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Abstract. Automated techniques can help to extract information from
the Web. A new semi-automatic approach based on the maximum
entropy segmental Markov model, therefore, is proposed to extract struc-
tured data from Web pages. It is motivated by two ideas: modeling se-
quences embedding structured data instead of their context to reduce
the number of training Web pages and preventing the generation of too
specific or too general models from the training data. The experimen-
tal results show that this approach has better performance than Stalker
when only one training Web page is provided.
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1 Introduction

As part of the Semantic Web effort, finding a way to extract structured data
from Web pages and integrating the data with uniform schemes would assist
Web users with common tasks, such as searching and product comparisons.
Because the source file of a Web page consists of a sequence of content, such as
structured data and tags, the problem addressed in this paper can be defined as
follows: given the source file of a Web page, find the subsequences which contain
structured data, and then extract these data from the original Web page and
from similar Web pages.

2 Approaches for Structured Data Extraction

The approaches for extracting structured data from Web pages can be classified
into three categories: manual, semi-automatic, and automatic. As the manual
approaches [1] need users to write extraction rules in the special rule languages
after investigating the characteristics of the Web pages embedding structured
data, they are time-intensive and error-prone. Therefore, researchers currently
focus on the approaches belonging to the latter two categories. Semi-automatic
approaches [2], [3], [4] adopt machine learning technologies, such as instance-
based learning or inductive learning, to generate extraction rules based on the
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provided training examples, which contain extracted structured data labeled by
users. One limitation of these approaches is that their performance depends on
the coverage of the training Web pages for a set of Web pages embedding similar
structured data; the more training Web pages, the better performance of the
approaches. However, more training Web pages means more work for users. The
automatic approaches [5], [6], [7] are based on the assumption that the similar
structured data are embedded with similar sequences of tags and content on
Web pages. Hence, structured data can be automatically found by searching the
similar subsequence of a Web page without the users involvement. One limitation
of these approaches is that they only process the Web pages containing at least
two similar structured data. In addition, unexpected structured data can be
extracted by these approaches and users still need to post-process them.

Learning extraction rules also exists in developing general purpose information
extraction systems for natural language text using Markov models [8], [9], [10].
The model presented in this paper is based on these models.

3 Extracting Structured Data Using a Maximum Entropy
Segmental Markov Model

The new approach is based on the following two initial ideas: unlike other semi-
automatic approaches based on the inductive learning paradigm, which generate
extraction rules based on the context of structured data (or data items) of a
Web page, it constructs a model to describe the sequence (instead of its context)
of embedded structured data (or data items). Secondly, as the semi-automatic
approaches based on the instance-based learning paradigm usually generate tem-
plates by combining differences among the training data, the learned templates
may be too general or specific to extract structured data from similar Web pages
correctly. The cause of this problem is that extra assumptions are made from
training data. For example, one training data contains a distinct symbol not ex-
isting in other ones; a learned template containing this symbol makes an assump-
tion that all sequences embedding similar structured data contain this symbol.
This problem can be solved by enforcing a model only describes the character-
istics of training data without extra assumptions. To satisfy the requirements of
the above two ideas, a maximum entropy segmental Markov model approach is
proposed to extract structured data from Web pages.

3.1 Maximum Entropy

The principle of maximum entropy [11] is a framework to estimate the distribu-
tion of data. Its underlying principle is that the best model for data is the one
satisfying certain constraints derived from training data with the fewest possible
assumptions. More explicitly, given a set of training data, the probability distri-
bution p should be consistent with the known evidence or partial information
and maximize the entropy

H(a) = −
∑

x∈ε

p(x) log p(x) (1)
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where ε is the event space, such as all sequences of similar Web pages embedding
similar structured data.

To apply the maximum entropy principle to estimate the distribution of data,
a critical step is the representation of the facts (or evidences) about data. For
example, how to represent the known fact that student names embedded on Web
pages are enclosed with < table > and < /table > tags. In most applications,
this fact is represented with a binary function fi : ε → {0, 1}, called a feature
(function). For example, the feature function f<table>(x) denotes a sequence
enclosed by the < table > and < /table > tags.

3.2 MESMM

To establish an maximum entropy segmental Markov model (MESMM) for se-
quences embedding structured data, users are asked to highlight one structured
data on a Web page. The approach then automatically generates training data,
which are used to generate a segmental Markov model (SMM). For each state
in the SMM, feature functions are generated based on its training data. At the
same time, the generalized iterative scaling (GIS) procedure [12] is used to learn
the state transition distribution based on the maximum entropy principle. When
a query Web page is submitted, the approach first determines if this Web page
is similar to the training Web pages based on their Kullback-Leibler distance. If
the Web page is similar, the corresponding MESMM model is applied to find the
sequences embedding structured data and their optimal segmentations with the
inference algorithm. If the query Web page is not similar to any model’s training
Web pages, users are required to highlight structured data and a new model is
generated accordingly.

The maximum entropy segmental Markov model (MESMM) has a segment
of observations instead of one observation for each state. Fig. 1 illustrates the
graphical structure of the MESMM, where K is the length of a state sequence
except s0, which denotes a “start” state, and 1 ≤ K ≤ T .
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Fig. 1. The graphical structure of the MESMM

The pseudocode of the inference algorithm is shown in Figure 2 and is similar
to the Viterbi algorithm [13], but differs in that it also stores the length of the
current observation segment. The algorithm first creates two matrices, δ and ϕ,
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with the size T×|M | (lines 2-3), where T is the length of an observation sequence
and |M | is the number of distinct states in the MESMM. Note that each state is
indexed with a number between zero and |M |−1. Furthermore, the “start” state
is assigned with the index zero. bGiven a position t in an observation sequence,
the algorithm finds the maximal value of δt for each possible current state by
enumerating segments with the length from one to t (lines 13-29). This step
runs iteratively for each position in the sequence. The time complexity of this
algorithm is O(|M |2T 2) and the space complexity is O(|M |T ). Further details
of the operation of the MESMM may be found in [14].

Algorithm OptimalSegmentation (In: O, Q; Out: ϕ)
// O is an observation sequence; Q is the MESMM. ϕ is the matrix storing related values.
{
1. T=O’s length;
// |M | the number of distinct states in Q.
2. Create the matrix δ with the size T × |M |;
3. Create the matrix ϕ with the size T × |M |;
// A “start” state is indexed with ‘0’.
4-6. δ[0, 0] = 1; ϕ[0, 0].Length = 0; ϕ[0, 0].P rev = 0;
7. For i = 0 To |M | + 1
8-10. δ[0, i] = 0; ϕ[0, i].Length = 0; ϕ[0, i].P rev = 0;
11. EndFor
12. For t = 1 To T
13. For i = 1 To |M |
14. v = 0; //store the maximum probability;
15. s = 0; //store the previous state;
16. n = 0; //store the length of a segment;
17. For n = i To 1
18. For j = 1 To |M |
19. If δ[t − l, j] × p(s = i|s′ = j, Ot−l+1Ot−2+2 . . . Ot) > v then

20-22. v = δ[t − l, j] × p(s = i|s′ = j, Ot−l+1Ot−2+2 . . . Ot); s = j; n = l;
23. EndIf
24. EndFor
25. EndFor
26-28. δ[t, i] = v; ϕ[t, i].Length = n; ϕ[t, i].P rev = s;
29. EndFor
30. EndFor
}

Fig. 2. The inference algorithm for the MESMM

4 Experiments

One critical issue in designing experiments is to choose an appropriate approach to
compare with the MESMM approach. The semi-automatic approaches definitely
have better performance than the manual or automatic approaches, so it is mean-
ingless to select a manual or automatic approach to be comparedwith the MESMM
approach.Among all semi-automatic approaches, Stalker has the best performance
and its idea has been adoptedby the commercial product, Fetch [15].Hence, Stalker
is selected to be compared with the MESMM approach on performance.
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Another issue is the collection of experimental data. As no standard experi-
mental data is available in this field, each approach constructs its data by directly
selecting Web pages on the Internet. To avoid the bias of some special Web pages
on performance, experimental data is constructed by selecting Web pages from
those Web sites used in published papers. There are two requirements on select-
ing Web sites. One is that a Web site still exists on the Internet; another is that
the MESMM approach requires at least two similar Web pages, one for learning
and another for extracting, to evaluate its performance.

The principal goal of the MESMM approach is to keep the high accuracy with
fewer training web pages. To achieve this goal, the experiment is performed in the
following way: for each web site, one web page is selected as the training example,
which is used to generate the MESMM model and to learn the corresponding
state transition distributions. Then, the model is used to extract structured data
from the remaining similar web pages.

4.1 Evaluation Metric

Three types of errors exist for an approach to extract structured data from a web
page. The first type, denoted as m, is missed expected data items; the second
type, denoted as w, is wrong expected data items; the third type, denoted as
e, is extra (or unexpected) data items (note that errors are represented with
data items instead of structured data). Based on three types of errors, a metric,
error rate, is proposed to measure the performance of an approach extracting
structured data from a Web page.

r =
nu

NE
(2)

where Ne is the number of expected data items to be extracted from a Web
page; nu is the number of erroneous items extracted from a Web page and
nu = m + w + e. Besides the error rate, another metric is the precision of an
approach which may be derived as one minus the error rate.

4.2 Results

The experimental results are listed in Tab. 1. While more pages were used (30
Web sites each with 4 or 5 similar pages), due to space limitations, the data
shown includes all Web pages where the MESMM approach had errors or where
Stalker had an average error of .5 or above. Most of the Web pages had four to 20
pieces of structured data each with 2 or 3 items (www.ubids.com had upwards of
662 pieces of structured data). The MH column indicates the approach utilized
to extract structured data from Web pages, where the Stalker and the MESMM
approaches are denoted with S and M , respectively. The error rate is calculated
according to Eq. 2. The average error rate of a Web site is calculated based on
the error rates of its similar Web pages. From the table below, the overall average
error rate for Stalker is 0.64 (0.37 with all 30 Websites) and for the MESMM,
0.14 (0.08 with all 30 Websites).
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The performance difference between Stalker and the MESMM approach can
be justified by investigating their underlying mechanisms. Stalker uses context
symbols to discover the boundaries of sequences embedding structured data or
data items. The MESMM approach, however, takes sequences themselves to de-
termine if they embed expected structured data. This way is consistent with the
basic assumption on extraction systems that similar structured data are embed-
ded on similar sequences. Secondly, Stalker chooses common symbols occurring
in the contexts of embedding sequences to locate structured data. However, it is
very difficult to find those common symbols with fewer training examples. In this
situation, Stalker would consider the symbols specific to the training web page
as common symbols. As a result, the generated extraction rules are too specific
to extract structured data from similar web pages. In the MESMM approach,

Table 1. Experimental Result Error

Website MH Page 1 Page 2 Page 3 Page 4 Avg

www.asiatravel.com
S 0.0 0.0 0.0 0.0 0.0
M 1.0 1.0 1.0 1.0 1.0

www.barnesnoble.com
S 1.0 1.0 1.0 1.0 1.0
M 0.0 0.0 0.0 0.0 0.0

www.bestbuy.com
S 0.11 0.38 0.89 0.78 0.54
M 0.01 0.02 0.11 0.0 0.04

www.borders.com
S 0.5 0.67 0.57 0.57 0.58
M 0.0 0.0 0.0 0.0 0.0

www.compusa.com
S 0.97 0.93 0.93 0.88 0.93
M 0.0 0.0 0.0 0.0 0.0

www.coolhits.com
S 0.0 0.0 1.0 1.0 0.5
M 0.0 0.0 0.0 0.0 0.0

www.epicurious.com
S 1.0 1.0 0.25 1.0 0.81
M 0.0 1.0 0.0 0.5 0.38

www.etoys.com
S 1.0 1.0 1.0 1.0 1.0
M 0.0 0.0 0.0 0.0 0.0

www.flipdog.com
S 0.0 1.0 0.0 0.05 0.26
M 0.0 0.0 0.0 0.0 0.0

www.grijins.com
S 1.0 1.0 1.0 1.0 1.0
M 0.0 0.0 0.0 0.0 0.0

www.newegg.com
S 1.0 1.0 1.0 1.0 1.0
M 0.0 0.0 0.0 0.0 0.0

www.overstock.com
S 0.07 0.0 0.08 1.0 0.29
M 0.0 0.0 0.0 1.0 0.25

www.qualityinks.com
S 0.0 0.0 0.0 0.0 0.0
M 0.0 1.0 0.0 0.0 0.25

www.radioshark.com
S 0.33 0.38 0.38 1.0 0.52
M 0.0 0.0 0.0 1.0 0.25

www.scistore.cambridgesoft.com
S 0.75 0.74 0.74 74.0 0.74
M 0.0 0.0 0.0 0.0 0.0

www.ubids.com
S 1.0 1.0 1.0 1.0 1.0
M 0.02 0.12 0.07 0.06 0.07
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the model takes all features of an embedding sequence into account. Since most
of features of similar sequences are approximately identical, specific features of
the training web page have minor impact on determining the similarity of a
sequence.

One weakness of the MESMM approach compared with Stalker is the time
complexity of its inference algorithm. Given a sequence with the length n, Stalker
takes almost linear time O(n) to locate a subsequence with extraction rules.
However, the MESMM approach takes O(Cn2) time to determine if a sequence
is similar, where C is the number of states of the model.

5 Conclusions and Future Work

The primary contribution of this paper is a new semi-automatic approach for
extracting structured data from Web pages, which maintains good performance
with fewer training Web pages. The experimental results demonstrate that this
approach has far better performance than Stalker when there is only one training
Web page. However, there still exists room to improve the MESMM approach
and extend its application. The improvement to the inference algorithm becomes
very crucial when the approach is applied to process very long sequences. One
solution is that the inference algorithm takes a chunk of contiguous symbols
with the same state instead of taking each single symbol one time at a time. For
example, if a tag node is assigned with a state, all its sub-nodes are assigned with
the same state. The current implementation of the MESMM approach needs to
be extended to process Web pages where data items from structured data are
interleaved.
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