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Blackbox Threads 

without access to source code or 
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RT task models assume repeatedly activated tasks: 
task = stream of jobs
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LiME: The Linux Real-Time Task Model Extractor.  
RTAS 2025, pp. 255–269. 

LiME makes a key assumption! 

task  OS thread≈
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Framework-agnostic solution 

 Wide and diverse support "for free"⇒
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Two fundamental  
challenges lie ahead

Intra-Thread Tasks 
Discovery

Model Extraction

Timing models extraction for 
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INTRODUCES CHALLENGES
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...
How to discover  

intra-thread tasks in a  
framework-agnostic setting?

Intra-Thread View

62.5 Hz  
controller

0 2 16

Framework controls job release times 

Unknown in a framework-agnostic setting

How to infer timing models 
without observing 

the exact release times?
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Percentage of samples in which the frame is on the stack

Actual  stack

SOLUTION 1: DISCOVER INTRA-THREAD TASKS ON THE STACK

We can discover intra-thread tasks from stack profiles by exploiting 
the signatures they leave on the stack!
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There is a signature of 
each individual intra-thread task!

SOLUTION 1: DISCOVER INTRA-THREAD TASKS ON THE STACK

We can discover intra-thread tasks from stack profiles by exploiting 
the signatures they leave on the stack!
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Common Path Runtime Misc.

Task 1 Task 2 Task 3

Helper StdlibExecutor? 
The top-most always-present shared frame
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Main Executor Loop

Common Path Runtime Misc.

Task 1 Task 2 Task 3

Helper Stdlib

Actual intra-thread tasks? 
5 heuristics to filter out non-relevant frames and discover the actual tasks 

(Details in the paper)

Percentages of time when the frame is on the stack

Actual  stack
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Releases can't be later than 
the start of executions
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62.5 Hz  
controller 2 16

Releases can't be earlier than 
the wakeup of executor
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Ri = [r−
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Define  to  
bound the uncertain exact release time 

Where  is the last executor wakeup time 

and  is the start of execution

Ri = [r−
i , r+

i ]

r−
i

r+
i

What about models? 
We need new semantics 

for release windows
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Offset

Period

Jitter Bound
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Possible-Fit Model 
 

Useful as plausibility check
Ri ∩ A(i) ≠ ∅
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Certain-Fit Model 
 

Provide guarantees
Ri ⊆ A(i)
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Point release arrival curves: a−(Δ) ≤ |{i |ri ∈ IΔ
t } | ≤ a+(Δ)

Lower bound 
 on arrivals 

Upper bound 
on arrivals 

Any time interval  
with length Δ
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t } | ≤ a+
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⇒ a−
hi(Δ) ≤ |{i |Ri ∩ IΔ

t ≠ ∅} | ≤ a+
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Same ideas from periodic 
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The approx. curves 
remained close to the ground truth  

 Only little pessimism in practice ⇒

ARRIVAL CURVES FROM ACTUAL WORKLOAD
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Python: 
Executable  

Specification

Linux Workloads

Rust:
Intra-Thread Task

Finder

Rust: 
Model Extractor

Output Models: 

Arrival curve, periodic, etc...

Profiling  
with perf

Configure LiMEIT  
with  

discovered intra-thread task

Tracing of raw events at both thread 
and intra-thread level

Clean & Straightforward  
Implementation Performance-Focused  

Implementation 

Pseudo Code Automated  
Equivalence

Tests
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We used the reference system made by the ROS 2 Real-Time Working Group 

➔ https://github.com/ros-realtime/reference-system
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The system provides different configurations, and we target a  

"Prioritized Executor" setup 

➔ 5 executors at different priorities 

➔ 24 nodes that contain 29 callbacks (intra-thread tasks) 

➔ 7 timer-driven callbacks and 22 message-driven callbacks

ROS 2 Real-Time Working Group

https://github.com/ros-realtime/reference-system
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OBSERVATIONS IN ROS 2 CASE STUDY

Identified all callbacks

22

Extracted periods for 
timer callbacks matches 
the configuration

One callback's possible-fit periodic model  
has a large jitter bound, why?
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REVEALS SUB-OPTIMAL CONFIGURATION

23

ECD callback 
RT executor 
Msg. Driven 

RGF callback 
RT executor 
Msg. Driven 

ECSet callback 
Best-effort executor 

Timer Driven
Jitter propagates  

to downstream

Sub-optimal configuration causes weak periodicity of real-time callback

Period: 100 ms 
Possible-Fit Jitter: 0 ms

Certain-Fit Jitter: 41.26 ms

Period: 25 ms 
Possible-Fit Jitter: 0.73 ms
Certain-Fit Jitter: 44.29 ms

Period: 20 ms 
Possible-Fit Jitter: 15.26 ms
Certain-Fit Jitter: 29.08 ms

LiMEIT can reveal 
thread-internal timing issues 

that can be difficult to observe otherwise
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Raspberry Pi 5 Linux 6.12 
PREEMPT_RT
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DEMONSTRATING LANGUAGE DIVERSITY
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Arrival curves evaluation using C++ 
Covered 304,800 generated tasks 

Periodic models evaluation using Rust 
Covered 76,200 generated tasks

Overhead evaluation using Rössl* (C)  
Sweeping from 10-100Hz with 1-10 tasks

*K. Bedarkar et al., PLDI 2025
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➔ Runtime overhead was below 2.5% on a single core.
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More detail in the paper

LiMEIT is accurate 
➔ Possible-fit models recovered 100% of ground-truth periods, 

while certain-fit recovered 99.73% of them.

➔ All ground-truth arrival curves are bounded 
with less than 4% pessimism.
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Try It Now
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