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[Abstract]

The required performance of user applications is becoming higher and more complex as Al-driven research such as machine
learning(ML), deep learning(DL) is applied. In particular, Al-based system configurations are increasingly dependent on
heterogeneous architectures such as GPUs that use thousands of arithmetic logic units(ALUs) specialized in parallel processing
operations from traditional CPU architectures. As a heterogeneous computing environment that supports high-performance
computation by abstracting various computing devices into HPC, the requirements for processing large amounts of various patterns
of data I/O are also increasing.

This paper presents the characteristics and technologies for parallel I/O processing of storage required when performing
applications by various users in HPC. This analyzes the various patterns of I/O requirements required in recent HPC, Al-based
studies. In addition, the optimal configuration for high-throughput, Random Small I/O data processing is applied to the parallel file
system, and its performance is verified. Furthermore, verify the function and performance by configuring tiering storage that can
systematically use high-speed storage media according to I/O patterns. The results of this research can be used as a case study
for the deployment of high-performance storage and parallel file systems that have recently been deployed at various sites.
Furthermore, future work will require performance validation with increased scalability.
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Table 1. Defining directory properties according to DNE
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[ DNE configurations ]

# Ifs getdirstripe noDNE_cpool/

Imv_stripe_count:0 Imv_stripe_offset:0 Imv_hash_type: none
# Ifs mkdir --mdt-count 2 -D ./DNE_hpool/

# Ifs getdirstripe DNE_cpool/

Imv_stripe_count:2 Imv_stripe_offset:1 Imv_hash_type: fnv_la 64

mdtidx FID[seq:oid:ver]
1 [0x2400163ca:0x1354a:0x0]
0 [0x200074b9f:0x13548:0x0]
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Fig. 5. Data striping by DNE and DoM configuration

1
.

o|HE = shtel tHy
Hetdo] 8] 435S Hlalst3iT.

3 29} o] MPIE ©]8-8te] 7t Z=A|Avit} 2GB 9
< sk I0R & 3¢] WEolE S8l 1,000709] vd=
A gsto] vEtE|olE Ades S748ks MDTEST WAvi=l&
sl 17 63} 7oA Hizo] vl MDTell Hlske] of
A (MiB/s)¥ WELE|olEJ(I0PS) sl &dds a0

% gk

B Flm TAse] B

# 2. IOR Hix|Ol 3 M
Table 2. IOR benchmark option

# mpirun ior -a MPIIO -b 2G -0 DNE_dir -t Im -w -r -F

# 3. MDTEST H#ix|oj3 34
Table 3. MDTEST benchmark option

# mpirun mdtest -d DNE_dir -n 1000 -F -T -E -C r

2,500
223218 219519
206273

2,000

. 1785.87 1793.92
1,500
1,000

500

1moT
2node(32ps) 4nodeifips)
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Fig. 6. Bandwidth scaling performance according to DNE
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¥ 4. PFLE =& E2K(Striping) M&
Table 4. Dynamic striping configuration for PFL

File size (FS) Stripe—count Stripe-size
FS < 4MB 1 MB
4MB < FS = 512MB 2 MB
512MB < FS = 1GB 4 T™MB
1G < FS =10GB 8 T™MB
10G< FS =100G 16 T™MB
FS > 100G 32 MB

3) Data on Metdata (DoM) A5 AF

Lustres= A4 o2 22 91l o] 1/0 22 Azl F kst

t}. DoM2 wletdo] ol 2k shdS A3 A3ste] 1/0 43
e A s
Z(MDT)# st Ato] =& A1 te] DoMS A7 gt
# 62 DoM 35 545 913 IOR WA= WHolz
59] A7l A9} o] data_dom TIEE|E]o] Alo]=7} 64KB
ojste] FAEL HetelolElo] A7 o] [/O7F LAYt 1
9 109] Ag2 EEARO|= 1KB2 1,000KB Ale]=9] w1
S5 64700 ZEAMCNA BAdeto] FERITy riHew
22 EEALo]=(1KB) ] 3t Eo] B2 7% wEtHo]Hol
A Al ¥ w8 s 2 dck
# 5. DoM M% 3! CloEz|] £4
Table 5. DoM configuration and directory properties

7IReltk. & 58t ol wgtdolE B

[ DoM Configuration 1]

Sifs setstripe -E 64K -L mdt

-E -1 —stripe-count=4 —stripe-size=IM IOR_dom

$ Ifs getstripe -d IOR_dom  // DoM is set

stripe_count:0 stripe_size:65536 pattern: mdt stripe_offset:-1
stripe_count:0 stripe_size:1048576 pattern: raid0 stripe_offset:-1
$ Ifs getstripe -d IOR_data // DoM not set

stripe_count:1 stripe_size:1048576 pattern:0 stripe_offset: -1

E 6. IOR HIxot3 & M
Table 6. IOR benchmark options and execution

# mpirun ior -a MPIO -o data_dom -b [1,1000k] -t
[1k,100k] -d 10 -C -Q 25 -e -w r -k -F < 1

3,600 143156

1,500

1029 43 977.47

- 609.58
500
0.65 ki I
|
L Do

DoM

=} 5] r
Gl owin s b
)
ha
S
®
-

noDom
BlockSTe{1K) BlockSze{1,000K)

mMaxWrite(M B/ s=c) MaxRead (M B/sec] | MaxWrite{M By sec) MaxRead(M B /==c)

38 10. DoM 740l e = &5 Bl
Fig. 10. Bandwidth performance comparison according to
DoM configuration
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Fig. 11. Tiered storage configuration using Nurion burst
buffer

B 7. ASE AERX|Q XS HA HY M

Table 7. Auto staging configuration for tiering storage

# Ifs setstripe -E 1G -¢ 1 -p ddn_ssd --comp-flags=prefer

-E 16G -c 4 -E eof -c 40 -p ddn_hdd /scratch

OPEN min-age
o— |0

File Created

CLOSE

No I/0 » File Timeline

File Cooled Off

Hot Pool

lamigo replicates files at min-age:
Ifs mirror extend-N-p<cool pool>

Admin replicates files on demand:
stratagem_mirror -p <pool> file> [<file> .|

. * —> File Timeline

File Replicated File Got Hot Again

a8 12. 522 Burst Buffers &3t A58 AE2|X| 74
Fig. 12. Tiered storage configuration using Nurion burst
buffer
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