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A Very Brief History of gprofng/1

* The Oracle Developer Studio Performance Analyzer was developed for 20+
years

- Many internal and external users with real-world applications
- Focus on the SPARC processor, Studio compilers, and Solaris operating system
- Support for x86 Linux for 10+ years

* This profiling tool served as a basis for gprofng

gprofng
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A Very Brief History of gprofng/2

The current gprofng project:
* Created a standalone version on Linux
- Adapted the source code to the GNU Coding Standards
» Adapted the build process to be compliant with other binutils components
» Added the port to Arm (aarch64)
* Fixed several bugs
« Completely redesigned the User Interface (Ul)

gprofng
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August 11, 2021 - Submitted to binutils@sourceware.org for Review

[PATCH] gprofng: a new GNU profiler [

Vil Megvaraes 0c i oo sdonc e oon

Vliadimir Mezentsev vladimir.mezentsev@oracle.com hiop vt —end
o Frovcos movage by thoond (ILECYIREC Y O Tookchaia B wockly Svoncss oall (s 12.2021)

Wed Aug 11 21:10:35 GMT 2021 L oo ek ISCRIC YO Tk

» Mircages wernd byt | e

ML peOge M

e At o omw el i o Abe O bloee »
Ll geemantioe ).

T, WOOBRE WEEL GNCKIDN LB BANY CAAes. ROweWaT, 1L
VY Weil seited fog cectilim
Wl A Limhat o e e wuf s
v d dhacwd wh adle B e

winomms Wl Wb masag ..

CO DL SEEIN

4 Ahe waggean don wanlous filoaen
rres o4 Artaresr

I8 CORBABOAC IPECCEE A QUiVET PUOMTES CAllec gpromg .
this &irsr sooecty e fulloviss subecommends

tepovTALLL
Thie wens EepUraalE and eollechs spplioniien perfermince data.

QUOVERG TLAMAY “aNt CIPININNVY

ihis rens 3 clions cemmenc lire Svverfocw “hat prorices ecvess w the

llenhed v fuomenne dale sbuew b Um wapw el Vlawbaeg.

weedng dhaplay hanl EEMAINMY

This geasrstas an BPNL regeat frem tha il lacrad pariormarce devs
WO LN TN AT ReR ALNSNRY.

waufoe Meslar sce sV TRILE

gprofng




AA‘
e 2,

March 9, 2022 - Approval to Merge into the Mainline!

[PATCH V4] gprofng: a new GNU profiler

git:/sourceware.org / binutils-gdb.git / tree

summary | shotogl log | ccmmit | commetd fi | tres

Many thanks to our reviewers!
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August 5, 2022 - GNU binutils 2.39 has been released!

“We are pleased to announce that version

GNU Binutils 2.39 Released 2.39 of the GNU Binutils project sources
have been released and are now available

Fri Aug § 12:58:16 GMT 2022 for download at:”

Nick Clifton nickc@redhat com

¢ Previous message (hy thread): [PATCH 12/12] xR6: sharten certain template names
» Next message (by thread): 2.39 branch 1s ceen [or business
+ Messages sorted by: [ datc | [thread | [subiect ] [ author |
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e are plesased to ancounce that version 2.39 of <he GHU Dioutils project

sources have beern released arnd are now available for download at:

N
|

!g;‘ -ora/ o'm ‘birutils 2
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sha2fé checksuns:
da24as9tet220102dd24042d20620Ccalilc2614as37 718602 L028L330Tb15148  binutils-2.39. tar. bl
d577td70597cEdeni5030233040ac92960344192454802218412023115495436d  hinutile-2.3%.tar.h22. 310
Al 20abf23971Ffe3S533an]ladée224ffchadlabSd0ibieanSida®]158780Ffallfl0 binutile-2.3%.tar.qz
d65DLEATelecie 34864080l 8d280e736dd0EbfeddlTeleTLTERBIBESCh3e2dd  binutils-2.3% . tar. qe.sig
5abSle6EBTLOESIZZ Dln!cddlcd.o'csd! ldJEBZU: :6&.3"’9C3913bd TC!S(J‘ \IQS binutils-2.39.tar.lz
......... binutils-2.3%.tar.lz.51q
645023*563h5udu,nﬁldhd6A41L Ihl‘h_ Jhadihluﬂ)dﬁdddl‘I&SQU)51bQUO binutile=2.9% . tar.xz
LE63c8bELL3aTl 762bdedsS 1965defflebf6242b5Ccdalab49e960¢cal423320¢952 binutile-2.3%. . tar.xz.8iqg

Iaizs rolcase contains namerous Hug fixes, and also the fol.owing new
faaturas:
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And ... for the first time, gprofng was included!

The binutils Home Page:
https://www.gnu.org/software/binutils/

- . -
GNU Binutils
The GNU Binutils are a collection of bmury tools. The main ones are:

e Id - the GNU Llinker.
= as - the GNU assembler,

« gold - a new. faster, ELE only linker. gprofng - Collects and displays application performance data.

But they als include:

* addr2line - Converts addresses into filenan ndYine numbers,

= ar - A uulity for ercating, moditying an acting from aschives,

o c=Hill - Ilter to demangle encoded (4

« dlitool - Creates files for building using DLLe,

« elfedit - Allows altcration of EL®W{ormat filcs

o gprof - Displays proliling information. - MO
« gprofog - Collects and displays application performance dala. Hype rI I n k to t h e gp rOfng WI kl
« nimcony - Converts ohject code into an NLM,

« nm - Lists symbols from abject files,

= objeopy - Copies and translales object files.

e objdump - Displays information from object Oles.

« ranlib - Generates an index to the contents of an archive,

« readelf - Displays information from any ELF format object file,

* size - Lisls Lhe section sizes of an object or archive fle.
« strings - Lists printable strings from files.

« strip - Discards symbaols.

» windme - A Windows compatible message compiler.

« windres - A compiler [or Windews resource files,

gprofng




}EH gprofng

The gprofng Wiki on sourceware.org

BINUTILS Wiki ="
sei. gprofng
HomePage RecemChanges FindPage FelpContens gprofng
Inde Attachments Viome Actions:

The gprofng Application Profiling Tool

Work in progress

Contants

1. Whatis gorolng®

2. T main ol apofng
3. T gpro)
4

. Afrs, 3ol ©

2. How'to get 2
3. A Nrst @xamp
. Display source cod
. Scriping
» SUpgort Dr muitrhreacrg
Hordware ovont sountors
1. What are hardware svet couners®
2. How 1o sadect the ¢ b
19
gp'ofng for 32 bit orofling
1. Feguenty Asked Questons (FAQ)
12. Known Limitatiors

1. What is gprofng?

Gprofng is a rex: generation application profling tool. It supaorts the prcfiling of programs writen in C, C++,
Java, or Scala runnng on systems using processors ffom inel, AMD, or Arm. [he extent of the suppon is

procassor dependent, but the basic views ars aways availasle

gprofng
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How to Get Your Copy The binutils Home Page:

https://www.gnu.org/software/binutils/
Obtaining binutils

The latest releuse of GNU binutils is 240, The various NEWS files (binutils, gus and ld) bave details of what has chunged in this release.

See the SOFTWARE page for information on obtaining releases of GNU hinutils and other GNU software. The carrent release can be
downloaded from hitptp.gnu.onganw/binutils

If you plan to do active work on GNT binatils. you can access the development source tree by anonymous git:

qit clone htepe:/ S eoureeyara.orgfgit/sinutile-gdb, el

Alternutively, you cam use the sitweb interface, or the source snapshots, available us cornpressed tar Gles vin anonymous FTP from
e

cewara arg’pub/binutils/snapshots,
Bug reports Product: binutils

ere 1s a bug-trucking system at httpoifsourceware ore/buezillal. .
N Component: gprofng

ere are three binutils mailing lists:

i Also, working on getting approval for the
Py (actises) release of RPMs for OL8 and OL9

For discussing binutils issues.

binutils-cve (archives)
A read-only mailing list containing the notes from checkins to the binutils git repository, {This list has an odd name for historical
1¢as0ns,)

:ug_-.'.,:;;_ EOLOLET (urchives)

To subscribe to the pinutilsfsourcewars, org mailing list, see the binutils
~ gprofng
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More Information on gprofng gp,.ofhttps,-/

— ng'the.
Linux Toolchain & Tracing ne)(t
gprofng: The Next Generation GNU Profiling Tool

lanuary 26, 2023 | 10 minute read

. Elena Zannoni
ah

This blog entry was contributed by: Ruud van der Pas, Kurt Goebel, Viadimir Mezentsev. They work in the Oracle
Linux Toolchain Team and are involved with gprofng on a daily basis.
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What is gprofng?

Gprolng is a next generation appiication profiling tool. it supports the proling of programs written in C, C++, Java, or Scala
running on Systems using processors from Inel, AMD, Arm, or compatible vendors. The extent of the support IS processor
dependent, but the Dasic views are always available.

Two distingt steps are needed Lo produce a profile. In the lirst step, the performance data is collected. This information is
stored in a dwectory called the experiment directory. There are several 10ols available 1o display and analyze the information
stored in this directory gprofng
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Gprofng - Collects and Displays Application Performance Data

 Languages supported: C, C++, Java, and Scala
* Full support for gcc compilers
* Fortran - full support for F77 and F95
- Limited testing with gfortran v12 and -std=f2018 looks encouraging, but TBD
* Currently supports various processors from Intel, AMD, and Arm
* No need to recompile the code
- Works with production binaries
* Supports Multithreading
* Posix Threads, OpenMP, and Java Threads

gprofng
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How Does gprofng Work?

* A two step approach
- First, collect the performance data on the target executable
- Next, display the data

* Information is available at the function, source, and disassembly level

* Thanks to multiple views, already a single run can provide a lot of insight

* Scripting support to generate and customize profiles in an automated way
* Filters help to zoom in on the data

« Comparison of profiles is supported

gpmfng
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A Brief Comparison with gprof

gprofng

gprof

Uses tracing/instrumentation
Requires a recompilation

Limited support for modern features
Limited customization

No support for filters

Cannot compare profiles

No support for event counters

gprofng

Uses sampling
Can use existing/production executables

Support for shared libraries and multithreading

Scripting commands supported

Various filters supported

Comparison of profiles is supported

Event counter support*

gprofng

o *) Fully functional, but limited support for very recent processors (work in progress) (e
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Statistical Call Stack Sampling

e 01000110011
10101101100

01011110110
11001100011

iThla® 10001110111 |
00110110011

("4 11110101011

10010011011
00110101110
11001001101

iMi=<M 00101110111
01011101011
11011011011

1. The program is
stopped at
regular intervals

gprofng

2.The Program Counter (PC) and
other information is recorded

3.An overview with the execution
times is produced

Function Time(s) Percentage

<Total> 18 100.0%
func2 10 55.6%
func1 5 27.8%
func3 2 11.1%

main 1 5.6%

_gprofng
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The gprofng Command Structure

General syntax:

$ gprofng <functionality> [<qualifier>] [<options>]

Examples:
S gprofng collect app -0 my-experiment.er
S gprofng display text my-experiment.er
S gprofng archive my-experiment.er

gprofng
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An Overview of the Commands

Command

gprofng
gprofng
gprofng
gprofng
gprofng

gprofng

collect
display
display
display
archive

display

Functionality
Collect the performance data
Display the performance data in ASCIl format
Generate html structure and view in a browser (currently x86_64 only)
Launch the GUI (available soon)

Archive an experiment directory

Display the source and disassembly of an object file

gprofng
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Intermezzo - About Inclusive and Exclusive Metrics
This is an important concept in profiling tools

* The inclusive metric includes all callees underneath the caller
- For example, all the CPU time accumulated when executing a function

* The exclusive metric excludes everything outside the caller
- For example, the CPU time accumulated outside of calling other functions

Inclusive | Exclusive
time time

Function

gprofng

L_M



Three Very Cool Features

Scripting - Produce ASCII profiles in “batch mode”
« May be used for automated QA testing for example
Comparison of Profiles - Compare profiling data
* A really cool feature! And very useful too ;-)
« Comparison of profiles is supported at different levels
* Supported in text mode and through the GUI
The Timeline [GUI] - A color coded view of the run time behaviour
* Provides immediate insight into the dynamics
 For example, gaps in the execution

19

gpmfng
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Getting started

[dero]S gorofrg display text -furctions test.l.er/
Functions sorted by metric: Exclusive Totel CPU Time
txcl. Total Incl. Total Neme
CPL cPU
5¢cC, % 50C., %
12.128 102.0¢ 12.128 100.00 <Total» D
11.548 95.21 11.548 95.21 mxv_core e
.250 2.0¢ 0.568 4.62 irit_data ,h
n.170 @.99 0.1722 0. 99 —drandd&_iterare o P
9.120 2.99 0.242 1.98 crand43_r rl
P.e70 B.58 0.312 2.56 cranddd ,h ),
.62 9.17 0.928 0.17 _int_malloc e.
0. 0. 0.580 4.79 __libc_sturt_muin
0. Q. 0.920 .17 c¢llocate_dcta
9. 2. 11.548 95.2 ccllector_root
9. D. 11.548 G5.21 criver_mxv
0. 2. 0.583 4.79 mein
n. D. 0.9208 0.17 mulloc
0. Q. 11.548 95.21 start_threcad
[dero]s |}

gprofng
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Comparison of Profiles - Generate the Data

Creating experiment directory mxv.hwc.l.thr.er (Process ID: 23454) ...
mxv: error check passed - rows = 3000 columns = 2000 threads = 1

Creating experiment directory mxv.hwc.2.thr.er (Process ID: 23462) ...
mxv: error check passed - rows = 3000 columns = 2000 threads = 2

~ gprofng
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Compare the Absolute Numbers

LT
“‘ "t

S gprofng display text— -script compl mxv.hwc. .thr.er

. ‘
....llllll-“‘

mxv.hwc.comp.l.thr.er mxv.hwc.comp.2.thr.er
Excl. Last-Level Excl. Last-Level
Cache Misses Cache Misses

<Total> 122709276 96696878

mxv_core 121796001 95793620
init_data 723064 763104
erand48 r 100111 50053
drand48 60065 70077 metrics name:e.llm

# Show absolute numbers

# Limit the output to 5 lines
limit 5
# Define the metrics

compare on
functions

gprofng
(@) B
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Compare Ratios

LT
“‘ "t

S gprofng display text— -script comp2 mxv.hwc. .thr.er

. ‘
....llllll-“‘

mxv.hwc.comp.l.thr.er mxv.hwc.comp.2.thr.er
Excl. Last-Level Excl. Last-Level
Cache Misses Cache Misses
ratio
<Total> 122709276 0.788

mxv_core 121796001 0.787
init_data 723064 1.055
erand48 r 100111 0.500
drand48 60065 1.167 metrics name:e.llm

# Show the ratio current/ref

compare ratio
functions

# Limit the output to 5 lines
limit 5
# Define the metrics

gprofng
(@) B
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Generate HTML
gprofng display html




The “gprofng display html” command creates an HTML structure

GPROKFNG Performance Analysis
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Sneak Preview

The gprofng GUI




The GUI Sneak Preview - The Timeline
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Flame Graph
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Future Directions/1

* Help users to get started
- Growing user base

e Support users analyzing performance

e Main priorities for development
- Expand and update the Wiki and other documentation
- Produce collaborative info for gprofng developers

- Make RPMs for gprofng available for the RH universe
o RPMs for Fedora (x86_64 and aarch64) on https://pkgs.org/download/gprofng

- Support for aarch64 in “gprofng display html”
- Support porting and distribution on other platforms

- Make the GUI (to graphically display and analyze the experiment data) available
o This will be a Savannah project

gprofng

O 2 Cig—e
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Future Directions/2

Other topics on the wish list
* Support for hardware event counters on more recent processors
* Provide additional metrics with call stack sampling
» Support remote analysis through a client-server set up
» Attach to a running process

* Further develop the “gprofng display html” functionality
« Write a porting guide (i.e. what does it take to port gprofng to other platforms)
* Investigate supporting AutoFDO

gpmfng
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Thank You!
Time for Q&A!




