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1. Introduction

The Learning Resource Exchange (LRE) is a pan-European federation of learning
resource repositories [1]. In this federation, the LRE Metadata Application Profile
(LRE-AP) is used as a standard way to describe learning resources. It consists of a
conceptual schema (named information model) [2] from which different bindings can
be derived (e.g., an XML schema, a relational schema). The LRE-AP conceptual
schema is used as an LRE federated schema, whereas its XML binding [3] is used as
an exchange format for learning resource descriptions.

The LRE repositories are heterogeneous. They were designed independently and rely
on very different technologies to manage descriptions of learning resources (e.g.,
relational databases, XML databases, object databases, file indexes, and other ad hoc
solutions). The LRE aims at federating these repositories by providing a uniform
access to their content. Such an access interface to the federation requires a unified
data schema (or federated schema) and a uniform query language.

By ignoring the differences of implementation between LRE repositories, the LRE-
AP conceptual schema is a federated schema of choice. This paper proposes a query
language to complement the LRE-AP conceptual schema as an access interface to the
LRE. It is structured as follows: The LRE Metadata Application Profile is briefly
presented (Section 2). Then, the language itself is described (Section 3). Finally, the
use of the query language in conjunction with the simple query interface (SQI) is
discussed (Section 4).

2. The LRE Metadata Application Profile

Metadata are used to adequately describe learning resources. Thanks to these
descriptions, resources become easier to find and teachers and pupils can more easily
assess their usefulness.

In the LRE context, "adequately" means in a way adapted to the context of primary and
secondary schools in Europe. The problem is three-fold:
* Primary and secondary schools have specificities in terms of organization,
pedagogy, and curriculum.
* Although commonalities exist, these specificities vary from one European
country (or region) to another.
* In Europe, multilingualism is the rule, not the exception.

The LRE Metadata Application Profile [2] proposes a conceptual schema for describing
learning resources in a way that is adapted to the European school sector. It profiles the
IEEE 1484.12.1 Learning Object Metadata Standard (IEEE LOM) [9] as follows:
* It defines mandatory, recommended, and optional elements of the IEEE LOM
standard data model. For example, LOM element “5.9 Educational Typical Age



Range”, which, when relevant, is considered as the best way to refer to the
audience of a resource regardless of the school system under consideration, is
recommended.

* It adds a new element “4.8 Technical Facet” to classify the technical
requirements of a resource.

* It introduces new controlled vocabularies, for example for LOM element “5.2
Learning Resource Type”. Each new vocabulary is designed to take into account
the specificities of primary and secondary education in Europe. In addition, each
vocabulary is translated in different European languages including a neutral form
that can be used as an inter-language during the search and exchange of resource
descriptions.

The LRE Metadata Application Profile conceptual schema is hierarchical. It consists
of a tree structure where only the leaves can contain values. A graphical representation
of this structure is proposed on Figure 1. LRE LOM elements are numbered. The
name of each element is followed by its number between parenthesis. The name of
each mandatory element (i.e., an element whose minimum cardinality is at least 1) is in
bold. The name of each multiple element (i.e., an element whose maximum cardinality
is greater than 1) is prefixed by a “*’. Expressions such as “source=LOMv1.0”
indicates that “LOMv1.0” is the only value permitted for this element “source”.

Guidance on how the different elements and vocabularies of this Metadata Application
Profile should be used in the context of the LRE can be found in [2].
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Figure 1: LRE Metadata Conceptual Schema.

3. The LRE Context Set

The LRE Context Set (LRE-QL) is an attempt to provide an abstract query language
adapted to the LRE. It combines features is built upon two existing abstract query

languages:
The Contextual Query Language (CQL) [4] and
The ProLearn Query Language (PLQL) level 2 [5].



As an abstract query language, LRE-QL allows for combining two types of queries:
* Information retrieval-like queries (i.e., queries that do not explicitly refer to a
schema) and
* Queries that refer to the LRE metadata conceptual schema.

3.1 Information Retrieval-Like Queries

An information retrieval-like query consists of keywords combined by Boolean
operators and parenthesis (see Section 3.4. for a precise grammar of keyword
clauses).

Examples of queries:

1. mathematics
Returns metadata records where the term mathematics is present.
2. mathematics and physics

Returns metadata records that contain both the term mathematics and the term
physics.

3. mathematics and physics and not chemistry

Returns metadata records that contain both the term mathematics and the term physics
but where the term chemistry is absent.

4. mathematics or physics and chemistry
Returns metadata records that contain:
* The terms mathematics, physics and chemistry.
* The terms physics and chemistry.
* The terms mathematics and chemistry.
5. “mathematics and physics” or chemistry
Returns metadata records that contain:
* The terms mathematics and physics and chemistry.
* The term mathematics and physics.
* The term chemistry.

6. (mathematics and physics) and not chemistry

Returns metadata records that contain both the term mathematics and the term physics
but where the term chemistry is absent.

7. (mathematics and not physics) or (chemistry and not biochemistry)

Returns metadata records that contain:



* The terms mathematics but where the term physics is absent regardless the fact
that the terms chemistry and biochemistry are present or absent.

* The terms chemistry but where the term biochemistry is absent regardless the
fact that the terms mathematics and physics are present or absent.

Implementation

Ideally, information retrieval-like queries should be evaluated against full metadata
records (i.e., search for the presence or absence of terms in all the elements of an LRE
LOM metadata record) and at least against the following LRE LOM elements:

e 1.1.1 general.identifier.catalog

* 1.1.2 general.identifier.entry

* 1.2 generaltitle.string

* 1.4  general.description.string

* 1.5 general.keyword.string

e 2.3.2 life cycle.contribute.entry

* 3.1.1 meta-metadata.identifier.catalog
* 3.1.2 meta-metadata.identifier.entry
* 3.2.2 meta-metadata. contribute.entity

3.2. LRE Metadata Conceptual Schema Queries

An LRE Metadata Conceptual Schema query allows for schema clauses that refer to
elements of the LRE metadata conceptual schema. A schema clause consists of a
Boolean combination of constraints on LOM leaf elements (see Section 3.4. for a
precise grammar of schema clauses). Such constraints have the form:

<path to leaf element operator value>

For example:

lom.general.language = “fr”
Constraints can only be applied to leaf elements of the LRE Metadata Conceptual
Schema as described on Figure 1.
The paths to these leaf elements are expressed using the names and structures of the
elements and sub-elements as they appear on the LRE Metadata Conceptual Schema
of Figure 1 where blank characters (“ *“) are removed.
For example, a query for resources for teachers will be:

lom.educational.intendedenduserrole.value = teacher

Boolean operators can be used to combine the last two examples. A query for
resources in French for teachers will be:

lom.educational.intendedenduserrole.value = teacher and lom.general.language = “fr”

And parenthesis can be used to improve readability:



(lom.educational.intendedenduserrole.value = teacher) and (lom.general.language = “fr”)

The supported operators are:

* = (contains)

e I= (does not contain)
s == (exactly equal)

e < (lesser)

¢ <= (lesser or equal)

e > (greater)

¢ >= (greater or equal)

. <> (not exactly equal)
Their semantics depends on the type of the element to which they are applied.

Some of the LRE LOM elements can appear multiple times in a metadata instance. For
example, imagine a metadata description of a resource with two contributors: An author
named Sylvia and an editor named Frans'. The structure of such a metadata record is
partially depicted on Figure 2.

source=LOMv1.0

role
contribute value=author
) entity=>Sylvia
life cycle
LOM instance l source=LOMv1.0
roie
contribute value=editor
entity=Frans
Figure 2: Partial graphical representation of a metadata record with two
contributors

Now, suppose that we are searching for resources authored by Frans. A query such as
lom.lifecycle.contribute.role.value = author and lom.lifecycle.contribute.entity = Frans

does not help. It does not capture the constraint that sub-elements “role.source” and

“entity ” must belong to the same element “contribute”. As a consequence, this query

returns the LOM instance of Figure 2 as a valid result despite the fact that the resource

was authored by Sylvia and not by Frans.

Such a constraint can be expressed using parenthesis as follows:

lom.lifecycle.contribute.(role.value = “author” and entity = “Frans”)
Although convenient, this notation can quickly lead to very complex queries and is

therefore only partly supported by LRE-QL that limits its use to leaf elements that are
direct sub-elements of a multi-valued element. For example,

lom.general.identifier. (catalog = “isbn” and entry = “0-321-16608-6")

! Note that, according to the LOM standard, the value of LOM element 2.3.1 life cycle.contribute.entity
should be of type VCARD. In this example, we represent it as a String for simplicity reason.



is supported (‘catalog’ and ‘entry’ are direct leaf sub-elements of ‘identifier’) whereas
the previous query:

lom.lifecycle.contribute.(role.value = “author” and entity = “Frans”)
is not supported (‘value’ is not a direct sub-element of ‘contribute’).

An ‘Ire’ context set is introduced to compensate this limitation and simplify queries. It
provides indexes as a synthetic notation to express the most common queries needed by
the LRE users as identified by the participants to the CALIBRATE [6] and MELT [7]
projects.

The ‘Ire’ context set is presented on Table 1. The first column lists the context set
indexes. The second column defines the semantics of the indexes using the parenthesis
notation (Note that these statements are only there to properly defines the semantics of
the Ire indexes and are generally not valid LRE-QL queries). The third column provides
examples of use of the ‘Ire” indexes.



Table1l: LRE-QL dreCContext Set

Indexes Semantics Example

structure lom.general.structure.(source="LLOMv1.0” and value <operator> <value> ) Ire.structure = “atomic”

status lom.lifecycle.status.(source="LOMv1.0” and value <operator> <value> ) Ire.status <> “draft”

typicalAgeRange lom.educational.typical_age_range.(string = <value> and language = x-t-Ire) Ire.typicalAgeRange = 12-13

cc lom.rights.description.(string = <value> and language = “x-t-cc”) Ire.cc = “by-sa”

author lom.lifecycle.contribute.(role.(source=sLOMv1.0 and value=author) and Ire.author=""Frans™
entity=<value>)

learningResourceType | lom.educational.learningresourcetype.value=<value> Ire.learningResourceType =

“assessment”

creationDate lom.lifecycle.contribute.(role.(source=LOMvV1.0 and value=author) and Ire.creationDate <= 2007-04-04
date=<value>)

Competency lom.classification.(purpose.(source=LOMvV1.0 and value=competency) and Ire.competency =
taxonpath.(source.(string="LRE Competency” and language=en) and taxon.id = [act_3,top_35,top_7]
<valuel> and taxon.id = <value2> and taxon.id = <value3>)))

Discipline lom.classification.(purpose.(source = LOMv1.0 and value = discipline) and Ire.discipline = 195
taxonpath.(source.(string="LRE Thesaurus” and language=en) and taxon.id =
<value>)))

metadataProvider lom.meta-metadata.contribute(role.(source=LREv3.0 and value=provider) and Ire.metadataProvider = Sylvia
entity=<value>)

id lom.general.identifier.(catalog=<valuel> and entry=<value2>) Ire.id = isbn1-56592-042-2

metadatald lom.meta-metadata.identifier.(catalog=<value1> and entry=<value2>) Ire.metadatald = Irefiredb151976




3.3. Mixed Queries

In LRE-QL, keyword clauses and schema clauses can be arbitrarily combined using the
Boolean operators ‘and’, ‘or’, and ‘and not’ and parenthesis.

For example, the query:

lom.general.language="en” and “learning object”

permits to search for resources in English whose metadata contains the term “learning
object”.

34. LRE-QL BNF Grammar

: LREQuery ::= clause

: clause ::= operand | pathexpr | @xlause @3 clause boolean clause
: operand ::=terml | term2 | integer | real

: term1 ::= charStringl

: term2 ::= charString2

O G A WN =

: charString1 ::= Any sequence of characters that does not include
any of the following:

* whitespace

* tab

* ( (open parenthesis )

*) (close parenthesis)

* —

&
*>
* (double quote)
*/
*\
* .
If the final sequence is a reserved word (case insensitive), its token is returned instead.

7 charString2 ::= Double quotes enclosing a sequence of any characters except
double quote (unless preceded by backslash (\)). Backslash escapes the character
following it. The resultant value includes all backslash characters except those
releasing a double quote (this allows other systems to interpret the backslash
character). The surrounding double quotes are not included.

8: integer ::= [0-9]+

9: real ::= [0-9]*\.[0-9]+

10: pathexpr ::= standardpath operator operand | standardpath GJpathExp
11: standardpath ::= standard '.' term1 | standardpath Gderm1

12: standard ::="'Ire’ | 'lom' | term1
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13: operator ::='='| =G >' | >='| '<'| '<="|'=="| @>0
14: pathExp ::= (' selector boolean selector ')’
15: selector ::= term1 operator operand | selector boolean selector | ‘(" selector ')’

16: boolean ::='and' | 'or' | @nd notO

Note for implementers:
* LRE-QL implementations should be based on the closed world assumption
(i.e., the presumption that what is not currently known to be true is false).
* A lex and yacc implementation of the LRE-QL grammar can be found on
http://fire.eun.org.

4. Using LRE-QL with SQl

The simple query interface (SQI) [8] is a standard API used by LRE repositories that
participate to federated searches. SQI can be used to send queries in different query
languages and get results in different result formats. This section describes how to
identify LRE-QL queries and their associated result formats using SQI.

4.1. LRE-QL Identifier
LRE-QL queries must be identified using the following URI:

http://www.prolearn-project.org/PLQL/I12

4.2. Query Results Identifiers and Formats

Similarly to what happens with PLQL [5], the result of an LRE-QL query can be
returned in different formats. It can either be limited to the number of selected items
(cardinality of the results) or provide specific meta-information about each item (LRE
LOM).

Using the method setResultFormat of SQI, one can use a URI to inform a repository of
the expected result.

4.2.1 Cardinality Results

A cardinality result can be obtained by requesting the following result format:

http://www.prolearn-project.org/PLRF/0/lom

A query result in this format is an integer.

4.2.2. LRE LOM Results

LRE LOM results can be obtained by requesting the following result format:

http:/fire.eun.org/xsd/strictLreResults-1.0

With this format, repositories return the metadata records themselves. If the result is
ranked, the best results must appear first. Results sets are encoded using the following
binding (http:/fire.eun.org/xsd/strictLreResults-1.0.xsd):
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<?xml version="1.0" encoding="UTF-8"?>
<xs:schema "http://fire.eun.org/xsd/strictLreResults-1.0"
"http://fire.eun.org/xsd/strictLreResults-1.0"
"http://www.w3.0rg/2001/XMLSchema"

"http://Itsc.ieee.org/xsd/LOM" "unqualified"
"qualified" "1.0">
<xs:import "http://tsc.ieee.org/xsd/LOM"
"http://fire.eun.org/xsd/Ire/Ire.xsd"/>
<xs:element "strictLreResults">

<xs:complexType>
<xs:sequence>

<xs:element "lom:lom" "1 "unbounded"/>
</xs:sequence>
<xs:attribute "ranked" "xs:boolean" "optional"/>

</xs:complexType>
</xs:element>
</xs:schema>
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