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1. Introduction

During the past decade a massive shift has occurred in the way that people store, listen to and discover music. Tradi-
tionally, either a single or album was stored on external media such as cassette or CD. With advances in hardware and
the growth of the world wide web, this storage has moved to large music collections on personal hard-drives and websites
offering massive catalogues of music.

An interesting new problem that has arisen, as a consequence of this shift, is how to find and discover new music.
Radio stations and music magazines continue to offer advice but, with such a large amount of music readily available, many
people now look to recommender systems provided by online services. Users provide a query, such as an example track,
and a recommender system will then return a set of recommendations to the user.

Core to this task of providing recommendations is the representation of tracks. Each track in the collection must have
a corresponding representation, which describes the key facets of the track. Many state-of-the-art music recommender
systems make use of tag-based representations, for example the hugely popular Last.fm service [1]. The tags typically consist
of two components: standardised meta-data, such as artist, track title and genre; and free-text that users provide. Free-text
tags are extremely useful to a recommender system, providing a wealth of different information, such as genres, artists,
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Fig. 1. The cold-start problem.

topics, opinions and contexts [2,3]. Many of these tags provide useful information for recommendation, for example, tags
relating to genres, artists and topics. Context such as location can be used to improve personalised recommendations, such
as when it is known a user is working in a given location [4,5].

Uninformative tags can be problematic for tag-based recommender systems, but a far larger problem is when very few
tags exist at all. This is a problem commonly known as cold-start and arises from a large popularity bias in music listening
habits [6]. As a result, many tracks are under tagged; a track is tagged if it is listened to, but a track is only recommended,
and therefore listened to, if it already has tags.

Fig. 1 displays the general pattern of results found in the experiments, and here is used to illustrate the cold-start prob-
lem in query-by-example tag-based recommender systems. The horizontal axis shows the number of tags a query has, and
the vertical axis shows recommendation quality. The dotted curve in Fig. 1 represents average recommendation quality in a
tag-based recommender system. As the number of tags increases, so does the quality of tag-based recommendation, since a
larger amount of meaningful knowledge is available. The horizontal dashed line in Fig. 1 represents average recommendation
quality in a content-based recommender system. Since this system does not rely on tags, the quality of recommendations
does not vary as the number of tags changes. For a low number of tags, content-based recommendations are better than
tag-based, but as tags increase the tag-based system becomes better than content.

A simple hybrid approach, which can reduce the effects of the cold-start problem, is to use content-based methods for
low tagged queries, and then switch to tag-based methods. This hybrid does not offer an improvement over any individual
method, but will produce better recommendations as an overall system. In this simple hybrid approach, however, deciding
when to change from content- to tag-based recommendation can cause problems.

Ideally, the switch from content- to tag-based recommendation is made at point ny in Fig. 1. In this case, the maximum
performance is achieved for all numbers of tags. However, in practice, it is very difficult to get this switch over correct. If the
switch is made too early then performance of the system is decreased by not using the strongest representation. Similarly,
if the switch is made too late, then the full potential of the tag-based recommender is not taken advantage of. Further, the
extreme case of cold-start is at point ng, where a query track has no tag representation. This does not affect content-based
recommendation, but will reduce a tag-based system to making random recommendations.

The aim of a hybrid system designed to reduce cold-start is to consistently provide recommendations in the shaded area.
In this case, the hybrid system is able to take advantage of both content and tags, and through their combination improve
recommendation quality in all cases. Making recommendations in this area is the motivation for developing our approach
to cold-start recommendation using a hybrid recommender system.

In this paper related work on the cold-start problem, hybrid recommender systems, and their constituent parts is dis-
cussed first. We then define and present our approach to learning pseudo-tags from content, which guarantees a tag-based
representation for every track in a collection. Next, we present our novel hybrid representation, which is a dynamic combi-
nation of both pseudo-tags and tags. To evaluate our approach, we then examine both the recommendation quality, and the
quality of pseudo-tagging. Finally, we present our results and conclusions.

2. Related work

Tag-based representations, and the knowledge they describe, are very important to music recommender systems. For
certain recommendation problems, tags are able to offer greater performance than either content-based or collaborative
filtering methods [7]. Whilst a lot of progress has been made in how this knowledge can best be used, cold-start continues
to cause problems in many tag-based systems [2].
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