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Introduction Approaches to sender — receiver architecture Performance comparison on two machines connected over InfiniBand

CERN, the European Organization for Nuclear Research, operates the Large Hadron Collider Below are the four different approaches to sender-receiver architecture The tests below use the same setup between two machines, with blue bar denoting reference
(LHC), the world's largest particle accelerator, where protons are collided up to 30 million times implemented within the described framework. The yellow vertical line indicates the single application. Although both MPICH and OpenMPI rely on the same UCX library
per second at nearly the speed of light to study the fundamental building blocks of matter. The worker thread, while the blue one denotes additional thread created by installation, we observe significant performance differences across most approaches.

Compact Muon Solenoid (CMS), records and analyzes the resulting particle interactions using a , -
P . ( ) y . 9p J framework’s asynchronous mechanism. Worker thread can do some other tasks Throughput per Thread Count (MPICH between 2 machines) Throughput per Thread Count (OpenMPI between 2 machines)
two-stage trigger system: the hardware-based Level-1 Trigger (L1T) selects about 100,000 hil icati de | h | ted _ _
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events per second, and the software-based High Level Trigger (HLT) further filters this to 30,000 | mmm simple sender receiver | mmm Simple sender receiver
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events stored in reduced format and 10,000 in full raw format. MPISender MPIReceiver MPISender MPIReceiver : Ns;ir;;:castlia:n :Er:;;;x;er - Nzy;;iai?::ﬁesz;;r receiver
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OPEN MPI

The CMS simulation, reconstruction, and analysis software (CMSSW) MPI_Mprobe()

MPI_Recv()

MPI_Send()

Modular application (C++ code, Python configuration)

Central abstraction: the event (a particle collision), stored as a collection of data products.
Modules:

* |Implement detector simulation, reconstruction, and event selection

« Declare what data they consume and produce.

« Can be dynamically loaded and arranged into processing paths.

Framework automatically determines execution order from data dependencies Simple sender receiver Asynchronous sender receiver
Framework exploits parallelism at multiple levels:

* Across events (multiple streams)

« Within events (independent modules run concurrently)

Worker threads are managed by Intel one TBB. MPISender MPIReceiver
Asynchronous tasks run on a separate, dynamically sized thread pool. [ S
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Benchmarking outside of CMSSW

Module 1 || Module2 " Module 4 We benchmarked OpenMPI| and MPICH outside of CMSSW by running two MPI

Module 2 =2 Module 3 : i processes, each spawning multiple pinned threads that continuously exchanged data

; ; MPI_Send MP1_Mprobe() . .
vodue VModule 4 vodule S Thread 2 | | (data) PI_Recv( with MPI_Send from one process to MPI_Receive on another. The aggregated
Module 1 Module 2 Module 3 Module 5 ! MPI_Mprobe()

Pt - i , - i' L bandwidth across all streams was measured to assess whether the communication
L ecv _oen _ pro e . . . . .
Event 2 (stream 2) =) (data) MPI_Recv() behaviour observed in CMSSW could be reproduced in isolation.
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Application of MPl in CMSSW Th_e _experlr_nents were perfc_)rmed on t_wo .maghlne.s connected by a 100 Gbps
InfiniBand link, using a realistic HLT pipeline in which the local process hosted a
Our main requirement is to enable remote offloading of selected event-processing steps single sender that transmitted raw data, and five receivers that inserted the
without changing the core framework. All communication must therefore fit within the concept returned results back into the pipeline. We carried out four sets of measurements:
of loadable modules that epriCitIy declare their data dependencies. A Sing|e CMSSW process (Without |\/|P|), used as reference.
| Legend . A CMSSW application split into two processes communicating over MPIl on a
Local program Remote program | Single machine, using the xpmem backend. Message size (bytes) Message size (bytes)
| o o transior bacms. MPIoontolor . A CMSSW application split into two processes communicating over MPI on two
MPIController Al aftaches a communicator token to an extsting machines connected by InfiniBand, using the ucx backend. Conclusions
; MEISotiee carrying the token (for remote workflows). . A simplified set of benchmarks to directly compare the performance of
MPI : MPI . . . . .y - .
Toke s Toke OpenMPI and MPICH on the same hardware. On a single machine, the HLT application split in two process that communicate over MPI
5 et St i oy - - " - hiev roximately 96% of the throughput of the referen lication for both OpenMPI
be stored as event data. It hides direct MP! More details about the setup you can find by “additional materials” QR-code. achieves approximately 9o Orf (n€ (hroughput ot the reference application for both Upe
fg't'ﬁeaggrg:ﬁﬁgastgrframeWOfk-ffie“d'V handle and MPICH, despite the communication overhead, up to 16 threads per job.
In cross-machine tests, the best-performing approaches at 16 threads reach 97.7%
. E:‘;“;ilgrg'gzgggiﬁggzﬂgf;grl;';?ez":;“sgiﬁegs Performance comparison on a single machine (OpenMPI) and 94.6% (MPICH). At 32 threads, however, the simple approach yields 83%
i ender - | - . . L . 0 i -
SR r_notiules o the required data products are available. These experiments compare the performance of a single application with that of (OpenMPI) aond 89.5% (MP'CH) With th?) preferred metadata-based approach, the gap becomes
can run in the : . . L . .
meantime g oduies WM \PiReceiver is scheduled once upstream pipeline two MPI programs, running on the same machine within a single CPU socket dramatic: 26% for OpenMPI versus 89.2% for MPICH. |
: dul d other MPI icati t
modules and other MP| communication stops ara hroughout e Thresd Count (MPICH on a single machine) hroughout per Thread Count (GpenMPl on a single machine] Overall, [_)erf_ormance on Ioca}I setups is similar acro§s_both I|brar|_es and approaches, W|th
. Sinle brocess (reference . Single process (reference communication overhead being much smaller than in inter-machine runs. However, despite
MPIService is a long-lived service that runs for the nIE P [ : } noe P [ : } . . . . -
MPIService entire program. It manages global MPI setup and o e oo e e oo showing no significant differences in independent benchmarks, OpenMPIl and MPICH behave

MFiSender handles MPI_Init and MP1_Finalize. | m-Notification message | m-Notification message very differently in the CMSSW context when inter-machine communication is involved.

Bm Metadata with pre-initialization Bm Metadata with pre-initialization
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Asynchronous mechanisms in CMSSW Asynchronous
: : Worker thread  thread
On top of the task-based model CMSSW provides a mechanism for

handling asynchronous operations. A module can be split in two acquire() function

Throughput (events/s)
Throughput (events/s)
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