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Before starting I’ [ give an overview of this presentation.

I’ll talk about grids and what they are, in particular Data Grids as these are of
interest to high energy physics. I'll discuss what grids are in practice and give an
overview of the productsthat are available and how they work.

WEe'll ook at grid projects within the field of High Energy Physics taking a closer
look at LHC and ATLAS. Andfinaly I'll talk about what we are doing at
Melbourne University and focus on 2 major projects.

But first we'll look at Grids and Data Grids.



Grids

“The Grid refers to an infrastructure that enables the integrated,

collaborative use of high-end computers, networks, databases, and

scientific instruments owned and managed by multiple organizations.”
- The Globus Project

“Tomorrow, the grid will be asingle, sustained engine for scientific
invention. It will link petaflops of computing power, petabytes of data,
simulation and modeling codes of every stripe, sensors and

instruments around the globe, and tools for discovering and managing
these resources. At your desktop and at your whim, you® have access
to the world and its computing assets.”

- NCSA (National Center for Supercomputing Applications)

The grid “...consists of physical resources (computers/clusters, disks
and networks) and "middleware" (software) that ensures the access
and the co-ordinated use of such resources.”

- EDG (European Data Grid)

We have a definition provided by Globus the organisation that provides the base
for most grid software. The reason why we are interested in the Grid isthat this
describes alot of what we do in experimental high energy physics.

The Organisation NCSA, a US based grid pioneer, outlines avision for the
GRID. Whilethismay seem abit utopian, the linking of much computing power
and datais something that is required now, and the need will increase in the
future.

Finaly, the European Data Grid, who work closely with CERN, have outlined
what the grid will be constructed of. It will consist of physical resources,
sometimes termed 2fabric®, and the middleware or software that joins these
together.



Grids

The Grid is not @The Internet 2°
+ it uses existing internet infrastructure

+ however, Grid projects exist to extend current
infrastructure

The Grid does not replace Cluster or Parallel computing.
+ it does not fix the problems of SMP/clustering
* it isdesigned to help manage, share, and utilise existing
technol ogies and resources

* clusters/ parallel machines becomes Grid nodes
» resource information and status are available to Grid users
» resources may be utilised by Grid users

The Grid does not make resources bigger or faster
+ may provide easier access to more resources

A common misconception isthat the Grid isthe internet mark 2. Itisnot. It uses
the existing internet infrastructure. However, there are some grid projects aimed
at extending the existing internet infrastructure.

The grid is not designed to replace Cluster of Parallel computing. It does not fix
the problems and limitations with technologies such as SMP or clustering. In
fact, it isdesigned to help us utilise these technol ogies, and share computing
resources.

In the grid a cluster or SMP machine becomes a single Grid Node or
Computation Resource. Detailed information about these resources and their
status are made available to the Grid, and jobs may be submitted to these
nodes/resources based on this information and your requirements.



Grids

Analogy - apower grid
+ Nodes that supply power and nodes that use power
+ Standard connections are required (eg. 240V 50Hz)

+ Users access and consume power as required
transparently.

+ Easy as switching on alight! (?)

Another way to describe the grid iswith an analogy. We can say that The Grid is
like an electrical power grid.

We have nodes that supply power (which are resources that provide computing
power) and nodes that use power (users accessing the grid).

Standards are required to connect these together seamlessly. (Users and
computing facilities must be using the same standards or applications.)

Users will access and consume power (in our case computing resources) as

required without needing to know details about where the resources are coming
from.



Data Grids

What?

+ Grids where access to data is as important as access to
computational resources

Where?
+ Collaborative research or data intensive research. ..
+ Experimental High Energy Physics (HEP)
» datafocused, smulation & anaysis data, large collaborations

» LHC from 2006-2007 will produce 8 PB/yr raw data
(8x10% bytes ; not al required by all users)

» accessible to 1000's of usersin many ingtitutes
+ Earth Systems Grid (ESG)
» climate studiesin the US

» 3 PB/yr data requiring 3 TFL OPS processing power (2005)
(1MFLOP» P4 @ 1MHz ; 3TFLOP » 1500 P4 2GHz)

Data Grids. What arethey? These are grids where the access to the datais as
important, or more important, than access to computational resource.

These occur in most collaborative research areas where access to common datais
required or data intensive research areas. High Energy Physicsis agood example
asit isadatafocused research area where access to simulation and analysis data
isrequired by large collaborations of institutes spread around the world.

To give anindication LHC will produce around 8PB of raw data per year. Now,
only asmall fraction of thiswill be needed by any one user but this data must be
accessible to 1000' s of users world-wide.

Another example is the Earth Systems Grid in the united states. They will
produce 3 PB of data per year which will require 3 TFL OPS of processing power
to analyse.



Data Grids in Practice

Current Concerns: Data Grid Goals:

Administration Administration:
time on system administration + Simple grid-wide admin tools
required software (security/data/software)
accounts, security, network... Data Management:
Data Management world-wide access to data
store/Xfer of large datais $$$
backup is $$$/impossible
software changes X many users = +
proliferation of data Computational Resources:
Computational Resources + wider access to more CPU
+ CPU required for peak |oads $$$ + spread of load may lead to less
+ idle/wasted CPU if usage varies idletime (less CPU required)
Service Replication Services.
+ reinventing of code for... +
» distributed/parallel computing (automatic move code/data ; faster
» data or database access process time ; reduced cost)
» access to mass storage transparent network usage
» packaging of software standard API
software packaging tools

+
+

+
+
+

+ 1+ 1+

Why bother with using grids? Haven't we be managing with existing methods?

In short, it'sgoing to get harder because collaborations, experiments, and the data are al
getting larger. Thelist of concernsislong.

From an administration point of view much timeisaready spent. Looking at data
management, the storage and transfer of large amounts of data can be expensive.
Commercialy datatransfer can cost of the order of cents/MB, disk storage around a
cent/M B, and tape storage around adollar/GB. Backup of this data, particular using
traditional methods, can be expensive or impossible. Changes in the software or different
software together with many users and their private analyses can lead to the proliferation
of data. Thisall needsto be tracked and managed.

From the point of view of computing power, the CPU required for peak times can be
very expensive, however idle CPU existsif loads vary.

Service or Software replication exists between high energy physics experiments. Users
continue reinventing code to perform common services or tasks to meet the needs of their
experiments.

So the advantages, or more accurately goals, of data grids are mainly solutions to these:
Providing smple centralised administration tools.

Providing data tools for world-wide access. Intelligent data storage, caching, and data
replication for faster and cheaper access. The grid may also provide a better way of
filing data with well formed descriptions and version information. These features could
be of the most benefit to high energy physics.

The grid will provide access to geographically separated computing facilities. This could
mean access to more computing power. The spreading of CPU load may mean that less
CPU isrequired for each facility to meet peak loads.

The grid will provide standard software services and APIs such as job management.
Intelligent job locating like moving the code to where the datais or vice-versa for faster
processing times and reduced cost. To some extent we currently doing this by hand.
Standard APIswill be provided for parallel computing, network access, and for many
other common tasks.



Data Grids in Practice

Problems?
How are we going to provide the above?
grids of 10,000+ computers must be administered
user groups of 1000+ must be administered
maintain access privileges for users/data/space/computers
monitoring of distributed processes, data, resources
job profiling and resource profiling (what job can run where)
job management (where and when will the job run)
» CPU time/ CPU count (for MPI/PVM)
» other resources (memory, disk scratch...)
» datalocation
» current resource loads or availability
» time/cost of data transfer
» cost of CPU usage (smaller institutes may rent CPU time)
» user/job permissions and priorities
» resource restrictions/permissions and priorities

*
*
*
+
+
+
*

Most of the above goals are easier said than done! How do we do it?

We have to provide for administration of 10's of thousands of computers,
thousands of users, access privilegesfor all of this and the data we produce,
monitoring facilities, descriptions of user jobs and the computers (so we know
what can run where), job management which will determine where and when the
job will run using information such as require CPU time or number of CPUs for
parallel jobs, required memory or hardware, location of the data, current loads on
resources, the time or cost of data transfer, perhaps the cost of CPU (as smaller
institutes may choose to rent CPU from larger organisations), user permissions,
and resource restrictions.

A lot of these problems have not been solved and alot of software packages are
still in the development and testing phases.
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Overview of Products

Data Grid services and software are termed @middleware®
(they lie between the fabric/systems and the
users/applications)

Before starting on an overview of products you may recall | mentioned the term
middleware is used to describe grid services and software. This diagram triesto
illustrate the relationship between the various parts within agrid.

The grid services sit on top of the hardware (or fabric) and provide the means of
communication with the hardware including security.

The application toolkits, of which data grid specific services are a part, provide
tools and interfaces for higher level grid usage, such as job scheduling and data
management.

The applications themselves we are all familiar with. They are the tools and
applications that we are currently running.

Much effort has gone into the development of the grid services and the
application user groups have also contributed. The application toolkits are
probably less advanced and it' s harder to predict which may emerge as leading
future toolkits. Because of this, we've concerntrated mainly on the grid services
and bridged the gap by either developing or using s mple application tools where
absolutely necessary.
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Overview of Products

Available Packages
+ Globus Toolkit
» the core of most grid middleware

+ European Data Grid (EDG, or EU-DataGrid or
DataGrid)
+ Virtual Data Toolkit (VDT - GriPhyN project)
+ Particle Physics Data Grid (PPDG)
» No package as yet, just a collections of tools
*+ Nile (CLEO experiment)
» Java, CORBA/OrbixWeb based
» not built on Globus!!!

sunO Grid Engine (SGE), Enterprise Edition
more?

L ooking at some of the main products that are available we have:

The Globus Toolkit which is at the core of most grid middleware. (see previous
dlide) Thisprovidesthelow level grid services.

EDG, VDT, PPDG are examples of data grid packages that provide the higher
level services. These areall built on the Globus Toolkit.

Nile and Sun Grid Engine are a notable products they appear to be the only ones
which are not built on a Globus core.

Many of these packages can be broken down into separate services or products.

11



Overview of Products

Available Tools and Services

(Grid Acronym Soup! GAS)
- Security
- GSl - Grid Security Infrastructure (globus)
- Service/Resour ce Information (data/machine)
- MDS - Metacomputing Directory Service (globus)
- GRIS - Grid Resource Information Service (globus)
- GIIS- Grid Index I nformation Service (globus)
- Resour ce M anagement
- RSL - Resour ce Specification L anguage (globus)
- method to exchangeresourceinfo & requirements
- GRAM - Globus Resour ce Allocation Manager (globus)
- standard interface to computation resour ces like PBS/Condor
- DUROC - Dynamically-Updated Request Online Coallocator (globus)
-WMS- Workload Management System (EDG)
- Data M anagement
- GSIFTP - high performance, secure FTP uses GS| (globus)
- Replica Catalog - data filing and tracking system (globus)
- GASS - Globus Accessto Secondary Storage (globus)
- access data stored in any remotefile system by URL
- Unix like calls fopen(), fclose()
- GDMP - Grid Data Mirroring Package (EDG,GriPhyn,PPDG)

So hereisalist of available products. And thisis not an exhaustive list!

Y ou need only know that the basis for most grid environments is the Globus
Toolkit.

Another thing you can tell from thislist isthat the grid, being a computing
concept, is plagued with acronyms. Thisis sometimes called the Grid Acronym
Soup (GAS). There arelarge web pages dedicated to defining all of these
acronyms. (http://www.gridpp.ac.uk/docs/GAS.html)

Some of the centra services are GSI which provides the security, GRIS which
provides the information about grid resources, GRAM which runs tasks on
computing resources, GASS and GSIFTP which alows access to remote files,
and the Replica Catalog which provides the filing system for the data.

12



Overview of Products

Available Tools and Services (cont.)

- Data Management (cont.)
- Magda - distributed data manager (PPDG)
- Spitfire - grid enabled accessto any RDBM S (EDG)
- RLS- Replica L ocation Service (EDG)
- Mass Storage
- HPSS API - high performance storage system (globus)
- SRB API - Storage Resour ce Broker (globus)
- Communication
- Nexusand M PICH-G (globus)
- Monitoring
- HBM - Heartbeat Monitor (globus)
- many others!
- Job Managers
- PBS - portable batch system
- Condor - distributed computing environment
- Fabric Management
- Cfengine
- PacMan
- many othersl!

And the list continues.
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Now we will ook at how some of these products work, or more appropriately,
how the grid is supposed to work, as many products are still in development.

14



How it's supposed to work!

Workload Management System (EDG example)

Thisisthe officia flowchart for the workload manager in the European Data Grid
package. Thissimply takes ajob and executes it on a computing resource. But
asyou can see the processisn't that simple.

Because thiswould take awhile to explain I' ve simplified the process.

15



How it's supposed to work!

Workload Management System (EDG; very smple version)

Resour ce
Broker
match job&resource profile

nee_ded_space/resources Grid Information
avail ability/access to data Replica Catalog

application #sandbox°®

Computation L ogging and
Resour ce Bookkeeping
Data
Resour ce

In the simplified the process we can get an idea of what's happening.

A user submits ajob via some sort of interface. Thisis passed on to the resource
broker which does the mgjority of the work.

It is the Resource Broker' s task to match the Job Profile with the Resource
Profiles that are available. It checks how much disk space, memory, cpu, and
network bandwidth you need to run the job. It checks the location, availability,
and access permissionsto the required data. Thisis done by accessing the grid
information services and replica catalogue. It ensures the presence of what's
called the 2application sandbox® which may include application code and all
necessary auxiliary files. If it needsto it can move the datato an appropriate
location before the job starts and updates the replica catalog accordingly. It then
actually runs the job on one or more computers.

The status and output of the job are monitored so the grid information can be kept
up to date and so the user knows what' s happening.

16



How it's supposed to work!

Replica Catalog

+ Data can be organised as@Logical File Names® in avirtual
directory structure which can be mapped to 2Physics File Names®

+ Logical file structureis organised into Catalogs, Collections, Files

Catalogl

Collectionl Collection2 Collection3
Physical File3 Physical File3 Physical File3
Site A SiteB SiteC

Aswe are dealing with Data Grids and dataisimportant | though we should also
look at file management and replication within the grid.

Data files can be organised as Logical File Names within aVirtual Directory
Structure by using a Replica Catalog. Each Logical File Names mapsto one or
many Physical Fileslocated somewhere on grid, usually specified asURLs. The
virtual directory structure is organised into Catalogs and Collections.

In atypical job the user will specify the Logical Filethat isto be processed and
the Resource Broker will resolve this to the most appropriate Physical File
location. Thejob may require the file to be staged locally before execution or the
application will stream the file fromit's physical location.

17



How it's supposed to work!

Replica Catalog - LDAPBrowser

aMeta-Datel - easily added to LDAP directory

+ data descriptions and version information
+ LDAP query language can retrieve files by description/version

The Replica Catalog is generally implemented using an LDAP directory. The
advantage isthat any existing LDAP tool can be used, such as the one displayed,
and LDAP queries can be used to obtain information.

The displayed tool, called LDAPBrowser, is shown examining logica fileswithin
a collection @winton/test.belle® which isfound within the 2users® catalog. Inthis
type of Replica Catalog physica files are determined by location entries, such as
the one highlighted, which are linked to the logical files.

An LDAP directory will aso allow the adding of extra attributes to entries which
may be used to store 2meta-data®, extrainformation attributed to the data. This
could be used to store well formatted descriptions of the data and version
information. The LDAP query language can then be used to retrieve data by
description or version.

18



How it's supposed to work!

Replica Catalog - Grid-RC-tools (U.of.M, Physics)
+ developed to emulate Unix directory structure commands

> grid-rc-cd w nton/ncsetl
> grid-rc-nkdir newcollection
RC Password:  ****xxxx
> grid-rc-ls -1
drwxr-x Lyle_Wnton 2002-11-18_03: 36 0o .
-rwr-- Lyle_ Wnton 2002-11-18_03: 35 503589128 nyfil e3. mdst
-rwr-- Lyle_ Wnton 2002-11-18_03: 35 516000000 nyfil e4. mdst
-rwr-- Lyle_Wnton 2002-11-18_03: 35 167506804 nyfil e5. ndst
grid-rc-cp -local nyfilel.ndst . gsiftp://renote/dir/
grid-rc-cp gsiftp://remte2/dir/ nyfile2. ndst
grid-rc-cp nyfile2. nmdst gsiftp://renote3/adir/
grid-rc-rm nyfile3. ndst
> grid-rc-location '*. ndst’
/users/winton/ntsetl/ nyfilel.nmdst: gsiftp://renote/dir/nyfilel. mist
/users/winton/ntsetl/ nyfile2. nmdst: gsiftp://renote2/dir/nyfile2. mist
gsiftp://renote3/adir/nyfil e2. ndst
/users/w nton/ ncset 1/ nyfil e4. mdst:
/users/winton/ntsetl/ nyfileb. mdst: http://somehost/otherdir/nyfile2. ndst
> grid-rc-setattr description="MC D*D*Ks” 'nyfile?. ndst’
> grid-rc-find -r /users/wi nton(size>=1000)

We have developed a set of tools for querying and maintaining the replica
catalog. Thesetools emulate the Unix directory commands so the user can
navigate the virtual directory structure (replica catalog) as they would normally
navigate their directories. A few example commands are displayed here. The
aCP? or 2copy® command not only copies files around the replica catalog but also
provides a means for replicating files across grid data resources. The 2location®
command is used to report the locations of files. The2setattr® command allows
the setting of extra attributes on files and collections. Thiswill provide the
foundation for meta-data maintenance. The2find® command is used to retrieve
data or filesfrom any point in the directory structure that match an LDAP query
string.
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How it's supposed to work!

File Replication (GDMP example)

The GDMP tool is used replicates files from one system to ancther.

The diagram show atransfer of filesfrom site A to site B. This can be triggered
in two ways, by site A publishing alist of filesthat need to go to other sites
(1.1a), or by site B requesting alist of files (1.1b). Inthelater case, Site B may
be configured to request certain files that will be used commonly, or a user
application running at site B may request files for processing.

Once the file has been transferred, the Replica Catal og, which holdsthe list of

physicsfilelocations, is updated so other applications know to get thisfile from
site B dso.

20



How it's supposed to work!

Object Replication vs File Replication
+ Existing experimental data (file replication)

» files of many independent events (compressed, random access is
difficult or impractical)

» groups of files of similar events are called 2data-sets®

» large data-sets filtered for most interesting events, stored as 2skims?

+ Object replication seems the most efficient
» each event is an object potentially stored separately
» adata-set or skimisjust a collection of unique event | Ds
» no event duplication in multiple data-sets or skims
» data processing accesses the nearest event

+ However, many current storage systems have

scalability problems (events > 10° in number)
» file replication problems solved (in part) by replication of smaller
common skims
» Compromise?. skim files (re)constructed by extracting events from
the nearest data-set OR eventsin data-sets are indexed

A subject of note within the grid community is that of Object Replication.

Existing experimental HEP datais stored and replicated as files containing many
independent events. Files and groups of files generally contain similar types of
eventsthat aretypically processed together, and these are called data-sets. These
data-sets are generally filtered to extract events of most interest into smaller data-
sets called skims.

The computing community in general is moving towards treating data as objects
rather than streams of information. At first this seems the most efficient way of
dealing with data. In HEP each event is aready an independent object which
could be stored separately. Data-sets would become a collection of event Ids.
Skims, for example, would just contain references to events and would be very
small. Aseventsin data-sets and skims may overlap with eventsin other data-
sets, the duplication of events will be eliminated, because only event references
are stored. Data processing will be performed on the nearest event. Some events
may be cached locally, somein Sydney, somein CERN. Whereas with file
replication, generally processing will occur only in places that have the whole file
or the whole file must be transferred.

The problem with object replication is most current storage systems cannot
handle the quantity of objects required, which may be greater than 10"9in
number. Most databases and file systems are not that powerful. So this problem
is currently solve by having smaller skims shared by many people rather than
large data sets and replicating these.

There may be a compromise where skim files can be constructed or reconstructed
at process time by extracting events from the nearest data file or skim. Another
way might be to index event locations within the large data-sets. But this still
requires the tracking of large numbers of events.



How it's supposed to work!

A User Example
+ Traditional method

» ssh renote gstat (choose location to run)
» scp files remote:dir (transfer auxiliary files:
user code/libs, scripts, config)
» ssh renote qsub < myjob.csh (runjob or submit to queue)
+ Globus method (Grid resources)

grid-proxy-init (security sign on)

grid-info-search renmote (choose Grid node to run)

gl obus-url-copy files remte (transfer auxiliary files)

gl obus-j ob-run nyjob. csh (submit job to node)

Advantages.

Authenticate once, run anywhere (without agents)
Greater access to resources (when more exist)
Access to remote data resources

Disadvantages:
Essentially the same as the traditional method

Hereis an example of how a user will see the Grid system.

We will start with the traditional method, using SSH to connect to remote
resources. A user must first choose alocation to run their job, then copy their
auxiliary files such aslibraries, scripts, and configuration files to the remote site,
then either run the job or submit it to an existing queue or batch system. Thisis
repeated for as many job as you need to run.

With Globus installed we may access grid computation resources. A user signs
on to the grid by creating a proxy, they query grid resources to choose an
appropriate location to run, then copy auxiliary files, then submit thejob to the
resource. This has the advantage of a single point of authentication and
potentially greater access to remote resources. The big disadvantage isthat thisis
essentially the same as the traditional method. Thisis not too surprising as
Globus only provides low level service accessto the grid. The real benefit will
be seen when using application tools as seen in the following examples.
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How it's supposed to work!

A User Example (cont.)

+ Nimrod/G method (Monash, David Abramson; economic
scheduler which accesses multiple resources; under development
University Melbourne GridBus www.gridbus.org)

» grid-proxy-init (security sign on)
» ninrod nyj ob. run (register jobs and start Nimrod)
» <Speci fy budget/deadl i ne>

Advantages.
File transfer is handled

Grid nodes choice is handled,
multiple can be used at once
Cost and time considerations
including feasibility

Disadvantages:
Cost of datatransfer and data
location is not yet considered
(in devel opment)

We are also trialing at Melbourne University the use of an economic scheduler
called Nimrod as an interface to grid resources. An example of using thisisto
sign-on to the grid by creating a proxy, then to register and start a predefined plan
for agroup of jobs. You can then specify abudget or deadline for thisrun. The
advantages are that file transfer, the choice of grid resource, and cost and time
considerations are al handled by Nimrod. A single run can easy be split over
multiple resources. The disadvantage is that data location and cost of transfer is
not build into the scheduler, but we are working with the University of
Melbourne GridBus group to change this.
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How it's supposed to work!

A User Example (cont.)

+ Resource Broker method (EDG Workload Manager)
» dg-j ob-submit nyjob. profile (security signon & submit)
Advantages:
Very smple!
File transfer is handled by Resource Broker
Grid nodes choice is handled by Resource Broker including
complex requirements, multiple nodes can be used

Disadvantages:
Cost, time, and feasibility are not considered (yet?)

+ |deal future method

» Simple usage, authenticate once
» File transfer and access handled transparently

» Choice of Grid resource handled transparently including complex
reguirements, multiple nodes can be used at once

Cost/quota, time, feasibility consideration, particularly data access

And finaly, I'll use and example of what how using a Resource Broker will look
to the user. Thisexampleisthe European Data Grid Workload Manager.

A job profileis smply submitted to the Resource Broker and security sign-on and
everything else is handled in the one place. The advantages are thisis very
simple, file transfer and choice of resource is handles by the broker. The
disadvantage is that cost, time, and feasibility are not yet considered by resource
brokers.

So the ideal future method for submitting jobs to the grid should be simple to use,
handle al file transferring and access, handle the choice of grid resource taking
into account the requirements of the job, and also take into account cost, quotas,
time, and job feasibility with respect to computing resources and data resources.
Within data grids ensuring access to data resourcesis of particular importance.
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How it's supposed to work!

A User Example (cont.)

+ We have developed atool to meet our most important
requirement - data access

+ GQSched method (Grid Quick& Dirty Scheduler)

» ggsched gat ekeepers nyj ob. csh (security signon & submit)

Advantages:
Grid nodes choice is handled by ggsched taking into account
replica catal og information, multiple nodes can be used

Relatively simple

File transfer is handled by ggsched

One of the first advanced data schedulers!!!
Disadvantages:

Cost, feasibility, and complex requirements not yet considered

Based on our 2ideal method® and our most important requirement, data access,
we have developed atool for distributing jobsto the grid. A job script together
with alist of grid resources or gatekeepers is ssmply submitted using our tool.
Security sign-on, file transfer, and the choice of grid nodes is handled by the tool.
This also makes the splitting of jobs and access of multiple resources relatively
simple. Thismay be the first data schedulers in existence as choice of grid nodes
takes into account replica catalog information and data | ocation.

The primary disadvantage is that this does not handle any complex regquirements
that ajob might have, such as memory or software.
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How it's supposed to work!

A User Example (cont.) - GQSched script...

#!/bin/csh -f
#: Param FILE GidFile | fn:/users/wi nton/test.belle/*. nmdst
#: Param EVTSKI P Nunmeric O to 9000 step 1000

#: Stagel n recon. conf ; event.conf
#: Stageln particleTest.conf particle.conf
#

:Stageln |ibanalyser.so ; user_ana.so ...

echo °Processing Job $JOBID on $FI LE eventski p $EVTSKI P host °" hostnane’
setenv FPDA | O PACKAGE fpdagrid. so
basfexec -v b20020424_1007 << EOF
path create main

nmodul e regi ster user_ana

pat h add_nodul e main user_ana
initialize

hi st ogram defi ne sonehi st o. hbook
process_event $FILE 1000 $EVTSKIP
term nate

ECF

echo Finished Jobl D $JOBID .

#: St ageQut  sonehi st 0. hbook nyout put. ${JOBI D} . hbook

Hereis an example of a script that can be submitted to the GQSched tool. Itis
just an ordinary Unix shell script with afew differences. Well formatted
comments or directives are used to implement most features.

aParam® directives enable parameter sweeping for multiple jobs, the result of the
parameters stored in environment variables. The example shows a2FILE®
parameter which will iterate over all 2*.mdst® filesin the
ajusers/winton/test.belle® directory in the replica catalog. The $FILE
environment variable will be evaluated to the most appropriate physical file name
(generally a URL) before execution on each host. The2EVTSKIF® parameter
will numerically iterate from O to 9000 in steps of 1000. Onejob will be
submitted for each FILE and EV TSKIP value and combination.

aStageln® directives enablefilesto be transferred from your local host to the
machines on which your jobs will execute. 2StageOut® directives enable filesto
be transferred back to your local host and is generally used to pass back results.

An additional environment variable $JOBID can be used to uniquely identify
each job.
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HEP Projects

What is High Energy Physics? (HEP)

Study of the fundamental constituents of matter and forces.

High Energy Physics - using H.E. enables the probing of smaller
distances/structures and study in early-universe like environment.
+ Particle Physics - quanta of matter/forces and their properties

How isthis done?
Theories and Models to describe matter, forces, properties,
actions, and interactions (Standard Moddl, CP violation)
Construct experiments/detectors and accel erators to investigate
matter interactions and behaviour under high energy conditions.
Day to-day Experimental HEP
+ The Construction - building an 2Experiment® or @Detector® after
proposal, investigation, R& D (typically many years)
The Measurement - collection of data from many sensors within
the Detector (many years)
The Analysis - reconstruction of sensor data to summary data,
correlation of sensor information; comparison with
expected/smulated results; comparison with theory (many years!)

+
s

High Energy Physics (HEP) is the study of the fundamental constituents of matter
and the forces between these constituents. It is called High Energy Physics as
using high energies enables us to probe smaller distances and structures within
matter, and also allows us to study matter asit wasin the early universe, the
history of matter. It isalso called Particle Physics as we deal with quanta of
matter and forces and the properties associated with these.

The study of HEP is broken into two main disciplines, theoretical and
experimental. Theoretical HEP propose theories and model s to describe matter,
forces, their properties, actions, and interactions. Experimental HEP construct
experiments or detectors and accelerators to investigate matter interactions and
behaviour under high energy conditions.

Experimental HEP can be roughly broken into 3 separate activities. The
boundaries of these activites, in time and resposibility, are often indistinct. The
activities are the construction of detectors which typically takes many years, the
measurement or collection of data, and the analysis of thisdata. We will focus on
the using data grids for the analysis of data within HEP.
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HEP Projects

Day-to-day Experimental HEP - The Analysis
Raw Data Simulated/Monte-Carlo Data
* individual 2events® + interaction/event generation
* detailed detector simulation
Reconstruction Reconstruction (as for raw data)...
+ correlation of sensor/subdetector information
Data Summary for analysis [Belle 10TB]
Skimming (subset) vialoose 2cuts® (parameter restriction) [Belle 100GB]
Analysisto generate plots, histograms, Ntuples [Belle 100MB]
kinematic factors
topological factors
particle identification factors (based on assumptions)
track vertex fitting (based on assumptions)
particle/decay chain reconstruction (based on assumptions)
atistical Analysis - further cuts, fitting signal/bkg or theoretical prediction
signal = proportion correct assumptions; bkg = background/contamination
Iterate above until analysis correct!
If vast differences/problems Use for systematic error analysis.
recheck simulation and analysis
Systematic Error Analysis

+ + + + +

]

I+

A typical analysisis split into two streams: data and smulation. Raw datais
recorded from various sensors within a detector and stored as separate
measurments or 2events®. Simulated or Monte-Carlo datainvolves the
generation of events and then detailed detector simulation. From this point on the
analysis streams are very similar. The datais reconstructed which involves the
correlation of sensor information. Data summaries are generated for ease of
analysis. Asan example, within the Belle experiment 10 TB of data summary
information exists. These are@skimmed® to produce subsets of the data of most
interest to each physicists analysis. Thisis done by applying, what we call, loose
acuts® which are restrictions on parameter space. These are around 100 GB in
sizefor Belle users. These are then analysed to generate plots, histograms, and
N-tuples. These can then be used for statistical analysis by applying further cuts
and fitting signal, backgrounds, or theoretical distributions. For smulated data
this process is repeated until the physicist feelstheir analysisis correct. The
simulated data can then be used for systematic error analysis. The same analysis
processis performed on data to obtain aresult, provided there are no large
differences between data and simulation.
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HEP Projects

Day-to-day Experimental HEP (cont.)

The first image displays an event with the inner subdetectors of the Belle
experiment. The small coloured dots and bars indicate information from the
various sensors. The lines drawn between some of these indicate reconstructed
particle tracks. The example scatter plot demonstrates atypical parameter
distribution. The box drawn around the signal region indicates a potential 2cut®
or parameter restriction that may be used to eliminate background. The example
histogram exhibits a distribution with background and small signal peak (red
line). The black line displays the expected signal only shape. A fit may be
performed to extract the size of the signal contribution from the background and
signal distribution (red line).
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The ATLAS Experiment
Large Hadron Collider (LHC) at CERN, Geneva

Search for Higgs particle which may lead to
understanding the origins of mass.
Collaboration 2000 people, 150 institutes, 34
countries

3.5 PB data per year

operational in 2007

The Belle Experiment
KEK B-Factory, Japan

Investigating fundamental violation of symmetry
in nature (Charge Parity) which may help to
explain the universal matter - antimatter
imbalance.

Collaboration 400 people, 50 institutes
10 TB data currently

The following two high energy physics projects are typical examples. The
University of Melbourne Experimental Particle Physics group are participants in
these collaborations.

The ATLAS Experiment will be built at the Large Hadron Collider facility at
CERN in Geneva. The purpose of this experiment is to search for the Higgs
particle which is of importance for understanding the nature of massitself. Itisa
collaboration of 2000 people from 150 institutes across 34 countries. They
expect to be producing 3.5 PB of data per year. The detector will be operational
in 2007 and is currently under construction and development.

The Belle Experiment is situated at the KEK B-factory in Japan. Itis
investigating one of the fundamental violations of symmetry in nature, Charge
Parity violation (CP violation). Thiswill help use gain a better understanding of
the matter - antimatter imbalance that is apparent in the universe. There are
around 400 people in this collaboration from 50 institutions world wide. They
currently have a data set of around 10 TB.
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HENP groups (High-Energy and Nuclear Physics)
Relativistic Heavy lon Collider (RHIC) at Brookhaven National
Laboratory (BNL)
experiments: PHOBOS, BRAHMS, PHENIX, STAR
HENP Data Access Grand Challenge

» 50 TB data, 100's of simultaneous users, many institutes
» Mock Data Challenges arranged to test the systems
» RHIC has been running since mid 2000

LHC computing grid (LCG)
Large Hadron Collider (LHC) at European Organization for
Nuclear Research (CERN)
experiments. ATLAS, LHCb, ALICE, CMS
design and testing phase
each experiment will performit's own 2Data Challenges®

I'll mention a couple of HEP grid projects that we should be familiar with.

Thefirst was lead by the High Energy and Nuclear Physics groups associated
with the RHIC facility in the US. Several experiments were involved in what
was called the HENP Data Access Grand Challenge which was to ensure access
to 50TB of datafor 100s of simultaneous users across many institutes. They
created @Mock Data Challenges® to test their systems for readiness. The
challenges were completed and successful and RHIC has been up and running
since mid 2000.

While the network of computing resources were not called adata grid, there are
similarities. Many of the people who worked on this are now working on the
next project, the LHC grid, and are bringing their experiences from RHIC to this.

The LHC grid will be constructed to service the experiments on the Large Hadron
Collider facility in CERN and their collaborations. These are ATLAS, LHCb,
ALICE, CMS. Thisgridis currently in the design and testing phase and each
experiment will be performing their own @Data Challenges® to test the reediness
of the grid systems for physics.

I will talk alittle about the ATLAS data challenges further on, aswe are
participating in these.
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LHC Computing Grid (LCG) Infrastructure

+ The MONARCH Model (CERN computing division)
+ Hierarchy of Nodes (collections/clusters of computers)
+ Tiers0, 1, 2, 3,4,5?

The infrastructure of the LHC grid will follow the2MONARCH Model°. The
MONARCH group is apart of the CERN computing division and was set up to
simulate and investigate the grid. Thisisthe model they have recommended.

It consist of a hierarchy of Grid nodes or resources. Each node can existson a
number of Tiersor levels. Thetier denotes the separation from the centra CERN
node (Tier 0). While this diagram showsjust asingle Tier 1 node, there will be
quite afew of these, some situated within CERN itself.
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LHC Grid Infrastructure

+ The MONARCH Model (cont.)
- |ATLASexpedts

CERN (1 node) raw data

connected to experiments  first pass recon.

1 per Experiment some raw data >10 PB storage

+ Regional Centres offline data >1000 kSI95
additional recon. & sim. | ~10 nodes

Cities/Labs? partial offlinedata | 400-1000 TB storage

Accessibleto all. recon. & sim. support | 300-500 kSI95
12-25 nodes

Institute Level partial offline data
Not accessibleto al.  private data

Desktop / Personal private data

Mobile / Laptops/ private data
Transient

So, Tier O will be one node at CERN and will be connected to the experiments
and store all raw data. Thistier will do all of thefirst pass reconstruction of raw
datato offline data. (Detector information and hits for each event are
reconstructed into particle tracks which are more paatable for physics analysis.)

Therewill be 1 Tier 1 per LHC experiment situated at CERN plus regional
centres Situated in other countries. These may contain alittle raw data but mostly
all of the offline data. They will be used for additional reconstruction and
simulation.

There will be many Tier 2 nodes situated at various laboratories and cities around
theworld. These will be accessibleto all users within the experiments and will
contain part of the offline data for reconstruction and simulation support.

Tier 3 nodeswill be at institution levels and will not be accessible to the whole
grid. They will contain some offline data and users private data.

Tier 4 nodes consist of persona desktop machines that are permanently
connected to the grid. They will generally be used as portas to the grid and for
the usual stuff.

Tier 5 are the transient machines. And I'm not sure why they bothered going to
thislevel of detail.

ATLAS expect to have about 10 PetaBytes of storage in total over all of tier 1in
about 10 nodes. They expect to have between 400 and 1000 TeraBytes of storage
in Tier 2 amongst 12 to 25 nodes.
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CMS expected grid hierarchy

+ CMSisasymmetric p-p detector at LHC looking for the Higgs
+ network connection between Tiersis very important

Thisiswhat CM S expect the grid to look like, from their point of view. One of
the most important specifications within the grid hierarchy structure is the
network connections between tiers. We need to be able to transfer the datato the

correct level within thetiers, and we also need to be able to access this data from
lower levels within thettiers.
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ATLAS expected requirements
+ 10° events per year

+ 3.5 PB data per year
» ~1.5 PB smulation data
» ~1 PB raw data
» ~200 TB ESD (event summary data)
» ~20 TB analysis data
» ~2 TB event tag data

1000-1500 software users

~150 simultaneous jobs

~20 separate analyses

~20 PB tape, ~2600 TB disk, ~2000 kSI95 in CPU

(1195 = 1 SPECint95 » 40MIPS » P4 @ 20MHz )
( 2000 kSI95 » 20,000 P4 2GHz )

+ H+ H+ I+

Thiswill give you an idea of the resources that might beinvolved in this
infrastructure. ATLAS expectsto take 10"9 events per year which will equate to
3.5 PB of dataincluding simulation and analysis data. Over the period of the
experiment the expect they will require 20PB of tape storage, 2600TB of disk
storage and 2000k S195 in CPU resources.

36



ATLAS Data Challenges

Aims
Test readiness of infrastructure
+ |sthe grid ready for physics?
+ Performance of computing hardware, network
ik
th

Performance (efficiency and speed) of the software
Monitoring
+ Scalability
+ Test different structures. hierarchy vsuniform grid
Specified 3 challenges (DCO, DC1, DC2)

So that we don't spend alarge amount of money on computer resources and then
discover there are fundamental problems, the experiments are proposing data
challenges. These will test theinfrastructure, network, hardware, the estimates
that were made, and push the grid software forwards.

This also sums up the aims of the ATLAS data challenges.

They have specified 3 different data challenges which will build on each other
over time. These called DCO, DC1, and DC2.

37



ATLAS Data Challenges

Data Challenge 0 (DCO)
+ Sample of 10° eventsin 1 month (trivial for the hardware)
+ aContinuity test® of the software chain
* Including writing to / reading from persistent store

DataChallenge 1 (DC1)

Phase 0 April (preparation for phase 1)
Phase 1 May until 15-Jul (generate events for analysis)
» samples of up to 107 eventsin 10-20 days (20-30 TB)
» Physicsgoals: Re-check technical plots, find signal in event sample

Phase 2 Nov? until 20037 (software test, Geant4, Databases)
» Infrastructure goals: several hundred PCsworld wide, test basic grid
functionality (10 bottlenecks etc.)
» Physicsgoals. Pile-up ssimulation for high level trigger studies
Data Challenge 2 (DC2)
+ Sample of 108 eventsin 3 months
+ complexity ~50% of 2006-2007 LHC grid infrastructure
* Infrastructure and Hardware: want to stress-test the model

Data 