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ABSTRACT

In this paper, we consider the design of an agent that is able to
autonomously make optimal bundling decisions when selling mul-
tiple heterogeneous items within existing online auctions. We show
that while bundling the items together into a single lot is effective
at reducing listing costs, it also results in a loss in auction revenue.
To address this loss we introduce a novel bundling strategy, that
we call pick-a-bundle, that can be implemented within any existing
auction format. We show, mainly using simulations, that this new
bundling strategy generates greater expected revenue than the com-
plete bundle of all items, and, by inducing additional competition
between bidders, it usually generates greater expected revenue than
using separate auctions for each item. In order for our agent to ac-
curately and efficiently calculate its expected revenue when using
our new strategy, we derive a novel polynomial time algorithm for
calculating the probability distributions of the sum of the top order
statistics of i.i.d. variables drawn from any arbitrary distribution.
Furthermore, we include in our analysis the strategic behaviour, in
terms of bid shading, that the buyers may consider in our new auc-
tion format.
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1. INTRODUCTION

The bundling of a number of heterogeneous items into a single lot
is a common strategy when sellers participate in auctions. For ex-
ample, within an online auction, such as eBay.com or taobao.com,
sellers may bundle together a small number of low cost items, such
as DVDs or computer games, in order to avoid incurring separate

Cite as: Pick-A-Bundle: A Novel Bundling Strategy for Selling Multiple
Items within Online Auctions, (Extended Abstract), [oannis A. Vetsikas,
Alex Rogers, Nicholas R. Jennings, Proc. of 8th Int. Conf. on Autono-
mous Agents and Multiagent Systems (AAMAS 2009), Decker, Sichman,
Sierra and Castelfranchi (eds.), May, 10-15, 2009, Budapest, Hungary,
pp. 1225-1226

Copyright © 2009, International Foundation for Autonomous Agents
and Multiagent Systems (www.ifaamas.org), All rights reserved.

1225

listing fees. Likewise, in traditional auctions it is common to find
furniture items bundled together into a single lot in order to reduce
the time overhead (and cost) involved in selling each item sepa-
rately.

While the cost saving of bundling items together is self-evident
in the examples described above, these savings must be set against
the effect that bundling has on the expected revenue of the auc-
tion. Specifically, when the items being sold exhibit complemen-
tary valuations (i.e. the valuation of the bundle is greater than the
sum of the valuations of each individual item) then the rationale
for bundling is clear. However, the formal economic literature has
little to say regarding the seller’s revenue when bundling items that
exhibit non-complementary valuations within auctions (as in the
example of a bundle of DVDs described above). In particular, re-
search in this area has so far only addressed the problem faced by a
multi-product monopolist offering single items or bundles of items
at fixed prices [1, 10]. While this setting is somewhat different
to the one that we consider, this work shows that the bundling of
goods can yield an increase in revenue, even when the items of-
fered exhibit non-complementary valuations. Similarly, more re-
cent work on the bundling of information goods on the internet,
again shows profitability even in the absence of network external-
ities or economies of scale [2, 3]. Jehiel et al. [2007] examine a
setting with additive valuations, which is similar to ours, however
as the authors point out in their conclusions, their results do not
work within “standard auctions”. This limitation is also present in
the computer science literature, where the bundling of items is of-
ten studied within the context of combinatorial auctions (see [5] for
a review). Furthermore, this work has largely addressed the issue
of complementary valuations, and has proposed novel auction pro-
tocols that allow bidders to express their preferences for specific
bundles of goods [11, 4, 6, 9]. While such results are useful to the
designers of new online or real-world auctions, they do not help a
seller who is attempting to use an existing auction format (such as
the English auctions of eBay or the sealed bid second price auction)
in which bidders may only submit bids on the lot offered (and not
on subsets of items).

Against this background, in this paper we consider for the first
time the effects of bundling non-complementary goods within a
standard auction format'. Our goal is to develop an autonomous
auction agent that can advise on, and ultimately automate, the pro-
cess of selling multiple heterogeneous items within such online

"'We specifically consider a sealed bid second price auction in our
analysis, but due to the revenue equivalence theorem, our results
apply to any efficient auction protocol.
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auctions. To this end, we present a novel bundling strategy, that
we call pick-a-bundle, in which a seller lists a set of items and an-
nounces a bundle size, and the buyers bid for the right to select a
number of items from this set, which is equal to the bundle size;
the remaining items, which were not selected by the winner in his
bundle, are then sold in a second round of separate auctions. For
example, five DVDs may be listed and a bundle size of three might
be announced, thus the winner of the auction would select the three
DVDs that he would like to receive and the remaining two would
be sold in a second round of separate auctions afterwards.

The design of our pick-a-bundle auction is informed by the in-
tuition that bundling items will in general reduce the transaction or
listing fees of the seller, but by offering just a subset of the items
to the buyer, it will also induce competition between bidders who
may actually prefer different items. This second factor has been
observed in real world auctions that are sometimes used to sell a
number of individual apartments within an apartment block. Here,
rather than bidding for individual apartments, the buyers bid for the
opportunity to select one of the remaining remaining unsold apart-
ments. This procedure generates competition between bidders who
prefer different apartments, and results in increased revenue for the
seller [Personal communication from Michael H. Rothkopf, 2007].
We show that the same factors influence our pick-a-bundle auc-
tion, and that it generates greater expected revenue than an auction
selling the complete bundle, and than selling each item in separate
single-item auctions. Thus, in more detail, this work makes the
following contributions:

e Initially, we propose our novel pick-a-bundle format. Con-
trary to pre-existing work on bundling, this format can be
implemented within any existing standard auction, as it does
not require a redesign of the auction.

e We then examine how buyers bid in our new format. While
in some cases, the bids will not be affected, in some others
the buyers are going to shade (reduce) their bids. This oc-
curs because of the presence of the second round of auctions,
which give the opportunity to buyers who did not win the
pick-a-bundle auction, to purchase the items that were not
sold as part of the bundle in the first round. We include these
results in our analysis.

e Furthermore, we prove theoretically that pick-a-bundle (for
bundle size k£ = 1) will outperform separate auctions, which
was the best previous option. We prove this for any setting
where there is no bid shading, and also, generally (when bids
are shaded), for the case when the items are similar.’> We
also discuss why this last result holds even in the case of
dissimilar items.

e After that, we examine finding the optimal bundle size k.
Even though size k = 1 outperforms separate auctions, it is
not necessarily the best size. To compute the expected rev-
enue obtained by using the various auction formats in the
most general setting, it is necessary to conduction simula-
tions. As these scale poorly as the size of the problem (i.e.
the number of items and bidders) increases, we develop a
novel polynomial time algorithm for calculating the proba-
bility distributions of the sum of the top order statistics of

The idea of choosing the top valued items has also been used in [8,
12]. However, in these settings, the prices are fixed. Furthermore,
information goods can be copied, whereas in our setting the fact
that the bidders are competing for limited unclonable resources is
what creates additional revenue.

3We assume that all the times have the same prior distribution from
which valuations for the items are drawn. Our motivating example
of a seller selling a number of DVDs on eBay falls in this case.
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iid. variables drawn from arbitrary discrete distributions,*
which is used to compute the expected revenue without sim-
ulations, for the case of similar items. Finally, we present
some representatives of the many experiments we conducted.
All these experiments show that the pick-a-bundle format
increases the seller’s revenue, even when savings in listing
costs are not considered, and thus reinforce our theoretical
results.

2. ACKNOWLEDGMENTS

We would like to thank Dr. Edith Elkind for comments on this
work. This research was undertaken as part of the ALADDIN
project and is jointly funded by a BAE Systems and EPSRC strate-
gic partnership (EP/C548051/1).

3. REFERENCES

[1] W. Adams and J. Yellen. Commodity Bundling and the
Burden of Monopoly. The Quarterly Journal of Economics,
90(3):475-498., 1976.

[2] Y. Bakos and E. Brynjolfsson. Bundling information goods:
Pricing, profits, and efficiency. Management Science,
45(12):1613-1630., 1999.

[3] Y. Bakos and E. Brynjolfsson. Bundling and competition on
the internet. Marketing Science, 19(1):63-82., 2000.

[4] W. Conen and T. Sandholm. Preference elicitation in
combinatorial auctions. In Proceedings of the Third ACM
Conference on Electronic Commerce (ACM EC’01), pages
256-259., New York, New York, USA, 2001.

[5] P. Cramton, Y. Shoham, and R. Steinberg. Combinatorial
auctions. MIT Press., 2006.

[6] A. Giovannucci, J. Rodriguez-Aguilar, and J. Cerquides.
Multi-unit combinatorial reverse auctions with
transformability relationships among goods. In Proceedings
of First Workshop on Internet and Network Economics
(WINE 2005), pages 858-867., Hong Kong, China, 2005.

[7] P.Jehiel, M. Meyer-ter Vehn, and B. Moldovanu. Mixed
bundling auctions. Journal of Economic Theory,
134(1):494-512, 2007.

[8] J. O. Kephart, C. H. Brooks, and R. Das. Pricing information
bundles in a dynamic environment. In EC-01, pages
180-190, Oct. 2001.

[9] A. Likhodedov and T. Sandholm. Approximating
revenue-maximizing combinatorial auctions. In Proceedings
of the Twelfth National Conference on Artificial Intelligence
(AAAI-05), pages 267-274, Austin, Texas, USA, 2005.

[10] R. P. McAfee, J. McMillan, and M. D. Whinston.
Multiproduct monopoly, commodity bundling, and
correlation of values. The Quarterly Journal of Economics,
104(2):371-383., 1989.

[11] D. C. Parkes. iBundle: An efficient ascending price bundle
auction. In Proceedings of the First ACM Conference on
Electronic Commerce (ACM EC’99), pages 148—157.,
Denver, Colorado, USA, 1999.

[12] S. Wu, L. Hitt, P. Chen, and G. Anandalingam. Customized
bundle pricing for information goods: A nonlinear
mixed-integer programming approach. Management Science,
54(3):6080U—622, 2008.

“This algorithm can also be used in a variety of other settings, e.g.
to compute the distributions of (i) the revenue that a seller makes in
a position auction (Google Adwords is a variation of a position auc-
tion) from the distributions of the bids, and (ii) the social welfare
(sum of winners’ valuations) in a multi-unit auction.
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