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Overview

® what is ECMWEF?

® HPC configuration (Cray and current production system)

® 3 hint at some ECMWF HPC idiosyncrasies
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Who are we and what do we do?

5221:‘;’::52?3[;252 ;2?—,?&2301 s)eptémber 2;30 12 UTC
European Centre We are an independent - i .l
international organisation funded |
by 34 States s s
Medium-Range Up to fifteen days ahead. S i
: (T HT RS il
Today our products also include = SN
monthly and seasonal forecasts I
and we collect and store ek iHimiseni
: g e
meteorological data. i (s
Weather Forecasts  We produce ol
global weather forecasts o ey e
b | ! [ | B
What do we have to achieve this? A QAT LT
People About 260 staff, Sy T e 7T

specialists and contractors

Equipment State-of-the-art supercomputers
and data handling systems

Budget £50 million per year

Experience 37 years
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A basic description of our models

Approximately 20 million observations
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Data
assimilation

Initial
conditions

The atmosphere is
divided into about one
billion cells each
having associated
parameters such as
temperature, pressure,
and wind direction.

First guess

Model next step < '“terre“;‘jﬁ;ate >

Laws of physics e

< Prediction >
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The European Centre for Medium-Range Weather Forecasts
(ECMWEF) in 1979...

® On 1 August 1979,ECMWEF delivered its first
operational medium-range weather forecast
using a Cray-1A.

® The model resolution was N48 (~200km) and
used about 5 hours of CPU time to produce a
10 day forecast.

® Cray-1A

Single vector processor

1 Mword (8 Mbytes) of memory

12.5 nanosecond clock (0.08 GHz freq.)

2 results per clock; 160 Mflops peak

~ 50 Mflops sustained if memory sufficient
2.5 GB storage

~ 5 hours to produce a ten-day forecast,
with overhead of 1 hour due to disk I/0
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The Ambassador of Finland, in
front of the Cray-1A, believed to
bein winter of 1980-81

HRHPrince Charlesspeaking
with Aksel Wiin-Nielsen and Rob
Brinkhuysen during the opening

ceremony of the ECMWF
permanent headquartersat
Shinfield Parkin Readingin 1979
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ECMWEFin 2014...

ECMWE is an acknowledged world-leader in global medium-
range numerical weather prediction.

Meteorology and weather forecasts, includingthose of severe
weather, are becoming increasingly importantin an ever more
complex world.

High resolution deterministic forecast: twice per day ECM WE permanent headquarters
16 km 137_|eve| tO 10 dayS ahead at Shinfield Parkin Reading, UK
4

Ensemble forecast (EPS): twice daily
51 members, 30/60 km 62-level, to 15 days ahead

Seasonal forecast: once a month (coupled to ocean model)
41 members, 125 km 62 levels, to 7 months ahead

. U =~ SN
IFS = ECMWF’s Integrated Forecasting System; >70% of cycles ECMWEForecast from 31.October 2013

— hybrid, >1M lines of source
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ECMWEF x365 daily production workflow: not much room for downtime
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HPC at ECMWEF: “two cluster set-up” (not good for top500...)

® since 2003: two “independent” compute clusters

— but since ~2005: (MC-GPFS) with access to both storage clusters at same performance
® |dea is to have clusters at least as “self-sufficient”

— could disable links to storage in alternate hall in case of major instabilities

— aresearch and an operational filesystem in each hall, sufficient to run Ops and keep compute

busy with research
— backed by independent power and cooling
® Pros of shared storage - flexibility
— workload can be flexibly distributed over the two compute clusters

— operational suite can be moved from one compute cluster to the other by config variable (or
spread over both), re-run failed jobs and move on, as long as currently used operational
storage pool remains healthy and accessible (if not, restart using alternate filesystem from last

checkpoints)
® Cons of shared storage — loss of complete independence as with air gap

— hangs might spread over both compute clusters (e.g., “waiters” for GPFS); lustre recoverability

< ECMWF

might depend on other cluster
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ECMWEF System Overview

HIGH-PERFORMANCE COMPUTING FACILITY

Cray Sonexion Storage cluster

Cray XC-30
Ventus (ccb)

Cray Sonexion Storage cluster

Cray XC-30
Anemos (cca)

IBM POWER7 775
Compute cluster C2a

Storage
cluster S2a

iiiiiiii

IBM POWER?7

Compute

clu

IBM pSeries and x86 Linux

HP DL360

(vSphere)

.

10 GIGABIT
GENERAL-PURPOSE

HIGH-
PERFORMANCE
10/40 GIGABIT
NETWORK

Linux
cluster

IBM N6240
(NAS)

GENERAL PURPOSE + HA

NETWORK .

IBM pSeries IBM TS3500

and x86 Linux

Firewall Firewall

PCs (LINUX / WINDOWS)

BEBE

MEMBER STATES and

DISASTER RECOVERY BUILDING
DATA HANDLING
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Overview of Cray system — currently being commissioned

Hall A

Pre-/Post-
Processing
Nodes

Boot SDB
Node Node

Cray XC30

Application Nodes

MOM Nodes

IN[SAWeId 'l | Gateway/
Nodes DVS Nodes

Hall C

Pre-/Post-
Processing
Nodes

Opgrations Research

\M

Cray XC30

Application Nodes

MOM Nodes

Gateway/ | INEAVeIES
DVS Nodes Nodes
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dual plane FC
(multipath)
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/no RSIP, but IP forwarding
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2 Cray XC30 - Compute

® 2 Cray XC30 systems in separate halls

— self sufficient (but usually cross-mounted Lustre/NFS) -
— 210 TF sustained perf on ECMWEF codes (”3.5TF/pea§<)m
® each XC30 “

® Compared to Cray-1A:

— ~21M times faster, ~60M times main memory capacity
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19 compute cabinets

~3,450 compute nodes (24c IvB), 64 GiB@1866MT/s- ~
60 pre/post processing nodes (24c IvB), 128GiB@1866MT/s
4 pre/post p nodes/services, 256GiB@1333MT/s
7 aprun-MoMs, LNET, 8 DSL, 2 DVS, ‘

8 data transfer nodes (40Gb bonds to LAN), in
lieu of RSIP (as that has currently no HA)

&S ECMWF
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Cray XC30 - Storage

® 2 Sonexion 1600 in each hall

— one FS for timecrit activities; one FS for research
projects; identical config in other hall (no system-
provided replication across the halls)

— cross-connected to XC30 LNET in alternate hall via IB

(100m fibre), same access bandwidth

— 400GB/s & 12 PB aggregate (evenly split across halls)

® each hall: NetApp FAS6240, 38TB net, for NFS | DHS Users |

— SHOME, project HOMEs, /usr/local

MARS service ECFS service

— asyncsnapshotreplication to stand-by LUNs across halls

® 100+ TB/d new data archived to HPSS

® Compared to Cray-1A:

— ~4.5 milliontimes the disk capacity

— ~100k times streaming bandwidth (!)
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Storage sets for time-critical activities

® each hall has one operational lustre/NFS filesystem set, identical config
— accessible from both compute clusters
— no system-provided replication on lustre (some weather sites did that with GPFS)

— environment variable for batch job selects storage set for SHOME,STMPDIR; selection dialog at

interactive session startup; no scp to “SHOME”

— otherwise, depend on /usr/local/ (separate FS via NFS per compute cluster) only

@ root@cca-loginl:/root

# [2014-84-30 23:47:03] [syg_logos/ccasmuwl. 140430 234604, tty:43 cnd:1606]
# root@cca-logint:™
# su - emos

HHHHE # # B OHHEHEE  HEE HEEHE # i

# # #Ho#n B # I # # #

# # # B mEE B # # # #

# # # L # HEHE # #

# # # L # # % # # #

# # # o HHEHE W B # # #
# # O HHHHE HHHEE HHEH HiH 8 # i i
# L3 # # # # HOo# #+ &
# # HEEE BEgHEE B 3 HiggE B # 8 # # i
# 3 2 i # & #
# 2 2 8 % # # & & #
Hiti Hid nEgEEE 8 3 gt 8 # i #itit

1) sci1
2} sc2

llPlease select the desired timecrit storage set For $STHOST: 1

[profile.ecmuf-INFO] HOME=/sc1/homefemos=/timecrit_1/home/emos

[profile.ecnuf-1INFO] PERH=/sci1/perm/emos=/timecrit_1/perm/emos

[profile.ecmuf-INFO] TCWORK=/sc1/tcwork/emos=/1us/snx11861/tcwork/enos

[profile._ecmuf-1INFO] SCRATCHDIR=THPDIR=/sc1/THPDIR/emos/JTHP/38/emos 26411 cca-logind .20814843872347 86

enos@cca-logint:/sc1/home/emos>
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pre/post-processing (PPP) on repurposed XC30 nodes (MAMU)

PPP nodes run several concurrent jobs, serial and small parallel
— Cray provided new mpiexec for intra-node (sharedmem) MPIl in lieu of aprun

e Cray MPI library supports both aprun/ESM and mpiexec/MAMU mode:
MAMU=multi app,multi user, per node

PPP nodes run as normal linux server cluster nodes, each with its MoM, technically they
are service nodes (no ESM, snvar via NFS)

Jobs share PPP nodes (as is case on aprun-MoMs, too),

— we required water-tight enforcement of memory limits per job, not just periodic
polling of process table

® on PPP, to be implemented via hook that runs jobs in separate cgroups
® planto use on aprun MoMs for safety, too;

if necessary, could repurpose more (or less) 64GB ESM nodes as PPP nodes; as of 5.2,
only requires reboot of nodes to be repurposed
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System Acceptance Status

® Acceptance in stages

— EC requires to always have two clusters
able to run operational forecasts

— Power and cooling restrictions allow only
three 1-1.5MW clusters at once

® Acceptance process

— Stages (=kit in one hall) and entire
System (=all kit) undergoes:

e 5 day Functional Verification Test

— failover (cable pull, node
shooting), benchmarks,...
e +30 day Operational Test

— tracking Downtime, Incidents &
Events targets
e +60 day further Reliability Test (for
Phase only)
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Approval of
contract

Delivery of first
cluster

First user access

Acceptance tests
on first cluster

Switch off of first
IBM

Acceptance tests
on second cluster

Full system
acceptance tests

June 2013

November 2013

December 2013

February 2014

April 2014

May 2014
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Current system

® IBM POWER7 System, Torrent/HFlinterconnect
— Two identical systems for resiliency
— 70 Teraflops sustained on ECMWF’s codes
— Each cluster
® 754 Teraflops peak performance
® 23,648 processor cores (739 compute nodes)

® 1.5 Petabytesstorage
® Power consumption: ~1.2 MW

® Allocation of ECMWF’s computing resources

— 25% Operational activities

— 50% ECMWEF research activities

— 25% Member State users (throughout Europe)
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Performance: T1279L137 10d HiRes FC, current op. resolution
(without output to disk)

IBM Power7 - 60 Nodes CRAY XC30 - 100 Nodes

H CPU
Comms
M Barrier

Serial

2258 seconds 2182 seconds
5.1 Tflops (8.6% peak) 5.2 Tflops (10.4% peak)
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Workflow: ECMWEF Supervisor Monitor Scheduler (Xcdp GUI)

® organises workflow as dependencies between tasks submitted to HPC
® ECMWEF researchers usually do not directly interface with batch system
® flex_submit scheme inspects HPC queueing times and balances over clusters

File  Edit  Show  Servers  Windows

2014-04-30 21:25 N
-JD—e_crayr“j.W

i8I ) ———vMD=... 20140430 ..
= ﬂ [
— make [5----
— check|[Z----
— oD
L E: H—
— T2t
—E [ ————— make == complete
— MD
— ED....
L anf---
— fc Jde_crayrimaind1 2fans4okvar ifstral finalwawve and fe_crayr/main/ 2fansforceiny == complete
getfcdata
getpersS3T |—getfcdata == complete|
model | ——info: |
I step: 240
—ﬂl— maodel == complete
m: % dah == complete
L ddh_arm |: - ddh == complete|
—— getreq |-
—MD ——{getreqireq:1 or getreqireq == complete ) and {getreqbitrmap:1 or getreqibitrap == complete ) and {getregivavered: 1 or getregivavereq == complete)|
— 0fan t---
— 12ant---
— Doo Je_cragrimaindl 2ffc/model:step »= 000 or je_crayrimain/ 2/fcimodel == complete
pradgen ([
prodwave [[J
— 003 }---
— 006 L---
— 009 t---

Slide 18 © ECMWF ‘wECMWF




ECMWEF scheduling idiosyncrasies

® no cluster dedicated to operations, but usually have a “sticky” choice for
primary operational cluster

® operational workload must fit into one cluster; has variable footprint
® no preemption/suspend/resume scheme used
— but want to fill up cluster with research to max utilisation
— flat ESM domain, not yet tried topology aware scheduling (too expensive?)

— flexible reservation schemes using variable “number of nodes-for-research-
licences” to guarantee sufficient free resources for operational needs; pre-
idling with advance reservations invisible to operational workload (only
blocking/visible to research workload), so binding of operational jobs to ARs

— wall-clock prediction based on lookup from runtime-history DB by external
submit filter
® add +24hrs walltime offset for research workload, +6 hours for
operations (also a “grace” period, but underlies the AR use scheme)

— this has been in use for last 10y on Loadl, currently adapting to PBSpro
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ec_jobs = operators’ view on batch queue on current system

21306200 avlopr24 DRN:Z2 wait: npild3:24i-204m nzi30:2i-0m tpi0:lj-Om
at 21:55:14: c2alu, 2276, r/emoslBbcF in BBmin haz V72,72
at 21:05314: c2alu, 2270, r/emoslBbck in 23min has 7272
at 21:00:14: c2alu, 2274, r/emoslBbeh in ldmin has 36436

e be be de di ep 12 nF np ns oF of op oz tF tf tp t=s Prio [ u=2m | ut.ot | HBrow [ MBhum | I0lowbn Finish  No

tow 1 cZau.15141716,1 " 00:36 24000-50 31,670, 4131 5131, 7139592139592| 2BE97 00300 37
b 554 434

l.
36
ribepat  g31u_legA modeleps nemo 2 cZadu. 210151410 np  00:18 2370050 22.7/0.0122,5122,2118694 1188801 2461 0000 731 Y53
rike-pat  g3lu_legf modeleps nemo 2 c?adu, M015147.0 np  00:18 2570050 22,470,00122,4122, 2118694 1190181 2461 00200 705 Y56
3lu_ leps_nemo 2 c2afu,14990698.0 00219 Z3700-50  22.4/0,0122,211,91185631185631 2369 0000 757 YEO
116 127 1ail 880
2b3
tou arpegeb-nemal 1 c2au,15141672,1 np 00239 24000-50  32,0/0,0131,6131, 7139589139589 54491 o001 822
rdx—pat  g3lu_legf_modeleps_nemo 2 c2afu,14900720,0 np 00118 23700-00  21,7/0,1122,3122,2118696113023| 2368 00;01 286 702
rdx-pat  g3lu_legA_modelepsz_nemo 2 c2adu,21015170.0 rp 00:18 23700-50  21,8/0,1122,2122,2118485118650| 2368 00:01 4c5 557

1

o

ocx-nel  g3hA_outer_and 16 c2alu,22674129.0 Hp 00306 223700-50  26,8/0,2126,8122,4119104 119104 |62E5222 00101 120 240 252 262 287 2bl 416
tow arpegeVB-nemal 1 cZadu,15141755.1 np 00337 24000-50  31,3/0,0131,6131,7 1396291396231 28739 00:01 430
Lo arpegehE-nemol 1 cZ2afu,14959517.1 = 00337 24000-50  21,1/0,1131,6131,71396361396361 28836 0001 231

rdx-stmk g3hp_uptraj 0_ifstraj 30 cZadu, 21603450, 0 np 0007 2300-50  25,2/°0,2111.91 3,11336531336031 37181 00:01 314 324 231 336 340 342 346
520 B46 716 732 V66 816 926

rdx-std g392_uptraj_0_ifsmin B cladu,21E10334,0 np 00312 23M0-70  25,4/0,2125,2124,0120927 120927 7943 0002 272 321 337 362 3ad 3ak
fala c2a9u,15142617 1 c2afu,15142517.0 np 00207 24000-50 3.2/0,11 3,41 3,00129264 1292641 8513 0002 974

ik, HIRLAM ed4m2_ecgb Date Hou 2 c2adu,21019753,0 i 00106 24000-50  31,0/0,01 n/al30,31 71831 71831 1831 00:02 Ehd4 5932 384
IIIIlIIIIIIIlIIIIIIIIIii|||||||||||||||||||||||||||||||||||||||||IIIIIIiiIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIII 2ar

Lo arpegeVE-nemol 1 c2afu,14959497,1 np 00339 24000-50  32,0/0,0131,6131,61389391392851 G3653 0003 d4cd

emos zekf_surf_anal B0 c2afu,15142301,0 np 00309 24800-70  27,9/0,1125,8125,0128752 128702 13778 o0:04 112 122 124 126 135 196 226

4bE 515 521 541 GaZ BE7 73
857 D60 593 912 931 933 935
rde-std g3bs uptraj O_ifstraj B c2a7u14993330.0  np 00305 2870075 WA 0004 281 284 291 242 2ad BEE
ocx-dihz g2tk_outer_an0 5 c2adu.21BL0526,0  rp 00308 23700-50  27,0,/0,1120,7120,01 227551297851 3093032 00304 583 554 Sal 5a? 5h0 Shd GbE
2h7 375 425 457 473 477
430 441 445 721
517 536 547 551 572 573
nlk c2alu, 22673837 2 c2alul2B73837,0  rp 00323 24000-50  32,0/0,0131,9131,7I379621379621 20720 O0:0E 930 957

rdx—-pat. Zlu_legA_modeleps_nemo 2 c2adu, 210154800 n 0018 2IF00-50  22,540,0122,4122, 0118686118920 1541 0008 140 151
126 192

rdx-nat_5311_fegroupl_nodel 4 c2a3u,15137392.0  np 0058 23700-50  30,1/0,0129,1129,51280521284371 10174 00:10 773 840 Bdd 671
ST oA 2 NGOG 246 22125750 M MNO0 10124005 S S S B S ZAMIO0EH0 115 171 144 150 162 166 151

414 420 476 496 dad 4a6 4a7
682 B92 637 Bal Ba3 Bad Eah

rd<-sts g3id_uptraj_2_ifsmin 30 c2adu,.15142382.0 fip 0018 23700-74  27.5/0,1126.8124, 2144670144670 65116 00:10 123 160 232 2c3 310 305 364
B40 B47 B0 BEZ BE3 E72 B34
rdx-nesk g3or_uptraj_2_ifsmin 30 cZaldu,21013626.0 np 0018 23700-74  28,2/°0,1126.5124,1144503144503] 59446 00:11 154 156 213 225 261 264 273

7E1 943 8R4 872 912 917 923
eras 1906_cpmodel _nemoB_subchu 5 cZadu,21603319.0 np 01502 24000-50 [= 01 B.81 B8] 7144] |4 PR 123 595 5ab 750 84l
nlk c2alu, 22674028 2 cZalu, 226740280 fip 00323 24000-50  32,0/0,0131,3130,8137847 1373471 11336 00:15 146 164

nlk £2adu, 21610430 2 c2adu.21B10430,0  rp 00323 24000-50  31,5/0,0131.9131,5/37320137320] 17340 00:15 175 1b0
P EStaaZea iptag 2 PSR S0 2 2257415 O 00 L7 N2 TOUS A i s i o S M NAAMOUSE 110 114 131 133 136 174 165

811 817 874 882 922 932 957
nlk c2adu, 15142486 2 cZadu,15142486.0 fp 0023 24000-50  31,3/0,0131,3130,9138057 138007 | 16733 00:17 Ghd4 725
frjr mi-rerund qlu_var_anal_nl 2 c2aBu,22126601.0 Hp 00126 24000-50  26,9/0,00126,9125,7118421 1184211 13353 00:20 7E4 FEG
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cpu allocation on current operational cluster (p7iH)

C2A number of jobs per class per day

28 April 2014
Total: 228984 jobs

e usually >95% allocation

operational cluster, even
with adv reservations for
timecritworkload ° |

""""*F’"uﬂ? ‘drﬂgnc"nfaftfn ﬁ‘osﬂflf

not shared shared  serial

. &1000
CPU s allocated on C2A by all parallel jobs
27 April 2014 50000}
el
.E 40000
Bvasrags No CPU's: Parcs mage: 2
[ othar= Tit 8 154% _:
B Modsl Division e = k] 7.3% I R
[ Data Diwimian BI04 101% 3]
B - F and Seasonal T 3% L
[ | Emsan 1403 20% £ =nm
B wacc e I 1.8%
B esue 7133 48%
[ Mamber Stae= 123284 A% 1aaaa
[ Cparaiicral 4TaE 0 03 %
Tetal: 44422.4 Total: 85.2 % a

I
2 4 -] g 10 12 14 16 18 20 =
Hau s
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current production back-up cluster daily allocation, 175k j/d

CPU’s allocated on C2B by all parallel jobs

06 April 2014
Average No CPUs: Percs niage:
7] cther= 154586 FIA %%
Bl Mol Disizion 7E1 0 0%
|| Data Diwizian 1EZ24.4 ETE-L
B e F ard Seascral HED S 2L
[l Eeman 5.0 1.8%
B macc 1eTe.0 =11
N esue o003 22%
| Mamber Staes 4506 8 10.5%
[ Operaficral 1737 0%
Total: 46243.2  Tofal:09.1% 0000 ]
=00 00—
-
.E 40000
2
n
é 30000
[}
T
o 20000
=

10000

II . ! Il .
.|.|.I" i e I R || -.'II I -----
T,

4 [} g 10 12 14 16 18 20 o
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a
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scheduling on Cray: PBSPro

® Alot of throughput computing

300,000
— biggest operational jobs will be concurrent 250,000 - r n first Cray cluster
1x300nodes highres forecast alongside 50 200,000 A A
ensemble forecasts of “30nodes, for an hour 150,000 P
— lots of concurrent parallel and serial 100,000 ,\/
postprocessing/product generation, etc 50,000
— many concurrent research experiments, usually I SR
fewer nodes than operations I U U N U U U 2
ORI PSP\ N SN A\ A
S O © @ & P

— some bigger research jobs >1000n exploring
future resolution upgrades

— lots of short jobs (<2 minutes) Average percentage of used nodes

95%

— currently in need of “scheduling” the scheduler 90% r\ -
85% \9\
(change queue state from cycle to cyle, etc) 80% \ " A\ II \ P
- 2 \ \ WA A
® currently configured as one PBS complex per cluster; 70% \{ \
: : , 65%
inter-job dependencies are managed through ECMWF 60% ')
SMS’ 2230) T T T T T T T T T T T T T T T T T T T T T T T T T T T 1
NO O A NOY O A 9O ND S A
[ i P P R P RO A A A g A
exploring splitting into one parallel and several S TS TS TS S S

N
postproc complexes per cluster for scheduling PP PP PP PP PP PP PP

labilit
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Head of HPC Section

Thanks for your attention!
ECMWEF HPC team

Cray team at ECMWEF:
Pete Custerson, John Hopewell (PrjMgr), Chris Spiller, Alex Wood
RN
swECMWF
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