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A. SW budget situation will
become challenging

oooooooooooooo



Software became a key differentiator for automotive
OEMs and Tier-1

] AUSGABE § - DELTSCHLAND 6,90 ELI
RETTENDE SUPERREICHE Wie Fami
das Uberle n Blentech und Co.

FEUER FREI Nach dem Bezos-Abgang

nehmen die Regulierer Amazon ins Visier
UBERHITZITE BORSE Fast alle Indikatoren
signalisieren einen drohenden Crash

Die deutschen Autobaver VW,
BMW und Daimler mussen sich als
Softwareschmieden neu erfinden,
wollen sie das Stever nicht den
IT-Konzernen aus dem Stlicon Valley
Gberlassen. Daimler spaltet dafor
den Kanzern auf, VW baut einen
Softwareriesen = das Rennen um das
Auto der Zukunft ist eroffnet

IT'S THE SOFTWARE,

STUPID!

VW und Co. versuchen hektisch, eigene Betriebssysteme
zu entwickeln. Denn die Silicon-Valley-Giganten
sind schon deutlich weiter - und drohen bald auch
die deutsche Autoindustrie zu beherrschen
»Wir miissen einen
Sprung machen.
Neue Player sind sofort
diesen Weg gegangen*“
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Software development budgets grew and ambitions for inhouse SW development
rose

OEM’s SW development budget? [USD bn] OEM’s inhouse SW development share!) [%]
(incl. external development and licenses)
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1) Budget plan as of Q3 2022
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... this had been possible as prices, revenues and profits grew

Price development ) Revenue development

Profit development
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BEV share will grow in all regions

PC production forecast by region & powertrain, 2022-2030, [m units, % of production]

£’ & O &
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44% > ° o 42%
6% —3% 58% 7%
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10%
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D 79% . 20 11%
59% 50% 7% 8% 55%
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24% 22%
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M BEV | PHEV  FHEV = ICE/MH

1) Incl. Mexico and Canada 2) EU27+UK, Norway, Switzerland

Source: IHS, Roland Berger

FCEV are part of PHEV or FHEV

BEV/PHEV
2030
[ units]
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BEVs’ higher material cost will become a major challenge -

Little cost decline likely

Product cost ICE vs. xEV') for C-segment SUV [k EUR]

Powertrain?) Chassis

Cost comparison

11.4

remainder
4.7
2.4 2.1
ICE xXEV ICE xXEV

Exterior/Interior Electronics

4.0 5.0
1.5 2.1
=een O
ICE XEV ICE xXEV

B pPowertrain [ Electronics [ Chassis [} Exterior Retail EU w/o0 VAT

42.0

Price

1) no development cost allocations and production costs; 2) BEV: 80 kWh battery, 150 kW peak; ICE: 170 kW, EURO 6d, AWD, DCT

Source: Roland Berger/Lazard

e

Chdllenges I:I|:|

Limited additional
willingness to pay for
BEVs - Follower and
laggards expect price

parity

Minor cell cost
reduction

Declining ICE volumes
will cause a long-term
cost challenge
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B. A more effective and efficient
SW development approach

oooooooooooooo



A new approach for software development is required, more effective and
efficient approach for SW development is required

OEMs' in-vehicle SW budget 2021-2030 [USD bn]
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== Pure 'incumbent’ approach == SDV approach (main steps)
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The increased upfront effort to develop SW based on a'SW defined car' approach
is over-compens. by significant savings from testing, integration & maintenance

OEMs’ in-vehicle SW spending 2030 - 'Incumbent' vs. SDV approach [USD bn]

________ Enabler - OEM view

8 ° Reduce variant complexity
- Implement a SW first
More and better (7 =, - Governance
performing @ -1 3
3% features remain B . )
° e Shift to new SW architecture
e Rethink captive share and
31% 16% leverage partnerships
23 Dissolve typical SW R&D
14 13% inefficiencies
Incumbent Develop- Integration Testing Mainte- SW defined @ Imorove DevOPS
approach ment nance car approach P
B Development Testing Integration Maintenance
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Major projects at SW pioneer OEMs are 2 to 3,5 times more effective and efficient
compared to traditional OEMs

Development budget for SW stack [EUR m]

ADAS

e.g., missing LIDAR,

Budget only until

850

lower top speed 1st model
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280 5o o 330
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e.g., missing HUD, Budget only until
QQ—_ E):osls:)lenger display, 15t model
o110 arPla 500
fite) /
20 3o o 150
Startup Performance # branches for Stretched target GAP Premium
OEM complex OEM

Source: Expertinterviews

vehicle portfolio
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0 Governance Sticker lllustrative

When SW defines the HW in a SW first approach, software
adaptation effort per vehicle is drastically reduced

Concept illustration "Vehicle first" vs. "Software first" approach

Incumbent approach ("Vehicle first")

Prod. Mgmt. ‘ff Vehicle release plan A B C D >
v SW requirements T I
Vehiclereq. &%
; Software release 1.0.1 1.0.2 111 112 —»
SWreaq. </>|| Software effort . ]

Software-defined approach ("SW first")

Prod. Mgmt. Tr Software release plan 1.0 1 >
v HW requirements | |
SWreq. <> Vehicl | | l v lv l v l l
enicle reledse pian A B C D >
v . s i iy s
Vehiclereq. (&% | Software effort .
I | - |
A: New vehicle model on new platform with new EE; B: New vehicle model on new platform with same EE - LeftV - Right V

C: New vehicle model on new platform with new EE; D: New vehicle model on new platform with same EE

Source: Roland Berger

Incumbent:
.« HW defines the SW
. No/limited HW abstraction

. Each vehicle with individual
SW variant

- High integration and testing
costs of up to 70% even for
same/similar functions

SW first:
. Innovation from SW
releases

- “ldentical” SW across
models - largely reduced
adaptation efforts

« HW with headroom
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e Architecture

Advanced EE architectures go hand in hand with modern SW approaches and are
therefore a prerequisite for efficiency gains

Definition of 'incumbent' vs. SDV approach

, 'Incumbent’ approach | SDV approach —
Hardware Distributed Domain- NG Central+ HE BN
yw E/E centralized i zonal E/E —
: E/E
defines ﬂ. B m ﬁ ]
the SW Al H B
Software Monolithic Service- @) )(a Microservice
architecture orientated § : architecture SW
architecture [ |°l /@l /ol ] dofi
JRTAT I efines
=IEIE the HW
Continuous : : Easy
deployment Impossible Costly + risky Low integration efforts
Functionadl Mostly in Mostly limited to Cross-
orientation isolated ECUs each domain domain
Maintenance High High/medium Low
Gateway [ DCU | ECU [l Zonal ECUs (domain-independent) Central/vehicle computer  (®) Cloud/backend
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e Partnering

Open standards and open source are 2 intensively
discussed options to realize a cross OEM middleware

Realization options for Cross OEM MW

Open standards

Open source

O[] Standardized interfaces

||| I

1 Open source

Description - OEMs agree on standards for all key interfaces - Solutions / technology is open source while a
partner is maintaining and improving MW and
toolchain based on contract

- Red Hat’s business model is the blueprint

Benefits - Middleware provides can easily be exchanged - Low exchange cost for Middleware provider

Status - AUTOSAR and ECLIPSE are key initiative - First suppliers are in discussions with OEMS

B Apps (customer feature) [l Service [l Cross OEM middleware (OS, HW abstraction) W HW (ECU) Domain

Open standards
can be agreed on
domain levels,
however open-
sourced MW with
stronger impact if

fully implemented
and accepted by
OEMs.
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@ R&D inefficiencies

SW R&D inefficiencies to be addressed, dedicated SW R&D steering model & KPlIs
required, as well as state-of-the-art dev & V&V methods & cost transparency

Key success factors SW R&D inefficiencies and player assessment

Success factor Description Assessment
Dedicated 5@ - Shift of financial steering KPIs towards "recuring revenues" & SW WEAK Very strong
steering model business models
and KPIs within & J - Technical early-warning KPIs required to drive efficient steering F?rlilg:'f 1e " ggfs Tisevrv_1 OSEVP\,QS
R&D models '
- Balancing SW R&D development steering in a still HW-mindset industry * ¢ ¢ G —
Transparency - Lack of understanding of how tailoring and architecture inefficiencies
on SW @(T) drive SW development costs ol trad W sw
development &.@ - Often inefficient SW procurement, due to unfamiliarity with SW ?rile 1e r 0;?45 OEMs Tier-1
cost drivers costing ¢ ¢ ¢y m—

- Partly lack of ability to deal with SW specifics (licensing costs, OtA

updates etc.) in HW-heavy industry

State-of-the-art
development & 8- ] °;
testing methods @
(e.g.,reuse,

virtual testing)

°
o

SW OEMs = OEMs build on SW competencies

Trad OEMs = Established OEMs

. More dedicated SW validation & verification activities, such as virtual

testing and increase use of SiL (& HiL) testing

. Leverage of system engineering development approach and quality

gate checks

- Drive re-use and standardization of development (higher targets than

in HW R&D)

SW Tier-1= Tier-1with strong heritage in large SW projects
Follower Tier-1= Supplier with limited SW experience

Trad Follower
OEMs Tier-1

¢ o

SW SW
Tier-1 OEMs

¢ Tommmm=
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@ DevOps

Separate development, validation, and customer Branch provide a stable basis
for releasing and integrating features, fixing bugs and stabilizing SW functions

ClI/CD (Continuous Integration/ Continuous Delivery)

Code Automated Builds + Regression Merge Code Automated Builds + Regression Merge
Develop-  Tests + New Testcase for changes  pevelop-  Tests + New Testcase for changes
ment Feature 1 only after  ment Feature 1 only ofter
passing all passing all
automated automated
4 Vi i testcases i i = testcases
sevetopment. " - O-6-C):= -0 ()-6-Q)=
eveliopment- $ . $ ;
p 05& Automated Builds + 05‘9 Automated Builds +
Regression Tests Regression Tests
BI’OnCh < 9 — 1] ) < 9 — 0 1] . -

G OOOOIHIEE T 500 IS

«———2 weeks Sprint——— «——2 weeks Sprint——

vaidation- Q- Q - Q- § Q-Q-Q

Automated Builds +
Regression tests

Customers- Q Q Q

Branch

Automated Builds + Regression Tests

Development-Branch: All
new functions are deve-
loped and defined here

Validation-Branch: No new
functions are merged here,
but only used for validation-
/ error correction
Customer-Branch: Stable
code base for customers
and only open for critical
bugs (hotfixes)

After each sprint, the
validation-Branch becomes
a new customer Branch,
and the development-
Branch becomes a new
validation-Branch
Regression tests are
regularly performed in all
code Branches
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