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Let’s build a smarter planet.

More Great Cars Faster....
....in a Sustainable World

Mark Stanton, Group Chief Engineer
Vehicle Engineering & Attributes, Jaguar Land Rover
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JLR: Key Facts
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Only car Company
résearching, designing and

manufacturing in the UK

Growth Plan

Ambition Business e

i i t5
40 new product actions In the nex
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2011 Line Up
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JAGUAR

Discovery 4 Freelander 2 Defender
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Our PD Sites: Whitley o

A former site for Whitley and 1)
Lancaster Bomber production ithm

55 acres & 76,000m? of office space

3000 employees

Home to Powertrain Engineering,
Electrical Engineering and the
Jaguar Design Studio

I n novat9201 1 cgo Software. Everyware.



Our PD Sites: Gaydon

Converted from V-Bomber
base in 1977

World-class R&D centre of the
Automotive Industry

60 Km of Test Tracks

4500 people and rising

VR suite, climatic wind
tunnels, rig test and engine
test beds, electro-magnetic
chamber

Innovate2011
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More Great Cars Faster....
....in a Sustainable World
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The Challenges o

More Great Cars... 40 product actions in the next 5 years iy
...Faster... Reduced development lifecycles bl

in a Sustainable World Corporate social responsibility

> Emerging Markets Rise of the BRIC markets
Increased Complexity Interconnected technologies

Robustness Highest-ever quality expectations
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Emerging Markets: ool
Why are they important?

Rate the Best Opportunities for Growth by 2020 53

= . . iy .l'!

Accelerated development The gr(?Wt: in imertgmg mfr:ke;s ISI d I'E;I
in emerging markets recognized as It outpaces tne deveiope IF“.
markets Qe

Creation of new product

Growth in emerging markets creates both opportunity

categories
De"e"’F"”nﬁ:;;’Sb“S‘”ess and responsibility for auto companies
Creation of seniices-
%o ito 0
based offerings —— GDP per Capita % Growth (2006-2025)
Leveraging disruptive
technology 600% T
Forming New soo% +
JV/alliances/partnerships
Collaborating with other 400% T
Targetirigd:jvlri:l?stomer 300% T
From IBM Auto 2020 segments —
Global Interviews across ' " ' '
. - 1 2 3 4 100% +
Automotive Industry Limited Best
Source: Auto 2020 Global Interviews (n=103) ¥ = = ! B = 2 [JE § § g 2 -ﬁ E & 8 =
SE8s 2 22 =) 35 E § < g E
L = & EO2 8
G7 \ EBRIC / o = Mext11
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Emerging Markets: Our Sales oo

Land Rover [jjj Jaguar

UK North America China :::ii::
Tl
up 2% up 21% up 70% H:!!:!l
57,056 58,134
50,280
41,720
28,893
Amerlca
17,004 20.9%

“ ,_-_-_, —L—2oap | JRRs |
FY 10 FY 11 FY 10 Y1 FY 10 FYH

http://www.jaguarlandrover.com/pdf/Investor_Presentation_FY2011.pdf

Total: 240,905 units
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Emerging Markets: o
Understanding the Needs

&
Differences in anthropology of diverse cultures g

Owner-Driver vs. Chauffeur ratio in different markets
Fuel quality and availability

Electric charging points in the future

Terrain, road surfaces and altitude

Government legislation and environmental tax
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Emerging Markets: = *
Understanding the People
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Emerging Markets: oo
Understanding the Environment
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Emerging Markets:
Typical Test Route

Graph: Min, Avg, Max Elevation: 2 BT0, 4728 m ‘;a
Fange Totals: Distance i Elev Gain/Loss: 12882 m, -13141m Max Slope; 21.6%,-19.8%  Avg Slope; 4.2%, -4.7% Iy

Sign 4659m

Sign 4708m Altimeter 4320m
Altimeter 4450m

Single
track, Rough Single track,
road. Rough road. .
tarmac tarmac worn out : . _ Good quality tarmac
Warn : Warn out road, in large areas especially hairpins no . S
worn out sections. Average Downhill hairpins
. out tarmac, large potholes, ruts, stones, road extremely poor. :
sections. 40- 60kph Average 40-60 koh 100kph uphill and flat
60kph | 6okph, 9 P 60 kph downhill
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A fleet of LR products in NW China = |

Kurle Oil company, Kurle City, _

Xinjiang Uyghur Region % .f';a
: - Il
. " s N #
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o] 100,000 200,000 300,000 400,000 500,000
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The Challenges o

More Great Cars... 40 product actions in the next 5 years iy
...Faster... Reduced development lifecycles bl

in a Sustainable World Corporate social responsibility

Emerging Markets Rise of the BRIC markets
> Increased Complexity Interconnected technologies

Robustness Highest-ever quality expectations
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Innovation is everywhere but . €
software and electrical systems receive focus

Softw are 45 How can we ||E.l'|

= =

. assist the Mgy

Hectrical _ 45 occupants? EEHI
Systems/Bectronics

Engine & Auxiliary

Systems How will the
vehicle be
Pow ertrain 4.2 powered?
Body Structure 32
(frame)
From IBM Auto e 31
2020 Global terior : _
Interviews across 1 What |e-_, )
Automotive Body Exterior (skin) 3.0 de-emphasized?
Industry
Chassis 3.0

1 2 3 4 5
Low High
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The avionics

system in the F-22

Raptor, Air Force
frontline jet fighter

e i -' & g i I i g =
6.5 million SLOC 100 million SLOC 4 million SLOC

== : ’ :
5.7 million SLOC

The avionics and
onboard support
systems in
Boeing’'s new 787
Dreamliner

The control and
comfort systems
in a modern
luxury car — which
can contain up to
100 individual
modules

Operation of the
avionics and
onboard support
systems is split
across 79
different systems

Operation of the

onboard systems

on an F-35 Joint
Strike Fighter

IN 2008 THE BUSINESS RESEARCH FIRM FROST & SULLIVAN ESTIMATED THAT CARS WILL
REQUIRE 200 MILLION TO 300 MILLION LINES OF SOFTWARE CODE IN THE NEAR FUTURE

[Ire.




Increase in Automotive Software =% |

- Itis widely acknowledged that
80% to 90% of vehicle S

innovations are based on :Iiliiili
software systems =
o V4
- Current trends indicate that eVery . me| oo
four years there is a tenfold :
increase in the volume of 1oms eemmmemmenenmeenneeeee ffd TENFOLD INCREASE IN

software in h|gh-end vehicles SOFTWARE CONTENT

1Mbh N

- 50% to 70% of the development
costs for an ECU are related to 100Ks -
software

B
1990 1995 2000 2005 2010 2015 2020
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System Level Example

JAGUAR

Auto High Beam Assist (AHBA) - Introduced in 2010:

%
® Automatically turns on high beam when no other vehicle present ik

iy
[
® Automates high and low beam switching b

®* Communicates to headlamps and changes pattern
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ﬁf”ﬁ : | Ambient | : -
19 c I %
Beam | : L 9 ht I I I:’-i;l'l
Assist | Sensor : eerlari I iilliii

d Mirror I switch : vl

' I

' i Headlamps :

|

| : AHBA |

| System |

I Wipers components |

| |

(system owner)

. ) AN System
E Different colours CAN Signals interactions

represent different (feature owner)

ownership
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The Challenges o

More Great Cars... 40 product actions in the next 5 years iy
...Faster... Reduced development lifecycles bl

in a Sustainable World Corporate social responsibility

Emerging Markets Rise of the BRIC markets
Increased Complexity Interconnected technologies

> Robustness Highest-ever quality expectations
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Design & Build V&V o

" Errors/problems found

. late are often
Much of the caused early
effort in

Systems
Engineering
IS expended
early on.
Pre-work
NOT ;
Re-work This is where
: we currently
put our effort

This is where

we should =)
i @
put our effort Markgtmg and Design Development Production Customer Q
Requirements use o
w
o
3 SUt Difficult to see @
S and predict Easy to see
w
@
Easy and Difficult and BUT
cheaper to fix costly to fix
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https://proj.sp.jlrint.com/sites/PDITProjects/epmtirsvv/Design/Swimlanes/Tier 3.ppt
https://proj.sp.jlrint.com/sites/PDITProjects/epmtirsvv/Design/Swimlanes/Tier 3.ppt
https://proj.sp.jlrint.com/sites/PDITProjects/epmtirsvv/Design/Swimlanes/Tier 3.ppt
https://proj.sp.jlrint.com/sites/PDITProjects/epmtirsvv/Design/Swimlanes/Tier 3.ppt

Compatibility vs Completeness AeUR

....consistent with a true system approach

o

Compatibility

——— Completeness

Time
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More Great Cars Faster....
....in a Sustainable World
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Summary: The Challenges AeUR

Globalization /

Emergent Market ~ Sustainability
Needs Needs...

-New emergent markets are driving change

-Niche and luxury markets require
understanding of new customer and
environmental needs

-Increase in regulatory requirements from new

markets
Global markets are -Opportunities from diversification across
driving new markets and new product variants

requirements
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Summary: The Challenges

Globalization /

Emergent Market ~ Sustainability
Needs Needs...

-Growth in highly sophisticated in-vehicle
electric/electronic (E/E) systems

-Product innovation driven from “intelligent
systems”

-Growing customer demands and expectations

-Time-to-market and integration challenges
Global markets are

driving new
requirements
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Summary: The Challenges oy

“Intelligent” Interconnected

hicl technologies I
venieles ’ -Large number of product variants

= .Strong competitive pressures driving change

e e -Development standards e.g. 1SO26262

--System Engineering led approach

-Any tool must be scalable from the 10,000 re-
Increased usage of used requirements we have today to ???,000
electronics and requirements in future.

embedded software
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Partnership with industry

JAGUAR ‘

E.g. Investing in Rational DOORS for requirements management...

W

Our cars are highly
INSTRUMENTED

= By 2010, 12% of new cars will ship
with embedded telematics.

Our cars get more
INTERCONNECTED

= Over 3 million car navigation devices
e

were sold in China in 2008, more
than double the amount in 2007.

Our cars become
INTELLIGENT
= The market for Advanced Driver

Assistance Systems is estimated to
reach 143 million Euros by 2015

/
-
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Smarter
Products

Innovate2011
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