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A2n, AFH2Z S20|AE FAoH| ot LHSE FAL D ok 2 oAM= & A

2.2.1 Slice Federation Architecture

SFA(slice federation architecture)= Z2f0|A 7|HIO| HIAEH|E ATHY| Ztst GENI 9| X O
Z PRI OF|HMEAM, S2l0[AF FESH] gt HWER/A X E(substrate)S2|
IHmo|A S0 FeES Folott [10]. 7| M &2t0|A & O substrate S0 ZXMM HERZ

deds X5 ?ist AREL HEHNZ A2 HE/JA=Z FolEth 2ol 22X

SFA £ 27 AL 284} AFAR 5= WRAEE sy, of

o

ARt=o HAE 28517
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8 &t2| #3H (management authority), &2t0|A #EE (slice authority)E MESICH 2|
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Heh2 substrate & AFH= S, AREXOA (&FARZE AT FMO| CEfA)
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2l 1. GENI Plastic Slice Projecto| 8 VLAN & E
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Ao, Bl P TRESZS UHY & UES HAEHCS HMSD, P o b P 242 458

h
T © oo

HISHEA, HIE|2et 20|12 §& XS flg £210|4& 2FAIgS =5 0 FO|L,.



ELDN| FIF Testbed WG

2.2.3 =2}o|A 7|4te| GENI Cloud

GENI Cloud 0| A= #Z 8 &2 (Eucalyptus)E O|8510] HERA T =0 222 E &

Kf

o
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£2t0[£9] 0|2 E2HSED otL2t X 20|29 S2[HSE &M 2

—

_'_
_—

2|sict.

Sot0|Aef B SEt0|ATL 7HX[A Qs HA| SE2lH = &20|2 S2HS2FH 3o JE
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235 HOI EXE

O

DPE[OfoF ¥ EQt OS2 ChEah 2Lk (1) AN HYXE 2AFES ot (2) Ao

S2to[A0 et M2 dsts Q7iste st de XSS FI/V/AMNSL 2 EXs

(Federated Identity Management)O| X|QtE|QiCt EE CHE Hiotoz daty|HloZ 28L&
RBAC(Role-Based Access Control)O| A|9tE|RUCH14]. RBAC & AR A|AHIY HEG}7|
Helohx| g B2 fAS2 7|0 o7 AL, ThYet FHAES X[ J|SHX| ZCt
Based Access Control) [15, 16] =9°|%|11 RIC}. EESF MS ©| AZURE 0| 282 k| = CBAC (Claim-
Based Access Control) [17]1} CFSH Q1 Xf(factor)Of o|¢F MOlk|= & (Risk)0|| o8] L8%|=
RAdAc (Risk Adaptive Access Control) [18]= &4 =2o|&| QUCt ALt olzist M2 X
J8E2 ARSI HESA Ao thet £d2| o0& 5257|727t o gLt Olw7t M 7| %A,
et HIoto 2 0158 J|HIOZE 28L& = NBAC (autheNtication-Based Access
Control)[19]2t JTHY Q8 2&8%|= ZBAC (authoriZation-Based Access Control)[20] SO
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3 Computing-centric Resources for Experimental

Facilities

3.1 An Overview on Cloud Computing Resources

3.1.1 Basic Concept on Cloud Computing

22tRE HELYO|ats Bojs 1 S0t 12| E(Grid) HEY, S 22|E|(Utility) ZEE, thin-client
J|utol ZHEE SO CHYs B&O2 YUHG| $OM, 2008 W ~ 2010 W7t 0[S TEE 48
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FHZI7I0Me] QAEY AE0| H5HA =itel= Fur S8 ZHY H=LA 8 Z2HE
AFOoIM 2 2 S 2 ULt o218 M= oxf YotstEl 3 Mo Ols&4E oA, EEO|
79| 2t= = 3GPP LTE(Long-Term-Evolution)/LTE-Advanced 2} Mobile-WiMAX 1ém 2|
4837t 243 W, AXECH O R2 FE2 20| 20| O|R0 H ALZ HQICL Juniper
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AZEQOo QZEtE el eIt glen o2 2ls SE2RE MH[A HSAHt

YEBIC 22AC HEYUME BRI FE J|E MHAS 2N CH2 4O R Hi2teC)
Z29C HEYO Wt LAt FEY AU € AMASD BWY & YEE o=
2ACH34)

siTjol 22teE AHYO| 7|2 M|~ FYEIR YptHOoZ K| HEZ BR S+ Yt 1S

XN HR HEjZ= Sofrware as a Service(SaaS)Z2 SR E MH|A = 717 2HENM Ol 235 0|0

CHEE2 AFEARZE ABIE ALES =2 B

oot

O] A= FYOILt. SaaS 22HRE ZEME MHA
HMEA7E 2E QzZetet 2ZEL 0 HES MSeH AA8At= & 7|gtel ZEEJ
ALESHO] MH|AQF H=A-ETtLf. O|2{gh MH|A= Google Apps o Z2 # 7|8te ALEXt

AT EQ|O{0|AM Microsoft Office Live @ Z2 AIEE AT EQ|00| O|27|7}X| CIYst HL 0

S2IRE ZEE MH|Ao = HF HEjZ= Platform as a Service(PaaS)2 AH|A H|ZX}7}
XA SIEY O QZEto|N ZAESHE AZEQO HE VY =FE HIsteE S2RE
MH|AO|CH At&XtE MESE APL QL EE L= JHLE e D ALSAL QB O[AE AHESHY
OfEZIAoIME Mg = AUCE olqst [ Mu[A0 st LEHHQ AMHEE

—

Salesforce.com Q| Force.com 1t Google App Engine, 12|11 Microsoft Azure &

i
1
s

Opx|at Ec1E ZAEE MH|A9| M HR| HE|Z= Infrastructure as a Service(laaS)2 7}A¢

T

M, HOlH 2=2|X] & HO[HH|O|A 22 LEHO

Ic| 220|L} 7|2 MH|AZ F23iC

—

LEY

Il

AFEXAtE Ol2{eh MH|AS Z8tsto] OfE2|AH 0|8 S T/Hstn Ay = A= EAUES 79
2= QIC}H EESH A|AEIE HEZ|SHH F=SFAHLE siA T 5= ULt IaaS AH|A = SOAP L} REST 7|t
HAIXIE AF8St= APL E Saff AM A & 4= RULE laasS of 2AE 71y RS Atgl= Amazon

Web Services(AWS)2t Rackspace O|Lt.
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3.1.2 Latest Trends on Cloud Computing

E= 7|1&ELQ MH2o| =Y HWEIZAM ChYot HEfS| MH[AZ
Cto 7t HIEHIOAM F 71l 7he il QIAEA 710 do HAS RISt0AM HESRR
oMo A Che HEX/I FHE 7SSt S oot A NaasS of Ot XS ME 2=
Cisco Ol A{ OpenStack S2R2EE &8t HERA MH|A M 2HE S3lf NaaS of Chah A% 2l
N80 @FAIES0| ™MElR|D QCH33]. & HE AMHA HEJEZ= Communication as a
Service(CaaS)E ZSZtREE 7|82 E VoIP, QIAEA 04X, Ol Y, HIC|Q HAMTALR} &2

MH|AE HBSIZ=E stCt 0|2{3t CaaS & 0|23t H& At|0l= Global Crossing 2| 2C|2

r

ZAM A, 8x8 Inc Q| H|C|Q HAmATF CHEXMOI A2 &S| UCH OFX[EF X2 AMH[A
EfECE YEJZE Al Database as a Serbice(DaaS)= 222 E MO|AQ OO|HHO|A XHHE
SAES|ECE 0|23t DaaS 2| AtHEL= Amazon 92| Simple/Relational DB AH|A,
Salesforce.com 2| Database.com & CHEXNQ AMHEZE = = QULCH

Storage Node
(Application Data)

il

Mobile Operator’s
Cloud Network

Application
Data

Client Application

B

Virtual Machine
Web Browser

Light-weight OS ~
Compute Node
Mobile Thin Client Web interface (Server Application)
(Own processing power) (Transactions/Processed-info)

2! 7. Mobile Thin-client Service.

tR
ro

e

]

TN NP RECE]

2 = AFol FHE Y U 4 MCf 0|SSAl Al

it
il

1

[n

=M 7| ES ZEtRE ARE2 ZHY 20| %A T=totn QUCt oj2{et 2Bt FEt

4o

4

riot
mjo

7|Hto 2 St= xZ RHY SERE AREQ HElZ= OS2
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AN HWE 2HY Thin-client MH|A FEfZ &8 7 4f 20| 2HY L EQMeE TZ2MAN MAS
ZHR|A 4, SEO|HE O 2| 0[S 2WSt= HENO|Ct ED RHIY 2R E H0AM AH
OiS2[AH 0|8 S #35tH, 2HY LEof BHY S22 E Lfe| compute = E ALO|0f= 7[Z2)
2l J|Hto| Z2l0|ME/MH OIE|HO|AZ AFR3}0| transaction O|L} ZRMA MHES
metsict, o|2{gt RHFY Thin-client HEj2 Z2IRE ZAEE MHAEZ HIdte AHEE=
F=29| Chromium OS @} 7|&£9| ANIEI|EQ} AOLEEO0| QLCt. EESH IBM Cloud School, West

Sprinfield High School, Coleman Tech Chater High School, New York Columbia High School,

Minnesota Online High School, Horizon Project, Google Back to School M= 2 HFE Thin-

client MH|AZ £238}0] WS EOIN S2t2C HEE Q| B4}t O|R0{X| 1 YLt
Storage Node
(Application Data)
\”\J Application
NS Data
Mobile Operator’s
Zero-client CloudNetwork =7
Application n
Bootstrap <=
Compute Node
Mobile Zero Client Remote Access interface (Virtualized Mobile OS)

(Nonprocessing power) (Remote Frame Buffer (RFB), PColP)

2! 8. Mobile Zero-client Service.

= g

rir

2 8 9F 20| B HIY Zero-client MH|A EEIZ2 PHIY T EQAME=E Z2ZMNAN A

o

o
=
ZEX|D AKX 3, 22X VNC-terminal 1f &2 &4 E0OE AMAMS= ZHIQ Zero-client
OfZ2|A 0| M1t bootstrap 2 ZtX|2 QUL £t BHIY Z22E L9 compute “EQAME

7tef=tEl 2HEY OS(Android, iOS)E X @St 2M, HHIY =9 SEI0[UEL} 2R E MH

ALO|O| M= Remote Frame Buffer(RFB)2} &2 ZZEZS 0|23} &4 ™= oHEOo|AE
M33HCH37]. Ol &35t0] 22I0|AEE 22RE MHE 4 RO E S M2 € += U2h,

OiZ2/AH 02| HIoJHE2 S2t*E Wl 2E2|X| L& Jof g =+ ULk
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Storage Node
Cloud API (Application Data)
(for Storage) =

Mobile Operator’s
Cloud Network

Cloud Application

Cloud API
Full OS 2
Compute Node
Mobile Proactive Client Cloud API (Processing Thread)
(Own processing power) (for Processing)

12l 9. Mobile Proactive-client Service.

OfX| 2t 2 HFQ Proactive-client MH|A ¥ENZ 112 9 4f 20| T HY L& AQM SEIRE
MEIAE HAA7|0 S2tRE LE9f 222 E API S 085101 MH|AZ HIoHD, S22
L EOALE &= HEQ| CPU LEQF AEZ|X| REE X|&23ICH ZHIY Proactive-client Of A
AL83%t= 22tfE API = ZHY Z2i0[AER S2RE 7He| TESHE APl 2AM S2RE
MH|20| HEjO| X3 ZZMAS fI%H APL AEZ|X|E flet APL £ X330l SEH0|AER}
22t L 7H0| x| XM3tE MH|A HENE K| ISHZE SICt 0|9 22 ZHIY Proactive-client £
O| 8¢t MH|22= 22 ES 0|83t0] oM 2toj22{2| AHI 0|~ F M S3t= PiCloud AP,
2R EE 0|8310 PHP QIEH 0|AE KN &dt= SimpleCloud API 7t QUCt 0] & SimpleCloud
API O M= T AEE[X| MH[A, EFHE AEZX| MH[2, 42 7 MH[2eF 22 22RE

OiZ2[A o[4S <5t PHP & 0|8% 552 22t L AHL 0| AF NS TtLf.

—

3.1.3 Standardization and Federation

Bl Q3t EZ3%t2 3 x| IEEE O A= P2301 Working Group 2 £3%}0{A| Cloud

Profiles 0] C3t ®Z3}, 12|11 P2302 Working Group 2 £3}0{A{ Intercloud Of CHSE EE3E
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Deployment Naming/DNS Presence
Placement Events Discovery ‘ Icdlentity
Instrumentation Logs Trust/Certificates | Geospatial

Metering |
. Resources Directory
Security
Policy Remote Deskiop
HTTP, XMPP. P2P, UDT Transport. Entitlement Spice, RDP Transaclions

REST. XML Invocation Audit Synchronization
XML Schema, SOAP Description Qrchestration

Users Directory

CPU
(e |t e

Server profiles

VM Management
| Blob Storage Streaming Audio
Block Storage Streaming Video

VM Format Map/Table Model o
VM Mobility Query Model Load Balancer

) 1
VM Management Dtlves - gi;drl;:;:;:l Memory
Filesystem

MAC Addresses
IP Addressing
VLAN

Multicast
Intel VT, AMD-V
VNiag

2l 10. P2301 Profile Examples

HX P2301 Working Group 0| A H|&5t= Cloud Profiles 0f L3t =3} 7}0|E+& "Guide for

7]

rc

of =2gec

oy

78 HMEn MHXAE HIStEHE ARBRIOA EdE  portability,

commonality, interoperability £ X|sEZE BiCh SRS ZAEE AAHOME CHYs

fasS =t QACE 4 220M= et 4a QIHEOo|A 2|0 oy =oin 29
TAS0| UL O|FA B2 FFO AHHO|L, =B, fAS2 CHE o052 7HX 2 AUk

"

P2301 7}O|=0| M= Ctfot 9SS E7sta, 2HH0|L, =8, 2|0 #ASS "profiles"2
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O E3I5ICt O|g(st ffHo 2, SEI2E o|ZA|AH HOXS0|AH § < portability, commonality,

interoperability A&t S22 AEE AN HE0 E30| T =& $iCt

o

Clouds which are
Intercloud-Enabled
- Standards,
5 L EEEEEEE! Industry
: Associations

Intercloud \ protocols University
Exchanges formats Funded work
processes and
practices Partnerships

[ governance
= d

Gateways which are

Intercloud Enabled ( )
B=r

Intercloud Root

Public
Testbed

2l 11. P2302 Federation Standard Examples.

Ct2 22 P2302 Working Group 0| A H|-&3t= Intercloud 0f CH3F =3} 70| == “Standard
for Intercloud Interoperability and Federation (SIIF)'2t= O|E2 Sl Ma&lH, 12 11 2 Z0|
siE 710jEel FNeozs= X 22RE UAZULAEHME {Iot0 22RE MIA=

= == =

AtOOfAe] &= 28 g1} federation S ?[¢ EES MAITHH39]. = 7I0|EMAME EEEX,

a4, S22 EQF 222 = AL0|9Q| interoperability 1t federation & <8t &E2[E ™OITHCt
ettt QAEZE 2R LEE4F roots, A2l SR E kol FX 22| E T exchanges

=
Ral
2
|0

2 S2RLE U9 HolHne ZSME o gateways £ EBSICt 7|5 Q@AS2
0|2 &7t presence, messaging, reousrce ontologies 2F QT EAE S E LSO ESH 22
QAEZEAM S5, geo-independence, trust anchor, potentially compliance, audit & = &tstC},

= BES0ME 22RE WEH M 290 CHsfAM = 7|=5HA| g ULt
Otx|atoe 2 HP, Intel, Yahoo!?t &7 ® L= Open Cirrus = 2EZ ZSE2E HEE A3
HAEHEZN S E2EZ2Z0 4R OO ME pROAMS A ZE2H| MY, AMHA 2],
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federation 2 X|QSEE HZEQUCHAOML]. & ATOME SEHLE HEH0IMQ foster
Axg a@gel o7E EBE2 0, Mz 2A2c EY ofB2HoMsH

ofZa|Ho|ME0 HTE Fasln MOl Ho|Eo| £TS HEC

LI,

3.1.4 Future Internet and Cloud Computing

E|
=]

oj2felE S 22t 4

mjo

?I5t0] RZEEL S2RE EAEFL HERR 75 &S

3t

S35l RENCI 0 A= Network Extensions to Eucalyptus(NEuca)E X|&%tCt NEuca & EojA

DA MOl Chpol HEYD IHHO[AS VIAN & Sof AZSD SAE =EO
22|l QEHOAS HAGHEE B U MANCL T3, HAE T4 DHAN 2T 0|30
Tt 4N S Yolz SuBTHA2),

S22 GENICloud = 12 12 I} Z0| 22t2C HEHZS 98t QEaA AZEY O]

Zof ¥ 2 (Framework) & otLIQl RZEEAE GENI o OJiQIEU HAEHESE O7]F

10
pel
D
(%]
(@]
c
=
(@)
Q&
N
1o
i
i
o
o
%
’_ﬁ
D
o
D
=
Q
=
o
2
mjo
o
ikl
|0
HU
rot
o
il
=
et
40
Y
1L
4m
| >
o
s
QO
o)
D
—+
—
Q
O
jie}

HEHOHez D2HAHW HAEHEES 0|835ts dHASHA W20 AL Ok T olE

My Eoret 20| 2RHLES 0|SHORN HS O ZRHQ ZHES HIUCL w3, F3ALC
HEYO HHES 018510l GENI o MR 0|7 7|Z2| HOX el ME[A0 RRANYES SH ol

27| Y(Scale)2 AHEE = US # OfL[2}, 2R EQ OHE MHAS2| AAE StAAM 0|dS

2 2 QICh 0|23t GENICloud &= RZEUEA Z2HRE ZWED} Planetlab |2 QAH Y

4
>
Im
=
[n
1o
°
N

b
el
rdo
R
10
e
Ofn
mjo
ofm
ot
2
x
e
fo
HL
ro

Pl 242 5 AHO|9] Mol
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Users

Slice

Manager

Eucalyptus B

Aggregate
Aggregate Registry
Manager Manager

Cloud carpmrer | [ e | [ compres
PlanetLab
2l 12. GENICloud A|AHI AR,
O[2f QB E|AEH|EQ Planetlab OjAM= F4tEl 7He HAUS2| TSENZA slice'gt=
JHEo 2 Ho|stn O, Planetlab @H 0] HER A £210|A HEZ 27| CtE = E0A

7127 sliverghs 7@ o2 Ho| EICt GENICloud QM= QZIZEA JhAF A £2}0|AO
JHEOAM =ESHA E|D, GENICloud 2| £2i0|AE RUEEA ZERE EHES SoHOA

Planetlab ©| 2|44 744 HAUSS AEY + YOH, HHS WY & + U= XS Lt

Slice-based Federation Architecture(SFA)= At 7ts3t S210|A 7|HIO HEQAE 9 Y
Dost7| e QIEmo|Ael Hetut HIO|H EfYeE Fo|E FZO|CHI12]. 0]2{3t SFA oAM=
ofzfiet Z0| 3 7HX] HEfS| CQIHIO|AE Ho|stn USM, Registry QIEH 0|2, Slice

IHE oA, HEHE 2| FHEH O|A0|Ct

*  Registry 2HI{O|A: S2H0|A 7|HEO] HEJIYOM Registry 2EHEHO|AE ALEAL
SCi0|A, EQ 22 JESS ASH2ZE FHM HOIHHO|A £ TtY HEZ

Al

rot

bt
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* Slice QIHIO|£: Z2t0[AF 2[5t/ flot AHDO|AZ, S2t0|Ao| Z7|9t 2
g4 gt MOE StE& oth diE QHIO|A= 2HE 0] HERI O

20|20 CHSt MO E ot 2l 7[Ee| Moj= HEHE 22| QAEH 0| A0A

o AmHE g QBN O|A(Component Management Interface): ZHiL':

r_._

e
PIHIO| A0 M= =2[Hel Xp@el CPU, =2|Fel X el 2ZU(Socket), Synthetic

2| aA0 HEYA AEX|H(Route)d Cist H=&3HCapsulation)E X|&SHCY.

—

(9]
m
=
o)
(o]
C
[oR
lo
-4
ret
2
in
re

=™ Mo 2E= QZEIEAO| Aggregate Manager(AM)O| LCist

-

7o S8 71 ULk AM 2 Planetlab 1t FZE

I>

S2teco SR QT2 +YotD,

sot0|20M e rZE RS QUABA(nstance)o| WdS 2ot ALEAZE SEt0[A o

gt 7ls2 HMISt=E HAEZIRUCEL AFEXIOA £2i0|Aa o RZESEA Jtd O
QIAHAQ Ot AAE St & 5tH, QAAHA EFYO Cigt oM 4 FElE X3 El=
RSpec(Resource Specification)2 SFI tool (SFA AP)Z O|&3l0] ME/HAZ Sl3, Planetlab

A0 M EZ2t0|A 2| E St & StC} Eucalyptus Aggregate Manager & AFEXH7F ™Mo|5HY

HMZ¢et RSpec & B |1, RSpec Of Lt Thd(Parsing)%f = HE 20| AM o= HMEE
RSpec Of 2} S2tRE MH Jof QAAHAS oM, 2 ALHA YEHE HEYLR

20| A9t QIAEAS WEHS NSTHLf.

OIAEA ELQO CHEE MM 14 HEHZ RSpec 2 Eucalyptus Aggregate Manager 2F At2Xf

oM BRY HBTE AT SUHCE RSpec S AM O SIshA ALBEITA XML 24

OF

gMoZ NI AoH, AHEXA0AH ZEE BEStALE AM oA YEE B A0 RSpec &

AMESHA ECh EE% HERIE IS RSpec 2 =0 HEl= HEHIE Folst7| 2lst0]
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A2 L, CrYst HEQAO CHSE HolE o 4= 1, 11 Zt sxYf PlanetLab, VINI, ProtoGENI

o| HE IO Cist RSpec ZBHS X|Q 7HsS|Lt.

GENICloud OjM= RZEFL S2RESE @S0/ 250 RSpec & F2| oty AHEARS]
A 2YSS XML ZUHEZ HHO0| 7tsSdtLh. MO = RSpec M= ALEALS 270
metA 3 7HA| ErRlel EEE ZhX[ Uk A BW, RSpec O|AM= WERZR2| Capacity 2t
Capability 7} S2HX0f Ciet WS AEXOAH 22l= S StCh RSpec 2 AREARO|A o™
2l aAT7F AFEIHSTHAIO| SEICE & PR, RSpec 2 AREXAO|A 2|28 {ISHO 27 A
Chot #HE of3fothh. AF8AHSO| RSpec 0| ALEAIZL JSh= 2|20 gt 27AFES
FolotttH, Slice Manager 2 AM 2 0[0f Cigt 20| Cisto] M2|E TSt OX[gez,

RSpec Ol A= AFEXHO|A O[O HAE 2|20 Lot EE Zetstn

oSl

3.2 Public Cloud (Computing, Storage) Resources

3.2.1 Amazon Web Services (AWS)

Amazon 0| A X|&3t= Amazon Web Services(AWS)= ¥ SAEl Bl HAZE| XS MH|ASHE
Elastic Compute Cloud(EC2), 2E2|X| AMH|AQI Simple Storage Service(S3), Queue AHIAE
gt Simple Queue Service(SQS), HIO|E{HO]A AMH|AE I8t SimpleDB 2 Relational

Database System(RDS)S LSt AH|A

i

A

OH

&1 QUCH Ol BE x7| MHAQ AWS 2
Z|Hdto 2 25t QUCH J|LXEL2 AWS ¢l I 0| X| 2 Simple Object Access Protocol(SOAP),
Representational State Transfer(REST)2} Z4-2 API £ H33}0 S22E MHAE o3 A0

I.

ﬁ

U U ABE 4 Us HOIS HBCHA3)

AWS OME= Compute AtRIS I3t AMHIAZR EC2 E XN|&9HCH44]. EC2 & Elastic Compute

Cloud o| 9fX}O[H, S3 f et/ AWS of Sy MH|A FOf StLIO|CE FAH-dat M 20 chst
dS LotRet G0l B T8 AMH[AO0[C) EHHO M 2F1 EC2 & H|woHAEH,



ELDN| FIF Testbed WG

_—

HES H7 Y5 SfCh ACHE EC2 = oF 20| ZOUX| @0 |, Ol 7 0= ME,

2 & 57 X|9(Region)2 2 LIH+0{ Al 2t2|Z|2 QALCt Region O = LCiA| Zone 22
TR0 2E[E2 UCh EC2 MH[AE AIESH| /SiM= ol 2FEHHE ALEZXIE BHA
ZAH™stCE 0| Amazon Machine Image(AMDZtD £2|=0|, EC2 o S22 £ U= CHYSH
23N HME OtOtE AWS Of|Af MEigE 4= QICh. Amazon 1t MEL] AS| EE22 FSO0T
AR MH, RE &2t2[L, 252 BZEE S LYo XD Aol ERotrtH I X7t
Y e 2EMALL ofS2AH 08 £ 0[0|X|=z ZS2 0|F S3 0| 22| AMI & A5

A = AEF =0 ALt Apache HTTP MH, H|O[H H|0|x, 7§ etE, Hadoop & CHY

&

OiZ2/AH0ldE 2MAML i X & UL Oj2ist EC2 oM AMI & O] 712 CPU &

LR s SIEMHOM o2 el M2 OE OS & &Xstol 29 + U

rir

744t} (Virtualization) 7|=Q Xen 7|HtS 2 &[0 QUL Xen 2 MS 9| Hyper-V, SpringSource =

Ql=3t VMWare Ato| 7tetst £F M40 o FMAXMLZ Ar8dSt= 7Hy2t 7|& & StLio|Ct

>
D
5
rlo

B2t 2} (para-virtualization)7| & AESt=0l, 2 FH A 7F 2 SLE/UOE A O5HX|
@0 =7t 2 o[of(Layer) Q! 'StO|IHH}O| X (Hypervisor) O 4l 283t S10|I{HIO| X = SHER 00

QAN SE We +3 BxE

N
>
k

oIC}

CHES 22 AWS O A Storage At@lS @let CHEXN QI MH|AZ S3 & MSdkD ACHAS]. 0|2{e

S3 £ CH-ET Blob HIO|EO it HES fleHA EIXtel QAL ot Y, O|0|X|, S St &

rlo
If

AtO|=9] HIOJHE AMEoIH, MEE =+ U= HOIEH2 =2 37|= Aol g, ML

rir

HOlES| A7[= HEET lbyte 0| A Z|C§ 5GB £ X|&Aetct. fESH S3 & Bucket(=0|Ql O] F)=

MASID, IHYe 22| TXE &0 QUCE HTTP, HTTPS, Torrent OjA H2& 2% U= AP

—

IHEO|AE MEot ULt
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AWS 0i| A= Storage At@E It MH|AZ QAEHA HOM 282 H3Y = UALF o=

MH|A Q! Elastic Block Storage(EBS) AM{H|AZ | Z3ICH4A6]. EBS = EC2 QIAEAOQ| A+ 8t £

UAE 7hdel StEC|AI (P SHH S3 HCOhs %2 24 AEZ[X|)O|Ch Lt EC2
AAEA0= O 712 EBS 50| OFRE & + U2, stHel =& A7[= 1GB~1TB O|C}
HHZz MEE Me S3 MHAE O|8diM MZEE=H, 8022 H2 =8 ¥ #x=&5

MEWSHr| W20 10 450 &3 =2 HEY =T otLzh EBS & FE IfE[M(Booting

Partition)22 & Or2E7t 7hsottt. £t £ AIFO EBS 2o O|O|X|E S3 O XNFoto]

IR 2 AR JtsEiCt

3.2.2 Google App Engine

Google App Engine 2 2008 WEH XN&3=l 225 HEE MHAZA Google Q1= EF A0 A

AEXRZE Ap el g MEIAE TS = JA=F EO U 0[F 2|5t Google 2 # 1 1t

my
rlo

Ctefet APLE AL XAl M-S otd RACHATI.

# 1. Google App Engine APL

API =qQ 7|5

Python IE}QI APl | 8= 2 1240| Al85|= Python 812 ME (CGL M T A
75, 88 ZEOAUW Y, 2T)

HIO|E X% A API 2y 7t HOE YA 3L 0|2 2E8H2E MES=
2rof chet HE

O|O|X] API O|O|X| HIO|E =& MH|A

O & API SEZZAHOM o0 Y XS

Memcache API 24 H 22| FHA|

URL 7} 27| API SEZEAHOM CHE AU SAE0 HNA

AHE X} API AEX SEZ 21U E Google A1t S

LSt Google App Engine 2 & 13 1} Z0| Software Development Kit (SDK)7t & k|0

Aol 2 sFOM AZELOQ D AFEE ¥ 5 ALn, HAET 2A=ET Y
MH|AE Google 2 Y=2E g £ ot LE HZE E MH2E Z2[A AHHO|AE S50
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M OfCIME MBI SE, A2 R OHOH 23, ¥EA 0| & =g

Mot

+ ol

HYEF2 Python 0f 7|H5t 0 oDy, FIHHC 2 Java £ X[ AptCh =2t L7 = Google Of

App Engine 2 7|& ZtA|H DB Ol =29 =4t HIOIH KP4l Bigtable & 7|2 MEL=Z

ARSI =AM 2XE of 2stQICt 72 Xt= SQL CIH I 0|A CHAl datastore API 2F GQL

rl

(Google Query Language)2| M =2 H|O|E QB I O|AZ A SHiOF BHCt.

it (o] o= () (o)

( AP local version ] ol GFS: 24t I AJAH
. @ @ @ @ @ @ @
Python Framework ) :

JHet 8l fIAE

== Commodlty A'|H1 aﬂi*Ei

Admin Console [ Service APl 1
=E AefEs | Datastore | [Memcache]
: [ Python runtime: AfH|A Al#SHA j
S|
Memcache: 22¢ H|22| 7iA|
App Engine SDK
[ Bigtable: &4t HI0|E{H|0]A J
(Web Servea( Uploader)

o

& 13. Google App Engine Z81E XL [48].

3.2.3 Microsoft Azure

Microsoft = 1%l 14 o} 2 22t E ZAFE &4 S FFSD A2, ALEXIE Jots HFQ

ARE ZEZMAMt MTEXE 2%t AIZEE AR, MEHO0| Cisto] AF8RE UWe
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DEOo| Azure ZSUEZS XN Bst1 QUCH4A9]. Azure = 7|ZE2| Microsoft | .NET A{H{, Visual

Studio 7fE &8 S5 MEEE & A7|0fl Microsoft 2| 2tZ0f| =5t ALEXHO|A| FHO[ RALH.

Fabric
Controller

2l 14, Microsoft Azure + X .

Microsoft 7 S2eh MMSIH XMEFX O H2s7| Y6t ABAHE EQl0| Bas AEY
Z2HAMS MEEKO 43 @ TAES 230l QEHO0|AS £310] Microsoft of 288,
Fabric Controller 7} 22| X0l HAFEEHQ} HAEEXE SO0AM AFRX7F @S =2| &l 714 MH

x

riot
mjo

H33t0] Z=C} 0|2 2|3}0] Fabric Controller = 22t E X0l HFEEHQF XMEE X0

A

2| X|Bt Fabric Agent o SAI5I0] 2+ XIS DL HE SICH AFEX7F @FSH AEE TEMA=
ciztof mhath| # O{Z2|H 0N EFIo| Web Role 3 .NET 7|%he| 0fZ2|7|0| M EFQl Worker
Role 2 LtH[0f X|QEITH SUSH Of B2l 0|Me| YLLQl MH Web Role QAEHA 7hof

x

o

L

o

mjo

=2

Mot
[m

= ol e M(load balancing)2 X|-&3%tCt. ESH Woker role

0
s

A
™

e
>
rm

A

rr
to

|FE2FEH 82

4
ozt

g MY YWois o 7 g EHOUCk ofE R¥ol YEHI

re
iy
H

S &KX B2 IS 7t 7he B4l oM FSEIX| = H=Ch L4l Web role 2IAEAO A

ol
=

1R

0| E0{2FA Windows Azure Strorage 0f Queue ¥E|Z X Z=ICH ARl At{E0| Windows
Azure Storage Off MFE7{Lt Q2 BLIX|T Q22 Li7hs AZE {83iCh 02{% Azure &

HTTP 2 E3 RESTful AEtQZ BLOBS, TABLES, QUEUES 2 X|3Ct Windows Azure
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Storage = OE ROM F3E= OEZAHOEE SSHME= ©20| 7h&otht HO|EHE
=EA7|=0H REST HAZ AE%Ch EE A2 URL 2 0|0 REOEO A1 BE

HTTP & Alo 2 X 2| EICt.

Ct=2 S 2 Azure 9| Storage A{H|A QI SQL Azure = OfO|AZAZEQ| SQL MH 7|&8 7|Ete =z
HEEes 2225 MHAE 2AY O H|0[A0|Ct SQL Azure = OHO|ZE2AZEQO| SQL
Server 7} M|&dt= Zt=Z Relational 3t 7|55, £ 2|Z 8, EM, 00| Z7|3}, Relational 32|

= 2th?E MH|AZ HS5ts AOICE SQL Server 7|z L[ /U= SQL Azure £

on

TSQL 7|Hte 2 #=E[0f 7| E0| LEAH QI Relational o HIO|HH|O|A HZ YAS M=z

1 QICh O|E{= REST 2

OF

H&3t0, REST & SOAP 7|Hto| &l MH|A OIEI{0|A BfAE K&
sof ¥ZE =+ JALMHTIP), o SHF L2 0fS2[#H 0= SOAP & Sdf A& 7tS5dILf
SUZo TFEA ARl OofE2AO[MM2 SQL DATA  Services 0 B2 FolE
ANEXO|E/I|A L E EE= Access Control AH|A STS O Q|8 BH=O{Xl TOKEN O 9Jdj

AH8AIE 915 & % 9UC

3.3 Private Cloud (Computing, Storage) Resources

3.3.1 Eucalyptus Cloud Platform

Eucalyptus(Elastic Utility Computing Architecture for Linking Your Programs To Useful

AFgStol ErEXo|D R8% 2atec

Systems)= HARE 2D AEHL IAHOHE H

mjo

AEES J1HE 4= Qe QEAA ATEQO QZ2t0|C}H35][36]. Eucalyptus = ZHE|ZL|O}
AtEtHEHEEE CHE MASEIHOA A ZEZMEZ A[RPOD Eucalyptus Inc.OA X 20
A ASIRUCE Eucalyptus & AHEHA LE AA ZZMEZ QX0 72 EICE Eucalyptus
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r
4
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>
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Cloud controller Walrus

P \

Cluster controller Storage controller, (

\ Machine 2 | Cluster 1 \
' 1 | Node controller | | ,,"l

2l 15. Eucalyptus A|AH AXRE,

3.3.2 OpenStack Cloud Platform

OpenStack £ Public 1} Private 22t EE /510 2 XX Ql 7|UXE0| &yt SR E HEE
J1=XE0A RHAHLE 2E 24 FEHRE EMES Yitoith O Z2HMEE= HESH

TSN, & ISR E StH, CHYst 7|s2 &910 ZE EfYe SEREE ot EFMS
of 2|8t ME x|, OpenStack 2
HEEN =F Jtstt QEAA FERE 2YE AAHE THtez WEXEel A EFC

ATZEQO HRLEZR H&ESt QL OpenStack 2 {3t 2= ZE+&= Apache 2.0 2t0|Ml A

33



ELDN| FIF Testbed WG

Project
User
Role
Network
VPN [

cal method
— Auth Manager Volume

Controller

Servers
Images
Flavours
SharedIP

local method AMAP

1dV »ejsuado

local method Cloud / Network
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95t st Nova = shared-nothing, Message H|O|A X2 M7 £| Qi Ct. Compute Controller,
Volume Controller, Network Controller, Object store 2t Z2 Fo ZHEUHEES2

HE|AMH A0 A SEHEICtH Cloud Controller = Object store F HTTP E4I2 &l11, Scheduler,

Network Controller, Volume Controller 2= AMQP EAIS sICt EAl & 258 7|CiE2|= ¢
Zt2to| AR HESO| 28 k= A2 H[5H7] 2[dl, Nova = E2|H Yol E H 7|58 71T H]
7| @& LAS AL}

OpenStack Storage 2t 22{%l Swift = NASA 2 Racespace 7} 3522 ZTIalst OpenStack
Object Storage ZZHMEZ N CHEMQI ZEI2LE AEZ|X| MH|A M Q@ Rackspace 2| &4
7|28 @E AADSI0] Amazon 2| S3 AMH|AQ}F H| 23k Object Storage Service & K| 2 3tCH51].
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3.4 FiRST Cloud

3.4.1 FiRSTCloud AM

FiRSTCloud Aggregate Manager (AM)E o) 2 1 Ef ull HAEH| EQ} jel

]

fgad
QEAEH(OpenStack) 22t2E AEE Z8iE 719 A=5= 2%t GENI (Global Environment for

Network Innovation) AM API (Application Programming Interface)E& 7|BtS 2 SICH52][53].
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oAl APL of 7|SE MEettt. mEkA
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DlZfQIE{ W Z2MEZ £S5 0l FIRST@PC S HIEHO 2 B AEH Sofo

FiRSTCloud AM & Q@ ZAEh 2312 o} 0|2 OIE Ll HAEHLE AFO|O| =YX} st
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# 2. Slice 2} OpenStack Instance | DB H| 0| &.

e
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Slice

Name Type Key

id INTEGER PRIMARY KEY
Slice urn TEXT

Openstack instance

Name Type Key

id INTEGER PRIMARY KEY

Instance id | TEXT

Kernel id TEXT

Image id TEXT

Ramdisk id | TEXT

Inst type TEXT

Key pair TEXT

Slice id INT REFERENCES
slice(id)
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AERSl 820", 2N £, =2Hel 2QojoM CPU, RAM, DISK 2t

SIEQIO{E RSpec 22 302 XML O 2 FiRSTCloud AM oA H

FiRSTCloud AM 0 M= XML € mt4(Parsing)st A SHE &= =20

HEE MEot=SE ottt

<RSpec type="GCF">
<resource=
<urn=urn:publicid:IDN+geni:gpo:gcf:resource:Cloud@l</urn=
<id=0</id>
<type=0penStack</type>
<available>true</available>
<cloud id="OpenStack"=>
<ipv4=198.55.yy.xx</1ipvé=>
<bundles>
<bundle id="fcl2" />
<bundle id="fcll" /=

</bundles>
<images>
<image id="ami-88112222">
<type=machine</type>

<arch=x86_64</arch=
<state=available</state>
<location=images/ttylinux.img.manafest.xml</location=>
</image>
<image id="aki-88112222">
<type=kernel</type>
<arch=x86_64</arch=>
<state=available</state>
<location=images/vmlinux-2.6.16.33.manafest.xml</location>

</image>
<image id="ari-88112222">
<type=ramdisk</type>

<arch=x86_64</arch=
<state=available</state>
<location=images/ramdisk-2.6.16.33.manafest.xml</location>
</image>
</images>

2l 17. FiRSTCloud & 2|3t RSpec.

3.4.2 FiRSTCloud AM API

e FiRSTCloud AM 2| GetVersion() API: FiRSTCloud AM & &l
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2-1. GetVersion()
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1
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' 1
I i
| 1
~ I
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' 3. Save sliver version information that include cloud informations
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12l 18. GetVersion() APL
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) 5-1. getEucaConnection()
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I
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I
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I
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ClearingHouse GCF-Test ggregate Manager Openstack
| I

I
| 1. AM info parsing from configuration file
: D parsing fig

I
i
I
| Make credential by CreateSlice() l 2-1. ListResources() | |
T T » I
i : | 3. Activate a credential :
: : | 4-1. getEucaConnection() :
I | L N
| | | 4-2. EC2Connection i
| | I 51 getall_zones) |
| | I N
| | | 5-2. zone information i
1 [ E—m - mm s m |
! ! [ 5-3. Parse each items !
| | | 6-1. get_all_images() |
| | I »
! ! ! 6-2. image information !
1 [ e et 1
| | '« 6-3. Parse each items i
: : : 7-1. get_all_keypairs() :
| | I »
: ! ! 7-2. keypair information !
] | Sttt |
| | 7-3. Parse each items i
! ! ! 8-1. get_all_instances() |
| | | 8-2. instance information i
| i Tt i
| : > 8-3. Parse each items !
| | | I
i I 9. Create RSpec i
| | 2-2. RSpec ,D P |
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2l 20. ListResource() API.
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| Make credential by CreateSlice()

2l 21. DeleteSliver() APL

*  FiRSTCloud AM 9| SliverStatus() API: FiIRSTCloud AM £ &l 22 9} Z0|

YEE YECf BN, QB

2-1. DeleteSliver()

3. Activate a credential
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1. AM info parsing from configuration file
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l 2-1. SliverStatus()

gl 22. SliverStatus() APIL
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3. Activate a credential

4. Get an instance information from DB

5-1. getEucaConnection()

5-2. EC2Connection
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D 1. AM info parsing from configuration file

I Make credential by CreateSlice() I
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2-1. Shutdown()
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| 3. Activate a credential
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|
|
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4. Change the relevant sliver's status to 'SHUTDOWN' :>
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2l 23. Shutdown() APIL.

3.4.3 FiRSTCloud & 24
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@roCh 22t0| A7t 40| BB, AFS XA AT EQ 0l GENIAM API B ALSSLO] A3 XHS Tt
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4 Networking-centric Resources for Experimental
Facilities
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* Testing and Interoperability (Michael Haugh, Ixia): @2td 4% % HAE O|FE CHE

*  Hybrid (Bruce Davie, Cisco Systems): 7|Z ZtH|2} OpenFlow A2|X|9| =& =t

Loh 34 WG HEj= OfLIX|ZH oYY 2|2E Sz Ciglt #2 o3 7tX| =X o st
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4132 #3 MY
ONF £ SDN ©| 4t % OpenFlow FZE 7jdts g 52 BEE £1 9l B3, H7|5¢l
ONS 2! ONF D|E& &t HRLUE u7et 2 7|l 3 #F 33 /&= & O H352=

Jjest Zio|ch AKX Z A 1 3] ONS 9 ONF O|El2 7}Xl 0|=Z OpenFlow 72 & &7}

S4s| WatRon, 2 AMAE OpenFlow-Future 158 £l OpenFlow 2.0 0 L3t =9 =

59



ELDN| FIF Testbed WG

&35 E| 0 QIC} Scott Shenker, Nick McKweon & H|E3¢F =2 SDN &A|X7F 2= SHY|ZE

e
Y
mjo
Ho

|8 ONF o TAG O & iy

OH
1x
re

THAILE HE2IF SHRE oEoIH, 7IE CS

Zlg1tel AlHX|= 2Lt Sh=tE A2 HE o).

HO|ME= A2 IETF of SDN 23uto| A= O5E =+ eH, St ONF 2| @At

FH
M
A4

THLE FQ Jlelt HEES WE F:2 JfLSLIE A2z OdECh of2et #&E 7|E

|>
0
>t
0
o
N
it
)
=
ne
[T
N
|o
u
=2
0x
m
=
®)
©
(]
-]
o
(@]
=
=
o
o)
ot
0x
ol
Ot
I
igal
els
a]

OpenFlow 7} Oj2f 2IE{HS @[ot Clean slate @A S 1o HHH, ONF O M= & O &KL

e #sto, 71E QHU 7|gEL 889U 7lg 0| 715 HOIHAELE 2L

O HEE= A7F S0 A2=2 OdE

=
>
>
b
-4
u
o
s
g
o
[>
Hr
mjo
=
Rl
rot
>
>

HOlH MEH X S2HRE 75 7|2 E/% EHAM= o0 g2 deS TdSn UCH
LS GENI ZZHMEO| A OpenFlow 7|22 F2 Q4 7|22 &1 Q= IE, HAEHE
X9l OpenFlow & f=r HCt TE3E 0™O|H, =4 HAEHE ESH SDN/OpenFlow
A0 sk M=He dEE 2oln fUs THE, WHo= D2iAHH HAEHES

SDN/OpenFlow X| 0| ELC} J1A|$HE Zd0|LC}.

Sl F=MLHZ SDN o tiet HRLIE|S] Z|th7t 2 BHE, =0Hzh Cist SDN

rk

S -y
S84 120 7= 8 28 Ml A s0{E A0|H, I W0l = ETRIL Samsung, KT S0| %|2

ONFO| £013t BH2 3% =L HE7ko| ONF ¥S& 7|tholE + U

60



HH A FIF Testbed WG

4.2 OpenFlow-enabled Programmable Switches: OF@Korea
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4.2.2 OF@Korea &£
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ATCA Chassis
(5/6/14 slots)

1

- Dual Octeon NP CN5860 (16 cores)
- 2 x 10GbE, 10lebE
- 16 cofes

T

Octeon NP Blades CPU Blades

- Intel Xeon dual core
- Dual 1GbE Ethernet Controller
- 2 x 10/100/1000 Base-T

aue|dyoeg

- 16-slot 10 GbE and 100/1000
Base-T fabric switch

- More than 100 Gbps of external
connectivity

- Non-blocking Layer 2 switching

for CCN etc
(future)

. Storage Blade i

8 37 FiRST SZ 2| SIELO
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AHA(CPU, =0, Hz2g, /0 &)9 Addst Ae| 7L E S  HSote
PacketvisorVMM(Packetvisor Virtual Machine Monitor, PYMM)1}, HEQ3 =ZZ:zH519}
ZtAHSE0 APl (Application Programming Interface) 3 ANEz et Z2 mjZlHIO| X SDK

(Software Development Kit) 2t 2 K| -5 5F= PacketvisorWorks(PWorks)2 A0 UL},
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L L L LIBRARIES
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Control API B
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Operation CH-API
£210|A ReglsterS!lce, R_emoveShce
04 ResolveSlice, BindToSlice

AddAmToSlice &
= ListAggregate, List, Register
AISI X : ]
(E':i_"gAM) Remove, Update, Resolve &

re
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GetUserCredential,
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HEFEE GetVersion

Operation AM-API
B0l | e Cherstatus
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4.4 Programmable Router: Packet Shader
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FiRST v2.1 and ProtoGENI v2 Advertisement RSpecs for a PANTO Resource

<rspec
xsi:schemalocation="http://www.protogeni.net/resources/rspec/2
lhttp://www.protogeni.net/resources/rspec/2/ad.xsd"
ltype="advertisement"”
generated="2011-11-18T07:35:332"
18T07:35:33Z2"
xmlns:xsi="http://www.w3.0rg/2001/XMLSchema-instance”
xmlns="http://www.protogeni.net/resources/rspec/2">
<node
component_manager_id="urn:publicid:IDN+etri-
cml.kreonet.net+authority+cm”
component_name="pc0" exclusive="true"
component_id="urn:publicid:IDN+etri-cml.kreonet.net+node+pc0”>
<hardware_type name="pc"/>
<sliver_type name=
<disk_image
name="urn:publicid:IDN+etri-cml.kreonet.net+image+dsl™
os=" CentOS 5.5"
version="" description="Xen VM for Cent0S 5.5"
default="true"/>
</sliver_type>
<available now="true"/>

valid_until="2011-11-

<location country="KR" latitude="36.381084"
longitude="127.365210"/>
<interface

component_id="urn:publicid:IDN+etri-
cml.kreonet.net+interface+pcOvifo”/>
</node>
</rspec>

<rspec
xmlns="http://www.etri.re.kr/first/2011"

2011-07-11T13:15:38.617+09:00"

1 "urn:publicid: IDN+first.kr+ticket+myticket™
slice_urn="urn:publicid:IDN+first.kr+slice+myslice”
namespace="http://localhost/test” rspec_type="manifest">

[<node_first_pcs><node_first_pc
reservable="false"
sliver_urn="urn:publicid:IDN+first.kr+sliver+atcal.etri.re.kr:12345678"
aggregate_urn="urn:publicid:IDN+first.kr+aggregate+first.kr"
component_type="PC"
component_urn="urn:publicid:IDN+first.kr+component+pcl.etri.re.kr">
<location longitude="100.0" latitude="100.0"/>

<pc>
<cpus><cpu usage="10000" speed="10000"/></cpus>
<storages><storage usage="10000" capacity="10000"/></storages>
<memorys><memory usage="10000" capacity="10000"/></memorys>
<interfaces><interface usage="1000"
interface_urn="urn:publicid:IDN+first.kr+interface+linecard-
linterface™>
<address mac="00:00:00:00:00" ipv4="127.0.0.1"/>
</interface></interfaces>
<software description="This software is ...."

ublicid:IDN+first.kr+software+etri-cml:pc0”/>
<configuration extra="etra" dhcp="true" vncViewer="false" vnc="false"
virtualizationType="para" domainName="pc0"/>
</pc>
[</node_first_pc></node_first_pcs>
[<1inks><link
link_urn="urn:publicid:IDN+first.kr+link+mylink0"
link_type="ethernet">
<interfaces><interface
interface_urn="urn:publicid:IDN+first.kr+interface+myinterface0”>
<address mac="00:00:00:00:00:00" ipv4="129.0.0.0"/>
</interface>
<interface
interface_urn="urn:publicid:IDN+first.kr+interface+myinterfacel™>
<address mac="00:00:00:00:00:01" ipv4="129.0.0.1"/>
</interface></interfaces>
[</1ink></links>
[</rspec>

GENI Format

2l 57. PANTO Xt&0f L3t RSpec.

FiRST Format

PANTO 2| API/Rspec H2t 7|52 1 X} H{F2 FiRSTProNET 1} GENI(ProtoGENI) 2| |0

CIHIO|AE Chaot 2@ Higo| OfH, MZ7Ho| o|0|E EESHE 1l Yoz et #x=2

—
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