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Dynamic Collaborative Particle Swarm Optimization Task Offloading Method
for Multi-edge Manufacturing Scenarios
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Abstract: This paper addresses the issues of uneven resource allocation and low computational efficiency in
the multi-edge task offloading process within manufacturing workshops. A multi-edge task offloading
optimization method based on dynamic collaborative particle swarm optimization (DCPSO) is proposed.
First, to enhance the quality of initial solutions and thereby improve overall optimization efficiency, a hybrid
initialization strategy integrating random sampling and fitness-guided greedy mechanisms is designed to
achieve a balance between solution diversity and quality. Second, to strengthen the algorithm’s exploration
capability in complex spaces, a dynamic subgroup collaboration update mechanism is developed, employing
dynamic subgroup partitioning and adaptive particle updates to significantly enhance convergence speed and
the quality of offspring solutions. Finally, a mutation mechanism is introduced to augment the algorithm’s
local search capability and improve its ability to escape local optima. Experimental results demonstrate that,
compared to the five baseline algorithms, the DCPSO algorithm exhibits significant advantages in terms of
convergence, robustness, and sensitivity.
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i 2 R E R T gbest_particle,

Begin:

(1) forz=1to Tdo

(2) AR 2 (24) %5 b e AT HE Y

(3) R Af 20 (25) %) M 47 1 R0) 43 45 3
g T RE, BB T IE 8 sgparticles [ ][ j ]

(4) MG QT Y H A B PEALE o

(5) fori=1to g do

(6) forj=1to p/qdo

(7) AP X (26) 3 7R T
sgparticles [ ][ j I BH A K S,

(8) P 5 (28) B B ok 1
sgparticles [ 7 ][ j 1A% & Ff1c 5% A new _position

(9) if Random <C 0.1 then

(10) R 4 51k 3 %) new _posi-
tion #4745 5

(11) new _fitness = F (new _position )

(12) if new fitness <<
sgfitness [ 7 ][ j ]then

(13) sgparticles[ i ][ j ]=
new _position

(14) if new fitness <<

gbest _fitness then

(15) gbest_particle =
new _position

(16) end for

(17) end for

(18) end for

End
2.4 ELRHLE

TR T 58 AL B SRS, R AR R R 2 AR
A SCHT $E DCPSO 83k 51 AL S AL 4 kL5 1 3
P A TR S o X T+ TR B
AT R EAR SR o R 0.1, 38 o A R BE L S
o BEAT LA DA PR S SR A filh e 8 S AR AE . A <o,
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A 32Z0RE 1 19 7 B B v B PIL 38 R 1~5 M AE 5%,
Xof G EH 2 T S T AT B AL R L DT A i — A T i
AR AR
A=
A ry=0
AT, )=U [0, M ] FEN,1<F<K,r,<<o
(29)

X :K=UI[1,5]rcl0, 1 ] HBENLE, o 72 5
7R

7 S ML A B 3 R

BiE3 ARILE

i A - KL F particle.

- Bk F new _particle,

Begin:

(1) K= RandomInteger(1,5)

(2) fork=11t0Kdo

(3) n = RandomInteger(1,N ), [=
RandomInteger(1,L )

(4) particle [ n,/ ]=
RandomInteger(0,M )

(5) end for

(6) new _particle = particle

End

3 XBMHTESSH

R B8R AR SC T 4R ) DCPSO B3k 19 A Rk,
K 22 45 B2 VEAl O 2 i i 0L e i it R
DCPSO Sk Y MEREFRAE o B 26, Jl o W S0 92 5%
LR B IP A B4, 5 PSO L E SR Y
1ot A~ 1 R BE (Genetic algorithm-binary parti-
cle swarm optimization, GA-BPSO) 5 ¥k X} b 471 Ui
fiff JoT it AL SRR R A BT A B S SR VA AR RIR
b i Ee L s . RGeS i H A
PEME , 5 b A P AR 580k X LG PR AR AR 59 E
DCPSO FIA MU H MR EME . e, TR AU 52
B, 38 o R R R RS A R 48 K 3 S, fF DCP-
SO BE Y 5 Fh BR LR B VL HE AT X LY | #7550 1 M g
Wi [1) 0 5 2 B 72 A 1) R AR B 0 3 P i 2k

TEAT L8, ff H Python 3.11.3 #E47 5 7%
S, RGLAE AT HAEE S winl0 64 (74 E R 40, 1 1F
it & & 13th Gen Intel(R) Core(TM) i9-13900KF
3.00 GHz AL ¥ 8%, 32 GB WA«
3.1 BHIRE

S50 2 RN R B X GAL ME E R S I 4 SR 5
e AR, X F — 25 AR S50, AR S0 SR G S
BT IR SRS HAN R 1R .

x1 XBBH

Table 1 Experimental parameters

ZH Bl ZH K fl
f./GHz 0.5~2.5 W/MHz 2
Py /W 0.1~0.5 W X N/W 1xX10°°
Pem /W 10 A 0.5

H) 2X10 "~2x10"° N 10~50

Q, 5 L 2~10

£./GHz 510 M 5

Py™/W 30 P 50
Q. 20 q 10
b,/ Mbit 01% 1~50 T 200
0 0~0.1 a 0.5
¢/ (cyclesbit™) 1 000 o 0.1

3.2 E&ZHE%

AR SCR ] $ il AR A 5 DCPSO ik 1)
AE R I, 5 AU R A SRR R G IR AR AL X
AL R B 5 ma L] o AR SCak B 5 Rl R AR it
P L 2R A 45 3R DL 0] % s ) | 2% R B AR
22 DA By — b I 0T Y e R, BRSSPI AN

(1) A& H (LOCAL) : £ HLM % & 19T AT
55 LA B 5 i, AR HEAT EIER

(2) &2H# (EDGE) : it 5 HLK 5 & 011 B AT
%Y E NGRS %

(3) M HL(RANDOM) : 4 T 55 B 8 7
B REHLAE AL

(4) PSO.

(5) GA-BPSO,
3.3 FEXLRESH
3.3.1 SRR sUEiE

R T W DCPSO Bk U SR | 2 i P Ak
VL M PERR L B, AR SC B 7E 30 5 ML I 78 CBRAILAT:
G5t 5 ) M5 65 300 5 R 55 2% 0 I3 R B8 o, kit
PSO .GA-BPSO f1 DCPSO B i dE 1705 E 5L 56, 4
TFRg g N 4 KR 2 FiR .

H 52 50 45 S W] 0, E ) B i S i D DL, PSO
GA-BPSO H1 DCPSO # ¥ & 4t & R4 7 5~
9 248.81.8 545.87 f1 7 463.48, DCPSO M # T PSO

i —.—PSO
9.0 i ----GA-BPSO

i \ —DCPSO
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:1 8.5 ‘?._1

$ 1 "'\..‘

£ 80 I\k "\...!_.‘-

s R Lo

“ﬁ‘é 75, T e S P—
i K

0 50 100 150 200

LAUEL
K4 SRk o b

Fig.4 Analysis of algorithm convergence
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Table 2 Data of algorithm convergence
E=R7n LOCAL EDGE RANDOM PSO GA-BPSO DCPSO
46 i — — — 9 248.81 8 545.87 7463.48
L& EAW 1 — — — 142 103 29
e A Sl 12 459.04 9613.36 8621.88 7 554.31 7422.76 6 609.67

5 GA-BPSO 43I FAK T 19.3% F112.7% ,IESE T
TR AW R A SR W& 1 A R . 7R S D i, PSO
BT 142 RS, W S B e, HLTE AR 0
W 22 U RS B4, EIE T 2 i PSO 8303 R
HREIAEHIBEE . GA-BPSO 5 Ik 8L
R D 2 103 A ABATY A7 72 28 L 1Y Jag & 06 AL )
H, MIEZ T, DCPSO B st T 2918, Y S
JEE B SR B T, LA HE BT R S R R A A
16 fix & o &7 1, DCPSO 8%k & 48 M At
6 609.67, % PSO Fil GA-BPSO 3 B F& MK T 12.5%
A 11.0% , H i PSO 53 1 GA-BPSO 53k X i
B 2 48 S ACH 43 W) Sk 7 554.31 A1 7 422.76, It
Hb A A i | A R K N e BE LR X &R
gt EACHY 4 B 12 459.04 .9 613.36 1 8 621.88,
B Em T LR 3MEAL, BRI R xS
B 9E T DCPSO 573k 78 W st M 16 RE g 7 18 1
e
3.3.2 BT MHBIE

g ik — A 56 3 DCPSO 4 32 M fg f # i fa
PEIF R GE VP Al L& B PERRAE , AR SE 30 7E 30 5 ALK
WA (BT S5 1 0 545 ) 5 5 3 2 IR 55 25 16 3
W8, 6 DCPSO Bk K 5 Fh i 2k Bk bk 47
S50 M IEAT o GeitSLam g R anlsl 5 e F 3w .

M SE R 25 Wi fE AR, T A
155 TR R A AR HAT AR E R IR, R A
A1 A 12 459.04, 2 BEHLEL 1) R 58 8 F

BI{E R 9 144.94 AHEL T2 B 8B 1Y 9 932.90 11
G, 3O B A 4 B LA S AE — R B R T AR Hl
TEERUR DR T I 2R S5 AR TR G dk DA B
KT &4 B4 . PSO.GA-BPSO #l DCPSO &
R G S AN M 43 9 Ol 7 545.73.7 373.98 Fil
6 599.07, DCPSO M # T PSO 5 GA-BPSO 4 5
FEAR T 12.5% F110.5% , & W] DCPSO B3 i1k
e B & R A e 2 MM, 0 E W,
DCPSO % % & 48 & AU 5 1fE 22 {2l 55.59, /&
PSO B ¥ 41.7% , GA-BPSO 5 ¥: 19 49.7% , 4
BEALAT ) 14.8% , & 1 18.4% , 5t 7 14k
BT DCPSO 5532 37 Bl LR 38 1) 52 ) B /)N 45 1
B, bR S a5 K DCPSO Bk 78 1t b 45
R My A B E
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Fig.5 Analysis of algorithm stability

x3I HEREEHE
Table 3 Data of algorithm stability

RN LOCAL EDGE RANDOM PSO GA-BPSO DCPSO
SN — 10 691.27 10 152.96 7 834.10 7629.61 6 695.50
e/ ME — 9532.96 8§435.41 7 279.80 7181.29 6 490.99
-1 {H 12 459.04 9932.90 9144.94 7545.73 7373.98 6 599.07
brifE 22 — 301.69 376.48 133.37 111.79 55.59
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(1) B 152
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Fig.6  Analysis of algorithm sensitivity
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