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EPIM ReportingHub (ERH)
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EPIM ERH Core Requirements

 Phase 1 requirements limited, future phases can more capability
 Delivered to EPIM as Software as a Service Delivered to EPIM as Software as a Service
 High availability, scalable service
 Delivered on existing, secure network in Norway called SOILg, y

 Enterprise RDF database
 Interfaces
 Simple browser‐based user interface for report upload, download, query
 HTTP service interface for report upload, download, query

 Semantics based in ISO 15926 standard and delivered to PCA as 
Reference Data (provides interoperability)
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EPIM ERH Core Requirements (2)

 Driven by Norwegian Petroleum Directorate (NPD) Facts
 Validation (single source of truth about Norwegian Continental Shelf) Validation (single source of truth about Norwegian Continental Shelf)
 Access control based in licenses and partners
 Query through Facts

 Input reports are XML files based on standard XML Schemas
 Daily Drilling Report
 Daily Production Report
 Monthly Production Report (Government and Partner)
 others in the future … others in the future

 Outputs
 submitted XML transmited to Authorities via service interfaces and stored for 
later download by operators and partners

 Generated PDF of report content driven from RDF database
P i d RDF d b
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 Parameterized query over RDF database



Scale of ERH Solution

 300 million triples in the next 4 years
P t ti l f if d t dd d hi t i l d tPotential for many more if data sources added or historical data 
imported

 40+ on rrent sers 40+ concurrent users
User interfaces and Service interfaces required
P t ti l f if d t dd dPotential for many more if data sources added

 Phase 1 XML Schemas have 2000‐ish elements
 resulting ontologies have 900‐ish classes and 900‐ish properties

 Delivered on an SaaS basis with high availability Service 
Level Agreement by TopQuadrant, Franz and Logica
Secondary app server running at all times
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RDF database replication and warm fallover



What does reporting mean?
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Semantic Processing and Reporting
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It’s Turtles all the way down

 Core of approach to ERH development
 E thi i RDF/OWL t l d i Everything is RDF/OWL ontology‐driven
Build framework so semantic processing and reporting can be 
done by modeling team not Java development teamdone by modeling team, not Java development team

Avoid Oil & Gas/ISO 15926 ‐specific technical architecture 
componentscomponents

 How?
Make all inputs look like ontologies and triplesMake all inputs look like ontologies and triples
Use SPIN/SPARQL for transformation from source to target, 
regardless of actual sourceregardless of actual source

Build data flow pipes : XML‐>triples‐>SPIN‐>graph in RDF 
database‐>SWP‐>HTML‐>PDF
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Key technologies for ERH

 Semantic Tables makes spreadsheets and CSV data 
appear as triplesappear as triples

 XML Schema importer automatically builds proxy 
l f hontology of XML Schema

 Imported of XML data then appears as triples based on the 
t lproxy ontology

 Now that all data is triples, we can use Semantic Web 
tools to process it
NPD Facts harvested daily as CSV download from NPD Web site
XML reports imported into data flow pipe as submitted
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Key technologies for ERH (2)

 SPIN – SPARQL Inference Notation
W3CM b S b i iW3C Member Submission
SPIN/SPARQL rules for transforms
SPIN/SPARQL constraints for access control to named graphsSPIN/SPARQL constraints for access control to named graphs
SPIN Templates, Constraints, Functions and functions enables 
modularity and reuse of parameterized SPARQLmodularity and reuse of parameterized SPARQL

SPINMap graphical mapping capability

 SPARQL Web Pages SPARQL Web Pages
Comparable to JSP, Flex, PHP for typical Web development
Template HTML pages with embedded SPARQLTemplate HTML pages with embedded SPARQL
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NPD Facts
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Data transformed to triples using SPIN

 Implementing converters = writing SPARQL or using SPINMap, 
not Java developmentnot Java development

 Same approach regardless of source being XML or CSV
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NPD Facts as OWL

ERH E&P and NPD Classes

NPD FactsNPD Facts
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Oil and Gas XML Schema Example
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TopBraid creates proxy ontology automatically
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XML input data example
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Imported XML data appear as instances of 
proxy ontology
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Now can transform using SPIN/SPARQL
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Processed by SPIN engine to make triples
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… as triples with report data extending them

Wellbore on a day is 
a temporalPartOf
h l lif W llb

NPD Fact

whole-life Wellborewhole

part

part of wellbore

Daily activity happens on

activity

© Copyright 2012 TopQuadrant Slide 21

Daily activity happens on 
TemporalPartOfAWellbore



Semantic Reporting : SPARQL Web Pages

 For each report output type, create SWP HTML
 Daily Drilling Daily Production Monthly Production Government Daily Drilling, Daily Production, Monthly Production Government, 
Monthly Production Partner

 Normal CSS for style

 Embed SPIN/SPARQL directly, as functions or through tables 
capability
Q i E&P l RDF d i l di NPD F d Query is over E&P ontology RDF data including NPD Fact data

 Generate PDF from HTML using off‐the‐shelf tool 
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Embedded in HTML page
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Query to Table
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Why SPIN for ERH?

 SPIN built on SPARQL
 ti W3C d i l t itactive W3C group and implementor community
on RDF, so not limited to OWL (e.g. can SPIN SKOS)
store transforms queries constraints rules as RDF but withstore transforms, queries, constraints, rules as RDF, but with 
human front end editor

 For data integrity constraints RDF+OWL+SPIN is For data integrity constraints RDF+OWL+SPIN is  
powerful
Can close orld and limit constraint scope (e g constraint onCan close world and limit constraint scope (e.g. constraint on 
Class)

Can do inference and compute derived propertiesCan do inference and compute derived properties
 Is a software engineer’s tool (e.g. can add functions written 
using Javascript)
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Semantic Challenges

 ERH project is The Semantic Web meets ISO 15926
RDF/OWL ISO 15926 SPARQL i ll ti dRDF/OWL, ISO 15926, SPARQL query, reasoning all mentioned 
in requirements

 ISO 15926 upper ontology designed for data exchange with no ISO 15926 upper ontology designed for data exchange with no 
domain content, that comes as reference data

Blending OWL and bits of ISO 15926 that are a modelingBlending OWL and bits of ISO 15926 that are a modeling 
language is difficult

Existing reference data incomplete for ontology building (e.g. 
no reference data connection between what in OWL are 
Classes and related Properties)
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Use of 15926

 For ERH requirements, an approach closer to the structures in 
15926‐2 data model made more sense and the vocabulary15926 2 data model made more sense, and the vocabulary 
required is actually relatively small
 Drilling : Activity
 Production : Activity, Flow (Stream) and Product (Material)
 and properties are about temporal parts of these

h dl d b d l h lf d l k Provenance is handled by modeling the Report itself and linking 
all Activity/Flow instance to the Report
 no need for reification of classification composition no need for reification of classification, composition

 15926 Templates
Will define template for PCA from the indirect propertiesWill define template for PCA from the indirect properties
 Used as data definition for services extracting data from ERH
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Use of Semantic Web and RDF/OWL

 ISO 15926 complexity ‐> preference for expressiveness in 
modeling capability over decidabilitymodeling capability over decidability
 But keep interest in reasoning in future in mind
 Ontology architecture and partitioning named graphs should mean we can 
satisfy reasoning requirements

 If not, then SPIN/SPARQL rules or transform then DL reasoner (or both)

 SPARQL i th h 1 l SPARQL is the phase 1 query language
 Under the covers, the triples from a report are maintained using 

named graphsnamed graphs
 This is also how access control is managed

 URI strategy URI strategy
 https:<reportinghub><type>‐<identifier>
 Give URIs to whole‐life objects and use blank nodes for cases like temporal 
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Examples of the ERH Approach to ISO 15926

 Use a data‐driven approach to show ERH approach to 
ISO 15926 using Daily Drilling Report exampleISO 15926 using Daily Drilling Report example

 Start with Report and follow links through the data as 
h dgraph diagrams

Next two pages are examples with legend
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Report – Graph View

Class – Yellow Circle

Relationship property value – Directed Arrow

Individual – Purple Diamond

Literal property value Blue Square

© Copyright 2012 TopQuadrant Slide 30

Literal property value – Blue Square



Report-On a DailyDrillingActivity

The 
Activity

ThThe 
Report
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Report - on Wellbore
The Whole Life  

Wellbore
( )(NPD Fact)

The Temporal 
Part of the 
W llbWellbore

The 
Activity
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Wellbore – part of Well – part of Field

The Whole Life  
Field

( )(NPD Fact)

The Whole Life  
Well

( )
Well

(NPD Fact)

The Whole Life  
Wellbore
( )(NPD Fact)
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Field owner is License has Share Owners

TheThe 
Company

The Licence

The Whole Life  
Field

(NPD F )

The Share of 
the Licence
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Partitioning Activity

 There are subclasses of OWL class used to partition the 
subclasses of Activity for examplesubclasses of Activity, for example
Activity Success Type
D illi A ti it O t TDrilling Activity Outcome Type

 See next slide for complete list including membership 
count

 This kind of thing is an example of where aspects of ISO 
15926 are a modeling language in the same way OWL is g g g y
a modeling language, and why blending the two is an 
interesting problem
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Examples of the Partitions
– aka Class Of Class
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Activity Success Type
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Drilling Activity Outcome Type
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Properties
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Length Example

Note Scale subClassOf
OWL itself
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OWL itself



Members of Property Space
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Members of Property Scale
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Direct vs Indirect Properties

 When a physical object ‘has a property’ without any qualification 
at all then it’s a Direct Propertyat all, then it s a Direct Property
 <David> rdf:type <mass 39kg>
 Property as class with members is basic to ISO 15926 4‐D approach

 When a physical object has a property that requires qualification, 
then it’s an Indirect Property
 <David> hasHeight <length 1.89m>

 In the following diagram we distinguish between 
t V ti lD t d dD thtrueVerticalDepty and measuredDepth
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Property – Description of Surrounding 
Rock at Depthp
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Experiences

 The overall approach and architecture worked
 I l di i l ti ti i t d li t J Including isolating semantics into modeling team so Java 
developers don’t have to learn 4 ontologies and related 
transformationstransformations

We’ve built a very flexible, semantically solid asset 
management toolmanagement tool
This experience and knowledge can be applied elsewhere

 EPIM i h t b t i EPIM is as much a team member as a customer in 
working through some very difficult issues
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In Conclusion

 EPIM ReportingHub first stages are live
Fi l t d li d t l f thFinal stages delivered over next couple of months

 Phase 1 has been building infrastructure and core 
bilicapability … 

 … now getting value from semantics can begin 
Historical data?
Analytics and data visualizations?
Automated notification of potential problems based on data 
analysis?

/Extractions/integrations in operators systems?
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