200000

AtE AUEE EAke] 43 o g sl o] ICe oy &
Fo AwuAeld YER A 19 & o] AxE o] SLE7} |
=7 gk Y E3E nanometer HEEA] 7)4 W02 Axjo] Fel#9l
SHAIZE AlshE| AL g ol Ao o] ERiAAHTF gAE 4 oA
wof Bt 2A ZEd AR B Sei Al Alad W A A
Aloll ISO 26262 <= 59 76 = dgfsh= Alo] vlg- 583k o]
ST bl P
st=glo] 9 A EQo]o] HA ZHL EE AT S
PAE aresfjof ghe, A REeAo] 7]E A B ASols 7IEL
SoC (System—on—Chip) 44 & 4 WHES
o} 8 stz o] W A EY0]9] 7] oFAS:
l5te] FMEDA (Failure Modes, Effects and Diagnostic Analysis)
9 FTA (Fault Tree Analysis) & U 7|HES 5712 ARE-SICt
Fault g3} fault 9] (injection) 7|§& &30 257 (error)E
apotstal, 7] QA ] S gt
A7 glIAE 9 BIST (Built—In Self—Test) 2] DFT (Design for
Testability) 7|92} ctoFet DFS (Design for Safety) 7|52 2850
ISO 262629] HIAE 8+ 200& WSAIY et 75 & &
Alol] areigk AA|, A5 W EIAER F7FAS] i) AJTto] i & o]
of shi, o|F dfjax5l7] flste] mEAolal, AIAR] A, HE U E|
. AE F 9 R Eo] g E|ofof g
jﬁiﬁ}ﬂ EDA (Electronic Design Automation) AR AssA] A, Ao el
< Pl s HES 2ok sliEat o419 AFsakg 3] i & 2 W E 53
A HE 2 Sk A AR E] DAC (Design Automation Conference)
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shaL Qlok, w7k A vl a1aagE Q1o (high—
level language)& ©|-8-sto] A|AH] gl AA 9 H3
< xlsto] 075 7)ol Wstal, AAFIS] SHEgo]
o A Eo]E FAlof AAEIL HEohs ol
a7 AA A= AR o7 |ElA Q) V] S4B
5o MATLAB/Simulink®?} dSPACE TargetLink %
& R AR FordAbs @ 719 7o) UML
(Unified Modeling Language)®} SysML (Systems
Modeling Language)2 A3t A &-g4d0] mf$- 52
e 7k ZPES A sle] F-gsiar gt

de] &8u= =g 7nk AA 9 oE CLE D
of Yehaict " TargetLink, Embedded Coder %
o= C/C++ FEE A5 A7, Cynthesizer,
Catapult, HDL Coder %9 1% 314 (high—
level synthesis) 25 E RTL

(Register Transfer Level) =5
o] H=

A= WA 2= ok o/c++ 3 B H A3 EeEHoz AR,

C/C++ AZESQ0] Y RTL s=49I0]

FCE XISOR MHstH 7lsetH
siMof =it

S0 2% o] SAY Rt B

TARI o R e ZHT el &
AR 2A 953 o QAL FE
SEeof 7 BE2 =ol7] flste] wdl 7]Hie] At E
Aol As ol A STl FAlele IS0 26262
FZ9] ASIL (Automotive Safety Integrity Level) 4=
= AEE Ahsor Ak ke ZIdEar Qlok &}
= AYAE slE9jo] RIL A EE AME-3lo] FPGAS T4

K

oZ

= 7|5 s o] AIAH) Bl

2

BT H A YUEAEATOSE QO @@

MATLAB® and Simulink®
Algorithm and System Design

Real-Time Workshop
Embedded Coder,
Targets, Links

(azl 1) 2l 7|8t A gid ofl®

FTA =Tl ——
- " FMEDA; Metrics.

Safe@?ﬁd}iﬁﬁ‘i%m
Allocation

Wbépendeptj:y' : —— R
= Analysis.—

(T2 2) D 7|t A LS BRSSO 26262 7155 O 3L of'!

sto] g EElo]gof 283 4=k it

Medinigh= s 4] ol 878 AgF Hhef 3 wd 7]uk A
A 242l IBM Rational DOORS/
Rhapsody 2} MATLAB/Simulink
5ol Ao, (C1¥ 2)9F Zo]
7% ¢4 Aol eEE 7= B
o T 7 oA dl AlgAde B
Asto] HARA (Hazard Analysis
and Risk Assessment), FMEDA, FTA 53} ¢14x]of
AEAEL] ASIL Ao S-8-¥t

2. 71 T2 EEFY (Virtual Prototype)
MATLAB/Simulink 52 ARS-SEF =& 7|5 WElg]of
A 7] ofdel Bloly, Ay A, 3 WA 5o 4
S WStk 4= Qlck ESL (Electronic System Level)
oAl C/C++/SystemC 52 &-83sfo] 7M}F LR EE |

3 (virtual prototyping)S 4=3§5}o] SFEQo]-AZEQ)
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Model-based development Central AUTOSAR system design

& model-based Dev.

Virtual Integration of distributed
functions based on AUTOSAR

Simulation of individual
functional models

Static definition of the overall Simulation of
wehicle communication incl. distributed systems
functional models, based on (function models and

AR3.2.2 bus communication)
—_—

(02! 3) 2 7|8F M7 BiHOo| AUTOSAR B& Z3iZ7 (g2
BAE JSES Sf6ie 7T REE0 T YHEo wir

o5 FAlo| AASIL sjAe 4= Qlt}, ESL ZrEE o]
e TLM (Transaction—Level Modeling)& 7]HFO. %
sl choksk AL Wl (system specification, timed
functional, bus cycle—accurate, computation cycle—
accurate, cycle—accurate model %)% L& EC},

7MY ZREER]L e oA EQ o] FA] TR
2 A4S AA 9 4 (design space exploration)
5o ElEoR ol fHH, o=
Simulink 92 SystemC R

A RSkl op7fEIAet iig 2F propst maket Yz TEiE|H, Vs,

O TO

U= soto] 7MY ZREERIS A Ms 9l otdAMS
A o Slek olF s3] 7S,
o2 52 S AlEdolA
oz Wyst 4= 9ot ¥ o012 yHIL (virtual Hardware

In—the—Loop)o]2talte st} vHIL 7R Fake] AA|
z sZaEERlo] AukE]7] Aol 7 TR EER] Abol|A]
o] (firmware) 52 7HEE 4= Slch,

AlAlZ, Alod A, HIE 5 of ] SJALolA] 714 25
EEo|Y 55 Zi]%@“’/} L9 33k #o) 71 b
g we 7|k A o] 2RSS fHHE AZE
gJolo] HARE- EZE Z2 0] AUTOSAR (AUTomotive
Open System ARchitecture)& 7|HFO.2 k= %3+ 7}
g zrEEolg o s el

n o

3. Fault &S 0%t
7% %% (functional verification)> A|2~®9] 7]%

o] AAIA O 7 EA5= 2] HE5k= vholu, 7)s

A A% (safety verification) fault7} 2§71 AJ 28}
AAARQD A|AHIO] F2ES H|uEk= HRolt), 7|5 A

O O 71w

7|5 oM A=

2

of
d

542 The Magazine of the IEIE

ESL T2 EEIO[E2 TLMS 7[HIe=2

st 9QlC}

< 71%ell oF

Fﬁi
N

Coverage 7|
)5 9 zg ;

N T
~N
olr
o
olN
|o
il
o or
i)
o
T
o
il

gkt Fault 48 24 fﬂﬂi /\JE"J]OH
AW A7} szobdIth, Fault 92 k=90 718, Az

Ego] 7|9k, Algdo]d 718k, emulation 7|HE 715
2 et O slmgo] 7k fault F4E 6‘}5%1

o} o] WA EAF o, A o 43
o]

HAE

R &’lOL} E*éOH Agto]

L, AAE FA 8}% AL E o]

et o2 7 B A% =
AlEgo|Moz Tyt AlFo] ok

RTL % Ao|E—dl Al&g|o]4
718 fault 92 9] AHEE=
oL, RTL AA b $of AME- 7FsdbH, Al=do]
Ao] Lg|al, st 14 (failure) Alue] Lol 2-4517]
o] &% %"401 AUtk AlEEold g =ol7] 95t
FPGA emulations &-835}7] %= s},

Aol 75 fault =49 Aol =5517] 15t
of, A9 =2l w2 2l g A fault =Yt |
o4 (mutation) BlAE-S AgsIo] A4 WS 3
Aot wd 71 HIAE Wo] MEJO*EW TLM/
emulation =& 23S /\}%6‘}7]
o delA= fault?J BF F=4]0] 7%] Z7) &

AellA b 7iAde 4= = Aol O‘E} Fault 5=

_|_,

A AH, 57, FUAH 9 24, 31 AL 5ol
Hhol¥] FMEDA B o & 88 7155}
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Process Variability Signal/Power Integrity
» Device mismatch ™ * Coupling noise
« On-chip belity & skew * Transr line
* Dynamic variability-Temp. » IR drop
* Statistical design method - i processor SRAM » Substrate coupling
full custom, Statistical sTA, fl 1| ... [N o * Inductance effect
optimization = Simulta Switching Noise
* Optical Proximity Correction | NSNS * Parasitic extraction
Phase Shift Mask MODEM * Package effect
= Metal fill & siit general 1/0
* Antenna / Multiple via MPEG | FPGA I, Reliability
: . breakdown-TDDB
Low Power Consumption Q,g:mm k
Dynamic voltagé scaling - Single event failires
Leakage current modeling . B
High-level power estimation  Package SRS migration
Multi-threshoid Lib. ) = ESD/Latch-up
501 Board « EMIJEMC
(% 4) Nanoscale BHeA| To| 421N SHE 25101 slizsor &
2rIs

A 159 o)) i AT (zero defect)o] R
glofof ghe} M vk Aol = choFst H7o] Aol A
4 4 Qloug ol 5% 4 xs 3
ojof 3t} Nanometer HEZ=A|9] 374 Hzo] 712l
3t RDF (Random Dopant Fluctuation), LER (Line
Edge Roughness), 7l0|E A9} F7] ¥E 5] il
HrE|ojof it} ARE- Al7to] 7t
ol wpe} WAYsh= HCI (Hot—
Carrier Injection), TDDB
(Time—Dependent Dielectric
Breakdown), NBTI (Negative
Bias Temperature Instability),
EM (Electromigration) S% 1l& ] ojof sic} 2721 4]
/748 BAA (signal/power integrity) 4sls ¢lsf
of 52 %19 738t (dynamic voltage drop)E 31213t B}
ojfy Wl -oj= FAlo] Fasirt Ay FgAle EM df
A RDI (Redundant Via Insertion), 2tev} &3} & tf
ole= AR} W Sie AREEICh M AR vk Ao A=
ESD (Electrostatic Discharge), EMI (Electromagnetic
Interference)?} RISE (Radiation—Induced Soft Error)
= Rt AAE At

1™ 48} Zo] 715 QPdo] HH nanoscale BHe
A A AAE fIste] 578 vl 78Ik A=A
&, AT/ HEd, AR an 5o A
H GHARE AR ASZE Qo] 7hA] L 5
AlZe] CAD (Computer—Aided Design) & 4 7]Ho]
Aaape M Ak 3 AR A AR D B Ak
al

O
#Hol= Aol Vs e 7R desfof gty 1

Ju
N
o
=
T
T

(rDlo
o

Fault TR 7|52 HES
S-St AM2|Mo| ma{El M|
7|s9tH0| T24= OpA|ElR|, DFT X

7SOt diHE=

- OHdi-

2

S 123 A M WHEYEDATO 52 @ Q@ @ ‘

o Al SRAIE A A AR A W 47

AFs A AR dshiA B S,

7% oHA 7= 9J8te] redundancy?} A|FAE 7]E
© & = ofokst fault W (tolerant) 752 BHAfgtc}
ECC (Error—Correction Code), 2]€] (parity) A}
CRC (Cycle Redundancy Check), DCLS (Dual—Core
Lock—Step), 22 % AY HUHY, Eolu] o i
2l olojct, wre] W 22 BIST, A7 B|AE, ATPG
(Automatic Test Pattern Generation) 5] DFT 7|¥

T A3t ¥ CCF (Common Cause Failure)=
Faolel 4= Qv =24, TRl AA HHEkE 4
etct vrdE 4%, 2-59 A, A8 d Asd &
2], ARAE A|A sl 8

Zt, IdZ 9l4=¥ Yogitech
o /= fRMethodology
(faultRobust Methodology)gh=
7)% ¢Hd 2SS AlEe P o
o) w7kt 32 (sensible zone)
9ol webA redundancy 27
A 23 o2, DCLSo|| AMg-E= 7 7l9] 5o
tf4lefl fRCPU o1& AR-3H OTC (Optimized Tightly
Coupled) dual 3015 2 ARESHH, 3 AHE- HAS A7
=Y 5= Utk 7 HE AEslr] flsko] AeE 1Pet
AL E Qo) o] AAREE AR

0O EL3ICt

6. SEooC (Safety Element out of Context) S2HE
AR 2| fleke], AbsAl AlRARY] 8% Ao
HEAE vle] Apdelor sl E AR AR Ak
Al A 2 A AEloA] QtE]= 7] QHd ARRtol
A A] o2 Aol A= REeA] SFARE st 7H
= &0t A& WSt Hot, o] ZHHE Alvhe]2.9f A
A 9 Agshdo) vl Fasteh, i Sof Zhat A
A7y Ax|sk= 2] gRlel= Axp7F Fasict SO 26262
N FasA| AFEE= SEooC ZHES A Y5k7] 98]
A= ASA 8kaF (top—down) B /F3F (bottom—up) 7H
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"‘"“"‘;” m_‘ = A3 B Aled 93] Al 1SO 26262
G — R20] 7% oS Mehs Ao] v Fa3k olR
- Y—_ = s, B, A28l BE SYR V) ok 7]
me—m e o WA W PR R Al o) s
Bl 9i3h DA 34} % 715} SRS} A A e
St Daro N SAE AV SEME ) & W e 2o, 8 g W) 3
RRES] 715 oFd TS ek ASIsIEh, Aekg ke
A RS Wi Zeusfof gy T A st=gol/aZE o] Aol 78] WA A
£ 9 RS ApAele] 443 Hck
7. SiEglofer AmEQ0] 4 U 2Z S el Z) A W P R Reo| RS Fat Sheg
EDA 3AF 9]o] Vector, LDRA, ETAS, dSPACE,  ol/AZEgo] /e 9 H3 whis Avlsiaio), chofst
IBM, ANSYS, KPIT & thefet ECU A % A5 &5 4% @AM 8w fault 7= o83t 7% ¢t
o a7fE et (" 5) A HSE sk
ef gro] 5719 AA THAeF ISO CloFst ECU A7l 2 2= E50| 9lom, SHEA)] o] A= B S
26262014 g2l 9719 V=R y501M2 21510 DFSS (Design for = 1% e At HaskH
T AN A ARRE= 227F4] A Safety and Security) 47| £ %! 7% okALS 2yl pEsls §A
EEo] y)La} Ao Bkl WHES ZHIsH0F Bit. Z B RS 51H glo} 3lt}. SEooC
o 1EY AxEG] A ZYE U v 44 L A B
Slsto] o Afg A, el Nk A 0 BAEE, 4 S0 Wk Avfeielnh AN BE e et ema
/A 22 ZA, fault T W HAE ABSS), Fofd 2 AZE OIS IS0 26262 7|5 oHdof A-85hs ¥
(vulnerability) £-4 5 AZE0] glo]L xjo)Z we] 5 Avfsteict

52 Agaic)
ATEQN EHE

ZEYo] A LS E0)7] Y5l LEALA AT
E%M% ARESlH= Z1o] HiAolH, lHt = AJAE] )
drof] Y] &-8-5]31 QloL} ISO 262629 7|15 9F4 &
T 2AEL WEA7)7] o] BMWAL A& Linux

59 oZ 4 4ATEQ OIS 7HEo R F1al AUTOSAR

82%

I>

IIJIN

St AR ARG QEds AEEG ] BAEL )
LI Qb e wl B e Eas B FUE
SAFE (Safe Automotive soFtware architEcture) &

AE QY glck P AEA} we-s10] A 2Eg wH
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