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Automotive Software Development The Usual Problem Child
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Automotive Software Development The Usual Problem Child

→ Temporal veri�cation along the work�ow?
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Software Architecture and Scheduling Task-Local Deadlines
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Distributed Concurrent Engineering Paradigm
• Temporal aspects: Focus on (isolated) tasks

• Top-down speci�cation (periods, budgets, deadlines)
• Bottom-up integration and veri�cation
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Implicit Communication Explicitly simple

Read Execute Write

Make local 
copies of register

Update register in 
shared memory

Operate on the 
register copies

t

Implicit communication between tasks

• Tasks are independently triggered
• Three phases of execution (read, execute, write)
• Predominant in automotive applications
→ Last is best semantics (no synchronization)
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Automotive Control Systems

→ Are deadlines the right abstraction?
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Data Propagation Delays Cause and E�ect (Chains)

𝜏"
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Data Age

Read 
sensor

Triger 
Actuator

𝑪𝟏:

𝑪𝟐:

𝑪𝟑:

Propagation of data in control-systems

• Independent tasks with di�erent periods and implicit communication?
→ Complex under- and oversampling situations

Cause e�ect Chains ζi → Sensor to actuator paths (DAG)
Data age→ Time between sampling and actuation in ζi
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Job-Level Dependencies An Architecture Analysis Approach

A,1
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𝑪𝟐:
Max. Data Age

Data propagation delay constraints

• Ensure a certain quality of control
→ Maximum data age constraint

What is a job-level dependency?

• Constraints execution order: τi
(k,l)−−→ τj wrt. lcm(τi, τj)

→ Scheduling-agnostic; guarantees delay constraints (sound)
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The Real-Time Systems Compiler (RTSC)

Timing Analysis

RTSC

Convert to 
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Executable 
System

Design Flow

From Architectural to System Analysis

• LLVM-based real-time system analysis and transformation tool
• RTOS- and platform-agnostic intermediate representation
• Testbed for system transformation, scheduling and platforms
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Static System and Code Analysis Platform-Agnostic Intermediate Representation

Task (Low priority)

[Perform some work]

//Activate device dev

setEvent(foo);
[Perform work]

//Deactivate device

getSystemTime();

[Perform more work]

ISR

//Handle interrupt

activateTask(high);

Task (High priority)

//Handle event

[Event handling]

Traditional System View
State–Transition Graph

Low
Task

ISR

High
Task

E

Fine-grained (job-level) decomposition of existing systems

Atomic Basic Blocks (ABB)
• Atomic from scheduler perspective
• Single-entry single-exit region
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Extending the RTSC

Timing Analysis

RTSC

Convert to 
ABB Graphs

Alloca�on and 
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Generate Conf. 
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front end middle end back end

Task 
Set

Time 
Triggered 
Schedule

Executable 
System

Design Flow

MECHAniSer

Timing Analysis  
Data Age

Analyze All Possible 
Data Paths

Generate JLD to 
Remove Invalid Paths

Job-
Level 
Deps.

Timing Analysis and JLD-Aware Scheduling
• ABB-graph transformation to incorporate job-level dependencies
• Data-age analysis to identify maximal data-age paths in static schedules
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Deadlines vs. Job-Level Dependencies Experimental Setup

Random System Generator

• 433 randomly generated systems (task sets)
• 59 - 1000 Jobs (average: 458)
• 1 - 3 cause e�ect chains
• 0.6 - 2.0 utilization (average: 1.218)

• Variants for allocation + scheduling (8 algorithms)
• Testbed: LitmusRT with 1-4 cores

Subject of Evaluation

1. Impact of job-level dependencies on traditional schedulability parameters
2. Impact of allocation and scheduling on data age
3. Impact of job-level dependencies on data age distribution
4. Impact of number of CPU cores on data age
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Impact of JLDs on Traditional Real-Time Parameter
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with JLDs
• Maximum Normalized Response Time

• Light increase

• Task Local Schedulability
• Worst Reduction: 5%

Applicability: No real drawbacks of using JLDs!
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Impact of JLDs on Data-Age Schedulability
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data-age schedulable systems without JLDs

No signi�cant e�ect on data age by
allocation, scheduling and # of cores
JLDs have positive e�ect on data age,

even for overloaded systems
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Impact of JLDs on Data-Age Distribution
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task-local schedulable systems (4 cores)

JLDs improve data-ages massively,
even when ignoring deadlinesJLDs are proven sound
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Impact of Additional Cores on Data Age
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Conclusion

Take Aways

• Job-level dependencies are a practical approach
• Superior on meeting data-age constraints than:

• Processing power (multicore)
• Scheduling algorithms or
• Task-local deadlines

Future Work

• Dynamically enforce dependencies on event-triggered systems
• Assess run-time overhead of dependencies
• Compare di�erent load situations between time-triggered and event-triggered
systems
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