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Abstract Interoperability. ~ Within the agents community, stan-
dards of interoperability at the messaging level are
Advances in eletronic commerce and agent technologysolidifying.[2] And despite formidable challenges, interop-
are pushing the world rapidly toward ever-increasing e- erability at the knowledge level (ontology, conversation pro-
business automation. The logical development of this move+tocol, etc.) has seen much progress. But agent-based e-
ment is agent-based electronic commerce, in which softwarepusinesses cannot survive unless they can integrate into the
agents act as autonomous (or semi-autonomous) businessegrger world of e-commerce, with all its complexities and
in their own right, buying and selling information goods diosyncracies. One of the most active areas of e-commerce
and services online. is business-to-business integration, and technologies and
We review some of the forseeable developments and chalstandards for programmatic, Web-based business interac-
lenges in the growth of agent-based electronic commerce. tion are already appearing (e.g., UDDI[5]). Thus far these
have been tailored to fit existing business models, and it is
not at all clear how the needs of agent-based e-businesses

1 Enabling agent-based e-businesses will mesh with them.

] ~ Composability Itis not possible to compose an economy

For several years now, the Information Economies uf agent-based e-businesses by defining roles and assign-
Project at IBM Research has been projecting a future g agents to them, as is usually done in multi-agent sys-
in which billions of software agents buy, sell, produce, ey design. Each firm unilaterally chooses, and sometimes
and consume information goods and service online, form-inyents, its own role. Sometimes a firm’s very survival de-
ing an important-or even dominant-sector of the global yengs on its ability to redefine its role as it sees fit. Thus we
economy.[3] In that time, intellectual and technological ad- ¢annet cultivate agent-based trade by deciding what niches
vances both in software agents and in electronic commercgpeq agents should fill: we can only do it by providing means
have brought such a world significantly closer. These two whereby an agent-based firm can define its own niche.
fields, which have thus far developed independently, are Perhaps the key to this problem lies in the close kin-

now poised to converge on a common vision of agent-basedship of composition of services across agent boundaries

electronic commerce. with composition of functions within an agent. By find-
ing ways to assemble agents out of off-the-shelf reusable

Incentives. The information agents that have thus far ap- PUSiness functions, for example, we may reduce the tech-
peared in e-commerce contexts have not themselves beeRological problem of how to agent-based services are com-
economic. For example, a typical shopbot neither chargesP©Sed to the economic problem of whether a firm should
for providing its service, nor tailors its actions based on Perform a function in-house or outsource it. Providing this
considerations of trade. These agents suffer from the prob-SOrt of functionality may be the most significant software
lem of incentive: why would a firm choose to create and €Ndineering challenge in agent-based e-commerce.

offer such a service? This problem becomes especially

acute when the users of the service are themselves softwaré  Automating economic behavior

agents, in which case selling banner ads (e.g.) ceases to be

a viable revenue source. The natural answer is for agents to Beyond enabling agents to provide Web-based services,
receive value in return for giving it—i.e., for agents to charge however, agent-based trade requires automation of specifi-
for their services. cally economic modes of behavior.



Automated pricing Price information is perhaps the most Bot-centric services ltis clear that the advent of business
universal and easily quantifiable attribute of a product, so it bots will permit the creation of fundamentally new business
is not surprising that it has been the target of the first bots. models and fundamentally new services tailored to bots as
Similarly, auctions are attractive because auctioneer bots areustomers. Clear examples of these are “middle agents”[1]
easily automated, as are the mechanics of bidding. Auc-such as bot-centric brokers, directory services and match-
tions may well continue their renaissance, though it doesn’t makers, as well as reputation services, ontology translation
seem likely that posted pricing will disappear any more than services, and the like.

will other forms of price-setting. If anything, automation What other bot-centric services can be forseen? One
will lead to an ever-greater variety of price-setting mech- possible approach to answering this is to look at parts of
anisms. Combinatorial auctions, nonlinear price schedulesbusiness function that are automatable, but not easily so. In
or complex service plans that would bewilder human clients such cases, someone with specialized knowledge or a clever
are much more easily handled by agents. (Automating theidea can provide the function as an online service better than
competitivestrategies behind price-setting is another matter clients could do for themselves. Here again, technology to
entirely; see [4].) permit easy assembly of an agent-based e-business is key.

Differentiation Beyond price information, we are faced Collective dynamics As agent-based services come on-
with the hard issue of specifying complex attributes such line, we can expect to see new forms of collective behav-
that bots can recognize, process, and exploit them. In ver-ior. This is true even in the early stages, when bots are pri-
tically differentiated goods, for which the alternatives have marily existing in a human-dominated economy, because of
a universally agreed-upon value-ordering (e.g., more band-the radical separation of timescales between bots and hu-
width is always better), the situation is at least comprehen-mans. But as agent-provided services become more com-
sible. But what about other, less orderly attributes? mon, and agent-agent interactions and bot-centric services

Similar to this is the issue of differentiation among com- become commonplace, we can also expect new forms of
panies. Firms today compete on identity at least as muchcollective behavior to show up in the marketplace. This
as on price. One consequence of this is the high level ofmay be the agent-based economy’s greatest danger; but it
attention firms pay toward brand value and reputation. may also hold its greatest promise.

Far from disappearing in an agent economy, branding We have already investigated collective dynamical ef-
and product differentiation may take on an even more im- fects in a number of contexts.[4] Many of our results have
portant role. One consequence of shopbots is that it be-uncovered sensitivities in market dynamics to the particular
comes significantly more difficult for a firm to profit by mix of participant strategies. This emphasizes the need of
providing undifferentiated commodity services. The tech- holdingrobustnesss a primary design criterion at least as
nological question, therefore, is how to enable agents toimportant as putatively optimal behavior.
generate and to process reputation and brand identity in-
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