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Overview

* FIBO: Motivations

* Early development: concepts in finance

e Standardization - Semantic Web implementation
* Lessons learned



Finance Industry Motivations



Network of Financial Exposures

Financial exposure
to counterparty



Network of Financial Exposures

Some of these are looking
a little shaky...



Network of Financial Exposures




FIBO Motivations
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<swap>
Gi—ehate pays the floating rate every 6 months, based on 6M EUR-LIBOR-BBA,
on an ACT/360 basis -->
<swapstream>
=payerpPartyreference href g /=
<receiverrartyreferance hre partyZ
<calculationPeriodbates id="floatingcal CPeriodbates”>
<effectiveDates
<unadjustedDate-1994-12-14Z</unadjustedDates
<dateAdjustments>
“busi nes;oaycc.nvgnm oN>NONE</businesspayconventions>
</dateadjustments>
/effectiveDates>
<terminationpates
<unadjustedDate>1999-12-14z</unadjustedpate>
=dateadjustments>
Zbusi nes;oaycunvgnm ON>MODFOLLOWING</businesspayconvention>
<businessCenters id="primaryBusinessCenters"
<businessCenter>DEFR</businessCenter>
</businesscenterss>
</dateadjustments>
</Terminationbates
<calculationperiodparesadjustments>
<businessDayConvent i on>MODFOL LOWING</businessbayConvention>
<businesscCentersReference href="primaryBusinessCenters” />
</calculationPeriodDatesadjustments>
<calculationPeriodrFrequency>
<periodvultipli Er>s</pgm odvultiplier>
<period>m</period>
<rollconvention>14d</rollConvention>
</calculationPeriodFrequency>
</calculationPeriodDates>




FIBO Motivations

Common ontology
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Shared business meanings
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<swap>
- Chase pays the floating rate every 6 months, based on 6M EUR-LIBOR-BBA,
oy -

an ACT/360 basis

<swapstr
<payerPartyRefErEn|:E href ¥ Tyl"” />
<receiverpartyreference href—"party2" />
<calculationPeriodbates id="FloatingcalcPeriodbates">
<effectiveDates
<unadj usteunate>1994 -12-14z</unadjustedpates
<dateAadjustments:
“busi nessnay\:unven‘[] on>NONE</businesspayconvention>
</dateadjustments>
</effectiveDates>
<terminationDates
<unadj usteunat5>1999—1 2-14z</unadjustedpates
<dateadjustments.
Zbusi ng;naycunvem1 ON>MODEOL LOWING</busi nessDay(onven‘t'l on>
<businessCenters id="primaryBusinessCente
<busi nESsCEn‘tEr)DE FR</businessCenter>
</businesscenterss>
</dateadjustments>
</Terminationbates
<calculationperiodparesadjustments>
<businessDayConvent i on>MODFOL LOWING</businessbayConventions
<businesscCentersReference href="primaryBusinessCenters” />
</calculationPeriodDatesadjustments>
<calculationPeriodrFrequency>
<periodvultiplier>6</perioduultipliers
<period>M</period>
<rollConvention>1l4</rollConvention>
</calculationPeriodFrequency>
</calculationPeriodDates>



FIBO Motivations

l

Expressed
logically

<swap>
Gi—ehate pays the floating rate every 6 months, based on 6M EUR-LIBOR-BBA,
on an ACT/360 basis -->
<swapstream>
=payerpPartyreference href E " S
<receiverrartyreferance hre partyz" IS
<calculationPeriodbates id="FloatingcalcPeriodbates">
<effectiveDates
<unadjustedDate-1994-12-14Z</unadjustedDates
<dateAdjustments>
“busi nes;oaycnnvent1 oN>NONE</businesspayconventions>
</dateadjustments>
</effectiveDates>
<terminationDates
<unadjustedDate>1999-12-14z</unadjustedpate>
=dateadjustments>
Zbusi nes;oayccmvenm ON>MODFOLLOWING</businesspayconvention>
<businessCenters id="primaryBusinessCenters >
<businessCenter>DEFR</businessCenter>
</businesscenterss>
</dateadjustments>
</Terminationbates
<calculationperiodparesadjustments>

<businessDayConvent i on>MODFOL LOWING</businessbayConvention>

<businesscCentersReference href="primaryBusinessCenters” />
</calculationPeriodDatesadjustments>
<calculationPeriodrFrequency>

Validated by business
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Early Explorations



Possible classes of Thing
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Example “Thing”: Equity

* Real world definition of Equity:

"An equity is a financial instrument setting
out a number of terms which define rights
and benefits to the holder in relation to their
holding a portion of the equity within the
Issuing company".



What is an Equity?

Or to put it another way...

Financial
Instrument

A

Is a kind of

Equity security

Has rights defined in

Equity

A

In relation
to

Instrument

> Terms

13



What is an Equity?

Using OWL to
define the classes
of real things in the
world, and the facts
about those things

Modeled in
TopBraid Composer

rdfs:Resource

rdfs:comment @ rdfs:Literal
rdfs:isDefinedBy : rdfs:Resource
rdfs:label ¢ rdfs:Literal
rdfs:seenlso @ rdfs:Resource

T

ol: Thing
r .

A A

FinancialConsider ation

ContractualTerm

T

| Ins

trurnentTerm

=

T

HaldingsTerm |

HolderTerm |

|
s

JaN

| EquityHoldingsTerm

| Financiallnstrument

RestrictionTerm

[l EquityHoldingsTerms. RelateTo : Equity

‘- ‘fotingRightsPershare @ ink

|[- Security.HasTerms : HolderTerm

I

EquityInskrurment

‘I- EquityInstrument.HasRights : EquityHoldingsTerm
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Financial Semantics In
OWL

* Pizza approach
* “Everything is a Thing”
 What about common terms?

e accounting terms for equity,
debt, cashflow

* Places, time concepts

* Legal terms (securities are
contracts)

» Better partitioning needed

15

= awl: Thing

+

+

-+

-+

Commodity
ConkractualTerm
BilateralContractualTerm
InstrumentTerm
= EntitlernentTerm
DebkInterestTerm
EquityDividendTerm
= Holder Term
+ FestrictionTerm
= HoldingsTerm
CapitalTerm
+ DebtHoldingsTerm
EquityHaoldingsTerm
+ atrategyTerm
Entitlernent
Event
FinancialZonsideration

Financiallnstrurnent :

DebkInstrurnent
EntitlernentsInstrurment
EquitvInstrument
CorvertibleShare
Miscellaneousshare
CrdinaryShare
PreferenceConvertibelshare
Preferenceshare
PreferredConvertibleShare
¥ PreferredShare
LImik
FuturesInstrument
MiscellaneousInstrument
OptionsInstrument



The Semantic Web

 Web Ontology Language
 Based on Subject-Verb-Object “Triples”
* Widely used

* Protégé tool

 Experiment: Ingest a logical data model into OWL
* Result: a logical data model in OWL

 Syntax is not semantics!

16



Developing a Concept Ontology



The FIBO Moment

* Previous standardization efforts at message and data
levels

* Arguments over terms

* Atkin: “What if we considered the concepts without
worrying about the words people use?”

 Sudden outbreak of peace!

18



FIBO Early Development

User Commitments Boxes & Lines

i

XLS

Original
XBRL  Content

-

1ISO 20022 -
MDDL -
FpML
Theory of meaning Archetypes UML
Tools
Sub-set for
readability

ODM /-




Top Level Ontology: Lattice Layer

Knowledge Representation Lattice After John F Sowa:

“Knowledge Representation, Logical, Philosophical

Showing top level Df.pfartitinning of types nf Thing. Thing and Computaticnal Feundations”

Part and Set are additional to the KR Lattice. | | Brocks/Cole, Pacific Grove, CA, 2000
Relative | |§ ISBM 0 534-84985-7
Thi
. “"‘E_I ) defined in context of
identity \

mutually exclusive
£ mutually exclusive . . N
*EE———————————--———EZE- . . mutuglly exdcusive _ .
Independent Thing Relative Thing == - —— -+~ ———"— — = Mediating Thing

mutually exclusive
Concrete {:————1————:—::» Abstract

has part

mutually exclusive
Continuant Thing [=— - ——————— — — e _ ___ = Occurent Thing




Semantics Repository Views

* Simple
 With datatype properties
* With property to property relationships

* All accompanied by spreadsheet representation of the
same constructs



| | |
E W o mutually
exclusive
T .
senior
to
Conwvertible
Share
Preference Share
L3
i fo.s Y
senior
to
A
pays )
senior
to.”
has coupon
Conwvertible .
mutually Participating Preference
FIEEETER exclusive Share
Share
cpticnally
pEyE —_— e a selection
Convertible —
Participating
Coupon OR
Preference Share / Dividend .
selection - M .
. embodies
X terms
0.1 Preference Shars pays

Coupon or Dividend at
the choice of the issuer.

embodies non
binding terms

Ordinary Dividend Terms Set




Adding Datatype Properties

il

Preference Share

selection

Freference Share pays
‘Coupon or Dividend at
the choice of the issuer.

embodies non
binding terms

Ordinary Dividend Terms Set

Dividend Payment Frequency: Frequency
Dividend Payment Date: day and month [1..12]
Dividend Ex Date: day and meonth

Distribution Method: Distribution Mechanism [0..1]
Auto Reinvestment: yesno

Preference Share
Convertible
Share Soft Retractable: yesino
Perpetusl: yes/no
Cumulative: yesino
Maturity Date: date [0..1]
¥
. f0.-
sSEnior
o
7
pays
senior
to
//
has coupon
Conwertible ) Participating Preference
Preference ctuaive share
Share
Maturity Date: date
-
l—/.'—l
—= selection
opticnally Coupon OR
pays . Divideng
Convertible .
Participating A -

embodies
terms

Preferre

Dividend Payr
Dividend Amao
Dividend Rate
Dividend Date
Dividend Ex O
Distribution M
Pay In Kind:
Auto Reinvest




| On

nvertible
Share

Al

0logy View

1{

\

Preference Share

Soft Retractable: yesino
Perpetusl: yesno
Cumulative: yesno
Maturity Date: date [0..1]

Preference Share
]

Preference share is | ,"?:l_,"
senior to a class of senicr
o

pays

_| ©rdinary Share

pays dividend

senior

«te

Participating Preference
Share senior to
Preference Share

Convertible mutuall Participating Preference
R excl usi\j:— Share
Share
Maturity Date: date
Conwvertible
Participating

Preference Share

Participating Preference
Share optionally pays
Preference Share Coupon

-

:}pti::nsliy
pays

selection

has coupon

-

Preferred Share
has Preferred
Share Coupon

Coupon OR
Dividend

Preference Share pays
Coupen or Dividend at
the choice of the issuer.

embodies non
binding terms

Ordinary Dividend Terms Set

Dividend Payment Frequency: Frequenoy
Dividend Payment Date: day and manth [1..12]
Dividend Ex Date: day and month

Distribution Method: Distribution Mechanism [0..1]
Autoc Reinvestment: yes/no

embodies
terms

Preferr

Dividend Pay

Dividend Am
Dividend Rat
Dividend Dat
Dividend Ex
Distribution h
Pay In Kind:
Auto Reinves



Sprea

dsheet view

Line| Term type Term Definition Synonym Simple Type Related Thing Multiples Business Justification
1 |Thing Company Equity Terms Set Terms setting out the equity in a company, including the various
kinds of rights, the shares that embody those rights efc.
2 |Parent Iz a Contract Terms Set
3 |Thing Company Legal Form The articles of associations which are defined when a registered Articles of In some (or all?) Jurisdictions the articles in the
Documentation company (specifically a company limited by the issue of shares) is  |Incorporation. company constitution become terms of the
set up. Company Constitution. contract which is a share in that company.
Articles of
Association.
4 |Parent I=a Constitution
5 |Relationship fact |sets out The terms set out in the Company Constitution or Articles of Company Equity Terms Set Consensus on model but definition wording not

Incorporation. These become contractual terms of the individual
classes of share issued by the company, including non binding
terms for the payments of dividends.

revigwed.

6 |Relationship fact |governing law The Jurisdiction in which the Company Legal Form is defined. Jurisdiction
f | Thing Convertible Participating A preference share that can be converted into common shares at a
Preference Share fixed conversion price. Preference or preferred shares enfitle a
holder to a prior claim on any dividend paid by the company before
payment is made on ordinary shares.
& |Parent Is a Convertible Preference
Share
g |FParent Is a Participating Preference
Share
10 (Thing Convertible Preference Share A Preferred Share which is convertible into another security. Convertible Preferred
Share.
11 [Farent s a Preference Share
12 |Parent I=a Convertible Share
13 |[Disjoint mutually exclusive Participating Preference Share and Preference Convertible Share Participating Preference
are mutually exclusive. This means that a pariicipating preference Share
share may not also be a preference convertible share. It may
however be a Participating Preference Convertible Share, which is
a type of Participating Preference Share. Either one may however
be cumulative or non cumulative.
14 |Relationzhip fact |converible into The security into which the Convertible Preferred Share can be Issued Share
converted. This is always a publicly issued share.
15 |Thing Convertible Share A Share which iz convertible into another security, usually a share in
the same company.
16 |Farent Iz a Issued Share
17 |[Relationship fact |has terms Terms governing the Conversion of a Convertible Share. Equity Conversion Terms

Set




FIBO Example: Business Entities

Thing

-

identity

Infermal mutually Formal
i "~ ~ " exclusive -3

Copyright © 2010 EDM Council Inc.



FIBO Example: Credit Default Swap

CD5 Fee Payment Credit Protection
Commitment Commitment
- \
defined as
defined as
Conditional
-~
exchanges Contingent Leg
commitment
CDS Fee Leg sxchanges
commitrment establishes
has fee leg
specifies CD5 Contingent CD'5 Contingent
Delivery Settlement
Commitment Commitment
Credit Protecton embodies Credit Default Swap embodies CD'5 Contingent -
Transaction Contract Transaction

embodies
embodies
has seller
has has delivery side " |
party / .35 settlement
side
/ nes has \

party

buyer
CDS Contingent CD'5 Contingent
Delivery Transacticn
y . pecomes i - Settlement
Protection Buyer Deliverable
Obligation Seller
becomes
- - - . CD5S Physical CD5 Cash
Protection Seller Deliverable Settlement Settlement 27

Obligation Buyer



FIBO as an Industry Standard



Use Case Treatment @

‘

Industry
Standards ISO 20022 FpML MDDL XBRL
— g .
FIBO
Concepts




Use Case Treatment @

‘

Industry
Standards ISO 20022 FpML MDDL XBRL
— —— _/
FIBO
Reporting Concepts
v
®< FIBO OWL
Individuals

(Knowledge Graph)




oldllladlUS UsSa(c
Scenarios

Use Case
Industry @ @ El @ ©

N

Use Cases (Use Case)
Industry
Standards \|SO 20022 FIX FpMLJ MDDL XBRL

—~

Mapping /
Integration —CQD@;\
Reporting \
FIBO

:o;:;(yual

. ' Dafta

Inference ™\ Aw ol
@ Ontology |7 OLQIOCN

Individuals

Individuals (Application (Knowledge Graph)
knowledge graph)

Blockchalin

Virtual Data
Lake

Management
Dashboards

Risk, Compliance etc.




Financial Industry Business Ontology (FIBO)

FIBO is a business conceptual model
. : that precisely describes financial FIBO facilitates data
FIBO is bLIIl_t on state-of-the-art instruments, pricing, legal entities and harmonization across
collaboration technology and financial processes (what they are and disparate repositories based
supported by documented and how they work) on legal meaning and
tested governance A ¥ contracts: Derivatives_Contract Cred\tDefau\tSwapCuntract contractual ObligatiOn
@ : EEEEEEE;E%E%E%gé;ﬁtvatwes,cmtrac meta:defintion  [type: xsd'string]

| > ScdsiCredit_Default_Swap_Contract A credit default swap (CDS) s a financial swap agreement tt

e Jenklns e rontract campensate the buyzr in the event of a loan default or othe

¥ @ security: Security makes a series Ufpayments (the CDS "feg" Dr“spread“) tot

Y>c0nﬂuence P T radableDebtinstrument payoff if the Ioan defaults

3 security: StructuredFinancelnstrument

FIBO is expressed in the W3C F I B 0 FIBO provides structural

* . - :
L -
g SOCIAL CODING Y l I nn

standard (RDF/OWL) for flexible Financial Industry Business Ontolo validation to ensure
and scenario-based/inference — " o) completeness, consistency and
analysis allowable values
: : . 1 Validation and

ing

FIBO feeds analytical processes
with trusted data and powers
smart contracts

C Alils H
F 4

BLOCKCHAIN



https://github.com/orgs/edmcouncil/people
https://github.com/orgs/edmcouncil/people
https://jira.edmcouncil.org/secure/Dashboard.jspa
https://wiki.edmcouncil.org/

FIBO Development & Feedback

Ecosystem
; Industry Feedback FIBO Vocabulary

5 FIBO W3~
ENTERPRISE DATA MANAGEMENT Generated el Financial Industry Business Ontology v

EDM SKOS - RDF/S

COUNCIL FIBO OMG

Generated

FIBO CORE > F | Bo
? FFIHEF,BOMQ UML / SIMF

RDF / OWL Alianed FIBO.Schema.org

igne
schema.org

.@'FIBO

Financial Industry Business Ontology

FIBO CORE: RDF / OWL is the system of record for FIBO (everything needed for inference processing)
FIBO Vocabulary: The FIBO business conceptual model expressed in SKOS (everything needed for the unification of data across repositories)
FIBO OMG: Standards partner with EDMC for visualizing FIBO in UML (everything needed for expressing FIBO as diagrams)

FIBO.Schema.org FIBO aligned to the Schema.org community financial data used for mapping existing web pages to FIBO 33



FIBO: Scope and Content

Upper Ontology

FIBO Foundations: High level abstractions

FIBO Business
Entities

FIBO Contract Ontologies

Securities (Common, Equities) Securities (Debt)
Derivatives Loans, Mortgage Loans
Funds Rights and Warrants

FIBO Pricing and Analytics (time-sensitive concepts)
Pricing, Yields, Analytics per instrument class

FIBO Process
Corporate Actions, Securities Issuance and Securitization

ruture FIBO: Portrolios, Positions etc.

Concepts relating to individual institutions, reporting requirements
etc




Two Ontological Traditions:

Applied
Ontolog

Semantic
Web

The science of
meaning

Meaning expressed
in formal logic

Presented in the
“Language of the
business”

Formally grounded in
legal, accounting
etc. abstractions

y

FIBO

Financial Industry Business Ontology

Use case specific
ontologies

Richer internal logic
Focus on data

Optimized for
operational functions
(reasoning; queries)

Addition of rules

Mapping to other
OWL ontologies



Ontology Styles: Properties with
No Domain or Range

package Communication[ Cummunicatiunu
wAnythings
iz request for Thing
's response to oCCurrence
iz to iz submitted to n n
7 autonomous agent
{incomplete, overlapping} ]
zetl is from is submited by
request
{subsets iz to} 1.7
_ 1.*
{subseis iz from} -
{subsets is request for} 1.7 Thing
incomplete, overlapping}
zetl
pre-approval request | |credit report request application date
- 1.*
T {subsetis has date received}
loan application




Example: Trajectory Ontology

«owliDiagrams
package Diagrams| n Trajectory Concepts |

|
|uunPrupertyn
I
|
I

|
wobjectProperty» -
= = = M= hasSegment startsFr

hasFix

wobjectPropertys
hasFix

Thing

«owiClazss

hasLocation

| T
| |
| startsFrom

wobjectProperty» I

| isFunctional =true
T
|
|
xonPropertys |

| | |o=unPrupertyn
|
|
|

| | sonPropertys
| |
| |

L _ _ _ _ _ 4_ _ _|sowRestrictions [ «someValesFroms |
| |

«subClass0fy /-'

|
«subClass0f |

«esomeValuesFroms

Ilu subClassOfa

atTime
ndsAt
“
wobjectPropertys
endsAt

isFunctional = true
T
|
|
|
|
|
|
wonPropertys
|

+ | ssomeValuesFroms - |
~

ImunPru pertys

i
| xsomeValuesFroms
| F

| £

zonProperty»
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Internal Correspondence Semantics

Mayan Language

* Graph has logical relations between elements
* These correspond to the relations between things in reality

 Automated reasoning checks the “deductive closure” of the
graph for consistency and completeness 38



Foundational Semantics

Rosetta Stone

» Directed Graph — —

 The meaning at each node is a product of its
connections to other nodes

 Semantically grounded at certain points in the graph

39



Foundational v Correspondence

Ontologies

Deep classification hierarchy of types of thing
the world, with relationships and sufficient
@ logic to disambiguate

Self-contained classes, properties
and logical statements corresponding
to some set of things in the world




Dimensions of a Model

T — i
et r 2w |

Applicati
on

Formali

Vavy(P(f(z)) = ~(P(z) = Q(f(y),z.2)))
e.g. First Order Logic

Drea

e.g. Messaging
Level

Subject

¥ _
®.

e~
T
e.g. Business
domain (business

process etc.)
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Introducing the Data Dimension

Type A set specification for a A set specification for a kind
kind of Independent Thing | of Dependent Continuant
that generalizes all towers |that is a record structure
(e.g., “a tall narrow containing tower
structure”) observations (e.g., a

“TOWER” table or a
“#Tower” class)

Sets One of many sets of One of many sets of
independent things dependent continuant record
generalize all tower: [y structures containing tow:| rue

observations (e.qg., in tha
database there) /

Member | A member of zerfo or more | A member of one or pore
sets of all toweérs (E.g., the |sets of record struckures
actual o w™all the containing tower
“Eiffel To vations (EAQ., one that

sents the actual Eiffel
Tower)
“#tdwetbydh, NoMagi

C



McCusker, Luciano and McGuinness

* A three-layer system (Smith et al*) for:
 things in the world,
e our ideas of them
* representations of those ideas

* These give 3 types of ontology:

* Level 1: the objects, processes, qualities, states, etc. in reality (for example
on the side of the patient);

* Level 2: cognitive representations of this reality on the part of researchers
and others;

* Level 3: concretizations of these cognitive representations in (for example
textual or graphical) representational artifacts.

* Smith, B., Kusnierczyk, W., Schober, D., Ceusters, W.: Towards a reference ter-
minology for ontology research and development in the biomedical domain. In:
Proceedings of KR-MED. Volume 2006., Citeseer (2006) 57-65



Treatment of McCusker Luciano and
McGuinness

* Do not need all three kinds of ontology

* |dentifies a clear nature and role for a “Logical”
ontology

* This looks like the Semantic Web style of ontology
* As delivered in formal FIBO Release ontologies

Where does this fit?

44



Application v Reference Ontology

primitive concepts
(upper and cross-
domain ontologies)



Up to now we have not mentioned computers when
we talked to the business SMEs about ontologies

 Meaning is meaning

 What it means to be this or that thing need not have
anything to do with data!

» Social constructs:
* To be a bank is to have certain capacities

 Ownership and control are made up of specific capacities and
rights

 What about data...

46



Ontology Referents: Real World

. DL Model represents R

\

Serialize
i represents
OWL Serialization of DL Model O

Things in the World

. e Business
| Strictly: What we believe exists

Interface

Logical (design) level Technologyi

OWL is a serialization of Description Logic
* Referent is things in the real world

represents

Physical level (data) RDF Instance data
(Knowledge Graph)




Ontology Referents: RDF Data

represents
DL Model & >

\
N\

Serialize
i represents
OWL Serialization of DL Model O

Things in the World

e Business
Strictly: What we believe exists
Logical (des | | Interface
ogiCa esign) ieve
J ( gn) Technologyi

OWL accompanies instance data
Referent switches:
* from real world referent

* to data representing those things represents

Physical level (data)

RDF Instance data
(Knowledge Graph)




Introduce a Data Ontology

represents
DL Model P >

\
N\

Serialize
i represents

OWL Serialization of DL Model .

Things in the World

Strictly: What we believe exists

Business
Concept Ontology

Data Ontol Interface
n
atd 0109y Technologyi

How useful is this ontology as a KB schema?

* Needs datatypes

* Some real things may not be reflected in
the data world at all

Conceptual Data ontology

Data RDF Instance data
(Knowledge Graph)




Add Datatypes for RDF Data

DL Model represents R
\
N Serialize
i represents
OWL Serialization of DL Model
Things in the World Business
Strictly: What we believe exists

Concept Ontology

Data Ontology

Conceptual Data Ontology:
* Add RDF/XML datatypes

Interface

Technologyi

Conceptual Data ontology

Datatypes

v

Data

RDF Instance data Triple store data
(Knowledge Graph)




Add Data Surrogates for non-Data ltems

DL Model
\ ode

represents

\

iSeriaIize

OWL Serialization of DL Model

Concept Ontology

r

represents

r

Things in the World

Strictly: What we believe exists

Business

Data Ontology

Some real things may not be reflected in
the data world at all
* Add Data surrogates

Interface

Technologyi

Data

Conceptual Data ontology Data
Surrogates
Datatypes
RDF Instance data Triple store data

(Knowledge Graph) Includes data surrogates




Ontology Styles: Knowledge Graph

Conaept Ontology in DL

\iSeriaIize
OWL Serialization of DL Ontology
\
\ BusinessT
Logical DeSign (Data) Onmlogy\\ Derive (design activity) Interface
) Technologyi
Conceptual Data Ontology Data Data Ontology
Surrogates .
Knowledge Datatypes . ) (of existing data models)
4
Gra D h /I \\Extract / flatten
' |
,' Application Ontology
| | | | || | | | | + | | | | | | | || | | |
Data instances[ RDF Instance data ] RDF Instance Data

Triple store data Application ontology triple store data



Ontology Types and FIBO

\ DL Model

N Serialize

OWL Serialization of DL Model

\
\\
Concept Ontology \
Data Ontology
Conceptual Data Ontology
Datatypes

\
4

Data RDF Instance data RDF Instance Data

BusinessT

The Language __

\ Derive (design activity) Interface

Technologyi

FIBO

Su rrogates Financial Industry Business Ontology

\ Extract / flatten / optimize (design)

Operational Ontology

Triple store data Operational ontology triple store data



Concepts v Data Ontologies

Ontology
|

Concept Data
Ontology Ontology



Concept Ontology

Ontology
|

Concept Data
Ontology Ontology



Reference v Application Ontologies

Ontology

Reference | | |
requirement
Concept Applicatio
Use Concept Ontology Ontology n Ontology

as a point of reference
for business meanings



Data Ontology

Ontology
|

Concept Data
Ontology Ontology



Reference v Application Ontologies

Ontology
|

{ Refc.erence } { Use Case }
requirement
% Concept Applicatio %

Use Cor\cept Ontology Ontology n Ontology To be the kind of thing
as a point of reference
for business meanings

that has a use case is
to be an application!



Mapping v Reasoning Ontologies

Ontology
|
ggpcﬁig Application Ontology

|

Mapping Reasoning
Ontology Ontology



NCas>OIlling / initerernce rrocessirg
Ontology

Ontology
|
gﬁ:ji@; Application Ontology

|

Mapping Reasoning
Ontology Ontology



Using FIBO:
Interoperability, Reporting, Applications



Reqgulatory Reporting: Current State »

ED — D Reports (forms)
= %m i
= [S]
MY ; —
=
MY
REPORTING ENTITY REGULATORY AUTHORITY
Change in Reporting requirements = Uncertainty
Redevelopment effort * Content of the reports
By each reporting entity  Are we comparing like with like?
For each system and form * Data quality and provenance
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Reqgulatory Reporting

in
|

|

mgmmmmgn H Common
ND;H‘ ontology

[T I%Illllllllllllll|

|

REPORTING ENTITY

Data is mapped from each system of
record into a common ontology

Reported as standardized, granular data

Agnostic to changes in forms

?FIBO

Financial Industry Business Ontology

Granular
D:I\‘ data )

N\

ontology

REGULATORY AUTHORITY

Receives standardized, granular data aligned
with standard ontology (FIBO)

Uses semantic queries (SPARQL) to assemble
information

Changes to forms need not require re-
engineering by reporting entities
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Conceptual Ontology

Reg ulato 'y Re PO rtyfgundational semant'ics

?FIBO .

Financial Industry Business Ontology

in
|

4 N
Dj\, Granular

é ém ui & on
| ==
= Bl '
| o Common
[ = 14
= ng;L ontology ontology
(T Eu |:|
Lll:LIJJlLIJJllJﬂLIlLLIJJ
REPORTING ENTITY REGULATORY AUTHORITY
Data is mapped from each system of Receives standardized, granular data aligned

record into a common ontology with standard ontology (FIBO)

: Uses semantic queries (SPARQL) to assemble
Reported as standardized, granular data information q

Agnostic to changes in forms Changes to forms need not require re-
engineering by reporting entities



Querying across Legacy Data
Sources

\\

2aporting /
<y :
ﬁ§% Logical Ontology

Semantic Queries yFoundationalsemant
\? Em!mdBm&WgyEnterprise-wide -

PO N <0
Ontology to Legacy Database Adapters (R2RML)

Legacy Data Sources and Systems



Mapping: Ontology to Data

Model

Mapping Considerations (1)

Loan

Target Ontology
Party In
Role hasldentity
Borrower
hasBorrower

—
Autonomous
Agent

hasAddress

Address

hasAdd.\r"e.ssEleme nt
Y
PostalCode

All of this (graph)

’ Source DB ‘

Loan Borrower

Loan Borrower Name
Loan Borrower SSID

Loan Borrower Address Line 1

Loan Borrower ZIP Code
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Mapping: Data Model to
Ontoloav

Mapping Considerations (2)

Target Ontology ’ Source DB ‘
Negotiable -
Security 2 Security
T ityName:  string
string
‘ |dentifier: dentifier
Security Type:  SecurityType
Equity Debt !
)
MapstC}f.. v .
| . This set of values: Y
/ .
‘ T ‘ R SecurityType (enum)
Ordinary | | Preference Bond Medium grd'gaWShare
Share Share Term Note on _
‘ — MediumTermNote
This class MortgageBackedSecurity
67




HirTalI CliCG 1 IU\—CDDIIIH I_/\GIIIrJIC

(FIBO)
/ 1 \

Poly-

) ) Swap_Contract Rate_Based_Derivatives_Contract Poly-
hierarchical T ,/\ hierarchical
class class

Rate_Based_Swap_Contract Interest_Rate_Derivatives_Contract

Int t Rate S e Is both a Swap Contract and a Rate
T nterest_Rate_swap_ O;\ rac Based Derivatives Contract
Faceted class
Interest_Rate_Based_Swap_Contract Currency_IR_Swap_Contract
Fixed_Float_IR_Swap_Contract Cross_Currency_IR_Swap_Contract
FIBO maps this to the Fixed Float IR Swa : .
|| _IR_ p_Different_Currencies_Contract

ISDA Fixed-Float- L— The Reasoner
Cross-Currency Swap 1\

performs semantic
reasoning to infer the
class of the swap

Fixed_Float_IR_Swap_Different_Currencies_Single_Step_Notional_Contract |

Classification is based

upon the attributes of

the contract Party
Floating_Rate_Leg Fixed_Rate_Leg
Single_Step_Notional_Amt
Currency Currency
With acknowledgment to T

David Newman, Wells Fargo

FIBO detects different currencies 68



Aligning Business Glossary and Data Elements

Analysis of a representative set of terms in a bank business glossary and accompanying data dictionary. Terms like ‘Country’ are defined in the context in which they
are used, for example country of domicile, risk etc. Meanwhile data elements need the context of class, class hierarchy in data models to determine semantics.

ONTOLOGY
Contexts: | Time | | Role / Relationship | | Records / history | | etc. |
[ [ [ | [ [

Business concept context Data element context

H Customer Information Corporate Customer Information

BUSIneSS Glossarv . Personal Name . Customer Legal Name Data MOdeI
. Family Name . Entity Type
. Middle Name . Date of Incorporation
. Honorific . Country of Incorporati
i . Company Incorporation Number
Customer Ducumentatu.:n . Registered Address

* Date of Birth . Company Sector Code
. Place of Birth
. Country of Citizenship
. Country of Residence

Countr A self-governing geopolitical Country of

y

Business Glossary Details

unit that is recognized as a
country by the United
Nations

Incorporation

: entation identifies as country of
er. This term refers to individuals only.

Country of Birth

Country of Residence

This term refers t§ the'country where the company operates for its

Domicile Country primary operation§. This term is applicable to corporate entities only

This is a 2-3 digit standard used to refer to a country, where the code is
applicable to county of birth, county of residence, etc.

Country Code ISO 3166 Cpuntry Code

This term refers to the country of risk for a customer's exposure XYZ: t ;
: : ) : mer Risk ntr
with the Bank. This may be related to the currency of transaction or to Cod Custome sk Country

location of a transaction or payee. This is applicable to corporations of ode

Country of Risk

individuals. PQR: Customer Collateral Country Code




Ontology for Data Refactoring:
Before

There are various points at which the bank interacts
with a given entity or customer

Bank
/ata ASiloes f \

First name
Family name Name
Customer ID Customer ID
Drawdown date Date of Birth
Credit rating Purchase date
Address Phone
Country of Birth Address Line 1

Full name
Customer ID
Purchase date
Phone
Address Line 1

City
Country

Country of Collateral

Legal Person




Ontology for Data Refactoring:
After

The Ontology makes implicit contexts explicit. It provides contextual semantics, distinguishing concepts specific to relationships, historical records (e.g. loan applications),
current information for entities, and others. This is independent of the deployment benefits of semantic technology.

CONCEPT (REFERENCE) ONTOLOGY
Contexts: Time | Role é Relaf:ionshipI | | Records / history | [_etc. |

Ontology provides the context
for each kind of data

Purchase Current
date date

Full Customer ID Customer ID Customer ID Rela?‘?mhlp (context)
ull name . specific data
Purchase history Drawdown date Purchase date
Customer ID Contact Ph P t hist Country of collateral
Purchase date ontact Fhone ayment history ountry of collateral
Application Credit rating
Phone
Address Line 1 Non context specific data
becomes real-time entity data
City
Country of Domicile Entity Data
Address
. First name
Recqrds: Loan Family name Address Line 1
application data v o
Independent entity Current Credit rating - .
data Date of Birth A.ddress line n
Home Phone City
Country of Birth State
Country




Questions?

 Mike Bennett
* Director, Hypercube Ltd.

« www.hypercube.co.uk
* Bluesky: mikehypercube.bsky.social
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