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Improved Flower Pollination Algorithm Based Virtual Machine Allocation Approach

in Cloud Data Centers
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(1. School of Computer Engineering, Jinling Institute of Technology, Nanjing 211169, China;2. School of Date Science, Guangzhou
HuaShang College, Guangzhou 511300, China)

Abstract: For a cloud data center, minimizing resource wastage and increasing resource utility efficiency
are two important aims. So an efficient virtual machine allocation strategy is necessary. A flower pollination
algorithm based virtual machine allocation (FPA-VMA ) approach is proposed. In FPA-VMA, the plant
has only one flower, and each flower produces only one pollen gamete. The flower and pollen gamete are
similar to the virtual machine and physical machine in cloud data center. The cloud client resource
requesting model and the multi-dimensional resource energy consumption model are also analyzed and
described. FPA-VMA uses a strategy which is called dynamic switching probability (DSP). DSP finds a
near optimal solution quickly and balances the exploration of the global search and exploitation of the local
search, thus improving the global convergence of FPA-VMA. Experimental results on the real virtual
machine workloads show that FPA-VMA has better performance in resource wastage and energy

consumption compared with previous VMA strategies.
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RAFAYPERE o &1 X L3 1B AL 40 B 2 0 Ak 0 4 SRR 432 0 F ik 1) L e AR SCH s T s 8 b 2 T 16
B2 My Bk 1 Ak (0 L 43 B 9K W (Flower pollination algorithm based virtual machine allocation,
FPA-VMA ),
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Fig.1 Optimized green cloud computing framework of FPA-VMA
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1.3 FPA-VMA ¥ Z &
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3% 7 v 3 SR e U ok AR B 2 R S5 PRI SRR & RN . = % P e i R AT RLE R
VM., % PR 8 UR . UR % BRAE R S IR 55 18 7 2O U 18] 2 85 b i W 3 0 . AL 3R i U
ML VM, B RLHE 5r o HEAUMIL A 20 B0 o A 45 < b B8 75 5K ol A 75 3K Bl W 825 T T oR L, Horp i s
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Maximize= RU"" VYd €{al,p/ . 7.} (10)

s.t. Minimize = DCE™ (11)
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2.1 FPA-VMA &

TAAS zF 6 B 57 b P 5 R AU0L ALASE o ofe A0, AT abe i U0 ATL 9 50 P B 12 0 228 14 I ] -l o ofe
Koo AR SO Y — ol e T R AR A 9 48 58 45 A0 ok R B 3 4E B2 8 50k T 9 3l 45 U1 e 8 R (Dynamic
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switching probability, DSP) i 2, DA 18 37 25 %40 HoC Y B 1 I FE S AL, [w) B 08 8 4> 1 38 5 5 1
B

AL FPA-VMA 76 R i 48 R Ihik W5 S 42k 4, H A2 7 78 50 00 0948 % 25 ] Py Pl i
R BN R W A . 55— 20 X H AR R R0 Y R AT e, HEN 2 R Y ()
H T LA — A B 0 — A B Y BRI T2 A A — A~ 25 S (E, FH R A Bk 2 Y iy
il T ey 0 A2 4 )Ry B AR BRRRCRT R o 23 B O A TR 3 TEE 0 A H BR 2 FE 2 i Y S R AULPILIRE oK
S3ECE] m AT A B EALGEIR 2 b DU AR SR S5/ i W BB IR AR A N 8 O P R R
2.2 WBUHE

FPA-VMA {55 — B BUZ W1 I Ak AR 6 H A5 o6 B0 S 11 A, & 30— AT RE 09 R i, 280 2 B A%
BRERC 2 R R AR A0 B R 0 B Ak R T LU R o — A R W B DG A o = %% P il P B B R B H A eR EOR
A B AL 1 95 U5 43 TBC I 0 L SRR T DL b A R A U Y R TR . R S T R R R SRR
FPA-VMA AL b dh SL AT T — 20 o B ad B2 i 5 2k A, B 3098 a8 09 i 18] 3] 5K 503 348 31 4 Jmy
DB DR 43 TBC I 3, I B A T DR G TR 1k R TE SRS R RE TP R AT K . BEEE 108 FPA-VMA R AR
EI b b6 550 R (90 B kst 2 32 R 1.3 350 T i 14 2= 0006+ 1 il 38 R S IR O 5 B R 1 40 1

e 1 BirRE iRtk

(1) For each PM €& collection of PMs do

(2) Utilization of PM: = PM. getUetilization of PM (CPU; Memory; Storage)

(3) Power of PM: = getPower (PM.getUtilization of CPU)

(4) Power of PM: = getPower (PM.getUltilization of Memory)

(5) Power of PM: = getPower (PM.getUltilization of Storage)

(6) Energy of datacenter: = Energy of datacenter + power of PMs (CPU; Memory; Storage)

(7) End for

(8) Evaluation value (Pollen): = 1.0/ power of datacenter
2.3 2REFRRMHER

124 R A R Y B, SR AT FE Mk X AR T2 — N AEEE X AR I 1 1 St . A5 4 5 i A o 48
KA, R B E i B G A B DRI A SRy dee D0 R 3 VLT A R S8 AR Ry L TR B TG 02 Levy
JEVE AT RN, AT DU A s AT AR S A R R . 7E KRB Y A (R4 R L R, Levy S5 AT M L
Brownian £ Bl 2 3l B 085 44, 1% 3 7 AT Lo ot

X/ =X LA (g — X)) (12)

P X[ RR AW AE R A R v o B 20 R A3 EE Ik o M Y B IR S RC AR BT A AT BE A [ R v -
FEAAR g*o LIE— DB HON ARISEW A, & PR A A 3 0 40 A b BV B AR sh R L R

AT

A (A)X sin(Z) 1
X s>5,>0 (13)

L~
. REY

U L (A) AMFRUERY Gamma PRER .
2.4 BEEERREME

RS T e RENH 25, R RN BRI T FPA LB 8L A H 4y . FPA-VMA B kit
A7 T g 5 B 0 AR DA A R A Y 25 0 v R B NG 7 B R R . FPA 5 B R B R ALk R R L L
TG b AR R 0 0 DX, SRR T DA N S AR SR LA AL 2 o BRSS9 Be Rl LD S i A R B ek T
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[Fa) R it Jo 3 45 2% AT LA 34
X =X+ e(X— X)) (14)
P XA X R AR AE R, BT Z ] LA (B2 AT R T AR B LR A ;e h—DTE[0,1]Z
6] B 2 53 A, e m] AR il — A BEALAY 2B K
2.5 HEVBRMENHER
FPA-VMA I ML p FISRAE 42 J5 6083 Rl R A%y =2 18] D)4, X HEL pp it — A i — Ok IF, —
AN e AR ST AR W T B R AT IE R 12 2 Bl — 2 4 Sy 48 3% T 76 i J B 4 st R A 0T IR g
PEF R S 1 S PR O0 , A SCHR T DSP Jr 125 V8 5 SN (] 199 4% 0 3ok A 1) LU 491, ~F- A8 4 Jm) 48 2R 01 Jmy
MRS X RIS A DI p T LU B
p:06—01x9%%§ii;2 (15)
T Maxeraion B FPA-VMA AL 05 1 5 KB ACUEL s 2 0 1 i 9 I8 AR B . 500k 2 0 FPA-VMA IR
(A7 3
B/ 2 FPA-VMA flifb5iik
Input: PM list, VM, set of parameters
Output: VM allocation
(1) Execute: Objective function Maximize = RU "¢
Minimize = DC ™™
(2) Initialize a population of # flowers/pollen gametes with random solutions
(3) Find the best solution g* in the initial population

(4) Define a switch probability p = 0.6 — 0.1 X MXieraion — 1)
MaX;ieration
(5) While (z << MaxGeneration)
(6) Fori = 1: n (all n flowers in the population)
(7) Trand << p
(8) Draw a (d-dimensional) step vector L(A) which obeys a Levy distribution
Global pollination via X/ ™' = X/ + L(A)(g*— X/)
(9) Else
(10) Draw e from a uniform distribution in[ 0, 1 ]
(11) Randomly choose j and £ among all the solutions
(12) Do local pollination via
X/ =X (X — X))
(13) end if
(14) Evaluate new solutions
(15) If new solutions are better, then
(16) Update them in the population
(17) end for
(18) Find the current best solution g*
(19) End while
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2.6 FPA-VMA M EEESH
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3 FPA-VMA L 5MRES T

3.1 WIE
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HEHE 1 i S REARR R, S B T LT Tava ift 5 1Y o BT IR BT ik AR B8 0k 2 AR i A He v S B T AE AR K
LA ARS o 2 145 T 2 808 s (v P 3 S AL AN R RUBL I S 8000 1 0, R T Rl AR AT B G
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FEAUMLAT B S8 1 1% B R 10 min— K, — Mz 7 24 h, B G 1 R NINRE = I #E 78 L N E 517 51K
BOF- Y508, 1 P9 AR K R AU ML R A9 S B0 22 3 7R, AS [l 5 UL R~ a3 4 7
3.3 MEREMNBEESH

& 3 W T 25 A8 BRI D0 AR BT X5 2= 508 v 0 i A 38 S B Y A 38 DR, N A TR AR i
P51 7 X5 R R8s O, AL = 85l rh o0 B A T BR 38 R LIS L AT T . B4 WOR T REE R
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Table 1 Parameters of physical host and virtual machine in cloud data centers
=R 28 SR
WA 8 GB
A 1TB
PAER S Linux
o 2 5 T 1 TB/s
Py L BUBLIER Intel CoreTM 17
P A Xen
CPU B &t 1 FE#E 1 SpecPower
Afitt 2 (6] fE 1 T AE ALY StorageSimple
P AT B T FE AR Y MemorySimple
WAT 8GB
- BE iy 100 Mb/s
MIPS 367 MB
i 23 i) 1TB
&2 FPA-VMAMBESHHEXNEEZSHIEE
Table 2 Parameters setup of FPA-VMA performance analysis
(AR 24 ZHUE
A /N 50,100, 150, 200
R R 30 Gamma 1.5
FPA-VMA BEPLAE K L [0, 1]
AR p DSP e ng sh 259834 0.6~1.0
T R AR 1000
iR PN 50,100, 150, 200
FrfE PR %X Gamma 1.5
FPAGE 1L H) BEHLD G L [0, 1]
FeA iR p 0.9
e R 1000
Fof A RN 50, 100, 150, 200
A e e 0.5
GAGR R %) . 001
T R AR 1000
U A2 ) 0 I 50, 100, 150, 200
RN T 0.4
ACOULRER ) ﬁ,%:%i%ﬁfﬂiﬁa 0.3
Jet &2 E BAE B 1
HEREHHEQ 100
T R AR 1000
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®3 PlanetTE1FITERE #4 CoMonTi HAREEMHALEKSH

Table 3 Workloads of a week in Planet projects Table 4 Parameter setup of different virtual machine
BHE RS W ENLAE B1TRE/h grains in CoMon projects

Jd—  1000~5 000 800 24 E=2 AR KL NAEFOR/GB RERLT R /GB
JAZ  1000~5 000 800 24 FA (L) 2 3.75 2X8

# = 1000~5 000 800 24 A 2(/NAD) 4 7.50 2X16
JEPU 1000~5 000 800 24 ZeH 3(HAY) 8 15.00 240
JA# 1 000~5 000 800 24 KR4 KR) 16 30.00 2X 80

e 5 32 60.00 2> 160
100
il M 100
a2 L]
= 80 — < 90H |
M 70 — < 80H — |
B 60 — ] BCPU % 70H M H —
E 5ol - mMemory § 6o M — OFPA-VMA
*@ 40 - OStorage =2 50H — — EGA
204 — 30T [ ||
s & 201l [ —
ol . . . L : : ’
FPA-VMA GA ACO GSO ¢ 1000 2000 3000 4000 5000
AT D R SR 43 B SR REUALIE SR
K13 FPA-VMA £ 44 38 52 i A FH 280 43 514 FPA-VMA B3 5 R F 24 5 bl 1 ok A0 A2 4k
Fig.3 Multi-demensional physical resource utilization Fig.4 Physical resource utilization results of different
results of FPA-VMA virtual machine numbers

b5 s LR A 75 2 B5 s e 9 ) BT R A B 72 96 1R ARG FPA-VMA 5 I R % w5 45 i 1) FH 4 38 %
U5 BIR A5 55 TAEAL B R B SR HI 09 DSP SR W, B 78 HLAR (1948 22 55 00 A 1 ol 72 45 0k 7 R 48 R, 1B 4%
I R AR AR B B 5 3 e Ty 58 L B T RCE

53 b —A SRR DSP 5 g 0] LLEk 3% FPA-VMA 5% I8 43 Bt 19 4 JR I 8 RE 71 . FPA-VMA 1] DUAR 4f
M43 TR UL S B AR M B E AL BEAOCR B, FIRSCIR A5 R TIE Y] FPA-VMA & — A AT AE 1Y 5 &L
149 AL 2 5 U 43 T R A A 5 s
3.4 BREBEESW

5 FE 6 iR T FPA-VMA .GA \ACO Fil GSO %5 i #8143 Bt 5 B 76 A [] 19 K2 SUHLIE SR R 19 = 8%
PO M RE R THFE I 00 o BVAOR UL, B = & 7 i 0 B LA B 3 L BE REFERR R K . 5 GAL
ACO F1 GSO Fmg L K , FPA-VMA 5 W% 1 BE 11 #E e /0N o

PR g 6 77 iy 1) R AR ML A =R A 0 0% 385 o, b ok B 22 %) 0 B 3 WLOKE o TG R BLAIL , 49 3 EALBH R
BE I, 2= B0t oo iR 23R s A T REIRRZS AP B ML, FPA-VMA GBS K15 K 45 1 58t 2 B 46 32 8
SR I KR PB4 T O Ak B 322 B0 A 30 25 U0 40 M 23R I B 1 e e SR s

F 5 WoR T B W) HE E LB AR AL, BEAS 2 B P SR R T RE R R R A B . A
TSR AT LUE W, 76 AR R 0 B SUPLIE SR B R L FPA-VMA W 1) B K BE T #E LA 104.6 kW +h,
GA ML 125 kW -h, ACO %l J& 129 kW +h, GSO %l J& 135.2 kW +h, 1tk FPA-VMA K fl AL % I8
43 TE R W Eb LAt P A SR W T L1 48 20 %6 1 BE 1t TS #E
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Fig.5 Energy consumption results of different Fig.6 Energy consumption results of different
virtual machine numbers physical host numbers

®5 ZBEPLNEGEREEHRSREFABR

Table 5 Total energy consumption and resource utilization in cloud data centers
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