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At RCIS 2112, Arturo Gonzalez and Sergio Espafia have offered this | Universitat Politecnica de Valéncia
s

tutorial in which a full model-driven engineering method has been
explained, trying to highlight many methodological issues that are
usually not presented in scientific articles. Also, the industrial experience
of Anecoop using Communication Analysis (a communication-oriented
requirements engineering method) has been discussed.

We would like to thank the tutorial attendees for their time and their
questions and reflections.
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Model-driven development

AADL from Carnegie-Mellon Software Engineering
Institute

Acceleo an open source code generator from
Obeo

Actifsource

Apollo for Eclipse from Gentleware
AndroMDA an open source MDA tool
ArcStyler from Interactive Objects Software
GmbH

Artisan Studio from Artisan Software Tools
ASCET from ETAS

AtomWeaver from Isomeris

CoCoVila from Tallinn University of Technology
EnterpriseCoreObjects by
CapableObjects.com

Eclipse Modeling Framework (EMF)
Enterprise Architect from Sparx Systems
GenerateXY from DotXY

Generic Eclipse Modeling System (GEMS)
GeneXus

Tool support

Graphical Modeling Framework (GMF)
HyperSenses and ANGIE from DELTA
Software Technology

Innovator from MID GmbH
Integranova from CARE Technologies
LEONARDI

MagicDraw from No Magic Inc
ManyDesigns Portofino

MetaEdit+ from MetaCase

objectiF from microTOOL
openArchitectureWare

Optimal] from Compuware

Rhapsody from IBM

RISE Editor from RISE to Bloome Software
SCADE Suite from Esterel Technologies
Sculpture Platform from Modelingsoft
Select Architect from Select Business Solutions
Simulink from MathWorks

Together Architect from Borland
TOPCASED

Uniface from Compuware

Model-driven development

Model-to-model transformations
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Model-driven development
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Think of artefacts that can be engineer
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Information systems

i ?
What is an information system:
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Acronym Name Director  Logistics Quality A. Sales Insurance
CLIE Client management X X
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ORDER
s cUENT
MANAGER (PP 2)
FIELD op DOMAIN EXAMPLE VALUE
ORDER =
< Order number + g | number 10352
Request date + i | date 31-08-2009
Payment type + i | text Cash
Client + i | Client 56746163-R, John Papiro Jr.
DESTINATIONS =
{ DESTINATION =
< Address + i Client address Blvd. Blue mountain, 35-14A, 2363 Toontown
Person in charge + i | text Brayden Hitchcock
LINES =
{ LINE =
< Product + i | Product ST39455, Rounded scissors (cebra) box -100
Price + i money 2540 €
Quantity > i | number 35
>
}
>
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grammar org.xtext.example.mydsl.CAMS
with org.eclipse.xtext.common.Terminals
generate cAMS "ht /[ww
MessageStru
strucName +=StrucName
(initialSubstruc +=InitialSubstruc);
StrucName:
strucName=ID '
InitialSubstr:
(aggregationSubstruc +=AggregationSubstruc) |
(iterationSubstruc +=IterationSubstruc);
AggregationSubstruc:

'<'(substrucList +=SubstrucList)'>";
IterationSubstruc:

'{' (substrucList +=SubstrucList)'}';
SpecialisationSubstruc:

"[' (substrucList +=SubstrucList)

("' (substrucList +=SubstrucList))']"';
SubstrucList:

(substruc+=Substruc) ('+'(substruc+=Substruc))
Substruc:

(field +=Field) |

substrucName=ID'="
(complexSubstruc+=ComplexSubstruc) ;

Field:
fieldName=1ID;
ComplexSubstruc:

(aggregationSubstruc+=AggregationSubstruc) |
(iterationSubstruct+=IterationSubstruc) |
(specialisationSubstruc+=SpecialisationSubstruc);

.xtext.org/example/mydsl/C.

AMS"

ORDER=
<
OrderNumber+
RegquestDate+
Payment Type+
Client+
DESTINATIONS=
{DESTINATION=
<Address+
PersonInCharge+
LINES=
{LINE=
<Product+
Price+
Quantity
>
¥
>
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Transforming requirements and
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object-oriented conceptual models
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Extend the communicative event diagram.

Include the communicative event diagram with
all the needed out-of-scope precedent
communicative events until there are non left.

extend
extend

T'll do a small example first
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sort

Sort (order) the communicative events.

Simplify and
remove
loopbacks from
the extended
diagram.

The diagram
now defines a
rooted
directed tree,
a partial
order.

A B F,D,CEG

A F,BD,CEG

F,A,B,D,CEG Any Of
ABFEDCGE | these
AF,BD,C,GE lists
F,AB,D,C GE would
AB,F,D,G,CE also be
AF,BD,GCE OK
F,ABD,GCE

Obtain an
ordered list of
communicative
events that
fulfils the
partial order.

sort
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PROD 2, CLIE 1, SALE 1, SUPP 2, SALE 2, SALE 3, LoGI 10, Risk 4,

SUPP 2, PROD 2, CLIE 1, SALE 1, SALE 2, SALE 3, LOGI 10, SALE 4, RisK 4, SALE 5, SALE 6

~ASSIGNED ORDER TK

SALE 5, SALE 4, SALE 6
SALE 5, SALE 4, SALE 6
SALE 5, SALE 4, SALE 6
SALE 5, SALE 4, SALE 6
SALE 5, SALE 4, SALE 6
SALE 5, SALE 4, SALE 6
SALE 5, SALE 4, SALE 6
SALE 5, SALE 4, SALE 6
SALE 5, SALE 4, SALE 6
SALE 5, SALE 4, SALE 6
SALE 5, SALE 4, SALE 6
SALE 5, SALE 4, SALE 6
SALE 5, SALE 4, SALE 6
SALE 5, SALE 4, SALE 6
SALE 5, SALE 4, SALE 6
SALE 5, SALE 4, SALE 6
SALE 5, SALE 4, SALE 6

process

Process the communicative events in order, one by one.

The event specification template is processed
(especially the message structure) to obtain a class

diagram view.

New classes and structural relationships are added
to the class diagram, as well as class attributes and

services

b) JL, 11,1V, II

o IV,

+ MESSAGE

field2 +
field3

) < field1 +

attributel

.} [attribute2
! [attribute3

! [servicel
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process

Il example

SUPPLIER INFO =

SUPPLIER

Sz i< Supplierode + - Zﬁzfli:aracsde

SALESMAN SUPPLIER INFO SrplSTael e

A SUPPLIER {  Telephone + H telephone 3

e e | Address + fr |addess :

— sUPPLIER | Postcoder fone

Registration date registration_date ]

i «now» Supp2_new_supplier

Attribute name | Id | Attribute type | Data type Size | Requested |Null allowed
supplier_code [yes | Constant Autonumeric yes no
supplier_name [no | constant String 120 |yes no
VAT_number no | Variable Nat yes no
telephone no | Variable String 12 |yes yes
address no | Variable String 300 |yes yes
post_code no | Variable String 12 |yes yes
city no | Variable String 100 |yes yes
:;9'””“'“””—02" no | Variable Date yes yes

process

e

Aftributes | Derivations | [Attibute value expressions]

Attibutes
Name
© supplier_code
© supplier_name
© VAT_number
© telephone
© address
© post_code
@ city
© registration_date

Name:
Alias:

Help Message

Comments

Class: = supplier

Attiibute type
Constant
Variable
Vaiiable
Variable
Variable
Variable
Variable
Vaiiable

Data type

Autonumeric

Stiing
Nat
String
String
Stiing
Stiing
Date

Attrbute type:

Data type:

Services | Transactions | Constaints | Agents | Relationships | General

Size Default v. Request Nulls
Yes Yes No
120 Yes No
Yes No
12 Yes Yes
300 Yes Yes
12 Yes Yes
100 Yes Yes
Yes Yes
7]

e b A | Sl

I's

ket

L=

Cancel

process

Small example

SUPPLIER INFO

SALESMAN
REGISTERS
A SUPPLIER

SUPPLIER

SUPPLIER INFO =
< Supplier code +
Supplier name +
VAT number +
Telephone +
Address +
Post code +

City +
Registration date

SUPPLIER

«id» supplier_code
supplier_name
VAT _number
telephone

post_code

city
registration_date

«new» Supp2_new_supplier

address :

[Argumentname | Datatype  |Size |Nullallowed |
p_atrsupplier_code [ Autonumeric no
p_atrsupplier_name | string 120 |no
p_atrVAT_number Nat no
p_atrtelephone String 20 |yes
p_atraddress String 300 |yes
p_atrpost_code String 12 yes
p_atrcity String 100 |yes
g_dll registration_dat| p,o yes

process

Glass,

Attiibutes | Derivations | [Value expressions] | Services | Transactions | Constraints | Agents | Relationships | Atemate Id. | General

Events & Transactions

Services:
Name Features
¥
@ Event New [Jintermal use
O Transaction [ Destioy
© Operation
Name: Supp2_new_supplier
Alias:

Help message:

Comments:

Class: 1 Supplier

L3102

==

[}
b
#
2|

e pot

Inbound Arg. | Outbound Arg.

Name Datatype

& p_atrsupplier_code  Autonumeric

& p_atisupplier_name  Sting
p_alivAT_number  Nat

& p_attelephone Sting

p_alraddiess Stiing
& p_atipost_code Stiing
& p_atciy Sting

& p_atnegistiation_date  Date

K3 5]

Name:

Data type: 7]

Alias :

Defautvabe: [~
Help message:

Comments:

EAEY. L

)

Ols Hebe

2]
2l
=l
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Your turn again

CLIENT INFO =

< VAT number +

Your turn
m CATALOGUE =
PROD 2
PRODUCT =
m CATALOGUE | cOMPANY DIRECT. S e
DEFINES
m CATALOGUE Product name +
Price +
SALES MANAGER Comments
COMPANY .
DIRECTOR 3
CLIENT
= IE| RESS
wan VAT_number | 4.1 0:M D [ a» address_id
FIELD DOMAIN Lc\upﬁuv;c client clientaddresses | address
ORDER = el G client_clientaddress | post_code
«new» New_client C“y
< Order number + number G, e CHan «new» New_address
Request date + date § 3 1:1 S client 1:1 S address
P G rext client_clientorder 0:M D orders clientaddress_destination|
V CLIENTORDER 0:M D destinations|
{ Clentes Client «id» order_number 1S 0:MD DESTI IATION
DESTINATIONS = request_date clientorder _destinations | ¢ destination_id
payment_type i " person_in_charge
{, DESTINATION = new» neW_order - «new» new_destination|
<! Address + Client address Salet_place_order

Person in charge +
LINES =
{/LINE =

R TES

Price +

Quantity >

Product
Money

Number

0:M D lines
LINE
«id» line_id
price
quantity
«new» New_line
0:M D lines

1:1 S product
PRODUCT

«id» address_id

address

post_code

city

«new» New_address

1:1 8 destination
destination_line

line_product

L ’ Client name +
m Telephone +
m CLIENT INFO Registration date +
ADDRESSES =
U i { CLIENT ADDRESS =
o < Address +
Post code +
L City>
o )
>
CLIENT
é““’e”nYAn:”:;‘mbe‘ 1:1ls 0:M D[ <i» address_id
FIELD DOMAIN tc\cpﬁo;c client _clientaddresses| address
ORDER = registration_date client_clientaddress | post_code
new» New_client c‘ty, ———
< Order number + number Clie1_register_client B E =
Request date + date jent clientord 1:1'S client 1:1S address
client_clientoraer i i) i
L ¢ clientaddress_destination|
Payment type + text 0:M D orders - o
) CLENTORDER 0:M D destinations
Client + Client i T5a order number —1]1:1 8 0:M D [__DESTINATION
DESTINATIONS = | | request date | | clientorder _ destinations «id» destl_nancrz‘ni\d
1_ | payment_type 1| clientorder_ person_in_charge _
{ DESTINATION = “new» neW_order «new» New_destination|
i Sale1_place_order 1:1 S destination
< Address + Client address destination_line
Pergan in ~hmvmn o 0:M D lines
LINE
d Attribute name _ [Id | Attribute type | Data type Size | Requested | Null allowed
£ order_number [yes [Constant Autonumeric yes no
< request_date no | Constant Date yes no
payment_type [no | Variable String 30 [yes yes
3 «id» address_id
> address
} post_code
> city
«new» Nnew_address
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CLIENT
«id» VAT_number
| chent name s oMD
FIELD DOMAIN telephone clien clientaddresses
ORDER = registration_date client_clientaddress
new_client
< Order number + number Clie1_register_client
Request date + date . . 1:1 S client
client_clientorder
Payment type + text 0:M D orders
Client + Client «id» order_number 118 0:MD
DESTINATIONS = request_date clientorder _destinations
payment_type i inati
{ DESTINATION = 1 [new> new_order B
~[Sale _place__order
< Address + Client address = =

Person in charge

CLIENTADDRESS

«id» address_id
address

post_code
city

w» new_address

clientaddress_destination|

1:1 S address

DESTINATION
«id» destination_id
person_in_charge

new» NEW_(

destination_line

0:M D destinations|

1:1 8 destination

class diagram view

et Tegister Thent

1:1 S client

«id» order_number
request_date
payment_type

«new» Nnew_order
Sale1_place_order

118 0:M D

clientorder _destinations

e NeW_ aaaress,

clientaddress_destination|

1:1 S address

DESTINATION
«id» destination_id
person_in_charge

«new» new_destination|

_ _ |1:1 S destination
destination_line

LINE

«id» line_id
price

quantity

«new» NeW_line

0:M D lines
ine_product

1:1 S product

«id» address_id
address
post_code

city

<new» New_address

0:M D destinations

LINES = Argument name Data type Size | Null allowed
{ LINE = p_atrorder_number | autonumeric no
< Product + p_atrrequest_date Date no
p_atrpayment_type | string 30 yes
Price + p_agrClient Client no
Quantity >
¥ TEY EOaresSTIeT
> address
3 post_code
> city
«new» NeW_address
CLIENT
CLIENTADDRESS
o VAT_number 4.4 o 0:M D[ <ia» address_id
client_name
FIELD DOMAIN e client clientaddresses| address
phone st_code
ASSIGNMENT = registration_date e P
new_client ity
< Order + Client order Clie1_register_client new_address
Assignment date + Supplier ) 1:1'S client RIS
cllent . clientaddress_destination
Supplier + date 0:M D orders .
CLIENTORDER S
> order_number | 1:1 S 0:M D [ DESTINATION
request_date clientorder estination_id
payment_type clientorder_destination |-Lorson-in_charge
«n new_order « » new_destination
Sale1_place_order 1:1 S destination
destination_line
SUPPLIER 0:M D lines
d» supplier_code TINE
supplier_name «id» line_id
VAT_number price
telephone
address w» New_line
posticode 0:M D lines
city line_product
registration_date 1:1 S product
«new» SUPP2_new_supplier PRODUCT
«id» address_id
address
post_code
city

«new» New_address

FIELD DOMAIN
ASSIGNMENT =
< Order + Client order

>

Assignment date +| Supplier
Supplier + date

SUPPLIER

o> supplier_code
supplier_name
VAT_number
telephone
address
post_code

city
registration_date

supplier

«new» SUpPp2_new_supplier
«shared»«int» iNS_supplier
«shared»«int» del_supplier

CLIENT

«id» VAT_number
client_name
telephone
registration_date

118 0:MD
client clientaddresses

«new» new_client

Clie1_register_client

1:1 S clien!

0:M D orde

«id» order_number
request_date
payment_type

assignment_date

client_clientaddress

CLIENTADDRESS

«id» address_id

address
post_code
city

» new_address

clientaddr

118 0:MD

destinations

1 S address

0:M D desti
DESTINATION
destination_id

«new» New_order
Sale1_place_order
«int» set_assignment_date

0:M D
clientorders

clientorder_supplier

clientorder_destin

tion

desti

person_in_charge
«new» Nnew_destination|

1:1 S destinat
ination_line

0:M D lines
LINE
o ine_id
price
quantity
«new» new_line

0:M D lines

ine_product
1:1 S product

PRODUCT

«id» address_id
address
post_code

city

«new» Nnew_address
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CLIENT CLIENTADDRESS
e P e
FIELD DOMAIN telephone client _clientaddresses | address
ASSIGNMENT = registration_date client_clientaddress | Post_code
uewia\eml i)
< Order + Client order Clie1_register_client merAnwladdress

Assignment date +| Supplier

Supplier + date

>

» order_number

SUPPLIER
supplier_code
supplier_name
VAT_number
telephone
address
post_code
city
registration_date

request_date

DESTINATION
destination_id

assignment_date

» new_order
Sale1_place_order

«int» set_assignment_date
«shared«int» ins_supplier
«shared»«int» del_supplier
SALE2_ASSIGN_SUPPLIER

0:M D

01D clientorders

supplier

«new» SUPP2_New_supplier.
«shared»«int» ins_supplier
«shared«int» del_supplier

clientorder_supplier

payment_type clientorder

person_in_charge
new_destination|

1 S destinatior

LINE
line_id
price
quantity
new_line
0:M D line
line_product
1:1 S product
PRODUCT
«id» address_id
address
post_code
city
«new» new_addres

MOF

7, N
CONFORMS TO’C‘M}ST O co%o%com:oms TO
COMMUNICATION ATL TRACEABILITY UML 2
ANALYSIS METAMODEL METAMODEL CLASS DIAGRAM
METAMODEL METAMODEL
BASED ON CONFOIIRMS TO BASED ON BASED ON
CONFORMS TO CA2UML CONFORMS TO CONFORMS TO
TRANSFORMATION
REQUIREMENTS TRACEABILITY UML 2
MODEL EXECUTED MODEL CLASS DIAGRAM

INPUT,

OUTPUT OUTPUT

CLIENT CLIENTADDRESS
«ia» VAT _number 118 0:MD | wian address_id
client_name client clientaddresses | address
telephone

registration_date

«nem» new_client
Clie_register._client

o auss sTeReoTYPES:
g < cuass e
b < ATTREUTES
< services

STRUCTURAL RELATIONSH:

MIN MAX, (5] DIS] MiNG : axe

ROl RO  0-pvavic

RELATIONSHIP NAME §=STATIC
For 2
TRUCKDRIVER

«ia» VAT_number
driver_name
o 01D oMD
plate_number driver clientorders

maximum_load

1418 client 1:1S address
client_clientorder]
0:M D orders clientaddress_destination|
CLENTORDER 0:M D destinations

truckdriver_clientorder

«now» Logi10,_hire_driver

csharea» in» ins_truck_driver
sharea» «int» del_truck_driver

INSURANCEPOLICY

1D M
«ig» company_name policy  clientorders
«ia» policy_number

clauses insurancepolicy_clientorder|

newn Riské_contract_policy
«csharea» cin ins_insurance_policy
«sharsancin» del_insurance_policy

SUPPLIER

«id» code
supplier_name

0:1D oMD

city 2
registration_date suppler. clientorders

«i» order_number
request_date
payment_type
assignment_date

decision

Client_clientaddress

post_code
city

«new new_address

DESTINATION

«ian destination_id
person_in_charge

O:M D| stop_order

118
planned_delivery_date lientorder

response_date
logistic_comments
extra_clauses
shipping_timestamp

«rewn new_order
Sale1_place_order

«sharedy int» Set_assignment_date
«sharedy int» ins_supplier

sharean cint» del_supplier
SALE2_ASSIGN_SUPPLIER
Sale3_evaluate

«in» set_logistic_comments
«sharedy ity Ins_truck_driver
«sharedy cint» del_truck_driver
Sale4_ARRANGE_LOGISTICS
«in» set_extra_clauses
«sharedy i ins_insurance_policy

Glientorder_supplier
«nown Supp2_new_supplier|

«shared ins_supplier int
sharea» del_supplier int

«sharea» > del_insurance_policy
SALE5_SPECIFY_CLAUSES

Sale6_notify_shipping

clientorder_destination

destination_line

«now» new_destination
set_stop_order
1:1°S destination

O:MD lines
LINE

i line_id
price
quantity

nem new_line

O:M D lines

line_product

1:1'S product

PRoDUCT

«ia» product_code
product_name

price
comments

«news Prod2_new_product

Bl Edt Navigate Search Projct Run ATLEdtor Window belp

G-H@i% - 0-Q-  BHCG- OO~ (§-§- v e~ =
tion of a class from an aggregation swbstructure

1 | “rule process_create_class (active : 2 «

% to
Class: unl!Class (name<-self.format_to_ 1#. format_to_ z
lementSrc: tracer !Element y lementType <- 'Aggregation substructure'),
elemencTrg: tracer!Element (elementName<- class.name,elemencType <- 'Class',cargecTrace<- (elementTrg)),

trace: tracer!Trace(
traceName<-'

lass_Derivation
targetElement <- elementTrg)

tablish active
self.active_class <- class;

Traceability
elementSrc.refSetValue (' sourceTrace’,
(*sourceElement', el

--Set tuples substructure and

(elementsre)) :

self.subs_classes_set.add(self.set_tuple_subZclass(active_substructure, self.active class)):

--Add the new

1

the Model

sel 1_model. packagedEl dd (self.active_class) :

Wirkable

Insert 319:1
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 salesman

Model-driven development

Do not hesitate to write us for additional
information, to provide some feedback or to
propose a collaboration.

Arturo Gonzilez, Sergio Espana

UNIVERSIDAD agdelrio@dsic.upv.es
DE VALENCIA sergio.espana@pros.upv.es

Please allow us an advertisement :)

CAISE’'12

24th International Conference on Advanced Information Systems Engineering
GDANSK, POLAND

Full model-driven practice: from
requirements to code generation

Tutorial 2
Thursday,
June 28th
14:30-16:00

At CAISE’12, Oscar Pastor and Sergio Espaiia will be offering another
tutorial that complements this one at RCIS 2012.

Although we will review the whole MDD process (from requirement
engineering onwards), we will offer insights in the model compilation;
that is, the automatic generation of fully-functional software code from
platform-independent conceptual models.

In that case, the industrial experience that will be explained is that of
CARE technologies, creators of the Integranova Model Execution System.
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