
BioGRID - An European grid for molecular
biology

Piotr Ba la, Jaros law Pytliński,  Lukasz Skorwider,
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Recent advances in computer technology, especially grid tools makes them
good candidate for development of user interfaces to computing programs and
resources [1]. Computational grids enable sharing a wide variety of geographically
distributed resources and allow selection and aggregation of distributed resources
across multiple organizations for solving large scale computational and data
intensive problems in science.

User point of view is most important principle in the development of the
Unicore [2] software which was used to establish European computational grid
- EUROGRID [3]. BioGRID is application oriented grid which adpots EURO-
GRID infrastructure to the specific area, namely molecular biology and quantum
chemistry [4]. Research in these areas requires computer resources usually not
available at the user workstation. Large problems need resources on variety of
systems at different locations. Users are faced with different site polices and
practices such as different security, different user identification and so on. Dis-
tributed computational resources cannot be effectively utilized using typical unix
tools based on the remote login. In such situation easy and uniform access to
the remote computer systems becomes crucial for users.

Most of the quantum chemical and molecular biology applications has no
dedicated user interface, however some graphical interface exist. Some expansive
commercial graphical tool are available as well as academic software but even
sofisticated tools such as GaussView, Tripos or Cerius are able to run users
applications only on local workstations and does not take advantage of grid
environment. This and number of similar applications can be used as aid for input
preparation, but in most cases job must be prepared and submitted manually
by the user.

The another approach is presented by WebMo [5] which is web based submi-
tion systems for quantum chemistry codes such as Gaussian [6], Gamess [7] and
Mopac [8]. This tool is limited to the local batch systems and has no grid capa-



2

bilities. The web submission to the geographically distributed systems is possible
within BioCore [9] which is web interface to the molecular dynamics code NAMD
[10]. Currently this system is limited to the particular MD code and single visu-
alization package (VMD). NPACI Gamess Portal presents analogous approach
for quantum mechanical code.

Unicore is uniform interface to the computer resources which allows user to
prepare, submit and control application specific jobs and file transfers. Jobs to be
run on the same system can be grouped in job-groups. The user specifies target
system for job group as well as resource requirements for CPU time, number of
CPU’s amount of memory and disk space for job. Job can can have complicated
structure with various job subgroups which can be run at different systems.
Subgroup jobs and file transfers can be ordered with user defined dependency.
The user input is mapped to the target system specific commands and options
by the Unicore infrastructure. Compare to the tools described above BioGRID,
using Unicore as main grid tool, has wider functionality, is more flexible and
allows for much easier integration of the User interface with external quantum
chemistry or biomolecular applications.

The Unicore architecture is based, as other grid middleware, on the three tier
model. It consists of user, server and target system tier. The user tier consists
of the graphical user interface - Unicore client - written as Java application. It
offers the functions to prepare and control jobs and to set up and maintain the
user’s security environment.

Within the Unicore environment user has a comfortable way to use dis-
tributed computing resources without having to learn for site or system specifics.

The graphical user interface offers functions to maintain security, to prepare
Unicore jobs, submit and monitor them. The Unicore job can be build from mul-
tiple parts which cane be executed asynchronously or dependently on different
systems at different Unicore sites. Basic element are:

– script task, to submit job scripts;
– transfer task to specify data transfer between different jobs groups;
– job groups, to build subjobs for other systems.

All elements can be add and edited with the graphical interface in the Unicore
client. User can define target system for each job group as well as dependences
between job groups and file transfers. Each job group must have defined resources
it requires such as number of processors or nodes, memory, CPU time and disk
space. Target system is checked if it can fulfill this requirements. This tasks is
performed during process of preparing job, before it is submitted.

The Unicore architecture is based, as other grid middleware, on the three tier
model. It consists of user, server and target system tier. The user tier consists
of the graphical user interface - Unicore client - written as Java application. It
offers the functions to prepare and control jobs and to set up and maintain the
user’s security environment.

The Unicore client generates from the user’s input an Abstract Job Object
(AJO) which is sent to the other components of the Unicore infrastructure.
The AJO is a key component which compromises the Unicore protocol between
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user interface and Network Job Supervisor (NJS) together with the abstract job
specification generated from user input. The Gateway is the first part of the
Unicore Server tier. It takes care of user authentication, secure communication
between client and server. Gateway provides client with information on resources
available at site. It also talks to the Network Job Supervisor at the site to send
jobs and data, status requests and control commands for further processing and
to receive data to make it available to the user.

NJS controls one Virtual Site (Vsite) which is a single system or cluster
which shares the same userids and file space. It maps the Unicore user id to the
local user id at the target system, extracts and translates the jobs contained in
AJO into real batch jobs sends job-groups to be executed at other sites to the
corresponding gateway, provides local resource information to the gateway and
takes care of the file transfer. The transfers are done by Unicore transparently
to the user.

The NJS translates the abstract job definition into batch jobs for the desti-
nate systems and sends them to the target system interface (TSI) on the system.

The security is based on the Secure Socket Layer (SSL) protocol and the X509
certificates. SSL uses public key cryptography to establish connections between
client and server. Therefore each component of the Unicore infrastructure has
a public-private key pair with the public part known by the others. The keys
have to be certified by a certification authority (CA). By default certificates
signed by unknown authority are not accepted. The user’s X509 certificate is his
identification and is maintained by the Unicore client application in a encrypted
data base. The client has to know about the CA which signs the user and gateway
certificates. The user is authenticated by the gateway when presenting certificate
which is also part of Abstract Job Object.

The SSL is used for the connection coming over insecure internet to the
Unicore gateway which communicates with the NJS by sockets.

Within Unicore infrastructure the user program can be run as script sub-
mitted to the target system in the way analogous to the batch execution mode.
The advantage is single login and transparent file transfer but submitted job is
similar to the one used with the traditional queuing system.

Compare to other grid tools and applications this solution is easy to install,
both at the server and client side and provides user with simple and intuitive
interface. Unicore client provides general mechanisms for user authentication
and job preparation, submission and control. It is also used as framework for
development application specific interfaces.

The biomolecular software is introduced to the Unicore through the Incar-
nation DataBase (IDB) entries which describe details of the local installation.
IDB allows for definition of the environment variables for the script executed by
the user. In this way we can define variables required for particular application
or define path to the program. This entries must be customized for each target
system and can be used by any user.

The Unicore execution model allows to include shell command in the IDB
entries, as it is done in the second line of example. This allows to prepare any
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environment for execution shell. Knowledge of defined variables is required for
preparing Unicore job, but allows to run the same script without modifications
on any target machine.

The Unicore infrastructure allows also for more sofisticated registration of
the applications available on the target machine through entries in the IDB.
The program name and program version together with shell commands required
to set up execution environment are stored in the dedicated section of the IDB
file. The Unicore client has built in capabilities to check software resources entries
on the particular target systems and user gets informed if the chosen program
is not available. This mechanism however cannot be used with the simple user
script jobs and is accessible only when user job is prepared with the dedicated
plugin to the Unicore client.

Taking advantage of the environment variables defined in the IDB at tar-
get systems we have developed Unicore Abstract Job Objects (AJO) for most
popular biomolecular applications including Gaussian98, Gromos96 [11], Amber
[12] and Charmm [13]. The AJOs can be easily modified by the user in the part
including application input, exactly as it is done for the batch jobs. However
prepared AJOs can be run without any modifications using Unicore middleware
on any target system.

Unicore script job still requires knowledge of the input files for the biomolec-
ular applications. In most cases it is performed with standard text editor and
requires significant experience from the user. Any mistake in the file format
results with an error and extends time in which results will be obtained.

We have used Unicore as framework for development dedicated user interface
to the biomolecular applications. Plugin is written in Java and is loaded to the
Unicore client during start, or on request. Once it is available in the client, in
addition to the standard futures such as preparation of the script job, user gets
access to the menu which allows for preparation application specific job.

Once input is ready user can specify target system and resources required
for jobs using standard Unicore client facilities. For example user can check job
status, monitor execution and retrieve output to the local workstation. All these
functions can be performed from the Unicore client with the single login during
client startup. User can monitor job status and retrieve output to any computer
connected to the network with the Unicore client installed, in particular other
than one used for job submition.

Currently plugin’s are availiable for most popular quantum mechniacal and
molecular dynamics codes: Gaussian98 and Amber 6.0.

User can set up type of ab initio calculations and add options specific to
the particular type of simulations. Plugin allows only for options which do not
conflict with the chosen simulation type. The theory level, basiss set, total charge
and multiplicity can be set. All options are presented with the defaults which
correspond to the simple calculations.

Amber plugin allows for preparing input for MD simulations in various
modes: constant energy, constant temperature or constant pressure. In each
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mode user is able to specify most important parameters of the simulations such
as time step, total simulation time, initial time and others

The gathered experience will be used for development of plugins for other
bimolecular applications. Unicore client provides basic grid functionality which
makes development of the new application specific interfaces easy. This will result
in increasing number of applications accessible in the grid environment.
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