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Kde najit doporucené postupy?

* Knihy, weby, videa, konference

Effective .
Modern C++

- Effective Modern C++ od Scotta Meyerse
* Popripadé starsi verze: (More) Effective C++

Exceptional C++

47 Engineering Puzzles, Programming
Problems, and Solutions

- Exceptional C++ od Herba Suttera
* A navazujici More Exceptional C++
* Jedna se o souhrn,,Guru of the Week* ¢lankt B

* CppCon
* Pravidelnd konference o C++ 2Con
* Mix vice i méné pokrocilych témat



Pouzivejte kvalitni nastroje

* Moderni kompilator s podporou C++11/14
- Clang, g++, VS2015

* ClangFormat

* Po nastaveni umoznuje automaticky formatovat kad
* ClangTidy

- Umoznuje hledat a prevadét zastarale konstrukce.

- Umoznuje hledat podezrelé konstrukce

* Nastroje pro statickou analyzu
* Clang scan-build
* PVS-Studio
* CppCheck



Nastroje pro dynamickou analyzu

- Sanitizéry
» Sada ndstrojl pro tzv. dynamickou analyzu, skvélé pro
hledani chyb.
- Umoznuje hledat chyby v alokacich, pfistupu k paméti,
pouziti vlaken, pretékani int a dalsi.
* Bohuzel zatim pouze na Linuxu a OS X.
» Valgrind
* Znate z upload systému
* Obsahuje i par dalSich nastroju, napriklad Helgrind
(vldkna), Cachegrind (cache profiler)



Address Sanitizer

- Skvély nastroj k hledani chyb pfi praci s paméti.
- Memory leaky
* Use after free
* Out of bounds access

* Béh programu je ~2x pomalejsi.
* Funguje na Linuxu a OS X
* Windows ma jiné alternativy

int main() {
int* p = new int;
p = nullptr;
return 9;

memory-leak.cpp



Address Sanitizer (vystup)

clang++ -fsanitize=address -std=c++11 -g memory-leak.cpp

horenmar@kepler ~ $ ./a.out

==15307==ERROR: LeakSanitizer: detected memory leaks

Direct leak of 4 byte(s) in 1 object(s) allocated from:

#0 0x4df160 in operator new(unsigned long)
/var/tmp/portage/sys-devel/1llvm-3.7.0-r5/work/l11lvm-
3.7.0.src/projects/compiler-rt/lib/asan/asan_new delete.cc:62

#1 Ox4eld9a in main /home/horenmar/memory-leak.cpp:2:14

#2 Ox7fa6l7dc26lf in _ libc_start main
(/1ib64/1ibc.so.6+0x2061F)

SUMMARY: AddressSanitizer: 4 byte(s) leaked in 1
allocation(s).




Memory Sanitizer

* Najde napriklad pouziti neinicializované paméti.
* Beéh programu je ~3x pomalejsi

int main(int argc, char** argv) {
int x[10];
x[@] = 1;
if (x| ]) return 1;
return 0;

} uninit-val.cpp




Memory Sanitizer (vystup)

clang++ -fsanitize=memory -fsanitize-memory-track-origins -g

horenmar@kepler ~ $ ./a.out

==10199==WARNING: MemorySanitizer: use-of-uninitialized-value

#0 Ox7ff4b7893407 in main /home/horenmar/uninit-
val.cpp:4:9

#1 ox7ff4be41461lf in _ libc_start main
(/1ib64/1ibc.so0.6+0x2061f)

#2 Ox7ff4b7813c38 in _start
(/home/horenmar/a.out+0x19c38)

Uninitialized value was created by an allocation of 'x' in
the stack frame of function 'main’
#0 Ox7ff4b7892fcO in main /home/horenmar/uninit-val.cpp:1

SUMMARY: MemorySanitizer: use-of-uninitialized-value
/home/horenmar/uninit-val.cpp:4:9 in main
Exiting




Undefined Behavior Sanitizer

* Najde pouziti nedefinovaného chovani.
* Béh programu je trivialné pomalejsi.

#include <iostream> clang++ -fsanitize=undefined
-g undefined.cpp

enum color { RED, GREEN, BLUE };

int main() {
color ¢ = RED;

c = static_cast<color>(6);

std::cout << c << '\n';

undefined.cpp

horenmar@kepler ~ $ ./a.out

undefined.cpp:12:18: runtime error: load of value 6, which is
not a valid value for type 'color'




Undefined Behavior Sanitizer

* Najde pouziti nedefinovaného chovani.
* Béh programu je trivialné pomalejsi.

#include <iostream> misaligned.cpp
#include <cstring>

int main() {
int* mem = new int[1000];
memset(mem, 123, 1000 * 4);

int* mem2 = (int*)(((char*)mem) + 7);

std::cout << *mem2 << '\n';

}

clang++ -fsanitize=undefined -g misaligned.cpp

horenmar@kepler ~ $ ./a.out

misaligned.cpp:8:18: runtime error: load of misaligned
address 0x000002118c21 for type 'int', which requires 4 byte
alignment




Thread Sanitizer

* Hleda tzv. data races — nesynchronizované
pristupy k paméti.

*10x pomalejsi béh

clang++ -fsanitize=thread -g -lpthread -std=c++14 race.cpp

horenmar@kepler ~ $ ./a.out




Thread Sanitizer

#include <iostream> race.cpp

#include <thread>

int main() {
int counter = 0;
auto thread func = [&counter]() {
for (int 1 =0; 1 < 1'000'000; ++1i) {
counter++;
counter--;

}
}s
auto tl = std::thread(thread func);
auto t2 = std::thread(thread func);

tl.join(); t2.join();

clang++ -fsanitize=thread -g -lpthread -std=c++14 race.cpp

horenmar@kepler ~ ¢ ./a.out




Thread Sanitizer

WARNING: ThreadSanitizer: data race (pid=12837)
Write of size 4 at Ox7ffc600a20cc by thread T2:
#0 operator() /home/pjc/scratch/race.cpp:8 (a.out+0x0000004a6715)

Previous write of size 4 at 0x7ffc600a20cc by thread T1:
#0 operator() /home/pjc/scratch/race.cpp:8 (a.out+0x0000004a6715)

Location is stack of main thread.

Thread T2 (tid=12840, running) created by main thread at:
#0 pthread_create <null> (a.out+0x000000422e46)

#1 std::thread:: M start thread(std::shared _ptr<std::thread:: Impl base>,
void (*)()) <null> (libstdc++.s0.6+0x0000000b8db2)

#2 main /home/pjc/scratch/race.cpp:14 (a.out+0x0000004a4f3d)

Thread T1 (tid=12839, running) created by main thread at:
#0 pthread_create <null> (a.out+0x000000422e46)

#1 std::thread:: M start thread(std::shared ptr<std::thread:: Impl base>,
void (*)()) <null> (libstdc++.s0.6+0x0000000b8db2)

#2 main /home/pjc/scratch/race.cpp:13 (a.out+0x0000004a4130)

SUMMARY: ThreadSanitizer: data race /home/pjc/scratch/race.cpp:8 in operator()




Valgrind

* Narozdil od sanitizért funguje i na pfedkompilovanych
binarkach.

* 100x pomalejsi béh, nez normalni kdd.

- Kontroluje béhem béhu spoustu veci
» Ztracenou pamet’
* Vicenasobny delete
* Zapis mimo alokovanou pamét
- Cteni z nealokované paméti



ClangTidy (modernize)

- Umoznuje automaticky modernizovat razné konstrukty.
- Slozitéjsi k pouzivani.

const int N = 5;
int arr[] = { 1,2,3,4,5 };

// safe conversion

for (int i = 0; i < N; ++i) {

std::cout << arr[i];

}

—)

std::vector<int> v = {1, 2, 3};

// reasonable conversion

for (int 1 = @; i < v.size(); ++i){

std::cout << v[i];

}

=)

// reasonable conversion

for (std::vector<int>::iterator it =
v.begin(); it != v.end(); ++it) {

std::cout << *it;

const int N = 5;
int arr[] = { 1,2,3,4,5 };

// safe conversion
for (auto & elem : arr) {
std::cout << elem;

}

// reasonable conversion
for (auto & elem : v) {
std::cout << elem;

}

// reasonable conversion
for (auto & elem : v) {
std::cout << elem;

}




Jak nejlépe spravovat prostredky?

* Velmi ¢asto narazime na kod, ktery pouziva ukazatele
k vlastnéni alokované paméti (a jinych prostredk().

- Ukazatele prinaseji radu problému:

* Neni zrfejmé, jestli mame ukazatel smazat, az dokoncime praci
(nebo jestli to ma na starost nékdo jiny).

- Neni zfejmé, jestli se jednd o jeden objekt nebo pole objektd.
Nevime, zda pouzit delete nebo delete[ ].

- Neni zfejmé, zda ukazatel vibec nékam ukazuje. MzZe byt
neinicializovany, prip. objekt, na ktery ukazuje, uz maze byt
smazany.

- Neni zfejmé, zda jsme ukazatel smazali vzdy, kdyz opoustime
nasi funkci. Kdyz nékdo mezi new a delete zavola return,
objekt nebude smazan. To samé plati, kdyz nékdo vyhodi
vyjimku.



Problémy s ukazateli

int main() {
GraphNode* gn = createGraph();

// Co ted? Jak se vyporadat s gn?

// Zalezi, co je uvnitr createGraph()...

GraphNode* createGraph() {
GraphNode* nodes = new GraphNode[20];
/] ...

return nodes;

GraphNode* createGraph() {
GraphNode* node = new GraphNode;

v

delete[] gn;

/] ...

return node;

GraphNode* createGraph() {
static GraphNode nodes[20];
/]l ...

v

delete gn;

return nodes;

v

// nic!




Alternativy k vlastnicim ukazatelim

- Ke spravé prostredk je radno vyuzivat RAII.

std: :vector

std::vector<GraphNode> createGraph() {
std: :vector<GraphNode> nodes;

/] ...

return nodes;

}

*std: :unique ptr

std::unique ptr<GraphNode> createGraph() {
auto node = std::make_unique<GraphNode>();

/] ...

return node;

- ..adalSi(std: :shared_ptr, std::weak ptr).
- Nyni se o spravny uklid prostredku postaraji destruktory.



Jak zrychlit kompilaci velkych projektu?

* U obrovskych projektl musime minimalizovat mnozstvi
kédu v hlavi¢kovych souborech. Oblibeny zpUlisob, jak to
provést, je tzv. pimpl (pointer to implementation).

- Kazdou rozsahlejsi tridu rozdélime na dvé: rozhrani a
implementaci (data). Implementacni ¢ast se nebude
v hlavickovych souborech vyskytovat, budeme pouze
pouzivat jeji ukazatel.

- Vysledkem je, Ze bude v hlavickovych souborech méne
prikazu #include a zmény v nasem kddu budou
zpusobovat kompilaci méné CPP soubord.

PLYFileLoader
PLYFileLoaderIlmpl* pimpl; PLYFileLoaderImpl



Pimpl - predtim

#ifndef PLY_FILE_LOADER_HPP
#define PLY_FILE_LOADER_HPP

#include <string>
#include <vector>
#include <fstream>
#include "encoding.hpp"
#include "buffer.hpp"

struct Vertex { float x, y, z; };
struct Triangle { uint32 t u, v, w; };

struct PlyFileInfo {
std::string filename;
FileEncoding encoding;
enum class Format {
UNKNOWN, BINARY, ASCIIT
} format = Format::UNKNOWN;
std::size_t numVerts = 0, numTris

};

struct PlyFile {
std::ifstream in;
InputBuffer buffer;
s

struct PlyData {
std::vector<Vertex> vertices;
std::vector<Triangle> triangles;

}s

0;

class PlyFilelLoader {
public:
~PlyFileLoader();
PlyFileLoader(const std::string& filename);
PlyFileLoader(PlyFilelLoader&&);
PlyFilelLoader& operator=(PlyFileLoader&&);
std::vector<Vertex>& getVertices();
std::vector<Triangle>& getTriangles();
private:
PlyFile file;
PlyFileInfo info;
PlyData data;

}s

#tendif




Pimpl — potom

#ifndef PLY_FILE_LOADER_HPP
#define PLY_FILE_LOADER_HPP

#include <string>

"encoding.hpp'" a
"buffer.hpp" se prestanou

#include <vector>
#include <memory>

struct Vertex { float x, y, z; };
struct Triangle { uint32 t u, v, w; }; _
class PlyFilelLoader {
public:
~PlyFileLoader();
PlyFileLoader(const std::string& filename);
PlyFileLoader(PlyFilelLoader&&);
PlyFilelLoader& operator=(PlyFileLoader&&);
std::vector<Vertex>& getVertices();
std::vector<Triangle>& getTriangles();
private:
struct Impl;
std::unique_ptr<Impl> pimpl;
& \

#tendif

Sifit projektem skrze tento
hlavickovy soubor

také je ted' v tomto
souboru méné deklaraci,
které jsou nepotrebné pro
ostatni soucasti programu

// nékde v CPP souboru...

struct PlyFilelLoader::Impl {
PlyFile file;
PlyFileInfo info;
PlyData data;

}s




Jak zrychlit béh programu?

Existuje rada technik, jak program zrychlit...

* Odstranéni zbytecnych alokaci a dealokaci paméti

» Paralelni béh (std::async)

- Paralelismus na drovni instrukci (instrukéni sada SSE, AVX)
» Eliminace virtualnich volani

- Agresivni inlining (__ forceinline)

o\ 7/



Jak zrychlit béh programu?

Existuje rada technik, jak program zrychlit...

-.-EI. ° ° l l| V4 I II V4
Jenze!

- Kazda z téchto technik muze vykonu naopak ublizit.

* Pokud chceme program doopravdy zrychlit, musime
umét vykon zméerit.
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Jak zmeérit vykon?

cas béhu. Nastroje pro tzv. profiling nam umoznuji nalézt
misto v programu, kde travime vétsinu casu.

- Pokud aplikace bézi pomalu, typicky za to maze jen maly
kousek programu, tzv. bottleneck ("tzké hrdlo"). Profiler
jej nalezne a my vime, kde hledat problém.

- Jak ziskat profiler:
* Nastroje na profiling jsou soudasti Visual Studia.
- Na Windows: Very Sleepy, UIforETW.
* Na Linux a Mac: Perf.



Jak doopravdy zrychlit beh programu?

* Profiluj!

* Odstran zbytecné alokace a dealokace pameéti
* Profiluj!

* Pouzij paralelni béh (std::async)

* Profiluj!

* Pouzij paralelismus na drovni instrukci (instruk¢ni sada
SSE, AVX)

* Profilu;!

* Eliminuj virtualni volani

* Profiluj!

- Pouzij agresivni inlining (__ forceinline)
* Profiluj!



Dekuji za pozornost.



