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1. XK@ (Astro Inquiry System)
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Big data and cloud computing

Cloud native computing and scientific
‘reproducibility

Knowledge graphs and scientific
search engine for Astrophysics

Large language models and the
future of scientific search
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Science Paradigms

Thousand years ago: Tony Hey,
science was empirical 20049. The
describing natural phenomena Fourth.
Paradigm:
Last few hundred years: Data-

Intensive
Scientific
Discovery

using models, generalizations

Last few decades:

a computational branch
Simulating complex phenomena

Today: data exploration (eScience)
unify theory, experiment, and simulation

— Data captured by instruments
or generated by simulator

— Processed by software
— Information/knowledge stored in computer

— Scientist analyzes database/files
using data management and statistics

theoretical branch [




The growth of science

Science and Engineering
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Shiffrin, Richard M., et al.
"Scientific progress despite
irveproducibility: A seeming
paradox." PNAS (20138)

2020



Microsoft Academic

Research more, search less

Q
= o
|EE £
Publications Authors
210,365,701 254,317,172

Coming soon Learn maore
e
a ¢ & il

Fields of Study Conferences Journals Institutions

229,763 4,341 48,659 25,439

Learn more Learn more Learn mare Lear




The CADRE proposal




Collaborative Archive & Data Research Environment (CADRE)
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INDIANA UNIVERSITY

NETWORK SCIENCE INSTITUTE ACADEMIC ALLIANCE

This project was made possible in part by the Institute of

Museum and Library Services LG-70-18-0202.

New member: University

of Toronto Libraries!
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CADRE Project Leadership

Jamie Wittenberg Patricia Mabry Valentin Pentchev Xiaoran Yan Robert Van

Proj. Director Co-Proj. Co-Proj. Director Co-Proj. Director Rennes
University of Director Indiana University Al research Co-Proj. Director
Colorado, Boulder, HealthPartners Network Science Institute, Big Ten Academic

Library Institute Institute (IUNI) Zhejiang Lab Alliance (BTAA)




Data Phase Astronomy

Acquisition 25 zetta-bytes/year

Storage 1 EB/year

Analysis In situ data reduction
Real-time processing

Massive volumes

Dedicated lines from antennae
to server (600 TB/s)

Distribution

Lessons from other fields

Twitter
0.5—15 billion
tweets/year
1-17 PB/year

Topic and
sentiment mining

Metadata analysis

Small units of
distribution

Genomics

1 zetta-bases/year

2—40 EB/year
Heterogeneous data and analysis

Variant calling, ~2 trillion central
processing unit (CPU) hours

All-pairs genome alignments, ~10,000
trillion CPU hours

Many small (10 MB/s) and fewer massive
(10 TB/s) data movement

doi:10.1371/journal.pbio.1002195t001 volume

1ZB = 1K EB = (1K)*2 PB

Velocity

D Stephens et al. Big

Variety

Data: Astronomical or

Genomical? PLoS biology (2015)



Volume: data centric

Download

FITS Header
Parent/Child Associations
Seeing

WCS

Photometry

Image Statistics
Cutouts

Contour Plots
Catalogs

The ODI Pipeline, Portal,
and Archive (ODI-PPA) is a
web science gateway for a
imager installed on the
WIYN 3,5m telescope at Kitt
Peak (Tucson, AZ)

50 terabytes per year


http://portal.odi.iu.edu/
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Velocity: live feeds and communities
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Variety: open collaborations
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Big data and cloud computing

Cloud native computing and
scientific reproducibility

Knowledge graphs and scientific
search engine for Astrophysics

Large language models and the
future of scientific search
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Veracity: the reproducibility “Crisis”

Publish and/or Generate and
conduct next experiment specify hypothesis

Publication bias Failure to control for bias

Design study
Low statistical power

Interpret results
P-hacking

Analyse data and Conduct study and
test hypothesis collect data
P-hacking Poor quality control

Marcus R. Munafo, et al. “A manifesto for reproducible science” (2017)



Science Policy: Journals

“Data and materials availability: All data
necessary to understand, assess, and extend
the conclusions of the manuscript must be
available to any reader of Science. After
publication, all reasonable requests for
materials must be fulfilled.”

There are still some exceptions-----

Barbara R. Jasny

« a8 o ope Deputy Editor,
Any restrictions on the availability of data or Emeritus af

materials, including fees and original data Science magazine
obtained from other sources (Materials

Transfer Agreements), must be disclosed to the

editors upon submission. “



Science Policy: Funding agency

National Institutes of Health

Turning Discovery Into Health MIH Emplovee Intranet | Staff Directory | En Espariol

Health Information Grants & Funding News & Events Research & Training Institutes at NIH About NIH

Rigor zﬂd_b_l, Rigor and Reproducibility Email Updates
Repioamtiniily To sign up for updates please enter
Two of the cornerstones of your e-mail address.

science advancement are rigor Submit
in designing and performing -
Training scientific research and the
ability to reproduce biomedical

Principles and Guidelines

Publications

Meetings and Workshops i Related Links agn
g Eatiioiines rEEE:':'lrchl ﬁndmgﬁ. The Phlllp E_ Bourne
application of rigor ensures Letter from Dr. Stephen 1. Katz: An
Application Instructions robust and unbiased Update on the NIH Initiative to Former N I H
experimental design, Enhance Research Rigor and . .
methodology, analysis, Reproducibility ASSOClate DlreCtOI' fOF
interpretation, and reporting of ; H
i , , i Mature commentary on the Promise
results. When a result can be Johns Hoplins University students in a st Bord of Chem:?:raL Probes & Data SCIence'
- laboratory. (Johns Hopkins University .
rEFde.UCEd.hy mlultlple Photo) Led the B|g Data ‘to
scientists, it validates the
original results and readiness to Contact Us KnOWIGdge (BD2 K)
progress to the next phase of research. This is especially important for s g .
clinical trials in humans, which are built on studies that have demonstrated Please send email to Inltlatlve

a particular effect or outcome. NiHReprodEfforts@od.nih.gov.




Science Policy: research communities

Multi-
Physics
Simulation

Standardized
data models:

Model

i MultiCellDS
Repository

(" Compatible Simulation Engines )

Worpheus

Si

mulation
Toolkit 4 PhysiCell y

\-

Standardized
math model
representatio

ne: Data

Repository

4 Compatible Analysis Tools )

ImageJ

7
74
plugins ?

\& J

~—_ _—

Paul Macklin
Associate
Professor of
Intelligent
Systems
Engineering at
Indiana
University



A collective effort

&) Springer(%) Taylor & Franci

Joshua Pearce, Potential Effects of Sci-Hub on
Academic Publishing (2016)




Spectrum of Reproducibility
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Stodden, Victoria. “Resolving Irreproducibility in Empirical and Computational Research” (2013)



My personal story

s Gephi plugin

A new resolution
 The dream
* The nightmare

= Researcher’s real life

« 80% data cleaning?

* 40% is actually trying to
get things to reproduce

o« 20% is to deliver the result

From Kubeflow
documentation




The research Asset commons

CADRE DASHBOARD

Web-based
Graphic
Query
Interface

El

csv XML

7
Query
Results

Upload

e

Fﬁ%
oo

Research Asset Commons
(Marketplace)

Archives @

Packages

T

\

[ Publish H Reuse

[ Reproduce ]

A\

Tools

A

)

jupyter
o

Upload

Jl!ﬁﬂ'l_pt

R
A
N

Eﬂ

custom
scripts

Engagement and education in Big Data, reproducible

= [\

Sharing Data and Apps Publishing Results
Upload data and share your Apps with Publish your research results with a
other users from different insitutions single DOI with a full data provenance

and scientific domains. for a better reproducibility.

Saved and Shared Results, L
Tools and Datasets =

-
Visualizations I Annotations
N

N

DGTC_’ Metadata
Derivatives

.




Lessons from the industry

Monolithic Architecture Microservice Architecture The new way: Deploy containers

r ]

User Interface 2 App App
1+
I‘u1|crr3;j;er.|ce Microservica =]

- = - 5 -

- - o Libraries Libraries

Business Layer m
g
=,
=

App App

Data Interface
TJ . e e
— o— *Independent entities with
cross communication through API's or Message Queuing

Microservice Microservice Microservice

Libraries Libraries

Single deployable entity

Small and fast, portable
MW CONTINUBUS aULOmAaLion . com Uses O5-level virtualization




Lessons from the industry

Data
ingestion

—
Jupyterhul
D’

Data Data

Data

Transfor-

Analysis ST

Building®

Trainer a >

Model
o
= SELDOWN

Roll-out

Validation

Model
VEUD EV ]

Training
at Scale

9 Prometheus

+ . - B

TensorFlow kubernetes

Kubeflow

www.programmersought.com



Lessons from the industry

ma Reproducibility

= = « Self-contained environment
manages manages

« Code data separation
 Imaging and copying

container

metwaork data volumes

I  RESTAPI

manages L server o manag&ﬁl — Scalablhty

docker daemon

* Kubernetes

» Parallelizable data and
computing

» Hybrid cloud deployment

From https://kubernetes.io




Demo 01

X

it X | B mag infocsv X | [ Feb demo, 01 ipynl> x -
B+ XDO» = c Cde v =
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inf_plot
infplot - plt.ylabel( yhbel

inf_plot = plt.title(label = 's:

pLE. shou(inf_plot)

‘Sum of Total Aticles

— Total

3
1930 1985 1990 1995 2000 2005 200 2015
Year

inf plot. figure. savefig(‘art

X +

es count.png’)

— lupyterlab

@ cadreiu.edu/jupyter/user/nvgwc2dvorrwa/lab

ified

®| Corona.ipynb ®
B+ XTOMO» = ¢ Code v
id 5 = id_j[1:

id_j.columns=["Journal®, "Total"]

id_j_plt = id_j[id _j["Totsl"]> 1lee]

[22]: #Plot Data
plt.pie(id_j_plt["Total"], labels=id_j_plt["Journal"], radius = 3)
plt.title("Journals with more than 18@ Papers with ‘Coronavirus' in the Title",bbox={'facecolor':'e
plt.shou()

12

‘pumals with more than 100 Papers with ‘Coronavirus' in the Title‘

Archives of Virolagy
Journal of General Virology
S

Advances in Experimental Me

Virus Research

Journal of Virology

Virology

all-default / output_files /
Name -
[ output we.pdf

@ outputxnet

[ xnet_to_communities...

O xnet2 out.pdf

#Experimental
from IPython.display import IFran
IFrame(src="https://filipinascime

2 {8  Python 3 |Busy

structyre

networ k¥ g

basedww

: yéa{ ; Dre
g studie 2 T
: ! index ] e

within

disciplipe

Edges Depth Test

Vertex Scale:

Vertex Intensity:

‘Opaque Vertices

Edges Colors Property:
NodeDegree |
Community
KCore

Node InDegree

compar i

SC

C A @ cadreiu.edu/jupyterfuser/nvqwc2dvorrwa/lab o A0 =
File Edit Wiew Run Kemel Tabs Settings Help
+ : c W Corona.ipynb X
-/ B + XO 0 » = ¢ Code ™ Python3 Q
Name ~ Last Modified
™ AlphaDemoCode 3 months ago grogaiiibrecios]
import pandas as pd
W packages 3 months ago import matplotlib.pyplot as plt
W guery-results 32 minutes ago
- tools 3 months ago prcad Dota
corona_dat = pd.read_csv("query-results/corona_march_4e7ac@lf-affc-4ee@-b679-7c0e861b63ee. csu”, header = )
+ [A] Coronaipynb seconds ago
print(corona_dat)
#Aggregate Data
arder = [4,0]
title jour = corona_dat[[corona_dat.columns[i] for i in order]]
id_j = title jour.groupby(['journal_display name']).count()
id_j.reset_index(inplace=True) .
C 8 @ cadreiu.edu/jupyter/user/ozygk3tumnugk/lab
Jupy Y9 9
id_j = id_j[1:-1]
How to Add Julia to
id_j. columns=["Journal”, "Total
File Edit View Run Kernel Tabs Settings Help
+ & c [® Part1.ipynb ® | [H Part2ipynb X | = README.md X | H 774e7ebb-6ac7-4dd5-9339- X | [ xnet2 figure out.pdf X
/- / demoD2-public- B + X O [ » m C Code v
Pi“ "1 12t gll-default / output files / == T
plt.
Name -~
O oifipitiwendt # Word Cloud for Abstracts
P e wc = WordCloud(background_color="white", max_words=2¢00, width=860,height=400, scale=1,contour_width=3, contour_color='white")
O outputxnet plt.figure(figsize=(20,10))
D) xnet._to_communities. if("paper_abstract” not in graph.vertex_attributes()):
e textData = graph.vs["original_title"]
D xnet2 figure out.pdf else:
textData = ["%s. %s"%(titleAndAbstract) for titleAndAbstract in zip(graph.vs["original_title"],graph.vs["paper_abstract"])]
File Edit View Run Kernel Tabs Settings Help
wc.generate("\n".join(textData))
+ 1+ c - = = 2 plt.imshow(wc, interpolation='bilinear')
[%] Part1.ipynb ® A Part2.ipynb plt. axis("offr)
; . plt.show()
/- / demo02-public- B + X O [ » m C Code v

scier

o
1eNcCe

term
impact
use

Mcde: Command



Create New Package

Package Name

VP New Pacjage

Input Data Archives Click Here to archive a new data file.

1| result.xnet
2 b30d1769-9180-4533-8896-ead7d509cdeb.csv
Select a Data Set to add

Tool to Run

demo02-public

Package Description (optional)

Uses input files and generates output files

Create New Package

package is run.
1]

A Package is a combi
small python script) ar
files that are saved tog
are run in a controlled
reproducible and shou

Create New Tool

Environment

Python

Name

e.g. My Tool

Description (optional)

k.g. My Tool transforms the given data and returns 2 files.

Script Files

> demo02_data_package

Vv query-results
B VP-Demo-02-Query_8f19f926-a36a-4d43-b262-ddbd4592e34f.csv
B VP-Demo-02-Query_8f19f926-a36a-4d43-b262-ddbd4592e34f_edges.csv
B VP-Demo-02-Query_8f19f926-a36a-4d43-b262-ddbd4592e34f_nodes.csv
B VP-MAG-01_e7f70bac-d6a1-4b3f-bea7-1ab72c4f4edf.csv

Entrypoint File

Create New archive

Name

e.g. My Archive

Description (optional)

V' packages
> demo02-public-all-default

> demo02_data_package
Vv query-results

e.g. Authors who publish in Science

File to Archive (Only CADRE Query Builder files can be archived)

B VP-Demo-02-Query_8f19f926-a36a-4d43-b262-ddbd4592e34f.csv
B VP-Demo-02-Query_8f19f926-a36a-4d43-b262-ddbd4592e34f_edges.csv

PR \/D Nama N2 Niian: QF1QFAIR AR~ AAA2 WIRD AALAARA2824F nadac rev

Create New Archive

Cancel



A live demo

Open science, communal culture, and women’s
participation in the movement to improve science

Mary C. Murphy, 8 Amanda F. Mejia, = Jorge Mejia, {2} Xiaoran Yan, ©= Sapna Cheryan, ...

+ See all authors and affiliations

PNAS September 29, 2020 117 (39) 24154-24164; first published September 14, 2020; https://doi.org/10.1073

/pnas. 1921320117
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The CADRE ecosystem

* Plugins and extensions

3rd party « Computing resources

* Other data sets

« Docker marketplace

RAC * Derivatives data

* Pipeline builder

C AD R E » Centralized databases

« Data API
core « Coding environment




Center for open science
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Big data and cloud computing

Cloud native computing and scientific
reproducibility

Knowledge graphs and scientific
search engine for Astrophysics

Large language models and the
future of scientific search
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Astrophysics Data System

BRI

IEFagRiEZHE

QUICK FIELD: Author  First Author ~ Abfract Year Fulltext | All Search Terms A
object
full:"super Earth" ‘
Inst A Search for papers tagged with a
Your search returned 6,897 results specific astronomical object or at or
’ keyword ;
near a set of coordinates
:
: Syntax: 15
orcid object:"object"
page
Example:
Vv AUTHORS property object:Andromeda
O Show highlights ][ Show abstract; e v _liTo Bottom
> Oudr,s 270 <
7 Ll Seager, S éﬂl o
1[0 2022Icar..38215017P 2022/08 @ =
> OPepe,F 212 Random models for exploring planet compositions I: Uranus as an example
> OlLovis, C 204 Podolak, Joshua I.; Malamud, Uri; Podolak, Morris
> OlLatham, D 200 20 2022vcid.book..227R 2022/06  cited: 5 B =
more Origin and Dynamical Evolution of the Asteroid Belt
Raymond, Sean N.; Nesvorny, David
Vv COLLECTIONS
R 3[J 2022MNRAS.513.1544K 2022/06 B =
U astronomy 61K The PEPSI exoplanet transit survey (PETS) I: investigating the presence of a silicate
O physics 1.1k atmosphere on the super-earth 55 Cnc e
[ general 234 Keles, Engin; Mallonn, Matthias; Kitzmann, Daniel and 26 more
> REFEREED 4[] 2022MNRAS.513..102C 2022/06 @ =
The TESS Triple-9 Catalog: 999 uniformly vetted exoplanet candidates
> INSTITUTIONS : ) i
Cacciapuoti, Luca; Kostov, Veselin B.; Kuchner, Marc and 20 more
> KEYWORDS 5[] 2022MNRAS.512.55528 2022/06 @ =
> PUBLICATIONS A numerical inversion of m sin i exoplanet distribution: the sub-Saturn desert is more
depleted than observed oo
BRGS0 Bertaux, Jean-Loup; Ivanc E > A )‘Ek 2 dx;
X i J % . Z
v B HHEF A i3]
SIMBAD OBJECTS 60] 2022MNRAS 512.52285 ’@’ﬁ }] 219 7 ﬂ: 7] 'f
> Ostar 2.3k The DRAKE mission: fin o2 g
~ H ORI Ao i &
> O other 2.1k Sarkar, Subhajit P
> Ocalaxy 87 7[J 2022MNRAS.512.5023F 2022/06 @ =
> O Nebula 16 Sculpting the circumbinary planet size distribution through resonant interactions with
companion planets
> O X-ray 13 Fitzmaurice, Evan; Martin, David V.; Fabrycky, Daniel C.
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a (BIEZ R4 WERLE

Date ~

Years Citations Reads
M refereed M non refereed 4
L .}
2k
1.5k
1k
500 I
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Limit results to papers from
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Astrophysics Data System

Paper Paper Paper o
simliar) o HERIEESR, BSANEUEIMYS
| r Textually sim:lar U_JE*RE
useful() T ol paers TEViews() & R M A RBUSIBEEEISEI T
sopors st XML+ HRIEER X A ZE|
: = opin — ¢ FIFHOCREAREUEZEFS |
I(:j:?;edrebn;;etis —> i ocrl1t§iit1r;‘lapapers ‘IEEEE?#“&ZEE;iﬁJ:Hg_*iEna‘\
original papers
o | ] 4 DOI/ORCIDRYSI NFIEEEEEE(=
% RULEE/(ZIERRLE T OLTP+OLAP
J Al db I_ h myﬂz%*
i read lh; 0ri;iﬁa| Eapers QEEEX\:I}Z?-, XM L?E?JJJ‘E‘E,
eSS T
trending()

The ADS Team. “Second Order Operators in the NASA Astrophysics “ADS: The Next Generation Search Platform.” arXiv,
Data System.” https://doi.org/10.3847/25c2cfeb.8d12¢399. March 13, 2015. http://arxiv.org/abs/1503.04194.



https://doi.org/10.3847/25c2cfeb.8d12c399
http://arxiv.org/abs/1503.04194
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Research Area

WorksAt .
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mmm: . entity relationships
=== :co-occurrence relationships Entity Resolution: Tutorial (VLDB2012)
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Lise Getoor, Ashwin Machanavajjhala
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Knowledge graph and search engines
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Lessons learned and user stories

| want a unified query interface Relational DB cannot support
to both WoS and MAG at the large scale citation queries.
same time.

7 The work | want to do

would greatly benefit from a

| need the ability to directly query graph DB.

e db from the Jupyter Initial hybrid solution with

notebooks via code. ,
PostgreSQL+Neo4j works but not
scalable enough




Flow of data on CADRE

. N Raw data P . .
User query interfaces - Analytics environment
) N . Indexed Database (Relational & Graph) :
Relational Data API | | R el I vl L % PRI ]
; i cloud Storage (Wos) || raph (vag) || Database 2, o3 iupyte
Results Research Asset Commons ® R7
A . Raw Data [Data Lake) : | (Marketplace)
Text Data API 29 S— - x a
/ . " . Annual B Archives @%@ ol e
Graph Data API - Index ..\ updates . | _L Packages .
3 B Graph database Upload [ Publish ] [ Reuse [ Reproduce ] Upload t::f;&r:
Graph Analytics !
API | Text indices i g e N
L y ! - ‘ Jupyter CADRE archives
/ : | Relational database | _servers | ~ /packages
Graphical Query : —_—
Builder (front-end) _ Databases ‘ e
Relational input |~ i :
‘ P = Middleware N " File download
| Query ] el Query :
: Query Listeners - results

\ Graph Query / .; — Local
Query optimizer N environment




Metrics in Evaluating Graph Databases

Ingestion

Metric Description Priority
Scalability The capability to host gigantic graph of millions of nodes and billions of edges High
Text search The capability to support both plain string and full text search against graph node and High
edge attributes
Query performance The performance of the graph database on general-purpose and graph traversal queries | High
Cost effectiveness Both the operational cost and software license cost to run the graph DBMS and the High
middleware built around it
Graph algorithm The availability of implementations of common graph metrics and algorithms Medium
support
The time needed to populate each dataset in the graph database Low




Benchmarking: Graph Databases

Database Store Type | Model | Open Source | Language | Components
AgensGraph Disk Single No Cyber Postgre SQL
JanusGraph Disk Cluster | Yes Gremlin Cassandra,
Elasticsearch
MemoryGraph | Memory Single No Gremlin self-contained
Neo4| Disk Single | Yes Gremlin self-contained
RedisGraph Memory Single No Gremlin Redis
TigerGraph Disk Single No GSQL self-contained

Table: Benchmarking graph databases.




Benchmarking: Dataset

-/...-" 'h\ll‘
-AFFILIATED WITH /
T ) 1 |
Affiliation -« . Author | Journal
1 1
I'-I_ { \ |
., A i
\M. _._/ . -
ALUTHOR_OF
Waight : -

Paper

‘AREFEREMCES
-Citation Context

PRESENTED_AT

e B 8

e e

BELONGS_TO
eight

- A /' SUBFIELD_OF". /
= \x\_\_\_\___ _,."f/ “ne P

Figure: The Microsoft Academic Graph (MAG) schema

Dataset Nodes (M) Edges (M) Size on disk (GB)
Full MAG 700 2,300 500

Reduced 60 90 30

MAG

| Conference ".ﬂ,: | Conference "I | Field Of
Instance ' INSTANCE OF | Series | . Study |

Table: The Microsoft Academic Graph (MAG) details




Benchmarking: Queries

Query

Type

Description

01
Q2
Q3
04
Q5
Qo6
Q7
08
09
Q10

General-purpose
General-purpose
General-purpose
String Matching
Graph
Graph
Graph
Graph
Graph
Graph

Fetches all attributes given a paper title.
Fetches all attributes for each author of a paper given its title
Fetches the fields of study a journal’s publications belong to given a journal title
Fetches all authors with papers matching the title criteria
Finds all citations for a given paper title.
Finds all references for a given paper title.

Fetches all 2-hop citations for a given paper title.

Fetches all 3-hop citations for a given paper title.

Fetches all 4-hop citations for a given paper title.

Fetches the citations for all papers in a given field of study name.

Table: Benchmarking queries.




Benchmarking: Query Performance

Query | JanusGraph | TigerGraph 1 | TigerGraph 2 | MemGraph | Neo4j | AgensGraph
Q1 1.82 880 480 2.26 82,370 1.86
Q2 3.66 17 14 1.88 6820 1850
Q3 69 190 28 29.89 120 100
Q4 varies 141670 32960 24950 15990 32310
Q5 2.09 17 13 3.44 6890 8160
Q6 1.4 30000 13 1.48 6860 8060
Q7 62.53 varies varies 3.02 timeout timeout
Q8 20900 varies varies 8.05 timeout timeout
Q9 timeout varies varies 532 timeout timeout

Q10 varies 9620 100 3.04 138000 112910

Table: Benchmarking query performance. Time is in milliseconds.




Big scientific data and cloud
computing

Cloud native computing and scientific
reproducibility

Knowledge graphs and scientific
search engine for Astrophysics

Large language models and
the future of scientific search

=
—
S
~

b

i r LS EFEETEERES



Ll
[ Z B

RSNV R & RIR

LHEJIANG LAB

» 20125 %Google o 20154 Frhaie
Knowledge Graph . EEREZES) EEARR: MIREERNE
T EERsTO0R ' . mmTemen. E BRHERENA, 2018
|+ NETEESIE B |\ EREEE. AR FE
| EEmE | mEmE
| I
I | ]
|+ 20108FFFAI | 2013ERTE |- 2016EFFImE N
I SatoriflProbase | . EFFELEEE. ME . ERESENLHZ <
$ . mmmEssooz b pmm, TEREA $ . wETEsEs B
. FETEEEE. B/ walE EE ae
I &, Office 365, FHER 2
CortanaZImg

- ZAREBEAEE

* Freebase & Wikipedia

- BERE+S RSB
« ZEH B Eproperty graphaRiiE

SE#EA IschemaE X,
SERERBEKHNETRR

B B EFHEEN

T/ NBIEEN 2 45 A THE

52



SRR B

RS RN

N v W@ 3 -
o XA

P = .
[Raglite

LHEJIANG LAB

Score of a pair of mentions: 7\§T% JE* ﬁﬂg%

Wy | Tt et [ — N =
sissier"'-. |(C| 121 Kol dﬂl = = B * leﬁﬁ’ﬁmﬁgi?ﬁ
has | N N B & REE=EREBNIE
aas i 1:] oér jQI W — — Score of adog ) l*{%ll:l E*ﬁ%ﬁl\]l@)‘;ﬁ
dog %'1%'?;1?4 ;% B B B/ beingan * %I: I~NETE E/\]HJKAE%
R AT LRSI B s P |— antecedent
, and /EELEE N o - EIRR B TR A
* she wordvecmrs-:':gdit?umnr:lsfutum,. -
:?"esi %To.zls 412 a e i HIYI 2R N
i " ¥ -t \\ \
very ~{0AIL232115 = + MAMIRSTEETY RN
much/e"' N N . 5
B : : flca?f:ﬁ; :Sm Four of the five winning teams in this Contest (UWA,
antecedent BUPT-IBL, MIDAS-IIITD, and Lab1105) used NeuralCoref

Rough sketch of the coreference scoring model. [43] for entlty resolution.

https://github.com/huggingface/neuralcoref
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Abstract

We report the first detections of the repeating fast radio burst source FRB 121102 above 5.2 GHz. Observations
were performed using the 4-8 GHz receiver of the Robert C. Byrd Green Bank Telescope with the Breakthrough
Listen digital backend. We present the spectral, temporal, and polarization properties of 21 bursts detected within
the first 60 minutes of a total of 6 hr of observations. These observations comprise the highest burst density yet
reported in the literature, with 18 bursts being detected in the first 30 minutes. A few bursts elearly show temporal
sub-structure with distinct spectral properties. These sub-structures superimpose to provide an enhanced peak
signal-to-noise ratio at higher trial dispersion measures. Broad features occur in ~1 GHz wide subbands that

i burst polarization can also shed light on emission physics

g and the source’s local environment. Recently, Michilli et al.

p (2018) reported a wr;;5 high .md variable Faraday rotation

« measure (RM) or ~10°radm™ for FRB 121102, suggesting
that this source is embedded in an extreme and dynamic
magnetoionic cn\-'ir()ﬂmcnl.

Here, we report the detection of 21 bursts from FRB 121102
—all of which occurred within an hour—using the 4-8 GHz
receiver on the Robert C. Byrd Green Bank Telescope (GBT)
and the Breakthrough Listen (BL) backend. It should be noted
that 15 of these detections were announced briefly in Gajjar
et al. (2017). Here, we are providing a more detailed analysis.
These are the highesi-frequency detections of bursts from any
FRB to date.
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