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Al for Science BUBIBeScience

X-Info

* The evolution of X-Info and Comp-X for each discipline X
» How to codify and represent our knowledge

Experiments ki
& Instruments _Factsl

Other Archives I;Fac‘s! (

Literature || Facts (‘ = Answers
L —
Simulations [‘f?c.tsq.f 7

The Generic Problems

Data ingest * Query and Vis tools

Managing a petabyte » Building and executing models

*« Common schema Integrating data and literature

How to organize it Documenting experiments

* How to reorganize it Curation and long-term preservation
How to share it with others

Jim Gray,
Turing awardee

All Scientific Data Online

» Many disciplines overlap and
use data from other sciences

« Internet can unify Literature

all literature and data
Derived and

» Go from literature to Recombined Data

computation to data

back to literature
» Information at your fingertips Raw Data
for everyone-everywhere

* Increase Scientific Information Velocity

» Huge increase in Science Productivity
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Lessons from different fields

Data Phase Astronomy Twitter Genomics

Acquisition 25 zetta-bytes/year 0.5—15 billion 1 zetta-bases/year

tweets/year
Storage 1 EB/year 1-17 PB/year 2—40 EB/year
Analysis In situ data reduction Topic and Heterogeneous data and analysis

sentiment mining

Real-time processing Metadata analysis Variant calling, ~2 trillion central
processing unit (CPU) hours
Massive volumes All-pairs genome alignments, ~10,000
trillion CPU hours
Distribution Dedicated lines from antennae Small units of Many small (10 MB/s) and fewer massive
. to server (600 TB/s) distribution _{1 0 TB/s) data movement
doi:10.1371/journal.pbio.1002195t001 volume Velocity Variety

_ _ A D Stephens et al. Big Data: Astronomical or Genomical?
1ZB =1KEB = (1K)"2 PB 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/

The growth of science

Science and Engineering

6 500,000
A /
: N 51 |
Science of > 400,000 ]
Science. £y & \ }-
Fortunato et E "+, 300,000 }
al_, Science % 3 ? l’cnicillin/ \\l //
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1900 1950 2000 /\Jv\/\/‘/ /ﬂ/ RISPR
w 15x10° 0
%E A : 1990 1995 2000 2005 2010 2015 2020
= Year
w 10x0°
3 Shiffrin, Richard M., et al.
S osao| - WoSarticles "Scientific progress despite
E = Exponential fit irreproducibility: A seeming
z paradox." PNAS (2018)

1900 1920 1940 1960 1980 2000 2020



Microsoft Academic

Research more, search less

|[=
Publications

210,365,701

Coming soon

PN ¢

Fields of Study Conferences

229,763 4,341

Learn more Learn more
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Collaborative Archive & Data Research Environment (CADRE)

AUTHENﬂCAﬂON

Globus

Shibboleth

InCommon Custom

AUTHONZAHON

ré'i’“
&=

Granular

Permissions

Projects

Teams
Packages Archives
Tools ‘

CADRE DASHBOARD

Query
Results
Web-based
Graphic
Query
Interface
L} |

(cr]
|‘{_:ﬁ ;Eb <_;">b Upload

[JSON] [csV XML

COMPUTATION INFRASTRUCTURE

o
2

Research Asset Commons

(Marketplace)
)
Archives @%@
Packages

S
jupyter
;-/
N
AN
Tools
Ei2

(<12]
[ Publish ][ Reuse }[Reproduce] Upload

e ®neou

PostareSQL

@Ej /AAzure

fetstream

docker
@ JanusGraph

Other computing
resources

STORAGE INFRASTRUCTURE

Commercial
Cloud Storage
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scripts
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Relational Data API

%R) Graph Data API

Text Analytics API
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Graph Analytics API
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The CADRE Search Engine

User query interfaces Raw data

Indexed Database (Relational & Graph)

Analytics environment

Figure 2: The flow of data on the CADRE platform

Relational Data API : Commercial Batiied bl uspTO = Ve L5}
: ” i ¢ Cloud Storage (Wos) || Graph (Mag) || Catabase wa & e
i . Results Research Asset Commons « R
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‘Text Data API | ﬁ % (o
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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)



A collective effort

&) Springer(%) Taylor & Franci

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




Spectrum of Reproducibility

\-“ N s A
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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

Engagement and education in Big Data, reproducible

CADRE DASHBOARD 7~ A
L=
JlI'l‘Sﬂ'l_pt
Q.....]
= =2 T
CE Query oo Jupyter Sharing Data and Apps Publishing Results
2 Results Research Asset Commons )
(Market laCE) ,»_R Upload data and share your Apps with Publish your research results with a
web_based P other users from different insitutions single DOI with a full data provenance
Graphic == \ P and scientific domains. for a better reproducibility.
Query | 7N
Interface i =0,
Archives @ @ Tools 2 RESEARCH ASSET COMMONS
Packages
o g e i Saved and Shared Results, L
— — % % !"’ Tools and Datasets
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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

.0 = 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
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inf_plot
infplot - plt.ylabel( yhbel

inf_plot = plt.title(label = 's:

pLE. shou(inf_plot)
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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
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Edges Depth Test

Vertex Scale:

Vertex Intensity:

‘Opaque Vertices

Edges Colors Property:
NodeDegree |
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Node InDegree

compar i
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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')
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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, ' Amanda F. Mejia,
+ See all authors and affiliations

Jorge Mejia, &) Xiaoran Yan, ©2 Sapna Cheryan, ...

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

/pnas. 1921320117

o O O O O

B —RE

O ETF a2 UESMKE
ZinBIEBthEAEFE (SparkftiB)
EEIRBS5HRRE (REB)
ZFAREEMENHLBELEL DT (JavaltB)
SEENBRIRBI+XES I (PythonftEs )

Eit B NRE RS

datalngestion

dataTransformation

visualize

l genderDetect |

journalDisciplineMatch

computeSentiment

genderAnalysis

outputs

textAnalysis



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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—Brother (LeftLeg(Richard), John)
Brother(Richard, John) A Brother(John, Richard)
King(Richard) V King(John)

= King(Richard) = King(John) .
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Russell and Norvig (2010)
Al a modern approach

BREEN: GItHEE

«  RIBERIRBURAE (E ML)

- BRNEIEE(REEE)

© BAMERNSEAER

- FMSRERENATER

- AREESHEETET00%
©  XEERAMKBIE

Axon

|
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7? \Dendrile

Figure 1.2 A simplified diagram of a neuron, from
Crick and Asanuma (1986).

Luger (2009) Artificial
Intelligence

Rule Generation

L Prompt J
Logical rules define the relationship between

two entities: X and Y. Each rule is written in
the form of a logical implication, which states
that if
(rule body) are satisfied, then the statement on
the left-hand side (rule head) holds

the conditions on the right-hand side
truek.
Now we have the following rule samples:
husband (X,Y) <-- inv_wife(X,Y)
husband (X,Y) <-- father(X,Z_1) & daughter(Z_1,Y)
husband (X,Y) <-- father(X,Z_1)
& daughter (Z_2,Y)

& sister(Z_1,2Z_2)

Based on the above rules, please generate as

many of the most important rules for the rule
head: "husband(X,Y)"

Structural Fact
Domain-specific Knowledge
Symbolic-reasoning

O
-=:>[ LLMs ]-=:>Output

Text
Input

(a) KG-enhanced LLMs

Unifying Large Language Models and Knowledge
Graphs: A Roadmap. /EEE TKDE 2024
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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
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burst polarization can also shed light on emission physics
and the source’s local environment. Recently, Michilli et al.
(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 environment,

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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| Prompt
Logical rules define the relationship between

two entities: X and Y. Each rule is written in
the form of a logical implication, which states
that if the conditions on the right-hand side
(rule body) are satisfied, then the statement on
the left-hand side (rule head) holds true.
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Please tell me 10 species of dinosaurs that have

ever lived in Russia

@ 1.Velociraptor
2.Tyrannosaurus Rex
3.Triceratops
4.Stegosaurus
5.Pterodactyl
6.Ankylosaurus
7.Diplodocus
8.Allosaurus

From North
America
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describe the forms of water in rocks?

Water in rocks can exist in several forms,
depending on the temperature, pressure, and
mineral composition of the rock. Here are the
primary forms:

1.Hydrogen-Bonded Water: This is the most
common form ...
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Alex has $20; apples cost $2 each,
oranges $3 each; he bought the
same amount of each fruit. How

much did he spent on apples?

@ wf $8 on apples. ]
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Alex went to buy fruit, the prices are:
apples: 2 yuan/piece, oranges; 1.5
yuan/piece, bananas: 3 yuan/piece; He
has a total of 20 yuan, he want to buy the
same amount of each fruit, how much he
spent on apple.

A team will pay a bonu of $10,000 based
on individual performances as follows: Bob

80 points, Adam 90 points, and John 70 &

points. Each person receives their bonus
in integer multiples of their performance.
How much does Bob receive?

Map{A:2.5,B:1.5,C:3,D:20}

step1:The quantity of each fruit purchased
is X, so (A+B+C)*X<D
step2:X=D\(A+B+C)

Map{A:10000,B:80,C:90,D:70}

step1:Each person receives the bonus as
an integer multiple X of their performances,
50 (B+C+D)"X<A

step2:X=A\(B+C+D)

Algebraic: D\(A+B+C)*A Algebraic: A\(B+C+D)*B
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Russell and Norvig (2010)

—Brother (LeftLeg(Richard), John)
Brother(Richard, John) A Brother(John, Richard)
King(Richard) V King(John)

= King(Richard) = King(John) .

Al a modern approach
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Figure 1.2 A simplified diagram of a neuron, from
Crick and Asanuma (1986).

Luger (2009) Artificial
Intelligence
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