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- Eucalyptus
B / ’ SystJnPS

Featured Quote about Eucalyptus...

Easuly transform your machlnes |nto a prlva e cl IOTRaTNe because once you
Getting started with Eucalyptus is as simple as.. geta "“dﬂ"d that’s deVGlOPed across

industry, then | move up and make more
of the IT stack a commodity.”
Download 8" Read Featured m Sign Up for ke Kri
: : . 4 Mike Krieger, Army Deputy CI0 from On The
1 Eucalyptus 1.6.2 &8 Whitepaper #8 Proof of Concept meunez. --Shapi):‘9 G':Vtzmmem Clouds",
g

Winter 2010

* Featured Whitepaper: Intel® Cloud Builder Guide to Cloud Design and Deployment on Intel® Platforms

« Open source and supported

« Runs at 1000s of sites w/ Xen, KVM, etc.

« Amazon/EC2 compatible (“standard”)

« Bring power of Eucalyptus/EC2 clouds into GENI
« Bring power of GENI to the Cloud



AM Interface to Substrate Providers

- “G ETH
; o— Con@ra_tion ! Ieariling assignment
i properties service policy
interface

image.id,public. key

o U"'t_ teardown
properties handlers

host.ip,host. key

<lease>
<issuer>site ABC public key</issuer>
<signed part>
<holder>guest’s public key</holder>
<rset> resource description </rset>

<start time> .. </start time>

Substrate Provider

I
I
I
I
I
I
I
I
I
I
I
I

setup/ |
I
I
I
I
I
I
I
I
I
I
I
I

<end_time> .. </end_time> AMs issue lease contracts
<sn> unique ID at Site </sn> . . .
</signed_part> for sliver/slice instances.

<signature>site ABC</signature>
</lease>



A Coalition of Substrate Providers

leasing
service
interface

leasing
service
interface

assign
policy

assign
policy

lease setup/

|
! |
| |
| |
| |
| |
| |
| |
| |
| |
| |
|
: statu teardown I
i anaiers | i anaiers
l notif sl ! notif sl
|
|
: |
| |
| |
| |
| |
| |
| |
| |
| |
| 1
|

lease setup/
statu teardown

I<7BEN

Substrate-specific
back-end code

Plug-in
setup
scripts

Declarative
substrate

representations
(NDL/OWL)



Slice Manager (SM) Service

leasing
service
interface

controller Ieasing\

resource
request policy API /

assignment
policy

Configuration properties

setup/
teardown

: handlers
1
1
1
1
1
1
1

Substrate Provider

Unit properties

handler event
for guest interface

Slice Manager/SM

I
1 1
1 1
| 1
1 1
1 T
1 1
| 1
1 1
1 1
1 1
: join/leave lease !
1 1
1 1
| 1
1 1
1 1
1 1
| 1
1 1
1 1
1 1

Guest “experiment”

Breakable Experimental Network




ORCA Servers (Actor) Roles

ORCA Actors

request

redeem




ORCA Servers (Actor) Roles

ORCA Actors

Java
Web portal
XML - RPC

For GENI the ORCA SMs run as hosted services.



Orca Web Portal 2.0 (Clearinghouse)

A 3 — — e — -

'\f/Z;" /c\ /,\(\ /ﬁ\ ( http://geni-test.renci.org:8080/orca/secure/broker/holdings-view.vm WYl ( -'l' Google Q) @ v
Most Visited ~ Getting Started Latest Headlines

| ) 6. Built-in Types — Python v2.6... 1 [ ] api example code: date_index_f... € ” Orca Web Portal 2.0 (Clearingh... € H [~ matplotlib: python plotting — ... I+ l -

Orca Admin Logout

home user broker site admin About Contact Us

Current Selections Inventory
» slice: none

Inventory . p—
Y T p— Select: All None Action: | Select an action + |
» View Inventory Slices No Slice Type Units [R] Units [A] Start End Broker Site State
» Create Inventory Slice () 1 broker  DUKE NET VLAN 4 4 03/15/2010 16:15 04/01/2010 16:55 duke-net-site duke-net-site Ticketed manage
» Claim Resouross O 2 broker  BEN VLAN 100 100 03/15/2010 16:15 04/01/2010 16:55 ben-ste  ben-ste  Ticketed  manage
cf' {/ ?:MESCIients () 3 broker  NLRVLAN 100 100 03/15/2010 16:15 04/01/2010 16:55 nir-site nlr-site Ticketed  manage
» Register Client [J 4 broker Starlight VLAN 10 10 03/15/2010 16:15 04/01/2010 16:55 starlight-site starlight-site Ticketed manage
Ticketed Slices [ 5 broker Eucalyptus Virtual Machine (DUKE) 10 10 03/15/2010 16:14 04/01/2010 16:54 duke-vm-site duke-vm-site Ticketed manage
» View Slices (J 6 broker VIiSE Testbed 1 1 03/14/2010 14:56 03/31/2010 15:36 vise-site vise-site Ticketed manage
» Create Slice (J 7 broker Eucalyptus Virtual Machine (RENCI) 10 10 03/15/2010 16:22 04/01/2010 17:02 renci-vm-site renci-vm-site Ticketed manage
» View Reservations (0 8 broker RENCI NET VLAN 10 10 03/15/2010 16:22 04/01/2010 17:02 renci-net-site renci-net-site Ticketed manage
Brokers
» Current Broker Select: All None Action: | Select an action + |

» View Brokers

Operator portal interface to RENCI Clearinghouse (CH),
listing AMs with substrate registered for brokering.
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Orca Web Portal 2.0 (Clearinghouse)

N\ N ... .9 . . - e : S g
)~ (@) (X)) (M) ( http://geni-test.renci.org:8080/orca/secure/sitefacti 1.y ¥ ) = (*§=[ Google

Q) @

Most Visited ~ Getting Started

Latest Headlines &

| ® 6. Built-in Types — Pytho... € | D api example code: date_in... € W Orca Web Portal 2.0 (Clea... € U ' - matplotlib: python plottin... €3 +

Orca Admin

Logout

home user

Current Selections
» actor: nir-site
» slice: none

Inventory

» View Inventory

» View Resource Pools

» Add Resource Pool

» View Exported Resources
» Export Resources

Policy

» Manage
Brokers

» View Brokers

» Register Broker
Client Slices

» View Slices

» Create Slice

» View Reservations
» View Slivers
Providers

» Site Authorities

bro

Sites

J|0/0|0

(

ker site admin About

No Name Policy Description
starlight-site Starlight site authority
ben-site BEN site authority
nir-site NLR site authority
duke-net-site DUKE NET site authority

W -

Operator portal interface to AMs
managed by this operator (RENCI).

Contact Us

select
select
select
select

-
e

4 >

Done

N



Orca Web Portal 2.0 (Clearinghouse)

'<L/" '\g/' '\L/' (:i:l' ( http://geni-test.renci.org:8080/orca/secure/site/pool 5.7 ¥ DE \9" Google Q) @ v

Most Visited ~ Getting Started Latest Headlines

| ) 6. Built-in Types — Pytho... € I | | api example code: date_in... WEI Orca Web Portal 2.0 (Clea... € I matplotlib: python plottin... € o+ F,'-,'

/-\
Orca Admin Logout
home user broker site admin About Contact Us
Current Selections Manage Resource Pool
» actor: nir-site
» slice: none
]nventory Name NLR VLAN
» View Inventory GUID 784e7375-800a-4158-a9a9-8d5f370506b3
» View Resource Pools
» Add Resource Pool Description no description
» View Exported Resources Resource Type nir.vian
» Export Resources Typ '
Policy Resource Properties Show
» Manage ( Add ) Select: All None
Brokers Inventory No Name Control IP
» View Brokers
» Register Broker
Client Slices L il
» View Slices Tickets No  Units Start End
» Create Slice o 1 100 01/30/2010 00:00 01/30/2011 00:00 manage
» View Reservations
» View Slivers
Providers Operator portal interface to a Resource Pool:
» Site Authorities
NLR/Sherpa VLAN tags. -
v

Done

N



olole Orca Web Portal 2.0 (Controller)

~

'ﬁll\f \_}\'ﬁ" (@) (x) () ( http://geni-ben.renci.org:8080/orca/secure/user/sli iy ¥ ) = (*§+ Google Q) @ v

Most Visited ~ Getting Started Latest Headlines

| @) 6. Built-in Types — Pytho... € | D api example code: date_in... € I Orca Web Portal 2.0 (Cont... € ) matplotlib: python plottin... € +

Orca Admin Logout

home user broker site admin About Contact Us

Current Selections
» slice: service

Slices Select: All None Action: | jon _ +
» View Sices elect: one Action: | Select an action &

View Slices

)|
» Create Slice No Name GUID Description

Reservations (] 1 service 5a9a95db-5f42-4334-907e-334cdefeeB4 no description manage

» View Slice Reservations J 2 ben 10553e14-db1c-4ba3-a575-7841366454fc no description manage
» Create Reservation

» View All Reservations
Slice Controllers
» View Controllers

Select: All None Action: | Select an action +

|
J

» Start Controller

My Account

» Curront Actor User portal interface: view slices.

» Actors
» Settings

—
-~

4 >

Done

N



’-‘ “"Onlla, A \4 (1. 0
E | 3 o S Y

Barrie G l"" i’ Petelbolouw wh” YVermont .~ i
\ / 1 Kmston' : (Y TN

Mlsslssauga\ : Toronto SRS X, dd
4 Ntagara ROChESIEr : 1T AR {1 o O
C | Falls - . CWERPF Hampsh
L°‘;’°ﬂ Hamllton PROS— et ’ o =)
Buffalo @ / \ L
i > 401 T . AN AR
i o ﬁ Detroit Erie LCL S WX

. _./MI-._.—-'

{ Gleve'and e {\w .
Joliet~__ G2 FortWayne & = ok T Cocan ‘~'I~ "
/ @ . Fi orain Akron < L
: WI N -_\gw Agon. L
‘,' _I \ | J J o~ \ camm - ,_ . < '
Bloomington | "3 o -, oA - C .\R_:tgbu{gh ‘
i
oe“:c'iampaim Carm elQ ' ayhon‘
e TerreI Haute —— olndlaﬂapolls o
L 7(107 T oa R Hamitonc
" Bloomington® 2/
g g .’_ : * "y
\ d ) ‘ "m. ol
Sy P _W
@ :_E*vansv'r LOUISVIIled

L
G\~
Ny y
- Owensboro | - ;
~ Bowling Kentucky

. Green' 'Somerseto |

W 7 o
- c:armmeo AT N

.’" ' - Nt

S 205 éNashvulle oCookeville '

> ‘m gl ¥ °.,,, a3 -

D Tennessee - Crossville’ Knc North» ORaleigh #

Y > 7 3 d'“ Carolina’ | °Geeﬂvle
. Jackson Gastonla ; b4
POWERED BY N 2\ . _©.Q Kannapolis aeneyile
- e e v “"  Charlotte  ~== U
N annnnhnm__w\' —ANE 40



The Demo Slice

NLR FrameNet + -
Sherpa

DukeCS

--- Dynamic VLAN
— Static VLAN

ORCA-controlled
substrate

BEN@RENCI



Elements of a Slice

Current Selections

» slice: ben [manage]
Slices

» View Slices

» Create Slice
Reservations

» View Slice Reservations
» Create Reservation

» View All Reservations
Slice Controllers

» View Controllers
» Start Controller

My Account
» Current Actor
» Actors
» Settings

Manage Slice

» Slice: ben Action: | Select action

A )
v

ganglia

GUID: 10553e14-db1c-4ba3-a575-7841366454fc
Owner: service (af7b4558-23e7-11df-bf65-000c29b1¢193)

Description: no description
Request Properties: Show

Configuration Properties: Show

Local Properties: Show
» Reservations:

Select: All None Action:

Select an action ¥

=
o

Slice Type
ben VISE Testbed
BEN VLAN

J|(J

ben

)| (

ben

) (

DUKE NET VLAN
Starlight VLAN

ben
ben

1Ol

ben

J(

ben

O IN OO AW -

)| (

NLR VLAN
DUKE NET VLAN
BEN VLAN
Starlight VLAN
NLR VLAN
DUKE NET VLAN

ben

) (

o

ben

) 1(

-
o

ben

) (

-
'y

ben

J|(

-
n

ben

)| (

w

ben

J(

ben

-
F=N

Al

-
(&)

BEN VLAN
VIiSE Testbed

ben

) (

-
(2}

ben
ben

J(

-
~

(

Select: All None Action:

RENCINET VLAN

Eucalyptus Virtual Machine (DUKE)
Eucalyptus Virtual Machine (DUKE)

Eucalyptus Virtual Machine (RENCI)

Eucalyptus Virtual Machine (DUKE)

Select an action +

Units [R] Units [A]
1

R P U U T U U R U U U U O QU O R
[ U U T U U QU U R N U U U U U O e N Y

Start

03/15/2010 16:31
03/15/2010 16:51
03/15/2010 16:51 03/16/2010 16:51
03/15/2010 16:31 03/16/2010 16:31 broker
03/15/2010 16:56 03/16/2010 16:56 broker
03/15/2010 16:31 03/16/2010 16:31 broker
03/15/2010 16:56 03/16/2010 16:56 broker
03/15/2010 16:31 03/16/2010 16:31 broker
03/15/2010 16:56 03/16/2010 16:56 broker
03/15/2010 16:56 03/16/2010 16:56 broker
03/15/2010 16:31 03/16/2010 16:31 broker
03/15/2010 16:56 03/16/2010 16:56 broker
03/15/2010 16:51 03/16/2010 16:51
03/15/2010 16:51 03/16/2010 16:51
03/15/2010 16:31 03/16/2010 16:31 broker
03/15/2010 16:56 03/16/2010 16:56 broker
03/15/2010 16:51 03/16/2010 16:51 broker

End
03/16/2010 16:31
03/16/2010 16:51

broker
broker
broker

broker
broker

Broker Site

State
vise-site Closedmanage
ben-site Closedmanage

renci-net-site Closedmanage
duke-net-site Closedmanage
starlight-site Closedmanage
duke-vm-site Closedmanage
duke-vm-site Closedmanage
nir-site Closedmanage
duke-net-site Closedmanage
ben-site Closedmanage
starlight-site Closedmanage
nir-site Closedmanage
duke-net-site Closedmanage
renci-vm-site Closedmanage
ben-site Closedmanage
vise-site Closedmanage
duke-vm-site Closedmanage




home user broker site

Current Selections
» slice: ben [manage]

Slices

Request Resources

Resource Selection

admin

» View Slices Lease Start: 03/16/2010 14:44

L D Lease End: 03/17/2010 14:44

Reservations
» View Slice Reservations
» Create Reservation
» View All Reservations
Slice Controllers
» View Controllers

» Start Controller

My Account
» Current Actor
» Actors
» Settings

Resource \Map

sota 2|

About Contact Us
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home user

Current Selections

» slice: ben [manage]
Slices

» View Slices

» Create Slice
Reservations

» View Slice Reservations
» Create Reservation

» View All Reservations
Slice Controllers

» View Controllers

» Start Controller

My Account

» Current Actor
» Actors
» Settings

broker site

Request Resources

Resource Selection

admin

Resource Map

Lease Start: 03/16/2010 14:44

Lease End: 03/17/2010 14:44

ceyville Roxboro

=

slen Raven: «Woodlawn

Burlington._~ g5

Swepsonville

Saxapahaw

Fearrington

City Pittsboro

Goldston
FOWERED BY .
Farmville
P e 3 P

Query NDL-OWL Store Cancel Selection Check Request Submit Request

Hillsborough

About Conta

Manson

Oxford G‘J Henderson
South
Henderson
Kittrell

Stem

Butner  Creedmoor

3

Frankiinton  Louisburg

Youngsville
Wake Forest .., 1io0e 8u

Rolesville
Morrisville

% Zebulon
Cary . Mid

Knightdal
Raleigh oo

Apex
Garner
Holly Clayton
Springs
Fuquay-Varina 1404

Selma



Orca Web Portal 2.0 (Controller) —

home user

Current Selections
» slice: ben [manage]
Slices

» View Slices

» Create Slice
Reservations

» View Slice Reservations
» Create Reservation

» View All Reservations
Slice Controllers

» View Controllers

» Start Controller

My Account
» Current Actor
» Actors
» Settings

broker site admin

Request Resources

Resource Selection
Lease Start: 03/16/2010 14:44
Lease End: 03/17/2010 14:44

Resource Provider Resource Type
Resource
ServerCloud
Resource

ServerCloud

RenciEuca Renci/Euca

DukeCSEuca
Duke/Euca

Units
16

Orca Admin Logout
About Contact Us
Resource Map
e g’
& Mill 1
@ Hugklgberry
Eno 7 — pring =z
University / @ PCro:’:nylc g
Old st, m Country Club o
= ate Hyy 75 Bennett ]
Place @ @
American Y )
MVilage Outiar, Old West | o
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et &
Washington Duke Moror o
Inn and Golf Club_ Morenea
Solterra
Pickran Tﬁ':ﬁ:'ﬁgiﬁ
PR e e Structure
Cﬁ::s?:g House @ Rockwood o
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Wi
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Boundaries
{13 o A
A
< Ke

Hope Valey v
Coiiater o1
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Orca Web Portal 2.0 (Controller)

~

L;_l' '\E/' 'l: )4 ;I' '\E) l\lz] http://geni-ben.renci.org:8080/orca/packages /f7ec610c-d838-4239-87fc- 1§ v ). I.\-'l' Google Q) @ v

Most Visited ~ Getting Started

Latest Headlines

| [ ] about:config

home user

Current Selections
» slice: ben [manage]
Slices

» View Slices

» Create Slice
Reservations

» View Slice Reservations
» Create Reservation

» View All Reservations
Slice Controllers

» View Controllers

» Start Controller

My Account

» Current Actor
» Actors
» Settings

Done

How to use the Tabulator [x)

|
[x) Orca Web Portal 2.0 (Controller) € [ [ ]

Gec7Agenda - GENI: geni - Trac €+ ‘ -

broker site admin About Contact Us
Request Resources
Resource Selection Resource Map ,
Lease Start: 03/16/2010 14:44 8 .»,r. s‘*u\n.ggmn 3 Weern o
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. . I o A @ |
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Lease activity (from logs)

Active

T

T

lfr*l*

lrﬁl‘r

774ED726-0orca.broker
85E000D6-orca.broker
BD6A2160-orca.broker
3C7C52DA-orca.broker
600214FB-orca.broker
6FABB02B-orca.broker
774ED726-0rca.service
85E000D6-orca.service
BD6A2160-orca.service
3C7C52DA-orca.service
600214FB-orca.service
6FABB02B-orca.service
774ED726-0rca.service
85E000D6-orca.duke-net-site
BD6A2160-orca.duke-vm-site
3C7C52DA-orca.nlr-site
600214FB-orca.starlight-site

6FABBO02B-orca.ben-site

Closing

OIII

200

400 600
Seconds since launch

800

1000



A Closer Look

1 1 1 1 1
85E000D6-orca.duke-net-site
774ED726-orca.service
3 i
BD6A2160-orca.duke-vm-site
B ]
3C7C52DA-orca.nlir-site I
[ )
600214FB-orca.starlight-site I
- B i
6FABB02B-orca.ben-site -
- i
1 1 1 1 1
0 200 400 600 800 1000 1200

Seconds since launch



A Closer Look: Instantiation

I I I I I

85E000D6-orca.duke-net-site

774ED726-orca.service

BD6A2160-orca.duke-vm-site

3C7C52DA-orca.nlr-site

600214FB-orca.starlight-site

6FABB02B-orca.ben-site
-]

50 100 150 200 250
Seconds since launch

300



A Closer Look: Instantiation

VLAN tag through

Request to VISE immediately
DukeNet to BEN

Start Duke Eucalyptus when DukeNet
VLAN tag is known
d / ]
Request NRL/Sherpa link to
|
W

hen NRL/Sherpa path is ready, stitch
— one end to ViSE through Starlight...

- 1 ...stand up BEN path

// and stitch to Sherpa

P —— { path at one end, and

oo o= o L0 Duke Eucalyptus
Seconds since launch VM on the other.
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NDL-OWL

<!--Polatis-Renci-->

<ndl:Device rdf:about="#Polatis-Renci">
<rdfs:label>Polatis-Renci</rdfs:label>
<ndl:locatedAt rdf:resource="#Renci"/>
<ndl:hasinterface rdf:resource="#Polatis-Renci:f1"/>
<ndl:hasinterface rdf:resource="#Polatis-Renci:f17"/>
<ndl:haslnterface rdf:resource="#Polatis-Renci:f2"/>
<ndl:haslnterface rdf:resource="#Polatis-Renci:f18"/>

</ndl:Device>

<!--Polatis-Renci:f1-->
<ndl:Interface rdf:about="#Polatis-Renci:f1">
<rdf:type rdf:resource="http://.../ndl/wdm#FiberNetworkElement"/>
<rdfs:label>Polatis-Renci:f1</rdfs:label>
<ndl:connectedTo rdf:resource="#Polatis-Duke:f1"/>
</ndl:Interface>
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Stitching

/~ RENCI/GENI "\ .
clearinghouse &
4 = :

tickets ——>

Guest/experiment
Slice controller

Broker Engine

2 J

D
leases

Multiple aggregate managers/authorities

i i ket
5 - ID’

Exchange of labels, tokens, configuration attributes etc. through SC



Brokers: Issues

e Discovery and selection of brokers

e Trust management and key exchange

e How much substrate info to expose?

e How much allocation power to delegate?
e Overbooking vs. reserve capacity



