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What is a knowledge graph?

< Representation of an organization’s
knowledge assets, content, and
data—people, places, documents,
multimedia, data, etc.
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What is a Knowledge Graph?

&

< Representation of an organization’s
knowledge assets, content, and
data—people, places, documents,
multimedia, data, etc.—and how these
things are related to each other.
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What is a knowledge graph?

< Framework that
= Defines the things — people, documents, data, multimedia, etc. O

— Classes of things

— Subclasses of things :m
= Defines properties to describe a class of things or a subclass of things, ex: Name

= Defines relationships between the things or between the classes and subclasses

g—[ Created ]—@

< Typically, this is an ONTOLOGY that defines classes for the things, properties for the things,
and relationships between the things.

< Add instances and voila! A knowledge graph.

< Knowledge Graph = an ontology + instances
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Ontology + Instances
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Same concept, two knowledge graphs — Fluid Dynamics

PhySH - An ontology for the physics Google knowledge graph for the
domain same concept

'@ PhySH - Physics Subject Headings

Browse About Feedback .
GO gle fluid dynamics X U e}
Q Al [ videos [E Images F Books [ News i More Settings  Tools
Browse PhYSH About 294,000,000 results (0.63 seconds)
DISCIPLINES ; Fluid F
Acceierstors & Beams Search dynamics
‘Atomic, Motecular & Optical -
Biological Physics Research Areas Phys T A
Condenzad Matter & Materials Qverview
Aerodynamics Astrophysical fluid dynamics Biological fluid dynamics Examples About
Gravitation, Cosmalogy & Cavitation X Books In physics and engineering, fluid dynamics is a subdiscipline of fluid mechanics that describes the X -
Astrophysics Boundary layers 1o =l TErIEDE Compressible flows flow of fluids—liquids and gases. It has several subdisciplines, including aerodynamics (the study of In physics and engin| bdiscipline of fluid
Interdiscipinary Fhysics STTEEEE S - R — Types air and other gases in motion) and hydrodynamics (the study of liquids in motion). mechanics that descs ids and gases. It
Networks -2 maore relatd conodpre « Drops & bubbles ©mare e » ) has several subdisciplines, including aerodynamics and
\onlines: D . « Turbulence » Compressible boundary Practice problems en.wikipedia.org » wiki » Fluid_dynamics hydrodynamics. Wikipedia
onlinesr Dyrics . Flow instabiliy layers Fluid dynamics - Wikipedia
Muclear Physics calculators Model o
Panticles & Fieids Drop & bubble phenomena @ About Featured Snippets M Feedback
Physics Education Research . ~ . . Videos Principles o
- ) Convection ~1ma ted concepts Electrokinetic flows
Piasma Physics History People also ask Feedback
o = Drops & bubbles
Polymers & Soft Matier ~1more related concepts . . . .
Quantum Information T - Fluid flows (defunct) People also sear. What is difference between fluid mechanics and fluid dynamics? v
Setistical Fhysics. 7 Ll » People also search for »
Flows in porous media Granular flows What are the 4 properties of fluids? v
SHOW MORE < share
Flow instabilit gall ted concepts SR EEE Why is fluid dynamics so hard? v
# Include all refated concapts ow instability z :
« Porous media = Granular packing
Inchude il namower coneapls -3 more relsted conospts « Granular malesials What are the different types of fluid flow? e
» Turbulence
« Boundary layers . . . Hydrostatics Aerodyna. Thermody . Dynamics
WL Geophysical fluid dynamics Top results
+ Complex fluids Magnetohydrodynamics
R www.livescience.com » 47446-fluid-dynamics -
. . . r~
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https://physh.aps.org/browse?facetIds=Research%2520Areas&disciplineIds%5B%5D=Fluid%2520Dynamics

Types of knowledge graphs

Knowledge base

Social network

Data catalog

Combinations

Repository of structured and
unstructured information.

Social structure determined by the
interactions between individuals,
groups, and organizations.

An organized inventory of the data
assets in an organization.

Combinations of content.

Discover and manage resources so they can
be used to reason about and draw
conclusions about the world.

|dentify patterns, locate influential entities, and
examine network dynamics.

Discover, use, interpret, and govern
data entities.

Combinations of goals.



Some common uses for knowledge graphs

Enhance search results Google

Personalized search results Facebook, Google

Entity linking Amazon

Recommender systems Amazon, Netflix, Spotify
Target ads Google, Facebook

Enhance analytics of data (insert name of business here)

Taxonomy Strategies The business of organized information



There are not a lot of knowledge graphs available off the shelf
but there are many ontologies available (think framework)

New: BARTOC Federated Asynchronous Search Tool About BARTOC Contact Top-rated content Recent content
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https://bartoc.org/en/browse?shs_term_node_tid_depth=All&shs_term_node_tid_depth_1=All&shs_term_node_tid_depth_2=All&shs_term_node_tid_depth_3=2&shs_term_node_tid_depth_4=All&field_format_tid=All

Commonly used knowledge graph data resources (think instances)

Knowledge Graph

DBpedia Cross-domain Wikipedia

Wikidata Cross-domain Wikipedia, (Metaweb Freebase)
Google Knowledge Graph Cross-domain Web data

Facebook Entities Graph Cross-domain Wikipedia, Facebook data

The Linked Open Data Cloud Cross-domain Various

Qingyu Guo, Fuzhen Zhuang, Chuan Qin, Hengshu Zhu, Xing Xie, Hui Xiong, and Qing He. “A Survey on Knowledge Graph-Based
Recommender Systems.” arXiv:2003.00911 [cs.IR] Last checked 10/31/2020
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https://wiki.dbpedia.org/
https://www.wikidata.org/wiki/Wikidata:Main_Page
https://lod-cloud.net/
https://arxiv.org/abs/2003.00911

Agenda

< Whatis a knowledge graph?
< Measuring organizational readiness

Taxonomy Strategies The business of organized information



Data Management Maturity (DMM) model

Category

1 Ad hoc There are Ad hoc processes at the project level, but not applied across
business areas. Processes are reactive, repair vs. prevention, and
Improvements are not extended throughout the organization or maintained.

2 Repeatable Repeatable processes are planned and executed based on policy by skilled
staff, and with stakeholder involvement.

3 Defined Standardized processes are defined and followed.

4 Measured Statistical and quantitative process metrics have been defined and are used to

identify variance, predict outcomes, and analyze results.

5 Optimized Process performance is optimized by applying Level 4 analysis to identify
opportunities for improvement.

Source: CMMI Institute. Data Management Maturity Model at a Glance.



Data Management Maturity process areas

Data Management Strategy

Data Management Strategy

Define vision, goals, & objectives.

Communications

Publish policies, standards, processes, announcements, etc.

Data Management Function

Ensure that data is managed as a corporate asset.

Business Case

Rationale for funding initiatives.

Program Funding

Obtaining adequate & sustained funding.

Data Governance

Governance Management

Develop ownership, stewardship, & operational structure.

Business Glossary

Develop a common understanding of terms & definitions.

Metadata Management

Clear & organized information about structured & unstructured assets.

Data Quality

Data Quality Strategy

Achieve & maintain required level of data quality.

Data Profiling

Understand content, quality, & rules of managed data.

Data Quality Assessment

Systematic approach to measure & evaluate data quality.

Data Cleansing

Correct data according to predefined business rules,

Data Operations

Data Requirements Definition

Ensure data will satisfy business objectives.

Data Lifecycle Management

Control data flows throughout business processes.

Provider Management

Consistently manage data provisioning agreements.

Platform & Architecture

Architectural Approach

Enable acquisition, production, storage, & delivery of data.

Architectural Standards

Provide approved set of expectations for governing architecture.

Data Management Platform

Implement & manage effective platforms.

Data Integration

Enable source data optimization.

Historical Data, Archiving, & Retention

Meet legal & regulatory requirements for archiving data.

Source: CMMI Institute. Data Management Maturity Model at a Glance.




DMM pros and cons

Pros Cons
< Independent (and self-) benchmarking < Complexity and expense
< Increased sustainment = Reading and understanding the materials
< Supports executive sponsorship = Putting it into action

— ldentifying processes

— Mapping processes to model
— Gathering required data

— eftc.

< Does not scale down well to small
organizations and small projects
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DMM alternative

< Different organizations have different levels of sophistication in their planning, execution, and
follow-up for knowledge base, social network, and data catalog projects.

KKK
KKK KKK
KKK KKK XKX
KKK KKK XKXK XXX KKK
KKK KKK KKK KKK KKK KKK XXX KKK
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Conduct an organizational, data, and technical infrastructure readiness
scan (1)

< Develop knowledge graph scope < Develop Competency Questions
and use cases (CQs) — Questions the knowledge
= Do some background research on the base, application, or ontology
domain, including review of any existing should be able to answer in
user researc_:h, functional requw_ements, fulfillment of the use case and a
documentation from related projects, :
otc. representation of the sample
= |[nterview business and technical answers.
stakeholders = Elisa F. Kendall and Deborah L.

McGuinness. Ontology Engineering.
Morgan and Claypool, 2019.



Example of competency questions (CQs) for a health care provider
knowledge base

AlA B D E F G H | J a8 L M N (o]
, D User Stoty for Health Care Consumer Query terms Andy comment B“WS?L:?::“"‘ “| e C“::t':“ms::m c""""":’s& D"P'“M_h“ & | Medical Supplies & O“fl_"g:inh Quality Indicator | Specialty Areas | Tests & Treatments
Find an insurance plan that alizns with father's insurance for unemploved Health insurance
2 | 1 unemployment status. | gperson, insurance plan, insurance Males: Adults CcOVerage
top rated cancer doctor, doctor
quality. doctor performance., Dr.
performance. Dr.
3 | 2 Find out more on the oncologist's performance generally. quality Males: Adults Medical oncologist
primary care doctor. general
Find a primary care doctor who can take in father as soon medicine, general doctor, regular  swrprisingly, Physician Compare Primary care
4 | 3 aspossible. doctor deals with these terms fairly well Males: Adults doctors
pain management, palliative care, Hospice and
Decide whether to move father with recurring stage 3 colon | |hospice, palliative vs , where to Palliative Care
5 | 4 cancer on to palliative care or hospice. get palliative care Hospices Colon cancer Males: Adults Medicine
N collapsed lung tall people, Jenmifer might have been given
6 | 6 Read about collapsed lung condition in tall people. spontaneous pneumothorax the medical term from a doctor Collapsed lung Female; Adults
N physical therapy hip, rehab after
hip replacement, inexpensive Physical Therapy
physical therapy, home physical Health insurance and Restorative
7 | 7 Find an affordable physiotherapist. therapy Female; Adults coverage Services Physical therapy
Lindsey may look for these
things, but [ don't think we'll
have the right info; but if she
types in "PT w/ flex scheduling"
physical therapy near wom, after  something related to PT will come Physical Therapy
Find a physical therapy office with flexible scheduling near | |hours physical therapy, physical up and she can do a secondary and Restorative
8 | 11 Lindsay’s college campus. therapy with flexible scheduling  search through provider pages Females; Adults Services
cost of physical therapy, does
student insurance cover physical
Figure out how much Lindsay would have to pay out of therapy?, out of pocket costs for Health insurance
9 | 12 pocket for physical therapy. PT Females; Adults CcOVerage
does eye pressure case Cataract;
cataracts?, are cataracts caused Prediabetes; Pre-
Learn if Adam's cataracts are related to his elevated eye by diabetes?, cataracts "eye this is basically a straight diabetes; Elevated
10 | 14 pressure and pre-diabetes. pressure” diabetes MedLine query Eve Pressure Males: Seniors
side effects of cataract surgery,
bl ’ ‘J‘-‘ r—.,_,‘ v J_-“ﬁﬁﬁwe}f r..___ '_’_._,- .} ‘_.....‘J W s f iy .’,J‘-Jr o » j\m f‘.’-‘ﬂw‘.—"w-, y L
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Conduct an organizational, data, and technical infrastructure readiness
scan (2)

< Assess an organization’s knowledge assets, content, and data

= Do some background research including review of metadata, data dictionaries, content inventories,
guidelines or standards, architectural diagrams, database schemas etc.

= Analyze search logs and content analytics

Taxonomy Strategies The business of organized information



é Competency Question #62: “Find out about post-stroke physical, occupational
and speech therapy once she is released to home.”

i Semantic Compare and Web-
Key Concepts Entry Terms Relationships CMS Dataset Values site Searches

post-stroke therapies; < physical therapist :\ ' should be synonym for . has related Care " | should have “Physical .| PC search on Specialty
physical therapist :' S “Physical Therapy and ., Settings “Physical and J Therapy” (PC Specialty) ! | “Physical Therapy;
stroke; occupational :i: occupational therapist + ' Restorative Services” ' | occupational therapy 1\ pommmmmm--o------——_______. ‘4 Occupational Therapy; |
therapist for stroke; ) mmeeseosoeo-oooo--------U 1 (Specialty) . clinic” ' Physical Therapy . /i Speech Language
speech therapy for ¢» speech therapist Ny T L - Services” (HHC) "1 Pathologist” !
stroke; speech, e "W il SELEE RS S '
occupational, and b momsmo oo T --------: | “Occupational Therapy” 1/ ---ooocoooooeooomeeooooo.
speech therapy in one .l ‘:‘\‘ is synonym for . has related Condition .1 (PC Specialty); ' I+ HHC search for
place / near me : . “Occupational Health r’ . “Stroke” |\ poooTIIITIIIIITIIIIIITIITNa “Physical Therapy :
. | .| Services” (Specialty) o ' Occupational Therapy | 'y Services; Occupational
pommmmmmm e (iintybtybuiviyiyiyitybuiybyiviiyistyiity ' . Services” (HHC) /T Therapy Services; !
- User web search: post- || .\ should be synonym for :—'33—'33—'—'—'—'—_—'—_—'—'—'—'—'—_-'—_-'-'-'-'—'-_:, || Speech Pathology
. stroke therapies j ': * “Speech Pathologist” R L | “Speech Language 1! Services”
| ' (Specialty) : Tha,  TTTmmmeee- » Pathologist” (PC :’; EaEe ettt '

| e ' N ' Specialty) K

4; stroke ““ “Stroke” (Condition) N ' should have “Speech !/

~"==2-+ Pathology Services” v

1 (HHC) :
i ' User Terms Tte-ll__.
L Terms that are in CF Ontology T e > CF Taxonomy web

i search : “stroke”

____________________________
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LY

Competency Question #62: “Find out about post-stroke physical, occupational
and speech therapy once she is released to home.”

Class:Specialties ©

21

E

ILLOW QCCUP 5.47E+038

A B c D E F G H I J K | L\ A N 0 P Q R s T U W ] R,
1 |NPI PACID  ProfessiorLast Name First Nami Middle Nz Suffix Gender Credentia Medical st Graduatio Primar\)\ A:ondar-,Secc—ndanSecondar\,Secondar\All seconc Organizati Organizati Group Pra Number o Line 1 StreLine 2 Stre Mar
911845 1467527598 3.48E+09 120070307 BROWN ANDREW L M OTHER 1995' PHYSICA‘I:II'HERAPY JEFFERSON REHABILI 1.85E+09 1425 CHESTMUTST N
911846 1467770958 6.8E+09 120131122 CHATHAM MATLELYM] F OTHER 1992 PHYSICAL THERAPY ORLEANS PARK REHZ B.63EH09 1 15 ORLEANS DR N
911847 1376817684 5.47E+08 120120402 RIECKEMBE CHAD B M OTHER 2011 PHYSICAL THERAPY BACCI AND GLINNM Pt 4.18EH09 3 331 N 11TH AVE N
911848 1356625305 9.54E+09 120111101 RAICH YANIWV M OTHER 2008 PHYSICAL THERAPY MNY SPINE PHYSICALT 1.95E+H09 4 193 JERICHOTPKE N
911849 1104933019 8.12E+09 120050822 GOLDSTEI ARI DavVID M PT OTHER 1958 PHYSICAL THERAPY ACTIVE HEALTH 7.49E+H08 2 11011 5 48TH 5T N
911850 1487988739 4.2BE+09 120111215 SHEMKER EVGENY M OTHER 2008 PHYSICAL THERAPY GRAMERCY PHYSICAI 1.05EH09 1 247 3RD AVE Y
911851 297 7.62E 2 KEVIN M STATE UNI 1998 RTHOBREDIC PHYS, 6BE+09,
Class:Specialties ©
A B C D E F G H I ] K o Pra— : I P Q R 5 T U W W 2
1 |MNPI PACID  ProfessiorLast Name First Nam Middle Nz Suffix Gender Credentia Medical st Graduatio Primar\ ﬁndar\Secc—ndanSecondar\,Secondar\,All seconc Organizati Organizati Group Pra Number o Line 1 StreLine 2 Stre Mar
784969 1235172131 9.83E+09 120050517 BLUMENS MICHELLE F oT OTHER 1981 OCCUPA\ANAL THERAPY HAND THERAPY 50LL 1.36EH09 1 1086 TEAN 2D N
784970 1326063033 1.56E+09 120051006 JOHMSOM RETTA P F oT OTHER 1986 OCCUPATIOMAL THERAPY HAND CLINIC, INC 2.4T7EHIS 2 4501 DEER SUITE 200 N
784971 1639373433 6E+09 120070828 CAYOM  CHERI L F OTHER 1993 OCCUPATIOMAL THERAPY MILWAUKEE HAND C 1.15E+H09 4 1535 WMARKET ST N
784972 1750600946 3.27E+09 120100920 HOVEN  DANIEL M UNIVERSI 2009 OCCUPATIOMAL THERAPY JACKSOMNVILLE LYMP 1.46E+09 2 3599 UNIVERSITYSE N
784973 1932279155  6.8E+09 120050407 SULLIVAN JAMES F M oT OTHER 1995 OCCUPATIOMNAL THERAPY MAMUAL THERAPY O 4.69E+H09 2 1BAECHE!SUITEY N
784974 | 1518139864 2.16E+09 120130301 SHROFF  NIMISHA F OTHER 1994 OCCUPATIOMAL THERAPY PAIN REHAB ANDWE 1.25EH09 11221 WBEN WHITEE N

13 T

3849?5 1053527697  6.1E+09, 220 HAN 2o N THER 1991 ; -
WF‘MM Class:Specialties ©
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A B C D E F G H 1 ] K H ﬁ ' & (o) P Q R 5 T u Vv W
1 NPI PACID  ProfessiorLast Name First Nami Middle Ne Suffix Gender Credentia Medical s« Graduatio Primak Acondan,SecondanSecondar\,SecondanAll seconc Organizati Organizati Group Pra Number oLine 1 StrelLine ZStrEI\?
1032702 | 1437330537 7.52E+H09 120130314 MARTINE: PATRICIA F TEXASTEC 1993 SPEECH\ﬁNGUAGE PATHOLOGIST PATRICIA MARTINEZ 7.21E+09 1 817 W PARK ROWDFEN
1032703| 1205037744 5.09E+H09 120110706 DE LA FUE KARIN F OTHER 1988 SPEECH LANGUAGE PATHOLOGIST EL PASO SPEECH ANL B.33E+09 1 1527 BROWN 5T N
1032704 | 1558559716 3.68EHD9 120091022 GRIFFIN CATHERIML F OTHER 1990 SPEECH LANGUAGE PATHOLOGIST STATE OF THE HEART 4.39E+09 1 209 TAYLOR DR N
1032705| 1316174592 1.56E+H09 120100716 JOHMNSTOIJANE A F OTHER 1991 SPEECH LANGUAGE PATHOLOGIST LOCAL THERAPY, LLC 3.58E+09 1 1210 SRIVER 5T N
1032706| 1619159324 1.76E+H09 120120725 GUREVICH RADMILA F OTHER 2003 SPEECH LANGUAGE PATHOLOGIST PRE-CARE SPEECH L& 7.91E+09 1 1829 RICHMOND RD M
1032707 | 1770721805 7.01E+09 120090915 BOYD RUTH E F OTHER 1995 SPEECH LANGUAGE PATHOLOGIST CLEARSPEECH SPEEC 6E+09 1 5020 SUNNYSIDE AVEN
1032708 | 1225178601 1.15E+09 120140331 HAMPTORMTY M UNIVERSI 2006 SPEECH LANGUAGE PATHOLOGIST TALKING WITH TY 5P 3.78E+09 1 3030 EBBTH AVE
032709 1063762938 2.37E 0140923 KIRSCHME ALLISON C F 2012 SPEECH LANGUAGE PATHOLOGIST 1130 G E




e Competency Question #62: “Find out about post-stroke physical, occupational

and speech therapy once she is released to home.”

Onto Concept

BB} U.5. National Library of Medicine

nJr MedlinePlus - S -

Trusted Health Information for You

About MedlinePlus  Site Map FAQs Contact Us

Health Topics  Drugs & Supplements  Videos & Tools Espaiiol
Home — Search Results Sesrch Help
~
All Results (3.650) A stroke is 8 medical emergency. Strokes happen when blood flow

|- Health Topics [153) to your brain stops. Within minutes. brain cells begin to die. Thers
are two kinds of stroke. The mare commaon kind, called ischemic
L External Health Links (2.543) stroke. is caused by a blood clot that blocks or plugs a blood

|.= | Drugs and Supplements [314) wessel in the brain. The other kind, called heamarrhagic stroke, is
caused by a blood vessel that breaks and bleeds into the brain. =
"Mini-sirokes" or transient ischemic sttacks (TIAs), occur when the

|+| Videos and Tutorials (1) blood supply to the brain is briefly interrupted.

= | Medical Encyclopedia [373)

.= | News [=3)
Symptoms of stroke are
.= | MedlinePlus Magazine [185)

|- | Other Resources [34) (Read mare)

|- | Multiple Languages (15}
Results 1 - 10 of 3,690 for stroke

. Stroke (National Library of Medicine)
A stroke is a medical emergency. Strokes happen when blood flow to your brain stops.
‘Within minutes, brain cells begin to die. There are two kinds of stroke. The ..
https:ffwww_nim_nih.govimediineplusi/stroke_himl - Health Topics

=]

. Ischemic Stroke (Mstional Library of Medicina)
A stroke is a medical emergency. There are two types - ischemic snd hemorrhagic.
Ischemic stroke is the most common fype. It is usually ... are at risk for having a more
seripus stroke. Symptoms of stroke are Sudden numbness or weskness .

https:ffwww_nim_nih.govimedlineplusfischemicstroke. himl - Health Topics

2. Hemorrhagic Stroke (Mstionsl Library of Medicine)
A stroke is a medical emergency. There are two types - ischemic and hemaorrhagic.
Hemgrrhagic stroke is the less common type. It happens when ... an artery wall that
brezks open. Symptoms of sfroke are Sudden numbness or wesknass of the face, ...
hitps:ffwww.nim.nih.govmedlineplus/hemorrhagicstroke.html - Heslth Topics

. Stroke R

fion (Mational Lj
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Do a knowledge graph proof of concept (POC) | have ESRD and need to find a
dialysis center located near me?

Mappinqgs to Medicare.qov dataset values

In-center hemodialysis; In-
Lo center peritoneal dialysis

Hemodialysis Equipment and
Supplies; Home Dialysis
Equipment and Supplies

1) Develop a high-level ontology for a
broader domain (e.g., Healthcare), /
and a detailed ontology for a
specific domain (e.g., ESRD).

2) Populate the Knowledge Graph
with instances.

3) Build queries based on the §
competency guestions. / S ]
4) Validate the Knowledge Graph. o

5) Document the Knowledge Graph
development process.

affects body location

Nephrology /

L]
Home hemodialysis training; ;
In-center hemodialysis; In- @ eecccccce
center peritoneal dialysis
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Enterprise knowledge graphs: Ready or not?

XS

*%

Is there an executive sponsor?
Are use cases identified?
Are there competency questions?

What are the available knowledge assets?
= Existing ontology, business glossary, employee profiles
= Data and content sources that use the ontology, glossary, or other named entity semantic resources
< Is there a platform for knowledge graph development?
= Ontology management system
= Graph database
> Has a validation process been specified?

> Is there a process for sustainment?

L/ J
& 0.0 0.0

L/

*%

&

&

L)

L)

&

L)

L)
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Summary

» A knowledge graph IS A ontology with instances.
» An ontology IS A framework for a knowledge graph.
» Readiness IS A maturity assessment process.
= For CMS, the organization wasn't ready at the time.
= ... But they came back a year later to do more work on this.
» High maturity really means a process and metrics emphasis.

= This is a guide to discover what processes may be more sophisticated than your organization can
handle, and to decide where you need to improve your processes.

= Keep in mind the difference between organizational and team sophistication. A specific team may do
some very advanced things, even if the organization around them is not “mature”.



Resources

&

L)

» The Basel Register of Thesauri, Ontologies & Classifications (BARTOC). https://bartoc.orqg/.

> Joseph A. Busch & Ron Daniel, Jr. “Benchmarking Your Search Function: A Metadata
Maturity Model.” May 17, 2005. https://taxonomystrategies.com/presentation/benchmarking-
your-search-function-a-maturity-model/.

< “Data Management Maturity Model at a Glance”. CMMI Institute.
https://cmmiinstitute.com/getattachment/ch35800b-720f-4afe-93bf-
86ccefblfbl7/attachment.aspx.

< “Designing for Values Based Information Seeking” [PDF][Video]. Vivian Bliss, Joseph Busch,
Madonnalisa Chan and Susan Golden, Taxonomy Strategies at the |A Summit in Vancouver,
BC on March 25, 2017.

< Qingyu Guo, Fuzhen Zhuang, Chuan Qin, Hengshu Zhu, Xing Xie, Hui Xiong, and Qing He.
“A Survey on Knowledge Graph-Based Recommender Systems.” arXiv:2003.00911 [cs.IR]
» Kendall, Elisa F. and Deborah L. McGuinness. Ontology Engineering. Morgan and Claypool,

2019. https://www.amazon.com/Ontoloqgy-Engineering-Synthesis-Lectures-
Semantic/dp/1681733102.

< PhySH — Physics Subject Headings. American Physical Society. https://physh.aps.org/.
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&
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https://cmmiinstitute.com/getattachment/cb35800b-720f-4afe-93bf-86ccefb1fb17/attachment.aspx
http://www.taxonomystrategies.com/wp-content/uploads/2017/01/Designing%20for%20Values-Based%20Information%20Seeking.pdf
https://blueprintdigital.com/ia-summit-2017/vivian-bliss-joseph-busch-susan-golden/
https://arxiv.org/abs/2003.00911
https://www.amazon.com/Ontology-Engineering-Synthesis-Lectures-Semantic/dp/1681733102
https://physh.aps.org/

Questions

Joseph Busch Vivian Bliss
jbusch@taxonomy strategies.com vbliss@taxonomystrategies.com
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