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Agenda

• Recap: CLAIX – File Systems and Connectivity 

• Challenges with Large Data Volume and File Counts

• Solutions / Workarounds
− Staging with BeeOND

− Selection of File Formats
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Recap: CLAIX – File Systems and Connectivity

Login Nodes Compute Nodes

$HPCWORK
(Lustre)

$HOME
(GPFS)

$WORK
(GPFS)

HPC-Network(s)
$BEEOND
(SSDs)
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Recap: Filesystems on CLAIX - Overview

Access Filesystem Max. Quota File Quota Backup Pros Cons

$HOME GPFS 150 GB* ~ 1 Mio.* Tape

(off-site)

Reliable

    Backup

Limited quota

and BW

$WORK GPFS 250 GB* ~ 1 Mio.* Snapshots Reliable Limited quota

and BW

$HPCWORK Lustre 1000 GB* ~ 1 Mio.* - High quota

    and BW

        

Less reliable

    Not always

    good for metadata

$BEEOND BeeGFS 1.5 TB / 

700 GB p. N.

- - High BW  

    and metadata

    Combined  

    storage

Temporary

    Only exclusive 

    nodes

    Transfers required

$TMP XFS 1.5 TB / 

700 GB p. N.

- - High BW 

    and metadata

Temporary

    Transfers required

* Default quota
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Current Challenges

• Processing large amounts of data
− Large data volume

− Large number of files

− Example: 100 TB and 50 Mio. files

➢ Might exceed user / project quotas

➢ Lustre not always best when working

with many small files

• Common open-source datasets
− Example: ImageNet (ILSVRC2012, Winter21K)

− Goals

▪ Avoid redundant per user/project copies

▪ Provide such datasets at central location

(Note: read-only)

− But: What if users want to process dataset differently?

ImageNet

Dataset

ImageNet

Dataset
ImageNet

Dataset

ImageNet

Dataset

• Possible to add datasets. Requirements:
− Open datasets

− Interesting for larger user base

− Pre-processed versions have to be

commonly known / used

− Contact: servicedesk@itc.rwth-aachen.de

mailto:servicedesk@itc.rwth-aachen.de
mailto:servicedesk@itc.rwth-aachen.de
mailto:servicedesk@itc.rwth-aachen.de
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Example Scenarios

• Question: Where to store my data and how to access it?

− Scenario 1:

▪ Dataset size: small (e.g. < 250 GB)

▪ Number of files do not exceed quota

− Scenario 2:

▪ Dataset size: medium – large

▪ Number of files do not exceed quota

− Scenario 3:

▪ Dataset size: medium – large

▪ Number of files exceed quota !!!

− Scenario 4:

▪ Multiple single GPU jobs

▪ Each job uses the same dataset

➢  Option 1: Store data on $WORK
➢  Option 2: Store data on $HPCWORK if data 

                  accessed in parallel

➢  Option: Store data on $HPCWORK
➢  High bandwidth, especially with parallel accesses

➢ Metadata performance might not be good for

many small files

➢ You will create network traffic
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Example Scenarios

• Scenario 3:
− Dataset size: medium – large

− Number of raw files exceed quota !!!

− Solution / Approach:

▪ Pack files into multiple tar balls

▪ Copy data to local SSDs

at start of your job

▪ Unpack or use ratarmount?

− Boundary conditions:

▪ Volume limited by

capacity of SSDs

− Further considerations:

▪ Copying data and unpacking

might take some time

$HPCWORK
(Lustre)

$BEEOND

Job

Data Much better

metadata

performance

Example 1:

• < 500 GB → 1 node

• Occupies 4 GPUs

Example 2:

• 2 TB → 4 nodes

• Occupies 16 GPUs
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Example Scenarios

• Further Recommendations for Scenario 3

− Use multiple tar achives

− Untar in parallel

− Example: Untar performance

▪ 2 TB of data

▪ 1 Mio. files

▪ $BEEOND of multiple nodes

▪ Varying number of archives

➢ Copying data to

$BEEOND: 19 min
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Example Scenarios

• Scenario 4:
− Multiple single GPU jobs

− Each job uses the same dataset (< 500 GB)

− Example: Train models with different hyperparamters

▪ No alterations on dataset (read-only)

▪ No large runtime deviations

− Naiive approach:

▪ Submit single GPU jobs

▪ Access dataset from $WORK or $HPCWORK

− Optimization:

▪ Group multiple jobs into one:

e.g. 4 individual GPU instances in one 4-GPU job

▪ Utilizes local $BEEOND storage on node

- One time copy at start

- All instances benefit faster local access

GPU 0
Node

Proc

GPU 1Proc

GPU 2Proc

GPU 3Proc

$BEEOND

srun

#!/usr/bin/zsh
############################################################
### Slurm flags
############################################################
#SBATCH --partition=c23g
#SBATCH --nodes=1
#SBATCH --ntasks-per-node=4 → (MPI) processes
#SBATCH --cpus-per-task=24 → cores per process
#SBATCH --gres=gpu:4 → GPUs per node
#SBATCH --beeond → Requests BeeOND, node is exclusive

############################################################
### Execution
############################################################
srun --wait=0 myscript.sh → Each process executes script

and determines its parameters
→ Jobs wait for each other at the end
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File Format Selection

• File types of data samples matter!
− Affects file size and therefore filesystem performance

− Plain data formats like JPG lead to a multitude of files

▪ Does the file system quota on CLAIX suffice?

▪ Certain file system do not perform well for many small files

• Alternate file types can reduce total number of files

• Possible formats
− Raw formats: e.g. JPG, TXT, JSON

− Aggregated formats: e.g. JSON Lines

− HDF5: https://www.hdfgroup.org/solutions/hdf5/ via libraries like h5torch

− Framework specific formats: e.g. TFRecords, RecordIO, Parquet

hdf5:%20https://www.hdfgroup.org/solutions/hdf5/%20via%20libraries%20like%20h5torch
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Dataset Example: ILSVRC2012

• Subset of ImageNet dataset consisting of ~1.2 million JPG images
− Exceeds default file system quota on CLAIX

• Average file-size: ~130kB
− Not well suited for systems like Lustre

• Total size: ~150GB
− Already poses specific demands considering the previous aspects

• Using alternative file types: TFrecord
− Binary format based on Python’s protobuf

− Aggregates multiple samples

▪ Example configuration:

- 1024 TFRecord files for entire training data

- Average file-size of 50MB and total size of 50GB on disk

− But:

▪ Requires preprocessing

▪ Limits usability of certain methods like shuffling each epoch
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Dataset Example: ILSVRC2012

• Evaluated both dataset representations on training a ResNet-50 (single node, 4x H100)

• Many small files perform magnitudes better on local SSDs (via BeeOND)

• Having less, but larger files with TFRecords significantly increases Lustre performance
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File Formats Conclusion

• Choice of file format matters
− Aggregated and binary formats often require separate index files to allow for shuffling etc.

• Research which representation fits your use case if you struggle with:
− Exceeding quota limits

− Exceeding disk space limits

− Observing low performance/throughput



Thank you!
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