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GOALS
• Excite students about mathematics.

• Introduce data collection and modeling.

• Discuss simulation versus theory.



WHAT TO STUDY?
Danger of same examples (pure math, 
physics, sports).

Widen appeal: last year naval 
warfare, this year gambling!
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ROULETTE



Double Plus One:
Bet $1 on red, if red up $1, else down $1.

If lost bet $2 red, if red up $1, else down $3.

If lost bet $4 red, if red up $1, else down $4…



Double Plus One: Analysis
Eventually win, what can go wrong?

Let students think….

Write code to explore. 







extrapolateprobexceedlimit[start_, numjumps_, pp_, ttargetnum_, nnumdo_]
extrapolateprobexceedlimit[20,11, .5,10,1000]



extrapolateprobexceedlimit[start_, numjumps_, pp_, ttargetnum_, nnumdo_]
extrapolateprobexceedlimit[20,11, .5,10,1000]

NOTE: Not solving ‘right’ problem: can exceed the limit if up….



extrapolateprobexceedlimit[start_, numjumps_, pp_, ttargetnum_, nnumdo_]
extrapolateprobexceedlimit[20,11, .5,10,1000]

NOTE: Not solving ‘right’ problem: can exceed the limit if up….
A picture is worth 1000 words, but which picture?



A picture is worth 1000 words, but which picture?

#spins                                                                                             #spins



LinearModelFit[oneminusresults, x, x]  (from 10,000 simulations for 10 geometrically spaced #spins)
Show[ListPlot[oneminusresults], Plot[4.626850562937115 -0.000513943374908672 x, {x,0,10400}]]

#spins

Log(100 – Prob(target))



PREDICTION VS EXPERIMENT
Show[ListPlot[oneminusresults], Plot[4.626850562937115 -0.000513943374908672 x, {x,0,10400}]]

With target of 10 consecutive non-red:
#spins Simulation      Best-Fit Line
     15             0.32%              -1.41%
    200            8.93%               7.79%
  1000    38.48%           38.88%
20000    99.994%          99.996%

(100,000 simulations for each, used 10,000 to find best fit line, 
geometrically from 20 to 10,240)





ERU/AH: 
The Eccentric Rich Uncle/Aunt Hypothesis















Iterate to Solution (target = 5)
Advantage: can do with young students (rational).



THEORY
• Closed form solution (Generalized Binet Formula).

• Yields large #spins behavior (cannot see from 
recurrence).

• Lots of ways to solve: linear algebra, characteristic 
polynomials.

• Generalizing Fibonaccis – what else can model with 
recurrences? (Predator-Prey, ….)



CONCLUSIONS
• Code to get data.

• Use data to extrapolate.

• View data right way.

• Power of modeling with recurrences.
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Williams College, Department of Mathematics and Statistics
https://web.williams.edu/Mathematics/sjmiller/public_html/ 

https://web.williams.edu/Mathematics/sjmiller/public_html/



	Slide Number 1
	Slide Number 2
	Slide Number 3
	Slide Number 4
	Slide Number 5
	Slide Number 6
	Slide Number 7
	Slide Number 8
	Slide Number 9
	Slide Number 10
	Slide Number 11
	Slide Number 12
	Slide Number 13
	Slide Number 14
	Slide Number 15
	Slide Number 16
	Slide Number 17
	Slide Number 18
	Slide Number 19
	Slide Number 20
	Slide Number 21
	Slide Number 22
	Slide Number 23
	Slide Number 24
	Slide Number 25
	Slide Number 26
	Slide Number 27
	Slide Number 28

