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Abstract The rapid growth of smart devices around the world has created a huge demand for computing resources to sink to the
edge.,giving rise to the emergence of the edge computing paradigm. At the same time,the demand for computing power in remote
areas where computing resources are scarce has driven the concept of orbit edge computing(OEC). In the OEC scenario.users in
remote areas can offload computing tasks to edge servers deployed on LEO satellites for processing and execution through the
communication link between ground station and satellite and the communication link between satellites in constellation, so as to
provide low-latency and high-reliability services for users in remote areas by utilizing satellite computing resources. However, the
satellite arithmetic in the OEC scenario is constrained by the limited load and solar energy conversion efficiency,and there is also
the limitation of limited available time slots due to highly dynamic satellite-ground connection caused by LEO satellites circling
around the earth, which is faced with the challenge of the scarcity of computational resources and the limited available communi-
cation latency. Therefore,excellent task offloading decision algorithms are needed to ensure the efficient operation of OEC sys-
tems. However,most of the current task offloading approaches for OEC scenario are unable to take into account the delay cost
and energy cost when processing tasks,and the traditional approaches also lack the consideration of task diversity. To address the
above problems,an adaptive large neighborhood search-based task offloading method for orbit edge computing, OEC-ALNS, is

proposed , which takes the task processing cost weighted by task type as the optimization objective,and consists of destruction and

HAGIUE (E R H AR R4 (62172062, 62162036) 5 1 B 4 T 5 BF & L 300 (231111211900) 5 0 7 44 H 48 Fh 2% 2 4 35 42 51 H (242300421700 5
T A i A o BT BRI H (24 A520005)

This work was supported by the National Natural Science Foundation of China(62172062,62162036) ,Key Research and Development Project of
Henan Province(231111211900) , Young Scientists Fund of the Natural Science Foundation of Henan Province(242300421700) and Key Scientific
Research Projects of Colleges and Universities in Henan Province(24A520005).

WAEVEE . % ¥ (ginglan. peng@ henu. edu. cn)

240100188-1



Com puter Science FFEHLEIY: Vol. 51,No. 6A, June 2024

repair operators based on the minimization of latency. Experimental results based on Walker Delta LEO satellite constellation and

real computing task data show that, compared with the traditional OEC-TA (OEC task allocation) approach, the proposed OEC-

ALNS approach could achieve at most 42. 22 % reduction on the weighted task processing cost and most 42. 46 % reduction of the

average latency cost in OEC scenarios with heterogeneous multiple task sets.
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Fig.1 Orbital edge computing scenario
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Xdestroy «—fd (X Index )
Xrepair o fr (xdestrov)
I 6,000 (X777 500 (X)) Then
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1. S

11. End If

12. XX <~ Metropolis (X repeir)
13. Touax Thg

14. FH .S, T,

15.  End While

16. End For

17. Return X" g, (XIdex)
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IR F Remowelist 1,
k2 REWKRET
5 A XIdex T Nk, Thdex
i 14 . Removelist
1. ¥11E 1k : Removelist, list; s lists 5 1o s 1y 1,
2. For k<N Do
3. Tdex<Ty, xjndex
4. End For
5. list; <—argsort (T™dex)[ 0.1, ]
6. Removelist<-Removelist U list,
7. list; <—argsort (T™4) [, — 1y ;1o ]
8. Removelist<—Removelist U list,
9. Return Removelist

o TAE S L AT AR HE B B A BT /N A 0 2 5 %8 AR SeE AN
B3RS _NEBEER T, ZEER T 51 Re-
movelist YT, AT 55 FI T v 57 — /NI S 9 43 BE SR s 18 5
HARAT 55 0 e /NI SR 43 BE RIS B . M Ah , A SCR 4R I T
—MwmEE AR OBERE T ZBEEE T E M
sampleC + ) PRELFEHL I Removelist WK FE H — A5 16 2 AT
%5 R GIRd inaex » SR 5 HR P B ZE T, 35 /N AE 19 43 TC O % B 2% 2R 5|
2 W B FE 25 E AT 40T 5 0 7 X Xt | A
RURA T N ATE S5 o BO AR S X
B3 EomEBEET
i A« X'dex, Removelist . T
L Xndex
Lwiafk 1o, 11,
2. Lb<lo—1
3. For k<<l; Do

Index .
4o XRemovelisy, < argsecondmin(Ty o iy, )
5. End For

6. For k<<l, Do
Index .
7. XRemovelist, . «argmln(TRcm:)\'cHﬂl K )
b b

8. End For

9. Return X'ndex

Hik4 ALOBERT

B A X™dex Removelist. T, N, M
By, Xndex

1 wG A 1o, 10 1,

2. Rdingex < sample(Removelist)
3. For k<N Do

4.  If k<<Rdiuex Then

5. X("<argmin(Ty)

6. EHT

7. Elself k=Rdipex Then

. X:{ndoxeargmin(dmml <X;]:.::u )
9. Xinfl“]"«argmin“‘o‘“' (X;‘:lk): 1))
10. Break

1. Endf

12. End For

13. Return X!ndex
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5.1 XWEE
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FOR 5 TR 2 I A A L I L E M AR il 2 L AR S
B SCB SN R 1 g,

*1 RS ECE

Table 1  Simulation parameters
% ¥ i1 % 1
¢,/Mbps 200 ey /(J/9) 0.03-0. 12(¥ 4 4 #)
¢3/Mbps 300 97/ Task 10-20
¢,/Gbps 10 /s 2
% 10 Kbit~3 Mbit(3 41 4 47) a 0.97
73 2 Kbit~5Kbit(# 4 4 77) I 1000
o s /ms 1.815 i 100
9;/ (eycles/bit) 1000 T:;Xd 10
&/GHz 3~10(3 4 24 Score [1.51.20.80.6]
e;/(]/GHz) 0.3~0.5 o A1EH
e,/ (J/s) 4 S., A1 EHE
eg/(J/9) 1 T, A0 HEH

520 2% [ Random Allocation % 7% . Hungarian %
%0 OEC-TA™ 3 Fh s /F b 3 £, H b Random Alloca-
tion B IR B AR SOH Y 58 15 A B 5 e AR A I, X ) g
SO AT SR RIS B ML 43 BE AT 55 79 %R % ; Hungarian 553k
JE— BT IZ UE B R i U i DR 1) 00 (9 21 A O A B L T
AR LT OV 09 6 B30 S T AT 55 380 2 0 B IR RT el o — A
T8 IR M) B, 3@ i3 Hungarian 58 ¥k §8 9% 78 22 000 =X 0 (] P9 15 3 B

2

JEFNREFEFL AR AU T AT s OEC-TA B3k & —Fh 3k + 2.0 B4
WA 55 43 BL B 6 R AR N T [A) 2 B A AT 55 720 18 5 e /)N
A S 5 35 /0N 1 B FE R Ak e AT 55 43 i 17 A

SIS 4 4 10-th Intel Core i7, 16G RAM, 512 G SSD,
Winll #/ER G T A B ERSLIHER Y C++11 L., 1E
BB T LR A A — e B AL L O ORIE VR R R R L
B BT A SE B AT 30 IR IFHCE S5 R TR .
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Fig.4 Relationship between the number of tasks and average total

offloading delay of different algorithms
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