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Performance Enhancement of Federated Learning through
Effective Client Management

Kang Tae Woo' - Kim Taejoon’

ABSTRACT

In a federated learning with non-IID datasets, training delays and poor performance due to unequalness in datasets among clients
are prevalent. To prevent such performance degradation, selecting appropriate clients is a crucial part of training. This paper applies
a UCB algorithm based on a virtual queue for client selection in federated learning models. Unlike the traditional UCB algorithm, the
proposed client selection method reflects the training progress of federated learning. It can reduce the proposed model’s training time.
Additionally, to further improve the performance of the model, the exploration of clients through UCB is dynamically adjusted. Once
the training is stabilized in the mid-phase, the client exploration is involved to extract additional performance gain. The experimental
results demonstrate the benefit of this algorithm such as a reduced training time and an improved model accuracy.

Keywords : UCB, Client Selection, Stale Client, Federated Learning, Adapted Parameter

2849 FeoldE BelE B VNS 4% B4

o OF

e =
@59 non-lID ElolEAl BAGIAE ok Dol Wl SetoldlE 7he] HolE A BRGOR ATk o A Ast 5o BAHol Utk
olfat A% Aok WA 919, HEs SetollES Hesh AL SSolA FRT FE F shtolch. o] kRAAL Ask Bl /1y
2 7o ¢ UCB 2UeEE 2 §3le] Sejoldle Hehe AYsH P4 A8eka Uk E3t 7|1 £9 UCB LuelZ e $4j3t 2
si% A9 Aol wfet Setolole MEe 2USH: FaelES AT WA o AP AP Setoldls A To] uagste] Y| o
AZFE 29 % Ugith F7HI0R BYl A F4S 95 UCBS SefoldlE SIS FHOR ML WAL A S B 0%
3450 QPgotElE, SetoldlE] a1 2t B 45 AHE o] Foth =R AY ZUt Y LA BEIAUL 1) &AL

a2, wde] A5 P 59 ool ed Helett

7|9 UCB, SSf0IHE ME, 2:hFE S20|HUE FH, AElslks, S5 L2t0lE

1.4 B Aot st Q] HolHE E&¥o2 &8o7] Yot A
el digh A7 &He] AP o2l

d8d 7]&2 theFst BojolA EitelA 8= ot FZ Agshs A= dlolg Zgto]HA] 78l non-1ID

ESE E417]%0] digo] ua} ookt Ax}7]7]o)A glolg AY (independent and identically distributed) E|o]E|AloA] X

A 4 Aol 7hsoiFa o]E 8% HHdY A5 9 A5 i, 2842 SgoldE Tejet T4 v 2

I, ool ol 39 A2 A U 29 wa G 53 AN 4TS AT 9
WA0 2 A77F AYHYOLt Holy LetoluA] BAS 8] ot 7|&e] B3, md JulolE FgolH] Mk Teln
creret o Zej Aol 3t BAoIH 9] A8 So] Fas) AT

Ko RS 203E Wtol AUon wRATgRe] Aug wol pym L wCT4l ER Bkl Fofshe JelES BEHoR
712 ATAA A (RS-2023-00244014). X e5ho] 7§;L94—1:,_9]- SrAEET 2 JJASHs AE AYPE T 9

v 3] ¥ SEHTy JEBAFEE Ay

e ouf o] ZoA 7P wol ARl We ztzte] 27 He}
Manuscript Received : August 30, 2024 U]H %]1\._0_ /\]__g_-a oq _T,Tgﬂ_%}:% ?—'5]-_1_1 I %}:_O_E :Elglg E\ﬂ‘__,_l
First Revision : November 14, 2024 ° \_
Accepted : December 5, 2024 < WEEF edAvg (Federated Aver age) 715 olH5].

* Corresponding Author : Kim Taejoon(kticc@chungbuk.ac.kr)

% This is an Open Access article distributed under the terms of the Creative Commons Attribution Non-Commercial License (http://creativecommons.org/licenses/by-nc/3.0/)
which permits unrestricted non-commercial use, distribution, and reproduction in any medium, provided the original work is properly cited.



662 FHEXM2IEE| =2X M13H HM125(2024. 12)

Aets SEo|AE o] 3lojA= non-IID HoJEAl
oA s Fd, EFeldE A9, =1 eHd IHdA
(stale gradient)Z thF= Zo] F23%t o]fEo|tHel. thY
Zefo] AE A HlolEA] non-1ID 542 2o FTr s
SRy md A4S dojzd & QloH7]. o] &
non-1ID HoJE|A O o]FofX] JToRES F o Sh5n}
o} A3 SEo|AEE AEst= 22 AgerEol oA &
83 84olt}(g]. Mo g, AFTES shagd =4 =Y
=2 Aty 224d 2d gotng, ZetoldE AH
AA| Qe 2l Aol rAs 92 WS Ad & 5

Aot

AdelE2 5714 A%eg vlE T4 dgsoR U
E F Usd 5714 AQEze] A gy dhEo] AIFEH
AerGo Fofst= B SEo|AET} AHoA S2E B
43 fEA A% & 8152 Astr] 2o 2d A4
A QA= Seo|AdESC] &AoHA =W 0| & stragglersgh
9], Wi H]57]4] dgeks2 g S92 SEoldET}
Y ZHS EA Agutz] 7] g2 stragglers 8440l
A A-ET o] 2A deEksolAlE o4 3] non-1ID TolE

Aol @2 5 Hae FESoF & 583 EAo|th

o] &=RofAL& o]3t non-1ID HIoJEAlCZ A7 EA|
A S5l eGoll JoSd STo|AES Mot =22 W
AlS ARFeteh. AQtd #HAlZ uf ZREnitt k7R Zdoj
.

3t SEto|AEE AEsta 2GS st H =24
2 YAtk yHo2 A
== [10]o14= O|AE A&} A] MAB (Multi-Armed
Bandn)g Zlgto 2 ga} |ES Meisto] 285ty 9t
ESH lolAe ZgoldEE A" w UCB (Upper
=0

HoIRIES AP A G FUAIUE B, o

17P Sl 'IJrEP EEPOWE A ‘i*%l#%— t2A st 284

© g3Hoz ML ow& W% 16} 1 91 1 7 ke
Aol 7 7 43 UCB [40) Agtom M=o Sl

AES Hesh WAL gt
2 =RoAL Sigo] ARHL FEo] met Zeolol
sl e WS g stlel 2] 4998
_Q_

ool Hie [

.t 271 B9 el GYSA Gl e
of ZefolglES| Hust BEDi) o] 9ol UCBY ®
2 Eoto] FefololEg Husks Ao AeAolA %
9 shgo] ol AE HAShE wrkA S
gepsi, ol ol A% s
Yol g Aol BLS uh
2o] 530 FHYAA 2
o BEshEE YRR Al
2 %ol 27449 A%

SpollEa] dhet B

$8 F& FeoldES HYsle vge

e musp] G,

ZeolAE ML non-1ID Ho[HACRE FJH Seto]
AE g5 A 2GAE 835 94 F sholct. 7|&9] A+
oAz SEoIIES FARIE AdsiAY T 45 7|5te
& MEsts o] ARRE T (1112 HaA Ago] Q=
AYato Al Multi-Armed Bandit (MAB) A HHAS &3] Saf
O|AEE Adst= HIRkE AlQtste], Sato|AES] H52
HAget sk £ 7fAsHAT) o] WY SEoldE
9] Flas HEHE 1Hste] ghg A&4E =ole l 719

12), (131 UCBS 54 22

27sto], FetolAES] Y5}
B8 AWK, oI% 59 Gyisel G

Fefoldles) 44l 48 Agsos

& 271 diolel %3 @AdIA 2

oS

o] Mg J5E e

CISSIUN

o
o
o K
ir)
&t
r>~
1
oL XY,

UL [15] Oﬂ*iL UCBE i 33}0] AESO] HAH
< BAZ 7INte FH2o| dElg st} Ztoldd

UCB €185 ESAS ARoIA H2 9 dds stes
B Yoz F7 73} 553 Multi-Armed Bandit &4

oA ARE o] daEEE 7t Y 71t Bl digtk 4l
2| ke AAste] AEAE Brkstn. 2 AdEA]of disf &
< B9 Byt A sid AEiR o] ESEAS etk
Zoltt.

UCB= 71di BT} AEix]|9] 84S FAlof a1t
Hot ARof 7Rk 274& WS vt 2aFo g, UCB
LSS A71HA A Foiskehs d Aol

AtelEolA non-IID Hlo|EAIS] E42 KA Hehw

FHEAo & FFZ PRI o] ==°lA= non-IID Hlo]
EMlo = Qs WAYsh= H5 At 2AIE WAISH | 9t &
S2Q1 S2olAE AEof #3f thF3lem, UCB 22tolAE
A 7o 2 53 s 219 4ol wet 59 UCB 2t
o] E A€ HFAIS AA|5}] 7|& UCB Elo|AE A v
Auct o e 452 5 4 ok 3 Holzd,

(]

3. System Model

3.1 K=-selection E.%—.%
(1614 5% A9l A
=3} Zo] X&H%ﬂ.



AN Wi A sesoldel FgmEe s
o060 A LA WA SefolAES F3) Qo]
A IRUAES Foh o & WA SeselA WA Zet
OJAES B3] olxl Ao HAL Eheh. ¢, & A 4L
ZolA] golzl Fefolole o TFTAES BAISH] )
285 Hole] 2] WFL oJnldict. = B TS5BS
gk, B =Rl o] WAS Wdstel M) Sefoldle
% o) wiEuict £7l0) SefoldES Melsta, o] ZejoldlE
> Fgsto] W AL Pulo|=sit

l

!

il

K

Wiy = W 77‘2]]9(‘”;',175]'@)17]‘,1 )
=

o] =wollA= (1619 ZE Julo|E 4] 9] YX-E ARES}
At (1) A9 712 2d2 Jolo|EE XPshH 1Y A
E9] od#H H&=} non-1ID Hlo]Efof utat v|ghe]& 3l |
o|E "rAl 0 & ZFPE]7] WjEof 7HEAp,, & AT p =

A AN el o] 7Kg0l 3y, — 0]

A9 JYAES 24E Y IHUJAE Afolo] {4}
BEE FAS AA ALkRich B3t S5E 0 S Sk N o)
o 2 AES] eE =g VNtes 23

Fig. 1914 ol AEC] A <= P7} 531 Ard o] 747t
291 35 7PstaL QElolE WA Agattt. sisgol A%
HH BE e 22 Hde ddeta, 4o
FEOINEE 22 S5 AIFsHA Hrt. v §Eo] z+ Advut
o FEOINES AEst] & 7]9] Feto|dES] RHEES
Zgoto] Az 22 BdS A ok o] 3ol v
=9 Shgo]l Foigt a7le] StolAEA A A2e F=E wdl
BEES AT o] JolA w3k Shiss 2kl =
H AEE 5ot sk SHiEs 2d5E0] AYE

ojulRitt. WA S2Euth shgof FofAld SRtelAES Al

ot AdejE a7lie] Sefo|IES] =dshgo] AR ﬂiﬂt&

Shgo] e=d ﬂM?iEE 3 2248 JHHAES MFE
of %

ol Fetololee] AT

Round 1 Round 2 Round 3
Client 1 T N W
Client 2 4> -
S N — 4
Client 4 —:;-
Client 5 ) o

( - Gradient in local training
:> Gradient in local trained

[ZZZZZ] Gradient after local training

Fig. 1. A-Selection with x=2, P=5.

li

Global model
Distribution

a
7
z

’ijlobalmodelupdate

bt
CELERECT)

Local training

Il
1

=]
=
3
a
Y

=]
=
3
E
o

m—"
I
Hi

1
|

Selected Selected Selected
Client 1 Client 2 Client K

Select K Clients with UCB

Fig. 2. K-Selection with detailed procedures.

Fig. 20145 Agholold UCR 2aeae AH8stel 2
clolelEg Alelak o wolc o}l shrtt 24 2]
AEEE FAS] Ao A% BEe BEs YL HolE
o WA § 719 2eoldES w19 SetoldES Ads
1, A9 Feo|dES] 2Us4S Boto] UEoldl 19
UGS 24E $Y TTAEG (20 fAEo] wet
A% Hojstel A ARe HY RUS BET o
of Fold SetoldESo] Ao BUS Bt

¢

|

3.2 UCB ZSCI0|¢E MEH

g =Ro|AE STo|AE AEA] UCB HH4]S &835l=
HRAl S Q18511 9t UCBY 8 /fd2 1=E1’/‘“(Explorat10n)
3} &-&(Exploitation) Ato]] #& HF= otk 7]
SAqo|gt, 0}7\] 20| A= A] g2 54 B AlEsii
g 2ol E82 AR d& BAo] =2 FAHZ vHE

Aoz Aesi il OHZ— A& Qe
o] =ollME [121.[1319] S2tolAE FAS A&ttt
HA ZetoldE *dE—J.‘*l SToIAETF A HA] 72 F¢
g ZeoldEY] s Fholg TWEL 1 o9t uch A
5:2+9] HHHGS 7 SefoldES QHAH 0 R Aestol

sh5S AYsHA et dig A2 ool Zoh
S, (t) = argmaz, (Q, (t) + By, (t)) 3

9l Aol A Azt (e

S ) w) ehere} v ofelet 2
° oz oy,

9] 43t go| ZetolAdE MEA] UCB YmeAEE AHg3ka
UCB %gko] £ SefoldlEg & .
It £ Sefo|AEC|WAE 1 7HE B8] 4
7t AR SetollEd] Ha 94 B s At o]



664 FHAMZ|EE ==X HM133 HM125(2024. 12)

Table 1. Notations

Notations Description
n Learning rate
/1; Client k's UCB score
g Global gradient
D Total number of data samples
P Total number of clients
j [teration index
w Model Parameter
q Local gradient
K Number of participating clients per round
d, Number participated rounds for client k&
T Client's Staleness
B Parameter of UCB's score
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Algorithm 1: A-selection

Input
D, size of dataset for client k, @;: round jth model

7. staleness T,;,- minimum staleness, j: iteration
g(w): local gradient, d, : selected count for client &
@, client k's length of virtual-Q, S,(t): selected client
;' Jj,, iteration’s learning rate
for 7=0 do

A :argmaxk(Qk,(t)Jrﬁ;;k(t)) // Client selection

for k=1 to P
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P
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Algorithm 2: Hybrid Random-UCB Selection

Input

;Zk(t) =0, R(k): randomly selected client
€K

Opef = I

K : numbers of client,

N: numbers of data samples

L, loss in round t

for j=0 do
if Z, =g,
S, (t) = R(k)

else L, ( ag,,
5.(t) = argmaz,(Q(t) + B (1))
j=ij+1
end for
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Algorithm 3: Adapted-$ Selection

Input

t: round index,

AL: proportional variation of loss
L, value of loss at round t

B . parameter that determine UCB weighting

Fp,,t degree of parameter adjustment

L—1_4
AL=
L,
for 7 =0 do
if AL<Fy,
) =p—1D1+2)
ORY: -
S, (t) = argmaz, (Q, (t) + B, (t))
j=i+1
end for
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Test Accuracy Comparison
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Fig. 4. Test accuracy comparison among Random, Hybrid
Random-UCB and A-selection.
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Table 2. Comparison of Training Time by lteration.

Iteration 300 500 700 1000
Random 269s 349s 561s 842s
K-Selection 260s 335s 550s 831s
Hybrid
Random-UCE 248s 313s 526s 816s
Adapted-B 254s 331s 521s 809s
Hybrid with
Adapted-B 252s 309s 507s 798s

Table 3. Last 10 test accuracy comparison with varying (3.

Test Accuracy | 6 =025| 8 =0.5 #=i B =2
K-Selection 0.8221 0.8287 0.8254 0.8233
Hybrid
Random-UCB 0.8230 0.8338 0.8319 0.8260
Adapted-B 0.8241 0.8321 0.8279 0.8247
Hybrid with
Adapted-B 0.8275 0.8393 0.8332 0.8279

6. Conclusion
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