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In many complex systems, including computer programs, communication systems, and large business organizations, successful understanding and analysis is often limited primarily by the extent to which objects can be decomposed into "simpler" modules with some limitations on the interactions between them. The same is true of many intricate mathematical objects, such as groups.  

Combinatorial game theory provides a fertile domain for studying decompositions. This subject is concerned with two-person perfect-information games, especially those classes of positions for which winning strategies can be stated explicitly, or at least proved to exist. The powerful mathematical methods sometimes require only paper and pencil (no computers). Combinatorial game theory provides a specific domain in which a number of powerful decomposition theorems have been precisely stated and proved. These results allow us to find winning strategies, whenever they exist, in an interesting set of challenging endgame positions in a wide variety of two-person perfect-information games, including the positions shown above in Go, Domineering, checkers, and chess. One can also play all of these four games concurrently. In this combination, called the "sum", each player, at his turn, can move in whichever of the games he chooses. The "winner" of this sum game might be defined in several different ways, and there are also several different ways in which one might reasonably interpret how to apply some game-specific rules (i.e., kobans in Go, compulsory jumps in checkers). Surprisingly enough, the solution is sufficiently robust that the winning strategy is often independent of such legalistic details.

The games to which this theory has been most successfully applied, such as Go endgames, have many board positions which naturally breakup into smaller regions which interact only weakly. Often the analysis can be greatly simplified by assuming the regions are completely independent, and then the results of that analysis give incisive insights into the original more complex problem.

This talk will provide an introduction to combinatorial game theory and an overview of current research in this area.
