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Tendencias en la industria

Sistemas cada vez mas complejos: sistemas de

sistemas

~N\ Analytics Systems
J © GPs BN = Vehicle Condition Monitoring
= Network ) = Prognostics
i = Advanced Diagnostics
Satelite N /\/\ = Software Faultg Analytics
Cellular - s " ~ = Vehicle Repair
el GPRS  Network N Business Systems
BEME = Customer Support
Vehicle WiFi Zone = Service Data
Control - = Warranty Data
Unit
ICOM L'ﬂll-
DCAN e— Partner Systems
Ethernet st Ecun i Vehicle and - PoliceIErzergency
Most A Road Data = Weather
Bytefligh = . = Traffic
FlexRay - 4 Dealer = Concierge
! = Vehicle Registration
= = Bank
§‘ = Helpdesk
= Government
—0C:% e = Utilities
= Insurance

Desarrollo y construccion distribuida
Boeing Commercial Aircraft: 787 Development Program

¢

Number of parts: 6 million
Peak number of suppliers: 2,600

Who makes the parts and where -—
the engineering jobs are:

Boeing 787: # of engineers are 2005 projections and may not include all i ing ialties. Pre workers are not included.
I CHINA SOUTH KOREA | [l |APAN UNITED STATES CANADA ENGLAND I SWEDEN
CameRNY G N COMPNY 5 CONPANY vt 5% SOMPANY Acinid COMPANY MGINIRS CaMpANT it Compsn G NS
chengdu Alrcraft korean A NA Kawasaki Heawy Spirit A it hiro, Tolsa): 670 " Winpeg) B0 Messier-Dowly: 30 Saab: NA
% Wing to body fairing Main landing . Aft cargo door
assembly z*ﬁw Forward cargo door

Industrial Group:  NA Industries: Nose section
e LY Qan,
== Wing tps Midduloge A

%Tl\hwm ==<W"/ \ \E':g::n;”m/ “q\ Aft pyion fairings

b Nosz nding
gear

P g e Fived loading adges (Tufo, ota ) —
— ———n
—_— Movabie eading edges ransa) f 5‘% gy e Coumh__ oniess
b vertical in Toll Heavy Industries: 130 Movebe leading edges (e 1 FRANCE Nenla: 770
Ieating edge Centar e — oM v
“wing box" Vought fcharsions 100 < e doon thad) Gtecomra NA Midhuselage
Fafe ) mviation ;::;ge 300 ot sections
Indusrries. NA AUSTRALIA r fusedage sections. } Main landing W pt passenger
Mitsubishi Haavy (Ehaviestan, 5.6} T gear dooss (wing) doors
S Mines s | Bt I ndusties N Tomud Bg">
de Havilland unit: 80 Goodrich herostructures: 160 passenger doors

(“pay as you go")

Ry Nacelles (Chulo Vi, €alf.")

PDA  Vehicle-to- E “ Vehicle to
Roadside vote S B = i
Wgboe | (esertto, e Comt
EV/Hybrid iy & / vl

Vehicle
e -

Tolling Charging Inbosrd flaps [r— S0 ihoiig Dsttpiont 3.600
TOTAL DNGNEERS 4,925 §
P ] Source: The Seattle Times

Sousce: Boeing documens

Cada vez mas software, y cada vez mas importante....

1968 1983 1995 2008 Platform % of Specification Requirements
e.g. VW Squareback e.g. Chrysler Imperial e.g. Honda CRXSI  e.g. BMW 7 Series requiring SW Control
Sedan

F-4 1960 8%

A-7 1964 10%

F-111 1970 20%

Engine

-
o D

F-15 1975 35%

= Fuel injection = Ignition = Engine management = Dynamic Damping Control
= Manifold pressure control = Engine controls ABS = Brake Energy Regeneration
= Digital clock = Instrumentation = Digital dashboard = Integral Active Steering F'16 1982 45%
= Electronic seats / doors = Electrically controlled air vents
= Automated climate control = Night Vision
= Safety sensors = Lane Departure Warning
= Lane Change Warning B'2 1990 65%

= Adaptive Headlights
= Head-Up Display

= Active Cruise Control
- Camera systems F-22 2000 80%

= Driver assistant systems
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El software ha incrementado su presencia e
Importancia hasta diez veces en los ultimos anos...

Relative Distribution
of Software/Hardware Costs
(Percent of total cost)

100

60—

20

Hardware

Development

Software

Maintenance

1955

1970

=Source: Software Engineering, IEEE Transactions
on Computers December 1976

1985

Percent of Specification

Requirements Requiring

Platform Software Control

F-4 1960 8%
A-7 1964 10%

F-111 1970 20%
F-15 1975 35%
F-16 1982 45%
B-2 1990 65%
F-22 2000 80%

=Source: The Australian Software Acquisition Management Course,
Defense Systems Management College, March 2000
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Fallos en el software pueden ser dramaticos en
sistemas complejos

Agencia F-22, linea de Constructor Microsoft Zune
Aeroespacial cambio de fecha  de automoviles

Prototipo de cohete Todos los sistemas Sensores de lluvia 1 millon de usuarios
de $1B se de software dejaron no funcionales por se levantaron una
autodestruyo 40 de funcionar cuando  incompatibilidad mafana y su
segundos después el F22 paso sobre la  entre el sensor y el dispositivo mp3 no
de despegar por un linea del cambio de grosor del funcionaba. El
error en el software fecha en un vuelo limpiaparabrisas software no era
del sistema de de prueba capaz de manejar el
teledireccion dia extra del nuevo

ano bisiesto
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Retos en el desarrollo de sistemas
en la actualidad

= La complejidad de los productos es cada vez mayor:
sistemas de sistemas

= La construccion de los productos cada vez se
encuentra mas distribuida

= Cada vez mas software y desempefiando un papel
mas importante

= Tradicionalmente falta de comunicacion entre
disciplinas: ingenieros de sistemas, ingenieros
mecanicos, ingenieros eléctricos, ingenieros de
software, ...

= Gestion de cambios globales

= Se requieren productos cada vez de mayor calidad y
libres de fallos (integridad de las personas)

= El desarrollo de productos esta cada vez mas
regulado. Cumplimiento de normativas y estandares,
demostracion de evidencias
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El equipo piensa como mejorar ...

Jefe de proyecto/programa

Ingeniero de sistemas

Responsable del control de cambios,
miembro del CCB
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Plataforma para desarrollo de sistemas ()
Definicion, Desarrollo, Construccion y Verificacion & Validacion
System/Product definition System/Product V&V

L eeresessnase e s AEEAC L
Tests

SYBUET) (1G] S|
(SysML)

System Tests J

SW Integration TestsJ

HW Design: S;;/D - -
esign |
Mechanical (UML)g ............................ SW Component Tests
Design,

Electrical Code :
Design, .. generation.
'l
Code J-l ----------- Unit Tests
———
Hardware Software

_ Rational Rhapsody SR P DOORS/RQM Rhapsody TC, RTRT
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Plataforma para desarrollo de sistemas (ll)
Gestion de Cambios y de la Configuracion

System/Product definition System/Product V&V
Stakeholder [ e | eeeeeeeeeesssseeeesseeeess e ss e es e s Acceptance
Requirements Tests
®
System Reqs_F ................. s
- - — | e System Tests J
H E «| System Arq. DU | TRy
(SysML)
e B R

Subs”stem U syste
y m SW T PP M cooocoroooonoooooonaonnsooacor SW |ntegration TestS‘J

HW Reqgs g

Regs :

: A ;

HW Design: : -

] SW Design SW Component
Mechanlcal (UML) ---------------------------- Tests
Design,

Electrical Code *
Design, .. generatiori.
?: d J.. ........... Onit
— ___Tests
Hardware Software

PLM/PDM + Change/CQ/RTC : integrated product change management Synergy/CC/RTC: code & models CM
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= Plataforma de colaboracion

» Centralizar, organizar, estructurar, trazar y gestionar los requisitos del
producto

» Informacion actualizada accesible para todos los miembros del equipo.
Facilita la colaboracion y comunicacion entre ellos.

» Acceso controlado, permisos de acceso

= Trazabilidad

» Establecer relaciones entre requisitos, entre requisitos y pruebas, entre
requisitos y disefio software, entre requisitos y disefio hardware (disefio
mecanico, eléctrico, etc)

» Demostrar que el sistema final cumple los requisitos de cliente

» Demostrar que el sistema final esta probado

» Control de los procesos de desarrollo/construccion y
verificacidbn&validacion desde los requisitos

REQUIREMENTS CHANGE REQUESTS

Gestion del cambio

» Andlisis de impacto de cambios, seguimiento del estado de los cambios -G H“”’?’”ﬂ
= Flexibilidad o ([ pie

» Facil implementacién de cualquier proceso de desarrollo
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Acceso controlado y organizacion de la informacion

,._1 Login - DOORS E

Database: r’:l DOORS Database: /Example Data/Company Programs/Vehicle projects/Light Trucks - DOORS 2 ) m
File Edit View Favorites Tools Help

Usemame:||: i dh o | | B &

m— =] 'Stakeholder Requirements' current 1.0 (2004 Model) in /Training Car Project (Formal module) - DOORS M=)
Password: || i - stier
= |j DOORS Dotobose ‘Eﬁe Edit !K_E_w lr"lsert Link analvs:s Table Iotls Discussions user Help -
[ EasyStart Tutorial H&GE mFea || FE R | e Xel el g
=1 Example Data P - : S :
El{j Company Programs t View |Standard view M |NI levels g R el e g | J-‘F == F . ' iFI p‘_.l_ z,l
----- [ Concept cars = 5§3k3h0|d3f Requiremernts [f_] 1D |Car user requirements @
l [ ebusiness - 5
= 3 Vehice poects 5 2 Usertypes cski K 1 Introduction
[ Cars 32 2.1 Nationalties CSR133  This module contains the user requirements for a new car to be commercially av
: q Y
! #-[3 Commerical vehicle - The car will be used in the 4 August 2004.
=[5 Light Trucks i =22 User sizes =
"E Commen compo ‘- People come in all shapes CSR2 ﬂ 2 USEI' tYPES
®{3 Flat bed tucks =) 2 Requirements csrz @ 2.1 Nationalities
#-{& Owversizedt = 2.1 Capabil uirements
g Pr\;{eroi;s u &3, 1p1 CrEtlyrr)qH:;[l‘apactty ||| CSRi1s ﬂThe car will be used in the following countries: UK, USA, Northern Europe, Easter
@& Spots utiy v 5 3111 Number of peol Japan.
*-{30 Sports utility v ;i Four average size ; C5R3 E 2.2 User sizes
CRE Company Standards ] cliendesE CSR6 MPeople come in all shapes and sizes. The car must be suitable for people maxime
# [ General information . Five averags size ¢ minimum sizes 1.3 m to 2 m weighing 35 kilograms to 120 kilograms.
: — Two average size CSR7 .
Usemame: Administrator ] { L. Users shall have & ﬂ 3 Requ.rements
3112 Amount of g csks [ 3.1 Capability Requirements
- 3.1.2 Movemert (] M 3. pability Req

< i ] [ll l{ I = m ] mM

Usemame: Administrator | Exclusive edit mode
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Colaboracion

F1 DOORS Database: /Training Car Project - DOORS

File Edit View Favorites Tools Help
Mew 3 E: é @ J & P

| »

: q'm E.f‘e.ad*’nlyﬁﬂ lCtrIﬂL.R... | n |fT|E|ining Car Project M
ol te' o Excusive Edit Ctrl+€ | Type Descriptian
_e.e" = E‘"’"‘" [E=[ Architectural design Formal High level system design
B _ Cl structure Formal Corfiguration item structure
Properties... F2 b]Ed Entertainmert system Farmal In-car entertainment user requirements

] Marketing Requirements Formal Atypical joumey scenario
Archive... .'9 kehoider equiremente  Fommal . Caruser requirements
_P.v.=_store_ i’ System reguirements Formal Car system requirements
e Test Plan Formal Acceptance Test plan
1 Stakehalder ... User profiles Formal User defintions
2Test Plan
3 Marketing Re...
. (<] RN i | B

Exit

Oper the selected modlle Tor shareable edit.

Modo de apertura:

Sélo lectura

acceso solo lectura, permite editar a otros usuarios

Edicion compartida permite editar a varios usuarios simultaneamente

edicion exclusiva del documento

Edicion exclusiva
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Establecimiento de relaciones

E ‘Stakeholder Requirements Specification’ current 0.1 in /1. Stakeholder Requirements Specification t - |EI|1|
File Edit Yiew Insert Link Analysis Table Tools Discussions User Publish WEXP Rhapsody 7.4 RG  Analyst  Change Management
Harmony/ESW  Harmony/ITSW Harmony/SE  TAU  Help

| BB || sas || §F @@ XKtedh ||egsig

. - = = = = || 88 o7 = = w E T Al
J b I PSS I.:iequlrements J | IA" el J “ e IE _51 |J ,__ — B 'System Requirements Specification’ current 0.0 in /2. System Requirements Specifications (Formal module) = DOG =101 =l
1y | G | lobenocegheobienents pechcaon st ool File Edit Wiew Insert Link Analvsis Table Tools Discussions User Publish WEXP Rhapsody 7.4 RG  Analyst  Change Management  HarmonyESW
DS * ﬂ 2 Req uirements HarmonyfITSW Harmony(SE  Tal  Help
UdW-6  Requirement = The UA‘-«' @s shall be_a multipurpose and reusable LJ = @ |El |J = e = |J g @ & QX L o |J e &% el ef @
multimission capabilty. — —
Usy-74  Requirement | The UAY shall... J View IB-I - Edit View ﬂ ||ﬂll levels j |J dh an dh |J £ |J HE o <€ ¥ F #% £l
U&v-75  Requirement [EThis is a new stakeholder requirement 0 | Obiject Type I System Fequirements Specification I Priarity a I i’
Ua-7  Requirement It shall anerate at altinides of on t0 20 000 feet, = =
Make Link From Start SRR 1 Overview
UAY-8  Requirement SItst Make Link To Start 0 knots in | gReUsy-2 o The Unmanned &ir Vehicle System is a system solution ta a mediurm-range
_ ey ) reconnaissance in hostile enviranments with limited attack capability.
S5 || [REEVIETEE Hiesr  Move bt indash | oo ay-g @ It is a medium-range long endurance LAY systern that can carry a variety of
A | Remiremen ﬂ:lztf: Copy b [durations ¢ paylnads to assist in ground, air and sea operations.
- Copy then link from Start » | | SRSUAN-4 * & full Uavs consist of four UaYs and a ground Mission Paning and Control
Uay-11  Requirement EThe ) hility enviro
ﬂwhil Copy thenlink to Start ¥ | oy s, System.
Uay-12  Requirement ﬂg:qi Cancel ground stal | SRSUAY-3 * 2 Svstem Requiremenm
Uav-13  Requirement ﬂThe Uaw shall be capable of of flying complex fligh i " 2.1 UAV Vehicle
with the operational goal of systematic area searct | SREUAW-6 Requirerment The cuav is shall be a multipurpose and reusable Uay with rmultimission LA High
Uay-14  Requirement [EThe LY shall be capable of of flying complex fligh capabilty.
ﬂw ith the operational goal of ground route or road b | spsUay-78 Requirerment [lThis is apew system requirement., > Medium
_ {syranym) search. _ ~|srsuav-7  Requirement It shall krate at altitudes of up to 30,000 feet, "RHioh
Uav-15  Requirement ﬂ\‘!’vrlw; Léf.:DS;?::-ZEsn;éll[ngg?o?‘fo?'rjgyslzr%lvceoilgﬁlc?Dﬂfl?:; SRSANV-B Requirernent It shall nd speeds of up to 100 knots in cruise mode. : Ng%wl Nuevo
targets. SREUAY-9 Fequirement It sh speeds of 150 knots in dash mada. Ediu .
Uav-16  Regquirement BEThe UaY and manned contral capability from the g | SREUAY-10  Requirement It shal p to 450 s for durations exceeding 24 hours, A Link
ﬂstation shall pravide sustained 24 hour flight with r | SRSIUAY-11  Requirement The Lay eded in low visibility environments while carrying Mediurm
wisual,infra-red or radar telemetry with target recc reconnaissal ck payloads.
K| SREUAY-12  Requirement The L&y shall be controllable from the ground station CMPCS, L High
|Usemame: Administrator |Exclusive edit mode [ SREUAY-13  Requirement The LAY shall be capable of of flving complex flight plans with the ¥ High
operational goal of systematic area search,
.z SREUAY-14  Requirement The Uay shall be capable of of flying cormplesx flight plans with the L High
C re aCIO n CO n d rag & d rop operational goal of ground route or road based (svnonym) search, i

K|

&HL

|Usemame: Administratr |Exclusive edit mode |




IBM Rational Software Conference 2009

IBM Rational DOORS

Trazabilidad a varios niveles

E'Stakehulder Requirements Specification’ current 0.1 in /1. Stakeholder Requirements Specification {(Formal module) - DOORS T ':3:.:, _|Elli|
File Edit Wiew Imsett Link Analysis Table Tools Discussions User  Publish  WEXP  Rhapsody 7.4 RG Analyst  Change Management  HarmoryfESW  Harmomy ITSW

HatmonyfSE  TAL  Help
| H&E |s || FFEFEh |G
JViewlU2-Impact.&naI}lsisSS ﬂ“.ﬁ.lllevels j “ 4 ,E‘ ,ﬁ., |J IEE—: =

N EEE T

D | Object Type | Stakeholder Requirements Specification for the Copote LIAY E | Systern <- Mizzsile Contral Subsystem | Syztem <- Flight Management Subsysteml ﬂ
UAY-5 * ¥ 2 Requirements
Uayv-6  Reguirement | The UaV is shall be a multipurpose and reusable Uay with 4 SRSLAV-6 SRSLIAY-6
multimission capabilty.
: Uay-74  Requirement | The UaY shall... « SREUAN-TE SRSLAY-73
. MaW-FS  Reqguirement HThis is 2 new stakeholder requirement . SRELAV-TE SRSLIAV-78
. 3| UAN-7 | Requirernant It shall operate at altitudes of up to 30 SREUAY-T SRSUAW-F
OFE — | MCo 13 SRSUAV-14
REGE (ERELA) MCS-20 FMS-14
SRELAY-14
:i k“ MCS-132
s S, MCS-14
K . Wiﬂ’smreach ground speeds of up to 100 knots in cruise 4 SRSUAW-B SRSUAY-S
] . rmode,
Flight Mngmt Missile Control Usv-9  Requirernent EIt shall reach ground speeds of 150 knots in dash mode, . SRSUAY-D SRSLIAY-9
Regs (FMS-) Regs (MCS-) Uav-10  Requirement ﬂlt shall carry payloads up to 450 lbs for durations exceedingy SRSLAY-10 SRSUAY-10
24 hours.
Uav-11  Requirement ﬂThe LAY shall fly unimpeded in low visibility environments
while carrying reconnaissance or attack payloads,
Uay-12  Requirement ﬂThe L&Y shall be contrallable from the ground station . SRSUANV-12 SRSUAY-12
CMPCS,
JaY-13  Requirement ﬂThe LAY shall be capable of of flying complex flight plans 4 SRSUAW-13 SRSLIAYV-13
with the operational goal of systematic area search. MCS-13 FMS-13
Uay-14  Requirement @ The LAY shall be capable of of flying complex flight plans 4 SRSUAY-14 SRSLIAY-14
with the operational goal of ground route or road based MCS-13 FrS-14
{synonym) search. MCS-14
UaV-15  Requirement ﬂThe UaY shall be capable of of flying complex flight plans 4 SRSLAY-15 SRSUANY-15

|

|Usemame: Administrator

|E sclusive edit mode |

sL['_
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Trazabilidad a diseno software

5 =lal x|
File Edit Yiew Insert LUnk Analysis Table Tools Discussions User Publsh WEXP Rhapsody 7.4 RG  Analyst  Change Management  Harmony [ESW
HarmonyfIT3W  Harmonw/SE TAL Help

| HGE || sam || FF B KR || e Xl

B 'system Requirements Specification’ current 0.0 in /2. System Requirements Specifications {Formal module) ™ DO 5

JView|E1-.&IIocatedto j“AIIIeveIs j |J A" e e |J =s=ns e |J Jﬂ 2 o ¥ ?EI ,4": 2l

D | Object Type | System Requirements Specification | Allocated ta [System Architecture) E | LI
rmediur-range rechnaissanée in hostiIeJenvianmentS with [
limited attack capability.

SRSUAN-3 * It is a medium-range long endurance UAY system that can
carry a variety of payloads to assist in ground, air and sea
operations.

SRSUAN-4 * & full UAWS consist of four UaMs and a ground Mission Paning
and Contral System.

Speliies = 2 System Requirements

SREU&V-74  * 2.1 UAV Vehicle

SREUAN-G Requirement The CUAY is shall be a multipurpose and reusable UaY with Package: UaY_Yehicle
multimission capabilty.

SRSUAY-TE  Reguirement This iz a new system requirement., | Package: Ul _Yehicle

SRSUANW-T Requirerment It shall operate at altitudes of up to 30,000 feet, o Package: Ul _Yehicle

SRSUAN-B Requirement It shall reach ground speeds of up to 100 knots in cruise o Package: UaY_Yehicle
made,

SRSUAY-T Requirement It shall reach ground speeds of 150 knots in dash made. d Package: &% _‘ehicle

SRSUAY-10  Reguirement It shall carry payloads up to 450 |bs for durations exceeding o Package: Ul _Yehicle
24 hours,

SRSUAY-11  Requirement The UaAY shall fly unimpeded in low visibility environments Package: UaY_Yehicle
while carrying reconnaissance or attack payloads. block: Flight_Management

SRSUAY-12  Reguirement The UaY shall be controllable from the ground station o Package: Ul _Yehicle
CMPCS,

SRSUAY-13  Requirement The UAY shall be capable of of flying complex flight plans Wit Package: UaY_Yehicle
the operational goal of systermnatic area search.

SRSUAV-14  Requirement The UaY shall be capable of of flying complex flight plans Wit Package: &% _‘ehicle
the nneratinnal nnal nf aroond Foote ar Foad hased fevnnnwm

I

&Lh

|Usemame: Adminiztrator |E:<c|usive edit mode |
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Trazabilidad a diseino hardware

l]_E'I “Technical Office Documentation’ current 0.0 in /3. ASSURANCE/Technical Documentation (Fermal module) - DOORS

Fie Edit View Insert Link Analysis Table Tools User NAVANTIA WEXP Analyst Help

‘PS5 000" current 0.0 in /2. P55 {Formal module) - DOORS

i@ | === B U she | 1=
¢ View | VACRM Assurance s | | | Al levels I

File Edit Wew Insert Link Analysis Table Tools User MNAVANTIA #WEXP Analyst Help

ES'JPE'F"LJ_.’:‘M P Xy

=4 @

: "3 < E(V]F A 4

future systems can be added after the Ship is
commissioned to the Commonwealth. FOR
INFORMATION: X234

FS000 - 12 This margin covers potential modifications in
relation to GFE throughout design and
construction with regard to GFE identified in the
Contract.

PSO00 - 14 With the purpose of defining a later installation / "
integration of systems not installed in the ship

AY

DOORS UID | Platform System Specfications CATD Technical Documentation Associated E Remarks
PSO00 - 4 This Specification defines details of Contractual %, Inspection 0736350020R
technical aspects, i.e., ship's features, NOISE REPORT
compenents, equipment, structure and materials, INF.LR
to be fulfilled during the ship's. 20080527
11110000105
SHELL EXPANSION
APR.LR
20080508
PS000 - 10 A margin provided in the ship design so that : Analysis

Disefios mecanicos,
eléctricos, informes
técnicos asociados con
el requisito

|Isemame: flopez | Bxclusive edit mode

Usemame: flopez Exclusive edit mode:
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Analisis de impacto de cambios

'User Requirements' current 1.0 (Issue 1) in /5ub-compact (Formal medule) - DOORS [ | = | ]
Eile Edit View Insert Link Analysis Table Toels User Help
H&a[f | =55 || FFffFteds [ eoFegeiy
ViEW[FL.LLITrao&\ﬁew v“[.NJlevels v] i £ % 24 T + AL 4]
D | User Requirements El Functional Requirements | Design Test Plan i
TRN- 3.1.6.1.3 Clutch
CSR-55
TRN- Users shall be able to -« FR-167 TRN-AD-45 TRN-TP-36
CSR-56  operate the clutch, if fitted, Clutch Lightweight footwear
in standard footwear. There shall be a standard lightweight clutch. A control test
t_] 4
TRN- 3.1.6.1.4 Gears
C5R-57
TRM-  Users shall be aple to . FR-169 TRMN-AD-#4 TRA-TP-36 N
CSR-58  operate gears, if fitted, with Gearbox Lightweight footwear
minimal effort. The car shall be fitted with a lightweight 5 ntrol test
speed manually operatedgearbox.
TRM- 1 3.1.7 Visibillity
C5R-59
TRM- 3.1.7.1 Daylight
CSR-60
TRM-  Users shall haveymaximum
CSR-61  daylight visibilityffrom within
the vehicle.
TRN- 21 7 7 Ninkt tima -
r C
Usemame: Dave Mason Exclusive edit mode /
Un cambio en impacta en y en V

Evaluacion del
impacto de
cambios de
forma rapida y
fiable a través
de links
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Progreso del proyecto

'User Requirements' current 1.0 (Issue 1) in /5ub-compact (Formal medule) - DOORS [ | = | ] .. .,
File Edit View Insert Link Analysis Table Tools User Help FaC|| deteCC|0n

H &[5 = S S T e = e =X ef & g d -

. s = e requisitos no
View | Full Trace View | |mieves ] || 4 B F 12 < FJ T 4 AL 4 ) ]
D | User Requirements El Functional Requirements | Design Test Plan i SatISfeChOS1 SI n

TRI- | 3.1.6.1.3 Clutch prueba

CSR-55 .

TRN- Users shall be able to -« FR-167 TRN-AD-45 TRN-TP-36 aSOCIada, etC e

CSR-56  operate the clutch, if fitted, Clutch Lightweight footwear

in standard foobwear. There shall be a standard lightweight clutch. control test

TRMN- 3.1.6.1.4 Gears

C5R-57
TRN- | |Users shall be able to .4 FR-169 TRN-AD-44 TRN-TP-36 B
CSR-58  operate gears, if fitted, with Gearbox Lightweight footwear

minimal effort. The car shall be fitted with a lightweight 5 control test
speed manually operated gearbox.

TRN-© 3.1.7 Visibility
CSR-59

TRN- | 3.1.7.1 Daylight
CSR-60

TRM-  Users shall have maximum
CSR-61  daylight visibility from within

the vehicle.
TRM- 2 1 7 2 Minht tima -
. A ;
Usemame: Dave Mason Exclusive edit mode I

Los huecos muestran los requisitos no satisfechos, trabajo que falta
por hacer
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IBM Rational DOORS

Progreso del proyecto con respecto a las pruebas

| |21 *System requirements' current 0.2 (a) in [Training Car Project (Formal medule) - DOORS

File Edit View

Insert Link Analysis Table Tools Discussions User Help

& E B = En B P Ee || e Hefelg
: view | Associated Tests [ [Anteves [v] | & B3 BT = E T F A
= System requiremerts D | Car system requirements 8| Requirsment Status | Associated Tests & Status [ s
e Feauremerts SR1635 || 1.1.2.1 Without Winds v
7 1.1.1 Move car SR1009 = The car shall be able to accelerate from 0 to 100 Kilometers per TP-26.1
=- 1.1.2 Accelerate car hour in 10 seconds on standard flat roads with winds of 0 Action: In a flat road without winds, accelerate the car from 0 to 100 —
=) 1.1.2.1 Without Win kilometers per hour. Km/h and observe the time taken
The car shall be v Expected Result: The time taken must be less or equal than 10
The car shall be seconds.
- The: car shall be Test Status: Pass
=-1.1.22Withwindsf| | SR1010 = The car shall be able to accelerate from 100 to 150 kilometers TP-26.1
The car shall be per hour at a rate of 5 kilometers per second on standard flat Action: In a flat road without winds, accelerate the car from 0 to 100
The car shall be roads with winds of 0 kilometers per hour. Kkm/h and observe the time taken
The car shall be Expected Result: The time taken must be less or equal than 10
#- 1.2 Control car second
#- 1.3 lluminate car
1#- 1.4 Cortrol windows P
[#- 1.5 Control sun rocf Action: Continue accelerating from 100 to 150 Km/h and observe the
- 1.6 Maintain visibility total time taken (from 0 km/h})
i#- 1.7 Stabilize occupants Expected Result: The time taken from the begining must be less or
#- 1.8 Protect passengers 3
[#- 1.9 Protect environmental
- 1.10 Modularity SR1011 | The car shall be able to accelerate from 150 to 200 kilometers TP-26.1
- 1.11 Cantrol entertainment per hour at a rate of 3 kilometers per second on standard flat Action: In a flat road without winds, accelerate the car from 0 to 100
(- 1.12 Communicate roads with winds of 0 kilometers per hour. Kmy/h and observe the time taken
#-1.13 Calculate Expected Result: The time taken must be less or equal than 10
#-1.14 Accommodate seconds.
2 System constraints Test Status: Pass
TP-26.2
Action: Continue accelerating from 100 to 150 Km/h and observe the
total time taken (from 0 km/h)
v Expected Result: The time taken from the begining must be less or
equal than 20 seconds.
Test Status: Pass
TP-26.3
Action: Continue accelerating from 150 to 200 Km/h and observe the
total time taken (from 0 km/h)
Expected Result: The time taken from the begining must be less or
equal than 38 seconds.
Test Status: Pass
SR1636 l 1.1.2.2 With winds from 10 to 20 km/h b4
SR1632  The car shall be able to accelerate from 0 to 100 Kilometers per 4 TP-36.1
hour in 12 seconds on standard flat roads with winds from 10 to Action: In a flat road without winds, accelerate the car from 0 to 100
20 kilometers per hour. % Km/h and observe the time taken
Expected Result: The time taken must be less or equal than 12
seconds.
B Test Status: Undetermined
Ii] {111} ] m
Usemame: Administrator Exclusive edit mode
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Beneficios Gestion de trazabilidad con DOORS

= Control de los procesos de desarrollo, construccion y validacion y verificacion del
producto a partir de los requisitos
= Cumplimiento con estandares y normativas
» CMMI: trazabilidad bi-direccional
» FDA, IEC 61508, DO-178B: trazabilidad hasta codigo
...

= La gestion de la trazabilidad con DOORS facilita actividades de analisis como:
» Analisis de impacto de cambios
» Control y seguimiento del progreso del proyecto

» Cobertura de pruebas
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IBM Rational Rhapsody

Model Driven Development

Disefo Arquitectura del Sistema (SysML)

**I;

» Mejora la comunicacion y el entendimiento entre disciplinas

» Trazabilidad a requisitos

» Simulacion del modelo. Verificacion temprana.

= Deteccion de errores en fases iniciales, reduccion de costes.

= Validacion de los requisitos en fase de disefio

Disefio y desarrollo de Software (UML)

» Generacion automatica de codigo a partir del modelo

>
I’@n

» Simulacion del modelo. Depuracion en tiempo de disefio. Deteccion de errores en fase de disefio.

» Despliegue en cualquier plataforma de destino: VxWorks, Linux, etc

» Mayor productividad en los procesos de prueba

Colaboracion equipos distribuidos.

Pruebas dirigidas por modelos (MDT — Model Driven Testing)
» Pruebas generadas automaticamente desde el disefio, sincronizacion constante.
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IBM Rational Rhapsody

Diseno de la arquitectura del sistema

() Rhapsody SysML by Telelogic - [Block Definition Diagram: Overview Architecture in SystemEngineeringModel:Systemarchitecture - |I:I|5|
b Eile Edit View Code Layout Tools Window Help = |
“u y < =, = a =
P teay sz cclannlx|llaanomab: =2 o8 bl el
e IBD_SecuritySystem ,|
ki @ 1 Ly IDefauItEomponent 1 {8 couritySyetem
. R — ]
et R T A (=1 E CardReader Entry |
L e LPUEEEY D e pSecSysController [
Entire Mode| Yiew - + | &l reqReadSecurity Card
B reqDisplay CardStatus
[;__"I LAY _SysEng & regAlam
7] Components & regResettlam - : : =
{22 Internal Block Diagrams gr’%‘aﬂseﬂmm Lol
E"D Packages ﬁ+:I|s|:.I.a|3u'cEirt!Staltus
. hikeck i Ew pSecSysController
£ Architec ure 1 itsUser S & resstalam | 1 itsSecs ller
E Colabaorations
EI Domain.s pCardReader_Entry . | ] e | pCardReader_Entry pAdmin [ ] 1 itsAccessPoint 3
= PredefinedTypes (REF) pUser_Exit —— :
B PredefinedTypesCpp (REF) pCardReader_Exit ]—LJ]pUser pSecSysController pCardReader Exit PAccessPoint [] pSecSysController
9 SubsysternInterfaces pFingerprintScanner E reqReadSecurityCard pFingerprintScanner  Leamera
E SubsystemSpecifications & reqDisplayCardStatus itsCamera o
EE‘J SystemEngineeringtodel & regAlarm B =i ccessPointLocked
E‘D Packages i reqResetAlam &l =vaccessPaintUnlocked pSecSysController
B Systemarchitect & readSecurityCard B reqResetilarm
£ system renitecture 5l dizplay CardStatus ¥ reqSethuthenticationStatus
'E. Associations & alam & reqvalidateSecurityCard
E-{] Block Definition Diagrz gl resetilarm 8l checkForTimeLimitviolations
DBy GroundStation-Int gdisablerAconuﬂ
N ; p — - flagBiometricScanFailure
= Overview Architel SRS E itsFinge rprintScanner | 8 flagS ecurity CardF ailure
E’ﬁ Orverview LAY Ve S llogticoountData
@ﬁ Uay_wehicle Subs —L plser pSecSysController [ — ERllogEntryData
" A
D Packages ¥ reqScanSiometricData gt‘;ﬁ:‘tﬂestuﬁty(}ard
ﬁ Parts B reqEnableBiometricScan
-] SystemRequirements & reqDisabieSiometricScan
-2 Profiles &5 authenticateBiometricData
&5l dis playAuthenticationStatus
ﬁscanBiomem'cData
& enableBiometricSean
LI ﬁdisableﬁimﬁcﬁcm

For Help, press F1
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IBM Rational Rhapsody

Simulacion, verificacion temprana

Ui Hhapsody In L= by IHelogly - caluipy
N ol e B | S R I e o

T e BT Alimanin]neeE B e Merping s oA 0g
O e e N [P e ] St e

[
7 ks 2 pin e Coleunin| Stack
I+
o EHV Calcalins|0f Cabcul | [ Cabcolaioa|0f=Tars | [ Cabcuatof]i | Calcuadofd]= Cakcalate|0=i [ Calculaag] [ Cabeulatui} i |
147 ar for Sirsulpine sCharFacser.Ch | aTrkenzer Ta tsEvabupion By | starmserShack | Cpinack 5
H | miaram | baiirar [ slamior | St | stk
i oy ] I I I [ [ [
= | Comte) ] | | |
D 4 =
i 7 TR [ [ - | |
Comatn)
b é 'E‘T.c. e e |- o e e e . |
W 7 O S S . *
£ é [ cmitaty - | 1 | |
_ Z r ™ | | | |
i = | | | | | |
o i | | | | | |
ki =
; Z | | | | | |
3 # | | | | ; ! J'
L3

B seaterhart of @ Charl'sonee - Cedoulaine D]~ 1L har 1 50 { e Fprnes | 1 spmechect ol 2 Tonenizes - Laloubinar] s Todenlo sl akenizer ;B Shsechart od 1 Dealuvator - Caloalate [ hylvaluato sDvalosle:
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IBM Rational Rhapsody

Gateway - Trazabilidad a Requisitos

;) Rhapsody SysML by Telelogic - UAY_SysEng.rpy - [Block Del : UAY_¥ehicle Sub:

%Eile Edit Wew Code Layout Tools Window Help

D@ sme < &2 bk

D x| [aa@EoaEs

Entire Madel Yiew = | + |

i IDefaultEnmpnnenl L"Defaullﬂnnfig LI HJ|

E|

]E SubsystemInterfaces

]E SubsystemSpecifications

]EJ SystemEnginesringModel

=11 Packages

£ systemarchitecture

E‘J SyskemRequirements

=11 Packages
B overviewUseCase
=53 Svstem_Specifications

=] Packages

=7 Packages

Requirements
«fromDoors Advance

B e B W W e e M e B

Requirement : SRSUAY-16

General Description | Helationsl Tags I F'ropertiesl

B+ sfromDoors Advanced EADS» _2_Syskem_Re

EE‘J «fromDoors Advanced EADSs _Z

«fromDoors Advanced EADS: SRIUAY-11
«fromDoors Advanced EADS: SRILUAY-1Z
«fromDoors Advanced EADS» SRIUAY-13
«fromDoors Advanced EADS: SRILAY-14
«fromDoors Advanced EADS: SRIUAY-1S
«fromDoors Advanced EADS» SRSUAY-16
«fromDoors Advanced EADS: SRILAY-17
«fromDoors Advanced EADS: SRILAY-15
«fromDoors Advanced EADS: SRIUAY-19

al

Reguisitos en

RRapsody.

_Uay_Vehicle

ADSE SREUAY-10

kS|

sustained 24 hour flight with real-time visual infra-red
recongnition preprocessing.

Locate | OK I Apply | |

The UAY and manned control capability from the ground station shall provide

or radar telermnetry with target

Faor Help, press F1

[ R I‘-’l]) .

%Eile Edit Wiew Code Lavout Tools ‘Window Help

PR imec sz oc(AmD x| | RQRENEH)
o |
Entire Model Yiew - + + ‘
+ E' SubsystemSpecifications ;I
EE] SystemEngineeringMode

=10 Packages

EIE Systemarchitecture

B8, Associations

=1 Block Definition Diagrams

l E‘ﬁ GroundStation-Interface Relationship
B, Cverview Architecture
E&a Overview LAY _Yehicle
ﬁﬁ Uaw_vehicle Subsystems
Packages

E' Uav_sroundContral

Ui _vehicle

B blocks

.. «fromDoors Advanced EADS» SRSUAY_12
-y} efromDoors Advanced EADS» SRSUAY_13
--“y) «fromDaors Advanced EADSs SRSUAY_14

~*s) «fromDoors Advanced EADS» SRIUAY_1S
v «fromDoors Advanced EADS: SRSUAY_16

Requisitos relacionados |-

con un paquete

*v) «fromDaoors Advanced EADS» SRSUAY_17
v} «fromDoors Advanced EADS» SRSUAY_1S
*y) «fromDoors Advanced EADS SRSUAY_19

«fromDoors Advanced EADS» SRSUAY _20
"y} #fromDoors Advanced EADS: SRSLAY_21
%) «fromDoors Advanced EADSs SRILAY_22

--*y) efromDoors Advanced EADS» SRILAY_Z3
“v) «fromDoors Advanced EADSs SRSUAY 24
“y) «fromDoors Advanced EADS» SRSUAY_25
~*y) efromDoors Advanced EADS» SRILAY_6
") «fromDoors Advanced EADSs SRSUAY_F
«fromDoors Advanced EADS» SRSUAY _78
-"v) «fromDoors Advanced EADS» SRSUAY_S
%) «fromDoors Advanced EADSs SRILAY_9

I:I"ﬁ Parts

-5 SvstemRequirements
-0 Profiles

4|

For Help, press F1
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Gestion Integrada del Cambio

Procesos integrados para la gestion de
cambios en el sistema

» Peticién de cambio sobre el sistema (mejora,
defecto, cambio sw, hw,...), iniciada en
cualquier punto, se comunica
automéaticamente al resto de miembros del
equipo .

Requirements

= Eliminacion de barreras de comunicacion Engineering
» Permite que SW, HW y electrdnica trabajan

como departamentos integrados

» Facilita la integracion de sistemas y reduce los
errores producidos por una incorrecta Electrical Software
integracion Change & Change &

= (Gestion de Configuracion del Producto Configuration Configuration

» Permite sincronizar la entregas de SW y las Mgmt Mgmt

versiones de HW para tener una version
coherente del producto final
= Integracion entre herramientas:
» IBM Rational para la gestion del cambio y la
configuracion: ClearCase, ClearQuest, Mechanical Electrical Software

Synergy, Change, RTC Enai . : .
' i ngineerin Engineerin
» Sistemas PLM/PDM: Dassault, Siemens, PTC Engineering J J g g
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Beneficios plataforma Rational

= Control de los procesos de construccion del producto: trazabilidad desde
requisitos de producto hasta el disefio hardware y software (trazabilidad hasta el
codigo en sw)

= Control de los procesos de verificacion y validacion: gestion de las pruebas y
trazabilidad a requisitos

= Proceso de control de cambios integrado: Reduccién del riesgo de fallo por
integracion.

= Cumplimiento con estandares y regulaciones. Demostracion del cumplimiento de
los requisitos del cliente.

= Mejora la comunicacion entre las diferentes disciplinas: ingenieros mecanicos,
eléctricos, ingenieros de sistemas, etc.
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