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Timing matters

Adaptive Cruise Control (ACC) – Introductory Example
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Timing matters (2)

Adaptive Cruise Control (ACC) – Introductory Example
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Timing matters (3)
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Timing issues and Control-Flows

Control-Flows describe the internal and external behavior of a system

They are implemented by sequences of runnables
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Timing issues and Control-Flows

Timing constraints apply to control flows as well as runnables
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Timing issues and Control-Flows

What may happen if the real End-to-End time is longer than the defined End-to-End time?
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Timing issues and Control-Flows

What may happen if a runnable does not get executed due to implementation errors?

Control-Flow Evaluation on Multicore Controllers using Real-Time Trace Information | Embedded World Conference 2021 

Stephan Radke | University of Applied Sciences Darmstadt 802.03.2021

Run MotorWriteRun BrakeAction
Run

RangeSensorRead

Run 

SpeedSensorRead

Run AccLogic

Core 0

Core 1

t

End-to-end time
Start End

Execution time Execution time Execution time Execution time



Timing issues and Control-Flows

What may happen if runnable needs far to long to execute?
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Timing issues and Control-Flows

What may happen if the execution order alternates?
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Evaluation of timings and control flows

Evaluation of timing constraints is part of the overall development process
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Source: “Recommended Methods and Practices for 
Timing Analysis and Design within the AUTOSAR 

Development Process”, Document 645, AUTOSAR CP 
R19-11



Timing constraints and timing issues

System Utilization
• Sum of work handled by a system 

within a given time frame

• Amount of time the system is 

occupied by one or more operations

• If occupation is higher than provided 

capacity -> overload

Timing behavior
• Execution time

• Time an operation needs to be 

executed

• Depends on the capabilities of the 

hardware

• Response time
• Time between start and end of an 

operation or process

• Involves interruptions, delays and 

blockings
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Timing constraints and timing issues

Sequences
• Control flows that describe the 

behavior of the system

• Control flows are incorrect if 

• Instructions are processed in a 

wrong sequence or

• are not processed at all

• Event chains describe the 

sequences of actions constituting 

the control flow of the system

Execution context

• Assignment of operations to OS 

tasks and CPU cores

• Allocation is part of the design 

process and needs to be 

validated
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Methods for timing analysis
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Analytical

• Static code analysis

• Scheduling analysis

• Network analysis

• Compositional analysis
Simulation

• Code simulation

• Scheduling simulation

• Network simulation

• Processor- and Hardware-In-

The-Loop Simulation

• Discrete event simulation

Measuring

• Time Measurement on 

ECU or Network level

• Tracing
Photo: Rainer Knäpper, Free Art License (http://artlibre.org/licence/lal/en/), 

https://commons.wikimedia.org/wiki/File:Digitaloszilloskop_IMGP1971_WP.jpg

HIL-Simulation (Hardware-in-the-

Loop) - MATLAB & Simulink

https://de.mathworks.com/discov

ery/hardware-in-the-loop-hil.html

https://commons.wikimedia.org/wiki/File:Digitaloszilloskop_IMGP1971_WP.jpg


Tracing

• Observation of the real system

• Continuously buffering of measurement data streams

• OS events

• Calls

➢ In combination with time stamps and event information

• Visualization of traced data streams for debug and analytical 

purposes

• Usable to reconstruct the observed scenario and extracting different 

kinds of timing information
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Debug target

Principle of generating and evaluating trace data

Setup
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Percepio Tracealyzer

Tool for tracing and visualization of embedded and IoT software at 

runtime

- Different views provide insights into the real-time behavior of the 

traced system

- Capable to load trace data from the target using

- Additionally, a TraceAPI exists that allows to send trace information 

over software-based interface

Control-Flow Evaluation on Multicore Controllers using Real-Time Trace Information | Embedded World Conference 2021 

Stephan Radke | University of Applied Sciences Darmstadt 1702.03.2021



Trace data sources

For generating a holistic view of the timing behavior of the system 

different kinds of events need to be traced.

1. OS scheduling events of each CPU core to see task switches

2. Applicational events, like runnable calls and terminations, because 

these describe the behavior of the system to the outside world

On the trace target an instrumentation is needed to collect both types of 

events into two different types of trace buffers.
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Tracing process

• Trace buffer entries are captured from multiple trace buffers

• OS events from each CPU core

• Runnable event data from each applicational RTE task

• After processing data is

• send to a trace visualization tool or

• Stored for further analysis
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System under investigation

Electronic Throttle Control (ETC) project
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Demo
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Demo
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Demo
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Demo
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Investigation of trace data
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Investigation of trace data

Utilization

• Shows the occupation of the CPU 

cores

• Zoom can be used to adjust the time 

frame the utilization is measured

Statistics

• All execution times of actors to 

provide an overview of worst- and 

best-case execution and response 

times
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Investigation of trace data

State machine graph

• Life trace data can be used to 

calculate intervals and brings them 

into sequences

• State machine graphs show the 

runnable execution order

• Unexpected transitions indicate that 

runnables are not called properly

• This information is used for further 

investigation

• After Run_ADCgets sometimes 

Run_MotorWrite has been called 

directly but Run_control needs to be 

called first
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Debug support

Further investigation of trace view 

shows position where unexpected 

transition occurred

• After runnable Run_ADCget the 

control task does not become 

active

• Obviously OnData event does not 

arrive the task Control
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Conclusion and Outlook

• Prototype solution shows that using existing tools can help to trace 

the timely behavior of multicore systems

• By fusing OS and application events and

• Flexibly map them to trace message objects of a visual trace 

diagnostics tool

• Tracing both types of events is extremely helpful to analyze complex 

timing behavior of safety application on multicore systems

• TraceServer and Tracealyzer do not know the application and the 

model behind

• No automatic validation of control flows

• Outlook:

• Implementing statistical evaluation of End-to-End times

• Combining trace data with RTE model
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Backup
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Principle of generating and evaluating trace data

Setup: description of components
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Debug target

Debug probe

Debug engine

Trace Server

Tracealyzer
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Application board

pls UAD2

Universal Access Device

Target access via JTAG

pls UDE

Universal Debug Engine

Microcontroller Debugger 

for AURIX and many 

others

Trace Server

Self-developed tool for 

accessing the Debugger 

and capture and 

converting trace 

information form the target

Percepio Tracealyzer

Visual trace diagnostics 

solution

Provides a TraceAPI

interface for receiving 

external trace data



System under investigation

Modelled and generated runtime environment (RTE)

• Comparable to AUTOSAR CP architecture

• Activation engine
• Controls the runtime behavior of the system

• Invokes runnables according to 
• cyclic triggers (periodically)

• data triggers (events)

• Signal layer
• Realizes the data flow between Runnables

• Stores data and handles accesses

• Runs on PXROS-HR real time operating system
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Principle of generating and evaluating trace data

Features

Trace data buffer entry types can be mapped individually to Tracealyzer

message object types

• Actor switch

• Service call entry / exit

• User event
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Runnable trace entry
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