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The term “market-oriented approach” refers to a bag of rigorous tools for coordinating multiagent systems. It does not refer to any one tool or algorithm. Often, market-oriented approaches to multiagent systems make the following commitments:

· The unit of behavioral analysis is the individual, that is, the agents are taken to be self-interested and autonomous. This noncooperative stance does not preclude the designer from taking a social perspective, but the designer cannot generally assume that the agents have common goals or are subject to control.  This approach allows one to build systems that are guaranteed to work efficiently even if the agents are designed by separate designers, and may represent different real-world parties.

· Agent decisions are to be defined in terms of resources applied to alternative activities, and agent interactions in terms of exchanges of resources among agents. This is not necessarily a substantive restriction, as the notion of resource is quite general, applying to abstract resources such as time and attention, as well as more tangible ingredients of activity. Focusing on resources highlights tradeoffs underlying decisions, and reduces the overall problem to one of resource allocation, a very general yet highly regular form. In addition, markets typically focus on private rather than public goods.

· Resources are usually exchanged according to a price system.
 Modulating an exchange through a price system has several advantages: 

· Prices define a common scale of resource value [Kurose&Simha, Kuwabara&Ishida, Ferguson et al.]. Rather than consider all combinations of good exchanges, agents and mechanism institutions can simply relate each good to the common scale. This reduces the specification of values to a number of parameters linear in the number of goods, rather than in the size of the exchange space (which is exponential in the number of goods). The basic idea is that prices represent marginal values, which are often sufficient for evaluating incremental decisions.

· Prices summarize relevant information. An agent’s appropriate behavior in a multiagent system depends in general on all other agents’ preferences and capabilities, as all this may influence the relative values of resources. It is often organizationally unrealistic to assume that agents know all this information about their counterparts, and computationally unrealistic even to ask them to contemplate the possibilities. Prices concisely represent the summary impact of other agents on good valuations, possibly providing a compact specification of the agent’s local decision problem.

· Prices structure the negotiation protocol. Narrowing the objective to determining a price significantly focuses the mechanism design space, and facilitates analysis and comparison of candidate mechanisms.

· Prices provide a standard interface to external entities. The real-world economy is based on standard currencies, and provides substantial infrastructure (e.g., the legal and banking systems) supporting financial transactions. Adopting standard currencies within a multiagent system provides an automatic connection from events within the system to those without.

· Computational markets can use unmediated [Sand93, Sandholm97:Contract, Sandholm96:Leveled, Sandholm97:Safe, Sandholm95:Equilibrium, Smith, Malone] or mediated negotiation [Wellman93,94, Huberman&Clearwater].  Mediated negotiation has the advantages that it may be easier to enforce the negotiation rules (e.g. auction rules), and to control dissemination of information within the negotiation process. Unmediated protocols have the advantages of more distribution (which is desirable e.g. to avoid a single point of failure or performance bottleneck), the agents themselves can dynamically control who information is sent to (which is important if strategic competitors may participate in the same negotiation network), and there is no need to operate a potentially costly mediator.

· Computational markets may use global [Wellman93,94, Sandholm&Ygge] or local prices [Sand93, Sandholm97:Contract, Sandholm96:Leveled].  Protocols with global prices have the advantage that there is a richer body of results that apply to them, but local prices have the advantages that they do not require global coordination, and they can more easily be structured as an anytime algorithm [Sand93, Sandholm97:Contract] where exchanges occur during the market process as opposed to only after a general equilibrium has been reached–which might take impractically long in large markets.

One of the main advantages of the market-based approach is that there is a rich and deep literature about the behavior of such systems, and the negotiation protocol (mechanism) designer can use these results as a “cookbook” for developing efficient and robust multiagent systems [Mas-Colell et al., Fudenberg&Tirole].  The pages of this conceptual cookbook are indexed by 

· The agent type (e.g. strategic [Sandholm96:Leveled, Rosenschein&Zlotkin, Sandholm&Ygge, Ephrati&Rosenschein], myopically individually rational [Sand93, Sandholm97:Contract, Andersson&Sandholm], or competitive [Wellman93,94]), and 

· The system designer’s desiderata, e.g. 

· Pareto efficiency
 of the outcome.

· Nonmanipulability: stability of the agents’ strategies in the sense that no agent can beneficially deviate from the desired strategy (i.e. Nash equilibrium
 or dominant strategy equilibrium
). By proving this, the system designer verifies that the separately designed agents are motivated to follow the strategies that the system designer wants them to follow.

· Computational or communication efficiency of the process.

For a particular agent type and set of desiderata, the cookbook then either prescribes a protocol, or states that no protocol for that setting exists.  For example, the cookbook says that for competitive agents (i.e. agents that optimize their actions while ignoring the fact that they may impact the market prices), under certain technical conditions, a general equilibrium framework with global prices can be used to reach a Pareto efficient outcome [Mas-Colell et al., Cheng&Wellman, Ygge&Akkermans].  On the other hand, the cookbook also says that there is no protocol for the market setting with strategic agents that promotes truth-telling in a dominant strategy equilibrium, and leads to a Pareto efficient outcome.

Of course, the cookbook has empty pages. For such settings, no protocol is known, but impossibility results have not been shown either.  

Another important feature of the cookbook is that the protocol designer cannot introduce small variations to the protocol and assume that the results still apply.  Often, ad hoc variations (e.g. market-like controls tacked onto an existing systems) do not fulfill the desiderata [Sandholm96:Vickrey, Waldspurger92:Spawn, Glance&Hogg].  It follows that it is best to design the market-based controls into a system from the beginning as opposed to attempting to add them later on.

The normative theories like game theory and general equilibrium theory–which have had limited descriptive power among human agents–are likely to be very accurate for computational agents because such agents are designed according to the theories as opposed to existing ex ante.  While multiagent systems can benefit greatly from importing such theories, these theories are still incomplete.  MAS researchers are in an excellent position to extend them in important ways [Hu&Wellman].  For example, the theories of bounded rational agents need to be extended [Sandholm97:Coalition, Sandholm95:Issues], and MAS researchers are well equipped to carry out such extensions because they know the theories of computability, complexity, search, and resource-bounded reasoning, and because the rationalities of computational agents are more precisely quantifiable than those of human agents.  As another example, most Nash-equilibrium-based solution concepts are based on the common knowledge assumption, and MAS researchers–equipped with theories of distributed systems–are in a position to relax that assumption.  Put together, MAS research and microeconomics are likely to fruitfully cross-fertilize each other with deep normative results.
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� Whether an exchange system without prices can be called a “market” is a matter of definition. However, it should be emphasized that many of the advantages claimed by proponents of the market approach are specific to price-based mechanisms.


� An outcome is Pareto efficient if there is no other possible outcome where some agents are better off and no agents are worse off.


� The agents’ strategies are in Nash equilibrium if no agent is better off by deviating from his strategy given that the others do not deviate.


� The agents’ strategies are in dominant strategy equilibrium if no agent is better off by deviating from his strategy no matter what the others do.





