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The project resulted in several publications in high impact conferences and journals related to
artificial intelligence, data mining and natural language processing such as WSDM, CIKM, ECIR, ECAI,
JCDL, IP&M. The proposed models can be e.g. implemented in museums or libraries to attract
visitors.

The project has resulted in the development of many novel approaches to
analyze and understand history both based on primary sources (e.g., news articles) or secondary
sources (e.g., Wikipedia). We have proposed new research tasks such as detection of analogy over
time, clustering entities based on their shared or similar histories, answering questions related to

the past, search models for archival documents and automatically building timelines. In the process
of this research several datasets have been also developed. Given the proposed methods and tools,
users who are either processionals or average users can find or understand content related to
history in easier and more effective way. Our society digitizes massive data from the past such as
old books and news articles, however so far we had few dedicated computational modes for processing
such data. With the outcomes of this project we have generated many novel directions for future
research for the academic community.
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news archives digital history collective memory



Nowadays there is a lot of digitized old documents such as news article archives that
can be used for finding, processing and extracting valuable knowledge on the past.
Unfortunately, there is lack of tools dedicated for this kind of documents. Most of
the information and knowledge retrieval approaches are dedicated to static or
synchronic document collections. On the other hand, diachronic document collections
such as long-term document archives require special approaches since time plays a key
role in such collections and is required to be considered for proper understanding,
retrieval and comparison of contained information.

Nowadays, news is one of the most important channels for acquiring high-quality
information regarding our society. However, with the rapid growth of Web, more and
more news articles are available causing information overload. News retrieval,
processing and summarization can help to combat this problem by distilling the most
important information from large amount of news articles for users. In this research
we recognize the importance of news articles for our society and we especially focused
on this type of documents. Our target were then news archive collections that span
several decades and that contains hundred thousands of news reports on important events
that happened long time ago. Utilizing this kind of heritage content is non-trivial
yet is at the same time quite important in order to benefit from large amounts of
accumulated data.

The objective of this research was to design search and analysis methods for extracting
content from large collections of past documents (in particular news articles) that
would be useful and attractive for either professional or average users. The novelty
of our research lies in effectively handling the particular character of this kind of
data, especially, its temporal characteristics and the unknown context for nowadays
users who wish to access such collections. In particular in the context of this project
we have developed the following methods and researches:

- Contrastive history-based summarization of entity groups or news article
collections

- Automatic timeline generation for effectively summarizing temporal news data

- Ranking news articles in order to retrieve content that is interesting to
current users - here we focused on surprise effect by trying to find surprising
content from the past that would be against our assumptions or knowledge

- Ranking news articles in order to retrieve content that is relevant to present
day - we proposed the notion of present relatedness which means retrieving past
news articles that have strong relation to the present

- Finding temporal analogs which are similar past entities to the current entities
(e.g., Walkman and ipad)

- Investigating the history of words and their semantic evolution by mining
massive textual diachronic corpora such as Google Books

- Detecting influential documents that impacted future - here we focused on
research articles and we tried to find those scientific papers that were
innovative in some way at the tie of their publishing.

We have used a range of natural language processing tools such as timeline summarization,
information retrieval, information extraction or, in general, machine learning methods
applied for textual data such as clustering or word embedding representations to
realize our research objectives.



We have developed methods for temporal summarization of history related content in
contrastive way (called comparative timeline summarization). For the above-mentioned
research direction, we proposed a novel task of query-based across-time comparative
news summarization that generates query-dependent contrastive summary between two news
collections from different time periods (typically, one representing the present time
and the other being some period in the past). The output summary is in the form of
pairs of corresponding news contents. we propose a novel summarization system to
address the proposed task. First for this objective, we formulated the measurement of
sentence correspondence by finding corresponding terms and aligning different vector
spaces. We adopted the distributed vector representation to represent the context
vectors of words; then we learnt linear and orthogonal transformations between two
vector spaces of input collections for learning word correspondence. Furthermore, we
measured the correspondence between two candidate news as the minimal amount of distance
that the words of one news need to "travel™ to match the words of another news,
suggested by the commonly-used Word Mover Distance (WMD) algorithm. Secondly, inspired
by the popular Affinity Propagation algorithm, we propose a concise joint integer
linear programming framework which detects diverse and representative news (which we
call exemplars) and at the same time generates correspondent pairs from the detected
exemplars. Based on this formulation, exactly optimal solution can be obtained.

We next introduced a novel task of multiple timeline summarization of news article
collections. The main concept is to output a series of timelines instead of a single
timeline, especially in the case of a heterogeneous news article collection that
contains multiple topics and central entities.

In another research we have proposed a novel retrieval method for news archives in
which we put focus on the interestingness and contextual relevance of news articles
for present day users. In particular, we ranked news articles not only by their
relevance to user queries but also by the contextual factors such as the extent to
which they invoke surprise in the readers. The surprise was measured by the level of
dissimilarity to the current events. Another criteria for reranking news articles is
based on measuring relevance of the articles to the current times (contemporary
relevance). This is done by finding named entities from the past that are still
currently important as well as topics which are currently common. Such features would
then be considered in measuring news article relevance to the present times.

The next line of research was devoted to finding terms from the past that are similar
or analogical to current entities. For example, Walkman played similar role to iPad
currently. This task is not simple since it requires transformation of vector spaces
for measuring across-time similarity of entity descriptions. We have achieved this by
optimization formulation based on automatically proposed sets of training pairs.

Another task was devoted for measuring the evolution of word meaning over time. We
have carried this task by comparing word representations over time. The result of our
efforts in this direction are demo system in the form of online interactive service
that can take any word and return the information on the evolution of that word’ s
meaning. Finally, we have organized two international workshops and edited one book on
the topic of computational approaches to measuring word evolution.

Finally, we proposed methods for finding influential research papers from temporal
scholarly datasets such as dataset of scientific publications on NLP (ACL anthology).
We have also proposed method for detecting which user queries issued to search engines
are related to past events.For this research task, we addressed the shortcomings of
traditional scientometric approaches by proposing a novel method that utilizes a
classifier for predicting publication years based on latent topic distributions. We
then calculated real-number innovation scores used to identify potential breakthrough
papers and turnaround years. The proposed approach can complement existing citation-
based measures of article importance and author contribution analysis; it opens as
well novel research direction for time-based, innovation-centered research scientific
output evaluation. In our experiments, we focused on two corpora of research papers



published over several decades at two well-established conferences: The World Wide Web
Conference (WW) and the International ACM SIGIR Conference on Research and Development
in Information Retrieval (SIGIR), containing around 3500 documents in total. We
indicated significant years and demonstrate examples of highly-ranked papers, thus
providing a novel insight on the evolution of the two conferences. Finally, we compared
our results to citation analysis and discuss how our approach may complement traditional
scientometrics.
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