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Meeting 1

I ntroduction and Background



What is Artificial Intelligence?
This course is about the field of artificial intelligence (Al).
What does that phrase nean?

Artificial intelligence is the conmputational study of structures
and processes that support intelligent behavior.

The nane accurately reflects the fact that nost work in the area
i nvol ves the creation of conputational artifacts.

But other names - conplex information processing, conputationa
intelligence, cognitive systens - have been proposed.



What Does Artificial Intelligence Study?
Any scientific field nust conmit to some phenonmena it ains to
under stand and expl ai n.

Any engineering field nmust conmt to sone capabilities that it
ains to produce and support.

Artificial intelligence focuses on phenonena and abilities that,
informally, we recognize as intelligent in humans.

However, this includes many (apparently) distinct functionalities.



VWhat Are Sone Examples of Intelligent Behavior?
Can you carry out transitive reasoning?
[Joe shorter Sam Bob taller Tom Joe taller Bob, who is tallest?]
Can you prove that two triangles are sinilar?

Can you draw pl ausi bl e inferences froma sentence like:
"John needed noney. He got his gun. He drove to the bank

Woul d you rmake different inferences froma sentence |ike:
"John needed noney. He got his gun. He drove to the pawn shop.”

Can you conpute the sum of 647 and 3597
Can you give directions to a faniliar place?

Can you follow such directions to reach the place? Can you adapt
themif a road is closed?

Can you sol ve crossword or sudoku puzzl es?

Can you carry out a dialogue to support joint activity?



Sone Questions About Intelligence

Can ani mal s handl e any of the tasks we just discussed?
Can a young child handl e any of the tasks just discussed?
Are sone aspects of intelligence |earned?

Could intelligence be what nakes us distinctively human?

Shoul d Al focus on these distinctive capabilities?



Way is it Inportant to Study Intelligence?

- Basic science

- Understanding the nature of mind is a grand chal |l enge equi val ent
to understanding the universe, matter, life, and society.

- Conputational nodels of nental abilities can give insights into
human psychol ogy.

- Engi neering
- Al can support nore effective educational processes
- Al can automate or assist in handling conplex tasks

- Al can provide nore interactive entertai nnent



A Brief History of Artificial Intelligence
Al officially launched at 1956 Dartnouth Conference, which recently
cel ebrated its 50th anniversary.

That year also saw the first Al systemand the first progranm ng
| anguage for synbolic processing (the same year as Fortran).

Al has been so successful that its influence is sel domrecognized;
its ideas underlie:

spreadsheets and tax software

digital road maps and route finders

- data mining and recomrender systens

many ot her common conputer applications

However, the past 20 years has seen Al diverge from sone thenes
that guided early research, and that we will enphasize in class.



Artificial Intelligence and Hi gh-Level Cognition

Early Al research revolved around the study of high-level cognition.

When we say that humans exhibit intelligence, we do not nean they
can percei ve objects, recognize concepts, or execute nmotor skills.

Rat her, we nmean they can carry out nulti-step reasoning, solve
novel problens, and use natural |anguage to interact with others.

Recent Al work has nmoved away fromthese chall enges or, at best,
focused on greatly reduced versions of them

This shift has produced short-termgains in narrow areas, but it
has not brought us closer to understanding the mnd.



Symbol i ¢ Representations and Processes
The central insight that |aunched Al was that conputers are not
just nunber crunchers, but rather general symnbol mani pul ators.
Intelligence is enabled by, and depends on, synbolic processing.

This activity requires ways to represent synbolic structures, to
interpret them and to nanipul ate them

Much of Al’s five decades of progress has relied on advances in
synmbol i c representations and nmechani sns that operate on them

Recent excitenent in Al about statistical approaches has not nade
this insight any less valid or inportant.



The Rol e of Know edge in Intelligent Behavior
Anot her inportant assunption in early Al was that know edge pl ays
a key role in high-level cognition.

St udi es of human experts revealed that their abilities cane from
domai n-speci fic content acquired over tine.

Techni ques for representing and utilizing such know edge led to
the subfield of expert systens.

Thi s produced many know edge- based systens that business and
governnent groups adopted to replace or augnent human experts.

These systens typically encoded know edge in terns of nodul ar
symbolic structures.



Satisficing and Heuristics in Conplex Cognition
Early Al research recognized that, when confronted with conpl ex
probl enms, a cognitive system cannot find optinmal solutions.

Any resource-limted agent nust satisfice, that is, be content
with finding acceptable solutions in reasonable tine.

Satisficing results naturally fromthe use of heuristic nmethods
rat her than al gorithm c ones

Psychol ogi cal studies have shown that people satisfice, and it is
the only practical way for Al to approach conpl ex cognitive tasks.

The field s increasing focus on finding optimal solutions in
restricted settings does not counter these facts.



Artificial Intelligence and Cognitive Psychol ogy
Much initial Al work was notivated by, and incorporated insights
from studies of human cognition.

Exami ni ng hi gh-1evel cognition in humans suggests both chal | enge
tasks for Al and pronising nethods for machi ne cognition

Moreover, Al systens can serve as conputational nodels of hunman
cognitive processing.

Most nodern Al researchers have abandoned this connection, as
have nobst cognitive psychol ogi sts.

But the current divide between Al and psychol ogy does not |essen
the potential benefits of further interaction



Conpl ete Cognitive Systens
Al t hough early Al focused on conponents of intelligence, its aim
was to devel op conplete cognitive systens.

Many initial efforts focused on general mechani snms designed to
support such intelligent agents.

Research on cognitive architectures began to explore ways to
conbi ne these conponents into unified theories of cognition

However, over the past 20 years, Al has becone increasingly
fragmented, with nost studying conponents in isolation

Thi s pi eceneal enphasis, even when | eading to comercial success,
does not make Al’s original vision any |less inportant.



H gh- Level Languages for Intelligent Systens
Early Al research al so favored devel opi ng hi gh-1evel programi ng
| anguages that could speed creation of intelligent systens.

Sone encodings, like list structures and rules, arise repeatedly
in many aspects of cognition

Certain mechanisns, |like relational pattern matching and heuristic
search, also occur in many cognitive tasks

Enbeddi ng these ideas in high-Ilevel progranm ng constructs supports
conpact code, rapid progranm ng, and effective debuggi ng.

The current enphasis on Java and C, and their associated libraries,
does not make these insights any |ess viable.



Sunmary of Main Thenes

Early research on artificial intelligence often favored:

1.

2

6

7

focusi ng on chal |l engi ng, high-Ievel cognitive tasks

i ncorporating synbolic representations and processes

devel opi ng know edge- based systens with domain expertise
usi ng heuristic methods that satisfice on conpl ex tasks
drawi ng on results from psychol ogy for tasks and nechani sns
attenpting to construct conplete cognitive systens

usi ng hi gh-1evel progranmi ng | anguages to support devel opnent

Recent Al work has often diverged fromthese thenes, but they
are still valid and we will enphasize themin this course



Met aphors for Research in Al and Cognitive Systens
Artificial intelligence researchers draw on a nunber of distinct
met aphors for nmental processing:

- Thinking as |ogical reasoning
- Thinking as search through a probl em space
- Thinking as retrieval from nenory

Each netaphor suggests different ways of understanding the m nd,
enphasi zes different tasks, and has different communities.

These metaphors are not nmutually exclusive and can be conbi ned.

Al'l share the view that cognition involves synbolic processing,
and they appear in both Al and cognitive psychol ogy.



The M nd and the Brain

Many identify the mind with the brain, but they are not the sane.

We can specify theories of the mnd that are independent of the
specific hardware or wetware on which they operate.

A given program can run on nany different types of conputers; the
sane holds for cognitive systens.

Chemi stry predated quantum physics by 100 years, and the former
still offers a useful |evel of description

This does not nean that brain science cannot suggest insights
about the mind, but they are not required.



Emphases of the Course
Al t hough the course focuses on integrated intelligent systens,
we nust still exami ne their conponent nechani sns.

W will start with processes for inference, execution, and
probl em sol ving, then consider their use in high-level abilities.

Exercises will enbed these ideas in the context of a cognitive
architecture for conplex cognition.

The course has a historical flavor, so many readings will involve
cl assic papers and survey articles.

Many early results on Al and cognitive systens are still valid
and nore inportant than recent devel opnents.

Exerci ses and project will enphasize the creation of intelligent
agents that operate in virtual environnents.



Detail s of Course Operation
Assi gnnents include reading papers, preparing conments or questions,
and discussing them this is not a traditional |ecture class.

One sinple Lisp exercise, six programm ng exercises using the
| carus | anguage, Prolog, or Lisp, and one class project.

Grading policy
- Each student has a total of four free | ate days.
- Once exhausted, 20 percent off per (fractional) day |ate.
Auditors are wel cone but should limit their class discussion.
O fices and office hours
- Pat Langl ey, BYENG 446

- Mondays 6: 15PM 7: 15PM or by appoi nt nent

- 3 en Hunt, BYENG 443 AB



Assi gnnents for Meeting 2

Framewor ks and Metaphors for Intelligent Systens

Read the article:

- Newell, A, & Sinon, H A (1976). Conputer science as enpirica
enqui ry: Synbols and search. Communications of the ACM 19, 113-126.

- This paper introduces two key ideas:
- The notion of physical synbol systens
- The idea of heuristic search through a probl em space

- Newell and Sinmon claimboth are key features of intelligent systens.



