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Abstract Running applications of high computation on mobile devices is constrained by limited battery capacity and
energy consumption of the devices. Cloud offloading is a main solution for supporting computationally demanding appli-
cations on these resource-constrainted devices. This paper proposed a fast and efficient heuristic approach for scheduling
and offloading problems of the application task graph in the wireless network. The proposed heuristic approach initially
moves the tasks that can be offloaded to the cloud,and then iteratively moves the tasks with highest benefit value to the
mobile device. The benefit values are updated in each iteration to cater for the task concurrence. In addition, this paper
also constructed a tabu search approach to search for the global optimization solution. It presented and implemented the
encoding method.,tabu list, neighborhood solutions and the stopping criterion of the proposed tabu search algorithm.
The customized tabu search algorithm is with the initial solution generated by the proposed heuristic algorithm. By com-
paring three algorithms based on non-offloading, full offloading,and random offloading, experimental results show that
the proposed heuristic algorithm runs very fast,and the generated heuristic solutions are efficient. For the case of the
task graphs with width of 10 and depth of 8,the energy consumption of non-offloading, full offloading,and random off-
loading are 5461,3357 and 2271 respectively,while the proposed heuristic solution is 2111. It is further reduced to 1942
by the customized tabu search. The results confirm that the proposed heuristic algorithm can generate high quality ap-
proximate solution for the scheduling and offloading problem in mobile computing.

Keywords Mobile cloud computing, Task offloading,Scheduling, Heuristic algorithm

. K8 RE T UL L 45 0 A% o i R ST B F BB AR 1 % b 4 i
= IR SRR T STk, BRABREMERERE A S
it 5 11T 70 % 9 465 5008 LR 45 B ik (QoS) MO ok 46 0 ohdu ib 38 (CPUD A 2 & 117 68 ik 737 (2= 475 S Al s A2 17 J)

R H M. 2017-05-19 R & H #]. 2017-06-18 AXZEHREARFP RSB HE (6167217, " KA BT )TE KB A
(2016 KZDXMO052) , |~ 7544 I Fl B9 BL 44 WF & & 5 (TR 450 (2015B010129014) %¥ By,

& (1988 —) & Wik, EEB ST b = R BE O 4% BRI (1963 —) , 5 L ML B2, CCF 2 B, B 58 05 ) oy m dEgE 4,
Efmail:asjgwuchOutlook. comGHFEH); THE990—) . B i+, EBWIFR I M~ =it 5.



55 4 3]

S SERE S X RS Bl AT 55 O B Y DR i 8O B Rk 95

T 2 0 ) P e 3 O o B0 BT SR . A H Tt R
1) 155 BEFE Lf 2 A2 PR FH P 7E 11 O 1 4% b 70 40 00 s 0080 3
SRR F ) BT . ) B T B e T SR R A A
(B 9 27 J& AR A T 88 8 RS kR A8 m i BRI AT Ly
Ba A REmEs™ ., EBESHITEP A NREETE
B3z 5 T AN 4 0] DL PR S B 1 = T B 1 T R TR A
R IR . BB ST A™ 2. D@ T E B LR
155 REAE AT 5531 88 B 2 i 2k 28 4 Al Yt 1) i FH ST I 5 2) % 8l ) P T
VI &2 2= 00 7 FHRR Y 530 P B 4 w3 20 0 B 08 A2 I e

A+ 05 28 o FH R B i At B AR RN T S TR B =
st ok N 2 IR 55 2 AT B2 T — R A A i e A%
B8 £ BRI N JE IR R A O G2 Ll A R A Ui XR L 3 TSR AL
HL5E 09 L AR P A0, AR Serh BB R I AE 55 Bl A AR
Bz oot . A W TSR O i A 3 38 D B AN I AT
FE 2 AT s 2) AR A A HUN R D E R A i R B &
Uity AT I8 JE 1T B0 A Bl I AT 5 3) M 3R 4 T A A 19 AT 55 1T
R B = AT, AR AR Bl o 56 WL A S5 e S 4 i S
B 3 AR v, T R e R b R 4 A A A AR s
A MAUI'Y , ThinkAir' ') #1 CloneCloud"™ %] 43 75 ¥ ¥ 17 H
43 S B 0K BE SR RS

TE T SR W 1 STt HH 58 B AT: 45 B T 3 #E 14 R I R ]
X IR 45 J5R 7 A g A R R A TR B, R A L
S T R N, R A — S R TR U 3RR L il
R 3 I B AR I A 2 — PR PE IR TR T Bt
V4 FE TR 2 0 BRI Gif BEUR Hh T B R TR B 2l v Ak P g
T3 B 81 OGRS K L FE 8 gl o 3 . A SRR i =
Vit » WUV BEVH AL AL 22 1) 4% i A8 ISR REAE . PR OO X 2 0T 2 )
A RS Bl i BT A DX 3 A X 245 3 A 3 o G /N R AR B2 B R AT
Aab PR T BT L SRR B R A IE R 5 (Y AL 2 RE ) L RE DR IE
PGE R SCERCL7 4% TE L W 4% vh 2 AT ST 55 i B 3R
W B4 AT 45 941 32 1) 30, ) 1 IBM CPLEX 4 Ak 2% 5K fife % 40 941 32
5. B SCHERIL7 At i 0 Ak 4% i e 5 2 4E AR 60GB
YR 55 4% bR s AT WA /NI PO 7E B O IR 55 B A Y S PR
N IR RIE . X DL R R L AR SCEE T T SRR A A
HACHR IR T PR s & Bk

AR 2 T T BRI AL 3 TRRT
KA LM G RE 8 A WAL RN R E B
ghae,

2 MXTIIE

2.1 ESIBER

TE I JT B9 4 25 TR PP A 45 22 [] 9 405 G 2% AT AR BB AT A9
B AT U@ i b B AR R B AT Y AR 1 () BT R . B AR
55 [A) PR AR 06 R AT R A AN P 1 () T . B AT 55 P vp g —
AT RAER —MMESF AL ) ZBIEL R () Z K
R . AR5 ¢ BB RAE 55 5 WA BB . 55 4
PR UTE 3 AR D AT ST — A A AT — A
JE CBR T 88 — AR T 8 R — I e n — 1 s R —
AABELR) 520 B — AT A — AT (R — AT 5D Z [
FFTE — 4% B2 IR 422 11 I 42 5 3) 4T 55 11 118 408 4 0 I et R 46 1
HIJLERE 0. BIARREAFTE A B 2 1 BT . o T (k)

BEAL 55 B AN BEAF TR B B BB LM KA g id 45 T 20
PRAE A S W SRR AT A5 P BT ER L AT L o
— B PR AL 24 2 Ak B8 5 OR FR AU . 45 L TE X BB AT 55
A R T 55 AL RETE RS Bl 58 S » He v 5 — AT 55 Mg — A
AT 55 WL A RS Bl 3 58

(bR A K R

B AR R BT 55
Fig. 1 Tast graph with dependency relationship

T 2 i 55 o B 3R O B T RE O A B RE D L 1T A8 B
= W5 e LA 55 18 2 0 AT LAGFAT S8 A, I F SCHRC 17 JH 1Y
PIAB - 1) 8% 30 TP B T B9 22 2001 o T [ A 2 3 A =
e 55 i b5 2 JSUAS 3 ek T 4 43 1 AR A I IR 2% A i 5 A AE R
S i I 1) 728 Ak {EUR 7 B 3 i T v DA Ok B 3l B R O R
R AT R TR 2 ) A T P A AE 55 AT
[7) 75 3% 2l ity X 25 3t 5 1 o I 24 368 TR 8] 1 23 #E T LA 22 W AN
A ENATE R — 3 58 W T8 4 W 75 2238 3 7 3l o b A% sl T 4%
I DUV 9 REAS Sl i B RE A L OF LA ARG B — B RN ]

A SO P B 8 2 VST AT: 55 1 B8 0 R [ AR AR TE —
SE Y I ] 249 ST ke s S A% MR 6 AT 55 3] 2= 3 58 1 O B AT 55
PRAT B S8 )5 DU 45 3% 2l i s T FE RO RE B B /b . SRS 8
i 75 B A57 I [ PN Pl 3T B 0 B BRI RESAAT — M 55 TR
A TR HEAT 22 AT 55 0 9R L ) Ut AR A5 LR R, R — 0K
25 3 A 9 BE ] R A B A
2.2 HEER

AR5 AR SCHR 17 ] 8 SR PE AL RS B XS 3R B gl 4F:
% 3L A% )RR L AT 5 o AT R 7 I 3 i gt e 1 S B R HE e X
nze 1 s,

*1 ZHGEX

Table 1 Definition of parameters

N B S5 B

T By B 1A TR

¢ H4% j T W5 R

m, 4 j Ao 5% T R
LAC) 4 jEBHR(ZH)RRE LW
P BB T AR B AT — AME S B R AR
w, k T # B 3% A H = 3% TR e B

P, (Pg,) 5wtk # (MO R MR BH R




96 2 I

2018 4F

TERRIEA G— 1, JOF ¢ ) I, 8 XA R o) RoR (T
% j AE ¢ ZIER S 58 R (U= 1) BU7E B3 58 i (1=0) .
WIS m; KRB RAEE —MMESF j R 30658 N (n; =
D RTEZ 0 (=DM E R .
:,if?‘ P
C; :ETJIJ‘J], (2)
Hof , T RS IEANE 5 48R, Y155 i Z1E5
BT IR 0T H @ 78 2 o 58 1. 7E 3o o8 )R T o 3ROR
550 AR 55 5 A% 3 BOHR BT s 22 0 i [A], 2 I A A T R
o N T XA LA R R AL K s B RN
2 BN . 2y =1 R jEERB G E . 7E =05 . 7E HiAh
T 2 =0, XMEREBETHFE 4 DHE . 2 <y,
2 =02, <<cirz; =ci— (1—m;)  Vij. A XWAREA
R T Y R IR B A B T — AN B D R AR e XA Ak R A
WKL MR . RIRE, Ay 7R 27 7ER B i o8 I H. j 7E = Wi
SERMUNAL S5 @ AL SS j A% 3 a0 T 5 2 0 B R) A Y
mic; Wz RFIR . X T Vi, . % 336 10 = i M = I 1) % 3l
HEAT A% i 6 sf R A 1 S SN

/\ m;c;

d;

AS :a,yz,ijJ[ (€))
d;

Al =a,,z,ijj (4)

Hobyay =1 R i MHIE j ZHTPATRZH 0, dyJEj i

AR EIE R R, MR, A AR LMD T M L

R R, AREERNE, Y (=, 8% i K& W

%‘(Jﬁ% A 5 TE) B AE 2 o o A% 8 i o8 B o A o BB AR T
o B AR 55 i %%ﬁﬁm B

SRS Sy @
Lify%%xgl“,”z (le{ 1},isj=1,,N,t=
1, D) B/ ﬂﬁylﬁjfﬂjﬁﬁﬁﬁ(ﬁﬁﬂ"] H bR s $0r] 8 SR

{i Pmyc+E,, | 6

[ B}, 5 ﬂ(m;‘t’UT 5 AR
1) g B 17 FR A < 52 B AT 55 1T ) BT A A 55 B i 1) 7R
TN B JE —MMESF N #5820/ T4 T

-
O<Zt 2 <T n

Z)Ef"H’JT;*Lﬁ WG R A ke EAE 2 ETSE 2 v (w,
A):Z-Fw +)\J/ +/1]/‘ 7jj|3/

1 v(w, )

> 212<2 ijvlft Wyt

=0 s=1 1=0s5=

D FAME S TR TE & i il
WL Bl em; +c;=1,Y 5,

DIER B i 4T 55 6] 2 SR AT 09 £ B 3w 2 T 55 B 47 58
Ji% BB BRI TR P9 R A — MR S E B AT W B AR ¢

u Mz

min E=

JT—w, =A% — A5 (8)
Je % B i 2 B RE AT —

N min{t+w. —1,T}

g =<1 9

5)1%*A1I%E’Jjnbklﬂ] ) BR )« % TAERE — MME S5 kLT
fe PAAT T #0 B 45 B T I A9 A 95 AT 58 L & B‘JEEEBHLI‘ET]?JE% E
T T4 55 84 58 BN 80 00 B B B AR 45 A S R il R R
ke ZHTHIAE S5 U

ISP

1=0t=1

1 T
T +)\)/ +/1]ﬁ +w;\2 e I/[ﬂ (10)

[=01=1

HAS R A PR AR /AR 0-1 B | 2 € {0,
1),0€{0,1}, Y j.t,

3 AEEX

3.1 SEREREZLE

A SR e 2R S MR 45 i B2 (Procedure FCES) 2k i B3 A4~
55 LI 56 BUR 18] FH?T'EZ?%% AT 55 T LA AT J 4
B 2 i AT I A 55 R 4 HEHTBK Y R 58 X E 55 )R A R 8
AT

T 8 s AE 55 (6] 2 SR AT 09 . BRI X T Sl 4 &2 A AT
PATHE 55 T B 00 0 58 J5 AT BT o LAARSIE BT A5 4 55 76 1 [ R
PS8 . 6k B IR 55 2o 72 L 8 2l i A8 55 B8 0% T AT Y B 1] 5
S I g 7. — A e 3k 5t AT 55 B, LA U OF A 5 AT 55 AT

WS . LR
1) Sy — 28 1 51 3 5t BB GRS BA D o O A7 i B
A LUF & AR5

OIZAL 55 R 53 B0 Fy o AT
QIZAT 55 B A i K 5 A 55 © 2 3T 58 L BR O HE
244 JI A ST OIR S 1A 55 N R — AN BT BA B L IR 44T
55 B AR A R AETE 4 FORES O A L TTIE AT
[R5
OX T EH B = o 0 4E 55, a2 O A FH0E RS I8 4%
AT 55 AT HAT AR FR HOA T B AT R A
QIER BT AT AL 55 WAL T RS BIZE$ e
P BRA 1 BA Sk WA AE 55 7T 0T AR LA 55 2 T is AT R A
OFER B PAT 14 55 A0 AL T HOE RS B2 R b 7E
s BA B A BA Sk DU 3R AN BB B B BUAT AT 55 IRIZAT: 55 4k Tt
%IUV\
—AMESF I AT OB 2 8 B R AT 55 A g A
ﬁﬁ/’ﬁ%ﬁ%ifﬂﬂ%ﬂﬁ'{kﬁo
O#F —MMEF T H SR WA T LT C % BURE .
DWIR AL S ImAT IS )2 0, 7E 22 3 1 B TH FE I [R] 2 0,
4 AL 55 B 55— fUFF R e B 0 Se 3 % )5, X
B — AT R 3 B B TR RS BT B TR S AT AL 55
A
O i 7 2 095 802 = 3 B s AT 55 AT A 55 .
@E)@V@JE’J%E LB gy 3 (4 708 AT AL 55 AT X
5 .
O i [T 2 19 5 5 S F% 2 vy 19 il 45 48 55 DD HC A AU
15 A5 Y BA R .
F AR B — A 5 58 A WIAT P 3R 40 B2 I A
S5 oe . Sesk Je IR 55 1 B2 0 O AR i 3 An SR 1 TR .
&% 1 Procedure FCFS
B AL AR S B EAMMES R S A B E R RS
i 19 PR T 6 [R)
a1y AT 55 1B Y I [
begin
1. J) 4 A oG BRS1 h
2. while {T: 55 B A AL 55 R AT do
2. 10 BT A AR 55 AT ) AL S R
2.2.for i=1to N do

25 B active_ queue<—Q;



554 A S XSRS Bl AT 55 A R PR s RN R B 97
i 705 1 AW IB TR then then
update active_ queue; FEGff LT A
[ =AML ST SEEE G IZAT S AR08 B 58 BUR S IR0 ST 98 % end if
1T 45 (g B = / end if
else if i LA IRA then end for

fi A active_ queue HYBAJE 5
else if i AARMTFEREDE CLPATRARE then
Bkt
end if
end if
end if
end for

end while

3. return $J5 — AN BEHAT B9 AT 55 (9 58 LI ] 5

end
M T Procedure FCFS 7E 17 i 00 NI %Ch E BRI

TR By N R R 9 O(N+ED

3.2 REXEZE
T EAME S )ﬁi@ﬁﬁ:%%}%Z\‘Tﬁ%ﬂﬁﬁﬁzijﬁ%,ﬁ%

I 3y s 4] 43 B 2 S o 4B 2% R 22 A A 1Y R R] Y AR

FEFE FISE A5 1 (8] 1 A2 fh . 24— AN 55 NS 2l i 1 43 B = o

Iy X B S B A R UL 1A T AT IRAE 55 B REAE 5 102 — T

% M\ = s R o3 B 7 2l g ), B F s AT AT 55 1O R B LL Rk

HFEMR T £, o R A0 AR RN AT B 1 A 55 b

Pt 1948 e hk e R I A 55 3647324 . ] Procedure FCFS kit

SRR 2 A T s 3 B 24 RO B R AT 55 A AR R R

FEREARREAE . AR FIR BB .

DR A < 6 7 A 7T LT RS (9 4E 55 35 e IR 78 = o » T

AL RETE o 3l 3 $hAT B A 55 T B RS Sl o 3530 24 T 100 6 A U

FE I BT A W] LU RS AT 55 il R R 437
DB —RESER WS BT AEFF R AR ZET

TR e R AR IE R R R 4 AR 55 T AR R Pk e T

FEFE Jc I T 0 K AT A8 B0 A% Bl o0 . A5 Bk Y

AT RS (1 B REFE LI A8 Z A0/, I AT A8 12019 a5 7 6 oA

AT XI5 TR AL S i S RE AR s 2 B FIAS .
DHATLE T B R 5B R RE R,

SRk AR A R 305 2 PR .

&% 2 Heuristic Algorithm(HA)

A AL 55 B AT 55 B AL 55 16 7S 3l 3 19 T FE L 50 5 T 2 00 Bl L e
U AT 5 Y I I B AT 45 AT 58 i I E) BR A time _ con-
straint

it < B B o T #E 19 B g it

begin

L. Ji AT W] 32 B B A 55 M0 2 i AT, THE 2 BT BEFE current_cost;

2. FRIC AT IE RS B AL 55 S AT B R IE RS 5

3. while FRic AL R H AR TR " AL 55 500 do

3. 1. for i=1to N do
if 3 5 B hR e T AL RS HORIERE 7YY R
H Procedure FCFS #+5 i% 4 i M = 3 iT # FI # 3l 3 19 temp_
time Fl temp_cost
/ * temp_time J& 8 AT 55 PUAT I B]  temp_cost & 2l 3 & 4 #E BB
it/

if temp_time << time_constraint

INAE A5 v 2 B /N temp_cost
3. 2. if temp_cost<current_cost then
%W RUE R 2R o, IR B % W S AR ]
B, [a) i ] 1 4% HoR TR ™ 1930 B 15

current_cost : =temp_cost;

TKHEIT

else
2 1k while 7§ ¥
end if

end while
4. return current_cost
end

Jet R AREVE B while B Bk Z 0B N IR, 165 IRIE
R AT TR A S I, A e T — A T A5 B B R
Procedure FCFS 718 & AT 55 BRI B TR (8], B b . 5 & =UA
BIFRIRI A 52 24 8 OC(N+E) * (N+E) * N),

3.3 ZRHEEREZX

A S A8 R S — AR e A 1] A S oo e & R
B AU R R A R HA g, HRERA
TSN ERNE LT,

D G 7 2%

588 N —A N 4t & R s 5 158 R 2.
3 (9 B — A oy AR A A S5 S BT 2. A= e
H 1 RN % X N B AT 55 7E RS Bl AT 5 A A e e R
0, FRARIZA) 1 X B AT 55 7€ = o 0 A7, [1,0,0,1,1,0,
0,++,0,0,17,

2) 15 {8 MR 4L

% 2y v 1 FE 11 L fiE

3) ) 1 it

Pl & Uk HA BRR AR w1 iR A

I): 25 KoK o 20)

B L 2t 35 BB 14 T A0 11— A 43 o
%1imm

Rk

Md%%ﬁa%&% i, 1< BE

6) 1 B IR %

AR ™ 4= J7 ik« BEPL LB Y A fiF 09— A>3 1 45 %4 i
X 1 4 A 55 A BB 7E 3% ) 3 58 B, WU i Bl L 6 — > 43 1, L 3
X R 45 AR HEAT R A R Ak, SR i A . TR AR SR
B AT 45 L A st i) 5 R e st i) B U0 5 24 i AT 45 I
B IR ORAE s B, AT H IR R ik B4R, EE L
A, E B S RCH B k.

@ F AP IR L A AP R LR R B R, B %

NI (PR AU .

T84k B 0 A8 B 1, 3k

WH10% * N

T L e U e AL A A B AR A SR P AR AR
YRS 2w (e SR R LW X A R R LW R N

AR L A AR 7 S e A A
52 1k N - F5 R A B £ 1k
S REEMN IR B 3 R,



98 2 I

2018 4F

&% 3 Tabu Search Algorithm(TS)
A AT S GLEEANMTE S5 $AT 52 B9 I AT BR ] time_constraint
i H < B S o T #E A9 B g

begin
1. LR R A o 55 2 48 R 100 b6 i 48 I 1) BEAE HA_cost 1E R4 45
TEAH

MHEH current_cost: = HA_cost;
4R {4 global_cost: =HA_cost;
2. for i =0 to iteration_number then
/ * iteration_number J2& % QIR EL * /
2. 1. for j=0 to neighbor_size then
/ * neighbor_size /R4 K/ * /,
2.1. 1.l Procedure 1 FCFS 155 &5 S fiff X 1if () 4% 55 58 1l Al i []
temp_times;
2. 1. 2. if temp_time <time_constraint then
TR A 6 IOE B A% Bl i T #E 1Y BE B temp_cost;
end if
end for
2.2, 3% /NS min_cost;
2. 3. current_cost: =min_cost;
2. 4. if min_cost<C=global_cost then

global_cost: =min_cost;

end if
2.5, BEHT Y Wi 1) BRI R SR
end for

3. return global_cost

end

4 ERER

R TR B HA TS fif Je AT 55 2 0] 8 A M g, A<
A S S HA TS e 551 S b4 2w 3
PR 7 R HEAT LR . 43 ) 35 BBOKE 48 A4 55 [&1 45 35 7 4% ) vty
52 W Y TG 3T B (non-offloading) B ¥ . 1] i B AT 55 ¥ 72 =
S 52 JR B A AT A% (Tull offloading) 35122 LA K 7 g 3T #% 19 4T 55
B HL Bk % 5¢ A% 7 2R Y BE LI S (random offloading) B 3%,
BURE sh v S E 12 T #E (total energy consumption) Fl& 3% 1Y i 17
P i) 755 1 R s ok R 7R AN TR B30 32k 1) e 1) M R RS AT R R
4.1 XWIgE

SEBH JH Intel(R) Xeon(R) CPU E5-2670 v3 ZbHI#% |
B 2. 30 GHz.50 GB A7 .64 i Windows 7 JE L i 1F R &
FITHSEHL, R A C+ -+ g, I A3 5006 35 2 100 YR [R] 1% 3 5
WP ME . S T WA SERR Y B B L S IRk (17,
WL R BRI EINT .

1D 55 72 7% 3y 3 58 14 I [R]

20 % AE X [ [0, 50 BEHL = 4 5

20 6 7E X 8] [50, 100 JBEHL ™ A 5

15 % 75 X 1] [100, 150 JBEHL ™ 4 5

10 % A5 X A [ 150, 200 JBE ML= 2 5

15 % AE X 8] [200, 500 B KL 2= 5

20 % 7E X [H] [500, 1000 BEHL ™ 4= ,

DB RSHRE

Tabu Search 2% & F MK JE AR B E N 0.2 x N, &
R} ELH 1000,

4.2 EiRMEREITME

Bl 2 25 10 T AR 45 I S B R SR R BB s . 45 SEOR E
W AT 55 [ A2 5 9 03 5 0 50 kB, B/ T8 E RN 640/
1408 Kbps» H A7 8 — A1 i Al 7 — A9 rUAL BETE B 2l 3 5¢
T o B ] B A Sy 4 3 A B 2l it BRAT Y BB ) Y 85 %6 4E 45 I
WERER 10,58 5 2 H] 8, B2 BT SAEEHE
Bifi AT 55 (51 58 AR K2 SR PR HAS A B AR, fefEm K
F) 2 B BT A AT 55 UAE B B 3 $AAT 1Y non-offloading 5532 , Lk
KK J& random offloading & ¥ | full offloading % ¥ . HA Fl
TS Bk, TS B LMW N w . JB KRS 2 R . R
B HE 3 U B AE LG T AR R A R X R 4 R DAL R Y i
JA RSt 2 e JoT =t 1 3 LA

7000

+— non-offloading
—o— full offloading

6000 | —+— random offloading
—o— Heuristic Algorithm
—+— Tabu Search

Total Energy Comsumption/m]
s

Width

P2 GRES T FEREAE 55 P 98 2 1 81k

Fig. 2 Changing of total energy amsumption with the width

B3 2510 T AR5 IR B X S E BR s . 45 SH0RE
W AT 55 ) 4% iy 10 B s 42 o 50 kB, A&/ F &l KN 640/
1408 Kbps, R A 4 — A1 sl FldR J5 — AW UL BB TE 78 3 i 58
T o HoF ] B 1] Sy 4 358 FE A b AT (9 SR Y 85 %6, 4T 55 [/ 5
JEEE R 10, R E R 5~8, Bl 3 Won KAk = T AR R AT 55 B
FEAR K, B BARCE R BN A LR B X 5 58 R AR AL Y 1
BUAE ] . REFE S 1 2 4 BT A A 55 CAE B 8l i BT 19 non-
offloading % , HL R MK K J& random offloading %53 . full off-
loading # 3% HA fil TS H 35, TS Bk Mg i, TS BHik
F R ATS 98 2 e AR 0 L T HA B9f% 5 TS (9 % 04 g AR Al 8 AH IR .
MYRE K 6 B}, random offloading & ¥ #) BE #& KX T non-off-
loading B 7% , X /&t T 2441 55 1% i 1Y BE#E K T 72 % 3h i B &
52 JI ) BE FE I A B4 S 11 23 3G BB AR 2K .

7000

+— non-offloading
—e— full offloading
6000 | —+— random offloading
—o— Heuristic Algorithm
—=— Tabu Search et
5000 —— e 1
e ey o
T —— —

4000 T

Total Energy Comsumption/mJ

Depth
B3 BAe RIS AL BEAE 55 IR B 1y 1k
Fig. 3 Changing of total energy comsumption with task graph depth
Pl 4 25 I T AL RETE 78 i PAAT I AE 55 b 051 o 5 vk ik g o
B, S BBCE IR AT S5 AR AR 4 50kB, A%/
T3 A Ny 640/1408 Kbps , i [8] BR ) Sy 42 5 75 A # P AT 19 5
I [E] 119 85 %6 AT 55 11 98 B2 11 22 2 15, YRl 10 AL HETE 7% 3h



55 4 3]

HSEAE A B X R B 2 T AT 55 1T R Y R

1 AR A 99

©— full offloading

+— random offloading
2000 —o— Heuristic Algorithm
—— Tabu Search

0 10 20 30 40 50 60 70 80 90 100
Percentage of the Mobile Taks/%

SR AT 5 I EL R 0% ,10% 4 -+, 100% . Bl 253X — b il
P 14 K B8 sl B BV REREA B L T X 2 A AT LG RS AT 55
WD RERE TG IR EE RS L RE (i B8 3h i ok 58 B E 2 1AL 55 .

"é 10000 //* = i”/’

é 8000 o

S 6000 (/

g 4000 ——+— non-offloading

=

8

0

Pl 4 BB FE RS Bl AT 45 LU AR AL
Fig.4 Changing of total energy comsumption with percentage

of mobile tasks

5 2510 T4 55 50 B IR SRR A% £ X B30 7k M g 1 3%
Wi, 2% S HBE QT AT 55 ) A% i i BBE il 50kB, B4R/
B AN 640/1408 Kbps , {X R 1E 72 3l it $UAT 14T 55 14 Lo A5 A
30 %6 , Bisf ] B A Sy 4= 35 7 B v 52 B Y BB TR 85 %6 . BEE
1245 B0 H 19 B4, B 2 i 19 BB FE o P 1 K, H P non-off-
loading 1 random offloading & ¥ 3 K & P, HA 1 TS BY £
s e 2T A Bk R RN,

x10*

25

+— non-offloading
—o— full offloading
20 || —+ random offloading y:
—©— Heuristic Algorithm s -
—— Tabu Search Z

15

1.0

05

Total Energy Comsumption/m]J

0
0 10 20 30 40 50 60 70 80 90 100 110 120 130
N

K5 AR R IRE AT 5 BRI s 1

Fig.5 Changing of total energy comsumption with task N amount

N T IR A R AR 2 AT I R] D T PR RE L ZE R 2 Al
& 4 By S50 45 S s A7 B ], 7T LA ) non-offloading s
full offloading Ml random offloading % ¥ JL-F A~ 46 3% AT ] 5}
] B A R e 25 19 . HA FITS (9 AR T , AR 4 AR S0 22 AT i
SCIBHE TS UL HA 2T T 1. 5% .12 HA #9128 17 3 i B
Z & TSI 1/50,

F 2 AFELLRISATHS )Y L AL
Table 2 Comparison of running time of algorithms
CHf] ims)
Algorithm non- full random .
N offloading offloading offloading HA s
13 0.00 0. 00 0.01 0.26 30.12
20 0.00 0.01 0.01 0.83 150. 34
26 0.00 0.01 0. 05 2.10 302. 20
33 0.00 0. 00 0.11 4.05 526. 44
43 0.00 0. 00 0.06 7.54 835. 84
55 0.00 0.02 0.09 12.26 1217.08
68 0.00 0. 00 0.21 19.09 1579. 94
80 0.00 0.01 0.34 34.28 2286.67
94 0.01 0. 00 0. 35 48.40 3024. 20
111 0.00 0.01 0.59 63. 30 3923.05
125 0.00 0.02 0.68 104.69  5285.92

BEIRIE A SCE X TR W 4 v g AR R A 55 1] A R R
IERG R, 4R R T — AR s R R R B S R E T
Bl U AE R R . ME A R R FOE DA SR Y
St S R WA A L OF 0 IS R AT ik — 2 Ak . S

02 R 55 s O TSR A e L AR I RS BT 55 BR T 7ERIE Y B o

SE I LA 8 R LAAE % 16 T R O DY 00 2% IR 45 4% b S e
T 3t ) 30 5 M 55 I RAT: 55 Ak IR S 3 B O AT R SR B F 5
Jila .

% X M

[1] DINH H T.LEE C,NIYATO D,et al. A survey of mobile cloud
computing: architecture, applications,and approaches [ J]. Wire-
less Communications & Mobile Computing,2013,13(18) :1587-
1611.

[2] BARBAROSSA S,SARDELLITTI S,LORENZO P D. Commu-
nicating While Computing: Distributed mobile cloud computing
over 5G heterogeneous networks [ J]. IEEE Signal Processing
Magazine,2014,31(6) :45-55.

[3] KUMAR K,LU Y H. Cloud Computing for Mobile Users: Can
Offloading Computation Save Energy? [ M]. IEEE Computer So-
ciety Press,2010.

[4] VALLINA-RODRIGUEZ N,CROWCROFT J. Energy Manage-
ment Techniques in Modern Mobile Handsets [J]. IEEE Com-
munications Surveys & Tutorials,2013,15(1) :179-198.

[5] KEPHART J O,CHESS D M. The Vision of Autonomic Com-
puting [J]. Computer,2003,36(1) :41-50.

[6] SHU P,LIU F,]JIN H,et al. eTime: Energy-efficient transmis-
sion between cloud and mobile devices[ C]// INFOCOM, 2013
Proceedings IEEE. IEEE,2013:195-199.

[7] LINY D,CHU T H,LAI Y C,et al. Time-and-Energy-Aware
Computation Offloading in Handheld Devices to Coprocessors
and Clouds [J]. IEEE Systems Journal,2015,9(2) :393-405.

[8] ZHANG W,WEN Y.GUAN K., et al. Energy-Optimal Mobile
Cloud Computing under Stochastic Wireless Channel []J]. IEEE
Transactions on Wireless Communications, 2013, 12 (9): 4569-
4581.

[9] MAHMOODI S E,SUBBALAKSHMI K P,SAGAR V. Cloud
offloading for multi-radio enabled mobile devices[ C]//IEEE In-
ternational Conference on Communications. IEEE, 2015 5473~
5478.

[10] WU H,WANG Q,WOLTER K. Tradeoff between performance
improvement and energy saving in mobile cloud offloading sys-
tems[ C] // IEEE Conference on Communications Workshops.
1IEEE,2013:728-732.

[11] CUERVO E.BALASUBRAMANIAN A,CHO D K,et al.
MAUI:making last longer with code offload[ C]// International
Conference on Mobile Systems, Applications, and Services.
DBLP,2010:49-62.

[12] KOSTA S, AUCINAS A, HUI P, et al. ThinkAir: Dynamic re-
source allocation and parallel execution in the cloud for mobile
code offloading [ C] // INFOCOM, 2012 Proceedings IEEE.
IEEE,.2012:945-953.

(F#% 116 7



116 AN I A =

2018 4F

— RS T — MBS B AT i R S R A AR 2 1
B ZEHE

& % X W

[1] The Climate Group. Smart 2020 : Enabling the low carbon econo-
my in the information age[ R]. London,2008.

[2] LANGE C,KOSIANKOWSKI D, WEIDMANN R,et al. Energy
Consumption of Telecommunication Networks and Related Im-
provement Options[ J]. IEEE Journal of Selected Topics inQua-
ntum Electronics,2011,17(2) :285-295.

[3] CLARK D. The design philosophy of the DARPA internet pro-
tocols [C] // ACM SIGCOMM Computer Communication Re-
view. 1988:106-114.

[4] FISHER W,SUCHARA M, REXFORD ]. Greening backbone
networks:reducing energy consumption by shutting off cables in
bundled links[ C]J // Proceedings of the First ACM SIGCOMM
Workshop on Green Networking. 2010:29-34.

[5] MINERAUD J,WANG L,BALASUB RAMANI A M S, et al.
Hybrid renewable energy routing for ISP networks[ C]/ IEEE
Conference on Computer Communications. 2016 ;1-9.

[6] YANG Y,WANG D,PAN D,et al. Wind Blows, Traffic Flows:
Green Internet Routing under Renewable Energy[ C] // IEEE
Conference on Computer Communications. 2016.

[7] CHIARAVIGLIO,LUCA,MELLIA M.,et al. Minimizing ISP
Network Energy Cost: Formulation and Solutions[ ] ]. IEEE/
ACM Transactions on Networking,2012,20(2) :463-476.

[8] LIQ.XU M,YANG Y,et al. Safe and Practical Energy-Efficient
Detour Routing in IP Networks [J]. IEEE/ACM Transactions
on Networking,2014,22(6):1925-1937.

[9] ZHANG M,YI C,LIU B.et al. GreenTE:Power-aware traffic-
engineering[ C] / IEEE International Conference on Network
Protocols. IEEE Computer Society,2010:21-30.

[10] KRIST P. Scalable and Efficient Multipath Routing: Complexity
and Algorithms[C]// 2015 IEEE 23rd International Conference
on Network Protocols(ICNP). IEEE,2015:376-385.

[11] OHARA Y.,IMAHORI S,METER R V. MARA ; Maximum Al-
ternative Routing Algorithm[ C] // Proceedings of IEEE INFO-
COM. 2009:298-306.

[12] KWONG K W,GAO L,ZHANG Z L,et al. On the feasibility
and efficacy of protection routing in IP networks[ J]. IEEE/
ACM Transactions on Networking,2011,19(5) :1543-1556.

[13] SPRING N,MAHAJAN R, WETHERALL D, et al. Measuring
isp topologies with rocketfuel [J]. IEEE/ACM Transactions on
Networking,2016,12(1) :2-16.

[14] http://www. cs. bu. edu/brite.

[15] Power Management for the Cisco 12000 Series Router[ OL]. ht-
tp://www. cisco. com/en/US/docs/ios/12 _ 0s/feature/guide/
12spower. html.

[16] CHABAREK J,SOMMERS J,BARFORD P,et al. Power-Awa
reness in Network Design and Routing[ C] // INFOCOM 2008.
2008.

[17] RAHMAN M M,SAHA S,CHENGAN U,et al. IP Traffic Ma-
trix Estimation Methods: Comparisons and Improvements[ C] //
1CC 2006. 2006 :90-96.

[18] XU D H,CHIANG M,REXFORD ]J. Link-state routing with
hop-by-hop forwarding can achieve optimal traffic engineering

[C]/INFOCOM 2008. 2008:1717-1730.

(k3% 99 7O

[13] ZHANG W,.WEN Y,WU D O. Collaborative Task Execution in
Mobile Cloud Computing Under a Stochastic Wireless Channel
[J]. IEEE Transactions on Wireless Communications, 2015,
14(1) :81-93.

[14] HUANG D, WANG P, NIYATO D. ADynamic Offloading Al-
gorithm for Mobile Computing [ J]. IEEE Transactions on Wire-
less Communications,2012,11(6) :1991-1995.

[15] CHUN B G.IHM S, MANIATIS P, et al. Clone Cloud: elastic
execution between mobile device and cloud[ C]// Conference on
Computer Systems. ACM,2011:301-314.

[16] MAHMOODI S E.SUBBALAKSHMI K P.SAGAR V. Cloud
offloading for multi-radio enabled mobile devices[ C]//IEEE In-
ternational Conference on Communications. IEEE, 2015 5473-
5478.

[17] MAHMOODI S E.UMA R N,SUBBALAKSHMI K P. Optimal
Joint Scheduling and Cloud Offloading for Mobile Applications
[J]. IEEE Transactions on Cloud Computing,2016,PP(99) ;1.

[18] BALAKRISHNAN P,THAM C K. Energy-Efficient Mapping
and Scheduling of Task Interaction Graphs for Code Offloading
in Mobile Cloud Computing [ C] / IEEE/ACM International
Conference on Utility and Cloud Computing. IEEE,2014 :34-41.

[19] KOVACHEV D,YU T.KLAMMA R. Adaptive Computation
Offloading from Mobile Devices into the Cloud[ C] // Interna-
tional Symposium on Parallel and Distributed Processing with
Applications. IEEE,2012:784-791.

[20] NIR M.MATRAWY A,ST-HILAIRE M. An energy optimizing
scheduler for mobile cloud computing environments[ C] / IEEE
INFOCOM 2014-1IEEE Conference on Computer Communica-
tions Workshops. IEEE,2014:404-409.

[21] BARBAROSSA S,SARDELLITTI S, LORENZO P D. Compu-
tation offloading for mobile cloud computing based on wide
cross-layer optimization[ C]// Future Network and Mobile Sum-
mit. IEEE,2013:1-10.

[22] RUBIN P. [OL]. http://orinanobworld. blogspot. de/2010/10/

binary-variables-and-quadratic-terms. html.





