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The study of how to make computers solve
Pro .Iem%/ which requwelﬁmowle%ge and
ntelligence

The excitin ne¥v effort to make computers think
... machines with minds

~ The automation of activities that we associate
N thinking (e.g., decision-making,

cognitive
facultie /

Problem
Solving and
CS



Al as a field of study
Computer Science
Cognitive Science
Psychology
Philosophy
Linguistics
Neuroscience

engineering
' to implement systems
ic system,



Is there a “holistic” definition for intelligence?

Here are some definitions:

the ability to comprehend; to understand and profit from
experlence
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A physical symbol system (PSS)

consists of symbols (patterns) which are combinable into
expressions

there are processes which operate on these symbols to
create new symbols and expressions

consider for instance English as a physical symbol system
are the alphabet

and dictionaries



1950 — Alan Turing devised a test
or intelligence called the

>

>



Created by Joseph Weizenbaum

This system would act like a Rogerian psychoanalyst by holding a
dialog with a person

the dialog would be consist of the doctor (Eliza) asking questions,
he human responding, and the doctor using the response to ask

it would generate an


http://alicebot.blogspot.com/

— E:

— H: Well, my boyfriend m
— E: Your boyfriend made you come here?

— H: He says I’'m depressed much of the time.
— E: I am sorry to hear you are depressed.

— H: It’s true. I am unhappy.

— E: Do you think coming here will help you not to be
unhappy?

— H: 1 need some help, that much seems certain.

— E: What would it mean to you if you got some help?
— H: Perhaps I could learn to get along with my mother.
— E: Tell me more about your family

D



(Suppose
(?* ?2x) If (?* ?y) >
(Do you really think its likely that ?y)
(Do you wish that ?y)
(What do you think about ?y) (Really-- if ?y)
(?* ?x) no (?* ?y) - (Why not?)

(You are being a bit negative) Eliza also has a
(Are you saying "NO" just to be negative?) rule to swap
(?* 2x) | was (?* ?y) > (Were you really?) T" and ‘my”

[5

(Perhaps | already knew you were ?y) to ‘you’ and 40

(Why do you tell me you were ?y now?)
(?* ?x) | feel (?* ?y) = (Do you often feel ?y ?)
(?* ?2x) | felt (?* ?y) =

(What other feelings do you have?)



(pat . pat)
single-pat =

(?is var predicate)
(?or patl pat2 ...)
(?and patl pat2 ...)

(?not pat)
segment-pat =»

((?* var) ...)

((?+ var) ...)

((?? var) ...)

((Nf expr) ...)
var =» ?chars
constant =» atom

test predicate on one express
match on any of the patterns
match on every of the expressions

match if expression does not match

match on zero or more expressions /
match on one or more expressions
match zero or one expression
test If expression Is true

variables of the form ?nam
symbols, numbers, char



Jerry: WhO else do you
ALICE: Hugh Loebner, Robby Garner, an
Jerry: which film do you like?

ALICE: My favorite movie is Teknolust. Have you seen it?
Jerry: no.

ALICE: | would recommend you check it out.

Jerry: what is it about? /
ALICE: Science fiction.

Jerry: do you remember my name?
ALICE: Your name is jerry, seeker.

Notice unlike Eliza, ALICE has a memory, can handle references
(have you seen it? no. | would recommend it.)



Do you wish to as long as me?*
ALICE: OK, I will as long as you.
ELIZA: Do you wish to will as long as me?

ALICE: OK, I will will as long as you.

ELIZA: Do you wish to will will as long as me?

ALICE: OK, I will will will as long as you.

ELIZA: Do you wish to will will will as long as me?
ALICE: OK, I will will will will as long as you.

ELIZA: Do you wish to will will will will as long as me?
ALICE: OK, I will will will will will as long as you.
ELIZA: Do you wish to will will will will will as long as me?

Eliza gets stuck on the phrase “I will” and then AIACE gets stuck
on the same phrase



With Eliza or Alice like rules, we can eventually solve
the Turing Test — It just takes writing enough rules

Does the system understand what it is responding to?

No, neither Eliza nor Alice understand the fext, its just that Alice
has better, more in depth and wider ranging rules

However, we could build a representation that models some real-world
nain and knowledge base

information from the conversation
object with data attributes to be




Consider two approaches to programming a Tic-Tac-Toe
SIayer PP Prog 9

Solu%‘jon .. a pre-enumerated list of best moves given the board
configuration

Solution 2: rules (or a heuristic function), that evaluate a board
coHngro’rio%, orgo[ usingu’rflwelse Vo sellec)’r the nevﬂ %es move

Solution 1 is similar to how Eliza works
This is not practical for most types of problems
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SLOT FILLING

>

Schank’s Restaurant script

Saripi: RESTAURANT
Track: Colles Shop
Frops: Tabkes

Rolas: & = Cusiomer
W = \Wabier
& = Cook
W= Cahibker
0= Crvner

Sogns 1: Ensrng

SFTR&HE S v restaurant
SATTEMD eyes o bl
S MBUILD whens io 5k
SFTR&HE S ioiable
SHWOVE & o slilng posliion

Eriry condilons: & Is hungry.
£ has money.

Rezuls: S has less money
O has more money
Sl nol hurgry
& s pleased (opilonal)

Soans 2 Ondering

(Maru onfabks # brings menu) (8 ks for menu)

& PTRAMSE menu io 8
& MTRANS sgnal in W
/wmmwmmn

W FTRANE W 1 bl 8 MTRANE Noad manyt oW
W ATRANE menu io 8 WFTRANS Wio meru

& MTRANS Tood list 10 CF ()
*SMEULD chokos of F

8 MTRANS dgnal io W

VW PTRANS W in Bblw

& MTRANE 1 wani F 1o W

W FTRANEW T

o WMTRANS ATRANS Fjio C

= MTRANE T F'io W
W FTRAENS W o =2
W MTRANE 'm0 F o 8

ig back 17 or S DO jprepans Fsanpt)
igo i Soene 4 atno pay pathi o Baane 3
Soere 3: Ealng

T ATRANSF 1o W
WATRANEF 108
SINGESTF

optkon: Redum o Soers 200 order mons
oibaraize, 9o 1o Soere 4
gelo :II h‘“"“‘“‘_

Zoere 4: Exing T

S MTRANS o'W

(W ATRANE check in &)
W MOWVE jwrie chck)
W PTRANS Wio &
W ATRANS chack 1o 8
8 ATRANS 1o W
8 PTRANS S1o M
B ATFANE monsy o M

Mo pay pathi 8 FTRANS 810 oulof redaurani




From John Searle, Philosopher, in an attempt to
demonstrate that computers cannot be intelligent

The room consists of you, a book, a storage area
(optional), and a mechanism for moving information to
and from the room to the outside

a Chinese speaking individual provides a question for you in
writing

you are able to find a matching set of symbols in the book
(and storage) and write a response, also in Chinese

Question (Chinese)

J

Book of Chitfése Symbols




\‘K T\

Program/ Datz
CPU (SAM)




You were able to solve the problem of communicating with the
person/user and thus you/the room passes the Turing Test

But did you understand the Chinese messages being
communicatede

since you do not speak Chinese, you did not understand the symbols in
the question, the answer, or the storage

e say that you actually used any intelligence?

understand the symbols that you
understand the



We can clearly see that computers solve
problems in a seemingly intelligent way

Where is the inteligence coming from¢

There are numerous responses to Searle’s
argument
The System’s Response:

ardware by itself is not intelligent, but a combination of
oftware and storage is intelligent

t a human brain that has
t be intelligent, it



In Al, we compare the brain (or the mind) and the
computer

Our hope: the brainis a form of computer

Our goal: we can create computer infrelliﬁ]ence through
orogramming just as people become intelligent by
O

But we see that the computer
IS not like the brain

The computer performs tasks
without understanding what

= | :
.~ itsdoing

Does the brain understand
what its doing when it solves
problems?



One problem with the computer is that it works
strictly syntactically

Op code: 10011101 - franslates into a set of microcode
instructions such as: move IR, ;; to MAR, signal memory
read, move MBR to AC

There is no understanding

X =Yy + 2z is meaningless to the computer

~the computer doesn’t understand addition, it just knows that @
de means to move values to the adder and move




We can understand and model cognition without
understanding the underlying mechanism

That is, it is the model of cognition that is important not
the physical mechanism that implements it

If this is frue, then we should be able to create cognition
mind) out of a computer or a brain or even other entities
hat can compute such as a mechanical device

This is the assumption made by symbolic Al researchers
' erge from the proper mechanism

e right inputs, can
e, as




Scalability

It can take dozens or more man-years to create a useful
systems

It is often the case that systems perform well up 1o @

certain threshold of knowledge (approx. 10,000 rules),

after V\(/thCh performance (accuracy and efﬂuency)
e

to solve @



No “memory” or sense of temporality
The first problem can be solved to some extent

The second problem arises because of a fixed sized input
but leads to poor performance in areas like speech
recognition

Learning is problematic
> ning times can greatly vary

> > em that only]performsw ell on
) leads o a system that

/



Most Al research has fallen into one of two categories

Select a specific problem to solve
study the problem (perhaps how humans solve it)

come up with the proper representation for any knowledge needed to
solve the problem

acquire and codify that knowledge
Igle em

e.g., learning,

/



WHAT IS SEARCH?®
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The search space consists of all possible states of the problem as
it is being solved

A search space is often viewed as a tree and can very well consist

of an exponential number of nodes making the search process
intractable

Search spaces might be pre-enumerated or generated during the
DrOCess

arch the entire space until a solution
ce, possibly selecting




start ask:
where is the problem?

engine trouble transmission brakes
ask: ask: . .. ask: ...
does the car start? P P
i ~ / ~
I * s
yes no
engine starts engine won't start

ask: ... ask:
i i i
AN Will engine tum over?
4 ~
” -
yes no
turns over won't turn over
ask: . .. ask:
PN Do lights come on?

hascovering

A

hassize

vertebrate

A
isa

hasproperty

isa

hascolor

Monkey on ground with empty hands

Monlkey on chair with empty hands
drop stick

grab stick
Monkey with stick

get off chair climb chair

Monkey on ground Monkey on chair with stick

with empty hands
pty warve stick
Banana falls to ground

get off chair

Monkey on ground
drop stick
grab bamcma
Monkey on ground with empty hands

eat banana
Monkey eating banana

Up Left Down Right
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Production set:

3 4

0.2) #0)

1
8

1. pag — goal

2.ras = p
3 war =q
4.t ru —=q
5 v —+ 8

6. stat —=varag

Space searched by execution:

Trace of execution:

lteration # | Working memary | Conflict set| Rule fired
0 start 6 6
1 start, v, r, q 6,5 5
2 start, v,r, g, 8 6,5 2 2
3 start, v, 1. g, 5, p 6,521 1
4 start, v, r,q, 5, p,goal | 6,521 halt
start
/CF\ Direction
r q of search




Breadth-first

Depth-first

Best-first (Heuristic Search)
A*

We will study various forms of
representation and uncertainty
handling in the next class period

Knowledge needs to be
represented

Production systems of some form
are very common

If-then rules

icate calculus rules




Computers were thought of as an electronic brains

Term “Artificial Intelligence” coined by John
McCarthy

John McCarthy also created Lisp in the late 1950s

Alan Turing defines intelligence as passing the
Imitation Game (Turing Test)

N largely revolves around toy domains
idn’'t have enough power or




Al attempts to move beyond toy domains

Syntactic knowledge alone does not work,
domain knowledge required

Early machine translation could translate English to
Russian (“the spirit is willing but the flesh is weak”
becomes “the vodka is good but the meat is spoiled”)

em created: Dendral
3 grinding halt

o



Al researchers address real-world problems and solutions
through expert (knowledge-based) systems

Medical diagnosis
Speech recognition
Planning
Design
ncertainty handling implemented




Funding dries up leading to the Al Winter
Too many expectations were not met

BNy 10 vest The tesiis g 6 B off© Meh

Neural Networks 1o the rescuel

Expert systems took proagramming, and took d f
Xgn— eérs of ef?or’rsqo eve O[:ID, u(?rﬂfv% coul%zgegggr ?he
o learn how to solve the problem...

ation networks got around



Bﬁ‘.e dumbest smart thing you can do is staying

We starf gver — lets not cregte infelli let t
creof[ it ongsﬁowlycb 1d Towards in elhgee?\ges

Alife is the lower bound of Al

Alife includes

evolu’rlonory learning techniques (genetic algorithms)
icial neural networks for additional forms of learning



Look around, who is doing Al research?

ch%;rrﬁgir own admission, Al researchers are not doing “Al”, they are

Intelligent agents, multi-agent systems/collaboration
Ontologies

Machine learning and data mining

Adaptive and perceptual systems

Robotics, path planning

=arch engines, filtering, recommendation systems
=>arch interest:

ognition
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9.

The World of Digital
The PayTech Book Edited by a team of Su
The Future Is Faster Than You Think: How Converging Tec
Disrupting Business, Industries, and Our Lives By Dr. Peter H. Diamandis.
Advances in Financial Machine Learning By Marcos Lopez de Prado

. Financial Services Revolution: How Blockchain is Transforming Money,

Markets, and Banking By Alex Tapscott.

. The STO Financial Revolution: How Security Tokens Change Businesses

Forever By Alex Nascimento.
FinTech Founders: Inspiring Tales from the Entrepreneurs that are Changing
Finance By Agustin Rubini

10.The Innovation Ultimatum: Six strategic technologies that will reshape every

business in the 2020s By Steve Brown



