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GRID computing

http://en.wikipedia.org/wiki/GRID_computing

Grid computing is an emerging computing model that provides the 
ability to perform higher throughput computing by taking advantage of 
many networked computers to model a virtual computer architecture 
that is able to distribute process execution across a parallel 
infrastructure.
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Visualisation of gravitational waves, computed in 
accordance with Einstein's theory of General Relativity

San Diego Supercomputer Center (SDSC)
National Center for Supercomputing Applications (NCSA)

1,500 processors in total

Cactus Computational Toolkit
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Wild dreams for a CPU demand

19ID 400 PDB structures per annum => 2 structures per day
30 min to collect a dataset => 2 datasets per hour x2 = 2

One short (helices) AutoRickshaw job takes 30 min
Assume 10 AutoRickshaw jobs per data 
In 8 space groups => 5 hours x5 = 10

Assume one needs 5 hours to run ARP/wARP to a user's satisfaction. 
Assume one wants to run it in 8 space groups 
=> 40 hours x40 = 400

Assume one wants in case of molecular replacement (2/3rds of the cases) 
to test 20 models => 10 hours x10 = 4,000

This is 4,000 CPU hours per hour of 1 beamline
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Central computer cluster for remote execution of 
CCP4 and ARP/wARP jobs

The main aims
to allow the users to go far beyond routine data acquisition
to obtain data for software development and project tracking
to provide the users with the latest (working !) executables
to provide the users with the CPU power

Architecture
16 processors Linux-i686 2.4 MHz Xeon
Job queuing and logging system
Easy job submission
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ARP/wARP and remote submission
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Task viewer
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Submission via http
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Submission via http
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Submission via http
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ARP/wARP 6.1 model building: Status after 20 
months

Users Domains

Home downloads 1845 923

Remote jobs 204 120

percent 11% 13%
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Lessons for core software development

Tracing performance and solvent content - 242 non-redundant jobs
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Lessons for protocol development

Initial and final tracing - 93 non-redundant jobs starting from a map
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Nodes

Cluster has one master and 8 slaves.
Dual processors of 2.4 GHz with 1 G memory each.

Runs under Red Hat 9.0.
PBSPro5.3 is used for job submission and queuing.
Obtained in May 2003 (NIH funding)

The Cluster at EMBL-Hamburg
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Cluster Architecture for Remote Services

User starts ARPwARP from ccp4 GUI. There is an option for
submitting the job remotely.

When that is done a tcl script creates a par file from the input to GUI, 
then it creates a tar file containing:

• the par file
• the mtz data file
• structure pdb file (optional) 
• the sequence  pir or seq file (optional)

The name given to the tar file contains the user’s computer name and 
time of submission.
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Cluster Architecture for Remote Services

This tar file is then uploaded to the cluster at EMBl-Hamburg using cURL 
(The connection via cURL to the Cluster is checked when the user installs 
ARPwARP).

An empty log file with the same name as the tar file is also uploaded to the 
cluster. 

A cronjob is running at the cluster every minute which looks for uploaded 
files.

When a file is uploaded a random name-number directory is created and 
the tar file along some shell scripts is copied to the newly created directory, 
and untars the tar file.

The shell scripts  prepares the job for submission to the queue.
We use PBSPro for job scheduling.
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Cluster Architecture for Remote Services

If the user is local i.e. from EMBL-Hamburg, then the job is launched 
automatically and an email notification is sent to the user with instructions. 

If the user is from outside, an email is sent to the user with instructions:

• URL
• userid
• password

In the CCP4 GUI the user is asked for “keepdata” status. Based on his 
input, a week after the job was launched the following is done:

• ‘confidential’ - everything is removed except the arp_warp.log, 
arp_wilson.log and .par
• other than ‘confidential’ - the data is stored in a different directory.
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Lessons learned from the use of the Linux cluster

PBSPro is good for scheduling jobs, have had no problems on scheduling.
In most cases it has indicated errors correctly. One case where it has 
failed to indicate an error was when a few jobs had stopped. 

The current setup can be reinstalled on this or any other cluster within a 
couple of days. All needed files are backed up. There is also a periodic 
backup of all data (9 DVDs).

We are considering to go for a multi-processor Apple cluster in the near 
future. It will help in handling increased load when people can use 
ARPwARP directly via web and AutoRickshaw is opened to the users 
outside EMBL-Hamburg beamlines. It will help with the security issues.
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Lessons learned from the use of the Linux cluster

The following shows type and frequency of stops for ARP/wARP jobs
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Lessons learned from the use of the Linux cluster

The following list some atypical things 

• Case of par file attributes
• Case when user tries to submit jobs in quick succession
• Email id not entered
• A new queue started thereby killing the first, have changed script to 
to accommodate that
• Link to a file was uploaded instead of the file
• Job just dies (no error clues found)
• Sequence file format
• History-based empirical formula to estimate CPU required
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Status after 20 months

No of unique users 204
No of jobs completed 706
No of jobs with cluster problem 19

No of jobs from AutoRickshaw 55 (8%)

No of jobs with keepdata status WORLD 378
No of jobs with keepdata status EUFW6 8
No of jobs with keepdata status WARPTEAM 228
No of jobs with keepdata status CONFIDENTIAL 433 (40%)
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Status after 20 months

Resolution range 0.9 to 3.8 Å

Range of molecular weight up to 680 kDa

CPU hours provided 3,800 

Average CPU per structure 5 hours (equivalent to 800 residues for the 
5x10 standard protocol)

Average CPU load 2-3%
Peak CPU load 45% (single user - several jobs)
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Along the pipeline… - the AutoRickshaw talk

External users 
outside EMBL EMBL inhouseCluster

External beamline users
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