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Servers

Application

'r NEWE "“ .
J
!

Monitoring "E—J Collaboration

Content Communic ation

Laptops

Platform
= o B og
|eatssessne | S &
E \Id;ty Oueue‘
Object Storage Runtime Database
Infrastructure

) Y

Network
Block Storage

Phones

Tablets

HE : http:/len.wikipedia.org/wiki/Cloud_computing

Cloud Computing Lseeeesessss

12/04/13 Yuji Sekiya (The Univ. of Tokyo / WIDE Project) 000000000000



DTI)RDEEFEIT ?

 Above the Clouds: A Berkeley View of Cloud
Computing
— Electrical Engineering and Computer Sciences University of

California at Berkeley, Technical Report No. UCB/
EECS-2009-28

-
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12/04/13

Availability of Service

— Use Multiple Cloud Providers; Use Elasticity to Prevent
DDOS

Data Lock-In
— Standardize APIs; Compatible SW to enable Surge
Computing
Data Confidentiality and Auditability

— Deploy Encryption, VLANSs, Firewalls; Geographical Data
Storage

Data Transfer Bottlenecks

— FedExing Disks; Data Backup/Archival; Higher BW
Switches

Performance Unpredictability
— mproved VM Support; Flash Memory; Gang Schedule VMs

Yuji Sekiya (The Univ. of Tokyo / WIDE Project)



25 DY (cont.)

* Scalable Storage
— Invent Scalable Store
* Bugs in Large Distributed Systems
— Invent Debugger that relies on Distributed VMs
Scaling Quickly

— Invent Auto-Scaler that relies on ML; Snapshots for
Conservation

Reputation Fate Sharing

— Offer reputation-guarding services like those for email
* Software Licensing
— Pay-for-use licenses; Bulk use sales

12/04/13 Yuji Sekiya (The Univ. of Tokyo / WIDE Project)



VIR 7 TFHBEARN RV

SLA (E3K)

Service Level
Agreement

R ILHR

Requirement

Specification

12/04/13

N

Al A% H—E RFFfE 24FFfEI3658
STEELEFEEA 308 &l

EEELE TEIREBI(RTO)  1EFRILIN(ESE)
PEEREHE 1B LAR(EER)

T4 RE it> 2 B ] 3F LLA(NER)

YisR T L ER R I INYE/N:

IR —ZADER  1TB, 40,000view/page

YR—k-BE  backupT —FRE S5ELLE

T—RRBEDMHIE BURRMA)

B T

e T T T )

JRE 3= Kif FEE 1Ao7k €
LANNEE WANEEE ¢
RAERENL <

ORI ATL—3r  VMIERE
T—ARE &L ZAELL R4 -BBERIL

<

/

/

10



V57 b BY ST =4

1= - RFE DB EIZREd 5Bl
T—3t % ERBENMt
(BERRY — )L - {RAB/NAISN—IN(F LD E -
=R & i [EE 8 2B E R

JOECIZU Ef (Bt - A EIE)
T—AERFEHIAH
(RRL—U B -CDNE)
JOvERTATL—3ay
(LANA-WANB D BEIYAIL—3ay)

TSR ERE SIS S

RET—FIE - ST HE T

B R ICEE 9 S5l (ARUMRE - T4ILER) o il -

ST — SRR T — SR
TLFFHUMCHIBIEE R AP B D55 BN
(VMIREDEI-SRILY T 7 BDOTILF .
HE - R L OH A EE)
e LR
( 7—__,;%\%'”%%&:) ’ s t)*fQ:NIZJ:éEEjJ%IEO)EEJHt
RISl T — SR A cc Ll
(%:9'))7“-&:‘%&774»9X7-A- 1’t§'§€j30?/ﬁﬁﬁ (F%?&*”Fﬁ%)
THE 5 BUEH ST - IR T — S 1R ) VAR
000000000000

12/04/13 Yuji Sekiya (The Univ. of Tokyo / WIDE Project) 000000000000

11



D5 D5HE
0000000000000000000
« Y—EAWREIZLDNEE
— SaaS (Software as a Service)
— PaaS (Platform as a Service)

— laaS (Infrastructure as a Service)
— HaaS (Hardware as a Service)

e TFHIUMARIZKSENFE

. SaaS PaaS laaS
— Private Cloud

+ Off/ On Premise
_ Hybrid Cloud B

N=F217/ N=Fo17/ N=Fo17/

. Gl i) Gl W) *vRI—D
- Publlc Cloud B o 5-rEm- R SaaS: Software as a Service

PaaS:Platform as a Service

- H-E2IEHEIEE R 12aS: Infrastructure as a Service
H & : http:/litpro.nikkeibp.co.jp/article/Keyword/20110216/357282/

000000000000
12/04/13 Yuji Sekiya (The Univ. of Tokyo / WIDE Project) 000000000000 1

[\



D5ORDLANITETIL

Cloud Function Reference Model” 21T 5 LA — FLA31
1 : : B\ () PSR
Service Service Providers Service | | s#g7TyLER
Consumer Developer 7 IR DIE L
SaaS | PaaS | laaS | Management
. 77— 32k
Role-based Each " Bharec ) Service 77y N oA— L
UI/APIs App Y| App Reporting Creation DIEEL
Cloud Application _
SLAs/ SLA Mgmt service || I 207; Ilffj_ _‘L‘FE]
T n iahi S MO5fE
Contracts ) (VI Capability [VI Publishing DIEA (L
Expectation/ || |£ ® Cloud Infrastructure Planning £ Service V. 95% AL ISE
i = 0 V) ® - — i )
Reputation S|l S || Virtualized Resources Virtual Images Billing g Analytics R RIEIRERO
= < CPU Storage Image metadata x AR
V. REIERIE L
Networking Etc. Image Metering ;?:;1: I7EO
Software Kemel (OS, VM Manager ) Provisioning VI 2y N)—=9&
e TS5y RIA—L -
F|rmware\I{Iardware Monitoring 7 IIr— 3o
DIE#EL
Network API VI 2~y KD 54 A &
AL - o REIMDIZE#EE
\-/ .
Enterprise VILiEET7T)E
957 FY—EZ
*Open Cloud Manifesto”Cloud Computing Use Cases White Paper’ #5215} MDZELEL
000000000000
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252K @ SLA (Service Level Agreement)
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Services /

/

/

/ // / service
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v

V
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/ v
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== Netwol

Yuji Sekiya (The Univ. of Tokyo / WIDE Project)

SaaS

Service-to-machine mapping
PaaS
Machin IaaS

achme to-network mapping
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2008%F2H158 :
Amazon S3{&1E
EIRICHBBEEZETS

2008%78208 :
Amazon S3{=1k
EIRICHBFBZETS

200912898 :
N—S =7 EC2 YAMEE
AV REVA(WM) EIRICHBMEETD

2009%12H9H :
D—AITREL A R R%F) L T Botnet #iJ1#

2010%4A818 :
USEBF EC2 HAPMITA U RY > AFIEARE
BB A > RE 2O MA—=I)V/EZFY T AREEIC

2011%E4H218:

USEKBRF EC2 YAMITEBIS UV BERICLIE AR

4BIFESRFTRENREI—YY—ERICEE

Yuji Sekiya (The Univ. of Tokyo / WIDE Project)
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SNSHE#EH—EX i

Engine Yard g Quora Py
JRuby®PaaS ﬂll; Q&AH—E X .k
Heroku :

Ruby®PaaS W L

H & : http:/litpro.nikkeibp.co.jp/article/ COLUMN/20111122/374827/?k2
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Application Layer

Middleware Layer

Control Layer

Virtual Resource Layer < EMO

Facility Layer
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libvirt
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Network

Server

o

Sheepdog

Storage

Yuji Sekiya (The Univ. of Tokyo / WIDE Project)
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Application

Federated Cloud Controller
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Before
/" Faculty’s shared servers 0.647kW )
" " >
Web, mail, DNS, group tool \

. (Essential servers...) )
[ Infra-servers of our Lab. 1.595kW )

web/mail/radius/dns/document/misc
bld2-guest-gw/mozilla-miror/storage J

: Students’ machines

. ’ x10

~ .
Infra-servers in another L

p

0.700kW | /

After
ﬂ:’rivate cloud (stable) \
Xen s&«. 0.794kW

> Xen '((«Q
VMwar -
ESXi ;{

’ No failure since April 11
\ Nexsan SATABeast /
Private cloud (experimental) 0_153kWN

Xen Xen

«««« y

Saving 71 %

(Prlvate cloud in another Lab. o_100kW\

> y

E = 5 27

12/04/13

Yuji Sekiya (The Univ. of Tokyo / WIDE Project)

Usmg inexpensive model: HP ProLiant DL120 G6/G7
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4 Outputs in the summer 2011

1. Preserve (and Improve) Performance

- As "Risk Management”, i.e., against energy
shortage/outage

2. Performance

- 334)% for Peak, and A319% for total (at Eng.No.2
g

- 2 years Rol (at Eng.No.2 Bldg) ;
0.6 MUSD investment, 1.0 MUSD Electricity Bill

- O.g year RoI (for virtualization of servers at Esaki
Lab.

3. Sustainability
— Open architecture
— Multi-vendor operation (more than 10 vendors)

4. New Business Development Green
- Improvement of business activities uves o Tokvo

TU-YRAISH$B70 JzIb

Project

12/04/13 Yuji Sekiya (The Univ. of Tokyo / WIDE Project) | 33
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Data Integration among legacy sub-systems

: Visualization of data
CiMX Server
Common DB | | Ejectricity | Data Analysis
(Live E!) (CiMX) | |(Yokogawa)
N— rofessor Managsement |

1. Multi-vendor
2. 44%(peak), 31%(total)

3. 2 year Rol
. , A

—————

E i — 1

i 200V Power EHP GHP Lightening Electricity | Breaker | outlets ' Yamatake
. monitoring, ~mngmntand mngmntand control and water  ; Electricity Electricity = '

: _control control metering ! (100V-200V) (100V) sp%tt%

< Legacy system + common I/F gateway >
12/04/13 Yuji Sekiya (The Univ. of Tokyo / WIDE Projec 34
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Effect of visualization?
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Even with different
temperature, power

usage 1s the same !
June 28-29, 2011
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LISP+VXLAN IZ&b5 R yh7—9{R 1L

Back Bone Network

VXLAN EnCAP
SRC : VTEPA

ARP Packet DST : L3 Multicast

SRC : Node A VTEP A ARP Packet i -
DST : L2 SRC : Node A
Bmady DST: L2

%

LISP (Locator Identifier Separation Protocol) E

VXLAN (Virtual eXtensible Local Area Netwowk)

—

AaaS (AS as a Service) DEIH
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WIDE Cloud [ZHFBLE)Y—REE

Where to migrate?
¢//// Load Locahon
Weight of load part

Underloaded
Weight of location part
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VM1
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Initiate migration when Migration auration =-r m < T
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