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Plataforma para desarrollo de sistemas (l)
Definicion, Desarrollo, Construccion y Verificacion & Validacion
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Plataforma para desarrollo de sistemas (ll)
Gestion de Cambios y de la Configuracion
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¢,A qué nos enfrentamos en la realidad?

Se encuentran errores de diseno demasiado tarde,
cuando mas cuesta solucionarlos.

O no se encuentran: el coste de los errores no
encontrados es muy alto (retirada o devoluciéon del
sistema, penalizaciones, reputacion).

Baja productividad en procesos de prueba. Procesos
lentos y poco agiles

La colaboracion entre equipos grandes de desarrollo
que estan distribuidos es cada vez mas dificil.

No hay comunicacion efectiva entre diferentes
disciplinas: ingenieros de sistemas, ingenieros
mecanicos, ingenieros eléctricos, ingenieros de
software

Cada vez es mas dificil la gestion y la integracion de
disenos cada vez mas complejos

Poca reutilizacion, se vuelve a construir algo que ya
existia
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El tiempo de desarrollo se debe emplear en desarrollar...
El 80% de los costes de desarrollo se emplean en identificar y solucionar errores

‘o

o Costs
Induced ‘-, of
Errors e, Design
) Change

$240/defecto

4 7 & En produccion
e Durante la fase de
Durante la fase de .
.o testing
Durante la fase de disenoy
requisitos construccion

Source: 2008 GBS Industry standard study
Defect cost derived in assuming it takes 8 hrs to find, fix and
repair a defect when found in code and unit test.
Defect FFR cost for other phases calculated by using the
multiplier on a blended rate of $80/hr
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Cuanto antes pruebe antes encuentro defectos...
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Los sistemas evolucionan, y cOmo se construyen tambien...

Crniselentrsl U

Cruiselentrol_indte
ruLs adl b _inite S
Cruisettatel kit _ind
(1 [ | BT b =
Throttley
A S'M void cruissComtrol_initl_c d. -0 - -
CruiseSpeadHgt_init(&(_d
CruiseStateMgt_init(&(_(
format ELF exec (_C == M condact_0) = 1t
entry SR Throttlecnd_init{&i_C_-:
(_C_-= M init] = true:
¥
istart:
(¥ s======== %/
mowv esi, logg/* MAIN MODE */
call display_d J# s======== */
vold CruiseControl( _C_Cruiss
mov [comnand_{ - -
pop eax ool BrakePressed:
lea esp,; [espH bool AcceleratorPressed;
pop p—— . ool SpeEdDthfoLimi'ts;
pop [environm kool —L_l'“ -
mall 2 Srgcode for node CruiseConti
£ 98T _PALSN iy call to node not expandec
je informati {_C_-= Cn_DetectPedalsPi
{_C_-=_Cn_DetectPeadalsPi
zall init memd DetectPedalsPressed( & _(
2 BrakePressed = (_C_-=_C
: AdcceleratorPressed =
mow edi, chary { © .= Cn Detectp
B ecx, 100k | 4 311 t0 node not fided DetectSpeedlimits */
®or al,al (_C -=_Cn_D Speadlimits, IC spesd) = (_C -= I8
make characters tah Det Limits{&i_C_-= Cn_DetectSpeedlimits));
=tosk /_ metTeedOut Offlimits = (_C_-=»_Cn_DetectSpeedlimits. Oc
= — M call to node not expanded CruilseStateMat +/
loop malke char _
mov ezi,characcers+'a’
BiE L
Fasmas |

v

|
1960

|
1970

|
1990

|
2000

|
2010

Model Driven
Development (MDD):

= Mejora la comunicacién

= Modelos mas facilmente
trazables que el cédigo

= Modelos permiten
automatizacion:

v~ Simulacién del modelo
v Generacién de Cadigo
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Model Driven Development es la forma mas productiva de
desarrollar sistemas: PROBADOQO!!!

Percent of Final Designs within 30% of pre-design

expectation for features and schedule
Rhapsody (Telelogic)

81.7%
MDD Dewelopers T70%
Simulink (Mathworks) 72.7%
ViWorks (Wind River)
Mon-Modelers

69.6%
6%
40% 20% 60% 70%

80% Q0%

Embedded Market Forecasters

Documented in “What Do You Do When the Horse You’re Riding Drops Dead?
Why Model Driven Design is Emerging as a Preferred Best Practice”, March 2007
r = .- . 1
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IBM Telelogic Rhapsody®

I

Entorno MDD para el diseno y desarrollo de sistemas

Trazabilidad a los requisitos asegura que el diseno cumple los requisitos del
cliente

Incrementa la productividad del desarrollador. Simulacién del sistema
mediante ejecucidon de modelos. La verificacion temprana y continua ayuda
a detectar errores en el momento de introducirse.

Mejora la comunicacion. Visualizacion de los requisitos, la estructura y el
comportamiento del sistema a través de UML/SysML

Mejora la colaboracion entre equipos de desarrollo distribuidos
Generacion automatica de codigo a partir de los modelos
Trabajar desde el cédigo o desde el modelo

Incrementa la productividad del equipo de pruebas: Pruebas dirigidas por el
modelo (Model Driven Testing - MDT)

Generacion automatica de documentacion
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Proceso de desarrollo genérico construccion y desarrollo de

sistemas

HW Design J

Diseino del sistema y del software
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Diseno de la arquitectura del sistema

= Estructura: Block Definition Diagrams e Internal Block Diagrams

(D Rhapsody SysML by Telelogic - [Block Definition Diagram: Overview Architecture in SystemEngineeringModel:Systemarchitecture *] : — |EI|5|
3“& File Edit View Code Lavout Tools Window Help — |ﬁl |5|

Himes(atocamnix/lkapao@prx =2 s %86l =]

1 itsSecurity§: m
T — 1
i AT T I =T i Cardmesder E |
B LPUSTEY ) pSecSysController [—
Entire Model Wiew - + 4+ | & reqReadS ecurityCard
8 reqDisplay CardStatus
[ UA¥_SysEng & reqalam
¥-{Z7 Components B reqResetAlam - i : o
+-{_] Internal Block Diagrams gﬁl‘adsecuﬂcald itsAdmin
ED Packages ﬁdlsplayCar\dBlatus
LB Architecture 1 itsUse| o, e pSecSysController
} r &l resetalam |1 itsSecS ller |
E Colaborations Ademi
. P min A e o s
CardReader_Entry CardReader_Entry Admin 1 itsAccessPoint &
X P - . | 1 CardReader Exit | g - g L] —
£ PredefinedTypes (REF) plser_Exit phiccessPoint
3 PredefinedTypesCpp (REF) pCardReader_Exit ]—f]PUser pSecSysController pCardReader_Exit pAccessPoint [ ] [ pSecSysController
R Camera
£ Subsystemlnterfaces pFingerprintScanner & reqReadSec ity Card pFingerprintScanner  Lramera
* E' SubsystemSpecifications & reqDisplayCardStatus 1 itsCamera ="
=5 SystemEngineeringtadel ¥l regtlam & =wtcoessPointLocked
=] Packages i reaResettlam &l =wtccessPointUnliacked pSecSysController
T Systemarchitect &5 readSecurityCard Bl reqResettlarm [E
E. ¥ SLEMAIENIECErE &5 display CardStatus BlreqsetauthenticationStatus
E‘ Associations &5l alarm Bl reqvalicsteSecurityCard

{21 Block Definition Diagrz &l resetAlam 8 checkEarTimeLimitViclations

B, Groundstation-Inl gdisdnleUserAcem
" F flagBiometricScanFailure
Overview Archite p—— -
E’E‘ " J | 1 itsFingerprintScanner | ERlfagSecurity CardFailure
E’ﬁ Overview LAY Ve pUser_FpScan
! logAccountData
oBe, Uaw_vehicle Subs — pUser pSecSysController [ }— ExliogErtryData
(21 Packages BlicgExitData
B regScanSiometricData e r——— -
ﬁ Parts B reqEnableBiometricScan i sourty
- SwstemRequirements B reqDizabieSiometricSean
-1 Profiles 5 authenticateBiometricData
&l dis play Authentication Status
ﬁscanﬂimelrinDa‘ta
&l enableBiometricScan
4 disableBiometricScan
|4

For Help, press F1




| IBM Software Group | Rational software

Diseno de la arquitectura del sistema

= Comportamiento:
» Use Case Diagrams
» Activity Diagrams
» Sequence Diagrams

» Statechart Diagrams
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Verificacion y validacion temprana

= La ejecucion del modelo ayuda a detectar errores en las fases tempranas

= Promueve el desarrollo agil, permite validar los requisitos en fases

tempranas de diseno

= Visualizacion de la ejecucion: Flujo de mensajes en diagrama de secuencia,

y estado del sistema en diagrama de estados

ZF Rhapsody in J by I-Logix Inc. - V60_RiJ_BluetoothHeadset_Demo.rpy
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Trazabilidad de los requisitos de sistema al modelo
Asequrar que la arquitectura cumple los requisitos del sistema...

= ¢ Como se establece la trazabilidad entre requisitos y elementos del diseno?
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Trazabilidad de los requisitos de sistema al modelo
Asequrar que la arquitectura cumple los requisitos del sistema...

= Las dependencias pueden establecerse desde DOORS ....

E 'System Requirements Specification’ current 0.0 in /2. System Requirements Specifications (Formal module) = DDOR -0 ZI
File Edit Wiew Insert Link Analysis Table Tools Discussions User Publish WEXP  Rhapsody 7.4 RG  Analyst  Change Management  Harmaony[ES'W
Harmony/ITSW Harmony/SE  TAL  Help

JQ@@H@&@HE&@?%mHars
f |l =

[BI<SET F Moédulo DOORS con una copia

| wiew [E1 - Allocated to = |[enevet: =] |J W e 3
o Object Type System Requirements Specification Allocated to [System Architecture] o ;I d I H f P-4 d I d I
| | S | il e la informacion del modelo
mediurm-range reconnaissance in hostile environments with |
SR " ;Itm‘tEd att;Ck capablll?f. " Wiy T (D B 'systemEngineeringModel’ current 0. /2. System Requirements Specifications {Formal module) - DODRS 3 : -0 x|
5 5 me ‘.um range fong en urgncn_e s m atcan Fle Edit Yiew Insert Link Analysis Table Tools Discussions User  Publish  WEXP Rhapsody 7.4 RG Analyst  Change Management  Harmony ESww
carry a variety of payloads to assist in ground, air and sea
operations. ﬂarmonw’[TSYﬁf Harmorw)SE  TAL  Help -
SRSUAN-4 * & full U&YS consist of four UaWs and a ground Mission Paning | & E |J B & &F “ R s |J & =
and Control System, JViEWIE‘I-Mamwaw jHLevelT =l H oS “ = =i = |J I‘J_SJjT £ b
¥ * A
SRSUAY-S | 2 System Reqmrements &l SystemEnginesringhodel U _SusE ng.ipy 8| Element Tupe =]
SRSUAY-T4  * 2.1 UAV Vehicle - quﬁ\?_iﬁiggges !
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Trazabilidad de los requisitos de sistema al modelo
Asequrar que la arquitectura cumple los requisitos del sistema...

= ...0 desde Rhapsody
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Trazabilidad de los requisitos de sistema al modelo

Asequrar que la arquitectura cumple los requisitos del sistema...

= Impacto y cobertura desde Gateway

(D Telelogic Rhapsody Gateway - UAY_SysEng

File Edit W%ew Tools Reports Help

=10l x|

NG T O o =B 2 %R B | 5% |[ro e B

o

Downstreamn Impact Information:

=%, Jsrsuss

LB el Vaicie
% Jrsua-2a

LB el Vahizie
%, Jsrsuss
B 41 Vahicia
o Jsrsus-a
LB a1 Vahicie
9 Jsrsuss
LB Ll Vi
(%, Jsrsusy m
LB el Vaicie
= =Rz 11
B esa1 Vaicie

Flight_Mansgemeant

% Jsrsus 1z
LB el Vaicie
= JzRsus-1a
LB e4 1 Vahizie
o Jsrsus 14
LB 1 Vahicie
(% JsRsuay- 15
LB 21 Vahicie

P [

[

|»

Dhowristreann
Text:

Reference Attributes:

Management Yiew I 4 Coverage Analysis View Sy Impact Analysis View |E!E Graphical View | ] Requirement Details I
Upstream Impact Information: Selection:
1o Jsrsuses - Rule check
LEU-W-E FHRIUML Model Rhapsody SysML
EF ) srsuay-7 (L0 &4V Sysimg
t%u*\“'ﬂ System Specifications Doors Advanced EfF%
RIS B 7 ovensew
o8 Jsrsus.s 2] 2 Spsram Reguiamants [
LB uses SIB 27 i) ahici s
Eh ) srsusy-a w Jzrsuses e
LiFumes % Jsrsusa i
1 Jsrsuma @ Jsrsuses e
L P8 uas % Jsrsusa esd
EF ) sRsuay-10 & Jsrsuses 7
LiFumen % Jzrzus-10 7
1% Jsmsua. 1z s % JsRsusm11
L umez & Jzpsuan 12 e
1% Jsrsum1a % Jsrsuse 12 [
I:%u.-\wa o Jsrsus- 14 7=
TR o Jzrsus-15 7
1% Jsmsua 1 o Jsrsus 18 e
THuae7 % Jsrsuse 17 e
tgum-m % Jsrsus-1a 7
1o JsRsta-15 o JsRsus 13 g
B = Dorounva -
Texts and Reference Attributes |Attributes IMessages |
Upstream Selection
Textk: Text:
|
Reference Attibutes:
|

|System Specifications Doors Advanced EADS)Z System Requirements)2, 1 LAY Vehicle
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Visualizacion de los requisitos y su trazabilidad
Diagramas de Requisitos

RD_Uc1BlockLinksToSysR ]

#Primitive Operations
logAccountData():void

wPrimitive Operations
flagBiom etricScanFailure

[ satisfya

#Primitive Operations
flagSe curityCardFailure

"

Trazabilidad,
relaciéon de
satisfaccion

‘ «satisfy»

w@Primitive Operations
validate Se curityCard

asatisfy»

whtributen
t_Bs

whtributen
t_Unlocked

wsatisfy»

asatisfy»

— >

«satisfy»

— >

asatisfy»

—>

asatisfyn

wsatisfy»

«Requirements

Denied Entry or Exit Notification
ID=5511-8

«Requirements

Three Attempts On Biometric Data Entry
ID=S511-6

«Requirements

Three Attempts On Employee ID Exit
ID=S8511-7
#Requirements
Three Attempts On Employee ID Entry
ID=5511-5

aRequirements
Accesss Precondition

ID=55111-1
«Requirements
Security Card Information
ID=55111-2

«Requirements

Out of Date Cards
ID=551114
«Requiremants
Time Betwesn Tw o hdependant Checks
D=5511-4

aRequirements

Entry and Exit Time

ID=8512-2

wPrimitive Operation»

logEnt
csatisfy» logEntryData

whitributes

Bs Fail Count

asatisfy» at-ou
N wsatisfy» —|

wfetributes

ScFailCount
_ 1

asatisfy»

\

e

Requisito
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Generacion automatica de documentacion desde el modelo

Personalizacion de informes

Diferentes formatos: HTML, Microsoft® Word®, PowerPoint®,
Rich Text Format (RTF), etc. desde un modelo Rhapsody

» Crea enlaces para una navegacion rapida del informe

Amplia variedad de plantillas predefinidas

Facil de utilizar
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Interface : IDatalink in SubsystemInterfaces = |

Gene ributesl Flow Propertiesl Dperationsl Helationsl Tags I Propertiesl
J

Diatalink is an High level description of the comunication protocol stablished to cormunicate the GroundStation and
the UAY Vehicle.

2. SUDSyStem Interface DESCI'IptIOI"I This GroundStation can control 2-6 UAY Wehicles.

2.1 Interfaces of first Level of Subsystem division /Bﬁmnust implement several variables to make available the status of the datalink.

2.1.1 Interface IDatalink The physic connection types can change depends on the necesity of the enviroment, need of the war scenario and

the strategic situation of the groundstation. This connection types must be able to perform a minimum capacities.
These capacities are TBD.

Both sides nmst mvplement several variables to

The plopsic conrection types can change depends onthe necestty of'the ervrrornent, need of the war
seenarin and the strategie station of the groundstation \Chis conmection types nost be able to parfloma
stiiiromn capanities. These capacities aze TED.

ake availsble the stafus of the datalmk. <Block Definition Diagram : UAY Principal Subsystems in SubsystemInterfaces

General Description | Helationsl Tags I Propertiesl

Inde rface uses disgrams [This Diagram is created to describe the interfaces generated to the comunication between the 2 first level

This Diiageam is created to describe the aterfaces gerersted to the coWuricatinnbetween the 2 first level Subsystem.

Subsystam.

The Ditalink Tnterface = flct the message that could be send The Datalink Interface reflect the message that could be send/received among the 2 subsystems.

bk MEcen
D atalirk

General |De liptiDnI .ﬂ.ttributesl Flowe Properties | Operations Helatiansl Tags | Propertiez

Grounastat
roundStation - | MName: @ LI
\\ Stereotype: I j EIE'
b ain Diagrame | UAY Principal Subsystems in Subspstemlnterface j
Concummencsy: I&eqmﬂiﬁf j
Defined In : ISubsystemlnterfaces j
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Generacion de documentacion: mensajes en tablas, tipos de

datos...

2.1.1.1 Attributes in the interface IDatalink

Name Type

LinkType T Tope = LixlType
LirkStatas LirleStatusType ee LinkStatnsType
LinkSpeed = SO0, SA00000
CongestimFlag it 0..100

2.1.1.2 Messages inthe Interface IDatalink

Inthis section will be d thedthe that each subsysten noast zepl t icate with the
rest ofthe Subsystems that expect to wse this iterfare to connmicate.

2.1.1.2.1 Message:hitComms

Diescription:
Initialize the conmrruications withthe requasted addwss.

EIE'J SubsystemInterfaces

=23 Block Definition Diagrams
L LAY Principal Subsystems
[+#--&p Data Types

B \ Eve

CloseComms({DataLinkCtriMsg CloseMsg

\ InitCommsiDatalinkCtMsg InikMsg)

\ ReceiveHSMsgiDatalinkH3Msg H3Msg)
. \ Receivel SMsgiDatalinkLoMsg L3Msg)

=B Inkerfs

. -8 IDatalink

Genera\l Aguments - Descrption |He|ati0ns| Tam | Ploperliesl

Fields in his message _I
Name Type - .. .
Orghddins = e e |F|na\|ze the communications with the equested address.
OrgPort it 02632 IIhits
Diesthddress int 0.2 S2hits - .
DiestPort it 0.2632 32his =l Domains
Type LirkType ee LinkType 4 bits E=-¢ Data Types
DLOperatin DiataLirkOp Type e Datal.okOpType | 3hits — ! ;
DiatalinkCtritsg
21122 W ge:CloseC General Arguments |Dascliplian| Helatiunsl Tags | Prupeltias' // Attribukes
Description: [FioseComms(DatlLinkCtrsa Closabsa) = Destaddress
Finalize the o icatioms with the sted address. -
Fields in this nessage
Name Type N\ N\ Narme | prra— _— VY
_ggdd“” = /0'263 N\ Fovic A b tooetro; — A >~
‘ot mt . it
Dt fiddiass e 0.2:32 I=€‘zﬂ27 | <hiews
DestFort it 02632 I2bits
Type LinkTyp= e Lk Type 4 bits
DLOperatam DiatalinkOpType \See Datal mkCpType bits

2.1.1.2.3 Message:ReceiveHSMsq

Description:

& Message of High Speed and High priceity is sended firon an crigin addvess-port pairto a destinadion
addvess-port pair. These pairs represont the 2 subsystems that is comected.

Fields in this nessage
]
Name Type I#
| Orghddress mtu %% FZbs
OrgPont it 0. 232 32hits
Desthddrass int 0.2e32 32bits
DestPart it 0.2:52 32bits
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Diseno del software

Eﬁile Edit Wiew Code Layout Tools ‘Window Help ﬁi:
heasmes(@e 2camax||[|laasaor o~ =2 @6« a o @] = oo [ e xs s (=

|

B e NLAOL20AR o @ | 7 4 ML

@ o g IFIight_Managemanl jIFM_HDSLDEhUQ j H
- has

Iz ﬂ

Entire Model Wiew - | + 1+ |

] fd Uy _Flight_Management

{:I Components

{23 Object Model Diagrams

B Packages

-3 Domains (REF)

EIEj Flight_Management_architecture
=B Classes

% Aerodinamics_Contral
-B Alkitude_Controller

-B autopilot

-B BIT_Controller

Q Command_Interpreter
% Coordinakor

#-E DataLink_Controller
Q Engine_Controller

T Flight _control
-E Flight_Management
-8B Flight_Phase

- Flight _Status

-B Fuel_Controller
Q Log_Controller
% Mission_Data

Q Mission_Recorder

|»

Initializing_Syster|

(i

evRestartaircraft Operative |

eviCriticalFailure

End_m—_p(g | enCriticalF ailure ]
n I
End_of_Flight [+ AircrafiF &) N CriticalF ailure
e laling evParking |

imarnings l ;
Warnings evCriticalFailure
Errars contfroller

eg}}\farnings

H_Ee______tmﬁﬂﬁ______
: Send_AirCraft_Infi féj
J

decrease 2 AfterBumer 3

evLanding

DroB+t®0c 0000/ 05

evTaxing
Q Mavigation_Contraller i 3
-2 Throttle_Contral Phase of Flight controller Throttle Contra
[]---\ Events
- 5 i L
[+ {:I equence Diagrams auAtarBumEer
E' Flight_Management_Spec (REF) evDecrease

[]--& PredefinedTypes (REF)
#-53] PredefinedTypesada (REF)
-5 PredefinedTypesCpp (REF)
[]--& SubsystemInterfaces (REF)
-2 Profiles

#-Cf TestPackages
Kl _>l_I

W Wwelcome to. | ﬂ Flight_Mana. | ﬂ E zecution in. | ﬂ FIight_CUnlr...l E Coordinatar

Far Help, press F1 GE MODE |CAP |MUM |SCRL |Wed, 11, Feb 2009 617 &M 2
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Trabaje como usted quiera
Dynamic Model Code Associativity - DMCA

= A nivel del modelo o el cédigo
» Reduce la curva de aprendizaje
» Incremento de la productividad

= Diseno y cédigo se mantienen sincronizados: “dynamic model code
associativity” (DMCA)
» Cambie el modelo y el codigo cambiara automaticamente
» Cambie el codigo y el modelo cambiara automaticamente

) Rhapsody in C by Telelogic - [Object ModelD

*« Microsoft ¥isual C++ - [binheap.c]

Eile Edit View Insert Project Build Tools Window Help - El|5|
B EEHF | me e O R G

] =
=

return H-»>Size == 0

int IsHeapFull{ PriorityQueus H )
{

return H-:Size == H-:Capacity.

void Destroyi PriorityQueus H )

freei{ H-»Elements ):
freel H )

o File Edt View Code Layout Tools Window Help

iagram; fatal in DataStructuresCode_Demo *]

#if 0
<% START: fige_14.tm:t =~

DMCA

for{ i = H .~ 2: 1 > 0; i— )
PercolateDown( i ):

#% END s

#endif

-

1| »
Ln1, Call

142 /% START: Figh 1d.txt #/
143 for(| i = N / 2; i > 0; i--
144 PercolateDown| i );
145 /# END */

146 #endif

147

bpERlimevsar - @D x| [aaB0ERAE - 2||fusasrE e | Oe BE
J\Iﬁl @ ¢ [ ¢ [DefsulComponert | [DetauitConfia =] ‘H‘{D} EN |” ‘
I memHnze =gz NCrhOLeocAB|[wa  Fm Hrv(===E488
= T -
[T | tmal =
Entire Model Yiew ~ + % ‘ 7 g B_ERRCOUNT Rhp String
"B DatastructuresCode_Demo =
= = SEmonstrcharivoid
= [ Fies B & Fatal Emer(atr-charyvold
=B tirheap -0
[ “) Dependencies =
=& Functions iRy
- [ DeleteminPriorityQueue H) (CR
- [@ DestroytPriorityQueue H)
- (@ Findrin(PrionityGuese H) Tt - s
- & Initiclze(nt MaxElements) || u W[ e
- (& Insert(ElementType ¥,Priority 2 | hashauad
- (& IsHeapEmptyiPriorityQueue t = _Hashuad_H:Rhpwing B _srackc_hil
- & tsHeapFull(PriorityQueus H) P & B |
- & MakeHeapEmpty(PriorityQuer i Ha.. [ GisEmycs
=] D SourceArtifacts Destroy Table(H:struct HashThl *ywoid SlsFull(s: st
=i Find(Key BemeneType, Histrust Has. Screate stai
ERE| birhazp.c -
© 5"y Dependencies Stk Empr
\ H Ty slisager binheap ot ErushpiBe
N i My elsages stdib Bl R b s HeapFul(H;Priorty Uueus)int E:“fﬁ i
& [ birheap.h < | 19
i =-<> Types bl
< " sl w Weleom | 5] Modelt |[S] sensorc |[S] sensorh | 55 Model0...| 55| Packag. . 65 fatal in D...[E]binkeap.c|[S] binheap.h
139 ) -
140
141 #if 0

)

. ¥

|
1[4 1 ]\ binheap.h A binheap.c
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Si no quiere, no es necesario codificar...

= Anadir detalle al modelo a través de formularios

() Rhapsody in Ada by Telelogic - [Throttle_Control.ads]
@ File Edit View Code Tools ‘Window Help

=10l x|
=181

DEals 232 |2x| /e X

|k BoEEa =2

||l Bl 2] 1) o) o) | ) 2

jl Fr_Host_Debug

=~

lEd=g:1=

B« ||[NLAhOL&C

! Iﬂ! A IFIight_Management
|'::-_: ﬂ
Enkire Madel Wiew - | + +
F-H alkitude_Controller ]

£

£

BB AutoPilok
Eﬂ--§ BIT_Contraoller
EEI--Q Cormmnand_Interpreter
-, Coordinator

H-E Datalink_Controller
EEI--@ Engine_Controller
Eﬂ--g Flight_control

F-E Flight_Management
EEI--@ Flight_Phase

B, Flight_Status

BB Fuel_Controller
EEI--Q Log_Conkraller
EEI--% Mission_Data

-~ Mission_Recorder
Eﬂ--g Mavigation_Controller
EI--% Throttle_Contral
- Attributes

‘. CurrentPower -

t E Operations
[+ B Statechart

]\ Events

]--{:l Sequence Diagrams

----- E Flight_Management_Spec (REF)
[]---& PredefinedTypes (REF)

[ = S WO [y PR | PR PO Y o i}

type reactive part t is new Oxf.Reactive.Reactive € with

record

its Parent :

end record;

end reactive part;

type Throttle Control t is tagged

record

its Reactive :
its Reactive acc

Operative Jub State :

root state Jub State

1l

__ Fi

B

Throttle Control wide acc t:

aliaged reactive part.reactive part t;
reactive part.reactive part acc t;

Integer
Integer

1= Non State:
i= Non State;

end record;

urrentPower :

Float :=

——++ Fttribute currentlower

procedure 3tart EBehavior (this : access Throttle Control
success @ out banlean h h
Ik .
I‘I nnnnn .I---nr LA N A i D= lmrr s —o L ) L e e Tl 1~ LR e, | +1I—I

U'Welcume tl ﬂ FIight_Man...l ﬂ Execution || ﬂ Flight_l:an...l E Coordinator | @ Thrattle ... @ Thrattle_Co...

Faor Help, press F1

GEMODE | [MUmM |

[wed, 11, Feh 2009 [6:29 AM 2
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Paneles graficos para la simulacion y animacion

= Creacién de maquetas de la interfaz para comunicar eficazmente el comportamiento
de diseino destinado a los clientes

= Modificar, monitorizar y analizar los valores de datos durante la simulacion para
ayudar a garantizar que el disefo es correcto en una fase temprana del proceso

v@aamomar v o

|8l Bl #] @) %) £

% | visyaicop_Detua

R e

For Help, press Fi

RS- e “MobilePt
‘“m @ 8 @Y o [DetaurCompenent | [Defauitcontig ~ HJ E==R=NN Hr@}r%\ E P
Ea~g| |
4 _
E -
£ -
ct #
{23 Compenents =] ki
{21 Cbiect Model Diagrams o
ypes (REF) B -
fpescpp(REF) -0 - i
= o |
a 5
Events o u | |
Objects =] I |
5 @ | |
@ ) | |
* = - — | | off
s Y &3 stotechart of - Buton - Button J | I
! % | [StatechartofBution = | ‘ I
b | | | | |
k' | | |
o o] e ' ‘ '
a -- | | 5
| T debounce
| | |
o | | |
eviRelease/ | | |
| pressea A Biuet EExR | | |
eI Fle Edt view Favorite 2 g | | |
itsHeacs et->GEN(evLongPress); s | | |
| | |
= | | |
& Dashboard l ‘ l
i I | | |
=l E ! ! i
Al | e
AT simulateh f; Smulate.con 7 |/ [T Build  ChieckModel J, T Animation B0
11
Event Queue

==
£
~
v
Lo

(£

1414 » v Nkeg } Chediedel ] Buld ]\ Configuraton Mar _ AAnimation { Searchesulis [
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Generacion automatica de codigo desde el modelo

= Generar codigo completo de aplicaciones C, C++, Java y Ada
= Desplegar rapidamente su diseo en cualquier plataforma de destino.

= Reutilizar cédigo externo, referenciado en el modelo o integrado (ingenieria
inversa)
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Proceso de pruebas poco productivo...

= Esta comprobado que la adopcién de MDD mejora la productividad de los
desarrolladores

= El equipo de pruebas sigue siendo mucho menos productivo que el de
desarrollo: pruebas a nivel de cédigo!!!

Podemos disenar
mucho mas rapido
que probar!

Tiempo
MDD
Model

= ¢Por qué no transladar la idea de MDD a Testing? ||‘ ?rivt?n
| esting
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Pruebas dirigidas por modelos (Model Driven Testing - MDT)

= Wikipedia, la enciclopedia libre en la World Wide Web (www), se refiere a model
driven testing como “software testing where iest cases are derived in whole or in

part from a model that describes some (if not all) aspects of the system under test
(SUT)”

= UML es el lenguaje para modelado, mientras que los tests derivados del modelo
se representan utilizando UNML Testing Profile (UTP)

= UTP se puede considerar como un lenguaje para visualizar, especificar, analizar,

construir y documentar todos los artefactos involucrados en un proceso de
pruebas.
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UML Testing Profile

= ElI UML 2 Testing Profile

= 23] TestingProfile (REF)
=1-|_] Packages
extiende UML con conceptos - =+ umL2oTe (RO)
especificos de pruebas: - EI--I:I Packages
Eli TestBehavior (RO)
» Test Behavior : actividades a =l-#se Stereotypes
realizar durante la prueba y L 5% TestCase (RO)
resultados -5 TestObjective (RO)
P =-[£3 TestArchitecture (RO)
-5 Stereotypes
» Test Architecture : elemen.tos del #55 TestContext (RO)
modelo a probar y sus relaciones 55 TestComponent (RC)
con otro elementos E-----ESE- SUT (RO)
5% TestConfiguration (RO)
-3 rTC (RO)
-
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-

‘f‘

Diserio

ks

ED Ohject Model Diagrams

a8 Domains Crverview

=] Packages

; B «Externals CppLibrary

E' «Externals RhapsodyFrameawark,

SR~

Q BuyOneGetoneFree
Q BuyThreeGetOneFres
% CashRegisker

Q CountedProduct

=B Product

Q ProductDatabase
Q TenPercentOff

Q ThreeFordneEuro
-y Dependencies

#-B Interfaces

E—]--D Object Model Diagrarns
g8 CashRedgister Overyiew
-85 Product Crvervie

ﬁ_ﬂ] ProductDatabase Cverview
b ﬁ_ﬂ] Special Offers Overview
E]--D Sequence Diagrams

]E HardwareFkg

]E InterfacesPkg

-5 PredefinedTypes (REF)

- PredefinedTypesCpp (REF)
]E RequirementsPkg

]& TestConductorPkg

71 Profiles
oL TestPackages

e B e e W

[l

Facil navegacién entre el diseno y los artefactos de prueba, son
parte del mismo modelo

Trazabilidad de requisitos a test cases

Diseio y pruebas siempre sincronizados y actualizados

Generacion automatica de informes de resultados

-] Packages
[i TestCarmponents

-5

-

[1]

TCao

E

— QX QX QX QX QX qx qx qx qx qx

L—__|3J TestConkexks
- Attributes
H- "~} Dependencies

Te:
Te:

sk Context Diagrams
st ases {b
- abg_kc_0020)
- abg_kc_003()
- abg_kc_0044)
- abg_kc_00&()
- abg_kc_0030)

- abg_kc_009()

. ko_activity _diagrami)

- te_adding_remaving_product
+ ko_code()

: ko_regression_test()
estComponentInstances
]") TestConfigurations

]ﬁ TestResults : H
:IE—‘!'D TestScenarios R

R TN
‘ TestComponentInstances
q'_) TestConfigurations
TestResulks

o TCon CashRedister 1.htrl
TCon_CashReqgister _1.xml
[=-E, Testseenarios

50,,. :

Test Context Result

Informe de resultados

Enwironment Info

Test executed on machine: MNBOSC-21-1
Test executed by user: ubrockmeyer

Windows 2000 / Windows XP
Aries, build 799102

2.0, build 330

Tested Project

Project: CashRegister
TCon_CashRegister_S
DefaultConfig

Summary: PASSED

Used OS version:
Used Rhapsody version:
Used TestConductor version:

Active Compaonent:

Active Configuration:

Test Context: TCon_CashRegister

tr_rode PASSED
tr_activity_diagram PASSED
tr_adding_remaoving_products PASSED
tr_regression_test PASSED
atn_tr_00g PASSED
ato_tr_nng PASSED
atn_tr_niG PASSED
atg_te_D02 PASSED
atg_tc_003 PASSED
atg_tc_004 PASSED




| IBM Software Group | Rational software

Proceso de pruebas: Crear arquitectura de pruebas

= Crear Test Architecture
» Creacion automatica

» Actualizacion automatica, o

» Actualizacion manual

Radio

xlnterfaces

1

4 itsWaveband:Waveband

itsCurrentVWaveband 1

1 itsFrequency:Frequency

aTesRlonieits
TCon_Radio

Tl
Lt

1 «T TestComponents
itsTC for itsTunerTC for itsTuners

itsEadig:Radiz

«SUTe B,

1 « TestComponentinstance TestComponents
itsTC for itsDisplay: TC for itsDisplay

1

«TesiComponentinstance TestComponents
itsTC for itsUser: TC for itsUser

/

4 [Display

itsDisplay

e e e L

-

wlnterfaces
[Tuner

Copy With Modsl

Remowve from View

Delete from Modsl

Mzke Default...
Locate

Expand to fit test

Create TestArchitecture

Telelogic Rhapsody Gateway

Rl e A

= Graphical Test Architecture

» Es sdlo arquitectura, todavia no hay casos
de prueba
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Proceso de pruebas: creacion de casos de prueba

u Crear Test Architectu re REQO14: There are 5 memory preset buttons. When
pressed, they recall a frequency. This frequency depends on the
selected waveband. Thus it is possible to have 20 freguencies
memorized. five for each waveband.

= Casos de prueba como REQO015: There is an “M" button allowing the presets to

. . be set to the current freguency. This is done bv pressing the
diag de secuencia _
SD_Check_Switch On And Off

zTestScenarios

/\

«TestComponentinstance» «SUT» cTeleomponenllnslance»eTeslGomponentlnstanceD
» Manualmente TCon_Radio itsTC _fo TCon_Radio it TCon_Radio itsTC _f TCon_Radio itsTC
= En base a r_itsUser: TC_for_itsU sRadio:Radio or_itsTuner.TC_for_i _for_itsDisplay.TC_
o ser tsTuner for_itsDisplay
— Requisitos | [ blan | | y,

Textuales | | i >
. . . _ | —— | | |
— Experlenclla_ previa o Switch on EvONOfi() \l\ : :

en el dominio Rﬁ | N
= Se define el comportamiento . nkAII() | >
esperado del elemento a | | showWaveband(aBan{JZS) |
probar o SuT (System | | o
under Test) | | tune(value = 87500) -J |

showFrequency(aFreqlency = 87500

I \l quency(aFregliency ) ._! )
|
I
|
|
|

j
Switch off evOnOff() ‘\ |
| | |
lankall() |
| | | -
| |
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Proceso de pruebas: creacion de casos de prueba

«TestComponentInstance» «SUT» «TestComponentInstance» «TestComponentInstance»
] i TCon_Rado.itsTC_fo TCon_Radio.it TCon_Radio.itsTC_f TCon_Radio itsTC_
C rea r TeSt ArCh ItECtu re r itsUser:TC for itsU sRadio:Rado or_itsTuner:TC for i for_itsDisplay:TC f
ser tsTuner or_itsDisplay
| evOnOff() I I I
I |
| ' blankAll() | |
| I T il
Casos de prueba como | | showWaveband(aBand = 3) |
|-
diag de secuencia | | tune(value = 87500) | :
| | | |
» Manualmente | | |
| | showFrequency(aFrequelYncy = 87500) N
e . . I I L=
» Grabacién de simulaciones | evTuneDown() | |
: : : | | | |
(diagramas de secuencia animados) | | tune(value = 108000) |
| | | |
| | |
I o ] | showFrequency(aFrequency = 108000) |
B : N | g
off @ o normal imiog
%lts?\sp\ay»blanm\g(i; = —7 — A o | blankA"() | _|
itsFrequency.copy ( its avTuneUp! une & IoCke: | -
Evonor Ry — “gitsTuner->tunef itsFre... = “witsDisplay->showFrequency... E | I I
evTune Down/ ’7
itsFrequency.down(); [else}retune(); 5 H GG Ecach] | blankA"() | |
esel pramsavarmar | ] S ! showWaveband(aBand =|E 3) .'hi
thune "tune(value = 87500) ! ol
ev\Waveband/ I =I |
petiachandd. evMemoryi Tnn(MEMORVJMEOUT) | | |
memory =) eviemory| "_ _sea_rchi_ng ________ | |
Doy rhowtemom FALSE 1 | | showFrequency(aFrequ%ncy = 87500) .
|
selectWhichMemory | | | |
| evFound | | |
::F;:SW?ZW = params-=aljemory, } :’iihag?i pa rams->d:
} autoSearch
evMemory/ |
itsCurrert veband.>save(1heMemory,#\(s}frequency), |
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Proceso de pruebas: creacion de casos de prueba

= Crear a Test Architecture

= Casos de prueba como diagramas
de flujo
» “Programacion grafica”

» Intuitivos, potentes y faciles de usar

u Flowchart of : save_to_all_presets *

save to all presets

l save_LW_presets
L %o

i save_MW_presets

I

\.

A
save_SW_presets

Ia

f

\.

b )
save_FM_Presets

.

FlowchartOfFCWhiteBox_007 J «FlowChart»
~
constintiw[]={ 144, 190, 220, 250, 281};
const intmw[] ={ 522, 612, 657, 837, 1600};
const intsw{] ={ 5950, 9900, 13500, 13550, 15600 };
const int fm[] = {87500, 90500, 100000, 100100, 108000 };
int testNum = 1;
@®—» intmem;
int freq=0;
\ char testName[50];
Waveband* w;
N
\ Frequency™ f;
\\
N
NN J

Za T |

/

1
1
!

-
r save to all presets restore all presets | m
\
!
!

FlowchartOfSave_FM_Presets J «FlowChart»

itsRadio.nextWaveband();
mem=0;

[mem<5]

w = itsRadio.getlts CurrentWaveband();
f = w->getltsCurrentFrequency();
f->setValue(fm[mem]);

w->save( mem, f);
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Proceso de pruebas: creacion de casos de prueba

= Crear Test Architecture

= Casos de prueba como
diag de secuencia

» Manualmente

= Casos de prueba como cédigo

Test Case : CDWhiteBox_006c in TCon_Radio *

Genera]l Description  Implementation |.Hrgpmeﬁs| Relations I Tags I Properties

{void CDWhite Box_006c{)

«

// Check that when the radiec is on SW, it can't be tuned outside the Short wave
// frequency range. Also, make sure that as it is being tuned up, it wraps arcundg
// back to the lowest freguency.

imt E;

int freq:

int testNum = 1;
char testName[50];

itsRadio.nextWaveband() ;
itsRadio.nextWaveband() ;

// Test SW 5950KHz to 15600KHz step 5H50KHz

itsRadio.nextWaveband() ;

for ( freg=5%50; freg<=15600; freg+=50 )} {
sprintf ( testName, "CDWhitesBox 001c_%03d4", testNum );
f = itsRadic.getItsCurrentWaveband()->getItsCurrentFrequency () ->getValue();
RTC ASSERT NAME (testName, (f==freg));
testNum++;
itsRadioc.getItsCurrentWaveband () ->getItsCurrentFreguency (}->up();

f = itsRadioc.getItsCurrentWaveband () ->getItsCurrentFreguency ()->getValue ()

sprintf { testName, "CDWhiteBox 001c_%03d4d", testNum );
RTC_ASSERT_NAM.E(teStName, (£==5%50) ) ;

Locate 0K | Apply |

I L ECRN 00 T N LS G W NP PP T T oy e

» El comportamiento del caso de prueba se puede introducir directamente codificando
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Proceso de pruebas: ejecucion y resultados

™ ' Execute TestCase

s«TestComponentinztances
adio. t=TC_fT

TCon_R

«TestComponentinztancey

G- @ G | D RessiifprofiesiosmacaiDeskiopihyt20Papers(Radict 20Madel[Fult 20Test H2tReparthim | | | G zoocle

Mame | File | Line | Fiesult |
COWhiteBox_007h_ 114 TCon_Radio.cpp 143 P&SSED
COWhiteBox_001h_ 115 TCon_Radio.cpp 143 P&SSED - - - -
CD'WhiteBos_O01h 115 TCan Radio.cpp 143 PASSED b 002k, Instance gwitch on FM Radio again, Iteration 1
- ( COWhiteBox_00Mb_117 TCon_Radio.cpp 143 PASSED bonentinztances S Te
COWhiteBox_001h_ 118 TCon_Radio.cpp 143 P&SSED — -
COWhiteBox_001b_ 119 TCon_Radio.cpp 143 PHSSED adio. itsTC_D TCon_Radio.it
( C iteBox_00Th 120 TCon_Radio.cpp 143 = [ | rTC for_itsl _L___L =B L LL0]
[ TCon_Radio.cpp 149 FAILED ~ l=zer ) Mozilla Firefox
] i —— ll'_ L\I‘I—T Fle Edit View Hstory Bookmarks Tools  Help

Shiow Azzertion |

M Getting Started [ Latest Headlines ) w92 nmwe

= (:db()b uce pruciod CGOITIO Ul

|

_ |

de flujo |
|

= Casos de prueba como cédigo

= Ejecucién e informe de resultados
» Comportamientos inesperados se resaltan

[= (3 TestRepart of Model ¥71_RiCpp_Radio
= B Tcon_Radio
|1 Swstern Under Test(SUT)
|1 TestComponent Instances
|1 Test Contest Diagrams
[SRES] TestC
= & TestCase CDWhiteBox_006a
=[] TestObjectives
s Test Objective WB_TST008
a Test Case CDWhiteBox_006h
Test Objectives
@ TestCase COWhiteBox_006c
(7] Test Objectives
a Test Case CDWhiteBox_006d
E Test Case FCWhiteBox_007
[= [ TestObjectives
“y Test Ohjective WE_TST007
= & TestCase SDWhiteBax_001
s TestScenario check radio can be
[ Test Objectives
& TestCase SDWhiteBox_002a
& TestCase SDWhiteBox_002b
& TestCase SDWhiteBox_003
& TestCase SDWhiteBox_004

o o

JIgc|

Test Context Result

Test Context: TCon_Radio

Fri Sep 21 22:01:37 2007

Environment Info

Test executed on maching:
Test executed by user:
Used OS version:

Used Rhapsody version:

Used TestConductor version:

TEMPRANILLO

ukmari

Windows 2000 / Windows XP
7.1, build296637

2.0, build 646

Project:
Active Component,

Active Configuration:

Tested Project

W71_RiCpp_Radio
TPkg_Radio_Cornp
TC

CDVwhiteRox_006a
CDVwhiteRox_0065H

o)
CDVwhiteRox_D06d
FCwhiteBox_007
SDVuhiteBox_001
SDVuhiteBox_002a
SDYhiteBox_002b
SD\whiteBox_003
SDwhiteBox_004

Test Context: TCon_Radio Summary: FAILED

FASSED
PASSED

PASSED
PASSED
PASSED
PASSED
FAILED

PASSED
PASSED
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Colaboracion

= Soporte a equipos de desarrollos de cualquier tamano
= Gestion del desarrollo en paralelo con comparador grafico de diferencias

entre modelos (también merge)

= Integracion con herramientas de configuracion de software como Rational
ClearCase®, Rational Team Concert y Telelogic Synergy™

giRelease/
itsHeadset-=GEN(evEhortPress);

tm(3000)/
itsHeadset-»GEN(euLongPress);

3

evRelease

Y
debounce

evRelease/

itsHeadset->GEN(evBhortPress);

g imio)

tm(3000)/

itsHeadset->GEN(svLongPress);

pressed

L
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Resumen - IBM Telelogic Rhapsody ®

IBM Telelogic Rhapsody® es el entorno de diseino y desarrollo de sistemas
que permite llevar a la practica de forma productiva y eficiente los procesos
de diseno y desarrollo de sistemas.

Desarrollo dirigido por modelos (MDD). Mayor productividad desarrolladores
Pruebas dirigidas por modelos (MDT). Mayor productividad ing. Pruebas
Trazabilidad a requisitos, diseno cumple los requisitos.

Verificacion temprana mediante simulacién, deteccion de errores antes de
las pruebas, ahorro de costes.

Mejora la comunicacion entre disciplinas. Uso de lenguajes estandar SysML
y UML

Facilita la colaboracion a equipos distribuidos

Trabaja como quieras: en el modelo o en el cédigo (DMCA). Disminuye el
tiempo de aprendizaje
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Proceso, herramientas...

Engineering

ws
-----
ans®
ust®
-----
wune
------------
----------------------

Integration Tests ‘J

HW Design J

SW Component Tests‘J

Cade Embedded SW

Development
[FesogcbooRs oo | e e

xCAD Rhapsody TC, RTRT




| IBM Software Group | Rational software

... 'y Telelogic Harmony

Harmony es la libreria
de mejores practicas
para el desarrollo de

software y sistemas

= Harmony/SE
» Systems Engineering

= Harmony/ESW
» Embedded Software

= Harmonyl/IT
» IT Software

_ PEOPLE /\

PROCESS

TOOLS \

\JBEST PRACTICES
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