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Used In distributed runtimes likeWhy It MattersFeature

TorchElastic, Ray, TorchTitanRestart failed workers, scale up/downElastic jobs

Ray, PyTorch DDP, TFtrain() , map(), spawn_actor()
instead of MPI_Send ( )High-level APIs

Dask, RayAssign tasks on-demand, based on loadDynamic scheduling / DAGs

Monarch, TorchXLaunch workers across clusters with minimal configOrchestration tools

PyTorch, DeepSpeed, HorovodUse NCCL/OneCCL for GPU fast pathsGPU-aware backends

Ray, TensorFlow, TorchElasticPods, service discovery, autoscalingCloud & K8s native

TorchTitan, Ray RLLibE.g. actor/learner/logger, not just "ranks"Multirole workflows

What Modern Distributed Runtimes Add Beyond 
MPI implementations (like MPICH, OpenMPI, Intel MPI, etc.)

More focus on pytorch – even though we support many runtimes 
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ExamplesDescriptionOrchestrator Type

MPI, PyTorch DDP, HorovodEach process started independently; 
rank configured manuallyDecentralized (MPI)

Monarch, TorchTitan, RayOne driver spawns/monitors all remote workersSingle Controller

TorchElastic, TorchxLaunches dynamic workers, restarts failed onesElastic Controller

Ray, Dask, SparkMaintains task queues, dependencies,
assigns tasks dynamicallyCentral Scheduler

Horovod (on SLURM), TorchElasticOrchestration delegated to batch systems like SLURM 
or KubernetesLauncher-Integrated

XLA (JAX), Alpa, SYCLProgram is compiled with parallelism injected by the 
compiler/runtimeCompiler-based

Key Orchestration Models in distributed runtimes 

Here “Decentralized (MPI)” means processes don’t rely on a central launcher. 
Each process is launched independently (e.g., via mpirun, mpiexec ), and they must be told how to 
communicate (eg. MPI.COMM_WORLD) with the others using environment variables or configs.
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Collective Communication Libraries (CCLs)
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distributed.init_process_group( backend = ”xccl", 
init_method = 'env://’, 
world_size = mpi_world_size, 
rank = mpi_my_rank, 
timeout = datetime.timedelta(seconds=3600))

Intel     – XCCL backend  [Aurora]
Nvidia – NCCL backend [Polaris]
AMD    – RCCL backend  [Frontier]
Mpi – “mpi” backend - not recommended – need XPU support.

Example 

torch.distributed.new_group(ranks)
distributed.all_reduce(x, op=dist.ReduceOp.SUM)

TP=12 is only within nodes – intra node communication
DP=16 is only across nodes.- inter node communication 

GPU IDs 1 to 12
TP=12

DP=16

Mpi here means mpi collective communications
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Animation here – use slideshow – will not work in PDF 

Copper – Data mover 
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Copper – Data mover Additional optimizations
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Animation here – use slideshow – will not work in pdf 
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module load frameworks
module load copper 
launch_copper.sh

# python -m pip install  --target=/lus/flare/projects/datascience/kaushik/copper-test/lus_custom_pip_env/ dragonhpc

time mpirun --np ${NRANKS} --ppn ${RANKS_PER_NODE} \
--cpu-bind=list:4:56:9:61:14:66:19:71:20:74:25:79 --genvall \
--genv=PYTHONPATH=/tmp/${USER}/copper/lus/flare/projects/datascience/kaushik/copper-

test/lus_custom_pip_env/:$PYTHONPATH \
python3 -c "import dragon; print(dragon.__file__)"

stop_copper.sh # optional - enabled by default on the PBS epilog during cleanup.

Example and Exercise : https://github.com/argonne-lcf/copper/tree/main/example

Copper Example

Without copper =/lus/flare/projects
With Copper    =/tmp/${USER}/copper/lus/flare/projects 
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DAOS – object Stores 
Thursday — August 7, 2025 - Track 7 — I/O Day – DAOS session

• DAOS is a major file system in Aurora 

• 1024 DAOS Nodes, 230 PB, >25 TB/s       (Lustre 0.6 TB/s)

• Open-source software-defined Distributed Asynchrnous
Object Store (DAOS)

• Designed for massively distributed Non Volatile Memory (NVM) 
and NVMe SSD

• Store your datasets/ python packages in daos container.

• Delivers high performance data loading throughput when training 
at scale (~60K GPUs) 
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CCL Exercise 
https://github.com/argonne-lcf/DLcomm_benchmark/tree/master/tools/examples_dl_scaling

within.py
across.py

combined.py
k_all.py

module load frameworks
echo $CCL_ROOT

export CCL_PROCESS_LAUNCHER=pmix
export CCL_ATL_TRANSPORT=mpi
export CCL_KVS_MODE=mpi
export CCL_CONFIGURATION_PATH=""
export CCL_CONFIGURATION=cpu_gpu_dpcpp
export CCL_KVS_CONNECTION_TIMEOUT=600 
export MPI_PROVIDER=$FI_PROVIDER

Algorithm selection
export CCL_COLLECTIVENAME=topo # SCALE UP ALGO
export CCL_COLLECTIVENAME_SCALEOUT=ALGORITHM_NAME # SCALE OUT ALGO

export CCL_ALLREDUCE=topo
export CCL_ALLREDUCE_SCALEOUT=rabenseifner # or ring

https://uxlfoundation.github.io/oneCCL/env-variables.html#ccl-allgather-
ccl-allgatherv
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Recommended NIC binding for 12 PPN 
( 12 GPUs and 8NICS)

CPU_BINDING1=list:4:9:14:19:20:25:56:61:66:71:74:79
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# 12 ppn to 12 cores
export CPU_BINDING1="list:4:9:14:19:20:25:56:61:66:71:74:79”

# 12 ppn with each rank having 4 cores
export CPU_BINDING2="list:4-7:8-11:12-15:16-19:20-23:24-27:56-59:60-63:64-67:68-71:72-75:76-79"     

export CCL_WORKER_AFFINITY=42,43,44,45,46,47,94,95,96,97,98,99
## Optional cores for oneCCL workers - default picks last 24 cores.  

mpiexec --env CCL_LOG_LEVEL=info  --env CCL_PROCESS_LAUNCHER=pmix --env CCL_ATL_TRANSPORT=mpi \
--np ${NRANKS} -ppn ${RANKS_PER_NODE} --cpu-bind  $CPU_BINDING1    $APP1   

Note : when copper is used . copper runs on [Default: "48-51"] cores - can be changed 

Binding examples 


