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Abstract: Facing intense competition from large public cloud providers both domestically and internationally, the sur-
vival difficulties of small and medium cloud providers have increased. To address this, establishing a cloud federation
based on cooperation has become a viable strategy for these providers. However, there is a complex interplay between
pursuing individual maximum benefits and ensuring the overall quality of service (QoS) of the federation. A QoS
based cloud federation model was proposed to address the above issues, covering a three-layer architecture of cloud
computing. At the application to virtual layer, an innovative task allocation strategy based on the differential evolution
(DE) algorithm was proposed, specifically designed to handle multi-QoS task distribution challenges. At the virtual to
physical layer, a model for virtual machine migration that coexists with cooperation and competition was proposed,
suitable for balancing energy consumption and QoS in a cloud federation game-theoretic computing environment. The
experimental results indicate that the proposed solution improved the service quality of cloud computing environments
and revealed the relative advantages of running cooperation and competition modes in cloud federation.

Key words: cloud federation, multi-QoS, dynamic scheduling algorithm, VM migration, energy consumption
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HIAESS . MR RL LA S B AL AT 2R N S 5
WE, &3 RAT 5 7 I 5K B K K ST 35 5w
1 H E XS . 950k HUF CloudSim B UL 1T
BT . CPU N ZEHF /R 75 15 WU P6000, I o
AF N 1.87 GHz: W A7 4 16.0 GB: Bl ik fifl 4%
(hard disk drive, HDD) N1 TB.

41 ESHEEEIRALLERA DEBBP LI

LI T 8N THE T R, AN RUERAT )
W EESE . SN PERERC B AT E R T R R
P Amazon EC2 % 75 SE] @ A AL AL AR (1) AT 5%
oy L8 BB AL ) VM WL E 4, H b MIPS 2 CPU
PERE

JUE B

PR3 | VMR IE BT 5

A

H RT3

R4 |WiE H ARPM
(ffE/3E4%)

ERYSRZ

| [ 54 0 AmH

4 FETFIEBH AN VMMNDSA 14 £ 451
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=4 EESHEEEETH VM 1ZDESVENEESEE B I R FIEER/ N
R VM- VM- VM- VM- VM- VM- VM- VM- BN 100, KR T /ME 5 5 % B N 8 1 —8,

0 1 2 3 4 5 6 7

PAT A 1 1 1 1 1 1 1 1

MIPS 101 410 213 54 55 363 70 118
i 5 20 10 5 5 7 6 11
CipELis 40 10 20 20 30 50 10 30
(Ava)

aEEM (ReD 10 10 10 60 20 40 10 20
Z4PE (Sec) 20 40 10 40 10 60 50 30

LR BAL, T IES: £S5 A (Job A) FIME:
% B (JobB). XWIUESSfEH 1 3 Fhgh e Hemk it
f7Iik: DEBBP %%, CloudSim ERiAFI406 5 SRS
(Conventional) LA A& 3% - Max-Min 145 & %% ,
N VM %3 BA AT 55 Cloudlet. 3 AT 5% 45 £, 45 75 5
VM 43 Be i) 20/ Cloudlet, fF-4%4 o FRAR Y i 4F
% W2 5. WAUIIRCE F T3 8 A a=p, WL
PR AT S50 5 9 100 AT 1 800, 56T B Y40 il U5
EITE 2 VR4 B T LS5 SR [36] .

*5 ESFHEEEREKENES

Cloudlet ID JobA (K JobB (£
0 2020 930
1 700 110
2 170 310
3 100 1300
4 440 840
5 620 120
6 710 310
7 660 60
8 820 2220
9 820 290
10 1 100 600
11 300 820
12 300 1150
13 40 670
14 1750 930
15 460 260
16 300 300
17 110 410
18 550 500
19 900 90

R E 0.5, TXRENOL, mKIEN
W E N2 000. Job A FlJob BB INLE B N2 6 Al
%7, Job AH1Job B HIPAT IR [ FHHAAT FEA S50 45
R SFE 6 Frn, RASSEIGEE R T s,

5286 B 7 DEBBP 45 Conventional H45 € 5
B 1 Max-Min 48 5€ SRS FEREMENL A R E, DA
FB AT S AT AR FTRAS. MWES (@)
FES (b ATLLAE W, X T Job A il Job B,
DEBBP A" Cloudlet #) #4147 I [5] 33 B Conventional
4158 HEI AN HE T Max-Min (45 52 508 (4447 1517
J. X Job A, DEBBP {J.is #1417 i [H] Lt Con-
ventional 4 & Z#& 5 68.61%, LT Max-Min [
Y8 7€ MG KT 8.97%. Xf T Job B, DEBBP ]k #
75} [8] Lt Conventional 45 5 5 1% 4 73.84%, Lk 3k
T Max-Min ] 48 & % & 5 13.53%. MK 6 (a)
FE6 (b) ALAEH, %FF JobA, DEBBP ff i
AT A B Conventional 4 i€ RIS 37.16%, b
T Max-Min 40 E SRS 22.79%.  [AIFE, X1
Job B, DEBBP 14T 4 b Conventional 45 5
FWEAK 37.64%, L EE T Max-Min ) 4 52 55 0% I
23.17%. ME7 (@ FE7 (b) ATLLEH, T
Job A, DEBBP )5 RAS 43 7| Eb & AR 46 2 Fl &+
Max-Min [¥] 45 & 5 1% 51 47.06% 1 43.31%. X T
Job B, DEBBP [f] RAS 437l EL ¥ FL 4P F T
Max-Min )46 5E FEBE 5 44.44% H139.87%.

ML ZE F 0] LA, CloudSim f) Conven-
tional 45 7€ T W& % A X QoS #EAT AL AL, PRt 3
QoS M PEREIZAR T 7 4 W Fh 45 € 5%, 1ii DEBBP
M Max-Min AHLEE, 15 86 T 3 5 & A 50 40 e gk
tesgms, HEEgEEEENIA.

42 FATVMiTEHE VMMNDSA B SLHE

X REAAL VM IR, SRR ICE T 4 MR
BRI REA ML, BRI 2L B 20 AN AN RN R AU LAL
B REHLEA MIPS. Pes. RAM. i 5 FIA7 i
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%6 Job ARINLER
Cloudlet DEBBP _ Max-Min _ Conventional _

D yMID AT s E;i“gjﬁ RAS VMID HUFHtis Ef;gﬁ RAS VMID 78 fi/s Eggﬁ RAS
0 1 4.93 9851 50 1 4.93 9851 50 0 8.12 4059 70
1 2 3.28 3285 40 0 6.92 3462 79 1 1.71 3411 50
2 5 0.47 328 150 3 3.13 1566 110 2 0.80 798 40
3 5 0.28 193 150 2 0.47 469 40 3 1.93 9.63 110
4 5 121 848 150 7 3.73 4098 80 4 7.99 3993 60
5 5 171 11.94 150 6 8.86 5314 70 5 1.71 3211 50
6 2 3.41 3406 40 5 1.95 1368 150 6 10.14 60.82 70
7 1 1.66 3301 50 2 3.09 3095 40 7 5.59 6146 80
8 5 226 1581 150 7 6.96 7661 80 0 8.12 4059 70
9 5 0.55 386 150 6 2.89 1732 70 1 0.49 972 50
10 0 10.96 5479 70 2 5.16 5114 70 2 5.16 5160 40
1 5 0.83 578 150 1 0.73 1463 50 3 5.55 2775 110
12 5 0.83 579 150 S 0.83 578 150 4 5.44 2721 60
13 5 0.1 077 150 0 0.40 198 70 5 0.1 0.77 150
14 1 427 4266 40 5 482 3375 150 6 25.00 14999 70
15 5 1.27 887 150 3 8.5 251 10 7 3.89 28 80
16 5 0.91 636 150 0 3.26 1630 70 0 327 1637 70
17 5 0.30 212 150 4 2.06 1032 60 1 0.27 537 50
18 3 10.17 5084 110 4 9.99 4994 60 2 2.58 2582 40
19 2 427 4266 50 1 2.19 438 50 3 16.66 8332 110
Bif 11.06 507.12 2250 12.15 656.88 1570 35.24 807.13 1530

KW@ R IESE T4 CSP, HACSP &%, REISLA. VML AIRIGERE, 455255

A10MFEH, EVLKIZENMIPS. Pes. RAM.
T REAEAE RN, RIS 8 SCT AT 30 A7 48 H
k& 32N 3.0 701 0.05 7T, BAS R AL SR/
B/ MR N 80%/0, VMM SLIG S H N2 8.
%k i g LA VMMNDSA 3 25 18 J 5002
*Eiuz*:frﬁqﬂlbaﬁﬁ%‘zﬂ%@%, BB A S
e, IR TIBIREL P SLAE RRF DL
SRBEAEAE St

SCHR[37] R FE B 18 1 R SO BLAT #% 1 g A8 A
SLA, i1 7 LRMMT Al IQRMC 7 Fi 5 1L L
EBRIEE. AT RAE VMMNDSA itk fg, sZ
Boxf b T Bk P RRIL R NS 1K) 3 SR AR R P RE

mE 8. Ko, E10fR.

VMMNDSA 5 7£ 3 5 AN 06 2 1) R HLIERS
e A ERSE BB R, B AR ML R I [a)
HHAARHMA, NESHUAEH, B
LRMMT i 84.05% #1 80.89%, . IQRMC fi
86.20% F180.02%

I, M9 BAE H, VMMNDSA & & i
t—Fh, BONEESTERSEGIRE IR, 5
LRMMTAHEL, "ERREFEREAS 1 22.99% H132.18%,
HIQRMCHHLL, FHIK T 23.72%H128.52%:

EIRH IR, SLA SR S B ES
5%, X & H N VMMNDSA ] 5 - 58 40 A8 2% B )
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Cloudlet DEBBP Max Min Conventional
ID VMID #ATH s $ATHA/E  RAS VMID  #$ATHEE/S PATHRASE QoS VMID #UTHE /s  ATHA/IL  RAS
0 2 4.37 43.65 40 5 2.56 17.92 150 0 9.20 45.99 70
1 5 0.30 2.12 150 1 0.27 5.37 50 1 0.27 5.37 50
2 5 0.85 5.98 150 5 0.85 5.98 150 2 1.45 14.53 40
3 1 3.17 63.39 50 5 3.58 25.07 150 3 24.07 120.35 110
4 1 2.05 40.84 50 7 7.11 78.25 80 4 15.27 76.36 60
5 5 0.33 2.13 150 4 2.18 10.89 60 5 0.38 2.65 150
6 5 0.85 5.98 150 7 2.62 28.81 80 6 4.43 26.56 70
7 5 0.17 1.16 150 7 0.51 5.59 80 7 0.51 5.56 80
8 1 5.41 108.28 50 1 5.41 108.26 50 0 21.97 109.85 70
9 3 5.36 26.82 110 6 4.13 24.77 70 1 0.71 14.11 50
10 5 1.65 11.56 150 6 8.57 51.39 70 2 2.82 28.17 40
11 5 2.26 15.81 150 0 8.12 40.58 70 3 15.18 75.9 110
12 2 5.40 53.95 40 2 5.40 53.96 40 4 20.90 104.52 60
13 5 1.84 12.90 150 2 3.14 31.43 40 5 1.84 1291 150
14 7 7.87 86.62 80 1 2.27 45.34 50 6 31.27 14.85 70
15 5 0.72 5.01 150 3 4.81 24.07 110 7 2.20 24.20 80
16 0 2.96 14.81 70 0 2.97 14.83 70 0 2.97 104.52 70
17 5 1.13 7.90 150 3 7.58 37.90 110 1 1.00 19.97 50
18 0 5.02 25.11 70 4 9.09 45.44 60 2 2.34 23.45 40
19 5 0.25 1.74 150 2 0.42 4.23 40 3 1.67 8.33 110
it 10.73 536.05 2210 12.79 660.07 1580 41.02 81326 1530
30

-------- Conventional

(a) JobA

0123456 72891011121314151617 1819

—— MaxMin

251

AT I /s

' K /
' \ '
/ \ [

L

——— DEBBP -

(b) JobB

5 Job A filJob B kA7 i i) 25 5

0123456 738 91011121314151617 1819

Conventional ——— MaxMin

0b——
01 2

"475°6 7 8 9101112'1314'151617 1819

(b) JobB

Conventional

——— MaxMin

6 Job A FilJob B HIHRAT AR L &5
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170 60
sl o AR
50 | — m SEAr I
%120 -
o 40+
§ 95 _
-4 70} -, X\i 30
29
a5t =
cloudlet 20
R I e e A S VRV R RS LR RVATRL]
DEBBP--------- Conventional MaxMin 10
(a) JobA
170 LRMMT IQRMC VMMNDSA
145 | g
E9 RN e REST LK
%120
I
a5 25.00%
=70t o AN
o
45 2000%F | B SEFIK
v vy, Cloudlet
N T 23435678902 BIAI6171819 15.00%L
DEBBP --------- Conventional MaxMin 5
(b) JobB 17}
10.00%
&7 Job AFJob B RAS 52l 4E
5.00% |-
=8 VMIETBHILIESH
0.00%
KM E ¥hk MIPS Pes RAM f2fifi /) LRMMT IQRMC VMMNDSA
VM 2 B 20 500 1 870 2500 E10 BPLER SLAX E
ESitl) 20 1000 1 1740
> N N OB Y
A3 20 2000 1 1740 VM LR UL 4 e 5 LRMMT Al IQRMC A
K4 20 2500 1 613 b, B9 SLA M RFEMX B m, ME10 7 BLE

CSP1  10HKM1EH. 25 1860 4096 1000000

2
CSP2 10/ 2EHN 25 2660 2 4096
CSP3  10AHKA3EHL 25 2980 2 4096
CSP4 1064 FEH 25 3220 2 409
4000
— pas B
- [
3000
Z2500)
%‘g 2000
500}
1000 |
500 I
. N
LRMMT IQRMC VMMNDSA

K8 REALIT A I (a0 Ll

o, 0T EEMSE B, 4l & 14.60%-
33.41%A119.16%- 29.31%.

HEERERISE S (R ROER B
s R ILE D Mg R NEK . T IiE#
W E], SEqR R SR, DRORE HAR Y S £
W/ SR, (EREREJTIN, SAEBRIRIERT
UF, RN 2 MG RE I, (HIT R V6 E
7. M SLA fge IR RE & A OCH, &
e S B M 27 AR AT ) SLA.

BT B, nTLAMRHES, ARSCRH
VMMNDSA Il & T/ RN LT FE R E, - AT

®9 AERKBSTEFKBEMELER

s Ex(ar3 eI
MadMmt IqrMc VMMNDSA MadMmt IqrMc VMMNDSA
IEFEI ) (D 46.52% 55.73% 35.91%
REHFE (IO 13.28% 18.50% 14.11%
SLA (i) 7.72% 13.98% 12.68%
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5 HRE

FEREAE Bt AT BRI BT IR T, =i SRR S5
EACTAEAR KL EE R iR A 53 305 70 B 3R
Mo T RO IX PRk, ASCEET SR
R EIREAE Y, 3R X B AT AL
FFIRW T FE G /N A CSP 1 = R A
ARy 5] SE B T AR 55 2 BO A VMUE S 1L AL
MNP 1 2 35k B FR) S A ) 25 A0 QoS o

Rk, XITAR AT At — P fE, Rl 2%
JEHISMBIE R, W%, Ko EOAMZE ATRE s
7 MR 259 R 1] BLR s SR s U
K11 QoS. BbAh, FTLAHEEAHAL-T & (H10pen-
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