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Tém tit: Hoc lién két (Federated Learning: FL) da noi
1én nhu mot phuong phap day hira hen dé huan Iuyen cac
mA hinh hoc may trén cac thiét bi phi tap trung, ma khong
yéu cau chia sé dir liéu véi may chi trung tam. Diéu nay
dac bietco y nghla trong cac mang dién toan bién da truy
cap (MEC), noi quyen riéng tu cua dit liu 1a vu tién hang
dau Tuy nhién, su khéng dong nhét gitra cac thiét bi khach
vé tai nguyén tinh toén va dir liéu san c6 da dat ra nhiing
thach thac Ion trong viéc lua chon t‘hlet bi hi¢u qua trong
FL. Trong bai bao nay, cht’mg t6i dé xuat mot chién lugc
Iva chon may khach méi c6 tén la DDrCS (Lya chon may
khach huong dix ligu), gidp t6i uu hoa viéc sir dung dit liéu
trong qua trinh huan luyen nham cai thién hi¢u nang mé
hinh déng thoi giam thiéu chi phi giao tiép. DDrCS duoc
xay dung dya trén glao thirc FedCS hién c6, nhung thay doi
chién lugc lya chon may khéch duya trén lugng dir ligu tham
giaquatrinh huar] luyén. Qua cac md phong chi tiét, ching
tdi chung minh rang DDrCS vuot troi hon FedCS vé hiéu
qua st dung dir liéu, giam thiéu loss function md hinh, va
cai thién do chinh xac, trong khi yéu cau it thiét bi tham gia
vao méi vong huan luyén hon.

Tir khéa: Hoc lién két, Pién toan bién, Huong dir licu,
Lua chon may khach, Thuat toan t6i wu hod t6 hop.

. MOPAU

Su phat trlen nhanh chong cua hoc may (ML) da tac
dong dang ké dén nhiéu linh vye, yéu cau phai truy cip vao
céc tap dir liéu 16n dé huan luyén mo6 hinh hi¢u qua. Sy gia

ting manh mé& cua céc thiét bi Internet van vat (IoT) tao ra
hro‘ng dir liéu khong 16 mdi ngay, trd thanh ngudn tai
nguyén quan trong dé hudn luyén cic mé hinh ML. Trong
boi canh nay, Dién toan bién da truy cap (MEC) n6i 1én nhur
mot khung m6 hinh day htra hen, cho phep xu ly dir liéu
gan hon véi nguon Cach t1ep can nay glup tang cuong hi¢u
sudt cua cac (mg dung ML bing cach giam thiéu do6 tré va
giam muc st dung bang thong, tir do hd trg phan tich dir
liéu va ra quyét dinh theo thoi gian thuc trong moi trudn
0T [1]. Hon nira, viéc tich hop cac k¥ thudt hoc lién két
trong MEC cho phép huén luyen cac thuat toan ML ngay
trén thlet bi, toi uu hoa viée sir dung tai nguyén va cai thién
hiéu suit mo hinh ma khong lam anh hudng dén quyén
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riéng tu cta dit ligu [1]. Su két hop nay gitta [oT va MEC
dong vai tro then chdt trong viéc khai thac i da tiém nang
ctia ML trong cac moi truong dong va co gioi han vé tai
nguyén [2].

Tuy nhién, m6 hinh MEC truyén théng thuong duya trén
gia dinh rang dir liéu duoc tap trung tai mot nit may chu.
Su tap trung nay dat ra nhimg lo ngai déng ké vé quyen
rleng tu, vi thong tin nhay cam cé thé bi 16 trong qua trinh
truyén dir li¢u. Nhimg hoat dong nhu vay co6 thé vi pham
quyén rleng tu cua nguon dung va khong dugc chip nhan
duéi cac quy dinh bao v¢ dit li¢u nghiém ngat [3][4]. Do
do6, dat ra nhu cau cap béach vé cac phuong phap thay thé,
vira bao vé quyen riéng tu cia nguoi dung vira tdn dung
dugc céac loi thé ciia dién toan bién.

Trude thach thirc nay, hoc lién két (FL) ra doi, tro thanh
mot gidi phap kha thi. FL cho phép nhiéu thiét b cung nhau
huén luyén mo6 hinh hoc méay bang dit liéu cyc bo cua chiing
ma khong can chia sé dir liéu voi may chu trung tam. Thay
vao do, chi cdc ban cdp nhit m6 hinh dugc truyen di dé tong
hop, do do6 bao vé quyen riéng tu va tinh bao mat ctua dir
liéu [5]. Cach tlep can phi tap trung nay phu hop véi moé
hinh MEC, tao diéu kién thuan loi cho viéc huan luyén mo
hinh hi¢u qua trong khi van giai quyét cac van dé quan
trong vé quyén riéng tu va bao vé dir lidu trong cac mang
di dong bién.

Mic du FL m¢ ra mot huong di ddy hira hen dé giai
quyet cac van dé vé quyen riéng tu trong cac mang MEC,
nhung no6 cling khong tranh khoi nhiing thach thae, Mot tré
ngal dang ké 1a sy ton tai cua cac thiét bi khong ddng nhat
v6i nang luc tinh ton va gioi han tai nguyén khac nhau.
Néu cac thlet bi khéch ¢6 tai nguyén tinh toan g10r1 han,
chiing s& mét nhiéu thoi gian hon dé hoan thanh viéc cap
nhét mo hinh. Thém vao do, khi cac thiét bj hoat dong trong
diéu kién kénh truyén khong day kém, thoi gian cap nhat s&
kéo dai hon. Nhung van dé nay s& gay ra sy chdm tré trong
buéce téng hop cia may chi.

Nhiéu bai bao hoc thuat da dé cap dén cac thach thire cta
FL trong cac mang MEC, dac biét tap trung vao céac vén @&
do thiét bi khong dong nhét va dleu kién mang khong day
kém gdy ra. Nghién ctru 1a [6] dé xuit mot cach tiép can
phén cap cho FL nham quan ly hi€u qua cac kha nang khac
nhau cua thiét bi nguoi dung, ddng thoi glam thiéu do tré
va toi uu hoa phan b6 bang thong Céc tac gia trong [7] thi
théo luan vé& cac co ché nham nang cao hiéu qua nang hrorng
trong h¢ thong FL, giai quyét cac han ché vé tai nguyén va
tac nghén truyén thong phat sinh tir tinh khong dong nhat
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cua thiét bi. Nhitng nghién ctru nay cing dong gop vao viée
hieu rd va vuogt qua nhiing tré ngai ma FL phai doi mat
trong cac moi truong MEC.

Mot giai phap noi bat mang tén FedCS, cung cép mot
giao thirc FL mai huong dén viéc t6i da hoa sb luong may
khach tham gia vao qué trinh hoc da dugc dé xuét trong [8]
FedCS hoat dong bang cach khoi tao mot mo hinh hoc may
toan cyc trén mdy chi MEC, sau d6 gui yéu cau dén mot
tap cac may khach ngau nhién dé thu thap thong tin vé tai
nguyén hién c6 cua chung, bao gdm lugng dir liéu, trang
thai két ndi mang va kha nang tinh toan. Dya trén céc thong
tin nay, méy chu s& lya chon cac méay khach c6 tiém ning
dong g6p hiéu qua nhat, tuc la nhing thiét bi c6 kha niang
cp nht mo hinh nhanh chéng, dé tham gia vao qua trinh
huan luyén. Sau khi (duoc chon, cac may khach nay s€ tai
mo hinh toan cuc xuong, tién hanh cap nhat n6 bang di liéu
cuc by cua minh va sau d6 tai mo hinh da cap nhét trd lai
may chu. May chu s& tong hop cac két qua cap nhat tir nhiéu
may khach de cai thién mo6 hinh chung Qua trinh nay dugc
13p di 13p lai nhiéu l4n, kém theo viéc quan ly tai nguyén va
thiét 1ap cac thoi han cu thé cho tirng may khach nham t6i
rru héa hiéu suat ciia qua trinh huan luyén.

Mac du FedCS 1a mét glao thire hoc phén tan hiu qua,
cho phép quan 1y tai nguyén cia cac may khach khong dong
nhét trong moi truong MEC tuy nhién n6 van con co nhing
han ché nhét dinh trong viéc chua gom duogc qua nhiéu data
st dung cho qua trinh huan luyén, cting nhu van con doi
hoi sy tham gia cta nhiéu may khach dan dén ganh ning vé
giao tiép. Nhitng han ché nay s& dwoc dé cap ky hon ¢ muc
I sau.

Xuat phat tur nhung han ché cua FedCS, chung t6i dé
xuét str dung mét giao thirc méi mang tén DDrCS st dung
viée lya chon may khach mot cach co chién lugc hon gitup
gia tang luong data str dung trong huén luyén, tr o cling
dan dén cai thién hiéu ning ciia qua trinh hun luyén. Pong
g6p chinh trong nghién ctru cua chiing t6i bao gom:

e Phan tich duoc nhitng dlem han ché trong phuong
phap cii FedCS, bao gém viéc khong t01 uu duge
luong data sur dung cho training; chua t6i thiéu hoa
duogc sy tham gia cua cac may khach.

o Déxuit mot giao thire FL méi trén co s¢ cua FedCS
nham cai tién budc lya chon may khach giup thue
hién hoc lién két hiéu qua hon khi t6i da hoa so
luong data tham gia vao qué trinh huan luyén & mdi
vong.

e Thyc hién nhitng thir nghiém véi nhiéu théng sé
khac nhau dé chitng minh tinh hiéu qua ctia phuong
phéap mai DDrCS.

Phén con lai cua bai bao duoc trinh bay nhu sau: Muc 11
glol thiéu vé mé hinh hoc tap lién ket va Van dé Iya chon
may khach. Muc III trinh bay chi tiét dé xuét cua ching toi
v€ thudt toan chon may khach theo hudng dir li¢u. Sau do,
Muc IV mb ta nhimg két qua md phong thu duge khi so
sanh voi phuong phéap co so khac 1a FedCS.

Luu y: Bai bdo nay duoc phat trién dua trén Co SO cua
bai bao [8]. Poc gla duoc khuyén khich tim hleu vé nghlen
ciu Ké trén dé co mot cdi nhin ré rdang hon vé FedCS va
wu diém Ciia phwong phdp méi DDrCS duge dé xuat
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Hinh 1: M6 hinh hoc lién két co ban
A. M0 hinh hoc lién két don thuan

Mo hinh hoc lién két co ban dwoc thé hién nhu trong
Hinh 1. Qua trinh bat dau tir viéc khoi tao mo hinh hoc may
tai may chu MEC, sau d6 mé hinh nay dwoc gui dén cac
may khach nhu dién thoai di dong, 6 t6 thong minh qua
mang di dong. Mot s6 thiét bj khach s& dwoc chon dé tham
gia huan luyén cyc b trén dir ligu rleng cua minh. Sau khi
hoan tat huan luyén, cac thiét bi giri cic ban cap nhat mo
hinh (trong s6 da hoc) tro lai may chu. May chu MEC tiép
nhén cic ban cép nhat nay, tong hop va cai tién mo hinh
toan cuc ma khong can thu thap dir liu gdc tir cac thiét bi.
Qué trinh nay duogc lap lai cho dén khi mo hinh dat yeu cau.
Nho do, FL cho phép bdo mat dir ligu va t6i uru hoa mo hinh
phan tan trén nhiéu thiét bi khac nhau.

B. Tam quan trong cua viéc chon may khach phi hop

Trong hoc lién két (Federated Learning FL), Iya chon
may khach déng vai trd quan trong ddi véi hiéu qua, tinh
cong bang va bao mat ciia qua trinh huan luyen FL hoat
dong trén dir liéu phl tap trung véi cac thiét bi co tai nguyén
va kha nang két nbi khac nhau, do d6 chon may khach c6
tai nguyén tot va dudng truyen 6n dinh s& giup t6i wu hoa
hiéu qua huan luyen va giam thoi gian huan luyen Ngoai
ra, dit lidu & cac thiét bi la khong ddng nhat. Vi vy chon
may khach co dir liéu da dang giup md hinh tré nén toan
di¢n va khong bi thién kién. Su tham gia cua cac may khach
yeu thé hoic it dit liéu ciing rat quan trong dé dam bao cong
bang va tinh dai dién trong mé hinh. Lya chon may khéach
con gifip tranh tinh trang m§t nhém nho chi ph01 két qua
hoc, dong thoi dam bao hé théng mé rong quy md dé dang
khi c6 hang nghin hodc hang triéu thiét bi tham gia. Cubi
cung, lya chon dung may khéch giup tang cudng bao mat,
bao vé quyen rleng tur va kha ning chéng lai céc cude tan
cong tir cac may khach ac y, ddng thoi tranh su cb hé théng
lién quan dén han ché tai nguyén nhu pin hodc bo nhé.

Thuit toan 1 FedCS

Piu vao: K 1a s6 mdy khéach tham gia vao giao thue. C
€ gO, 1] 1 si€u tham s0 ki€m soat ti 1&¢ may khéch tai
moi vong lap.

1) Khai tgo: may chu trung tdm s& khéi tao mé hinh

todn cau ban dau (ngau nhién hoidc di tién huin
luyén vai dit ligu cong khai).

2) Yéu cqu tai nguyen may cha MEC sé& gui cho mot
tap [KxC] cac thiét bi trong h¢ thong va hoi vé cac
thong so ctia chung. Cac thiét bi nhan dugc yéu cau
nay s& giri vé cho may cha théng tin vé tai nguyén
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ma ching c6 (lugng data, toc do tinh toan, chét
lugng duong truyén)

3) Chon may khach: dua vao cac thong tin thu duoc
tir cac thiét bi trong h¢ thong may chu s& chon ra
mot tap céc thiét bi 1am may khéach trong qué trinh
FL.

4) Phan phéi: may chu s& giri md hinh toan cau cho
cac méy khach da dugc chon. M&i may khach s&
nhan mé hinh nay dé huan luyén cuc b trén bo dir
liéu cua ho.

5) Hudn luyén va tgi 1&n: mdi may khéch s& st dung
md hinh nhan dugc va tién hanh huén luyén trén dix
ligu cua ching mot cach doc lap sau do cap nhat
mo hinh da huan luyén 1&n cho may chi.

6) Tong hop: méay chi tong hop md hinh toan cuc tir
cac mé hinh cuc bo dugc giri 1€n tir cac may khéch.

7) Tt ca cac budc trén trir budc Khai tgo duoc thuc
hién 13p lai cho dén khi md hinh toan cuc dat duoc
do tot mong mudn hoic dat gisi han vé thoi gian
cho phép.

C. Phuong phdp chon may khach trong hoc tdp lién két
(FedCS)

Nhan thdy viéc Iya chon may khach phu hop c6 thé
mang lai thay do6i 1on trong hiu suat huan luyén cia FL,
cac tac gia trong [8] da dé xuat giao thirc FL mang tén
FedCS (Giao thirc 1) phat trién 1én tir giao thirc thuan tuy
cua FL.

1) Gié dinh: Nhu minh hoa trong Hinh 1, ching t6i
xem xét ring mot nén tang MEC nhat dinh, nim trong mot
mang khong day va bao gom mot méay chi1 va mot tram gdc
(BS), quan 1y hanh vi cia may chu va cac may khach trong
giao thuc FL. Chung t6i s€ dac biét tép trung vao viéc tan
dung cac mang khong day khi ching 6n dinh va khong bi
tac nghen chang han nhu vao nira dém hodc sang sém, chu
yéu vi cdc m6 hinh hoc may (ML) can duoc huén luyen va
truyén thong thudng co kich thude 16n. Tuy nhién, mdi qua
trinh phai duoc thuc hién dudi bang thong han ché, dic biét
1a khi c6 nhiéu tac vu ML dugc thyc hién thong qua FL. Cu
thé, ching toi gia dinh rang luong tai nguyén bang thong
(RB; don vi nhoé nhit cua tai nguyén bang thong dugc dinh
nghla trong LTE [9]) ¢ san cho mdi qua trinh 1 han che
va duge quan 1y béi nha didu hanh MEC. Ngoai ra, néu
nhiéu may khach tai 1én cac tham s0 mo hinh cung luc,
thong luong cho mdi may khach s& giam twong tmg. Dé
don gian, chung t6i gia dinh cac may khach duoc chon tai
md hinh 1én may chi mot cach lan luot. Luu y rang, ngay
ca khi nhiéu may khach c6 the tai 1én song song bang cach
chia sé cac RB, thoi gian can thlet dé truyén tt ca cac mo
hinh vén giéng nhu khi tai 1én tuan tu.

2) Giao thirc FedCS

Giao thirc FedCS 1a mét phuong phap nang cao trong
Hoc Lién Két (FL) nhdm t6i wu hoa viéc lya chon may
khach va quan 1y tai nguyén dé cai thién hiéu qua huan
luyén. Giao thirc nay dat ra thoi han cho cac may khach dé
tai xuong, cap nhét va tai 1én cdc m6 hinh hoc may, cho
phép may chu tong hop cang nhiéu cap nhat tr may khach
trong khoang thoi gian giéi han cang tét. Hé thong MEC
(Multi-access Edge Computing) dong vai trd quan trong
trong viéc chon lya may khach, dam bao ring qua trinh
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huén luyén dién ra hiéu qua va dung han. Viéc lya chon nay
lién quan dén viéc giai quyét van dé lua chon may khéach,
xéc dinh cac may khach s& tham gia huan luyén va 1én lich
thoi gian hoan thanh nhi€m vy cta tirng may khach.

Khac véi giao thire thuan tuy, noi may khach duge chon
ngau nhién, FedCS sur dung mot quy trinh lya chon hai
budce. Quy trinh nay bao gom mdt budce Yéu cau tai nguyén,
trong do cac may khéch ngau nhién cung cp cho hé thong
MEC thong tin ve trang thai kénh khong day, kha nang tinh
toan va kich thudc tai nguyén dit liéu cua chiing. Ngoai ra,
budc Phdn phoi trong FedCS su dung phuong  thirc
multicast tir tram gbc (BS) dé phan ph01 mb hinh toan cau
dén cac may khéch da chon, g1up tiét kiém bang thong.
Trong giai doan Hudn luyén va tai lén, cic may khach s&
cap nhét mo hinh song song va su dung cac khdi tai nguyen
truyén thong (RBs) duoc phan bd dé tai 1én may chu cac
tham s0 moi.

ll. DDRCS: CHON MAY KHACH HWONG DIF LIEU

FedCS tuy mang lai hi€u qua rd rét so v6i phuong phap
FL don thuan [8], nhung c6 nhitng han ché nhat dinh. Pau
tién can nhic lai rang ti€u chi lya chon may khach ma
FedCS 4p dung 1a t0i da hoa s6 luong may khach tham gia
vao qua trinh hoc lién két. P& 1am duoc diéu nay, thuat toan
chon cua FedCS lan luot chon nhimg mdy khach sao cho
thoi gian gla tang trong bude Hudn luyén va tai lén 1a nho
nhét. Didu nay dan dén hai han ché:

e SO luong may khach tham gia vao qua trinh hoc lién
két nhiéu co thé lam gia tang chi phi. Viéc mdy chu
phai giao tiép véi nhleu may khéch s€ lam ti€u tén
thém céc chi phi vé truyén thong cung nhu lam g1a
tang thoi gian huén luyén do nhiéu may khach cing
IUc tai 1én mo hinh cta minh trong khi bang thong
c6 gidi han.

e Viéc chi quan tdm dén thoi luorng gia tang trong
bu6c Hudn luyén va tai lén, da vo tinh bo qua nhu'ng
tieu chi khéc, ddc bi¢t 1a lugng dit ligu tham gla vao
qué trinh hun luyen Cu thé, viéc chon lya cac may
khach véi thoi gian cip nhat nhanh co thé dong
nghia voi viéc nhitng may khach do co 1uong dix lidu
it. Viéc thiéu dir liéu c6 thé kéo dai thoi glan huan
luyén dé c6 thé dat dugc hidu qua mong mudn.

Pé khic phuc, chiing t6i d& xuat phuong phap chon may
khéach huéng dir liéu (DDrCS) - mdt giao thirc méi véi
nhiing thay doi dang chu y so véi giao thuc cil.

Mot sb bleu thi toan hoc can thiét dwoc dién glal nhu sau:
Hé thdng c6 tdng cong K thiét bi dwoc danh sb index theo
tap K = {1,2,...,K}. K’ 1a tap index cua cac thiét bi duoc
chon ra trong hé thong dé giri thong bao Yéu cau tai
nguyén.S = {s;, S, .,S|s} latap index cua cac may khach
duoc chon tai mdi vong lap véi S c K'. Li do can chon ra
tap K’ ma khong chon truc tiép S tir K 1a vi dat trong
truong hop so6 lugng thiét bi trong hé thong qua Ion, viéc
gui thong bao Yéu cau tai nguyén tei tat ca cac thiét bj s&
tiéu ton quéa nhiéu chi phi truyen thong Thlet bi voi index
i c6 luong dir liéu 1a D;. Dtotal = Zl 1D biéu thi cho
téng luong dir liéu dugc huan luyén cé duoc tir tat ca cac
may khach dugc chon trong tap S. Trong khi d6 t’P va
tVLlan luot 14 thoi gian huén luyén va thoi gian tai mé hinh
Ien may chui cua thlet bii. Tyouna 12 giGi han thoi gian danh
cho mdi vong huan luyén.
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Céc budc trong giao thirc dugc gilt nguyén so véi FedCS
vé tén goi, thir ty va y nghia. Tuy nhién chiing t6i c6 nhimng
thay d6i vé thudt todn chon trong budc Chon may khach
nhu sau:

e Thay vi chon tap may khach K’ mot cach ngau
nhién, chung t6i ap dung mot chién lugc lya chon
c6 chii dich hon. Tai round 1, chon tip ngiu nhién
K’ tir tt ca cac méy khach trong hé thong. Tir round
2 tr di, gitr lai 50% céc mdy khach t6t nhat tir tap
K’ cua round trude. 50% con lai s& Iéy ngau nhién
tir cac client khac trong hé thong Cha y: con s6 50
- 50 ¢6 thé thay ddi dé diéu chinh tinh (ke thura -
kham phd) cua thuat toan. Viéc nay gilp to1 uu hoa
qua trinh huan luyén bang cach dam bao rang cac
may khach c6 khd niang dong gop nhiéu nhat vao
chat lugng cia md hinh s& dugc gilt lai ¢ nhiing
vong huén Iuyen tiép theo. Do t6t ciia may khach i
duogc danh gia bang thong sb sau:

= tufﬁ (mlu dir ligw/giay) (1)

Chung t6i lya chon thong s0 do tot nhu vay véi mong

mubn chon ra dugc nhitng médy khach véi kha nang huén

luyén nhiéu dir liéu nhat trong mot khoang thoi gian cho
trudce.

e Thay vi vu tién chon cang nhiéu may khach cang
tot nhu trong FedCS, chlng t6i tap trung vao viéc
lyra chon tap may khach S c6 thé dong gop nhiéu dir
liéu nhét cho qué trinh huan luyén. Muc tiéu la toi
da hoa lu(mg dir lidu tot ma md hinh c6 thé hoc
duoc, tir d6 nang cao hi¢u suét va do chinh xéc cua
mo hinh cudi cung. Chiing t6i s€ chon ra tap S tir K’
$a0 Cho Dyytq; 160 nhit va dong thoi thoa man diéu
kién tong thoi gian dé cac may khach huan luyén va
tai mo hinh 1én may chu khong vuot qua thoi han
gidihan Troyng:

S = argmax Deorar )
s.t.
TEM = Tog + T& + 0151 + Tagg < Trouna
0 — {0 néui =0
S Vo con lai

L
= Z max{0,t” — 6;_1}
=1

l
TiUL — Z t Sl‘;L
j=1

O day, Tes Va Tpgq 1an luot 1a thoi gian cho buéc Chon
méy khach va Tong hop lan. T 1a thoi gian dé thyc hién
budc Phan phéi toi cac may khach dugc chon. 0 14 thoi
gian trdi qua tinh tir luc bét dau cua budc tai 1én va cap nhat
cho t6i khi may khach s; hoan thanh viéc huan luyén va tai
mo hinh 1én may cha.
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Hinh 4. S6 lwong diF ligu tham gia hudn luyén theo timg vong
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Hinh 5. Ham loss function czza mé hinh theo ting vong

0.8 -

D9 chinh xac
o o
l‘> (=]

——FedCS
|——DDrcs
0.2

2 3 4 5 6 7 8 9 10
Vong huan luyén

Hinh 6. g chinh xac cia md hinh theo ting vong

Viéc glal quyét bai toan Cuc dai (2) 1a khong don gian vi
no6 yéu cau mot qua trinh t8i wu héa t6 hop phirc tap, trong
do thir ty cua céc phan tir trong tap S anh huong dén O-
Vi véy, chiing t6i thiét ké thuat toan chon tham lam nhu sau
(Thuét toan 2):
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Thuit toan 2 Lua chon may khach hudng dit liéu (DDrCS)
Require: Tédp index K’ cuia cadc may khach.
1: function CLIENT SELECTION (K’)
2 Initialization:S <« 0,D 01 < 0
while |K'| > 0 do
x = argmaxeg' (Drorar + Dic)/TEH
remove x from K’
if 708 < Trgung then
addxto S
end if
9; end while
10: return S
11: end function

i T

Thut toan bat dau voi tap S rong, sau do s& di vao vong
lap dé chon cac may khach. Tai moi vong, thuat toan chon

e , N \ A , A 2 1A D
ra may khach nao Iam téi uu hod nhét ti I¢ T§g§3§
S

IV. KET QUA MO PHONG

O muyc nay, chiing t61 danh hiéu nang cua phuong phap
lya chon méy khach DDrCS so véi phuong phap co so la
FedCS. Cac thong s6 dugc su dung de danh gia hi¢u nang
clia cac phuong phép bao gdm: (1) S& may khach tham gia
huén luyén; (2) Luong dit liéu tham gia huan luyen 3)
Ham loss function ctia m6 hinh; va (4) D6 chinh x4c cua
mé hinh.

Cai dat mo phong chung t6i thiét ké nhing cai dat cho
moi trucmg m6 phong nhu sau: Bo dit liu huan luyén la
MNIST v6i 42000 mau dir li¢u, 10% trong s6 d6 duoc sir
dung 1am tap dir liéu kiém thir; So vong huan luyén 1a 10;
mo hinh ¢6 kich ¢& 6,25 Mbyte; tc d6 huan luyén mé hinh
trong mdi vong ciia mdy khach dao dong trong khOang tel
dén 50 (mau dir liéu/gidy); thong luong cua moi may khach
trong timg vong dao dong trong khoang 15 - 50Mbs; s6
lugng thi€t bi trong hé théng 1a K = 2000; tham sb C
bang 0,2.

A. Hiéu qud trong sé lirong may khach tham gia

Hinh 3 thé hién 15 su bién dong vé sé lugng may khach
tham gia gitra hai mo hinh FedCS va DDrCS trong 10 vong
huén luyen Ca hai mo6 hinh deu duy tri s6 lugng médy khach
tham gia 6n dinh trong sudt qua trinh huén luyén, véi su
chénh 1éch khong qua 16n gitta hai mé hinh, dao dong tu
100 dén 125 may khéch. Tuy nhién, c6 thé nhan thiy rang
DDrCS luén ¢6 xu huong duy tri s6 luong may khach tham
gia thap hon so voi FedCS. Co thé Iy g1a1 boi vi s6 luong
DDrCS huéng dén viéc lua chon cac may khéch co luong
dir lieu doi dao hon, do d6 s& lam tang thém tong thoi gian
huén luyén. Va khi thoi gian can dé mdi may khach huén
luyén va tai mo hinh Ién may chu gia tang, sO luorng may
khéch tham gia s€ phai giam bot dé thoa man gioi han thoi
gian T,oyung cho mdi vong. Pay 1a mot dac diém t6t cia
DDrCS béi né giup gidm bét chi phi lién lac nho duy tri it
méy khach hon trong qua trinh hoc lién két.

B. Hiéu quad trong tong lirong dir liéu hudn luyén

Hinh 4 cho thiy su vuot troi vé tong khéi lwong dir ligu
tham gia huin luyén ciia DDrCS so v6i FedCS. Trong sudt
qué trinh m6 phong, DDrCS ludn duy tri viée s dung khi
luong dir liéu 16n hon, voi ty 1€ cao hon tir 1,5 dén 2 1an so
v6i FedCS. Piéu nay phan anh kha nang khai thac va tan
dung tai nguyén dir li¢u hi¢u qua hon cua DDrCS. Cy thé,
khéi lugng dit liéu tham gia’ huén luyén ¢ mé hinh DDrCS
dao dong tir khoang 3200 dén 4000 mau, trong khi FedCS
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chi & mirc xdp xi 2000 mau. Xu hudng vuot troi nay co
dugc 1a nho thuat toan cia DDrCS dugc thiét ké dé toi da
hoéa viéc thu thap va su dung dir liéu trong qua trinh huin
luyén, gitip cai thién hiéu qua huin luyén tong thé.

C. Hiéu qud trong mize dé giam loss function

Hinh 5 minh hoa rd rang su suy giam loss function cua
mo hinh qua cac vong huin luyen cho ca hai phuong phap.
DDrCS thé hién kha ndng gidm loss function nhanh chong
va duy tri mic d6 thap hon so v6i FedCS trong sudt qua
trinh. Dang chu y, trong nira dau ciia qua trinh huén Juyén
(vong 1 - 5), chi so loss function ctia DDrCS chi bang tir
173 dén 2/3 so v6i FedCS, cho thay mot sy vuogt troi rod rét.
biéu nay chimg t6 DDrCS cho toc d6 hoc nhanh hon dbi
v6i md hinh. Nguyén nhan chu yeu cua sy khac bi¢t nay
xuét phét tir lugng dir lidu tham gia huan luyén: voi khoi
luorng dit liéu 16n hon, DDrCS di tan dung duoc loi thé dé
cai thién hiéu qua huén luyén mot cach vuot bac.

D. Hiéu qua trong dé chinh xac

Hinh 6 cho thiy rd su tién bd vuot bac vé do chinh xéac
ctia hai mo6 hinh trong subt qua trinh huin luyén. Ca DDrCS
va FedCS déu c6 xu hudng cai thién do chinh xac qua tung
vong, nhung DDrCS luén t6 ra vuot trdi véi toe do cai thi¢n
nhanh hon va duy tri mae d6 chinh xéc cao hon trong tat ca
cac vong. Dac biét, ¢ vong cudi cing, DDrCS dat d6 chinh
Xac an tuong khoang 0.9, trong khi FedCS chi cham
nguong géan 0.8. Diéu nay khing dinh wu thé cua DDrCS
trong viéc tbi uu hoéa md hinh, gitip né nhanh chong dat
duogc két qua tt hon so v&i FedCS. Nguyén nhan cot 16i
clia sy vuot trdi nay, giéng nhu trong truong hop chi s6 loss
function, chinh 1a nho 1u0ng dir liéu doi dao hon ma
DDrCS mang lai. Didu nay da dong vai tro then chét trong
viéc nang cao hiéu qua huan luyén ctia mé hinh.

V. KET LUAN

Bai bao nay gidi thi€u DDrCS, mot phu’ong phap tiép
can méi hudng di ligu trong viéc lya chon may khach cho
hoc lién két trong cac mang MEC. Bang cach uu tién cac
thiét bi c6 lugng dir lidu 16n va tdi wu hoa viée sir dung tai
nguyén, DDrCS da nang cao hiéu qua qué trinh hoc ma
khong tao ganh ndng cho mang giao ti€p. Cac két qua mo
phong cia chung t6i cho thdy DDrCS lién tuc vuot trdi hon
FedCS, véi hiéu qua st dung dit liéu cao hon, giam nhanh
mo hinh loss function va cdi thién do chinh xac qua nhiéu
vong hudn luyén. Nhung két qua nay khing dinh tiém nan
cua DDrCS trong viéc cdi thién hi¢u qua cta hoc lién ket
trong cac moi truong MEC khong ddng nhat.
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DATA -DRIVEN CLIENT SELECTION METHOD
FOR FEDERATED LEARNING IN MULTI-
ACCESS EDGE COMPUTING NETWORK

Abstract: Federated Learning (FL) has emerged as a
promising method for training machine learning models on
decentralized devices, without the need to share data with
a central server. This is particularly meaningful in multi-
access edge computing (MEC) networks, where data
privacy is atop priority. However, the heterogeneity among
client devices in terms of computational resources and
available data has posed significant challenges in effective
device selection in FL. In this paper, we propose a new
client selection strategy called DDrCS (Data-Driven Client
Selection), which optimizes data utilization during training
to improve model performance while minimizing
communication costs. DDrCS is built upon the existing
FedCS protocol, but modifies the client selection strategy
based on the amount of data participating in the training
process. Through detailed simulations, we demonstrate that
DDrCS outperforms FedCS in terms of data efficiency,
reducing model loss, and improving accuracy, while
requiring fewer devices to participate in each training
round.

Keywords: Federated Learning, MEC, Data-driven,
Client Selection, Greedy Algorithm.
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