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• COMAP develops curriculum 
materials . . .using mathematical 
tools to explore real-world 
problems.

• COMAP conducts research and 
analysis on the preparation of future 
mathematics educators . .  

• COMAP provides technical 
assistance and professional 
development support to educators 
at all levels.

• COMAP has developed contest 
opportunities for students at both 
pre-college and post-secondary 
levels. . .

• COMAP produces innovative 
curriculum newsletters . . .

COMAP, the Consortium for 
Mathematics and Its Applications, 
is an award-winning non-profit 
organization whose mission is to 
improve mathematics education for 
students of all ages. Since 1980, 
COMAP has worked with teachers, 
students, and business people to 
create learning environments 
where mathematics is used to 
investigate and model real issues in 
our world.

https://www.comap.com/about/who-we-are.html

https://www.comap.com/about/what-we-do.html

Consortium for Mathematics 
and Its Applications

https://www.comap.com/about/who-we-are.html
https://www.comap.com/about/what-we-do.html


For over 20 years HiMCM
has offered students the 

opportunity to compete in 
a team setting using 

mathematics to present 
solutions to real-world 

modeling problems.

For over 30 years, the MCM has  
challenged teams of students to 

clarify, analyze, and propose 
solutions to open-ended problems. 

The contest attracts diverse students 
and faculty advisors from over 900 

institutions around the world.



Some Previous Problem A Examples



Other more 
recent 
problems

2015: Eradicating Ebola

2016: A Hot Bath

2017: Managing The Zambezi River 

2018: Multi-hop HF Radio Propagation

2019: Game of Ecology
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gy In the fictional television series Game of Thrones, based on the series of 
epic fantasy novels A Song of Ice and Fire[1], three dragons are raised by 
Daenerys Targaryen, the “Mother of Dragons.” When hatched, the 
dragons are small, roughly 10 kg, and after a year grow to roughly 30-40 
kg. They continue to grow throughout their life depending on the 
conditions and amount of food available to them.

For the purposes of this problem, consider these three fictional dragons 
are living today. Assume that the basic biology of dragons described 
above is accurate. You will need to make some additional assumptions 
about dragons that might include, for example, that dragons are able to 
fly great distances, breath fire, and resist tremendous trauma. As you 
address the problem requirements, it should be clear how your 
assumptions are related to the physical constraints of the functions, size, 
diet, changes, or other characteristics associated with the animals.

Reference  1. Penguin Random House (2018). A Song of Ice and Fire Series. 
Retrieved from https://www.penguinrandomhouse.com/series/SOO/a-song-of-ice-and-fire/.

https://www.penguinrandomhouse.com/series/SOO/a-song-of-ice-and-fire/
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gy Your team is assigned to analyze dragon characteristics, behavior, habits, 
diet, and interaction with their environment. To do so, you will have to 
consider many questions. At a minimum, address the following: What is 
the ecological impact and requirements of the dragons? What are the 
energy expenditures of the dragons, and what are their caloric intake 
requirements? How much area is required to support the three dragons? 
How large a community is necessary to support a dragon for varying levels 
of assistance that can be provided to the dragons? Be clear about what 
factors you are considering when addressing these questions.

As with other animals that migrate, dragons might travel to different regions 
of the world with very different climates. How important are the climate 
conditions to your analysis? For example, would moving a dragon between 
an arid region, a warm temperate region, and an arctic region make a big 
difference in the resources required to maintain and grow a dragon?
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gy Once your dragon analysis is complete, draft a two-page letter to the 
author of A Song of Ice and Fire, George R.R. Martin, to provide guidance 
about how to maintain the realistic ecological underpinning of the story, 
especially with respect to the movement of dragons from arid regions to 
temperate regions and to arctic regions.

While your dragon analysis does not directly apply to a real physical 
situation, the mathematical modeling itself makes use of many realistic 
features used in modeling a situation. Aside from the modeling activities 
themselves, describe and discuss a situation outside of the realm of 
fictional dragons that your modeling efforts might help inform and 
provide insight?



Modeling the 
Dragon’s 

Growth

• Logistics Model /  von Bertalanffy growth 
function

• Piecewise Function based on size of the 
dragons from the show

• Differential Equation Model tying Dragon’s 
growth to vegetation availability and deer 
(or sheep) population 

• Extrapolation based on data from 
Pterosaur and Komodo dragons



Modeling the 
Dragon’s 

Energy 
Expenditure

Models Varied Based on Assumptions
• Maintaining Body Temperature
• Fire Breathing Capabilities
• Flight Requirements

Models Based On:
• The Gompertz curve (Time Series)

• Kleiber's Law

• Difference Equations

• Differential Equations 

• Heat equation

• Lotka-Volterra predator prey equations



Modeling the 
Effects on 

the 
Ecosystem

• Analytic Hierarchy Process

• Simulations

• Varied Factors Relating to Dragon’s 
Interaction with Ecosystems:

• Availability of Food Sources

• Various Types of Food Sources

• Effects of Climate 

• Availability of Water

• Energy Required to Migrate



Team 1917933: 

Game of Ecology

Richard Montgomery High 
School, MD, USA

MAA Award & COMAP 
Scholarship Award



Team’s Modeling Approach

Started by asking “How big is Balerion?”

• averaged a scaled-up pterosaur and a 
scaled-up lizard to approximate 
Balerion's weight.

Then used the von Bertalanffy Equation 
modified to model growth over time.









Team’s 
Conclusions

• Using Balerion, the largest dragon recorded, we 
determined that the largest dragons would need at 
least 3.6 cows a day. 

• Based on their caloric intake, they would be able to 
produce this water solely from their metabolism for 
7.5 hours of flight. We therefore recommend that in 
arid conditions, your dragons do not travel for longer 
than 7.5 hours without being provided with 
additional food or water

• We determined the necessary level of human 
intervention to provide dragons with their full caloric 
needs. When doing so, we discovered that a large-
scale cow farm was needed, where cows were bred 
solely for the purpose of feeding the three dragons.



Team 1919022:

Dragons and Ecosystem: 1 + n 
Meta-population Model

Shanghai Jiao Tong University, 
China

Ben Fusaro Award





Used Keibler’s Law for Basic Metabolic Rate
Considered Action and Rest 
Determined Energy Expenditure
Determined Fire Energy
Determined Assimilation Rate

Determining the Growth Model











Team’s 
Conclusions

To support three 
dragons, the area of the 
region must be equal to 
2500 football fields

A small amount of human 
beings’ help can save most 
of the populations

The more the human 
beings repair the habitat, 
the better  and faster the 
ecosystem will recover.



Other 
Factors

Sensitivity 
Analysis

Model 
Strengths 

and 
Weaknesses

Quality of 
the Letter to 
G.R.R.Martin

Discussion of 
Applications 

to Other 
Situations
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