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Research Context & Motivation

M-lab

Model-driven Software Engineering Laboratory

Faculty of Electrical Engineering e University of Banja Luka

http://m-lab.etf.unibl.org

M-lab long-term research project:

Automatic database design
based on sources of different nature

(models, text, speech, ...)
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Research Context & Motivation

Model-driven Software Engineering Laboratory

Faculty of Electrical Engineering e University of Banja Luka

http://m-lab.etf.unibl.org

M-lab long-term research project:

Automatic database design
based on sources of different nature

(models, text, speech, ...)

Main M-lab achievements:

AMADEOS
http://m-lab.etf.unibl.org:8080/amadeos

The first online web-based tool for automatic CDM
derivation from collections of differently
represented and differently serialized BPMs

TexToData
http://m-lab.etf.unibl.org:8080/TexToData

The first online multilingual web-based tool for
automatic CDM derivation from natural language
text
SpeeD
http://m-lab.etf.unibl.org:8080/SpeeD

The first tool that provides functionality of CDM
derivation from recorded speech
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Research Context & Motivation

M-lab Main M-lab achievements:

Model-driven Software Engineering Laboratory

Faculty of Electrical Engineering e University of Banja Luka

DBomnia
http://m-lab.etf.unibl.org

http://m-lab.etf.unibl.org:8080/dbomnia
— The first online web-based tool enabling
. . automatic derivation of CDMs from
M-lab Iong term research project: heterogeneous source artifacts

] ] (BPMs and textual specifications)
Automatic database design

based on sources of different nature

(models, text, speech, ...)
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Research Context & Motivation

Taxonomy of existing approaches
to (semi-)Jautomatic CDM design AMADEOS

Ontology Process

TexToData

SpeeD
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Research Context & Motivation

Capabilities of AMADEOS
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Research Context & Motivation

Capabilities of AMADEOS
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Research Context & Motivation

Capabilities of AMADEOS

- CreateBookRequest *
=D BookEdition ! reateBookReques BookRequest
K RegisterBorrowing 1 i
P N V + id: Integer +id: Integer
[
£ BookEdition (g =
g CreateBook ReceiveBook + PK(id: Integer) + PK(id: Integer)
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|vr Book_Borrowed * RegisterBorrowing
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+ PK(id: Integer) + id: Integer Librarian
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g = D . Member
...-' ------- )D -------------- d +id: Integer 1 CreateBookRequest ),
BookRequest Book Book
[Received) [Borrowed] + PK(id: Integer)
— ADV: Ability to automatic generation of a highly
§ complete data model structure (~80-100% of entity
3 Book
! T ihvaleie types and their relationships)
5 Bk — DIS: Modest percentage of attributes in entity
E
=

types (only id attribute in each entity type)
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Research Context & Motivation

Capabilities of TexToData

Library users are librarians or members. Library user
has name, email, username, and password.
Librarian has residence. Member has date of birth.

Book edition has title, year, isbn, authors names,
publishers names, fields, and UDC groups. Book has
tag. Books belong to book edition.

Member creates borrowing requests. Borrowing
request has date. Borrowing requests belongs to
book edition. Librarian registers borrowings and
issues books.

Member returns borrowed book. Librarian registers
returned book.
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Research Context & Motivation

Capabilities of TexToData

Library users are librarians or members. Library user library_user borjrowing_request book_edition
has name, email, username, and password. name date | belongs title
Librarian has residence. Member has date of birth. S——_ x year
username - 1 author_name
password publisher_name
Book edition has title, year, isbn, authors names, kreates |frember_return udc_group
publishers names, fields, and UDC groups. Book has
tag. Books belong to book edition. - T V\ 1 =
librarian member bosrrowed pelong
Member creates borrowing requests. Borrowing ERcy s date 1
request has date. Borrowing requests belongs to
book edition. Librarian registers borrowings and o
issues books. borrowing issue register .

Member returns borrowed book. Librarian registers
returned book.
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Research Context & Motivation

Capabilities of TexToData

Library users are librarians or members. Library user library_user borjrowing_request book_edition
has name, email, username, and password. name date - belongs title
Librarian has residence. Member has date of birth. e x year
username - 1 author_name
.. . . password publisher_name
Book. edition has t{tle, year, isbn, authors names, kreates |frember_return udc_group
publishers names, fields, and UDC groups. Book has
tag. Books belong to book edition. - 1 -
librarian member borrowed pelong
Member creates borrowir?g requests. Borrowing R date 1 .
request has date. Borrowing requests belongs to —_
book edition. Librarian registers borrowings and : :
issues books. borrowing issue register tag
Member returns borrowed book. Librarian registers
returned book.

— ADV: Ability to automatic generation of more
complete set of attributes in each entity type

— DIS: Less complete and less correct data model
structure
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Research Context & Motivation

Capabilities of AMADEOS Capabilities of TexToData

— ADV: Ability to automatic generation of a highly — ADV: Ability to automatic generation of
complete data model structure (~80-100% of more complete set of attributes in each
entity types and their relationships) entity type

— DIS: Modest percentage of attributes in entity — DIS: Less complete and less correct data
types (only id attribute in each entity type) model structure
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Research Context & Motivation

Capabilities of AMADEOS Capabilities of TexToData

— ADV: Ability to automatic generation of a highly — ADV: Ability to automatic generation of
complete data model structure (~80-100% of more complete set of attributes in each
entity types and their relationships) entity type

— DIS: Modest percentage of attributes in entity — DIS: Less complete and less correct data
types (only id attribute in each entity type) model structure

- J/
Y

Research objectives

Define an approach and implement a tool enabling automatic CDM
derivation from a set of heterogeneous source artifacts

(try to maximize the correctness and completeness of the CDM by integrating
CDMs derived from different sources)
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Research Objectives & Contributions

Research objectives

— Define an approach and implement a
tool enabling automatic CDM
derivation from a set of
heterogeneous source artifacts

(try to maximize the correctness and
completeness of the CDM by
integrating CDMs derived from
different sources)
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Research Objectives & Contributions

Research objectives

— Define an approach and implement a
tool enabling automatic CDM =
derivation from a set of
heterogeneous source artifacts

(try to maximize the correctness and
completeness of the CDM by
integrating CDMs derived from
different sources)

Research Contributions

— Approach

— Employment of existing tools for generation of
CDMs from specific source artifacts

— Integration of those uncertain CDMs

— Implemented tool - DBomnia
— online web-based tool

— support for two types of source artifacts (BPMs
and textual specifications)

— automatic layouting and UML-based
representation of generated CDM (editing and
formatting functionalities, XMl-export to
support model portability, ...)

http://m-lab.etf.unibl.org:8080/dbomnia
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Approach Outline

Task

— Integration (matching & merging) of
multiple (unreliable) CDMs into a
single unified CDM

— Currently, we have only two types of
source artifacts (BPMs and textual
specifications), so we focus on the
integration of two CDMs
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REARARE

ublisher | UDCGroup | : Field : BookEdition

) vy [New]

RegisterBookEdition ’—O

End

Librarian

Start

W i [New]

RegisterBook }—O

End

Library member has id and
name. Books have name,
author and ISSN. Library

member can borrow books.
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Approach Outline
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Approach Outline

Publisher Book Librarian H
+id: Integer +id: Integer RegisterBook . +id: Integer Integratlon
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RegisterBook
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Approach Outline
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Approach Outline

Publisher Book Librarian H
+id: Integer +id: Integer xReg\slerBook . +id: Integer Integratlon
+ PK(id- Integer) + PK(id- Integer) + PK(id: Integer) . .
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Approach Outline
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Approach Outline
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DBomnia — System Architecture

Web Browser

Client Web Application

Client side

— GUI, files upload, text input, model

manipulations, ...

|
Apache iTomcat
|
BPMs I)
; AMADEQOS
- i1
BPMs and Text UML CD 1
|
= Text |
T
g(__________l__ TexToData
UML CD BN umLcD,
Model and Layout
B 1 UML CD |
—|_)
<. .. ;.| Layouter
Layout |
|
. I . . .
Server side i Publicly available services
|
— Service-oriented Architecture : — AMADEOS
— The process of the CDM : — TexToData
synthesis consists of four : _ Layouter
|

steps
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DBomnia — CDM Synthesis Process

The process of the CDM synthesis consists of four steps:

@ Generation of the CDM from the source collection

of BPMs Web Browser Apache Tomcat
— The source collection of BPMs is sent to BPMs >
AMADEOS % BPMs and Text ) (W AMADEOS
— AMADEOS generates the corresponding CDM % © .
and responds with the JSON object which g g e TexToData
contains generated CDM, execution status, etc. @ UML CD B oo ]
% Model and Layout o
s b7 (RRRRREEEEELEEELD UML CD
B | ., "1 Layouter
Layout
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DBomnia — CDM Synthesis Process

The process of the CDM synthesis consists of four steps:

@ Generation of the CDM from the source collection

of BPMs

— The source collection of BPMs is sent to
AMADEOS

— AMADEOS generates the corresponding CDM
and responds with the JSON object which
contains generated CDM, execution status, etc.

€@ Generation of the CDM from the input textual
specification

— The input textual specification is sent to
TexToData

— TexToData also generates the corresponding CDM
and responds with the JSON object which contains

generated CDM, error messages (if any), etc.

Web Browser

BPMs and Text

Apache Tomcat

Client Web Application

UML CD
Model and Layout

DBomnia

BPMs a
E UML CD

AMADEOS

TexToData

Layouter
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DBomnia — CDM Synthesis Process

The process of the CDM synthesis consists of four steps:

€© Integration of the CDMs generated in the first two

steps

Web Browser Apache Tomcat

BPMs )
AMADEOS

.9 b

= BPMs and Text ) UML CD

L2 @

;& c Text

Qo g ( ) TexToData
é’ UML CD om UML CD

= Model and Layout o

& (€ - --mmmemee- UML CD

O "1 Layouter
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DBomnia — CDM Synthesis Process

The process of the CDM synthesis consists of four steps:

€© Integration of the CDMs generated in the first two
steps

O Generation of the diagram layout for the
integrated CDM

— The integrated CDM is sent to the Layouter
service

— Layouter is the pre-existing service (also used in
TexToData) that provides the functionality of
generating a diagram layout for the input UML
class diagram

— Layouter generates the corresponding diagram
layout and responds with the file containing the
generated layout

Web Browser

BPMs and Text

Apache Tomcat

Client Web Application

UML CD
Model and Layout

DBomnia

BPMs )
& AMADEOS
UML CD

Text

) TexToData

( UML CD

UML CD

— Layouter

s

Layout
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DBomnia — Client Side

Client web application http://m-lab.etf.unibl.org:8080/dbomnia

— Allows users to input a textual p ~
Library users are librarians or members. Library user has name, email, username, and password. Librarian has residence. Member

specification and upload a collection of has date of birth.

Book edition has title, year, isbn, authors names, publishers names, fields, and UDC groups. Book has tag. Books belong to book

source BPMs edition.

Member creates borrowing requests. Borrowing request has date. Borrowing requests belongs to book edition. Librarian registers

) .
- U pon the user S req ueSt (CI ICk on the Select source model type: BPMN (XMIL) v | Select files: \m| 2 files selected. ®Use advanced compaosition
button Generate), all source artifacts are

t to DBomnia
« Add Class + Add Generalization + Add Association + Add Aggregation + Add Composition + Delete Element « Clear All + Export (XMI)

— When the entire synthesis process is e
finished, the client web application e |-

: iy creasd e

receives the JSON response and —C .

; . BookEdition
RegisterBorrawing
slong

visualizes the class diagram in the /,/\

PK(id)

RegisterBorrohing

browser cetvesnr T Purlister_nend  venessage oo
tag PK(1d)
. . . . . PK(id)
— The visualized diagram is editable so i -
users can additionally improve it o /s
\ = +|‘IENDEF ‘ 1::?21:&32”‘ username )
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lllustrative Example

Textual specification

BPMs
ERAN
%’ BookEditon (g - =
5 : C::;ii:?k ReceiveBook M
Start WT'U 4\ -
"Mmuest

RegisterB

Librarian

BookRequest Book
[Received]

0
A

|

K
[ ]
rrowing IssueBook
R A End

Book
[Borrowed)

Librarian

RegisterReturned

Book

Book
End  iavailable]

Library users are librarians or members. Library user
has name, email, username, and password.
Librarian has residence. Member has date of birth.

Book edition has title, year, isbn, authors names,
publishers names, fields, and UDC groups. Book has
tag. Books belong to book edition.

Member creates borrowing requests. Borrowing
request has date. Borrowing requests belongs to
book edition. Librarian registers borrowings and
issues books.

Member returns borrowed book. Librarian registers
returned book.

Member

AL
BoOk
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lllustrative Example

Book_Borrowed

CDM generated by DBomnia

id:Integer
PK(id)

VAN

ReceiveBook

w

endMessage_Bo

\\\O..l a i

0..1

1
borrowed,

*

hember_return

Member

id:Integer

date

1

PK(id)

RegisterBorrowing
/ RegisterB nnnnnnnnn
> BookRequest
id:Integer
Crea date —
: I PK(id) *
Re 1sterBorrow1ng BookEdition *
elong id:Integer
title RegisterBorro
1 * year
author_name
Book publisher_namg
id:Integer udc_group ceiveMessage_BookRgguest
rag PK(id)
PK(id) 0..1 ’J
- RegisterReturnedBook Librarian L

library_user

0..1

id:Integer

name
email

username
password

PK(id)

residence

CreateBookReguest

— DBomnia still does not generate
100% complete nor 100% correct
target model

— However, the generated CDM
also shows that the approach has
great potential since the
generated CDM is more
complete than each particular
CDM derived from the source
artifacts of one single type
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The Most Recent Improvements

Z

Support for CDM design

— Automatically generate an
initial CDM (from a collection
of BPMs and textual
specifications) which can be
further improved

— Import an existing CDM from
a file

— Create a new CDM from
scratch

Source Artifacts _ Relational Data Model DDL Script

@ DBomnia (Multisource Database Design)

File Edit View Arrange Exiras Help

SencMessage_Book ‘

Men0_1r 1

member” return

RegisterRetumedBook

+ date’ undefined

1

£ x:ends__‘___b

+id: Integer library_user
+ PKid: Integer) +id Integer
— + name: undefined

+ email. undefined

+ usemame: undefined

4_—Ex|enu$i

B~ 1wwm- aa « T ®w & /20 vv +- @
{
Q Book_Borrowed BookRequest
+id: Integer +id Integer
']
- 1
umL 2| + date: undefined
+ PK(id: Intege:) "
BookEdition
=] ﬁ e -+ PK(id: Intager)
RegisterBorrawing * - Integer CrealeBookRequest
- BhEm— +title: undefined
D G p—_ Book + year: undefined L
1
+id: Integer | belong——| + author_name: undefined
+ tag: undefined + publisher_name: undefined
ReceiveBook
+ PK(id: Integer) + ude_group: undefined
1 ‘ ReceiveMessage_BookReques!
+ PK(id. Integer)
borrowed

0.1 Librar0. 1

+residence: undefined 4

Style Text Arrange
Fill |
L L]
v [ 12
opts
Opacity [100 %%
] Shadow Sketch
Edt Style

Set as Defauk Style

DBomnia has been significantly improved in Ul and UX
(implementation of the client side is based on JavaScript and mxGraph library)
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The Most Recent Improvements %

Typical design process for relational DBs

In the previous version, DBomnia ®

supported CDM design only [ Conﬂipt a )
u
.....}
D n

atabase desig

- e e EEe EE S S S S S S S S B M SEE S e e e B M Ee e _____——————':' ———————————————————————————
i(Transformatlonj___* ‘RDM

CDM into RDM
Now, the coverage of the database

design process is completed, Transformation _
from CDM to the physical database, ( RDM into DDL )* DLactint
whereby RDM (as is CDM) represented "
eliminates the portability issues) é
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The Most Recent Improvements

CDM - RDM

RDM - DDL script

DBomia (Wuitisource Database Deslgn)
Flle Eat View Amange
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R y
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Conslusion and Future Work

* In this paper, we presented DBomnia — the first online web-based tool enabling automatic CDM
derivation from a heterogeneous set of source artifacts

* Currently supported source artifacts are BPMs and textual specifications

« DBomnia employs other tools to generate CDMs from specific source artifacts (AMADEOS derives
CDM from BPMs, while TexToData derives CDM from textual specifications)

« Then, DBomnia integrates the generated CDMs into a single unified CDM

e The employed tools generate CDMs that are not 100% complete nor 100% correct, which makes
them models with reduced reliability, and this constitutes the main challenge

 The presented tool represents an early prototype of the system, so a plethora of open issues should
be resolved in the future:

— Further improvements of the approach and tool

— Further improvement of the specific CDM generators
— The inclusion of other types of source artifacts

— Further improvement of the Ul and UX

— Thorough validation and verification
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