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Agenda

* Introduction

* Maximize application efficiency

* Analyze code performance

* Profile multi-threaded codes

* Optimize Python-based applications
* Visualize code regions with Caliper

2 © 2019 Arm Limited
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Arm is ubiquitous

21 billion chips sold by
partners in 2017

#1 in Infrastructure today with
28% market shares

© 2019 Arm Limited

Partnership is key

We design IP, we do not
manufacture chips

Partners build products for
their target markets

Choice is good

One size is not always the best fit
for all

HPC is a great fit for
co-design and collaboration

arm




Arm’s solution for HPC application development and porting

Combines cross-platform tools with Arm only tools for a comprehensive solution

Cross-platform Tools

a2 N\
o &R

DDT| |MAP

-
arm
PERFORMANCE
REPORTS

o

4 © 2019 Arm Limited

Arm Architecture Tools

-

=

arm
C/C++ & FORTRAN
COMPILER
\_
B
arm 2
PERFORMANCE
LIBRARIES

-

arm
ALLINEA STUDIO

% C/C++ Compiler

* Fortran Compiler

2 Performance Libraries
%+ Forge (DDTand MAP)

% Performance Reports

arm



The billion dollar question in “weather and forecasting”

Is it going to rain tomorrow?

1. Choose dqmain 2. Gather Data 3. Create Mesh, |

. RN N A

25 j @
3 158
i
s ;I | b
= B 1%
# I 5
PR o T
‘ix‘ 1 )

I B dinbur h'
Glasgow, ,"}i\ g

- e ,\Newcasl\e

ViNNBES 5 S
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Weather forecasting workflow

Deploy

Staging
environment

Production

Builds
Scalability

Performance

Develop
Fix
Optimize

Regressions Cl Agents

Commit i Continuous _
versior : : Start Cl job
control integration
system Pull framework

* 24 hour timeframe
6 ©2019ArmLimited * 2 to 3 test runs for 1 production run arm




Application efficiency

Scientist

e Efficient use of allocation
time
e Higher resultthroughput

© 2019 Arm Limited

Developer

e Characterize application
behaviour

e Gets hintson next
optimization steps

System admin Decision maker

e Maximize resource usage e High-level view of system

e Diagnose performance workload
issues e Reportingfiguresand
analysis to help decision
making




Arm Performance Reports

Characterize and understand the performance of HPC application runs

Gathers a rich set of data

- Analyses metrics around CPU, memory, 10, hardware counters, etc.
- Possibility for users to add their own metrics

f;"
Commercially supported
by Arm

Build a culture of application performance & efficiency awareness

@ - Analyses data and reports the information that matters to users

Accurate and astute - Provides simple guidance to help improve workloads’ efficiency

insight

Adds value to typical users’ workflows

g - Define application behaviour and performance expectations

- Integrate outputs to various systems for validation (e.g. continuous
integration)

- Can be automated completely (no user intervention) arm

Relevant advice
to avoid pitfalls

8 © 2019 Arm Limited



Executal MADbench2
rce 16 processes, 1 node
arm st sandybridge2
PERFORMANCE q Men Nov 4 12:27:50 2013

REPORTS
tmp/MADbench2

12-core server / HDD / 16 readers + writers

109 seconds (2 minutes)

Summary: MADbench2 is |/O-bound in this configuration

The total wallclock ime was spent as follows:

CPU 48% |

vt oo [
0 so

Time spent running application code. High values are usually good.
This is low; it may be worth improving I/O performance first.

Time spent in MPI calls. High values are usually bad.

This is average; check the MPI breakdown for advice on reducing it.

Time spent in filesystem 1/O. High values are usually bad._
This is high; check the /O breakdown section for optimization advice.

This application run was |/O-bound. A breakdown of this time and advice for investigating further is in the 1/0 section below.

CPU

A breakdown of how the 4.8% total CPU time was spent:
Scalar numericops  49% |

Veclornumericops 0.1% |

Memory accesses  95.0% [N

Other 0.0 |

The per-core performance is memory-bound. Use a profiler to
identify ime-consuming loops and check their cache performance.

No time was spent in vectorized instructions. Check the compiler's
vectorization advice lo see why key loops could not be vedorized.

l{e}

A breakdown of how the 53.9% total IO time was spent:

Time in reads 3.7% |

Time in writes 96.3% [ |

Estimated read rate 272 Mb/s [

Estimated write rale  7.06 Mbis |

Most of the time is spent in write operations, which have a very low
transfer rate. This may be caused by contention for the filesystem or

inefficient access patterns. Use an 1O profiler to investigate which
write calls are affected.

© 2019 Arm Limited

MPI

Ofthe 41.3% total time spentin MPI calls:

Time in collective calls 100.0% |
Time in point-to-point calls 0.0% |
Estimated collective rate 4.07 bytesis [

Estimated point-to-point rate 0 bytes/s |

All of the time is spent in collective calls with a very low transfer rate.
This suggests a significant load imbalance is causing
synchronization overhead. You can investigate this further with an
MPI profiler,

Memory

Per-process memory usage may also affect scaling:
Mean process memory usage 160 Mb [N

Peak process memory usage 173 Mb I

Peak node memory usage 172% N

The peak node memory usage is low. You may be able to reduce
the total number of CPU hours used by running with fewer MPI
processes and more data on each process.

Analyze application behavior easily

N\
‘ Simple start-up
\

‘ No source code needed
\
‘ Scalable, low overhead
|
‘ Powerful metrics and analysis

/
‘ Human and machine-readable results
/

arm



Forge: an integrated solution

Production
+ PR

Scalability

Uptimize

Performance

Develop

Staging
environment
+ PR

Fix

Regressions

Optimize

Commit Version
control

system

10 © 2019 Arm Limited

Fix

Continuous
integration
framework

Builds

Cl Agents
+ PR

Start Cl job

arm



Arm Forge

An interoperable toolkit for debugging and profiling

I;‘.’
Commercially supported
by Arm

—+

N N
Fully Scalable

° @
Very user-friendly

11 © 2019 Arm Limited

The de-facto standard for HPC development

- Available on the vast majority of the Top500 machines in the world
« Fully supported by Arm on x86, IBM Power, Nvidia GPUs, etc.

State-of-the art debugging and profiling capabilities
- Powerful and in-depth error detection mechanisms (including memory

debugging)
- Sampling-based profiler to identify and understand bottlenecks

- Available at any scale (from serial to petaflopic applications)

Easy to use by everyone

- Unique capabilities to simplify remote interactive sessions
- Innovative approach to present quintessential information to users

arm



Why profile?

Profiling: a form of dynamic program analysis used to Type of profile Optimization

time
optimize an application.
‘ ‘ Hotspot [
How to optimize an application?
- Select representative test cases
- Profile
Tracing ‘ Spike B
Instrumenting
Sampling
- Optimize
- Profile and iterate until your speedup goal has been reached ‘ Flat o

v

12 © 2019 Arm Limited a rm



Multi-node low-overhead profiling with Arm MAP

13

[ [
./hemelb_256p_2014-01-26_19-37.map - Allinea MAP - Allinea Forge 5.1-43967
File Edit View Metrics Window Help

Profiled: hemelb on 256 processes, 0 nodes Sampled from: Sun Jan 26 19:37:21 2014 for 464.1s

Main thread activity

CPU floating-point '
149 %

Memory usage
122 MB

19:39:55 (+154.0875, 33.3%): Memory usage ranged from 70.0 kB (rank 0) to 145 kB (rank 71) with mean 119 kB and s.d. 10.6 kB Zoom *

H StepManager.h 3

Concern * concern; |
MethodLabel method;
std::string name;
Action(Concern &concern, MethodLabel method) :
concern(&concern), method(method) [ {-..¥ )
Action(const Action & action) :
concern(action.concern), method(action.method) (L1
bool Call()

QR

return concern->CallAction(method);

3

typedef std::map<steps::Step, std::vector<Action> > Registry;

foes

StepManager(Phase phases = 1, reporting::Timers * timers = NULL, bool separate concerns = false);
8 pre
87 void Reaister(Phase ohase. steps::Step step. Concern & concern. MethodLabel method):

Input/Output | Project Files | Main Thread Stacks ‘ Functions \

Main Thread Stacks
Total core time ~ MPI Function(s) on line Source Position

JSON export

main.cc:16
master.RunSimulation(); main.cc:40
ed] DoTimeStep(); SimulationMaster.cc:435
= CallActionsForPhase [inlined], CallActio... stepManager->CallActions(); SimulationMaster.cc:341
69.5% walll| allActio... return concern->CallAction(method); StepManager.h:67
15.5% CallActionsForStep(static_cast<steps::Step>(step), 0); StepManager.cc;

7.6% | _ L allActionsForPhase [inlined] CallActionsForPhase(phase); StepManager..
0.2% 7 others

<01% 12 others =218
Showing data from 256,000 samples taken over 256 processes (1000 per process) Allinea Forge 5.1-43967 # '{ I I ’ ’ y O I I p rO I I I I g

© 2019 Arm Limited



Basic debugging

* The first debugger: print statements
- Each process prints a message or value at

defined locations
- Diagnose the problem from evidence and

intuition
J1x)
 Alongslow process
- Analogous to bisection root finding X
* Broken at modest scale \/|

- Too much output — too many log files

14 © 2019 Arm Limited q rm



Professional debugging with Arm DDT

d non-interactive

15 © 2019 Arm Limited

Fle View Control Search Tools Window Help
=
e 0@ S RBELEFEIE ! A-D-
urrent Group: Focus on current: @ Group () Process () Thread [ Step Threads Together
l 24576 processes (0-24575) Paused: 17220 Playing: 7356 Finished: 0
Currently selected: {on nid09271, pid 30269, main thread IWP 30269)
Create Group
Project Files ©® | = mpiEnvironment.cc 3¢ | * LatticeDatacc 3 | € xyzparte 3 Locals | Current Line(s) | Current
Search (Ctrl+K) ]o\ 546 if (allpicks[i].val I= -1) [4] Lecals
. 547 allpicks[ntsamples++] = allpicks[i]; Variable Name.
 template.cc E 548 } allpicks
.-
§ v o - o
& > 2 ort a e picks
@ template_dictionary.cc 551 ikvsurtii(ntsampts allpicks); emnts W0:2530950
 template_modifiers.cc e ' ’ firstix <value optimized out>
@ template_namelist.cc 553 graph Al 0xbca010
m ;
1 template pathops.cc 554 /* select the final splitters. Set the boundaries to simplify coding */ !
# template_string.cc tor (is1: i e i
- timerc 555 or (i=1; i<npes; i++) e
£ timersc 556 m.ypll:kS[l] = allpicks[i*ntsamples/npes]; Ja
@ Timers.cc 557 mypicks[e].key = IDX MIN; Stvix
€ timing.c 558 mypicks[npes].key = IDX MAX; mype
- # UnitConverter.cc 559 mypicks 052692160
© utilc 560 nlsamples <value optimized
@ utilityFunctions.cc 561 VICOREPOP; /* free allpicks */ = i"npes
¥ Vector3D.cc 562 ||| i-nrecy —1065353216
- ¥ Vector3DHemeLb.cc |”| 563  STOPTIMER(ctrl, ctrl->AuxTnr2); [T < value optimized out>
 VelocityField.cc 564 STARTTIMER(ctrl, ctrl->AuxTmr3); nvtxs oo
® Viewpoint.cc = 565 i o I
I s i [y) | 566 /* Compute the number of elements that belong to each bucket */ [+ Typer idx t
Input/Output ints | Watchpoints | Stacks ints int Qutput book Evaluate
Stacks ©® | Expression Value
Processes  Threads  Function v
17220 117220[_|5main (main.cc:37)
17220 117220 ] HSi d c:63)
17220 17220 | imulatic itialise (Simulati c:154)
17220 117220 | = hemelb:geometry::GeometryReader::LoadAndDecompose (GeometryReader.cc:188)
17220 (17220 | B Y imi inDecomposition 2
17220 1172200 ] isedDec: it imisedDecomposition ition.cc:65)
17220 (17220 | iti imis allParmetis (Optimi osition. cc:181)
17220117220 Kway (gkmetis.c:90)
te_Partition (.

Remote client available




Professional debugging with Arm DDT

SWItCh Fle Edit View Control Tools Window Help
e Bas #0289
between

| current Group: [AT <]
OpenMP

Focus on current: € Group ¢ Process ¢ (Thread: [~ Step Threads Together |

Project Files 8 x

Search (Ctri+K) LY

¢ mainc () | ¢ hydro_godunovc [ ¢ conservarc () |

60 const int Hoxt,
threads oo ol I o

63 const int slices, const int
real_t uold[Hnvar * Hnxt * Hn)
) {

Headers
Fle View Control Search Tools Window Help

i G GEKEELEIBIE ! O
“Current Group:

int 1, 3, ivar, s;

L

Memory Leak Report
ey " anow
i 8 ranks:
Legend
Rank 0: 583.11 kB R e mmits.c138)

Locals | Current Line(s) | Current

Rank 1: N ompi_free NSt grow

s N cen et mternal (minheap mtermai i) (<] Locals
Rank 3 B other |

Ran 4

Rank 3

Rank 5

Rank 7. 5871 ke B

* template_modifiers.cc

552

. @ template_namelist.cc =
I n e B iomplate pathopa.cc 554 /* select the final splitters. set
S 555 for (i=1; ienpes; i++)

Message Queues

memory - : e

[Procemerenps 2]
.
debugging S
+ Send
——
. ! Unexpected
Input/ouf
Stacks
P 384 Show local ranks
rocesses
17220 ® Show global ranks
17220 | Only ranks with messages
17220 |
17220 | Select communicator
17220 |
17220 ]
17220 |
17220 ]
17220 |

Visualise data

MESSALBE || = e o o it i n

1 Receive: 0xB... MPI COMMUN.. Receive 0x0 149 405 13 369
2 Receive: 0xB... MPI COMMUN.. Receive 0x0 16 2712 193 449

q u e u e 3 Receive: 0xB... MPI COMMUN... Receive 0x0 1 m a1 a1 /
4 Receive: 0xB... MPI COMMUN. . Recoive 0x0 174 430 252 508
gl - I Iv)

debugging

| e | [o=]

16 © 2019 ArmLimited
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Set up your environment

Copy NPB in your workspace:

cd $SCRATCH/$USER

cp -r /p/scratch/share/VI-HPS/examples/NPB3.3-MZ-MPI.tar.gz .
tar xf NPB3.3-MZ-MPI.tar.gz

cd NPB3.3-MZ-MPI/

A A A A

Load the MPI, Forge and Performance Reports modules
module load Intel IntelMPI
module use /p/scratch/share/VI-HPS/JURECA/mf/

module load Arm-forge Arm-reports

B A A

18 © 2019 Arm Limited q rm



Run Arm Performance Report

* Compile your application as usual — no requirements
$ make bt-mz CLASS=C NPROCS=8

* Edit the job script and submit

$ cd bin/

$ cp ../jobscript/jureca/reference.sbatch job.sub
Modify the following line to add:

perf-report srun -n $PROCS $EXE

$ sbatch -A <youraccount> job.sub

* View the results
$ firefox bt-mz_C 8p 2n 6t YYYY-MM-DD HH-MM.html
$ cat bt-mz_C 8p 2n 6t _YYYY-MM-DD HH-MM.html

19 © 2019 Arm Limited
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Run Arm MAP

* Edit the makefile and compile

FFLAGS = -03 -g -fno-omit-frame-pointer -no-ip -no-ipo $(OPENMP)
- The debugging option (-g) is a requirement for all applications profiled with MAP
- With Intel compilers, aggressive optimizations can interfere with MAP. To prevent this use the following flags:
-fno-omit-frame-pointer -no-ip -no-ipo

S make bt-mz CLASS=C NPROCS=8

* Edit the job script job.sub and submit

map --profile srun -n $PROCS $EXE
- --profile enables to run the profiler in non-interactive mode

$ sbatch -A <youraccount> job.sub

* View the results
$ map bt-mz_C 8p 2n 6t YYYY-MM-DD HH-MM.map

20 © 2019 Arm Limited q rm



MPI_Init_thread limitations

e BT-MZ uses MPI_Init_thread() rather than MPI_Init()

* MAP provides limited support for MPI_THREAD_SERIALIZED or MPI_THREAD_MULTIPLE
* A warning message will be displayed if that’s the case

* MPI activity on non-main threads won’t contribute to the MPI metric graphs.

* Additional profiling overhead may appear

* Pthread view is recommended to view the profiling results

* MPI_THREAD _SINGLE or MPI_THREAD_FUNNELED are fully supported

21 © 2019 Arm Limited q rm



Run Arm DDT

* Edit the makefile and compile

FFLAGS = -00 -g $(OPENMP)
- The debugging option (-g) is a requirement for all applications debugged with DDT
- Disabling compiler optimizations-00is recommended

S make bt-mz CLASS=C NPROCS=8

* Launch the debugger from the login node

S ddt

* Edit the job script job.sub and submit
ddt --connect srun -n $PROCS $EXE
$ sbatch -A <youraccount> job.sub

* Accept the incoming connection, click on Run and debug interactively

22 © 2019 Arm Limited q rm



Arm Remote Client

- To avoid using X forwarding when using Forge, a clientis available for Linux, MacOS and
Windows

- Installthe Arm Remote Client

https://developer.arm.com/products/software-development-tools/hpc/downloads/download-arm-forge

« Connectto the cluster with the remote client

- Open your Remote Client
- Create a new connection: Remote Launch =2 Configure = Add
- Hostname: <username>@jureca.fz-juelich.de
— Remote installation directory:
/p/scratch/share/VI-HPS/JURECA/packages/arm-forge-19.1/
- Connect!

23 © 2019 Arm Limited a rm
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Genomics use case: DISCOVAR

Myth: genomic applications are I/O intensive

* |dentifying DNA sequence variants helps
understanding the genetic basis of many diseases
(e.g. cancer) in order to develop:

oo oo DISC?VAR

« New therapies

 DISCOVAR ’°°°°°‘“°°°°°°°°°°‘°°°°°°"°“°°°‘°°°°°*°°°°° m%@’mmm’mm LR
- Variant caller and small genome assembler rpestskm \ » ——=

il i! LTI /ﬁ L

% 7 4;
o . . . _ . . m IIT-IIE:I '
Input: DNA sequencing files of sub-mammalian sized 9 _
genomes S

- Newer DISCOVARde novo for larger genomes et i
° C.|..|. and OpenMP kpesriscoglzm

* Developed by Broad Institute at MIT ‘”’ \_\i‘;}_ —
. hh-E- .H!!‘!‘E:‘

500000 —8e0d

| E=;éiiT_.-.HIIIPi_.

Y. pseudotuberculosis IP32953
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A first look

On real hardware

26

It’s not |/O intensive

Good quantity of OpenMP time

No vectorization

© 2019 Arm Limited

arm

Iscratch/mark/discovar/discovar-52488/src/Discovar
NUM_THREADS=24 READS=chr1-10M-12M.bam
REGIONS=1:10000000-12000000 TMP=deleteme

Compute

PERFORMANCE OUT_HEAD=deleteme
REPORTS 1 node (12 physical, 24 logical cores per node)
1 GPU per node available Py
23 GB per node, 3 GB per GPU L )
1 process, OMP_NUM_THREADS was 0 MPI 110

micl

Wed Jul 1 11:28:43 2015
479 seconds (8 minutes)
Iscratch/mark/discovar/discovar-52488/src

Summary: Discovar is Compute-bound in this configuration

MPI 0.0% |
/0 2.8% |

Time spent running application code. High values are usually good.
This is very high; check the CPU and accelerators sections for advice.

Time spent in MPI calls. High values are usually bad.
This is very low; this code may benefit from a higher process count.

Time spent in filesystem I/0. High values are usually bad.
This is very low; however single-process I/O may cause MP| wait times.

This application run was Compute-bound. A breakdown of this time and advice for investigating further is in the CPU and accelerator

sections below.

As very little time is spent in MPI calls, this code may also benefit from running at larger scales.

A braasbdram Af tha 07 20L CDILLtinane
Single-core code 224% W
OpenMP regions 77.6% [
Scalar numeric ops 85% |
Vector numeric ops 0.1% |

Memory accesses 83.1% [N
\

Waiting for accelerators ~ 0.0%

MPI

A breakdown of the 0.0% MPI time:

Time in collective calls 0.0% |

Time in point-to-point calls 0.0% |

Effective process collective rate 0.00 bytes/s |
\

Effective process point-to-point rate  0.00 bytes/s

No time is spent in MF| operations. There's nothing to optimize here!

The per-core performance is memory-bound. Use a profiler to identify

time-consuming loops and check their cache performance.

Little time is spent in vectorized instructions. Check the compiler's
vectorization advice to see why key loops could not be vectorized.

arm



OpenMP in detail

110 OpenMP
A breakdown of the ?.8% I/O time: A breakdown of the 77.6% time in OpenMP regions:
Time in reads 7% | Computation 52.4% [N
Time in writes 92.9% [N Synchronization 17.6% W
. Effective processread rate  1.12 GB/s [N Physical core utilization 200.0% [
® P hy S I C a I C O re S a re 2 OO% I O a d e d Effective process write rate 110 MB/s System load 172.2% [N
Most of the time is spent in write operations with an average effective The system load is high. Check that other jobs or system processes are

M H transfer rate. It may be possible to achieve faster effective transfer rates not running on the same nodes.
° H y pe r-t h rea d I n g I S O n using asynchronous file operations.

Memory

Per-process memory usage may also affect scaling:
Mean process memory usage 2.10GB [l

Peak process memory usage  6.15 GBI

* 17% of parallel region time is ey m

. o There is significant variation between peak and mean memory usage.
h t This may be a sign of workload imbalance or a memory leak.
Sy n C ro n I Z a I O n The peak node memory usage is very low. Running with fewer MP1

processes and more data on each process may be more efficient.

27 © 2019 Arm Limited a rm



DISCOVAR - Investigating the OpenMP synchronization

28

H O r‘i ZO n ta I t i m e ax i S L] CO I 0 u r Profiled: Discovar on 1 process, 1 node, 24 cores {24 per process) Sampled from: Wed Jul 1 11:28:43 2015 for 478.1s
L]

coded

- Dark green —single core

« Light green — OpenMP work
. — Pthread sync

- Grey—idle

Vertical axis
- #icores doing something

Something’s very wrong
towards the end...

© 2019 Arm Limited

File Edit View Metrics Window Help

Hide Metrics...

Application activity

CPU floating-point

1.2 % g - — JE e o d =i
o - ISR T Y W T T T J—
Memory usage 615 -
2.10 GB — o, i j—
0 A

11:28:43-11:36:41 (478.097s): Main thread compute 10.5 %, Pthreads 5.0 %, OpenMP ©4.1 %, File /0 2.7 %, Synchronisation %, OpenMP overhead 13.7 %, Sleeping © % | CPU floating-point 1.2 %; Memory Zoom

= Discovar.cc [ | = LoadCorrectCore.cc [ |
vec<pairing_info> cpartner; ‘:J
vec<int> cid;
vecbasevector creads;
CorrectionSuite( TMP, heur, logc, log_control, creads, corrected, cid,
cpartner, NUOM _THREADS, "", clock, USE_OLD_LRP_METHOD J;
vec<Bool> to_delete( creads.size( ), False );
DefinePairingInfo( TMP, creads, to_delete, cid, corrected, cpartner, logc };

@

8.4% 1N, i

/ Build and simplify graph.

SupportedHyperBasevector shb;

if ( !LongHyper( READS, corrected, cpartner, shb, heur,
log_control, loge, TMP, USE_OLD_LRP_METHCD ) )

{ DiscovarTools::ExitPathsEmpty( ); 13

ReportAssemblyStats (shb);

ImproveLongHyper( "™, "", shb, TMP, READS, spec, heur, NUM_T
log_control, loge, 2, USE_OLD_LRF_METHOD }; J

=)

/ Generate output fil

EAD=". ", log_control, logc );

shb.DumpFiles( OUT 1
HEAD + ".final.fastaQ" ); ‘:J

Cfstream( fout, CUT

Input/Output | Project Files ~ OpenMP Stacks | OpenMP Regions | Functions

OpenMP Stacks 8 x
Total core time % | Overhead | Function(s) on line |Source Position 2
B & Discovar [program]
B # main {

{ tmp_mgr, heur, logc, log_control, creads, corrected, cid, cpartner, NU.. LoadCorrectCore.cc:449

CorrectionSui

El CorrectionSuite{LongProtoTmpDirMa.

40.2% [ [ Correct1Pre(FeudalString<char, st... pairs, to_edit, trim_to, trace_ids, loge, heur J; } LoadCorrectCore.cc:604

20.8% ] CorrectPairs1{FeudalString<char, s... trace_ids, heur, log_control, loge, corrected ); LoadCorrectCore.cc:752

2.3% [ B CorrectPairsl{FeudalString<char, s... trace_ids, heur2, log_centrel, lege, corrected ); LoadCorrectCore.cc:791

1.4% i PopulateSpecials(MasterVec<BaseVec NUM_THREADS, special, logc ); LoadCorrectCore.cc:764

3.6% M f | # 8 others

6.2% WLk o ImproveLongHyper(FeudalString<char... 1og_control, loge, 2, USE_OLD_LRP_METHOD ); Discovar.cc:149

3.7%h I i 6 others =l

[llinea Forge v5-1-BRANCH [ OpenMP View .

arm

Showing data from 1,000 samples taken over 1 process (1000 per process)



Zoom in on the region

File Edit View Metrics Window Help

Profiled: Discovar on 1 process, 1 node, 24 cores (24 per process) Sampled from: Wed Jul 1 11:28:43 2015 for 478.1s

Application activity

Hide Metrics...

CPUV floating-point 100
0%
o - e Ik [ — e
6.15

Memory usage
2.17 GB

* Arm MAP lets you zoom
- Stacks, code, regions, time all

[ I

11:35:23-11:36:08 (44.941s, 9.4% of total): Main thread compute 8.6 %, Pthreads 0.0 %, OpenMP 1.2 %, File I/O 6.2 %, Synchronisation

%, OpenMP overhead 84.0 %, Sleeping © % | CPU floating-point 0 %; Zoom "\; 3

focused on zoom area

o

#pragma omp critice
{ pll_paths.pust
( p.Contains( plZ, j )

Key observation:

=

o Discovarcc ] | ™ LoadCorrectCore.cc (] | ™ ImproveLongHypercc(:]  “ SupportedHyperBasevector.cc [ |

j = path 11[1].second;

)

- OpenMP “critical” region

ains ( pzl,-

( p.Cont

#pragma omgp itica

521 paths.push back (i) ; } i

Input/Output | Project Files ~ OpenMP Stacks | OpenMP Regions | Functions
OpenMP Stacks

B ¢ main
B ImproveLongHyper({FeudalString<char...
El SupportedHyperBasevector::PullApar...

B PullApartProcessVertex(Supported...

0.5% P parallel end
0.4% GOMP_parallel_start
0.3% GOMP_parallel_start
0.2% GOMP_parallel_end
1.1% |

SupportedHyperBasevector::Delete...
Showing data from 94 samples taken over 1 process (94 per process)
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0 x
Total core time N |Overhead | Function(s) on line | Source Position l:l
47.4% | N1l [ gomp_barrier_wait_end source file not found: /scratch/cianuary/build-goc-4.8.1/x86 64-unknown-linux-gnu/libge.. team.c:119
331% 1 1 il Bl Blgomp_team_barrier wait_end source file not found:

/scratch/cjanuary/build-goe-4.8.1/x86_64-unknown-linux—-gnu/libge.. team.c:116

Discovar.cc:26

Discovar.cc:149

ImproveLongHyper.cc:269

...tedHyperBasevector.cc:492

b o

...tedHyperBasevector.cc:255
...tedHyperBasevector.cc:243
...tedHyperBasevector.cc:243
. tedHyperBasevector.cc:537 7|

[Allinea Forge v5-1-BRANCH [<» OpenMFP View

{
log_control, loge, 2, USE_OLD_LRP METHOD );
{ shb.Pullfpart( min_weight_split, legc );

v, w, pass, min_weight_split, lege ) )

paths_index,

#pragma omp parallel for
#pragma omp parallel for
#pragma omp parallel for

DeleteReverseComplementComponents (logo); }

arm



Fixing

30

#pragma omp critical
- Execute exactly one thread at
a time to ensure safety

is costing too much

- Passing “token” from thread to
thread to do small pieces of
work.

Run whole section on one

thread instead
« Has same semantics

© 2019 Arm Limited

| = LoadCorrectCore.cc | | I « |mproveLongHyper.cc | |
:n edited.

P = T e T L T O T o O OO O O (O Y%

N =

BT L

[0

J om Ln s L

[0

 SupportedHypert

/#pragma omp parallel for
r ( int 1 = 0; 1 < paths_index([=1].isi
int i = paths_index([x1][1].first, -
const wec<int>& p = shb.Path(i);
( p.Contains( pll, j ) )
/#pragma omp critical
- pll_paths.push_back(i);
( p-Contains( pl2, j ) )
‘#pragma omp critical
~ pl2_paths.push_back(i);
fpragma omp parallel for
( int 1 = 0; 1 < paths_index[x2].1s1

int 1 = paths_ ;JdEH-HE-:;- first, -
const wvec<int>& p = shb.Path(i);

( p.Contains( p21, j ) )
f#pragma omp critical

pi _paths.push_back (1) ;

arm



Impact of change

* Runtime down by 7%

31 © 2019 Arm Limited

File Edit Wiew Metrics Window Help

Profiled: Discovar on 1 process, 1 node, 24 cores (24 per process) Sampled from: Wed Jul 1 11:54:31 7 45 for 444.3s Hide Metrics...
Application activity e
CPU floating-point 100
1.3 % - — = . — —
o - - [ " NTE g T p—l -
Memory usage 469
1.86 GB —_ e i o i e e o
0 L——rer — =

11:54:31-12:01:55 (444.251s): Main thread compute 10.6 %, Pthreads ©.3 %, OpenMP ©5.¢ %, File I/O 2.6 %, Synchronisation

%, OpenMP overhead &.5 %, Sleeping © % | CPU floating-point 1.3 %:; Memory 1Zoom *1 =

= Discovar.cc [ |  LoadCorrectCore.cc [ |

CorrectionSuite( TMP, heur, logc, log_control, creads, corrected, cid,

cpartner, NUM_THREADS, "", clock, USE_OLD_LRP_METHOD ];

vec<Bool> to_delete( creads.size( ), False );
DefinePai

Build and simplify graph.

SupportedHyperBasevector shb;

if ( !LongHyper( READS, corrected, cpartner, shb, heur,
log_control, logec, TMP, USE_CLD_LRP_METHCD ) )

{ DiscovarTools::ExitPathsEmpty( ); 13

ReportAssemblyStats (shb);

log_control, legc, 2, USE_OLD_LRP_METHOD };

Generate output files.

shb.DumpFiles ( QUI_HEAD+".
Cfstream( fout, CUT HEAD +

, log_contreol, logc );

.final.fasta0" );

ngInfo( TMP, creads, to_delete, cid, corrected, cpartner, logc );

anrm_fe[nng?]yper( n", ™", shb, TMP, READS, spec, heur, NUM_THREADS, J

Input/Output | Project Files ~ OpenMP Stacks | OpenMP Regions | Functions
OpenMP Stacks

Total core time % | Overhead | Function(s) on line |Source

Position <]

£ _main {

CorrectionSuite{ tmp_mgr, heur,

H # [OpenMP worker threads]
Showing data from 1,000 samples taken over 1 process (1000 per process)

loge,

Discovar.cc:26

log_contrel, creads, corrected, cid, cpartner, NU.. LoadCorrectCore.cc:449

El CorrectionSuite{LongProtoTmpDirMa...
42.9% N [ Correct1Pre(FeudalString<char, s pairs, to_edit, trim_te, trace_ids, logc, heur ); } LoadCorrectCore.cc:604
22.5% - [ CorrectPairsl{FeudalString<char, s... trace_ids, heur, log_centrel, legs, corrected }; LoadCorrectCore.cc:752
2.5% I CurrectPairsl(FeudaIString<char. S... trace_ids, heurZ, log_contrel, loge, corrected ); LoadCorrectCore.cc:791
1.5% [ B PopulateSpecials{MasterVec<BaseVec WUM_THREADS, special, loge )j LoadCorrectCore.cc:764
4.0% L V B10 others
6.3% ImproveLengHyper(FeudalString<char... leg_control, loge, 2, USE_OLD_LEP_METHOD ); Discovar.cc:149
3.6%| 0| 5 others

-

[Allinea Forge v5-1-BRANCH [<* OpenMP View

arm




As a performance report

32

Improvementsin
- Runtime
- Synchronization overhead

© 2019 Arm Limited

Iscratch/mark/discovarfdiscovar-52488/src/Discovar
NUM_THREADS=24 READS=chr1-10M-12M.bam

Compute

arm REGIONS=1:10000000-12000000 TMP=deleterne
PERFORMANCE OUT_HEAD=deleteme
REPORTS 1 node (12 physical, 24 logical cores per node)

1 GPU per node available

23 GB per node, 3 GB per GPU
1 process, OMP_NUM_THREADS was 0

micl
VWEU JUl L 11.9%.01 2ULD
445 seconds (7 minutes)

Jecratchimarkidiceavaridic! oyar-52488/src

Summary: Discovar is Compute-bound in this configuration

Time spent running application code. High values are usually good.
Com DUte 97.2% _ This is very high; check the CPU and accelerators sections for advice.
MPI 0.0% Time spent in MPI calls. High values are usually bad.
N | This is very low; this code may benefit from a higher process count.

28% Time spent in filesystem 1/O. High values are usually bad.
e} B I This is very low; however single-process I/O may cause MPI wait times.

This application run was Compute-bound. A breakdown of this time and advice for investigating further is in the CPU and accelerator

sections below.

As very little time is spent in MPI calls, this code may also benefit from running at larger scales.

CPU

A breakdown of the 97 2% CPU time:
single-core code 229 W
OpenMP regions 77.1% .
Scalar numeric ops 9.4% |
Vector numeric ops 0.0% |
Memory accesses 84.5% [N

Waiting for accelerators 0.0% |
The per-core performance is memory-bound. Use a profiler to identify
time-consuming loops and check their cache performance.

No time is spent in vectorized instructions. Check the compiler's
‘vectorization advice to see why key loops could not be vectorized.

1[e]

A breakdown of the 2.8% I/O time:

Time in reads 17.9% 0
Time in writes 82.1% [N

Effective process read rate 483 mB/s I
Effective process write rate 134 MB/s

Most of the time is spent in write operations with an average effective
transfer rate. It may be possible to achieve faster effective transfer rates
using asynchronous file operations.

Memory

Per-process memory usage may also affect scaling:

Mean process memory usage 1.66 GB [l

Peak process memory usage  4.69 GBI

Peak node memory usage 23.0% W

There is significant variation between peak and mean memory usage.
This may be a sign of workload imbalance or a memory leak.

The peak node memory usage is very low. Running with fewer MP1
processes and more data on each process may be more efficient.

MPI

A breakdown of the 0.0% MPI time:

Time in collective calls 0.0% |

Time in point-to-point calls 0.0% |

Effective process collective rate 0.00 bytes/s |
|

Effective process point-to-point rate  0.00 bytes/s

No time is spent in MP1 operations. There's nothing to optimize here!

OpenMP

A D7 regions:
Computation gs.7% [
Synchronization 11.3% 1

System load 171.09 NN

The system load is high. Check that other jobs or system processes are
not running on the same nodes.
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Python in HPC

e Essential modules:
- NumPy: support of large multi-dimensional
arrays and matrices
- SciPy: support for linear algebra, integration,
interpolation, FFT, ...
- MPI4Py: provides bindings of the MPI standard

* Rely on highly-optimized libraries
- Written in lower-level languages:
— C, FORTRAN, ...
- BLAS, LAPACK, FFTW, ...

* Can easily be interfaced with other
languages

34 © 2019 Arm Limited q rm



Use Arm MAP on Python applications

Laplacel.py
* Launch command
- S python ./laplacel.py slow 100 100
[..]
* Profiling command {e:g: ; ?l:l@range(l ax-1):
- S map --profile python ./laplacel.py slow 100 for 5 in rangeZl, ny_i):
100 tmp = u[i,]]
- --profile: non-interactive mode ufi,j] = ((u[i-1, Jj] + u[i+1l, j])*dy2 +
. . : (u[i, j-1] + u[i, j+1])*dx2)*dnr_inv
output: name of output file Giff = uli,3] - tmp
err += diff*diff
* Display profiling results return numpy.sqrt(err)
- S map laplacel.map (-]

35 © 2019 Arm Limited a rm



aive Python loop

File Edit View Metrics Window Help

Profiled: python on 1 process, 1 node Sampled from: Thu Jan 24 2019 16:21:41 (UTC) for 27.7s

Main thread activity

Hide Metrics...

CPU floating-point iy
0.3 %
ol —
CPU integer LD
10.0 %
ol _—
CPU memory access || 1% -
73.6 % )

16:21:41-16:22:08 (27.7175

. laplacel.py X

zoom &1 = ©
Time spent on line 112

g; self.setTimeStepper (stepper) |«| | Breakdown of the 44.3% time
39 def slowTimeStep(self, dt=0.0): spent on this line:

100 """Takes a time step using straight forward Python loops."™" Executing instructions 0.0%
101 g = self.grid . R

102 nx, ny = g.u.shape Calling other functions 58.7% Il
103 dx2, dy2 = g.dx**2, g.dy**2 Executing Python code 41 3% M
104 dnr_inv = 0.5/ (dx2 + dy2)

105 u = g.u al

106

107 err = 0.0 =

108 for i

109 for rang

110 tmp = uli, jl

111 uli, ] = ((uwli-1, j] + wli+l, j1}*dy2 +

112 (uli, §-11 + wli, j+11)*dx2)*dnr_inv

113 diff = uli,j] - tmp

114 err += diff*diff

115

116 return numpy.sgrt (err)

117 —

118 Aef mumerisTimeStenicz=1f At=0 01 B

[ Input/Output ] Project Files | Main Thread
Main Thread Stacks

Stacks ‘ Functions

Total core time “  Function(s) on line Source Position

= time_test print "toock", time_test(n, n, stepper=solver, n_iter=n_iter), "seconds" laplacel.py:235

= solve s.solve(n_iter=n_iter, eps=eps) laplacel.py:228

=l slowTimeStep err = self.timeStep() aplacel.py:195

4.3% |11 double multip! e A 3-1] + j+1] v laplacel.py:112

28.7% [ [] ® array_subscript, double_multipl... uli,3] = ((uli-1, 31 + wli+l, §])*dy2 + laplacel.py:111

20.9% (L1 NTTLIE WCLRAE QTR A &l array_subscript diff = uli, 3] - tmp laplacel.py:113
s [WLNAIRIIITNT o0 i, double mutpy. . ace = sicbracs loce priis 5

Showing data from 1.000 samples taken over 1 process (1000 per process)
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Arm Forge 19.0.1 & Main Thread View
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Optimizing computation on NumPy arrays

Naive Python loop

err = 0.0
for i in range(1, nx-1):
for j in range(1, ny-1):

tmp = u[i,]]
ufi,j] = ((u[i-1, j] + u[i+1, Jj])*dy2 +
(u[i, j-1] + u[i, j+1])*dx2)*dnr_inv
diff = u[i,j] - tmp
err += diff*diff

return numpy.sqrt(err)

37 © 2019 Arm Limited

—

NumPy loop

ufl:-1, 1:-1] =
((u[@:-2, 1:-1] + u[2:, 1:-1])*dy2 +

(u[1:-1,0:-2] + u[1l:-1, 2:])*dx2)*dnr_inv

return g.computeError()

arm
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umPy array notation

File Edit View Metrics Window Help

Profiled: python on 1 process, 1 node Sampled from: Thu Jan 24 2019 16:17:48 (UTC) for 22.9s

Main thread activity

Hide Metrics...

CPU floating-point iy
38.0 % _:
o -
CPU memory access || 120
90.9 %
o
CPU fp vector LD
38.0 %

16:17:48-16:18:10 (22.86

' laplacel.py X

M@é =@

Time spent on line 128

=)

SO L LI O RR0CRIN (1] H ] 22

23.0% 127
47.8% 128

129
29 0% M0 1o A WA 50

131

def numericTimeStep(self, dt=0.0):
"""Takes a time step using a numeric expressions.""
g = self.grid
dx2, dy2 = g.dx**2Z, g.dy**2
dnr_inv = 0.5/ (dx2 + dy2)

g.old_u = u.copy()

iteration
= ((ul0:-2, 1:-1] + ul2:, 1:-1]1)*dy2 +

[v]

(ul1:-1,0:-2] + ull:-1, Z:])*dx?) *dnr_inv

rn g.computeError ()

def fortran77TimeStep(self, dt=0.0):

""Takes le fortran module that
Zpy to compile
You need

rtran

L

(4]

Breakdown of the 47.0% time
spent on this line:

Executing instructions 0.0%
Calling other functions  100.0% Il
Executing Python code 0.0%

[ Input/Output ] Project Files ] Main Thread Stacks | Functions

Functions

Total

Child Function

B

31.1%
29.2%
13.4%
9.0%

6.
4.5%
1.3%

__memmove_ssse3_back
_mm_add_pd [inlined]
_mm_sub_pd [inlined]
_mm_mul_pd [inlined]
_mm_store_pd [inlined]
ddot_kernel_8

brk

[PYTHON_IO_WRITE]

i add_DOUBLE [inlined]

-

© 2019 Arm Limited

Arm Forge 19.0.1 & Main Thread View
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Use FORTRAN in Python applications

 F2PY:FORTRAN to Python interface generator
* Part of NumPy

* Compile with debugging flag for profiling
- S f2py --debug -c flaplace90 _arrays.f90 -m flaplace90 arrays
- Relies on underlying compiler: GCC, IFORT, PGl
- Generates a *.so library imported in the Python script:
import flaplace90 arrays
- --debug: enables debug information

39 © 2019 Arm Limited q rm



Use FORTRAN in Python applications

FORTRAN loop

subroutine timestep(u,n,m,dx,dy,error)
[...]

If2py intent(in) :: dx,dy

If2py intent(in,out) :: u

If2py intent(out) :: error

If2py intent(hide) :: n,m

[...]

u(l:n-2, 1:m-2)=((u(@:n-3, 1:m-2) + u(2:n-1, 1:m-2))*dy2 + &
(u(l:n-2,0:m-3) + u(l:n-2, 2:m-1))*dx2)*dnr_inv

error=sqrt(sum((u-diff)**2))
end subroutine

40 © 2019 Arm Limited

Python script

import flaplace90 arrays

[.]

def fortran90TimeStep(self, dt=0.0):

g = self.grid

g.u,err =

flaplace90 arrays.timestep(g.u, g.dx, g.dy)

return err

-]

arm
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ORTRAN code

File Edit View Metrics Window Help

Profiled: python on 1 process, 1 node Sampled from: Fri Jan 25 2019 13:33:46 (UTC) for 49.

Main thread activity

2s

Hide Metrics...

CPU floating-point 100 B .
47.3 % L, _m-_—_ _'.'-_ -
ol - e ~
CPU memory access || %0 BRI
52.0% e C e
o %
CPU fp vector iy :
28.4 % a5 ) -

Time spent on line 25
i Df'(gl. ot Dimet) qiff |/ || Breakdown of the 47.9% time spent on this line:
1sion(0:n-1,0:m-1
dx2,dy2,dnr_inv Executing instructions  71.6%
13 intent (in) :: dx,dy Calling other functions 2845 INEE—_——
14 intent (in,out) :: u Executing Python code 0.0%
15 tent (out) :: error — . -
16 intent (hide) :: n,m Time in instructions executed:
17 ing-poi
dx? = dxtdx Scalar floating-point 0.0%
T2 - dyed e—| Vector floating point 52 5% ——
dnr_inv = 0.5d0 / (dx2+dy2) Scalar integer 0.3%]
28 1 SiEE=n Viector integer 0.0%
Memeory access 16.9% I
ullin-2, 1:m-2) = ((u(0:n-3, 1:m-2) #+ wiZ:p-1, 1:m-2))*dy2 + & B h
48 (u(l:n-2,0:m-3) + u(l:n-2, 2:m-1))*dx2) *dnr_inv ﬁ ranc
Other instructions 0.3%!
21 error=sqrt (sum( (u-diff) =*2))
end subroutine
&

[ Input/Output ] Project Files | Main Thread Stacks \ Functions

Main Thread Stacks

Total core time # | Child Function(s} on line

Source

Position [E

- EIf2py_rout_flaplaced0_arrays _ti...
. Htimestep, _int free

113.7% : ssse3 back
i 28.0% __memcpy_ssse3_back

| 113% . @ systrim.isra

g.u, err = flaplace30_arrays.timestep(g.u, g.dx, g.dy)

source file not found: /tmp/tmpl_nWgZ/src.linux-x36_@4-2.7/flaplaced0_arraysmodule.c
{ + uflin-2, 2: inv

dif

error=sqrt {sum{ (u-diff)**2))

_int_free (no debug info)

laplacel.py:150
...lace90_arraysmodule.c:262

flaplace90 arrays.f90:25
flaplace90_arrays.fo0:22
flaplace90_arrays.fa0:27

Showing data from 1.000 samples taken over 1 process (1000 per process)

© 2019 Arm Limited
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ORTRAN code

File Edit View Metrics Window Help
Profiled: python on 1 process, 1 node Sampled from: Fri Jan 25 2019 13:33:46 (UTC) for 49.2s

Main thread activity

Hide Metrics...

CPU floating-point 100 . - g i
47.3 %
ol
CPU memory access 100
52.0 %
L
CPU fp vector LD
284 %

o LR K TS =

13:33:46-13:34:35 (49.228s): Main thread compute 98.0 %, File IO 0.1 %, Python interpreter 0.5 %, Sleeping 1.4 %

' laplacel.py X | F flaplace90_arrays.foo X

Time spent on line 27

[v]

Breakdown of the 21.9% time spent on this line:

Executing instructions 100.0%
Calling other functions 0.0%
Executing Python code 0.0%

Time in instructions executed:

Scalar floating-point 85.8% I

Vector floating point 0.0%

Scalar integer 4.6%0
Vector integer 0.0%
Memeory access* 24.2% I
Branch

Other instructions 0.0%

] int : n,m

10 r 1sion(0:n-1,0:m-1} diff

11 r dx2,dy2,dnr_inv

12

13 ! £2py

14 1£2

15 1£2

16 1£2

17

18 dx2 = dx*dx

18 dy2 = dy*d

20  dnr_inv = 0.5d0 (dx2+dy2)

21

22 diff=u

23]

24 B u(l:n-2, 1:m-2) = ((u(0:n-3, 1:im-2) + w(Z:n-1, 1:m-2})*dy2 + &
25 (ufl:p-2,0:m-3} + u(l:n-2, 2:m-1))*dx2)*dnr_inv
26

27 error—sqre (sum((c diffl a7 Y —
28

29

30

*9.6% memory access instructions, 14.6% implicit memory
accesses in other instructions, also counted in their categories

-

[ Input/Output ] Project Files | Main Thread Stacks \ Functions

Main Thread Stacks

Total core time # | Child Function(s} on line Source

- =If2py_rout_flaplaced0_arrays g.u, err = flaplace30_arrays.timestep(g.u, g.dx, g.dy)

Recompile module with:
S f2py --debug --opt="-03 -ffast-math“ ...

= timest: int free source file not found: ftmp/tmpl_nWgZ/src.linux-x86_64-2.7/flaplaced0_arraysmod
48.0%
28.1% [ __memcpy ssse3_back dif
21.9%| error=sqrt (sum{ (u-diff)**2))
1.3% | ] | 113% systrim.isra _int_free (no debug info)

flaplac eQUZarrays.fQU:ZT g‘

Showing data from 1.000 samples taken over 1 process (1000 per process)
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ORTRAN code fast-math

File Edit View Metrics Window Help
Profiled: python on 1 process, 1 node Sampled from: Mon Jan 28 2019 13:21:02 (UTC) for 46.4s

Main thread activity

Hide Metrics...

CPU floating-point iy . [t
38.4 % e R ' oL -
o T T
CPU memeory access b N - . [
58.4 % ST T e e ] TO=T RS o
o . - a
CPU fp vector LD . - -
38.4% . o : S , . N
LU ) - __—__ ) '

13:21:02-13:21:48 (46.4425): Main thread compute 98.7 %, File IO 0.2 %, Python interpreter 0.2 %, Sleeping 0.9 %

' laplacel.py X | F flaplace90_arrays.foo X

[)

] integer, : n,m
10 real | 1sion(0:in-1,0:m-1) :: diff
11 real (ki dx2,dy2,dnr_inv
12
13 intent (in) dx, dy
14 intent (in, out) u
15 tent (out) error
16 intent (hide) n,m
17
18 dx2 = dx*dx
18 dy2 = dy*d
20  dnr_inv = 0.5d0 (dx2+dy2)
il
25 &% [N e
24 B u(l:n-2, 1:m-2) = ((u(0:n-3, 1:im-2) + w(Z:n-1, 1:m-2})*dy2 + &
s¢.2% N : - (u(l:n-2,0:m-3) + u(l:n-2, 2:m-1))*dx2) *dnr_inv
26
SRR LTI CHME R 27 erzor-eamt(swni(y ZE01 772 Y —
29 end subroutine
30

(]

Time spent on line 27

Executing instructions
Calling other functions
Executing Python code

Scalar floating-peint
Vector floating point
Scalar integer
Vector integer
Memory access
Branch

Other instructions

v

Breakdown of the 13.8% time spent on this line:

Time in instructions executed:

100.0%
0.0%
0.0%

0.0%

52.9% I
0.7%I
0.0%

46.4% I

0.0%

[ Input/Cutput ] Project Files | Main Thread Stacks ‘ Functions

Main Thread Stacks

Total core time

“  Function(s) on line

Source

Position E

source file not found: /tmp/tmp¥oiKbJ/src.linux-x86_64-2.7/flaplaced0_arraysmodule.c

= timestep

56.2% [N ssse3_back (u{1:n-2,0:m-3) + u{l:n-2, 2:m-1))*dx2)*dnr_inv
28.5% NI I ssse3_back
13.8% 1 MUMIH 110 : error=sgrt {sun{ (u-diff)++2))

Ell other
0.9% | Il [l [+ systrim.isra

_int_free {no debug info)

...lace90_arraysmedule.c:262
flaplace90_arrays.f20:25
flaplace90 arrays.f9
flaplace90_arrays.fa0:27

Showing data from 1.000 samples taken over 1 process (1000 per process)

© 2019 Arm Limited
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Multi-processing in Python

44

MPI4Py
 Provides Python bindings of the MPI standard
- MPI: Message Passing Interface

Rely on existing MPI infrastructure

« MPICC must be in path when installing
module

- MPIRUN enables to launch the application

Profiling command
- S map --profile mpirun -n 8 python
./mmprod.py

© 2019 Arm Limited

MPI14Py example

from mpidpy import MPI
import numpy

comm = MPI.COMM_WORLD
rank = comm.Get_rank()

if rank == 0:
data = {'a': 7, 'b': 3.14}
comm.send(data, dest=1)

elif rank ==
data = comm.recv(source=0)
print('On process 1, data is

',data)

arm



MPI-parallel matrix multiplication

File Edit View Metrics Window Help
Profiled: python2.7 on 8 processes, 1 node, 8 cores (1 per process) Sampled from: Mon Jan 28 2019 18:06:27 (UTC) for 36.8s

Main thread activity

CPU memory access
31.2 %

Hide Metrics...

CPU fp vector
50.8 %

MPI call duration
0.27 s

18:06:27-18:07:03 (36.788s): Main thread compute 86.7 %, MPI 13.2 %, File I/0 0.0 %, Python interpreter 0.0 %

 mmprod.py X

MR\\! =9

Time spent on line 74

[v]

Breakdown of the 78.5% time
spent on this line:

Executing instructions 0.0%
Calling other functions  100.0% Il
Executing Python code 0.0%

63 .empty_like (my_2a)
64 None, MNone, MNonel
63
13 ge (0, nit}):
67
68 e (mpi_rows) :
69 reg|EAST] = ccomm.Isend(tile A , neigh[EAST])
, , , 70 req[WEST] = ccomm.Irecv(tile A_, neigh[WEST])
71 reg[SOUTH] = ccomm.Isend(tile B , neigh[SOUTH])
<0.1% . . i 72 req[NORTH] = ccomm.Irecv(tile B , neigh[NORTHI)
73
78.5% RN 74 my C += np.dot (tile A, tile B) | |
75
188 |, . ., . 1 |16 reql0].Waitall (req) J<_
17
0.3% | | ) 8 comm.barrier ()
79 t_total = t_total, time()-t0)
80
81 t0 = time()
82 if comm.rank == 0:
1.6% . &3 np.dot (tile A, tile_B)
11.2% B &4 comm.barrier ()
85 t_serial = time()-t0
86

(4]

[ Input/Output ] Project Files ] Main Thread Stacks | Functions ‘

Functions
Self “  Total MPI Child Function E
77.9% 77.9% sgemm_kernel SANDYBRIDGE
11.6% ] ] Bl11.6% 11.6% MPI_Barrier
2.6%ma 2.6% _ ieee754 _log_avx
1.6% 5.8% 4.2%  rk_gauss
1.4% L. 0 1 i 14%  1.4% MPI_Waitall
1 nos 1 nos rle randnmm =

Showing data from 8.000 samples taken over 8 processes (1000 per process)
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MPI-parallel matrix multiplica

File Edit View Metrics Window Help

Profiled: python2.7 on 8 processes, 1 node, 8 cores (1 per process) Sampled from: Mon Jan 28 2019 18:06:27 (UTC) for 36.8s

Main thread activity

CPU memory access
31.2 %

tion

Hide Metrics...

CPU fp vector
50.8 %

MPI call duration
0.27 s

18:06:27-18:07:03 (36.788s): Main thread compute 86.7 %, MPI 13.2 %, File I/0 0.0 %, Python interpreter 0.0 %

mmpred.py X

Zoom Sd 1 (D)
Time spent on line 74

np.empty_like (my_A)

e, None, MNone, Nonel

(0, nit}):

e (mpi_rows) :

req[EAST] = ccomm.Isend(tile_A , neighl[EAST])
regIWEST] = ccomm.Irecv(tile_A_, neigh[WEST])
req[SOUTH] = ccomm.Isend(tile_B , neighl[S0UTH])
reg[NORTH] = ccomm.Irecv(tile_B_, neigh[NORTHI])

[v]

Breakdown of the 78.5% time
spent on this line:

Executing instructions 0.0%
Calling other functions  100.0% Il
Executing Python code 0.0%

my C += np.dot (tile A, tile B)

63
64

65

66

67

&8

69

‘ C 70
i1

<0.1% 72
73

78.5% RN 74
75

1.4% [ T | 76
[

0.3% . . ‘ 78
79

80

81

82

1.6% __ a3
11.2% — BT
85

86

reql0].Waitall (reqg)

comm.barrier ()
t_total =

t_total, timel()-t0)

t0 = time()

if comm.rank == 0:
np.dot (tile_a, tile B)

comm.barrier ()

t_serial = time()-t

(4]

[ Input/Output ] Project Files ] Main Thread Stacks | Functions ‘

Functions
Self “  Total MPI Child Function E
T7.9% 77.9%

sgemm_kernel SANDYBRIDGE
11.6% ] ] Bl11.6% 11.6% MPI_Barrier

2.6%ma 2.6% _ ieee754 _log_avx
1.6% 5.8% 4.2%  rk_gauss

1.4% L. 0 1 i 14%  1.4% MPI_Waitall

a1 _NoL 1 NoL rle_randam

-

Showing data from 8.000 samples taken over 8 processes (1000 per process)
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MPI-parallel matrix multiplica

File Edit View Metrics Window Help

Profiled: python2.7 on 8 processes, 1 node, 8 cores (1 per process) Sampled from: Mon Jan 28 2019 18:06:27 (UTC) for 36.8s

Main thread activity

CPU memory access
31.2 %

tion

Hide Metrics...

CPU fp vector
50.8 %

MPI call duration
0.27 s

18:06:27-18:07:03 (36.788s): Main thread compute 86.7 %, MPI 13.2 %, File I/0 0.0 %, Python interpreter 0.0 %

mmpred.py X

M@& =9

Time spent on line 74

np.empty_like (my_A)

e, None, MNone, Nonel

(0, nit}):

e (mpi_rows) :

req[EAST] = ccomm.Isend(tile_A , neighl[EAST])
regIWEST] = ccomm.Irecv(tile_A_, neigh[WEST])
req[SOUTH] = ccomm.Isend(tile_B , neighl[S0UTH])
reg[NORTH] = ccomm.Irecv(tile_B_, neigh[NORTHI])

[v]

Breakdown of the 78.5% time
spent on this line:

Executing instructions 0.0%
Calling other functions  100.0% Il
Executing Python code 0.0%

Ay € 5= np ot (Eile &, File ©) Wi ee—

63
64

65

66

67

&8

69

‘ C 70
i1

<0.1% 72
73

78.5% RN 74
75

1.4% [ T | 76
[

0.3% . . ‘ 78
79

80

81

82

1.6% __ a3
11.2% — BT
85

86

reql0].Waitall (reqg)

comm.barrier ()
t_total =

t_total, timel()-t0)

t0 = time()

if comm.rank == 0:

np.dot (tile_a, tile_s) < mm—

comm.barrier ()
t_serial = time()-t0

(4]

[ Input/Output ] Project Files ] Main Thread Stacks | Functions ‘

Functions
Self “  Total MPI Child Function E
77.9% 77.9% sgemm_kernel SANDYBRIDGE <—
11.6% " " Bl 11.6% 11.6% MPI_Barrier
2.6%ma 2.6% _ ieee754 _log_avx
1.6% 5.8% 4.2%  rk_gauss
1.4% L. 1 4 1 1 14%  1.4% MPI_Waitall
1 nos 1 nos rle randnmm =

Showing data from 8.000 samples taken over 8 processes (1000 per process)
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MPI-parallel matrix multiplication: OpenBLAS

File Edit View Metrics Window Help
Profiled: python2.7 on 8 processes, 1 node, 8 cores (1 per process) Sampled from: Mon Jan 28 2019 18:06:27 (UTC) for 36.8s

Main thread activity

CPU memory access
35.8 %

CPU fp vector
63.1 %

MPI call duration
0Os

Hide Metrics...

18:06:39-18:06:44 (4.635s, 12.6% of total): Main thread compute 100.0 %, MPI 0.0 %, File I/0 0.0 %, Python interpreter 0.0 %

mmpred.py X

too.os G -

zoom &1 1= ®

Time spent on line 74

tile_B_ = np.empty_like (my_A&)
req = [None, None, None, MNone]
for it in xrange(0, nit):
t0 = time()
for r in xrange (mpi_rows):
req[EAST] = ccomm.Isend(tile_ & ,
req[WEST] = ccomm.Irecv(tile_A_,
req[SOUTH] = ccomm.Isend(tile_B ,
req[NORIH] = ccomm.Irecv(tile_B_,

neigh[EAST])
neigh[WEST])
neigh[S0UTH])
neigh[NORTH])

~{ | Breakdown of the 100.0% time
spent on this line:

Executing instructions 0.0%
Calling other functions  100.0% Il
Executing Python code 0.0%

my_C += np.dot(tile A, tile B)

reql0].Waitall (reg)

comm.barrier ()

t_total = min(t_total, time()-t0)

t0 = time()
if comm.rank == 0:

np.dot (tile_A, tile_B)

comm.barrier()

t_serial = time()-t0

(4]

[ Input/Output ] Project Files ] Main Thread Stacks | Functions ‘

Functions
Self ~ Total |MPI  chid | Function [l
~ og.s% I oz .o sgemm_kernel SANDYBRIDGE .
08% . ... . 0.8% _itcopy_SANDYBRIDGE R | N P d | I I M KL
0.4% 0.4% Egmm_o;(c]gsy_smmammx ecom p e um y modadule to use nte
<0.1% 100.0% 100.0% <module>
<0.1% 100.0% 100.0% main H‘
Al K74 1 0L 1 70L Arrmar mntrivaradoct

Showing data from 1.008 samples taken over 8 processes (126 per process)
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MPI-parallel matrix multiplication: MKL

File Edit View Metrics Windew Help
Profiled: python2.7 on 8 processes, 1 node, 8 cores {1 per process] Sampled from: Mon Jan 28 2019 17:55:28 (UTC) for 101.0s

Main thread activity

CPU memory access
7.6 %

CPU fp vector
93.4 %

Hide Metrics...

MPI call duration
0s

17:56:01-17:56:14 (13.034s, 12.9% of total): Main thread compute 100.0 %, MPI 0.0 %, OpenMP overhead 0.0 %

zoom &1 = ®

Time spent on line 74

Breakdown of the 100.0% time
spent on this line:

Executing instructions 0.0%
Calling other functions  100.0% Il
Executing Python code 0.0%

Y mmprod.py X
63 tile_B_ = np.empty_like (my_Aa) B
64 req = [None, None, None, Nonel
65
66 ge (0, nit):
67
68 for r in x=r (mpi_rows):
69 req[EAST] = ccomm.Isend(tile_A , neigh[EAST])
70 reg[WEST] = ccomm.Irecv(tile_A_, neigh[WEST])
71 req[SOUTH] = ccomm.Isend(tile_B& , neighl[SOUTH])
72 req[NORTH] = ccomm.Irecv(tile_B_, neigh[NORTHI])
73
1o00. 0 NG 74 my C += np.dot (tile A, tile B
75
76 reql0].waitall (req) I
77
18 comm.barrier ()
79 t_total = min(t_total, time()-t0)
80
81 t0 = timel() m
82 if comm.rank == 0:
83 np.dot (tile_&, tile_B)
84 comm.barrier ()
85 t_serial = time()-t0 ]
86 &7

[ Input/Output ] Project Files ] Main Thread Stacks | Functions ‘

Functions
Self “ Total MPI Child Function lz
95.7% 95.7% mkl_blas_avx_sgemm_kernel_0 _
3.0%L i 3.0% mkl_blas_avx_sgemm_kernel_0_b0
0.9% _ N . ... 09% mkl_blas_avx_sgemm_copyan
0.4% . . . . 0.4% mkl_blas_avx_sgemm_copybn
<0.1% 100.0% 100.0% <module>
—n 0L 1nn nos 1NN NOE mnnin 4

Showing data from 1,032 samples taken over 8 processes (129 per process)
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Multi-node matrix multiplication: MKL

File Edit View Metrics Windew Help
Profiled: python2.7 on 4 processes, 4 nodes, 4 cores (1 per process) Sampled from: Mon Jan 28 2019 17:45:16 (UTC) for 116.7s Hide Metrics...

Main thread activity

CPU memory access
7.8%

CPU fp vector
66.5 %

MPI call duration

0.80s

17:45:16-17:47:12 (116.728s): Main thread compute 75.2 %, MPI 24.1 %, Python interpreter 0.0 % Zoom @}g EE ()]

Time spent on line 74

1| Breakdown of the 68.5% time
spent on this line:
to- t 0 Executing instructions 0.0%
= ime
for r in xr Calling other functions  100.0% N
req[EAST] ccomm.Isend(tile_A , neighlEASTI]) Executing Python code 0.0%
reg[WEST] = ccomm.Irecv(tile_A_, neigh[WEST])
req[S0UTH] = ccomm.Isend(tile_B , neigh[SOUTHI])
req[NORTH] = ccomm.Irecv(tile_B_, neigh[NORTH])
ce.c: RN EEN my C += np.dot(tile A, tile B)
15.6% | T T | reql0].wWaitall (req) _ |
comm.barrier ()
79 t_total = min(t_total, time()-t0)
80
81 t0 = timel() |
82 if comm.rank == 0:
2.8% -_— 83 np.dot (tile_A, tile_ B}
8.5% m 84 comm.barrier (}
85 t_serial = time()-t0 |
86 L5
[ Input/Output ] Project Files ] Main Thread Stacks | Functions ‘
Functions
Self “ Total MPI Child Function [«
67.5% e I_ 67.5% mkl_blas_avx_sgemm_kernel_0 . . .
15.6% 15.6% 15.6% MPI_Waitall E bl m It _th d th
8.5% Il 8.5% 8.5% MPI_Barrier na e u I rea Ing WI
28% 0 o0 ol o1 ol b |, 28% mkl_blas_avx_sgemm_kernel_0_b0
e MKL_NUM_THREADS=8
1 AoL 2 N0L e L7 b Amiaes —

Showing data from 4,000 samples taken over 4 processes (1000 per process)
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Hybrid OMP/MPI matrix multiplication

Multithreaded/OpenMP MKL

File Edit View Metrics Windew Help

Profiled: python2.7 on 4 processes, 4 nodes, 32 cores (8 per process) Hide Metrics...

Application activity

CPU memory access
10.7 %

CPU fp vector
29.5 %

MPI call duration
0.77 s

17:33:55-17:34:30 (35.870s): Main thread compute 15.9 %, OpefMP 29.6 %, MPI 53.8 %. OpenMP ojerhead 0.4 %, Sleeping 0.0 % Zoom & EE ()]

mmprod.py X Time spent on line 74 &
3 np.empty_like (my_R) (<] Breakdown of the 28.6% time
64 e, None, ne, Nonel e
65 spent on this line:
gE =(0, nit): Executing instructions 0.0%
!
68 or r in wrance (mpi_rows): Calling other functions  100.0% N
69 req[EAST] = ccomm.Isend(tile_A , neighl[EASTI]) Executing Python code 0.0%
70 reg[WEST] = ccomm.Irecv(tile_A_, neigh[WEST])
71 req[S0UTH] = ccomm.Isend(tile_B , neigh[SOUTHI])
72 req[NORTH] = ccomm.Irecv(tile_B_, neigh[NORTHI])
13
20.7* B A AR AR LB 74 my C += np.dot(tile &, tile B) g
75
49.6% ABEBREBERE reql0] .Wwaitall (req) .
77
0.1% , , 78 comm.barrier ()
79 t_total = min(t_total, time()-t0)
80
81 t0 = time() I
82 if comm.rank == 0:
1.2% - 83 np.dot (tile_A, tile_B)
3.7% m B84 comm.barrier (}
85 t_serial = time()-t0 |
86 =
[ Input/Output ] Project Files ] OpenMP Stacks | OpenMP Regions ‘ Functions |
Functions
Self “ Total MPI Child  Owverhead Function lz
49.6% BEABEEBE 96% 296% MPI_Waitall
275% B A B B B B .275% mkl_blas_avx_sgemm_kernel 0 _
6.0% bt 6.0% _ ieee754_log_avx
3.8% . . W 3.8% 3.8% MPI_Barrier
3.2% muan 12.7% 9.5% rk_gauss
o Aoe . EW L P P P b/
Showing data from 3,640 samples taken over 4 processes (910 per process) Arm Forge 19.0.1 % OpenMP View
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Region profiling with Caliper by LLNL

Retrieve contextual information as part of your performance profiles

Caliper in brief
Provider: LLNL

What: General purpose
Application Introspection
System

For who: Developers working
with complex workflows &
applications (e.g. combination
of packages, solvers, libraries)

Why: Get contextual
information of an application
performance

53 © 2019 Arm Limited

K uper

Instrument with Caliper API

CALI_MARK_LOOP_BEGIN(riemann_slice id);

#compute pressure, density, velocity for each slice

for(s=0; s<slices; s++) {
CALI_MARK_ITERATION_BEGIN(riemann_slice_id, s);

for(i=0; i<narray; i+) { [.] }

[..]

CALI_MARK_BEGIN(“riemann_slice_arrays”);
for(i=0; i<narray; i+) { [.] }
CALI_MARK_END(“riemann_slice_arrays”);
CALI_MARK_ITERATION_END(riemann_slice id, s);

}

CALI_MARK_LOOP_END(riemann_slice_id);

Get contextual information

For more information about Caliper...

Path

updateConservativeVars
riemann

riemann_slices - pressure
riemann_slice arrays
riemann_slice interfaces

gleftright

trace

slope

constoprim
gatherConservativevars

Inclusive time Exclusive time

(usec)

1637063.000000
8586175.000000
8584307.000000
2907784.000000
2873562.000000

1787885.000000
2218274.000000
1037166.000000
1195203.000000
1559916.000000

(usec)

1637063.000000

1317.000000
1190957.000000
2907784.000000
2873562.000000

1787885.000000
2218274.000000
1037166.000000
1195203.000000
1559916.000000

Time

(%)

7.955088
0.006400
5.787295
14.129986
13.963688

8.687987
10.779404
5.039969
5.807928
7.580202

https://computation.lInl.gov/projects/caliper

- Project landing page

- Download

https://github.com/LLNL/Caliper

- Documentation

https://lInl.github.io/Caliper/

- Tutorial

https://computation.linl.gov/sites/default/files/public/Caliper%20vi-hps%20tutorial.pdf

arm


https://computation.llnl.gov/projects/caliper
https://github.com/LLNL/Caliper
https://llnl.github.io/Caliper/
https://computation.llnl.gov/sites/default/files/public/Caliper vi-hps tutorial.pdf

Performance Analysis with MAP, part of Forge

By default, provides the “computer science” view of an application performance

MAP in brief

Provider: Arm

What: Lightweight, highly
scalable profiler for HPC
applicationson any hardware

For who: Developers of all level
lookingto improve the
performance of their C/C++
and Fortran codes

Why: Extract the last drop of
performance by identifying &
diagnosing a wide range of
bottlenecks (e.g. network, CPU,
10, etc.)

54 © 2019 ArmLimited

File Edit View Metrics Window Help

Profiled: hydro on 16 processes, 2 nodes, 16 cores (1 fler process) Sampled : Fri May 24 2019 09:

Main thread activity

CPU floating-point oD

51.9 %

:29 (UTC+01) for 18.2s

Hide Metrics...

Memory usage
774 MB

|

10:04:29-10:04:47 (18.215s): Main thread compute 97.5 %. MPI 2.4 %, Sleeping 0.1 % Zoom @»\\; EE &)
Time spent on line 143 )

& main.c X

0.1% 268
269 @ } else {
272 #endif

273 @ #if FTI>0 (-1 )

MPI_Allreduce (&dt, &dtmin, 1, MPI_DOUBLE, MPI_MIN, MPI_COMM_WORLD);

280 dt = dtmin;

281 Input/Output | Project Files | Main Thread Stacks | Functions

Main Thread Stacks

}
282 #endif

283
;aq ’ / 1 ; Total core time ~  MPI Function(s) on line
285 /I’ H.myp 1) fprint = & hydro [program]
286 if ((H. ==0) { = # main
46.9% H BE B B hydro_godunov (1, dt, H, & hydro_godunov
e o fydre_gedus 17.% L Ll bl b 4L { Briemann
S bl 6.0% Ui i e I trace
S EE R R hydro_godunov(2, dt, H, 52% o wl W i L qgleftright
= . FYIESSodH  48% L W wk wu ol updateConservativeVars
S ro 4.2% gatherConservativeVars
293 end_iter = declock(); 31%--“ [ P T} e
294 cellPerCycle = (double) (H e s constoprim
295 avgCellPerCycle += cellPer IR
296 nbCycle++; 23% . we
297 14% .
298 H.nstep++; 01% 1.
299 8 Hot += dt;
300 : L 16.9% AT g
- = = 6.1% i L | 7% . L. . "
| Input/Output | Project Files | Main Thread Stacks | Functions | 49% 1.7%
Functions 4.6% g . . -
= se% o, 16% N
3.2% [ETRER PR | 1 ﬁ%
34.0% Lllid LHGLLaLY kit LLL 34.0% riemann ;-gx e o us
12.1% i iannbddondidudo, 12.1% trace 159 0ot 1.2% . - v
10.1% it skt D, 10-1% qleftright o 030 o 1.1%
gatherConservativeva|  27%1 | i |}
constoprim 1.4%] : e_work_space
slope 13% a fie 1 1.3% # MPI_Allreduce
cmpflx 1.1%]|, 10.7 110 others
equation_of state
ComputeQEforRow [ii
1.5% . L L1.5%  1.5% MPI g\lr:dquce i Showing data from 14,576 samples taken over 16 processes (911 per process)

Showing data from 14,576 samples taken over 16 processes (911 per process)

= # main
= hydro godunov
riemann

main{int argc, char **argv) {
dt, H, &Hwv, &Hw_godung

hydro_godunow (1,

rieman 1 1, H.smallr, H.smallc, H

pstar[i] = fmax({{(({wr_i * pl[i] + wl_i

real_t tmp = (gr * gl / (gr + gl) * {u
real_t cstar_i = MYSQORT(fabs (Hgamma * g
real_t ustar_i = half * (ul[i] + (pl[i
wl_i = MYSQORT(cl[i] * (one + gammad *
real &

gl = two * wwl * swwl / (swwl +

Arm Ferge 19.1-rc2 Connected to: mars & Main Thread View|




Caliper regions support in MAP

Combining contextual information with data collection in a slick GUI

MAP and Caliper

What: Collecting & presenting

Caliper’sdatainto MAP’s GUI

- Correlatesregions with
performance metrics &
data

- Associates regions with the
timeline

- Abilitytosortand filter by
regions

Benefit: Makes it easy for users
to understand what scientific
phenomenon orstageina
workflow is slow and why

55 © 2019 Arm Limited

File Edit View Metrics Window Help
Profiled: hydro on 16 processes, 2 nodes, 16 cores (1 per process) Sampled from: Fri May 24 2019 10:58:54 (UTC+01) for 19.0s

Main thread activity

Hide Metrics...

Selected regions
CPU floating-point oo [ - 7777 e —
51.1% — 77 -
N p— - -
Memory usage a8
792 MB
o

11:58:58-11:59:00 (1.940s, 10.2% of total): Main thread compute 98.2 %, MPI 1.8 %, Sleeping 0.1

zoom B = ©

£ main.c X Time spent on line 143
#endif [«]
#if FTI>0 (..t )
dt = dtmin;
}
#endif
}
[/ odt =
/4 it 1) fprintf(stdout, "Hydro starts godunov.\n");
£ ((H.nstep . 2) == 0) {
b e sl & Ak sl hydro godumwu dt, H, &Hv, &Hw_godun EE1
/ ydro_godunov (2, dt, —
{
1% '1ydID ngJnuv(Z dt, H, &Hv, &Hw gud.muv &va gudmw) =
ydro_godunov (1 vy
}
end_iter = doclock();
cellPerCycle = (double) (H.globnx * H.globny) / (end_iter - start_iter) / 1000000.0L;
avgCellPerCycle += cellPerCycle; =
NN
| Input/Output | Project Files | Main Thread Stacks | Functions | Regions |
Regions ]
Activity Label Time #  Legend
vl 34.3% 4k A& M A functionriemann 343% MW
O 33.6% loop:riemann_slices - pressure, density, velocity 336% |
O 14.1% annotation:riemann_slice_interfaces 141% |
O 13.9% Sl da  dem s annotation:riemann_slice_arrays 13.9% [
K2 11.7% & 4 & 4 function:trace 11.7% W
O 9.7% function:gatherConservativeVars 9.7% |
vl 9.6% 4 4 & 4 function:updateConservativeVars 9.6% W
O 9.4% function:gleftright 2.4% ||
O 6.5% function:constoprim 6.5% |
O 5.7% wte. . ... .. annotation:riemann_slice_precompute 57% W
0O 5.6% 4 N . function:slope 56% [
O 0.8% Caliper data i in Caliper internals or Caliper not initialized on thread 0.8% ||
Showing data from 1,552 samples taken over 16 processes (97 per process) Arm Forge 19.1-rc2 Connected to: mars & Main Thread View
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Caliper regions support in MAP

Combining contextual information with data collection in a slick GUI

File Edit View Metrics Window Help

MAP and Caliper

Selected regions

What: Collecting & presenting

CPU floating-point

100

Caliper’sdatainto MAP’s GUI S —

o (= —

Profiled: hydro on 16 processes, 2 nodes, 16 cores (1 per process) Sampled from: Fri May 24 2019 10:58:54 (UTC+01) for 19.0s

Hide Metrics...

i @

Memory usage
792 MB

- Correlatesregions with

708
o
11:58:58-11:59:00 (1.940s, 10.2% of total): Main thread compute 98.2 %, MPI 1.8 %, Sleeping 0.

performance metrics &

€ main.c X | £ hydro_godunov.c X £ riemann.c X 1

data .
- Associatesregions with the

" Main Thread Stacks

) =—

timeline ., e

) fpri
0)

Function(s) on line Source

33.6% S b S s 287 hydro_godunov (1, dt, H
oy . e Slee 4 otal core time in selected regions | MPI
- 290 hydro_godunov (2, dt, H .
Ability to sort and filter by =
292 ¥ T
H 293 end_iter = declock();
regions PR

| Input/Output | Project Files | Main Thread Stacks | Functions = Regions |

= & hydro [program]

= f main main{int argc, char **argwv) {
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