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EXECUTIVE SUMMARY

This deliverable describes the LUISA Annotation Tool and the Annotation Tool
library, which is the code library that the tool is built upon. The Annotation Tool
library has been designed in order for a programmer to easily build a specific
Annotation Tool and integrate it into a specific setting, where the resulting user
interface lets the user annotate metadata in a form based manner. The form is
built from a form model that is used to tailor specific user interfaces. The form
model is in turn created from a configuration mechanism called Annotation
Profiles that were described in Deliverable 3.2 — Annotation Profile
Specification. With this configuration mechanism new forms, for editing new
kinds of metadata, are created from a (new) Annotation Profile. This means that
no further development of the code of the Annotation Tool is necessary when
new metadata elements are needed. The scope of this report is on the tool itself
and the code library, rather than how end user should use it, therefore the main
focus is on three different kinds of developer roles, Code Library Developer,
User Interface developer and User Interface Integrator. For the Code Library
Developer the design choices are described and the main ideas of how the
Annotation Profile are processed in order to create a form. This part also
includes information for the User Interface Developer which has the task to
tailor new user interfaces / skins for the annotation tool. The role of the User
Interface Integrator is to integrate a user interface /skin of the Annotation Tool
into a bigger application in need of annotation support. The integration into the
rest of the LUISA architecture is described in the last sections of the report. The
specific LUISA Annotation Tool required a distributed solution where the tool
updates a metadata-repository on a remote basis.
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1 INTRODUCTION

This document describes the Annotation Tool (AT), developed for LUISA in
work package 3, from a technical point of view. The LUISA Annotation Tool is a
specific user interface built on top of the Annotation Tool Library*, a code library
that is constructed to work with Annotation Profiles that have been specified in
LUISA deliverable 3.2 — Annotation Profile Specification [1]. An Annotation
Profile is a configuration mechanism from where a form-based editor of RDF
metadata can be automatically generated. The profile defines what metadata
constructs that are possible to edit and in what way, ie outlining the form by
telling if text-fields or a predefined set of choices should be used.

An important goal of the development of the Annotation Tool Library is to make
it easily reusable in other applications that need to construct their own specific
user interface for metadata editing. Applications, including the LUISA
Annotation Tool, that are based on the Annotation Tool Library (and indirectly
upon Annotation Profiles), can easily change the set of metadata elements
used, without having to redesign or further develop the application. Hence, the
use of Annotation Profiles simplifies the development of more advanced editing
scenarios as it provides editors as ready made building blocks.

Furthermore, the Annotation Tool library is carefully designed to be easily
integrated as a module into a surrounding application. This requires a technical
adaption as well as a change in the appearance of the Annotation Tool to get a
unified look and feel. In the rest of this document the term Annotation Tool will
refer to any implementation using the Annotation Tool library and the term
LUISA Annotation Tool will refer to the specific implementation done for
LUISA.

In LUISA, both the industrial and the academic use-case need to allow different
users to edit different sets of metadata elements depending on their role in the
editing process of a resource. The academic use-case requires librarian,
teacher and administrator roles while the industrial use-case requires LO
author, administrator, teacher, learner, training manager and team manager
roles. Hence, providing specific support for all of these roles within the
corresponding domain would lead to a total of 9 different annotation tools to be
developed and integrated within corresponding authoring environment of each
use-case. With the design of the LUISA Annotation Tool, it will be sufficient to
specify 9 different annotation profiles and do the integration into each use-case
authoring environment only once.

For a longer discussion of existing tools and the benefits of configurable
annotation tools that are reusable, see deliverable 3.1 — State of the art [2].

1 A further development of the SHAME library (http://kmr.nada.kth.se/shame) created by the
KMR-group at ULL
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The Annotation Tool fits into the proposed LUISA architecture according to
figure 1 below

The Annotation Interface in figure 1 is the user interface of a specific annotation
tool and can be built into other application like a Learning Management System
(LMS) where the tool communicates with the LOMR (Learning Object Metadata
Repository) for retrieval and storage of data.
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Figure 1: The proposed LUISA architecture, where th e annotation tool can be
seen in the left part

In deliverable 3.2, three roles when using Annotation Profiles for editing was
introduced: The Annotation profile author, the Annotation profile facilitator and
the end user. Focusing on the development of the Annotation Tool library and
applications built upon that library, we see three additional developer roles.

1. AT Library Developer — Develops the Annotation Tool library used by
the annotation tool

2. AT User Interface Developer — This role includes developing interfaces
to the AT with the help of the AT library

3. AT User Interface Integrator — In this role an interface developed by the
interface developer is put into another setting, for example a standalone
application or a web-setting

This document is aimed at providing useful information for these three roles,
where section 2 describes the design choices made for the code library (role 1)
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and also how the form model is constructed and can be used (role 2). Section 3
outlines a typical integration (role 3) into a web-setting which is the specific
LUISA Annotation Tool. Furthermore, when implementing the specific LUISA
Annotation Tool some problems occurred that will be covered in section 4.

1.1 Abbreviations Used in this Document

AJAX — Asynchronous JavaScript And XML

AP — Annotation Profile

API — Application Programming Interface

AT — Annotation Tool

GUI — Graphical User Interface

RDF — Resource Description Framework

REST — Representational State Transfer

SPARQL — SPARQL Protocol and RDF Query Language
WSML — Web Service Modeling Language
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2 DESIGN CHOICESOF THE ANNOTATION TOOL LIBRARY

The Annotation Tool library is designed to make it possible to create editors
where a user can edit metadata in a form-based manner. The metadata the
user is editing with a specific Annotation Tool will be stored in RDF, but this
underlying encoding is kept transparent to the user. A specific form is created
from an Annotation Profiles (AP), that are created in advance, and act as input
to a specific AT. The ontologies in LUISA are created in WSML, but to edit the
metadata with a profile based approach a query language is needed. No
established query languages exist for WSML, so instead of creating a query
language or using an unestablished one, the RDF representation of the WSML
ontologies will be used instead. To query WSML by using the RDF
representation was also recommended in [3]. The overall design goal of the
Annotation Tool library is to be as generic as possible, that is why the following
choices were made:

e Flexible use of AP syntax — An AP could be expressed in more than
one way, therefore the AT was designed to make it easy for developers
to add support for new syntaxes. The current version of the AT library
has been implemented to support several specific syntaxes, and adding
yet another syntax should be done fairly easy.

e Work with any RDF-API — The easiest way to handle RDF would be to
use an established / standardized generic API for Java. Unfortunately, no
such API exists at the moment, but two fairly stable Open Source
implementations exist: Jena® (that has been developed by HP) and
Sesame®. The AT library uses Jena, but has been designed with the
intention to make an easy switch to any RDF-API.

e Express syntax for RDF in several ways — RDF can be serialized in
several ways, where the most popular are N3* and RDF/XML® . With the
AT library it is possible to output RDF in both those syntaxes, and the
idea is to support any kind of serialization of RDF.

o Well defined Form Model APl — Since one of the purposes of the AT
library is to be a pluggable component in many different applications, the
APl has been carefully defined. The APl allows new GUI
implementations as well as easy reuse of existing into new settings.

Furthermore the AT library is implemented in Java, since it is one of the most
widely used programming language and it is more or less independent of
operating system. The code can be run on the Java Virtual Machine that exists

http://jena.sourceforge.net/

http://www.openrdf.org/

http://www.w3.org/Designlssues/Notation3

g b~ W DN

http://www.w3.org/TR/rdf-syntax-grammar/
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for the most commonly used operating systems used today. The following
subsections will describe how the design choices have been implemented. In
order to understand the details you need to be familiar with the terminology
presented in deliverable 3.2.

2.1 Design Overview

To make the annotation tool library useful in many different settings it has been
made configurable in four ways. This is the same flexibility that the AT User
Interface Integrators need to consider:

e The source of the metadata, ie where to load and save from. As well as
which resources to edit metadata for.

e The RDF library to use for making changes to the metadata within the
application.

e Which Annotation Profiles to use when editing, may depend on the
context, i.e. user roles, access rights, editing purpose.

e Which GUI (Graphical User Interface) to use.

Hence, when using the Annotation Tool library these are the main aspects to
consider for a successful adaption, and no other tool or framework, made for
editing metadata, that cover this kind of flexibility has been found. An overview
of the design of the Annotation Tool library is given in figure 2, the source of the
metadata is the Query Target, the alternatives for RDF library are Jena and
Sesame, the Annotation Profile is represented by the Formlet class®, and the
GUI choices are here represented by the MetadataPanel and the early version
of the LUISA annotation tool called Eluisa. In figure 2, the RDF library will be
responsible for expressing RDF in several ways.

6 The formlet class may be renamed to Annotation Profile in the future.
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Figure 2: An overview of the main parts of the Ann  otation Tool Library, the parts
colored in orange (Which are: Metadatapanel, Swing, Eluisa, Velocity, Formlet,
QueryTarget, Jena and Sesame) are configurable.

In addition, the FormModel provides an API which is of interest for the AT user
interface developers, since it provides access to the abstract model of the form
that should be mirrored in the GUI.

The remaining grey boxes (not yet mentioned) in figure 2, i.e. Template Form,
Query Model, Query Engine, and Variable Binding Set, all represent the inner
workings of the Annotation Tool library and will be described more in the
following sections.

2.2 Creating a form

How to create a form from an Annotation Profile and an RDF-model was
covered in detail in Deliverable 3.2 - Annotation Profile Specification. This has
been been implemented in the Annotation Tool library and the important
classes, and how they are related, is shown in figure 3. The name of the
classes in that figure correspond to the terminology introduced in the section
Glossary of terms in Deliverable 3.2, for example Graph Pattern, Variable

LUISA « 027149 « D3.3.2 » Version 2, dated 13/03/2008 « Page 12 of 32
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Binding, Form Template, Form Model, Form Item, etc. The class QueryModel
introduced in figure 2 is a superclass of the GraphPattern class introduced here.
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Figure 3 : UML diagram showing the most important classes
and their relations in the annotation tool library

An Annotation Profile consists of a Graph Pattern and a Form Template and
before instances of their corresponding classes Graph Pattern and Form
Template can be created they need to be read in from wherever they are
stored, which usually is a file. Depending on how they are serialised different
factory-classes are used to create the instances. It is also necessary to have an
instance of the RDF-model to edit, but this is handled by the RDF library.

2.2.1 Creating the Variable Bindings

The Graph Pattern of an Annotation Profile defines what metadata structure that
Is possible to edit when using it. This is expressed in a in a query language
such as SPARQL that needs to correspond to a tree-structure. The Graph
Patternhen this is launched upon the RDF-model bindings are created from the

LUISA « 027149 « D3.3.2 » Version 2, dated 13/03/2008 « Page 14 of 32
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variables in the Graph Pattern to the corresponding node in the RDF modelwW
that defines what metadata to edit.he Graph Pattern is a tree structure T will be
launched upon the RDF-model to create bindings from the variables in the
Graph Pattern to a corresponding node in the RDF model. The variable
bindings are used to reference where the changes in the RDF model will take
place when the end user is editing in the created form.

The class Graph Pattern in figure 3 is not dependent on any specific query
language and fulfills the design goal of being flexible on the syntax of the AP.
TheFurthermore, the nodes in the RDF-model are abstracted in the Value class
so that there is no direct dependencies to a specific RDF library. All variable
bindings are collected in instances of the class Variable Binding Set and is
created by the Query Engine. How the bindings are created is given in an
example in figure 4, where a Graph Pattern is launched upon an RDF graph.

VariableBindings as a Tree Graph Pattern
lex:book/123 .

4{ anonid#12 .

Path Triple Pattern
[ Robot |en]

— dezitle
—|exv0c:sf . Q '

b

— exvoc:robot . N\ desubject,,
_{ anonid#34 .

[saac Asimov

1 wrmemved o
s oo
@
N\ g 7
e, @ = @D
N _uc:TJ:l:LE.,.
N\ SCEMAIL, (B

Figure 4: A Graph Pattern launched upon an RDF grap  h to create a set of
Variable Bindings
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2.2.2 Creating and using the Form Model

One of the design goal was to have a well defined Form Model API, from where
a specific graphical user interfaces can be created. This is fulfilled in the class
Form Model in the class diagram in figure 3. To construct a Form Model the
Form Template of the Annotation Profile is combined with the Variable binding.
The Form Template is the part of the Annotation Profile that defines how the
metadata will be edited by outlining the structure of the form and expresses if
value should be edited for example by using a free-text field or selected from a
set of choices. The class Form Template is used for this purpose in the
implementation and is like the Graph Pattern independent of serialisation and
therefore also fulfills the goal of flexible use of AP syntax.

When implementing a particular user interface of the Annotation Tool, it is the
class -Form Model- and its constituents that needs to be utilized. The Form
Model consists of Form Model Nodes (called FMNode) that forms a tree-
structure and represents the structure of the form to be displayed to the user.

A Form Model instance is created from a Form Template and a Variable Binding
Set. A Form Template is also a tree-structure and consists of Form Items that
can be of the types Choice, Text, or Group Form Items. If the type is Group
Form Item they can contain yet another set of Form Items and this is used to
create the tree-structure. Each Form Item contains a variable that should
correspond to a variable that has a binding in the Variable Binding Set. Starting
from the root of the Form Template the corresponding Variable binding is
located in the Variable Binding Set (should also be the root) and an FMNode
that will be the root of the Form Model is created. The Form Template tree is
traversed and and FMNodes are created in a similar way where the rest of the
Form Items are matched to a Variable Binding. Note that a an FMNode can only
contain another FMNode if it consists of a Group Form Item. The procedure is
illustrated in figure 5 below.
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Figure 5: A Form Model is created from a Variable B inding Set and a Form
Template

Label: Title | Min:0 Pref:1 Max:1]|

Description: The title of a person

| Label: Email | Min:0 Pref:1 Max:*[§

| Description: An email to the person

The Form Model contains the structure of the form to be displayed through how
the FMNodes are structured. In order to create the form the tree-structure is
traversed and depending on the Form Item a node contains a text-field or a
choice should be rendered in the form. The node could be another grouping and
then that should be rendered, for example by making an indentation.

2.2.3 Guidelines for Presenting Multiplicity

The Form Item also contains information on the multiplicity for the variable it has
a reference to. With this information the application knows how many text-fields
or choice items that it is allowed to create. Indications of what is possible to add
or remove of the fields or items should be included in the interface and
preferably with a '+' or '-' signs. The placement of these is of importance, since it
tells the user how and where more values are added. For example when adding
keywords to a resource, several keywords can be added in several languages.
The signs where the keywords are expressed in more languages should be
placed close to the languages-choice and to add another keyword the signs
should be close to that label.
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3 DESIGN AND ARCHITECTURE OF THE LUISA ANNOTATION TOOL

When constructing the LUISA Annotation Tool the advantages of the
configurability possibilities in the Annotation Tool library was used by making
the following choices:

1) The metadata source is located in a triple store that is accessed via an
editing protocol.

2) For RDF library Jena was chosen.

3) For Annotation Profiles two LOM profiles was created according to the
needs of the LUISA use-cases described in LUISA deliverable 3.5 [3].

4) For GUI we decided to build a rich web-application based on an
established JavaScript toolkit and REST-ful principles.

The reason for accessing the source via a protocol was that the tool and the
RDF-storage do not always run on the same machine, so therefore a protocol
for accessing the repository had to be used. This actually opens up a possibility
of using the same Annotation Tool to edit metadata on more than one
repository. The tool is further distributed since it is accessed using a browser
that communicates with a server running the Annotation Tool library with some
specific adjustments made to it. The application in the browser is built by using
JavaScript, and the environment of the web-browser was chosen since it is an
environment that is known to most users and it makes the tool easily accessible
where nothing has to be installed on the computer of the user. This leaves us
with a setup of the LUISA Annotation Tool as depicted in figure 6 below.

HTTP

HTTP
L
~ e }
< =, < ==
= % il
The User Interface of the LUISA Annotation Tool server The remote RDF repository
Annotation Tool in the Web-browser with servlets used by the client

Figure 6: Distributed Annotation Tool

3.1 Atypical editing scenario

The LUISA Annotation Tool is launched by pointing a regular web-browser to
its location (a URL). After the tool has been initialised the user can choose
which resource to edit from a list. Below are the steps taken for retrieving
information for the chosen resource:

1. A request is sent to the server with the URI of the resource to edit
together with another URI that identifies the Annotation Profile to use.

2. When the server receives the requests it loads the Annotation Profile and
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sends a query to the remote RDF-storage to retrieve an RDF subgraph
appropriate for editing using the AP given in the request.

With the subgraph and the Annotation Profile the server creates a Form
Model and sends that together with the Form Template of the Annotation
Profile back to the client.

The client renders the metadata for the chosen resource in a form.When the
user interacts and changes the information, the changes are only done locally in
the browser. To update the storage the user needs to actively save the
changes. The following steps will take place when saving:

1.

3.2

The Form Model is sent to the server, together with a pointer to an
Annotation Profile that was used in retrieval step. See discussion above.

The old subgraph is modified by binding it again to a Form Model, as in
step 3 above, and then merging with the modified Form Model received
from the client. This ensures that no information in the subgraph that was
not bound into the Form Model is lost. The now modified subgraph
together with the query from step 2 above is sent as an update request to
the remote storage.

The remote storage can from the query calculate the subgraph that has
been changed. That whole subgraph is removed and the subgraph sent
with the update request is inserted instead. After a complete and
successful operation the remote storage sends a notification that tells the
server if the update went OK. If not, an error-message is sent instead.

The server in turn sends this notification further to the tool running in the
client. If something has failed during the process the user is notified.

Techniques used for the GUI

As web 2.0 technologies have matured, gained in popularity, diversified, and
available toolboxes have become more professional there is a strong tendency
towards building GUIs as rich web-applications utilizing JavaScript toolkits. For
the LUISA Annotation Tool there are at least four strong reasons for building a
web-application with the help of a JavaScript toolkit:

1)

2)
3)

4)

easy integration into Learning Management Systems that are often web-
based,

appropriate separation between Annotation Tool Library and the GUI,

a JavaScript toolkit provides a range of ready made components,
widgets, suitable for form creation,

localization and accessibility is already provided for.

For reasons of speed and simplicity we chose to use JavaScript Object Notation
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(JSON) for sending data between server side Annotation Tool library and the
JavaScript based client in the browser. In theory, the server side support could
be avoided by having a direct connection to the triple store. However, this would
require a total reimplementation of the Annotation Tool library in JavaScript as
well as a mature and stable JavaScript based RDF library. As this is not feasible
we continued by deploying the Annotation Tool library on the server side and
established a light-way protocol for server to client communication. The simplest
and cleanest approach is called REST [4], which basically recommends a
simple use of various HTTP verbs (mainly GET and POST) along with
parameters.

3.3 The interface to the end-user

When the LUISA Annotation Tool is launched in the browser, a user interface
similar to the screenshot in figure 7 is displayed to the user.

New Delete Clear Reload Save About Meditor

Title 4
Title —
Description =

Programming Python ol —

A book about the programming

language Python Title Learning Design v

Learning Design Language English —
A book about Learning Design

Identifier —
Catalog | =
Entry —_

Language Swedish [ e =T

Description —

Description A book about Learning Design. -

Language English =

Description = e

Description En bok om Anmnet Learning Design B

Language Swedish [ =

Figure 7: The interface rendered to the end-user

As can be seen in that screenshot of figure 7, the tool is divided into three parts,
a form to fill in metadata to the right of the screen, a list of available resources
to the left, and on the top a toolbar. Selecting a resource on the list to the left
will open up a form displaying the corresponding metadata record. The buttons
of the toolbar stays the same, but are inactivated when they cannot be used.

By using JavaScript and AJAX® to build the LUISA Annotation Tool user
interaction does not lead to entire page reloads. Instead only parts of the web-

7 http://www.json.org

8 http://[dmoz.org/Computers/Programming/Languages/JavaScript/AJAX
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page is updated when information is available. For example when the list of
resources is updated a request is sent to the server which returns information
only to update the list which is reloaded. This leads to an update of the list to
the left, whereas the rest of the GUI stays intact.

The toolbar is mainly used to manage the metadata record for a selected
resource. For example to delete, create new, and save changes made on a
metadata record. By clicking on the button

e New, a new metadata record for a resource will be created. Observe,
that the record is not stored in the repository until the save-button has
been clicked,

o Delete, will delete the current displayed metadata record,
e Clear, will clear the current form of all field values,

e Save, the current metadata displayed in the form will be saved with the
changes made to it,

e Reload, will update the list of resources displayed in the left side of the
screen.

A more detailed description of how to interact with the tool can be found in
LUISA deliverable 3.4 — Annotation Tool Documentation [5].

3.4 Communication between the client and the server

e The server-side support consists of a set of services that is accessible
over HTTP via GET and POST commands in accordance with the
principles of REST, where each service accepts a list of parameters. To
simplify for the The LUISA Annotation Tool, communication with the
services is done via the JSON data transport. In order to support the GUI
presented above, the services must be able to handle the following
operations:

e Retrieve a list of resources,

o Create a new metadata record for a resource

e Retrieve a form template,Retrieve a form model for a particular resource,
e Save changes done to a form model,

o Delete the metadata record of a resource.

In the implementation of the LUISA Annotation Tool the support to load, save
and delete metadata record of a resource are handled by a single Java Servlet®,
but with different parameters for each operation. The support to retrieve a list of
resources and to create a new metadata record for a resource are done by
calling separate servlets.

9 http://java.sun.com/products/serviet/
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3.4.1 Retrieve a list of resources

When the tool creates the list of resources possible to annotate it needs to
request them from the remote repository. The simplest way is to send a query
directly to the remote repository, but for security reasons JavaScript is only
allowed to send request to the same server as the page was loaded from. So,
the main task of the servlet is to act as a proxy and forward the query to the
remote repository. The parameters sent to the servlet is described in the table 1

below:

Table 1: Parameters

Servlet name:

I/sparq|

Description:

This servlet is used as a proxy to query a remote RDF-
repository that has a SPARQL endpoint. Hence, only GET-
operations are possible. For the LUISA Annotation Tool the
servlet is used for querying the set of Learning Resources
possible to edit and to present them in the list inside the tool.

Parameters:

spargl, the value of this parameter is a valid SPARQL
SELECT-query. Other queries will not be accepted and an error
will be returned..

repository , the URL of the repository to forward the question
to.

Example
URL:

http://www.example.com/spargl ?spargl =PREFIX%20rdf%3A%
20%3Chttp%3A%2F%2Fwww.w3.0rg%2F1999%2F02%2F22-
rdf-syntax-
Ns%23%3E%20PREFIX%20lom%3A%20%3Chttp%3A%2F%?2
Fwww.cc.uah.es%2Fie%2Font%2Flom2wsmi%23%3E%20PR
EFIX%20eads%3A%20%3Chttp%3A%2F%2Feads.org%2Ftrai
ning%23%3E%20SELECT%20%3Fres%20%3Ftitle%20%3Fde
sC%20WHERE%20%7B%3Fres%20rdf%3Atype%20eads%3A
eadsTraining.%200PTIONAL%7B%3Fres%20lom%3Atitle%20
%3Fy.%20%3Fy%20lom%3AhasSingleLangString%20%3Fz.%
20%3Fz%20lom%3AhasCharacterString%20%3Ftitle%7D%20
OPTIONAL%7B%3Fres%20lom%3AdescriptionL0%20%3Fy?2.
%20%3Fy2%20lom%3AhasSingleLangString%20%3Fz2.%20
%3Fz2%20lom%3AhasCharacterString%20%3Fdesc%7D%7D
%20&repository =http%3A//localhost%3A8080/joseki/books

Returns:

The resulting result-set of the query serialised in JSON.
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For the LUISA Annotation Tool the list of possible resources to edit contains
Learning Objects, and they are listed with their title and description. For that
purpose a hard-coded query could have existed on the servlet, so that the only
parameter sent is the repository to query. It is however not always the case that
only the title and description of the LO needs to be presented in the list, so in
order to support easy modifications the servlet was built to support any SELECT
SPARQL-queries.

3.4.2 Create a new metadata record for a resource

In order to create a new metadata record for a resource, a new unique URI is
created that maintains the relation between the resource and the metadata
record. Depending on the requirements of how a new URI should be created
and the importance of uniqueness this could have been fully implemented on
the client side. But with a call to a servlet it is possible to verify the uniqueness
of the URI. How to call the servlet is described below, in table 2:

Table 2: How to call the servlet

Servlet name: /newuri
Description: Called when an new URI should be created.
Parameters: baseURI, the base-URI where upon a new unique

URI has to be created.

remoteServiceURL, an optional parameter that
indicates where to look for the uniqueness of the URI

Example URL: http://www.example.com/newuri ?baseURI=http%3A//
www.uhp-nancy.fr/ontologies/LUISA%23

Returns: A new unique URI.

3.4.3 Retrieve a form template

The form template is needed for the values in the choice-items, since this is not
included in the Form Model. The form templates rarely changes and can
therefore be cached on the client-side, so a call to the servlet is not necessary if
a cache instance of the template exist. This means that when a template is to
be loaded the client first looks if this template is in the cache, if not the servlet
with the Form Templates is called. This servlet is described in the table 3.
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Table 3: Servlet

Servlet name

/template

Description:

Called when the client needs to load a Form Template, hence
only GET operations are possible.

The templates does not change very often and a loaded
template can therefore be cached on the client-side. When a
template has been loaded once from the server it will also be
cached there in order to improve performance.

Parameters:

ap, the value given here is a URI that identifies an Annotation
Profile

Returns:

If the template can be found and loaded it is returned to the
client in a JISON-format.

Example URL:

http://mww.example.com/template ?ap=http%3A//kmr.nada.kth
.se/shame/Formulator/formlet%23UHP-all

Retrieve, save and delete metadata recordsThis servlet is responsible for
managing the form model, both retrieving it and pushing it back when changes
has been made. The HTTP GET operation is used to retrieve and HTTP POST
is used to push changes back (Save). In addition, pushing back an empty form
model will lead to an empty metadata record, which results in an empty
metadata record, hence a separate solution for delete is not necessary. The
servlet is described in table 4:

Table 4: Servlet (I1)

Servlet name:

[form

Description:  This servlet can be called using both GET and POST.
GET-action : a Form Model serialized in JSON will be returned.
Used when the Form Model should be rendered in the
interface.
POST-action: together with the request a Form Model
(serialized in JSON) is sent. This is used when changes done
to the Form Model in the client should be updated.

Parameters:  resource , the URI that identifies the resource to edit

sparglservice , the URL to the remote storage from which the
subgraph to edit can be retrieved.
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ap, a URI that identifies the Annotation Profiles to use.

Returns: GET-action , returns a Form Model serialised in JISON

POST-action , returns a confirmation if the changes in the form
was carried out successfully.

3.5 The server side and communication to the remote repository

RDF is used as the standardized way of representing data on the Semantic
Web, but rather surprisingly no standardized way or protocol was found to
modify RDF on a remote basis. Early initiatives suggested in [6] and [7] have
not gain wide acceptance which is probably due to the lack of a common query
language. With SPARQL becoming a W3C recommendation a standardized
query language exist for RDF. Upon this standard an approach to
update/modify RDF on a remote basis has been developed under the name
SPARUL [8]. This approach seemed promising at first, but from a perspective of
building an Annotation Tool upon, the approach falls a bit short. This is mainly
because a lot of knowledge of the RDF graph on the remote storage is required
in advance. To use SPARUL would be possible, but would also be unnecessary
complicated.

The details about why SPARUL is not the best choice is described further in [9],
where the approach chosen for the LUISA Annotation Tool is also described.
The basic idea is to restrict the remote editing to only involve a subgraph of the
whole model at the RDF-repository. So, when a user has chosen a resource to
edit (from the list in the tool) the servlet described in section 0 performs a two
step procedure:

1. Fetch the subgraph to edit from the remote storage by sending a query.

2. After the subgraph has been edited/changed and requested to be saved
the servlet will first remove the initial subgraph retrieved in step 1 and
after that insert the modified subgraph.

To realize this SPARQL was used as the query language, by using queries of
the type called DESCRIBE. The result of such a query is an RDF-subgraph, but
unfortunately is DESCRIBE not formally defined and leaves it up to the
implementor to decide exactly what to return. This means that different
implementation might return different subgraphs, however the normal approach
that goes under the name anonymous closure can be described as:

e Include all direct statements of all matching of variables and the URIs
given in the request,

e If an anonymous node appears in those statement add all the direct
statement for that node as well. If new anonymous nodes are found keep
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repeating until no anonymous node appears as a leaf in the graph.

3.5.1 Constructing a query to retrieve appropriate subgraph

When the form-servlet is requested to deliver a form model for a resource, it
must first retrieve a sufficiently big subgraph by querying the remote repository.
The query needs to be carefully designed in order to not result in a subgraph
that contains too little or too much information.

A DESCRIBE query that only includes the URI of the resource to edit would
return the anonymous closure of that resource. In many cases this would be
enough, but if the metadata record has intermediate resources that are not
anonymous their further properties will not be included. A better alternative is to
build a DESCRIBE query from the Graph Pattern of the Annotation Profile. A
Graph Pattern is a tree-structure that defines what metadata to edit, and is
expressed in a query-language. Now a query constructed using the Graph
Pattern and just replace the root with the resource to edit would instead result in
a model that contains too much information. The variable-leafs, ie the variables
that does not have any outgoing properties leading to other variables, will be
matched and their anonymous closure included. However, the anonymous
closure of these resources contains statements that cannot be matched by a
variable binding with the Graph Pattern when the form model is created.
Therefore, the variable-leafs can be removed from the query without loosing
information in the resulting subgraph that is relevant for the creation of the form
model.

So, the query that returns the appropriate model is constructed with the help
from the Graph Pattern by replacing the root with the resource and remove all
variable-leafs. That pattern has to be converted into SPARQL and all the
statements expressed in the query have also be turned into OPTIONAL, since
we want a model returned even if a variable have no matches. In the table
below is an example from an Annotation Profile that is constructed to be used
by the industrial use-case in used in LUISA. The intent of this profile is to edit
the title (luisa:title) of a resource of type eadsTrainingis that is a specialisation of
shown in the table below:a Learning Object.

Table 5: Example from an Annotation Profile in LUIS A

SELECT * DESCRI BE
WHERE { <http://ww. exanpl e. com | 01>
?X rdf:type eads: eadsTraining . ?Y ?LSS
?X luisa:title ?Y . WHERE{
?Y rdf:type luisa:langString . OPTI ONAL{
?Y |l ui sa: hasSi ngl eLangString ?LSS . http://ww. exanpl e. coni |l ol
?LSS rdf:type luisa:title ?V.
| ui sa:langStringSingle . OPTI ONAL{
?LSS ?Y | ui sa: hasSi ngl eLangStri ng
| ui sa: hasCharacterString, 2T . ?LSS .
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?LSS }
| ui sa: hasHumanLanguage ?l ang . }
?l ang rdf:type }
| ui sa: ocHunmanLanguage .
FILTER I sl RI (?Y)
FI LTER !l sBl ank( ?Y)
FILTER I sI Rl (?LSS) .
FI LTER !1sBl ank( ?LSS)

}

A Graph Pattern used by the LUISA Annotation  The Graph Pattern turned into a query for
Tool the resource http://www.example.com/lol

3.5.2 Handling the retrieved subgraph

When the RDF-subgraph has been retrieved from the remote repository a
Variable-binding can be created with the help of the Graph Pattern of the
Annotation Profile. That variable-binding together with the Form Template
creates a Form Model as described in section 2.2. This Form Model is serialised
in JSON and then sent to the client to be nicely displayed in a form. When the
forms is edited, it is directly reflected in the Form Model.

When the user request to save the changes, the updated Form Model is sent to
the server. In more detail, the Form Model is serialised in JSON and sent to the
form-servlet using POST as described in section 0.From the serialised JSON
Form Model it is not possible to reconstruct a full RDF-subgraph. Instead we
retrieve the subgraph for the resource again and create the original Form Model
and merge it with the modified Form Model received from the client. This
merging procedure works because it preserves the integrity of the RDF
subgraph that is lost in the transformation step to the JSON Form Model. From
the merged form model the RDF subgraph will also updated and the procedure
complies with the REST-principles of not keeping any states on the server. The
subgraph has now been updated correctly and can be sent to the remote
repository.

3.5.3 The remote repository

The remote repository that the LUISA Annotation Tool is using is a LOMR that
can be seen in the LUISA Architecture in figure 1. On top of the LOMR a
SPARQL endpoint has been set up to be used by the LUISA Annotation Tool.
The endpoint is a SPARQL server with the name Joseki*’. For communication
with the remote repository (LOMR), SPARQL describe queries are sufficient,
but for updating a subgraph a slight extension had to be implemented. The
Joseki server is accessed using URLs where the query is also specified in the
same manner as the servlets in section 3.4 is called. The servlet used to update

10 http://www.joseki.org/
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the repository is described in the table 6. The servlet used to query the
repository is a bit more complex, but this is documented at www.joseki.orqg.

Table 6: Example from an Annotation Profile in LUl SA

Servlet name: /update

Description: Called when the repository should be updated. A call
to GET or POST will perform the same action.

Parameters: remove, this is a SPARQL DESCRIBE query from
which the subgraph to remove can be calculated.

insert , an RDF-model serialised into RDF/XML. This
is the model to be inserted into the model on the
repository.

Returns: An XML-snippet informing if the update was
successful or not.

When the repository receives the request, the model to remove is calculated by
querying the main model on the repository. The resulting subgraph from that
guery is removed from the repository. The updated RDF subgraph to be read in
from it serialisation and then put into the main model. After this is done the
repository has been properly updated.

3.6 Using the Annotation Tool to display metadata

Apart from editing metadata, the Annotation Tool library can be used also to
create an interface where the metadata is only displayed. This is done in the
same way as when a form is created, as has been described in this deliverable.
But instead of making the values possible to edit the user interface is
implemented to only display the values.

This possibility has been used in LUISA when information on a Learning
Resource is requested by the end-user. For example, when an end-user has
made a search for suitable Learning Objects to fill a certain competency gap
only some parts of the metadata is displayed. In order to see the rest of the
metadata the an interface using parts of the LUISA Annotation Tool has been
used that displays all the metadata for the requested Learning Object.
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4 ENCOUNTERED PROBLEMS

The LUISA Annotation Tool is designed to edit RDF, this means that the
metadata has to be translated into WSML. This is the language the ontologies
are stored in and is used by the rest of the architecture. This translation is not
performed by the LUISA Annotation Tool, but takes place in the rest of the
architecture by using a translator. This translation works well in most cases,
since only instances in the ontologies are annotated. However, some problems
were encountered and are described below.

4.1 Datatypes

Datatypes are used in RDF to represent if values should be integers, strings,
dates and so on. The same approach exist in WSML to represent different kinds
of values. The problem withhere is that the official mapping from WSML to RDF
[ref?] does not define how datatypes should be handled and is a constraint of
the current implementation of WSMO.is that it was not supported by the
translation from RDF to WSML and the other way around it was simply ignored.
The Annotation Tool Library has been designed to make use of information
about datatypes since it can be expressed in the Annotation Profile. From that
information different ways of interacting with the form can be presented by the
user depending on the datatype, for example if the datatype is integer the value
can be edited in the form with a slider which can be slided back and forth in
order to edit the value. Unfortunately, due to that no official mapping exist for
datatypes these additional ways interacting derived from datatypes cannot be
used in the LUISA Annotation Tool.

4.2 Language typed literals

Sometimes natural language is used as values in metadata. To avoid guessing,
it is useful to specify which language used together with the string value. The
same value could even be provided in multipe languages, this is often the case
for example titles and the descriptions of Learning Resources. The approach of
RDF is to allows language tags on literal values for telling the language of the
literal. This is a simple and standardised way to express the language of a
literal. In the Annotation Profile a special configuration in the Form template on
a Text Form Item results in a language chooser on the right of the string input
field.

Unfortunately, there is no built in support in WSML for expressing language tags
on literals (which in WSML is called Strings). The workaround used in the
LUISA ontologies is to not point to a WSML string directly but to point to an
intermediate instance which has two attributes, a string and a language.
Unfortunately this leads to additional complexity in the LUISA ontology and
Annotation Profile as well as a less smoth user interface due to not being able
to use the built in support for language tags in the Annotation Tool GUI.

LUISA « 027149 « D3.3.2 » Version 2, dated 13/03/2008 « Page 29 of 32



=] BmE
1 u\ils a I -““I'I.."' Sy 31

4.3 Additional information for translating to WSML

The instances of the ontologies in WSML have to belong to an ontology and
when the instances in WSML are translated to RDF information is added that
tells to which ontology a certain instance belong. If an instance is created in
RDF, information about which ontology it belongs to needs to be added in order
to translate to WSML. This problem was solved by applying a filter in the update
procedure of the Joseki-server. If the instance already exists in the repository,
the additional information does not need to be added. If it does not exist, the
instance is assumed to be new and this information is added. To which ontology
it belongs to is decided by the type of the instance.
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5 CONCLUSION

This report has described the Annotation Tool from the technical perspective.
For the role of the Code Library Developer an overview of how the Annotation
Tool Library produces a Form Model from an Annotation Profile was given. An
overview of the Form Model was also given as information to User Interface
Developer that develops specific interface of the Annotation Tool. For the User
Interface Integrator the specific integration done for LUISA was presented.

The specific LUISA Annotation Tool will not always run on the same machine as
where the RDF is stored. Therefor a way to update the RDF repository on a
remote basis via a protocol was designed and implemented. When editing this
way an appropriate subgraph is retrieved from the repository by sending a
guery. The tool will then create a form where the user can manipulate the
metadata. When the user saves the changes made to the form two things are
sent to the repository, 1) the updated RDF subgraph and 2) the original query
used to retrieve the subgraph. The query is used to calculate the subgraph to
remove and after that the updated RDF subgraph is inserted. In order to retrieve
the appropriate subgraph the query could be easily derived from the Graph
Pattern of the Annotation Profile.

Many applications nowadays are required to work over the World Wide Web
and should also be easy to integrate (eg mash-ups) into other web application,
all in the spirit of Web2.0. Therefore it was chosen to develop the user interface
of the LUISA Annotation Tool in JavaScript using the principles of REST. That
way the tool can be loaded by using a web-browser, which is a common
environment for most computer users today. The tool can also easily be
integrated into other web-environments such as a Learning Management
System. The LUISA Annotation Tool requires the functionalities of the
Annotation Tool library to be available on the server side as it is not realistic to
duplicate them in JavaScript. The communication to the server is done in a
REST-ful manner and information is sent in the JSON format .

Unfortunately the mapping from RDF to WSML makes it impossible to use the
datatype information in the Annotation Profiles. The way datatypes are used in
both RDF and WSML seems similar and we believe a mapping should be
possible to make. Since WSML is built on an ontology model additional
information needs to be provided when an instance to an ontology is created in
RDF. Otherwise the translation will not work as wanted. When the LUISA
Annotation Tool creates a new instance the additional information is performed
in the update procedure of the remote repository. Another more critical issue
was that the strings in WSML could not be tagged with a language in a simple
way. The workaround used in LUISA leads to both additional complexity and an
unnecessary crude form. We believe that if WSML provided built in support for
language tags, it would be one obstacle less for gaining a wider acceptance on
the WWW.
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