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Abstract: Aiming at the problem of low efficiency and failure of dependent task offloading in the cloud-
edge-end architecture, we proposed a two-stage dependent task offloading algorithm based on
preference and virtual fitness. In the first stage, based on the proposed two-dimensional offloading
preference factor, direct offloading decisions were made for some sub-tasks of the dependent tasks,
thus effectively reducing the size of the initial population of the genetic algorithm. In the second
stage, we proposed a heuristic crossover method based on virtual fitness to improve the crossover
operator of the fast non-dominated sorting genetic algorithm [l (NSGA-I) based on reference points,
which preserved the diversity of population and improved the convergence speed of the algorithm.

Finally, we used the improved algorithm to search for the optimal offloading decision set for the
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subtasks of all dependent tasks. The experimental results show that compared with other algorithms,
the proposed algorithm optimizes task completion time, task energy consumption and edge cloud
cluster cost by 10.2%—18.3% on average and reduces the task failure rate by 10.7%—25.6% on
average.

Keywords: cloud-edge-end architecture; dependent task offloading; multi-objective optimization;

virtual fitness; genetic algorithm
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Fig.1 Cloud-edge-end collaborative architecture
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Table 1 Experimental equipment information

B IS CPU RAM/GB
Legion R9000p2021H AMD Ryzen 7 5800H 16.0
Legion XiaoXinl6Pro Intel Core i5-12500H 16.0

Legion XiaoXinRui7000 Intel Core i7-7700HQ 12.0
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Table 2 Simulation environment parameter settings

S8 A ZH U
h %= s # B R [5,10] NGz 55 AT FERE ST frsee/GHz [1,2]
BANG RS w FOARBESEE M [20,100] AR THSERE T fin/GHz 10
AL A T B AL B RTS8 N [4.12] N %% = M52 CPU A& cpu™ /Mips (50 000,80 000]
BARIAE S5 P FE 55 X [4,12] N 7R3 RAM B ram /B [8 000,20 000]
b ERER S S E ST P/W [0.5,1] 1% 2 IR 554 P AUML CPU B cpuey! /Mips  [2 000,5 000]
NG M5B TIR P, /W [1,2] D% MRS YL RAM S ram© /MB - [500,1 000]
A KSR P, /W [2.4] Ul Sy i Y I R VAN ST NI [0.1,0.5]
B AR FE R 50 4 A CPU SAE cpulls /Mips [1 000,2 000]
PO SRR S 28R BE ) faw/GHz  [0.3,0.8] A M4 RAM B ram/°% /MB [250,500]
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Table 3 Impact of number of local mobile devices on experimental indicators by different algorithms

X Le 4 bR Bk (ELELL LS

20 40 60 80 100
ST 55 56 BURT (] /ms AL 785. 81 786. 68 827. 32 808. 71 846. 06
AM 248. 59 265. 67 307. 12 360. 54 438. 39
R 367.06 286. 86 405, 82 368. 14 535.91
NSGA-1I 263. 55 276. 35 293. 64 329. 66 377.15
NSGA-1I 214,99 223. 54 248. 65 287. 81 353.91
AL 209. 45 213. 64 232.77 265. 46 310. 66

TS5 ReAE/ (KW « h) AL 5.91 5.53 5.84 6.04 5.74
AM 7.85 8. 43 11.18 13.95 15.98

R 8.23 6.68 12. 44 9. 86 13.59

NSGA-1I 6.31 7.34 8.76 10. 49 12.01

NSGA-I 6.22 6.93 7.67 9.54 11.59

AL 6.15 6.61 7.21 8.83 10.12

AT 55 3 % = SRR AR AL 0. 00 0. 00 0. 00 0. 00 0. 00
AM 16. 45 30. 47 45.76 58. 68 73.79

R 15.23 10. 35 34, 45 29.13 46.17

NSGA-TI 10. 77 17. 86 24. 27 31.76 42,17

NSGA-I 8.25 14.75 21.32 28. 16 38. 39

AL 7.73 12.98 18. 46 24. 54 32.99
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Table 4 Impact of number of subtasks on experimental indicators by different algorithms

P o AT 55 19 F-4F 55 B
4 6 8 10 12
S HITE 55 58 BURT ]/ ms AL 533. 685 779. 81 1042, 21 1 385.50 1 625.54
AM 215. 06 337. 82 484. 67 570. 12 689. 54
R 231. 17 352. 39 401. 86 496. 52 584. 07
NSGA-1I 174. 63 233.9 316. 95 393. 88 507. 16
NSGA-I 156. 99 214. 92 293. 54 365. 10 452,91
ENS' 150. 12 196.78 261. 37 320. 54 389. 66
AT 45 BERE /(KW » h) AL 3.24 5.98 8. 84 13. 04 20. 74
AM 4. 94 7.85 11.18 16. 95 23.98
R 5.01 8.23 12,44 15. 36 21. 59
NSGA- Il 3.71 6.31 8. 46 10. 49 13.01
NSGA-1I 3.50 6.02 7.87 9.54 11. 69
AL 3.31 5.65 7.21 8.83 10. 52
TS5 h 5 = R A AL 0. 00 0. 00 0. 00 0. 00 0. 00
AM 8.47 16. 45 34.76 46. 68 61.79
R 6.93 15. 23 31.05 30. 13 46.17
NSGA-1I 5.77 10. 77 17. 87 27. 66 40.97
NSGA-I 5.45 9.25 15.72 23,56 35. 89
A 5.02 8.43 14.06 21.04 32.09

M 3 fEk 4 al L. AL B3k i 5 A8 e A i AT, Hoh G =~ B BERA R 0 B394 45 58 AL
IR BlE OB 55 19 A1 55 B 3 22, P 394E 55 58 iU ) R RE#E W 14 s AM Bk i A AT
55 HBAE N 2 = IR 55 A AT » DG 2 AR BEBUA B s, YA M A% Bl 150 4% MR AT 55 4T 55 B0 S 34 n
B, 300 %% 25 IR 55 4 1 6 80t B ok 8 v 5 R G372 3 Ao Bt AV O 2k R 0 B i o L LR Al R A R ik
3l ; NSGA- 1553k . NSGA- I Bk A SCHE LR T2 B i, 5 Fik 3 #aAkM L, X 3
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