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Abstract

Parameter studies are useful applications for research@wever, these
programs, although helpful, tend to be computationalfyeasive and due to their long
execution time become tedious to execute. In this prajecexplored a method of
implementing a parameter study module for the P-GRADEaPat MTA-SZTAKI,
Budapest, Hungary, an existing parallel application thatwall users to create and
execute a parallel program in an efficient manner withoowkedge of MPI or PVM

programming.
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1 Project Statement

Our project aims to develop an interface available veaworld Wide Web that will
allow users of the system to execute parallel paramnstridy applications on grid
computing resources. This interface will exist as aq@aatcollaborative project between
two research teams who together will produce a Parar8atdy Module for an existing
parallel process development tool. This tool is the PBRAortal system currently

being developed by the SZTAKI labs in Budapest, Hungary.

1.1 The Existing System

The fully integrated PGRADE project exists in two distipetrts: the PGRADE
System and the PGRADE Portal. Currently these twaepts support the creation,
execution and monitoring of parallel applications. Thenndistinction between the two
portions is where they can be executed. The PGRADt&Emys not available via the
web whereas the PGRADE Portal, through the use oleBgrtan be accessed by anyone
with an Internet connection and permission to exeaytecess via the application.

This project will work mainly with the PGRADE PortalThis Portal currently
allows users to create and edit workflows though a WaebSpplication called the
Workflow Manager. Once designed, these workflows caacheduled for submission,
and their progress monitored. In addition this systeawalithe user to choose the grid
or grids on which to run their application. Multiple tssean access the software, each
with their own user name and password, regulated by a sadgténistrator. As all of
this is done via a graphical web interface, a user@PBRADE Portal does not have to

be a master at parallel programming to benefit from iés us



1.2 The Need for a Parametric Study Module

Although the existing PGRADE Portal system allows a tsegraphically define
workflows and execute programs in parallel, it has yetrdach its full potential.
Currently, the Portal is limited to those applicatitingt are not parametric applications.
A parametric study is a program that executes numenmes tieach time with a different
set of input values. Although there is a vast area ofiagmns that fall into this
category, such as some weather monitoring systemsic teafnulations, and certain
chemistry applications, the Portal can be extendedntiude parametric studies.
Parametric applications are useful to mathematicdlszrentific researchers. However,
they are often time consuming to calculate making thesious to work with. If these
programs were executed in a parallel manner on a gridnsysteir time consuming

nature would diminish.

The PGRADE Portlet offers the perfect environment tcetbgyva tool to use for the
execution of these parameter studies. As the Portddyt allows for programs to be
executed in parallel on a variety of resources, applyiegptioject to parameter study
problems simply requires an extension of the currenicgn. This module would not
only further satisfy the needs of the current users @fRbrtal, but also create a whole

new user group who could use the application.

1.3 Our End Results

At the conclusion of this project, we aimed to haveate a complete user
interface for the Parameter Study Module for the PGRAEDrtal system. In order to

have successfully implemented this project, we neededdualinate our project with the



Development of Algorithms on the GRID MQP team. Ouwijgst, although a separate
entity, needed to integrate with this project in ordelnave a full module to present to the
PGRADE Portal development team.

Prior to our integration, however, we had to first depektwo distinct user
interfaces: a client side Workflow Editor for paraerestudy applications and a server
side Parameter Study Monitor. The Workflow Editor ifgee required extending the
current PGRADE Portal Workflow Editor so that allathe user to define the ports
through which the application can be run and describ@dahn@metric keys related to the
study. A more in depth discussion of the implemenitatf these interfaces will occur
later in this paper.

The Parameter Study Monitor was created as its owaofs#va classes and Java
Server Pages (JSP). The tabbed pane that was creagecksult of this interface looks
similar to the existing PGRADE interface. This intéed will also be discussed in more

detail in the sections that follow.



2 Background

In order to understand both the PGRADE and PGRADE Pgisgg¢ s and how they
work, one must first understand the technologies thedet systems implement. These
systems allow a user to take advantage of grid computiregatively new research area
in the computer science field. In addition, they allowsar to break away from the
traditional sequential programming style and develop coderthatin parallel enabling
one to use resources on several systems simultaneouslythermore, for one to fully
understand why a Parametric Study would benefit the deweat of the PGRADE
Portal, how the PGRADE system and the PGRADE Portakwnust be described and

the need for parameter studies explained.

2.1 History of Grids and Grid Computing

The Internet, otherwise known as the World Wide Whels grown by leaps and
bounds since its invention. Every day people surf arounbddtr business and pleasure,
interconnecting millions of computers for a variety of gmses. Much like how the
Internet has expanded, the average household has pkadex into this new age. Many
more households than ever before have a persongutem(PC). Computer technology
has grown so quickly that a mid to low range PC lose®ii@n 90% of its value every
year. Thus as organizations and even individuals upgrade niaehines, their old
machine, being worth very little, is either given to &eotperson, thrown away, or put
into storage. [8]

One new technology that is currently in developmentrdsearchers and software

engineers around the globe is a service by which theskimes can be put to use, along



with the surplus resources of other PCs and supercomputérs. new service would
pull these resources together into a grid. The grid woulchleh like the World Wide
Web, but it would be for sharing computer processing p@ndrdata storage instead of
information.  This would greatly help alleviate many of tihesource problems
researchers and scientists have had solving complipadétems that a simple cluster of
computers or even a supercomputer just cannot handleevEikual dream many people
have for the grid is that it will connect every computethe world, dynamically allocate
whatever resources the user may need, handle secutifyeamissions issues for them,

and basically allow them to work with a “limitless” suyppf computing power.

This resource could help biologists simulate thousandsadécular drug candidates
to see how they react with specific proteins. Physicistdd use it to create and share
the 10 Petabytes (1015 bytes) of data they will be gathdémmg the collisions of
extremely energetic fundamental particles. Earthriisis could use it to help keep
track of the levels of atmospheric ozone. Genesiaistuld use it to help analyze the
massive quantities of data necessary to map the human gefidraeyrid is what every

researcher has been dreaming of for years. [8]

While that is the dream, reality and the dream haveetomet, though it is definitely
coming. Most of the grid is still in the developmentagsts, being worked on by
researchers all over the globe. As such there argymifferent grid implementations. A
few example projects are:

Development of Virtual Supercomputing Service Using Acadéetwork [26]

Automatic Performance Analysis: Real Tools (APARTZ3][

GridLab - A Grid Application Toolkit and Testbed [35]



DataGrid Research and Technological Development for amnimional Data Grid
[16]

Graphical Supervising System for Geographically Distebut Heterogeneous
Metacomputing Environment [28]

Simbex: A metalaboratory for the priori simulation @bssed molecular beams
experiments [17]

DemoGrid [5]

Hungarian Supercomputing GRID [29]

Chemistry GRID and its Application for Air Pollution feast [27]

JGrid: An Integrated Graphical Application Developmentd a@rid Execution

Environment Based on Jini [25]
EGEE: Enabling Grids for E-sciencE [13]

As is quite evident even with only this sampling of gridjgets, grid computing is a hot
topic in the technological world. Consortiums of depeks have created standards to
help speed up and organize the process. These standardseab@anchers to build off of
each other much easier and quicken the pace towardsithatalgoal of a global Grid.
One such project was the Condor project. It wasestant 1988 at the University
of Wisconsin to develop a system for pooling the computisgpuees of all of the
computers in a university. Condor paved the way for lmglementations in that it
performed cycle scavenging (using free time on computarspfocessing), found
appropriate resources, and recovered from faults. Nersions of Condor are still in
use today in grid computing. One such implementation is Co@darhich incorporates
some tools from the Globus Toolkit to allow it to subnabs to the current grid

implementation. [48]



The Globus Toolkit is the major backbone of prote@uld services used by most
current Grid implementations. It is being developed by @lebus Alliance, a
cooperative effort of many programmers from around thddwolt is being released as
an open-source software suite to allow others to use, y@datanodify the software to
their needs and then share their improvements withetsteof the world. Another benefit
to the Globus Toolkit is that it is being developed throaglobject-oriented approach.
This allows developers to choose only the portions ofdbkkit that they wish to use in
their application. [46]

With the development of these grid projects, develogers no longer restricted
to using only homogenous clusters as this new infrasteietiowed for heterogeneous
resources comprised of supercomputers and PC clustersi¢al ibegether into true grids.
This heterogeneous grid infrastructure introduced quite anéawproblems into the grid
scene, with the main problem being that at the time theyot have the programming

models or libraries necessary for this type of setup. [8]

2.2 History of Parallel Programming

To use a new technology like the Grid, or any other etust computers for that
matter, new programming methods and standards must be pledetnd followed.
Programming was originally only sequential, in that a progstarted on a machine, did
what it was programmed to do, and then exited. The prograyhave communicated
with other programs during its execution, but usually onlyitsrdnt pieces to complete
a task. Parallel programming allows the user to exemogetask in pieces on multiple

machines to reach a result sooner than would be possilaesingle machine. [44]



Two main types of parallel programming models exist, datallphand function
parallel. In a data parallel model processors openatdifterent pieces of a data set,
sharing results with one another. In a function pakratiodel a parent process manages a
set of child processes that each perform a given taskhem give their results back to
the parent for processing. [44]

There are two main implementations of these progragmodels currently in
use- MPI, Message Passing Interface, and PVM, Paraielal Machine. Both
implementations are message-passing libraries, butdifiey in their approaches and
functionality. MPI was created by the MPI Forum, augr@f vendors, scientists, and
users. It permits programs with separate address spasgsctaronize with one another
and move data from the address space of one processt tof #mother by sending and
receiving messages. MPI is not technically a languageit lmitrather a collection of
subroutines and their arguments. MPI works very effttfeon supercomputers and
inside clusters. As such MPI is typically used for &rgrogram Multiple Data (SPMD)
style programming. SPMD is a programming model where diffeprocessors execute
the same program on different sets of data. Howévan, MPI application is distributed
on several Grid sites the performance turns out tmeh worse than expected. It is in
these environments that the second implementation, P&y shines. [47]

PVM, or Parallel Virtual Machine, is another messagesipgslibrary like MPI
and is distributed with a set of tools used to createeamdute concurrent and parallel
applications. PVM, while performing the same generaltfanas MPI, does so in more
of an abstract and parallel manner. It is this mairedfice that allows PVM to be used

more for Multiple Program — Multiple Data (MPMD) styprogramming. MPMD is a



parallel programming model where different, but relatedgranms are run on different
sets of data. [41]

By comparing the two implementations, PVM and MPI,eitdimes obvious that
in a heterogeneous environment like a grid, an integratioootdf MPl and PVM is
necessary for any complex problem. MPI can be usediylog#hin a single cluster to
cut down on overhead with PVM pulling together the genematessing nodes together.
This is only one possible model though out of numerous lpbigsss. This new blended
model is what many researchers and developers are cymemiing to grasp. [31]

It is at this new blended model level that the workflomncept has been created.
A workflow is an acyclic dependency graph with the nodgmesenting jobs and arc
connections between the jobs defining dependency relatims. new model introduces
parallelism at two levels. Top-level parallelism @mirom the workflow concept, where
independent branches of a workflow can be executed simokesly on several Grid
sites. Bottom-level parallelism is applied when soffnd® nodes are themselves parallel
(MPI or PVM) programs. This new blended model allows foulti-site parallel
application execution without the performance degradatibarent in using solely one

implementation. [31]
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Figure 2.1 Sample workflow in the P-GRADE Portal Workflow Editor

2.3 PGRADE

Located in the Hungarian capital, Budapest, there eaistgstitute dedicated to
research in Mathematics and Computer Science. Namedaimputer and Automation
Research Institute of the Hungarian Academy of Scie(@2%AKI), this organization is

determined to bring university students into contact vghrhost recent developments in



scientific research [2]. As part of the completiointitese goals, SZTAKI has been
broken down into eighteen departments each of whiclassiéied as either a research or

a development department.

One of the research divisions that exists within the AdTinfrastructure is the
Parallel and Distributed Systems Laboratory. Thisdaes research in cluster and grid
computing and has participated in almost every Hungariath8gject as well as several
outside of Hungary. Currently, this lab’s main focusors the development of grid
computing applications and the department has created phogeams related to this
task: PGRADE, the PGRADE Grid Portal, and the Mercurig Gtonitor. Our parallel
application project deals directly with this departmenit@asnain focus is the extension

of the PGRADE Grid Portal to allow for parameter stagplications.

2.3.1 What is PGRADE

The PGRADE project is a high level graphical interfélcat allows users to
develop parallel programs that can run on supercomputeds, gmd clusters without
requiring the user to have any extensive programming knowleld@&RADE is designed
to be used by the non-professional programmer and can bemusdaost every software
platform. The system aims at making parallel prograwetbpment more simplistic,

enabling it to become a tool accessible to all [42].

2.3.2 How PGRADE Works

PGRADE is implemented in a manner that uses a graplanglage, called
GRAphical Process Net Language (GRAPNEL). GRAPNEbval all inter-process

communications to be defined graphically by the user atigwie underlying message-



passing system to be hidden. From the user's graphic espagen, GRAPNEL
generates all necessary PVM or MPI code. In additiotheo GRAPNEL language,
PGRADE uses the GRED editor tool to aid the user iatorg the graphical portions of
GRAPNEL. These GRAPNEL programs, edited with GREDRy #ren saved in an
internal GRP file, which contains all the textual agihphical information that a
GRAPNEL program needs [30].

Debugging with the PGRADE system requires the use odbt#éDE debugger.
This tool supports both graphical and C/C++ level debugginglloMvs for the creation
of breakpoints, step by step execution, and variable itispd&0].

PGRADE's implementation also allows the user to nwnihe current running
application. The system supports the use of two toalsnfonitoring, GRM and
Mercury. GRM sets up a local monitor on each of theth@mn which the user’'s
application runs. In addition, GRM sets up a monitortle system that the user is
working. This main monitor gathers trace information freath of the local monitors
and stores them together.

For situations when GRM does not function properly, Vikeen there is a firewall
setup between the Grid sites where the local monit@suaming and where the main
monitor is running, Mercury can be used instead. Mercury usesoss to gather
measurements and performance data. These sensoosiiodied by producers who can
transfer the information to consumers when necgss&ommunication between the
producers and the consumers is handled through channetsathae created by either
process. Channels started by the consumer are usedy ffzaimhteractive monitoring

while those created by producers are used primarily for dathiving and event



reporting. Like GRM, Mercury sets up a local monitor orhea@de on which a part of
the user application is running. These monitors use tisegeas a shared library. Also
like the GRM implementation, the Mercury tool generaasain monitor on the main
system the user is working on, which collects the rinfition gathered by the local
monitors [29].

The trace information created by either of these twsiesys is then used by
PROVE, allowing the user to visualize and analyze thetees®lROVE can be accessed
both on and off-line. The user can control whichthogpbs, processes and messages
should be focused on. In addition, the user can acoessescode using a “click-back

and click-forward facility” (W).

2.3.3 Uses of the PGRADE System

The PGRADE system can be used by mathematicians, cesesrand scientists
with a limited amount of coding experience to perfaesource intensive calculations.
One project that has used the PGRADE system is thegadfiam Meteorological
Service’s Nowcasting algorithm which analyzes and predittta-short range weather
changes. These weather situations have the potential dangerous as they can destroy
property and have a high risk of death. This project useRABE for its most costly
computations, as the system could be easily paratieliéhin PGRADE'’s graphical
environment. By using parallel code, the system couldereatculate, and re-calculate
the current weather conditions allowing warnings to ibergin a reasonable amount of
time when necessary [35].

The University of Westminster located in the Unitedgdiom also used

the PGRADE system. The cluster located at the sadwwisted of thirty-two computers



with a single master node. In order to create theulation, researchers with the
University of Westminster implemented a two part simatatusing the MadCity
Simulator [Using Clusters for Traffic Simulations].hd MadCity technology includes
two tools; the Graphical Visualiser (GRV) which helps design a particular road
network and the SIMulator (SIM) which in this case studyswmplemented on the
PGRADE system. The SIM portion of this project was lengented as a parallel
program. In further executions of this study, this appbcawas further extended to
simulate numerous cities’ traffic systems as welhésrconnected road networks [20].

PGRADE can also be used for chemistry applicationh s13 Reaction-diffusion
equations. Reaction diffusion equations appear from thetyaof spatiotemporal
patterns that arise during chemical reactions and chéeniibasions. The evolution of
these patterns is described through a second order pli#faadntial equation [36].

The Department of Physical Chemistry at the E6tvos Usityemworked with
SZTAKI to implement such a system. The parallelizecsioer of their code was then
deployed on a self-made Linux cluster consisting of tywame interconnected dual-
processing nodes and used to forecast air pollution. nAthe case of the weather
forecasting application, the parallelized code enabledctleulations to return the

required data in a timely fashion [35].

2.4 The PGRADE Portal

The PGRADE Portal uses Portal technology to providessto the PGRADE

system in an easy to access method. Using high-leedl Werfaces, the Portal allows



users to create, execute and monitor jobs workflowss 3ystem allows users to access

the PGRADE project without having to use grid protocols amdroands [45].

2.4.1 How the PGRADE Portal Works

The PGRADE Portal exists in two parts, the cliedesnterface and the server
side interface. On the client side, HTML is genedaby the server side dynamic html
web pages. This HTML code includes the entire intertawd Java GUI required for
interaction with PGRADE, including, the visualization aiphnd the workflow editor.
These client side interfaces have corresponding seoveponents in the form of servlets
[45].

On the server end of the PGRADE Portal, Portle¢svaitten with Java Server
Pages (JSP), providing code that can generate the HTN® reeeded for the user. There
is also underlying C code that gets accessed through JX¥bkeTibraries include files for
Mercury, trace2png which includes the png images needed dorighalization applet,

and grp2c scripts [45]. These connections are visually showigure 2.2.
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Figure 2.2 Diagram describing the intercommunications oftte PGRADE Portal



When running the PGRADE Portal, in order to access GRADE system, a
user must first obtain a certificate. In order tohie,tthe information in the window
displayed irError! Reference source not found.must first be filled out. For security
purposes, these certificates have a limited lifetinttaae downloaded from a MyProxy

server. Once a certificate

Figure 2.3 View of a Certificate Download

has been obtained, it can be set to be used with mytartgrid. Once this has been
done, a user can use the workflow tab to create ajoteor the PGRADE Portal and
execute it on the grid for which they have a certificaiéis job can then be submitted
and its process monitored through the Workflow list alsmessible from the Workflow

tab [SZTAKI PowerPoint Presentation].

2.5 Parameter Study

A parameter study application is a computer program thatpable of executing
the same algorithm numerous times each time withfardift set of input values. The
values, or parameters, that are passed to the progrgmaleag a range — also known as
the parameter space. Once the program has completemhcation generates a set of

results known as the parameter study. [51]

2.5.1 Uses of Parameter Study Programs



One function of a parameter study application is the wdi@t of the same
simulation numerous times. Each time the simulaBanin a different input value, or set
of input values, is passed to the program. Each execudiah its respective input
parameters, represents a different set of tangiblditmms that can occur. This allows a
scientist to examine how something is going to rea¢henphysical world in different
circumstances without altering its current state [51].

Parameter study programs are valuable to the mathemat@amunity.
Statisticians use Monte Carlo applications to find stiadl averages. According to the
simplest definition, a Monte Carlo application is amplecation that involves random
numbers. These problems have applications in econoahiesjistry, and even nuclear
physics [50]. The Monte Carlo algorithm needs to be runemous times, each time
with a random number seed in order to be accurate fostgtal purposes. A random
number seed is required in order to provide the algorithm avisequence of pseudo-
random bits. Computers, being deterministic, cannot genémaly random numbers,
creating a need for a changing seed, such as the timeeosystem clock, to mimic
randomness [4]. A Monte Carlo algorithm can becomeranpeter study problem if the

random number seed is treated as the changing input[@dlue

2.5.2 Implementation of Parameter Study Application s

The idea behind parameter study applications is not acoeeept; however, the
concept was not feasible until the emergence of Goichfiliting. Prior to the existence
of Grid Computing, parameter study applications had to beoeally on one’s own
machine. As it is in the nature of parameter study apitaito be executed numerous

times, running them locally created a strain on the compukhis forced the parameter



applications to be less complex then the needs of wwentific and mathematical
problems.

The emergence of Grid Computing and computing advances in pregsach as
Globus and Legion, has allowed parameter study applictdibe run remotely on grids
[51]. Globus is a software tool used for designing Grieated by the Globus Alliance.
This toolkit handles security, resource and data manademanerprocess
communication, error detection and portability [1]. lcegilike Globus, provides a user
with an architecture that will allow them to develop dGapplications. Created as a
project at the University of Virginia, Legion providesystem of hosts and objects that
creates an illusion of a single computer while providingeas to resources made
available through their network [33]. Tools like these twalds users to write programs
that are designed as parallel applications, allowing iegipins that could not be
executed before due to their large computational need texecuted and in a time
efficient manner. It has now become practical faaeagchers to develop parametric

applications.

2.5.3 Complications with Implementation

Although parametric applications are now a realistitsa@teration for conducting
experiments, with the increase in speed and perforn@re@mputing, the complexity of
development also increases. The more complex a patarmprogram is, the more likely
it is that the application will require several lay@f parameterization and the repetition
of processing data and archiving it. It is also to bpeeted that these program

characteristics will lead to the need for branching withm coding which only further



complicates the process as synchronization of thechesnand processes will then also
be necessary [10]. This process can be overall diffacul time consuming.

Furthermore, in order for parametric study programset@ lfeasible solution to
the scientific and mathematical communities, portiohghe process must be hidden
from the end user, while still allowing them to have sdtaxibility in the execution of
their application. Each user should be able to definegaal method for how their
process is run, be able to identify which parameters chandehe behavior in which
they change, and determine how their process is paadle The rest of the process, as
it is beyond what the user should need to understanddsheulidden from them [10].

Also, as parameter applications become more compdicahe output data of
these processes becomes larger. In order for this @& wseful to the person who is
running the program, the data must be displayed and storecbimarehensive manner.
Without this key implementation step, the developmerd phrameter study system is
futile as researchers using the program will be incapabileterpreting, their results and

replicating their findings [10].

2.5.4 Other Parameter Study Applications

Other than the PSTUDY application developed as pattieo5ZTAKI PGRADE
system discussed in this paper, there are several othiérsapplications that have been
developed. Some of these programs (Nimrod and ILAB) hell discussed in the

following section.

2.5.4.1 Nimrod



Nimrod is an older parameter study program and can thus ranlysimple
parameter study applications. The program was developédasat uses an internal
“meta-language” to implement the creation of the patanstudy. One of its strengths is
that it can parameterize command line arguments wgb f#]. However, Nimrod can
only be applied to single-level parametric models due taithplicity of the declaration
language that it uses. With the development of Nimrodftd Nimrod/O some
improvements were made as these two programs used theegvides provided by

Globus [10].

2542 ILAB

ILAB was developed by NASA to run on the NASA natiomdrastructure, the
Information Power Grid (IPG). The goal of the NASAGRoroject is to “provide
ubiquitous and uniform access to a wide range of computhttmmamunication, data
analysis, and storage resources” [51]. The ILAB prajgtiements a parameter study
program for NASA'’s IPG that includes a workflow mana@0]. In addition, ILAB
supports four job modes — execution solely on the localhina without a scheduler,
execution on a cluster without a scheduler, execudim@ cluster with a scheduler, and
execution on a cluster with the assumption that Glolidslleware and a PBS scheduler
are being used [10]. However, the ILAB software is tiaito the complexity of
Computer Aided Design (CAD) which it uses to display ougnd that does not support

nested levels [51].



3 Methodology

Prior to implementing our Parameter Study Module, we gldrmur development
process in order to efficiently spend this phase of ogjegtr. During this time, we
determined what technological tools and in what languagesMmgtule should be
written. Furthermore, we determined how our interfatesuld look and behave. Our

decisions are explained in detail throughout our Methazgol

3.1 Technologies Involved in Implementation

In order to successfully design and integrate a PararSeétely interface for the
SZTAKI PGRADE system, the interface developed had te fsasimilar look and feel to
the existing system. In addition, there had to exigtaanéess edge between both the old
and the new interface. In order to fulfill these dedigsks, technological choices had to
be made regarding how to implement the client and sergerinterfaces. In the sections
that follow, the tools that were chosen are descrdretireasons for choosing them are

explained.

3.1.1 Java Server Pages

Java Server Pages (JSP) is a technology used focrdaion of dynamic
WebPages. An extension of the Java Servlet technotbgyJSP package provides a
method of imbedding Java code into HTML WebPages. In iaddib supporting
traditional HTML tags, JSP allows the programmer to defiveer own tags to be used
within a JSP page. Furthermore, applications that ateewin JSP are executable on

nearly every computer platform [18].



3.1.1.1 How JSP Works

As mentioned above, JSP technology is an extensiaineo pre-existing Java
Servlet technology. In fact, once accessed by a USé&t,files are complied into a Java
Servlet class. This process involves the use of exteofaware known as Tomcat.
Tomcat is an open source program that implements Samdet and JSP technologies
enabling them to be viewed on the internet [6]. The Tainserver compiles the JSP
code and generates the Java class by wrapping the HTMibnsodf the JSP file into
Java output statements [6]. Then, when the JSPsfdedessed from an Internet browser,
the Tomcat server compares the modification timegstan the JSP file and the
timestamp on the compiled file and recompiles thefl&# the modification timestamp

is newer than that of the compiled file [6].

Tag Meaning

<%-- ... --%> Comment

<%! ... %> Declaration of variables or Methods

<%@ .... %> Include files, define attributes and tacpliies

<%= .... %> Convert value of expression to string aritevio output
<% ..... %> Code

Table 1 JSP Tags

As mentioned above, JSP supports using HTML tags, user defigs and Java
code within the same file. In order for this process twkwsuccessfully, JSP defines
special tags in order to distinguish between differemh$oof code. In addition to HTML
supported tags, there are five other usable tags notwithsganser defined tags and the

inclusion of a tag library. These tags can be founcainld 1 shown above [6].



3.1.1.2 Alternatives to JSP

Overall, JSP is classified as a server side scripgerique. Included in this
classification with it are technologies such as Act&erver Pages (ASP) and PHP
Hypertext Pre-Processor (PHP). ASP was designed forokbft Web servers. Due to
this, ASP supports more languages than JSP, which only sugpués These languages
include JScript, VBScript, and C# in addition to other .NEBEhguages. However,
although the intended design of ASP allows ASP to supporé languages that JSP, it
also limits the platform compatibility to only MicrosofVeb servers, making it a poor

technology option for this project [9].

PHP is a third server side scripting technology. ScgptinrPHP, unlike ASP and
JSP, is done using a language written solely for use bydeHpts. Although normally
not an issue, the lack of support for Java by PHP makés &ldoor option for this
project as integration between the new Parameter Silahager Portlet and the pre-
existing PGRADE Portlet would be difficult [9]. For thigason, although PHP is
supported on multiple platforms, it was not choserhasmethod of implementation for

this project.

3.1.2 Portlet Technology

As defined by Wikipedia, Portlets are reusable web-basedp@oents that
provide information to Portal users [43]. Further definedBM during the development
of the WebSphere Portal, a Portlet is defined as "visbtesze components users see
within their Portal pages... In the simplest termBoatlet is a Java servlet that operates
inside a Portal" [15]. Portlets are overall a new métbf developing applications for the

web. Due to their young age, there is no standardizats of yet, although steps have



been made towards standardization with the releadawaf Specification Request (JSR)
168.

Although Portlets in their simplest form are Serviéisttuse JSP to create their
pages, there are improvements in the Portlet techndlogtydo not exist in Sevelet
technology. Servlets, when serving requests, use tvwaidms a “doGet” and a “doPost”
which work in the same manner as the GET and POST requesfEML. Portlets
however, implement these methods through the Portaiseather than through the Web
browser. Portlets also have a better logging syshem Servlets and features that are not
available in Servlet development, such as built in supfmothange the JSP page by
device and the ability to treat user interactions éisrmevents similar to the model used
in Java programming [15]. Portlets were chosen as theemgpitation technique of
choice for the web based server side interface duas®e @f using Portlets with JSP and

because the existing PGRADE Portal uses this technology.

3.1.3 GridSphere

To further extend the capabilities of the project, thetl€otechnology will be
implemented in conjunction with the GridSphere Port&l][ GridSphere is a project
whose objective it is to develop a standards based Ptetaework that will provide
Portlet developers with a complete Grid Portal developmeplication. The GridSphere
Portal utilizes the Grid Application Toolkit (GAT) deoepled as part of the GridLab
Project. The GridLab Project, of which GridSphera imember, aims to create a method
through which Portlet application developers to desigrerpowerful Portlets [19].

The GridSphere Portlet is the encapsulating Poftet all of the existing

PGRADE Portlets. Through the use of GridSphere, Rertleat exist as part of the



GridSphere project do not need to be re-implemented by PGRAogers. One use
of the GridSphere technology within the existing PGRABdftal is the execution of the
“Administration” tab which handles the managemenusér accounts. As the existing
PGRADE Portal system utilizes the GridSphere projeat, Parameter Study Project

does as well.

3.1.4 Java Swing

3.1.4.1 History of Swing

Swing was a project started in 1996 by Sun Microsystemailad tp their existing
GUI toolkit, the Abstract Window Toolkit (AWT). AWT as created around the concept
of widgets, or small components, within a GUI that tiser interacts with. The main
problem with the AWT implementation was that it rdligpon heavyweight components.
Heavyweight components are widgets that rely on nadeers within the local OS for
their look-and-feel. This means that a GUI createdgusi/T would look different on
almost every different operating system it was run ofhis caused problems for
developers since they had little control over the lobkheir components. Often this
would lead to extensive cross-platform code fixes, whi@nioasly hampering
development time. The final problem with AWT was thaese cross-platform
incompatibilities made a common application GUI almaspassible. This directly
contradicts what the Java programming language was developed cross-platform

language.

The new Swing GUI design implementation fixed thesébleras by changing to

more lightweight components. These components werelajged using two new design



models -- the Delegation Event Model and the Pluggable JamokFeel Model. These
new design models were a variant of the Model-Viewi€iler Model. The Model-
View-Controller design model operates around three dgsigges. The Model is the
element that manages the state of the component,i¢lei¥ the visual representation of
that component, and the Controller decides how thecasemteract with the component.
The Pluggable Look-and-Feel model is “Pluggable” becaud®wsathe application to
change its entire look-and-feel during runtime. It dses by allowing the entire
component tree to define its look-and-feel dynamicallsough widgets mimicking
design schemes. The final design model necessarpdlegation Event Model, was
actually developed prior to the development of Swingiodtsed on moving away from
the current chain based model of events where only comfmoeunld handle events and
an event was passed down the chain of components umtdsiteither consumed or
reached the root. The new model created three newestemevents, sources, and
listeners. Events are the actual user interactieinsglkperformed, sources are the GUI
components firing the events, and listeners are attafhedmponents to handle the
events specified to them. Using these new design modahg Svas able to move away
from many of the problems inherent in the AWT componeritke final compatibility
issues were resolved by using only pure Java code to dneaterhponents, thus pulling

them completely away from reliance on native comptsand code. [7]

3.1.4.2 The Use of Swing Within the Portal

The current GUI system within the P-GRADE Portal uses awing components
for all workflow, job, port, and miscellaneous editinghdows. This allows the Portal to

hold cross-platform compatibility within the look-and{fext all of its GUIs. For this



project many of these GUIs were extended to implentenadditional GUI components
required by a parametric study. To maintain this le¥adross-platform compatibility,

only Java Swing components were used in the creatitireafew extended GUIs.

3.2 Editing Section

The editing section’s specific tasks were to extendctireent workflow editing
structure and GUI to implement the new addition of patamstudy addition. This was
to be completed by extending the workflow editor, portinitedn, and job property
dialogs and also to create a new parameter set gemedslog for defining parametric
key values.

The dialog extensions called for:

1. A new parametric input port to be added to the job icohinvithe

workflow editor window

Figure 3.1 Suggested Parametric Input Port Representatiom the Workflow Editor Window



2. A GUI extension within the port property dialog to wilofor

parametric input keys to be defined

Figure 3.2 Suggested Parametric Extension of the Port Rperty Dialog
3. A GUI extension within the job property dialog to allder the

number of key values used within job execution and theirravdhin

the Cartesian product to be defined



Figure 3.3 Suggested Parametric Extension of the Job Prae Dialog

Figure 3.4 Suggested Parametric Set Generation Dialog

The parameter set generation dialog is a new dialogeabfeom within the port property

dialog to define the values for a parametric key. This ai@log allows for the user to



define the key type (INT, REAL, or CHAR), format (free lwmound), and the values for

the key. The values for the key can be generated indiffi@rent ways. In the first

method they can be generated through the user enteringegpsession. A second way
allows the values can be generated by the user specifyowakfile to use that contains

the set expression. Both of these methods call fepexial delimiter character to be
specified by the user. A delimiter is a special characted to separate two pieces of
data. The third method uses a simple for-loop structudefioe the range of values by
allowing the user to enter the from, to, and iteratialues. The fourth and final method
for key value generation uses an internal random numgéeerator to which the user
supplies a seed number to. This method also requires theoihhiet number of cases to
compute, and from, to, and iteration values which ard e mapping the range in a

linear way.

3.3 The Parameter Study Manager

To create a seamless edge between the currently exiSSRAPE system and
the additional features created through this parameter praghct, we decided that the
Parameter Study Manager should exist as a new tabbedm#meald PGRADE Portal
design. This tabbed pane was designed to look similaret@tisting Workflow pane
allowing old users to feel comfortable with the new fesguslmost immediately while

lowering the learning curve for people who are new to yetem.



Figure 3.5 Proposed Parameter Study Manager Design

Like the existing Workflow tab, the planned Parameteidy tab was designed
with a table that will contain a list of the currersier’s existing Parameter Study jobs (see
the above Figure 3.5). As a user submits, attaches, &tési@bs, this table refreshes
in order to insure accuracy. Furthermore, in additionstong) the names of each of the
user’s jobs, the table includes other basic informatimutthe job such as its status, the
full set of the Cartesian product for that job, the banof instances of that job that have
been submitted, the number of instances that have faitel the number of instances that
have finished. In addition to this basic information w@th@ job, more information about
the Parameter Study is accessible through the “Detdietddn which brings up a second

view of the Parameter Study Manager.



The Detailed View of the Parameter Study Manager paredes information
regarding each of the parameters whose values can bgechfiam one instance of a job

to another. In addition to the name of the parametiermation regarding the overall

Figure 3.6 Proposed Parameter Study Manager Detailed View

range of values; the range of values currently beingechdiom for each instance,
statistics regarding the number of successful, failed,canrently running tasks, and the
hosts on which the computations that use the paramatersuaning are displayed.
Through this window, the user can also submit (or attdehj job, view the graphical
results of their job, and abort the job. In additidrthe job is a ranged job, the user can
re-submit the entire job and fill in information regarditige hosts. A visual
representation of this design is shown above in Figiée

In order to implement the aforementioned GUIs in anmea that reflects the
current design while allowing for the proposed design tosibecessfully completed,

Portlets were chosen as the implementation techniqunes t@&chnique, already used in



the PGRADE system, allowed the new GUIs to look ashnmiie the old ones as

possible especially when it is taken into account thBbilet implementation supports
the usage of the existing PGRADE Portal cascading shget (CSS). In order to create
these Portlets, JSPs were written and called throbhghParameter Study Manager’s
Portlet class. In addition, a bean class was crdatdtie Parameter Study Portlet. This
class stores useful functions necessary for theeimphtation of the Parameter Study

Portlet.

3.3.1 Development of the Parameter Study Manager

In order to create the server side interface th#tasParameter Study Manager,
the first task that had to be completed was the omati the tab itself. This required
editing three preexisting Extensible Markup Language (XMUgsfiso that these
documents referenced a new Portlet which, in followihegrtaming standards established
by the SZTAKI development team, are called the PStudlig®or This Portlet was
designed to mimic the current PGradePortlet. This beasiuse the role the Parameter
Study Monitoring tab fulfills relates to the Parame®¢udy Module in the same manner
that the role of the Workflow tab corresponds to t&&RRDE Portal.

Once the Portlet itself was created, a JSP file wrdtsen that displays the initial
window. This window, designed to look like Figure 3.5, veamporarily written with the
entries for the Parameter Study table hardcoded. Thisgel during the integration
phase of our project when our interfaces were joinegd thie applications developed by
the Development of Algorithms on the Grid MQP teamhwithom we have worked in
conjunction. Once integration was completed this thbteame a dynamic listing of the

current parametric jobs that a given user has submdateskécution.



In addition to the main JSP file, other secondary fil8® were created to handle
events that result from user interactions withaf@ementioned main interface. One of
these JSP files handles the detailed view of the RaesrStudy Manager. This interface,
whose importance ranks near that of the main interfadepe designed to look like
Figure 3.6. JSP files were also created to create afriesedly system. These files
include, but are not limited to, a help page, and confirmaifesubmission, abortion, and
deletion.

A bean class was also created to be used by the PSttdyRt@ss. This class
stores standard functions that are necessary for themBter Study class. These
functions are be implemented as a bean so that firontets that wish to interact with
the Parameter Study jobs can do so without rewritingetbasic functions. Furthermore,
this bean class extends the existing PGradeBean sautiwiohality that the two beans
share, such as storage of the username, did not have twgicated. This class,

continuing with the naming style of the PGRADE Portalswalled the PStudyBean.



4 Implementation

Once a design for the project was completed, impleaient of these tasks was
begun. The implementation, as planned in the planningopodf our project, was
completed in two phases — the development of the aatens$ the Workflow Editor of
the PGRADE system to allow for parameter study and ctieation of a graphical
Parameter Study Manager. The process of completing thesphases of the Parameter

Study Module is discussed in detail below.

4.1 Implementation of the Workflow Editor Section

4.1.1 Parameter Set Generation Dialog

Development of these extensions began first with ghrameter set generation
dialog in an offline form as this allowed for a quickemplementation with integration
following at a later date. The parameter set gemeratialog seemed a logical choice for
the first piece to implement as it was the only conghfenew dialog to be created and
thus would take the greatest amount of development time.

It was initially thought that this dialog was going todreated manually, but due
to design time constraints the Visual Editor plugireegion for the Eclipse development
tool was chosen to speed up development. The Visualrgditgin allowed for visual
development of the GUI, which greatly sped up design astthtephases. As with any
visual editor though, this added a good amount of additioeahalp time as the code

needed to be reworked and optimized for better perforenand readability. [12]



Figure 4.1 Implemented Parameter Set Generation Dialog

One major design issue encountered within this piecgewélopment was the
data structure or object to be used for the keys and thearafed values. The initial
suggestion was to create a linked list containing a ddsgnas either a “P — Plain Text
Node” or “K — Parametric Key Node”. The plain textdes would then link to a string
object while the parametric key nodes would link to anyacoataining the keys values.
The final implementation differed from this suggestiomhe parametric key list and
parametric keys were created as classes with the paiarkey list object extending
Java’s LinkedList class. This allowed for close funwaiity with the initial suggested
implementation while also allowing greater modularitpfter generation of this new
object to contain the specified structures the integratfdhis object into the middleware

piece of the parametric study addition had to be addressed.



Since the parameter set generation dialog liveseéntivithin the client side of
the application, the corresponding objects and datarfilest be uploaded to the server
before they can be accessed and used by the middleweare ks such parsing methods
to pull the necessary data from the new key objecujidmading were necessary. Three
such methods were implemented — one to pull out all okélys, a second to pull out
their generated values, and a third to parse the two togetbe delimited text string for
uploading. The third one was the main parsing method ragefes integration but the
other two were helpful to local access methods withinotiher dialogs. The delimited
text string representation was necessary as alsfeenwere done through an HTTP
transfer layer over TCP/IP.

The second major design problem encountered was exaldyewo place the
parametric key class objects within the object hierarchige first implementation had
the objects entirely within the port property and paransgttegeneration dialogs but this
did not allow visibility to the workflow editor itself.To fix this problem the parametric
key class objects were moved up into the new paramapud port class to allow for

visibility within all of the necessary dialogs.

4.1.2 Remaining Dialog Extensions

After the set generation dialog was created the whditaccess the dialog from
the workflow editor and the other dialogs was thet hegical implementation step. The
first piece to implement was to add the new parametpat port icon to the job icon
within the workflow editor. This was accomplished bysfficreating a new parametric

input port class extending the current input port class. rfidw class contains the



parametric input file, the parametricKey class, andkedt list representation of the input

file text and the parametric keys and their values.

This new parametric input port object is defined within thev rextended
parametric port definition dialog. The new dialog aloWr defining the parametric
input file, left and right delimiters for input file textarsing, direct editing of the input
file text, and allows for accessing and defining the valoessach parametric key by
opening the parametric set generation dialog upon the usereddidiiing a parametric

key within the GUI.

Figure 4.2 Implemented Parametric Port Property Dialog

A new parametric job class was now necessary to i the connection between the
workflow jobs and their new parametric input port.
The new parametric job class extends the currentlgds allowing for greater

modularity within the code. The main extensions within tlas class are the ability to



set the order of the parametric keys within the Canregieoduct for execution
scheduling, the ability to submit all or a specified numbtmparametric key/value
combinations, and the connection to the new parametpiat iport. The parametric job
object and the new extended functionalities mentionedeabo accessed through a new

parametric job property dialog.

Figure 4.3 Implemented Parametric Job Property Dialog

4.1.3 Integration of the Editing Section

With the connection hierarchy and new parametric ctassel dialogs now
created, integration into the P-GRADE Portal andatter project sections began. This
started with the development of communication standé&etsveen the new editing
section windows and the middleware layer created bipewelopment of Algorithms on

the GRID MQP team.



The main communication link is established during saving/upigadf the
current workflow in the parametric workflow editor. A neverkflow file format was
established to define the new parameters necessargtéorelxecution of the parametric

workflow. This new workflow file was structured as shosmthe following page-

workflow "WorkflowName"

{
}
{

"JobName" JOB_TYPE (is_instrumented=true/false;monitaetalse)
"[Location of the executable]"

{

}

"LINUX"

{
"&&HHIIHOSTNAME!##8&"

}
PortNumber "[Port File Location]" PERMAMENT/VOLATILE
INPUT/OUTPUT

}

{

"JobName" X 'Y

}

The next communication standard necessary was faothtent of the parametric
input file, and the parametric key list file. The finapresentation was that the

parametric key list file would be structured as-

“left_delimiter;right_delimiter;key_namel,valuel,value2,...;kegme2,valuel,value2,...” The



included left and right delimiters were used to then pantehe key names from within
the parametric input file. This allowed for all transsiosis to be done cleanly and purely

via text strings.

4.2 Implementation of the Parameter Study Manager

As mentioned earlier, the Parameter Study Manager wgdeimented as a
collection of Java files and JSP files. Integrated togetthese files formed a visual
method of interaction with the PStudy Module for therus®nce these files were
created, they were integrated with the code developed lydahelopment of Algorithms
for the GRID MQP team to create a fully functiogglarameter study application.

4.2.1 Creating a Communication Method Between the J  SPs and the
Portlet

When developing with JSPs, there is no method to passbies directly from
one JSP to another. In order to maintain a concuxension of the Parameter Study
data, the active JSP must send information back to thketRehich invoked it and, once
the data has reached the Portlet, the Portlet musttssvanformation in a manner that
allows it to pass the data along to future JSPs. Fonghea if a user submits a Parameter
Study Job through the index JSP, in order for the othes 8&Register the job’s state
change, the index JSP must register the submit actibntie Portlet. The Portlet, in
turn, must save this state change and, when necessasytheaupdated data to other
JSPs, such as the JSP that loads the detailed view.

To maintain an accurate data set, the implemented PStadyBas used. By

declaring a single bean variable globally in the PStudyPpei#eth Portlet function was



able to access the bean’s variables such as the curodigtja@. This single bean entity
was then updated as user actions were preformed. Incadtitbeing accessible by each
function in the PStudyPortlet class, this same beityecould then be made accessible
by each of the JSPs by having the function that instadtidhe next JSP call
PortletRequest.setAttribute(). Although the JSP cannot epgbatbean once it has been
invoked, it can fake this action by passing parameters badtietBortlet through hidden
fields. The Portlet can then receive this data thrahghPortletRequest.getParameter()
function and update the bean’s data accordingly. Boththeke two functions
(getParameter and setParameter) implement HTML fomgtiin their low level

implementation.

4.2.2 Determining the Range of Indexes for Submissi  on

In order to submit a parameter study job to the job managange of indexes must
be passed to the PStudyJobList class’s submit functitws rdnge of indexes represents
the array of values of each key (or parameter) whiclulsl be executed. This range of
indexes, however, does not contain the actual values, Ilstiing of the ids of the values
(based upon their location in the internal array in whieh values are stored) in every

possible combination of the ids. For example, if a patanstudy contained three keys;
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length, width, and height; and these keys had valuesthdd be .28 or .31; 72, 13, 54,
or 8; and 1, 50 or 100 respectively, this range of indexesdwoail[ {0,0,0}, {0,0,1},
{0,0,2}, {0,1,0}, {0,1,1}, {0,1,2}, {0,2,0}, {0,2,1}, {0,2,2}, {0,3,0}, {0,3,1}, {0,3,2},
{1,0,0}, {1,0,1}, {1,0,2}, {1,1,0}, {1,1,1}, {1,1,2}, {1,2,0}, {1,2,1}, {1,2,2}, {1,3,0},
{1,3,1}, {1,3,2} ]. A graphically representation of this isawvn in Figure 4.4. Although
an easy list to produce for a specific circumstances thnge becomes difficult to
innumerate when one realizes that for each parametdy sot only can the number of
keys vary, but the range of acceptable values for eatitesé keys can also change from
study to study.

In order to develop an algorithm that would produce thisolisnumbers for all
situations, we first analyzed the situation mathemiiticaAccording to combinatorics, if
there are n objects there are n! ways in which thesetslgan be arranged. Applied to
this problem, this statement becomes more complicadtknie we have n distinct sets of
objects and one object from each set must be includin ifinal result. As the order of
the sets within the final result is fixed in order to pdavaccuracy when submitting, the
number of final permutations in based solely on the dhgngarameters. Applying the
combinatoric theorem stated above, this indicatesfttiadre are n parameters, and each
parameter have a difference between there maximunmamchum values of rwhere |
goes from 0 to n-1, the number of ways to arrangeritiexes of these values is;(m
Mis1 * M2 * ... * mpg). Although this calculation is easy enough in the pitesen
circumstances, enumerating and storing each of thesaufaions in a manner that can

be used to submit the parameter study is a little more catignally costly.



One necessary characteristic of the algorithm designsdlve this problem is that it
must choose an index value for each key between sommummindex value and some
maximum index value. In designing our algorithm, we choosesw a for-loop to
execute this process. By using a for-loop, we ensureceteay possible value within a
given key’s range of indexes is seen by the algorithm. évew it is not enough for our
algorithm to know ever index within the range of each k&wr algorithm needs to pair
each of these indexes with every other key’'s rangedsx values. In order to complete
this task, each key’s for-loop was imbedded within the fop$oof the other keys. For
the example given earlier, the puesdo code would bdlag/$o
j=4

fork=4 k=5
permutation =1, j, k
However, as the number of keys can vary from job to ijobannot be known prior to
execution how many for-loops to embed. To solve this pmjpve chose to design our
algorithm to be recursive. By writing our algorithm instimethod, a for-loop can be

executed for each key without limiting the number of keyser can have. The code for

our final algorithm can be found in Appendix A.

4.2.2.1 Evaluation of the Range of Indexes Algorithm

The first computation the algorithm requires is the watton of the maximum
number of permutations that can be formed by the rangedekes for each key. In
order to compute this number for an arbitrary number o§ k#yis product is formed
through the implementation of a for-loop. This for-lqmgforms one iteration for every

key therefore it runs in n time where n is the nundddeys.



The second computation preformed by the algorithm embeatslacip for each key
in the parameter study. Each for-loop runs from the mimnindex to the maximum
index for its respective key. If each of these for-lob@s a range mvhere i corresponds
to the key index, beginning at 0 and incrementing by one up tftte innermost for-loop
will execute for (m* mi1 * M2 *... mp1 * my) iterations. This product, called the
Cartesian product, will grow depending on the number of leeysthe range for each
key. In test runs of this algorithm, for small numbies execution took a unnoticeable
number of milliseconds. However, for larger numberghsas 20,000 the lag in
execution was noticeable. For the purposes of this RaearStudy Module, however,
numbers this large are not factors in execution timasass are limited to a Cartesian

product of no more than 10,000 which still executes in anedie time.

4.2.3 Creation of Reusable Code

As the Parameter Study Module of the PGRADE Portal @ohtinue to be
developed after the completion of this project due to dewelopments in this research
area, it was determined that the internal functionh@fStudyPortlet and the JSP files
should be as reusable as possible. This implementatimice will allow future
developers to make changes to the code without having tayehédne same lines
numerous times. However, in order to implement thmrsssion, abortion, and deletion
of both a ranged and single Parameter Study job frondebaled view, a global data
type had to be declared that would maintain the user imprgitege value for each key.
This variable allowed the user confirmation to be handdgdne function for ranged
operations and a second for the single set operatidgritid actually task, either abortion,

deletion, or submission, to be handled by a single fumctio



Three variables were declared in the Java bean toéh#imdldesign issue. Two
of these were int[]]. One of them held the minimualues selected and the other the
maximum. The third variable held the String[] that caredi the entire listing of
combinations required by the back end for submission, deleti@habortion. Each time
the detailed page is refreshed, or a button is pressed detdited page, these variables

are updated.

4.2.4 Displaying the Current State of the Parameter  Study

One important aspect of the Parameter Study Manager abiiity to display the
current execution state of each parameter study to the userder to complete this task,
a key of states was developed. Each state — running, suhnmititéalized, error and
aborted — were assigned their own font color and backgroolmad. The job state re-
submitted was considered the same as submitted for thgsespsr These colors were
each stored in an array in the index corresponding touhgber version of their state.
This allowed the user to easy recognize the status ofgfugly with limited confusion.

The keys chosen are shown below in Figure 4.5.

2rror

Figure 4.5 Keys for Indicating the Status of a Parmater Stugl



4.2.5 Removal of Designed Features

During the course of integration, it was determined tiatfeatures originally
included in the design of the Parameter Study Manager shotle included in the final
implementation. One of these features was the ‘#idsttton. This button was
originally designed to allow a user manually decide on whast each instance of the
parameter study should be executed. However, as a par@iaretieave numerous
instances, this task could become tedious. In addititime fiser were to make a poor
decision, their actions would make the executiontless optimal. Instead, the back end
was implemented in a manner that dynamically distribetsch instance to a host. The
load balancing algorithm used decides on each host na betinning of executing, but
as jobs finish and resources free up. This insures thdébiog assigned never has
finished with all previous instances before another sraglded to its queue. However,
although this button has been removed from the tab,nmaon regarding the hosts can
be added to the detailed view’s table allowing the user to kmaah host is running a
particular key.

A second button which has been removed is the “X-Y baftton. Rather than
developing this feature as another portion of the Paemars¢udy Portal, it was
programmed as a separate Portal accessible through itbled pane. This allowed
this feature to be implemented not only for parameter stubig regular workflows as
well. The development of this portion of the module w@spleted by the Development
of Algorithms for the GRID team and incorporated withr project during the integration

phase.



4.2.6 Integration

Once the Parameter Study Manager was completed, itchaéd tmade functional
through implementation with the Portal Back End. In orfierthis process to be
successful, prior to the beginning of implementation, wias determined what
functionality the back end had to support. These funetiociluded submission of both a
range of index sets and a single index set Parameter Shatyioa of both a range of
index sets and a single index set Parameter Study, dedétaomentire Parameter Study
Job, and resubmission of a Parameter Study given a mdfngdexes. Stubs for these
functions were created allowing for the Parameter SRaital to include these functions
before they were fully implemented. Once these fonstifor these processes were
written these functions were able to be executed witlebanges being made to the
Parameter Study Manager.

In addition to integrating with the back end, the Patam&tudy Manager had to
integrate with the Workflow editor. The “Attach” batts and the “Parameter Study
Editor” button both call the Workflow editor allowinguser to create a workflow for a
parameter study job. However, unlike integration with black end, standards did not
have to be determined beforehand as the Workflow Edgerabes as an applet, which a

JSP can easily initiated.



5 Testing

Throughout the course of our development phase, we yotedted our project
ensuring that each section worked before implementinghéxé state. Once this had
been done, integration with the Development of Aldoni for the GRID team was done.
Following our integration we tested the entire projec asrking module. Our methods

of completing these stages of testing are further engaiain the sections that follow.

5.1 External Testing

One method of testing used in development of this preyast external testing.
When executing this form of testing, code was removeu fltee Java project and copied
into a separate Java application. In the developofehe Parameter Study Manager this
allowed Java code to be tested without involving commubicdtetween the Portlet and
the JSP. Through this manner we were able to determind&evieesegment of code was
failing due to communication issues between the JSP ten®adrtlet or due to logical
errors in the Java code. This is necessary as JSRapr®gpon compiling and executing
does not often meaningful error messages; most of tiedither the webpage does not
display or an “Attempt to invoke invalid Portlet actiogrror message is displayed. One
area in which this method of testing was used was duhegdevelopment of the
Evaluation of the Range of Indexes Algorithm. The tés$ for this code segment can

be found in Appendix B.

External testing was also used heavily for the editaagien of the parametric
study Portal extension.  This allowed testing ofitle&-and-feel of the GUIs as well as

inter-functionality prior to integrating them into thdl P-GRADE Portal system. Many



problems located too late after trying to compile it ithte system using ANT could be
quickly spotted this way and corrected prior to taking itihe hecessary for transfer to

the Portal testing environment.

5.2 Creation of a Local PStudyJobList

A second method of testing involved the creation of aallogersion of a
PStudyJobList instance. This involved creating dummy BStlx$, adding them to the
fake PStudyJobList, and setting the respective variablehén RStudyBean to this
PStudyJobList. By implementing these temporary leestl variables, basic functionality
of the Parameter Study Manager could be tested withounhg/éatr other portions of the
project to finish.

In order to be useful testing objects, the dummy jobsevereated with a various
number of keys and with each key having a different nuroberalues. Furthermore,
grids were set for each of the jobs so that certdicatlidation could be checked. These
features allowed the dynamic formation of the tablesboth the Parameter Study
Manager window and the Detailed View to be checked. Intiadd it allowed the
verification JSP and the window redirections to bedea&d prior to the calling of the
back end’'s functions. This limited the number of lgos errors could exist when
integration took place.

These testing variables also made it possible to watlkowt having an active
Workflow Editor. Had these variables not existed, theafPater Study Manager’s
functionality would not have been able to be tested timti very end of the project at

which point it would have been too late to fix any bugstbu



This phase of testing was the most useful as it atlosveors in the JSP code to be
found. In addition, it enabled progress to be made withauving a functional parameter
study application. Furthermore, it allowed us to testryeombination of buttons that a
user could and would press in order to determine if the egént happened at the right

moment.

5.3 Creation of a Local ParametricWorkflow Object

Due to difficulties integrating the new extended paramsttidy GUIs into the P-
GRADE Portal a local testing system was developed usingrduParametricWorkflow,
ParametricJob, and ParametricPort objects. This adlofer dry run tests through the
extended GUIs using sample data to test their functionality

Sample workflows were created to mimic possible stesmieencountered by the
GUIs in actual external use. These workflows condisie many different possible
combinations of jobs, ports, parametric keys, and valuabgwtions allowing for
extensive testing of the system. One example configarata&s one created to mimic the
Mandelbrot program created by the Development of AlgosthHar the GRID MQP
team. Using this system we were able to ensure thaéxiséing foundation for the
parametric study GUI worked correctly and could easilyekpanded and integrated

further in the future.

5.4 Monitoring of Trace Files

Testing was also done using trace files. Prior tomptamentation, The

PGRADE Portal allowed output statements to be wriibem file name Catalina.out.



Through this file, details about how the system wasaijgy could be seen. During the
development and integration phases of our project, weddeintage of this file. By
adding output lines to our program, we could monitor the eketateps of the system.
The allowed us to determine how data was being receivedfinoctions enabling us to
limit where errors were occurring. This was especiadigful when ensuring the

Parameter Study bean was correctly passing informatianddrom the JSPs.

5.5 Integration Testing with the Mandelbrot Set

Once our project was integrated with the Developmeati@drithms for the
GRID team, the entire system had to be tested to eaaaleportion of the module was
operating correctly when combined with the other sectidhsring the course of the
development of their project, the Development of Aldons for the GRID team
developed a parameter study that solved a Mandelbrot eqaatioproduced graphically

output for the program. The Mandelbrot Set is cretdtexligh the following function:
Zn1=Z2 + cwhere =0

The c represents any complex number. This functioreasrsively evaluated for the
desired number of iterations. Based on whether for acpkrt value the function

converges or goes to infinity, a graph can be coloredrevieach color represents a
different rate of convergence [49]. An example outputaf@articular Mandelbrot set is

shown in Figure 5.1



Figure 5.1 Output from a Mandelbrot Set

Through the Mandelbrot program, all aspects of the mozhuiéd be tested. Prior
to this form of testing, only local hardcoded PStudyJobLasid PStudyJobs were run
through the program. This did not some features to bediesuch as the refresh
operation and whether data changed in the index view waseabda the detailed view
(and vice versa). In addition, prior to this, it waspamssible to test whether the
aforementioned state keys changed correctly for akipesstates. Furthermore, full
integration testing could only be completed through thecwdi@n of an actual

application. Overall, this stage of testing was a detepsuccess.



6 Conclusions

After designing, implementing, integrating and testing owjgat, we were able to
implement the majority of a Parameter Study ModuletierPGRADE Portal. Paramter
Study applications are just beginning to be developed. Dtlastothere are additional
features that can be added to our project, but that duadactinstraints, are not currently
implemented. Our recommendations for these features dmscribed below.
Furthermore, in addition to recommending future addittonsur module, we have made
recommendations to the Sztaki development team forefutaprovements to the overall

system.

6.1 The Final Parameter Study Manager

After the completion of the implementation and iteststages of our Parameter
Study Manager development phase, our project resulteccamplete Parameter Study
Manager interface. This design, although slightlyedéht than the original plan, is a
working model of each of the features. Submission, mlmpreletion, and re-submission
of jobs all seem to successfully operate. In additibve interface is capable of
displaying messages to the user and displaying confirmatindows for most user
actions making it a very user friendly design. Femhore, information regarding each
state is displayed to the user accurately and updatedrefresh allowing the user to
always have an up to date status report on their (erall, the implementation of the

Manager was a success. Final screen shots of thic&@lhe found in Appendix C.



6.2 The Final Parameter Study Editing Section

Following the final testing and integration phase theirgglisection GUIs and
supporting classes created a solid foundation for future @@went in this area. A
complete Parameter Set Generation Dialog was develsdall main functionality
intact. Also the necessary underlying ParametricRayametricKeyList, and supporting
classes were developed and supported all necessary hatityio Foundation classes and
GUIs were created for the remaining dialogs and GUresibns and implemented most

of the functionality required.

6.3 Future Implementation

As parallel parameter study applications are a relatnely area of development,
there are several functionalities that can be addedrtoustent Parameter Study Module.
On the Parameter Study Manager’s detailed view, there usianplemented buttons that
exist in the original design -- the detailed view forr@ke set of indexes. Also, future

work within the Portal GUI is necessary to integratePlarametric Study Editor.

6.3.1 The Detailed View of a Single Index Set

The “Detailed” button that is linked to from the ParagneStudy Detailed View
would work for a single set of indexes. A user would selatues from the “From”
column and specific information regarding that particulatance of the Parameter Study
job would be displayed. Information that could be vidvlom this page would be the
particular host that instance is running on, the statieabfinstance, and the output file for
that instance. It is recommended for consistencyreathat this section be displayed in

the form of a table.



6.3.2 Full Integration of the Editing Section

The editing section, while providing a solid foundation later development, was never
fully integrated into the P-GRADE Portal due to timenstwaints. Future work in this
area should focus on greater modularity between the Padal GUI and the Parametric
Study GUI. After this modularity is established then inaéign of the two systems

should be much faster to accomplish and should resbétter system interoperability.

6.4 Recommendations for Szatki

As new members of the Sztaki development process, we algle to see the
current development process from an outsider’'s perspectias allowed us realize
possible improvements in methods of implementationdhagteran of the team may not
consider. In order to improve future development by new mesrdfethe Sztaki team,

we have described these improvements below.

6.4.1 Development of a Sztaki Defined JSP Tag Librar vy

One of the advantages of writing JSPs is the abilityeiine a tag library. This
allows one to make commonly used designs automatic. riElyrrthe PGRADE Portal is
implemented using only the GridSphere Portalui libraHowever, close inspection of
this library revels that although it implements commonW features, such as tables
and listboxes, it removes functionality from theagst For example, in current versions
of HTML, the width of a button can be set to a defirmagth. This allows all buttons on
a page to be the same size improving the look of the Gldwever, the GridSphere tag
library does not allow for this element. For thiss@a each button on the detailed view

of the Parameter Study Manager is a different siteinstead of using the GridSphere



library, a PGRADE Portal library was defined, these HT8lipported features could be
created. Furthermore, common necessities, such amatafi of text fields, could be
defined in a tag. This would allow a developer to creatmanous textfields that

accepted only integers without having to write a validatumation.

6.4.2 External Documentation

The second improvement to the Sztaki development promessd be external
documentation regarding how to complete common developmpeearations. Such
operations would include setting up a grid on the PGRADEaRdrow to create and
debug a Portal, and what information is stored in eaatetfile. These tasks, while
simple, are not known to new developers. In our sitnatwe discovered how to
complete these tasks late in our development processxtdfnal documents had been
presented to us regarding these matters at the beginning dbopleeat, the overall

process would have been much smoother.

6.4.3 Code Modularity

One final improvement to the Sztaki development pmaesuld be to highly
encourage greater code modularity among their developersveldpment of the
parametric study extension of the workflow editor wowdddhgone much smoother and
quicker if the functionality and physical representat@inthe components had been
modularized according to common coding practices. s lalways a good practice to
separate an object’s functionality and it's GUI represgon. All functionality though
within the workflow editor was kept directly within thdJGso extension of these classes

was greatly hampered. Any future GUI development forRHBRADE Portal should



strive to implement this type of code modularity by sapag their classes away from

their GUI representations. This will greatly improveyduture extensions of the Portal.
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Appendix A Algorithm to Determine the Range of Indexes
for Submission Algorithm

Algorithm to Find the Maximum Number of Combinations:

For j=0 number of Keys
numCombinations = numCombinations * (MaxOfKey[6]-MinOf{&])

Algorithm to Find all the Permutations of the Key’s Indexes:

if NumberOfCombinationsLeft ==
break
else
for i = minNumindexes[CurrentKey] maxNumindexes[CurrentKey]

ListOflIndexes[CurrentKey] = i
NumberOfCombinationsLeft = findindexes(ListOfIndexes)

findindexes(ListOflIndexes)
if NumberOfKeysLeft ==
NumberOfCombinationsLeft--

else
for i = minNumindexes[CurrentKey] maxNumindexes[CurrentKey]
ListOfiIndexes[CurrentKey] = i
NumberOfCombinationsLeft = findindexes(ListOfIndexes)



Appendix B External Testing Code for the Parameter Study
Manager

Testing Code for the Determining the Range of Indexes f@ubmission Algorithm

public class Tester

{
private static int numCombinationsLeft =0
public static void main(String[] args)
{ tester(); }

public static void tester()

{
int numKeys = 3;
int[] minNumValues = new int [numKeys];
minNumValues[0] = 0;
minNumValues[1] = 0;
minNumValues[2] = 0;
int[] maxNumValues = new int [numKeys];
maxNumValues[0] = 2;
maxNumValues[1] = 4;

maxNumValues[2] = 3;
int numCombinations = findMaxCombinations(numKeys, maxNam¥®s, minNumValues);

String[] indexes = new String[numCombinations];
int tmpNumKeys = numKeys;
numCombinationsLeft = numCombinations;

findindexes(numKeys, tmpNumKeys, numCombinations, maxNumgatuemNumValues,
indexes);

String[] stringlndexes = new String[numCombinations];

int[] intindexes = new intfhumKeys];

for(int i = 0; iknumCombinations; i++)

System.out.printin(indexes[3]);



Appendix C Screenshots of the Final Parameter Study
Manager

Final view of the index.jsp

Final view of the detailed.jsp



