Deeper 1nto the grid

Open Science Grid
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‘ Grids consist of distributed clusters
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Grids Provide Global Resources
To Enable e-Science
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 Grids can process vast datasets.

® Many HEP and Astronomy experiments consist of:
0 Large datasets as inputs (find datasets)

0 “Transformations” which work on the input datasets (process)
0 The output datasets (store and publish)

® The emphasis 1s on the sharing of these large datasets
m Workflows of independent program can be parallelized.

- Combute Montage Workflow: ~1200 jobs, 7 levels
" Job g NVO, NASA, ISI/Pegasus - Deelman et al.
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 Virtual Organizations

= Groups of organizations that use the Grid to share resources
for specific purposes

® Support a single community

® Deploy compatible technology and agree on working policies
A Security policies - difficult

® Deploy different network accessible services:
A Grid Information
0 Grid Resource Brokering
0 @Grid Monitoring
A Grid Accounting




‘ Ian Foster’s Grid Checklist

® A Grid 1s a system that:

A Coordinates resources that are not subject to
centralized control

A Uses standard, open, general-purpose protocols
and interfaces

A Delivers non-trivial qualities of service




‘ The Grid Middleware Stack (und course

modules)
Grid Application
Workflow system (explicit or ad-hoc)
Manéjggment Manggé?nent Gridslgj\cl)il;:nelgtion

Grid Security Infrastructure (M4)

Standard Internet Protocols (

)




Job Management
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‘ Globus and Condor play key roles

® Globus Toolkit provides the base middleware
A Client tools which you can use from a command line

0 APIs (scripting languages, C, C++, Java, ...) to build
your own tools, or use direct from applications

O Web service interfaces

A Higher level tools built from these basic components,
¢.g. Reliable File Transfer (RFT)

® Condor provides both client & server scheduling

A In grids, Condor provides an agent to queue, schedule
and manage work submission
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Condor-G:
Grid Job Submission Manager

Globus GRAM Protocol -
/myjobl >
myjob2 l
myjob3 | .
< myjob4 Submit to LRM

myjob5
e
Organization A i Organization B
July 11-15, 2005 ! Lecture3: Grid Job Management
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Data Management
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Data management services provide the
mechanisms to find, move and share data

GridFTP

0 Fast, Flexible, Secure, Ubiquitous data transport

A Often embedded in higher level services

RFT

0 Reliable file transfer service using GridFTP

Replica Location Service

0 Tracks multiple copies of data for speed and reliability
Storage Resource Manager

0 Manages storage space allocation, aggregation, and transfer

Metadata management services
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‘ GridFTP 1s secure, reliable and fast

® Security through GSI
0  Authentication and authorization

0 Can also provide encryption
m Fast

0 Can set TCP buffers for optimal performance
A Parallel transfers
A Striping (multiple endpoints)
® Client Tools
globus-url-copy — commandline

or built into higher level systems
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‘ Grids replicate data files for faster
access

m Effective use of the grid resources — more
parallelism

® Each logical file can have multiple physical
copies
® Avoids single points of failure

® Manual or automatic replication

A Automatic replication considers the demand for a file,
transfer bandwidth, etc.
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File catalogues tell you where the data

1S . .
m File Catalog Services

A Replica Location Service (RLS)
A Phedex
2 RefDB / PupDB

® Requirements
A Abstract the logical file name (LFN) for a physical file

0 maintain the mappings between the LFNs and the PFN’s
(physical file names)

0 Maintain the location information of a file
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Grid Security
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 Grid security 1s a crucial

componen
® Problems be11:ng solved might be sensitive

® Resources are typically valuable

B Resources are located in distinct administrative
domains

A Each resource has own policies, procedures, security
mechanisms, etc.

® Implementation must be broadly available &
applicable

0 Standard, well-tested, well-understood protocols;
integrated with wide variety of tools
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 Grid Security Infrastructure - GSI

® Provides secure communications for all the higher-level
grid services
® Secure Authentication and Authorization

0 Authentication ensures you are whom you claim to be
m |D card, fingerprint, passport, username/password

0 Authorization controls what you are permitted to do

" Run ajob, read or write a file
® GSI provides Uniform Credentials
= Single Sign-on

0 User authenticates once — then can perform many tasks
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Deployed grid infrastructure
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Open Science Grid (OSG) provides shared computing

resources, benefiting a broad set of disciplines
ﬂ—|—|—r—r-r—————

A consortium of universities and national
laboratories, building a sustainable grid
infrastructure for science. .
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= OSG incorporates advanced networking and focuses on general services, operations, end-to-end
performance

= Composed of a large number (>50 and growing) of shared computing facilities, or “sites”
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http://www.opensciencegrid.org/

Open Science Grid stats long ago
50 sites (15,000 CPUs) & growing
400 to >1000 concurrent jobs

Many applications + CS experiments;
includes long-running production operations

Up since October 2003; few FTEs central ops
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TeraGrid provides vast resources via a
number of huge computing facilities.




'To efficiently use a Grid, you must
locate and monitor 1ts resources.

® Check the availability of different grid sites
® Discover different grid services
® Check the status of “jobs™

® Make better scheduling decisions with
information maintained on the “health” of sites
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 Virtual Organizations (VO)

Virtual Community C o
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Organization A Organization B

® VO for each application or workload
® Carve out and configure resources for a

particular use and set of users



= irtual
- esource V

All
\ £ " % i
SR
L S e
.,Iu il G
Sy
C
g P f
AR 4
PR e L'T—-‘"
Virtual Organization Selection
CDF CMS “ompBioGric DES DOSAR DZero Engage Fermilab VIRI GADU
All
geantd GLOW GPN GRASE GridChem GridEx GROW i2u2 IVDGL LIGO
mariachi MIS nanoHUB NWICG Ops 0SG OSGEDU SDSS STAR USATLAS
Resources
Name Gatekeeper Type Grid Status Last Test Date

BrL ATLAS 1 gridgkO1 racf.bnl.gov.2119 compute 056G FASS 2006-12-08 145713
BrL ATLAS 2 gridgk02 racf bnl.gov:2119 compute 0sG FPASS 2006-12-08 14:5843
EU ATLAS Tier? atlas.bu.edu2119 compute 056G FPASS 2006-12-08 15:00:44 ?q




‘ A typical workflow Fattern In 1mage
analysis runs many filtering app

3a.h 3a.i 4a.h 4a.i ref.h ref.i 5a.h 5a.i 6a.h 6a.i
\ |
align_warp/1 align_warp/3 align_warp/5 align_warp/7
l i l |
3a.w 4a.w 5a.w 6a.w
l i i |
reslice/2 reslice/4 reslice/6 reslice/8
W N N IO
3a.s.h 3a.s.i 4a.s.h 4a.s.i 5a.s.h 5a.s.i 6a.s.h 6a.s.i
T
softmean/9
VAN
/ atlas.h / atlas.i
/ LT
slicer/10 slicer/12 slicer/14
/ l \
atlas_x.ppm atlas_y.ppm atlas_z.ppm
l l i
convert/11 convert/13 convert/15
l l i
atlas_x.jpg atlas_y.jpg atlas_z.jpg

Workflow courtesy James Dobson, Dartmouth Brain Imaging Center
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Conclusion: Why Grids?

= New approaches to inquiry based on

A Deep analysis of huge quantities of data
Interdisciplinary collaboration
Large-scale simulation and analysis
Smart instrumentation

Dynamically assemble the resources to tackle a new
scale of problem

® Enabled by access to resources & services without
regard for location & other barriers
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