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1.Measures the performance of a storage
system for Al Training

MLPerf Storage 2. Supports A100 and H100

3. Data loader used to read the data



Workload and data loader

1. Unet3D/Pytorch

Primarily used for medical image segmentation and 3D object
detection.

2. Resnet50/Tensorflow
Widely used for image classification and feature extraction tasks.

3. Cosmoflow/Tensorflow
Analyzing large-scale structure data and simulations
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Hybrid 1/0

« Combines the functionalities of buffered I/O and direct
1/O.

 Following tunes which 1/O to perform
* hybrid 1o read threshold bytes
* hybrid io write threshold bytes
* Preliminary Assumptions

« Random reads
« Application caching
« Cache Thrashing

e GDS Direct I/O
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1/0O Profile



Unet3D

Bpf trace profile



Unet3D Epoch 1 plots

Time

1e8 2D Offset vs. time_enter for /mnt/kjlmo13/mirajeev/unet3d_data/train/img_00057_of 17500.npz (read) 1le8 Read Size vs. Time for /mnt/kjlmol3/mirajeev/unet3d_data/train/img_00057_of 17500.npz (read)
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Unet3D Epoch 1 continues
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File Descriptor (FD}
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2D Offset vs. time_enter for /mnt/kjimol3/mirajeev/unet3d_data/trainfimg_00463_of_17500.npz (read)

1e8 Read Size vs. Time for /mnt/kjimol3/mirajeev/unet3d_data/train/img_00463_of_17500.npz (read)
Legend Legend
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Unet3D Epoch 5 plots

Time

File Descriptor (FD)

leg 2D Offset vs. time_enter for /mnt/kjlmol3/mirajeev/unet3d_data/train/img_00057_of 17500.npz (read) 1le9 Read Size vs. Time for /mnt/kjimol3/mirajeev/unet3d_data/train/img_00057_of 17500.npz (read)
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Unet3D Epoch 5 continue
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File Descriptor (FD}

1e9

2D Offset vs. time_enter for /mnt/kjlmol3/mirajeev/unet3d_data/train/img_00227_of_17500.npz (read)

le9

Read Size vs. Time for /mnt/kjimol3/mirajeev/unet3d_data/train/img_00227_of_17500.npz (read)
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ResNet50

Darshan

Bpf trace profile



ResNet Darshan

python3 (3/21/2025) 1of3

python3 (3/21/2025) 1of3

| jobid: 1960735 [uid: 121685592 [ mprocs: 1 runtime:  380.1681 seconds

1/0 performance estimate (at the POSIX layer): transferred 69821.1 MiB ax 128.33 MiB/s
1/0 performance estimate (at the STDIO layer): wansferred 0.0 MiB at 25.51 MiB/s
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| jobid: 1960736 [uid: 121685592 | nprocs: 1 runtime:  380.1677 seconds

1/0 performance estimate (at the POSIX layer): transferred 69821.1 MiB at 110.94 MiB/s
1/0 performance estimate (at the STDIO layer): wransferred 0.0 MiB at 27.94 MiB/s

(POSIX or MPL10)

(estimated by POSIX /0 access offsets)

e e e e T T
total ope
262044 | 79040 read-only files 512 | 137MiB | 137MiB
POSIX 124573 512 write-only files 1| 282ZKiB & 282KiB
179 435 read/write files 0 [i] 0
created files 1| 282KiB | 282KiB
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(POSIX or MPI-10) number of files | avg. size | max size
access size : al m 515 1:3]&[[5 13?N;I.B
total ape
262044 | 279040 read-only files S11| 137MiB | 137MiB
POSIX 124573 512 write-only files 1| 279KiB | 279KiB
179 read/write files [i] [i] [i]
created files 1| 279KiB | 279KiB

sy clic benchmark; dli. benchmark/ main.fy —config Rath = Mo mirajeey/ starage/storage conf workland =resnitS) b 00
+* + 4wkl Trse

+ + warkload dataser dnu_falder-fnmvkﬂlmlwmwmmewn.dm 4 4 workload workflow profiling = False
++workload profiling profiler=none + +Bydra owtput subdir=—canfigs ++hydra.num. dir=/mat/kjlma 13 mirgjeey rasnet S0 B100
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b clic benchimark dli. beachmark/ main. oy —config ath = Mo miajeey/starage/sorage conf workland =resnetS)- 100
* + 4 work)

Trse
+ +warklnad dataset data folder=/m/kj mesnaLs .dar,a worklpad workdl Li I
++workload profiling profiler=nene + +hydra output_subdir= mnﬁg; ++hydra.nun.dir=/mat/kilmo1 3 /mirsjsev,/resnets0_h100




ResNet Darshan continue

POSIX I/O Pattern
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Total mmmmm  Consecutive
Sequential m——

sequential: An I/O op issued at an offset greater than where the previous I/0 op ended.



ResNet Epoch 1

169 2D Offset vs. time_enter for 1 50_¢ _0225_of_4790.tfre (pread64) 169 Read Size vs. Time for 1 50_¢ _0225_of_4790.tfre (pread64)
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ResNet Epoch1l continue

Time
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File Descriptor (FD)
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169 2D Offset vs. time_enter for 1 50_ _0144_of_4790.tfre (pread64) 1e9 Read Size vs. Time for 1 50_ _0144_of_4790.tfre (pread6d)
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ResNet Epoch5

Time

File Descriptor (FD)
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169 2D Offset vs. time_enter for 1 1et50_ _0400_of_4790.tfre (pread64) 169 Read Size vs. Time for 1 50_¢ _0400_of_4790.tfre (pread64)
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ResNet Epoch 5 continue

Time

File Descriptor (FD}
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leg 2D Offset vs. time_enter for /mnt/kjimol. | 50_i img_0288_of_4790.tfre (pread64) 1e9 Read Size vs. Time for /mnt/kjimol3/mirajeev/resnet50_data/train/img_0288_of_4790.tfre (pread64)
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CosmoFlow

Darshan

Bpftrace



CosmoFlow darshan profile

python3 (3/21/2025)

| jobid: 1962245 | uid: 121685592 | nproes: 1 runtime: 133.1323 seconds

140 performance estimate (at the POSIX layer): transferred 82950 MIB ar 212.94 MiB/s
/0 performance estimate (at the STDIO layer): transferred 0.0 MiB at 25.51 MiB/s
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File Count Summary

Most Cammon Accest Sipes (estimated by POSIX 1/0 access offsets)

python3 (3/21,/2025) 2of4

(POSIX o g_mfmu.n: type | number of files | ave. size | max size

total opened 1024 | 2.7MiB | 4.3MiB

262};: 3;;:’; read-only files 1021 | 2.7MiB | 2.9MiB

POSIX 176 | 10797 ‘write-only files 1| 43MiB | 4.3MiB

177 | 2612 read/write files 0 1] 1]

created files 1| 4.3MiB | 4.3MiB

‘pythom? dlio berchmark/dli - wai,py —config path =/ b injece/s ni v fow H100
++worklon ok il i
-+ + worldoad daraser.data_folder=/mne/kilme 13/ mira) flow data + +warklosd warkflow profilig =Fal

+ +warkload prafiling profiler =nane ++hydra.catpus + +bydra rurs il 13 miraj nigo

| jobid: 1962246 [ uid: 121685592 [ nproes: 1 runtime: 133.1322 seconds

1/0 performance estimate {at the POSIX layer): transferred 8376.6 MiB at 217.84 MiB/s
140 performance estimate (at the STDIO layer): transferred 0.0 MiB at 20.95 MiB/s
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File Count Summary

Moet Common Aecess Sizes (estimated by POSIX 1/0 access offsets)

(POSIX or MPIIO)

acress size | count type | number of files | avg. size | max size

total opened 1024 | 27MiB | 4.3MiB

262};: gé:g; read-only files 1021 | 27MiB | Z.9MIB

POSIX 178 | 10735 write-only files 1 4.3MiB = 4.3MIB

177 | 2587 read/write files 0 0 [i]

created files 1| 43MiB | 4.3MiB
thom dl o benchanarh 2 —canfiz path=/h 10D

++worklond. data=Talse Toad.
+ 4 workdoad dataset da dats 4+ workload.

+-+warkload.profli ++hydra.cutp i + +Eydra_run dir=/mnt/lme 13,/miraj nite




I/O Read Pattern
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POSIX I/O Pattern

[ [
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Total mmmsm  Consecutive ===
Sequential m—

sequential: An I/0 op issued at an offset greater than where the previous /O op ended.
consecutive: An I/0 op issued at the offset immediately following the end of the previous I/0 op.

Variance in Shared Files (POSIX and STDIO)

File
Suffix

Processes

Fastest Slowest o

Rank|

Time | Bytes | Rank | Time | Bytes | Time | Bytes




CosmoFlow Epochl
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File Descriptor (FD)

leg 2D Offset vs. time_enter for /mnt/kjimo13/miraj osmoflow_t img_042795_of_242954 (pread64) 1e9 Read Size vs. Time for /mnt/kjimol3/mirajeev/cosmoflow_data/trainfimg_042795_of_242954 (pread64)
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CosmoFlow Epochl continue
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leg 2D Offset vs. time_enter for /mnt/kjimo13/miraj osmoflow_t img_002069_of_242954 (pread64) 1e9 Read Size vs. Time for /mnt/kjimol3/mirajeev/cosmoflow_data/train/img_002069_of_242954 (pread64)
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CosmoFlow Epoch5

leg 2D Offset vs. time_enter for /mnt/kjlmo13/mirajeev/cosmoflow_data/train/img_005615_of 242954 (pread64)

20 ) Read Size vs. Time for /mnt/kjlmol3/mirajeev/cosmoflow_data/train/img_005615_of 242954 (pread64)
Legend Legend
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CosmoFlow Epoch5 continue

Time
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IO Profile Inferences

UNet 3D
Read size: 4MB
Sequential & consecutive
/O intensive (larger read size compared to others)



IO Profile Inferences Continue

ResNet50
Read size: 256K
Sequential & consecutive

CosmoFlow
Read size: 256K
Sequential & consecutive

|O Burst

E—



Unet3d hybrid off

[METRIC] ======================ss====S=S==SS=SS=SSSSSS=SSSs===========
[METRIC] Number of Simulated Accelerators: 2

[METRIC] Training Accelerator Utilization [AU] (%): 91.6906 (0.0000)

[METRIC] Training Throughput (samples/second): 35.4613 (0.0000)

[METRIC] Training I/0 Throughput (MB/second): 4957.8110 (0.0000)

[METRIC] train_au_meet_expectation: success



Unet3d hybrid on

[INFO] Averaged metric over all epochs

[METRIC] ============================S====S==S===S==S==S=S=S============
[METRIC] Number of Simulated Accelerators: 2

[METRIC] Training Accelerator Utilization [AU] (%): 34.9955 (0.0000)

[METRIC] Training Throughput (samples/second): 14.2703 (0.0000)

[METRIC] Training I/O Throughput (MB/second): 1995.1266 (0.0000)

[METRIC] train_au_meet_expectation: fail



Resnet hybrid off

[M ETR'C] -+ttt
[METRIC] Number of Simulated Accelerators: 4

[METRIC] Training Accelerator Utilization [AU] (%): 92.8829 (0.0000)

[METRIC] Training Throughput (samples/second): 6632.4851 (0.0000)

[METRIC] Training I/0 Throughput (MB/second): 725.2514 (0.0000)

[METRIC] train_au_meet_expectation: success

[METRIC]



Resnet hybrid on

[M ETR'C] =SS SSSSSSSS oSS SIS S SSSSSS=S============
[METRIC] Number of Simulated Accelerators: 4

[METRIC] Training Accelerator Utilization [AU] (%): 92.6233 (0.0000)

[METRIC] Training Throughput (samples/second): 6613.6918 (0.0000)

[METRIC] Training 1/0 Throughput (MB/second): 723.1964 (0.0000)

[METRIC] train_au_meet_expectation: success

[M ETR|C] S



Cosmoflow hybrid off

[M ETR'C] SR T T 155 5 T T T T T T T 5
[METRIC] Number of Simulated Accelerators: 2

[METRIC] Training Accelerator Utilization [AU] (%): 88.6635 (0.1147)

[METRIC] Training Throughput (samples/second): 504.6917 (2.4233)

[METRIC] Training 1/0 Throughput (MB/second): 1361.3829 (6.5368)

[METRIC] train_au_meet_expectation: success



Cosmoflow hybrid on

[M ETR'C] SR T T 155 5 T T T T T T T 5
[METRIC] Number of Simulated Accelerators: 2

[METRIC] Training Accelerator Utilization [AU] (%): 88.4566 (0.1159)

[METRIC] Training Throughput (samples/second): 503.4359 (1.6254)

[METRIC] Training I/0 Throughput (MB/second): 1357.9954 (4.3844)

[METRIC] train_au_meet_expectation: success



Tuning

 Readahead will mostly help as the workload is sequential
* Testing was conducted on non-FOLIO systems
 Observed multiple misses in read ahead

 Size of read is same



Moving Forward

 Read ahead optimization

* Can fast path be improved for Al workload
* Will FOLIO changes help

* |0 Burst how we can handle it efficiently



Inference

* Hybrid I/O (DIO/BIO) performs similarly on CosmoFlow

and ResNet.
 BIO performance can be further improved with optimized

readahead tuning.



Thank You

Rajeev Mishra
rajeevm@ hpe.com

© 2025 Hewlett Packard Enterprise Development LP
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