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HPC I/O State of the Art
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New members in the memory hierarchy

* New memory technology

* Changes the memory
hierarchy we have

* Impact on applications e.qg.
simulations?

* 1/O performance is one of the
critical components for
scaling applications
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The Linux I/O Stack

Fibre Channel

< Fibre Channel
over Ethernet
ISCSI

FireWire
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The Linux Storage Stack Diagram
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Tools

Linux Pa formmance Tools
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Different layer, different tool!

Application

MPI/HDF5/ADIOS ~ System Libraries

System Call Interface

userspace

kernelspace

Application & System Libraries:

* gprof — GNU Profiler

* ltrace — trace library calls

* uprobes — dynamic userspace tracepoints

System Call Interface:

* strace — trace syscalls w. ptrace()
* sysdig — needs kernel module

* perf —use Kernel trace events

VES:
* Isof — list open files
* pcstat

File System:
e perf — as swiss army knife
* Fs specific tools

Block Layer:

* iostat

* iotop

* blktrace
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Score-P & Vampir
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Tapping I/O Layers

I/O layers

Lustre File System
Client side
Server side

Kernel

POSIX

MPI-1/O

HDF5

NetCDF

PnetCDF

ADIOS

=%
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I/O operations over time

1.032200 s 1.032275 s
Master thread:0 -Mﬂ_File_read_at g
Master thread:1 MPI_File_read at MBI File_read_at

PIvp! File_read_at

Master thread:2

Master thread:3 _-M%Filefreadiat

1.032500s

-MgliFile_read_at

Individual 1/0
Operation

All Processes, Accumulated Exclusive Time per Function Group

80% 60% 40% 20% 0%
MPI .
11.44% | MPIHO /0 Runtime
0.44% | MPI-Collectives Contribution

0.4% | POSIX_10_API
0.26% | Application

0.02% MEMORY_ALLOCATE
0.01% | MEMORY_DEALLOCATE
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/O data rates over time

8145 b16s 81.8%5 8208 b2 s 024
Master thread, Values of Metric "I/O Bandwidth™ over Time : : : : :
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/O summaries with totals

All Processes, Aggregated I/O Transaction Size per Operation Type
5.0 MiB 3.8 MiB 2.5 MiB 1.2 MiB 0B

6 MiB | sum Other Metrics:
WRITE

I /D * |OPS

| * |/OTime

* 1/0Size

* |/O Bandwidth

All Processes, Average |/O Bandwidth per Operation Type
1,920 MiB/s 1,280 MiB/s 640 MiB/s 0B/s
2.315 GiB/s READ

- 153.514 MiB/s [Jlij WRITE
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/O summaries per file

All Processes, Aggregated /O Transaction Time per File Name
455 30s 15s Os

52328 ' IMidc2/scratchiwardmod/inputfineGrid/frate.wheat.nc
; 3.628 s

IMidc2/scratchi'wardmod/inputfineGrid/frate.corn.nc

EECEE 1/dc2/scratchiwardmod/inputifineGridifrate. soy.nc
2027 s /Midc2/scratchiwardmod/inp...dx/daily/Intr_relh_1948.nc
IMNidc2iscratchiwardmod/inp. . .dx/daily/Intr_rads 1948.nc
IN/dc2/scratchiwardmod/in. .. x/daily/ntr_wspd_1948.nc
: 1.182s /MNidc2iscratchiwardmod/i...C_B60year climo_mm_day.nc
fimpdmpifprocB/output/hourly/ 1948 _hourlydthmb.ne
INidc2iscrateh/wardmod/inp...dx/daily/intr_tmin_1948.nc
NG N/ de2/scratchiwardmodfinp. .. dx/daily/Intr_tmax_ 1948.nc
INidc2iscratchiwardmod/i...ntr RADS &60yvear climo.nc

iR Y N de2/scratchiwardmod/i...ntr WSPD 60year climo.nc
0.59 s [l "/dc2/scrateh/wardmod)i...ntr_TMAX_60year_climo.nc
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/O operations per file

0.860 s 0.862 s 0.864 s 0. 866 s
1/O Events of File "flustrefscratchZ!cheroldhor test/testFile" over Time

Master thread:0 | |
Master thread:1 G |
Master thread:2 | |
Master thread:3 | S |

0.868 s

Focus on specific
resource

1.09s 1.12s 1.15s 1.18s 121s 124s
I/O Events over Time : :

/scratch/cherold/ior_test/testFile -| | | l | |
all
stderr
stdin
stdout | | I | I
wp3.ior

Show all resources
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Tell Score-P to record I/O data

Score-P does not record I/O data by default
Score-P wrapper
see option --io=help
has variants
Score-P installation
default if 1/O libraries are detected correctly

A
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Select I/O layer of interest

scorep --io=netcdf --io=posix

-—-io=
mpi
none
POSIX
netcdf
netcdf par
hdf5
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Optionally set library wrapping method

scorep --io=runtime:netcdf --io=linktime:posix

runtime:
I/O calls are instrumented during binary loading
reveals even internal I/O in libraries,
e.g. NetCDF doing POSIX
requires --dynamic link option in scorep

linktime: (default)
|/O calls are instrumented when linking
reveals direct calls to I/O only

e.g. your code doing MPI-IO but not the I/O
underneath

60 IR ZIH
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/O data recording and static linking

--static
symbols are resolved during compile and link time
user calls to I/O libraries are recorded
iInternal 1/O in libraries not recorded
if library is not compiled with scorep

--dynamic
symbols are resolved loading binary into memory
needed for --io=runtime:posix

—
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How to use Score-P for your application?

In your makefile:

CC = $(PREP) gcc
CFLAGS = -Wall -Wextra

instrumented: foo.c

$(PREP) $(CC) $(CFLAGS) -o foo foo.c

PREP = scorep --dynamic --io=runtime:netcdf --io=runtime:posix

In your batch file:

#! /bin/bash
#SBATCH -nodes=256
#SBATCH -ntasks=256
#SBATCH

srun -n 256 ./your-app

export SCOREP_ENABLE_TRACING=true
export SCOREP_ENABLE_PROFILING=false
export SCOREP_TOTAL_MEMORY=256MB
export SCOREP_METRIC_RUSAGE=ru_stime, ru_inblock, ru_oublock
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