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3. The following proposal is being submitted for:
SIM Camp Epsilon (campers entering grades 8-9, pre-algebra background)

4. Course Title
Tropical Math

5. Please write a brief (one to two paragraph) description of the content you would like to teach at
SIM Camp. Please also list any references for activities/material (e.g. textbooks, activities you plan
to borrow/adapt from other sources). 
The tropical semiring is the set of real numbers together with a point at infinity together with
two binary operations; the tropical sum corresponding to the usual min operation, and the
tropical product which corresponds to the usual sum. We will adapt explanations from the
book: Introduçao as Curvas Tropicais Planas, As well as the introductory paper Tropical
Curves by Erwan Brugalle.

6. Please write a rough outline of content, and list specific learning objectives that you think are
reasonable to cover over the four-day period. You may assume roughly 2.5 hours of instructional
time per day.
We will introduce the extended real line, and define the tropical sum and the tropical product.
We will recall properties of the usual real sum and product ( commutativity, associativity,
inverses, distributive properties) and determine which ones are preserved with the tropical
operations. We will recall how to express solutions to linear equations in two variables and
possibly some degree two equations. We will determine the way that tropical curves are
constructed using the (where two monomials attain the min construction) We will determine
an intuitive way to construct tropical curves according to the monomials that appear in
the Algebraic presentation as the dual of a closed graph. Time permitting we will go over
applications to subjects outside of mathematics.

7. Please use the space below to explain why you want to teach this particular content to this
particular age group. Please include how you think the content can be adapted to be accessible to
the age group, and why you think that the students would find your course interesting.
Not only is tropical geometry an active area of research, but having the kids understand and
derive the properties of operations other than the usual sum and product will provide with
the training necessary for pursuing other STEM paths. This is also a topic that would interest
the age group due to the "doodling" that naturally arises from finding duals of graphs.

8. Please upload a sample activity for a 40-45 minute segment of one day of class that is
appropriate for the age group. If it is not an introductory activity, please list the topics that are
assumed knowledge from previous class periods.
https://illinois.edu/fb/fileAuth/scamach2@illinois.edu_Q8_date_20161201_id_146627.pdf
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Recall the tropical operations

a� b = min{a, b}
a⌦ b = a+ b

1) Using the definitions above, compute the following expressions:

a) 3� 6 b) 3⌦ 6

c) 4� 3� 7 d) 4⌦ 3� 9⌦ 2� 12

e) 3⌦ (4� 6⌦ 3) f) 3� (�3)

g) 3⌦ (�3) h) 3⌦�6⌦ 3� 12��10⌦ 5� (�5)

i) 1⌦ (8��8)� 1⌦ (7� (�7)) j) (5� (3⌦ 7))� ((5� 3)⌦ (5� 7))

k) 3� (9⌦ 5) l) 9� (3⌦ 5)

m) 5� (9⌦ 3) n) (3� 9)⌦ (3� 5)

o) (9� 3)⌦ (9� 5) p) (5� 9)⌦ (5� 3)

2) Determine where to put parenthesis in order to make the following expressions true.

a) 7� 6⌦ 5 = 11 b) 6� 11⌦ (�8)� 9⌦ 6� (�4) = �1

c) 9� 3⌦ 9� 5 = 8 d) 9� 3⌦ 9� 5 = 5

e) 1⌦ 1⌦ 1⌦ 1⌦ 1� 3⌦ 2� 9� 6 = 5 f) 6⌦ 4� 5 = 10

g) 6� 11⌦ (�8)� 9⌦ 6� (�4) = �1

3) Match each of the graphs with its corresponding equation.

(a)
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(I) y � 2x� 5 (V) x� y � 0 (e)

�1 �0.5 0.5 1
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1

(b)
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�5
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(II) y � 2x+ 5 (VI) (x⌦ y)� y � 0 (f)
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�0.5
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1

(c)

�4 �2 2 4

�15
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5

(III) y + 2x� 5 (VII) (x⌦ y)� x� 0 (g)
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1

(d)

�4 �2 2 4

�15

�10

�5

5

(IV) y + 2x+ 5

[The right column of the last exercise requires to find places where the minimum is attained at two or

more tropical monomials. An activity like this requires a lecture on tropical curves beforehand]
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