Wolfgang Pree
Josef Templ
CS, University of Salzburg, Austria

http://www.modecs.cc/



e ECUs are becoming more powerful

@ may execute multiple control applications in parallel
e automotive industry needs to save money

e high-end cars have up to 70 ECUs
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add control application(s) to an existing ECU if possible

possible if:
= time safety is guaranteed
= fault behavior is preserved (not dealt with here)
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e platform-independence
e FLET assumption

based on Giofto
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module EngineControl {
//Giotto/TDL code consisting of sensor, actuator,
/task and mode declarations

}
o
o
o
o
o
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named Giotto program
provides name space
loaded into E-machine
may have a ‘start’ mode
module = component
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start mode is executed after loading of a module
module needs CPU time

executing module = CPU partition

dynamic loading of (independent) modules = dynamic
partitioning of an ECU

In principle unloading is also possible upon request by
the user
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module AdvancedCar{
import EngineControl;
import BrakeByWire;
import ...;
//Giotto/TDL code consisting of sensor, ... declarations
//IMay access public elements of imported modules

}

e import specifies static dependencies between modules
e allows to decompose large applications
e = static partitioning of an ECU
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module EngineController {
public const maxRpm = 6500;
/l... more code

}

® sensors may be read by multiple modules
e actuator updates by multiple modules must be prevented
e TDL-rule: actuator update only in declaring module

=> modules partition the set of actuators
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module ExtendedEngineControl {
import EngineControl;
actuator int newActuator uses setNewActuator;

task newTask ...; //provides output variable res

mode normal extends EngineControl.normal {
task [1] newTask(...);
actuator [1] newActuator := newTask.res;

}
}

® experimental feature
e allows hot deployment of new functionality
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global hyper period ‘hp’ = GCD of all activity periods of
all modes of all partitions

=> activity periods should not be relative primes
preemptive EDF scheduling per mode

every partition gets a slot in hp

slot size allocated for the most CPU intensive mode

if all partitions execute most CPU intensive mode, CPU
may be utilized up to 100%

dynamic loading => dynamic scheduling + rescheduling
if hp changes (background task)

we experiment also with RM scheduling (OSEK)
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TDL Compiler implemented in Java using Coco/R

Java based E-machine with loading and executing
multiple modules is running

uses Java threads with suspend()/resume()
not strictly real time

alternative considered is ‘realtime’ Java

in parallel work on C-based E-machine on top of OSEK,
OSEK/Time etc.
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® modules that work across a network of ECUs

module @
M1 ECU1
M2 ECU2
M3 ECU1

® communication mechanism for sensors/actuators
(Software Bus)

e implementations on (TT)CAN, TTP/C, RT-Linux with TT-
Ethernet

e steps towards platform independent fault tolerance
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Simulink
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TDL language and
component architecture

© 2004, W. Pree, J. Templ

ASW, Dan Diego, CA

application-centric and
deterministic (FLET)

platform-centric and/or
non-deterministic (priorities, etc.)

platform-specific
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