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ABSTRACT

Timelines are often used to summarize complex, time-evolving, se-
quences of events. In this poster, we present the preliminary results
of Linea, a tool designed to help users build timelines that summa-
rize content from Wikipedia. We combine Natural Language Pro-
cessing and the PageRank algorithm to automatically build default
timelines of any Wikipedia article, giving users a starting point for
tailoring them. Then, users can interact with the event matrix — a
collection of histograms of events — by exploring each matrix cell
in search for peaks, i.e., proxies of important periods of time. By
selecting a peak, the tool shows all events in that period so users are
able to add or remove events, thus customizing timelines.

Index Terms: Timeline, Text Summary, Event Matrix, Histogram

1 INTRODUCTION

Building meaningful summaries from document collections is a
routine task for many professionals. For instance, when preparing a
news article about a crime, a political act, or a historical figure, jour-
nalists must gather as much information as possible, select events
of interest, and organize the flow of events to produce a report. In
the era of information overload, semi-automated techniques for text
analysis become indispensable to explore the document haystack.
Nevertheless, although computational tools for assisting (i) the vi-
sualization, and (ii) the summarization of time-stamped documents
are available, they are not properly integrated, and the burden of
compiling, organizing, and explaining events of interest falls on the
shoulders of experts interested in creating timelines.

(1) visualization systems — such as TextFlow and EventRiver —
help users understand the evolution of complex events, and illus-
trate the relationships among them. Nevertheless, because they rely
on time-stamped documents, they are tailored to news stream or
similar data; a rich source of historical information can hardly be
processed, namely, unstructured temporal text, such as text avail-
able on Wikipedia. Moreover, these systems are not designed to
build readable textual summaries from these documents. On the
other hand, (ii) automated summarization techniques are capable
of generating textual summaries of documents; however, no user-
friendly mechanism is available to modify and explore summaries.
Once an automated tool builds a summary, it is hard to change it.

We combine both methodologies, that is, a visualization tech-
nique that assists the user during the task of text summarization via
timelines. Our approach, called Linea, combines text analysis tech-
niques — used by the Information Retrieval and Natural Language
Processing communities — with the event matrix, to build default
timelines that can be updated as the user explore the event matrix.

2 LINEA

Linea’s pipeline can be divided into event extraction, event ranking,
and event matrix construction.
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Event extraction When the user loads our tool, a search bar
is shown. The user can type the name(s) of Wikipedia article(s) to
be summarized (e.g., “United States, History of the United States”).
Events are then extracted using a technique similar to the one de-
scribed in Alonso [1]. The term “event” is used to characterize a
happening at a particular time 7. We use the dates written in the
article body as proxy for important events. The rationale is the
following: given that the Wikipedia editor decided that it is worth
being specific about when “something” happened, “something” is
likely to be relevant. Hence, the algorithm for event detection is
straightforward: step (I) detects each sentences in the article; step
(II) mark as “event” all sentences that contain a date. Example from
an excerpt of the article entitled “Albert Einstein”:

Albert Einstein was born in Ulm, in the Kingdom of
Wiirttemberg in the German Empire on 14 March 1879.
His father was Hermann Einstein, a salesman and engi-
neer. His mother was Pauline Einstein (née Koch).

Linea detects three sentences, out of which it extracts one event,
namely, Albert Einstein’s birth date. Currently, we only extract
explicit date information that can be normalized to (year), (year-
month), or (year-month-day) format. Thus, temporal information,
such as “in the 20th century [...] ” is ignored.

Ranking Events Having detected all events, we use Lex-
PageRank [2] to rank them. LexPageRank is based on the well-
known PageRank algorithm. The PageRank algorithm ranks graph
nodes by their “popularity” (see Erkan and Radev [2] for details).
The main idea behind LexPageRank is to apply the PageRank algo-
rithm to a graph made of sentences. Each node is a sentence, and
two sentences are connected by an edge if their content is similar
according to the cosine metric. The result of PageRank is a number
that defines the importance of that sentence to the set of sentences.
We use that information to show the n most important events of any
user-selected topic, by selecting the first n best ranked nodes.

Event matrix The last step
is a visualization that allows
users to explore all events and
modify the timeline. This is
necessary because there could
be hundreds of events available,
making harder to identify any in-
teresting features in the data. A /\‘ /\
simple solution is to use a his- 1500 1628 1756 1884 2014
togram. Histogram peaks show
time periods that are important and valleys represent the opposite.
The inline figure shows a histogram containing 4 locally prominent
peaks, which means that a lot has been written about these periods.
The user can select one of the peaks and only the events from that
period are revealed. Then, the user can update the default timeline.

However, a histogram may hide many interesting peaks. For in-
stance, the tallest bar in the inline figure may refer to collection of
two or more important historical facts, not just one, as the single
peak suggests. Moreover, since the user will not know how many
interesting peaks the data contains, we would like to suggest time
intervals to be explored. We solve this problem by building a collec-
tion of histograms, each spanning a distinct, but overlapping, time
interval. The intervals are computed by clustering the events using
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Figure 1: Custom timeline of Albert Einstein’s life. On the left we show the timeline, and on the right a 5 x 5 event matrix of that article. Blue dots
in the event matrix shows the selected timeline events. Each word cloud is associated with the time period in the interval (column j, row i): e.g.,
the bottom left word cloud refers to the the period (1879, 1995). The following keywords were omitted from the word cloud: albert and einstein.

k-means. Because we are dealing with 1D data, we used a optimal
k-means clustering algorithm. The size of the matrix is k x k, where
k is the number of clusters (see Figure 1). After event clustering,
an histogram representing each cluster is built. Note that the main
goal of the matrix is to show to the user potentially interesting time
periods at once, so that the user can be aware of the data features,
without having to go through the whole data in the search for peaks.
To help the user navigate the event matrix, each matrix cell contains
the time period that the histogram refers to. Note a single histogram
can be used by setting k = 1. Also note that the classic pan+zoom
approach can be used for navigation.

3 RESULT

We show an example with the article entitled “Albert Einstein”. The
article contains over 330 sentences, of which Linea extracted 85
events. Figure 1 shows how Linea assists the summarization of doc-
uments. When an article is loaded for the first time, the default time-
line is built based on the ten highest ranking events. Nine events
ranked as the most relevant correspond to Einstein’s scientific ca-
reer: special theory of relativity and Brownian motion (1905); gen-
eral theory of relativity (1907, 1916); and Einstein’s prediction that
light would be bent by the Sun’s gravity (1911). Figure 1 shows
Einstein’s timeline after we edited it (in total six events were re-
moved — two of them were redundant — and two were added).

The 5 x 5 event matrix in Figure 1 shows the distribution of
events over time. The highest peak in the top right histogram
(1879/1995) ranges from 1900 to 1919 (see selection in the top-
right matrix cell), which suggests an important period in Einstein’s
life. By selecting that interval, Linea displays only event snippets
in that range, which in this case, is mostly related to Einstein’s sci-
entific career. Moreover, since the selection is reflected in other
matrix cells, the event matrix reveals three smaller peaks, labeled
as (1), (2), and (3) in the matrix cell (1900/1919). With further
exploration, the user can observe that the three peaks correspond
to (1) family matters (marriage and children) and special theory of
relativity, (2) academic career, and (3) family matters (divorce and
new marriage) and the general theory of relativity.

The selection around the highest peak is not the only range con-
taining interesting features. A small inflection in the curve outside
the selection of the (1879/1995) cell, turns out to be another peak
inside the (1900/1946) cell, labeled as (4). By selecting that area,

the timeline reveals that most of the events correspond to Einstein’s
imigration to the US. One of the events reads:

He was visiting the United States when Adolf Hitler
came to power in 1933 and did not go back to Germany,
where he had been a professor at the Berlin Academy of
Sciences.

The word cloud summarizes it nicely as the words “United States”
and “Visit” are prominent. Note that the histogram essentially flat-
tens out after 1960, just after Einstein’s death (1946/1995), except
by small peaks. Lastly, by exploring the period around his death
(labeled as (6)), a curious event is revealed:

After the death of Israel’s first president, Chaim Weiz-
mann, in November 1952, Prime Minister David Ben-
Gurion offered Einstein the position of President of Is-
rael, a mostly ceremonial post.

Once an user has explored the collection of events, she/he can build
a tailored timeline.

4 CONCLUSION

Linea is a tool that help users summarize Wikipedia articles in a
timeline. In this preliminary work, we decided to use simple tech-
niques for both detect and rank events. More robust techniques de-
signed to extract events and assign importance to them can be used
to improve the overall quality of the tool. Furthermore, we also
have plans to evaluate the overall quality of the extracted events. Al-
though we have obtained some user feedback, we need to conduct
a thorough user study to evaluate the usability of Linea. Lastly, the
tool can be enriched by extracting actions, such as marriage, birth,
death, etc.
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