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Abstract
In the paper workflow in virtual laboratory (VL) sem is discussed. The
authors consider also possibilities of the flexilesystem creation to control many
laboratory apparatus in a remote way. Depending laboratory type and
measurement scenarios workflow path changing. ¥lirtaboratory architecture as
well as many other system modules have to makeilpesadapting to various
laboratory apparatus and allow realizing diversekflow scenarios.

1 INTRODUCTION

Virtual laboratories (VL) are now in the scope ofidties of research groups
and companies, which are working on new solutianstiie Grid computational
environment [1,2]. The main reason for creatinghsiaboratories is the remote
access to the scientific equipment, the facilityd acceleration of the education
process, exchanging opinions in research groups tatedmanagement of the
experiment results. This idea is especially ativactor the experimental sciences
and technologies, particularly physics, chemisstyuctural biology, experimental
medicine, radio astronomy and also for widely takagineering [4,5].

Virtual Laboratory is a heterogeneous, distributed environment, waildws
scientists all over the world to work on a commoroup of projects. This
environment should allow conducting experimentshwihe usage of physical
devices, doing simulation using the computationmdliaation, and communication
between users working on the same topic. Similarlgypical laboratory tools and
research techniques depending on the specific fielscience, virtual laboratories
can benefit from some collaboration techniqguesesimmersion, but they are not
mandatory.

In order to meet the virtual laboratory goals, ¢hehould be specified some

requirements. The most important requirementsyollo

* the possibility of experiments performing (real anputational),

e the possibility of comparing the achieved resultsréal experiment and
simulation, which can help adjust the simulatiorapaeters properly,

e reservation of time for experiments execution; esly for experiments
that require supervision or can be observed by people on-line,

e communication with the physical laboratory staffii@h can be necessary
to help run some specific experiments, e.g. setimgnd operating devices
to experiments,

« sharing experiments results — the result shouldtbeed in a database and
available for other scientists (with the possipitib restrict access rights),



* load balancing — e.g. experiments should be rutheress loaded sites,

< library of electronic papers, reports and booksigea by a specific topic,

e communication with other people working on simifamoblems — using

chat, audio and videoconferences etc.

The Virtual Laboratory system is developed in Pé&zSapercomputing and
Networking System [11] in collaboration with thestitute of Bioorganic Chemistry
[12] and Radioastronomy Department of Nicolaus @eiges University [13].

Putting into practice two different laboratoriedlygrove the correctness of our
conception. One of them is the Virtual LaboratofyNaiclear Magnetic Resonance
Spectrometer, the other the Virtual Laboratory afliRastronomy.

The present state of the art in virtual laboratdevelopment discipline was
discussed in [10].

Here, by the workflow we understand flow of the jdiifferent types of job) via
whole virtual laboratory system. For example foe Wirtual Laboratory of NMR
Spectroscopy system workflow begins from preparing sample and ends on
visualization stage.

2 ARCHITECTURE

Workflow in the Virtual Laboratory depends on maagpects, among other
things: given laboratory type (e.g. NMR, radiot&t®se) and measurement scenario.
Virtual laboratory architecture as well as otherduwes have to make job flow
possible for many different situations.

It is a very difficult assignment to define a labtary framework, which will be
appropriate to many types of devices. Finding tbkiten, which will meet the
needs of most research groups and allow perforrakpgeriments using different
apparatus will consume a lot of time, money and d&urenergy. Nevertheless,
achieving this goal seems to be worth a big priwe laring a lot of advantages (e.g.
it will allow reducing resources which are needectteate new laboratory) in the
future.

To meet the conditions mentioned in the introdurctthe whole system should
have a modular architecture, which allows to insecthe system possibilities (e.g.
by adding a new modules), easily changing the iegisthodules into others (e.g.
with bigger possibilities) without the recompilatimecessity. It can be possible to
build a new virtual laboratory only by defining mssary modules and adapting it to
the surrounding environment. Creators do not haveare about architecture and
many other important aspects of the system. Thayoody focus their attention on
aspects directly connected with the implementedcgeand organizing work for the
users (e.g. defining rights lists and edge conastiocreating laboratory groups,
assuring collaboration between apparatus and thistirex virtual laboratory
modules).

Due to specialization and different nature of sdatmratory it is necessary to
distinguish two types of modules: general (can tmplément in most types of
instances of the virtual laboratory) and specifian( be used only with a given type
of device).

The conception of the general framework and mogtortant for the virtual
laboratory will be discussed next. In the virtuabdratory architecture we can
distinguish four layers (Fig.1). The first of theémthe Access layer. Originally it
consists of tools, which enable access to the #bor resources and for
presentation stored data. The most important madarie:

« Dynamic measurement scenarios — assure controeaecltion of
the operations (experiments) chain, which is suechiby the user,



* Users and laboratories management — tools for ingeatew
laboratories profiles, new users accounts, manageaighe access
rights to devices, digital library and communicatimedia,

» Data presentation tool — presentation experimesli® collected in
the data management system, on-line visualizatioal tand
accounting data looking through,

* Users communication tools — allow users to comnatriavith one
another

The second is the Grid layer where services, wiiehcan call general, were
accumulated. They are required in most laboratdrissnces. There are also
connections with the outside grid services e.ghw@tobus services. The most
important are:

» Authorization centre — granting (or not) accessntany virtual
laboratory resources, certificates management,

* Global scheduling — responsible for choosing therepriate
laboratory device and load balancing when possible,

» Digital library — storing experiments results andec&onic
publications,

» Data transport — responsible for download and upldaa from/to
destination machine,

» Grid Gateway — communication with the grid brokerg( GRMS
[15]), sending computational tasks to the grid amgteiving
experiment tasks from the grid systems

On the supervision layer specific services areagath These services have to be
implemented taking into consideration a given devand their specification.
Usually it consists of:

* Local scheduling — tasks scheduling on a given aetaking into
consideration parameters and priority

* Resource monitoring — resources using control,stasttual state
control

» Users accounting — information about the used messu

Finally we can define the Resources layer, whicms@is of devices to
experiment execution and also the necessary saftwar

e Laboratory devices — laboratory apparatus and so#twfor
experiment execution,

» Computational servers — also software for pre- post-processing
computation,

» Visualization servers — also visualization software
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Fig. 1 Theframework of virtual laboratory architecture

From the connection point of view, laboratory framek can be divided into
three levels: client interface, application seraed device server. It has a client-
agent-server structure. Such layer architecturgigees completing tasks, which are
assigned to the system. The tasks every levesporesible for are described below.

On the client interface level users have a possitih submit a task, using the
available interface from the WWW page. Some pédrth® interface content should
be specific for a particular device, in which thistitictive parameters for a given
laboratory type should be taken into account. Ustarface uses a standardized
protocol to communicate with the application server

Most services should be gathered on the applica@wer. On the one hand, it
allows to fit the needs to the specific laboratanmygl, on the other hand, decrease the
load of other servers. Moreover, it allows fastpitey of the laboratory framework
to the new device (only few modules have to bealled outside the application
server). There, the advanced scheduling processbearexecuted as well as
monitoring, accounting and authorization modules lwa running.

The device server is responsible for receivingsk from the application server,
job submitting, receiving results of the executasks and transporting them to the
application server. The module which controls tleeved device must know its
specific. It uses the API device functions to taskbmitting and controlling a
device.

3 DEFINING UNIVERSAL MEASUREMENT SCENARIOS

As we mentioned before workflow in the virtual labtory is strictly connected
with measurement scenario. When user charactergasumement scenario, he in
fact in this way define the workflow path. Below weant to consider how to



generalize flow of jobs in the virtual laboratorystem by defining universal
dynamic molecular scenario module.

The experiment process execution in many typeahnfritories consists of very
similar stages. The given experimental processftenorecurrent and must be
executed many times by some parameters modificationthis situation the
measurement scenarios conception seems to be sefiyl.u

The conception of the dynamic measurement scenaliosvs defining the
process of an experiment in any way, from pre-psicgy, through executing the
experiment, to the post-processing and visualinatisks. Users are also allowed to
add their own module as a part of the scenarioinidef the measurement scenario
allows to spare a lot of time during computatioheTuser does not have to wait for
the end of a given process stage to submit anotierlt is made automatically.

Initially, we divide the experiment execution presénto four steps:

* preprocessing — here the user can prepare dase t@suan input source

e experiment — two types of experiments can be djsished; the first is the
real experiment executed on a device availabl&@énGrid; the second one
is a computational experiment running on the exenutost.

e postprocessing — here we can process the outpatfideth the experiment
stage

« visualization — can be treated as a part of thepposessing stage; we
decided to treat it as a separate task due tofgphardware and software
needs

This simple task’s execution chain we call a stat@asurement scenario (SMS).
It allows connecting particular stages only betwdemselves. Here, the execution
path is specific and the user cannot manipulate it.

To increase the possibility of the jobs scenarie ttynamic measurement
scenario (DMS) was defined. In the DMS model, besithe definition of the tasks
execution sequence, we can also define some eotirzections (e.g. loops, parallel
connections), conditions on the connections anfirdifit lengths of the execution
paths. In fact, DMS allows defining many SMS modal®ne scenario. Thanks to
the possibility of the conditions defining on thenoections paths the real path is
determined during execution and can depend on ctatipnal results.

To properly define the dynamic measurement scerthgosystem has to have
knowledge about connections which are enabled.ake of the laboratory type
where the processing software is well known, ilns®¢o be easy. The case will be
more complex when we want to define the DMS modelaf wider range of virtual
laboratories.

To solve this problem we defined a special languadpch determines the
following conditions:

* names of the connected applications (source artthdgsn application)

e a condition (or conditions) connected with a giygath, which has to be
met to pass this path; in case when few conditavesmet, the first one is
chosen

e an additional condition which has to be met to Eagésen path, e.g. when
special conversion between application is needed

< a list of output files for source application andist of input files for a
destination application

An expertise from a particular discipline is neeggdo define rules for DMS. A
laboratory administrator together with a domainegkgan do it.

On the figure below (Fig.2) we present an exemplagasurement scenario
diagram for the Virtual Laboratory of NMR Spectropy:
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Fig. 2 Exemplary measurement scenario diagram for the Virtual
Laboratory of NM R Spectr oscopy

4 WORKFLOW DISTURBANCE

Apart from above mentioned aspects there are saméittons which influence
on the way of experiment execution. In this sectienwant to focus on the Virtual
Laboratory of NMR Spectroscopy aspects: human faotd preparing the sample.

Many laboratories apparatus need a human servicegduhe experiment
execution. A very good example of such situatioandNMR experiment, where the
operator has to put a sample into the spectrorbefere the acquisition process.

There are a few factors which significantly infleerthe virtual laboratory idea
when sample using is necessary to test. The m@sirtant are the following issues:
the tested sample and the human factor. Espetfalydea of remote access to the
laboratory devices and experiment execution “ametiany where” is limited by
these aspects. They cause the necessity of apgmkperiment planning (e.g.
sending a sample to the laboratory several daysrdeésts) and also taking them
into account on the scheduling stage.

A frequently tested sample has to be prepared dyser (researcher) who will
be executing the experiment. Next it is sent toverg laboratory, the scheduling
process has to be discontinued until the sampieearin place. The user choosing a
specific place where he/she wants to execute thererent makes the devices’ load
balancing impossible. This problem can be solvea isituation when we have a
specialized centre with many laboratory apparatusne place. Some samples are
unstable and can yield to deterioration if they ex@ppropriately stored during
transportation or while waiting for the experiment.

The influence of the human factor on the experingxeatcution stages is also an
important issue. By the human factor concept weetstdnd: device operator
accessibility, his/her skills connected with préparthe work environment and
many other human disabilities which influence tRpegiment time. In case of some
laboratory apparatus it is necessary to set upicpéat parameters manually.
Moreover, these actions can be done only when dnepke is inside the device.
These aspects make the batch job unavailable apdres the presence of the
device operator.

Due to the specificity of the execution experiméstqguence it is very hard to
characterize one general execution model. Thus are state that the above-
mentioned aspects make the generalization conckepheo virtual laboratories
difficult to achieve. In such a situation everytwal laboratory needs a special
approach for some number of factors.



5 VIRTUAL LABORATORY WORKFLOW

In this section very simplified workflow in the Viral Laboratory is described.
We want to base our description on NMR static s@éen&Ve should mention that
NMR spectrometer is device, which needs humanant&m to control, because of
its nature. It cause that virtual laboratory wookfldepends on human factor.

Firstly user has to define measurements scenasivally NMR scenario consists
of three stages: experiment, postprocessing andaliation. Next description
scenario is sent to the DMS module where is decesgph@nd every job is sent to
modules in proper sequence. Experiment tasks aretsethe Global Scheduling
module, computational tasks are sent to the GRM&8ufeovia Grid Gateway.

On the Global Scheduling stage appropriate laboratevice is chosen for the
job. Additionally user rights and accessible desiaee checked.

In next step job goes to Local Scheduling modulenehs scheduled according
to given algorithm and priority. Job is sent to flid scheduling module only when
previous job is finished.

Every NMR experiment can be divided into two paFisst of them needs some
operator’s activity which includes: preparing tlemple, characterizing probe type
and mounting it into magnesium, next inserting slenipward and manual probe
tuning to appropriate frequency. Second part of tye of experiment is automated
and can be executed remotely.

On this stage we can use specialized software ttralathe experiment: Vnmr
for Varian [8] spectrometer or XWIN-NMR for Brukd®] spectrometer. This
software is making available to the user usingudrtNetwork Computing (VNC)
[16]. Commands like: choosing working directory arsgquence impulses,
modifying sequence parameters can be done rematéhout direct access to the
spectrometer. When experiment is finished all tesarfle sent to digital library.

Postprocessing task is sent to Grid Gateway wreteansformed into Globus
[17] format and sent to GRMS module. GRMS make aisiten basing on job
description where to run computation. If job neadsr interaction VNC software is
used again. Before computation spectrometer dataransferred to the server and
when postprocessing is finished output data aresteared back.

Execution of visualization task is very similargostprocessing stage. Only on
the scheduling phase the job will be probably deedo other device, better adapt
to visualisation needs. Also interactive work Vi executed more often.

After every execution stage accounting data anesfeared to the Accounting
module. Above described workflow in Virtual Labarat is described below (Fig.
3).
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Fig. 3 Simplified workflow in Virtual Laboratory

6 CONCLUSIONS

Virtual Laboratories are undoubtedly the technolafythe future. They are
perceived as a remedy for problems connected wittess or buying costs of
expensive and rare devices. Current technologiesemed with VL are in their first
stadium of development. New created services afiewing simple experiments,
which can be managed by changes in a limited pagearpeol.

Although the virtual laboratory idea is expensieeintroduce, it is still the
solution of the future for research environmentfhwmited equipment resources. It
is the only way to widely open the science for stcidemands in education and
professional specialization in new technologies.e Tiealization of the virtual
laboratory environment will allow the scientistsdaangineers to work on their
projects by remote events simulation, interpretatid experimental data and, in
some cases, to run real experiments in a custorfabedatory. A common platform
for this project is an optimal utilization of moderoptical Internet based on the
Informational Technology.

The base services for virtual laboratories areenily under development. The
hardware (e.g. SGI Reality Center [6]) and softW@AVERN G2 [7]) solutions,
which allow remote communication and results prest@m, are being developed.
However, most of the currently developed laboratrare rather low advanced
constructions, created for a small group of speadltasks.

Workflow aspect is very valuable for the univergatual laboratory framework,
which allows sparing a lot of human energy and myodering the development
stage. It is possible to build many different typsslaboratory systems, which
provide and adapt functionality to specified neddssigners of a new laboratory
have to focus their attention only on a few aspeotznected with adaptation to a
new data set, and a specific scheduling algoritkin.architecture has to allow
define many different workflow paths. It has tocalse opened for cooperation with
Grid services e.g. GRMS module.

As an exemplary implementation it is planned to entiie NMR Spectrometer
(Bruker Avance 600) and radiotelescope (diameten)3vailable to the Grid users
[14].
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