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Focus Applications:

v' BMS, Inverter and VCU in HEV/EV

v' ECU for Powertrain in Diesel Engine and Gasline Engine
v' ECU for Function Safety (ISO 26262 and IEC 61508)

v' ECU Compliance AUTOSAR

v ADAS and Fuel Cell Vehicle
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G The Real-Time Aspect Siener
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Functional correctness is a matter of the right point in time!



G INCHRON From Pioneer to Strong Partner Siener
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G Safety-Critical Systems: Design Challenges Siener
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G ISO 26262 Part 4 and 6 Recommend Simulation Siener

Table 3 — System design verification

ASIL
Methods

A B C D
la System design inspection® - ++ ++ ++
Ib System design walkthrough? ¥ + o} 0
2a | Simulation® + + ++ T
2b System prototyping and vehicle testsP - + ++ ++
3 System design analyses® see Table 1

4 Methods 1a and 1b serve as a check of complete and correct implementation of the technical safety requirements.
b Methods 2a and 2b can be used advantageously as a fault injection technique.

¢ For conducting safety analyses, see ISO 26262-9:2011, Clause 8.




Method 1c¢ requires the usage of executable models for the dynamic parts of the software architecture.

Control and data flow analysis may be limited to safety-related components and their interfaces.

G 1ISO 26262 Part 4 and 6 Recommend Simulation Siener
Table 6 — Methods for the verification of the software architectural design
Methods s

A B C D
1a | Walk-through of the design® s 3
1b | Inspection of the design®@ + ++ ++ o
1c | Simulation of dynamic parts of the designb + + + ++
1d | Prototype generation o o + ++
1e | Formal verification o o i
1f | Control flow analysis® + + £ ++
1g |Data flow analysis® + ¥ i 4
2 In the case of model-based development these methods can be applied to the model.
b
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User Manual _ INCHRON Tool-Suite Software Version 2.9
ANO0O01 Reference Manual of Macros and Functions
ANO0O3 Importing Trace Files with chronVIEW

ANO002 User Defined Schedulers T
Online help ol VoA a8 Q

Contents Index ‘ Bookmarks | ﬂ f Search Chapter 3, Basics

Contents 8 X

Chapter 3. Basics

4 INCHRON Tool-Suite

1. Introduction

Exa m pleS 2, Instalation Table of Contents
3. Basics

[ ] dOC\exa m |eS ﬁl%y1¢ 0y Iz F ‘g g’:;\]:;t;elp 31 INCHRON Took-Suite Features
p 5.1. Using the Online Help 3.2 INCHRON Tool-Suite Modes of Qperation
5.2, Help Support
6, System Modsling 3.2.1. The Project Mode
Znan 322 The Simulation Mode
. Validation
D 9, Integration with 18M Ration ] -
e m O &, Technical Data 3.2.2.1. Functions for Simulation Control

B, INCHROM Tool-Suite Comma... 3222 Functions on Simulation Trace Files

. AUTO SAR OS ;:n.d:exrlphefalcomnonents 3223 Functions for Simulation Visualization

3224 Usage of the Simulation Control Window

. MU|tI-COI’ Optlmlzatlon 3.2.3. The Validation Mode

324 The Viewer Mode

. ADAS Rad a r S D F The following chapter gives you a brief introduction in the structure and handling

of INCHRON Tool-Suite.

3.1. INCHRON Tool-Suite Features

The term system architecture is always regarded as the view on the target
systen. An INCHRON model of the target system consists of;
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*.IPR —INCHRON Project file

* ISM--INCHRON Target Models file
*.ISL--Stimulation Scenarios file
*.IRQ--Requirements file

* IVP--View Profiles file

*.CSV or *. TXT--Stimulation Data file

* ISF-- INCHRON simulation trace data

* ITA--INCHRON Trace Archive

* IDX--INCHRON simulation trace index data
*HTML, *.CSV, *.CVR, *.IPR--File Format for Reports

*.EPS, *.JPG, *.PNG, *.PS, *.TIF--Graphic Formats
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Model-based
approach

Analysis

Virtual
integration

Integration

Design
. and test

Implementation
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G Design: Example Siener
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Gantt View
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G Optimization (Example) Siener

- | >
e T T
Number of Rounds
50 150
inial Soktion | Best Solution
1 @ T_010onCPU |Prority: 1 Priorty: 3
2 |# T_010onCPU |Core Affinity: 01 | Cone Affinity- 10
3 |# T_03onCPU |Prorty: 3  Prioriy: 1
4 |@ T_030onCPU |Core Affinty: 01 | Core Affinity: 10
5 |# T 050nCPU |Core Affinity: 01 | Core Affinity- 10
6 | T_060nCPU |Promty: 6 | Prionty- 12 Sroak
7 _|# T_070nCPU |Core Affintty: 01  Core Affinity: 10 Stop
8 |# T_0%0onCPU |Core Affinty: 01 | Core Affinity- 10 Apply Best
3 |@ T_120nCPU |Pronty: 12 | Priorty: 6
10 |@ T_16onCPU |Prorty- 16 | Priomty: 24
11 |« T_240onCPU |Promty: 24 Priomy: 16
Show Log

A




G ADAS--Heterogenous Distributed Systems Siener

Sensor Radar L r=il g\ Central Controller L=l = Sensor Camera
" Radar Processing (ASILE) | | RS SenworDow Fusion [ASLD] | = o  'mogeProcessng (ASLE]
‘: Crash Datection [ASLT) | Boty Functions [ASL-B)

4 i
NEHEON @ (9 OPENSYNERGY | . m' Qummﬁ*f =

s me

. BEE Renvesas (o Fy oM I Euesas




G Analyzing Distributed Systems Comprising Hypervisors Siener

w1 7demo.ipr - chronSIM Rezl-Time Simulator [PID 17488] - [State Diagrams] = x|
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| Active Scenario: basic, Start time: O us | Simulation Time: 21.402865137288 s | Simulation Speed: 196750 events/s | Speedup: 378 Time range not set
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G ChronSIM: Simulation Feature Overview Siener

Scheduling

— OSEK, AUTOSAR OS, cooperative / preemptive, fixed-priority, round robin with time
slices, EDF, TDMA, Thread X, ARINC 653

— Dedicated scheduling API for the definition of any custom scheduling algorithm

Simulation / Worst-case analysis
— Full support of multi-core and multi-MCU systems

— Multiple non-synchronized time bases

— CAN, Flexray, LIN, Ethernet (with TCP/UDP over IP and QoS), AS5643, AFDX, SPI,
UART

— chronSIM fully supports C/C++ as a modeling language and provides various APIs for
the definition of customer specific models

— Stochastical distribution models for CET and stimulation

— Fault injection

Requirements
— Formalized timing requirement definitions
— Event chains



g INCHRON Tool-Suite:chronSIM

Scheduling parameters depending on

the CPU model, the scheduling type,

and scheduling strategy

«
o

é—.@'rsasm
E%H.? Intemupts
j L% NewlSR
- #_J Defaul Scheduler

BBl s

CPUs, peripherals, processes,

functions, messages etc.

Net execution time
behavior

Data and activation
flows (inter process

communication)

¥ Active at Boot I Idie Task

¥ Preemptable

Activation Limit [ Stack Limit | 1024 bytes

Priorty ID Stack Group I none
Runnable Entities

Name | Order

[ Schedule after each Runnable

Goal: Predict the system
behavior based on a model!

Edit Scheduling Points.. |




G ChronSIM: Abstraction level Siener

A chronSIM model can comprise different levels of abstraction:

— Tasks and ISRs

— Tasks, ISRs, and Runnables (basically first-level functions under a task or ISR)
— Tasks, ISRs, and Runnables with C/C++ implementation

These abstraction levels can be combined as required by the progress of a
project and the availability of sophisticated model information.

| ~ @ ,
i —J : Gonersl |T'"""n | Connections | Here, the simulation
& | | System behavior of the task
: @Myprqed e My MyProcess is defined by

Entry Function | MyProcess() in Sources.c the implementation given

in Source.c

C/C++ can be

used to Eo
implement the B || fitretipizble

simulation i Activation Limt [l Sacklmt  [1024bytes

behavior of : N
processes | Pronty IU' Stack Group | none

¥ Active a Boot [~ Idie Task

and functions |




G ChronSIM: Abstraction level Siener

Sources.c

In addition to predefined
macros from the API, the full

C/C++ syntax can be used to
specify / implement the
behavior of the model!

@

L=

~ @ MyProject

L’J — - MyCpu Entry Function |M;.-Processi} in Sources c

ll é--,G'!SRSmeduler W Active at Boot [ Idle Task
= £ Default Scheduler [/ Prssptable

Model elements in the

. T .
INCHRON Tool-Suite e o B SRR R ) 1024 byten

must be valid C/C++ TransiationUnits Prionty |{j Ml T [rone
identifiers even if no [l Ralil
code is used! - @ MyFunction Runnable Entties
~ @ MyProcess Name lOn:iof ]



G ChronSIM: Abstraction level Siener

If no implementation is provided, the real-time simulation behavior is determined
by the settings in the Timing tab:

Hﬂf I :l ﬂ General Tmng |GﬂMI:ﬂ:ﬂl I | -
System Bastor Tome - -
.: s Best case |5{l'.|m = »
A Wors case [2ms ~ ~
=& ISRScheduer - =
=& Defakt Scheduer ~Smulation Replacement ——————( -
 WCET - o

 BCET b -

C N N B R N I N R R B R B N R R W
LI A AP . M A T i A T Y R R oL R M

" Unform
@ Nomal Mean |[Ims

Simulation Replacement
setting is used to define a

specific distribution or fixed Sgma [300us
value for the net execution | ===

time of a process during the
simulation Bocking Time [0us

s w2 |0 m [ e




G ChronSIM: Execution time distribution Siener
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G ChronSIM: Stimulation scenarios

A Tool-Suite project can contain multiple stimulation scenarios.
In order to use several scenario definitions at the same time, a composite

scenario must be defined.

&.En mm::m Type | Descrpton
sumuaion VI R AR R R R R R R R R R
ed b o B e R R R R AR TR IR 1

defined in the context | | 'Y Y'Y YYNYY [
of a basic scenario o™ Stiraidation Scansto | H' |||H ||||
] oo

J: d: Composite Composite Scenaro

Set the active
scenario Composite scenarios are

Add Scenario... | ‘ Add Compostte Scenario... collections of references to Delete

a subset of the existing
scenarios in a project




G ChronSIM: Stimulation dialog

Target MyProcess on MyCpu

&m]m]:ﬁ | Bmination

— v Stimuiable Component

Samuiation Taget: | MyFrocess on MyCpu

Depending on the model type,
not only processes but also

other system tree objects (e.g.
runnables or messages) can be
valid stimulation targets

Start time and repetition
are basic parameters of

most time-triggered
stimulation generators

The clock which defines
the time base of this
stimulation generator

Target MyProcess on MyCpu

Stimulation Type: [Pararnetrized Random
Parametrized Random

Burst Pattem
Stat Tme | Raad from CSV File
& Foeed Time IDus Induced

Induced List Based

— Repetition

& None
" Finte lestions |0 A
" infinite

Repeat Interval ]U us

Repetition Type

¢ Absolute (Periodic)

€ Relative (Selff-induced)




G ChronSIM: Parametrized random stimulation Siener

Fixed start time of 3.3 ms, finite repetition
with 3 iterations, and repeat interval of 5 ms

max |NaN
Stimulation
generators with
infinite repetition
will keep activating - Repetition Type
the target process = Absohse (Perodic)

until the simulation
is halted manually

" Relative (Seif-induced)




MyProcems

@ Infinite

Repeat Interval |5ms

— Random Variation
" MNone
+ Nomal sigma |500us

The repeat interval is
also the mean value

for the normal
distribution

5 10
— Repetition
" Mone
" Finite  herations [0 = —Repetition Type

& Absohste (Periodic)
¢ Relative (Seff-Induced)

" Uniform rrinl

— Limitation

Minimum Inter Amival Time |1ms

two consecutive activations

+F -| Ll

Resulting

distribution of
stimulation events

.’ﬁ L Ca
t’v,-"-!-"p‘\d'o,'.r’q.l-‘(

11111111111

The minimum time distance between

F T N T
o P e




G ChronSIM: Burst pattern
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— Stast Time -

 Fued  Time [Ous

Characteristic distribution of stimulation events in

a burst pattern. Small time gaps (red) are much
more frequent than large gaps (green)

" Random min |[NaN max |zl
- Repetiion
" None
 Fnde  Rerabons |a 3: — Repeiibon Type

& Infinte
Repeat interval |Sms

& Pbsolute (Pesiodic)
" Relative (Se¥-induced)

Pattem Length |3ms

Minimum Inter Amival Time | 500 us

Max Number Of Occurences |5
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G ChronSIM: Induced list based stimulation Siener

Target ListBased on MyCpu Clock [MyCou ]

A list based Taget = Generator |m.bm|0nh|&rmnm|
stimulation |
induced by a Stimulation Type: | Induced List Based -~

source generator

Generator | 1 Synthetic (Start Tme=0us v |

The event pattern
(red) defined by the
list is induced by the
source event (blue)

m: _"_L_bl_ S -




GChronSlM Siener

Import execution time and stimulation information from trace and debug tools
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Rate-monotonic priority assignment (RMA) is
ISRs always have a considered optimal. However, integration of
higher priority level. sporadic processes can be difficult.

Name Priority | Stack Limi (Bytes) | Name | Active st Boot | Priorty | Preemptable | Activation Limit | Stack Limt (Bytes) |
>
~
~

Lower priority tasks are preempted by those Activation limit violations occur when
with higher priority. Thus, the system can a new activation arrives before the
more rapidly respond to real-time events. previous activation has terminated.




G ChronSIM: Requirement editor Siener

Add new requirement group. Groups are
for mere structuring of requirements.

requirement.

X
Latency from “start T2 on CPU1" to “start T2 on CPU1T" > %5 ms x
Latency from “stast T2 on CPU1"to “stat T2on CPUT" < 105ms >

Type of New Reguirement:

|Renm!&mp
Toggle displayed Reasponse Tme
name (from / to Load

user-defined Evert Chain Timing
Event Chain Break OF Available

Event Chain Join requirement
types.

_ L T2.stant jitor fower bound) Evert Net Execution Time
-2 T2 start jiter (upper bound) Evert Sequence




G ChronSIM: Event timing requirement Siener

An event timing requirement can be used

to evaluate the time distance between
any two events relative to a trigger event Custom requirement description

@) Edit Event Timing Requirement

Description: ITZsta‘l]ttef {flower bound)
Trigger event which

Trigger Evaluation at Evert |[stat T2 on CPU1 defines when to start

the evaluation of the
requirement

Start event which
defines the start
(time) of the Start Evert [statt T2 on CPUY

measurement

¥ Use Previous Occumrence of End Event

End Event |stat T2 on CPL1 Timing condition for Select .. |
End event which time distance
defines the end P I> :I' |55m"' between start and

(time) of the Prewam Margin: |0 end event. v relative
measurement

A relative or absolute
prewarn margin can be
used to define a third
evaluation result category
(critical) besides failed and
sSuccess




| Order | Name | State | Faled | Successiu | Cmical |
-1 @ Fegurement Group Mesut's requsrements 1 1 0
1 @ Latencyfrom “stat T20n CPUT" 1o “start T20n CPUT" > $5ms D 100%Q01 -

Indication of

requirement
violation

L2 @ Latency from “stat T2 on CPU1™ to "stat T2 on CPU1T" < 105ms 05% (1) 995% (200 -

Navigate to position of violation
@17152.31 ms . in state diagram view

Ofy 1 ..3

Manual check using

reference counters

o - - - -- - = L
- = = Ta L 1
- = I - -

= - [
o A Frsrlrs s Sr - L]
Bl S e - e—
T T T T T LJ T T T T T T L L T T 1

Indication of requirement violation



. ARINC_653_Demo.ipr - chronSIM Real-Time Simulator mm-mumm-mumm'n'muiglm
1 File Simulation Stimulation Diagrams Settings Windows Help =2 x|
SEeEo a3

|0 ET W Akl - e D, | 2 | o |[etan = o |

] 1 R ' =l
16 . Regqurement Showing 201 Samples 79¢
L Histogram 697
12 shows that there 557
10 are evaluation 498
8 results in failed 398
& category (red). 238
'S 199
2 1.00
i o =] __looo

&
ﬁ?‘ﬂq}';' = q;_;_)“‘ ﬁt\‘ed}"‘ - B b as .s:‘ﬁ“:é. \Q‘sp{:‘\%# @1 ‘a&.‘_“.‘# .F:"J ée-és @
Range pguwo T m@n Eihu L ilﬁrnl steps 14-3 ﬁ

Histogram of

requirement
gadie I
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Interactive views and statistics let you explore the dynamic behavior of your system
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