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The research community in high-performance We are discussing the creation of a benchmark to compare facilities and storage systems. This chal- The current list contains 39 sites:
computing is organized loosely. There are many lenge is explored on our task page: http://www.10500.0rg and mailing list. —
distinct resources such as homepages of research Goals for the benchmark inPip inPFLOPS i3
groups and benchmarks. The Virtual Institute oals forthe benchmari: o — = e
for I/0O aims to provide a hub for the commu- e Capture user-experienced performance 3 wes 2010 150000
. . . 4 | riken 39.77 10.62 1250.00
nity and particularly newcomers to find relevant R rod ’ , fative f 5 ncar 7.0 533 20275
. . . . . ® :
information in many directions. It hosts the com- cported periormance 1s representative 1ot S - - S
prehensive data center list (CDCL). Similarly to — IOEasy: Applications with well optimized I/O patterns e 2750 1340 164927
the top500, it contains information about super- — IOHard: Applications that require a random workload o e s i o
computers and their storage systems. . 1 | creca 2371 1293 5517
b =5y — MDEasy: Metadata/small objects 2 [ 21 1000 760,00
. . . 13 | jsc 20.30 6.25 454.15
I/O benchmarking, particularly, the intercom- — MDHard: Small files (3901 bytes) in a shared directory 14| st 1062 a1 52000
parison of measured performance between sites , L , 15| me 12 %0 000
S — Find: Finding relevant objects based on patterns 16| mec 1776 12500 131000
is tricky as there are more hardware compo- 17 mare 7 0w 2.7
nents involved and configurations to take into | | Challenges: DL - = —
account. Therefore, together with the commu- , . , , 20| 1 1500 558 19400
. o 05 e Representative: for optimized, naive I/O heavy workloads; and small objects 21 s 1440 5560 1266.0
nity, we standardized an HPC I/O benchmark, e o o o
the 10-500 benchmark, for which the first list * Inclusive: cover various storage technology and non-POSIX APIs oo oo = e
had been released during supercomputing in 25 sl o5 050 210
Nov. 2017. Such a benchmark is also useful to e Trustworthy: representative results and prevent cheating L > Lo =
assess the impact of system issues like the Melt- L , , 28| 0.1 671 5400
P N 4 e Cheap: easy to run and short benchmarking time (in the order of minutes) » oo 773 25 21,00
down and Spectre* bugs. 20| en o5 a0 000
Strate . 31 | pgs 5.33 5.37 584.00
This poster introduces the Virtual Institute for &y 2y 3 20 52.00
. . . . . . 33 | ecmwf 5.33 4.25 0.00
[/0O, the high-performance storage list and the * Build on existing benchmarks, support their development 4 an s " 24w
effort for the I0-500 which are unfunded com- , , % | epce o1 5 00
. . e Plugin systems should allow for alternative storage technology % pol 240 40 10400
munity projects. 37 | ndsre 2.1 205 000
38 | vsc 1.81 0.68 42.18
e Reporting one metric per benchmark, use geometric mean to combine them e 075 051 757

Various views are possible — an example is
shown above. Supports flexible data aggrega-

Goals of the Virtual Institute for I/O (VI4IO) are

e Provide a platform for I/O researchers and The normal list: The comprehens1.ve data center list ?/Vl.th its sys- | | tion (below).
enthUSiaStS fOI' eXChanging infOrmation = information 10500 tem mOdel descrlbes hOW CharaCterIStICS are as- sum(site.storage system.net capacity) by site.nationality
° FOS teI‘ tralnlng an d ln terna tional COHabOI' a- system institution filesystem client nodes | score (::’ klno1:’ tt:(i:;s Slgned tO Comf)OnentS. StOI‘ age 1S dlfflfculty}’io as(i KORAA\UT \ /GBR
iBls s S 1 1 1 5 '
: : : : sign to a sigle component as it 1s otften share
tlon n the f]-eld Of hlgh_performance I/O 1 | Oakforest-PACS JCAHPC IME 2048 | 101.48 | 471.25 21.85 108.00 g g p .
PY Track / encourage the deployment Of large 2 Shaheen Kaust Datawarp 300 | 70.90 [ 151.53 | 33.17 | 101.79 aCross SupercomPUterS/ therefore, d ﬂelele com- \ ol
host f . 3 Shaheen Kaust Lustre 1000 | 41.00| 5417 | 3103| 67.12 ponent based model is used.
Storage SyStemS by OStlng ln Ormatlon 4 JURON JSC BeeGFS 8 35.77 14.24 89.83 81.20
about hlgh-performance storage Systems 5 Mistral DKRZ Lustre 100 | 32.15| 22.77 | 45.39| 63.47 Supported Components; - h»
6 Sonasad IBM | Spectrum Scale 10 | 21.63 4.57 | 102.38 58.39
The phllOSOphIC&l Cornerstones Of VI4IO are: 7 Seislab | Fraunhofer BeeGFS 24| 18.75| 5.13| 68.58| 47.15 PS Slte Describes the fac111ty
8 | EMSL Cascade PNNL Lustre 126 11.17 4.88 2N T, 24.74
e Treat COI’ItI'ibUtOI'S / p articip ants equally 9 Serrano SNL | Spectrum Scale 16| 425| 065| 27.98| 1255 ¢ SuperComPUter3 A SYStem
. ° ° ° . \USA
e Allow free participation without any fee Storage system
. . ° . . . o site.nationality | site.storage system.net capacity | site.supercomputer.compute peak | site.supercomputer.memory capacity | site.supercomputer.nodes
inclusive to all All results are available The individual mea- Nodes :
e Independent of vendors/research facilities surements for the benchmarks are stored and can * Network T o o e
be accessed: * Building o o o o0 o
# information or The schema is under active development — we rox 0 e o
system institution filesystem client nodes | easy write | easy read | hard write | hard read . . . . i i i
o ool el ome aim to describe data center characteristics. The cor o2 o o0
The Organization uses a wiki as central hub 1 | Oakforest-PACS | JCAHPC IME 2048 | 74238 | 42741 60028 | 258.93 web page allows the creation of a topology for CHE 773 253 521,00 6751
2 Shaheen Kaust DataWarp 300 969.45 894.76 15.55 39.09 th f . 1 A t t . d . t th 1 t . b t th AUT 1.81 0.68 42.18 0
Py Registered users Can edit the Content 3 Shaheen Kaust Lustre 1000 333.03 220.62 1.44 81.38 e aCl 1 y O 1]11 .lca e 1 e rela. llon . e WeeI.lll be
. 4 JURON JsC BeeGFS 8 30.42 48.36 1.46 19.16 C Om Onents _ u tlmate mu t]. e V].eWS W]. e
o MaYOr Changes ShOUld be dlSCUSSQd on the 5 Mistral DKRZ Lustre 100 158.19 |  163.62 153 6.79 p y p
Contribute mailing liSt 6 Snnésacl IBM | Spectrum Scale 10 34.13 32.25 0.17 2.33 Created-
7 Seislab | Fraunhofer BeeGFS 24 18.79 22.34 0.89 1.86
* Tag clouds link between similar entities of s comte | P el  we| wer] wmal om|  er Metrics: Most metrics can be determined with- | | With the collected data many in-depth analysis
oo . 9 Serrano SNL | Spectrum Scale 16 1.08 1.03 0.22 0.71 . . . .
e Supported by mailing lists, e.g.: out measurement and describe hardware and becomes possible, for example, the relationship
# information mdtest 1 : : .
- Call-f()r-papers system client nodes | easy create | easy stat | easy delete | hard create | hard read | hard stat | hard delete SOftware CharaCterIStlcs that Shoul‘d be known to between Storage and memory CaPaClty.
A t kioPIs | KkIOPIs kiOPIs kioPls | KkIOPIs | kIOPIs kiOPIs the Slte and Vendor, A feW metI'lCS cover aCtu—
- nnouncements 1| EMSL Cascade 126 17.75 61.26 15.63 16.14 23.59 57.04 19.43
. . . 2 JURON 8 193.37 | 718.18 150.61 8.42 0.00 | 100.85 8.76 ally Observed metadata and I/ O PerfOrmance/
- Contrlbutlons / SuggeStlonS 3 Mistral 100 18.15 | 153.05 7.74 17.80 37.58 | 156.07 8.80 : :
il - ) - in this case the measurement procedure must be
4 | Oakforest-PACS 2048 28.29 54.20 35.88 1.51 57.38 61.50 0.95 ] i ) o
5 Seislab 24 103.15 | 433.14 172.95 5.38 13.87 57.40 13.87 deflned. The llst Stores data entered 1n the W]_kl >
6 Serrano 16 32.55 | 303.02 26.15 2.29 0.00 25.20 26.15 . . e g
7 Shaheen 300 50.71 49.38 48.89 11.40 0.00 38.73 18.92 lnto a database and conver tS data tO d base unlt' é g
8 Shaheen 1000 12.66 | 120.81 14.96 13.67 0.00 | 127.32 11.30 ‘g §
The wiki covers A) worldwide research groups R ol ] sem] ww] wo] owe] ww] B The following is an example of the schema for 4
that address high-performance I/0 including: the DKRZ system: z compue_pea
. _ Flexible equations It supports equations to o ?] o e _ Z o
L ° ° institution full name g:rzman Climate Compt :::::)r — 1.0e+17
A tagIISt for avallable knOWIedge Compute derlved metrlcs, here easy_create / location power consumption W ° 5.0e+16
: i ey L e
° ResearCh prOduCtS SuCh aS flle SyStemS Clzent_nOdeS: ;i:'llﬂl;?sgﬂcosts ks v bisection bandwidth MiB/s ¥ 1e;14 1eJ'r15
. . energy costs per kWh s v blocking factor 4:1 Memory capacity in Byte
o OngOIHg rese arCh prO] eCtS : : : [supercomputer+] [network+] [storage system+] [building+] energy cost . y capacly vt .
# information i0500 mdtest T 2 — | [Florage system Lisie et e (Correlation storage capacity vs.
Equation system institution filesystem client nodes | score bw md easy create mean power MW * =T uste Phasel
Logged in as: Julian Kunkel (julian_kunkel) 2 Update Profile (') Log Out GiBls | kIOPIs kIOPIs z:ifg)‘ P 1,04 Kh ¥ $sgl file system — memory C ap a.Ci.ty — 0.63
A : : — 12417 JURON JsC BeeGFS 8| 3577 | 14.24 | 89.83 193.37 ;‘i’:;costs — — | I —
ﬂ.IQ ULl IRsiits o 17e E— Simm?p 2 |5.72 Sonasad IBM | Spectrum Scale 10| 21.63| 45710238 57.22 I - :‘;‘2‘5‘:’;‘5“ e - — Compute peak = 0057
You are here: Virtual Institute for I/O » Groups » Research » DE/UHAM 3 |4.30 Seislab | Fraunhofer BeeGFS 24 18.75 5.13 68.58 103.15 supercomputer Mistral : > Pei:::: EIE;S :
DE/FZJ DE/HLRS DE/JGU DE/LRZ DE/SCC DE/TUD DE/UHAM 4 (2.03 Serrano SNL | Spectrum Scale 16 4.25 0.65 | 27.98 32:55 ;r::::g‘?atgr r;llfutral zﬂ-‘ﬂfﬁ _ [relcalsc] Mean(storage / mem CapaCitY) — 58
Eggif E%’QE(?;;S ES/UPM FR/CEA FR/NRIA GR/FORTH US/ANL 5 018 Mistral DKRZ T 100 3215 22 77 4539 18.15 :j{lja;llsallun date gg;igg recai en:;gy (::OISl l:Odr;S Iagp:::chwe
S — 6 |0.17 Shaheen Kaust DataWarp 300 | 70.90 | 151.53 | 33.17 50.71 e Y o S vecak] . Clusterstor 9000
DE/UHAM cenwn 7 | 0.14 EMSL Cascade PNNL Lustre 126 | 1117 | 488 2557 17.75 e ZBE T e operating system =
name: Scntfic Computing e 8 |0.01 Oakforest-PACS | JCAHPC IME 2048 | 101.48 | 471.25 | 21.85 28.29 cost detalls nodes compuie pesk CFLOPS - RS
gm;'t:.;.:": EEF’.&&‘_?“'SE"QEUL?GMQ Smiarsroups 9 | 0.01 Shaheen Kaust Lustre 1000 | 41.00 | 54.17 | 31.03 12.66 :;r,g,::wersupp”ed T = cooling
Supporting standardization efforts
oowldge: roang npresin s, sy iy kg As we can see, scalability of metadata is limited. berchmar
?ragggoo problem scale R - 10-500 benChmark
Everyone is welcome to add (own) group(s)! This can be used to create arbitrary new rank- S— — Lossy compression interfaces
ings. For example, to rank systems offering = — Data center representation
B) Relevant I/O related tools and benchmarks most MD per formance per IOR: min(easy_create, el dae 201603 srrors i
cooling _ IO_SOO agenda:
f o0 kKl ) Ui Pt (o0t easy_stat, easy_delete, hard_create, hard_stat, hard_delete, find.hard) e
i i Search ] model load from db][store] — 4 1
ﬂ_I_Q Virtual Institute for 1/O / easy_write, e.g., 2 KIOPs per GiB throughput! o —— June’l7, proposal for extension rules
e InStitUteIZ)I;”O»TOJmS»B:'ITCh:ZrkS»IJOR MD-REAL-IO J MDTEST J NETCDF-Bench J f Ezzn;;l‘i throughput MiBls EXtending SChema
# information i0500 - .
. —— : o R— More HPSL sites
Equation | system | institution | filesystem | client | nproc | score e sormg oysten PSS o )
nodes — Haswel Support training and teaching for storage
Mo e sz Joadfomablivor | [T T
o e 1{212 Serrano SNL | Spectrum 16| 160| 4.25 eerey 25 rer e
IOF;aijs;t a synthetic benchmark for testing the performance of distributed filesystems. The benchmark supports a variety of different APIs to simulate 10 load. Scale C::puzpea 62 — — - ::::?:;T:t:ate 2009 PiB v
I | | S 2 | 0.88 EMSL PNNL Lustre | 126 | 252 | 11.17 o e e i +
:::::::::ei:::}:a:j :::: using the -a flag. A multitude of other commandline options is documented in ior's user guide. CaSCa dE ggs:s:i%gp?:;em ?;{;dgt—é:l Sriome  peent ta:fzr:m — [recalc]
installation date slots 75000 [recalc]
: ::zﬁ:gf;raﬂ lt;]stl](:mf: PSP, HRFSs erHEHH 3 0'53 SDI'IaSEld IBM Spectrum lﬂ lﬂ El' 53 (r:r?:rlrzrcln?y details accelerator local storage interco;nect :’;:’:; gi Eﬂg
e e Scal m— || mapoves st o+ : : .
= = e o Content is under open licenses. E E
Example Output - - 4 |0.29 Seislab | Fraunhofer | BeeGFS 24 24 | 18.75 vendor ) e ~ . . . —
For example runnning :or -a Pos1x (using ior in version 3.0.1) results in the following output microarchitecture Broadwell model StorageTek SL8500 [load from db][store] You are Welcome tO ]Oln the ma.].]._
I0R-3.8.1: MPI Coordinated Test of Parallel I/0 5| 0.28 JURON JSC BeeGFS 8 64 3977 2:::2? f:zagS\M Lt 2 0 vendor Oracle . . o o '
o Ing lists or participate!
;:T:f:g‘l:iuisﬁzstn;;zr -3 PosIX 6 | 0.05 Mistral DKRZ Lustre 100 1000 32.15 compute peak 604,8 GFLOPS v robots » = .
Test 0 started: hon Mar 21 16:19:50 2016 7 | 0.03 Shaheen Kaust Lustre | 1000 | 16000 | 41.00 fookrin cos -
. . 8 | 0.01 Shaheen Kaust | DataWarp | 300 | 2400 | 70.90 The rules for determining performance are re- h p ° / / | 4 | g
C) Comprehensive Data Center List 5P CCtps: V1ia10.0L
9 | 0.00 Oakforest- | JCAHPC IME | 2048 | 16384 | 101.48 laxed due to the complex1ty of I/O measure-

(see the other boxes)

ments, but this is augmented by the 10-500.



