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Introduction

Conceptual Schemas

e To understand and document the relevant aspects of an application domain
e Used as live, computational artifacts

e Provides end-users with a vocabulary they are familiar with

e Masks how data are concretely stored

e Enrich (incomplete) data with domain knowledge

Mapping Specification

e To cover the abstraction mismatch between
o domain schema
e underlying data

e Declaratively links them to express how patterns in the data correspond to domain
concepts and relationships
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Ontology-based Data Access (OBDA)
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Logical transparency in accessing data:

_Q_ does not know where and how data is stored;

_Q_ can only see a conceptual view of data.
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Ontology-based Data Access (OBDA)

e Users do not need to code procedures for data extraction

e Domain experts autonomously interacts with legacy data without the manual
intervention of IT savvy

e The actual data storage is completely transparent to end-users

e Data are not replicated and it is retrieved using the standard query engine of the
information system
e From the foundational point of view, this is made possible [2]

e by carefully tuning the expressive power of the conceptual modeling and mapping
specification languages,
e by exploiting key formal properties of their corresponding logic-based representations

On top of these foundations, several OBDA systems have been engineered, ontop is one of the main
representatives in this spectrum [3] - http://ontop.inf.unibz.it
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The Need of a Multi-level Approach to Data Access

When an OBDA specification is available
Certain types of users adopt reference models as an upper schema

e to understand the organization,
e to create reports, and

e exchange information with external stakeholders

For data analysis applications

Data analysis applications are exploited to extract insights from legacy data

e The actual input for such applications consists of specific abstractions that may not be
explicitly present in the legacy data, and

e Have to be represented according to the expected input data format
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20BDA Framework

e 20BDA model is an elegant extension of OBDA

e the conceptual transformation of concepts and relations in the domain schema into
corresponding concepts and relations in the upper schema

e 20BDA specification can be automatically compiled into a classical OBDA specification
that directly connects the legacy data to the upper schema, fully transparently to the
end-users

e Supported by a tool-chain

e End-users model the domain and upper schema, and specifies the corresponding
transformations as annotations of the domain schema

e Types and features of annotations are derived from the concepts present in the upper
schema
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20BDA Framework

query/answer

transform
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20BDA Framework: Computing Certain Answers in 5 Steps

query/answer

transform (\)
domain schema (7))

OBDA

20BDA

EKAW'18

. rewrite q to compile away the upper schema, obtaining

g, = rew(q, T"), which is a UCQ over the upper schema

. use the schema transformation rules (\') to unfold g, into a query

over the domain schema, denoted by g, = unf(q;, '), which turns
out to be a UCQ

. rewrite g, to compile away the domain schema 7T, obtaining

qr = rew(q;, T)

. use the mapping (M) to unfold g, into a query over relational

database (R), denoted by g, = unf(g:, M), which turns out to be
an SQL query

. evaluate g, over database instance, obtaining eval(qu, D)
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OHub Case Study

e An organization called OHub acts as a hub between companies selling goods and
persons interested in buying those goods
e OHub takes cares of an order-to-delivery process that supports a person in

e placing an order
e paying the order
e delivering the paid goods, etc.

e Employees of OHub use a legacy management system to handle orders, but they are
not aware of

e how the actual data about orders
e how their involved stakeholders are stored

e OHub Managers wants to inspect
e which commitments currently exist
e in which state they are

e It is important for them to understand orders and their states in contractual terms
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OHub Case Study: Challenges

e OHub managers cannot directly formulate queries of this form on top of the legacy
data (vocabulary mismatch)

e A possible solution: create a dedicated OBDA specification that directly connects the
legacy data to the UFO-S upper schema

1. Unrealistic from the conceptual modeling point of view
2. Reference models and upper ontologies are typically large
e Only a small portion of the whole reference model is needed to capture the
commitments of interest in a specific application domain such as OHub
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OHub Case Study: Domain Schema and Data

[Company] :|°""-" [Person |
p— 1.1 suppliest> 0.*]_ : STRING 0.* makes <1 1.1 T
— oTime: DATE TIME| — I ]

pa | alice | bzt | p ot | 5 [ pa| ce[b25]| 0 0 | o2 |15

Paid | ce |eDvd[na1| 02 | 10 [ pb | ce |mumr]| 1 MTransfers
{disjoint} Ldisjoint}

[ctosed)—""_tasm. _ [open] _ _ _ sogom_ e N Slole|olm]
Stakeholders OrderData

e Each entry in the OrderData table corresponds to an order,

e Supplying company is obtained from the entry in Stakeholders pointed by the to
column, and

e Making person is obtained from the entry in Stakeholders pointed by the from column
e the order is open if the corresponding entry in OrderData has final = 0

e closed if the corresponding entry in OrderData has final = 1, but no monetary transfer
exists in MTransfers for the order

e paid if the corresponding entry in OrderData has final = 1, and there exists an entry in
M Transfers pointing to the order
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OHub Case Study: Defining OBDA Specification

L
tcName: STRING
C—
i1
tc_bindedoy_scc 9|

o
[ServiceCustomerCommitme

SccName: STRING
sccState: STAING
I ——

SocName: STANG
socState: STRING

e We can define an OBDA specification:

e domain experts can forget about the schema of the legacy data, and
e work directly at the level of the domain schema

e The domain schema can then employed to declare which concepts and relations define
the UFO-S notions of

e service provider, target customer, and corresponding offering and customer commitments
e We can declaratively specify that:

e Each closed order gives rise to a pending customer commitment binding its making
person (i.e., its target customer) to paying it.

e Each paid order corresponds to a discharged customer commitment related to the order

payment, and to a pending offering commitment binding its supplying company (i.e., its
service provider) to delivering it

- . e .
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OHub Case Study: Querying

e Once the mapping and transformation rules are specified, OHub managers can express
queries over UFO-S, and obtain answers automatically computed over the legacy data

e For example, upon asking about all the pending commitments existing in the state of
affairs captured by the data in, one would get back two answers:

1. one indicating that company eDvd has a pending commitment related to the delivery of
order 02,
2. one telling that person Alice is committed to pay order 03

pa |alice [ bza | p o1 | 5 | pa | ce |bes

a2 |15

e |eDvd|na1| < o2 | 10 | pb | ce |mur| 1 MTransfers

pb | bob [tn3 ]| p o3 | 20 | pa | ce |mur] 1

Stakeholders OrderData
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OHub Case Study: Conceptual Schema of Order System

[Company] °"’"

1.1 suppliest> 0.*[_ o STRING o makes < 1.
title: STRING] Iname: STRIN(
— oTime: DATE TIME —

pTime: DATE_TIME]|
I

Ldisjoint}

{disjoint}

Intuitively concepts correspond to classes, roles to binary associations, and DL
attributes to UML attributes

DL-Lite TBox assertions capture the conceptual schema

Open and Paid are sub-concepts of Order (Open C Order, Paid C Order)
Paid and Open are disjoint (Paid C —Open)
the domain of name is Person (§(name) C Person)

the domain and the range of makes are respectively Person and Order
(3makes C Person, 3makes— C Order)

orders are made by someone (Order C Imakes™)

the inverse of makes is functional ((funct makes™))
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OHub Case Study: Mapping Assertions

title: STRING|
— oTime: DATE_TIME]|

o [Person |
1.1 suppliest> 0.*[2 4o crninG [0 _makes < 1.1
Iname: STRIN(
1
[

a | o2 |15

MTransfers

Paid |

[Closedl— taar) _ _ [Open] wisiom -
|Closed [Open] 1me;mm sl : el
Stakeholders OrderData

e Mapping assertion to populate Person concept with the corresponding attribute name,
by selecting in the table Stakeholders entries for which the value of type equals 'p’

3

SELECT id as pid, name FROM Stakeholders WHERE type = ‘p’
~»  Person(person(pid)) A name(person(pid), name)

e Mapping assertion to populate the makes role with all pairs consisting of an order and
the corresponding person who made the order:
SELECT 0OD.id as oid, S.id as pid FROM OrderData 0D, Stakeholders S

WHERE OD.from = S.id ~+ makes(person(pid), order(oid))
unibz {3 Mm% o
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OHub Case Study: The Rewriting of Queries

e Let's consider the query g(x) = Person(x) that retrieves all persons

e Since T contains 3makes C Person and Jname C Person, the rewriting of g(x) w.r.t.
T gives us the UCQ q,(x) = Person(x) V Jy.makes(x, y) V 3z.name(x, z),

e The unfolding of g.(x) w.r.t. M gives us the following SQL query gu(x):

SELECT id as x FROM Stakeholders WHERE type = ’p’

UNION
SELECT S.id as x FROM OrderData 0D, Stakeholders S

WHERE 0OD.from = S.id

— P e -
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OHub Case Study: Computing Certain Answers

e The transformation rule Person(x) ~» TargetCustomer(tc(x)) maps each instance of
the domain schema concept Person into the upper schema concept TargetCustomer.

e By applying the 5 steps of computing certain answers, we get the OBDA mapping
qu(x) ~ TargetCustomer(tc(x)), where gu(x) is the following SQL query

SELECT id as x FROM Stakeholders WHERE type = ‘p’
UNION

SELECT S.id as x FROM OrderData 0D, Stakeholders S
WHERE 0D.from = S.id
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Achievements

e Modularity and separation of concerns
e If the underlying data storage changes, only the mapping to the
domain schema needs to be updated, without touching the definition
of commitments
e If instead the contract is updated, the domain-to-upper schema
transformation needs to change accordingly, without touching the
OBDA specification

e The approach is driven by the actual querying requirements

query/answer

transform (\)

e only the aspects of the upper schema that are relevant for querying
need to be subject of transformation rules

domain schema (7))

e The transformation rules also provide a way to customize the view
over the data
e even with the same upper schema, two different sets of
transformation rules might provide different views over the data
represented by the domain schema

OBDA

20BDA
e We might even go beyond that, and consider situations where
several upper schemas are provided, each with different sets of
transformation rules
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Specifying Schema Transformations (\)

e An approach based on annotations are used to generate the rules
e UML class diagrams is employed as a concrete language for conceptual data modeling,
and we rely on their logic-based encoding in terms of OWL2QL [2, 7]

e We assume to work with OWL 2 QL compliant ontologies, the available types of
annotations are automatically deduced from the upper ontology based on this
assumption

e We have developed an editor for annotating the domain ontology with upper ontology
concepts that dynamically builds the annotation types accordingly
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Specification Schema Transformation (/)

Company

SerwceNegotratlon
Order
Order
7 Person

Payment pending service

1.1 supplies > 0.5 44 65 NG makes <

title: STRING] S8 (YR T m-meTRING customer commitment
ServiceCustomerCommitmen A ServiceCustomerCommitmen
Payment Pending Payment Discharged

ServiceOfferingCommitment Payment discharged service

Shipment

-

{disjointy”
=
-

customer commitment

Paid
pTime: DATE TIME

-
Closed |~ {disjoint}

Shipment service offering
commitment
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Tool Support

e We provide onprom tool-chain® that supports the various phases of the 20BDA design

e |t implements the automated processing technique for annotations and consists of the
following components

e A UML Editor to model the domain and upper ontologies as UML class diagrams, and to
import from and export to OWL 2 QL

e A Dynamic Annotation Editor to enrich the domain ontology with annotations extracted
from the upper ontology, which are automatically translated into corresponding SPARQL
queries

e A Transformation Rule Generator automatically processes the annotations, and generates
rules between the domain and upper ontologies

e implements the described mapping synthesis technique leveraging the state-of-the-art ontop2
framework [3] for mapping management and query rewriting and unfolding
e \We do not have native tool support for specifying the mapping assertions currently, it
can be realized manually or by exploiting third-party tools (such as mapping editor in
the ontop plugin for Protégé®)

'http://onprom.inf.unibz.it

*http://ontop.inf.unibz.it

*http://protege.stanford.edu/
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Conclusions

e A framework is proposed for accessing data through different conceptual schemas,
which is formalized in terms of 20BDA

e |t is possible to exploit an existing OBDA specification for the domain schema,
together with conceptual mappings between the domain and the upper schema, to
automatically derive an new OBDA specification for the upper schema

e The framework can be realized through schema annotations, and accordingly we
implemented a tool-chain supporting annotation based approach

e Finally, 20BDA framework and the results can be easily generalized to multiple-levels,
where schema transformations are specified between multiple conceptual schemas
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Questions and Thanks

Web Site
Please visit for more information, related papers, to download
onprom and to watch screencasts:

http://onprom.inf.unibz.it
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