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1. Introduction
The invention of World Wide Web provided a medium where people could easily share, search, and utilize information, and this intuitiveness of the web resulted in its exponential growth. The assumption of human presence lies at the heart of the current web design. The information that we browse on the web is usually unstructured in nature and thus useful for humans only. Besides static web pages, most of the information comes from the deep web behind databases which essentially consist of structured data. Moreover, the growth of the web and its entry in every walk of our lives necessitates the need for a machine-readable web. However, the only way to reach an information item is through web search engines, which are keyword based and do not cover the semantics of information. Semantic Web vision [1] aims to cover these limitations of the current web by making the semantics of information explicit and thus machine-processable. RDF, Topic Maps, and Ontologies are the Semantic Web technologies used for this purpose. We are still miles away from achieving the semantic web vision, but the technologies are being successfully applied in other areas to fill the semantic gap in the information space of these domains. These, among other areas, include Medicine, Genomics, Environmental Sciences, Information Sciences, and Personal Information Management.

Personal information originate from a variety of sources and exhibit a variety of formats. A person has to utilize several PIM tools for handling and manipulating personal life items. Each tool attempts to efficiently manage these items to provide support in personal and professional decisions. But these tools neither integrate well among themselves nor work on related data from other tools. A user has to find related items from several applications and manually integrate in order to carry out day-to-day decisions. Moreover, these tools usually do not aim to manage personal information over a life time.

This paper stresses the need for a life-long Personal Information Management system and advocates the suitability of Semantic Web technologies for this purpose. Section 2 overviews the diversity of personal information, and the different approaches to information organization on the web and the desktop. Section 3 is about searching on the desktop and the so-called Desktop Search Tools. Section 4 identifies the limitations of the current approaches to PIM and the suitability of Semantic Web technologies for solving the problems. Section 5 is about contemporary Semantic Web enhanced desktop tools, focusing on SemanticLife [3] which is a Semantic Desktop tool from our research group. Section 6 finally concludes this paper.
2. Organizing Personal Information on the Desktop

2.1. Personal Life Items
The need for effectively managing personal information is from the pre-historic ages and continues till today. We consume diverse information in our daily lives and we need its better management in order to carry out our day-to-day decisions. The integration of digital technology in our daily lives has overwhelmed us with a huge information influx which has increased this need by many folds. The scope of PIM covers information from both our personal and professional lives, which include emails and IM conversations, telephone calls, paper communication, calendar events, contacts management, PDF and office documents, music and multimedia, web data management, etc. These information items reflect different aspects of our lives which are related and interdependent. But the information items that we manage are fragmented and segregated. They are stored at different locations, they have different representation formats, they have different tools and devices for their management, and they are organized in different ways by different tools and by different people. We organize our personal information in different ways; we use OS filesystem directories directly or through special applications for their storage and management. These applications use one or more methods in order to organize our personal information and make it further segregated and fragmented.
2.2. Hierarchical Information Organization
The early PC and Mac were based on flat filesystem as they had very limited storage and could store only a few files. However, when the capacities of systems grew and more and more files were stored, it presented the problem of filename overlap. Hierarchical filesystem was a solution to this problem which segregated files and programs from each others. Moreover, it provided the crucial metaphor of filing cabinet with infinitely nested folders which helped users quickly find their files [10]. But this approach is useful only for a limited number of documents managed over a short period time.

Folder hierarchies were used in the early days for organizing email messages; today's software-based and web-based email clients are still based on the same concept. But the strict classification of hierarchical folders is not suitable for emails because most messages could live in more than one category and also user's priorities may shift several times a year rendering emails folder hierarchy obsolete. A search-based email application from Google, Gmail brought a new metaphor of Archive & Search. To give the familiar folder like view to emails, Gmail introduced the option of "Labels". Labels or Smart Folders are tags that a user can attach to his emails in any number. They give the flexibility to organize messages in different ways. But despite the simplicity and flexibility of labels, traditional folder-based organization is still used by most email users. More on labels follows in a following subsection.

Soon after the advent of WWW, web directories emerged as a usable and accurate way to reach the extents of the web. Web directories basically evolved from web link favorites organized by people into categories and sub-categories, i.e., hierarchy. They were developed in both commercial and public domain and were provided by most of the web search companies on their portals. Although Google also provided ODP DMoz directory on its portal, but its revolutionary web search changed the whole landscape. Web directories were manually edited and the links classified by a large number of employees/volunteers. Human classification/recommendation though more precise, became impractical and less effective with the exponential growth of the web. Moreover, classifying the huge and diverse information space of the web into a rigid hierarchy was not a realistic objective. Google's PageRank [14] algorithm provided a better alternative to manual human recommendations by ranking a page high if a higher number of pages were pointing to it, making every publisher a part of the recommendation process. With this, the use of web directories virtually came to an end [10].

Hierarchical approach has several inherent limitations which caused its failure on the web and makes it a bad choice for emails and on the desktop. In real life an item does not usually classify under a single category but has to be placed at only one location in a hierarchy. A hierarchy provides only one way to browse its data. It is hard to reorganize a hierarchy especially a larger or messier one. Reorganizing a hierarchy loses the original context and semantics. Handling user's priorities and favorites is not supported well in a hierarchy. Hierarchies become messy, unusable, and un-maintainable over a long period of time and/or when there is high information influx.
2.3. Facets
Facets are attributes of an item without any parent-child relationship and are independent of each other. In a facetted system, an item can be classified into more than one category by assigning values to its different facets. For example, the same picture can be classified as Camera:SonyP-73, Location:Schonbrunn, and Depiction:Me & George. This makes searching for information simple and flexible. The user does not need to remember the location of an item but just to know about a few characteristics and the system can bring it to the user. In hierarchical organization, the semantics are stored in the tree structure whereas in facetted organization the metadata is attached only to the information item. This allows different organizations of the same data without the loss of metadata and semantics.

The major benefit of a facetted classification system is that each facet can be considered as a dimension of the data. But this is also a major drawback of such systems as users may not be able to construct the right structure for the right task. Moreover, all facets lie at the same level and do not clearly indicate the importance of one facet over the other or more generally the relation of one facet to another. It is hard and tedious to design well facets and for life-long diverse information it is even impossible. Facets multiply very rapidly and disintegrate into tagsonomies over a long time.
2.4. Tags and Labels
These are one-word descriptions which help organize and remember information. It is an easier and flexible approach to information organization and allows a user to assign as many tags of his choice as he likes. It reduces the cognitive overload of a person while categorizing an information item. Tags are independent of each other and do not form hierarchy but allow us to view the information items in folder-like hierarchy, and has the potential to become a multidimensional hierarchy [11]. Tags and labels both describe the same concept but a label usually refers to a private descriptor and tags imply sharing where other people are also involved in the labeling process. Labels are also called Smart Folders.

Despite the simplicity and flexibility of labels, they have some serious shortcomings for the purpose of organizing a large information corpus. Labels are independent of each other and are unable to represent complex relationships. Searching within a category and its subcategory are not supported well. Tagging systems lack thesaural relations, e.g., plurals, spelling variations, acronyms, synonyms, narrow/broader terms, and unrelated items.
2.5. Ontologies to the Rescue
We know that web directories have lost to web search engines, the hierarchical organization used by software-based and web-based email is threatened by label and search-based approaches to email, and the new information architecture strategies on web 2.0 are gaining more acceptance. But despite all this, hierarchies are still intuitive in their use and are going to stay on the desktop for at least some time. Although, major operating system vendors have promised to add new features to their upcoming filesystems, it seems that currently there is no alternative to the folder-hierarchies at the basic storage level. For a life-long PIM system to succeed, it should not stand against hierarchies but should allow the user to organize his information the way he likes, purely in folder hierarchies or with combination of other methods. The system could then unobtrusively capture the user's information items and tasks with the available metadata. The data at this stage is heterogeneous and segregated and should be put into context. Ontology solves the problem by not only clarifying user's and applications' ontological assumptions but also in providing a common framework across applications for analysing what entities their data describes [15]. Ontologies are now successfully applied to overcome the limitations of the above mentioned approaches. [12] defines tag ontology and a tagging system to enable the exchange of tag data and to compositionally interact with other systems. [13] attempts to clarify the distinct roles for ontologies and folksonomies, and defines an ontology of folksonomy.
3. Searching Personal Information on the Desktop

3.1. Searching at the OS and Application Level
All contemporary operating systems provide a search interface, e.g., Windows search and MacOS Finder. A user can search inside the text of common document types and searching in the metadata of files/documents is also supported but very limited. This search feature is not very fast and only common documents types are supported. The search is per computer as against per user and the search results reflect only the current state of the system without regard for moved/deleted documents. Desktop search tools, described in the following subsection, have outweighed the built-in search and most of their features are being provided at the OS level in the new versions of the popular operating systems.

Most of the applications for managing personal information have a built-in search feature, e.g., searching emails in MS Outlook. Using this search interface, a user can formulate advanced queries and can more accurately find the relevant information. But the scope of this search is usually limited to the domain of the application and documents from other applications are not taken into account.
3.2. Desktop Search Tools
In the last few years, several Desktop Search tools have emerged both in commercial and in public domain. In fact, desktop search has been around for quite some time but the technology got boost and became more common when companies like Google and Yahoo entered the race. These tools create index of diverse documents stored on specified drives of a computer and allows users to quickly and easily find the most relevant ones. These tools may be considered as scaled down versions of internet search engines for the desktop. These are increasingly used in the enterprise to increase employees' productivity by efficiently searching across all enterprise computers. Some are desktop tools while others are browser-based with toolbar and deskbar options.

Compared with the traditional operating system level search, these tools have the following advantages:
· These tools create a permanent index and cache of documents' text and metadata. This index can be transported among several computers that are in use by a person e.g., a laptop, office PC and home PC. The index thus reflects not just the documents on a computer but the documents belonging to a person.

· Its deployment in enterprise with a shared index reflects the whole enterprise and provides a common store and search point.

· Instead of using separate applications for searching documents of their own type it provides one-point access to all documents.

· Browsing the index in time dimension reveals different states of the system at different times. Changes over time in the file system can be easily observed.

· Different versions of the same document are available in the cache. This not only provides backup support but also an insight into a person's activities in a specific domain over a specific duration of time.

· They can index a wide variety of document types and support for new and emerging file types is provided by plug-ins. Currently, most of the tools can index/search documents in several hundred formats, which means almost all of the common documents types are indexable.

· These tools usually provide public API which can be used to search the index and utilize the results in other application. We are using Google Desktop Search tool in SemanticLife [3].

· Most of the tools seamlessly integrate desktop search with web search results. These tools make their search features available in other applications like web browsers and email clients.

· These tools provide thumbnails and previews from the document for easier identification. Different documents can be opened/previewed in these tools without their corresponding applications.

· They provide automatic and unnoticed real-time indexing of new and updated documents. Users are in control of the indexing process. They can specify what and when to index.
Despite the so many advantages, these tools have several serious limitations when considered for managing life-long personal information. Each document is treated as an independent item and no link among the related items is established. These tools allow to search quickly inside emails and their attachments but tell nothing about their context. Searching on the desktop is still slower than searching on the web. Algorithms like PageRank [14] exhibit democracy on the web but no such ranking procedure is utilized on the desktop. Covering the time dimension of personal information items is useful but these tools allow very limited navigation in time. They are based on text index and support for metadata is very limited. Usually, there is no support for labels, tags, and free form annotations. A deleted document is included in the search results and is misleading. Removing the entry of a deleted document from the index takes effort and also the information about the act of deletion and the document copy are lost and one cannot get answers to questions like "when and why an item was deleted?" There is no granular approach to controlling the indexing and searching process. Moreover, these tools lack privacy and security features and are still in the process of evolution.
4. Towards a Semantic Web Enhanced Desktop Environment

4.1. Limitations of Current PIM Tools
The different methods and tools that we use for managing our information items do not fulfill the requirements of life-long information management. Some of the limitations are listed below:
· Independent applications and incompatible data representation formats.

· Application is considered primary and data is given secondary value.

· The problem of dealing with new and emerging data sources, document types and formats, and applications.

· Usually there is no or very limited support for adding annotations to items.

· No or limited metadata support; the need for going beyond simple metadata.

· Manually giving unique names to enormous and diverse life items; name cannot be used as unique identifier for documents over a long time.

· Heterogeneous information have no fixed schema.

· The problem of defining complex relationships among life items.

· User's documents are the main focus of these tools and there is no or less regard for user's activities.

· Full text document search and simple metadata search is very limited in scope and miss the context in which the information item was generated.

· Searching and ranking on the desktop is not even comparable to the current web.
4.2. Semantic Desktop - Semantic Web of Personal Information

4.2.1. No to 'One Size Fits All' Approach
Haystack [5] is one of the most impressive semantic web applications. Based on semantic web technologies, it is a universal client for managing personal information. It has a great design and allows a user to manage most of his personal information from a single place. Although an excellent research product, Haystack was never adopted by users as a preferred PIM tool. This may be partly due to performance reasons but also it ties a user to itself by taking away his liberty to select a client of his choice. Different people have different priorities and based on this they prefer one tool over another. Moreover, different users have different personal information spaces with different data sources. Users should, therefore, be allowed to use the clients of their choice and their data and activities be captured by data extraction and monitoring plugins/modules. This creates a personal information repository without obstructing a user's normal life activities.
4.2.2. Every Action Counts
In our personal and professional lives we do some activities that result in our documents. We argue that information about our actions are as important as the resulting data items. Furthermore, we also need to store the intermediate copies of an item before it reaches the final shape. This would provide a richer context and would reflect more on a personal activity. This metadata opens avenues for sharing contexts across applications and for better ranking search results. This is also referred to as Activity-based Metadata [16].
4.2.3. Add-Only Permanent Store
Recently, we have seen exponential growth in storage capacities and a drastic drop in their prices. This has allowed us to follow the "store everything" policy. Furthermore, when we delete an item from our desktop it is completely purged from our system and even if we capture the act of deletion, we still don't have a copy of the deleted item. Therefore, we strongly feel the need for a permanent store of all our life items and actions. This store should, of course, be separate from our normal desktop workspace. Deletion operation on the store should not be supported and removing an item from the normal workspace should not affect its copy in the permanent store. Obviously, this act of deletion should be captured, properly linked to other items, and stored.
4.2.4. Global Scope and Web Presence
Folder directories solved the duplicate filename problem but for managing personal information over a life-time, the approach of manually naming an item and putting in a hierarchy is not suitable. Instead each life item should be consistently named by the system and stored in the permanent store along with the user given name and other attributes. On semantic web, everything has a universal name. URI's are used for naming classes, relations, and individuals. They have a standard generic syntax and partial semantics. They have global scope and are interpreted consistently regardless of the context. We argue that each life object and event should be given a URI automatically by the system. URI's can be de-referenced and should produce some useful information about the item it is being used to identify. By using URI, personal items can be easily linked with each other and with resources on the current web and the future semantic web.
4.2.5. Application-Independent Data
Historically, programs are given the primary status and most of our personal data revolve around their corresponding applications. This creates islands of personal information; separate information chunks with incompatible formats. The data then cannot be easily integrated and unified for the purpose of decision making. XML is an open standard and allows to represent information in application independent format. XML provides an open document format and support for XML import/export is now provided in more and more applications. XML allows users to add arbitrary structure to their documents but says nothing about what the structures mean. Meaning is expressed by RDF [2], which can be serialized in several XML representations.
4.2.6. Self Describing Objects
True application-independence is achieved if every life item is stored as a first-class object. The context information of an item are its metadata which can be represented in RDF [2]. RDF encodes these descriptions in the form of triples, each consisting of a subject, predicate, and object. RDF is a very flexible model and allows to express anything about any resource. Web Ontology Language adds richer semantics to RDF.
4.2.7. Open World Assumption
The systems built using data modeling approach are based on Closed World Assumption (CWA) where all information are complete and known in advance. The entity model classes and their derived tables represent templates for only valid data to enter the system. They are good for constraining and validating data and are heavily used in organizations and business environments. Life-long personal information, on the other hand, can be better modeled under the open world assumption. Personal information are diverse with no fixed schema. We never know that the current available information about an item are complete. RDF and other Semantic Web technologies are based on Open World Assumption (OWA). In OWA, anything considered true can be entered into the systems, without passing it through strong validation and filtering checks. This allows assertions of any type to be added at a later stage. These assertions are accommodated unless they violate any logical axioms. In OWA, inferred knowledge is more easily and more frequently generated, giving an insight into the hidden structures of our information spaces. E.g., if we have a fact    
4.2.8. Information Context: Going Beyond Fulltext Search
Every personal life item originates in a certain context. Fulltext index contains the text of documents but no context is covered. PIM tools that we use capture some aspects of that context and the other aspects are either left out or captured by another tool along with another related item. If a PIM ontology is in place then these separate items can be put into a richer context. Despite the fulltext index, this context can be utilized in searching and ranking by applying PageRank like algorithms [9].
4.2.9. Information Integration and Sharing
Personal information consists of diverse and heterogeneous data sets that originate from different data sources through different applications, thus resulting in islands of information. To exploit this information in a better way and to provide better support to the user, these islands of information need to be integrated and shared among applications and agents. This is achieved by the adoption of ontologies. Ontologies provide a unifying framework for the different information items by providing a shared understanding in a subject domain. The success of ontologies for information integration and sharing has been proved in several areas like medicine, genomics, information sciences, environmental sciences, and government.
4.2.10. Reasoning and Inference
Ontologies provide a formal representation of life items i.e., personal knowledge. Based on this formal representation, reasoning and inference tools can be used to provide value-added services for finding information and also for administering the knowledge base. They provide automatic enrichment of the knowledge base with new knowledge deducted from existing information. Rules and Inference help in answering complex knowledge base queries and may provide suggestions to users according to their search context.
4.2.11. Semantic Desktop on the Future Web
The original Scientific American article on the semantic web [1] included scenarios in which intelligent agents were performing on behalf of their human and corporate owners. By looking into the scenarios it becomes obvious that the vision was not only limited to web data but also covered local data on the desktop. An agent can perform intelligently on behalf of its user only if the user's personal information are available in machine processable form. For the agents to work effectively, all personal information should be available with explicit semantics for flexible integration and sharing. The use of semantic web technologies for PIM creates a semantic web of personal information on the desktop. Despite local support, the personal semantic web can be utilized by intelligent agents to work on user's behalf on the current web as well as the future web and thus help in speeding up the transition to the semantic web. Efforts are already underway for collaborative semantic desktop [8]. The need for a semantic web killer application is regularly expressed by the community and Semantic Desktop can prove this successfully.
5. Semantic Web Based Desktop Systems

5.1. The SemanticLife Framework
The SemanticLife [3] framework which is based on a highly modular architecture provides the basic features required by a Semantic Desktop application, as explained in previous sections. SemanticLife is designed to store, manage and retrieve the lifetime's information entities of individuals. It enables the acquisition and storage of data while giving annotations to email messages, browsed web pages, phone calls, images, contacts, life events and other resources. It also provides intuitive and effective search mechanism based upon stored semantics, and semantically enriched user interfaces according to user's needs. The ultimate goal of the project is to build a Personal Information Management system over a Human Lifetime using ontologies as a basis for the representation of its content.

SemanticLife has been developed using the Eclipse Rich Client Platform (Eclipse RCP) technology following the industry standard Eclipse IDE. SemanticLife system benefits the most from plug-in mechanism and extension point concept of Eclipse ecosystem. The whole SemanticLife system has been designed as a set of interactive plug-ins that fit into the main RCP application and this guarantees flexibility and extensibility of SemanticLife platform.

Communication within the system is based on a service-oriented design with the advantage of its loosely coupled characteristics. To compose complex solutions and scenarios from atomic services which are offered by SemanticLife plug-ins, the Service Oriented Pipeline Architecture (SOPA) has been introduced. SOPA provides a paradigm to describe the system-wide service compositions and also external web services as pipelines. A "Pipeline" in SOPA terminology is a uniquely named set of service-calls and intermediate transformations. The pipeline concept provides a higher level of abstraction between services and applications that are benefiting SOA. SOPA provides some mechanisms for orchestration of services and transformation of results. It also offers many data processing and flow management features. An overview of the system architecture is depicted in Fig. 1.

Data with user annotation is fed into the system using a number of dedicated plug-ins from variety of data sources like Google Desktop captured data, communication logs, and other application's metadata. The data objects are passed on by the message handler to the analysis plug-in. This plug-in contains a number of specific analysis plug-ins providing semantic mark-up by applying a bunch of feature extraction methods and indexing techniques in a cascaded manner. The semi-structured and semantically enriched information objects are forwarded to the repository plug-in for an ontologically structured storage. In the SemanticLife system, data from the sources are stored in forms of RDF triples with their ontologies and metadata. This repository is called a meta-store.

A set of query processing and information visualization tools provides the means for information exploration and report generation. The analysis module and metadata extraction capabilities make associations among the lifetime items/objects and as well as lifetime events based on user annotation, user profile and the system ontologies.
5.2. Other Semantic Desktop Systems
Several other initiatives have resulted in similar systems. These vary in scope and features but share the common aim of capturing and managing all personal items along with their contexts by employing semantic web technologies. Piggy Bank [4] is an extension of the Firefox web browser that lets web users extract individual information items from within web pages and save them in semantic web format. If the HTML of a web page or site is linked to the same information in RDF, Piggy Bank retrieves that RDF. Otherwise, Piggy Bank can employ screen scrappers that attempt to extract and restructure information encoded in the served HTML. These items, collected from different sites, can now be browsed, searched, sorted, and organized together, regardless of their origin and type. The user can also subscribe to a Semantic Bank in order to publish and thus share his information on the web. Piggy Bank can be considered a Semantic Desktop tool but only for the web data part of personal information space.

A universal information client, Haystack [5] aims to provide everyday PIM capabilities at a single location in order to let users focus on information instead of programs. Haystack is one of the most impressive semantic web applications and has been the source of the present stir in the semantics based PIM research.

Gnowsis [7] is a Semantic Web enhanced desktop system which consists of a Local Server, a Browser, and Adapters. The server part manages a local RDF database and a fulltext index. It also provides integration point to data sources and an API to Java clients. The adapters read data from different sources and convert it to RDF. The browser can be used to display and manage resources. It supports folder search, fulltext search, and annotation and linking of personal items.

Beagle is a Linux desktop search tool much like the tools described in section 3.2. It can index transparently and unobtrusively the contents and simple metadata of documents and files on the desktop. It provides an API, exposing its searching and indexing power to application programs. Beagle++ [9] is a Semantic Desktop environment built on top of Beagle by adding modules for metadata generation and ranking. The metadata generators extract metadata and restore the semantic relations among documents and entities on desktop. This contextual information is utilized by the ranking module, which is inspired by the PageRank [14] and is based on ObjectRank[6].
6. Conclusion
We are drowning in a sea of personal information that originate from different sources with different formats. They are huge in number and vary in schema. We use different tools and techniques for the organization and management of these life items. These tools create islands of personal information with no links among items that are closely related in real life. Moreover, the rich context of each item is lost. Personal information items are segregated and require the laborious process of manual integration. Folder hierarchies and techniques from social web alone will not suffice. The new breed of desktop search tools provides a better alternative to the OS search but we need to go beyond fulltext search by capturing and utilizing the context in which the information items originate.

A PIM system is embraced if it allows its users to use the tools of their choice. Such a system should not only capture the documents but also the activities along with the metadata. The items and the metadata should be converted into a rich context for that item. We believe that Semantic web technologies can fulfill these