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Abstract

Abstract: Considering the delay, energy consumption and computing resource cost, the utility
maximization problem in collaborative cloud-edge system is constructed, and divided into three
subproblems: computing resource allocation, uplink power allocation and task offloading strategy. A
game-based resource allocation and task offloading(GRATO) scheme is proposed to solve those
subproblems. The optimal solution of computing resource allocation is obtained by using convex
optimization conditions; a low complexity uplink power allocation method is designed to reduce wireless
interfere; a game-based distributed task offloading algorithm (GDTOA) is proposed to optimize the task
offloading strategy. Simulation results show that the performance of GRATO is better than other schemes
on delay and energy consumption, and it can sense the priority of users, resulting in higher utility and
lower latency for emergency users..
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Abstract: Considering the delay, energy consumption and computing resource cost, the utility
maximization problem in collaborative cloud-edge system is constructed, and divided into three
subproblems: computing resource allocation, uplink power allocation and task offloading strategy. A
game-based resource allocation and task offloading(GRATO) scheme is proposed to solve those
subproblems. The optimal solution of computing resource allocation is obtained by using convex
optimization conditions,; a low complexity uplink power allocation method is designed to reduce wireless
interfere; a game-based distributed task offloading algorithm (GDTOA) is proposed to optimize the task
offloading strategy. Simulation results show that the performance of GRATO is better than other schemes
on delay and energy consumption, and it can sense the priority of users, resulting in higher utility and
lower latency for emergency users..
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e

it ThEp, 5HAH P ThEp 4, KX
GO A GHWIHAE T o Rk INER N T =
z}mm&ﬁ~4ﬁﬁﬁ,%ﬁmﬁﬁm,ﬁﬁ

ke N i
LI EF, RN
I'a > p™h, (34)

ke N\ {i}

T SEbRA L — WL L < 10, A FTE R
FHAM U AR R, BT E RN — &
W AT S ISR, BT LU I AE N AU
I,

TR RE LI, 43R 045 B MEC #1211
FI P RS ShR Bt p) R p, A

D»

C
B(T,-—) a 2
m s I, + m'
Pz =D ) = pl Ve N,(39)
b
, B[r,-%-(o,+o,“)1] I+ 0'2 )
Pz ~D(F D) =plVieN,

(36)
WS i # B MEC IR & 28, W p.=p!,

RGN
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B0, py=pio WRp,>p™, 4RSS KA L
B, s =s= 1. Wy > p Byl < W
PSRRI N p, = p.

3.3 (B HIE SR

AR FE FRAR 7 V2 DR AT 55 0 SRS i) e
¥ AR &5 BB KR Mg i 2R E XN G=
{N(S)icn )iy} HFNRRS5¥H, Wf
BAWHEAES K, S a2 F i i) #1804
o PP BB u(ss,), Hds, =
(S15mees8i 158 oSy ) RBR T HIP i DA A
BT F P R B SR IE AR

BEAN P 3% % — AN ) 1 S0 SR DU R K Ak
H &R0, B

max u (s,.;) = s+ sl U+ siul (37)

WG, I NG 354 (nash equilibrium, NE) Al
PP PAE S5 BN BRI 2R G

X1 XTSRS = (78"
Rt FVieN, #Ha

u(5,,5,) 2 1(8,5,).5, € (sis0s0) (38)

YU PR S A SHE W S7 2 1% G I NE. NE J& — 4
i RGFENPIRE, 75 NE S AT P # A R il
i 575 T 0 L S R — P I A -

E X 2: WIRIE GARN—DHERES(s),
A AR S s, BT AR s, H
= H‘MSJ’ 5,5 e SIF, ATLAERIPL R 5% &

U($,5,) - u(8,5,)=¢(5,5,) - p(s.5.),Yie N

(39)

MR G2 — M FE A IR BN AAAR
RIS RS 3 AR R R AT 4, IR R &
PR 24 3t %k (finite improvement property, FIP), EJ{F:
] 7 25 BEAIC W 8L ) BE BT L AR AR L AU BRI, JF
FHNE.

IR R GRS, HH R
¢(s) @) PR, JFHEZWSCT NE, BA
FIP.
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N N
$(s)=s; >, +(1-5)(s\ ] +siu;+ > u,).¥ieN
n=1

n=ln=#i
(40)

WEW: XEFRP(Yie N)s, e [, 8.4

Y AR IS M s, TR s I, AR EL () L 2
R @40). HEUF=ZMiEo: Os,=s=1, 5=
si=1; Qs =s'=1, ss=5,=1; Qs ,=s' =1,
s, = sf =1

(1) FH 7 i (R 2B 48 55 s DA i Kb P 5038 D S 2
B RGAS TR, SEiAH
> e

n=1ln#i

B(s05.) = B85, = Dt = -

-y = u(s)s,) - (58,

(2) FALP i (R EV RSN DB MEC R 55 40
A A AR B

P(s!5.) - $(s15,) = ul +

! !
u’: -u; = ”(ST,S,,-) -u(s,s,)

(3) AP i BN SRS M ED E B MEC i 55 %% 24
AN = RSG5 SR

N
$(sls.)-g(sis)y=ul+ D u,-u -
n=1ln#i
v 1 m c m c
z u, = u, - u; = u(s;,8,) - u(s;.s,)
n=1n#i

T ULE T AT fR] 30 38 v 5 0 2
2, ARG (s) B e (39, B, HZEG
M EAIEZE, BRAF{ENE. il FIP 15 3]
A RS S, AR AR P R R T i 25 )
.

3.4 GDTOA Bk

BEXF 3.3 J9AE 55 EI RS R |, E T RS
(1) GDTOA . fE&H AT/ T ™ 15 BV EN g, S8
J FE 25 5 (1) 350 2 SR R R 3.1 R0 3.2 15 I 7 VAR
RIS, FAEARZ AL R B RS,
REM B KA

BEVE 2 4 T R P D A e T A 3 O R
IR 1~4 BEAT WA A, A H 7 R E 305 MEC.

REI, G5 RIAYFE RS R T IR B RO S A 55 #80T &

Vol. 34 No. 7
Jul. 2022

A IR 6~10 S AL THE B A EAT Dh R e
FRUE SRR — A 7 SR AN [ 0 285 SR s I 1) 280D
W > T He > T, EEEIMEC RS 4. HI,
JH P A R BB (1 5 0P A B K R S A SR

BE 2 155 E B RN AL

1.Initialization:

2.UsersetN={1,2,--- N }task,={ C,,D,T,} ,ie N

3. Each useri,i € Nset offloading strategys, =
s; =1

4.End initialization

5.for each useri,i € N do

6. Calculater,, E;anduby (1), (2) and (11)
respectively.

7. Calculatef," andf, by algorithm 1 and
(30) respectively.

8. Updatep:by using uplink power allocation.

9. Calculater,, E;'andu; by (4), (5) and (9)
respectively.

10.  Calculatet;, E;andu;by (6), (7) and (10)
respectively.

11. ift, > Tand ¢ > T, then updates, = s, = 1.

12. else

13.  ifu’>max (u',u,)thenupdates, = 5" = 1.
14. else

15. if u, > u{, then updates, = s, = 1.
16. else

17. updates, = s; = 1.

18. end if

19. end if

20. endif

21.end for

22. Qutput: Pre task offloading strategy S, =
{50,804}

K Ml GDTOA 53 1) H (52 72 1 HAT 55 AT
Z AT, W EES B P S EAH B ) D R N
FEH R UGER B LU AN SR

(1) AR5 B =7 W52 2 1) 20 3R
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6~10. FEIXANIERE, F AR A 24 i 1 0 4 S
(s05.), JetRACEIEAMRD, FHEAEA P SREUR
) S S G I 0T 7 P28 B e (55, )of € Ao
(2) SEWETE i 35 4. FIFH G (K FIP, 4kt
A(t) & {siu(ss (1) > u(s (1),s,(1)) }

RGN
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AN SR B RS . BEAR e AR B T
DA 2R 77 258 4 g SR bl 2, A

A OB RN BB S L i A i [ 2 -

si=s,= Lifs,(£) # (s, = 1) and u(s,,s.,(£)) > u(s),5,(¢))j € {me}

s =5, = Lifs,(t) # (s; =
@,otherwise
WERA, (1) = ¢ CRIF ™ i AT DAIE IS 58 SR 4
A SR, kS5 RIS 584
DB A AL I 3 A r DR AR T S SRS ﬁﬁF’ER
e R R SR A ORI RO e, R
BRI Au(s,) = u(s,s,) - u(s,s,). RMEFHATLIE
W B O R K EI BN, T At i B 4k
BORFFIE S, R, () =s,(¢- 1), FFFTH—
FRF RS BBBCH A i
BORMENS, SRR, BARREMSEES
Fio .
H3i%3: GDTOA
Initialization:
Userset N={1,2,---N },
task 7, = { C,,D,,T;} ,i € N,iteration ¢ = 0.
Obtain initial task offloading strategy S, =
{50808}
according to Algorithm 2.
t<—t+1
while S (7 - 1) # S, do
So=S8(t-1),seti=1.
while i < Ndo
caleulates (i y=u (s,s, (1)) el Lm,c }
compute the best responseA, (7).
i—i+1
end while
for each useri,i € N do
if useriwins in the t-th iteration ,

then updates, (1) = s.

si=s; = Lifs, (1) # (s] = D andu(s!,s. (1)) > u(sis, (1)) € { e}
D and u(s;,s. (1)) > u(sis, (1)) € lm}

elses, () =ws,(t-1)
end for
t<—t+1
end while
Output: computation

Optimal resource

allocation F, uplink power allocation P and

offloading strategy S ’

4 SRRSO

4.1 SEWE

ARSI BRI 22 SCRR[12) 80 [22] 1% B 04k
WEMTEMES . ZURKEREIAN RS
2. 1NMEC %28 1 PBSHINANHS. NA
[5,100]H BEALIEEL, FH = BEAL 2 A0 1 25 5l 4%
N0~200 m F) 7 w2 G N . B AT MR TE G R4
PR L (dB) = 140.7 + 36.7 lgd, ., A B 3L
IEAMR M2 BN 8 dB. HA /S M inE 1
N

AR RE K N R ) B 2R 0 & R FH A S
FTHEAES . BT SCHR[23], SRS HE =
D, A\[100,5001kB 56 i A BEALIL#E, Jir# CPU
WI%ON 1 GHz, 7 i B ZE 23R 7848 [1,2]s P
(13535 43 A o B[] F0 B &2 4 IR 7 23 33l & B M
pi=06Hp =03,

fff B 92 U6 78 % 47 i5-10210U CPU@1.6 GHz
2.11 GHz ] Windos10 PC L1217, B17°F & &
JDK 1.8,
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Table 1 Experimental parameters

¥ Mol

A % BIMHz 20

F P K AT R p™/dBm 23

5 5t 5 )% 6°/dBm -100

MBS | Z5 ) 537 $0H % N E v/ps/bit | 1
fE e A M 5% 107

MEC JIk. %5 82 1] CPU 5% F/GHz 20
FH P15 4 ) CPU S £/GHz 1
MEC I % %% B 5 % s 4/$/GHZ 0.015
TR BT S R U A/S/GHZ 0.03

F AR 75 ZEAE 2 GRATO [FI%f H T % -

(1) 752515 (exhaustive): JHILIE 7 3" MR FEH
A AR B R e B 8 OT , NR RAR EAE
PRl ikt AR P B 3 i A R e 7 S A RS E

(2) Z H b it 5 B 59 2 B (multi
objective computation offloading and resource
allocation, MCORA) 75 %+ SR JH SCHR[19] H ) 1 4
RSREEE, T EAT S5 AT DA 36 A Hh b T ) 2 3
MEC. 5 GRATO 75 Z&AHE, MCORA J5 H&A K
BB,

(3) 43 A Tk S A B YR 4 B (distributed
computation offloading and resource allocation ,
DCORA)JT % R SCHR[22] 0 5 T 1 2710 B 1 4%
5L DCORA, A RERERE, BHIE ) FOANLh R £
J7 15 A GRATO J7 G A o U5 D 4 ok 5 S0VE 1)
PERE.

(4) BE A AT 55 5 HOM 55 U7 3 B (joint task
offloading and resource allocation, JTORA) /7 %&: K
FISCHRI12] 0 B D342 ) 07 3%, BRI 7> BO AN 3 ok
F I GRATO 77 FAHE o H Ty 22 458 1 0f 6 FE 1
AN

(5) 50 5K 0% A4k (computation offloading
strategy optimization, COSO) /7 & : A @47 1T 5 5%
JEorBCiAE, MECTHHERE I, =itHE5%
PRI, R EN R EAT I CR A SCHE H
GDTOA i)

4.2 GRATO 5 R R SHE

K2 BB T N = 10 I fir 5 7 SRAEAS R 1H 55 A7
I RFUAHME. TRLEH, 75259511 R &
i, GRATO 7 £ 57528 E I ERe iR, J+ H &
T A7 5. deoh, BEEIFREABEN, R4
RO AR, 3R A2 BN AR 55 It 75 v 55 B 184 i 2 3
BOKMIR SEFBERE . GRATO 7 RAE T 552895
2)3% I PERE S FE, AH XS T JTORA, MCORA,
DCORA F1COSO 77 %7l 16%, 33%, 7.1% #l
3.6% MIVERESETT

[1Exhaustive

0.5 1.0 1.5 2.0
BAMESS PR T BHR / GHz

K2 RGBT
Fig. 2 Comparison of system utility

FRARFIBATR IR 2 R . 55 880K
(AT I () e Hofh 77 %8, N =101, F5%859%
(113217 I (8] /2 GRATO J5 ZE 13 200 5 . ELAR 55 4%
AT DU B AR, (RS AT R R R AT 2 .
GRATO 7 F WIS AT i [a] B AR i T HAth 7 58, H4E
FRIEZM IO, 5% EAT S AT 1S 8] (B
AL, FLLABSAN . Rk, GRATO 77 &
FEPE REFNIZ AT I 18] 1) 25 5 7% 18 b /R O SR IR IR
fETT % .

K345t T N =201 GRATO /7 % 7E MEC JIR %%
FAFETHE TR E T RS . RGAE R A%
FRRBOZHTHEIN, e TRE. GRATO &6 —
POEARERA IR ORI EN RSN, B RGiaH,
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HINARGIAEINE, b4, MECIHEREHRE, &R
SRR, HAE AR B, ISR

®2 RITRIVIBATN A

Table 2 Runtime of schemes ms
UES N=5 N=10

MCORA 0.096+0.02 0.22+0.07
COSO 0.63£0.2 0.77+0.18
DCORA 0.71+0.18 0.95+0.32
JTORA 0.93£0.2 2.51+0.4
GRATO 3.26+0.37 11.8+2.5
Exhaustive 32.243.9 2 543£36

6.5

6.0

53
5.0
4.5

RGN H

4.0 —+—F=10 GHz
——F=20 GHz

35 —=F=30 GHz
¢ ——F=40 GHz

3.01

2 4 6 8 10 12 14 16 18 20
ES ARV € (4
K3 GRATO Sk sii:
Fig.3 Convergence of the GRATO algorithm.

4.3 GRATO J5 &gk

K44GB T & T REARHFAHETMR
G LG, BEE S ECE N, &7 RM
RGEMMAERM. ‘EAHTZE+, GRATO
PSR U . X A KA GRATO J7 % RE 5 4 3t Fl
F MEC #1 = v S B2 8, 3% A A1 Ak o 55 55 U 4
P Dy 4% i) B BT 2 5 g . MCORA 77 R T
B EAR, R R AT 55 A b Ak 3 B %K
FIMEC. MEC R %% 48 L it S ®IE A MR, FE
FHRPBERREN, SRS RTE %
PRI 7>, MCORA TE A th b 3 (1) 4T 55 % &= A&
Z, N RGHHRK.

RGN
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20+
18
16
14
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RGN
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REDAE -6
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Fig. 4 System utility against different number of users

BIS 45t T N = 30 I 507 RAEA A 5 68k
TP BAES I E . BEE R SRIE I, (E5%
I SEHE K. fEFTH J7 %1, GRATO FIR ZE & /)N,
H K& COSO, XA COSO Jr % A%t it i Bt
V85 B HEAT 64k . MCORA B IE 5 K, BIAE
HAERHAT 55 E BB B 52 IR MEC i 55 45 . 2RA8L
i, DCORA [ 5! 5 e 5 SV A 5 4 - ) 3 2
MEC. XUiHIfE MEC i 53Rk, K55
B 2 7] DU ARSI SE . GRATO 75 6
ROA I MEC Mz TSR, > 7RSI AE

4.5
4.0
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3.0
2.5
2.0

FEUESSIISE /

1.5

1.0

05 1 1 1 1 1 1 1 1 J
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BAMES R E R/ GHz
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Fig. 5 Average task delay against computation load
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1 = po BT 7 ERI SERE S B (O KN 24
Bi=0.6 5, “FYI0FGE FFEAR B — 2 KT R .
GRATO J5 E I i — ELAR R i /DN .

Kl 6(b)25 T N =30 I T I 4T 55 GEFE R RE &
TEFIR T B IR R . &7 RIVAERENEE B 134
MM 6B < 0.5, GRATO /7 EHIREFEH /Do
1 JTTORA J7 R AE B = 0.6 5 U S BH%3E 0 HI /K
BB TR A ) 7 A8 P Th R AR R N 1Y
W, SEH T REREER m 5. GRATO 7 %
TE I A A1 BEFE 2 (Al 7 — € BIBLAE, 76 DR IER I
ERIETHE T, FCH P # & rEe
50f
4.5
4.0
35
3.0
2.5
2.0
1.5

1.0

055 02 04 06 08 1.0

IS e 25 IR 8
() ANF BT HIF IR S5 SE

PSS AE / s

30

—+—DCORA
25 —--MCORA
: —=-JTORA

——GRATO

2.0

1.5

1.0

FIMESSRERE /]

0.5

&

0.2 0.4 0.6 0.8 1.0

0 |

RER M4 [N 1B
(b) AN B TR FIMES e
Bl6 P IE K RERES il 5 T (K26 &

Fig. 6 Delay and energy consumption versus preference

factors

Kl 7% T N =300 R4 H 5 MEC &
TRAZ MR R . B AT, GRATO,

Vol. 34 No. 7

REI, G5 RIAYFE RS R T IR B RO S A 55 #80T & Jul. 2022

DCORA, JTORA FICOSO X JLFf 5 5 i35 A # 2
S TR BT RE, K2R A MECTHE TR
FRATIIE I, B2 M SRS SRR = .
IT MCORA J5 R TVEWAT 55 #13B =, R Aelg %
EAT I MEC THE SR, 5 B8 R AG .

Kl 7(b)4H T N=300 RS = iHE5E
(A 2 [A)fR) 5% 2. MCORA 7 EARME K3 =, #&
FIRFFAVAE . A7 SSREE AT T 80 T e,
I USSR MCORA ZRBUFI /Ko 3342 K
N T RIS R, AR R K A 1 T
VR, TR A A B B B MEC . R ER
I COSO R, BRI T,
MRS A N HATE S5 4y L [ R BB . T AR
TR ERAIE IS LU, GRATO J7 gl it
THE R A IR B m PR R

—+—DCORA
6.0 --~MCORA
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= 4
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35¢
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451
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Fig. 7 System utility versus the cost of computing resource
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