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Real-time Scheduling Analysis

1. Define, for a given system

= Architecture model
o Software: tasks, shared resources,...
o Hardware: processing units (processor, core), memory hierarchy,...
o Deployment: which tasks on which processing units/resources
= Scheduler
o Scheduling algorithms

2. Schedulability tests

Static analysis Scheduling simulation
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Cheddar Scheduling Analyzer

* Developed and maintained by Lab-STICC
= Started in 2002 by Frank Singhoff

» Since 2008, integration in AADLInspector, Ellidiss Technologies

= Since 2011, integration in TASTE toolchain of ESA
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How to Use Cheddar

1. Design System
Model

A system model can

be represented in:

- Cheddar ADL: XML
- Cheddar ADL: AADL
or designed with:

- Ada

- Cheddar GUI

2. Call Analysis
Features

Analysis features can be

called by:

- Command-line interface.
- Cheddar GUI

3. Export
Data

Data can be exported in:
- Cheddar ADL: XML
- Cheddar ADL: AADL

Available Analysis
Features

User-defined
scheduler

Hierarchical scheduling

- ARINC 653

Scheduling Simulation

Static Analysis

Design Space
Exploration

Security Analysis

- 15 Schedulers

- Shared resource

- Dependency

- Interference: CRPD
- Multi-processor

- Worst-case response
time analysis

- Processor utilization
analysis

- Cache access profile

- Priority assignments
(RM, DM, Audsley's
OPA...)

- Partitioning
algorithms

- MILS architecture

- Security models :
Biba, Bell-Lapadula,
Chinese Wall, Warshall
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An Example of Use: PLATO/ESA (2021-2022)
« PLATO: PLAnetary Transits and Oscillation of Stars

= Verify the data processing unit of a satellite
» Used during the CDR (Critical Design Review)

 About 1.1k lines of AADL model
= Multi-core partitioned scheduling
= 12X LEON cores (GR712RC)
= 24 cameras
» 34 threads
= 107 AADL components
= 560 AADL property associations

» Required Cheddar kernel update and a new AADL Inspector
version (AMP multicore scheduling analysis)

 Launch is planned for fall 2026
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Present - Multiprocessor scheduling
analysis with Cheddar

A1l. Specification of Schedulability Assumptions to 2022 Rubini et al.
Leverage Multiprocessor Analysis
A2. Joined Scheduling and Security Analysis 2023  PhD lll-ham Atchadam

A3. A Predictible Inter-Core Communication Model for 2027 PhD Sebastien Levieux
AMP

A4. Scheduling Anomalies Detection 2026 PhD Blandine Djika
A5. Mixed Criticality Scheduling Simulation 2026 PhD Alan Le Boudec
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Al. Specification of Schedulability Assumptions to

« Conditions for a safe scheduling analysis

* The analysis method is correct (real-time scheduling expert
concerns);

» The implementation of the methods in the tool is correct (tool
developer concerns)

* The assumptions for applying the methods are met (end-user,
engineer concerns)
o Task models constraints (e.g. arbitrary deadline or not)
o Software architecture (e.g. communication, synchronization, allocation)
o Runtime execution environment (OS and hardware)

* Problem statement

* For multiprocessor embedded systems, runtime execution
assumptions used for uniprocessor cases can be too abstract -
may be not realistic

Rubini et al., "Specification of schedulability assumptions to leverage multiprocessor Analysis"”, Journal of Systems
Architecture, 2022, 133, pp.102761.
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Al. Specification of Schedulability Assumptions to

* Design pattern approach applied to scheduling analysis
domain: documents “good” system architectures, i.e.
architectures that fill the requirements of a scheduling analysis
method

= Design Pattern Checker verifies the software/hardware
assumptions for the use of the scheduling analysis methods

HA independent(p) The processor p does not use any hardware resources whose sharing could
cause interference between tasks

HA isolation(p) The processor p does not use any hardware resources whose sharing could
produce interference impossible to predict/prevent at the system runtime level

HA_bounded(p) The processor p does not use any hardware resources whose sharing can
produce interference which a priori cannot be bounded in time.

HA_ dependent(p) The processor p uses hardware resources whose sharing can produce
unbounded time interference

Examples: Execution Unit Constraints
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A2. Joined scheduling and security analysis

« Context: Time and Space Partitioned (TSP) systems -
ARINC653

» Trade-offs between schedulability and security
o Addition of encryption/hash tasks = overhead

Partition 1 Partition 2 Partition 1 Partition 2
T T4
- -
- - - -

Example: Partitioning and communications without/with security functions.
Confidentiality level: TS - Top Secret, S - Secret, U - Unclassified

» Scheduling problem: Tasks to partitions assignments

Atchadam et al. "When security affects schedulability of TSP systems: trade-offs observed by design space exploration." 2020 25th IEEE
International Conference on Emerging Technologies and Factory Automation (ETFA).
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A2. Joined scheduling and security analysis

* Implementation of Bell-La Padula and Biba security rules for
confidentiality and integrity purposes

* Integration of the Multiple Independent Levels of Security (MILS)
architecture in Cheddar

= A design space exploration approach to address the multi-
objective optimization problem between schedulability and
security for TSP systems

Atchadam et al. "When security affects schedulability of TSP systems: trade-offs observed by design space exploration." 2020 25th IEEE
International Conference on Emerging Technologies and Factory Automation (ETFA).
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A3. A Predictible Inter-Core Communication Model for

= PLATO satellite use multi-core architectures to process a large
amount of data in space

= AMP - Asymmetric Multi-Processing
o Each core has its own application and operating system

= |nter-core communications cannot be based on acommon
RTOS service

o Each core may host a different RTOS or a bare-metal application

PhD thesis of Sebastien Levieux (2023 - 2027), journal track of the 30th Ada-Europe International Conference on
Reliable Software Technologies (AEiC 2026) 9-12 June 2026, Vasteras, Sweden
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A3. A Predictible Inter-Core Communication Model for

= PrAICC: atiming predictable inter-core communication model
for multi-core heterogeneous AMP architectures

o Based on shared memory and platform-agnostic spinlocks to ensure
portability, and on polling for timing predictability

« The number of tasks requesting the same spinlock at the same time is
bounded by 2

o Library written in C - POSIX compliance
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PhD thesis of Sebastien Levieux (2023 - 2027), journal track of the 30th Ada-Europe International Conference on
Reliable Software Technologies (AEiC 2026) 9-12 June 2026, Vasteras, Sweden
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A4. Scheduling Anomalies Detection

Definition: a scheduling anomaly may refer to a counter-intuitive phenomenon, for
example, when increasing resources or relaxing constraints of a schedulable
application can make it unschedulable (Almeida et al., 2006)

 Contribution

= Static constraints (C1-C23): processing unit, scheduling type,
scheduling policy, priority assignment, preemptivity, release
time, task type, dependency, self-suspending, deadline
constraints
* Dynamic constraints - Scheduling anomalies (D1-D10)
o Task execution is shorter than expected
o Dependency constraints are not met
o Processor speeds have been increased
O ...

Can we design a model to identify scheduling anomalies? Blandine Djika et al. 14th International Real-Time
Scheduling Open Problems Seminar (RTSOPS 2025), Jul 2025, Bruxelle, Belgium.
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A4. Scheduling Anomalies Detection

D5,D2,D9

D1

D10

Set oriented representation for all considered scheduling anomalies. The left
graph is representing anomalies for uniprocessor platforms while the right
one is for multiprocessor.

Can we design a model to identify scheduling anomalies? Blandine Djika et al. 14th International Real-Time
Scheduling Open Problems Seminar (RTSOPS 2025), Jul 2025, Bruxelle, Belgium.
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A5. Mixed Criticality Scheduling Simulation

e Context

* Need to handle more parameters than usual scheduling policies
o Number of modes
o Adaptation algorithm
o Recovery algorithm

» Many of those parameters have to be randomly generated for
synthetic task sets and also case studies

o WCETs/Mode, Period
o Overrun probability
o Recovery
= Additional evaluation metrics
o Time spent in HI or LO mode
o Number of discarded jobs, mode changes, missed deadlines...

Le Boudec et al. "Poster: Reusable software components to prototype and evaluate mixed-criticality scheduling policies." IEEE 31st
International Conference on Embedded and Real-Time Computing Systems and Applications (RTCSA). IEEE, 2025.
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A5. Mixed Criticality Scheduling Simulation

e Contribution: Components to implement and evaluate
MCS scheduling algorithms are integrated in Cheddar

= Supported algorithms
o Adaptive Mixed Criticality Scheduling (AMC), Baruah et al., 2011
o Static Mixed Criticality Scheduling (SMC), Baruah et al., 2011
o -AMC, Le Boudec et al., 2025

» The effort to implement the algorithms represents only 0.3% of
the Cheddar simulator source code

o Added Code: 340 lines
o Existing Code (Cheddar simulator only): 128.000 lines

Le Boudec et al. "Poster: Reusable software components to prototype and evaluate mixed-criticality scheduling policies." IEEE 31st
International Conference on Embedded and Real-Time Computing Systems and Applications (RTCSA). IEEE, 2025.
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Cheddar scheduling analyzer - Future

2026 - 2027
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Future work

Space HPC applications and transient faults (Bit-flips)
o Certification and schedulability objectives
o Space fault detection/tolerance methods (e.g. scrubbers)

Scheduling simulation with faults and & fault tolerance mechanisms,
Integrate schedulability and failure requirements in task models
(Reghenzani et al., 2022)

Project COINS - Al CO-desligning for the New-Space

o Labex CominLabs Project - Lab-STICC (Univ. Brest), LS2N (Univ. Nantes),
Barcelona Super Computing

Cheddar 3.4 - Release: Summer 2026
o Integration of presented research activities

o Minimal simulation interval for periodic task schedulers (Guidolin-Pina et al.,
2026)

Cheddar CLI & Web - 2027

o Fully functional CLI with documentation
o Web-based GUI for Cheddar, GTK GUI is still maintained

Collaborations/Needs? - Do not hesitate to contact us !
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