SYMTA VISION

Process recommendations for timing-
analysis in
AUTOSAR-based projects

Torino
June 09, 2011

Solutions for Complex

Real-Time Systems




Outline

0 Motivation

O Timing Verification Techniques and the V-Model

O AUTOSAR Timing Model

O AUTOSAR Flow & Tools

O AUTOSAR Timing Methodology

SYMTA VI S | O N Process recommendations for timing-analysis in AUTOSAR-based projects 2

SJune 09, 2011, © Symtavision GmbH, Germany




Questions answered by Timing Analysis

MCODEL_S
ms_tasl: 3

5 \780%
CANRX B i Fe L MODEALL
I2C st 5 UART st
262% . oy
CANTX 2 4.413%
MODE1_2
Oms_task:
12 hES =
Task_1ms_R1 0.579%
MODEL_1 MODEL_1
i e Oms_task: ms_task 4
Task_ims_R2 3| 36.197% 3.496%
AL} MODEALL
TasH canRx o _12Cist (
Idle Load
0,014 |
1%) (0,269 /
TasK CAN TX ‘ 27%)
2 1
MODEL_2 . MODEL 5
0ms_task: l
T 5 6 1 ms_task: (
as Task_1ms _R1 i (0,007 | 0,032/
1%) e3s
= B 3%)
MODE1_1
T — -
ask Task_1ms_R2 1 Oms_task — MODEAL_L
03/ _UART _isr
& z 30%) (0,019 /
TasH Task_ims_R3 —m — 2 2%) )a d
biehIS B , MODE1_1
TasH Task_1ms_R10 & & [OmEttask | ms. tasP_(
asK Task_1ms_| A _task:
—1 —_— wbouf:;’r 0,355
35%)
TasK Task_2ms5_R7
TasH Task_gms_RE Total load: 73.12 %
£
TasK Task_Sms_R4 / — O]
Task_5ms_RS £ jL——__
_5ms | 0535 ms | —
E Task_5ms_R6 :| IE
Onemx S ;
Task_Sms_R11 = ? o ¢
[
f f t f f t t t f f t t
19 20 21 2 2 24 2 % 27 28 29 0
26,6646 ms 3 [ m ] [»] DK

+ Performance Reserves + Safety Proof
AUTOSAR lets you specify SW architecture & ECU configuration !

Timing Analysis lets you distinguish good from bad designs !
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Timing Verification Techniques and Flows

model-based
techniques

Timing Constraints
<_Comparisons > Scheduling Analysis
Timing Constraints
Timing Model
Timing Constraints
Integration Trace

measurement-based
techniques
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Timing Verification Early and Late

| SW Archi | | Scheduling Analysis| | Scheduling Analysis | | Scheduling Analysis |
[Timing Model | [Timing Model] [Timing Model]
Budgets
Estimates

Prototype
[ SW Archi | | Scheduling Analysis |
| Timing Model |

The availability of an adeguate timing.medel is the key enabler for

systematic timing design in ea“evelopment stages!

A-D Sample
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Timing Model in AUTOSAR

O AUTOSAR 3.2
O System: SW architecture
O OS config: tasks, schedule table, offsets, ...
O RTE config: runnable mapping, position in task, ...
0O SW Module Description: runnable / task execution times

O AUTOSAR 4.0 Timing Extension
O timing constraints, requirements, and budgets
O event chains (for end-to-end constraints)
O event triggerings (for capturing dynamic behavior)
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Timing Event Chains

O signal path through application
O defined by stimulus and end event
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Event Triggering Constraints

O capture dynamic timing behavior of event occurrences
O external signals (sensors, buttons, etc.)
O interrupts

D etC Wentifiable]
" TimngConstraint::
TimingConstraint
O 5 basic models: ?
- EventTriggeringConstraint . g Desca vl
+event TimngDeschption:”
. d. 7 TimngDescriptionEvent
di %
PeriodicEventTriggering SporadicEventTriggenng BurstPattemEventT riggering ConcretePattemEventTriggering ArbitraryEveniTriggering
t + maxMumberOfOccumences Integer

O arbitrary

O each with model-specific parameters, e.g. period, jitter, min/max
interarrival, offset, occurrence, etc.
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ECU Timing Design

execution times (from prototype trace)

SW CPU execution time budgets, estimates

architecture selection ‘ 1 (from planing and negotiation)

| Load Analysis

_ Execution time
budget optimization
A Virtual
: Schedule

.llllllllllll’

OK?

Schedule concept

optimization
? Event Chain
Verification
, _ ECU configuration n

optimization

ECU Configuration
(0] ,¢
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ECU Tooling Example: SystemDesk & SymTA/S

SystemDesk
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Estimates

Project Manager
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comparison of configuration alternatives:
=eememnenenennnennne Optimization of RTE (runnable-mapping)
and OS (task offsets)
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E/E and Network Tooling Example: PREEvision & SymTA/S

DAIMLER FlexRay Product Day 2009

Seamless Architecture Design and Evaluation

Feedback:
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iy Busload
e SYMTA_, o —
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autcsanr ™) — R a__ about the timing behavior
requirements

© Daimler AG; GR/PSA; Matthias Traub

taken from: In search of the best migration strategy from CAN to FlexRay. FlexRay Product Day 2009. DAIMLER, aquintos, Symtavision
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General Tool Integration Aspects

AUTO©SAR
O AUTOSAR XML: standardized file-based configuration exchange

O ARTOP: optional Eclipse plug-in of base methods for AUTOSAR tools

Tool 2 ((— Tool 1 )| Tool 5
Eclipse Eclipse
AUTOESSAR . XML
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AUTOSAR Timing Methodology

Timing Model

| SW Archi | Son._ _aG Analysis| |Scheduling Analysis I I | Scheduling Analysis |

B Timing Design ¢! Timing Verification
Budgets L ”m rrace
Estimates

' Target ECU
Prototype
| SW Archi | v | Scheduling Analysis |
[ Continuous
Timing Analysis
A-D Sample
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Thank You!
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