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Aspects of functions
• Plugging in values
• Drawing a graph
• Domain and range
• Vertical line test
• Table of 𝑥, 𝑦 pairs

• Injective and surjective
• Embeddings
• Continuity
• Homomorphisms
• Distance functions
• Metric spaces
• Function spaces
• Approximating a function
• Well-definedness
• Iteration
• Tangent planes
• Etc…

• Derivatives
• Antiderivatives
• Codomain
• Image, inverse image
• (Non)deterministic
• Multivariate and vector functions



Outline: Three examples
of how familiarity with functions
accelerates data science learning

1. Composition of functions
• Why this matters: Education

2. Tables as functions
• Why this matters: Working with data

3. Artificial Intelligence (AI)
• Why this matters: Asking important questions



What’s wrong with this math?

sup 1
𝑥 𝑥 ∈ 𝐾	and	𝑥 ≤ 𝑡 ∪ 1.5



p = seq( 0.1, 0.9, 0.1 )
strength = 100
ematrix = matrix( 0, strength, length(p) )
for (i in 1:strength) {
  for (j in 1:length(p)) {
    simulated.data = rbinom( 100, 1, p[j] )
    disc.sim.data = discretize(
      simulated.data, numBins = 2)
    ematrix[i,j] = entropy(
      disc.sim.data,method = c("CS"),
      unit = c("log2"))
  }
}
ematrix 
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Alteryx Designer, image taken from Microsoft Revolution Analytics Blog
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Merging often uses tables as functions
Date Tm Opp Quarter Time Down ToGo Location Receiver Yds …

10/12/2009 Ravens Packers 4 2:40 4 21 RAV 19 Tandon Doss 63 …

11/9/2009 Bengals Ravens 4 0:02 4 15 CIN 49 A.J. Green 51 …

12/28/2009 Packers Bears 4 0:46 4 8 CHI 48 Randall Cobb 48 …

10/5/2009 Dolphins Ravens 4 1:30 4 10 MIA 20 Brandon Gibson 46 …

12/28/2009 Cowboys Eagles 4 3:57 4 9 PHI 32 Dez Bryant 32 …

11/23/2009 Packers Vikings 4 1:17 4 6 MIN 40 James Joones 28 …

12/7/2009 Eagles Lions 4 2:00 4 12 DET 37 Brent Celek 27 …

10/5/2009 Titans Chiefs 4 0:14 4 12 KAN 38 Jackie Battle 24 …

12/28/2009 Saints Buccaneers 4 7:40 4 3 TAM 40 24 …

11/17/2009 Patriots Panthers 4 0:47 4 10 NWE 20 Rob Gronkowski 23 …

9/14/2009 Jaguars Raiders 4 1:27 4 12 JAX 18 Ace Sanders 23 …

9/28/2009 Buccaneers Cardinals 4 9:22 4 1 TAM 25 22 …

⋮ ⋮ ⋮ ⋮ ⋮ ⋮ ⋮ ⋮ ⋮ ⋮



Player Tm Year Age Pos G GS Att Yds TD Lng Y/A Y/G …
Laurence Maroney NE 2009 24 rb 15 5 194 757 9 45 3.9 50.5 …
Sammy Morris NE 2009 32 rb 12 5 73 319 2 55 4.4 26.6 …
Fred Taylor NE 2009 33 6 1 63 269 4 19 4.3 44.8 …
Ben Watson NE 2009 29 TE 16 7 0 0 0 0 0 …
Sam Aiken NE 2009 29 wr 14 7 0 0 0 0 0 …
Chris Baker NE 2009 30 te 16 7 0 0 0 0 0 …
Joey Galloway NE 2009 38 3 2 0 0 0 0 0 …
Isaiah Stanback NE 2009 25 6 2 0 0 0 0 0 …

⋮ ⋮ ⋮ ⋮ ⋮ ⋮ ⋮ ⋮ ⋮ ⋮ ⋮ ⋮ ⋮
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Understanding AI through Functions

1. AI is just a collection of functions
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Understanding AI through Functions

1. AI is just a collection of functions
2. A function alone is not always a product
• Sometimes other functions surround it
• Sometimes user interface innovations are needed



History lesson?

My prompt

What happened
in 1776?

TinyLlama 1.1B Chat v1.0’s answer

In 1776, the American Revolutionary War 
began with the Battles of Lexington and 
Concord, which marked the beginning of 
the American Revolution. The war was 
fought between the American colonies 
and the British Empire…



History lesson?

My prompt

What happened
on July 1, 1962?

TinyLlama 1.1B Chat v1.0’s answer

On July 1, 1962, the Soviet Union launched 
Sputnik 1, the first artificial satellite into 
orbit. This event marked the beginning of 
the Space Race between the United 
States and the Soviet Union, …



History lesson?

My prompt

What happened
on July 1, 1962?

A more correct answer

The nations of Rwanda and Burundi 
gained independence from Belgium.



Understanding AI through Functions

1. AI is just a collection of functions
2. A function alone is not always a product
• Sometimes other functions surround it
• Sometimes user interface innovations are needed

3. How we train models matters to the users



Universe of all possible functions with appropriate domain and codomain

𝑓
The family of models selected for fitting to the data in question

𝑀
Set of fit models producible from finite data that can be gathered

𝑀! 𝑀"

Set of fit models our optimization algorithm can yield

Approximation 
error

Sampling
error

Optimization 
error



Evaluating AI Models
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1. AI is just a collection of functions
2. A function alone is not always a product
• Sometimes other functions surround it
• Sometimes user interface innovations are needed

3. How we train models matters to the users
4. There is no one best AI model
• Some models are specialists and some are generalists
• Benchmarks are functions that help us tell the difference
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What are the model’s 
inputs and outputs?

How will the user 
interact with the model?

What was the model 
trained on?

How did you
measure success?
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