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Abstract 

Early physicists such as Newton thought that all objects have definite positions. 

For example, they thought that an apple is either inside a fruit bowl, or outside of it. The 

advent of quantum physics in the early 20
th

 century proved this viewpoint wrong. There 

is an uncertainty in the position of any object; we can find a set of possible locations 

where the object might be. This concept was termed superposition. Quantum tic-tac-toe 

(QT3) elegantly extends the popular game of tic-tac-toe by adding this quantum physics 

concept of superposition. Each turn, 1 piece is simultaneously played into 2 distinct 

squares of a 3-by-3 grid. Eventually, however, every piece will occupy exactly one 

square, like in tic-tac-toe. Yet, despite this intriguing addition, not much research has 

been done on the game. Hence in this paper we explore the game in terms of extension, 

analysis and solution. Firstly, we note that the quantum extension proposed by Alan 

Goff in QT3 is incomplete. In reality, there can be more than 2 possible locations for 

any object. Unfortunately, the QT3 game rules do not allow for this extension. Thus we 

non-trivially generalize the game (GQT3) by proposing a new set of rules. We show that 

the original QT3 is a subset of GQT3 and prove that our generalized game can always 

be successfully played from start to finish in a finite number of moves. Then, we begin 

our analysis of GQT3. Firstly, we investigate the game tree complexity, state space 

complexity and computational complexity of the game; indicators of how complicated 

the game is. Notably, we find here that QT3 has a total of about 18 trillion possible 

games, which is substantially higher than tic-tac-toe’s 400 thousand. Then we examine 

the Nash Equilibrium of the game; the result if two ‘Gods’ play the game against each 

other. We find that in this scenario, the first player will win by 0.5 points. To make the 

game fairer, we suggest minor variations on the scoring, which make the Nash 
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Equilibrium a draw. Note that standard methods to analyze all of these would take at 

least a year, but we bring down the time to about a minute using symmetry 

considerations and other optimizations. Finally, we extend our programs into an 

artificial intelligence that is a perfect solution to the game. We then supplement this with 

a utility function to make the run-time performance pragmatic for more time-consuming 

versions of GQT3. Ultimately, GQT3 is a challenging and unique game with myriads of 

exploration possibilities; we have only scratched the surface here.
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評語 

Good theoretical work. 

Good presentation. 
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