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Abstract: To improve the performance of Al applications, large-scale models have received increasing attention due to their excellent
generalization ability. However, the training and transmission of large-scale models impose significant computational and communication
burdens on resource-constrained edge nodes, and the exchange of complete models may violate model privacy. To reduce the burden on
nodes and protect model privacy, split federated learning (SFL), which integrates data parallelism and model parallelism, is proposed.
However, in addition to the challenge of resource limitations, SFL also faces two other critical challenges in edge computing (EC)
systems, i.e., statistical heterogeneity and system heterogeneity. To address these challenges, this study proposes a novel, efficient SFL
framework based on feature compression and feature fusion, termed SplitCP, by incorporating the characteristics of SFL. Specifically,
feature compression aims to reduce the communication resource consumption of nodes and improve training efficiency by assigning
appropriate compression ratios to heterogeneous nodes. Feature fusion aims to merge the features of nodes into a mixed feature sequence,

which is approximately equivalent to the features of independent and identically distributed (IID) data, thus overcoming the challenge of
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statistical heterogeneity and improving model accuracy. Moreover, by analyzing the coupling relationship between adaptive feature
compression and feature fusion, SplitCP explores how to jointly optimize them to improve the model training performance of SFL.
Extensive experiments are conducted on a physical platform built with 80 NVIDIA Jetson edge devices, and the experimental results show
that, compared with the baselines, SplitCP can improve the final model accuracy by 6.46% to 26.15% while achieving training speedups of
approximately 1.31x to 3.51x.

Key words: edge computing; split federated learning; data heterogeneity; system heterogeneity
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5 BE TR S IR T A R A R BORAE TR A7 EL I, £ 5] N 235 B0 TR 47 158 22 BB B AL 53 2K . X RIRRAE 2k EORAY
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BRAETTILEC HIAT R AT N A8 58 I G820 A, IR IR B Gt 45 R A 158 b 56 rh SRS 80 AT N 14
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LT AR BUR RS SRR, AL B T DU A i A B S R A MRV, IR IR RTR
SRR LS4, 1% T LUARS R R R A PRS0 B AP R 52 . 6 P8 B B R M 0 2 29 BLIE R 27 5T e iy — A A,
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1k, (top-k sparsification) 1 R K4 5, RN HABKFIE K485+ (Bl UnFkEd -k Fegifh . HmiDasEgnas. BN top-k
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R, BAVETUAR R SR SN T AEBE RN S R AE I 48 L RIS 5 U B L. 42 R 1 S AR 2% 5 s
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A F A S PR B A>T S N BER, R TN T-TREN AT E 31 i AH BT 5 RRAE R 456 2 sl b Ll i 4 /Nt ik
BRI [FI, BN (07T R 0 52 SR T SIS AT FH A 9B PR SX R LA SplitCP Re R4 14 Sk it FEFR B 1 3)
AN, TR A E NSRS T E, AR08 T N LRSI, 317 THEZATE R MRS T 1 BE R A
AN, Z R R BB RN HIIE B G BRI RA AN 5 AT TR ZE. FE R R G M % T, & FEERL S8
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TOUI P ) 285 9 BT, S B 77 A2 TR TR AT A A% BRI AR B AT S R 2 Y, B T RN R S B &
SEME.

WeAbh, TESERRI KR A S0t B8 T, SRS 28 B B T BTG 5 0 BN A, BT 0 7% R R el ot 2%
A2 R NRHETK &, FIN$AT KA RRHEDHE S R SRR, R 5 BON R G FR. 3R THIE 2L 7E IR 55 28 A 44
BHRAZ BRI 50N HE REE, SplitCP HIA T U FE A T B 7821 7 — Mg S AL I R BEN LS. Al B 280k 55
A G m, BRGS0 I 2 A RS T SR R A 5 TR BRS N [R) BRI, O S b R A A IR AT 2 5 I 2k
(30 55 RUBCE (R sy NFa ). TR X PR I S B BRIk /s 7 S5 st A B R/ INTIZE — SE R RS T el sl
THE, 5 B S HURSS38 b 10 P9 A7 T FEUEAE 5 IR YT s B2 A% IR A O, 2SRRI SR R 8 G s il v
R, By 15| R A7 H BT RELZE . AL 7E DR B 2 i 2 WS SIOKS BE A TR, D) SE4& 1+ T SplitCP 7R SEBR3Z R
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B, ZAFAE 7 HUIEAL N — AT [R50 AT /N B IR A B RRAE. FRA T T 554 S PN i B 5 2T 5
(R A RFAE R SRR G = [gh, . g, Forft|j—il = RY. TR, SRR S 45055 h SR IR 58 k DO (i TR &
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RO RSB H S BS540 R4 T — S SRR G A, SRR SUS 5 TR R 5
IR e B AR R i N TR REAE 55

fE ERUIGRFTRE h, P K AR AL 3 1 SO B TR (oAl Sl D S B A 7y, 1475 155 PS 73 Al k5L
FEA R T 55 T I 4%, X7 34 TE VR AR B A B 1) 8 B L 65 40 5 S 40 AR R AL J2 T, A SC e T sk HL A A
(honest-but-curious) ] PS EMME . FEBRIA KT R8N SRR, PS I W20 1 AR 2k A4 K RFAIE e 4 ) (9 M B R AL
55X NEARAE, (EANAT WAL G R (0 A6 W SOREAR. 35 X e Fe AL R DN M i 137 53¢, R GERT R A BRI
B ACURE: PS 7E 58 BUHT 1A &R 5 , R 2 1) logits [91 4% 25 im0 5 s S DA HY A LSR8 TH 5T Loss JoK 7, Bl
JERHEERS logits (B [ 4% 25 PS VLS AR FIAEHR. BLUIRER AR 2S5 B IR B AR L G M, AR A5 A M4 i )i
fEE PRI AR B RN SR B2 AR, i 00 SRS BOE Wi/ TR AR GE 2l (5 T B 4L T 7T 45
SZEFEIN. BLAb, SplitCP H SR Y 45 AL s 246 AL i 8 2o o 8 o 268 70 T 1A 980T AL, 3 WL L3 m 7 0 38 M) s s AL
S (7] SR I B HEREE, 9 R GEAR It T R R SR B AL ORI

4 KSR

FEAT o, A5 BT 22 SH SR SR IGAE FT R HELE SplitCP B S Al & R, AT E N — T2 8,
Z R IR 4 AT R 5 A H.

4.1 LWWE

SRR FATE — AT B R R RS BT T T2 S, LAV SplitCP (M GE. Bk, AR
Fl—&IRE %] GPU TAESE NS HRS %, Z LAEWEC % T Intel(R) Core(TM) i9-10900X CPU. 4 3t NVIDIA
GeForce RTX 2080Ti GPU #1 256 GB RAM. b4k, FA1485E T 80 & NVIDIA Jetson E A, 4% 30 £ Jetson TX2 &
£+ 40 5 Jetson NX &4 10 & Jetson AGX W4, 1E NG RME— DN RW AR, EATENE, TX2 &
T 256 %) Pascal GPU Fl—/~H1 2 #% Denver2 5 4 #% ARM Cortex A57 4%/ CPU &5, NX MBI T 384 #%
i) NVIDIA Volta GPU f1—/ 6 #% ] NVIDIA Carmel ARMvS8.2 CPU. Jetson Xavier NX 7E NVIDIA #& 4% )%
AE L Jetson TX2 $&7F T 10 £i5Lh E. & )5, AGX LI 512 %K) NVIDIA Volta GPU Al—4> 8 K] NVIDIA Carmel
ARMVS.2 CPU i BT H. 7ES2 36, AT Docker Swarm H1 PyTorch V¥ 2% =) B P8 7 #4-F 4. Docker
Swarm & — M AT KB, EA BT M MRS, I8 A & RIZTIRES. PyTorch FE I
TR EIIUERNIZR. thAt, N T A& (B BiE (s, FRATZEEL 1 B AL 164 1 MPI (message passing interface),
HAaHE— R YR IE R R AL

AR EFBLRL: FRATAE 4 NS HBIRER 4 NREME 4 (deep neural network, DNN) B8 |34l T
SplitCP (1)1 BE.

(1) ANRIEEDR SR AR A R, AR T RIS 3R 5] (HAR) $E 4, 8R4 30 fr i i 4E,
A5 7 352 MNMNZRFEARFT 2 947 NRFEAR. TATIGR T — A CNN BB, S RA 5 3 A 5x5 BIREH 2
MR, T4 HAR R4 € i, n A CNN-H.

() EE IR AR B TGS B (FIFR Speech) ™ BEATIE & IR AT S, AT 5 R E N BB &R
SRR O, AR 85 511 MIINZRE I A BOAT 4 890 MR 45 A B, 1E Speech H¥E 4 b i)l 2 (i 7 2
—/ CNN M4 (754 CNN-S), fl4 4 M—4eB R ZER 1 AN EiERZ.

(3) M IR FRATTR A CIFAR-10 HUi SR AT VR A6, X2 — AN BRI, B 10 /N2E0 1) 60 000 5K
32x32 B EEB AR (50 000 - TIIZk, 10 000 F-F i), 414 CIFAR-10 {7 —A KA 136 MB [ 8 |2
AlexNet. AlexNet H 3 N 3x3 BFZ. | 77T HBFE. 14 1Ix11 BRE. 2 DMEEBEEBUZEA 1 4 Softmax
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it 2 A .

(4) BE1E 5> 2B A : ImageNet & — N T BRI EER LR, B8 K8 1000 2501 1281 167 sk IIZREIE .
50 000 7K I8 IE B AT 100 000 MG, T 3&E B IR 52 BRI 21T 2, AR T ImageNet f—AF 4, i
N IMAGE-100, BEE 1 000 28151 100 A, I BRI RE S 64x64x3 TR, XTixA & E =0
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