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Grid Computing @ CRC?

What's the Grid, anyway?

Northwest Indiana Computational Grid (NWICG)
Open Science Grid (OSG) and Grid Middleware
Grid Security Infrastructure (GSI)
NWICG-NotreDame Topology

Grid Data Management and Grid Job Submission
Resource Monitoring

Question?
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 The University of Notre Dame Center for

Research Computing provides:
— Resources |

=
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— Expertise : '-?'- e {1 ——
— Outreach LT e '
 Web page:
http://crc.nd.edu/

e Read the ‘motd’ or
“Message of the Day”
automatic on login.

Updated when there Is news to share
— Read daily at login
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Resources Avallable

 Hardware (click on: Facilities)
o Software  (click on Software)

o Staff (click: Contact Information)
— Engineering Support
— System Administration
— Administrative Assistance
— High performance computing consult

Link references above are off the main CRC web page:
http://crc.nd.edu
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Front-end Machines

— stats.hpcc.nd.edu
(Sun Fire V880, Solaris 10, 4 x 1.2 GHz Sparc, 8GB)

— xeon.hpcc.nd.edu
(Sun Fire V60x, RHAS4, 2 x 3.06 GHz Xeon, 2GB)

—opteron.hpcc.nd.edu
(Sun Fire V20z, RHAS4, 2 x 2.2 GHz Opteron,8GB)
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Ghomia o Compute Nodes

e |LinuXx clusters:

—opteron01-16.hpcc.nd.edu (16-node Sun V20z,
with dual AMD Opteron, 8GB)

—Xxeon001-128.hpcc.nd.edu (128-node Sun V60x
with Intel Xeon, 2GB)

— dcopt001-288.hpcc.nd.edu (288-node Sun Fire
X2100 dual-core AMD Opteron, 2GB)

e Solaris SMP machines

—sun9-13.hpcc.nd.edu — 4 x Sun V880 - 8 x 900
MHz Sparc processors, 16 GB RAM)
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 CRC currently has three modes for storage:
Local scratch (/scratch) on the compute nodes
— Fastest access — not available for parallel processes — serial only
— On Sun nodes — fibre channel

— On Xeon nodes — SCSI
— On Opteron nodes — SCSI/SATA

Distributed scratch space (/dscratch)

— NetApp appliance (installed fall 2006) ~36TB available

— /dscratch is not backed up like /afs/ space

— Users are encouraged to backup critical data

— /dscratch is meant for short-term storage of non-critical data

OpenAFS (AFS) — distributed ~6TB available

— Allows users flexibility of common storage with other campus
systems

— Backed up on a routine basis — allows for recovery of lost data

./ NWICG
» === northwest indiana computational grid




Sun Grid Engine @ CRC

e Batch queuing system
— SGE 5.3p7 which is released as (Sun Grid
Engine Enterprise Edition)
o All SGE commands and environment setup are
contained in the sge/5.3 module which is
loaded by default.

|t allows for transparent use of the AFS file
system used extensively at Notre Dame.

 The token lifetime used for all batch jobs:

CRC Basic Training Class
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What Is the Grid, anyway?
A Grid Checklist by lan Foster:

1) Coordinates resources that are not subject to
centralized control

2) Using standard, open, general-purpose protocols
and interfaces

3) To deliver nontrivial qualities of services

A Grid Is an aggregation of heterogeneous and
geographically distributed resources such as
computers, applications, data, storage, and
network resources (for shared use by
organizations of people)

1/9/2007 9



1/9/2007

Taxonomy of Grid
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Grid Topology
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®¢ @ Northwest Indiana
Computational Grid
® (NWICG)

Partnership consisting of researchers and

educators at
University of Notre Dame
Purdue University — West Lafayette
Purdue University — Calumet
DoE’s Argonne National Lab.

builds a cyberinfrastructure and supports
high performance computing.
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NWICG

Resources:

1) University of Notre Dame - Storage

1) Sun Fire X2100 — 72 dual-core (144-core) 64-bit
AMD Opteron processors

2) NetApp FAS3050 Storage Array — 36 TB, NetApp
ONTAP GX operating system - /dscratch storage
2) Purdue University — West Lafayette - cycle

1) SGI Altix 4700 Supercomputer — 128 Intel Itanium
processors + 512 GB — available in March, 2007

30TB SGI InfiniteStorage 4000 scratch storage.
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NWICG

Resources:

2) 8-core FPGA-based Altix 450 with 2 SGI RASC
RC100 Blade systems.

3) Purdue University — Calumet - visualization
1) Calumet Condor Pool

200 Pentium 4 compute nodes + Dell
PowerEdge 2850 dual Xeon Condor master server

Website:
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The Open Science Grid

o 30 Registered Virtual Organizations (VOS) -

64 + more Compute Resources, 11 Storage Resources (US,
South America, and Asia) (Aug. 2006)

* Interoperation with EGEE, TeraGrid, Regional and Campus Grids

1/9/2007 15



The Open Science Grid

VO — NWICG-NotreDame

1/9/2007

Gatekeeper: DOEGrids host (server) certificate
gatekeeper.nd.nwicgrid.org

RHAS4

Sun Fire X4100, dual-core AMD Opteron 252,
4GB memory, 68GB disk storage

Local Batch System: SGE 6u8

OSG 0.4.1 packages (VDT 1.3.10, Globus
Toolkit 4.0.2)

16
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NWICG-NotreDame
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OSG Middleware

OSG packages

Software is contributed by individual OSG member
organizations or groups of organizations into
collections we call "packages."

Most of the software comes from supported
middleware projects with their own distribution and
support mechanisms.

OSG provides collections of software for common
services built on top of the Virtual Data Toolkit (VDT)
to facilitate participation.

OSG software packages are currently distributed as
Pacman caches.
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Virtual Data Toolkit

The VDT Is a product of the Open Science
Grid (OSG) which uses the VDT as its grid
middleware distribution.

OSG and VDT are funded by NSF and DoE.

The Virtual Data Toolkit (VDT) Is an
ensemble of grid middleware that can be
easlly installed and configured.

The goal of the VDT Is to make It as easy as
possible for users to deploy, maintain and
use grid middleware.
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Grid Middleware
Globus Toolkit — 3 pyramids

Collecting/Querying
Resource allocation Information with

Job management LDAP
Data transfer/
> > control

1/9/2007 20



Globus Toolkit

RSL/HTTP1.1

Job allocation
Job management

1/9/2007

LDAP

Resource finding

LDAP

GRAM MDS GridFTP
!I resources
_ ] ,, FTP
Jobma?nager 1 GRIS (?IIS .
gatekeeper ] P
\ / /

gsiftp/http/https/file

Data transfer

Data control

Initialize/destroy

user
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Grid Security Infrastructure

GSI of globus & PKI standards

« User authentication
« Data confidentiality
« Data integrity
 Non-repudiation

« Key management

SSL protocol + public key encryption +
X.509 certificate

o private key (secret) + public key (plain)

1/9/2007 22



Grid Security Infrastructure

Certificate Authority (CA)
Issuing, removing, and archiving

Registration Authority (RA)
Verify request to CA
OSG

1/9/2007
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Certificate Request/Install Process

Same machine !!
Same browser !!

I . http://pkil.doegrids.org

|
local user
account

1/9/2007 24
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Email from DOEGrids
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User Certificate

Importing your certificate

Click the import button at the bottom of the windows

1.
2. Provide the master password

3. “Successfully restored your certificate(s) and private key(s)”
4,

Click OK

EXxporting your certificate

1/9/2007
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Exporting your Certificate
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User Certificate

Extract your certificate

% openssl| pkcsl12 —in YourCert.pl2 —clcert —nokeys
—out SHOME/.globus/usercert.pem

% openssl pkcsl2 —in YourCert.pl2 —nocert
—out SHOME/.globus/userkey.pem

% chmod 400 $HOME/.globus/userkey.pem
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usercert.pem
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userkey.pem
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User Certificate

Unique Distingished Name (DN)
“/DC=0rg/DC=doegrids/OU=people/CN

=In-Saeng Suh 345385 "
DN  grid-mapfile (or GUMS)

Issuer = Certificate Authorities (CA)
DOEGrids

1/9/2007 31
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grid-mapfile
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Using User Certificate

% source $GLOBUS_ LOCATION/etc/globus-user-env.sh (in bash)
or

% source $GLOBUS_ LOCATION/etc/globus-user-env.csh (in csh or tcsh)

1) To generate proxy certificate
% grid-proxy-init

2) To delete proxy certificate
% grid-proxy-destroy

3) To view details about an existing proxy certificate
% grid-proxy-info -all

4) To view details about my DOEGrids certificate
% grid-cert-info -all
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Grid proxy creation
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NWICG-NotreDame Topology

AFS /opt -Appllcatlons >
NFS /dscratch Storage >

lllllllllll
.

l L4
st Ty
.....

CRC front-end ND gatekeeper
CRC users :  OSG users
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Grid Data Management
Secure Copy - scp

% scp ./filename
iIsuh@gatekeeper.nd.nwicgrid.org:/home/isuh/filename

% scp isuh@opteron.hpcc.nd.edu:/afs/..../isuh/filename ./filename

GridFTP

% globus-url-copy
% uberftp

1/9/2007 36



Grid Data Management

% globus-url-copy
gsiftp://gatekeeper.nd.nwicgrid.org/home/isuh/test.txt
file://ltemp/test-tmp.txt

% globus-url-copy
gsiftp://gatekeeper.nd.nwicgrid.org/home/isuh/test.txt
gsiftp://gatekeeper.purdue.nwicgrid.org/tmp/test-from-
nd.txt

% uberftp —H gatekeeper.nd.nwicgrid.org —a gsi
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Grid Resource Allocation Manager
(GRAM)

Job commands:
— contact string command
e globus-job-submit
— use RSL script, staging

* globus-job-status
e globus-job-get-output
e globus-job-clean/globus-job-cancel

1/9/2007 38




GRAM

Resource Specification Language (RSL)
Language to submit a job
All job submission requests are in RSL

Gatekeeper

Secure communication daemon between
GRAM clients (globus job commands) and
servers

1/9/2007 39



GRAM

Job mangers

jobmanager
jobmanager-mis

jobmanager-sge

Global Access to Secondary Storage (GASS)

Dynamically-Updated Request Online
Coallocator (DUROC)
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GRAM

Job request

GRAM server

globusrun

Job status/cancel

File transfer

1/9/2007

Output transfer

> st

Local Resource Manager

41



Job Submission

Proxy creation

% grid-proxy-init

% globusrun —a —r gatekeeper.nd.nwicgrid.org
globus-job-run — contact string command -

syntax: machine:port/jobmanager-name executable

% globus-job-run \
gatekeeper.nd.nwicgrid.org/jobmanager-fork /bin/date

% globus-job-run\
gatekeeper.nd.nwicgrid.org/jobmanager-sge /bin/hostname
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Job Submission

% cat myprog.sh

#!/bin/sh
/bin/date

% globus-job-run gatekeeper.nd.nwicgrid.org —s myprog.sh

Globus-job-submit
— a batch interface to GRAM server

% globus-job-submit gatekeeper.nd.nwicgrid.org —s myprog.sh
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Job Submission

% globus-job-submit gatekeeper.nd.nwicgrid.org —s myprog.sh
% globus-job-get-output https://gatekeeper.nd.nwicgrid.org/..../.../
% globus-job-status https://gatekeeper.nd.nwicgrid.org/..../.../

% globus-job-clean https://gatekeeper.nd.nwicgrid.org/..../.../
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Job Submission

globusrun & RSL

% globusrun —o —r gatekeeper.nd.nwicgrid.org
‘&(executable=/bin/cal)’

% globusrun —r gatekeeper.nd.nwicgrid.org —f myrsl —o
% globusrun —w —r gatekeeper.nd.nwicgrid.org —f rsltest
% cat filelist.txt
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Job Submission
(example)
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Job Submission
(example)
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Job Submission
(example)
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Job Submission
(example)
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MDS (GRIS and GIIS)

GRIS — Grid Resource
Information Service
GIIS — Grid Index Information
Service

% grid-info-search —x —b ‘Mds-vo name=local,
o=Grid’
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Monitoring

Local monitoring —

OSG monitorings

1/9/2007
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Question?
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