Plan for nights #2/#3:

1. Review lecture from night #1 – any questions?

2. How is the web site?

3. Expert Systems (next 2 weeks):

· what they are

· how they work

· components

· handling uncertainty (confidence factors)

· knowledge engineering

· how they are used in real-world applications

· examples (demo)

· build one in class

· knowledge engineering in-class exercise

4. Overview of EXSYS shell

In-class expert system examples:  

· Selecting a restaurant in Central Florida

· Planning a family outing (1-day) in Central Florida

· Diagnosing a headache

Knowledge acquisition exercise.  Select one of the following knowledge areas about which you feel you have significant expertise:

· Selecting a shrub or tree for a yard

· Diagnosing why a car won’t start

· Planning a family dinner outing

· Planning a family vacation

· Selecting a route to use to get from Orlando to another large city in Florida

· Determining when to call your doctor when your small child is ill

· Helping your high school senior select a college in Florida

· ….anything else in a limited domain

1. Write down your inference “rules”.

2. Using a hypothetical “case study”, see if you can find any more rules.

3. Test your rules using known cases.

4. Test your rules with new cases.

Expert Systems Notes

Work in expert systems was started in the early 1960’s.

An expert system needs to be focused on a specific domain.  The scope of the domain needs to be limited.

Expertise:  extensive, task-specific knowledge acquired from:

· training

· reading

· experience

Examples of expertise:

· theories about the problem domain

· rules and procedures relating to the problem domain

· rules and heuristics about what to do regarding a specific problem

· strategies for solving problems in the problem domain

· meta-knowledge – knowledge about knowledge

· facts relating to the problem domain

Experts – make better (more accurate and relevant) and faster decisions than non-experts

Human expertise (manifestations):

· recognizing the problem

· solving the problem quickly and accurately

· explaining the solution

· learning from experience

· restructuring knowledge

· breaking rules

· determining relevance

· awareness of limitations

To transfer knowledge from an expert (source) to an expert system:

1. knowledge acquisition – get the knowledge from the expert in the expert’s own terms

2. knowledge representation – create rules (codify the knowledge) in the computer’s terms

3. knowledge inferencing – creating the inferencing facility, validating and testing the knowledge

4. knowledge transfer – to the user (via the expert system)

Expert systems are built using   Rules:

IF-THEN-ELSE structures

Comparison of conventional IT systems and expert systems:

	Conventional Systems
	Expert Systems

	Information and processing are often combined
	Knowledge base is separate from processing (inference engine)

	Program does not make mistakes (but programmers do)
	Program may make mistakes

	Usually does not explain why input data is needed or how answers are created
	Explanation facility is built-in 

	Requires all (or nearly all) data
	Can work with partial data

	Execution is usually step-by-step (algorithmic)
	Execution is done using heuristics, firing rules when they are needed

	Can manipulate large data bases effectively
	Can manipulate large knowledge bases effectively

	Efficiency is a major goal
	Effectiveness is a major goal

	Deals mostly with quantitative data
	Deals mostly with qualitative data

	Uses numeric data representations
	Uses symbolic knowledge representations


Structure of an expert system – see figure 12.2 in handout

An expert systems consists of:

1. knowledge base – rules

2. inference engine – rule processor, shell

3. user interface – environment for asking questions and conducting the consultation with the user

4. blackboard – work space, solution space – useful for subsequent comparisons

5. explanation facility/subsystem – answers:

a. why is the question being asked?

b. How did the system reach the conclusion(s)?

6. knowledge refinement subsystem – the system should be able to learn from each consultation – very new and not common 

Expert systems are usually built using a prototyping approach.

Benefits of expert systems (some):

· increased output and productivity

· decreased decision time

· increased process quality

· increased product quality

· decreased downtime

· capture scarce expertise

· flexibility in matching outputs to users

· operate in hazardous and/or remote locations

· increased availability of knowledge to lots of users

· increased capability of other computerized systems 

· can provide training

· enhanced problem solving and decision making processes

· increased decision quality

· don’t get sick, sleep, go on strike

· can integrate the expertise of more than one expert or source

· can work with incomplete and uncertain information

· can solve complex problems

· unbiased (other than biases of experts)

Problems and limitations of expert systems:

· knowledge may not be available

· knowledge may be hard to extract

· can have conflicting knowledge when working with multiple experts

· biases of experts

· very narrow domains

· lack of trust by users

Expert system success factors:

· availability of expert(s)

· high level of expertise is required

· keep the scope of the domain limited

· good quality tools

· friendly user interface

· important problem – management buy-in

· high quality development team

Types of expert systems:

· Problem type:

· Configuration

· Diagnosis

· System type:

· Stand-alone

· Embedded

See handout for classic expert systems

See handout for typical expert system applications

Knowledge engineering:

· knowledge acquisition (from expert)

· knowledge representation (rule writing)

· knowledge validation

See figure 13.1 in the handout for the knowledge engineering process

Types of knowledge – see figure 13.2 in the handout

Levels of knowledge:

· shallow – simple rules

· deep – heuristics

Categories of knowledge:

· declarative – factual statements (shallow)

· procedural – rules (deeper)

· meta-knowledge – knowledge about expert systems themselves

Problems in knowledge acquisition:

· extracting the knowledge from the expert(s)

· expressing the knowledge in terms of rules

· conflicts between expert(s)

Methods of knowledge acquisition:

· knowledge modeling (like OOA)

· interviews

· structured

· unstructured

· observation

· workflow analysis

· case analysis

· role playing

· brainstorming

· JAD techniques

· Prototyping

Knowledge validation:

· expert review of rules

· test cases with expert review

· actual cases with expert review

How to represent knowledge:

IF  (condition)  (CF)



THEN  (consequence)  (CF)



ELSE  (consequence)  (CF)

Inferencing – using rules to reach a consequence based upon conditions

Forward & Backward Chaining

Example:  You want to fly from Orlando to London, and there are no non-stop flights.  To find the chains of connecting flights to get you there, you can either of these approaches:

1. Forward chaining:  Find all flights leaving Orlando.  Then for each of these flights, finds its destination.  Then find all flights leaving that destination, and for each of them, find its destination.  Keep looking until you find all flights ending in London.

2. Backward chaining:  Find all flights landing in London.  Then for each of these flights, find its origination.  Then find all flights landing in each origination, and find their originations.  Keep looking until you find all flights starting in Orlando.

Forward chaining is said to be data-driven.  Start with the condition and look for the consequence.  Best used in configuration expert systems.

Backward chaining is said to be goal-driven.  Start with the consequence and look for the conditions which caused it.  Best used in diagnostic expert systems.

Uncertainty:  3 ways to express uncertainty:

1. Numeric, such as:

a. 0-10

b. 1-7

c. x%

2. Graphic, such as a “% complete” bar

3. Symbolic, such as:

a. ranking things in order

b. using fuzzy logic (more another night)

Examples: 

1. I am 75% certain it will rain, or I give it a 3 out of 4 chance of raining.

2. Show a graphic of a cloud and some raindrops.  The darker the cloud, the more the chance of rain.

3. The most likely day for rain this week is Tuesday, followed by Wednesday and then Thursday.

How uncertainty is implemented in expert systems – certainty factors

A certainty factor expresses the degree of certainty (or belief or confidence) that the consequence (conclusion) is correct.

IF   (condition)


THEN   (consequence)   (CF)

The CF’s are combined in various ways as the rules are fired.  In addition, a rule can use a CF to determine the degree of “true” for the condition:

IF   (condition)   (CF)


THEN    (consequence)   CF

CF’s are combined in a variety of ways:

· simple adding and subtracting

· averaging

· simple probabilities

· Bayesian and other probability combining methods

· Fuzzy logic (more later)

It’s important to match the type of CF you’re using to the problem.  In most cases, percentages are a good choice.  

Examples:

IF  (it is cloudy)


THEN   (it will rain)   CF=2  (out of 10)

IF  (the month is July or August)


THEN   (it will rain)   CF=4   

Using a simple addition method:

If it is a cloudy day in July, CF=6

If it is a cloudy day in May, CF=2

If is a clear day in July, CF=4

Adding an ELSE clause:

IF  (it is cloudy)


THEN   (it will rain)   CF=2  (out of 10)

IF  (the month is July or August)


THEN   (it will rain)   CF=4   


ELSE    (it will rain)   CF=1

If it is a cloudy day in July, CF=6

If it is a cloudy day in May, CF=3

If is a clear day in July, CF=4

Using combination of probabilities (one common method):

IF  (it is cloudy)


THEN   (it will rain)   CF=20%

IF  (the month is July or August)


THEN   (it will rain)   CF=40%

If it is a cloudy day in July, CF=52% 

(20% + 40% - (20%*40%))

If it is a cloudy day in May, CF=20%

Etc.

Building expert systems:

See SDLC for ES – figure 16.1 in the handout

ES development is well-suited for prototyping – especially when using shells.

Selecting expert(s):

· they need to be available and affordable

· in-house expertise vs. consultants

· written material, such as policies, procedures, research findings

· see the “ideal attributes” of an expert in table 16.3

Shell – what it is, how it works.

A shell is probably the best selection of tool to use in building expert systems.

See figure 16.3 for the “shell concept”

See table 16.5 for issues in selecting software for expert system development.

Prototyping – see table 16.8 and figure 16.4 in the handout

Evaluating an expert system can be difficult.  See “AIS Focus 16.3” in the handout

What makes a good expert system?  See AIS Focus 16.4 in the handout

Building an expert system – see Appendix 16-A in the handout.  Do a demo using exsys.

