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[NoKpbITME KOZa TecTamMun
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Pazgen 1

[ToKpbITVE KOAa TeCTaMI
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[TokpbITVE KOAa TecTaMi

$ meson configure -Db_coverage=true # BKMOUMTb MOKpbITUE

$ ninja test # 3anycTuTb TecThl

$ ninja coverage-text # BbIBOA B TEKCTOBOM Buae
$ cat meson-logs/coverage.txt

File Lines Exec Cover Missing

../main.cc 7 7  100%
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LCOYV - code coverage report

Current view: top level - tmp/cov - main.cc (source / functions) Hit Total Coverage
Test: Code coverage Lines: 5 6 833%
Date: 2019-11-07 20:26:49 Functions: 1 1 100.0 %

Legend: Lines: hit [GHAIY | Branches: + taken [JJEJJ not taken [l notexecuted Branches: 1 2_

Branch data Line data Source code
1 3 4 : int main() {
2 3 4 : int a = 10, b = 10, d;
3 s+ 4 : if (a > b) {
a o d =305
5) } else {
6 4 d = 10;
7 : +
8 4 ; return 0;
9 )
Generated by: LCOV version 1.14
$ ninja coverage-html # B BUAe Be6-CTpaHMUpl
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if (a > b & c !'= 25) {

++d;
}
// a> b &5 c != 25
// a <= b &5 c != 25
// a > b &5 c == 25
// a <= b §5 c == 25

> [lo cTpoyKkam.
> [lo BeTKam.

> [10 BXOAHbIM AaHHbIM.
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// KoaupoBaHue B o

void base64_encode(const char+ first, size_t n, char* result) {

pmaTe BASEG64

size_t rem = n%3;

size_t m = (rem

for (size_t i=0
*result++ =
*result++ =
++first;

}

if (rem == 1) {
xresult++ =
*result++ =

} else if (rem
*result++ =
xresult++ =

== 0) ? n : (n-rem);

s i<m; 1+=3) {
.; *result++
.; *result++

.; *result++
='; xresult++
== 2) {

.; *result++
*result++
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@ & https://www.sglite.org/testing.htm
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Small. Fast. Reliable.

Choose any three.

Home About Documentation Download License Support Purchase

How SQLite Is Tested

Search
» Table Of Contents

1. Introduction

The reliability and robustness of SQLite is achieved in part by thorough and careful testing
As of version 3.29.0 (2019-07-10), the SQLite library consists of approximately 138.9 KSLOC of C code.

(KSLOC means thousands of "Source Lines Of Code" or, in other words, lines of ooc-ie excluding blank
lines and comments.) By comparison, the project has 662 times as much test code and test scripts -
91946.2 KSLOC.

1.1. Executive Summary
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Paspen 2

OnNTrMM3aums C NOMOLLbI NPOGUANPOBaAHNS
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C6op 1 NCNoNb30BaHKVE AAaHHbIX MPOUINHTA

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
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[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

11/33



[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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Homep akcneprMeHTa
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Pasaen 3

N3mepeHme NpoOn3BOANTENBLHOCTY
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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;

16/33



N
(o))

S 24 + +  powersave

©

O

2 5 X performance

; X ondemand

o 20

2

S 18

2 *

S 16 ¥

S 14 £
12 T7—7

0 100 200 300 400 500 600 700 800 900 1000
Homep skcneprmMeHTa

$ cat /sys/devices/system/cpu/cpufreq/policy0/scaling_available_governors
conservative ondemand userspace powersave performance schedutil
$ echo ondemand > /sys/devices/system/cpu/cpufreq/policy0/scaling_governor
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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://courses.igankevich.com/system-programming/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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Paspen 4

CTaTnyeckmnii aHanms3 Koaa
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BcTpoeHHble MpoBepKM KOMAUAATOPA

TecTtoBas nporpamma:

int func1() {} // 3abbT return
int* func2() { int i; return &i; } // BO3BpauaeTca aapec
int main() { // NOKanbHOW MepemMeHHON

char buf[123];
*reinterpret_cast<int+>(buf) = 10; // npeobp. K yKkasaTeio
} // Ha Tun MeHbWero pasmepa

B TepmuHane:

$ g++ -Werror=return-type -Werror=return-local-addr \

-Werror=cast-align -Wcast-align=strict main.cc -o main.o
main.cc:1:36: error: no return statement in function returning non-void [-
Werror=return-type]
main.cc:2:20: error: address of local variable «i» returned [-Werror=return-local-
addr]
main.cc:7:22: error: cast from «char*» to «int*» increases required alignment of
target type [-Werror=cast-align]
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Apyrve cpeactsBa

TecTtoBas nporpamMma:

namespace {
int func() { return 0; }
}

int main() {}

B TepmuHane:

$ cppcheck --enable=all main.cc
Checking main.cc ...

[main.cc:2]: (style) The function 'func' is never used.
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Pasaen 5

3aBNCNMOCTW
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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
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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®

» How SQLite is tested?
» Flame Graph.
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https://www.sqlite.org/testing.html
http://www.brendangregg.com/FlameGraphs/cpuflamegraphs.html
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