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Agenda

= Trends in Product
Development & Delivery

= Challenges Resulting
from Insufficient
Requirements
Engineering Processes

= Best Practices for
Successful
Requirements
Engineering

= Case Studies
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Innl:wate The Rational Software Conference

Competition and Customer Demand are Driving Changes
In Product Development

Aerospace and Defense Electronics

= Need for cost reduction/
increased innovation is
resulting in extensive

= Need for product
differentiation is

design partnerships driving

across legal, technology increasing

& security boundaries amount of
Transportation software into

products

§ i

= 35% increased value
of in-vehicle electronicsss
& software by 2010

= 90% of innovation is based on
electronics & embedded software

Changes are being driven across the entire supply chain - even to commodity
parts that now require sophisticated software & electronics

a smarter planet.




Innovate The Rational Software Conference

The Product Development Landscape is Evolving

Tool-Assisted Design

1970 - 1980 1980 - Present Present & Beyond

Business Productivity New technology for Globalization of
Drivers improvement reduced cost & suppliers, workforce &
through time, increased markets
automation flexibility
= 2D CAD = 3D CAD " Increased focus on
Product = Ad-hoc data = PDM focus on software engineering
Developme  Management mechanical = Full traceability of
nt = No organization 2OV :ﬁgg&rermz?tsroduct
| process » Organization lifec gle P
change & process y
improvement » Holistic system design
and interaction
Business Improved Time and cost Rapid innovation with
Value production with reduction software as major
higher quality differentiator Iﬂ

a smarter planet.
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Innl:wate The Rational Software Conference

Product Development Failures Are Impacting the Bottom Line

Aerospace and Defense Electronics

= Serious financial & quali
issues result from need
to better understand
& manage change
across teams

= Delays & cost
overruns caused by
errors found during
electronics &
software integration
testing

Transportation N - Warranty costs

skyrocket when
= Complexity of 4 errors are found
electronic systems leads after product
to quality issues, project release
delays & warranty costs ; g

» Warranty costs in US and Europe are 2-3% of
revenue

» ~50% of warranty costs are related to electronics
& embedded software

a smarter planet.
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Software & Integrated Product Failures Still Plague Companies

= Aerospace Agency

$1 billion prototype rocket self-
destructed 40 seconds after takeoff.
due to a bug in on-board guidance
software

= Automobile OEM

Software bug forced recall of 75k
cars that stalled at high speeds

* Medical Equipment
Manufacturer

Recalled 42K defibrillator devic®
due to poor software

a smarter planet.
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Rain Sensing Wiper: Example of a System Design Failure

= Windshield provided by local
supplier

» Incompatible with the operation
range of the sensor

» No captured requirement for
proper system calibration
(i.e., verifying sensor and
windshield compatibility)

» Cars were sent to customers with
non-functioning wiper system

= Initial diagnostics designated
software as culprit for malfunction
» Mechanics couldn’t test software behavior

» Other components (electronic control unit, sensor, and windshield)
functioned normally when tested independently

» Failure was not of individual components, but in the interaction at a system level ﬂ

a smarter planet.
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Requirements Engineering Poses Significant Challenges

=Poor quality of requirements definition
» Requirements are often expressed poorly
» Misunderstandings and misinterpretations occur frequently

*Requirements Definition is typically inefficient
» Requirements are ubiquitous and labor-intensive
» Requirements gathering is complex and involves numerous stakeholders

*Requirements Management requires significant commitment
» Many activities are manual (e.g. coverage and dependency analysis)
» Establishing and maintaining traceability can be time consuming and error-prone
» Change management in the context of requirements engineering can be difficult

» Requirements are often validated late in the process, with linkage to quality assurance at
the very end

Analysis & Modeling Simulation Development Testing
Design Tools Tools Tools Tools Tools

Requirements Engineering Tools

Project, Configuration, Change, Metrics and Documentation Tools I

a smarter planet.
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Requirements Engineering

Must Be Better Integrated into the Product Lifecycle
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Requirements Definition & Architectural Design: System Partitionin

etailed Design and Implementation
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Requirements Management

|

Change and Configuration Management

a smarter planet.

Business Analysis: Enterprise Architecture, Business Process Mgmt, Product Mgmt, Portfolio Mgmt

| Program & Project Management: Cost Accounting, Scheduling, Measurements, Reporting, Risk Mgmt

o e
-
-

-
-
o

-
.

-

.
.
.

-
-

-
-

.

=
e
.

.
.
.

-
-
-
L
-

-

-

-
-

-

*f
.

.

-

-

.
-
-

-

1
|

|
-
-

-
1

-
-

-
.
|

=
.
-
.
.
-
.
-
.
.

B

-
-
-

-

-
-
-

-
.
-
-
-
-
-
-
.
-
-
-
it

-

-
-

i
s

-
|

-
|

-
|

-
|

-
|

-
-
-
-
-
)

|
|

|
|
|
|
.
-
|
|
|
E
|
E
|
E
|
E
|
E
|
|
.
.

-

-
-

-
-

-
-

-
-

-
-

.
-
-
-
-
-
-
-

-
-

-
-

-
-

-
-

-
-

-
-

-
-
-

-

-

-
-
-
-
-
-
-

.

-
-

-

-

-

-

-

-

|
]

|
-
-
-
-
-
_

|
.
-

|
.
-
-

-

|
.
-
.
-
.
.
-

-

7
-
.
-
-

.
5t

-
-

4
L
-
-
|
|
-
-
.
.
.
.
i

|
-
.

5t

.
-
.

.
.
-
|
]
|
!
-

.
.

-
-

-

-

.

-

-
-
-
-
-

.

.
.

-

.
-
-

-
-
-
-

-
-
-

-

-
-
-

-
.
.
S
.

-

-
-

-

-
.
-

.
-

-
-

.
-

-

-
o

-

o
.
-
.
-
-
-
-
.
.
.
.
-

-
-

-

-

-

-

-
-

-

-

-

-

-
.

-
-
-
.
-
-
-
-
-
-
-
-
-

-

-
-
-

-
-

-

-
-
.
-
-
-
-

.
-

-
|
.
B
B
- N
. N
.
.
.

-
-
.

-
-
-
-

-

-
.

.

.
-

=

-

.

.

-

-

.
-
.
.
.
=

*
.
.
.
.
7
. &
. &
.
-
-
o

-
-

.

L
|
|
.

| g
e
- 4 -

-
e
v

.

o

.
-
i

.
.

—

S e R T R T
mmma

e

-

- ... ... ... ... ... .

. .

.
.

-

.

e
. ... ... . |

- -
... ... |
-

~ . ...
- E— - - - |
e STt
~ .
.
.
.
r
g
-

-

-
-
-

- -
.
-

-
-

-

.

-

-
S
=
.

-

-
-

-

-
-

.
.

®
-
-

-

-
-

-

T
-

-
-

*
.
N
i
y
W
&
.

&

-
-
-

|
9 . .
9 ... .
- . .
gl et .

-
-
-
-

!
Ly
-

-]

s
.
A
!
.
-

- . .
s . .
= . - |
: |
|
]

5
e

-

|
|
|
|
|
|
|
|

P
P
P
P
P

|
|
|

| |




=___ il

=
([ iy

The

Innovate

fecycle

I

Ineering

iIrements Engi
Must Be Better Integrated into the Product L

Requ

]
.
.
5
.

_

]
]
4

=

-
-
=

-
-
-
-
-
-
-
-

-
-

-
.
4
"
-
-
-
<

.
.
2
.
-
-
-
_

=

-
-
-
-
7
-
-
-
-
-
-
.
-

-
-
o
-

-

-

-
.
:
.
i

-

e
o
o
o
-
-
o

-
-

=
.
.
-
=
=
-
o
.
.
-
.

=

o
-
-

i
-
-
-
-
-
-
-
-
-
-

-
.

i
-
-
=
-
_

-
-
-

-

e
.
.
-
-
-
.

i
-
-
=

o
-
-
-
-
-
-
-
-
.
.
i

-

.

=
-

-
-

.

.
=
-
=
.
.
.
.
.
.
.
.

.
s

-
.

.
-
-
-
-
.

-

R
.
.
-
-
s
.

-
.

-
-
i
%
o
o
-
o
-

-
-

o

.
.
-
.
.
.
.

-
-
-
-

=

i
-

-
-
=

-
-
-
-

-
-
-
-
-
-
.

-

-
-

-
-
o

-
.

s
-

=

-

%
-

R
-
-
-
-
-
.
-
-
-
-

-
-
=

=
-
-
-
-
-
-
-
-
.
-
-
.
-
-
-
-
.
-

-

.
=

-

.
.
—
o
"
e
-
.
-
c
.
.
.
.
.

=
-
-
-
-
-
-
-
-
-
-

-
-

-
-
i
%
o
o
=
-

=

-

-
-
-
-
.

-
-
-
-
-
-

=

-
-

i
-
-

-
-
-

-
-
-
-
-

-

-
-

-
-
o

-
.

-
-
-
%
-
-

-
-
-
-
-
-

jo Mgmt

.
-
e
TR
.
.
-
-
-
T
-
-
=

-
.

-
.
-
-
-
-
.

-

T
-
-
-
-
-
.

-
.

-
-
i
%
o
o
-
o
-

e
-
-

=

.
.
-
.
.
.
.

-
-
-
-

=

i
-

-
-
=

-
-
-
-

-
-
-
-
-
-
.

-

-
-

-
-
o

-
.

=
-

=

-

%
-

A
-
-
-
-
-
-
.
-
-
-
-

-

=

=
-
-
-
-
-
-
-
.
-
-
.
-
-
-
-
.
-

-

.
=

-

.
.
—
o
"
e
-
.
-
c
.
.
.
.
.

=
-
-
-
-
-
-
-
-
-
-

-
-

-
-
i
%
o
o
=
-

=

-

-
-
-
-
.

-
-
-
-
-
-

=

-
-

i
-
-

-
-
-

-
-
-
-
-

-

-
-

-
-
o

-
.

_

I
-
-
%
-

.

.
-
:
=
.
-
.
.
.
.
-

i
-

i
=

-
s
-
-
-
-
s
-
-
-
-
-
-

=
-
-
-
-
-
_

-

.
=

-

-
.
:
s
.
.
.
-
.
.
.

.
-
.
s
-
-
.
.
.
-
.
.
.
-
.
.
-
.
.
.
-

-
.

-
.
-
-
-
-
.

-

R
.
.
-
-
-
-
-
-
s
.

-
.

-
-
i
%
o
o
-
o
-

-
-

=

.
.
-
.
.
.
.
.

-
-

=

i
-

-
-
=

-
-
-
-

-
-
-
-
-
-
.

-

-
-

-
-
o

-
.

=
-

=

-

%
-

S
-
-
-
-
-
-
-
-
-
-
-

-

=

-
.
.
.
.
.
-
.
-
.
.
-
-
.
-
-
-
.
i

-

.
=

-

.
.
—
o
"
e
-
.
-
c
.
.
.
.
.

=
-
-
-
-
-
-
-
-
-
-

-
-

-
-
i
%
o
o
=
-

=

-

-
-
-
-
-
.

-
-
-

-

-

=

-
-

i
-
-
-
-
-
-
-
-
-
-

-

-
-

-
-
o

-
.

_

I
-
-
%
-

.

.
-
:
=
.
-
.
.
.
.
-

i
-

i
=

-
s
-
-
-
-
s
-
-
-
-
-
-

5
.
=
-
-
-
-
-
-
_

-
.
:
s
.
.
.
-
.
.
.

o
-
-
.
.
w%
e
-
.
=
.
.
.
-
-
=
=
-
-

-

-

-

-

.

.

-
_

i
e
=
-

-

-
-

-

-

-

-

-
-

FEFREE
-
-
-
-
o
=
-
-
-
-
-
.
*&
-

=

.
.
.
o
.
.
.
.
.
-
.
5

-
-

=

i
-
-
-
.

-

-
=

-
-
-

-
-
-
-
-
.

-

-
-

-
-

-
.

=
-

-
-
=

-

e
-
-
-
-
-
-
-
-
-

=

;.
-
-

-
-
-
-
-
-
-

&

&

o
o
-
o
z
-
-
-
o
-
-
o
o
=
-

e
4
=
-
-
.
.

il
—
5
"
=
.
.
-
.
.
)
2
.
.

-

-
-
-
.
s
.
5
s

i
7
o
o

o

=
-

i

-
-

-
-

-
-
-
-
.
-
.
.

-
-
-
-
.

i

%
-

-

-
-

-
-

-
-

-
-
-

-
.

-

-
-

-
-

=
-

-
-

-
-
-
-
-
-
-
-
-
-
.
.

-

-
-

-
-

-
-
-
-
-

-

—
"
=
.
.
.
.
i
-

7
-
-
-
.
-
=
.
-
s
-
-
42
i
=
it
:
=

7
o
-
o
o
-
-

o
-
o
-

-
-
-
=
-
.

-
2
-
-
-
-
-
=
.
=
-

-

-
-
-

-
-

-
.
.

-
-

-

g

-
.

-
:
-
.
-

-

-

.
-
-
.

e
-
.
-
-
-
T
.
5

-
.

=

-
-

-
_

-
-

-
-

.
.
.
-
-
.
o
.
.
.

-

-

=

-
-
-

.

.
.
.

.
.
-
-
.

.

-

-
.
-

-

=
o
_

-

-
-

-
-

-
-
-
-
-
-
-
-
.

-

¥
7
.
-
-
-
-
-
.
-
-
-
-
-~
=
-

-
.
.
-
-
-
-
-
-
-
-
-
-

-

.

=
-
s
.
-
s
s
.
.
=
.*
-
i
-
-
e

-

-
-
-
-
-
-
-
-
e
.
-

-
o

-
o

-
o

-
o

-
-

**
i
-
-
-
-
-
-
-
-
-
.
_

=

=

=

-
-
-

-
-

=

-
-
-

-
-

-
-
-
i
-
o
-
o
-
-
-
=

-
-

-
-

-
.

=
o
_

=
o
-
-
-
o

-
-
=
-
|
)
/
ot

-
.
-
-
.

-

-
-
-
-
-

-
-
-
-

-

-
s
‘
-
-
-
-

=
-
-
-
-
-
-
-
-
-
_

-
-

-
-

-
-

7
.
.
.
.
.
s
.
.
.
-
i
5
-
-
-
-

-
-
-

-

=
-
-
-
-
-
-
-
-
-
.
-
-
-
-
-
-
.
-
-

-
-
-
-
-
-
-
-
-
-
=
o
-
-
-
-
-

¥
e
w
-
-
.
-
-
.
:
-
-
-
-
-
-
-
-
-
-
-
.
.
b
.
.
-
-
-
-
-
-
-
-
-

-
-
-
-
g
-
-
-

-

-
-

-

o

S
o

-

-
-

-
-

-
-

-
.

2
=
-
.
.

-
.
.
.
.
.
.
.

.
.
.

®

.

.
-
-
-
-

-
.
-
-

-
-

-
o

-
-

-
o

-
-

-
-

-
-

-
.

%
o
o
-
-
-

.
=
.
s
s
.
-
.
=
.
.
-
s
e
.
e
.
.
.
.
.
.
.

=

=

=

=

=

=

=

=

-
-
=

-

.
-

-
-

o
7
-
-
-
-
-
-
-
L
.
-
-
.
-
-
-
-
-
-
-
-

-
-
-
o
-
-
-
-
-
-
=
-
-
-
-
-
-
-
-
-
-

-

-
-
-
-
w0l
.
-
-
.
.
.
.
.
.

-
-
-
.
e
.
-
-
-
-
-
-
.
k.
-
-
-
-
-

8

-
-
-
-
-
-
-
-
-
2
-
=
-
-
-
-
-
-
-
-
-
-
.
-
-

.

-
5
-
.
-
-
-
-
e
-
-
s
=
_
/
o
-
-
-
-
.
.

Y

-
)

=
-
-
-
-
-
-
-
=
-
i
-
-
=
-
-
-
-

-

-
-

-
-

-

-

.

-
-
g

-
.
.

-
-

7

e
-
-

-
.
.
-

-
-
-
.
.

.
.
-
.
-
-
-
.
-
.
-

-
it

-
-
-

-
-
.

-
-
-
-
-
-
-
-
:
.

**
o
-

-
-
-
-
-
-

-
-
|
.
-
-
-
-
.
:
=

=
-
-

-
-
=

-

-
-

.

-

-
-

-

.
.
-
-
-
-

-

.

**
-
-
-
-
-
-
.
-

o
=
o
-
-
-

-
-
-
|
!
-

.
=
|
-
.

-
.
.
=
.
.
.
-
s
.
.
1
-
s
5
5
.
.
s

-

o
-

-

=
o
-
-
o
-
-
-
.
-
-
e
-
7
-
-
-
.
-
-
-
-

-

-
-
-
-
-
-

.
.
.
e
. &
= 5
=y

-
.
-

-
%
o
o
o
o
i
=
-

=
2
.
.
-
-
.
-
-
-
-
-

.

-

-

-
.

-
-
-
s
S
-
S
-
-
.
-
-
.
.
.
e
.
-
.
-

.
.
-
=
o
.
.

=

-
-

-
=

-
-

-
-

-

-
-
-
-

.

- -
o
-
.

-

-

-
-
-
-

=
e
s
-
-
-
&

-
-

-
-
-

ing
7
:
;
7
s
:
-
=
.*
.
-

=

-
.

”‘:,.
-
.
.
.

-
.

.

a8
-
7
s
-
=
-
-
-
-
.
-
-
-
-
-

-
-

=
o

-
=
-
.
-
-
-
-
-
-
-
-
.
-
-
-

.=
-

-

.
-
"
.
o
"
.
.
-
5

.

.

.

S

-
.

.

.
e
2
-
-
-
-
-
-
w
-
-
.
-
-
-
-
-
T
-
-
o
-

-
.
.
.
-
-
.

-

-

-

.
o -
-
- .
o -
. =

-

— -
-
——

-
=

.

.

-

.

S

|
-
#%Ww@
-
.

-
-
-

.

.

-
-
.

-
2
-
-
2
L
=
o
o
-
-
-
-
o
-

-

-
-
-
&
;

&

-
-

-
-

e
e
-
-
-
-
.
.
-
-
-
-
-
-
-
-
T
-
-
-

-
-

-

=

-
2

=

-
-
-
.
=

-
-

-
.

=
-
=
.

-
-
-
5
-

-
-
-
-
-
-
-
-
-
-
.

-
.

-

=
-

_

-
-

-
.

-
-

.
-

-

-
-

-
-

.
=
=
-
-

-
-
-
-
-
-
-
-
-
-
-

-

-

.
-
-
.
-

.
-

=

=

=

=

.

=

-
-
o

e

.

o
s

.

.
-
o
.
.
.
.

.
-
.

v
i
-
.

-

-
-

.

-
-

.
-

-
o

-
-

-
-

-
-
-
-
N
-
.

-
-
-
-
-
-

-

-
-
-
-
.
-
.
=
-
-
-
_
-
-
-
-
-
—
-
-
-
-
-
-
-
-
-
|
|
-
.

7
-
-
-
=
-
-
-
-
o
-
.
o
-
o
-
o
o
=
-

-
-
-
o
-
o
o
-
-
-
-
-
-
-

.
-

-

-
-
-

.
.
.
-
-
2
-
.
.
-
. -
=
. -
-
-
-
-
-
-
.
.

-

-
-
-
-
=
.
"
-
i
"
-
.
.
.
.
-
-
.
e
.
.
.
.

.
-
.
.
-
s
-
.
-
-
-
-
-
.
-
.
.
.
.

-
-

-
-
-

-
-

Process Mgmt, Product Mgmt, Portfol.

-
.

=

-
-

-
-
-
-
-
.
=

=

.

=

**
-
-
-
-
-
-
-
-
-
-
-

-
-

-
-
-

-
-

.

-

-
-

-
-

5
.
.
7
.
=
-
.
.
=
.
.
-
-
.

=

-
-
-
-
.

-
7
s
.
7
.
.
=
.
-
.
.
.
-
i

-
-

-
-
-
-
-
-
-
-
.
-
-
-
-
-
-
.
-

=
i
z
.
"
.
.
.
.
.
.
.

-
.
-

—

-
-

=
-

-
=
-
.
-
.
_

.

-

-
-

-
-
-
-
-
-

-
-
.
.
.
.
-
.

-
-
-
.
-
-
.

o
e
-
.
-
-
.
s
-
.
-
-
-
.
-
.
-
-
.
-
-
.
-

.

-
-
.

i
¥
e
-
-
-
e
-
-
-
-
-
T
Maeaaa e
-
.
-
-
-
-
-

-
-

-
o

-
-
%
o
-
-

.
-
-
i
-
-
-

=

=

-
-
-

i
**
-
-
-
-
-
- =
.
-
-
-
-

-
-

-
-

-
-

-
-
-

-
-
-
-

-
-
-
-
.

=
-
-
-
-
-

-

-
-
-
.

.

-

-

-

-
-

-
-
-
.
-
-
-
-
.
.
-

-
-
-
-
-

=
=
-
-
-
.
s
.
-
.
-
-

-

»
”
o
=

-
7
-
-
-
.
-
.
-
-
=
-
-

-
o

i
-
-
-
-
-
-
o

-
-

-
-

-
-
-
-

=

=

-
-
.

.
**
-

-
-
-
-
-
-

-
-

-
-

-

-
-

-
-

.
-
-
-
-
-

=

=

-
-
-
-
.

ing,

ign

Detailed Design and Implementat

=
**
-
-
-
-
-
-
.
-

-
-

-
-

-
-
-
-
-
-
-
-
-
-
.
-
.
-
.

o
e
.
-
-
.

-
-
.

.
.

_

.
o
o
o
o
o
-
-
-
-

-
-
-
.
-
-
.
.
.
-

=
o
_

-
-

-
o

-
-
-
-
-

.
-
-

=
-

=

=

¥
7
s
-
-
-
.
i

-
-

-
-
-
-
-
-
.

.
-
-

e
o
e
-
-

-
-
-
-

-
-
=
=

-
-
.
-
.
o
-
-
.
.
-
.
Y
-
.
.
_

-
-
-
-
-
-
-
-
-
-
-

-
-
.

-
-
-
-
=
.
-
-
.

-

s
.
.
.

-
-

e
-
=
-
.
.
-
-

-
-

-
-
-

-
-
-
-
-
-
.

-

-

-
-

-

=

i
=

-
-
=

-
-
-
-

-
-
-
-
-

-
-

-
.

i

%
-

-

-
-

-
-
-
-
-
-
-
-
-
-
.

-

=
-

=

-
-

-

i
-
7
s
-
-
-
-
-
-
-
-
-
.
-
-
-
-
.
-

-
-

-
-
=
.
-
-
-
-
-
.
-
.
-
m
-
-
.

-
-
-

=
o
.
-
.
-
.
-
=
.
.
.
.
.
-
.
.
.

-

i
-
5

s
=
-
-
-

-
-
-

-
-

-
=
-
-
-
.
-
.
-
.
-
.
.
.

-
-

-
.
.
-
.
.
-
.
-
.
e

i
%
o
-
-
-

-
o

-
.
-
-
.
-
.
-
-
-
-
-
-

.
|
|
|
|
|
|
.
i

H

T
e

-

L

Cost Account
itectural Des

=
-

L

PO
R

tion an
on Management

e
.
-
o
o
. G
L
i

iICa

-
-

ion & Arch

=

-
-
-

-
.

.
-
.
.
-
PR

.
=
.
.
.
_

-
.

.
-
s
.

-
.

.
-

=

-
-
-

-
.

e
s
=
.
.
.
-
-
-
-

-
o

=
5
=
.
-
.
.
-
-
-

=

-

-
=
.
-
s
.
-
.
-
-

-
-

-
-

-

-
-
.

=
i
-

=
.
=
.
.
.
.
.

.
.
.
.
.
.
.
.

-

-
-
-
-
-
-
s

-
-

-
-

-
-
-
-

.
5
-
.
s
-
-
-
5
-

-
-

-
-

-
-
-

=

5
.
.
-
.
.
.
o

-

=

=

-

e
o
.
.
-
-
-
-
-
-
.
.
-

-
o
-

o

-
-

-
o

-
o

-

o
-

-

=

5
-
.
-
.
.
.

-

=

=

-
-

72
-

-
-
-
-
-
.
-
o

-
-

-
-

-
-
-

=
-

-
-
-
-
-
-
-
-
-

-
=
-
-

-
-

.

—
-
.
.
S
S
.
-

-
-
-
-
-
-
s

-
-

-
-

-
-
-
-

i
5
-
.
s
-
-
-
5
-

-
-

-
-

-
-
-

=

5
-
-
.
.
.
.
-

.

=

=

-
=

5
-
-
s
-
-
-
-
-

-
-

-
-

-
-

-

Requ

.

-
-

s
5
S
-
-
-
-
-
-
-
S
.
-
-
s
-

-

-

e
e
-
-
.
-
.
-
.
-
.

a smarter planet.

-
o

-
o

-

-

-
-

-
-

=

5
.
.
-
.
.
.
.

-

=

=

-
-

-

.
5
-
.
s
-
-
-
-
-

-
-

-
-

o
-
o

-
-

=
-

-
.
-
-
.
-
=
.
_

-
-
-
-

-

-
-

.

_——
s
.
.
s
S
.
.
.
.
.
.
.

-
-

-
-

-
-
-
-

-
-

!:rogram & Project Managem%gﬁ

Change and Configurat

Business Anal
Requirements Def

5
-
.
s
-
-
-
.

-
-

-
-

o
-
o

-
-

=

5
.
.
-
.
.
.
.

-

=

-

-
-

.

-

-
-
-
-
-
-
-
-

-
-

-

o

-
o

-
-
.
-
-
o
.
.
.
-
-
-
4

X
-
.
.
.
.
-
.
.
-
.
.
-
-
.

N
-
-
-
-
-

-
-

-

-
|
|

-
|
|

-
=
o
-
o
o
-
-
|
|
o




I

II'I nouate The Rational Software Conference

Why Do Requirements Processes Often Fail

= Requirements Engineering process is not
fully defined and enforced

= Multiple authoring tools are used in the
requirements process
» Inconsistent requirements data

» Lack of a unified view of requirements as they
change and mature across the lifecycle

= Lack of communication across business and
functional silos

» Individual groups interact with requirements
that are relevant to their functional process

Requirements should be the common thread that keeps all teams focused
on delivering value to customers
» Throughout the product development lifecycle
= Across all engineering disciplines — mechanical, electronic and software s

a smarter planet.




I n nouate The Rational Software Conference

Agenda

* Trends in Product
Development & Delivery

» Challenges Resulting
from Insufficient
Requirements
Engineering Processes

= Best Practices for
Successful
Requirements
Engineering

= Case Studies

a smarter planet.
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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
software

= 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
Quiality Assurance

a smarter planet.
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Innovate The Rational Software Conference
The Benefits of Effective Requirements Engineering

= Close gaps and link the product

development lifecycle
common View of Requirements

» Closes gaps in the communication and aeross Product Lifecycle .
data sharing between product @
marketing, engineering, and = o
manufacturing 3

b=t
Unified Change J L S

from ‘falling through the cracks’ Process
= Reduce rework, delays and warranty i,
costs; improve customer satisfaction

» Brings the mechanical, electrical,
and electronic engineers onto ‘the same
page’ with the systems and software
engineers

» Enables issues to be discovered much
earlier in the development lifecycle,
resulting in fewer recalls

» Prevents customer required features e

a smarter planet.
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IBM Rational Requirement Driven Quality Management

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)

RN

a smarter planet.
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Good Requirements Engineering

= Break-down requirements into hierarchies
» From high-level architecture to low-level
design
» From the entire system down to the
mechanical, hardware and software

disciplines Top Level
= Manage relations between requirements /m

» From one level to another and in between
Non-Functional Specifications

Market
Needs

= Add attributes to requirements

» Author, History, Priorities, Risks, etc.
Systems Structural

Requirements Requirements
= Make requirements visible across the Interface
. . Requirements
entire lifecycle

» Provide access to requirements to all
participants in the process

Product Specifications Product Specifications

Maintain visibility and traceability of requirements throughout the process
o T

a smarter planet.
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Requirements Engineering Must Provide Lifecycle Traceabili

User Technical
Requirements Requirements

1 820.30(b) Design and Development Planning

1 520.30(b) Desizn and Development Planning Comply with FDA Design Cantrol Guidance GM P Regulation
Each manutscture shll exsblish und mainiai pians hat deserbe orreference the design and development

< or reference the design and development R e

Design Test Cases

sruacture il stabl and mainin
activities and defins respontibility for im plamen

ans that dese

The sl shat iden

esult o the design a0d develapment process.

The plans shall identify snd describs the interfaces with different groups ar activities that provide, o
. input to the design and developm ent process

1ans shall be reviewsd as design and development evolves 2 procoi
fons sl e reviw e o design aad devclopm ont cvtves. The plans shall be updated a5 design and developm ent svolves. + Traceability Reports: Procedure Auribute
TR pons kel oy m“:::;.,n aud dovelopmentevolrer The plans shall be approved as design and developm ent evolves o - 2.Create backward traces to design elements within and across any project milestone

« Traceability Reports: Milestone Attribute

2 p0spe Dese
~Create backward traces to design elements within and across Design Control

2 gsaopeamn e . A S A o) oot i COTE R (P 0 5 i
amufaciues shal stablish procedures o e that the deslga sequiement <laing 1o+ v iosTesaTen boe et e A sebe os s toadn an ST thaTdavises Iectud g e wweds oF ths aear Stare by Control Guidance Element it 5 ment
ppropriate and address the sntended use of the device, imeluding the needs of the wser & LS d nddress the intended we of the d S DR e BB A B e Gy

nage all user needs
denify the souree of the user aced

i
2 sty U ol O S T
3 jaentiy e Sotomer ) 1.15.Create forward im pacts to design elem ents within and across any project milestone

240 The ."mau.c, e
24 Fon
5T n ments
2.5, 26, The R Rl [F VR ipwed i i P06 o o6 TbH g AT
2 B Hat = 116 cnm [orwnm im pacts to design elements within and across Design Control
2 = i o ) Guidance Elements
0 rements hall be appro Chignatcd indivi 2 V. including the dite and signatire of he indr idusi(s) approving the requiem ents, 4 Manage design input rsquirem ents BT B ) (LT ey
AL e AT EE e A ol Ao e A LA Pt e, 2 e L e e
The tppren i ncluding - &) approving the req g I et e e | assosinte changed design slements wih relsted slements
10.Questions ST S the manutacturrs westen prosedures) s deniticaon and contal of 33 e ETeAEal i s « Link Change Design Object with affected design elem ent(s)
171 BT ) e e e e e ) 5 Rt ) i e gt {0 G iR D 5 Trac:ablhly Links and kepms from affected d:slgn =l=m=n!(!)
e ot dvaiga inpats 451 Kifign rasponaibitiey for sach requirem ent 2
21020 From what sources are design inputs sough B o o et b T APyt e e fe Ml equiment
A, ”dn..,n (uark il that apzly wnd 2ol oi,.,? L v L oy 4G e e e
i addtio a1 Sspsciss) 21031 . 437 Minags connisting requirem eate
- iended use 21032 useripationtilinical 490 Approve ull requirements = T =
wseripatientetinical 30033)  pertamsnce charssterstics + Disposition Attribute
Pertormance eharactaritics ZH0RE atery 5. Manage sccepia :
Satery 103t ..mm.“ ohsances ST Esure he acesptnce of every use
Timits and toterances 20 5121 Ensure th acceptanes of every derign mpm srenen .
i " Gag i3 eed s e .
loxicity and blocampaubilly Tions b R e e M (Ao AT
clectrom agnetic com| umnm EMC ake acee its available ; Ty sk i o
e iy ey 2l03s. S5 MRS Pt el e 1.2.3.Provide associations within and across any organizational procedure
o I wiih e snironm oat of misaded use aRam G Creody " Change Design Object Traceability Link on Procedure Attribute
human fo 510301200 phrsies ok em el ehrastaridin G Rt oy ot desin cloment changes o Change Design Object Impacts Link on Procedure Atiribute
PR chasceritis Sential bl hoetas e Diete chinge history aves b
el ZH0304 rehaniy I o O TR B b s
wlishi IO Tt g requisements B e
St rgutaor seasiemens Z10316 voluntary sa S8 Ml word i g s 1 Bl Conte Guigsnce Eloments
Lol i AN e o G Heatenc b i - 5 - - ™
= o 5" § :":; :: ;IKKED":) " - S otherh Lo iiz‘ ; 4; P ale for *' e Change Design Object Traceability Link to traced design elements
} complaint/faares and other hstorical data crcribe decisions T o
ADR com tains e and s il du I e decialarle i N Change Design Object Impacts Link to linked design clements
desiga history files DHF ) 2104 Tor the specifie detigh covered, Row were the deslg input requirem ents i entified? 23] Capture dut. im, and aignatare of approviag authority 1.3. Mange the change process
Forthe spectic sl covered v were the design mput e s enifisd? D e e oot R ettt o af e e et i 6.3, Tdeniity impacted clemcats du¢ 1o o changs i another clem ent Design Change Module
specific design covered, how were the design input requirem e or adcquacy? 31" Creatd backward traces to design slements within and across any organizational procedure PO PO RS
Lasausey? §312] Create backward irices to desifn Slomeats wilin nd. 2¢ross 2nY Arolect milstone

Object History

Object History Reports
Versions

Basclines

= Traceability is the key to compliance
» Initial requirements will be decomposed, which creates traceability relationships
» Other relationships can also be traced such as “consists of”, “verifies”, etc.
» Traceability must be enforced in order to ensure consistency and completeness

= Traceability from customer requirements through product development
to test and delivery enables organizations to:
» Know which requirements are implemented and tested vs. those which are not
» Manage and defend against scope creep

a smarter planet.
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IBM Requirements Engineering Solution

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

= Getting everyone on the same page
» Includes suppliers and subcontractors
= Managing scope, plus assessing and controlling the impact of change

= Ensuring end-to-end traceability
» From ideas, feature definitions, product specifications and models...

» To mechanical, electric/electronic and embedded software implementation, test and
maintenance

= Ensuring conformance to contractual agreements
= Demonstrating compliance to regulations

a smarter planet.
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IBM Rational DOORS

) User Reqts Technical Reqts Design Test Cases
= Combined document and —— - I —p—
. ‘User Requirementy’ current 1.0 (Issue 1) in /Sub-compact (Formal ule) - DOORS @
SpreadSheet V|eWS File Edit View In%ert Link Analysic Table Tools User 3;:
W@l || SyEE: || FFIFER (Pl
. , . . View [Full Trace View ) f{aeves -] | oG B | HSETF A
= S I m ple ] I ntu Itlve I nte rfaces for D | User Requiremehts El Functional He:‘uiremem' | Desigrl |Te5t Plan I =
easy adoption ] v 4
TRM- | Users shall be able to stop : FR-23 TRN-AD-48 TRN-TP-34
. . CSR-36 Esafely. Disc brakes High Speed Braking Test
= History and baselines e e b
TRN-TP-35
Low Speed Braking Test
Browser Requirements Context r2e Dicbrokes  High Speed Braking Test
i Swe AR ir—am ewrrnt 10 (asun 1) i Flrmnngfaazans Fo—al med_in) - COZRE / e |
Eie  Edi neert Lick Anakan Tohke Tk Use =els The car shall be able to stop from 30
Ha Y sae | 85 | = e ¥ 8 kilometers per hour to 0 kph in 6 seconds. TRN-TP-35
:n;'lj:m-: = :II:«I--d-r i Fil= & 7 4% 24 b Low Speed Braking Test
Tanrae " W l !:. . I: TRN-AD-48 TRN-TP-34
! :2':;” _-“" 2 f"" "‘:"“' e 'j"‘ L] 'iP "‘: ' Ao par "‘":'“i "’: ': ". "'"‘ : Disc brakes High Speed Braking Test il
Thj:m-: o . T o S T Exclusive edit mode i
= End-to-end visual validation in a single view
E » |nput and output from/to
— m N B various common formats
_-*"'5?“ : 124 Control directon
:::E ET:Z':I:-:“S:::TI'I:'I;E'HM' arable it to e moved farseris o0 heckeande H SOIve the rlght prObIem because the
-| L e requirements are visible at all times ﬂ

Writing Requirements within Context
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Role Based Document Style Interface

| Formalmodule ' 2 FAFEINZ I I3 T 1U5 1- JEETE current 0.0 - DOORS
File Edt ‘View Insert Link Analysis Table Tools User ktchen Help

Highly flexible display gives the right (D& bR ¥ [x =0 s
people the right information at the right | L]

&g [ e |
TH BT

E =TT B B [
0 £ 12-F 71 > FE= il
t|| ne B II0-05T a7 = 132 ¥R
- __ — s — T T = = = |
‘User Requirements' current 2.1 (1988) in /Sports utility vehicle 4x2/Requirements (Formal module] =R EcE(=| i
File Edit View Insert Link Analysic Table Iools User Help 5
H&E EE= || T PR e Xl g
View [E-Basic viewwith atirbute v || [Alleve =] || i & 4 SET FLALL
e User1 F;suuéremem! 06jid [ User requirements for SUV &2 0] Test Hethod é
Intraciuction -
2 Usertypes SOWE56 1 Introduction
3 Target Lsers SOW 357 | |These are the initial user requirements for the development of a nev®
I g . ] | | b d ’;REDU"&"‘ENS sports utility vehicle.
ntuitive interface means you'’ll be up an oo || 111 Schedule
7Costs sow 35 [HThis module contains the user requirements for a new car to beq  Analysis
ru n n i n u iCkI commercially available by 1st September 2002.
g q y sow3 @ 2 User types
sow 4 |This section describes the nature of the users of the proposed vehicle.
SOW 5 i iti = PP . g
e ﬂTﬁ-l ot N a— B A3 EAIOR A kTR, Uiy U
[The car will be used in the countries, UK, Nerth America, Northern nalysis 5 A N Lk ias e 45=0 [k |
Farope i #4157 (1 nrhab BeEb S 18, {52 [t
1@ Retionat D0ORS Web Access - Mila Firefox
Sty H 2.2 User si Ele Edt Vew Hstoy Bookmarks Took Help
sow10 | [IThe car shall b = = !
|2m weighing 39 e < C X (@] rprez.a0sss 1suemetdnasdva st 77 -] [Gfco0se Al ¢
1~1 sow400 | 3 Target -
Document based for efficient G 1 aton 0007 e s
sow 4ot | 3.1 Types
H H H SOW402 | fThe system sh TSystom Requirements rm—
organization and reportin P
SOwW 403 | Juser roles will i View: [Btandard View ] vaoto B Bl Fing —g
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Gives you access to complex interconnected data presented in a single display
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Multi-Level Traceability

-~

Complex traceability made as simple as Trace through multiple levels of
drag and drop documentation in a single display
Product Regs System Reqs Design Software
Requirements Test Plans

‘Product Definition' culgent 0.3 (Second Internal) in /Transmissions (Formal rpodule) - DOORS / / @@@
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View [Satisfying Technical Reauirer @ | [Allevels ] |: 4 @ & | 237 € E 7 & 4L 2l /
Mariceting Features ElS‘,'stem Requirements | System Design Software Regquirements Software Test Plan =

| 3 Product Features
ﬁ 3.1 Features

"Manual” mode holds the current gear or allows for driver 4 SR-45 System overview diagram SRS-81 STP-32
selected shifts. The systern must provide a manual The CSCIwill support 2 Use the Testword code 758 to switch from Manual to
mode for the driver to select a gear. fundamental states labelled  Auto mode and check the state message identifies the @
‘Manual Mede' and 'Auto correct state of the system.
Made'. Telegram
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Multi-Level Traceability
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Trace to & from information both inside Vlllewltraceabltllty fr:fm mgltlpletpersregtlves .
. win rmim analysis across the
and outside DOORS < I pe SP LU E L
whole lifecycle
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DOORS Gives You Control

manage scope creep by better understanding
customer needs

Manage complexity by tracing every requirement
from capture and design through to integration and

acceptance

. . Hational DOORS

Manage change by seeing the full impact as early . | I
as possible in the lifecycle v _
User requirements for SUV 42 2 Links to Technical Requirements Design [ Links ta Teste I =

3 Requirements
This section contains the user
requirements

3.1 Capability Requirements
3.1.1 Carrying Capacity
3.1.1.1 Number of People

Test Number 18

Four awerage size adults shall be™ SR-104 2.14.1.01 from ISports D342
able to trawel in comfort for a perio utility wehicle Full seats shall be created for two Marlet Research
of 5 hours. This level of comfort is passengers in both front and bacle Test Result : Passed
. g N defined as being equivalent to the
Take control with full auditing capabilities and Standardof comiort provided by ihe Test umber 12
top 40% of cars produced in 1998 There shall be space for a fifth Verify Number of Psople
r & period of 3 hours. senger in the back that will not  Test Result : Untested

o of pass
Last modified 11 February 1997 meet the comfort requirement

A & o

electronic signoff of requirement baselines

The top lewel of cars are ©
price range 20,000 to $49,
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Collaborate with DOORS Web Access

Review and edit requirements through a rich
web based environment

'Rational DOORS Web Access - Mozilla Firefox m=*]|
Fle Edt Yiew Hgtory Bookmarks Tools Help
6 - @ 2 G [ hepieiz.eos 5s.1535081 fdwaicua sk v7 -] [[Cl-]coogle P

User: dema_user, Currentlanguage: English (United States), Package: Edit

IBM Rational DOORS Weh Access

Goto URL “layout “Package

View and browse traceability using configured

DOORS mﬁ'by |z System Regquirements | @ Attributes | Discussions
A Links
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users with threaded discussions

.

All Stakeholders working from a common requirements baseline
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Agenda

* Trends in Product
Development & Delivery

» Challenges Resulting from
Insufficient Requirements
Engineering Processes

= Best Practices for
Successful Requirements
Engineering

= Case Studies
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Consumer Electronics: Large organization

Client situation

= “Rational DOORS helps us produce mobile phone handsets on a global scale by effectively
managing customer requirements from telecommunications carriers in each geographic
region. It lets us cost-effectively create a developmental architecture that is customizable for
different markets, including managing requirements tailored for products from high to low end

in each market.”
— Senior Staff Engineer, Systems Engineering Group
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Automotive: Leading European OEM -

Client situation

= Reduce costs and increase efficiency by building common components for different brands
= Solution for collaboration and communication with suppliers improved their supplier relationships
= Increased productivity through centralized, real-time access to latest version of a specification

a smarter planet.
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‘Delphi uses IBM Rational solutions to meet customer requirements faster,

more accurately and with less cost”

Need: Delphi wanted to automate requirements management to
promote cost savings through component reuse among global
development teams.

Solution: After running a parallel project of Rational DOORS and
another requirements management tool for approximately one
year, Delphi selected Rational DOORS. Rational (acquired by
IBM) provided on-site consulting services after Delphi completed
training and implementation.

Benefits: Rational DOORS helped Delphi’s managers to improve

a smarter planet.

“Rational DOORS improves
development team communication,
which helps us meet customer
requirements faster and more
accurately.”

Lillian Kelly,
Senior Systems Engineer,
Delphi
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Leading Financial Institution in APAC

The customer: A leading provider of integrated financial services
including retail banking, premium banking, business banking,
institutional banking, funds management, insurance, and investment
and share broking products and services.

DOORS Requirements Management Solution

The company invested over $800 million to replace their entire
back office and modernize their enterprise architecture (4 year
program). They chose DOORS and other Rational products
(Change, Rational Dashboard and Publishing Engine, DOORS -HP
QC integration) to create a requirements-driven approach to
development and testing.
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Leading airport company: savings of over £40M

= Successful Requirements Management on
major infrastructure development, proving
DOORS flexibility to be used across the
operational disciplines

» Requirements Engineering from 2001

» Assumptions Management from 2002

» Systems Assurance Support from 2003
» Interface Test Management from 2005
» Project Dashboards from 2006

. .
Lessons Learned: Operator Requirements
» Incremental introduction => realise early benefits. Desian. Build & Maintain Infrastructure
» Ownership to Project Teams = users suggest new Bagqage Handling
applications - )
PP . . . 3 . Transit System
» Maturity of the project evolves with positive and negative Metro Rail Extenti
experience etro ~kail cxtention

» Toolbox approach - DOORS, Excel and Documentum
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Emerging Health |.T. helps clinicians improve patient care while reducing development costs
and improving productivity with help from IBM Rational software

“In 6 months since deployment we’ve seen a 69% net reduction in the cost of test preparation, testing, and
rework by using IBM Rational DOORS and an improved requirements management process.

Our team is testing and reworking comparable functionality in one sixth the calendar time and one third
the person hours. And we are able to better meet the needs of our stakeholders."

Mia McCroskey, Senior Project Manager for Product Development at Emerging Health Informatiag

a smarter planet.
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Return on Investment achieved by Emerging Health I.T.

= Investment in defining needs, tool evaluation, tool deployment and configuration, software licenses,
tool training, and requirements uploading of $115,830

Testing Rework Rework Cost of Quality
Effort Effort Test Hours/ hours/ Test Prep (Testing plus
(hours) (hours) Defect Defect (hours) Cost of Testing Cost of Rework Rework)**
Pre DOORS Implementation
Release* 498.80 1810.00 0.47 1.72 190.00 $97,266.00 $352,950.00 $450,406.00
Post DOORS Implementation
Release” 389.00 336.00 1.50 1.29 288.00 $75,855.00 $65,520.00 $141,663.00
Saving (hours/cost) 109.80 1474.00 -1.02 0.43 -98.00 $21,411.00 $287,430.00 $308,743.00
% Saving 22% 81% -216% 25% -52% 22% 81% 69%

*Comparison releases of similar scope.

**Effort for requirements unavailable for both releases

= Cost of quality saving of $308,734

= Return on Investment within six months of $192,913

= ...and a productivity improvement of more than 75%
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IBM Rational DOORS

Worldwide _
market and v Yphise award for best RM Product
technology | _

leader ISO 9001 Compliant development

Success fr om v Easy-to-use document oriented views
comprehensive

requiremen ts Lifecycle traceability to any information

management

process v Web-based access and review
Highest v~ Simple but powerful versioning
compliance
and audit v~ FDA Compliant Electronic Signature

capabilities
v~ Comprehensive traceability reporting

a smarter planet.
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Yphise certifies Telelogic DOORS

as the best ranked software product in comparison with the
competition for Agile Requirements-Driven Development
(ARDD)

Yphise certifies that the product has the strengths that represent a valuable investment according
to expected benefits by large companies, based on ISO 9001:2000-certified assessment.

‘DOORS enables us to plan,
execute, and track the progress of
the practices that we're improving
for our members ... DOORS helps
us provide a good example of best F

practices in systems engineering.”
Pat Hale, President-elect,
International Council on Systems
Engineering (INCOSE)

, May 15, 2007 mn
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www.ibm.com/software/rational
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