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Day 2: Profiling

1. Profiling: overview

2. Simple code profiling

3. ScoreP & Vampir

4. Profiling with Vtune
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Debugging Tools

USER ENVIRONMENT




Summary

1. User environment
1. Environment
2. Job submission and monitoring

2. Debugging: Overview

3. Compiler options

4. Debugging with GDB

5. Graphical debugging with DDT

6. Memory debugging with Valgrind
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User Environment

ENVIRONMENT
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REN

O Remote access:

ssh login@cobalt.ccc.cea.fr
ssh -Y login@cobalt.ccc.cea.fr

d Command line documentation:

machine.info

d Online documentation:

https://www-ccrt.ccc.cea. fr

O  Shells:
Default and highly recommended shell is bash
Other available shells: ksh, csh, tcsh, zsh

O Text editors: vi, vim, gedit, emacs, etc.
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Available file systems

O Reachable from all clusters of the center:

SHOME:

=  Data saved
=  Quota:3GB

SCCCWORKDIR:

=  Not purged, not saved
= Quota: 1TB and 500 000 inodes

SCCCSTOREDIR:

=  For data archiving for large files. Time for data access can be long
=  Quota: 100 000 files with size range of 1GB - 1TB

O Local to each clusters:

SSCRATCHDIR:

=  Forintermediate/temporary data issued from computation (can then be migrated to
SCCCSTOREDIR if needed)

=  Periodically purged

ad Check your data usage on file systems with ccc_quota command
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Module command

- module available
Display a list of available products

3 module load / module unload
Set / unset the product environment

3 module show <product/version>
Display the product description

2 module list
Display a list of currently loaded modules
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User environment

JOB SUBMISSION AND
MONITORING
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ENS

O Do not run computations on login nodes. Submit them through a
batch scheduler (SLURM)

O To submit a job, a submission file must be created

d This file is a shell script containing submission directives (execution
time, number of processors requested, etc.) as well as commands
needed to launch computation

O With a specific command, you can submit the job to the resource
manager which will place it in the appropriate queue (as requested
with the directives) until computational resources are available

O  When resources are available, the job is l[aunched and the
commands found in the submission script are executed
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Useful commands

O ccc_msub
submit a job
3 ccc_mdel
delete a job
O ccc_mprun
parallel launch interface (srun)
0 ccc_mstat / ccc_macct
retrieve and display information about a job
d ccc_mpp
visualize the state of jobs
O ccc_mpinfo
partition information
0 ccc_mgqinfo
QoS information
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Job submission

d Submission modes: interactive and batch

Batch (highly recommended)

ccc_msub script.sh
= The script submitted calls ccc_mprun

Interactive (through a Slurm reservation)

ccc_mprun -n 2 —q broadwell ./a.out
ccc_mprun -Xfirst -n 1 -c 28 ddt

O Use a compute node interactively
ccc_mprun —-q broadwell -n 1 -x -s

3 In any case, the hours used are taken from your project
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Submission options

 Options are passed to ccc_ msub when
submitting:

-$ ccc_msub -q broadwell -n 1 script.sh
-$ ccc_msub -h

 Options can also be passed in the submission
script with the #MSUB directives

- WARNING: the ccc_msub options overrule
the #MSUB directives
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Submission options

#MSUB -r name
Job name

#MSUB -o std_out / #MSUB -e err_out
Standard or error output

#MSUB -n nprocs
Number of processes to start (default = 1)

#MSUB -c ncores
Number of cores to allocate per process (default = 1)
#MSUB -A ccrt0038

Project ID. Important if you are part of several projects

#MSUB -x

Request for exclusive usage of allocated nodes

#MSUB -X
Enable X11 forwarding

Complete up to date documentation: ccc_msub -h
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Job submission

 Example of a submission script for a serial job

#!/bin/bash

#MSUB -r MylJob # Request name

#MSUB -n 1 # Number of tasks to use

#MSUB -T 600 # Elapsed time limit in seconds

#MSUB -0 example_%l.o # Standard output. %l is the job id
#MSUB -e example_%l.e # Error output. %l is the job id

H#MSUB -A raxxxx # Project ID

#MSUB -q broadwell # Choosing standard nodes

#MSUB -@ # Mail notification at the end of execution
set -x

cd S{BRIDGE_MSUB_PWD} # contains the directory where the script was submitted
ccc_mprun ./a.out
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Job submission

 Example of a submission script for an MPI job

#!/bin/bash

#MSUB -r MylJob # Request name

#MSUB -n 32 # Number of tasks to use

#MSUB -T 600 # Elapsed time limit in seconds
#MSUB -0 example_%l.o # Standard output. %l is the job id
#MSUB -e example_%l.e # Error output. %l is the job id
H#MSUB -A raxxxx # Project ID

#MSUB -q broadwell # Choosing standard nodes

set -x

cd S{BRIDGE_MSUB_PWD} # contains the directory where the script was submitted
ccc_mprun ./a.out
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Job submission

d Example of a submission script for an OpenMP job

#!/bin/bash

#MSUB -r MylJob # Request name

#MSUB -n 1 # Number of tasks to use

#MSUB -c 7 # Number of cores per task to use
#MSUB -T 600 # Elapsed time limit in seconds
#MSUB -0 example_%l.o # Standard output. %l is the job id
#MSUB -e example_%l.e # Error output. %l is the job id
H#MSUB -A raxxxx # Project ID

#MSUB -q broadwell # Choosing standard nodes

set -x

cd S{BRIDGE_MSUB_PWD} # contains the directory where the script was submitted
export OMP_NUM_THREADS=7

ccc_mprun ./a.out
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Job submission

O Example of a submission script for a hybrid MPI/OpenMP job

#!/bin/bash

#MSUB -r MyJob_ParaHyb # Request name

#MSUB -n 4 # Number of tasks to use

#MSUB -c 7 # Number of cores per task to use
#MSUB -T 600 # Elapsed time limit in seconds
#MSUB -0 example_%l.o # Standard output. %l is the job id
#MSUB -e example_%l.e # Error output. %l is the job id
#MSUB -q standard # Choosing standard nodes
H#MSUB -A paxxxx # Project ID

set —x

cd S{BRIDGE_MSUB_PWD}

export OMP_NUM_THREADS=7

ccc_mprun ./a.out
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Monitoring

3 Thejob ID

$ ccc msub myscript.sh
Submitted Batch Session 605375

0 Display launched jobs

$ ccc mpp -u SUSER

USER ACCOUNT BATCHID NCPU QUEUE PRIORITY STATE RLIM RUN/START SUSP OLD NAME NODES/REASON
ccrttp01  ccrt0035 605425 1024 normal 299996 PEN 10.0m - - 5.0s simple test Resources
ccrttp01  ccrt0035 605378 64 normal 299996 PEN 10.0m - - 1.6m simple_test  Reservation
10.0m 8.1m - 8.0m simple_test cobalt[1363,1365-1366,1368]

ccrttp01  ccrt0035 605375 64 normal 299996 RUN

 Delete one or several jobs with ccc_mdel

$ ccc_mdel 605425 605378

sseee - o
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Monitoring*

2 Display job summary with ccc_macct

$ ccc_macct 3601806
Jobid : 3601806
Jobname : test
User :user
Account : groupt@skylake
Limits :time = 00:02:00 , memory/task = Unknown
Date  : submit=15/03/2019 11:13:34 , start = 15/03/2019 11:13:34 , end = 15/03/2019 11:13:35
Execution : partition = skylake , QoS = test, Comment = none
Resources : ncpus = 2, nnodes = 2
Nodes=cobalt[3136,3143]

Memory / step

Resident Size (Mo) Virtual Size (Go)
JobID Max (Node:Task) AveTask Max (Node:Task) AveTask

Accounting / step

JobID JobName Ntasks Ncpus Nnodes Layout Elapsed User System  Eff
State
3601806 test - 2 2 - 00:00:01 (100%) - - - -
siecs Ccr\c - ” | @Uéol_EN
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Debugging Tools

DEBUGGING: OVERVIEW




Summary

1. User environment

2. Debugging: Overview
1. Common bugs
2. Debugging techniques

3. Compiler options
4. Debugging with GDB
5. Graphical debugging with DDT

6. Memory debugging with Valgrind
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Introduction

 Software and architectures are becoming
generally more complex

d “Bugs” = mistake, failure, exception, crash,
error,...

 Bugs can be introduced at any point during
development

 Bugs become more and more difficult to find and
fix
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Common bugs

O  Arithmetic bugs

Division by zero
Arithmetic overflow or underflow

Loss of arithmetic precision due to rounding or numerically unstable
algorithms. This may be triggered by compiler optimization

d  Logic bugs

Infinite loops and infinite recursion
Off by one error, counting one too many or too few when looping

d  Syntax bugs

Use of the wrong operator. For example, x=5 instead of x==5

Often warned by the compiler; in many languages, deliberately guarded
against by language syntax
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Common bugs

- Resource bugs

Null pointer dereferencing
Using an uninitialized variable
Access violations

Resource leaks, where a finite system resource (such
as memory or file handles) become exhausted by
repeated allocation without release

Buffer overflow, in which a program tries to store
data past the end of allocated storage

Double free error
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Common bugs

O  MPI bugs

Logical errors regarding the distribution of data across processes

Communication deadlocks: sends without receives, collective
communication shared by all but one processes, etc

Errors due to the order of operations in Allreduce calls

Lack of synchronization: read a buffer before the communication is
completed

O  Multi-threading programming bugs

Deadlock, where task A can't continue until task B finishes, but at the
same time, task B can't continue until task A finishes

Race condition, where the computer does not perform tasks in the
order the programmer intended

Concurrency errors in critical sections, mutual exclusions and other
features of concurrent processing
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Debugging

d Main difficulty is finding the origin of the faulty
behavior in the source code

- Steps for debugging
Reproduce the error
Simplify the test case and the code as much as possible
Close in on the suspected area of the bug
Monitor the code step by step
Check critical values and behavior

 Most kinds of debugging will have a relevant effect on
execution time and memory usage
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Debugging techniques

2 Print debugging

Check the flow of execution of a process thanks to
print statements

 Use debugger
Follow the execution of a process with a debugger
Set breakpoints, check variables, etc

 Forensic debugging

Analyze the call stack at the moment of the crash if
available

If a core dump is generated, analyze it
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Print debugging

Q Using printf / print
In order to print critical values
In order to evaluate where the program crashes

O Best practice: use conditions to enable/disable debug
easily

Add conditions around all calls to print

#ifdef DEBUG
printf (“Starting xx computation™) ;
#endif

Define conditional macros
Enable debugging information by compiling with

$ icc -DDEBUG
$ ifort -fpp -DDEBUG
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Print debugging: Using macros

Usage of the macro in a code:

#ifdef DEBUG

#define debug print(message, ...) \

fprintf (stdout, " (debug %s 1.%d) " message "\n", \
__FILE , LINE , ## VA ARGS_ )

#else

#define debug print(message, ...)

#endif /*DEBUG*/

int main(int argc, char *argv[]) {
int x = atoi(argv[1l]);
int y atoi (argv[2]);

debug print("input information:");
debug print("input x gd",x) ;
debug print("input y %d",y) ;

Expected output:

$ icc -DDEBUG -o crash crash.c

$ ./crash 2 9
(debug crash.c 1.29) input information:
(debug crash.c 1.30) input x = 2
(debug crash.c 1.31) input y = 9
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Print debugging: Using macros

Usage of the macro in a code:

#ifdef DEBUG

#define debug print(message,value) &
write(*,' (" (debug ", A ," 1.",I4,") ",A,A)') &
__FILE , LINE ,message,value

#else

#define debug print (message)

#endif

program main
character X,y
call getarg(l,x)
call getarg(2,y)

" ,x)
" ,y)

debug print ("input x
debug print("input y

Expected output:

$ ifort -fpp -DDEBUG -o crash crash.f90
$ ./crash 2 9
(debug crash.f90 1.16) input x = 2
(debug crash.f90 1.17) input y = 9
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Debugging Tools

COMPILER OPTIONS




Summary

1. User environment

2. Debugging: Overview

3. Compiler options

4. Debugging with GDB

5. Graphical debugging with DDT

6. Memory debugging with Valgrind
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Compiler options

 Default options and syntax depend on the chosen
compiler

d Level of optimization may change with the compiler
versions

d The following presentation is valid for the Intel 17
compilers

 To get a complete list and description of compiler
options, use the man pages:

$ man ifort
$ man icc
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Basic optimization options

a2 -00
Disables all optimization

Math expressions will be evaluated in the same order in which they
are written

a -01
Optimizes for maximum speed, but disables some optimizations

which increase code size for a small speed benefit. Also disables
software pipelining and global code scheduling

a -02
Enables optimization. This is the default option

Qg -03
Enables -O2 plus more aggressive optimizations that may not
improve performance for all programs
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Debugging options

-8
Produces symbolic debug information in object file
Implies -O0 when no other optimization option is set
explicitly

d -debug

Enables generation of debugging information

2 -traceback

Tells the compiler to generate extra information to
provide source file traceback information when an
error occurs at runtime
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Debugging and optimization

 Default optimization with debug information
is -00

2 A code may be much slower when compiled
with -O0 instead of -0O2

- Itis possible to combine -g and -O2 or -0O3

 Some errors may only appear when compiling
with higher optimizations
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Debug options

a -ftrapuv

Initializes stack local variables to an unusual
value to help error detections

Makes it easier to identify errors caused by
improper initialization

d -check-uninit (C/C++) / -check uninit (Fortran)

Enables runtime checking for uninitialized
variables
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Debug options (Fortran only)

3 -check bounds

Enables checking for array subscript and
character substring expressions

a -check pointers

Enables checking for certain disassociated or
uninitialized pointers or unallocated allocatable
objects

ad -check all
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Floating point precision

a 3 conflicting objectives of a good application:
Accuracy
= getaresult that is close to the exact calculation
Reproducibility

= produce consistent results
" From one run to the next

=  From one set of build options to another
=  From one compiler to another

= From one processor or operating system to another

Performance

*o000 @ =C)|_=N
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Floating point precision

2 The order of operations matters:

2760 - (2760 + 1) =0
(2760 - 2760) + 1 =1

 Optimizations or compiler versions may
change the order of operations

43
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Floating point precision

d -fp-model
precise
= Enables value-safe optimizations on floating-point data

except
= Enables floating-point exception semantics

strict

= Enables precise and except. This is the strictest floating-
point model

fast [=1]2]

= Enables more aggressive optimizations on floating-point
data

= -fp-model fast=1 is the default option
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Floating point precision

3 Intel MKL (>=Composer XE 2017) provides conditional numerically
reproducible results

O  Setting the MKL_CBWR environment variable ensures consistency
of MKL calls

On every Intel or Intel compatible CPUs:
= MKL_CBWR=COMPATIBLE

Only on Intel CPUs, depending on the type of instructions supported:
= MKL_CBWR=SSE2

MKL_CBWR=SSE4 2

MKL_CBWR=AVX

MKL_CBWR=AVX2

MKL_CBWR=AVX512

0 Setting this option may affect the performance of the application
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Floating point precision

O Denormalized values: numbers smaller than
the floating point precision

d -ftz (-no-ftz)
Flushes denormalized results to zero

Default option for all optimization levels, except
00

Could alter the numerical behavior of your
program
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Floating point exceptions

O Floating point exceptions:

Overflow
= result exceeds largest finite number

Underflow
= resultis smaller than the minimum range of normalized values

Divide-by-zero
= divisor is zero and dividend is a finite nonzero number

Invalid
= operation produces NaN value
= eg:

0/0 ; log(negative) ; O0*(-/4+x) ; +w+-0;

O The behavior of the program when these exceptions occur
depends on the compiler options
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Floating point exceptions

1 Specify the floating-point exception handling
level for the main routine

Fortran: -fpe[0]| 1] 3]
C/C++: -fp-trap=[mode,...]

- Specify the floating-point exception handling
level for all routines

Fortran: -fpe-all[0]1]3]
C/C++: -fp-trap-all=[mode,...]
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Floating point exceptions (Fortran)

d -fpeO:
The overflow, the divide-by-zero, and the invalid floating-point exceptions
will make the program print an error message and abort

If a floating-point underflow occurs, the result is set to zero and execution
continues

d  -fpel:

The overflow, the divide-by-zero, and the invalid floating-point exceptions

will produce exceptional values (NaN and signed Infinities) and execution
continues

If a floating-point underflow occurs, the result is set to zero and execution
continues

d -fpe3 (default):

The overflow, the divide-by-zero, and the invalid floating-point exceptions

will produce exceptional values (NaN and signed Infinities) and execution
continues

Floating underflow is gradual: denormalized values are produced until the
result becomes O
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Floating point exceptions (C/C++)

O  -fp-trap=divzero

a  -fp-trap=inexact

ad  -fp-trap=invalid

ad  -fp-trap=overflow
a  -fp-trap=underflow
ad  -fp-trap=denormal

a  -fp-trap= common

a all

d  none (default)

[ 2 2 2 2 J
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Enables the trap for division by zero
Enables the trap for inexact result
Enables the trap for invalid operation
Enables the trap for overflow

Enables the trap for underflow

Enables the trap for denormalized values

Sets the most commonly used IEEE traps:
division by zero, invalid operation, and
overflow
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Debugging Tools
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Summary

1. User environment

2. Debugging: Overview

3. Compiler options

4. Debugging with GDB

1
2
3.
4

Start a program with GDB
Useful commands
Alternative uses of GDB
DDD

1.  Graphical debugging with ddt

2.  Memory debugging with valgrind
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Description

2 GDB is the GNU DeBugger
3 Available on most UNIX systems

 Useful to easily:
Start and stop a program
Check and modify variables at runtime
Run the code step by step

- Most effective if the code is compiled with -g
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Debugging with GDB

STARTING A PROGRAM WITH GDB




Starting a program with GDB

3 Simple “crash” code:

1 #include <stdio.h>

2

3 void display(int wvalue) {

4 printf ("$d\n",value) ;

5 }

6

7 void divint(int a, int b) {

8 int ¢ = a / b;

9 display(c) ;

10 }

11

12 int main(int argc, char *argv[]) {

13 int M[10];

14 int i=0;

15 for(i=0; i<10; i++) M[i]=9-1i;

16 int x = atoi(argv[1l]);

17 int y = atoi(argv[2]);

18 divint (M[x] ,M[y]);

19 return O;

20 }
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Starting a program with GDB

 Generates crash if division by zero:

S./crash19

Floating point exception (core dumped)

 Recompile the code with debug information

S icc -g crash.c -o crash

56

33333 @ =
33383 2019-04-09 | Debugging & Profiling Tools
..... M‘.\L.‘T‘:l‘IIE‘\."‘.‘-'.-!.. =\ |: “\ EOLEN

37




Starting a program with gdb

d  Start gdb: gdb <program>

S gdb crash

GNU gdb (GDB) bullx Linux (7.2-50.b16.Bull.1.20120306)
Copyright (C) 2010 Free Software Foundation, Inc.

Reading symbols from /.../Formation_gdb/crash...done.
(gdb)

O  Once the gdb session has started, launch the program and pass
arguments: run <args>

(gdb) run19

Starting program: /.../Formation_gdb/crash 1 9
Program received signal SIGFPE, Arithmetic exception.

0x004005a7 in divint (a=8, b=0) at crash.c:8
8 intc=a/b;
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Debugging with GDB

USEFUL COMMANDS
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Reading the stack

d When the program stops, the first thing to do is
analyze the call stack. That is the list of all the function
calls, arguments and variables met in the program

2 Each level of calls is called a “stack frame”

 To get a brief list of all stack frames: backtrace

(gdb) backtrace
#0 0x004005a7 in divint (a=8, b=0) at crash.c:8
#1 0x00400678 in main (argc=3, argv=0x7fffffffbd08) at crash.c:18
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Reading the stack

d There are different possibilities to navigate in
the call stack

frame <n>

= Moves from one stack frame to another, and prints the
stack frame you select

= Without an argument, frame prints the current stack
frame

up <n>/ down <n>
= Move n frames up/down the stack
= Defaultfornis1
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Setting breakpoints

2 A breakpoint makes your program stop whenever a
certain point in the program is reached

 Breakpoints are set in the GDB session, before running
the code

d Setting a breakpoint for a specific line in a specific file

(gdb) break crash.c:18
= Breakpoint 1 at 0x400649: file crash.c, line 18.

 Setting a breakpoint for a specific function

(gdb) break crash.c:display
= Breakpoint 2 at 0x40056f: file crash.c, line 4.
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Managing breakpoints

- Commands to manage breakpoints
info breakpoints
= Display currently set breakpoints

delete <Num>
= Delete specified breakpoints
= Num is the value given when the breakpoint is set

disable <Num> / enable <Num>
= Disable/Enable specified breakpoints

Without arguments, default behavior is to
delete/disable all breakpoints
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Running step by step

- After the program stops at the breakpoint

continue

" resume program execution normally

step <count>
= continue running until next source line count times
= defaultis1

next <count>

= continue running until the next source line in the same
stack frame

= function calls are executed without stopping
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Check variables with GDB

0 Display the value of a variable
print <variable>

d  Change the value of a variable
set <variable = newvalue>

(gdb) run 05
Starting program: /.../Formation_gdb/crash 0 5
Breakpoint 1, main (argc=3, argv=0x7fffffffbd08) at crash.c:18
18 divint(M[x],M[y]),
(gdb) print M
$1={9,8,7,6,54,3,2,1,0}
(gdb) print x
S2=0
(gdb) print M[x]
$3=9
(gdb) set x=1
(gdb) print M[x]
$4=8
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Check source file

0 Display part of the source file
list <linenum>
= displays lines centered around “linenum” in the current file

list <function>
= displays lines centered around the specified function

(gdb) bt
#0 0x00000000004005af in divint (a=9, b=0) at crash.c:19

#1 0x0000000000400680 in main (argc=3, argv=0x7fff64b676a8) at
crash.c:30

(gdb) 1list crash.c:30

25 int i=0;

26 for (i=0; i<10; i++) M[i]=9-i;

27 int x = atoi(argv[l1l]);

28 int y = atoi(argv[2]);

29

30 divint (M[x] ,M[y]) ;

31 return O;

32 }
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Debugging with GDB

ALTERNATIVE USES OF GDB
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Attach to a running process

d While a process is running, it is possible to run GDB to
check what it is doing

From the command line
= gdb -p <process_id>
= stopping gdb will detach the process

From a GDB session

= (gdb) attach <process_id>
= (gdb) detach

 Attaching to a process will pause the program
 Detaching from a process will make it resume
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Generate and read a core file

d When some program crashes it automatically
generates a core file

- To allow the production of core files, change
the default limits of the system with

$ ulimit -c unlimited

$ ./crash 0 9
Floating point exception (core dumped)

 Core files are named crash-<pid>.core
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Generate and read a core file

 To generate a core file of a running program,
use gcore

2 You just need the pid of the process

$ gcore <pid>

69
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Generate and read a core file

A core file contains the backtrace and
callstack of the corresponding process

 The core file can be analyzed with GDB just
like a running process

$ gdb ./crash *.core

..... @ =
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Debugging with GDB

DDD

33333 @ =oL=~
seeee 2019-04-09 | Debugging & Profiling Tools 71
sceee pe e L AT




- DDD (Data Display Debugger) is a graphical
front-end for GDB

2 Allows exactly the same operations as
command line gdb

2 Launch:

S module load ddd
$ ddd <program>
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& DDD: /ccc/work/cont000/asplus/cadenmdc/Formation_2014-02_Debug/GDB/crash.c (on cur - o0 x

File Edit View Program Commands Status Source Data Help

. = ol 2 A o - =
() . crash.c.i& ( 1 ) ] Lo?un F§> Cgr LIEECh Pzr D%V JI:I\oft\ s(% Ro‘t‘:te g§ Urdis
........... T R

1 #include <stdia.h= % DDD (on cu x -
2
3 void diplay{int value){ Run
4 printf{"%d\n",value); (:::) Interrupt
51}
6 _step | stepi |
7 void divint{int a, int b){ ;
= int c='a/ bE Ne%t NéxFl
9 diplay(c); uUntil |Finish
ﬂ } Cont | Kill
12 int main(int argc, char *argv[]){ Up Dawn
13 ;nz ﬂ[%ﬁ]; Unda | Redo
int i=o; -
15 for(i=e; i<1@; i++) M[i]=9-i: Edit | Make
@1e int x = atai{argv[i]):
17 int y = atai{argv[2]):
@18 divint {M[x],M[¥]);
19 return O;
20 }
21
7
0X400678 <main+192>. o
{gdb) break crash.c:18
Breakpaoint 1 at 0x400649: file crash.c, line 18.
{gdb) delete 1
{gdb) break crash.c:16
Breakpoint 2 at 0x400605: file crash.c, line 16.
{gdb) break crash.c:18
Breakpoint 3 at 0x400649: file crash.c, line 18.
(gdb) | ]

A Set ar delete a breakpoint at the argument () (hold far menu)

2019-04-09 | Debugging & Profiling Tools

1 - Argument field.
Displays currently
selected line, function or
variable

2 - Source code

3 - Command tool. All the
available commands to
run the program

4 - Debugger console.
Displays corresponding
GDB commands
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DE LA RECHERCHE A LINDUSTRIE

Cea

#& DDD: /ccc/work/cont000/asplus/cadenm4c/Formation_2014-02_Debug/GDB/crash.c (on cur - o x

File Edit View Pragram Commanhds Status Source Data ﬂelpl

( ] : craSh -C: 1&: 9 LO?\JD F%: Cgr’v U?t?hv Prififs LiEpEes Shﬁwv Ro{tj;‘ev :et Undist
o A TOStarttheprogram
#. ....... S R R R - and paSS arguments
include <stdia.h> #& DDD (on cu x

void diplay{int value){ Run

PR e, nterrupt | Program -> Run...
Step | Stepi

voidigivinz(inﬁ gf int b){ Next | Nexti

diplay(c): until |Finish or

18 ¥ _Cont | Kill |

12 int main{int argc, char *argv[]){ P | Dawn |

ig J_-n'é f'_‘[ﬂéﬁl; unda | Reda Fz

int i=e; -

15 far(i=o! i<10: i++) M[i]=9-i: _Edit | Make |

@6 int x = atoi{argv[1]);

17 int y = atai{argv[2]);

@18 divint (M[x],M[¥]);

TR ™ oo ru Frogram oncuriery

21

DO~ URWONE
[

c

Arguments

0x400678 <main+ie{ RUN wWith Arguments
{gdb) break crash Ia g

Breakpoint 1 at O3
{gdb) delete 1
{gdb) break crash

Breakpaint 2 at 0O Run ) | Cancel Help
{gdb) break crash

Breakpaint 3 at Ox=zuvoww. TIIT Lrasil. by, LIt 10.
(gdb) :

A Breakpaint 3 at 0x400649: file crash.c, line 18.

% ]

wc

@UéD;EN .
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Find process ID

a top

$ top -u SUSER

top - 14:26:42 up 37 days, 4:58, 74 users, load average: 3.61, 3.34, 3.64
Tasks: 1381 total, 4 running, 1323 sleeping, 42 stopped, 12 zombie

Cpufs): 7.1%us, 1.3%sy, 0.0%ni, 89.0%id, 2.6%wa, 0.0%hi, 0.0%si, 0.0%st
Mem: 132803416k total, 61344516k used, 70658900k free, 1596808k buffers
Swap: 16384756k total, 640k used, 16384116k free, 28117928k cached

%CPU %=MEM TIME+ COMMAND
99.6 0.0 3:49.16 crash

PR NI VIRT RES
26312 cadenmd4c 20 0 12780 448

w30 30

6261 cadenmd4c 20 O 20116 2360 1020 2.0 0.8 09:800.92 top
28120 cadenm4c 20 0 123m 18m 1484 0.0 8.8 0:00.16 sshd user
28121 cadenmd4c 20 0 116m 2212 1644 6.0 8.8 0:00.15 bash

d ps
S ps

PID TTY TIME CMD
14198 pts/20 00:00:80 ps
26312 pts/20 00:05:20 crash

00:00:00 bash
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Gstack

a gstack prints a stack trace of a running process
gstack <pid>

$ gstack 26312

#0 0x0000000000400576 in display ()
#1 0x00000000004005c4 in divint ()
#2 0x0000000000400686 in main ()

d It does not interrupt the process itself

3 TIP: If the code was compiled with -g, use the
command “addr2line” to find the matching file and
line:

$ addr2line -e ./crash 0x00000000004005c4
../Formation gdb/crash.c:7
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Strace

- strace prints all system calls of a running process
strace -p <pid>
= attaches to an already running process
strace ./prog.exe
= |aunches a program while printing system calls

 Useful options:
strace -c ./prog.exe
. reports da summary on program exit
strace -e trace=<list,of,calls>

= only prints specific system calls. Can be one of the calls

listed in the summary or file, process, network, signal, ipc,
desc

- See “man strace” for more details
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Parallel jobs

d Tools available for parallel jobs submitted
with ccc_msub :

clustack slurmjobid:<jobid>

= gjves an aggregated view of the stacks of the
processes associated to the job

ccc_mstat -b <jobid>

= shows all the processes related to the job <jobid> on
the main compute node

33333 © ==~
33383 2019-04-09 | Debugging & Profiling Tools 79
..... ALEMICE SEcs P




Debugging Tools

GRAPHICAL DEBUGGING WITH DDT




Summary

1. User environment

2. Debugging: Overview
3. Compiler options
4. Debugging with GDB

5. Graphical debugging with DDT
Launching DDT

Controlling program execution

View variables and data

Breakpoints, watchpoints, tracepoints
Memory debugging

i P W N R

6. Memory debugging with Valgrind
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Overview

a Part of Arm-Forge

d Scalable, graphical debugger by Allinea (now part of
ARM)

d Works for:
Single process and multi-threaded software
OpenMP
MPI
Hybrid codes such as MPI + OpenMP, or MPI| + CUDA

 Works for most languages including C, C++, Fortran,
HMPP, CUDA, etc.
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DDT

LAUNCHING DDT
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Submission script

#!/bin/bash

#MSUB -r Test DDT # Task name

#MSUB -n 4 # Number of tasks

#MSUB -X # Enable X11 forwarding
#MSUB -q broadwell # Use broadwell partition

module load arm-forge

##
# ddt -n 4 ./test ddt

##
# ddt -start -n 4 ./test ddt # skips the configuration

##
# ddt

##
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DE LA RECHERCHE A LINDUSTRIE

Cea Run a program

File Edit View Control Tools Window Help

=~ allinea
2-S FORGE

RUN E
Fun and debug a program. v
ATTACH
Attach to an already running program.
OPEN CORE

D DT Open a core file from a previous run.
MANUAL LAUNCH (ADVANCED)
Manually launch the backend yourself.

l\"r] P OPTIONS
I\
Remaote Launch:

[or =]

Support QuIT
Tutorials

allinea.com

Licence Serial: 2565 7

|Allinea Forge 6.0.2-46522 4

@,
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Run a program

O Choose executable and = r fon e
Application: test_diriddt/run_mpi Details
argu ments Application: [ test_diriddt/run_mpi =] El
Arguments: | |
. . . I~ stdin file: | =l El
a Ifitisan MPI code: g o | 3 o
SeleCt the number Of ¥ MPI: 4 processes, bullx MPI Details
processes Numberof Processes:  [4 =
select the MPI I Processesperode [T
implementation (Slurm Implementation: bullx MPI ~ Change... |
generl(:) mpirun arguments | =]
¥ OpenMP: & threads Details

Number of OpenMP threads: Iﬁ
d Choose number of  cuoa

OpenMP threads if it is an ::e:or::mw . o
OpenMP code qure.. | Parameter.

Environment Variables: nons Details

Plugins: none Details

0 Memory Debugging: check
if you need it = = o

A

@ e,
3e2d @ =OoOL_=~N
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Attach to a running program

File Edit View Control Tools Window Help

,‘.' x_}

o

= allinea
| 2~ FORGE

RUN
Fun and debug a program.

ATTACH %
Attach to an already running progrim.
OPEN CORE
D jT Open a core file from a previous run.
MANUAL LAUNCH (ADVANCED)
Manually launch the backend yourself.
allinea

MAP OPTIONS
I\

Remaote Launch:

[of =]
Support QuIT
Tutorials
allinea.com

Licence Serial: 2565 7

|Allinea Forge 6.0.2-46522 4

@,
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Attach to running process

3 Ifajobisrunning on
Cobalt, it can easily

&= Attach to local and remote processes (on airain71)

MPl:  OpenMPI (Compatibility) CH.

x
ain x
Hosts: Choose Hosriﬁ“'l Host Name be d ete CtEd
— ®airain1197

Automatically-detected jobs | List

No jobs found

1 Click on Choose Host

Try the 'list of all processes' tab in

Attach to processes: |70
3 Add one of the hosts

Help | . . .
Quit e ance L4 [
e oclexd |l (given in ccc_macct

“jobid”)
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Attach to running process

d Check if the detected process matches your job

d  Choose number of processes to attach to

Warning: If your job is running on many processes, do not attach to all of them

a  This will pause the program and open the usual DDT window

Attach to local and remote processes (on airain71)

MPI:  OpenMPI (Compatibility) Change MPI...

r Debug CUDA
Hosts: airainl197 Choose ﬂosts...l

Automatically-detected jobs | List of all processes | GDB Server|

matrix (4 processes on 1 node)

Application: /ccc/work/contOOOfasplusfcadenm4chormation_2014-02_F;|

Number of processes: 4
Processes per node: 4
II\Iodes used: 1 (airainl197)

4

Attach to processes: [0-3] 100% SelectAll | x2 | x05 | 1% |

1 nodes scanned.

Help | Rescan ﬂodesl ‘&ttach to matrix (4 processes)l Cancell

@,
seees O ==~
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Cea Open a core file

File Edit View Control Tools Window Help

=~ allinea
2-S FORGE

RUN
Fun and debug a program.

ATTACH
Attach to an already running program.
OPEN CORE

D DT Open a core file from a previous %1.
MANUAL LAUNCH (ADVANCED)
Manually launch the backend yourself.

l\"r] P OPTIONS
I\
Remaote Launch:

[or =]

Support QuIT
Tutorials

allinea.com

Licence Serial: 2565 7

|Allinea Forge 6.0.2-46522 4
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Open core files

] Open Core Files (on airain71) N Choose Core Files (on airain71)

Executable: hation_2014-02_Debug/DDT/matrix/crash | | Look in: [S/ccc/work..DT/matrix -] @ © © @ @ @
(OI{cRiICEHIN /ccc/work/cont000/asplus/caden syl I 2 Comy| Name / |Size |Type|Date Mo:| -

@ cader [Fpuffered.c 2 KB c File 29 ...:54

#Remove| crash 8 KB File 29 ...:32
‘ K MBS B crash-11509.core 2.B c.e 29 ..38 -

Help | OK Cancel| File name: |crash-11509.c0re Open
Options Files of type: |AII Files (*) j Cancel|¢

0 Select the program to debug
 Add the core files obtained with this program

d Itis only “post mortem” debugging. You cannot
play/pause/step
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DE LA RECHERCHE A LINDUSTRIE

Overview

1) Process group and
thread control

33583 (on curie2535)

e Control h b
fefu a3 BEElHEIE ! A--

||current Graup: [a1 = Focus on current: ¢ Group ¢ Process ¢~ Thread |I= Step Threads Together

. D

Greate Group

Project Files X | ¢ mduscEd | Looals | Gurrent Line(s) | Gurrent Stack

2)  Source files and E— R =

for (1=0; i<size; i++) for (j=0; j<size; j++) Mat[i][j] = 6;

Variable Name [ value
‘ - Mat
. B[ Sources for (i=0; i<size; i++) for (j=0; j<size; j++) Mat_recv[i][i] = e; " Mat. oy
n Ct I O n S B0 cdcec Procl —— 14012984
l I 21 Affiche_Mat(Matrice Mat, in o AEEeRane dee e me A e A ieialsemsio . Vi _nan(oxTiaad!
(5 Affishe_Mat_All(int rank, int J*-- Affichage des matrices apres initialisation */ V::‘ nan(0x7faadf)

=l Affiche_Mat_Proc(int rank, N .

= main(int arge, char *argv{) if (rank == 0) printf("\nMatrices initiales\n"); @ arge
& External Code Eargy
Affiche_Mat_All(rank, size, Mat); i
index
if (rank == 0) { o]

printf{™inT); rank
printf("- --\nt); size
printf("- --\nt); tag
. printf(*\n");
3) O rce CO e IS p ay printf("Le processus 0 transfere une ligne a chaque processus\n®);
u : S
/*-- Transfert d'une ligne a chaque Processus ---------------=--n-u- */
index = rank;
MPI_Scatter(Mat, size, MPI_FLOAT,
&(Mat_recv[index][0]), size, MPI_FLOAT,®, MPI_COMM_WORLD);
77 /*-- Affichage des matrices apres transfert -------------ooooooooonn */ 4 B
K | B | [Type: none sslected
4 P ara I Iel St 3 Ck | O p— ] same | Trepors | Trcopomomm | tosvoo | ST —
) Stacks 8 x [Expression [Value |

Procssses | Threads | Funotion /]
4] 4] 5 bil_openib_async_thread (bil_openib_async.c422)

and breakpoints —— O

4 4 [ ssrvics_thrsad_start (btl_openib_fd.c:433)

select

5) Variables and stack
of current process

®
®
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Controlling program execution

|Eile View Control Search Tools Window Help
H&H GREBELEFEIER ! O-O-~

Q Play/Continue

O Pause
all processes in the current group

File View Control Search Tools Window Help

B G B|EELEEIR | -3~

O Stepinto

Continue until next line or function
a Step over

Continue until next line in the same stack frame
a Step out

End function call and stop at first line of the frame above
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Controlling program execution

2 Runtoline

Through control bar

File View Control Search Tools Window Help

[o|w a3 FEEEtEIEE ! BA-D~

And then choose line in current file to run to

Run To Line (on airainl573) x

Line Number: |32

Run | Qancel|

Or with right-click > run to here on source line directly
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Select processes and tasks

Summary view (default for nprocess > 32)

I vI R ¥ P i~ Thread |V Step Threads Togeth

JJGurrentGmup. All Focus an current: roup rocess re ||_ p Threads Together |
128 processes (0-127) Paused: 128 Playing: 0 Finished: 0

[All]
Currently selected: IIl {on airain1 036, pid 22004, main thread IWP 22004

e OCOGOEEOEOEEEED

Detailed view (default for nprocess < 32)

|J_|GurrentGrcup:|AII vl Focus oncurrent: £ Group % Process & Thread ||_ Step Threads Together

Ll ICH|ENEXER

Rank 0's threads: @ @ @
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Select processes and tasks

JJGurrent I:Encnnup:u:lﬁ'lll VIFDCLJS oncurrent ¢ Group ¢ Process (& Thread ||7 Step Threads Together
128 processes (0-127) Paused: 128 Playing: 0 Finished: 0
[All]
Currently selected: |I| fon airain1 036, pid 22004, main thread WP 22004

s (OCO@CECEECEE000)
3 Shows

Number of processes in the group

State of each process

d Focus control
Allows to focus on group, process or thread
Will influence stepping, starting/pausing, breakpoints, etc
Influences display of source, stack trace, etc
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Display source

Project Files g s mpi_setup.f | r exact_rhs.f 7 btfE | r exch_gbc f | r solve_subs.f JE‘
Search (Ctrl+K) & 12 end do
- a| 1748 do 1 =1, t_last
& % Sources | a7s call timer_clear(i)
7 add.f 176 end do
. 177
= F adi.f 7 T =
. 179 ¢ do one time step to touch all code, and reinitialize
180 R R L
= F error.f 181
. 182 call exch _gbc{u, gbd ou, gbc_in, nx, nxmax, ny, nz,
d exaCt—rhS'f 183 $ start5, gstart_west, gstart_east,
r exact_solution.f 184 $ Rgstart_south, gstart_north, npb_verbose)
185
= exch_gbc.f 186 E do iz = 1, proc_num_zones
f initialize f 187 zone = proc_zone_id(iz) J
. 188 call adi(rho_i(startl(iz)), us(startl(iz}),
2 IF mpl_setup.f 189 $ vs(startl(iz)), ws(startl{iz)),
- decode line 190 $ gs(startl(iz)), square(startl(iz)),
- 191 $ rhs(start5(iz)), forcing(start5(iz)),
- env_setup 192 § ul{starts(iz)),
>----:get comm inde) 193 $ nx{zone), nxmax(zone), ny(zene), nz(zone))
- - 194 end do
-~ map_zZones 195
: 196 B do iz = 1, proc_num_zones
- mpl_setup 197 Zone = proc_zone_1id{1z)
=¥ print_results f -(| 108 call initialize(u(starts(iz)),
4 | _b|_l 185 $ nx(zone), nxmax(zone), ny(zone), nz{zone)) hd|

O When stopping a program, the corresponding source file is
automatically opened

O The position of the current process or thread is highlighted in
the source

O When starting DDT, starting line is automatically detected to
“main” or “mpi_init”
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Cea Display source

JJCurrenthoup:lAll vIFocu:aoncurrent & Group " Process (" Thread ||_ Step Threads Together
K DOEE

Create Group

Project Files g x L watchmatrix.c £ streamc [£] |

1 year ago 232 @ i f(size>1) |
1 year ago 233 {

1l vear ago 234 printf ("Mumber of MPI Processes = %d\n", size);
1l vear ago 235 }
i o
1
1

Application Code
!

Sources
- 0 testbiscpp
Bl £ watchmatrix

L (32 main(int
® External Code

year ago
year ago
year

}

tendif

B #ifdef _ MPI_
/* Elleocate buffers */
long phypz = sysconf (_SC_AVPHYS_PRGES);

long psize = sysconf (_SC_PAGE_SIZE);
iLf (rank==0) J
printf("available memory in doukle : %1f ‘nmax paramet
" ——rof (double) )

d5913fe119823014de2 53cf7d
“'n - L

i SR

T b the run on %s “‘n",&hos
Date: Tue Jun411:13:46 2013 +0200

) . . Fof(doukle))
out of memaory protection for run atone process per node; no protection otherwise

5T FTENOLT
a = (doubkle *) malloc ((N+OFFSET) *siz=of (double));
(double *) malloc ( (M+OFFSET) *siz=of (double));
(double *) malloc( (HW+OFFSET) *siz=of (double));

o
I

year ago
year ago
year ago
year ago
year ago
year ago

n
|

/* Get initial wvalue for system clock. */
tpragma comp parallel fou
for (3=0; J<M; J++) {

aljl = 1.0;

b[]] i

N

I
s8]
[=]
-
4

O  Possibility to see line-by-line information from Git, Mercurial
or Subversion next to source files

3 In the menu, select View > Version Control Information
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Input / Output

Iﬂgtlmutput | Breakpeints I Watchpoints Stacks Tracepoints Tracepoint Qutput Legbook
Inpuf.l"Output g X

Cutput For Process: IU 3:
HNumber of zones: 64 x B4 ;I
Iterations: 250 dt : o.oooondg
HNumber of active processes: 126
Use the default locad factocrs with threads
Toctal mumker of threads: 10z4 i E.O thrn:nc]s,-"p-rc-ccss)
Calculated speedup = 1023 .36
-

Type here (Enter'to send): I

O Display standard output and error messages

O Input data during a session

O Possibility to filter the output on a specified process
0 Save to a file with a right click

© ==~
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Call stack

nput/Output reakpoints atchpoints acks racepoints racepoint Qutput ogboo
Input/O Breakpoints | Watchpoints Stacks | T ints | T int O Logbook

Stacks & x
Processes |Threads Function / -
23| | 23 | oadi (adi.f:21)
23| | 23 | éécompute_rhs (rhs.f:28)
23| | 23 | =__kmpc_fork_call
1 1 | =adi (adi.f:30)
1 [ | &add (add.f:22)
1 | 1 || ®__kmpc_fork_call o

0 Parallel stack frames for currently selected group or
pProcesses

3 Go up and down in the call stack

3 The line in the source corresponding to the selected
stack frame is displayed

33333 @ ==~
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Call stack

 The control bar allows an easy exploration of
the stack when the program is paused

File View Control Search Tools Window Help

NEERLE EEPEI =l

d Move to upper/lower frame
 Move to bottom frame
 Align stack frame with current
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DDT

VIEWING VARIABLES AND DATA




Current line

O Variables referenced on the currently selected lines
0 Possibility to select several lines

3 Spark lines give an idea of the value of the variable
across processes

i mpi_setup.f | 7 initialize.f Fbt.fo | 7 solve_subs.f Locals| Current Line(s) | Current Stack |

186 = do iz = 1, proc_num_zones | .rn.etsj_

187 zone = proc_zone_1id(iz) Current T 8
188 call adi(rho_i(startl(iz)), us(startl{iz)), .

189 3 vs(startl(iz)), ws(startl{iz)), Variable Name Value

150 % gs(startli{iz)), square(startl{iz)),

191 $ rhs(starts(iz)), forcing(starts(iz)), “NX ([1]1=28, ...)

192 $ u(start5(iz)), L _

193 % nx(zone), nxmax(zone), ny(zone), nz(zone)) k nxmax {[1] - 29- }

194 end do i —

15 “ny ([11=23, ..)

196 = Nz ([1]=92, ...)

197

198 [ -proc_num_zones —32

199 .

500 end do — [proc_zone_id ([11=9, ...

201 i —

202 @ do i =1, t_last start5 {[1] =1,..)

203 call timer_clear(i) +u ([11=2, ...)

204 end do

205 call mpi_barrier(comm_setup, ierror) ~Zone w4075 =
206 =
207 call timer start(1l) ~|[Type: none selected
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DE LA RECHERCHE A LINDUSTRIE

Cea Local variables

3 All the variables for the current stack frame
a Colors of variables change if their values change

—
f mpi_setup.f f initialize.f FbtfB | r solve_subs.f | Locals | Current Line(s) | Current Stack
186 = do iz = 1, proc_num_zZones Al
187 zone = proc_zone_id(iz)
188 call adi(rho_i(startl(iz)), us(startl(iz)), '
189 % vs(startl(iz)), ws(startl(iz)), Varlable Name Value
130 L3 gs(startl(iz)), square(startl{iz)), .
191 $ rhs(start5(iz)), forcing(start5(iz)), navg 0
192 $ u(starts{iz)), ~niter —250
193 % nx(zone), nxmax(zone), ny(zone), nz(zone))
194 end do -npb_verbose —0
195
196 B do iz = 1, proc_num _zZones -nsur —0
197 zone = proc_zone_1id(iz) .
198 call initialize(u(starts(iz)), num_threads 4
199 % nx(zone), nxmax(zone), ny(zone), nz(zone)) SNX ([1] =28 )
200 end do )
201 “nxmax ([11=29, ..)
202 = do 1 =1, t last J
203 call timer_clear(i) J =Ny {[1] = 23_. )
204 end do
205 call mpi_barrier(comm_setup, ierror) +nz {[1] = 92.- )
206 —
207 call timer_start(l) + pcomm_group {[1] =11,..)
208 “proc_group ([11=0,..)
209 R R R L]
2100 ¢ start the benchmark time step loop j-proc_num_thr... {[1] =4 ..) k
0 AR LR R R
B € -proc_num_zo... —32 _
213 @ do step = 1, niter 1 | LI_I
214 .
if (madlcten 201 an__ 1Y then LI Type' none SeleCted

eoese O ==~
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Keep track of specific variables

3  You can choose variables to
display in the Evaluate
Window

O Select those values with
right-click > Evaluate value
option or by dragging them
directly

3 It will then be evaluated in
whichever stack frame,
thread or process you select

3 Values in this window can be
edited with right-click > Edit
value

Locals

Locals | Current Line(s) | Current Stack |

Variable Name |Value

l

)

3
Type: INTEGER*4 (4096)’J

-itimer —0

iz —33
é-iz_east ([11=2, ...)
“iz_north ([1]1=65, ...)
+iz_south ([1] = 4033, .
- ERTEEI (- )y
-max_threads —0

-mflops —0
=mpi_argv_null ([1] ="000"
-mpi_argvs_null —0
-mpi_bottom —0
=mpi_errcodes... ([1] = 0)
-mpi_in_place —0

Type: INTEGER*4 (4096)

Evaluate

Expression |Value |

iz —33
viz_west  ([1]=64, )
~myid 11

@,
O ==~
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View array data

3 Arrays are displayed as Locals Current Line... | Current St...
expandable values Current Line(s) o
UEnelD e ||t EluE N
O Itis possible to expand
them to view the content {?} ﬂg} _ g’ {H _ g’ E _ gj
of each cell 2] (0] = 31, [1] = 32, [2] -
0] 31
O There is a viewer to display 1] 32
arrays more easily 12] 33
[3] 34
o -[3] {[0]=0.[1]=0,[2] =0
3 On avariable in the Source 0] 0
Code, Locals, Current 1] 0 -
Line(s) or Evaluate views 12] 0
do: right-click > View Array 3] 0 E
J | 3
Type: Matrice

-
@,
ool @ =OoOL_=~N
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Multi dimensional array viewer

3 Array Expression

If not set automatically,
choose metavariables [l [z2]z2]

= [ $i ] [ Sj ] fOf' C/C++ rray Expression:lMat[$i][$j] e j‘ Evaluate
m ( sl , SJ ) fo r FO rt ra n ?::::;tj :irray Dimensions;’E ;ow do | view distributed arrays? - ::::(e:_:ramej
Choose range of those  ||fem b & Fem b 3 " Autoupdate
metavariables e e

C h oose |f | Only show if: | See Examples
metavariables are s 1 | ] |

> Goto k¥ Visualize H Export Full Window

shown as row or
column

3 Filter displayed values
with the “Only show
if” condition

H

Close
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Multi dimensional array viewer

Distributed arrays: Arrays distributed across processes as local
arrays

Add number of distribution dimensions. They will appear as new
meta-variables

Array Expression: |Mat[$i][$j]
Distributed Array Dimensions: |1 3: How do | view distributed arrays?

|

Evaluate |

Cancel |

-Range of $p (Distributed)--Range of $i Range of $j % Align Stack Frames
From: |0 = | From: [0 4 From: o |- Auto-upda;e
To: 3 2| Te: 3 3 To: 3 G

Display: |Columns ~| | Display: |[Rows vl Display: |Columns -
| | >
" Only show if: | See Examples

Data Table | Statistics |
> Goto ¥’ Visualize E) Export

p
0 [1 2 3

Full Window

j
01 [2]3

o1 ]2 |3

o123

IRk 12 13 14
0 0O 0

0 0o 0 0
21 22 23| 24
0 0o 0 0
0 0 0 0

0 0 0 0
0 0 0 0
31 32 33| 34
0 0 0 0
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DDT

BREAKPOINTS, TRACEPOINTS,

WATCHPOINTS




Breakpoints

O One or several processes will be automatically paused when the
execution reaches a breakpoint

2 DDT will then ask you what to do. Usually, options are:
continue
pause
pause all

O  Some default breakpoints will stop your program under certain
conditions. For instance, if an abort or fatal error is detected

default breakpoints are modified through the menu Control>Default
Breakpoints

O Users can define their own breakpoints
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Setting a breakpoint

2 Adding a breakpoint through the source code
Right-click > Add breakpoint on the line

Just click in the margin left to the line number

2 It will add a breakpoint for every member of
the currently selected group
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Setting a breakpoint

a Adding a breakpoint through the control bar

File View Control Search Tools Window Help

Add Breakpoint (on airain1573)

”Pi = (F [e 2l Ef JER ! ﬂv@v -Location:
& Line File: Ibugf’DDTf’matrixfwatchmatrix.c k=l
O It will open the Add o e
~ Function
Breakpoint window popliss To
Thread: |AII 'I
~Hit Limits:
. Start on the n-th pass: |O 3:
D YO u Ca n C h Oose ) Trigger every n-th pass: |1 3:
the flle / Ilne Stop after n hits: |Forever 3:
. I Condition: |
funCtlon Language: |Aut0 I
what threads it applies to
conditions and limits e | = el

45884 2019-04-09 | Debugging & Profiling Tools 113
eceee /‘S ”;




Managing breakpoints

Input/Output | Breakpoints | Watchpoints | Stacks | Tracepoints | Tracepoint Output | Logbook|
Breakpoints

Processes |Threads|File Line[Function Condition |Start After | Trigger Every|Stop After|Full path

watchmatrix.c 43 |L_main_33...
process 0 all watchmatrix.c 64 main 0 1 Forever /ccc/work/cont000/asplus/cadenmé4c/Formation_2014-02_Debug
All all watchmatrix.c 57 'main rank== 0 1 Forever /ccc/work/cont000/asplus/cadenméc/Formation_2014-02_Debug

0 Breakpoint are summarized in the lower window

O From there, managing breakpoints is easy
Enable/Disable
Edit

Remove
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Tracepoints

 Tracepoints allow you to see the evolution of
variables without stopping the program

J Whenever a thread reaches a tracepoint it will
print to the Input/Output view:

the file and line number of the tracepoint
the selected variables values for the selected line

 Tracepoints can lead to considerable resource
consumption. If it is set in a loop, you should set
conditions to filter the generated data
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Setting a Tracepoint

d Adding a tracepoint through the source code

Right-click > Add tracepoint for all on the line

It will choose by default all the variables of the selected
line

Input/Output | Breakpoints | Watchpoints | Stacks Tracepoints | Tracepoint Output | Logbook
Tracepoints

Processes |Threads |File Line |Function / |Condition | Start After| Trigger Every |Stop After |Full path |Variables

All all watchmatrix.c| 53 |L_main_33 ... 0 1 Forever /ccc/wor... C,i,j, Ak, B

O Right-click>Edit on a tracepoint to edit parameters
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Reading tracepoint output

Input/Output | Breakpoints | Watchpoints | Stacks | Tracepoints Tracepoint Output | Logbookl
Tracepoint Output

Tracepoint Processes Values logged
main (watchmatrix.c:53)|4, ranks 0-3/i: — 8 j: — 13 ki — 3
main (watchmatrix.c:53) 4, ranks 0-3/i: — 8 j — 13 k. — 4
main (watchmatrix.c:53)|4, ranks 0-3|i: — 8 j; — 13 ki — 5
main (watchmatrix.c:53)|4, ranks 0-3/i: — 8 j: — 13 ki — 6
main (watchmatrix.c:53)|4, ranks 0-3/i: — 8 j: — 13 ki — 7
main (watchmatrix.c:53) 4, ranks 0-3|i: — 8 j; — 13 ki — 8
main (watchmatrix.c:53)4, ranks 0-3|i: — 8 j; — 13 ki — 9
main (watchmatrix.c:53)|4, ranks 0-3/ i: — 8 j: — 14 ki — 0
main (watchmatrix.c:53) |4, ranks 0-3/ i: — 8 j: — 14 ki — 1
main (watchmatrix.c:53)4, ranks 0-3|i: — 8 j; — 14 ki — 2
main (watchmatrlx c: 53) 4 ranks 0-3|i: — 8 j; — 14 ki — 3

d Inthe Tracepoint Output window, the selected values are displayed

O  When tracepoints are passed by multiple processes within a short
interval, the outputs are merged

0 Itis possible to save a HTML version of the output with right-
click>Save as HTML
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Reading tracepoint output

Input/Output | Breakpoints | Watchpoints | Stacks | Tracepoints Tracepoint Output | I

Tracepoint Qutput

Tracepoint | Processes | Values logged
main (watchmatrix.c:53)|4, ranks 0-3 i: — 14 j: — 13 ki — 4
main (watchmatrix.c:53)|4, ranks 0-3 ii — 14 | — 14 k. — 4
main (watchmatrix.c:53) 4, ranks 0-3 i: — 14 j; — 15 ki — 4
main (watchmatrix.c:53)|4, ranks 0-3 i: — 14 j: — 16 k: — 4
main (watchmatrix.c:53)|4, ranks 0-3 i: — 14 | — 17 k. — 4
main (watchmatrix.c:53) 4, ranks 0-3 i: — 14 j; — 18 ki — 4
main (watchmatrix.c:53) 4, ranks 0-3 i: — 14 j; — 19 ki — 4

Only show lines containing: Ik: 4

a To filter the tracepoint output, use the Only show
lines containing box to:
search a pattern
search a value (a space is needed after the “:”)
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Watchpoints

2 A watchpoint on a variable or expression will cause
DDT to stop every time it changes

3 Created by

Add Watchpoint (on airain1118) X

Applies To:

right-clicking on the
Watchpoints view and
selecting the Add
Watchpoint menu item Expression: |C[5][10]

Language: |Auto

Process Group: |All j
Process: All j

On any variable from the

Local Variables, Current Line | Hep | Add | Cancel
or Evaluate views, right- — =
click>Add watchpoint
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Watchpoints

2 Program execution will

Stop aS SOO n as the \ Program Stopped (on airain1118)
selected variable is 1) Processes 0-3:

k
mod Ifled Process stopped at watchpoint "C[5][6]" in

Old value: 0
New value: 148

2 DDT displays the old

main (watchmatrix.c:52).

~ Always show this window for watchpoints

and new values > Continue[f

| Pause
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DDT

MEMORY DEBUGGING
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Memory debugging

- DDT can intercept calls to the system memory
allocation library, record memory usage, monitor
correct usage of the library

 Helps detecting classical problems:
Memory exhaustion due to memory leaks

Random crashes caused by access to out of bound
memory

Deallocation of invalid pointers

2 Enabled by checking « Memory Debugging »
when starting a run
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Memory debugging configuration

a Click on Details to
configure the memory x

FéEreIoad the memory debugging Iibrary§ Language: |C/Fortran, threads j

d e b u ggl n g Note: Preloading only works for programs linked against shared libraries. If

your program is statically linked, you must relink it against the dmalloc library
manually.

~Heap Debugging

D Pf@/oad th e m em Ory II:ast . Bal:':lnced | Thorough Custonl1

.

dEb Uggin g library iS O n Iy Enabled Checks: |nce,free-protect.free-blank,alloc-blank More Information
pOSSi b I e if yO u r COd e - Heap Overflow/Underflow Detection

I~ Add guard pages to detect out of bounds heap access

uses shared libraries Guard pages: [T Add guard pages: [Ater ]

~Advanced
" Check heap consistency every |1 00 3: heap operations

~ Store stack backtraces for memory allocations

D Th e O pt i O n S fo r m e m O ry " Only enable for these processes:

debugging have an s sl
Ove rh ea d ﬂl Cancellﬁ
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Memory debugging

0 Each time an error is reported by the memory
debugging library
Program stops
A short description of the detected problem is given
DDT asks what to do (Pause/Continue)

Program Stopped (on airainlll18)

@ Processes 0-3:

Memory error detected in main
(watchmatrix.c:95):

null pointer dereference or unaligned
memory access

Note: the latter may sometimes occur
spuriously if guard pages are enabled

Tip: Use the stack list and the local variables
to explore your program'’s current state and
identify the source of the error.

# Continue
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Current memory usage

At any point during
execution, it is possible
to check the memory T ——-,e.

usage of each process | oinor &

3 From the menu:
Tools>Current Memory sl
Usage Allocation Details | :::::::

btl ¢ _andpoint_constru
hash_table_init (opal_hash_table.c)

Qe3333 2
g|‘ils|%-‘—’|m =
B

3 Only the most Showte opF Jowatons
. w Help | Edit Custom Allocators...| M
consuming processes
are displayed
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Current memory usage

d Itis also possible to
get statistics about

a | I O Ca t i O n S VS Memory Statistics for "All" group (15:19:31) (on curie2456
Restrict to the top 3: processes N

deallocation GraphViewlTabIeView|

Total Bytes | Total Calls | Current|

Total bytes albcated/freed

2 From the menu:
Tools>Overall
Memory Stats o

Help Close

 Useful to detect
memory leaks
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Conclusion

A quickstart manual is available on the ccrt website:

https://www-ccrt.ccc.cea.fr/docs/Allinea DDT QuickStart.pdf

0 Complete documentation from the GUI: “Help > User
Guide”

 DDT offers many possibilities regarding parallel
debugging

3 It should be scalable

 But keep in mind it is always easier to debug on small
problems. Try to reduce your code as much as possible
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Debugging Tools

MEMORY DEBUGGING WITH VALGRIND




Summary

1. User environment

2. Debugging: Overview

3. Compiler options

4. Debugging with GDB

5. Graphical debugging with DDT

6. Memory debugging

1
2
3.
4

Tools to check memory consumption
Valgrind and Memcheck

Valgrind for parallel programs

Other available debuggers
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Memory debugging

TOOLS TO CHECK MEMORY

CONSUMPTION




Check memory consumption

a  top
top - 14:26:42 up 37 days, 4:58, 74 users, load average: 3.61, 3.34, 3.64
Tasks: 1381 total, 4 running, 1323 sleeping, 42 stopped, 12 zombie
Cpu(s): 7.1%us, 1.3%sy, 0.8%ni, 89.8%id, 2.6%wa, 0.8%hi, 0.9%s1, 0.0%st
Mem: 132883416k total, 61344516k used, 70658900k free, 1596808k buffers
Swap: 16384756k total, 640k used, 16384116k free, 28117928k cached
PR NI| VIRT RES : COMMAND
26312 cadenmd4c 20 . . crash
6261 cadenmd4c 20 . . top
28120 cadenmdc 20 . . sshd user
cadenmédc . . bash
VIRT: virtual memory used by the task
RES: physical (resident) memory used by a task
SHR: shared memory used by a task
%MEM: task's currently used share of available physical memory
a  free

Displays amount of free and used memory in the system

O  pmap <pid>
Reports memory map of a process
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Check memory consumption

d SLURM

ccc_mremain <JobID>
=  Shows the remaining available memory for a parallel application
ccc_macct <JoblD>

Memory / step

Resident Size (Mo) Virtual Size (Go)
JobID Max (Node:Task) AveTask Max (Node:Task) AveTask
885395.batch 18 (airainl@l9 a) B 1.80 (airainl@ls @) A.00
885395.0 1852 (airainle3s 8) 5] 4.00 (airainlele a) 0.6

d These commands only give a punctual memory
consumption

 No information about the part of code allocating and
using the memory
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Memory debugging

VALGRIND
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Overview

d Valgrind is an instrumentation framework for building
dynamic analysis tools

It comes with a set of tools for debugging and profiling
 Here are some of the tools available:

Memcheck - a memory error detector (Default)
Cachegrind - a cache and branch-prediction profiler
Callgrind - a call-graph generating cache profiler
Helgrind - a thread error detector

Massif - a heap profiler
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Memcheck

2 Memcheck is the default and most current use of
Valgrind

d In theory, no need to recompile, relink or modify
the code but it works better with -g -O0

d To start memcheck

$ valgrind --tools=memcheck ./Exec <Args>
or just
$ valgrind ./Exec <Args>
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Memcheck

aQ  Valgrind/Memcheck options:

--leak-check=no |summary|full search for memory leaks at exit?
--leak-resolution=low |med|high differentiation of leak stack traces
--show-reachable=no|yes show reachable blocks in leak check?
--show-possibly-lost=no|yes  show possibly lost blocks in leak check?
--undef-value-errors=no|yes check for undefined value errors

--track-origins=no|yes show origins of undefined values? [no]

O Options can be read from

~/.valgrindrc
SVALGRIND_OPTS
./.valgrindrc
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Memcheck

O Different kinds of errors detected:

Reading/writing freed memory or incorrect memory
areas

Uninitialized values

Incorrect freeing of memory, such as double freeing heap
blocks

Misuse of functions for memory allocations: new(),
malloc(), free(), deallocate(), etc.

Memory leaks - unintentional memory consumption
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Most common errors

O Heap block overrun
Try to write a value out of bounds of the allocated array

==22860== Invalid write of size 4

==22860== at 0x4005DD: funcl (testl.c:12)

==22860== by 0x40061E: main (testl.c:20)

==22860== Address 0x4cl1068 is 0 bytes after a block of size 40 alloc'd
==22860== at Ox4AO05FDE: malloc (vg_replace malloc.c:236)

==22860== by 0x4005B0: funcl (testl.c:9)

==22860== by 0x40061E: main (testl.c:20)

Try to read a value in an incorrect memory area

==15157== Invalid read of size 4

==15157== at 0x4005FE: funcl (testl.c:16)
==15157== by 0x40060E: main (testl.c:22)
==15157== Address 0x4cll07c is not stack'd, malloc'd or (recently)
free'd
3338, @Uécn_EN
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Most common errors

O Use of an uninitialized value

==3552== Conditional jump or move depends on uninitialized value (s)

==3552== at 0x31D10459C7: vfprintf (in /1ib64/1libc-2.12.s0)
==3552== by 0x31D104EACY9: printf (in /1ib64/libc-2.12.s0)
==3552== by 0x400619: funcl (testl.c:17)

==3552== by 0x400628: main (testl.c:23)

O Launching Valgrind with the option --track-origins=yes will give
more information about the uninitialized values:

==5564== Uninitialized value was created by a heap allocation
==5564== at Ox4AO05FDE: malloc (vg_replace malloc.c:236)
==5564== by 0x4005B0: funcl (testl.c:9)

==5564== by 0x400628: main (testl.c:23)

O This error only appears if the uninitialized value is being
interpreted, for example by a print
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Most common errors

3 Overlap in copy

Copying data on overlapping blocks may result in undefined behavior

Even if they do not always generate errors, Valgrind signals them
with the following message

==25191== Source and destination overlap in memcpy (0x4cl00b0, 0x4cl00b8, 10)

==25191== at 0x4A07F24: memcpy (mc_replace strmem.c:628)
==25191== by 0x4006D0: funcl (testl.c:20)
==25191== by 0x4006FB: main (testl.c:29)

3 Invalid free: when heap memory with the wrong function or twice

==26169== Invalid free() / delete / delete]]

==26169== at 0x4A0595D: free (vg_replace malloc.c:366)
==26169== by 0x40069D: main (testl.c:28)
==26169== Address 0x4cl0040 is O bytes inside a block of size 40 free'd
==26169== at 0x4A0595D: free (vg_replace malloc.c:366)
==26169== by 0x400691: main (testl.c:27)
1 CCNG g . O=e==y
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Most common errors

d Memory leak
The summary at the end of its output can help detecting memory leaks

==15157== HEAP SUMMARY:

==15157== in use at exit: 40 bytes in 1 blocks

==15157== total heap usage: 1 allocs, 0 frees, 40 bytes allocated
==15157==

==15157== LEAK SUMMARY:

==15157== definitely lost: 40 bytes in 1 blocks

==15157== indirectly lost: 0 bytes in 0 blocks

==15157== possibly lost: 0 bytes in 0 blocks

==15157== still reachable: 0 bytes in 0 blocks

==15157== suppressed: 0 bytes in 0 blocks

==15157== Rerun with --leak-check=full to see details of leaked memory

To identify the origin of the leak, rerun valgrind with the option --leak-

check=full
==25483== 40 bytes in 1 blocks are definitely lost in loss record 1 of 1
==25483== at Ox4AQS5FDE: malloc (vg_replace malloc.c:236)
==25483== by 0x4005BO: funcl (testl.c:9)
==25483== by 0x40061E: main (testl.c:20)
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Create suppression files

a As the function complexity grows, Valgrind may detect
more and more false positive

d Making the output harder to analyze

d Errors that are known to be false positives may be
suppressed thanks to suppression files

 The installation contains a default suppression file:

$VALGRIND LIBDIR/valgrind/default.supp

- You can create custom files
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Create suppression files

O To select what to put in the suppression file, start your program
under Valgrind with the option --gen-suppressions=all

O For each detected error, it will display the corresponding syntax to

add in your suppression file

==5981== Source and destination overlap in memcpy (0xce8b780, Oxce8b788, 10)

==5981== at 0x4A091D0: memcpy (mc_replace strmem.c:878)
==5981== by 0x400AF9: funcl (testl.c:22)

==5981== by 0x400B5E: main (testl.c:36)

==508]1==

{
<insert a suppression_ name here>
Memcheck :Overlap

—_—

Copy this paragraph in your file

fun : memepy — “my_valgrind.supp”
fun: funcl
fun:main
}
HCCPG S @ oL =
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Use suppression files

 To use the suppression file created, start valgrind
with the option --suppressions

valgrind --suppressions=./my valgrind.supp ./Exec <Args>

 Launching valgrind with the verbose option -v
will list the error suppressed during the run

--98282-- used suppression: 1 Suppression - My Close

--98282-- used suppression: 1 Suppression - My Write
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Memory debugging

VALGRIND FOR PARALLEL

PROGRAMS




Run MPI programs with Valgrind

a To launch your MPI program with Valgrind in a
submission script:

ccc_mprun <mpi opts> valgrind <vg opts> ./Exec <Args>

a This default run will generate information for each
process

2 It will also probably display lots of detected memory
errors on MPI libs

O There are ways to make the output more readable
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Manage output

O By default, all the tasks write their output to the same file. It can
be difficult to read

O To differentiate the tasks generating the messages

ccc_mprun -£ valgrind ...
= Adds a label identifying the task before each output
= Allows to filter the output after the run

ccc_mprun -E “-e valgrind _%j %t.e” valgrind ...
= Creates one error file per task
= %j: jobid - %t: taskid

ccc_mprun valgrind --log-file=valgrind _%q{FOO} ...
= All the valgrind output is redirected to the specified file

= %q allows to differentiate the output thanks to an environment variable. For
example, SLURM_PROCID for MPI jobs on Cobalt.
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Irrelevant MPIl messages

 There are lots of memory issues detected in MPI calls

3 For instance, in mpi_init:

==81277== by 0x8231614: mca pml obl add procs (pml _obl.c:326)
==81277== by 0x4C5D3F2: ompi mpi init (ompi mpi init.c:761)
==81277== by Ox4C72BEF: PMPI Init (pinit.c:84)

==81277== by 0x400C50: main (buffered.c:31)

3 If the Valgrind installed has MPI support, there should
be a wrapper available to suppress those messages:
libmpiwrap-amd64-linux.so
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Memory debugging

OTHER AVAILABLE MEMORY

DEBUGGERS




Electric fence

O Electric Fence is a library that detects accesses to invalid memory
areas

O It will generate segfault each time those errors are detected

O To run your code with Electric fence:

module load electricfence
LD_PRELOAD=$EF_PRELOAD . /Exec

O Every call to ccc_mprun automatically adds this LD_PRELOAD
variable, thanks to the BRIDGE_MPRUN_PRELOAD variable that is
set by the electricfence module.

O Useful when combined with a debugger
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DE LA RECHERCHE A LINDUSTRIE

Cea Intel Inspector

Welcome | r0D0mIi2 (¥

4

% Detect Memory Problems Intel Inspector XE 2013

Problems

Type Sources Chbject Size

Incorrect memcpy call testi.c 5 item(s)

Incorrect memepy call test1.c:22 Type

Memory leak testl.c Incorrect memcpy call 1 item(s)
Memory leak testi.c: Invalid memory access 2 item(s)
Invalid memory access Memary leak 1 item(s)
Invalid memory access testi.c: Uninitialized memory access 1 item(s)
Invalid memory access testl.c

Source

Invalid memory access testi.c: testi.c 5 item(s)

Uninitialized memory access testl.c

Module

Uninitialized memory access testi.c
test1 5 item(s)

State
New 5 item(s)

91| 1of1 [ All

Description |Saun::e |Functlon |Module Object Size

Write test1.c:15 funci test1
for(i=1; i<1Z; i++) testl!funcl - testl.c:
{ testl!main - testl.c:3
x[1i] iz libc.=so.6!_ libc start
testl! start

@,
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DE LA RECHERCHE A LINDUSTRIE

Cea

January 31, 201:

Save Data
Save Report...
Export Memory Data

Leak Detection Repoi
Backtrace Report

Other Reports Catege
Heap Status Reports
Memory Usage Repor
Corrupted Memory R
Compare Memory Us

Other
Manage Filters

Process Selection

Totalview MemoryScape

MemoryScape 3.4.0-0 (on airainl1142)

Leak Detection Source Report

r Options

B Relative to Baseline B Enable Filtering

ry | Memor

Process 1 (100819): testl 40 1
=y test].c 40
k

1parisons

=

Backtrace u Source
In4c/Formation_2014—02_Debug/Valgrind/test1.c
ST 7

malloc

main
__libe_start main

_start

186 malloc ‘malloc_wrappers_dlop dlope

[ Jfuna | 12festic |

38 testl.c
libc.so.6
testl

void funcl(int rank)

1
inti=0;
int tabsize=10%sizeof(int);
printf("Allocate a table of %d bytessn”, t

—I—I—I—I—I—I—I—I‘

sizeof(int));

malloc(10 *

S ik b .|
= [~
L
© ==~
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Conclusion

2 There are lots of tools for debugging

2 Some are more appropriate than others depending on
the code

 There are more available debugging tools installed on
the computing center: Totalview, Inspector,
memleay,...

To display them all:

$ module search debugger

 Reminder: Always simplify your code as much as
possible before debugging
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DE LA RECHERCHE A L'INDUSTRIE CC RT TRAI N I N G
PROFILING TOOLS

www.cea.fr




Summary

1. Profiling: overview

2. Simple code profiling

3. Score-P & Vampir

4. Profiling with Vtune
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Profiling Tools

PROFILING: OVERVIEW




Profiling: General statements

2 General issues:

Sequential
= Algorithm

= Data structures (cache misses, inhibit compiler
optimizations...)

= |/0

CPU 100% -

60 Seconds
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Profiling: General statements

2 General issues:

Sequential to parallel
= Algorithm

= Multithreading

= Partitioning

= Communication

= Synchronization

.....
0000
Seees CCI 'U 2019-04-09 | Debugging & Profiling Tools
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Profiling: General statements

2 General issues:

Parallel to massively parallel
= Algorithm

= Multithreading

= Partitioning ++

= Communication ++

= Synchronization ++
= |/O ++
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Profiling: General statements

O Performance issues/bottleneck
Compute (low InstructionPerCycle, ...)
Memory (cache, locality, volume, false sharing...)

Communications (Frequency, volume,
synchronization, ...)

Inputs/Outputs (volume, not suited to parallel
file system, ...)

Overheads (threading strategy, ...)
Load balancing (decomposition, scheduling, ...)
Scalability
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Profiling: General statements

2 Solution:
Measure
Find hotspots and bottlenecks
Understand the causes
Modify
Compare
Validate

‘ Profiling the code!
;g;;; Ccr\c 2019-04-09 | Debugging & Profiling Tools QUEDI_
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Profiling: General statements

 Achieved by instrumenting source code or binary

 Different technics to collect data (not exclusive!)
“Hand-made” instrumentation (code + external)
Event-based
Statistical (sampling)
Instrumented

2 Best strategy: none. Depends on the issue you
face or what you are looking for
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Profiling: General statements

2 What can be collected
Durations
Performance counters
Call stack/graph
Communications (numbers, size)

Memory throughput, memory accesses, cache
misses

Latencies
Electrical consumption
Etc.
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Profiling: printf & print

d “Hand-made” profiling

C and Fortran functions: printf and print
= Qutput information you consider relevant

= Limit their use to profiling/debug sessions (preprocessor
directives)

double* tab;
long long int size;
tab = (double*) calloc(SIZE, sizeof (double)) ;

#ifdef PROF
size=SIZE*sizeof (double) ;

printf ("Size of allocation: %1d MB\n",
size/1024/1024) ;

#endif
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Profiling: printf & print

d “Hand-made” profiling
C and Fortran functions: printf and print

= Test usage
$ icc -DPROF -0 exe mycode.c
$ ifort -fpp -DPROF -0 exe mycode.£f90

$ ccc_mprun exe

Size of allocation: 7629 MB

" Production usage
$ icc —-o exe mycode.c
$ ifort -o exe mycode.£f90

$ ccc _mprun exe
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Profiling: C functions

d “Hand-made” profiling
C functions:

= time: Get the current calendar time

time t time (time t* timer);

= clock: Returns the processor time consumed by the
program
clock t clock (void);

= Gettimeofday: Get the time of day
int gettimeofday (timeval *tp, NULL)
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Profiling: C functions

d “Hand-made” profiling
gettimeofday example:

double* tab;
#ifdef PROF
struct timeval tim;
gettimeofday (&tim, NULL) ;
double tl=tim.tv_sec+(tim.tv usec/1000000.0) ;
#endif
tab = (double*) calloc(SIZE, sizeof (double));

#ifdef PROF
gettimeofday (&tim, NULL) ;
double t2=tim.tv_sec+(tim.tv _usec/1000000.0);
printf ("%.61lf seconds elapsed\n", t2-tl);
#endif
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Profiling: Fortran functions

d “Hand-made” profiling

Fortran functions:

= cpu_time: CPU elapsed time in seconds

CPU_TIME (X)

= system_clock: Determines the COUNT of a processor
clock

CALL SYSTEM CLOCK ([COUNT, COUNT RATE, COUNT MAX])
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Profiling: Fortran functions

d “Hand-made” profiling
system_clock example:

#ifdef PROF

CALL SYSTEM CLOCK (COUNT RATE=nb periodes_sec,
COUNT MAX=nb periodes max)

CALL SYSTEM CLOCK (COUNT=nb periodes initial)
#endif
! put code to time here
#ifdef PROF
CALL SYSTEM CLOCK (COUNT=nb periodes final)
nb periodes = nb periodes final - nb periodes initial
IF (nb periodes final < nb periodes initial) &
nb periodes = nb periodes + nb periodes max
elapsed time = REAL(nb periodes) / nb periodes_sec
#ifdef PROF
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Profiling: MPI functions

d “Hand-made” profiling

MPI calls:
= MPI_Wtime: Returns an elapsed time on the calling
processor
double MPI Wtime (void) // C

DOUBLE PRECISION MPI WTIME () ! Fortran

= MPI_Wtick: Returns the resolution of MPI_WTIME in
seconds

double MPI Wtick (void) // C
DOUBLE PRECISION MPI_WTICK() ! Fortran
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Profiling: MPI functions

d “Hand-made” profiling
MPI_Wtime example:

MPI Init(&argc, &argv);
double tl = MPI Wtime() ;
sleep (1) ;

double t2 = MPI Wtime() ;

printf ("MPI Wtime measured a 1 second sleep to be:
$1.21f\n", t2-tl);

MPI Finalize();
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Profiling: OpenMP functions

d “Hand-made” profiling
OpenMP Call:

= omp_get_wtime: Elapsed wall clock time in seconds

double omp get wtime (void); // C
double precision function omp get wtime () ! Fortran

= omp_get wtick: Gets the timer precision, i.e., the
number of seconds between two successive clock ticks

double omp get wtick (void); // C
double precision function omp get wtick() ! Fortran
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Profiling: OpenMP functions

d “Hand-made” profiling
omp_get wtime example:

double tl1,t2;
#pragma omp parallel shared(a,b,c) private (i, tid, tl, t2)
{
tid = omp_get thread num() ;
printf ("Thread %d starting...\n", tid);
tl = omp get wtime() ;
#pragma omp for
for (i=0; i<N; i++)
c[i] = a[i] + b[i];
t2 = omp get wtime() ;
printf ("Thread %d: omp get wtime measured %1f s to
complete the loop\n", tid,t2-tl);
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Profiling: Tools

- Specific profiling tools
Using profiling tools is an efficient way to spot,
understand and solve performance issues.

Advantageously replace (or at least complete)
manual timings and prints

Many of them exist and can be used depending
on what you want to investigate

Many of them are at your disposal at the TGCC
and others can be added on demand
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Profiling: Tools

a Profilers outputs

Profile: Statistical summary of observed events
= Highlights hotspots in source code

= Returns metrics (humber of calls, time spent in calls,
performance counters, etc.)

= Returns derived metrics (instructions per cycle, flops,
throughputs, etc.)

Trace: A stream of recorded events
= More adapted to highly parallel code
= Qutputs a trace file which can be large

= Graphical overview of execution (synchronization
issues, ...)
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Profiling: Tools

d Event-based collection

Events can occur

"= On a hardware device (clock cycle, cache miss)
" On the system

= On the network

= |n an application (send/receive functions)

A profiler can accumulate and merge these data
to get a performance report

= By asampling method
= By an instrumenting method
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Profiling: Tools

O Statistical collection

Probe data from different sources (hardware
counters, program counters, etc) are retrieved at
regular intervals using operating system
Interrupts

Less accurate
Overhead reduction

Often produce a good picture of the application
as it is not intrusive and has low side effects
(additional memory allocation, instructions)
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Profiling: Tools

d Instrumented collection

Adds instruction to collect the required
information

Accurate

Higher overhead

Can be automatic or manual

Can be at source level or at runtime

May require a re-compilation

Can not instrument system or third party libraries
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Profiling: Hardware counters

0 Hardware counters are a set of special-purpose registers
built into microprocessors to store the counts of hardware-
related activities within computer systems

d They are very reliable to conduct low-level performance
analysis or tuning

O They provide detailed performance information related to
CPU's functional units

Cache miss / load / request
Number of instructions
Number of cycles

Branch instructions

Etc.
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Profiling: Hardware counters

O  We usually use Papi to collect hardware counters

2 To see a list of available counters:

module load papi
papi_avail

Name Code Avail Deriv Description (Note)

PAPI L1 DCM 0x80000000 Yes No Level 1 data cache misses
PAPI L1 ICM 0x80000001 Yes No Level instruction cache misses
PAPI L2 DCM 0x80000002 Yes Yes Level data cache misses
PAPI L2 ICM 0x80000003 Yes No Level instruction cache misses
PAPI L3 DCM 0x80000004 No No Level data cache misses
PAPI L3 ICM 0x80000005 No No Level instruction cache misses

W wMhdDdDDR

O Papi counter works with many profilers such as ScoreP or
IPM.
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Profiling: General statements

d Amdahl’s law

10 -

The speedup is limited by = |
the parallel fraction of the” °

4 -
program P: 2
1 0 . . . . . . . . .
Speedup = —— o 01 02 03 04 05 06 07 08 09
p. P 1-P p
When introducing the .
number of processors N, ¢
and the sequential a .
. 4 - .
section of the code S, the - | —r =06
—P=038
law becomes: 2 | —p -0
] 1
Speedup =5 .
7_|_S 1 23 45 6 7 8 9 1011 12 13 14 15 16 17 18
N N

Strong scalability
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Profiling: General statements

2 Gustafson’s law

Sets an upper limit to the
speed up that can be
reached using several =
processors to parallelize a

code in a data parallel 1
context

For a defined domain size o
for each process, scalability
is ideal if execution time of |
the program remains the
same as for a one process
job

edUp

Spe

1 1 1 1 1
S0 100 150 200 250
Mombre de processeurs

Weak scalability
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Profiling: General statements

2 The Pareto principle:

80 % of the time is spent in 20 % of the code

80 % of the speed up reached in 20 % of the
programmer’s effort

80 % of the errors are located in 20 % of the code
Etc

‘ No need to spend huge amount of
time to get interesting results

 Mixing tools helps finding and understanding
performance problems
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Profiling tools

Supported programming model Collectible events Tool support Type of profiling
Name MPI |OpenMP| Cuda | SIMD | Comm | 1/O Call - Hardware |Memory) Cache Collection| GUI | Sampling | Tracing Instrt.Jment
graph | counters | Usage | Usage ation
Advisor * ef * « ® *® ef *® * *® ef sf ef ® %’
AlineaMAP | o o w-f f tf % X o X o o f o %
Cube o «f o *® *® ® ef ® e ® % ¢ ¢ *® ¢
Darshan L L4 % *® ® « ® *® % *® L4 e ef ® %’
Gprof % X % X % *x ef' *x % *x ‘f X ef’ ef' ¢
HPCToolkit | «:f’ *® ® *® < ef < *® ® «f ¢ ¢ *® *®
Igprof % % % *® ® *® ® *® ' *® ' % 4 4 bd
IPM ef' e e s f X e L e X L e ef e %
Paraver o L o *® f *® ® *® % *® % sf *® o ef
PAPI X X X wvf % b % sf X sf «f b f % f
ScoreP o «f o *® ef ® ef nf e ® «f e ¢ ef ¢
Tau 4 4 4 p 4 4 N4 4 *® N4 *® 4 wf ef o %’
ThreadSpotter| 3 w" % X % *x *x *x % qf ‘f ef ef’ *x s
Cachegrind | « «f *® ® *® ® *® ® *® < «f *® ¢ *® *®
Callgrind ' U4 % *® ® *® ef *® % *® ' % 4 ® bd
Massif o o b s *® s *® s o s «f e ef *® *®
Vampir o ef o *® f *® ® *® * *® X sf ® ef ef
Vtune X o X o % X % o X o o il o o % %
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Profiling toots

SIMPLE AND LIGHT WEIGHT CODE
PROFILING TOOLS




Summary

1. Profiling: overview

2. Simple code profiling

1. Gprof

2. IPM

3. Darshan
a. MAP

3. Score-P & Vampir

4. Profiling with Vtune
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Simple and light weight code profiling tools

GPROF
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 gprof produces an execution profile of C and
Fortran programs

d Asimple way to get a call graph and the amount
of CPU time spent in each routine

 Steps to run your code under gprof:
Recompile your code with the option -pg
Run the code. It will generate the file “gmon.out”
Open it with

$ gprof ./Exec gmon.out
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- The output is displayed in 2 main forms: flat
profile and call graph

The flat profile shows how much time your
program spent in each function, and how many
times that function was called.

The call graph shows, for each function, which
functions called it, which other functions it
called, and how many times.
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Flat profile

d To display only the flat profile:

$ gprof -p -b ./Exec gmon.out

0 To display the flat profile of one specific routine:

$ gprof -p<routine> -b ./Exec gmon.out

 Lists the following information:
Time: Percentage of time spent in this routine

Cumulative: Total time of this routine plus the functions above
this one in this table

Self: Time spent in this routine
Calls: Total number of times this function was called
Self ms/call: The average time spent in this function per call

Total ms/call: The average time spent in this function and its
descendants per call
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Flat profile

Flat profile:

Each sample counts as 0.01 seconds.

% cumulative self self total

time seconds seconds calls Ks/call Ks/call name

25.02 4677.46 4677.46 3525238040 0.00 0.00 binvcrhs
15.95 7658.33 2980.87 8064 .00 0.00 compute rhs
14.82 10428.70 2770.37 8032 .00 0.00 y solve
14.48 13134.87 2706.16 8032 .00 0.00 x solve
14.00 15752.13 2617.26 8032 0.00 0.00 z solve
11.95 17986.08 2233.95 4072549953 .00 0.00 matmul sub
2.05 18369.07 382.98 3515509281 .00 0.00 matvec sub
0.83 18523.30 154,23 8032 0.00 0.00 add

0.28 18575.78 52.48 74544003 0.00 0.00 1lhsinit

0.28 18627.85 52.07 61795415 0.00 0.00 binvrhs

0.13 18652.23 24.39 28660458 0.00 0.00 exact solution
0.09 18669.77 17.54 32128 0.00 0.00 copy x face
0.05 18678.83 0.06 31877 0.00 0.00 copy y face
0.05 18687.73 8.90 32 0.00 0.00 exact rhs_
0.03 18692.48 4.75 64 .00 0.00 initialize
0. 18693.18 0.70 32 .00 0.00 rhs norm_
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Call graph

a To display only the call graph:

$ gprof -g -b ./Exec gmon.out

d To display the call graph of one specific routine:

$ gprof -g<routine> -b./Exec gmon.out

a Lists the following information:

%time: The percentage of the total time that was spent in
this function and its children

Self: The total amount of time spent in this function. For
the parent processes

Children: The total amount of time propagated into this
function by its children

Called: The number of times the function was called
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Call graph

8.83 18616.02 8832/80832 MAIN  [1]
[%] 99.6 0.03 18616.02 8032 adi  [3]
2778.37 2606.51 8832/80832 y solve [4]
2706.16 2462.64 8832/8032 % solve [5]
2617.26 2329.79 8832/8032 z solve [6]
2969.04 0.00 8032/8064 compute rhs [8]
154.23 B.00 8832/8032 add [11]
2770.37 2606.51 8032/8032 adi [3]
[4] 28.8 2778.37 2006.51 8832 y solve [4]
1641.76 0.00 1237334872/3525238040 binverhs  [7]
788.66 0.00 1437742646/4072549953 matmul sub [9]
131.86 0.00 1218335776/3515509281 matvec sub [10]
22.74 0.00 26984199/61795415 binvrhs [13]
21.50 B.80 38543377/74544003 lhsinit [12]
1481.57 B.80 1116609151/3525238040 z solve [6]
1554.13 0.0 1171294017/3525238040 x solve [5]
1641.76 B.80 1237334872/3525238040 y solve [4]
[7] 25.0 4677.46 B.80 3525238040 binvecrhs  [7]
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Simple and light weight code profiling tools

IPM
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Overview

 IPM is a portable profiling infrastructure for MPI
codes

3 Itis very scalable, has low overhead and is
extremely easy to use

- Provides performance and resource usage

information for communications, computation,
and IO

- Requires no source code modification or specific
compiler options
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 To enable IPM dynamically, just load the IPM
module and add make sure to use ccc_mprun:

module load ipm
ccc_mprun ./test

 Every call to ccc_mprun appends IPM_PRELOAD
to LD _PRELOAD, so that the code is profiled
automatically.

 IPM generates a profile trace in an xml file and a
profile summary in the standard output file
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DE LA RECHERCHE A LINDUSTRIE

Cea

Standard output

HETPIVO . OB SRR

#

# command : /usr/local/gromacs-4.6.6/bin/mdrun_mpi -stepout 25000 -deffnm input -rdd 1.4

# host : curie6l62/x86 64 Linux mpl tasks : 16 on 8 nodes

# start 1 02/24/15/11:33:43 wallclock : 182.508046 sec

# stop : 02/24/15/11:36:45 %comm : 5.72

# gbytes : 8.06393e+00 total gflop/sec : 1.40031e+08 total

#

B R R R R R R R R R R R
region : * [ntasks] = 16

[totall] <avg> min max

entries 16 1 1 1
wallclock 2920.13 182.508 182.508 182.508
user 22693.8 1418.36 1416.83 1420.18
system 251.176 15.6985 13.043 17.2944
mpi 166.887 10.4304 6.66851 11.6311
Scomm 5.71506 3.65382 6.37291
gflop/sec 1.400831 0.0875197 0.0873254 0.0876713
gbytes 8.06393 0.503996 0.4942082 0.637413
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#

#

#

#

#

#

#

#

#

#

#

# PAPLI FP OPS 9.93193e+11 6.20746e+10 6.15695e+180 6.29053e+10
# PAPI_FP_INS 9.93193e+11 6.20746e+10 6.15695e+10 6.29053e+10
# PAPI DP OPS 2.5556%e+11 1.5973e+10 1.59376e+10 1.60087e+10
# PAPI_VEC DP 5.75289%e+087 3.59556e+06 3.46105e+06 3.7458e+06
#

# [time] [calls] <&mpi= <%wall>
# MPI Sendrecv 94,8594 1.6857e+06 56.84 3.25
# MPI_Waitall 40.5859 895472 24.32 1.39
# MPI Bcast 23.3455 32016 13.99 0.806
# MPI Isend 2.16025 1.70196e+06 1.29 a.67
# MPI_Gatherv 1.64405 48 .99 0.06
# MPI Scatter 1.49911 16 0.90 0.85
# MPI Scatterwv 1.16537 48 .70 0.04
# MPI Irecv 0.668721 1.70196e+06 0.40 .02
# HPI_Allreduce 0.64684 11328 0.39 0.82
# MPI Reduce 0.282225 22464 6.17 .01
# MPI Send 0.0112959 4456 .01 0.00
# MPI_Recw 0.0108482 4456 0.01 0.00
# MPI Gather 0.060499536 316 0.606 0.006
# MPI Barrier 0.060260794 32 0.00 0.00
# MPI_Comm_size 2.13857e-05 80 0.00 0.00
# MPI Comm rank 1.37785e-085 a0 0.606 0.006

B e g e g

Job execution
summary

Memory usage
and time
summary

Time spent in
MPI calls
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Post process

O The XML file can be used to generate an html page with the
command:

$ ipm parse -html XML File

O Will generate a graphical html page representing the results
obtained

Communication

% of MPI Time

B +PI_sendrecy B HPI_Comn_size
B MPI_Waitall W HPI_Comm_rank
M rPI_Brast
MPI_Isend
W FPI_Gathery
MPI_Scatter
MPI_Scattery
W HPI_Irecy
IMPI_A1lreduce
MPI_Reduce
M vPI_Send
B rPI_Recy
B MPI_Gather

Communication Event Statistics (100.00% detail, -8.0975¢-06 error)
Buffer Size Nealls Total Time Min Time Max Time % MPI % Wall

MPI_Beast 1064] 16| 11.965 7.974e-01 8.023e-01 117 041
MPI_Beast 200 32 6.109 1.677e-05 4.387e-01 3.66) 021
MPI_Waitall 960) 58120y 4.666 1.125e-07 9.134e-01 2.80) 0.16)
MPI_Waitall 600 74002 4.022 1.083e-07 9.077e-01 241 0.14
MPI_Waitall 840) 60637 3.859 1.155e-07 9.100e-01 231 0.13
MPI_Sendrecv 8 271184 3573 4.680e-07 0.283e-03 214 0.12
MPI_Waitall 49778 1.141e-07 9.094¢-01
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Simple and light weight code profiling tools

DARSHAN
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Overview

 Darshan is a light weight |0 profiling tool
capable of profiling POSIX IO, MPI IO and
HDF5 IO

d Itis very scalable, has low overhead and is
extremely easy to use

- Requires no source code modification or
specific compiler options
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 Here are the two steps to profile a code with
Darshan:

Add the Darshan library in LD_PRELOAD. This is

done automatically by ccc._ mprun when the
module is loaded

Specify where you want the Darshan trace to be
created by exporting the variable
DARSHAN LOG_PATH
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Submission script example

#!'/bin/bash

#MSUB -r MyJob Para # Request name
#MSUB -n 32 # Number of tasks to use
#MSUB -T 1800 # Elapsed time limit in seconds
#MSUB -o example %I.o # Standard output.
#MSUB -e example %I.e # Error output. %I is the job ID
#MSUB -gq broadwell # Queue
module load darshan
export DARSHAN_LOG_PATH=$PWD
ccc_mprun ./prog.exe
HCCNG S S

2019-04-09 | Debugging & Profiling Tools —ceneEn 202

Ve ASTH




Post process

2 Once the job has finished, a trace will be
generated in the specified directory

<USERNAME> <BINARY NAME> <JOB ID> <..>.darshan.gz.

 There are several scripts available to analyze the
trace:

darshan-parser

= Gives a full, human readable dump of all information
contained in a log file

= Lists the different files accessed and the type of file systems
used

$ darshan-parser *.darshan.gz > example output.txt
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Post process

darshan-job-summary.pl
= Generates a graphical summary of the 1/O activity for the job

$ darshan-job-summary.pl *.darshan.gz

Awarage VO cost per process. 'O Operafion Counts
100 &0
70
o &0
: §>
2 w
5 & g 50 110 Sizes 10 Patiem
m o &0 B0
E 40 40
5 % i K
£ a0 E, E &0
ﬂ_m a0 i}
=] = £50
0 70 ES
Aqr‘ %K 10 g %l.w
“+ © o] 530 I Ea
Resd m— Rezd Wrile Open St O Oﬂ
Writa 10 20
Motadats — POSIX —
Other (iInduding application computs) MPHIO Indep. s o ]
L=} s s 7 EA Es L LA s S
B ] T On R, Ae T, O, @,
% Ty ’bq?-"q, % 4 ’a;jtf‘/b ’ Read Write
Totsl mEm  Consecutive S
Dmed m——p Write D Sequentizl
File Count Summary
Most Common Access Sizes type | number of files | ave. size | max size
access size | count total D]}EHE{[ 13 33K 36K
7128 48 read-only files 1 36K 36K
4 32 write-only files 11 36K 36K
7920 12 read /write files 0 0 0
b | created files 11 36K 36K

@ °.
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Post process

darshan-summary-per-file.sh

= Similar to darshan-job-summary.pl except that it
produces a separate pdf summary for every file
accessed by the application

* The summaries will be written in the directory
specified as argument

$ darshan-summary-per-file.sh *.darshan.gz output dir
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Simple and light weight code profiling tools

MAP
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Overview

 Part of ARM-Forge
2 Highly scalable and easy to use

d Preconfigured set of metrics showing:
memory usage
floating-point calculations
percentage of vectorization
MPI usage

207
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Launch method

. [ Run {on curie3010)
3 Direct launch
Application: test_dir'map/wave Details
In a SmeiSSion Script Application: Itest_dir.-'map.-'wave j E
Arguments: I j
[ stdin file: |
module load arm-forge | Ll
Working Directony: I j =
map ./prog -
Duratien: Sampling entire program Details

Wi” Open a Sta rt [~ Stop program after (seconds) |3IZI 3:

. ¥ MPL 4 processes, bullx MP| Detalls
window
Mumberof Processes: |4 3:

[T Processes per Node I 1 3:
Implementation: bullx MPl  Change... |

Change parameters if pirun arguments |

necessary and hit [ OpenhP: & threads Derils
”R u n” Number of OpenMP threads: m

Help Cptions | Bun Cance| |

@,
seees O ==~
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Launch method

3 Launch offline
In @ submission script

module load arm-forge
map --profile ./prog

Will not open any window but run the code and
generate a “*.map” file
Open with map:

$ module load arm-forge
$ map <outputfile>.map
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DE LA RECHERCHE A LINDUSTRIE

MAP: General presentation

Profiled: slow_fon 16 processes, 2 nodes Sampled from: Tue Oct 20 12:56:00 2015 for 57.0s Hide Metrics...

Main thread activity

CPU floating-point
28.6 %

Memory usage
114 MB

12:56:00-12:56:56 (56.968s): Main thread compute 52.7 %, MPI 47.3 % | CPU floating-point 28.6 %; Memory usage 114 MB; Zoom %1 =

F slow.dao ] I Time spenton line 84 8 x

/5 B subroutine imbalance :l Breakdown of the 17.6% time spent on this
16 line:
integer :: i,],iteraticns Executing instructions 100,07 EE——
L re=al :: a(20000),b{20000) . .
- Calling other functions
do iterations=1,4 Time in instructions executed:
a=1l.1 + itesrations
do §=0,p Scalar floating-point 0.0%
P
do i=1,size(a) Vector floating point I
17 6% b b B a=sqrt(a)+1.1'] Scalar integer 0.0%
I”': d J Vector integer
nd ¢
Memory access” I

call MPI_ALLREDUCE (a,b, size(a),MPI_REAL,MPI_SUN, IPTI_COMM_WORLD, ierr)

nd do Branch
if (pes == 0) print *,"imbalance answsr",b(1) Cither ins|
call MPI_BARRIER (MPI_COMM_WORLD, isrr) . )
1 *15.2% 8 instructions, 43.5%
) ) - ) _ implicit ses in other instructions,
)z =nd subroutins imbalance i
= also col categories
94 B subroutine strids
as -]
InputOutput | ProjectFiles  Main Thread Stacks | Functions I
Main Thread Stacks & X
Total core fime T [ Mp1 [ Function(s) on line Position
[ % 12.6% mpi_send_ slow 190,35
B o1 mpi_send_ slow 190,55
ol 5.1% mpi_barrier_ slow.f90:71
A 4.1% mpi_barrier_ slow f90:44
# 10 others
] 0.6% B stride slow.f30:11
Elimbalance slow.f20:10
17.6% | slow.190:8
155% A d.dd 15.5% * mpi_allreduce slow.f90:87

Showing data from 16,000 samples taken over 16 p (1000 per p Allinea Forge 6.0.2-46522 | <+ Main Thread View

210
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Metric view

d Displays different metrics over a timeline

d To change displayed metrics, go to « Menu > Metrics »
0 Use the timeline to zoom on a specific region
a

Activity color code:
Blue -> MPI
Dark green -> Main threaded computation
Light green -> OpenMP computation
Grey -> OpenMP overhead
Orange -> |/0O

File Edit View Metrics Window Help

Hide Metrics

Profiled: slow f on 16 processes, 2 nodes Sampled from: Tue Oct 20 12:56:00 2015 for 57.0s

Main thread activity

CPU floating-point

401 %

Memory usage

352 MB

12:56:17 (+17.432s, 30.7%): Main thread compute 31.2 %, MPI 68.8 % o]

ooooo‘ ‘ I " ; b & fil | @ =0 L_ =M
2019-04-09 | Debuggin Profiling Tools 211
::: :: | gg g g IA\I \L‘.‘:“:): IIE‘\."‘.‘-l.I(.. =\ Il: ‘V\ EOLEN m




Source code view

75 F subroutine imbalance ;I
—

integer :: i, j,iterations
rzal 1 a(20000) ,b(20000)

80 3 do iterations=1,4

&1 a=1.1 + iterations
82 H do j=0,pe

853 B do i=1,size(a)

7. 6% g4 | a=sqrt(a)+1.1"j
85

end do J
86 end do
5.5 dddd 87 call MPI_ALLEEDUCE (a,b, size(a),MPI_REAL, MPI_SUM, MPTI_COMM_WNCORLD, ierr)
end do
if (pe == 0) print *,"imbalance answ=r",b(l)
call MPI_EBAERIEE (MFI_COMM_WORLD, ierr)

=nd subroutins imbalance

0 Displays the source code

0 The sparkline charts next to each line of source code shows the
inclusive time spent on that line

0 A zoom on the metric timeline will update the sparkline charts
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Selected lines view

O Get detailed information on

Time spenton lne 54 K one or more selected lines
ﬁ:?kdnwnnfthe 17.6% time spent on this Of COde
Executing instructions 100,07 [IIIEG___
Calling other functions 0.
Time in instructions executed: . . .
Scalar floating-point 0.0% D FIrSt SeCtlon glves an
Veckrfoatng pon overview of how much time
calar integer 0.0% .
Vectorinieger was spent executing
Memaory access® 58.6% NN . .
Branch |nStrUCt|OnS
Cther instructions
*15.2% memory access instructions, 43.5%
implicit memnlrg,.r ac:?esses in :::ther instructions, . .
also counted in their categories D Second SeCt|0n detalls the
CPU instruction metrics for

the selected line.
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DE LA RECHERCHE A LINDUSTRIE

Ccea Stack view

Input/Output | Project Files  Main Thread Stacks | Functions
Main Thread Stacks 8 %

Total core time o | MPI |Functi0n(5} on line |Source Position
B # slow program slow slowfa0:1
Bl overlap call overlap slowfg0:12
12.6% [ N 12.6% - mpi_send_ call MPI_SEND(a, size(a), MPI_REAL, ©, 1, MPI_COMM WORLD, ierr) slowf30:35
91% B c01% -mpi_send_ call MPI_SEND(a, size(a), MPI_REAL, @, 1, MPI_COMM_WORLD, ierr) slowfg0:55
5.1% ol 5.1% - mpi_barrier_ call MPI_BARRIER(MPI_COMM_WORLD,ierr) slowfg0:71
41% A 41% -mpi_barrier_ call MPI_BARRIER(MPI_COMM_WORLD,ierr) slowfo0:44
28% _ #10 others
E stride call stride slowfg0:11
18.5% I . arr out(i,j) = sqrtlarr in{i,j) - arr in(i, i)} + sqrtlarr ini{i,j) + arr inii,j))
- - g arr out(i,j) = sgrtlarr in(i,j) - arr inf( sqrtfarr inli,j) + arr in(i, j)) 5
- . arr_out(i,j) = arr_out(i,j) * arr_out(i,j) slowfa0:123
N, . arr_out(i,j) = arr_out(i,j) * arr_out(1,]) slow.fg0:110
. i # 3 others
33.1% N 15.5% Himbalance call imbalance slowfo0:10

A top-down view of the functions called in your
program

3 Clicking on any line of the Stacks view jumps the
Source Code view to show that line of code
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SCORE-P AND VAMPIR




Summary

1. Profiling: overview

2. Simple code profiling

3. Score-P & Vampir
1. Score-P simple profiling
2. Score-P trace
3. Vampir

4. Profiling with Vtune
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Score-P and Vampir

SCORE-P: SIMPLE PROFILING

33333 @ =
33383 2019-04-09 | Debugging & Profiling Tools
..... M’\\mj‘;);IIE,\."‘J.‘-I:(.. =\ Al‘l:“ EOLEN

217

37




Presentation

- Score-P: the Scalable Performance Measurement
Infrastructure for Parallel Codes

2 Provides:

A measurement infrastructure for profiling, event
trace recording, and online analysis

The Opari2 instrumenter as a common infrastructure
for a number of analysis tools like Periscope,
Scalasca, Vampir, and Tau

2 Supports:

The new Open Trace Format version 2 (OTF2) for
tracing data

Several programming models: MPIl, OpenMP,
Pthreads, Cuda, OpenCL
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Score-P: Usage

2 3 basic steps:

Instrumentation

= The code needs to be instrumented, which means it has to
be recompiled with Score-P

= There are different instrumentation techniques, manual or
automatic

Measurement collection

= When the instrumented code runs, it will collect profiling
data

= |tis possible to configure Score-P with a set of environment
variables

Analysis

= The resulting profiling data can be opened by several
existing tools

= For example Cube, Vampir, Tau
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Score-P: Instrumentation

d The “scorep” command will instrument the code
automatically. All that is needed is to recompile the
code with it

Load scorep

$ module load scorep

Compile

$ scorep mpicc -g -03 -openmp prog.c -o prog
$ scorep mpif90 -g -03 -openmp prog.f90 -o prog

a In a Makefile, the compiler is usually defined by the CC
variable. You may simply override it with

$ make CC=“scorep mpicc”
$ make CF=“scorep mpif90”

32331 @ ==~
33383 2019-04-09 | Debugging & Profiling Tools | 220
esese e e e AS’Q




Score-P: Collection

2 Once the code has been instrumented with
Score-P, running it will generate profile data

module load scorep
ccc_mprun ./prog

A directory is created when running the code. It

will contain several files, depending on the set of
parameters.

 To set the collection parameters, Score-P
provides a set of environment variables
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Score-P: Environment variables

O Here are some useful variables:
SCOREP_ENABLE_TRACING: Enable tracing, defaultis 0
SCOREP_ENABLE_PROFILING: Enable simple profiling, default is 1

SCOREP_TOTAL_MEMORY: Total memory in bytes for the
measurement system

SCOREP_EXPERIMENT _DIRECTORY: Name of the experiment
directory

SCOREP_FILTERING_FILE: A file name which contain the filter rules

O To have a full description of available variables:

$ scorep-info config-vars --full

O To have a list of currently set variables:

$ scorep-backend-info config-vars
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C2A Recording performance metrics: Resource Usage

O Itis also possible to record resource usage counters

O  Uses Unix system call getrusage to provide information about:
consumed resources
operating system events (user/system time)
received signals
number of page faults

 See all available counters

$ man getrusage

O To activate those counters, use the environment variable

export SCOREP_METRIC_RUSAGE=ru_maxrss,ru_utime,ru_nswap
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Cea Recording performance metrics: PAPI

O Itis possible to add hardware event counters with PAPI

O  Types of counters:
Number of operations
Level 1, 2 or 3 cache misses, cache hits
Conditional branches

O To see all the available counters on the current configuration

$ papi_avail

O To activate those counters, use the environment variable

export SCOREP METRIC PAPI=PAPI_FP OPS,PAPI L2 TCM
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DE LA RECHERCHE A LINDUSTRIE

Recording performance metrics: PAPI

File Display Topology Help

\'Ahsnlute c'\ \'Ahsnlute = |'Ahsnlute
| metric tree call tree Flat view system tree | || Box Plot
G+ [ 63.90 Time (sec ) ] &0 1.31e6 main & 1.30e6 machine Linux |||

E
E
£
E
E

- M 216 Visits (occ)

# [] 0 Synchronizations (occ )

i1 [] 0 Communications (occ )

- [l 5.18e6 Bytes transferred (byte
+ [] 0 MPI file operations (occ )

—[]0.00 Minimum Inclusive Time (¢
- M 2.45 Maximum Inclusive Time (
[ 2.61e6 PAPI_FP_OPS (# )
~ [ 4.04e6 PAPI_L2_TCM (# )

+ [l 0.17 Computational imbalance ||-

[~}
l ) | (G

- Il 279 MPI_Init

-~ [l 3 MPI_Comm_rank
[ 0 MPI_Comm_size
- [l 4 MPI_Barrier

—[] 0 MPI_Bcast

— [l 12 MPI_Scatter ;
&F [ 1.30e6 !$omp parallel @matvect.c
~[] 0 MPI_Gather
- [l 1 MPI_Finalize

i EIE] ‘AII (32 elements)

i m
2.61e6 (100.00%) 2.6166| |0 1.30e6 (49.86%) 2‘6186| 0 1.30e6 (100.00%) 1.30e6

O The selected PAPI counters appear in the left
browser

d Warning: adding counters can make the collection
dramatically longer
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Score-P: Collection output

d Let us say we set the
“SCOREP_EXPERIMENT_DIRECTORY” variable to

“output”

a For a basic run with the default arguments, here is
the output you should get:

output/
| -- profile.cubex
"—-- scorep.cfg

d scorep.cfg contains the parameters that were set
during the run and profile.cubex is the profile data to

be opened with the Cube GUI
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DE LA RECHERCHE A LINDUSTRIE

Display the profile with Cube 4

O Start graphic interface:

$ module load scorep
$ cube output/*.cubex

File Display Topology Help
Absolute

B vetric tree |

[n}

0 Tene (s6c 1
1636 Execubon

003 Mt

d [ 627 77 Synchronization
%Il 42684 Commarscation

O 0.00 File 10
I 659,00 InitExit
£ []0.00 OMP

0,00 Flush
W 148,10 Mansgement
0 1 0905 Synchronization
J0.00 Overhead

[0 0 Synchronizations loce )
4 C1 0 Communscations (occ |
[ 0 8ytes wansferred (bytes )
Sent
51 7 44211 Point-to-point
1 465 Collective

7 4dell Point-to-point
M 1 4695 Collective
1 0 WP file aperatians (occ |

‘. @ 7.80¢4 Computational imbalance (sec )
F C1 .00 Memimum inclusive Tame {sec |

L @ 204711 Maximum inchusive Teme {sec |

Absohite

B coltree 1 ] Flat view

& 105 MAn_
001 mpi_setup

] 0.00 M Beast
1 il 000 anv_setp_
™ 001 zon

tp_

19 78 map_zones_

014 zone Starts
.

axch_abe inputF-258

do @exch_qbe mputF258

10,00 1$omp paraliel @exch_gbc nputF 247
to

& W 39831 'Somp do @exch_gbe input F-247

01 0.00 MP_waitall

454 adi_
& @ 701e4 compute_rhs_
£ W 24.48 x_solve,

& [10.00 Somp parallel @x_solve inputF 46
0 5.22¢5 1$omp do @x_solve nputF-5
[10.00 *Samp mmplici barrier @x_solve input 407
2105 y solve.
& [10.00 Somp parallel @y_solve nputF-43
# O 51905 'Somp do @y_sohainputF 52
L 0000 1amp mmplicit barrier @y solve input F-406
5 050705 2 solue_
> M 5365.45 add
- D 6.00 MA_Barries
- 8 0,00 timer_start
M 0.00 timer stop_
- 8 000 timer read_
W o512 verify_
-0 600 MA_peduce

Absolute

[ system tree | ] sox plot

&0 - machine Linux
L (] - node airain1a14

> [ 0.07 node asainl 30
M 0.07 node axainl 031
3 [ - node airainl037
& O -mpanks
W 0.0¢ Master thread
C10.00 GMP thread 1

£ [ 0.03 A Rark &
M 0.07 node srainlo3n
2 [ - node airainla3s

& M 0.04 WA Rank 12
B [ 0.03 WA Rank 13
i I 0.07 node arsin1 a0
W 0.07 nods arainlodl
+ M 0.08 node asainl 042
% M 0.07 node axainlods
" [ 007 node arainl 048
W 0.07 node srsin1 050
W 0.07 node arainlees
& [ 007 node asainlog?

1058
& @ 007 node arainl 099
M 0.07 node arainl100
# M 0.07 node awainl101
5 M 0.07 node axainl 110
% [l 0.07 nede n1111
i+ [l 007 node arainlllz
M 0.07 node avant13

A3 {1024 elements)

fo.00 4.54 (0.00%) lﬁ!zsl Io-oo 0.04 (0.87%] 4.54

o.00 1636 (78.00%) 2 10|

3 coupled browsers
0 Colors enable the easy identification of regions of interest
0 Numerical values enable precise, individual comparison

©
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Display the profile with Cube 4

[Absolute

| e ) O The metric dimension

& [10.00 Time (sec ) [
&+ O 1.63e6 Execution

0.03 MPI

627.77 Synchronization
[+l

4.26e4 Communication
[ ]0.00 File 1/O

659.09 Init/Exit
[10.00 OMP

nggli:ul‘:gnagement D Choose Which pa rt Of

1.09e5 Synchronization
I ] 0.00 Overhead

& [ 3.08e5 Idle threads the problem iS

I Il 2.86e12 Visits (occ)
&= [ 0 Synchronizations {occ )

010 Communications occ) measured

10 Sent
[ 7.44el1l Point-to-point

1.46e5 Collective
[10 Received
[ 7.44el1l Point-to-point
1.46e5 Collective
[ [] 0 MPI file operations (occ )
E+ [ 7.80e4 Computational imbalance (sec)

G ogo Mrimum e T ec) 0 To get documentation
on one of the metrics:

right click on the metric
“online description”

] I Bl
‘D.DO 1.63e6 (78.00%) 2.1086‘
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Display the profile with Cube 4

 The metrics can be organized in different
ways

 That can be set by the cube function
“cube_remap?2” and with a specification file
available in the share directory of the cube
installation

cube remap2 -r SCUBE ROOT/share/scorep.spec \

-0 output/summary.cubex output/profile.cubex
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DE LA RECHERCHE A LINDUSTRIE

Cea Display the profile with Cube 4

| Absolute g

L EiT ) O The program

Er [l 1.06 MAIN__ B
Gt [l 0.01 mpi_setup_ . .
I [10.00 MPI_Bcast

& [ 0.00 env_setup_ dII I |enS|On
I [ 0.01 zone_setup_
G+ [l 19.78 map_zones_
I [ 0.14 zone_starts_

I [ 0.00 set_constants_
= [l 7041.84 initialize_
=+ [l 1827.63 exact_rhs_
I [ 0.00 timer_clear_

L e b e 3 Call tree

i}lj 0.00 !$omp parallel @exch_gbc.input.F:258

466.49 l$omp do @exch gbc.input.F:258
[ 0.00 !$omp parallel @exch_gbc.input.F:247
398.31 !$omp do @exch_gbc.input.F:247
& [l 636.00 copy y face_

] 0.00 MPI_Isend

] 0.00 MPI_lrecv

L []0.00 MPI Waitall ] .
a Identify which part of
7.01ed compute_rhs_ e n I W I C a r O
- 24 .44 x_solve
[] 0.00 '$omp parallel @x_solve.input.F:46 °
[ 5.22e5 '$omp do @x:sol\.re.input.F:54 t h d I t d t
[1 0.00 !'$omp implicit barrier @x_solve.input.F e CO e I S re a e 0
£ 21.05 y_solve_ .
[10.00 !$omp parallel @y_solve.input.F:43
I:I 5.19e5 !$omp do @y_solve.input.F:52 t h e S e I e Cte d I I | et r I C
[ 0.00 !'$omp implicit barrier @y_solve.input.F
&t [ 5.07e5 z_solve_
& [l 5386.45 add_
I ] 0.00 MPI_Barrier
I [ 0.00 timer_start_
I [ 0.00 timer_stop_
I [ 0.00 timer_read_
& [l 851.21 verify_ F

[ 0.00 MPI Reduce
e s o
(] 1)

‘D.DD 4.54 (0.00%) 1.63e6
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Cea Display the profile with Cube 4

[Absulute

T ) O The system dimension

& [ - machine Linux [
B [J - node airain1014

0.04 MPI Rank 0

0.03 MPI Rank 1

©

&+ @ 0.07 node airain1029
&+ [l 0.07 node airain1030
& [ 0.07 node airain1031
Bt [] - node airain1037 . .
305 i 3 Shows how it is
0.04 Master thread
[] 0.00 OMP thread 1
[]0.00 OMP thread 2 d ° L4 b d h
] 0.00 OMP thread 3 t t t
[10.00 OMP thread 4 IS rl u e aCrOSS e
[10.00 OMP thread 5
[] 0.00 OMP thread 6
[]0.00 OMP thread 7 Syste I I l
G+ [ 0.03 MPI Rank 9
&+ [ 0.07 node airain1038
&[] - node airain1039 o
o1 [l 0.04 MPI Rank 12 MaChlneS
0.03 MPI Rank 13
i+ [l 0.07 node airain1040
++ [l 0.07 node airain1041
1 [l 0.08 node airain1042 N O d es
«+ [l 0.07 node airain1045
++ [l 0.07 node airain1048
++ [l 0.07 node airain1050

} [l 0.07 node airain1086 Processes (M PI)

[
[
[
[
[
[
[
& [l 0.07 node airain1087
[
[
[
[
[
[
r

++ [l 0.07 node airain1089
++ [l 0.07 node airain1090
1 [l 0.07 node airain1091 Th reads (OpenMP)
- [l 0.07 node airain1092

«+ [ll 0.07 node airain1097
++ [l 0.07 node airain1098

+ [l 0.07 node airain1099
a I >
‘AH (1024 elements) o

‘o.oo 0.04 (0.87%) 4.54‘
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DE LA RECHERCHE A LINDUSTRIE

Cea

Select all MPI related
events

Total value considered

Percentage of whole
execution time

Fle Display Topology Help

Example: Time spent in MPI calls

| Absolute ¢ | |Absolute ¢| |Absolute ?
5| metric tree [ call tree Flat view [EE| system tree | ] Box Plot
&[] 0.00 Time (sec ) | & []0.00 MAIN__ | & - machine Linux 4

] 1.63e6 Execution
4.38e4 MPI
1.09e5 OMP
(] 0.00 Overhead
(O 3.08e5 Idle threads
— Il 2.86e12 Visits (occ )
B+ [] 0 Synchronizations (occ )
& [] 0 Communications (occ )
= [] 0 Bytes transferred (bytes )
[]0 Sent

1.46e5 Collective
[] 0 Received

1.46e5 Collective
= ] 0 MPI file operations (occ )

tEI 7.44e11 Point-to-point/|=
t [ 7.44e11 Point-to-point

t+ [ 7.80e4 Computational imbal
—[10.00 Minimum Inclusive Time
- M 2047.11 Maximum Inclusive

S
e ) | [

E

E

E
E

&t [10.00 mpi_setup_

659.07 MPI_Init
0.00 MPI_Comm_size
0.00 MPI_Comm_rank
0.03 MPI_Comm_split
— [ 0.13 MPI_Bcast
1 [l 0.15 env_setup_
— [] 0.00 zone_setup_
=[] 0.00 map_zones_
—[]0.00 zone_starts_
— []0.00 set_constants_

4[] 0.00 initialize_
- [] 0.00 exact_rhs_
~[]0.00 timer_clear_

&[] 0.00 exch_gbc_

[ 10.00 copy_x_face_
[10.00 copy_y_face_
19.15 MPI_Isend
10.29 MPI_Irecv

4.25e4 MPI_Waitall

-+ []0.00 adi_

[ [10.00 compute rhs

Et+ [ - node airain1014
Et [] - MPI Rank 0

— ] 0.00 OMP thread 1
] 0.00 OMP thread 2
— ] 0.00 OMP thread 3
] 0.00 OMP thread 4
—[] 0.00 OMP thread 5
— ] 0.00 OMP thread 6
L[] 0.00 OMP thread 7
B[] - MPI Rank 1

—[] 0.00 OMP thread 1
—[] 0.00 OMP thread 2
- [] 0.00 OMP thread 3
— ] 0.00 OMP thread 4
- [] 0.00 OMP thread 5
—[] 0.00 OMP thread 6
- ] 0.00 OMP thread 7
= D - node airain1029

- [ 370.24 Master thread

- M 362.18 Master thread

al

@El | All (1024 elements)

4.38e4 (2.09%)

2.1De6‘ ‘0.00

4.25e4 (96.94%)
/1

370.24 (0.87%)
N

4.3884‘ ‘0.00

Percentage of time spent in
MPI_Waitall compared to
whole MPI time

Percentage of MPI_Waitall time
spent for rank O
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Cea

Example:

File Display Topology Help

Data transfer

Measure number
of bytes sent
through collective
communications

| Absolute ¢ | |Absolute 2| |Absolute 5
[—E Metric tree | B calltree Flat view | system tree | ] Box Plot
& [] 0.00 Time (sec ) | = J0MAIN__ ] I'& O - machine Linux 4

= 1.63e6 Execution
4.38e4 MPI
1.09e5 OMP
[10.00 Overhead
[ 3.08e5 Idle threads
— [l 2.86e12 Visits (occ )
&+ [] 0 Synchronizations (occ )
= [] 0 Communications (occ )
=+ [] 0 Bytes transferred (bytes )
[]0Sent
tEI 7.44e11 Point-to-point
1.46e5 Collective
[] 0 Received
tEI 7.44e11 Point-to-point
1.46e5 Collective
B+ [] 0 MPI file operations (occ )
= [l 7.80e4 Computational imbalanc
—[] 0.00 Minimum Inclusive Time (s
— M 2047.11 Maximum Inclusive Tir

&+ ] 0 mpi_setup_
— [l 2048 MPI_Bcast
F[]0env setup

L [@ 1.33e5 MPI_Bcast
—[] 0 zone_setup_
&[] 0 map_zones_
—[] 0 zone_starts_
—[] 0 set_constants_
&[] 0 initialize_
& [ 0 exact_rhs_
—[1 0 timer_clear_
&+ [] 0 exch_gbc_
B[] 0adi_
~[10 MPI_Barrier
—[] 0 timer_start_
—[1 0 timer_stop_
—[] 0 timer_read_
G+ @ 1.02e4 verify_
— [l 1024 MPI_Reduce
—[1 0 print_results_

EF [ - node airain1014
1.33e5 MPI Rank 0

[]0MPI Rank 1

[] - node airain1029
[] 0 MPI Rank 2

[]0 MPI Rank 3

[] 0 node airain1030
[] 0 node airain1031
] 0 node airain1037
[] 0 node airain1038
[] 0 node airain1039
[] 0 node airain1040
[]0 node airain1041
[] 0 node airain1042
(] 0 node airain1045
[] 0 node airain1048
[] 0 node airain1050
[] 0 node airain1086
[] 0 node airain1087
] 0 node airain1089

L, 2 [

—[] 0 MPI_Finalize 1l P

E o <
@ = ) | @ = B | All (1024 elements) &l
‘0 1.46e5 (0.00%) 1.49e12‘ ‘o 1.33e5 (90.91%) 1.46e5‘ 0 1.33e5 (100.00%) 1.33e5

We selected the MPI_Bcast calls: All bytes sent by Bcast are sent by process 0

@Uécn_EN
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Cube: Documentation

Q http://www.scalasca.org/software/cube-
4.x/documentation.html
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http://www.scalasca.org/software/cube-4.x/documentation.html

Score-P and Vampir

SCORE-P: TRACE
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Cea Textual report

O To get some basic information, it is possible to print a
textual report:

-bash-4.1 $ scorep-score [-c nb metrics] -r

output/profile.cubex
Estimated aggregate size of event trace: 68TB
Estimated requirements for largest trace buffer (max buf): 543GB
Estimated memory requirements (SCOREP _TOTAL MEMORY): 543GB

(hint: When tracing set SCOREP _TOTAL MEMORY=543GB to avoid intermediate flushes

or reduce requirements using USR regions filters.)

flt type max_buf[B] visits time[s] time[%] time/visit[us] region
0.55 ALL

]
ALL 582,836,099,072 2,864,183,151,627 1564100.36 100.0
USR 582,721,235,044 2,863,727,813,377 698484.77 44.7 0.24 USR
oMP 109,060,352 433,913,856 847161.56 54.2 1952.37 OMP
MPI 3,416,590 6,973,834 18317.02 1.2 2626.54 MPI
coM 2,935,270 14,450,560 137.02 0.0 9.48 COM
USR 190,897,220,696  937,960,767,488 182246.59 11.7 0.19 matvec sub
USR 196,897,220,696  937,960,767,488 291905.05 18.7 0.31 binvcrhs
USR 190,897,220,696  937,960,767,488 212406.87 13.6 0.23 matmul_sub
USR  4,368,270,504 21,491,941,376 4011.69 0.3 0.19 exact solution
UsrR  2,973,212,970 14,154,825,728 3170.98 .2 0.22 binvrhs_
UsR  2,973,212,970 14,154,825,728 4725.91 .3 0.33 1lhsinit_
USR 8,920,106 43,914,368 8.08 .0 0.18 get comm index
oMP 6,554,112 16,449,536 6 .0 0.40 !Somp parallel @exch gbc.T:258
oMP 6,554,112 16,449,536 6. .0 0.39 !$omp parallel @exch gbc.f:218
oMP 6,554,112 16,449,536 6. .0 0.40 !'somp parallel @exch gbc.f:247
oMP 6,554,112 16,449,536 6 .0 0.39 !$omp parallel @exch gbc.f:207

L
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Textual report

0 Description of different regions

ALL: Includes all functions of the application
OMP: This group contains all regions that represent an OpenMP construct
MPI: This group contains all MPI functions

COM: This group contains all functions, implemented by the user, that
appear on a call path to an MPI function or an OpenMP construct

USR: This group contains all user functions that do not appear on a call path
to an OpenMP construct or MPI function

O Most part of computation spent in region “USR”
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Textual report

O Estimated size needed if we wanted to get a whole trace

Estimated aggregate size of event trace: 68TB
Estimated requirements for largest trace buffer (max buf): 543GB

O Using performance metrics will also dramatically increase
the trace size

For example, with 3 metrics to record:

Estimated aggregate size of event trace: 251TB
Estimated requirements for largest trace buffer (max buf): 2005GB

3 Itis not possible to run the trace collection as it is

O We will have to filter the trace or the instrument the code
manually
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Filtering: Create a trace filter

- Itis possible to filter the trace collection
thanks to a text file

 Here is the basic syntax of a filter file:

SCOREP_ REGION NAMES BEGIN
EXCLUDE foo
bar
INCLUDE testl
test2
SCOREP REGION NAMES END

239
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Filtering: Create a trace filter

 For example, if some very costly functions do

not contain any interesting calls, you may
exclude them:

$ cat filter
SCOREP_REGION NAMES BEGIN
EXCLUDE binvcrhs _

matmul sub
matvec_sub
exact solution
binvrhs
lhsinit
timer

SCOREP_REGION NAMES END

..... © ==~
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Cea

Filtering: Create a trace filter

0 Check the effect of that filter on previously taken summary
with scorep-score:

-bash-4.1 § scorep-score -f filter.txt -r output/profile.cubex

Estimated aggregate size of event trace: 15GB
Estimated requirements for largest trace buffer (max buf): 119MB
Estimated memory requirements (SCOREP_TOTAL MEMORY) : 135MB

(hint: When tracing set SCOREP TOTAL MEMORY=135MB to avoid intermediate flushes
or reduce requirements using USR regions filters.)

flt type max_buf[B] visits time[s] time[%] time/visit[us] region
- ALL 582,836,099,072 2,864,183,151,627 1564100.36 100.0 0.55 ALL
- USR 582,721,235,044 2,863,727,813,377 698484.77 44 .7 0.24 USR
- oMP 109,060,352 433,913,856 847161.56 54.2 1952.37 OMP
MPI 3,416,590 6,973,834 18317.02 1.2 2626.54 MPI
- CoM 2,935,270 14,450,560 137.02 0.0 9.48 COM
* ALL 124,333,072 499,256,331 865633.26 55.3 1733.85 ALL-FLT
+ FLT 582,712,314,184 2,863,683,895,296 698467.09 44 .7 0.24 FLT
- oMP 109,060,352 433,913,856 847161.56 54.2 1952.37 OMP-FLT
* USR 8,920,886 43,918,081 17.67 0.0 0.40 USR-FLT
- MPI 3,416,590 6,973,834 18317.02 1.2 2626.54 MPI-FLT
CoM 2,935,270 14,450,560 137.02 0.0 9.48 COM-FLT
+ USR 190,897,220,696 937,960,767,488 182246.59 11.7 0.19 matvec sub_
+ USR 190,897,220,696 937,960,767,488 291905.05 18.7 0.31 binvecrhs
+ USR 190,897,220,696 937,960,767,488 212406.87 13.6 0.23 matmul_sub_
+ USR 4,368,270,504 21,491,941,376 4011.69 .3 0.19 exact_solution_
+ USR 2,973,212,970 14,154,825,728 3170.98 .2 0.22 binvrhs_
+ USR 2,973,212,970 14,154,825,728 4725.91 .3 0.33 1lhsinit_
- USR 8,920,106 43,914,368 8 .0 0.18 get comm index
- oMP 6,554,112 16,449,536 6. .0 0.40 !somp parallel @exch gbc.f:258
- 6,554,112 16,449,536 6. .0 Q. '$omp parallel @exch gbc.f:218
6,554,112 16,449,536 6 .0 0. parallel @exch_gbc.T:247
h 554 f A [ [ naralle h_nh + 2
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Manual instrumentation

- Itis possible to instrument the code manually to
chose which part of the code to instrument

2 Macros are available to do this easily

- In order to be taken into account, the manually

instrumented code should be compiled with the
option “--user”

$ scorep --user mpicc -g -03 prog.c -o prog
$ scorep --user mpif90 -g -03 prog.f90 -o prog
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Cea Manually define interesting regions

d #define SCOREP_USER_REGION_DEFINE ( handle)
defines a user region handle in a local context

O #define SCOREP_USER_REGION_BEGIN ( handle, name, type )
marks the beginning of the user defined region

handle: unique handle defined previously by
SCOREP_USER_REGION_DEFINE

name: a string containing the name of the new region. The name should be
unique

type: specifies the type of the region. Possible values are

=  SCOREP_USER_REGION_TYPE_COMMON
SCOREP_USER_REGION_TYPE_FUNCTION

SCOREP_USER_REGION_TYPE_LOOP

SCOREP_USER_REGION_TYPE_DYNAMIC

SCOREP_USER_REGION_TYPE_PHASE

O #define SCOREP_USER_REGION_END ( handle)
marks the end of the user defined region
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DE LA RECHERCHE A LINDUSTRIE

Manually define interesting regions

Fortran

C/C++

#include "scorep/SCOREP User.inc"
subroutine test

SCOREP_USER REGION DEFINE (
my handle)

! more declarations

SCOREP USER REGION BEGIN (my handle
,‘regionl":,
SCOREP USER REGION TYPE COMMON)

! do something
SCOREP_USER REGION END (my handle)

end subroutine foo

#include <scorep/SCOREP User.h>

void test()

{
SCOREP_USER REGION DEFINE (
my handle)

// more declarations

SCOREP USER REGION BEGIN (my handle
,‘regionl"“,
SCOREP USER REGION TYPE COMMON )

// do something

SCOREP _USER REGION END (my handle)
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Switch recording off

- If there are large sections of the code that do
not need to be analyzed, it is possible to
switch recording off

#define SCOREP_RECORDING_OFF ()

#define SCOREP_RECORDING ON ()

2 It will reduce the trace size
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Switch recording off

Fortran C/C++
subroutine test void test()
{
SCOREP_RECORD ING_OFF () SCOREP_RECORD ING_OFF ()
! do something // do something
SCOREP_RECORD ING_ON () SCORE P_RECORD ING_ON ()
end subroutine test }
1 CCING ng . rof ® mome
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C2a Filtering: Manually instrumented regions

d Itis possible to filter the trace acquisition thanks to
manually instrumented regions

 Just create a text file with the names of the regions to
consider when analyzing the code

-bash-4.1 $§ cat ./region select
regionl
region2

 The filter is activated through the environment
variable SCOREP _SELECTIVE_CONFIG_FILE

export SCOREP SELECTIVE CONFIG FILE=./region_select
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Filter MPI events

 For MPI events, it is possible to easily select
the groups of events to trace with
SCOREP_MPI_ENABLE_GROUPS

- For instance, to collect information on point-

to-point communications only, just export the
following variable:

export SCOREP MPI_ENABLE GROUPS=“P2P”

.....
.....
.....
.....
.....
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Filter MPI events

ALL Activate all available modules

DEFAULT CG, COLL, ENV, 10, P2P, RMA, TOPO, XNONBLOCK

CG Communicators and groups (MPI_Comm_rank , MPI_Group_size, ...)
COLL Collective communication (MPI_Gather, MPI_Barrier, ...)

ENV Environmental management (MPI_Init, MPI_Finalize, ...)

ERR Error handlers (MPI_Errhandler_create, ...)

EXT External interfaces (MPI_Abort, MPI_Get_processor_name, MPI_Wtime, ...)
10 I/O (MPI_File_close, MPI_File_read, ...)

MISC Miscellaneous

P2P Point-to-point communication (MPI_Send, MPI_Recv, MPI_Wait ...)
RMA One-sided communication

SPAWN Process management interface (aka Spawn)

TOPO Topology communicators

TYPE MPI Datatypes (MPI_Type_struct, ...)

XNONBLOCK Extended non-blocking communication events

XREQTEST Test events for tests of uncompleted requests

ssees @ ==~
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Generating a trace

 Once the estimated trace size is low enough to
be considered, you can run a trace collection
with:

export SCOREP FILTERING FILE=filter.txt
export SCOREP_ENABLE TRACING=1
ccc_mprun ./prog

2 This time, an OTF2 trace file will be created in
the output directory

 This format may be opened with Vampir for
Instance
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Score-P: Documentation

Q https://silc.zih.tu-dresden.de/scorep-
current/pdf/scorep.pdf

Q https://silc.zih.tu-dresden.de/scorep-
current/html/index.html
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https://silc.zih.tu-dresden.de/scorep-current/pdf/scorep.pdf
https://silc.zih.tu-dresden.de/scorep-current/html/index.html

Score-P and Vampir

VISUALIZING DATA WITH VAMPIR
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Presentation

 Easy to use performance analysis framework for
parallel programs

Graphical data representation enables detailed
understanding of dynamic processes on massively
parallel systems

In-depth event based analysis of parallel run-time
behavior and interprocess communication

|dentification of performance problems and
bottlenecks
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Presentation

 Vampir focuses on extending the graphical
presentation of performance data

Powerful zooming and scrolling in all displays
Adaptive statistics for user selected time ranges

Filtering of processes, functions, messages, collective
operations

Hierarchical grouping of threads, processes, and nodes
Support of source code locations

Integrated snapshot and printing for publishing
Customizable displays
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Vampir usage: visualize the trace

2 OTF traces generated by Score-P may be
opened by Vampir

2 You must connect with X11 forwarding to
launch the GUI (ssh login@host -Y) but
it’s advised to use HPCDRIVE

 To visualize the trace, launch vampir on the
OTF files:

$ module load vampir
$ vampir <result dir>/prog.otf2
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DE LA RECHERCHE A LINDUSTRIE

Vampir GUI
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Vampir GUI

O Zoom toolbar
Used to zoom and navigate easily in the timeline

Only the selected part of the timeline will be displayed in the
next charts

% File Edit Chart Filter Window Help

I w-—
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GUI
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Cea Vampir GUI

O Master Timeline: Search function

It is possible to highlight a specific type of function in the timeline
Activate the search with “CTRL+F” or with “right-click > Find...”

558

: Find: | MPI_Waita
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Vampir GUI

2 Process Timeline

Represents the different levels of function calls for one
selected process

Master thread 4

- i i | I
IIIIIII|IIIII mlllllllllll III IIIIIIII III r|||||||||'|'|

IIiIIIII I BN HImIE

@oh B W R =

n
'l |§II

Eailiy * TOMP thread 62

OMP thread 7-3
Adjusi Process Bar Height o

Find GCbrl=F

Chrl+R
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Vampir GUI

d Counter data timeline and performance radar

Shows the selected counter values

&5 B2V
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Vampir GUI

32 Function Summary

Gives an overview of the accumulated time consumption
across all function groups and functions

28 B~V

All Procesess, Accumulated Exclusive Time per Function Group
15,000 5 10,000 5 5,000 = LiF-3
' : : | omP_LoopP
1,089.36%9 & - OMP_SYNG
PP a5T 5 - MP1
EEE3Ts | Application
8547 e | OMP_PARALLEL
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All Procesess, Accumulated Exclusive Time per Function

MPI1_Waitall [232.812 ]
Somp implici...y_solve f406 [284.63 5]
*%omp impli...solve.f:428 [321.996 5]

1Somp do @z_solve 152 [4,504.925 5]

%omp do @rha.i:307 [438.972 5]
'5omp do @rhs FEO [458.011 8]
1Somp do...ha.{:181 [472.812 5]
%omp do _..lize 50 [515.204 5]

MPI_Init [544.134 g]

1Somp do ...olve.f:52 [4,245.254 3]

%omp do @x_sohee f:54 [4,002. 468 5]
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Vampir GUI

O The Message Summary
Shows an overview of all messages grouped by certain characteristics

The metric used can be switched between Aggregated Message Volume,
Message Size, Number of Messages, and Message Transfer Rate

Ertiubee®

Message Transfer Time per Message Size
R.5ms 0.0 ms 275 ms 25.0 ms: 22.5ms 20.0 ms 17.5ms 15.0 ms 12.5 ms 10.0 ms 7.5 ma

0.0 ma

| 250.781 g
| 762801 KB
| 575.391 KiB

5.0 ms

2.5 ms

p—— iR
E— - SRR
— LR

S4B.43E KB
B32.812 Kig
T24. 210 KB
T27.734 KiB
CR Z05.07E KiB
1.432 MiB

: : IW 903516 KiB

646 875 KB

558,084 KiB
421,875 KB
587100 KB
ETS KB

A 30344 KB
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Vampir GUI

d The Process Summary
Shows the information for every process independently

Similar Processes, Accumulated Exclusive Time per Function
Os 18 28 s 48 58 (3] Ts s 9s 10s s 123 13s 143 158 163 17s 183 198 208 213 23 23s s 258
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Vampir GUI

0 The Communication Matrix
Shows information about messages sent between processes
Also possible to change the metric

Ertiuwee3d

lAogrepgated Message Volume

Master thread:0 3.44 MiE
Master thread:2 212 MiB
Master thread:4

281 MiB
Master thread:f
Master thread:8 250 MiB

Master thread:10 219 MiB

Master thread:12

1.83 MiB
Master thread:14
Master thread: 16 1.58 MiE
Master thread:18 1,95 WiE
Master thread:20

0.94 MiE
Master thread:22

0.62 MiE

Master thread:24

Master thread:26 0.31 MiB

10.00 MiE
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Vampir GUI

d The I/O Summary

Gives an overview of the input-/output operations recorded in

the trace file
AR

EX LD ©@3IE

/O Summanrny
All Processes, Number of I/O Operations per File Name

60 k 45 k 30 k 15 k 0k
. . . ' cum
wrfout d01_20...0-24_00:00:00
wrfinput_d01
<5TDOUT=
1.341 [Jwrfbdy_do1
342 | <STDERR>
17 |j'.-.'urk,.fhume[}jmI...nameIiSt.input
10 |/work/home0/...un/RRTM_DATA
1 |;wurk,.fhume[];...;LANDUSE_TBL

75,219
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Vampir GUI

d The Call Tree

lllustrates the invocation hierarchy of all monitored functions
in a tree representation

ENik e eI  |(E8) # [ V]

Al Procesess
Funiction A Min Inclusive Time Max Inclusive Time

- [l MAIN_ 2008 5 2008 &
[=}- [ exch_gbc_ 0110 s 0180 =

=} [ copy_y_faca_ £.532 ms £.304 ms

¢ [+-[7] 'Somp parallel @exch_gbc.f218 2403 ms 2.309 ms

¢ [ [T] 'Somp parallel @exch_gbc. {207 27349 ms 3634 ms

[+ [ copy_x_face_ E10 ms 10.458 ms

i [l MPI_Waitall 91.6753 ms 0161 =

i [ MPI_lsend 010,652 ps 1.917 me

oo [l MPI_lrecy 483.300 ps 1.166 ms

=P adi_ ap18s 2868 =

=} [ z_sohe_ 0B15s 0863 =

¢ [+ [ 'Somp parallel @z_solve f:43 0Elds 0BE2 =

=} [ y_sohe_ 0.760 & 0E08 =

¢ [+ [ 'Somp parallel @y_solve f:43 0768 & 0B07 =

=[] = _solve_ D724 s 0.755s

i [+ [ 'Somp parallel @x_solve.f:46 0723 s 0754 =

[+ M compute_rha_ 0.430s 0461 s

[+ [l add_ 37.544 ms 40,633 ms
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Customization: Color

O Itis possible to adapt the ==———— |
display of different {} =
components in w2
“File>Preferences”

3 You can change the color
of a specific MPI call or
function group to make it H
more noticeable

3 You can also adapt the V= [ @ [ &= |
display of markers,
counters, collectives,
messages, and |/0 events
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Customization: Filter

It is possible to filter the information to display with
the “filter” menu

2 Filters are available to act on

Processes

" process group, communicators, process hierarchy, representative
process

Messages

= communicators, tags

Functions

= npame, duration, number of invocations
Collective operations

= communicators, collective operations

|/O events
= |/O groups, file names, operation types
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Cea Vampir usage: visualize large traces

 Vampir often requires a large amount of
resources

Do not run it on login nodes

2 For big traces, the GUI can become very slow
and impossible to use

2 2 solutions:
HPCDrive

VampirServer
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Cea Vampir usage: visualize large traces

O Vampirserver is a parallel program which uses CPU
computing to accelerate Vampir visualization

O First you have to submit a job for the server:

#!'/bin/bash

#$MSUB -r vampirserver # Request name

#$MSUB -n 32 # Number of tasks to use
#MSUB -o vampirserver %I.o # Standard output.

#MSUB -e vampirserver %I.e # Error output.

#MSUB -q broadwell # Queue

module load vampir
vampirserver start -n $((BRIDGE MSUB NPROC-1))

sleep 7200
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Cea Vampir usage: visualize large traces

O Then you can retrieve its address and port:

$ ccc_mpp

USER ACCOUNT BATCHID NCPU  QUEUE PRIORITY STATE RLIM  RUN/START SUSP  OLD NAME NODES
toto genXXX 234481 32 large 210332 RUN 30.0m 1.3m - 1.3m vampirserver curiel352
$ ccc_mpeek 234481 |3

Found license file: /usr/locél/vampir-?.5/binllic.dat
Running 31 analysis processes...
Server listens on: curiel352:30000

3 Finally you can launch Vampir, choose “Open
remote...” and connect to the server

Connect to Server (on curie7l)

Servers:

prog
Description: prog
Server: curiel3s2
Port: 30000

Connection type: @ Socket

Show More Dptions...l

@ %,
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Going further

 Vampir tutorial (website)

#HCCPG S—— @ By
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http://www.vampir.eu/tutorial

PROFILING WITH VTUNE




Summary

1. Profiling: overview
2. Simple code profiling

3. Score-P & Vampir

4. Profiling with Vtune
1. Broadwell architecture
2. Vtune amplifier
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Profiling with VTune

BROADWELL ARCHITECTURE
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Broadwell Architecture

 The Broadwell partition of Cobalt contains
2 Intel Xeon E5-2680 v4 CPUs

14 cores

2,4 to 3,3 GHz if In/teD

35 MB LLC | L/

2X 9’6 GT/S QPI links ’ Intel® Xe;;’\:rocessor

4x DDR4 2400 channels

HICCPG s . i o Omormn .
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Broadwell Architecture

 Uncore: describes functions shared by the
cores within a socket

Memory controller
PCI-E controller
QPI
Power Management unit
d Core
Out-of-order computation unit
Vector units
Caches

278
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Communication ring

d 2 bidirectional & independent rings joined by
2 interconnects

d Ring bandwidth not communicated any more.
t used to be 32 bytes width (half a cache
ine) on Sandy Bridge

 One cycle for each hop
a 5 cycles to go through ring interconnects

A core does not use the ring to access data in
its “local” cache.
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Integrated memory controller

 Two dual channels controllers per socket

4 memory channels per socket

Up to 76,8 GB/s
Low latency oriented

Home Agent Home Agent
DDR 5 =5 DDR DDR DDR
\r‘ en f | R Memicyr |
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Selected Snoop Mode

0 Cobalt nodes are set in “Cluster On Die”
cache coherency mode

COD mode splits one CPU in two NUMA spaces

Broadwell nodes can be considered as 4 CPUs
with 7 cores each

Can decrease last level cache access latency and
local memory access latency
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DE LA RECHERCHE A LINDUSTRIE

Cobalt configuration

Machine (128GE total

Cobalt broadwell

NUMANode P#0 (32GB)

Core P&0 Core P#1 Core P#2 Core P#3 Core P#4 Core P#5 Core P#6

L]
n O d e W I l h ‘ O D PUP#0 PUP#1 PUP#2 PUP#3 PU P#4 PU P#5 PU P#E

PU P#28 PU P#23 PU P#30 PU P#31 PU P#32 PU P#33 PU P#34

NUMANode P#1 (32GE)

Core P#E Core P#3 Core P#10 Core P#11 Core P#12 Core P#13 Core P#14

PUP#7 FU FP#E PUP#3 PU P#10 FUP#11 PU P#12 FU P#132

PU P#35 FU P#36 PU P#37 FU P#38 PU P#33 PU P#40 PU P#41
Package P#1

NUMANode P#2 (32GB)

Core P&0 Core P#1 Core P#2 Core P#3 Core P#4 Core P#5 Core P#6
PU P#14 PU P#15 FU P#1E PUP#17 FU P#1E FU P#15 PU P#20
PU P#42 PU P#43 PU P#44 PU P#45 FU P#45 PU P#47 FU P#48

NUMANode P#3 (32GE)

Core P#E Core P#3 Core P#10 Core P#11 Core P#12 Core P#13 Core P#14
PU P#21 PU P#22 PU P#23 PU P#24 PU P#25 PU P&#2E PU P#27
PU P#45 PU P#50 PU P#51 PU P#532 PU P#532 PU P&#54 PU P#55

Host: cobalt1l024
Indexes: physical

Date: Tue 20 Sep 2016 02:32:48 PM CEST
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Core architecture

J Core
Independent execution unit
2 FMA vector units
38,4 Gflops DP at 2.4 GHz

2 Vector unit

256 bits SIMD (real & int)
FMA 3 (Fused Multiply Add)

= C+=A*B x| X1 [ x2 x1 x0 )
= C=A+C*B ¢ - +

Programming model ) vy [w )
= |ntrinsic x11+v() [x3tya[xaryz [ xieyt [x0+yo])

= |nstructions generated by compiler
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Turbo Boost

2 Frequency range : 2,4 - 3,3 GHz
 AVX frequency range : 1,9 — 2,7 GHz

Non-AVX Workloads AVX Workloads Mixed Workloads Mixed Workloads
SSE Turbol _ —— o T, ~ (Haswell) (Broadwell
o AVX_Turbo - S : - e | — g =k
- 3 3
: LA A LAl
g S ; e § § § ; e g § §
& SSE_Base < < L | < < <
AVX Base & _____ ______ - e . - _— : = . r——
Cores Cores Cores Cores
AVX workloads have a On Haswell, workloads =~ On Broadwell, cores
lower base and max with a mix of cores running AVX do not
turbo frequency running AVX and non- a#tomattcaléy c\](ecrease
AVX experienced lower tfe n}:ax Wroo _recrq‘uency
base and max turbo GYostar conts i the
socket running non-AVX
frequency on all cores. codes.
53555 CCPU - . | @UéDLEN
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2 Coherent inclusive cache on 3 levels

Data contained in L1/L2 is also contained in L3

d L3 cache shared by the cores inside a socket
Shared variables problem
False sharing
High efficiency
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Cache levels managment

A counter for each L3 Cache
cache line HIT! NGK
O Each bit represents the

, Core Core Core Core
presence of data in 0 1 p) 3

L1/L2 cache of a core

Core valid bits limit unnecessary
d No check is performed Rt

for cores that do not

) ) i i L3 Cache
contain the line in their

1
cache HIT! XS \

Core Core Core Core

O Ifabitissetto 1, data 0 ] 5 3
15 read-only for other Only need to check the core
cores whose core valid bit is set
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- QuickPath Interconnect

 Low latency fast interconnection to link CPUs

 Bandwidth
6.4 GT/s on Nehalem => 12.8 GB/s in each direction
8 GT/s on Sandy Bridge => 16 GB/s in each direction
9,6 GT/s on Broadwell => 19,2 GB/s in each direction

I I I QP PCIE QP! PCIE I I I
I I I c3 o c3 o
(o) c5 QP [c2 c5 I I
LLC
III c1 6 E a Mo III
co c7 co c7
I I I MI MI MI MI I I I

1111111111
ﬁﬁﬁﬁﬁﬁﬁﬁﬁﬁﬁ

nflofilofof|m ZHENENEE
xxxxx
= Bl El E E = EEEE
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NUMA System

 Non Uniform Memory Access

2 Although the OS consider memory as a
whole, it is physically spread over different

locations

. Il ; 7 1
0 Memory is local to socket B -5 sl
. | ull Hy
Higher bandwidth ||:: ::II
TUEE =gy
Lower latency - s |
2 Remote memory II:: ::n
. | - Ll |
Higher latency nll g == a3 1y

Access through QPI link

.....
L& &b
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NUMA: remote access

O CPUO needs a data which is neither in cache
nor in local memory

 CPUO asks data to CPU1 through QPI link

3 CPU1 looks for the data into caches and local
RAM

d Data is sent through QPI

..... © ==~
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Profiling with VTune

INTEL VTUNE AMPLIFIER
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2 Analyze the behavior of an application during
Its execution

Based on event sampling, instrumentation of
functions and call stack sampling

Facilitate the quest for optimizable spots in a
code

Highlights possible optimizations

33333 © ==~
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d Non expert programmers

Direct access to Help menu and counter
explanations

Predefined analysis models

Quick and efficient results without need of
advanced architecture knowledge

2 Expert programmers

Availability of every hardware counters for
different Intel CPU architectures

Possibility to make personalized analysis to find
out specific issues
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Analysis

- Different analysis depending on

= Algorithm Analysis

what you are looking for A Lihtweight Hotspots
ﬂ Hotspoks
Hotspots B o s
= Advanced Inkel{R) Core(TM)
M emo ry A Bandwidth
A Bandwidth Breakdown
Parallelism A Cycles and uops

A4 General Exploration
A Memory Access

Microarchitecture specific & B Advanced Intek(R) Microarehi
. A Cvecles and uOps
dNnd |yS IS A F:Ilnnt End Invepstigatinn

4 General Exploration

2 A high number of predefined A e e
analysis profiles are available in
the interface

.....
0000
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Usual methodology

Checking Launching
Finding Optimizing multi- events
hotspots if possible thread based

behavior analysis

© ==~
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Working with Vtune

d There are 2 steps to work with Vtune

Launch a collection on your code
= Through a submission script

= amplxe-cl

= |t will generate a file “*.amplxe’

Analyze the result with the graphical interface
= Always on computer nodes

= amplxe-gui

* From there, you can open the *.amplxe file

33333 © ==~
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Launching a collection

4 Usage:
Long run
Several/many processes
For later analysis

3 Pick the collection you need:

$ amplxe-cl -help collect
#Syntax example: amplxe-cl -collect hotspots ./mybinary

sese: © ==~
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Launching a collection

a For serial or multithreaded codes, launch amplxe-cl
In submission script:

module load vtune
amplxe-cl -collect hotspots ./mybinary

 For MPI codes, launching a collection through an
appfile

$ cat appfile

1 amplxe-cl -collect hotspots ./mybinary
3 ./mybinary

And in the submission script:

ccc_mprun -f appfile

33333 @ =
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Use the graphical interface

2 Analyzing the results
Show gprof like output:

$ amplxe-cl -report gprof-cc -result-dir outputdir -format text

Use graphical interface
= Never on the login node!
= Using HPCDrive (highly recommended)

$ amplxe-gui
= Batch mode:
ccc_mprun -Xfirst amplxe-gui
= |nteractively:

$ ccc _mprun -Xfirst -p broadwell -x amplxe-gui
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After each analysis, a summary is displayed

Hardware counters are highlighted if they are out of
certain range

O « Easy to understand »: values are extracted/computed
from hardware counters

5 Basic Hotspots Hotspots by CPU Usage viewpoint (change) ® Intel VTune Amplifier XE 2015

B life.c
® Elapsed Time: 31.497s
@ CPU Time: 53.439s
© Effective Time:  49.441s
@ Spin Time: 3.987s
© Overhead Time:  0.010s
Total Thread Count: 16

Paused Time: 0s

® OpenMP Analysis. Collection Time: 31.497
Serial Time (outside any parallel region):  30.149s (95.7%)

Serial Time of your application Is high. It directly impacts application Elapsed Time and scalability. Explore options for parallelization, algorithm or micrearchitecture
tuning of the serial part of the application.

@ Parallel Region Time: 1.349s (4.3%)
Estimated Ideal Time: 1.290s (4.1%)

OpenMP Potential Gain: - 0.059s (0.2%)

¥ Top OpenMP Regions by Potential Gain

® Top Hotspots

This section lists the most active functions in your application. Optimizing these hotspet functions typically results in improving overall application performance.

Function CPU Time
isoc99_fscanf 29.222s
countNeighbours 9.109s
maingomp$parallel@ 178 4.899s
nexiGen 3.980s

2.651s

@,
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Hotspots

a Call stack trace: let you know the time spent
in each part of the code

d Examples:
Check that time is spent on the right task

Avoid optimizing a function with low
computational cost
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DE LA RECHERCHE A LINDUSTRIE

Finding hotspots

0 Use the call stack display and the top-down tree
display

# Basic Hotspots Hotspots by CPU Usage viewpoint (change) Intel VTune Amplifier XE 201

@ Analysis Target | © Analy

Type| | K Summary | |+% Bot

Grouping: ‘ Call Stack ]
CPU Time: Totalw CPU Time: Self
Function Stack Effective Time by Utilization Spin Time Overhead Time Effective Time by Utilization Spin Time Overhead Ti
D idie @ Poor [J Ok [l ideal [ Over Imbalance or ...|Loc...|00rn.|0t. Ore...‘Sch..|FIed..|Ot. [Ddie @ Poor [ Ok [ Ideal [ Over Im...|Lc-c...|Oom.‘Other Cre...|Sch..|He
< 4 main 26.5% [ 26% 0.0% 0.0% 0.0. 0.0% 0.0% 0.0% 0.0. 0s 0s Os 0s 0s Os
4 [OpenMP fork] 85.3% [ 26% 0.0% 0.0% 0.0. 0.0% 0.0% 0.0% 0.0. 0s 0s Os 0s
¥ u__kmp_fork_call 85.3% [ 2.6% 0.0% 0.0% 0.0. 0.0% 0.0% 0.0% 0.0. 0s 0s  Os 0s  0s Os
< 4 [OpenP dispatcher] 85.3% [ 26% 0.0% 0.0% 0.0. 0.0% 0.0% 0.0% 0.0. 0s 0s 0s 0s 0s Os
¥ 4 main$omp$parallel@178 85.3% [ 2.6% 0.0% 0.0% 0.0. 0.0% 0.0% 0.0% 0.0. 4.599s [N 0s Os 0s 0s Os
< u nextGen 54.1% 0.0% 0.0% 0.0% 0.0. 0.0% 0.0% 0.0% 0.0. 3.980s [N 0s Os 0s 0s Os
P 4 countNeighbours 37.6% [ 0.0% 0.0% 0.0% 0.0. 0.0% 0.0% 0.0% 0.0. 9.109s [NNENEGGG 0s 0s 0s 0s Os
P _intel_sssed_rep_memcpy 11.0% (D) 0.0% 0.0% 0.0% 0.0. 0.0% 0.0% 0.0% 0.0. 2.651s [ 0s  Os 0s 0s Os
P __kmpc_barrier 0.0% 2.6% 0.0% 0.0% 0.0. 0.0% 0.0% 0.0% 0.0. 0s 0.6.. Os 00.. 0s Os
P __isoce9_fscanf 1.2%]| 0.0% 0.0% 0.0% 0.0. 0.0% 0.0% 0.0% 0.0. 0.290s] k 0s Os 0s 0s O0s
I [Outside any known module] 0.1%| 0.0% 0.0% 0.0% 0.0. 0.0% 0.0% 0.0% 0.0. 0.020s| 0s Os 0s 0s O0s
T Selectsa 1 row(sy| a5.3% "2.6% 0.0% 0.0% 0.0. 0.0% 0.0% 0.0%00. ag99s  0s O 05 0s 08
@ B u B

d Check that time spent match with the task that
needs to be carried out
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DE LA RECHERCHE A LINDUSTRIE

Multi-threaded analysis

D ( /® Concurrency Hotspots by CPU Usage viewpoint (change) Intel VTune Amplifier XE 2015
Oncurrency [ ] e s Type [EHEENIENE |+ Bottom-up | |+% er/c Top-down B d

actio (]
(3 CPU Usage Histogram
This histogram displays a percentage of the wall time the specific number of CPUs were running simultanecusly. Spin and Overhead time adds to the Idle CPU usage
value.

Gives a precise idea of |
the level of parallelism

reaCI Ied 0123 456 7 6 8 1011 1213141516 17 16 19 20 21 22 23 24 25 26 27 26 29 30 31 32 33 34 35 36 37
Ok m

Simultaneously Utilized Logical CPUs

..
&

Average

Elapsed Time
= =
& 7 8 @ &

I

(3 OpenMP Region CPU Usage Histogram

This histogram displays a percentage of the wall time the specific number of CPUs were running simultanecusly in an OpenMP region. Spin and Overhead time adds to
the Idle CPU usage value. OpenMP regions in the drop-down list are sorted by Potential Gain (Elapsed Time) so it is recommended to start exploration from the top.

OpenMP Region: | mainfomp$parallel@unknown:28:32

Allows to quickly find

g ‘ .
F 520 g
8 s
é 3.9s g
. . -4 S|
the functions which . 1
1.3s il
o 01 2 3 45 6 7 8 9 1011 1213 14 15 16 17 18 19 20 21 22 23 24 25 26 27 28 29 30 31 32 33 34 35 36 37
have poor parallel e . r—
Simultaneously Utilized Logical CPUs
- (3) OpenMP Region Duration Histogram
This histogram shows the total number of region instances in your application executed with a specific duration. High number of slow instances may signal a performance
bottleneck. Explore the data provided in the Bottom-up, Top-down Tree, and Timeline panes to identify code regions with the slow duration.
OpenMP Region: | mainfomp$parallel@unknown:28:32 ‘:‘
£ 500,000
& 400,000 K
8 Instance Gount: 1
E 300,000 Duration Type (sec|
2 200,000
100,000

Intuitive interpretation L ————
= S

|

Duration Type (sec)
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DE LA RECHERCHE A LINDUSTRIE

Cea Multi-threaded analysis

O Locks-and-waits
Find the reason of poor multi-threaded scalability
Check that waits are necessary
Know the reasons of each wait
= |/0
= Synchronizations
= Threading API

Intel VTune Amplifier XE 2015
BE Tas

5 Locks and Waits Locks and Waits viewpoint (change) ®

nd Frames | | B c

" Analysis Type

+% Bottom-up| | +% Cal

® Elapsed Time: 30.784s

& wait Time: 3.2158
Walt Count: 93
Spin Time: 616.144s

A significant pertion of CPU time is spent waiting. Use this metric to discover which synchronizations are spinning. Consider adjusting spin wait parameters,
changing the lock implementation (for example, by backing off then descheduling), or adjusting the synchronization granularity.

CPU Time: 962.9725
Total Thread Count: 32
Paused Time: 0s

* Top Waiting Objects
This section lists the objects that spent the most time waiting in your application. Objects can wait on specific calls, such as sleep() or IYO, or on contended
synchronizations. A significant amount of Wait time associated with a synchronization object reflects high contention for that object and, thus, reduced parallelism.

Sync Object Wait Time  Wait Gount

Condition Variable Oxbb37a289 3.213s 43
Stream 0x23838c04 0.002s 1
Stream /ccc/products/autoprofiler-0.4/default/etc/autoprofiler.conf 0x770f65b5 0.000s 1
Stream /proc/mounts Oxc4d149e3 0.000s 3
Stream 0x78f0044b 0.000s 1

[ 2 2 2 2 J
[ A2 & 2
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C2a  Counters and hardware samples analysis

a Architecture dependent

2 More precise but requires higher expertise
2 Allows to find:

Cache misses

Memory access problems
Branch miss-prediction
FP performances

Etc.
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DE LA RECHERCHE & LINDUSTRIE

Cea Going into details

3 A timeline shows the activity of each thread

3 It allows to:
zoom and filter on selected sections
choose metrics to display

y T LR L L L L L L L M L Ly L L L) L L L LA AL B LA L L L L L L LR B L L L LA L) M L L L LA L
79s B8s B.1s B82s B83s B4s B5s B6s BJ7s B8 B9 9s 9.1s 925 935 945 955 96s 975 985 995 10s 10.1s 10.2s 10.3s 10.¢ Ruler Area
s rrrrreeees 1

CoCEQ-CH 7.85

life_par (TID: 14481} P Region Instance
IOMP Worker Thread #10 (TL...
IOMP Worker Thread #9 (TID-...
lOMP Worker Thread #1 (TID:... 8 Aunning

iluk CPU Time

|OMP Worker Thread #7 (TID:...
IOMP Worker Thread #2 (TID:... Ml Spin and Overhea...
MPI Communication ...

IOMP Worker Thread #8 (TID:...
IOMP Worker Thread #3 (TID:... [J= cPU sample

k] E
& |OMP Worker Thread #6 (TID:... E CPU Usage
F |omMP Worker Thread #11 (Tl... [¥] duk CPU Time
iluk Spin and Overhea...

IOMP Worker Thread #12 (TL...
|OMP Worker Thread #4 (TID:...
IOMP Worker Thread #5 (TID:...
IOMP Worker Thread #13 (TI...
IOMP Worker Thread #15 (TL...
IOMP Worker Thread #14 (TI...
life_par (TID: 14497)
[6ti_openib_async_thread (TI...

MPI Communication ...

CPU Usage

L
soess © ==~
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DE LA RECHERCHE A LINDUSTRIE

Going into details

d The code / assembly can be visualized
simultaneously with related captured counters

5 Advanced Hotspots Hotspots viewpoint (change) ® Intel VTune Amplifier XE 2015

@A

life_parc it

| Source || Assembly | | C|
CPU Time E|
E'f Soure Effective Time by Utilization ™ Addre... . SL?:E Assembly Effective Time by Utilization Spin Time,
[Dide @Poor [k [ Iideal | N [ ide [ Poor [JOk [ Ideal [ Over Im.... [Lec...| Cor
0x4028ee 231 inz 0x402909 <Block 41%
0402810 Block 40:
227 #pragma omp parallel 0x4028f0 231 movg O0x90(%rsp), %rax
228 { 0x4028f8 231 movg 0xa0 (%rsp), %rex
229  fpragma omp for 0x402900 231 lea [%r8,%rax,4), %rdx
230 for (1 = 0; 1 < subSize; i++) | 1_?665_ 0x402304 231 movl (%rdx,%rcx,d4), %ebx
: I 0r:02007 231 Smp Ox b <Block 42>
r— e EEEEE— 202909 o 4
233 /1 Copy 0x402909 231 xor %ebx, %ebx
234 #pragma omp for | 0x40290b Block 42: H
235 for (L = 0; i < subSize; i+s) | 0x40290b 231 movg OxBO(%rsp), %rax 0,0175' 0s 0s .
236 gridistartGrid + i] = gridiext! 0x402913 231  movg 0x90 (%rsp), %rox 0.334s [ 0s  0s
237 } 0x40291b 231 movg  Oxal(%rsp), %rdi | 05 Os
0x402923 231 movg (%rax), %rdx 0.2255 [ 0s Os
0x402926 230 incg  Ox98 (3rsp) 0.260s [N 0s 0s _
0x40292e 231 lea (%rdx,%rcx,d), brsi 0.238: [ 0s 0s
0x402932 231 movl %ebx, (%rsi,%rdi, 4) 0.254s [ 0s Os
0x402935 230  inc rdi 1.498s [ 0s  Os
0x402938 230 movg trdi, Oxali%rsp) | 0s 0s
= 0x402340 230 cmpg  0x78 (¥rsp), #rdi | 0Os 0s
Selected 1 row(s): 19735 [ Highlighted 172 row(s): 19735 0s| 0s [
(= ] [>T > [T B n [ BJ
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CONCLUSION




Remaining profilers

d To complete this training, we encourage you to have a
look at other tools that are worth being considered

igprof (memory profiling)
threadspotter
HPC Toolkit

TAU (automatic code instrumentation)
Paraver (Vampir equivalent)

Intel Advisor/Inspector (predict and improve parallelism)
Valgrind (Cachegrind, Callgrind...)

 To check all the available profilers:

module search profiler

33333 © ==~
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0 IgProfis a simple nice tool for measuring and analyzing
application memory and performance characteristics

module load igprof

igprof -d -mp -z -o igprof.mp.gz myApp >& igtest.mp.log

Counter: MEM_TOTAL

Flat profile (cumulative >= 1%)

% total
1660.0
160.0
1660.0
100.0
99.3
99.3
82.8
0.7

Total
2'416
2'416
2'416
2'416
2'400
2'400
2'000

16

Calls

[l =N S R S SRR ST S )

Function

<spontaneous> [1]

_start [2]
~_libc_start_main [3]
main [4]

MAIN  [5]

for alloc allocatable [6]
main IP b [7]
for_rtl_init_ [8]

Flat profile (self >= 08.01%)

% total
99,34
0.66
0.00

self
2'400
16

i)

Calls
2
1
i)

Function

for alloc allocatable [6]
for__get_wm [9]
<spontaneous> [1]

d More information:
http://igprof.org/index.html
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DE LA RECHERCHE A LINDUSTRIE

Cea Threadspotter

O ThreadSpotter efficiently monitors the memory fingerprint of
executing programs

"} about:sessionrestore p-4 ]] (i ThreadSpotter: optim_matm... 3¢ [[[:} 8.1. Utilization Issues p-4 H ap ]
I
ﬁ [ @ file:jfjccc/work/cont000/asplus/cadenmdc/Formations/Tests_Profiling/threadspotter/acumem-report/main.html
ThreadSpotter™
ThreadSpotter™ is a tool to quickly analyze an appiication for a range of performance problems, particulary related to multicore optimization. Issues || LDDpS || 5ummaw || Files || Execution || AboutIHeIp |
Read more... Manual
Open the E%port
3 Bandwidth Issues || Latency Issues || Multi-Threading Issues || Pollution Issues
icati i Issue type
Your application N " - . .
Application: Joptin mairul # [ Filter: All s ] % of HW-P Fetch utilization
Memory Bandwidth i i
5 Inefficient loop nesting E g 5
The memory bus transponts data between the main memory and the processor. The capacity of the memory bus s imted. Abuse of this ref 5 ‘w Inefficient 10op nestin 97.9% 17.8% Low 98.3%
"" E— 7 |9 2 | |spatitemp blocking 97.9% 17.8% Low 98.3%
Memory Latency 4 |8 Q Inefficient loop nesting 1.7% 17.0% Low 58.6%
The regularity of the application’s memory accesses affects the efficency of the hardware prefetcher. Imegular accesses causes cache m
. ‘—‘ i Cod s oy v e e R 6 |9 =2 | |spattemp blocking 1.7% 17.0% Low 58.6%

Copynight {c) 2006-2012 Rogue Wave Software, Inc. All Rights Resenved.

Data Locality Patents pending.

‘ Faiure to pay attenton to data locality has several negative effects. Caches wil be filed with unused data, and the memary bandwith wil
= ‘ Manual: Losalty

Thread Communication ! Interaction
Several threads contending aver ownership of data in their espective caches causes the different processor cores to stall

This means that your appiication shaws opportunites to
Avoid major processor stalls due to irregular access patierns

Read more

‘Opportunity issues

@ B Fetch utilization & =2 | spatial blocking

0 B | write-back utilization =2 | Temporal blocking

& 1| communication utilization 9 =2 | Spatftemp blocking

B & |inefficient loop nesting @ OO0 | 1oop fusion

B +* |Random access &l NT__ | Non-temporal data

&l Close| prefetch: too close 0 NT__ | mon-temporal store possible
&l Far_| prefetch: too distant @ & |Fetch hot-spot

&l Hit | prefetch: unnecessary & & |write-back hot-spot

B False | False sharing @ & | communication hot-spot

d  More information:
http://www.paratools.com/threadspotter
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DE LA RECHERCHE & LINDUSTRIE

HPC Toolkit

d HPCToolkit is an integrated suite of tools for measurement
and analysis of program performance

45.#i fdef GIX_NBNXN_STHD_4XN E
pe

= nbrxn_kemel_simd_4xn.c 21

48 #ifdef GIX_NBNXN_HALF WIDTH SIMD
49 #define GMX_USE HALF WIDTH SIMD_HERE
56 #endif

52 #include "gnx_sind macros.h"

53 #include “gnx_sind vec.h"

5491 1 (GMX_SIMD_WIDTH HERE == 2 || GMX_SIMD_WIDTH_HERE == 4 || GMX_STMD_WIDTH_HERE == 8)
55#€rror "unsupported SIND width®

56 #endif

57

58 adefine GvX STND 1 UNROLL SIZE 1 B Vew Widow Hep
sa#include "nbnxn kernel sind 4xn.h*
66 #include .. /nbnxn_kernel_common.h" & Trace View

@ et €532 8 9 HE =0(Hourm =8
61#include "gnx_omp_nthreads.h"
62#include "types/force flags.h" Time Range: [2.69s ,1160.496s] Rank Range: [13.0,7149.0] Cross Hair: (700.714s, 3423,0)
n

9
B man

B cman

W mauner
Woomo

W 6 _partton_system
1M dd_dstrbute_state

64 /%1 \brief Kinds of electrostatic treatnents in SIMD Verlet kernels
65 %/

66 enum {

67 coultRF, coultTAB, coultTAB TWIN, coultEWALD, coultEWALD TWIN, coultNR
68

62
76 #* Declare and define the kernel function pointer Lookuo tables. */
(B

1M dd_beast
% Calling Context View 3. %, Callers View f, Flat View o e it
| W E A K -m“’"’c'“
Scope. ~ WALLCLOCK fusec):Sum (1) | mpl_col_tuned_bcast_intra_binomal
Experiment Aggregate Metrics 2 I ompi_cot tuned_boast ntra_generc
¥  main 2.51e+10 100 ¥ 1M opal_condition_wait
v g cmain 2.51e410 100 ¥, M opal_progress
< & mdrunner 2.51a+10 99.0% __ached_yeis
< g domd 2.870410 9548,
= gdo_force 2.200410 75.5%,
g do_force_cutsVERLET 2.200410 75.5%]
< g do_nb_verlet 145030 45,68
~ g nbrn_kemel_simd_4xn 1450410 49.6%
= B _kmpc_fork_call 1152420 49.6%
= 5 _kmp_fork_call 1150420 40,68
© B L kmp_invoke pass parms 1450420 40,6
= g nbrxn_kemel simd_4xn 1150420 49.6%
< gy nbrixn_Kernel_simd_4xn_f_comb_none_noener 1108430 48.38

0 More information:
http://hpctoolkit.org/documentation.html
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2019-04-09 | Debugging & Profiling Tools ‘ : PMEEMIERIE 311

ALLIANCE SERVICE

UNE SOCIETE DU GROUPE EOLEN m




Conclusion

2 We have been through a set of tools, useful in both
debugging and profiling fields. Depending on the kind
of code, one tool or another may be most effective
and relevant

a The challenge is now on your side

d Being comfortable with these tools takes from little to
average time but the investment deserves to be done

 From this knowledge, you will design scalable and
future proof codes for present and coming computing
architectures
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Conclusion

d Good knowledge of tools implies:

Efficient debug and profiling

Better understanding of system behaviors and
architectures which implies better conception of
your applications

Good results within a small amount of time

33333 © ==~
33383 2019-04-09 | Debugging & Profiling Tools 313
..... ;LI',‘L. ;::“ ||:‘\. “..' -!__ .\ |: EOLEN m




Reminder

1. Additional trainings:
1. MPI & OpenMP
2. Debugging & Profiling
3. Advanced Optimization & Parallelism

2.  Command line information:

1. machine.info
2. evince /ccc/products/cdc_docs/pdf/cobalt.info.pdf

3. Web site:

1. wwwe-ccrt.ccc.cea.fr
2. www-ccrt.ccc.cea.fr/fr/tgcc/User_documentation.html

4.  Support:
1. hotline.tgcc@cea.fr
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