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American Express uses the technology to decrease its charge-card losses by fifty percent, while improving the number of high-value customer charges it approves. Countywide Home Loans uses the technology to reduce the time spent interviewing loan applicants by a factor of three, improving efficiencies while increasing customer satisfaction. More than 250 financial professionals from HomeSide Lending Inc. use it to process the 2,400-odd processing steps required for a complex financial transaction. Other companies are using the technology to improve the quality of their customer service, enhance the accuracy of their decisions, and even to increase the “stickiness” of their Web sites.

The technology? Expert systems, based on the proven Artificial Intelligence (AI) disciplines of rule-based and case-based reasoning, from MindBox, Inc(. Rule-based expert systems apply policies, procedures, and best-practices to real-world problems. Case-based reasoning, or CBR, is an advanced technique which can further automate and assist complex decision making in addition to business rules and pattern matching. MindBox's rule-based, CBR, and hybrid solutions add efficiency, flexibility, scalability, and accuracy to decisioning systems, even when the decision-making criteria involve value judgments, or include incomplete or even contradictory data. In many instances, CBR can perform similar decision-making functions to those a human would perform, allowing the true experts to concentrate on only those situations that fully require their attention.

Speed means scalability, for example, able to handle thousands of transactions with little more effort than that required to handle a dozen. Automation means all channels including the Internet, and its never-stopping 24x7 availability. In today's increasingly competitive business environment, the Internet no longer represents an option for conducting transactions. It's a necessity. Along with that, customer transactions have increased in complexity from simple e-commerce shopping-cart systems to more advanced systems. 

Consumers now look toward the Internet not just to provide data, but to give targeted content and genuinely useful advice tailored toward their particular needs. Consumers expect a Web site to provide more than a downloadable application form for products or servers -- they want the site to accept their application and render a decision in real time.

What the customer wants, the customer had better get… or the customer goes someplace else. Traditionally, businesses staffed up their phone lines, branch offices, and sales locations with trained experts who could make decisions or recommendations based on their knowledge of their product, data about the customer, and lists of policies and procedures. Because there are only a fixed number of human experts available, customers experienced delays. Yet adding more experts is expensive, often prohibitively so in specialized industries or in a tight labor market, such as is being experienced in the United States during the economic boom. These issues translate into limits on scalability and higher expenses for businesses…. or lost opportunity for revenue as well as declining market share and customer satisfaction.

The solution, many businesses have found, is to deploy automated decision-making and advisory systems using intelligent technology. MindBox's rule and CBR-based AI systems bring companies and their expertise closer to customers while making their applications and business processes more efficient and scalable.

AI And Case Based Reasoning

Artificial Intelligence is a term used to describe a number of technologies and problem-solving methodologies. What the different AI techniques have in common is that they were all initially developed by academic research laboratories, and that they all aim at mimicking the way that human beings think, behave, or solve problems. AI research has been conducted since the 1940s, and in the 1980s there was huge influx of commercial and research dollars into many AI-related fields. Since then, many AI-based solutions have been successfully transitioned from the research lab into real-world applications for pattern recognition, robotics, data mining, and rules-based and case-based expert systems.

Expert systems model the way that people approach decision-making, by trying to match the current situation to a set of rules. A rule consists of two parts, a condition and an action: Whenever the condition is true, then perform the action. Many times, those rules are simple: Whenever the customer’s credit limit is overdrawn, then deny the transaction. But in practice, even those simple rules should be as simple as they appear: Whenever the credit limit is overdrawn, first see if the applicant is worthy of a higher credit limit before denying the transaction.
There are two types of expert-system technologies. The more traditional is called a rule-based system; it makes decisions based on a set of rules of the form above. Often those conditions are themselves based on a number of other conditions linked together with and and or clauses: Whenever the customer’s credit limit is overdrawn and this has happened more than three times in a day, put a hold on the account. A business decision might involved dozens or even hundreds of rules -- think about the process of approving a mortgage, or making a basic medical diagnosis. 

A rule-based system’s rules are evaluated by a piece of software called an inference engine, such as MindBox’s ART*Enterprise; whenever the conditions referred to in a rule change, the inference engine reevaluates all rules that contain that condition. If the actions taken by those rules impact other rules’ conditions, then those rules are reevaluated. The inference engine provides that pattern matching capability which indicates when a given rule should fire, taking the system beyond simple if…then statements to true intelligent decisioning capabilities.  This also eliminates the need for the complex navigational programming required by non-rule based systems. All of the rules used by the expert system are stored in a rule base.  
Where do the rules come from? They are generally explicitly determined by programmers working closely with domain experts, that is, people who know the rules, or know where to find them. Some very simple rule-based systems even contain visual development tools that allow the domain experts themselves to define the rules. Rule-based systems work best when the rules are comprehensive, clear, and unambiguous, such as when they’re spelled out in a procedures manual. Because in the real world rules are constantly changing, the process of maintaining and testing a rule-based system can be complex and expensive-- especially if the system is not designed and built correctly. Contradicting rules, for example, can affect the accuracy of the entire expert system.  Thus working with experts such as MindBox consultants who know how to optimize these systems is critical to their successful implementation.
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Case-based reasoning, or CBR, began its evolution in 1977 with the publication of the paper “Scripts, Plans, Goals and Understanding” written by Dr. Roger C. Schank while he was professor of computer science and psychology at Yale University. The first applications of CBR were developed in the early 1980s, and CBR was considered to enter the AI mainstream in the early 1990s with the first international conferences on the technology. Additional seminal work in the area was undertaken by Dr. Janet L. Kolodner, currently at the Georgia Institute of Technology; her initial projects in the medical domain advanced the state of diagnostic, question-and-answer based CBR systems.  
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CBR was patented for commercial use in a technology by Inference. 

The second type of expert systems are CBR systems. Case-based reasoning, or CBR, makes decisions based on the actions taken when previous, similar problems were presented. By comparing the current circumstances to symptoms of past problems, and looking for close matches, professionals can often determine the best decision to take, even in situations where the decision-making rules can’t be stated explicitly. Instead of a rule base, as in a rule-based expert system, there is a case base, which is a database of cases. Each case describes the problem and its specific symptom and measurements, as well as an appropriate action for that problem. Because changing circumstances can be accommodated by adding new cases to the case base, a CBR system can learn from experience. Domain experts can easily maintain the case base, because there’s minimal programming involved, and the CBR system automatically handles contradicting cases. 

The interesting part, when it comes to complex CBR case bases, is finding and identifying which cases are appropriate matches for a particular problem. Advanced CBR engines such as MindBox’s ART*Enterprise retrieve not only cases that exactly match the current problem, but also cases that are similar to the "perfect match" but differ from it in significant ways. One powerful benefit of the CBR approach to decision-making is that cases and problems can be expressed using ordinary text and unstructured data; this makes it ideal for assisting or automating tasks in many business domains. By comparison, a rule-based expert system generally requires that rules be clearly and unambiguously written in a rule language using a specific syntax.

In the real world of business problems, the most powerful AI technology is what’s referred to as a hybrid system, which combines features of both rule-based and case-based systems. Hybrid systems like ART*Enterprise use rules to control multiple case bases and assist the user in responding to prompts (or in some situations, automating the response entirely), while cases can be used to solve problems which are best described using cases, rather than rules, or which are less clearly understood.


The Case-Based Reasoning Process

As described by professors Agnar Aamodt from the University of Trondheim, and Enric Plaza of the Spanish Scientific Research Council, in their paper Case-Based Reasoning: Foundational Issues, Methodological Variations, and System Approaches, the case-based reasoning process can be described as a cycle containing four processes:


1. RETRIEVE the most similar case or cases

2. REUSE the information and knowledge in that case to solve the problem.

3. REVISE the proposed solution 

4. RETAIN the parts of this experience likely to be useful for future problem solving


Operationally, a new problem is solved by retrieving one or more previously experienced cases. This might be done by navigating through forms or menus, if the user is merely seeking information that already exists, or by filling in forms or engaging in a question-and-answer “conversation” with the CBR system in those cases in which all the information is not readily stored in the system.  An example of this latter situation might be in a diagnostic situation.

A user accessing an informational case base is seeking a variety of information sources for a particular topic, which may or may not require answering questions posed by the system.

A diagnostic application requires input of observations and iterative interaction, with the operator answering questions based on inferences drawn from previous inputs. Previous answers can also be displayed and changed by the user during the process, leading to different questions and paths. The CBR system in either instance provides a newly prioritized list of possible diagnoses or references that were previously indexed to match the user’s inputs. 

If none of the existing cases gave appropriate or satisfactory answers – perhaps this is a new situation, or business rules have changed – the user can provide feedback to a business expert, who can evaluate the situation and, if appropriate, create a new case for the case base or modify existing cases to accommodate the new information.

Beyond Simple Rules

The power of case-based and hybrid systems can be harnessed to solve many categories of business problems with or without human interaction.

In many financial markets today, as well as in medical applications, AI-based systems are applied to help a human expert more quickly solve a complex problem. The human operator fills in forms on screen describing the business problem. Depending on the type of problem, a rule-based system can narrow down the problem domain, and a CBR system can compare the input data against its case base to find analogous situations. The results might be further processed by a rule-based system in order to apply definite policies, such as that an individual undergoing treatment x cannot be prescribed medication y, or that a certain type of home loan does not meet bank regulations. The final results are then presented as a series of options to the human expert, who can then use the recommendations of the hybrid system in order to more quickly and accurately make a decision about a financial service to offer or a treatment to recommend. Because the rule/CBR-based expert system provides the first-level analysis, it reduces the amount of time that an individual spends on each transaction, reducing the unit cost of each transaction as well as allowing the organization to process more transactions without adding more staff.

HomeSide Lending Inc., one of the nation’s largest mortgage banks, currently uses MindBox’s ART*Enterprise in exactly such a way. The company’s more than 250 loan professionals use a hybrid system to help evaluate loans. Although the human loan officers make the final determination, HomeSide credits ART*Enterprise with reducing a loan’s processing time by 41 percent as well as reducing errors to almost zero -- and cutting the cost of processing that loan by 35%, from $1,400 to $900. That not only increases the loan processing department’s efficiency, but also allows them to pass savings onto customers, making the mortgage broker more competitive as well. 

Helping human experts within a business make more consistent, accurate and timely decisions is a classic application of CBR-powered expert systems. A newer application is to empower customers to find the information they need, quickly and accurately using the Internet.

Many Web sessions are searches for information. The public advertising-sponsored search engines such as AltaVista, Excite, Lycos, and Yahoo! represent one type of search. Another is the search through corporate information, looking for solutions or suggestions using CBR applications that can hold proprietary knowledge of company experts. For instance, every use of a company’s technical support people is a potential application of case-based reasoning.  Technologies such as ART*Enterprise add value to their Web sites by enhancing the value of the information that customers can mine out of their online databases. This  generates improved customer satisfaction and loyalty, as well as increased “stickiness” of the Web sites and other online resources.

Improving Customer Contact

The name of the game for the dot-com era is improving the customer experience. The sheer number of startups entering nearly every phase of business-to-consumer retailing, as well as the depth and range of search engines, means that consumers are in the driver’s seat when it comes to picking their suppliers. If the customer doesn’t find a particular retailer’s online experiences satisfying, he or she will simply click away, perhaps never to return. The solution: Improving the Web site by personalizing and augmenting the customer contact to add sufficient value to retain the customer’s attention, improve quality of service, and differentiate the retailer.

AI-based tools such as case-based reasoning have been shown to be an essential tool for enhancing the customer experience. Solutions in use today based on MindBox’s ART*Enterprise CBR software greet customers as they enter a Web site, re-use any profile information about the customer to offer a customized response in real-time, and automatically guide them to the information, products, or other resources best suited to their needs, location or preferences.

As more enterprises build systems using ART*Enterprise, customers will begin to expect the personalized level of service that only AI technologies such as case-based reasoning can provide.

Possibilities For The Future

Although practical applications of case-based reasoning technology have been used commercially for more than a decade, the Internet unlocks a tremendous potential for the use of CBR in situations involving direct customer communication and interaction.

Today, enterprises are building e-commerce solutions using case-based reasoning to offer personalized selling and deal structuring. On those sites, server-side CBR systems will apply both rules and cases to analyze a customer’s demographics, financial requirements, and stated preferences, in order to construct an ideal package containing just the products and services the customers needs, and at a price the customer will find desirable.

The next step for e-commerce will be cross-selling and up selling. Using CBR, retailers can move far beyond the current “people who bought product a often buy product b, would you like to buy one also?” model common on business-to-consumer sites. By comparing cases of in-store customers with online purchasers, and using the cases to create tailored offerings, for example, clicks-and-mortar stores can offer highly accurate recommendations, tailoring the online shopping experience to increase revenues as well as to increase customer satisfaction and retention.

One of the largest opportunities for CBR is in online financial services. Current Web sites fail to offer truly personalized recommendations for customer investments, insurance, banking, mortgage terms, and other extremely complex offerings. Web-based CBR powered by ART*Enterprise can utilize existing cases to provide the service offered by personal sales agents or brokers -- but automatically, 24x7, in real time. Coupled with rule based systems that determine eligibility, appropriateness and conformance to corporate policy, CBR provides a powerful system able to offer the best solution to any given individual customer.
By moving such service offerings from human agents to CBR-based expert systems, financial services companies can reserve their trained expert staff for handling exceptional cases which cannot be resolved by the expert, which leads to greater employee job satisfaction.  Since each new experience can be stored in the case-based reasoning system, the use of company knowledge becomes more robust and valuable for future transactions

Cbr: The Technology For The Next-Generation Web

Case-based reasoning has already won accolades in financial services, in the insurance industries, and in medical diagnostics, as well as in government, military, and research. Thanks to the power of technology such as ART*Enterprise, and the ubiquity of the Internet, CBR is poised to offer similar benefits to Web-based products and services. Increasing customer satisfaction, improving quality of service, reducing per transaction costs, and adding round-the-clock scalability: case-based reasoning will be the intelligent technology behind the next-generation Internet.

Introducing Mindbox, Inc.™

MindBox, Inc.™ was formed as a newly created and independent company in April 2000 in a management-led leveraged buyout from the highly successful Brightware Inc. Formerly Brightware’s Custom Solutions Division, MindBox’s focus is on developing and providing software and services based on ART*Enterprise(, the leading rule- and case-based reasoning solution on the market today.

MindBox’s ART*Enterprise( technology automates complex, knowledge-intensive business processes requiring decision-making capabilities involving the best knowledge and practices of a business. With hundreds of clients already deploying its intelligent technology, MindBox improves an organization's operational efficiency, allowing for faster, accurate responses to customer needs. For example, MindBox’s intelligent applications within the areas of mortgage underwriting, origination and deal structuring systems are currently used in leading companies including Fannie Mae, Freddie Mac, Upland Mortgage, Countrywide Home Loans and Homeside Lending.

Brightware, Inc., MindBox’s former parent company, was itself formed in 1995, as a spin-off from Inference Corp., a leading artificial-intelligence software maker. Brightware had operated formerly as Inference’s Front Office Solutions (FOS) Division, and was responsible for the ART development tools family and related consulting solutions. Inference, founded in 1983, was the originator of the ART case-based-reasoning software. Inference was acquired in June 2000 by eGain Communications Corp. 

ART*Enterprise(,MindBox’s flagship product, is a development environment specialized for building intelligent application--or components within existing transaction systems-- to implement an organization's best practices, to automate the decision making process, and to guide end users to an optimal decision.











