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Abstract. In this paper, we present an agent which is able to negoti-
ate the buying and selling of imperfectly sustitutable goods in a double
auction style market. Two goods are said to be imperfectly substitutable
if a buyer can use either of them, but prefers one over the other. For
example, an electronics manufacturer using a RAM chip can use many
suppliers to do this but may be willing to pay a premium for components
with a lower failure rate. We give a formal description of a double-auction
style market mechanism for trading such goods, and define the (classi-
cal) equilibrium in such an environment. We present the IS-ZIP agent,
which is a generalisation of the ZIP agent for double auctions of Cliff and
Bruten [3]. Tt is able to participate in our double auction environment to
make purchases or sales of imperfectly substitutable goods. We demon-
strate that, when trading a single good, it is equivalent to Preist and van
Tol’s modification of the ZIP agent [11]. We describe experiments where
a group of IS-ZIP agents with different valuations trade repeatedly, and
demonstrate that they rapidly converge to our predicted equilibrium. We
conclude by relating our work to that of others, particulary work dealing
with multi-attribute negotiation, and discussing extensions.

1 Introduction and motivation

Despite the bursting of the dot com bubble, Electronic Commerce has become
an increasingly important part of the world economy. More and more transac-
tions, both from business to consumer and between businesses, are taking place
online. Despite a downturn in spending on IT in general, companies are continu-
ing to increase investment in e-commerce. For example Computer Weekly /Kew
Associates forecast an increase in spending of 7% on e-commerce infrastructure
in the UK in 2002.

While simple fixed-cost business transactions can be easily automated using
current technology, more complex transactions can involve negotiation to deter-
mine price and conditions. Agent technology has been proposed as a means of



automating this (e.g. [9]). In this paper, we look at the role of agents in automat-
ing negotiations in circumstances where the buyer or seller has several options
of what to buy/sell, but prefers some of these options over others. Goods of this
nature are referred to as imperfectly substitutable. We consider a double-auction
style market where many buyers and sellers can meet to trade such goods.

In Section 2, we introduce the problem. We informally define imperfectly
substitutable goods, and give a real world example of an internet site which
trades them using a double auction. We give a formal description of a double-
auction style market mechanism for trading such goods, and define the (classical)
equilibrium in such an environment. In section 3, we present the IS-ZIP agent,
which is a generalisation of the ZIP agent for double auctions of Cliff and Bruten
[3]. Tt is able to participate in our double auction environment to make purchases
or sales of imperfectly substitutable goods. We demonstrate that, when trading a
single good, it is equivalent to Preist and van Tol’s modification of the ZIP agent
([11],[12]). In section 4, we describe experiments where a group of IS-ZIP agents
with different valuations trade repeatedly in our market, and demonstrate that
they rapidly converge to our predicted equilibrium. In section 5, we conclude by
relating our work to that of others, particulary work dealing with multi-attribute
negotiation, and discussing extensions.

2 Markets for Imperfectly Substitutable Goods

When an agent or person is attempting to buy a good or service, they are often
faced with many alternate suppliers. Sometimes, these suppliers provide goods
which are identical to each other, and as a result the buyer doesn’t care which
they buy. Usually, however, the suppliers provide slightly different goods. For
example, some electronic component suppliers make components which have an
exceptionally low failure rate. Manufacturers wishing to have robust products
will pay a premium for these, in preference to buying standard quality compo-
nents. However, if the low-failure rate components are not available for some
reason, they could make do temporarily with the standard components. These
goods are said to be imperfectly substitutable: either good could be used, but the
buyer would prefer one over the other. This contrasts with perfectly substitutable
goods, where the buyer doesn’t care which they purchase.

Marketplaces have developed on the web which allow the trading of imper-
fectly substitutable goods. For example, FastParts (www.fastparts.com) pro-
vides a double auction where companies can buy or sell electronic components.
Sellers can post offers of goods for sale, and buyers can post bids specifying the
prices they are willing to pay currently. Both can revise their proposed trade
prices based on activity in the market. They can specify features of the goods
for sale and the goods required (eg manufacturer, type of packaging, etc). A
buyer can select which of the seller offers to move towards or to accept by being
more specific about these features, or can remain more general and so potentially
trade with one of a wider range of sellers. In this way, buyers and sellers can
negotiate about imperfectly substitutable goods.



The FastParts environment has one disadvantage; unless the buyer is will-
ing to risk making multiple purchases accidentally, they can only place one bid.
Hence it is not possible to make statements of the form: ‘I am currently willing
to pay £1000 for high-quality components, or £700 for similar standard quality
components’. Sandholm [14] overcomes this problem in the context of combina-
torial auctions through the use of exclusive disjunctive bids. We adopt a similar
approach. We now present details of our environment.

2.1 Double Auction for Imperfectly Substitutable Goods

We assume a set of goods, G, labeled {g; ...gn}. In each round of the auction,
buyers place bids and sellers place offers for some or all of the goods in the
set G. We define an atomic bid to be a tuple (g;,p) , representing the fact
that the buyer is willing to buy good g; for at most price p. We define an
exclusive disjunctive bid or XOR-bid, to be a list of atomic bids for different
goods, (gi,,p1) V...V (gi,,,Pm), representing the fact that the buyer is willing
to have at most one of the atomic bids accepted. Similarly, we define an atomic
offer to be a tuple (g;, p), representing the fact that the seller is willing to sell
good g; for at least price p, and a XOR-offer as a list of atomic offers, at most
one of which can be accepted. For the purpose of this paper, we assume that a
buyer or seller wishes to trade at most one good at any given time.
Each auction round proceeds as follows:

1. The auction house displays to the buyers and sellers all the bids/offers that
remain from the last round (i.e. those which failed to make a trade.) A
bid/offer is treated as persisting, unless the trader submits a bid/offer for
the same good that improves on the previous one.

2. Buyers submit bids and sellers submit offers to the market. These bids and
offers must satisfy a NYSE-style improvement rule: Any atomic bid submit-
ted for a good g must be greater than the highest bid for g persisting from
the previous round, and any atomic offer for g must be lower than the lowest
offer for g persisting from the previous round. Atomic bids not satisfying
these criteria are deleted from XOR-bids containing them.

3. A deal is possible if some XOR-bid contains an atomic bid (g;, p) and some
XOR-offer contains an atomic offer (g;,q) such that p > ¢. If a deal is
possible, the auction house identifies all possible deals and selects the one
with the largest difference between bid price and offer price. It deletes the
corresponding XOR-bid and offer and repeats this process until no more
deals are possible. It then informs all participants of the deals made. A deal
is made at the price midway between the selected bid and offer.

This marketplace is a simple generalisation of the continuous k-double auction to
the multiple good case. Other market mechanisms may be possible, using more
sophisticated winner-determination algorithms to clear the market. We do not
consider these issues in this paper.
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