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Research Context & Motivation

Model-driven Software Engineering Laboratory Main M-lab achievements:
Faculty of Electrical Engineering e University of Banja Luka AMADEOS
http://m-lab.etf.unibl.org http://m-lab.etf.unibl.org:8080/amadeos

— The first online web-based tool for automatic CDM
derivation from collections of differently

M-lab Iong-term research project: represented and differently serialized BPMs
Online model-driven tool for automated DB REDBUL
design using standardized modeling http://m-lab.etf.unibl.org:8081
notations — The first online web-based system for reverse

database engineering which represents the
extracted DB schema by standard UML class
diagram
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Research Context & Motivation

AMADEOS (An Online System for Automated Model-driven Database Design)

Select source model type: UML Activity Diagram v Select files: Choose Files | No file chosen Use advanced compaosition

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

Class disgram |’ o

The editor uses jsUML2 library.

Z. Spasic et al.: UML-based Forward Database Engineering



Research Context & Motivation

o o Typical design process for relational DBs

In AMADEOS, initial CDM can be l

derived automatically from a

. Conceptual .

collection of BPMs Database design | | :cBM

_— —_— _— —_— _— —_— _— —_— _— —_— _— —_— _— —_— _— —_— _— —_— _— ﬂl _— —_— _— —_— _— —_— _— —_— _— —_— _— —_— _— -

However, other phases of the DB Transformation

. , s B

design process were not supported, CDM into RDM i,m

which means that a user was able v

only to derive a CDM ——:-( Té;“;';i:';“gg’l_“ )* -DDLscript

Research objectives ¥

— Complete the coverage of the DB design process, Database creat"’a

from CDM to the physical DB, whereby RDM (as is CDM)
should be represented by the standard UML notation, which
will eliminate the portability issues
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From CDM to RDB

Support for CDM design

— Automatically generate an initial
CDM (from a collection of BPMs)  &-
which can be further improved Sech e Q

100% ~ Q Q

— Import an existing CDM from a T
file

— Create a new CDM from scratch

AMADEOS has been significantly improved in Ul and UX

_ Relational Data Model DDL Script

@ AMADEOS (An Online System for Automated Model-driven Database Design)
File Edit View Arrange Extras Help

- -~ +- H
Model
- City Person Department
+zip_code: Integer .| + PID: Text +id: Integer
ermanent_residence——————
+name: Text per - +name: Text +name: Text

|+ Text

+ PK(zip_code: Integer)

+ phone_number: Text{0..*]

+ PK(PID: Text)

+ PK(id: Integer)

1

Diagram
View
Grid 10pt2 |
Page View
O sackground [ Image
Options

Conneclion arrows

Exam works_in
+ location: Text Course Connection points
bl | des
+ Rook_the_exam: Integer . 1 [+id: Integer —— 8 Guice
<tpassed_te_eam integer | |+ name: Ten LS +title: Text Paper Size
+ date: Date + ects: Integer USLetter (8,5" x 117)
4

+ PK(date: Date) + PK(id: Integer) @ Portrait O Landscape
PrimitiveTypes Edft Data

A N ) - - _— Clear Default Style
<<primitiveType>> | | <<primitiveType>> | | <<primitiveType>> =<primitiveType>> | | <<primitiveType>> <<primitiveType>>

Integer Text Double Logical Blob Date

(implementation of the client side is based on JavaScript and mxGraph library)
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From CDM to RDB

c D M re p resentat i on _ Relational Data Model  DDL Script
—  AMADEOS re presen ts CDM by the @ AFTEADEiIt‘)s \«!::v': &?‘\rrlgl;:eSyég;: fc’a_lg l::utomated Model-driven Database Design) — —

standard UML class diagram B- ww- aa « e e e B
. Search Shape. Model Diagram
— All typical CDM concepts are et 8
. . City N Person N Department View
su pported; strong ent|ty types’ AL + 2ip_code: Integer . | +PDTen + K- Integer Gri [Topr= ()
. . I = | = - +name: Te; permanent_residencs + name: Te: +name: Tes Page View
relationship types, aggregations, = =EJ - e i — 0 sacoroms (imas]
— — + ZIp_code: Integer) TesSKience + I nteger, e
compositions " phone_number.Text0. w
p l ‘ ’ ] I ) Ee— — — : — + PK(PID: Tex) 8 Connection armows
genera |zat|ons/speC|a Izations, — ,% works_in B conn e
+ location: Text . Course . onnection paints
mu |t|-Va | u ed attr| butes ! + ook _the_exam: Integer ., T | +id: Integer jTeaclner Culdes
+ Ipassed_the_exam: Integer — +name: Text L . LS pa—— P
— Each PK is represented by the - cate Date * ot nkoger Usietter @5°x1T) v
. . + PK(date: Date) + PK(id: Integer) @ Portrait C} Landscape
same-named operation in the
PrimitiveTypes .
class that corresponds to the = 2
. . =<primitiveType>> <=primitiveType>> <<primitiveType>> =<primitiveType>> =<primitiveType>> <=primitiveType>> LA
glven StrOng entlty type’ Whereby | Integer Text Double Logical Blob Date

the operation parameters

correspond to the PK attributes, AMADEOS has been significantly improved in Ul and UX
by the name, order, and type (implementation of the client side is based on JavaScript and mxGraph library)
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From CDM to RDB

CDM - RDB

— Once a CDM is designed, a user

proceeds to the next stepofthe G- ww- a «a
forward engineering process —the  ...c.. «
transformation of the CDM into ...
the corresponding RDM =[ca .

— Supported DBMSs: MySQL, I =

PostgreSQL, Microsoft SQL Server, —
Oracle, and IBM DB2

— After the configuration (datatype
mapping and indices), AMADEQOS
automatically generates the
corresponding RDM i

— The transformation process is
driven by a set of rules

W AMADEOS (An Online System for Autc
File Edit View Arrange Extras Help

s

City
+zip_code: Integer

+name: Text

+ PK(zip_code: Integer)

Exam
+ location: Text
+ ftook_the_exam: Integer
+Ipassed_the_exam: Integ
+ date: Date

+ PK(date: Date)

PrimitiveTypes

=<primitiveType>> <=pr
Integer

DDL Script

Select DBMS: | MySQL

Integer:
Float:
Text:
Date:
Blob:
Logical:

| G |

:partment

Diagram

View

Grid 10pt 2 |

Page View

[ Background | Image

Options

Connection arrows
Connection points
Guides

Paper Size

er

v | ot
| int w | rteger)
[float v| !
| varchar(15) v | works_in
| date hd | Teacher
[tinyblob v :
[ tinyint v

Generate indices

ype>>

US-Letter (8,5" x 117)
@ Portrait O Landscape

Edit Data

Clear Default Style
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From CDM to RDB

UML representation of RDM

— AMADEOS represents RDM by the
standard UML class diagram

— RS is represented by the
corresponding same-named class,
whereby each schema attribute is
represented by the same-named
class property

— PKof an RS is represented by the
PK operation

— FKis also represented by the
appropriate operation + the
dependency between the
mutually related RSs

— Each table index is also
represented by an operation

Conceptual Data Model _ DDL Script

ﬁ AMADEOS (An Online System for Automated Model-driven Database Design)
File Edit View Arrange Extras Help

+ INDEX_Person{pid: ASC)

+ pid: varchar(15)

- 8%~ @ a »~ ~ S
model
Q
Department City Person phane_number
- UML +id: int + zip_code: int + PID: varchar(15) + phane_number: varchar(15)
+ neme: varchar(15) + name: varchar(15) + name: varchar(15) + parson_pid: varchar(15)
E """ + PK(id: int) + PKizip_code: inf) \""';;(_QM . + sumame: varchar(15) + PK[phone_number: varchar(15), person_pid: varchsr(15])
- : <. F¥_Ferson’ T
. + INDEX_Dapanment(id: ASC) + INDEX_City(zip_code: ASC) %=, * city_zlp_code: int e 7 + FK_Parson{parson_pid: varchar(15))
) R Gy 2 | *cibfipcede Z:int + INDEX_phone_number(phone_number. ASC, parson_pid: ASC)
-~ FHED FK_Degartment *{+ PRIPID: varchar(15))
2 + FK_City(city_zip_code: int]
Taacher o oneen P * FRCitY(oy_ZiD_ !
+ FK_City_2(city_zip_code_2: int
+ title: varchar(15) o Parsan _City_2{city_zip_code_2:int) p—

+ location: varchas(15)

+ depsttment_id: int is_teaching + took_tne_sxam: int
« PHigid: varchar(16) e + course_id: int Course + passed_the_exam: int
R_T.iCHQr" + tesch: i char(15] +id: int + date: dat
+ FK_Person(pid: varchar(15)) eaches_pid; warcher{16) 1 ste: dst=
. , -, .
+ FK_Depariment(depariment_ic + PK(course_id: int, tescher_pid: verchsr(15}) PRSP R verches(16) Joc FK_Course™ | + course_id: int
- -
+ INDEX_Teacher(pid: ASC) + FK_Course{course_id: int) acttint + PK{date: date, course_id: int)
+ FK_Teaches(taaches_pid: varchar(15)} + PK{id: int) + FK_Course{course_id: inf)
+ INDEX_is_taaching(course_jd: ASC, teacher_pid + INDEX_Goursa{id: ASC) + INDEX_Exam{date: ASC, coursa_id: ASC)
PrimitiveTypes
<<primitieTypes> | | <<primiiveTypes> primitive Typ primitive Typ primifve Type>> primitiveType>> primitive Type>> primitiveType=>
int float date “archar( 15} tinyint tinyblob DESC ASC

Z. Spasic et al.: UML-based Forward Database Engineering




From CDM to RDB

RDM - DDL script

— Once an RDM is designed, a user IADE
proceeds to the next step ofthe 5. . .
forward engineering process — the
transformation of the RDM into
the corresponding DDL script

Search Shapes Q

- UML

==l
— AMADEOS provides a mechanism | —~—

for transforming RDM to DDL - B=
script, where the mechanism itself
is implemented using Acceleo

— The process is fully automatic

Conceptual Data Model _ DDL Script

lab_ AMADEOS (An Online System for Automated Model-driven Database Design)
View Arrange Extras Help

Q F e — ~ + -
model
Department City Person phane_number
+id: int +zip_code: int + PID: varchar(15) + phane_number: varchar(15)
+ neme: varchar(15) + name: varchar(15) + name: varchar(15) + person_pid: varchar(15)
+ PK(id: int) + PKizip_code: int) < FK_City. * sumame: varchar(15) + Pi{phone_number: varchar(15), person_pid: varchar(15))
- L ¢ FK_Fersor’
+ INDEX_Department(id: ASG) + INDEX_City(zip_code: ASC) %=, * city_zlp_code: int & + FK_Parson{parsan_pid: varchar(15))
) R Gy 2 | *cibfipcede Z:int + INDEX_phone_number(phone_number. ASC, parson_pid: ASC)
H{_Ehp‘lnrmm **{ + PKIPID: varchar(15))
2 + FK_City(city_zip_code: int]
Teacher ..--P| * FK_City(city_zip_ )
+ FK_City_2(city_zip_code_2: int)
+ title: varchar(15) K Fersen Exam
. i + INDEX_Person(pid: ASC)
+ pid: varchar(15) + location: varchar(15)
+ department_id: int is_teaching + took_the_sxam: int

+ PK(pid: varchar(15})

+ FK_Person(pid: varchar{15})
+ FK_Depariment(department_ic

+ INDEX_Tescher(pid: ASC)

<R_Temr__

+ passad_the_sxam: int

+ course_id: int Course
+ tesches_pid: varchar(15) +id: int
- char(15
+ PK{course_id: int, tescher_pid: varchar(15)) ~~-K_Coursa 3| name: varchar(15)
- + sats: int

+ FK_Course(course_id: int)

+ FK_Teaches(ieacher_pid; varchar(15))

+ INDEX_is_teaching(course_id: ASC, teacher_pid

+ dste: date

| FK_Course™ | + course_id: int

+ PK{dste: date, course_id: int)

+ PK(id: inf)

+ INDEX_Coursafid

+ FK_Course{course_id; inf)

ASC) + INDEX_Exam(date: ASC, coursa_id: ASC)

PrimitiveTypes

<<primitiveType>>
int

<<primitiveType>>
float

primitive Type:
varchar(15)

primitive Type>>
tinyint

primitive Types>
tinyblob

pr Type>> pr Type>>
DESC ASC
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From RDB to DB

Generation Of DB SChema Conceptual Data Model ~ Relational Data Model -
— The generated DDL code iS Shown DDL Script Generation | - I

. . CREATE SCHEMA model;
|n the SQL edltor Of the DDL CREATE TABLE model.Exam ( location varchar(15) MOT NULL, took_the_exam int NOT NULL, passed_the_exam int NOT NULL, date date NOT NULL,
course_id int NOT NULL, PRIMARY KEY (date, course_id) );
manipulation Screen CREATE TABLE model.Course ( id int NOT NULL, name varchar(15) NOT NULL, ects int NOT NULL, PRIMARY KEY (id) );
CREATE TABLE model.City ( zip_code int WOT NULL, name varchar(15) NOT NULL, PRIMARY KEY (zip_code) );
5 CRFATF TARIF mndel Teachar ( +itla wvarchar{15) MAT MINT  nid varchar/{15) NOT NIl denartment id int NOT M1 DRTMARY KFY (nid) V-

— At this point, a user can perform
fine-tuning of the DDL script
before actual execution in the i
target DBMS :

Selected DBMS: MYSaL

— Once a DDL script is prepared, it e [
should be executed in the target ot ]

DBMS vsemame: [ ]

— Before executing the script, a Passwor. [ ]
connection to the target DBMS
must be established (user must
provide proper connection
parameters)
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Implementation within the AMADEOS tool

Architectural changes AMADEOS g
— Besides the pre-existing automated BPM-driven CDM umzsmaiﬂ BPMNZBMR? BMRLZCDIEIE CDMCOWOE
synthesis, AMADEOS now enables all subsequent T I

stages, including the generation of the platform-specific izt & sz bmiizedm cameome
RDM based on CDM, automated generation of the DDL \ /
script, and, at the end of the workflow, connection to a2 2]
the target DBMS and DDL script execution that results o b—§0d— BPM2CDM
with the corresponding physical DB schema bpmz2cdm i
O_
— All these new features and improvements caused cdmzrdm | Orchestrator |~ © ]
architectural changes rdm2ddi —uce?x; ForwardDBEngineering
O—| rdm
— The pre-existing non-changed AMADEOS components ~ “*® o
are depicted as white rectangles and they implement / l \
the automatic CDM derivation from a collection of ddi2db ram2ddl O  cdmaram
BPMs ] £ ] 2
. DDL2DB RDM2DDL CDM2RDM
— The new or changed components are depicted as gray
rectangles
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Implementation within the AMADEOS tool

Server-side architecture AMADEOS gl
— The ForwardDBEngineering service unites all design UMLzBMREE BPMNZBMij BMRchmfj CDMcompoE
phases — it receives requests from the Orchestrator
service and delegates these requests to the corresponding izt & ooz b, o & camcan
service that implements each phase l\\ //
— The CDM2RDM service implements the transformation of o — g]
CDM into RDM — it receives a CDM and configuration om o bpm2cdm
parameters for the transformation and returns the . =
generated RDM cdmzrdm . mznt
rdm2ddl O ForwardDBEngineering
— The RDM2DDL service implements the transformation of o rdm2ddl
RDM into DDL code — it receives an RDM and returns the “** e
generated DDL script
— The DDL2DB service implements the physical DB — el Lo
generation phase — it receives connection parameters and
DDL script, establishes a DBMS connection, and creates a
physical DB
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Conslusion and future work

* In this paper, we presented AMADEOS with the new functionalities making the AMADEOQOS a
complete tool for BPM-driven DB design

* On top of pre-existing automated BPM-driven CDM synthesis, AMADEQOS now enables:

Generation of the platform-specific RDM based on CDM
Automated generation of the DDL script

Connection to the target DBMS and DDL script execution that results with the corresponding physical
DB schema

 Thus, AMADEOS became the first online BPM-driven tool for DB design, as well as the first online
tool for DB design using the standard UML notation

e Qur future work will include:

Further improvement of the Ul and UX

Adding still unsupported CDM concepts (e.g. n-ary associations)
Adding still unsupported RDM concepts (e.g. triggers, views)
Improvement of automated CDM derivation from BPMs
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Thank you!

Zvjezdan Spasic, Aleksandar Vukotic, Drazen Brdjanin,
Danijela Banjac, Goran Banjac

M-lab Research Group @ Faculty of Electrical Engineering
University of Banja Luka, Bosnia & Herzegovina



