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Unloading decision optimization method based on multi-population hybrid
intelligent optimization algorithm

FANG Haotian, TIAN Le, GUO Maozu

(Beijing Key Laboratory of Intelligent Processing of Building Big Data, Beijing University of Civil Engineering and Architecture,
Beijing 102600, China)

Abstract: In the network architecture of mobile edge computing, an offloading decision controller was introduced to
balance the reduction of energy consumption and delay. This controller obtains the optimal offloading decision through
an offloading decision optimization algorithm. A new ABC—FS algorithm was proposed by combining the artificial bee
colony (ABC) algorithm and the artificial fish swarm (FS) algorithm. Additionally, a Gaussian decay function was intro-
duced to transition the algorithm parameters from static to dynamic, and the inertia weight factor of the improved
particle swarm optimization algorithm was incorporated, creating a multi-population hybrid intelligent optimization al-
gorithm. Finally, an objective function that jointly optimizes delay and energy consumption was designed, and simula-
tion experiments were conducted using Poisson probability. Simulation results show that the proposed offloading
strategy optimization algorithm achieves faster convergence speed compared to several benchmark methods and effect-
ively balances the reduction of total task offloading delay and total energy consumption in multi-access edge computing
scenarios.

Keywords: moving edge computing; calculating offloading; artificial fish swarm algorithm; artificial colony algorithm;
self-similar queuing model; gaussian attenuation function; particle swarm optimization; inertia weight factor

B 024 AT 5T, 5 SR R P P Xt A TR, 4 A A S
TLOR ISR I F R AR, S P A eSS, L s R R B A S R M
YR B #: 20231227, P KR B B9 : 2024-09-09. ke R LA AR, T R — TR, RO A
o e et TR Frfeth 2 B th T B A ZITHIER. 183

BB EE : 3% M. E-mail: guomaozu@bucea.edu.cn. HEATE T, WEIRES M= RS &

O (HBERGL 7 ) SR IR A



https://doi.org/10.11992/tis.202312042
mailto:guomaozu@bucea.edu.cn

« 1574 » O R

S S 5519 %

AE J7 228 e T S o, i L AT LORE 2 3m o 1 B9
AR5 et 210 20 IR 55 A8 5l = e 55 A T T3P

TN HOR — M A BOR NG, B e
Bt AL o5 N— D 5 M 2 00 — A Tt
FERE S B AR PE R R RE L ORI RS BETE
T AT LR R AR Bl i A RESK . MY 9T 57
Ab BEACR AL SE B IR | FEAR TR AE IR
T 1 48 1 AIF 5 R0 0L X T 4 Bl SR i
A AR AR IR LA Al R B R 55 14 ke
A & R L

T E R SRR N TS I
Ao e A B TR, R P s WP T AT 55 %
TEAS 1L PHAT , WOF L8 10 2% 1) 2 3] 2= v 1 30 2% i 55
fr, LIRS BREE B O0IE B AR, dndm/MESER | BEAE
A . R T E IR M IN R, LS5
AT R BE AR R oK L 2% 26 | e g5 a8 Y
TR AURA 2

AWFFE HAR R = - - I R 5T, A
i 2 S e A b TSN A I AE S REAR, MRS 2
IR RE AL SRk DL R B 19 F A R80T 21 A
PLEI AP, H AR e 0 0 B e SRR T AT 55 &
KPS A A R BT . L, R a
s b IR RS B T 5 R AEA; SR, 455 AT
RO RPNEINDN I 3 e AN VAR B 0 R D
K i 390 S R KR T T 2 RERR A R BRI AL
i a5 BSC e A T R ok S, S 24l
X R AT X L, LASSIEAS R 50 5 3 A P fE

1 Mx T

M JUAFE# 8l 30 G H 5 B A SC RS al i, 3
SR S

F b fe /M TT SR O SE A5 v, i S S0
B — b R RS I ) £ 1 TR 55 1AL
i, A PR U s [1) 4 322 2 A0 b 1) 224~ 30 2 iR 55 A T
FRCIRBORTAR T, DU 55 R 56 52 7 R 8 e H
bR, XF L 3 S R AT: 5 0 A8 PR AT A, I
T — PR TR SR AL A AR 55 BT i %
B A R EE AT AR AL 55 82 00 T —Fh R T
A IR 1 43 A TR G B, i Ay
AT B L BRI BE T5 58, K 1) 28 ) A AR A I —
AR ZE 28, 3 B XA R 9 TAE WAL 55
ST — MR T S SRR A5 R T AR R
A, B TAE 55 5L T B RSO B 4 57 i 1]
/D B R AT HI

F A5 fie /DT E B REFE Y BT 5T, Zhang
U EEBTZ PRSI GITR R G PR

R A T () AL, 3 Ao 1) [ 0 i) R A 2 3 A 5
28GRI A3 T 1), O 3E B BT e 4558 15 5
THRL IR, 6 2838 29 3T 5230 2R S5 fig Y VS 6 Je /)
b Lyu S0 201 T — S BE B R 1 200 28 5k e/
i 2 B RE T AR, T RV & AR E s B R
Y AR, AT Lk — 2D RS A TR

b Ry ASUA T 5 0 2 0 I AE 55 B E 1Y F 5T
AV AR B T — OB Y T XUZ Stack-
elberg IR TR HIZ T B, ¥ AN A = VEHR T Fh
A aGIRMAN TS, M T R TRA = IR R
ORI T AS 1) 85 5RAF (R 55U 7E = 41 B 3 (]
HEH ML 5] A D2D (device-to-device) i 5
FUHL 23 X 45, K 11530 1) 280 5 0] R Ak R — AN TR
B BRAR 2 MR 1) 8, I 5% T 2k e 1 S B
P12 AR A VEZE A B 2 T — kAR HL T R
I [a) i o THE 2y 58 TR DY AU i A TR B
b2z S 2L T — A Z P 24T 55 T AT 55 H1 4800
BEAE GRS TR, 7E O 12 R G B R
8 R ETHE T, 38 o 3R I T B0 SRS 1Y i K 42
(i) 8 B B A U T 22 AT 55 S A8 B RN 2R A E 1Y)
[F) 35

(] BsF, oA A 22 BIF 530K 00 268 5 ek oK i e Ak R
Z R RAL R, If-ia IR fe B 0L SR 15 et
HI PO Feng %07 25 6 IR L A0 3575 Fi it
oA A SR S I A TR SR E AR AL, JEXT g
IE VIR AR R LB s ok SO S5 255 N Tl
HEEE SRR SRR i #e shih Zat
P ETZER PR I, $E v T RIS T
HCAEUOV R N T A0 B S 0 SRk o AR B
HEAT BRI R T, B T AE St 5 AL
A0 gl SRR R RN T A R L R —Fh
X P BE 7% 2 100 2 1T B I AR Y, K AT 55 1) 2 n) R
A AR B b R Bk, 8 5 R AR LR AT 55 B AE A RE
AR BRI 4

R T KU REAR TS5 ) 0 I SE 5 BEFE, JF
PR E BPE FH 0 BB, A SN 2 R (A
BRERILLS A, 5B SGHE P B S ECR R
B, JHRIE B R AT R R e R SR

2 RBRM

ZRGE I T A Bl 28 o A L ) 2R R SR 4 A
i G55 A Mz IR S5 AR AR, W T R .
¥ 8l 2 i e A ] LURE RET-HL L AR iR L 2B 10
A HE i DL B T AHILR5 1 4 5 1 G0 IR 55w 62 T 1
NGRS A, T Al A AL IR 1 s 1Y
Hod #2805 MR 55w 2w AR = L i IR 55 v



5 6 1 iU, 4 BT 2 RHARIR AR AR 0L 1 I B 3R S T ik . 1575 -
B T AR ) 2 R B AR SR 5 AR IR ) — R BB ALER L RN T R R R R &
AR A B GRS AR R ARk

T e [ DAG e TR T | =l
R [T s T b el

e B | L=
| |

L%&%ﬁ%[ %mﬁﬁ&%T !

— AR | =| |
S U B ] G X N fifh | |
et | |
RE | 2
| —_— |
(e TR R e B R | AR |
g [ |
sy
| — |
LSRISAE S I AGITSAES AT BB | g |

__________

1 RIFHEZ

Fig. 1 System frame diagram

T, AP EL i & L ATHR N, 1A
I FHAE 2 S B A8 14 4 e AR AR P 1 T AT
55, AT 55 MO OC AR 1 S A 1] JCER B (direc-
ted acyclic graph, DAG), #4l DAG & 7] DA75 3 4%:
55 FHNT

SRIG , L i & SR AT 555 B 1% T 21 B 1k
R L, BT A i & b AT 55 TSI TR
H YRS s FAES MR AT 55 B . TR
IF, i %% Mz 55 i 23 1) ) 2 e SR AR il o B HROIR S AR
B, TR R i A B 2R ARTR A R BESE
B AT E DR S, BRI R A N s i it
AT 55 HI BN .

B S, AR R A A AT 55 AR R
A A1 28 i Ay, 2 i U 25 MR A (R 4R TR SRAEAT: 55 &
KRR G S S, & ST, &R
FETH IR 25 AL [l A i 1R 45

3 SRR EF A RAKTM®T &

3 ANIH-&a8E%

N IR A iy B N 8 s D00 1 e 522,
N T A0 BESRVL BEAE P AT Y5 BBl N 2 R i 2, il
TN T WL G b A s b e L fal @ A T4
HRLEARHE B I WS BT B 6t
SN T BER kb 3 BhOAS ) i S M (e BE
RUME LR P IE . B HLE, BE s ik A T £
BRI, ARBFIE 4SS A N TR RESA Y R il
FULRE TN TR ny 4R G0 RE T, i
W Sl B B HL 4 sy UL RE JT 5 N T e — 0 B

% (artificial bee colony-fish swarm, ABC-FS), %%
JRERANE 2 Firs

e EIE Y

2 ABC-FS HiftRi#E

Fig.2 Schematic diagram of ABC-FS algorithm

S AR BT 55 1Y B Bk SR T LA
—NRRAL R, TR N — A=A, 0 fURTEAR
HPRAT, 1 AR BB SR 55 4%, 2 AR F)
=R 55 A o ARBEAE S EAT H AR T BAE S A
NAS, =D AR i — D& N A TR B 19
i, B ICE M N —ME S B E R i,
B3 [0, 1, 1,2, ] KRG 1 MESFFEARHINAT,
55 2 MG 3 ME S BB SR 55 A%, 5 4 ME
S5 VB = 55 A%, I 2EHE . S AR s 1a] i
AT R A S B R R 1 2 A

LA i B A SR A i s TR A T A S Y
AR, BRSNS R o 3 Bl 4, OF



+ 1576 O R & ¥ #t 194
DA TR a2 K S8 X 2 NS5, 14) break
5254 REAE R TR R A o kA SR 15)end

4 B DL fife , R E 4 9 1 PR AR Bk B s AU
TR B 5104 W 4R B B9 e L, 01584 I B9 1 2
i | 4504 et ik i e DI i o
BB S5 R AT HI A THSRAT 55 A NS, B4
TE 5505 Al 23 18] P ifs ZBE 2N A A A, Hoh
NAGIGA A, N ASERBE R 551 A 2 8] b i
B— A FAA AR XS DA — A AT 55,
JEA D NgERS M,
AR AT 9 A RE WL AR 1.
F1 THEMETASHRNXER
Table 1 Relationship between the various class behaviors
and functions of the token

£ UiES (E] e
14 AR RN TREFIE R A%
BREESRE W R T 4% PUIBE RPN V5
g KB A RSB JR R AR

TE B AL A 1A A S A B 00 46 RS 1)
J& . S04 WAT DUTE fift =3 (| iR A7 500 . RAEFA
EESEAT A, IFAS W3k A R 4 A2 AR IR 2
) i, L3 e 20 A ok R T A2 A% 1 0 6 7
R W&,

ABC-FS HyL i B AL 1 s,

®k1 ABC-FSHiE

BN A5 RREV AT 55 B AR R Y
5S4 R ER B A R, K AL 48, M A5
B, N8

Mt ARSI E S R R X

1) While 4 Fif 54 QIR B <=0 1 e R AR B

2) for i=1:1F EAT HIZ AT 55 %k

3) if SEHR O BEAF B

4) G404 AT SAEAT Ay 1) O A B RS B

5)else

6) 5| G4 FLHEAT SUCAT Ry e 4 il B A ek BB
AL HAR S ) B, SO+

7) if FRREGEN B K F IR

8) 1 404 UL 5 Sl T A L, SR AT R AL
1728, BEAILA: BT 0 AR 2 1] i, 20 48 A B 1 5
T4

9) else

10) 5| 904 WL FEAT 16 B AT S F0F-U0AT N e 4
1 AR eR AR B0 R AR A 1) i, R AR+

11) AR EL+ 15

12) if AKX B B K

13) i Y HT A A 5

32 EESHPAE
32,1 Bt BAHFH T K

W 2 fif s, 75 ABC-FS 55 % i S0 i 25 1]
RS FE A RS RS AR5 sh 25 K RSN
FlIX 2 2%, 16 ABC-FS B3k h H B & #h ik
SEIX 2 NBH M8 S A5 KRB Rl i /)
B, 7E Sk i 0 42 R U0 B B T R 2 e e il
e R e A B 5 I KN R SR U N
B, 75 3R 5 B 04 JR i S0 B B T RE 2 [ A SRR
SN

A G 1 b 8% 3l 25 KRB A B X 2 A
HESSEU B S 7E 2 RE R
B, ) FH 3¢ K I B L AN S 8l 25 K s 43 T 4 1
RS ], bkl AR B B 5 76 SR /N T R
R, 4 J6 K SORANE R, a8 Rae 7, 15
TR o

HARM LI, 85 G R R, W35
FIA—ABUA, 38 5 45 X A BUE, 575 78 218
I, fige 2 B) H A T 4 R BE RS L A R 11 JER S
LA KR 3, AP die 8 T 7E 32 4% b 194
DA /N 8 SR TR R 25 4 3 30 W A, DA B o8
HIDE PR B o
322 FR R TIN

AW IE B PEAEF S S EP 5 AR R EL, M
3 3 4 o) R ek R BT S SR N S S S

kRSP FE N T A R A 5] AT B I R
B Bk S G TR R, AT R 7E ABC-FS
BT S B ek B A 1 1 T R 0 R A

o 5T IR U R BROAR i  r A A, B IR AR A AR
WA TE 285 43 A1 AR o DA B v 37 o ok pR B s 28, i
B M AT IEICIRECH ¢, Bk BRSO T,
LI s 4 R g — 2 p it £, 7 B B B, MK
ER3 G 30 JE N, 30=T, M4 o=T/3, K34 &5 7 5
WA, ATAR

(-1

Zx(g - 1)
K b3 v B T 0l pR KT TR B AR Y WE S R A
Hh PR B ol ek B T RS L, AR TR 3 BT o
XF T ABC-FS 5k fift 5 8] v 004 R 1A 1Y
SN AN RS 2l 254K, T SRR B A K A
AR ) BE 22 12 52080, PR AR BRI 1, i RE PRIIE
T3 B9 4 JRy WA S 5 A kA A D3R R B

gauss(f)=exp




%6

DI, G5 BT 2RI SR RE LA B i AR SR S Tk

* 1577

AR R, B S R O 22, RER R SIS
JEH R HR IR R BE T, TEE L AR BN AT RS A 1 -

1.0 (—
N SRR RO B
sl N ARBESEHL AR R R A
\‘\ ‘x\
§ 0.6}
= 041
et
\‘ *\\
02} AN
0 10 20 50 40 50 60

SRR
B3 TR SR

Fig.3 Attenuation function comparison diagram

MR &1 3, oh it 2 R R AR AE T B A
et 30T L ok R KA SR 1 8 AT SO s D R /N TR A
TE U PRI, T AR AR S S R 30T R D R 0 D5
JEE WS v T 8 RO Rl e R, £ 1 A Y R B0 S D R
B T B R £
323 RRSHE AL

AT 58 ) veh 307 D R K0HE ABC-FS B30k o
EAEE 58 8 2K aX 2 DS EONFRSAE Ry 5l
A, B ER K step 5EANEF visual iY
R 5 Fe/ME L R 455 = i 5 080 6K 5
(gauss(t)), )iz F max pRET 5015 5 .

step = max {step,,, X guass(?), step,;,}

visual = max {visual,,,, X guass(?), visual;,}
AR S B /M BOE K, IF 4 S8
P ACHT I 2 58 R I R, W SR T AR s Y B
R, A AR T B SHUORT BE 5 R S R
EBE S/, I AL EAUS WA 5 A R
B, @it ZWEEIRIE, RAEBFKBEIHNLK
BRI B 1) d5 /MR B SE A WA (ELIY 2/5, 7]

133 2 NS HN AL, aniE 4 R
0.50 p——_

-~ Bl

045t —

0.40 \
£ o \
020} ~—
0.15}

0.10

0 5 10 15 20 25 30 35 40 45 50
Sk R
B4 SHFEREN

Fig. 4 Parameter attenuation variation diagram

1 4 7T LU, 2807 2R AT 2218 3
FEIE A 5 A A e, R B SR E 1Y A
AMETRZS R, A5G T
324 FHEMHEMERT

TEAR G R T HE L, SR AR 8
KEF, FACAA 22 J5 FOCHE T 58 5 >4 B i 45t
PEARUE B3/, SRR 0 R S0 BE
5 o HNARAE R A b — L AN IR A E
R, 2 300 b A R 3 e T i 20

TE ABC-FS By v, fiff =5 1] v i -0 2 Ji A
) S4TSR BAT BEALYE, A7 — W )R PR
PEs REAT AT LIRS B S04 2] A By s
&, A 715 8 R e s B AT A 0T DL 4R 3|
LT N B L, ABAT R 5 B — 5 H ABC-
FS B AATE Ja I SGH FE 18, B A A R BB et
A2 o

T &5 ABC-FS 532 32 AR A 7 i 2 1) v
)4 Jmy UL HE 1 LA RSRE EA D 5 WA A 23 ] v
1R # UL RE T, A B 5T £ 1 Bl AR PR A
A HE & o

FEATMEAT PR 1 e KA B2 1 0.9, e/ IME
W L 0.4, Il A Z TR A5 1 5 1 o ek ok 45, 15
BB 5T B2 89 sh A B E A

W = Wiy + (Wpnax = Wrin) X gauss(?)

PRPEAT PR R A R0 s O B Ak iy BB
i s s, B S ATLUE Y, B T R 8 pR A
BN, A B B s s e, o s
JE Bl B B R AR B s/

0.9

e e
9 %

PP K- (E
I

.

-
T
—
—

—y

e
W

o
~

é 1.0 1.5 2‘0 2.5 3‘0 3.5 4.0 4.5 50
ERISS AN/
5 HEHMUENERTFENR
Fig. 5 Dynamic inertia weight factor variation diagram
325 BERFHANABB AKX
Ji ABC-FS Hikh, FAARBIRE 3~ X0

X, —-X
#5757 M = X, +rand() X step X 2 !
! PG =X,

A X, HYELE, X, M HIRLE, rand() N
0~1 M BEALEL, step A T4 RN PR TE Al 23 (R ()
mARBhTK,

(=]




« 1578 O R

S S 5519 %

A b SR R Y B B 1 ALE R A
ABC-FS 53k, Bl 5305 5 QR BUR W K, 15
A R R BN A2 AR, A Y T 7 i 23 (8] 1Y
T —PEAR T, Sy FAEA AR B bRz
— DB

FERL AT, S TR Bk 2 )R FE
RE 7, kG S0 B A R PR AR A, ol T A8 R B
A B 5 FEROE AU R, S 1 s Ak
JRi R A RE T, bR S SIGE B L 1 /I
PAPEAE A5

B FRM R AKX

#8757 W = X, + wx rand() X step X

K o FBHEREER T
33 HEigHW
33.1 HEARA A
THERA i S EUR B UL L3R 2.
2 HEHERAHSE

Table 2 Calculate the parameters in the model

XZ_X|
1% =Xl

S iRes
2R a
H AR FR 2L H
FTHEAL 55 P Bk m
A1 R %L Ix)
FE55 W T34 iR 55 ﬂ
55 k)i (amo,) Aok
{517 98 (ban ) Dy
HIE M I (noi) Mo’
HEPK 2 (0] T4 2% (int,) fnen
L AR T (abi,,) Qyim
L% 45 1] FICPUYEIE (cpu,,) Coun
ey g ] FHNAF 3R (mem,, ) M
Lk KA (pow,) Pow

sl a O A DRE B TF G HL 2R (capl) Capl
MGG Ar SR S BRE IR A (cap2) ¢
g5 s i S FRE T G HL (cap3) Caps

LS5 ke R RET) (abi, ) e
hZMR% %] FHCPUBE R (cpu,) Coue

W2 55 4% 7T TN AF BT (mem, ) M
GRS 5 AR £ 1) 1% i i (spe, ) Spee
W55 s K 5T D% (pow,, ) Down
MRS IR RE I (abi,) e
=S5 5 A e s [ L HEE (spe,) Spec
ZIRS5 AR HHIE (pow,.) Dowe
AR5 IS R (data,, ) e

1R AR LR (datay,) Ao

332 %W SHEPAR IEAEA

AW G A E AU B S AT 55 A HE
YNGR S N TR T i o 0 =Kz | E= U
R, I EAL S HER BN &R S5 A, K2
BUEHL T 22 M EAE S E L 3k, XEWEIT
AR S5 B A 0y AR 2 A R, BT 55 1 2R
B0 S e 55 2 10 2k F2 BAT B AR R,

53 15 Bl iz 35 (fractal Brown motion, FBM ) &
— A 3 B 18] 1) AR RUPE A AESF R B AL R
FBM %1 J2& 68 45 1 3 X 45 b 55 3 A AR LR Y
28 L1 1 AR X 2% O AR, AR B FBM A M T,
VAT 55 338 1 25 R 55 1 5 B2 R M43 T2 A Bz
N O Gead AR R B T EAT 45 213k i 4 iR
%%%E/‘JHHLIE_'J I‘Eﬂ Iﬁ)?ﬁlj Xt:{Xl, Xy, 0, Xn}’ éjﬂﬁﬁ‘
S e A X, PR HEZE SO T 2 R a:

Xn
IR J T HE AR B 22 0 BT VR T O M A A RS
£ Hurst (18, SR TG 90 HAH R/S(H 22/ 05 26 ) XF
e 22 BEAT HOBT AR BE, 1 ST P W
Wi=(X,+ X+ +X)—jx,.,j=1,2,---,n
I 22 (R)
R = max(0,W,,W,,--- ,W,) —min(0, W, W,,--- ,|W,)
W W 22 5 5 25 1 7E SO B0 bl b, 6Fizh
LT HEWE, HARFRRAY Hurst 24,
i 15 2% i Vo5 B AR T AT 55 B iR 2 IRk 55
o F) IS B] 1] [ o 5710 AH B8t S7, HO IR AN FBM AR A
A P A E E (B) -
2amH* (1-H) 22”)22” (
o xI
(H—m)
g A 55 -1 i 55 3R
AR 2R R 0 2T LU 5 1R 0 5 IR 55 v Y
A HEA RS SE T«

E(B) =

+1
2-2H )

r_ E®)
u
333 =A% IE AL AEAE A
1 55 H 2 g 12 £ AR M 33E 47 3 B 1) B E Ty A
ﬁE;F%EM:
Ty = Aok
Qpim
En = cypi XaﬁimXamok
ARG e MG R AR NE G N E={E,,,
Eo,-+ Eo}, BA NGRS A AR A



%6

DI, G5 BT 2RI SR RE LA B i AR SR S Tk

* 1579 -

E,= {abie’cpue’mcmu spcc’powe}
R 15 2 i B A 5 G IR 55 i Z AV n S5 HE
B, JF HoAg 2Bk B% R ARV — B e & i
1 Shannon 23 3 i 31 4 IR 55 #i -5 7% gl B4 ) 1 4K
A% i 3y

p()W)ﬂ
Spee = Do X 10g (1 + )
pee an 2 N
12+ gy

155 k BRI G55 A e J, A7 M E IR 55 4%
I AR A B PR AT A5 0 SR B T BT, AR 57
Je T SEBIEAAT , HE 52 B [ Ay

datak + Amok + dalare

T, =
Spee Ayie Spee
R4 SCAR 2] FBM FH AH LI HE BARE 7Y (1% HE
BB ZE Ty, FTAS BT 55 &k BB R 55 4% e 1Y
SR SEE
Tep =T+ Tyo
1S AN G N 55 A5 AT R R REARE Exp M

_ datak 2 atare
EED - powm X + CapZ X abie X Aok + powm X

pee §, pee

AP RGETEZ D5, s
Iz 55 #5% B9 A R 53 T TR sy T 4 S 15 A
NGS5 s T A BT, B L R % R = Ik 55 A
1) 3 4> JE Pk

C = {ayics Spee> Powe}
1255 I E 2 O B R EE T N
Aot + M " %
Spec fe Spec
=HUL I BEFE A

_ datak 2
EED - powm X + Cap3 X abic X Aok + powm X
pec pec

334 B AR EE AR T
VAR TR R Y SN AE T, RSB RE B 43 R

M=ZND
Eall = Zn:E(l)

TER B Ze i AR BT T B TH IR 2k 5K S0
Ol TR AT 55 T B R A BERE, A BE
FEAE 5K SO SR W58 19 H Ar ek 80P 5 TG 2 A
TR R bR, BOT TR 55 S 3ECR Y H
PreR £ O:

TC=

atare

o 1 y - 1 T N
2 § X (T + Tep + Tanc)

1 _ Ea]]
=X 1
2 g X (Eam + Eqiep + Eanc)

IF] Pk 2% 1 N S2E F1BEAE P 7 10 A 3, o6 2 A
) B e A A8 B 5 3 — A B AR R B0, sl it Sk H
i KB Y S5 (B, 75 2] I 92 11 B8 B AT d5 /1N 1Y)
A B

AT 55 4 TR AE 2 S 150 48 7 b AT I 114 N 3B 11
FEH T F Egig 32718, 155 2 HBTE 0 2% I 55 2 A
A7 I A I SE FTREFE HH Ten M Eyuep 2718, 155 4
BBTE 25 IR 55 25 AT B A ) ZE R BEFE B T A E i
. KL ESEHEINEBR L 3 RoR HAEE, 5
U SE 0 BEFE AR L (8, 70—k, 75 3 HAr o
0. O BB I 2 e 3 b A I RE FE AL AT

/o

4 R %E

41 BIEEMEESLE

FEE ST H B A BT, P 7R ik A
s AT, A 04 FH E 28 15 £ AR Hb g 43
il L ELA PR 1Y DAG 55, 118 6 s .

LA

6 TENASRITE
Fig. 6 Computationally applied decomposition process

AR BT R, AS IS g e
B BN F] Cluster Trace 2038 22 3 BT % DAG 25
F4), 2 A 4 35 1 BT L 28w R R H G
LR EETT R (alibaba cluster trace program)©l, %§
PRI Sk TR KL 4000 G5 HLES 9477 4
e R 55 48 LA BGs 4741 45 75 8 d NI AT B,
i 5% TR BT H 2 | 4000 J7 A HHE A FEAE
PITEANE B, I LAR M — 4 55 — 52 51 J7 20 20 i 4t
Ab BRAE Y, Hrh LG T AR 7 B 3 Y DAG K
ghAb A B, AT DA A BRAE ML H i DR AT 43
Fr, SR A SCHY DAG 4514 .

AR 1) DAG 454 —3A 3 i, B TG
PENEN T EEIVNE-F TS IEE W
DAG Z5 A — A~ ol FH 7 i A 2o i A 19 158
ISE AN 07 5 o3 ik T AT RS P AT 55, AR
DAG Z5 #9713 2L 55 B4R FMT 51, 13 G 15 B FAF 5
BB IR AT 551 B
42 FEXWNEA

A 5 T 5, 7 Windows R 48 T X}
P& Y SR AT S 9 Ik, IR WY AR A RLE
TH LI 3,



1580 - O R

F19 8

®3 HEIERE

Table 3 Simulation experiment environment

> ﬁ ‘
RGA Ab B 2 AT RN EE
AT
Windows 10 ll(ﬂ;ﬁ?'l;nltf ;((i)) 160GB  1TB
g‘j_kmj orel 1/- @ :

2.50 GHz 2.50 GHz

17 FLSE 5 P A B AR C S 402 % Zhou 4517
M E, Wk 4.

R4 ZRSHLE
Table 4 Experimental parameter setting

2 ZHE
R sh A e £ KM 25
NGRS IR E 4
&8 98 b,/MHz 20
M T e AW 2x1073
HERGZ B TR, /W 2x10713
LT A RE H ay,/GHz 4
LU KT TP g/ W [0.1, 0.5]
TR % e, /uF 0.01
N2 M55t KRR a,/GHZ 50
hZMR%5 % vl FICPU%E e, /GHz [3.0, 30.0]
N2 5525 T FH N A58 IR m o, /MB [1, 40
NGRS 5 LB A (A i B s,/ (Mbit/s) — [1, 10]

GRS 5 BN P! W 4

= RS # KT BE ) ay,, /GHz 100
TGS A S LR AR B s ./ (Mbit/s)  [1, 10]
RS AR TR p o d W 10

1145 20353 Fm/ (bit/s) 60

HAE LR S H 0.75

T T % R 30

i 55 B/ (bit/s) 1000

J T B AE ABC-FS B3k (9 A itk o i 1 55
IR AL E R 5 6 T 5540 # 7 e
Bk s,

x5 ZBEXMRA
Table S Experimental control group

1 2 3 4 5 6

15538
55 2 54l 54 HE5EE N AES5Ed A i ABC-
TELA S IR E 4 I THERFRE TR FSHE
Bk Gt e el UE Rl 1535
ook s 3L i WPSRHEAT WRHAT D
S A i RS+

(s

43 LmEEESHERS T
7E BT B s 4 ik E B T 23 4> DAG B
50 NI EAL S, B 23 N FH P AN A s A8 1)
WG N . B Eh 25 MR &R, H
7 FIIAMSEE R T A, 18 1~25 DRk &1, H
A5 9~23 5 Ak 75 A MR H P AR .
0.08
0.07 +
0.06
5 0.05
iif, 0.04 |
= 0.03}
0.02 -
0.01

0 5 10 15 20 25
Lt

B7 ES59mHRREER

Fig. 7 Poisson probability of task distribution

T REAEL LS Y T R AT SR T A1 O
B 23 ASTHE N #2 BOAARBE R 2 R 15~23 %5
Lot b, B 15~17 5200354 % 4 IC 1t
B, 18 5 R B a4 Bl 2 MR, 19 5
120 5 28 S 15 4 4% 70 BE 3 TSR, 21~23
SRR AT IC 4 DR

TEFE T R BIBTTE R 22 YT A MR S5 0 A1 1Y
THRAE 55 or O 4 2R 00 | EAT 52 3 15 3, SE e 25 2R
HOFHIE
44 SWERSH

Azt B HAR R EE O 2Btk a5 8
Fis, BEA FE AR BE AR, O ([HZ & T,
RIA 3] e A -

1.0

4
0.8 \ \_
0.6}
o |l
0.4 \

0.2 ‘

0 10 20 30 40 50 60
EEY AT €
8 BHRIEYEMNEREWL
Fig. 8 Iterative changes in the value of the objective func-
tion

RRAE 5 YA [ AT AR R 20 A1 70 2 i 1 7 I
OrPCAT S5, AT 5 AT SR, ZORBOFIE . K
A H) ABC-FS LA B4 R 5 6 DA TR Y



%6 4]

D7, A BT 2R IR SR R AL T 1 i SR B 3R ST

* 1581 -

SZHG X B AT X L .

ABEFE N S B AR R R B 5 E 2 4 5 fig
FEIM fe /D O VAR5, FR IR 9 AR 10 AT, K
FE 2 Ui AR B N TG JE ARV B 0 BB AE A A
AN, AHR I SR K RAE i 4 i 55 #5110 5 R A
2 MR 55 g v B B A R A /N, HR AR AR A R AR
i N T A BRI 2 | R4 ABC-FS B3k H138
KR 22 BERTR B8 B U0 A0 3800 1R 480 1) ) A2 i g
FEAR A M, (A B B 2 R TR A R AR AL Bk
S5 R EAL

1400
1200
@ 1000
+=
5 800F
§ 600 -
1
=400+
200 [
0
SHE AEE AFE AT AT ABC-FS Zfflk
ESTiEE- UL JiE 1S mgE Sk IRAEGE
O e gnk Hk
9 EIEREFIERT LE
Fig. 9 Unload delay comparison
5 —
41
=
®
&= 3t
]
&
2t
o
E
1F

O 1 1
e AfE e AT

K DB =S MR R

W B SR Mk Wk

10 ENEREEFERTLL

Fig. 10 Comparison of discharge energy consumption

Y& 11 AL, AR B N T . N T
B HERT ABC-FS Bk DL R ZBHKIR A
B AL IR E 8 B bRk 5UE o it
Xt L, AT LIS Z AR &8 se b Bk B
bR PRECEE . & 12 w50, IRk AS T 5 il ik
ABC-FS 53k 19 H 0 2 45 J 501k i sioms ],
ABC-FS Bk 5 ZHHIAIR &8 se Rk ik s 17
ik 16 SR A AR B 0B 45 % L, nl B S 2 RERR
AR BRI AL L B AT I ) AR e, BB i i Sl

AT.  ABC-FS ZHik
Wik ORORE

B RLRARZS

O L 1 L
ATUHeRE AT #BF ABC-FS  ZHHAIRG
K2R Bk Wy PReSEE
E11 FAEE&EZX QL
Comparison of Q values of different algorithms
1.4

Fig. 11

1.2

FE BB T /s

ABC-FS LIRS
Hk Bhe Tk

B 12 e REEEITRER L
Fig. 12 Comparison of algorithm running time before and
after improvement

5 % FRiE

ABETERL A TN T AR L 5N Tk
MO, 4 —Fh 5T ABC-FS Bk M 3h i &
T A, 25 e s O eR R S R TR R
A PR AR P 1, A5 21— B 2 RERR & R BRI AL
Bk, IR RO TGS U SE 5 REFE AY H AR eR
B DiHAREW, A5k A sl
P, BEAE AT RS [ 1% 2R 4 6 BEAE AT 5 a8 2
BE o, ARRABEFEIH IS G N TR 5P 45
TR, W ZREAIR G B BRI it — 2P oot

S Z k-

[1] MACH P, BECVAR Z. Mobile edge computing: a
survey on architecture and computation offloading[J].
IEEE communications surveys & tutorials, 2017, 19(3):
1628-1656.

(2] FEgam, S, 2. W AR TR
ZER[I]. T2, 2023, 44(9): 25462555,
XUE Jiangiang, SHI Yanjun, LI Bo. A review of edge


https://doi.org/10.12382/bgxb.2022.1209

- 1582 - HO R & ¥ MW %19 %
computing technology for unmanned swarms[J]. Acta 794-799.
armamentarii, 2023, 44(9): 2546—2555. [12] LYU Xinchen, TIAN Hui, JIANG Li, et al. Selective off-

(3] akokih, g, W bv w28 AT H T loading in mobile edge computing for the green Internet
T R LRI AR SR, 2023, 17 (9): of Things[J]. IEEE network, 2018, 32(1): 54—60.
2030-2046. (13] PV I, s, vT8E, 4%, FTF U2 Stackelberg 17T
ZHANG Bingjie, YANG Yanhong, CAO Shaozhong. Re- B MEC 8307 1], B4, 2023, 34(9):
view of computing offloading schemes for multi-access 4275-4293.
edge computing[J]. Journal of frontiers of computer sci- SUN Weifeng , ZHANG Yuankui, JIAN He, et al. Com-
ence and technology, 2023, 17 (9): 2030—2046. putation offloading scheme based on two-layer stackel-

(4]  FLIW, 489 X, SR E R, T 2155 £ iRt by berg game for multi-access edge computing[J]. Journal of
NLATEAL S HZR ). THEALN FAWFSE, 2024, 41(4): software, 2023, 34(9): 4275-4293.

1164-1170. [14] gRAEMR, (T, Skath, 45, T RS Sl R I 2% 11
KONG Shan, CHAI Zhengyi, ZHENG Yugqi. Task off- RERO TR IR B[], 3244k, 2023, 34(2): 849-867.
load in edge computing based on evolutionary multi task ZHANG Xiangjun, WU Weiguo, ZHANG Chi, et al. En-
multi-objective optimization[J]. Application research of ergy-efficient computing oftloading algorithm for mobile
computers, 2024, 41(4): 1164—1170. edge computing network[J]. Journal of software, 2023,

[5] KARABOGA D. An idea based on honey bee swarm for 34(2): 849-867.
numerical optimization[R]. Technical report TR06, Erci- [15] JBHLDY, BRAGAK, 2ok, 55, ETIRE ML= T 2
yes University, 2005(TR06) . PG RAR S E R SRR TR, TR

(6] AW —Fop LR REOLIL I s — N AR5 E (D] lt, 2022, 45(4): 812-824.

BUIN: W24, 2003. KUANG Zhufang, CHEN Qinglin, LI Linfeng, et al.
LI Xiaolei. A new intellingent optimization Method-Arti- Multi-user edge computing task offloading scheduling
ficial fish school algorithm[D]. Hangzhou: Zhejiang Uni- and resource allocation based on deep reinforcement
versity, 2003. learning[J]. Chinese journal of computers, 2022, 45(4):

[7] EBERHART R, KENNEDY J. A new optimizer using 812—-824.
particle swarm theory[C]//MHS'95. Proceedings of the [16] KAR B, YAHYA W, LIN Y D, et al. A survey on off-
Sixth International Symposium on Micro Machine and loading in federated cloud-edge-fog systems with tradi-
Human Science. Nagoy: IEEE, 2002: 39—43. tional optimization and machine learning[EB/OL]. (2022—

[8] KENNEDY J, EBERHART R. Particle swarm optimiza- 02-22)[2022—-12—12]. http://arxiv.org/abs/2202.10628.
tion[C]//Proceedings of ICNN'95 - International Confer- [17] FENG Siling, CHEN Yinjie, ZHAI Qianhao, et al. Optim-
ence on Neural Networks. Perth: IEEE, 2002: 1942—1948. izing computation offloading strategy in mobile edge

(9] R, WA, SkER. B MBS T i [a] & 2 i A AT 55 computing based on swarm intelligence algorithms[J].
HEALRII]. TP 5 AR, 2023, 60(4): 735-749. EURASIP journal on advances in signal processing, 2021,
HAO Hao, YANG Shujie, ZHANG Wei. Time-continu- 2021(1): 36.
ous computing task offloading mechanism for computing (18] Fk3Ck:, AFpE. B gt B 3T = i b A 94T
and network convergence[J]. Journal of computer re- FHIEORME[I]. AV S KR, 2023, 60(2):
search and development, 2023, 60(4): 735-749. 371-385.

[10] ZEEIe, ATy, FOHesk, 55, B MLEIRET T 5T #dige ZHANG Wenzhu, YU Jinghua. Task offloading strategy
1) CAR AT 55 B AL BLRI[T]. THEHLEEE 5 Kk e, in mobile edge computing based on cloud-edge-end co-
2023, 60(4): 797-809. operation[J]. Journal of computer research and develop-
JIANG Yulong, DONG Fang, GUO Xiaolin, et al. Poten- ment, 2023, 60(2): 371-385.
tial game based workflow task offloading optimization [19] F=H FEHE:ZF. 3T DP-HAFS A T faftE k%)
mechanism in computing power network[J]. Journal of HGAT R E IR W], THEALN TSR, 2023, 40(4):
computer research and development, 2023, 60(4): 797—809. 1184-1188.

[11] ZHANG Y, ZHOU X, TENG Y, et al. Resource alloca- WANG Tinghui, CHEN Guifen. Mobile edge computing
tion for multi-user mobile edge computing system: ma- offloading strategy based on DP-HAFS algorithm[J]. Ap-
chine learning approaches[C]//Proceedings of the 2018 plication research of computers, 2023, 40(4): 1184—1188.
International Conference on Computational Science and [20] FL/NEE, SR M. LT SHEA TARA LI XYt i

Computational Intelligence. Las Vegas: IEEE, 2018:

SR AR ). 1 TRHE, 2024, 37(8): 26-33.


https://doi.org/10.12382/bgxb.2022.1209
https://doi.org/10.12382/bgxb.2022.1209
https://doi.org/10.7544/issn1000-1239.202221055
https://doi.org/10.7544/issn1000-1239.202221055
https://doi.org/10.7544/issn1000-1239.202221055
https://doi.org/10.7544/issn1000-1239.202221055
https://doi.org/10.7544/issn1000-1239.202330021
https://doi.org/10.7544/issn1000-1239.202330021
https://doi.org/10.7544/issn1000-1239.202330021
https://doi.org/10.1109/MNET.2018.1700101
https://doi.org/10.13328/j.cnki.jos.006642
https://doi.org/10.13328/j.cnki.jos.006642
https://doi.org/10.13328/j.cnki.jos.006642
https://doi.org/10.11897/SP.J.1016.2022.00812
https://doi.org/10.11897/SP.J.1016.2022.00812
https://doi.org/10.11897/SP.J.1016.2022.00812
http://arxiv.org/abs/2202.10628
https://doi.org/10.1186/s13634-021-00751-5
https://doi.org/10.7544/issn1000-1239.202110803
https://doi.org/10.7544/issn1000-1239.202110803
https://doi.org/10.7544/issn1000-1239.202110803
https://doi.org/10.7544/issn1000-1239.202110803

i

556

# TP, T 2R S

El

AE DL A6 305 0 SR 38k SR 7 v

* 1583

[21]

[22]

(23]

[24]

[25]

[26]

KONG Xiaoshuang, YUAN Jian. Blockchain mobile
edge computing offloading model based on bird swarm
artificial fish swarm algorithm[J]. Electronic science and
technology, 2024, 37(8): 26—33.

FE/NNIL, BT, SRESIR. BRERE SO 2R 2 R 2 ik
[1]. BRER B4R, 2023, 18(4): 662—675.

QI Xiaogang, SHAN Mingmei, ZHANG Haoran. Sum-
mary of software-defined networking fault diagnosis[J].
CAALI transactions on intelligent systems, 2023, 18(4):
662—-675.

S35, AT, M. SO N TR R A L St
BB A]. AL TR S, 2022, 58(7):
150—-161.

ZHANG Chengrui, KE Peng, YIN Mei. Improved artifi-
cial bee colony algorithm and its application in edge com-
puting offloading[J]. Computer engineering and applica-
tions, 2022, 58(7): 150-161.

IR, KNG, (T, 45, & TR BRI AL A LR ]
HAPL TSR, 2022, 58(7): 31-42.

AN Jiale, LIU Xiaonan, HE Ming, et al. Survey of
quantum swarm intelligence optimization algorithm[J].
Computer engineering and applications, 2022, 58(7):
31-42.

KR, WO, AERLAL. BTk N TR R L r L as
BRAR R[], 46 A, 2020, 27(7): 1157-1163.
ZHANG Yi, YANG Guanghui, HUA Yuanhong. Robot
path planning based on improved artificial fish swarm al-
gorithm[J]. Control engineering of China, 2020, 27(7):
1157-1163.

TS, XU A — PR Sh 2 A 3 BT A R
PSO BIL[7]. TR K, 2021, 38(4): 249-253,451.
WANG Shengliang, LIU Genyou. A nonlinear dynamic
adaptive inertial weight particle swarm optimization
[J]. Computer integrated manufacturing systems, 2021,
38(4): 249-253,451.

BIEE, WU, #71, 45 ﬁ?ﬁ*ﬁ“l‘]%mu;ﬂﬁ{ﬂll )i

35 7 A AL SRR I S [J/OL ). A5 24 1-13
[2023—07-05]. http://kns.cnki.net/kcms/detail/11.2102.
tn.20230625.1700.010.html.

WEI Debin, PAN Chengsheng, YANG Li, et al. Adapt-

ive random early detection algorithm based on self-simil-

[27]

(28]

[29]

ar network traffic prediction[J/OL]. Journal on Commu-
nications: 1-13[2023—-07-05]. http://kns.cnki.net/kcms/
detail/11.2102.tn.20230625.1700.010.html.

SEAE. SDN 42 il &% U8 S 3 B PEREL AL B iEF- 5 [ D]
PEra: AR, 2021

MI Na. Validation and verification platform of sdn con-
trollerplacement and incremental capacity optimlization
[D]. Jinan: Shandong University, 2021.

Alibaba Cluster Trace Program. Alibaba production
cluster data [EB/OL]. [2022—01—01]. https://github.com/
alibaba/clusterdata/tree/v2018.

ZHOU Ping, SHEN Ke, KUMAR N, et al. Communica-
tion-efficient offloading for mobile-edge computing in 5G
heterogeneous networks[J]. IEEE internet of things journ-
al, 2021, 8(13): 10237-10247.

fEEE I

RSB TH

L

2R (N /0 B IR S o Y
T AN NLEITH . E-mail:
2108110021005@stu.bucea.edu.cn,

A

R H, L, EEOSr
] R 2 TCL i KB AL

#, E-mail: tianle@bucea.edu.cn,

/\,

SR, bz, WA S, 2
BFFE 7 A A LA 2% 2T B AE PR B e
'33%:7% PREEE S ERTEAT

RN H AR R, RAEAARN
FAFERAIE AT H (2006 4F), H B
KT HON R (2015 4F ) S 5257
S HE T HARER (2019 ) 5B
B F SRR 2 (2020 4F ) LR HABAS FR4%

B % 4 1 (2002.2008 4F ) 45 HR A AR ¥ 1 0

(2018 4F)

EFF S5 3 A RERE S BT AT A S

RAFZFARIE I 290 A, FRCLH] AT FAERL 20 R, E-

mail: guomaozu@bucea.edu.cn,


https://doi.org/10.3778/j.issn.1002-8331.2109-0155
https://doi.org/10.3778/j.issn.1002-8331.2109-0155
https://doi.org/10.3778/j.issn.1002-8331.2109-0155
https://doi.org/10.3778/j.issn.1002-8331.2109-0155
https://doi.org/10.3778/j.issn.1002-8331.2110-0141
https://doi.org/10.3778/j.issn.1002-8331.2110-0141
https://doi.org/10.3969/j.issn.1006-9348.2021.04.050
https://doi.org/10.3969/j.issn.1006-9348.2021.04.050
http://kns.cnki.net/kcms/detail/11.2102.tn.20230625.1700.010.html
http://kns.cnki.net/kcms/detail/11.2102.tn.20230625.1700.010.html
http://kns.cnki.net/kcms/detail/11.2102.tn.20230625.1700.010.html
http://kns.cnki.net/kcms/detail/11.2102.tn.20230625.1700.010.html
https://github.com/alibaba/clusterdata/tree/v2018
https://github.com/alibaba/clusterdata/tree/v2018
https://doi.org/10.1109/JIOT.2020.3029166
https://doi.org/10.1109/JIOT.2020.3029166
https://doi.org/10.1109/JIOT.2020.3029166
mailto:2108110021005@stu.bucea.edu.cn
mailto:tianle@bucea.edu.cn
mailto:guomaozu@bucea.edu.cn

