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TTP Problem

Motivation

* Federated to partitioned architectures
* Multi-core ECUs - o Such that we want to minimize:

» Increase complexity of software functionalities. _ _ _ _

. Safety according to 1ISO 26262 Problem Formulation  The overall communication bandwidth

" Schedulabilly offasks running of diferent Given an application model and an architecture » The variance of core utilization of the system

. Bus bandwiths utilization model we want to determine :

Federated Architecture Partitioned Architecture

A mapping of software components to ECUs Taking into consideration that:
- » A mapping of runnables to cores » Mapping constraints, if specified, are satisfied

) @g =) oo » A mapping of runnables to OS-Tasks * The runnables are schedulable (U < 0.69)

i - - inati * The runnables with different safety integrit
@éﬁ"k 3} A mapping of OS-Task to OS-Applications | y integrity
@ Aopication 4, levels are spatially and temporally isolated.

. Application A,

. Application A,

Mixed-Criticality application implemented using a federated
architecture (left) and a partitioned Architectures (right)

TTP Solution

Mapping Optimization Application mode Architacture model Transformation strategies

NP-Hard problem, so Simulated Annealing based FCUL[— - + Randomly choose a software component and
’ — ” 5 map it to a new, randomly chosen, ECU. Then

optimization strategy is used which searches, = 05 = Core Randomly map the runnables inside the
using transformations, for solutions minimizing a ‘ | — software component to the cores of the new

Network interface Inferface
ECU.

given cost function . | Network bus

new, randomly selected, core within the same

¢ COSt funCtion: con:r:lins :> Mapplng t00| ECU.

% Randomly choose two runnables of the same
cost = Wl X0+ WZ X Ub T P1 Xa-+ PZ X IB = = ASIL level assigned to the same core and
ECU 2 - :

| | group them together into an OS-Task.

Where : 1o CoreZ | rg+—CoreS

application model

 W,and W, denotes weights -

system mapping constraints
. | Nefwork inferface : & 57 : :
Network |nte rface current temperature.mimimum temperature.anax steps per temperature

P, and P; denotes penalties ] Network bus | L gl sdbnwe ot AT

A mapping of runnables to Os-Tasks.

e ¢ the total variance in core utilization L g

Overview of mapping tool

Randomly choose a runnable and map it to a

1 foreach software component in the application model do

L . -andomly assign it to an ECU
Ub th e ag g reg ated b u S u tl | |Zat| O n : ;'(::;Zlcl;l\u:‘;:iz; inut;: sofware component do

4 | randomly assign it to an Core on the ECU

a denotes the amount of cores which Autosar

7 Compute current cost:

ECU1 B :
SWCA 8 while current temperature > minimum temperature do

utilization has been exceeded | s T
AT — T 10

Randomly choose a strategy:

erate new solution from the current solution:

B denotes the amount of busses which = SRS 2 | | Comep om0
S . g . — S8 2 K
utilization has been exceeded o — =1

Intra-Core Communication Inter-Core Communication

1
18 | current solution = new solution;
19 else
20 end
21 end
22 end
23

current temperature = current temperature = cooling factor

urrent solution = new solution

Se
Choose a random number r € [0.1):
if “(old cost—new cost)fcurrent temperature - r then

Inter-Os Task Communication Intra-Os Task Communication

AUTOSAR Communication model

24 end

Optimization algorithm

TTP Impact xample

Expected added value from the technology transfer: The tool will allow Volvo to reduce the costs (by using * Input : Application Model
Efficient utilization of multicores and compliance with multicores and reducing the number of ECUs), maximize . gsf;ljt/?r&:;ep?:ge odel
functional safety standard I1SO 26262 are among the key performance and resource utilization and handle the
business needs and challenges while designing the next increased software complexity.
generation of architectures for commercial vehicles. This “‘;mm,'m\ L/“‘”:pitd\
project will contribute significantly to meet these needs by Volvo Use Case ‘{ wi -
providing an efficient method and tool to harvest the full * Application Model : 50 Software Components /r\ /%\J :
potential of multicores. with 75 runnables in total. ————
Hardware Model : one ECU with 3 cores * T
Output within 2 minutes :
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Cruise control system application
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Example mapping
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