Presentation for the OpenGroup in Brussels —March 2274 2001

Market Drivers
{0]§

Real-Time & Embedded Systems

Dr. I\/Iarti‘n TIMMERMAN

{ ) Dedicated Systems
o Experts

What are Embedded
&

Real-Time Systems?

Copyright Dedicated Systems Experts

Content

What is Embedded & Real-Time?
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Embedded systems
Real-time systems
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Embedded Systems

Computer system that is enclosed in another system
and makes an essential part of it

Hardware and software,
which forms a component of some larger system and which,
are expected to function without human intervention

Fault-tolerant Systems

The ability of a system or component
to continue normal operation
despite the presence of hardware or software faults.
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Real-Time Systems

Systems that respond in a predictable way
to unpredictable external stimuli arrivals

Safe systems

Systems who avoid physical or economic damage
to persons or property.
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Embedded

Examples

Real-Time

Fault-tolerant

yes

yes

yes

Dedicated Systems
Development Components
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Dedicated Systems

The Dedicated Systems MARKET

Aerospace/defence

Audio/video industry

Building

Communications

Computers and their peripherals
Consumer products ‘

Electronic funds, transfer systems

Manufacturing

Scientific and medical instrumentation
Transportation/automotive
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d d 5 o e
Service Profiles . ——

Red-Team Development Verification & Validation
System Architecture Design & Support———————————————

i “-,D d ds Product Evaluation & Comparison———————————
R E e Technology & Applications Watch Studies

get the market perception?

Information
Gathering & Distribution

Magazine and Web sites - What are th —

Seminars, conferences

Management and Support M arket D r@

of Associations
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Anti Market Drivers

Market Drivers

Personnel problems

— Engineers mentality: | don’t need help

— Conservatism

— Lack of ICT personnel

— Gap between management and engineers———————————————————————
RT & Embedded Systems exponentialcomplexity —

— Poor problem understanding

- Product Complexity ‘ha‘ndling

— Lack of (re) education

Poor quality of COTS products

— Bugs

— Missing features

Market protection: anti-standard mentality
The canyon between HW - SW

e Reduce time to market
- COTS
— Reduce development time by reuse
— Rely on standards
e Competitive advantage
Cheaper 0
More performant
Fancy look
Product stability & robustness
Create a unique product

Why should we use
a RTOS & tools?

Concentrate on added value not on basic.components
— Use as much as possible existing reliable provenbuitding btocks
Reduce development effortand risk——————————

— Use a streamlined set of tools and@
into production as quickly as possibte —~— —

- Be capable of demonstrating or proof the quality of the product
before its production |

Standards are covering all the possible interaction

and interchanges between subsystems, components

and buildig blocks.

System Software

Intel trying to sell iRMX in the 1985
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Why RTOS & tools?

System Software
Allcatlon Sstem

Integrate & debug

50- 60 %
System Design :
25-40 %
System Software .
=] "
Application System

Integrate & debug

Product ship

Intel trying to sell iRMX in the 1985

Why RTOS & tools?

50 - 60 %

System Design
25-40 %
System Software
=]

Application System

System| Design ‘
Systen| Software . Product ship

Network Software

GUI Software
Application System

Integrate & debug

Product ship
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Why RTOS,
Network & GUI Software?

Application Software

System Software

o

Network & GUI Lib’s

How do we see these Drive&s?é

eToolsmarket
e People

What is reality??
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RTOS Market Report Samples - breakdown by continent

. . . Breakdown, by Continent
e Data collection via our Website ’eissi“é”espind"e”niie”
(> 50K visitors/month) Other
Oceania

e Subscriber has free access to some papers, studies, % 6%
buyers guide

North
America
37%
Europe
35%

Samples - by sector

Use RTOS today

Respondents by Applications Sector
(10369 Total )

Transport (978) Aerospace &
Scientific & Defence (1348)

AudioVideo (576
Medical (1057) udioVideo (576)

Building (309)
Manufacturing
(1580)

Telecoms (2247)
Bank-related (324)

Computers &

Cor
nsumer Peripherals (1233)

Products (717)
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RTOS used today RTOS used in future projects

@ 1st_place ® 2nd_place 03rd_place o 1st_place m 2nd_place 03rd_place

RTOS to be used in future projects RTOS to be evaluated

s & o @
& &
= J'\é@& @g,‘” §<1

& ¢

o £ P & &
& oé}o{@&oeo

Vo

mmi mm%%mm%mmwg

o 1st_place w2nd_place 0 3rd_place

o 1st_place m2nd_place 031d_place
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RTOS Satisfaction

commercial freeware propriety

@ Continue to use B Want to change

I'am not using an RTOS today and

Yes | want to start using an RTOS No thanks

RTOS expected market evolution in EUROPE

| am happy with this RTOS
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mfuture Oto_evaluate

How fast is this changing?

Today (03/2001): 8000+
This study: 5554
Sample timeframe: november QSM

Samples are about people

Samples are NOT about license numbers!!
Name + company etc.. available
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Samples by sector

21.7 % Telecom
15.2 % Manufacturing
13.0 %Aerospace & Defence

11.9 % Computers & Peripherals———————————————

10.2 % Scientific & Medical

72.0 % Total for these sectors

RTOS Migration Trend
Al Sectors, Worldwide

A

% want to change RTOS

12 3 456 7 8 910111213 141516 17 18
Month, Nov.'98 to Apr.'00
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—— Data : % respondents
——Trend Line

General Trends

e A lot of people are « unhappy » and wanttochange

Is this changing?
Is this different per sector? B ———————————
Are there geographic differencesz——————————————————————

Avre there differences depending onwhat they use today? ———

North America: Linear Regression Trend
Comparative "want to change" Trends, by Sector

50%

—a— Telecoms
40% - Manufactui
b anufacturin
30% + P a—a 9
¥ Aerospace & Defence

20% ’
—x— Computer & Peripherals

10% - . .
—e— Scientific & Medical
0% L e e L R e e e LA B e m e |

123456 7 8 9101112131415161718
Month, Nov.'98 to Apr.'00

%want to change

10
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Europe - WTC

Europe: Linear Regression Trend

50%
o) [
=)
R
= S S e e
© 30% ==
S w
= 20%
8
= 10%
=
0% T T T T T T T T T T T T T T T T
12 3 456 7 8 910111213 141516 17 18

Month, Nov.'98 to Apr.'00

Comparative "want to change" Trends, by Sector

—=— Telecoms
Manufacturing
Aerospace & Defence

—x— Computer & Peripherals

—e— Scientific & Medical

WTC - commercial RTOS

Comparative Trends by Sector

User wishing to change their commercial RTOS

70%

2 0% "%
)
£ 50% o ==
2 2 40%
B
Q§3o%
2 20%
s 1%
0% +—T T
1 23 45 6 7 8 9 101112 13 14 15 16 17 18

Month, Nov.'98 to Apr.'00
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—=— Telecoms
Manufacturing
Aerospace & Defence
—*— Computing & Peripherals
—e— Scientific & Medical

Asia: Linear Regression Trend
Comparative "want to change" Trends, by Sector

50%

40% = S =
o i =
20%

10%
0%

—a— Telecoms
Manufacturing
Aerospace & Defence

—x— Computer & Peripherals

—e— Scientific & Medical

% want to change

6 7 8 91011121314 1516
Month, Nov.'98 to Apr.'00

12345 17 18

Comparative Trends by Sector
User wishing to change their Freeware RTOS

70%

60% % —=— Telecoms
° 50% < “*’*‘“\g__‘“ B Manufacturin
2 40% 0

30% T, Aerospace & Defence
20% —»— Computing & Peripherals
10% —e— Scientific & Medical

% users wishing to
chan

0% T T T T

6 7 8 910111213 141516
Month, Nov.'98 to Apr.'00

12 3 45 17 18
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Comparative Trends by Sector

100%

User wishing to change their Proprietary RTOS

90% e

80% Le—e e M

P e S
70% % =

60%

50%

40%

30%

% users wishing to
change

20%

10%

0% L e s e L A
123456 7 8 9 101112131415161718
Month, Nov.'98 to Apr.'00

Aerospace & Defence Sector
RTOS Use Characteristics
(% Respondents: 1348 Total)

RTEMS

RT-Linux 0,1%
0,8%

Don't Use RTOS

34,2%

Proprietary
7.1% Other Commercial
25,4%
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Tornado/VX-Works

—=— Telecoms
Manufacturing
Aerospace & Defence
—x— Computing & Peripherals
—e— Scientific & Medical

16,7%

WinCE
0,7%

Migration Trends (Per sector

e Who is using what?
e Who migrates to what?

Aerospace & defence
migration trend

sNochange
—— % to (other) Commercial| i

—o— % to (other) Freeware

—*— % to Proprietar

RTOS Loyalty/migration Trends
Aerospace & Defence Sector

12
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RTOS use - TCOM

pc/os
0,8%

RT-Linux
1,0%

Don't Use pSOS :?;‘02
RTOS 12,0% T o/VX-
12% Works

Proprietary 11.7%
%

9,4%
WiIinNT
9%WInCE
1,3%

Telecoms Sector
RTOS Use Characteristics
(% Respondents: 2247 Total)

Manufacturing — RTOS use

Manufacturing Sector
RTOS Use Characteristics

(% Respondents: 1580 Total)
RTEMS| 0% QNX

RT-Linux (.39 8.0%
1,19%
TornadoVX-Works
DontUse RTOS 8,6%
38,4%

Proprietary Other Commercial
9% 22,6%
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100%
90%
80%
70%
60%
50%
40%
30%
20%
10%

0%

100,00%
90,00%
80,00%
70,00%
60,00%
50,00%
40,00%
30,00%
20,00%
10,00%

0,00%

TCOM - installed base
migration trend

~=--% No change
~+-9% to (other) Commercial

| —o—% to (other) Freeware

B —x—% 13 Pioprietary

& &
9&&6\‘ 9
&

¢ < .
&b J RTOS Loyalty/Migration Trends
< 9

Telecommunications Sector

Manu — migration trend

—:z-Y% No change
—— % to (other) Commercial
—o— % io (other) Freeware

—¢= ¥ w Froprietary

RTOS Loyalty/Migration Trends
Manufacturing Sector
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Future Market Non RTOS users moving to...

e Moving from one RTOS to another
e WRS + MS will share the market in the future Respondents (all sectors) not currently using RTOS

products

e RTLinux is NOT (yet?) importantmarketplayer ———— % indicating choice for future

INtime Otner no RTOS
2% 2% 30%
RT-Linux

3%

WiInNT
Tomado ~ 11%

Prop RTOS users moving to. RTLinux users moving to...

Respondents (all sectors) using Proprietary RTOS
% indicating choice for future Respondents (all sectors) using RT-Linux
% indicating choice for future
Nucleus+
) Other Proprietary 2% WinCE
RT-Linux 2206 3206 —
2% uC/0S
Nucleus+ 2%
uc/oS 3% Proprietary
3% onX 2% Tornado

Other

RT-Linux

55%
4% Tornado
RTX for i 13%

WinNT
4%

Copyright Dedicated Systems Experts
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uC/0OS users moving to

Respondents (all sectors) using pC/OS
% indicating choice for future

pc/os

Other 28%

Proprietary
9%

WTRON ~ 9%

RTOS Conclusions (1)

Market is, and continuous to be very diluted———————

Wind River & Microsoft will share almost 40% of the
market in the future.

QNX is steady in this battlefi

LINUX will increase sl‘igh‘tly its market share but the
product has technically still to proof a lot

Outsiders like OSE as European products will
become more important in the future.
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Assuming "1st RTOS to evaluate" signifies "will use (or continue to use) in the future"

Currently use: Evaluate 1st choice => Tornado  pSOS WinCE WIinNT other RTOS
Tornado 552 143 27 57 47| 278
pSOS 412 55 102 59 25 171
WinCE 68 4 2 28 3| 31
WinNT 182 7 2 25 65 83 checksum
other 4340 364 206 374 519 2877 5554
checksum 5554 |

total "medium term market share" Windriver+Microsoft:
38,06%

RTOS Conclusions (2)

Microsoft NT is serious competition, evenqitms:
product has NO RT features!

CE 3.x is now serious competltloniadmtark:
QNX, pSOS in not too smple%

applications

e Microsoft is stronger than ever: CE 4.0 announced
e WRS mergers are hard to digest

— where is the AE product?

— HP changed overnight from WRS to Greenbhills for a tools issue!!

— Start focussing more on services than on the product
Availability of Internet technology/connectivity
determines today the popularity of a product

15
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Conclusion (3)

e What a waste of energy:
an enormous quantity of products are:m
no one is really good - e —

Analysis Method
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Tools Market Report

e Subscriber got free magazine
e Sample numbers are low: < 200
e Very long questionnaire

Correlation of Methods Employed:
Analysis v. Design @ Mix

Mix
None

analysis method

[ele]

B None
000
O Structured

Structured
0o

None
Mix design method

Structured

16
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Reverse Engineering

Functional Simulation

Code Generation

Life Cycle Support

Performance Simulation

Version & Configuration

o

Doc.Generation

Tool Scalability

Based on Standards

Cost

Learning Cunve

User Friendly

20,00

O Requirements Analysis
@ System Design
O Detailed Design

100,0%
80,0%
60,0%
40,0%
20,0%
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will continue to may use  will continue to
use T not use

1

LY

O Requirements
@ System Design
O Detailed Design

Use now AND continue to use Don’t use AND will not use in the future

(Use now OR don’t use now) AND may use in the future

L
will continue may use will continue

to use I to not use \

O Performance Analysis
@ Version Control

O Scheduling Analysis
O Quality Assurance

B Configuration Management

Use now AND continue to use Don’t use AND will not use in the future

(Use now OR don’t use now) AND may use in the future

17
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@ Performance Analysis
m Version Control

0O Scheduling analysis
0 Quality Assurance

B Configuration Management

Industrial Machine Telecom Systems Data Processing ~ AV/TV/Multimedia
Control Systems

100,0%

80,0%

@ Network
60,0% 1 etwe

| Driver

40,0% O Graphics

O Utilities

20,0% -

0,0% =

Industrial Machine Control Data Processing Systems  Telecoms Systems AVITV/Multimedia
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40,0%-
35,0%
30,0%-
25,0%
20,0%
15,0%-+
10,0%-+

5,0%{

0,0%-

will continueto  may use  will continue to
use not use

A fool with a tool

Are we fools???

@ Network
M Driver

O Graphic
0O Utilities

18
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Confusion 1:
Tools —to do what & how?

e Upper CASE
— Analysis (WHAT?) €= Design (HOW?)

Structured €-> Object Oriented
Standard €<= Proprietary -
Formal or not .
Testing specifications generatlon—
Simulation tools
Quality assurance aids'

e Lower CASE
— Programming aids
— Debugging, testing tools
— Schedulability designers and simulators
— ICE, profilers, ..

Confusion 3:
Programming is the only productlve efferl:

e Cost for a change increases from analy5|s4e:
implementation. You better do the fll’m

which is not programming!

Cost to change

Maintenance
]

Development
' ]

Definition

0 20 40 60

B Minimum = Maximum

Copyright Dedicated Systems Experts

Confusion 2:
A tool will solve my problem

But: what is the problem???

Only a good analys‘ié phase can solve this!

Structured analysis has the best modeling
for this.

Confusion 3:
Programming is the only productlve eﬁ@

e Our experience shows that programmmg%
to 20% of the job.

e Requirements analysis also takesi@%:
e The biggest effort goes in pe—
— Architectural design '

— Detailed design ‘
- Testing, Debugging and qualifying

19
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Missing low level tools....

Debugging tools € = microprocessor support
— SoC is adramatic turn if it comes to debugging:

Multitasking

System activity wsuahsatmntmomiotmgioﬁi:

Testing tools

Endless « religious » discussions

e Structured analysis — design
against
e Object analysis — design

e UML 1.0,2.0,3.0,40.......
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Immature upper level tools
e How many CASE tools are more than JUW

tool?

e Where is the repository and the%

support?

e Where are the requirement analysis tools?

There is no such thing as
the BEST tool.

the BEST ANALYSIS & DESIGN,

which is made easier by using tools.

20
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This is NOT going to change soont

Missing IT personnel

Wrong IT personnel
— Too much programmers
— Not enough architects

Engineers mentality changemecessary“—
they CANNOT do everything themselves

they DO NOT have all the skills needed for all steps
Education is miésing especially in the dedicated

systems arena

Application Designer’s side

A fool with atoolis —
even a bigger foolt
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This is NOT going to change soon!
Missing IT personnel

Non qualified IT personnel

No real contact between researm
manufacturers

Research centres are too loosly coupled from reality

SF product manufacturer’s side

Is the need for SAFE systems —
going to change something?

21
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Safety = reducing risk

Risk =
probability of damage

effect of damage

NEW: Software is also responsible for the damage

Solutions
e Use of tools from the very beginning of requirement —

analysis up to qualification of the product———————————
e BUT: where to buy these tools?????———————————————
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Requirements

e safety must be designed in from the beginning———————
e testing can signal the presence of errors—buthet—————
their absence

e quality assurance techniques arenecessary

Reverse Engineering
Functional Simulation
Code Generation

Life Cycle Support
Performance Simulation

Version & Configuration

Doc.Generation

Tool Scalability

Based on Standards

Cost

Learning Cunve

22
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Case Study

Exponential ncrease of new Functions
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Source: INFINEON during SURGE meeting dec 2000

Powertrain

Safety & Vehicle Dynamics

>
P

-

Body & Convenience |

Driver Information &
In-Car, Entertainment

Source: INFINEON during SURGE meeting dec 2000

Foa r|||.- e
1|;||-.|.- B e .

L

& Safery Fus

Source: INFINEON during SURGE meeting dec 2000
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If you are looking for

e ONE bus
e ONE RTOS to solve that
e ONE tool

FORGET IT!!

ONE rule: divide and conquer!

Market Drivers

e Reduce time to market
- COTS
— Reduce development time
— Rely on standards
e Competitive advantage
— Cheaper
— More performant ‘
— Fancy look
— Product stability & robustness
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Conclusion

Anti Market Drivers

Personnel problems
— Engineers mentality: | don’t need help
— Conservatism
— Lack of ICT personnel
(Re) Education in RT & Embeddecwu
- Poor problem understanding, ———+—
— Complexity of the problem:
— Lack of (re) education -
Poor quality of COTS products
= Bugs
— Missing features
Market protection: anti-standard mentality
The canyon between HW - SW
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What we need:

An excellent requirement analysis

A super architectural design: reducm

subsystem design

The problem:

Convince both product managers and engineers
Convince tool vendors
Convince building block vendors

Action Points

o Ed Ucati On of design
® Ed UCatlon of teachers

Copyright Dedicated Systems Experts

@ Suggestion ®

For time being label all Dedicated Systemswith—————————————

Quality of Service

in order to produce

your Quality Products

m.timmerman@dedicated-systems.com
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