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Research Context & Motivation

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

automatic derivation of conceptual
database models from collections of
differently represented and differently
serialized business process models

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

M-lab research focus:

Automatic database design http://m-lab.etf.unibl.org:8080/Textodata
based on sources of different nature TexToData

(models, text, speech, ...)

the first online multilingual web-based tool
for automatic derivation of conceptual
database models from natural language text
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Research Context & Motivation

Limitations of Model-driven approaches Limitations of Text-based approaches
— Lack of semantic capacity of BPMs for — Aot of NLP research since Chen’s eleven rules
automatic generation of complete data models: (1983) for translation of NL text into E-R, but:
— Ability to automatic generation of a highly — Thereis still no tool able to automatically convert
complete data model structure (~80-100% NL text into the corresponding CDM
of entity types and their relationships) — The existing NLP-based tools typically support one
— Ability to automatic generation of modest single source NL (mainly English, Spanish or
percentage of attributes in entity types German) and do not provide multilingual support
— Necessity to combine models and some other — There is no online NLP-based solution/service

sources (possible textual specifications) enabling the automated CDM design

\ J
1

Research objectives

Define an approach and implement an online tool/service able to automatically derive CDM from textual
specification that may be specified in different NLs
(in order to be able to combine CDMs derived from different sources)
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Research Objectives & Contributions

Research objectives

— Define an approach and implement
an online tool / service able to
automatically derive CDM from
textual specification that may be
specified in different NLs

(in order to be able to combine CDMs
derived from different sources)

Research Contributions

— Approach

— An orchestration of (publicly) available
services for text translation, NLP, layouting, ...

— Implemented tool - TexToData
— online web-based tool (set of online services)

— multilingual support (extraction of CDM from
textual specifications in different source NLs)

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

http://m-lab.etf.unibl.org:8080/Textodata
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Approach outline

What do we want?

Define an approach
and implement an
online web-based
tool/service able to
automatically derive
CDM from textual
specification that
may be specified in
different NLs

Maximize
employment of
existing publicly
available free-of-
charge services

What do we need?

— NLP service(s) to
analyze source
textual
specifications

— CDM generator
service

— Diagram layouting &
editing services

What do we have?

online NLP services
for analysis of English
text (TextRazor,
Bitext, ...)

online translation
services (Google
Translate, Yandex, ...)

What is missing?

— online NLP services
for analysis of other
NLs

-

Translation
service

NLP service for EN

I

The main idea

—~>  |bpz

CDM
(EN)

+
CDM generator

> |brz

Translation
CDM

service
(Source NL)
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TexToData — System Architecture

o o . AMADEQOS
External publicly available services Yandex AP! S UML CD layouter
A ~ H
Server side v ApacheTomeat v v
. . . Yandex TextRazor CDlayouter
— Service-oriented Architecture Translator Analyzer
A ' A ' A
— The whole process of CDM ¢ 5
generation is implemented as an Text Model Modeling NLP UMLmodel
. Translator [ ___ » Translator Context Analyzer Serializer
orchestration of local and remote ’ ; A : A ; x 7y ; :
services 5. 5. 3 3 s_| 3 T gl %
55| =8 §| 28/ %8 8 =3 38 § I £ ¢
S < g 8 = & k| B Ei
v v v v v °y
... Orchestrator
REST
""""""""""""" 7
. . - english text
____________________________________ orginal | _ _ o o o L o & - — — —!—UMLmadel layaut— — — — — —
text - status
Client side ;
— GIU, text upload, model manipulations, ...

Client Web Application
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TexToData — System Architecture

Service Orchestration

Orchestrator service orchestrates
the whole process

In a positive usage scenario, the
orchestrator receives a text (source
NL), and returns the automatically
generated CDM

AMADEOS
Yandex AP TextRazor AP UML CD layouter
A Y T
w} ApacheTomcat v v
Yandex TextRazor CDlayouter
Translator Analyzer Y
A A A '
v ¥ :
Text Model Modeling NLP UMLmodel :
Translator [ ___ Translator Context Analyzer Serializer :
A i A : A A ' A : i
g G . L i - ; G o o E! E 5
58| o3 gl 5& 58| & =5 58 | i 2| &
G g c o e : & re = g ! E R
i g ] @ L [ ' Q) B _E :
i ] i : 0 o !
¥ 4 4 k4 h 2 ¥
Orchestrator
i REST i
F '
. . - english text
original 1 - UML model, layout
text ! - status
WebBrowser

Client Web Application
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TexToData — System Architecture

. . Yandex AMADEQOS
Text Translation services AP TextRazor API UML CD layouter
. . h : H A H
— The source text is firstly sent to the : :
TextTranslator service which detects Y ApacheTomcat v v
Yandex TextRazor
the source NL Translator Analyzor CDlayouter
. . A 1 A ' A
— In case the source NL is not English, g i
¥ h 4
TextTranslator forwards the text to Text Model Modeling NLP UMLmodel
the external translation service Translator | . » Translator Context Analyzer Serializer
. A ] A A :' A ' A B
through the corresponding adapter _ i SR : 7 | . | &
@ = : : e T
25| is s| 55 33| & 33 s o5 1§ &
— Currently we employ the Yandex 52 2% 3B 23; §° A 8| £ |
. . : £ ; = G
service via the YandexTranslator 5 i o H v 24
adapter Orchestrator
: ‘ REST !
. - english text
original . - UML model, layout
text - status

Client Web Application
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TexToData — System Architecture

NLP services

— When we have English text, the
Orchestrator sends the English text
to the NLPAnalyzer service that is
responsible for NLP

— The NLPAnalyzer service employs
the external NLP service via the
corresponding adapter

— Currently we employ the TextRazor
service via the TextRazorAnalyzer
adapter

Yandex TextRazor AMADEQS
API API UML CD layouter
h i Fy v
@ ApacheTomcat v v
Yandex TextRazor cDI :
Translator Analyzer EREnE
A A A A
v v :
Text Model Modeling NLP UMLmodel :
Translator | . Translator Context Analyzer Serializer :
A . A H A A ! A H
E : : : =
El & i g 1 B P G| 8. Ei E 5!
55| S5 | =81 23| § =8 5% & 2Z: 2| @
o] s ° = &y c : 57 c ! = g ! E |
: g S : ® o 8 E!
f | i i : o
¥ ¥ ¥ ¥ ¥ ¥
Orchestrator
i REST !
A '
ginal . - english text
origina ! - UML model, layout
text ! - status
WebBrowser

Client Web Application
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TexToData — System Architecture

CDM generation service

— After NLP is finished, the analyzed
text is sent to the ModelingContext
service which generates an internal
representation of the CDM

Yandex TextRazor AMADEQS
API API UML CD layouter
h i Fy v
@ ApacheTomcat v v
Yandex TextRazor DI -
Translator Analyzer EREnE
A A A A
v v :
Text Model Modeling NLP UMLmodel :
Translator | »  Translator Context Analyzer Serializer :
A . A A A ! A H H
] ' : S
© = 8 B : c g = £ =
= 2 < ® H = L d =z = ! =
5%| o3 s| €1 38 & =5 38 § 2! & @i
° = g . & : ® & 8! 38 E!
: = ; i : o !
¥ ¥ ¥ ¥ ¥
Orchestrator
i REST !
A '
. . - english text
original i - UML model, layout
text ! - status
WebBrowser

Client Web Application
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TexToData — System Architecture

Model Translation services

— If the source NL is not English, then
the CDM is sent to the
ModelTranslator service, in order to
translate CDM back to the source
language

— The ModelTranslator service
employs the TextTranslator service
to translate each model element
back to the source language

Yandex TextRazor AMADEQS
API API UML CD layouter
h i Fy v
@ ApacheTomcat v v
Yandex TextRazor DI -
Translator Analyzer EREnE
A A A A
v v :
Text Model Modeling NLP UMLmodel :
Translator | Translator Context Analyzer Serializer :
A . A H A A ! A H
E : : : =
S| 5. g 1 B 5| 3. E: E| =
55| 535 E| S£: X% § o35 I3 £l &1 2| &
5 & B §°| £ °of §: & |
1 g ] @ @ o ! B _E :
H : i : : o
¥ ¥ ¥ ¥ ¥ ¥
Orchestrator
i REST !
A '
ginal . - english text
orgina i - UML model, layout
text ! - status
WebBrowser

Client Web Application
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TexToData — System Architecture

Model & Diagram serialization services

When the CDM is generated, and
translated back to the source
language, the Orchestrator service
further sends CDM to the
UMLmodelSerializer service which
serializes the generated class
diagram in the XMl format

After the serialization, the model is
sent to the CDlayouter service,
which employs the corresponding
AMADEOS layouting service and
returns a layout of the class diagram

Finally, the model and the diagram
are merged into a single JSON
object, and returned to the client.

Yandex TextRazor AMADEOS
API API CDlayouter
h H A H
@ ApacheTomcat v v
Yandex TextRazor
Translator Analyzer CDlayouter
A A A A
v v j
Text Model Modeling NLP UMLmodel d
Translator | Translator Context Analyzer Serializer !
A \ A H A A ' A i
E : : : =
3. 5. g 1 B P 8o E: E| &
55| 5 E| sgi L% £ 5% L% E| 31 3 !
5°| §° 8l g3 TH ¥ §F TA O3 g1 g5 g
F 8 © ] g o 8 E!
: : : - , o
¥ ¥ ¥ ¥ ¥ ¥
Orchestrator
i REST !
A '
. . - english text
original 1 - UML model, layout
text ! - status
WebBrowser

Client Web Application
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TexToData — Service Orchestration

‘WebBrowser

:Orchestrator

(3]

original text

opt

[language<>"EN"]

original text

TextTranslator

‘YandexTranslator

‘Yandex API

english text

originaltext |

X

english text
{ ______ g ____________

» original text

english text

english text

translated cdm

translated word

english word

translated word
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‘WebBrowser :Orchestrator
opt
:ModelTranslator ’ :TextTranslator ‘ :‘YandexTranslator ‘Yandex API
[language<=>"EN"] .
cm E ; E
loop englishword E i E
> english word : :

X

:NLPAnalyzer

‘TextRazorAnalyzer

‘TextRazor API

analyzed text [<-
| A

english text

X

analyzed text

:ModelingContext

> english text :

X

analyzed text
O A

X

cdm.umi
cdm.notation

:UMLmodelSerializer

:CDlayouter

:AMADEOS
UML CD layouter
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cdm.notation

vy i

X
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TexToData — From English text to CD

M

ModelingContext service

— The core service, responsible for the CDM [ E@X
. . oy » oy
generation, takes English text split into subject is entity
. . . has/h bject
sentences as input, where each input word is Take next sshave>)  onEss are
tagged with the corresponding PoS and sentence
—' subject -
dependency to other words. , is/are—»| generalizalion -
. . ) object
— Currently, we apply a simple strategy, with Detect verb,
.V:' PPy . Y 8Y, subjectand |—> tverb?
rules split into two logical phases: object ype! subject -
other verbs—»  association -
1. sentences are analyzed separately, object
adding detected classes, attributes and —_—
relationships to the initial model; noverb—»|  noun s entity

A

Add elements
to model

y

4

h

2. cleaning up the initial model, where

~—

end
of text?

YES

duplicated classes, relationships, as
well as classes without attributes are
removed, producing the final model as
output.

Resolve Remove
duplicated entities

and attributes

duplicated
associations

Remove
entities without
attributes

final model—>©
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TexToData — Client Side

Client web application

— The client web application allows users
to upload a source NL text.

— When the entire synthesis process is
finished, the client application receives
the JSON response and visualizes the
class diagram in the browser.

— The visualized diagram is editable so
users can additionally improve it.

— Itis also possible to export the model in
the XMI format, and further use it in
some other platform.

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

Vid St

sind Stud oder Mitarbeiter dar Fakultat. Bibli
i haben eine Ind:

Die Schiler lernan eines der Programme.

TexToData (An Online NLP-based System for Automated Database Design)

r Jaihen Bibliothek heiten aus.

und ein Limit dar ausgeliehenan

hat ID, Name, Adresse. Telefon und Anzahl der ausgelishensn

- Eakulta liter hat Zimmer und Telefon. Die Bibliothekseinhsit verfiigt iiber sin sindautiges Tag

und verfigbare Infar

sind Zeitschriftan oder Biicher. Bibliothekseinheit hat Name, Jahr unde

+ Analyze text

i | oo

Bibliotheksmitglieder sind Studenten oder Mitarbeiter der
Fakultat. Bibliotheksmitglieder leihen
Bibliothekseinheiten aus. Die Schiler lernen eines der

Programme. =nde habe d mer und

ein Limit der ausgelichenen Bibliothekseinheiten.
Bibliotheksmitglied hat 1D, Name, Adresse, Telefon und
Anzahl der ausgelichenen Bibliothekssinheiten.
Fakultatsangestellter hat Zimmer und Telefon. Die
Bibliothekseinheit verfigt Gber ein eindeutiges Tag und
verfagbare Informationen. Biblicth siten sind

Library members are students or faculty members.
Library members can borrow library units. Students

learn one of the programs. Students have an index
number and a limit of borrowed library units. Library
member has ID, name, address, phone and number of

library units borrowed. Faculty employee has room and

telephone. The library unit has a unique tag and
available information. Library units are magazines or
books. Library unit has name, year and author.

Zeitschriften oder Bucher. Bibliotheksesinheit hat Name,
Jahr und Autor. Zeitschriften haben Nummer.
Zeitschriften und Bucher haben ISSN. Herausgeber hat
Name und Wohnsitz. Publisher veréffentlicht
Bibliothekseinheiten.

have number. Magazines and books have
ISSN. Publisher has name and residence. Publisher
publishes library units.

Powerad by Yandex.Translats http://translate.yandex.com

Program

1ecnen
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lllustrative examples of automatic CDM generation

Library members are students or faculty employees. Library members
borrow library units. Students study one of the programs. Students
have index number and limit of library units borrowed. Library member
has id, name, address, telephone and number of library units
borrowed. Faculty employee has room and phone. Library unit has
unique tag and available information. Library units are magazines or
books. Library unit has name, year and author. Magazines have
number. Magazines and books have ISSN. Publisher has name and
residence. Publisher publishes library units.

| membri della biblioteca sono studenti o dipendenti di facolta. | membri
della biblioteca prendono in prestito unita della biblioteca. Gli studenti
studiano uno dei programmi. Gli studenti hanno il numero di indice e il limite
delle unita di biblioteca prese in prestito. I membro della biblioteca ha id,
nome, indirizzo, telefono e numero di unita della biblioteca prese in prestito.
L’impiegato della facoltd ha stanza e telefono. L’unita della libreria ha un tag
univoco e le informazioni disponibili. Le unita della biblioteca sono riviste o
libri. L’unita della biblioteca ha nome, anno e autore. Le riviste hanno il
numero. Riviste e libri hanno ISSN. L’editore ha nome e residenza. L’editore
pubblica le unita di libreria.

membro_della_biblioteca l unita_libreria

library_member l library_unit
id tag 10 tag
name borrow information nome prestito informazione
address = 7S name indirizzo o = nome
telephone year telefonico anno
number author numero autore
student faculty_employee magazine ) book studente dipendente_facolta rivista ) prenotare
- - publishes |- — pubblicare |~
index_number room number issn numero_indice camera numero isn
limit phone issn limite telefonico isn
Etudy 1 ktudio 1
publisher editore
program nayr%: programma rorrg
residence Residence
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Some less effective examples of CDM generation

A kényvtdr tagjai hallgaték vagy oktatok. A kényvtdr tagjai kényvtadri
egységeket kélcsénéznek. A hallgatok az egyik programot tanuljdk. A
hallgaték indexszammal és a kélcs6nzétt kényvtdri egységekkel
rendelkeznek. A kényvtdri tag rendelkezik azonositéval, névvel, cimmel,
telefonszammal és a kélcsénzott kényvtdri egységek szamdval. A kar
dolgozdjanak szobdja és telefonja van. A kényvtdri eqgyséqg egyedi cimkével
és elérhetd informdcidkkal rendelkezik. A kényvtdri egységek folydiratok
vagy kényvek. A kényvtdri egység neve, évszama és szerzbje. A
folyéiratoknak van szdma. A folydiratoknak és kényveknek van ISSN-je. A
kiaddnak van neve és lakhelye. A kiadd kényvtdri egységeket ad ki.

YnaHosu bubnuomexe cy cmydeHmu unu 3anocsaeHu Ha paxyamemy. YnaHosu
bubnuomeke nosajmsmyjy bubsnuomeuke jeduHuue. CmydeHmu cmyoupajy
jedaH o0 cmydujckux npoepama. CmydeHmu umajy 6poj uHOekca u aAumum
nosajmseeHux 6ubauomeyvkux jeduHuua. YnaH 6ubauomexke uma UM, ume,
npesume, aopecy, menegoH u bpoj nosajmsbeHux bubsuomeykux jeduHuUya.
3anocneHu Ha ¢akyamemy uma coby u mesnegoH. bubsuomeyka jeduHuya
UMa jeduHcmeeHy O03HAKy U UHgopmauyuje o docmynHocmu. Bubnuomeuke
jeduHuue cy Yaconucu unu Krbuee. bubnuomeuyka jeduHuUYya uma Ha3us, 200UHy
u aymopa. Yaconucu umajy 6poj. Yaconucu u krbuze umajy UCCH. U3dasay uma
Ha3zus u npebusanuuwime. U30asa4 objasroyje bubauomeuke jeduHuue.

3

e kophyvtari_egyseg
ta -
E kolcson cimke
= - informacio
2]
van 8..1
8..1
r tag3 iak . :
kar_tagja dia konyv idoszaki
eXS5Z :
indexszam issn
kanulmany
b magazin
— kerdes
egyseg program szam
issn

U

chlan bifliotechki_blok

0 oznaka

ime ._|dostupnost
prezime pOZa)Mtinformatsije
adresa o ime
broj_telefona godine

broj autor

/

rhlan_biblioteke

student chlan_fakulteta chasopis bbjavljuje T

broj

broj ; issn
issn
) ) ® 1
studirati
Izdavach

* :au:sieni_ﬁa_FaletetJ

ime
hastavni_plan_i_program soba rezidentsija
telefon
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Conslusion and future work

* In this paper we presented an approach and the corresponding online web-based tool named TexToData,
aimed at automatic derivation of CDMs from textual specifications specified in different source NLs.

 TexToData generates the CDM through an orchestration of web services, whereby some functionalities are
performed by external services that are publicly available and free of charge.

 Although the presented examples are quite simple, they are very illustrative and show that the proposed
approach and implemented tool enable automatic CDM derivation from textual specifications represented
in different NLs, even from NLs with very complex morphology (such as Slavic and some other languages).

* This further implies that is not necessary to develop and employ different NLP services for different NLs,
but only one single NLP service for the English language is enough?

e Qur future work will include:

— A more extensive evaluation of the approach and the implemented tool with respect to different translation
and NLP services, as well as source NLs;

— Further improvement of the implemented tool.
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