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Abstract: The integration between cloud computing and mobile Internet promotes the development of mobile cloud computing. The
tasks of workflow can be migrated to cloud that can not only improve the computing capacity of mobile device, but also reduce the energy
consumption of battery. However, a great amount of data transmission introduced by using unreasonable tasks scheduling strategies can
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damage the QoS (quality of service) of workflow and increase the energy consumption of mobile device. In this paper, a multi-objective
workflow scheduling is proposed based on delay transmission mechanism (MOWS-DTM) to optimize execution time of workflow and
energy consumption of mobile device in mobile cloud computing environment. MOWS-DTM, derived from genetic algorithm, is
combined with the process of workflow scheduling and takes both task scheduling location and execution sequence into consideration in
coding strategy. When mobile user is moving, wireless network signal of mobile device is changing with the pace of different location.
The stronger the network signal, the less time it takes to transmit data with fixed size, and the less energy the mobile device will consume.
Moreover, there are many non-critical tasks reside in workflow, and increasing their execution time will not affect the makespan of
workflow. Therefore, the delay transmission mechanism (DTM), incorporated in the process of workflow scheduling, can optimize the
energy consumption of mobile device and the makespan of workflow simultaneously. Simulation results demonstrate significant
multi-objective performance improvement of MOWS-DTM over the MOHEFT algorithm and RANDOM algorithm.

Key words: mobile cloud computing; workflow scheduling; multi-objective optimization; genetic algorithm; delay transmission
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TAERAE 5 MES, BT S ITB IR IG, H P AT S5 10 T 6 TR B 4 AR M AL B0, T AT 55 11,00 F1 24 W) 55 25T
BB BT T4 TS 1o R 6 AT T8 EE 2 S5, 75 TEFs 4 SR B0 20 o 0l R0k B = v JIR 95 2% A AR AT 55 10 FH 44
BAPATRA B TAES 00 F1 6 975 B I BAT I LUE AT 2 AR P TR AL 5 AT 55 1 2 DA RN s —MT
55, A AT S8 B, T A A AT i 0 Uy N A IR R 45 B B4

BRI

r=—1 (P e | A | <R

[ = ECaY s o

! W < Beie— —Hetiio

-

) - o w

e Y Mt M . e SR
f f
BT
D

Fig.4 An example of workflow scheduling in mobile cloud environment
B4 Baha i SN R LARRE R R ]
3 EiEwat
2 Hbn 5 5 H AR )8 35 AR B DO, 2 H R EAE 2 0T 2 AN o SR B 7 B [l IR DAL, b R G R A A
AT HARE D RREE TS T HAR AKX (28) 22 BRI T
B F(3) = (L1(5), 2(R),0 £, (D), 34 () (28)
Horp, £, (R) Fon— A7 H AR M 2 H AR ECR A5 H AR TG K A g S il 1 x B R 4ROy

K. H % e X X Ay s 23 (8. T 7 B AR 2 M P 58 ¢ &R, — M8 Pareto /7 ft.(Pareto dominance) i HE & 3 L 3%
figt (45 127,
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EX 1(Pareto H1K). MAMF 3,5, € X A0 AR x H AR x, 2 H AL T 208 L
Vil fi(%) < fi(jz)/\ajzfj(fl) < f,(xz)

W AN %7 /L Pareto dg I (1, 5 4 6 B & AN Bl L ARAT AT i o .

FEX 2(Pareto FMEHR). xF T A (28) T #iR 1 2 HARUAL S, W G X" e X, HAMAE VieX fHf}

X <% JURK %"k Pareto SR AR s R4 LR

(29)

KEZHNEOUN, 2 H AR )80 S D8R AN AE 0L BT AR 2, 22 H R ALK H b7 245 5 Pareto S5 AR (1)
4 R Ny Pareto AL i 45 M3 Pareto LM 4, T LLE X Pareto .
TE X 3(Pareto i), AT Pareto SALMEST NI H b iR B A5 25 7] 0 13 19 B 1T FR 4 Pareto i 5.
B2, % AR H bR 15 2 17 8 Pareto e I AR SE b B0 0 5, SN 512 T BRI R 4P, A\ Pareto 3

DUAREE A5 A £ N 1l AL 1) S DA

A5 AR VR JRE e T P AR S T OGR4 T R 445 2R VDA 5 1 DR 80 AR AT 95 RO AT B B AT I A2 B
BN SR, — A 55 W] LUAERS Bl e 46 AN B E 2 S AT BT DUAS [ (K B AT o7 2 A8 AS [ £ 8 46 REAE AN
AR SE T A i TR 8 = v SIS P IR v S BT B, AT B8 2382 26 0 2 i e 55 4 A 60 24 P A 55 i I 58
AN BLIRI X e oK T TS T S A0 Tl AL DAL b, AR SO e HR AT 55 ST TR SR AR AT 55 AT S T+ 11 B 05

SE4 HE R RETT (VAR 554 FAT o 4 DR AR B AL

N LA S Sy 45, B A AN [R] AT 95 HE R 7 200 AR B RS R N 8 M AR, R4S
RN 3AMMESAEARMIATAN 2 M5 AE = 5 RAT . 24 TAETAL S5 AT IS to,01, 02,83, 84 W, HHFAE S5 15 4E 25 0
BT AR5 1 e 2 BT DL SR A6 50 B0 20580 T 4 A% 1 655 3 AN LBt BT LA 2446 (04010
JF 2 to,ta,t1, 0,00 BF FHTAT 55 1 AT LB )5, FIRE S BUT 55 1 PAT I )5 X AT

P =
N

TARRERY

W RE 25
KHPATAESS 10, 11, 13
BIPATIES b, ta

PATIUTL: 1o, 11, b, 13, 14

| | |

t
FHIT ey
A SR,
S

Hidhifl i e

v

v

PATIRUT2: to, 13, 1, t2, ta

. to i3 151
A H AT I — I h— | | | >
e ta Bl 1
NI . . R
Fig.5 Impact of task execution order on workflow scheduling

KI5 AES5 AT N0 A i 2 4 52 1

Wi 1) AN AR A 5E I ).

H i 1R 2 2% % 1 FH 3E 16 52922 (evolutionary  algorithm) fi# ¥ 2 H bRk 4k o) 5128321 gk 4k, £ H #7% (evolutionary
multi-objective) &2 AT LL1G 21T U AR (1) Pareto R4 & Foh RN R R A 22 B AR Z [ 1) — AU E R Bl = v
FIEE N2 B b TAEG IR B, FATT % Bt 8 A% 50R A b S Rh 5032, 0 18045 502 vh N T O 58 0l it 15
2 JEAT 55 AT 7 BT 5 AT HE P (1 G S ms, DL A I I aa Ak B FE . A X, AR RS54 AR R A 4R o]
A7 P A2 I A AL ), 70 38 00 4T 55 BRAT I T8 (1) S ik 2D BB FE de I A SCHR E 2 H bR T/E IR A2 1Y Pareto g fLfi#

B PF AR 5 v,
31 EiLiESR

AT % H AR L AE VM (multi-objective workflow scheduling, fifi 7 MOWS) 59 55 T35 4% 490 S B agt A%
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SEL B S5 Holland {81 2 H B3 500 sk 2 W 0k A S ek 3 01 K 00 B AL 35 2% 30k AR 2 o 10 32 26 1,
F B AL STk R v 22 H bR LA I 88 — AN B A R )70, 08 HAE Ashfll. Lgs A2, BHRaE. N T4
Ay WL 5 ) S5 07 R T )2 0038 FH 38R Sl T B AR IE PR Rt A% R B I AS UL AR S S5 L%, AT R
FhoE % o 3% B (selection) . 28 X (crossover) F1AR 5 (mutation) i 7= A8 TS — AR HE, stk A6 T 25, 1 A 9 AL 1
HIK IR 2 H ARG W EH AR SR SR R FE AR, B R G AT . AR e SN A . R,
NORIAR 545 6 AR AEA LI 2 H AR T ARSI BE 38 N BEE A 2300t 24 3 (24) Rt 23 2K (26) ¢ T AR i 56 T
] R RO 3l 1 4% BEAE 1) V15, T DR PR AT A A 3L A LA o I B 7 vk
3.2 YRAGERE

i F AR S S B 22 H bR TSI R B2 I, 75 % 1R A VAT 45 AT 1 A7 B U 45 JAAT DU AL 1 — A T4
WA n MEE HES X={rox1, X X PRE S TAERAT 5 AL B ISR x=0 RRT5 1 fE A
1T =1 RoRAT S ¢ 25 S ) 23 AT A RS Y={oown o Ve Vo AT S AT IR 4545, Hoh y, R T
YERL A R FREAMT S5 B FoR M yie{to, oty oty o 1B AT S5 BOHE P 75 B0 AL 50 7 BRI 56 22 IR B0, JRAT 55 10 B0
HAESE LA BD yo=to, RAT St RS Y RO IHHE B G — ML E, B y, 1=t 0 A G ITSHEP, 238 % T AE
WHAT I ZEBE. I 6 Rl 1R B VE R EE T 2 H AR ARG W 5 1 4 i 7 ZE 7 191

ol e

tiprE [ 0 [ 1 [1]0]1]
iy o |6 [0 [ o] a ]

Fig.6 Coding strategy of genetic algorithm
Bl 6 JhJast AL SOk M g tid 77 %
33 Ak
112 BbR AR B2 R v, 25 T AR G 1) 5 1) FOAT: 45 Bt AR DR IR, 1k A B9 1R 48 R 2 ) R AR R BR &5 3
HEEWSIRE AL MOWS Sikrh o T 4% 225 78, FATVAT 55 AT 7 B RHE 7 32 R I BEAL 5 i
BT AMES 6 AT AL A, 77 AR [0,112 (8 I BE KL AL p,, a1 2R pi<0.5, 18 4 BE . x,=0; 75 W) =1 I R FE 11
Ji s B A AR 45 kT LA B AL B ARG X AR RAR S5 A B A A K B RS an 18] 7 P, 7 B R N 2, R AR
NN AR TN R AEAS AN, F o N A R (R RIS
Bk 1 AR B A,
BEGIN
01. forteTdo

02. A [0, 1] 1l (R BE LR pi;
03. if p;<<0.5 then

04. x;=0;
05. else
06. x=1;
07. end for
END

Fig.7 Pseudocode of the initialization of task positions
K7 ARG BRI A O AT

IRIG R TAESSHE P AT AR A, T AR 55 2 1] A 2005 2 — 52 [ S e BRI 38 B LU T AT HE AR S5 B S kil
SR AL HER AR 55 0 MAZSE B v BEALIE I AT 55 34T HE e L mh AT HR A 55 10 SO AZAT: 55 BAT 1l 9K
H AT S Y 58 B AL IR AR BRI N — M55, LB R — 4L AT AR 55 P 9 AR 55 HE P g1 a6 AL O XS
Wik 8 o A AE G RN N HTA AR i K R A 1 BETL ™ A2 1A 55 )7 S RT e A7 AE TR B
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&% 2. (LS HITVILAR.
BEGIN

01. S=0; 5P ESES
02. R={n}; NTHFEAES
03. T=T-{t};

04.  yo=to;

05. index=0; IIHEFHI% S
05. while 7% do

06. for ;e T do

07. if pre(t;)cR then
08. S=S+{t;};

09. end if

10. end for

11, BEHLAES S TR —AMES 4
12. Yi=tindex;

13. index++

14. =T-{t;};

15. R=R+{t;};

16. end while

END

Fig.8 Pseudocode of the initialization of tasks order
K8 AE55HEE R A O AT
34 EEET
T PR A A N AE AN O R VP 0 it b DE AR B rh VR R 95 A 4 2 RO A 1.
H B, NSGA-I1 ¥ 4l 57 it 7 (non-dominated sorting) F 41455 25 2 Hi 3 5190 2 de ) V2 A i I 4% B RS S 1 05
iz‘z%[zsl [k, ﬂiiﬂi%ﬂ%lXWWﬁ%%EiQH%A%LEYQﬁEl’ﬂ:*ﬁﬁ'ﬁ E‘ﬁ'ﬁ %ﬁﬁﬁ‘ﬁﬁﬂ%ﬁ*ﬁﬁﬁi&ﬁ

'43ﬂ’J/\MifrﬁﬁﬂT%EEfiﬂ(crowdmg dlstance),ﬁr)rﬁ%ﬁﬁﬁ.ﬁlﬁﬁﬂﬁ? Eﬂﬁffﬁfffﬁﬁﬂiﬁﬁﬁ?, F,’rﬁ?&"ﬂiﬂﬁﬁﬁ?
TERE N A BT R0 AR AE SCC 43 J2 AT AN B IR & 2 5 BN AME j S H AN B R ARSI H rank())
FAAFHE & distance(f) AEIEFEHTFIEN, W SAE 7 PL T AN B i<j, 84 2620056 A2 BA T 4 1F
rank(i)<rank(j) or (rank(i)=rank(j)) && (distance(i)>distance(j)) (30)

TE 06 PR AR N — AR IR, S 1) T R B Al Sl HE T 2 SR AN R W AN MA R 8 T — AN
SCHC 2 I 4N A AR B B I A A AR A D AR B DR S AR DL B3R, B RE BRI NS H ST N
RERT, v S E HE e RN R B HE I 1 41 R S I L Sk [28].
35 XRXETF

A X F A LA B TR0 R AR I e 0 48 ) Bagt AL 45 J5 AR, TR IR B4 2R 42 SRy 7 9 A 2 1) 1) 4 B AR
P v [ G i SREWS A8 SR~ 75 B2 53 3l 25 FE AT 45 AT AL B AT HEF P AN J7 THIAEAT 55 AT A B 1 A8 XA v,
T SERE R o AR AT P PR TR, SR )5 SR A 'Eﬁﬂﬁﬁjifﬁiﬁﬁ%‘frﬁﬁ/\@k BBAAME, BRI AR S5
PLEEG TN Xy = {55, X 1o X oo Xy F X, =5, X2} GRS AR 2 SR A BB AR X R
Xy W AR 9 Fﬁﬂ?,iiﬁ‘liﬂﬂbﬁ%ﬂﬂl 10 7.

SCHR[BAT4R H T 38 F T AR SAT 45 AT HE 3 148 SCHR AR A A 6 240 TR R SR8 J2 AT 2% 22 1) 114 58 e BR i 9%
R, T B8 2% ] B v AN A 3 B FRATT T HE AW AF ek, A 7 B2 A8 FH 0 56 24 SR B A m DA S B AT OB A 1 o TRl r
A XS AR A R AT A Ry s — AN R BRATRAE S HE P A 1 MES RIS R
AR IAT: 55 5 AR A UG IC DX 38 AR I AME S TR B Yo B Yo 45 ORAEAE S Yo IMICIEIX Sslon 205645 Y, 17
10,55 Y, (W UCHC DX SN B4R Yy i 18D, TR 10679 A 397 PO I IS A A 5 i, 2 Tl 5 199 A W IF e/ 4k, A6 B e i
HEAT AT S B XAt B 1 SR IMAT 55 17 41 BRI B AR FE R B B AT 553 1 b A 85 Yo AN Yo Hh IRATE 454
J¥ 2E LS BRI DG R 1, F)TUVE’%PE%T;M’FT ﬁﬁﬂ?’:%#ﬁﬂi‘i%ﬁ R ONIEERS

PIMESHFES Y, =0 e Ve IR Y, =002, y2 0 v V2 BT AR Z R I ANME N Yo,
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A Yoy B REMTE 11 s FEEE O AR B 12 P,

x[0[i]1]0]1]  Xe[o[1[0]0[1]
', 5EHRAE
")Lxl‘ﬁ )
xl1]1lofJo]1] ' AFEFNEEEES

Fig.9 Process of the single crossover of task execution position
K9 AL AT AL B A S
B3 ALE A L

BEGIN
01. A[0,n-112 [B] I BEMLEL 7;
02. X12=X21=(;

03. for k=0 to r do

04. Xy =Xy + 335
05. X21=X21+x,f;
06. end for

07. for k=r+1to n-1do
08. X12:X12+x13;
09. Xy =X+

10. end for
END

Fig.10 Pseudocode of the single crossover of task execution position
Kl 10 AF S5 HRAT A7 B pi a8 VA O AURY

o [(w]lalels]al]
[ ST
\
Y2|t0|t3|t1|lzlt4|

iL A XA

[ofTalTolaslale]au]

I B
A
[oTalolalels]aul]
BErERTS
Yo [wlalale]ael]
Ya [l a]lo]t]

Fig.11 Process of the single crossover of task execution order
K11 AR BT R R S
B3k 4. HEPE A Xk (algorithm 4 order crossover algorithm).

BEGIN
01. E[0,n-1]2 [l (I BEMLEL 7,
02. Y1=Yn=@;

03. for k=0to r do

04. Y=Y, + J’i ;

05. Yy =Yy + i

06. end for

07. Yo=Y+ Yo;

08. Yn=Yn+ly;

09. B Yy, FHIELALS;

10. BBk Yor MW E L AESS;
END

Fig.12 Pseudocode of the single crossover of task execution order

K12 AR5 SATHE 5 A SO D AR
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BLR, FHHh= R ATENER G2 B AT RR

3.6 ERET

B 3317

T AT VL R 022 508 B R AR T AR S R DR R AR 0, L At AR R 38 AT 5 AT B 11 22 5 5 A1 AT XS
{8 B, DR R A A (R R D A PR EL BT DL, A SR R BE LI B — AR R LR p,, POERT
7 AR S A AR S, UGS A R R, B 0— 1 B 10, AN T Je— AN T IR A A A AT 55 AT 7 B 11 748 S

TR 13 Frow, AL K 14 Fros

x[ofafafofu]

xlofofJufofu]

Fig.13 Process of the mutation of task execution position
K13 ARS AT AL E AR
B3% 5. 47 H A8 40k (algorithm 5 position mutation algorithm).
BEGIN
01. AER[0,11Z M BEHLEL pi;
02. if p;<p, then
03. xi=x=1 IMEUR

04. endif
END

Fig.14 Pseudocode of the mutation of task execution position
Kl 14 555 AT A7 B AL R D AR

AL 55 AT HE P IO A AR~ B R 7 22 S R A 100 4 R 35 A2 A 55 22 TR ) 506 P BRI DG 3R 1 08, AT

M Y HRENLE R AN 2R R AT 55y T
VS AT 55 FH AT 55 (R AT A7 & 72 [ 52 1, T LA 75 22
(128 5 (R AT 55 AN il URAT: 55 B R AT 45 8 5 3k
TGS Y FIE R BT R, WUR B REAMESS y,
N AESS y; AT IRERIE S S (o, v} T2
IR Z; RN, RS Y IR0 ) AT 48 2R, T 3 3
MES y, BEATS y ARG R HE RS-
Vo3 S R R M TSy BEATES
Y’:{yb+1 ----- 34 a—l}ZEPqﬁ'ﬁﬂ'f:E% Vi ﬂ%&?’;ﬁﬁ
YRR — AL E R G ARG y FERRIER AL

A5 5l
YV [wlanflalelael]

i 98 55 ﬂ, Jei 4k {155
v

Y[l alale [ a]
[ =Y'={t1,t3,t,}>]

L
&HLJ&%&H@ i
Y[ ole]se]a]

Fig.15 Process of the mutation oftask execution order

Bl 15 AR HATHIP AR LR

B FEHUE R — AN H AL B AT AR AE AT S PATHE 10248 S i B2 an ) 15 Fios LR O AR AL 4 1] 16 .
B3% 6. fFFFA8 740k (algorithm 6 order mutation algorithm).

BEGIN

01. ER[1,n-2]2 8] (FIBEBLEL r;

02. fori=0to n—1do

03.  REMES v, M1 pre(v)={yo,... o}

04. end for
05. fori=n-1to 0do

06. HEMLS 0, 1143 succ(){ar - Vur};

07. end for

08. MHES Y'={rp1,. . Var}

09.  FEBRAESS v MHTALE EES Y P BENLEBOR AL E,
10. 55 HAE Y=o, ... 3+ Y +{Var-.. yu1}

END

Fig.16 Pseudocode of the mutation of task execution order
K16 555 AT HF 2 e Sk ALY
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3.7 TR R HI

TES 3.3 A AR T R Bl U 45 IR REFE 15 I 405 5 2 IR (19 DG 2R, 510 b 10 W P LAl 4 I A4 B 508 7
0 AR BT I 1] Ak ok > 1 4% BERE A TR A ZH T U (R S N R Rk SN S I A S 1 LA S
5 AR5 o 26 I A1 B = I T] DAL i b LA i 0 B N 8] 2y £ A I6F 1) B, BITE Aok 1=-1 I 200 56 1 AR B 040
e ot T v AN i v BT, 75 D0 2 3 A i 2R G 0L A S N R ECH S A E R B AR B ) R AR SE A bl 51
AL 4 5 F T CA T BEAE [h, ek 1+ 5= L] 10 I ) B P 6 2 55 A 10 FF 4 A1 i IF T A8 2 500 A2 B T ) 352 /08 0 %60, A
B 21 o=h T 46 Ak 1 I ) B ) DURE o 44 4 e B W I T 45 ¢, T B 4 0 B0 K/ oA D(e), AT B A 24 5
HoRWT:

T7() = {1 SWGE D(r,.)} T, (31)

A AR RALI I, AT Aobe=1 (k= 1+ 1) I 18] BT 390 17 i 73 2 38 V- B30808 A 328 1R I 1) B3, 4 38— A e i) 1
Ity AE 4G N ey 1 Z0 SR BE B h+k—1 I Z0R8RE D(2) K/ (B Sk 5 1k, B

TT(l‘f)—{k—vi }f B(f)BD(Q)}'Tszm (32)

r=h+v

PRI, he—v<d I, FRATT A8 PS8 IS A% S AL 1 A 328 AN ) BT I 200 30047 308 g i [ I, W) 9 4 77 A2 22 AN AT B 4

R BATREERE kv (- IR/ 0, LN [7) 265 88 th d /)~ PR SEE IS 77 58 5 B R PR 2 S I A% S L o 2 W A AL B0 T 1K) 58
I TR AIRS B 4 1 BERE, L DL A QRS SEBL AN 17 P,

Bk 7. FEW L EPL (algorithm 7 delay transmission mechanism).
BEGIN

01 v'  JRC SRS M IT 4 B4 A% i i 221

02. k" AT s g At 45 R B ¥ A A i 220

03. k'—v'=y;

04. for k=/to I+5-1 do

05.  forv=I-1to 0do //3%i[ii i

htk

06. if Z B(7) = D(t,) then
T=h+v

07. if k—v<k"—v" then

08. K'=k;

09. V=

10. end if

11. break;

12. end if

13.  end for

14. end for

END

Fig.17 Pseudocode of delay transmission mechanism
K17 SEINAL AL Oy A QR

3.8 MpeiTh

A 1E ] Q-metric,FS-metric I S-metric A &% [ ks HILIE R 1 Pareto Fiv R EBY Mg B — 2 H
PRI PERERT, F5 EM LA E 3 ANy 2R G AT %5 18 L R, Q-metric 2 R P AN 2 H AR X U SIE AR B8
P8 FS-metric FH R VE #5713 5- 4R (1 Pareto S It it (1 2 FE#EET), S-metric Ik 4 Bt Pareto R vt 9343 PEB R i
Iy VEAIA X 3 FhvE A I ik i Bk 55 5

e  Q-metric

TR AN 0] EL ST 1) Pareto BT HY 23 A B, R P, Jerb refy I refy 7R %) FUET % 1 A0S HUETA 2.

XY=PF, VP, @®=YOP, MQ=YNP, X Oefrref)=| DY), O(refo,refr)=| Q| Y], LI, O(refi,refz) 5

refy 7 Lrepy
O(refy,refr) A1 R LANR refy il AU SACE LE ref IRAT )24 HAX 4:
O(refi,ref2)>Q(refaref1) or O(ref1,ref2)>0.5 (33)
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e FS-metric
Hob &7 v 7R

FS= \/Zm:(x )mf!r) » (i) = £ () (34)
i1 0 %) € ep X Py
2 0(34) 4 FS-metric [, 1 110 Pareto B (LRI % P FERL A7, KIS ULAR) 2 43 A (T Pareto s 1.
e  S-metric
HatE AKX W T

_ /LNP e
S = Npg(d,. d’) (39)

o N, & Pareto B LRI AN S, 4 = S ! /NP,d,.’ 7% Pareto FT WY HEA 5 SL BRI R Mt 2 0 9 B 5. 4

i=1

S-metric [PAEBE /N, 84 i sk 7311 Pareto f L fif B354,
4 {FEXLW

ARATIASCHEH ) MOWS-DTM S92 1 1 g REAT 7 FL 8 36 AT 1R FH BE LA e AR i i 7 =X, 3L, AR
O REANMT 45 1 T AE B AR A [1,10]2 18] 3 5) 43 A (B4 28 GHz); BEANMT: 45 1 B 0 /N IR A [1,10134 5 4346 (B2
A2k Mb); 75 25 T ) b E RSB 1) B 16 9 4545 5 i A [1,20] 9339 53 43 A0 (B4 28 Mb);3F B B 8 % 1 B ke
Jiv WEIhER L Bl kRIS R DA 2 R RE ) Lk 10,

Table 1 Performance parameters of mobile device and cloud

x1 BIREMamIEES

TR Crocai=2.4GHz

(ARC YIRS B, =0.5W

L R P 01w
NG CTpIES P, =0.05W

2 Uit IR 55 o THERE ) Cerous=3GHz

B T MOWS-DTM HiE AN AT 43 54/ 51 T MOHEFT #1 RANDOM #32%.

e MOHEFT %k

MOHEFT $ikJe AN e T AR MR 102 H br AR B SR8 o HEFT Sk T 37T 7 %2 H AR
oSO L SRR A UGB I 95 28 WS AT 45 T RE I BAT (7 SR e H bR AR & X RS T 5 AR A BOrT RE &
B I AR O AN B, AR A I BT R HE e 0 5 sk R s A O A

e RANDOM %%

RANDOM S35t J % 4T 45 (1 AT A7 5 R HE 01 T BE L 1) 7 2 3R PR R 28 3.3 v ik 1 Ry
15 2 0 TAEGAT 25 AT 7 B FIHE P HEAT B L.

Ty A AE B AL TR AT SRR RS R4 DA R 1R R A R 5 E A N=50.4 5556 RANDOM H3%;
I MOHEFT 57924 B I Uh B AR AN B354 50 AE RS 2R U W, B WL T 1E 5 4T 45 0k 50,48 I 2R % 5=5.4F
NG5 R, T AR 58 T 1] A 2 A7 2L Time slot, BV i 18] B O AN BERE RO B0 S W Time slot, B Dy 2R 1 i) ]
(O TRAL T I BATT A A TAERAT - 50R BVETEREVEAL . AR . AR ARG R SE I R AR 401X 5
AT, % MOWS-DTM 532 P8 B HEAT 51256 47 L.
41 ESHTRAZM

FEAAT AT E TR 5T MOWS-DTM 595, MOHEFT #: 81 RANDOM 59578 AN [A) LA WA 45 s I fig
BN 1) J7 T 16 B2, FRA TR AT 45 %543 591 2 50,100,150 F1 200 (4500, W&l 18 Fr o, 14 56 7T LA B b 5 1 4%
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FCR 3G 0, AR VR 09 56 T RDRRS 315 4% 1) REFE AR AR IOK 751 H,MOWS-DTM #5433 Pareto f ffif /&
A 0 AR B T 1A SVEAE R v 22 H b il S5 AL B MOHEFT 45033 i 45 7K 95 28 24 A8 4% (R W S 07 52, A%
FHAH R B B UL AT 45 17 41, Bt LATE e BRI (1) L 22 Lk RANDOM 3404k A5 & MOHEFT 03 i 4T 55
AT HE PP A2 ] 2 AN [, 17 LA B DI A B 38 N A 8 LR IE S 28 1) Pareto fift A S5 40 1), T LAAE BERE RN 7] 77 1hi, 22 L
MOWS-DTM %72 7% RANDOM 532 18 it B AL BEAT- 25 B AT (07 B AR, T LATS 21 1 Pareto fif 1N U EAS
%, BARA 22,

300 = —&—RANDOM 600

—E—10OHEFT
MOWS-DTM

= =
v 200 | v
g g
¥ L X 7
£ 100 = 200
£ s £,
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Fig.18 Impact of the number of tasks on energy and makespan
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Table 2 Multi-Objective performance comparisons while n=50

F 2 fT55% n=50 B % H bRk RELL R

Q-metric RANDOM MOHEFT MOWS-DTM
MOHEFT TURE - -
MOWS-DTM TURE TURE -
FS-metric 1.41 4.12 20.02
S-metric 15.75 5.67 3.83
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Table 3 Multi-Objective performance comparisons while n=100
£ 3 ES K =100 IF 1% HistERE L

Q-metric RANDOM MOHEFT MOWS-DTM
MOHEFT TURE - -
MOWS-DTM TURE TURE -
FS-metric 141 2.23 8.08
S-metric 7.48 13.68 5.89

Table 4 Multi-Objective performance comparisons while n=150
R4 L% % n=150 IF % H st RE L

Q-metric RANDOM MOHEFT MOWS-DTM
MOHEFT TURE - -
MOWS-DTM TURE TURE b
FS-metric 1.41 12.04 25.0
S-metric 6.70 7.5 4.59

Table 5 Multi-Objective performance comparisons while =200
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Q-metric RANDOM MOHEFT MOWS-DTM
MOHEFT TURE - -
MOWS-DTM TURE TURE -
FS-metric 4.12 5.32 8.25
S-metric 14.64 9.22 8.58
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Fig.19 Impact of the number of transmission data on energy and makespan
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Fig.20 Impact of the number of workload on energy and makespan
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Fig.21 Impact of delay coefficient on energy and makespan
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