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Q Quick introduction to Semantic Technology

Q Production data needs and How Semantic Technology
helps
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The Web: The World" s Largest
Information System
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What does the Web do?

Doing more with production data
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Semantic Web: Make Web content machine-readable!

“The Semantic Web is a vision: the idea of having data on the Web defined
and linked in a way that it can be used by machines not just for display
purposes, but for automation, integration and reuse of data across various

appications.[WBC 2001] " S E M A N T I C

“The Semantic Web is an extension of the current Web in which
Information is given well-defined meaning, better enabling computers and
people to work in cooperation.” [Tim Berners-Lee et al 2001]

by

TIM BERNERS-LEE,
g
§
E

JAMES HENDLER and
ORA LASSILA
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0:0 What could a Semantic Web do?

Doing more with production data
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0:0 From The Web to a Semantic Web

hasManual
requires

requires

livesAt
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0:0 Features of The Web

d Anyone can say Anything about Any topic (AAA)
O Names are global so that anyone can refer to them

Qd Two people might have different names for the same thing. ..
(non-unique naming)
> ...Or the same name for different things!

QO You never know everything on the Web (“Open World”)

This isn’t what we want the Web to be, it is how the Web is (and
how it supports the network effect that makes the Web so
valuable)
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0:0 The Web rides the Internet

3 Internet technology includes

> Standards for identifying things globally : Web addresses (aka
Uniform Resource Identifiers or URIs)

> Protocols for accessing the identified things: Hypertext Transfer
Protocol (HTTP)
d Businesses and users have a lot of experience using,
managing, securing and scaling Web sites and
applications that use Internet technologies

a And all this works just as well on internal, secure
networks as on the Web/Internet
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0:0 A plan comes together

Qd Build on existing Web infrastructure — after all it is the
Semantic Web

Q Be flexible and extensible

> Enable easily reuse of and addition to what’s known about a
topic without forcing translation or duplication

> Enable naming issues to be addressed

d Do not stop simple things being done simply, yet enable
automation and complexity where useful

» Draw on computer science meets philosophy research —the ‘O
word’ comes into use (i.e. ontology)

d Develop standards to support the Semantic Web vision
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0:0 Technical Solution

0 Web data is not tables or a hierarchy ... it is a network

> Same is true of data about any even mildly complex topic, such
as Oil and Gas Production

a Obvious solution : manage the data as the graphs that
they naturally are

> Remembering that names are global and ride on Internet
technology

a And add semantics over that

© Copyright 2013 TopQuadrant Slide 11



W3C Standards Stack

d RDF |€tS data be brought User Interface & Applications

together (as graphs) Trust |

d RDF Schema enables

_ . Proof

simple data modeling __ —
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Crypto
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Resource Description Framework

Q RDF : basic infrastructure, a directed graph language

> Resource means thing identified by a Web address
> E.g http://www.example.org/places/offers
O The node-edge-node pattern is called an RDF Triple, which equates to a

cell in a spreadsheet :

offers

m Yellowstone Backpacking
locatedIn /

\ }
|
RDF Triple : Subject - Predicate - Object

Slide 13
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http://www.example.org/places/Yellowstone

TopQuadrant™

< RDFS and OWL

RDF Schema is the schema language for RDF defines:

A things can be members of classes (individual/instance)
d class hierarchies (e.g. Company subClassOf Organisation)
Q simple property hierarchies (e.g nickname subPropertyOf

name)
Web Ontology Language (OWL) adds .
0 logic-based classes (e.g. A is unionOf B,C)

Qd restrictions on class-property relationships (all Company
instances shall be incorporatedBy Companies- House)

No new syntax, RDFS is specified using RDF so the schema is just
more data (same for OWL)
> the difference is in the inferences
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0:0 Simple Knowledge Organization System

O SKOS: the W3C RDF/OWL standard for thesauruses,

taxonomies, and controlled vocabularies

mammal
/ \ .7 perro
gato" %""* ¢ doa -t Chlen preferred label (English): “mammal”

/ \ * chucho
bulldog dachshund /\

Not managing

“terms”, instead

managing

“concepts”

preferred label (English): "dog"
B preferred label (Spanish): "perro”
preferred label {Engh?h).. ::at " preferred label (French): "chien"
Preferred label (Spanish): “gato alternative label (English): "mutt”
alternative label (Spanish): "chucho"

AN

preferred label (English): “bulldog”

preferred label (English): “dachshund”

© Copyright 2013 TopQuadrant

Slide 15



TopQuadrant™

0:0 SKOS Properties

M skos:broader Il skos:relatedMatch
M skos:broaderTransitive M skos:sermnanticRelation
Ml skos:broadMatch Il skos:itopConceptOf
Il skos:closeMatch B =kos:notation
Il skos:exactMatch ckos:altLabel
Ml skoshasTopConcept skos:changeMote
Il skosiinscheme skosidefinition
Il skosmappingRelation skos:editonalMote
Ml skos:member skos:example
Il skos:memberlist ckos:hiddenlabel
Ml skos:narrower skos:historyMote
Il skos:narrowerTransitive ckos:note
Ml skos:narrowbdatch skos:preflabel
Ml skos:related skos:scopelote
[ object property [ datatype property annotation property
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0:0 Key Characteristics of Results

Q Flexibility
> Designed assuming a bottom-up approach so mixing schemas and data from
many different sources is simple

> Adding new concepts is simple and low cost

Q Distribution

> Anything can be anywhere reachable by Internet protocols

* Public servers, government servers, secure in-house servers, files on the Web,
files on my laptop

> URI basis in RDF means you can point to anything with global name scope

O Standardization at W3C

» World Wide Web Consortium
e This is where HTML and XML were standardized

> No vendor lock-in
* unlike comparable approaches like relational databases
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Agenda

Q Quick introduction to Semantic Technology

Q Production data needs and How Semantic Technology
helps
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0:0 Example Production Data Needs

Q Find existing data
> Where is the analysis of Wellbore 7/4-3 performed last week?

Q Relate existing data

> Data relating Morvin field and Asgard B platform that exists in different IT
systems (and Asgard B is called “ASB” in one and “Asg-B” in the other)

Qd Exchange data

> | need to extract the 2009 Kristin volumes, pressures and temperatures and
convert to spreadsheet to load into my reporting application

Q Integrate data

> I'd like to know last months production volume total for all fields in which
GDF Suez E&P Norge AS is a licensee.

a Analyze data

> Over the past 12 weeks, what’s the trend in barrels of oil per day for Kristin
field?
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0:0 Matching Needs to Technology

Find existing data * Vocabulary-enhanced search (RDF, OWL, SKOS, SPARQL)
Logical data warehouse (R2ZRML RDB to RDF)

Relate existing data e Linksets in Logical data warehouse (RDF,OWL)

Exchange data * Triple-ize any data format (e.g XSD to OWL)
e Query or graph for subset (RDF Graph, SPARQL)
* SPARQL/SPIN transform (SPARQL Construct)
* Export in multiple formats (XML, text, JSON, etc)

Integrate data * Semantic repository (OWL, RDF database)
Analyze data * Query over temporal data (OWL, RDF database, ISO
15926)

© Copyright 2013 TopQuadrant Slide 20



Vocabulary-enhanced search

1. Create an industry, corporate or project vocabulary to
to enhance search;

2. Tag content with those terms, including auto-tagging
using text extraction tools; AND/OR

3. Integrate vocabulary with search tool or content
management system
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Idiosyncratic TopBl'aid Vocabulary
vocabularies Enterprise Vocabulary Net web

I=
E

How it Works

> Constructs a Dynamic Web of Terminology

Imml

> Creates links between terminology elements that were
unconnectable (using SKOS)
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Moldowva
Monaco
Metherlands
Morway
Poland
Partugal
Fomania
Russia
San Mating
Serbia and Montenegro
Slovakia
Slovenia
Soviet Union
Spain
Swweden
Swvitzerland
Ukraine
United Kingdam
Watican City
Indian Ocean
Latin &America
Marth America

Canala

Mexica

United States
|;:|- Alabama
Bl 1 Alaska
IL:I- Arizona
I;:I- Arkansas
Il:l- California
IL:I- Calorada
I;:I- Connecticut
i Delaware

¢ TopBraid Enterprise Vocabulary Net™
Home » Geography > Concepts

Concept Hierarchy Prussia (Geo concept)

#! | Labels and Definition

preferred label:

alternative label:
hidden label:
notation:

type:
definition:

Standard Relationships

has broader:

has related:

Notes

note:

change note:
editorial note:

history note:

scope note:
example:

Matching Relationships

has broader match:
has close match:
has exact match:

Mew Concept ” @ Mew Schame ]

[ & |[ # Edit |

Being based in RDF, EVN provides granular
history and audit trail of every change

(& |[ Goto ConceptTypes | User: Administrator (log out)

[#]Show History Prussia
I

This example shows the history of changes
for the ‘has broader’ relationship on
‘Prussia’. ‘Germany’ was added and
‘Europe’ deleted by the users shown
below along with timestamps of the

Pruzsia
In production wocabulany

Geo concept
In production wocabularny

changes.
Germany @
PAdded by Administrator on Aog 30, 2012 5:56:04 Pl Rewvert
Euraope
Deleted by Administrator on Aug 30, 2012 5:56:04 Phd Revert
£
%]
=
[
@
w
Former German state, north central Germany, abolizhed 1947,
In production wocabulany
w

& Comments (0) ]

© Copyright 2013 TopQuadrant
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Forms on the Search panel enable concepts of interest
to be found based on their property values

¢
@

Q Expand Search box

- 3 -] ™ User: Administrator (log out)
‘%, TopBraid Enterprise Vocabulary Net () Show History (% | [ Go to Concept Types |
Home > Geography VYocabulary > South Sudan edits > Concepts S
Concept Hlarﬂrchy Charleston (South Carolina) (City)i§l Search Sl
Select concept
§ B Charloston (South Carolina) Labels and Definition Search for Type: | Concept P
-~ [ Columbia (South Carolina) type to search
[ Greenville preferred label: Fshﬂ"'ﬁsmn Labels and Definition
out
- B Rock Hil Carclina) preferred label: south 5 5
@ [ South Dakota . Search criteria
# [ Tennessee type:  City alternative label:
- [ Texas Standard Relationships hidden label:
i L Utah notation:
- [ Vermont has broader:  South '
- [ Virginia Carclina definition:
- [ Washington )
.. [1 Washington D.C. Custom Properties Standard Relationships
i+ [ West Virginia latitude:  32.7688004¢ has broader:
B [ Wisconsin longitude:  -79.9255371 -
- O Wyoming o i
& [ Pacific Ocean Click to search | search | | Reset | [ % | Additional operations
= [ West Indies
& [ Antigua and Barbuda Charleston (South Carolina)
e [ Aruba Columbia (South Carolina)
& O Bahamas South Africa
& [ Barbados :
B [ British Virgin Islands Seuth America < Double-click to
& [1 Cayman Islands Seuth Bend ;
L Caha | = || &~ Edit | Seuth Caralina ple concent
| [0 Wew Concept | | [@ New Scheme | | = Comments (0) |
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0:0 Step 2 : EVN Tagger Overview

d EVN Tagger: Manual tagging of content with SKOS
vocabularies

> EVN Tagger is an application that links “content” to SKOS
vocabulary

> Content is a set of resources in any RDF graph. Administrator
identifies which graphs are “content graphs”

> Content graph can be a virtual view into external sources, such
as SharePoint files, Web sites, etc.

» Change management is applied to tags

© Copyright 2013 TopQuadrant Slide 25



0:0 Step 3: EVN Search Enrichment Server

Qd Search Enrichment Server provides APIs for accessing
vocabulary content by external systems

> examples include:

 AllBroaderConcepts: Gets all concepts that are broader than the
provided ?narrowerConcept, including the broader values of broader

values.

 AltLabels: Gets the alternative labels of a SKOS concept. If a language
tag is specified, only the labels of the language tag are returned.
Otherwise, all l1abels are returned.

» SynonymsOfConcept: For the purpose of this template, synonym is a
resource which label matches any of the labels of the given ?concept.

> Pre-build APIs are designed to support the requirements for
search enhancement capabilities

» Custom APIs can be added using tools in the TopBraid platform

© Copyright 2013 TopQuadrant Slide 26
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0:0 Logical data warehouse
1. Wrap existing data sources in place, but triple-ize it
> for relational databases the W3C RDB to RDF Mapping
Language standard can be applied
2. Defined a “master model” or schema through which
you’ll query the warehouse data

3. Define relationship between model of data sources
and master model

l( ° ’, R [} L] [}
4. Create “linksets” : links between unrelatable items in
d ny data Sources According to Gartner® “...the Logical Data Warehouse {LDW)
is 8 new data management architecture for analytics which
combines the strengths of traditional reposifory warehouses
with afternative data management and access strategy.”™

* Gartmer Hype Cycle for Information Infrastructune, 2002 -
hifofwwe gartnar camig=2T0T4 15
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Logical Data Warehouse Example :
TopBraid Insight

3
@

TopBraid Life Sciences Insight™ Solution

A Logical Data Warehouse for the Life Sciences 3. Interact with

the federated data
in customizable
1. Choose an Map o entlty interfaces.

Create a connection to a SPARQL Endpoint

. W
avallable data SOUFCG... Dataset name... thar
]h
URL to SPARGL endpoint... Co Sy,
Data Sources _ m
Create connection
ChEMBL Activities ‘
Upload a spreadsheet to data cloud
ChEMBL Assays Dataset name...
ChEMBL Docs Data source... Browse...
ChEMBL Targets Create connection {0 ed”
. K
DailyMed Upload a ruleset Meds

\N‘N
w
WS ... or add a new one. /

2. Map the data
to your master model.

&

“
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Exchange data

1. Provide access to source system data as triples
2. Provide target schema as RDF/OWL

3. Define transformation to neutral inter-change format
OR to final target system data format

4. If using neutral inter-change format, define
transformation to final target system data format
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o
@

Semantic Data Exchange

Export >> Transform >>

Load

4

RDB2RDF

Semanti
Tables
Model

C

XML

N YOIITT N

Proxy
Ontolog
of XSD

y

N NN

© Copyright 2013 TopQuadrant
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Mapping
Rules
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Models

(SPIN/
SPARQL)
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Target
Schema

RDF
Format

SPARQL

Results

Proxy

Ontology

of XSD

)
p

)

JSON
CSV 1

HEENN4

XML
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@

Data transformed to triples using SPIN

Q Implementing converters = writing SPARQL or using SPINMap,

not Java development

0 Same approach regardless of source being XML or CSV

nerule (incomplete) =

§ h-}

Minimum data - createDate, dTim5tart, nameWellBore
CONSTRUCT {
FdailyDrillingReport a ep-report:DailyDrillingReport |
FdailyDrillingActivity a ep-activity: DailyDrillingActivity .
FdailyDrillingReport ep-activity:reportOn TdailyDrillingActivity .
FdailyDrillingReport ep-activity: created At ToreateDate
FdailyDrillingActivity ep-activity:startedAt TdTim5tart
MemporalPartOfAWellBore a ep-well:TemporalPartOfAWellBore .
FwellBore a ep-well:WellBore
HemporalPartOfAWellBore ep-corettemporalPartOf TwellBore
fwellBore ep-corename YnameWellBore
FdailyDrillingActivity ep-activity:cnWellBore ftemporalPartOfAWellB
1
WHERE {
Tthis ddrnameWellbore TnameWellBore .
?this ddrdTim5tart 7dTim5tart .
?this ddr:dTimStart *dTimEnd .
Tthis ddricreateDate ToreateDate
BIND (ep-spin-lib:normalizeString(TnameWellBore) AS normalized)
BIND (ep-spin-lib:buildDailyDrillingReportURI normalizedWellBorel
BIND (ep-spin-lib:buildDailyDrillingActivitylURI(T normalized WellBore
BIND (ep-spin-lib:buildTemporalPartOf A\WellBoreURI(? normalizedWh
ftermnporalPartOfAWellBore)
BIND (rhspinmwellBoreByMame(?nameWellBore) AS fwellBore] |
!

ry
e [# CTEM AT = Cmd o memmim mf Dl beMieil i D omem omeb e [l

© Copyright 2013 TopQuadrant

STEP 101 Create DailyDrillingReport, DailyDrillingActivity, TermporalPartOfAWellBore and WellBore

whbdev:WBDev

whbdev:fldNpdidField : string
whbdev:fclNpdidFacilityDrilling : string
whbdev:fclNpdidFacilityProducing : string
whbdev:priNpdidProductionLicence : string
whbdeviwlbCompletionDate : string
whbdev:wlbContent : string
whbdev:wlbDrillPermit : string
whbdeviwlbDrillingOperator - string
whbdeviwlbEntryDate : string
whbdeviwlbNpdidWellbore : string
whbdev:wlbPurposePlanned : string
whbdeviwlbWell : string
whbdev:wlbWellType : string
whbdeviwlbWellboreName : string
rdfs:label : Literal

whbdev:datesyncNPD : string
whbdev:dscNpdidDiscovery : string
whbdeviwlbCompletionYear : string
whbdev:wlbContentPlanned : string
whbdev:wlbDiscovery : string
whbdeviwlbDiscoveryWellbore : string
whbdeviwlbDiskosWellOperator : string
whbdeviwlbDiskosWellboreParent : string
whbdeviwlbDiskosWellboreType : string
whbdeviwlbDrillingFacility : string
whbdev:wlbDrillingOperatorGroup : string
whbdeviwlbEntryYear - string
whbdeviwlbEwCode : string
whbdev:wlbEwDeqg : string
whbdeviwlbEwDesDeg : string
whbdeviwlbEwMin : string

[ build sha well URI[>

[~ build id well URI[>

[=build exp well URI[>
[ field by id [>

[+ build dev well URI[>
[ field by id [>

ep-well:Well

ep-activity:existsThroughout : [0..1]

ep-activity:existsWithin

ep-activity:finishedAt : dateTime[0..1]

ep-activity:startedAt : dateTime[0..1]
ep-core:hasCompositionOfAllPartsOfDefined Type : ep-core:C
ep-core:hasFeature : ep-core:PhysicalFeature
ep-core:hasPart : ep-core:PhysicalThing
ep-core:hasSetOfTemporallnstants : ep-core:SetOfTemporallr
ep-core:hasSpatialPart : ep-core:PhysicalThing
ep-core:hasTemperalPart : ep-core:PhysicalThing
ep-core:hasVelume : [0..1]
ep-core:massRatioOfParticlesMeasuredByACoulterCounter - ef
ep-core:nominallyExistsAt - string[0..1]

ep-core:partOf : ep-core:PhysicalThing

ep-core:spatialPartOf : ep-core:PhysicalThing
ep-coreitemporalPartOf | ep-core:PhysicalThing
ep-coreversionOf | ep-core:PhysicalThing
ep-flowallocatedTo : ep-fac:Facility[0..1]
ep-geo:locatedWithin : ep-core:PhysicalObject
ep-geo:nominallylocatedAt : ep-core:PhysicalObject
ep-material:reidVaporPressure - ep-core:Pressure[0..1]
ep-report:existsDuringPeriodReported OnBy : ep-report:Repor
ep-reportexistsUpToTheEndOfThePeriodReportedOnBy @ ep-r
ep-report:nameAsDatumObject : [0..1]

npd:endDate : date

npd:name : string

npd:startDate : date

npd:wellPartOfField : ep-fac:Field

rdfs:label : Literal
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Integrate data and Analyze Data

1. Create a conceptual schema covering all the data
sources, this is the repository schema

2. Perform “Data exchange” where repository is the
target system

3. Once integrated in this manner, interesting analysis
options become available

© Copyright 2013 TopQuadrant Slide 32
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0:0 Integration Example :EPIM ReportingHub

7 N
| Operators ‘| eeri? { /> Authorities |
I P 1| Exchange I -t |
| On the NCS | ‘ | F ) NORWEGIAN PETRGLEUMDIRECTORATEI
| | | *ERH ' @ :
| - \ \ | EPIM ReportingHub :
| Py . : ,
'l DDR |
|
I l
I |
| . |
I |
I |
1| ¢ |
d RDF Database ,
I i ocument — I
\

[ Semantic N :

Reportin |
eporting \ L E (! B I

License2Share
© Copyright 2013 TopQuadrant L T é"dﬁ3’
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0:0 ERH manages temporal data (1ISO 15926)

NPD Fact is Whole-Life Field Field on a day is a
ep-facField temporalPartOf

B ep-core:seeReferenceData = hitp://posccaesar.or...

‘B rdfs:label = field / WhOIe_llfe Fleld

whole
"ﬂT:,R'uE ( /

& <http:/ /www.reportinghub.no/np/data/npd/Field-18081500>
B npd:currentActivityStatus = PRODUCING
] npdiid = 18081500 part
] npd:name = TRYM

Dally report is

ep-core:tempwaralPartOf / abOUt What
— . on
ep-report:DailyProductionReport
41 rdfs:label = Daily Production Rep... & <@bcb9cf2:13e19b01e5f-1c69> happens On
I%] ep-activityexistsThroughout = 2012-02-28 Temporal PartOf
ep-activity: existsWithin = 2012

- AField
ep-report-reportOn e Report

’- <https:/ fwww.reportinghub.no/fep/data/productionReport/FIELD-1808150052012-02-28>
ep-core:name = TRYM
ep-reportreportVersion = 1.2
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0:0 Wellbore — part of Well — part of Field

ep-facField ep-well:-TemporalFartOf AWel|
The Whole Life ] rdfs:comment = facility that is a f... 55 rdfs:label = (temporal part of a)...
. rdfs:label = field M
Field B
(NPD Fact) : ::-I"r"': rdfs:sufClassOf
& npdiField-43506 ep-well-Well
TE npd:currentActivityStatus = PRODUCING TE rdfs:label = well (whaole life)

‘B npdiid = 43506
‘B npd:name = EKOFISK

The Whole Life

5 rdfs:label = wellbore (whole life... y ~g— T Well
TE ep-core:name = 2/4-K-2 (NPD FaCt)
H npd:name = 2/4-K-8

ep-well-WellBore npe

The Whole Life # npdi'WellBore-6609
—core: = 2/4-K-B B
W ” r E Ep-COrg:name
e bO < ep-well-wellBorePreSpudAtr = 1982-06-06T13:15:00....
(NPD FaCt) ep-well:wellBoreSpudAt = 1986-06-06T13:15:00....

‘¥ npd:id = 6609

E npd:name = 2/4-K-8 B

7 npd:startDate = 2011-09-23

E npd:wellBoreCompletionDate = 2011-11-23
E npd:wellBareDrillPermit = 3363-P

E npd:wellBoreType = DEVELOPMEMNT
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0:0 Field owner is License has Share Owners

Pp— ep-core:PhysicalThing
ot i ?E'TE — 53 rdfs:comment = Equivalent to 150 15...
rcfs:comment = facility that is a f... npd:Operating Company | '] rdfs:label = physical thing
E rdfs:label = field
rdfs: subClassOf
npd:Licence The - npd:Share
IE rdfs:comment = Production licences ... - — . ; -
| Compa ny IE rdfs:comment = A company’s share in...
raffype rdfs:subiClassOf
@ npdi:Licence-20900 # npdi:Company-2410696 npd:ShareDfLicence
TE npd:endDate = 2028-12-31 TE npd:companyShortMame = CONOCOPHILLIPS SKAND... T‘E rdfs-comment = A clazs that relates...
] npd:id = 20500 #] npd:id = 2410696
PE ‘¥ npd:licensingActivity = 1-A ] npd:name = ConocoPhillips Skand...
The Licence %] npd:name = 018 %] npd:organisationNumber = 918110127
1 npd:startDate = 1965-09-01

& npdiField-43506
TE npd:currentActivityStatus = PRODUCING
] npd:id = 43506

¥ npd:name = EKOFISK

& <https:/ jwww.reportinghub.no/data/npd/ShareDfLicence-2410696_20900_2009-11-02>
npd:percentageOfShare = 35. 11200

'8 npd:startDate = 2009-11-02

The Whole Life The Share of
Field the Licence
(NPD Fact)
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0:0 Conclusions

d Semantic Web technology is a suite of standards and
standards-based tools with a spectrum of capability
» From natural language vocabularies to logic-based applications

Q The core principles are:

> Schema and data are one ... schema is just more data, so
changes over time are simplified

> Everything has a globally unique name
> Everything is accessible using Internet protocols
> Distributed schemas and data are the norm, not the exception

d Production data is complex and inter-related ... a
perfect match for this technology
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