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Abstract

Subject domain: Hypermedia, Content Management

Problem definition: When stored inside an object-oriented Content Management System
(CMYS) like the CoreMedia Research Platform, a set of multimedia documents with
embedded hyperlinks needs to be represented as a collection of structured objects with
associations. The task of the student project is to design a suitable representation
framework for the objects in the CMS, and to implement the import step for converting a
Hypermedia Document Network represented as a web site into objects inside the CMS,
while extracting and preserving structural link information.

Task limitation description: While the information stored inside the CMS has to be
sufficient to query the link structure, and to regenerate a website representation of the
document network (with possibly changed URLS), the export is not part of the
implementation work. Also, the framework should be genera enough to cover a wide
range of hypermedia formats, but the prototype only has to parse HTML.
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1. Introduction

1.1 Motivation

The rapid growth of the Internet, the availability of advanced platforms for application
development and streaming technology have enhanced the devel opment and usage of rich
media content — complex structures that contain different types of pictures, video, sound,
textua information. In addition, new business models are evolving around trading and
delivery of digital assets. Today, media companies are also realizing the necessity of
managing and digitizing their assets in order to reduce costs and generate revenue. These
new ways of doing business require expanding management capabilities for digital
content. They are provided by content management systems (CMS) alowing creation
deployment and administration of rich media contert.

Content management systems provide such key advantages as.
- guick response to changes of e-business processes
- automation of content publication
- separation of content and its presentation layout
Content management systems support the following functions for content creation and
delivery:
- workflow functionality
consistent control of design using templates
- centralized content repositories
version control
content adaptation for different users, browsers, devices
dynamic rendering and publication of content structure

These functionalities make CM S akey tool for content creation and administration within
information systems in order to reduce delivery time and cut down production cost.
Therefore the number and complexity of CMS-based Web portals, E-commerce
applications, media editions etc. is constantly growing.

From another point of view, content management technology isa rather young compared
to the development of content creation and authoring techniques Many companies, such
as Macromedia, Adobe, Microsoft, etc., are developing authoring tools for different kinds
of media widely recognized among professional designers and developers of rich media
content. This recognition is a magjor reason for the large number of hypermedia systems
still produced with these tools. Although, providing a powerful and easy-to-use
development environment, authoring tools do not provide further management functions,
so content created and designed outside a CM S till requires CM S functionality in order
to Stay up-to-date, to allow group work, testing, staging etc.



1.2 Task description

The problem of import of already created hypermedia structures into CMS arises. Storing
a hypermedia document network as one binary object would not be suitable as limited
CMS functionalities could be applied to it, for example version control would only be
available for the complete object, but modification of its structure or staging would be
restricted. Therefore the internal structure of hypermedia content is crucial for the import
process. Thetask of the project is to design a framework for the structured representation
of a hypermedia structure in CMSs like the CoreMedia Research Platform (CRP). The
development of the framework is aresult of research on the following problems:

- which common properties hypermedia of different formats has and how it can be
structured

- how relations between hypermedia documents are modeled

- which requirements CMS imposes on the description of the links and which
functions of CMS can be used after the import of a hypermedia structure
As aresult, the framework should be implemented for converting Hypermedia Document
Network represented as a Web-site into objects inside CRP, while extracting and
preserving structura link information.



2. Hypermedia Structure

“In Hypermedia applications, we can access and link together a rich collection of
multimedia resources’ [Son, J.-B., 1998]. Hypermedia is a style of building systems for
organizing, structuring and accessing information around a network of multimedia nodes
connected together by links [Conklin, 1987]. As the framework being developed for the
import of hypermedia structure has to be generic, i.e. it allows the import of a wide range
of formats of hypermedia, it is important to find out to which extent different structures
support the notion of nodes and links. The Dexter model, which introduced these terms,
was based on hypertext. Therefore, HTML structures can be mapped to the model more
easily, whereas so-called fourth—generation systems create more complicated structures.

2.1 Hypermedia Elements

The section analyses different hypermedia formats in order to investigate their internal
structure and determine how their structural elements can be represented as a set of nodes
and interrelated links.

211HTML Structures

The term Hypermedia is mostly used as a synonym for the term Hypertext, since many
hypertext systems alows including media elements of different formats. For example,
HTML structures were initially modeled only by hypertext documents. The latest
versions of HTML allow combination of textual documents with graphics, sound, and
moving images. This content complexity does not allow the determination of node as just
atextual document in a simple HTML structure, composed only with text documents
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Fig. 2-1 Example of a hypertext structure[Son, J.-B., 1998]

Figure 2-1, which is a modified reproduction of Nielsen [Nielsen,1990], shows a small
structure with six nodes and nine links. Once users start by reading the text marked A, the
hypertext structure gives two options to continue: B or D. Assuming that users decide to



go to B, they can then jump to C or to E, and from E they can go to C or to F. Many more
different paths than in this example can be created.

Figure 2-1 shows so-called external structure of hypertext [Slatin, 1990].
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Fig. 2-2 Example of complexity of the hypermedia systems[Son, J.-B., 1998]

It presents the navigation lines, by which user browses the content from document to
document. The internal structure of a particular document could be more complex, i.e. a
document might contain a media element embedded in text. The document in figure 2-2
describes the word “earthquake”. It consists of textual information (meaning of the
word), sound (pronunciation), graphics (picture of earthquake zone), and moving image
(video clip). The presentation of these elements is embedded on the page and a user can
access them by clicking on the text element “earthquake” in source document and
viewing the target document.

There are different approaches towards complex documents. Philip Seyer [Seyer, 1991]
proposed to consider them as a node which might have complex structure: "A node is
usually a small collection of data organized around a single topic. Nodes can contain
various kinds of data: graphics, audio, video, computer animated images, film clips of



animated scenes, digital sound and other kinds of information.” But from a content
management perspective, this approach seems to be not optimal, as media elements may
require to be modified or retrieved independently from the document they are embedded
in. These operations require the separation of these elements and thus keeping the linking
between them. Therefore, HTML structure should be modified to more complex one (see
Figure 2-3).

Mediaelementl | — A
(ex. sound) »

Mediaelement 2 D B Aﬁ

(ex. picture) “

Fig.2-3HTML document structurein terms of nodes and links

Here documents A, B, D and media elements 1, 2 are seen as independent nodes in a
network, where the relations between nodes (embedded/non-embedded) are defined by
the behavior properties of the links (see section 2.2 “Links’). That allows defining a node
as following: node is multimedia element or a textual document.

Node: = Medi a El enment| Textual Docunent

2.1.2 SMIL structures

The Synchronized Multimedia Integration Language alows simple authoring of
interactive audiovisual presentations. SMIL istypically used for "rich media’/multimedia
presentations which integrate streaming audio and video with images, text or any other
media type. SMIL is an HTML-like language [SMIL 2.0, 2001]. SMIL provides the
following functionalities:

- positioning of media elements on the screen,

- synchronizing the presentation of time-dependent elements,

- displaying media according to user preferences, language, bit-rate.

SMIL is an XML-defined format, and its XML structure is time-based. This means, the
primary semantic impact of composition and order of XML code is onthe timing of the
document. This contrasts to typical XML and HTML documents. A component’s position
in SMIL structure says when it appears, whereas a component’s position in HTML and
typica XML structure says where it appears [Rutledge, van 1999]. It contains links to
media elements which are synchronized or substitute each other by tag <switch>. These
elements and description file can be seen as nodes of hypermedia being imported.



A SMIL file is taken as node and treated as document for storing in a CMS, because it
contains all the necessary timing information for playing the multimedia presentation and
can be the subject of modification inside CMS.

Complex content, such as hypertext structure, can be integrated within a SMIL
presentation in the same way such as images or video fragments and other media by
referring to it using a URL. SMIL can, for example, be used to define the synchronized
display of a number of individual HTML pages by specifying the timing and screen
location of each HTML page. The hierarchical structure of such a SMIL document would
reflect the tempora structure of the overall presentation instead of the text flow of the
various HTML pages.

Taking into account these facts, the node structure for SMIL presentation can be as
following:

SMIL file
|~ ~
Complex structure Mediaelement 1 Mediaelement N
(ex. video) (ex. text)

Fig. 2-4 SMIL document structurein termsof nodes and links

2.1.3. Macromedia Authoring tools Presentation

Macromedia developed a new generation of multimedia authoring tools, Macromedia
Flash and Director. Whereas early authoring tools were the basis for the Dexter model
with its notations of nodes and links (for example HyperCard, PowerPoint), the
multimedia presentations made by means of Flash or Director are much more difficult to
map to this model. These authoring tools use different compression technology and are
applicable to different types of multimedia presentations, but have a similar internal
structure. Macromedia Director is taken as an example.

The concept of Director presentation goes beyond card stacks and pages of its
predecessors. Instead, it uses a timeline which doesn’t require sequential movement. The
unit of timeline is a frame which consists of channels with media elements (sprites). The
content of channels defines what is shown on the stage at a certain moment of time. It can
be changed from frame to frame or stay the same waiting for some event, for example the
execution of a Lingo script. Scripting language can control the appearance of the sprites
on the stage, for example changing one element to another and playback head movement
(jumping to another frame, looping etc). This complex behavior makes it impossible to
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take frames as nodes (in analogy to cards), since the content of stage can be determined
only at run-time.

Another idea is to use Score information (description of timeline playback) in analogy to
a SMIL file, describing which components where and when appear in a presentation, and
media elements as simple nodes. Here the problem is, that Director stores and refers to its
“actors’ (media elements which participate in the presentation) as cast members, which
means that all the elements are stored in Director’s own library. There is no possibility to
disassemble the library in order to import elements separately, especialy if the library is
internal and stored in the same file with the Score information. Video files are exceptions.
They are not imported into the library and are stored as external files.

Director presentation (movie) can reference other movies in different ways. It is done by
Lingo script, but from different places, for example movie script (“on the end of the
movie 1 go to movie 2”), sprite script (“on mouse click go to movie 27), and with
different methods (“go to” and “play”). A movie can also reference or contain other
hypermedia structures like HTML, SMIL documents, Flash movies.

As one can see, it is difficult to map Director hypermedia structure into nodes and links
model of fine granularity as it is possible for HTML documents. It can be done on the
high level of generalization (see Figure 2-5):

Score file 1 External Cast 1

. External Cast N
Score file 2 ]

\ Externdl file

N

Fig. 2-5 Macromedia Director presentation structurein terms of nodes and links

Hypermedia produced in such authoring tools as Flash or Director is probably the most
complicated structure. Many other structures such as for example an Adobe Premiere
project can be mapped to the model similar to the SMIL one.

Analysis of different hypermedia structures leads to a conclusion that all of them

can be considered as a network of nodeswith interrelated links, but the granularity,
or elementswhich can be seen as a node, depends on the type of the structure.
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2.2 Links

The subject of the previous subsection was the node structure of different types of
hypermedia In order to create the complete model of hypermedia the link structure
should be analyzed. This chapter surveys the taxonomy of hyperlinks, their properties and
behavior in order to create a model of the link structure suitable for importing
hypermediainto CMS.

Hypermedia, like all other information systems, contains various types of relationships
between elements of information. Examples of typical relationships include

- similarity in meaning or context (Bush relatesto Hypermedia),

- gmilarity in logical sequence (Chapter 3 follows Chapter 2),

- similarity in temporal sequence (Video 4 starts 5 seconds after Video 3),

- gmilarity in containment (Chapter 4 contains Section 4.2).
Hypermedia reflects these relationships as links connecting the various information
elements, so that these links can be used to navigate within the information space. [Son,
J.-B.,1998]

Within one hypermedia structure remote links connect the current document, or node,
with another one, whereas local links connect pieces of information within a node. For
instance, a journal article structured as a single hypertext node might have a table of
contents at the beginning where each entry is alink to that section of the article.

Different taxonomies of links can be created in order to analyze their utilization. One of
these taxonomies can be based on the type of information relationships. In particular
relationships are divided into:
- those based on the organization of the information space (structural links)
These links reflect information structure, for example in a book they form linear
structure (from chapter to chapter) and hierarchical one (table of content).
- those related to the content of the information space (associative and referential
links)
An associative link is an instantiation of a semantic relationship between
information elements. They are based on the meaning of different information
components. The example could be a cross-referencing within books (“for more
information on X refer to Y”).
A referentia link provides a link between an item of information and an
elaboration or explanation of that information.

Most hypermedia systems do not provide a mechanism for differentiating between these
link types, therefore the more useful link taxonomy is one based on the mechanics of
links. They are
- the number of sources and destinations for links (single-source single-destination,
multiple-source single-destination, etc.),
- thedirectionality of links (unidirectional, bidirectional),
- the anchoring mechanism (generic links, dynamic links, etc.).
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Links with multiple sources and destinations (endpoints) connect a set of related nodes.
The user might choose between different available destinations. When he initiates the
traversal of a link with multiple endpoints, he can be prompted to choose one of the
options by dialog box or pop-up menu.

The direction of a link is defined by the author’s expectation how users follow the link.
Readers of a link directed from A to B, for example, are expected to proceed to B after
having read A. With link directionality, hyperlinks can be either uni- or bidirectional.
Some hypermedia systems, such as the World Wide Web, support unidirectiona links
only. The usua corollary of unidirectional links is that they cannot be traversed
“backwards” from destination to source. This means that it 5 impossible to see which
links point to a particular node. Such information is very useful if one wishes to know
how many times an article is “cited” or if one wishes to move a node and notify all the
links pointing to it of the new destination.

Generic links link any occurrence of an anchor in any source document to a specific
anchor in a destination document. Generic links greatly improve authoring efficiency (a
link only needs to be created once, and would even be added to new documents) and
maintenarce (only one link has to be changed if the destination changed). A trivial
example of generic links is a dictionary lookup facility - every appearance of adictionary
term in any document would be linked to the definition of the term. [OHP, 1996]

Dynamic Links link specific anchor in a source document to a number of dynamically
computed destinations (for example by using atext retrieval search).[OHP, 1996]

An uni-directional one-to-one link can be used as a basis for more complex linking
assuming that:

* A bi-directiona link is equivaent to two uni-directional links that point at each other.

* nary links are equivalent to a collection of uni-directiona links that share a common
source point.

By this assumption a first approximation of definition of link model can be made: a
link can be seen as an ordered pair of two nodes in hypermedia network, where the
order definesthe directionality of thelink.

For the import of hypermediainto a CMS it is not sufficient only to know that two nodes
are connected. Since a document can be modified or rendered for publishing, there are at
minimum two decisions that must be made as a link is constructed between two nodes:
what will be the point, the “explicit object” that activates the link in a source document,
and what will be the point in a destination node.

Therefore the notation of position is vital in order to obtain a proper specification of a

hyperlink. In accordance with the Dexter model, a designated and uniquely addressable
location within a media object is defined as anchor.
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Determining an anchor in media objects requires a suitable measuring system. For
example, counting words in a text can be applied to determine a specific location within
text; a coordinate system helps to determine areas within a picture. For those media that
are arranged both in time and space, for example video, notation of frame, time or even
fuzzy notation, as “shortly before”’, can be applied. The only requirement for a measuring
system is the uniqueness of the locationaddress.

For hypertext structures, alink goes from a certain anchor in a source node, such as word
or button, towards a whole node or an anchor within a node. In other structures, such as
Macromedia Director presentation, the whole node can refer to an anchor in another node
or awhole node. That requires a new term endpoint based on the anchor notation to be
introduced. For the purpose of this project, a endpoint shall be defined as an anchor in a
certain node or the node itself.

Consequently, link modd definition is refined as an ordered pair of two locations.
But this model does not reflect a behavioral aspect of link what will be important when a
hypermedia structure is exported. Therefore link should contain some description €l ement
(arc) for link properties, such as link title, type, behavioral attributes.

The title property is useful to increase users’ understanding of links and to recognize and
indicate the destination page and so reduce disorientation.

The wide range of link types can be classified, for example:

- hypertext links [Grabinger et al., 19924],

- sequential links [Grabinger et al., 1992b],

- relational links [Grabinger et al., 19934,

- support links [Grabinger et al., 1993Db].
Link typing enables the designer of hypertexts to characterize links &cording to a
predefined set of types. These might be rhetorical classifications: ‘comment’,
‘“amplification’, ‘refutation’, and so on [Landow, 1989]. They might also be type of
linked data: movie, sound file, text document, etc.

Behavioral attributes suggest to applications how the referred resource is associated with
the current node. They determine:
- how the content should be displayed when the link is activated,;
- whether the link should be traversed automatically or whether a specific user
request is required.
These attributes are application dependent, however, and applications are free to ignore
the suggestions.
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The final definition of alink is. A link is a structure containing a pair of endpoints,
called source endpoint and target endpoint (local or remote), and a description of
relation between two resources (see Figure 2-6).

Node 1 [title, type, Node 2
behavior]
Endpoint Endpoint

Fig. 2-6 Example of a link between two nodes

2.3. Hypermedia structure model

To summarize the anaysis of hypermedia structure its formal model is created (see
Figure 2-7).

Node 1 0.+ Link
<
-title: String
-behaviour:String
10 -type:String
source target
n.* 1 1
Anchor Endpoint
—=
[

Fig. 2-7 Hypermedia structure model

In hypermedia structure links are stored inside nodes. A node contains an arbitrary
number of links. An anchor is a unique point inside a certain node. The number of
anchors in a node s arbitral. A link consists of two endpoints, source and target, and
contains properties describing link behavior, title, and type. Endpoint is either an anchor
or anodeitself and arc is alink properties description.
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3. Object Structurein CMS

In the previous chapter, a formal model of a hypermedia structure of an arbitral format
was created. This structure is the basis for processing a multimedia document network
during its import into CMS. Now, it is important to investigate the structure of the CMS
into which documents will be imported, in order to clarify the requirements for the
mapping framework.

As described in the task, import should be done in CoreMedia Research Platform. It uses
an object-oriented meta- model to express the content.

Figure 3-1 shows simplified UML class diagram for the CRP meta-model. Available
classes of properties include atomic properties such as string and integer properties,
media properties bound to application specific binary values, and link properties bound to
collections of links to other objects. Each object has a declared type. A type declares
properties, and can inherit further properties from a single parent type [Wienberg A.,
2002].

A declaration of a link property includes the expected type for targets of the contained
links, cardinality and uniqueness constraints, and may indicate that the link collection is
keyed or ordered, turning it into amap or alist, respectively. The available link collection
types therefore correspond to those in most modern programming languages. simple link,
link set, link list, link map.

Important here is that links between the objects are expressed explicitly as references to
objects.

declares

Supertype|
Bt Type [~ Froperty
d T 1 target £|\-‘*
sublype | | |
LinkCollectionProperty MediaProperty StringProperty |
minCard, maxCard: int mimeType: String nullable: boolean |
duplicates: boolean

Fay
| | |

| LinkProperty | |LinIdEietF'r-:):p:Iertg,.r ‘ | LinkMapProperty | | LinkListProperty

Fig.3-1 Simplified UML class diagram for the CRP meta-model
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4. Architectural Analysis

The architectural analysis creates a model which is an abstraction of the Importer Tool to
be designed. The model is based on the use cases and the requirements to its functionality
to create the architecture of the tool. As results of this phase, the specification of
document structure and the specification of component structure are obtained.

4.1 Requirements

In order to create the architecture of the Importing Tool requirements to its structure and
functionality are identified.

4.1.1. Requirementsfor the Import Tool.

This subsection analyzes use cases in order to determine functional requirements to
Importer Tool. Nontfunctional requirements are investigated.

4.1.1.1. Use Cases

In order to find out which requirements CRP imposes on the import process, a number of
use cases will be analyzed.

Import of hypermedia structure can be classified as continuous and incremental import.
Continuous import is the import of the whole structure, starting from some initial node
and finishing when the last rode is imported. Incremental import is the addition of new
nodes to already imported structure; it is a special case of continuous import (see section
5.2 Design of the Specifications of the Components).

Figure 4-1 shows use cases of document processing in CMS. It contains:
- Import of the document structure
- Edit of adocument
- Maodification of alink
- Moving adocument
- Deletion a document
Further, activity diagrams refine these functions.

Figures 4-2 and 4-3 show activity diagram of continuous and incremental imports. Three
main functions can be deduced from them:

- parse adocument structure

- add adocument to CRP

- link documents
The designed framework should refine these functions.
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Fig.4-1 Use cases of document processing inCMS
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Figures 44, 45, 46, 47 show core functions of CRP that might be applied to the
imported hypermedia structure during its lifecycle after its import — editing, moving,
deletionof adocument, modification of alink and publicationof the whole structure.

Fig.4-3 Incremental import

Editing of documents (see Figure 4-4) requires two actors. a CM S and an external editor.
The external editor is a content-dependent application that provides tools for modification
of a specific document. Modification of a document can concern both changing the
content and changing the links. Therefore the newly edited document should be re-
imported to the CM S so that the CMS' link structure can be updated and if there is alink
to a new document it can be added to the CMS. In this case, incremental import is
required.

Moving of a document (see Figure 4-5) implies changing its location inside a CMS and
changing endpoints of the links that refer to this document. In the special case of CRP,
changing link endpoints is not necessary, since a link between documents is a reference
and doesn’t depend on its location.

The deletion of a document (see Figure 4-6) requires validation of the links referring to it.
To define these links, CRP uses a reverse link set (a dynamic link according to 2.2)
containing the links pointing to the current document.

Modification of a link (see Figure 47) implies the change of the link endpoint which
reguires changing document reference inside CMS. If a user modified alink by changing
its property, it may lead to changes in the document template or in some structure that
describes these properties.
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Publication of a document structure (see Figure 47) requires rendering of the link
structure corresponding to the new location. So origina links inside a document
belonging to this structure should be substituted with the new URL according to the
changes that probably occurred (editing, moving). The loss of information during the
substitution of the links should be minimized. Therefore, during the parsing of the
document structure it is necessary to extract not only the information about which
documents are connected, but also information about link properties.

As one can see from the use case, CRP provides the methods for moving and editing
documents, modification links, and publication of the document structure on the basis of
its link structure. So the import tool has to preserve origina link structure according to
CRP's meta- model (see Document Structure Requirements).

User

v

Gequeat for document editing

CMS

Call external editor

lerdr,i and save new links |

i

Fig. 4-4 Editing a document

External
Editor

Process rmdiliv;aiiﬂr!:-')

20



User CMSs

(meide new document location |
| hove document to the new Iucatbr)

/

Change link location

Fig.4-5 Moving a document

User

’

Gequest io delete the document
Check for remaing links to the dnu:umer'g
Delete the document

CMS

Fig.4-6 Delete a document
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Fig.4-8 Publication

4.1.1.2. Non-Functional Requirements

Interruptability. The interruption of the import of the document structure should not
cause failure of the whole process. It should not require the repetition of the whole import
process. Interrupted continuous import leads to the following incremental import. It
should add the part of the structure that was not imported because of the failure to the
aready imported one. In order to meet the requirement of interruptability
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- import of the whole structure should be idempotent by atomic import of separate
documents. This is provided by introduction of incrementa import.
- import of one document should meet the requirement of transactionality

Transactionality. The import of a document should conform the properties of
transactions:

- Atomicity: when a separate document is being imported to CMS, the result should
be either @ the whole imported document is stored in CMS or, in case of failure,
b) it can be imported by the next round of incremental import. Imported
documents keep the full information. Documents only containing partial
information are supposed to be re-imported.

- Consistency: the effects of the import must preserve required system properties. For
example, newly imported document shouldn’t refer to a document that doesn’'t
exist.

- Isolation: it is assumed that there will be no two importing processes running at the
same time, therefore isolation property is not critical for this case.

- Durability: once import is committed, the change must persist, except in the face of
atruly catastrophic failure.

Modularity. In order to provide flexibility, i.e. to adapt import for different hypermedia
formats, modular structure is required.

4.1.2. Requirementsfor the Document Structure.

In previous chapters the formal model of hypermedia structure, being imported, and the
meta-model of CRP were investigated. The document structure should be created
accordingly to the CRP meta-model so that it can reflect the structure of hypermedia
document network, meaning that it has to alow:
- dtoring set of documents (nodes),
- defining anchors inside a document,
- preserving link structure, so that it reflects original relations between the
documents and allows further editing, moving the documents and publishing the
whole structure with changed URLSs.

The decision on the document structure should bridge the difference between the wo
models in link storage. Hypermedia documents define links inside themselves. That
allows determining the starting point of alink inside a document and the link properties.

At the same time, object-oriented CRP expresses links explicitly by the refererces
between objects. The questions to be answered while designing the document structure
are:
- how the start anchor of alink can be determined,
- how the end anchor of alink can be determined,
- how the properties of alink can be stored so that it would be possible to associate
a corresponding sets of properties and links during the further structure
regeneration.
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4.2 Document Structure

Based on the requirements of CRP described earlier, the document structure can be
devel oped.
As it was aready said, CRP organizes its information by resources of different types. A
resource of default document type is takenas a base for storage of an imported document.
Each instance of this resource type defines a node. It is identified by ID number CRP
automatically assigns to each object. This resource should contain the properties to
describe:

- the content of the document

- thelocations of the links inside the document

- thelinks to other documents or anchors in documents

- the properties of the links

The content of the imported document is stored as a media object in media property
(content) bound to application specific binary value.

Links between documents are the references between objects expressed by the link
collection property (links). As each document might be connected with many documents,
link set, link list or link map should be used.

Link collection property defines that the current document refers to another one. But it
contains no information about:

- whether it refers to the whole document or a part. If it refers to the part of a
document, it is impossible to determine the position of the part.

- The kind of the relation between documents. For example, it is possible to
differentiate the link by creating different link collections for every type. But with
the growing number of link properties the structure can become bulky.

XLink structure is used to describe links between documents. It uses XML syntax to
create structures that can describe links of different complexity. It allows expressing links
that reside in a location separate from the linked resources with a description of its
behavior (see section 5.1 Design of Xlink DTD). Xlink structure that describes the links
of the document is stored as a media object in media property (xlink).

The problem of definition of a certain location inside a document is divided into two sub-
problems (see Figure 4-8):

1. Definition of alink source endpoint in case it is an anchor in a source document

2. Definition of alink target endpoint in case it is an anchor in a target document
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ID: coremedia:MyServer/1234 ID: coremedia:MyServer/1235

<a
%” http://www.coremedia.com#anch” >

| <aname="anch”>

(N ©

\ coremedia:MyServer/1235

Fig. 4-8 Representation of nodesrelationship inside CRP

Starting from the second problem: as a link collection cannot identify whether the link
refers to the whole document or to only its part, an anchor description should be done in
XLink structure in following forms:

- coremedia: MyServer/1235#anch, if the target endpoint is an anchor

- coremedia: MyServer/1235, if the target is the whole document,
where MyServer/1235 is the ID of the referred document inside CRP. Since different
hypermedia formats have to be taken into account, it cannot be assumed that anchors are
aways marked as in HTML (e.g., SMIL element can refer to a particular part of video
file by time span or number of the frame). Therefore anch is defined as some unique
identification of an anchor inside a document. The particular expression of anch is
content dependent (frame, time span for time-dependent media, coordinates for graphics
etc.). It is required that it uniquely identifies the location of the link endpoint inside a
document.

This architectural decision raises a further problem to be solved:

- The editing of the target document might require adjustment of locations of
anchors, even though it doesn't know which targeted anchors it contains. For
example, a document could refer to a 10™ frame of a video sequence. After edit of
the video new frames are added or some frames were cut, so that 10" frame
doesn’t contain the same information. Therefore a link to the video should be
deleted as dangling or adjusted corresponding to the new location. It is possible if
al the links that point to this document are known and could be adjusted. CRP
allows determining reverse links and XLink structure provides information about
anchors. This process will not be implemented in the framework and is the subject
of further development.

To define link’ s source endpoint in a source document several solutions were offered:

1. To change its structure by substitution the origina links by the ID of the link
while parsing the document.

In this case, each link is assigned to some unique ID by which link collection is
keyed. A parsing tool should be created to map uniquely the point in a document
marked by ID and the corresponding link during the link structure regeneration or
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the editing of the document can. This solution excludes the necessity to store XLink
structure in CMSS, since all the link properties are described inside the document.
The following objection could be raised:
- Interna structure of the original file is changed at least two times, during import
and during publication; it can be required also for modification of the links.
Thisis not preferable, since often changes of internal structure could corrupt its content.

2. Treat the source endpoints as anchors.
That means, these points can be described as a target anchor with some anchor ID, where
ID can be:
1. Byte position in the document. In this case, editing of each document content will
influence the position of the link
2. Number of the link in file. Assuming that links are not added or removed this
reference is unique and stable.
3. ID definition is content-dependent like in the solution with target anchors. E.g. in
Director format — <frame, sprite>, HTML — name of the link or <paragraph, word>.

This solution is preferable, since it doesn’t change the original document and provides
flexibility of separation of content and link structure.

In this case, XLink structure should describe not only the target endpoint, but also the
source one. Since it will be stored with the document which links it describes, it is
enough to define the starting point as #anch, without document ID. A link in link
collection if keyed by anch of link departure point can be uniquely related to the
description of its property in XLink structure.

Technically, anchor ID for a source document is a string of location description, which is
understandable by interpreter, corresponding to this type of file (number of frame in
video, name of the anchor in HTML etc). For some kinds of document the ID is created
artificially or cannot be created at all, e.g. Director project doesn’'t determine link to
element in externa library explicitly.
That makes us define 3 levels of service that Import Tool can support:
1. Store links that reflects only relations between documents and don’'t identify
endpoints. Thislevel allows performing query over document structure.
2. Links identify endpoints, but they cannot be removed or added. In this case
anchor 1Ds are tightly related with the number of links or their structure. Change of
one anchor ID can lead to changesin all others endpoints.
3. Links identify endpoints, but they can be removed or added. In this case anchor
IDs are not related with the number of links or their structure. Endpoint can be found
by names, query etc.
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The instance of document type can look as follows (see Figure 4-9):

ID: coremedia:MyServer/1234

Content <from anchor 1>

XLink

<link xlink:type="extended">
<from xlink:type="1ocator"
xli nk: href ="#anchor 1" xlink: | abel ="source"/>
<to xlink:type="locator" xlink:Iabel="target"
xli nk: href =" cor emedi a: MySer ver/ R/ 1000#anch"/ >
<go xlink:type="arc" xlink:from"source"
xlink:to="target" xlink:show="repl ace"
x| i nk: act uat e="onRequest"/> </1i nk>

Links
corermedi a: MyServer/ 1235

Fig.4-9 Example of default document type resource. For XLink DTD see section 5.1

The combination of Link set and XLink structure looks redundant, since both provide
information on which documents the current document refers to. Link set is CRP standard
type which alows the CMS to perform functions such as link check, request of
documents that refer to the particular document, etc. It provides the object—oriented
association between documents. XLink structure plays a role of link property descriptor,
defining anchors and the behavior of link. That is necessary for further export. The CMS
has no own function to process XLink structure, hence a model of modification and
export modules should be created; that is a subject for a future work.

In order to support import the process, some “service” properties should be added into the
structure of a document.

- URL. String property that stores the initial URL of the document. It is necessary,
since during the incremental import the importer should find out which
documents of the structure being processed have been already imported. The
easiest way is to compare the URL of the document to the URL of the imported
documents (details see below).

- ImportSet. Index property which is necessary to perform search among imported
documents (details see below).
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The structure of resource of default document type is depicted in Figure 4-10.

Document ID

Content: Media Property

Link Set: Link Collection
Property

XLink: Media Property

URL.: String Property

Import Set: Index

Fig.4-10 Default document structure

To perform a search among imported documents, a resource of ImportSet type should be
created. It contains the references to all imported documents and creates their index by
URL property.

ImportSet 1D

Documents. Reverse
Link Set
<Document.ImportSet>

DocumentsByURL.:
Index <Documents,
URL>

Fig.4-11 ImportSet structure
The general document structure is represented by the following diagram:

I mportSet

URL: String Property
1

Document

Fig.4-12 Butch diagram for general document structure
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4.3 Importer Tool Architecture

Importer Tool (IT) transfers original hypermedia structure placed in World Wide Web or
in file system of a computer into the document structure as described in the previous
chapter. The general algorithm of its work is depicted on Figure 4-13.

(_ Parse hypermedia structure )

C Extract link structure )

Save each node of ariginal
structure as a document with
description ofthe links to referred

documents

Fig. 4-13 General algorithm of Importer Tool

Parsing a hypermedia structure implies analysis of each document in the network in order
to figure out which documents it refers to and how the links can be described. As it was
said before, original content of afile will not be changed, IT should only extract and save
the information about the link structure. Thus it is possible to separate the content stored
as Media property in default document in CRP, and link structure described by Link
Collection and XLink properties.

IT operates on the two levels of the Dexter model. This model defines storage and
within- component layers of hypermedia. The storage layer describes a “database’
composed of node/link network. The within- component layer concerns the internal
structure of the nodes. Similarly, IT is divided into the two components. The Importer
module focuses on the mechanism of mapping the hypermedia structure defined in
chapter 2 to the CRP document structure. It treats the nodes as a generic container of
data. Importer makes no difference between text, graphic or animation nodes. For each
node of the origina document network it fills up the properties of a corresponding
document in CRP.

Extracting the link information from a node is a content-specific operation. It is the

responsibility of the Parser module. It works with the certain hypermedia type and
understands its format. The structure of Parser is not elaborated during the framework
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design, since for each format it is different. The communication with Importer and the
format of information they exchange should be specified in order to provide plug-in
flexibility. Thus Parser can be treated as a “black box”, which processes somehow afile
of certain format and gives the description of its links as an output. This description is
taken as incoming information for Importer. It analyses it and stores in the corresponding
properties of the document in CRP.

Two solutions for Parser — Importer communication are offered:

1. Link description formed by Parser is an XLink structure with links in form of reference
to other documents in the terms of CRP, i.e. pointing to the ID of a document inside CRP.
Importer stores it in XLink property and extracts pairs <source endpoint, target endpoint>
from this structure in order to form Link Set. In order to form this description Parser
should apply to CRP each time it finds a link in source document to allocate an empty
document for the target document. Allocation is done by the third module, Allocator,
which acts as “service” module for both Parser and Importer. By the given ID of the
document it returns URL stored in URL property and, vice versa, by given URL returns
the ID. Importer needs reference information provided by Allocator in case of
incremental import to find out which documents linked with the document being
imported are aready in the system.

The components model of this solution can be depicted as following:

Importer | oo uests for 10, URL | Allocator
Parser
Exchange file Requestsfor ID, URL
structure, link
structure date

Fig. 4-14 Component model for thefirst architectural solution

Advantages:

- From XLink received from Parser, Importer can directly extract the information
about the ID of the document where the current node should be imported and can
directly form Link Set.

Disadvantages:

- Parser requires the information from CRP about document ID. Therefore, it can
not be seen as an independent component and does not have the desired plug-in
flexibility.

2. Link description formed by Parser is an XLink structure with links in form of the
absolute URLS. Importer extracts pairs <source endpoint, target endpoint (URL)> from
this structure. In order to form Link Set, it asks Allocator to resolve the URL into the
document ID. Importer changes the XLink structure received from Parser by substituting
URLs with corresponding IDs and stores this structure in XLink property of the

30



document. Still, Importer needs reference information provided by Allocator for
incrementa import.

The components model of this solution can be depicted as following:

Importer Requestsfor ID Allocator

Parser

Fileto parse,
XLink structure

Fig. 4-15 Component model for the second ar chitectural solution

Advantages:
- Parser is an independent component and does not require internal information of
CRP
- Importer does not need to ask Allocator for resolution of 1D of a document into
corresponding URL
Disadvantages:
- Importer needs to modify XLink structure

Obvioudly, the second solution requires Importer to provide more functionality. Though,
it provides more independency and flexibility to Parser realization. The second solution is
chosen for the further design and implementation.

Thus, the functionality and the format of exchange information of each component can be
defined.

Importer
Functions:
- Initiates both continuous and incremental import. Before the import starts, it has
to define which type of import is required
- Goes through the hypermedia structure treating it as a cyclic graph which nodes
are subject to call Parser
- Saves node content in Content property of the document
- Saves XLink structure in XLink property of the document
- Anayses and modifies XLink structure in order to form Link Set property of the
document
Incoming data:
- Initia file of hypermedia structure to be imported (for example, index.htm in
HTML)
- Base URL to determine file structure in CRP
- XLink structure
- |ID of adocument from Allocator
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Outgoing data:
- Afileto be parsed as an Input Stream

Par ser
Functions:
- Analyses the givenInput Stream in order to find the links
- Defines the start endpoint of the link in the source document as an anchor (if it is
applicable for a given hypermedia format)
- Defines the endpoint of the link in the target document as an anchor or as awhole
document, resolves relative URL s into absolute ones
- Forms XLink structure
Incoming data:
- Afileto be parsed as an Input Stream
- Thebase URL
Outgoing data:
- XLink structure

Allocator
Functions:
- Find ID of the document by given URL
- Allocate an empty document with given URL so that file structure, in which
hypermediais organized, is preserved in CRP
Incoming data:
- Regquedtsfor ID
Outgoing data:
- ID
The sequence diagram depicts the components interaction scenario (Figure 4-16)

Importer Allocator Parser
Importer Allocatar Parser

[
1:[rootfile, file paths] iiStant impoart]

e

| 2:Requestfor parsing the file

[

I

I

I

I

) I

3 Return Xlink I

T

I
|
|
|
|
|
|
4 Request for 1D/ new docurment allocation

T

Fig.4-16 Sequence diagram of the component interaction
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Important notes:

- It is important how Importer, Parser and Allocator treat URL. In order to initiate
import, Importer receives absolute path of the initial file of hypermedia and
transfers it to Parser. The link Parser extracts from a document could be both
relative and absolute. All the relative URLSs should be resolved in Parser into
absolute ones and transferred to Allocator to allocate a document with the
absolute URL stored in the URL property.

- The initid file is not dways aroot file of hypermedia structure (like for example
index.htm in HTML). As long as incremental import occurs, it can be any filein
this structure. Allocator basing on the URL of initial file can not define correctly
file structure to be preserved in CRP. Therefore, the base URL of the original
hypermedia should be given as a parameter to Allocator.

The components of the devel oped specification map the hypermedia structure of arbitrary
format into CRP. Their architecture matches the requirements of modularity and their
functionality matches the requirements of interruptability. In order to meet the
requirements of transactionality the following transactions of importing process are
defined:

- dlocation of the empty document in CRP

- filling up the document properties: content, Link Set, XLink
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5. Design

Design phase formalizes the document specification and the specification of component
structure created in the previous chapter in order to develop a framework of the Importer
Tool.

5.1. Design of XLink DTD

In subsection 4.2 the structure of document was determined. The properties of the links
contained in a document are stored in XLink structure. In order to standardize the usage
of XLink for link description in CMS, Document Type Definition for XLink structure
is fixed.

XLink recommendation defines the following terminology [XLink recommendation - 27
June 2001].

Local resource is an XML element that participates in a link by virtue of having as its
parent, or being itself, alinking element.

Any resource or resource portion that participates in a link by virtue of being addressed
with a URI reference is considered a remote resource, even if it is in the same XML
document as the link, or even inside the same linking element.

Basing on these definitions XLink defines outbound, inbound and third-party arcs.
Outbound — arc which starting resource is local and ending resource is remote.
Inbound — arc which starting resource is remote and ending resource is local.
Third-party — neither starting resource nor ending one is local.

XLink offers two types of links:
Simple links offer syntax for outbound link with exactly two participating resources (the
examples could be A and IMG linksin HTML)

Extended links offer full XLink functiorality, such as inbound and third-party arcs, as
well as links that have arbitrary numbers of participating resources. As a result, their
structure can be fairly complex, including elements for pointing to remote resources,
elements for containing local resources, elements for specifying arc traversal rules, and
elements for specifying human readable resource and arc titles [ XLink 1.0, 2001].

As it was defined in the architectural analysis phase, none of the two link endpoints in
document, which will be described in XLink structure in I'T, belong to it. That means that
IT processes third-party links. Therefore, extended type of links is chosen.

A link is described by source endpoint (from —element), target endpoint (to-element) and
arc, giving the information about how to traverse a pair of resources, including the
direction of traversal and possibly applicationbehavior information (go-element).



From and to elements are of the locator-type, by which XLink indicates remote resources
participating in a link. Locator attribute href supplies the data that allows an XLink
application to find a remote resource (or resource fragment). Href attribute of the from-
element should contain only reference to a location inside the current resource
(particularly, anchor ID), since its base URL is the URL of the current resource. Href-
attribute of the to-element is different for XLink structure formed by Parser and those
stored in XLink property of the imported document. For Parser href-attribute value is an
absolute URL of the node. Importer substitute this value with reference to CRP resource
indicating the location inside it (coremedia:CRP Document | D#anch).

Part of the DTD defined description of from- and to- elements:

<! ELEMENT from EMPTY>
<! ATTLI ST from

xlink:type (locator) #F|I XED "l ocator"
xl i nk: href CDATA #REQUI RED
xl'ink: | abel CDATA #FI XED "source">

<I ELEMENT to EMPTY>
<I ATTLI ST to

xl'ink:type (locator) #FI XED "l ocator”
xlink: href CDATA #REQUI RED
xlink: | abel CDATA #FI XED "target">

Go-dement is of the arc type, by which rules for traversing among extended link’s
participating resources are indicated. Its from- and to- attributes indicate the direction of
the link. Title attribute describes the meaning of a link or aresource in a human readable
fashion. Go-element contains two behavior attributes show and actuate. Show-attribute
describes how target endpoint should be presented on the link traversal. It should contain
the following values:

"new" - an application traversing to the ending resource should load it in a new window,
frame, pane, or other relevant presentation context.

Thisis similar to the effect achieved by the following HTML fragment:

<A HREF="http://www.example.org" target="_blank">...</A>

"replace" - an application traversing to the ending resource should load the resource in
the same window, frame, pane, or other relevant presentation context in which the
starting resource was loaded.

Thisis similar to the effect achieved by the following HTML fragment:

<A HREF="http://www.example.org" target="_self">...</A>

"embed" - an application traversing to the ending resource should load its presentation
in place of the presentation of the starting resource.

Thisis similar to the effect achieved by the following HTML fragment

<IMG SRC="http://www.example.org/smiley.gif">

"other" - the behavior of an application traversing to the ending resource is

unconstrained by XLink specification. The application should look for other markup
present in the link to determine the appropriate behavior.
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"none" - the behavior of an application traversing to the ending resource is
unconstrained by this specification. No other markup is present to help the application
determine the appropriate behavior. [XLink 1.0, 2001]

Actuate - attribute describes the time when traversal from starting endpoint to target
endpoint should occur. It should contain the following values:

"onLoad" - an application should traverse to the ending resource immediately on
loading the starting resource. This is similar to the effect typicaly achieved by the
following HTML fragment, when the user agent is configured to display images:

<IMG SRC="http://www.example.org/smiley.gif" >

"onRequest" - an application should traverse from the starting resource to the ending
resource only on a post-loading event triggered for the purpose of traversal. An example
of such an event might be when a user clicks on the presentation of the starting resource,
or a software module finishes a countdown that precedes a redirect.

"other" - the behavior of an application traversing to the ending resource is
unconstrained by this specification. The application should look for other markup present
in the link to determine the appropriate behavior.

"none" - the behavior of an application traversing to the ending resource is
unconstrained by this specification. No other markup is present to help the application
determine the appropriate behavior. [XLink 1.0, 2001].

DTD of Xlink structure:

<?xm version="1.0"?>

<!l ELEMENT docunent (I|inks)>

<I ATTLI ST docunent

id CDATA #REQUI RED
url CDATA #REQUI RED>
<l ELEMENT Iinks (link*)>

<l ELEMENT link (from to, go)>

<I' ATTLI ST |ink

xm ns: x| i nk CDATA #FI XED
"http://ww. w3. org/ 1999/ xl i nk"
xlink:type (extended) #FI XED "ext ended" >

<! ELEMENT from EMPTY>
<I ATTLI ST from

xlink:type (locator) #FI XED "l ocator"
xlink: href CDATA #REQUI RED
xl'ink: | abel CDATA #F| XED "source">

<l ELEMENT to EMPTY>
<I ATTLI ST to

xl'ink:type (Il ocator) #FI XED "l ocator"”
xlink: href CDATA #REQUI RED
xlink: 1 abel CDATA #F1 XED "target">
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<! ELEMENT go EMPTY>
<! ATTLI ST go

xl'ink:type (arc) #FIXED "arc"
xl'ink:titel CDATA #l MPLI ED
xl'ink:from CDATA #FI XED "source"
xlink:from CDATA #FI XED "target"
xl'ink: show (new

| repl ace

| enbed

| ot her

| none) # | MPLI ED
xl'ink:actuate (onLoad

| onRequest

| ot her

| none) " #| MPLI ED>

Following is an example of XLink structure stored in CRP corresponding to the DTD:

<docunent id="nyServer/ R 1234" url="file:/C:/Test/htm NSIDC. htni>
<l i nks>

<l'ink xm ns:xlink=http://ww.w3.org/1999/xlink

xl'i nk: type="extended" >
<from x| ink:type="1ocator" xlink:href="9971"
xl'ink: | abel ="source" />
<to xlink:type="locator"
xl'ink: href="corenedi a: nyServer/ R/ 1235" xlink:|abel ="target" />
<go xlink:type="arc" xlink:from"source" xlink:to="target"
xl'ink: show="new"' xlink:actuate="onRequest" />

</link>

<link xm ns:xlink="http://ww.w3.org/ 1999/ xl i nk"

xl'i nk: type="extended" >
<from xlink:type="1ocator" xlink:href="10635"
xl'ink: | abel ="source" />
<to xlink:type="locator"
xl'ink: href="corenedi a: nyServer/ R/ 1237" xlink: | abel ="target" />
<go xlink:type="arc" xlink:fronm"source" xlink:to="target"
xl'ink: actuat e="onRequest" />

</link>

</links>
</ docunent >

The attributes which values are fixed by DTD can be omitted. That leads to the simplified
structure:

<docunent id="nyServer/ R 1234" url="file:/C./Test/htm NSIDC. htni>
<li nks>
<li nk>
<from xl i nk: href="9971" />
<to xlink:href="corenedi a: nyServer/ R/ 1235" />
<go xlink:show="new"' xlink:actuate="onRequest" />
</link>
<l'i nk>
<from x| ink: href="10635"/>
<to xlink:href="corenedi a: nyServer/ R/ 1237"/ >
<go xlink:actuate="onRequest" />
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</link>
</1inks>
</ docunent >

5.2. Design of the Specifications of the Components.

This subsection specifies algorithms of components identified in subsection 4.3 and their
interfaces.

5.2.1. Importer

Importer initiates import by recelving an initial file as a first node of hypermedia
structure to be imported. Then, all the nodes should be transferred to Parser to get link
information of the node. Importer treats document network as a cyclic graph and uses
breadth- first algorithm to traverse it as a tree structure. It keeps a set of the nodes which
have to be traversed Que and alist of nodes which have been seen V.

The list with to-be-traversed nodes acts like a queue (FIFO). Que and V are required in
order to avoid visiting a node twice as some of the links can form cycles.

Following is the algorithm of traversing a hypermedia structure:

choose start node x
Set V = {x}
Li st Que = {x}
while $vi Que
choose first node v from Que
i nport v
for each nei ghbor w
if wlVv
add wto the end of Que
add wto V
delete v from Que
end

Where the nei ghbor is a node to which the current node refers, i.e. current node
contains a link to this document. The link information is received from Parser.
The following structure is taken as an example:

Fig.5-1 Example of hypermedia graph
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Step 0. Initialization. Importer receives the initia file and initiates the lists.

V={(}, Que={ 0}

Step 2. Importer imports node 0, adds neighbors of the node O, node 1 and node 2, into V
and Que and deletes 0 from the Que

V=0, 1, 2} Que={1, 2}

Step 3. Importer takes the first node in the Que, node 1, imports it and deletes it from
Que. Node 3 is added to Que and V. Node 2 is ignored because it is already in V.

V=0, 1, 2, 3} Que={ 2, 3}

Step 4. Node 2 isimported and deleted from Que. Its neighbor, node 1, is already in V.
Step 5. Node 3 isimported and deleted from Que. End of the algorithm.

This example illustrates the continuous import. The incremental import is the specia case

of continuous one. It should be possible to reconstruct the list, where nodes, which are

already in CRP, are marked as visited. In this case agorithm will process only those

nodes which were not imported during the continuous import (or previous incremental

one). The following terms are used to reconstruct the lists:

- Imported node: the node is imported if CRP contains document which URL property
value equals the absolute URL of the node ard property Content is not empty.

- Allocated document: the node is allocated if CRP contains document which URL
property value equals the absolute URL of the node and property Content is empty.

- Not imported node: the node is not imported if CRP doesn’t contain document which
URL property value equals the absolute URL of the node.

Reconstructed list of to-be- traversed nodes includes only alocated nodes; list of nodes

that have been seenincludes both imported and allocated nodes.

Following is the general dgorithm of Importer for continuous import (see Figure 5-2).
For incremental import initialization phase contains reconstruction of the list.
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lmporter

Initialisation h

E Create lookup lists )

Q Add entry with the first file URL )

:

[ Lookup table for unparsed files )i

@<

hparsed files existlfalse

[ -

unparsed files existltrug]
( Call parser with file path )

[ Extract URLs and ask Allocator to )

resolve them into IDs

( Chanoe ¥Link structure by )
substitution of URLS with 1IDs
W
[mpaort file into CMS (content, Xlink,
( linkmam )

E Mark file in table as parsed J,

link element is empty[irug]

links element is empty[false]

%{ Take next link fram Xlink )

next link exists [false]

next link exists[irue]
Add node into the queue with file
URL if not seen yet

Fig.5-2 General algorithm of Importer for continuousimport




On the step Get XLink Importer receives the XLink structure from Parser, from which it
extracts URL of the current document and the map of the links containing the entry
<#anch, target URL>. Importer asks Allocator to resolve all the URLs into document
IDs. It imports the current node to the document with known ID. Next step is to place
content of the file into Content property, XLink structure into Xlink property, map of the
links into Links property.

The queue consists of the absolute URL s of a nodes.
Importer interface specification:

Constructor: Importer (String workspace, String configuration, String rootDirectory,
String rootPath, String user, String password)

workspace — identify the working workspace

configuration — identify the configuration

user/password — login to WebDav

rootPath — URL of the initia file in the structure to be imported
rootDirectory — base URL

Methods: void inittmport() — creates resource of default Document and ImportSet types
if continuous import is required, otherwise, for incremental import, reconstructs the table
of import.

Void importFiles() — imports the hypermedia structure into CRP

5.2.2. Parser

Design of the framework does not include details about how the analysis of certain
hypermedia format should be done. This phase concerns only the requirements which
Importer imposes on Parser.

Parser receives from Importer the input stream of the file to be parsed and the default
base URL, extracts information on links it contains and forms XLink structure to be
returned to Importer. For each link, it resolves its URL into absolute one. Fig 5-3 depicts
the generic algorithm of Parser.

Operations of Parser require knowledge of the media format. Implementation of its
interface should be done for each media format to handle it correctly.

Par ser interface specification:
Constructor: HTMLParser (String rootDirectory, String filePath, InputStream in)
rootDirectory — base URL

filePath — URL of the file to be parsed
alocator — instance of Allocator
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Methods: Document getLinks() — parses the file and returns XLink documert with the
description of the extracted links.

Farser

( Getthe file path )

———=
ECQF[false]

( Find next link entry )

(_ Save "frarn” anchor description _)

EQF[triie]

Fesolve relative UREL into absolute
ane

—C Add element to Xlink description _)

[1 Return Xlink descriptian F

!

Fig.5-3 Generic algorithm of Par ser

5.2.3. Allocator

Allocator provides referencing services for Importer, mapping URL, kept in URL
property, with the corresponding ID of documents in CRP. It gives an URL of a
document by its CRP ID for Importer (see Figure 54). In case a document with the
requested URL doesn't exist, Allocator reserves one (see Figure 55). The allocated
document contains corresponding URL in URL property and the reference to ImportSet
properties. Content, Links, XLink properties are empty.

Preserving the file structure of the original hypermediain CRP introduces the problem of
definition of the folder in which an allocated document should be stored. Allocator
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identifies the folder structure by comparing the base URL with the absolute URL of the
file. Files, which parent URL (URL without name of the file) equals the base one, are
stored in the root directory. For others Allocator creates the folder tree accordingly to the
directories, indicated in files URL. For example, base URL is http://www.planen
wohnen.de/. The document, where the file http://www.planen-wohnen.de/index.html will
be imported, is stored in the root directory, while http://www.planen
wohnen.de/main/picg/1.gif is stored under root/main/pics. This defines the scope of
hypermedia structure that will be imported. Only those files will be imported whose
URL contains the base URL. For other links, those which point to resources situated on
other server, the documents will be allocated in the folder Outcome, but never imported.
This is done in order to define the borders of imported structure and to provide
opportunity to manage the links pointing “outside the scope”.

A folder in CRP is a resource that contains the references to other resources. The root
folder identified by WebDAV Configuration.

Allocator interface specification:

Constructor:

Allocator (String workspace, String config, String user, String password)
workspace — current workspace

congig — WebDav configuration

user/password — login to WebDav

M ethods:
String IDByUTrl(String Url) — returns ID by known URL of afile

Allacator

path:String 5

1
Search far a document with propety
"LIRL"=path

document exists(falze]
C Allocate empty docurnent J,

document existstrue]

™y
( Return dn;\;mentlD P

Fig. 5-4 Search of URL algorithm for Allocator
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Determine which folder the
document should be placed in
Q Find the folder )

{:%} folder exists[false]

[; Create the folder _)

/

(_ Create resource in the folder )

folder exists[irue]

=

|

(_ Save LURL in URL property )

|

Create reference to ImpaortSet in
mportSet property

( Return 1D of the resource )

Fig.5-5 Allocation of a new document algorithm



5.2.4. Class Diagram

Figure 5-6 represents the class diagram of I T:

Importer

-rootDir String
-rootFile: String
-table:HashMap
-workSpace:String

Parser

+imporFiles:yaid
+initlmportvoid

1

1 1

-path:String
-hazeURL

+getlinks: Document

Allocator

-wiorkspaceWorkspace

-canfiguration:String
-session:Session

+|DByLIrl:String

Fig.5-6 Importer Tool class diagram

1
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6. Prototypical Implementation

The chapter concerns the implementation of the framework designed during the previous
development phases. It describes the classes and the methods used by the Importer,
Allocator and Parser components.

6.1. Importer

Three classes were used in order to implement the component Importer:
- Importer.
- Initiates import
- Traverses hypermedia content structure
- CdlsParser for each file to parse
- Parses Xlink structure
Calls class ImportTest to import file
- ImportUtll Utility class. Performs the operations with CRP.
- Initializes import by creating types and ImportSet
- Importsfiles onto CRP
- FilePathParser. Utility class. Processes URLS.
- Determine name, extension and parent directory from the URL
- Defines Mime-type of the file
- Defines directories in which file should be stored in CRP

Method specification | Return value | Description

Class Importer

Constructor Importer(String worksp,String configuration,String rootDir,String

rootPath,String user, String password)

public void initimport() For continuous import — initializes
import calling ImportTest, creates new
lists with initia file entry.
For incremental import — restores the
lists.

public void importFiles() Takes nodes in queue, calls Parser for
them, imports files and adds entries
into the table

private String Returns URL of the | Takes first element in the queue

findUnparsedURL () file to be parsed

private String CRPID of the Requests Allocator for ID of the

askAllocator(String document document

URL)

private void Deletes imported node from the queue

markParsed(String URL)

private String Returns CRP ID of Analyses XLink structure in order to

getl DfromXIlink() the document find URL the current node, asks

alocated for the file, | Allocator to resolve it into CRP ID
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to which given
XLink structure
belongsto

private HashM ap[]
getLinkMap()

Returns two lists:
Hashmap[0] — list of
the IDs, keyed by
from endpoints
Hashmap[1] — list of
the URLSs, keyed by
from endpoints.

Analyses XLink structure in order to
form maps of the links.

Map entry format <# from anch, to
anch>

Changes the XLink structure by
substitution of URLs with IDs

private boolean

True—fileisto be

Determines the border of hypermedia

isToParse(String given to Parser content to be imported. In the
filePath) Otherwise - fase prototype in cuts off the files which
belong to another server then one
indicated in base URL
Class ImportUtil
Constructor Initializes the import

ImportTest(String worksp,
String confiQ)

public void init(String
baseURL)

Create types and ImportSet

public boolean islnit()

True— incremental
import
False — continuous
import

Defines which type of import should
be provided by existence of the
ImportSet resource

public void
importFile(URLMedia
Object mo,String
extension, String sVhiD,
Document doc, HashMap

Fills up the properties of the document
with corresponding ID

map)
private void createTypes() Creates resource types Default
throws Document and ImportSet with

MimeTypeParseException

properties (see 4.2. Document
Structure)

private Resource
getRoot()

Resource of folder
type

Defines the root folder in CRP

Class FilePathParser

Constructor
FilePathParser(String
path)

public String Extension of thefile
getExtension()

public String getName() | Loca name of the file
public String Mime-type of the file
getMimeType()
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public String Subtype of mime-
getSubType() type
public boolean isExists() | True—the file exists | Check if the link is dangling
False—thefile
doesn’t exist
public String Parent directory For example, for http://www.planen
getFileDirectory() wohnen.de/index.htm returns
http://www.planen-wohnen.de
public ArrayList List of the directories | For example, for http://www.planen
getDirectiries(String in which the file wohnen.de/ main/pics/gif/index.htm
baseUrl) should be stored with the base URL For example, for
http://www.planen-wohnen.de/ the
list contains{ main, pics, gif }

Initial file URL should be in the following formats:
file:///disc:/folder/folder/.../filename.extension - for local files
http://server/folder/folder/.../ filename.extension— for remote files

Base URL should be in the following formats:
file:///disc:/folder/folder/.../ - for local files
http://server/folder/folder/.../ — for remote files

6.2. Parser

An HTML parser was created as a prototype. It is based on the HTML Parser provided by
javax.swing.text.ntml.parser package. In order to implement the component Parser three
classes were used:
- HTMLParser.
- Takesafileto be anayzed and creates XLink structure with the link
description
- ParserGetter. Utility class.
- Defines parser to traverse HTML structure
- PageSaver.
- AnaysesHTML document

M ethod specification | Return value | Description

Class HTML Parser implements Parser

Constructor HTML Parser(String base, String filepath, javaio.lnputStream in)

public Document getLinks() | XLink structure | Creates XLink structure with the link

description
private void Resolves arelative URL into absolute
linkResolver(String link) one

static Reader Reader on the
getReader(String uri) throws | HTML data
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| OException

Class PageSaver extends javax.swing.text.ntml.parser. HTM L EditorKit.ParserCallback

public void

handleStartTag(HTML.Tag
tag, Mutabl eAttributeSet
atributes, int position)

Overrides: handleStartTagin class
HTMLEditorKit.ParserCallback This
function is called by the parser when
it has recognized a start tag

public void

handleSimpleTag(HTML.Tag
tag, Mutabl eAttributeSet
attributes, int position)

Overrides. handleSimpleTagin class
HTML EditorKit.ParserCallback This
function is called by the parser when

it has recognized a start tag

public HashMap
getLinkTable()

Map of the links
with URLs as
values keyed by
start point of
links in file

Table entry format:

<#anch, URL, show, actuate>

anch — key value. Position of the link
in the file

URL — link URL in the form it
presented in HTML

Show, actuate — behaviora attributes

The table below presents HTML tags which can contain links and should be analyzed:

Tag

Attribute

Type of Tag

Behavioral attributes

A

HREF

wellformed

show: new, if target = blank
show: replace, if target = _ self
show: other, otherwise
actuate: onRequest

AREA

HREF

simple

show: new, if target = _blank
show: replace, if target = _ self
show: other, otherwise
actuate: onRequest

LINK

HREF

simple

show: new, if target = _blank
show: replace, if target = _ self
show: other, otherwise
actuate: onRequest

FRAME

SCR

simple

show: other
actuate: onLoad

INPUT

SCR

simple

show: other
actuate: onLoad

BODY

BACKGROUND

wellformed

show: other
actuate: onLoad

TABLE

BACKGROUND

simple

show: other
actuate: onLoad

TD

BACKGROUND

simple

show: other
actuate: onLoad

TH

BACKGROUND

simple

show: other
actuate: onLoad

FORM

BACKGROUND

wellformed

show: other
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actuate: onLoad
ACTION show: new, if target = blank
show: replace, if target = _ self
show: other, otherwise
actuate: onLoad
IMG SCR, simple show: embed
LOWSCR,USEM actuate: onLoad
AP
META CONTENT simple show: new
actuate: other
6.3. Allocator

Component Allocator contains one class:

- Allocator

- ldentifies correspondence of absolute file URL and its corresponding CRP ID
- Allocates resource of default document type
- Reconstructs table for incremental import

M ethod specification | Return value | Description
Class Allocator
Constructor
Allocator(String
currWorkspace, String config,
String user, String password)
public String IDByUTrl(String | ID Searches for the document with the
Url) value of property URL equals given
one and returns ID of the resource
public String allocate(String | 1D Creates folders in which a document
baseUrl, String filePath) should be allocated, allocate
document and fills up properties URL
and ImportSet
public List[] restoreTable() List[O] - visited Goes through the resources which
list refer to ImportSet in order to re-
List[1] - to-be- construct to-be-traversed and visited
traversed list lists
private String[] String[1] — name | Determines which directories from
findDirectory(ArrayList of the directory | those where the file should be stored
newList) are aready exist. IMPORTANT:
There should be no files and
directories with the same name
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7. Conclusion

7.1. Related work

Media Foundation Beans (MFB) provides support and plug-in mechanism for analyzing
and generation of links between nonembedded media-objects and their children,
transform such links to child media objects into parent/child relationships between media
entity EJBs, and manage these relations in case participants are moved or atered. [EMB
1.0 PD]

MFB disassembles media content into segments in order to describe dependencies
between media files and creates a dependency graph. The EBNF grammar illustrates the
relation between media objects and media segments:

Medi a: = {Medi aSegnent }
Medi aSegnment: = content [chil dLocati on]

Unlike in the developed IT, link information is stored together with the content in media
segments. That imposes restriction on link modification and limits disassembly to non
embedded media-objects.

During regenerating the original media content, MFB assembles segments into one using
the link information inside the content. IT supposes to have two flows of data for
regenerator tool: content and link information.

7.2. Summary and Possible Further Devel opment

The development of the Importer Tool framework was performed in several phases.
During the Analysis phase, the subject domain was investigated. That required the
analysis of different hypermedia formats in order to create a model of their structure. A
formalized approach to hypermedia content was made, assuming that each hypermedia
structure can be considered as a network of nodes with interrelated links, but the
granularity, or elements which can be seen as a node, depends on the type of the
structure. Another assumption was made concerning the definition of link endpoints: for
each hypermedia format it is possible to determine the location specifier (anchor D) of a
departure endpoint. This is not aways the case, for example, for Macromedia Director
presentation. Therefore three levels of “service” for imported documents were suggested.
Depending on to which extent these assumptions are applied to the certain media format,
further CRP services for this structure could be:

- restricted to the query inside CRP

- restricted modification of the documents (no add and remove of the links)

- not restricted

The object structure of CRP, the CM S into which a document structure will be imported,
was investigated. This provided the basis to formulate requirements for the Importer Tool
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which are imposed by the difference between CRP meta-model and the modd of
hypermedia structure.

Architectural analysis allowed formulating document structure and component structure
specifications. In order to separate hypermedia format-dependent and independent
operations, two components were specified:
- Importer: responsible or traversing hypermedia structure and import nodes into
CRP
- Parser: responsible for anaysis of node structure in order to extract linking
information
The third component, Allocator, is a service module for Importer and Parser. This
component structure makes it possible to implement Parser module for different media
and plug-in into the Importer Tool.

During the Design phase these specifications were formalized in order to develop a
framework of the Importer Tool. That included

- development of DTD of XLirk structure

- specification of functions and interfaces of each component

- development of working algorithms of each component

- gpecification of the communication between components

The Importer Tool framework covers only the issue of how to preserve the link structure
while importing hypermedia content into a CMS. Further work should cover the
modification of the link structure inside CRP based on the developed document structure
and the use cases, identified in this work, for example editing, moving, deletion of a
document, modification of links, publishing of the imported document structure. A user
should be able to change the type of a document, modify the content of documents, add
or delete links etc. It will require the development of a link analyzer to check link
consistency, and the development of the re-importer which can interpret the changes in
the document content.

Another subject to research is re-generation, or the export, of the hypermedia content. An

export module should assemble the structure on the new location taking into account the
properties of links.
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