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So, Whats the Problem?

* Domain (polar) 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?
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Applying “Big Data™ 1 echnology 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
. e -

Leverages prior work done under the DARPA -~
MEMEX (http://memex.jpl.nasa.gov/), NSF  #AriicalGueninteriace me,e;ease |
Polar Cyberinfrastructure activities, and T‘ e Y Domain
community workshops @ s
1. Domain Exploration - Create a URL seed list and .’|‘|’|'<—, l |

domain relevancy model = .@
2. Focused Crawling - Crawl the web using the Craw Index Raw Contont

seed list and model oo
3. Extraction - Use a number of extractors to 3) Extraction

extract content from the documents returned =] . e

by the crawl —
4. Analytical Query Interface - Use a variety of S e s

analytical tools to explore the extracted content 3. Date Times

4. Name Entities
5. Measurements

Domain Discovery System
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http://memex.jpl.nasa.gov/

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

We are currently exploring two paths:

1. Subject Matter Expert model generation (from 1) Domain Exploration

knowledge base, glossaries, search terms, and seed
URL's)

2. Semi-automated model generation

Intent to compare efficiency and accuracy of each
path (and their variations)

Two test cases so far:

1.Sea ice based off the NSF-funded SSIII project’s sea ice
ontologies

Seed Generation
Algorithm

2.Search terms, seed URL's, etc. provided by Jay Pearlman
and Pier Luigi Buttigieg for their Integrated
Oceanographic Data and Information Exchange Best
Practices work
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Domain Exploration - Subject Matter Expert Model Generation

Generatles

Generatles
............................................ )

(Optional)

b) Domain Relevancy
°°°°°°°°°°° ’ Moiel

Q Forwarded to . em L

a) Knowledge
Base

Uses

Generates
4

Provides | t terms >
(Optional) .

Start Here o
Subject Matter Search Terms -
Expert (num: t) g e Search Engines c) Domain Relevancy
5| (top r search results per engine) Calculator
Towial:(e.t.r+{e.u.n
------- = ;
URLs 8
(num: u) &
Output Seeds \
« - -
Generates - ’ Filter Relevant ’
Seed URLs
Rank Filter Ranked Results
(Top K Ranked)
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Domain Exploration - Semi-automated Model Generation

* Finding relevant URLs to crawl

e Start with small set of seeds provided by domain experts

* Feed these to general search engines and rank the additional found links
according to text similarity and other measures

* Domain experts rate these URLs for relevancy

* This annotated set of URLs then used to train a machine learning model to
predict the ‘domain relevance’ of a given document
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Domain Exploration - Semi-automated Model Generation
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() # jplmemex-sced.dyndns.org/explorer/ Eld C 4 cost of nct having earth science data

Domain Discovery - Seed Generation Update Model

o Generate a Mode
ocean best practiced Q

Minimum 10 each

78 o 66° 108

More Options »

e Create a Seed File

& Import Seed File

e Start the Crawl
X Start Crawler

More Options »

o Visit the Crawl Dashbcecard

https://ocean19.com/biog/best-pract

Title: Best Practices Teaser - Data.gov
URL: https://www.data.gov/ocean/best-pra

Title: OCADS - Guide to Best Practices for
URL: https://www.nodc.noaa.gov/ocads/cce

<iframe src="https://www.googletagmanager.com
ns.htmI?id=GTM-NG85BQL" height="0" width="0"
style="display:none;visibility:hidden"></iframe>

oceaqn
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https://www.classy.org/blog/ocean/

Blocked by Conlenl Securily
POHC:y

This page has a content security policy that prevents it from
being loaded in this way.

Firefox prevented this page from loading in this way because
the page has a content security policy that disallows it.

© ©
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Title: Welcome to the Frortpage
URL: http://www.oceandatastandards.org/

OCEAN DATA
STANDARDS

b ¢

The Ocean Data Standards and Best Pr:
Project (ODSBP)

) @

= NOAA NATIONAL CE!

OCADS Home

Access Data

Submit Data

About

Guide to Best Practices for Ocean

O ©

Title: Ocean - Best Practices - Data.gov
URL: https://www.data.gov/ocean/best-pra

-

a3l
C
Q> -
Ao

w\\

- »
V r
\ J/
L) N
]

il Ronin Institute

-




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

Domain
Relevancy
Model

O

Crawl Index Raw Content

2
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Focused Crawling Dashboar

]
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7’462’201 02/06/2017 150000 o (2/08/2017 235859 v

Relative | Absolute | Snce

FACET SEARCH © O X FrFacer CRAWL T'ME SERES
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RESULTS ] 0 © X T
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Exctraction

e Detects and extracts metadata,

text, URLs 3) 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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Analytical Query Interfaces

* This this vast store of information is of
little use without an efficient and
intuitive means of querying it

. Po[ar Data Insights is experimenting with % polar.usc.edu
various tools that an user can interact
with through different dashboards to
guery and visualize the data

* Banana

* FacetView /\/
|

4) Analytical Query Interface
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Polar Deep Insights - Banana based query and analysis
" To Tl
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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”,
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@ Chrome FHie Cait nViewisESS: @ Chrome File Edit View History Bookmarks People Window Help & & ki ™

® @ Solr Query S\ x "2 Co »
b Query - ® ® ) sorQueryS, x 2 Common Que x [ Redirecting x [} integration.pc x [ TikaAndNER x = [)) FacetView - ( x Assessing the x | Mercury bion X Siri Jodha
! - D) in! -
3 S| © jpimemex-sced.dyndigigy ¢ C @ jpimemex-sced.dyndns.org/facetview/index.html|?source=undefined w ® (2
] Semantics, LOD [] Crawl Solr Tika ] Other Bookmarks

B9 ESDSWG 5 ML/AINLP/PDI

| EOS Clients and Valids 1 OPCATT Tabs

e} * Apps Bookmarks [] Recent PagQ 23 ... _
| pps W / == ::: Apps W Bookmarks [Z3 Recent Pages of Int...

v + 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: 2017-11-08T7T11:52:33.2647
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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

» 2 Methods g
2.5 Dissolved Organic Carbon Analysis
Assessing . 3 Results
| 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
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).

5 Implications and
Conclusions

References

Citing Literature
Annual cycles

of air-sea C
(]

3 Results

3.1 Photodegradation of CDOM
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Semantics is Everywhere! " Domain Explorain 2 Fosused rawing

Seeds
Seed Generation Crawler
Algorithm (Sparkler)
4) Analytical Query Interface A
Knowledge Base Y
Domain
Relevancy
Model

Semantics is here!

|n||;'|||

O

Crawl Index Raw Content

3) Extraction

And here!

> < Builds

Extraction Index

And here! 1 Coroecl

3. Date Times
4. Name Entities
5. Measurements
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Summary and Conclusions

* A new approach to data discovery and
information extraction is required to make
effective use of the wealth of textual and
scientific data that is being generated

* An Open Source framework fosters community
involvement in the development, and
responsive evolution of the necessary tools

* These tools can provide the ability to address
grand challenge questions concerning the state
and trajectory of the Earth System and its Polar
regions
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