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Research on scheduling model of dependent tasks in mobile edge computing

Wang Yao Lu Xianling Shen Yifeng

(School of Internet of Things Engineering, Jiangnan University, Wuxi 214122, China)

Abstract : The task scheduling work in the current mobile edge computing (MEC) environment often ignores the dependency between
tasks, resulting in a long delay in completion. In response to this problem, first of all, with the goal of reducing the system completion
delay, in the multi-user and multi-edge server scenario that takes cross-server collaboration into account, the breadth first search
algorithm (BFS) is used to build a dependent task scheduling model. Then, according to the interaction between tasks and edge servers,
the joint offloading and migration problem of each scheduling layer in the model are modeled as a Stackelberg game with multiple leaders
and multiple followers. Finally, in order to achieve Stackelberg equilibrium, an offloading algorithm based on the Q value and a
distributed iterative migration algorithm are proposed to solve the model. The simulation results show that compared with the baseline
algorithms, the proposed algorithm reduces the system completion delay by 44. 1% and 63. 2% respectively in the scenarios of users and
edge servers with different scales. Further experiments show that compared with the traditional solutions, the proposed model reduces the
system completion delay by 20. 1% and 6. 7% respectively in the scenarios of users and edge servers with different scales, and effectively
guarantees the quality of service.

Keywords : mobile edge computing; task scheduling; dependent tasks; Stackelberg game; Q value

A H TR AR AT LUK SE 27 F b PR 2
JF 12 AE 5 T RO Y P i S 2 B R
BRI 5 73— 5 TS £ 5 22 IR 55 e 22 1) B s ) A2 i e

5G IR Bk AN EL I MR S S TN ATRES AR AN T U Al AR SR DR, B Sl it
I AU 1 3025 B A S SRR AN BT R R RN TR BEREETAE . MEC g LA 9T 2 B ) 1 2%

0 5

il

Wk . 2021-09-08  Received Date: 2021-09-08
w FEATH B R HRBER AT H (61773181) B



5 8 3]

Fo Bl Gt B i RS AT 55 4181 BE A TR T 5 - 61 -

TP R B TR P AL b S SR S A T i
5T A5, AT A TN A B R B O R B T AR
[P S

HHTE A Sh2=38 X% MEC HAT 55 08 B2 5 R A58 3
FEF XAl S AT 45T B R AT 451 i R B )
SCHIR[ 7-8 143 )36 3k e~ VS A 192 1) S0 20 53 1 R 4 S
FRABARAT 1M AT 55 098 BE ARG . AR, S R IR
J7 T AT 55 K A0 i B ORI 91, VR 2L (4 oy TR 7
A3 R 5 AAH AT 55 CHEBSHE T % PRt 4 Bl
TR R AL X SE AT 55 I, DA% AT 55 22 ]
FETERHOC R O st o AR RUAT: 55 2 L 1) 1o P
FPURBEIRI, SCHR[ 12 148 18 7 — s & N8Rk, DATE D
FHZE BB E H I LT, S/ MR TR Y 19 $0A T AR
SCHR[ 13 ] 7% &35 219 j G A7 T 55 P BE RS s ), 11t
TR R S, SCER[ 14 TR T XU P 2
(AT 55 B MR | >R P 5 A S0 RAE SR RAS T I Lok
(ENR7 'S/ - N DRI SR N & 3775 'Y
(1S ]ARDE T S48 MEC FREE N 4007 FE AT 55 18 BE (Rl Sk
ZH PR T R E R E TR, k[ 16 ] F &
ST 5518 B RN 55 2 A7 TOC R TR, 4t 7 — ol DL 3Rk
Pige/ MR FHAR P 09 58 B E , fH 134 SCHRER R 30 2%
JIR 55 s A JCRR B i, Z2 M 1 B IR O 55 18 B2 14 R
BISEN . SCHR( 1715 &S P Z W 3 se 4 it T
— MR A AR R, SCHR[ 18 ] $2 4 T — R a) 2 ]
FURERATAE 55 Bh A U8 FE S m | BEAIR T AT 55 58 U 4E 2
Ui RERE . (H LR SCHR 5 T B R AT AR 55, 52 Br nz
BEF IR S I TR S, I s AR 55 R R AR A
WIE PR ek, SCHR[ 19 JBEAPiAb 1 IR 55 #5% 53 e Fi
PRIRE R R B 24 P N R AR T — R A AL
PP BE B D TR G S MU A, {EIZ SCHER R 78 43
FESS B AT R R BRI &R 5 4 N R G H T A
155 [l s 43 BC - i BA B 08, S 3509 40 100 2% IR 55 s A< 1 [
ST S RS B R PR 2, b3 i SCHR I R A
BN G T5 s Z (6] 0 5 IR 55 4 DMV . — T, 2ok T A 67
A MEC A PRSI ST ) —J7 1,
AN T B 53 IR R

HXUA EFRATENA R, BT EA RN ZH
P NGS5 AR ) MEC FREE T M & T — Fh 4o B4 F:
5 AR ZAR S 58 00 I HME 95 Z M IFAT K&,
FIF BES St 1R LS 3R 5 Ak AR i o R ) 5
M55 a UM, DL AR BB A L AR e AR 2R 2 58 Il
S [R] e Al Ay T 1) A A 2% 9 32 22 AR 1B 5 2R 2 AT RS 1)
BB A—N281 5 B ZIRKEE K Stackelberg 1H.ZE X}
A ) REEA TR, B i 1 —FhBE T Q {ELAY 12
EA AR R, TS RRITEZ P2
NGNS ARG T | A SO A RN 1 HR R % A AU AR 3R

G5B .
1 EZEEER

ACHET —AHA MEC 25, WNE 1 FiR, &
SGh %R % 7% (edge server, ES) &M N = {1,2,---,
NS AM = (1,2, , M} 54 ES #EA —4
$2 A5 AP (access point) , 7 E 4RSS 7] LLBEFRFS 2 1Y
AP $EA BB MBI ES AbH A AP @ 1L 4
BEEE, AT U], R SRS ES” AR AP FIES,

AR SCARBE FRGE AR TP — UGE SR BN B RE P o
M m e M WNHEFTUHARLHRE G, =1V,
ED,| Fm. Job v, = fo, 1 <i<l V1 P m
NP RAESEA, |V, | HEWIES R, ED, =
{(Um,vnw) ‘vmyi,vmn/e vV, Ni#jl HEmN Ho
(0p:3Vi1) € ED, JUWERBUESS v, Mo, . ZEFFTEHK
WA, v, ., 772G v, PATENA BT IHIIT

El1 MEC &%
Fig.1 MEC system
1.1 AEFIRBE
SR UE A AT 55 1E B 1R P AT 0L [R) B e K AR R
e Al AT T AT 55 B, AR SCRIH BFS SRk gt 1
PHEEFN R, PSRN AR  E o, B R U
MEF TR v, o (PATHIFIER 0) , IF4 0, , 5 G, TR
B AT 55 R R SOHT ) DAG B 6 . W 2(a) ir
R GG, B v, R, I 0, S, S
G v, T, Mo, EEGR G, . K5, H BFS Bk
WA G RHSAL S H S 1, WK 2(b) BF
NLARE T GEORN G 4TS L, WRTHERE G R Gy A
AIT KRS, Ja 1 HA A R 8 B g5 1A% 55
P[] — 98 B2 2 Bl AT S5 B oh ), 45 3108 B ) 3¢
SL={sl,|1 < i<l SLI| o1 SLI S BIHEZ=E
B 2(c) s AR L &9F 67 f G,



© 62 - LSRR R e o 55 36 &
;@ (@08 )
g% “(ODEEOE )
® 5090 )
9 () )
2O @ KM ame | L WEsT sL AR
(a)BIEFHDAG O RIEE RS CFERABER

(a) Create new DAG

(b)Assign dispatch number

(c)Form a schedule

K2 PRSI R

Fig. 2 Schedule list construction process

T I — VA HE 22 1 95 22 D 3T I A B
LR LS [l — 2 1 95 S 1 55 0F AT AL,
X HE I 1 04 95 LA 47
L2 ESEHHEEE

W o, LIRS RAERN U =
(o [0, €U, pp Vo Fh M M s, L0

PGV, CV, sl ERF m B AR e S £
5 v, TUH {w, ¢, | &, Kb w, jﬁm/\’ﬁﬂﬁi
i, ¢, HHITTT B CPU AR, A SCRHT: 55 194
A IR R R RS IR TR

AR 55 R AT AE A H A T 7T DAFE ES 0T, BT A
X = x,,, Y, € U} AR sl, b5 E
#R Hrpy,  eX,  HX, =10 UN,, N, CN
FAESS v, ATLLESERY ES 25 M« =00 FRIE5F
v, FEAMPAT, Y x, , € N, B RN S5 v, BT
(HEES— KA RE] @g/\ ES)., %7E %ﬂﬁﬂ%% X, ,
BHE 2 ESn MITWIESEERR N U =
{”m,i ‘xm,i =n} C U, ,

2 ES BB sl, BT SS v,,, J5, B ISR
55w UME, BT I REAE H ST, ] DI i A 4% 4%
o, THEHALES $h47, H1S, ={S,,Vne N} &£
ARACERE B sl B, R ES MaE B ueR, Hp s, =

{sh . Yo, € ULl 5 ESn BEBULKR, s, € N A ESn
WEPAESS v, IFHIE RS IR FFTE S, € x| et NAS,
S, X, § L& So M b, H U., =

{0, ‘xm,l =d A s, . =n} C U, & LA ESd iT# 5| ESn
RS ES, IHS JREAE ESn EPATRAE S5 ST LA
R U =U, 7 Upy o

1) EfF e

JHP AN ES Z (B A7 AE TCA A5, AR P e A 2 5, il
m B ESn 2 8] ) BCHE A i s AR T AR

p"lG"l,/l
+ e ) (1)

R, = W,,logz(l

K. W, o8 ESn MEIEYE, p, WHFP m &%,
G, . NP m 3| ESn ZRIM{EHERIS, o S m i s
Ui, MR sl, LA ZME5 R #EZE] ESn L,
T P g HI 3 E ESn b BT 5 #RL AL ESn 1A 1S
e, Ak e BT 55 A BECR  ESn A BL 4G 1T 55
ﬂ,iﬂﬁﬂi4$%2f%:{ﬁﬁ/\ﬂﬁmj‘7a =

m

| ESn E’J’fﬂ(ﬂ%ﬁ?ﬁJL$%§ﬂ“j‘7 Foin =0, R
AN, R, ., 378 ESn F ESd ) e K BT 1% i 3ok

F W ESn e R EATES o, TR E ESd
PR IR s AR 55 v, M Esn F| ESd Eﬁfﬂzﬁ%

AR AT LRIR A 1w = BB SRS
T ESn 3 ESd WRAEA LA TR A A B, o =

ﬁrﬁrv )

.eb"

2)#?%1‘%*”

(1) AsitE

AT 55 v, , PR FEAR M T I, AT 55 9 56 A 4E py
A IR 00 A SRR T P 483 m BOTHELRE ) F B
FoRN

n—d

T" A (2)
(2)L&IHH
MR AR, AL 55 v, JOEHIZE ESn RATHY,
Tt sy JiE ] 3R Ry T ., =w, /r i o 3AN, IR ESn B
SEARES v, bS5 L BSd S v, 605 ABCHLI
ESn 1% fii 2 ESd L 23 77 A AN I F I AE, ROR
Lt = Wi/ T o

FAT 1 ESn Tﬂﬁﬁ’]ﬁ%%ﬁﬂﬁ%/\% ESn (115 %
U5, E S ESn AP B AT 55 v, TSR N £F,, =

ninF SHA =./e, /FE/ }5 New s/ Fl R

GEURIT A7 AR A Y FE jﬂ ESn TR ERR,
WAAT 5 v, TE ESn ?ﬂﬁ,ﬂ“ﬁﬁfijﬂ T =, /i o



5 8 3]

Fo Bl Gt B i RS AT 55 4181 BE A TR T 5 - 63 -

R, L5 v, HIEE ESn TR, v, 058 BN EH]
PAZRN
Toiw =Tt v 210 (05 4T (3)
ae N

s 1, TR BRI, 206 AR <, A D 1, A5 0
N0, KA, Y d = n ), R ESn AITBAESS 0, M
ih) T::i,é;,nad =0,
1.3 BREGTRATIEEE

SRR ORAT 55 0 BT I 396 JE AR O R | [ I 4 —
2 b BAT S5 A ST e 22 19 ARS8 15 5 IR D 2% A 9T U
S RN BOE T — R EE 2 AL B Ty 58 AR R EE 81 R AR
UMb RS JH LR R A58 - — 8 B2 )2 i T A AT 55
W, N —IH 2L 55 A BRI AR s AL B, i o, R RE 2 s,
9 52 JUI FIE T LR -

T, =max (T, ;) (4)
A T, =1, -0 Th + 2 L T, JIHES v, 1

: R

SENINSE , FR G858 RN SE g A B 5E BT A I B2 2 I s 1) i
ik RIRHA

I SLI

T=2T, (5)
2 (SR

2.1 K@

ARICETEFIFSE 1A P AT 5 R AR oy R
Gi b AT 55 R BN 438 R T 07 5 DA B AIK 2 55 58 LI 4
HRPE(4) F(S) , AT LA R B AR AEANME 55 19 56 Wi e 2iE >fe
R R G SE I 28 48 1, 4 4 B B2 22 s, IF, S AT
% v, WA BRECH -

Cm,i(X,,S,) =I\‘xmi:0¢ T,I;z,i * 2 Ium:n: sz,i,n (6)

, v

FEAR G E RS2 AL PR 28 Hp AR BER B 22 sl
B, AR AN, A B R ES KSR T —
PAHJER st,,, FFURARFR (A I [R] , DT 52 i B8 A 22 55 19 56 i
BPSE, R, VR E R L AL S G, 84 ES #R N i%
Wt [ S PATEF AT 5518 B A ES Sk R sE i)
WECHTAES NS IR0 4, J5ik, & X ESn
BN BRECH -

C.(X,8)= Y C, .(X,S) (7)

2.2 1HZEHE

HRIEEC(6) (7)) ByRE S, FEAR ZR 4858 U A 19 4T 55
A JEE TRD R ] A Al DA i i) R P 2580 88 T2 A R 5 0 2T
IR, TEALBRIE 2 s, W, BT 55 A ES HB T 2
531368 1o SRR A% e SRR AR A B RO, BEAh, i

TAESS I HEIZRIER AN ES MR PSR Z (A1 I OCHk , H A7
TEITR AT Sl X, 8O S/ IMEXOT AU, 7T LRI
JEJ2 5 VAR R RS M) MU — A 201 2 )
R Stackelberg M G =< U U N, | (Xm,i)pmgU, >
(500l 1oy (G pe| > o S (25
MG ES NIRBE .

TR R sl, PTG MEIERDCE X, B4 ES
149 b e i 3 A% TR SR e/ M T 8 2 B 1 AT AT 55 1 56
JRIFHE . HRAEZL(T) ,ESn (Yn e N) HYIERB IR AT L
FmH

mginCn(X,,S",S,") (8)
K. §_, R ESn S, HAWETA ES BT,

TEAC PR FEJZ sl, I BT TR ES WiT IR S, | B
AT 55 1Y B b 2 i g A e R e/ Mk B B 1 58 U AE
HUE (6), (T 5 o, (Vo < U,) {4 T bl
VI

I?incmvi(x,,,,i,X,<m‘i) ,S) (9)
Kot X RIS o, S R o, F BT ATE S
PRSI B

3 HEBUKfE

TE 2.2 Tt @8 rp —J5 i, ES X R A AL
Bk TH A SRR, 1852 3 HAth ES M52 ;5 5 —
Ji T, BT Z R E B SRAR B2, PR, 7T LK
JAEJZ I ES B RS R (8) AT 55 A4 148 1R AL (9)
OB — N EESEMZE, B EZ, §° B A
G EWAESGHEEFRAL, ¢ WHMWE T LN
Stackelberg 7> | fift B i 25 AN 400 T 35 #0 N 1 2007
TET F14) i 129 R AR AR

L s, WSS IR (9) FI(8) W, &
AATARAE (X,,8) FRUE R LU A, W (X7 = {x) ),
S ={S,}) NG BJ—1 Stackelberg ¥,

c(x’,8 ,8) = C(X/,s,,S:),VS, € S§,,
VneN (10)

Cm,i(x,:,i ,Xf(m'i) ,S)) < Cm,i(xm,i,Xf(m_i) .S,
Vx,, €X, ., Yo, €U, (11)

1 ES Y ER B AR SRR E SO 7 =< N,
(8 ) 0ens(C) oy > AEFWIFHEIEGIEMIE X
B G =< Uy (X, e (G oy >o HISCHR
[21] RIRG e AG AT | HAFTE SR s 4t 1
Gt AT BRI 2R HAF R IR & R s g A X 15, i LA
gretoeer gt T LK BN A2, B GO rp 2 AR A —
A~ Stackelberg Py

ORI Gleder FGrteer FRRe s B — g A A



- 64 LSRR R e o

36 45

BT T —Fh 3T Q E M EIE A Pk T H 155 19 i
DI S AN —Fh o3 A 2 AT B vk ok F-HR IR B
ES M iE R o, sk 1 f2 B, ARYEA L 1 M
2, AR SRR EE 7 N5 3 PR
3.1 EFQEMBHEEZX

EIXHEBE IR sl, BRI AT S5 , R o 4 m) % 1
By Gl FTF Q-learning AR, AT T —F & T Q
EREZEF L INTE 1R, BES v, , FIRA RIS
A MR AT p, () = (paio(t) (),
Poin(0)) S HHp, L (0) FAESF 0, AT (x,, =0)
BRI «, . (x,, # 0) BATEIBIAT MR F77E O
< P, () <TH vawhﬁn=1oﬁ$E&¢

Nosboin =00 ¥ 2, 5 Q A, 4RI S,
T AL EEAE x| 1 Q (B AN
001 (x,) = (1= 1)Q,(x,,) +
(€, (x, X (,058) +m max Q(x,)) (12)
i, ke (0,1) HEIHR, 7 e (0,1] FFIET.
St B R I, B B | A S B A AR 2
WES A MBI x,, € X, p, (4 1) RIFWF
HAIr

exp[QHl(xn;i)/T]
i, (LT 1) = ’ (13)
g " Z{ eXp[QL+](x,!ﬂ,L)/T]

s T NBURZE S BB, PR R 5 H H 2 [ ) F-
5, WET=1,/1 U1 Hh o, WEEIE, | U1 i
2 sl, PSSR, 4 U, | EECRE, T R
T 0, Bemp i AT UM PS5 1 U, 1 BBV, T E
AL T oo, I R, A1 T AL R

Bk ET Q MEIEE L

HACTER s, LRSS U, 5 v, TEFRRIZN ES 4
N, ESHEA N BB

i AT S M EI YR X, I ES YIRS,

L XT VYo, € U,Vx,, € X, , Witk Qx,,) = 0,
Puive, (1) = 1V (U+ | N D ARSI E S8 = 0

2. repeat

3 ed BT B o, R, (1) SR
K5 BT AN ES

4. MURSL 2153 BS MIER UK S, HHE S A TR S
5. for eachw, ; do

6. AR (12) BRI BRR «,, , 19 Q 5
AL (13) i p,, (1)

7. end for
8. t=1t+1
9. wmtilp, (1) = =p,;(t-1),Vv,, €U,

3.2 oHXEREIBEZE
AL PR RE SR sl B BEXTA ESn e N, W IRIT

R m) JEUE R Y Pt A SO T — R o Al kAT 78
BN 2 Fos , BOERTA ES AR TP, WG m
Z\, A ES M RN AT AL S, CA s, b
JFA AT 55 (DK X, FES B BIEA, 458 3] ESn
BT I, ESn K AR HE HA ES RUIEREIRIE S, |
PEREAT A A R/ M RS AT S8, /I

S.(k) =argsr‘nsi§1€"(Xl,S",S,") (14)

FRRIE MR Ar S ES RIiER ook, R ik
R, HRTA ES BERE S S L — R —2,
ik 2 A TR ik
A X, A% v, TEBEIEN ES 4 N, JES %
& N BAXSH
Bl TR S,
LOHTF Yo, € U Yo e N WIATE S (k) = n BHA{LIEA
WAHE = 0

2. repeat

3. k=k+1

4. for eachn € N do

5. ES SR# IR RGN (14) B RRMEIT R R HIFT
e HoAt £S

6. end for

7. until §;(k) = = S,(k-1)

3.3 REAEAE
3 SRR EE Y BRI AL 3 W LIS R R g8

RS AE , Hor AP BR 2 ~ 12 SRR A b B 51 3% Y i it
T, YR 13~ 16 R SR 1A 3 (SRR Ak 2 g —
R R

Bk 3 B TR

A AP N G,

it s RGLTE I T T

1. WAL RGTEMBIEE T = 0

2. form = 1toM do
BB HMESS v, o

had

4 Gy = connect(v,, ¢,G, )

5 KA BFS W) G, IR ETHE RS |

6. end for

7. form = 1o M do

8 fori=1tol v, do

9 AGAT 55 A7t e X 0 R BE S 5 L TR EE S sl
10.  end for

11. end for

12. 153 JE RS SL

13. forl = 110l SLI do

14. FRAEFE | A 2E S5 HER K X, ALK S,
15. HRAE K (4) T B2 5 U EE T,

16. end for

17. IR (S) IR G R IE T




5 8 3]

Fo Bl Gt B i RS AT 55 4181 BE A TR T 5 - 65 -

4 EBHERSHM

4.1 BEIEE

ASCAFEH MATLAB -5 #E47 05 B2 56, 7605 5250
o BBEA 2N H PR ES BEALES 2153 A 7E 1 kmx 1 km )
/N, RSl R R DAG, —FhAR 46 24
T T2 R FH A B, A G ) R LB 45 5 — Fef i
BILA: B, 2T 55 10 i A 080 /ISR i 75 330 9 5 4 3l
#E[ 500, 1 500] KB F1[ 200, 500 ] Megacycles Fifi 1 4%
A0 B P i AN G R 4 g T RE T i S
M, FE RN FE ARBIFE[0.5,1]F1 20,40 ] BEHLIUE ' | 5
ik GHz, WHEFEMG N G, , =1, Jdh 1, KPP
m 5 ESn (IR, r=4 R BRARIAAE IR T TR A M e
R o H107° W, HRMKGESHREWME 1
}5)]1%[22—231 .

x1 FESH
Table 1 Simulation parameter

24 I3 28 18

W, /MHz [5,20] K 0.2

P /W [0.05,0.15] n 0.9

R, ., /Mbps [100,1 000] T 30

4.2 BHRE5HW

1) 5k

AL T Q M E S S . R EI
15 ES (38 15 0 B SRR AT S bR T AR HBEEI 2k =
ES1 Fl ES5, 1A 55 B R 3 A an &l 3 e, W
R 3, 260 30 BIA RS IR AT 55 TR A E1 2R s i A
RO RETEL, B AT 55 B4R 2 EST AERAR A T
1, AT 55 76 A4 H R 48 2= ESS (IIHER AR R T 0,
U, D7 B SR BGUE T T Q (B 1 2 3 mT DA M s e 84
$~/|\$%]'zo“mjﬁ’ﬂﬁfﬁ’$o

® ESI P e
¢ ES2 o°
A ES3 o
I * ES4 °
038 ] ESSal :
+ L
§ oC: .....
'33'06 o °
g mey,H® -
|}
0.4 L
| ] oy ®
g - $$Q -
[} Ty
02F : L]
e '
|
oy
0 1 1 1 1 1 |
0 10 20 40 50 60

B3 HAT S5 HIE R R AR A
Fig. 3  Probability distribution of a task offloading decision

e, MR UEA SCOR I SRR AR 8D 3 B 58 I AE
D5 TR B | T AR SCHR HH IR AR AT 55 114 A BE AR AR 5|
AIRIEL Ty R HEATXS L . (1) BB /B2 E R AT 55
BEALIEA A A T 0 IR 4 BS, T B R IL S AL,
(2) 28 JRE 2 L AME S iR A GE R Q HiK
F PR IE TR, IR A S IRA S,

Bl 4 R 54 ES T, RGe508 U E 5 R P B 1 %
R, HEHE, R G5 A ERE R F P RG34 I B
X TFHABPIFR 7 58, A SO 28 1 ZR 40 58 IR ZE Je IR, R )
M PR Ry 40 B, R 5858 R ZE B A T 58 43 il IR
62.9%F1 44. 1%, X &= M AEREHL T 2, P B0E
HEINASEASH i 2 1] (%) 91 Bl 3k K s B AN R PR AL S5 4%
FRAR IR . FERE T BT A SR E A EHI 2
IR AR L, MiAS SO AR P 08 1 J2 14
5 H G EIE T S8 T RN, A RCE T IR SR
L AR F iRk,

—A— BENLT R
10F—o— ## g
—O— AU HE

R G 56 BRI 4 /s

25
P Bkt
B4 AR BOE S B9 R G52 MU HE

Fig.4 System completion delay under different number of users

S BR20 NP R, RIS ES £
KR, BB S A, RG5E R AERE S ES Fo i3 n
T /b | 33 PR U 1 7 2 G2 i T A 45 X A R B IR Y
e, FERIAY, 2 ES R 8 BF 6 H T A 58, AR
T ERY Z G0 5 WU HE 430G 81. 9% 1 63. 2% , H L, AR 3¢
J7 SAE ES B AR SR v] LR R 58 55 58 1 i 28 7 F2
fifhs

2) VA B A

Ry 5 UF A SCHRE 10 A TR AT 55 110 908 A 7 ik /D> 2R
3550 B AE 5 T A LR AR SCHEAT T 50 IR B S,
FERCL RS R AN E M A R S U R T T
XFLHE: (1) Mutas+SA : 5T P AL A HELR K R 55 25 53
FCAGEPRAE B 5™ o (2) WU 181 B « AN P i g
PPN 24~ ER AT PR BE, an SCRk [ 18], IR A S
HEFT R D, (3) AEUME  AEA SCBE T Y I B2 AR A
T ALSICRAHZET Q [EREHZEE L L5 ATH,



- 66 - LSRR R e o 55 36 4
—A—BEBLIT o XTI E BE T 58, PR B A REAT S8R AT 55 TR Y

10— B R
—OATTHR

R Y56 BRI S /s

ES¥iiE

K5 AEES B T i R GE58 i it

Fig.5 System completion delay under different number of ESs

Bl 6 BaRT 54 ES T, R 56 AT ES P80
KRE, mE 6 nr s, X AL 3 FhOy 5 A SO R R
B 56 J A S R 2 ORAF R A, R0 4 P B o 40 B 43
S 86. 2% ,70. 5%F1120. 1%, £ EJFENAE T Mutas+SA
T RELR ES R G A AT 55 IR i 43 Be 5 7063 e U, 3X
AU T AT55 X A B 5% U5 Y 58 S, 3k B 1 0 B R
KB4 F BRSPS 2% i 2 A FH AR TR
N AR P Z 55 AT 6 R . AEUME T SRR 35
k55 25 UME , T AN BE A RL M 2k, AR SOy 28 3l i
P () 8 BE AR N AN T T B R 55 g IRV R i s e R
FIFHZ RN T I8 B2 51 3R R CRUE AR B A 55 1 $07 7 It
R iR T TR T AT RO S5 580 . i AT Bt
FUBCRE IS I, A SO R PERR LI N A | 3K B E T A
SCRRY P
> -+ Mutas+SATT %
—A— R E TR

L —o— ARUMENZ
—o— AUHE

5%
=

—
W

RGN S s

1
10 15 20 25 30 35 40
JIPAE {853

K6 NIRRT B T 4507 5 10 R G o8 B Sk

Fig. 6 System completion delay of each scheme

under different number of users

K787RT2MHPT, RETEHRA IS ES $E
HSERE . tEIT, 4T Mutas+SA 7748, ES B i1
TSR TAT 55 X34 B B8 U514 5 4, 22 0 5¢ B A 92 328 97T ik

HATRAR S BUS WM 07 B AL T IR ERAS, BT LA
4 ES i 5 W, RGeS E RO, X TR
YEJT S8, ES Bk BB 45 22 48 vh 19 BE U 22 eI A
RESE A AR IS I 55 5 ME B DL 34, BT LA O3 58 5 AR 37
G R GESE MU SE 2 B BB W A S BT
ARTCT5 G108 3 e et e 2 AR AT LA A8 i 5 R 4 T ]
P, ST T BERAR R AT RE M AR 15 1 SEmRAS . I
XFHEHABTT 58, AR SO SR AE S BRI IR AT LLOR 5
R YE5E U SR I

18 —v— Mutas+SAJT &
—A— BRI R
16 —o— EMET R
- KXTHR
14
é 1
; .
§ \'xhh~\k
W% v
AaA—___*_“‘

Bl7 I ES o R 4505 S 09 R G 58 iU A
Fig. 7 System completion delay of each scheme

under different number of ESs

04 ES1
ES4 A

03 ES5

-A- R

1

SE I 2B /s
(=
o
\

0.1}

20 25 30 35 40
WEEESHE
I8 ANIFIH I JZ AT 55 A T 4% ES (1958 MU 48
Fig. 8 Completion delay of each ES under
different scheduling layer tasks

ES [ A PR FT7 BAAN B A S BCE AT 58 O B
JIAT AT 55 i R IR A LA 22 S, DRI, A e B A S
A PR PR 3 S 114 ] JEE 2 Ak B 5 G W) B 2R 48 56
ARG IAT B W55 s MR M 048, T 8 it 1
JI2 55 2 M A R, eh L 8 T 8 8 )2 5 AU SEE Fil
AT 55 5 (RS i o 32 R S AT 55 K 1Y



5 8 3]

Fo Bl Gt B i RS AT 55 4181 BE A TR T 5 - 67 -

Sk T A AME S AT BB, 1 8 R T
ES S8 L4 © BT A A 55 T i I AE | B 22 3 2
JEAES B 40 B R TR] ES 22 [] 5 K 58 U A 7% 2%
WALH 0. 066 s, 3 15 B LA [a] ) 38 B2 J2 AT 55 O T, A
[l ES Y9 5¢ MU AE (B 0 58 4 BTN A8 ) #RIEAAH AT,
VATEA SCIR] R v 255 S A 5 A MR T LA 28 24 £l
gk, WD T — R BE R B AR N AE | AR T 9 = A BT
ESOERS W FdiE AT

5 % it

AR Z ] 20 % k55 45 MEC 21
BT BEAR R G50 U S E Se A BFS B4R T —
T T 55 IR 55 i DM ) R A 55 181 BEASE AR R IR &R
258 56 IUN S 7] RSV A Sy THT 1) 2% 18 B2 2 A% ) 2T % 1)
B, RIGFIAZESHE ZIRBEE T Stackelberg 25 % )
FAERS A A TR, R Je 3l R T Q (E Y S AR
oA AT RS IR SE B T Stackelberg $7f7, 3845 T
55 F0 ES B LV BT A PR, LB 45 e 1
SRRV REAE A R R G0 58 U A, SR, AN S T
155 Z [6) T BEAF7E 1) 508 308 1 I 4, 5 82 AR ol G 1
I PR 2R %8 R 498 6 U A 3 S 52 )

[ 1] NINGZ, DONG P, WANG X, et al. Mobile edge computing

enabled 5G health monitoring for internet of medical things: A
decentralized game theoretic approach[J]. IEEE Journal on
Selected Areas in Communications, 2021, 39 (2):.
463-478.

2R, R, B, . 2 RZ BT S5 IR
PR TR E DT FE [T ], 7 D 5 R 2 4l
2020, 34(8): 133-143.

MA X S, TAN J, CHEN SH Y, et al. Optimization

particle swarm optimization algorithm for multi-objective

(2]

task scheduling in cloud computing [ J]. Journal of
2020,

Electronic Measurement

34(8) . 133-143.

WA, BRI G, BURR, 55 Balib Gt d
AREGRT]. MfFFH, 2018, 39(11) ; 138-155.

XIE R CH, LIAN X F, JIA Q M, et al. Overview of
mobile edge computing offloading technology[ J|. Journal
on Communications, 2018, 39(11) . 138-155.

CHEN W, WANG D, LI K. Multi-user multi-task

computation offloading in green mobile edge cloud

and Instrumentation,

(3]

[4]

computing [ J |]. IEEE Transactions on Services
Computing, 2018, 12(5); 726-738.
JI W, LIANG B, WANG Y, et al. Crowd V-IoE: Visual

internet of everything architecture in  Al-driven fog

(5]

[6]

(7]

[8]

(9]

[10]

[11]

(12]

[13]

[14]

[15]

[16]

computing[ J ]. TEEE Wireless Communications, 2020,
27(2): 51-57.
KUANG Z, LI L, GAO J, et al

scheduling and power

Partial offloading

allocation for mobile edge
computing systems[ J |. IEEE Internet of Things Journal,
2019, 6(4) . 6774-6785.

YANG L, ZHANG H, LI X,
computation offloading strategy in small-cell networks
integrated with mobile edge computing [ J]. IEEE
Transactions on Networking, 2018, 26(6) : 2762-2773.
HABER E E, NGUYEN M T, ASSI C. Joint optimization
of computational cost and devices energy for task
edge-clouds [ J ]. IEEE

2019, 67 (5):

et al. A distributed

offloading in multi-tier

Transactions on Communications,
3407-3421.

LIU L, ZHONG R, ZHANG W, et al. Cutting the cord:
Designing a high-quality untethered VR system with low
rendering [ C ]. The 16th Annual
International Conference on Mobile Systems, Applications
and Services, New York: ACM, 2018 68-80.

LIU B, XU X, QI L, et al

precedence and placement constraints for resource utilization

latency remote

Task scheduling with

improvement in multi-user MEC environment[ J]. Journal of
Systems Architecture, 2021(114) . 101970.

XU X L. A computation offloading method over big data
for ToT-enabled cloud-edge computing [ J ]. Future
Generation Computer Systems, 2019(95) . 522-533.
SUNDAR S, LIANG B. Offloading dependent tasks with
communication delay and deadline constraint[ C]. IEEE
Conference on Computer Communications ( INFOCOM) ,
Piscataway: IEEE, 2018. 37-45.

ZHAO G, XU H, ZHAO Y, et al. Offloading dependent
tasks in mobile edge computing with service caching[ C].
IEEE  Conference on  Computer
(INFOCOM) , Piscataway: IEEE, 2020 1997-2006.
YAN J, BI S, ZHANG Y A. Optimal task offloading and

resource allocation in mobile-edge computing with inter-

Communications

user task dependency [ J ]. IEEE Transactions on
Wireless Communications, 2020, 19(1) ; 235-250.

SHU C, ZHAO Z, HAN Y, et al. Multi-user offloading
for edge computing networks: A dependency-aware and
latency-optimal approach [ J]. TEEE Internet of Things
Journal, 2020, 7(3): 1678-1689.

LIU L, TAN H, HUANG H, et al. Dependent task
placement and scheduling with function configuration in
edge [EEE/ACM
Symposium on Quality of Service (IWQoS), New York:
ACM, 2019: 20.

computing [ C ]. International



- 68 - e R = I O 5 36 &
[17] NING Z L, DONG P, KONG X J, et al. A cooperative reinforcement learning and Stackelberg game[J]. TEEE
partial computation offloading scheme for mobile edge Transactions on Vehicular Technology, 2020, 69 (5):
computing enabled internet of things[ J]. IEEE Internet 5331-5342.
of Things Journal, 2019, 6(3) . 4804-4814. 1EEE Y
(18] XUfs, BT, L7k, %5 Ba it H bR R F I, 2019 4F T gl K iR Lo
A ERATAE S5 BRI [ 1] BiF=#4l, 2020, 31(6): - AL, AL KL Ak MR T
1889-1908. iy R 2= UE S u
LIU W, HUANG Y CH, DU W, et al. Resource- ot E-mail ; 1254019282@ (q. com
constrained serial task offloading strategy in mobile edge Wang Yao received B. Sc. degree from
computing[ J ]. Journal of Software, 2020, 31 (6): Nantong University in 2019. Now she is a
1389-1908. M. Sc. candidate at Jiangnan University. Her main research
[19] WANG C, ZHANG S, QIAN Z Z, et al. Joint server interest includes mobile edge computing.
assignment and resource management for edge-based AP, 2000 4T R R T oKk 1E
MAR system [ J ]. IEEE/ACM Transactions on T 2A A, TN TT R K N TR 2 B 2
Networking, 2020, 28(5) : 2378-2391. ¥, FHEWFFE T 18] R O AL AR M 4% B8 5
[20] JOSILO S, DAN G. Joint management of wireless and BUE. Sanc- R
computing resources for computation offloading in mobile E-mail ; jnluxl@ jiangnan. edu. cn
edge clouds [ J]. TEEE Transactions on Cloud Lu Xianling received Ph. D. degree from
Computing, 2019, 9(4) : 1507-1520. Nanjing University of Science and Technology in 2009. Now he is
[21] FRIHAUF M, KRSTIC M, BASAR T, et al. Nash a professor at Jiangnan University. His main research interests
equilibrium seeking in noncooperative games[ J]. IEEE include wireless sensor networks and mobile edge computing.
Transactions on Automatic Control, 2012, 57(5) . 1192- TR g 2016 4T B T 2% B 3k 15
1207. AL, BN VL R s 4, £
[22] ZHENG J, CATIY, WU Y, et al. Dynamic computation WFFE 05 0 B E4 IREE >
offloading for mobile cloud computing: A stochastic E-mail ; 745781529@ qq. com
game-theoretic approach [ J ]. IEEE Transactions on Shen Yifeng received B. Sc. degree from
Mobile Computing, 2018, 18(4): 771-786. Changshu Institute of Technology in 2016. Now
[23] HANC, HUO L, TONG X, et al. Spatial anti-jamming he is a M. Sc. candidate at Jiangnan University. His main

scheme for internet of satellites based on the deep

research interests include data mining and deep learning.



