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1] SuperMUC supercomputer - LRZ I/ C

IO in the Data Center
Workshop

Member of the Gauss Centre for Supercomputing (GCS). Tier-0 centre for PRACE, the
Partnership for Advanced Computing in Europe.
2012 SuperMUC Phase 1 and 2015 SuperMUC Phase 2. Total Peak Performance 6.4

regioh—
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M SuperMUC supercomputer - LRZ

Spine infiniband
switches

Mellanox FDR14
Island switch

Haswell-EP

28 coresinode
2.3 GBlcore

each =14336 Cores

T

Phase 2 Compute Nodes
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LRZ infrastructure
(NAS, Archive, Visualization)

Internat / Grid Services

/O Servers
(weak coupling of phases 1

Mellanox FOR10
Island switch

Thin + Fat islands

of SuperMmc

I/O System
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each 8126 Cores

18 Thin Mode islands
1 Fat Mode Island

Phase 1 Compute Nodes




The I/O PATH on SuperMUC - Parallel
Storage (WORK and SCRATCH filespace

Virtual GPFS Clusters

Haswell
Islands
Phase 2

Infiniband FDR10

Infiniband FDR14

I/O PATH
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Spine IB switches

e

80
NSD

Switch Phase 1
1
FDR10 IB
e 6 o o

1/0O Island Core IB

Spine IB switches

16
~ NSD

1/0O Island Core IB
Switch Phase 2
12Gbps SAS
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10 x (8NSD + 1 DDN)
1 DDN (1 SFA12K):

564 SATA drives (HDD size is 3TB, NL
SATA)

56 RAID6 (LUNS 8+2P)

Stripe width is 2MiB

Stripe size 256kiB

4 hot Spare drives

12 PB (WORK)

8 x GSS26
1 GSS26:

6 x 58 HDDs (HDD size is 4TB, NL
SATA)

2SSDs plus NVRAM for securing log
information.

2 xNSD / GNR (GPFS Native Raid)
servers

Stripe width /vdisk track size is 8MiB
Strip size is 1028 kiB (1024kiB data +
4kiB check sum)

5 PB (SCRATCH)

GPFS (Parallel Storage)
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7" The Global Filesystem HOME (NFS) i C

IO in the Data Center
Workshop

Available on all HPC cluster systems (environment variable $HOME)
Shared area for all user accounts in a project
Very reliable
user-restorable snapshots (last 10 days)
automatic data protection by LRZ

NAS

$HOME

Achive and Backup
~30PB

Internet

———

Snapshots/Replika
1.5PB
(separate fire section)

Spine Infiniband

swiiches

Storage Systems
HPC Systems [ ($SCRATCH and $WORK ]
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I/0 in the Data Center

Workshop

HPC
M Projects by Research Area /@ C

B Computational Fluid-Dynamics (CFD)

B Asztrophysics-Cosmology (AFPH)
Inform atics-ComputerSciences (NF)

B Chemistry (CHE)

W Eiophysics-Biology-Bioinfom atics (B1O)
F hysicaHigh-€ nergyPhysics (HEFP )

B F hysics-Solid-Stae (FKP)
Geophysics (GEO)

M E ngineering-cthers (EMNG)

4 Meteorology-Climatology-0 ceanography (CLID

Dther
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.

I/O Libraries
® HDF5 15%, NetCDF or PnetCDF 10%; POSIX, MPI-10, or an I/O library
locally installed 75%.

HPC
/O Requirements /@ C

IO in the Data Center
Workshop

Storage Parallel
® WORK (70% Capacity ) -> 5 fold increase
® SCRATCH (80% Capacity) -> 8 fold increase

Checkpointing and large scale output with a connection to a visualization
cluster.
Checkpointing (for the Large-Scale Projects):
Periods: 5 min to 8 hours
Size: 100 GB -> 38%

1TB -> 10%

5TB -> 7%

10TB -> 1%

35TB -> 2%

70TB -> 1%

< 100GB -> 41%
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Vorführender
Präsentationsnotizen
Records at BADW-LRZ capture the frequency of occurrences of the different libraries by the SuperMUC working groups4 . HDF5 is used in 15% of the working groups, while 10% of the working groups use NetCDF or PnetCDF. The remaining 75% of the working groups use POSIX, MPI-IO, or an I/O library locally installed and therefore not easily classifiable by automatic means for the purpose of our statistical study. These numbers show that about 25% of the application might benefit from choosing another I/O library if the developers would rewrite their application.


© 2017 LRZ

M Outline

SuperMUC supercomputer
User Projects

Monitoring Tool

Darshan Tool

Persyst and Darshan

Conclusions

HPC I/O in the Data Center Workshop

HPC
I/ C

IfO in the Data Center
Workshop

10



T GPFS Monitor on SuperMUC: SCRATCH ]e

Workshop

One Year (06.06.15 19:01 - 20.06.16 19:01)

Datasource Throughput
GPFS throughput :
200 G ﬁ
v | :
5 “’M gl "A“ W eI P | ".m ” 'om An' "J'L»\H'MI 'Aw Id
a nJ | v v
o bl n-"»wm A Lt
©.100 6
2 ol
|_
-200 G . :
Jun Jul Aug Sep Oct Nov Dec Jan Feb Mar Apr May Jun
Hread 0,00 B/s Last 47.66 GB/s Average 172,43 GB/s Max
B write 0.00 B/s Last 50.14 GB/s Average 166,23 GB/s Max

© 2017 LRZ HPC 1/O in the Data Center Workshop 11



M GPFS Monitor on SuperMUC: WORK > C

IfO in the Data Center
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One Year (06.06.15 19:00 - 20.06.16 19:00)

Datasource Throughput
GPFS throughput :
400 sf————-—-————-———— 8
300 G 3

1130

MM

:::: p.) ll Ak w‘a w'. -..,..J-“ '”A aql M‘ My "’”d

_J— .-J_A -

. ‘f\' ¢ . ...-.'“- T 'm MW‘W "' "‘u NI

Aug Sep et Nov Dec Jan Feb Mar Apr May Jun

@ read 0.00 B/s Last 53.18 GB/s Average 341.75 GB/s Max
B write 0.00 B/s Last 30.75 GB/s Average 166,48 GB/s Max

=
(o]
o O
[~]

Throughput (B/s)

-200 G
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M NFS Monitor on SuperMUC: HOME /> C

One Year (06.06.15 18:59 - 20.06.16 18:59)

Datasource Throughput

NFS throughput %:
:E:G " M lm "ﬁ 'JJ 'MJ “*L...J_ n AMKMJ wﬂlk 'J' U "‘J"Jjw‘hﬁdn“&l'-ﬂb*”‘ :
: ' r ' i il | rw"r s | 2 WVW‘“" 11 L W'(

Jun Al Aug ' Sep et Nov Dec Jan Feb Mar Apr ' May Jun

B read 0.00 B/s Last 535.09 MB/s Average 2,36 GB/s Max
B write 0.00 B/s Last 158.11 MB/s Average 1.48 GB/s Max
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If0 in the Data

Works I:igta

M Persyst Tool — Report Example > C

PerSyst Tool collects performance properties of all running jobs every 10
minutes. No instrumentation is needed nor modifications to the user codes.
https://www.lrz.de/services/compute/supermuc/tuning/persystreport/

« Up | ? Tour O Job 2 User [ Project

|O_B)ftE.'SREEId Explanation: 10 bytes read from GPFS (Scope: Node Unit: 1/s)
Hint: Check if it is possible to reduce the 10.

Fri Apr 24 2015

250 Oceurrences (0.00%) / 5.00% of Cores 10:00 11:00 12:00 13:00 14:00 15:00 16:00 17:00 18:00 13:00 20:00 2100 2240 231
avg Value: 1.00205e+9 1is

avg Severity. 0.9699

FLOPS MECRENENRENNNNNNNE SEANN NN NNARCHCHNNANEN CHNDN NNSHEEED O BN AER
I vectorisedFiops B HENRNRRNNRNNRNEN NENNENNNNERNCENCEEN ENCEENEE NNEECEEERCER ERCEEEEEN
FlopsAVX_SSE_Ratio nn | | | [ | |
FlopsDP_SP_Ratio B | pn | i i i
MemoryBandwidth
cpl i 1 N B rrrmm i NEREHATEER B
LoadsStoresRafio
Expensivelnstructions
LoadsMissRatio
L3InstructionsRatio I I I
L3HitMissRatio
I L3Cost L DL D L ]

L3Bandwidth

L TSI 1 - RPN LR SO, U (S S CH o Py
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HPC
Darshan in SuperMUC /@ C
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To make use of Darshan in its version 2.3 and 3.x, the module
appropriate must be loaded.

modulle load darshan

Set up the variable FORTRAN_PROG in “true” if the program is a
Fortran program and false if it's not.

FORTRAN_PROG=true
Load the appropriate library.
export LD PRELOAD= darshan-user.sh $FORTRAN_ PROG"
Set up Darshan job identifier with loadleveler job identifier.
export JOBID LL= darshan-JOBID.sh $LOADL STEP_ID"

Set up environment variable DARSHAN_JOBID to environment
variable name that contain the job identifier of loadleveler.

export DARSHAN JOBID=JOBID LL
Set up Darshan log path
export LOGPATH DARSHAN LRZ="darshan-logpath.sh"

© 2017 LRZ
16



M Darshan Example — Plots with different counters

I/ C
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| jobid: 1752100

| uid: 3366230 | nprocs: 8464

| runtime: 3514 seconds

1/0 performance estimate (at the MPI-10 layer): transferred 4048187.3 MiB at 1176.54 MiB/s

Percentage of run time
o
3 =] =] [=]
(=] (=] (=] o

ra
(=]

(=]

Averaga /O cos! par process

M

Aead o

Wirite oo

Metadata ==

Other (including application compute) ===

POSIX Access Sizes
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,Q?"q.’o

Yk’%, "Q!
Ty R
Gou U

Read s Wrils e
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400000 |-

__ 350000 |
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% 300000 |
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o
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M Analysing I/O data of Darshan and PerSyst lole

in the Data Center
Workshop

Two cases:

= Simple pattern: BT-10 Class E and 1296 MPI processes. 1
Shared File of 2 TB. Total Data Transferred 4 TB (Write 2 TB
and read 2TB). Similar Request Size for read and write

operations.
= Complex Pattern: ECHO parallel application. Three HDF5

shared files and four POSIX small files. Total I/O near to 18 GiB.

Different request sizes.

© 2017 LRZ HPC I/O in the Data Center Workshop 19



M BT-10 Class E -

|O_BytesReadPerReadOp

4 Occurrences (80.00%) / 4.76% of Cores
avg Value: 16.27342e+6 ratio
avg Severity: 0.1903
FLOPS
VectorisedFlops
FlopsAVX_SSE_Ratio
FlopsDP_SP_Ratio
Vectorized FlopRatio
FlopsAVX_SSE_Ratio
AVEFlops
MemaryBandwidth
CPI
LoadsStoresRatio
Expensivelnstructions
LoadsMissRatio
L3 InstructionsRatio
L3HitMissRatio
L3Cost
L3Bandwidth
BranchMisspredictionTalnstruction Ratio
BranchMissprediction
BranchMissprediction ToBranchesRatio
FREQUENCY
‘ INSTRUCTIONS
Intemodelmbalance
Intranodelmbalance

I 10_BytesRead

tead PerRead Op
10_Closes
10_Opens
I 10_writtenBytes
10_BytesWritten PerWriteOp
10 Bytes Read Over 10 Minutes
I 10 Bytes read per Op aver 10 Min
[ 10 Bytes Written Over 10 Minutes
[ 10 Bytes written per Op over 10 Min
10 Closes over 10 Minutes
10 Opens over 10 Minutes

Explanation: Bytes read dived by the
number of read operations (Scope:
Node Unit: ratio)

Hint: A low ratio means too many
separate requests with little data sent.
Try to use fewer 10 requests which
send more data to the filesystem
together.

PerSyst

HPC
I/ C

Workshop

FriMay 26 2017
1600 17400
[ []

min

< Up || ? Tour

16.600e+6

16.500e+6

16.400e+6

16.300e+6

16.200e+6

16.100e+6

4 Up

16.000e+6

14.000e+6

12.000e+6

10.000e+6

8.000e+6

6.000e+6

4.000et6

2.000e+6

Oet0

16

10_BytesReadPerReadOp

v @ info Pt m Severity

Series

O Job | 2 User 1 Project

30

16:35

10_BytesWritienPer WriteOp

-

16:40

O info  Plot

16:45 16:50

Severity Series

16:55

17:00

1705 1710

:30

16:35

16:40

16:45 16:50

Avg Request Size ~ 16 MB

16:55

17:00

1705 1710
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Workshop

M BT-IO Class E — Darshan and PerSyst lia> C

jobid: 1726805

uid: 3366230

nprocs: 1296 runtime: 2792 seconds

I/0 performance estimate (at the MPI-IO layer): transferred 4048187.3 MiB at 1719.40 MiB/s

Darshan
Average I/O cost per process I/O Operation Counts
100 140000
120000
o 80
Darshan reports £ 2100000 |
. : 5 & :
read operations with = )
=] —
o] = 60000 |
more 1/O cost and 5 “ 3
. o o 40000 -
PerSyst with more * 20 =
20000
. o]
severity 0 ol _—
-20000 1 1 1 1 1 1 1
Read mm Read Write Open Stat Seek Mmap Fsync
Write oo
Metadata POSIX MPI-1O Coll. ===
er (including application compute) D= MPI-1O Indep. o
PerSyst
Job String ID ‘ . 10_BytesRead : ) |0_BytesReadPer : . |0_Closes . 10_Opens . 10_WrittenBytes . |0_BytesWritten . |0 Byies Re:
avyg Severity 1.00e+0 190.35e3 Oe+D Oe+0 750,003 2509.30e3 495833 ~
© 2017 LRZ HPC I/O in the Data Center Workshop
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HPC
| BT-IO Class E - Darshan I/ C

Ly £ Workshop
POSIX Access Sizes MPI-IO Access Sizes :'!: —
140000 70000 -
120000 | 60000 -
gmoooc- L gmmoo L
o o
= 80000 | = 40000 |
T s
S 60000 | & 30000
£ £
3 40000 320000 |-
20000 10000 |-
O e 7 7 % 7 T I N N A S T
b, 0 K, o P e e, oy 2, %S, oy %, T K, B e, ) U Ty,
% 7. % )Off- ,%*4:%% 104, 1 7%@4,7@ % 7 2% 7%_ ,%4_%% %, /% 4 ,%4;!7"@
PerSyst deteCtS Read mm Write o Read s Write oo
this request size Most Common Access Sizes
(POSIX or MPI-IO) File Count Summary
\ access size ‘ count (estimated by POSIX 1/0 access offsets)
16777216 | 251100 type | number of files | avg. size | max size
POSIX | 3959638 8000 total opened 1 2.0T 2.0T
3959584 100 read-only files 0 0 0
32752160 8900 write-only files 0 0 0
MPLIO 32751040 8000 read/write files 1 2.0T 2.0T
104 32753280 4500 created files 1 2.0T 2.0T
32757840 1400

i NOTE: MPI-IO accesses are given in terms
of aggregate datatype size.
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in the Data Center
Workshop

M Analysing I/O data of Darshan and PerSyst /> C

Two cases:

= Simple pattern: BT-10O Class E and 1296 MPI processes. 1
Shared File of 2 TB. Total Data Transferred 4 TB (Write 2 TB
and read 2TB). Similar Request Size for read and write

operations.
= Complex Pattern: ECHO parallel application. Three HDF5

shared files and four POSIX small files. Total I/O near to 18 GiB.

Different request sizes.
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. . HPC
M ECHO Parallel Application /@ ¢

Workshop

4 Up | ? Tour O Job | 2 User [ Project

IO_BytesWritten PerWriter Explanation: Bytes written per write operation (Scope: Mode Unit: ratio)
Hint: Try to use fewer |0 write requests which require more data from the

filesystem together. ; ;
i Up ? Tour 10_BytesWrittenPerWriteOp - 0 Info Plot:
3 Occurrences (100.00%) / 6.25% of Cores mg-l;yza m7 m SEvanity; seres -
avg Value: 740.41500e+3 ratic i © Job 2 User [ Project
avg Severity: 0.2610 ) )
I FLoPs i 900.000e+3 i 2017 14:50:00 GMT+0200 (C
VectorisedFlops
FlopsAVX_SSE_Ratio /
FlopsDP_SP_Ratio [ | 850.000e+3 ' 7
VectorizedFlopRatio | | W | /
Flops&VX_SSE_Ratio /
AVXFlops | | W | 800.000e+3 - /
MemaryBandwidth /
B cr [ | | /
LoadsStoresRatio 750.000e+3 /
Expensivelnstructions /
LoadsMissRatio /
|| L3instructionsRatio [ | | 700.000e+3 / . . . . | .
I LsHitMissRatio [ | ] 3
L3Cost f/
L3Bandwidth /
[ BranchMisspredictionTolnstructionRatio [ | ] 650.000e+3
BranchMissprediction
I eranchMissprediction ToBranchesRatio [ | ] 14:20 14:25 1430 14:35 14:40 14:45 14:50
FREQUENCY
INSTRUCTIONS [ | ]
Intemodelmbalance
Intranodelmbalance
10_BytesRead
10_BytesRead PerRead Op Severity Distribution 2017-05-26 14:20:00
0-Closes Persyst detects
|0_Written Bytes 1
e rr—— A small request sizes
|0 Bytes Read Over 1
© 2017 LRZ HPC I/O in the Data Center Workshop
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M ECHO Parallel Application - Darshan lia> C

Workshop

| jobid: 1725127 | uid: 3366230 | nprocs: 8192 | runtime: 1779 seconds

1/0 performance estimate (at the MPI-10 layer): transferred 5930.5 MiB at 77.84 MiB/s
Darshan reports

counters per file

(t h e p I Ot Average I/O cost per process 1/O Operation Counts
100 100000
corresponds to a
HDF5 file) g™ o
E 60 % 60000 |
H g
.g 40 I 40000
g g
o 20 é 20000
8
. ) — U_er
-20000 ‘ ' ' ' ] ' ]
Read Write Open Stat Seek Mmap Fsync
POSIX s MPI-IO Coll. ==
Other (including application compute) === MPI-1O Indep. o
PerSyst does not detect number of files.
Severity corresponds to all 1/0O activities.
Job String ID . 10_BytesRead : 10_BytesReadPer N I0_Closes N 10_Opens . 10_WrittenBytes N 10_BytesWritten . 10 Bytes Read O N 10 Bytes read p
avg Severity De+0 3886623 De+0 Oe+0 Oe+0 261.0523 Oe+0 Oe+0
© 2017 LRZ HPC 1/O in the Data Center Workshop
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I/0 in the Data Center
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M ECHO Parallel Application - Darshan > C

POSIX Access Sizes MPI-IO Access Sizes i

7000 - 100000 -
6000 | 90000 |
_ __ 80000
35090 i E 70000 -
o o
< 4000 | = 60000 r
5 & 50000 |
%30% i @ 40000 |
5 2000 | S 30000 |
© © 20000 |-
1000 10000 |
0 R — 0 R T S S
O 2 e 2 2 7 Zn 2y 7 O 2y e 2y Zn 7 P
K Ol’frt’%%’%%'ﬁ; % 0, % o%f ) % 0"’*@"&%’0:%’2 v 0:4”0:04‘2
* % * %
PerSyst should be
. Read s Write oo Read oo Write o
detect this request ost Accoss S
: ost Common Access Sizes
per file HDF5 and (POSIX or MPI-I0) .
ll access size | count File Count Summary
ve ry sSma reCIUESt —— ‘ ‘ (estimated by POSIX I/0 access offsets)
for the other files. Sy 1012143 6132 type | number of files | avg. size | max size
POSIX 1011;3; 13 total opened 1 5.8G 5.8G
This request correspons to 544 3 vf:f‘t‘:ggg hes P ..
16 (MPI processes per IS8 ST read/wite files 0 0 0
compute node) x MPIIO— MPTIO § 61504 | 1123 created files 1 5.8G 5.8G
access sizes (collective 61440 | 7200
bUﬁe”ng teChanue) iNOTE: MPI-IO accesses are given in

terms of aggregate datatype size.
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. HPC
Conclusions /@ C

4 I/0 in the Data Center
.. A= Workshop

L
«
]

« Darshan provides detailed information about the 1/O
characteristics. Only total counters per file at POSIX and MPI-IO
level. Temporal pattern is not provided.

 PerSyst provides some specific I/O counters per interval (10 min)
per job. It is not possible to know the total files, total I/O and 1/O
processes (and other I/O counters of Darshan).

e Darshan allows us to know the counts of files, file size, number
of I/0 processes and other important counters.

« We should consider the buffer size of the MPI-IO library for
analyzing the request sizes (Collective Buffering, Data Sieving).

« We can use both tools to obtain knowledge about 1/O
performance, but we need select temporal fields of PerSyst and
associate them with the 1/O profiling provided by Darshan to
learn more about I/O activities.
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