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(® FORMAL MODEL OF KNOWLEDGE BASE DESIGN

Formally, let's define the ontology as a
O=<C,RP.DA U>
where C is the set of concepts (classes), R is the set of relations (object properties), P is the
sal of attributes of concepls (data type properties), D is the sel of data types, A is the set of
axioms, Uis the set of instances (class objects).
The set of relations R is defined as the set of binary relations between concepts
YR ERIC,LCLEC: Ry EC, % Cy.

A set of attributes P is defined as a sel of binary relationships between concepls and data
ypes

WP EPIAC,EC, D ED: PLT %D
Instances of ontalogies U are defined as some subset of objects, each of which corresponds
fo at least one ontology concept
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 PATTERN FOR INTEGRATING ONTOLOGIES

Ajam | Asian [—

wersaniR|

L
Qmedegy iR

Fa ortologylRI

—

BistaSource Sntolooy ProbismGmology Bomain@ntology

@ PROJECT GOAL AND TASKS

The goal of the project is to design an ontology-driven analytical platform for data-
intensive domains.
Tasks must be solved:
. Requirements analysis and clarification for analytical platforms for research in
domains with intensive using data.

. Creating formal model for knowledge base design and developing basic structure
of knowledge base.

. Developing knowledge-based approach to information integration.
Designing core architecture of the knowledge-based analytical platform,

. Developing design pattemns for creation of analytical platforms based on the core
architecture,

5. Developing language toolkits.
Designing domain specific languages to describe user's data and research
SCcenanos.

@ DSL TOOLS: LANGUAGE TOOLKITS COMPARING

MSDSL | Eclipse

Requirements Tools Sirius

MetaEdit+ | MS Visio | QReal

Ability to define modaling
languages for most subject areas

Ability to dynamically change the
modeling language

Ability to alienate the created
language from the system

Ability to modify the visual model

.Abilily to perform a horizontal
transformation

( DSL TOOLS: ONTOLOGY-DRIVEN APPROACH
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(® BASIC REQUIREMENTS

Basic requirements:

1. Providing modeals extensibility to allow description of new informalion sources
(data sources, domain models).

2.Ensuring domain data integration with results of their analysis when algorithms of
automated data processing.

3.Delivering tools for independent interpretation of data and results of their
processing according to different domain models for end-users.,

4. Ensuring traceability of changes in metamodels and modeals to support the
relevance of semantic annotations of stored information,

5. Praviding tools for declarative specification of data processing (methods and
research scenarios) as well as data structures used 1o extract data from specified
data sources for processing at the research scenarios execution or to write data
(results of analysis) into data stores after executing data processing algorithms.

6. Ensuring tools for the data and knowledge models integration with software
companents implementing data processing algorithms.

(® AN EXAMPLE OF ONTOLOGY INTEGRATION SCHEME
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@ DSL TOOLS: THEORETICAL BASIS FOR DEVELOPMENT

Purpose:
Development of a new graph formalism that can be used as a basis for a
DSM platform and provide a possibility to perform multi-level and multi-
aspact modeling, meating the mentioned above requiremants.

raph model Definition:
HP-graph is an ordered triple G = (P, V, W)
* P={1my,....7.} is a set of external poles of the graph.
» V={v,, . .. v.}is a non-empty set of mutually disjoint vertices, consisting
of internal poles.
» W= {w,,...,w} is a set of hyperedges, consisting of poles.
* Polis a sel of all poles of the graph
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® AN APPROACH TO ANALYTICAL PLATFORM DEVELOPMENT

The model of data analysis and interpretation process
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@ DSL TOOLS: METAMODEL DEVELOPMENT

Metalanguage comparison: GOPPRR appears to be the most expressive
language
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@ DESIGN CHALLENGES

Design challenges:

1. Integration of information (data sources models, data processing problems
descriptions, domain models) at the level of source metamodels which are

described independently of each other.

2. Automated interpretation of data based on formal description of logical
constraints and domain rules.

3. DSL Iintegration for specification of data processing modules for gathering,
preprocessing, analyzing and interpreting data.

4. Integration of task solvers based on declarative specifications of platform
modules.

5. Composition of data processing modules into pipelines based on input and
output data structures descriptions.




@ PROJECT GOAL AND TASKS

The goal of the project Is to design an ontology-driven analytical platform for data-
Intensive domains.

Tasks must be solved:

1.

2.

o b~ W

Requirements analysis and clarification for analytical platforms for research In
domains with intensive using data.

Creating formal model for knowledge base design and developing basic structure
of knowledge base.

. Developing knowledge-based approach to information integration.
. Designing core architecture of the knowledge-based analytical platform.
. Developing design patterns for creation of analytical platforms based on the core

architecture.

. Developing language toolkits.
. Designing domain specific languages to describe user's data and research i>

scenarios.



@ BASIC REQUIREMENTS

Basic requirements:

1.Providing models extensibility to allow description of new information sources
(data sources, domain models).

2.Ensuring domain data integration with results of their analysis when algorithms of
automated data processing.

3.Delivering tools for independent interpretation of data and results of their
processing according to different domain models for end-users.

4.Ensuring traceability of changes in metamodels and models to support the
relevance of semantic annotations of stored information.

5.Providing tools for declarative specification of data processing (methods and
research scenarios) as well as data structures used to extract data from specified
data sources for processing at the research scenarios execution or to write data
(results of analysis) into data stores after executing data processing algorithms.

6.Ensuring tools for the data and knowledge models integration with software [ >
components implementing data processing algorithms. 6




AN APPROACH TO ANALYTICAL PLATFORM DEVELOPMENT

The model of data analysis and interpretation process
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AN APPROACH TO ANALYTICAL PLATFORM DEVELOPMENT

Generalizec Structure Of the Analvtlcal Platform
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® FORMAL MODEL OF KNOWLEDGE BASE DESIGN

Formally, let's define the ontology as a

O=<C,R,P,D,A U>
where C is the set of concepts (classes), R is the set of relations (object properties), P is the
set of attributes of concepts (data type properties), D is the set of data types, A is the set of
axioms, U is the set of instances (class objects).
The set of relations R is defined as the set of binary relations between concepts

VR, ER3C,,C, EC: R, € C; X C,.

A set of attributes P is defined as a set of binary relationships between concepts and data
types

VP, e P3C, €EC,D, ED: P, € C, X D,.

Instances of ontologies U are defined as some subset of objects, each of which corresponds
to at least one ontology concept -

UCS Ucecli,VaeU3(; €l :ae€ (. 9




® FORMAL MODEL OF KNOWLEDGE BASE DESIGN

Let’s define the set of axioms A as the set of statements regarding instances of ontology of
the following types:

1.Instance a belongs to concept C,.
2.Instances a and b are in relation R;.
3.Instance a has a P, property value of d of data type D,.

For the simplification of next definitions let's designations for these types of axioms in
accordance with the following formal definitions:

C,(a) ®(a€eU,C,eC,a€EC,),
Ri(a,b) & (a,b € U, R €ER,aR{b,(3C{,C, €C : Ry C C; X (,)),
P,(a,D:(d)) & (a € U,d € D;,P, € P,aP,d,(3C, € C,D, €D : P, C C; X D;)).

-
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® FORMAL MODEL OF KNOWLEDGE BASE DESIGN

Set A is only a small fraction of the set of all axioms <A that can theoretically be annotated
using the ontology O. The fact base described by ontology O is denoted F and it is defined
formally as a subset of set A. As a result, we have

A = UCiEC{Ci(a) la € U} + URjER{R]-(a, b) ‘a,b = U} +

+ Up, epp,eptPr(a Di(d)) la € U, d € D}, A F S A, |F| > |A].

set A is only a small fraction of the set of all axioms A that can theoretically be annotated
using the ontology O. The fact base described by ontology O is denoted F and it is defined
formally as a subset of set A. As a result, we have

A = Uciec{Ci(a) la € U} + URjER{R]-(a, b) ‘a,b = U} +

+ Up, epp,eptPr(a Di(d)) la € U, d € D}, A F S A, |F| > |A]. -
11




® FORMAL MODEL OF KNOWLEDGE BASE DESIGN

Set A is only a small fraction of the set of all axioms <A that can theoretically be annotated
using the ontology O. The fact base described by ontology O is denoted F and it is defined
formally as a subset of set A. As a result, we have

Fina
onto

A = UCiEC{Ci(a) la € U} + URjER{R]-(a, b) ‘a,b = U} +

+ Up, epp,eptPr(a Di(d)) la € U, d € D}, A F S A, |F| > |A].

ly, the knowledge base K can be formally defined asa K=< O, F >. let O,, O,, O, be
ogies, f: O, ~» O,and g : O, ~ O, be ontological mappings.




® FORMAL MODEL OF KNOWLEDGE BASE DESIGN

Then the definition of the process of replenishing the knowledge base with new facts when
applying the procedures for processing and interpreting subject data can be formally
presented as a composition of relationships

[1(g)]opo[I(f)]eqg c 29 x 2#403) g c 2Q x 24(01) p c 24(02) x 2A(02)
Here, g Is a procedure for generating input data with structure described using the ontology
O,. Next, the interpretive mapping /(f) is used to structure this data according to the ontology
O,, which declaratively describes the task of processing this data using the procedure p.

Finally, the interpretive mapping /(g) is an interpretation of the results of applying the data
processing procedure for structuring according to the O, ontology.

Between different versions of ontologies using production rules, one can define the
corresponding ontological mappings F;: O; ~ O, where i, j are versions of ontologies.




THE BASIC STRUCTURE OF KNOWLEDGE BASE

Fact Base
Base of
> > » Base of > I(g) ™ _
Database Solutions 3 Domain
< Facts
V} \ 4
q p

Data

Data
Ontology

Data
Ontology

Ontology Repository

Problem

Problem
Ontology

Q == - - - — -

Domain

Ontology Ontology Ontology
0%
1 1
L___'-___FZ?a Glz
A A

— > Data Flow

----- »Mapping




AN EXAMPLE OF ONTOLOGY INTEGRATION SCHEME
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o THE FUNCTIONALITY OF THE TOOLS FOR MANAGING

" THE REPOSITORY OF ONTOLOGIES
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THE FUNCTIONALITY OF DSL-TOOLS
FOR THE DATA ENGINEER
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@ PATTERN FOR INTEGRATING ONTOLOGIES
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PATTERN FOR ONTOLOGY-BASED METAMODELING
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@ PATTERN FOR INTEGRATING DSL
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@ PATTERN FOR INTEGRATING PROBLEM SOLVERS
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DSL TOOLS: LANGUAGE TOOLKITS COMPARING

Requirements

MS DSL
Tools

Eclipse
Sirius

MetaEdit+

MS Visio

QReal

Ability to define modeling
languages for most subject areas

Ability to dynamically change the
modeling language

Ability to alienate the created
language from the system

Ability to modify the visual model

Ability to perform a horizontal
transformation




DSL TOOLS: THEORETICAL BASIS FOR DEVELOPMENT

Purpose:
Development of a new graph formalism that can be used as a basis for a
DSM platform and provide a possibility to perform multi-level and multi-
aspect modeling, meeting the mentioned above requirements.

Graph model Definition:
HP-graph is an ordered triple G = (P, V, W):
« P ={m,,...,m } IS a set of external poles of the graph.

* V ={v,,...,v} IS @ non-empty set of mutually disjoint vertices, consisting
of internal poles.

W ={w,,...,w;} IS a set of hyperedges, consisting of poles.
* Pol Is a set of all poles of the graph




@ DSL TOOLS: THEORETICAL BASIS FOR DEVELOPMENT

Pol is a set of all poles of
the graph

G

185)




@ DSL TOOLS: THEORETICAL BASIS FOR DEVELOPMENT

G

P ={m,,...,7T } IS a set
of external poles Ws %10 V: @’ We

of the graph e
g p B 1p6 /
@Wz +p5 Va




DSL TOOLS: THEORETICAL BASIS FOR DEVELOPMENT

V={v...,v_} IS
a non-empty set
of mutually disjoint
vertices, consisting
of internal poles

TS5




@ DSL TOOLS: THEORETICAL BASIS FOR DEVELOPMENT

a set of hyperedges,
consisting of poles
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DSL TOOLS: THEORETICAL BASIS FOR DEVELOPMENT

Addition Operations Removal Operations

1.v + pl — Addition of the inner pole to the vertex |1. v — pl — Removal of the inner pole from the node
2. G + v — Addition of the vertex to the graph 2. G — v— Removal of the node from the graph

3. G + w — Addition of the edge to the graph 3. G —w - Removal of the edge from the graph

4.w + pl — Addition of the inner pole to the edge |4. w — p1 — Removal of the inner pole from the edge
5.w + p2 — Addition of the outer pole to the edge |5. w — p2 — Removal of the external pole from the
edge

6. G + p2 — Addition of the outer pole to the graph
6. G — p2 — Removal of the outer pole from the graph

-

29



DSL TOOLS: THEORETICAL BASIS FOR DEVELOPMENT

Graph model Representation in the HP-graph G' = (P', V', W')
Oriented Graph V =P' =V, where vv'eV' [|V| = 1]
G=(V, E) E =W where Vw'eW"': [|wW'| = 2])
Hypergraph X=P' =V, where Vv'eV' [|V| = 1]
G = (X, E) E=W
Hi-graph X|xeX&|x|=1}=P =V, where Vv eV [|V]=1]
G = (X, E) Eu{x|xeX&|x|>1}=W
Metagraph V =P' =V, where vv'eV'" [|V| = 1]
G=(V, MV, E) EuMV=W
P-graph \F; f \F;
G=(P,V,W) -

W = W', where vw'eW'": [|[w'| = 2]




DSL TOOLS: METAMODEL DEVELOPMENT

Metalanguage comparison: GOPPRR appears to be the most expressive

language
Metalanguage Object Relationship Role Port Model Property
EMOF Class Property, Association — — — Property
Ecore EClass EReference — — — EAttribute
GOPPRR Object Relationship Role Port Graph Property
ArkM3 Class Association, Composition — — — Property
WebGME MML FCO Pointer, Set, Connection, Containment, Connection FCO Attribute

Inheritance, Mixin

Role




DSL TOOLS: METAMODEL DEVELOPMENT

Metalanguage comparison: GOPPRR appears to be the most expressive

language
Notation EMOF Ecore | M® DI\fI\L/”_TOO'S GOPPRR ArkM3 Wlevtl’l\(jﬁ/”z

SADT 67% 67% 67% 100% 67% 83%
DFD 80% 80% 80% 100% 80% 100%
ERD 100% 100% 100% 100% 100% 100%
Use Case Diagram 100% 100% 100% 100% 100% 80%
Activity Diagram 80% 80% 80% 80% 80% 80%
Sequence Diagram 80% 80% 80% 90% 80% 80%
Class Diagram 100% 100% 100% 100% 100% 86%
Component Diagram 5% 5% 5% 100% 5% 5%
Average: 85% 85% 85% 96% 85% 86%




DSL TOOLS: METAMODEL DEVELOPMENT

Metalanguage comparison: GOPPRR appears to be the most expressive
language

Concept GOPPRR System Metalanguage
Model Graph Model
Object Object Entity
Port Port Port
Property Property Property
Role Role Role
Relationship Relationship Edge
Hyperedge — Hyperedge




DSL TOOLS: METAMODEL DEVELOPMENT
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DSL TOOLS: ONTOLOGY-DRIVEN APPROACH
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DSL TOOLS: ONTOLOGY OF LANGUAGES
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0 DSL TOOLS: ONTOLOGY OF LANGUAGES -

HPGPR METALANGUAGE

Seven types of connections are used in metamodels:

1. The relationship between the graph and the elements
that It includes (Graph-Bindings).

2. The relationships between hyperedges and ordinary
edges (Hyperedge—Relation—Bindings).

3. The relationshi
(Node—Port-Bi

ne relationshi
nd the properties (Objects—Properties—Bindings).

ne relationship between the port and the roles
es—Bindings).

onship between a property and its data type

4. T
a

5. T

(Port—Ro
6. The relat

p between the node and the port
ndings).
p between all objects of the language

(Property—Data Type—Bindings).
/. Relationship between communication, port, and role
(Relationship—Bindings).
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® DSL TOOLS: LANGUAGE TOOLKITS IMPLEMENTATION

Based on these ontologies, the functions of the language toolkit are implemented:

» F1 defines DSL generation rules as a mapping of the domain ontology onto the
metamodel of the basic modeling language.

» F2 applies DSL generation rules to create a new DSL.

» [F3 matches the elements of the visual language metamodels with the elements of
textual language grammars when creating transformation rules (code generation rules).

 F4 applies transformation rules to generate textual artifacts.
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(® FORMAL MODEL OF KNOWLEDGE BASE DESIGN

Formally, let's define the ontology as a
O=<C,RP.DA U>
where C is the set of concepts (classes), R is the set of relations (object properties), P is the
sal of attributes of concepls (data type properties), D is the sel of data types, A is the set of
axioms, Uis the set of instances (class objects).
The set of relations R is defined as the set of binary relations between concepts
YR ERIC,LCLEC: Ry EC, % Cy.

A set of attributes P is defined as a sel of binary relationships between concepls and data
ypes

WP EPIAC,EC, D ED: PLT %D
Instances of ontalogies U are defined as some subset of objects, each of which corresponds
fo at least one ontology concept

UEUper G Yo EUIC,EC 0 EG

 PATTERN FOR INTEGRATING ONTOLOGIES
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@ PROJECT GOAL AND TASKS

The goal of the project is to design an ontology-driven analytical platform for data-
intensive domains.
Tasks must be solved:
. Requirements analysis and clarification for analytical platforms for research in
domains with intensive using data.

. Creating formal model for knowledge base design and developing basic structure
of knowledge base.

. Developing knowledge-based approach to information integration.
Designing core architecture of the knowledge-based analytical platform,

. Developing design pattemns for creation of analytical platforms based on the core
architecture,

5. Developing language toolkits.
Designing domain specific languages to describe user's data and research
SCcenanos.

@ DSL TOOLS: LANGUAGE TOOLKITS COMPARING

MSDSL | Eclipse

Requirements Tools Sirius

MetaEdit+ | MS Visio | QReal

Ability to define modaling
languages for most subject areas

Ability to dynamically change the
modeling language

Ability to alienate the created
language from the system

Ability to modify the visual model

.Abilily to perform a horizontal
transformation

( DSL TOOLS: ONTOLOGY-DRIVEN APPROACH
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(® BASIC REQUIREMENTS

Basic requirements:

1. Providing modeals extensibility to allow description of new informalion sources
(data sources, domain models).

2.Ensuring domain data integration with results of their analysis when algorithms of
automated data processing.

3.Delivering tools for independent interpretation of data and results of their
processing according to different domain models for end-users.,

4. Ensuring traceability of changes in metamodels and modeals to support the
relevance of semantic annotations of stored information,

5. Praviding tools for declarative specification of data processing (methods and
research scenarios) as well as data structures used 1o extract data from specified
data sources for processing at the research scenarios execution or to write data
(results of analysis) into data stores after executing data processing algorithms.

6. Ensuring tools for the data and knowledge models integration with software
companents implementing data processing algorithms.

(® AN EXAMPLE OF ONTOLOGY INTEGRATION SCHEME
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@ DSL TOOLS: THEORETICAL BASIS FOR DEVELOPMENT

Purpose:
Development of a new graph formalism that can be used as a basis for a
DSM platform and provide a possibility to perform multi-level and multi-
aspact modeling, meating the mentioned above requiremants.

raph model Definition:
HP-graph is an ordered triple G = (P, V, W)
* P={1my,....7.} is a set of external poles of the graph.
» V={v,, . .. v.}is a non-empty set of mutually disjoint vertices, consisting
of internal poles.
» W= {w,,...,w} is a set of hyperedges, consisting of poles.
* Polis a sel of all poles of the graph
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® AN APPROACH TO ANALYTICAL PLATFORM DEVELOPMENT

The model of data analysis and interpretation process
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0 THE FUNCTIONALITY OF THE TOOLS FOR MANAGING
THE REPOSITORY OF ONTOLOGIES
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@ DSL TOOLS: METAMODEL DEVELOPMENT

Metalanguage comparison: GOPPRR appears to be the most expressive
language
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