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Artificial Intelligence

Prof. Carolyn Anderson
Wellesley College



Reminders

HW 1 due

HW 2 will be released Tuesday

Set up Python 3.14 virtual environment
Reading for Tuesday: ANY Shadow Self

[ have help hours today from 3-4 in W405 nook

Starting next week:
Mon 3-4 in W323
Fri 3-4 in W423

Missing Semester shell workshop Tuesday 7-8pm in H402



Assignments

Assignments are due on Mondays at 10 PM

Homework submission will be through Gradescope
Expect an assignment every week

Get help early!



Late Policy

You have 5 late days for the semester, which you can use
all at once, or spread across assignments. There is a 5%
penalty per day once you use up your late days.

Important: I will not answer questions on late work
during help hours.

If you have a prolonged illness or unexpected
circumstance, let me know and we'll work together
to make a custom plan.



Collaboration policy

4

In this class, you can talk at a high-level with other students
about assignments, but you cannot show them your code.

If you discuss a homework problem with another student,
please note this on your assignment when you submit it.

You may not use generative Al for any course-related
purpose without explicit permission from me. This includes
debugging code, drafting emails, creating study guides,
generating homework responses...



Generative Al Policy
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Figure 3: Writing proficiency scores across reliance and no-
reliance on Al generated code across course modules.

Poitras, Eric et al. “Generative Al in Introductory Programming
Instruction: Examining the Assistance Dilemma with LLM-Based Code
Generators.” Proceedings of the 2024 on ACM Virtual Global Computing
Education Conference V. 1 (2024).

train you to become experts. Having a
strong foundational understanding is key for
this.

Automation is about trading learning for
efficiency. That’s a good trade in some
situations! But not in early coursework.

Towards the end of the semester, we will
explore agentic programming tools through
an evaluation lens.



Midterm and Final Project

We will have two in-class midterms:
October 6th
November 10th

There is no final exam. Instead, you will work on a
final project. We will have presentations on the last
day of class.



CS 001: MISSING X
SEMESTER

Workshop #1: The
Shell

Tuesday 9/8 @ 7-8 PM
SCI H402

Join us to learn more
about the shell, a
program that lets you
interact with your
computer's operating
system!

RSVP Here/
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Jordan (2019)

Intelligent Infrastructure (II): "a web of computation,
data, and physical entities [...] that makes human
environments more supportive, interesting, and safe"

Intelligence Augmentation (IA): "computation and data
are used to create services that augment human
intelligence and creativity"

Human-Imitative Artificial Intelligence: "realizing in
software and hardware an entity possessing human-level
intelligence"



Jordan (2019)

Which of Jordan’s categories do you think chatbots like
ChatGPT fall into, and why?



Jordan (2019)

What kinds of course do you think would need to be added
to a Computer Science major in order to prepare students
for work on the types of systems Jordan discusses?

Tiangie Opes [tssces



Task-based Al



Task-based Al
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Our goal is to write programs that can solve tasks.
This is sort of the goal of all computer science.

In AL, though, the tasks we focus on are ones that
seem to require human intelligence. This is a moving
standard- what seems impossible for a computer to
solve one day may eventually become very easy.



Al Tasks

Almost all Al tasks can be grouped into one
of three main categories:

Search
Classification

(Generation



Learning



How do people learn?

Some tasks have a critical acquisition period:
* Language acquisition

* Vision

* Music training

Others can be consciously acquired



Example: Child Language Acquisition

Example 2
Example 1

¥ cj and ember manning liked

Gareth Roberts @garicgymro - 45m

Just overheard from two of my kids:
Osian (5;1): Look how | catched Mickey!
Eirwen (8;2): Do you mean caught?
Osian: ... yeah.

Eirwen: But you can keep saying catched!
Osian: Look how | catched him!

A" ing goat outside =



https://www.tiktok.com/@santiizzy/video/7006691592073383174?sender_device=pc&sender_web_id=7040135256183866885&is_from_webapp=v1&is_copy_url=0

How do people learn?

with fast mapping, | 1 trillion
’_. £ can learn the meaning parameters and
£ ™ J of a word .in 3 a carbon
| exposures in my foetprint please
=P human brain powered
by food
S ) ( ' .
| b/ () )
human infants large language models

photo credit: Josef Fruehwald



https://twitter.com/JoFrhwld

How does Al learn?

Symbolic Al

- Program rules for the model

Machine learning
Supervised learning
- Give model input/output pairs to learn from
Reinforcement learning
- Give model a reward function
Unsupervised learning

- Model tries to separate data



Search



Agents
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An agent 1s anything that can be viewed as perceiving its
environment through sensors and acting upon that
environment through actuators.

This 1s extremely broad!



Agents

4

An agent 1s anything that can be viewed as perceiving its
environment through sensors and acting upon that
environment through actuators.
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Which of these are agents?

; O o G

Bertie slept during

the night

Start Time End Time
f5] Aug21,2026 [ Aug21,2026
3:45am 6:19am

Pulse Rate (Avg.) 00 02 (Avg.)

O 124 bpm 97%

Details

6:25AM
5:00AM 6:00AM

Sleep state
& P

Awake




Defining an environment



Designing a State Space

The real world is absurdly complex.
To formulate a search problem, we need to abstract the

world into a simpler representation: a state space.

We define a state space in terms of states and actions,
which typically lead to transitions between states.



Making problems out of the real world

4

If our goal is to tackle hard real-world problems, we will
need a way of describing them.

Agents exist in environments. How do we define
environments?



Defining the environment

Consider my cats Millie and Mango as agents.




Defining the environment

We could define their environment very simply.

Here are two possible states:

State 1: foodInBowl = true
State 2: foodInBowl = false



Defining the environment

Here are their actions in each state:

State Actions

1: foodInBowl = true e}

2: foodInBowl = false we |



Defining the environment

If we represent more information about the environment,
we can make more nuanced choices:

State 1: humansHome = true, foodInBowl = true
State 2: humansHome = true, foodInBowl = false

State 3: humansHome = false, foodInBowl = true

State 4: humansHome = false, foodInBowl = false



Defining the environment

Here are their actions in each state:

State Actions

1: humansHome = true,
foodInBowl = true

2: humansHome = true,
foodInBowl = false

3: humansHome = false,
foodInBowl = true

4: humansHome = false,
foodInBowl = false



Rationality



Rational agents

A rational agent is an entity that acts to optimize a desired
outcome (accomplish a task).

Mango: rational agent Millie: sweet goofball




Rational agents
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Given a goal, an Al agent must decide what the best action to
take 1s 1in order to reach this goal.

For complex tasks, this can mean:
gathering information
coming up a set of possible actions
weighing the best action
acting

updating and adapting based on changes to the
environment



Defining Goals
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In a search problem, our first step is to define a goal.

Mango has two goals in life:
1) eat

7 Sluw




Actions

Given a goal, an Al agent must decide which actions to take.

Mango has several available actions:
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Actions

Not all of these are possible in every environment:

eat - Sy(cess f| only 1 fooed i paw)
sleep - Slnys sul(ess ]Q)
wail - aleys oyl G @Ffechit fv oo

stare at birds -
soccessf<)  \f pves  oueilelle



Assessing Consequences

Given a goal and a set of actions, an Al agent must decide
which action to take by weighing their consequences.

~ well, well, well, if it
i isn't the consequences
of my own actions



Assessing Consequences

Some actions have costs as well as consequences!

eat:
- achieves goal of devouring food
- updates environment by removing food

sleep:
- achieves goal of sleeping
- replenishes energy

wail:
- chance of human adding food to the bowl, if human 1s available and
sufficiently convinced
- cost: lack of dignity

stare at bird:
- absolutely no consequences
- COst: some energy



Solutions

A solution is a sequence of actions from the initial state
to a goal state.

A solution is optimal if no other solution has a lower
cost.



Transitions

When an agent takes an action, they may transition to a
new state (the environment may change).



Defining the environment

Here are their actions in each state:

State Actions

1: foodInBowl = true eat

2: foodInBowl = false wail



Agent Complexity

Reflex agent: decides what to do based only on current
state.

1s there food? then I
will devour it!




Agent Complexity

Problem-solving agent: capable of considering a
sequence of actions that form a path to a goal state
(planning ahead to find a solution).

if I wail, the human
might refill my bowl.
then I can eat more.



Defining Search Problems



Formulating a Search Problem

Decide:

Which properties of the world matter and how to
represent them

kel Stele 6"@\ sFoie m%&te
Which actions are possible and how to represent them
ek of e Wyeition) wiclel
Which action is next
P@h/\ cost  fondioN

These decisions greatly affect the size of the search space and
therefore the speed of the search.



Formally Defining a Search Problem
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