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Q&A
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PRELIMINARIES: SETS AND TYPES
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Sets
Chalkboard
– Definitions: Set, element of, equality, subset
– Example: Sets of sets
– Set builder notation
– Python list/set comprehentions
– Exercise: Set builder notation
– Definitions: Union, intersection, difference, 

complement
– Exercise: Set complement
– Tuples and set product
– Exercise: Set product
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Exercise: Set Builder Notation (I)
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Exercise: Set Builder Notation (II)
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The Game of SET
Rules of the game:

– Each card is characterized by four 
features:

1. color (red, green, blue)
2. shape (rectangle, triangle, oval)
3. fill (dark, light, outline)
4. number (1, 2, 3)

– A SET consists of three cards 
where each feature is either all 
the same or all different in the 
group of cards

– Goal is to find as many SETs as 
fast as possible 

– Player calls “SET”, picks up the 
three cards, and writes down 
the set in set builder notation
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Figure from www.setgame.com



Exercise: Set Complement
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Exercise: Set Product
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Data Types and Functions

Chalkboard
– Data types, structs, unions
– Tagged unions
– Exercise: Tagged unions
– Functions
– Anonymous functions
– Exercises: Functions
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Exercise: Tagged Unions
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Exercises: Functions in Python
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See the course schedule for 
detailed lecture notes on 
Sets, Data Types, Functions.



MOTIVATION: LINEAR ALGEBRA

25



LINEAR ALGEBRA

31



Vector Spaces

Chalkboard
– Real-valued vectors of length n, Rn

– Properties of a vector space
– Inner product space
– Complete inner product space
– Other vector spaces
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Linear Algebra: Notation

Chalkboard
– Real-valued matrices
– Real-valued column/row vectors
– Elements of matrices/vectors
– Dot notation for columns/rows
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Linear Algebra: Operations

Chalkboard
– Vector operations
• dot product
• outer product

– Matrix multiplication: 
vector-vector, matrix-vector, matrix-matrix

– Transpose
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Linear Algebra: Operations

Chalkboard
– Vector operations
• dot product
• outer product

– Matrix multiplication: 
vector-vector, matrix-vector, matrix-matrix

– Transpose
– Vector Norms
• Euclidean norm
• lp norms
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Linear Algebra: Vector Properties

Chalkboard
– Orthogonal
– Normalized
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HEBIAN LEARNING &
MATRIX MEMORIES
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Storing a Pattern Pair in a Matrix
In-Class Exercise 
1. Given vectors:

– stimulus: x = [1, 0, 1, -2, 2]
– response: y = [2, 1, -1]

2. Compute their outer 
product:
W = xyT

3. Compute the 
predicted response:
r = Wx

4. Does the relationship 
you observe here 
between r and y
always hold?
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Linear Algebra: Vector Properties

Chalkboard
– Compactly representing the average of several 

outer products
– Storing several pattern pairs in a single weight 

matrix
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NEXT TIME: LINEAR ALGEBRA 
(PART II)

55


