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the globus alliance
www.globus.ong

Several Possible Next Versions

4.0.5 - stable release

— 100% same interfaces, bug fixes only

- Expected in 1-2 months?

4.1.X — development release(s)

— New functionality

- Expected every 6-8 weeks (due in about 3)
4.2.0 - stable release

- When 4.1.x has “"enough” new functionality, and is
stable

— Underlying g's with WS-A/WSRF/WS-N spec upgrade
— Perhaps summer, to be discussed gt-dev@globus.org

5.0 - substantial code base change
- With any luck, not for years :)
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C gLite Grid Middleware Services

Enabling Grids for E-sciencE

AcCCesSs
CLI API

~

(

Securit : L
y Information & Monitoring
Authorization
Auditing Information &| | Application
\ Authentication / \_ Monitoring MIOIEHig )
/ Data Management \ / Workload Management \
Metadata File & Replica) | - accounting Job Package
Catalog Catalog Provenance Manager
Storage Data Site Proxy Computing Workload
\ Element Movement j K Element Management/

Overview paper http://doc.cern.ch//archive/electronic/egee/tr/egee-tr-2006-001.pdf
EGEE-I1 INFSO-RI1-031688 6



Cy Middleware structure

Enabling Grids for E-sciencE

Applications Applications have access

t both to Higher-level Grid

| Services and to Foundation
: Grid Middleware

Higher-Level Grid Services Higher-Level Grid Services
are supposed to help the
users building their
computing infrastructure but

Workload Management
Replica Management

Visualization
Workflow should not be mandatory
Grid Economies Foundation Grid Middleware
will be deployed on the EGEE
WL infrastructure

Must be complete and robust

Should allow interoperation
with other major grid

Foundation Grid Middleware

Security model and infrastructure

Computing (CE) and Storage Elements (SE) Infrastructures
Accounting Should not assume the use
Information and Monitoring of Higher-Level Grid Services

EGEE-I1 INFSO-RI-031688 7



C Authentication

Enabling Grids for E-sciencE

Authentication is based on
(CA) issue (long lived)
identifying individuals (much like a passport)
Commonly used in web browsers to authenticate to sites
Trust between CAs and sites is established (offline)

In order to reduce vulnerability, on the Grid user identification is
done by using (short lived) of their certificates

Short-Lived Credential Services (SLCS)

Issue short lived certificates or proxies to its local users
e.g. from Kerberos or from Shibboleth credentials (new in EGEE 1)

Proxies can

Be to a service such that it can act on the user’s behalf
Be stored in an (MyProxy)

Be (in case they are about to expire)

Include

EGEE-II INFSO-RI-031688 8



CHEE Authorization

Enabling Grids for E-sciencE

service issues
that are attached to
certificate proxies

Provide users with additional
capabilities defined by the Virtual
Organization

Base for the Authorization process 5
Authorization: via mapping to a local b EL:E:;NFP -
user on the resource ICN-proxy

a

Authenileaton

Kigguss]

changes the local identity (based on suexec from Apache)

use different plug-ins to determine if and how to
map a grid user to a local user

mainly used for C-based applications

(XACML-compatible)
mainly used for Java-based applications

Compatible with the future policy management system

EGEE-II INFSO-RI-031688 9



C Resource Access in EGEE

Enabling Grids for E-sciencE

(GT2 GRAM) CREAM Globus

Not ported to GT4. To be - | client client
dismissed

(Condor-C+GSl)

Deployed (GT2 version) but
still needs tuning

(WS-I)
Prototype. OGF-BES (see
demo at SC’06)

Possible developments: B
GT4 — BLAH submissions?

Choose your preferred path
to the Batch System! CREAM

QO CEMon
gLite non-gLite User / i
component | Eeelggjelelalclald MRSl (e=) V)

— In production \ EGEE authZ,
——— Existing prototype InfoSys,

— — =» Possible development Accounting

-scienc!

nabling Crids

for

cGee

»
>

gLiteCE

A

EGEE-II INFSO-RI-031688 10



EGEE Data Management

Enabling Grids for E-sciencE

VO
Frameworks

lcg_utils
FTS

GFAL

Vendor
Specific
APIs
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4 )L—=7 | Grids Mean Business: Scaling up to the Enterprise Level

Enterprise Grid T UYRIRBZ AT —ILEE5-OD1—R T —RAINELEEFIENEE

Micron&University of York, Citi®DEHI#35

*15000CPUIZ% 8 & A Desktop Grid® F F (Micron)
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cAVITTDRANT ST 4RENSECAT, “Fast, fat networks, Centralized (fast) data stores, Common
system images, Fast (fat) desktops”ELNS Ay E—U B BN, TRAIMT TR TIORNBEEEET
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Using 15,000 CPUs 66% of the Time

Micron Grid Overview

_J) German

ifs in all pools,....

. iR
anarﬁ« yZows pUﬁJx some ars

Co or system managed in- house v 7

Centrallzed governance, distributed management

22 Asicron
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Using 15,000 CPUs 66% of the Time
Grid-Enabled Application Processing Models

1. Push

» Data processors are pushed to dynamically
allocated grid resources

2. Pull

» Data is pulled to processors on pre-allocated
grid resources

3. Portable

» Processors may be dynamically deployed on
resources far away from source data

22 — Asicron
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Using 15,000 CPUs 66% of the Time

Governance Best Practices

worker

» Infrastructure

> Fast, fat networks

3 Centralized (fast) data stores

worker

) Common system images

> Fast (fat) desktops

result

— “Edge push”
B -
work units Effect

master Yy,
(traditional client)

database server

2 Asicron
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Using 15,000 CPUs 66% of the Time

Governance Best Practices

» Grid Management

» Centralize
Grid Center of Excellence
Global standards
Grid tools development
» Distribute
Grid resource management

Application support

» Align

Pools with Identity/Data
Domains

25 — Asicron
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Using 15,000 CPUs 66% of the Time

Conclusion

Large scale grid computing on shared desktop systems
in the enterprise is doable today and is...

» Not that difficult (from a technology perspective)
» Not that expensive (from a people and money perspective)

» Practical (from a grid-applications perspective)

25 — Asicron
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5 JL—7 | EGR-RG (Enterprise Grid Requirement RG) #1

Enterprise ) wRIZH L THF—LGAEMBH LEBBH7ITO—FERHI L,

NUB—EA—HEDRDF v TEBMT 5. TOTL—bEERL, 2—R7—RZIRELTL
%, RIEIETIIEEMERN A —P L —F Mo 1—RT—R(T—RRATA)EEHDT—0avT
RROEmERELT=,

v a1 Tl BRI TEDSNTLSSIMDAT IOV UMD S EDRRIZEITELF A EEZ -
R IZWS-Agreement, WS-ResourceProperties, WS-Notification, WSRF basic profile CRERE &4 A 4EHR(C
DWTHN . BLKERM DT AP I MNextGRIDMWNS . 7T /r—32 5 B &L TFinancial, SCM,
Digital Media,Electric Data Record (EDR) ProcessingZ #8341, &x&Z(CHADINSTACE KU EHRHN
EOOIEEICZTEESTOHARTAIUERDFEZEEN

Co-chair&#£L . Charterz74v9 AL, GFSGD A& EZ 5,
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4 )L—7 | Grids Mean Business 1: Setting the scene

Enterprise GridD 1—R 7 —RIRKEESGE T ANV a3V T RERNEDEE

Grid Mean BusinessTl&, EDRRADTHTODYT JIRDEFIBEELEIZ. EDRRADEFTT)YREE
SEDEBEEEL, SETARANY VT RENBTEEET S, CDtYar T, eBaylZk5E4H
B & The 451 Groupl2 kBT UyRIZEAT ) H—F ks

*Enterprise Grid®D 7 7'')-r—< a2 & Transaction IntensivelZ7%>TL V5 (eBay)

Enterprise Grid TldAvailability Manageability /S E 2 (eBay)

eeBayD < AT L TlE24 x 70 Availability, Security, FLUVE A X IG TEDAQilityh F—RA 2k
J1)yRBEREREDEREE EDRATYTZEIZE DERFEIZEH 5 H (The 451 Group)

2 BRE1Z41=5Grids Mean Businesstzyi 3> TORERROTA ROV AVIZ TSRO AHEES

mEH | 891104

«eBayDREKR T, A —H2aV P AT LTOREDT—2 (AL, 105 1Y [ESEEKEHLY)
EODCEETRET I BREELL>THY ., AV AEUDBOF vy 1 ~DZEHKEC
BoTNBENSAIE. ERMAB TS UyEFATOBRESELLEBLTHY., CO12EDMIE.
KALERTRENETHDS
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Using 15,000 CPUs 66% of the Time

Micron Grid Overview

_J) German

ifs in all pools,....

. iR
anarﬁ« yZows pUﬁJx some ars

Co or system managed in- house v 7

Centrallzed governance, distributed management

22 Asicron
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Using 15,000 CPUs 66% of the Time
Grid-Enabled Application Processing Models

1. Push

» Data processors are pushed to dynamically
allocated grid resources

2. Pull

» Data is pulled to processors on pre-allocated
grid resources

3. Portable

» Processors may be dynamically deployed on
resources far away from source data

22 — Asicron
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Using 15,000 CPUs 66% of the Time

Governance Best Practices

worker

» Infrastructure

> Fast, fat networks

3 Centralized (fast) data stores

worker

) Common system images

> Fast (fat) desktops

result

— “Edge push”
B -
work units Effect

master Yy,
(traditional client)

database server

2 Asicron
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Using 15,000 CPUs 66% of the Time

Governance Best Practices

» Grid Management

» Centralize
Grid Center of Excellence
Global standards
Grid tools development
» Distribute
Grid resource management

Application support

» Align

Pools with Identity/Data
Domains

25 — Asicron
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Using 15,000 CPUs 66% of the Time

Conclusion

Large scale grid computing on shared desktop systems
in the enterprise is doable today and is...

» Not that difficult (from a technology perspective)
» Not that expensive (from a people and money perspective)

» Practical (from a grid-applications perspective)

25 — Asicron
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Deployment — by vertical

Multiple applications on linked grids with more extensive

Investment banks
resource sharing, looking at broad enterprise applications }

Multiple applications on basic linked grids
with very limited resource sharing, centralized control

Financial services

Multiple applications on siloed grids, operated by LoBs Media

Pharmaceutical
Energy

Single Application run in single LoB Manufacturing

Trials / Proof of Concept
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Tipping Points

Business

* Increasingly complex derivatives. 100% growth in some segments in 6
months

« Faster time to market for new products
» Electronic trading in derivatives

Complexity and performance

« Equity market evolution is the standard curve to watch
» Regulatory focus on risk management and controls

Technology

 |solated compute islands of around 10,000 CPU'’s globally
« Server utilisation levels of <15%
» Server estate growing >20% annually

® 2007 Citigroup Confidential
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Where are we now ?

2004 “ Getting off the ground”

» Business sign off for the programme
* Built programme team

2006 “Moving on”

e 2000 CPU's for multiple applications.
* Migration to Platform Symphony 3.0.1
e Homogenous grid

2005 “Just build it”

* 1000 CPU'’s for one application.
* Regional build out.
* No data grid.

«2007 and beyond “Take it to the
enterprise”

» Heterogeneous grid in production

» Dynamic resource allocation

* Data management

* Regional expansions

® 2007 Citigroup Confidential
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Roadmap and Design

I Line Of Business (e.g. Equities.

| Line Of Business (e.g. Risk)

Line Of Business (e.g. Fixed Income)

FIXED EQUITIES RISK

S

23 .

N Fi

—

E Line Of Business (e.g. Equities)

| Line Of Business (e.q. Risk]

Line Of Business (e.g. Fixed Income)

[ Line Of Business (e.g. Equities)

[ Line Of Business (e.g. Risk)

Line Of Business (e.g. Fixed Income)

Appligation o il Tion  Applida
' LOB SERVICE COMPUTE GRID (GF)

® 2007 Citigroup Confidential

Move to shared resource
environment in a
controlled manner

End State: all resources
are shared with grid

scheduling and policies
ensuring SLA’s are met

31
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BRFL=0LY,
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gi—7 Simple API for Grid Applications Core Working Group (SAGA-CORE-WG)

B #] JU9RTT)r—2a0 ($FIC, BETITVr—2a0) #RFE T H-HDZELDAPI, Simple hD
Consistent 72 APl Di2#{tZ B159. SAGA-RG MoELN=HR¥ID WG THY, SAGARG M
Design Team DIREZLEIZEEKHIZE (Core) APl DEREZITD.

Kk INT)YDAAVMZE DT Core APl DARYIEREL, TNERMIBI-RF1AVMEREHTS
ERIDEMEIZHD.

Extension APl D ARYOIZED, FXa AV MDRSTRERAELLSELTLVS.
JavaPCHDERENDOMNEDH SN TEY, ARYIANDT4—R N\ INERITEHONTNS.

5 22Dty a EBLTUTORABRINERSNT-
Language bindings : /X71)sw9 A ME52I1+T, Core APl K& AV D Security & Task ETILD R
RyYDEFRENHIN, BRI
- Session 2% T Security context Z add/remove 352, &L, enum ZFEH T ITXFFITERET 5.
-FLLAR—2v 3V DETILERATS.
API extensions :
- Resource Discovery M API ¥ 85 rSh, GLUE DT EMN{THhTz.

- Checkpoint & Recovery M7 —FTIFrEF 1A R Obsolete KR THSH, SAGA DRIA—TTIEHLDT
EVETHEINERITTIDENHD. FF1AVNEFRAEL TC2~3BRLURNICAHEZRE TSI EELE-.

5% Core APl ARV DR F 1AV FDBIRHEF1TD.
ML T Extensions D ARy (Zxtd A MEEY, REREZRDRE, FXai AV RET 5.

SmEH | Byiaril: 344, Eyvia2: 144

A =% Core API, Extensions APl DR F a1 A RELBIZR D a— LBYERBRNEA TS ER DN S.
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Virtualization Use Cases OnenCodForus

Migration of virtual system during runtime

« Power Saving

The resource manager may pool virtual systems to a reduced
number of physical systems in order to save power.

* Planned maintenance

The physical system as well as the hypervisor could require
maintenance activities to be performed (e.g. install patch, hw
upgrade or driver etc.). The running job could be migrated to
other machines without downtime.

« Adaptation to changing capacity requirements &
conditions (availability or offering)

Capacity availability may change in the environment because
of recently freed resources by the completed jobs or additional
physical systems may be introduced.

www.ogf.org



Virtualization Use Cases

Power Saving

Policy-driven
Monitor event

* Resource utilization below threshold

e Temperature above threshold

External event
* From hierarchically higher GME

OpenGridForum

Resulting management actions

¢ Communication with System
Virtualization GME(s) for live migration

Resource allocation / deallocation

* Notification of grid component (before
and after live migration)

e Accounting event

[ Enterprise 1

Policies
Assigns /

Accounting /
Billing

Provisions

Grid Management
Entity

Reconciles

Manage

Resources
(other GCs)

v

A

Monitor

Consumed

© 2007 Open Grid Forum

Grid Component

Generates
www.ogf.org




Virtualization Use Cases

Planned Maintenance
« External event

Enterpnse

OpenGridForum

Resulting management actions

¢ Communication with System
Virtualization GME(s) for live migration

« Resource allocation / deallocation

* Notification of grid component (before
and after live migration)

e Accounting event

Accounting /

PohmeslT
External Billing
Events Manage
Grid

i

Monitor

[ Other GME }

© 2007 Open Grid Forum

www.ogf.org



Virtualization Use Cases OnenCodForus

Dynamic Resizing

e Dynamically changing capacity requirements
During runtime the job may require additional capacity (e.g.
CPU capacity, Memory capacity, I/0 bandwidth etc.). If the
underlying physical system is able to serve the requirements

more capacity for the job / virtual system can be provided
locally on the same physical system.

* Dynamically changing capacity offering / availability
Capacity availability may change in the physical system (e.g.
CPU capacity, Memory capacity, I/0O bandwidth etc.) because
of recently freed resources by the completed jobs. In these
situations available capacity can be utilized for the running
jobs.

www.ogf.org



Virtualization Use Cases OnenCadForu

Dynamic Resizing Resulting management actions
- Policy-driven ¢ Communication with System
Virtualization GME for system resizing

* Virtual resource reallocation

¢ Monitor event
*SLO is going to be missed

(progress indicator, trend analysis) ¢ Changing system parameters/settings
- Grid component event * Notification of grid component (before
- Dynamic resource requirements and after resizing)

« External event * Accounting event

* Dynamic resource availabiliy
Enterprise

Policies quounting/
Assigns / Billing

Provisions Grid Management

Reconciles

Entity
Resources
(other GCs) Manage Monitor

Consumed

Grid Component Generates

www.ogf.org

© 2007 Open Grid Forum




Virtualization Use Cases OnenCodForus

Snapshotting

« Stateful cloning

The execution of a job may require costly preparation steps,
e.g. retrieving data from the backend, which might be common
to all jobs of an activity / application. Rather than doing the
preparation separately for each job one (or the first) job can be
snapshotted after the preparation and the state can be cloned
and distributed.

* Reproducing situations

For purpose of diagnosis (error or performance analysis) the
user may repetitively re-run the same job from a certain
persisted state.

* Protecting (long running) jobs from software or
hardware failures
By providing recovery points that can be re-activated (long

__running) jobs can be restarted at a certain persisted state
““potetitially on a different physical system. WWW.ORl.0TE



Virtualization Use Cases

Stateful Cloning

* Policy-driven or external request from
top-level GME

* Subsequent provisioning scenario
using the snapshot

Enterpnse

PohmeslTAccountmg/ o

External Billing

Events Manage
Grld

Monltor

[ Other GME }

© 2007 Open Grid Forum

OpenGridForum

Resulting management actions

Communication with System
Virtualization GME to take snapshot

Notification when snapshot has been
taken

Accounting event

Top-level GME manages

Cloning of the snapshot (distribution,
postprocessing)

Provisioning scenario

www.ogf.org



Virtualization Use Cases

Reproducing Situations
* External event to take snapshot

o External event to restart from
persisted state

Enterpnse
PohmeslT Accounting /
External Billing
Events Manage
Grid
Monitor

[ Other GME }

© 2007 Open Grid Forum

OpenGridForum

Resulting management actions

Communication with System
Virtualization GME to take snapshot

Communication with System
Virtualization GME to restart from
snapshot

www.ogf.org



Virtualization Use Cases OnenCodForus

|Isolation

* Metering of job resource consumption
For the purpose of accounting and billing.

* Resource consumption control

Through isolation the amount / degree of resource
consumption can be controlled and leveled, i.e. greedy jobs
can be controlled.

www.ogf.org



Virtualization Use Cases OnenCadForu

Metering of Job Resource Resulting management actions
Consumption ¢  Communication with System

- Data collection at deprovisioning event Virtualization GME to get accurate
P J metering data for the lifetime of the

virtual system

Enterpnse

PohmeslT Accounting /

External Billing

Events Manage
Grld

Monltor

[ Other GME }

© 2007 Open Grid Forum WWW. ng. org



Virtualization Use Cases

Resource Consumption Control
 Policy-driven

Enterpnse

M

PohmeslTAccountmg /
External Billing
Events anage
Grid

Monitor

[ Other GME }

© 2007 Open Grid Forum

OpenGridForum

Resulting management actions

¢ Communication with System
Virtualization GME to set limits

www.ogf.org



Virtualization Use Cases OnenCodForus

Provisioning Scenarios
* Resource Provisioning

Definition and activation of the desired runtime environment of a job:
Rather than searching for and allocating resources for the job resources
can be “created” on demand.

Definition and provisioning of the required software stack (runtime
environment)

« Emulation
Emulating an environment for legacy jobs: Legacy applications / jobs may
require certain physical resources or a certain runtime environment (e.g.
operating system). In this situation a virtual system may emulate the
legacy environment.

* Isolation
Avoiding conflicts.

Ensuring security: To protect the job from spyware the job can be
executed in its own dedicated and certified virtual system.

© 2007 Open Grid Forum WWW. ng- O rg
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gn—7 Network Measurement Working Group (NM-WG)
=[:3) FYRT—DBIEDERERILT 5T DschemazEDH D,
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B V2 schemaD2FED K F 1AM
1. Schema framework and base elements
- http://nmwg.internet2.edu/
2. Schema examples
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« CoreGRIDIZHITARYNT—OF=2YLY
~& R AL DWork Flow Agent (WFA)AY, B—H)L7%ENetwork Monitoring Agent (NMA)IZ1E#HEE K
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— R A DONMAIL., BF A/ > DNetwork Monitoring Element (NME)IZRIEZERL., #ERE155,
—BRALDNMANSERLI-FALVDNMAIZIEREREDH SN, WMAIZBIERRE A IRENS,
* perfSONAR D7y 77—k
—perfSONARIZ DLV TIE, www.perfsonar.net, wiki.perfsonar.net
—NM archives
* RRD/SQL MA (Maturing, deployed)
—Discovery
* LS (maturing, limited deployment)
—Data manipulation /presentation
» perfSONAR Ul (maturing, available for download)

» Google Maps (beta, limited deployment)
» Speedometer/utilization (beta, limited deployment)
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gn—7 Grid High Performance Networking Research Group (GHPN-RG)
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» Enlightened computing update
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o SIP for Grid
—SIP (session initiation protocol) ZFALYTGrid Servidez 12 £
* SIPIEXML, HTTP, SOAP... LRILKBLVELD TOH-ELVSERHY
* SIPIEsecurityZ$>TLVELY
* hybrid OBS/OCS
~ =R TRATA3—aT,.0CS & OBSOMEFRBICEEFELRD T3,
—hybrid OBS/OCS: ORION Oversill Routing In Optical Networks
-~ T7AN—LEDHDEERAOVNEHTIN—RAMEAND
e EC-GIN (Europe-Chaina Grid Inter Networking)

—Research challenges
* how to model network
* how to simulate network
* how to specify network requirements
* how to align network grid economic
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Resource Usage Service® Specification Discussion
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gi—7 Resource Usage Service (RUS) & Usage Records (UR) Joint Session
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Resource Usage Service (RUS) & Usage Records (UR) Joint Session (¥3R&EE&ESR: MIES)

« URERUSODE 1%
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* RUS Toolkit
—RUSEZED=HDY—)LF v
—Role-based AC, fine-grained AC, hierarchical RBAC
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