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Hierarchical Strategy and Dynamic Resource Joint Optimization for Decentralized Federated
Learning
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'(School of Software, Nanjing University of Information Science & Technology, Nanjing 210044, China) =
*(School of Information Science and Engineering, Zhejiang Sci-tech University, Hangzhou'310018,.China)

Abstract: In view of the low convergence efficiency and high communication overhead caused by dynamic heterogeneity
among nodes and unreasonable communication resources. in décentralized federated learning (DFL), this study proposes a
hierarchical device-to-device (D2D) communication optimization scheme based on deep reinforcement learning. First, a
hierarchical topology-driven federated learning framework is constructed. Specifically, the bottom-layer devices achieve
local model aggregation via the Goséip protocol, while the top-layer representative nodes perform cross-region global
collaboration, thusireducing communication frequency and mitigating the parameter inconsistency under dynamic
networks. Second, a dynamic resource joint optimization algorithm based on deep deterministic policy gradient (DDPG)
is designed to jointly optimize node collaboration strategies and spectrum resource allocation, adaptively balancing
communication costs and model accuracy while suppressing the global model displacement caused by transmission
disparities among devices. Experimental results on the MNIST and CIFAR-10 datasets demonstrate that the proposed
scheme improves average model prediction accuracy by 2.61% and reduces communication energy consumption by

64.1%, compared to traditional decentralized federated learning methods.
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N
Elocal = Z Z ZC:PEE)I * focal (24)

ieCy jeK; c=1
Horh, KoRBgs ERETT RS, ClR 4TS
412 EREEHBOEEA
TE4 R SR B B, AT AU o L 4% e % i
ITRRZE AL, STERA R R A . ZH BUBAE il
AALHE FAERTAE . RERE, LR RIS IE S RE
REW B EAR I AE: AT AU I B HEZS R
B R, BSEE R 22 RS AR R A, I IEA:
PGS full (25)
Sq PO
ZABclogz i B
=1

2
NoAB¢ ]

Tglobal =

1+

H, pe AAERRHALE, ZHI ALY, Se &R T

B, 75 5% R RAT Bkl Apg = T,
W I R MR A 2
SRR A F T L IR B A 15 A A
B, 4 3 B 2 R RE AR IR A AL RERE, 2R,
C
Eglobal = Z Pﬁi?, “talobal (26)

c=1
TR B GE: 754 R AR A TS RUG, T
RIBHUR S B AFASERE N B AL 202 2K OFDMA
FEATAERNLA, B4 R RN S T AR
Seff
RMMj

27

fdown,i =

Bilogz(l + NoB,
l

Horp, BRSNS B R i BV 98, Poi 0 R R

BUR R B B R T . ‘ -
T AP BARERE: QR fUi R MER I L
ReFE, WTLARR Ny 0
Edown,i = Ptx,i *tdown,i (28)
BAER T RAEFEAT i BEBNEA
R AL BEFE 2 AN

Eqown = Z Edown,i (29)

i€Sc
4.13 SHEFE AT AT
ZEA BB BRI REFRE, 159 2R IEE REFE N

Etotal = Elocal + Eglobal + Edown (30)
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SIE AR NIETE . RSN K AE:
Tiotal = Hclix (tglobal) + Ilg%? (tdown,i) + H}’%X (tglobal) (€29)

o T8 B AR AR FRAT I, S ZE O T B 12 B
Z3d BIRTHE, /A5 TS BN S Re RS S
HE, N JE A PR T R AR,
4.2 E7T DDPG WEIFEL &ML IR
ASCHE H— FhEA I8 AS T B 5 B AL SRS
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Tl B 4, A R TR FEE 4 O B S RE B g A Ak
H AR, &R T szDFL’EPF%iJJ?é& 5 S R P B R B R
%183 DD BB = b I 45 4%, SR REAR R
J=1 l‘ﬂ"ﬁﬁﬁ%ﬁﬂﬁﬁﬁﬁ, g5 G2 v 2R R X DLSE . Rk,
RLAERFARFETT 08 J5 3 DDPG IREEBE AL, 6T
I LI 2 25 T B A N PR A R S BRI
RILZ MEEIATE. 2RSSR,
BEE sEL A R AL B A, %A Rt 51 R A&
& NAE SRR, REAE LE DR B8 15 802 1 5] I 32 T
BB S e, HRF AN 3 Bk,

AL 5 Bk A
b0 Eﬁﬂ [m@mw
I B 2 Ol Q%
%E%el L
b e o |

IRENA A T
BHEIESE

/ @ <> A7 I

AL | IR, BfE. . T RS
B3 AREN BN R DDPG &
421 &ERMAE
N SEBUR AL I GRA0 % B A AR LA K I 5 B 4 (1)
Z HArBA AL, Asciun=X (32) frnit 4 s i
H Ar e 45, Hoh 02 & R S U BE, p R B,
P AL R B, P K9 D) 280 B A7 51 45 - B D)
HAMAC, B LAy BOAE P, 51 5T T E AL, f AR A
THE S ), AARAEHE AT AL CPU M. AUE R4
wi,wy, w3 T FETE ARG 2 . Be AR RTINS ZE A A Je 21
C1 PRFEE A, C2 PRI B AR 2E, C3 FR il 7 58 43
e, C4 X A5 D Z AT BRI, C5 BRI, C6 /2
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Pl: min (wi-L(0)+ws - Eppal + w3 - total)
0,0,P,B.f

Cl: Etota < Emax
C2: total < Tmax

C
C3: )" Ne+Ng < Mot

c=1

(32)
S.t.

N,
C4: Z P™ < Prax, Vi€ C,
n=1

tx,i

C5:0< fi < fi™ . VkeC,
C6:Var(VO <e
BNk e R B AR, SRR B Fr.
422 JREBARAL H AR
BRI k) H bR A BT AE BT Cp OB 1
V EAE A S N AE. AR E bR R BT LARRIE JY:

minE [wg - Ly (6r) + wy - Ef + w3 - 1] = (33)
s i ¥

an>
a3y

HHt, Ly (00) FERME Cr A AR B2, By QR
P (2 AR, IR IR A, RFEWEOLH. 0
G AE, G R IR A R4 R RS I 1)
423 JRiRE A

BAREL A R AR A BHE 2 A R, U
BAORAE PR A A o R A H A 2801 B 9 4 T RN 9 0 1
BYOR. REFTFRREERASEESHW, . BEVW,
FIBG FE T 22 Var (Wy). 30 75 BEVPAl B2 T PO B 2% T2 0,
545 Wk LU SR, F1H7 B By, Horb i, j J& T &R C o 1
L AR B EORES, R R AR R ES . CPU M
SEPURME S5 513800 ARIR IR 5 7 VSRR P91 m s

HIAHIAYE, FR A Sim Dy, D;), Hedv i, j JB TSR Cr. R |

HIRAS 2% R R LS o A v
Sk = Wi VWi, Var (W) USNRiABij)i jeci
(EF, £ liec, (Sim(DL Dlijec, ) (34)

Horb, S A T AT R BT AR OIS B, IR
AERRENS LE TR SZ IR A PR 5E AT = A,
424  JRFENEAEA]

AN ER kAT PAT I B AE  FL AR N 1 B UR 40
Be 5 4R v 2. BAR SR B4R 0 TR K 40 AT, A 455 A
i RS D ZE Po R Y5 3B AB; , Forh Po ; IR Y [
[0, Prmax], T AB; I HUAE T FEL 9 [0, Brmax /C1. X B i i
A ) VR 2R D 2 1 R T A S R R A 2 oy, FLHR
{E Y 28[0.1, 0.9].

425 JREHIEhREL

I & 12 Jah oR £ 7R 22 AL H bR 5 4 /200K,
AR

re==n1-Li(Wp)—m-Ex—n3 -
+14-AACCy —ns - Violation (35)

Horr, 22 Il bR 5P £ 0053 ) B T AN [RL A4k B b A
LIRS BRI Sy, - L (Wy) Fn B R Cp I A Hh A 7Y
TR, PR/, BB SSER 4T REFED, - Ex RN HERE
Cy HIE 15 REFE, REFEBRAI, %%E‘Tﬁﬁﬁﬁﬂ% RESITER
I 3E 3175 - 1y, T 7N EEAE G F VI i 2T, L35 5 35 5 A
R 12 ARG R 5 1 PR i 47
Iﬁn@:AACCﬁ%x%%EiQ HERRE FEHE T, K R $2 T
KB M R R BT 249 SO S 55 s - Violation Fr 9
Cod R & RLZIRMIFRSE, WRERT R T2 RAR, W
SV AE BB R A R, U= AR T, N T IRIE AR
Ak B R, ns BUB K.
42.6 ZJFRhEPLS]

NI S A 4 JR) 20 IR G i 2 ) 0 2 il R B X T
BF 4, U1 SRS C P B A T B S R ) ot o 78 -

Tk — tmax

Me= T T (36)

X FREFELI I, R C M RERERE I W B I RE
FERR I, fthnan FAES: L\

ri = 1% = 1 max (Bg= Emax, 0) (37

T F B B ST 5, R AR EL A A [ T
HRE A PR S 5
ry = rp — Overlap (ABy, AB;) (38)
5 L3k sp B b, il 4R BE N Gossip 4 B4R
BEHR, 454 DDPG RE SIS MR, &
S I N B 4, S T I 15 5 R, T 7E
YRR RS T, (R R A R R S Rk AT

5 sEmsE R 5RO
51 XWRE

A2 3R 4% i Windows 11 #:4F £45. NVIDIA
GeForce GTX 3070Ti GPU. Intel Corei7 2.5 GHz CPU
F1 32 GB RAM 4 i%. S50 1 & 2T Python 3.9, HAff
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. 75 1ID $dE 50 A F MNIST $dim4E b, S5
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