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Abstract

This document reports on the results of the final phase of application test bed experiments. They have been conducted in the
PHOSPHORUS test bed after the second phase of developments as a reaction to the requirements found during the first test phase. All
applications participating in the test bed experiments have been updated and conducted further tests during this testing phase. The results
of these tests are conveyed in this document. The test bed has been described in D6.1 and D6.2, the initial adaptation of applications has
been described in D3.3.
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o  Executive Summary

The UNICORE 6 Grid middleware and the Meta Scheduler Service (MSS) have been enhanced and integrated
to make synchronous reservations of compute nodes and network bandwidth available. This is achieved by
interfacing UNICORE to a co-allocation service that provides this feature, relying on resource reservation
systems with advance reservation capability.

WP3 (Middleware and Applications-Service Plane) provided these middleware services and applications. So a

maj or part of this activity (part of PHOSPHORUS teéthed.r t i n g
Applications middleware were adapted to prove the concept and to demonstrate the benefit from the integrated

test-bed environment developed in the project. The applications that have been selected to demonstrate the

benefit of the PHOSPHORUS environment come from different areas spanning from large scale compute and

data intensive simulations via collaborative environments exchanging enormous data volumes in real-time to

remote backup and archival services requiring huge bandwidth with appropriate Qo0S. These chosen
applications and their results after the final experiments are the following:

e WISDOM (Wide In Silico Docking On Malaria) consists of virtual screening techniques, computing
compounds of large-scale molecular dockings on targets implicated in diseases like malaria. The goal
in Phosphorus is to implement the WISDOM workflow based on UNICORE 6 in order to improve the
reliability in comparison to previous experiments. The PHOSPHORUS experiments lead to the
following results for this use-case. The client side of the WISDOM application is now using the
UNICORE 6 rich client, which is a great improvement compared to the manual engagement used so
far. Additionally many necessary adjustments to the software environment of both the WISDOM
applications AutoDock and FlexX are made to realize a basis for an automatic workflow handling by the
UNICORE 6/MSS integration. It is planned to demonstrate the application at the Supercomputing 2008
and ICT 2008 events in November. More visible network performance is planned to be shown at those
occasions.
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KoDaVis i Collaborative Data Visualisation provides distributed collaborative visualizations of huge
atmospheric data-sets. The software has been enhanced to use UNICORE to manage its resources
and provide access to the test-bed functionality. As a result of the PHOPHORUS experiments KoDaVis
has been enhanced by flexible performance monitoring, enabling users to identify performance
bottlenecks and take appropriate actions during collaborative visualization sessions. Tests between the
sites of PSNC and FZJ showed the utility of these new functions in the client and server layers.

TOPS i Technology for Optical Pixel Streaming is a system that enables remote viewing of large
scientific datasets on high resolution display devices (Tiled Panel Displays). TOPS streams these
pixels, uncompressed, from the data centre to remote displays. For this, high bandwidth networks are
required. The experiments on the PHOSPHORUS test bed has been proven for TOPS to be able to
make use of all available network bandwidth and servicest h at ongoitgi v e

DDSS i Distributed Data Storage Systems provides two use-cases, one based on GridFTP and one
based on Backup-Restore/Archive applications. In both use-cases, the applications have been
enhanced to interact directly with the network resource reservation systems. The software has been
executed with different scenarios in the test-bed experiments. To resume these DDSS experiments, the
DDSS application has been tested extensively between a number of participating sites of the Test bed.
Various network and application parameters have been tried during the tests to find optimal settings for
different scenarios of small and big file transfers. It was shown that the use of reserved bandwidth has
an advantage over using public internet connections.
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1

Introduction

Within the German project VIOLA, the UNICORE Grid middleware has been enhanced to make synchronous
reservations of compute nodes and network bandwidth between the nodes. This is achieved by interfacing
UNICORE to a co-allocation service that provides this feature, relying on resource reservation systems with
advance reservation capability. Within PHOSPHORUS (WP3), this system will be adopted to the network
reservation services provided by NRPS and Grid-GMPLS (WP1&2) and will be extended to orchestrate
network, compute and other Grid resources in a more general way, as required by the showcase applications.

This document reports on the results of the final phase of application Test bed experiments mentioned above.
They have been conducted after the second phase of developments as a reaction to the requirements found
during the first test phase. The applications covered by this document are in a short overview:

WISDOM (Wide In Silico Docking On Malaria) is a docking workflow/service which allows the
researcher to compute millions of compounds of large scale molecular dockings on targets implicated
in diseases like malaria (in silico experimentation). In silico docking enables researchers to compute
the probability that potential drugs will interfere with a target protein and it is one of the most promising
approaches to speed-up and reduce the cost to develop new drugs to treat diseases such as malaria.
In this case Grids provide resources to identify potentially promising compounds and to refine virtual
screening and further assess selected compounds. WISDOM presents both a compute and data
challenge.

KoDaVis 7 Collaborative Data Visualisation is a distributed, collaborative visualisation system with
remote access to huge atmospheric simulation data originating from simulations of the transport of
chemical tracers in the troposphere. Datasets with a typical size of 1 TByte are stored in one or more
central data servers or at the supercomputer where the simulation was performed. In a collaborative
session, two or more visualization clients team up, each connects to the data server, and triggered by
user interaction, fragments of the data are sent to all visualization systems on demand, e.g. specific
time steps or selected tracers. Although the clients may be implemented using different visualisation
environments, a synchronization service ensures that all share the same view on the data. For reliable
fluent visualization sessions, the reservation of bandwidth between the data server and each of the
clients is required. The main goal within PHOSPHORUS is to enable KoDaVis to perform such
reservations using the UNICORE middleware.
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TOPS: TOPS is a system that enables remote viewing of large scientific datasets on high resolution
display devices (Tiled Panel Displays). These displays typically have 30 to 100 million pixels. TOPS
streams these pixels, uncompressed, from the data centre to remote displays. For this, high bandwidth
networks are required. A PHOPHORUS adapted TOPS will be able to utilize user/application controlled
lambdas for the visualization service. Datasets viewed with TOPS are typically gigapixel scientific
visualizations, from many different fields of science, among which climatology and biology are
important application drivers.

DDSS: Distributed Data Storage Systems (DDSS) are widely used in scientific and commercial
applications in order to transport, exchange, share, store, backup/archive and restore data. Two DDSS
applications are examined in the PHOSPHORUS project: GridFTP service used for large data transfers
between Grid sites and backup/archive application used across Grid sites. Backup/archive application
(B/A) is used for performing automatic backups and/or archive copies of data that are originally stored
in the Grid nodes or end-user nodes. B/A clients collect the backup/archive data and send them using
TCP/IP streams to a B/A server. The main goal within PHOSPHORUS is to enable both DDSS
applications to perform reservations of bandwidth and/or guarantee low latency for one-to-one and/or
one-to-many high-volume data transfers. The bandwidth and latency guarantees are needed in order to
make Grid FTP data movements and B/A data copies effective and robust.

More details about these PHOSPHORUS applications and the results of the final experiments on the test bed
are described in the following sections.

This deliverable is a follow on of the following deliverables

D3.41 Report on middleware extensions and implementation
D6.51 Application and Middleware Testing Report

D6.6 1 Plan of Testing
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> Application Tests

21 WISDOM

2.1.1  Short introduction

The WISDOM use-case consists of the virtual screening techniques AutoDock and FlexX, computing
compounds of large-scale molecular dockings on targets implicated in diseases like malaria.

ligand data base
placing
the ligand

Struct hit
Structure Ranking u
optimization

Protein surface

crystal structure

Figure 2.1: Virtual docking processes of a protein target and ligand molecules resulting in candidates for
further expensive inspections

e AutoDock is a suite of automated docking tools. It is designed to predict how small molecules, such as
substrates or drug candidates, bind to a receptor of a known 3D structure.

e FlexX is an extremely fast, robust, and highly configurable (FlexX-able) computer program for
predicting protein-ligand interactions.

More details about the PHOSPHORUS use case WISDOM and its applications are described in deliverable
[D3.3] and [D3.5].
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2.1.2 Planned actions

Based on the experiences made during the EGEE WISDOM data challenge the goal in PHOSPHORUS is to
implement the WISDOM workflow with UNICORE 6 in order to improve correctness, completeness and
reliability of results. Thus, both the distribution of input data and especially the transfer of result data of the

millions of docking processes from the particiepmarei ng s

and therefore resulting in significant data losses. As a consequence of this we will concentrate in
PHOSPHORUS besides the test of network and middleware functionalities in the implementation of a perfect
workflow for WISDOM.

After analyzing of the WISDOM workflow, first tests were made on the Test bed to identify application specific
requirements for middleware Meta Scheduling Service (MSS) and UNICORE 6 workflow support. After having
the availability of needed features and support, MSS/UNICORE 6 enabled executions of such workflows will be
performed. Currently, the workflow engine of UNICORE 6 is only available in a prototype status. Thus the
execution of both codes is actually done based on scripts, which are executed via the UNICORE 6 Rich Client.

More details about the WI SDOM codesd wor kfl oyp84]land

2.1.3 Achievements and results

After the inspection of the first EGEE Data Challenge and their WISDOM workflow necessary changes for the
PHOSPHORUS environment were identified. And therefore, as a result of this analysis different WISDOM
workflow phases were identified, which must be enabled based on MSS and UNICORE 6: Stage-in, execution
and stage-out phases for each WISDOM job.

For the first test phase of WISDOM a test data suite from BioSolvelT was selected. Based on local installations
tests were done on all four PHOSPHORUS sites to test the different docking software modules.

For WISDOM application tests the BioSolvelT flexx-200 Testdata suite was selected and adapted to the
different data formats of both the applications AutoDock and FlexX. The BioSolvelT flexx-200 Testdata suite is
a subset from the Protein Database (PDB), where each ligand was separated from the protein-ligand-complex
and hand-fixed concerning protonation, aromaticity, delocalisation, and formal charges. Additionally start scripts
and data environments were modified to realize a good basis for UNICORE 6 executions. Finally code
installations and test data sets were made available on all participating PHOSPHORUS sites (except FlexX at
PSNC, because of operating system incompatibility).

Data Transfer methods

On the technical side, UNICORE 6 complies with the OASIS WSRF 1.2 and OGF JSDL 1.0 standards, and
provides pluggable file transfer mechanisms with the OGSA BytelO standard as default. The usual way of
transferring a file starts with the first the client sending a SOAP message to the server, which initiates a file
transfer object. Then, the client gets as an answer a link to this object, thus the client is enabled for direct
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accesses. Via methods of the object further information and data can be exchanged. After termination of the file
transfer, the link will be deleted. This procedure is repeated for each file transfer operation.

From the user perspective special job storage locations are used. If a user creates a job, he gets a link to the
generated objects and is enabled to transfer files from the client or from storage in the Grid. For each job a so
called User Space (USpace) is generated by the UNICORE system, which contains programs, scripts and other
data. After termination of the job output data will be exported back to the client or any specified remote storage
locations.

UNICORE-BytelO is the standard method for file transfer in UNICORE 6. It uses the feature in UNICORE to
transfer information via web services. Thus BytelO needs no special connections between the sites. All data
will be sent in small portions with SOAP messages via HTTP to the gateways, which forward again via HTTP to
the target systems. In this way BytelO uses automatically the encoding and authentication methods of
UNICORE. UNICORE file transfer is based on one basis class, which offers functionality of a web service and
exchange of data and error handling. For each web service a specific class for the client exists, which executes
the exchange of SOAP messages. This is the basis for different file transfer classes, whereas in practice only
the BytelO method is used. Thus to resume: Basically, this is a simple, flexible and secure method, which
encapsulates transferred data in SOAP messages. Data is following the same encoded way between client,
gateway and server like the control information. Unfortunately this method lacks performance and reaches max.
400 KB/s. Additionally, UNICORE 6 is offering Basic File Transfer (BFT), which uses HTTP for file transfer and
achieves network transfer performance of several MB/s.

Further there will be soon an improved high performance data transfer method called UDT available.

In an internal report of T. Oistrez (Forschungszentrum Juelich GmbH) a prototype implementation of the UDT
met hod is compared with Globusé GridFTP:

e GridFTP is based on the FTP-based data transfer protocol. Data is exchanged between Server and
Client/Server via multiple TCP connection. Different to normal FTP GridFTP send data encoded and
uses more than one data channel. The middleware Globus uses GridFTP for data transfer in Grids.

e UDT uses the UDP-Hole-Punching method. The User Datagram Protocol (UDP) is a non reliable and
non connection oriented transport layer protocol. The application that uses UDP has to make sure that
the data is completely transmitted. Although no connections exist, firewalls use a simple mechanism to
feign a connection. The client generates the UDP datagram and sends it to the firewall. The firewall
examines the datagram and forwards it to the destination. The concept of UDP hole punching can be
easily modified to be used in Grid environments.
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81 Mbits/s 294 Mbits/s 700 Mbits/s 930 Mbits/s

Table 2.2: Comparison of data transfer using Globus GridFTP and UNICORE 6 UDT
(Source T. Qistrez, FZJ-JSC-1B-2008-02)

These results show improved performance using UDT, which is approximately three times faster than Globus
GridFTP.

UNICORE 6 Rich Client

UNICORE 6 offers three different clients to the users, UNICORE Commandline Client (UCC), UNICORE Grid
Programming Environment Client (GPE) and the recently developed UNICORE 6 Rich Client. This graphical
UNICORE Client is based on the Eclipse rich client platform (RCP).

The heart of the client is the so-called "Grid browser" view, which shows the Grid resources available to the
user in a tree-like fashion. In the following Figure shows part of the Test bed with sites JUGGLE, PACKCS and
PSNC (during the screen shot UESSEX node was not accessible).
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Figure 2.3 Screenshot of sites JUGGLE, PSNC and SCAI, part of the Test bed, in the UNICORE 6 Rich Client
view

On each resource, appropriate operations and sub-items are available, for example a job can be created on a
target system resource, and files can be downloaded from storage resources. Before any job creation can be
performed, the authentication process should be completed successfully. For access to the PHOPHORUS site
JUGGLE the DGRID GridKA certificate (shown in the following Figure) is needed and accepted. Security views
allow the user to manage her credentials and trusted certificates. The execution of jobs and workflows can be
monitored then in different ways and job outcomes can be fetched and visualized.

Next sections are focused on the WISDOM workflow with the following phases:

e The WISDOM stage-in phase consists of licensing (for FlexX only) and distribution of input data from a
specified input server. In the case of FlexX, these are RDF and Mol2 files. AutoDock uses Grid maps
and DPF files for execution.

e The WISDOM execution phase needs a good job control and monitoring.
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e The WISDOM stage-out phase includes the transfer of the local output data (FlexX Mol2 files,

AutoDock DLG and Mol2 files) after termination from each site to a specified output server into a
directory hierarchy or a database.

e Additionally there may follow pre- and postprocessing actions, e.g. input data format conversion, output
data analysis, output data filtering.

In the following different Rich Client views are presented, showing the different phases of WISDOM application
jobs.

WISDOM run: AutoDock job creation

Selecting sites in the UNICORE 6 rich client offers the creation and execution of WISDOM jobs. This can be
AutoDock or FlexX jobs. This is realized by choosing script-based execution and entering the WISDOM
applications calls.

For WISDOM jobs i AutoDock or FlexX 1 different amounts of storage are needed. In the case of WISDOM
computing power to execute the applications is less important, but the input files and, moreover, the produced
output files need a lot of storage as shown in the next table of figure 2.4:

AutoDock Input approx. 30 receptor files (*.glg, 30 MB

*.gpf, *.map, *.maps.fld,

.maps.xyz, *.pdb, *.pdbqt)

ligand files (*.pdbqt, *.dpf) 6 KB
AutoDock Output Result file (*.dlg) 400 KB
AutoDock docking scenario: | collected input data 300 MB
10 targés (receptors) docked 600 MB
with 100.000 ligands target

ligands

collected output data 400 GB
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FlexX Input approx. 2  receptor files | 6 KB
(*.mol2, *.rdf)

ligand files (*.mol2, *.pdb, *.sdf) 700 KB

FlexX Output Result file (*.mat, *.sol, *.mol2) 35 KB
FlexX docking scenario: collected input data 60 KB
10 targets (receptors) docked 500 MB
with 100.000 ligands target

ligands

collected output data 35GB

Table 2.4 Overview of WISDOM runs data amounts (files and storage)

Of course this is depending on the amount of ligands, which are proved during the docking process. But
100.000 to 250.000 ligands are typical amounts of ligands in docking scenarios. In our scenario of 100.000
ligands especially AutoDock results in large amounts of output data with 400 GB, approximately 10 times more
than FlexX. Thus in this typical WISDOM scenario stage-in with storage requirements of 1 GB is today not a big
hurdle but the bandwidth and storage intensive stage-out process with data transfers/storage requirement of up
to 400 GB is really a big network challenge.

In a test a ZINC database subset was transmitted from PACK to the JUGGLE cluster using normal SCP. A file
with 200.000 ligands and 564 MB storage size needed 56 sec. for the transmission with a performance of 10.1
MB/s. It depends on the number of nodes and connections how much time is needed to transmit the AutoDock
output data of the above described docking scenario of 400 GB back to the WISDOM output server (one
specified node getting all output data after compute termination). Using nearly all available nodes (approx. 50)
of the Test bed this output data transmission with the standard BytelO method needs more than 5 hours. Using
the more performant BFT method (20 times faster) results in approximately 16 minutes, if all nodes are able to
transmit their output data in parallel.

But let us come back to the WISDOM experiments. The next Figure shows the job creation process using the
UNICORE 6 rich client. First the name of the job and the executing shell on the target systems must be
specified. Afterwards the command for execution must be edited for this script-based realization. Additionally
resources and resource requirements like CPUs, RAM, disk space, etc. can be defined too.
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The client contains a browser for remote file system, that allows managing remote UNICORE storages
seamlessly, using common file operations including copy, rename, delete, read, write, etc. The file browser
supports the usual editing features such as drag and drop.

UNICORE Rich Client
File Window Help

8[=[]

Input for Script | i output for Job Scripl

LiEw0s%® Y08

Name: \WISDOM | Command line options:

Tywe: | shellversion=6.14.00 [~

File Edit

/home /kerngrid/dgkg0047/Docking/ScriptExecution/runSEAutodock. csh

File: D:IUNICOREGWNICORE-Client-6.1.1-beta-win32iRichCli ORE-Client}j test saved.

Runtime Options
[ ] Runin debug mode [ | Run with profiling

[ Run with timina [l ¥erhose

WD

<

Script Input | Select Resource | Resource Requirements

i Used Credentials ‘ #E#F Truststore.

Keystore &2

Qe

a

S 2 =
e, ST )

default  alias issued for issued by validto ¥

O demo user demo user fake ca for testing only 2008-12-31 12:00
E3 Spr-priv. stephan springstubbe gridka-ca 2009-03-16 03:18
O 8 stephan springstubbe gridka-ca 2009-03-16 03:18
[ 6 stephan springstubbe gridka-ca 2009-03-16 03:18

Figure 2.5 Screenshot WISDOM AutoDock job creation on Test bed via UNICORE 6 Rich Client
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the selection of the green
this phase it is the task of the UNICORE 6/MSS components to proof and enable job execution accordingly to
the user specifications.

un: AutoDock job execution

fifarr owo

button
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The next Figure shows the execution of a created WISDOM AutoDock job. The client assists in monitoring the
state of the execution.
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B[=[]

UNICORE Rich Client
File Window Help

Workflow ‘
Input For Seript | & Qutput For Job Script =i

U5 Navigator | i Grid Browser £3 |
D

= @ Grid

E-san

PHOSPHORUS testbed

=4 juggle-phos.fz-juelich.de:8090{Phospharus_FZ1
=1 Phosphorus_Fz1

| Phosphorus_FZ] storage

JGGLE

WISDOM@IUGGLE working directory
= input
1] tsi_submit_25162
i {=] 151_temp_file_7421
[ Seript
-] wISDOM

i Log Monitor | # Used Credentials | & Truststore

Keystore &2

default  alias issued for issued by validto

O demo user demo user fake ca for testing only 2008-12-31 12:00

3 SPr-priv stephan springstubbe gridka-ca 2009-03-16 03:18

O 8 stephan springstubbe gridka-ca 2009-03-16 03:18

I] 6 stephan springstubbe gridka-ca 2009-03-16 03:18
waiting for job WISD...LE tofinish (=) (&

Figure 2.6 Screenshot WISDOM AutoDock job execution on Test bed via UNICORE 6 Rich Client

Several new links are indicating the successful job creation. During the execution a small bar at the lower end
of the window shows the progress of this process. Further information can be found in the Rich client
information folder fADetailso6 and ALog Monitoro

the actual running job.

showing

WISDOM run: AutoDock job terminated

After the termination of the WISDOM AutoDock job further links to system output files are created. The user
may retrieve information about his job looking at:

e input: Showing the executed command.
o stderror: hopefully empty without error messages.

e stdout: showing results / output of the job execution.
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