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Abstract

Increasing cloud computing services, whether government or corporate, organiza-
tions and even individuals are likely to construct the cloud system itself. This
paper focus on the cloud technology in open-source to achieve the private cloud
for common people without high software license charge. In computer science,
the virtualization is a process of manifestation of the logical group or subset of
computer resources. But the virtualization mentioned in this paper is platform
virtualization. The benefits of virtualization are numerous. It is usually to learn
virtualization before using the cloud technology for enterprise. The constructed

environment mentioned in this paper implement virtualization and to experiment.

The subject of this paper is how to construct virtualization in the cloud with in-
tegration of OpenStack LXD and Container for the user. It provided the private
cloud solution for enterprise or organization. It’s focus on the IaaS of three ser-
vices in cloud. This system can reduce the complexity of the accessing the cloud
resources by the user interface. It is easy to mange deployment the VMs by the
web-based user interface. This paper measured the data of the live migration and
the compare of the physical machine and virtual machine, then analyze results.
In the experimental environment, we prove that live migration is not a non-stop
service. In addition, we also prove the performance of full virtualization closer
to the physical machine. Finally, we had completed the construction of the open
source solution for private cloud . And we implement the combination of the three

services of the cloud.
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2.7 Live Migration
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2.8 Live Migration Mechanism of Docker Con-

tainer

Live Migration & % faF| &3 ¢ $7PRFF R T A7 WIS F BT 2 75
R 4% B 0 Docker Container T84 » i&&_ Container ¥ 12 B~ X Hypervisors ¢n
- BE & FjF F]E At 2w Container ‘FK%‘E{‘_ AEBRORY 2N ENE RTE
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s & (https://linuxcontainers.org/lxd /news/) @ 537 ¥ i | Live Migration »
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2.9 LXC

LXC &4 % p Linux #48 p %% £ (Linux Containers ) hips o 2 i
g - fEITE LA g g T O (Operating system-level virtualization )
i H Linux f 2% B v - B # 'F,‘ TR A e o LXC #-78* ficky 5
Fre - By B %*u{ (Container) > # ¢ & 5 & * #c48 & ¥ 4855 78 12
2 HrZ B nitE AP fera N E S TR ERELA AP OE SN E > A
MT EEGERBLEHTE kR P EER- b L FEE 5 APL &
fel 2 Py Beov * F TR SRR 250 b2 Container Z B

P (TR # Linux chg * FF g bz {rp 4% ¥egv Container °

f Linux p +% ¢ $& &7 cgroups # wt RE D FThIDZ ORI » T2 2 $f
[ "é-?f]a-q_lm& it ezt sy > 2§87 3 AT RERY AN ITE SRR BAR
Tl 0 B B ¢ 35788 (tree of process ) > g ~ (& * FE B £ SR gl

FhE kA 28 cgroups ¥ A - T F B ELH TP RS E R FIRE -

LXC & * 7 cgroups & ¢ H-7 Fehr i » &7 B* il p 2 hiv ¥ X
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FIGURE 2.8: LXC
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LXC Web Panel - Mozilla Firefox

8 ubuntu A L

192.168.1.93:5(

LXC Web Panel

Username

Afpsenare ]
Password

-]

Login

@ Firefox automatically sends some data to Mozilla so that we can improve your experience. Choose What | Share| x

i
>J

FIGURE 3.4: Container ¥ 3 /i t

Overview - LXC Web Panel - Mozilla Firefox

& LXDinstall2 host-b... x | (@ Ubuntu Fi LXD 231

$ 192.168.1.93:5

G L ©Create ¢ Cc cT D Reboot
Ubuntu 15.10 (host) R Ccor-c1 R
CONTAINERS CPU usage : 52.6% Disk usage : 5.2G (429G free)
& ybuntud1
I | |
2Ll king Memory usage : 997 /1821 MB  Uptime : 0 day(s) 3:51
& Check config
] — |
L Users
© About
Status Name Hostname |P Address Mem. usage Actions
| Running | ubuntu01 ubuntud1 Undefined | 25 M8 | P Siari WStop M Freeze
@ Firefox automatically sends some data te Mozilla so that we can improve your experience. choose What | Share | x

FIGURE 3.5: Container ¢ 2=/ & %5



ve migratio... % | [q] users mailinglistab... S WRVENVIGIERCIINIP AN [5] Ubuntuot-LxCweb... x W&

Ubuntu01 P Start W Stop 0 Freeze
Status : [FIEETF
A Overview pid = 9211
Hostname  ubuntu01 Network : [}
T E— . vage BT
Arch : amd64

@ Networking

Start at boot n
@ Check config
2 Users Network flag “
@ About
Network type veth
Network link | Ixcbr0
HW address  00:16:3e:60:37:e8
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Memory limit * } Unlimited

@ Firefox automatically sends some data to Mozilla so that we can improve your experience. Choose What | Share | x
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B XAMPP Control Panel v3.2.1
Service Module  PID(y Port(s)  Actions @ Netstat

Apache ?Zgg 80, 543 l Stop ] [ Admin ] [ Corifig ] l Logs l
MySGL 3620 3306 [ Stop | | Admin | [ Config | [ Logs | [ | Explorer |
FileZila 5588 2114147 | Stop | [ Admin | [ Config || Logs | | = Senices |
Mereuy 520 05 i [ Ston | [Ladmin ] [ coria [ Loge ]
Tamcat E943 8005, BOD9, 8080 | STC'F!.......,E] [ Admin ] [ Canfig ] [ Logs ]
A 08:2914 [Tomeat]  This may be due to a blocked port, missing dependencies, -

B 082214 [Tomeat]
B 082214 [Tomeat]
AR 082904 [Tomeat]
5 082914 [Tomcat]
5 082904 [Tomeat]
A 082097 [Tomead]
5 082927 [Tomcat]

impeoper peivilegss, 8 crsh, or 8 shutdown by snother roethod,

Press the Loes button o yiew emor Jogs and check
the Windomws Bvent Viewer for rore clues

If yem need oo help, copy and post this

entive log Window on the fomms

Atternrting o stact Tornest app...

atatns change detected: mmming

4|

L

1|

«

C i [)127.0.0.1/bestvision/admini

FIGURE 3.9: XAMPP % ¢
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BE 2B H o Container B 5 %[ BEOAPFHN 33 F <]
Container ¥ Live Migration » & %] 5 512MB ~ 1GB ~ 2GB ~ 4GB * i# ¥ &
B AulL s APRTE LR EUETEEY OPEF o

o BB EHETR

h

#3#& Live Migration # ¢ Container # & §*45

B SR - RTRE R LT LB -

P T § Tl

4.2 FEHES

BRERBRBEOINGAPE LY = LA K4k [aaS hE HIRIE 0 =

AT
7 "

.
R R T A e o F) A A F B pF L Note2 185 528 5 £ 12 Note2 B4 7
Note3 i B # enif it > F]Z2 LXD P87 A ai® ¥ A 552 5> F 3
Bl A L Ubuntu 14.04 » 2 P % & #75% & 5 Ubuntu 15.04 > F] 4 24 0 915
e Host % % % F # eniT % % 5L Ubuntu 15.04 %% & Table 4.1 -

TABLE 4.1: ®PR BRI £

CPU Memory | Disk | Network | OS SoftWare

Host01 | Intel(R) 4GB 1T | Gigabit | Ubuntu 15.04 | LXD 0.25
Celeron(R)
CPU G1610
2.60GHz

Host02 | Intel(R) 4GB 1T | Gigabit | Ubuntu 15.04 | LXD 0.25
Celeron(R)
CPU G1610
2.60GHz

Host03 | Intel(R) 4GB 1T | Gigabit | Ubuntu 15.04 | LXD 0.25
Celeron(R)
CPU G1610
2.60GHz
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4.3 2%

F 33002 Live Migration 5 7w ifl3# > F15 b2 48 5 #H+ Al
B FEE PRI 4o% i Live Migration 9w iy 7R % Sik-E 2 & E 9 A
ek fe o @ & i §] Live Migration R % & 2 38 % 3i- 2 =% FFaff & k5 JaaS

7] PaaS @ % o

o AP A ¥ Live Migration 4 Node2 e £ 4 ¥| Node3 » i 47 ¥
A 7 4 o9 Ping Docker Container s ###$/R7+ 2 IP 3 192.168.238.134 »
#4727 4o Figure 4.1Figure 4.2Figure 4.3%771 » ST g X % 7| & % chpF F >
e 20 FI® FOR A SR IR B4R T ehdt e @ﬁe?]ﬁﬁ" el SRR ]
CRIU & 423 fle S BB FF o 4 » 33— S i@ e 0 B 5% R B £ A poig

- 17 AR o

[root@Noded1 ~]# ping 192.168.238.134

PING 192.168.238.134 (192.168.238.134) 56(84) bytes of data.
64 bytes from 192.168.238.134: icmp_seq=1 ttl=64 time=0.052
64 bytes from 192.168.238.134: icmp_seq=2 ttl=64 time=0.037
64 bytes from 192.168.238.134: icmp_seq=3 ttl=64 time=0.034

64 bytes from 192.168.238.134: icmp_seq=4 ttl=64 time=0.064
64 bytes from 192.168.238.134: icmp_seq=5 ttl=64 time=0.057
64 bytes from 192.168.238.134: icmp_seq=6 ttl=64 time=0.056
64 bytes from 192.168.238.134: icmp_seq=7 ttl=64 time=0.061
64 bytes from 192.168.238.134: icmp seq=8 ttl=64 time=0.048
64 bytes from 192.168.238.134: icmp seq=9 ttl=64 time=0.057

FIGURE 4.1: Ping of Live Migration
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(] . ]

t 1cmp_seq=1: : E

192.168.238.134: icmp_seq=12 ttl=64 time=0.051
192.168.238.134: icmp_seq=13 ttl=64 time=0.067
192.168.238.134: icmp_seq=14 ttl=64 time=0.046
192.168.238.134: icmp_seq=15 ttl=64 time=0.058
192.168.238.134: icmp_seq=16 ttl=64 time=0.060
192.168.238.134: 1cmp_seq=17 ttl=64 time=0.058
54 bytes from 192.168.238.134: icmp seq=18 ttl=64 time=0.042

bytes from 192.168.238.134: icmp _seq=19 ttl=64 time=0.065
4 bytes from 192.168.238.134: icmp_seq=20 ttl=64 time=0.043

bytes from 192.168,238.134: icmp_seq=21 ttl=64 time=0.096
>4 bytes from 192.168.238.134: icmp_seq=22 ttl=64 time=0.123
54 bytes from 192.168.238.134: icmp_seq=23 ttl=64 time=0.046

bytes from 192.168.238.134: icmp_seq=24 ttl=64 time=0.044
54 bytes from 192,168,238.134: icmp seq=25 ttl=64 time=0,

o I T TR T |

FI1GURE 4.2: Ping during Live Migration

%4 bytes .168.238. i Lomp_seqg=41
bytes from 2.168. : : icmp _seg=42 ttl=64
4 bytes from c c - : lcmp_seq=43 ttl=64

bytes from 2.168. .134: icmp_seg=44 ttl=64
bytes from .168. ¢ : locmp_seq=45 ttl=64

FI1GURE 4.3: The ping result after Live Migration finish

o d %t JaaS “T B PRIEE 37 5 2 P ) m ¥ Container > @ it 2
75 3% B RE ST 2~ P 5o Container 323 F 3% €
FEREBIER DL LB TSR APRRN TS
/] ¢9 Docker Container ¥ Live Migration » 4 %] 5 512MB ~ 1GB ~ 2GB -~
AGB ko F om s > & B EpEBH o S F &5 Hostd A 7 £ » &4
# 18 iz Docker Container /=™ (T4 cnds iv» FHEF AP FRE
L REE ] I EIAALT it SF-£ 4 FI PR 4e Figure 4.4

Tt A B+ g Container H 2% 4 o
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2 Live Migration

FIGURE 4.4: % ¢ % £ Live Migration % i*

o FIHH B2 B R EeN T T p ka1 FEEnS > 9% hESH
Live Migration FF R @ F % 512MB ~ 1GB ~ 2GB ~ 4G = Docker Container
% Host2 &2 Host3 2. B € BB PFRF 2281 > P AR 3F 5 4o Figure 4.5
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rm: cannot remove 'ubuntu-14.04.3-desktop-amd64.iso': No such file or directory
root@first:~# wget http://ftp.ubuntu-tw.org/mirror/ubuntu-releases/14.04.3/ubunt
-14.04.3-desktop-amd64.iso

--2015-12-31 03:11:06-- http://ftp.ubuntu-tw.org/mirrorfubuntu-releases/14.04.3
ubuntu-14.04.3-desktop-amd64.1iso

Resolving ftp.ubuntu-tw.org (ftp.ubuntu-tw.org)... 163.22.3.70, 2001:e10:6840:3:
170

onnecting to ftp.ubuntu-tw.erg (ftp.ubuntu-tw.org)|163.22.3.70|:80... connected

TTP request sent, awaiting response... 200 OK
Lcngth. 1054807450 (1006M) [application/x- 1509660 image]
'ubuntu-14.084.3-desktop-amd64.1is0’
>] 1,054,867,456 1.84MB/s  1in 14m 26s

2015-12-31 03:25:36 (1.16 MB/s) - 'ubuntu-14.04.3-desktop-amd64.iso' saved [1054
B67456,/1054867456 ]

root@first:~# I

FIGURE 4.6: T 4 % P it Live Migration & % T 4“7 %

brady@ubuntu:~$%
brady@ubuntu:~% 1s
Documents examples.desktop Pictures Templates
Desktop Downloads Music Public Videos
brady@ubuntu:~$ sudo 1lxc exec first -- /binfbash
[sudo] password for brady:
root@first:~# wget http://ftp.ubuntu-tw.org/mirror/ubuntu-releases/14.04
u-14.04.3-desktop-amd64.1iso
--2015-12-31 07:48:23-- http://ftp.ubuntu-tw.orgfmirror/fubuntu-releases
Jubuntu-14.04.3-desktop-amd64.1is0
Resolving ftp.ubuntu-tw.org (ftp.ubuntu-tw.org)... 163.22.3.70, 2001:e10
:70
Connecting to ftp.ubuntu-tw.org (ftp.ubuntu-tw.org)|163.22.3. :80... C

HTTP request sent, awaiting response... 200 0K
Length: 1054867456 (1006M) [application/x-1509660-1image]
saving to: 'ubuntu-14.04.3-desktop-amd64.iso0.1’

2% [ ] 24,280,968 2.36MB/s eta

FIGURE 4. .E#ﬁ“\Qmmmmﬂ‘VﬁﬁQZ”%&ﬁnmur

>] 1,054,867,456 1.92MB/s in 11m 21s

2015-12-31 03:03:53 (1.48 MB/s) - 'ubuntu-14.04.3-desktop-amd64.iso' saved [1854

867456/1054867456]

root@first:~# 1s
ubuntu-14.04.3-desktop-amd64.1iso

FIGURE 4.8: % » f% = & chpr
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A ERITL BN 3 L] e Container % jp|3# “Live Migration”

BB ERFAEEIHR %Y FR7 B P 3+ )0 Contaner 18 #
R P EAPN G BRI F LN Gz B AR T

W

H- 98 L7 L8P %88 8 dirty pages” o

F_&

L

e R

[ )
e

AT ?‘3 7 ubuntul4.04.3-desktop-amd64.iso g% » F &Y FHF O
# Live Migration # ;‘-;}@% Evl §:FiFa, RFEEFHY FRG
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Migration %34 {7 & ' nig & 4 R+ 7 2.38MB/s Figure 4. 100" & 77
*# 7|7 0.557TMB/s Figure 4.11 -

u-14.04.3-desktop-amd64.iso
--2015-12-31 04:01:38-- http://ftp.ubuntu-tw.org/mirrorfubuntu-releases/14.04.
Jubuntu-14.04.3-desktop-amd64.1is0

Resolving ftp.ubuntu-tw.org (ftp.ubuntu-tw.org)... 163.22.3.70, 2001:e10:6840:3:
170

Connecting to ftp.ubuntu-tw.org (ftp.ubuntu-tw.org)|163.22.3.70]:80... connected

HTTP request sent, awaiting response... 200 0K
Length: 1054867456 (1006M) [application/x-1509660-1image]
saving to: 'ubuntu-14.04.3-desktop-amd64.iso’

5% [=> ] 59,943,482 2.38MB/s eta 6m 565

FIGURE 4.10: % #4 {7 Live Migration p ™ L i# &

u-14.04.3-desktop-amdé4.1is0

--2015-12-31 04:01:38-- http://ftp.ubuntu-tw.org/mirrorfubuntu-releases/14.04.3
Jubuntu-14.084.3-desktop-amd64.iso

Resolving ftp.ubuntu-tw.org (ftp.ubuntu-tw.org)... 163.22.3.70, 2001:e10:6840:3:
:70

Connecting to ftp.ubuntu-tw.org (ftp.ubuntu-tw.org)|163.22.3.70|:80... connected

HTTP request sent, awaiting response... 200 OK
Length: 1054867456 (1006M) [application/x-1s09660-1image]
Saving to: 'ubuntu-14.84.3-desktop-amd64.iso’

] 190,424,600 557KB/s eta 7m 31s

FIGURE 4.11: # {7 Live Migration p* i\-i )il



Chapter 5

i
0l
3\
%
%
o
9

\\4

B
Eu

4L
5.1 5=

AP O APRET - BAXDRRLY DF G LA E AP

T e pER S “Live Migration” #5847 A p ¥ E vt ehf Eg* -

i

- R RAPFHERET G F XAMPP S # R0 FRRET o pl A
G

Pﬁ,g“vb"

i
?“

52 IR R I AT ARG - B

?3

FEHEE AT B B ADERERMPIRG A R REDHAH
iE R PRF JaaS g % o E!ﬂfl'ﬁ’é_*?ﬁé I EATE R Ao K P S T
oo P wERNAKMA R ENELA XA S P égtif;rsu B VM g3 0
AL o2 A AT RS A A7k 4 oo Container 7 B 474 i W R

TEEREE RO ETT R

5.2 A k> w

BEARA P A H R EARY o 2 R T fREP R F g R ARG

PET RROREY 1 EY R BB 2T R

42



Chapter 5 F#m8 A k> » 43

S E P - AR A R TaaS BHES  58 B sk g
B 284 7 HWMFT Rhaib* o g2 R 4ot vy 0
X AFEEEE o ek - BAET BHFE AR OS £ 2e Bk ERE L € AR
BIRFE P eh—- 234 igs FPREYA - B o

Bagd > FP T EFAFRFER o

Pt A k2 e AP A T e KR PV L AZ E Y R
FREL REPEAS 40T

c CEFTHAHET AT § S Hphind L o

e

2T ZHIRIE T PRE DT L ER - WA

2,

%ﬁﬁﬁﬁ%?ﬁ’&CmmMHE%{fﬁﬁﬁﬁ%#éﬁﬁﬁ’l

F_k

Live migration # H #:8 4 pr & o R et N IR R E o R

B A
BRI OEAKFT AT

Pt LXD © fd ek it BIEFFET 0 F AR B - BRI DR
Ao MRS FRE G357 EU B AR EEY ER RO L

- ]E; * Fo g&:,”} °

o B EE f AT -

4ok m A3 an s Container #_ 5 F (T% kR L Fay o e
Td K e N g F 3 e 2 4% B (T8 A LT PRTE > R AT Y B
© 3 depicdc & T E & Ak -2 32 Docker Container °

|

AT TR NGB A BB AREEE VM 3 5N

(i}
:“\
=1
B
End

3
e

FRRRAFEEAF AR 2 e
FWLEFAPF R BILOFIERS AR FHRA N o o



Chapter 5 S % 5 %>

Container P # ¢ Z#HHF A
s



\\\Xr

[1]

3

Rongfeng Lai Liang Yang Zhenlin Wang Yingwei Luo Binbin Zhang, Xi-
aolin Wang and Xiaoming Li. Evaluating and optimizing i/o virtualization in
kernel-based virtual machine(kvm). In NPC’10 Proceedings of the 2010 IFIP
international conference on Network and parallel computing, pages 220231,

2010.

Yvonne Coady Chris Matthews. Virtualized recomposition: Cloudy or clear?
In ICSE Workshop on Software Engineering Challenges of Cloud Computing,
pages 38-44, 2009.

Keng-Yi Chou Chien-Hsiang Tseng Chao-Tung Yang and Shyh-Chang Tsaur.
Design and implementation of a virtualized cluster computing environment
on xen. In presented at the The second International Conference on High

Performance Computing and Applications, 2009.

C. A. Waldspurger. Memory resource management in vimware esx server. In

SIGOPS Oper. Rev., vol. 36, no. SI, pages 181-194, 2002.

F. Bellard. Qemu, a fast and portable dynamic translator. In in Proceedings
of the USENIX 2005 Annual Technical Conference, FREENIX Track, pages
41-41, 2005.

Peter Kacsuk Zsolt Nemetha Gabor Kecskemeti, Gabor Terstyanszky. An
approach for virtual appliance distribution for service deployment. In Future

Generation Computer Systems, Volume 27 Issue 3, pages 280-289, 2011.
45



o

J,;é}f% 46

[7]

[10]

[11]

[12]

[13]

[15]

H. Raj and K. Schwan. High performance and scalable i/o virtualization via

self-virtualized devices. In in the proceedings of HPDC, pages 179-188, 2007.

Jean-Marc Menaud Hien Nguyen Van, Fr’ed “eric Dang Tran. Autonomic
virtual resource management for service hosting platforms. In ICSE Workshop

on Software Engineering Challenges of Cloud Computing, pages 1-8, 2009.

Hitoshi Oi and Fumio Nakajima. Performance analysis of large receive offload
in a xen virtualized system. In in Proceedings of 2009 International Conference

on Computer Engineering and Technology (ICCET 2009), page 475-480, 2009.

J. E. Smith and R. Nair. The architecture of virtual machines. In Computer,

vol. 38, no.5, pages 32-38, 2005.

Aravind Menon Scott Rixner Alan L. Cox J. S. Paul Willmann, David Carr
and Willy Zwaenepoel. Concurrent direct network access for virtual machine
monitors. In The second International Conference on High Performance Com-

puting and Applications, pages 306-317, 2007.

Kacsuk. P. Kertesz. A. Grid interoperability solutions in grid resource man-

agement. In Systems Journal, IEEE, Volume 3, Issue:1, pages 131-141, 2009.

K. Adams and O. Agesen. A comparison of software and hardware techniques
for x86 virtualization. In in ASPLOS-XII: Proceedings of the 12th interna-
tional conference on Architectural support for programming languages and

operating systems, page 2-13, 2006.

Victor Gil Fermin Galan Javier Fontan Rubén S. Montero Ignacio M. Llorente
Luis Rodero-Merino, Luis M. Vaquero. From infrastructure delivery to service
management in clouds. In Future Generation Computer Systems, Volume 26

Issue 8, pages 1226-1240, 2010.

ceve

management tool. In Internet Computing, IEEFE, volume 15, issue 2, pages

11-14, 2011.



I 47
[16] Umesh Deshpande Michael R. Hines and Kartik Gopalan. Post-copy live

[17]

[19]

[22]

[23]

[24]

migration of virtual machines. In Computer Science, Binghamton University

(SUNY).

Judith Kelner Djamel Sadok Patricia Takako Endo, Glauco Esta-
cio Gongalves. A survey on open-source cloud computing solutions. In VIII

Workshop em Clouds, Grids e Aplicagoes, pages 3—16, 2011.

Qumranet. White paper: Kvm kernel-based virtualization driver. In in SOSP

03: Proceedings of the nineteenth ACM symposium on Operating systems
principles. New York, NY, USA: ACM Press, page 164-177, 2003.

K. Fraser S. Hand T. Harris A. Ho R. Neugebauer 1. Pratt P. Barham,
B. Dragovic and A. Warfield. Xen and the art of virtualization. In in SOSP

03: Proceedings of the nineteenth ACM symposium on Operating systems
principles. New York, NY, USA: ACM Press, page 164-177, 2003.

Qumranet. White paper: Kvm kernel-based virtualization driver. 2006.

Ian Foster R. S. M. Borja Sotomayor, Ignacio M. Llorente. Virtual infrastruc-
ture management in private and hybrid clouds. In IEEE Internet Computing,

vol. 13, pages 16-23, 2009.

M. E. Fiuczynski A. Bavier S. Soltesz, H. Potzl and L. Peterson. Container-
based operating system virtualization: A scalable, high-performance alterna-

tive to hypervisors. In in EuroSys, pages 275287, 2007.

W. v. Hagen. Professional xen virtualization. In Wroz Press Ltd. Birmingham,

2008.

W. Emeneker and D. Stanzione. Hpc cluster readiness of xen and user mode
linux. In in 2006 IEEE International Conference on Cluster Computing, pages
1-8, 2006.



> EJ% 48

[20]

[27]

28]

Naode Ma Liang Zhou Yajun Li, Yuhang Yang. A hybrid load balancing
strategy of sequential tasks for grid computing environments. In Future Gen-

eration Computer Systems, pages 819-828, 2009.

Yaozu Dong Xiantao Zhang. Optimizing xen vimmm based on intel virtualiza-
tion technology. In 2008 International Conference on Internet Computing in

Science and Engineering (ICICSE 2008), pages 367-374, 2008.

Asit Mallick Jun Nakajima Kun Tian Xuefei Xu Fred Yang Yaozu Dong,
Shaofan Li and Wilfred Yu. Extending xen with intel virtualization technol-

ogy. In Journal, ISSN, Core Software Division, Intel Corporation, pages 1—
14, 2006.

et al. Z. Hai. An approach to optimized resource scheduling algorithm for
open-source cloud systems. In in ChinaGrid Conference (ChinaGrid), 2010
Fifth Annual, pages 124-129, 2010.

Amazon http://aws.amazon.com/ec2/.

Cloud computing http://en.wikipedia.org/wiki/Cloudcomputing.
Openstack http://openstack.org.

Opennebula http://www.opennebula.org.

Kvm http://www.linux-kvm.org/page/MainPage.

Xen. http://www.xen.org/.

Lxd. https://linuxcontainers.org/lxd/.

Monjeaud C. Sallou O. Go-docker: A batch scheduling system with docker
containers. In Cluster Computing (CLUSTER), 2015 IEEE International
Conference on, pages 514 — 515, 2015.



o

—3,;/6[?% 49

[37] Libin Zhao Di Liu. The research and implementation of cloud computing
platform based on docker. In Cluster Computing (CLUSTER), 2015 IEEE

International Conference on, pages 475 — 478, 2015.

[38] Hashim S.J.B. Memari N., Samsudin. K.B. Towards virtual honeynet based

on Ixc virtualization. In Region 10 Symposium, 2014 IEEE, pages 496 — 501,
2014.



s A

o

B & %K

IR S g R S

CPU: Intel Celeron(R) G1610 2.60GHz

RAM: 4 GB

HD: 1TB

Network: 100M/1000M bps Ethernet

OS: Ubuntu 14.10

LXD %% : LXD 0.20

LXC Contain Guest OS: ubuntu trusty amd64 —alias ubuntu

2. AR HRIFZZZ S mEFIRE (VM)

- ¢ Namenode(Master): 2 # & host01: 192.168.1.93

— ¢ Datanode(Slave): i # %4 host02: 192.168.1.47

- ¢ Datanode(Slave): i # %4 host03: 192.168.1.52
3.2 2 L4k

sudo apt-add-repository -y ppa:ubuntu-lxc/daily

sudo apt-add-repository -y ppa:ubuntu-lxc/lxd-git-master
4. % % LXD

sudo apt-get update

sudo apt-get install Ixd

50



sudo apt-get remove Ixcfs

sudo service Ixd start
5. % & LXD # %

cat /etc/group | grep lxd
6. #-1& * "ﬁ e x Ixd e > R H 'ﬁ tk 55 &_arthurtoday 3 &

sudo adduser arthurtoday Ixd
7.8 2 B h R

Ixc init ubuntu migratee

Ixc profile create migratable(Ubuntu 14.04 45 4 7 4¢ config)

Ixc profile edit migratable(Ubuntu 14.04 45 4 7 4c config)
8. 13 el K T

ame: migratable

config:

raw.lxc: |

Ixc.console = none

Ixc.cgroup.devices.deny = ¢ 5:1 rwm

Ixc.start.auto =

Ixc.start.auto = proc:mixed sys:mixed

security.privileged: "true”

devices:
9. 4v » B ARK T

Ixc config profile apply migratee migratable
10. #r » remote host
host01:sudo Ixc config set core.httpsaddress 192.168.1.93
host01:sudo Ixc config set core.trustpassword ***** 192.168.1.93
host02:sudo Ixc config set core.httpsaddress 192.168.1.47
host02:sudo Ixc config set core.trustpassword ***** 192.168.1.47
host03:sudo Ixc config set core.httpsaddress 192.168.1.52
host03:sudo Ixc config set core.trustpassword***** 192.168.1.52

host01:sudo Ixc config set core.httpsaddress 192.168.1.93(Ubuntu 14.04 4,
51



£ Ixc remote add Ixd 192.168.1.93:8443)
host01:sudo lxc config set core.httpsaddress 192.168.1.47
host01:sudo Ixc config set core.httpsaddress 192.168.1.52
11. A4 5] H v host
Ixc config profile copy migratable host02:
Ixc config profile copy migratable host03:
12. fe#s m #t4% Containers
Ixc start migratee
13. # & m 4

Ixc move host01l:migratee hostO2:migratee
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