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� Do you have need for more computational power?
� Are you content with just a batch system running 

locally, like Condor?
� Are you satisfied with just a few computers?
� How big does your grid need to be?

� Assuming you want to build a grid, and a small 
one isn’ t good enough for you…
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� Infrastructure 

� Network
� CPU
� Disk Space
� Deciding on the kind of hardware
� Usually, Grids are built with existing infrastructure

� Software
� Globus, Condor, VDT …
� Packaging
� Deciding on the operating system, Package versions. Linux is themost 

popular OS for building grids
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� Policies

� Security
� Accounting

� Configuration
� One of the most difficult things
� Configuring various pieces of software
� Customization

� Monitoring
� Monitoring your jobs
� Monitoring the health of a grid
� Some metrics: Load average, Number of jobs, Network delay …

� Maintaining
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� You don’ t need specific hardware to build a grid
� You can build a grid out of existing commodity 

hardware
� But you should consider a few questions

� Are your computers beefy enough for your jobs?
� Can the gatekeeper machine or submit computers 

handle the load?
� Failovers
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� Buy a cluster of PCs
� Download and install Linux
� Download Condor and/or Globus packages
� Install and configure them
� Get and install certificates for hosts and users
� Assign a gatekeeper and start submitting jobs
� Easy, isn’ t it?
� Unfortunately, it’s pretty difficult to configure and 

maintain such a grid
� Multitude of configuration files
� Technology overload
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� VDT (Virtual Data Toolkit)
� Ensemble of grid middleware
� It’s as easy as typing the following command on your 

command line

pacman - get  VDT: VDT 
sour ce set up. sh

� Incidentally, we (Alain & Carey) develop the 
VDT

Answer a few questions here
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� Goal:
� Take complex, cranky, grid software
� Install it with the minimum of hassle

� http://www.cs.wisc.edu/vdt
� Works on various versions of Linux and AIX
� Planned support for Solaris, Mac OS X

� Maybe Windows—much of the software isn’ t available 
for Windows
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� One of the most useful grid tools
� A tool for fetching, installing and managing 

software packages
� The VDT uses it to install, configure and manage 

your applications as well
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� Most difficult part of building a grid
� The VDT does as much configuration as it can
� Unfortunately, some software requires further 

configuration
� You need to understand the technology involved

� Many complex software packages, each with its own 
quirks
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� Keeping up with the latest technologies
� New software packages
� Web and Grid Services
� New paradigm

� Security updates
� User management

� Certificates
� User addition
� Accounting (currently, no easy way of doing this)

� Site maintenance



� � �� � � � �	 
 ��� 
 
 � � � � ��� ��� � � � �� � �� � � � � 	 !

%&��� �&�� � � � � � �-� � �� �� � ��  

� If you have a grid, you have users
� You need support personnel
� You need mailing lists

� You need educated system administrators
� How do you configure Condor to do…?
� How do you set up a certificate authority?
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� Grid3 is an extreme grid
� It brings together more organizations and 

software than is typical
� It will give you an idea of the complexities that 

can be involved in a large grid, and the issues that 
you may deal with

� Many grids are smaller and simpler than Grid3—
you can start small and simple
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� International Data Grid with dozens of sites
� Serving applications across various disciplines 

HEP experiments (LHC, BTeV) Bio-chemical, 
CS demonstrators…

� Currently over 2000 CPUS available for use by 
over 100 users 

� A peak throughput of 1100 concurrent jobs with a 
completion efficiency of approximately 75%

Note: Grid2003 refers to the initial project from 8/2003 – 12/2003
Grid3 refers to the persistent grid infrastructure

Note: Grid2003 refers to the initial project from 8/2003 – 12/2003
Grid3 refers to the persistent grid infrastructure
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� Stakeholders: 
� US LHC Software and Computing Projects

� US ATLAS, US CMS

� Grid projects (iVDGL, PPDG, GriPhyN)
� CS groups, VDT team, iGOC

� GriPhyN experiments 
� LIGO, SDSS as well as ATLAS and CMS

� New collaborators
� Vanderbilt BTeV (Fermilab) Group
� Argonne computational biology group
� U Buffalo chemical structure
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Boston University
Caltech
Hampton University 
Harvard University
Indiana University
Johns Hopkins University
Vanderbilt University
University of Oklahoma
University of Chicago
University of Florida
University of Michigan
University at Buffalo

Argonne National Laboratory
Brookhaven National Laboratory
Fermi National Accelerator Laboratory
Kyungpook National University
Lawrence Berkeley National Laboratory
University of California San Diego
University of New Mexico
University of Southern California-ISI
University of Texas, Arlington
University of Wisconsin-Madison
University of Wisconsin-Milwaukee
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� Software packaging Service (pacman)

� Virtual Data Toolkit (VDT)
� Globus
� Condor-G
� And more!

� Additional middleware configuration packages
� Monitoring Services

� GridCat
� MonALISA
� ganglia
� Metrics Data Viewer
� ACDC Job Monitor

� User Authentication Service
� Virtual Organization Management Service (VOMS) 

� Grid3 Operations
� The international Grid Operations Center (iGOC)
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� Packaging is the key to success! 
� Automation in software installation greatly improves 

reliability of software deployments 

� Pacman package manager is used in Grid3
� Complete installation and site configuration is 

simplified to a single command:

� In reality it takes a little more work. However…

% pacman –get iVDGL:Grid3% pacman –get iVDGL:Grid3

ref. pacman --- http://physics.bu.edu/~youssef/pacman/
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� Globus Alliance
� Grid Security Infrastructure (GSI)
� Job submission (GRAM)
� Information service (MDS)
� Data transfer (GridFTP)
� Replica Location (RLS)

� Condor Group
� Condor/Condor-G
� DAGMan
� Fault Tolerant Shell
� ClassAds

� EDG & LCG
� Make Gridmap
� Cert. Revocation List Updater
� Glue Schema/Info provider

� ISI & UC
� Chimera & related tools
� Pegasus

� NCSA
� MyProxy
� GSI OpenSSH

� LBL
� PyGlobus
� Netlogger

� Caltech
� MonALISA

� VDT
� VDT System Profiler
� Configuration software

� Others
� KX509 (U. Mich.)
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iVDGL VOMS server

edg-mkgridmap

FNAL VOMS server

BNL VOMS server

user DNs

user DNs

user DNs

site a client

site b client

site n client

mapping of user’s grid 
credentials (DN) to local 
site group account

gridmap-file

gridmap-file

gridmap-file

USCMS, SDSS

USATLAS

BTeV, LSC, iVDGL

DN mappings
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� Investigation and resolution of grid middleware problems 

at the level of 16-20 contacts per week  
� With other iGOC personnel develop Service Level 

Agreements for iVDGL Grid service systems and iGOC 
support service.

� Membership Charter completed which defines the 
process to add new VO’s, sites and applications to the 
Grid Laboratory 

� Support Matrix defining Grid3 and VO services 
providers and contact information
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� 7 Scientific applications and 3 CS demonstrators

� All iVDGL experiments participated in the Grid2003 project
� A third HEP and two Bio-Chemical experiments also participated

� Over 100 users authorized to run on Grid3
� Application execution performed by dedicated individuals
� Typically 1, 2 or 3 users ran the applications from a particular

experiment
� Participation from all Grid3 sites

� Sites categorized according to policies and resource 
� Applications ran concurrently on most of the sites
� Large sites with generous local use policies where more popular
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� With information provided by the Grid3 information system
1. Composes list of target sites

� Resource available
� Local site policies

2. Finds where to install application and where to write data
� Use of Grid3 Information Index Service (MDS)
� Provides pathname for $APP, $DATA, $TMP and $WNTMP

3. User sends and remotely installs application from a local site
Entire application environment is shipped with the executable!

4. User submit job(s) through globusGRAM

� User never needs to interact with local site administrators 
other than through the Grid3 services!
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� Grid3 monitoring 
applications (information 
consumers)
� MonALISA
� MetricsData Viewer

� Queries to  persistent storage 
DB (on the gocmon server)

� MonALISA plots
� MDViewer plots
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� Current hardware resources

� Total of 2693 CPUs
� Maximum CPU count
� Off project contribution > 

60% 

� Total of 25 sites 
� 25 administrative domains 

with local policies in effect
� All across US and Korea

� Running jobs
� Peak number of jobs 1100
� During SC2003 various 

Scientific applications were 
running simultaneously across 
various Grid3 sites
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� A lot of grid software exists that you can use today
� Condor: jobs in local cluster and wide-area grids
� Globus: jobs, data, information
� BOINC: build SETI@home-like systems

� It’s easy to have a small grid
� Making a large grid is hard work

� Lots of complex software
� Heterogeneous infrastructure
� Need for monitoring
� User support


