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Tom tit

Hoc lién két da néi 1én nhw mét mé hinh day hira hen cho hoc may phan tan, bdo
Vé quyén riéng tir dir liéu dong thoi cho phép hudn luyén mé hinh céng tac. Tuy nhién,
hoc lién két tieu chudn gia dinh rang tat ca cdc mdy khdach déu ¢ chung cac muc tiéu
nhiém vy, diéu nay thwong khong thuc té trong céac #ng dung thyc té khi may khach thé
hién sw phan phoi di liéu khéng dong nhat va cac muc tiéu huan luyén khac nhau. Hoc
lien két ca nhan hda gigi quyét han ché co ban nay bang cach cho phép may khach
hudn luyén cdc mé hinh dwoc c& nhan héa phl hep véi cac yéu cau cu thé cua ching
dong thoi tdn dung lei ich cua s cong tac phan tan. Khdo séat nay cung cap tong quan
toan dién veé hoc lién két ca nhan héa, bao gom: (1) cac khai niém va dong luc co ban;
(2) phan logi cdc phwong phdp tiép cdn hoc lién két ca nhan hoa; (3) cac thach thic
chinh; va (4) cdc hwong nghién cizu mé. Chiing t6i ciing thao ludn vé su danh doi giira
ca nhan hoa va khai quéat hoa, phan tich cac giai phap hién c¢é va xdc dinh cac thach
thize trong twong lai trong linh viee dang phat trién nhanh chong nay.

Tir khéa: Canhan hoa, hoc lién két, hoc mdy

Abstract

A COMPREHENSIVE SURVEY ON PERSONALIZED FEDERATED

LEARNING

Federated learning (FL) has emerged as a promising paradigm for distributed
machine learning that preserves data privacy while enabling collaborative model
training. However, standard FL assumes all clients share identical task objectives,
which often proves unrealistic in practical applications where clients exhibit
heterogeneous data distributions and varying learning goals. Personalized federated
learning (PFL) addresses this fundamental limitation by enabling clients to learn
personalized models tailored to their specific requirements while leveraging the benefits
of distributed collaboration. This survey provides a comprehensive overview of
personalized federated learning, covering: (1) fundamental concepts and motivations;
(2) classification of PFL approaches; (3) key challenges; and (4) open research
directions. We also discuss the trade-offs between personalization and generalization,
analyze existing solutions, and identify future challenges in this rapidly evolving field.
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1. Giéi thiéu

Hoc lién két da cach mang hoa hoc may phan tan bang cach cho phép cac to chirc
cung nhau dao tao cac mo hinh hoc may ma khong can chia s¢ dit liéu thd, do d6 bao vé
quyén riéng tu va giam thiéu chi phi giao tlep so vo1 hoc tép tap trung (McMahan va nnk.,
2017). Tuy nhién, gia dinh co ban lam nén tang cho cac khuon kho hoc lién két thong
thuong - rang tit ca cac may khach tham gia déu t6i wu hoa hudng t6i mot muc tiéu toan
cau duy nhat hiém khi phtl hop vdi céc tinh hudng thyc té.

Trong cac ing dung thyc t&, may khach thudng thé hién tinh khong dong nhat dang
ké trén nhiéu chiéu. Tinh khong dong nhit dir liéu phat sinh tir dit liéu khong doc lap va
phéan phdi gidng hét nhau trén cac may khach, trong d6 mdi méay khach s¢ hitu cac phan
phdi dir ligu duy nhét phan 4nh cac ddc diém cuc bd (Kairouz va nnk., 2021). Tinh khong
d6ng nhat hé théng xuat hién tir cac tai nguyén tinh toan khac nhau va két ndi mang giira
cac thiét bi. Tinh khong dong nhat tac vu biéu hién khi may khéach theo dudi cac muc tiéu
huin luyén khac nhau thay vi mot muc tiéu théng nhat. Xem xét mot mang ludi chiam séc
stic khoe noi cac bénh vién hudng dén viéc cai thién cac mé hinh chin doan danh riéng cho
bénh nhan, hodc mot hé thong du doan ban phim di dong noi ngudi dung yéu cau hoan
thanh vin ban duoc ca nhan héa phan anh cic mau ngén ngir riéng 1¢. Trong nhing truong
hop nhu vay, viéc ap dit mot mo hinh toan cuc duy nhét trén cac may khach khong dong
nhét thuong mang lai hiéu sut khong t6i uu, vi mo hinh toan cuc dai dién cho mét sy thoa
hiép c6 thé khong phuc vu t6t cho bat ky may khach nio.

Hoc lién két ca nhan hoa giai quyet nhu'ng han ché nay bang cach cho phép mdi may
khach phat trién cac mé hinh dugc thiét ké riéng theo yéu cau cuc bd cia ching, dong thoi
tan dung hoc tap cong tac dé cai thién chat lugng md hinh. Khao sat nay tong hop nhiing
tién bo gan day trong hoc lién két c4 nhan hoa, cung cap thong tin toan dién vé cac phuong
phap, thach thirc va co hdi trong tuong lai.

2. Cac khai niém co ban

Hoc lién két tiéu chuan hoat dong thong qua mot quy trinh 1ap lai lién quan dén mot
may chu trung tam va nhiéu may khach. Trong mdi vong, may chu s& phat mo hinh toan
cuc hién tai dén cac may khach dugc chon. May khach thyc hién cac cap nhét cuc b trén
dix liéu riéng cua minh va truyen cac cap nhat mo hinh tr¢ lai may chu. May chu tong hop
cac cap nhat nay bang mot co ché tong hop, thuong 14 trung binh co trong sd, dé tao ra mot
mod hinh toan cuc méi (McMahan va nnk., 2017). Thuét toan trung binh lién bang chuan
(FedAvg) giam thiéu ham mét mat toan cuc nhu sau:

1
miny: > £ )
=1
Vi N bicu thi s0 lugng mdy khach va F(w) = — .., I(w.z) dai dién cho ham mat mat cuc

bd cua may khach i doi trén dir li¢u b; cua chung.
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Hinh 1. Kién triic mé hinh hoc lién két
Ngudn: Tac gia, 2025

Khong gidng nhu hoc lién két tiéu chuan theo dudi mot mé hinh toan cuc duy
nhat, hoc lién két c4 nhan hoa thira nhan 6 rang rang may khach co6 thé dugce hudng loi
tir cac mo hinh riéng biét. M6 hinh c4 nhan héa c6 thé dugc xay dung nhu mot giai phap
cho nhiéu bai toan t6i wu hoa lién quan:

N
min E Fi(wi)
W anns Wy 1

1=

tuan theo cac diéu khoan chinh quy hodc rang budc mi héa mdi quan hé giita cac mod
hinh cu thé cua may khach. Piém mau chot trong hoc lién két ca nhan héa nam & viée
cin bang giita ca nhan hoa (phu hop voi dit liéu trén may khach) véi sy hop tac (tan
dung kién thirc toan cuc). Sy danh d6i nay 1a trong tAm cua tat ca cac phuong phéap hoc
lién két c4 nhan hoa.

3. Phén loai cac phwong phap hoc lién két c4 nhan hoa

3.1. Phwong phdp hoc da tac vu

Cac khung hoc da tac vu coi hoc lién két nhu mot bai toan da tac vy, trong do rr}éi
may khach dai dién cho mot tac vu riéng biét. Quan di€m nay cho phép tan dung kién
thirc vé moi quan h¢ tac vu dé cai thién hi¢u suat cua ting tac vu.

Federated Multi-Task Learning (FMTL) (Smith va nnk., 2017) xay dung bbi canh
lién két nhu mot _qua trinh huan luyén nhiéu tac vu lién quan. May chu duy tri mot biéu
dién chia sé chiéu thap ma tat ca may khach déu c6 thé sir dung, trong khi mdi may
khach duy tri cac tham sb cu thé cho tung nhiém vuy.

Céch tiép can nay tan dung két ndi giita cic tac vu ciia may khach trong khi van
duy tri tinh ¢4 nhan hoa thong qua céac tham so riéng 1é. Tuy nhién, n6 doi hdi phai xac

https://vjol.info.vn/index.php/tdm 129



Tap chi Khoa hoc Dai hoc Thu Dau Mét S6 6(79)-2025

dinh rd rang cac moi quan hé tac vu va gia dinh mdt cau trac cu thé cho moi quan hé
nay.

3.2. Phwong phdp hoc dwa téi wu héa cin

Céac khung hoc dua trén toi vu héa can (meta-learning) hudn luyén cac mé hinh
thich ing nhanh v6i cac nhiém vy méi véi dit liéu toi thiéu. Khung nay dic biét phi hop
v6i hoc lién két cd nhan hoa, noi ma vi¢ce thich irng nhanh chéng vdi cac muc ti€u cua
méy khach cuc b6 1a didu mong mudn.

Per-FedAvg (Zhan va nnk., 2023) 4p dung cac nguyén tic hoc tip dua trén siéu dit
lidu khong phy thuéc mé hinh vao cac thiét 1ap lién két. M&i may khach thuc hién thém
mot bude phan hdi trong qua trinh huan luyén cuc bo dé md phong kha nang thich Gmg
nhanh. Piéu nay cho phép may khach nhanh chéng c4 nhin héa mé hinh toan cyc thanh
dir li€u cuc bd thong qua mdt bude cap nhat duy nhét tai thoi diém suy lun.

Ditto (Li va nnk., 2021) mo rong tinh ca nhan héa bang cach cho phép may khach
duy tri ca m6 hinh cyc b va mo hinh toan cuc duoc két nbi thong qua co ché diém phat
khong giéng nhau. Cach tiép can nay tach biét qua trinh dao tao cuc b khoi viéc cép
nhat mé hinh toan cuc, cung cp kha ning kiém soat rd rang ddi voi sy danh doi giita ca
nhan héa va khai quét héa.

Hudng tiép can nay cung cip kha nang thich ing nhanh dd dugc chimg minh;
mirc d6 ca nhan héa linh hoat; twong thich véi nhiéu kién trdc mé hinh khéac nhau. Tuy
nhién, chi phi tinh toan ting 1én do khdi lugng tinh toan bd sung, cO thé yéu ciu sy diéu
chinh dya trén kinh nghiém va diéu kién hoi tu Iy thuyét twong ddi phirc tap.

3.3. Hon hop cic mé hinh chuyén gia

Khung hdn hgp chuyén gia phan tich mo hinh thanh céc thanh phan chuyén biét,
cho phép kich hoat c6 chon loc dua trén cac dac diém dau vao. Piéu nay tuy nhién phu
hop véi cac kich ban hoc lién két c4 nhan hoa, trong d6 cac may khach khac nhau duoc
huéng 1oi tir cac thanh phan md hinh khéc nhau.

Federated Mixture of Experts (Reisser va nnk., 2021) duy tri mét kho luu trit cac
mO-dun chuyén gia trén may chu. M6i may khach Iwa chon va tinh chinh mét tap hop
con céc chuyén gia lién quan dén nhiém vu ctia minh.

Personalized FedPAQ (Chen va nnk., 2021) két hop cac chuyén gia véi dao tao
nhan thirc vé lugng tir hda, cho phép c nhan héa trong méi truong han ché vé tai
nguyén. Mdi may khach huin luyén mot 16p cac mo-dun chuyén gia cuc bo trong khi
chia sé kho luu trit chuyén gia toan cuc.

Huodng t1ep can cho phép ca nhan hoa chi tiét thong qua lya chon chuyén gia, dap
ing cac yéu cau da dang cua may khach, hd trg c nhan hoa dan dan. Tuy nhién mo

hinh phurc tap hon, yéu Cal’,l khéi tao va quan 1y cac mo-dun chuyén gia can phai can
than va cd thé anh huéng dén hi¢u ning.

3.4. Phwong phap dwa trén cum

Céc phuong phép phan cum phéan chia may khach thanh cdc nhom c6 muc tiéu
hodc phan phoi dir li¢u tuong tu, cho phép dao tao mo hinh cap cum can bang gitra tinh
ca nhan hda va hi¢u qua.

Clustered Federated Learning (Ghosh va nnk., 2022) nhom may khach vao cac
cum, trong d6 cac thanh vién theo dudi cac muyc tiéu lién quan. Cac md hinh cap cum
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dugc dao tao cong tac trong moi cum, cung cap kha nang ca nhan héa ¢ cap cum thay vi
cap ca nhan.

Hierarchical Federated Learning (Cai va nnk., 2022) xay dung cac ciu tric cym
phan cép, trong do cac may khach ¢ céap thap hon két ndi vé6i cac bd tong hop trung
gian, sau do két ndi voi mot bo téng hop toan cuc. Piéu nay cho phép ca nhan hoa da
cap.

Huéng tiép can nay giam chi phi trao d6i théng tin so v6i cac md hinh may khach
riéng 1é, tan dung tinh twong dong cua may khach, c6 kha nang mo rong cho cac nhém
may khach 16n. Tuy nhién, hudng tiép can nay cing tiém an 16i phan cum va chi phi
phan cum cao, khé lya chon mirc do chi tiét cum ti wu, yéu cau cac sb liéu twong dong
6 thé chua duoc biét trude.

3.5. Cac phwong phap tidp cdn lai va mdi néi

Nhiing phat trién gan day két hop nhiéu chién lugc hoc lién két ca nhan héa dé
nang cao hi¢u suat.

Federated Learning with Matched Averaging (Cai va nnk., 2020) xac dinh céc
maéy khach cé cdu tric tuong ty thong qua viéc so khdp biéu dién va tinh trung binh cac
mo hinh ctia ching mét cach ¢6 chon loc, dat dugc sy ca nhan hoa chi tiét ma khong can
phan cum ro rang.

Personalized Federated Learning with Theoretical Guarantees (Fallah va nnk.,
2020) ket hop tong hop mo hinh thich img v6i phan tich hoi tu ly thuyet, cung cap cac
dam bao manh mé cho cac méi truong khong dong nhat.

Contrastive Learning-Based Personalized Federated Learning (Zhou va nnk.,
2024) tan dung cic muc tiéu hoc twong phan mé hinh dé ting cuong ca nhan hoa trong
cac thiét 1ap lién két, ddc biét 1a ddi véi cac tinh huéng da phuong thirc. Cach tiép can
nay hoc cac biéu dién dugc ca nhan hoa bang cach téi da hoéa sy dong thuan giita cac
ché d6 xem hodc phuong thirc khac nhau cua cing mét dir liéu nguoi dung trong khi
giam thiéu sy ddng thuan giita cac nguoi ding khac nhau.

4. Thach thirc va hwéng nghién ctiru mé

Trén céc tap dir liéu khong dong nhat phd bién nhu CIFAR-10/100 hoic cac bd
dir liéu cham soc stc khoe, cac phuong phap hoc lién két tién tién nhu Per-FedAvg,
pFedME, hoac céc bién thé cua FL-MAML thuong dat dugc mirc cdi thién do chinh xac
tir 5% dén 15% so v6i FedAvg co ban trén cac may khach cuc bo. Trong céc kich ban
cuc ky khong dong nhat, mirc ting co thé vuot qua 20% vi FedAvg c6 thé thit bai trong
viée hoi ty. Cac phuong phap hoc lién két c4 nhan hoa nhu FedPer hodc Ditto thudng
yéu cau sb luong vong giao tiép may chu/may khach it hon 2-5 lan dé dat duoc mirc do
chinh xac twong duong so voi FedAvg. Piéu nay dac bi€t quan trong trong moi truong
bang thong thap Khi d6i mat véi su khong dong nhat vé sb lugng dir lidu, cic phuwong
phap hoc lién két ca nhan hoa da giam thiéu d6 léch chuan cua d¢ chinh xéc giita cac
may 1én dén 50%, dam bao mot giai phap cong bang va 6n dinh hon cho tat ca cac bén
tham gia (Li va nnk., 2020).

Mai trudng lién két thuong ¢ bang thong han ché va chi phi giao tlep cao (Chen
va nnk, 2021). Mic du hoc lién két tiéu chuan giam thiéu viéc giao tiép so voi cac
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phwong phép tap trung, nhung viéc hoc lién két ca nhan hoa tép trung vao cac mod hinh
riéng lé co kha nang lam tang thém ganh nang giao tlep Viée ap dung cac co ché nén co
thé giam thiéu chi phi giao tiép nhung s& c6 thé lam mat di mot sé thong tin cu thé can
cho c4 nhan hoa. Tuy theo timg ngit canh cu thé co thé 4p dung cac k¥ thuat nén phu
hop bing thong, d6 tré va do chinh xéac yéu cau.

Phén tich 1y thuyét vé hoi tu hoc lién két c4 nhan hoa trong diéu kién dir liéu
khong ddng nhét van chua hoan thién. Téi wu hoa khong 16i véi mat mat khong dong
nhat, tan suit cdp nhat cuc bd khac nhau va cac thanh phan ca nhan hoa lam phirc tap
viéc phan tich hoi tu. Hau hét cac két qua ly thuyét déu doi hoi nhitng gia dinh c6 thé
khong dung trong cac tinh hudng thuc té rat khong dong nhit. Viéc mé ta chit ché hon
moi quan h¢ gitta mirc d6 khong d6ng nhat, mic do ca nhan hoa va ty 1& hoi tu van la
mot van dé chua c6 101 giai.

Viéc c4 nhan héa qua muc co nguy co qua khép véi dir liéu cuc bd han ché va
lam mat di loi ich tong quat tir viéc cong tac. Ca nhan hoa khong du s& khong nam bat
dugc cac yéu cau cu thé ciia may khach. Viéc tim ra sy cin bang t6i wu phu thudc vao
van dé va kho co thé xac dinh trude. M dd ca nhan hoa téi vu thay doi dang ké tuy
theo may khach va nhiém vu. Viéc phat trién cac phuong phéap c6 nguyén tic dé tu dong
x4c dinh mirc do ca nhan héa van 1a mot huéng nghién ciru quan trong. Cac phuong
phap hién tai thuong yéu cau diéu chinh thii cong hodc tim kiém ludi tén kém vé mit
tinh toan.

Viéc c4 nhan héa gy ra thém rui ro vé quyén riéng tu. Cac mo hinh danh riéng
cho may khach c6 thé dé bj tan cong suy luan hon, va viéc chia sé cac ban cap nhat mo
hinh duogc c4 nhan hoa c6 thé 1am ro ri théng tin riéng ciia may. Khi cac mo hinh ca
nhan hoa ngdy cang trd nén cu thé hon véi timg méy khach, ching co thé ty nhién ma
h6a nhiéu thong tin nhan dang hon. Viée dinh lugng o ri quyén riéng tu cy thé cho céc
mo hinh c4 nhan héa va phat trién cic co ché bao vé quyeén riéng tu phii hop 1a mét linh
vuc nghién ctru quan trong.

5. Két luan

Hoc lién két ca nhan hoa giai quyét nhiing han ché co ban cta hoc lién két tiéu
chuén bang cach cho phép may khach hoc cac mo hinh dugc diéu chinh theo yéu cau cu
thé cua chiing, dong thoi tan dung loi ich cia huin luyén cong tac. Qua khao sat, co thé
khang dinh hoc lién két ca nhan hoa khong chi 1a mét giai phap ky thuét cho bai toan dir
li¢u khong dong nhat, ma con 1a mot budce tién quan trong hudng t6i tinh cong bang va
hiéu qua thyc té trong hoc may phan tan.

Trong mdt sb linh vuc yéu cau tinh riéng tu cta dir liéu nhu y té, viéc ap dung
cach tiép can nay dé trién khai cac mo hinh s& dap tmg duoc tiéu chi riéng tu. Trong
tuong lai, khi sy giao thoa gitra tri tu¢ nhan tao trén dién toan bién va internet van vat
ngdy cang sau sic, hoc lién két ca nhan hoa s& déng vai tro then chdt trong viée xdy
dung cac hé thong tri tu¢ nhan tao bén vimg va lay nguoi dung lam trung tdm. Khao sat
nay da cung cap cai nhin tong quan toan dién vé cac phuwong phap hoc lién két, nhiing
thach thuc va hudng nghién cuu.
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