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Load Balancing Task Offloading for Multi-type Task Load Prediction

HU Hui, SHEN Yan
(School of Computer Science, Chengdu University of Information Technology, Chengdu 610225, China)

Abstract: In mobile edge computing (MEC), load imbalance among edge servers occurs due to irrational task offloading
strategies and resource allocation, as well as a sharp increase in the number of multi-type tasks. To address the above-
mentioned issues, this study proposes a load prediction and balanced assignment scheme for multi-type tasks (LBMT) in a
multi-user, multi-MEC edge environment. The LBMT scheme includes three components: task type classification, task
load prediction, and task adaptive mapping. Firstly, considering the diversity of task types, a task type model is designed
to classify tasks. Secondly, a task load prediction model is developed, considering the varying loads imposed by different
tasks on servers, and employs an improved K-nearest neighbor (KNN) algorithm for load prediction. Thirdly, taking into
account the heterogeneity of MEC servers and the limitation of resources, a task allocation model is designed in
conjunction with a server load balancing model. Additionally, a task allocation method based on an adaptive task mapping
algorithm is proposed. Finally, the LBMT scheme optimizes resource utilization and task processing rates for MEC
servers to achieve the optimal load-balanced task offloading strategy. Simulation experiments compare LBMT with
improved min-min offloading, intermediate node-based offloading, and weighted bipartite graph-based offloading

schemes. The results show that LBMT improves the resource utilization rate by more than 12.5% and the task processing
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rate by more than 20.3%. Additionally, LBMT significantly reduces the standard deviation of load balancing, more

effectively achieving load balance among servers.

Key words: mobile edge computing (MEC); task offloading; load balancing; load prediction; multi-type task
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PP =1 R R

if dl;>A then

dehl=1
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(2) MEC IR %5 # B A BR 1%

MEC AR5 #% Bt i 52056 B, 75 2270 4 R A il
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(3) MEC x4 #5 R A48k 14
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AARAK. TR, SDN 47 il 9% S I UACHE AR 45 2% T A 8 RS
B, FFENAS TR RS 45 AL, DL IR R GBI R TG BT
AN [ 0 B AR DU AT 55 SR VR 75 K. X AR B S BT A
BT 58 LS A B AL FRAT 5%, {8 IR 55 7 R A8 BE G
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(4) MEC %5 #8 Gt R 4L

1 MEC fil 55 #5181k i 5% 28 b 21 1) 8 28 4F 55 2%
FE BB R 2 I, %R 55 4 IV 25 A 31 F A 2 2 1) JE S AT
- RATF NG, 5 HABAR S AR SL = R, Rk o BT IR IR 2%,
H I — 30 3 I 55 38 BN 2, 3 — o0 R 5% 4 B s 2
PR RO AR 00, [ BT e 9 2 At il 5% 9 7 ek DA B 4 AT
25 G AERAF (R HE DA Ti).

IR 4 HERFRE TG TS5 MEC RS
A AP 6 R, [EI R T B & B3 AP A
X B O R IR 3T, 45 A MEC 45 88 13834
AR 54T 25 MO AY, B2 tH BT 15 3 RIAT 55 b O 4
1%, LABE IR A FH 26 5t v T 25 AL B R I oK B AR, Bl
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WhR A ZE . RS A8 RIRFI 2 AT S A B DL K
AR SRR, BT G AT 55 Wbt S B Ak i 500 2
Fi7R.

0% 2. BT BIERAE S WU FE
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(1.1) BT 55 BRI U SAT 55 A B actass | FAA90: 1 TUAT: 45 2
BN 5 BRI sl
(1.2) HHAWEAEAT Ocpu « Omemo ~ Bio
for d; in D
if dl?12‘55= =0and dl.°m= =1 then
Qcpu-push(d;)
else if dflass= =1and dl?h1= =1 then
Omemo -push(d;)
else if dfl““: =2and dfhl: =1 then
Qio-push(d;)
end if
end for
HPUR 2. S R B O RIS IR A5 A R
(2.1) EERFUGERRS, THEZIE b — RIS B TR AR S 1R 55 2%
R priass BT JE P USRI B —RE, MU G RIRFF A, B
2 B DA B O R R
o/ =Bgss IR T IR S A2 T
if (Qcpu is empty and ¢’= = 0) then
¢’=1or ¢’=2
else if (Omemo is empty and ¢’= = 1) then
¢’=0 or ¢’=2
else if (Qjo is empty and ¢’= = 2) then
=0 or ¢’=1
end if
IS5 73 B RRAT
if (¢’==0 and Qcpy not empty and B,, availabe) then
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Ocpu < B,
if (¢/==1 and Omemo not empty and B,, availabe) then
Omemo < By,
if (¢/= =2 and Qj, not empty and B,, availabe) then
Qio < By
end if
(22) S5 RLIE, AR (22) TEHTRSS 4% CPU BRB," . A7 B
Beme ., 10 BBy . M (20) HUHT B
(2.3) BRAFSPBLRSFHAL: 28, =vector(m), k EARKL
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YR 4. KBTS, IR I ORI TR 22 LIRSS A B R AR
55 RE B R ZE A B AR T A

6 KWK
6.1 StIERE

i B SZIAE N AN 8 GB. AbHEER A Intel(R) Core
(TM) i7-7700 HQ CPU @ 2.80 GHz ] Windows 10 4
ERGTHHT. AHEZ NP 524 MEC HI73
S, N T LSBT 55 5 IR 55 AR SR AL R A 4
TR & R RAT S HIBCE . BRSSO BCE IR
S, RN SRR 2, AT 55 BEUR 7 SR BRI IR 5% & T H BE
VBB AE 45 T G B A B AL . AR e s AR S B B
WA 1.

6.2 IMEEHR

N T P AR SCHR M AR 3 T 22 SRR 55 T #4738
P A 55 S B SRS (A R, SR BAR T3 R SRSy
FHEATXT .

(1) MMF (min-min scheduling algorithm based on
FCM clustering)"”. 75 J5 5 % B 7 seidk, N 7 %4
FE55 KM 5 AL 55 G2 A7 B, SR 5 A 2 T AR i A
F& 1) min-min H2EIEAT 55

(2) Random (random offloading of tasks). % /7 5 fifi
HLENFAT 55 21 I 55 2=

(3) LBA-EC (load balancing algorithm based on
weighted bipartite graph for edge computing)**). %75 %
I NP B BB 1 BB AT 55 A UL E B AN [R] AL 2 ik
%5 . 5 2 BB BRSSO 23 e B30 G IR 55 4 AN [F)
AP IAT.

(4) TLIN (task allocation and load balancing based
on intermediate nodes)™”. %5 M HEIL L S A EH
JER PR SEIN & 1, BT S N, IR HOR
B3 MRA IRJEAR T MESS 2 O, K AT

10

(5) BMT (balanced assignment scheme for multi-
type tasks, BMT). [ 7] 2 R AT 55 39T 0 Tl 07 &, 1%
J7 G LBMT HiA % J& R 8 1.

(6) LBMT-WQ (load prediction and balanced
assignment scheme for multi-type tasks without cached
queues, LBMT-WQ). LBMT-WQ 5§43 LBMT Hi%4
BT 552247 NS,

® 1 LRBHE

S8 1B P
M 35 i &2
N 330 P4
d* [0, 100] {14 CPUFE R E
dpeme [0, 100] 1E5MTER R E
d° [0, 100] 1F55107% ki
KY (-1,1) P AT 4 1R
k 3,4,5,6,7,8,9 AT EL
By [300, 500] 4% 2L CPUTT i
B [300, 500] R4 38 17T =
By [300, 500] 45 3310 7] i 4

6.3 SLIGZERSHT

% 2 BIRAFE P MEC k5545 Ab 358 J1 AL E a Al
FH P 4 A BERE I BUEE b X T 45 SR B2 M. Kappa
FB P SRV T 45 B, Kappa #0130 45
R, R R o, b BCEBEZT MEC IR%5 85
P 2% AR B RE 7, BAE P WA AT S EH P &
AR B BRI VE 2 . A ZH S E i 1 AN F Y as
b W EIHE Kappa 550, 133 Kappa &A% 1 A
av b PE.

MFE 2 IS REE Ya< b, Kappa B/), &R
N MEC HR %5 2% 40 EE 8 738 % Lo FH P % 4% Ah 3L RE TR,
{H2 % B 1) MEC IR 5% %% &b P 58 77 A0 E LL A P % % Ab
HRE 1N, F P ¥ 2% JVE AN E B A A IO AT 5%, BT DL
FSCTROI AR T 2 B b B s 2 SR 2 BEASOR. il A S W 3
MEC it 45 8% Ab BE B8 S AUE a, [R50/ FH P 8 4 Ab B
RE IHIBLE b, Ma=0.7,b =030, Kappa ZEUR K, 15
Ha=0.7,b=030 TN KA. fEa=0.8,b=0.20F,
Kappa ZHIk/N. Kappa W/ @& FONEAS T H &
AbFRRE 7, B AT R A Hh 5 & BEUR, SECH PR
AT DL AL 35 AR 57 AT 25 U1 S5 R A0 AT 5%, S T
Mk 3.
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0.7 0.3 0.97
0.8 0.2 0.89
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HH LR (1] 3ok 28077 5 ) 7 3 4

6 it b T ANE 75 5 T [ F P O MEC R 45 4%
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B, G Ar, 24 P e, MEC RS 38 1) 38
A T A o 2 R0 AR e R 5% 2 T 11 67 2 g
W54, Bl E P B3, P B AR AT A B
B8N, SRS BR v 2 ARG AR BEARR LT R T i Ek
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JIR 5% 2% 4 B 1 Bh A& F 4. LBA-EC 75 3 i 47 3 45 i+
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FUELHE 2 MMF J7 (10 S B i b o 22 703 K,
NIZTT T A SR AR R I A, TR AR R 2
TV ST B AR R 55 253 175 0 A e 10 58 28 S s

8

= BMT == LBMT-WQ == BMT
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U5, R, 2 8T AT 55 88, AN R 2R BYAT 55 1 B2 08 75 oK
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8 [IBMT 2LBA-EC ~Random

=+ TLIN +MMF
6 :\/'\‘r/
4 —— ]

I

2 — —

BRI bt 22

() L L L L
165 198 231 264 297 330

RIDAE
Ko M 8EmBElihrtEzZ kR

1.0
09 f oo — " —oo—

0.8
0.6 F

05 | + LBMT
: = TLIN

+ LBA-EC
+ Random

BIRFH

04
0.3

99 132 165 198 231 264 297
DRS¢
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P, DAL R 55 4% 18] (K BEORA F R Z2 BRI, 7E 5%
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PRI T 10%. 352 BN ASSCANM TS FE T 3h 24 30T I
S5, R 55 AR A B R SR AT 55 G2 AF DA S, I 8 T
2 [F) B IUE 55 A7 BN N 2SI, i 2B R 55 2 e S 2%
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