What is rule-based reasoning? 

A particular type of reasoning which uses "if-then-else" rule statements. As mentioned above, rules are simply patterns and an inference engine searches for patterns in the rules that match patterns in the data. The "if" means "when the condition is true," the "then" means "take action A" and the "else" means "when the condition is not true take action B." Here is an example with the rule PROBABLE CAUSE:

IF robbery is TRUE
AND
suspect witness identification is TRUE
AND
suspect physical evidence is TRUE
AND
suspect lacks alibi is TRUE
THEN
probable cause is TRUE
ELSE
round up usual suspects
Rules can be forward-chaining, also known as data-driven reasoning, because they start with data or facts and look for rules which apply to the facts until a goal is reached. Rules can also be backward-chaining, also known as goal-driven reasoning, because they start with a goal and look for rules which apply to that goal until a conclusion is reached.

What is an inference engine? 

Software code which processes the rules, cases, objects or other type of knowledge and expertise based on the facts of a given situation. Most AI tools contain some form of deductive or inductive reasoning capability.
What is an expert system? 

Simply put, an expert system represents information and searches for patterns in that information. They are known as expert systems because they model how a human expert analyzes a particular situation by applying rules to the facts (or compares the current case with similar cases) in order to reach a conclusion. Expert systems can include different types of reasoning like rule-based, case-based, fuzzy logic, neural networks, bayesian networks, etc.
The most common expert system is rule-based, containing a knowledge base (rules) and an inference engine (routing mechanism) which analyzes fact patterns and matches the applicable rules. Fact patterns are analyzed until either the goal succeeds or all of the rules are processed and the goal fails.
What is a knowledge base? 

A representation of expertise, wisdom or rules-of-thumb, often represented by rules containing "if-then-else" conditional statements or cases containing various fact patterns. Knowledge bases may also consist of representative objects (excited utterance) within a sub-class (rules against hearsay) and class (rules of evidence) of information. Knowledge bases typically focus on narrow issues, known as a domain, within a particular fact situation.

What are validation and verification? 

Validation is the process of confirming the correctness of a given model or assumptions by using measurable inputs to produce definable outputs, both of which can be confirmed and verified. Verification is the process of confirming that an implemented model works as intended.
What is the difference between an expert system and document assembly software? 



While both have the ability to process rules, document assembly systems process the rules based on a hard-coded procedural path, pre-determined by the developer. This script-based rule branching is extremely rigid or "brittle" in IA parlance. An expert system has no hard-coded path thus can reach new or different conclusions using deductive or inductive reasoning. To learn more, contact the Document Assembly Interest Group Co-Chair Marc Lauritsen.
What practice areas are best suited for expert system use? 

While it may be surprising and perhaps unbelievable to many skeptics, most practices could benefit from the use of expert systems to some extent, even litigation. However, transaction-based practices, where fixed fee billing is the standard or may become popular, are best suited for full knowledge-leveraging.
Obvious areas to consider include banking, bankruptcy, estate planning, family law, immigration and naturalization, landlord-tenant, mergers and acquisitions, probate, patents, real estate and trademark. Additionally, compliance-related practices may also be appropriate for automation, including environmental, labor and employment, securities and tax.
What publications are available on expert systems and AI generally? 

· The appendix to Ray Kurzweil's book "Intelligent Machines" (MIT Press, 1990, ISBN 0-262-11121-7, $39.95) gives a timeline of the history of AI. 

· Pamela McCorduck, "Machines Who Think", Freeman, San Francisco, CA, 1979. Allen Newell, "Intellectual Issues in the History of Artificial Intelligence", Technical Report CMU-CS-82-142, Carnegie Mellon University Computer Science Department, October 28, 1982. 

· Charniak and McDermott's book "Introduction to Artificial Intelligence", Addison-Wesley, 1985 contains a number of historical pointers. 

· Daniel Crevier, "AI: The Tumultuous History of the Search for Artificial Intelligence", Basic Books, New York, 1993. 

· Henry C. Mishkoff, "Understanding Artificial Intelligence", 1st edition, Howard W. Sams & Co., Indianapolis, IN, 1985, 258 pages, ISBN 0-67227-021-8 $14.95. Margaret A. Boden, "Artificial Intelligence and Natural Man", 2nd edition, Basic Books, New York, 1987, 576 pages.
Some Useful Definitions 
What is an inference engine? When there is a problem to be solved that involves logic rather than fencing skills, we take a series of inference steps that may include deduction, association, recognition, and decision making. An inference engine is an information processing system (such as a computer program) that systematically employs inference steps similar to that of a human brain. 

What is a FUZZY inference engine? It is an inference engine with input information that is not crystal clear and that reflects belief rather than proof. "Weather looks bad, should I wear a hat?" is a question that requires fuzzy inferencing because the information includes belief, uncertainty, style, and interpretation. The human brain is a fuzzy inference engine when there is no calculator around, and sometimes it is still a fuzzy inference engine regardless. 

What can a FUZZY inference engine accomplish? If a fuzzy inference engine is built in the form of a computer program, it can provide accurate answers with reasonable precision (precision level determined by the designer) to human-like questions such as if it is bad, medium, high, perfect, too large, very small, extremely narrow....In addition, a fuzzy inference engine can be built using rules or principles based on such linguistic statements. This allows universal understanding of the working mechanism of any inference engine. 

What are the application areas of FUZZY inferencing? Practically every application involving decision making is a potential area: control system design in any engineering field, medical diagnostics, insurance risk assessment, interpreting law, autonomous robots, fraud detection, mathematical modeling. 

How does FUZZLE fit into this picture? FUZZLE is a fuzzy inference engine development tool using an IBM compatible PC. It generates programs in different computer languages that can be used in application environments. FUZZLE is also a fuzzy inference engine itself which will produce answers. The user of FUZZLE designs the logic behind the inference engine based on his/her expertise in a specific field. FUZZLE will allow the user to implement his/her solution in a fuzzy way, but it will not invent a solution. 

What is an Expert System?

ESs are computer programs that emulate the reasoning process of a human expert or perform in an expert manner in a domain for which no human expert exists. Typically they reason with uncertain and imprecise information. Knowledge they embody is often not exact, in the same way that a human's knowledge is imperfect. The facts - or user supplied information - are also uncertain. 

ESs have modeled uncertainty and imprecision in various ways: certainty factors (that MYCIN associates to rules and user input), most significant results of tests (CASENET), probabilistic inference networks (which have a rigorous underlying theory; in this case knowledge is represented in a network where the nodes are states in the domain's universe of discourse and the links are conditional probabilities), belief intervals etc. 

A close examination of the trends in ESs development shows that ESs have evolved mainly into fuzzy ESs and hybrid systems. As opposed to the probabilistic approaches fuzzy mathematics offer a more intuitive mapping to real world problems, to daily concepts; for example stating that X is tall is easily represented in fuzzy set theory by denoting a set `tall' and associating with it a membership function; in a probabilistic approach one should assign a probability distribution function for the feature of `height', which is a rather out of hand approach. However use of fuzzy theory does not eliminate the other possibilities: we could, for example have a fuzzy rule-based ES, with certainty factors attached to each rule (factors obtained using statistical data, for example) 

The most successful examples of dealing with imprecision come from the field of fuzzy control. The next diagram illustrates the core of a fuzzy expert system: 
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The system's inputs go through a fuzzifier. The inference engine works with attribute values, which have fuzzy memberships attached. They may be created from real-valued attributes which have been partitioned into individual fuzzy sets. The inference engine provides a fuzzy output which may need to be defuzzified. Certainly, in control domain the output must be defuzzified so that there is a single, well defined control action taken. 

