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The research concerns dynamic markets (i.e., markets where multiple users compete on a limited resource over time) focusing on power markets and markets for grid computing. We distinguish between two types of players: the market maker (or regulator) and the users. The users are assumed to have some inherent demand for the good supplied in the market; this demand is a dynamic process (a Markov process typically) and is affected by the amount of resource received in the past as well as by exogenous factors. The market maker accepts the bids and sets the price with the objective of maximizing some social or myopic utility (both models have their own characteristics and are of interest in different setups). Our goal is to develop strategies for the market maker and the users and assess their performance through theoretical analysis and through simulations. We will also consider the problem of designing the interaction rule: the mechanism design problem. 

We wish to concentrate on the following major topics: 

· Dynamics in Markets with Friction: Markets that evolve over time and where the supply and demand cannot change instantly are prevalent in power markets, grid computing etc. We will study the implications of friction in terms of market efficiency and price volatility. The main challenge here is to develop a tractable market model and to quantify the tradeoff between volatility and efficiency. Our hypothesis is that there is a fundamental tradeoff between efficiency and volatility in dynamic markets. We will also view this problem from a mechanism design perspective considering questions such as how to set prices to better control the price volatility? And how to compensate users for extra supply or unmet demand that have a stabilizing effect of volatility.
· Anticipatory User Behavior in Dynamic Markets: One of the features of dynamic markets such as grid computing markets and power markets is the need for predicting future demand/supply. If the demand and supply can be efficiently predicted (both can change in grid computing: supply can increase if users leave the system and resources become available ahead of time while demand depends on future needs of users) it can lead to better performance for the users and the market maker. We will investigate the possibility of including a prediction signal in the market indicating the current prediction of future supply and demand (based on machine learning methods). Users can use this prediction to decide if to wait for resources to become cheaper. Now, the signal has a self-reinforcing effect (if users believe it) – if the current price is high and the future price is predicted to be low, users may leave the system and the current price will be reduced. We will study the effect of such mechanisms from an algorithmic and analytical perspective in a grid computing environment when some of the users are patient (i.e., they can afford to wait a bit for resources to become cheaper).

· Learning Mechanisms for Grid Markets: We will study the possibility of using learning algorithms in the spirit of regret minimization and reinforcement learning for the tasks of grid market management and user bidding. The idea is to view the task of setting the current prices as a control task and try to optimize a long-term cumulative objective for the market maker. On the side of the user, we can use learning techniques to assess from past experience how much to bid given the importance of the tasks and the patience of the user. We will use simulation environments to study the performance of the different algorithms.
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Deliverables:
· The expected deliverable is a collection of academically published research papers summarizing our research, where we have succeeded advancing the state of knowledge.
· Algorithm or mechanisms that requires implementation for testing will be developed in a prototype implementation and a simulation environment.
