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A AE AR IR, FI AN T3 3% 4 R A % (Proximal Decomposition Algorithm, PDA) # iE W 4% 7 % 5k 43 8 vk — 69 SA - 9 45 R, %K
G MBEIHHEER RET A2 AKXNLLEREE 7 & # H % (Distributed Load Balancing Algorithm, DLBA) , #£44 %
Yool RBT R 5 AL, F I R AW DLBA A4  a 85 0 6h 3 AR OR bk A B A 39 47 5 . B DLBA 13 2] 69 K ek 12 - 39 v@ B B
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Multi-edge Server Load Balancing Strategy Based on Game Theory

WENG Jie'"* , LIN Bing?® and CHEN Xing'"*
1 College of Computer and Data Science,Fuzhou University,Fuzhou 350108 ,China
2 Fujian Provincial Key Laboratory of Networking Computing and Intelligent Information Processing, Fuzhou 350108 ,China

3 College of Physics and Energy,Fujian Normal University, Fuzhou 350117, China

Abstract As an emerging computing paradigm,mobile edge computing aims to make up for the shortage of computing, storage
and bandwidth of mobile devices in the Internet of Things. Due to geographical and time factors, the load of edge servers varies
greatly,so the load balancing of multi-edge servers is very important. This paper proposes a multi-edge server load balancing
strategy based on game theory to meet the load balancing requirements among edge servers. Firstly, the MEC server load balan-
cing problem is modeled as a non-cooperative game,and the unique Nash equilibrium solution is obtained by introducing the regu-
larization method based on proximal decomposition algorithm. Then, according to the established game model,a distributed load
balancing algorithm (DLBA) is proposed to optimize the system response time and energy consumption. Experimental results
show that DLBA can quickly reach Nash equilibrium with fewer iterations. Compared with the local computing strategy and com-
puting power allocation strategy,the average response delay of DLBA strategy is reduced by 18. 39% and 9. 91% ,and the average
energy consumption is reduced by 2. 42% and 7. 33%. The gap between DLBA and the optimal strategy obtained by particle
swarm optimization genetic algorithm is small, but the computation time is only 1. 81 % of that of particle swarm optimization ge-
netic algorithm. Therefore, the proposed strategy can effectively reduce the system response time and energy consumption,and the
execution speed is fast,which is applicable to real scenarios.

Keywords Mobile edge computing,Game theory,Non-cooperative game, Distributed,Load balancing
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Eix 1 oA AR

HiIA:AF,P,W,D,a,B.¢

it AT 38 A A

L WGk X' <diag(Q) k<1

2. BRI SS 2K A B AL BEAR O TE R T R B BT 55 A 4G R
i 55 7%

3. while || X® —X%"D || >¢ do

4. fori€N do
0% 1 DG A R 55 4 3K HOH At 34 2% Al 55 75 09 5 S
MR (27) T et o i e X
NGRS AR X 453 15 R 55 4%

end for

X,‘*X(k)

© o ~N & w

10. k <k+1
11. end while
12. return X®

TR, A I GRS 2K B S A A AR ) TR T SR
AT 55 1 555 AL 8 RGP E AR IR 55 A% B E IR 55 A%
Wk L5 EOA A SE Bac bl BRENAIF B, B %
IR 55 #5% D38 15 M 55 45 Ak AR IO S5 B SR TG AR R 315 1 A
NGRS A W AE B B BR S T R AL AE 55 L B S, JF
VA5 B0 3R WAL i 25 8 M5 IR 55 4%, SR 5 8 M5 I 55 4 30 B A 2k
GBI, e ALRET —MHEER S ., R
NGRS AR RIS E— 4 0 SRS 0 22 (/N T e, W Af
TR IR S B S 9 A 35 IR S S 3815 IR 55 0 38 0 T A R i 2
M55 g f5 1k At . a5 A e, AT L 2 M Bk g8 138
RN P A & 1

6 LWSMHE

6.1 ELWEE

ARG A ETFEHS 4 3. 10 GHz Intel (R) Core(TM) i5-
10500CPU F1 8GiB RAM W R4 FisdT, 4341 2 i 24 A 5
AT Python 3. 10 S8, Horp i J§ 77 CVXPY 1.2 2 HOK iR
#% CPLEX X S Ak in) B 3k 47 R fift . 5 3¢k (23125 B, h &
iR 5 &5 i AL SRR S F RIAE S5 B3R A RN IER 47 .
H T HE BRI 19 29 3, 40 1R 3 % IR 45 14 4 55 B 3k SR e A
WAL BAE F) . G S5 % B AL AT: 55 19 1% B B R] D AR 4% 50
SRR 55 #2210 (4 HE B A b . 120 IR 55 B 14 S0 et ) 3153 1)
P AEH TR W W RN IES 431 . PDA J7 i 19 1E ) 4k
SHOVEERN 0. 02, K5 RIS « B BN 0.01, HARMAH
KBHUE 2 i,

®2 WG RS

Table 2 Edge server parameters

Name Parameter Value
W% AR N 15
REZ S Pl F N(15,6)
14 5k & A N(10,4)
AL A e D [0.05,0.2]
TE R P N(250,100)
& w N(8,4)

T 4AE DLBA W4T 55 I8 B PR R AR SORE A S vk 5 1
by 3 7l 572 45 249 4 R % T - 24 0 7 F ] - 24 R T AR R SR
M LR SRR AT B B3 4 A4 B AT T LA ST 35 i e
[F) 70 - 127 6 o TH #E M AT 55 1L B8 5 R 0 BT A I 4 IR 55 4% 58 L
AT 55 BT 5 10 I [ R RE A 7Y 7 X085 3R 48 A 2 LR 1 AT B
B 14D K5 i 7 B 7 1 AE S 9 8 i AT 5845 B 1 0
{8 7T LATE A0 AE 55 30 7% 3 W 19 2555 1 68 5 B30 06 AT I i) 2 B 0k
R LRSS B R ITHE LN, ASCh T X
3 Fip f B 5 SRS AN F

1A H 3 54 (Local Computation, LC) % W& 48 i1 2% Al 55 %
AR HH WAL S, RAEA 58 AT 55 . X Fh o7 =CA] L ke
A% Yy Wy 32 A% i B A6 10 0 T8 L2 IR 45 45 o o I [R] 0
FEI T 9] 6 14T 55 43 A R3S .

2) F TR e S AT 551 # (Capacity-Based Task Immi-
gration, CTD) 5 W& 9 371 % Ik 55 #5 AR 4 4 3% 1 30 Aib 300 2 R 55
an TSR ) i BT AR T 9 U L 4 bk BB 3k Y
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1T 55 B 3 Ho A A 2% IR 45 #5 b. / 1 30 4 R 55 4% 1 (14 4T 55 7T
LI AT Hi A B L DRIk ol S I T LAk 2 A 55 A S 2 e
2 M FIRA % RN 4R 55 # 0TH RRERE (& W B AE L) Kk
S I] 1 R L ARTS S 30 36 W T BB AR SR 2 REAE RGN FF A7 AR B
TR 22 4 B 4

3) 5L T ki F B 38 {4 %5 1 (Particle Swarm Optimization-
Genetic Algorithm, PSO-GA) [ 1T 45 i % 5 i, PSO-GA
E—FE PRI, Rk Z R S 2RI R D Rk
IR SC I E A I Jia 0Tl R Y 8 RO AR R AR A
AREN ORI VEZ7 N

AR SOKAT 55 R 5 R 18 R 4 8] 8 BT A i 4 IR
55 28 AT 55 30 B g 8 SO RL T, BT Y A SE S n 3k 3
el

# 3 PSO-GA BB H
Table 3 PSO-GA algorithm parameters

Name Parameter Value
B KN Goum 100
b ROKH K 1000
TR AR Rout 0.05
R E ® [0.3.0.8]
2AET . 2
¥IHF e 2

6.2 SEIGHER
6.2.1 FHEMsn

AT g S B % DLBA 19 0 S PE 3547 Ik, ik S 8
a=f=0.5, WG S8 e x5k 07 3 % AR B 5
WE 2 iR, X e @ik 0B, 3L BB KM IERE A/
HEUSE . BEE e M3 O, R R AR B D (B2 BT A5 B Y
SR GBI ERK. W, TR 2 R AR B
1B B ARG 0 i, I B IR 8295 e=0. 01,

N
~

Average number of iterations

0 0.02 0.04 0.06 0.08 010
The size of &

2 R ARUCR

Fig. 2 Influence of € on the iteration times of algorithm

RIFTERGPRENLILIE T 3 AL MS & A A
BT Y GRS O (UL 3) LA R R A (LR ) E Ak
NGRS Ar 1 AR IR 55 2% 2 g B 55 4% . L 4 IR 45 4%
3 MR AR S5 A% . TERACH AR P, AL IR 55 2
BB RGN BE 2 W82 o (R AR B B4 30 2% IR 55 %
BTG N R G AU R Z 0. 3R R D 5 E
WG R 55 f B A AL 55 TR B A B L 4 IR 55 4% b S 4R
TR G T B AL S5 TS ] T AR 6 0 30 2 IR 55 4 4
W B Al 2 IR 55 A SRS AT 55 )5 SR8 n B R T H B B
TR 55 B TFSEIE ], 220 4 SRR AR, L 4R IR 55 4% 1Y SR 40R &
SACH B TR . X # W] DLBA 1] Db 8 b 75 2] o — 4 44 £

13
12
0 —— Server 1
£ = Server 2
g 1 —e— Server 3
o}
g 10
4
o}
2]
9 \\ﬁ*«
8
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P 3 ST ERAAT L 4 I 55 2 Y a4

Fig. 3 Edge server load changes during algorithm execution
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Fig. 4 Cost of edge server system changes during algorithm

execution

6.2.2 MEZH AT EARALNY I A

M SO B[R] AN B o B & TH FEALTE B 43 39 2 7R 30 % JIR 55 4 4
M i, B ) TR i T G 1 SR LR S . 43 SR IR 55 #% PAUA T A SR Y
AT 55 B8 AT LR o> B, L3R AT 45 S 1 o o B[], 24 30 2%
JIR 55 % P04 T =i REAEAT 55 e, T LR B> o, LAY 2D 30 % R 55
AMBERIHFE . AR 3 MR T 2% «a=0. 2,8=
0.83¢=0.5.8=0.53a=0. 8,8=0. 2 W FIF 153 %] % 3 24 iy Jij fif
[ AP REREHEAT T 43, N2k 4 gl . mTLLE . 2 i i A
()AL o 6 FCRT, AR AT 14 2 58 04 - 359 0 g B[] 445 L 7 34
EFEHE R M e B T FEAL TR B B KRS, AR A% RO I 28 7 2 19 71
FE FE 2D L 1 27 e o B[] A2 4

4 AFEFGFET o p I

Table 4 Influence of a,f in different scenarios

E7A- ! W% 2 &3
P FH O FHwME  FH O FHME  FY
it 18] fit 4 fit 18] fit 4% it 18] fit 4

a=0.2,8=0.8 0.77448 0.72560 0.80186 0.62477 0.84960 0.74019
a=0.5,8=0.5 0.77378 0.73087 0.80139 0.63551 0.84919 0.74316
a=0.8,8=0.2 0.77334 0.73228 0.80052 0.63787 0.84851 0.74407

6.2.3 AL

TP H DLBA 5 HAlh 3 Fh J& o 5005 (MR R L A SCAE R
HLEY 100 350 T HEAT 0 92, 50t 7O IR 55 #5 R A 4
PR A5 B A 55 38 B 75 22 19 1 240w iy b [ P 4 B AR L R 4L
- LA RS B T AT A ). W &l 5 BR . DLBA 3 31 (1
1 55 3388 J7 SR AE - Y wi g ) [R] L SF-X RRAE L R G AR Tr T
F LC Al CTI SR M. 4 5 . 76 R S A8 M Jr 17, DLBA Xt He
LC Il CTI M F&A% T 12. 08 % M1 8. 80% . PSO-GA i i %t
SR W 2 (6] Rk (9 48 R L RE AR A B R RO AT 55 B & L (B4 DL-
BA BT RIBFFAR ., WA 50 iR, PSO-GA # DLBA {X
MM T 3. 81U ARG . B 5(D ELE T 4 Rl 35 B 75 (0
PHAT BT ] A St 153 5 W I R T B B T Gk AT 55 PR B vk
FIPATES A2 0, PSO-GA P 3% 52. 51 s A e 15 R4 5
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Fig. 5 Comparison of algorithm performance
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