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Work in Progress: Middleware-Transparent Callback
Enforcement in Commoditized
Component-Oriented Real-time Systems

Takahiro Ishikawa-Aso'*, Atsushi Yano*}, Takuya Azumi*, Shinpei Kato!
The University of Tokyo, Japan *Saitama University, Japan
'TIER IV Incorporated, Japan

Abstract—Real-time scheduling in c ditized comp t- o \\
oriented real-time systems, such as ROS 2 systems on Linux, has CE )
been studied under nested scheduling: OS thread scheduling and

iddleware layer scheduling (e.g., ROS 2 Executor). However,
by establishing a persistent one-to-one correspondence between
callbacks and OS threads, we can ignore the mlddleware layer
and directly apply OS scheduling par ters (e.g., SC
policy, priority, and affinity) to mdlvndual callbacks. We propose
a middleware model that enables this idea and implements
CallbackIsolatedExecutor as a novel ROS 2 Executor. We demon-
strate that the costs (user-kernel switches, context switches, and
memory usage) of CallbacklsolatedExecutor remain lower than
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(M CallbackGroupZNZNZEERTE TED (ELVAILRIZEENT)

callback_groups:

— id: XxXxxxx
affinity: FlFO EDF
_ o CFS Scheduler Scheduler
-1
policy: SCHED_OTHER
priority: -10

- 1d: xxxxx — ids XXXXX - id: xxxxx

T .. affinity:
affinity: affinity: o
-0 -1
= 1l policy: SCHED_DEADLINE

: S runtime: 10000000
policy: SCHED_OTHER policy: SCHED_FIFO deadline: 10000000

priority: -10 priority: 50 period: 20000000

- 1id: yyyyy
affinity:
-2
-3
policy: SCHED_FIFO
priority: 50

¥ #(ZREADMEIZT: https://github.com/tier4/callback isolated executor
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int main() {

std::vector<std::thread> threads;

auto node = std::make_shared<rclcpp::Node>("example_node");

aliie 4l = (38

node->for_each_callback_group(

[1(xclcpp::CallbackGroup: :SharedPtr group)) {

rclcpp: :ExecutorOptions opts;

opts.name = "executor-" + std::to_string(i++);

auto executor = std::make_shared<

rclcpp::executors::SingleThreadedExecutor>(ops);

threads.emplace_back([executor]() { executor->spin(); })
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#include "static_callback_isolated_executor.hpp"
1) ComposableNode TIZiE LM A (L. :

int main(int argc, char * argv[]) {
j—F‘ﬂJ@Executoréﬁgﬁié (E) rclcpp::init(argc, argv);

auto node = std::make_shared<SampleNode>();

2) ComposableNode—G%é%é‘i\ |aunCh auto executor = std::make_shared<CallbackIsolatedExecutor>();

executor—>add_node(node);

774 )L M Component ContainerzCIE 1 BEEIEaeElE
LDLDIEEHRR S (T)

<launch>

<node_container| pkg="callback_isolated_executor" exec="component_container_callback_isolated"
name="sample_container" namespace="">

<composable_node pkg="cie_sample_application" plugin="SampleNode" name="sample_node" namespace="">

</composable_node>
</node_container>
</launch>
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Thread Configurator/—K% --prerun
ATLarTiab EIFf-%. ROS 2

TIVEILEFBE, BD LS [
BREITFAILDTUITL— EERT S F o capkneate

: SCHED_OTHER

le_node@Subscription(/parameter_events)@Service(/sample_node/get_par

$ ros2 run ros2_thread_configurator thread configurator_node --prerun
prerun mode
F1715230539.402008 [1] thread_con: using network interface enp2s0f1 (udp/192.168.40.61) selected arbitrarily from: enp2s6f1, enp2s0fi
[INFO] [1715230967.918168913] [prerun_node]: Received CallbackGroupInfo: tid=546003 | /sample_node@Subscription(/parameter_events)@s
ervice(/sample_node/get_parameters)@Service(/sample_node/get_parameter_types)@Service(/sample_node/set_parameters)@Service(/sample_n

ode/set_parameters_atomically)@Service(/sample_node/describe_parameters)@Service(/sample_node/list_parameters)@Waitable@Waitable@wati
table@Waitable
[INFO] [1715230967.918286899] [prerun_node]: Received CallbackGroupInfo: tid=546004 | /sample_node@Timer(3000000000)
[INFO] [1715230967.918325414] [prerun_node]: Received CallbackGroupInfo: tid=546005 | /sample_node@Timer(1333000000)
INFO] [1715230967.918355465] [prerun_node]: Received CallbackGroupInfo: tid=546006 | /sample_node@Subscription(/topic_in)@Waitable
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Overhead of New Executor
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Evaluation Setup

In terms of theoretical real-time scheduling models, our Executor is a superior choice.

— Overhead of mapping each callback to a dedicated thread must be discussed.

. . Separate Process Same Process (ComponentContainer)
Changing parameters, following .~ PublisherNode . SubscriberNode | - PublisherNode  Subscriber Node
overhead factors are measured. (oamace WA ok )| {[ ok calback )|

; © 10QHz ' 100Hz j

e user-kernel switches [ callback Ji callback J [ caliback callback L

. i Xxecutor xecutor xecutor :
context SWItCheS : (Sir?gle/lt/lulti/ % (Sifgle/lt/lulti/ P (Sir?gle/l’\[llulti/

® memory consumption Callbacklsolated) Callbacklsolated) Callbacklsolated)

N = # of callbacks (N=1, 4, 8, 12, 16, 20, 24)

« # of threads = one per process (SingleThreadedExecutor)
* # of threads = min(16, # of callbacks) (MultiThreadedExecutor)
« # of threads = # of callbacks (CallbacklsolatedExecutor) 40



Evaluation Results

Same Process (ComponentContainer)
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IV 2\
[ callback callback ] i [ callback callback ] :
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: =) :
Executor Executor Executor
| (Single / Multi / | (Single / Multi / (Single / Multi /
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N = # of callbacks (N=1, 4, 8, 12, 16, 20, 24)
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Evaluation Results (user-kernel switches)

Compared to MultiThreadedExecutor (despite MultiThreadedExecutor being
limited by hardware concurrency), CallbacklsolatedExecutor outperforms it
when nodes in separate processes.
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Evaluation Results (context switches)

Compared to MultiThreadedExecutor (despite MultiThreadedExecutor being

limited by hardware concurrency), CallbacklsolatedExecutor outperforms it.
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Evaluation Results (memory consumption)

Memory consumption in CallbacklsolatedExecutor is slightly higher but negligible.
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Conclusion in RTAS Brief Paper

With CallbacklsolatedExecutor, the real-time community no longer needs to

account for the existence of the Executor in ROS 2 scheduling in practical cases.

e Real-world ROS 2 systems rarely have dozens of callbacks per node
e In Autoware, each node typically has at most around 10 callbacks.
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