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Dynamic Resource Balancing in Cloud Computing Framework

WANG Zhi-gang WANG Xiao-lin LUO Ying-wei

( Department of Computer Science and Technology, Peking University, Beijing 100871, China)

Abstract Cloud computing brings the potential to deliver flexibility, consolidation, and high resource utilization to data
centers, and virtualization is the key layer. High resource utilization as well as high performance promised by virtualization
largely depends on an effective and efficient resource management scheme. There is a great demand on building a multi-
layered resource management mechanism via virtualization: using the characters of the virtual machine to build a predictive
resource model and then export the allocation strategy, finally the resource can be allocated dynamically on demand. We
should focus not only on the resource utilization rate on the physical machines, but also the change of resource demand
while running for the application on the virtual machines. The final target is to get a suit of virtual resource management
technology, which could be widely used in the static deployment, dynamic prediction, and resource management between

virtual machines or physical machines, to support the cloud computing powerfully.

Keywords virtual machine; cloud computing; data center; resource management; performance

SEREIRI AL AT O T — A5 A PR E R .

TR RS A PR BEAE TTRE

ST RAT RS S AR 5, Tk AR L
Bt A BRI Rk A Jg, whERe . RTT A PLK = VSR A 21 T ORG) Z (K H o

Sy e IRV St T B oL R A g, HEl, RABARME g mEfa, WAt

AECRAERE PP RERU TS &, AT 80y o0 Al X0 o C2A T R LU AT o X R R R

1 35|

i}

EEWB: ERAREFAEETE (61170055, 61272158, 61232008) w42t RhS LB RS0 H (20110001110101)  [EZx &
BRI eI (8631HKID TWiH (2012AA010905)

EBR N M, WEOETE, DI ARG, ZiF5E, E-mail: cellfirves@gmail. com; VE/ANKE, flit, EIEGR, W55k RE
MEAME SRR ST, Bets, Wk, HUR, DRSS o s aae S



20 £ ok HOOKR

2012 4

WEFL, RESRAE UM AN R 1, DAL
%, BRI R EAR ", S LA
PN BRI AR, X Ea N m RIS
P AEDREAR . DRUEIRSS i % v B UM ] 3 2y
ER A TARK A B o (HAZ, KRR A TR R AR
e dy AU BOR AR TR MPkAl . — i, Rk
BORAN 0] 388 G M 7ty > T HEAS 0L T B3P0 5 1 1P i o
%, DRI BRATT 5 22 B e 2 ) B R AU T iR N =
SRR o, ADGE I REAURLGO RERS
PRSI B IS AT, I8 NVAZE R 2z o5
i SR MEE AR ARl PR 2 B 4 SRS B AT 285 1 A B
Jiiko

Wk, FEAELU AT AT IRA MBI : &
96, M REAUIREE R N PR BRI, TSN IRy
AT D o3 W RS I P 5 ik, A S U SR A T A
R, TR O 5 1R B SR A A s IR R
I N PR PP IRV AE S B e SR 45 28, — s i $2
PEHT I NI SR SR UL T i Sy — T,
MARGRANBEBE B T, M e v SR S5 IR R AL
BN E L W R AR 22 R K Bl A DR A B ),
TRUE = TH IR S5 ik, i vy SRR 200

2 tHXIfE

ARG PR WIAME AR T EHZA604FE40, HAZ O
BALE: fE— AW BN BRI 2 A BRI L
(Virtual Machine, VM) , BEANERVHEALTLE
VE— B ENL A, SRS B RR R,
L REF N B AT ML BRE R GE, XK ERAE RS
(Guest 0S) JEILEMHIE LS (Virtual Machine
Monitor, VMM 5 i) S B P49 HH 58 Ut o

ERIPPNE 2§52 Y IRAS K= 8 Wiprs PR TiRUN &)
BT BRI . BRNIE R 45— 6 £
EHLE EIATMERNLTRE R S —& 8 (H
MEND Eizdr. K TIEREXA HbR, 7520 &
BLEYIE AT IR A VS BL S A 5 2] H B 0L, RIEAEH
I ENL B E RIS AT . fELT LR
TR, BRI AR A, ERL EiE
AT IR S5 Wn 2% fema N R K o H TR 23 M UL
TR BB FTA DGR N LR B ) E LI = 8 A4
NG OL, TEXFERETE T, R 2B AL N 1E
FICPUIRZS . Xen'™ FlVMware P4 A REAUNLAL BE 28 #5201
TSR BNAE LT, B 5IFR hXen live

migrationm%ﬂVMware Vmotion,

SEREAR (Ballooning) & MEHINLRS: H ArEfT
(K REIAAEAE B, 0T LU E ML 0T B 2 R A
FRIBLES A A LT, 45 27 WAE B IUNLAE R, dEm
LIBEMEENLE . A T EINAFR G, VMMFE 2
fEGuest OSHINAZ 222 — A HI T 97 iU A7 OBk,
AE “Balloon Driver” o {HSERFGA N &R —WEE
BL AN ) UL TRIBEAT 9 A7 PHTC LD, o] S it
BRI TS — L . BATHT TE 2 —
MEB R T “/ BRI R AW s T 4E
AP EEENL B EANVZ BN AE . ESEIR T —
ANTE T VMM A5, S5 P VMIRIWSS, 4R 5 o
A I SRR EK B 4 11k AN VMED B 3 B v H N A
MEB U W0 S T A A7 B I L . 4 BT AT VM
1A T SR I ) EE AL B e A B A2, VM
REIE I 5L AT 4R NS I AF S o

Overdriver™ RH T iz F 2247 Al R AU LIT A
FORBEAT REAACEREL T 1) B shas iz, AR 41 230t
IR TR 3 E s R & QU Y S N E L s WL N
Mo fHEOverdriverfA/EA A M E AL (1)
G YRN8 A A7 S T A D I R 2 A7 5L
ERALT, TR B AHLHIVMBT ™ A B 5, 38 Rl
TNAERIR s (2) VM N AE A R AR SR AR S M S
IIBCITIE, ANBEAEAH FAL AT A R

3 EMHFIRENTSIFE

MEAUAL BOR IA TS 2 ANV AT AL B8,
H VMM IR e 2 W ) 2 I s 20 A P o 20 I A
KR 2 AN ENUE A — e BB, 2HIR
PR RESUANUAE BEL A1 S B 1) 4 B8 I 00 G T 890
BEAS AU B AL B2 BE VT 1) I g — A sl LA
or. BUAR B RS, — B aRIE KT8
ANV BE A AE AN AME A R0, 0 i SRR 7 5K
VMY BECPUAN A FRT/OBE %o TIP3 IE, T3 2
AT AREAT, RIVRESVMAE S Bt L2 3 A 1 45k
BRI, IRAEBEURI 7 BORME ] EAR AR

FEEITBTR N st e SEAED)BE N 470 4G
PIEEHL LRI IS B 5 A7 SR A 3G REAUAL,  Fias
Sy BE )75 2 AR AN BE I AL K

o b, RAMALAIAT A R AR R AR, 3
WAF 7 SRAEAE S B &AL o AL 2P 7 ) N T 3 557
H ESLAEE AT I RE T IFAS B ZERA K AT



434 TN, A AT IR)Z RSl A SRR A 21

REIALB

FEFALA

AL
e 17 3GB
Bl

K1 Z RN AR

— PLENAE —— AL —— AUHA — BB

4.5
4 -

Py 3.5 —
3 L

K25 L 7 ﬁy//\\*f N
N2 ..‘ N v \
~ 1.5 5 - - - S

0.5
0 - T T T T T
1 357 9111315171921232527293133353739
WA REAUB LR IZ AT L AR e (¥ 52 B A A7 7 SR AR s i B

M2 BRI AL

AR, B dE 5 FoE RIS T A B R A B
FHVMMN 2 & EAUNLEATHEH . ShAWPEEALE. E2fr
NN G REAUNLNAFSh AR BIARGE R 2Bk
FULFT SR IG IS, VMM 3 C L€ R UML) 22 A A A7
Wi R WL, BRI R B AR, ERaS
FEAH T BRI A PEAC R AT, T B8 U5 sl A ) mT LA
R R BRI R A

PG ¥ By 30 R GBI L RORE LR, 5
s th A RELRES 5 0 R FOLATL A o A P AR T L 4% 5
TSRS AE 5 SR KT B AL o TR S BRT 2R 4 B8 U
{17 S I 23 MO A2 75 2 PE - Al Z000T R ST K o SR
BEAT MEF AT o BATTNZ R 2 0 M B AN 3 2%
IIMTARGE A R, RO EIBLIR TSR AE,
YeREFUNL PN BN 2 AR B U P, S 5 o SRR
HHORT RSO DR U 1 B

FERE T R SR SR S5, T o R 4
B BCE ZHKBEURE, R 7 ik 55 o PR AIE A £t
T DRV R 7 i, R de A RN i . A A
TR AN LU 5K, A BE N E 0B o 4 1) %
P, DR RESANLRERI T BIAG s 7] IR th 4" B ORI =4 MO
FUHLIANC S 73 BE YIS, AN 2 58 0 21 2 UL BIL A0 A 55 o
o ERVHEMERCN, FRATTTT LU [ K SLATL 0
LR ST TN, AR RGN 45 R e 37 B 7 BC s
S REAUMLIE] B IR S S AL I AR, SEIAE R — )

BEEHLA s B AL BRI ) 25 1 B AL
LR
31 FIRFMER

TR SEAE PG N IS RAEZ AT, BEUh
U S 2 S S A R R AU B e R e 11 T
s T A O BRI B R S LR RE L fE
FEAEIIOG AR o DAL A R AULHTL A 8 PRI AR TR R R AT B
Rl E iR i P S B U St [N W8S UG PROA N o S
REAUBUA Gk 10 22 LB U T 48 ) B ML)
SRHEAT 53 A7 20 C B R L

N T RESRAF I R GAE EAUNL_EIZAT AR AE, 3
ATRIACR D S TN L BhaS TN AN &G 5 . AbBEAs 1k RE
I HE AT IS . LRI RS 2
PUBE IO R BEAR 4 5 55y 5, AN KRR 4
HUBE PS5 5 BEAR T

B, XN RGE g M ProfilingsE s
A, EA LTI F 22 40X Cache 1 A7 1) i 5K B
KA R, FFl IR Guest 08 K& VMMAE
JZ2 T4 308 TR S 75 PR B B R AU L L s
SRR BRI R R s S I R A (e
Cache 7 X K/ B 53BC ) A A7 Kl L& CPU 5 T0 %%
A .

Fok, A B A TR OR A S TN RS B R S
AALRE N AL, X RGEIEAT N B AT KA AT
PREZUEIN,  FEACH D sLBEAT TN, A R AL B B
B T ) VA BE B AR ) BC 5 T

FEBNHATERE S, W RSB T A7 S5 BE
AN, 2N AR A BEIRTOR & f Ab BE 4S
PR FRATTAT AR T AR 2 g e M P v My, SR
RGP REARIR AT KA, AERAE AR 1L B B0 L
BIELIN PR S PR R B AT A X R s, R
A R, SCORAIE T 28 98 B U5 F AT b i A T 1A
A 3T
32 ETNAREFHFIEMELNRE

BER N AR e FTH S A, X S8 AR
PP B AL — A KRR LI, i S RSB T SRy
fibo REAUBLITF SRR A S HOG CPURIAE T L )
WAF IR« X T/0% 58 10 b S5 i, e s R 4t
AN A ) SRR R

b a2 1 Y N PR P P (g (W
FAER — A WE TN, o Ar AR [ v 5B U
D7 2 S PN TR A D SR G E: R a6
o, WUR BE RS EE T SRR AR AT A (0 UL R B AE



22 £ ok HOOKR

PRI PAs AL /Bl o0 1R o TS DR S sy o2 1)
BUH AP RE .

TEE ST 58 £ B REAM LV SR R (R Al L,
T I P A G PR AN BRI S v BN T 1) .
5 R TG L PR RESPAATL ) 8- 7 T o SRR AAE P 2 B U i
W Hhre 4B A AN F TR AE 1) RE S LAE 5
BT E—E N B, X R TERE S e AR
RO, e 2 S B AL B AR, s i)
FEPL BB AL PE e . BT BLR 25 AT 4R
TR BN ELEERNRZE, FIH I ERAEA
PEAHBNEZE NG DL, DT E G FE 3K 28 K DU L0 25 7
A 4B TN b R 2 T SR AR AR A P
RN, IR AT LA S g UL 8 ik, I
PERE -

R T CPURIHI . WA & 1/04 98 56 W KL
TS, FRATE T T RGAZ k. AT TR R
AR 2 I ) SRR S A L TR R 52 mR o RE)
XN AE VT I R B, FRATA 5 ZEA I N A7 T AR
RN A7 1) [ ), 3 2 B B RTFION Cache 1R K
AN REFUALIE RERIE 0, DL A AN ] Cache U7 i) A )
R FUUML TR AH B 1 RE S o
33 BHIIMNETEMLIE s SRR IEE

PAF S A BN I IR T R 2 5, whT Lh%
SR 5 % 5t 2 SRS 7 R UL T 3R AT 52 I 1) B A 1
B2, SEELRGENERE M) I KA

BTN FHAREAE ) AL 2 ) DAFEAR KRR B B %
fCIBAT AR A — A B WL b1 22 A 0 UML) 1R AH B 5%
Wi o A, Al B S0 AN g S RS LIS AT IR
RIZNASZAN, FERENISAT AR Z], SRR
BRI ARA . JEAUNLET 75 (4 S bR A A K/t e —
MO TR i i e

T I A HE LA A% 1 oo mE UL AS AT I R
THERFAE I B A5 A8 40 B B, wT BASR FH AR B 1R L 1)
R 3 R UL IR) () 08 52 B o A9 dn AE PN A7 1 T E
FATAT LA A AE DLV 1) B9 LRU L J7 B T 12 42 AL
78— Bt IS 18] 3 ] DUBE T2 KR A A7 10 AS 6t 35 5% o H
PEfE CAnEI3FTs) , R AZ 53 X T/ 0% A0
JEE PR B 4 ) LAFSOI R FUABL IR A A7 AN IR, P 1)
g A MAE A F AT T BB id Bal Toon i ng ML i #E K2 4
MUIR) 42 5 B0 R 2 52 B N A7 20 BG4 5 B 20 L 45
A R AUBIL IR 0 B D A7 S RIS T 8 P TR A K PN A
AT,

2012 4
Ballooning " -..__\ Domain0
A B TN
VM1 VM2 IMT ‘\1
T S — -
-------- i ______74’__________
A : // -
] i F_—
L ¥
WSSt
Xen

B3 Sl £ DR

B 70T P AE 98 P A AR 0 mT LAREAT 0 A0
HEHL, FRATIE T L R UL Cache f HREAT 4% A1
W,

CPUXJCache I FH AN - LA BE P A7 HEA- AR AT G
i BN i3 VR IR AR 551K /7B LR b Rl T E L d
AHINE F) P9 A7 DT LA FH 8 43 Cache,  MTTTIA $|Cache 2y
X H . Cachedy X AJ LUEERASN, XKL E
ML B TUTT I, gl PR DT bl = ) o RIS R 0
HUXS Cache Y5 M S BE RN, PRI 75 2276 M2 FULML
PATIERE S, @ IEAS, %) P EL T A
FHLGTI S HIF) 55— FHLLM, AR T HCache
ST R, LLSELsh & ICache kil 4y WLIHIEAS 1)
M — R, AR E A YOR, I HLF RH
X ) Cache, PRI AR RS Uik — & fe Al ok Sk
PERERIFR T — Al (¥ 5 2 AR 2 SR DT I AT
TR, IXFERE Tk T R I S TTAY, R T35 B ot
[fi 5 Cache R e

fE2 RS, CPUYH AR I BILAT 315
MR AN B8 B AN A I R) P (9 23 o IR PR A R
G HERE R CPUI RS COAT T BUAMBE, X Len] 1%
FHEIVMMA o FAT T B B E AN [R] CPUT B S0 IRy AL
X o S, OB N S 808 — P 6L
RSN B RE S AR A, A [ 4
GREAE SR F AT S PE I CPU B2 5%, (A5 R ML 4
PERER MR TE REAF B, RN, Bl 13 o] LA 78 %
FHLCPUM R FHZR M, S Z WL S HEAR R .

P T/0% AR BN, 425 1/ 0tk REXT
P RE A3 s o, R RIT/0W &0 1/0MEfig
BRI, F RGBT /0 e AL AL 7 1) 2 R 0
MUEHR A VTN, H A B o5 U7 ) <2 1 55 JE SN
g PR YE . BRI, QSR RRAE SR T RESE S S T/ 0%



434 TN, A AT IR)Z RSl A SRR A 23

e REPMARAY , n] DUAR G b ek R HULT /O 1) 255 1k
AE: EBRINLTE ZE /0t RERT, B MR ILT /0%
HUBIY BT/ 0V %%, SKHLE AL/ 0], ik %
FIRLL/0M H s TR RN IN, 7 258 i i 4
MU SEILREFEE BEET, WP ELL /0% 7% 15 D) 4[]
FERLL/ 0B, M RERE J7 (8 BRI A% KB 4L«
34 ZHUEIMETEWLIE SRR IEE

FABLEER 5 SR R B RIAECPUT S RE 1. AT &
L/OJUAN . fE it S, WA 5. 2R
AL, P2PAERIR, A MEHUNLE B2 2 1) T e g
AR K TR BRI R SR . 2 — N LI
R a2 AN I, BRI R B A
IY BEIR I BN — A TTAT 7 5. FRAT TR W] L% LR
AN ve B R, 4 BE U8 75 5K (1 UL — 20 A
=, BAERMU BRI TS, Db
RESAHLIA BE U5 =R, 39N LI e 21 S B L BT 45 3]
LR EEINED IR

M AP EHLI BRI, AT DU S A
AT IR R, A KPR L, S B,
) A e, FRATT 45 Wk 0 2% R A FH S AR AL 2% 1 1)
IR Cm NS DB IR S W a2k
S [R)AE O A, FRATT At 412 R HUUHL 32 44 7% 21 98 U5 7
MBI b

K4RR T &R WAEE A R 78 SE IR
PEARREIT, FRATREU RN “SeARH, G,
BRIV JU AT fit b R P AR b 38 = AL P A7 R BR B A
FERIHLIINAE TR, A FE A, 15 B
T oo AL R R R BN AR S 6%
USSR, R 7R AS B RUT RS A R W AR L, 3
M AR AR . B S AT, WA

Remote

memory
o] o] - -
o
VMM achlejst:b VMM |

Local balancer Local balancer
%MRH&HEHH
______ balancer
T [ L ] -

VMM (=) VMM (]

Local balancer Local balancer

4 LB IR R

AU, DT IE T TR 3000 P A7 2 AR SRR
IR MO BN, IS TR N A3, HE
P 5 AT R A AR
3.5 FEMENVIEBELNE

REAUMLILAS T LAAE R B SEELZ MR ST (H3h
AT, (HETBAS K 2 b
G, THHEOR Gl 2E FERRA 98 JF BRI AU
PLEERED » DAk, AR TUY AN LT Sk i il 2 H
BRI SR Iy — TR, BEATIER A 2 i
I FE

FRATT T B X 25 V5 () — Bl oot 3 B SR
BRI R LU IR RERT K, B RSl &
EELA R BT PLE: —Jri, M5
AP B 5 i T 323 AL A REAUBIL AR D8 7 22
WLEFREE NZEFE D) — Bl AP BN, Rz AL
AN TR % 5T, AN AL
BRI RN, AT LAAEIA S R AT A S 2 ) B AL
I REAUBL A JF 20 DB BN L AT AT BASG AT 2
PEETENL, AEFREM H R, FEVEREANT REZ 0] $E
AP R
3.6 IHEFZANEIRFOZEMEMNITR

FEICE LA ) SR A T - RSB 7R 2R
TR WAARRES B H R L. (HRAE 25
A, 2L, R EEE A
HIAA A B, IXHURIARAT 5 18 R UM LIE RS I 25 2]
IR H AL RS, BRTRBLI e R GER . M
REFUNLIR £E LT 78 K DR R A 45 % T BLIN A7 Ky B
MFEFP I AE TARER . ISR DU B2l 9855
JERAE S AR O IR, AT BRI 46 58 T 3
PR S 3R K 2 T K R UL PR 452 AL AN ) o B0 38 )
AL, AT A SR R ST [ IS B D
AN LI T ML, R SCRF 22 A ot Hh 0 2 18]
PP LEITERS -

4 5 %5

2R, AT 2 VS R A S BOR T
BT, WBINLRZ XA B B T, R =ik 5
R 55 (¥ AU L3 25 08 5 O R R R o 22 )2 1T 1R B 2 5%
VB, ORAE VSR S5 T, B R UER F AL
B, e MEREATTR RS, XA ERAITTTTN
REAUBLBE U5 B S B AU LD DT K SN A%
LSBT . ZHLBIREh A M R A



24 £k R

2012 4

E2NATE

FE LB LB B A 1) 2 v S g5, K
PHLBATEARZ BTN L, BRI, f7 20 R AL
BEUEAT AT A N B A LR B B, A BRI AL Rk 55
JhE, AR mBERA IR, (HIX AR I R L
RS R M . DL A BRI AL AT A 0, T A
IBATEM A B BN BB RIAL, FEe I iR 1
AL I A BEUEIN, 0 T SE R kU, TR
AL Cache L= 5RO i, 2 B35 st iy A
REAUMLARARTERE . AL RN AF 5K, 1 s—
AN EIUNUA 2 W AR, ) OB i aniBal Tooning
AU 25 PR PR A A7 DT [0 T8 23 Fe 4 9 A 555K 10
MESAL, ZRfft A Kk I PR REFR AR T2 — 5
B AL A R AUBL S JC 20BN T 4 9 A7 5
SR RSB, — Bl mT AT 1T VR R A SR UBLAE
LT W B I 4 B REL I AL BRI AT R K B AL |
Foo RETBCH SR 1 P9 A7 U U AT A S At FLA R UML)
A7 SR

DRI, RSK (I T2 N 2 B8 BT 4 22 4 2 1 11
AR AT AT (LA AU R A AR, ShAR R
SEMAE BE ) SCHE DN 2 F T 2 AUB LT DI I 7 5K, 7]
I B vk S ARSI A UL 2 BCAAE R, BE I B
R HE A T7 N BRI AT B A R e A A, AGRIEE
WEFETH REAUMLIOPERE, P BRI I 2808

2 % X #

[1] Goldberg R P. Survey of virtual machine research [J]. IEEE
Computer, 1974, 7: 34-45.
2] Wood T, Shenoy P, Ramakrishnan K K, et al. A platform for

(3]

(4]

(3]

(6]

(7

(8]

[9]

[10]

optimized WAN migration of virtual machines [C] // Proceedings
of the ACM Special Interest Group on Programming Languages
international conference on Virtual execution environments.
New York, USA, 2011.

Barham P, Dragovic B, Fraser K, et al. Xen and the art of
virtualization [J]. Special Interest Group on Operating Systems,
Operating Systems Review, 2003, 37(5):164-177.

Clark C, Fraser K, Hand S, et al. Live migration of virtual
machines [C] // Proceedings of the 2nd conference on
Symposium on Networked Systems Design & Implementation.
Berkeley, USA, 2005: 273-286.

Nelson M, Lim B, Hutchins G. Fast Transparent migration for
virtual machines [C] // Usenix Annual Technical Conference, 2005.
Carl A. Waldspurger. Memory resource management in vmware
esx server [J]. Special Interest Group on Operating Systems,
Operating Systems Review, 2002, 36(SI): 181-194.

Zhao W M, Wang Z L, Luo Y W. Dynamic memory balancing
for virtual machines [C] // Special Interest Group on Operating
Systems, Operating Systems Review, 2009.

Williams D, Weatherspoon H, Jamjoom H. Overdriver: handling
memory overload in an oversubscribed cloud [C] // Proceedings
of the Special Interest Group on Programming Languages
International Conference on Virtual Execution Environments,
New York, USA, 2011.

Comer D, Griffioen J. A new design for distributed systems: the
remote memory model [C] // In Usenix Summer Conference,
1990: 127-135.

Wang X L, Wen X, Li Y C, et al. Dynamic cache partitioning
based on hot page migration [J]. Frontiers of Computer Science,

2012,6(4): 363-372.



