
V0.1 | 2020-03-09

with Lauterbach TRACE32 and TA.Inspection
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Introduction

 The MICROSAR Run-Time Interface with Lauterbach TRACE32 and TA.Inspection for MICROSAR Classic 
Platform AUTOSAR BSW is intended to provide an efficient way of exporting OS and RTE scheduling 
traces on hardware traceable microcontrollers aiming to:

 Overcome microcontroller specific limitation on traceable amount of cores

 Minimize runtime impact on the AUTOSAR project

 Minimize impact on the hardware trace interface

 Ease hardware tracing setup

 Maximum guaranteed freedom of interference to the appication code

 Supported Hardware Architectures:

 Infineon AURIX TriCore 1st and 2nd Generation

 PowerPC
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Tracing Workflow

1. Tracing Basic Knowledge

2. Configure MICROSAR BSW – OS and RTE

3. Configure Lauterbach Trace Debugger – TRACE32

4. TA.Inspection - Trace Evaluation

Tracing Workflow - Lauterbach
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Example with Lauterbach

Tracing Workflow - Lauterbach

TA Tool Suite

TA.Inspection

Extraction of a
Scheduling Trace

Scheduling Trace Import

Timing Report 
Generation

MICROSAR

Completely automatable for regression tests and troubleshooting

Requirements Input
ORTI File
for OS Awareness

1. Configure MICROSAR BSW - Tracing hooks OS and RTE 

2. Configure Lauterbach TRACE32 for trace recording and export – ORTI file for OS awareness

3. Import trace into TA Tool Suite

4. Evaluate the traces against requirements

1.

2.

3. 4.

TRACE32

TraceLauterbach
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Tracing Basic Knowledge

Tracing Workflow - Lauterbach

 Most evaluation ECU devices include a trace unit, which can be programmed to export trace messages for the 
program flow and the read/write operations performed. For OS and RTE tracing only data tracing really suits.

1. Program Flow Trace (Instruction Trace) 

High resolution: assembly instructions can be seen with a timestamp for debugging 

High bandwidth interface is needed or short trace duration

Is not exporting OS information such as Task States

2. Data Trace

Read and write accesses to variables can be exported with timestamp

Trace Data can be limited to the minimum

Os State changes variables need to be available to data trace scheduling behavior

3. Instrumentation Trace

Adding OS state change variables to the project to only trace scheduling behavior

Trace bandwith and OS overhead is limited to most possible compromise

Trace information is “lifted” from assembly to Software Architecture level (OS and RTE awareness)
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Tracing Instrumentation

Tracing Workflow - Lauterbach

 To signalize task state changes and runnable execution we store the information in a dedicated variable for each core

 Data tracing exports the variable write accesses 

OS Instrumentation Example:

 Those Variables store all relevant Information:

 Core ID

 Task ID

 Task State

 When a task is activated this OS_VTH_ACTIVATION hook is called by the OS

 In those scheduling hooks we write to the instrumentation variable

 The ECU recognizes the data access to the instrumentation and exports the trace message to the debugger.



7

Tracing Workflow

1. Tracing Basic Knowledge

2. Configure MICROSAR BSW – OS and RTE

3. Configure Lauterbach Trace Debugger – TRACE32

4. TA.Inspection - Trace Evaluation

Tracing Workflow - Lauterbach
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Installation

Tracing Workflow - Lauterbach

1. Copy the CreateLauterbachRunnableMeasurementPoints.dvgroovy into the following SIP folder: 
/DaVinciConfigurator/AutomationScripts

2. Copy the gen_vector_rte_hook.py into the DaVinci Project folder.

3. Adopt the file paths to Rte_Hook.h and to the generated files Rte_Hook_t32.c and rte_runnable.cmm

4. Add the vth_to_t32.c to your make environment 

5. Depending on the target ECU and compiler, the base address for the trace variables needs to be adjusted as well.
For HighTec compiler, a linker script example is provided. For Tasking, the compiler pragma __at() is used.

6. At last, activate the OLDA Memory to be used with the following flag in your Init Code:
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Configure MICROSAR OS Tracing Hooks

Tracing Workflow - Lauterbach

 OS Vector Timing Hooks are used to signalize Task and ISR State switches

 Therefore, a Timing Hooks header needs to be included 

 The header includes the trace instrumentation is provided by the Trace Vendor (Lauterbach)
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Configure MICROSAR VFB Tracing Hooks

Tracing Workflow - Lauterbach

 To trace the start and the stop of Runnables, the VFB (Virtual Functional Bus) Tracing Functions can be activated

 After RTE Generation the configured function are defined in the generated Rte_Hook.h

 By executing a DaVinci Automation Script called CreateLauterbachRunnableMeasurementPoints the hook functions are 
generated in an own C file (Rte_Hook_t32.c) and the Runnable mapping s generated in a CMM script (rte_runnable.cmm). 

If the VFB Hooks are already in use, a new 
VFB Trace Client can be added.
Please change therefore the VFB Hook Prefix 
filters in the python script.
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Tracing Workflow

1. Tracing Basic Knowledge

2. Configure MICROSAR BSW – OS and RTE

3. Configure Lauterbach Trace Debugger – TRACE32

4. TA.Inspection - Trace Evaluation

Tracing Workflow - Lauterbach
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Configure Lauterbach TRACE32

Tracing Workflow - Lauterbach

 To make the TRACE32 find all necessary OS 
information, load the ORTI file with the following 
command:

 TASK.ORTI   Os_Trace.ORT

 Set the tracing method according to your 
setup (Trace.METHOD)

 Call the script to configure the trace

 for TriCore SRI Trace: DO vth_sri_trace.cmm

 for PowerPC Data Trace: DO vth_data_trace.cmm

 Call the generated script to read the Runnable 
ID mapping (rte_runnable.cmm)
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Configure Lauterbach TRACE32

Tracing Workflow - Lauterbach

 After hitting the Go button to start the target ECU, the tracing starts automatically

 With hitting the Break button, the measurement is stopped

 Now the scheduling trace can be exported with the following command:

 Trace.EXPORT.TASKEVENTS <file_name.csv>

or

 Trace.EXPORT.MDF <file_name.MF4>
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Tracing Workflow

1. Tracing Basic Knowledge

2. Configure MICROSAR BSW – OS and RTE

3. Configure Lauterbach Trace Debugger – TRACE32

4. TA.Inspection - Trace Evaluation

Tracing Workflow - Lauterbach
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Benefits

TA.Inspection

 Trouble shoot scheduling problems

 Test the timing behavior continuously and automatically

 Find sources of runtime consumption

 Evaluate the CPU Load and other metrics
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Trace Import

TA.Inspection

1. Right Click in the Model Selector View on Import 

2. Select the Lauterbach Trace Import

1.

2.
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Troubleshoot the Runtime Behavior

TA.Inspection

1. Scheduling 
behavior

2. Requirements 
violations

3. Timing Metrics

1.

2.3.
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Analyze the Runtime Distribution

TA.Inspection

1. Analyze the Runtime
Distribution

2. Requirements 
violations

3. Jump back to the 
Gantt to see the 
scheduling effects
(previous slide 2.)

1.

2.

3.

3.
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Derive Requirements

TA.Inspection

5ms period

available timeslot

preemptions

Task 5ms

Warning Requirement

Critical Requirement

0
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Report Generation and Export

Reports

 Document the Timing behavior throughout the development process

 Create Reports for customer requests

 Use the reports for internal audits

Customizable HTML Report

 Inputs such as Task Stack Consumption
can also be stored
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JUnit Reports and Continuous Timing Evaluation

Reports

 Junit Reports for automated testing

 Publish direct on the CI Server

 Track Timing Metrics continuously
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Completely Automated Workflow

Workflow Automation

 The workflow can be completely automated:

 Get the Timing results, with every build

 Publish the results in Jenkins as post build report

TA Tool Suite

TA.Inspection

Extraction of a
Scheduling Trace

Scheduling Trace Import

Timing Report 
Generation

MICROSAR

CMM Script TA.Workflow

TraceLauterbach

TRACE32
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Tracing in ECU’s Eco System with CANoe Automation

Workflow Automation

 Measure the ECU’s runtime behavior in
with external trigger

 Test ECU runtime performance in natural
ECU environment

 Continuous testing throughout development
process

Automation Script

ECU
Trace 

Measurement CANoe

Trace 
EvaluationIntern 

Report

Customer 
Report

CAN 
Messages

Trace
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