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Abstract

In the user-interactive tasks the time slot reserved for running the task on
a computational machine or scientific device must be synchronized with
user preferences, considering specific work hours, daily schedule etc. In
case of interactive experiments (eg. Virtual Laboratory project) the
deciding factor is the current device availability, workload, maintenance
periods etc. This kind of data can often become very non-deterministic.
This solution, developed for Virtual Laboratory, was designed to be
reused in any project dealing with the same problem. It has a modular
architecture, all the necessary functionality and works closely with well
known Grid solutions.

1. Introduction

Distributed computing environments are widely ugedealisation of complex
and resource-demanding applications. By resouweesmean CPUs, memory, disk
space and graphical subsystems. The latter ardymestd in case of user-interactive
data processing.

In general, in most Grid-based systems, we caindissh two main kinds of
tasks: user-interactive and batch ones. User ictigeatasks can be of various types,
such as: data processing, visualisation or rea-tpmocess control. Their common
element is that the actual processing must be peefd directly by the users, via the
graphical user interface (GUI).

The scheduling and running of batch jobs is widddgcribed and implemented
in various computational systems. This cannot liikisecase of interactive tasks, which
are more difficult to schedule and run, becausthefrequirement of human presence.
The key to success is to synchronize user presamtéhe actual task run-time.

This article describes the scheduling and manageméninteractive tasks
(running, session prolonging, session ending). alation was originally developed for
the Virtual Laboratory system [1]. It is incorpdref GRMS [4] and other Globus [5]
systems. The major design requirement was to imghtmm platform independent system,
enabling it to be easily integrated with other sols and applications.

The Virtual Laboratory research project has beerveldped in Pozna
Supercomputing and Networking Center since thertreégg of the year 2002.



In general, the Virtual Laboratory is a distriblditenvironment, providing a
remote access to the various kind of scientifidjgaent and computational resources [1].
Users can submit their tasks in form of Dynamic Meament Scenario [3] — the sets of
experiments and computational tasks of differentikiThese tasks form a dependencies
graph — describing the connections between themalimbssible flowpaths — the actual
flowpath is determined upon run-time - based onlte®btained on each stage. The tasks
are scheduled on one-by-one (or on group) badis; #fe appropriate results from the
preceding tasks are obtained.

The Virtual Laboratory is not a standalone systdmwas designed to
cooperate with many other grid systems, providinly the purpose-specific functionality
and relaying on well known and reliable grid saas. The most important system the
VLab cooperates with is the Globus Toolkit [5] — the scope of scheduling
computational tasks, software services and libsafie resource monitoring, discovery,
and management. All computational tasks submitieitie VLab system are transferred
to the Globus via the GRMS [4] module — an impadriaart of the GridLab project [6].
Among other external systems used by the Virtudlotatory are: the VNC system, SZD
(data management system), authentication modulé&a&m authorization system.

2. The peculiar nature of the interactive experiments

As it was mentioned in the introduction, we cartidgish between two major
types of tasks: batch and interactive.

The biggest difference (and difficulty) between dbotypes is that - in the
interactive tasks - the time slot reserved for fngnthe task on a computational
machine must be synchronized with user preferermmssidering specific work hours,
daily schedule etc. Another aspect is the mechamibinh will present the users with
the graphical interface of the actual computatigoalisualization) application — which
is run on dynamically assigned computational servand allow them to perform their
interactive task.

Another, very characteristic type of Virtual Labtng tasks are the experiments.
By the term experiment we mean a task, scheduledet@erformed on the remote
laboratory equipment, available via VLab to itsrgsén most cases such experiments
will be an interactive processes, with users mdatg directly the remote equipment
via specialized control software GUI. Experiments difficult for formal description.
Depending on a specific science domain, there eamény dependencies of external,
often indeterministic factors. The device will i@ non-stop available for VLab users
but will be shared with local researchers (usuglith higher priority than the remote
users). There are also maintenance periods, inhwtie device is unavailable.
Sometimes the presence and assistance of the depemtor may be necessary —
especially at the beginning of experiments.

The first scientific device incorporated into thdab system was an NMR
spectrometer. The most important problems with dolieg the NMR experiments,
apart from those described above, come from thelsgnmanagement. To perform an
NMR experiment, an actual sample containing chelnticmpound has to be delivered
to the NMR spectrometer and inserted into the nmechThis causes a number of
scheduling problems. At the task (and correspondiagiple) submission point the
actual NMR device has to be known and chosen, Isectne sample has to be sent from
the remote location to the device site. The exawt bf sample arrival is not known as
well, making the exact task scheduling impossilnil the sample arrives.



3. TheVirtual Laboratory Architecture

The Virtual Laboratory system has a modular archite. The modules can be
grouped into three main layers. The general diagsgpnesented on the figure 1 below:

The Virtual Laboratory Environment Grid Environment
Management Module i VNC Server /
Access g Presentation Grid
Layer Workgroup Laboratory r
Environment and User Management Applications

Authorization Global

S Center Scheduler Grid Gateway Globus

ri

Layer Data Management Data <
System Transportation \

Monitoring and
Discovery System
—— 1 —
User Monitoring % Grid Information
Accounting System Service

Resources Layer

Monitoring
Layer

Local
Scheduler

Figure 1. General architecture of the Virtual Ladiory

An Access Layer is the top layer of this structuBasically, it contains all
modules and components responsible for a VLab arsegss and graphical interface to
the system (including a web portal), and data irpteérface. Below there is a Grid
Layer, which communicates with external grid enmiment. It is responsible for user
authorization and authentication, data managengamteral task scheduling. Modules
from this layer also handle the transfer of the potational tasks to the Globus system,
and gather feedback data and the computed re3tiés Monitoring Layer consists of
lower-level modules, such as hardware dedicatededsdbrs, system monitoring,
gathering accounting data etc. All the psychicaérgific devices are located in the
Resources Layer, as well as modules responsibladardirect control.

On the Grid Environment side the most importantneet is the Globus system,
with all its components (GRMS, GridFTP etc). Globako allows to execute
computational tasks (batch and interactive) ondewiriety of grid applications.

4. Task scheduling

As we mentioned in paragraph 1 and 2, there arebasic types of tasks in
Virtual Laboratory: computational and experimentakperiment is the specific task
type for the VLab itself. It is scheduled to be rm scientific hardware and create a
very challenging set of difficulties which need b® addressed (see p.2). In this
paragraph, we will focus on computational taskschband interactive. Interactive tasks
need a definitely more sophisticated approach. tirhe in which the application GUI
performing the task is presented to the user (atlier words: task execution time) has



to be known in advance, and synchronized with tisee preferences. The mechanism
responsible for displaying the interface has to daeefully designed, to address
authorization and security issues. All operatioesfggmed on batch and interactive
tasks are presented in the paragraphs below.

4.1. Batch jobs

A general diagram describing the flowpath of batomputational tasks
is presented on the Figure 2:
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Figure 2. The batch computational tasks procesaitige
Virtual Laboratory System

The computational task is created in the Scenarntission Application [3] — a
part of the VLab portal, responsible for creatingnBmic Measurements Scenarios. The
dynamic scenario is submitted to the Scenario Mamegt Module (SMM). At the
appropriate time, during the scenario executionsphthe SMM sends the task to the
Grid Gateway module via the Global Scheduler (raiven on the diagram). Grid
Gateway sends the task description to the GridLedpBrce Management System [4] —
an external meta scheduling system, responsibledloeduling and executing the task
using the grid computational resources. The in@iéa ére passed as references to the
Data Management System — the same system is usegblftading the computational
results. The online task monitoring and statusfication is handled by the GRMS,
which contacts the Grid Gateway with the updatddrination about submitted tasks
status.

4.2. Interactivetasks

Handling the interactive tasks is more complicdtegh the batch ones.
Different phases need to be specified here. They @escribed in the
subparagraphs below.
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Figure 3. Interactive tasks submission
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Interactive tasks are submitted into the systerh assthe batch
ones. Each consecutive step on the diagram wasethafkhe detailed
description is given below.

1.

arwN

o

4.2.2.

Task (as a one element of the measurement &eimrsent to the
Scenario Management Module from the web portal r{&de
Submission Application).

Task is added to the database (via the Mongarindule)

At the appropriate time task is sent to the @l&cheduler (GS)

GS authorizes the user in the Grid Authorizabtodule

GS checks with Accounting whether the user hasexceeded the
limit and can submit the task

a) Task cannot be submitted — inform Monitommgdule

b) Task can be scheduled - send it to the Grit\izay

Task is transferred to the GRMS, which schedthestask and sends
the information about the results (success/failtwehe Grid Gateway.
The GG sends a query about the chosen server, ignd gp for
notifications concerning the scheduled task.

a) Task cannot be submitted — inform Monitoringdule

VNC session scheduling

In the previous step the interactive task was stibthinto the GRMS.
Now the GRMS has to decide where the interactivak tshould be
executed. | also reserves a slot for VNC sessioforiation about the
session schedule is returned back toGiel Gateway (as notifications),
which in turn sends it to thdonitoring module.
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Figure 4. VNC session scheduling for interactiveksa

The detailed operations are described below:

1. The GRMS contacts the MDS system to gather imnétion required
for the connection preparation (maximum number pero VNC
sessions, etc.).

2. It also contacts ¥NC Session Database to check the actual sessions
state. Taking all those information into accounwill reserve a VNC
session slot for interactive task invocation andaip the database.

3. Scheduling information is passed as notificationthe GG, which
updates the task status, via the Monitoring mo¢hudént 4)

4.2.3. Establishing a secure connection
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Figure 5. Establishing a secure VNC connection

The interactive task has been submitted to theesysind the VNC
session has been scheduled. The next step is fwarprehe proper
environment for the given task, launch it and whit connection
establishment from the VLab user.
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4.2.4.

The GRMS launches its scheduled task. The task is defiredara
instance of the VNC Manager — which looks up thailable port, runs
the VNC server and the application

TheGrid Gateway is notified that everything has been preparedthad
session can be established

VNC Manager reports the port number in use giméuwhically-generated
password to the Grid Gateway.

TheGrid Gateway propagates all gathered information to khenitoring
system

The VLab user starts the SVNC Viewer with alle tltonnection
parameters taken automatically (and transparefribyh Monitoring —
and therefore has a full access to the application

Prolonging the session
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Figure 6. Prolonging the VNC Session

The interactive task can be scheduled for the icedaount of

time. The time period is specified by the user miyriask definition and
submission. It may happen that the reserved time isl too short to
complete the data processing. When the reservatoiod is about to

expire,

the VLab system displays the appropriatening and the user is

given the possibility to request the session prgddion. After evaluation
the actual session state (VNC Session Databasg)rttienged access is
granted or the request refused.

Prolonging the VNC session step by step:

1.
2.

Hw

The request is forwarded to the Global Scheduler

Global Scheduler authorizes the request in thel @uthentication
Module (GAM)

GS checks the user limits in the Accounting niedu

a) Verification failed - the Monitoring is infored that the session
extension has failed and the process ends.



b) Verification is positive - extension requeshdae sent to the
Grid Gateway.

5. The request (authorized in the VLab systemgiit to the GRMS.

6. Next, the actual sessions state is looked perWV/NC Session Database
and new session slot is reserved (if available)

7. The response is sent back to the Grid Gatewayn{ification). GG
updates the Monitoring with the new informationi(d@® in the figure)

4.2.5. Finishingthe VNC session by the user
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Figure 7. Ending the VNC session by the user
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The VLab user has the ability to end an active V&¢Ssion at any
time after the session has been started. The puoeésiexplained below:

1. Therequestis forwarded to the Grid Gateway

2. GG sends it to the GRMS

3. The GRMS system sends the appropriate sigrtaktmstance of VNC
Manager responsible for a given application. Amgilan is closed and
resources are freed.

4. GRMS updates the VNC Session Database — ragistia removed.

5.  The GRMS sends the result of this operatiom¢oGrid Gateway as an
notification.

6. Grid gateway updates monitoring information



4.2.6. Finishingthe VNC session by the system
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Figure 8. Ending the VNC session by the VLab system

An active VNC session can be terminated by the b/kgstem
(and GRMS) when the reservation period expirespoany other reason.
The procedure is as follows:
1. After the reservation time expires, GRMS sendsigaal to end the
application (via VNC Manager).
2. GRMS updates the VNC Session Database.
3. GRMS sends information to Grid Gateway thattésk was closed.
4 GG updates the task information in the Monitgnnodule.

5. Summary

Distributed Grid-based systems are undoubtedlytélabnology of the future.
Although the described solution of scheduling iat¢ive tasks was developed for the
Virtual Laboratory System, it was designed in a wlagt allows it to be reused in any
other project dealing with the same problem. It t@amodular, easy to install
architecture, all the necessary functionality aratks closely with other well known
Grid solutions.

At the current stage of development there arendastry standards for this kind
of systems dealing with interactive tasks. Themfall solutions presented in this
article are of experimental character. However, fitet successful implementation of
this system in the Virtual Laboratory, proves iseful and reliable architecture.
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