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ABSTRACT

When labeled examples are limited and difficult to obtain, trans-
fer learning employs knowledge from a source domain to improve
learning accuracy in the target domain. However, the assump-
tion made by existing approaches, that the marginal and condi-
tional probabilities are directly related between source and target
domains, has limited applicability in either the original space or its
linear transformations. To solve this problem, we propose an adap-
tive kernel approach that maps the marginal distribution of target-
domain and source-domain data into a common kernel space, and
utilize a sample selection strategy to draw conditional probabili-
ties between the two domains closer. We formally show that under
the kernel-mapping space, the difference in distributions between
the two domains is bounded; and the prediction error of the pro-
posed approach can also be bounded. Experimental results demon-
strate that the proposed method outperforms both traditional induc-
tive classifiers and the state-of-the-art boosting-based transfer al-
gorithms on most domains, including text categorization and web
page ratings. In particular, it can achieve around 10% higher accu-
racy than other approaches for the text categorization problem. The
source code and datasets are available from the authors.
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1. INTRODUCTION

It is expensive or impractical for many applications to obtain
large number of labeled examples. When this happens, most in-
ductive learners perform poorly. The idea of transfer learning is to

Permission to make digital or hard copies of all or part of this work for
personal or classroom use is granted without fee provided that copies are
not made or distributed for profit or commercial advantage and that copies
bear this notice and the full citation on the first page. To copy otherwise, to
republish, to post on servers or to redistribute to lists, requires prior specific
permission and/or a fee.

KDD’09, June 28-July 1, 2009, Paris, France.

Copyright 2009 ACM 978-1-60558-495-9/09/06 ...$5.00.

1027

borrow labeled examples from a source-domain to improve learn-
ing in the target-domain. Let P,(X,y) and P,(x,y) denote joint dis-
tribution of target-domain and source-domain respectively. Super-
vised transfer learning is to use small number of labeled example
from P,(X, y), but many from P(X, y), to build a learning model for
target-domain. The main challenge is to identify regions in P(X,y),
either in original space or its transformation, where P,(x,y) and
P,(x,y) are similar and knowledge can be transferred.

Much work has been proposed to solve transfer learning problem
[15]. By definition, P(x,y) = r(y|x)g(x). Some work, such as [14],
assumes that conditional probabilities 7,(y|x) and r,(y|x) are simi-
lar in regions of the latent space where marginal distribution g,(x)
and ¢,(x) of corresponding examples are close. Other works, such
as [12], assumes ¢(x) is related to r(y|x). They both implicitly
assume that marginal distribution and conditional probability are
directly related. In summary, either of the following is assumed to
be true and adopted to design transfer learning strategies: (1) where
marginal distribution g(x) of target-domain and source-domain are
similar, conditional probability r(y|x) also ought to be similar, or
(2) vice versa. However, those assumptions may be too strict to be
practical. For some problems, both the marginal and conditional
distributions between target-domain and source-domain could be
significantly different. When this happens, neither of the two as-
sumptions is true anymore, in either the original space, scaled space
or latent space using linear transformation.

However, non-linear transformation, such as the kernel manipu-
lation, can make these assumptions plausible. A suitable kernel is
able to map the input space into a convenient feature space where
a linear boundary can be easily found [3]. Importantly, this also
sheds light on transfer learning. First, a suitable kernel, such as
Gaussian kernel [13], can make different input data form similar
marginal distribution in the kernel space. Second, in the kernel
space, some examples have very similar conditional probabilities
and can be used to construct transfer learning models. Third, the er-
ror rate of the transfer classifier can be bounded (Section 3). Thus,
under a suitable kernel mapping space, two domains significantly
different in their original space can both have similar marginal and
conditional distributions, leading to effective knowledge transfer.
Consider a synthetic example in Figure 1 where 0O/+ denotes pos-
itive/negative. Figure 1(a) plots the target-domain data, “two cir-
cles”, and the maximal margin decision boundary is the dashed el-
lipse. Figure 1(b) shows a source-domain data set, “two moons”,
where the decision boundary is the dashed curve. Obviously, two
moons and two circles have significantly different distributions in
the original space. However, after we map them into the kernel
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