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e Personal background
e Project background & definition

e Materials and methods

— Introduction Data — Meta data — Meta meta
data

— Application Generators

e Project results, conclusions & future

m research
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e Lecturer in bachelor of ICT and master MISD
program

e Member of the HAN research group Model
Based Information Systems (M-BIS)

https://www.han.nl/onderzoek/kennismaken/technologie-en-
samenleving/lectoraat/model-based-information-systems/

Lector emeritus Guido Bakema.
Lector Dr. Stijn Hoppenbrouwers
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e Fact Oriented Modeling (FOM), Meta modeling
e Application & code generation/interpretation
e Model to model transformations

e Tool development:

- Model driven application generating engines

— Generic graphical drawing engine

— Fact based modelling tool

- From code to data using thin clients
Application development using these tools




2002 : the HAN acquires PBNA modules ————_
2003 : project HAN Individueel Onderwijs
(HAN 10) started
research project Application Generator
(UFG) started in parallel
2004 : project HAN IO implemented for
‘HAN Centrum voor Post-Bachelor- en
Master’ (HAN CPM) opleidingen




2008 :

2010 :
2011 :
2012 :
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HAN IO students should be finished,
HAN 10 should be stopped

first problems HAN IO on Windows 7
analysis on upgrading HAN 10
Windows 7 rollout planned

project HAN 10O Il started
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HAN 10O is based on Application Generator
developed in Delphi:

e Delphiis no longer supported on Windows 7
e Database version MS SQL 2000 outdated

e HAN IO should end in 2008, no functionality Is
added since 2004.
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e A system that
— Can support the process of distance education
- Has at least the same functionality as HAN 10
— Can easily adapt to new functionality
—  Could be used in the future by students
— Is easy to use by the current end users
— Fits in the HAN architecture
— Is easy to maintain
— At the lowest cost...
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Project | Assignment

“A generic transformation approach
to application migration from Windows to Web

of the HAN Individueel Onderwijs system”
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A web based application interpreter called
‘Information Model Application Generating
engine (IMAGine)’ i

The relational database management system
MS SQL Server

Transforming the business model and
application model to this new platform by

model to model transformation and code
m generation
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Side step:
Introduction of
Application generation,
Model to model transformations,

Data - Meta data — Meta meta data,

MASTERS PROGRAMMES




4 layered metamodel of Fully Communication _.
Oriented - Information Modeling (FCO-IM)”°““"‘°°‘<}“""'“"°"“’""""‘“ge"

HAN University of Applied Sciences

Metametamodel

Foundation for a
Metamodeling
Architecture.

Defining the language to
describe metamodels

Metamodel

An Instance of a
metametamodel.

Defining the language to
describe models.

Model

An Instance of Metamodel.
Defining a language to
describe the information
object domain.

Docent Vak Domalin

Arnoud WebTech
Eddy DbAp An Instance of a Model.

Eddy  DIS information Dormain
Misja  DbAp

Using 4 layered Meta Object Facility (MOF) standard.
See UML 2.0 Infrastructure Specification; OMG Adopted Specification ptc/03-09-15
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4 layered metamodel of Fully Communication
Oriented - Information Modeling (FCO-II\/I)”“““"‘“‘{}

M1 : Information modeling of the domain
Domain MO

o

. Classify/Qualify expression

HAN University of Applied Sciences

1 Classify/Qualify expression
Classify a part of the expression:
<Docent> geeft <Vak> Diagram of new FT

DocentGeeftVak

Docent <docentnaam>

vak DbAp

|Clear |

Enter a new expression:

Enter a new fact expression
Docent Misja geeft vak Dbap

Fact type name:

l Doce ntGeeft‘u’al-d cl:ocentnaa;:n I:vakcode‘:l
= R S
v Qualify| lx Cancel T
| -
“ : Dogent Vak
Object type name / Fact type name:

lvakcodd ]
\»w/ Qualify‘lv@ Readyj

02: 'vak <4>'

0O1: 'Docent <3>

Fact Oriented Modeling using entGeeff¥ak
HAN ! |
Fully Communicated Oriented — 1 2 Model M1
e Information Modeling (FCO-IM) s gt <2

<< back
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4 layered metamodel of Fully Communication
Oriented - Information Modeling (FCO-II\/I)”“““"‘“‘{}

M2 : Information modeling of the model

HAN University of Applied Sciences

Domain M1

Doc';\t Vak & Classify/Qualify expression
¢

Classify a part of the expression:
Diagram of new FT

Role - Played By

<Role> is played by <OT=>

Role <rolenr> <objecttypename> 1

Rol X)_T\
) CD

Enter a new fact expression ( y

Role 1 is played by Docent

Qualify the expression: obj:ecttypen%ne
Fact type name: i

IRG|E - Played By Role - P|ayed B\/ ar

" Qualify | lx Cancel Qualify the classified part of the expression: o 1 4 O2sF1 A
. d Object type name [ Fact type name: I'. 4
G N S
| | T Fle<1> is played by <3>"

(3% ¢ T '
Qualify |© Ready | f 1 02: '<4>

| 1: Docent

Model M2
= Metamodel

HAN

01: 'Role <2>'
1:1

MASTERS PROGRAMMES

<< back



4 layered metamodel of Fully Communication
Oriented - Information Modeling (FCO-II\/I)“““"‘”‘{}

M3 : Information modeling of the metamodel
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Domain M2
= MetamOdel , Classify/Qualify expression

Classify a part of the expression:
abjecttypensme -
R <Role> s played by <OT> Diagram of new FT

ﬁl Role - Played By

Role . Played By

E——

ooooo

1 3

Role <rolenr=> <objecttypename>

1 \&"F: Ll]‘?fl pleves by 2! ?.zn:[:;'
/ | Rol ﬁ
- N . 3 oT
Classlfw' Qualify expression

(\___2_) (\__“_/)

Enter a new fact expression

|ROIe 3 is played by OT

-----

Qualify the expression: .
obj:ecttypena:ne

Fact type name:
lRﬂIe - Played By e
| - LY
lv? QuathJ {x CEIHCE'J Qualify the classified part of the expression: :' rolenr i Role - Played By OT
Object type name / Fact type name: "',_ =] _," t+—> /é
6 | | 1 3 02vF1 4
Qualify |© Ready | RC)le o‘\“’?\
— F1: "<1> is played by <3>"
1: [1111] Q2: '<4>"
H A N 5 1: 0T
Model M3
o ole <2 = Metametamodel

1:3

MASTERS PROGRAMMES

<< back
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TABLES \ Metametamodel
TABLE_NAME

TABLES
COLUMNS COLUMNS
TABLE_MNAME COLUMM_MAME
TABLES TABLE NAME
COLUMNS TABLE_NAME
COLUMMNS COLUMN_NAME
TABLES
TABLE NATE \ Metamodel
Daocent
Vak COLUMNMS
DocentGeeftVak TABLE_ NAME  |COLUMN_NAME
Docent docentnaam
Vak vokcode

DocentGeefiVak docentnaam
DocentGeefiVak vakcode

Docent vak Model
docentnaam vakcode
Misja \ / DbAp
DocentGeeftVak
docentnaam |vakmde
Misja DbAp
Docent Vak Domain
Arnoud WebTech
Eddy DbAp
Eddy DIS

Misja  DbAp
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Extended with an Application Interfad‘é“““‘{}“""'"““"e""“‘mege"

B @romas Ao

T Metametamodel
TABLE_NAME
TABLES :
COLUMNS COLUMNS =
TABLE_NAME  |COLUMN_NAME
TABLES TABLE_NAME
COLUMNS TABLE_ NAME
COLUMNS COLUMN_NAME
TABLES Metamodel
TABLE_NAME
Docent :
Vak COLUMNS imied B e
DocentGeeftVak TABLE_NAME |COLUMN_NAME e o
Docent docentnaam
Vak vakcode
DocentGeeftVak docentnaam
DocentGeeftVak vokcode
Docent Vak :l (2 Formulieren » Docent (3/3) M O d e |
docentnaam vakcode ; : e '
Misja DbAp oot
DocentGeeftVak o
docentnaam vakcode n
Misfa DbAp Sete
Docent Vak Domain
Arnoud WebTech
Eddy DbAp
Eddy DIS
Misja  DbAp
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Application interpreters & repositories

] Qiremes B s 10

- TasLES Metametamodel

TABLES - ——— TABLE_NAME
TABLE_NAME = - - TABLES
TABLES = = COLUMNS TABLE TITLES
COLUMNS COLUMNS et TABLE NAME |LANGUAGE NAME |TITLE

TABLE NAME _ [COLUMN_NAME TABLES Nederlands Tabellen

TABLES TABLE_NAME = TABLES English Tables

COLUMNS TABLE_NAME s —

COLUMNS COLUMN_NAME o

TABLES \ MEtamOde|

TABLES
TABLE_NAME \
Docent

TABLE_NAME
Docent
Vak COLUMNS el T Vak TABLE TITLES
DocentGeeftVak TABLE_NAME _ |COLUMN_NAME o - DocentGeeftVak TABLE_NAME |LANGUAGE_NAME |TITLE
Docent docentnaam pT—— Docent Nederlands Docent
vak vakcode Docent English Lecturer
DocentGeeftVak docentnaam :'“'"'"“" Vak Nederlands vak
DocentGeeftVak vakcode Vak English Course

@ Dromutieren » Docent (3/3) M d |
3 oae
P
vak R Lecturer Course

Misja DbAp Gawijzigd 3 uren gelodan vanafiMNABBEN doardba , \ DbAp

LecturerOfCourse

Misja DbAp ecturer name |course code
Dbap M DbAp

Docent Vak Domain
Arnoud WebTech

Eddy  DbAp
Eddy DIS
Misja  DbAp
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Back to the Project Assignment

“A generic transformation approach

to application migration from Windows to Web

of the HAN Individueel Onderwijs system”

AR EEEE)
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Old situation:
Application interpretation using UFG

|
e

i
1

= e
e
-
— . 7, 5307 66 LEWNEN e
[ St 0steneog. Desaalwize = —
— C— =lr [Modie ceens iy factnur =l Foa o factine 3 Tochuur organsase
Pepo = Pamiis van, ﬂa—cj'q-m:’ Gebruiker beatioder - .l
<] " v|s - 0 ﬁ j

.i»moo;.
Rea o factue. estype factuur persocn
P e e e

Rednc xerzendon verzendog persocn
(701260 § Nasben v|= [0 v]=

Foachot
e

9-6-201 1312205

a
8815 | MTO Bouwkande Moctdfase 1110 | Ruwmteljie ordenng

RS ERERE] ]

e
e

Mee

T8815 | MTO Bouwiande Moctdiese 1160 | Bestekken valpers STABU 7v 582013 132205 Mee

| J615 | MTO Boumiaunde Mocffase 1141 | Beumbundig caleuteren sy 7102013 1322105 Mee

(== | = | L2815 | HTO Bouwiande Hockifase 1163 | Boumkundg CAD-tekenen v 422014 13:2208  Wee

T = ﬂ — T8015 | W70 Goumkunde roctase 1049 | Grandmechanica v Seia 132005 Nee

HAN 10 APPLICATION

-

MASTERS PROGRAMM ES HAN 10 DOMAIN MODEL (DATA)



New situation: 4’ iy it
Application interpretation using IMAGine
 THGing N -

- N
& '
= _—
T : _/‘A1 h

= ==
[—_]

l P

Tﬂ—'f—”’—q—j —wH

S/ A= 5™ HAN IO Il APPLICATION

- X | - i g =
| B2 = :‘ E] _ﬂ
P

MASTERS PROGRAMMES HAN 10 Il DOMAIN MODEL (DATA)
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Design of the transformation 50 i
Global overview

=3 p— = ]
g =
o E =
—

"B~ 4 4 5" & constraints/rules - AN a»— =

N\ SQL-DDL
HAN 10 DOMAIN MODEL

SQL-DML

i N R—— S |
L Ty =]

e 7=\ Y S By
appllcatlon N RSSa N [\ §F

W metadata 5 et H_= 4
= = : =\ e v /

UFG REPOSITORY IMAGINE REPOSITORY
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Design of the transformations
Detail overview

Generic| | Generic| | o DDL / - 5
T mMssaL | [ IMAGIn enipt DML
Script e Script (= script .
" - et
File System Get Report files ) File System Concaptual
Set Report files atatypes

Add Roles &
Users
Set Menu

Set Repor

Read Report info

UFG repository IMAGine repositor

MS sQL Task
Generate Generate Set Defa
Scripts Create
Stored in UFGTa
3 Procedure

Create

Script Reports

SQL-DDL/DML

SQL COMPILER

Database 1 Database 2

SQL code —

Read TAB
CONSTRAINT
HAN 1O Il data
HAN IO data
Generate
Data Copy
Script

Data Copy
Script

Extract Table

HAN

Extract User
info

Check ETL; Select Table
Select Table Eemreere Eata data Versioning

MASTERS PROGRAMMES data
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evelopment of the transformatior® mumsye s

Generic . DDL / - 5
- MssQL Gsec':frt'c DML
Script e Script (= script .
" . et
File System Get Report files File System Concaptual
Set Report files Datatypes

Add Roles &
Users
Set Menu

Read Report info Set Repor

UFG repository

IMAGine repositor

MS sQL Task

Generate

Generate Set DefaultspP
Scripts Create
Stored in UFGTables
Read Form, Field titles Procedure Create
Script Reports

Field titles

Change Script
per Table

Fill Repository
(Check
constraints,
Audit columns,
Indexes, Row

Generate

o Create Create
OO ' I In Label Label Script
Script
1 >

P Generate

Report SP

Generate
Change

Script per

Table

Create tables
(PK, UQ, FK, DEF,

Create Create Tables Computed
Table Script Columns)
saQL server SErEE

saL server
repository

repository

Create default SPs

MS sQL Task
Generate
Scripts

Create Functions, Views,
Stored Procedures

Disable and
Enable
Constraints

eate Create

i Functions/
Views/SPs Views/SPs
Script Script

HAN IO Il data

HAN IO data

CONSTRAINT!

Generate
Data Copy
Script

Data Copy
Script

Transfer & Load data

Extract Table
ata

Extract User
info

Check ETL;
Compare data

Select Table Addi
data Versioning

Select Table
data
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HAN 10 DOMAIN MODEL m HAN 10 Il DOMAIN MODEL

eeeeeeeeeeee
Script

e CREATE TABLEs
- Column; data type, length, mandatory, identity, calculation

- Primary key definition
e ALTER TABLES
- Foreign key definition
- Unique key definition
— Check constraints
— Default constraints (+ default SP’s)
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HAN 1I0-DOMAIN MODEL HAN1O 1 DOMAIN MODEL

sQL Server sSQL Server
repository repository

USE HANKC_PROD

GO

--Tables to be excluded by the script
DECLARE @IgnoreTables AS XML

= (SELECT Item FROM (

S,
LU
e, €O < exc
read TRZ (sTRANT

P\B\—E =

Create tables
(PK, UQ, FK, DEF,
Computed
Columns)

; Generate
Create Create Tables
Table Script
Script

VALUES
("sysdiagrams"') --exclude system table for storing diagram definition
, ("% _HISTORY") --exclude History tables
, ("My%") --exclude UFG Repository tables
, ('dtproperties") --exclude system table for storing diagram definition

) AS List(Item)
FOR XML PATH('"), ROOT('List"))

--Columns to be excluded by the script
DECLARE @IgnoreColumns AS XML
= (SELECT Item FROM (

VALUES

("chg_User") --exclude UFG change user column
, ('chg Host") --exclude UFG change host column
, ('chg Time") --exclude UFG change time column

) AS List(Item)
FOR XML PATH(''), ROOT('List'))

EXEC SP_CREATETABLESCRIPT '%', @IgnoreTables, @IgnoreColumns
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Development of the transformatiore sy s
HAN 10-DOMAIN MODEL HAN 10 1HDOMAIN-MODEL

sQL Server sSQL server
repository repository

/*****************************************************************************

Table : ADRESCODE
ColumnPrefix : adc
*****************************************************************************/
CREATE TABLE [dbo].[ADRESCODE]
(

[LAND] VARCHAR(1©) NOT NULL
, [ADRESCODE] VARCHAR(8) NOT NULL
, [HUISNRVANAF] VARCHAR(8) NOT NULL
, [HUISNRTOT] VARCHAR(8) NOT NULL
, [POSTCODE] VARCHAR(8) NOT NULL
, [STRAATNAAM] VARCHAR(6@) NOT NULL
, [PLAATS] VARCHAR(50) NOT NULL
, [CODEPROVINCIE] VARCHAR(10) NULL
, [CODECEBUCO] VARCHAR(10) NULL
, [INDEVENONEVEN] INT NULL
, [ID] INT IDENTITY NOT NULL
, [ADRES] AS ([POSTCODE] + '
' + [STRAATNAAM] + '
" 4+ [PLAATS]) -- calculated column

S,
LU
e, €O exc
aead ™ Ago ASTRANTS

ABLE

Create tables
(PK, UQ, FK, DEF,
Computed
Columns)

; Generate
Create Create Tables
Table Script
Script

, [HUISNRRANGE] AS ([HUISNRVANAF] + '-' + [HUISNRTOT]) -- calculated column
, CONSTRAINT [PK_ADRESCODE] PRIMARY KEY ([LAND] , [ADRESCODE] , [HUISNRVANAF] )
)
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Development of the transformatiore sy s
HAN 10-DOMAIN MODEL HAN 10 1HDOMAIN-MODEL

sQL Server sSQL server
repository repository

/*****************************************************************************

REFERENCES
R L e L
ALTER TABLE [ADRESCODE] ADD CONSTRAINT [FK_ADRESCODE_LAND] FOREIGN KEY ([LAND])

REFERENCES [LAND]( [CODELAND]) ON UPDATE NO ACTION ON DELETE NO ACTION

S,
LU
e, €O exc
wead ¥ P‘goNsT“NNTS

ABLE

Create tables
(PK, UQ, FK, DEF,
Computed
Columns)

; Generate
Create

Create Tables
Table Script
Script

ALTER TABLE [ADRESTYPE] ADD CONSTRAINT [U1l_ADRESTYPE] UNIQUE ([OMSTYPEADRES])

ALTER TABLE [INSCHRIJVING] ADD CONSTRAINT [CHK_PersoonOrganisatieFactuur] CHECK
(([persoonFactuur] is not null and [persoonAdresTypeFactuur] is not null and
([organisatieFactuur] is null and [organisatieAdresTypeFactuur] is null) or
[persoonFactuur] is null and [persoonAdresTypeFactuur] is null and

([organisatieFactuur] is not null and [organisatieAdresTypeFactuur] is not
null)))

ALTER TABLE [dbo].ARTIKEL ADD CONSTRAINT [DEF_ARTIKEL INVOERDATUM] DEFAULT
((getdate())) FOR INVOERDATUM
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A web based HAN Individueel Onderwijs system
Implemented for CPM department in March 2013

@@ ‘ ] Formulieren » Inschrijving (2/23)

Start *Inschrijving

DToevoegen .~ Bewerken ﬁVgnmjderen QZOEkenl anabben

N 4 v | Hrapel-weergave | © Exporteren | lInschrijven voor complete opleiding
BY Inschrijving ¥
\If Reg nr Status inschrijving Opzegtermijn Begeleiding
(€] 701284-Nabben-MT]O-Misja AS-Actief studerend 3 S-Schriftelijk
? Inschrijfnummer Bewijs van inschrijving?  Betaalwijze
1 201296 J-Ja MI_AC-Module ineens mbv factuur
E Woonadres Inschrijfgeld? Gebruiker begeleider Invoerdatum
EPAST STRYKERSSTR 7 , 5809 BG LEU 1-Ja 158-Cecilia Gerritsen woensdag 6 februari 2013

Onderbreking, Beeindiging ¥

Organisatie ¥
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N-Nee
Factuur naar, Verzenden naar ¥
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2 Factuur naar persoon ¥
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2 Verzending naar persoon ¥

Reg nr verzending persoon Adrestype verzending persoon Persoon verzendadres
701284-Nabben-MT]O-Misja P-POSTADRES

BpasT sTRYKERSSTR 7 , 5809 BG LEU

Gewijzigd 56 dagen geleden vanaf: ::1 door:grscy, aangemaakt 56 dagen geleden vanaf::: 1 door: grscv

£ samenstelling studieprogramma (4)
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Development is based on (meta-)data
transformations instead of programming.

More declarative rules instead of procedural
code

Testing is primarily based on testing the
existence of (meta-)data | In the_new

P

- = =

L ‘7 H

ﬁr = "
£ =5

environment.

Errors arise in procedural code not in declarative rules

Project cost of HAN 10 Il was < 10% of the
original costs of HAN IO I.



“°9“‘“°°‘<>:2:.,’:;':2;'2‘12.112;?:15:
Input for future research and improvements

regarding application generation
for us and bachelor / master students

o Improving default heuristics.

o Improving subtype support

o Improving foreign key titles

o Improving the visualization of child records

o Improving the user interface controls to
support high volume domain tables

Adding the verbalized fact type expression to
the user interface
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regarding application generation

o Adding the verbalized fact type expression to
the user interface

o Classify/Qualify expression

INSERT INTO dbo.tblUFGHelpText
SeLECT e, Taplonsnes ‘cRimintserstor”s mederranges T
Enter a new fact expressiun ;ig:Lté;ﬁigégii;igT Expressions.Expression AS span
|Docent Misja geeft vak Dbap

OUTER APPLY

(SELECT CHAR(1@) + CHAR(13) + Expressions.Expression AS Expression

FROM FCOIMDemo.dbo.tblFCO_OTFT
ali the ession: INNER JOIN FCOIMDemo.dbo.tblFCO_Roles
fy ON otf_Modelname = rol_PlayedModelname
. AND otf_ModelType = rol_PlayedModeltype
Fact type name: AND otf_OTFTName = rol_PlayedBy_OTFT
l Doce ntGeeftVaki |

'[f Qualiny {x Cancelj

CROSS APPLY FCOIMDemo.dbo.fn_AllRegExpression(

otf_Modelname,otf_ModelType,rol_PartOf_OTFT) AS Expressions
ERE otf_Modelname = 'OIS'

D otf_ModelType = 'EL-IGD'

otf_OTFTName = ucl_TableName

Expressions

leName = utb_TableName

s.Expression LIKE '%<' + ucl_ColumnName + '>%'
r'),RO0T('ROOT"),TYPE) AS VARCHAR(MAX)),'-"')

Formulieren »

¥
o3 ucent 2> \? I-[I;:ll;f}:f;ga:ens - (2 IMAGine Help - Windows Internet Explorer ==
$ Gewijzigd9. ten geleden vanaf:MNABBEN door:NT AUTHORITY\N| Hulp voor UFGAdministrator:
i::[;;::]g:zﬂ. <2 é

=] Docentgeeftvak (1)

Docent <docentnaam> geeft vak <vakcode> ‘

concept
MASTERS PROGRAMMES




Hogeschool ‘} van Arnhem en Nijmegen
HAN University of Applied Sciences

More info at:
Lectoraat Model-based Information Systems - HAN.nl|

<<Google>> M-BIS

Adres
misja.nabben@han.nl Bezoekadres
HAN campus Arnhem
Gebouw faculteit Techniek
Kamer E1.10
Ruitenberglaan 26

6826 CC Arnhem
Secretariaat

T (026) 365 81 52

F (026) 364 50 66

E lia.venhof@han.nl



https://www.han.nl/onderzoek/kennismaken/technologie-en-samenleving/lectoraat/model-based-information-systems/
https://www.han.nl/onderzoek/kennismaken/technologie-en-samenleving/lectoraat/model-based-information-systems/
https://www.han.nl/onderzoek/kennismaken/technologie-en-samenleving/lectoraat/model-based-information-systems/
https://www.han.nl/onderzoek/kennismaken/technologie-en-samenleving/lectoraat/model-based-information-systems/
https://www.han.nl/onderzoek/kennismaken/technologie-en-samenleving/lectoraat/model-based-information-systems/
https://www.han.nl/onderzoek/kennismaken/technologie-en-samenleving/lectoraat/model-based-information-systems/
https://www.han.nl/onderzoek/kennismaken/technologie-en-samenleving/lectoraat/model-based-information-systems/
https://www.han.nl/onderzoek/kennismaken/technologie-en-samenleving/lectoraat/model-based-information-systems/
mailto:Lia.Venhof@han.nl

