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1 Background

There is currently no economic argument in favor of human space exploration. In addition,
it is currently assumed that the only way to explore space is the nationalistic way, and this
is made evident by the existence of about seventy different space exploration agencies around
the world. Even with the rise of commercial space exploration in the past decade, there is
a failure, on the part of nations, to justify the economic costs of human space exploration.

2 Project

I will use the methods of experimental mathematics to study a refined version of Spacefar-
ing, which is a game that I invented a year ago in my behavioral economics class. I invented
this game as a way to investigate the behavioral notions of trust, reciprocity, and fairness
(and their relevance to human space exploration) using experimental economics.

I am interested in learning more about the nature of this game and its solutions because
I never got a chance to undertake a mathematical analysis of it. In other words, I don’t
know if any solutions are interesting, but that’s the point of research! I don’t think it is a
trivial game because the essence of it reminds me, somewhat at least, of Nim and Wythoff’s
game. The game was originally formulated to be played as follows.

1. Let there be N players. Take N = 10 for simplicity.

2. Let 2 players start with a larger sum of resources than the others, say 100 units for
those 2 players and 10 units for the other 8 players.

3. Let there be a preset number of rounds – not too many, say S = 5 for now – after
which the game ends. (This is known to the players.)

4. Each player’s resource count is public knowledge.
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5. Every round, each player has the option of giving some number of their own resources
to other players.

6. At the end of the game, the players’ resource piles will be randomly assigned amongst
themselves. For example, player j and player i could have their resource piles switched
at the end of the game.

7. The idea is that since, at the end of the game, the players’ resources will be randomly
mapped amongst themselves, it would make sense to try to equalize the resource piles,
i.e., all players should have roughly equal numbers of resources.

8. An alternative ending : The players will receive their own payoffs, but everyone’s payoffs
will increase by a scalar factor, λ, which is positively correlated with how close their
resource values are to each other, with λmax = (total resources)/N .

9. You can see notions of trust, recriprocity, fairness, and cooperation at work here since
all relevant information (except others’ thoughts, of course) is known to the players.

Here is a preliminary list of questions that I want to answer:

1. What is the number of rounds until equalization (if I don’t set a limit S)?

2. What is the distribution of resources after the game ends at my preset round limit S?

3. What is the scalar value λ (a measure of the players’ proximity to each other in terms
of their resources)?

4. Any other interesting “observables”?

5. If I figure out a relevant sequence or limit to work with (like we did for Wythoff’s
game), are any OEIS sequences (or other patterns) relevant?

This project will require me to:

1. Carefully read at least Chapter One and Chapter Two of Karl Sigmund’s The Cal-
culus of Selfishness.

2. Refine Spacefaring so that it can be implemented in Maple, i.e., so that it can be
played by computers.

3. Investigate the questions listed above.

Here’s my original paper discussing Spacefaring in the context of Behavioral Economics:
http://eden.rutgers.edu/~vgpandya/em13/spacefaring_vpandya.pdf

I may use the results of this project to further motivate my research in mathematical
economics which concerns the formulation of an economic theory of human space exploration.
Furthermore, if the results of the game are interesting when played by computers, then I will
try to publish my work in a professional academic journal of economics so that behavioral
economists can set up games for humans.
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