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CS 188: Artificial Intelligence

Introduction

Instructors: Stuart Russell and Dawn Song



Today

What is artificial intelligence?

Past: how did the ideas in Al come about?
Present: what is the state of the art?

Future: will robots take over the world?
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A (Short) History of Al

Demo: HISTORY — MT1950.wmv



A short prehistory of Al

= Prehistory:
» Philosophy (reasoning, planning, learning, science, automation)

Aristotle: For if every instrument could accomplish its own work,

" | obeying or anticipating the will of others . . . if, in like manner, the shuttle
= | would weave and the plectrum touch the lyre without a hand to guide
them, chief workmen would not want servants, nor masters slaves

= Psychology (learning, cognitive models)
» Linguistics (grammars, formal representation of meaning)

= Near miss (1842):

= Babbage design for universal machine
= Lovelace: “a thinking machine” for “all subjects in the universe.”



Al’s official birth: Dartmouth, 1956

“An attempt will be made to find how to make
machines use language, form abstractions and
concepts, solve kinds of problems now reserved for
humans, and improve themselves. We think that a
significant advance can be made if we work on it
together for a summer.”

John McCarthy and Claude Shannon
Dartmouth Workshop Proposal



A (Short) History of Al

1940-1950: Early days
= 1943: McCulloch & Pitts: Boolean circuit model of brain
= 1950: Turing's “Computing Machinery and Intelligence”

1950—70: Excitement: Look, Ma, no hands!
= 1950s: Early Al programs: chess, checkers (RL), theorem proving
= 1956: Dartmouth meeting: “Artificial Intelligence” adopted
= 1965: Robinson's complete algorithm for logical reasoning

1970—90: Knowledge-based approaches
= 1969—79: Early development of knowledge-based systems
= 1980—88: Expert systems industry booms
= 1988—93: Expert systems industry busts: “Al Winter”

1990— 2012: Statistical approaches + subfield expertise
= Resurgence of probability, focus on uncertainty
= General increase in technical depth
= Agents and learning systems... “Al Spring”?

2012— : Excitement: Look, Ma, no hands again?
= Big data, big compute, deep learning
= Al used in many industries



Al as Designing Rational Agents

An agent is an entity that perceives and acts.

A rational agent selects actions that maximize its
expected utility.

Characteristics of the sensors, actuators, and
environment dictate techniques for selecting
rational actions

This course is about:
= General Al techniques for many problem types

= Learning to choose and apply the technique
appropriate for each problem
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Pac-Man is a registered trademark of Namco-Bandai Games, used here for educational purposes



What Can Al Do?

Quiz: Which of the following can be done at present?

\'4 Play a decent game of table tennis?

v Play a decent game of Jeopardy?

Vv Drive safely along a curving mountain road?

¥ Drive safely along Telegraph Avenue?

v Buy a week's worth of groceries on the web?

X Buy a week's worth of groceries at Berkeley Bowl?

“® Discover and prove a new mathematical theorem?

X converse successfully with another person for an hour?
“® Perform a surgical operation?

VW Translate spoken Chinese into spoken English in real time?
“@ Fold the laundry and put away the dishes?

X Write an intentionally funny story?




Unintentionally Funny Stories

Once upon a time there was a dishonest fox
and a vain crow. One day the crow was sitting
in his tree, holding a piece of cheese in his
mouth. He noticed that he was holding the
piece of cheese. He became hungry and
swallowed the cheese. The fox walked over to
the crow. The End.
[Schank. Tale-Spin. 1984
What do you get when you cross a dog and a vampire?
A bungee
What do you get when you cross a cow with a rhino?
A bungee with a dog
What do you get when you cross a street and a cow?
A bungee with a bungee and a rhino
What do you get when you cross a pig with a cow with a party?

Because the engineers with a dog



Future

= We are doing Al...
= To create intelligent systems
= The more intelligent, the better
= To gain a better understanding of human intelligence

= To magnify those benefits that flow from it
= E.g., net present value of human-level Al > $13,500T

= Might help us avoid war and ecological catastrophes, achieve immortality and
expand throughout the universe

= \WWhat if we succeed?






What's bad about better Al?

= Al that is incredibly good at achieving something other than
what we really want

= Al, economics, statistics, operations research, control theory all
assume utility to be fixed, known, and exogenously specified
_ . . . . .
I o 5 i obiectives
= \achines are beneficial to the extent that their actions can be
expected to achieve our objectives




What’s bad about better Al?

= Al that is incredibly good at achieving something other than
what we really want

= Al, economics, statistics, operations research, control theory all
assume utility to be fixed, known, and exogenously specified

= \achines are beneficial to the extent that their actions can be
expected to achieve our objectives
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A new model for Al

1. The machine’s only objective is to maximize the realization of
human preferences

2. The robot is initially uncertain about what those preferences are
3. Human behavior provides evidence about human preferences

“The essential task of our age” [Nick Bostrom, Professor of Philosophy, Oxford]

15



A new model for Al

1. The machine’s only objective is to maximize the realization of
human preferences

2. The robot is initially uncertain about what those preferences are
3. Human behavior provides evidence about human preferences

The standard model of Al is a special case, where the human can
exactly and correctly program the objective into the machine
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State of the art

Robotic vehicles

Legged locomotion

Autonomous planning and scheduling
Machine translation

Speech recognition
Recommendations

Game playing

Image understanding

Medicine

Climate science



CS 188: Artificial Intelligence

Agents and environments

Instructors: Stuart Russell and Dawn Song


Presenter
Presentation Notes
Please retain proper attribution and the reference to ai.berkeley.edu.  Thanks!


Outline

Agents and environments

Rationality

PEAS (Performance measure, Environment, Actuators, Sensors)
Environment types

Agent types

16



Agents and environments
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= An agent perceives its environment through sensors and acts upon
it through actuators (or effectors, depending on whom you ask)

17



Agents and environments
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= Are humans agents?

= Yes!
= Sensors = vision, audio, touch, smell, taste, proprioception
= Actuators = muscles, secretions, changing brain state



Agents and environments

s D\ (T, D\
Agent Environment
Sensors <
Percepts
Actuators >
 Actions & J

= Are pocket calculators agents?
= Yes!

= Sensors = key state sensors

= Actuators = digit display




Agents and environments
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= Al is more interested in agents with large computational resources
and environments that require nontrivial decision making

20



Agent functions

=" The agent function maps from percept histories to actions:
n P> A

" |.e., the agent’s actual response to any sequence of percepts

NEXT NEXT NEXT NEXT

Percept

uin

uin

uin

Action LEFT LEFT DROP RIGHT
21


Presenter
Presentation Notes
Is there any reason to pay attention to more than just the current percept?
No – the correct decision depends only on the current percept because the world is fully observable!


Agent programs

* The agent program | runs on some machine M to implement f:
= f=Agent(l,M)

= Real machines have limited speed and memory, introducing delay, so
agent function f depends on M as well as |
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Agent functions and agent programs

= Can every agent function be implemented by some agent program?

= No! Consider agent for halting problems, NP-hard problems, chess with a slow PC

23



Example: Vacuum world

" Percepts: [location,status], e.g., [A,Dirty]
= Actions: Left, Right, Suck, NoOp

24



Agent function

Percept sequence Action

Vacuum cleaner agent

[A,Clean] Right
[A,Dirty] Suck
[B,Clean] Left
[B,Dirty] Suck
[A,Clean],[B,Clean] Left
[A,Clean],[B,Dirty] Suck

etc

etc

Agent program

function Reflex-Vacuum-Agent([location,status])
returns an action

If status = Dirty then return Suck

else if location = Athen return Right

else if location = B then return Left

What is the right agent function?

Can it be implemented by a small agent program?

(Can we ask, “What is the right agent program?”) 25



Rationality

* Fixed performance measure evaluates the environment sequence

= one point per square cleaned up?

= NO! Rewards an agent who dumps dirt and cleans it up

" one point per clean square per time step, fort=1,...,T

= A rational agent chooses whichever action maximizes the expected
value of the performance measure

= given the percept sequence to date and prior knowledge of environment
Does Reflex-Vacuum-Agent implement a rational agent function?
Yes, if movement is free, or new dirt arrives frequently

26


Presenter
Presentation Notes
The dirt-dumping problem is an example of the King Midas problem – mis-specifying the objective


Rationality, contd.

Are rational agents omniscient?
= No —they are limited by the available percepts
Are rational agents clairvoyant?
= No —they may lack knowledge of the environment dynamics
Do rational agents explore and learn?
= Yes — in unknown environments these are essential
Do rational agents make mistakes?

= No — but their actions may be unsuccessful

Are rational agents autonomous (i.e., transcend initial program)?

= Yes — as they learn, their behavior depends more on their own experience



The task environment - PEAS

" Performance measure

= -1 per step; + 10 food; +500 win; -500 die;
+200 hit scared ghost

= Environment

= Pacman dynamics (incl ghost behavior)
= Actuators

= Left Right Up Down
= Sensors

= Entire state is visible (except power pellet duration)

29



PEAS: Automated taxi

" Performance measure

= [ncome, happy customer, vehicle costs,
fines, insurance premiums

" Environment

= US streets, other drivers, customers,
weather, police...

= Actuators
= Steering, brake, gas, display/speaker
= Sensors

. .
Camera’ ra_dar’ accelerometer’ engine Image: http://nypost.com/2014/06/21/how-gaggle-
Sensors, mlcrophone, GPS might-put-taxi-drivers-out-of-business/



PEAS: Medical diagnosis system

" Performance measure

= Patient health, cost, reputation
= Environment

= Patients, medical staff, insurers, courts
= Actuators

= Screen display, email

= Sensors

= Keyboard/mouse

31




Environment types

Pacman Backgammon Diagnosis Taxi

Fully or partially observable

Single-agent or multiagent

Deterministic or stochastic

Static or dynamic

Discrete or continuous

Known physics?

Known perf. measure?

32



Agent design

= The environment type largely determines the agent design
= Partially observable => agent requires memory (internal state)
= Stochastic => agent may have to prepare for contingencies
= Multi-agent => agent may need to behave randomly
= Static => agent has time to compute a rational decision
= Continuous time => continuously operating controller
= Unknown physics => need for exploration
= Unknown perf. measure => observe/interact with human principal

33



Agent types

" |n order of increasing generality and complexity
= Simple reflex agents
= Reflex agents with state
= Goal-based agents
= Utility-based agents

34



Simple reflex agents
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Pacman agent in Python

class GoWestAgent(Agent):

def getAction(self, percept):
if Directions.WEST in percept.getLegalPacmanActions():
return Directions.WEST
else:
return Directions.STOP

36



Pacman agent contd.

= Can we (in principle) extend this reflex agent to behave well in all
standard Pacman environments?

= No — Pacman is not quite fully observable (power pellet duration)
= Otherwise, yes — we can (in principle) make a lookup table.....

37


Presenter
Presentation Notes
106 locations so 106^3 * 2^106 (ignoring power pellet stuff) =~ 10^38 states
Worse if the map is not fixed – all possible physics? No – can simply say 3^150 or whatever


Reflex agents with state
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Goal-based agents
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Presentation Notes
Act to achieve a goal
Pro: use goal to index into actions that might achieve it, eg “Have milk” -> “buy milk”
Con: cannot handle tradeoffs among goals, failure probability etc.


Utility-based agents
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Presenter
Presentation Notes
Utility is a numeric scale
Pro: can compute expected values for actions, handle tradeoffs and uncertainty
Con: cannot (easily) index into actions


Learning agents

How does an agent improve over time?
By monitoring,it’s performance and suggesting
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Spectrum of representations

42



Summary

An agent interacts with an environment through sensors and
actuators

The agent function, implemented by an agent program running on a
machine, describes what the agent does in all circumstances

Rational agents choose actions that maximize their expected utility

PEAS descriptions define task environments; precise PEAS
specifications are essential and strongly influence agent designs

More difficult environments require more complex agent designs and
more sophisticated representations
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Multiagent Systems

MIT Press
October 2016
Gerhard Weiss



https://www.amazon.nl/s/ref=dp_byline_sr_book_1?ie=UTF8&field-author=Gerhard+Weiss&search-alias=books
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Horizontal layering

= Each layer can act as an independent agent
= For n different behaviours, n layers are implemented

= The layers compete with each other in order to take control of
the agent; a mediator function can be introduced

Layer n

Sensory,
Input Action

output
Layer 2
Layer 1
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Vertical layering

Action output
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InteRRaP
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Multiagent Systems

MIT Press
October 2016
Gerhard Weiss



https://www.amazon.nl/s/ref=dp_byline_sr_book_1?ie=UTF8&field-author=Gerhard+Weiss&search-alias=books
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