Standards for Knowledge
Graphs in the Financial
Sector

Mike Bennett, Hypercube Ltd.

Ontology Summit 2020
13 May 2020



Overview

-inance Industry Motivations
ndustry Use Cases

-IBO

» Styles of ontology

* |ISO 20022

* Ontology Standards Usage
« Summary and Conclusions



Finance Industry Motivations



Network of Financial Exposures

Minancial exposure
to counterparty



Network of Financial Exposures

o S

Some of these are looking
a little shaky...



Network of Financial Exposures




Systemic Risk: What Happened?

* Firms took a long time to establish their exposures to
endangered banks

* Data wasn’t the problem

 Knowledge was



FIBO
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FIBO Early Development

User Commitments Boxes &Lines
Comoni  SME Reviews
XBRL Content

XLS

ISO 20022
MDDL

FpML

g Archetypes UML
Tools

Sub-set for

readability

- ODM /-




Use Case Treatment e
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Use Case Treatment e
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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
efc




FIBO Ecosystem

*Industry Collaboration (Ecosystem)

e GitHub for collaborative coding @ Jenkins
* JIRA for issue management - X Confluence

* Jenkins for automated testing Ooithub <o
- Confluence (wiki) for audit trail *g X JIRA

*BTDM Methodology (Tested)

* Built [] Test [] Deploy [] Maintain methodology for governance
* Full end-to-end ontology (visible and navigable)

* Fully extendable for proprietary applications

* Expressed in both OWL and UML (auto-generated)

* Automated testing of machine executable FIBO

State-of-
the-Art

Documente
d and
Tested




Properties with No Domain or

Range

package Communication [

Communication JJ
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Styles of ontology



Concept Ontology

Ontology
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This is not a more abstract
model of the solution...

\

Conceptual Ontology Business

Realise The Language Interface
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Logical Data Model (PIM) Technologyi

\ Implement

Physical Data Model (PSM

—
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This is not a more abstract
mOdel Of the SOIUtion... It's a concrete model

\ of the problem!

Conceptual Ontology Business

Realise The Language Interface
|| | || || | || | || | || || || || || |

Logical Data Model (PIM) Technologyi

\ Implement

Physical Data Model (PSM

—
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Application Ontology

Ontology
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Foundational v Correspondence
Ontologis

Deep classification hierarchy of types of thing
In 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
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Conceptual and Operational
Ontology

Business Conceptual
Ontology (CIM)
Business

The Language Interface

Extract and Optimise

Technology
Operational Ontology
(PSM)




Conceptual and Operational
Ontology

sriepl Business Conceptual
types Ontology (CIM)
Business

The Language Interface
| | L | | | L L | | | |

Extract and Optimise

y Technology
Platform specific e Operational Ontology
matter types (PSM)

« OWL is an application language!
« OWL plus data (Knowledge Graph) is a physical artifact

* There are real things, the definitions of which are not based on
data

 There are also (some) real things that are natively data (e.g. Identifiers)




Data Surrogates versus Real Things

* Look for signatures in data that imply the presence of real world,
Identifying matter

 Frame the necessary conditions for membership of a class (in a
logical ontology) in terms of what would be found (true) in data
when the class of thing is there

* Inference as distinct from meaning in the original sense
 From the data you can infer that a thing exists in reality

 Real meaning - by definition mostly does not rely on data!



Reference v Application Ontologies

Ontology

{Reference}
requireme : :
nt % Concept Ap%I:]catl
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Reference v Application Ontologies

Ontology

Reference
requireme A ll' " Use Case
nt % Concept PRI %
Ontolog

Use Concept y Ontolog To be the kind of

Ontology as a Yy thing that has a
point of reference use case is to be

for bulsmess an application!
meanings




1SO 20022



ISO 20022 Standard Organs

Memorandum of
Understanding

ISO 20022 Standards Technical
Governing Body Evaluation Support
Groups Group

Usage (opportunities)
e.g. market practice

RMG (so

compliant)

Compliant
to ISO

Advocacy

ISO
Oversight



ISO 20022 compliance at model level

Repository
S ISO 20022 compliant
Catalogue

‘ Payments clearing

Card payments

ISO 20022
Dictionary

ISO 20022
message
models

physical
message
representation

ASN.1 syntax ISO 20022 syntax

using a domain specific syntax 150 20022 compliant

ISO_20022_LV_v85




ISO 20022 Semantics: Trade

2] +BusinessComponent: 2] +BusinessComponent:
| Trade - Trade | Obligation
(From DICO_BusinessCamponents) + Obligaen (From DICO_BusinessComponents)

J] B B & =
B |

[a] +BusinessComponents 2] +BusinessCompaonents
Q [umm!erclaITradE  CommerciiTrade Q PruductDE!errthllgatlun
(From DICO_BusinessComponents) Jj A — (from DICO_BusinessComponents)
2] «BusinessComponents ..t ProductDeliveryObligatipm 5']
| TreasuryTrade

(From DICO_BusinessComponents)

+ Commercialfyade

£
ation
o] «BusinessComponent: £ «BusinessComponents:
| ForeignExchangeTrade i Ex%HéngeRateIanjmatinn * £ Payment0bligation

(From DICO_BusinessComponents) (From DICO_BusinessComponents)

+ ResultingSettlement .

Hgarﬁ;ntobligatiun

+ ExecutedseturitiesTrade

] «BusinessComponents ] «BusinessComponents N - #BusinessComponents
| SecuritiesTrade + RelatedTrade | SecuritiesTradeExecution + SecuritidsTradeExecution Q SecuritiesDeliveryObligation
] . ;
(From DICO_BusinessComponents) El (From DICO_BusinessCompanents) = (From DICO_BusinessComponents)

1+ TradingExecdtion + SecuritiesDeliveryObligation

* A trade normally leads to an obligation.
 Different types of trade create different types of obligations.



Existing/Future Industry Conceptual Models
(Some Examples)

IBM- - FIBO
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Detalls

 Map ISO 20022 metamodel to OWL/SKOS/RDF to be documented within a
Technical Report

 Create an OWL/SKOS/RDF metamodel for code lists to be documented
within a Technical Report

« SWIFT Standards should be able to create the transform from the ISO
20022 e-repository to the semantic version.

* The RA could then run the transform for each update to the e-repository.

* The working group and possibly a follow on study group or working
group would be responsible for the evolution and functionality of the
transform and the semantic version of the e-repository. The RA will not
be responsible for maintenance of the transform or the artifacts
generated.



ISO 20022 Semantics

* Phase 1: OWL representation of ISO 20022 Metamodel
* i.e. <<BusinessComponent>>, <<MessageComponent>> etc. stereotypes

« OWL Usage
* Single format (OWL) for all meta-levels (M2 and M1)
* Single namespace?

* Enables querying etc. across the whole space

* Ontology of metamodel elements for ISO 20022, FIX etc. to map native message
content

» Representation of business concepts (securities, transactions etc.) for concept
mapping
* Potentially, representation of mapping relations as OWL properties

* The conceptual ontology will be a later phase of work
« Some mapping proofs of concept...



Ontology to Data Model|

Mapping Considerations (1)

Target Ontology ’ Source DB ‘

Autonomous
Party In Agent
Role hasldentity
All of this (graph)
I hasAddress Loan Borrower
SR Loan Borrower Name
Address . Vanst Loan Borrower SSID
apsto...
L . \‘\p Loan Borrower AddressLine 1
oan asBorrower ’
hasAddf’e.ssElement N \
) t‘.‘IC ; thisi‘ Loan Borrower ZIP Code
ostalCode




Data Model to Ontology

Mapping Considerations (2)

Target Ontology ’ Source DB ‘
Negotiable —
Security 2 Security
T Security Name:  string
Issue string
‘ dentifier: dentifier
Security Type:  SecurityType
Equity Debt
s
MapstC}.'.. v
| . This set of values: Y
/ .
T ‘ , SecurityType (enum)
Ordinary Preference Bond Medium grdjaw%are
Share Share Term Note on .
‘ — MediumTermNote
This class MortgageBackedSecurity
3




Mapping Ontology

Ontology
!—‘ | |
Concept Application
Ontology Onto|ogy
|
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Mapping Ontology

Loan Borrower Name
Loan Borrower SSI0

Loan Borrower Address Line 1

* Consider a data model with multiple prope
 These are usually optional
 There are a lot of them

* Ontology (of any sort) should get rid of optionality
e Sub-classes, each with properties or restrictions saying what
makes that class (of thing) what it is

* Ontology treats properties as first class citizen (they are
not attached to a class)

* These properties all have narrow meanings, specific to
the presence of that property on that class

Loan Borrower ZIP Code




Reasoning / Inference Processing
Ontology

Ontology
| |
Concept Application
Ontology Onto|ogy
|
| |
Mappin Reasoni
g ng
Ontolog Ontolog

y Y



SeMantic VWveD
Applications

 Semantic Operational Processing Reasons over Data to Infer

Classifications and

Relationships

:IIIIIIIIIiFTcaqmwimIIIIII;

™ é@ﬂﬁ%’fﬁﬂng
—swap CBRtieha——

hasLe_g FixedRatelLeg
and

Human Facing Definition

| Business Entify |nterest Rate T
Swap

typédnferred

which fixed interest
payments on the
notional are exchanged

Fixed Float IR
Swap

typzal nferred

for floating interest

—payments.

[ FloatingRatelLe
g

Legl is irfferred to
be a
FloatingRatelLeg
because any leg
tied to an index is
semanticall

David Newman, Wells Fargo

100000
0Qfcurrency

LIBO

Data for an undefined
Swap Contract before
semantic reasoning
performs classification
and identification

‘IIIII

usiness Entity

isTradingWith is a
new property
relationship that is
inferred based on a
semantic rule and

! iemantic reasoning

be a Fixed-Float IR
Swap because one
leg was inferred to
be fixed and one leg
was inferred to be
floating fulfilling the
definitions in the

ta‘emantic reasoning

A

be a FixedRatelLeg
because any leg
tied to an interest
rate is
semantically
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Ontology Standards Usage



Use Case

Standards Usage Scena®

Industry
Use Cases

Industry
Standards

Mapping /
Integration
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Ontology |
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knowledge graph)
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(Knowledge Graph)

Management
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Risk, Compliance etc.



Conclusions

* There is no ‘one size fits all’ style of ontology

* Different usages indicate different ontology styles

e Data or Things
 Deep foundational hierarchies or correspondence graphs
* Deep property hierarchy for mapping, restrictions for
reasoning
* Novel applications like Al and NLP may require further
distinctions
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Understanding Business Meaning
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Takeaways: Financial Ontology
Standards Applications
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Integration

Reference
Ontology

Shared business

Expressed
logically

ooty

<swap>
<!-— chase pays the floating rate every 6 months, based on 6M EUR-LIBOR-BBA,
on an ACT/360 basis ——
<swapstreams>
<payerPartyrReference href=" gar Tyl" />
<rE(E1vErPartyREfErEn(e href="party2"”
<calculationPeriodbates i oatingcal CPeriodbates”s
<effectivepates
<unadjustedDate>-1994-12-147</unadjustedpates
<dateAadjustments>
“busi nessDaycorlvErrt1on>NONE</bu51 nessbayConvention>
</d teAd]ustmEn‘ts>
</effectivepate>
<terminationDates
<unadjustedbate>1999-12-147</unadjustedpaces
<dateAdjustments>
Zbusi nessDayconvErrti ON>MODFOLLOWING</businesspayConvention>
<businessCenters id="primaryBusinessCenters’ >
<businessCenter>DEFR</businessCenter>
</businesscenters>
</dateAd]ustmerﬂ:s>
</terminationpate
<(a1(u1at‘lonPer‘iodDatesAd]ustmerrts)
<businessbayConvent ion>MODFOL LOWING</businessDayConvention>
<businesscentersrReference href="primaryBusinessCenters”™ />
</calculationPeriodpatesadjustmentss>
<calculationPeriodrrequency>
Zperiodmultiplier>6</perioduultipliers
<perdiod>m</period>
<rollconvention>14</rollConvention>
</c a‘lcu‘lat1onPeraodFrequency>
</calculationPeriodpate
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Regulatory Reporting with Semantics

Conceptual Data I

Ontology
Foundational serpgis

J
|

v

N

%u mﬂuj\‘ Granular ‘ \/
== data HE
SRS = g _5 HE
e g ——
mzmmmmén :H A'mon Common
E END;‘ ontology ontology
ULL[LLL[LUED |:|
mzmmmmmmw
REPORTING ENTITY REGULATORY AUTHORITY

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

Reported as standardized, granular data
Agnostic to changes in forms

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

46



S€eimantc vwep
Applications

Data-focused Ontology
Correspondence semantics

isTradingWith is a
new property
......;(_"_" relationship that is

.= . inferred based on a
usiness Entity | semantic rule and

! iemantic reasoning

|v|éeﬂmﬂn-g AEEEEEEE® -'FTFaqmw
I | BusineE.-;s Entify Interest Rate T

hasLe_g FixedRatelLeg Swap
and

be a Fixed-Float IR
Swap because one
leg was inferred to
be fixed and one leg
was inferred to be
floating fulfilling the

i typdnferred
Human Facing Definition yp?n erre

which fixed interest
payments on the
notional are exchanged
for floating interest

Fixed Float IR ](.
Swap i ifi

typzal nferred

~payments.
pay definitions in the
LEI ts‘emantic reasoning
FloatingRateLe | _...Inferced. ..} AT T i
[ g } type type FixedRatelLeg
A
Legl is irferred to i
be a ] be a FixedRatelLeg
FloatingRatelLeg because any leg
b_ecause any Ieg_ 100000 LIBO tied to an interest
tied to an index is oQfcurrency rate is
semanticall | - semantically
. Data for an undefined
Swap Contract before “

semantic reasoning

Da Vld Newman’ We//s Fargo performs classification 47

and identification




Al and Natural Language
Processing

Named Entity:

Organization

Concept Ontology
Foundational
semantics

~MN"1 -7

LICENSING AGREEMENT

.. JSA
This agreement is —~made

between Lymbg Carporation

(the| “Licensor”) and ACME
Inc., (the_ “Licensee”),
coIIectlver ref&fred to as

' 'agent in role’

v 'party in role’
B0 'contract party’
= '‘contract third party’
§ ----- hcenﬁee

Named Entity:
FIBO Concept

t 'l' -- thlnu in rnIE B



Virtual Data Lakes: ET and NoETL

Data-focused
Ontology
Foundationge
semantics

www.Capsenta.com 49
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