Use of MDE Techniques
INn ARTIST

9th Symposium and Summer School

On Service -Oriented Computing
Heraklion , Crete , Greece
01-07-15




Outline .
arlist

Models
Metamodels

Model
Transformations

Model-Driven
Engineering




Abstraction and human mind :
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A The human mind continuously re-works reality by
applying cognitive  processes

A Abstraction: capability of finding the commonality in
many different observations:

I generalize specific features of real objects (generalization )
I classify the objects into coherent clusters (classification )
I aggregate objects into more complex ones (aggregation )

A Model: a simplified or partial representation of reality,
defined in order to accomplish a task or to reach an
agreement



Models

What is a model?

artist
MappingFeature A model is based oan original (=system)
Reduction Feature A modelonly reflects a (relevant) selection of
0KS 2NAIAYIf Wa LINRLIS!
PragmaticFeature A model needs tte usable in place of an

original with respect to some purpose




Models and Metamodels
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Model Engineering

A Model as the central artifact of software development

[ Staticanalysis ]

[ Documentation

A

Rapidprototyping ]

y

Model

4

[ Refactoring/
Transformation

A

A

Codegeneration ]

y

[ Automatedtesting ]

A Related terms

A Model Driven Engineering (MDE),
A Model Driven [Software] Development (MDD/MDSD),
A Model Driven Architecture (MDA)

A Model Integrated Computin

[lllustrationby BernhardRumpéd

g (MIC)
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Model Engineering
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A Increasing complexity of software

A Increasing basic requirements, e.g., adaptable GUlIs, security,
net work capabilities, &

A Complex infrastructures, e.g., operating system APIs, language
libraries, application frameworks

A Software for specific devices
A Web browser, mobile phone, navigation system, video player, etc.
A -Technol ogi cal progress ¢

A Integration of different technologies and legacy systems, migration
to new technologies

A é | e a domobldme with software development
A Software finished too late
A Wrong functionality realized
A Software is poorly documented/commented
A

and can not be further developed, e.g., when the technical
environment changes, business model/ requirements change, etc.



Model Engineering

[Balzert H.: Lehrbuch der Softwaretechnik:
SoftwareEntwicklung, Spektrum, Akad. Verlag, 199

A Quality problems in software development
20 800

0.2 10
1977 1994 1977 1994
Number of bugs per 1000 LOC Program size (1000 LOC)
200
-

Real quality improvements are
only possible if the increase in

program complexity is

| | overcompensated !

1977 1994
Resulting absolute (Average values, from Balzert 96)
bug count

[Slideby BernhardRumpé



Model Engineering
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A Traditional usage of models in software
development

A Communication with customers and users
(requirement specification, prototypes)

A Support for software design, capturing of the
Intention

A Task specification for programming
A Code visualization , for example in TogetherJ

A Clear difference to Model Engineering



Models
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A Do not apply models as long as you have not
checked the underlying simplifications and
evaluated its practicability

A Never mistake the model for the reality .

A Attention: abstraction , abbreviation |
approximation ,visualization, &
chlorine atom

electron

PAR

electron shell

atom
nucleus




Models

artist

= : o
Pia 7.4 Bicrl Eing.an Wasoa £z | E= DB
Fe i i
errien s o et B | s¥Els i
] =] -}
e o
s ] Ll
CASR-TH
STk P ’
—
ik B CIF c10 4 T
o i | = o . . - 1k - m
e Bt H i g ).L_:'_'_l BCAREY [
g‘. Pl o " A
w1 -FE =
s F 8 »
[ BiGHLn
OM1Ee = =) o
— I =]
10
OM2.F3 ICl= - o : e
— 5
AEEN L= ] -
5
F. | B
el

IR A0EAM
kg 1 »
[[RE]

[Slideby BernhardRumpé



Models
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A Heliocentric model by  Kopernikus




Models

N4

A Models as drafts
A Communication of ideas and alternatives
A Objective: modeling per se

A Models as guidelines
A Design decisions are documented
A Objective: instructions for implementation

A Models as programs
A Applications are generated automatically

A Objective: models are source code and
vice versa

artist



Model Engineering

A The used artifacts of

software development
slowly converge to the

concepts of
the application area

artist

Business objects
(course, account, customer)

el

Components (provided/required interface)

.

Libraries (GUI, lists)

.

(while, case, if)

Procedural constructs

rd

Assembler and mnemonic
abbreviations (MV, ADD, GET)

yrd

Assembler (001001) [Mustrationby VolkerGruhr



Modeling Levels
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A Computation independent Model ( CIM):
describe requirements and needs at a very
abstract level, without any reference to
Implementation aspects  (e.g., description of
user requirements or business objectives )

A Platform independent Model (PIM ):
define the behavior of the systems in terms of
stored data and performed algorithms, without
any technical or technological details

A Platform -specific Model ( PSM):
define all the technological aspects in detall.



MDE Equation
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Models + Transformations = Software



Model Transformations

v I
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Transforming items

MDE provides appropriate languages for defining model
transformation rules

Rules can be written manually from scratchbya
developer, or can be defined as a refined specification of
an existing one.

Alternatively , transformations themselves can be produced
automatically out of some higher level mapping rules
between models

A defining a mapping between elements of a model to

elements of another model ( model mapping or  model
weaving )

A automating the generation of the actual transformation rules
through a system that receives as input the two model
definitions and the mapping

Transformations themselves can be seenas models!!



Model Transformations
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Model Transformations
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Model -Based Migration Approach in ARTIST
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A Inspired from existing reengineering processes, e.g., Horseshoe Model

A Reinterpretation in the light of advances in Model -based Engineering
A (Meta -)models and model transformations as a foundation

A Discover and understand on-premise environments by abstraction(s)
A Refine abstracted model(s) for selected cloud environments

Architecture
Transformation
Base Desired
—Architecture Architecture
Architectural Architectural
Rep'n Rep'n
Concep Concepts Architecture
Architecture Based
Recovery/ : Development
Conformancd o
Function-Leve - Function-Levdl
Rep'n Rep'n
Code&tructurg:_____ Code-Structurg
Rep'n Rep'n
Source Text Legacy New System
Rep'n Source Source

Kazman R., Woods, S. G., & a r r, $. J: Requirements for integrating software architecture and reenginefring
models: CORUM II. InProc. WCRE 154163 (1998).

Object Management Grougrchitecture Driven Modernizatiomttp://adm.omg.ory
France, R.Rumpe B.: Modeling for the cloudSoSyM9(2), 139 140 (2010)
France, R.Rumpe B.: The Evolution of Modeling Research ChallengasSyM12(2), 223225 (2013 20
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Model -Based Migration Approach in ARTIST
artist

A Inspired from existing reengineering processes, e.g., Horseshoe Model

A Reinterpretation in the light of advances in Model -based Engineering
A (Meta -)models and model transformations as a foundation

Ve

A Discover and understand on-premise environments by abstraction(s)
A Refine abstracted model(s) for selected cloud environments

Legacy C Model C Cloud
Model PIMs Views PIMs

Model
Understanding Modernization
Legacy Cloud
PSMs _ PSMs
Modeling
Code Technical Space Code
Injection Pro%ramming Extraction
Technical Space
Legacy — Cloudbased
Software Migration Software

Migration Validation
& Certification

21



Model -Based Migration Approach in ARTIST
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ClassDeclaration ::= "class" Identifier
EBNF ( "extends" Identifier )? "{" .. "}
Identifier s:= {"8" | *B* | ~ }

ClassDeclaration ::= "class" attl=Identifier
xText ( "extends" att2=Identifier )? "{" .. "}"
terminal Identifier ::= ("a" | "b" | .

ClassDeclaration ClassDeclaration
Ecore — 0O =
att1: EString name : EString
Generation of att2: EString

Bridges

Migration Validation
& Certification

22



Model -Based Migration Approach in ARTIST
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E browser &3 = O 5| AddressListenerjava i3 =8
& qQ < | S (1] yrt java.awt.event.hctionListener: -
< [,\] yrt java.util.hrraylistc;
[\\35elect rt java.util.List;
. srt com.modeliosoft.modelio. javadesigner.annotations.objid;
{4 Marquee +JFrame
== Class model 4
lic class AddressListener implements ActionListener { E
7y Interface
o & . . . .
Un B dlass E E public List<Browser> browser = new Arraylist<Browser> ():
a: Attribute +Browser +ActionListener
o0 Operation myString : string="My Hello Woarld”™ ‘{;'" = —
) . Browser(inout title : strin i
UML MOdeI ei(-g Raised Exception ( 9) public void actionPerformed(final ActionEvent event) {

String url = browser.gethddressBar () .getText ()

= 0..20 if (url '= null && 'uwrl.isEmpty()) {

EXtraCtI on —» Assodation @ E

(= Component model PageLoader loader = new PageLoader (browsel
(= Instance model +AddressListener loader.start(); // a Pageloader is a thrs:
= Imports links

= Information Flows v] il
(2= Commion [( ] [ it | [ )] q | m 3

Legacy Cloudbased

Generation of Software Migration Software

Bridges

Migration Validation
& Certification
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Model -Based Migration Approach in ARTIST
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4 = <Class> PurchaseOrder
&3 <Property> TRACE : boolean [0..1)

' £ <Property> DTD_PUBLIC_ID : String [0.1]
Separat|0n kg <Property> DTD_SYSTEM_ID : String [0.1]
PIM/PDM £ <Property> VALIDATING : boolean [0.1]
£ <Property> XML_PURCHASEORDER : String [0..1]
g <Property> XML_LOCALE : String [0..1]
£% <Property> XML_ORDERID : String [0..1]

&3 <Property> XML_USERID : String [0.1] C Cloud
Ee <Property> XML_EMAILID : String [0.1]
Mg &3 <Property> XML_ORDERDATE : String [0.1] PIMs MOd.eI .
Unders £ <Property> XML_SHIPPINGINFO : String [0..1] MOdernlzatlon
£3 <Property> XML_BILLINGINFO : String [0.1]
ke <Property> XML_TOTALPRICE : String [0..1]
£ <Property> XML_CREDITCARD : String [0.1]
&% <Property> datefFormat : SimpleDateFormat [0..1] CIOUd
&3 <Property> locale: Locale [0.1] PSMS
£¢ <Property> orderld : String [0..1] ¢
g <Property> userld : String [0.1] hace COde
» Eg <Property> emailld : String [0.1] .
Im kg <Property> orderDate : Date [0..1] g Eth‘aCtlon
Eg <Property> shippinginfo : Contactinfo [0.1] ace
Tz',. <Property> blllmgl.nfo: Contactinfo [0.1] CIOUd‘based
Eg <Property> totalPrice: float [0..1]
£ <Property> creditCard : CreditCard [0.1] SOftware
£3 <Pro > lineltemns : Arraylist [0..1
#) <Operation> PurchaseQOrder ()
# <Operation> getlLocale () : Locale [0.1]
# <Operation> getOrderld () : String [0..1]
# <Operation> getUserld () : String {0.1] El'[lon
#% <Operation> getEmailld () : String [0..1]
#3 <Operation> getOrderDate () : Date [0..1] N
# <Operation> getShippinginfo () : Contactinfo [0.1]

UML Model
Extraction

Generation of
Bridges
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Model -Based Migration Approach in ARTIST

| Slicing, Views,
Queries, Tagging,

Separation
PIM/PDM

Model

4 |- platform:/resource/PetStore_PersistencyViewSlicer/models/petstorel.3.1_02_eclipse_components.uml
4 B2 <Model> root model

4 2 <Model> petstorel.3.1_02_eclipse_components £ sueetmane:Stnng

4 B2 <Package> com i

| Address

4 B3 <Package> sun 22&2}&;
<ol i
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i | i expirydate:String_| & emai: string £ quanty  nteger
» B3 <Package> util [Ehemistg g unitpice: Float )
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» B3 <Package> cart » quordeatars i o e e
» B2 <Package> catalog —jtﬂm 3 o 4-4»"-&« | g name :Stnng
» B3 <Package> contactinfo S e L 1
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» B3 <Package> customer l—%—*— s = -
|5 Ssmenerossery]

Generatic

» B2 <Package> encodingfilter
» B2 <Package> lineitem
» B3 <Package> mailer

| g povalue : Fioat

K3 pouserid : String
£ poemaiiid : String
g podate :Long

15§ polocile - String

5 preferredianguage : String
£ favoritecategory : String.

£§ mylistpreference : Boolean
E banherprefestnies Sookean

£ poid: String
g podate :1ong
| k5§ postatus : String

» B2 <Package> processmanager
» B3 <Package> purchaseorder
» B3 <Package> servicelocator
» B3 <Package> signon
» B3 <Package> supplierpo
» B3 <Package> uidgen

Lluser

: |
9 <Package> util N . . datalyper datalypes dstaTyper datayper <datatyper
4 9 B ] B e ce | e
L

» B2 <Package> xmldocuments ¢

Bridge

| Manager




Model -Based Migration Approach in ARTIST

Slicing, Views,

Separation
PIM/PDM

Legacy C Model C Cloud
Model PIMs Views PIMs

Understanding

UML Model ] i
- egacy
Extraction PEMS

Modeling
_Cod_e Technical Space
Injection Programming
Technical Space

Legacy

Generation of Software

Migration
Bridges

Migration Validation
& Certification

Queries, Tagging,
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Modeling for
the Cloud

Model
Modernization

Cloud
. PSMs
N

Code
! @ Extraction

Cloudbased
. Software
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