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1 Introduction

MAQAO Lightweight Profiler (LProf) is the MAQAO module which allows to
easily profile an application to detect hot functions and loops in two steps:

1) Data collection using sampling

LProf uses hardware counters to profile large-scale parallel applications (2000+
cores) with a very low overhead.

It is also possible to provide a custom list of hardware counters to sample.
2) Data display

It allows to quickly identify time-consuming functions and loops, observe the
amount of time spent by the application between different categories (1/O,
Runt i me ,andeldtect load balancing issues.



MAQAO Tutorial series: LProf

2 Running MAQAO LProf

2.1 Sequential Run Command

maqa Iprof -- <application > [argl arg?2 ...]
1 &

\

,
application’s name (or path if not ] application’s arguments, if any

located in the current directory)

\

2.2 Parallel Run Command

WARNING! Invocation of LProf in MPI has changed in recent versions of
MAQADO.

MAQAO Version 2.4.4 and below: the command line begins with the MPI
command.

mpirun Zn <NB_PROCE$S> magao Iprof -- <application > [argl arg?2 ...]
MPI launcher command number of processes

From 2.4.5 version and higher: the --mpi-command option is required for
interactive runs and --batch-script, for batch runs.

Interactive runs:

magao lprof -- mpi-commarA” 21 PEZDOT . " m02/ #%3 3 %3 , 2
-- <application > [args] ﬂ N
VA ~
MPI launcher command number of processes
Batch runs:
magao Iprof  -- batch - script=<jobscript> [--mpi-AT T 1T AT A” 21 PROOT
[ -- batch - command=submission command>] -- <application > [args]

Required only if jobscript extension (e.g “.sbatch”) is not recognized

In jobscript, application executable and its arguments have to be replaced by <run_command>.

$ cat jobscript.sh

mpirun -n4 <run_command># instead of mpirun Zn 4 <application> [args]
# <mpi_command> <run_command># if mpi - command used
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2.3 Options

To list all options along with their descriptions:

maqgao lprof

- Zhelp

Common Options

Name

_Xp:

__mpi_

command=

--batch-
script=
--batch-
command=

--sampling-

rate=

_ug:

-ldi=

-hwc

Short Description

Specify the experiment directory

Specify command for interactive
MPI run or replacement value for
<mpi_command> in job script

Jobscript to submit to job scheduler

Command used to submit jobs,
required if jobscript extension is not
recognized. Currently recognized:
.Sbatch and .pbs

Change granularity (i.e. the number
of collected samples per second)
Control (i.e. pause/resume)

measurement via a signal (Ctrl+2)
or via a countdown

Scan debug information into all or
specified (provided list) library(ies)
to get loops details

[ADVANCED] Provide custom list of
hardware counters to sample

Values

Director ystringlname
Ex21 DPEGDIT fme

Path to jobscript (string)

PO~ Ve A o~ N

Ex:2 OAAOAEz®

lowest | low | medium | high (HW
events default) | highest

on | off (signal, default = off)

or

Time (countdown, in seconds)

on | off (all, default = off)

or

List of Iibrarie
hwcl_name@threshold_freq, ...
or

hwcl code@t hr esh
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3 Display

The two common display modes are text (default) and HTML.

3.1 Text Output

3.1.1 Functions Hotspots

To display summary view:

magao lprof  Zdf xp=<EXPERIMENDIRECTORY
A .

7 ———

hotspots’ level: functions experiment directory (name or path)

containing data to display

HOTSPOTS SUMMARY
EREidssa s s ta g b s b b s s R s s s g s s s s e s s R s e s i e M i e s S e s
# Function Name | Module Source Info | Time Average (%) | Time Min(s) [TID] | Time Max(s) [TID] | Time Average(s) #
R R A R R R A R R R R R R I A R R B R R
# _INTERNAL_25 src_kmp | libiomp5.so | | 35.63 | .00 [67607] | 37.53 [67668] | 16.62 #
libmpi.so.12.0 | 33.49 2.11 [67617] 122.21 [67582] 15.62

MPIDI_CH3I_Progress |

#

# binvcrhs

# matmul_sub
# z_solve

# compute_rhs
# y_solve

# x_solve

binary
binary
binary
binary
binary
binary

| solve_subs.f:206
| solve_subs.f:56
| z_solve.f:4

| rhs.f:a

| y_solve.f:

| x_solve.f:

8.
3.52
2.74
2.
2
2

0z

31

17
.87

.05
.30
.08
.82
.78
.70

[67651]
[67672]
[67689]
[67680]
[67659]
[67659]

Figurel - LProfOutput: Summary iw (Functions)

4.
1.87
1.50
1.
1
1

18

30

.30
.15

[67675]

3.

74

1.64

1.28
1.08
1.

0.96

01

#
#
#
#
#
#
#|

To display thread view:

magao lprof  Zdf xp= <EXPERIMENT_DIRECTORMt

Thread ID Hostname Process ID Walltime

CERES - PROCESS #67556
Thread #67556 - 148.69 second(s)
HERAH AR R R R A R R R R R R A R R R R R R R R R R R R R R R R R
# | Module Source Info | Time % | Time(s) | CPI ratio #
HEABH G HH AR BRI AR R SRR R AR S AR A R R R R B S AR R R R S AR R R R R R R R R R R R R R R
MPIDI_CH3I_Progress | libmpi.so.12.8 | | 86.36 | 121.56 | 1.57

binverhs
matmul_sub
z_solve
compute_rhs
x_solve
y_solve
matvec_sub

binary
binary
binary
binary
binary
binary
binary

solve_subs.f:206
solve_subs.f:56
z_solve.f:4
rhs.f:4
%x_solve.f:5
y_solve.f:4
solve_subs.f:27

2.84
1.27
0.97
0.87
0.78
0.73
0.40

Figure2 - LProf Output: Threadi&w (Functions)

3.99
1.79
1.36
1.22
1.10
1.03
0.56

0.69
0.65
0.73
0.80
0.66
0.60
0.89
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3.1.2 Loops Hotspots

To display summary view:

magao lprof -dl xp=<EXPERIMENDIRECTORY
\

hotspots’ level: loops experiment directory (name or path)
containing data to display

HAERRAHBH AR AR A HE R H AR R AR AR R R AR AR AR B AR A G BN A R AR R R H AR AR R B H R R H AR A H AR A H A H
# Loop ID | Module | Function Name | Source Info | eve |
t:daddedadvhadidadidebadihedidadidedidibadodede e dudodie g duad fadid e duadifadideadudibrduodidedidideduodidedideaduodidadideadifedafudidedidididedudegid bt sudd
221 | bimary | matmul_sub | solve subs.f:71-175 | Single |
230 | binary | z_solve | z_solve.f:146-308 | Innermost
227 | binary | z_solve | z_solve.f:55-137 | Innermost
204 | binary | y_solve | y_solve.f:145-387 | Innermost
197 | binary | x_solve | x_solve.f:146-308 | Innermost
201 | binary | y_solve | y_solve.f:55-137 | Innermost
194 | binary | x_solve | x_solve.f:57-139 | Innermost

I I I I

I I I I

I I I I

I I I I

£~

226 binary z_solve z_solve.f:415-423 Innermost
122 binary compute_rhs rhs.f:304-349 Innermost
193 binary X_solve X_solve.f:395-399 Innermost
148 binary compute_rhs rhs.f:194-238 Innermost

H=HoH R R R HEH R R R

Figure3 ¢ LProf Output: Summary Viewdbps)

The above figure is truncated. In the actual output, four more columns are available
on the right (same as functions mode):

Time Average (%), Time Min (s), Time Max (s) and Time Average (S).

To display thread view:

magao lprof - dl xp= <EXPERIMENDIRECTORY - dt

Thread ID Hostname Process ID Walltime

CERES - PROCESS #67556
Thread #67556 - 140.69 second(s)
R R R R B R R B R A R R B R R R R B R R B R R R R R R R R R
Loop ID | Module | Function Name | Source Info | Level | Time % | Time (s) | CPI ratio #
A R A R R R A R R R R R R R R A R R R R A R R R R R R
# 221 | binary | matmul_sub | solve subs.f:71-175 | single | .54 .76 | ©.65 #
197 | binary | x_solve | H Innermost | .37 | .52 0.59
227 | binary | z_solve | Innermost | .36 | .50 1.10
230 | binary | z_solve | Innermost | .35 | .50 .49
204 | binary | y_solve | r_ Innermost | .32 |
201 | binary | y_solve | . Innermost | .27 |
| | | | |
| I I I I
| | | | |

@
@

194 binary X_solve Innermost 23
226 binary z_solve _ .f Innermost .18
binary compute_rhs rhs.f:304-349 Innermost .16

#
#
#
#
#
#
#
#

coooocooOoQ
[N -NoN-NoNoN-Jel

#
#
#
#
#
#
#
#

1
5]
]
0.
5]
5]
1

Figure4 - LProf Output: Thread View (Loops)
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3.2 HTML Output

3.2.1 Generation of HTML results

magao Iprof  xp=<EXPERIMENT_DIRECTOR¥=htm|
>

= $~\
experiment directory (name or path) output format: HTML

containing data to display

This command gener at es «BXPERIMENE RATHXhtml/® f i | e
directory. Open this file into a web browser to see the results.

3.2.2 Interpretation of the R esults

E -

Performance Evaluation - Profiling results

Time categorization - /tmp/NPB3.3.1-MZ/NPB3.3-MZ-MPI/magao_2018-04-16_19-09-47/binary

L | Application

MP|
OpenMP

Ea Math

|| System

|| Pthread

L 10

M String manipulation

B Memory operations

L | Others
|~ Hotspots - Functions
Name Median Excl %Time Deviation
MPIDI_CH3I_Progress 55.03 1331.87
_INTERNAL_25_______src_kmp_barrier_cpp_3736d5c3::__kmp_hyper_barrier_release(barrier_type, kmp_info*, |
int, int, int, void#) 4214 75108
binverhs 11.76 46.86
» matmul_sub 5.05 8.97
» z_solve 419 5.25
» compute_rhs ‘ 3.28 ‘ 3.89
» y_solve 3.1 ‘ 3.67
» x_solve 2.85 3.24
__kmp_terminate_thread ‘ 2.1 ‘ 1.27

Figure5 - LProf Output: HTMew

Name Function’s name

Median Excl % Time Median exclusive time in percent

Deviation Variability of function’s time on each thread/process
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The load balancing graph of a function across the threads/processes/nodes can
be displayed by right-clicking on its name (figures 6 & 7).

Hotspots - Functions

Name Median Excl %Time Deviation
MPIDI_CH3I_Progress 55.03 1331.87
INTERNAL_25_______src_kmp_barrier_cpp_3736d5¢3::__kmp_hyper_barrier_release(barrier_type, kmp_info*,
: . . 47.14 751.68
int, int, int, void#)
binverhs 11.76 46.86
» matmul_sub 5.05 8.07

Load balancing view

» z_solve 419 5.25
v compute_rhs Sorted Load balancing view 3.28 3.89
» y_solve 3.1 3.67
b ¥_solve Node view 2.85 3.24
__kmp_terminate_thread 2.1 1.27

Figure6 - LProf Output: HTML Rigltick Options

% of Time

T26 T21 T36 T41

MAQOAOQ thread rank

Figure? - LProf Output: HTML Load Balancing Graph

The load balancing graph shows the time (in percent) spent in a function on
each thread. To get more details, it is possible to double-click on a bar to view
the corresponding thread (figure 8).

| ceres - Process #67574 - Thread #67612

Name Excl %Time  Excl Time (s)
_INTERNAL_25_______src_kmp_barrier_cpp_3736d5¢c3:__kmp_hyper_barrier_gather{barrier_type, kmp_info*,
- X - . X 24.74 4.94
int, int, void (¥){void*, void*), void#)
binverhs solve_subs f:206 19.51 3.80
MPIDI_CH3I_Progress 12.36 2.47
» matmul_sub solve_subs.f:56 8.97 1.79
» z_solve z_solve.f:4 6.98 1.39
» compute_rhs rhs.f:4 5.78 1.15
» x_solve x_solve f:5 5.68 1.13
b y_solve y_solve f:4 5.40 1.10

Figure8 - LProfOutput: HTML Thread View
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The thread view allows to expand functions to get some information such as the
time spent in its loops (if any) as well as the loop hierarchy too (figure 9).

» matmul_sub solve_subs.f.56 8.07 1.79
~ z_solve z_solve.f:4 6.08 1.39
- loops 6.96
+ Loop 223 - z_solve.f:53-423 0
+ Loop 225 - z_solve.f:54-423 0
= Loop 228 - z_solve f:54-423 0.12
o Loop 224 - z_solve f:313-314 0.37
o Loop 227 - z_solve f:55-137 2.49
© Loop 226 - z_solve f415-423 1.45
o Loop 229 - z_solve f:351-373 0.15
© Loop 230 - z_solve f:146-308 2.38
» compute_rhs rhs. f-4 578 1.15

Figure9 - LProf Output: HTML Loops Details

Name Function’s name - source_file:line
Loop’s ID - source_file:first_line-last_line

Excl % Time Exclusive time spent in the function (percent)

Exclusive time spent in the function (seconds)

Excl Time (s)



