ISSUES SURROUNDING AUTONOMOUS AGENTS

A PROJECT ON TOWARDS AN AUTONOMOUS BIBLIOGRAPHY BUILDING AGENT
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INTRODUCTION
Issues On Autonomous Agents

1.)  Report Introduction

In this report, I will list down some information on the issues surrounding autonomous agents. As we all know, there are a lot of different kinds of autonomous agents out there in the technological world. Right now, I am going to specifically concentrate on the issues on autonomous agents affecting autonomous text-mining systems; which reflects the project theme that I am doing in Kent Ridge Digital Labs entitled, Towards an Autonomous Bibliography Building Agent (ABBA).


I am also going to elaborate on some autonomous agents affecting robotics. As part of this attachment assignment deals with RoboCup (the autonomous soccer playing robots), I will therefore touch on some of the general explanations to some robotics autonomous agents. I will take the robotic agents in the robot developed by the car producing company known as HONDA, a prototype human agent known as P-2 for the example to accompany the explanations to autonomous agents in robotics.
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2.)  Project Introduction
The title of this project is 'Towards An Autonomous Bibliography Building Agent also easily known as ABBA. ABBA is a program that will automatically organise bibliographic information of a particular document into a standardised bibliographic format, upon entering some parameters and commands to the program.

Take for example that this project is focusing on documents on the Internet, specifically documents on RoboCup papers. Basically the project will create a program that will go to the Internet, (or the local drives, area of search will be specified by the user of the program) and search for new RoboCup papers, an example would be on-line conference proceedings, magazines, minutes of meetings, books, HTML documents, word documents, journals and magazines and many more. Upon identifying the new information on the Internet, the program will fetch the documents onto the local drive using the HTTP function. Once the information is in the local drive, the program will begin to parse the documents to identify and select the necessary information needed by the user. As for this case, the user needs all the bibliographies of the new RoboCup papers. The program will then select those relevant information and organised them for presentation to the user. The program will also stores the processed information neatly as to aid retrieval. For this example, ABBA is a program that will automatically reconises the bibliographic entries of a particular document like the Title, Statement of responsibility, Date of publication, Publication origin of a document and etc. 

Basically my task is to do a research and acquire information on the issues affecting  Project ABBA (e.g. neural network application, text mining tools, etc.), which specifically targeted at text and data mining. On the next page, I have included some graphical explanation to the functions of Project ABBA.

Graphical Explanation To Project ABBA
Autonomous Bibliography Building Agent
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Explanations to the graphs above


I

nput basically is the process of gathering source materials to be used as input for the text mining process. Materials can be of any form of text document. It can be strictly a normal text document like the ever popular Microsoft Word document or just a Notepad documents; or it can also be a compound document like the hypertext documents on the Internet, which include images and sound. 

For example ‘RoboCup Bibliography’ is chosen as the subject. The user will enter the subject and the area of search (lets take the Internet for example) for the program to process.

P

rocess is the process of analysing, identifying and acquiring of information from the documents that is being inputted and processed. What the program does is that it will search for the necessary information prompted by the user (just like the search function in most web search engines) and locates them in the specified area (can be the Internet or local drives).

 For example the program will go to the Internet and retrieved webpages that have RoboCup bibliographies in them and will then bring it to the local drive for processing. It will filter out irrelevant information and select the required information from the webpage, like the title, statement of responsibility, etc.

O

utput is basically the processed product of the autonomous text mining process. The information outputted contains the crux of the information from the processed documents, the information is also organised into a neat bibliographical format.

For example the program will produce a standardised bibliographical format of the processed information from the fetched RoboCup webpage and stores them neatly in the local drive, or presents them to the user.


3.)  Introduction on Autonomous Agents
Over the past decade new approaches have emerged that have revolutionized the design of intelligent autonomous systems. Even more recently, research on autonomous agents has undergone a renaissance as it has progressed from its roots in distributed AI. In this project assignment, I will list some issues surrounding autonomous agents affecting text-mining systems.

Research on autonomous agents has often concentrated on higher cognitive and organizational activity such as:

1. Inter-agent communication,

2. Negotiation,

3. Coordination,

4. Conflict, and

5. Social behavior. 

User interface design is crucial in furthering the goal of freeing autonomous agents from laboratory settings and moving them out into the real world. Most results from this community have software embodiments as opposed to their robotic counterparts. Examples include softbots and other agents that reside within the worldwide web, heterogeneous databases, and other large-scale software systems. 

3.1.  What are Autonomous Agents?
Autonomous agents are computer systems or software entities that are capable of independent action in dynamic, unpredictable environments. In other words they are known as AI or Artificial Intelligence, which somehow or another have a mind of their own and they can perform predictions and certain tasks aiming at aiding humans in their work (e.g. the autonomous human-like robot from HONDA, known as P-2 (prototype 2), refer to image 1 and 2). The ultimate goal of artificial intelligence is to construct a fully autonomous agent that operates in the physical world, much as humans do.


An agent is anything which can be considered that perceives its environment through sensors and responds or behaves in such environment by means of effectors (Rusell & Norvig 1995).

An autonomous agent is one whose behavior is based mainly on its own existence, although being able to use certain built-in knowledge.

Similar to the way evolution has given animals a number of built-in reflexes so that they can survive until being capable of learning by themselves, it is reasonable to give an intelligent agent with certain initial knowledge and ability to learn. 

            As much as an agent’s acts is based on integrated suppositions, its behavior would be satisfactory only as much as those suppositions are current, lacking any flexibility. A real autonomous agent will be capable of successfully functioning under a broad environment spectrum, given enough time to adapt. There is little or no dependency on abstract world representations, and behaviors instead of plans are the agents´ interaction with the world.

There are different types of autonomous agents. Basically they are categorised in this manner:

1.) Human agents – These agents have organs, such as eyes and ears serving as sensors, while body parts, such as hands, legs and mouth, serve as effectors. An example of such agents is P-2 and P-3.

2.) Robotic agents – These types of agent substitute sensors for cameras and readers, such as infrared or ultrasound, and effectors are replaced by motors. Examples of such agents in RoboCup are the robots in most of the teams in the small and medium-sized robot league.

3.) Software agents – Software agents receive perceptions and execute actions having formats such as codified chains of bits. Examples of such agents in RoboCup are the softbots agents in RoboCup’s simulation league and text-mining agents.

Software agents vary and can be classified as:

1.) Expert assistants – These are software agents assisting users in complex decision making or knowledge processing, such as medical monitoring, industrial control, business process administration, manufacturing, and air traffic control.

2.) Softbots – These types of software agents interact with real world software environments, such as operating systems, the Internet, and the Web.

3.) Synthetic agents - Software agents operating in simulated worlds, such as virtual worlds, multi user dimension of commonly known as MUDs, or video games. Emphasis is given on qualities such as credibility and personality, instead of intelligence and specialization, and can play roles in interactive entertainment systems, art and education.

3.2.  Agent Classification
Below is a table of information on the different classification of autonomous agents. Different agents have different functions; thus all the different agents below aid the world’s development according to their purpose of existance.

Property
Other Names
Meaning

Reactive
Sensing and acting
Responds in a timely fashion to changes in the environment

Autonomous
Nil
Exercises control over its own actions

Goal-oriented
Pro-active purposeful
Does not simply act in response to the environment

Temporally continuous
Nil
Is a continuously running process

Communicative
Socially able 
Communicates with other agents, perhaps including people

Learning
Adaptive
Changes its behavior based on its previous experience

Mobile
Nil
Able to transport itself from one machine to another

Flexible
Nil
Actions are not scripted

Character
Nil
Believable "personality" and emotional state

There are, of course, other possible classifying schemes. For example, they might be classify as software agents according to the tasks they perform, for example, information gathering agents or email filtering agents. Or, they might be classify as according to their control architecture. Agents may also be classified by the range and sensitivity of their senses, or by the range and effectiveness of their actions, or by how much internal state they possess.


3.3.  Origins of Agents
Agents have their origin in psychology, artificial intelligence, and distributed artificial intelligence, integrating learning, planning, reasoning, knowledge representation aspects, and have as goal to execute complex tasks benefiting users, that otherwise would be hard to accomplish. Users have the possibility of assigning goals to be achieved by the agents, in contrast to conventional software systems limiting the users to previously specified goals, which cannot be modified.

TEXT MINING

Issues On Autonomous Agents
4.)  Introduction to Text Mining
Below are some information elaborated on what text mining is all about. Definitions and explanations to the functions of text mining are elaborated as well. There is also some information on what text mining can do for the growing technological world and its benefits to us.

4.1.  What is Text Mining?
Definition: Text-mining is a process of analysing text to extract information useful for a particular application, where by information such as a word, a keyword or any individual descriptive elements are used to acquire the required information within that particular document. The program that possesses this special capability is known as ‘Text Miners’.

Research and the development of new products depend on accurate and relevant information. Standard ways of accessing text information (i.e. searching) can be difficult and time-consuming. This is particularly true for those who work with the large body of published scientific and technical information that drive research and development.

Text mining supports the knowledge worker who must extract meaning and relevance from large amounts of information. Text mining is analogous to data mining in the database world; it finds new value in existing information. By uncovering relationships and knowledge in text-based documents, text mining helps valuable knowledge experts work effectively and creatively.

Text mining is a relatively new term, part of the evolving knowledge management market. It is best understood by comparing it with a comparable technology in a related sector: data mining.

Data mining is the application of algorithms to a set of data to uncover previously unidentified connections and correlations. Data mining has provided valuable insights to organizations looking to interpret customer behavior and build predictive models. Data mining works with structured data, often numerical in nature, stored in a cleansed, static database (the data warehouse or data mart).

For example, a data mining model might predict which customers from an existing base are most likely to respond to a given promotion. Telecommunication providers frequently use data mining models to determine which customers are most likely to switch to another provider.

Text mining is analogous to data mining in that it uncovers relationships in information. Unlike data mining, text mining works with information stored in an unstructured collection of text documents.

Instead of applying statistical models, text mining uncovers relationships in a text collection and leverages the creativity of the knowledge worker to explore these relationships and discover new knowledge. The algorithms, such as they are, exist within the knowledge worker's head; text mining simply aids in this discovery.

Text mining is particularly relevant today because of the enormous amount of knowledge, either within an organization or outside of it, that resides in text documents. The advent of on-line publishing has, if anything, only increased the amount of information in text, if not printed on the page. Our most frequent and most comfortable form of formal communication (the written word) is very difficult to manage and mine.

In organizations that rely on ongoing research and information, both from outside and inside the organization, working with this sea of text can become extremely difficult. The whole collection of text is simply too large to read and analyze easily. Furthermore, it changes constantly, and requires ongoing review and analysis if one is to stay current. Text mining addresses these problems, giving you a tool to analyze and learn from this kind of dynamic information.

4.2.  What Text Mining does?
Text mining helps to:

1. Extracts key information from text documents.

2. Organise documents by subjects.

3. Find predominant themes in a collection.

4. Search for relevant documents using powerful and flexible queries.

5. Effectively browse search results.

4.3.  Key problem
Currently, there exist a range of tools to help organizations find and access data. The problem today is that there is too much information overload. Increasingly, companies are looking for a solution that will help them leverage their legacy data. Defining similarities of full-text documents based on semantic contents of the texts for:

· exploration of a huge number of texts 

· document retrieval 

· information retrieval 

4.4.  Purpose of Text Mining




As more and more countries are developing, information will increase tremendously. When information increases, there is a need to organised them as to facilitate easy retrieval and prevention from the lost of valuable and precious information. Information will only be useful if the right information is available at the right time, at the right format, and to the right requester. As the diagram above explains, vague information will be knowledge after it has gone through a process of selection and analysis, which is text mining. Text mining filters the right information and organises them for presentation to the requester and it also aid in the storage procedure.

Text mining isn't suited to all purposes. Just as you wouldn't use data mining technology to do a simple query of your database, text mining isn't the most efficient way to isolate a single fact.

Text mining is best suited for "discovery" purposes; learning and discovering information that was previously unknown. Reasons for using text mining include:

· Uncovering a "narrative" in an unstructured mass of text 

· Learning about a topic 

· Exploring how a market is evolving 

· Looking for new ideas or relations in topics

Text mining isn't an end in itself; it is a support tool for your every day management of valuable and accumulation of information.

4.5.  Clustering of Text
· word categories based on statistical context information 

· self-organising formation of categories 

· linguistic knowledge may still be used for improvement 

· exploit the time stamp of a text (date of creation)

4.6.  Applications of Text Mining
· Newsgroup articles 

· Text documents of a company 

· Newspaper articles, etc.

4.7. Text Mining tasks
Below is a list of some of the text mining task. A text miner should be able to perform two or three of the following:

· Information extraction – facts, fill databases.

· Summarization

· Categorisation

· Clustering

· Association

· Temporal analysis of document collection.

Below in the issues to consider pertaining to autonomous agents in text mining system, I will explain some of the major text mining task that a text miner should be able to perform.


ISSUES PERTAINING TO AUTONOMOUS AGENTS

Issues On Autonomous Agents
5.)  Issues to consider pertaining to Autonomous Agents in Text mining Systems

On the subsequent pages, you will find some information on the issues affecting autonomous agents in text-mining systems. Each point is accompanied by its own reasoning and supportive points. Some of the explanations on the subsequent pages deals with providing information to programmers in programming and understanding how text miners function. All the explanatory steps and information are elaborated, and reasons to the explanatory steps accompanied each piece of information. The text mining tool that is going to be used for the examples to the explanations to the issues below is the text mining tool from IBM, known as the ‘Intelligent Miner for Text’.

5.1.  Real-Time Performance
Agents acting in the world require real-time performance at least some of the time. Real-time performance is the taking of immediate action upon receipt of some event. Successful implementation often requires precise knowledge of the duration of tasks, which can mean that things cannot be interrupted, even by the overseer.

5.2.  Text Analysis
Text Analysis is applied in the process of building applications that deal with text. Often the first step is to extract key features from text, to act as "handles" in further processing. Examples of features are the language of the text, or company names and dates mentioned. After feature extraction (explained in page 14), the next step may be to assign the documents to subjects from a cataloging scheme, then to index them for ad-hoc searching. Or the documents can, with very little preliminary work, be clustered in order to get more information about the structure of a document set, e.g., distribution of subjects across a document collection or accumulations of documents on a certain subject.
A single text analysis tool usually solves a single task, taking some text documents as input and deriving other information from these texts. For example, the ‘Topic Categorization’ tool takes texts and computes a ranked list of categories that can be assigned to the document, together with a confidence measure of its judgment.

The text analysis tools are applied to some text analysis techniques. Some text analysis techniques includes:

· Word Sense Disambiguation 

· Automatic Lexicon Augmentation 

· Discourse Analysis 

· Parsing
5.3.  Information Extraction
An important task of information extraction from unconstrained text is the extraction of the linguistic items that provide representative information about the document content.

A conventional database consists of homogeneous collections (e.g. lists and tables) of atomic data types (e.g. numbers and strings) and explicitly represents its underlying information structure. Information is extracted by querying the database using a formal language. This partial information is collected from the data types and combined along the links provided by the database's explicit structure.

In principle the situation remains the same if the database contains data of a more complex type (e.g. pictures and texts). It becomes more difficult if the information to be extracted does not refer to the data types as a whole but to their content. In this case the information implicitly available from the content of the complex data type has to be integrated into the explicit structure of the overall database to make it accessible for information extraction. Extracting implicit data from text can be interesting for many reasons. The following are only some examples. 

· To highlight important information 

E.g. to highlight important terms in documents that have been returned from a query on your Intranet or that you have received by email. This can give you a quick impression whether the document is of any interest for you and if you want to read it immediately, keep it for later study or otherwise ignore it.

· To find names of competitors
E.g. when doing a case study in your business area you can do a names extraction on the documents that you have received from different sources like Internet, news service, etc. and then sort them by names of your competitors.

· To find and store key concepts 

This could replace a text retrieval system where huge indexes are not appropriate but only a few key concepts of the underlying document collection should be stored in a database. 

· To use related topics for query refinement
E.g. store the key concepts found for your Intranet documents in a database and build an application for query refinement on top of it. Thus topics that are related to the users' initial queries can be suggested to help them refine their queries. 

5.4.  Feature Extraction
Annotation of documents – Feature extraction tool 

For feature extraction in the area of text mining the following simplified scenario can be assumed: the database is a collection of documents within which the only explicit structure is an unordered set of arbitrarily complex textual data. An important aspect of this scenario is to find out according to which criteria the documents of a collection are related.

In general the information about common properties of documents can be retrieved from the characteristic vocabulary of the documents. In fact, the vocabulary found consists to a large degree of vocabulary expressing concepts of the document collection. Very often domain terms or names are very characteristic for the content of a document. The vocabulary is generated automatically. No predefined vocabulary is necessary.

Like the ‘Text Analysis’ process, this ‘Feature Extraction’ process also has its own tool. This tool assigns different categories to the vocabulary as well as a measure of their importance to the document content, their information quotient (IQ), that will be elaborated below. 

Among the categories automatically can be recognized are:

· Names of persons, organizations and places
E.g. like Mrs. M. Albright, National Organization of Women Business Owners, or Dheli, India 
· Multiword terms
E.g. like joint venture, online document, or central processing unit 

· Abbreviations 
E.g. like IQ for information quotient, or <B?GB I byte 

· Other vocabulary contributing to the content 

The ‘Feature Extraction’ tool operates in two possible modes. In the first, it analyzes a single document. In the second and preferred mode, it locates vocabulary in the document, which occurs in a dictionary that it has previously built automatically from a collection of similar documents. When using a collection of documents, the ‘Feature Extraction’ tool is able to aggregate the evidence from many documents to find the optimal vocabulary. For example it can often detect the fact that several different items are really variants of the same feature, in which case it picks one as the canonical form. In addition it can then assign a statistical significance measure to each vocabulary item, the IQ, which is mentioned below. 

5.4.1.  Information Quotient
The significant measure, called information quotient (IQ), is a number, which is assigned to every vocabulary item found in the collection. The calculation of IQ uses a combination of statistical measures, which together measure the significance of a word, phrase or name within the documents in the collection. E.g. items that occur more frequently within a single document than within the whole document collection are rated high. The vocabulary items with the highest IQ are almost always names or multiword terms because they tend to convey a more focused meaning than do single words alone. 

5.4.2.  Names Extraction
The name extraction technology uses fast and robust heuristics to locate names in text. In addition it determines what type of entity the name refers to: person, place, organization, or other, such as publications, awards, historical events, etc.

All the names that refer to the same entity, for example President of the United States Clinton, Mr. Clinton and Bill Clinton, are recognized as referring to the same person. Each such group of variant names is assigned a canonical form (e.g. Bill Clinton) to distinguish it from other groups referring to other entities (e.g. Clinton, New Jersey). The canonical form is the most explicit, least ambiguous name constructed from the different variants found in the document.

Though the name extraction technology does not require a preexisting database of names it recognizes 90-95% of the proper names present in edited text correctly. Due to linguistically motivated heuristics that exploit typography and other regularities of language it handles structural ambiguities inherent in the language correctly in the majority of cases. An example for a structural ambiguity is France and Spain versus The Food and Drug Administration where in the first case and joins two separate names whereas in the second it is part of the name itself. 

5.4.3.  Term Extraction
The term extraction technology discovers terms in text automatically. A set of heuristics is used to identify multiword technical terms in a document. These heuristics involve doing simple pattern matching in order to find expressions having the characteristic noun phrase structure of technical terms. 

The quality of the proposed set of terms is ensured by requiring that they be repeated within a document. Repetition in a single document is a signal that a term relates to a concept that the document is about, thus helping to ensure that the expression is a domain term. The occurrence statistics of a large document collection also helps to distinguish useful domain terms.

Variants that relate to the same concept are recognized and assigned to the same canonical form, e.g. certificate of deposit and certificates of deposits. 

5.4.4.  Abbreviations
The abbreviation recognition technology finds additional variants for terms and names in text and matches them with their full forms. EEPROM and electrical erasable PROM are for example recognized as a short form for electrical erasable programmable read-only memory. A variety of common abbreviation conventions can be handled, e.g. conventions involving prefixation like in GB matching gigabyte.

5.5.  Categorization
Organization of documents – Categorization tool

In general, to categorize objects means to assign them to predefined categories or classes from a taxonomy. The categories may be overlapping or subsuming.

For text mining, categorization means to assign categories to documents or to organize documents with respect to a predefined organization. These could for example be the folders on a desktop, which are usually organized by topics or themes.

Categorization in the context of text mining means to assign documents to preexisting categories, sometimes called topics or themes. The categories are chosen to match the intended use of the collection and have to be trained beforehand. By assigning documents to categories, text mining can help to organize them. While categorization cannot replace the kind of cataloging a librarian does, it provides a much less expensive alternative. In addition it can be very useful in many other applications:

· To organize Intranet documents

For example, documents on an Intranet might be divided into categories like Personal policy, Lotus Notes information, or Computer information. It has been estimated that it costs at least $25 to have a librarian catalogue an item. It is clearly impractical to catalogue the millions of documents on an Intranet in this way. By using automatic categorization, any document could be assigned to an organization scheme and a link to the respective category could be generated automatically.

· To assign documents to folders
Categorization can help to file documents in a smarter way. For example, it could help a person who has to assign e-mail to a set of folders by suggesting which folders should be considered.

· To dispatch requests
For a general email address or bug report address of a help desk categorization could be very valuable. Via the categorization of problem reports the message could be automatically forwarded to the respective expert.

· To forward news to subscribers
A news service could use categorization to assign topics to any incoming article and then forward it immediately to those users who have subscribed for that topic.

The ‘Categorization’ tool can be combined with other components of the ‘Intelligent Miner for Text’ as well. The ‘Clustering’ tool (explained on page 19) can be used as a preprocessing step to determine your scheme of topics. Or the advanced search engine can be used for different categories in an Intranet to index each document within its category like it is done already manually for some Internet search services. 

5.5.1.  Training Phase
The ‘Categorization’ tool assigns documents to predefined categories. For this purpose the ‘Categorization’ tool first has to be trained with a training set consisting of a collection of sample documents for each category. These collections are used to create a category scheme. The training uses the ‘Feature Extraction’ tool in order to store only relevant information in the dictionary. The category scheme is a dictionary, which encodes in a condensed form significant vocabulary statistics for each category. These statistics are used by ‘Categorization’ tool to determine the category or categories whose sample documents are closest to the documents at hand. 

5.5.2.  Categorization Algorithm
The purpose of the categorization algorithm is to return a ranked list of categories for a given piece of text called query document.

The rank value is a sum over the number of occurrences of all the different vocabulary items (i.e. canonical forms or their variants) in the query document. Each number of occurrences is weighted by a term that takes into account the relative frequency of the vocabulary item in the category itself in proportion to its relative frequency in the whole training set. Thus a word with a high frequency in a single category and a comparatively low frequency in the whole training set will have a higher weight than a word that occurs very frequently in the training set or a word that occurs less frequently in the category.

Thus for each category a rank value will be calculated with respect to the vocabulary of the query document. The output of the categorization tool is a text document that lists each input document together with its highest ranked categories. The user can specify the number of the returned categories. The rank value is returned as well and can be used for further processing. 

5.5.3.  Language Classification Tool
The ‘Text Analysis’ tool of the ‘Intelligent Miner for Text’ comprise a second categorization technology especially designed for distinguishing between different natural languages, and hence is the tool for automatic language identification. Its functionality is almost the same as the one used for the categorization. Both provide a training tool to learn categorization from reference collections and perform categorization based on a similarity measure between the document at hand and the reference collections. However, the actual similarity function used is different. In the language classification technology short groupings of characters are compared, whereas the ‘Categorization’ tool is lexicon-based and tries to identify and compare occurrences of vocabulary items.

5.6.  Clustering
Document navigation – Clustering tool 

By clustering the documents into a small number of groups with high intra- and low inter-group similarity, and labeling these clusters according to their content, the user is provided with a powerful means of narrowing down the search, taking into account only those subsets of the original result which appear to be relevant with respect to the user's notion of relevance.

5.6.1.  Conceptual Clustering
Within a collection of objects a cluster could be defined as a group of objects whose members are more similar to each other than to the members of any other group. 

In text mining clustering is used to segment a document collection into subsets, the clusters, with the members of each cluster being similar with respect to certain interesting features. For clustering no predefined taxonomy or classification schemes are necessary. 


This automatic analysis of information can be used for several different purposes:

· to provide an overview of the contents of a large document collection
E.g. huge clusters in a customer feedback collection could indicate where your products or services need improvement 

· to identify hidden structures between groups of objects
E.g. when your Intranet has grown large you may want to use clustering to make sure that related documents are all connected by hyperlinks

· to ease the process of browsing to find similar or related information
E.g. to get an overview over documents that were returned in an opinion survey

· to find outstanding documents within a collection
E.g. in documents you get from a news service unique documents could give you hints on possible new trends or technologies that have so far not been mentioned in other articles

· to detect duplicate documents in an archive
The ‘Clustering’ tool can be coupled with other components of the ‘Intelligent Miner for Text’. Clustering can be used as a preprocessing step to prepare a training collection for the ‘Categorization’ tool. The ‘Feature Extraction’ tool can be applied to the document collection, which is then clustered under different aspects. Clustering is already integrated in the advanced search engine, which is a component of the ‘Intelligent Miner for Text’ to better organize the result of a query in an information retrieval system. 

5.6.2.  Hierarchical Clustering
Typically, the goal of cluster analysis is to determine a set of clusters, or a clustering, in which the inter-cluster similarity is minimized and intra-cluster similarity is maximized. In general, there is no unique or best solution to this problem. A number of different algorithms have been proposed that are more or less appropriate for different data collections and interests.

Hierarchical clustering seems to work especially well for textual data. In contrast to flat clustering where the clusters are unrelated, the clusters in a hierarchical approach are arranged in a clustering tree where related clusters occur in the same branch of the tree.

The algorithm used in the ‘Clustering’ tool of the ‘Intelligent Miner for Text’ starts with a set of singleton clusters each containing a single document. These singleton clusters are the clusters at the bottom of the clustering tree, called leaves. Starting with the singleton clusters the algorithm identifies pairs of clusters that are most similar and merges them into a single cluster. This process is iterated until only a single cluster, the root, is left. When merging two clusters their intra-cluster similarity is calculated. The singleton clusters have an intra-cluster similarity of 100% since they contain only one document. The binary tree constructed during the clustering process contains the complete clustering information including all inter- and intra-cluster similarities. The inter-cluster similarity between two arbitrary clusters is the intra-cluster similarity of the first common cluster.

5.6.3.  Slicing Technique
The binary tree might get very deep containing a lot of clusters with only a few documents. Because these binary trees are inconvenient to visualize a configurable slicing technique is applied in a further processing step. Clusters within the same branch that have a comparable intra-cluster similarity are merged into a single cluster. This reduces the depth of the tree and eases browsing or further processing. The slicing technique can be parameterized for homogeneous or heterogeneous document collections. For homogeneous collections the distribution of the intra-cluster similarity tends to range above 50%, for heterogeneous collections the intra-cluster similarities tends to range below 50%. Therefore a bottom threshold can be specified to merge all clusters whose intra-cluster similarity is below this threshold into the root cluster. By selecting an appropriate top threshold it can be specified that a cluster whose intra-cluster similarity is higher than the threshold need not further be decomposed. By adjusting the number of slices the user fixes the maximum depth of the tree. 

5.6.4.  Similarity Measure
The notion of similarity between documents and clusters is crucial to obtain high quality groupings of information. A very simple similarity measure would be the degree of overlap for single words in the documents. Due to the great amount of lexical ambiguity of single words, this function is rather imprecise and noisy. The clustering obtained with this method would not be very useful in general.

Ideally a semantic analysis of the documents should be performed to identify the concepts mentioned in the text as a basis for clustering. However, this kind of analysis is very expensive and furthermore depends on a lot of domain-specific knowledge that has to be constructed manually or obtained from other sources.

Therefore a domain-independent solution is needed that can automatically derive important concepts directly from the document collection. The process should not assume domain-specific knowledge sources and should not apply in-depth linguistic analysis of syntax and semantics due to its inherent complexity. This is the reason for our clustering technology to use lexical affinities as the base terms and to measure similarity by comparing vectors of these terms. 

5.6.5.  Lexical Affinities
A lexical affinity is the correlation of a group of words, which appear frequently within short distance throughout the given documents. Examples of lexical affinities are phrases like online library or computer hardware. Lexical affinities are generated dynamically and are specific to each collection. A set of semantically rich terms can be obtained without the need to hand-code a specialized lexicon or thesaurus. These terms are stored in a temporary index structure for use during a single clustering process.

In addition, the clustering technology uses an adaptable stop word list and some morphological analysis to improve the quality of the terms being found before building the index information. 

5.7.  Neural Networks
Neural networks have been successfully used in the last years for data and text-mining applications such as regression and classification. However, their training and particularly the time spent in the training cannot cope with the need of responsiveness demanded nowadays. The parallel approach is one way to speedup the process of training a neural net.

5.8.  Summarization

The process summarization includes techniques like picking the main meta-information, or the crux of the information in a particular text document. To do that, it required surveying of all main points of the document. To summarize is to reduce in complexity, and hence in length, while retaining some of the essential qualities of the original. 

 It includes the processes like Sentence extraction, positioning of paragraph in document (first & last 10) or of sentence within paragraph (first, last, median) and Heuristics creation. All thematic words and the case of words are taken into considerations.


6.)  Text Mining and its driving Autonomous Agents: A text mining solution
6.1.  Text mining: A critical role in knowledge building
Text mining solutions are a new breed. These solutions are similar to data mining solutions in that they deal with large volumes of data and fall under the knowledge discovery arena of the vast umbrella known as Knowledge Management. The difference between the two technology solutions is that while data mining extracts, analyzes, and summarizes numerical, structured data, text mining handles large volumes of unstructured, text-based data. 

6.2.  A Text Mining Solution

A good text mining application helps companies leverage existing corporate information through improved knowledge sharing, research efficiency, and knowledge discovery, resulting in improved productivity, enhanced decision-making, and extended competitive advantage. The product is complimentary to other knowledge management components that an organization might utilize such as Web crawlers, Intranet-based search engines, data mining, document management systems, scanners, and push technology applications.

The underlying technologies of a good text-mining application combine lexical processing, information clustering, and graphical display. The usage of computational semiotics provides the ability of the program to extract key phrases and identify relevant relationships.

Text mining software solution provides three automatic processes that include:

1.) Text Indexing & Extraction – Text-mining server should automatically reads large bodies of unstructured text and extracts all relevant phrases from the text collection. Think of it as a highlighter, reading through the text and highlighting the relevant phrases which, taken together, can give a full understanding without having to read the entire corpus of text.

2.) Concept Clustering - Once these phrases are identified, the text mining program then identifies the relationships between these phrases. It builds a "lexical network," grouping related phrases and enhancing the most important features of these groupings. The patterns built by the program reveals the conceptual backbone of the text collection.

3.) Graphical Display and Navigation - Finally, the program must present these relationships in an easy-to-use, graphical map. This map allows users to quickly navigate through the key phrases and relationships within a body of text and drill down to specific documents when desired. 

It is ideal if the program can provides a front-end visual tool coupled with a backend, server-based engine that has minimal installation requirements and can be deployed rapidly across multiple platforms, requires minimal integration efforts, and processes text automatically.

6.3.  A Complete Text Mining Solution
A complete text mining solution is one that automatically identifies, groups, and maps key concepts within large quantities of unstructured, text-based data, providing knowledge workers with a superior approach for finding relevance, relationships, and new insights in their knowledge discovery efforts. It must also be flexible in finding, exploring, and visualizing concepts in many different domains 

The value in a company’s information assets no longer lies in the ability to store and retrieve them but in the dynamic matching of the information to specific processes and unknown situations. Increasingly, companies are looking for strategic solutions that will help them leverage that information in order to be more nimble to market demands.

6.4.  Text Mining Considerations
Because text mining is an emerging, rapidly evolving technology, the following lists key elements that text-mining solutions should offer:

· Should not require any upfront manual categorization, tagging, or building of tree topics

· Delivers automatic identification and indexing of concepts within the text

· Visually presents a high level view of the entire scope of the data, with the ability to quickly drill down to relevant detail

· Enables users to make new associations and relationships, presenting paths for innovation and exploration

· Integrates with popular collaborative workflow solutions 

· Avoids lengthy, labor-intensive integration 

· Scales to processes both small and large data sets quickly

· Handles all types of unstructured data formats and runs on multiple platforms


7.)  Text Mining Tools

On the next page, you will find some examples of text mining tools and its respective diagrammatic explanation to its functions. This tools are used and developed by Chris McNemar for WVU/NASA Software IV&V Facility and George Washington University: Science & Engineering Apprentice Programs. Each tool was developed as smaller, independent program, just like the technique I applied to my visual basic program development known as IPE = Isolated Program Experiment. After each "mini-program" was tested, it was incorporated as a sub routine in a master program.

7.1.  Acronym Checker
The first tool developed scanned a plain text document and generated its output in a plain text format. The tool defines anything that has two or more uppercase letters as an acronym. To scan for acronyms it opens a text file specified by the user. The program breaks the file into an array of words using Perl’s split command. The Perl split command can split a file at any point by using switches. The default is at the white spaces. It then matches each word against the regular expression /^[A-Z]{2,6}/, or in English "that has between two and six uppercase letters." The program prints the acronym and the line number to a user specified text file and then exits.

Fig 1. Acronym Checker Process

7.2.  Reference Finder
The reference finder scans a text document for words that denote references in the same way as the acronym checker. Phrases such as refer to, see, and document serial numbers provide a means to find references. Serial numbers take the form of 84Kxxxxx-yyy-zz on the CLCS web site. The program then prints the reference and the line number to a user specified text file.

Fig. 2. Reference Finder Process

7.3.  Word Finder
This program matches a single word or phrase against an input file. The program breaks the file into an array of words using Perl’s split command. When the user inputs the word or phrase, it is assigned to a regular expression with an /i switch. This allows the regular expression to be case insensitive. It then writes the results to an output file along with the line number. 
Fig. 3. Word Finder Process


7.4.  Spell Checker
Like the other programs, the spell checker breaks the file into an array of words using the split command. Every element of the array is checked against a word list. This word list was obtained form the /usr/dict/words.txt file on a UNIX machine. Any element that does not much a word in the list is output to a text file along with its line number.

Fig. 4. Spell Checker Process


7.5.  HTML Converter
This program can take either plain text or html documents as input. First, it breaks down the file into an array of words. It then passes each element of the array through a filter. If the element contains the phrase 84k, then it writes that as a hyperlink. To do this it first chops off any html tags by using the substitute operator. The substitute operator chops everything of from the first non-word character, i.e. </p>. Once it has the document number, it adds a .htm extension. If the element does not match the regular expression then it is passed as to the output file. The output file is automatically saved as an html document.

Fig. 5. HTML Conversion Process


8.)  Examples of commercial Text Miners and its Application Platforms



9.)  Evaluation of commercial text mining Software
9.1.  ARM
Developed by Linda Rosenberg of the Software Assurance Technology Center. This program can scan plain text files for quality indicators such as shall, must, and will. These are counted on a line to line basis and are used to generate a report on the document’s quality as a technical report.

9.2.  Cambio
Cambio extracts databases from raw text and report files. It can read from multiple sources including ASCII, screen dumps, HTML, email, mailing labels, and more. Cambio is different from most programs. It creates a database to find the importance of topics. The more times you see a particular noun for instance, the more important it is.

9.3.  IBM Intelligent Miner for Text
The Text Miner first builds a dictionary of names of people, abbreviations, places and related vocabulary. This allows it to handle variations on the word and its abbreviations. It then divides the document into groups, based on similar content, in a process called clustering. The miner then uses these groups to help analyze the documents, both internally and externally between documents.

9.4.  PostDoc
The PostDoc system developed at Ames Research Center. The PostDoc system is a multi-user, web-based application primarily for the storage and retrieval of documents. So web masters should find this software useful.

9.5.  SemioMap
SemioMap (selected to be the case study of this report, elaborated on the subsequent pages) builds concept maps of large, dynamic text collections, using linguistic semiotic analysis to identify the connection of concepts in different documents. SemioMap supports the individual worker who must extract meaning and act on an overabundance of information. SemioMap is currently the only commercial mining software that will run under UNIX.

9.6.  Text Smart
Text Smart stems words, searching for derivations of common root words, and combines terms to create stemmed aliases (i.e., find, finding, and finds). It also supports synonym aliasing (i.e., smart, wise, intelligent) and a spell checker. Text Smart also incorporates a visual graph in its output. This graph allows the user to see the relationships between words and phrases.
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10.)  Case Study: Text Mining and the Knowledge Management Space 

A case study on the company Semio. Semio was founded in 1996 by Dr. Claude Vogel. Dr. Vogel is an internationally renowned scientist in the field of computational semiotics. Computational semiotics is the formal study of signs carried by patterned communications. Semio's products combine lexical processing (the automated extraction of meaningful phrases from documents) and semiotic analysis to deduce relationships in the large quantities of unstructured information common to today's business environment.

10.1.  Knowledge Management Products and the Knowledge Worker
The problem is especially acute for those who need to stay current, using ever-changing information as a basis for decisions and innovation. Whether trying to keep up with scientific research in a number of fields or technical developments in a marketplace, the "knowledge workers" today face a rapid pace of change that constantly challenges their status as content experts.

The problem has given rise to a rapidly growing class of software products: enterprise knowledge management products. Recognizing the enormous need to manage and control great quantities of textual and other information that drive research and innovation, numerous vendors have entered the knowledge management market with a wide variety of products.

The main problem with emerging, dynamic markets like this is that they are inherently confusing. Everyone is eager to be in this market; a wide range of products covers different parts of the overall problem. The already overburdened knowledge worker, looking into knowledge management products, must sort through a range of document management systems, text scanning products, collaborative workgroup products, and search engines.

Without years of experience with a technology, it can be difficult to determine which products serve your needs, if in fact you clearly understand what those needs are.

This paper provides an overview of the knowledge management market, looking at the variety of products offered in this category today and which parts of the business process they support. It then covers where SemioMap®, with its text mining capabilities, fits in the market. We hope that this overview helps you as you evaluate and explore the ways that knowledge management and text mining fit within your enterprise and support your valuable knowledge workers.

10.2.  Knowledge Management
Many companies define their products as knowledge management solutions. The reason is clear; everyone needs a solution for handling the large volume of unstructured information they confront each day.

According to ‘The Gartner Group’, businesses have paid $1.5 billion to consultants for knowledge management advice. This is expected to grow to $5 billion by 2001. A market that size is an attractive opportunity for many companies.

Part of the problem stems from the rather broad definition for knowledge management, a definition that evolves as new products come to market. Information Week describes knowledge management as ". . . the process of capturing a company's collective expertise wherever it resides-in databases, on paper, or in people's heads-and distributing it to wherever it can help produce the biggest payoff." 

Because they handle knowledge instead of data, knowledge management products either work with existing bodies of text or encourage collaborative work (to share the unwritten texts in individuals' heads). The tools and products in the knowledge management market include search engines, document management systems, and groupware products, among many others.

There are several ways to conceptualize this market. The Delphi Group, which focuses on this industry, divides knowledge management products into a number of categories, including:

· Intermediation: a brokerage function between those who seek knowledge and those who have it 

· Externalization: capturing knowledge in an external repository 

· Internalization: extracting knowledge from internal repository and filtering it for greater relevance to knowledge seeker.

If you look at these categories within the structure of an organization, they map out as follows:

It's clear from the diagram above that the knowledge worker is the central part of the process, the one extracting information from external sources and delivering it, filtered and interpreted, into internal sources.

Given this central role of the individual, another way to consider the market is from the individual knowledge worker's perspective. What kind of information are you handling, and where is it located? Do you know what you're looking for or not? Are you looking for a specific fact (something you know you need) or do you need to discover what you're missing? From the knowledge worker's perspective, the market has a slightly different configuration:


Let's look briefly at these categories as they relate to the products on the market.

10.2.1.  Knowledge Repository

This category includes products for creating, managing, and searching a corporate knowledge repository. Numerous document management products fit into this category, as do the products for performing indexed searches of text collections. (An indexed search presupposes a conditioned repository of text.) 

10.2.2.  Knowledge Sharing
These products help with the collection and exchange of information in an organization. Collaborative, groupware products belong in this category. (Lotus Notes is the most well known of the groupware products.) Other products in this category help you retrieve specific facts from the repository; these include clustering and text visualization products. (LiveTopics from Altavista is one example of a clustering engine.)

10.2.3.  Knowledge Discovery Products
This category helps you discover information when you're not exactly sure what you are seeking. Examples of discovery searches include: 

· I need to learn more about this topic. 

· What are the new developments in the widget market? 

· How did this situation change over time? 

· Who is doing research that might be related to my project? 

· What companies might be good partners for our company's products?

Semio calls this kind of discovery searching text mining. Its function in the knowledge management world is analogous to the function of data mining in the database world.

10.3.  Text Mining

In the database market, exploring relationships in existing collections of data is called data mining. Text mining performs a similar function with text, a type of data lacking the tools available for structured database analysis and collection.

In modern Western culture, text is the most common vehicle for the formal exchange of information. Scientific and technical knowledge in particular advances through the process of publishing. While new technologies may change the way that publishing takes place, they do not replace the basic fact of publishing or its place within the research community.

Text mining works with internal or external repositories; its greatest value might be when working with both in combination. For example, you may compare an internal patent portfolio with the most recent related patents in the field.

Text mining ultimately supports the individual, the knowledge worker who is performing the brokerage of information between the organization and the outside world:


The individual acts as the interface between external data repositories and the internal, corporate repository. The individual applies intelligence and creativity to bring meaning and relevance to information, turning information into knowledge. Text mining advances this process, empowering the knowledge worker to explore and gain knowledge from the knowledge base.

10.4.  SemioMap
SemioMap is a strategic tool to provide knowledge workers an intuitive interface that provides new ways to see textual information. It creates an environment to make sense of information. Not only does SemioMap meet the challenge of finding the appropriate information from amongst large data sources, it also provides the ability to make associations that might not have been made before. SemioMap is an innovation tool. It leverages the knowledge workers' intellect and creativity, maximizing their effectiveness and the organization's competitiveness.

SemioMap is a text-mining product, as defined in the previous section. SemioMap builds concept maps of large, dynamic text collections, using sophisticated linguistic semiotic analysis to identify the linkages of concepts in different documents.

In determining how SemioMap might fit into your enterprise, it is important to note which functions it does and does not perform.

Search tools. You might use SemioMap to browse and find facts in a knowledge base. SemioMap does not require a search, although you can use a search to fine-tune your maps. SemioMap builds and maintains a dynamic knowledge collection that you can browse and refine at will. In particular, it is not an exhaustive search tool, like AltaVista, that returns a list of occurrences. Semio returns relationships; you can drill down to specific documents.

Document management systems. Document management systems are used to build and maintain the corporate repositories that might be one source of the SemioMap knowledge base. These products are complementary to the concept mapping and text mining capabilities in SemioMap. If you build and maintain a large internal repository, you may need a document management system in addition to SemioMap.

Groupware. SemioMap is not a collaborative, groupware tool, although it might work well in an environment that has one. SemioMap supports the individual knowledge worker who must extract meaning and act on a glut of information. In many organizations, these individuals then collaborate and share their findings, adding their knowledge to the corporate knowledge. Collaborative products facilitate this process.

10.4.1.  How does SemioMap® work?

SemioMap uses a unique lexical extraction software that extracts the concepts from a text collection automatically. The list of concepts, the lexicon, is used to identify clusters of related concepts within the documents. The SemioMap lexical extractor is based on research in linguistic semiotics. It extracts phrases instead of keywords from text, and tracks the co-occurrences of extracted phrases. The extractor is customizable for optimal performance in your environment; you can modify the lexicon it builds or create your own.

SemioMap uses a technique called "data visualization" to display the key concepts and relationships graphically. The three-dimensional concept map lets you move through related concepts, drill down to different levels of detail, or jump to the documents referenced. The resulting product is much more than a simple search engine; it is a way to view and work with the interrelated concepts in a potentially large volume of information.

10.4.2.  SemioMap in general
Explore document collections using a three-dimensional graphical interface that maps the links between concepts in the document collection. Point-and-click navigation guides you along concept links. Zoom buttons drill down or up through levels of detail. A single mouse-click takes you to a list of source documents at any point.

Discover new relationships between concepts using SemioMap. These concept maps provide a quick way to discover relationships you may not have realized before.

Compare information from different sources. You might want to compare research being done in one country to another, or examine another company's patent portfolio relative to your own. The concept maps created by SemioMap provide a powerful tool for comparing the content of different collections of information.

Optimize the creation of concept maps for your particular organization or task at hand. SemioMap is highly configurable; you can customize how text is extracted and the level of detail you see.

10.4.3.  What kinds of information work well with SemioMap?
While SemioMap may work with almost any kind of information, it delivers the best results when used with information that meets the following criteria:

1. Knowledge worker value. Closely related to the previous point, text mining is meant to support the individual knowledge worker. It delivers for those who may themselves make an important contribution based on the new knowledge derived from SemioMap. By providing new insights and a strong foundation of understanding, SemioMap lets you add value to the knowledge base through innovation and decision making.

2. Text-based content. For text mining, the information must be textual. Numerical data and transactional data residing within a database structure are best served by existing data mining technologies.

3. Valuable content. The value of text mining with SemioMap is directly proportional to the value of the data you are mining. For example, you can easily build a SemioMap concept map of a year's worth of personal email messages. But much email is relatively devoid of content, or of content that has a lasting value. ("Soccer practice is rained out today, let's get together next week...") The more important the knowledge contained in the text collection, the more value you will derive by mining the data.

4. Explicit text. The content should be explicitly stated within the text. Scientific and technical information are good examples of explicitly stated material. Legal or literary documents rely more heavily on form and style, and are less well suited to text mining.

5. Unstructured. Highly structured information already resides within a navigable organization; text mining is not as valuable in those cases, provided the structure of the information makes some sense. Text mining is most useful for unorganized bodies of information, particularly those that have an ongoing accumulation and change. Bodies of text that accumulate chronologically are typically unorganized and therefore good candidates for text mining. 

10.4.4.  Fitting SemioMap into the Enterprise
The goal of text mining is to empower and support the knowledge worker. SemioMap displays the relationships of concepts in text collections; it is up to the knowledge worker to provide the meaning and relevance to that information. By facilitating the transfer of information into knowledge, decisions, and creativity, SemioMap provides a means of not only handling, but also staying current with and in control of the vast amounts of information affecting your business.
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11.)  Appendix
11.1.  Acronyms
ARM - Automated Requirements Measurement 

ASCII - American Standard Code for Information Interchange

HTML - Hyper Text Markup Language 

CGI - Common Gateway Interface

CLCS - Checkout and Launch Control System

HTML – Hypertext Markup Language

HTTP – Hypertext Transfer Protocol

HQ - Headquarters

IBM – Intelligent Business Machines

IEEE - Institute of Electrical and Electronics Engineers

IV&V - Independent Verification and Validation

JSC - Johnson Space Center

KSC - Kennedy Space Center

NASA - National Aeronautics and Space Administration

PERL - Practical Extraction Report Language

SATC - Software Assurance Technology Center

WVU - West Virginia University

11.2.  Glossary
Data mining- the extraction of hidden predictive information from large databases using some variables or fields in the data base 

Scan- to sequentially search a file.

Parse- to analyze a sentence or language statement. Machines understand the English language by a method known as parsing. Parsing breaks down words into functional units, understandable by the machine.

Text mining- the application of data mining to non-structured or less structured text files.
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