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Deep 1 earning and Semantics

Deep Learning for Data-Driven Al

Still Far from Human-Level Al

Re .
* Industnal successes mostly based on
learning

hntaehnre Learning superficial clues, easy to fool trained
SO networks

« Many more years of basic research needed

Tailoring and Analyzing Topic-specific Crawls Using Semantics and Deep Learning, presented by Ruth Duerr
at the 2018 ESIP Winter Meeting

Ronin Institute




Deep 1 earning and Semantics

Still Far from Human-Level Al

* Industnal successes mostly based on
learning

I

~ data is the new oil

» Learning s |
networks * Because Al Is based on ML, successful Al

applications require DATA — lots of data

* The first step in any project:

- what data i1s available and what data is
needed, do we need to collect more, do we
need to label it?

Tailoring and Analyzing Topic-specific Crawls Using Semantics and Deep Learning, presented by Ruth Duerr

at the 2018 ESIP Winter Meeting 7] Ronin Institute



So, What is Labeled Data?

* There are infinitely many kinds
* Nouns, verbs, adjectives, etc.
* Entities (e.g., people, organizations, funders, etc.)

* This image contains a hurricane (or person, or face, or animal, or building or
whatever)

O

{ § Ronin Institute
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1he Spectrum of Semantics - A Spectrum of 1.abeled Data?

“narrower Formal Flaines Logical
Catalog/  term” is-a (Properties)constraints
; disioi |
0 relation sy
Informal Formal General
i is-a nstance V2U€  Logica
glossary Restrs. constraints
Originally from AAAI 1999- Ontologies Panel by Gruninger, Lehmann, McGuinness, Uschold, Welty;
— updated by McGuinness.
Description in: www.ksl.stanford.edu/people/dim/papers/ontologies-come-of-age-abstract. html 17
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So, Whats the Problem?

* Domain data is highly distributed
 Domain data is extremely diverse
* Cataloging all of it is an impossible task

 What if we just leave everything where it is
and find it, as needed, through focused
crawling?

O
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Applying “Big Data™ '1echnology to Domain (here Polar) Data

*Make it possible to query the body of accumulated knowledge about a domain, using
natural language and deep learning

I"ind the applicable data and documents
*Evaluate the structure and contents to etfectively extract information
*Store and index the information

*Create interface to query the content (using NLLP/ML)
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1) Domain Exploration 2) Focused Crawling

Poltar Deep Insights Architecture

Seeds

Web

o gorthm 2 (Sparkien
Leverages prior work done under the DARPA E @ j
MEMEX (http://memex.jpl.nasa.gov/), NSF @ AriiceiGuenyineriace A

polar.usc.edu Knowledge Base

Domain
Relevancy
Model

Polar Cyberinfrastructure activities, and

community workshops 4_, g %
|Il

1. Domain Exploration - Create a URL seed list and
domain relevancy model _6

2. Focused Crawling - Crawl| the web using the Crawl Index Raw Content
seed list and model o

3. Extraction - Use a number of extractors to 3) Extraction
extract content from the documents returned
by the crawl

Extraction Index

4. Analytical Query Interface - Use a variety of e

2. Locations

analytical tools to explore the extracted content 3. Date Times

4. Name Entities
5. Measurements

Y

> Builds

||||||'|||
i
A

Domain Discovery System
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S e m a n tiCS iS E V el/:)/W h e I/‘e ./ 1) Domain Exploration 2) Focused Crawling

Seeds
Seed Generation Crawler
Algorithm & (Spaykler)
4) Analytical Query Interface “
Knowledge Base \
Y Domain
Relevancy
Model
L o ,
Semantucs s here. v _@
Cra;l Ir_\dex Raw Content
A n d h e r e , 3) Extraction
o
> §§ < Builds
Extraction Index
Extractor
And here! y Conceps
3. Date Times

4. Name Entities
5. Measurements
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1wo Use Cases with Semantics in use with crawling and deep learning

e Sea ice use case - what insights can we get by simply applying domain
expertise to a mostly existing set of tools

e Next steps with Ocean Observing Best Practices

Tailoring and Analyzing Topic-specific Crawls Using Semantics and Deep Learning, presented by Ruth Duerr
at the 2018 ESIP Winter Meeting
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Sea Ice Use Case - Crawler Inputs

Glossaries

http:/ /pubs.usgs.gov/of/2004/1216/text.html glacier terminology

http://unesdoc.unesco.org/images/0019/001925/192525E..pdf glacier mass balance and related terms

http:/ /www.aineva.it/previsori/ Classificazione%20Internazionale / snow terminology

20080720_iacs_classif2008.pdf

https://nsidc.org/fedc/glossary/ permafrost glossary (several pdf files required
from website)

http:/ /nsidc.org/cryosphere/glossary/all general cryospheric glossary

http:/ /www.jcomm.info/components/com_oe/oe.php? sea ice glossary

task=download&id=27226&version=March%202014&lang=1&format=1

http:/ /globalcryospherewatch.org/reference/glossary.php extensive compilation of cryospheric terms, most
likely encompasses all ot the above

http:/ /www.spri.cam.ac.uk/resources/directory/organisations/ extensive list of polar organizations of various

SOrtS
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Ronin Institute
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Sea Ice Use Case - Crawler Inputs

URL Seed List Search Terms
e http://arcticportal.org/ * ceaice ® seaice thickness
e http://ipa.arcticportal.org/ e permafrost e navigability
e http://nsidc.org/data/ e glacier e calving
e https://arcticdata.io/ e ice sheet e ice berg
e https://www.data.gov/climate/arctic-data/ e polar e snow water
e https://www.bas.ac.uk/data/ o Arctic equivalent
e Antarctic e mass balance
¢ SNOW e albedo

e After an initial crawl, a sample of the resulting documents were characterized as
relevant, irrelevant, or possibly relevant and used to re-train the model

Tailoring and Analyzing Topic-specific Crawls Using Semantics and Deep Learning, presented by Ruth Duerr

Oe\\\\ \Nsr/)(//\
d .} Ronin Institute

’17/4/‘4

at the 2018 ESIP Winter Meeting

=



Sea Ice Use Case - Banana based query and analysis

e00® -deep-in: X )
y polar.usc.edu/htmi/polar-deep \+
& | () polar.usc.edu/html/polar-deep-insights/#/config @ Q Search w8 ¥ # 9O =
Polar Deep |nsights Concept Editor  Query Interface Configure

Application configuration

oo

Field Value A concept ontology is required for this application to function. You can create your own ontology or

download a predefined ontology from your elasticsearch index.
Elastic search endpoint http://polar.usc.edu/elasticsearch

Elastic search extraction index polar-deep-insights-complete

The analytics interface requires additional precomputed information (ie) document counts per-entity.

Elastic search extraction doc-type docs

DOWNLOAD

Elastic search measurements index polar-measurements

You can Curate extracted measurements here.

Elastic search measurements doc-type raw-measurements

Entity Count JSON path http://polar.usc.edu/html/polar-deeg

Sweet ontology path

http://polar.usc.edu/html/polar-deeg

Github . Wiki from IRDS.USC.EDU

Tailoring and Analyzing Topic-specific Crawls Using Semantics and Deep Learning, presented by Ruth Duerr
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Sea Ice Use Case - Banana based query and analysis

S

o /."ﬁ Vpolar.usc.edulhtml/polar-deep-i| b 4 7 H"~\+
(i) ' polar.usc.edu/html|/polar-deep-insights/#/config & Q Search w8 ¥ # 9O =
Polar Deep Insights Concept Editor ~ Query Interface | Configure

L T T T P PP PP PP PP PP PP PP

Application configuration

——— ——

Field Value
Elastic search endpoint http://polar.usc.edu/elasticsearch

Elastic search extraction index

A concept ontology is required for this application to function. You can create your own ontology or
download a predefined ontology from your elasticsearch index.

polar-deep-insights-complete

Lr-entity.

A concept ontology is required for this application to function. You can create your own ontology or
download a predefined ontology from your elasticsearch index.

Sweet ontology path http://polar.usc.edu/html/polar-deeg

Github . Wiki [ from IRDS.USC.EDU
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Sea Ice Use Case - Banana based query and analysis

/."‘ polar.usc.edu/html/polar-deep-ir \ S

«

\

(i) | polar.usc.edu/html/polar-deep-insights/#/concept_editor

¢ Q Search v B 3 @

n

-

]
e

frazil-ice

Github . Wiki

£ from IRDS.USC.EDU
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Sea Ice Use Case - Banana based query and analysis
" To Tl

Stats Date Distribution Geographic Distribution Concept Correlation Popular Entities Measurement Distribution Regions of interest

1900 1950 2017 2050 TF_'DF - Average -

O———0

Distribution of documents that mention

Dlstrlbutlon of documents by date

icebergs again by date - What’s up with
th‘fl stllkfs in 2005, 2007 and 2012? Locations mentioned in documents
e S | that mentioned icebergs and that
— [ .. somet h INg WaS ice-boun d

22
g‘ 20
z
g 18
w

.0
28
26
6
14
12 0
g
£50,000.0
o
&
40,000.0
I I 30,000.0 | |
- T — IIIIIIIIII. IIIlIlIIlIIIII I I

Places v TF-IDF v Average

||||| . Wiki [ from IRDS.USC.E

e —

1956 1963

Github . Wiki [@ from IRDS.USC.ED
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Domain Exploration - Semi-automated Model Generation

EJ €& O costof not having earth science data > w8 ¥ A O & L

(i) # jplmemex-sce4.dyndns.org/explorer/

Domain Discovery - Seed Generation Update Model

0 Generate a Model

Title: Best Practices Teaser - Data.gov Title: OCADS - Guide to Best Practices for
‘ ocean best practices| Q https://ocean19.com/blog/best-pract URL: https://www.data.gov/ocean/best-pra URL.: https://www.nodc.noaa.gov/ocads/oce
Minimum 10 each <iframe src="https://www.googletagmanager.com <
P ghOB= aETanas < NOAA NATIONAL CEI|

OCADS Home

78 o 66 g 108 /ns.htmI?id=GTM-NG85BQL" height="0" width="0"
R style="display:none;visibility:hidden"></iframe>

Access Data

Vors Options oceqn

t d Fil
o Create a Seed File About

2. Import Seed File

Submit Data

N~ N AT L e Guide to Best Practices for Ocean

e Start the Crawl o ° | | ° ° | “ ° O

X Start Crawler

Title: Welcome to the Frontpage Title: Ocean - Best Practices - Data.gov
https://www.classy.org/blog/ocean/ URL: http://www.oceandatastandards.org/ URL: https://www.data.gov/ocean/best-pra

1 OCEAN DATA

More Options »

o Visit the Crawl Dashboard

Blocked by Content Security STANDARDS
Policy

This page has a content security policy that prevents it from

being loaded in thi .

eing foaded in this way The Ocean Data Standards and Best Pr:
Firefox prevented this page from loading in this way because .
the page has a content security policy that disallows it. PI'OJ eCt (ODSBP)

© O O O O
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Focused Crawling

2) Focused Crawling

e Sparkler (https://github.com/ oo
USCDataScience/sparkler) is an

extensible, highly scalable Web crawler Craver
that runs on top of Spark (vice Hadoop) (Sparkler)

e Uses the domain relevancy model to
find resources Knowledge Base v

e Avoids disrupting hosts being crawled T

e Partitions URLs by hostname and every
node gets a different host to crawl

e [nserts time delays between successive vy
requests =

Web

A

Domain
Relevancy
Model

O

Crawl Index Raw Content

7
r‘.

55&1“‘/5 Sol
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https://github.com/USCDataScience/sparkler
https://github.com/USCDataScience/sparkler
https://github.com/USCDataScience/sparkler

Exctraction

e Detects and extracts metadata,

text, URLs 9) Exiractios
e Toolkit of parsers to extract — L
—— > —:::= Be— Builds
e Concepts =:iiS
e Geographic locations Extraction Index
: Extractor
e Dates and Times 1. Concepts
o 2. Locations
e Named Entities 3. Date Times
_ 4. Name Entities
e Numerical measurements 5. Measurements

e Creates an index for the
extracted content

Vs

N
1 010101
O 1101100011
010101011001011
10111010110011101
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Polar Deep Insights - Facet-view based query and analysis

Query for documents mentioning the words “standards”, “ocean” and “sensors” using a keyword facet with terms “arctic” and “sea”

@ Chrome File Edit View History Bookmarks People Window Help © & B ™ = [ o) 100%@%) ™1 Thu2:00PM SiriJodhaKhalsa Q @ =

® @ ) sorQueryS: x " CommonQue x [} Redirecting x [} integration.pc x [} TikaAndNER x = [ FacetView - ( x Assessing the x |- Mercury bion X Siri Jodha
S ¢ C @ jpimemex-sced.dyndns.org/facetview/index.htmi?source=undefined w ® J
4 :*: Apps Y Bookmarks [ Recent Pages of Int... [ EOS Clients and Valids £ OPCATT Tabs [ ESDSWG [ MLJAIUNLP/PDI [ Semantics, LOD [ Crawl Solr Tika ] Other Bookmarks
-

+ URL v

Date added ¢ standards ocean sensors

Share or save this search:

NERC - Wet UK summers linked to Arctic sea ice retreat

Date Added: 2017-11-08721:12:34.4667Z

NERC - CryoSat-2 mission reveals major Arctic sea-ice loss

Date Added: 2017-11-08T721:06:01.658Z
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Polar Deep Insights - Facet-view based query and analysis

Query for documents mentioning the words “standards”, “ocean” and “sensors” using a keyword facet with terms “arctic” and “sea”

. hr m F]! E t Vl W Hi P T ot s .|A.3__n.-,“ JEL= _— A L N —~ :_1 N annss SIS - L ML P e | ,—-? A - — o _—
SERCINOme JL L5 - " & Chrome File Edit View History Bookmarks People Window Help € & ki & = [ @) 100% %> ™) Thu2:01PM SiriJodhaKhalsa Q @ =
. . S % l,?‘ A a2
D Solr Query 4% ® ® ) sorQueryS, x 2 CommonQue x [} Redirecting x [} integration.pc x  [% TikaAndNER x = [V FacetView - ( x Assessing the x = | Mercury bion x Siri Jodha
S ¢ > @ jplmemex-sced.dynd
i C Oip i S ¢ C @ jpimemex-sced.dyndns.org/facetview/index.html?source=undefined w *® (2
% ii Apps W Bookmarks [ Recent Pagll :ai

l =i Apps W Bookmarks [ Recent Pages of Int... ] EOS Clients and Valids ] OPCATT Tabs [J ESDSWG [ ML/AI/NLP/PDI [ Semantics, LOD [ Crawl Solr Tika ] Other Bookmarks

-

+ URL
Frost flowers growing in the Arctic ocean-atmosphere-sea ice-snow interface: 1.
Chemical composition - Douglas - 2012 - Journal of Geophysical Research:
Atmospheres - Wiley Online Library

Date Added: 2017-10-30T17:21:23.554Z

Assessing the potential impacts of declining Arctic sea ice cover on the
photochemical degradation of dissolved organic matter in the Chukchi and
Beaufort Seas - Logvinova - 2015 - Journal of Geophysical Research:

Biogeosciences - Wiley Online Library

Annual cycles of pCO2sw in the southeastern Beaufort Sea: New understandings

of air-sea CO2 exchange in arctic polynya regions - Else - 2012 - Journal of
Geophysical Research: Oceans - Wiley Online Library

Date Added: 2017-11-09T711:52:33.2647
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Polar Deep Insights - Facet-view based query and analysis

Query for documents mentioning the words “standards”, “ocean” and “sensors” using a keyword facet with terms “arctic” and “sea”
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model fitting assessed using the steps as outlined in Stedmon and Bro [2008]. Final mc
validation was conducted using a range of techniques including random split half analysis A «
and random initialization [ Stedmon and Bro, 2008]. Split half validation involves splitting —
the sample data into two halves and comparing model fits after running models on the two
halves independently. Random initialization was then used to ensure that the models were
in fact the least squares result and represented local minima.

Frost flowers g standards AV X

Chemical cq

AbDstract

1 Introduction

B s

» 2 Methods g
] 2.5 Dissolved Organic Carbon Analysis
Assessing et 3 Results
‘ R . . g .ps
After the experiments, samples for DOC analyses were acidified (pH < 2) by addition of HCI 4 Discussion

photochem
Beaufort

and analyzed for nonpurgable organic carbon using a Shimadzu TOC-VCPH analyzer fitted
with a Shimadzu ASI-V autosampler. Standards were prepared by the volumetric dilution of
a stock solution containing 500 uM DOC (potassium hydrogen phthalate, analytical grade)
to produce the following series of Standards: 0, 2, 5, 8, 10, 25, 50, 75, and 100 pM DOC. In Acknowledgments
addition to standards, aliquots of deep seawater reference material (Batch 10, Lot# 05-10)
from the Consensus Reference Material (CRM) project were analyzed to ensure the
precision and accuracy of the DOC analyses. Analyses of the CRM deviated by less than 5% Related Content
from the reported value for these standards (41 to 44 uM DOC;
http://yyy.rsmas.miami.edu/groups/biogeochem/Table1.htm). Standard and sample

5 Implications and
Conclusions

References

Citing Literature
Annual cycles

of air-sea C volumes analyzed were 20 to 40 mL. Routine minimum detection limits in the investigators

laboratory using the above configuration are 2.8 + 0.3 uM C, and standard errors are
typically 1.7 £ 0.5% of the DOC concentration [ Stubbins and Dittmar, 2012).

3 Results

3.1 Photodegradation of CDOM
all
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