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From Data To Decisions

Category: Artificial intelligence
ABSTRACT 
Artificial Intelligence is all about bringing Common Sense, Expert Knowledge, and Superhuman Reasoning to Computers. For the most part, AI does not produce stand-alone systems, but instead adds knowledge and reasoning to existing applications, databases, and environments, to make them friendlier, smarter, and more sensitive to user behavior and changes in their environments. 

In the domain of Artificial intelligence, various problem-solving techniques have been developed. Though working towards the common goal of making a computer 'intelligent', all these techniques use different methodologies. Case Based Reasoning is one of these techniques. Computer systems that solve new problems by analogy with old ones are often called Case Based Reasoning (CBR) systems. 

This paper answers fundamental questions like what is CBR and how is it related to human reasoning, the different issues involved in developing a CBR system and CBR's comparison with other problem-solving techniques. 

Introduction 
Case Based Reasoning (CBR) is a powerful technique to search and retrieve information from a collection of past experiences (cases). These technologies enable preserving and sharing best practices in service and diagnostic. 

Consider a simple example of Case Based Reasoning (CBR) that deals with car diagnostics. A case stored in the case base is a fault that has been solved in the past. The case description is made up of effects, such as observed symptoms (e.g., engine does not start) and context parameters (e.g., ignition key is turned on). It can also include measured parameters for example, the state of the electronic control units obtained using testing equipment. The solution is the maintenance operation. 

With CBR, you can make use of the experience captured in this case base to solve new diagnostic problems. If you encounter a new, unsolved diagnostic problem, a past case that is similar to your new problem will very likely contain an appropriate maintenance operation. 

Analogy to human reasoning 
When confronted with a new problem, a technician with no or little experience may attempt to analyze the problem using a Fault Isolation Manual, if there is one and if this is not an overly time-consuming task. He might also try to find the source of the problem by himself, in which case he may end up changing the wrong parts. Finally, he might ask for help, either by calling the car manufacturers technical support center or by asking a more experienced colleague. 

A more-experienced mechanic can recall past cases he has solved. His intuitive thinking process is, "Have I ever seen a similar problem before? If so, what did I do to solve it?" If the more-experienced mechanic can find the solution and fix the car, his less-experienced colleague will learn from this new experience and build up his 
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own memory of solved cases. This human ability to learn is a key to human intelligence and reasoning. 

If the experience of its employees is indeed a valuable asset to a company, it makes sense to try to capture this experience and store it in such a way that it can be reused in the future and shared among the company's individuals. 

Detailed description of CBR 
The basic idea behind all CBR approaches is to retrieve problem-solving experience that has been stored as a case in a case base, adapt and reuse it to solve new problems and, if not successful, learn from these failures. At the abstract level, the CBR process can be described by four main steps: 

1. Retrieve the most similar case(s). 

2. Reuse the case(s) to attempt to solve the new problem. 

3. Revise the proposed solution if necessary. 

4. Retain the new solution as a part of a new case. 

While the names for the tasks may vary from one process model to the other, the basic ideas stay the same. 

Putting knowledge to work by using CBR is not something that can be done in one "big bang". A process has to be put into place to capture business parameters that are used for decision making, to acquire quality cases that are described according to these parameters, and to maintain the quality of the case base over time. 

How are Cases Retrieved? 
A distinguishing feature of CBR systems is the mechanism for retrieving similar cases from the case base. CBR systems offer the possibility of customizing the way the similarity between the query and the cases is computed. The underlying technique used is called nearest neighbor retrieval. The global similarity between cases can be calculated, for example, as the weighted sum of a local similarity that is computed for each feature used to describe a case. Different metrics can be employed for computing the local similarity for each individual feature according to its data type (numbers, symbols, and so on. Each feature may have a weight associated with it to increase or decrease its overall importance. 

If the case base is reasonably large, it must be indexed. Different indexing mechanisms are available. Trees can be used to index large case bases. A decision tree is a hierarchical partitioning of the stored cases, based on the feature values. Its root node contains all the cases, while lower nodes progressively partition cases into subsets 

according to the various features applied in order of discriminatory power. The decision tree determines the order in which tests should be applied during consultation so cases can be retrieved. 

How are Cases represented? 
The first step in building a case-based application is to decide how to represent a case inside the computer. This in turn will have an impact on how the case is stored (i.e. in a database, in a binary file, in an electronic document amongst others), how the CBR retrieval engine will perform, and what kind of knowledge can be discovered by the data mining engine. In commercially available systems, there are different approaches to case representation and, related to that, different techniques for Case Based Reasoning: the textual CBR approach, the conversational CBR approach, and the structural CBR approach. In the textual CBR approach, cases are represented in free-text form. In the conversational CBR approach, cases are lists of questions and answers. For every case, there can be different questions. In the structural CBR approach, the developer of the case-based solution decides ahead of time what 
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features will be relevant when describing a case and then stores the cases according to these. 

Issues when building a system 
A case-based system is not a ready-made solution; cases are different from application to application: a case that describes an airplane engine fault for a technical support application is described differently than a case for a product that can be bought in a sales-support application. 

The general development process is to: 

1. Build and maintain a case base 

2. Customize the user interface 

3. Tune the way the information system operates. 

For example, the system's developer can indicate how to compute the similarity for a given feature that describes a case, how the case base is organized inside the computer memory, and/or how individual cases are reused and adapted once they have been retrieved. If the case base evolves over time, as it usually does, an organization and the appropriate process must be put in place. An existing organization may also be adapted to support case collection and quality control. For example, in the aerospace industry, manufacturers often have technical representatives in the airlines who can collect and validate the technical content of the data that is fed back to the case base. A case-based application is only as good as the case base on which it operates. 
The effort required to build an application can vary significantly. In a technical diagnostic application, building up a well-populated, high-quality case base can take six months and consume 80% of the efforts; while customizing the user interface and the retrieval uses only 20%. This ratio might be completely reversed for a sales-support application where the data (cases) comes from an existing catalog of products. 

When building a CBR system, a 'case' should be represented so as to capture its true meaning. Indexing should be done to felicitate quick retrieval. Assessing the similarity between a current case and retrieved ones and adapting a solution that worked in the past to our new problem. Lastly, integrating Case Based Reasoning into an organization. 

Comparison with other technologies 
Versus statistics 
Statistics and CBR are complementary techniques in many problem-solving processes. Statistics work well on large amounts of standardized data to test known hypotheses. However most statistical methods are not suitable for exploratory analysis (i.e. when all hypotheses are not yet known) because they rely on strong underlining critical assumptions that are often overlooked by the end-user. 

When using statistical methods, it is hard to take into account common sense or background knowledge. CBR on the other hand can make use of background knowledge when available since it integrates numeric as well as symbolic techniques. 

Versus information retrieval 
CBR and Information Retrieval (IR) focus on retrieving information from a database (case base) of collected data, allow flexible database querying, and result in collection of relevant but inexact matches. The two technologies differ in the following ways: 

IR methods primarily operate on textual data whereas CBR methods work on mixed representations i.e. vector of several basic data types Real, Integer, Symbol, Boolean, String, etc. IR methods can handle huge amounts of data, can search 
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through thousands of documents, CBR systems are comparatively more limited. IR systems work independently of the user's problem-solving task. IR provides a generic indexing and retrieval engine that can be used for a wide variety of tasks and the knock-on effect of this is that they have limited accuracy for any given query. CBR systems makes use of knowledge about the problem solving process in order to build effective indexes, to improve retrieval accuracy. 

In complex-structured application tasks that require an integration of different, knowledge-intensive problem solving and learning methods, the difference between CBR and IR systems becomes very apparent. 

Versus rule based systems 
Developing rule-based expert systems to solve complex real world problems is a difficult task. One of the main difficulties is that rules have to be provided by the relevant human expert and these experts all though very good at solving practical problems are generally not as gifted at explaining how they solved the problem. In addition they experience difficulty articulating this knowledge using logical rules that can be expressed in a formal language. CBR provides methodologies for building, validating and maintaining applications. Experts can talk about their domain by giving examples instead of providing rules. 

CBR is valuable when problems are not fully understood (weak models with little background knowledge) and where there are many exceptions to the known rules. In these situations the number of special or subtle contexts make a rule-based approach inadequate. 

Methods based on cases are incremental i.e. they can learn from experience and keep up with the knowledge that workers acquire in their daily experience. This maintenance task is more difficult in rule-based systems as new smaller parts of the domain have to be incrementally covered by rules. This results in declining productivity, increasing difficulty in maintaining the rule base and, ultimately, leads to an incomplete coverage the problem. 

Versus classical machine learning 
Machine learning and CBR share a lot of common ground in research terms. Machine learning techniques force a strong separation between learning and problem solving. Learning involves analyzing training examples to extract functions or rules; problem solving involves applying these functions to new incoming problems. CBR does not separate these two. Machine learning focuses more on the algorithms for learning than on the problem solving aspects of the system. In addition, CBR explicitly includes the notion of memory which eases the mapping onto practical problems. 

An important difference between case bases and symbolic classification algorithms concerns the representation of the learned concept. The symbolic approach corresponds to a kind of compilation process whereas the case based approach may be viewed as a kind of interpretation during runtime. 

Versus neural nets 
Neural networks (NN) perform better than CBR in a knowledge-poor environment when the data cannot be represented symbolically e.g. radar signal recognition. Neural networks domain also extends to pattern recognition where there are many points of raw data, as in vision, speech and image processing. Neural nets are very resilient to noise during consultation phase, even with a fraction of the original attributes having values, the retrieval performance can be quite high. 

NN are not suitable when background domain knowledge has to be taken into account. Neural networks cannot cope with complex structures and in order to 
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perform well the coverage of the domain has to be exhaustive during the "learning" phase. 

Neural networks work as a "black box", so they suffer from a lack of transparency. Validity of the systems decision cannot be judged because of the nature of the inner workings, the output of the network is a function of weighted vectors that depends on the network's architecture and the learning mode used. 

Conclusion 
CBR systems are easy to develop, they use extrapolation techniques i.e., are capable of using weak models (with little background information) for problem solving. All these characteristics make Case Based Reasoning an important decision making tool. 
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