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Abstract: Considering the problems of low load rate of dat4 cehtgrs in cloud\groviders, uncertainty and variety of cloud
user demand; in order to improve the average profit of the gloud providers,fan overbooking model of multiple instances under
uncertain demand was established. The proposed model{conibined thesinfliences of overbooking for cloud data center load
balancing and Service Level Agreement ( SLA) Yunder the! actu@l/ cléud’ computing resource market, multi-constraint of
overbooking was provided, then the optimal allocation{policy of eachdifistance type was put forward. The simulation results

show that when the unused rate of reservationAs 0/25, thegaverage profit is relatively high, the load rate of data center is

78% , finally the optimal allocation of eachyinstance type(is\det€rmined.

Key words: uncertain demand; \cloud computig®tesource market; multi-instance; overbooking

0 3%

SHBAEN Pk K B R 28 T 5T R IR 5
BRIRGE— 9 BE LA A — IR R 1) PRV SR L% IR 5 19
H Bk M $ AR (Information Technologyh, IT) AR &=, BWigk )
M, ZWS R N ZIORUET SRR S MR
5], BA R MR &l Winazon B9 3 T & (Elastic
Compute Cloud, EC2) 424k TR B SE 4], 175 S F0 32 H <2 4]
X3 AP o 2 B X P 4B IT YR AR, 1
PHHOR 2 i B PV TR YE B B SLBR Il %5 TR IEHA R
RN Loy X T RERIERTWS AR BE
RFEREABIE P, SCHR[3 148 Hh 7R R IBUB BT IT SR g
i, RS = 53R P01 CPU( Central Processing Unit ) 3P4
FAZRAGKT] 40% P, gitt, 7 MR SR AL 100 W B SR BT o 5
AR T T TR AL e R B B P B SE B, FE B R B 0
TAEIE AR T B LB R sk, BETITRIEA R IR
LA B T LB E = R FRIE B M = A
Xof Tz 55 S B IR PR TR B, LA AR AV S 40 9 K 2 PR 1

W B HE:2015-07-22 ;& [H H $7:2015-09-24,

A SRR SR BT IRR 2R, ARAS 3 M A, B IR I e AR A R
BT B RS — 35 F P 3 F R IR T R B oo R 55
ax BINETRT , 75 IR S5 9 iR 5 BT B (Quality of Service, QoS) ¥
SEBIF X PR K RS AR E VLS, R SR
552 2% M3 ( Service-Level Agreement, SLA) , %W = B )7 &
G, FIG, ES AP TRAFEWER T, A5 E LA
OTHCE, A 1 SR 401 725 PR B R TR B A AR TT R B8R
b EGE R SLA BMSGXMIE Z IR 8P JE , 2 o IR 55 LA g
EM = MRS B2 PR E
BETTREE NG EEPEENARAE, NS
FiB JE BT LSS £ Y . keEg Y Bl
T A B e B R L s B R AL B AR R, B B 7S
PRI L TR AR R B e kSR, HER
U7 WA BB R T AP TR 0L T M s B A
R [RIRE, R T AR B i AL I s ST B R, A
245 1 U5 T8 0 1 R B T T B2 B AR Poisson b, B 7 BB
B M EIEA TR . BT I A BT 10l B ) B
R THRZMSEERER W EEEEHER T

EeWB : BR ARBHAEAS T IINE (71172043 ) ;#0540 E E A A RBITE S E
BEEHIUE (2013-693) s B LACEBFF A B B #REIA B (2015-2y-126) ¢

EEE A BRAA(1970 - ) 35 WAL ERGE A, 8%, Wik, EEB 1 o RS R B HIR R AT, Wk (1991 - ) 4, i ERE A 1

B, EETR T S BRI

SREHE(1984 ) 3B LRI BT 5 A, ERERTS T I - 7B R R BAR T



114 H AR A

# 36 %

BHEAR SLA il B FLFIREL BB EE M EER R
ST TR AT R — BRI FIERE

BT, X F = R 5 5 13T B 5 1) A BF S B
Rachel 4 4 ML L ER T AR CPU BB KT, %8
T RRH A B SLA 455 8¢, R CloudSim #4745 B X
HSRBUBERTEH QoS K2k, Kim & BIsemiim = R4 it
RERT A AR B B, R AR R TR AR E PR T RS
BAiERI PR, A o RS S EHEMEPTR S
HEEMPLEEBHUT, FERE B R &R ERE, R
FIER W) = R LW S AT R A re S KA, R 7R
BB AR T LT XU X B 0 SR B R . BT X I TR
B, 7R 30 BN R S IS BT SR BB ML 43 A R, B S PR 0
BRI AR T R BT R, 15 1 & LI 2SR A 5L
EENA TR, BB F I RIE T 2RI AR,

1 =% % L5 8T 5 A # R

WA BHE B R EGIREL N e e L6 AR
B SEBIRNTEAN LB SRAHCBAR AT, i T LB RUA ]
RPN ZR T TTRAR . IR E B2 LA B
WA, R T BATL G F AT LR S Br vt A 1R 00 7
X EC2 LHIHFHER , R AT 2% (pay as you go) I, B
ARGV, s A PR, (i R A . DR il <L)
(Reserved Instance, RI)$8 P W LIRRIFTT EC2 224, — i)k
TR 1 ~3 LG R, WS 3 A, IR RS
T LIRSS B AR ), BB ARAR, SE4 LR IR T
AR EC2 PRELET IR A A KK, A P I BT Sk
ﬁJE’J%ﬁ*ﬂﬁb%ﬁE’Jﬁd\ﬁ%ﬁ%K T B MER A,

287, TS BN S R 70 BT P4 B i UL A - 25 BTN
m%f%ffF_FtHﬁT REPBEMEOEFIE . RIS
THIRRE R AT AR o AT B A fR R B Ak, B SU RS B
BB &S FIZR BB R Y8 1% T SL ] A0 T8 4 5K s SR o3
TREAR , il A T8 AR BB SE 1A T T SR W 1 150 AL 1z 7T 2K A5 o
REIFE , BA S H A 88 R A & 21 8TA T2 R = IR
% QoS S [Hf,

PUARYE S B2 BUR [H], A% B2 X035 1] B AR T T 1 LA
MR

1) A = BER R FTIRME SR &5 L B2 By 3 b, & Fb
KA R B IVLMNE F s e, HAME,

2) = RPN T RUNE BRI LB T R IR S HCH A
RIS , PR BB Tl 25 SR IR TR, T X T b S ] 26
BRI TR TS o

3) =P BIETT R R LB E R A BT, IR —
5376

4) fB5E = B i A 45 P 25 S5 491 48 B W A IR 3R ol
BT RAABEREENFAERE R, Z RS QS Eirh =
B 0 BRI R T RR R = L — B R N AR
T, LGSR BX WA FEFR P94

KRR B M SBR AR #E NF :

M Fy BN v AR A B LB E R, PR L B R/ R
Bk O RESEON Ao BB, T EHITERE b,
RBHCR As BITEM S, HLWTE A L T, AR B St S
Dy =M~k —ky; fo RIETEBIEY (FT/h) 5 fr AR E R

EABIEM (IC/h) 5 fs ATEN LM (J6/h) s Ly HATEZE
{R BB ST R, A YR E A BTN Ly
BT AR Z T, AW R Ly, = Dy BB LI, e
BB R Ly — Dy s Ny ATRITEIRfE ORI 8RE s pe H
MR E THIIIT 0 R BRI by R B LU AT,
= AP IRIBHIG RS s r N THIR P ZEITRA d I e
B O MR R

2 EREEFHSBEERR

Xt TR SRR SE O R R b T EABEYE, 4
AR RS T AT A RS o A P AR iR
MIBAR AR EY AL {6 4 B B0 B AR R P RSO IE 2
A R BY SR At ik AL AR 1] ( B2 8)) P9 RT3 PR IR
BB A 18] A 2 R P o B B SE B, T - RE RS TR P9 =
FARAZ by DR I T AL R

-A k
e 00"

Pk1(/\0) = k1 s by =025
1.
o FPHRZE |y N BISRGEI =538
e spg2
2, M) & TRl by = 1,2,

XINFHE 75 SR ORI LB, = BEM R B AR s, RS
RN R RN =RF, W 2 LT R AT SE R3S M 32 v
PAFH B2 N -

ro . Ag'sTs -As _
“”'2%<4W DV AT
Joro +fsAs

TR B LG ARYE Dy = M — by - &y KR
EHIFTEAN LHITE R it
Weash

s = Ly fxs Ly - Ny = Dy

’ {DRfR_(LR_DR_NR)bR9 LR_NR >DR

T MEB L oS, Ktk s AP BT R K
RER RN T30, B LB Z RIS SRA B B MR B

REFN R
R 1 R

Sl Rt BT HN R R ER pr AT, T N A S 3T
RS TR
Py (Ly) = €, Mpy"™ (1 = p) 05 Ny = 0,1, Ly
7 LIV R4 B SC DI BRA U B S8

LR—DR—I

E(S,) = Z [Defa — (Ly =Dy — Nx)bglpy +

LRfR/LR
RN B A RAR B X R
E(S) = E(S,) +E(S,) -Mr = ZSO

Ao’or,

Go/fo) 1

-0 +

LD1

S Z [DRfR - (Lyg =Dy -
Np=0

is As s €
) s (ss/fs)!
Lg

Y Lofi/Ly = Mr = fyho +
=L

Np=Lg-Dg
Lg-Dp-1

SsAs + Z [Dpfe - (Ly -

Np)bglpy +

Dy — Ng)bgIpg +



%14

HRARE: % 6 2 H R T TRATITR LT % 115

Ip

Y Lefu/Lg - Mr

Np=Lg-Dg

R UM R AR SRR DU O BRI
EARHE, RIESCERT8 ] i 5He PO N S BRI E 80% Kok (R
VA o PR S R RREH]) ¥ = RS QoS, H
RERIBERN p;o

BRI E AR T

g = max(E(P(Lg)))

s.t. Ly e [0,M]

psa

X F R AR B R AU, B 5 o A T LA
T EBI SAEF R Ao FAs R PO AT 80%
MM p; S E IARAT T , (A5 = (R R ARAT e P 32 )
i, PR B SE U SRR T TR L o 24 Ly BXAKES , OR B8 S i
BOTRE AR, BB O RERRAT 60% KT
DS B BB AT R AR R . Y Ly BT R, R85
IR P BOTARME AR, 28R O A BRRRHE, =
AN RPN T =, ER) Ly ZRE i (0 A5 I
BBEHEZ , PR RS Ly FEEB AR , (245 =4t
INAEEi =y KT

3 EHaH

DA AmazonEC2 7EEEREF (F 2 B WALER) 19 4088 A2
F 6, JRAL SR HIEE R 5000, 575078 3 FhL IR IR FREK
1] AR BB S8 A S, RN R R AE 3 P ST A
ik E L HI2E AR Linux 38 F m3. medium LA, —4FHHIR) 4
F347:0.07 2£5T/h.0. 0425 2£55/h.0. 008 L3E0/h™)
BB AP R R AR B L H2E R e BNZHEX 2013°4¢F
1 A3 12 AEdERY, TR 8RN, B 5605
BAN 0.01 #E5T/h,

BUR R LU R 4 L0 T R o RS PR
Ao = As = 4 (RETH - AP WA RFERZEpY=0 ~ 0.7 8,
FFASCEE B EDE- I H M 2 R AR AL A& 157
7o MMA KA FHZE pp = O B, BAEA B AR E , BT
B AE A 1,956 x 10° 3200/ b B B3R PO, &
FEAE e 0 SLA 4 . = IR Q6S MK I & pr 1
TR, AR P AL, FEFIEEL BT AT LI IR
4R P ok B SR A AL K  (HR B 23840 23R, LM
ot = R o PRSI T SR R ER O 0. 25, SF 3 Rl FE 4K
B B IR T8I , I R BB B T 1T W] LA E 15725 F1 i
BB R B BN

100 ~
= 98 Los &
£ B [—o—rmim
3 96 r85% 1)
= 4 |0 Edgsha
W 94 -75_5_ Ve B
2 Ho -
B 92 ] - 653

0tt—— L 55
1357 91113151719
PERH
B L R BT AR RT PR R R i 2R

FAARSCRBHITE R =BG 0 LT B =

#ill, M = 50000,A, = A5 = 4,pg = 0.2,b; =0.02 3£50 /h,
r=0.0237T, f, =0.07 #5T, £, =0.0081 E5TEiAITHE
HLOT BAR S R TR S A RO SE IR SR, R B B T T Y
A5 2 TG L 35 SE A0 TR EA 4 9 P B BCR R A E
80% B, z BAE H P FIE N 1. 956 x 10° £IT /ho FHEE
BUP5E 20 W, A BT PR FINE 5 RSP AR 4
Heans 2 BR o SR BT RN 14 YOBE BEE ROCFI T Y
95% , R IZBBBUT BA R R A K B T B R B
Jirat SR Sk ,H 2 2 SR SE R TG HE O AR DL 2 A B, A
R B AR W SRS A 03 1 P B R P S ORI RIS, 18
ST E WK S EIA T 6 A B R P S EOEUE b O E
7, Nz iR 55 QoS , HETI 82N 5 R 55 B i P 7= 25 o
TE BT B R T /9 20 YA B, Bl ROV 71 3
9853 B0 p; M 15% , R BGR B 14 (60%, ~"80% ) K 16
K, BB B TR B AR p, RO FER e/ M B Y, # 5
PO BRI K, RIS T B TR H0T
B e m B B iR T = SERIRINR 55 QoS, 447 T Z L RL L

SEE.

100

— HEE '

1.95\

1.85 4
1R 1.75
P 1.65\7
%_,1.55—
& 1.45
55?1.35—
T 1.25

1.15

1.05

1 1 1 1 1 1 | 40
0 0.10.20.30.4 0506 0.7
BUTHRE R ZEp,

2 BEBIETE T FSAEE 2 R iR

AR L3 SEIR R A 20H7 , AT A8 HY 3 b S 1] 6 B ST A 450
ERM TR, R 1 KPR L FIRE KGR FT R
B H AR R S AR R R B S BIEE W 33750, A Kt
OB RO ST IR s T SR B —E BB B R, LR
EBR B S E— 2 T , TR0 BR BEs P 0 0 R34 B i
BT RERARHEFE,

®1 BLOIRBBMIEE

SRR P88 BRI A BRI BB
TS — 33750
1R BE SE A% 3600 44175
RN — 16 500
4 4B

AXEE TR ET G T LB L R 58
AFSE BIZERIE R AT E 1, B sh S AU TR AL, e B
Rz Hiss QoS MRTHR TR FE =M AT . &5 Fl i B
IO T AR R AR B SC 0 R P TR R (8 A ZRIA 20 25T
BAR A LI ERFIAR T 8% ; p; H(E 1 A B /DL Y, TR A
KRR T i TR AT PT i R RS, B4R T = LB QoS,
AR R — o K P O 7 SR B R S A R 5K 0
i B UL SR LA, e A 2R A5 25 SE I 2R BUEUIR 9 BRI 2 BC K
HHEH TACER Linux 38 i m3. medium — 4 H R i)



116 EEE-Y %36 %

ST AT, HAR X CPU SRR L FIREAT 4 2
FERN IR RIS GIR B BE TR R AL S T R E MR, T —
BT T

S E 3k

(1] 7R, KA IKIT, %5 SR Z 2] AR, 2011, 22(1):
71 -83.(FENG D G, ZHANG M, ZHANG Y, et al. Study on cloud
computing security [J]. Journal of software, 2011,22(1):71 -83.)

[2]1 JEEE, BN, 2R, = BRgEeh Ak T30 4t 390 B Lt o o SR BT L
HHET]. RS TR AR, 2015, 35(6): 1573 ~ 1581, (QU
X L, XIAO P, BAI Q. Virtual resource provision policy based on e-
lastic reservation mechanism in cloud environment [ J]. System engi-
neering theory and practice, 2015, 35(6): 1573 - 1581.)

[3] HOUSEHOLDER R, ARNOLD S, GREEN R. Simulating the
effects of cloud-based oversubscription on datacenter revenues and
performance in single and multi-class service levels [ C] // Proceed-
ings of the 2014 IEEE 7th International Conference on Cloud Com-
puting (CLOUD) . Piscataway, NJ: IEEE, 2014: 562 -569.

[4]  SRA&AR, XS, 3R, M2 2B A0 (0 47 ) FAB 6 45 i A AT
FEL]. HHEEBERL 2, 2006, 14(5): 68 - 72. (ZHU J F, LIU W,
GAO Q. Integrated static modeling of airline seat inventory control
and overbooking [ J]. Chinese journal of management science,
2006, 14(5): 68 -72.)

[5] BRX, FES, KUK, %5 SHEHR TREBENENE &
ALBSEL )] . P E BB AL, 2013,21(11): 98 - 101. (ZHAO H
T, JJA CL, SONG Y Q, et al. Research on uncertain demands 6f.
airline overbooking model based on adjustable robust optimizghien
[J]. Chinese journal of management science, 2013, 2L(\L1): 98-
101.)

[6]1 JE, XA . TR AT VIS BEB A ) . &gy
TS S 52, 2014, 34(3): 717 - 722, (ZHOUNQ, LIU C(W
Based on the stochastic characteristics of the|airplane ticket dyudme
overbooking model [ J]. System engineerifigss-theory| & practice,
2014, 34(3): 717 -722.)

[71 ARWHE, @Ak, TR, 45, 2 T8 IT I R 45 8 P A B AR
iR LR SE[ )] . R TR B I 2014, 34( 1) : 129
-137.(XULP, LIJL, LEI J L, et al. \Comparative analysis on

one-leg airline capacity control maefels with overbooking [ J]. System

engineering—theory & practice, 2014, 34(1): 129 -137.)

[8] KIM S, KIM H, LEE J, et al. Group-based memory oversubscrip-
tion for virtualized clouds [ J]. Journal of parallel and distributed
computing, 2014, 74(4): 2241 -2256.

[9] RACHEL H, SCOTT A, ROBERT G. Simulating the effects of
cloud-based oversubscription on datacenter revenues and perform-
ance in single and multi-class service levels [ C]// Proceedings of
the 2014 IEEE International Conference on Cloud Computing. Pisca-
taway, NJ: IEEE, 2014: 562 -596.

[10] PUSCHEL T, SCHRYEN G, HRISTOVA D, et al. Revenue man-
agement for cloud computing providers: decision models for service
admission control under non-probabilistic uncertainty [ J] . Murope-
an journal of operational research, 2015, 244(2): 46378 647. .

[11] Amazon EC2 instance [ EB/OL]. [2014-02-05]. hitp»//aws. am-
azon. com/ cn/ec2/instance-types/.

[12] KHEMKA B, FRIESE R, PASRICHAS;, et al.” Utility maximizing
dynamic resource management in @nhoversubscribed energy-con-
strained heterogeneous computidg system [ J]. Sustainable compu-
ting: informatics and systend8y 2044, 5: 14 -30.

[13] MACGRMS™, GUITARTN. SEA negotiation and enforcement poli-
¢ies, for revénue magithization and client classification in cloud pro-
Vidlers)\J]. Fuifife,genération computer systems, 2014, 41: 19 -

31.

Background

This,wotk is partially supported by the National Natural Science Foun-
déiion ‘of_Ghina (71172043), the Scientific Research Staring Foundation
for the’Returned Overseas Chinese Scholars, Minisiry of Education of Chi-
na)(2013-693), Wuhan University of Technology Graduate Student Free
Exploration Project (2015-zy-126) .

CHEN Donglin, born in 1970, Ph. D., professor. His research in-
terests include cloud computing, business intelligence, Intemet economy.

YAO Mengdi, born in 1991, Ph. D. candidate. Her research inter-
ests include cloud computing, intelligent recommendation.

DENG Guohua, bom in 1984, Ph. D. candidate. His research in-
terests include cloud computing, intelligent recommendation, data

analysis.

(4% 100 1)

[8] PEDRO M, BRUNO AS RAQUEL M, et al. Self-organised middle-
ware architecture for the Titernet-of-things [ C]// Proceedings of the
2013 IEEE Iniriational Conference on Green Computing and Com-
munications apdSEEE Internet of Things and IEEE Cyber Physical
and Social Gemputing. Washington, D. C.: IEEE Computer Socie-
ty, 2013: 445 -451.

[9] ARAH, B2, I, 4. WY R i R G R PR T
HEL T, 2010, 36 (9): 84 - 86. (SHAO H G, CHENG ],
WANG H, et al. Design of Internet of things-oriented system and its
middleware [ J]]. Computer engineering, 2010,36(9): 84 -86.)

[10] WU J, LIU H. The study of configuration software and management

information systems integration [ C]// Proceedings of the 2010 In-
ternational Conference on Computer Design and Applications.
Washington, D.C.: IEEE Computer Society, 2010: 144 - 147.
[11] ™3, B, o, 4. & Al ol TCP/IP @ {5 P4 I &
R R[] B H 304k, 2013,35(5):44 - 45. (YAN T, XIE

J H, WEN L C, etal. The security solutions for TCP/IP communi-
cation network of smart substation [ J]. Electrical automation,

2013, 35(5): 44 -45.)

Background

This work is partially supported by the Surface Program of National
Natural Science Foundation of China (41471329).

LIU Xueduo, bom in 1991, M. S. candidate. His research interests
include Internet of things.

JIAO Donglai, bomn in 1977, Ph. D., associate professor. His re-
search interests include geographic information system, Intemet of things,
spatial information visualization.

JI Feng, born in 1990, M. S. candidate. His research interests in-
clude Internet of things.

YANG Hao, bomn in 1969, Ph. D., associate professor. His re-

search interests include Internet of things, machine vision.



