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Task Scheduling Strategy in Cloud Computing Based on Sequential Game
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Abstract

With the popularity of Internet applications, cloud computing has become the hot spots in all sectors of busi-

ness and academies, Cloud computing is a new computing model after distributed computing . parallel computing and grid

computing. In the study of cloud computing . task allocation is the focus of the research, In this paper,after summarizing

the research status of cloud computing . we proposed a task scheduling strategy based on sequential game theory, which

has a better optimization in resonse time of the task,

Keywords Cloud computing,Sequential game, Nash equilibrium, Task schedule

, BlE

AR =V E AT R A T E AL S SR — A TR
mEn EHEHFR—MEHNES TRAGRITE #
THERRAET O — S 2R 2—HFXOTEER
CRETEEMATE 50565 EE R R AR 5 4R
& BRRHWES FARS RHES SHESOR%EY
EFHEERZITENRBEAZL - REAULRAEREN
ESBEFRRTFUENFTHHRTE

TR HARGENESEHERBEA LS ARSHMNE
M EBAEET ESAEERERGVELHERE
Tk FERFETHEARSLE BN EXE OF kin
A Kameds RET—HARNENESEAESE ZHEE
HEZESTITETANRARERAALE S K P 0 LA E
RSHEN - TRIAERRAEPITERERENERE M EA0
EARSHESTREFRAN FRETE. MR €5
EFHAEFEZ B ERB\EAZETHNITSEEIRAE
ESAEAEN BA HEAEEELEREFORLEE
ERSRESEES TR

BRALE TEFEEENZITERETHESHERE
THRE FABRBT—ENRR ZEFEZXBAUSAET
MEM EF q.c MMEFRFNEM, K% SHOET
MERCHESEERESR Min-Min, Max-Min 8 ik \iﬁ
EEEOE WRBIFZIMNLSET Qs MESEESE

X 11-13BEE T Qus MEFHERE MWl 1416 )1
HT—EETFEFuEftNESERERE
EXERERZR ROANMABEFIERREEN
Bt BMNERFREEERE LEFSEAERNAEENI—TF
MEFRER LHESENmENEEIEFEIANTLER
mETHFRBFOHTESHERRE

o EFAERGIRE

REZTERZNES UTAABESSEN

HEESBHESHETABURBIAEESHL BEED
HESABASEESENRTEN BNE—ISHER
Gih BENEBR TN

) BH EEHERGES EE5—REFORMEBEERA
SRR ERK BRPRHEN o EXEERS WT
i BE RTMES, FERRTEEBEEHRTH
0 BFEIERAAEANBESETERK EEHHE
0 £ - 0 45 98 B (6] 946 I T A2 E 68 0 PO AR L B R
fr MEFESHKFRENME, BRESHHHRTR
NAESSH K ERE LR ERRHRESRTR O ML RBE
En

RENEMEBIE EEAENREEINE | Fx

ERRGERN G BEE I AL, MAES ,, M
FEEMITEYE #AS, M AEBTHAAOERS R
B, MEEHK __ EBAHE

MEH (g9, X Bt ZEFARARARBHE ZHE. X B9y, B, 088 WL ESH TEARFEATRETE BFHEEG
MEIHE ZHE.F Hlgg ), B, 0Lt EEARAEIRBIHTE ZitE

« 341 -



AP A EESNERES, SIARZER I
MRS MR, FEESHTHEES , BB
Bat AAFENESRAESEZHIHETALAT

VEES MNAPRRSES BESSBRIFHHH A
ERENHASELZRENTES ARG EFHENE
& o) XHE 53 1T 5 B A0 R (5] 22 B ot

CESSE RETETANNE RES, BAAHE
RSMH , MEESH , HAES, 0%, MESSH B
RETAR

;=0 B4, =1 (1)

CHEHR EENAGE ETHENEER,, =it8
RGO ETARE—RUEESHRTESN EESEE
HEWE ; EOTHRTEEY , ATHETURAEE
% B—AMHETA  TUREE—FRE—RERAE
FOPR 5528 AR R B9 3/ 1 HERA R R rr e

%, AHES, SHESHTYER WEER,, AR
() FTRBESE Ko NE X2 EFEAESNESH
EEEMMMZDMTFRATEDS S ESHESRITE
EOMB R MANRHRHET R MENS A S
EMMAEIENTF  MESRITEE R, AR REA

Wl:l
Pt D (2)
i=1 i=1
ii.au*ﬂiﬁj (3)

B, ESAENREER

s ESAERHSHEE

EHERGHEMARBLEHEH A HitHy B2
£ 38 BT AE S5 BO A S B 1) 0

RS MESIMERD, ) B
Bt GEMEEENEESH—RESRETOMEEE L
—RESRITHMEREEABENERRLESE —KE
SHITHM IR E BB ER S A NLEM AT BB
EERTNMEMNE SEBESRENENHHNLEN
il

ENS K AL RY A B AR L AR A A, MR
B, BUET R MERMEMETET R HHKHE D
1T BT

BEFRAESHEHMEKES &, HAES,; B
HEHR ZEASBEWER T, HAER, BES A
ZEAHIERER WEDSH , MERHEANR(H

T~
=]

X ay

L;=e; Xa;+ il (4)
HEHATADR— v/ HRRE EHSH
+ 347 -

EHEHA; EHTHRBERENR 5 R

g }{E}i %Azlﬂ.!j
=1
(3)

F,=h, Xa; +

e o LAWER EERGHENNE 7 HRT

BMTE , AESERRER,; HEHESR

EHAK , MELEREREFET S EodEH
AL LR R A REDS A, KGR
H?—ﬂﬂ(ﬁjﬁﬁ?ﬁa

ay; Xﬁﬁzgizaq

F,+L;=h; Xa; + +

]._E:){: i:rlgﬂ 1
i=l1

e; Xag;+ : (6)

BN, — 1% AUHEER; HEER, REW
h
HEEEN KRAR g TER (o).

€ly; }’{E:}{ (.l,ﬂﬂ “|‘é—uﬁ 3

F,+L,=h; Xa; +—— & +
hy X (wy; — Ay )

bXa;

e Xa;+ -
RGBS AT 45 418 A 28 60 5 16 1 B 8] 7T i

g Br NBERUMEFHYE RNORLEIF2ER
FE 28 00 5 1500 B2 6] A

(7)

E

T, =3 (F; +L;)
1 =1

]

adxﬁxuzaﬂ-t-%—uﬁ}

=EEE:}<HU+ — ‘i +e; Xa;+
= hy X Cu —Aiay)
I ﬂ:;] (8)
€ij

ﬂlﬁ(g)ﬁ?ﬁ'¢%ﬁﬁﬂ§ uuﬂ-:ﬁIEH{]_Fﬂ":Fﬂ'ﬁ
SH Hd

= Lz 2
71 =h, +— bt —’*_ﬂ'-|—e=,-+i}ﬂ
day ki Cup—Xas): by Cij
T, _ ZA-EHF -

=0

daj; Egﬁztﬁ—.lgau-]a
ol R gy RIEL BBMOAEY FEE—OBHERE
%ﬂ(g)ﬂ’]‘n

ERREBBAT S Kuhn-Tucker =& A S B EH
Mgy B,

ﬂi}- }{EX(AEHJ +;_Hj: )

LZ&[EX a; + — by +e;: Xay;+
i=1 hy X Cup— Az )
b::ﬂﬂ —aXa; |t*a (9)

]
2L _ o ABR(10)
da; :

hi+— byt L. TN S (10)

hi Cus—2iay ) h; Cij

W10, KB ABEAR , MRBRARMR 11, H
T REBAR]) (2).(3),



T
I;, hi;,

d;; = ——— (11)
L
.Jl.:-!l‘,- -I"::——h — ey _9

i

Heh  REERR ) MAR BENR ) RE

~ Sz
__‘1‘7? N :h = )=1 (12)
1= i Y ALY
,.1:}1}' ﬂ;’+h=‘l_!1j_f'u'_i
h Ci
BR ) TR TSR g3 R, o HHS
:'D.:.
ne B Zth, e, +i (13)
U j Jtl -’T;

%FE@IE%H‘JEEEE T%ﬁ%‘[‘l‘ﬂ&lﬁﬂﬂ*ﬂﬂﬁﬁﬂ’l’
T, = h hi +h; + e _|._ HFHMITETRARE
U hz .F:‘. Cyj

o, MPBIRRIBRFHEF . o

D HMR j— g W _—g'ﬂ'-':F dl<d<mBHRBTF
A5 MBAELH,

3 B BEK )RR, BP—,y  MBRES
A RE 43 ABBAFN (15 WEXEH,

L -
E:ﬁf{’ — hju =1 (14)
i=1 H S o =
%o a-l-h_*'—h i
k) ¢
d 12
E::;f* Byl <1 (15)
i=1 i o
— h; = _i
Aih; |:r+h— hi — ey -

HIEE ) EEVHEHSSSENRMLER

s BT RIS U

st TUEE EHIH , ORBLRBEE T
YR HAES, RENTEES, HETURELS
A RETEENERRR FREM,, E 7% TR
WG, FTURHTEFFREEREN, HESHE
M ERTHERELER, TS 5% R EE— 1 B
SRR ETHER
41 ESAENFRETER

EFEEEDY BESSERBEL-ANBEEER AN
Tk EHw, 0E THEALACHESHH AR B
HKE—MYBHRE S HFERENNRES 50
HE, MBMBE KRBHENSFEH o0 KRR

MERH oo T, BEER o0 FREFEDMBER
MHE o B
u:ﬁ"l it urf“_” )
ok \\“/ L 1) V Gl
5 —s BINAEE e e e EalrEE e

B, FREEFEINERE

B IBFREEES Hgtnrmﬂ[ﬁﬁﬂ(m)ﬁi’ﬁlﬂ
H n=1,

it _ Hf:l:n_“ B ,ihjzﬂg(n—lr (15}
I|:II_II- A —_—
] _ . hE -
A &t""”_“+="—hj—£*,‘.-—i
Cy

i

He -fHT"_” :%_&Eﬁﬁﬂ f}_(r:-l} gFa— 1 Hﬂﬂﬂﬁmﬂ(l?j ;_;I&ﬁﬁ
i &

e
i H?':n—]:.? B .-"h ”m -1
| A T =1 (17)
i=1 N Gla—1) ﬂ___ _i
A,h‘i o + — -,1‘, E"zj
Jr]' : ":u' -

i

e, MDEABERER g MBAEN

5 et T

F “Etu 13 h G'Z_ —1)
i
L%

.-'L!'.lr]". SR | ||r1j € -

1 i _

=1 (18)

d-.F'ru_= h _h‘, St +e; _|..i HitE® S =8

an—l.l'

2 mwnxmwasﬁm S R

b0 ETFRBANESEESE
ERBEIS5E AEE BRAEEEOERE 5

BIESEESENRBNE ; iR

9 e 85 by,

r=(l, r:nlm-ﬂ
'
r=r+l £
v
A — B Rl A IRy 2R A
v 1
nnnnﬂmrm*l"l",r 'Tﬂ N norm=1{}

@ND T

14 3] 48 £ 9% B Lot (]

B, ESEEEEME
nEL EEEITS5aNNEERERA %0 = {89

450 L., GO }:ﬁii *L} BB E X AE F b B

TS

HBR (15 RBS5H  EK oo FEN g RBMW
Rz e ] e, [&1 B 3K B norm=norm—+ | To\"? — Tyr—b |*'ﬁ
norm BBRET—1TS54E 41,

HEE ) HENFHABSSENERER,

HAE, EEHEREMREER NEE &XRE
BT BEES S EMNEMNRE RS RE T /W LA E
MAERER prm=0, ¥ o) BERIT

5 REREILWERSH

s 1 KEiRit

HHELLRLRWER BFIT , » FHEED op Bk
S1R SRR o 42 50 M0 49 B54F 55 18 B 859 (4RI2 9 pga ) 1E
ARRERMILBIR pop HERBR o) HESHT
418

a;=—t (19)
2l
B, » THBRERAKBAE RIS 0 M T 8 )

ATESSEMMEME EENATHAIEE
« 343 o




s o KB SH
&5 5% KR KR8 K
BEEZEHERGPE g MTETA M HES

B SMHETAMESTHLEESRY , ERZR

h BREMTETANESTHLBEEEMEESH

STAEBNENESISEEY | THENESHERE

j RER o0 HE Hb ARBRE

M

A=gcpr Du (20)

BRAESMTHCE Y |, by, EEE O TSR
H .. 100K bps, EE R TIIEES , _o o RAM S
WA o 5 ARBUETESARENE | HF

%, AESNEANESHERR

Vi = 7 1 2 3—4 3 &—Y
A EERERE
‘EE% , 0, 0035 0,002 0,001 0, 0006 0. 0005
{ ‘8

S—ERB T A D E BT AR BB
R RELTHETANEEPHLBRRENE , F5

£, HEVANESTHLELR BT ATHENRES,

THD A 1 2 3 4
EETHLEEE

EE 0. 28 0. 22 0.19 0. 23

HET S 5 & 7 g
FEEHGEEE

{Eﬁ-,’"u} 0. 33 0. 26 0. 22 0,15

ELRDBEET R oA HERBEERRE &
AR gy ALRFBER g ﬁfﬁﬁ‘]‘ﬁ"i‘%'—i%mﬂﬁﬂﬂﬂ'lﬁ],
BT o HERBEERWE FHERAR g ToRER
fopsa HEMES5ENMEME FAHEETELNS
5% B 2R T 4 B

Raq BT ATTERE SR EE AR R AdE
A E =

i i
wik

GSA 13.61 13.61 13.61 13.61 13.61 13.61 13.61
BSA 14. 68 14.68 14.68 14.68 14.68 14.68 14.68

1 A 3 4 2 6 7

ANEEZRETS5SEMMENENEEEMNE R
MEPRATUEH R A FEZNELRTEIT S5 AN
FEENF R pop Bk AR T &4 5 5 % 001 K A )
WEESHEEGS BHAPANTEENREM oo 8
EMREERTF o) Bk

15

e
=

i B Fl(s)

L

. i 2 % 4 5 %

e
B, S4M55EMMEREBITATEENKR,
FLATBANETANTERNEENTE BFE
PETETANESFHOERENE A5 EfE3H
A#—EXE PSR

« 344 -

Fy WETANESTEFHLBEE TaMitHENEE,

HETA 1 2 3 B 5 6 7 8
ESTHALEER

{Eﬁ.ﬂ"a‘i

B ooy EERBEERBE RAR o RBESS5
MR BT oy HERBBEERE BRERAR
HRBESSENMENE FHEET S55ENME
g a2 5 Al

5 T ATHERE I r v R 8K a4 M R A 8

0.25 0.26 0.27 0.25 0.24 0.26 0.28 0.24

it i LER::A
1 2 3 4 5 b 7
Wik
GSA 10.54 10.54 10.54 10.54 10.54 10.54 10.54
BSA 10.82 10.82 10.82 10.82 10.82 10.82 10, 82

MAEEREN S5 E MMM X LnE ; FR M
ERTILE M KA qop TENERTEANS 520N 5
MENFRA pop SENERTEANS S5HEM MR E 3
MEZHERZT SHETANTHENNEN (o 8
EOHEERT pgp HiE

1

— GEAJ

I BSA
il | I o o
]
“ [. ::.!. — . |-.l-. - ﬁ. ?. -

£ 54
B: &#7T&5&0EARE, TRt EEISE,

nBELTFEEXE

HEZNQEEIESTEXAFEITEZNERAT 145
SENWMEMENER IRERE/D WIGRBEEENLFE
B, Rz WiHEZNAEERE HEINAQTFERSE
HEERREMS—TEEAE

FAX o) IRHNAFERSIEABEFEZLFENSE
R

e B B (=)

(D T,)?
FI=-=
s To

NES5EMMENAREPNE—EARE BitY
TENTERNRE REESFTROTBEE B oo
HiZMpop BEETESSENWMNEZHMRAK o1y
Y TBNTER.

Flg, =1

Flgea =1

ALEHERTIUEH oo HiEM psp HEHA T
MRSIENS | REAREENATRENATE BE
FRAFHEENERT S5 58KBNNL2ATN

BRE AXBANEAERGIMEIEHEAE
EEEEAEEEHE BEELRATESBEORES
A TEESENBESSEN ECNZARENDTE
& BARUTETFFRBANESARER BF R1E
HEASSEMMEMETRMEEATHERIERTAY

(T#% 358 W)

(21)



HAE MEBEEAFORFTRERITT IS WEEEERE
MAERRANGERITTEX FR FESEM T BAE
AEERDPENEAZE Bl BIlTTEABREREE
HRGE ZRAZWEREERE e BTHREFEAREE
BEFR s8I EFRELXBE— P rpp BFHE_ FAH
FHARpp ESEE GEANFERFHR B HWERE
AN ER FAMNENEBRGINEERAGHTEMNE
& FIHZgp FEEF ALUEESWARRE AL RKE
A R ZhEFERERENEERGHLERN
BEMNZPEFNEAN BETERTRODQAERER
HERFHERELATK
H EEMLE HEEMEBARER BHRERRBESER FRF
BEZITT rrp PEIG=EE&Hl FoHTEITEEME
EDREMBEES FNHNER HEHEREITRE
I EERARGHEE HAEGFERTRALQAAERKAE
HAGMAEEER TR LR Z S E F 1T 6 65 8 R
RAOBFHFAEENXETE ZARNEAIT EBFAR

RE BRSO
& & X W

[1] ﬁﬁﬂi,*#ﬁﬁﬁﬁlﬂﬂ RFID E*Eﬁﬁﬁﬂqﬁﬂ[]l itH
HERSER 2011,21(5).56-59
[p] FWF EF gpp RANPERMAR ) PERTFHERR

W], 2000,406):594-597
r3] RHH R FFE FE PENOEREHSHXARAAR

(7], ARABRRZER BRBEM 2009,2006).1-11

[4] ﬁfﬁm_ﬁﬁ_ﬁﬂ:ﬂ_ﬁiﬁﬁﬁﬁﬁﬂﬁ'—iﬂﬂﬁﬁiﬂtﬁﬁm
Ry, HENER 2013,36(1).168188

[5] Bxit SEE Rplnﬁiﬂ}ﬂﬂ"]ﬁﬁ"—iﬂﬁ[]l i‘fﬁﬂ?ﬁ_
2006,29(4) ;581-589

(6] Hﬂ’ﬁﬁm_ﬁ‘lﬁ'q’:_ﬁ‘ RFID ':Fl'ﬁlﬁﬂﬁ‘ﬂ:ﬂﬁﬂ‘ﬁ[]l LiE
BITXZZE® 9914,03).234-238

7] THRE FR% LW % rpp PEAGTRER ] HENT
2 2006,32(21):9-11

3] WEE EE gpp PEAGHELBSIEAESHART ), T

BHRERA 2008,28(10).2613-26

(LEE 344 01
EHMETFRBANESEAERR gsA FF5 ) EFRYT
CELTTE Y

& £ X M

[1]  Armbrust M,Fox A,Griffith R,et al. A view of eloud computing
[ 1], Communications of the ACM,2010,53(4) ;50-58

[2] kg AER BB ZITEMRERS &7 T E R A
B, 2010,27(2):429-433

(3] Fuijimo N,HagiharaK. A comprison among grid scheduling algo-
rithms for independent coarse-grained tasks [ C]// Proceeding of
the 2004 Symposium on Applications and the Internet Work-
shops, Washington, USA: IEEE Computer Society Press, 2004 ;
674-680

[4] Kim C,Kameda H, An Algorithm for Optimal Statie Load Bal-
ancing in Distributed Computer Systems| ] |, IEEE Transactions
on computers,1992,41(3):381-384

[5] Subrata R,Zomava A Y.Landfeldt B. Game Theoretic Approach
for Load Balancing in Computational Grids[ ]|, IEEE Transac-
tion on Parallel and Distributed Systems, 2008,19(1):62-76

(6] Lu K,Subrata R,Zomava A Y. An Efficient Load Balancing Al-
gorithm for Heterogeneous Grid Systems Considering Desirabili-
ty of Grid Sites| C|/ Proe 250 IEEE Int’1 Performance Compu-
ting and Comm, Conf, (IPCCC *06), 2006

(7] Lu K,Subrata R, Aomava A Y. Towards Decentalized Load Bal-
ancing in a Computational Grid Environment[ C] // Proc. First
Int’l Conf. Grid and Pervasive Computing (GPC 706}, 2006

(8] Liu G,Li J,Xu J. An Improved Min-min Algorithm in Cloud
Computing[ C] // Proe. of the 2012 International Conference of
Modern Computer Science and Applications, 2013,191,47-52

(9] Parsa S, Entezari-Maleki R, RASA: A New Grid Task Schedu-
ling Algorithm [ ] |. International Journal of Digital Content
Technology and its Applications, 2009, 3:91-99

« 3RR »

[10] LiJ.Peng J. Task Scheduling Algrithm Based on Improved Ge-
netic Algorithm in Cloud Computing Environment| ] |, Journal of
Computer Applications,2011,31(1);184-186

[11] He X, Sun X, Laszewski G. A QoS Guided Min-Min Heuristic
for Grid Task Scheduling[ ] |. Journal of East China Normal U-
niversity (Natural Science),2010,1:127-134

[12] Chanhan S S, Joshi R. A Heuristic for QoS Based Independent
Task Scheduling in Grid Environment[ C]| // Proc. of the Interna-
tional Conference on Industrial and Information System. 2010,
102-106

[13] Xu M, Cui L, Wang H,et al. A Multiple QoS Constrained Sched-
uling Strategy of Multiple Workflows for Cloud Computing[ C] /
Proe. of the 2009 IEEE Intenational Symposium on Parallel and
Distributed Processing with Application, 2009 :629-634

[14] Deelman E,Singh G, Livny M, et al. The Cost of Doing Science
on the Cloud: the Montage Example[ C ]/ Proc. of the ACM/
IEEE Conference on Supercomputing Piscataway, IEEE Press,
2001:1-12

[15] Assuncao M, Costanzo A, Buyya R. Evaluating the Cost-henefit
of Using Cloud Computing to Extend the Capacity of Clusters
[ C|// Proc. of the 18 ACM Intenational Symposium on High
Performance Distributed Computing, Ney York: ACM Press,
2008:141-150

[16] Ge X,Chen H,Du B,et al. Scheduling Strategy Research Based
on Cloud Computing for Cluster Expansion| J|. Application Re-
search on Computers,2011,28(3) :995-997

[17] Wang Jinting. Reliability analysis of M/G/1 queues with gene-
ral retial times and server breakdowns[ J]. Progress in Natural
Science,2006,16(5) ;464-473

r1g] MEE FE HMRERM ) LR MFHEE 9090

[19] Chow Y C, Kohler W H, Models for Dynamic Load Balancing in
a Heterogeneous Multiple Processor System[ ]|, IEEE Transac-
tion on Computers,1979,28: 354-361



