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Motivation
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Deployment in the context of AUTOSAR

AUTOSAR Methodology (simplified) integration of HW and SW

« From static architecture and design to dynamic
Develop Abstract behavior: Resource sharing effects

System Description ] )
« Complex configuration of ECU

I_{ « AUTOSAR-specific constraints

Develop VFB System « Automation helpful and feasible

Description

I1

Design System and
Sub-System Artifacts

System

Description
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mapping of runnables to tasks

Basic

Develop Basic
Software == Ssoftware

I1

I4

Develop Application Application
Software Software

Integrate Software
for ECU ECU Configuration
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Mapping Runnable Entities to OS Tasks

create an initial configuration optimize an existing configuration

A configuration exists:

use case Tasks exist (and may contain runnables): use case o fed N ]
1A 2 Optimize the existing configuration
Map the runnables to these tasks. by finding a new mapping
Core 1 Core 2 Core 1 Core 2 Core 1 Core 2
Task 1 Task 3 Task 1 Task 3 Task 1 Task 3
2 $
d 1O @ (o v ©0 ®0 ., |90 ©
—
Task 2 @ @ Task 2 Task 4 Task 2 Task 4
Ri M R4/ @ R1 @ R4 R @ @ R4
use case Tasks do not exist:
1 B Create suitable tasks*,
map the runnables to them
Core 1 Core 2
| Bttt
! Task1 i | Task3 |
X 1 ! 1 !
& L s
—_ : __________ 1 :_ _________ 1
e B ’f& constraint programming
Task 2 Task 4

* Creating tasks is challenging (see Hoettger et al. (2015)) and work in progress.

@ evolutionary algorithm
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AUTOSAR configuration generation meta-model

TimeSphere

level: NodeLevel
safetyLevel: SafetyLevel
validMappingTarget: boolean




Using the meta model
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|
ACG

constraint
£a~‘ ) {%7| programming

solver

SYSD |
ARCoGen
HW | I/0
Res.
_7
1

ACG = model instance
ARCoGen = AUTOSAR Configuration Generator
SysD = System Description (AUTOSAR)

HW Res. = Hardware Resource Template (AUTOSAR)

ECU-C = ECU configuration (AUTOSAR)
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Approach

1A e
SysD :
ACG .
7 constraint
— — fa\‘ — 3 programming
ARCoGen solver 'Y
HW I/0 7 h_d
Res. |

;

}

ECU-C |y code
generation _’ﬂ
validity check virtual / real
Capabilities HW test

» Consider AUTOSAR-specific constraints

» Optimization goals: balanced core utilization, communication cost (in progress)

» Task synthesis (in progress)

Challenges

» Basic software

» Utilization caused by non-periodic runnables
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Case study

» Goal: evaluate feasibility of approach

» Input:
» Test model with 18 SWCs, 50 runnables, 26 tasks overall
» System description
» HW resource template (tri-core ECU)
» Execution times from measurement trace

» Method:
» Use existing test model as reference
» Generate a new mapping
» Evaluate result using existing AUTOSAR toolchain
» Result:
» Generated mapping is valid (DaVinci Configurator analysis + code generation)
» Test of functionality on virtual target successful
» Simulation to gain utilization data
» Utilization is more balanced (see limitations)
» Limitations:
» Utilization only considered for periodic runnables

» Basic software is not considered
» Security not considered in the test model

reference 23,14% 9,97% 4,87%
generated (incl. non-periodic) | 13,67% | 10,26% | 12,80%
generated (excl. non-periodic) | 10,62% || 8,13% 9,74%

delta (generated incl./excl.)
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Approach
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metrics for fitness calculation

v

| ACG ey

I/0

ECU-C ARCoGen f:a Q> evolutionary

timing
behavior
simulation

< < N algorithm %

1

evaluation of approach:

model qualities +
algorithm performance

A
challenges

Locality of the problem representation
Cost of fitness calculation

Constraint-aware evolutionary operators (search vs. solution space)

vV v v v Vv

Use case specific algorithm design and parameters

timing model
transformation

Evaluation of results (validity, user) and algorithm performance (duration, convergence, ...)
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Algorithm performance evaluation
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Outlook

Initial configuration generation:
» Communication cost as optimization goal
» Gather user feedback

Configuration optimization:
» Find operators that respect AUTOSAR constraints

» Identify common algorithm designs and parameters for problem classes
(what classes are there?) using the experiment toolchain

Challenges in the wild:
» Data quality: Garbage in, garbage out
» Size of input models might be prohibitive
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Your questions are welcome!
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