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Real time core

• CPU-based

• Single server (currently 128 core AMD EPYC Zen 3)

• Minimal Linux

• Control software

• Single process

• Statically linked

• C++

• Real-time threads running on isolated cores without scheduler ("isolcpus")
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NUMA
non-uniform memory access
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"Pinning" real time threads

• In Linux each thread have two masks

• "CPUs allowed" - where to run

• "Mems allowed" - where to allocate memory

• By pinning we allow only one core and its local memory
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Memory allocations

• Critical heap memory allocated from specific NUMA nodes

• Avoid allocators that rely on thread policy

• E.g. default operator new, malloc()

• Not easily predictable

• Memory may come from allocator "free list"
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Support library: NUMA++
Creating pinned threads
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In short

• Lookup node from CPU core

• Create policies

• Pin thread to core

• Memory from local node

• Create thread with provided 

policies
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Support library: NUMA++
Allocating memory from a specific node
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• Create policy to use single node

• Allocate

• Uses mmap()

• Lock and pre-fault to trigger physical 

memory allocation
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Inter-thread queues
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Inter-thread queues
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• Deliver data from single producer to single consumer without 

locking or blocking

• Fix capacity at construction to avoid reallocation

• Use views (e.g., pointer + size) to avoid unnecessary memory 

copies
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Channels
WFRTC composition of two directional queues
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• Second "free-list" queue

• Two queues forms a Channel

• boost::lockfree::spsc_queue
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Benchmark

ELT WFRTC Software patterns and library solutions for low latency multithreading, Calle Rosenquist, 

2023-11-08, RTC4AO

D
a

ta
 C

la
s
s
if
ic

a
ti
o

n
: 
P

U
B

L
IC

• Measures push/pop operations under 

maximum contention

• Unpinned threads on unisolated cores

AMD EPYC 7763 (128 Core Zen 3 Milan)
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Scatter-gather
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Scatter-gather

WFRTC use this to

• Offload work to multiple threads

• Gather results when all threads have completed

Achieved using the barrier primitive
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Barrier

• Threads arrive and wait

• When last thread arrives a Completion 

Function is invoked by one of the threads

• Completion Function can safely modify

shared state

• When Completion Function returns barrier is 

lifted and threads continue

• C++20 std::barrier
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Introducing the barrier
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Barriers in WFRTC

Start of loop barrier

• Wait for start condition, e.g.

• Inputs from channel

• State change signal

• Distribute data or signal to threads

End of loop barrier

• Gather results

• Push result to output channel
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Computation loop
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Support library: ion

• Semantics like std::barrier
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ion::Barrier
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• Busy-waits
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Support library: ion

One measure of synchronization latency

• Time between last thread arriving and first thread 

leaving barrier

• Empty completion function

• Last 2'000 samples from 10'000 iterations
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AMD EPYC 7763 (128 Core Zen 3 Milan)
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Support library: ion
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As threads and NUMA distance increase so does latency
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AMD EPYC 7763 (128 Core Zen 3 Milan)
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Signals
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Signals

WFRTC use signals to

• Request state change (state enumeration)

• Indicate current state (state enumeration)

• Trigger telemetry sending (sample id)
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Notify, observe, wait
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Support library: ion

ion::SignalSource<T>

• Lightweight thread safe, lock-free atomic value of type T

• No synchronization or order constraints

ion::SignalToken<T>

• Keeps association with source and remember last value
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Thin abstraction on top of std::atomic<T>
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Support library: ion
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Support library: ion
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Support library: ion
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Signals under the hood
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https://godbolt.org/z/6d7jMfefW
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Summary
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Thank you!
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@ESOAstronomy

@esoastronomy

@ESO

european-southern-observatory

@ESOobservatory

Calle Rosenquist

crosenqu@eso.org

Boost.Lockfree
www.boost.org/doc/libs/1_83_0/doc/html/lockfree.html

NUMA++ & ion
gitlab.eso.org/rtctk/roadrunner
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Bonus Slides
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Barrier Example 1/2
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Barrier Example 2/2
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Signal Example
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Support library: ion
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Benchmark
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Under varying number of unpinned threads:

• SignalSource::Load()

• SignalSource::Store() [thread 1]

SignalSource::Load() [threads 2..N-1]

AMD EPYC 7763 (128 Core Zen 3 Milan)
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