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#) JOLICH
JUQUEEN: Jiilich’s Scalable Petaflop System RRRRRRRRRRRRRRRR

= |BM Blue Gene/Q JUQUEEN

= |BM PowerPC® A2 1.6 GHz,
16 cores per node

28 racks (7 rows a 4 racks) o
28,672 nodes (458,752 cores) |

= 5D torus network

= 5.9 Pflop/s peak
5.0 Pflop/s Linpack

= Main memory: 448 TB
= |/O Nodes: 248 (27x8 + 1x32)

= Network: 2x CISCO Nexus 7018
Switches (connect I/O-nodes)
Total ports: 512 10 GigEthernet

/O, nodes

Nexus-Switch
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JURECA: Jiilich Research on Exascale ) JULICH
Cluster Architectures

2 Intel Haswell 12-core processors,
2.5 GHz, SMT, 128 GB main memory

= 1,884 compute nodes or 45,216 cores, thereof
= 75 nodes with 2 K80 NVIDIA graphics cards each and

= 12 nodes with 512 GB main memory and 2 K40 NVIDIA
graphics cards each for visualisation

= 2.245 Petaflop/s peak (with K80 graphics cards) |
= 281 TByte memory | B
= Mellanox Infiniband EDR

= Connected to the GPFS
file system on JUST (IB/10GigE)

= |nstallation: 2015

i Nexus 700
=ta4 512 Ports
=11 (10GigE)
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#) J0LICH
JUQUEEN and JUST |/O-Network

31 x GSS-24 Systems (62 x x3650 NSD Server, 124 x EXP3700 Storage)
JUQUEEN
Nexus 700 |
512 Ports
(10GigE)

|

JURECA

Dedicated Cluster
TSM Server GPFS Manager NFS Server Monitoring Management
p720 Server x3650 Power6 Server x3650 Server x3650
JUST4-GSS
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#) )0LICH
Parallel I/O Hardware at JSC (Justd, GSS) ~ ~=

= Juelich Storage Cluster (JUST)
= GPFS Storage Server (GSS/ESS)
= End-to-End integrity
= Fast rebuild time on disk replacement
= GPFS + TSM Backup + HSM
= Just4-GSS

= Capacity: 12.6 Pbyte
|/O Bandwidth: up to 200 GB/sec

= Hardware: IBM System x® GPFS™
Storage Server solution, GPFS Native
RAID

= 31 Building blocks: each 2 x X3650 M4
server, 232 NL-SAS disks (2TB), 6 SSD
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#) )0LICH

Workload: Applications

Leadership-Class General-Purpose
System Supercomputer

)/ . = Granting periods
@ .\ = 05/2015 — 04/2016
JUQUEEN gg B JURECA = 11/2014 — 10/2015

ca. 100 Projects —]

ca. 150 Projects

I Ges/NC I PRACE I JARA-HPC FZJ-VSR FZJ-Ouligations [ System Maint [l Down Idie

100-

_y

9
@ Astrophysics @® Plasma Physics @ Computer Science 80+
@ Biophysics @® Soft Matter ® Condensed Matter 70-
@ Chemistry ® Fluid Dynamics Materials Science 5
® Eart_h & Elementary _ -
Environment Particle Physics )
2
ovDBg Jon FebVar Apr Mol Jut A Sep Ot Hov DeculanFebMor Apr Mol har ‘A tHovDez Jon¥ e Varhpr
JUQUEEN
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#) J0LICH
Workload: I/O Libraries

Parallel application

Parallel file system
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Use Case: MP2C #) j0LICH

FORSCHUNGSZENTRUM

Parallel MD-simulation: couples multiple particle
collision dynamics with molecular dynamics to
implement mesoscale simulation of hydrodynamic
media 2 particle /O

Fortran read (data sieving) Read, Fortran90
1000 Write, Fortrap90
Fortran write from one task :\?vfﬁg 3#83.'.‘5

Time [s]

100\
10
Shared File parallel 1/0

with SIONIib =

JUQUEEN,; 1 10 100 1000
midplane (8 192 MPI ranks) Particles [M]

http.//www.fz-juelich.de/ias/jsc/EN/Expertise/High-Q-Club/MP2C/_node.html|
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Use Case: MP2C (full scale)

#) j0LICH

FORSCHUNGSZENTRUM

- Shared File parallel 1/0 with SIONIib (coalescing I/O, multi-file)

; A—A Read, SIONlib
10 m—= Write, SIONIlib
o
m
=
=
S
3 10t
o
]
m
10°
1000 10000 100000
Particles [M]
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MP2C: 1I/0O bandwidth
for checkpointing
executions with 1.8
million MPI ranks on 28
racks of JUQUEEN
using SIONIib for
reading and

writing particle data



#) J0LICH
/0 Monitoring: Ganglia on JUST

= Ganglia network monitoring on JUST GPFS cluster
= Qverall network load
= Per file-server network load
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/0 Monitoring: GPFS MMPMON 4) J0LICH

= GPFS daemon log: one snapshot/min,
metrics = bytes written/read, open/close operations

= |/O-activity on JUQUEEN (1/0O nodes) and JURECA

- Example: Aggregate I/0 Usage JUQUEEN

File system $WORK

25000 T T T T T T T T T T T T T T T T T T T T T T T T 70000
ﬁfead (MB/s)
| rite (MB/s)
a - S 4 60000
20000 - Open/Close/s &
5 — 50000
o ’
= 15000 ; 4 40000 o
= ; ®
kel ; i : o
§ 10000 F i {l ‘L | 4 30000
[ : : '
o i B : ‘4 20000
5000 |1 &l T"l'll“ﬂl”l' N i &
ii \(‘Ll ‘ : LLE 10000
5 TR W T TR ::\iu i
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Bandwidth (MiB/s)

#) JULICH
I/0 Monitoring: GPFS MMPMON

2500 — : : = . : : 5 4000
" ' ! ! ' : Read (M8/s)
- Examples: ey — |
. pen/Close/s
2000 - i
. 4 3000
@ ;
Job-based | | {0
% H t 1 I 1 2000 g
£ 1000 ¢ | i { J
I/O-Usage : | { o
; ; : - 1000
500 i I i - .
on JUQUEEN | -.- |
0 " L . : 1 1 i I . ; I N L . L L 0
2500 ———— . ——— — — 1 — AT 4500
(=1 /'S
1!' Writg (MB-'?} - 4000
2000 -I| SHE - 3 3500
I
5 1500 ! - 3000
= Bl .
£ : ’ {00 2
2 ‘ ‘ I 4 2000 «
g ] ‘ | | J 1500
LRI | ||
500 -l [ o _ I - 1000
I || || : : fl 1 s00
b — —— _— ]‘_ —
40000 T T T T T T Teaal 16000 — Y " . . . y . . . . :
L Write | £
. _ Opend 14000 |- §
30000 - _ \ | \ P 12000 ||
: ; l ( |I = i
2000 | { | |I' | |,, | 2 10000 |-
| th ] it =
20000 || I I |‘ | | | . I‘ | £ 8000
; _ | |2
15000 | I || || | || || | || | | | % 6000 |
10000 - I ol 3% e o | :"I Jl ’ii i | ¥ 4000
BRI RIS N0 SRRl 1R} |
sooo fi (1 0] {H i 1 F A i 2000
! | 14 | | 1 i
o Lo LN PR 1% LI. HEEIE JllLl.'lJ_ AJ'l‘-.JJl'L.rJ 0
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I/O Monitoring: LLview & GPFS mmpmon

T4 Iview: BLUE GENE/Q JUELICH source: www

Fie  Options W actve

M) 0LICH

FORSCHUNGSZENTRUM

wsed: B€% 395264/458240,
free: 2576, 7 nds (0 rahd)
#3obs (runfwait): 58/536

Teage

| cPus | Usewid | Class | beds |rodes | tasks | cpuh | wall | TEra Imgnn 1 lopet/work]| Wefwork | Rd/work | #op/work | We/tome | Rd/home Wop Thome|
. 1. 8183 Dultﬂﬂﬂ =001 i€ 812 512 -4 1:10 08:1€ 36.3 0.0 1.7a 1€138.1 B405.€ 10€88 o.0 0.0 o :J
. 2. 2192 Usexf000 wlOl ie siz 513 & a:10 10:04 28,8 0.0 0.87 1431€.1 1544.4 4650 0.0 0.0 o
. 3. 1€384 Uultﬂﬂ! =002 a2 1024 1034 .5 €:10 13:08 8.3 1.7 2.22 19122.3 234877 ap03 0.0 2.0 o
. 4. 8192 Usex$000 w002 ie 512 513 -0 2:10 o841 17.1 0.0 0.€0 73804.5 a313.2 (1143 Q.0 o.0 ]
. s. 5183 Dul‘!ﬂﬂ =i01 1€ 813 813 .8 2:10 os:08 1€6.8 0.8 2.13 €5554.1 4.5 14144 8.0 8.0 o
. €. 2192 Useaxf000 =001 ie 812 512 .3 2:10 o9: 19 15.5 0.0 2.07 €1336.% 4.8 13508 0.0 Q.0 o
. 7. 1€304 Uur‘l}ﬂ! =002 32 102¢ 1024 X 1 €:10 13:13 iz.8 1.7 1.8 8472.9 a5€00.¢ 1411¢ e.0 a.0 o
. 8. 2192 Ueezf000 =001 1e 512 512 | 2:10 11:19 31.9 0.0 o.67 7504.3 4E4.4 7739 0.0 0.0 L]
- 8. 8182 Dul‘ﬂﬂﬂ =m0gL i€ 312 813 .- t B ca:ed 4.3 0.0 0.27 832032.3 15€5.1 10382 0.0 0.8 o
10. 2192 Usex$000 =001 1€ 512 512 = t B o84l 3.8 0.0 0.37 €0349. 8 1965.1 BBER 0.0 0.0 ]
. i1. 1024 Dﬂl’ﬂﬂ! nl03 a (1] £ L] .3 0:al of:39 2.8 2.8 i.78 183.3 €4.¢ €53 0.0 0.0 o
. = 2048 Usexf007 =004 4 128 128 5 8 13:10 19:32 1.3 a.0 0.04 anva.e BETIED. 4 59910 1.4 as.0 an
. i3. 2048 Userf00l mnOO4 4 8 iae .8 S:10 1:83 1.3 0.0 0.04 1€86.7 S81e8.4 1143 0.0 0.0 o
. y 2192 UsecdDds =001 1¢ 513 512 .1 €:10 a4 0.2 7.6 a.00 a2.8 54.0 8332 0.0 a.0 o
D is. 16384 Dsll'ﬂl! w03 22 1024 1028 =y Tl
E 16, 2048 Usez$002 =004 4 138 128 = | .
H :7. 408 Usertoio moce & zse  ase A .
5o e oo s 0 Job based medtrics:
. is. 2048 Usexf007 m004 4 128 120 -0
H z0. 2152 Ueecorn =001 1€ 51z 812 2.9 E . .
. . 0192 UsexfOO00 w0l 14 81z 512 0.7 asi 9 th I t t
B 2z, 2062 Usescfooz mooe ] 128 128 0.3 121 a n WI aS l I I I n u e
. 3. 2048 Userf00l mO04 4 128 (] o0.¢ 81
ﬂ 4. 2048 D-'xtﬂﬂ! al04 4 128 128 2.3 12:1 [ ] L] L]
e - - > bytes written/read since job start
: y J
.
3
4|
L]

IRIE.0 AN (B2, mae. T

Node--biased mapping of
I/O load (color-coded)

Wait: #jobs: 265 (pwed.)

536 (total)

system-days:1.2131 (pred.)

2.1565 (totall

Tn -33n +34% ~3Em ~3W

0/8 rds
0.0/48.3 nh
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#) J0LICH
Workload: I/O Libraries

Parallel application A

Parallel file system
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/0O Bottleneck: File Creation

Parallel File Create

#) )0LICH

FORSCHUNGSZENTRUM

JUQUEEN, JUST SWORK
1000
71778
SRR
directory i-node & sins
Entries
-
=
=
(=]
2
E' 100
P
@
8
w]
®
34,7
g _2;,8 26,9 —&— File size 100 bytes
®— File size 4096 bytes
1.835.008 tasks
(28 racks)
10
32.768 131.072 524.288 2.097.152
# Tasks
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#) J0LICH
SIONIib: Shared Files for Task-local Data

Parallel Application

J ]
] ]

POSIX 1/0

Parallel file system

t,

> #files: O(10) (

./checkpoint/file.0001

./checkpoint/file.nnnn

A A

Parallel file system
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SIONIib: Shared Files for Task-local Data

Parallel Application

J ]
] ]

SIONIib

POSIX 1/0

> #files: O(10)

HPC-IODC@ ISC, Frankfurt, July 16th, 2015

Parallel file system

A )0LICH

FORSCHUNGSZENTRUM

Serial
program
y N

Application
Tasks

®© 6

»

Logical
task-local
files

Physical
multi-file

»

SIONIib

Parallel file system

I/0 at JSC, W.Frings
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, .o
SIONIib: Architecture & Example ) JULICH

Parallel Tools Parallel Application

—

Parallel generic layer

- Extension of I/O-API [* fopen() > */
sid=sion_paropen_mpi( flename , “bw*,

(ANSI Cor POSIX) &numfiles, &chunksize,

e C and Fortran bindings, gcom, &lcom, &fileptr, ...);
implementation Ianguage C [* fwrite(bindata, 1,nbytes, fileptr) 2> */

« Current versions: 1.5.5, 1.6rc sion_fwrite(bindata, 1,nbytes, sid);

* Open source license: /* fclose() > */
http://www.fz-juelich.de/jsc/sionlib sion_parclose_mpi(sid)
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#) JULICH
SIONIib: Applications FORSCHUNGSZENTRUM

= Applications
DUNE-ISTL (Multigrid solver, Univ. Heidelberg) ITM (Fusion-community),
LBM (Fluid flow/mass transport, Univ. Marburg), PSC (particle-in-cell code),
OSIRIS (Fully-explicit particle-in-cell code), PEPC (Pretty Efficient Parallel C. Solver)
Profasi: (Protein folding and aggr. simulator) NEST (Human Brain Simulation)
MP2C: (Mesoscopic hydrodynamics + MD)

Globa
analysis result

= Tools/Projects
Local event [,

Scalasca: Performance
Analysis t ]
races

Score-P: Scalable Performance Measurement Infrastructure
for Parallel Codes

DEEP-ER: Adaption to new platform and parallelization paradigm
Buddy-Checkpointing
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/0-Benchmarking: ) J0LICH
Concurrent Access & Contention

File System Block Locking = Serialization

SIONIib: Logical partitioning of Shared File:

= Dedicated data chunks per task

= Alignment to boundaries of
file system blocks - no contention

#tasks data size  blksize write bandwidth

32768 256 GB aligned 3650.2 MB/s

32768 256 GB not aligned 1863.8 MB/s \\

Jugene (JSC, IBM Blue Gene/P, GPFS, fs:work)

: [ [ e[ [ 1 [ ¥ | ¥ | FS Blocks
SION“b chunk 1 chunk 2 ..«| chunk n
file Shared
format — date g date file

A block 1 A " i

Gaps
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#) JULICH
I/O-Benchmarking: Increasing #tasks further ...”"""""

450 .
s = : = Bottleneck: file meta data management
350 | ] = by first GPFS client which opened the file
w 300 | |
3 4
g 207 1 file i-node
P oo ! | pae
® :* :* :*
< 150 | R
Read: POSIX individual ——
100 |[Read: SION shared — —w— \% FS blocks W
Read: POSIX shared
50 | Write: POSIX individual —s— il
Write: SION shared —
- erte: PQS!X shared. —
2 4 8 16 24 32
#I0ONs (512 tasks each)
JUG : Bandwidth per , comparison

individual files (POSIX), one file per ION (SION) I/0-Node,

and one shared file (POSIX)
- Parallelization of file meta data
handling using multiple physical files
- Mapping: Files : Tasks
1:n € p:n 2> n:n

> IBM Blue Gene: = L
One file per I/O-node (locality)

>> 100000

I/O-Node,,

Par. FS
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Bandwidth (MiB/s)

#) JULICH
JUQUEEN SIONIib Scaling

= JUQUEEN (BG/Q) - JUST (GPFS/GSS)
=  Benchmark: 1.8 million tasks, ~7 TiB

= > 50-70% of peak I/O bandwidth

= Multi-file approach: one file per |/O-bridge

140,000 , , T I
SIONIib on JUQUEEN, 28 racks
120,000 4 pure MPI, 1-64 Tasks per Node
Shared Multi-File, Write ¢7.“<
256 MB per node @ N
100,000 , ,
=®-28 racks 16 K
racks
80,000 H =4=16 racks
8 racks [
== 4 racks 8 racks
60,000 H =@= 2racks
=@ 1rack
40,000 1 midplane 4 racks
20,000 2 racks
7 1rack
o 4 | } } } } } '
512 1,024 2,048 4,096 8,192 16,384 32,768 65,536 131,072 262,144 524,288 1,048,576 2,097,152 I 1
# Tasks 16 racks 28 racks
AUYUWY T pure MPI, 1-64 Tasks per Node y Z—\
Shared Multi-File, Read
140,000 H a —

256 MB per node o
I /\\\

—_ |
£ 120,000 1 =@=28racks <
a —4—16 racks *
2 100,000 H 8 racks
= —a— 4 racks 3
.'g 80,000 H =®= 2racks
== 1rack
T© 8 racks
s 60,000 4+ 1 midplane '
@ 4 racks
40,000 —
) 2 racks
20,000 L !
1 rack
o+ } } : ; ' : |
512 1,024 2,048 4,096 8192 16,384 32,768 65536 131,072 262,144 524,288 1,048,576 2,097,152

# Tasks
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RRRRRRRRRRRRRRRR

Conclusion

I/O workloads
= Large number of applications - diversity of I/O usage
= Optimization of parallel I/O library on systems
Hardware & 1/O infrastructure
= JUQUEEN -> Hierarchical I/O infrastructure
= JUST - Shared file system for multiple HPC systems
|/O monitoring
= Combination of information from different sources
- LLview + GPFS mmpmon
|/O challenges
= Large number of tasks/threads in parallel 1/0
= Support task-local /O - SIONIib
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