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Abstract: To address the problems of load imbalance, task delay, and increased energy consumption
caused by limited device resources and complex task variations in mobile edge computing, a computing task
offloading approach with delay and energy constraints for edge—cloud collaboration is proposed, inspired by
the cooperative foraging search of sparrow populations. Firstly, adapting to mobile edge cloud

collaboration, designing the flyer improved producer update, sine—cosine perturbed follower update, and
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adaptively adjusted alerter update, a multi-strategy improved sparrow search algorithm (MSSA) is
proposed to optimize task offloading location. Then, considering the task maximum completion deadline
and delay relaxation variables, incorporating the timeout penalty energy consumption, a heuristic task
offloading with MSSA algorithm (HTMA) is proposed, which greedily compares the total task delay and
total task energy consumption of pre-offloading location sets under different delay constraints to further
optimize task offloading. Experimental results show that compared with similar algorithms, MSSA can
improve the optimization accuracy, convergence speed, and robustness of location search. Moreover,
HTMA adapts to network changes with better performance of average task completion delay, total task
energy consumption, and node load balancing degree.
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Fig.2 Producer’s task offloading location search
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3.1.3 I L VIR o U O R

WU S 22 /0 B WA AT 55 AR B
R TR RER . — ok, BEE RS,
AT LA B A B 1 Bk Y SR A A AL (HLR 23 1 AT 55 )
AL E B R A R s B AR
AT DL AT 55 1) 48007 A48 R I a]  (E 5 )
{155 H R AL AL 1 4 R 48 3R, 55 A0 53 3 Bkt R i A
Lo P, SR 3 ) 9 o 0 2 o SR g 2
PR TR B R (e PUE E R B AR
P T AR RSORI 7 3 2R 2 i 8 4 B 1 3 L 9
PUEH R pl, RN

phe = gl — DL — dpi) (16)
T T ,
r=(2———(—)y (17)
Tmax z“lTI?lX

Ybest T YVworst |
Vhbest + Vworst
B ARY7R NI & SR - N1 B A0S 1K S G
PR E 0 R A AR AT 55 ) 43098 R 4 IR
B2 WUER  RUEBUE A A B R B
18 F 0k FE A 3 RN T R, RSB
U9 AR Sk 10 2 50, 5 24 /AR R 9 3k A QRO
Ko I AGRKEE A8 7 5 IR Ze 1k oy 1 1 fir i
BHRBE LW D N E AR,
O [1, e ], 5 i 70 43007 A A9 B (P A 22 5
NEEELAHOG . FT LA L @ /0N, U908 25 0Kk
A4 B, B R SE B R T R L BE ST o
2, DR, W% 5 0N, il 44 5 (] b
RPN & 8

e N A o T A R R [ I i
AR AT 55 1) 307 B BT, ROR A

@ = exp| (18)

B LS N eT
Z5a T B Lo = Thest )5 V) = Vest

MU B B AT 55 N 2R A AR Y AT B AT 55
AL E WS By, > e, B H R L 2] H O T
(AR & A el L1 95 A s B < R
B c 1= A VA <o 1 A E ol B S A VA - )
V= Voes» W B ER B Y A B 25 5 S AR B 2 (R A B
PUAL o o 100 25 09 AT 55 0 4007 & BT A 1
SSA B (13) , 76 Of B 11 ) 28 17 5 48 1) 2 4
PE A SR B R S A U A R L, T Ak T
AT 55 H AL E R
3.1.4 MSSA & ki

2 WM U PR A 1 R B (MSSA) 255 /AT

PR e A5 R SR e | IE AR 5% R Bl B BE TR
SRS 1 1A T 9 o S BRI SR s A R A 9 R
S S LR .

Fk1 MSSA

A R RE R 0 () AT 55 B n (D), 3R RIEACE T
I s BT A T, I R TV B0, /N

LR C DA S

1. FIUR A AT: 55 0L E) 24 07

2. while t €1, do

3. fori=1to py

4. 32 I RAT H Bk R L AE TR R M, AR 4B 2

(14) H37 & A AT 55 4R AL 5

5. end for

6. fori=(py+1) ton(j)

7. 03 FOE 4 X 0 3 B OBE A SR R M, AR 4 U

(15) 53557 B B & 19 4T 55 10 28 7
8. end for
9. 1z M A A I R CE ST R g, AR 4R U
(16) 1 3 i 34 8 T 2 o,

10. for i=1 to pg,

11 AR C17) S 100 5 (0 A 55 1R 2

12. end for

13. end while

14. return fe A &5

55 120 MR AT 55 Bow o 1 R 4R 5, AR IR L &%
B BT 2 vh O Wl 5 18R A5 ) i 3 5, BE LB B
fEAT 55 EI AL & . 5 2~ 13 5 17 7, IREEAR
R ARRE B R (5 3~54) B E (5
6~8 4 ) W H (55 9~12 4 ) 3 25 Tl {1 4% 1 & 4E
AR A 55 S0 280 7 "5, o7 ¥ BT A8 [) I B 3 N A
K 7 AT L5 14 25 3R AT 55 (51 48 10 5 A 07
B . MSSAT LM E 228 O(MSSA )=
Oz X n(j)+n )X n(i))s 5 O(SSA) A,

Mo = > s T AR Y R 0o B o1 38 07
=1

R WUEF RN, TR R Rl
BRI, A7 TE o /DT o X 0 (SSA B 7,00
Uk AT RS ) . MSSA B3k iy i ] & 4%
FE/NT SSA.
3.2 EFMSSAHMBERNEZHEHE X

hy Y54 ) S RN REAE , E— 2D DR AGAT 55 14, %
JFEAT 55 d5c R 52 B B, 51 A IR S2E 74 5t A8 £ 11 1)
TR REFE , $2 t —Fh B T MSSA 5 & UAE 55 #
A (HTMA) o o 3% 3 f@lA B a) 1 RE #E 19
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(T % k)

% 55 %

I RE BRI ER, 0 O R 48 R B MISSA i
FULAE 55 E AL B 0 A b 0 A DME I %
WA B = oD UME AT AT 55, A 7 AR 55 42
7 A 25 BUAS BT 55 B ZE RN R AT 55 RERE B/ o
HTMA % [ ih et 500 o A U Pk 7R 45 i & i
B PASL AT AT 55 B RO, o = o B 2 )
WIS, i AT 55 BRI N5k 2 R o

2 HTMA

WA AT S LBGEEES, Z 0 c, FEHR M E
FEHG) T R IEAE 0, B E B o B T, B
KT B R e /N TV R S A o i £
JE-REAEAE S SE Ty

i AT S5 R AR 7

1. while t.€((t;,— &), t;) do

2. 3 F X (8), Bl AW IE - B8 #E JE T i Ef =

VT T , ‘
A B T A B A5 T REHE 1 ST 55 B

0, Ti<t,
FEE:= >, > (EI+E+E)
{sUchief{l. L}

3.Z(t,)= fitness(E?)/ [ MSSA 1

4. end while

5. AR E 2 (7) 15 [R] I SE 24 o) T 190 H) 48 7 A Z
M AT 55 I SEE T

6. AR 2 (8) 153 A [ I 4iE 24 o8 13 1H) 48 for & 4 Z
1 BT 55 REAE E°

min (0 T+ wgE®)

1.7 Z={Z2(t )=t — &), t)}

8. return 1 55 HIAR AL B AL Z

TE 3 %% %5 T HTMA 8k BE 473 84T 55
. H1IPETESRREBBIR ¢, 5] AW IE
Pt S i &, % JEORFIIS AE 2. € (1, — £), )R T
MIAE 55 T4 . 56 2~3 26 5 F MSSA H ik, LARl
R A 1) BEAE (19 S AT 55 RE AR E¢ Ry 3 N PRI AR,
15 B 4E 7, 29 )T MO S5 W B & Z (). Y
T0 > 1 B AR ESIREREE, = y (T — 1)
y M IE-REAE IR 1 5 4015 IR [ B 4E 24
WTRBHE BN EEL Z={Z(t )=, — &), 1) }o
55520 5 6 AR =X (7) R (8) 43 il 45 il i) 2%
B ZH) EAT S B EE TR BT S RERE E . 5
7H R (9) O K L ik Z-scores [H— 4L Al
YA WA Y T B B Z 0 T fn E° 45 3 i
155 WA B4 7, 45 8 53R [T 45 M 48 17 B 4
Z, HTMA 530 i 1] 52 2% By O(HTMA )=
O (& Xty X n(j)+ no )X n(i))s

4 fiE I

B 8l il = P 11 5 52 56 R FH Matlab 344 0
B RAGHE N — & 4X3.5 GHz CPU . 64 GB
RAM .3X2 TB SATA ) x64 TAEV . 7E{f H 3K
BB E o ot B i gk & A sh P Rt
SRR AR S ORI 45 AR b Bh A AR S
[FIAE 55 8 Gh S B S8, F B S BUEAE
Rl an e 1 fr R .

®1 THRAESH

Table 1 Parameters of experimental environment

24 L2 EVE
1255 B = kB [600,1000]
55 cycleskbit ™" [20,100]
AT 55 B K 5t UM R ms 50
Pt RS A [2,5]
NG A IR TC L A 56 Mbit/s 100
i 4 25 R 8.27%~1.57"
It 75 Ty A [1,2]X10°°
RIE L& BTN GHz 2x[2,4]
GV R A LB T TE Mbit/s 1000
G A WA AL T R w [1,3]
NGB FATSPATIRRE WeHz’ [1.2,1.5]x10 *
AR SS AT IR A [2.1,2.5]X10 ®

4.1 ZRBBHRELREEEESW

J T FF A 4> Bt MSSA B B R fE L i
SSAM™ RWSSA™ (R FH B HLAT A 5 W&t 2 5 1t
JBR 42 48 R A B A — Fb ik SSA B ) L AWP-
SO R H A8 NN AL ) — F e ik 1 B O A
PO HFIERIRIAT IR, AFE LM S HEE
MR 2R .

TE S0 B B I G s Bn () 2 5,4 55 4K
n ()R 100, Ak H A5 R BAT 55 REFE L BIVE N B oA
Bk 2 (8) 459 2 B8k 1 35 I B A8 b il 6, an 1
4 FT R o 4R B I 3 N R (I s AR 00 e A
AN )RR BE 3 Ul o 25 G 4 B SO0 RE FE RIS SR
MSSA PEREfe 4. MK ARE 10 FF i , MSSA 1Y 3&
N7 A B S ARG H Al R i 3k AR 0 % 4B

x2 HESHIEE

Table 2 Setting of algorithm parameters

MSSA =20, 7,,=0.8, x> =30, x™"=3, n(j)=100
SSA 1a=20, 7,,=0.8, 1, =20, n(j;)=100
RWSSA =20, 7,,=0.8, #.,=20, n(j)=100

AWPSO  C,=1.5, C,=1.5, W=0.8, n(j)=100
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TEEME e A B & Jm e/ ME L O 314. 38, 3F H
Ak Wi SO B B, AE (180, 190 ] 3%k 48 IX. ] iz 8K .
RWSSA B3 A9 3& 1 B2 H Ik 2, 4 395,12, 78
(230,240 ]2 AR X A8 . SSA B 1 35 1 &
i K, M 423,91, 76420, 430 3% AR X ] e 81, Yt
SRH R A X B 18 . AWPSO HUS A 35 17 B 1 4 3
443. 78, FOUHGT BE AR H 22, 7E[ 220, 230 AL IX
Vi) YA 84

2 18 28 AR Ak itE— 2B 43 A SR 0 S O0RG B R
WS . 5 BOR T AT 55 N B A il
N7 BEAA o A T3 L BN (fF: 55 % <<30) 4 Fh 5
P 0K AR 2, A A B 0 3 VL A 25 R
Ko Bl AT 55 BN, MSSA BUS fe 0t 18 10 B {5
AH L At B 0k p A b ok, 7 T [13. 99, 314. 38]
D[R], H 00K B i o SRR B L O RWS-
SA .SSA 1 AWPSO 5.3k , B AT Y & P 38 v FE A
fi T [14.00, 395.12] [14.00, 423.91] [13.99,

433. 78 ] [X [d]
575
550
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b
{450
o

400
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300 F i , , , X
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b pv il
B4 HiEMHEEE(n(i)=100, n(s)=5)
Fig.4 Performance of algorithms (n(i)=100, n(s)=5)
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Fig. 5 Fitness value of algorithm for different tasks
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B, 4 Bk I SIORAS & B e P IS N T R Y
W ARECHE N, E AT IS 5 P68 N (1 25 (B 1 R
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Bf A AN B I Sk g . RWSSA £ T[31,397]
DX [H], B Ry 235, W S4GH B A T SSA . SSA i F
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Fig. 6 Convergence of algorithm for different tasks
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AT 55 7 B4 f SiE AT 55 AR FE 15 i T 2 4
FEIFAE HTMA S ERE . O 1 i) 28 A G
TE 52 55 vh 4 55 25 8 AT 55 B SE R AT 55 AR RE AL
B, WE wr=we=0.5. JF HARME S50 50 o6 i
FE AN 5ib AR B £V E N 20, 4 I AE -REAR ARSI Y T
BCE N 2 X 10°, BE P A AL I SE - REFE AR T, LA Fl
I AT BE AR 10 ST 55 BEAE 0 H BR AR B [ i
TE 2T R T B AR U AT: 55 I AE R RE AR
UEZE R N A

N T B UE HTMA 535 A vk R HTLLT 2
RSN LS o S B0 (O 125 ) 446 28 ok itk
AR RE L R B9 n & sURE 42 M AT 55 1 305 1
T G AT 55 HI O 1%

(1) THRA (Tterative heuristic MEC resource
allocation algorithm) , ¥ BE DL B4 53 & 2054 2%
BE TR G R 2k L R R A R B R T, ) 2

1 1 J
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HRKFEFFH(OI FR)

% 55 %

1155 Bl 2 5 = b AT

(2) TP (Task offloading with PSO algo-
rithm) , A PEREIE B 19 5 & X5 %, 2 T shrinkage
7 Bk PSO Bk, 25 4 I JE 9 ORI R ST
RACAE 55 330 Gl = oD BAT

(3) TS (Task offloading with SSA algo-
rithm) , A HEREIL B 10 )3 & 5%, 5 HTMA &
AL, A A T4 20 3 T SSA R R
[Fi] B iE 24 BT ) o) A0 A

(4) TR (Task offloading with random algo-
rithm ) , 2y 28 MAT: 55 ) 3000 | 0 G 48 AT 55 Bl
HILIHD 28 3 A b 20 2 B 4 HA D ik & el = ol
PMERAT

(5) TC (Task offloading with cloud algo-
rithm) , 4% GeAT: 55 W 405 v | 30 % e 4 12 WUATE 55
Ha B H = ot
4.2.1 AL Pt

T %5 SF- #J B} 4E (Average task completion de-
lay, ATCD) Ry B AE: 55 i 2E 5 S 4F 55 500y e fE .
ATCD fH/N, BEWIAE 55 D\ 3 3R 2 A7 58 B i
S-S ] g, P R 5% o 4

K7 WoR T A FAE 55 F 505 AR 55 °F 3 )
IE . N ATCD B {E A AL PR, HTMA >
[HRA>TS>TP>TR>TC., Hi&nH k&,
TCRAE 55 B H B = ol AT A% i I 48 K, 4 55
g, HATCD & &, 7 169. 00, 69. 82 ] ms
DX IH] o TR Rl AL EEAT 55 330 2 50 = oo 3T,
BeA Ak 2, J ATCD %, 7E[ 30. 40,59. 15]
ms X[H] . TP ATS 23 50 4 F Bk PSO Al SSA 5

75
70 J;_—A—A—A—qﬁ—A—A—A-—A—ﬂ

ATCD/ms

—0O—HTMA —0— TS
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Fig.7 ATCD for different tasks (n(s)=5)

BARAAE S5 E 2, BT ATCD A BT, 43 51 4
[20.85, 52.21] ms #1[20.85, 53.92] ms X [&] .
IHRA 4G B MEC % 8 43 Bl A A0 AT 55 S 48, 1
Bk I RE A 4R T, ATCD 78 [ 20. 48, 50. 76
ms X [#] . HTMA #ill A # B 45 31 68 #€ , & T MS-
SA PEALAS ] B ZE 24 5T (1) T ) 2 47 1 4, 42 )R
PEAE B, O ATCD R T H A 9%, R [20. 71,
48.19 Ims, H Ffi 3 1 55 38 o, ATCD A1 Fe HoAlh
B KBE%., HTMA B ATCD {E M 1 TS,
TP.TC., TR, IHRA 5 ¥ F ¥ & & 5 51 B %
46.59% .20.05% .7.55% .6.07% 4. 64 %

TEAT 55 BN MG LT, el 738 30 2 18 4 Bk —
VI B AT 55 S 3 i AE B 8 T, B TC
Ab  HA L 0 ATCD Fifi i1 2% 1% 45 508 nni A A
] A% B 0 /N o TCORFAT 55 148 2 = o AT, 3
ATCD A 23 K 31 % 3 £ B2 i A W i A8 4k, 7
TFHME 72. 66 ms BT . TROEHAT 55 BEHLEI 48 2 14
G H = O BAT A S BT SR R A
AT 55 S 2y I 28 g 7, He ATCD #4{H 34 %) 60. 18 ms.,
TP A TS 43 518 2l i PSO F1 SSA B3 f kAT
55 H AR A SR AR AR 55 OF Y Rt Ak,
ATCD ¥J{8 4354 52. 66.50. 87 ms. THRA X T
Ja % 20 IR 4 Bl AL AR AT 55 S 4807 L SO0 BE 0 A
Fe TP A TS A 42 FF, He ATCD #1484 50. 25 ms.
HTMA % T MSSA il A8 i 75 31 58 #E L A A 7]
i 3E 249 o0 AT 45 AR A B, 4 R T RE S, H
ATCD {8 A% T H fth 5535 , y 48. 56 ms, # b
TC.TR.TP.TS.IHRA 5 5 ¥ 34 & & 43 51 B A%

33.17%.19.32% .7.80% .4.55% .3.37%
75

70

ATCD/ms

- —0— HTMA —O0— TS
——TP ——TC
40 F —— HRA —O—TR

HEREE
E8 AEMBLKIEETESFHME(n(i)=100)
Fig. 8 ATCD for different edge devices (r(i)=100)
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4.2.2 EAL55HE

AT 55 BE#E (Total task energy consumption,
TTEC) A5 W A AL 5% = ALy Re#E . TTEC
{E/IN U] R G AR R A R T IR B il 55 42 41t
[ERLUE

B9 R T AR5 T 5305 1 ST 55 REFE L 6
FEVE I TTEC B & 1T 55 80 i 2 PR K
fie TTEC $H{H A 0 B, TC I K, H o 5l
TR.TP.TS.IHRA #H % , HTMA /. TCHAT
55 BB B 2 o B T AT AT 55 0 4% S R AT RE
FE i, H TTEC i & , 76 [20. 60, 612. 331J X i .
TR ¥ AT 55 Bl AL 30 28, %A R 10 AT 55 80 3k, 3L
TTEC % & , 7 [15.70,470.46]J X [a] , TP,
TS 43 51 K FH ek 2k PSO Fit SSA B2 1t Ak AT 55 )
#,EN18 TTEC M I TR M TC A Frigi >, 43 5
fE[12.11,299.06]J F[12.11, 285.02] 7 X [ii]
IHRA % F i & 5 58 U5 43 B 6 Ak AT 55 B0 40, 3L
TTEC #1% , 7 [12.11,274.871J X [i] . HTMA
FEF MSSA Bt o 38 22, 2 B 4 A8 FE 75 511 4R
b AF 55 B0 48, 76 AT 55 B >50 m L #B B, O
TTEC i 7-[12.11,262.01]1J X [d] , #H & TC.
TR.TS. TP, IHRA 5 % F ¥ & & 5 51 B K
61.54% .48.51% .13.05%.9.03% .5.06% ,

TEAT 55 BN MG LT, Bl 738 3 4 15 4 Bk —
VAR SR Y ST 55 BB AR, Q18] 10 i o 5 PFEAR
ATCD &L, R TC A, HAh 3575 19 TTEC Bifi il 2
WG INA AR AR EEREAR . TCRAER 5 H 3 =

B9 AEEZTLEFZER(n(s)=5)
Fig.9 TTEC for different tasks (n(s)=5)

B 10 AREB%EETBESERE(n(i)=100)
Fig. 10 TTEC for different edge devices (n(i)=100)
ol FEAT 55 B0 2 i, TTEC A 23 %2 3130 %
WAL B{EAE 452, 35 TRfHiL . TR FEHLE
AT 55 B ih G 25 5 holy |, B A i 20 A5 B0
Jn, s B M, L TTEC A7 FR AR, 3 1ME N
389.20 J, TP F1 TS 43 %l % H ek i PSO 1 SSA
LA AT 55 H1 A7 bl A 1 2% 1% A E0 N Be
MK TTEC, #7054 300. 45 TH1289. 40 T,
THRA 25 5 18 & 8 804 M R0 A8 A AT 55 30 2807
B BB AL TTEC, {8 M 278. 38 . HTMA
WU A B R R 3 SRR Y 1 £
R, R U R USRS A TTEC &A%, 1
{64 268.46 J, 4tk TC . TR, TP, TS . IHRA &%
S B AR 43 i A 40.65% .31.02% . 10.65% .

7.24% .3.56% .
4.2.3 1 RSB A B

5 5 B 2% 3 15 BE (Node load balance degree,
NLBD) 2 #% i1 % B #5 19 799 s 7 4808 bm o 25,
wH¢:

1 n(s) _
= L.—LY 20
¢ /m)z( ) (20)

s=1

L=(>Lx)/f. (21)

L o B I R RIS b
PATAE S T R SRR W Lk
U S INE SR IS & SR % i B o]
G v w S HGB AT, A B T A ST 55 I HE A
155 REAE
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M T TCHRAT 55 IR 8 = b AT, 2o &
WA RUAEOR N O, 78 2 50 v 222 2% [ A 5
FVE M S MR . B 11 s B AT S5
B, A G A T RS N, 45 53 ) NLBD
WA A ) B 3G K. LA A BT AN TR AR 55 R
NLBD ¥J{f , TR K, ik 73 5] TP . TS .IHRA
Bk JHTMA /. TRBENLE AT 55 2 1 % 8§
T R 22 K, HENLBD i K, 7E
[0.2255,0.469 8] X[ ., TP.TS 43l R FH el ik
PSO 1 SSA B LML AAT 55 H 42, AT 45 /N5 w11 28
F2E, BEALNLBD, 230 31#£[0. 211 9,0. 283 2]
[0.210 8,0.279 6] X [a] . ITHRA 3 T J§ & =X
MEC %t I8 43 Be 0 A AT: 55 15 48, B AR A5 67 2 48 22
{8, AT 98/ NLBD, i 7 [0. 210 2,0. 235 7] X
B . HTMA B k454 0 i -fEFEAE T, 3L T MS-
SAPLAGATE 55 S B A7 B, 5 a5 67 30 3 A X 3 A, B
7% 1 NLBD & /Iy, i F[0.193 1,0. 230 2] X [i]
A TROTP. TS THRA 8k, SF ¥y 8k 4 51 %
fi£ 36.54% .15.20% .14.15% .9.01% .

TEAE S5 B AE DL T, o728 3 2% 15 4% Btk
— IR B T S AR A B L Rl 12 R,
B & i 2 B A RO, L B8R TR B
NLBD A A [ g B2 FEAR . Horb, TR # NLBD M
0.550 5k 0.307 2, (0% A AL AF 55 o 48,
NLBD {8 f & , 355 0. 433 4. Hifth 4 F 8 1 %F
1 55 1) 8 AN [R) 2 2 AR Ak S5 A5 67 280ME X -
NLBD ¥ {E k. TP M 0.297 9FEALE] 0. 220 1,
BIME M 0.2655; TS M 0. 297 SFEALE] 0. 218 2,3
{85 0.262 7;THRA M 0. 296 2K 5] 0. 215 3,3y
{84 0.2655;HTMA M 0.272 1 %A 5] 0. 200 8,

05
£ HTvMA
04r  EE TS )
L_]rp -
Z4 TR
o 2 I mrA
m
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A ’
02 (T o
ol AT I
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Fig. 11 NLBD for different tasks (n(s)=5)

% 55 %
0.6
H _ HTMA TS
05 - . TP /] TR
I HRA

0.4 )
a H
Q03[ g _
Z | A #

02 Hil

0.1 Hi

0.0 =

8 9 10

BEREH
E12 AEBEZEETHRABHEE (n(i)=100)
Fig. 12 NLBD for different edge devices (n(i)=100)
{8 K 0. 235 6, H NLBD 3 {if 5 {6, M1 1L TR,
TP TS THRA 53 ¥ 1 5 1A 53 3] B A1 44. 8504
11.07%.10.12% 4. 73%
4.3 EHFHHBXSHTIL

4.3.1 WEE-REFEIRTIE Ty

v BE W 8 52 ) 4 55 060 25 1 B S R REAE . AN TR
y {8 F HTMA B 1 5 AT 5 B 4E (Total task
completion delay, TTCD)fl B 4% 55 #E#E (TTEC)
ME 13(a) iR . 78y i 1~1 000 Hf, TTCD 4 %
11 415.86 ~ 7 383 ms, i TTEC & 206.59 ~
224.03 Jo LWy D /N EsF, 0 AN ] B 422 24 o AT
55 1) A 5T AR AR IS SRR AT 55 ) A Y e AR 7R 5
XTAT: 55 11 452 ) /s B B9 TTCD i K, TTEC
T/ o TE y 88K 5X 10°F, 2 TTCD P& 3 4
930. 19 ms, M EEA40% LI F ,HRE TTECH
FRsm, ok 262.17 J. Ui PHBE G y 36K, BANUT 55
I S (%) BB B 75 511 X0 AT 55 1H) 48052 1 1 K, R A AU AR
TTCD, 1 TTEC 28X BN, 7Ry 22X 10°
iF S  TTCD e/, M 4 819. 32 ms. 24 y 4k&:
B IRF 10X 10°/mE, TTCD R i A7 Fr 34 i, 4 5
398.04 ms. WA 13(b) iz, Y y 76 A FLIX 1] 5X
10° ~ 10X 10° &} , B 4% ) TTEC 7E 241.52 ~
262.15 JYE ¥ N 250. 17 J, A3 ) TTCD 7E
4 819.32~5398. 04 ms L , ¥ N 5 166. 43 ms.
4.3.2 B HE 2 5 S AL i AR

B 90E 28 B 7 55 4T 55 e AR AEE ¢, T SEE A2 b AR
HEEA G, R W AR RERE Y BE . AT £
T Y BT 55 B AE R ST S REAE AN R 14 TR o 2K
50 ms, &0 40, B .35, BRIV A SE A 57 1 {5 3 K



% 5 HaiE AR WAR T R ARk AL L R 09 B A XAE S B &

- 1661 -

13000 - 500
12000
10000 400
g =
8 8000 300 8
=
= =
[
6000 o
4000
1 1 1 1 1 1 1 1 1 1 100
SELS \8 S \& S @Q \6\
?
(a) ZHX A 10%, 10"
7000 o~
—o— TTEC
6500 |- ——TTCD I
C/C\ O/ 0.3 260
6000 s VAW
£ ° 240 o,
g )
£ 5500} Z
= 5500 e a ) 1,0 E
PN o V\V/ N\V/ .
5000¢7 V\ ~od,
7 3 200
4500 1 1 L 1 1 1 1 1 1 180
1 2 3 4 5 6 7 8 9
7/10°
(b) ZALX FIH[5%10°, 10x10°]
E13 FEyHEAESHERBMESER
(n(i)=100, n(s)=5)
Fig. 13 TTCD and TTEC for different
v (n(i)=100, n(s)=5)
10000 ~ 700
9000% < 600
! ——TTCD
8OOO<X P
g QQQQ 4 400
R A ©00,, -
[L[:) A O°°°‘XJ 7'vv'"300 é
0,
sea0 vv\vv\v NV S P i
A oo
(o)
SO0 VR ot e % 5 100

t:/ms
T 1, H 5 4 55 e 0 22 4F 55
(n(i)=100, n(s)=5)
Fig. 14 TTCD and TTEC for different ¢,
(n(i)=100, n(s)=5)

if, TTCD Ml TTEC b Z AR 25 fk . Hrp,
TTCD 7 2. €[ 10, 30 ms 0} & 2 BEAK , 7 .=
30 ms I 75 2 42 Jay A fIRAEL, O 4 819. 32 ms, 7E £, €
(31,50 ] ms B, S ifii A Jir $2 i , 35 /i %1 6 616. 37

E 14

ms, TTEC S & AR L, A 624.90 J(2,=
10 ms) W /N F 73. 36 T(2,=49 ms) , F W 42 7} 7
80.18 J(£,=50 ms) . eIl &I , 1 B 4E 29 5 1, fs
INEF, B A A 5 MR /DN 45 2 R TTCD At TTEC
M o 18 B B 4E 24 B st /)N | 28 e A 5 D AR 0 AT 55
i 4 22 H0 K T I A F2 5 B AR L AT 55 1Y i I A ) g
FEIE K AT 55 HBRM AL PEREA = .

R SEE A st A8 & T E B B AR R BRI
Xt T SE) 48 AT: 55 4 RS R 3 0k A SIO B AT R . —
FBER U, & A, 0 AT 45 4 i A K, A R
T RIE AR B AR 23 B0 B3 3k 1 e ]
R ISR B . B 15 R TR €T 4R
A BT 55 50 BUAE IR AT 55 BEFE MY B R G i 55 g
FEo 24 & /NI, T 24T 55 B LA/ 3 AT
55 A ARALT B B R R GRS AR o B £
B YK T TRUE AT 55 B 1 FUBE AT 55 I 2R AR Ak
M RE B S 4R T, AR Y L R Gt IR 55 RE RE B =2 U
Ao M ER T 15 8F, BRI A Z5 4 TTCD Ml

TTEC W B RGN 5 e FE R AIK .
3400

3200

BRGRERERE

[N
x©
(=3
(=}

2600

0 5 10 15 20 25 30
4
E15 AR{MERGERSZEEFR (n(i)=100, n(s)=5)
Fig. 15 Overall system service efficiency for different

£ (n(i)=100, n(s)=5)
4.3.3  SE S5 REFE AU R BOR R AT 55 B SE AL R
i 2 (9) 1 C 2y o] 1, ST 55 I 4 A 2R
B owr FMUEAT 5 BEFEAE R 0o A wr T we=1,
7 o B K we N B 16 F R A F w (TR
A ) T AT 55 I SE FLEAT 5 e RE AR L Fa 3
TEAT 5 %00 %} 50,60 .70.80,90 . 100 fy %
B, @ O T HE i E] 0.9, W& 16 (a) fiT 7,
HTMA B85 TTCD 43l A 4 609. 43.5 482. 65 .
5610.89.5 640.61.5 787.07 .5 884.98 ms, &
ik Ay 2 427.97 .3 384.22.3 456.67.3 616.79.3



- 1662 - THXEFF

(T % k)

% 55 %

(b) B RERE
E16 AE o, BESHERNSESER
(n(i)=100, n(s)=5)
Fig.16 TTCD and TTEC for different w,
(n(i)=100, n(s)=5)

896.07.4170. 05 ms, ULHIBEE w ASWiHG 0, 1F
55 VAR AL 5 PEAT 55 B S Y Ll TR R, (RS Y
TTCD {H &4 5 B s A2 4k o [ Al LAE 3], 4n
K 16 (b) ff 7~ , HTMA U5 /9 TTEC 4 5 M
58.29.37.04,37.28,48.55.81.79,112.98 T, i#
I %) 297.63, 303. 07, 320. 89, 394.39, 437. 82,
480.29 Jo VEHIAE w AN W3 i R0, @ /S W87 98
D AT 55 HI R AT 55 BEFE (1 L E R W 2D
A5 B i TTEC (S 52 38 34 2 Ak .

5 4EIRE

Shy i AR 2% 0 R SR B Ak R R Y 5
R 55, AR SCHE M 7 R AR 55 4 4G e R 2%, R el gk
TR B B0 Pt Ak st SE 0 6 6 20 SR A 8 3hi = By
YRS EIEk . B 58, 5 JBAT 45 B S R REFE , A S
il = PMETHE . R B S 2 UMEITT R
MR RRAE R T AT E SR R B
AT 55 S 4007 B TR Tl L AR S KR B+
IR0 B 280 B 1) T % 5% B0 8 1k - el gk BR B 2 9 4T
55 VAR A TR 38 Al A O A A R S A
A 2 P T A B8 3 I R T 5 O el T
AR S5 H A B R LR A IR THE S A
JRE R B R B . B 5, 45 A R i AT T BEFE AN
AN [R] B 4E iy i A5 e, 3 T 0 R 8 9 R B R AR
BTN () 5 E 249 BT ) 27 AR L TR0 LA
Y748 WA 11 R AT 55 15 B R RAT: 55 REFE L 0 — 2R
AT 55 S B Jl a5 B g R 1A SCRE A
k. MSSA B kM L SSA  RWSSA . AWPSO
X B AR T A e 00 SO0 R RIAS B 4 A Sk
M, Bk &M . HTMA SR AE A [F T
% Mh %P4 T, HHATCD . TTEC .NLBD ¥ 1
FTR.TC.TS.TP . IHRA 3% 5 ff & i AT 55 H) 2%
BV BB R IRAT 55 I 4 A BEFE , Y9 0 S ik A%
g5, TR G RERMLY  B
2 iE— 2 e B AT 55 E 0T ik IR ko ik
B 7 3 B T 3 -3 - DM TR BT AT 55 3
k.

SE Wk

[1] Kim T, Sathyanarayana S D, Chen S Q, et al. Mo-
DEMS: optimizing edge computing migrations for
user mobility[J] IEEE Journal on Selected Areas in
Communications, 2023, 41(3):675-689.

[2] skiRpbk, BER, FRE, & . Bahgit it

H R IT BT R LRI E AL, 2021, 44(12):
2408-2432.
Zhang Yi-lin, Liang Yu-zhu, Yin Mu-jun, et al.
Survey on the methods of computation offloading in
mobile edge computing[J]. Chinese Journal of Com-
puters, 2021,44(12):2408-2432.

[3] o, FREZ, Bk . 2T H A CH M 2
4k QoS = BRI 7 ¥k [J]. AR 24, 2019, 40(6):
102-115.

Su Ming-feng, Wang Guo—jun, Li Ren—fa. Multidi-



K5

*

5

R}

Ak A m AR T R e g AL 2 R 0 B B XAE S Bk

1663

(4]

(6]

(7]

[8]

(9]

(10]

[11]

[12]

[13]

mensional QoS cloud computing resource scheduling
method based on stakeholder perspective[J]. Journal
on Communications, 2019, 40(6): 102-115.

Wang S G, Guo Y, Zhang N, et al. Delay-aware mi-
croservice coordination in mobile edge computing: a
reinforcement learning approach[J]. IEEE Transac-
tions on Mobile Computing, 2021, 20(3): 939-951.
Laskaridis S, Venieris S I, Almeida M,
SPINN: synergistic progressive inference of neural
networks over device and cloud[C]// The 26th ACM/
IEEE International Conference on Mobile Computing
and Networking, New York, USA, 2020: 1-15.
XU, B, ML, S B a gt Rrh IR IR
() Ef AT A 55 ) R W [T, #F 2440, 2020, 31(6):
1889-1908.

Liu Wei, Huang Yu-cheng, Du Wei, et al. Resource—

et al.

constrained serial task offload strategy in mobile edge

computing[J]. Journal of Software, 2020, 31(6):
1889-1908.
Wang T, LuY C, Wang J H, et al. EIHDP: edge—

intelligent hierarchical dynamic pricing based on
cloud-edge—-client collaboration for iot systems[J].
IEEE Transactions on Computers, 2021, 70(8):
1285-1298.

Zhao J H, Li Q P, Gong Y, et al. Computation
offloading and resource allocation for cloud assisted
mobile edge computing in vehicular networks[J].
IEEE Transactions on Vehicular Technology, 2019,
68(8): 7944-7956.

Gupta S, Chakareski J. Lifetime maximization in mo-
bile edge computing networks[J]. IEEE Transactions
on Vehicular Technology, 2020, 69(3): 3310-3321.
Jin P P, Fei X C, Zhang Q X, et al. Latency-aware
VNF chain deployment with efficient resource reuse
at network edge[C]//The 39th IEEE Conference on
Computer Communications, USA,
2020: 267-276.

Zou J F, Hao T B, Yu C, et al. A3C-DO: a re-

New Jersey,

gional resource scheduling framework based on deep
reinforcement learning in edge scenario[J]. IEEE
Transactions on Computers, 2021, 70(2): 228-239.
Ning Z 1., Dong P R, Kong X J, etal. A cooperative
partial computation offloading scheme for mobile edge
computing enabled internet of things[J]. TEEE Inter-
net of Things Journal, 2019, 6(3): 4804-4814.

Chen L. X, Zhou S, Xu J. Computation peer offload-

ing for energy—constrained mobile edge computing in

[17]

(22]

small-cell networks[J]. IEEE/ACM Transactions on
Networking, 2018, 26(4): 1619-1632.

Lai F, Zhu X F, Madhyastha H V, et al. Oort: effi-
cient federated learning via guided participant selection
[C]/The 15th USENIX Symposium on Operating
Systems Design and Implementation, Berkeley,
USA, 2021: 19-35.

Biswas N, Wang Z J, Vandendorpe L, et al. On
joint cooperative relaying, resource allocation, and
scheduling for mobile edge computing networks[J].
IEEE Transactions on Computers, 2022, 70(9):
5882-5897.

Xue J K, Shen B. A novel swarm intelligence optimi-
zation approach: sparrow search algorithm[J]. Sys-
tems Science & Control Engineering, 2020, 8(1): 22—
34.

FEOR, RES, ZE. ETIRMERENRE RN
TDOA/FDOA % fif [J]. 3 MR 2% “# 4ft - T2 it
2023, 53(2): 593-600.

Guo Qiang, Zhu Guo—hui, Li Wan—chen. TDOA/
FDOA localization based on chaotic sparrow search al-
gorithm[J].
and Technology Edition), 2023, 53(2): 593-600.
Cheng B P, Fang Y W, Peng W S. Improved spar-

row search algorithm based on normal cloud model

Journal of Jilin University (Engineering

and niche recombination strategy[J]. IEEE Transac-
tions on Cloud Computing, 2023, 11(3): 2529-2545.
Chang Z Z, Gu Q H, Lu C W, et al. 5G private net-
work deployment optimization based on RWSSA in
open—pit mine[J]. IEEE Transactions on Industrial In-
formatics, 2022, 18(8): 5466-5476.

bl S NG R B o - ) g v N G R A AL L O R
0 4 5% PR 28 5 AT 55 0 BE AR LY. T SEALIF R 5k
J&, 2021, 58(11): 2558-2570.

Su Ming—feng, Wang Guo—jun, Li Ren—fa. Resource
deployment with prediction and task scheduling opti-
mization in edge cloud collaborative computing[J].
Journal of Computer Research and Development,
2021, 58(11): 2558-2570.

Liu W B, Wang Z D, Yuan Y, et al. A novel
sigmoid—function—based adaptive weighted particle
swarm optimizer[J]. IEEE Transactions on Cybernet-
ics, 2021, 51(2): 1085-1093.

Wang T, Zhang Y L, Xiong N A, et al. An effective
edge-intelligent service placement technology for 5G—
and-beyond industrial IoT[J]. IEEE Transactions on
Industrial Informatics, 2022, 18(6):4148-4157.



