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[NnaH

Hactpotika, cbopka, 3amyck

MpunoxeHus

MnaHnpoBLUnK

dainoBas cuctema

Y37kl cynepkoMnbroTepa

Y31kl XpaHuauLa

» Cuctembl C60pPKMN.

» OTnajgka.

> VIi3mepeHve BpemeHn paboThl.
» KoHTenHepbl NPpUIOXKeHNN.
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MpenpoLeccop

)

KOMMUNATOP |

Komnnngarop

(g++, clang++)

JINHKOBLLMK

flex, bison -------- |

leHepaTopbl KOAa

doxygen ---------

[eHepaTOpb
JAOKYMeHTaLumn

gettext ---------

CpeacTBa NepeBosa
Ha A3bIKM MKpPa

gtest, catch2 -------

CpeacTBa npoBepku
KOPPEKTHOCTN KOAa

J

cMcTemMa cbopku
(meson, cmake)
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JTanbl COOPKU

EavHnua komnunguum B C++ — daiin.

$ 1s

group.

$ g++
$ g++
$ g+
$ g++

cc main.cc user.cc

-C group.cc -0 group.o

-C user.cc -o user.o

-c main.cc -o main.o

main.o group.o user.o -o myprog

H o =

npenpoLeccop + KOMNUAALMSA
npenpoueccop + KOMNUAALUA
npenpoueccop + KOMNUAALMSA
NUHKOBKA
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dnarv cbopku

$ g++ -03 # MaKkcumanbHas onTumMu3lauyus

$ g++ -03 -march=native ... # onTumusaumsa nog TeKyuwyw nnathopmy
$ g++ -fsanitize=address ... # npoBepka own60K PaboTbl C MNAMATbIO
$ g++ -flto ... # onTuMmMlaums BO BPeEMS JIMHKOBKM

$ g+r+ -g ... # 0TnagoyHble CUMBOSbI

CKOMbKO BCEro ¢G1aroB y KOMMUASTOPA g+ +7?

$ man g++ | col -b | grep -Eo '\\s+\\-[a-zA-Z0-9\\-]+" |
sed 's/\\s*//g' | sort -u | wc -1
2580
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Kakoli nprpocT Npon3BOANTENBHOCTU AAOT pasfivyHble dnarm?

using namespace std::chrono;

auto t0 = high_resolution_clock: :now();

size_t n = 1<<23; // 8 mnH.

std::valarray<double> x(2.0, n), y(3.0, n);

std::valarray<double> z = x + y;

auto tl1 = high resolution_clock: :now();

std::cout << duration_cast<milliseconds>(t1-t0).count() << "mc\n";

-00 340mc
-03 150mc
-03 -march=native 145mc
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Kak nepesatb ¢pnarv KoMANAALMM B CUCTEMY COOPKIA?

$ export CXX=clang++

# BO BCe nocneaywuue MpoLecch

$ env CXX=clang++ meson . build # Tonbko B creaylowmii npouecc

CXX
CXXFLAGS
CPLUS_INCLUDE_PATH

cc
CFLAGS
C_INCLUDE_PATH

LDFLAGS
LD_LIBRARY_PATH

PKG_CONFIG_PATH

komnunaTop C++
dnarn komnunaropa C++
NyTb K 3aro/fIoBOYHbIM dainam C++

komnunaTop C
dnarn komnunatopa C
NyTb K 3aro/IoBOYHbIM paiinam C

dnarv IMHKOBLLMKA
nyTb K brubanoTekam

nyTb K Gainam pkg-config
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3aBUCNMOCTW

OpenCL.pc:

Name: OpenCL

Description: Open Computing Language Client Driver Loader
Version: 2.2

Libs: -L/usr/lib64 -10penCL

Cflags: -I/usr/include

B TepmuHane:

$ pkg-config --cflags 'OpenCL >= 1.2'

$ pkg-config --1libs 'OpenCL >= 1.2'

-10penCL

$ g++ $(pkg-config --cflags 'OpenCL >= 1.2') main.cc \
$(pkg-config --libs 'OpenCL >= 1.2') -0 myprog

meson.build:
OpenCL = dependency('OpenCL', version: '>=1.2")
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OnTrMmn3aymn nog naathopmy

// Bepcusa 1
uint16_t byte_swap(uintl6_t n) {

return ((n & 0xff00)>>8) | ((n & Ox00ff)<<8);
}

// Bepcus 2

uint16_t byte_swap(uint16_t n) {
return __builtin_bswap16(n);

}

// Bepcusa 3
uint16_t byte_swap(uintl6_t n) {
#if defined(HAVE_BSWAP16) // kak onpepenuTb HAVE_BSWAP167?
return _ _builtin_bswap16(n);
#else
return ((n & Oxffe0)>>8) | ((n & Ox00ff)<<8);
#tendif
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OTnaaka

C6opka € 0TAaA0UHBIMW CUMBONAMMN:

g++ -g -00 main.cc -o main.o # OK: 6e3 onTuMMU3 ALK
g++ -g -03 main.cc -o main.o # HeTOUHble AaHHble
g++ -g -03 -march=native main.cc -0 main.o # HeTOYUHble AaHHblE

3anyck NporpamMMbl B pexuvmMe oTaAa4Ku

$ gdb ./myprog

Reading symbols from ./myprog...done.

(gdb) run

[Inferior 1 (process 3737) exited normally]

$ gdb -p HOMEPMPOLIECCA # O0TNaaUTb yXe 3anylWeHHbI npouecc
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3aflaHVe TOUKM OCTaHOBaA:

$ gdb ./myprog

Reading symbols from ./myprog...done.

(gdb) break main.cc:11

Breakpoint 1 at 0x400b2e: file ../main.cc, line 11.

(gdb) run

Breakpoint 1, main () at ../main.cc:11
11 std::string name;
(gdb) print name

51 - "

(gdb) backtrace
#0 main () at ../main.cc:11
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MHoronoTtoyHas nporpamMmma:

$¢g
(gd
I
* 1
8
(gd

db -p 26000

b) info threads
d Target Id

LWP 26140 "telegram-deskto"

LWP 26162 "MTP::internal::" 0x00007f252234b559 in poll ()

b) thread 8

Frame

[Switching to thread 8 (LWP 26162)]

#0 0x00007f252234b559 in poll () from /lib64/1libc.so0.6

(gd
#0
#1
#2
#3
#a

b) bt

0x00007f252234b559
0x00007f2522e32b06
0x00007f2522e32c30
0x000000000227a50f
0x0000000000000000

in
in
in
in
in

poll () at /lib64/1ibc.so0.6
g_main_context_iterate.isra
g_main_context_iteration

O)
Q)

0x00007f252234b559 in poll ()
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oLIMbKa
no agpecy

Kak
oTNagnTbL?

C/IOXHble

-fsanitize=address

std::clog << ...

nporpaMma
He paboTaet
KOPPEKTHO

Kakne

CTPYKTYpPbI
AAHHbIX?

npocTble

OTnagumk
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ONTrMKM3aLMs C NOMOLLbI0 NPOGUAVNPOBAHMS

cbopka C MPoUNUHTOM

g++ -fprofile-generate main.cc -o main.o
g++ -fprofile-generate main.o -o myprog
3anycK TecToB

H A A =

MCNONb30BaHNE MHPOpPMALMM Nocae MpPOPUIANHIA
g++ -fprofile-use main.cc -0 main.o
g++ -fprofile-use main.o -o myprog

A A H o

Toxe camoe B Meson build:
$ meson configure -Db_pgo=generate
$ meson configure -Db_pgo=use

14/32



[TopaAoK BETOK KoZa

NcxopHbln Kog Ha C++:
int a = 10, b = 10, d;

if (a > b) {
d = 30;
} else {
d = 10;
}

CreHepupoBaHHbI Ko Ha accembnepe:

L2:

.L3:

movl
movl
movl
cmpl
jle

mov'l
jmp

mov'l

mov'l

.L2

.L3

$10, -4(%rbp)
$10, -8(%rbp)
-4(%rbp), %eax
-8(%rbp), %eax

$30, -12(%rbp)

$10, -12(%rbp)

$0, %eax
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[TopaAoK BETOK KoZa

void add_new_user(User user) {
if (!(user.id() >= min_user_id)) {
throw std::invalid_argument("bad uid"); // peankaa BeTka
}
if (!(user.group_id() >= min_group_id)) {
throw std::invalid_argument("bad gid"); // penkas BeTka
}
if (luser.has valid name()) {
throw std::invalid_argument("bad name"); // peakas BeTka

}
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[TopaAoK BETOK KoZa

#idefine LIKELY(x) __builtin_expect((x),1)
#idefine UNLIKELY(x) __builtin_expect((x),0)
void add_new_user(User user) {

if (UNLIKELY(!(user.id() >= min_user_id))) {

}
if (UNLIKELY(!(user.group_id() >= min_group_id))) {

}
if (UNLIKELY('!user.has_valid_name())) {
} -
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Bpewms, mc

+ SHA1 6e3 PGO
X SHA1 c PGO

100 200 300 400 500 600 700 800 900 1000

Homep akcneprMeHTa
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Lilknbl npoueccopa

Ans 6bICTpO GyHKLMN:

inline uint64_t cycles() { // TSC — Time Stamp Counter
uint32_t high, low;
asm volatile("lfence\n" // 6apbep
"rdtsc" // KOMUYEeCcTBO LUKMIOB
"=d"(high), // cuuTaTb U3 perucTtpa edx
"=a"(low) // cunTaTb N3 perucTpa eax
);

return ((uint64_t)high << 32) | low;
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Homep skcneprmMeHTa

$ sudo cpupower frequency-set -g ondemand # pexum pab6oTbl mpoLeccopa
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KaneHgapHoe Bpems

Vi3mepeHue KaneHAapHoro (peasisHoro) BpeMeHu:

using namespace std::chrono;
auto t0 = high_resolution_clock: :now();

auto tl1 = high_resolution_clock: :now();
std::cout << duration_cast<milliseconds>(t1-t0).count() << "mc\n";
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PacnpegeneHune BpemMeH

+ 4+ + o+ + B+ + o+

- A

96,57% 0,00%
96,57% 0,00%
96,57% 0,00%
96,57% 0,00%
96,57% 0,00%
96, 40% 0,35%
74,85% 73,37%
20,86% 0,47%
20,04% 0,17%
19,86% 0,00%
19, 69% 0,17%
19,51% 19,51%
19,51% 0,00%
1,13% 0,52%

shal-benchmark
shal-benchmark
shal-benchmark
shal-benchmark
shal-benchmark
shal-benchmark
shal-benchmark
shal-benchmark
shal-benchmark
shal-benchmark
shal-benchmark
shal-benchmark
shal-benchmark
shal-benchmark

[unknown]
1libc-2.27.s0
shal-benchmark
shal-benchmark
shal-benchmark

libunistdx.

libunistdx.

libunistdx.
libunistdx.
libunistdx.
libunistdx.
libunistdx.
libunistdx.
libunistdx.

perf record -F 199 -g ./myprog

perf report

SO.

SO.
S0.
SO.
S0.
SO.
SO.
SO.

cooco oo oo
PSS = IS

.13

.13
.13
.13
.13
.13
.13
.13

e R N W W Wl — e N N W N W

e e e e e e e [ e e

# 199 Ty + cTeK
# MHTepakTuBHas

0x41£d89415541£689
__libc_start_main
main
compute_shal
sys::shal::put
sys::shal::xput
:shal::process_block
std::copy_n<char constx,
std: :copy<char const, ur
std::__copy_n<char consty
std::__copy_move_a2<false
std::__copy_move<false, 1
std::__copy_move_a<false,
sys::to_host_format<unsig
BblI3OBOB
Tabnuua
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Flame
graph

sys::shal::xput

compute_shal

$ perf record -F 199 -g ./myprog
$ cp ~/github/FlameGraph/*.pl . # Konupyem CKpWMNThbl
$ perf script | ./stackcollapse-perf.pl | ./flamegraph.pl > g.svg

&llie rpaduki
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https://cmmshq.ru/repos/spc/flamegraph

VHCTpymeHT HaknagHble pacxogbl  lMoptupyemocts ABTOM. Ef. n3mepeHus
rdtsc HU3KNe HeT HeT LMKIbI
std::chrono cpegHue Ja HeT MUKPOCEKYHZbI
perf BbICOKME Ja Ja MPOLEHTHI
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OKpyxeHune

> Singularity
> Docker

> Vagrant
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Peuent Singularity

Bootstrap: yum
OSVersion: 28
MirrorURL: https://...
Include: dnf

%post

dnf install -y gcc-c++ meson gtest-devel git
git clone https://...

meson . build

cd build

ninja install

dnf erase -y gcc-c++ meson gtest-devel git
dnf clean all

rm -rf /var/cache/*

%runscript
/path/to/your/app
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Singularity n Docker

$ singularity build my-python docker://python:latest
$ ./my-python --version

27132



Singularity n Docker

Bootstrap: docker
From: ubuntu:16.04

%post
apt-get -y update
apt-get -y install fortune cowsay lolcat

%environment
export LC_ALL=C
export PATH=/usr/games:$PATH

%runscript
fortune | cowsay | lolcat
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Singularity n OpenGL

Bootstrap: yum
OSVersion: 28
MirrorURL: https://...
Include: dnf

%post
dnf --refresh -y install VirtualGL hostname mesa-dri-drivers

%runscript
vglrun glxspheres64
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Mo TMy Nporpamm:
» Docker: cepBMCbI Ha HECKO/LKO Y3/10B 1 T.M.

> Singularity: makeTHas o6paboTka AaHHbIX, BbICOKOMPOU3BOAUTETbHbIE
BblUMC/IEHNS, COOPKa KoAa.

> Vagrant: copka KoAa, CepBNCbl HA HECKOJ/IbKO Y3/10B, CaMblii NepeHOCMbIl
BapuaHT.

Mo Ha3HaueHunto:
> Docker: TecTvpoBaHue, pa3BepTka.
> Singularity: cbopka, TeCTMpoBaHue, pa3BepTKa.

> Vagrant: c6opka, TeCTUpoBaHue.
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CCbINK®

» Flame Graph.
» Singularity User Guide.
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http://www.brendangregg.com/FlameGraphs/cpuflamegraphs.html
https://www.sylabs.io/guides/2.6/user-guide/
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https://creativecommons.org/licenses/by-sa/4.0/.
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