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Knowledge storage subsystem: Rules 
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Knowledge storage subsystem: Meta-Rules 
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The life cycle of a KBS (I) 



54 

The life cycle of a KBS (II) 
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A simplified methodology 
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Heuristic classification: Example (2) 
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Heuristic classification: Example (3) 
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Heuristic classification: Example (4) 
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Heuristic classification: Example (5) 
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Heuristic classification: Example (7) 
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Heuristic classification: Example (8) 
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Constructive problem solving 



81 

Methods for Constructive problem solving 
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Propose and apply 



Propose and apply: Algorithm 
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Least commitment : Algorithm 
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Constructive problem solving : Example (1) 
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Constructive problem solving : Example (2) 
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Expert Systems 

What is an Expert System 

 

“An intelligent computer program that uses 

knowledge and inference procedures to solve 

problems that are difficult enough to require 

human expertise for their solutions.”  

 - Professor Edward Feigenbaum, Stanford 

 

“A computer program that embodies the 

knowledge of an expert.” 

 - Charles Weddle, FSU 

 

 



Expert Systems 

What is an Expert System 
 

•An expert’s knowledge is specific to one problem 

domain.  A problem domain is medicine, science, 

engineering, etc. 

 

•The expert’s knowledge about solving specific 

problems is called the knowledge domain. 

 

•Knowledge is represented in an expert system as rules. 

 

•In the knowledge domain that it knows about, the 

expert system reasons or makes inferences to produce 

the solution of a problem. 

 



Expert Systems 
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Expert Systems History 

1943 –  Post Production rules 

1954 –  Markov Algorithm for controlling rule execution 

1956 –  Dartmouth Conference; Logic Theorist; Heuristic Search; “AI” Term coined 

1957 –  General Problem Solver (GPS) started (Newel and Simon) 

1958 –  LISP AI Language 

1965 –  Work begun on DENDRAL, the first expert system (Feigenbaum, Buchanan, et  al.) 

1969 –  MACSYMA math expert system (Martin and Moses) 

1970 –  Work begins on PROLOG (Colmeraurer, Roussell, et al.) 

1971 –  HEARSAY I for speech recognition, Human Problem Solving popularizes rules 

 (Newel and Simon) 

1973 –  MYCIN expert system for medical diagnosis (Shortliffe, et al.) 

  GUIDON intelligent tutoring (Clancey) 

  TEIRESIAS explanation facility concept (Davis) 

  EMYCIN, first shell (Van Melle, Shortliffe, and Buchanan) 

  HEARSAY II, blackboard model of multiple cooperating experts 

1977 –  OPS Expert System Shell (Forgy) used in XCON/R1 

1978 –  Work started on XCON/R1 to configure DEC computers (McDermott) 

1979 –  Rete Algorithm for fast pattern matching (Forgy) 

1985 –  CLIPS expert system tool (NASA)   

Timeline 



Expert Systems History 

Post Production Rules 
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Expert Systems History 

 

One of the most Popular types of expert system is the rule-based 

system.  Rules are a type of production system whose origins go back 

to the 1940’s 

 

•  Production systems were first used in symbolic logic by Post in 

1943. 

 

•  Post’s basic idea was that any mathematic or logic system is 

simply a set of rules specifying how to change one string of 

symbols into another set of symbols.   

 

•  That is, given an input string, the antecedent, a production rule 

could produce a new string, the consequent. 

Post Production Rules 



Expert Systems History 

• The antecedent, a production rule could produce a new string, 

the consequent. 

 

Antecedent -> Consequent 

 

patient has a fever -> take aspirin 

 

IF patient has a fever THEN take aspirin 

 

• The Post production attaches no meaning to these strings and has 

no idea what patient, fever, or aspirin represent.  A human 

interprets the strings into meaningful statements in the real world. 
  

Post Production Rules 



Expert Systems History 

 

• Modular Nature.  This makes it easy to encapsulate knowledge 

and expand the expert system by incremental development. 

 

• Explanation Facilities.  It is easy to build explanation facilities with 

rules because the antecedents of a rule specify exactly what is 

necessary to activate the rule.   

 

• Similar to the human cognitive process. Based on the work of 

Newel and Simon, rules appear to be a natural way of modeling 

how humans solve problems.  The simple IF-THEN representation of 

rules makes it easy to explain to experts the structure of the 

knowledge you are trying to elicit from them. 

Post Production Rules 



Expert Systems History 
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Expert Systems History 

• The next advance in applying production rules was made by 

Markov in 1954 that specified a control structure for production 

systems.  Addressed the issue of lack of control strategy in Post 

production systems. 

 

• A Markov Algorithm is an ordered group of productions that are 

applied in order of priority to an input string. 

 

• For example, Production foo -> bar, when applied to String 

‘foobarfoo’ produces the new string ‘barbarfoo’ for the first run. 

 

Markov Algorithm 



Expert Systems History 
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Expert Systems History 

 

• The General Problem Solver by Newel and Simon in the late 1950s, 

a program with the goal of general problem solving.  

 

• Newel and Simon showed that much of human problem solving or 

cognition could be expressed by IF-THEN production rules.   

 

• A rule corresponds to a small, modular collection of knowledge 

called a chunk. 

 

• A rule corresponds to a small, modular collection called a chunk.  

A grand master chess expert may have 50,000 or more chunks of 

knowledge about chess patters. 

 

Newel and Simon 



Expert Systems History 

 

• Newel and Simon also showed that the other element necessary 

for human problem solving is a cognitive processor.   

 

• The cognitive processor tries to find the rules that will be activated 

by the appropriate stimuli.  This is the inference engine in an 

expert system. 

 

• Newel and Simons’ model of human problem solving, which 

defines long term memory, short term memory and the cognitive 

processor, is the basis of modern rule-based expert systems. 

 

Newel and Simon 
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Expert Systems History 

• The Rete algorithm, developed by Charles L. Forgy at CMU in 1979, 

is an algorithm that knows about all the rules and can apply any 

rule without having to try each one sequentially. 

 

• Addresses the issue that the Markov Algorithm is highly inefficient 

for systems with many rules. 

 

• Real Expert Systems contain thousands of rules and efficiency is of 

major importance. 

 

• The Rete algorithm is a fast pattern matcher that obtains it’s 

speed by storing information about the rules in a network. 

 

• The Rete algorithm looks only for changes in matches on every 

cycle. 

Rete Algorithm 



Expert Systems History 

• The Rete algorithm was first built into CMU’s OPS (official 

production system) expert system shell. 

 

• Fast pattern matching algorithms such as Rete completed the 

foundation for the practical application of expert systems. 

 

• CLIPS uses the Rete Algorithm. 

 

Rete Algorithm 



CLIPS 

• CLIPS is a multi-paradigm programming language that provides 

support for rule-based, object-oriented, and procedural 

programming. 

 

• CLIPS – C Language Integrated Production System. 

 

• Design using the C programming language at NASA/Johnson 

Space Center with the specific purpose of providing high 

portability, low cost, and easy integration with external systems. 

 

What is CLIPS? 



CLIPS 

• The failure to provide expert systems technology within NASA's 

operational computing constraints could largely be traced to the 

use of LISP as the base language for nearly all expert system 

software tools at that time. 

 

• In particular, three problems hindered the use of LISP based expert 

system tools within NASA:  

 

 The low availability of LISP on a wide variety of conventional 

computers. 

 

 The high cost of state-of-the-art LISP tools and hardware. 

 

 The poor integration of LISP with other languages (making 

embedded applications difficult). 

What is CLIPS? 



CLIPS 

• The inference and representation capabilities provided by the rule 

based programming language of CLIPS are similar to, but more 

powerful than, those of OPS5 of CMU. 

 

• CLIPS supports only forward chaining rules, it does not support 

backward chaining rules. 

 

• Originally CLIPS provided support only for rule-based 

programming.  Version 5.0 of CLIPS introduced procedural and 

object-oriented programming support 

 

• CLIPS is now maintained independently from NASA as public 

domain software. 

 

• My project uses the rule-based programming capabilities of CLIPS. 

What is CLIPS? 



CLIPS 

CLIPS Construct – Facts 

 

In order to solve a problem, a CLIPS program must have data or 

information which it can reason.  A “chunk” of information in CLIPS is 

called a fact. 

 

For example, a fact in CLIPS; 

 
(person (name “John Q. Public”) 

  (age 23) 

  (eye-color blue) 

  (hair-color black)) 

CLIPS Constructs 



CLIPS 

CLIPS Construct – Deftemplate 
 

Before facts can be created, CLIPS must be informed of the list of valid 
slots for a given relational name.  

 
Groups of facts that share the same relational name and contain 
common information can be described using the deftemplate 

construct. 
 
For example, a deftemplate in CLIPS; 

 
(deftemplate person 

 (slot name) 

 (slot age) 

 (slot eye-color) 

 (slot hair-color)) 

CLIPS Constructs 



CLIPS 

CLIPS Construct - Assert 

 

Facts can be Asserted using deftemplates with the assert keyword. 

 

For example,  

 
(assert (person (name “John Q. Public”) 

      (age 23) 

      (eye-color blue) 

      (hair-color black)) 

CLIPS Constructs 



CLIPS 

CLIPS Construct - Deffacts 

 
Deffacts construct, allows facts to automatically be asserted instead 

of having to type them in. 

 

For example, 
 

(deffacts people 

 (person (name “John Q. Public”) (age 23) 

    (eye-color blue) (hair-color black)) 

 (person (name “Jane S. Public”) (age 24) 

    (eye-color blue) (hair-color blond))) 

CLIPS Constructs 



CLIPS 

CLIPS Construct – Defrule 

 

Defrule construct, In order to accomplish useful work, an expert 

system must have rules as well as facts. 

 

For example, 

 

IF the emergency is a fire 

THEN the response is to activate the sprinkler system 

 

CLIPS Constructs 



CLIPS 

CLIPS Construct – Defrule 
 
(deftemplate emergency (slot type)) 

(deftemplate response (slot action)) 

 

(defrule fire-emergency 

 (emergency (type fire)) 

=> 

 (assert (response (action activate-sprinklers)))) 

 

General defrule format; 

 
(defrule <rule_name> 

 <patterns>* 

=> 

 <actions>* 

CLIPS Constructs 



Conclusion 

It’s Over! 

• Expert Systems are a practical application of AI that has a deep 

past that draws from the work of many people. 

• Early expert systems were expensive and difficult to build.  With the 

advent of expert system tools like clips, expert systems can be built 

for much less cost and in less time. 

• Procedural based programming languages like Java RULE! 

• CADDIE the golfing expert system, WILL make you a better golfer! 

 


