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The gap between scientists and data is increasing
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Automated knowledge extraction from unstructured data is required
to close this gap and accelerate scientific progress.

xDD and COSMOS: an end-to-end stack for
accelerating scientific discovery

Microservices feaqnss e Ecosystem of lightweight, scalable services to
COSMOS locate, extract, and aggregate data and
oM On-demand information from heterogeneous sources
Ingestion Layer Knowledge Bases : )
Universal Representation

sl © Supporting HTC infrastructure to parse and
automated queues

oo comeos [RANRIRRISENY  analyze documents, expose data via API

High Throughput
Computing Layer

.. . Automated ingestion of full publications from FR
Digital Library multiple publishers, backed by institutional * PrmCIpled’ automated access to new and

Laver (xDD) agreements: 11.1M documents, +10K daily archival publications spanning publishers

- e xDD API: Correspondance:

al USGS "NARDPA https://geodeepdive.org/api Shanan Peters (peters@geology.wisc.edu)
science for a changing world Code available at: Theodoros Rekatsinas (thodrek@cs.wisc.edu)
support 2014-2018 by NSF-ICER 1343760, DARPA ASKE https://github.com/UW-COSMOS Miron Livny (miron@cs.wisc.edu)

partial current support from USGS




Outline

1. xDD: A portal to scientific publications and HTC

2. COSMOS: Knowledge extraction as a service

3. Demo: analyzing model code with COSMOS

COSMOS

Outline

1. xDD: A portal to scientific publications and HTC




xDD

jg}ga. GeoDeepDive)

11.1M published documents coupled to
and readable by a computing infrastructure

_4HTConddr

“High Throughput Computing
CENTER FOR

HIGH THROUGHPUT]

COMPUTING

,
sclence for a changing world

ScienceDirect Joumals  Books = e—

Lo N
)| Purchase B Export " [ Search Sciencel Direct l m Advanced searc} h
e

wistionduing
.ol reference O
metadata _> <I >

Cretaceous Research

o S ’% Volume 29, Issues 5-6, October-December 2008, Pages 1008—1023

7th Interational Symposium on the Cretaceous PDF .
processing
Organic carbon deposition and phosphorus accumulation '
during Oceanic Anoxic Event 2 in Tarfaya, Morocco OCR COSMOS

software tools

Haydon P. Mort> & 1. B Thigrry Adatte® 2, Gerta Keller®, David Bartels®, Karl B. Falimi® 2, Philipp

Steinmann® 2, Zsolt Berner®, E.H. Chellai®
Show more

CoreNLP ==

https://doi.org/10.1016/j.cretres.2008.05.026 Get rights and content

publisher agreements doc. fetching/storage
\\W,} Libraries = USGS m (I;lEI[\gIEwFI{ "FFCI)rLIIROUGHPUT

UNIVERSITY OF WISCONSIN-MADISON gé(c)ll}(%slcm @ PLOS CO M PUTI N G

OF AMERICA®

'@W]LEY*Canadlan. Taylor&Fl‘anCIS _i

Science Publishing

~10k/day

CAMBRIDGE 2 ‘ ‘ 2 ‘

UNIVERSITY PRESS




Vocabulary ingestion and labeling

geodeepdive.org/api/dictionaries

curated lists of terms GDD-supplied full text labeled
with hierarchy/context: and indexing capability  entities, tuples
Pyritization of soft-bodied fossils: Beecher’s Trilobite Bed, Sor
350k Upper Ordovician, New York State 10.1130/0091-7613(1991)019<1221:POSBFB>2.3.C0;2
@ NI — taxonomic names/ Trilobita

Climacograptus
The Pa eoblology Database

revealing the history of life

6k
—»  mineral names/
chemistry

‘ it
mindat.org Py

Frankfort Shale

45k
\V/=le el Eg=l8— stratigraphic names/ exposed
hierarchy, rock types via API
"term_hits™: {
“"Navajosuchus novomexicanus": 7, "Deryeuma": 4,
"Ptilocolepidae": 2, "Chaetabraeus": 2,
"Geotrupidae": 652, "Cardinalis cardinalis": 1113,
""Macropoma lewesiensis": 11, "Odontaster": 2532,
"Simia morio": 7, "Coeloma": 384,
“"Anhanguera robustus": 4, "Megatrema": 36,
“"Montipora verrilli": 36, "Xinjiangtitan": 4,
"Geffenina wangi": 6, "Tephrodytes brassicarvalis": 74,
"Shuvosaurus": 198, "Prolagus crusafonti": 42,
"Dryorhizopsidae": 1, "Streblascopora germana": 2,
"Ostrea antarctica": 12, "Dichobunoidea": 11,
"Pholidophorus dentatus": 10, "Cetotherium hupschi": 1,
"Oochorista": 6, "Hauericeras (Gardeniceras) gardeni": 10,
"Sciurus arizonensis": 18, "Parevania": 15,
"Prosbole biexcisa": 3, "Histriobdellidae": 130,
"Toxopatagus": 271, "Berosus (Berosus)": 13,
"Sulcavitus": 169, "Dinornis elephantopus": 8,
"Brontops amplus": 2, "Sternoxi": 11,
"Melonella": 1087, "Bellimurina (Bellimurina)": 4
“"Bathrotomaria": 688, ""Raphignathoidea": 76,
"Placochelyanus": 64, "Cybelurus occidentalis": 4,
"Iliochione": 555,
"Attenosaurus subulensis": 10, Define your own dictionaries:

"Miccylotyrans": 4, https://github.com/UW-Deepdive-Infrastructure/dictionary_example




"term_hits": {

"Sulcavitus": 169,

pubname": "Earth-Science Reviews",
"publisher": "Elsevier",
"title": "The Cambrian palaeontological record of the Indian subcontinent",
"coverDate": "Available online 11 June 2016",
"URL": "http://www.sciencedirect.com/science/article/pii/S0012825216301179",
"authors": "Hughes, Nigel C.",
"hits": 4,
"highlight": [
" represented is the hyolithimorph Sulcavitus wynnei (Waagen, 1885) collected
from several horizons within",
") Hy Sulcavitus wynnei (Waagen), dorsum, Khussak Formation, Salt Range, SH,
GSI 4118 (CMCIP 71490",
",) Kruse and Hughes in press, fig. 5C, scale bar: 2.5 mm; T) Hy Sulcavitus
wynnei (Waagen), venter",
" 71490), Kruse and Hughes in press, fig. 5A, scale bar: 2.5 mm; U) Hy
Sulcavitus wynnei (Waagen"

"pubname": "Alcheringa: An Australasian Journal of Palaeontology",
"publisher": "Taylor and Francis",
"title": "Biostratigraphic potential of Middle Cambrian hyoliths from the eastern

Georgina Basin",

"coverDate": '"2002 01",

"URL": "http://www.tandfonline.com/doi/abs/10.1080/03115510208619263",

"authors": "Kruse, Peter D.",

"hits": 1,

"highlight": [
",it is noteworthy that Sulcavitus possesses a distinctive deep median sulcus on
the dorsum"

Define your own dictionaries:
https://github.com/UW-Deepdive-Infrastructure/dictionary_example

About ~

Main Menu oad

Search ~

Search the database

Lithologies ash

GeoDeepDive matched this taxon in 229 documents from 73 journals/publications:

e Soriano, M.. The fluoric origin of the bone lesion in thePithecanthropus erectus femur. American Journal of Physical
Anthropology January 1970.
...The Fluoric Orig- in of the Bone Lesion in the Pithecanthropus erectus Femur Facultad de Medicina...

... that the Pithecanthropus erectus suffered a bone fluorosis of the t m e of the Periostitis deformans...
..., discovered by Dr. Eugene Dubois in 1891-1892 and attributed to the Pithecanthropus erectus, have...
... abone lesion very similar to that of the Pithecanthropus erectus. Both bones present several...
.... PHYS.ANTHROP.,32: 49-58. 49 t Fig. 1 Femur of the Pithecanthropus erectus. (Taken from Julien, '69...
Hide recognized terms from this document
Taxonomic names Homo
Homo erectus

Pithecanthropus
Pithecanthropus erectus

Pithecanthropus erectus

Mammalia - Primates - Hominidae

The Paleobiology Database

volcanic revealing the histpry of life




xDD and COSMOS: an end-to-end stack for
accelerating scientific discovery
COSMOS S — COsmos
Microservices e Ecosystem of lightweight, scalable services to
locate, extract, and aggregate data and
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Ingestion Layer Knowledge Bases . )
Universal Representation
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High Throughput automated queues Supporting HTC infrastructure to parse and
Computing Layer

High Throughput Computing
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2. COSMOS: Knowledge extraction as a service
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Accelerating scientific discovery with COSMOS

xDD: Scientific Literature

User: Scientific Model Code

COSMOS
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o User-focused
* Answer questions,

generate aggregate
results

e Interactive evaluation
and Al model training

A

¢ Entity relations
across tables,
figures, equations

¢ Discover knowledge
in millions of papers

® Fine-tuned ML
models over unified
contextual

~ representation to
support diverse tasks

e Continual updating

Knowledge extraction from high-variety input

Equation

PP C= (Reampte/Rutandara — 1) X10°]

Equation

where R is "*C/"?C. The standard is Pee De
stone that has been assigned a value of 0.0%,.
of 6"C determination were less than 0.2%,. POC an
concentrations were determined using a TCD detector at-
tached to the elemental analyzer.

For Chl a and pheophytin concentrations, POM samples
were extracted in the dark for 12 h by 90% acetone, and their
concentrations were measured by the fluorometric method (Ja-
pan Meteorological Agency, 1970), using a calibrated Turner
Designs TD700 fluorometer. In this study, chlorophyll (Chl)
was determined as the total pigment including pheophytin.
PO,4-P was extracted filtrate by the ascorbic acid—Mo blue
method (Strickland and Parsons, 1965), using a Technicon
Auto Analyzer.

lemnite lime-

Section Header

3. Results Context
Section Header

3.1. Variations in river discharge and riverine POM
composition

Em’ylieix\‘/er discharge of the Kiso Rivers changed considerably
during the observation period (Fig. 3). Discharge was low
(<500 m>s~") until 22 June, and suddenly increased on 24
June (the first flood, ~2000 m>s™"), reaching a peak flood
on 28 June (the second flood, ~3000 m®s~"). After that, it

during normal discharge. However, the concentration in the
Nagara River at high discharge was the same level as that
at normal discharge. After discharge, POC concentrations
decreased in all rivers. 6'°C of POM in the Kiso River and
the Nagara River varied from —27.39, to —23.19, and
from —29.79,, to —25.99%,, respectively. On the other hand,
JC of POM in the Ibi River remained fairly constant
(ca. 9,). The C/N ratios varied from 7.8 to 22.3 and

reached th hest values during high discharge in all rivers.

Table

Table T
Summary of physical and chemical variableSNg_the Kiso rivers_collected
at ~ 15 km upstream from the river mouth
Discharge POC PON C/N
m’s™") (mg 155 (mg =) (mol ratio
iso River
20 June 155 0.61 0.06 -273 12.6
28 June 1257 1.78 0.09 =255 223
4 July 269 0.30 0.03 =23.1 125
WNagara River Va|u€
20 June 63 2.28 0.34 =271 7.8
28 June 1072 2l | 0.13 -259 183
4 July 129 0.44 0.06 =29.7 8.7
HIbi River
20 June 21 121 0.14 -309 9.8
28 June 622 258 0.15 -29.5 209
4 July 63 0.60 0.10 —29.0 {9

meter
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From PDF to XML

Equations
[r— Px) = [[ogeme T ke T OCR Engine .
ML Model
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Table 2. t of uncharged organic compounds mu! for caleul ~ 3 n P EID Expression Context Val
of the relationship AK: versus log Kow fr AK; = —0.38log K,,,, — 0.26 3) onte: alues

I Compound H Parameter ' 1oz X.. | The found relationship displays an existence of the E1 AKg = —0.38log Ko — 0.26 Glucose

-3.24

specific sorption on the gel (negative slope of the
Context

plot), the effect of which is strengthened with 3 Glycerol

-2.57

increasing hydrophobicity of the analyte. E2
To establish the form of the relationship between

RH
+ (a + b(RH#0.01) + c(RH#0.01)? )‘100 RE| - Methanol

0.74

AKy and Acoon, a set of carboxylic acids with
log K, <— 0.5 was used (Table 3). The range of EID |Parameter Context Data

1,4-Dioxane

-0.42

|
2
|
Values | ',',;jj'

0.32

-0.24

log K, values close to or less than —0.5 were cho- Ethanol
sen according to the observations described above. E1 logKd Compound DataFrame1
for hydrophobic, nonionogenic analytes ( f{ldcooy) 1he obtained relationship is given in Fig. 4. It can — Acetone
approaches 0) a value of AKy is a function of be seen that the plot of AKy versus Acoon is well E2 a Composition DataFrame?2 2-Propanol

-0.1

E2 b Composition DataFrame3 2-Butanol

0.74

E2 c Composition DataFrame4 2-Penthanol

1.25

COSMOS extracts knowledge from multi-modal unstructured data
(text, tables, images, equations, diagrams)




Knowledge as a service in COSMOS

From the intermediate XML representation to knowledge bases and open-domain extraction

Seml structured data representatlon
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Entity Embeddings > Text Images%
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From Semi-structured data to
Equation - Variable Models

Equation t
H
Variable Phrase Varidaniable
where gls the headspace concentration of CO, at tnmvg 1S
hras Variable

lts mltml head-space concentration, Fis the CO; flux, Hjis the
helgm of the head-space layer in the chamber. The fluxes of

*The parse tree for extracted equation (red-colored bounding box) reveals symbols C, t, Co, F, and H
*The same symbols are recognized in the text below this equation (purple “Variable” tokens).

«Variable tokens are linked to descriptions using the output of Open-IE (using CoreNLP), linking the
Variable tokens and the phrase tokens.

*This method can be further improved (e.g., F here not automatically associated with COz flux).




Open-domain retrieve and read interaction
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Model Factoid_Q&A: What IS ”TOC” in Annotated examples on PDF Ensemble of programs synthesized from the input examples

my source code?

texteruntins L, text..contatns “colLector™)

text="Value

Definition Empirical Distribution
Total Organic Carbon (TOC) is the

amount of organic carbon in soil or a A .
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source rock for a petroleum play. S
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