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Incremental value is created by global interconnection across
products, systems, applications and the Internet
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Changes are being driven across the entire supply chain - even to
commodity parts that now require sophisticated software & electronics
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What is the value of the System?
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Boeing Commercial Aircraft: 787 Development Program

Number of parts: 6 million CAD models: 20,000 -
Peak number of suppliers: 2,600 Design changes per year: 150,000

Who makes the parts and where
the engineering jobs are:

Boeing 787: # of engineers are 2005 projections and may not include all engineering specialties. Production workers are not included.

B CHINA SOUTH KOREA = | JAPAN UNITED STATES CANADA ENGLAND [ SWEDEN
paMeRsY Iy v camensy INGROES  CoMPany (NGNS COMPARY  (RGINGORS [OuPINY  ENGINERR
C“;Mﬂu l-ﬁéfﬂaft A Korean &ir;  NA Kawasaki Heawy Spirit Aerosystems (Wichite, Tusal: B0 Boeing Canada fwinnipegi: 60 Massiar-Dowty: 30 Saab: NA
Industrial Grougp: Industries: 190 section ) .
Rudder h N?Is:?cblm ) %'ﬁ'inﬂ 1o body fairing 3* Main landing % Aft cargo door
= Wing tips Midfuselage / awembly gear Forward carge door %
aeclian “ Engine pylans "h t Mose landing
- % Tail cone [ wictniza) Ty At pylon fairings gear
“RAanyang Fimed trailing edge Fixed leading edges (Tulsa, okla,
birzralt Groug: NA | . g odaes! —3] Wing 10 bods 0 ITALY
Movable Leadi Tul E:\\ i COMPANY __ EWGINEERS
. Vertical fin Fuji Heawy Industries: 130 Movable leading edaes (Tut) 4 e I FRANCE Meniz: 770
" leading edge Canter Mair Landin oo B
e “wing bax" Waught icharesson,: 100 = uealr P u*::tgudﬂ Latecoere: NA Midfuselage
Hafe | Mwiation fuselage {Diallas): e b, sections
Indus~ies: NA AUSTRALIA section % r fuselage sections Main landing o] At passenger
) Mitsulishi Heavy Chevlestan, 5.0} T gear doors (wing) doars
~ Wing to body COMPARY ENGINEERS Industries: 750 Ty
Taiting panels Boeing's Hawker ustries: Forward Tg

de Havilland unit- ED Goodrich Aerostructures: 160 passenger doors

Movable / Horizontal
trailing edges
e —

Boeing: 85 stabilizer
{Frederivksan, Plerce Sounty}
ﬁ Vertical fin

Inbard Naps THTAL ENGIMEERS: 570 {Boging Everett plavt): 3,600
TOTAL ENGINEERS: 4,915

Wy Nacelles (Choto Wista, Colil.®)

Sowce: Boeing documents s 100 suapat s (Ewerets) Source: The Seattle Times
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Systems Engineering

Che New York Cimes

Top Engineers Shun Military; Concern Grows

By PHILIF TAUBMAN
Published: June 25, 2008

... the percentage increase in projected cost overruns for 95 major weapons programs
in 2007 ... A $295 billion overrun projected for 2007 was 26 percent above initial
estimates ...

. the central problem is a breakdown in the most basic element of any big military
project: accurately assessing at the outset whether the technological goals are
attainable and affordable, then managing the engineering to ensure that hardware and
software are properly designed, tested and integrated.

The technical term for the discipline is systems engineering. Without it, projects can
turn into chaotic, costly failures.
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C\N Politics,con

Military procurement reform sweeps through Senate
May 7, 2009

..... 'This really a situation of near-crisis proportions," McCain said. "We just cannot
have the kinds of cost overruns that are associated with literally -- with one or two
exceptions -- literally every new weapon system that the Department of Defense

acquires.”“......

" the Pentagon relies on unreasonable cost estimates, has unrealistic expectations

for performance and "immature" technologies, and changes requirements and
production levels at great cost. ...”
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What's Behind These Failures and Increasing Costs?

Business View

Product missed customer needs 46%

Late to market/missed demand 33%

Poor commercialization / promotion  26%
Product quality 24%

Pricing 23%

No clear product differentiation  19%

The CIO’s Guide to the PERFECT Launch: Translating
Innovation to Business Benefit, AMR Research, 2005

Engineering Opportunity

Improve communication and collaboration across disciplines 71%
Increase visibility into status of requirements 49%

Increase ability to predict system behavior prior to testing 46%
Implement or alter new product development processes 43%

for a multi-disciplinary approach

Increase real time visibility of product Bill of Materials (BOM) 39%
throughout the development process

Aberdeen Group, System Design: New Product Development for
Mechatronics, Michelle Boucher, David Houlihan, January, 2008
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Cost of Quality

Requirements Analysis/Design Development Deployment
3% 27% 55% 15%
Systems Engineering —~.
20% 13% > 22% 5% | < >
30-50%

University of West Virginia and The United States Air Force Academy 2001

Time saving

= The gap in benefits between the highest and lowest IT spenders for computing power

was

only 4% without a good management system.

= With a good governance system
» Productivity improvement is 25%

» Capital improvement is 70%
Source: Stephen J. Dorgan and John J. Dowdy - The McKinsey Quarterly, 2004 Number 4
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Cost of Poor Quality

30® 30744
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SE Effort = SE Quality ~ SE Cost/Acual Cost SE Effort = SE Quality * SE Cost/Acual Cost

Figure 2-5 Cost and schedule overruns correlated
with systems engineering effort -
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Historical Areas of Risk to Program/Product Success.....
In aerospace and defense, software content has increased 10X

Relative Distribution
of Software/Hardware Costs

(Percent of total cost)
100
Percent of Specification
Requirements Requiring
— Hardware Platform Software Control
F-4 1960 8%
Development
60— A-7 1964 10%
F-111 1970 20%
B F-15 1975 35%
Software °
F-16 1982 45%
20 B-2 1990 65%
Maintenance
| F-22 2000 80%
1955 1970 1985

Source: Software Engineering, IEEE Transactions on
Computers December 1976

Source: The Australian Software Acquisition Management Course,
Defense Systems Management College, March 2000
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Best-in-class product companies are those that build a
strong competency in software delivery

Best-in-class produce results: Contributing practices:
= 19% more likely to meet = Manage Requirements: 2x
revenue targets than the more likely to manage
industry average requirements throughout entire
lifecycle
= 4.4x more embedded
software than competitors = Manage Change: 2x more
likely to notify other disciplines
= 50% fewer defects of change

in embedded software
= Able to Predict Systems

m 25% decrease in product BehaViOI': 7X more ||ke|y to

development time digitally validate systems
behavior prior with simulation
across Software, Electrical &

Mechanical components
Source: “Embedded Systems Development”, Aberdeen Group, March 2009
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Requirements Engineering
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Requirements Engineering Best Practices

Best in class companies...

= Engineer requirements:
“From the beginning of the product and system lifecycle
=Through every phase of development
=Across all disciplines of mechanical, electronic and softw

= Ensure traceability across all levels of requirements

= Mature from an isolated to a collaborative environment

= Invest the same focus and rigor on engineering requirements as in
managing mechanical Bill of Materials

= Integrate Requirements Engineering closely with Change, Product and
Portfolio Management, and Quality Assurance

IBM Requirements Engineering Solution

Capture  Trade-off Analysis * Validation « Change Management « Traceability « Impact Analysis * Reporting & Metrics * Monitoring

Ideas Analysis Implementation Test & Maintenance

Requirements Definition Requirements Management =
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Requirements begin with Product Management

IBM Requirements Engineering Solution
Capture « Trade-off Analysis » Validation - Change Management - Traceability « Impact Analysis » Reporting & Metrics « Monitoring

ems/Product Analysis & Implementation —
ol paiit

Implementation

Requirements Management

= Automated idea capture

» Capture ideas and product
requirements from internal
stakeholders and customers — s

= VValue-based feature selection

» Understand customer value when

) . = Are we doing the RIGHT products?
making decisions about products J P

= Are we spending in the RIGHT areas?

_ = Do we have the RIGHT resources?
= Market-based analysis

» Analyze product decisions in relation
to your goals, objectives, and
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Manage Requirements Across the Lifecycle and Across Disciplines

IBM Requirements Engineering Solution
lysis « Validation « Change Management « Traceability » is *

Chang C lity » Impact Analysis « Reporting & Metrics o .w

s, e B Ak P i OO
Ihrip-l-upm'lll-"l-l"

IJ..'rfaa ipFF ik I

|I'-*--n- s s il CISETALN

||"' ) | [ e

""' LR NNk

= Provides end-to-end visibility of
requirements

= Comprehensive support for
recording, structuring,

managing, and analyzin
9N yZIng = Can manage requirements across

reqUIrer_n_entS and their multiple engineering disciplines -
traceability Software, Electronic & Mechanical

= Requirements are persistent at - ;ﬁalﬁef,?sf large projects with
all levels of decomposition Y
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Link Testing to Requirements as well as to Design.

IBM Requirements Engineering Solution

1 rade-off Analysis « Validation « Change Management » Traceability » Impact Analysis « Reporting & Metrics - . itoring

» Incorporates requirements in test- == E =
and quality plans — == |
» Relates test cases, test suites, B
test execution and test result with Quality Management
requirements
» Provides traceability between and _ _
within hierarchies of requirements = Shows which requirements are tested

and which not

and tests




Requirements Engineering Process & Tool Enforcement
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ROI — quantifiable savings

Advanced Weapon Control System —
incremental development lifecycle

Improvements Before After
Requirements Volatility -
@ Preliminary Design Review 72% 48%
@ Final Design Review 33% 17%
Requirements Changes Implemented -
Changes accepted 98% 16%
Changes rejected 2% 84%
Testing Time -
Integration 9 weeks 4 weeks
System 13 weeks 6 weeks
User Acceptance 22 weeks 10 weeks
Defects found after production 728 165
Software Requirements Specification
Production Time 10 days 2 days
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Model Driven Systems Engineering
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Development time should be spent developing
80% of development costs are spent identifying and fixing defects

* Costs
Induced of
Errors Design
Change

( | LS " " $7,600/defect
4 4&% " $960/defect

$240/defect

Once released

N - During the as a product

During the

. AlTesting phase
During the design & Q L
requirements phase construction phase Source: 2008 GBS Industry standard study

Defect cost derived in assuming it takes 8 hrs to find, fix and
repair a defect when found in code and unit test.
Defect FFR cost for other phases calculated by using the
multiplier on a blended rate of $80/hr
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The MDD enablers for developing systems and software

UML/SysML
based

modeling

Round-trip
software

Visualize
requirements

engineering

Telelogic®
Rhapsody®
MDD

Team Continual
collaboration testing
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Visual requirements capture

= Extend requirements engineering to development
» Iterate requirements into executable systems model for analysis and validation

= Confirm project requirements

» Animate and simulate use case functionality and behavior
» Ensure that the design fulfills the requirements; ensure regulatory compliance

EIE] FlightControlSystemReguirements
#-{Z7 Object Model Diagrams
E|E4. Reguirements

=B «fromDOCRS> Flight Contral
=B Requirements
= E} «fromDOORS» Contraller

E? Requirements
«fromDOORS: Altitude error contribution
«fromDOOR 52 Speed error contribution
«fromDOOR S Throtte command

[ «fromDOORS: Elevator command
EE’! sfromDOORS* Alarm manager
E| Requirements
«fromDOORS Altitude alarm
«fromDOORS* Speed alarm
«fromD0 QRS Alarm

i Requirement : Alarm in Alarm r anager

General | Description I Relglions I Tags | Properties |
|Nam'| I /]
Stereotype: -

; ® I from D01:E -linformaﬁon
Type: F{equir#errt j

ID: 19 I

Name:

Flight Control Overview  J

«fromDOORS>
Alarm

ID=19

Alarm is triggered by an Altitude or
Speed Alarm.

~”

altSensor-double

speedSensor.double

speedSetPoint:double

altSetPoint:double

«fromDOORS»
Controller

D=2

and altitude of the plane. It
calculates the throttle command
and the elevator angle using the
pilot settings and the measures
performed by the sensors.

«satisfy»

Saa 1

FlightController

i)

| «satisfy»

The controller regulates the speed <_ - |

«fromDOORS»
Throttle command

ID=12

\

\

| The value of the throttle command is

‘ the corrected altitude error contribution
minus the corrected speed error

| contribution, within range [0..1]

\

\

M

‘ «satisfy»
J

asatisfy»

«fromDOORSs
Elevator command

ID=13

The value of the elevator command is the
corrected altitude error contribution plus
the corrected speed error contribution,
within range [-1.556..1.556]
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Simulation, execution & animation Testing.

= Promote agile development by validating requirements early

= Perform design level debugging

= |dentify and address errors early when they are less costly to fix
= Visually communicate intended behavior to customer

y Telelogic - V72_RiCpp_Bluetoothtie:

T e e T W B
DE@m 0 82 0 - AGBD || @ 0 % [HesseimdiosiePhonewingu

| Statechart of : Headset - Headset

x1T|BBO|=0kli @i it v [eD

L |
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3"--"

Model-driven testing 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

Se uence Rig rams

i
[}
]
i
i
&
g
¥
i

4
g
i

Finding & Correcting Errors

MokilePhone

Host based Target based
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Automation, Traceability, Time....

| Formial module 10| x|
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2 2 System
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—
- =
T.  -leztw - Telelogic Tau - [Server.c] _lol> \ .
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s & TR
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|5 — - —
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~[Bil Deployment . Ptiohiit
- Server . iTH e
For Help, press F1 B Class Diagr: &xPar® c 7
(74 Architectur 18 .
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Hreeh #ifndef USER_ NALS_NEVER_DISCARDED
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H EchoFoml I
o th: Fieaues switch (Signal->Sid
d - Dispotct cas= Say_EchoServerd
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a E”Vt“" ({ySignalPar_Say_Echd =r( #)Signal—>ParPtr)—sParaml):
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System Dynamic System 2 StoChart cess Echo EchoServerl
. . w0 ¢ Creator =Free_SDL Charstring((void ==
Behavior Mode ng o 2 SaiChonmial TEggilgnal?ar,Echu,E:huServarl —>ParPtr)-sParanl);
#- i EcholCharsting CaseiBrareodl
i htvead #Fres_SDL_Charstring((void =*)&((ySignalPar_Start_3 =)Signal->FarF
% dthiead Faranl)
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% Application Vwerks 3
B e =i
. Rt ﬂ—‘ #endif | |

Fie .| W0 ] 5 Model |

For Help, press F1

en

B
= —" | —

%c\iﬁed Systems

MATLAB / Simulink
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MDD automation enables real savings in simulation and test

= Comprehensive test process model \
- 7:1 return on system engineering investments Client Results

= Integrated end-to-end technology = Quality improvements

- Reduced manual test effort of 90+% ranging between 30 - 70%
= Industry-based test solutions ¢—— = Cycle time improvements
of 20 - 50%

- 10 - 20% savings for test case and script reuse

[ 1 _ (o)
= Advanced defect analysis and quality Cost reductions of 25 - 60%

management processes

- Defect reduction up to 69% / Test Centers of Excellence

(@ (00 @8® Test consulting

Life cycle testing  Test automation
Reporting

v

Standardized Quality Offerings +

Specialized testing

Management Infrastructure testing

Source: GBS Test Practices Investor Board Briefing
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Software Development for Systems

Best
_~Practices
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Agility @ scale with Rational Team Concert

1,362 total resources worldwide

Canada - 299 (22%)

L 1 - Poland - 3 (<1%)
France - 30 (2%)
Israel - 29 (2%)

China - 78 (6%)

A

Japan - 4 (<1%)

o

[ Hibaal Cbnban [o9Nn (47707

“We've really enjoyed the way Jazz deals with collaboration, keeping track of tasks and linking
changes to actual tasks. This is light-years ahead of what we had before with CVS.”

“l ess emails. Less lost info. Most accurate vision of features and tasks.
Very light weight for everyone. Supports sprints / iterations very nicely.”

- IBM internal feedback
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Improve Quality by leveraging standardized Methods.
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Link your Methods to a deployment platform: move from
static to dynamic processes

# Work Items - Rational Team Concerl

File  Edit Search Run  Windoi

M EHES oY igalig®

Mavigate Project

Help

@ PR e

e v (o (e I °©
B wE 2
- T Exampe Harmany Project 2 [localhost]
Elﬁ Harmony Project (Mod1 Copy) [localhost]
#- T HarmonySE1 [localhost]

Elﬁ Harmony SE Modz {Copy) [localhost]
[T HIE Modz [lacalhost]

& Open Perspective

(7 Asset Management

Autharing
Erowsing

%CVS Repositary Exploring
ﬁ?Debug

aJJava

&JJava Browsing
T:JJava Type Hierarchy
'ﬁﬁ Jazz Adniinistration
=0=Plug-in Development
Process Builder
Report Design
EEResource

ﬁ Rhapsody Debug
®Rhapsodv Modeling
F‘EZFTailoring

EaTeam Synchronizing
E ork Items {default)

i oK J[ Cancel J

f@j work Items 33- uF‘D Tag Cloud] Eg Problems] ﬁ Team Advisor]

Mo resulks ko display

B~ % %0

You may choose one of the Waork Ikem queries below ko populate this view,
Mare Worl: Item gueries are available From the Work Ikems section of the Team Artifacts view.

Open assigned ko me (Fxampe Harmony Project 23
Recently created (Exampe Harmony Project 2]
Cpen assigned ko me (Harmony Project (Modl Cope)

Recently created (Harmony Project (Modi Copyl)

iTMman accinnad Faoraa dHorrnnos S MaAT ST Anot
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Once in RTC, Assign Work and track Team Execution

Automated Reporting and Metrics

-,

B UL IR TR— _
55 UWS Temperature Conversion M1 Plan ~ P G & B - | o [save
Team Area: UWS Temperature Conversion Team | Iteration: 1.0 M1 (12/1/07 - 6/20/08) | 5 Closed | 2 Cpen iﬂ

April Blues s -
- = roup by
% Closed items: 1 | Open items: 1 Progress: 1/ 17 | -15 h Estimated: 100% |D
Wrer
E UWS Create the temperature conversion CLI package (D 2 days |:| Unassigned 9
- ﬁ Derek Holt [—— ¢ e
f0 Closed items: 0 | Open items: 2 Progress: 0 /8 | -7 b Bstimated: 100% |Priorit5-'
P [S] UwWS Define permissions 2 4hours || Unassigned 5
Jerry Jazz (——— ¢ gars
= Closed items: 1 | Open items: 1 Progress: 0 /4 | 3 h Estimated: 10096 |Progress
[Z] uws Define team members D 4hours [ Unassigned &
Zach Builder [ R— ]! Fxel
™ Closed items: 2 | Open items: 2 Progress: 26 / 37 | -10 h Estimated: 100% [ Future and past items
£'==”| WS Create the core temperature conversion package D 1day |:| Unassigned 7 Resolved items
[5] Uws Define iterations/milestones ( 4hours || Unassigned 3 More Filters. ..
Tags...
- Zara Intern (——— 4 =
g5 Closed items: 0 | Open items: 2 Progress: 0/ 17 | -18 b Estimated: 100% ted .
Related W It
@ Uws add JavaDoc to core temperature conversion JUnit tests (0 1 hour |:| Unassigned 11 *:1 ddﬂl‘ ems
Show Backlog
E UWS Create the core temperature conversion package JUnit tests 0 2 days |:| Unassigned 8 Dgdesned chosed Tiems
Unassigned 8
o Closed items: 1 | Open items: 1 Progress: 8/5h Estimated: 100% Next Plans
@ Expose functionality via public get method to core temperature conversion code (2 1 hour ﬂ High 23
E4 1.o0mM2

Overview |Planned Items] Eharts|
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Configuration Mgt allows Enterprise collaboration

Enable multiple teams to access methods and Systems Engineering artifacts.

@ 1ava - 20080519-1443 - Rational Team Concert - C:\Workspaces'april

File Edit Mavigate Search Project Run Window Help

|

J“"-".\" =

(S = e

- JE}TE@J*J%"Q'%?

ke e | ®F

E |8 1ava  [B] work Ttems

=1E( ]

=
@iy 20080519-1443 52

=T

1

M_fg Hierarc‘] £ Team ﬁq 1133 Team Oj =0

a2 Build UWS

[;;.'6 net. jazz.example.buid. setup (April Waorkspace Beta 3 - Build
[# [;,:6 net.jazz.example. buildscripts (April Waorkspace Beta 3 - Build)

E|[g;"J net.jazz.example.bemperature. conversion (April Workspace

E|E§ src
E| Eﬁ net.jazz. example.kemp. conversion.core
= E& TempConvert. java
E| GE TempConvert

@ celciusToFarenheit(foat)

Laogh farenheit ToiZelcius(foat)
Q net,jazz, example kemp, conversion.test
ﬁ% net,jazz, example kemp, conversion.ui
‘B JRE System Library [jdk]
B JUnit 3

Temperature

@ Completed

Duration: 7 seconds

Skatus Trend: l i I

Changes:

Logs:

Fepository Workspace:
Snapshot:

Wark items:

<

E’) WS Temperature Cone } S

=

55 outlin (:@:Tearn T I

-

Conversion Team build
(m<) 20080519-1443

Skark Time: May 19, 2005 1:43:21 PM

H$ &

» Newly Assigned Work (_LIWS Temper = 2
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- TS | B |

A

M
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In-context collaboration
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Track processes, teams, projects, portfolios
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Customers are seeing real results

Volkswagen AG

TTI Telecom

Unisys

Ericsson

Lockheed Martin Canada

Credence Systems Corporation

Covarity

Information Builders, Inc.

20% productivity increase

Improved time-to-market by 50%
Estimated savings of $2 million per year

Accelerated client success:

25-40% improvement in cycle time
75-100% improvement in productivity
25-60% cost savings

80% fewer bugs; 100% productivity increase

$409K Net Quantifiable Benefit; 222% ROI

1200% increase in developer productivity
90% reduction in bug backlog

Reduced development lifecycle by 25%

96% productivity increase




