»  Artificial Intelligence is the study

of the computational basis of
intelligent behavior.




Al seeks to maks compuler-based sysisms
Inore intslligent.




Perception

- Machine vision

- Speech understanding
- Tactile sensation

Robotics

Natural Language Understanding

Planning

Expert Systems
- Diagnosis, Identification
- Problen Solving and Design

Machine Learning

- Theoren Proving
- Symbolic Mathematics




* "One which addresses problems

normally thought ifo requirse
human expertise for their solution.”

(Duda & Shortliffe, 1982)




A computer program that relies
on knowledge and reasoning io
periorm a difficult task usually
periormed only by a human expert.




e« The knowledge-based strategy is to include
within the program a great deal of knowledge

fo cover particular cases.

¢ The somewhat surprising {inding:
A thousand rules can provide significant
performance within a limited domain.




¢ Data Processing
¢ Databases
e Knowledge-Based Systems

e Merging Data, Text, and Knowledge




e ANAILYSIS
* DIAGNOSIS

e CLASSIFICATION

e SYNTHESIS

o CONSTRAINT SATISFACTION
s PLANNING




e Analysis

- Given a description of an objecti,
draw conclusions about ii.

e Diagnosis

- Given a description of an objsci
and sympioms of iauliy bshavior,
exXplain the causes of the bshavior.

e Classification
- Glven a set of characteristics of
an object, determine the absiract
category thatl best fifs the object.




CONVENTIONAL PROGRANS
"Data Processing”

Data representation and use

filgorithns
Repetitive
Large data bases

EXPERT SYSTEMS

"Knouledge Engineering”

Knouledge representation

Heuristic
Inferential

Large knouledge bases




Traditional programs represent knowledge with:

¢ procedures
¢ (principally numeric) data structures

This is inappropriate for Al programs because:

¢ knowledge 1s symbolic
¢ knowledge is heuristic

Al programs primarily use symbolic representation
collections of symbols that represent:

¢ oObjects

¢ properties of objects

¢ relationships among objects
¢ rules about classes of objects




- Rules communicate with one another ONLY by way of
the data

- There is NO explicit transfer of control betueen
rules as there is in the procedural model

- Rules can not be referenced by other rules
in any sort of subroutine call

- Unlike instructions, rules are not executed sequentially,
and is not always possible to deternine through
inspection of a set of rules which rule will
executed first or which rule could cause the progran to
terninate




= Procedural computation:
knowledge and flow of control are mixed

= Production system:

complete separation of the knowledge ( in rules)
from the control (provided by the executer, IE).

= Control in a PS is based on frequent reevaluation
of the data states




Provide for incremental evolution of
knowledge base

Provide for uncertainty handling

Enable use of heuristics through rules

Provide for organizations of knowledge by
using taxonomical structures




e What is Knowledge?
e Levels of Knowledge

e Components ol Knowledge

¢ Knowledge Represeniation

¢ What fo Look for in Knowledge
Represeniation




¢ Naming
¢ Describing
¢ Organizing
¢ Relating

¢ Constraining




¢ Facts

¢ Logic

¢ Production Rules
¢ Semantic Nets

e Scripts

¢ Frames

¢ Objects

¢ Blackboards




e User Interiace

¢ Knowledge Base

e Inference Engine




e The knowledge base
¢ The inference engine

e The user interface

e Explanation and acceptability

e The absence of learning




Global data base of symbols

Symboles represent facts and assertions
about the problem

Data are instances of objects:

- Physical objects
- Facts related to the domain of application
- Conceptual objects such as goals




Set of rules that constitute the program
IF conditions ----» THEN actions

or

IF {(data configuration for which rule applies)}

THEN (instructions for changing the data
configuration)




e Ii
The salt iniake is high
Then

Blood pressures are high;

e Ii
A hazard is present
Then
Injury or death may occur




INFERENCE

o Goal-Directed Inference

e And/Or Goal Trees

* Data Driven Inference

» Backward chaining inference
 Forward chaining inference

e |nexact inference




- Policy for guiding the application
of knouledge

Forward vs. Backward chaining of rules:

—-foruard chaining (data driven) control-

A B

¥ rules
C

- data

C {conclusion-added to database)
-backuard chaining (goal-directed) control-
Is C true? {goal)

= B
¥ rules
B C

- C (implicit rule)
Iz  true? (match A with database)



. Maich

. Resolve Conlilicis

. Act




SELECT-RULES

fipplies some selection strategy
to deternine which rules
will be executed

EXECUTE-RULES
Executes the rules selected
RECOGNIZE-ACT CYCLE

Then cycles back to the fist state and starts over

Since the rules change data nenory elements,
a different set of rules will match

after the actions performed during rule firing




When one encounters a new situation or
makes a substantial change in one's view
of a problem one selects from memory
a structure called a frame.

This is a remembered framework to be
adapted to fit reality by changing
details as necessary.

Minsky 1975




e Packaging of Knowledgse

e From Data Siructures to Knowledge
Structures

e Storage and Reirieval
¢ Inheritance Hierarchies

e Atiached Procedures




e The name of the frame.

e The parents of the frame.

e The slots (i1 any) of the frame
and their values.

 The attached predicates (i1 any)
for each slot.




Slot Name.
Slot Valus.

If-Needed Predicals.
If-Added Predicals.
Other attached predicates.




Types of Demon:

¢ I{-Needed
e [f-Added
¢ [f-Replaced

¢ [f-Removed




1. Allows sharing of information among
set of elements

2. Frames may be organized into inheritance

hierarchies

3. Properties may be inherited.
¢ Slois
e Values
¢ Procedures
¢ Demons







e Objects are Organized in a Network Hierarchy

e Objects Inherit Properties and Information

¢ Objects Communicate by Sending and
Recelving Messages

¢ Objects are Created by Copying and Editing




A blackboard allows different knowledge sources
fo share hypotheses and information.

Components:
1. Global Database (Blackboard)
2. Knowledge Sources

3. Scheduler to Control Knowledge Source
Activity




ISSUES IN DEALING WITH UNCERTAINTY

Uncertainty of

l-_’ Basic Events

Uncertainty

T—H Combined Uncertainty

of Compound Events




1. We need to be able fo reason
about unceriain information.

. Some rules and facis are
unceriain.

. Inexact inference uses o
multi-viaued form of logic.




e Probability - Bayesian Theory
e Fuzzy Logic (Zadeh)

¢ Certainty Theory
¢ Dempster/Shafer - Evidential Reasoning

« Nonmonotonic Reasoning




Hypothesis (H): Landforms and Associated Certainties

Evidences (H): Pattern Element Values and their
Certainty Values

Update Certainties of Hypothesis Using
IF E then H (to degrees) LS, LN
where

LS measure of how encouraging it is for

to find E present

a

H

LN a measure of how discouraging it is for
H to find E absent




e Assists in building the knowledge-base

e Provides methods of inference or deduction
e Provides a user inferiace

e A good shell should perform each of these
fasks well




Many expert system iols are available.

e University Tools: Cheap, but no
support.

e Big Commercial Tools: Good,
supported, expensive,

 Smgall Commercial Tools: Lots of them:
some are good; most are cheap.

Recommendation:

Get your feet wet first with something cheap.
Then you can make an informed choice among

more expensive tools. Or, if you have lots
of money, get one of the big tools with the
associated training.




e A Production Rule System

* A Method of Organizing Knowledge

* A Method for Reasoning With Unceriain
Information




e Expression of Knowledge

» Organization and Display
of Knowledge

¢ Reasoning with and Validation
of Knowledge

s Efficiency of Knowledge
Operations




easibilliy
Analysis

Conceptual

Knowledge
Acquisition

Knowledge
Representation

Validation

Technology Transter
and Maintenance




New Programming

I__"Ibchniques

Expert
Systems

l Methodologies for
Dealing with Knowledge




