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Interactive Dynamic Influence Diagram Research Summary and
New Solutions on Top-K Model Selection
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Abstract Multiagent sequential decision-making problem under uncertainty is an important
research issue in the area of artificial intelligence, and mainly focuses on solutions to the problem
of how agents shall optimize their decisions in the interactions. Particularly in a setting of partially

observable, stochastic games agents can’t perceive the precise states of external environments
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and rely on received observations to infer the hidden states. Meanwhile, the stochastic actions of
agents have a direct influence on decisions of other agents. Their interactions impact the state
changes of the common environment, which decides rewards in executing their actions. Hence the
core task is to model agents’ interactions and subsequently to solve the model. Most of the existing
research models the entire multiagent systems and follows the mechanism of centralized plan and
decentralized control to solve the problem. It first computes a joint policy for all the agents and
then assigns the local policies to the agents for a final execution. This approach often demands
that all the agents hold common knowledge of the global environment, which can only be applied
in cooperative multiagent systems. In contrast, interactive dynamic influence diagram (I-DID),
which takes the individual decision-making perspective, provides a general framework for solving-
multiagent sequential decision problems under uncertainty. The solutions remove limitations of
traditional multiagent decision approaches based on game theory. The main difficulty arises from
the complicated process of mutually modeling of multiple agents in I-DID. In particular, agents
can’t communicate in a competitive setting so that they can’t perceive the true model other
agents, which requires the agents to predict and reason with other agents’ behavior in order to
optimize their own decisions. The solution is to first hypothesize a number of candidate models
assigned to other agents and then solve the models to predict their behavior. Since the number of
candidate models could be rather large and the uncertainty of the models increases with the receiving
of new information over time, the number of models grows exponentially with time. This signifi-
cantly increases the difficulty in solving I-DID. This paper summarizes the recent development of
1-DID research and proposes a new I-DID solution. Considering the large space of candidate
models of other agents, the proposed approach focuses on the selection of a proper subset of
models in order to efficiently solve the I-DID. It converts the model selection problem into one
top-K model optimization through function optimization techniques. The optimization problem
aims to maximize the coverage of the selected K models over the entire space of other agents’
candidate models. Essentially the top-K model optimization is NP hard. By exploiting the
monotonic, submodular property of the objective function, this article develops a greedy selection
algorithm to efficiently solve the problem while ensuring the solution quality in a theoretical way.
In addition, the new solution avoids randomness of the model selection and reduces the complexity
of parameter settings in approximate I-DID solutions. Performance of the new method is experi-
mentally verified in a new problem domain of computer games and shows strong capability in

practical applications.

Keywords multiagent systems; influence diagrams; sequential decision-making problem;

behavioral equivalence
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Background

This work addresses an important research issue in the
areas of multiagent systems particularly on the topic of
sequential multiagent decision making. Over the last ten years,
interactive dynamic influence diagrams have played an important
role in the multiagent planning research. This could be
observed from around a dozen of research articles in the
flagship Al conferences like AAMAS, AAAI and IJCAL
Most of the papers are written by the authors in this article,
and have attracted much attention in the agent community.

The I-DID research mainly focuses on the model develop-
ment and algorithms that are based on the behaviorally
equivalent principle. The algorithms have successfully solved

a set of multiagent decision making problems and moved
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artificial intelligence, social networks, and computer games.

towards solving practical applications. This article reviews
the most recent development of I-DID research and proposes
a freshly new technique. The new algorithm provides another
view on solving I-DIDs and expects to elicit new I-DID
research. This article is the first time of formally presenting
1-DID models in the research community of China and provides
a new research angle to Chinese researchers in addressing
agent-planning problems.
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