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This white paper discusses the 

technology framework utilized for 

the development of the Concept 

Searching suite of products that  

provide significant advantages to 

organizations wanting to capitalize 

on their information assets.   
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Overview 

Connecting knowledge workers with relevant and timely information in an efficient manner has been 

proven to provide considerable time and cost savings.  In order to gain this advantage in todayõs business 

environment, management must implement processes and toolsets that effectively maximize the return on 

intellectual and information assets through the re-use of existing knowledge within their organization. 

 

The Concept Searching toolset helps clients develop and integrate resources for intellectual capital          

management.  A web-based delivery model developed to virtually share, collaborate, distribute and        

exchange knowledge among members of an organization, the products support an  intelligent portal for  

content management, workflow, e-learning, and collaboration. 

 

Concept Searching technologies provide: 

 

* Probabilistic Latent Semantic Indexing 

* Relevance ranking based on the Probabilistic Model (Bayesian Inference) 

* Dynamic summarization 

* Concept identification based on Shannonõs Information Theory 

* Cross platform compatibility via web services 

* All Application Programming Interfaces (APIõs) based on XML 

* Transparent access to system internals including the statistical profile of terms 

* True relevance ranking of compound (i.e. multi-word) items 

* Simple GUI for building and maintaining taxonomies 

 

What does this mean to the knowledge worker? 

 

* High recall and high precision 

* Contextualization - finding hidden relationships between documents within the enterprise 

* Exceptionally high sorting rates 

* Language independence 

* Scalability 

 

Most knowledge management platforms are robust document management systems.  They are heavily    

dependent on subject matter experts (SMEs) who upload and organize information within their respective 

business domain.  This is both time consuming and subjective, resulting in a stove-piped, static presentation 

of information.  Retrieval of information is dependent on active searches conducted by end-users.  This can 

be a hit or miss approach and is compounded by a lack of integration between existing knowledge          

management platforms and document management systems.  Often little or no connectivity exists to other 

valuable data sources. 

 

In almost every organization, unstructured information is categorized and indexed by various individuals 

using ôsubjectiveõ factors in a manner that is very time consuming and ineffective.  The Concept Searching 

approach uses ôobjectiveõ criteria (established and accepted taxonomies) to automate the classification  

function. Unstructured information is automatically indexed and relationally organized according to      

organizational, functional taxonomies.  Individuals can be automatically notified any time relevant        

information is added.   
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Knowledge Discovery Technology 

Thomas Bayes was an eighteenth century mathematician who    

devised a theory for conditional probability: 

 
                      P(B ? A) P(A)  

         P(A ? B) = -----------------  

                           P(B)  

 

Conditional probability is the probability of some event given that 

some other event has already occurred.  In the above equation the 

left hand term P(A/B) is known as the posterior probability or the 

probability of some event A occurring given that event B has      

occurred is equal to the probability of event B occurring given that 

event A has occurred, multiplied by the probability of event A    

occurring and divided by the probability of even B occurring.   

 

The Probabilistic Model interprets Bayesõ Theorem in an              

Information Retrieval (IR) context where the probability that    

certain query terms are better differentiators between relevant and 

non-relevant documents than other query terms evaluated given 

implicit or explicit relevance feedback. 
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Bayesian Inference 

Probabilistic Model 

The Probabilistic Model was pioneered at Cambridge University during the 1970õs and 1980õs.  The model is an 

application of Bayeõs Theorem and defines a system of weighting individual query terms and documents based 

on: 

 

* The frequency of terms across the document collection (wcf) 

* The frequency of terms within a given document (wdf) 

* Normalized document length (ndl) 

* Explicit or implicit feedback on document relevance 

 

In 1976 Professor Stephen Robertson and Karen Sparck Jones devised a formula for computing term weights 

and document weights and subsequently performed extensive evaluations on relevance feedback techniques 

using standard document collections.  In 1994 Robertson introduced an extended model that was no longer 

based on a binary independence model and this work has strongly influenced the design of the Concept  

Searching products.   

 

Why is the Probabilistic Model superior to traditional free text systems?  

Traditional free text systems are based on simple keywords and Boolean logic (primarily the AND, OR and 

NOT operators).  While this technique is very precise it does not perform well when the number of documents 

is too large to examine thoroughly.  In this case the ability to rank documents, with the most important ones 

at the top of the list, is of paramount importance.  Over time traditional systems have introduced various 

ways to rank results but this is not based on a sophisticated model of term profiles across the collection of   

indexed documents and tends to rely too heavily on a ôwithin document frequencyõ (wdf) analysis.  The      

statistical model of term frequency across the document collection is unique to the Probabilistic Model.  This 

model not only allows initial relevance ranking to be more accurate but it also provides a mechanism for     

iterative searching based on relevance feedback. 
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Probabilistic Latent Semantic Indexing 

Relevance Feedback 
Traditional information retrieval systems provide a static mechanism to index documents and service retrieval 

requests.  Relevance feedback is used to describe dynamic mechanisms that allow the retrievals to be tuned 

over time based on explicit or implicit feedback from the user(s).  An example of implicit feedback would be 

where a user identifies individual documents that are relevant to their query.  Another example of implicit 

feedback would be where the system monitors the userõs activity to see what documents they examine; how 

long they spend looking at individual documents; what documents they author or perhaps a common pattern 

to their retrieval activity.  The Probabilistic Model allows this type of explicit or implicit feedback to be     

injected into the retrieval process so that the weightings applied are modified, or tuned, automatically to suit a 

particular userõs requirements.  

Concept Searching versus Simple Keyword Searching 

A Probabilistic implementation that works on the basis of words appearing in documents independently from 

other words will provide a reasonable level of accuracy.  However, if the implementation understands that the 

co-location of words is relevant and should form part of the weighting process then a significant improvement 

in the relevance ranking can be achieved. 

 

For example, consider the following query: 

 

ôdangerous dog attacks babyõ 

 

A human would interpret this phrase as being about a wild animal attacking an infant.  However, a simple 

information retrieval system that assumes that words appear independently from each other would assume 

that any document containing the phrase: 

 

ôdangerous virus attacks baby dogõ 

 

would be 100% relevant to the above query on the basis that it contains all of the words.  Most humans would 

disagree.   

Probabilistic Latent Semantic Indexing (PLSI) is the ability to locate documents that are relevant to the 

userõs query even if they do not contain any of the words in the userõs query text.  It is also has the ability to 

ignore documents that do contain words from the userõs query but are not relevant.   

 

Probabilistic Latent Semantic Indexing (PLSI) is achieved by: 

 

* Relevance ranking the documents matched by the initial query 

* Extracting the distinguishing concepts from the most relevant documents 

* Expanding the query to include selected related concepts 

 

The inclusion of related concepts can be done explicitly (user decision) or implicitly where related concepts 

are included automatically based on an understanding of the application area and/or user personalization. 

 

Imagine searching for ôportable computerõ and finding documents that were about ôlaptopsõ, ôthe Toshiba 

Tecraõ and ônotebooksõ where some of the retrieved documents do not contain any words from the   original 

query - thatõs Latent Semantic Indexing.  



Concept Searching uses Shannonõs Information Theory to 

compute the incremental value of compound terms based 

on an analysis of the probability of the joint occurrence.   

 

Claude Shannon, a scientist working at Bell Labs, published 

his Information Theory in 1948 and this had an immediate 

and lasting impact on data communication technology.  

Shannon demonstrated that the value of a piece of          

information is proportional to its probability and the     

entropy of a joint event is given by: 

 

 

Concept Searching interprets this in an IR context to compute the incremental value of a two-word term over 

its single components.  Higher order compound terms are evaluated using their lower order compound        

components. 

 

It is no coincidence that the majority of compound terms are in fact proper nouns, noun phrases and verb 

phrases and it is these sentence fragments that convey the key concepts in most text.  However, the concepts 

are identified without any linguistic analysis and so the products work with any vocabulary and are language 

independent.  The mathematical approach works because Shannonõs theory can be applied to any human    

language communication.   

 

The ability of an IR system to identify clusters of words that identify specific concepts represents a major   

advancement over systems that fail to do this.   
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Often a user will type in a query with one form of a word but would like to match other forms of what is     

essentially that same word.  In 1980 Dr. Martin Porter, a member of the team working on a Probabilistic 

Model at Cambridge University developed a suffix-stripping algorithm that has been very widely adopted for 

normalizing words in information retrieval systems. 

 

Using Porterõs algorithm the following words can be matched: 

 

ôdangerousõ with ôdangerõ; ôdangersõ and dangerousõ 

ôattacksõ with ôattackõ; ôattacksõ, ôattackerõ, ôattackersõ with ôattackingõ  

ôbabyõ with ôbabyõ and ôbabiesõ 

 

In addition, Concept Searching uses a fuzzy stemmer the following words can also be matched: 

 

ômisspeltõ with ômispeltõ 

ôcommissionõ with ôcommisionõ, ôcomissionõ, ôcommissioningõ and ôcomisionedõ 

ôaccommodateõ with ôaccomodateõ and ôacomodationõ 

 

Concept Searching uses language stemming as part of its concept matching process, although individual words 

and phrases may be left un-stemmed by enclosing them with double quotes.  This means that by default   

stemming broadens the matching process but where a particular word should be interpreted verbatim it can be  

easily excluded from the stemming process.  

Shannonõs Information Theory 

Language Stemming 


