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Products are getting increasingly smarter to meet more demanding and
unique needs of customers N

»
= Sensor Fusion and Synthetic Vision allow “&?
helicopters to land safely in degraded visual

environments (i.e., brownout)

= UAVs fly complex missions and provide
realtime data, battlefield assistance, search
and rescue, and other services to improve
decision making and warfighter safety

= Fly-by-wire allows pilots to safely fly
unstable aircraft or at high-speed

= The future is providing defense capability
that can be rapidly changed and created
through the complex orchestration of
services offered by products and people
such as the Integrated Battlefield
Command System (IBCS)

vy

What’s pOSSibIe by 20157 \@’ Innovation for a smarter planet.
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Increase of software in aerospace & defense

F-35

F-4 1960 8% m
A-7 1964 10% F-22 O i
F-111 1970 20%

F-15 1975 35% B-2

F-16 1982 45% hion =

B-2 1990 65%

F-16
F-22 2000

F-4

Today ...
1960 £35 will have 5.7

80% of specification

) ) million lines of code,
sggclzﬁlfi?:?tic())fn requirements required vs 1.7 million lines of
software control in the F-22 '
requirements required code for F-22
software control in the '
F-4
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Chevrolet Volt

GM leverages Rational solution to develop innovative products

What’s smart?

» [nnovative electric drive system
10 million lines of code; Nearly 100 microprocessors

Smarter business outcomes
= Volt was delivered in <5 years
Industry average is 10+ years

How IBM helps GM develop
smarter products

» Requirements management

= Model-driven development

= Team collaboration

» Engineering asset management

» Technical services Waitch the video

= Business transformation services
Next ¥ NOW!
© 2012 IBM Corpafation



http://w3.ibm.com/news/w3news/top_stories/2010/11/stgswg_GM_Volt.html
http://www.google.com/imgres?imgurl=http://www.cartype.com/pics/3012/full/gm_logo.jpg&imgrefurl=http://www.cartype.com/pages/1267/gm&h=530&w=530&sz=33&tbnid=ByRC8FGaceZkqM:&tbnh=132&tbnw=132&prev=/images%3Fq%3Dgm%2Blogo&zoom=1&q=gm+logo&hl=en&usg=__h6tC68B_P87P39Oxz-8ZRncxeg8=&sa=X&ei=Y5vETLCRFcX7lweUpIzJCg&ved=0CBoQ9QEwAA
http://www.google.com/imgres?imgurl=http://www.cartype.com/pics/3012/full/gm_logo.jpg&imgrefurl=http://www.cartype.com/pages/1267/gm&h=530&w=530&sz=33&tbnid=ByRC8FGaceZkqM:&tbnh=132&tbnw=132&prev=/images%3Fq%3Dgm%2Blogo&zoom=1&q=gm+logo&hl=en&usg=__h6tC68B_P87P39Oxz-8ZRncxeg8=&sa=X&ei=Y5vETLCRFcX7lweUpIzJCg&ved=0CBoQ9QEwAA
http://www.google.com/imgres?imgurl=http://www.cartype.com/pics/3012/full/gm_logo.jpg&imgrefurl=http://www.cartype.com/pages/1267/gm&h=530&w=530&sz=33&tbnid=ByRC8FGaceZkqM:&tbnh=132&tbnw=132&prev=/images%3Fq%3Dgm%2Blogo&zoom=1&q=gm+logo&hl=en&usg=__h6tC68B_P87P39Oxz-8ZRncxeg8=&sa=X&ei=Y5vETLCRFcX7lweUpIzJCg&ved=0CBoQ9QEwAA
http://w3.ibm.com/news/w3news/top_stories/2010/11/stgswg_GM_Volt.html
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Tying it All Together: Smart Products and Services Example
From sophisticated in-device software, to complex “system of systems”
ecosystems, products will continue to get smarter

System of Systems

Logistics Ground Systems, Command and Control,
management Weather Systems Satellite Communications
systems
Collaboration and visibility — Integration of mechanical,
across diverse teams ‘W electronic, software, and
and disciplines = 5 electrical engineering
e e
LSS e —— |

Systems Engineering

Multi-Mode (\ Fly-by-Wire

Radar Flight Control
ManS;greerﬁent Software- ADo!va?ced
» Situational S intensive Intelligent Isplays
navigation

N Awareness A
N S SUbSYStEMS .

Nex§ Now!
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From sophisticated in-vehicle software, to complex “system
of systems” ecosystems, cars are getting smarter every day

System of Systems

Fleet and traffic Smart grid Emergency services,
management hybrid / electric vehicle diagnostics, and
systems vehicle recharging GPS / location services

—

a2

Collaboration and visibility
across diverse teams
and disciplines

Integration of mechanical,
electronic, software, and
electrical engineering

Systems Engineering

Driver assistance ﬁ Adaptive

safety alarms cruise control
360 degree _ Predictive collision

SUnBun ws:on = Hybrid and electric \ Software Intelligent avoidance

(.\\ vehicle control\) p Delivery navigation 7/

N ’;\ e ——

Nex@ Now!
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Modern Approaches for Describing Systems Are Evolving
To Better Manage Complexity and Reduce Time-to-market

Past Future

Specifications

Interface requirements

System design

Analysis & trade-off

Test plans

Moving from manual methods to an automated, visual approach

Next\'g.\ Now!
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Aerospace and defense systems

= Systems are being created that
are almost incomprehensibly vast in scale

» Thousands of systems needing to communicate

» Millions of lines of code

» Millions of pounds of steel, glass, titanium and copper
» Billions of dollars

» Thousands of engineers

» Years of development time
» Decades of useful product life ’

Nex@ Now!

© 2012 IBM Corpafation



Innovate2012 The Premier Event for Software and Systems Innovation

Examples of aerospace and defense applications using model-driven

development solutions from IBM

Air traffic control
Avionics
Displays
Navigation
Fuel systems
Autopilot
Cabin systems
Civil aerospace
Combat aircraft
Command and control
Communications
Wireless
Secure
Engine controls
Flight controls
Hydraulic systems
Landing gear
Flight controls

Homeland security
Land military systems
Lighting systems
Maintenance systems
Maritime/shipboard systems
Military vehicles

Manned

Unmanned
Missiles
Network net-centric based systems
Power management

Radar
Satellites

Training systems
Weapons systems
Stores management

Fire control ’


http://www.airforce-technology.com/projects/kc767/index.html
http://www.airforce-technology.com/projects/kc767/index.html
http://www.airforce-technology.com/projects/kc767/index.html
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= Establish core
discipline of systems
engineering and
mature into
practices

= Transition from
a paper-based
to a model-based
approach

Engineering

= Manage change
through the full-lifecycle and
across all disciplines

» Manage Quality from the Software
beginning to the end Delivery

= Establish an end-to-end
Engineering Lifecycle
Management platform

Systems Requirements

Build the right product at
the right time for the right
market

Mature from requirements
engineering in isolated
disciplines to requirement
engineering across the
whole product—software,
mechanical, electronics

Engineering

Mature from processes to
practices; tools to platforms

Invest the same focus on the
software domain as in mechanical
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Architecture First

Specify Operational Capabilities, Enterprise Architectures, and Systems

— Specify operational capabilities needed for:
» Warfighters
» Network centric operation

— Analyze complex systems of systems

— Comply with DoDAF, MoDAF, FSAM
architectural framework requirements

Next\f Now!
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Manage Requirements across Lifecycle and Disciplines

= Build the right product because the requirements are visible at all times

» Prove that all agency requirements (user, safety, regulatory, etc.) were fully satisfied
= Understand the requirements

» Analyze stakeholder needs

» Evaluate coverage and impact analysis
= Validate the requirements

» Analyze for correctness and to determine next steps

i e s vl
e pree ot Sew oM x ANL DN D R
o Tegrereert Lt ol 10§ Todusir Devion Funad vebde) - 00083 5t | T TeRnTT ee | @ IBM Rational Rhapsody
R T R R T . -
sy 13 Vv 00 2o
wate o den ¥
B2 ¥4 24 -
g SO ! == =
b Teim e 201 High Level Requirements f=—s
BCONIASEINTE | 5 IMdcnn The g Jewd Sl dive B NGeT Un o] whe e [ T
bedot gk ¢ gz g boo o odad == ey oSy e o NN \
*" - .
U B+ Rations] DOBRS 9.2
s s e T o -
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Translate Requirements into a System Design

Py CoolQesiew ¥ = Build the product right with structural and
o & behavioral analysis and design
D=19 «satisfy»
e | : :
A s inggered by an Adude o g » Visualize the system
e o] — Reduce confusion over requirements
altSensor. double ‘
8 A - o
] =g Specify system functionality
speedSetPont double B":% — Simulate to confirm functionality
8
S Bﬁ; = Analyze impact of changes
et 00 I g Fmoua! — Whether in requirements or design
D=2 Lecatato . . . . .
Tha comichs st Ol hiconseSywiomfieqirement » Trace requirements in either direction
and he elevator ang = EY Requirements : . :
iy D omoO0RS g Cootrd — Provide full accountability and understanding
- 4 Requirements

=] [ «fromDOORS=» Controler . o
5 [ Requrements — Comply with DO178B traceability
+ [ «fromDOORS» Altitude error contribution
+ [! fromDOORS » Speed error contribution .
E} ~FronDOORS Trvotte command = Specify and develop software
E! FromDOORS » Elevator command
= [V «fromDOORS» Alarm m er .
e iy — Monitor and control the system
B} «fromDOORS~ Altitude alarm ’
E! fromDOORS » Speed alarm

€] <rom000RS> Alrm)

. Nex§ Now!
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Build in Quality from Concept to Launch

= Simulate often to validate functionality and verify correctness
= Automatically create and execute tests from the design model or target platform

» Manage test cases, while prioritizing the features and functions to be tested

E'-J Rationa Qua i'qq.-r *l |! na -!E |

i Pilot iThreatControl ADMS iRadarTrack Interospt
k _ Home  Wiew Test Plans [t TestPlan_CashRegiste. . [El TestCaze_01_S0_Indc... ¥ Execution
Reouaemans l }
- . Preéndntuons are that the plane is in flight and Target squistion via Radar psréﬂetefs hss been sctivated
E Execution Result . T
=x = / 1.Enable Target!Scanning /
Flarrirg mmanid Aesul v | | ;
Test Case Result A RN
2.Target Paraméter Message
7 g e 9
E Tiesl Clarse= S01_1¢_0) ; I | | ;
Construcson IR0, Mondy, April BT, 009 ; | 3.Is Target in DB]e_//é
Z 7z
: I
o Achgal Rasull 9| Passed — '""'" ; I | | 7
B —— RS RAE 7 54
| Host Mame: ey alave Terl pamaind by Lo Qubr b oky 7 ;
m-,,'q‘;ﬁ.,.g Ceamiie Wary, Tis! Managir Vst O ssror Wi 000 [avineiown 1P ; I | | ;
il PRy i 75, bl L1S=11 5 27
T Ui Tapondcior varmon 34, bugis L ; I | ;
S TestCase TestCase_01_8D_iniCashe e B
e o — pr— Tsfg//ét is Not in the Datgbase, Add? (opt o{-‘al) [ Z
Tast Script shw D e e— TPl Caflageter Lo 7 | | | ;
sy Teest Data; Lnassigned ke Corfnrabn S 2 | | I ;
o Went 100 T T~ . Z
Fepartz
T | TP CashFguier: SOTastSoenann_fl ; | X X | | 2
Rasult Dalails ? 7 4 Add Target as|foe vis visus! ID ;
Tokal sk of Sl usec 1 é | ;
TCon_CashRegister__S0_tk_0_0.kim I S v _ 7 5.Add target to OB 7
TesiCanductonddapinrAlE44 aut Tkl s of sasturmed 20 raiaoss L 4 | ﬂ ;
TestConduclowdd apler 2084 5o ol e o FRSEED S0 P L (o) 7 7
TesiLopH0s431ag okl musmbar o FALED SO retrees 1 (0%} ; | | | Z
ot s o ST S5 patarven LI i ;
ol st of ST AT SO irsbances: ] 7 I I | <
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Collaborate and Communicate throughout Development
» Collaborate across teams and
geographies
alnix
— Reduce time and risk S le-laésre=  View overall S EY
associated with parallel s S o kidmial . Project status ssove i : = CTRERLTL
gy - /jfﬁ.g._.,-h.,,-[—ﬁ‘u e Sve 8. j: o
development f e e e ,,—J'/Z o
— Enable integrated design, — . = Collaborate in real  “\pm s
sharing and review across |:-,-;_v‘;.,,,wff_A,m,,:m_'T;_-,-,.-;,,.-,-,L“_,g i Mmewihpeen
diverse engineering teams | Gl e f o
. oA g o P D
= Enhance productivity o miot ‘ o (S :
_ Share VieWS ';’;::;.-.'i{::*”:mm -'/."bt v" Same < O v wt |<ur»;in'“‘):\: * ':: ::;i? -
— Collaboratively debug Bt e | | ] EE.,:
— Link work items SR R I oo —— : = >
= Automatically generate reports e e = 3 = E
B= e :

and documentation direCtly a0 tasks and e [ —— I
from the design work items !'“ of o St e s :“w,.

Nex§ Now!
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Recapture Intellectual Property
JSF Family Of Aircraft

One Program -- Three Variants
Meeting Service and International Needs

Carrier Variant Larger Wing and

Conventional

Take-Off and (cv) l:_odzomnl Tail Area
Landing = )
(CTOL) Probe and Drogue

Nt Rotusling (Besket)
. SiE ;l'ég;; Tﬂ"'
» Preserve and reuse designs and .

design data B N Susngthons
L . . 25mm 48arrel | NN and Talthook
— Visualize and reverse-engineering Gogiy oo = Centerline
. . ngfold and Gun Pod
existing software Allerons Added with 25mm Gun
. . Vertical Lo,
— Create a library of design assets (STOVL)  coret s
. Probe and Drogue Swivel Nozzle L
— Analyze to best meet requirements = Refusiing Baskey e i
L i Zg‘l:wgﬁ:;:mu
Roll Posts Rt Coyhs S
| | Work W|th prOduct I|nes DISTRIZUTION STATEMENT A Approved for public release; distribution is unlimited. 10
— Expand product offerings
— Exploit commonality across products
— Focus efforts on unique product
variants
Next ¢ NOW!
16 J © 2012 IBM Corpaiation
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Control the System with Optimized Software

= Design efficient embedded source code
» Specify and create from the system requirements
» Generate complete C, C++, Java, and Ada applications

= Unite the architecture and code
» Simultaneously work with the system design, software and target platform
» View how a change in any one area is reflected in the others

il oFilen
Connection CallList

B connection:int B callerint

B addConnectiond:void B GetCallsQvoid
4 & addToCallList(vaid

aauurce_wqc\ude» gsyce_mc\ude,
&

pancas

binen

+Files ~
Callantrol

ﬁDiScUnﬂectO
B connectConfirm

17

e.SUU!’CEjﬁC\udE»

aFiles

SupplementarySerices

B time:long

B getCallDurationg:void
B startCallTimer(:void

«source_miude»

aFilex

gMs

B messichart

E sendimess:chary..

Architectural View

hhhhh

Source Code

Nex§ Now!

© 2012 IBM Corpafation




Innovate2012 The Premier Event for Software and Systems Innovation

Rational DOORS

Manage All Requirements Across the Lifecycle and Across Disciplines

User Reqts

= Combined document and

Technical Reqts Design Test Cases

o y A
. ‘User Requirementy' current 1.0 (Issue 1) in /Sub-compact (Formal mfidule) - DOORS ===
SpreadSheet Vviews File Edit View In%ert Link Analysis Table Tools User Hilp
H& [E Y= Se B o (@ BKng a3y = ey & @
0 0 00 0 Vie\c\r[FuII Trace View ¥“ v“ [NI levels V] i 8. 28 T + AL 4l
= SI m p | e ] I ntu Itlve I nte rfaces for D | User Requiremehits Hl Functional Hequiremem, | Desigrl |Test Plan I i
c TRN-  3,1.2.3 Stoppin ‘
easy adoption pping v ¥
TRMN- | |Users shall be able to stop ¥ FR-23 TRN-AD-48 TRN-TP-34
. . CSR-36  safely. Disc brakes High Speed Braking Test
The car shall be able to stop from 10 B
= H IStO ry and basel I neS kilometers per hour to 0 kph in 2 seconds. L
TRN-TP-35
Low Speed Braking Test
1 TRN-AD-48 TRN-TP-34
Browser Reql;“rements ConteXt FR-24 Disc brakes High Speed Braking Test
‘System Ruirements’ current 1.0 (Issue 1) in /Training§atabase (Fermal module) - DOORS == Ee]
Eile Edit Insert Link Analysis Table Tgfls User Help The car shall be able to stop from 30
HeEY === | g F T8 || Fcisia kilometers per hour to 0 kph in 6 seconds. TRN-TP-35
View [Standan%w || [Allevels FEE [H<« B 7 ¥ 3 Low Speed Braking Test
) System Req ents = (] ar system requirements l H m
a1 F.E??‘:g.,\;i:‘:mmem 1 * J TRN-AD-48 TRN-TP-34
- 1.1.1 Move car TR The car shall be able to stop from 100ilometers per hour te 0 kph in 30 seconds. Disc brakes High Speed Braking Test
=y TRN'SRZ— The car shall be able to stop from 200 kilometers per hour to 0 kph in 45 seconds. 1 | k
= T ——— Exclusive edit mode
1.2 Cortrol car
1.2.1 Switch on car
- 1.2.2 Cortrol speed B . . . - 0 .
B : End-to-end visual validation in a single view
‘- The ar shall be N
\-The car shall be | = i
» [nput and output from/to
1.2 lluminate car
e - m il various common formats
TRN'SZR‘; 1.2.4 Control direction
Solve the right problem because the
112 Cemm i TRn-s; The car shall have a mechanism to enable it to be moved forwards or backwards. " . L. .
e o i B requirements are visible at all times
Usemame: Bil Young Exclusive edt mode

18

Writing Requirements within Context

Next\'g\ Now!
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Using the IBM Rational Rhapsody software to analyze and validate
system requirements

=l

iseControliModul

# Rhapsody Debug - StatechartDiagram

in AdaptiveCCM_Pk

ﬁ‘ &) Clone of Rational_CALM

-lef%

19

File Edit Mavigate Search FProject Run Code Gererator Tools MWindow Help
J i = | e J 2| - J 0 By &9 J [ERAc J -2 -Q - J@ 5 J 3 A e e [ | %5 Rhapsody De... g/ CjC++ (3 Rhapsody Mo... (] Work Items
[ *Model Browser 2 & = O|[E Testranel (EI Test Yiew fﬁ] *animated Test View fﬁ) StatechartDiagram Y StatechartDiagram X\ = iml
b = ‘&‘1‘] QQE®EBFEr -l &% o [mam S0 ]s B = "
e = & SIS ) — : =
Object Model Diagrams Al SatechanOTAdve A % e
=-{2] Packages R
#- {1 FunctionalRequirements Active & Stamp Made
s Qb
ArchitecturePkg o Normal
E] AlgorithmPkg 0] State
£ AdaptiveCcM_Pkg Rosumcacon T ra— . Transition
2 InterfacesPkg %, Default Transiti
El Safetyanalysis evResumeAccelPress I m and Line
TestDriverStubPl
g g BuidsPka ka Resume (3] ldle evSetCoastPreps Set (€ Condition Corn
= Packages - (H) History Connec
-2 SimulinkBuildPkg ——— evSetCoastRelease @ Termination Co
B EE] Izstgu“dpkg . m(2000) evResumeAccelRelease tm(2000 R
v {®) Diagram Conne
w. ‘ Accel & tm(250) Coast ] tm{250)/ s X EnterExit Point
Object: |TeslBuiIder.cluise Select I incSpeedReq(me) & Join Sync Bar
Event: IevResumeAcceIF‘ress 4| ¢ Fork SyncBar
— o 28 Transition Labe
%5 Debug [ ¢ Sient (®)  Termination Stz
e Name [ Tope [ Value | Eat | ) <
s} Dependency
—» Send Acti
e ' evProximityDetect! & 2 e
Desc me-=speedOffset = params-=velocityDifferential; i >-] Accept Event &
evProximityDetectCancel 5
Name: E X Accept Time Ev
AdaptiveOverride &)
Stereype: [~ - _
&, setOverrideSpd(me);
History: <[ setResumeSpeedRequest(me);
TestBuilder.cruise->G Press Clear |
TestBuilder. cruise-> GEN(evCruiseE nable())
v
| »
sole (’Z) Tasks (E;_w Problems fE Animation Manager £3 ﬂ Animation] = Rhapsody Log] i&a Check Modeq a Team Advisof] [ Event : evProximityDetect in] f Build View] =0
L [ e
ck Event Queue
Generate I Close I Help I 7% ] I
. = B
Locate Apply ‘ I;l 2 Il |
J [2‘* - |‘_?a3xch For ID or Text Adaptive Cruise Control J 0 J J Ly J <No Current Work:
J §/HostTest R Debug
Efstartl J @ v ) @ é J 1 C:\Documents and Settin...l ¥ 1. Start RTC and RQM I BN Tomcat I BN Tomcat I @Rhapsody Debug - State... ” 2 Events JTools 2 10;38 AM
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IBM Rational Software

software

Requirements Definition & Management

Architecture Management

Project & : E ) g _
Business roduct Compliance Collaborative onstruction

Planning & _ & Project ] -
Alignment Management  Security 1, L'ﬁffgzrﬂgm %‘gg‘;&gpﬁ ”~
i gE o " J?lez
5 abilit

Process Management

Tools

Best Practice Processes

Harmony

OPEN SERVICES

Collaboration ———
Presentation:

.. Mashups Discovery Query

Users, proj

Storage

Quality & Compliance Management

Change & Release Management

Next\g Now!
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Rational Solutions for Systems and Software Engineering
Built on a core product set

Use modeling to validate requirements, architecture
and design throughout the development process

Architecture and
> Design <
Rational Rhapsody 1

v
Requirements

4

Engineering > 1
Rational DOORS ‘ ‘
Manage all system requirements

with full traceability across
the lifecycle

j Quality Management
Rational

Quality Manager

Collaboration,
Coordination
& Change Management

Rational Team Concert

Achieve “quality by design”
with an integrated, automated
guality process

Collaborate across diverse engineering
disciplines and development teams

COLLABORATE

Best-of-breed capabilities, integrated on a common platform

N Next\g\ Now!
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Leading to cost overruns, schedule slips and quality issues

Poor requirements engineering = failed projects
Paper-based and manual processes hinder efficiency
Complex architecture is difficult to textually explain
Functionality is poorly distributed across components

Hardware/software integration is often late

Geographic Barriers

Poor communication
Language, culture, time

Process gaps resulting in
rework

22

Many organizations lack formalized practices

Silos of people,

process, and projects

Organizational Barriers

Weak collaboration

Poor project governance
and LOB oversight

Security of IP

Infrastructure Barriers
Incompatible tools
Unreliable access
Lengthy on-boarding

Inflexible integration .
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Requirements Definition and Management

Two related dimensions

Elicit

= Engage stakeholders early and often to identify
the need

Specify Business Business
. . Objectives Processes
= Capture clear, unambiguous and actionable
requirements

= Stakeholders review what is important and sign

off with confidence
Control scope to stay on track as things Validation

change
* Which tests must be updated for this Others
requirement change?
. ] Documents
= Which requirements have been tested and -

delivered?

= Who approved this change to the

requirements? V
* Which requirements have changed since the )
project scope was originally approved? Requirements Management

Baselines and
Scope
Management

Lifecycle
Traceability

Impact &
Coverage
Analysis

© 2012 IBM Corpafation
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There Is a Significant Impact to the Business
As a Result or a Poor Requirements Engineering Process

Requirements Rework Requirements issues drive excessive rework,

= Errors, late detected in the Maintenance phase can delays, poor quality, and project failures
cost up to 200 times more than detected early in
Requirement Analysis phasel

= More than 40% of development budget
can be consumed by poor requirements2

Time not spent in
requirements is time
spent in rework
(at cost x200)

Project Impacts

= 41% of projects fail to deliver the expected business
value and ROI3

= 49% of projects overrun original estimates3

= 28% of projects on time and on budget4

Requirements Delays
= Being late to market by 6 months or more will cost
organizations 33% of the 5-year ROI5

Relative Cost to Repair

o

Analysis Design Coding Unit Test Acceptance Maintenance

Stage in which Requirements Error Is Discovered

Sources: 1) Leffingwell & Widrig, “Managing Software Requirements,” Addison Wesley, 1999 2) IAG Consulting,
2008 3) Dynamic Market Limited, 2007 4) Standish Group, 2001 5) Don Reinertsen, McKinsey, 1983

Nex@ Now!
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Good requirements are key to project success
Reclaim up to a third of project budget and schedule

PERFORMAMCE CHANGES TO ON TIME, ON BUDGET, ON FUNCTION,
ON OBJECTIVE DEVELOPMENT, BY MATURITY LEVEL

A =% of Projects Delivered on
TIME

B =——% of Projects Delivered on
Budget

C ——1% of Projects Delivering All
Required Functionality

D % of Projects Deemed
Successful

Level4
Requirementis Discovery & Management Maiurity of Organization

Level1 Level 2 Level3

N=437
Sowurce: Business Analysis Benchmark, 2009 )
Source: IAG Consulting, September 2009

25

Next\g\ Now!

Average on time performance
increased 161%

Time overruns were
reduced 87%

Average on budget performance
improved over 95%

Budget overruns
reduced about 75%

Percentage of projects that deliver the
functionality needed by the business
rose by about 75%

© 2012 IBM Corpafation
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IBM Rational DOORS

Manage All Requirements Across the Lifecycle and Across Disciplines

1 e an | § Mo )| & A8 wmpet Prmd TP

= Provides end-to-end visibility of
requirements

= Comprehensive support for recording,
structuring, managing, and analyzing
requirements and their traceability

"DOORS has helped Delphi
improve development team Can manage requirements
communication, resulting in meeting across multiple engineering
customer requirements disciplines - Software,
faster and more accurately.” Electric, Electronic &

Mechanical

N Next ¥y NOW!
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Index of pain points

= How do we get started?
m |s DOORS easy to use?

= How can | manaqe traceability?

= But | can do this with standard document and spreadsheet applications: how is DOORS
better?

= How can | find changes easily?

= How can | manage change?

= Can | communicate with non-DOORS users?

= How can | demonstrate compliance?

Nex t\f Now!
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Index of pain points (continued)

= Should requirements be text or pictures?

= How can | allocate effort wisely?

= How do | connect my distributed users?

= Can | use DOORS to drive development?

= Can | use DOORS to help with testing?

= Can | make use of my IT infrastructure?

= How can we be successful using DOORS?

Nex t\f Now!
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How do we get started?

= The project already has a lot of documentation

— How can this be used without needing to start again?

= There are still a lot of requirements to write
— Can they be written easily, rightin DOORS?

» Printed documentation is very important

— Is it necessary to spend time writing reports to get good documentation?
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Getting started can be easy in DOORS

@ ‘User Requirements' current 0.0 in /Templates Folder (Formal module) - DOORS

File Edit View Insert Link Analysic Table Tocols User Help
HeE ||sa= || @fdd@Xam e Xefsig
ViEW[Standard view - |[AII levels '] Jh 45 @: @ T ;}E

—lokd| Start with an
outline or template

% 4l

[=- User Requirements User Requirsments

-1 Introduction Tre
2 Genersl Description

[=- 3 Specific requirements

- 3.1 Capabilty Requirsments
- 3.2 Pefformance Requireme
3 Human Factors

A Constraint Reguirements
5 Validation Requirements
= 3.6 Documentation Requirer
1 Voluntary, Organizi
3.6.2 Statutory and Reg

2.2 General Constraints
2.3 User Characteristics

2.3.1 User/Patient/Clinical Needs
2.3.2 Intended Use

2.4 Operational Environment

2.4.1 User End States

2.4.2 Operational Scenarios

2.5 Assumptions and Dependencies

By

3 Specific requirements

@ ‘Stakeholder Requirements' current 1.0 (Issue 1) in /Sub-compact (Formal medule) - DOORS

(=@ Es

File Edit View [nsert Link Analysis Table Tools User Help
H&E |=am || @FFd@Fas ||=Xagsig

f L c)|(Aeves +) | P | A E T F AL S
Car user requirements E |

3.1 Capability Requirements

3.1 Capability Requirements
3.2 Performance Requirements
3.3 Human Factors

3.4 Constraint Requirements
3.5 Validation Requirements

3.5.1 User Acceptance Testing Requi
3.6 Documentation Requirements

3.6.1 Voluntary/Organizational Requ
3.6.2 Statutory and Regulatory Requi

< I | + 7

Exclusive edit mode

Usemame: Bill Young

Simply type in
your requirements

3.1.1 Carrying Capacity
3.1.1.1 Number of people

Four average size adults shall be able to travel in comfort for a period of 4 hours. This level of
comfort is defined as being equivalent to the standard of comfort provided by the top 30% of
cars produced in 2006.

The top level of cars are those in the price range £13,000 to £30,000 at 2006 prices.

Five average size adults shall be able to travel in comfort for a period of 4 hours.

Twio average size adults and 3 average size children shall be able to travel in comfort for a
period of 3 hours. This could be accomplished with a three seat arrangement.
Users shall have easy entry and exit.

3.1.1.2 Amount of luggage

Users shall be able to carry 200 Kilograms of luggage. This may include the use of a roof rack,
so special emphasis might be placed on the type of roof chosen. There could also be a
convertible model which wouldn't have a roof rack.

150 Kg in trunk of car.

50 Kg on roof rack.

Users shall be able to carry a single piece of luggage of size 1.2 meters by 0.4 meters by 0.3

meters totallv within the car.
4

Usemame: Dave Mason Exclusive edit mode

Nex@ Now!
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Import your data and create documents

-

Sy
sheet
Mic
Project
Too rations*
Adob aker

ML)

* See later integrations slideI

31 Nex t\g\NOVV!
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Printing with standard layouts

Ob} Id. User requirements for passengercar | Risk | Budgeted | Actual System requirements
Cost Cost
SOW 360 | Follow this Intemet ink to view the market of
this car. fle:111C1doors3 1Araining/pict. bmp
SOW 13 | 3.1 Capability Requirements 2173 197
SOW 14 | 3.1.1 Carrying Capacity 224 82
SOW 15 [ 3.1.1.1 Numbar of People 24 &
9 SOW 17 | Four average size adults shall be able to High 56 56 | SR-104 214.1.0-1
Project Passe| Contents travel in comfort for a period of 3 hours. This From System Requirements.
level of comfort is defined as being The car shall be abie to carry 4
User Requir| equivalent 10 the standard of comfort average size adufts in average comfort
eq| i W . 1 provided by the 1op 40% of cars produced in for a period of 3 hours
introduction 2000 Last change: 11 February 1997
| AR} Schedule
User requirementy Prnted from DOORS SOW 20 | Two mml size adults and 3 average sl'u 59 2
Jser types children shail be able to travel in comfort for
a2 a period of 3 hours
21 Nationalities
22 User sizes. Useriaquicemants for pussanges car SOW 21 | Users shall have easy entry and ext Low o5 3| sR121 2147201
) From: System Requirements.
3 Requirements 1 Introduction The car shall be able to accommodate
the intemal lighting system
31 Capability Req 1.1 Schedule Last change: 11 February 1997
311 Carrying Capa
ERRE] Number of Peq This module contains the user requirements for @ new car 1o be commercially availabll SOW 18 | The top level of cars are those in the price | Medium ° 0
8Ugust 2008, Al requirements ©1997 QSS, Inc. range §13,000 10 $30,000 at 1993 prices,
312 Movement
3121 ‘Speed and Acc| SOW 19 | Five average size adults shall be able to Low 1“ “
sia14 Bodiais 2 User types travel in comfortfor a period of 3 hours
31212 Forwards This section describes the nature of the users of the proposed vehicle. SOW 22 | 3.1.2 Movement 495 ns
3122 Oistance § X
3123 Stopping 2.1 Nationalities SOW 23 | 3.1.2.1 Speed and Acceleration 203 100
313 Fuel economy The car wil be used in the countries, UK, North America, Northem Europe, Austraii{ SOW 24| 3.1.2.1.1 Backwards. e 3
Version: 4.0 314 Safety Zealand, Japan
Printed Paul 315 Noise levels ps
Ly 3181 Interior 2.2 User sizes
Printed on: 01 Dey Printed from DOORS Page20f 12 Printed 01 December 1667
3152 Bxlaior The car shall be sutable for people minimum and maximum sizes 1.3m fo 2m weig
318 Ease of Accesy Kilograms 0 190 Kilograms.
3161 Access to cont]
31611 Brakes 3 Requirements
31612 Visibdty
316121 Daylight ThiS SUCHOR CoRtain s (07 TquirbNENs. for any form of additional fuel,
316122 Night time | Foliow this Interet link to view the market of this car. file /i/CJidoors3. 1 Araining/pict bmp.
316123 ‘Weather
31613 Speed control 3.1 Capability Requirements
31614 Clutch
3.1.1 Carrying Capaci pight track aver the stopping distance
31615 Gesrs g CopsoNy. i line by the user.
317 Equipment may 3.1.1.1 Number of People
318 Entertainment
Semmtad g 3o Malaorencs Four average size adults shall be able 1o travel in comfort for a period of 3 hours. This level of
comfort is defined as being equivalent to the standard of comfort provided by the top 40% of cars
3110 Servicing produced in 2000.
n Indication requy
1112 Re-tueling Two average size adults and 3 average size children shall be able 1o ravel in comfort for a period
of 3 hours.
32 Constraint Req|
321 Construction Haight (m) Lonath (m) Weiaht (xa)
322 Temain 13015 26028 H1060
323 Availabity Tsw18 26031 0w
— 181020 31.35 %120 0 Washington
Users shall have easy entry and exit
The top tevel of cars are those in the price range $13,000 10 $30,000 at 1993 prices.
[Five average size adults shall be abie to travel in comfort for a period of 3 hours,
3.1.2 Movement
Page1ol6 Printed by Paul Raymond
Users shall be abie GETTer Than That pr by of cars built in
1996
Page2cl6 Printed by Paul Raymond

Next ¥4 NOW!
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Is DOORS easy to use?

» The project is already in progress
— How long will it take to get everybody using DOORS?

» People are used to other document and spreadsheet applications
— Do users have to learn a totally new interface from the beginning?

= Documents are easy to understand

— Do we have to understand databases to use DOORS?

33
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DOORS database view

= Virtually unlimited hierarchy of projects/folders supports scalability

Folders

d

Projects

#-E Concept Cars

D Durmp Trucks

-3 Fork Lifts

=03 Light Trucks

o E
P

H-C3 Truck
B Cuality Manual
{3 Standards
D Templates Folder
E-E Training

\

DOORS documents

\ Deleted folder

F| DOORS Database: /Company Pragrams/Vehicle Prajects/Light Trucks/SUV - DOORS (== =]
Eile Edit View Favorites Toecls Help
oo o | P | e L[
Favorites’ v] Location /Company Programs/Vehicle Projects/Light Truchks/SUV -
E‘u DOORS Database MName Type Description
EI"EQ--SWESI:?;IZFDP??E”;:S Design Documents Froject CDR Documertation
|v:I Cars g [ Requirsments Folder Project Requirements
|:I Commerzial Vehiclas Supporting Information Folder Supporting Documentation
[ Commen Componerts lssues Formal lssues Log
ks Formal Rizk Register

4]

LI

Usemame: Bill Young

34

User type: Database Manager

Help organize your projects

Next\g\ Now!
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DOORS document views

Virtually everything you need in one window! Spell check

| ‘User Requirements’ current 2.1 (1998) in /Sports utility vehicle 4x2/Requirements (Furmalmudulewoﬂs/ g@

File Edit Wew Insert Link Analysis Table Tools User Help /
T Hdel zes=: | FFFR'Tieds g |V
\"iEW|B-Basic wiew with explaorer b Sl - SR |“ﬂ|=c€ i ?E‘ -‘1 %l
= User Requirements | ser requirements for SUIV 4x2 E b]
1+ 1 Introduction T T e T e T e T e T T
2 User ypes 4.2.8 Cross section diagram
3 Tame e
¥ Requirerments [‘;B?
C O ntext After systems requirements
The fallowing table shows a Microzoft Word
4.1 Capability Requirements Document
=~ 4.2 Congtraint B equirements 4.2.9 Fuel input
421 Eonst.ructlon The car shall be fully compatible with the fuel input mechanism provided by the outlets where fuel will be
4.2.2 Tenain acquired. .
4'2'3A_Va'lab'l't The user shall be able to completely refuel in less than 4mdnates or at the mamuom tithe ag defined by the fiel O bJ eCt
d.2.4 Litey refill mechatdam.
42540

. .Scessories 5 Costs Llnklng and
4.2.7 Compary constrai
4.2.8 Crogs section diag

4.2.9Fuel input F25 000 Em b@dd | ng

The car shall be full

The uger shall be at 520 000 —(®ldaho u (O L E)

| Montana /
ol O Oregon
Expected further costs. $15,000 g

(- N

Requirements

OWashington
F10000
$5000 ~
50 : : =
| [2] |
Username: Richard ‘Watzon E zclusive edit mode

Help improve productivity, reduce errors and increase quality

. Next\f Now!
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Templates

\71Insert Template - DOORS

Selectthe template you wantto use.

= @ Template library
#-[3 Design Control
#- 3 DoD-STD-2167A
@[3 MIL-STD-490A
@[3 MIL-STD-498
®-[3 |IEEE Std 12207
®-[3 |EEE S/W Standards
w3 150 6592
®-[3 J-STD-016
@[3 JCIDS
#3 Objectory (RUP)
w3 PSS-05.

/2] SADT template

------ @ example template

OK

|| Cancel |

Next\g.\ Now!
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Virtually unlimited user-defined attributes

= Nearly unlimited number of attributes in a spreadsheet-like view
= Values can be calculated for metrics collection

= A value or attribute may be displayed in any column

37

Next\f Now!

‘User Requirements' current 2.1 (1398} in /Sports utility vehicle 4x2/Requirements (Formal module) - DOORS =N EsRE==
File Edit View Insert Link Analysis Table Tools User Help
H&E [me= [ fFddXen [«
View [F- Budget <) [aeves  ~] || & 8 & i 4l
(- User Requirements * | | Object Identifier | User requirements for SUV 4x2 Hlﬂllocated Budget | Spert | Remaining | Risk:
£ 1 Introduction
2 User tyoes sow 37 4.1.4 Fuel economy ' F] Object 42 (Baselined) - DOORS = [ e
- 3 Target Users SOwW 38 Users shall be able to obtain fuel consumption Gen Access | History | Attributes | L
ny Links
=I- 4 Requiremerts better than that provided by the 95% of cars --
After systems requiremer built in 1996. Attribute Value =
- The following table show| SOW 39 Users shall be able to accelerate from 0 to 4o Created On 11 February 1997
.1 Capability Requireme 100 Kilometers per hour in 10 seconds. 4 Croated Thiu Manual Input
£1-4.1.1 Canying Capac SOW 364 Users shall be able to accelerate from 0 to Crtical lssugs
4.1.2 Companert Siz 100 Kilometers per hour in 8 seconds. Caticalty Medium
i 4.1.3 Movement _ . =
- 4.1.4 Fuel economy SOw 40 H 4.1.5 Safetv o Dfﬁallad requirement 3
Sow 41 Users shall be able to travel in safety in & History court 0
accordance  with  the Road Research o' Last M°d’ffed By Dave Masen
E Laboratories Safety standards dated 1 January " Last Modied On 23 November 2007
=1+ 4.1.6 Noise lavels 2005. ObJZECt Heading
B-4.1.6.1 Interior SOW 42 Users shall be able to travel at the same level® Wo"l_ed Number 41502
e Usemsshal b of safety as provided by the best 10% of cars O"J_e"-’t Short Text
4.1,6.2 Exterior being developed to be built in 2008. Object Text Users shall be able to travel at th
- 7 Iy A &a"OLE False
41T Esse of Anoes) [ 0w 43 H 4.1.6 Noise levels
#- 4.1.8 Equipment mat
219 Ertertament | ||| SOV 44 B 4.1.6.1 Interior
H-£.1.10 Maintenance SOW 45 Users shall be able to hear only a very low
- 4.1.11 Servicing level of noise inside the car.
t- 4.1.12 Indication req SOW 46 -
- 4143 Refusling Fi 4,1.6.2 Exterior
- 4.2 Constraint Requireme S0W 47 Users shall be able to cause only a very low
5 = level of external noise with the car.
- & Project Structure - || SOWW 48 H 4.1.7 Ease of Access 4
G Previous Next QK Cancel Apply
s s [Fome ) [t | o) (oo ) [ |
Usemame: Dave Mason Exclusive edit mode J

© 2012 IBM Cory
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How can | manage information traceability?

= We have never done traceability before

— How much overhead is this going to add to a project?

= We must have detailed reports of impact
— How comprehensive are the traceability reports?

= \We need to see when requirements have been missed
— Can we easily create queries to find “missing” links?

= We do incremental development with concurrent phases

— How easy is it to keep traceability separate for each increment?

Nex§ Now!
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Traceability i1s key to compliance

User Regs

1. 820.30(0) Design and Development Planning

activiies and deine responsibility for implementaton.

“The plans shll result
in, input 0 the design and development process

“The plans shll be reviewed as design and development evolves.
“The plans shall be updated as design and development evolves
“The plans shall b approved s design and developmen evolves,

2. B20.30(¢) Design Input
21,

the device, the user

and

Technical Regs

Comply with FDA Design Control Guidance GMP Regulation

Design

1.1, Identify impacted elements due to a change in another element
1. Capture design an releted nformation o Traceability Reports: consistency with driving design elements

L1 Inputelsctronically formatted cata
12, Reference exteral information sources

o Impact Reports: other design elements affecter

3. Reference extermal documentation o Links to impacted design elements

111Gy

St dosig and ol oo
TRTOTITAON 3 UGS GeSigh SIements

224, Orgnze by Desin Contl Guincs Eement
ize by inter-elatonships
23 Ensumu designcemens ae vaible
o design et by Desgn Conrl Guldnce et

e e AT IR e G equremars oA 07
of the devi

and patient.

istorical values

Manage all user needs.
31

23 The procedures snall

26 Tedein
27, The desi
28 The deswn o reultrents sl e sprove o a desigated i),

b cocened
210, Questions.

design in
2102, From what sources ar cesign inputs sought?
2110:3,_ Do design input procedures cover the rlevant aspects,such as: (ark al that pply and
Tt adcitionalaspects)
intended us
21032 userlpaientclinical
21033 performance characterstcs
21034 safel
21035, limits and tolerances
21036, risk analysis
21037, toxicity and biocompatibilty
21038, electromagretic compatibility (EMC)
21039, compativility with accessoriesauxilary devices
210310, compatbiy wit e eionmentof enced e
210311 human factors
210512 kel s
210313 labelingipack
210314, relabily
210315, statuory an regulatory requirements
210316, voluntary standards
210317, manufacturing processes.
210318, steil
210319, MDRslcomplaintsfilures and other historicl data
210320 design history il (DHFS)
2104, For input

adequacy?

52 ety cer s (o)
33, vdenufy lhe cuslomel )
35 bt ks

Apiire T acceptance o

4. Manage design input requirements
4.1 Identiy thesaurce of the requirement

112.C

and across

procedure

« Traceability Reports: Procedure Atribute
traces

and across any
Traceability Reports: Milestone Attribte

1.1.3 Create backward traces to design elements within and across Design Control

‘Guidance Elements
«_Traceability Reports: Linked design elemen

s
T4 Create forward impacts t0 design elements Within and across any organizational

procedure

Tmpact Reports: Procedure AUt

1.15.Create forward impacts to design elements within and across any project milestone

Impact Reports: Milestone Attribute

%, 1.1.6.Create forward impacts to design elements within and across Design Control

‘Guidance Elements
« Impact Reports: Linked design elements
hanged design

42 Idenity the asociaed use need 12
43" Capure reuirementdsaripton snd aibues

3. Capure accepance rera

45, Acsig esponsiily for each requiremenc
6. Nanage ncomplete requirament.

o Link Change Design Object with affected design element(s)
+ Traceabilty Links and Reports from affected design elemem(s)
o Impact Links and Reports elem
1

\1' — MH“ —

47, Manage ambiguous requirements
48, Manage confiicting requirements

ent(s)
2.1, Associate design element changes with decisions, rationale, and approval authority

information

49, Approve all requirements

Manage acceptance
5.1, Ensure the acoeptance of every user need
52 Ensure the acceptance of every desig nput requirement

t the reslts of every user
54 Document the result of every design input requirements est
55 Make acceptance resuls avalable

Manage change
6.1, Maintain history of design element changes
Make complete change history available
6.1.2. Maitain history within and across any organizational procedure
613 M sty it and actoss sy project misone

122
3

62 Coprs heqonty e of et rargs
1. Provide rationle for
622, Dosrivedecons made.
623, deniify approval authoriy for the change
4. Capure date, time, and signature of approving authorty
3. Identify impacted elements due (0 a change in anather element
631

632

Rarge Decision Objects Wit Tollowing ATIOUTes:
Disposition Attribute
Decision Attribute
Rationale Attribute
Owner Attribute
Management Approval Attribute
Provide associations within and across any organizational procedure
Change Design Object Traceability Link on Procedure Atribute
Change Design Object Impacts Link on Procedure Attribute

Provide associations Within and across any project milestone

Change Design Object Traceability Link on Milestone Attibute
ElEng D] Omeu T o Muesmne Anvlhme

PTOVICE aSS0eialions Wilhin and o ance Efements
Change Des\gn omeu mceammy Linkto raced des\gn domerts
Change Design Object Impacts Link to linked design elements

1.3 Mange the change process
Design Change Module
Design Change Reports

Object Hlsmry Reports

ersions

o Object Hist
o Baselines

tests, eftc.

Decomposition creates traceability relationships

Relationships define your traceability model

Your traceability model is the basis for your process

Enforce your traceability model; help improve your process

39

Test Cases

L1 Identify im a ement
o Traceability Reports: consistency with driving design elements
o Impact Repc
o Links
1 eate ba ments within and ac
edure
. T 0 e
112 Create backward traces 0 s within and acro

ii
1 ments within and across Design Control

ents

ents within and

oss any project milesto

sign elements within and across Design Control

ign elements
ents with related elemen
afected desin clement(s

ign element(s

design element(s)

VT TolTowing ATHBUTES

bproval Attribute

within and across any organizational proce

bility Link on Procedure Attribute
ink

Taance ETements
sign e
n elements

History Reports
. Versions
o Baselines

Initial user requirements should be decomposed to detailed requirements, and then to design,

Next ¥4 NOW!
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Traceabillity: drag-and-drop linking

40

@ 'Functicnal Requirements’ current 0.0 in /Sports utility vehicle 4x2/Requirements (Formal medule) - DO... [ = |[ & |[=3]
File Edit View Insert Link Analysis Table Tools User Analyst Help
Hal === || FfFFdfFtaem =00
View [Standard view '" [.NI levels v] bR P2 £ F T & AL &)
D | Functional System requirements for SUY 42 H | i
FR-18 2.2.3 Brake car
FR-20 | The car shall be able to stop from 10 kilometers per hour to 0 kph in 2 seconds.
FR-21 | The car shall be able to stop from 30 kilometers per hour to 0 kph in 6 seconds. z2] 'User Requirements' current 2.1 (1998) in /Sports utility vehicle 4x2/Requirements (Formal module...[ = |[ & |3
FR-22 = The car shall be able to stop from 100 kilometers per hour to 0 kph in 30 seconds. File Edit View Insert Link Analysis Table Tools User Help
FR-23 | The car shall be able to stop from 200 kilometers per hour to 0 kph in 45 second (= == =l ="ET g @ & gKta a3y e X el e @
FR-24 | 2.2.4 Control direction View [A - Basic view <) [Aeves  ~] || & 4 TR E T &AL dl
FR-25 2.2.4.1 Straight line User requiremerts for SUV 42 E | -
FR-26 = The car shall have a mechanism to enable it to be moved Forwards or backwards. 4.1.3 Movement
FR-27 | 2.2.4.1.1 Direction mechanism 4.1.3.1 Speed & Acceleration
FR-28  The direction control mechanism shall be hand operated aljd require no more than 2§nch 4.1.3.1.1 Backwards
hand movement from the steering wheel for successful opfration. The car shall be able to move backwards to a8 maximum speed of 20 Kilometers per hour.
FR-29 2.2.4.2 Directional 4.1.3.1.2 Forwards A
FR-30 The car shall be controllable in anv direction \ Users shall be able to travel at speeds up to 200 kilometers per hour. L
. Y ' Users shall be able to accelerate from 0 to 100 Kilometers per hour in 10 seconds.
FR-31 2.3 Tlluminate car sers shall be able to travel automatically at predefined speeds.
FR-32 2.3.1 Illuminate external 3.2 Distance
FR-33 2.3.1.1 Illuminate ahead Users 3all be able to travel 1000 kilometers without the need for any form of additional fuel.
e . Users sha able to travel 1500 kilometers without the need for any form of additional fuel.
FR-34 2.3.1.1.1 Headlights Users shall be to travel 2000 kilometers without the need for any form of additional fuel.
FR-35 | Headlights shall be fitted in accordance with statutory regulations abc dated 1 Jan 1993. 4.1.3.3 Stoppin
FR-36  Headlight beam patterns shall be in accordance with statutory regulations abc dated 1 Jan| | ysers shall be able to stop safely.
FR-37 2.3.1.1.2 Side lights Users shall be able to stop with the vehicle maintaining a straight track over the stopping distance
- when the steering is maintained to within + or - 10% of a straight line by the user.
—— 4.1.4 Fuel economy
MesnErE el EnisreEinTiz Users shall be able to obtain fuel consumption better than that provided by the 95% of cars built in

Drag and drop to link within a document ...

1996,
Users shall be able to accelerate from 0 to 100 Kilometers per hour in 10 seconds.
Users shall be able to accelerate from 0 to 100 Kilemeters per hour in 8 seconds.

4.1.5 Safety

o b

... or from document to document

Usemame: Dave Mason Exclusive edit mode
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Traceability view

User Reqgs Technical Reqs Design Test Cases
i ] i
‘User Requirements’ cutrent 1.0 (Issue 1) in /Sub-compact (Forinal module) - DOORS E@
File Edit View Insert § Link Analysis Table Tools Us Help
Half (g || F3FFFEEm]|| e=Xssg
1l-lri'.=.'1.-'4.r[FuII Trace View v“ [AII levels v] dh ,-ﬁ-, 'ﬂﬂ E== b 'FI -‘i 2l
] |User Requiremghts H Functional Hequirelmnts Design Test Plan i
TRM- 3.1.2.3 Btopping
CSR-35 t v v
TRM-  Users shall be able to stop ¥ FR-23 TRN-AD-48 TRN-TP-34
CSR-36 | safely. Disc brakes High Speed Braking Test
The car shall be able to stop from 10 (i
kilometers per hour to 0 kph in 2 seconds. i
TRN-TP-35
Low Speed Braking Test
TRN-AD-48 TRN-TP-34
FR-24 Disc brakes High Speed Braking Test
The car shall be able to stop from 30
kilometers per hour to 0 kph in 6 seconds. TRN-TP-35
Lo d Braking Test
TRN-AD- -TP-34
Disc brakes High Speed Braking Test 1
4 [
Usemame: Dave Mason Exclusive edit mode

End-to-end visual validation in a single view

Next\f Now!
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Traceability verification or “completeness”

@ 'User Requirements' current 1.0 (Issue 1) in /Sub-compact (Fermal module) - DOORS E@
File Edit View Insert Link Analysis Table Tools User Help ] Hel pS
Hda[f | se= | §F§FF e || e=Fejsig .
‘U'iEWIFuII Trace View Y]HNI levels v] i B E P2 £ EF T P A% al Increase
D | User Requirements H | Functional Requirements | Design Test Flan i Customer
TRM- 3.1.6.1.3 Clutch H
cs-ss confidence
TRM-  Users shall be able to FR-167 TRM-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. control test Detect
|
TRM- 3.1.6.1.4 Gears . . .
CsR-57 missing links
TRM- = Users shall be able to FR-169 TRMN-AD-44 TRN-TP-36 |
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. | Crea‘“on and
TRN- ' 3.1.7 Visibility .
CSR-59 deletion of
TRN- 3.1.7.1 Daylight .
CSR-60 links are
TRM-  Users shall have maximum .
CSR-61 | daylight visibility from within recorded in
the vehicle. .
TRMN- 21 7 2 Ninht ti =
( inht tima X , history
Usemame: Dave Mason Exclusive edit mode

Traceability through an orphan report shows “missing” links

Nex§ Now!
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Define your process using enforced relationships

RN

User Regs

Technical Regs

Design

T X

7

1. Define the legal relationships for your process

2. Make other links illegal; don’t miss steps in the process

3. Help prevent tracing in the wrong direction
- Enforce standards and help ensure consistency

Nex@ Now!

Test

© 2012 IBM Corpafation



Innovate2012 The Premier Event for Software and Systems Innovation

Standard DOORS traceability tools

% 'Flw;:s.m'\:ulr:m:.‘l I'me:u‘rIs utility vehicle 4x2/Requirements (Link medule) - DOORS f=lrElEss] Functional System requiremerts for SUV 42 E Linked User Requirements i
File Edit View Toels Help
[= =] =3 | [7Sports ulity vehicle 42/Requiremerts/User Requirements > /Sports ity vehicle &2+ | & << The car shall be able to carry 4 average size adults in average comfort for a period ¥ User Requirements
I Sports utility vehicle 4x2/Requi { Fi i equi of 3 hours. SOW 17
2.1 211
P M ;
N i i Four average size adults
1on Functional Requirements. Move F;.rlwirisml Sha” he ahle to tra\’el iﬂ
o The car wil have a world wide The G;-slhiH:E able to move comfort for a per\od of 3
’ These are the functional syste Move backnards hours. This level of

comfort is defined as

_i........ u Llnk Matrlx being equivalent to the

standard of comfort

:1 S = provided by the top 40%
Schecle . . of cars produced in 2010,
Bt crre e B = Object Properties
2
User types
RaRE S — ate Occupants

—— » Link Popups : : >
:H S = L /Sports utility vehicle 42 /Requirements/User Requirements 3

User sizes rry 200 kilograms of luggage.

BB e cor shalbe sitable for . L] T race abi | ity CO I u m n S ate Fuel and fuel SVStem

LN

utility vehicle 4x2/Requirements/User Requirements

Usemame: Dave Mason Exclusive edit mode Source: User Requirements
= Traceability Explorer e
LR Traceability Explorer - '/Sports utility vehicle 4x2/Requil
File Wiew In/Out Module./Description Baseline  Object Heading/Text D Link Module  Link Module Ba
-1 2.8.2: Protect actively - Dﬂ:ln /Sports utility vehicle 4&¢2... Curmert Four average size aduls .. 17 /Sports uti...  Cument
=13 2.8.2.0-1: The car shall be able to protect passengers actively in the event of an accider (B Out /Sports ufiity vehicle &2... Cument  Verfy Number of People 12 /Sports uti... Cument
4 2.2.0-1: The car shall be suitable for people minimum and madmum sizes 1.2m to 2m (B out /Sports utiity vehicle 2. Cument  Market Research 18 /Sports uti...  Cument

4 4.1.5.0-1: Users shall be able to travel in safety in accordance with the Road Resear
-4 4.1.5.0-2: Users shall be able to travel at the same level of safety as provided by the

-1 2.9: Protect environmental

[ 2.9.7: Control emission B q I | o

- 2.9.1.0-1: The car shall meet the necessary emission controls for each country in which it —

- 28.2: Control disposal Follow Linic Delete | [ Edt Betemal | [ Detals..

-1 2.9.2.0-1: The vehicle shall meet the environmental conditions as agreed in the Europear

-1 2.10: Modularity

-1 2.10.0-1: The vehicle shall be as modular as possible.

[ 2.10.0-2: The vehicle shall be assembled from pre-assembled parts with 24 hours of labor

-1 2.17: Cortrol entertainment =

4| i | b

[ ok J[ Cancel |[ mepty |[ Hebp

Object FR-104 in */Sports utility vehicle 4x2/Requirements/Functional Requirements’

Next\f Now!
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Traceability taking you outside of DOORS

Everybody should understand the importance of requirements and be able to demonstrate

that they meet requirements

By extending traceability to go beyond the boundaries of DOORS, more people are

encouraged to work against requirements

Create links from DOORS to elements
stored within applications outside
of DOORS

le to stop from 30 kilometers per hour to 0 kph in 6 seconds.

5] Edit External Link - DOORS ==
Mame:

Description: This is a link to the BBC News Service
Link Path: hitp://news bbc.co.uk
On selection of link: Direction:
71 Do nothing 1 in
@ Open URL with default browser @ Out

[ oK || canced || Heb |

le fSports utility vehicle 4x2/Requirernents/Functional Requirements
le
External Links

k

4

[ 1 outdink, 1 extenal outink 1
Tool Tip on link indicator

This is a link to the BBC Mews Service

[ [§ =L E L]

Right click the link indicator

Nex§ Now!
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Traceability to baselines

ser
Irements

ser
irements
eline 1

stem
irements

 — .est

stem
irements
eline 1

Sts
eline 1

" Traceability is most often created between current information

® But some documents need to be baselined before other documents

" Then you need to link to the baseline for compliance with that phase

" When the final baseline is made, historical traceability is complete

Next\g.\ Now!
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Complex traceability in iterative development

Document 1

1. 820.30(b) Design and Development Planning

Each manufacturer shall establish and maintain plans that describe or reference the design and development
activities and define responsibility for implementation.

The plans shall identify and describe the interfaces with different groups or activities that provide, or result
in, input to the design and development process.

The plans shall be reviewed as design and development evolves.
The plans shall be updated as design and development evolves.
The plans shall be approved as design and development evolves.

2. 820.30(c) Design Input
2.1. Each manufacturer shall establish procedures to ensure that the design requirements relating to a
device are appropriate and address the intended use of the device, including the needs of the user
and patient.
Each manufacturer shall maintain procedures to ensure that the design requirements relating to a
device are appropriate and address the intended use of the device, including the needs of the user
and patient.
2.3. The procedures shall include a mechanism for addressing incomplete requirements.
2.4. The procedures shall include a mechanism for addressing ambiguous requirements.
2.5. The procedures shall include a mechanism for addressing conflicting requirements.
2.6. The design input requirements shall be documented by a designated individual(s).
2.7. The design input requirements shall be reviewed by a designated individual(s).
2.8. The design input requirements shall be approved by a designated individual(s).
2.9. The approval, including the date and signature of the individual(s) approving the requirements,
shall be documented.
2.10. Questions.
2.10.1. Summarize the manufacturer's written procedure(s) for identification and control of
design input.
2.10.2. From what sources are design inputs sought?
2.10.3. Do design input procedures cover the relevant aspects, such as: (Mark all that apply and
list additional aspects.)
21031  intended use
2.10.32.  user/patient/clinical
2.10.33.  performance characteristics
21034,  safety
2.1035.  limits and tolerances
2.10.3.6.  risk analysis
2.10.3.7.  toxicity and biocompatibility
2.10.38. electromagnetic compatibility (EMC)
2.103.9. i with accessor iliary devices
2.103.10.  compat with the environment of intended use
210311, human factors
2.10.3.12.  physical/chemical characteristics
2.10.3.13.  labeling/packaging
2.10.3.14.  reliability
2.10.3.15.  statutory and regulatory requirements
2.10.3.16.  voluntary standards
2.10.3.17.  manufacturing processes
2.10.3.18.  sterility
2.10.3.19.  MDRs/complaints/failures and other historical data
2.10.3.20.  design history files (DHFs)
2.10.4. For the specific design covered, how were the design input requirements identified?
2.10.5. For the specific design covered, how were the design input requirements reviewed for
adequacy?

22.

N

—

/

AN 8\

A

Document 2

Comply with FDA Design Control Guidance GMP Regulation

1. Capture design and related information
/ 1.1. Input electronically formatted data
1.2. Reference external information sources
/ 1.3. Reference external documentation
[— 2.

Store design and related information
2.1. Identify and tag design information as unique “design elements™
2.2. Organize design elements
2.2.1. Organize by Design Control Guidance Element
2.2.2. Organize by inter-relationships
2.3. Ensure all design elements are available
2.3.1. Store design elements by Design Control Guidance Element
2.3.2. Store design elements and their historical values

3. Manage all user needs
3.1. Identify the source of the user need
3.2. Identify all user types (groups)
3.3. Identify the customer (s)
N 3.4. Profile the expected patients
3.5. State the intended use of the product (family)
3.6. Capture the acceptance criteria for each user need

4. Manage design input requirements
4.1. Identify the source of the requirement
4.2. Identify the associated user need
4.3. Capture requirement description and attributes
4.4. Capture acceptance criteria
4.5. Assign responsibility for each requirement
4.6. Manage incomplete requirements
=== 4.7. Manage ambiguous requirements
4.8. Manage conflicting requirements
4.9. Approve all requirements

5. Manage acceptance
5.1. Ensure the acceptance of every user need
5.2. Ensure the acceptance of every design input requirement
5.3. Document the results of every user need acceptance test
5.4. Document the results of every design input requirements test
5.5. Make acceptance results available

6. Manage change
\ 6.1. Maintain history of design element changes
6.1.1. Make complete change history available
6.1.2. Maintain history within and across any organizational procedure
6.1.3. Maintain history within and across any project milestone
6.1.4. Maintain history within and across any Design Control Guidance Elements
6.2. Capture frequency and nature of element changes
6.2.1. Provide rationale for change

6.2.2. Describe decisions made
t 6.2.3. Identify approval authority for the change

1]

6.2.4. Capture date, time, and signature of approving authority

6.3. Identify impacted elements due to a change in another element
6.3.1. Create backward traces to design elements within and across any organizational procedure
6.3.2. Create backward traces to desian elements within and across anv proiect milestone

Nex@ Now!
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Simplifying complexity

1. 820.30(b) Design and Development Planning

n manutacturer shall establish and maintain plans that describe o reference the design and development
ciiviies and dofing responSIBiliy for mpromenat

The plans shall idenity and describe the interfaces with different groups or activities that provice. or result
in input to the design and development proces:

e plans shll be roviewed as design and development evoives
The Plans shall be upd Siah and clvelopmant SvONES.
The bians shall be approved a5 design and doveropment ovoIves.
2 8203000 Design 1
SPASELLr st stai procedures o ensure hat he dsign requirerents elatng 0o
eice aia aparomn e o Srin
adiont
22, ach manutacturer shall maintain procedures to ensure that the design requlrements refating to a
e e oot a1 1 A0 5 O 8 Seuice I e oo o 1

g incomplete requirements.
juirements

mechanism for addressin

Incremen

50 documented

1 Snmmarue the s writien for and control of
design

2 From what sources are deslgn Inputs sou

210

D Gesion InpL procedures Cover the relovant aspects, such as: (Mark all that apply and

adiionar aipects)

102
3.
21031 endod Lse
29082 lierpasente
21033 porrormance characterlstics
2103 safer
2103, limits snc tolerances &
21036 risk analy:
21037 oy andl biocompatib
21038 netic compatioiliy ©ve)
21038 With accessories/au; devices
2110330 by with the emvironment of intended use
2010311, human factors.
21103312, physicalichemical characteristics
2010313, labeling/packagi
20103140 relabilit
2110315  statutory and regulatory requirements
2110316, voluntary standar
2110317 wfacturing processes
2110318 y <
2110310 complaints/faiures and other historical data
510320
2104 Forthe specmn desion covereﬂ hcw veers the deslon nput requlrements Identfied?
21105, For the specific d @ the design input or
adeauacv?

1. 820.30(b) Design and Development Planning

ech manufacturer shall stablish and maintain plans that describe or reference the design and development
activities and define responsibil mplementat

The plans shall dentify and describe the interfaces with different roups or acivities that provide, or result
ut 1o the design and development proces:

The plans shall be reviewed as design and development evolves.
The plans shall be updated as design and development evolves,

Increment 2

Comply with FDA Design Control Guidance GMP Regulation

1. Capture design and related information
Input slecuronically formatiad dat
T3 Reterence oaermal documentation

2. gtore design and related information
I e tag de
230 Srganize desion cierants
221" Graanize by Design Conural Guidance Element
22 Organize by inter-relationships.
23, Ensu o all design elements are avarlable
231" Store desian elements by Design Control Guidance Element
232" Store design elements and their historical valu

design ele

Manage all user needs.
513" denuty e Source of the user noea
7y all user types (gro
Identify the customer (5
s Pmnlexhe eKDecud patients
ate e of the product (family)
3 e the acceptance cliteria for each user need

4. Manago design input requis

he requirement
fed weer heed

3%9] Approve all requirements

5. Manage acceptance
5.1, Ensure the acceptance of every user need

551 Miie acceprance vesuits svatianie

6. Manage change
8. Maintain history of design elemen changes

mplete change history available
s 1 2 Naintain numry wumn and "across any organizationat procedure
across any proje: ston

Nainiain history within and across o Deslun Comver Guidance Elements
62 Camure frequency and nature of element changes

S35 Tamaity approvar anmnmy for the change
62.4. Capturs date, time, and signature of approving authority

6.3. “identity mpacted elements duc 1o a change in ancther element
6.3.1. Create backward traces to design elements within and across any organizational procedure
632 Croate backward traces to desian elements within and across anv oroiect milestone

Comply with FDA Design Control Guidance GMP Regulation

1. Capture design and related information
11 Input electronically formatied dats
1'2] Reference external information sources
113, Reference external documentation

Store desion and relted information

The plans shall be approved as design and development evolves.

T

2. 520.30(c) Design in
manufasturer shall establish procedures to ensura that the design requirements relating o a
device are appropriate and address the intended use of the device, ineluding the needs of the user
and patient
2.2, Each manufacturer shall maintain procedures to ensure that the design requirements refating t a
device are appropriate and address the intended use of the device, ineluding the needs of the user
and patient
The procedures shall include a mechanism for addressing incomplete requirements.
The procedures shall include a mechanism for addressing ambiguous reduirements
The procedures shall include a mechanism for addressing conflicting requirements.
ki
ki

e desian inpus shalt

shall be d

Summarize the written for and control of

 sources are design inputs sought:
Do, desion input procedures cover the Televant sspects, such as: (Mark all that apply and
list additional aspects)
oaa inended:
1032.  user/patientclinical
10353 performance characteristics
1034, afery
1035, limits and tolerances
10356 risk analysis
103377 toxicity and biocompatibility
1038 electromagnetic comnmlbvh'}/ (EMO)
105359 compatibility with accessories/auxiliary d:
1030, Compatibility with the ervironment of intended use
human factors
10312 physical/chemical characteristics
10313, labeling/packaging
10314 reliability
10315 Satnory and regulatory requirements
10336, Voluntary Standard
0317,  manutaciuring processes
10328 steriiin
10370 MDRslcomplaints/filures and other historical data
10320 design history files (DHFs)
o the specific desian covered how wre the design input requirements Identified?
For the specific design covered, how were the design input requirements reviewed fo
‘adeatacy?

Py A/

5
T R 1
13

N
iy
55

¢ destun informaion as uniau
‘elements
221 Oraanize by Besigh Control Guidance Element
22 by Intr. Srelationsnip:
23 Ensrea elements are avail
231 Store dosion stements by Desian Gontrol Guidance Element
372 Store design elements and their historical values

esign clements™

3. Manage all user needs
31 Identify the source of the user need
oups)

he product (family)
356, Capture the acceptance criteria for each User need

4. Manage design input requirements
41 Identify the source of the requirement
42 Identify the associated user need
23] Capture requirement description and attributes
42 Capture acceptance critoria
45 Assign responsibility Tor each requirement
418! Manage incomplate fequirements
mbiguous requirements
T, Manage conficting reqarements
40 Approve all requirements
5. Manage acceptance

21" Ensure the acceptance of avery user need
572 Ensure the acceptance of every design input requirement
£3 Bocument ih result of overy user need acceptance test

52 Document the results of every design input requirements test
S5 ke acceptance resuns mvananie

6. Manage change
61" Maintain nistory of design elemen changes
e change history available
1 Malitain history within and across any. organizational procedure
€13 Maintain Nistory whihin and acroas any project mitest
Maintain history within and_across any Design Conirol Guidance Elements
6.2 Cipiirg fraquenty s nanire chslamant changes
21 Provide rationale for chan
Describe decisions made
653 Tty approval authority for the change
62,4 Capturé date, time, and signature of approving authority
6.3, Identify impacted elements due to  change in another element
6.3.1. Create backward traces to design elements within and across any organizational procedure
632 Create backward traces to desian elements within and across any project milestone.

Next ¥4 NOW!
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Intelligent traceability—managing multiple traceability streams

er tem
<= st
Next Increment ements ements

Increment 2

Increment 1

N Next ¥y NOW!
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But | can do this with standard document and spreadsheet
applications; how is DOORS better?

Nex t\f NOwW!
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Traceability report

User Regs Technical Reqgs Design Test Cases

File Edit View Insert § Link Analysis Table Tools Us H
 HBE ([zg= || FFFFEER]|| e Sejelg
View | Full Trace View - ||[Allevels  ~ i B % 0 L EH T F a4l
] |User Requiremghts E Functional Requirefhents Design Test Plan i
TRM- 3.1.2.3 Btopping
CSR-35 v v
TRM-  Users shall be able to stop : FR-23 TRM-AD-48 TRN-TP-34
CSR-36 | =safely. Disc brakes High Speed Braking Test
The car shall be able to stop from 10 A

kilometers per hour to 0 kph in 2 seconds.
TRN-TP-35
Low Speed Braking Test

TRN-AD-48 TRN-TP-34
FR-24 Disc brakes High Speed Braking Test
The car shall be able to stop from 30
kilometers per hour to 0 kph in 6 seconds. TRN-TP-35
L d Braking Test
TRN-AD- -TP-34
Disc brakes High Speed Braking Test il
F b

lUsemame: Dave Mason Exclusive edit mode

Nex t\f NOwW!

12 IBM Corpafation



52

|nnOV3t62012 The Premier Event for Software and Systems Innovation

How do we do this quickly in DOORS?

Next\g Now!
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Simply drag and drop to create links

E 'User Reguirements' current 0.1 (internal review 1) in fDemo (Formal module) - DOORS ngll
File Edit View Insert Link Analysis Table Tools User PSToolbox Traceline Analyst Harmony/TTSW TAU  Help
|d@F ||zam || | | § @ fKtet || e Foelie
J View IEntertainmerrt System F!equri-j“ﬁ.ll levels j |J = |J 73 <5 T J dh dh dh
D | 1. Requirements in the user’s language E LI

REQ_%1  3.1.9 Entertainment

EEQ) 92 In accordance with the desires and vision of our former president, Lee Iococcea, the intent of the
Entertainment System is to "Make the user feel as if s'he were at home, even when stuck in traffic in one
of our Cars for a long period of time."

REQ_93 | The passengers shall have access to two game ports from the back of the vehicle.

EEQ 94 | The passengers shall have cellular intemet access.

REQ_95 | Users shall be able to have stereo radio re r—e 3 - _

REQ 96 | |Users shall be able to have multi-CD outpt B 'System Requirements' current 0.0 in /Demo (Formal module) - DOORS

EEQ} 97 | |Users shall be able to hay

REQ_93 Users shall be able to

tte tape ¢ Oile  Edit Wiew Insert Link Analysis Table Tools User PSToolbox Traceline Analyst Harmony/ITSW TAU Help

et | g [§ || =z == || | IEEEEEEY T

=10 x|

REQ_ %% 3.1.10 Maintenanc = =
Wi i - - : i o 2 =
EEQ 100 | Users shall not have to o t a1y mair J oo IStandard b J | IA" levels J “ - |J a = 7 J P T
REQ_101  Users shall not have to ad r additional | 1D 2. System Requirements E
no addition of oil or water. ; " n aro
REQ_102 17 3.1.11 Servicing 85870 | The svstem shall enable the user to control radio reception. s
REQ_103 | Users shall be able to travel Kilomet 92380 211.7 Control CD
I : . | 55381  The system shall enable the user to control the CD player. E
|Usemame: Don_Young |E:ncl|.|5|\re edit mw——— PTTTS)
2 | 2.11.8 Control tape player
88883 The system shall enable the user to control the tape player. e
85884 2.11.9 Control Display
H 55385 The entertainment system shall provide a central display. E
Create Iln k from 55586 | The central display shall have a screen saver that displays random shapes with random colors to s
1 revent screen burmn in.
system requirement g >

55387  The screen refresh rate shall be 2 times per second.

to user requirement ss8173 1 2.11.10 Don : Driver
33588 [ 212 Communicate

K

|Usemame: Don_Young |Emdusive edit mode

Next\f Now!
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Display comprehensive traceability in a single view

Acceptance
User Reqs Sys Reqs Architecture Criteria Tests

E ‘User Reguirements' « urrent 0.1 (internal review 1) in fDemo (Formal module) - | YOORS - | Dlﬂ
Fle Edit View Insert Lifc Analysis Table Tools User PSToolbox Traceline Anal§st Harmony/ITSW TAU Help
EFEEREEACE | | 8 & E|x i || Sssig
J View ITest Coverage View j”AII levels j |J E |J 'ﬂﬂ ﬁ »“ & e & y ‘ ‘
ID | 1. Requirements in the user's language El(—Syﬁem Requirements |<—.1\rd1'rtedure |<— Acceptance Criteria |<—Ted Cazes ﬂ
REQ 96  Users shall be able to have multi-CD output within the [D:58581 Tau_43 Control CD D35 D5
vehicle. Object Short Text Tau_62 CD_Player Object TextDemonstrate Accept
Object Text:The that the user can control CntenaDemonstrate that
system shall enable track selection, volume, the user can control track
the user to control the starting, stopping and selection, volume, starting,
CD player. gjecting CD of CD player.  stopping and ejecting CD of
SoQValue:No coverage CD player.
Test StatusPassed
Test Defects:
AlakitoCh)
(D = "track infn F
AiaLimaCh
)
|Usemame: Don_Young Exclusive edt mode

Next\'g.\ Now!
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But | can do that with standard document and spreadsheet
applications!

Yes, but at what cost in effort and maintenance?

Next\'g.\ Now!
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Ask yourself this ...

» What is the cost to the organization if;
— We design and test against the wrong version of the requirement?

— Completely miss a customer need or misinterpret due to incomplete or incorrect visibility to
the information hierarchy?

— The parent requirement is changed, and affected organizations do not get visibility to that
change?

. Nex§ Now!
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Potential cost/benefit factors

= Potential costs
— Investments (software, training, consulting, etc.)
— Tool use overhead

— Added review and rigor

= Potential benefits
— Savings from staff working more efficiently
— Avoiding the cost of lost requirements
— Avoiding the cost of unnecessary development and maintenance

— Reducing the cost of requirements-related defects
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How can | find changes easily?

= Changes can happen overnight

— Can DOORS tell me if a change affects my work?

= Sometimes we need to look at older requirements

— Can | see a history of each requirement?

= Milestones are very important to project progress

— Can we take a snapshot of the requirements at any milestone?

58
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What are suspect links?

If documents are linked ...

?4 '
... a change by ... Shows up as a warning
this user here ... flag to this user here.
59 Nex‘t\g\NOW.! ©2012IBMC ti
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Suspect links

Suspect links are visible directly in the document—as indicators or as a description

. \

'User Requirements' current 2.1 ) in /Sports utility vehicle 4x2/Requirements
File Edit View Inset Link alysis Table Tools User Analyst Help

aormal module... E@

H &3 = =« 51 A o) s =
View [M-Suspect Link View £/ | [Alleves  ~| | & 7 4 74 & ENT & AL 2l
| User requirements for Sl-kZ E | All Changes For Suspect Oanks (open modules) | it

ﬂUsers shall }%hle to accelerate from 0 to 100

Kilometers peghour in 8 seconds.

be able to travel in safety in accordance™ [ Sports utility vehicle

Road Research Laboratories Safety 4x2/Requirements/Functi

s dated 1 January 2005. Requirements: Object FR-6
There has been 1 change made §nce
suspicion was last cleared on 03/0§/2002
13:51:03.
1. Modification to Object Text attrib
30/11/2007 12:18:35.

Users shall be able to travel at the same level of* [ Sports utility vehicle

safety as provided by the best 10% of cars being 4x2/Requirements/Functional

developed to be built in 2010. Requirements: Object FR-62

There has been 1 change made since

suspicion was last cleared on 03/05/2002

13:51:03.

1. Modification to Object Text attribute on

30/11/2007 12:18:35.

on

»?

H 4.1.6 Noise levels
H 4.1.6.1 Interior

Users shall be able to hear only a very low level of
noise inside the car.

H 4.1.6.2 Exterior
Users shall be able to generate only a very low level

4

Usemame: Dave Mason

Exclusive edit mode

4xi,-"Req

Require Properties...
Ther.e.has Table properties...
SUspIcion v

13:51:03. Lock

1. Modifica .

30/11/200 ek

/Sports u Clear Suspicion...
4x2 [ Requ

Clear on aright click

Help ensure that
you never miss a change

Nex@ Now!
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History and baselines

[ @ "User Requirements' current 2.1 (2008) in /Sports utility vehicle &:2/Requirements (Formal module... [ = |[ & |[=3]
@ 'User Requirements' baseline 2.1 (1998) in /Sports utility vehicle 4x2/Requirements (Formal modul... [ = || & &3] i
File Edit View Insert Link Analysis Table Tools User Analyst Help =4 @ .
BB [ | 5P Fteia, [ e Seis EE LT Current Version

View ’Standard view v“ ’.NI levels vl i 45 Jj < E T 75 ': 4l i /

User requirements for passenger car g | + lided by the best 10% of Cars/

Users shall be able to travel at the same level of safety as provided by the best 10% of cars -

being developed to be built in 1998.
4 3.1.6 Noise levels
4 3.1.6.1 Interior DOORS [F=1 ol | =)
' Users shall be able to hear only a very low level of noise inside the car. v | Atrbutes | Links
H 3.1.6.2 Exterior pssion Date Modfication
" users shall be able to cause only a very low level of external noise with the car. t 30/11/200712:17:41  Mody Object Attribute: Object Text
4 3.1.7 Ease of Access 1
H 3.1.7.1 Access to controls L4
4 3.1.7.1.1 Brakes
" Users shall be able to operate brakes in standard footwear.

Users shall be able to operate brakes in 3 inch high heeled shoes without the need to remove

the foot from the floor.

. rd
9 3.1.7.1.2 Visibility e T
H 3.1.7.1.2.1 Daylight b to Users shall be able to generate only a very low level of
' Users shall have maximum daylight visibility from within the vehicle. crEr low 'te"e' external noise with the car at a speed of 40kph.
VI e carata

H 3.1.7.1.2.2 Night time
HUsers shall have maximum night visibility from within the vehicle.
HUsers shall be able to have sufficient luminance to meet safety requirements at all speeds.
H 3.1.7.1.2.3 Weather _
HLights shall provide luminance sufficient for user in all weather at all speeds. | to: [30/11/2007 10:18:58 |
H 21 71 2 Qnaad ranteal

1 Refresh
Usemame: Dave Mason Read-only mode - baselined version Expott..

—
ok (o ] (oo ) [ ]

Previous Baseline

Change History »

Nex@ Now!
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Baseline compare

F] Baseline Compare "User Requirements” - DOORS E
cument . | Er N, . |
2.1

F] Baseline Comparison Results - DOORS E

%g Redlining View

object #47 has differing Object Text
Users shall be able to esxsegenerate only a very low level of external noise with -
the car_at a speed of 40kph.

@ object #51 has differing Object Text
sh Users shall be able to operate brakes in standard __ footwear- H

| | |object #52 has differing Object Text
Users shall be able to operate brakes in 3 inch high--heeled shoes without the Close
need to remove the foot from the floor.

!

object #64 has differing Object Text

Users shall be able to operate the clutch, if fitted, -in standard footwear. ¥ poors
object #66 has differing Object Text e 27 differences found

Provides a concise list of differences as a single report

Next\'g.\ Now!
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Rational DOORS

Manage All Requirements Across the Lifecycle and Across Disciplines

User Reqts

= Combined document and

Technical Reqts Design Test Cases

o y A
. ‘User Requirementy' current 1.0 (Issue 1) in /Sub-compact (Formal mfidule) - DOORS ===
SpreadSheet Vviews File Edit View In%ert Link Analysis Table Tools User Hilp
H& [E Y= Se B o (@ BKng a3y = ey & @
0 0 00 0 Vie\c\r[FuII Trace View ¥“ v“ [NI levels V] i 8. 28 T + AL 4l
= SI m p | e ] I ntu Itlve I nte rfaces for D | User Requiremehits Hl Functional Hequiremem, | Desigrl |Test Plan I i
c TRN-  3,1.2.3 Stoppin ‘
easy adoption pping v ¥
TRMN- | |Users shall be able to stop ¥ FR-23 TRN-AD-48 TRN-TP-34
. . CSR-36  safely. Disc brakes High Speed Braking Test
The car shall be able to stop from 10 B
= H IStO ry and basel I neS kilometers per hour to 0 kph in 2 seconds. L
TRN-TP-35
Low Speed Braking Test
1 TRN-AD-48 TRN-TP-34
Browser Reql;“rements ConteXt FR-24 Disc brakes High Speed Braking Test
‘System Ruirements’ current 1.0 (Issue 1) in /Training§atabase (Fermal module) - DOORS == Ee]
Eile Edit Insert Link Analysis Table Tgfls User Help The car shall be able to stop from 30
HeEY === | g F T8 || Fcisia kilometers per hour to 0 kph in 6 seconds. TRN-TP-35
View [Standan%w || [Allevels FEE [H<« B 7 ¥ 3 Low Speed Braking Test
) System Req ents = (] ar system requirements l H m
a1 F.E??‘:g.,\;i:‘:mmem 1 * J TRN-AD-48 TRN-TP-34
- 1.1.1 Move car TR The car shall be able to stop from 100ilometers per hour te 0 kph in 30 seconds. Disc brakes High Speed Braking Test
=y TRN'SRZ— The car shall be able to stop from 200 kilometers per hour to 0 kph in 45 seconds. 1 | k
= T ——— Exclusive edit mode
1.2 Cortrol car
1.2.1 Switch on car
- 1.2.2 Cortrol speed B . . . - 0 .
B : End-to-end visual validation in a single view
‘- The ar shall be N
\-The car shall be | = i
» [nput and output from/to
1.2 lluminate car
e - m il various common formats
TRN'SZR‘; 1.2.4 Control direction
Solve the right problem because the
112 Cemm i TRn-s; The car shall have a mechanism to enable it to be moved forwards or backwards. " . L. .
e o i B requirements are visible at all times
Usemame: Bil Young Exclusive edt mode

63

Writing Requirements within Context

Next\'g\ Now!
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Good Requirements Management Allows Deep Analysis

» Query attributes to find specific properties
— “How many requirements are listed as high risk?”
= Use traceability reports for checking dependencies
— Before change is committed
* Find “missing” links
— “Which detailed requirements has no relation to a
high-level user requirement?”
= Coverage analysis
— “Which higher level requirement has no lower-level
requirement?”
» Impact analysis
— “What lower level requirements are affected if a high
level requirement changes?”
= Keep traceability

— For each increment, if you develop incrementally with
concurrent phases

— For each variant, if you manage variants and
product lines

. Next\f Now!
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The DOORS Web Access environment

[~] \EHZl [tive search

|28

a Login to Telelogic DOORS Web Access - Windows Internet Explorer . . .
@@, - \g, http://212.209.58. 153: 8080 /dwajwelcome welcome. jsp; jsessionid=4282763091 444 3CF3694FE0SC51 08566
Eile Edit View Favorites Tools Help

v I (& Lagin ta Telelogic DOORS Web Access

=

[ = ~ |;:kPage » () Tooks ~

DOORS
Web Access

Telelogic

Login to Telelogic DOORS Web Access

Database: DOORS ERS Repository

Onlin
Change password Login °
- 5
Support
Visit our Website
On our product support site registered
users can:
Learn more about Telelogic and our range Visit
of products. » Access the Knowledge Base learn|
# Generate 3 support request cour:
« Visit the DOORS Forums and
» Access release notes
Open ° Open °
Copyright @ 2008 Telelogic AB. Version 1.0.0.0 (Build 184)
Done /

Rich User
Environment

=
‘€ Telelogic DOORS Web Access - Windows Internet Explorer

Elm

g\:\j’ - |g, http:){212,209,.58,153:8080/dwa/dwa,html

MlE‘ |Z| |Live Search

2L

Fle Edit VWiew Favortes Tools Help

ﬁ & I gTs\elug\c DOCRS Web Access

[]

a8 = ~ |k page - () Took -

T ’ ! ’- DOORS User: Administrator, Package: Read  Logout
e e og c Web Access Goto URL +Layout ~Package »Help
DOORS Database [ £y o ) Architectural Design | |Standard visu . |@|  amwisutes || piscussions
DOORS Database Find: -
Tesning S& peer
Training Database @ & Object Heading
Test Cases The car shall be able
= . to stop fram 100
hn e EZAIT ™ s Kiometars par hour to
rchitecture TRN-AD- P ~ 0 kph in 20 seconds.
» o 8.8.1 Safety critical - "
3 Planning Object Short Text
[3 Requirements L System Requirements e i Cost 10.000000
[3 TestCases > s Industrial area
@ Use Cases e ault Object Type Requirement
Glossary = Priority Mot Set
References Module Brake system fault Erograss
Status Draft
TRN-AD- - o [s] System_Old_InLinks 50285051
2 TR — [3] System_0ld_OutLinks 3638
System_o0IdID 1022
=
EI £ System Requirements | |standard visw - @ ] System -
Findy fLa Absolute Number 22
R Object Number 1.2.3.0-3
b e Last Modified By Eill Young
o +/-1d Last Modified On 01 November 2007
Recent Items . —— [a]| CreatedBy Bill Young
[ avchi _ The car shall be able to stop from 30 kilems d b
Architectural Design 4 21 Created On 06 September 2007
5] system Requirements L2 TRusR- The car shall be abls to stap from 100 kilarr(=)
The car shall be able to stop from 200 kilomr
Favourtes
) Stopping time fsecs) from indisated road spes
Test Plan
50 |
[ I ]
Copyright © 2008 Telelogic AB. Version 1.0.0.0 (Build 184)
| Done (8 €D mnternet F100% -

Next\g Now!
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A structured approach for the development of complex systems across the mechanical,
electronic and software disciplines

— Ensures that all requirements are fulfilled

— Employs models as the primary artifacts throughout systems development
— Facilitates improved communication among all stakeholders

— Provides a disciplined way to manage complexity through abstraction

— Improves quality through integration of testing with development

— Allows specification and development of software that controls the system and enables its use
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Model Driven Systems Development Approach

= Decompose the system

= Derive requirements and write specifications for the system
and each subsystem in its own context

System Context

The System
Program Manager
=l Subsystem m
System Architect
£ Subsubsystemn
Subject Matter Expert

67

System Decomposition

Customer Requirements System Level 0

Context
Level O
. Use Cases
Requirements
I Level O
I Operations

Requirements System Devel 1

I \

System == System
I Use Cases Operations

¥

Requirements

Subsystem Subsystem
Use Cases > Operations

Derivation Operation Traceability — Allocation Operation ID
Realization I & Consolidation
\/

Key MDSD Characteristics:

= Systems and subsystems
are addressed one at a
time, in their own context

= Requirements and
specifications are done in
context

= You are done when all
subsystems are fully
defined

Nex@ Now!
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MDA

- Traceability Transformations
CIM . e .
(Computation Requirements specification
< (manual)

Independent -
Model) Requirements
model Architecture specification

(partly manual)

System e d
Detailing the design
PIM model (partly manual)

(Platform

Independent <
Model) i
Desi gnm odel Choice of technology platform,

Code generation, RTOS integration, ...

Code
(Platform ) model Building, Deploying, ..

PSM
Specific
Model) Application
model Production, Sales, Delivery, ...
L WWW.0mg.org
Concrete

MDA / Model-based principle
The models have so much in common that automation may be used with advantage.
Choices, options etc. has to be provided in each transformation step to supply the necessary additional new information.

The transformations could also be a partly manual activity.

. Next\g\ Now!
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Simulation and execution of models
support elimination of errors early in the process

nduced . Costs of
nauced ..., Increase design stability through validatio design
errors "~.,. prior to implementation changes

__; """" e

Requirements e e e e e System
capture & analy5|s =il = ‘ acceptance

o

Systems = (Sub-)System
analysis & de5|gn sSS == mtegratlon & test
Module
SWd

‘ S

implementation
& unit test

. Next ¥y NOW!
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What we can do to help

yoratio
ommo

utomat
mentat

plicatio
ration

. Next ¥ NOW!
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= Support for SysML, UML 2.0 and DoDAF, our MDD solutions provide industry
standard notations that are well suited for describing and communicating large,
complex system (of system) requirements, design, architecture, behavior and
iImplementation

» |ntegrated requirements traceability functionality with support for DO-178B level
A allowing traceability within the model or within industry standard DOORS or
other popular tools

» Find errors early and help save costs by applying our DFT productivity tools
also supporting DO-178B

= Automatically produce design engineering documentation at the click of a
button, again aiding communication
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Lifecycle traceability

= Create traceability links from model to requirements

» Produce automatic traceability documentation

* |Import requirements from multiple sources

Word Docs Powerpoint
Docs

2N

Excel Visio PDF ASCII Text Framemaker My Test Case My User Code

Documents irnuli
Documents Documents Documents Documents i;n;sgrl'lsk

72

Rhapsody

RequisitePro DOORS 7.1

Next\f Now!
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Requirements Capture and Trace

41~|

Enkire Madel Yiew -
+-|_7] Components

: Hypetlinks
=17 Packages
= HalvReq
E|{:| Packages -ece}denfg»-
EIE] HaUYRegFramDoors P ziraces
=11 Packages - -
E _2_ser_types -~
E\E] _3_Functional_Requirements

Hyhrid S

|

Startthe
vehicle

Dirive the

aincludes -
vehicle

g ; Accelerate

=-[C3 Packages
E\E] _3_1 Power_car
E =21 Packages s
E 3.1 1_Move_car \\ «incTdas —
E|E| _3_1_2_fccelerake_car - T —
=-E Requirements \

Requirement : SysR_419in _3_1_2_Accelerate_car

SwsR_419
B sysh_s21 \ i

E‘E] _3_2_rharge_battery B eneral | Description | Relations | Tags | Properties | =
. BB Requirements
[EY Sysh_423 SpsR_419
4 SysR_424 .
- Stereotype: framD HubridsLY i
E _3_3_Conkrol_car B | romtieors_nybn |EI3I
E _3_4_Turminake_car Type: Requirement “
ﬁ _3_5_Control_windows o Sush_419 b (iR
& _3_6_Cantral_sun_roof g =
El 37 Mainkain_visibility Defined in: |_3_1_2_.-’-‘«ccelerate_car |
£ _3_8_Stabiize_occupants Specification:
£ 3.9 Protect_passengers Acceleration shall be powered by electrical engine,
ﬁ _3_10_Conkrol_enkertainment
£ _3_11_Communicate v
& _3_12_calculate Ll ok &pply

#F _3_13_Accommodate
#-F _4_System_canstraints

73
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Requirements coverage analysis

= |dentify requirements that have not been addressed in the Rhapsody design

» Find Rhapsody design elements not justified by a requirement

ffj Telelogic Rhapsody Gateway - ¥71_RiCpp_FlightControl_And_Information_System

Y=Y L)

E Management View J—JJCD\'EFGQG Anahysis View ]e"gllmpact Anahysis View ]jj:Graph'u:al View ]E Reguiremen
Upstream Coverage Information:  Selection:

File Edit View Took Reports Help

yﬁ?jﬁﬁ‘ﬂrﬁ% = ‘® 2 | |ino fiter) - | e

i |

=

Downstream Coverage Infarmation:

Coverage

FRule check
Unoovered

L
E‘*‘ Contribution centering
wJr
EHRIUML Model Rhapsody
D V7 1_RiCpp_FlightConirol_And_information_System
= .] Flightinformation SystemRequirements DOORS
B %) Display fiight information
= .] FlightControl SystemRequirements DOORS
1% JFiight Control
%) Controlier
9, ) attitude error contribution
1%, ) Speed ermor contribution
L =
‘SJThoma command
'E‘,JEE\'ator command
'E‘,JAlarn’ manager

-

=HRIUML Model  Rhapsody

10 W7 1_RiGes_FlightControl_And_information_System

BB FiightControl SystemPig
EF@ Clazzes
B riightControlGui
EF-D FlowPortz
L atam
H riightcontrotier
| Statechart
EHZ ) states
L Jarsmes
[ Attributes
L stz
-0 FlowForts
L0 atam

76%

Tests and Reference Attributes ]m,-.buhﬁ | Messages |

Reference Attributes:

Upstream Selection Downstream
Text: Text: Text:
‘ Alarm is triggered by an Altitude or Speed ‘

Alarm.

Reference Attributes:

FlightControlSystemReguirements

DOORS Flight Control/ Alarm manager/ Alarm
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Change impact analysis

» |Locate elements potentially impacted by a requirement change

= Determine requirements possibly impacted by a design change

(] Telukziz Ahapranly Gatesay - hamfwel
P £ Wew Toos Gepols  Hao
BE S RS OO A P R e =i
Ll romnnpmrrmi wimsa | g Framrncs dembyr oo S0Pt immigme Vi |9 mpbicnd v | £ 2 s P |
Lzatrzan ngact bomalion Sekction Jrcairzan Ingact omalon
;ﬂﬁqﬂ- FAspimneniz Do 1 || e
FH i 1 I
L] 7 Tt degny i T
=] e wtar ad e 1 Lﬂl-’h R TR T
sz ! i
= 1 (& =]
e |
] Tesl Coses Doen !
] 7 Tt S e SRS Smpons 4
=EFUNL Wocel  Hrapsody
| b
i e
= e
Ll
o R
T Fociages
E RN Rdnwen
==y famy
Kwets
] ozt dsteamay
E- 1) ot
Rl == =ror
Exfw [0 -
Tenks el Bofonane: &iadols |p|,|_-l.||,|m |u_n..,.;.. ]
[EEETEE “mction [y Rt
[wd Tard nar
Tom makibs gt B osbide i aand & masinom o
326 charzctz'z i~ a thodmes=age
Falers-ca Airbadee: T St
| Bnrpirerennte  Nlz=rey™ Do macms m=slvbe 35 1
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Domain-specific modeling

» Extend Rhapsody to create models for your domain

— Use profiling to create your domain artifacts instead of UML artifacts

— White boarding allows free formed design

— Include your own graphic design elements

= SysML, DoDAF, AUTOSAR and Graphical C profiles available

Graphical C

=-£1 Folder
—-[_1] Build Diagrams
Z1| Scftware Build
=-[Z File Diagrams
@ File Realtionships
=[] Files
- bluetooth
- Functions
& bacpyibdaddr_t * dst,const bd.
& bt_compidtastr(int id)
& strzbaloonst char * str,bdaddr
= variables
= aF_BLUETOOTH

76

aFilen
Connection

<suurcejq5|ude>

«50Urce_fheludes

!

afiles

SupplementaryServices

oFilen

CallList

gsym/_mclude»
aFilen o
CallCantrol
«snurce_m\cumls»

aFilen
SMS
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DFT - System Simulation, Execution & Animation

» Simulate to verify that model is correct

— Reduces errors & therefore reduces development cost

= Virtual prototype / Panel graphics support

— ldeal communications aid for design reviews and to share information.

A Left Side of Cockpit - Microsoft Internet Explorer

File Edit Vew Favorites Tools Help

\ﬂ lgl -/ search <= Favorites &

@ Back ~

Search the Web I

v E/B»

-

Psearch v Address .@ http: ffle v| B Go

Links

~

Entire Model View

[l ¥80_Ri)_BluetoothHeadset_Demo A

+-[_7] Components
=-[17) Packages
-] AnalysisPkg
=1 Headsetrkg
=B Classes
#-8 Buider
& Button
E Gu
=) B, Headset
/Ly Assodiation En
- Attributes
= Instances
[ Builder[0]-
w-f@ Operations
ﬁ Parts
-0 Ports
- Statechart
# P SuperClasses
# B IHeadsetMobilePh:
#-5 MobilePhoneHeac
w3 Led
-5, MobilePhane
+)-{m} Constraints
+- % Events
+- ([ Object Model Diagram:
+- (] Sequence Diagrams

B9 sava

Aa==]

Lu] % |BuetoothHeadset

_~|[Debug

CaapnEakE -
]

ENY

‘ Button |'Heads | Mnh\\el

— 51X B Sttechart f - Hondot B i istondsct |- |

songereEs

|£\

‘ ‘ S ‘ ‘ ww| |l.'o:=>'o'e‘

R R R R R R AR R R R R R R R R R R SR R RN

|

eongeress|

-

[

\

\

\

\

\

\

\ B statechart of : E
\

\

\

\

\

\

‘ tm(30D0)
I

itsHeadsat gan{new evLongPress();

+ B9 savax
RRE =P N S 2| Headset - B..] | Button - Buil_| [ Animated .|
x| x| x|
Al A |
Q T e LI T &3 Localintranet [T »THT, Buld }, check Model Configuration ! Call Stack Betoueve /|
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Graphical panels

= Create mock-ups of interface to effectively communicate intended design behavior to
customers

= Modify, monitor and analyze data values during simulation to help ensure that
the design is correct early in the process

@ Rhapsody in C++ by Telelogic - [Panel: Dashboard in Simulate]
&3 File Edt View Code Layout Tools Window Help

DR & R@ S22 MDD RAQAEOE BN L2 |8 H # 8% £ 7 g

i @ Y @ ‘o |DefautComponent _~|[DefautConfig ~| R B | -
S INLAOY e O AR | [mam - -7 B A 3

% Power

#olx g rers oy s PEDAlS

Standby

il [ sl
3 Dashboard i
| [ [
e | > o
L simulateh £ Simuate.cop [ [T 10T \Build / CheckModel J, Configuration Management _J, Animation J, SearchResuks /
GE MODE NUM Tue, 12, Jun 2007 3:21 P

For Help, press F1

Next\'g\ Now!
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Model-driven testing

» Bring the benefits of abstraction and automation to testing
» Reduce defects early in the process when they are less costly to fix

= Deliver products meeting customer expectations

Simulation Requirements-based testing Automated unit testing

m
=z
<|

= ol
| evAiw()‘ ’
I
| | -
Host based Target based

Nex@ Now!
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Test with Model Artifacts

= Test Your Model the Same Way You Design It

Iint I; %

int freg:;

int testNum = 1:

char testHame[50]; Code

itsRadio.nextWaveband() s

// Test MF 522KHz to 1620KHz step 9KH=z

itsRadio.nextWaveband():

for (| freg=522; freg<=1620; 4
sprintf | testName, "CDWY 5D0_Chedy_Switch_On_And_Off )

£ TS 0NNk

80

f = itsRadio.getItsCurrel « TestComponentinstances «SUT» « TestComponentinstances « TestComponentinstances
RTC ASSERT NAME (testName TCon_Radic.itsTC_f TCon_Radic.itsR TCon_Radic.itsTC_ TCon_Radio.itsTC
t.E.SEN'.:Im—— T or_itslser TC_for_its adic:Radio for_itsTuner TC_for _for_itsDisplay: TC
" User itsTuner for_itsDisplay
itsRadio.getItsCurrentWay — —— it FIOW Charts
} | | blankAll[) |

f = itsRadio.getItsCurrentWay
sprintf { testMName, "CDWhited
RIC_ ASSERT NALMFE (testName, (f3

FlowchartOfFCWhiteBox_007 )

Switch on

I

|

|

I

| showWaveband{aBand=3) |
|

aFlowCharts

-

constintiw] ={ 144, 190, 220, 250, 281},
constintmw(l={ 522 612 &57, 837 1600}

< | constintsw[] ={ 5950, 9900, 13500, 13550, 15600 };
- constintfm[ = { 87500, 90500, 100000, 100100, 108000 };

| |1une{va|ue=875[lﬂ: * ) int testhlum = 1;

int mem;
| | showFrequency{aFrequency 4 2750( int freq=0;
| | | char testName[50];
Switeh off T evOnOH) f U Waveband* w,
| | Frequency™ f;
| | etameaig | L
' ' ' ¥

Sequence Diagrams

save to all presets

restore all presets

¥

» Tests Execute on Your Desktop and on Your Target

Nex§ Now!
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Model Driven Testing with IBM Rational Rhapsody Test
Conductor

Test Execution & Test Reporting & Model Coverage_

Hl Execute SD_Check_Successful_Connection

o
sD |tesation Stabus Progress
Test Case Result
TEST SDWhiteBox_002b, Instance switch on FM Radio again, Iteraf Test Case: SD_BB_TST001 ]
| W Reset Application «(U) TestComponentinstance»  «(U) SUT» «(U) Tes 12:11:43, Friday, July 20, 2007
. TCon_Radio.itsTC_f TCon_Radio.i TQ
on_ - - : L Ewiommentib
Activate Test Show Info or_tsUser:TC_for_it tsRadio:Radi I B eeoerm—— E—
sUser o Test auncuted by user: ukman
| evOnOff() ' I used 05 versian: Windaws 000 | Windows XF
| Used Rhapsady versian: 7.1, build B93427
M Used TestConduttor version: 2.0, build 616
d | . showWaveband(aBand
mememnansasanann - T — .
: :' Th.lne(value=87500): Operaﬂcﬂ'CaII - In Parameter values do rmt match. =
| : | tne(value=88000) | . - . . e "
Q | . |
| c-l ------------------ chark . _
Rerations: 1
! | Status: passed
. Frogress: 100% (1/1)
J Execute/Report on Test Execution S0 instance ‘check stopuatch start
Rerations: 1
. Status: passed
[l Inputs to SUT and stubs behaviours are Frogress: 100% (1)
S0 instance *check stopwatch stop’
played out automatically Feens -
Prigress: 100% (3/3)
Unexpected behaviours are highlighted 0 etatcn 'Gheck hopuatch osmrt
Status: passed
L1 Test Execution Reports can be customized to o o
instance stopwatch reset’
match company/project standards — -
Frograss: 100% (3/3)
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Multiple types of test cases

= “Use the right tool for the right job”
» Can describe complex testing scenarios

= Allow for testing of complex designs

Code

| « Minimal learning
curve

» Only snippets of code

“1 « [ntegrate with existing

. STRCEET
test cases
Flow charts
W « Capture complex
T testing scenarios
II. ﬁ:\‘ < [WeRT e Ie-_uTM.umk_ 1. astcgon tater O .
o |  Graphical
« Easy to
communicate

Sequence diagrams
= w=m% lestConductor™

.............

e ——

Rhapsody

« Capture required
behaviors

« Capture approved
behaviors for
regression testing

ATG

« Automatic

» Very high
coverage

» Regression testing

Nex§ Now!
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Model-driven testing process

-

2
Lo /8

Host based

AutoGen UML testing
Graphical profile
~ H TestBench
AutoGen

TestCase 7

e

Next\f Now!
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DFT: Automatic Test Generation

» ATG (Automatic Test Generation) offers Model Driven Test Generation (Consistent with the emerging UML
Testing profile )

» Generates test cases with high coverage of the model

. Covetrs states, transitions, operations, generation of = ro WEE
events == =

int cantpp main(char* argv[])

= Covers all relevant combinations of inputs for

. CONFIGURE ENHRNCED CUTPFUT( cppth enhanced op stdout
MC/DC ana|YSIS cppth_enhanced op fail
= Model and MC/DC coverage — Required for ohar mpSysCall(20]: SPRES_Snnanced_ep_ceve)s
D0178B/ED128 int nTestCase = atollargv[0]):

» |dentifies cases for potentially dead portions of the

if(!strcmp(argv[0] ,TEST_EBY TEST))
model |

for(int i=l;i<=max_testfunc calls+l:;i++)
= Test Cases can be exported and reused (as

sequence diagrams and XMI to Test Conductor /
3rd party tools

sprintf (tmpSysCall, "HeadsetAndMokilePhone.exe 3d",1i):;
system(tmpSysCall)
Sleep (2000)

return 0;

ts test execution without aspplication stop

'stremp (argv[0] , TEST_IN_LCCF))

OFEN_LOG[”I-!eadsetI-n.r.dI'IDbL'_eP'.'.Dr.e_atg_I‘e3t2—!ead3et_Pa:t'__r.DRe3—|
SET_LOG _LEVEL (cppth_11 normal);
START_ SCRIPT ("HeadsetAndMokilePhone atg TestHeadset Partl”™,

TEST_CLASS (HeadsethndMokilePhone atg TestHeadset Partl) tes
test_object.run_tests(-1,false);

retorn !END SCRIPT (true):;
}

else 1if(nTestCase!=NULL) -
3

Nex@ Now!
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Executable Models on Host & Target

@ 1BM Rational Rhapsody SysML - HybridSUV.rpy 'a"“m"— Microsoft Internet Explor

Fle Edt Vew Fovotes Tods Heb
Back v | x] (@) PN D sexch 57 rFavontes .- B
) Gl | /- A %%

Address | ] http:/ focaihost:90/Panel.himl

DE@ s Ry &8 o MRE X jijQQf’J@Ef?E] SRR N R TS
I o | NN S [y [v] Femste ]| | mes
TR -0 A0 7 10010 Lo (ORI 2 O 1l’gm Z B LA

= Execute to verify that model
IS correct

Vehicle State Battery Status

= Remove errors when they are
introduced

= Rapid execution at the design
level

|53

[

[
|
[
[
|

|
|
|
|

|

1m(2000) 8t ROOT. :eneled_le.!! oloc_3

Accel for 2 Seconds_1*

B e D s Kmated Tieowy =J\E
" | :PowsrConIolUni(! EPC l ‘Bm@ Transmission ‘BrakePedal
isBatientow()
1m(1000) at ROOT Normal
b |

|
1m{1000) at ROOT.
|

|
ﬁam’mu‘wo

Engine On

Normal

\VT

cetPecaiPosition)
owmimkuaauy‘

|IRunScenano ]

[ BateryLow ]l[sauquo-mal]l

&) 18M Device

= Virtual prototype with
graphics support

MarCar
EnableP ower().

= Communications aid for
design reviews

v

>
Porec 3y =i —= —a i<] 3

b
| EiIBeaw e ] 5RSUVSat. [, Demo Scrvk | g5 Akomotive | g SUV ] ] YbodSUV | % FyosdSUV - | 85 Power Subs. | E-/HSUVStuct.. [ Anumated He..[

You can’t test what you can’t execute! ’

Next\f Now!
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Design and test process integration

= Virtually seamless integrated process, based on UML 2.0 testing profile
— Requirements linked to test cases
— Straightforward navigation between design and test artifacts
— Design and test—virtually always in sync

— Automatically generated test execution reports

E1-Z3 ohject Madel Diagrams
-5 Domains Cverview
7] Packages
¥ «External= Cpplibrary
«External» RhapsodyFramewark
£ analysisPkg
=% TestPackages
=B dasses
B BuyOnesetoneFree TPkg_CashRegister_0
B BuyThreeGetOneFree {1 Packages
B, Cottim @ resconpansns T T —
B countedrroduct 3 TestConkexts Test executed on machine: MBOSC-21-1
B praduct Test executed by user ubrackmeyer
8 FroductDatabase = Attributes Used OS version: Wirdows 2000 / windows XP
B TenPercentoff *s) Dependencies Used Rhapsady version: Aries, build 799102
o "? ThreeForOnetura ; ;Elfrs Used TestConductar versian: 2.0, build 520
py .
=L 5 rest o oporns T —
=0 object ModeI.Dlagrams ) o % TestCases 4}_') Project CashRegister
o m% atg_tc_002() Active Component: TCon_CashRegister_S
-8 Product Overvie skg_tc_0030) Active Confiquration: CefaultConfi
A8 ProductDatabase Overview akg_tc_004() e Sorguraten: e
i DE_EJq E'::E:Lg;z;?vemew i E‘tg—tt—ggég
¥ - atg te
& [ Herdwarerl atg:tcioog() tr_cods PASSED
- InterfacesPkg + tc_activity_diagrami) oty 2 o) DESSED
= PredefinedTypes (REF) - tc_adding_removing_productsi) ~ e T -t t=acking.remaving preducts PassEn
[]--E' PredefinedTypesCpp (REF) tc_code() TestComponentInstances f-_regression_test PASSED
- RequirementsPkg % tc_regression_test() 2y, TestCanfigurations atg_te_00a PASSED
G- TestConductorPlg -, TestComponentinstan -5 TestResults atg_t-_003 PASSED
{20 Profiles [y, TestCao e TCon CashRedister 1.html atg_f-_006 PASSED
Cf TestParkage: -2 TestResuls {5 TCon_CashRegister _1.xml atg_t-_002 (FRES=D)
[]--_Eﬂ, TestScenarios [:&', TestScenarios atg_tc_003 PASSED
atg_tc_004 PASSED
I e VNI W T s
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Graphical panels

= Create mock-ups of interface to effectively communicate intended design behavior to
customers

= Modify, monitor and analyze data values during simulation to help ensure that
the design is correct early in the process

b G e ode Laes ek AN b
D@ Ll 8% 2 - AD A LN|WPNE FPHOOS N 3 e
B0 # e|rwestecan: 0 [T JRNDE S, NERER B -«
WARrmy s E SLhOvTecOoARd v | J# 1 A3 K
] ]

e s ey

¢

i

i

3
iz d =
CEHomA =

» N\ Dveee

> o ity

>
i
ST E s DEDG

3 -

Standby

< Owtomd |

4 »
Slel ] 11
AL ] Sevdeen & Sz ao [ ’ Chtdd § Ovoct Mods § Corfpastor Memomrert | Amaen | SeochEmty [

Pt vy, pasen ML &L N L2 Tos, 12. 08 2000 34 ©
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Full application generation

» Meet-time-to market pressures with complete applications, not frames
— Generate C, C++, Java™ and Ada applications

—Rhapsody generates very clean, readable code, readily debugged through any
commercial IDE, including Eclipse

» Rapidly deploy your design onto any target platform
— Provides platform-independent models (PIMs)
» Flexible development environment, work at code or model level

External

Next\f Now!
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Rhapsody* Workbench

%, Application Development - prjCanfig.c - Wind River Workbench 2.2

Fe ER Vew Code Lnowt Took Wndow Hep Flo Edt Navipste Sewch Froject  Scopelook for bxWerks Torget Rin Window Help
DEFE  RRL &Y ARD x [RAEOBEFT =& [P H#0 % 03| @ el w DRTSSEB- (-0 % (S (T L 3 ot | @ pemicationts..
AR T I D s | T B 5
Mg THOE*S A& [ <00 =7 o . 5
[r—————C |, oLy ;
_E'\D! bl B & M helo_taWorks.out (PPCBEICig DER ) * usrFernelcorslait core kermel facilities
= St + % Periallnage.of (P gnu_DEELG)H , o " B
=Q Em;;'mr‘nl&i [T project */
- 81 DetaurComponent B oo
B prfa snpecject 70id usrKerneloreInit (void)
A . S G et !
1 abject wodel Daams. | @ | ) Makalie: eventLibInic ():
v . sanple it semBLibInit ():
= 0 Gvpecs 5 = & aoe 0s200s =emMLibInit (); =emaphores
= B pregemiTvge (01 = T ® Fernel Cofigraton ewLintoe [): cwaphazes T
& \ T B vaorks (detouk) semOpenInit [): /% opan/close/unlink sssaphors woaules */
3 sic || # Brneet post magaLibInit (): 7+ message queues 4
B St e B it sqQ0penlnit () 7% onenicloss/unlink message queve modules 3/
valininie () 7+ watendog timers *
Image_(42008. wp taskOpenInit (): /* open/close/unlink task modules '/
: ‘ taskHookInit (): /* user calloucs on task creation/deletion/con
J ] Mokolio.nk Trlh'l'slahﬂnuklmb 0: /* vask hooks debug support */
€l picomps:h
| picertiac
B peobs
) prParams
al sysilbs / ey ey rrrrrear
| syatbc 1| S
< > * usrRernelExtralnic - extended kernel facilities a
- B Torget Moroger 2 Kervelbjects = £ L% 4
21 Ovorvew ) Timar- T [ B |5 Bt %5 3 & 3|6, - |Tosks Froblems Proprtes | mukd consoke | @lemartog Terminad 6, L AR =l
rm e Y tecae = &) dnfmhicabont) veachate] |1 | Heseae [ g [ ose ]
M 3 EXCHANGE_TRANEPORT_DISCOMMECT: Ve 21 Faied 10 launch DFWSrver com windiver sdetargel  May 02, 2005 09:16:42.355
1 Ennor aunching Wind Rver Regis on catost o vinive e tagel  May 02, 2005 0916:42,294
L ClpmRivea a2 2o dionia.0 SBewT, .. GO wiobivee e Targal ey 02, 2005 09 16:36,24
L Connactad 1o cfwstevss o hreewcps1 350, Sossonm'dh.. com wavbivee e Taroet  Age 20, 005 124312,129
. > T Gt onnch 2 AAWORO B wnTo,. . Com e e taget  Age 2, 2005 124308521
Ty e e 10 0 D e e R < B 1 maje sam ey 6. ORI, . com bt e taget A 20, 2005 121316, @
e mooe Thi, 22, 5ep 2005 230 m Vtatie  Smertlromt | 111 13

MDD Automatic Download
Code Generation C, C++ Ada : :

. ) Synchronized Breakpoints
Combined source and Design- Unit Testin
level debugging <> J

Targets
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Reuse existing code (IP)

» Reuse code from other projects

Integrate code developed by a third party

Visualize in the model for better understanding

Reference third-party code within Rhapsody

aFilen aFilen
Caonnection Calllist
B connection:int = callerint
E addConnectiongvaid B GetCallsdwoid
B addToCallList):void
7
«source;&q\clude» «Syce_include»
aFiles =
CallCantral
B Disconnect)
B ConnectConfirmg
«source_ﬁclude» «SoUrce_intiudes

aFilew

ShS

wFiles

SupplementaryServices

H time:long B mess:char*

E getCallDurationfvoid Hsendimess:charyy..
H stantCallTimerd:vaid

Nex@ Now!
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Code visualization example

aFile: «Files. «Files. slsages
B e (& el E[E = |
B Classes
D Fies -
& A
«Usages HeadsetMobilePhone

+
+
+
+

Hyperlinks
[ Object Model Diagrams

-
d slisages hei eUsagen
=

BluetoothReader

[7 Packages i - e, )
kword cUsages J— BluetoothWriter
+ cups
+ dund slsages IMobilePho Headsg
. Usagen <= L2
- N
. catate
+ hidd |
asages o
F pand 4 «l=zages
: - i T /
5 rfoomm main (USBQB» nUsagﬂ» — «lsages 4 -
- sdpd bn ‘sdpi-servicedh
- = «Usagex service
EI Files = = setie YT B service_db sdp_tst
cstate \ T& — ":f“e‘ & socket_index : . B socket_index ; sdp_li...
. U - -
+ miain \\Usage» seas N «Usages \| rr;]lh &record_sort(rc i & record_sort(r1:const ...
: medun & compare_indicss. & comggrre_indices(il ¢
+ request r;| &drecord_locate(h. & regbr_locate(handle,
Usage»
5B sdpd : Visualize
+ service
i #ifdef HAVE CONFIG
= icedb #include <config.n
|- *sy D d : #endif R f
» Dependencies ererence
LY d d #include <malloc.fi>
) sdp #include <syslogfn>
a Functions #include <sys/sqfket.n>
.ﬁ compare_indices{const woid *i1,const void *i2) #1nolude <blusghoth/plustastn.n>
— #include <bluefooth/12cap.h>
.ﬁ record_locate(uint32_t handle) #include <blughosth/sdp.n>
- - #include <bluyyj tnntn_'zdp_lib.j>
.ﬁ record_sort{const void * r1,const void *r2)
#include "sdpd.nh"
+ Hyperlinks
static =dp_list_t *service_db;
{» Types
+- £p _indexed
& sdp_indexed_t
E Variables static int record_sort(const void *rl, const void *r2)
&f service_db const edp_record ¢ vreci - (const sdp record b f1ris
& socket index const sdp_record t *rec? = (const sdp_record_t *)r2:
= - if (lrecl trec2) {
+ -:; tESt SDPERR ("NULL RECORD LIST FATALAn"):
=
F retorn -1;
S tools ,

return recl->handle - rec2->handle;

Nex@ Now!

xUsages

Fles
dund::dund

B DUN_CONFIG_DIR:RhpString
B DUN_DEFAULT_CHANNEL:Rhp...
5 DUN_HMAX_PPP_OPTS:RhpString

B dun_show_connections(jint

& dun_kill_connection(dst-uintd_t

& dun_kill_all_connections():int

& dun_open_connection(gk:int,pp...
& dun_sdp_unregister():void

+Fler
pand:bnep

& OLD_BNEPCONADD:RhpString

e
sdpd::request

& SDP_TYPE_UUID:RhpString
& SDP_TYPE_ANY RhpString

© 2012 IBM Corpafation



93

Innovate2012 The Premier Event for Software and Systems Innovation

Rhapsody works the way you do

Work at the code or model level

» Reduce learning curve and increase effectiveness

= Dynamic Model Code Associativity (DMCA) keeps design and code in sync

*. Microsoft ¥isual C++ - [binheap.c]

File Edit Miew Insert Project Build Tools ‘Window Help

8 = @

0o R & | G i

=1=1x]

| | =

return H-»Size == 0

int IsHeapFull{ PriorityQueus H )
i

return H-»Size == H-:Capacity:

void Destroy( PriorityQueus H )

freei H-:Elenents };
freei{ H )

cofigh_l4. tmt =
for{ i =W .~ 2; 1 > 0; i— )}
PercolateDown( 1 )

% END %~
#endif
=t
<] BN
Ready Ln1, Call

=

Change one view, the others change automatically

Critical for realtime embedded software development

@ Rhapsody in C by Telelogic - [Object Model Diagram: fatal in DataStructuresCode_Demo *]

DMCA

142 /# START: figd i1d.txt =/
143 fori i = N/ 2; i > 0; i-- )

o0 File Edit View Code Layout Toolks Window Help -8 x
DEE &BET &P &L X RAEOEE | Z | ds s e BE
(i) {1 ¢ [DefautComponent || DefaultConfia =] o} E] Y
i b SOV e O AR || g ~[n ]~ B AN
i 0 i <
fatal =
Entire Model View = a8g B _ERRCOUNT Rpang
=5 DatastructuresCode_Dema -~
-t < J = 5 Erron(Str char?):oid
=0 ;‘ES B H Fatal Emon(Sur:charyvoid
=B binhezp -a
T
# s Dependencies 7 T —
=@ Functions 5 - is e
2 DeleteMin{PriorityQueve H) L P i - | o “disages
B DestrovtpriorityQueue H)
B Frdmin(PriorityQueue Hy t5 -~ | i
B Inkializedint MaxElements) u Yy i o - l
B msert(Element Type X, Prioricy, S hashauad binheao
& IsHeapEmpty(PriorityQueue | B _HashOuad_H:RhpString B _BinHeap_H:RhpString B _stack il
B IsHeapFullPriorityQuee H) ¢ & Bvanithkey__|
2 MakeHeapEmptyiPriorityQuen Initialize Table(Table Size int:strut Ha... DestrowtH: Priority Queuevoid HIsEmpty(s
= (0 sourceartifacts Distroy Table(H:stnuce HashTol “Jovcid ke HeapEmpty(H: Priorty Cusug -void SisFulcs:st
= 21 binheap.c Find(Key BemenType. Histruct Has. Insert( Sement Type. H:Prioriy Cueue)void S Create srar
o Hashinsen (Key BlementType. H:stn. DeletehinGH-Friory Duevey HementType S nisposest
= -*x) Dependencies Retriewe(P:Position, H:stnuct HashTbl FindM(H:Priofty Gueuie: Bement Type ke Empr
*y Usages binheap Rehash(H:struct HashTbl 7struct H 15 HeapEmpy (H:Pioricy Dusue) rt SPushi B
"y <Usages stdib e e Tabatision Bl HeapFul( oty Bueue) rt el
[ binheap.h < | »
= Types e
< _— o wielcom o8 Modell [[5] sensorc [[2] sensoth | o7 ModelD ] o7 Packag.. o8 fatalin D...][S] binheap.c] [S] binheap.h
ﬂ 139 ; -
140
141 #if 0O

144 PercolateDown| i ) :
145 /* END */ p—
146 #endif
147 x
il .H
[ <1 [*]\ binhezp.h A binheap.c
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Rational Publishing Engine
Document Creation Made Simple

= Create documents from within and/or extract data from Rational DOORS and
Rational Rhapsody, ClearCase, ClearQuest, Quality Manager, Test Manager, Requisite
Pro, XML data sources...)

1 RPE - Publish Document Wizard

- B

DY in fcar (Formal module) - DOORS Data Source Selection

Choose which Data Source should run

sis. Table Tools Discussions User NN
e e T O
Alllevels  w About Rational Publishing Engine Template Dat.

[n] |.6. typical journey zcenario Files/C: fProgram... D=1

€ RPE - Publish Document ¥Wizard

- B

Select Document Generation Options

Select the desired options and click "MNext'

051 B 1 Plan journey

052 EThe user shall be able to decide date of journey.
06 EThe user shall be able to decide route of journey.

Publish now
[ save Document Specification for scheduled publishing

File name: | Browse. .,

Show Data Source Descri
[v] 2 Ignore non critical errors

Tools tindow DOORS | Publish | Help driver : eval
URI : /Rational Publishing En
& ECMc Generate Document. .. | LS module_id : |

25

Ahout Rational Publishing Engine

|E] DomainModel

package CMDesign )

<Back |[ mextx | Finiish

. Nex@ Now!
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Rational Publishing Engine
Document Creation Made Simple

= Create documents using the easy and intuitive Rational Publishing
Engine Launcher

) Rational Publishing Engine - D:Adocsicombined\RSCDemo_Spurlos. dsx
File Edit Document Specification  Publish  Window  Help

P = EEHIERBE & =]
*Document Specification &2 = 0 Bl conscle 52 . .
] Mstadats =1 ationd Publsting ) Publishing Document
2 E oupu* || INFC [Engi
] Target: PDF* INFO [Engi
B Target: Himl* INFO [Engi
B Target: word® INFO [Engi Please wait while your document is being generated
B Target: xsFo* INFO [Engi
= Templates INFO [Engi
= Template: D:idocscombined\RSCDemolntro.dta INFO [Engi [------
] Metadata INFO [Engi
Data sources INFO [Engi .
=] Variables INFO [Engi Processed 400 ||'I|:I|.It elements. B Rational Publishing Engine - Results
] variable (authar) INFO [Engi
] wvariable (Status) INFO [Engi i f
[ variable (Distribution) INFO [Engi | IBM Rational Publishing Engine
] variable (Date) INFO [Engi
=] Template: D:docs\combined\RSCDemaCQDefects. dta INFO [Engi
] Metadata || Fo [Engi |:| ShiowHide Open results pag Click on a link to open or save an eutput document
B Datasources INFO [Engl C:\DOCUME -~ T\Spurlos\LOCALS~1\ ... \PDF_1241681397613.pdf
|z sare: depbi s PO [Enoifl iy Elapsed 00:00.23 C:\DOCUME -~ 1\Spurlos\LOCALS~ 1\ ... \Html_1241681397723.htm
B Variables INFO [Engif — C:\DOCUME - 1\Spurlos\LOCALS~ 11 ... Word_1241881397832.doc

] variable (authar)

’ ) C:\DOCUME - 1\Spurles\LOCALS- 1\ ... WXslFe_1241681397941.fo
= Template: D:Ydocs\combined\RSCRequirements. dta

<

b

= Properties &3 | =]

Properky
description
type REST
driver eval
URI hktp: {192,168, 1.106: 9050/ DataServices) ClearQu...
Username adrmin
password
command
ignored false

|-N v = H

Next\g\ Now!
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Rational Publishing Engine

Document Creation Made Simple

» Build, share and reuse templates

» Use out-of-the-box templates and integrated
preview capability for quick ROI

» |Leverage templates for industry standards

» Create and modify templates using intuitive
editing environment

— Drag and drop capability

— Powerful scripting language support (Javascript)
with expression editor for ease of use

() Rational Publishing Engine - Document Studio 0

[=1%

File Edit Palette Document Specification  Publish Template Data Master Pages Style  Window Help

CI-HE BEE I EBE ¢
i (8 RPE Launcher | B RPE Studio |

s IS of

o Palette 52 l

h Select

rea
L Marquee

9§ Paragraph
[0 container

= Tent

|S| Data Source Schemas £ l

RhapsodyDataSource ]

B constraints

? ControlledFiles

P DefaultPackage

P Dependencies

P DeploymentDiagrams

P descriptionHTML {string)
P descriptionRTF (string)

P descriptionText (string)

=)

=

i

==

=

P directoryMame (string)
? fileName (string)

7 fullPathMame (string)
P Hyperlinks

7 id {string)

=

=

o G Bl B B G B
=

4 =<New Document Template> &3 l—':'EI

Container  RhapsodyDataSource  $1 Projects.Project

Text
Projects.Project.name

[il 1111}

Template Conhent] Zoom Editor |

B console 52 | [2 Problems|

Rational Publishing Engine

RN

P isReadOnly (boolean)

[il 1111}

Bz ou.. 33| T O
[=] Metadata
=-[=] Content
= D Container
= Text:
AA Styles
E Master Pages
1% Data Source S
() Variables

Rlw ] (2]
Her... 2|70

BEIEN

Property Va

Rlw ] (2]
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= Precision

= Models constructed in formal (or semi-formal) languages are more precise than text

= Validation

= Models can be executed, simulated, or analyzed

= Improved Handoff from systems engineering to downstream engineering

= Precise models are less likely to be misinterpreted

= |f systems and software engineers use the same modeling languages, then no translation is

required

= Improved understanding of architecture

= Improved visualization of functional, structural, and behavioral aspects

» Decreased design learning time

97
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= Early design validation via simulations

» Code generated in parallel with model development avoiding tedious and error prone manual
coding

= Software is developed inside the design elements maintaining compatibility with design
» Requirements traceability between the requirements to the model to the code

= Support for industry specific solutions such as Autosar, DoDAF, Net Centric Operations,
Telecom Handsets, Medical FDA certification support, etc

» linkage with embedded operating systems so it is possible to validate the design on the target
» Formal testing at a model level via Model driven testing (MDT)
= Documentation is automatically generated by the tools

» Product is much easier to visualise, understand, prove , maintain and reuse in Model form
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IBM Rational Team Concert

Software innovation through collaboration

= Real time, in-context team collaboration IBM Rational Team Concert

» Make software development more automated, transparen
and predictive

"Think and work in unison"

» Integrated planning, source control, work item, build
management and project visibility

Deliver end-to-end governance
» Assess real-time project health
» Capture data automatically and unobtrusively

» Integrate document collaboration with enterprise
infrastructure

Automate best practices

» Dynamic processes accelerate team workflow

» Out-of-the-box choice of agile processes or customize
= Unify software teams

» Broad array of clients: Web, Eclipse, Visual Studio chat  auomated hand-otts Web 2.0
» Extends the value of ClearQuest and ClearCase custom dashboards automated dats gathering

. EXTENSIBILITY Eclipse plug-ins services -
» Support for System i and System z architecture FREEDOM TO CREATE

Open and extensible on
. v Collaborate
2_;_ v Automate
v Report

N Next\'g\ Now!

......
{1
o

wikis OPEN real-time reporting
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-

Iteration Planning
Integrated iteration planning and execution
Task estimation linked to key milestones
Out of the box agile process templates

Project Transparency
Customizable web based dashboards
Real time metrics and reports

Project milestone tracking and status

{ SCM N (o

Integrated stream management
with flow relationships

Component level baselines
Server-based sandboxes

Identifies component in streams
and available baselines

ClearCase connector

AN

Work Items

Defects, enhancements
and conversations

Query results view and share
queries with team or member

Support for approvals and
discussions

ClearQuest connector
Query editor interface

Y Build )

Work item and change
set traceability

Local or remote build servers

Supports ant and command
line tools

Integration with build forge

Build definitions for team
and private builds

N

Single structure for project related artifacts

World-class team on-boarding / off-boarding
including team membership, sub-teams and
project inheritance

Role-based operational control for flexible
\K definition of process and capabilities

Jazz Team Server

PN J
4

Team advisor for defining / refining “rules”
and enabling continuous improvement

Process enactment and enforcement

In-context collaboration shows team members
and status of their work

100
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Collaborate, plan and manage change across diverse teams
Establish a Web-based collaboration hub
Increase visibility with real time Dashboards
Manage changes to requirements

101

Respond faster with Integrated

Planning
Collaborate in context

Link all artifacts to work items

General | Builds | Open Defects by Themes = Open Defecls by Team

SVT Defects by Team  Defect Trends by Team ~  Deferred tems by Team

[, Work Item Comparison

Tem ez g Planring, /Jazz :

sz DeveopmentRessatary, ez DevelsemenySource Conrol, sz
DevelopmentWork tem

Interval: 0.8 RCT

350

300

250

200

150

10— T

50 \_

[Bame—
4708 4714708 4j21 105
= lJazz Developm entiAgile Planning i

Hazz Developm entiProcess
— JJazz Developm entikepository
—— JJazz Developm entiSource Control

[, Work ltem Comparison (Cont'd)

Tesm sz Development/Buil, Alazz DevelopmentDashboard, ilazz
Az = taz

Wieb Ul
Interval: 0 RC1

417108 714703 42105

= Jlazz Developm ent/Build a2
Jlazz Developm ant/ Dashboard

— flazz Developm ent/Install

— flazz Developm ent/Repons

E|‘|. Work Item Comparison (Cont'd)

sz 3
Connectar, /3 Develpment User Assistance

evelopme o

4708 aftarng 421jog
= flarz Developm ant/ClearCase Connectar

flaz2 Developm ent/ClearQuest Cannector
== [laag Develapm ant/User Assistance

Ffi, Work Item

Team Area: /Jazz Development/Work Item

i, Process

[, Buila

fem Mem@e

contributar
Pasero

DirkBaeumer  partime, contrioutor,

E:J Current Work ltem Plans (2)
Current terafion: 0.6 RC1
Foundation & Work tems

Foundation & Work tems

Work ltem Event Log (15 new)

NebUl - Hide comment s confusing - lostwark (51725) 10 minutes ago
dexing slow on attachment with long lines (48806) 15 minutes ago
ser photo lost when creafing new user (49910) 15 minutes 200

| Deliver new csvicen (52856) 15 minutes ago

Page10f3

Christof Marti contributor, integrationbuildmeister

André Weinand  componenisw, confrib
her development tasks Benjamin

Erich Gamma  contributor, n tegrationsty d i ter, dashboardad
projectadmin, P
Frank Lyner contributor
Johannes parttime, contributor, integrationbuildmeister
Rieken
Larry Smith contributor, integrationbuildmeister
Warcel Bihr cantributar
Wark Bugquor n mer, partiime
Page 1 of2
£ Work item Builds
ey Succeeded: continuous workitem jazz C20080424-0748 10 minutes ago
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Establish a Platform for Integration
Enable a loosely coupled “web” of linked engineering data

LommEa

PLM ACTIVITIES
! Radio Base Station
s -
§ Prooem s es Dashbosed
poais
" PRODUCT PROCESS CVERVIEW
; >

WORKPLACE
Sonst s MARKET PERFORMANCE TRENDS

Asvatme

s

pros
pe

’A;.»— N
PLM COMMUNITY '

3 AM Dogast
FRAMWE
¥ A Advwr

v L_wed (] Land
-
e

e Pt e

(o

weass Product <0 ¥
price ckject oo "

v 38, modules o
n'ﬁbﬂ‘ :xi':'f:h‘vt"l.: wing ORGANISATION
Owning org: COMMCO-SWG
Exec ownen vor Hamener
1PMT represantativar Stetan Belero
Portdolio owner: Fraw Zapos
POT lead: Diedre Camarighe

Product Managen

PLM SEARCH

Sedrea for.

prodmansger

hda : .
o 1 Yo Lead Architect: Henry Con

My

Ioclachs vx sasren;

De

JaMZE Dashboard

w2 INtegration based on the principals of the Internet

ODICTDREACECS METRICC AUERUTE

Capture

o B il DI i disparate data
! = MY PRODUCTS .
il for project
visibility
= MY HOT ACTIVITIES
MY CONTACTS O
Poopla w -7 - =
Fovoasl S of Taget J—_;L— teStS
PRIt crlor. $acad
o | |
1 M ‘
| Ree— ~ ECUS
: baselines
B requirements O parts
Primary cost centra! a7a0 prOjeCt Change <>
onduc’tcoerdinatov: produ;;c:: plans reqUESts .
Lagal lead: Ruch Sakamcto documents Electl’OI’]ICS

Finance lead; Serfa Knstina
Marketing lead: Mehnu Hussar
Supply responsible: Dnge Fheinhardt
Service responsible: Tam Dun

Open Services
for Lifecycle
Collaboration
Open interfaces.
Open possibilities.

d

WWW.open-services.net

© 2012 IBM Corpafation
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Quality Management offers a centralized test management hu
and full lifecycle support across all types of testing and platforms

IBM Collaborative Application Lifecycle Management

Quality Dashboard

Test Management

Requirements . Defect \
Create Build Manage Execute Report
Plan Tests Test Lab Tests Results

Best Practice Processes

Administration:Users,
projects, proce

Collaboration OPEN SERVICES

Presentation:
Mashups Discovery Query

Test Data SAl J 7 t NET A
: A 8 Open Lifecycle Service Integrations Balem.z| v i
. Quality -~ A
v A

v Security and %
Compliance
Functional ol y COMP(IWARE l”] I
Testing Performance Web Serwce lit

o Nex@ Now!

Storage

v

Open Platform

© 2012 IBM Corpafation
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Test management integrates test planning and execution with

requirements

B 'System Functional Requirements’ current 0.0 in /Adaptive Cruise Control (Formal mod R
File Edit View Insert Link Analysis Table Tools Discussions User RQM Publish Rhapsody 7.5.1 Help

| @ F ||z || gy dFKEd ||eee

. T o i

| -

J View |TestView :] ||AII levels .:] |J i i |J ﬁ A 6 [ 7 ?gl ‘1: 2l
= lio | El Test Cases | Test Status |Verdict
1 1 Adaptive Cruise Control Not Approved  Passed
Functional Requirements
2 1.1 ACC Requirement 001 o) Test Not Approved
Initislization - The ACC shall initislize to the ACC éda_pt”e
off state whenever the ignition key is cycled from E;L;E;!Ea a4

the ORF position to the ON position

4 1.2 ACC Requirement 002

Entering ACC stangby - The ACC system shialf
entar ACC standby’ mode whern ACC ‘On’ button.

Test coverage and
status reported in
DOORS

6 1.3 ACC Reqguirement O

The following conditions must be i
system to enter ACC active’ in res)
cruise switches.
Brake Switch = brake not spplied
Vehicle Speed >= 30 mph

10 1.4 ACC Requirement 004 (9) Test Set  Not Approved  Passed
Sntering ACC active via SET - The ACC system ges‘”;f’
shall enter the ACC sctive’ state by pressing the Ppee d
Set’ button provided ACC active enabie criteris is 2538
met. The ACC system shall capture the current
speed of the vehicle when the Set button was
pressed and this will become the target speed,

12 | 1.5 ACC Requirement 005 (4) Test Not Approved  Passed
Entering ACC active vis RESUME - The ACC system gcre ;“,E”t
shalf enter the ACC active’ state by pressing the Ppee d
RESUME button provided ACC active enatie asse
criteria s met. The ACC system shall use the prior
saved target speed as the target speed when
RESUME js pressed, else, the current vehicle
craor

K T |

|Usemame: Bob |Exclusive edit mode [

©JRational Quality Manager - Mozilla Firefox 1 )

File
| | : >
ED! Rational Quality Manager

Edit View History Bookmarks Tools Help

[¢ ‘ Dashboards

Requirements | Tanyj's Dashboard
LE.IJ General ~
Planning

ty Plan Requirements Coverage by Test Case

Reports on e

test coverage

= 2# | &V aesave

*

‘E' Adaptive Cruise Control Team Events (71 new)

* Provide the Summary Section for TestCase: Test Follow
Mode (48) Apr 1, 2010

* Provide the Summary Section for TestCase: Test
Deceleration Control (45) Apr 1, 2010

* Provide the Manual Steps Section for

Versi dE: ti ipt: Dets ine Object Present Script
(44) Mar 31,

P

2010

Aanual &

Overview and state of

Builds g
software builds ready
= for test
S
Execution =
<
[ ? &b Failed: ACC Dev Team build 20100401-0903 Apr 1, 2010
Reports &% Succeeded: ACC Dev Team build 20100401-0858 Apr 1,
- ded ACL Dev Team build 20100331-1024 Mar
e @ covered Task assignments in Page tiof2 ”
Not Covered RTC added to the
RQM test dashboard
Test cases's count of how many requiremen
associated (=] Open a: ned to me (current milestone) (4)
May 26, 2010 4:31:10 AM (5] 140: ACC Deceleration Control Engineer Tests
= 131: ACC Speed Control Mode Engineer Tests
‘I I .!J (5 127: ACC Maintain Time Gap Engineer Tests

124: ACC Maintain Time Gap

dazz—

=l
rgmi9443 [

104

Nex@ Now!
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IBM Rational Quality Manager

A central hub for business-driven software quality

Mitigate business risk with collaboration

v Stakeholder and team coordination reduces mistakes

v Risk identification and management leads to educated
prioritization decisions

v Test traceability linked to business requirements improves
customer satisfaction

Improve operational efficiency with automation

+" Running tests earlier leads to reduced repair costs

+" Running more tests in less time improves coverage

+" Reducing manual labor leads to fewer testing errors

+" Lab configuration automation improves efficiency and asset
utilization

Make confident decisions with effortless reporting

v Real-time dashboards enable proactive risk management
v Customizable reports facilitate ongoing process improvement

105

IBM Rational Quality Manager

use case distributed access dashboards
synchronize EASY HANDOFF trace LAB
UTILIZATION functional PERFORMANCE
security compliance

N

/laz-z—

Next\g.\ Now!
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Cut risk and cost

Collaborate seamlessly to reduce rework and the cost of bugs
with integrated processes aligned to business goals

. ] . ) “Some large projects have
Unify the team through real-time, in-context collaboration ™ found that 41% of all

: : : : : : 3 defects have their origin in
A single, dynamic quality contract provides clear and accountable direction bad requirements.™

: : ! . ! p | just got a budget cut, what
Avoid disruption and achieve better business stability and Q testing should | eliminate?
L]

: . . T What impact will it have on
project delivery predictability application production

Achieve quality objectives by understanding and controlling sources of risk quality?

“Testing consumes 20% to
40+% of the average
software application life
cycle effort™

Lower the cost of delivering quality solutions
Orchestrate across teams with ALM integration for maximum
transparency and traceability of assets

f- {b"ﬂi )

* Source: IBM

Nex§ Now!
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Enable Cross-Domain Collaboration
Enhance cross-team collaboration in systems & software design

P‘“-; TR T T R B Ve e e e W ey o st e o =]
On SN e Sy Rdaee D D
D M Sevien] s teseivabys - O[O et e [ O ot - Lot Wttty

= Maximize productivity and lower i
costs with a central location to >
store and access designs

L ActivinyOageam

= Collaborate among stakeholders
on software architectures,
deployment plans and system
designs

= Shorten time-to-market with
faster design reviews

» Satisfy regulatory demands with multi-omfsC|p||ne aocument generaton and
reporting

Next\g\ Now!
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IBM practices for DO-178B and ISO 26262
= Supports processes and work products defined in the standards

= Implemented in the Rational Solution for Systems and Software Engineering
= Customizable for your business processes
= Tools to implement your own processes

— T
DO-178B /1026262 Process template —
Standard ‘%\:\ ®o-® Practice
| — S Library
— -
Work product template

o Nex@ Now!
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Embedded and real-time software testing CHEIENWES
Embedded and real-time systems are complex by natifg]

= Application Complexity
— Strong timing constraints
— Low memory footprints

— Concurrent/Distributed/Networked

= Environment Complexity

— Multiple RTOS/IDE/Chips vendors

— Limited host-target connectivity

— Low built-in debugging capabilities
= Process Complexity

— Requirements and

— Design translation errors

— Difficult to maintain

— Poor performance

o Next\g.\ Now!

© 2012 IBM Corpafation
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Test, analyze and resolve during development

= Test as you code
= Analyze while you test
I Code coverage analysis

I iemory profiling
IFPerformance profiling

code code code
code code code
code code code
code code code
code code code
code code code
code code code

P Runtime tracing code
7 hread profiling

Resolve Analyze

Next\f Now!
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Test, analyze and resolve during development
Overview of IBM Rational Test RealTime features

somponentiesting LOUE’ viemory: Eeriormance; "huntime;s - inread
LOVErage [Erofiingy | Brofiling) . Siracingy FEroniing:

NG T RAU I AV C,Crr C,Crr C,Crr C, Crr C,Crr
AUdRd V| Jdvd Jdvd' Jdvd' Jdval

|dTgeLUEPIOYMENTIEOTi:

= Built to achieve standards compliance
— DO-178B (Avionics), MISRA (Automotive), DEF STAN 00-55 (Defense)

" Next\f Now!

© 2012 IBM Corpafation
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IBM Rational Test RealTime: Code Coverage

112

SovisualBhE azeStation. exe
Split unneeded

BazeStation:4 connection was forcibly closed by a peer

Build A Messages A Properties A Rational ClearCaze

N Executing .\cvizualBhB azeStation.exe ...

= BaseStation_C - Rational Test RealTime - [Code Coverage [BaseStation]] - |5’ |1|
4 File Edit Wiew Project Build Code Coverage Tools Window Help | =
J_l.: ﬁlvll.} - IBaseStatiolLI - uu“_"'ll]ﬂ%;l* * QG:] '|J_||Microsoft\u"isual8.ﬂ ;II >~0 % 4“_“‘ M t“J‘“J@ k?|
|5 @ wbrieampes ]|« & & 7 s[Flefc[[elifLfcuulls 6 X[ ]cHE| $ 2@ M =
- E| QE Code Coverage [B azeStation] |
i Tests 8 | St
B Test#1 Satépr19221 tcpsck_set_addr e :
. B Testuzsatapr1923; tepsck_return_t topsck_set_addr (tepsck_sock_addr_t *addr, -l @ &Basesmt'm—; =
= (3 Roct char *hostname, o B -&Introductlon
= []__@ PHONEMUMBER.H int partnum X {3 FeadteFirst. txt
N & =l -&Interactive
= i#1- & UMTSCONNECTION.C struct hostent *phe; ¥ o £} BB aseStation
= #1- & UMTS CONNECTION.H struct sockaddr_in "psin; o Resul
= - &8 NETWORKNODE.H whesule
== - &5 UMTSSERVER.CPP if (tocpsck_is_init) W o - & UmtsServer.cpp
= [—]@ TEPSCK C \( @ @ ItemszList.cpp
: return (TCPSCK_ERROR); v - & PhoneNumber. o
=] . % tcpsck_set_addr } - i s
== - % tcpack_init ¥ o ""@tCDSCk'C
=] - ®tcpsck_new_socke psin = &(sin_tab[sin_idx]); ¥ o @ UmtsCode. ¢
(=] - % tepsck_bind_and_i sin_idx++; ) ¥ @ UmtsConnection.cpp
=] - % tepsck_gethostnam addr = (tcpsck_sock_addr_t)psin; W o @ UmtsMsa.c -
= - W tcpsck_get_port . . . . i
= . ‘tzpsz_::c_eth[ memset (void *) psin, O, sizeof (struct sockaddr_in))Fom Voo @basesm_mn'cw
DO psin->sin_family = AF_INET; Test #2 ¥ o - § Launch MobilePhane GLI
= ~ Wtopsck_connect if (hastname == (char *)0) o E-v##UmtsCode
=] - ®icpsck_close { [#- Results
= - ¥ tepsck_send psin->sin_addr.s_addr = INADDR_ANY; @ - &3 UmitsCode2 ptu
=] - % topeck_data_ready } - & UnisCode.c
. % else p )
Z . :cpsct_recd\-' o H--v\% PhoneMurmber
- Wicpck_eh
- = - - Results
= - %topsck get last _phe gethostbyname (hostname);
- ‘;Ezzk_jzt_:;_[e; if fohe == fstruct hostent *I00 _ILI - - &3 PhoneMumber. ote
= & @ UMTSEDD_E E_ - | | » a - 4 PhoneNurnber. otd LI
4I I : _’I—I 5 ource I Tl I L"“ Froject Browser @ Azzet Browser I
=]

[ OEO0HT @ une: 130

Next\f Now!
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IBM Rational Test RealTime: Memory Profiling

= BaseStation_C - Rational Test RealTime - [Memory Profile [BaseStation]]

&8 File Edit Wiew Project Build Memory Profile Tools Window Help

=&

=18 x

J_l.: F-E K « IBaseStatiol;I > 00 |J_||'|DD°/° | & & @ < '|JJ|MicrosoftVisualB.D LII >~ 0O 6 %“J." nr ‘“J‘“J@ k?|

|5 @ spfieampes |« & 6 # 2|9 6 X[/ HE] L 0@ > Al |
E| @ Memaory Profile [BazeStation] | |
@Tests - Settings...
EE [BaseStation] Sat Apr 19 22:03:11 2 &B Pv——
P OABWL . - @ azeStation_| =l
p-qih 1 -BaseStation o Eriiinoduction
¢ [ /%164 Leaked bytes in 5 blacks . X i o3 ReadMefist i
BB SatApr 19 2310:53 2003 1.1 - (BaseStation) o EdFInteractive
@ aBwL Blocks Summary Bytes Summary W £ BB aseStation
H @FU [+ Fesults
=1 #,164 Leaked bytes in 5 blocks o o - & UntsS erver.cpp
J 5 @ ItemsList.cpp
& MLE. 20 bytes J 2 @ FPhaoneMumber.cpp
MUK 16 bytes P o - & epsek
 MLE 8 bytes S O Allocated O Allocated @ Cpsck.c
% B Unfreed B Unfreed W o - & UntsCode.c .
O Maximurm O Maximurm W o & UntsConnection. cpp
J o @ Umtzhdzg.c —
J 2 @ bazeStation.cpp
12 10 12 279 211 279 J o % Launch MobilePhone GUI
Y H--&Umts[ﬁode
© A Total of 12 blocks were allocated E-Results
/%, 10 blocks were not freed @ - 4% UmtsCodeZ ptu
€ A maximum of 12 blocks were allocated at the same time . @ UmtsCode.c
€ A Total of 279 bytes were allocated ° [—:I--G\%F'honeNumber
o211 bytes were not freed G- Results
& A rayirmom of 279 by.tesf were allocated at the same time o . £ PhoneNumber. ot
© Run @ Sat Apr 19 22:03:11 2003 ] . % PhoneNumber otd |
© ABWL (Late Detect Array Bounds Write) 3, Erafast Eloes Y-
4 | _’l A write oneration 1 bytersi nast the end of the memary block at 0x431660 hd| e 45) ol Bereess
Walue
BaseStation
Mo
Execute in background AL

Build A Messages A Properties

Sy

=
= Mame

Mame

Exclude from Build
Re

113

Rational ClearCase

R
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IBM Rational Test RealTime: Performance Profiling

= BaseStation_C - Rational Test RealTime - [Performance Profile [BaseStation]] - |ﬁ' |1|
40 File Edit Wiew Project Build Performance Profile Tools Window Help - |7 =
J_l.: F-E1 I« IBaseStatiol;I » [I[I|JJ|1DD°/,;|Q &« @ '|J_||Mic:rosoftVisuaIB.D | I ~0 % 4“_“‘ nr t“J‘lJJ@ k?|
“ﬁﬂlfﬁexamples;””ﬁ"l'-}? 1|J_|‘) Q*V|Jj1j[m?Iﬁ[x@[Qﬁ[M| L”
E| @ Performance Profile [BazeStation] | E|
(& Tests : Setings...
I B Test #1 [BaseStation) Sat spr 19 Top 3 Functions 2l :
L[ Test #2 SatApr 19 23:10:53 200 15.45 % o BPBaseStation_C =
o E-dZIntroduction
* {3 FieadrdeFirst. tat
O tepsck_data_ready o E-¥PInteractive
0.03 % W void UmtsServer:chec. . W o - B BaseStation
2727 % O void UmtsServer.:chec... - Results
2721 % O Others (< 5%) W o - & UmtsServer.cpp
J o ----@ItemsList.cpp
J o @ FhoneMumber.cpp
W - 254 topsch.c
1.1 -Summary o ° f%u
. . o mtsCode.c
All Times are expressed in us .
J o @ UmtzConnection. cpp
Name Calls| Function|F+D time|F time F+D tim¢ Avg F ¥ o - & UntsMsg.c
time ¥ {" of (% of time [ N @ baseStation. cpp
.Toot)|  .root) [ N - § Launch MabilePhane GUI
tcpsck_data_ready 10{10014261 10014261 45,45 45.45| 1001426 o [—]--JﬁiUmtsCode
void UmntsServer: B| BO07983 | BO0Y9S3 227 27.27| 1001330 - Results
:checkUmtsMetworkConn ° - &% UnisCode2 ptu
oot C_“Dn % @ UmtsCode.c
void UrntsServer: B| 59946533 5994633 27 2721 999105 ) "‘%F’h Numb
:checkPowerSupply () ¢ f DnTt Hmbet
tcpsck_new_socket 1| 6945 ewo|  oo3] o003 6949 é;ﬁhznemmba i -
topsck_init 1 1394 1394 0.01 0.01 1394 4| ® : ' |_’|—I
tcpsck_send 2 1378 1378 0.01 0.01 589 PR | I
4l | 2] fint main i 1 o22l22034733] <0i| 10000 922| | | ProwectBrowser | & Asset Browser
= Mame Value
Mame BaseStation
Ewclude from Build No
Execute in background h=
Build A Messages A Properties A Rational ClearCasze
Ready EHEEED

» Nex@ Now!
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IBM Rational Test RealTime: Runtime Tracing

= BaseStation_C - Rational Test RealTime - [Runtime Trace [BaseStation]]

ﬁﬁile Edit Wiew Project Build Runtime Trace Tools Window Help

=81

=8| x

J_lﬂ naa .} - IBaseStatiolLI = 00 |J_|| 7R LI Q

(0 Q. <§1] ki |J_|| Microzoft Yisual 6.0

d(o-00 4@ 8w W)

IS @ sp[ircemeies || = 6 6 7 2% $ %[O HE ¥ MG > M

|

E| @Start Fage | @ Funtime Trace [BaseStation] |

@ BASESTATION.CPP &

- & ITEMSLIST.CPP 3{

& ITEMSLIST H

= E List litur _? int main [
s obi1: List Lime #Lras | LSt & Listili

£ & NETWORKNODE.H

- B NetworkM ode

¥ objl:MNetwork Lims El5us

Lime #67ur | fe — — — — — —

Umts Server & Umts e, |

g obil:Umts Server
[

-

Lims 21%us

¥ objl:Network 1ims GBdur
¥ obj2:MNetwark Lome 908us
¥ objZMNetwork
@ PHOMEMUMEER.CP
EI@ PHOMEMUMBER.H

Ldrar ldTur

A5ms S5fus

List & List::Li...

Lims Bbdur

obj1:List
[]

topsck_iniy Use of TCPSCK.C |Ldme 1¢7us
T
- —————- -

tepsck_nehy_socket |

b B IsFull 1Sms Sd3ur
= B PhoneMumber Léms 9téus
@ % obijl: PhoneMumt Line 9760
- 5 TCPSCK.C
i iellseof TCPSCK.C Lims 335z
: @ UMTSCODE.C Lome 84 [ o — — — — — — T
Lo Use of UMTSCODE.S Ldms 27ias int Umits Server:exe [ |

@ UMTSCONMECTION
]"@ UMTSCONMECTION
E| E] LostCannection

Er 1ms VE5us

{1t

Ex Lims 9Edur

- obil: LostConnec is ldms Slus
= B UmtsCannection s ldms 95us
L. obill: UrntsConne: ts Léms 138
- 424 UMTSMSE.C
“Use of UMTSMSE.C fe dome A8us
- &5 UMTSMSG H | tr Ldns $bus
E- Bl Umtstdzg
- obijl: Umtshd sg

A

L«

tepsck jacoept

S—— — i

Fhone Mumber & Phorge Mumber::Phone Mumber [Ynsigned int] abji):Fhone Number |2

T T
e —————— l—————— == ————— ===

UmtzConnection 8 Umes Connection::Umts Cdnnection [tepsck_socket_handle_t)

! |
e — — — — — — —

|
|
1
| iz 1
|
|

topscl_recw

Settings...

@ &BaseStation_E o
= -{?Introduction

d} R eadheFirst tat

E| -{?Interactive
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IBM Rational Test RealTime: Test Report

= BaseStation_C - Rational Test RealTime - [Test Report [UmtsCode]]

cﬂ.EiIe Edit Wiew Project Build Test Report Tools Window Help

[ %~ W B A [UntsCode = &= 00 |JJ|1DU°/° e & g ¢ T|JJ|MicmsortVisua| 6.0

=81

=8| x

[ >~-06 [« i 8w W]

“Eﬁﬂl#examplesﬂmm 94 F !|J_|‘) ““v|ﬂﬁ[@..[3@[qc“[ml L”
E 0 Start Page | @ Test Report [UmtzCaode] | =|
[=| Settings...
1232 -Elament T -] ettings
*® =3 @ UmtsCode2 - —
W E--Ecode int 1.2.3.2.1 Variables @ &BaseStatlon_E
v B % T_ ‘1 ¥ ariable Status Init ¥alue Expected Yalue |Obtained ¥alue s B -{—Plntroduction
- el
w B El t1 i hissed &) 34 34 X {3 Readtd eFirst. bt
- lemen LY CETEG ;
@ Test Coverage bulfer Panced I (2 & - -{—.Plnteractive
? ?2 23 - Feat Coverage 2 - B BaseStation
W - v Test 2 File UMTSCODE.C -Results
v i1 & Element 1 code_int @ Umtss
@ Test Coverage Functions and exits 100.0% [2/2). +0.0 [+0) @ mits'Server. cpp
Statemnent blocks BE.7% [2/3). +0.0[+0] % @ IternsList.cpp
¥ =- \, Test 3 Implicit blocks none o @ PhaneMurnber.cpp
*® . & Element 1 Decisiohs BE. 7% [2/3), +0.0 [+0) o @ P
- & Test Caverage Loops 33.3% [2/6), +16.7 [+1] Bum o
- o mtsCode.c
v = Ed@ SdEW:ICtE Coverage 124 'x Test 3 > @ UmtzConnection. cpp
- ecode_in
w B % Test 1 1.2.4.1 -xfm‘om'xaﬁbn o - & Unntshsa.c
v L £ Element 1 Test Name 3 Test Family nominal - @ baseStation. cpp
! @ Test Coverage ?tjtujv — 1Fai|ed Ewecution Time 29 micro sec. N ... & Launch MobilePhons GUI
ailed Yariables g
B Test2.1 173 * W o - UntsCode
- ¢ Element 1 1.242-6% Flament 1 - Fesults
Lo Test Coverage (12421 Hsriabies ¥ e - ¢ UmtsCode2. plu
w B “Test? 2 [2/3] Wariable Status Init Yalue Expected ¥alue |Obtained ¥alue W - & UmtsCode. o
W Y E[ament 1 hassed 0 ll o @ Elv\%? PhoneMumber
i buffer Failed " RAlS o Results
@ Test Coverage 1243 Tesi Covesage s 3 PhoneHunber ot LI
W - v Test 23 [3/3) File UMTSCODE.C 4| [
v ¢ B £ Element 1 = code_int . i
4] | ;I_I Functions and exits [100.0% (2/2].+0.0 (+0) = ||| Ededicizet Browser I &5 Asset Browser
= = - - = = =
-cin="cvisualBhatu cio” VA=EVAL ;I

TestRT--STARTEXEC, Rational(R] Test RealTime C and Ada Test Report Generator 2003.06.00.000.004

TestRT--COPYRIGHT. Copyright{C) 1932-2002 Rational 5 oftware Corporation. All rights reserved.

C:%R ationalTES TRE ~2\bintintelywin32%od2wrd -g "IC: AR ational\T estR ealTime\examples\B aseStation_Chintermediates_files73024449 log" "-ocvisualbsUmtsCode xrd" “ovisual6sTUmtzCode. rod"'
TestATW-TEST_ERRO, Unit Test Report Generator execution completed with incorect tests

TestRT--ENDNOEWAR, End of execution with T warninglz] 1
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Build A Messages A Properties
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Fationsl CleaiCase

TIFT - 11T -1
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| Safety Assessment Process
Intended Guidelines & Methods
Aircraft (ARP 4671)
Function
A

Function, Failure & System Design
Safety Information
. Functiona

Certification Considerations for Highly I
Integrated or Complex Aircraft Systems | __System, Related Standards

Aircraft (ARP 4754)
System )
Developmen4 A Information Assurance
t Functions & Imolementation . NIST
Process Requirements P . DIACAP (DoD)
""""""""""""""""""""""""""""" - FISMA
Hardware Development +  CCEAL levels
Hardware > .
Life-Cycle Llfe'CyCIe
Processes (DO-254/ED-80) Other Standards
'y . IEEE/EIA 12207 (MIL-STD 498 ,J-STD-016)
o MIL-STD 882D
Software v . ISO/IEC 15288:2008
Life-Cycle a CMMl,etc (process improvement)
Processes Software Development - AQAP-160 (NATO)
> Life-Cycle + ITAR
(DO-178B/ED-12B) 0 ISO/IEC 15939 (Software Measurement Process)

* As defined by SAE in ARP 4754
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» DO-178B and ED-12B were developed by a broad committee of industry
representatives from around the world. The official working groups were RTCA SC-
167 and EUROCAE WG-12, and comprised representatives of the FAA, CAA,
Boeing, Aerospatiale, Bendix/King, Veridatas, NASA, British Aerospace, Smiths
Industries, Litton Aero, Rockwell Collins, Honeywell, Deutsche Airbus, ARINC,
SNECMA, GE Aircraft Engines, Pratt & Whitney, Rolls-Royce, and many others.

= DO-178B/ED-12B provides guidance on designing, specifying, developing, testing,
and deploying software in safety-critical avionics systems. It covers

and other aspects of creating quality software for a
safety-critical environment.

* In sum, DO-178B/ED-12B (developed by RTCA and EUROCAE) is a guideline for
determining, in a consistent manner and with an acceptable level of confidence, that
the software aspects of airborne systems and equipment comply with FAA and
EASA airworthiness requirements.

Next ) NOW!
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The number of objectives to be satisfied (with independence) is
determined by the software assurance level.

Level Failure condition Objectives With independence
A Catastrophic 66 25
B Hazardous 65 14
C Major 57 2
D Minor 28 2
E No effect 0 0

Next ) NOW!
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DO-1/8B Processes

* Planning (section 4)

* Development (section 5)

* Verification (section 6)

* Configuration Management (section 7)
* Quality Assurance (section 8)

Processes have associated output documentation

Next ) NOW!
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DO-178B Processes

sor#1 | SOI # 2 SOI#3 SOL# 4
Planning Final Certification
'/\/ DeVelOpment Review
Requirements
Design
e PSAC Code/Integration
e SDP
. zg}l A Sw Req data: Integration/Test
. /]
: * o Hi-Lev Req . o
* SQAP * o Derived ® Design Deseription:
e Standards Hi-Lev Re )
e Verification E 2 i:f}iletic;:‘e e Source Code
Data . . q ,
e SQA data o Verification Data 5 Derived o EXE Object
e SCM data * SQA data Lo-Lev Req COdF . Test Cases and
| “ e SCM data ¢ Venfication Procedures
o Verification Data Dam o Test Results
e SOQA data * SQA data Verification
e SCM data e SCM data Data
e SQA data
PSAC — Plan for Software Artifacts of Certification SCM data
SDP - Software Development Plan
SVP — Software Venfication Plan
SCMP — Software Configuration Management Plan
SQAP — Software Quality Assurance Plan N
Verification, Configuration Mgmt, Quality Assurance
121 Nexu‘ NOw!
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DO-178B Software Development Lifecycle

DO-178B Software Development Life Cycle

DEFINITION / DEVELOPMENT (5.0) TEST / VERIFICATION (6.0)

%]
=
c . | o
£ qE) ® gys_tgn] Requirements Traceability System Verification Test
o 0 efinition — — — — — - — — ——. for Test Coverage— — — — — — ———— > -
50 or Test Coverage Output: System Verification
U>)~'5 & Output: System ! Test Procedure (SVTP) and
g Requirements Doc. (SRD) \ | Results (SVTR)
0: * 1
|
2 I v ! |
3 |
(O] ' i .
o Traceability Sof_tw'a_re Requirements Traceability H/W - S/W Integration Test
@ 9| sRs to srp |PEfinition ——— ——— e —— = —
2= g - for Test Coverage Output: S/W Verification
S g_n_ Output: Software Cases and Procedures
n & Requirements Spec. (SRS) \ ( (SVCP) and Results (SVR)

|
A i
!

c I
k=2 | A 4
n T bilit Unit/Integration Testing
8 O Trace'ability Software Design Definition lag— — — raceabllity - = _y,]
P SDD to SRS for Test Coverage Output: S/W Verification
5 i — —p|Output: Software Design | Cases and Procedures
Description (SDD X > (SVCP) and Results (SVR

% ption (SDD) N | ( ) (SVR)
& ! |

8 | h 4 \

S : . Traceability |Code Review

o Traceability |Coding -« Test >Output' Source Code

SCto SDD ’ Coverage '

e — —p»Output: Source and Object 9 Review and Analysis Data

S Code >

o

@)

Configuration
Management
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DO-178B Software Development Lifecycle

DOORS and DO-178B Software Development Life Cycle

DEFINITION / DEVELOPMENT (5.0) | TEST / VERIFICATION (6.0)

1
1
I
g 3 Sz Rl D f TraceriIity _________ System Verification Test
7 & © [Tools: - poors or Test Coverage Tools: - Quality Manager
(% o Rf.lapsod'y(FTA, etc) - Manual Tester
- Simulation Support ( - Others

| A

|
|
i |
|
|

Requirements| Requirements

o o Traceébility Software Requirements Definition HIW - SIW Integration Test
IS Traceability .
9l srstosrDl- . | — — — — _ etedRy .-
298 SRS1t0 SRD [\« 5ooRrs - for Test Coverage —p|Tools: - Quality Manager
=S = =y Rhapsody (Behavior) . giviantialfiesten
o 0o ALGEE — ! — - Others
n - Simulation Support \ |
1
A |
= I |
K= | A ! = = =
8 . Software Design Definition Trace:ability Unit/lntegration Testing
a Traceability ™ T 7 for Test Coverage’ ~ _>T00|S' - Quality Manager
0 © SDDto SRS [Tools: - DOORS | ' ; 0
= c — — ) . - Target Test Tool/Emulator
g o Matlab for Simulation Models ' } (Dynamic Functional and
= R gEeey o BRIl | Structural Testing) Test RealTime
8 ‘ i Object Code Structural Coverage: WindRiver, gtc
) I v !
7] I o
rss . . Traceability Code Review
o ‘ggcteaglgg Coding ¢ Test P -Logiscope
o )
=2 2" p{Tools: - Code Generation Cov«lerage Tl SHERATE 7D
5 - Compiler, Linker | N -Quality Manager
o | ” -Manual Tester
© |
I

Concert

Configuration
Management

[ Program Reporting and Business Dashboards: Rational Reporting Engine, Rational Insight ]
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* Produces the software plans and standards that direct the software development
processes and the integral processes (verification, SCM, SQA, certification
liason).

» |dentifies the transition criteria, interrelationship and sequencing among the
processes.

= Software life cycle environment is defined
» Software development standards are defined.
» Ensure software plans conform to these documents.

» Ensure software plans are coordinated.
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Visualize the DO-178B Development Process

— PSAC
SDS SQAR
Disparate Data SVR || sc svp| Processes Assets PQ E
is Imported I SCMR
is Imported and \§ SR PR
SQAP P
Supplemented SVCP SDD Q SEC|

1 AR IRA T

Visualized

Structured !

Linked and
Traced,

To Produce
Reports of

Managed
Information

For

Certification
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» Requirements must be verifiable, unambiguous, consistent, and well defined

— If any requirement does not meet this criteria a Problem Report must be created to feed
the issue back to the input source for clarification and correction

» System Requirements allocated to Software must be traceable to a High Level Software
Requirement

» Each High Level Software Requirement must trace to one or more System Requirement
(except for derived requirements)

= Each High Level Software Requirement must trace to one or more Low Level Software
Requirement.

= Each Low Level Software Requirement must trace to one or more High Level Software
Requirement (except for derived requirements).

= All derived requirements must be provided to the system safety assessment process

= All source code that is developed should be traceable, verifiable, consistent and correctly
implement the Low Level Software Requirements

Next ) NOW!
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Design and Coding Processes (5.2 & 5.3)

= Low Level Software Requirements and software architecture should conform to the
Software Design Standard and be traceable, verifiable, and consistent

= All source code that is developed should be traceable, verifiable, consistent and correctly
implement the Low Level Software Requirements

Nex§ Now!
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Linking requirements to Rhapsody design models

= Traceability helps prove conformance and
compliance

| Formal module /T emplates/Softwar rent 1.1 (Bota 2) - DOORS
- File Edit View Inset Link Anabsis User  DOORSre DOORSconnect Vision Took  DCS  Help.
u Easlly CheCk for. [BEE e ¥ X [B 2z 0 - N E=ER ]
. [ [T HyDetaut | [otleves =] e - Frc8 v 4l |aw|
W o pec s
20

— Requirements not satisfied by the design
— Design elements with no linked requirements — ‘gold
plating’
» Fast and complete impact analysis
— Assess full impact of changes BEFORE they are made

action Processing
nable:

the processor during a full disbursement 0

i —rrr
— Ensure approved changes are fully implemented e o | . cxine

| |

| Cnnnu:t\nnﬂaqunt()_‘
s livhianansms }
[l |
Toap |J
MMMMMMMMM B
t
f
|
|
|
|
I

| .
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Integration Process (5.4)

= Object code is loaded onto the target computer for hardware/software integration

» |nadequate or erroneous inputs detected require creating a Problem Report and feeding
the information back to the appropriate process for clarification and correction.

= Evidence that deactivated code is disabled should be available

Nex§ Now!
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» Traceability between system requirements and software requirements should be provided to enable
verification of the complete implementation of the system requirements and give visibility to the derived
requirements

= Traceability between the low-level requirements and high-level requirements should be provided to give
visibility to the derived requirements and the architectural design decisions made during the software
design process, and allow verification of the complete implementation of the high-level requirements.

» Traceability between Source Code and low-level requirements should be provided to enable verification
of the absence of undocumented Source Code and verification of the complete implementation of the
low-level requirements.

Nex§ Now!
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= Verification process ensures the software fulfills all the requirements and is not simply testing
(detecting for errors), but showing the absence of errors.

» |t Verifies that all lower level artifacts satisfy higher level artifacts

» Traceability between Requirements and Test Cases is accomplished through requirements based
coverage analysis.

» Traceability between code structure and test cases is accomplished through structural coverage
analysis

= Each Requirement is traceable to the code that implements it and the review, test, or analysis that
verifies it

» Ensure that implemented functionality traces back to requirements and tests test for this. Dead code
or code not traceable to requirements needs to be eliminated

Nex§ Now!
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IBM Offers A Unique Solution-DO-178B V&V coverage

That Ensures Entire Lifecycle Collaboration and Traceability

v Full Coverage

IBM’s full life cycle coverage and traceability solution
v" Common set of clear requirements shared by team
Don’t miss out critical requirements

Assess requirements change impact

Identify most critical requirements to test

Prove compliance (audit-ability)

< < O
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DO-178B Detailed Testing Requirements

You have to test every
. S L line, every branch,
DO-178B defines specific verification objectives that must be satisfied;these include: every condition USing

1. Functional Verification of software Reqs. Based Testing!
a. Reguirements-based testing ’ |

b. Robustness testing
2. Structural Coverage Analysis for each DO-178B level

Level Coverage Coverage Requirements /
Level A MCDC |Level B + 100% Modified Condition Decision Coverage

Level B DC Level C + 100% Decision Coverage

Level C SC Level D + 100% Statement (or Line) Coverage

Level D 100% Requirements Coverage Reguirements

Level E No Coverage Requirements

» DO-178B Section 6.4.1 — Need to test on target
* DO-178B Section 12.2 — Tools that can introduce or miss errors in code need to be

qualified
Coverage Criterla Statement | Declslon | Cendltlen | Conditlen! | MG/DG Multlple
Coverage | Geverage | Coverage | Declslon Condltlon
Coverage Coverage
Every point of antry and exitin the . . . - .
program has beeninvoked atleast
unee
=very statem=nt in the program .
has neeninvoked at least cnee
=wvery deeizion in lhe program fes . v . v
aken all pessiblo oulcormes o leasl
ores
cvery condition in a decisionin the . . - .

program has taken all possible
outeomes 21 least once

Zvery condition in a decision has . .
been shown fo independent y affect
that dzcision's outeome

Svery combiration of eonditan .
nutenmeas witnin a Jedsion Nas
hean nvokaed at lzast ones
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DO-178B Detailed Testing Requirements

DO-178B Qualification
Kits Available

IBM Rational Solutions: /

« IBM Rational Test RealTime (System Test, Dynamic Code Coverage for Level A
MC/DC & Multiple Decision Coverage, Static Analysis, Memory, Performance &
Thread profiling Analysis, Dynamic Trace Capture, Unit Test Automation, Softwaye
Metrics, Reporting)
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DO-178B requires
— Each configuration item to be uniquely identified
— Baselines of configuration items that can be protected from change

— A configuration item should be traced to the configuration item it was derived from (lineage
and history)

—Baselines should be traceable to the baselines from which they are derived
— Builds should be reproducible (replicate executable object code)
— Provide evidence of change approvals

 Software configuration index (SCI)

 Software life cvcle environment confiauration index (SECI)

TABLE 7-1
SCM PROCESS OBJECTIVES ASSOCIATED WITH CC1 and CC2 DATA

SCM Process Objective Reference CC1 cC2
Configuration Identification 72.1 . .
Baselines 7.2.2a,b,¢,d, e .
Traceability 7.2.2, g . .
Problem Reporting 7.2.3 .

Change Control - integrity and identification 7.24a,b . .

Change Contrel - tracking 7.24c,d,e .

Change Review 7.2.5 .

Configuration Status Accounting 7.2.6 .

Retrieval 7.2.7a . .

Protection against Unauthorized Changes 7.2.5b(1) . .

Media Selection, Refreshing, Duplication 7.2.7b(2), (3), (4), ¢ .

Release 7.2.7d .

Data Retention 7.2.7¢ . . Next\g\ NOW!
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= DO-178B requires a Problem Reporting system to document any modification
to formal baseline

» This means at a certain stage of the project a Problem Report(PR) has to be
generated to document the modification

» PR’s are also used to cover change request from the customer.

» PR’s need to identify/trace to the items to be modified (files, requirements,
documents, test cases, etc.)

o Next\gr Now!
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DO-178B Objectives

» Following tables describing the 10 categories of DO-178B objectives...

» Next\f Now!
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_ Table A-1

Software Planning Process

Applicabllity Control
Objectiva b Output Category
SW Lavel by SW lavel
Description LI'LN. A| B| c| D] Description Ref. AjiB|cl]pD
s sS
1 | Software development 4.1a Flan for Software Aspects of
and integral processes | 4 5 010|100 Cartification P 11 | OOIO|@
ctivi fi . ’
M Software Development Plan | 11.2 DIO|2|D
Software Verffication Plan | 113 | D] ®D| @| @
SCM Plan 4 (OIO|@|@
SQA Plan 1ns |@OO|@|@
2 | Transition criteria, inter- | 4.1b
ralationships and 4.3 OO O
sequencing among )
processes are defined.
3 | Software lifa cycle 41e
snvironment is defined. 0|00
4 | Additional considerations | 4.1d
are addressed. 010|100
Software development 4.1e .
B | St 0100 SW Requirements Standards{ 11.6 | D| @ @
SW Design Standards 1.7 ] RO L)
SW Code Standards 1.8 | M@
6 | Software plans comply | 4.1f ololo SQA Records 119 | @ 3| @
with this document. 4.8 Software Verification Results | 11.14 | @& &| @
7 | Software plans are 41g ololo SQA Records 1119 | @ | 2| @
coordinated. 4.6 Software Verification Results | 11.14 | & @ &
LEGEND: ®  The objective should be satisfied with independence.
(O  The objective should be satisfied.
Blank Satisfaction of objective is at applicant’s discretion.
@ Data satisfies the objectives of Control Category 1 (CC1).
)] Data satisties the objactives of Cantral Catagory 2 (C02)
= — T
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Table A-2
Software Development Processes

Applibcability é:nntrol
¥ atagory
Dijactiie SW Leval Outpit by SW level
Description IFIef. Al BI CI D | Description !Hof. A! Bl cl D
1 { High-level requirements | 5.1.12 |0 | |O [O | Software Requirements Data| 11.8  |@|@ || D
are devaloped.
2 | Derived high-leval 51.1b (O |O |O [ | Software Requirements Data| 1.8 || @D |@D|D
raguirements are
defined.
9 | Softwars architecture is | 5.2.1a [ | |O |O | Design Description 110 |DIOIS|G
developed.
4 | Low-level requirements | 5.2.1a (O O |O Design Description 11.10 |D|OI@ @
are developed.
5 | Darived low-levsl 52.10 |O 1O | |O | Design Description 1110 |DID|&I@
requirements are
defined.
6 | Source Codeis 53.12 |O|O |O O | Seurce Code BN I0110] 101 [O)
developad.
7 | Executable Object Code { 5.4.1a | | |O |O | Executable Object Code 11.12 |D|O|DD
is produced and
integrated in the targst
computer.

LEGEND: The objective should be satisfied with independence.
(O  The objective should ba satisfied.

Blank  Satisfaction of objective is at applicant’s discration.

Data satisfies the objectives of Control Category 1 (CC1).

Data satisfies the objectives of Control Category 2 (CC2).
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Table A-3
Verification of Outputs of Software Requirements Process

#ppli:abilitjr Gl.'.‘:'mtrnl
; agory
b sctiins SW Level Output by SW level
Description Description Ret. AlB|C|D
1 | Software high-lavel ® |® |O | | Software Verilication Resulis | 11.14 |22 | @ | @
requirements comply
with systam
requirements.
2 | High-level requirements | 6.3.1b |@ |@ [O | | Software Verification Resufts [ 11.14 @2|D|@
ara accurate and
consistent. .
3 | High-level requirements | £.2.1c [O |OD Software Verification Results | 11.14 | @ | @&
ara compatible with
target computer.
4 | High-level requirements | 63.1d | |0 |O Software Verification Results} 11.14 | @ | @ | @
ara varifiable.
5 { High-lavel requirements | 6.3.1e 10O |O O Software Verification Results | 11.14 | @ | & | &
conform to standards,
6 | High-lavel requirements | 6.3.1f | [O [O [ | Software Verification Resuits | 11.14 @DID|@D|@
are traceabla to system
requirements.
7 | Algorithms are accurate. | 6.3.1g |@ (@ |O Sottware Verification Results| 11.14 |@ | @ | @

The objective should be satisfied with independanca.
O  Tho objective should be satisfisd.
Blank  Satisfaction of objective is at applicant's discretion.

Data satisfies the objactives of Contrel Category 1 {CC1).
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Tahle A4
Verification of Outputs of Software Design Process

Applicability Control
by Category
Objective SW Level Tt by SW level
Dascription Ref. A| B| C| D | Description Ref. AlBlC|D
1 | Low-level requirements | 63.2a |@ |@ [O Software Varffication Results | 11.14 | @) |3 | @
comply with high-level
requiraments.
2 | Low-level requirements | 6.3.2b |@ (@ |O Software Verification Resulis | 11.14 | (@ @ @
are accurate and
consistant,
3 | Low-level requirements | 8.3.2¢ |O|O Software Verification Resuks | 11.14 @ | (&
ara compatible with
target computer.
4 | Low-evel requirements | 6.3.2d | [ Softwara Verification Results | 11.14 | @) | (®
ara veriiiable,
5 | Lowlevsl requirements | 8.3.2e | |O |D Software Verification Results ] 1114 [ @@ | @
conform to standards.
6 | Low-lovel requirements | 6.2.2f [ | (O Software Verification Results | 11,14 @ @& @,
are traceable to high-
level requiremants.
7 | Algorithms are accurate, | 6329 |@ |@ |D Software Verification Results | 11.14 | @ | @ | &
B | soitware architecturs is | 6.3.3a | @ |0 |O Software Verification Results | 11.14 1@ @
compatible with high-
level requirements._
9 | sottware architectura s | 6.3.20 | @ (OO Saftware Verilication Results | 1114 @ | @ | @
cangistent,
10 | Software architecture is | 6.3.3¢ |2 |0 Softwara Verification Results | 11.14 | (313
compatitla with target
computar.
11 | sofiware architecture is | 6.3.3d (][9] Software Verification Results | 11.14 | @@
verfiable.
12 | sofiware architacture 633s |2 OO Softwara Verification Results | 11.74 |G | @
conforms to standards.
13 | Software partitioning 6.3.3F |@ | | () | Scftwars Varification Rasults [ 1114 | @ | @[ @@
intagrity is confirmed.
LEGEND: @  Tha objsctive should be satisfisd with independence,
(3 The objactive should ba satistiod.
Blank  Safisfaction of objective is at applicant’s discration.
@ Data salisfies the objactives of Control Category 1 (CC1).
@  Data satisfiss the objactives of Control Category 2 {CC2).
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Table A5
Verification of Outputs of Software Coding & Integration Processes

Applicability Control
i by Output Category
Cihjectiva SW Level P by SW level
Description Ref. A| B| C| D | Dascription Ref. AlBIC|D
1 | Source Coda complies [6.3.4a |@ (@ O Software Verification Results | 11.14 |3 @@
with low-level
raguiremants,
2 | Scurce Code complies | 6.3.4b (@ |O O Sofiware Verification Results | 11.14 |G | @ | @
with scfiwars
architecture.
3 | Source Codais Edde OO Softwara Verification Results | 11.14 |3 | (@
verifiable.
4 | Source Code conforms | 6.3.4d | 1O O Scfiware Verification Results | 11.14 | B | @ | @D
to standards,
5 | Source Code is B34e |O|OOD Software Verification Results | 11.14 | @@ | @
traceable to low-level
requiremants.
6 | Source Coda is accurate | 6.3.4! 1@ O |O Scfiwara Verification Results | 11.14 | @& @@
and consistant,
7 | Cutput of sottware 835 O[O 1D Software Verfication Results | 11.14 |G E @
intagration procass is
completa and corract.
= —_— ==l
LEGEND: @  The objective should be satisfied with independence,
(D The objective should be satisfied.
Blank  Satisfaction of objectiva is at applicant's discretion.
@ Data satislies the objectives of Control Category 1 (TG},

Data satisfias the objectives of Contral Categary 2 (CC2). l
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Table A-6
Testing of Outputs of Integration Process

Applicability Control
by Category
s SW Lavel HiFp by SW lavel
Dascription Description

1 | Executable Objact Code | 6.4.2.1 |O |O |O |O | Sotware Verification Cases | 11.13 (| @ |@|@
complies with high-lavel 6.4.3 and Procedures
requiraments, - Software Verification Results | 11.14 [@|@ | @] @
2 | Executable Object Code | 8.4.2.2 |O |O |O |O | Software Verification Gases | 11.13 || @ | @ |@
is robust with high-level & ik and Procedures
reguirements, - Software Verification Results | 11.14 (@ (@ |@|@
3 | Executable Object Code | 6.4.2.1 | @ |® [O Software Verification Gases | 11.13 {DI@ | @
complies with low-lavel g3 and Procedures
requirements. - Softwara \arffication Resuits | 11.14 @@ | @
4 | Executable Object Code | 6.4.2.2 | @ |O |O Sofiware Verification Gases | 11.13 [ |@ | @
is robust with low-level |, and Procaduras
reguirements. o Software Verification Resuts | 11.14 |@ |2 @
5 | Exacutable Object Code | 6.4.3a O OO |O | sofiware Verification Cases | 11.13 @ @ @ @
is compatible with target and Precedures
computear. Software Verification Results | 11.14 | @ @ @ @'

LEGENL:

The objective should be satisfied with independence.
The objective should be satialisd,

Satistaction of objective is at applicant’s discretion,

Data satisfies the objectives of Control Category 1 (CC1).

Data satisfias the objectives of Control Category 2 (CC2).
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Table A-7
Verification of Verification Process Results

Appli:ahll‘rly Control
¥ Catagory
Dhnciive SW Laval Ut by SW lavel
Description Aaf, Al B| C| D| Descriplich Hel. AlB|C|D
1 | Test pracedures are | &.3.65 @ O | Software Verllication Cases | 1113 | & |3
coarect. and Frocaduras
2 | Test results are correct | 6.3.6c | @ | 1D Software Verification Resuits | 11.14 | @ |G| &
and disore pancies
explainad.
3 | Testcoverage of high- [ 6.4.4.1 |[@ |0 | | | Software Verification Resulis | 1114 S| & &
leval requirements is
achievad,
4 | Taat eovaraga of low- E441(0 DD Software Verification Rosults | 11.14 {3 | @ | D
level raguiremants is
achisvad,
& | Test covarage of EAAZ 1@ Scitware Varification Aesuliz | 11,14 (5
software siructure
(modifiad
condition/dacision) is
echiaved.
6 | Test coverage of 64425480 | Softwara Vaddlication Results | 11.14 | (&) | &
software strucium F.4 4 2
(decision coverage) is A
achisvad.
7 | Test coverags of Ga4d23l g | D Scftware Verffication Resulis | 1114 | @3 | &
softwara strusture 6.4.4.2h)
{statamert coverags] is | 7
achieved.
& | Tost coveraga af 4421 |8 | Scitware Verification Results [ 11.14 | (3 (5 | (@)
softwars struciure [data
eaupling and contral
coupling} s achlaved.
e
LESEND: @  The objactive should be satisfied with independense,
() The objectiva should be satisfied.
Blank  Satistaction of objsctive is at applicant's discration.
@  Daa satisties the aisjectives of Cantral Gategory 1 (0TI
(@) Data satistes the nhjactives of Contral Gategory 2 [502).
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Table A-§
Software Configuration Management Process

Appii';:ablll'l)r Conirol
i ¥y Catagory
Objective .. - Output by SW lovel
Dascription Raef. A | B| C| D | Description Ref, AlB|lC|D
1 | Configuration tems are | 7.2.1
Hanh[ﬁed. Q1O |O |O | SCM Records 1118 |@|@|®|@
2 | Basalines and 722 OO0 10D ) gst Configurati 11.18
traceability are ||.d;:am ‘guration (010 O] O]
establishad,
SCM Records i (@|@|@|®
3 | Problam reporting, 723 101010 |0 ] Proslam Rapart 117
change confrol, 704 RIATISERPOTE 1 @ @ @ @
change raview, and . SCM Records 11.18
configuration status 7.25 @|@|@ @
accounting are 7286
eslablishad,
4 | Archive, retrieval, and 727 OO O 1D | 5cM Reeod .
release are established. ecors 118 @ @ @ @
5 | Software bbad contralis [ 7.2.8 O[O 1O 10 | sCM Baenrd 11.1
established, Feores ? @ @ @ @
6 | Softwara life cycla 729 1O 1D 1D 10 | software Life Cyel
environment control s Envir:;:-m: Cay:flzumﬁnn 1115 ([DD|D|@
established, Indax
SCM Racords AL (@] (6] [e] [e))

The objective should ba satisfied with indepandanca,
The objective should be satisfied.
Satislaction of objective Is at applicant’s discration.

Data satisfias the objectives of Control Categary 1 (CC1).

Data satisfias the objectives of Control Category 2 {CC2).
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