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Abstract. Classical contextual advertising systems suggest suitable ads
to a given webpage, without relying on further information – i.e. just
analyzing its content. Although we agree that the target webpage is im-
portant for selecting ads, in this paper we concentrate on the importance
of taking into account also information extracted from the webpages that
link the target webpage (inlinks). According to this insight, contextual
advertising can be viewed as a collaborative filtering process, in which
selecting a suitable ad corresponds to estimate to which extent the ad
matches the characteristics of the “current user” (the webpage), together
with the characteristics of similar users (the inlinks). We claim that, in
so doing, the envisioned collaborative approach is able to improve classi-
cal contextual advertising. Experiments have been performed comparing
a collaborative system implemented in accordance with the proposed
approach against (i) a classical content-based system and (ii) a system
that relies only on the content of similar pages (disregarding the target
webpage). Experimental results confirm the validity of the approach.

1 Introduction

Web 2.0 users need suggestions about online contents (e.g., news and photos),
people (e.g., friends in social networks), goods for sale (e.g., books and CDs),
and/or services and products (e.g., suitable ads), depending on their preferences
and tastes. In this scenario, Information Filtering (IF) techniques, aimed at
presenting only relevant information to users, need to be improved to make
them more robust, intelligent, effective, and applicable to a broad range of real
life applications. To this end, the corresponding research activities are focused on
defining and implementing intelligent techniques rooted in several research fields,
– including machine learning, text categorization, evolutionary computation, and
semantic web [1].

IF is typically performed by using Recommender Systems (RS). Here, recom-
mendations are typically provided by relying on Collaborative Filtering (CF),
which consists of automatically making predictions (filtering) about the interests
of a user by collecting preferences or tastes from similar users (collaboration).
The underlying idea is that similar users have similar tastes.
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Several CF systems have been developed to suggest items and goods [2]. Some
proposals suggest to use CF also for Contextual Advertising (CA), i.e., for sug-
gesting suitable ads to a webpage [3,4,5]. In fact, suggesting an ad to a webpage
can be viewed as the task of recommending an item (the ad) to a user (the web-
page) [6]. In classical CA systems an ad is typically suggested after matching
the target webpage with the contents of candidate ads. Although we agree that
the target webpage is important for selecting ads, in this paper we concentrate
on the importance of taking into account also information extracted from the
webpages that link the target webpage (inlinks). According to this insight, CA
can be viewed as a collaborative filtering process, in which selecting a suitable
ad corresponds to estimate to which extent the ad matches the characteristics
of the “current user” (the webpage), together with the characteristics of simi-
lar users (the inlinks). We claim that, in so doing, the envisioned collaborative
approach is able to improve classical contextual advertising.

Experiments have been performed comparing a collaborative system imple-
mented in accordance with the proposed approach against (i) a classical content-
based system and (ii) a system that relies only on the content of similar pages
(disregarding the target webpage).

The remainder of the paper is organized as follows: Section 2 illustrates the
proposed approach and the implemented system. Section 3 presents the adopted
dataset, the evaluation metrics, and the baseline system. In Section 4, results are
showed and discussed. Section 5 gives an overview of the related work. Section
6 concludes the paper sketching future work.

2 The Proposed Approach and the Corresponding
System

It has been shown that the best performances in RS are obtained by adopting
hybrid solutions, which make use of both collaborative and content-based tech-
niques [7]. On the other hand, a preliminary study about the adoption of hybrid
techniques (in particular those typically applied for RS) has been proposed in
the work of Vargiu et al.[8]. This insight has also been investigated in the work

Fig. 1. The interaction between the CF module and the content-based module
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of Armano et al. [9], focusing on the feasibility of devising a RS a la mode of
CA, and vice versa.

In agreement with this view, we implement a CA system that uses hybrid
techniques, taken from RS. We know that RS uses CF by relying on peer users
(i.e., users with similar tastes). Hence, the proposed approach uses CF by relying
on peer pages (i.e., at least in principle, pages related to the target webpage).
The approach is sketched in Figure 1.

Given a target webpage p in which to display an ad, the proposed approach uses
CF to extract information from webpages related to p and then classifies them ac-
cording to a given taxonomy. In particular, the CF module uses the collaboration
of p by retrieving a subset of its peer pages. The content of p and of its retrieved
peer pages is then analyzed by a content-based module that is in charge of sug-
gesting suitable ads to p. Suitable peer pages appear to be all the inlinks of p (also
called backlinks). The underlying motivation is that most likely an inlink contains
information strictly related to the topic of p [10]. However, we used the inlink’s
snippet1, instead of taking into account the whole page. It is worth pointing out
that the decision of using snippets is a trade-off between two conflicting issues: the
need for retaining relevant information and the need for limiting the latency time
(for more information on these issues see, for example, [8,11]).

Figure 2 depicts high-level architecture of the proposed system, composed
of four modules: (i) Inlink extractor, (ii) BoW builder, (iii) Classifier, and (iv)
Matcher.

Fig. 2. The high-level architecture of the proposed system

Inlink Extractor. The inlink extractor represents the collaborative component of
the system, aimed at finding peer pages2. This module collects the first 10 inlinks

1 A snippet is the page excerpt provided by a search engines following the query of the
user.

2 In principle, also outlinks could be taken into account, as in fact, an outlink in p to
q is an inlink to q from p. However, in the current version of the system we consider
only inlinks, as they appear to be more informative than outlinks. This conjecture
has been experimentally investigated in a preliminary study by Armano et al. [11].
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of a given page by performing a query to SeoMoz3, a special online service for
Search Engine Optimization tasks.

BoW Builder. This module represents the content-based component of the sys-
tem, aimed at extracting and analyzing snippets. The Bow builder first extracts
the snippet of the target webpage and the snippets of its inlinks by querying
Yahoo! (the content of each query is the URL of the link under analysis). This
module outputs a vector representation of the original text as bag of words
(BoW ), each word being weighted by its TFIDF [12]. Let us recall that the ef-
fectiveness of snippets for text summarization has been experimentally proven
in [13].

Classifier. This module is aimed at categorizing the target webpage and its
inlinks according to a relevant taxonomy. The Classifier computes the so-called
Classification Features (CLF ), in accordance with the work of Broder et al. [14].
CLF are weighted and represented as a vector, whose generic feature wj reports
the averaged score given by the classifier to the target webpage (represented by
the current BoW) for the category j. The module outputs a 〈Bow,CLF 〉 pair –
i.e., the bag of words and the classification features of the target webpage.

The classifier is trained according to the Rocchio algorithm [15]. In particular,
for each category of the taxonomy, all relevant snippets are used to evaluate its
centroid, with only positive examples and no relevance feedback. In formula:
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where F is the set of features. To produce comparable scores, each score is
normalized with the snippet and the class length. The terms cij and si represent
the weight of the ith feature, based on the standard TFIDF formula, in the jth
class centroid and in the s snippet, respectively.

Matcher. This module assigns a score s to each ad according to its similarity
with the given target webpage, according to the following formula:

s(p, a) = α · simBoW (p, a) + (1− α) · simCLF (p, a) (3)

3 http://www.seomoz.org
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in which α is a global parameter that permits to control the impact of BoW
with respect to CLF , whereas simBoW (p, a) and simCLF (p, a) are cosine simi-
larity scores between the target page (p) and the ad (a) using BoW and CLF ,
respectively. For α = 0 only semantic analysis is considered, whereas for α = 1
only syntactic analysis is considered.

After ranking categories, the matcher selects the first k categories (k is a fixed
parameter that depends on the agreement between publisher and advertiser).

Each ad, which in our work is represented by the description (the so-called
creative) of a product or service company’s webpage (landing page), is processed
in a similar way and it is represented by suitable BoW and CLF , where the CLF
are computed only for the landing page’s snippet. To choose the ads relevant to
the target page, the :

3 Experiments Set Up

To assess the effectiveness of the proposed approach, we performed comparative
experiments with a content-based system that does not implement any collab-
orative approach and with a system that analyzes only the content of similar
pages.

The Adopted Dataset

We first trained the classifier with a subset of DMOZ4. Let us recall that DMOZ
is the collection of HTML documents referenced in a Web directory developed
in the Open Directory Project (ODP). Experiments have been performed on 21
selected categories, arranged in a hierarchy with depth 3.

As for the ads, we built a suitable repository in which they are manually
classified according to the given taxonomy. We created the repository focusing
on the DMOZ subtree rooted by the ”Shopping” category. In this repository
each ad is represented by the creative and the title of the landing webpage.

Evaluation Measures

Given a page p and an ad a, the corresponding 〈p, a〉 pair has been scored on a
1 to 3 scale, defined as follows (see Figure 3):

1 Relevant (Figure 3-a). Occurs when a is directly related to the main
subject of p. This case holds when both p and a belong to the same class (F ).

2 Somewhat relevant. Three cases may occur: (i) a is related to a similar
subject of p (sibling, Figure 3-b.1); (ii) a is related to the main topic of p in
a more general way (generalization,Figure 3-b.2); or (iii) a is related to the
main topic of p in a very specific way (specialization, Figure 3-b.3).

3 Irrelevant (Figure 3-c). When the ad is unrelated to the page, i.e., they
are in different branches of the taxonomy.

4 http://www.dmoz.org
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Fig. 3. The adopted policy for calculating relevance scores

According to state-of-the-art (e.g., [14]), we considered as True Positives (TP )
pairs scored 1 or 2, and as False Positives (FP ) pairs scored 3. In so doing, we
are able to calculate the precision p of a system in the classical way.

As we rely on a graded relevance scale of evaluation, to measure the effec-
tiveness of the approach we also made comparisons by relying on two further
evaluation metrics: Normalized Discounted Cumulative Gain (nDCG)[16] and
Expected Reciprocal Rank (ERR)[17].

Let us note that we do not have any information regarding the Click-through
Rate (CTR) and no further comparison measures can be provided (in fact, this
information is not given by companies that develop advertising systems, e.g.,
Yahoo!, Google, or Microsoft).

The Systems Adopted for Comparisons

As we are interested in studying the impact of CF on CA tasks, to perform
experiments we devised a content-based system in which the target webpage is
classified with the same Classifier adopted in the proposed system, but without
resorting to any collaborative approach. The corresponding system, depicted in
Figure 4, is compliant with the system proposed by Anagnostopoulos et al.[18],
in which only classification features are considered in the matching phase (let
us remark that creating a snippet is an extraction-based text summarization
technique). The system takes the target webpage as input. The BoW builder
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Fig. 4. The baseline system

first retrieves the snippet of the page and then removes stop-words and performs
stemming. Starting from the BoW provided by the BoW builder, the Classifier
classifies the page’s snippet according to the given taxonomy by adopting a
centroid-based approach. Finally, the Matcher ranks the ads contained in the
Ads repository according to equation 3.

To study the impact of the peer pages alone (i.e., without taking into account
the target webpage), we modified the proposed hybrid system removing the
content of the target webpage from the input of the BoW builder module. In
other words, in the system depicted in Figure 2 the target webpage is not given
as input to the BoW builder, meaning that only inlinks have been processed.

4 Results

As pointed out, all systems embed the same Classifier, which has been trained
by using the same training set. A total of about 2100 webpages, each belonging
to one category, has been adopted to train and test the systems and to make
experimental comparisons. Experiments have been performed by running 10-fold
cross-validation.

We evaluated the performance of each system by running five different exper-
iments, in which from 1 to 5 ads are selected for the target page, respectively. In
Figure 5, each chart reports the precision of systems while varying α. According
to equation 3, a value of 0.0 means that only semantic analysis is considered,
whereas a value of 1.0 considers only syntactic analysis. The three systems are,
respectively, our CF proposal (Page + Inlinks), the proposal in which only
peer pages are taken into account (Inlinks), and the content-based baseline sys-
tem (Page). As expected, the best performance in each chart is provided by the
adoption of page and inlinks snippets. Furthermore, in each chart, the peak of
precision is obtained with low values of α (ranging from 0 to 0.5). Observing the
charts, we can state that, in this kind of problem, the CLF have the discriminant
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Fig. 5. The results in terms of p@k while varying α

impact at low values of k, whereas the BoW could help to improve the perfor-
mance for higher value of k. This behavior is in accordance with previous works,
meaning that the semantic information has more impact than the syntactic one.

For the sake of clarity we report in Figure 6 the precision of the systems,
for each value k, according to the best value of α. Figure 6 highlights that the
adoption of inlinks improves the performance of the baseline system.

Finally, Table 1 shows the performance of each system in suggesting 5 ads,
in terms of precision, nDCG and ERR, confirming the assumption that linking
documents can be helpful.
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Fig. 6. The results in terms of p@k

Table 1. Precision, nDCG, and ERR of each approach in suggesting 5 ads

p@5 nDCG@5 ERR@5

Page 0.755 0.540 0.539

Inlinks 0.825 0.605 0.593

Page + Inlinks 0.836 0.617 0.601

5 Related Work

Basedon theobservation that relevantadshavehigher probabilities of being clicked
by users than generic or irrelevant ads, much research work has attempted to im-
prove the relevance of retrieved ads. Several works focused on the extraction of
meaningful keywords [19] [20] [21]. Broder et al. [14] classified both pages and ads
according to a given taxonomy and matched ads to the page falling into the same
node of the taxonomy, giving rise to a semantic analysis. Another approach that
combines syntax and semantics has been proposed in [22]. The corresponding sys-
tem, calledConCA (Concepts onContextualAdvertising), relies onConceptNet, a
semantic network able to provide commonsense knowledge [23]. The choice of the
classifier is in accordance with these works. Nowadays, ad networks need to deal
in real time with a large amount of data, at least in principle, involving billions of
pages and ads. Hence, efficiency and computational costs are crucial factors in the
choice ofmethods and algorithms.Anagnostopoulos et al. [18] presented amethod-
ology forWeb advertising in real time, focusing on the contributions of the different
fragments of a webpage. Thismethodology allows to identify short but informative
excerpts of the webpage by means of several text summarization techniques, used
in conjunctionwith themodel developed in [14]. According to this view, Armano et
al. [24] [25] studied the impact of text summarization in CA, showing that effective
text summarization techniques may help to improve the behavior of a CA system.
The adoption of snippets is compliant with these works; in fact, a snippet is usually
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a summary of the webpage’s content. In RS, different ways of combining collabora-
tive and content-based methods have been adopted [2]: (i) implementing collabo-
rative and content-basedmethods separately and combining their predictions; (ii)
embedding some content-based characteristics into a collaborative approach; (iii)
embedding some collaborative characteristics into a content-based approach; and
(iv) devising a unifying model able to incorporate both content-based and collab-
orative characteristics. As the best performances in RS are achieved by adopting
CF in conjunction with content-based approaches [7], we propose the hybrid CA
system that uses CF in a content-based setting according to the third approach.
Many researchers investigated the role of links in information retrieval. In particu-
lar, links have been used to (i) enhance document representation [26], (ii) improve
document ranking by propagating document score [27], (iii) provide an indicator of
popularity [28], and (iv) find hubs and authorities for a given topic [29]. Our choice
to rely on inlinks is consistent with link-based ranking algorithms, which are based
on the assumption that linking documents have related content [10].

6 Conclusions and Future Work

It is well known that the best performances in recommender systems are obtained
by adopting collaborative filtering, in conjunction with content-based approaches.
In this paper, we proposed a collaborative advertising system which makes use oh
hybrid techniques, in particular, collaborative filtering. To suggest an ad to a tar-
get webpage, we perform a direct matching between the webpage and each ad. We
adopt the collaboration of suitable pages related thereto, i.e., pages similar to the
targetwebpage, at least in the topics.We performed comparative experimentswith
a content-based and with a system that takes into account only the peer pages
(while disregarding the target one). Experiments have been performed on about
2100webpages from the OpenDirectory Project. Results indicate the effectiveness
of the proposed approach and show that the proposed hybrid contextual advertis-
ing system performs better than the baseline system.

As for future work, we are currently studying how to improve the collabora-
tive and/or the content-based module. As for the former, further techniques for
selecting similar pages are under study, for instance link prediction methods [30]
and the adoption of clustering techniques. As for the latter, we are planning to
modify the classifier by adopting a hierarchical approach, such as the one pro-
posed in [31]. In fact, in our view, taking into account the taxonomic relationship
among categories should improve overall classifier performance.
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