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Our Graph Representation

We can also represent the atomic clusters as nodes in aattributed

relational graph. Edges between nodes can be used to represent bot
geometric and logical relations. When the user interactively selects a
wrapping instance, its corresponding sub-graph can easily be found
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Using Graph Matching
Techniques to Wrap Data
from PDF Documents

We are currently investigating the use of error-tolerant graph

matching techniques to locate otherlogically similar instances in the
document.

This approach allows us to make use of the document’s geometric
structure, as well as the inferred logical structure, and any othe
metadata resulting from the document understanding process. As
this representation is closer to the original than the HTML conversion
the burden of the document understanding process is partially shifted

to the user, resulting in a more robust system.
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Interactively create awrapper program to automatically extract data
items from Web pages. Thenierarchical structure of the HTML code
IS used by the wrapper to locate the data instances to be extracted.
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Left: A real-life example of data to be
wrapped. Brackets indicate the individ
ual data instances. For con dentiality
reasons, parts have been obliterated.)

Our goal is to extend the functionality of Lixto to PDF documents. A }
the PDF format is relatively unstructured, this is a challenging task
Documents can generally be thought of as possessing geometric f
structure and alogical structure. In HTML documents, the structure '
of the code usually closely resembles the document’s logical structure] :

and it is this structure that allows us to locate the data we require. Above: Sub-graph for one record

(wrapping instance) from this page.
- Edges with arrows represent
superior-to-inferior relationships

In PDF documents, the logical structure is usually not explicit in the

code. In many cases, it is possible for a machine to automaticallp
Infer the logical structure from the geometric structure. This process
IS known asdocument understanding. . — 2 - RS TR T LRIy
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Right: Screenshot from _

our prototype, showing [ e T —T
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The Wrapping Process

First, we use thePDFBoxlibrary to parse the raw PDF le and return
the text elements as a list of elementary objects, otext fragments,
which represent one PostScript instruction.

Similarity Measures

The familiar notion of edit cost can be used to de ne the similarity
of two sub-graphs. Allowed edits would include not just additions
and deletions of single nodes or edges, but also complete rows ¢
elements. For example, in a desired instance, a certain paragraph mgy
be one line longer or a certain table may have one extra row added.

The next step Is tocluster these text fragments into blocks that can
be said to beatomic, I.e. to correspond to one entity in the document’s
logical structure. In our case, the resultant elements are titles

headings, paragraphs, captions and individual data cells inside tabled.

A set of heuristics achieve this. An example of clustering is show
above.

We then use a number of document understanding methods to infer
the logical structure of the document. This allows us to convert the
PDF le into a well-structured HTML document, which can then be
fed directly into the Lixto Visual Wrapper.

However, this approach has its limitations. Document understanding
IS Inherently a very imprecise task, and there are many comple
documents that cannot be sufciently well understood without
additional input from the user.
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Yet, the generalshapeof the instance will remain the same, as well as
the logical structure (location of headings, etc.) Thus we are nding
wrapping instances using bothlogical and visual similarity.

This measure could be extended to discriminate between heading
and data. Any differences that affect heading elements would
correspond to a profound change in the logical structure, and would
therefore carry a higher associated edit cost.

We could also use theweights of each edge to represent the con-
dence or likelihood that the inferred relation is correct. Arerror-tol -
erant graph matching algorithm would use these weightings to se

lect the best, or most likely instances.



