1ap c6 giam sat véi chat loc tri thiic nham
duy tri cdc embedding quan hé 6n dinh qua cdc tdc vu tuan tu. Du dat hiéu suat t6t, CRL
bdc 16 ba han ché then chét: hoan toan phu thudc vao viée luu trit dif lidu thuc, khién
phuong phap nay dé bi tdn thuong trudc cic rang budc bd nhé va lo ngai vé quyén riéng

tu; ngan sach bo nhé cho mdi quan hé ngay cang thu hep khi sd lugng tic vu ting 1én,



lam ting nguy co overfitting trén cic exemplar thua thét; va hiéu suit kém trén cac bo dit
liéu mit can bang nhu TACRED, noi cic 16p chiém vu thé kim ham viéc hoc cic quan hé

thi€u s trong qua trinh phat lai bd nhé dbi khang.

D& gidi quyét thach thic néu trén, chuong nay dé xuit mot phuong phép tich hop
Tang cuong prototype (Prototype Augmentation - protoAug) vao khung CRL, giam
su phu thudc vao dit liéu thuc dugc luu trit. Quy trinh huin luyén gdm bén giai doan.
Trong giai doan hudn luyén ban ddu, mot bd ma héa dua trén BERT trich xuit cac biéu
dién nhan thic thuc thé bang cach ndi cic trang thdi 4n ctia cdc token danh dau bién thuc
thé dic biét, va bd ma héa cung v6i dau chiéu dudc t6i uu héa baing ham mat mat dbi 1ap
c6 giam sat. Trong giai doan chon loc mdu, thuat todn phan cum k-means dugc dp dung
trén cdc embedding huin luyén ciia tac vu hién tai, va mau gan nhét v6i tim mdi cum
dugc chon dé€ luu trit, ddm bao ngan hang bd nhd bao phii phan phdi dic trung cla ting

quan hé thay vi dua vao 14y mau ngiu nhién.

Piém mdi cot 16i ndm & giai doan tdng cuong bé nhd. Thay vi chi replay cic mau
thuc da Iuu trit, mot prototype cho moi quan hé dudc tinh 1a trung binh ctia cdc embedding
dudc luu trit cia nd, va cidc mau 4o dugce sinh ra bang cach nhiéu loan prototype nay véi
nhiéu Gaussian dudc chia ty 1& theo vét ctia ma tran hiép phuong sai 16p. Cac diém di
liéu tdng hop nay lam phong phi ngan hang bd nhé ma khong lam ting luu tri dit liéu
thuc, thic ddy cAn bang 16p va gidm thiéu tinh nhay cam véi overfitting. Trong giai doan
replay bé nhd tiép theo, bd nhdé ting cudng két hop cac mau thuc da luu trit va dit lidu gia
dudc sinh ra dudc ding cho phat lai bd nhé dbi 1ap va chét loc tri thiic, 1am ting kha ning
phan biét clia cdc nguyén mau clia cac 16p cii. Hinh 2.3 minh hoa kién triic tdng thé cia

mo-dun nay.

Mot phan mé rong tiép theo gidi thiéu mo-dun Cin chinh khong gian an dua trén
niing luong (Energy-based Latent Space Alignment - ELI) nhiam giai quyét hién tuong
troi dat biéu dién gitta cac tic vu. Sau khi huan luyén mdi tic vu, mot mo hinh dua trén
ning lugng (Energy-Based Model - EBM) dudc huin luyén dé gan ning lugng thap cho
céc biéu dién 4n clia mo hinh truéc d6 va ning ludng cao cho céc biéu dién tif mo hinh
hién tai, st dung Langevin dynamics d€ 14y mau x4p xi. Tai thoi di€ém suy luan, thuat
todn ELI Iip di 1dp lai di chuyén vector 4an cta tiing mau kiém tra doc theo gradient ning
lugng vé phia viing ning luong thép, tdi cin chinh cac biéu dién da bi léch tr vé da tap
dic trung cia tac vu truSc ma khong can luu trit thém dif liéu. Hinh 2.4 thé hién kién triic

day du tich hop cd ting cudng prototype 14n ELL.

Céc thuc nghiém trén hai bo benchmark FewRel va TACRED trong kich ban task-
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Figure 2.3: Kién triic cia md-dun hoc biéu dién nhét quan véi ting cudng prototype.

incremental véi mudi tdc vu tuan tu xac nhan hiéu qua ca phuong phap dudc dé xuat.
Béng 2.1 va 2.2 bdo cdo do chinh xéc cua tiing phuong phdp tai moi tac vu. Trén FewRel,
md hinh dé xuét vuot trdi hon CRL & tdm trong mudi tac vu véi bién do 1-2% va vugt
qua tit ca cdc baseline khdc trén toan bd chudi tic vu. Trén TACRED, bo dit liéu khé hon
v6i tinh mét can bang cao, mic cai thién con rd rét hon, véi md hinh vugt CRL t6i 4% &
Tac vu 4 va nhit quan vuot troi EMAR+BERT véi bién do dao dong tir 1,1% dén 11,1%.
Nhiing ci thién nay cang trd nén ndi bat hon khi s6 lugng tdc vu ting 1én, ching to tinh

on dinh dai han va kha niing gidm thi€u catastrophic forgetting vudt troi.
Tong két

Toém lai, chuong nay ching minh rang viéc thay thé cac mau thuc dudc luu trit bang
dit liéu tong hop ting cudng prototype khong chi 1a gidi phdp di hiéu qua ma con mang
lai 10i ich rd rét cho bai todn trich xuit quan hé lién tuc. Su két hop giita chon loc mau
dua trén k-means, ting cudng prototype Gaussian va cin chinh 4n dva trén ning ludng tao
ra mot gidi phap thay thé bao toan quyén riéng tu va tiét kiém bd nhé so véi cac phuong
phap rehearsal hién c6, dit nén méng cho chuong tiép theo, noi ching tdi khao sét cac

phuong phdp chit loc tri thiic loai b hoan toan nhu cau luu trit bat ky dif lidu nao.
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hop ting cudng prototype va cin chinh an dua trén ning luong (ELI).

Table 2.1: Do chinh x4c (%) cla tiing mod hinh trén tit ca cac tac vu trén bd dif liéu

FewRel. In dam = tot nhit; gach chan = t6t thi hai.

M6 hinh TIT T2 T3 T4 T5 T6 T7 T8 T9 TI0
EA-EMR 89.0 69.0 59.1 54.2 478 46.1 43.1 40.7 38.6 35.2
EMAR 88.5 73.2 66.6 63.8 558 543 529 509 48.8 46.3
CML 912 748 68.2 582 53.7 504 47.8 44.4 43.1 39.7
EMAR+BERT 98.8 89.1 89.5 85.7 83.6 84.8 79.3 80.0 77.1 73.8
RP-CRE 97.9 927 91.6 89.2 884 86.8 85.1 84.1 822 8.5
CRL 98.2 94.6 92.5 90.5 89.4 879 86.9 85.6 84.5 83.1
Ours 98.2 94.7 939 92.2 90.1 89.6 88.6 87.1 86.1 84.6
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Table 2.2: Do chinh x4c (%) cla tiing md hinh trén tit ca cac tac vu trén bd dif liéu
TACRED. In ddm = t6t nhit; gach chan = t6t thi hai.

M6 hinh TI T2 T3 T4 T5 T6 T7 T8 T9 TI0
EA-EMR 475 40.1 383 299 24.0 273 269 25.8 229 19.8
EMAR 73.6 57.0 48.3 423 37.77 34.0 32.6 30.0 27.6 25.1
CML 572 514 413 39.3 359 289 273 269 248 234

EMAR+BERT 96.6 85.7 81.0 78.6 739 723 71.7 722 72.6 71.0

RP-CRE 97.6 90.6 86.1 824 79.8 77.2 75.1 73.7 72.4 724
CRL 97.7 93.2 89.8 84.7 84.1 81.3 80.2 79.1 79.0 78.0
Ours 97.8 95.2 90.6 88.2 84.6 81.7 82.8 80.5 80.0 79.6
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Chapter 3

Chuyén giao tri thitc trong bao
ton thong tin trude dé trong hoc

lien tuc

Chuong nay khao sat chuyén giao tri thiic nhu mot co ché giam thi€u catastrophic
forgetting trong hoc lién tuc ma khong can dua vao viéc luu trif cic exemplar thuc tir cac
tac vu trude. Hai chién lugc bé trg cho nhau dugc phat trién: chién ludc thi nhat chuyén
giao tri thiic thong qua chit loc tip hop ddi 1ap trong khung Hoc tang dan theo tac vu
(Task-Incremental Learning - TIL) ap dung cho bai toan Phan loai cam xuc theo khia
canh (Aspect Sentiment Classification - ASC); chién lugc thi hai luu gi tri thiic hoan
toan bén trong mot backbone tién huin luyén dong bing thong qua hoc phan tich dang
doéng theo kich ban Hoc tang dan theo 16p (Class-Incremental Learning - CIL) / CIL
tdng quat (GCIL). Ca hai cling bao phti hai huéng di vé mit ban chat khac nhau dé€ dat
tinh 6n dinh, chat loc dua trén gradient va tinh toan phan tich khong can gradient, déu dat

dudgc hoc lién tuc khong can exemplar.

Phén 1: Chat loc tri thiic két hep hoc dbi lap (TIL).

Huéng tiép can thi nhit gidi quyét su danh d6i giita tinh &n dinh va tinh déo dai
bing cich két hop cd 1ap kién triic v6i hoc dbi 1ap. Mot Plugin hoc lién tuc (Continual
Learning Plugin, CL-plugin) dudc tich hdp vao BERT tai hai vi tri, thay thé adapter
chuin. CL-plugin chifa hai mo-dun con: Mo-dun chia sé tri thitc (Knowledge Sharing
Sub-Module - KSM), dugc trién khai dudi dang céc 16p capsule véi dinh tuyén dong
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nhim phan cum tri thiic chung giita cc tac vu, va Mé-dun diic thii tac vu (Task-Specific
Sub-Module - TSM), dudc trién khai dudi dang céac 16p két nbi day di v6i mit na mém
& mic nd-ron nham bao vé cac tham s then chdt clia tic vu khoi cac bude cip nhat
gradient trong cdc tac vu tiép theo. Hinh 3.3 minh hoa kién trdc tdng thé va Hinh 3.4

trinh bay chi tiét ciu tric CL-plugin.

CL-plugin

CTR layers

CL-plugin

CTR layers

(CED)

(csc)

Figure 3.3: Kién tric tdng thé ctia mo6 hinh CL-plugin dudc dé xuAt.

—

Layer Norm

Layer Norm

CL-plugin

Figure 3.4: Kién tric tdng quat cia BERT (trai), hé théng CTR (gitta) va CL-plugin
(phai) dugc tich hgp vao BERT.

Hai ham mat mat dbi 14p bd sung cho him muc tiéu cross-entropy chuin. Ham mét
mat Chat loc tip hep dbi 1ap (Contrastive Ensemble Distillation -CED) chit loc tri
thic tif toan bo cdc md hinh tic vu trude vao tic vu hién tai bang cach coi cip logit ctia
cling mot dau vao tif md hinh cii vd mo hinh hién tai 13 ciip duong, con tit ca cic cip
khdc 1a cip am. Tong hop trén t — 1 mo hinh gido vién trudc d6 cho ta ham mét mat
CED diy di. Ham mit mat Hoc ddi 1ap cé giam sat cho tac vu hién tai (Contrastive
Supervised Classification - CSC) t6i da hoa do tuong dong ndi 16p va tdi thiéu hoa do
tuong dong lién 16p trong batch clia tic vu hién tai, hoat dong trén dau ra TSM da ducc
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che trudc 16p phan loai. Ba ham muc tiéu dudc két hop theo cong thiic:

L = Lcg + Lcep + Lesc. 3.1

Céc thuc nghiém dudc tién hanh trén 19 tac vu ASC lay tif bdn bd benchmark
(HL5Domains, Liu3Domains, Ding9Domains, SemEval14), dugc tom tat trong Bang 3.1.
Két qua trung binh trén nim thi ty tdc vu ngiu nhién dudc bdo cdo trong Bang 3.2. M6
hinh d& xuit dat Po chinh xic trung binh 88,50% va Macro-F1 cao nhét 12 82,35% trong
s6 tht ca cac phuong phap hoc lién tuc thuéc nhém Adapter-BERT dudc dénh gid. CTR,
dbi thi gan nhat, dat d chinh xac 88,21% va Macro-F1 81,19% trong clng diéu kién thi
tu ngau nhién, thap hon & ca hai chi s6. LAMOL béo cdo d6 chinh x4c cao hon (88,91%)
nhung dua vao backbone sinh GPT-2 cho pseudo-rehearsal, diéu nay doi hdi chi phi tinh

to4n cao hon dang ké va dai dién cho mot chién ludc vé ban chat hoan toan khac.

Nghién cifu ablation trong Bang 3.3 xdc nhén rang mdi thanh phin déu déng gép
tich cuc: loai bo CL-plugin lam giam do chinh xac 2,67% va Macro-F1 2,60%, trong khi
loai bd ca CED 14an CSC gay ra sut gidam 2,02% do chinh xac va 3,03% Macro-F1.

Phan 2: Luu giif tri thitc khong can exemplar thong qua hoc phén tich (GCIL).

Hudng tiép cin thi hai loai bd hoan toan viéc huin luyén dua trén gradient. Pugc
thic ddy bdi nhitng han ché ctia Hoc lién tuc phan tich tdng quét (Generalized Analytic
Continual Learning — GACL) — v6n ap dung bd phan loai tuyén tinh truc tiép trén
vector dic trung thd va gip kho khin véi cac phan phdi khong phan tach tuyén tinh —
cong trinh nay dé xuét ZeroRFF, mot phuong phép tich hop Pic trung Fourier ngau
nhién (Random Fourier Features — RFF) vao khung hoc lién tuc phén tich. Hinh 3.8

thé hién kién triic tdng thé.

ZeroRFF hoat dong qua bdn giai doan tuan tu cho mdi tic vu. Thid nhit, mot
backbone DeiT-S/16 dong bing (tién huén luyén trén ImageNet) trich xuét cac biéu dién
dic trung bac cao X ,EE) tif 4nh dAu vao, ddm bao bi€u dién nhit quan trén tit ca cic tic vu
ma khong can cap nhat tham s6. Thi hai, cic dic trung dudc trich xuat dudc bién d6i bsi
mo-dun RFF sang khong gian D=5000 chiéu thong qua z(z) = \/2/7Dcos(wa + 5),
trong d6 w ~ N(0,0721) va 3 ~ Uniform(0, 27), x4p xi khong gian dic trung 4n clia
nhan RBF va lam cho dit liéu x4p xi phan tach tuyén tinh. Thi ba, thanh phan hoc phan
tich tinh todn céc tham sb t6i uu dang déng bing cach cap nhat dé quy ma trin tuong
quan Ry, thong qua cdng thiic Sherman-Morrison va suy dan ma trin trong s6 WF(Q\I theo
phuong phép gidi tich, hoan toan khong can luu trit exemplar va khong can t6i wu héa lip.

Thi tu, vong lip quan 1y tic vu ting bo dém tac vu va nap bo dit liéu tiép theo cho dén
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Figure 3.8: Kién triic tdng thé ctia ZeroRFF cho bai toan Hoc tidng dan theo 16p téng quat.

khi toan bd K tdc vu dugc xu 1y, sau d6 trd vé ma tran trong s6 cudi cuing dé€ suy luan.

Thuit toan 1 tém tat toan bd quy trinh.

Céc thuc nghiém trén CIFAR-100 theo kich ban Si-Blurry GCIL (ty 1€ 16p roi
rac 50%, ty 1€ mau md 10%, nim seed) dudc bdo céo trong Bang 3.4. ZeroRFF dat
Apuc=60,48, Axvg=58,55 va Ap.«=72,44, cai thién so v6i baseline khong can bd nhé
t6t nhit 12 GACL khoéng 2% trén ca ba chi s6. Péang chd y, ZeroRFF con vugt trdi hau
hét cac phuong phap dua trén bo nhé st dung buffer 500 mau, va tiém can hiéu suit cia
MVP-R dua trén bd nhé (kich thude bo nhé 2000) trong khi hoan toan khong can lvu trit
bat ky dit liéu nao.

Tong két

Tém lai, chuong nay trinh bay hai chién lugc chuyén giao tri thiic khong can
exemplar mdi, chiém gii c4c vi tri khac biét trong khong gian thiét ké ctia hoc lién tuc.
Huéng tiép can CL-plugin phit hop nhit véi cac kich ban c6 su chdong chéo ngit nghia
lién tic vu phong phu, noi ma chit loc déi 1ap qua cac snapshot mo hinh dic thii theo tac
vu mang lai tin hiéu hoc tap c6 gia tri. ZeroRFF dugc vu tién khi ¢6 sdn mot backbone
dong biang manh va khi hiéu qua huan luyén hoic quyén riéng tu dit liéu 1a yéu cau hang

dau, mang lai cic bao ddm dang déng va dung lugng bd nhé khong ddi bat ké s6 luong
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Algorithm 1 Huén luyén ZeroRFF

Require: Cic tac vu Dy, .. DYan: trong s6 backbone dong bang Opackbone

Ensure: Wééﬁ&

1: Khéi tao: Ry « v, Wi <0

2: for k = 1 dén K do

3 X ;EE) < foackbone (X", Opackbone )

g X e (x )

s Ry Re — R X0 T (14 XP R XD X PR,
6 W Wk _Rry X P XD 4 gy x P yjein
7: end for

8

: return Wééﬁ}

tac vu. Ca hai phuong phdp déu thic diy muc tiéu bao ton tri thic da tich liiy ma khong
phai ganh chiu cdc gdnh ning luu trit dit liéu va quyén riéng tu vén gan lién v6i exemplar

replay.
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Table 3.1: S6 cau huin luyén/kiém dinh/kiém tra cho mdi tdc vu trén ca bdn bo dit lidu.

Nguon dir liéu Tac vu/mién Huinluyén Kiém dinh Kiém tra

Speaker 352 44 44
Liu3Domains  Router 245 31 31
Computer 283 35 36
Nokia6610 271 34 34
Nikon4300 162 20 21
HL5Domains  Creative 677 85 85
CanonG3 228 29 29
ApexAD 343 43 43
CanonD500 118 15 15
Canon100 175 22 22
Diaper 191 24 24
Hitachi 212 26 27
Ding9Domains  Ipod 153 19 20
Linksys 176 22 23
MicroMP3 484 61 61
Nokia6600 362 45 46
Norton 194 24 25
Restaurant 3452 150 1120
SemEval14
Laptop 2163 150 638
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Table 3.2: D0 chinh xdc trung binh (Acc.) va Macro-F1 (MF1) trén nim chudi ngau nhién

gdm 19 tac vu. In dam tifc 1a hiéu ning t6t nhAt.

Kich ban Backbone Mo hinh Acc.(%) MF1(%)
BERT MTL 91.91 88.11

BERT SDL 85.84 76.35

Khong CL (SDL) BERT (D6ng bang) SDL 78.14 58.13
Adapter-BERT SDL 85.96 78.07

w2v SDL 77.01 51.89

BERT (bong bang) NFH 85.51 76.64

Adapter-BERT NFH 85.51 76.64

EWC 86.37 74.52

OWM 87.02 79.31

HAT 86.74 78.16

A-GEM 86.06 78.44

Hoc lién tuc BERT (Péng bing) DER++ 84.27 75.08
KAN 85.49 77.38

SRK 84.76 78.52

HAT 86.14 78.52

BCL 88.29 81.40

Adapter-BERT LAMOL 88.91 80.59

CTR 89.47 83.62

CTR* 88.21 81.19

Ours 88.50 82.35
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Table 3.3: Két qua nghién cifu ablation.

Bién thé mé hinh Acc.(%) MF1(%)

Ours (mé hinh diy dd)  88.50 82.35
Khong c6 CL-plugin 85.83 79.75
Khoéng c¢6 CSC + CED 86.48 79.32
Khéng c6 CSC 87.52 79.93
Khéng c6 CED 87.98 80.10

Table 3.4: Két qua thuc nghiém trén CIFAR-100 theo kich ban Si-Blurry (%). In ddm =

phuong phap khong can bo nhé tot nhit.

B6 nhé Phuong phap Aauc AavG Al ast
EWC++ 53.31 £1.70 50.954+1.50 52.55£0.71
ER 56.174+1.84 53.804+1.46 55.60 4+ 0.69
2000
RM 53.224+1.82 52.994+1.65 55.25+0.61
MVP-R 60.62 £ 1.03 5H57.58+0.56 64.30 £0.29
EWC++ 48.31 £1.81 4456 +0.40 40.52 4+ 0.83
ER 51.59 +£1.91 48.034+0.80 44.09 £+ 0.80
>0 RM 41.07+1.30 38.10+0.59  32.66 + 0.34
MVP-R 56.20 = 1.44 53.61 £20.04 55.35 4+ 0.43
LwF 40.71 £1.21 38.494+0.56 27.03 £+ 2.92
L2P 42.68 £2.70 39.89+0.45 28.594+3.34
DualPrompt 41.34 +2.59 3859+ 0.82 22.74+3.40
0 (khong can bo nh6) MVP 45.07+1.24 44.93+0.54 39.94 +0.47
SLDA 53.00 £3.85 50.094+2.77 61.79 £3.81
GACL 57.99 £2.46 56.244+3.12 70.31 £0.06

ZeroRFF (Ours) 60.48 +4.33 58.55+6.05 72.44+0.13




Chapter 4

Kién tric dong va phan bo tham

so dong

Hoc lién tuc dua trén kién tric gidi quyét catastrophic forgetting bang cach phan bd dong
dung lugng mo hinh chuyén dung cho mdi tac vu mdi, tao ra cac khong gian tham sb co
lap hoic chia sé mot phan nham giam thiéu su nhiéu loan giita cac giai doan huén luyén
tuan tu. Khac v6i cac phuong phap chinh quy héa von rang budc qua trinh cip nhat hay
cdc phuong phdp replay von luu trit dit liéu qua khit, cdc hudng tiép can nay truc tiép thay
d6i cau triic ciia mo hinh. Chuong nay trinh by ba déng gép bd trg cho nhau trong kich
ban Hoc tang dan theo 16p (Class-Incremental Learning - CIL), dudc t0 chiic theo hai
dong phuong phap luan: backbone ResNet-18 huin luyén tir dau cho cic benchmark CIL
truc tuyén, va backbone ViT-B/16 tién huén luyén cho céc kich ban tinh chinh hiéu qua

tham s6 (Parameter-Efficient Fine-Tuning - PEFT).

Phan 1: Hudng tiép can Multi-Head véi Can b?lng Prototype Truc tuyén, Phan hoi
Prototype Thich nghi va Can chinh An dua trén Nang lugng.

Déng gép thid nhit mé rong khung Hoc Prototype Truc tuyén (OnPro) nhim khéc
phuc hai han ché: OnPro st dung mot dau phan loai chung duy nhit 1am 14n 16n giita du
doan trong tac vu (Within-task Prediction - WP) va du doan nhan dang tac vu (Task-ID
Prediction - TP), dong thdi xt Iy dong déu tat ca cac cip 16p bat ké mic do dé bi nham
14n cla ching. Phuong phdp dudc dé xuit, minh hoa trong Hinh 4.2, gidi thiéu hai co ché
b6 trg cho nhau. Can b;”lng Prototype Truc tuyén (Online Prototype Equilibrium -
OPE) duy tri cic biéu dién c6 kha niing phan biét cao bang cach dong thdi kéo gan céc

prototype truc tuyén cung 16p va dy xa cic prototype khac 16p, cin bang giita viéc hoc
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cac 16p méi va bao toan cac 16p da thiy truée d6 thong qua:
Lopr = Lo (P, P) + Ly (P', P").

Phan hoi Prototype Thich nghi (Adaptive Prototypical Feedback — APF) nhén dang
cac cip 16p dé bi phan loai nham bing cach tinh khoang cach giita cic prototype dudc
luu tri thong qua nhan Gaussian ddi xting, sau d6 14y mau qua mic cdc cip dé nham 14n
trong qua trinh memory replay nham lam sic nét ranh gidi quyét dinh giita ching. Chién
lugc 14y mau hai giai doan chon a - m mau ty 1& véi x4c suit nham 14n va iy mau ngiu

nhién phan con lai d€ duy tri cin bing tdng thé.

= i
- A Text
.\Q? -
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T T need grad
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Figure 4.2: Kién tric tong thé ctia md hinh multi-head v6i OPE, APF va hai dau phan
loai (WP va OOD).

LSp phan loai dugc tai cAu tric thanh hai diu chuyén biét: mot dau OOD ude
lugng xdc suét tidc vu bang cach phan biét cac mau thudc phan phdi cia tic vu hién
tai v6i cdc mAu ngoai phan phdi trong bo dém bd nhd, va mot dau WP dé€ du dodn
chi tiét trong ndi bod tic vu. Du doan CIL cudi cung dudc phan ra theo cong thiic
P(Xyj|z) = P(Xg |z, k) P(Xk|z), két hop dau ra ctia cd hai du. Qua trinh huan luyén
dién ra theo ba budc: (1) huan luyén chung bo trich xuit dic trung va dau OOD; (2) tinh
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chinh dau WP trong khi giif nguyén b trich xuét dic trung; (3) tinh chinh tit ca cac dau

OOD trudc d6 trén dit liéu replay nham giam thiéu thién 1éch ddi véi cic tac vu dau tién.

Mb-dun Ciin chinh An dua trén Nang lugng (Energy-based Latent Alignment
— ELI) dudc tich hop thém nham chéng lai hién tugng trdi dat biéu dién. Sau méi tac
vu, mot Mo hinh dya trén Ning lugng (Energy-Based Model — EBM) dudc huin luyén
dé gan ning luong thap cho cac biéu dién 4n tit snapshot bd ma héa truée do va ning
lugng cao cho cac bi€u dién tit bd ma hoéa hién tai, st dung Langevin dynamics d€ 1ay
mau. Tai thoi diém suy luan, ELI 1dp di ldp lai dich chuyén vector 4n cia tiing mau kiém
tra doc theo gradient ning lugng tr vé da tap dic trung cia tac vu trude, hiéu chinh su

dich chuyén bi€u dién ma khong can luu trit thém bat ky dit liéu nao.

Bang 4.1 va 4.2 bao cdo do chinh xac trung binh va muic do quén trén CIFAR-10 va
CIFAR-100. Phuong phap dé xuat (ModifiedOnPro) nhit quan vuot trdi hon OnPro vé do
chinh x4c & tit ca céc kich thudc bo nhé dém 1én t6i 11,2 diém trén CIFAR-10 (M =100,
tlr 52,4% 1én 63,6%) va 1én t6i 6,4 diém trén CIFAR-100 (M =500, tit 20,7% 1én 27,1%).
Trén benchmark hinh 4nh y t¢ CCH5000 (Bang 4.5), phuong phap dat diém quén lang t6t
nhat 12 2,9 trong kich ban hai 16p mdi tac vu, cai thién 27,5% so v6i LO2LN.

Table 4.1: D9 chinh xac trung binh (%) vdi cac kich thudc bo nhé dém M khac nhau. In

dam = tot nhat.

CIFAR-10 CIFAR-100

Phuong phap M=100 M=200 M=500 M=500 M=1000 M=2000

iCaRL 31.0 33.9 42.0 12.8 16.5 17.6
DER++ 31.5 39.7 50.9 16.0 21.4 23.9
SCR 40.2 48.5 59.1 19.3 26.5 32.7
OCM 47.5 59.6 70.1 19.7 27.5 34.4
OnPro 52.4 63.0 67.7 20.7 27.2 34.9
Ours 63.6 69.3 72.8 271 30.3 36.3

Phan 2: DAKTA — B phan loai Kolmogorov-Arnold c6 dinh huéng cho S6 hoc tac

vu.

Dong gép thi hai, DAKTA (Hinh 4.6), dudc xay dung dua trén khung S6 hoc tac
vu ting dan v6i LoRA (Incremental Task Arithmetic with LORA — ITA-LoRA) va giai
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Table 4.2: Miic do quén lang trung binh (%) véi cac kich thude buffer bo nhé M khac
nhau. Cang thip cang tot.

CIFAR-10 CIFAR-100

Phuong phap M=100 M=200 M=500 M=500 M=1000 M=2000

1CaRL 52.7 49.3 38.3 16.5 11.2 10.4
DER++ 57.8 46.7 33.6 41.0 34.8 33.2
SCR 43.2 355 24.1 29.3 20.4 11.5
OCM 35.5 23.9 13.5 18.3 15.2 10.8
OnPro 24.2 16.5 13.7 17.8 14.9 10.0
Ours 23.2 18.3 13.5 19.2 14.5 11.2

quyét han ché then chét ctia khung nay: dau phan loai tuyén tinh chudn 4p dit ranh gi6i
quyét dinh dong nhét trén tat ca cc tic vu. DAKTA thay thé du tuyén tinh bang mot Bo
phan loai Kolmogorov-Arnold (Kolmogorov-Arnold Classifier - KAC), tinh toan cac
kich hoat 16p duéi dang téng c6 trong s6 clia cic Ham co s& hudng tam Gaussian (Radial
Basis Functions - RBFs) c6 thé hoc dudc, cung cip cic ranh giSi nhay cdm cuc bd va
¢6 tinh chon loc kénh gitp giam dang ké nhiéu loan giita cdc tac vu. Co ché Hop nhat
vector c6 dinh hudng tiép tuc két hop logit dua trén RBF véi s6 hang do tuong dong
cosine:
lo(x) = I™Y(2) + 7. - cos(x, W),

nam bat dong thdi cidc miu tuong dong cuc bd va su cin chinh dinh hudng toan cuc dé&
phan biét 16p mot cach bén viing hon. Chinh quy héa Ma tran thong tin Fisher (Fisher
Information Matrix - FIM) bac hai dugc dp dung cho ca backbone ViT lan dau KAC,

phat cac do 1éch cua cac tham so quan trong so véi gia tri tién huan luyén:

L= LCE + Ebackbone + L:cls

reg reg"

Sau khi huén luyén mdi tic vu, cic thay ddi tham s dudc luu trif dusi dang vector tic vu
va tdng hop tai thoi diém suy luin bang phép lay trung binh, ké thita cic bao dam 6n dinh

cua khung so6 hoc tac vu.

Bang 4.6 bdo cdo do chinh x4c cubi cling trén sdu benchmark. DAKTA dat két qua
tot nhat trong nim trong sau bo dit liéu, vuot ITA-LoRA téi 2,04 diém (CIFAR-100) va
2,04 diém trén CUB-200, benchmark nhén dang chi tiét noi do nhay cam cuc bo ctia KAC
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Table 4.5: Két qua so sanh trén CCH5000 (hinh 4nh y té) v6i mot va hai 16p mdi tac vu.

In dam = t6t nhét.

1 16p/tac vu 2 16p/tac vu

Phuong phap

Acc Fgt Acc Fgt
iCaRL 91.1 9.0 930 6.8
UCIR 920 55 0939 44
PODNet 89.2 6.0 920 52
DER 91.0 5.6 0930 64
LO2LN 945 39 946 4.0
OnPro 895 3.6 928 38
Ours 916 4.6 946 29

phét huy tic dung rd rét nhét. So sanh vé mifc do quén tiép tuc khang dinh sy vugt troi
ctia DAKTA: phuong phdp dat diém quén thip nhat trén ca sau benchmark, gidm mic do
quén t6i 0,94 di€m so v6i ITA-LoRA trén CIFAR-100. Nghién citu ablation (Bang 4.7)
x4c nhan rang ca dau KAC 14n chinh quy héa FIM déu la thanh phan thiét yéu, vi mo

hinh day di nhit quan vudt trdi hon cic bién thé loai bd mot trong hai thanh phan.

Phan 3: LoRA Truc giao Thua thét cho Hoc lién tuc (SO-LoRA).

Poéng goép thi ba, SO-LoRA (Hinh 4.8), giai quyét su mau thuin ciin ban giita cd
lap adapter theo tiing tac vu (6n dinh nhung ton O(T') bd nhé) va adapter diing chung (bo
nh6 khong ddi nhung dé bi nhiéu loan). SO-LoRA tai khdi niém hoa bai todn theo hudng
hinh hoc: phuong phap duy tri mot co sé truc chuin cb dinh A € R?*" (khéi tao mot 1an

thong qua phan tich QR va déng biang) va han ché mdi tac vu chi dugc hoc mot ma tran
hé sb thua thot BY € R7**:

W =w, + ABW.

Vi ATA = I, nhiéu loan giita cdc tic vu i va j dudc chiing minh 13 bi chin bdi
(AW, AW;) | < |AB;||2.1]|AB;||2.1, va duge kiém sodt truc tiép bang cach tbi thiéu
héa chudn £y ; (group lasso) trén B, budc mdi tac vu chi kich hoat mét tap con thua
thét cdc chiéu co s6. Mot mét na mém nhén biét gradient M € R” tiép tuc bao vé cic

chiéu rank c6 tim quan trong tich lily: sau mdi tdc vu, chudn gradient hang dudc tong

24



8 : Classifier Head

o Ze e L[ ~
Feature Extraction O & J[ - point ¢ of ‘Sum(series of center points in Weight, Bias
> Gaussianin | > Task 1 * RBF Weight) Matrix
A Task 1 ) L
L, 3 L o
; e
Center = 0l | D
2 Layer point ¢, of Sum(series of center points in Weigh, Bias i
i Norm Gaussian in T 2 * RBF Weight) Matrix > sum(Logits, * cos(Weight, Input) —3
Input Image f’ v Task 2 -
= 1 ; 1) P \ J
.. " Center — - -
point of um(series of center poins in jight,
A > Gaussian in 0 i Matri - . -
(9] 1 sk | Directional Fusion
Feature Extraction 15} Each Composed Model
New Model - |
£

6) —

Figure 4.6: Pipeline cia khung DAKTA tich hgp backbone ViT+LoRA, Bo phan loai
Kolmogorov-Arnold (KAC), S6 hoc tac vu ting dan (ITA) va chinh quy héa dua trén
Fisher.

hop thong qua trung binh dong theo ham mii, va trong qu4 trinh huan luyén tic vu tiép
theo, gradient ctia cac hang dudgc bao vé manh nhung hién khong lién quan bi triét ti€u
theo hé Sé t}?’ lé Sj =1- Mt—l,j(l — (bj)

Bang 4.9 va 4.10 tém tat cac két qua chinh. Trén ImageNet-R, SO-LoRA xép hang
nhét & tit ca cidc mic do chi tiét tac vu (5/10/20 tac vu), véi mifc gidm do chinh x4c rat nhod
tir 79,78% xubng 78,15% khi chudi ting tli 5 1én 20 tac vy, trong khi O-LoRA suy giam
manh tif 72,76% xudng 60,98%. Trén ImageNet-A (dich chuyén mién nghiém trong),
SO-LoRA dat d6 chinh xac cudi cung 60,27%, cao hon gﬁn 5 diém so v6i SD-LoRA, néu
bt tim quan trong ctia mit na nhan biét gradient khi dif liéu hién tai khac biét xa so véi
phan phdi tién huin luyén. Trén CUB-200 (nhan dang chi tiét), SO-LoRA dat d6 chinh
xdc cao nhét (81,58%), xdc nhin riang cic t6 hdp truc giao thua tht ndm bat dudc cac
dic diém tinh té ma khong khuéch dai nhiéu loan. Hinh 4.9 truc quan héa quy dao do
chinh x4c theo cdc do dai chudi khac nhau.

Nghién cifu ablation (Bang 4.11) x4c nhén rang mit na nhan biét gradient mang lai
nhiing cai thién nhat quan nhét, diic biét trong diéu kién dich chuyén mién (ImageNet-A)
va chudi dai (20 tac vu trén ImageNet-R), trong khi do thua th6t nhém b6 sung thém 1gi
ich dic biét trong cac kich ban ngoai mién.

Tong két

T6m lai, chuong nay trinh bay ba chién ludc dua trén kién triic cé tinh bd trg cho
nhau, ciing nhau gii quyét cac han ché then chét clia cic phuong phap hoc lién tuc hién
c6. Hudng tiép can multi-head OPE/APF/ELI cii thién ca bi€u dién dic trung 14n phan
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Table 4.6: So sanh do chinh x4c cudi ciing (%) vé6i cac phuong phép tién tién nhat. In

dam = t6t nhAt.

M6 hinh C-100 CUB Caltech MIT RESISC CropDis.
CODA 86.48 78.54 90.57 77773  69.50 74.65
SEED 83.39 8535 90.04 8634  74.81 92.77
InfLoRA 87.17 79.14 90.53 79.14  79.92 89.05
DER++ 83.02 76.10 86.11 6888  67.23 98.77
ITA-LoRA 89.96 8555 9265 86.60  82.00 95.85
ITA-(IA)3 90.66 85.67 92.67 84.74  83.73 95.41

DAKTA (Ours) 91.21 87.59 93.61 8797 85.82 97.75

Table 4.7: Nghién cifu ablation vé chinh quy héa bac hai va KAC trong DAKTA. In dim

= tbt nhét.

Bién thé C-100 CUB Cal. MIT RES. Crop.

Khong c6 Reg. 85.24 80.57 89.10 82.25 79.38 90.84
Khong c6 KAC 8991 84.12 9235 85.24 8225 94.82
Mo hinh day da 9121 87.59 93.61 87.97 85.82 97.75

loai trong CIL truc tuyén bang cach tach biét du doan trong tic vu khdi du dodn nhan
dang tac vu va hiéu chinh su troi dat an. DAKTA thay thé du tuyén tinh thong thudng
bing bd phan loai Kolmogorov-Arnold nhay cdm cuc b, md rong chinh quy héa dua trén
Fisher sang 16p phan loai va dat do chinh x4c vuot troi cing mic do quén thap hon trén
cdc benchmark nhan dang chi tiét da dang. SO-LoRA cung cip mdt giai phap c6 co s6 ly
thuyét viing chac va dung lugng tham s6 khong d6i, ¢o 1ap hinh hoc céc biéu dién tac vu
trong mdt co sé truc giao cb dinh va bao vé dong céac chiéu quan trong thong qua mit na
nhan biét gradient, thé hién kha niing md rong manh mé trén céc chudi tic vu dai va cic

diéu kién dich chuyén phan phdi nghiém trong.
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Figure 4.8: SO-LoRA biéu dién sy thich nghi du6i dang cac hé s6 thua thét B® trén co
sd truc chuin déng bing A. Do thua thét nhém gidi han su chdng chéo; mit na nhan biét

gradient M bdo vé cic chiéu quan trong vé mit lich si.

Table 4.9: Hiéu suat trén ImageNet-R v6i cac mic do chi tiét tic vu khac nhau. AAA =

Do chinh x4c trung binh. In ddm = t6t nhAt.

IN-R (5) IN-R (10) IN-R (20)

Phuong phap

AAAT Acct AAAT Acct AAAT Acct
CODA 78.68 7529 77.11 73.03 73.71 68.53
HiDe 7742 7245 76.84 72.63 75.88 71.56
O-LoRA 76.71 7276 71.30 64.13 68.04 60.98
InfLoRA 81.63 77.83 80.24 77.04 76.78 70.94

SD-LoRA 82.85 79.02 81.05 77.92 80.62 75.43

SO-LoRA 83.94 79.78 83.71 78.83 83.18 78.15
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Table 4.10: Hiéu suat trén ImageNet-A, CIFAR-100 va CUB-200 (10 tac vu). In dam =
t6t nhat.

Phuong phip IN-A C100 CUB
AAAT Accl AAAT Acct AAAT Acct
CODA 56.30 4594 91.37 86.82 8236 7241
HiDe 55.72 44.67 91.17 86.53 81.71 74.15
O-LoRA 54.17 44.46 89.96 82.51 79.66 70.12
InfLoRA 61.63 51.02 91.44 86.09 81.43 71.13

SD-LoRA 63.24 5535 91.71 87.28 85.15 77.38

SO-LoRA 67.89 60.27 90.88 86.61 87.71 81.58
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Figure 4.9: DO chinh xéc trung binh trén ImageNet-R theo cdc do dai chudi khac nhau (5,
10, 20 tac vu).

Table 4.11: Nghién ctu ablation trén cac benchmark 10 tac vu. Tac dong cua do thua thét

nhém va mit na nhan biét gradient. In ddm = t6t nhAt.

, ) ImageNet-A  ImageNet-R (10)
Bién the

AAA Acc AAA Acc

SO-LoRA (day di)  67.89 60.27 83.71 78.83
Khong c6 do thua thét 66.86 59.30 83.52  78.77
Khoéng c6 mat na 66.31 58.15 8340  78.37
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Két luan va Huéng phat trién

Luan 4n nay da giai quyét bai toan catastrophic forgetting trong hoc lién tuc thong qua
mot tién trinh ba giai doan, trong d6 mdi giai doan dudc thic ddy bdi nhitng han ché thuc
tién va ly thuyét ndy sinh & céac tang bac ké tiép ctia bai toan.

Giai doan thit nhit (Chuong 2) gidi thiéu co ché replay prototype b4o toan quyén
riéng tu. Thay vi luu trit cdc mAu huén luyén thuc t€, phan phdi clia cic 16p trong qua khu
dudgc x4p xi thong qua ting cudng prototype vSi nhiu Gaussian, bao toan cAu tric phan
phdi cin thiét cho replay dbi lap. Mo-dun Cin chinh An dya trén Ning luong (ELI) b8
trg cho cd ché nay bang cach phat hién va hiéu chinh su troi dat biéu dién sau mdi tac vu
thong qua Langevin dynamics. Cac thuc nghiém trén FewRel va TACRED chiing minh
rang su két hop nay dat hiéu sut ngang bang hoic vudt troi so véi cac phuong phap luu
trit dit liéu thuc, khang dinh rang replay b4o toan quyén riéng tu vita kha thi vira hiéu qua.

Giai doan thu hai (Chuong 3) loai bé hoan toan viéc luu trit dit liéu. Khung CL-
plugin két hop Md-dun chia sé tri thiic va M6-dun dic thi tic vu v6i mét na & miic no-ron,
dudc ting cudng bdi cdc ham mat mat Chat loc tip hop dbi 1ap va Hoc dbi 1ap c6 gidm
sat, dat Macro-F1 tién tién nhét trén benchmark phan loai cAm xtc theo khia canh gom
19 tac vu. ZeroRFF md rong nguyén ly nay sang cac bai toan thi giac class-incremental
bang cach dnh xa cic dic trung tif backbone déng bing qua random Fourier features va
tinh todn c4c bd phan loai phan tich dang déng, dat két qua canh tranh trong kich ban
Si-Blurry ma khong can luu trit bat ky exemplar nao. Ca hai phuong phap cling nhau
khang dinh rang hoc lién tuc khong can exemplar la kha thi trén c4 hai linh viic NLP va
thi gidc may tinh.

Giai doan thit ba (Chuong 4) giai quyét rang budc dung lugng von 1a gi6i han cubi
cing ctia ca hai huéng tiép can replay 1an chat loc. Bén phuong phap dudc déng gop.
Khung multi-head OPE/APF/ELI tach biét du doan trong tac vu khoi du doan nhéan
dang tac vu thong qua hai ddu WP va OOD riéng biét, dat diém quén lang tot nhat trén
benchmark hinh anh y t¢ CCH5000. DAKTA thay thé b phan loai tuyén tinh thong
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thuong bang Bo phan loai Kolmogorov-Arnold dudc hd trg bdi chinh quy héa Ma tran
thong tin Fisher trén ca backbone 1an dau phan loai, dat mic cai thién do chinh x4c nhét
quén so véi ITA-LoRA trén sau benchmark. SO-LoRA cb dinh mot co s adapter truc
giao phd quat va han ché mdi tac vu chi hoc céc td hop hé sb thua thét, chin nhiéu loan
gilfa cic tac vu bing tich ctia cac chudn do thua thét va duy tri dung ludng tham sb khong
ddi bat k& do dai chudi, dat do chinh x4c cao nhat trén ImageNet-A, CUB-200 va kich

ban 20 tac vu trén ImageNet-R.

Nhin nhan mét cach téng thé, ba giai doan hdp thanh mot cau tra 18i ¢6 hé thong
va nhay cam véi ngit canh cho bai toan catastrophic forgetting: replay prototype khi cho
phép luu trit han ché; chat loc tri thic ¢6 chon loc khi viéc luu giit dif liéu 12 khong kha
thi; va cac chién lugc kién trdc thich nghi khi su da dang cia tac vu hodc do dai chudi
khién ngan sach tham s6 c6 dinh trd thanh rang budc cing. Co ché ELI, dudc phit trién &
Chuong 2, dudc chuyén giao truc tiép sang kién tric multi-head ctia Chuong 4, va tinh 6n
dinh dang dong ctia ZeroRFF c6 chung nén tang khai niém véi SO-LoRA, diéu nay cho

thiy cac giai doan khong ton tai doc 14p ma c6 tinh tucng hd va cling ¢b 14n nhau.

Tuy nhién, mot s6 han ché van con ton tai. Cac phuong phap déu gia dinh ranh gi6i
tac vu dudc biét truée, diéu kién nay bi vi pham trong cac kich ban khong cé ranh gidi
tdc vu va ranh gidéi md. Kha ning md rong 1én céc chudi hang tram tic vu chua dudc
danh gid mot cach c6 hé thdng. Pham vi thuc nghiém con gi6i han & phan loai viin ban
va anh, va su khong nhit quan vé backbone gitta hai dong ResNet-18 va ViT-B/16 trong
Chuong 4 han ché kha ning so sanh truc tiép giita cdc phuong phap. Hudng nghién ctiu
tuong lai nén theo dudi mot meta-khung thich nghi theo ngii canh, c6 kha niing tu dong
lua chon gitta replay, chat loc v mé rong kién tric dua trén bd nhé kha dung, do6 tuong
dong gitta cdc tdc vu va ngan sich tinh toan. M& rong sd hoc tdc vu dua trén LoRA sang
cac md hinh ngén ngit 16n, hoc lién tuc khong c6 ranh gidi tac vu thong qua phat hién
ranh gi6i diéu khién bdi OPE, va céc kich ban da phuong thiic noi cac phuong thiic khac
nhau tu nhién chiém giit cac khong gian con tham s riéng biét 12 nhitng huéng phat trién

dic biét day trién vong.

Catastrophic forgetting van 1a mot trd ngai cin ban trén con dudng hudng t6i tri tué
nhén tao thuc su thich nghi. Ba déng gép ctia luin 4n nay cung cap nhiing budc tién cu
thé va c6 cd sd nguyén tic vitng chiac hudng téi mot hé théng hoc tap c6 kha ning tich
Iy tri thiic sudt vong doi hoat dong, md rong dudc trén cic chudi tac vu dai, va van hanh

trong céc rang budc tai nguyén thuc tién.
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