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History

@00

“Experimental math is the use
of a computer

to run computations

to look for patterns,

to identify particular numbers
and sequences,

! to gather evidence in support
of specific mathematical
assertions that may themselves
arise by computational means.”
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@ Spring 2009: need a special topics course

Undergraduate Research via Experimental Mathematics Lara Pudwell



History
000

Experimental Math at Valpo

@ Spring 2009: need a special topics course

@ Spring 2011: reprise special topics course

Undergraduate Research via Experimental Mathematics Lara Pudwell 3/13



History
000

Experimental Math at Valpo

@ Spring 2009: need a special topics course
@ Spring 2011: reprise special topics course
@ Spring 2013: Experimental Math gets its own course number!

Undergraduate Research via Experimental Mathematics Lara Pudwell 3/13



History
000

Experimental Math at Valpo

@ Spring 2009: need a special topics course
@ Spring 2011: reprise special topics course
@ Spring 2013: Experimental Math gets its own course number!

@ Spring 2015, 2017, 2019: Experimental Math runs as a regular
elective

Undergraduate Research via Experimental Mathematics Lara Pudwell 3/13



History
000

Experimental Math at Valpo

@ Spring 2009: need a special topics course
@ Spring 2011: reprise special topics course
@ Spring 2013: Experimental Math gets its own course number!

@ Spring 2015, 2017, 2019: Experimental Math runs as a regular
elective

@ Since 2020: fewer elective courses because of lower enrollment
Caveat: This talk describes a past course.
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History
ooe

Experimental Math (Valpo style...)

@ Throughout the course:
» Mini-essays on philosophy of doing math
» Individualized project

e Intro: (1.5 weeks)
» What is experimental math?
» Making friends with the computer

o Guided exploration: (11.5 weeks)
> Introduce a new problem
» Program together
> List of “experiments” in groups

e Wrap up (2 weeks):
» Landmarks of computers in proofs
(Four color theorem, Kepler conjecture)
» Student showcase
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Example
@000

Lesson 1: Collatz Conjecture

THE. COLLATZ (ONTECTURE STATES THAT IF YQU
PICK. A NUMBER, AND IF \T5EVEN DIVIDE 1T B
TwO AND |F IT5 ODD MULTIPLY IT BY THREE AND
ADD ONE, AND YOU REPEAT THIS PROCEDURE. LONG
ENOUGH, EVENTUALLY YOUR FRIENDS WILL SToP
CALUNG To SEE. IF YOU WANT TO HANG OUT.

Source: http://xkcd.com/710/
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Lesson 1: Collatz Conjecture

In class...

o f(n) 3n+1 nodd
n)—=
n/2 n even

o g(n k) = [f(n), f(f(n)),...,F (n)]
o h(n) =[f(n), f(f(m),....1]

THE. COLLATZ (ONTECTURE STATES THAT IF YQU
PICK. A NUMBER, AND IF \T5EVEN DIVIDE 1T B
TwO AND |F IT5 ODD MULTIPLY IT BY THREE AND
ADD ONE, AND YOU REPEAT THIS PROCEDURE. LONG
ENOUGH, EVENTUALLY YOUR FRIENDS WILL SToP
CALUNG To SEE. IF YOU WANT TO HANG OUT.

Source: http://xkcd.com/710/
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Example
@000

Lesson 1: Collatz Conjecture

In class...

o f(n) 3n+1 nodd
n)—=
n/2 n even

o g(n, k) =[f(n),f(f(n),....f (n)]
o h(n) = [f(n), f(f(n)),. ]
Experiments...

@ Try out many starting values.

THE. COLLATZ (ONTECTURE STATES THAT IF YQU
PICK. A NUMBER, AND IF \T5EVEN DIVIDE 1T B
TwO AND IF 1T 00D MULTIPLY IT BY THREE AND
ADD ONE, AND YOU REPEAT THIS PROCEDURE. LONG
ENOUGH, EVENTUALLY YOUR FRIENDS WILL SToP
CALUNG To SEE. IF YOU WANT TO HANG OUT.

Source: http://xkcd.com/710/
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Lesson 1: Collatz Conjecture

In class...

e f(n)=

3n+1 nodd
n/2 n even

o g(n, k) =[f(n),f(f(n),....f (n)]
o h(n) = [f(n), f(f(n)),. ]
Experiments...

@ Try out many starting values.
@ Try out the 5n+ 1 problem.

THE. COLLATZ (ONTECTURE STATES THAT IF YQU
PICK. A NUMBER, AND IF \T5EVEN DIVIDE 1T B
TwO AND IF 1T 00D MULTIPLY IT BY THREE AND
ADD ONE, AND YOU REPEAT THIS PROCEDURE. LONG
ENOUGH, EVENTUALLY YOUR FRIENDS WILL SToP
CALUNG To SEE. IF YOU WANT TO HANG OUT.

Source: http://xkcd.com/710/
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Example
@000

Lesson 1: Collatz Conjecture

In class...

e f(n)=

3n+1 nodd
n/2 n even

o g(n,k) = [f(n),f(f(n),....f"(n)]
o h(n) = [f(n), f(f(n)),. ]

Experiments...
@ Try out many starting values.
@ Try out the 5n+ 1 problem.
THE COLLATZ CONJECIRE STRTES THAT IFvo0. @ [Ty

PICK. A NUMBER, AND IF \T5EVEN DIVIDE 1T B .
TWO AND IF IT5 0DD MULTIRTY [T BY THREE AND ( {3n +1 nprime
n)—=

ADD ONE, AND YOU REPEAT THIS PROCEDURE. LONG e e .
n/pt  n=pit---pk,pi < pip1Vi

ENOUGH, EVENTUALLY YOUR FRIENDS WILL SToP
CALUNG TO SEE IF YOU WANT TO HANG OUT.

Source: http://xkcd.com/710/
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Example
@000

Lesson 1: Collatz Conjecture

In class...

o f(n) = {3n+1 n odd

n/2 n even
o g(n k) = [f(n), f(f(n)),....F(n)]
o h(n) = [f(n), f(£(n)),. ]

Experiments...
@ Try out many starting values.
@ Try out the 5n+ 1 problem.
THE COLLATZ CONJECIRE STRTES THAT IFvo0. @ [Ty

PICK. A NUMBER, AND IF \T5EVEN DIVIDE 1T B .
TWO AND IF IT5 0DD MULTIRTY [T BY THREE AND ( {3n +1 nprime
n)—=

ADD ONE, AND YOU REPEAT THIS PROCEDURE. LONG e X
e .
n/pt  n=pit---pk,pi < pip1Vi

ENOUGH, EVENTUALLY YOUR FRIENDS WILL SToP
o Bonus: Try your own piecewise functions.

CALUNG TO SEE IF YOU WANT TO HANG OUT.
Source: http://xkcd.com/710/
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Experimenting with 5n+ 1

16 —+8—-4—-2-1
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Experimenting with 5n+ 1

16 —+8—-4—-2-1

3—-16—+8—>4—-2—1
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Example
0000

Experimenting with 5n+ 1
16 —+8—-4—-2-1

3—-16—+8—>4—-2—1

5—26—13 —+ 66 — 33 — 166 — 83 — 416 — 208 — 104 — 52 —
26 — ---
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Example
0000

Experimenting with 5n+ 1

16 —+8—-4—2—1
3—-16—+8—>4—-2—1

5—26—13 —+ 66 — 33 — 166 — 83 — 416 — 208 — 104 — 52 —
26 — ---

9—46 — 23 —+ 116 —+ 58 —+ 29 — 146 — 73 — 366 — 183 — 916 —

458 — 229 — 1146 — 573 — 2866 — 1433 — 7166 — 3583 — 17916 —
8958 — - - -
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Example
[e]e] e}

Content

From the book...

Calculating 7

@ What is the quadrillionth decimal place of 77
@ What is that number?

@ The Riemann zeta function

°

Evaluate the following integral
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Example
[e]e] e}

Content

From the book...
o Calculating 7
@ What is the quadrillionth decimal place of 77
@ What is that number?
@ The Riemann zeta function
@ Evaluate the following integral
Other topics...
o Combinatorial sequences
@ Continued fractions and irrationality

@ Graph coloring
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Example
[e]e]e] ]

Transitions
J = in-class.
NV

..,@,

student-generated experiment.

problem statement | code | data

early classes

later classes

final project
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Transitions
J = in-class.
NV

q@’

student-generated experiment.

problem statement | code | data

|
Vo
early classes J J 7{}’

later classes

final project
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Transitions
J = in-class.
NV

q@’

student-generated experiment.

problem statement | code

NV

early classes /@
NV YV,

later classes Q\ /Q\

final project
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Example
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Transitions

J‘ = in-class.

V¢
@ = student-generated experiment.

o
[F)
+
]

problem statement | code

early classes

194
‘\
7
AN

later classes

NS
N
S

I,
‘\—
L,
T~
9
T~

final project
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Projects
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Scaffolding the final project

(15 week semester)

@ Week 1: Project expectations introduced
(advice on how to pick a topic)
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Projects
®0

Scaffolding the final project

(15 week semester)

@ Week 1: Project expectations introduced
(advice on how to pick a topic)

Week 3: Declare project topic
(participation grade)

Week 8: Preliminary presentations
(clarity, progress since last checkpoint)

Week 13: Draft paper
(participation grade)

@ Week 15: Final presentations
(clarity, progress, responsiveness to feedback)

o Finals week: Final paper
(clarity, difficulty, correctness)
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Projects
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Project examples

(Spring 2019)

o Euler bricks e 24
@ Sports analogs of the ballot e g
problem Gfis, CC BY-SA 4.0, via Wikimedia Commons

@ Modifying the Kolakoski -
Sequence S iy
e
2

Cmglee, CC BY-SA 4.0, via Wikimedia Commons
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Reaction
From a math major:

I'm learning math isn't just about memorizing formulas and plugging in
numbers, but building on what you know,

asking your own questions, and realizing not everything has
a known answer just yet.
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Reaction
From a math major:

I'm learning math isn't just about memorizing formulas and plugging in
numbers, but building on what you know,

asking your own questions, and realizing not everything has
a known answer just yet.
From an engineering major:

| was always taught: here is a concept, here is what it does, here is how to
do it. | figured stuff that | need to learn would always just be given to me.

This class has given me an appreciation for actually getting to explore
never thought would have worked.
Undergraduate Research via Experimental Mathematics

concepts and learn on my own, which is something | would previously
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Wrapping up
000

From past to present...

@ How would course structure change if primary goal was research?
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Wrapping up
000

From past to present...

@ How would course structure change if primary goal was research?
@ How would course content change in era of Al-assisted coding?
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Wrapping up
ooe

Thanks for listening!

Email: Lara.Pudwell@valpo.edu
Slides at: faculty.valpo.edu/lpudwell
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