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Abstract

The development of cloud computing can be
traced back to 1983. Proposed by Sun Microsystems
company, the concept first started as “the network is
the computer.” In the 2006 Search Engine Conference
(SES San Jose 2006), Google CEO Eric Schmidt first
proposed the concept of ‘Cloud Computing’ to
describe the ubiquity of network services. [1]

On 24 April 2009, the U.S. National Institute of
Standards and Technology (NIST) drafted the standard
definitions of ‘Cloud Computing.” In addition, the US
government stated clearly in the CBO Report of year
2010 that ‘Cloud Computing’ was one key policy, a

proposition followed by the United Kingdom, Japan,
Korea and many others. Taiwan government also
announced 2010 a new era of ‘Cloud Computing’
application, which is also depicted as a booster to
better revive the country’s economy.

The process of applying the concept of ‘Cloud
Computing’ in campus is now called ‘the Education
Cloud.” Through the improvement of virtualization
technology, the dream of building an education cloud
environment is no longer far-fetched. This study is
based in a Taipei municipal junior high school campus.
In an effort to develop the educational cloud
environment, a low-cost, open source system is
utilized to transform the original midrange servers to
virtual machines. To complete the process, 16 physical
hosts were then further evalutated for virtualization.
The development of ‘Education Cloud’ environment
has been proved to be practical and more efficient in
terms of electricity and hardware costs saving and
reallocation of resources.

Keywords: Cloud Computing,
Virtualization.

Education Cloud,

22 s

7z
LAy

AP FCRp AR 88 EAx o L E D
F-oPTFAKTEATRE2F CFH AT
Bl BT ARERE > Ry E 0 L RE
R AAHEE > RIS RS AT o

d B A T HE TR A e PIRE kehg o L
RFEL DTS ~Z BT ZAAKN > &)
MRS > F- F18 0 QAIFE Js
HPIRE B AR 2INERTE L B0 A
ARt e

P RY R A g pAp s
RO ¥ 7 - o AR gp il iz Bl 3%
oo BRI LR AFH - 2L - R F
¥ A SRR AR A > 2 (L el S gl
TR (5 E fRFRAR L (FE [

EEF B P RFIP 2R KT 2
HTRB s A RLEAT R T o JLHEY B EmilF g
CEEF RS R R LT UKD HYT R
P RREHMIEDRFMN R RTER
B~ faes 2 A4 andb ] > &0 4 R SpE AR
BpER o ARREIA R 0T - R o AT R



2. % JriF T

’%ﬁﬁieﬁiﬁwmwvmkaiﬁ’g
= ’
L

=
Wiefh L3t T RfrF AT 1‘1.3‘:;.% +
LR Gl E Y el 1vR[]0 2, 4
"
?‘ /f"’—' g Applu:atmn —\\ %
f s E 5 B

Cotatmaration

ot M
Platform
Lty
/ e b m.-
Infrastructure
i~ [*
n

e e __/\lle:n- -
Cloud Computlng

\ Gt

i 2 RAAPERY R DRFRER
(Internet) » =4, R &4p & *  =4(Client) -
B 1 2485 R

ZAFE P EVEIRELE LY UER
B RAE 27 B2 7 Fe (National Institute of
Standard and Technology, NIST)echz £ 5L F = 1
PR R ZREE - AR ke - A
FEI RS ERRBL R IGNE T EE
FTh(e4a0r PIRE BB %R BT 552 &
TEPRAR)E (PN > 7 00 b g L TF R RAR
e 38T o p b P ek B F R R foi 3] -

R pE R OPEE R OTREIRE > TE AL
K32 o) TRTZ, AHBE BT HHFHING

PRABBTIKEP T T B R e
Fit RIBREFE TR REZ S LA 2k

PR A% —\;i—k;ﬁrgf_jg AL Ep Faxs
Ry L5 %zsz;‘gc} KT ZERELEY NN

2] §
ﬁ (F=ige )

o e
PRAPEREZE AU LRFFL D) IFY R
4 [4] 0 %5 ZPRIFRB AcB 297F o

W 2 RY ZIRBEE

# 1v (Virtualization) €_—- B B & eh3 s
{*ﬂ%a*ﬁmﬁ T Ao ARG PIRE S R
;*Wi SR AR @R L BIEOT R o
FRFMEHELE 7 2R nR PR

x86 Architecture meLﬂyﬂ
(x86 =21E)

x86 Architecture

CFU HMa'mry:-[ NIC :-[ Disk
R ER

WUT?WWJTMCT[Mﬁ
| EEeE ||

R L B AcR] 397 -

Bl 3 BdEitais 1#,;_;

AR TR m R A Ao BT
(Hardware Virtualization) > » ¥ # % # PR % 5 # 1* &
AT omit °L*“ 2 OF T HR T TR R AR
% Hypervisor( ¢ # Virtual Machine Monitor,
VMM) » {3454 # i %2 1 97 > Hypervisor ~ 3
* Pﬁmsxﬂz HARRHEC > EARTAZZH: 2
B BRI~ % % (Para Virtualization) ~ /2 48 3 24 5
I o

AT AL AT R R B R ORG D

IWIEL AT ERY o BRG HRERT
(Demilitarized Zone, DMZ)#2 A % 4§, % (Local Area

Network, LAN).§ 116 & 42 4% - fFd G it
FHTEAATRBI UG & o R b S e s

PIREE L FIHP 7 IBM x3400 PR E L L o

31 R AMEHHHR A

B BRI HATL T L F ARG 16
oA A g 3 FFE oM E.p,u’g‘?--t TR
AEA AR RFLERLIEEA VAL
ﬁﬁ{ﬁi@ﬁo?%*ﬁmwi%?ﬁ~vi<

B feNs R €% o B 45 &k} DMZ %
2 LAN %I L ek 7 AW



W 4DMZ %2 LAN ¥R} L %3 7 AW

Foooded 3975 o

£ 3R ABEE IRE R WA HE

FALLHDMZ %2 LAN R IRT 148 &4 T iE [ FEiE | eR ATEN R

4 ke o2 ‘;Ao\‘fﬁ' E, \‘7\-’—:;}.,1: }'J“‘?f —L#&? L ok it — B -

e R P v - [l ns FreeBSD | DMZ | BIND

o~ AP é’bﬂg BHITEE E > ok 19T o ntp FreeBSD | DMZ | NTPD
www Windows | DMZ | IIS, MSSQL, TOMCAT

2 IRF I B¢ el NS ;%H bugtrack FreeBSD | DMZ | Apache, MySQL, PHP

— - — - — — gallery FreeBSD DMZ | Apache, MySQL, PHP

R L | A Ef e A el 4 mrtg FreeBSD | DMZ | Apache, MySQL, PHP

dns LA | eB LR IPEnApI HE: | DMZ | [ download | FreeBSD | DMZ | Apache, MySQL, PHP

ntp PR | RN AT A SR EIRT DMZ elearn FreeBSD | DMZ | Apache, MySQL, PHP

WWwW FRE T | ERP LT AR DMZ | | ad Windows | LAN | AD

bugtrack | 3 | HiERpFLEFG & R A DMZ dhep Windows | LAN | DHCP

gallery TIE | Rp LB ERE DMZ antivirus Windows | LAN | NOD32

mrtg B TR | ehrl A B ,,,x_{i DMZ school Windows LAN | 1IS, MSSQL

download | #% T | LAz REHZTH DMZ health Windows | LAN | IS, MSSQL

elearn gy Ty Moodle %t + #ici= 5 ¥ T 4 DMZ security Windows LAN | IS, MSSQL

ad AD i 8 | 2 Active Directory i LAN | | teacher FreeBSD | LAN | Apache,MySQL,PHP,SAMBA,FTP

dncp Ak IP ¥ DHCP i 1% LAN student FreeBSD LAN | Apache,MySQL,PHP,SAMBA,FTP

antivirus | & A48 | Rpr B4 ¢ i LAN

school KR | BAEE - AHa LAN | 3.2 s exit

health e ;F'; i KT INGEE ? P LAN

fecur:ity z[ﬂ%‘;\; i’ia PR :’_; e tﬁm AN kR AL ﬁ;ﬁt’ i~ AR

eacher TEF A TEF B A T H AR R B w4 se A4

sudent |82 1 [srawTasi spagam [LAN| [P0 (TR AR FARRZ NG E L R R
EEEFMEOTE > FRATEA ‘1 1* B AEFEY
b

B¥ I HDMZ %2 LAN % G AR A

FFE e RRT LA Fi% £ ~CPU %

B ek E C RRERE S AG T REEREE

g 'kr'{"\' 2975 o

22 RFAMRKEAHFE
AT # CPU e e g A [l
i» E 1 # R TR ik

ns 98 Core 2 1G 1G 160G | bMz
Duo

ntp 98 Core 2 1G 1G 160G | bMz
Duo

WwWwW 100 Core i3 2G 1G 250G | bMZ

bugtrack 98 Core 2 1G 1G 160G | DMz
Duo

gallery 100 Corei3 2G 1G 250G | bmz

mrtg 98 Core 2 1G 1G 160G | bMz
Duo

download 98 Core 2 1G 1G 160G | DMz
Duo

elearn 100 Core i3 2G 1G 250G | bMZ

ad 99 Core 2 1G 1G 250G | LAN
Quad

dhcp 99 Core 2 1G 1G 250G | LAN
Quad

antivirus 100 Corei3 2G 1G 250G LAN

school 100 Core i3 2G 1G 500G | LAN

health 101 Core i5 2G 1G 500G | LAN

security 101 Core i5 2G 1G 500G LAN

teacher 100 Core i3 2G 1G 500G | LAN

student 100 Corei3 2G 1G 500G LAN

BRI ESAHDMZ %S LANBIRG L p iF
AN @:gh/,,\ﬁ ¥ S ;}L;’{in"f&f N

"*’)’%3’ 8 & PR IE AR5

T

AN
ffF‘/élF/

RN Tt ]

o NEEFLEHAEHE BHET o>
’ﬁ IlF'/q;,ﬁ vL‘CPUﬁ,’,’J’\‘aC‘%%gﬁ
RECER R AR

® CPUF & : &gk 4255 # CPU »xit F &b
BAM e FZHREFCPU P 0 A HERT
FHAPL LG AP VET R 20
FEAT AL o

® el MF Rk RS REEEF R
mrs x‘& o

o H: #Li{#ﬁiﬁw’f@* (iR S B
ReNFAMe I WA B LI EEFREEL > HH

FEEFRRF FFRET DL UE k5
ArE g B F\ﬂjﬂ%",ﬁ‘s‘. A 1| e s e
#ﬁﬁ%*ﬁ;“ ST PRI e rv,;
a f*t;?%‘iﬁx%}ﬁi‘ T
it %}%’m’,”l |/l$g Z—"l"k’

-

EH P HaRERER > R RRG 16 oA
EEERME TR 0 TR Sk ik

7~




£ Mk W
@ BE *2
RAID % RAID O, 1, 5, 6, 10, 50, 60 FEES

34 AR ELER?

ﬁﬁera\fﬂ;ﬁk" ’
? www £ elearn iq“;ﬁ_f’%&“ﬁ; i i
e Hapi s p) iz s r 250 cha i 'r* g
H 3 2 LAN % B3 cn8 5@ 44489 - teacher &
student: ﬁl&nﬂ-?ﬁp’ﬁﬁ’%ﬂ"—lﬁﬁ Hep6 o742

ViEF R cad ¥ dhep 5 2 & B ﬁf# 15
Ell]"]#r?}; o BT R AETHN o & 65 BE

2 4 Ry 16 cABEHPEIEE LS

7 C|R|H | & it > z )
Y PA & | & ¥ Ol E | &
2 UiMEg | ]
o E || = w |
Fo| & 5 A
ER
id
dns S I I C A FreeBSD | DMZ | # )ik
ntp [ I I I FreeBSD | DMZ | & )
WWwW B B | & | Windows | DMZ | % )
bugtrack | | % | % | FreeBSD | DMZ | @ B
gallery o ¢ ¢ FreeBSD | DMZ | # )ik
mrtg Mmoo | o | P FreeBSD | DMZ | & B
download | < | = | < | & | FreeBSD | DMZ | # )
elearn ¢ B ¢ % | FreeBSD | DMZ | % )4
ad O G % | Windows | LAN £ )
dhcp | | % | & | Windows | LAN £ )4
antivirus B ¢ “ | ® | Windows | LAN 4 T
school B ¢ ¢ ® | Windows | LAN 4 )4
health ¢ ¢ ¢ | Windows | LAN | % )
security ¢ ¢ ¢ ¢ Windows | LAN 4 )
teacher % | | 8 | ® | FreeBSD | LAN | ¥ ki
student B | | 8| ® | FreeBSD | LAN | ¥ ki

LIELEE Y R S m o m#Et S F P HAR

J 4 49 }@Fm16;;ﬁd9§;_.ﬁkﬂ,»ﬁg
éiﬁﬁ f@ﬁﬂvﬁu 5o 58 LA s
FHE fRs & %ﬁw’ﬁi“@ﬁﬂj%?
ﬁﬁz&:r* ) ﬁ’» teacher 2 student i ¥ > B E_ T

RpenFHAE 23 B o

33 BT ABRT RERR

2T R 0 R F L AP R

LR - 5 IBM 3400 PR B s & taeh
A AR - P RIRE RS
o B EEAGFLN B BRT I
Flot i AIA LG 0 ARG R MR RE 5
ARSI L EATEE B Ak
ré;f‘z[?]fﬁ—; ? l—"f”Iﬁf“ o L IR B2 AL P tmde 2

#ron [5] 0 B IR R E Jf%/f]? Lok i o
% 5 FILBREEP

E R B o e

T b A | B2 BUMEE )

R

JeJE B Intel Xeon E5620 2.40GHz P A

L BHE | 2

e B Ay DDR-3 1333MHz UDIMM 4GB | ij: f#- 8GB RAMs

£l Bk I i PCle % — B3 PCI

T 1R 35e A P B SATA | 4 B

R G FEENF e SR *2 5j&ﬂ§45§%ports
gt

TRERSE | 920W

FiliEN T | R REEREAEE R RE

UGS EPATI 8 AL A RERTE o
406 FTA LEBAWER

T i® CPU | RAM | #f A il

e ¥ GO I T I o S 5

4 K F | ® |z £

it s , #
ns FreeBSD 1 1G 1G 16G+16G DMZ
web FreeBSD 1 1G 1G 16G+32G DMZ
www Windows 1 1G 1G 16G+32G DMZ
elearn FreeBSD 1 1G 1G 16G+64G DMZ
ad138 Windows 1 1G 1G 16G+16G LAN
av138 Windows 1 1G 1G 16G+16G LAN
sch138 Windows 1 1G 1G 16G+32G LAN
health138 | Windows 1 1G 1G 16G+16G LAN
security Windows 1 1G 1G 16G+16G LAN
teacher FreeBSD 1 1G 1G | 80G+750G | LAN
student FreeBSD 1 1G 1G | 80G+750G | LAN
® nsifid RAdgrdns £ ontp & FH (ST

Wodns 2 83 & £ f F IP &g %»‘éwﬁtﬁ ’
A cdae b o 9 CPU & B T X35 f

FrExE e ntp %IEF% ik o S c S

AW PEIRT: > T RS *Kg w Nntp

IR E RS ’1121 ntpﬂﬁ‘—#@?&g_p%

fod FELT R FLAT & SAPAF
Q#&Mb FRF% > e feds > TP A L& H o

® web i {%:d & %= mrtg - bugtrack ~ download
2 ogallery w S A& B ERTI - pw o
At g gallery A SA M hE £ R
o H ez LA R K57 3 v“,érti mrtg *+ -
bz LA 7 Apache + MySQL +
PHP > fﬂt“:ﬁ?—fgm LA EEHA- 4o

® www i % :www E_DMZ % r&— 2 Windows

“A

"4

g PREZEDMZ BE 8 AL o
www ""1"1‘&5?’ FEERGEFRET IR BT

JAVA PRF% > #7120 3 8 enf ja e B E o Tt -
CENC R ER AV RN
LA T ERABRAANEITEEE B
®  clearn i s :elearn i # £ % +x Moodle % + #c
EEY T LA R ERPNEA R Y e




13 % o elearn A ¢ % 32 L FreeBSD
FreeBSD i st 2 546 P2V -7 82 484 =
EEEL O T R R E R AR AL £ AT
X BB -
® adl138 s :d }?;vﬂ\'rﬁad 2rdhep B o & B8
Erifsoad LWEAHTI O 4 .f‘fmﬁ fé.i
etk BLznzE 0 @ odhep A 8 R S pe s IP ik
L TR én@h’ﬂ*ﬂ~€9°
® av138 i 4% - avl38 i ¥ B A~ antivirus F
%ﬁ%obwwn% %-W%ﬂéz;%ﬂtL
# i E_mirror T kil & TLAF R KR E
LM TR ﬁ‘—ﬁlp)\,a P& &4 Franik
Ppowt bRy i pEERIE SN 0324
3 B g TR Fl R A SR A

i858 P2V Azt ﬂuﬁﬁw‘iﬂﬁ
RSN ST
® sch138 2 4% :schl38 - ﬁ&{g b F & cha

1 4*%HS%Emﬁﬁﬁ‘g%£?Wﬁ
R kB R o F MR A g R A
WHEE P2V NS nEREt AL RA
B AN EATE E B

® health138 i #% : healh138 &_ik # 7 R 722
BenF 4 B pIm ki 3 IS TR
FFHEEEAEN AR FRE - TR
BoAF A 5 E P2V AN S U R
LR B RABE AP EMT ERE B

®  security i #% :security i 8§ kv IR T aE
EOoRFlE 2 g s A3 FXNSRER
PRIFAESS ~ F ‘f'ﬁ'g P AR N 0 AT R AL TR
& o F R A %“'__%}-5413@ P2V & 4 4%

NS RN TERABE AN EATE
EmEEi e
® teacher i % : teacher 1 %8 B & & 1 %

- A X ERT IR RRAGET (P
% FTP 22 SAMBA)FRF: » 4 S f fa iR E > 7
LR R G R AL s .

® student i % :student A E F £ R g0
- A X ERT IR RRAGET (P
%z FTP 2 SAMBA)PEFE » ke f & > 7]
S EAECE FETE
;ﬁﬂugbﬁﬁﬁ’szarf

i@ LAN %7

o $5E
2 o FMABES SnEIS -

4. %3

%

41 HERDOE R

R R HAPEEH KA oz il H
oo R RRAPFAKAE P Y B (HE
BEEP R RO T 0 R RS PR o Hr
BEE P APRBIHRXEAFIZHFET R

R mBEPEOLER R RS S TE
< mfﬁ"\»" GOF s e g R PRIAP ST R o 4 i
R ﬁ‘&"«»’@é?;@@m&%\,,ﬂi_ﬁ%@ o
H% FRAT 2B B R AT R PRI E
Fobo EiBH - el E 26 25 VMware
vSphere Client » =+ g £t m:u»mw . ESXi &b
mEEBPE P FEIBS P HER EEOT
AR R R AT RROE D (T -'Ys‘z’éﬁiﬁ
ARG ESXi PR BT E mer a4
AL PR A e g I8 N g H o
BEAAESXi#: 0 7 ESX AR E & s i B
(Vmotion) ~ 4§z 5% ¥ /& # & (Distributed Resource
Schedule ,DRS) ~ & ¥ * {#(High Availability, HA) 2
BE3 W # B ik A 4 (Storage Vmotion) & 74 it o A
TH B4 iSCSI = it s NAS 3% & » kit sk > eh
Vmotion ¥ Storage Vmotion =n# it > B2 2R & 2 & i
7 ESX ik & cimiiy T e 0 Ay B ESXI ks 2
B Bn s BE AR AR A Db R A o

il

- ﬂ%k A 8‘3*

42 2HH A KEZ

MG A B AL VMware ESXi

ko RER REIRT RHE 0 F T R R B
#ﬁ‘?b"i“—}lﬁlfmj_ ¥ oLV RE R R
f o 4 F)S AR ESXi kA o Flp s A

F*i%%’ﬁWHT%%gaz
1. d % ESXi%RAfmid F@Emtiz 7
PUFT Rt AR RER T
B P T LR TR (R & E_ b bR
L
2. ﬁ*NAS‘%fﬁWBanmﬁw@mg@
LT A2 A PR A S
&5 f’?ﬁ#’?:@;— Fo i E AT N FER
%i %\ B H;an«fg‘rz ¢
BRI A
1ﬂiﬂmﬁﬁ”W?k”§#?JU%&s
o e 0 IBM x3400 RRE S A 0 ok
BT R B RIR BRI 0l v A
dris B Rt B B F e BHRE
Wk TR B B BT TR

54

[1] 27 4(2013)> Z:4EH >2013 £ 7 7 8 pBp f !
http://zh.wikipedia.org/wiki/%E9%9B%B2%E 7% ABY%AF%E
9%81%8B%E7%AE%I7

[2] %47 R h(X 88) 43 FTRAKTI AEF -
Boodin LA FRT R

[3] Peter Mell, Timothy Grance(2011), The NIST Definition of
Cloud Computing, Retrieved July 10, 2013, from http:/
csre.nist. gov/publications/nistpubs/BOO 145/SP800-145.pdf

[4] %3 3aapraR(2011) ZPF R RkT 2> RAKEFT R 5
[P 42-2013# 7% 11 p Bx Py http //www ectimes.org.tw/
Shownews.aspx? id=110731235808



[5] 1BM - IBM System x3400 M3 . - 2013 & 7 * 11 p B~p
4 7 ¢ http://www-03.ibm.com/systems/tw/x/hardware/tower/
x3400m3/specs.htm



