AskMe: A LAPPS Grid-based NLP Query and Retrieval System
for Covid-19 Literature

Keith Suderman', Nancy Ide', Marc Verhagen?, Brent Cochran®, James Pustejovsky

2

"Vassar College *Brandeis University *Tufts University

{suderman, ide}@cs.vassar.edu, {marc, jamesp}@cs.brandeis.edu, brent.cochran@tufts.edu

Abstract

In a recent project, the Language Applications
Grid was augmented to support the mining of
scientific publications. The results of that ef-
fort have now been repurposed to focus on
Covid-19 literature, including modification of
the LAPPS Grid “AskMe” query and retrieval
engine. We describe the AskMe system and
discuss its functionality as compared to other
query engines available to search covid-related
publications.

1 Introduction

The onset of the coronavirus pandemic has
prompted concerted efforts within the field of
natural language processing (NLP) to enable re-
searchers and practitioners to easily access and
mine the growing body of literature concerned with
the virus. Between February and May 2020, the
number of scientific papers published on COVID-
19 research increased from 29,000 to more than
138,000; this number is expected to exceed one
million by the end of 2020.

In a recent project, the Language Applications
(LAPPS) Grid' (Ide et al., 2014a) was augmented
to support the mining of scientific publications?
(Ide et al., 2018). The results of that effort have now
been repurposed to focus on Covid-19 literature, in-
cluding modification of the LAPPS Grid “AskMe”
query and retrieval engine to access nightly up-
dates of the CORD-19 dataset’ (Wang et al., 2020)
available from the Allen Institute for Al.

In this paper, we describe the AskMe system
and discuss its functionality as compared to other
query engines available to search covid-related pub-
lications. Because the AskMe engine is deployed

"https://galaxy.lappsgrid.org

?Funded by U.S. National Science Foundation grant NSF-
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3https://www.kaggle.com/allen-institute-for-ai/CORD-
19-research-challenge/data

primarily as a front end to the LAPPS Grid, one
of its most salient features is the ability to further
process query results with the large array of NLP
tools available in the Grid. The AskMe system also
provides numerous options for displaying results as
well as means to fine-tune parameters of the search
heuristics to suit particular needs and interests.

2 Related Work

Several literature search engines have been devel-
oped or adapted in the wake of the Covid-19 pan-
demic in order to expedite the progress of research
focusing on the virus. Among these are facilities de-
veloped by major corporations, most notably IBM
(IBM Inc., 2020), Amazon Web Services (AWS,
2020), and Google (Google Inc., 2020), which gen-
erally do not access daily updates of Covid-19 lit-
erature and may include licensed databases.

Non-commercially developed search engines
for Covid-19 data include Vespa, LitCovid and
iSearch. Vespa (Vespa, 2020) provides an open
source search engine for version 2020-05-19 of the
CORD-19 dataset. LitCovid (Chen et al., 2020) is a
curated open-resource literature hub developed by
the National Institutes of Health (NIH) and the Na-
tional Library of Medicine (NLM), and is arguably
the most comprehensive freely-available resource
for Covid-19 literature discovery. Its database is
limited to articles in PubMed specific to COVID-
19, vs. CORD-19, which includes other viruses
(e.g., SARS, MERS) and covers a time period well
before the current outbreak. LitCovid divides the
articles into categories (e.g. Mechanism, Trans-
mission, Diagnosis, and Treatment), and, based on
automatically generated annotations, reports the
chemicals, journals, and countries contained in the
results. Results can be sorted by relevance or re-
cency.

NIH’s iSearch COVID-19 portfolio (National
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Figure 1: AskMe Query Interface

Institutes of Health, 2020), also updated daily,
includes both publications and preprints (from
medRxiv, SSRN, arXiv, bioRxiv, Research Square
and ChemRxiv) and provides interactive visual-
izations that allow users to select topics within
their search results for download. The user can
view results as a list in either chronological or re-
verse chronological order, or in “facet view” which
shows results grouped by category (date, journal,
author, etc.). The system provides advanced fil-
ters for more exact timeframes, publications types,
source dataset, and inclusion or exclusion of iCite
articles.

3 LAPPS Grid

The LAPPS Grid provides a large collection of
NLP tools from a wide variety of sources exposed
as web services, together with multiple commonly
used resources (e.g., gold standard corpora). The
services and resources are made available via the
Galaxy web-based workflow development engine
(Afgan et al., 2018), and may also be accessed di-
rectly via SOAP calls or programmatically through
Java and Python interfaces. All tools and resources
in the LAPPS Grid are rendered mutually interop-

erable via transduction to the LAPPS Grid Inter-
change Format (LIF) (Verhagen et al., 2015) and
the Web Service Exchange Vocabulary (WSEV)
(Ide et al., 2014b), both designed to capture funda-
mental properties of existing annotation models in
order to serve as a common pivot among them. The
LAPPS Grid also provides interoperable, two-way
access to the PubAnnotation annotation repository
(Kim and Wang, 2012), the INCEpTION machine
learning-assisted annotation platform (Klie et al.,
2018), along with multi-lingual NLP tools and data
in two EU-CLARIN platforms: WebLicht (Hin-
richs et al., 2010) and LINDAT/CLARIN (Straka
et al., 2016). All LAPPS Grid components are
released under the Apache 2.0 open source license.

4 AskMe Overview

The AskMe application is an open-source, Solr-
based microservice architecture running in a
Docker Swarm on Jetstream (Stewart et al., 2015;
Towns et al., 2014), an NSF-funded compute clus-
ter. Originally developed to allow for search and
retrieval from the PubMed database, it now allows
for search of the full set of CORD-19 documents,
which are updated nightly.
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Figure 2: AskMe Query Results

In response to a natural language query, AskMe
applies several scoring algorithms to hone the re-
sults of Solr’s tf-idf similarity processing (based
on the vector space model). Currently, it scores
only a document’s title and abstract; AskMe will
be expanded to handle full text in the near future.
The score for each of these sections is computed
from the following:

1. The total number of search terms that appear,
including duplicates—e.g., if the seach terms
are X Y and the section contains ...X...Y..X...
(where periods represent tokens that are not
search terms), the score is 0.2 (3/15).

2. The percentage of the search terms that appear.
In the above example the score would be 1.0
since all search terms appear in the section.

3. The order of terms in the search query, e.g.,
if the search terms are X Y then ...X...Y... will
score higher than ...Y.. X....

4. The total number of sentences that contain
one or more search terms.

5. The percentage of search terms that appear in
the first sentence.

6. Sequences of consecutive of search terms, e.g.,
if the search terms are X Y and the section con-
tains ...X. YYX.. XY the score would be 0.4167
(5/12) as there are two sequences of consec-
utive terms (YYX and XY, with an aggregate
length of 5) in the 12 tokens.

A section’s score is the sum of the component
algorithm scores; the overall document score is
computed by adding the scores for the individual
sections. The main AskMe page (Figure 1) in-
cludes an option to adjust the weights for inividual

scoring algorithms to suit specific document types
or interests, or simply fine-tune results. Results
can be viewed as a list including only score and
title (Figure 2) or coupled with document scores
for each of the component algorithms. In the latter
view, overall score for each section is highlighted.
Clicking on any column in either view sorts the re-
sults according to the values for that column. The
full text for any document in the results can be
viewed by clicking on the document ID. Once re-
sults are generated, the user may directly import
them into the LAPPS Grid for processing by any
of a wide array of NLP tools from popular sources
(Stanford, OpenNLP, LingPipe, and many others),
for example to identify entities, relations, depen-
dencies, etc. Annotations can be manually edited
by accessing the editor in either PubAnnotation or
INCEpTION and brought back into the Grid for
further processing, e.g., to train any of the vari-
ous machine learning algorithms available in the
LAPPS Grid.*

5 Comparison with Other Systems

We limit our comparison to LitCovid and iSearch,
the most popular Covid literature search engines.
In terms of functionality, LitCovid and iSearch
currently provide more advanced filtering by date,
source, journal, etc. than AskMe, although there
are plans to add such options (see Section 6). All
provide one-click access to the original publica-
tions. The most salient differences between AskMe
and other systems include:

e Access to the latest version of the CORD-19

4See (Eckart de Castilho et al., 2019) for a description of
the interactive use of the three systems.



dataset, which includes a larger set of docu-
ments than the curated LitCovid and iSearch.

e Ability to sort on any column, including com-
posite and component scores. LitCovid allows
sorting on relevance and recency only, while
iSearch allows sorting on any column in list
view (title, journal, source, etc.). Neither Lit-
Covid nor iSearch provide scores; relevance
is determined by sorted display order.

e Elimination of duplicates. It is often the case
that an article is found in more than one of
the several sources in the corpus, LitCovid
therefore includes duplicates in the results.

o Ability to limit the number of results to return.

e Ability to see as well as fine-tune components
of the scoring algorithm.

e Ability to export results for annotation by
LAPPS Grid NLP tools.

e Ability to export annotations for contribution
to PubAnnotation, edit annotations in INCEp-
TION or PubAnnotation’s TextEdit, and re-
import results from either platform for addi-
tional processing if desired.

Comparison of AskMe results with those of other
query engines is not straightforward, as none of the
systems described in Section 2 works exclusively
with the most recently (daily) updated version of
CORD-19. Therefore, we first focus on comparing
AskMe and LitCovid, which is the most closely
related and relevant system, and include only docu-
ments included in both the LitCovid and CORD-19
corpora (as of 28 June 30 2020, 16,929 documents)
in the results. Table 1 shows the top ten results
from LitCovid in response to the query “What is
the effect of chloroquine on SARS-Cov-2 repli-
cation?” and the corresponding rank and score in
AskMe results. Table 2 shows the top ten AskMe
results for the same query, using the default scoring
values; the comparable LitCovid rankings are not
available.> Documents in common in both top ten
lists are in bold, showing a 40% overlap.

To evaluate the results of AskMe, we asked an
expert to compare results from AskMe for several
queries against results from LitCovid, Vespa, and
CORD19.aws. The assessment shows that papers
that the top 20 results from all of these search en-
gines are very similar, with a few aberrations. For

*Tt is possible to search LitCovid results by title by search-
ing 919 pages of results one-by-one, which was beyond the
scope of our work at this point.

example, in one case where AskMe, Vespa, and
CORD-19.aws rated the same documents at the top
of their lists, LitCovid did not return that document
among its top 20; and for one question AskMe’s
top few results were deemed highly relevant, while
none of the other engines found these documents.
Obviously, this is a preliminary assessment, but it
gives us confidence that AskMe performs at the
same level as other publication search engines—
including engines such as CORD19.aws that use
sophisticated machine learning techniques to filter
results.

We will in the near future provide re-
sults of an evaluation using the TREC-
COVID (CORD-19-based) benchmark
(https://ir.nist.gov/covidSubmit/index.html)
to test how AskMe performs on this labeled data,
when compared to other search engines.

LitCovid rank | Documen t ID |[AskMe rank| AskMe score
1 PMC7118659 3 7.809
2 PMC7202847 76 5.197
3 PMC7250542 115 4.175
4 PMC7270792 61 6.001
5 PMC7232887 9| 7.474
6 PMC7244425 1| 9.906
7 PMC7255230 98 4.804
8 PMC7249615 128 3.64
9 PMC7108130 ;‘ 7.736
10 PMC7275144 111‘ 4.357

Table 1: LitCovid Query Results compared to AskMe

AskMe score
9.906
8.382
7.929
7.799
7.736
7.725
7.610
7.474
7.370
7.365

AskMe rank | Document ID

1 PMC7244425
PMC7127386
PMC7128678
PMC7118659
PMC7108130
PMC7314063
PMC7217799
PMC7232887
PMC7184359
PMC7205718

0 (0N |0 bW (N

[y
o

Table 2: AskMe Query Results

6 Future Work and Conclusion

Our evaluation so far indicates that AskMe pro-
duces results on a par with LitCovid and several
other publication search engines. As a front end to
the LAPPS Grid coupled with the Grid’s integra-
tion with annotation generators and editors, AskMe
provides a unique, one-stop platform for data dis-
covery, annotation, and text mining.

We are currently working on a number of perfor-
mance and usability enhancements to the AskMe
query engine, e.g., expanding scoring to other
sections in full text articles and implementing a



LAPPS Grid service to generate named entity an-
notations over CORD-19 documents for referral
during the retrieval process. We are also adding
nightly-generated embeddings from the CORD-19
data and integrating Tensorboard for their visual-
ization. Our eventual goal is to migrate AskMe to
ElasticSearch in order to enable integration with
SemViz®, thus providing an end-to-end system for
query, search, and discovery over the CORD-19
data.

Acknowledgements

This work was supported by NSF EAGER grant
1811402 and US Defense Advanced Research
Projects Agency (DARPA), Contract W911NF-15-
C-0238; Approved for Public Release, Distribution
Unlimited. The views expressed are those of the
authors and do not reflect the official policy or po-
sition of the Department of Defense or the U.S.
Government. All remaining errors are, of course,
those of the authors alone.

References

Enis Afgan, Dannon Baker, Bérénice Batut, Marius
Van Den Beek, Dave Bouvier, Martin Ech, John
Chilton, Dave Clements, Nate Coraor, Bjorn A.
Griining, Aysam Guerler, Jennifer Hillman-Jackson,
Saskia Hiltemann, Vahid Jalili, Helena Rasche,
Nicola Soranzo, Jeremy Goecks, James Taylor, An-
ton Nekrutenko, and Daniel Blankenberg. 2018.
The galaxy platform for accessible, reproducible and
collaborative biomedical analyses: 2018 update. Nu-
cleic Acids Research, 46(W1):W537-W544.

AWS. 2020. AWS Covid-19 Search.

cordl9.aws.

https://

Richard Eckart de Castilho, Nancy Ide, Jin-Dong Kim,
Jan-Christoph Klie, and Keith Suderman. 2019. A
multi-platform annotation ecosystem for domain
adaptation. In Proceedings of the 13th Linguistic An-
notation Workshop, pages 189-194, Florence, Italy.
Association for Computational Linguistics.

Q. Chen, A. Allot, and Z. Lu. 2020. Keep up with the
latest coronavirus research. Nature, 579(7798):193.

Google Inc. 2020. COVID-
19  Research  Explorer. https://
covidl9-research-explorer.appspot.com.

Google

E. Hinrichs, M. Hinrichs, and T. Zastrow. 2010. We-
blicht: Web-based Irt services for german. In Pro-
ceedings of the 48th Annual Meeting of the Asso-
ciation for Computational Linguistics (ACL 2010),
pages 25-29, Uppsala, Sweden. The Association for
Computational Linguistics (ACL).

Shttps://www.semviz.org

IBM Inc. 2020. IBM CORD-19 Search.
https://www.research.ibm.com/covidl9/
deep-search/.

Nancy Ide, James Pustejovsky, Christopher Cieri, Eric
Nyberg, Di Wang, Keith Suderman, Marc Verhagen,
and Jonathan Wright. 2014a. The language applica-
tion grid. In Proceedings of the Ninth International
Conference on Language Resources and Evaluation,
LREC 2014, Reykjavik, Iceland, May 26-31, 2014,
pages 22-30. European Language Resources Asso-
ciation (ELRA).

Nancy Ide, James Pustejovsky, Keith Suderman, and
Marc Verhagen. 2014b. The Language Application
Grid Web Service Exchange Vocabulary. In Pro-
ceedings of the Workshop on Open Infrastructures
and Analysis Frameworks for HLT (OIAF4HLT),
Dublin, Ireland.

Nancy Ide, Keith Suderman, and Jin-Dong Kim. 2018.
Mining biomedical publications with the lapps grid.
In Proceedings of the Eleventh International Confer-
ence on Language Resources and Evaluation (LREC
2018), Paris, France. European Language Resources
Association (ELRA).

Jin-Dong Kim and Yue Wang. 2012. Pubannotation - a
persistent and sharable corpus and annotation reposi-
tory. In BioNLP: Proceedings of the 2012 Workshop
on Biomedical Natural Language Processing, pages
202-205, Montréal, Canada. Association for Com-
putational Linguistics.

Jan-Christoph Klie, Michael Bugert, Beto Boullosa,
Richard Eckart de Castilho, and Iryna Gurevych.
2018. The inception platform: Machine-assisted
and knowledge-oriented interactive annotation. In
Proceedings of the 27th International Conference on
Computational Linguistics: System Demonstrations,
pages 5-9. Association for Computational Linguis-
tics.

National Institutes of Health. 2020. iSearch COVID-
19 Portfolio. https://icite.od.nih.gov/
covidl9/search/.

Craig A Stewart, T.M. Cockerill, Ian Foster, Nirav C
Merchant, E. Skidmore, James Taylor, S. Tuecke,
G. Turner, Matthew Vaughn, , and N.I. Gaffney.
2015. Jetstream—a self-provisioned, scalable sci-
ence and engineering cloud environment-nsf accep-
tance report. In Proceedings of the 2015 XSEDE
Conference: Scientific Advancements Enabled by
Enhanced Cyberinfrastructure.

Milan Straka, Jan Haji¢, and Jana Strakova. 2016. UD-
Pipe: Trainable pipeline for processing coNLL-u
files performing tokenization, morphological anal-
ysis, POS tagging and parsing. In Proceedings of
the 10th International Conference on Language Re-
sources and Evaluation (LREC 2016), pages 4290—
4297, Paris, France. European Language Resources
Association.


https://doi.org/10.1093/nar/gky379
https://doi.org/10.1093/nar/gky379
https://cord19.aws
https://cord19.aws
https://doi.org/10.18653/v1/W19-4021
https://doi.org/10.18653/v1/W19-4021
https://doi.org/10.18653/v1/W19-4021
https://doi.org/10.1038/d41586-020-00694-1
https://doi.org/10.1038/d41586-020-00694-1
https://covid19-research-explorer.appspot.com
https://covid19-research-explorer.appspot.com
https://www.research.ibm.com/covid19/deep-search/
https://www.research.ibm.com/covid19/deep-search/
http://www.lrec-conf.org/proceedings/lrec2014/summaries/926.html
http://www.lrec-conf.org/proceedings/lrec2014/summaries/926.html
http://www.aclweb.org/anthology/W12-2425
http://www.aclweb.org/anthology/W12-2425
http://www.aclweb.org/anthology/W12-2425
http://tubiblio.ulb.tu-darmstadt.de/106270/
http://tubiblio.ulb.tu-darmstadt.de/106270/
https://icite.od.nih.gov/covid19/search/
https://icite.od.nih.gov/covid19/search/

J. Towns, T. Cockerill, M. Dahan, I. Foster, K. Gaither,
A. Grimshaw, V. Hazlewood, S. Lathrop, D. Lifka,
G. D. Peterson, R. Roskies, J. R. Scott, and
N. Wilkins-Diehr. 2014. Xsede: Accelerating scien-
tific discovery. Computing in Science Engineering,
16(5):62-74.

M. Verhagen, K. Suderman, D. Wang, N. Ide, C. Shi,
J. Wright, and J. Pustejovsky. 2015. The lapps in-
terchange format. In Revised Selected Papers of the
Second International Workshop on Worldwide Lan-
guage Service Infrastructure WLSI (2015), pages
33-47, Kyoto, Japan. Springer International Publish-

ing.
Vespa. 2020. Vespa. https://cordl9.vespa.ai/.

Lucy Lu Wang, Kyle Lo, Yoganand Chandrasekhar,
Russell Reas, Jiangjiang Yang, Darrin Eide, Kathryn
Funk, Rodney Kinney, Ziyang Liu, William Merrill,
Paul Mooney, Dewey Murdick, Devvret Rishi, Jerry
Sheehan, Zhihong Shen, Brandon Stilson, Alex D.
Wade, Kuansan Wang, Chris Wilhelm, Boya Xie,
Douglas Raymond, Daniel S. Weld, Oren Etzioni,
and Sebastian Kohlmeier. 2020. Cord-19: The
covid-19 open research dataset.


https://cord19.vespa.ai/
http://arxiv.org/abs/2004.10706
http://arxiv.org/abs/2004.10706

