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What is Grid Computing?

Collection of physically distributed computing resources 

that can “work together” to achieve a common goal.

A Grid is often a mesh of HTC resources connected by 

computer networks and running compatible Grid 

middleware.

User belogging to a Virtual Organization can submit jobs 

to the Grid and receive the resulting outputs without 

having to care about where those jobs have ran.



What is Grid Computing?



Virtual Organization

Group of users allowed to access and use the computational 
resources connected to the same Virtual Organizaton of shich 
they are members.

This is managed through Virtual Organization Membership 
Service (VOMS).

Examples of VOs:
– FGI.CSC.FI – Finnish Grid Infrastructure, available to any researcher 

connected to a Finnsh University or Research Institute.

– LHCb - Physics LHC CERN

– CMS - Physics LHC CERN

– BIOMED - Biomedical Research



Virtual Organization Membership Service (VOMS)



Grid Middleware

Common software with standartized interfaces that allow 

all connected resources to work together

– User management;

– File transfer;

– Information system;

– Resource Management;

– Accounting;

– Monitoring.

FGCI uses Nordugrid Advanced Resource Connector 

(ARC) Grid Middleware



Grid Information Index Service (GIIS)

Service that gathers and provides information about the 

Infrastructure;

One can use arcinfo command (more user friendly) or 

ldapsearch (more verbose and complex):
[lalves:~] $ ldapsearch -x -H ldap://io-grid.fgci.csc.fi:2135   -b 'Mds-Vo-Name=resource,o=grid'  

'(ObjectClass=GlueCE)'

# extended LDIF

#

# LDAPv3

# base <Mds-Vo-Name=resource,o=grid> with scope subtree

# filter: (ObjectClass=GlueCE)

# requesting: ALL

#

# io-grid.fgci.csc.fi:2811/nordugrid-SLURM-grid, resource, grid

dn: GlueCEUniqueID=io-grid.fgci.csc.fi:2811/nordugrid-SLURM-grid,Mds-Vo-name=r

esource,o=grid

GlueCEStateStatus: Production

GlueCEInfoJobManager: arc

GlueCEInfoHostName: io-grid.fgci.csc.fi

GlueCEUniqueID: io-grid.fgci.csc.fi:2811/nordugrid-SLURM-grid

GlueForeignKey: GlueClusterUniqueID=io-grid.fgci.csc.fi

GlueCEStateWorstResponseTime: 2600

GlueCEPolicyAssignedJobSlots: 192

GlueCEName: grid

GlueCEInfoLRMSType: SLURM

GlueCEStateEstimatedResponseTime: 600

GlueCEImplementationName: ARC-CE

GlueCEInfoGatekeeperPort: 2811

GlueCEPolicyMaxCPUTime: 10080

GlueCECapability: CPUScalingReferenceSI00=3940

GlueSchemaVersionMajor: 1

GlueCEPolicyPriority: 1

GlueCEPolicyMaxTotalJobs: 30000

GlueCEAccessControlBaseRule: VO:fgi.csc.fi

GlueCEAccessControlBaseRule: VO:ops

GlueCEInfoTotalCPUs: 192

GlueSchemaVersionMinor: 2

GlueCEPolicyMaxRunningJobs: 30000

GlueCEInfoGRAMVersion: 0

GlueCEInfoContactString: gsiftp://io-grid.fgci.csc.fi:2811/jobs?queue=grid

GlueInformationServiceURL: ldap://io-grid.fgci.csc.fi:2135/mds-vo-name=resourc

e,o=grid

GlueCEHostingCluster: io-grid.fgci.csc.fi

GlueCEInfoLRMSVersion: 15.08.9

GlueCEPolicyMaxWallClockTime: 10080



Computing Element (CE)

AKA Grid Frontend

– Connects Grid middleware with the cluster’s Job Scheduler;

– Server that make available Grid queues to the Grid;

– It announces the queue to Grid’s Information service;

FGCI CE Endpoint example:

Computing service: carpo-grid.oulu.fi
Information endpoint: ldap://carpo-grid.oulu.fi:2135/nordugrid-cluster-name=carpo-grid.oulu.fi,Mds-Vo-name=local,o=grid
Submission endpoint: gsiftp://carpo-grid.oulu.fi:2811/jobs (status: ok, interface: org.nordugrid.gridftpjob)



Worker Node (WN)

Computer where the workload is executed;

Typically part of a HTC Cluster;

In FGCI:
– Linux server - CentOS 7;

– 2x 12 Intel(R) Xeon(R) CPU E5-2680 v3 @ 2.50GHz or 4 x 12 Intel(R) 
Xeon(R) CPU E7-4830 v3 @ 2.10GHz;

– 128/256/512 GB of RAM;

– QDR Infiniband or 40GB Ethernet;

– Some GPGPU enabled;

– Access to Scientific applications and libraries;

– Access to “scratch” storage and ~1-4 TB local and temporary disk 
space. 



Storage Element (SE)

Grid storage

– From small files to large data sets

– Available to the whole VO

In FGCI:
– SE Endpoint: srm://bombay.csc.fi/fgi

– Folder contents listing example:

$ arcls srm://bombay.csc.fi/fgi -l
<Name>         <Type>  <Size>     <Modified>      <CheckSum>        <Latency>
bschlag file       8 2016-04-29 17:58:02 adler32:0ea102fa    ONLINE
cscluis dir 512 2016-05-19 12:40:59    (n/a)            ONLINE
temporary_files dir 512 2016-05-03 10:13:51    (n/a)            ONLINE
test2            file   45813 2015-07-28 10:14:58 adler32:05bc3b35    ONLINE
test3            file   45813 2015-07-29 10:11:32 adler32:05bc3b35    ONLINE
userdirs dir 512 2016-05-17 13:57:04    (n/a)            ONLINE



User’s Certificate

Request from https://digicert.com/sso

Retrieve it to your PERSONAL browser

Export it to your certificate to your PC’s 

~/.globus/ folder

Convert it to .pem and generate key file

Check ownership and permissions
[lalves:~] $ ls -l ~/.globus/

total 8

-rw-r--r--. 1 lalves csc 2241 Jan 29 09:54 usercert.pem

-r--------. 1 lalves csc 1743 Jan 29 09:54 userkey.pem

https://digicert.com/sso
http://www.nordugrid.org/documents/certificate_howto.html


Grid Proxy

A “token” that allows you to use the Grid infrastructure for 

a limited period of time

Image source: https://gcn.com/articles/2016/02/29/id-card-technology.aspx

[lalves:~] $ arcproxy -I

Subject: /DC=org/DC=terena/DC=tcs/C=FI/O=CSC/CN=Luis Alves lalves @ csc.fi/CN=143581429

Issuer: /DC=org/DC=terena/DC=tcs/C=FI/O=CSC/CN=Luis Alves lalves @ csc.fi

Identity: /DC=org/DC=terena/DC=tcs/C=FI/O=CSC/CN=Luis Alves lalves @ csc.fi

Time left for proxy: 10 hours 4 seconds

Proxy path: /tmp/x509up_u4569

Proxy type: X.509 Proxy Certificate Profile RFC compliant impersonation proxy - RFC inheritAll proxy

Proxy key length: 1024

Proxy signature: sha256

====== AC extension information for VO fgi.csc.fi ======

VO        : fgi.csc.fi

subject   : /DC=org/DC=terena/DC=tcs/C=FI/O=CSC/CN=Luis Alves lalves @ csc.fi

issuer    : /O=Grid/O=NorduGrid/CN=host/voms.fgi.csc.fi

uri : voms.fgi.csc.fi:15003

attribute : /fgi.csc.fi/Role=NULL/Capability=NULL

Time left for AC: 10 hours 8 seconds



Job File

File that describes your job:

– Job name;

– Exacutable;

– Job requirements;

– Input files;

– Output files;

– Etc.

XRSL Job Description Language

&

(executable=rungromacs.sh)

(jobname=gromacs)

(stdout=std.out)

(stderr=std.err)

(gmlog=gridlog_1)

(walltime=24h)

(memory=500)

(disk=1000)

(count=32)

(inputfiles=

( "topol.tpr" "topol.tpr" )

)

(outputfiles=

( "output.tar.gz" "output.tar.gz" )

)

http://www.nordugrid.org/documents/xrsl.pdf


Submit Grid Jobs – ARC Grid Client

$ arcsub gromacs.xrsl

Job submitted with jobid: gsiftp://pleione-grid.utu.fi:2811/jobs/MxPMDmJuaNonT2oJTqgy83WnABFKDmABFKDmUxKKDmABFKDmumcljm

$ arcstat gsiftp://pleione-grid.utu.fi:2811/jobs/MxPMDmJuaNonT2oJTqgy83WnABFKDmABFKDmUxKKDmABFKDmumcljm

Job: gsiftp://pleione-grid.utu.fi:2811/jobs/MxPMDmJuaNonT2oJTqgy83WnABFKDmABFKDmUxKKDmABFKDmumcljm

Name: gromacs

State: Queuing

Status of 1 jobs was queried, 1 jobs returned information

$ arckill gsiftp://pleione-grid.utu.fi:2811/jobs/MxPMDmJuaNonT2oJTqgy83WnABFKDmABFKDmUxKKDmABFKDmumcljm

Jobs processed: 1, successfully killed: 1, successfully cleaned: 1

$ arcstat gsiftp://io-grid.fgci.csc.fi:2811/jobs/6iRNDmSJbNon9NOVEmGrhjGmABFKDmABFKDmOcNKDmABFKDmTJRIOn

Job: gsiftp://io-grid.fgci.csc.fi:2811/jobs/6iRNDmSJbNon9NOVEmGrhjGmABFKDmABFKDmOcNKDmABFKDmTJRIOn

Name: arctest1

State: Finished

Exit Code: 0

Status of 1 jobs was queried, 1 jobs returned information

$ arcget -D /tmp gsiftp://io-grid.fgci.csc.fi:2811/jobs/6iRNDmSJbNon9NOVEmGrhjGmABFKDmABFKDmOcNKDmABFKDmTJRIOn

Results stored at: /tmp/6iRNDmSJbNon9NOVEmGrhjGmABFKDmABFKDmOcNKDmABFKDmTJRIOn

Jobs processed: 1, successfully retrieved: 1, successfully cleaned: 1



Other resources

Monitoring and available resource information

– ldapsearch and arcinfo commands

– ARC Grid Monitor

Documentation

– FGCI User Guide

– FGI User pages

– Nordugrid ARC Client User Manual

Support

– Mail to servicedesk @ csc.fi with “FGCI” or “Grid” in the subject

http://www.nordugrid.org/monitor/loadmon.php?display=vo=Finland
https://research.csc.fi/fgci-user-guide
https://confluence.csc.fi/display/fgi/FGI+User+Pages
http://www.nordugrid.org/documents/arc-ui.pdf


Thank you!

Questions?


