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Why DAOS

• DAOS is a major file system in Aurora : 
1024 DAOS Nodes, 230 PB, >25 TB/s

• Open-source software-defined object store 

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

• DAOS presents a unified storage model with a 
native Key-array Value storage interface – 
POSIX, MPIO, HDF5 etc

• Storage and retrieval of objects in a 
distributed, parallel, and asynchronous 
manner.

• Advanced data protection, self-healing, 
redundancy, versioning, distribution and fine-
grained data control.
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Filesystems on Aurora

• Flare is a 91 PB Lustre Filesystem with 
160 OSTs, 40 MDTs, and 48 Gateway 
nodes mounted at /lus/flare/projects/ with a 
peak theoretical performance of 650 GB/s. 

 You should launch jobs only from this Flare space.

• Home is a 12 PB Gecko Lustre Filesystem 
with 32 OSTs and 12 MDTs.

DAOS Lustre

230 PB

daos_user 128 server cluster

daos_perf 128 server cluster
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Network Architecture – slingshot fabric - Dragonfly
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• Efficient for unstructured data

• Efficient for accessing small data.

• High bandwidth, low latency, and IOPS 

• No read-modify-write on I/O path (use versioning)

• No locking

• No client tracking or client recovery

• No centralized (meta)data server

• No global object table

DAOS Ecosystem and Design Fundamentals
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Object Stores

• Object Stores can unlock previously expensive I/O patterns

• Supports different creation, querying, analysis, and use 
patterns

• Data retrieval leverages metadata - Build structure on the fly

• Weather/climate - Simulation (data generation) only one part 
Consumption workloads different layout/pattern from 
production. 

• Radio astronomy- Data collected and stored by antenna 
(frequency and location) and capture time. Reconstruction of 
images done in time order.

• Evaluation of transients or other phenomenon undertaken 
across frequency and location.
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1024 Total DAOS Servers

Each node will run 2 DAOS engines 
2048 DAOS engines, 32 targets 

Intel Coyote Pass System
(2)    Xeon 5320 CPU (Ice Lake)

(16)  32GB DDR4 DIMMs
(16)  512GB Intel Optane Persistent Memory 200 
(16)  15.3TB Samsung PM1733

(2) HPE Slingshot NICs

 (25 ~ 20) GB/s X 2 NICs = 40GB/s

A single Aurora compute node
8 NICs, 52 cores per socket, 2 sockets

25GB/s X 8 NICs = 200 GB/s

A single DAOS storage node
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Recommended NIC binding for 12 PPN

CPU_BINDING1=list:4:9:14:19:20:25:56:61:66:71:74:79
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DAOS Pool Allocation

• DAOS Overview

• The first step in using DAOS is to get DAOS POOL space allocated for your project. Users should 
submit a request as noted below to have a DAOS pool created for your project.

DAOS pool is a physically allocated dedicated storage space for your project.

Email support@alcf.anl.gov to request a DAOS pool with the following information:

• Project Name

• ALCF User Names

• Total Space requested (typically 100 TBs++)

• Justification

• Preferred pool name
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Step 1/5 : Module load daos

$ module use /soft/modulefiles 

$ module load daos
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Step 2/5 : Verify your pool

Physically allocated dedicated 

storage for your project. 

kaushikvelusamy@aurora-uan-0010:/gecko/Aurora_deployment> daos pool query datascience

Pool 0477964f-3d74-4053-ba42-ac0c0f9feb95, ntarget=640, disabled=144, leader=14, 

version=282

Pool space info:

- Target(VOS) count:496

- Storage tier 0 (SCM):

  Total size: 2.3 TB

  Free: 1.2 TB, min:2.5 GB, max:2.5 GB, mean:2.5 GB

- Storage tier 1 (NVMe):

  Total size: 75 TB

  Free: 75 TB, min:151 GB, max:152 GB, mean:151 GB

Rebuild busy, 81 objs, 6798049280 recs
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Step 3/5 : Create your container

• A pool contains thousands of containers

• Basic unit of storage from user perspective

$ DAOS_POOL_NAME =datascience

$ DAOS_CONT_NAME =LLM-GPT-1T

$ daos container create --type POSIX ${DAOS_POOL_NAME}  ${DAOS_CONT_NAME} 

     --properties=cksum:crc32,srv_cksum:on,rd_fac:2

  Container UUID : 59747044-016b-41be-bb2b-22693333a380

  Container Label: LLM-GPT-1T

  Container Type : POSIX

Successfully created container 59747044-016b-41be-bb2b-22693333a380

daos container query     $DAOS_POOL_NAME  $DAOS_CONT_NAME 

daos container get-prop  $DAOS_POOL_NAME  $DAOS_CONT_NAME 

daos container list      $DAOS_POOL_NAME  $DAOS_CONT_NAME 

daos pool    autotest    $DAOS_POOL_NAME 

daos container destroy   $DAOS_POOL_NAME  $DAOS_CONT_NAME 

daos container check --pool=$DAOS_POOL_NAME --cont=$DAOS_CONT_NAME 
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Step 4/5: Mouting your DAOS container

Interacting with DAOS ( Login Vs Compute nodes) 

From login node  

• mkdir –p /tmp/${USER}/${DAOS_POOL}/${DAOS_CONT}

• start-dfuse.sh -m /tmp/${USER}/${DAOS_POOL}/${DAOS_CONT} --pool ${DAOS_POOL} --cont ${DAOS_CONT} 

• clean-dfuse.sh  ${DAOS_POOL_NAME}:${DAOS_CONT_NAME}

• fusermount3 -u /tmp/${USER}/${DAOS_POOL}/${DAOS_CONT}

From compute node

• launched using pdsh/clush on all compute nodes mounted at: /tmp/${DAOS_POOL}/${DAOS_CONT}

• launch-dfuse.sh ${DAOS_POOL}:${DAOS_CONT}

• clean-dfuse.sh  ${DAOS_POOL}:${DAOS_CONT}

Validation

• mount | grep dfuse 

• ls /tmp/${DAOS_POOL}/${DAOS_CONT}/
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mpiexec                                            # no interception

mpiexec --env LD_PRELOAD=/usr/lib64/libioil.so     # only data is intercepted

mpiexec --env LD_PRELOAD=/usr/lib64/libpil4dfs.so  # preferred - both metadata 

and data is intercepted. This provides close to DFS mode performance.

Step 5/5 : Interception library for POSIX mode
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Types of DAOS containers and interfaces

A. Posix Interface 

>ls /tmp/datascience/kaushik_resnet_dataset_cont/

train-data/ test-data/ val-data/

MPIIO and HDF5 users can directly use this interface. 

B. DFS interface 

Do not pass the full dfuse path /tmp/poolname/containername, 
directly start with / and the file or sub dir past /tmp/poolname/containername

/myfile

C. Python PyDAOS interface 

import pydaos

import torch as sys_torch

from pydaos.daos_torch import Dataset as DaosDataset

from pydaos.daos_torch import Checkpoint as DaosCheckpoint

from io import BytesIO
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Job Submission

Job submission without DAOS:

qsub -l select=1 -l walltime=01:00:00 -A <ProjectName> -k doe -l 

filesystems=flare -q debug ./pbs_script1.sh

Job submission with DAOS:

qsub -l select=1 -l walltime=01:00:00 -A <ProjectName> -k doe -l 

filesystems=flare:daos_user -l daos=daos_user -q debug ./pbs_script1.sh

# replace `./pbs_script1.sh` with `-I` for an interactive job
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Recent results from Hardware Accelerated Cosmology 
Code (HACC)

HACC achieved Lustre peak theoretical max 600GB/s

NUM_OF_NODES=512  TOTAL_NUM_RANKS=6144  RANKS_PER_NODE=12 RecordSize = 38 NpTotal = 646736283406 (646736.283406 million particles)

24575978769428 bytes uncompressed data (24,575,978.769428 MB)

Wrote 9 variables to ./lustre_out_712762.aurora-pbs-

0001.hostmgmt.cm.aurora.alcf.anl.gov_512/lus_pos_test_kaus_1_ (24575980196884 bytes) in 

39.2264s: 597492 MB/s

HACC achieved 5.2 TB/s with DAOS, which is close to IOR peak for daos_user 128 server 

cluster Max Write: 5723194.84 MB/s

Wrote 9 variables to to /tmp/datascience/1_fSX_dS1_rd_fac_0/daos_pos_test_kaus_1_ 

(26560000168392 bytes) in pure_io_time 4.81287s: 5262890 MB/s

    Lustre :   597 492 MB/s

    DAOS   : 5 262 890 MB/s
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Reference

• https://docs.alcf.anl.gov/aurora/data-management/daos/daos-overview/
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