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This document is intented to be gender neutral. Nevertheless, we use gender-speci ¢ languagéeve
expedient to ensure simplicity.
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Smaller updates in the whole document to re ect the changes in the APIs, perspectives, etc.
Chapter 4: updated to re ect the new error reporting plug-in
Chapter 5.4: updated to re ect the new error reporting plug-in

Chapter A: new set of screenshots
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1 Introduction

This document is intended to give an overview of the g-Eclipse architecture. It may le seen as an update of
the second architectural deliverable that was produced in month 9 of the project's liétime [1]. Therefore,
many concepts included here were already described in this last architectural document. Haver, and
as a result of the re nement of the g-Eclipse architecture in the last 9 months of devalpment, some
concepts are new and described here for the rsttime. The general architectural patterns suchs the Grid
model (see chapter2), the security aspects (see chapte) or the Eclipse Filesystem based connection
mechanisms have reached production quality with month 18. They are already usedhroughout the
whole framework and several middleware-dependent implementations are already based these patterns.
Furthermore, the Ul parts of the architecture (see chapter5) provide an easy and common access to these
abstraction mechanisms. Tese Ul contributions are in current use although sevat still undergo some
minor development to improve the user-interaction. On the other hand, the error reporting mechanism
(see chapter4) was rewritten as a separate plug-in with the aim of allowing its inclusionin the Eclipse
codebase.

As the links to the Eclipse side did not change since the rst version of this documentwe will focus more
on g-Eclipse architecture than on the links to the Eclipse architectural patterns that are used within our
architecture. Nevertheless, where appropriate, we will, at the very least, mentia the Eclipse aspects that
are important for a speci ¢ pattern within g-Eclipse. For further details we r efer to the rst architectural
deliverable of month 3.

1.1 Grids and user roles

A Grid user can have diverse roles within the Grid. As g-Eclipse aims to become atandard tool for all
Grid users, we have to carefully consider each conceivable role users can play in theit The main roles
are listed below.

Grid application users: Grid application users want to run their applications on the Grid. They have
to be able to submit jobs, to monitor the progress of the submitted jobs and to cacel jobs. They
have to have access to les on the Grid which could be input les for the jobs or resulthg output
les from the jobs. Therefore standard operations for les (i.e. copying, moving, renaming, ...)
should be made available to application users. After a job has nished, applicatio users should be
able to visualize the resulting data either locally or remotely.

Grid operators:  Grid operators have to have access to their managed Grid resources. They have to
manage the con guration of their infrastructure and monitor the status of their m anaged resources
on the Grid. The operators should also be able to benchmark and test a set oftsis on the Grid.
VO managers also belong to this category.

Grid application developers: Grid application developers should be able to develop their applications
using the existing application development features of the Eclipse framework. Therefe, they create
a standard Eclipse development project for their preferred programming language. Then,hey
create a g-Eclipse Grid project and declare this g-Eclipse project to depend on their developemt
project. The g-Eclipse plug-ins then o er a variety of possibilities to deliver the application to
the Grid and to debug the application, both on the local machine as well as directly a the Grid.
Therefore, g-Eclipse acts as an interface between the local IDE (Eclipse) and the reste Grid
infrastructure.
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The g-Eclipse plug-ins will take these roles into account by o ering di erent project natures and di erent
perspectives which o er the user speci ¢ functionality for their role. Both concepts come from and are
widely used in the Eclipse framework.

1.2 The g-Eclipse framework

Besides the Grid-related roles described in the last section, the users of the g-Eclipseamework fall

into two groups according to the way they use g-Eclipse. It seems probable that the mayity of our

end-users will use g-Eclipse as a graphical tool within the Eclipse workbench. These ers will only get in

direct contact with the Ul contributions of g-Eclipse that hide the complexity of sub jacent core features.
Therefore, g-Eclipse has to provide a reliable and intuitive graphical interfacethat is conformant to the

Eclipse user interface guidelines. The second group of end-users may use g-Eclipse as m&aork in the
sense of an API. They want to create their own applications based on the core functialities rather than

on the Ul components. For g-Eclipse, this means that we have to design a sophistited, but at the same
time managable, API.

1.3 Bene tting from the Eclipse framework

Eclipse itself is known to run on several platforms, like Windows, di erent types of Linux, Sun Solaris,
Mac OS X and others. Most of the parts that will be developed in the g-Eclipse progct are platform
independent and should run on any platform which is supported by Eclipse. The target phtforms that
will be tested by g-Eclipse will be Windows, Linux, and Mac OS X.

Thanks to the graphical libraries, SWT and JFace, the Eclipse user interface is pladorm independent
and always looks like a native application. This, and the consistent modus oerandi, gave Eclipse a good
reputation among the users. Most users who will work with g-Eclipse in the futule, have some experience
in using Eclipse and, therefore, will be able to use the new Eclipse Grid functionalit without having to
learn a new development environment.

The central point of the Eclipse architecture and framework is its plug-in architecture, a component
based software architecture that leads to a clear and modular design. Today mostoftware products

are designed to be extensible by mechanisms that are sometimes called plug-ins, butthin the Eclipse

framework everythingis a plug-in that can be dynamically added to and removed from the running Eclipse
instance.

This is a di erent approach compared to other well-known software products such aghe Firefox web-
browser. The Firefox browser consists of a monolithic block that can be enhanced bgxtensions. The
disadvantages of such a monolithic design are apparent when there is a need for a dgg in the software
or the need for more exibility.

In the Eclipse world, every plug-in amends the functionality of other plug-ins. This is achieved by the
underlying OSGi [3] framework that de nes the dependencies between the di erent plug-ins, and how
and when additional plug-ins are activated. Also, Eclipse de nes the mechanisms of extermsn-points
and extensions. An extension-point is a de nition of how to enhance existing functionali. For instance,
plug-in A de nes an extension-point and the appropriate interfaces that need to be implemented by a
third party plug-in. Other plug-ins B and Cfollow this invitation and extend this extension point with
new functionality. This way of building software components leads to an extensiblearchitecture with
well-de ned interfaces.

This architectural pattern is used throughout the g-Eclipse project. For instance, the famework itself and
the functionality on top of it are independent from the underlying Grid middleware. The functionality
that is speci c to a single type of Grid middleware is added via plug-in mechanisns at runtime. This is
re ected in the description of the architecture.
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2 The Grid Model

In order to provide a common way of accessing local and remote resources the g-Eckpisamework o ers a

mechanism for accessing and managing both local elements, i.e. local les and foldeland Grid elements,
i.e. either local or remote Grid resources. This abstraction layer is called th&rid Model. It is responsible

for providing basic interfaces and classes that may be extended by speci ¢ middlewarenplementations.

Moreover it provides standard and abstract implementations for common types éresources, for instance
local les or standard containers that may contain other resources. This makes iteasy for developers to
build their speci ¢ implementations upon the Grid model.

The model itself is part of the core plugin and consists of two
layers, the abstraction layer and the implementation layer
(see g. 2.1). The abstraction layer is a collection of Java ]
interfaces that de ne the basic functionalities of the various [ Abstraction Layer
model elements. The implementation layer itself is subdi- 5

vided into two subgroups, public implementations that are
visible to the outside world and internal implementations Implementation Layer
that are used by the core plugin to set up the basic model
structure. The public implementation layer contains all ab-

stract classes that are available for developers in order to )
extend the model with middleware-speci c functionality. In \_ J
principle, it would also be possible to extend the functional- Figure 2.1: Basic layout of the Grid

ity by directly implementing the interfaces of the abstraction \1qgel.

layer. In practice, developers should always use the classes

of the public implementation layer as these classes implement basic mechanisms ander to manage all
known types within the Grid model in a common way. Furthermore, the public implementation layer

only provides implementations for types that are intended to be externally extended. The abstraction
layer itself presents types that are thought to be only used internally by the nodel. Nevertheless, the
public de nition of these types within the abstraction layer is necessary in order to allow user interface
interaction with these types.

Core Plugin

Internal ]G{ Public ]

2.1 Grid element hierarchy

In this section we describe the element hierarchy of the three model layers { the abgdction layer, the
public implementation layer and the internal implementation layer.

2.1.1 Abstraction layer

The abstraction layer of the Grid model contains a multitude of Java interfaces that de ne the basic
functionalities of the various grid model elements. Fig. 2.2 shows a simpli ed outline of the inheritance

tree of these interfaces. As this layer only contains interfaces, multiple inhetance is allowed. This is
used to map the structure of local and grid elements to the model and to also maphte relations between
the di erent elements. Basically, the leaves of this inheritance tree are thought b be implemented either
internally by the model or externally by middleware speci ¢ implementations. The public implementa-

tions will be described in section2.1.2 wheras the internal implementations will be described in section
2.1.3 This section covers the model itself, i.e. the abstracted elements in the form ahe presented Java
interfaces. Therefore, a brief description of each element is given in the followg list.
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eu.geclipse.core.model

IGridRoot

IGridProject

L

IGridJobDescription ]

IGridElementManager ]

R

IGridElement IGridContainer

IVirtualOrganization ]

IGridConnectionElement H IGridConnection ]

IGridJob

IGridResource IGridService |« IGridinfoService l

IGridJobSubmissionService ]

IGridStorage

e
Iy

IGridComputing

IGridTest
—‘ IWrappedElement I

- /

IGridJobStatusService ]

Figure 2.2: Inheritance tree of the Grid model's abstraction layer for the Giid model elements. The base
of all elements is thelGridElement -interface.

D1.8.pdf PUBLIC 10/46



— g-Eclipse D1.8 g-Eclipse nal Architecture

4 . ) e N
IGridElement IGridContainer

+canContain(IGridElement): boolean

+dispose(): void _ ,
+contains(IGridElement): boolean

+getF|IeSt0re0: IFileStore +create(IGridElementCreator): IGridElement

+getName(): String +delete(IGridElement): void

+getParent(): IGridContainer +findChild(String): IGridElement
+findChildWithResource(String): IGridElement

+getPath(): IPath +getChildCount(): int

+getProject(): IGridProject +getChildren(IProgressMonitor): IGridElement]]
+getResource(): IResource *hasChildren(): boolean
. +isDirty(): boolean

+isLocal(): boolean +isLazy(): boolean

k+isVirtuaI(): boolean 9 +setDirty(): void y

Figure 2.3: The IGridElement - and IGridContainer -interfaces and their most important methods.

IGridElement:  The IGridElement interface (see g. 2.3, left) is the base interface for all elements
within the Grid model. It provides methods to access relatedIResource s in the Eclipse workspace
(getResource() ) and to determine the location of the element within the model tree (getPath() ).
It also provides methods to access the parent of the element in the tree modeyétParent() ) and to
retrieve the project to which this element may belong @etProject() ). Besides this, every element
has a name that can be accessed with thgetName()-method. This name has to be unique within
the IGridContainer that is the parent of this element. If an element is destroyed within the model
its dispose() -method is called in order to clean up that element and potentially existing system
resources.

A Grid element may either be local or remote. Remote elements have associatiorie resources
that are not located on the local machine. Whether an element is local or not can be detenined
with the isLocal() -method. Furthermore, a grid element may be either virtual or non-virtual.
Non-virtual elements must have an associatedResource object that has to be accessible with
the getResource() -method. This means that the getResource() -method of virtual elements may
return null , while that of non-virtual elements may not. For virtual elements the getFileStore() -
method may provide either local or remote resources that are associated with thelement. Whether
an element is virtual or not can be determined with theisVirtual()  -method. Both the isLocal() -
and the isVirtual() -methods have to be de ned on a type-base. This means that all instances of
one type of element have to return the same value for these methods.

IGridContainer: The IGridContainer interface is the base interface for all elements that may contain
other elements. In that sense grid containers are parents that may have childrenromay also be
empty. These children can be accessed with thgetChildren(IProgressMonitor) -method. The
number of children, if a container has children, can also be accessed with thgetChildCount() -
and the hasChildren() -methods. Whether a container contains a speci ¢ element can be tested
with the contains(IGridElement) -method. Furthermore, the findChildWithResource(String) -
and findChild(String) - methods can be used to determine if a container holds a child with
the specied name or holds a child that has an associatedResource object with the speci-
ed name. New children cannot be added directly. Instead they have to be created with the
create(IGridElementCreator) -method (see section2.3). Children may also not be removed di-
rectly. Instead they are removed automatically when they are deleted ¢elete(IGridElement) ).
Deleting an element involves calling itsdispose() -method.
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Containers may either be lazy or non-lazy. Non-lazy containers will automaticaly load their children

when they are created. The list of children of non-lazy containers is guaranteed to barimutable

as long as neithercreate(IGridElementCreator) or delete(IGridElement)  are called. Lazy
containers load their children whengetChildren(IProgressMonitor) is called and when they are
marked as dirty, i.e. whenisDirty()  returns true. Lazy containers are intrinsically dirty when

they are created. When a lazy and dirty container has loaded its children, it marks itelf as not
dirty. To explicitly mark it as dirty again, the setDirty() -method is used.

Containers may also be specialised to hold a specic type of element. These damers are
called speci ¢ containers. A specic container has to implement thecanContain(IGridElement) -
method to decide which type of elements it may contain and which type of elementst may not
contain. Non-speci ¢ containers, i.e. general containers should always returrirue when their
canContain(IGridElement) -method is called.

IGridResource:  This interface is just a declarative interface that provides no further functionality.
Its purpose is to declare an element to be a resource on the Grid in order to allo Itering and
decorations of these elements within the user interface.

IGridTest:  This interface is the base for all grid tests, both single and structural €sts, these last ones
being composed of collections of simple tests. It allows querying for all tégesults as historical
data, or for a given tested resource.

IWrappedElement: A wrapped element wraps up anotherlGridElement and delegates all methods to
the wrapped element. This is needed in the model tree to present elements in multiple pathdree
an element itself can intrinsically only be present in a unique path.

IGridRoot:  This is the root of the Grid tree within the Eclipse workspace. Every element inthe Grid
tree is a direct or an indirect descendent of the Grid root. ThereforelGridRoot is the only element
that has no parent, i.e. its getParent() -method returns null . Furthermore, the implementation
of this interface has to be a singleton.

IGridProject: ~ Grid model element for representing projects in the Grid model tree. These projects
do not necessarily have to be Grid projects but may also wrap up other projects in theEclipse
workspace like Java projects or C/C++ projects. IGridProject s have to be direct descendents of

IGridRoot .

IGridJobDescription: Base interface for any type of job description. Job descriptions are usuallyext
les in the workspace from which 1GridJob s can be created. An example of a job description is a
JSDL le.

IGridElementManager: Grid element managers are responsible for managing a certain type of man-

ageable resource. In fact, Grid element managers are nothing other than speci c conitzers. See
section 2.4 for a further description.

IVirtualOrganization: Base interface for any kind of virtual organization (VO). These virtual organi-
zations are the key component for each grid project and hold project-speci ¢ settingsAn example
of such a setting is the info service IGridInfoService ) that is used to retrieve information about
the Grid. Furthermore, VO's contain data that is necessary to authenticate the user o the Grid.

IGridConnectionElement: An |GridConnectionElement is an element that represents a le or a
folder in a remote location. These elements are managed in a common way withhé help of
Eclipse's EFS mechanism. Therefore, thdGridConnectionElement provides common access to
remote elements no matter which protocol is used to access these elements. Examplésioderlying
protocols would be GridFTP or SRM.

IGridConnection: This is the root element of a connection to the Grid. It represents a folder on
the Grid that is accessed with the help of Eclipse's EFS mechanism. The implementain of this
interface is a speci ¢ container that may only contain IGridConnectionElement s.
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IGridJob:  Base interface for any job that is submitted to the Grid. Jobs are created wih the help of
job descriptions. Once created, a middleware-speci ¢ implementation of thdGridJob interface is

generated from the job description. ThisIGridJob is then used to control and monitor the lifecycle
of the job.

IGridService:  Each service in the Grid is represented by an implementation of this interfge. Exam-

ples of such services may be info services (BDIl, RGMA...) or job submissioservices (WMS,
WMSProxy. . .).

IGridInfoService: Specialisation of thelGridService interface for services that provide information
about the Grid.

IGridJobSubmissionService: Specialisation of thelGridService interface for services that allow sub-
mitting jobs to the Grid.

IGridJobStatusService: Specialisation of thelGridService interface for services providing job status
information.

IGridStorage:  Implementations of this interface represent storage elements on the Grid.

IGridComputing: Implementations of this interface represent computing elements on the Grid. Cur-
rently an empty marker interface.

D1.8.pdf PUBLIC 13/46



—— g-Eclipse

D1.8 g-Eclipse nal Architecture

eu.geclipse.core.model

eu.geclipse.core.model.impl

IGridElement i‘ [

AbstractGridElement

J—

ResourceGridElement ]

I

IGridContainer

[ AbstractGridContainer

ResourceGridContainer

)

T

IVirtualOrganization

[ AbstractVirtualOrganization ]

[ J
[ J

IGridJobDescription [

JSDLJobDescription

=

Figure 2.4: Inheritance tree of the Grid model's public implementation layer fa the Grid Model elements.

Also shown are the links to the abstraction layer ( g. 2.2).

2.1.2 Public implementation layer

The public implementation layer of the Grid model consists
of various classes that may be abstract (see g.2.4). All
names of abstract classes start with the word Abstract " in
order to distinguish them from the fully implemented classes.
The purpose of the classes contained in this layer is to im-
plement basic and common functionality of a particular Grid
model element. This way, developers do not have to fully
implement their extensions of the model but can make use of
these pre-de ned functionalities by not directly implement-
ing the interface of the abstraction layer but by extending
the appropriate class of the public implementation layer. In
fact, developers should make use of these classes rather tha
implementing their own since the integrity of the Grid model

is based on these classes. In the following section a shor
overview of the classes contained in the public implementa-
tion layer will be given.

AbstractGridElement:
support for the dispose() , getAdapter(Class)

AbstractGridContainer

n

t

+canContain(IGridElement): boolean
+contains(IGridElement): boolean
+create(IGridElementCreator): IGridElement
+delete(IGridElement): void

+dispose(): void

+findChild(String): IGridElement
+findChildWithResource(String): IGridElement
+getChildCount(): int
+getChildren(IProgressMonitor): IGridElement[]
+hasChildren(): boolean

+isDirty(): boolean

+setDirty(): void

#addElement(IGridElement): IGridElement
#deleteAll(): void

#fetchChildren(): boolean
#removeElement(IGridElement): void
#setDirty(boolean): void

-testCanContain(IGridElement): void

J

Figure 2.5: The public implementation

layer's AbstractGridContainer

and its

most important methods.

Abstract implementation of the IGridElement -interface that provides basic
, getProject()
dispose() -method is actually an empty implementation. The getAdapter(Class)

methods. The
-method checks

and isVirtual()

whether the speci ed class is anlResource and if this element is not virtual. In that case, the

internal resource of the element as retrieved withgetResource()
request is delegated toPlatformObject#getAdapter(Class)

is returned. Otherwise, the
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ResourceGridElement: Full implementation of the IGridElement -interface that makes use of the
AbstractGridElement -class. This implementation provides a local, non-virtual grid element that
is associated with anlResource in the local workspace. Therefore, it has just one constructor that
takes a nonnull IResource -object as argument.

AbstractGridContainer: Abstract implementation of the IGridContainer -interface that supports
both lazy and non-lazy containers. All methods are implemented except theisLazy() -method
which determines whether this is a lazy container or not. WhengetChildren(IProgressMonitor)
is called, it is checked whether this container is lazy. If it is lazy andisDirty()  returns also
true , the fetchChildren() -method is used to lazily load the children of this container. If this
method returns successfully, the container is set to be not dirty any more. Furthermoe, the
AbstractGridContainer  provides protected methods to safely add and remove children to or
from the container. Actually, the create(IGridElementCreator) - and delete(IGridElement) -
methods delegate the work for adding and removing elements to these methods. Interngll a
java.util.List<IGridElement> is used to manage the children of this container.

ResourceGridContainer: Full implementation of the IGridContainer -interface that is based on the
AbstractGridContainer -class. This implementation provides a local, non-virtual and non-lazy
grid container that is associated with an IResource in the local workspace. Therefore, it has just
one constructor that takes a nonnull IResource -object as argument.

AbstractVirtualOrganization: This abstract class implements thelVirtualOrganization  -interface
by extending AbstractGridContainer . It provides support for the getinfoService() - and the
getServices() -methods. In these methods the children of this VO are queried and searched for
instances of the appropriate services.

JSDLJobDescription: As g-Eclipse has decided to implement core support for JSDL and to pro-
vide adapters for other job descriptions languages later, the core itself containsghis full imple-
mentation of the IGridJobDescription -interface for JSDL. It is implemented as a subclass of
ResourceGridContainer as a JSDL is described by a le in the local workspace.

2.1.3 Internal implementation layer

The internal implementation layer contains classes that are to be used internly by the g-Eclipse core
components to build up the basic structure of the Grid model (see g.2.6). These classes are not exported
and can therefore be used only in thesu.geclipse.core  plug-in. It consists of some fully implemented
classes for model elements likéGridRoot or IGridProject and some other classes that provide support
for specialised elements likeLocalFile or LocalFolder . Basically these classes are used to create the
model tree from the underlying Eclipse workspace. The only rst level element { i.e. the oot of this
model tree { is the GridRoot -class. Second level elements are either the projects that are located in
the workspace orlGridElementManager s that will be described in a separate section Z.4). Subsequent
levels may contain elements of any type excepGridRoot, IGridProject , and IGridElementManager s.
The following list gives a short overview of the classes that are containedhi the internal implementation
layer.

GridRoot: This is a singleton implementation of the IGridRoot -interface. It is implemented as a
ResourceGridContainer , i.e. a local and non-virtual container. The associated resource is the
IWorkspaceRoot of the current Eclipse runtime. The GridRoot provides listening mechanisms
for clients to track changes in the model, i.e. creation of new elements or deletionf existing
elements. In that senseGridRoot is the single-point-of-information element where listeners can
register themselves to keep informed about changes in the model. This is very impiant for user
interface components that depict the model or at least parts of it.
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Figure 2.6: Inheritance tree of the Grid model's internal implementation layer for the Grid model ele-
ments. Also shown are the links to the abstraction layer (g. 2.2) and to the public implementation layer

(g. 2.9).
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GridProject:  Full implementation of the IGridProject -interface that provides support for IProject -
objects located in the workspace. Every suchGridProject represents exactly ondProject . The
projects do not necessarily have to be Grid projects but may also be of other projectypes like
Java or C/C++ projects. The basic functionality of this class builds up the basic structure of the
project if this is a real Grid project. For more details on the Grid project see dapter 2.2.

ConnectionRoot: A connection root is a live connection to a remote destination folder. The connection
itself is managed by Eclipse's EFS-mechanism. This implementation ofGridConnection builds
on this mechanism and uses it to fetch its children and to create new or delete exiting ements,
i.e. to do any possible le operation on the remote destinations. With this class, it is possible to
plug in remote directories into the local le structure. The user does not see any di erencebetween
these remote locations and local ones. Nearly all operations that are avaible for local resources
are made available for remote resources through this class, i.e. resource mgeanent, le editing,
drag'n'drop operations or just browsing.

ConnectionElement: A ConnectionElement is an element that wraps a remote element contained
in a ConnectionRoot. This may be an element at any level of this connection. In fact the
ConnectionRoot { i.e. the top level element { itself is a ConnectionElement. These connec-
tion elements may be les or folders. The operations that are available foran element therefore
depend on the type of that element.

VirtualGridContainer: VirtualGridContainer is a virtual implementation of the IGridContainer -
interface. It builds on the lazy-loading mechanism of theAbstractGridContainer  class.

VoWrapper:  Normally IVirtualOrganization s are managed by an appropriate Grid element manager,
i.e. the VoManager(see chapter2.4). This means that all virtual organizations are children of that
particular manager. Hence, in order to include the VO of the current project in the project structure,
an IWrappedElementimplementation is needed, i.e. theVoWrapper

VoResourceContainer:  Virtual organizations provide di erent Grid resources to the user. These re-
sources are children of the corresponding VO. In order to group these resources in the del tree
according to their type, the VoResourceContainer is used.

LocalFile: The LocalFile class wraps every le contained in the current workspace that is not handled
by any other Grid model element. These may be any type of les { for instance, text les or binary
data les. An example of a le that is handled by another Grid model element is a JSDL- le.

LocalFolder: Like the LocalFile class this class wraps every folder contained in the current workspace
that is not handled by any other Grid model element.

2.2 The Grid project

The base of the g-Eclipse work ow within the Eclipse environment is the Grid project. Every time a
user wants to work on the Grid, a Grid project has to be created. This project is a diect child of
the root element of the Grid model (IGridRoot ). In the Eclipse workspace Grid projects are marked
with the GridProjectNature . A Grid project holds all information that is necessary to access the Grid
and to manage jobs and resources. It also provides a basic set-up of the user's resms within the
local workspace in order to provide an intuitive resource structure that is conmon for all middleware
extensions. An example of such a Grid project can be seen in g2.7. The left hand side of this gure
is a screenshot of such a project within the Eclipse workspace. On the right hand sidehis structure is
explained in a more detailed scheme. The names of the resources and also the underlying modelsses
or at least { for the cases where non-core classes are included { the core-interfaces on aththese classes
are based on are shown. This complete structure is based on the Grid model as expiad in section2.1.
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Figure 2.7: Exemplary Grid project structure as screenshot (on the left) and as sheme (on the right).

VoResourceContainer - "Services"
IGridInfoService - ".bdii"

VoResourceContainer - "Storage”
IGridStorage - "egee-cel.gup.uni-linz.ac.at"

The scheme also shows th&ridRoot -object that is invisible in the Ul-representation.

In g-Eclipse, Grid projects always have to be attached to a virtual organigtion, i.e. an instance of the
-interface. This VO may or may not have the meaning of a virtual organization
as is de ned within the di erent Grid middlewares. In fact, this VO de nes which middlewar e is used to
manage the resources of a project. It carries all middleware-speci ¢ information ttat is needed in order
to retrieve information about the Grid, for instance, a central informatio n service, or to submit jobs, e.g.
computing and storage elements. It may also carry authentication and authorizéion related tokens that

IVirtualOrganization

grant the user access to the Grid.

Basically, a newly created Grid project presents four standard folders to the user {Connections, Job
Descriptions, Jobs and a virtual folder that represents the VO the user is working vith. Optionally two
other folders may be created via the \New project wizard", namely Work ows and SiteCon g for storing
batch system con gurations. Within these folders and also within the project itself, the user is able to
create his own structure with local les and folders just like in an ordinary local lesystem. Exceptions
from this rule are virtual folders like the VO-folder where no substructure can be ceated by hand. The

following is a short overview of the standard folders of each Grid project.

Connections:

way he nds appropriate.

Job Descriptions:

This folder is expected to hold GridConnection -objects. It is a folder that presents the
user with his remotely mounted lesystems and allows for easy access to these lesiems. These
lesystems are presented as ordinary folders and may also be browsed as such. Thser may, of
course, create links to lesystems anywhere in his workspace so the Connections-der may only be
seen as a location where such mounts may be collected. In this folder, user-de ned substruces
up to an arbitrary level are allowed, in order to give him the ability to gro up his connections in the

This folder is used as a container for all implementations of thdGridJobDescription
interface, so for all objects from which one can create running Grid jobs. Justafor the Connections-
folder, the user may store his job descriptions anywhere in the project and not onlyn this folder.
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. )
( IGridElementCreator
IGridJobCreator \
+canCreate(Class<? extends IGridElement>): boolean ‘
+canCreate(Object): boolean +canCreate(IGridJobDescription): boolean
+create(IGridContainer): IGridElement +create(IGridContainer, 1GridJobID): void
+getObject(): Object
J

Figure 2.8: Grid element and job creator classes and their most important rethods.

Nevertheless, the Grid project o ers this folder as a standard location to stoe these resources.
Again, the user is able to create a substructure up to an arbitrary level.

Jobs: All Grid jobs that are created by submitting a job description will show up in t his folder or in one of
its subfolders. In fact, if a user submits a job description, the resulting job wil end up in a subfolder
of the Jobs-folder that corresponds to the location of the job description in the &b Description-
folder. If a job was created from a job description that is not located in the Jd Description-folder,
the resulting job will show up in the Job-folder itself. After the job is created, the user is free to
change the location of that job (with Drag'n'Drop or with Copy/Past e operations).

Work ows:  This folder is de ned by the work ow.ui plug-in and can be used to collect work ow def-
initions, exactly in the same way as the Job Descriptions-folder is used for pia jobs. Work ows
submitted for execution end up in the Jobs-folder together with normal jobs.

SiteCon g: De ned by the batach.ui plug-in, this directory is the place to collect batch system descrip-
tion les.

VoWrapper:  This is purely a virtual folder that represents the VO with which the project was created.
It has an intrinsic substructure that consists of three folders { Computing, Services and Storage.
The Computing subfolder holds all computing elements that are available to the user w.t. his
access rights. Similarly to the Computing folder, the Storage folder holds alktorage elements that
are accessible by the user. Finally the Services subfolder presents all currently alable central
services to the user. It is subdivided in subfolders which contain the availablenformation services,
the job submission and job status end-points, and all other remaining services.

As the VoWrapper folder is purely virtual, the user will not able to create a substructure in it.
However, this folder not only presents information about the Grid and the user'savailable resources,
but it also allows him to interact with the elements contained within. The user may, for instance,
choose to directly mount a storage element in his Connections folder by using the ailable context
menu actions. Foreseen is also the possibility of submitting a job to a spec computing element
by just dragging and dropping a job description onto that resource.

2.3 Grid element creators

Grid model elements may not be instantiated directly. Instead, they are created byimplementations
of a special interface callediGridElementCreator (see g. 2.8, left side). This interface de nes four
methods:

canCreate(Class<? extends IGridElement>) : Determines if this element creator is able to create
elements of the speci ed type.

canCreate(Object) : Determines if this element is able to create a Grid element from the specied
object. The argument of this method is stored internally and may afterwards be retrieved with the
getObject() -method.
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eu.geclipse.core.model eu.geclipse.core.model.impl eu.geclipse.core.internal.model

( - 3\ ) .
AbstractGridElementCreator GridProjectCreator
— J

[ IStorableElementCreator ] [ AbstractFileElementCreator ]

IGridElementCreator

I

[ JSDLJobDescriptionCreator

IGridJobCreator LocalResourceCreator ]

L AbstractGridJobCreator ]

Figure 2.9: Inheritance tree for the element creators. The base interface for hjob creators is the
IGridElementCreator -interface (see g.2.8).

create(IGridContainer)  : Creates a new Grid element as a child of the speci ed container and returns
it. If necessary and possible, the element is created from the object that was foretly passed to
the canCreate(Object) -method.

getObject() : Get the object that was formerly passed to thecanCreate(Object) -method.
There are two reasons for separating the element creation process from the elementemselves:

1. The Grid model is closed to the outside world with this approach. No element ca be created
outside the model. This ensures the integrity of the model. Furthermore, it enables vatiation
checks of the elements with respect to their location in the model/project tree.

2. The IGridElementCreator -interface is part of the g-Eclipse extension point with the unique id
eu.geclipse.core.gridElementCreator . This enables extensions, i.e. middleware implementa-
tions, to plug-in their implementations of Grid elements with the associated ekment creators into
the framework by using this extension point. To understand this point, one has b follow how
the Grid model parses the workspace and its resources and builds the Grid elements frothese
resources (see sectiofl.3.2 for a detailed explanation).

2.3.1 Creator hierarchy

Fig. 2.9 shows a simpli ed outline of the element creator hierarchy as can be found in the g-8lipse core.
Again, the classes and interfaces are split into three groups, the abstractiofayer, the public implemen-
tation layer and the internal implementation layer. Basically, the fully implemented element creators are
split into two groups { internal creators, as can be found in the eu.geclipse.core.internal.model
package and public creators that may be located anywhere. The internal creatorsra not registered as
extensions of the formerly mentioned extension point. Instead they are directly eferenced since they are
known to the core. All other creators have to be registered as extensions of that ¢snsion point in order
to let the core know about their existence.

The abstraction layer of the creator hierarchy contains two further interfacesbesides thelGridElementCreator -
interface itself. The IStorableElementCreator is used to create elements from anFileStore  while
the IGridJobCreator is used to create Grid jobs from a job description element (see g2.8, right side).
Middleware implementations may implement this interface in order to plug-in their job-submission logic
into the g-Eclipse framework. It is remarkable that a special implementation of an IGridJobCreator is
not limited to a xed type of job description. This means that a job creator for t he gLite middleware
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may not only take JSDL-descriptions but also JDL- or RSL-descriptions (or any othen as long as either,
there is native support for that description, or a translator is available among the descriptions.

The public implementation layer provides abstract implementations of two of the interfaces contained
in the abstraction layer. The most interesting implementation is AbstractFileElementCreator . This
class implements thecanCreate(Object) -method and tests if the speci ed object is anlFile instance.
If this is the case it delegates the decision if an element can be created to an absttamethod by
passing the le extension to that method. So subclasses of this implementation maylecide from the
le extension if they are able to create an element from the specied le. An example fa that is the
JSDLJobDescriptionCreator that tests if the extension is that of a JSDL- le (\.jsdl").

The internal layer contains two classes that are used internally for creating he basic elements of a
Grid model, i.e. a project (IGridProject ) and any local resource [ocalFile or LocalFolder ). The
GridProjectCreator is able to create aGridProject from a specied IProject instance. The class
LocalResourceCreator creates appropriate Grid elements from all resources that are not handled by
any other creator as long as their names do not begin with a period since these les arde ned as hidden
or special within the Grid model.

2.3.2 Model creation process

Generally the Grid model monitors the state of the Eclipse workspace. This is doe by registering
the model as anlResourceChangelListener to the Eclipse ResourcesPlugin 's workspace. To be more
precise, theGridRoot element registers itself as such a listener. After that, all changes in the worgpace
are tracked, i.e. new les appear, existing les moved or deleted, directories created andosforth. If

such a change appears, the corresponding element in the model will also be removeddeleted. If a new
resource appears in the workspace, th&ridRoot searches for anGridElementCreator that is able to

create a Grid element from this resource. Therefore, it fetches a list of all regisred element creators
with the help of the corresponding extension point and asks these creators if theyra able to create an
element from the new resource. Therefore, theanCreate(Object) -method is called with this resource.
If a creator declares itself as responsible for creating an element from the resae by returning true ;

this creator is used for element creation by passing it to thecreate(IGridElementCreator)  -method of
the IGridContainer , that is the parent of the new element. The container then takes the responsibility
of the element creation process. If no creator declares itself as responsible for ctieg the element, the

Grid root searches the internal creators for the creation of the element. This reans that public creators
take precedence over the internal ones.

Here are two examples of such a creation process:

The user creates a new le called \MyJob.jsdI" in the \Job Description" folder.

1. The model gets informed that there is a newlFile object in the workspace.

2. The GridRoot fetches the list of all registered public element creators and asks every creator
if it is able to create a related Grid element.

3. The JSDLJobDescriptionCreator returns true when asked if it is able to create an element.

4. GridRoot passes theJSDLJobDescriptionCreator to the create(IGridElementCreator) -
method of the \Job Description" grid container.

5. The container creates the new element by calling thecreate(IGridContainer)  -method of
the JSDLJobDescriptionCreator and adds the newly created element to its list of children.

6. The container sends an event that a new child was added to it in order to inform Gridmodel
listeners about this change.

The user creates a new folder named \MyJobs" in the \Jobs" folder.

1. The model gets informed that there is a newiFolder object in the workspace.
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Figure 2.10: Inheritance tree of the Grid element managers. The base interfaceff all element managers

is the IGridElementManager -interface (see g.2.11).

2. The GridRoot fetches the list of all registered public element creators and asks every creator

if it is able to create a related Grid element.

3. None of the public element creators return true when asked if it is able to create melement

from the speci ed IFolder .

4. The GridRoot asks the internal element creators if they are able to create a related Grid
element.

5. The LocalResourceCreator
6. The rest of the process is the same as in the previous example starting at step

2.4 Grid element managers

returns true when asked if it is able to create an element.

The Grid model contains several elements that need to be managed in a central place wrder to allow
easy access to these elements. In particular, these elements are Grid jobs, Gridntections and virtual
organisations. The corresponding model interfaces thereby inherit from théManageable-interface. This
interface de nes just one method { getManager() { that is used to refer to the central Grid element
manager that is responsible for the management of elements of a particular type.According to this
one-to-one relation there are three Grid element managers for the three element typekat need to be
managed { the JobManager the ConnectionManager and the VoManagerthat are all implemented as

singletons. Fig.2.10 shows an outline of the inheritance tree of these element managers.

The base interface of the Grid element managers is théGridElementManager -interface (see g. 2.11,
left) that de nes three methods { one to add an element to that manager, one to remove an @ment
from that manager and one to ask the manager if it is able to manage a certain ement. Since these

element managers contain the managed elements as children they inherit fronGridContainer

. This
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IGridElementManager |GridDefaultElementManager

+canManage(IGridElement): boolean .
) +getDefault(): IGridElement
+addElement(IGridElement): boolean

+setDefault(IGridElement): void

+removeElement(IGridElement): boolean

Figure 2.11: The Grid element manager and the default Grid element manager classesd their most
important methods in detail.

indicates that a managed element may be both a child of an ordinary container inte project tree and at
the same time a child of its dedicated manager. The di erence is that the ordinary cotainer will be the
parent of that element and will therefore determine the path of that element within the project tree. The
manager therefore is only a central repository that holds references to all elementsf a special type that
are spread all over the project tree. Whenever a new element is created the model tests if thedement
implements IManageable and if so, registers that element with the addElement(IGridElement) -method
of the IGridElementManager that is returned by the managed element.

In addition to an ordinary element manager the IGridDefaultElementManager (see g.2.11, right) sup-

ports the de nition of a default element, i.e. an element that should be taken as defaul for a certain

operation. This is of interest for virtual organisations where the user maywant to specify numerous VO's
with di erent access properties in order to have the possibility to access the G in di erent ways. The

default VO is taken whenever no other VO is chosen explicitly.

The core itself de nes the dedicated managers for all three managed elements, i.e. th@&ridJobManager,
IConnectionManager and IVoManager. The implementation if these interfaces is internal and is therefore
located in the eu.geclipse.core.internal.model package. The corresponding classes are implemented
as singletons in order to have exactly one manager for each managed element typehd@se managers are
used from the Ul-plugin in order to implement views and property pages to manage theslements (see
chapter 5). An example is the job view that presents all currently available jobs in a list and gives the
user the possibility to see the status of these jobs and to operate on them.
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3 Authentication and Authorisation

Authentication and Authorisation (AA) are major issues when dealing with Grids. As soon as one
interacts with Grids one has to authenticate himself to Grid services in order b get access to any
resource. The speci c resources that may be accessible by a Grid user are determined by hatisation
mechanisms. On the other hand, the user has to be able to trust the servers where he storeis data or
process his jobs. This implies that the servers in the Grid have to authenticate therselves to the user,
to avoid fake server which could try to gather information from the users. Fig. 3.1 shows a very rough
sketch of this mechanism.

The various AA mechanisms are most often based Client Server
on X.509-certi cates. Nevertheless, there exist sev-
eral di erent authentication mechanisms and X.509-
extensions among the di erent middlewares. There- i
fore g-Eclipse has to provide an abstraction mech-
anism for all these AA implementations. This ab- _ ?
straction is divided into server-side AA (ie, authen- e
tlgatlng_to the server the user is cqnnectlng to) and Authentication

client-side AA (ie, trusting the service). The server- Authorisation

S'd? AA mechanlsm_ deals W'th SO F:alled ggthentl- Figure 3.1: Authentication and Authorisation in a
cation tokens and will be explained in detail in sec- Grid.

tion 3.1 The base of the client-side AA within our

framework are the so called CA-certi cates that will be discussed in section 3.2. The main di erence
between the two is that authentication tokens have to be generated at the client sideso g-Eclipse has
to provide methods for the creation and validation of these tokens, whereas CA-certates are used to
authentify remote servers on the client side.

3.1 Server-side authentication

Authentication tokens are the base for every operation on the Grid. They ensure theauthentication of a
Grid user and they are also the basis used by the services to manage the authorigatt of this user, i.e.
which resources the user may have access rights to. The most common method of authieation in the
Grid uses X.509 certi cates { issued by a Certi cate Authority { but also other metho ds are possible (e.g.
the ssh protocol with username and password). Since authentication tokens can hawlimited lifetime,
the user would want to activate these tokens at regular intervals. Therefore, gEclipse has to provide an
easy way to generate and manage these tokens in a semi-automated way. This mear&t on the one
hand, the user has to be able to have full control over the lifecycle of his authenticabn tokens, while on
the other, g-Eclipse has to be aware of situations where a valid authenticatio token is needed { such as
when submitting a job { but no (or only expired) tokens were found.

3.1.1 Authentication tokens

The base of g-Eclipse's server-side authentication are the formerly mentioned ahéntication tokens that
are based on thelAuthenticationToken -interface (see g. 3.2, left). This interface de nes methods
for validating and activating such tokens. The validation process of such té&ens normally includes local
checks to see if all necessary information is available and is valid to aistte a token. In the case of
an X.509-token, this includes tests to check if the specied certi cate- and key- les exist and if the

1Certicate A uthority
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IAuthenticationToken
+getDescription(): IAuthenticationTokenDescription
+getID(): String IAuthenticationTokenDescription
+getTimeLeft(): long
+getTokenFile(): IPath +createToken(): |AuthenticationToken
+isActive(): boolean +getTokenTypeName(): String
+setActive(boolean): void +getWizardID(): String
+setActive(boolean, IProgressMonitor): void

+validate(): void

+validate(IProgressMonitor): void

Figure 3.2: The IAuthenticationToken - and IAuthenticationTokenDescription -interfaces that are
the base of g-Eclipse's authentication and authorisation mechanism.

passphrase speci ed for that key- le is valid. The activation process creates a so-tlad \credential" {

which is a middleware-speci ¢ AA-token wrapped up by the g-Eclipse authentication tdkens { from the
speci ed parameters and also provides a local copy of this credential in a le on disk This le is not

kept between di erent sessions and the access rights are set in order to prevent this Iérom being read
by third parties.

Authentication tokens may not be created directly. Instead they are created by using a instance of
an lAuthenticationTokenDescription (see g. 3.2 right). These descriptions are registered in the
eu.geclipse.core.authTokens extension point. This gives middleware speci c implementations the
possibility to plug-in their AA-mechanisms into the g-Eclipse framework. A token description provides
a method to create tokens. Therefore the description holds all necessary informatioto create a to-
ken, such as certi cate and key les, and the desired lifetime of the token. It also prwides two other
methods { getTokenTypeName()and getWizardID() { to present the token in the Ul and to allow the

creation of authentication tokens with the help of a dedicated wizard. The core itsefl 0 ers an abstract

implementation of the lIAuthenticationToken -interface called AbstractAuthenticationToken

3.1.2 Token management

Similarly to managed elements, authentication to-
kens are also managed by a dedicated manager
class called theAuthenticationTokenManager (see | +getManager(): AuthenticationTokenManager

g. 3_3)_ Like the element managers this class is| +addContentChangeListener(IContentChangeListener): void
implemented as a singleton. The manager itself | *createToken(lAuthenticationTokenDescription): IAuthenticationToken
holds an internal list of all currently available au- | *+destroyToken(lAuthenticationToken): void

thentication tokens. There are methods to cre- +findToken(lAuthenticationTokenDescription): IAuthenticationToken
ate new tokens, to destroy existing tokens and to | *9etbefaultioken(): lAuthenticationToken

query the list of currently available tokens. Sim- | *9etTokenCount(:int

ilar to a default grid element manager the token | *9efTokens: List<lAuthenticationToken>

manager allows the de nition of a default token
that is used to authenticate the user in the Grid
whenever no other token is chosen explicitly. Fur-
thermore, there exists a Ils'tener mechanism. Th's Figure 3.3: The authentication token manager and
means that the manager |_tself acts as a notier " important methods.

and informs all registered listeners about changes

AuthenticationTokenManager

+isEmpty(): boolean
+removeContentChangeListener(IContentChangeListener): void

+setDefaultToken(IAuthenticationToken): void

D1.8.pdf PUBLIC 25/46



— g-Eclipse D1.8 g-Eclipse nal Architecture

‘ IAuthTokenProvider

+requestToken(): IAuthenticationToken
+requestToken(AuthTokenRequest): IAuthenticationToken

A A

‘ AbstractAuthTokenProvider

+staticRequestToken(AuthTokenRequest): IAuthenticationToken

+staticRequestToken(): IAuthenticationToken

A

[ CoreAuthTokenProvider ] [ UlAuthTokenProvider ]

Figure 3.4: Inheritance tree for authentication token providers.

in the list of available authentication tokens, i.e. each time a new token iscreated or an existing token
destroyed.

The reason for such an authentication token manager is to have a central repisry of all authentication
tokens. This ensures that every time a token is needed to access the Grid, the user need not create
new token. It also facilitates the management of tokens of di erent types for di erent middlewares (see
chapter 3.1.3 for details).

3.1.3 Token providers

In order to get an authentication token for accessing the Grid, neither is the token ceated directly,
nor is the token manager asked to create a token. Instead, g-Eclipse provides a mecham using token
providers to retrieve either any type of token or a token of a speci ed type. An autline of this mechanism
is shown in g. 3.4. The base of this mechanism is thdAuthTokenProvider -interface that is part of the
eu.geclipse.core.authTokenProvider extension point. There are actually two implementations that
make use of this extension point,CoreAuthTokenProvider that is used if the Ul is not available and
UlAuthTokenProvider that is used in any other case.

The IAuthTokenProvider -interface de nes two methods for retrieving a token. The rst method takes
no argument and returns a token of an unspecied type. The second method takes an instancef o
AuthTokenRequest as argument and returns a token that matches the specied request. In the rst
case the provider asks the token manager for a default token. If no such token is de ned means that
the token manager is empty and a new token is created, set as default and returned. In the second
case the token provider rst looks up the default token, checks if this matches the té&en description
(IAuthenticationTokenDescription instance) speci ed in the request and returns it if so. If it does
not match the description a new token will be created, if necessary by opening a dialogihere the user
is prompted for the necessary data. This dialog makes use of the additional paramets provided by
the AuthTokenRequest namely the requester and the purpose of the request, to inform the user which
component needs the token and why it is required. The newly created token is then set as defaudnd
returned.

All this functionality is implemented in the AbstractAuthTokenProvider -class. Furthermore this class
speci es two static methods that match the non-static methods in order to provide datic access to au-
thentication tokens. These static methods query the list of registered token proiders and ask the provider
with the highest priority for a token. The priority of a token provider is thereb y part of the de nition of
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the corresponding extension point. The priority of the UIAuthTokenProvider is thereby higher than the
priority of the CoreAuthTokenProvider . This means that whenever the Ul is available the correspond-
ing token provider will request the token. This has the advantage that the UlAuthTokenProvider may
make use of Ul-components to ask the user about additional parameters for itsoken. In that sense it is
guaranteed that the token provider will return a token (if the user does not cancel the oration). If the
Ul is not available, the request-methods may also return false since there is no wéao interact with the
user and to ask him about the properties of his token.

3.2 Client-side authentication

When a user connects to a service in the Grid the corresponding server sends its authenticati token to
the user. This authentication token has then to be validated by the user. This is doneby so called CA-
certi cates that have to be available on the client-side. The g-Eclipse frameworksupports this mechanism
by providing these certi cates and methods to install these certi cates either from a locd directory or
from a remote location.

3.2.1 CA-certi cates

CA-certi cates are represented by implementations of g-Eclipse'dCaCertificate  -interface. This inter-
face is very simple and de nes just two methods,getCaHash() that returns a unique hash code for a
CA-certi cate and getID() that returns a string that can be used to uniquely identify the certi cate and
to present this certi cate in the Ul. These certi cates normally do not contain any f unctionality but are
stored in a central repository in order to allow middleware speci ¢ implementations to read them. The
implementations themselves have to handle authentication-issues concerning remote seres.

3.2.2 The CA-certi cate manager

The CA-certi cate manager is the central repository for
all currently loaded CA-certi cates. It is implemented CacertManager
as a singleton ineu.geclipse.core.auth and is called
CaCertManager Fig. 3.5 shows an outline of this class | +getManager(): CaCertManager
and its most important methods. Besides the meth- +deleteCertificate(String): void
ods for querying the list of managed certi cates and
for deleting a certi cate the manager basically de nes | +getCaCertLocation(): IPath

two methods for importing certi cates. The rst is the +getCertificates(): ICaCertificate[]
importFromDirectory(File, IProgressMonitor) methad . ) .
that imports CA-certi cates from a local folder into the +getCertificate(String): ICaCertificate
g-Eclipse framework. The second and more interest- ‘| y
ing way to import certi cates is importFromRepository(...) Figure 3.5: The CA-certi cate manager and
With this method the user is able to download a list of jts most important methods.

certi cates from a remote repository and store the cer-

ti cates contained in this list in the g-Eclipse framework. After importing certi cates in any of these
ways, the certi cates are available within the workspace. They can either be accesseby the access
methods in the manager or by the path to the local directory where they are stored. Ths path can be
obtained with the getCaCertLocation() -method. Several middleware implementations need this path
to be set as an environment variable or as a Java property.
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3.3 Managing passwords

The g-Eclipse framework provides a way to se- =) dMm
curely store passwords during runtime. These pass- asswor anager

words are not stored on disk but are only stored + p d(String): void
in memory during execution time. The central eraserasswor rnng). vol

class for managing user passwords is the so called +getPassword(String): String
PasswordManager(see g. 3.6). It provides three

methods for managing passwords. One is used tog +registerPassword(String, String): void
register a speci ¢ password with a unique ID, an-
other is used to retrieve a stored password using
its unique ID, and the last one is used to erase a
formerly stored password from the manager. In
this way, it is possible to store context based passwords by giving them a eesponding unique ID. This
may, for instance, be the full path of a key le.

Figure 3.6: The password manager and its most im-
portant methods.
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4 Error reporting

As g-Eclipse aims to be an easy to use framework for the Grid community andisce error reporting in
di erent middlewares is implemented in di erent ways and qualities, it is essential to provide the user
with useful error message and to present the user with various solutions for thdi erent errors. Parts of
these error reporting techniques are already integrated in the Eclipse framewdr Therefore, we will give
a short introduction to those techniques in section4.1. The extensions to this APl within the g-Eclipse
framework will afterwards be presented in sectiot.2. Basically these extensions allow not only to specify
error messages and (like is common in Java) stacktraces of the portioof code that causes the error, but
also to provide hints and solutions to the user how these errors can be avoided ihe future.

This error reporting system was rewritten during months 17-18 focusing in generéy and simplicity, by
making use of extension point mechanisms, with the aim of having it included in he upstream codebase.
Furthermore these classes live now in its own separate plugin, to allow its diribution to other Eclipse
projects.

4.1 The Eclipse way of reporting runtime errors

The base of Eclipse's error reporting mechanism consists of two el-/~
ements, the CoreException -class and thelStatus -interface. The |Status
CoreException is implemented as an ordinary Java-exception and .
provides only one Constructor that takes anlIStatus -object as ar- +getCode(): int
gument. Therefore all the information about the error is contained +getException(): Throwable
in this IStatus -object (see g. 4.1). If the error was caused by
an exception, this exception is also contained in this object like a
message that describes the errorlStatus also de nes two error +getPlugin(): String
values, one is called the severity and the other is just called the er- P
ror code. The severity has one of the valuetNFQ WARNINGRRQR +getSeverity(): int
CANCEbr OK The error code may be a plugin-speci c value that +isOk(): boolean

+getMessage(): String

classi es the error or may also be one of the formerly mentioned N y
values. Furthermore the getPlugin() -method of IStatus gives Figure 4.1: Eclipse’s IStatus -
the name of the plugin that reported the error. interface and its most important

If a CoreException is caught, the related status object may be methods.

used to directly generate a log message. This log message is written to a loge.l Furthermore, the

PDE?! runtime-plugin o ers a view called \Error Log" that watches this log le and sho ws a graphical

representation of this le. With this view, the user is able to browse all messa@es and errors and to show
more detailed information about these items.

In addition to the error view Eclipse also provides an error dialog that takes an IStatus -object as
argument. This dialog shows all relevant information contained in the stdus object, such as the error
message. Furthermore, it contains an expandable area that shows the stacktracd an exception that
may be contained in the status object.

4.2 Extension of the error reporting mechanism within g-Ecli pse

The g-Eclipse error reporting mechanism is based on the Eclipse error reporting echanism. Therefore, g-
Eclipse de nes an exception class calle®roblemException that is a direct subclass of CoreException .

1Plugin D evelopment E nvironment
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ProblemException s may not only be instantiated as CoreException {ie, with a IStatus object as
argument{, but also with a reference to a problem {either a IProblem object or simply a prede ned
problem ID. Each such problem may hold an arbitrary number of so-called “solubns'.

In that sense, a problem describes an issue that occurred during runtime and may also hbisolutions
that should support the user in nding ways to avoid that problem. An example would b e a connection
problem when trying to connect to the Grid. Probable solutions for that problem would range from
\Check your internet connection" to \Check your access rights/authentication tokens" . In the following

chapters we will present a brief description of the problems and the solutions.

4.2.1 Problems

Runtime errors in g-Eclipse are no longer called errors, but
problems. Within the framework they are represented by IProblem
the IProblem -interface. This interface de nes several meth-
ods to retrieve further information such as a short description | +addReason(String): void
of the problem, an email address for reporting the problem,
or a list of reasons which might have caused it. To be com-
patible with the Eclipse framework it also provides a method | +addSolution(ISolution): void
for generating an IStatus -object from a problem. Further-
more, a problem may be caused by an exception that may be
retrieved by the corresponding getter-method. The most im- | *+getException(): Throwable
portant improvement of the problem mechanism is the ability +getMailTo(): String

to link solutions to a problem. With this the developer is able i
to give the user hints on how to deal with a speci ¢ problem. | tgetReasons(): String]]

These solutions may also be active in the sense that they| +getSolutions(): List<ISolution>
may trigger some action to directly solve the problem. More

details about solutions will be given in section4.2.2 | *+getStatus(): IStatus ‘

An important feature of the error reporting mechanismis its _. ] .

use of Eclipse's extension points to provide a shared \repos- _F|gure 4.'2' The IProblem -interface and
itory" of problems and solutions which can be reused and its most important methods.
extended by di erent plug-ins. Each plug-in should declaratively de ne its own problems and lutions
by registering them in the eu.geclipse.core.reporting.problemReporting extension point. This ex-
tension point also allows to bind solutions to problems, even if these comedm di erent plug-ins. The cor-
respondinglProblem objects can then be retrieved with theReportingPlugin.getReportingService()
.getProblem( problemID, ...) method by providing the problem's ID. Eventually, also the problem's
default description may be overwritten to better inform the user of the causes.

+addSolution(String, String): void

+getDescription(): String

The outlined approach has several advantages:

Problems are reusable since they are globally accessible by their problem ID.

Plugins may specify problems of a general character that may afterwards be useddm all other
dependent plugins. For instance the core plugin speci es general problems and their related sol
tions for connection timeouts or job submission failures. To simplify the acces to these problems,
their IDs are de ned in a public interface named ICoreProblems.

Each time a certain problem occurs {even if it occurs in dierent plugins{ it is ensured that it
always looks the same, i.e. the error message is always the same and thedated solutions are
always the same.

Internationalisation issues are not spread all over the framework but are cocentrated in the plugin's
manifest le plugin.xml
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IProblem -objects can also be instantiated programmatically \on the y" viathe ReportingPlugin.getReportingService().ct
call, although this should be reserved for rare situations because it negates thedvantages of the declar-
atively de ned problems.

4.2.2 Solutions

Solutions are de ned as implementations of thelSolution -interface .
(see g. 4.3). Each solution again has a its own solution ID in order ISolution
to be reusable among dierent problems. This approach takes into
account the fact that several problems may share the same solution.
Furthermore each solution contains a text that describes it. A solution +getDescription(): String
may be active in the sense that it may trigger an action in the Ul that
leads the user to the solutions of his problem. If a solution is passive
it is represented as plain text to the user. If a solution is active it has | *solve(): void
to implement the solve() -method in order to trigger the action that ) "
solves the problem or in order to trigger an action that helps the user Figure 4.3: The ISolution
nd the point in the Ul where the solution may be located (for instance, nteérface and its most impor-
a preference in the preference pages or a setting in the project). tant methods.

+getID(): String

+isActive(): boolean

Similarly to the problems, solutions can be instantiated programmaticaly (discouraged) or de ned in the
central register via the same extension pointeu.geclipse.core.reporting.problemReporting . If de-
ned in the registry, 1Solution objects may be retrieved with ReportingPlugin.getReportingService()
.getSolution( solutionID, ...)

At runtime it is possible to add new solutions to a problem by calling one of theaddSolution(...)
methods. This allows for example to extend to list of suggestions presented tche user if more details of
the issue are know at the current execution point. More details about the Ul parts of g-Eclipse's error
reporting mechanism can be found in sectiorb.4.
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5 User interface

The user interface (Ul) plays a major role within the g-Eclipse framework. Its main task is to provide
a set of common control elements for all types of middleware. Therefore, the usenterface may only
depend on the abstraction layers of the g-Eclipse core plugin but not on any other plugi or any concrete
implementations. In this way, it is guaranteed that if a middleware implements the abstraction layer in
a proper way, it will automatically be integrated in the g-Eclipse user interface.

The Ul itself consists of several control elements. The most important ae the so-called Grid model views
that show a certain representation of the Grid model. Since these model views share raultitude of
functionalities, it is convenient to have an abstraction layer for them. These vews and the associated
abstraction layer will be discussed in section5.1. The g-Eclipse framework also makes use of another
concept in Eclipse called “perspectives'. The g-Eclipse related perspectives will liBscussed in section
5.2. Another important class of Ul elements are the wizards that help the user perfom complicated tasks
in an easy way (see sectiorb.4). In addition to the g-Eclipse error reporting system that was presented
in section 4.2, we will discuss the Ul part of this mechanism in section5.4.

5.1 Grid model views

Grid model views are the central Ul elements for accessing the g-Eclipse core functialities. A view itself

is a rectangular area within the Eclipse workbench that provides views to present d@ and information

to the user and control elements such as buttons and context menus to allow the user tmanipulate that

data (like copying and deleting). All Grid model views represent certain portions of the Grid model (see
chapter 2) and provide functionality to manipulate the model. This implies that these views share a lot
of functionalities. Therefore, Grid model views are based on a common abstradhn layer that will be

described in this section. Later, an overview of the individual views will be gien.

5.1.1 Abstraction layer

Fig. 5.1 shows an outline of the inheritance tree of the Grid model views. This inheritance tee contains
three abstract classes and three concrete implementations. The concrete implementatie will be dis-
cussed in the subsequent sections. The abstraction layer itself is based on ti&ridModelViewPart -class.
This class extends Eclipse'sorg.eclipse.ui.part.ViewPart -class that is the base of all views in the
Eclipse framework. TheGridModelViewPart itself consists of a so-called \structured viewer" as a central
Ul element. Such a structured viewer may be a list, a table or a tree. At this level 6 abstraction, it is
not speci ed what kind of viewer may be used to represent the model. Furthermore, such atsictured
viewer needs to have an input element from which it can create its content. As we arealking about Grid
model views, this input element has to be an instance ofGridElement . Therefore, GridModelViewPart
de nes two abstract methods, createViewer(Composite) and getRootElement() . Subclasses have to
implement these methods. The rst method therefore has to create a specialised structed viewer that
is used to present the model. This may be any of list, table or tree. The second metlibhas to specify
the root element within the g-Eclipse model tree that will be set as input data for the viewer.

The way the input data will be parsed and rendered in a view is de ned by implementations oftwo
Eclipse interfaces,IContentProvider that is responsible for parsing the data andiBaselLabelProvider
that is responsible for rendering the items in the viewer. The g-Eclipse Ul plugin theefore speci es its
own implementations of these interfaces in order to interact with the structured viewer to present the
Grid model to the user. These providers are adapted to the Grid model and provide functinality for
decorating items with reference to their current state (such as a Grid job that mg/ be in state scheduled,
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Abstraction Layer Implementation Layer
[ GridModelViewPart <—[ TreeControlViewPart |« [ GridProjectView J
A
[ ElementManagerViewPart  f« [ GridConnectionView J
GridJobView

Figure 5.1: The inheritance tree of the Grid model views.

running, ...) or to support lazy loading of grid containers by presenting progres bars showing the
progress of the loading operation.

After the viewer is initialised, the GridModelViewPart also speci es some global operations that are
common for all Grid model views. These operations contain copy/paste suppt, deletion of les and
drag'n'drop. If needed, theGridModelViewPart also creates Ul elements for these operations like context
menus or buttons.

All currently available implementations of the GridModelViewPart make use of a tree as a structured
viewer. Therefore, the abstraction layer holds another class that relies on a treeigwer as structured
viewer and builds up its functionality on this particular viewer. This class is called TreeControlViewPart .
It basically implements the createViewer(Composite) -method of GridModelViewPart and de nes an-
other abstract method where subclasses may specify columns for that tree.

Last but not least, the ElementManagerViewPart accounts for these Grid model views that have an
instance of IGridElementManager as their root element. It is a subclass ofTreeControlViewPart and
therefore uses a tree as its viewer. Element manager views are intended to show iagtes of a particular
type of grid element such as jobs or connections. In this way, the user has access twtcentral repository of
the elements. The views itself may present their data in two di erent ways that are already implemented
in this abstract subclass. One is to show all elements in a at structure. The other vay shows the
elements in the structure that is given by the Grid model, i.e. the project, subsequentolders and nally
the elements themselves. An example can be seen in gA\.7 for the Grid connection view.

5.1.2 Grid project view

The Grid project view is possibly the most important Ul element within the g -Eclipse framework. It is
based on the g-Eclipse view abstraction mechanism and has the Grid model root5fidRoot, see section
2.1.3 itself as its root element. This means it directly shows the model tree with theprojects as top
level elements and the project structure beneath these elements.

Fig. A.1 shows a screenshot of the Grid project view. Here, the view contains one project named \4
FirstGridProject" with its structure. The view de nes further actions for the conta ined elements. Some of
these actions can be seen in the context menu that shows up in the screenshot. Since this mga context
sensitive, only a subset of the full functionality is shown. The currently selected elemen(MyJob.jsdl) is
of type IGridJobDescription . Therefore the context menu shows the action for submitting a job. All
other actions are common actions that are already de ned in theGridModelViewPart -class.
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5.1.3 Grid job view

The Grid job view is the central managing facility for all submitted Grid j obs. Whenever the user submits
a job to the Grid, this job is added to the 1JobManager and the job view gets informed that there is a
newly submitted job. Later, this job and some of its detailed information will be shown in the job view.
Within this view, the user has the ability to monitor the status of the job or t o cancel the job. As the
job view is a subclass ofElementManagerViewPart, it is able to show the jobs in a at or hierarchical
structure.

Fig. A.2 shows a screenshot of the Grid job view displaying jobs in a at structure. The jobs ae presented
in a tree with six columns. The rst column shows the name of the job, the second shows the project
this job belongs to, and the third column shows the ID of the job that is used to reference this job in the
Grid. The fourth, fth and last columns shows the information about the job's s tatus, namely its current
status, and additional \reason" message (which contains the reason for a Jo failure for instance), and
the time of last update.

5.1.4 Grid connection view

Like the job view, the connection view is implemented as a subclass d&lementManagerViewPart. There-
fore, its root element is thelConnectionManager. Hence, the connection view shows all currently de ned
connections in any project. Additionally, the Connection View allows the creation o connections that
do not belong to any project, the so called \global connections”. This is a functionalty that is di erent
from the job view since it does not make sense to create a Grid job without a coasponding project.
In that sense, the connection view can be used independently from the Grid model to browsén¢ Grid.
Therefore this view is also calledgExplorer.

Fig. A.3 shows a screenshot of the Grid connection view. The connections are shown in a tree as at
representation. The tree itself has four columns. The rst shows the name of the conneabn, the second
shows the project the connection belongs to, the third shows the size of the les and theofirth shows the
date of last modi cation. Since the information that can be gathered about the elenents of a connection
depend on the protocol that is used to access these elements, it may happen that not all imfmation is
available for an element. This can be seen in the fourth column where no informa&n about the date of
last modi cation is shown for GridFTP folders. This is a result of the missing functionality for retrieving
this information in the gridFTP protocol, in the case of this particular connect ion.

5.2 Perspectives

A perspective in the Eclipse sense is a collection of views and other Ul elements thaerve a dedicated
purpose. For example, dierent views are required when developing a Java application, copared to
when debugging it. The g-Eclipse framework de nes four perspectives for accessing the Gritlat will be

described below. Screenshots for all these views are shown in sectiér?.

5.2.1 User perspective

The Grid user perspective comes with the Grid Projects View and the Glue Informaion Viewer on the
left, the Authentication Tokens view, the Connections view, the Jobs View and the Prgerties view in
the bottom panel.

This perspective is intended to provide the necessary information and tools foa Grid user to perform
typical grid tasks. Users are able to de ne their job descriptions using the JSDL wkard and edit them
later with the multi-page JSDL editor to set some advanced parameters. Then users casubmit the job
description to the grid using the Job Submission Wizard.
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The Jobs view shows all currently submitted jobs. Some jobs details are shown asell as the job
description le used to create the job. Also the current job status is refreshed autonatically every 30
seconds, but the user can turn this update o, or manually update the status of one or nore selected
jobs. More detailed information is shown by the Properties view or the JobDetails view.

The Connection view is used to show all currenty de ned connections to remote storage elemen Con-

nections can be de ned by mounting storage elements from the Storage branch of the @ Project view

or by de ning them using the Connection wizard. The Authentication Tokens view shows all curently

existing tokens. These tokens can be created by the Authentication Token Wizard. Ths wizard can be
started manually or by speci ¢ plugins if an authentication token is required to conduct user's actions
on the grid.

JSDL Editor

The JSDL Editor is the default editor for JSDL (*.jsdl) les and is part of the User perspective. It
is launched automatically after a JSDL le is created with the aid of the JSDL wizard, or when a user
chooses to edit an existing JSDL le. This editor is a multi-page form editor that extends the FormEditor
class. It is comprised of ve pages (tabs) and one page for the raw source of theSDL input le. Each
of the ve pages extends theFormPageclass and allows viewing and editing of di erent JSDL elements.
Each page is further divided into two or more sections. Each subsection is digict and is responsible for
maintaining the information of a di erent JSDL element.

The rst page is actually an Overview page, introducing the user to the other pages and dbwing for
editng a few of the most important parameters. On the second page, Job De nition, Jb Description and
Job Identi cation elements along with their respective attributes can be viewed and edited. The third
page is responsible for the generic Application and POSIX compliant Application eéments. The forth
page holds information for the Data Staging elements. Finally, the fth page holds information for the
Resources elements. On each page, single-valued attributes are represented by text widgeind multi-
valued attributes are represented by list widgets. Attributes with boolean data values are represented by
checkbox widgets. Furthermore, checkbox widgets are also used to add or remogpeci ¢ elements from
the JSDL le as in the case of the Additional POSIX Application Elements section on the Application

page.

5.2.2 Developer perspective

The Grid developer perspective comes with the Grid Project view in the left pane, theAuthentication

Token view, the Terminal view and the Monitoring view in the bottom pane. The toolbar area contains
items for selecting di erent launch con gurations. The initial perspective is kept simple on purpose,
as the developers' view depends very much on the underlying programming language used. Theea
behind its usage is that the user creates his CDT/JDT project which will switch to the corresponding
perspective where the user can still use the launch con gurations to debug his applicatiomn the grid.
Wanting to change again to the meta level of grids, the user can switch back tahe initial developer
perspective, giving him the views to explore his running jobs and their status or manally interfere with

their deployment or submission.

5.2.3 Operator perspective

The Operator perspective consists of seven views { Grid project, Informationviewer, Connections, Au-
thentication Tokens, Batch System Jobs, Properties and Terminal { plus the Batch System editor. This
perspective is intended to provide the necessary information and tools for a Ga site administrator to
perform his daily tasks. The administrator will be able to connect to computing elements that he con-
trols. He can then connect and view the details of the corresponding batch server in the ewir. The
editor displays the batch system server with its properties and queues along wittall the worker nodes
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(including their properties) that are controlled by the computing element. Using the batch system editor,
the administrator will be able to alter the properties of batch queues and its worker nodes. Examples of
these alterations include setting the queue manager to \drain" its queue, allocating mee resources to a
speci ¢ VO, setting worker nodes to \down", etc. The administrator can choose to sae the properties
that he has set for the batch system, allowing him to quickly switch to a previously saved con guration.

An example use of the Operator Perspective could be as follows (see gA.5). The administrator
rst transfers some les to the computing element using the Connections view. Then he drainsthe
gueues of the computing element using the batch system editor. After the queues have been draindgtle
administrator logs in to the computing element using the terminal. Maintenance wak is then performed
on that node, such as package updates, recon guration of the middleware, etc. When he has ropleted
the maintenance work, the batch editor is used to open the queues again. In order to teshat the site is
operational, the administrator will then execute some test jobs on the site. This is done by rst activating
a certi cate using the Authentication Tokens view and afterwards opening a project in the Grid Project
view. The administrator uses this view to execute the test jobs, while, maybe at he same time, using
the terminal to track the job at a lower level.

5.2.4 Grid exploring perspective

The Grid exploring perspective comes with three views { an editor and two identicd Grid Connection

views that are arranged side by side. This perspective is well suited to browste Grid storage resources
and to manipulate data on the Grid. With the help of copy/paste or even drag'n'drop, the user is able
to copy les from one location to the other using both connection views. When a le isdouble-clicked in
any of these connection views or the Open-action is selected from the context menu, the gesponding
le is opened in the editor and can be edited on the y. After the user has edited a le and choes to
save it, the changes are uploaded again and are incorporated to the remote le.

Fig. A.7 shows a screenshot of the Grid exploring perspective. The top half of the vwindow shws
an editor with an open le. On the lower half the two connection views are displayed vhile a drag
and drop le operation is being performed. These connection views can show their conténn either a
at- or a hierarchical-representation. This representations may be changed on the yby the user. In
the hierarchical representation all connections are shown with their underlying structire within the Grid

model, Grid Projects (and global connections) being at the top level of tree structue. All project-speci c

connections are shown within their projects. In the at representation, on the other hand, all connections
are shown together at the same level. However, here an additional column is vide in the table to show
the project ownership of each connection.

5.3 Wizards

Wizards are commonly used in the Eclipse user interface. In addition to wizards wtth are provided
within plugins, it is often necessary to be able to provide wizards that can be extnded by other plugins.
It is, for example, possible to provide new entries to the \New Project" Wizard by implementing the
INewWizard interface of Eclipse and registering that implementation to an extension pait.

To provide a similar functionality for g-Eclipse plugins, a wizard page can beused to create an extendable
wizard. To add the possibility to select a wizard from within another wizard, a WizardSelectionListPage
(see Fig. 5.2) has to be added to the base wizard. This page provides a list of alWizardSelectionNode s
that were passed to theWizardSelectionListPage . IWizardSelectionNode s provide the text and the
icon for the list of wizards on the WizardSelectionListPage . They are also used to instantiate the
wizard if the user chooses the wizard it represents.

Since, in most cases, the wizards to display in the list should be provided using an &nsion point,
the classExtPointWizardSelectionListPage , which is based onWizardSelectionListPage , provides
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WizardSelectionListPage ( IWizardNode \

+ i : i
+setlnitData(Object): void k getwizard(): IWizard J

+setPreselectedNode(IWizardNode): void T

(lWizardSeIectionNode\

+getName(): String

ExtPointWizardSelectionListPage

+geticon(): Image

Figure 5.2: Wizard pages for selecting other wizards (left hand side) and the integfces representing the
wizards both including their most important methods.

this functionality. Instead of a list of IWizardSelectionNode s the ExtPointWizardSelectionListPage
requires aString containing the extension point id to query the wizard list from.

As the wizards in the list are accessed using interfaces, it is not possi- e s .

ble to pass any initialisation data through the constructor. If they re- (”ﬂltl&“Z&blGleardw
quire initialisation data (which might later be used, for example, in the

finish() method) they have to implement the lInitalizableWizard k +init(Object): boolean J
(see Fig. 5.3) interface.

Figure 5.3: Interface for initial-

If the WizardSelectionListPage should be skipped because it is al- ising wizards.

ready known which wizard should be used, the wizard can be set by
using the setPreselectedNode() method.

5.4 Ul part of the Error Reporting mechanism

In section 4.2 we explained the g-Eclipse error reporting mechanism. In this section, we will gie an
overview of the Ul resources that are built upon this mechanism. This includes the poskility of having
active solutions and a dedicated error dialog that is called a problem dialog withi g-Eclipse.

5.4.1 Active solutions

An active solution has to implement the solve() -method of the ISolver interface. This method is called
when the user \activates" the solution by clicking it on the ProblemDialog. Currently, g-Eclipse contains
some implementations of active solutions. These are:

LogExceptionSolution : This solution's solve() -method reports the related problem's exception to the
Eclipse logging mechanism. Furthermore, if present, the error view will be openedn order to
present the detailed log message to the user.

MailToSolution : This solution is automatically displayed by the ProblemDialog if the IProblem.mailto
eld is not empty. Activating it the user will open the system mail client with t he provided email
address to report the problem.

PreferenceSolution : The preference solution is used whenever the solution of a problem could be
related to a preference setting. Thesolve() -method of this solution therefore opens the preference
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dialog and points the user to that page of the dialog that may be responsibledr an incorrect
preference setting.

ViewSolution : This kind of solution is used whenever opening a view for displaying some data could
help the user to understand the problem. Thesolve() -method of this solution therefore opens the
view de ned for the solution in the problemReporting extension point.

Furthermore, developers may specify their own active solutions that are adaptedd a speci c problem.
Examples of every type of solution can be seen in g.A.8 and will be explained in the next section.

5.4.2 The problem dialog

The problem dialog is an extension of Eclipse's error dialog. Besides the functioni&} to display the error

message and more detailed information about that error in an optional areathe problem dialog also
shows the solutions that are appended to a specic problem. If a solution is activejts representation
in the dialog will be a link that executes the solution's solve() -method. A passive solution is simply
represented as a declarative string.

Fig. A.8 shows a screenshot of this dialog. This dialog appeared when g-Eclipse tried to irogt CA-
certi cates from a remote location without success (see sectio3.2). The problem obviously was that the
connection could not be established. The details area at the bottom shows that the connean timed
out. Beneath the reason for the problem, the dialog shows a list of possible kdions that were provided
by the import mechanism:

Check your internet connection: This is a passive solution as this has nothing to do with the software
and g-Eclipse is de nitely not able to check if the user has a working connection to the Inérnet.
Therefore, this solution is just presented as informative text.

Check your server URL: This is a custom solution that, when activated, will reopen the dialog where
the user speci ed the URL from which the certi cate should be imported.

Check your proxy settings: This solution refers to the g-Eclipse preference page where the user can
specify his proxy settings. When this solution is activated, it will open the preference dialog and
will bring the corresponding preference page to the top.

Log exception: This solution is always present in the Problem Dialogs and allows the userd log the
underlying exception of the problem to the Eclipse logging mechanism. Furthermore, it Wl try to
open the error log view.

Send error report:  This active solution is displayed if the problem's mailto eld is not empty. When
clicking it the default mail client will open with the provided email address, allowing the user to
report the issue.
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A Screenshots of the most important Ul elements

A.1 Views

| 1=® Grid Projects &2 =il
g =
7 =2 MyFirstGridProject =
= B connections
b (g FZK-SE
P [ig FileCatalog
P [y Local
P[5y Poznan-SE
< [ Job Descriptions
~ [ ]5DL
&1 Mylab.jsd e v
@] hostname.jsdl Q_pen F3
gl il ctri+cC
@] povray.rsl 1
2 Myjob.jsdljdl % Delete
~ (2 Jobs Renare
P B Myjabjob Submitob. ..
ik visualizationPipe vtk Convert to JOL
- é‘;WorkFlows Q:§“ Refresh F5
@] MyWE worlkflow validate
B mylLaocalBatch. batch Team »
- ' geclipse Compare With 3
b = Computing Replace With 3
= [ = Services Properties
= = Info Services
U9 BOI @ Idap: fiwrbdii fzk. de:2170
P [= Job Status Services
P = Job Submission Services | 3
I = Other Services
=~ [ Starage
E SE @ egee-cel gup.uni-linz.ac. at
a SE @ gridka-dCache.fzk. de
a SE @ iwrse.fzk. de
a SE @ plethon. grid. ucy. ac.cv
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Figure A.1: The Grid Project view. See section5.1.2 for details.
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i Jobs B2 =8
FowmrBm Y
MName Project 1D Status Reason Last update time
¥ & . Mylob.job MyFirstGridProject https:/fdgrid-rb.fzk de: 9000/a-Qp3y3T RUNNING Feb 5, 2008 12:30:26 PM
&) Myjob.jsdl MyFirstGridProject
- ‘MyJob.job MyFirstGridProject https:ffwmslbl01. grid. ucy. ac.cy: 9000 WAITING Feb 5, 2008 12:42:22 PM
&1 Mylob.jsdl MyFirstGridProject

%5 hostname. globusjob
5 povray. globusjob

MySecondGridProject
MySecondGridProject

https:/fiwrce.fzk.de:20001/22858/120 Unknown
https:/fiwrce.fzk. de:20001/18648/120 job status update failed

Figure A.2: The Grid Job view. See section5.1.3 for detalils.

@ Connections 3
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(B

b [= gridka_geclipse
b (= gridka_root

Figure A.3: The Grid Connection view. See sectiorb.1.4 for details.
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MyFirstGridProje 0B 9/28/07 11:21 AM
P [= generated MyFirstGridPraoje 0B MiA
B (= mariusz MyFirstGridPraoje 0B M
I MyFirstGridProje 0B M/
MyFirstGridProje 0B 1/17/08 1:28 PM L
[ MyFirstGridProje 0B MA

X

i

job status Feb 5, 2008 12:42:19 PM
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A.2 Perspectives

Figure A.4: The User Perspective with the JSDL multipage editor. See sectiorb.2.1 for details.
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Figure A.5: The Operator Perspective with the batch system viewer. See sectioh.2.3 for details.
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Figure A.6: The Developer Perspective. See sectioh.2.2 for details.
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Figure A.7: The Grid Exploring perspective, copying a le by 'Drag and Drop'. See section5.2.4 for
details.
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A.3 Dialogs and wizards

Figure A.8: The Problem Dialog. See sectiorb.4.2 for details.
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