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Executive Summary

The NASA Astrophysics Data System (ADS) first pioneered the concept of the scholarly
digital library 27 years ago, and has remained the central node in the information
network for astrophysics research for more than two decades. It still occupies that
space, despite massive changes in the way scholars perform their research and
disseminate their results. These changes have caused the ADS to evolve from a small,
experimental facility into a stable, robust, and capable organization whose editorial
policies reflect the needs and priorities of the research community it serves.

The last five years have seen substantial changes in the ADS: the project now has a
new management structure, has developed a new platform, and has successfully
migrated its community of 50,000 users to it. The new ADS system consists of a
state-of-the-art search engine, a modern Application Programming Interface providing
access to the ADS data collections and services, and a sophisticated user interface
developed following an open source model.

The ADS's mission is aligned with NASA's strategic goal of expanding human
knowledge by enabling open science and fostering interdisciplinary breakthrough
research. The ADS has a unique role within the NASA Astrophysics Archives in that it
focuses on the scientific literature to help scientists navngate research topics and
explore their connections. As i iplinary ps, research fields
become organically connected and discoverable through common topics, citations, and
readership. By further connecting the literature with data and software products, the
ADS increases discoverability of both and promotes their use.

The NASA Astrophysics Data System

1. Improve Discovery. Combining improved metadata such as derived from named
entity and concept extraction (He et al. 2019; Zhao et al. 2019, see section 3.1.4) with
new graph-based clustering (Traag et al. 2019) promises new powerful avenues for
human-machine interactions. Likewise, combining the full text of articles with the new
context-sensitive vector space literature models (Devlin et al. 2018; Peters et al. 2018)
will enable the use of language models to improve the efficiency and accuracy of
scholarly information retrieval. These recent advances in the field of NLP and Al provide
an opportunity for the ADS to significantly improve its ability to better disambiguate the
content it indexes and better understand the intent behind a user query, which
translates into more relevant results (see section 3.2.4). As the number of articles in the
literature increases (and the relevant signal gets buried in a constantly increasing

noise), we intend to use state-of-the-art NLP techmgues to improve our search,

recommendation and notlflcatlon systems
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Language Model

WIKIPEDIA
The Free Encyclopedia

Language model

From Wikipedia, the free encyclopedia

A statistical language model is a
probability distribution over
sequences of words. Given such a
sequence, say of length m, it
assigns a probability
P(wy,...,wn) to the whole
sequence.



Language Model

e (Guess the masked word

o The [MASK] medium is the gas
and dust between stars

o The primary medium is the gas
and dust between stars




Language Model

e (Guess the masked word

o Asolar twin is a star with [MASK]
parameters and chemical
composition very similar to our
Sun.

o Asolar twin is a star with orbital
parameters and chemical
composition very similar to our
Sun.




Language Model

e (Guess the masked word

o Stars are made mostly of [MASK].

o Stars are made mostly of gold.
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Training astroBERT

you has the highest probability { you,they, your.. \

Output [CLS] | | how are ‘ ‘ doing | today @ [SEP]

N I

BERT masked language model

N A O R I

Input [CLS] how are doing | | today @[SEP]

Dataset
395,499 papers
‘ 121,207,934 sentences
2 x NVIDIAV100 GPUs 2,977,635,680 words




Testing astroBERT

Guess the masked word

o The [MASK] medium is the gas
and dust between stars

o The interstellar medium is the
gas and dust between stars
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Testing astroBERT

e (Guess the masked word

o Asolar twin is a star with
[MASK] parameters and
chemical composition very
similar to our Sun.

o A solar twin is a star with

atmospheric parameters and
chemical composition very
similar to our Sun. |
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Testing astroBERT

Guess the masked word

o Stars are made mostly of [MASK].

o Stars are made mostly of stars.
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astroBERT & Named Entity Recognition (NER)
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New NER dataset
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New NER dataset
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Summary

e Work completed
o First prototype of astroBERT
o First semi-automatic NER dataset
o First NER test searching for e
organizations in acknowledgements 7%} ’

e Work ahead B R I
o Create high-quality astronomical
)

NER dataset (ack+full text fragments
o Automatic detection of facilities (observatories, instruments...)
o Assign Unified Astronomy Thesaurus terms to papers
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