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About GWDG GWDG

Gesellschaft fiir wissenschaftliche
Datenverarbeitung mbH Géttingen

m GWDG provides HPC services on national level in Germany

- National supercomputing center within NHR alliance
NHR-Nord@Gottingen
- One of four national Al service centers (KISSKI)
- HPC service center for research organizations DLR, MPG, UGG, ...
~+» 2000+ nodes, heterogeneous landscape

m Our focus: Security and availability - performance second
m Central and compute island specific storage
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Hardware Landscape - Technology at GWDG ¢.GWDG

Storage
m Lustre (Highest performance, cluster specific)
m VastData Storage (HOME, some Al applications, central)
m Ceph (Warm storage, capacity, central)
m BeeGFS (Tier 3)

m Being phased out

- StorNext (Tier 3 HOME and warm storage)
- GPFS (Tier 2 HOME)

Network
®m Omni-Path (mainly CPU nodes)
m Infiniband (mainly GPU nodes)
m Ethernet (smaller clusters, Ceph storage)
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/O analysis use cases in this talk #}WDG

m Discovering application I/O patterns
= Optimizing storage system setup
m Fostering understanding of I/O in teaching and training
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I/O Monitoring: Current GWDG

Gesellschaft fiir wissenschaftliche
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m Monitoring stacks on different systems utilized
- TIG (Telegraph, Influx, Grafana)
- Prometheus + Grafana
m Typical I/O metrics monitored
- Network, e.g.:
* Bandwidth used per second, Errors
e TCP connections
- Storage, e.g. (using Lustre jobstats, BeeGFS userstats or VAST dataflow statistics):
e Metadata OPs (general, per user or job)
* read/writes (general, per user or job)
e read sizes/write sizes (general, per user or job)
e usage/utilization (general, per user or job)
¢ inodes utilization, disk errors

m Data is utilized by admins to identify issues
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I/0O Monitoring: Ongoing Effort GWDG

Gesellschaft fiir wissenschaftliche
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m Monitoring stack unification
- Context: system unification
- Goal: move to one monitoring stack to reduce admin effort

m Extend collected I/O Metrics

- e.g. IP connections BeegFS etc.
- Challenge: impact on system performance to be avoided

m Extend standard metrics collection with IOFS

- provide users with information about application IO behaviour
- utilization for regression tests from user POV

m Add automatic analysis methods
Goals:
m Increase transparency of I/O behaviour of the systems
m Provide analysis tools to admins/users
m Base for 10 optimization/regression testing of the systems
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Ceph Hardware GWDG

G H »n(rvw schaftliche
arbeitung lHGltg

Capacity cluster (Lustre HDD replacement)
m 45 servers, 2x24 Cores Sapphire Rapids, 512 GB memory, 2x25G ethernet
B 45x24x20T=21.6P HDDs, 45x4x7.68T=1.4P NVMEs for WAL+DB and metadata pool
m Erasure coding 8+ 3 for data pools, 3x replication for metadata
m Usage for CephFS and S3
NVME cluster (Central storage)
m 8 server, 2x32 Cores Milan, 512GB memory, 100G ethernet
m 8x20x15T=2.4P NVMEs, 3x replication
m Usage for CephFS, S3 and dCache pool
We contracted Clyso to optimize it, demonstrating the need of system optimization
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Ceph 10500 results

Case Study:
GWDG

November 21, 2024

1080 HDD Ceph Cluster 10500 Score

15.00

10.00

Increases to 33 MDSes

Increase to 17 MDSes

Disable MDS Debugging,

Test Iteration

160 NVMe Ceph Cluster 10500 Score

40.00

30.00

20.00

10.00

0.00

Final Result (EC83)

Final Result (3X)

Test Iteration
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Ceph 10500 results HDD cluster
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¢-GWDG

CLYSO Test1 Test2 Test3 Testd4 Test5 Test6 Test7 Test8 Test9 Test10 Test11 Test12 Test13 Test14 Test15 Test 16
Client Nodes 8 8 8 8 8 8 8 8 8 8 8 8 8 8| 8 8
MPI Ranks 256 256 256 256 256 256 256 256 256 256 256 512 256 256| 256 256
Active MDSes 4 4 4 4 8 9 7 17 7 17 33 33 33 33 33 33
Standby MDSes 2 2 2 2 2 2 2 2 2 2 2 2 2 2| 2 2
Replication 3 3 3 3 3 3 3 3 3 3 3 3 Ec83 £ca| EC83 3x
mdtest-easy Pinning Strategy NARR  NARR  N-1RR RR RR NARR  N-4RR  NARR  NARR  NARR  N4RR  NARR| NARR  NARR| N-1RR N-1RR
Meta PGs 128 2048 2048 2048 2048 2048 2048 2048 2048 2048 2048 2048 2048 2048 2048 2048
Data PGs 512 8192 8192 8192 8192 8192 8192 8192 8192 16384 16384 16384 2048 16384 16384 16384
debug_mds 10 10 default (1) default(1) default (1)  default(1) default (1) default (1)  default (1) default (1)  default (1) ~default (1)| default (1)  default (1)| default (1) default (1)
mds_bal_interval default (10) ~ default (10) default (10) default (10) ~default (10) ~default (10) ~defauit (10) 0 5 5 5 5 5 5| 5 5
CPU Turbo off off off off off off off off off off off off off off on on

% Result Directory 0240004152050 2024090418004 AEAODONDI4T_ 0240008024212 024090504 200H ABAODUSS45 T NCO0ISTH02 N4OROSONSOTR ABAOS1312 HODUSSTL 1S WAIBS185845 onstmoszionsy otz

— for-easy-write (GiBls) 21.02 23.98 2413 2399 24.04 2404 2395 24.17 2410 2422 20.07 24.07 23.00 2314 2231 2375
————— mdtest-easy-write (KIOPS) 305 298 1736 2115 3221 43.16 8234 79.56 83.07 80.42 156.05 157.90 17824 173.06 191.39 266.39
timestamp (KIOPS) 0.00 0.00 000 000 0.00 0.00 000 000 0.00 0.00 000 000 000 0.00
for-hard-write (GiB/s) 004 004 004 004 0.04 004 004 003 0.04 004 003 003 003 004
mdtest-hard-write (KIOPS) 1169 959 7.89 13.80 7.85 369 7.34 7.43 8.15 805 1067 674 12562 12.94]
find (KIOPS) 1733 34063 571.43 34062 67720 65619 583.13 56373 136582 119174|  1079.99  936.47| 133,54 1546.63
ior-easy-read (GiB/s) 4763 44.40 4078 40.40 4224 38.99 4367 46.46 4444 3823 4282 43.93 49.65 52.98
mdtest-easy-stat (KIOPS) 8286 11332 13233 152.96 169.01 207.66 18378 18721 195.60 168.91 164.66 17771 221.15 207.93
for-hard-read (GiBs) 022 023 024 023 023 023 024 021 023 023 025 020 022 019
mdtest-hard-stat (KIOPS) 3679 45.01 55.68 7420 4701 4063 4324 4369 10313 5168 68.12 52.30] 100.58 116.40
mdtest-easy-delete (KIOPS) 116 1216 12.92 26,66 4562 4399 4617 4476 67.06 67.13 85.84. 91.90] 104.92 124.67
mdtest-hard-read (KIOPS) 14.09 1384 25.22 1374 20.56 662 37.85 37.15 61.51 4943 38.12 51.98 65.75 50.55
mdtest-hard-delete (KIOPS) 7.90 532 7.73 579 7.40 393 885 7.19 504 435 679 7.46) 11.40 1056
SCORE 6.42 7.01 7.93 8.12 9.35 7.79 9.51 9.13 11.23 10.09) 1041 10.06] 1244 13.28
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Ceph 10500 results SSD cluster ¢£}WDG

Test 13

CLYSO Test2 Test 3 Test 6 Test 7 Test8  Test8 (rep 1) Test8 (rep 2) Test 10 Test 11 Test 12

os0s. 160 160 160 160 160 160 160 160 160 160 160 189 159 159 159
Cllnt Nodes " " " 2 2 ® ® ® o 1| 1o ® ® o 18

W Ranks % 14 228 (wrong pin) 20 0 0 B m 2 2n0) 219 20 m 2 210

Active MOSes. " " " " = = = = = 2 2 = = = 2
Standby MDSes 2 2 2 2 4 4 4 4 s 4 4 4 4 s 4
Repication 3 s a 3 3 3 3 a 3 3 3 ) a 3 3
mdtost-easy Pinning Strategy NARR AR NARR NRR NARR NARR NARR N1RR N1RR N1RR NARR AR NARR NRR NARR
[T — none nons none. nora nona none ranko k0 k0 ank ) k) k0 k0 k0 ank o)
Mota PGs s 52 512 s s s 52 52 2 12 sz 52 52 2 512
DatapGe 4036 a0 a9 0% 4098 a0 4080 a9 a9 4099 4096 a0m0 a9 a9 a096|
dobug_mas o o 0 o o o 0 0 o 9 o 0 0 o o
md._bal_intarval detaut (10) cotaut (10) cebut(10)  defaun(10) defaut (10) detaut (10) cotaut (10) coun(10)  cefaun(10)  defaul (1) ot (10) cotaut (10) 4 4 detau(10)
mds_bal_sample_Iterval dofaut (9) dotout (3) dotout (3) dotout (3) dotaut 3) dotaun 3) dotout (3) dofoul (3) dofaut (3) dofaut () detout () defoul 3) 2 2 dofaul (3)
DRI ot (000)  dowut(@000)  dofaut(@000)  cofau(GO0D)  cofaut (G00D)  colaul (B00D)  dafauh (B000)  defauk (B000)  dfaul (8000) cefaut(a000)| cofout (8000)| dofout (8000) defaut (000) 16000 dofaut (8000)|
mds._log_max_segments ouN(1ZD)  dolaul(iZ®)  colaul(iZ)  coleul(12)  doleui(126)  delau(i26)  dell(126)  celal(i28)  cefuii28)  doaunizs)]  dofurzn)  dofaul(ize)  dofaut(ize) dofaut(izs) 52
CPU Hyperthreading on on on on on or on on on on o on on on on
mds._cache_memory_imit 4GBB (parially 6468) sicB 6icn eic8 o408 6108 6icB 6icn e s 6108 61cB 608 eice)
client pagecache on o o on on on o o on on or on on on o
clont caps_wanted._dely_ Gofaul(S60)  dofaull(S60)  ofaul(560)  Gelaul (S60)  defaul(560)  dofauli(S60)  dofoul (560)  defout(560)  defaut (560)  efaut60)|  cotaun (560) " " " "n
Result Directory 20200920054323 2024092012351 210073 2020 0950 2024092505 145
[—— a1 647 32 1787 1652 a1 a4 283 2364 2568 257 280 278 2584 274
mtost-sasy-write (KOPS) 7856 4300 sio0 a9 15680 16090 16258 a7 16930 1665 16421 16202 16781 16730 16920
tmestamp (KOPS) 000 000 000 000 000 000 000 000 000 000) 000 000 000 000 000
f——— ost 040 048 orr 03 03 034 053 055 055 058 072 o072 or2 o7t
mdtosthard-wits (OPS) 142 21 1526 202 1208 1520 1594 1631 78 1633 211 1643 2508 2085 2082
find (kOPS) 2110 s s 37033 100 many open les) 123 14151 103 as0a3 s o783 7062 asazr 891 7193
lor-easy-read (IBls) 64 1028 6537 8800 703 896 709 8004 T 7851 809 04 91 7825
mdtost-easy-stat (KOPS) 085 12357 11778 12121 12545 1ase 1420 11052 T18dg a2 28 11800 1038
[ 086 2 e a2 a5 a3 a4 338 1850 75 1508 1817 1485
mdtest hard-tat (KOPS) %2 o2 6208 857 8108 6036 0438 5514 10864 730 nast sass 9559
Pr———) a6 9057 w1 51 7380 7a05) 7843 9501 7283 7649 669
métosthard.read (HOPS) s6a1 azr siss 82 7581 07 7675 w1 26 534 2265
mdtosthard-doleto (KOPS) 621 2198 251 1256 5% 131 1514 1382 1258 1
score 2048 229 2150 1083 2513 1850) s217] 011 2045 003 2867
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SSC - Scalable storage competition GWDG

G H »n( wissenschaftliche
i ng lHGng

SSC is:
m Open competition with predefined tasks in regards to optimizing IO
m Teams and individuals
m Active phase for SSC2024/2025 starts Jan 2025
m Planing for 2025/2026 started
m Includes various tasks for 1/O performance analysis
Goals:
m Improve participants competencies in I/O behaviour analysis and optimization
m Finding interesting/better task/application specific I/O optimizations
m Encourage individuals to participate in the subject of I/O
m Foster the research by offering a low key entry opportunity for interested persons
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Gesellschaft fiir wissenschaftliche
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SSC Analysis Types aGWDG

m Measure performance for varying configurations

m Address throughput, (max) latency, application startup
m Optimize performance for a fixed benchmark case

m Optimize storage system setup

m Creating performance reports
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New storage concept GWDG

Gesellschaft fiir wissenschaftliche
Datenverarbeitung mbH Géttingen

Central storage for all compute islands with high availability
m VAST Data (mountable via NFS, home directories, central software installations)
m CephFS (capacity tier), replaces HDD based Lustre and BeeGFS
Compute island specific storage for high performance (migrating to all flash)
m Lustre (DDN ExaScaler or Community Lustre)
m VAST Data via NFS over RDMA (esp. read intensive Al)
m BeeGFS (smaller clusters)

Links from central storage to specific storage - it's project specific
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Current Hardware GWDG

G H »n(rvw schaftliche
arbeitung lHGltg

Lustre:
m DDN 2xES400NVX with 500T SSDs running ExaScaler 6

m DDN 2xES14KX with HDDs (8.5P) and 2xSFA200NV with SSDs (110T) running
ExaScaler 5 (will be phased out soon)

VAST Data

m 3 dBoxes (1 Mavericks 550T, 2 Ceres 330T, total 1.1P)

m 3 cBoxes (1 cBox for 100G Ethernet, 2 cBoxes for Infiniband)
BeeGFS

m One system with 2 Servers backed by DDN SFA7990 block storage (SAS HDDs
(2.1P) and SSDs (100T))

m One system with 3 servers and Dell EMC block storage (450T HDDs and 210T SSDs)
m One system with 2 Supermicro servers (240T HDDs)
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SSC Tasks GWDG

Gesellschaft fiir wissenschaftliche
Datenverarbeitung mbH Géttingen

m 10500

- Submission to I0500 Webpage (Research section)

- Optimize for 10 Client setup

- Description of the configurations measured and performance improvement made
m MD Workbench - Lowest (maximum latency) for the fixed configuration
m Elbencho

- arbitrary number of client nodes, 100 KByte files (same file size as DLIO)
- 10 Client nodes, 100 KByte file vs. 100 KByte access in shared files
- 1 client node, single 100 MByte block, ensuring cache blows out
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Gesellschaft fiir wissenschaftliche

SSC Tasks cont’'d ¢.GWDG

Quantum Espresso

- Tune a standard use case
- Sanity check: provide image from the visualization pipeline

Datenverarbeitung mbH Géttingen

m NVIDIA DALI Pipeline - Large file access pipeline with prepared python code
m Conda environment - Startup time of prepared environment, uncached

m Performance analysis (report)

m Secret Task

November 21, 2024 Analyzing Parallel 1/0
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