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WYX EF

IWARHYR ILOMAZIR(E, T A—N\ILEHEEREH T,
ARDNRID-ZRRIZELEIHRETRETHOHIC. HoWdHE/EE/
EOREATIDIUMET HIEEBLT, A AA R ITELLEZST-
SLTLET,

ZLT  EBRDOREKEHIFOB-HIC. BEIE. EE. A2T5. loTH
FISHL T HEMICEWS I TEHELIYAIVITMA. 7FHAT &N
T—TINAR, SoOCREDZEFEREMBLENY)1—2a 0 FRHLT
W&ET,

SoC: System-on-a-chip

AHPREH
RAEILIRE

R E
~ 19,000A

BBt FTTEEZR
281 H

2020455 X #
7,157{&H

RSFES A KUK
#920,0001%F
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AUTOMOTIVE

ACHIEVE GROWTH IN AUTOMOTIVE BUSINESS WITH MARKET-LEADING MCU/SOC

» Leading MCU/SoC supplier — W/W shipments reached aprox.1.3B units in 2018
= Best in quality — Extremely low failure rate at 0.1ppm

= Advanced process — 16/14nm FinFET for SoC, 40nm to 28nm cutting edge process for MCU

Market Share in Automotive MCU/SoC (CY18)™ ADAS +
. Infotainment & Instruments *2
Powertrain .
0 'Y
R 3% 32% R-Car
Chassis & Safety 3 N
XEV Y Y (T
21%

(G

*1: Renesas’ revenue estimate in each segment is based on the market analyses by Strategy Analytics 2019. / *2: Including infotainment and instrument according to the definition of Strategy Analytics. / *3: Excluding ADAS. /
MCU: Microcontrollers / SoC: System-on-a-chip
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TECHNOLOGY AND MARKET TREND

PLAYER CHANGE INNOVATION
s Trends: DX, Carbon free, PACE for loT and Automotive market

—DX : Connected, Automated and Big data management
—PACE: Personalized, Autonomous, Connected and Electrified
(Former CASE: Connected, Autonomous, Social and Electrified)

Core Technologies

Personalized Al, Security

Autonomous Al, Safety, Cloud native

Connected Security, Cloud native

Electrified System (Digital, Analog and Power) control
Big data management  Al, Cloud native

Carbon free System (Digital, Analog and Power) control

© 2021 Renesas Electronics Corporation. All rights reserved. 5 BIG IDEAS FOR EVERY SPACE W zE N ESAS



S. BEIERATEEITU\SIL - DXAIRTERHIEDS BN -

TIAIRIIRATA—A—S3 >0 TIOAIBRSIIRAITA—A—=S 3%

A i KR
ISy RIA—T | TIYRIA—T

X =. Microsoft (intel)

Hm- Yy F"X—HDXTF

-
Qn\

B sommEx-n = @)@ W 7

3 )y wAYMO SANVIDIA

Qualcommwn

Qualcomm

EEWB, AI— MBI, ZY—Ih—LA, DWTIERY— 71 BH<
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DXBESHNE S 2 AR =Software First (IRANDIEHR)

Software First = BZFREDII T —I AN (RRAICOI=5{ETERER) Z. ESRAD
%Bﬂ'\‘f/ Hc.%(

i, COBERA> MIERNSZEDOTUVRW BRI FFENZEDOL.

Software First=8&HREDI VT —I A PaSoftwarelckDEIRT S
- Softwarelc EDEEEESTL I MOBHNDHRTS (customer ID)
- Softwarelc&DEAERDEIFICEDOETY—-EAZEICE{(ELETES (CI/ICD)
- —BOSEHNMET 3 R KEATRAICES i Z1E5 (Subscription)

IBED#AHL - &Ban - Sohlim - TnBESITEDFRMD IS AT ATIIRL, Softwarelc kD
BZEBZBANEIISATLAZRKT S : €EDIHDFEID Software Platformé&ikd

Software PlatformIcERERE/DLDICFHEIEBNIZDB L. E/[ESoftware DefinedIlcikd

BIG IDEAS FOR EVERY SPACE M z E N ESAS
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= Eﬂﬁ%ﬁd)(ﬁoogle( Platformer)lctW) 7=\ X—h

Arene Woven Holdings. GoogIeJ:DJames Kuffner XZz18H%
- ROS2** (o e SOA***(C LB EE IS
IANWDIRT=45>  VW.0os Car.Software.org 757 REHEERDVW.AC*** % MicrosoftE 12
—CARIAD (car, 1amdigita) ~ $EUTEIE]
IV)—-HE-=% FACE Renault Software Lab - Autosar AP*****Z {55/ SOAICLDEEA
il

VS
HEERS

Alphabet Android Google  AN—NIAZTO7 N1 7% CEHENE
Automotive OS DEIAARPFZIREDER
- SoCZERERIB C1ERNIDDHD
Alphabet Waymo Waymo - BENEEOSWIZY RN IA— L
*TRI-AD: Toyota Research Institute Autonomous Driving =**SOA: Service Oriented Architecture ~ *xk* Autosar AP: Autosar Adaptive Profile
**ROS2: Robot OS version 2 ***xx\/W.AC: Volks Wagen Automotive Cloud

© 2019 Renesas Electronics Corporation. All rights reserved. BIG IDEAS FOR EVERY SPACE W zE N ESAS
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PO KEIR - Software FirstCHEHEENORZRS2B(R -

AX—RH— SWSAI8q4)  _ AXTEA=SWISY RIA—L
Q- -V
Design Develop Test WKL, FEFEA—-DHIIETEEFDTINRS,

OSZH=. Tierl, OEM[IEDLTDY I bz
RFEINIRDOEZ (5251 LDF)

1 0 lm

!‘,—

— Operate Deploy
Analyze by servicers

- o S S S S O O S B B B S B e S e .y

AUTOMIOTIVE
GRADE

_________________________________
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PO KEIR - Software FirstCHEHEENORZRS2B(R -

ZX—h— SWS1 THL I AX—hh—SWISY hIA—4
o, 1. {RIEBISEERIE (MILS, SILS, HILS*)
:q </> B Izcl;a *MILSE Model in t_he Loop SimL_JIation_
e e = =) =0 i

Develop

‘%%cg

‘ —
-, Operate
Analyze by servicers

2. CI/CD**IRlE

**CI/CD: Continuous Integration,
Continuous Delivery

i A= o e 7 (AN

- e e S e S S S S DS DS e DS B DS e B e e e ey

BB E TS C B2 DN %A
l
RETHECHEENZY T MNEERRE & drene

________________________________
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PO KEER - Software FirstCHEHEENRZRS 28R -

ZY—bn—SWS1IgroN  _ AreneSWIoYRIA—h
v | 0SS (A—T>Y—2R) DiEtETE

!
Dggn-’ D-.p - Test | JT O T

FIBLISY R IA—LEE (BFAR)
J
HEEmRJEIERD. 1>J5mlrE
BRI ERD BT (CRER
(GoogleTI(ES AL E U UL\ EF)

Cﬁ%ca ﬂ\ H
"’
#Hh2Az F3IDSWISY h I A —

Operate Deploy ~
Analyze by servicers
,// \ LTEV. B - REREFERZD

\ﬂ ﬂ\ ﬂm . & dlrene

_________________________________

gem o E— EE— EE— EEE BN B S e SEe EEm EEm EEm B B e e e Sme S S ey
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- Software Firstd) & -
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LEOSSEESDH ?
TEMNOSSEE S HE

% EBLEDAY Y b

Q Open Source Sense
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NHH5IEO0SSTEITNELSL OV ER

B DSZFFEERORYI MO HESIRD, RZHMHRIT S

-—#IEFDOROEYIMIHF NI AL, PHTENS

#BEOBEFRHS N TAOEE

RIS

b l&} 2000
BTRON SRR EEREY -t - ZIIMTY
CTAMIET  DDREmRRE  mREomp)  ooRRnsg T SRR
{524 (1999;E12) (2004iE1%) (20181ik%7) (20215555)

Panasonic  (1993iE15)

B DIZHFER[BHICOSSADIRFZ U RN RIZCHSD
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AlZHV)E<OSSILICLBHETRESRI (1)
20174FTOERIEE (BERSRIL—LT—I2H)

Tensorflow PyTorch )| 23 P8
(OSS) Caffe HEHFBRIR
(0SS) (OpenCL)
L—LD-7 o

At 55 o, — peEm e ed by led by

(FEFRTEER) Google Facebook

. P /= VYR

R TR

(2T LLSI J39R)

caelveu.



AlZH)E<OSSIEICEDEZERL (2)
2018 FTORFEE (BEERARIL—LT-I2HT, —HIFONNXTHEZH)

Tensorflow PyTorch WY
(0SS) Caffe HEFBIRIE
(0SS) (OpenCL)
JL—LT9-7)
(FBRITEE)
A2)\45
HREITIRIE

(2T LLSI J39R)



AIZR)E<OSSILICLDEEEF (3)

20195 LUBEDEF 18

JL—LT-7

($BETRE)

LLVM/IR
(AIT>IN13)

HERR R TERIR
(327 LLSI. 759K)

¥ (FEHHEERDANCLIZEIRITIFz4L:

Tensorflow PyTorch
(0SS) (0SS)

nsorflow W PyTorch

HTTWND)

W2 HALSI




HIAA ATLTEOSSIEAETRICED

HAHSATASYE | AVKICEDZE | AVAUEOHEIAH | OSSHEIDEHSN

EIREAL {SFa%E - RHAREE OSSICLBAEIREAL 1Z1=74(CLABLTS
2EZ LY el NIGR= =N
Y <
NARNITA—=b  SERFEMRSE NARNITA—=NCTHE
\/ H%Feﬁt“EM’E
&% } I > B
2008 2010 2017
F—/\—RIBES 2451\ — NSIS r
- PCilli)\A AW/
NA {[B—)\—REBiE%
VI MVARTE
Tt R « OSSEFRIAHDEFE (FIKETH OSSTOLTS (Long Time Support)

DENS(FFEIA Sk
E3 =

nm a' % < &
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J7MocEVRMEEN/=/\—F (Software Defined)

B8 Xperia CLINE@EIKH' Galaxy TEFY X
o EEDSE(FEHDDER

Bl 2 7RSI EY NARY B RIT B
FIVERELS (AUEDH'SCALE)

NAOF T 4,
ST —BRIIEY MO ARYI D SRS D

PFOE{EZIRTE
BUEDHSCALE
OS=HOWVYJh Google (Android) —
s | 2 g 2 | | mASISH
U Elg |2 5 S | [ ERest
o))
SoC Qualcomm, MediaTek
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HEEREICEOSSIELDRHERTILS

AUTOSAR AUT O SAR
Classic Platform Adaptive Platform
Same address space for all Each application has its own
applications (MPU support for (virtual) address space (MMU
safety) support)
Optimized for signal-based Service-oriented communication
communication (CAN, FlexRay)
Based on OSEK = RTOS Based on POSIX (PSE51) =
LinuX vs QNX, eMCOS
Execution of code directly from Application is loaded from
ROM persistent memory into RAM
Fixed task configuration Support of multiple (dynamic)

scheduling strategies

Specification Specification as binding Standard

Code as Demonstrator
© 2019 Renesas Electronics C¢ ) . - ~—- _ESAS
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Our Purpose

To make our lives easier
by complementing human capabilities
| e

© 2019 Renesas Electronics Corporation. All rights reserved. [ {35 Xed0] [ 2]0] 3 \gp/:\ % Page 22 | z E N ESAS



How do we make it easier?

r” N\ N\
Hardware Software
. J /
© 2019 Renesas Electronics Corporation. All rights reserved. Page 23 | z E N ESAS



How do we make it easier?

4 N\ I
Hardware Software
Program / code Ease of use
o /
© 2019 Renesas Electronics Corporation. All rights reserved. Page 24 [ ] z E N ESAS



Renesas Core Technologies

Digital-analog-
power synergy

\ Q !
~ “\ -
ZD ;il t H-
, &l

for intelligence  for robustness for system first for scalability

Al Safety & security Cloud native

© 2019 Renesas Electronics Corporation. All rights reserved. [ {35 Xed0] [ 2]0] 3 \gp/:\ % Page 25 | z E N ESAS



SW development with OSS becomes more important

Easier to Scale ©SS Community

Tool vendor
Contributior Ecosystem
: Phtrip, .
with OSS Utiop,
(HW independent) Solution vendor

Customer downloads OSS

’ and makes solution \

OO/

Tool frontend SW Customer’s solution Same solution SW Customer’s solution Tool frontend SW
(OSS) with OSS with OSS (0OSS)
il e - SameAP| == === = = = = ——— -
Tool backend SW Renesas device >S Other vendors device Tool backend SW
for Renesas dependent SW dependent SW for others
Easier to et Easier to  Better performance L
Develop N=W Differentiate Lower power consumption

T More safe T
RENESAS More secured

© 2019 Renesas Electronics Corporation. All rights reserved. Page 26 | z E N ESAS



Human Centric Ecosystem in Smart City

Smart City Platform

FuSarequired
services spreads
from automotive.

ABU main market
[IBU will follow.

© 2019 Renesas Electronics Corporation. All rights reserved. B ={=\[=5Y:XXo{0]\[F o]\ ul\ S Rage 27 [ | z E N ESAS
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- Microservice -
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Web/?

7') 77'7I~"1'—I:ZIZI:OSS75 Fi

(1)

ANSIBLE

Linux GPLv2 only |Linux foundation/ | ITYAFADSHIAHFTIRILSFIAENS0S
kernel.org
: (.
Y I
. Docker Apache2.0 |Docker.com LinuxBi}gT. ostMw#/\wor—J{bL1d
w TSIV —-LAD—9
docker
Kubernetes | Apache2.0 |Cloud Native A7 2B ISIL—-AD—ITGoogle
(k8s) Foundation ek
kubernetes
Jenkins MIT Jenklns.io CI/CD (Continuous Integration,
Continuous Delivery)®IY > FE¥%HE)SE
7
Ansible GPLv3 Red Hat SAT LB EEYNPYI I ERFIEZER,

RPA (Robot Process Automation)C
EOnd




ATFHETENRTNSHIEHE(T)

HAIRHNESND N -T2 B TERIRE |

NONYA Ubuntu (LTS)

IN—23ay J)—XEHE YAR—KAR  AN—Par Y)—XEH SR —NAR
Ardent Apalone 2017/12 2018/12 16.04 2016/4 2021/4
Bouncy Bolson 2018/7 2019/7 16.04 2016/4 2021/4
18.04 2018/4 2023/4
Crystal Clemmys 2018/12 2019/12 16.04 2016/4 2021/4
18.04 2018/4 2023/4
Dashing Diademata 2019/5 2021/5 18.04 2018/4 2023/4
Eloquent Elusor 2019/11 2020/11 18.04 2018/4 2023/4
Foxy Fitzroy 2020/6 2023/5 20.04 2020/4 2025/4

ROS2MDashing DiademataTH—EXZVEDERL TL\ADI(C, TNzYR—KURENS, Foxy FitzroyT

EINESNIAEBEZIRHL TRRU VLW EDNTZEWST — A ARFRU T L,

LHUUbunts%z20.04(C_E(F5&. Dashing DiademataldEFECEBME T AREN'DDFBA. (RR-)

© 2019 Renesas Electronics Corporation. All rights reserved.
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ATTFHETERPTNSHIEHE(2)

Dashing
Diademata

Ubuntu
18.04

Apps#1 runs on ‘

ROS2 version Dashing
Diademata on Ubuntu
18.04 (Linux v5.3)

=)

Apps#2

Apps#1 \

Foxy Fitzroy

Ubuntu
20.04

Container#1

Apps#1

Dashing
Diademata

Ubuntu
18.04

Container#2

Apps#2

oxy
Fitzroy

Ubuntu
20.04

Apps#2 runs on
ROS2 version Foxy Fitzroy
on Ubuntu 20.04 (Linux v5.4)

ROS2 version Dashing Diamata

cannot run on Ubuntu 20.04.
So, Apps#1 cannot run.

Thanks to Container, Ubuntu 18.04
and Ubuntu 20.04 can coexist.

So, Apps#1 and Apps#2 can coexist

© 2019 Renesas Electronics Corporation. All rights reserved.
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20.04
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A TTHETIPENSEHA(I)

Microservice Architecture

it t 0 O

Conventional — —

L - nction unction
Monolithic Block Function Block
AI’ChitECtU re Function Functio Function Function Function

Block lock Block Block Block

Even if an API is changed, all software should be tested again.

R S S O O O O

Microservice
Architecture

Jauiejuo)

Jaurejuo)
Jauiejuo)
Jauiejuo)
Jauiejuo)
Jauiejuo)
Jaurejuo)
Jauiejuo)

When an API is changed, only one container should be tested.
Customizing cost will be reduced drastically.

© 2019 Renesas Electronics Corporation. All rights reserved. Page 32 | z E N ESAS




ESRAETIVEZRAD
VINITTPTP—FTI7F~

- Service Oriented Architecture -
(SOA)
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Web Site?)SOA =Mush Up(S5#%)

Osizec @® . D

FRAOF I RBREOTEORREE

EHWEOHBICDONT (BH2£6H22 °™"
EkR) s
(23
&8
WHAR— L

TR

Web site of “Ministry of
Health, Labor and
Welfare (MHLW)" in
Japan

Independent site
without REST APlIs

Web site of “COVID-19

.| Access
| Crawl REST APIs
G <
—
Get text 1 |Get data on ‘ e | T
I data OOCER @ COVID-19 %%

Web site of “COVID-19”

Japan” hosted by Johns Hopkins
Univ.

Crawling MHLW site and

tagging data of COVID-19 Accessing REST APlIs

iInfected persons

Providing REST APIs to

access tagged data

provided by each country
service site on COVID-19 and
summarizing data

© 2019 Renesas Electronics Corporation. All rights reserved.
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HERNTOHSOA

Non-SOA world - # SOA world

ABS worked Access REST API
ABS system a o
(In Vehxgcle Clospepd notification ABS event wrapper| as notification
: (thru CAN) app (publisher) (subscriber)

service)

E 84 sennEn
N N

R-Car R-Car

ABS system is designed in
vehicle closed service.

But ABS related information
runs thru CAN.

ABS event wrapper app
hooks ABS related
Information and recognizes
ABS worked.

Then this app publishes ABS
worked information.

IVl app is notified ABS
worked by subscribing events
list.

Then IVI shows panel on
navigation display.

© 2019 Renesas Electronics Corporation. All rights reserved.
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EHRANHTHSOA

Web site of “Slip spots”

.+| This site access
many cars’ ABS
history and shows
the latest slip
spots on the map.

Out of
vehicle
In vehicle Get ABS history
Annnn <
vl s/
\ Y Access REST APIs
R-Car
S4 works as router VI app stores ABS T
within vehicle. worked time and R

place history and oA

provide REST API
to access the history.

© 2019 Renesas Electronics Corporation. All rights reserved. BIG IDEAS FOR EVERY SPACE W zE N ESAS
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Reference Architecture Example

ARM SOAFEE (Scalable Open Architecture for Embedded Edge ) 2021/9

https://www.arm.com/ja/company/news/2021/09/new-arm-technologies-to-transform-the-software-defined-future-for-the-automotive-industry

- {42 OBEEEEE\T (EMicroservice Architecture \
-7 IVEIHETHEICTEIL TLVHEEZ DEAHE VL TYEDSOA
-OSSTEARB(CHERK

- ASILTE &% Container OrchestrationDL > E TECih I 3557 IRE
ZOEER(CHEVI>TF (Microservice) %7 J0O4 9 B0rchestratorz ARMDERAE

212U RTOSTOI> T HiEe(IR Y h— MRO T A/ElZE TUbuntu
O THELRE LT R IREEFEIN T | MEE LT RREL(IEREBAITE XS

- N35FDWoven (Arene). VWDCARIAD (VW.os)WMI7L > AV INIIT7 7 —FF79Fv
&btiﬁ /
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Cloud Native Service
1TS{E (2019)

AOS
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Customer’s expectation to Renesas on cloud native as of today

CLOUD NATIVE

DEPLOYMENT OF INVOLVING CLOUD TECHNOLOGIES

Industrials (MCU Based)

B Others
I Cloud vendor

B Customer
B Renesas

Automotive (SoC Based)

Customer’s Apps

Low level service Public
Cache management Cloud as
.\\\ Microservice "*PaaS”

,ﬂb Communication

“ dWS
~—

Customer: Want to "ADAPT"” DX.
Renesas : Deploy Cloud Native SW of IT Vendors.

OEM Apps 3™ party Apps

I BN B .

Low level service

Public
Cloud as
“*laaS"

Cache management
Q} Microservice

Sy

Communication

EX) / Microsoft
Azure

Customer: Want to "BE” SW platformers.
Renesas : Support Development of Cloud Native SW.

© 2019 Renesas Electronics Corporation. Al rights reserved. =l 2726 30d0]\ | 210]S Ry 1A\
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O

AOSZEDSEIVIFY I 57— D7 ESHH

Google
Map

A AA =SB

Renesas-EPAM
Cloud (AoS Cloud)

v B Androidh'&5ansd
TR géﬁ 7 | E=ETTUKMSEN

Speed Meter| | |k Speed Meter| ||| Taco Meter : / )i

_ A . .
Linux M Google Map v Linux Linux : Google Map
AGL Android » AGL Il Android
Xen (Hypervisor) Xen (Hypervisor)
R-Car R-Car

Page 40
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IPMMU, Bandwidth Reserve Mechanism (E{&(CHIFBERIL)

IPMMU:
CPUNFIATIAEVZ. VI MNIIP LTI #IBERU THEARDERICT BH4lTh
MMU (Memory Management Unit)
CPUBIADEEEIPEIFIC. AEVZYI M IF eI ZIBRU TIHEARTIREIC
Bz IPMMUEIER

Bandwidth Reserve Mechanism :
YINIIFDARIAAYFICHUT, NAPRYNI—=JTOEEFEHZ/N—FIIT7HIC
FHUT, EREMEDOYI M IFZHBZTH, BEFIHZ R T 5146l

Software FirstiCDYI M\ —= ROV EHh SR hDCEZIiEMISBE, LEED/\—
ROTIVICEDZIBE. ENZOSEBTEHERASLIICTZIEARYINIIZHIEELRS,

jon. Allrights reserved. [ R T Page 41 - z ENESAS



BEBERFAOEIRAZ100FIC—EDXREEZDITVEY,

BIICSoftware FirstZRIKUTW\BTeslaDFES. P EYPVWICHD, XZERBRITI,

BHHEEHFEEIRADFHEVTIE OB ARG, CDSoftware FirstAOBEZFRDZE{L
[CERSRVE, VJTTUR-AITHKITISQualcomm, nVIDIADEEZIEL ., 2RI SHELR
IHEHEEIIOTVWEYT, (EXrSThDislZzZIFANTNELE)

HA2EDESRAB{EDTZY, SEEFIEFEROMETIRYAR, HEHICEBU
F9,

To make our lives easier

by complementing human capabilities

jon. Allrights reserved. [ R T Page 42 - z ENESAS



