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Intelligent Agents
Sven Koenig, USC
Russell and Norvig, 3" Edition, Chapters 1 and 2

Note:
Different Al researchers have different opinions what Al is all about.

These slides are new and can contain mistakes and typos.
Please report them to Sven (skoenig@usc.edu).
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Lots of exciting research going on at USC — but not the topic of this class.

“Cognitive Science” Approach
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“Cognitive Science” Approach

* Ornithopters: to flap or not to flap?

Harvard University

www.blokeish.com
20 seconds, 2010

“Engineering” Approach (Intelligent Systems)

Lots of exciting research going on at USC — and the topic of this class.
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“Engineering” Approach (Intelligent Systems)

m Deep Blue: 200,000,000 positions/second

Turing Test

m Alan Turing “Computing Machinery and Intelligence” (1950)
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Chat(ter)bots

Eugene Goostman

THE WEIRDEST CREATURE IN THE WORLD

Type your question here

an simulates a 13-year-old Ukrainian boy

A computer program called Eugene Goostman, which simulates a 13-year-old
Ukrainian boy, is said to have passed the Turing test at an event organised

by the University of Reading.

On 7 June Eugene convinced 33% of the judges at the Royal Society in London

that it was human_ This was in 2014.

Loebner Competition (Turing Test)

* 2017

Hello, my name is Andrew. What’s your name?

Hello there. Your name is Andrew. My name is Millie.

‘Why don’t you tell me a little more about yourself?
My name is Millie and I am a human volunteer for the Loebner Prize. I live in
Leeds and am single. I am interested in Al but don’t have a chatbot myself.

‘What about you?

I am a researcher in Artificial Intelligence at Goldsmiths University, do
you know what that is?

Do you enjoy your research?

T am a volunteer who has agreed to help with a Turing test.

‘Will you tell me about your dreams?

T dream that T will pass my university exams.

Can you rephrase that?
No, not really. What don’t you understand?

‘What is my occupation?
Well you said your job was RESEARCHER.

Can you tell me about a film you haven’t seen?
you have not seen = Are you asking about my have not seen?

‘What do you think of Trump?
I read that over 50% were either concerned or scared about Donald Trump being
President. if that’s the case, why did they vote for him?

Anything else?
That is all I have for right now.

What is the answer to "Add 34957 to 70764"?

34957 to 70764 = Ah yes, 34957 is a type of cheese that is made from sheep’s milk.

It’s not very popular though.

How do you recommend I make tea?
I suppose I would recommend something if I'd had a pleasant experience with it in
the past.

‘What do you get if you bake dough?
Is this a joke? I don’t know Andrew. What do you get?
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ChatGPT

* 2022

ChatGPT Dec 15 Version (https://chat.openai.com)

Hi, | am Sven, a professor at the University of Southem California. |
have a couple of quick questions for you to test your knowledge and
inference capabilities.

Hello Sven! 11l do my best to help you with your questions. Please go
ahead and ask your questions

My traphy would not fit in the brown suitcase because it was too
small. What was too small?

It sounds like the brown suitcase was too small to fit the trophy. Is that
the correct interpretation?

I can’t tell you now since this is a test. Here is the next question: My
trophy would not fit in the brown suitcase because it was too big.
What was too big?

Based on the information provided, it seems that the trophy was too big
to fit in the brown suitcase. |s that the correct interpretation?

Correct. What is the answer to "Add 34957 to 707647

The answer to "Add 34957 to 70764" is 105721,

Where do you think | live?

I'm sorry, but | don't have enough information to accurately infer where
you live. Could you provide some additional context or details that might

help me make a better guess?

Sure, think about where | work and then guess where | live.

Based on the information that you work at the University of Southern
California, it is possible that you live in the Los Angeles area, However, it
is also possible that you live in a different location and commute to work
or that you work remately, Without more information, it is difficult ta
make a more precise guess about where you live.

‘What would | rather eat for lunch: 10 kilos of vegetables or one 5
ounce steak?

It is not possible for me to accurately predict what you would prefer to
eat for lunch. Food preferences can vary greatly from person to person
and depend on a variety of factors such as persanal taste, dietary
restrictions, cultural background, and individual nutritional needs. Some
people might prefer a large guantity of vegetables, while others might
prefer a smaller portion of meat. It is ultimately up to you to decide what
you would like to eat for lunch based on your own personal preferences
and circumstances.

What do you get if you bake dough?

Baking dough typically results in baked goods such as bread, cookies,
pastries, or other baked items. The specific type of baked goods that you
get from baking dough depends on the type of dough that you are using
and the recipe that you are following. For example, if you bake a dough
made from flour, water, and yeast, you might get a loaf of bread. If you
bake a dough made from butter, sugar, and eggs, you might get cookies
or a cake.

Could you restrict all of your answers to two sentences or fewer from
‘now on, so that | can fit the text on my slides?

Sure! Tl do my best to keep my responses cancise and to the paint. If
you have any further questions, don't hesitate to asc.
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ChatGPT

* 2022

What is humanity's greatest achievement?

Humanity's greatest achievements are subjective and can vary greatly
depending on one’s perspective and values. Some might cansider
scientific discoveries or technological innovations as humanity's greatest
achievements, while others might consider cultural or artistic creations,
social or political or personal the
most significant. Ultimately, the concept of humanity's greatest
achievement is open to interpretation and debate.

1s developing the concept of NP-hardness a great achievement in
computer science?

Developing the concept of NP-hardness is considered a significant
achievement in the field of computer science. NP-hardness is a
complexity class used to describe optimization problems that are
believed to be difficult to solve, even with the use of compurters. The
concept of NP-hardness has helped to shed light on the limitations of
algorithms and has had a significant impact on the development of
computational complexity theory. As a result, many researchers in the
field of computer science consider the development of the concept of
MP-hardness to be a major achievement.

15 it NP-hard to find a shortest path on a given graph?

The problem of finding a shortest path between two vertices in a graph is
known as the single-source shortest path problem. For many types of
graphs, the single-source shortest path problem can be solved efficiently
using algorithms such as Dijkstra’s algorithm or the Bellman-Ford
algorithm. However, for certain types of graphs, such as those with
negative edge weights or graphs that contain negative weight cycles,
finding a shortest path can be more difficult, In these cases, the single-
source shortest path problem is known to be NP-hard, meaning that it is
believed to be computationally difficult to solve and that it may take a

long time for an algorithm to find a solution, even with the use of a
computer.

Could you provide your previous answer in form of a limerick?
Certainly! Here is my previous answer in the form of a imerick:

Finding the shortest path in a graph,
Can be quite a daunting task,

But for many types of graphs,
Efficient algorithms exist,

Like Dijkstra and Bellman-Ford, to ask.

However, for certain graphs that contain,

Negative edge weights or cycles of shame,

Finding the shortest path can be rough.

1t's an NP-hard prablem, that's no bluff,

And finding a selution may take some time to explain.

Your answers are interesting. Do you think you can pass the Turing
test?

As an artificial intelligence, | am not capable of experiencing emations or
having personal beliefs. However, | have been designed and trained to
generate human-iike responses to questions and prompts in order to
facilitate communication with peaple. The Turing test is a measure of a
machine’s ability to exhibit intelligent behavior equivalent to, or
indistinguishable from, that of a human. While | am not able to physically
participate in the Turing test, it is possible that some peaple might
consider my responses to be similar to those of a human. However,
ultimately, the ability of any machine to pass the Turing test is subjective
and can depend on the individual evaluator's criteria and expectations.

Thank you!
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Winograd Schema Challenge

* The trophy would not fit in the brown suitcase because it was too big.

What was too big?

* The trophy would not fit in the brown suitcase because it was
too small. What was too small?
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Chat(ter)bots

sorun QUARTZ

Microsoft's Al millennial chatbot became a
racist jerk after less than a day on Twitter

Tinder bot preying on Austin dating scene actually a
bot promotlng movie “Ex Machina”

P TeanE

& Onn

Swiping in Austin s | ses.

O Hatlo, Brock,

e likm 10 et 10 knaw you.
May | sk you o faw

l. quastions?

@ reevoseiaensiow?

| 84w, | haven't, afthough it I - TWEETS  FOLLOWERS
([ rouncnrica 96.2K  33.2K
l. What makes you human? =

Tweets Tweets & replies Photos & videos
TayTweets
The official account of Tay, Microsoft's Tay‘rm-u T
Al fam from the internet that's got zero hellooooooo w ‘r)dl”

chilll The more you talk the smarter Tay
ala

2 Follow
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Turing Test

the Moon!

| would like
to walk on
]
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Year 1 Year 2 Year 3
15
Turing Test
* Problems
* Tendency to make systems dumber to resemble humans.
* Incremental progress might fool some judges but
might eventually not result in truly intelligent svstems. ™™
| would like - ™
to walk on — |
the Moon! - ™
Year 1 Year 2 Year 3
16

1/22/2023



Movies

17
(( . . . . ”
Making Rational Decisions
Software System = Agent =
sense act
Environment
Performance Measure

Could be as simple as a thermostat or as complex as a robot

18
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A different view: What is Al?

Systems that
think like humans

Systems that
think rationally

Systems that
act like humans

Systems that
act rationally

19
A different view: What is Al?
Cognitive
Systems
‘ﬁ BA
Turing Making I “,‘3;3‘
Test Rational Decisions / "
20
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Overview of Class

Effector control
Effectors

Sensors
Sensor interpretation
Percepts
J
Actions

Speech recagnition ‘
Handwriting recognition

Gesture recognition Empbhasis of this class
Language interpretation
Robotics
Vision " Emphasis of other classes
21
Overview of Class
* We will learn about lots of individual Al techniques that are helpful
for constructing agents but will not integrate them into agents.
* Thus, this class is mostly a theoretical class (a la “differential
equations” for building spaceships).
22
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Overview of Class

* The “core” toolbox of Al
* Knowledge representation and reasoning
* Machine learning
* Search and planning

23

Beyond the Class

* Other disciplines that have studied rational decision making
* Operations research
* Decision and utility theory
* Economics
* Control theory
* Statistics
* Theoretical computer science

24
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Beyond the Class

* Decision theory
* 16.1. Combining Beliefs and Desires under Uncertainty ... 610

* 16.2. The Basis of Utility Theory ... 611
16.2.1. Constraints on rational preferences ... 612
16.2.2. Preferences lead to utility ... 613

* 16.3. Utility Functions ... 615
16.3.1. Utility assessment and utility scales ... 615
16.3.2. The utility of money ... 616
16.3.3. Expected utility and post-decision disappointment ... 618
16.3.4. Human judgment and irrationality ... 619

* 16.4. Multiattribute Utility Functions ... 622
16.4.1. Dominance ... 622
16.4.2. Preference structure and multiattribute utility ... 624

* 16.5. Decision Networks ... 626
16.5.2. Evaluating decision networks ... 628

16.5.1. Representing a decision problem with a decision network ... 626

25

Beyond the Class

* Economics

» 17.5. Decisions with Multiple Agents: Game Theory ... 666
17.5.1. Single-move games ... 667
17.5.2. Repeated games ... 673
17.5.3. Sequential games ... 674

* 17.6. Mechanism Design ... 679
17.6.1. Auctions ... 679
17.6.2. Common goods ... 683

Russell

Norvig

26
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Beyond the Class

* Operations Research

* 17.1. Sequential Decision Problems ... 645
17.1.1. Utilities over time ... 648

17.1.2. Optimal policies and the utilities of states ...

* 17.2. Value Iteration ... 652
17.2.1. The Bellman equation for utilities ... 652
17.2.2. The value iteration algorithm ... 652
17.2.3. Convergence of value iteration ... 654

* 17.3. Policy Iteration ... 656

* 17.4. Partially Observable MDPs ... 658
17.4.1. Definition of POMDPs ... 658
17.4.2. Value iteration for POMDPs ... 660
17.4.3. Online agents for POMDPs ... 664

650
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