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A dloly A&
AA dlole AZ(raw data sample) &S
S &by I Frlutth T4 AW (server)ddl gh5d EEo A (weight)E HAEAFT AW
T oyl 9EEiE we 2d JEX(veight)E Hyrulo] 2 @R AFEFE Ho 715 A (averaging
weight) 7|4k @13} St (federated learning)©] Uth.

a9, 282l tyAagd ol (online distillation(co-distillation))e 2%, 94 F7|uit} GdEES 711 a

AE YA HolH ME(rav data sample) 53 I3E& 27 2] K@ (local learning model)ol dPd-ES of
v 24 ¥HE AW dREdFTa AMe AE-23 HoE HdUo AFEEnt. o F, ddEe 24
Ef?l(local train)s AT wf Ao HEE QAAFL AHE HEo sTste 2AES Wi
AE3Et.

Y 7oA A VEH A dEE7E dA] ol AlE(rav data sample) 55 243 wdsh= 324
Al Hloly A& (raw data sample)®] Alo]=¢} & 1#3IE of, 7 ]i‘:(payload) Ato]zg}t F4l e HEH =

E%
7F v ZA JERdTE. =3, ZElolM A (privacy) el Wik HE Ut A e
A%t St (federated learning)d 2%, 29 7}=X(weight) S w8kel7] wj&o] QA o]
sample) & el WAl Oib] Zefo|HAIZE BHAET, Ho]RE Ale]= HEZE HWAH Fof
(fluctuation)o] A3+ Aol AF3l7]o] A7} Utt.

22kl dzdgo]d(Online distillation)® A%, the"d A (downlink, DL)oA] FHo]Z2E= Afo]=7} Ztom
grol A7} B, 2y i€ A (uplink, UL)oA #Ho|RE Alo]=rt wjg- AW Zato|HA] B W & A
Feth, W3, gEto] @ A3 A o] AE(raw data sample)ES AW} 7FA|aL glojof o]5o] A= F
Zo]7] W&o vZEo] 7l AZE7# e ABBA (correlation)ol Wl As A5 Fo] AAHEE A|2ko] F7}

A1 SEAD I A2 FE(12)S 22 HolE AlEss st 24 2o A,

71 2A W 2l A7) A fRaE APy

TFAHe R, dito] HolE MEZE FTolAd 27 EdCl(local train)g AdPste] Y =274 =23 Haz AZLS
TEste] A7E 2 dolER AAetal, U] o] A7ty 24 dHolE HE 2d Ju 2AS AL &
=]
= o

= l
23le MR AP,

Al e = A2 dEe 247 274 EF2l(local train)S AP U 2A S #olE ¥WE A A3},

2R a2 1S5 o] &3] TEE 4 vl 84 12 oS Eo], YA BWe AME x AFAER HoE
(Ground-truth label)©] nQl Zd-%-o]t}.
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84 1

L(n, count[n)) = logit(x), count(n) = count(n) + 1

oA7IA, logit(x)v x& R g=HdS oo &3 Folw, count(n)S HSAE #HolE(Ground-truth labe
1ol n¢l AZe =& AAst= ghold. > ow E AZd gigl] s ET.

g o AAjdel wE 23 WE o] RS & 204 Aidit.

i)
o,

4w T, WS (iteration) vttt 2 #lo]& 8 Ho =23 WHE AAkgT).

24 geolg ¥ Hd 23 9E AL 8k 28 o]8ste] FET 4 v, F8HA] 2% dE £, 9 d¢
AZAE Ho)E(ground-truth label) noll thal v}ebdl Ao},

sum(n) = Ewunr(n)L(n' k)
local(d,n) = sum(n)/count(n)

714, sum(n)<> HSAE dlo]E(ground-truth label)o] ndl MZE dIsts A HE S WE gto]ar,
local(d, n) 9% dolA ASAE do]E(ground-truth label) noll st ZA ol& =H HHF =3

E=Cl=

9 H}AHL nE AEAE Yol E(ground-truth label)Eol tial] Al3= ).

AL e g A2 e Antd 24 dold ¥ o RAYEE Az dedt

AW (20)E GEERRE e 27 dolE ¥ HFEAWEE v er F24Y #Holi ¥ Ay EAYUEE ALt
=

229 dgolE ¥ Hg=23dEY Ak 58] 38 ol &ste] FEE & QY. 8] 32 dE 59, HASAR
#lo] & (ground-truth label) noll tial el Ao},

>

84 3

D

‘global(n) = z sum(n,d)/D

d=1

oJ7)1A4, global(n)& AZAE #HolE(ground-truth label)o] nol] tjdt F=2H #HolE ¥ HFzAWE oW D=
2 M E A FHosts BE B Fo|t),

F

9 BALe nE AZXE #o|E(ground-truth label)Eol sl A= ).

A3 FH(30)S MM EFEEH we Y golE ¥ HAZAYEE &4 o] wgsle] 27 E<(local
train)S &5t o] E#Ql A% (train accuracy)’} EFA o]Ato] & wiztx] ® 1o YEhd #AHES wb

TS, Al QDI A2 9 (12)S A= AFES 7] AW fdEaz [AFei).
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Al @21 A2 GE(12)2, Aol 74 H3E B3 Jd2HH, dolyg MAEES &3 24 o 23
S Abgsta, ) 24 dHd 2R A7) AW J¥AaR dEei, AlE AEES A7) AW dFEaE A
%3t

71 A= AZS dums [AEsty] 9F wwe] AR tE g 2t AlE TSSO mxielm Nuls)l,
Heg ) A= AE5S /) 44 Egve Y Agac

w3, Aps F2d 2dol r)agg o] (distillation)S 3= @A oo, AR BHIE Y& A7 AH
7F A7) AE AZE Ay wolxE o £ gt

AW (20) = A= AZI 7] 2E Ho AL VNteR Z22d Zdo fagyo]Md(distillation) ) gk
o},

TFAFo R, AHE, g gusy 74 435 Fd A, 4] GHEZEE 7] dde] doly A&
55 o] A4 24 ﬁéL 2AS dYas Ad wa, 4] GUREH A MZES YA Ag
ob, A7 =4 Hy 2AS F2H 2 sgve g WEksin, 7] S22 29 geujee A A= gEE
A7) 2829 2dS EYQ(train) s, A7) ES(train)d 2 A5 A7) AW Y e #HaE AEd

224 rdo txgyeld(distillation) s T3t AL, 47 24 AL 2318 =294 2d srgHa
sl A7 229 2 gguEel A7) AlE AER Y] 22 298 EFQl(train) $Hrt.

o], MW= 7] Edd(train)d =2 RAS AV AW o P33z dAFsta, A3 @ (13)2 EFQ
(train)3F 22 2AS 7] AWZHE g wol &4 sk nkgdsie] Egold HolHZ =274 EgQl
(local train)S F&sHA Hr}.

A3 GH(13)2, MMt T4 F3E S8 AddEH, 7] AW EY 47 AWy 24 Hd 2R 22E &
a9 sEingE WEsta, A 22 29 depujEet 4] AlE AEE Y] 22 248 EYQl(train) 3
o, 7] Edl(train)d S2d 2dS g JI32 AP wol & g wkdste] 27 Ed(local

train)& &g},

;AT 7] AL B g A2 eERRE bz ke 3] 24 #olE
298 EgAd(train) 3har, 7] A3 wdo] A7) EdQd(train)d F=d
&2 ghepel wkedste] A2 24 E#Qd(local train)E XA == Holtt.

iliA

)
bk
iy

o,

> Ml
fu

Y

= A% < (federated learning)¥ HIWIPS w, dPT L 3L F9 FHo]RE Alo]ZRE ZFo]i= FHo]
St gd Y = HAE AT (test accuracy) SHolA HES w) £4o] W),

AW ¢} tutol A~52 FAE ArbA el v A A8l (cellular system)o]AE @ (device) 59 ¥ AS 919
(uplink transmission power)”} #&3&HAl Webdt}t, xid &% (channel capacity)©] H53F A Ao A #olE
H g 24 A AE5S &83513, &% (capacity)o] Aoz Yydt oY A (downlink)ol A= AF g5
(federated learning) ol XA 7l ®dl 715X (weight) &S &-838te] the-% A (downlink)- A% = (uplink)e] =
9 &2 A 3(channel capacity constraint)E WEA7|H HZE HAE AZE(test accuracy)olA] 3FAE A
S 71O = Aok, olgd FxI AHEY] HaAE D (device) B HBA AF A A= HE(seed
sample) 2 ME F7IE RUFo=ZH At AEH H 23 WEH s vlgo= %0}91 A7 22 1Y
(global model)S Ed@<l(train)3dle] o] 4 715X (model weight)E T&HIARE AE3] = 4 Ar}.

T 32 g o AAjeel mE 23l wE e S yEhd Holt),
23] Mg Alo]=i= whito] X% &3 (Supervised learning)S S8 EH38taat sk & dlolE

s} 2},

{,:
g AZel sl =3 WE(110)7h A W, WE W) 74 929 gl oulshs vk AA W] AAn
v omdo] MBS A ol Z(00)% BHE BB 4.

9w dol % oy A 47 Nfﬂﬂ%, BRanA s dolZe) Re20)0] (1, 2, 3}olF FolA
W= 3o Lpehd vheh o] TAHT.

% 4 B ool o Axde] hE B SuYES e 2delt,

= 4o yepd wvrel o] gyl tjxdgd o] (Federated Distillation) <alg]

il
rlo

o= 3F4=(Prediction
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function): F(w, input), £ ¥<=(Loss function): ¢ (F, label), Ground-truth label: yi,uo 273},

AAE S e FA e AA delH AEE Wiy, B 2 FA

é

A R e vepd

k= Fw, a)% AXEWMA 4 (softmax function)ol] ol Aifsle 24 WEHZ A, o714 we a= B F

4
ro

< d(p, ¥ pe q AtolY wxp AEZA2A, &4 4 (Loss function)®t distillation A3}
(regularizer)el] =% ALg%r}.

oJ7)14, n+E S5 (learning rate) 5, y+= distillation B73F(regularizer)® 7}F5% ste}u] g o|t},

(
ivlA tutel el A TR = Edeld AlFo] 1Al ground-truth labelel sl@atar, kWl WA 27 deld

oA71A, Me Ak HEH A Folshs RE GBS 5 ot}

war, TR = ground-truth labelo] 191 WZ o] 2ot}
= 5% W owrgol o Axlde] wWE FLD 41e]ES LERI EHolT),

9} Z+o] FLD(Federated Learning after Distillation) &IE]&L of23F 2= ulxg¢] o}
G-uxq], 2d geze 34 S EF3).

obS-E-w el Wae] A ofo Lol (o, MAL A N (L2 M F2Y wdg Waes Aol
o]Z Azl Ao (o: p =1) 747 ddEL 274 Holg AMEA dojE AMEm NAE AMEZES
ey 4z ug gV seh 52 gehd

+3812) 5

W£k+1) Awgk) (gb(Fé g |W )+BT,[)(F5 n out n))

A7A, B, oo A FolE o A Zad mue] 2 g o],

(ks)

%62 ¥ el I AAde] mE g% FA2 e Sdoln

% 62 IID7F = vt 2 % (P up =P dn = 40 dBm, Wup = W dn = 10 MHz) 'delA FL, FD 2 MixFLD
st wlmate] Mix2FLDOIA 2 Mg Fe] sk 4 % vl 11D dlole] AEE vhehdl lojch,

% 62 MixFLDZF vid 2 o AY 2ol An FHEe 43 e P YT welFoh FL A=
= wd 7k el vlaske] Mix2FLDe]l R &8 JRts o ¥a Hol2= AV|E HY 622.4 9] &4
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=93
100 120
T i Y
\
diol s 1 2 3
logit(x,) 0.7 0.2 0.1
NIH 3 3 $ ]
(110)
logit(xy) 0.3 0 0.7
=gl

Algorithm 1 Federated distillation (FD)

Require: Prediction function: F'(w, input), Loss function: ¢(F, label), Ground-truth label: ¥input

1: while not converged do

2 procedure LOCAL TRAINING PHASE (at each device)

3 for nstepsdo: B,y < S

4 for sample b € B do _

5: v« w® —gV{s(F@®,b),w) +7- S(Fw®,b), £{,))
6 F,Ef;b — Ff’;b + F(w®,b), cntL”Lb — cntf:’)yb +1

7 forlabglé=1{2,---?Ldo .

8 F_‘,fiz «— Féfg/cntt)e : return F) to server

9: procedure GLOBAL ENSEMBLING PHASE (at the server)
10: for each devicei = 1,2,--- , M do
11: for label £ = 1,2,--- , L do
12: Fk,g — Fk,e + F_‘,E'Z
13: for each devicei = 1,2,--- , M do
14: for labglé =12,---,Ldo A _
15: B g Frg = FOL B, B /(M = 1) : return E), , to device i

end while

_14_
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EHS

Algorithm 1 FLD with Mix2up (Mix2FLD)

: Require: {Su} withd € D, A € (0,1)
while |Gy, — Gounl/|Goin| > € do
: Device d € D: . > Qutput upload
if p=1 generates {3’} via (6) end if > Mixup

updates w$" in (1) and F% in (2) for K iterations
unicasts {Fz’n} (with {éfi”]} if p = 1) to the server
: Server: > Output-to-model conversion
if p=1 generates {éf}(’lllij ,]} via (7) end if > Inverse-Mixup

computes G7,, .

10: updates wgk) via (5) for K, iterations
11:  broadcasts G;od = wf,K"’) to all devices

122p+p+1

13: Device d € D substitutes w‘(io) with G? . > Model download
14: end while

W kW e
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