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About the Speaker poolparty.

Heather Hedden N
Data and Knowledge Engineer .(G SEMANTIC WEB COMPANY
Semantic Web Company °

Over 25 years of experience in developing and managing taxonomies, metadata, and other
knowledge organization systems for various organizations and applications.

Prior taxonomy consultant and staff taxonomist.

SEI:OND EDITION
Instructor of self-paced online taxonomy courses. The | )
Accidaytal
Author of the book The Accidental Taxonomist. TﬂXUﬂﬂmiSt
k
Heather Hedden
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Semantic Web Company (SWC) and PoolParty

SWC is developer / vendor of
PoolParty Semantic Suite

Current version 8 ° 0

Most complete and secure
Semantic Middleware /
Semantic Al platform on
the Global Market

On-premises or ‘
cloud-based 0

W3C standards compliant
1ISO 27001:2013
certified

[E
o

2 0 O installations
Over world-wide

-,
poolparty.

Named as Visionary

4 % ihGartner’s Magic

Quadrant for Metadata
Management Systems
2019, 2020

First release in 2009

Semantic Al:

g Fusion of Graphs,
NLP, and Machine
Learning

KMWorld listed PoolParty
as one of the
Trend-Setting Products
2015 -2020 and listed
SWC in the Al 50 list of
companiesin 2020
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Outline poolparty.

> Why Recommendation Systems and Types

> HR Recommender Example Demo

> How a Semantic Recommendation System is Built:
HR Recommender Example

> Taxonomy and Ontology Development
> Text Mining

> Knowledge Graph and Search Application
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Why Recommendation Systems poolparty.

Getting the right information to the right people

> Thereis a lot of information and content people can benefit from;
they don’t know how best to look for information that would benefit them.

> They don't know that the information is there or how to find it.
Making matches of what goes together a
» Standard search does not support complex matching queries.

A system that provides suggestions or recommendations to users can be very
helpful.
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Why Recommendation Systems poolparty.

A recommender system (engine) can recommend to its users:
» content of interest
» products to purchase
> people to connect with
> job opportunities
> training to improve skills
> knowledge assets to reuse

A match-making kind of recommender system can recommend:

» matches of applicants to job openings
» matches of consultants to projects
» matches of buyers and sellers
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Recommender System Types poolparty.

Recommender Technologies

1. Content-based filtering - Similar content recommended based on a single user’s interactions
> Can only make recommendations on previous interactions or feedback of the user

2. Collaborative filtering - Recommendations based on interactions from multiple similar users
> Requires a large number of users

3. Support Vector Machines (SVM) - Machine learning classification method, using algorithms,
training examples, statistical learning, which calculates distances between categories.

> Often used in combination with collaborative filtering

=== 4. Knowledge-based systems - Based on explicit knowledge of the content, stored in a graph
database, making use of a knowledge graph
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Recommender System Types poolparty.

Disadvantages to both content-based and collaborative filtering
» New users or items, which had not been trained upon, don’t get recommendations initially:
“cold start” problem due to insufficient data.
» By recommending more of the same, new ideas are lacking; it becomes an echo chamber

> By recommending more of the same, system does not “understand” what makes a good
recommendation.

> The choice made by the algorithms are not apparent.

> Can only recommend to the user and not do other matchmaking.

Disadvantages of Support Vector Machines (SVM)
> Requires time to train data, and performance varies based on the data.

> Designed for limited, distinct content and categories;
doesn’t have the benefit a taxonomy with synonyms and semantic relationships
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HR Recommender Example poolparty.

A semantic recommendation/matchmaking tool based on a knowledge graph

Use case Helpdesk Chatbot

> Anorganization wants to make the best use of the |
strengths and skills of its employees. \ @ Data Engineer

. L
» Employees, as self-service users, should be able to: I awl
> Connect with interesting coworkers ﬂ o "‘“““‘
> Browse releva nt projects Evaluation of version... //', \\\ Frontend Developer
> Find career opportunities within the organization n’f
> Matchmaking HR staff should be able to: I AT

> Find candidates for open positions
> Staff projects
> |dentify professional development needs
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HR Recommender Example
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poolparty.

Matthew
Walker

-
poolparty HR Recommender
OVERVIEW OPEN POSITIONS ABOUT
Meet these Employees
Move the sliders to see the coworkers that best match your strengths
- + bootstrapping - + computer science - + CSS
- + development - + Frontend developer - + HTML
- + JavaScript - + React e + style sheet languages

JavaScript, HTML, C++, C#, PHP, web programming, Prolog, AJAX, Pascal, C

Employee Strengths

getin
contact

GETIN H

LOG OUT

Footprint status

IMPROVE YOUR FOOTPRINT

& Florian Ber
? Y Richard
¥z W Vestnes
3 Sophie Whi
ﬁ Maria Sanz

Demo:

HR Recommender front end 4

oyees

https://hr-recommender.poolparty.biz/ ™

fg Lewis Wright

c Erico Ramos

® Nathaniel
Jones

4 DonnaMoreno

CSS, style sheet languages, Python, PHP, MATLAB, web programming,
Objective-C

computer science, JavaScript, PHP, JavaScript Framework, Pascal, Perl,
Objective-C

JavaScript, Python, ASPNET, JavaScript Framework, AJAX, Objective-C,
integrated development environment software

HTML, Java, Python, Prolog, JavaScript Framework, AJAX, C

getin
contact

getin
contact

getin
contact

getin

DITectmatcoe are asprayed in
black and matches derived from
the knowledge graph in gray.

Improve your matches by
clicking on the button above.

READ MORE
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How the Recommendation System was Built poolparty.

HR Recommender Components

1. Semantic model %
» Taxonomies containing concepts and labels oo
» Ontology of semantic relations

2. Content thatis text-mined
» CVs, personal profiles, job descriptions, project descriptions

3. Stored data

» Knowledge graph and a Solr search index . SOL”}

4. Recommender application
> Algorithms for calculating similarities and recommendations to enrich the semantic footprint

(using a SPARQL endpoint) E;‘

> Web application user interface on top of an APl pryvtls
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Semantic Model poolparty.

Taxonomy & Ontology for the HR Recommender %
» Taxonomy created from multiple sources
, 00
> Fully developed taxonomies
> ESCO (https://ec.europa.eu/esco)
>  SEMWEB custom created taxonomy ‘ﬂ
> Enrich the taxonomy with text mining (entity extraction)
> Propel
- Industry conference content: submitted papers, speakers
- Fictitious CVs

» Ontology model to add semantic relationships
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https://ec.europa.eu/esco/
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Semantic Model poolparty.

Taxonomy sources: pReoR

« Skills & Occupations Topics: #SEMWEB
SEMWEB custom taxonomy isEssential SkillFor——»
+«——relatedEssentialSkill—

« Skills & Occupations: ‘7 relatedSkill

ESCO Classification SKILL «—relatedOptionalSkil—  OCCUPATION
« Taxonomy enriched with text , ——isOptionalSkillFor—
mining (term extraction) of
Topics: é
Propel corpus of industry ‘
conference content: TOPIC
submitted papers, speakers

#PROPEL ' | ﬁw

Ontology model (as a layer):
Adds semantic relationships

13
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Semantic Model

T

PROJECT CORPORA

@ Bg & =

TOOLS ADVANCED

<

-,
poolparty.

B ESCO skill-transversal-groups (4) ]
L Propel: Category (8) ]
B Propel: Foundation (18) ]
’
(3l Propel: Topic (26) ]
[ SEMWEB Applications and Products (12)
[l SEMWEB Data resources (3) §
v SEMWEB Roles and Skills (2)
L Roles (19) J
4 Skils (42) ]
Big data (0)
Ci# (0)
B Data Scientist Skills (8) ]
|
.
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(@) Add to Collection Add to Blacklist Add to ExactMatch (X) Delete Concept

@ http://data.europa.eu/esco/skill/19a8293b-8e95-4de3-983f-77484079c389

SEMWEB, . Skill

Details Notes Documents

SKOS ® ESCO-scheme e+

Linked Data

Triples Visualization

Quality Management

History

isEssentialSkillFor

® computer science lecturer

® computer-aided design operator
@ numerical tool and process control pj

@

isOptionalSkillFor

(® 3D modeller

® application engineer
® chief ICT security officer
® chief information officer

HR Recommender
taxonomy and ontology
management

(Demo)

® chief technology. officer
® computer hardware engineer

(® computer hardware engineering technician

® computer numerical control machine operator
(® Data Scientist

® data warehouse designer

® database designer

(® database developer

® digital games designer

® digital games developer
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Text Mining poolparty.

What is text mining?
» An application of text analytics, utilizing Al technologies

of Natural Language Processing (NLP).
» Extracting passages from text that are relevant in a particular business context.
» Automatically deriving information, and not merely strings of words.
» Transforming unstructured text into meaningful information.

Text mining functions:
1. Extracting terms from a corpus as candidate concepts to enrich a taxonomy
2. Extracting taxonomy concepts from content for auto-tagging it

For the HR Recommender:

1. Extracted terms from the Propel corpus of conference content to enrich the taxonomy
2. Auto-tagged documents of profiles, CVs, projects, and job openings with the taxonomy

© Semantic Web Company 2021 15
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Text Mining poolparty.

/
CheeEAau & EA g

B ocaurus .
» Job skills @ Corpus Search

. I st 1. Extracting terms from a

4l Job roles (6) Metadata & Statistics Extracted Concepts Extracted Terms Corpus Documents

R Cocoions 04 Siiaismactaiinll corpus as candidate concepts

[ Skills (3) Search Terms WSI Filter

v COT:;ZMHS Search All to e n rl C h a ta XO n O my

B9¢ Candidate Concepts

Reset

Extracted Terms Select All Deselect All Add Candidate Concepts Add to Blacklist Export Documents

g Term Relevance CTS MIS > Frequency
Digital AssetiManagss demand generation 18.11 0 21.21 9

risk assessment 10.68 0 20.49 6
Student Association 6.61 0 19.58 7

&

&
&
&
&

Search Quality Testing 10.53 0 19.83 6

cyber security 9.12 0 19.32 9
metadata standards 20.09 0 18.73 1

&

services company. 14.23 0 19.08 8

&

Digital Transformation 23.43 0 18.97 27

s &8 8 &8 8 8 ¢ 8

Q0000 Oo

&
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Text Mining poolparty.

T PoolParty Extractor - 7.0.5

Display Debug Information

Concepts

Concept Preferred Label Normalized Score Corpora Score Transitive Broaders Transitive Broader Top Related Concepts
Concepts

Data Scientist 100.0

requirements 69.0

pipelining

modelin M M

o 2. Auto-tagging with Extractor API

aws https://hr-recommender-poolparty.poolparty.biz/
“ extractor/test/extraction

(Demo)

candidate

Shadow Concepts

Concept Preferred Label Normalized Score Corpora Score  Transitive Broaders Transitive Broader Top Related Concepts
Concepts

interaction 100.0 11073.25
Graph 92.0 10287.55
data extraction 85.0 9430.44 7]
communication 83.0 9257.79 B
JSON 47.0 5236.87 7]
remote 42.0 4730.15 B
troubleshoot 35.0 3927.06
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Stored Data in a Knowledge Graph poolparty.

What is a knowledge graph?

SEMANTICAI
APPLICATION

» Taxonomy + Ontology + Instance Data
stored in a graph database, often as triples

» Connects the content/external data layer and
the semantic application layer

CONCEPTUAL AND
LINGUISTIC MODEL

In the HR Recommender: (VIRTUAL)

DATA GRAPH

|
HdY49 3I90ITMON) ISI4dHILNI

The semantic application is based on
the Solr search Index.

Instance data are text snippets about —
each employee. DATA LAYER

© Semantic Web Company 2021 18




Application Build: Enrich the Footprint

SPARQL query endpoint

-,
poolparty.

Algorithms for calculating similarities and recommendations to enrich the semantic footprint

SPARQL Endpoint

PREFIX skos:<http://www.w3.0rg/2004/02/skos/core#>
PREFIX propel: <https://pp-semantics-dev.semantic-web.at/PROPELontology#>
PREFIX esco:<http://data.europa.eu/esco/model#>
SELECT *
WHERE {
?uri skos:prefLabel ?label .

SELECT ?uri (MAX(?distScore) AS ?maxDistScpre)
WHERE {
VALUES ?x { <http://data.europa.eu/esco/skill/ 19a8293b-8e95-4de3-983f-77484079¢389> }

BIND(?x AS ?uri)

BIND(STRDT('1.00" xsd:float) AS ?distScore)
}UNION {

?x esco:isEssentialSkillFor ?uri.

BIND(STRDT(0.5' xsd:float) AS ?distScore)
ALINION £

uri

http://data.europa.eu/esco/skill/ 19a8293b-8e95-4de3-983f-77484079c389
http://data.europa.eu/esco/skill/eb0e5615-1575-4a86-a1a2-7d39595033c5
http://data.europa.eu/esco/skill/lb4dc6edf-dc7d-445f-8ce2-d7b9d225e282
http://data.europa.eulesco/skill/'58d7a289-dafd-4363-833f-d1dc4140885¢e
http://data.europa.eu/esco/skill/56a7f561-1d55-43c9-9cd7-36a0a9bcbc50

https://pp ics-dev. ic-web.at/PeopleandCc Matchmaker/820a0683-d2ae-4a88-a648-3feb2f104e44
https://pp-semantics-dev.semantic-web. aQJPeopIeandContentMatchmaker/3bfcfb92 -4f52-4b55-99d3-cb76a7e8131e
https://pp ics-dev. web.at/PeopleandCc ker/f31ae51f-aff9-42b1-81e9-fc9a55302090
http://data.europa. eulesco/skllll47b9bbcf 356¢-4782- 8334 7f531b2b5133

https://pp ics-dev. ic-web.at/Peopl Cc ker/3014fd67-33b2-4992-bffc-042338cdb026
http: I/data europa.eu/esco/skill/4c016b68-411 6-468¢-9dc6-42710c239%e4a
http://data.europa.eu/esco/skill/lb633eb55-8f 1f-4aeb-abdc-2022ffe2chb7f
http://data.europa.eu/esco/skill/def007fa-5fed-4a5f-91a2-b0d7e3db1be1
http://data.europa.eu/esco/skill/993b1e23-f2de-4bd8-b33f-f86dde 1c8e9d

http://data.europa. eu/esco/sklll/Ochdcﬁ 5778-42a5-b685- 4d01ae4a4871

https://pp ics-dev. ic-web.at/PeopleandCc hmaker/661ac55d-3e7f-4cd8-bad3-4dcdafbefabl
htps: llpp -semantics-dev.semantic-web. a\lPeopIeandC- Matchmaker/8e7dabd3-bcd8-4309-adb0-dac16ee331db

Add Namespace

[7] skos
[J oc

D DCterms
[ ow
[] roF
[C] roFs
[ swe

label

"Java"@en
"ABAP"@en
"AJAX"@en
"APL"@en
"ASPNET"@en
"Angular"@en
"AngularJS"@en
“Apex"@en
"Assembly”"@en
"C'@en

"C# @en
"C++"@en
"COBOL"@en
"CoffeeScript"@en
"Common Lisp"@en
"Crystal"@en
"Delphi"@en

maxDistScore

"1.00"<http://www.w3.0rg/l2001/XMLSchema#float>
"0.7"An<http:/hvww.w3.0rgl2001/XMLSchema#float>
"0.7"~<http:/vww.w3.0rg/i200 1/XMLSchema#float>
"0.7"An<http:/hvww.w3.0rg/2001/XMLSchema#float>
"0.7"A<http:/www.w3.0rg/i200 1/XMLSchema#float>
"0.7"A1<http:/eww.w3.0rgi2001/XMLSchema#float>
"0.7"A<http:/www.w3.0rg/l2001/XMLSchema#float>
"0.7" 1 <http:/hwww.w3.0rgl2001/XMLSchema#float>
"0.7"A<http:/www.w3.0rg/i2001/XMLSchema#float>
"0.7"4<http:/hwww.w3.0rgi2001/XMLSchema#float>
"0.7"A<http:/wvww.w3.0rg/i2001/XMLSchema#float>
"0.7" A4 <http:/hwvww.w3.0rg/2001/XMLSchema#float>
"0.7"A<http:/www.w3.0rg/i200 1/XMLSchema#float>
"0.7"A4<http:/hww.w3.0rgi2001/XMLSchema#float>
"0.7"A<http:/fwww.w3.0rg/2001/XMLSchema#float>
"0.7"A<http:/iwww.w3.0rg/l2001/XMLSchema#float>

"0.7"A<http:/lwww.w3.0rg/i2001/XMLSchema#float>
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Conclusions poolparty.

Semantic recommender systems are based on:
> Aknowledge graph comprising:

1. Ataxonomy, whose concepts are tagged to and/or extracted from the content to be
recommended and to either matchable content or a user profile

2. Anontology that links concepts with additional semantic relationships
3. Instance data linked to the taxonomy/ontology stored in a search index or graph DB
> Alarge body of content tagged with the taxonomy
Optionally enhanced with:
> Algorithms for weighting/scoring relations
And:
» Afront-end (user interface) application
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Resources poolparty.

> “From Taxonomies to Recommendation Systems” webinar recording
www.poolparty.biz/events/from-taxonomies-to-recommendation-systems

» Recommendation/matchmaking demos

>  HR Recommender

https://hr-recommender.poolparty.biz

> Wine & Cheese Harmonizer
http://vocabulary.semantic-web.at/GraphSearch

> Semantic Matchmaker (Matching consultants to projects)

https://semantic-matchmaker.poolparty.biz

> “Natural Language Processing with PoolParty” white paper
www.poolparty.biz/resources/natural-language-processing-with-poolparty

21

© Semantic Web Company 2021



https://www.poolparty.biz/events/from-taxonomies-to-recommendation-systems
https://hr-recommender.poolparty.biz/
http://vocabulary.semantic-web.at/GraphSearch/
https://semantic-matchmaker.poolparty.biz
https://www.poolparty.biz/resources/natural-language-processing-with-poolparty/

Questions/Contact poolparty.

Heather Hedden

Data and Knowledge Engineer
Semantic Web Company Inc.
One Boston Place, Suite 2600
Boston, MA 02108

857-400-0183
heather.hedden@semantic-web.com
www.linkedin.com/in/hedden

Semantic Web Company www.semantic-web.com

PoolParty Semantic Suite www.poolparty.biz poolpa rty
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