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Teaching Practice System based on Cloud Computing
for Stabilization through Performance Evaluation
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Abstract

Cloud computing is already well known paradigm that a support computing resource flexible and
scalable to users as the want in distributed computing environment. Actually, cloud computing can
be implemented and provided by virtualization technology. Also, various products are released or
under development.
we built the teaching practice system using cloud computing and evaluated
practical which cloud
computing provides optimized computing resources, as well as easy to manage practical resource
and result. Therefore, we can save the time for configuration of practice environment. In the view of

In this paper,

environment constructed over a virtual machine. Virtualization-based

faculty, they can easily handle the practice result. Also, those practice condition reuse comfortably
and apply to various configuration simply. And then we can increase capabilities and availabilities
of limited resources. Additionally, we measure the performance requirements for educational

applications through evaluation of virtual-based teaching practical system in advance.
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* Nimbus

Nimbus¥ LEZ4AA F9t EFlog ALg
A A TaaS o= Hu|AES A Fet) o] =
RAEE Al7lad]-o}Z2(UChicago Argonne

LLO)°] 93t of2x FydT4  Kath
Keahy A7®l osir A= glen, s}zl
Al 7PEHAE ARkl R dolHE A

3t OF Ax EE9s AFYE Jdxddoltt &
gt Nimbusi Amazon® EC2¢} FAMSHA AL&
AEo]l JHEMASE AMRSIEE ote ZEeE
AFE Fxoli, oA AY FMHMAES THE
S 2H2 Agete A 4 9= Nimbus
Context Broker9} #2 A&z} #Hlwe] E& A
6]

= Eucalyptus

Eucalyptus(Elastic Utility Computing Architecture
for Linking Your Programs to Useful Systems)= 2
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Application Development Software) 3% 2] Eof A
LEAD(Linked Environment for Atmospheric
Discovery) 7|% o|& A|2~®lS 7d F LEAD
oA AAEE digtRe JAEEE T8I
A FH= Ao ool AVIHAL. o
of opnk AWSZE arej¥]9len] VGrADSSH AWS
ATS %k =24 Fee= EAES=E Fucalyptus
7} MeE Y. Eucalyptusi= HypervisorE 93|
KVM % Xens A €3tH S22y #dE& A%
Rocks #1228 wx23S x33tar AH7][8].
= OpenNebula

OpenNebulat™ Universidad Complutense
Madrid®] DSA-research Groupol A A]#+=
Z A2 7]¥Ee] [aaS Management S 02
g4 A5 oA FPIHAE THeR
il AgdEEE 0E A UM JEZHGrEY
=] dl o]t} private, public, hybrid cloudE T
=g 4 Qo™ Amazon AWS, OGC OCCI,
VMware vCloud®} ¢1%&°] 7}s3 3% <AE
o]x~E& A|F3t}. Open Nebula:s ¥ HEYA
I} 2B E£F4% TEE & da, A
d&ete ojue dolEAE 9 FHHESE AA
=21tk OpenNebularx Xen, KVM/Linux %
VMwareE A 939 libvirte} 22 2405 ALE
sto] w9 A AdEs F ol
* OpenStack

OpenStack Public# Private E2$%=5 +
Z=317] 913 9 FE A~ software® A B, 2EF
A, MESA, 7M38 7sEd 22 HasEsEs
oa, o5& Alefstan P87l % Cloud
Operating System©|t}. ®3F OpenStack2 2
2 7RO R FESEE FHStn &35tz
e SFEAA DA, FAL AFERER o] Fo
A ARFYEolth eEAEe =7 37kA] AFXG
EZ F4H
-Swift: Amazon S32} Z-2 boject/blob # % 4.
-Glance: VM olnx] 2~2Eg A & Fapg
= s A 9% AxdE
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= Amazon AWS

Amazon Web Services(AWS)+&=  ofrlEol A
|&3te= GARAE A8, @ AHl= <
Hol~s F3l AHEAIE dst= Y Rl
A A Alz" BAE AT F Atk
AWS AMujx=2&% EC2, EBS, S3, SQS, Mturk,
Alexa, A2S, FPS, DevPay, SimpleDB, CloudFront
Sol e £FAS ATen gler] %A
o7 AR MHIZES FUFstR vt ofnE
AWS EYE Fx+ XenZ|we EC2 ZXE,
EC2 WlYA, Amazon Simple Storage, S3 3]
Az T Ee] e, SOAP¥ REST 7|Rke
AWS RIE#lo] =& A|FgTH11l.

2L

&

A5k 2ol g AFY BHNA, Fepgs
AFdol AAe was S99 A%8 9L
Fgats] wrhe, ol EAGE AUES 4
=R %A HAs] ol §F & Yrks A
otk EF ANHOE 54 B HH5d A
A AL fodetAl AAste] AFE F glo]

3 A fE7

TolA oFAE T4~ 7|Hke] Jaas =T
OpenNebulaE AFE3le] 7 HAES #|o]3)
o AAA] 7Y AL AN, 2713, 54,
dEdHoz FP3t 4 gt
AFFA o 7HEH LS FEA
n A GEjo] T} o EHefoldd
Virtual Appliance)& A3t A 434 =

7P ol Eetold s AlaFe] 2 TALES T
2 dFo AeloHRE &) e o ZF Al
A, golB e, Aul 2, B dlolE 1gla 29
ANA7A BFE AT 2ZEY S ~"o|t} 4

AEE 7 H R AT HE A

2@ o R oot N

t
o

o, ot
N

d El
L, Ho ol

==

> oo Mo
s

L

L

o &> & 0N
oo o2
= X



598 CIXNIE 28 =53 =2X H15& M55 (2014.

VM template

Virtual
Appliance

VvC #n VM Image

App Info.

VM status
2|

Scheduling

VM images
Head Nod g
L ¢
DO
- Job status Storage
e Storage-access
R protocol
Metadata App A
—> App
Server (MDS) Data Data
Control  Filesever Filesever
protocol Data Servers

(Figure 1) Practice System based
Virtualization

(28 D2 73t 71uke] H5 =1
EO#TJ— ATt 7Y ol oA 2~E FAs] 9

stolHutel A 5, 7HIHAI(VM) L2 Xens
A}% stttk tHE A<l
KVM, VMware 5°| At} Xena w713}
Virtualization) &= AARE SJAA AR5 &
e Ao R TR AZE SdAAE
BHEs Adste ¥ sto]l ¥ 2 (Hypercall)' & 3
Hufol Ao Al AMu|2=E At dlof s &9
AAANA ol Eg Aol dol AdA A=y F
(System Cal)® AMuA2E aHsle Wy 59
sy
el 5E Bhe THRE
B(VM)E #elst7] fsiA e TaaS7]uke] Q&4
27F a7 HEAAFNA = H o] HEA
ol oEAA JaaS AZEYoEAE Nimbus,
OpenNebula, OpenStack, Eucalyptus S°] 92
o, B Ado= OpenNebulaZ A% 3le] VMS
#E sttt o] E5 ARt VMES B4, £
g, Oi7], A A F dom ozt dAT A
vpolagold 7= Awdh VM2 52 7]
HHCentOS) olv| A2 A3 oW (Figure 2)9
o] @ EZ 4 71H] JaaS =721 OpenNebulaZS
o]g3lo] VMES AAl skt

10)

(¥ 2) OpenNebula 7} VEY= &9 2
VM A4 sk

Create:mnew VitualiNetwok Create a new Virtual Machine

Wizard KYM. | Wizard XEN | VMWare | Advanced mode

| Wizard | Advanced mode
N el Capacty aptions
Name: KCC2011 o
Bridge: viril tement i °
CPU. L]
VCPU: L]
Rletwork type: @ Fied network
0 Ranged network +  Boo¥OS options
585 oa
Lease IP 17216201201 e 5 ©
Lease MAC (opt): Boatloader: fustlbin/pygrub o4
Boot: hd 0a

Cunent leases: +  Add disksiimages

(Figure 2) Set up of virtual network and VM

creation on OpenNebula
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Hl X v} 3 (benchmark) =717} A& %
T4+ HPL (High-Performance
Linpack Benchmark)S ©]&3fo] A& Al 9]
AA Aes& FA4sATHI2L HPLS #4212 e
AFEA ZHzhe] A2"lo] Heg ZXqO}bEﬂ
Abg3tt HPLS mpiSs 5314 Linpack(e]#] =
ZAM A7 e Ak W] F3bel 5]
AMS )8 HERE AT F JLEF 3 7]
"6— T3 AFgrh. HPLAlA Rmaxe LINPACK

N2 vt a5 F3l] AA S4% = Flops #kel™,
Rpeakte Al2do] 2w =A< ZFHF4
T, 4% factor g 5& 1gdte] olEHo = A
=¥ Hu Flops golth wlx|upae A AA =74
® X<l Rmax #& 7I£oZ ZAAHCT HE

)

R S

AA 4% Rmax @2 ©]2 A%< Rpeak kel
v G A E =d 0S9 A} ALgsheE
i Abg o] EAEHY] witolth ol A5
o] CPU 540l Alz=¥ o}7|dlA] Fo J&s
et Fehes HFE Y 7t 34 4
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(Hypervisor)®] #a2

el (bare machine)?] A%

Jd9 AxBP T

Intel core i7-920(2.66GHz)
Z2AAM 12GB WREE 7= Al 2~¥(Bare
Machine)ell A 74 ™Al 874& WA (FZo] A,
W xe =27])stHA HPLS

Atk AAR 2009d THEH JdddAE=
CPU ol71gdl Ao it o]&x HdAds
(Theoretical maximum Gflops) 344 o2 A&
shAl eFal ATk SHAIN ofg e} e FAE o
&3t g oA Hes 4T + Atk

= Theoretical Performance(Rpeak) = Number

of cores x Floating point instructions per
clock cycle x Clock frequency

= {7 920 @ 266GHz : 4 x 4 x 266 GHz =
4256 GFlops (1 core =10.64GFlops)

Intel Core {79141 sto] 289 (Hyper-Threading)

S el Aguged Zedd fass
uth aeHoz g e =Y F A

2 ¥ E(thread) & T3 & ==
FE Zlselth o84 4 %Xéoﬂ’ﬂ: 3}
¥4 7|&g v &8 st

LINPACKS Ag Alxde] & ?‘0}7: EIRE
gl A3 package® Blas #& golE
o] g3tedl Ax=B FE|9 Fofz A
e FIozA HAFEEHY AHLES
qE  Fste date] UiyFE
(Floating—point) 2 FA ¥t 3
54 AXESO ETER
Top 500014 HFE AAo ALEHW, Hd5 =
QA= MPIZF AR = ofof 3} BLAS,
CBLAS, ATLAS®} #2 43 glolHelget H
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ScHRE ZEE J|BtUE s AMAE 2= 599
<E 1> AEHA AZEY o] ~H
*G A A(0S) CentOS6.5 (Kernel 2.6.32-431)
e gec(version 4.4.7)
MPIg}el B.22] | Openmpi (version 1.8.1)
Fatetol B E] | GotoBLAS2
Wl x|l & HPL (version 2.1)

<Table 1> Software stack of Practical System

HPL benchmark® MPIE 7]Wto =z 523}y

43 3t AME A3 library packageE ¥
Q7 3t} 529 library package2E 919 ® ¢}
#Zo] BLAS libraryE AAsE Z a9

GotoBLAS2[13]15 AF&3tich 23S

LI

2g o] AXESo] HF A= nzak AFHA
Ax=B 9 n by n+1 A3 E (coefficient matrix)
S LU CI4®3)(LU factorization)@ AA+3}o]
ZA "t
<3} 2> HPL #lX]r}= A
A A A A
N Problem size Pmap Process mapping
NB Blocking factor threshold for mat{é};tva]idity
P Rows in_process Ndiv | Panels in recursion
grid
Columns in process ; Recursion stopping
Q grid Nbmin criteria
Depth | Lookahead depth Swap Swap algorithm
oure.| Panel broadcasting to store triangle of
Beasts method LL, U panel
Pfacts Panelnflzéigg(ijzation Align |Memory alignment

<Table 2> List of HPL benchmark option

<E 2>% 2o HPL WA AN L ddd
$HL 2 & g A 33 dvel 2 9%
& FE AL #A 27 N3 Z2A~ AR P
Q 783 BEAtel= NB goltHl4l =5 49}
ZRA2 55 FAA b e 49s 5
Ashget. FAel 27 N& b el gde
vimelel ds)e] wek H3E Az A )
BHom AgsE Wuy AgFel 97 gE
of dwrdom AA vmele] e 80% FEE
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ol AT

(GFlops)
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<
8

=
—

1,024

vm2 2 21.28

2,048 13,107

<Table 3> Summary of the Practical
System(VM)

[rootevml Intel64bmt]# top

top - 01:15:19 up 47 min, 3 users, load average: 1.09, 1.09, .87

149 2 138 [:] ]
99.0% . O 0.0% 9.0% 9.0% 0.8% 0.0%

1019328k 539 3 484
2064376k 2864376k

2339k
163260k

7955 root 20
7954 root 20

® 667m 426m 3784 R 100.1 22.4
9 668m 420m 3820 R 99.8 22.4

(Figure 3) HPL execution status from top
command

< 4> 45874 WAwt=2 53 2 7H(GFlops)

Al A

55 | N\NB 12 24 36
8,000 6.580 8.135 8.744

VM1 9,000 6.612 7.226 7.902
10,000 5.908 7.199 7.859
10,000 11.990 14.490 15.720

VM2 12,000 11.710 14.490 16.760
13,000 11.560 15.430 16.760
14,000 12.350 15.520 17.260

<Table 4> Result of HPL benchmark(GFlops)

(¥ 4) VM1elA HPL A5 &4

GFlops

e 10.64 GFlops 4

- 35

8744

- 30

- J502 7.858
= wiod

5.808

8,000 90,000

10,000

(Figure 4) HPL evaluation on the VM1

(¥ 5) VM144 HPL A5 &4

GFlops 21.28 GFlops

35

30

25

10,000 12,000 13,000

(Figure 5) HPL evaluation on the VM2

A ARE F AS FAAAM de F e
Ao Hes 27 AT TA ] Aol=(N)S
F& o A A A WA adge S8 olE
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4o SA4E 7 AHEYE deS54E 9
g Ao A7lE frEstel 4o B e
7HemAlel A S debeta e 5 gl

Block Size
(NB)
— 1)

Problem Size (N)

Block Size
(NB)

— 1)

o
14,000 Problem Size (N)
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