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Multi-user Task Offloading Based on Delayed Acceptance

MAO Ying-chi,ZHOU Tong and LIU Peng-fei

College of Computer and Information, Hohai University,Nanjing 211100, China
Abstract With the application of artificial intelligence,the demand for computing resources is higher and higher. Due to the limi-
ted computing power and energy storage, mobile devices can not deal with this kind of computing intensive applications with real-
time requirements. Mobile edge computing (MEC) can provide computing offload service at the edge of wireless network,so as to
reduce the delay and save energy. Aiming at the problem of multi-user dependent task offloading.a user dependent task model is
established based on the comprehensive consideration of delay and energy consumption. The multi-user task offloading strategy
based on delay acceptance (MUTODA) is proposed to solve the problem of minimizing energy consumption under delay con-
straints. MUTODA solves the problem of multi-user task offloading through two steps of non dominated single user optimal off-
loading strategy and adjustment strategy to solve resource competition. The experimental results show that compared with the
benchmark strategy and heuristic strategy,the multi-user task offloading strategy based on delayed acceptance can improve about
8% user satisfaction and save 30% ~50% of the energy consumption of mobile terminals.
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Fig. 1 Example of multi-user task offload with task dependencies
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Fig. 2 Example of user task
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&% 3 Population evaluation %7

i A : populationSize

i AL IS BT AN EE population, 1A 75 #6 H 1A paretoOptimality
. population’ = nonDominatedOrdering ( population)

. delete(population”)

. x, = getParetoBest (population”)

=~ W N

. paretoOptimality = x,
5. return population’
4.2.3 HFRME

T P A5 AR R O R A R R AT 00 P 45 TR S AR 3 R
A A A R 4 AR — AR O B 5 A, 5 U g A AN
B FE B BER AT NSGA-TL A RS 9 S s e #9035 . B 06 X
SCAR LA B T AR B i i B R AT Al STIC HE 17 R (A9 5% B 3
ST HEBR R R TTAT A 5 3 L 4 IR AR ST HE R IR
BRI, o4 J2 o BRI ORI A B o L B A — J2 I i
TR /N R RS 1/2 01 0 5 SR U5 AR A 1A 5 B2
H EN /N BT Ak 25 AR R L E A RO A R 1/2 /Y
FAR 5 24 I vk 3k B0 Fp BERLAS Y 1/2 ISR FA AR A5 3895 (Tourna-
ment) SE I B FEHRAT  ELORD TR RD T b BE AL I 45 @ 1A
CREASAS PR B35 15 Y R 38 A0 [R] ) o AR A A A ) 358 N7 2 A ik
FHG R 3 N BE R R A R E AR — OB s R AR A
T A T AR 38 B B
&% 4 Population selection . 1k
i A : populationSize , population
fi th - B A newPopulation
1. population’=nonDominatedOrdering( population)
2.c=0 //iERIELEZ
3.for each i=1 to R do //R Hy k3 B2 4L
4, if Size(newPopulation+ F;)<populationSize/2

5. Add F; to newPopulation
6. else c=i//ic R Y HTAE LB R
7 break / /B Hh & F

8. endif

9. endfor

10. congestionRanking(F.) //c J2 15 1% ¥ HE 7
11. for each t=1 to Size(F.) do

12. if Size(newPopulation) <populationSize/2

13. x, = getFrom(F.) / /3RS HF L AL AY AN AR
14. Add x, to newPopulation

15. end if

16. end for

17. if Size(newPopulation) < populationSize/2
18. x, = tournamentAlgorithm() / /43 b & 58 1=

19. Add x, to newPopulation

20. end if
21. return newPopulation
4.2.4 R A% FHEM%

L DR R 2 R DR IR S o A ) 2 v DR AIE ) 22 R 1 T e
J7 ¥ T A8 XA A AR S 45 4 40 0 2 A8 0 3 7 A o AR 1 3t %
Bk 38 ERAEAAUA] DU UEAC A A A B AN AR 1 56 I T DL 3t
R4 T — RGBT LLBIEY Fh i) 2, BRIRE T . 15 %k,
B8 SR SRR SO 555 BEALIE B — 1 28 S
SRJG - SR A S BT B Sk R s A% 45 L7 Bl SR 22 AR )5 B
FERE AR LT X RUE R T — A S8 B R R R S B
28 3 MR B AL R 4% 45 4 L, A0SR 28 X JE B I s
R4 L IE L  — A F A

A5 SRR AT AR S AR R B N T e S 7 AR R AR, R AR A
BRI AR ZL B, KR3R TR RE 0 2 k. B4R 4
WF TR —AH A A B B — A SR AL, R )5 i M
A A R AT B R A 58 AR A A B R R AR
4.3 HERRE

A MEC R 45 5 5% 06 LB s B, AR A AT g
KREZHON PR EExT &, M £ i B AE 5 <8 i MEC
IR 55 4 1 i T PR B, BROXRE 19 MEC IR 55 25 O 31 2615 2
B XTI ZE Y A, AR SCHR I T — i T AR VT AT R A2
FELRS) R SR

A X I ZE Y R AT 55 He B P HEAT A3 2SO AR 4l
FRIRHEATHE T 2 45, 4% FEAUE AR BN HE R L AR 41 B T P
TR P28 S S, BB BRI RAR S A Sz S
TR I BRI 5 SR 5 W5 BR i T #E A9 28 BA B L 41 JE BA 571
RO PR YR TG TSR R 2 A Y o O D R
wJaEE W, BRI ENS PR AP e, HP
TR e LA B, H -

wii=w * delay, Tw, = 2 cycles;,;
i=1
ey =k an

HErf oo Bl R X eyeles,, FOR M i 46 A L FTA
SR BIE . Bk 5 A T SRR R R Y R
S W AR

BN cwp oy Listi Ry

B I 2 A A congestionQueue

1. for each i=0 to R do

2 wi,i = userWeight(w; sy » Lis ty,5)

3. Add w,.; to weightQueue

4. end for

5.  weightRanking(weightQueue)

6. for each i=0 to R do

7. if sizeCyclesall Task) >R, then

8. Delete(T;)

9. Add T; to congestionQueue
10. updateNode(T;)
11. end if

12. end for

13. return congestionQueue
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Table 1 Main parameter setting

. S BB
BGMEBHEK 20
HFPaEHEHEN 50
GNE P THESHEEL 7~13
& % i N B AR M data; /MB 0.1~2
FAE 4 it 5 & cycles;/cycles [40,100 M
BB IE delay; /s 0.1~2
R P& CPU A 4 /1 C,/GHz 0.2~1
MEC fit 4 # 4 # f£ /1 C,/GHz 5~6

W2 % CPU A% # /1 C/GHz

MEC fit % % ¥ A i 3 % 3 I # RY“" /cycles

15

[4000,6000]M

¥ A% % B/MHz 20
W% K% %3 #E Fo, 10
B P&t &P /W 1
% 7 3 % No /(dB/Hz) —118.4
EEERDEP] /W 10.1
ﬁ]F’ii%ﬁ'ﬁ%%ﬁpfj/(‘l/cycles) 8.6X10—8
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A B AR B B A S 3X A AR AE pBest; 73 — A &
HEAFIRE R B 00 B R XA R R 2R gBest, J34h. 0
R DAAS A B T S o — 3 4 dee 00 b 1) 408 i R AT 5
AR TR A BT A 4R A fE ek 2 R SR AR A
5.2 ELWER
5201 RMp#EAE

Pl 8 2t T AN [] 4D 28 SR kN A 55 0 F X P I R R Y
M., FIAL, LC A RC HME 5 F P AT 55 B0 56 WA P AT 55
BRI £, PSO,GA Fl MUTODA 4% 0& {14 J1] P i 25 i %5 5
B # . A PSO K , MUTODA 5K B fig 9% 75 4> % &
B —~ MEC IR 55 #8 X5 5 — 057 FH P9 5% ), 48 3R 322 32 (1 5K s
AR AN L R P 8k B S T BE /b B o P R L
PSO HEmg = 25 8%, 1M GA 5 B & & T 4 P47 81 38 AT
SR 43, B A SRR P g WA TR R SR s, AR
PSO Mg ik B2 — sk

(ORI REE 7

AT K 22 I 0 B L R W FRUAT I IR RN P B REHE 3
AT T HEAT VEAR o F P I T RE RO BE 8 TE 5 2 AT DY 58 Y
FHPAE 55 i 5 8 1 P AR 55 B 1 LU A 5 SR W AT I TR) 3R
5 A D 2B W T A A S R AT 45 A B A D A B
JT T 0 B T 5 P A B AR 2% s PHAT S 20 R SR I BT A D P BT O
FE 1Y fE = SR

(3) X Lt 52 1

T A H 3B 17 5K W% (Local Computing, LC) | i F2 = 1 45,
SR M (Remote Cloud, RC) \FE T4 T #5515 9 1) 5 5 W (Par-
ticle Swarm Optimization, PSO) YA J & F i3 & B ¥ 09 )8 &
H1 2 5K W (Genetic Algorithm, GA) 47 XF b S2 56, M 7 i
BE R WS AT B )RR PR BERE 3 AN T AN SR T AR T
fic 5 35 4% B 1Y Ja & 2 2 P AT 55 0 R I A R0

1) A HiE 17 3K W (Local Computing. LC) : I J* F AT 5 #
B E FistT.

2) i 2 = 1) 2 %K g (Remote Cloud, RC) : | ' F1E %5 4
Eiic | E2 | By Sl TR oo

3) 3 ToRr T TR 580 7% A0 1) 3% 5% W (Particle Swarm Optimi-
zation, PSO) 38 F i3 & = 1 380 1k >F de KAL) P i B

4) B Tt AR 5 1 i & 2 () 23R W (Genetic Algorithm,
GA) AT 45 1] LAFE AR i . MEC Hiz 45 25 ok &% i 2 = [ #f AT
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LA X R AR R s ik,
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Fig. 8 Impact of number of tasks on user satisfaction
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Fig. 9 Impact of number of tasks on strategy execution time
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FH B3R 402 57 1 Jia A 307 AR OR W 2 R P U R AT 55 B
EFETCE 2N

—LC -&-RC ~4+=PSO MUTODA
100
90
5 __’_\’_‘>>—<&1
% 70
60
;3\ 50 \\\\
40
30
200 400 600 800 1000
H5HHEM /cycles

P10 AT 25 8k %F FH Pl 7 U3 1 5% 0
Fig. 10 Effect of task calculation on user satisfaction
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Fig. 11  Impact of MEC maximum resource limits on user

satisfaction
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Fig. 13 Impact of number of tasks on energy consumption
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