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Proposal:

Introduction: Artificial Intelligence (Al) research has put much effort in designing dedicated search algorithms
for complex games. This has led to many strong techniques, e.g., based on ap, proof-number (PN) search and
Monte-Carlo Tree Search (MCTS). However, for complex combinatorial games, most of these algorithms
perform rather weak. Whereas the Combinatorial Game Theory (CGT) provides the means to determine precise
game-theoretic values of such games, most algorithms are unable to incorporate them in an efficient and
effective way. Preliminary research using the games Domineering and Clobber demonstrated that this type of
research combining CGT and Al techniques can be very fruitful though (see selected publications 2-5).

Hypothesis and Objectives: The current research proposal addresses the problem of designing new and
enhancing existing algorithms with knowledge obtained from CGT. The research will address the following four
research questions:

1) How can we efficiently calculate and store CGT values for combinatorial games?

2) How can we incorporate these values into existing search strategies?

3) How can we design new search strategies which are specifically designed for combinatorial games?

4) Can we further develop parts of CGT using insights and results from Al?

Setting and Methods:

As a consequence of the fact that CGT values are not just indications who wins a game, but are explicit
recursive representations of the positions reachable by each player, it is far from obvious how they can be
stored. We envision devising methods that enable an efficient and effective method of storing them.

To incorporate CGT values into existing search strategies, several methods will be explored. Regarding
apB, we intend to use CGT values (as a component) in the evaluation function and for move ordering, and to
decide how deep lines will be investigated (both in forward-pruning lines and in extending promising lines).
Regarding MCTS-based programs we will investigate how to use the values to guide the selection step
(balancing exploration and exploitation of the search tree), and how to use the values in the playout step
(guiding the pseudo-random moves in the simulations).

We believe that it will also be beneficial to devise new search strategies tailored to CGT. Such strategy
can be a variant of Proof-Number (PN) search that, instead of minimizing the effort to prove or disprove a
binary goal, will take into account the internal structure of CGT values to minimize their complexity. Other new
search strategies involving CGT are expected.

Since the CGT is a relatively young theory, a last aim is that the development of search-based
strategies involving CGT will enhance and extend the theory, both game-dependently (like already done for
Domineering) and game-independently. Many opportunities are foreseen to arise.

Impact: Although the programs and the techniques to be developed will be specifically designed for
combinatorial games, the insights and general principles obtained will be of interest for other complex
problem-solving domains. Especially the combination of perfect knowledge like CGT values with heuristic
(evaluation-based) or statistical (Monte-Carlo) techniques has wide applications. Areas include stock-market
prediction, general optimization and long-range planning (like manufacturing and airline scheduling) and agent-
based applications (like automated negotiation).
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Requirements candidate: Highly motivated student with good English communication skills and proactive and
resolute attitude. Moreover, good programming skills are a precondition.
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