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Expensive

Price /
Volume

Cheep

Volatile Memory

Persistent Storage (Non-Volatile)

~t" *1)

Storage Class Memory

SSD

HDD

Low

Latency

High

*1: https://www.jlug.info/ files/ugd/8d1181 f4c8a5e4774940d09674d175de5def4b.pdf

*2: https://docs.aws.amazon.com/ja_jp/fsx/latest/LustreGuide/exporting-files-hsm.html 5
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Lustre Filesystem

* Open Source Parallel File System
GPLv2 License, POSIXE #
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https://www.lustre.orqg/

https://wiki.lustre.org/Main Page

https://www.opensfs.org/events/lug-2022/
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Lustre Persistent Client Cache O)nTT

Lustre Client Software 2.14h\pY— A& =1 EE
Lustre Client ToolTLocal®Cache DeviceZiE& /N

Lustre £ COT74 U T BB BB TIEA | Cllent VFS Interface |
Linux E TR A 3T /)\1 ATHNIEFI A AT 8k |_Cachel0
- Read-Write/Read-onlyM22MDE—F e Ns\'s“_ﬂ)iE
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» 5 systems of top 10 (of TOP 500) workload manager

2020, June Statistics
https://sc20.supercomputing.org/proceedings/bof/bof pages/bof102.html
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Slurm Burst Buffer Lua Plugin O)nTT

» Generic Burst Buffer Interface for Slurm Workload Manager

» Since Slurm Workload Manager 21.08 (https://slurm.schedmd.com/burst_buffer.html)

« AdminfitJob StateF(CAIEBZIEA T ENTEZEMH
*  Prolog/Epilog&D/iLMJob StateZzHik— b

Slurm Client
(e.g. sbatch)

Slurm Controller Node

to slurmctld

A

»” Slurm Job @
1. add new job
job queue

2. pending job

found

3. call

slurm_bb_data_in

burst_buffer.lua

A\ 4

4. do custom
script for data in

example: slurm_bb_data_in

Job State burst_buffer.lua function

Job submission slurm_bb_job_process
Job pending slurm_bb_data_in

Job allocated resources not running yet slurm_bb_pre_run

Job finished, completing state slurm_bb_data_out

Job completed slurm_bb_teardown

http_s://voutu.be/q5i5meDDPbA
https://slurm.schedmd.com/SLUG21/burst _buffer lua.pdf
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Ifsccm: Burst Buffer Lua for Lustre O)nTT

» Ifsccm: Lustre File System Client Cache Manager
*  https://github.com/DDNStorage/lfsccm

« OSSIJYATL

«  Slurm Controller NodeA Ifsccm /Sy —J% 4 VA M= TBETTHEZD
o Fovianit#EHELustre @ Persistent Client Cache (*1) ##DEZF|FH

o Slurm&flizsyntaxME&E 771 )b

Slurm Controller Node

| slurm.conf

| burst_buffer.conf |

slurmetld >

burst_buffer.lua

Ifsccm

Ifsccm package

Ifsccm.conf

Install:
pip install Ifsccm

Ifsccm.conf:
NodeName=<compute_node> rwid=<cache id> roid=<cache id>

*1: https://doc.lustre.org/lustre manual.xhtml#pcc
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Ifsccm: How to Use O)nTT

*  Slurm®Batch AJ')7 M “#PCC” T4ALDITATTERTE Ml

¥ main v  Ifsccm / lustre-vm / sample_jobs / fetch.sh Go to file

bloodeagle40234 Add Ifsccm project files Latest commit bcb75cd on Sep 9 O History

A 1 contributor

5 lines (4 sloc) 110 Bytes Raw Blame g 3

Ch

#!/bin/bash
#PCC --path=/mnt/lustre/sample ——-mode=rw

cat /mnt/lustre/sample

1
2
3
4
5 1fs pcc state /mnt/lustre/sample

https://qgithub.com/DDNStorage/lfsccm/blob/main/lustre-vm/sample jobs/fetch.sh
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Ifsccm: How it works

NTT

Slurm Burst Buffer® slurm_bb_data_in @343V T LustreDPCCZ{F>7zprefetchz i

Slurm Controller Node

| slurm.conf |

| burst_buffer.conf |

Slurm Compute Node

<s|urmctld

¢ slurm_bb_data_in

burst_buffer.lua

v

lfsccm

> slurmd ﬁ

Slurm Job1 /

‘7/

Slurm Job2

#PCC --path=/mnt/lustre/sample.txt /

Ifs pcc attach (via ssh)

T

| Ifsccm.conf |

/mnt/lustre (lustre mount point)

] S| S

Lustre File System (2.14>)
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Performance Summary: Lustre®IO

NYFI—D: Large Scale GANDFE

Lustre Traffic (Ifsccm ON) ‘data i 084 IV TAEREFE P9 Y171 IAD Y=Yl — khige

v Network Stats

Management Network Trafs Infiniband Traffic (RX - Infiniband Traffic (TX - %{5)
4MB/s
3MB/s
2MB/s
1MB/s

- L 1 08B/s La - | 0 B/s Attt et s pemm e R e T T R I TR T R T T TR
01/06 12:00 01/07 00:00 01/08 00:00 01/08 1200 01/05 1200 01/06 00:00 01/06 1200 01/07 00:00 01/07 12:00 01/08 00:00 01/08 12:00 01/05 1200 01/06 00:00 01/06 1200 01/07 00:00 01/07 1200 01/08 00:00 01/08 124

— mx50 — mix51 — mk50 — mix5_1

Management Network Traffic Infiniband Traffic (RX - Infiniband Traffic (TX - ;

L)J w /J\* : 3MB/s
WV W “U'” ‘m r 2MB/s
‘ \

12/240000  12/241200  12/250000  12/251200  12/2600:00  12/2612:00 12/240000  12/2412:00 : 12/240000 1 2/2512 12/26 00:00

— mx50 — mix51 — mk50 — mixs1
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Ifsccm: FIEEIE

- FIATEIFHRHAEZEETE— FhLustredN—IaVICIKkTF
Lustre 2.140F S TIEIRWE— FOH EHR—
ROE— RidLustre 2.160DY)— &4
Ifsccm (& Lustre®Development Branch% | UCRO/RWDE A&7 A MEH

« Invalid Configlcxt 9 3 {R-FRITG Z &)
Slurm BB Plugin®#ll#3CWarningtd AL CEITZHF R THLOB/ENNTERG L
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Ifsccm: Demo and Testing

Demo/Testing

https://github.com/DDNStorage/lfsccm/blob/main/demo.sh

Slurm/Lustre/lfsccmZztzy k7Y 79 BAll-In-OneDVMIRE

)

VM®FI AICLima (https:/github.com/lima-vm/lima) H'iAE

‘demo.sh® MY FCIRIBIEETBE

)

)

)

lustre-vm/lustre.yaml| # lima project file for VM
lustre-vm/lustre/* # Lustre setup scripts
lustre-vm/slurm/* # Slurm and BB lua for lustre setup scripts

demolREHERL

s tre
o s W |

%2 CentOS

A

Lima —
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Ifsccm: Demo @ NTT

Slurm User Group 2022:
https://www.youtube.com/watch?v=jyUQ33GTnnE

yukimura:1fscem tsuyuzaki$ limactl shell lustre sinfo
PARTITION AVAIL TIMELIMIT NODES STATE NODELIST
debug* up infinite 1 idle lima-lustre
yukimura:1fscem tsuyuzaki$ limactl shell lustre scontrol show node=lima-lustre
NodeName=1ima-lustre Arch=x86_64 CoresPerSocket=4
CPUALloc=@ CPUTot=4 CPULoad=0.00
AvailableFeatures=(null)
ActiveFeatures=(null)
Gres=(null)
NodeAddr=1ima-lustre NodeHostName=lima-lustre Version=21.08.8-2
O0S=Linux 4.18.0-240.1.1.e18_ lustre.x86_64 #1 SMP Fri Feb 19 20:41:01 UTC 2021
RealMemory=1 AllocMem=@ FreeMem=1462 Sockets=1 Boards=1
State=IDLE ThreadsPerCore=1 TmpDisk=0 Weight=1 Owner=N/A MCS_label=N/A
Partitions=debug
BootTime=2022-09-12701:38:36 SlurmdStartTime=2022-09-12T06:13:44
LastBusyTime=2022-09-127T06:13:54
CFGTRES=cpu=4 ,mem=1M,billing=4
AL1oCTRES=
CapWMatts=n/a
CurrentWatts=0 AveWatts-@
ExtSensorsloules=n/s ExtSensorsWatts«@ ExtSensorsTemp=n/s

yukimura:1fscem tsuyuzaki$ limactl shell lustre lctl lustre_build_version
Lustre version: 2.14.0

yukimura:1fscem tsuyuzaki$ cat lustre-vm/sample_jobs/fetch.sh
#!/bin/bash

#PCC --pathe/mnt/lustre/sample --mode=rw

cat /mnt/lustre/sample
1fs pcc state /mnt/lustre/sample
yukimura:1fscem tsuyuzaki$ limactl shell lustre bash -c "sbatch -0 ~/result lustre-vm/sample_jobs/fetch.sh"
Submitted batch job 22
yukimura:1fscem tsuyuzaki$ limactl shell lustre squeue
JOBID PARTITION NAME USER ST TIME NODES NODELIST(REASON)
yukimura:1fscem tsuyuzaki$ limactl shell lustre bash -c¢ "cat ~/result”
hello burst buffer
file: /mnt/lustre/sample, type: readwrite, PCC file: /0001/0000/0401/0000/0002/0000/0x200000401:0x1:0x0, user number: @, flags: @
yukimura:1fscem tsuyuzaki$
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Lustre Writeback Cache

Lustre®Namespace TreeD—ER%Clientf@|[cFvya

Lustre 2.17 (2024 Q1) 3—45'wk
« LAD 22 Community Updates(*1)&D

Integration® DS ARERET A EICONTHERETH

paper: MetaWBC: POSIX-Compliant Metadata Write-Back Caching for Distributed File Systems
Yingjin Qian, et al.

develop: https://jira.whamcloud.com/browse/LU-10938

*1: https://www.eofs.eu/_media/events/lad22/1.1-community release update.pdf

T7MIDKEEZEEFAHFETEMDSADTHEANDZ N\T—HO— RO E

Client VFS Interface

\
1 Read/Write Operation from/to MemFS

Lustre Client
MemFS
» |(DRAM) A
2N
HEEN(N
| Netwdfk Switch

Lustre Cluster

Flush asyncnously

MDS

.
=> “
‘ A
’ N
-~
~ o~

| _Cache to local MemFS
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E-mail:

Kota Tsuyuzaki (kota.tsuyuzaki.pc@hco.ntt.co.jp)
Repository:
https://github.com/DDNStorage/lfsccm
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