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Course Objectives

="Improve your "++" skills
=Convince you to use Modern C++

"Ensure you know how to utilize the library

=Show you have to design & write multi-threaded
applications in Classic and Modern C++

=

A
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Course Contents

" [ntro
* Myths & Facts
* Evolution of C++

= PART-1: Modern C++ (a)
* [nitialization
* Auto
* Misc. improvements
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* Move semantics

= PART-2: C++ Refresher
* Constructors
* Members
* Inheritance
* Const-ness
* Namespaces
* Usage of new & delete

* Templates
* Operator overloading

= PART-3: C++ Library
* Text strings
* Containers
* |terators
* Algorithms

= PART-4: Classic Threads
* What s a thread
* POSIX threads
* Critical sections
* Race conditions
* Deadlocks
* Message passing
* Rendezvous

= PART-5: Modern C++ (b)
* Helper Types
* String views
* Smart pointers
* File systems
* Date & clocks

= PART-6: Modern Threads
e C++11 threads
* Synchronization
* Tasks

= PART-7: Techniques
* Meta-programming
* Common idioms
* Translating C++ into C
* Upcoming features
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Myths & Facts about C++

Sowe developers just change the file extension
from *,c to *,cxx and the compiler from gee to
g++, but carries on writing C style spaghetti

codle, in the false belief it is needed for efficiency.

This course will defeat that misapprehension

Myth: C++ is more complex then C

= Yes
* It takes longer time to master the language and its library.

= However

* You still have an application problem to solve, which means there is a much longer
programmatic path to travel if you have to write & debug all code yourself

Programming in C Programming in C++
Application Problem - B Application Problem
Development Effort

Development Effort
Programmatic Abstractions

Programmatic Abstractions
Base Language

Base Language
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Myth: C++ generates more code

= No
* C++is just a thin compiler layer around C.
* Slogan: "Don't pay for stuff you don't use"

® |n this course we will see
* What kind of equivalent C code the compiler generates
* How to turn off certain features

Myth: C++ requires more RAM
= No

* You can choose how to manage your memory requirement
* To use the heap or not use the heap; that's the question
* Easy to write re-usable components that optimizes the memory requirement
® |n this course we will
* Look into user-defined memory allocators using areas outside the system heap

10
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Myth: C++ hides functionality from the programmer

= No
* The language and its library is based on solid principles and "battle tested" by many
* Compared to relaying on home cooked CPP macros it's so much better

® |n this course we will
* See how C++ can be used in an efficient way, using inline functions and templates

11

Myth: Templates are more expensive

= No
* The generated code is typically more optimized

= Although
* Extensive use of templates increases the compilation time,
but it also helps reducing the execution time

* Depending on how it's applied, it will increase the code size

~ When code size is a critical concern, it's best to pre-instantiate templates and
let the linker relate to the instantiated template functions and classes

12
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Fact: There are no run-time overhead in C++

= For conventional languages there are a lot of "magic" happen in run-time
= That's not the case for C++: All the magic happens in compile-time

The fundamental destgn
strategy of C++ Ls:

You do not pay for features
you do not use.

13

Fact: C++ reduces the time-to-market

= Because C++ is a strongly typed language, you are forced to express your
abstractions in a rigid way and when you slip, the compiler will catch it

Time to Market: C++ vs. C
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Evolution of C++

v’ Language Inventor
v’ Classic C++

v' Modern C++

v’ Online Reference

Bjarne Stroupstrup (1950 - )

= [nventor and lead developer of C++
* MSc from Aarhus University in Denmark I
* Relocated to AT&T Bell Labs

= Achievements
* Started with a C preprocessor
- "C with Classes", 1979
* Renamed to C++in 1983
* First official publication
- Software Practice & Experience, 1983
* First official book
- The C++ Programming Language, 1987

= Language design philosophy

* "As close to C as possible, but no closer"

16
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Language Evolution of "Modern C++"

= C++11 (2011)
* Major improvement in both language and library

* Lambdas, auto (type inference), static initializer lists, move semantics, variadic templates, for-
each loop, regex, threads, date & time, random number generators, smart pointers, type traits

= C++14
* Generic lambdas, more duck typing support, other improvements

= C++17
* Multi assignments using auto and string views
* File system functions in the std::lib
* optional<T>, variant<T>, any<T>
* Compile-time if statements

= C++20
* Parallel STL algorithms
* Ranges

17

New C++ standard every 3 years
1989 1990 1991 1992 1993 1994 1995 1996 1997

2002 2003 2004 2005 2006 2007 2008 2009 2010

C++0x—> 11

Decimal TR {not merged)

IS: trunk
Library TR1
TSes: feature
branches for
beta release
& then merge

Special Math IS

2011 2012 2013 2014 2015 2016 2017 2018 2019
Aug  Feb  Oct  Apr  Sep [FH] un Nov May Oct  Mar Jun Nov [{iBl Jul Nov Mar Jun |MNov Feb Aug Now [}
|

[ e i - g

where work on detailed // ri i

starts (“adnpt“iniual _____ —— _/

virurkmg draft’ ) an‘d E”I'|d5 [ —

("send to publication”) ’

Future starts/ends are
shaded to indicate that
are approximate and

subject to change oI

https://isocpp.org/std/status

18
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What is Modern C++?

Morgan Stanley

The problem and the opportunity

= Many people
* Use C++ in archaic or foreign styles
* Get lost in details
+ Are obsessed with language-technical details

Doctor, doctor, it hurts when | do X!!!
So don’tdo X

* “Within C++ is a smaller, simpler, safer language struggling to get out”
* Code can be simpler
+ as efficient as ever
* as expressive as ever

Stroustrup - Guidelines - CppCon'15

YouTube: https://youtu.be/10EU9C51K2A
GitHub:

V\,o’cﬁ
e from 1 R ot
s ) <roustvP
speed

1 OC00EY 2015

https://github.com/isocpp/CppCoreGuidelines/blob/master/talks/Stroustrup%20-%20CppCon%202015%20keynote.pdf
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Classic C/C++ vs. Modern C++

char* s = strdup("hi there");
char* p=s;

while (*p++ = toupper (*p++)) ; return
printf("s: %s (%d)\n", s, strlen(s)); )i

cout << "s:

Account* a = new Account (100, 2.5);

string s = "hi there"s;
transform(s.begin(),s.end(),s.begin(), [] (auto ch) {
: :toupper (ch) ;

"KLK s <"

(" << s.size() << ")\n";

a->balance *= 1 - a->rate/100;
cout << "a:
<< a->rate << "\n";

if (a->balance < 0) return;
free(s); C) S}}
delete a; OODP .

"<< a->balance << ",

auto a = make_ unique<Account>(100, 2.5);
a->balance *= 1 - a->rate/100;
cout << "a: " << *a << endl;

if (a->balance < 0 ) return;

The key design aspect of Modern C++ s to primarily
use Local objects, which have a well-defined Life-cycte.

When an object goes out of scope, it disposes any
LwtemaLng 015 wam’waug allpcated memory blocks,

20
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PART-1
Modern C++

S g++ -std=c++17 -Wall -Wextra app.cxx -o app

Initialization
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Use {...} for object initialization

= Creating an object
* Person p{"Nisse", 42};
~ Person p("Nisse"™, 42); // classic style still works
= Invoking the default constructor

* Person p{};
~ Person p; // classic style still works
- Person p(); // Error or function declaration

= Non-class types have a pseudo default constructor

e int num{}; // initialized to O
~ int num = 0; // classic style still works

* struct stat info{}; // padded with '\0' bytes
- memset (&info, 0, sizeof (struct stat)); //not needed

23

Use {...} for container initialization

= Inflating a sequence container
* vector<string> words{"C++", "is", "cool", "!I"};
* vector<string> words = {"C++", "is", "cool", "!!"};

= Inflating an associative container
* map<string, unsigned> fregs = {
{"c++", 170} , {"dis", 42U}, {"cool", 3U}
};
= Must be a homogenous list of values
* vector<int> v = {6, 7, 8.3, 9};
//compilation error: double->int not allowed

24
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Usage in libraries

json j2 = { How to create a JSON object, using
{"pi", 3.141}, the nlohmann: : json library
{"happy”, true},
{"name™, "Niels"},
{"nothing”, nullptr},
“answer"”, { { N
{"euerything", 42} "happy™: true,
3 rotning"s mil
["list", {1, @, 2}}, answer™ {
{"UbjECt“J { . everything": 42
{"currency”, "UsSD"}, 2 (L 6 )
{"value”, 42.99} e
}I }} } , value": 42.99

https://github.com/nlohmann/json

25

Initialization statement within an if statement

{
int pos = haystack.find (needle);
if (pos != string::npos) { Insteadt DfWYitil/\@
cout << "yup, got it\n"; Like this
}
/).
int pos = whatever.find(phrase); //compilation error
if (pos != string::npos) {. . .}
}

Wrrite it Like this

if (int pos = haystack.find(needle); pos != string::npos) {
cout << "yup, got it\n";
}
/...
if (int pos = whatever.find(phrase); pos != string::npos) {. . .}

26
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Initialization statement within a switch statement

switch (Record r = load(filename); r.type()) {
case RecordType::check: ...break;
case RecordType::save: ...break;
case RecordType::invest: ...break;

}

//... r is not accessible here ...

27

CHAPTER SUMMARY

Initialization

* Always use the new {...} syntax for initialization
* Unless you need automatic type conversion

* Usage of initializer_list<T> populates an object with compile-time data

28
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EXERCISE S !
Investigate ‘& }g

* Write a small program where you are using the modern initialization syntax
* Try different types

* Write a small program where you are using initialization within an if statement

29
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Automatic Type Inference

1

31

Automatic type inference

= The compiler figures out the correct type (~ duck typing)
= The keyword auto has gotten a complete new meaning

jens@vbox4: ~/Documents/c++11

auto.cpp ¥ . - — . .
jens@vbox4:~/Documents/c++11$ g++ -std=c++8x -Wall auto.cpp -o auto
1 #include <iostream=> jens@vbox4:~/Documents/c++11$ ./auto
2 #include <string> Program Name = ./auto
3 #include <map=
4 using namespace std;
5 : .
6 int main(int numArgs, char* args[]) { fens@vboxd:~/Docunents /c++115 []
7 J// auto => char#*
8 auto pgmName = args[@];
el cout << "Program Name = " << pgmMame << endl; .
10 | ¢ - it's important to understand
1 mapsstring, int>  words; that C+ + still is a strongly
aIF words["one"] = 1; words["two"] = 2; words["three"] = 3;
s // auto => map<string, int>::iterator tgped LRVLQ)MRQC, oncee the
14 for (auto iter = words.begin(); iter != words.end(); ++iter) { il " the t +
A5 cout << iter->first << " = " << iter-»second << endl; co :P er deduced the 3’[36, he
6 ) variable keeps that type.
17
18 return 0;
19}

32
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Modern style of variable declaration

= Use auto and place a typed expressions to the right
= Simple variables

* autoa=42; //int

* auto b =42UL; //unsigned long

* autoc=42.L //long double

* auto d = uint64_t{OxCAFE0042}; //unsigned 64bit word
= Strings

* auto s = "tjabba"; //const char[7] ~=> const char*

* auto t = "tjabba'"s; //std::string
= Pointers

* auto p = &number; //int*

* auto g = new float[3]; //float*
= Objects

* auto o = Person{"Anna", 42};

33

Multi-assignment (a.k.a. structured binding)

tuple<string, unsigned, float= void multi assign from map iteration() {
mkPerson() { map<string, string> words = {

return make tuple("Justin Time"s, 42U, 63.7F); {"one", "ett"},
t: {"two", "tva"},

{"three", "tre"},

void multi assign from tuple {"four", “fyra"},

auto[name, age, weight] = mkPerson(); {"five", “fem"},

cout =< "name . =< name << endl; T

cout << "age : " <= age << endl; for (auto & [en, swl : words

cout << "weight: " << weight << endl; cout << en << " -» " << sw << endl;

multi-assign
/home/jens/Courses/cxx/cxx-embedde
name : Justin Time

age @ 42
n weight: 63.7
I -
k five -= fem
four -= fyra
i one -» ett
_ three -= tre
I two -= tva

IProcess finished with exit code @

34
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auto sum({unsigned n) {
return n * (n + 1) / 2;
}

int main(int argec, char** argv) {
aute n = argec == 1 ? 10U : stoi(argv[l]);
cout << "SUM(l.." << n << ") = " << sum(n) << endl;

return 0;

/mnt/c/Users/jensr/Dropbox/Ribomaj
SUM(1..10) = 55

Process finished with exit code ©

The compiler must be able to deduce the
return type from a return expression,
For more complex funetions with many
return statements, it might not work,

Functions with auto as return type

struct Person {
string name;
unsigned age;
I

ostreams operator<<(ostreams os, const Persons p) |
return os << "Person{" << p.name << ", " << p.age <<

}

auto mki() {
return Person{"Nisse", 42};

}

int main() {
auto p = mk();
cout << "p = " << p << endl;

return 0;

nn;

/mnt/c/Users/jensr/Dropbox/Riboma
p = Person{Nisse, 42}

Process finished with exit code ©

35

mUsed to declare a vehicle
auto myCar;

Historical background for keyword auto
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Historical background for keyword auto

=Especially for a vehicle parked outdoors
extern auto myCar,

37

Historical background for keyword auto

=Unless, it was in the automobile repair shop
static auto myCar;
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= Jokes, aside

/m Thompson's B Manual 3 '\ |

C ) | @ saker | hitpsy/wwwibel-labs.com/ust/dmr/ww/k.. 3 |

Users' Reference to B

Ken Thompson

B is a computer language intended for recursive, primarily non-numeric applications typified by
system programming. B has a small, unrestrictive syntax that is casy to compile. Because of the
unusual freedom of expression and a rich set of operators, B programs are often quite compact

This manual contains a concise definition of the language, sample programs, and instructions for
using the PDP-11 version of B.

Historical background for keyword auto

Language B did not have any types, because a machine word was the default type.
Keyword auto was used to declare a local variable.

When Ken Thompson and Dennis Ritchie created C as an extension of B, they had to
support keyword auto, to allow linking legacy B code with C.

https://www.bell-labs.com/usr/dmr/www/kbman.html

/* The following function will print & non-negative number, n, to

the base b, where 2<=b<=18, This routine uses the fact that

in the ANSCII character set, the digits 0 to 9 have sequential
code values. */

printn(n,b) {

extrn putchar;

—_— .
ABSTRACT auto aj

if(a=n/b) /* assignment, not test for equality */
printn(a, b); /* recursive */
putchar{nkb + "@');

39

CHAPTER SUMMARY

Automatic Type Inference

* Usage of auto simplifies the code
* auto x = create(42);
* autoy = load("things.db");
* auto z = populate(x, y);

* More reading

* https://herbsutter.com/2013/08/12/gotw-94-solution-aaa-style-almost-always-auto/

40
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EXERCISE o om0 2 -
. . F(n)={l omn =1; "
FlbonaCC| Fin—1)+Fn-2) omn > 1. o h

* Write a Fibonacci function with return type auto

* Write a function that takes one argument an returns a small struct of the input
argument and the computed Fibonacci value

* Write function that takes an argument (n) and populates a std::map with
argument (1..n) and Fibonacci number using the previous function and returns
the map

* Declare an auto variable that receives the map
* Print out the map

41
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Misc. Syntax Improvements

1

43

Possible to put the return type last

= A return type of auto can be combined with a concrete type
auto funcNamn (params) -> returnType

Changing the classic way of declaring functions,
can improve the readability of a source file

auto split(string s, string delim) -> vector<string> {
}
auto index (string fileName)
-> unordered map<string view, unordered set<unsigned>>

{

}

44
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For-each

= Given a bunch of elements traverse them all in sequential order

vector<int> numbers = {1,2,3,4,5,};
for (int k : numbers) cout << k << endl;

VeCtor<string> Words — {"C++", "iS", "COOl", n!!!n};
for (string w : words) cout << w << endl;

string sentence = "C++ is indeed cool.";
for (char ch : sentence) cout << ch << endl;

45

It's even better when combined with auto

void for each over int vector() {
vector<int> numbers = {1, 2, 3, 5, 8, 13, 21};
for (aute n : numbers) cout == n == " ";
cout << endl;

}

void for each over string set() {
set<string> words = {"to", "language", "use", "C++ is a", "cool"};
for (auto& w : words) cout == w =< " ";
cout == endl;

}

void for each over bounded array() {
double rates[] = {8.015, ©.825, ©.635, 0.675, 0.125, 0.085};
for (aute r : rates) cout =<fixed<= setprecision(2) =< r * 100 =< "% ";

cout << endl; |
} for-each

/home/ jens/Courses/cxx/cxx-embedded/git
123581321

C++ is a cool language to use

1.50% 2.50% 3.50% 7.50% 12.50% 8.50%

LY

L

Process finished with exit code @
|

46
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Strongly typed enums

= Classic enums
* Alias for int = Cannot reuse same symbol in different enum definitions

=" Enum classes enum class Oper {PLUS, MINUS, MULT, DIV};
enum class Html {DIV, SPAN, PRE};

* Properly defined type

* Might have a storage size specifier

enum class OP {add, sub, mul, div};
OoP oper = OP::div;

enum class HTML {hl, h2, p, div, br}; //no symbol clash
HTML html = HTML: :div;

oper = html; //ERROR

#include <cstdint>
enum class Color : std::int8_ t {R=0xf0, W=0xff, B=0x0f};

47

Integral literals

= Digit grouping makes it easier to read
int n = 1'000'000;

= Binary literals can be an alternative to hex and octal literals
unsigned short w = 0b1100'0000'0110'0001; //0xCOe6l

48
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Null pointer literal

= Used to denote a null pointer value
* As opposed to value 0
* Keyword: nullptr
* Type: nullptr_t

void somefunction(int x); //[1]
void somefunction(char* p); //[2]
//...

somefunction (NULL) ; //invokes [1]
somefunction (nullptr); //invokes [2]

49

Implicit invocation of a constructor when returning

Person mk() {
auto name =
auto age = .;
return {name, age};

} \

.
cee J

This assumes a constructor similar to:
Person: :Person(string name, int age)

50
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int main() {
Person g = mk();
//...

}

Person mk () {
auto name = .;
auto age = ..;

return p;

Person p{name, age};

Return value optimization (RVO)

parameters

control

parameters

control

Using RVO s an tmplementation
technique recommenden by the
standard,

It means that a returned object (s
initialized in the stack frame of
the caller.

51

CHAPTER SUMMARY

* Mark it as default
e Mark it as delete
* Implement it

Minor Language Improvements

* Always declare the compiler generated members and do one of:

* The support for compile-time computation are increasing for each C++ version

52
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EXERCISE [ ﬂ
The answer to everything ‘& }f'jﬂ"

* Print out the value of 42 using
* Unsigned
* Hexadecimal
* Octal
* Binary

53
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Lambda Expressions

Lambda expressions (a.k.a. closures)

= Anonymous function expressions that can be
* bound to a variable
* passed to a function
* returned from a function

® Introduced in the language
o C++: with C++11 (2011)
* Part of many languages
- Lambda in Java
~ Closures in Groovy
~ Anonymous functions in JavaScript
- Anonymous subs in Perl

Expression Meaning

- and many more Ax.1 The constant value 1
Ar.r The identity
Ar.r +1 f(g;):;l;+1
AnAr.x +n|f(n) = gwiereglz) =z +n

56
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Some simple examples

= Syntax
[] (params){ . . . return expr;}
auto f = [](int n) {return n*n;};
int sq = £(5); //sq == 25

vector<int> v = {1,2,3,4,5};

transform(v.begin(), v.end(), v.begin(), [](int n) {
return n * n;

})

//v == 1,4,9,16,25

57

Lambda syntax

= Syntax variants
[1 (param-1ist) -> returnType { function-body }

* No need to specify return-type, unless the compiler complains
[] (param-1list) { function-body }

* No need to specify parameter parenthesis, if there are no parameters
[1 { function-body }
= Type inference
* Use auto to declare a lambda variable
* Possible to declare parameter types as auto

auto £ = [] (auto a, auto b) { return 2*a*b; };
int n = £(3,7); //n == 42

58
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Captures of surrounding local variables

= Syntax
[capture-1ist] (params) {body}

= Capture variables by-value (read-only)

[=] (params) {body} int a =10, b = 2;

* Capture variables by-reference ~ |auto £ = [=](auto x) { return a*x + b; };
int n = f£(4); //n == 42
[&] (params) {body}

® Individual variables capture (r by-ref, v by-value)
[&r, V] (params) {body}

= Capture the owning object (lambda inside member function)
[this] (params) {body}
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Capture of free variables in action

#include <iostream>

#include <vectors transform(v.begin(), v.end(), v.begint},auto n} {
#include <algorithm: ++cnt;
using namespace std; return n * n;
i
int main(} {
vector<int> v = {1, 2, 3, 4, 5};
int cont = 0;

transform(v.begin()}, v.end(), v.begin(), [&](auto n) {

++cnt; [ 508] Building CX¥ object CMakeFiles/simpfe-lambdas.dir/simple-lambdas.cxx.o
return n * n; If:;g@r%ve.'d.'m.oudsmragemmpbox (Persgydigt) /Rivomation/Riponation -
Training/C++/c-plus-plus__ cxx-basics/d-java/src/explorations/simple-laubdas.cxx: In lembda
}} H function:
/cygdrive/d/Cloudstorage/Dropbox (Personligt) /Ribomation/Ribomation -
cout << "ent=" << cnt << ", w="; Training/e+/t=p C-Dasics-4=java/src/explorations/simple-lambdas.cxx:10:11:
error: increment of read-only variable 'cnt’
for (amto n : w) cout << n << " "} ronts
cout << "\n"; r_
return 0;

} simple-lambdas
"D:vCloudStorage\Dropbox
cnt=53, w=1 4 9 1§ 25
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Functions taking lambda expressions

® Include
e <functional>

= Parameter
function<ReturnType

(ParameterType,

..)> func

6

1

Functions taking lambda expressions in action

void repeat (unsigned n, function<void(unsigned)> expr) {
for (auto k = 1U; k <= n; ++k) expr(k),

void map (vector<unsigned>s v, function<unsigned (unsigned):> f)
for (int k = 0; k < v.size(); ++k) vik] = £(vik]):

int main() {

vector<unsigned> nums;

repeat (10, [&] (unsigned k) { nums.push back(k): });
cout << "nums = " << nums << endl;

map (nums, [] (unsigned k) { return k * k; });
cout << "nums = " << nums << endl;

return 0;

functions-with-lambda

l nums = [1, 4, 9,

l Process finished with exit code 0

"D:\CloudStorage\Dropbox (Perscnligt)‘\Ribomati
Training\C++hc-plus-plus_ cxx-basics-4-java\s

nums = [1, 2, 3, 4, 5, & 7, & 9, 10]

16, 25, 36, 49, €4, 81, 100]

<iostream>
<vector>
<algorithm>
#include <functional>

using namespace std;

ostreamé operateor<<(ostreams os, const vector<unsigned>s v) {
bool first = true;
os << "[";
for (aute k : v) {
cout << (first 2 "" : ",
first = false;

") << ki

}
os << "1";
return os;
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CHAPTER SUMMARY

Lambda Expressions

* Syntax
* [capture](params) {... return expr;}

* The addition of lambda expression to C++ has made it
one of the modern and hip languages

63

EXERCISE S ™
. v
Function reduce(arr, N, func) '&

NN

* Write a function named reduce() that takes
* numeric array
* number of elements of the array
* aggregating lambda that applies a binary function (e.g. +) between all elements

[1 (accumulatedValue, elementValue) { return newAccumulatedValue; '}

* It should return the aggregated result

* Apply your function and use it to compute the
* Sum of all values in the array
* Product of all values in the array
* Maximum value in the array
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Move Semantics

Performance improvement when returning an object

struct Thing {
static int count;
explicit Thing(int) { ++count; }

Thing(const Thing&) { ++count; } move-sematics

~Thing() { --count; }

/home/ jens/Courses/cxx/cxx-embedded

int Thing::count = @; [first] count: @
[alloc] count: 1 00O Bo@
vector<Thing> alloc(int n) { . [inner] size : 1 080 08
vector<Thing> wards; : : .
while (--n >= @) { words.emplace_back(n); } & [inner] count: 1 660 000
cout << "[alloc] count: " << Thing::count << endl; k [last] count: @
return words;
} il | Process finished with exit code @
int main(int, char*#*) {
cout.imbue(locale(""));
cout =< "[first] count: "™ =< Thing::count =< endl;
{
vector<Thing>esult = alloc(1'000'000);
cout << "[inner] sizZe : ixed << result.size() =< endl;

cout << "[inner] count: << Thing::count << endl;

cout =< "[last] count:
return 0;

<< Thing::count << endl;
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Only the pointer value is transferred at return

main(int, char**) { parameters
cout.imbue(locale(""));
cout =< "[first] count: " <= Thing::count <<

{

control
vector<Thing> result .= alloc(l'000'000);

e T

F el -

vector<Thing> alloc(int n) {

. parameters
vector<Thing> words; e« _ _

while (--n >= 0) { words.en._ control
cout << "[alloc] count: " =<

return words; o=
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New form of reference: rvalue ref (Type&&)

= |t is now possible to have a reference to a transient value
* intvalue =42;
* int&& r =10 * value;

® |n classic C++

* Areturned (transient) object was copied into its destination, using the copy constructor
® |n modern C++

* The destination object is initialized with a move constructor, that takes a rvalue ref

‘arr[k] = 42 + arr[k-1] * 2; \

I(eft)value . |
C |
: ‘ r(ight)value
|
- e
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Rvalue references: Type&& (modern C++)

= Important new concept in C++ and the re-design of the standard library
= Intended to eliminate unnecessary copying, a.k.a. move-semantics

void magic(int& v) {

cout =< “"magic(int&) : " =< v =< endl;
+Hv;
}
void magic(int&& v) {
cout =< “"magic(int&&): ™ << v =< endl;
+Hv;
}
. o references
int main(int, char*+*) {
int value = 16; fhome/ jens/Courses,/ cxx/ cxx -embedded
. magic{int&) : 1@
magic(value); magic(int&&): 26

magic(value + 15);
magic(5 + 15);
magic(move(value));

magic(int&&): 20
magic({int&&): 11

EAEY

L4=

return o; Process finished with exit code 8
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Move constructor and assignment operator

= Syntax
Type (Type&& that)
Type& operator=(Type&& that)

= Used for automatic initialization from transient expressions

70




C++ Supplementary & Threads

and ensure it is performant

Most data-types in stdlibc++ provides move semantics

= Important aspect of the design of user-defined types to avoid data copying

vector<Account>
vector<Account> v;
VY

return v;

int main() {
auto accounts =

/]

load(string filename) {

load 1'000'000 account records

load ("accounts.db"s) ;

71

Class Blob

class Blob {

unsigned megaBytes = 05
byte* payload = nullptr;
public:

Blob (unsigned megaBytes)

: megaBytes{megaBytes}, paylcad{new byte[megaBytes * (1024U * 1024U0)1]1} {
cerr << "CREATE Blob{" << megaBytes << "MB} @ " << this

<< ", &payload=" << payload << endl;
}
~Blob () {
cerr << "~Blob() @ " << this;
if (paylecad != nullptr) {
delete[] payload;
cerr << ", " << megaBytes << "MB disposed" << ", &paylcoad=" << payload;
}
cerr << endl; Blob() = delete;
1 Blob (const Blobs) = delete;
= Blobs operator =(const Blobs) = delete;

friend ostream& operator <<(ostream& os, const Blob& blob) {
return os << "Blob{" << blcb.megaBytes << "MB}";
}
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Class Blob: move operations

Blob (Blob&e that) : megaBvtes{that.megaBytes}, pavload{that.pavload} {
that.megaBytes = 0;
that.payload = nullptr;
cerr << "CREATE Blob{&&" << megaBytes << "MB} @ " << this
<< ", &payload=" << payload << ", moved from Blob @ " << &that << endl;

Blob& operator =(BElocb&& that) {
cerr << "operator =(Blcb&&) @ " << this;
if (this != sthat) {
if (payload != nullptr) {
delete[] payload;
cerr << ", " << megaBytes << "MB disposed" << ", &payload=" << payload;
}
megaBytes = that.megaBytes;
that.megaBytes = 0;
payload = that.payload;
that.payload = nullptr;
cerr << ", " << megaBytes << "MB moved from " << &that << ", &payload=" << paylocad;
}
cerr << endl;

return *this;
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L]
Class Blob: app
Blob mkOne () {
Blob nok{50};
cerr << "[mkOne] nob: " << nob << endl;
return nob;
}
1nt maln() { maove-semantics 0
Blob bob{l23}; /mnt/c/Users/jensr/Dropbox/Ribomation/Ribomation-Training-2017-Autumn/cxx/cxx—17|
cout << "bob: " << bob << endl; /src—exploration/move-semantics/cmake-build-debug/move-semantics
CREATE Blob{125MB} @ ox7fffd6e278b0, &payload=0x7fb33ffa00lo
Blob rob{move (bob)}; bob: Blob{125MB}
cout << "bob: " << bob << endl; CREATE Blob{&&125MB} @ Ox7fffd6e278c0, &payload=0x7fb33ffa0010, moved from Blob
cout << "rob: " << rob << endl; @ Ox7fffd6e278be
bob: Blob{GMB}
rob = mkOne () ; rob: Blob{125MB}
cout << "bob: " << bob << endl; CREATE Blob{50MB} @ 0x7fffd6e278d0, &payload=0x7fb33cd90010
cout << "rob: " << rob << endl; [mkOne] nob: Blob{58MB}
operator =(Blob&&) @ Ox7fffd6e278cO, 125MB disposed, &payload=0x7fb33ffa0010,
return 0; 50MB moved from Ox7fffd6e278d0, &payload=0x7fb33cd90010
} ~Blob() @ Ox7fffd6e278d0
= bob: Blob{oMB}
rob: Blob{50MB}
~Blob() @ Ox7fffd6e278c0O, 50MB disposed, &payload=0x7fb33cd90010
~Blob() @ Ox7fffd6e278b0
Process finished with exit code 0
74
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CHAPTER SUMMARY

Move Semantics

* Lvalue reference

* Type& r = variable;
* Rvalue reference

* Type&& r = variable * 42;
* Move constructor

* Type(Type&&)

* Move assignment operator
* Type& operator=(Type&&)

75

EXERCISE [ 2
Moveable string ‘g }fg

* Write a very simple string class (pointer to heap allocated char array),
that provides move semantics but not copy semantics

* Create one such string and pass it around in and out of a few functions
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PART-2
C++ refresher

Constructors
v’ Constructor chaining v’ Enforce or delete generated
members

v Member initialization

v" Specially named members ¥ Type conversion members

v Compiler generated members
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Constructor

® Invoked when an object is created
* To ensure the new object is in a well-defined initial state

//Account.hpp
class Account {

string accno;

int balance;
public:

Account (string, int);

/] ... //Account.cpp

}i

Account: :Account (string an, int Db)
{
accno=an; balance=b;

}

/...
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Instantiation using a constructor

= Constructor parameters are passed in when an object is created

void run () {

useAccount (acc) ;

Account acc{"5237-123456", 150}; //Modern C++ uses {...

cout << "acc = " << acc.toString() << endl;

}

void run () {
Account acc("5237-123456", 150); //Classic C++ uses (...)
/...

}
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Destructor

= Invoked when an object is disposed
= Same name as constructor, but with ~ and no parameters

//Account.hpp void run() {
class Account { Account acc("5237-123456", 150);
string accno; useAccount (acc) ;
int balance; if (...) return;
public: cout << "acc " << acc.toString () << endl;
Account (string, int); }\\
~Account () ;
/e
}i destructor invoked here
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Use initialization for object members

= A constructor is always invoked for a member object
= Using assignment in the constructor means two function calls, instead of one

class Account {
private:
string accno;
int balance;
public:
Account (char* a, int b)
accno = a;
balance = b;

(1) string::string()

P

(2) string::operator =(char*)

//...
};

Account acc{"1234-567890", 1000},
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Constructor chaining

= Invoking a constructor from another constructor
* Similar to invoking ‘this’ in Java

class Person {
string name;

int age;
public:
Person(string& n, int a) : name(n), age(a) {}

Person() : Person{"Per Silja", 42} {}

};
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Specially named constructors and operators

= Default constructor T::T()

= Destructor T::~T()

= Type-conversion constructor T::T(X)

= Type-conversion operator T::operator X()

= Copy constructor T::T(const T&)

= Copy assignment operator T& T::operator=(const T&)
= Move constructor T::T(T&&)

= Move assignment operator T& T::operator=(T&&)
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Default constructor

= Syntax
T::T()
= Compiler generated version (if no constructors)
* Empty
= Used for default initialization of
* Simple object declaration
Type t;
* Array objects
Type arrayl[5]; //invoked for each object
* Super class
class A {};
class B : public A {};
* Member object (with no initialization)
class A {X X7 )5
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Destructor

= Syntax
o T::~T()
= Used for object clean-up of dynamic members
= Compiler generated version
* Empty
= Automatically called when
* Alocal object goes out of scope by return or throw

void compute () {
string s;
if (..) return; =2
if (..) throw "Bye, bye"; -
} =
* Operator delete is invoked
Person* ptr = new Person;

delete ptr; =2
* The destructor is invoked directly
ptr->~Person();
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Copy constructor

= Syntax
* T::T(const T&)

= Compiler generated version
* Member wise assignments

= Used for automatic object copy

* An object initialized with another object of the same type
string s{"hello"}
string t{s};
* Call by-value
void print(Person p) { ... p ... }
Person anna;
print (anna) ;
* Return by-value
Person create() {Person p; ... return p;}
Person bea = create();

87

Remarks of the copy constructor

= You need to invoke the copy constructor for
members and super classes as well

class Person {

string name;
public:
Person(string n) : name(n) {}
Person (const Personé& that) : name{that.name} {}

b
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Pitfall

= Member pointers = implement a copy constructor

class Person {
char* name;
public:
Person (char* n)

}i

Person p("Nisse");
Person q = p;

p: Person
name

: name (n) {}

q: Person
name

class Person {
char* name;
public:
Person (char* n)

{1}
}i

p: Person
name ”"Nisse”

: name (n) {} : Person
Person (const Person& p) 4 P, ”
: name( strdup(p.name) ) fame @
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Pitfall

= Need a destructor? Then you need a copy constructor as well!

class Person {
char* name;
public:

};

Person(char* n) : name(n) {}
~Person() {delete name;}

void print(Person q) {
...g.getName() ...

1@

Person p("Nisse");
print(p);

p: Person

name &

q: Person

name /

char* x = p.getName(); //oops

; p: Person
3 —{ misser] BRCY

o q: Persp

name

90
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Type conversion constructor

= Syntax

* T::T(X)
= Used to convert from some other type X into your type T
= Often invoked implicitly by the compiler

void run () {

cléss Money { Money m{100};
ot value = 07 m = useMoney (250) ;
string currency = "SEK"; u Y ’
public: }
Money (int v) : value(v) {} ‘
void add(int n) {value+=n;}
ZERE void run() {
}s Money useMoney (Money x) {

Money m{100};
m = useMoney ( Money (250) );

x.add (42) ;
return x;
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Prevent implicit type conversion: T::T(X)

= Keyword ‘explicit’, might catch some nasty bugs

. nocopy.cpp ® & no-coercion.cpp ¥ 6 class Wrapper {

1 #include <iostream> 7 char* str;

2 #include <string= 8 nub

3 #include <cstring> 9 m apper (int

4 using namespace std; 0 Wrapp const char* <

5 cuments/c++11§ g+ -std=c++0x -Hall no-coercion.cpp -o no-coercion

6 class Wrapper { 1 ~Nr?pper() : In function “int main{)’:

5 char* str: 2 string toSw:s:a7: error: invalid conversion from ‘char’ to ‘const char*’ [-fpermissive]
blic: ’ :18:5: error:  initializing argument 1 of ‘Wrapper::Hrapper(const char*)’ [-f

8 pu c: . :20:15: error: invalid conversion from “int” to ‘const char*’ [-fpermissive]

9 Wrapper(int sz) : str(new char[sz]) {memset(str, '.', sz):; str[sz] = '\0' }i1e:s: error: initializi

16 Wrapper(const char* s) : str(strdup(s)) {}

alal, ~Wrapper() {delete str;}

12 string toString() { return string("Wrapper[") + str + "]"; }

13 };

14

15 void print(int id, Wrapper w) { cout << "["<<id<<"] " << w.toString() << endl; }

16

17 int main() { r i

18 print(1, "s"); jens@vbox4: ~/Documents/c++11

jens@vbox4:~/Documents/c++11% g++ -std=c++0x -Wall no-coercion.cpp -o no-coercion
jens@vbox4:~/Documents/c++115 ./no-coercion
Wrapper[5]

19 print(z, '5'); //BUG: ASCII('S') = 53
20 print(3, 5);
21 print(4, Wrapper("

5") )
= print(s. Wrapper('s') :::EE::% ................................................
23 print(6, Wrapper(5) ): Wrapper[
24 return 0; o= 5 = o
25} Wrapper[.....
2K jens@vbox4:~/Documents/c++115
92
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Type conversion operator

* T:: operator X()
= N.B.: It's declared without explicit return type

Money: :operator int() ({
return value;

}

Money m(42, "EUR");
int n =m;

//Interpretation
int n = m.operator int();

= A member operator that returns a value of the target type

93

Compiler generated members

Member Generated Body
T() if no other constructors empty
~T () if no destructor empty
T (const T&) if no move constructor/assignment member-wise copying

T& operator=(const T&) if no move constructor/assignment

member-wise copying

T(T&&) if no destructor and
no copy/move constructor/assignment

member-wise move

T& operator=(T&&) if no destructor and
no copy/move constructor/assignment

member-wise move
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Enforce compiler-generated members

= Reasons, why
* Change the visibility into non-public
* Force generation, when it would not
* Make a generated destructor virtual
* Documentation purpose

class Whatever ({
protected:
Whatever () = default;
public:
virtual ~Whatever () = default;
Whatever (const Whateveré&) = default;
Whatever& operator=(const Whatever&) = default;

};
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Delete compiler-generated members

= Reasons, why
* Compiler supported semantics
* Documentation purpose

class Whatever ({
string payload;
public:
Whatever (const string& s) : payload(s) {}

Whatever () = delete;
Whatever (const Whateveré&) = delete;
Whatever& operator=(const Whateveré&) = delete;
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CHAPTER SUMMARY

Constructors

* Special members
* TT() / T:~TY()
* T::T(X) / T::operator X()
* T::T(const T&) / T:T(T&&)
* T& T::operator =(const T&) / T& T::operator =(T&&)

97

EXERCISE

Number class

* Design & implement a number class that contains a number
* Provide type conversion constructor(s) and operator(s)
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Members

Self reference - this

= Each object has an implicitly declared pointer that always points to itself
* Type* const this;

int Account::update (int amount) {
this->balance += amount; redundant 2 not needed
return this->balance;

}

Accounté& Account::update (int amount) {
this->balance += amount; Returng a YC{EY&VLOC to the object I',tsetf.
return *this; Used to support cascade-calls

}

/] ...

Account a;

a.update (100) .update (50) .update (25) ;
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Inline member functions

= |t is possible implement member function bodies direct in the class
(a.k.a. Java style), which will mark them as inline

//filename: Account.hxx
class Account {
string accno;
int balance;
public:
Account (string an, int b) {accno=an; balance=b;}
int update (int amount) {return balance += amount;}
int getBalance () {return balance;}
string toString() {return accno+":"+to string(balance);}
}i
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Class variables

= Global variables within the namespace of the class
class Person {
private:

static int instanceCount; @ @
publlc: @

. count
Person() {instanceCount++; ...}
~Person () {instanceCount--; ...} @

};

= You must create the allocation (*.cxx file)
int Person::instanceCount = 0;

This is very easy to forget
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Class functions

= Functions that operates on class variables
* No 'this’ within the function
class Person {

static void resetCount() {instanceCount = 0;}
};
= Invoke using the class name
Person: :resetCount () ;
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Member references

= A member variable can be declared as a reference
= Must be initialized (not assigned) using the constructor initialization list

class Foo {
private:
int& ref;
public:
Foo (int& n) : ref(n) {}
void magic() {ref *= 10;}

}:

int number = 42;

Foo f( number );
f.magic();

//assert: number == 420

104



C++ Supplementary & Threads

Inner types

= A public inner class is visible for the "outside world"
= A private inner class is hidden from the "outside world"

class List {
struct Node { //private inner class
int data;
Node* next;
Node (int d, Node* n)
};

: data(d), next(n) {}

Node* head = nullptr;
public:
List () {head = nullptr;}
void insert(int n) {head = new Node (n,

/...
}i

head) ; }

An object of an tuner class
cannot access members of
the outer class, unless it has
a polnter or reference to it
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Friends can access private members

= For implementation reasons of related non-member functions and/or classes,

they can be allowed access to private members by declaring them as a friend

class Whatever {

int x, y;
public:

Whatever () {...}

friend void print (Whateversg) ;
}s

void print (Whateveré& c) {
cout << c.x << "," << c.y << end;

}

Whatever w;
print (w) ;

The is the classical joke from the Usenet group
comp.lang.c++:

“Dear Bjarne.

I have a child object Daughter, and she is letting all
of her friends have access to her private members.
What should I do?”’
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Friend member functions

® Possible to define a friend function inside a class
= Technically, it's still not a member, just a friend

class Whatever {
int x, y;
public:
Whatever () {...}
friend void print (Whateveré& c) {
cout << ¢.x << "," << c.y << end;
}
}:

Whatever w;
print (w) ;
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CHAPTER SUMMARY

Members

* The pointer 'this' is available in every non-static member function
* Header-only classes has started be very common

* Remember to allocate storage to a static member variable

* Declare a function as friend if it's strongly connected to a class
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EXERCISE 5 |
Instance count & d }g

* Write a header-only class with instance count

* Ensure it has a friend(-ly) print function, that also prints out the count
* Create a few objects inside a scoped block and print them out

* After the scoped block, print out the count and verify it's 0

109
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Inheritance

111

Base class visibility

= class Sub : public Super {}
* All inherited visible members are public in the sub class
* This is the normal form of inheritance
= class Sub : protected Super {}
* All inherited visible members are at most protected in the sub class

= class Sub : private Super {}
* All inherited visible members are private in the sub class
® class Sub : Super {} That means;

. . . don't forget public
* Same as private inheritance
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Default visibility of struct is public

struct Base {

= Members are public, unless declared private/protected
= Subclasses inherits public, unless declared otherwise

int num;
Base(int n) : num(n) {}
virtual int magic() const { return num; }
}i
struct Sub : Base {
Sub(int n) : Base(n) {}
int magic() const override {
return Base::magic() * 10;
}
I
int main(int , char* A ;
in rg:;g ;l;l@c;il:'gc char* argv TErn"”nﬂl
b. = 42; cmala s T - :
c£g1<“bmmiﬁ“<<bmmiﬂ)<<em1; +- e L ity $ .flﬂtEFfaCES
Sub $(10); b.mag;c:42
s.num = 17; . S.maglc=170
cout << "s.magic=" << s.magic() << endl; T L $
return 0; o
}
113
Initialization order
= Constructor invocation order
1. Super class constructor
2. Member objects
3. Constructor body
= Destructor invocation order is the reverse
class A {
X x;
}:
class B : public A {
Y vy,
Z z;
}:
class C : public B {
W w; C ¢ P
}:
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Invoking super similar to Java

class LandVehicle : public Vehicle {

using super = Vehicle; <«—
unsigned numWheels = 4;
public: l

LandVehicle (const string r, unsigned n) : super(r), numilheels(n) {}
string toString() const override |

return super::toString() +
} \\
bi

: public LandVehicle {

", numWheels=" + to_string(numwheels);

class Car

using super = LandVehicle;

bool turbo = true;
public:

Car (const string& r) : super(r, 4) {}
string toString() const override |

return super::toString() +

", turbo=" + (turbo ? "yes" : "no");

t

class Vehicle {
string regno;
public:
Vehicle (const string& r) : regno(r) {}
virtual string toString() const {
return "regno=" + regno;

t

int main() {
Vehicle* v = new Car{"ABC123"};
cout << "v = " << y->toString() << endl;
return 0;

super-usage

"D:\CloudStorage\Dropbox (Personligt)‘\Ribof
v = regno=RBC123, numWheels=4, turbo=yes

l Process finished with exit code 0
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Down casts

= Convert a super-class pointer to a sub-class ditto

= Use the dynamic_cast operator
* Returns a pointer of the request type
* Or nullptr, if the target is of another type

it throws an exception (bad_cast) instead

® |n case of passing a super-class reference and the target is invalid,

void doit (Vehicle* v) {

c.setTurbo (true) ;

if (Car* c = dynamic_cast<Car*>(v); c != nullptr) {

} else {...}

try {
Caré&

}

void doit(Vehicle& v) {

¢ = dynamic_cast<Car&>(v) ;
c.setTurbo (true) ;
} catch (bad_cast) {...}
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Virtual methods

= A virtual method provides dynamic method binding

class Vehicle {

virtual string toString();
}i

class LandVehicle : public Vehicle ({

string toString();
bi
class Car : public LandVehicle {

string toString();
bi

void print (Vehicle& v) {
cout << v.toString() endl;

Car volvo;
print (volvo); car:toString ()
MC hd;
print (hd); Me:tostring ()
Airplane boing;
print (boing) ;
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Virtual destructor

Without a virtual destructor

= Always declare a virtual destructor for root classes

With a virtual destructor

class Vehicle {

~Vehicle () ;
}s
class LandVehicle...;
class Car...;

Vehicle* vp = new Car;

delete vp; //Vehicle: :~Vehicle()

class Vehicle {
virtual ~Vehicle ();

éiass LandVehicle...

class Car...;

Vehicle* vp = new Car;

delete vp; //Car::~Car()

118
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Abstract methods and classes

= An abstract method has the function body replaced with '= 0'

= A sub class must implement the abstract methods
class Vehicle {
public:

virtual void moveForward (Velocity) 0;

}i —_—
b hod
class LandVehicle : public Vehicle { Aostract metho
virtual void moveForward (Velocity) 0;
b
class Car : public LandVehicle {

.« . Concrete method
void moveForward (Velocity v) {...v...} —
b
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Mark an overridden method

= A method declared as override
* = Must have a method with the same signature in its base-class

struct Factory {
virtual Product mk(string type);
}i

struct MyFactory : Factory ({
Product mk(string type) override;

};

struct FaultyFactory : Factory {
Product mK(string type) override;
Product create(string type) override;

}

} wWill not GOVWPU,E’,
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An overridden method can be marked as final

= When an overridden want to prevent further overrides in sub-classes, mark it
as final override

struct Factory {
virtual Product mk(string type);
};

struct MyFactory : Factory {
Product mk(string type) final override;
}:

struct FaultyFactory : MyFactory {

Product mk(string type) override; VVHLI&GtOOMﬁPUﬁ
}
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Memory layout for inheritance

class Vehicle {
string 1license;
//.

}i

license

class LandVehicle : public Vehicle {
int numWheels;

//.

}i

class Car : public LandVehicle {
bool turbo;

//.

}i

Car volvo;
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Memory layout for multiple inheritance

class Vehicle {
string license;

}i
class LandVehicle
int numWheels;

}i
class WaterVehicle
int tonnage;

};

class JamesBondVehicle

{

string alias;

};

JamesBondVehicle bmw;

: public Vehicle { —— |

: public Vehicle { — |

: public LandVehicle, public WaterVehicle

Multtple storage!

1i
icense ODD‘PS

tonnage

alias
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“Java Interfaces” within C++

» C++ do not have interfaces.

and struct inheritance

struct Stringable {
virtual string toString() const = 0;

I

template<typename T>
struct Comparable {

virtual int compareTo(const T& rhs) const = 0;
}

However, it's easy to simulate it using structs with abstract methods

struct Person
private:
string name;
public:
Person(const string& s)

: Stringable, Comparable<Person> {

: name{s} {}

string toString() const override {
ostringstream buf;
buf << "Person{" << name << "}";
return buf.str();

}

int compareTo(const Person& rhs) const override {
return name.compare(rhs.name);
}
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“Java Interfaces” within C++. demo

void dump(const Stringable& obj) {
cout << "k " << obj.toString() << " @ " << &obj << endl;

}

int main(int argc, char* argv[]) {
Person pl{"Sham Poo"};
dump(pl);

vector<Stringable*> persons = {

new Address{"17 Hacker Street", "SEA PP"}, new Address{"42
};

for (auto p : persons) dump(*p);

Person p2{"Sham Poo"};

if (pl.compareTo(p2) == 0) cout << "pl and p2 are equals\n";

return 0;

new Person{"Anna Conda"}, new Person{"Per Silja"}, new Person{"Inge Vidare"},

Reboot Lane", "ASM"}

} Termina
m+ |cmake-build-debug $ ./interfaces
struct Address : Stringable { X *** Person{Sham Poo} @ Ox7fffel7983c0
private:
atring street, city: *** Parson{Anna §ohda} @ Ox994c20
public: *x% Parson{Per Siljal @ Ox994c60
Address(const string& s, const string& c) : street{s}, city{c} {} J— Perscn{Inge vidare} @ 0x994ca0
string tostring() const override { *#+* pddress{17 Hacker Street, SEA PP} @ 0x994ce0
ostringstream but;
buf << "Address{" << street << ", " << city << "}"; *+* Address{42 Reboot Lane, ASM} @ 0xS994d50
| return buf.str(); pl and p2 are equals
}: =make-build-debug %
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CHAPTER SUMMARY

Inheritance

* Default visibility for a class is private, but for a struct it's public
* Always declare a destructor as virtual, if there are sub-classes
* Do not use multiple inheritance, if the base-classes contains variables
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EXERCISE & -
Demo , }g
* Write small demo programs that applies the following topics

* struct inheritance

* Down-cast

* Java-style 'super’

* Java-style 'interface'
* Write a program that demonstrates the problem of multiple inheritance
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Const-ness

129

A variable can be read-only

» Declaring an initialized variable as const, mark it as read-only

const int answer
const auto pi

= 42;
= 3.141592654;

Swapping the placement of const and the type works as well.
As a matter of fact, it's now the recommended style.

int const answer
auto const pi

= 42;
3.1415926;

7 b int main() {

10
11 number = 17;

Terminak  Ubuntu -~ +

number = 173
A~

int const number = 42;
cout << "number: " << number << endl;

jens@FLIPPER:constnesss g++ -std=c++17 -c const-var.cxx
const-var.cxx: In function ‘int main()’:
const-var.cxx:11:14: error: assignment of read-only variable ‘number’
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Reference can be const

= Possible (and common) to let a reference be const, but not what if refers to
{

int value = 42;

const int& ref = value;

cout << "walue: " << value << ", ref: " << ref << endl;

++value;

cout << "walue: " << value << ", ref: " << ref << endl;
// ++ref; --> error: increment of read-only reference ‘ref’
}

SUPP LLIILIILAl Y L L AU 31 L LA LU
number: 42
value: 42, ref: 42
value: 43, ref: 43

Process finished with exit code 0
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A pointer can also be marked as read-only

= However, a pointer consist of two parts, the address and what's on the
address. Both parts can be marked individually.

const int* ptr = &number;
int* const ptr = &number;
const int* const ptr = &number;

0x123ABC 42
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Error messages

int number 42;

17;

int other

{

int* const ptr = &number;
*ptr = other;

/ ptr = &other; —--> error: assignmen

int* ptr = &number; 0x123ABC 42
cout << "*ptr=" << *ptr << ", &ptr=" << ptr << endl;
ptr = *ptr * 2;
cout << "*ptr=" << *ptr << ", &ptr=" << ptr << endl;
ptr = &other;
cout << "*ptr=" << *ptr << ", &ptr=" << ptr << endl; - -
} /mnt/c/Users/jensr/Dropbox/Ribomat
{ *ptr=42, &ptr=0x7fffc26f7310
const int* ptr = &numbexr; *ptr:84, &ptrz@x?ffchGf?Bl@
'/ *ptr = other; —-> error: assignment of read-only location '* ptr’ *ptr=17, &ptr=0x7fffc26f7314
ptr = &other;

Process finished with exit code @

-
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* Variable declaration;
* Initialization list;

Read-only member variables

= When a member variable is marked with const, it must be initialized either by

if the value always is the same
if the value is provided by the constructor

class Foo {

public:

/]

const double PI = 3.1415926;
const string filename;

Foo (string name) : filename{name} {}
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Read-only member functions

= Possible to mark a member function as const

= A const reference function argument object can only invoke
member functions marked as const

class Foo {
int theValue = 42;
public:
int getValue () const {return theValue;}

i
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Cannot invoke a non-const member function in a const context

class Account {
int balance = 42;

public:
Account () = default;
~Account () = default;
int getBalance() const { return balance; }
void update (int amount) { balance += amount; }

T

. . I‘IIIIILI‘LJUbCIijCIIbI!lUIUPUUA,’KIUUIIIdLI
void print (const Accounts a) { A tIbal -42
cout << "Account{balance=" << a.getBalance() << "}\n"; ccoun { altance= }
}
Process finished with exit code 0

void modify(eonst Zccounts a) {
// a.update(100) ; --> error: passing 'const Account’ as 'this’ argument discards qualifiers

}
const-member-func.cxx: In function ‘void modify(const Account&)’:
int main() { const-member-func.cxx:19:15: error: passing ‘const Account’ as ‘this’ argument discards qualifiers
Account acc{): a.update(100); //--> error: passing ?const Account? as ?this? argument discards qualifiers
. A
print (acc); i
. const-member-func.cxx:11:10: in call to ‘void Account::update(int)’
modify (acc); ) .
void (int amount) { balance += amount; }

TR e T e T T T T it

comes to oLm’L’cg, what it exaotLg mean!
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Member functions can be overloaded based on const-ness

class Account {

int balance = 10;
public:
int getBalance () { return balance - 5; 1}

int getBalance () econst { return balance + 5; }

I¥

void print (Account& a) {

cout << " Account&: " << a.getBalance() << "\n";
}
void print (eonst Accounts a) {

cout << "econst Account&: " << a.getBalance() << "\n";

}

) jan[L/Ubelb?Jenblleupuufoluuma
int main() {

Account&: 5
const Account&: 15

Account acc{l}; print (acc);

const Account acc2{}; print(acc2);

7 Process finished with exit code 0
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Lifting const-ness temporarily

= Using the const-lifting operator
* const_cast<int>(someConstVar)

void modify2(const Accounts a) {
const_cast<Account&>(a].update(lOO];

int main() {
Account acc{}; print(acc):
modify2(acc); print(acc);

Jumre /s !.,bet'l S/ JENSH JUTOPRUX /R TDUING L
} | Account{balance=42}
Account{balance=142}

Process finished with exit code ©

138




C++ Supplementary & Threads

= Declaring a variable as mutable
* mutable int value = 42;

class Rccount {
mutable pthread mutex t mutex{};

int balance{42};
public:
Account() { pthread mutex init(smutex, nullptr); }

~Account () { pthread mutex_ destroy(&mutex); }

int getBalance() censt {
/7 wit
// err I
pthread mutex_lock(s&mutex);
auto const result = balance;
pthread mutex_unlock (emutex);
return result;

b

int main() {
Account acc{};
cout << "ace: " << acc.getBalance() << endl;
return 0;

Lifting const-ness permanently

thread mutex t*’

= That mean it will co-exist with const marked member functions

gLy g g T e W ey AL R [T

acc: 42

Process finished with exit code 0
r
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CHAPTER SUMMARY

Const-ness

* Variable
* Type const var = expr;

* Pointer
* const Type* ptr = expr;
. Type* const ptr = expr;

* const Type* const ptr = expr;

* In its declaration, or
* At a constructor's initialization list

* Const member variables must be initialized

* A const member function is used in a const context
* Declare a member as mutable, if it has to be modified in a const context

140
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EXERCISE » ﬂ
Demo const-ness }f'jﬂ"

* Write your own demo code to illustrate the various error messages
demonstrated in this chapter

141
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Namespaces

143

Namespaces

= Namespaces are used as a syntactic module concept,
in a similar spirit as in Java, but besides that they are very different

= A namespace defines a named scope for identifiers (function, classes)
= Can be nested, but there is no correspondence with directories
= The 'using' keyword has some remote similarity with 'import' in Java

= Imports from a namespace
* using namespace XYZ; //import all names from XYZ
* using XYZ::MMM; //import just MMM from XYZ
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The standard library uses the std namespace

#include <iostream>
#include <string>
int main() {

std: :cout << message << std::endl;
return 0;

}

std: :string message = "Hello from C++";

Using the full names

Selective bmport of a name

mports can be file global
or function Local.

twport of all names

#include <iostream>
#include <string>

int main() {
using std::string;

string message = "Hello from C++";
std: :cout << message << std::endl;
return 0;

#include <iostream>
#include <string>
using namespace std;

int main() {
string message =
cout << message << endl;
return 0;

}

"Hello from C++";
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namespace MyLib {
class Stack {...};
}

namespace MyLib {
class List {...};

}

Namespace definitions are additive

#include "Stack.hxx"
#include "List.hxx"
using namespace MyLib;

int main() {

Stack stk;
List 1st;
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Usage of a nested namespace

Thing.hxx
namespace se { [:::::::::]

namespace ribomation { namespace se::ribomation::app {
namespace app { class Thing {...};
class Thing {...}; }
J tn C+ 17 it's possible to

define it wore compactly

using namespace se::ribomation::app;

Thing theThing{"The Addams Family", 666};
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Usage of an anonymous nhamespace

= Defines a set of file private items (functions, variables)
* Similar to declaring them as static

= Used to

* Avoid name clashes between compilation units
- AKA: multiple defined symbol
* Restricted import of other namespaces, such as std

namespace {

using namespace std;

string toUpper (const string& s) {...}
}
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- Ffunctions

1 #pragma once

3 namespace ribomation {

45 unsigned long factorial(unsigned);
5

e Functions ‘

app

1 #include <iostream=
2 #include <string>
3 #include "functions.hxx"

namespace {
using namespace std;

string greeting() {
return "Hello from the FUNCTIONS module";
}

unsigned long factorialUsingRecursion{unsigned n} {
return n <= 1 7 1 : n * factorialUsingRecursion(n - 1);
h

}

namespace ribomation {
unsigned long factorial{unsigned n} {
using namespace std;
cout << greeting() << endl;
return facterialUsingRecursion(n);

'

#include <iostream>
#include <string>
#include “functions.hxx”

namespace {
using namespace std;
string greeting() {
return "Hello from the APP module”;

9 T

18 H

12 b int main() {
std:icout =< greeting() == std::endl;
std::cout << ribomation::factorial(5) =< std::endl;
return @;

o !

namespaces

jens@ubox2:~/Courses/cxx/cxx-embedded/srec/explorations/namespacess nm
(anonymous namespace) : :greeting() t 8 134
(anonymous namespace)::greeting() t 168 134

jens@ubox2:~/Courses/cxx/cxx-embedded/src/explorations/namespacess

- -demangle

--line-numbers

/home/jens/Courses/cxx/cxx-embedded/s
Helle from the APP module

Helle from the FUNCTIONS module
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Process finished with exit code @

--format=posix --radix=d ./cmake-build-debug/namespaces | grep greet

/home/jens/Courses/cxx/cxx-embedded/src/explorations/namespaces/app. cpp:8
/home/ jens/Courses/cxx/cxx-embedded/src/explorations/namespaces/functions. cxx:8
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CHAPTER SUMMARY

* Importing a single member
* using ns::member;

* Importing all members
* using namespace ns;

Understanding Namespaces

* Anonymous namespaces are better than usage of static
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Usage of new & delete

What is dynamic memory?

= Allocation of a memory block from a special memory area (HEAP)
= The HEAP management system handle blocks of standard sizes
= An allocated block must be returned to the HEAP (reclaimed)

AvailableBlocks
« - [ s S R

512

r__—

requested

allocateot -
malloc () Find an available block; possible by combining/splitting blocks.
If not found, invoke sbrk() and start over.

free () Insert the block into the corresponding list of available blocks.
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Allocation functions

O0xMAX
Call Stack

_____________________ void* calloc(size_t numltems, size_t itemSize)
void* realloc(void* ptr, size_t size)

end void free(void* ptr)

brk {void* malloc(size_t numBytes)

edata
Data

Text etext

Kernel API

0x0000

153

The new & delete operators

= Allocate a memory block (1) and run the constructor (2)

T* ptrl = new T; //invoke T()
T* ptrl = new T{}; //invoke T()
T* ptr2 = new T{argl, arg2, ..};

* Throws std: :bad alloc, if no more heap storage
* Don't write new T () the compiler will call function T() and then invoke new

= Run the destructor (1) and release the memory block (2)
delete ptr;
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Sample usage of new & delete

int* number = new int{42};

*number *= 10;

cout << "number=" << *number << endl;
delete number;

Person* p = new Person{"Bob", 42};
p->setName ("Nisse") ;

cout << "p.name=" << p->getName () << endl;
delete p;
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The new & delete operators for arrays

= Allocate a memory block of size n*sizeof (T) and
invoke the default constructor T { } for each element
T* arr = new T[n]

= Run the destructor for each element and release the memory block
delete [] ptr

= Rule of thumb:
* If you allocated by '[]', you should de-allocate by '[]'

156



C++ Supplementary & Threads

Sample usage of new [] & delete []

Array of objects

const int N = 5;

Phone* phones = new Phone[N];

for (int k=0; k<N; ++k) phones[k].setNumber (k+1);
/.

delete [] phones;

Array of pointers (to objects)

const int N = 5;

Phone** phones = new Phone*[N];

for (int k=0; k<N; ++k) phones[k] = new Phone (k+1);
//.

for (int k=0; k<N; ++k) delete phones[k];

delete [] phones;
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The placement variant of operator new

= Don't allocate any memory, just invoke the constructor
T* ptr = new (address) T{arg,...}
T* arr = new (address) T[n]

= Used when you need to separate allocation from object initialization

SharedMemory shm{10 * 1024};

void* semStorage = shm.allocate( sizeof (Semaphore) )
Semaphore* s = new (semStorage) Semaphore{l};

//

s->~Semaphore(); //invoke destructor explicitly
shm.dispose (semStorage) ;
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std::operator new/delete

» The standard implementation is just a wrapper around malloc/free

* Because new/delete are operators, they can be overridden for a class

void* operator new(size t numBytes) {
return malloc (numBytes) ;

}

void operator delete(void* ptr) {
free(ptr):;

}

Thing* t = new Thing{}; ... delete t;

-

Thing::Thing( operator new(sizeof (Thing)) );

Thing* t =

operator delete( Thing::~Thing(t) )
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Overloading new/delete

= Possible to overload new/delete for a class (and its sub-classes)

class Person {
string name;
public:

Person(const string& s) : name(s) {}

void* operator new(size t n) {
void* blk = malloc(n);
if (blk == NULL)
return blk;

}

volid operator delete(void* ptr)

throw runtime error ("heap alloc failed");

{ free(ptr); }

http://en.cppreference.com/w/cpp/memory/new/operator_new
http://en.cppreference.com/w/cpp/memory/new/operator_delete
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Checking for memory leakage

4 /4 --- main prog ---

35 b int main(int numAros. char* aros[(1) £

= P Run'mem-leakage’ Cerl+shife+F10 11) @ true;
.. ¥ Debug'mem-leakage’ ;

ES" © "NO")); . .
o RUN "mem leakage' with Valgrind Memeneek ™=, $ sudo apt install valgrind

i

41 while (N-- > 8) first = newNode(N + 1, first);
42 for (Node* n = first; n != NULL; n = n-=next)
43 printf("%d ", n->payload);

44 printf("\n");

Run mem-leakage

% B Cunsule| % valgrind |
I M Leak_DefinitelyLost 1warning [E] Frame Information | [ Preview Editor +*
=R = mem-leakage.c 1warning T
o 160 (16 direct, 144 indirect) bytes in 1 blocks are definitely los int payload;
= ¥ struct sNode* next;
ox4C31825 calloc '
3 } Node;
x & 0x108866 newNode mem-leakage.c:27
= . ) . Hode* newNode(int x, Node* next) {
0x108527 main mem-leakage.c:41 Node* this = (Node*) calloc(l, sizeof(Node));
this->paylead = x;
this->next = next;
return this;
}
g
A CMake Terminal  [E 0: Messages = &Run =% 6: TODO QFE
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CHAPTER SUMMARY

Usage of the operators new & delete

* Operator new
*new T{...}
* new T[N]
* new (addr) T{...}
* new (addr) TI[N]
* Operator delete

* delete prt
* delete [] ptr

* Possible to override new/delete operators for a class and its sub-classes
* void* T::operator new(size t numBytes)
* void T::o0perator delete(void* ptr)
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EXERCISE v »
Dynamic accounts '& : }g

* Define a simple account class and overload new/delete for it
* Add print statements inside, so you know they are invoked

163
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Templates
v’ Function templates v Template specialization
v’ Class templates v’ Template type alias

v' Method templates
v' Template parameters

165

In plain C, there’s no function overloading

int abs (int x) {return x < 0 ? -x : x;}
void useit () {int result = abs(-42);}
int abs (int x);

long labs (long x);

long long llabs (long long x);
float fabsf (float x);

double fabs (double x);

long double fabsl (long double x);

Many functions with different
nawmes, all doing the same thing!
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In C++, we do have function overloading

int abs (int x) {return x < 0 ? -x X;}
long abs (long x) {return x < 0 ? -x x;}
float abs (float x) {return x < 0 ? -x x;}
double abs (double x) {return x < 0 ? -x x;}
//...etc...

void useit () {int result = abs(-42);}

Fixes the naming problem,
But, we may ado up many unused functions!
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In C++, let the compiler do the overloading job instead

template<typename T>
T abs (T x) {return x < 0 ? -x : x;}

void useit () {
int result = abs<int>(-42);
long double result2 abs<long double> (-42);

}

A template Ls a code snippet, the compller uses to generate
code and substitute types for each type variable, The
generated code, Ls what gets compiled and invoken,

only as many type variants used, will generate functions,
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How the compiler performs the job

template<typename T>
T abs (T x) {return x < 0 ? -x : X;}

abs<int>(-42) int abs0l (int x) {return ...;}

int result = abs01(-42);

abs<double> (-42) double abs02 (double x) {return ...;}

double result = abs02(-42);

L1l

abs<char> (-42) char abs03 (char x) {return ...;}

char result = abs03(-42);
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Let the compiler figure out the type
template<typename T>
T abs (T x) {return x < 0 ? -x : x;}
int rl = abs<int>(-42);
int r2 = abs<>(-42); int abs01l (int x) {...}
int r3 = abs(-42);
n most cases, the compller performs the
right "guess' of the type.
Whew that's not the case; help it!
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When in doubt; let the compiler tell you about the type

#1NC =

< T=
printType(T) {puts(

main ( *%} {
std::string_literals

_ _PRETTY_FUNCTION_ _ //GCC CPP variable

171

You can create template specializations

< T>
T mulBy2(T n) {
cout

n *

mulBy2 ( n) {

cout ' Type specialization for int
L of muley2<T>
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Template parameters, can be of primitive types as well

T mul(T x

main|

Nown-type parameters can any of:
* integral types
* polnters

W W - |.:':I.| |-|':|-| |

173

main(
cout
ENG )1
cout mul<2>(21) endl
cout mul<1>(42) endl

«-embedded/src/explorations/templates/d

[with int N = 1; T = int]":

iled
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Can also check for type properties (type_traits)

# ae

main
cout

endl
endl

T) [with

175

Type traits

= Specify type and method/operator requirements
* Type predicates

. S checks if a type is void
. Type Selecto rs is_void e+ {class template)
T is_integral (c++11) ?E'Li:ismlzligpe is Integral type
® e mutators i is floati
yp is_floating_point ic++11) fc';‘i:ﬁn';i?pe is floating-point type
is_array(c++1l _checks ifa type is an array type remove cv "
(desstemplte) - remove_const  (c++11) removes const orfan
is_enum(c++11 checks if a type is an enumeration typ| remove volatile (cos) (dlass template)
(dlass template) -
: . checks if a type is an union type add_cv (C++11)
is_union (C++11) {dass template) add const (o441 ?:idstcnr}sttlnr/and vo
! : — o ! (class template
: checks if a type is a class type (but no|  add_volatile c+t1y
is_class (c++11) {elass template) fe
tion ia typeg san type References

removes reference fro!
(dlass templata)

add_lvalue_reference ic++11) adds /value or rvalue

remove_reference (c++11)

alignment_of (2] obtains the type's alignment requirements

(dlass template) add_rvalue_reference (c++11) (cass template)
rank (cas11) obtains the number of dimensions of an array type Pointers
: i I'C‘Ess_temp‘ate" - remove_pointer (c++11) removes pointer fro
extent (css11) obtains the size of an array type along a specified di . ! ) (class template)
X . (dass template)

adds pointer to the giv

(class templ

add_pointer (c++11)

More info:http://en.cppreference.com/w/cpp/types
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Template Classes

177

In plain C, it's error prone to design generic data types

typedef struct sNode {
void* payload;
struct sNode* next;

} Node;

Node* node new(void* payload, Node* next) ({
Node* this = (Node*)calloc(l, sizeof (Node)):;
this->payload = payload;
this->next = next;

return this;

}

Node* first = NULL;
first = node new(account new("1234-8888", 1500), first);
for (Node* n = first; n != NULL; n = n->next)
printf ("ACC: %s\n", account_ toString((Account*) (n->payload)));
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In C++, it's much easier to make it right

s finished with exit code B

Node* link()

Account {

179

This data-type has a complle-time
fixed size and spans only one

pus h(T x) { 3 SLVL@LC VM.BWLDY@ block.

pop() {

empty ()

full()

s Tinished with exit
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Template parameters can have defaults

Instantintion variants
Stack<float, 42>
Stack<float>
Stack<>

181

template<typename T>
struct Number {
T value;

}i
int main() {
b= a;
Number<short> n{42};

m = n;

return 0;

shoxt a = 42; int b = 42;

Type equivalence

= Two template instantiated types are equals,
only if their template parameter arguments are equals

The compiler will not perform any tmplicit
type conversion for template types, which it
do perform for non-template types.

Number<int> m{42};

C++> g++ —-std=c++17 -Wall -Wfatal-errors -c template-equals.cxx
tenpl ate- equal s. cxx: In function ‘int main() ’:

tenpl ate- equal s. cxx: 16: 9 error: no match for ‘operator=’ (operan
d types are ‘Number<int>’ and ‘Nunber<short int>’)
m=n;
A

compilation terminated due to -Wfatal-errors.
C++>
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Template alias

= Classic “C-style” alias

typedef
Q persons;

= C++11 alias

* using name = some-type;

= C++11 template alias

* template<typename T>
using name = template-expr<T>

template<typename T>

using SymTab = std::map<std::string, T,

class Expression {. . .};
SymTab<Expression> symbols;

queue<list<Person>>

Qs

std: :greater<T>>;
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Template specializations

= Specialized implementation for selected types

pair<int,float>

template<>

class pair<short, short> {
int storage;

public:
pair(short fst, short snd)
short getFirst()

};
pair<short,short> qgq(42, 47);
Also, posstble to do a partial speciatization,

where sovee tevaplate paraweters ave Left for
Later bnstantiation.

storage ((fst << 16) |
{return storage >> 16;}
short getSecond() {return storage & ((1 << 16)

(snd)) {}

- 1)}

p(17, 3.1415); //uses template class

//uses specialization class

template<typename First, typename Second>

class pair {
First first;
Second second;

public:

pair (First £, Second s)
First getFirst() {return first;}
Second getSecond() {return second;}

: first(f), second(s) {}
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Template methods

= A method can be a template function in its own
= The class itself might be a template or a non-template class

class Thing {
//. .
public:
//.
template<typename T> void push(T x) {. . .}
};

Thing t;
t.push(17) ; //push (int) Adwittedly, this is nonsense,
t.push ("hello") ; //push (char*) But it illustrates the tdea.

t.push (new Thing{}); //push (Thing¥*)
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Templates and class variables

= Each type instantiation requires a corresponding
class variable instantiation

template<typename T>

class Foo { RLCOMMCWdatLOV\;Z
.« e 2, l
static float £; I>OVLt; r!( )Lq
static T t; .‘.

. . float Foo<int>::f = 0.0;
’ Foo<int> 1/ » int Foo<int>::t = 42;

float Foo<char*>::
char* Foo<char*>::t

Hh

0.0;

‘ Foo<char*> c¢; "hello” :
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CHAPTER SUMMARY

Templates

* Templates is the most important language part of C++
* Ensure all functions of a template class are inline

* Type equality means all parameters must be the same
* Don't mix templates with class variables or friends

187

Stack
EXERCISE stk

Stack<T, N>

* Design a very simple template class realizing a stack (last-in-first-out)

Node Node Node

template<typename T, unsigned N>
class Stack {

T stk[N];
unsigned top = 0;
public:

unsigned size()
unsigned capacity()

bool empty ()

bool full() Stack<int, 10> stk;

void push (T x) stk.push(10); stk.push(20); stk.push(30);

T pop () while (!stk.empty()) cout << stk.pop() << endl;

Stack<string, 10> stk;
stk.push("hi"); stk.push("yo"); stk.push("howdy") ;
while (!stk.empty()) cout << stk.pop() << endl;
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Operator Overloading

189

Why overload operators?

= |[mproves readability and understandability
* Domain Specific Language (DSL)

Currency SEK{"SEK", 1.0};
Currency EUR{"EUR", 0.10783};
Currency GBP{"GBP", 0.0765501};
Money ml1{100, SEK};

Money m2{10, EUR};

Money m3{20, GBP}

Money m;
assign(m, add(mul (ml,m2), mul(25,m3))); Hawf tO MVLDtCYStﬂM:D{

Money m = ml*m2 + 25*m3; ‘ EQSB to understano
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Sample class: Point

ctagss poinct /1 — /""" « /00— S
double x, y; ‘

public:
Point (double x=0.0, double y=0.0) : x(x),v(y) {}
Point operator ! () { return {x, -vy}; }

Point operator +=(Point z) { x += z.x; y += z.y; return *this; }
}i

Point operator +(Point left, Point right) {
return Point (left) += right;
}

ostream& operator <<(ostream& os, const Point& p) {
return os << "{" << p.x << ", " KL p.y << "}";
}

Point z, a(l,2), b(3, 4);
z =a + 'b; //z.operator=( operator+(a, b.operator!()) );

cout << "z = " << z << endl;
//operator<<(operator<<(operator<<(cout, "z = "), z), endl);
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Operator overloading syntax

= As a non-member
* Unary operator: +a

Treturn
* Binary operator:a+b
T operator ®(Tieeer Trigne)

operator ® (T, crang)

return

" As a member
* Unary operator: *p
Treturn T :operator ®()
* Binary operator:p * q
T Tiesr:toperator ® (T, g)

operand:

return
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Declare as member or non-member?

= Destructive operators should be members
* Non-destructive as non-members

. Binary operators as non-members
* Might be a member
- String operator +(const String&, char);
* Might not be a member
- String operator +(char, const String&);

= As a rule of thumb; put most operators outside the class
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Overloadable operators

» Only C++ operators, (cannot invent new operators)
T operator@Q(T,T) //error

= At least one operand must be user defined
int operator+ (int, int) //error

= These must be declared as members
=[] -> ()

= These operators cannot be overloaded
sizeof i . L* ?:

194



C++ Supplementary & Threads

Arity — number of parameters

= Cannot change the arity
String operator! (String&, Stringé&); //error

= Some operators can be declared as both unary and binary, but they are
completely different
* Unary operator
—-X
* Binary operator
X -y
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Operator precedence

= Cannot change the precedence order
a*b + c*d == (a*b) + (c*d)

= Beware of pitfalls
* The expression az" can be realized as
a*z”"n
* However it is interpreted as
(a*z)™n
* Because the XOR (") operator has lower priority than MULT (*)

* The only solution is to use parenthesis
a*(z”™n)
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Overloading of arithmetic operators

= Implement the core functionality once and then reuse

SimpleInt& SimplelInt::operator +=(SimpleInt right) {
value += right.value;
return *this;

} SimpleInt operator +(SimpleInt left,

return SimplelInt (left) += right;

SimpleInté& SimplelInt::operator —() { }

value *= -1;

* 1 .
return *this; SimpleInt operator - (SimpleInt left,

return left + -right;
}

SimpleInt right)

SimpleInt right)

{

{

SimpleInt x{45}, v{3}, z;
zZ =X - Vs

’z.operator =(operator -(x, Vv)); ‘

’z.operator =(operator +(x, y.operator -())); ‘

’z.operator =(Simplelnt (x) .operator +=(y.operator -()));
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Overloading of relational operators

» Implement the core functionality once and then reuse

bool operator <(SimpleInt left, SimpleInt right) {
return left.value < right.value;

}

bool operator ==(SimpleInt left, SimpleInt right) {
return left.value == right.value;
}
// —--- reuse ---
bool operator !=(SimpleInt left, SimpleInt right) {
return ! (left == right);

}

bool operator <=(SimpleInt left, SimpleInt right) {
return left < right || left == right;

}

bool operator >(SimpleInt left, SimpleInt right) {
return ! (left <= right);

}

bool operator >=(SimpleInt left, SimpleInt right) {
return ! (left < right);

}
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No need to implement all relational operators

cppreference.com #1include <iostream=
#include <utility=

Page Discussion
struct Foo {
C++  Utilities library int n;

HH
Std::rel_DPS::operator! =, <=>= bool operator==(const Foo& lhs, const Foo& rhs)
{

Defined in header zutility>
return lhs.n == rhs.n;
template< class T »

bool operator!=( const T& lhs, const T& rhs );
template< class T =

bool operator=( const T& lhs, const T& rhs );
template< class T =

bool operator==( const T& lhs, const T& rhs );
template< class T = o int main()
bool operator==( const T& lhs, const T& rhs ); {

bool operator<(const Foo& lhs, const Foo& rhs)
{

return lhs.n < rhs.n;

Foo f1 = {1};
Foo f2 = {2};
using namespace std::rel_ops;

std::cout << std::boolalpha;

std::cout =< "not equal? D" o= (f1 1= f2) =< '\n';
std: :cout << "greater? ;" oax (fl > f2) << "\n';
std::cout << "less equal? D" oee (f1 <= f2) =< '\n';
std::cout =< "greater equal? : " == (fl = f2) =< "\n';

¥

Qutput:

not equal? : true

greater? : false

less equal? : true

greater equal? : false
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The increment/decrement operators

= Prefix and postfix operators are different

= Prefix operator is an unary operator
++t; // T operator ++(T&)
--t; // T operator --(T&)

= Postfix operator is a binary operator

t++; // T operator ++(T&, int) The compiler views it as
t--; // T operator --(T&, int) t ++ 0;
t -—-0;
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The ++ operators

MyInt MyInt::operator++ () {
this->value++;
return *this;

}

MyInt MyInt::operator++ (int) {
MyInt tmp(this->value);
++ (*this) ;
return tmp;

MyInt cnt(42); //Interpretation:
++cnt; - cnt.operator++() ;
cnt++; //> cnt ++ 0; cnt.operator++(0) ;
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Overloading of I/O operators

= Qutput operator
ostream& operator << (ostream& out, const T& t) |
// write t to os: out << t
return out;

}

® [nput operator
istream& operator >>(istream& is, T& t) {
// read and parse value: is >> n
// assign to t: t = T(n)
return is;
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Sample I/O operators

ostreamé&

operator << (ostream& out, const Personé& p) ({

out << "Person[name="<<p.name<<", age="<<p.age<<"]";
return out;

Person tmp;

P = tmp;
return in;

}

istream& operator >>(istream& in, Personé& p) {

in >> tmp.name >> tmp.age; //Expect: name SPACE age

int
public:
//...

};

class Person {
string name

friend ostream& operator <<(ostream&, const Persong);
friend istream& operator >>(istreamé&, Persong);

"Anna";
42;

age
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Index operator

® Index operator is a binary operator

ElemType& T:: operator([] (IndexType)

= The index can be of any type, such as a text string

template<typename T>
class Vector {

T* arr; int size;
void check(int i) {..}

public:
Vector (int sz) : arr(new T[sz]), size(sz) {}
T& operator [](int idx) {check(idx); return arr[idx];}
//

v[5]

Vector<int> v (10); i //Interpretation:
v.operator[] (5)

= 10;

10

4
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Arrow operator

= Unary member operator
X* T:: operator —->()

= Returns the address of something

template<typename T>
class SmartPtr {

T* ptr;
public:
SmartPtr (T* p) ptr(p) {1}
T* operator ->() {return ptr;}
bi SmartPtr<Person> p( new Person("Nisse") );
char* s = p->getName () ;

=

//Interpretation:
char* s ( p.operator->() )->getName () ;
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Function call operator
= Member operator with variable number of parameters
S T:: operator() (X, Y, Z, )
class LinearTransformation {
double a, b;
public:
LinearTransformation(double a=1, double b=0)
:a(a), b((b) {}
double operator() (double x) ({
return a * x + b;
}

}; LinearTransformation h(2.5, 10.0);
double samples[N]; //...fill it...
for (int k=0; k<N; ++k) {

samples[k] = h(samples[k]);
} //Interpretation:
samples[k] = h.operator () ( samples[k] )
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CHAPTER SUMMARY

Understanding Operator Overloading

* Unary operator
* R operator@(T)
* R T::operator@()

* Binary operator
* R operator@(Tlhs, Trhs)
* R Tlhs::operator@(Trhs)

* Must be a member
* operator=(T)
* operator[](T)
* operator->()
* operator()(...)
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EXERCISE = b
v

3D vector = =
* Design a copiable data-type for a 3D vector <x, vy, z>
* Add a decent set of operators, one at a time, such as

* Printing using <<

* Reading using >>

* Multiplication by a scalar value

Addition/subtraction of two vectors
* Scalar/inner product of two vectors

* EXTRA; If you have time
* Template based vector, so one can choose representation of the coordinate values
* Verify that the type parameter is numeric
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PART-3
C++ Library

Text Strings

v' Why using std::string instead v" Working with legacy strings

of nativ strings v Character oriented functions

v Overview of std::string and its Multi-line string literals
functions/operators

v' What is SSO (Short String
Optimization) and how it is
used

v’ Using string_view
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Reduce bugs

= More than 80% of bugs in C/C++ programs are related to problems with
pointers such as native text strings.
Hence, by just using std::string the code quality increases

= When using std::string there is no need to:
* Struggle with dynamic memory allocations, i.e. new / delete or malloc() / free()
* Design string manipulation functions
* Be careful with text arguments in or out of functions
* Define your own string-class

= Easy to use

* Create a string object, modify it and pass it around between functions just as you would
do with a primitive value (int, float, ...)

* std::string should be your 1t hand choice when dealing with text
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Short String Optimization (SSO)

= Very performant = don't bother to compete

= Short strings are embedded in the string object (stack-allocated),
instead of heap-allocated

’std::string s{"Tjabba Habba"}; ‘ SSO

Not SSO

Tjabba Habba

Tjabba Habba
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std:

Several typedefs for common character types are provided:

Cefined in header <string>

C++ Text String == class std::string

= Standard definition of text string objects in C++
* http://en.cppreference.com/w/cpp/string/basic_string

Type Definition

std: :string std::basic_st ring-:chD
std: :wstring std::basic_string<wchar t=

std: :ul6string (c++11) std: :basic_string=charl6_t=

std: :u32string (c++11) std: :basic_string<char3z_t=
std::pmr::string (c++17) std: :pmr::basic_string=char=

std: :pmr: :wstring (c++17) std: :pmr::basic_string=wchar_t=
std: :pmr::ul6string (c++17) std::pmr::basic_string=charle_t=

ipmr::u32string (c++17) std:

:pmr::basic_string=char32 t=
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std::string_literals

= Modern C++ has support for user-defined literal suffixes
= C++14 added a literal suffix (" . . . " s) to std::string literals

auto msg = "I'm a const char* text string":

using namespace std::string literals;
auto msg = "I'm a std::string text string"s:

H

=13
s2:

#1nclude <string=
#include <iostream-

int main{)
{

using namespace std::string_literals;

std::string sl = "abc\@\edef";
std::string s2 = "abc\8\8def"s;

std::cout =< "sl: " =< sl.size() =< " \"*
std:icout =< "s2: " =< s2.size() =< " \""

Possible output:

B G0
8 "ahcrgrgdefe

A stol::string object can contain null
=< s1<c VM0t bytes ('\0'), which are printed as '~ @'

== 52 =< "\"\n";
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Raw strings

= Useful for

* Multi-line strings
* Strings containing '\' and """

char* ugly = “\”"\\w+\\\\d+\"";
char* nice = R” ("\w+\\d+")";

= Syntax
° RII( L )Il

raw-strings.cpp ¥

1 #include <iostream>
2 #include <string>

3 using namespace std;
4

5 string html = R"(

6 <html> Jens@vbox4: ~/Documents/c++11
7 <head></head> jens@vbox4:~/Documents/c++11$ g++ -std=c++0x -Wall raw-strings.cpp -o raw-strings
8 <body> jens@vbox4:~/Documents/c++11$ ./raw-strings
9 <h1>Message of the Day</h1>
10 <p> <html>
HE) C++11 is indeed cool <head></head>
12 </p> <body>
<h1>Message of the Day</h1>
13 </body> <p=>
14 </html> C++11 is indeed cool
15)"; </p>
16| </body>
17 int main() { </html>
18 cout << html << endl; R b D
19 return o; jens@vbox4:~/Documents /c++11$
20}
String API
Tterators:
begin Return iterator to beginning (public member function)
end Return iterator to end (public member function)
rbegin Return reverse iterator to reverse beginning (public member function) "
5 - Modifiers:
rend Return reverse iterator to reverse end (public member function) operator+= Append to string (sublic member functicn)
append Append to string {public member function)
Capacity: : push_back Append character to string (public member function)
size Return length of string (public member function) A P - -
. assign Assign content to string (public member function)
length Return length of string (public member function) insert Insert into String (public member function)
max_size Return maximum size of string (public member function] . ]
erase Erase characters from string (public member function]
resize Resize string (public member function) - .
replace Replace part of string (public member function)
capaci Return size of allocated storage (publi ber functi -
pacity . 0@ (public member function) copy Copy sequence of characters from string (public mer
reserve Request.a change in capadity (public member function) swap Swap contents with another string (public member ft
clear Clear string (public member function)
empty Test if string is empty (public member function) . .
String operations:
c_str Get C string equivalent (public member function)
Element access: data Get string data (public member function)
‘operator| Get character in string (publi ber funct
pe 0 9 (public member function) get_allocator Get allocator (public member function)
at Get character in string (sublic member function) find Find content in string (public member function)
rfind Find last occurrence of content in string (public mem
. . " operator - . -
The header also declares some functions that extend the functionality cperatar—] find_first_of Find character in string (sublic member functien)
getline Get line from stream (function) operator!d find_last_of Find character in string from the end (public member
operator<< Insert string into stream (function) cperator< find_first_not_of Find absence of character in string
operator>> Extract string from istream (function) operatory find_last_not_of Find absence of character in string from the end (g
operatords) substr Generate substring (public member function)
operatory=| E
—] compare Compare strings (public member function)
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Type conversion functions

= From primitive value to string
* std::string to_string(* value)

= From string to primitive value
* int stoi(strings)
* long stol(strings)
* float stof(strings)
* double stod(strings)

#include <iostream>
#include <string>
using namespace std;

int main(int nArgs, char* args[]) {

int N = (nArgs == 1 ? 10 : stoi(args[l])):;
string txt = "[0";
for (int k=1; k<=N; ++k) {
txt += "," + to_string(k);
}
txt += "] " ,.
txt[1] = '"#';
cout << "txt = " << txt << endl;
return 0;

C++> ./type-conversions 5

txt = [#,1,2,3,4,5]
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String search

®» Find start-position of substring
* find(str, startPos=0) //from start
* rfind(str, startPos=0) //from end

» Find index of character-set
* find_first_of(charset, startPos=0)
* find_first_not_of(charset, startPos=0)
* find_last_of(charset, startPos=0)
* find_last_not_of(charset, startPos=0)

void p(string& s, string::size type ix) {

if (ix == string: :npos)
cout<<"not found\n"
else

}

int main() {
string s = "this is a string";
p(s, s.find("is"));
p(s, s.find("is", 4));
p(s, s.find("A"));

cout<<"found:\""<<s.substr (ix)<<"\"\n";

C++> ./text-search
found:"is is a string"

found:"is a string"
not found
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Character oriented functions

= [nclude file
* #include <cctype>

® Functions
int isalnum(int c) //true, if alpha-numerical
int isalpha (int c¢) //true, if letter
int isdigit(int c) //true, 1if digit
int islower (int c¢) //true, if lower-case
int isupper (int c) //true, if upper-case
int tolower (int c) //convert into lower-case
int toupper (int c¢) //convert into upper-case
int isspace(int c¢) //true, if white space
int isprint(int c¢) //true, if printable
int iscntrl(int ¢) //true, if CTRL char
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Working with legacy C/C++ code

int value 10;
for (int k=1; k<n;

}

int main(int n, char* args[]) {

string arg = argsl[k];
if (arg == "-n") value

++k) {

stoi (args[++k]) ;

extern char* getStringFromC() ;

Convert from C 2 C++

Convert from ct++ 2> ¢

extern void putStringToC (char*);

void doit() {
string s = getStringFromC() ;
string r;
for (auto ch : s) { r += toupper(ch);}
putStringToC(r.c_str())
}
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Line oriented input

= Read a sequence of characters until a line-terminator
* string getline(inStream, outString, delimChar =

int count() {
int numChars = 0;
for (string line; getline(cin, line); ) {
numChars += line.size();
}

return numChars;

}

V\nl)
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Word oriented input

® [nput to a string
* string w; cin>>w; //reads the next sequence of non-blank chars

int count() {
int numWords = O;
for (string word; cin >> word; ) {
++numWords;
}
return numWords;

}
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CHAPTER SUMMARY

Text Strings

223

EXERCISE

Search

* Write a program that

* Takes a search phrase on the command-line

* Reads its input from cin

* Prints out all lines (numbered) containing the phrase

* Example
./search iostream < search.cpp

‘if (line.find(phrase) != string::npos) . . .
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Container Types
v’ Sequence containers v’ set<T>/ unordered_set<T>
v’ vector<T> v' map<K,\V>/
v’ deque<T> unordered_map<K,V>
v array<TN> v" Multi key versions
v list<T> v’ Adapters
v" Allocators

v’ forward_list<T>
v’ Associative containers

225

Alexander Stepanov

= The primary designer and implementer of the C++
Standard Template Library,[1] which he started to
develop around 1992 while employed at HP Labs.

= Tried to convince Bjarne Stroustrup to introduce
something like Ada generics in C++, this later became
what we now know as templates

‘\ |
\ |

e

THE

STANDARD
TEMPLATE
LIBRARY

WV
ALEXANDER A STEPANO'
MENG LEE

DAVID R MUSS

R
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The STL architecture

l Interval l
[TT 1T Algorithim

Container

Sequence containers

Associative containers STL Tutorial and

Reference Guide,

STL = Standard Template Library
https://en.wikipedia.org/wiki/Standard_Template_Library
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Sequence containers

= Linear sequence of elements

coce

first kth last
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= Constructors
* () —empty container
¢ (count) —insert count T() values

Adding elements
* push_front(value) / push_back(va

= Predicates
* size_type size() / bool empty()

= Removing elements
* Tfront() / pop_front()
* T back() / pop_back()
e clear()

Inserting elements
* insert(pos, value)
* insert(pos, count, value)
* insert(pos, first, last)
* insert(pos, {valuel, value2, ...})

¢ (count, value) —insert count values
« (first, last) — take elements from range
* ({e1,e2,..}) — take elements from args

lue)

Typical methods of sequence containers

N.B. Some
containers might
not support all
methods
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vector<T>

= [nclude file
 #include <vector>

® [nsertion and extraction
* push_back(V) / pop_back()

= Selectors
* front() / back()

® |terators
* begin() / end()

[TITTTTI=F->

vector<string> v = {
llhill , llheyll , "helloll
};
v.push_back ("howdy") ;
v[0] = "Hi";
for (auto& s : v) cout << s << endl;

* insert(lterator, Value) / insert(lterator, N, Value)

Do not tnsert elements at the
front, because it has to shift all
elements dowm one step,
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deque<T> s

= Similar as vector<T>

* Means “double-ended queue” deque<int> d;
. d.push front(10) ;
. _
Indu_de file d.push_front(20);
* #include <deque> d.push_front (30) ;
. . hil 'd.
= Additional operations e ‘(,afu:mzti(;;c]{(() ,
* push_front() / pop_front() d.pop_back() ;
cout << value << endl;
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array<T, N> o

= Type safe alternative to native arrays

® Include file: <array> array<int, 5> a = {1,2,3,4,5};

for (auto& i : a) cout << i << endl;
= Declaration: array<Type, Size> a[4] = 50;

a[5] = 60; //ERROR

array.cpp ¥
1 #include <iostreams jens@vbox4: ~/Documents/c++11
2 #include <array> jens@vbox4:~/Documents/c++11$ g++ -std=c++0X array.cpp -o array
3““"9 namespace std; jens@vbox4:~/Documents/c++11$ ./array
5int main() {
6 array<int,6> nums = {1,2,3};
7 cout << "nums.size=" << nums.size() << endl; 123 B 0 100
8 for (auto n : nums) cout << n << " "; cout<<endl; nums.size=6
9 nums[5] = 100; terminate called after throwing an instance of 'std::out_of_range’
10 for (auto n : nums) cout << n << " "; cout<<endl; what(): array::at
11 . Aborted
12 nums[10] = 1234; 3
H ens@vbox4:~/Documents/c++11
13 cout << "nums.size=" << nums.size() << endl; J J L —"’ E]
14
15 J/int* arr = nums; //error: cannot convert ‘std::array<int, 6u>’ to ‘int*’ in initialization
16
17 nums.at(10) = 1234;
18 cerr << "We will not see this message" << endl;
19 return 0;
20
21
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list<T>

(e By By pudipul spul el

= Double linked sequential data structure

* Similar operations as deque

= Include file
* #include <list>

list<int> 1;
1l.push front(10);
1l.push front(20);
1l.push front(30);
while (!'l.empty()) {
int value = 1l.back();
1.pop_back() ;
cout << value << endl;
}
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forward_list<T>

® Include file
* #include <forward_list>

= Absent methods
* size()

* back(), push_back(), pop_back()

5 e e e v g i g B
= Single linked sequential data structure

foward list<int> f1;
d.push_front(10) ;
d.push_front(20) ;
d.push_front(30) ;
while (!'d.empty()) {

int value = d.front();

d.pop_front() ;

cout << value << endl;
}
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Associative containers

= Containers that provides access using a key

= Set
* Collection of key elements
= Map
* Collection of <key, value> pairs

= Variants

* Inserted key can be unique or allow multiple occurences
- set vs. multiset

* Implementation can be via binary tree or hash table
- set vs. unordered_set

235

Binary tree vs. Hash table

ew 7
ln C " "
1z
] hash(e) % P 2n

2n_ n << 1 p

o+l [ |(n << 1) | 1
Implicit balanced binary tree Hash table
Access time = O(log n) Access time = O(1)
Keeps the element in sorted order Elements are in "random" order
set<T> unordered set<T>
multiset<T> unordered multiset<T>
map<K, V> unordered map<K, V>
multimap<K, V> unordered multimap<K,V>
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Typical methods of associative containers

= Constructors

* () - empty

* (begin,end) - populate from range

* ({e1,e2,...}) - populate from static list
= Access

* begin() / end()

* operator(]
= Lookup

* count() / find()

® Inserting elements
* insert()

= Removing elements
* erase() / clear()

= Capacity
* size() / empty()
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set<T, Comparator = less<T>>

= Keeps the elements in an implicit balanced binary tree
* Similar to java.util.TreeSet in Java

® Include file
* #include <set>

= Basic operations
* insert(value)
* insert(begin, end)
* insert( init-list )
* count(value) //if >0 = value is a member
* find(value) //returns iterator to value, or end()
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unordered_set<T>

= A hash-table of elements
* Similar to java.util.HashSet in Java

L Can be provided With .\" |} compare-sets.cpp * \[U using-set.cpp
. ~ 1#include <iostream=
* a hash function and 2 #include <set>
3#include <unordered_set>
* an equality predicate 4 using namespace std;
. 6 int main() {
u Include flle é ng:i::>"szt? HG,?,E,B,12,7,1,8,1@,3,3,3};
* #finclude <unordered_set> . T
11
1 1 12 unardered set<int= ms = {10,7,3,5,12,7,1,8,10,3,3,3};
. BaSIC Operatlons 13 cout =< "Gmordered_set: "
14 for (auto& 1 : ms) cout =< i << " "
* Same as for set 15 cout << endl;
16 }
17

[jens@vbox3 std-containers]$ g++ --std=c++l1 compare-sets.cpp -0 compare-sets
[jens@vbox3 std-containers]$ ./compare-sets

set: 1 357 818 12

unordered_set: 8 1 125 3 7 10

[jens@vbox3 std-containers]s ||
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Comparing set<T> with multiset<T>

|'r | J using-set.cpp * "| [jens@vbox3 std-containers]i; g+t j—std:c++ll using-set.cpp -o using-set
/ 1 #include <iost Feam:’ [jens@vbox3 std-containers]$ ./using-set
set: 135781012
2 #include <set> miltiset: 1333357781010 12
3 using namespace std; [jens@vbox3 std-containers]$
4
5int main() { r
5} set<int> s = {10,7,3,5,12,7,1,8,108,3,3,3};
7 cout =< "set: ";
8 for (auto& 1 : s) cout =< i << " ";
9 cout << endl;
16
11 multiset<int= ms = {10,7,3,5,12,7,1,8,10,3,3,3};
12 cout =< "multiset: ";
13 for (auto& 1 ; ms) cout =< 1 =< " ";
14 cout =< endl;
15}
16
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Case insensitive unordered_set

#define PAYLOAD "Hello", "HELLO", "hello", "HeLLo"

int main() {
{
cout << "case : ";
std::unordered set<std::string> words{PAYLOAD};
for (auto& w : words) std::cout << w << " "
cout<< std::endl;

cout << "icase: ";

std::unordered set<std::string, icase hash, icase hash> words{PAYLOAD};
for (auteos w : words) std::cout << w << " ",

cout<< std::endl; |

1 /mnt/c/Users/jensr/Dropbox/Ribomati
return 0; case : hello HelLlLo HELLO Hello
= 1dcase: Hello

Process finished with exit code ©
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Custom hasher

= Provide two functions
* size_t hash(Type item)
* bool equals(Type |hs, Type rhs)

® The hash() function must return the same numeric value for lhs and rhs
when they are equals  =t=uet iease neon ¢

size t operator () (const strings item) comst |
return std::hash<string>() (lc(item));

}

bool operater() (const string& lhs, const string& rhs) const {
return lc(lhs) == lc(rhs);
1

private:
string le(string s) eonst {
transform(s.begin(), s.end(), s.begin(), [](auto ch) {
return ::tolower(ch);
B
return s;
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map<Key, Value, Comparator = less<Key>>

= A map is a set of pair<> elements
* Similar to java.util. TreeMap in Java
® Include file
* #include <map>
= Basic operations

* Insert, count, find //similar as for set
* operator[](key) //creates the slot if the key was absent
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unordered_map<K,V>

| [0 using-maps.cpp * || compare-sets.cpp * | [] using-set.cpp

= A hash-table of elements e <iostromes
.. . . 2 #include <map=>
* Similar to java.util.HashMap 3 #include <unordered_nap>
include <string=>
. 5 using namespace std;
® Include file B e matn() |
H 8 tring, int =
* #finclude <unordered_map> B e e 51, {"threer,3}
Y
1 H 11 m["four"] = 4;
= Basic operations 12 cout ee 'mapi v
12 for (auto& e: m) cout << e.first <<"="<< e.second << " "
* Same as for map B cout < endl;
16 unordered_map<string, int= um = {
17 {"one",1}, {"two",2}, {"three",3}
18 I
19 um[ " four"] = 4;
20 cout << "unordered_map: “;
21 for (auto& e: um) cout << e.first <<"="<< e.second << " ";
22 cout << endl;
23 ‘}

[jens@vbox3 std-containers]$ g++ --std=c++11 using-maps.cpp -0 using-maps
[jens@vbox3 std-containers]$ ./using-maps

map: four=4 one=l three=3 two=2

unordered_map: four=4 three=3 one=1 two=2

[jens@vbox3 std-containers]$
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Container adapters

= Provides a cleaner and reduced interface for an existing container

push () push back() pop_front() | pop()
back () back() [TT T T[] front()  front()
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stack<T, Container = deque<T>>

= LIFO container adapter, i.e. wraps another container
® Include file

* #tinclude <stack> stack<int> s;
. . s.push (10) ;
= Basic operations s.push (20) ;
X s.push(30) ;
* void push(const T&) while (Is.empty()) {
e T& top() int value = s.top();
. s.pop() ;
* void pop() cout << value << endl;
* bool empty() !
* size_type size()
PUSh () push_back()
pop () pop_back ()
t back ()
PO | T
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queue<T, Container = deque<T>>

= FIFO container adapter, i.e. wraps another container
* Requirs push_back() and pop_front()

- list<T> queue<int> q;
- deque<T> q.push(10) ;
q.push (20) ;
® Include file q.push (30) ;
. while ('q.empty()) {
e #include <queue> int value = q.front();
. . q.pop () ;
= Basic Operat|0n5 cout << value << endl;
* void push(const T&) !
* T& front()
* void po
p p() PuSh() push_back () pop_£front() POP()
e T& back() back () back() “front()| front ()

[TTTTTTTT]

* bool empty()
* size_type size()
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priority_queue<T,
Container = vector<T>, Comparator = less<T>>
= A queue that keeps the elements sorted according to the provided comparator

® Include file
. #include <q ueue> int main(int numArgs, char* args[]) { | priority-queue

riority. <Person> ;
PEIOELEY_Susuecierson> pers "D:\CloudStorage’\Drg

* Basic operations peca.ush (Feracn (Zete")); ]
pers.push{Persen("Berit")); Person{name=Berit}
. pers.push{Person("Carin")); = Fe =D
b VOId pUSh(COI‘ISt T&) pers.push(Person("Anna")); - reon{nams DEE.IE}
pers.push(Person("Bosse") ) l Person{name=Carin}
° () Person{name=Zeke}
T& top while (!pers.emptwv()) { §|
. cout << pers.top().toString() << endl; n A .
° VOId pop() cere poply: . Process finished wit
i
L
return 07 class Person {
} string name;
—

public:
Person(const strings name) : name(name) {}
string getName() const { return name; }
string toString() const {
return "Person{name=" + name + "}";
1
15
bool operator<{const Persons left, const Persons right) {
return left.getName() > right.getName();
1
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C++ Allocator

= Collection types, like std::vector<T> and std::list<T> uses a pluggable allocator
for its internal elements

= Possible to implement your own allocator

* https://www.cppmemorymastery.com/2017/03/15/how-to-use-standard-library-
containers-with-custom-allocators/

template<typename T>

class MyAllocator {
T* allocate(size t numObjects);
void deallocate(T* ptr, size t numObjects) noexcept;
//plus constructors and equality operators

}i
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CHAPTER SUMMARY

Container Types

* It's important you master all C++ containers
* Use vector<V> for simple sequence operations
* Use map<K,V> for simple table lookup operations

* Understand the run-time properties of
* vector / array / deque / list / forward_list
* set /unordered_set
* map / unordered_map
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EXERCISE S i
Word count ‘& }g

* Use an unordered_multiset<std::string> to keep track of the word count
* Read a bunch of words from stdin and put them into the set

* Then pour them over to a muliset<std::string>

* Finally, print out each word and its frequency, now in word sorted order

for(auto it = words.begin(); it != words.end(); )
{
auto cnt = words.count (*it);
std::cout =< *it << ":\t" =< cnt <= '\n';
std::advance(it, cnt); // all cnt elements have equivalent keys

by
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Iterators and Intervals

v' What is an iterator v 1/0 iterators
v/ What is a range and how is it v' Iterator adapter functions
used

v Implementing an interator
v’ Iterator categories

253

What is an iterator

= An iterator object maintains a position into a group of elements
* The position can be changed and the referred element can be retrieved or updated

= A C++ iterator is modelled to mimic usage of pointers
= Modelled as a pointer abstraction

’for(int* p = &arr[0] ; p !'= &arr[N] ; ++p) *p = 0;
for(list<int>::iterator p = lst.begin(); p != lst.end(); ++p) *p = 0;
for (auto p = lst.begin(); p != lst.end(); ++p) *p = 0;

for (auto& p : 1lst) p = 0;
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What is an interval

= An interval if defined by two iterators pointing into the same group of
elements and such as when the position of first iterator is monotonically

incremented it would eventually refer to the position of the second iterator

begin () end ()

vector<int> dst = {1,2,3,4,5};

for each(dst.begin(), dst.end(), [](auto n){ cout << n << endl; });

void for each(Iter first, Iter last, function<void(int)> f) {
for (; first != last; ++first) f£( *first );

}
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Iterators = pointers

® In most cases, iterators can be used instead of pointers

int arr[] = {1,2,3,4,5};
copy (&arr([0], &arr[5], destination);

int arr[] = {1,2,3,4,5};
copy (arr, arr+5, destination);

vector<int> vec = {1,2,3,4,5};

copy (vec.begin (), vec.end (), destination);

256




C++ Supplementary & Threads

There are several iterator categories

Versatility

Input Iterator

Forward Iterator l—-l Bidirectional Iterator I—-| Random Access lterator

Output Iterator

Input: T.x = *iter; T.x = *iter; T.x = *iter;

T x = *iter; *iter = x; *iter = x; *iter = x;

++iter; ++iter; ++iter; iter[10] = x;
--iter; ++iter;

Output: --iter;

*iter = x;

++iter;

http://en.cppreference.com/w/cpp/iterator
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(In/Out)put Iterators

template<typename Iter, typename T>

Iter find(Iter first, Iter last, const T& value) {
for (; first !'= last && *first != wvalue; ++first) ;
return first;

template<typename In, typename Out>
void copy(In first, In last, Out dst) {
for (; first !'= last; ++first, ++dst)
*dst = *first;
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Forward and Bidirectional Iterators

template<typename Iter, typename T>

for (; first != last; ++first)
if (*first == from) *first = to;

void replace(Iter first, Iter last, const T& from,

const T& to)

{

template<typename Iter>
void reverse(Iter first, Iter last) {
for (; first != last && first != --last; )
std::iter swap(first++, last);

template<typename Fwdl, typename Fwd2>

void iter swap(Fwdl a, Fwd2 b) { std::swap(*a, *b); }
http://en.cppreference.com/w/cpp/algorithm/swap
259
Random Access Iterator
template<typename Iter>
void shuffle(Iter first, Iter last) {
auto n = last - first;
for (auto k = n-1; k > 0; --k)
std::swap (first[k], first[ std::rand() % (k+1) 1);

http://en.cppreference.com/w/cpp/numeric/random/rand
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Implementing an iterator

= Minimum set of operators
viterators& operator ++()

move to next

vbool operator !=(const iteratoré& that) comparison
v'T operator * () fetch data
struct iterator {

class Sequence { int current;
int last = 10; | iterator (int c¢) : current(c) {}

public: bool operator !=(const iteratoré& that) {
Sequence (int 1) : last {1} return this->current != that.current;
struct iterator {..}; }
iterator begin() {return {1};} iterator& operator ++() {
iterator end() {return {last};} ++current; return *this;

}i }

in

b

t operator *() {return current;}

Sequence s (100);
for (auto it = s.begin(); it != s.end

(); ++it) { cout << *it; }
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I/O-iterator

®* |[nput iterator reading from a stream
* istream_iterator<T> iter{input_stream}
* istream_iterator<T> eof{}

= Qutput iterator writing to a stream
* ostream_iterator<T> iter{output_stream,

int main(int numlrgs, char* args[]) {
set<string® words;
istream iterator<string> in{cin};
istream iterator<string®> eof;

copy(in, eof, inserter(words, words.end(}));

ostream_iterator<string> out{cout, "\n"};
copy (words.begin{), words.end(), out);
cout << endl;

return 0;

separator}
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Back inserter function

= Adapter function that provides an iterator, which invokes push_back() on the

target container

for
//prints:

vector<int>
fill n(back _inserter (numbers), 5, 42)

(auto n :

numbers;

numbers) cout << n <<
42 42 42 42 42

v

.
4

v

’
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Iterator adaptors
reverse_iterator
make_reverse_iteratoric++14)
move_iteratoric++11)
make_move_iteratoric++11)
back_insert_iterator
back_inserter
front_insert_iterator
front_inserter
insert_iterator

inserter

Iterator adapters

= Provides an insertion side-effect

iterator adaptor for reverse-order traversal

{class template)

creates a std::reverse_iterator of type inferred from the argument
{function template)

iterator adaptor which dereferences to an rvalue reference

{class templata)

creates a std::move_iterator of type inferred from the argument

{function template)

iterator adaptor for insertion at the end of a container

{class template)

creates a std: :back_insert_iterator of type inferred from the argument
{function template)

iterator adaptor for insertion at the front of a container

(class template}

creates a std:: front_insert_iterator of type inferred from the argument
{function template)

iterator adaptor for insertion into a container

{class template)

creates a std::1nsert_iterator of type inferred from the argument
{function template)
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End-point adapters

® Instead of using the begin/end methods of a collection and pointer access, use
the begin/end adapters instead

#include <lostream>
#include <algorithm>
using namespace std;

int main(int argc, char* argv[]) {
int arr[] = {1, 3, 6, 8, 11, 25, 42};
auto pos find if(begin(arr), end(arr), [](auto n) { return n %5 == 0; });

if (pos != end(arr))
cout << "found number divisable with 5: " << *pos << endl;

return 0; -
} | algo

/home/jens/docs/courses/adv-c++/explore/cmake- build-debug/algo
found number divisable with 5: 25

2 Process finished with exit code ©
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CHAPTER SUMMARY

Iterators and Intervals

* An interval is defined by a pair of iterators

* The first pointing to the current position and
the second to the position just outside the range

* An iterator contains a notion of a current position
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EXERCISE v 2
Squared number streams '& : }g

* Use stream iterators to
1. Read a sequence of integral numbers, using an istream iterator
2. Compute the square of each number
3. Print them out, using an ostream iterator
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Algorithms

v' What is a std::* algorithm v Using functions with predicates

v’ The STL architecture v Using back_insereter iterators

v' How to pass the business logic v* Transforming and aggregating
into algorithm functions v Sorting

R %
v Unc{erstandmg N and *_if v’ Populating data into containers
suffixes of functions

269

C++ algorithms

® Include
* <algorithm>, <numeric>
= Operates on intervals
* Almost independent of container type
= Sequence
» for_each, find, fill, count, copy, transform, replace, generate, remove, ...
= Sorting
* sort, stable_sort, binary_search, max_element, ...

= Generalized numerical
* accumulate, inner_product, ...

= Predicate
* all_of, any_of, none_of
= URL

* http://en.cppreference.com/w/cpp/algorithm
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Algorithms

= C++ algorithms can take iterators or native pointers
int ints[] = {1,2,2,3,3,3,4,4,4,4};
int cnt3 = count (ints, ints+10, 3);

vector<int> vec(ints, ints+10);
int cnt4 = count(vec.begin(), vec.end(), 4);
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Different ways of providing

the business logic to C++ algorithms

= Ordinary function and pass a function pointer
bool odd(int n) {return n%$2 == 1;}
count if (begin, end, odd)

= Class/struct with function call operator and pass an object
struct O0dd {

bool operator () (int n) {return n%2 == 1;}

}i
count if (begin, end, 0dd{})

* Lambda expression
count if (begin, end, [] (int n) {return n%2 == 1;})
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Sample C++ algorithm invocations

for-each-demo.cpp
1 //COMPILE: g++ --std=c++11 for-each-demo.cpp -o for-each-demo l

2 f/RUN: ./for-each-demo
3

4 #include <iostreams @ - 0 jens@vbox3: ~/Documents/Advanced-C++and-Threads
5 #include <vector=> N

6 #include <algorithm= g++ --std=c++11 for-each-demo.cpp -o for-each-demo
7 using namespace Std; A ./for-each-demo

9 #define BUSINESS cout << n*n << " " L Classic: 4 9 25 49 121 169 289 361
1@ mEe A C E A9 171 4AC 0
1 votd print(int n) (BUSINESS:) L Functor: 4 9 25 49 121 169 289 361
12 L Lambda : 4 9 25 49 121 169 289 361
13 struct PrintFunctor { o

14 void operator()(int n) {BUSINESS;} SEs

15 3};

16

17 int main() {

18 vector<int=> v{2,3,5,7,11,13,17,19};

19

20 cout << "STL Classic: ";

21 for_each(v.begin(), v.end(), print);

22 cout<<endl;

23

24 cout << "STL Functor: ";

25 for_each(v.begin(), v.end(), PrintFunctor());

26 cout<<endl;

27

28 cout << "STL Lambda : ";

29 for_each(v.begin(), v.end(), [](int n){BUSINESS;}):

30 cout<<endl;

31

32 return 0;

33

34
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Function suffixes

= Operates over an existing range
xyz (begin, end, ..)
= Uses a count to control the number of invocations
xyz n(begin, count, ..)
= Uses a predicate to control the invocation outcome
xyz if (begin, end, predicate, ..)
* A predicate is a function that returns a bool
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Three ways to copy elements

vector<int> numbers{1,2,3,4,5,6,7,8,9,10};
ostream iterator out{cout, " "};

copy (numbers.begin() , numbers.end(), out);
copy_n (numbers.begin (), number.size() /2, out);

copy_if (numbers.begin(), numbers.end(), out, [](int n) {
return n%2 == 0;

})
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i di : *_if(begi d di
Using a predicate: *_if(begin, end, predicate)
17 int main() {
18 vector<int> v(20);
19 iota(v.begin(), v.end(), 1);
20 dump("Initial", v);
21
22 auto divisableBy3 = [](int n){return n % 3 == 0;};
23
24 cout << "Count : " << count_if(v.begin(), v.end(), divisableBy3) << endl;
25 cout << "Find : " << *find_1if(v.begin(), v.end(), divisableBy3) << endl;
26
27 cout << "Copy N
28 copy_1if(v.begin(), v.end(), ostream_iterator<int=(cout, " "), divisableBy3);
29 cout<<endl;
30
31 replace_if(v.begin(), v.end(), divisableBy3, 333);
32 dump("Replace", v);
33
34 auto last = remove_if(v.begin(), v.end(), divisableBy3);
35 v.erase(last, v.end());
36 dump("Remove ", v); ® - o jens@vbox3: ~/DocumentsfAdvanced-C++and-Threads
37 Yes> --std=c++11 predicate-demo.cpp -o predicat o &% ./predicate-demo
38 return 0; ial: 123456789 10 11 12 13 14 15 16 17 18 19 20
39 5
AR
6 9 12 15 18
2 333 45 333 7 8 333 10 11 333 13 14 333 16 17 333 19 20
24578 10 11 13 14 16 17 19 20
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transform

= Applies a function on each element

void main() {
vector<int> v {1,2,3,4,5};
transform(v.begin(), v.end(), v.begin(),
//v === 1 4 9 16 25

}

[1(int n) {return n*n;});

int sum(int a,
void main() {
int arrl[] {1,2,3,4,5};
int arr2[] = {5,4,3,2,1};
transform(arrl, arrl+5, arr2,
ostream_ iterator<int>(cout,

int b) {return (a+b);}

}
//prints: 6 6 6 6 6

n ll) ,

sum) ;
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accumulate

= Aggregates all elements to a single value

#include <iostream>
#include <vector>
#include <algorithm>

using namespace std;

int main() {

return n » acc ? n :
H;
cout <<

acc;

"MAX = " << max << endl;

return 0;

vector<int> numbers = {10,5,12,3,8,4};

int prod = accumulate (numbers.begin(), numbers.end(), 1, [](int acc, int n) {
return acc * n;

i

cout << "PROD = " << prod << endl;

int max = accumulate (numbers.begin(), numbers.end(), 0, [](int acec, int n) {

57600
12

PROD
MRX
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Sorting

int main() {

vector<int> v

{SI
print ("unsorted",

?I

v);

3!

sort (v.begin(), v.end(),
return left < right;
I

print ("sorted (ase)", Vv);

sort (v.begin(), v.end(),
return left > right;

)i

print ("soxrted (desc)", v);

return 0;

10,

[1(int left,

[1(int left,

1, 12, -5};
tinclude <iostream>
= <vector>
= <algorithm>
= <iomanip>
using namespace std;

int right){
wvoid print (const char® msg, eenst vector<imt>: v) |
cout << left << setw(15) << msg;

for (auto n :v) cout << n << " "; cout<<endl;

int right){

373101 12 -5
-51 3571012

unsorted
sorted (asc)

sorted (desc) 12 10 7 5 3 1 -5
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int main() {

vector<int> numbers (10, 42);

print ("Constructor”, numbers);

fill (numbers.begin(), numbers.end(), 21);
print ("Constant"”, numbers);

iota (numbers.begin(), numbers.end(), -4);

print ("Stepper", numbers) ;

int £2 = 0, f1 = 1;
generate (numbers.begin(),
int £ = f1 + £2;
fz = f1; f1 = £;

return £;

numbers.end (),

i

print ("Generator", numbers);

int k = 10;

transform(numbers.begin(), numbers.end(),
return n*k;

i

print ("Transformer", numbers);

return 0;

Different ways to populate a container

<algorithm>
<iomanip>
std

using namespace
woid print (const char* msg, const vector<intxs v)

cout<<left<<setw(12) <<msg;

for (auto n :v) cout<<n<<" *;

cout<<endl;

Constructor 42 42 42

42 42 42 42 42 42 42

1o Conatant 21 21 21 21 21 21 21 21 21 21
Stepper -4 -3-2-1012345
Generator 1 2 3 5 8 13 21 34 55 89

Transfiormer 10 20 30 50 80 130 210 340 550 830

Process finished with exit code 0

numbers.begin(), [=](int n){
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CHAPTER SUMMARY

Algorithms

* The design of the C++ algorithms is simply brilliant

* Important to master the most common algorithm functions and the most
common iterator types

281

EXERCISE s bz
v
Numbers '&

NN

* Load a bunch of numbers from stdin into a container, using istream_iterator

* Find and compute the following, using STL algorithms
* Smallest and largest value
* Mean/average value (W)
* Standard deviation (o)

1 & 1 &
o=\ D (@—n’ p=)
N 2 N 2
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PART-4
Classic Threading

Introduction to Threads

v’ Concurrent vs. Parallel v Concurrency operations

v’ Application/Process/Threads/
Task

v’ Virtual address space

v Function call mechanics
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A single thread program

int main() {

funcl (17) ;
func2 (3) ; main funcl func2 func3
func3 (42) 1 |
}
void funcl (int n) {
printf ("Hepp”) ;

}

void func2(int n) {
func3 (2*n) ;

}

void func3(int n) {
printf ("Happ”) ;

} T !
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A multi-threaded program

* Every thread has its own “main” subroutine

* The OS manages the execution time of each

thread j

il
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Thread (Thread of Control)

= A context for executing

* a sequence of instructions and

* maintaining a stack of subroutine local variables
= Manages

* Instruction pointer

* Stack/Frame pointers myThread C}

void run {
dothis

() I!I

(O

(O nﬂ
domore ()

dothat

[T

|

}
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Hello thread

#include <iostream>

#include <pthread.h>

void* run(void* arg) {
int N = 1000;

char* msg = (char*)arg;

for (int i=1; 1i<=N; ++1)

cout << msg << endl;

void main () {
pthread_t thrIdl, thrId2, thrId3;
pthread create(&thrIdl, NULL, run, (void*)"hi");
pthread create(&thrId2, NULL, run, (void*)" howdy") ;
pthread_create (&thrId3, NULL, run, (void*)" hello");

pthread join(thrIdl, NULL);
pthread join(thrId2, NULL);
pthread_join(thrId3, NULL);
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Running
$ g++ helloThreads.cpp -lpthread -o helloThreads
$ ./helloThreads
hi
hi
hello
howdy
howdy
howdy
hello
hello
hello
howdy
howdy
howdy
hi
hi
howdy
289

Concurrency Problems

» Shared Mutual States
e Critical sections
e Race conditions
= Resources
* Deadlocks
* Starvations
= Processors
* Livelocks
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Recommended strategy

= Write programs according to well-proven design-patterns

= Avoid shared mutual state

= Use message passing

= Prefer implicit concurrency and synchronization o1,

-

¢
S

291

Run-time system

= Behind the scenes there are a set of queues
* Athread spends its life time moving between different queues indicating different life cycle

states
= ReadyQ
* All threads waiting to execute at (one of) the CPU(s)/Core(s) (PU=Processing Unit)
= WaitQ
* Waiting for some kind of condition (synchronization)
|
& waitQ
s | . [anbuwn
i T
1= [auunmn

292
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Multi core/cpu

= Can execute one thread per processing unit (core/cpu)

PU1|)|PU2 ] PU3|) PU4

PU = Processing Unit

293

Virtual memory pages

= The VM space is divided into a set of pages
* Typically 4K (32-bit), 8K (64-bit)

= The paging system map pages from VM into RAM

0xMAX

RAM

Virtual

Memory
System <

0x0000
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Address space layout

OxMAX
Call Stack

BSS = Block Started by Symbol
BSS Un-initialized Data

Data Initialized Data

Text Program Code

0x0000 Kernel API
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The call stack

= The call stack contains the actual invocation of functions and their data

Call Stack

PEICINSES
control

BSS
Data

M temporaries

ﬁ

Text
Kernel API
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Addressing

= Data are offset addressed with BP as the base

parameters

control

primes

temporaries

3 int compute(int x, int idx) {
4 int a = 42;
int primes[] = {2,3,5,7,11,13,17,19};

int b = primes[idx];
return a * x + b;
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Where do all the thread lives?
Not used, for a multi-threadeo application
U og
— % A thread is basically a call-stack area,
. Oy ’,
= £ Each thread-stack is allocated as a
D i MEMOTY SEGMENt Using mmap ().
Cx
A
A
All dynamic object are shared > available for any thread
AlL global objects are shareod > available for any thread
o The compiled code still goes tn here

298
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CHAPTER SUMMARY

Threads Intro

* Threads are used for
* Hiding latency, utilizing multi-core/CPU, simply programming
* One readyQ and several waitQ

* Scheduling is needed for time sharing
* Cooperative or preemptive

* Suspension (wait) is caused by the thread itself

299

EXERCISE = b

v
HelloThreads = =
* Compile and run the HelloThreads application

* gt++ HelloThreads.cpp -—-lpthread -o threads
* Read the loop count from the command line

#include <iostream>
#include <string>
using namespace std;
int N = 100;

int main(int argc, char* argv[]) {
if (argc > 1) N = stoi(argv[1l]);
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POSIX Threads C API

and
C++ Threads
v’ Basic usage of a POSIX v" Wrapping POSIX threads in
threads C++
v’ Configurations v’ class Thread

POSIX Threads in C

= A Unix/Linux standard

= Used as the basis for
* Concurrent applications in C and C++
* Implementation base for other programming languages such as Java and Ada
* Real-time programming
= Contains functions for
* Launching and terminating threads
* Various synchronization operations
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Rudimentary C API

= [nclude file
#include <pthread.h>

= Thread ID
pthread t

= Thread creation

* int pthread create(pthread t* thrId,
threadConfig,
void* (*runFunc) (void~*),
void* runArgqg)

= Waiting for thread termination
* int pthread join(pthread t thr, void** exitValue)

303

Create a thread

//Compile: g++ hello.cpp (-lpthread)-o hello

#include <pthread.h>

void* run(void* arg) {
for (int i=0; i<100; ++i) cout << ”“Hi there” << endl;

void main() {
pthread t thrId;
pthread create(&thrId, NULL, run, NULL);
pthread join(thrId, NULL);

T Must watt for thread termination,
else the application will terminate,

304

152




C++ Supplementary & Threads

Create a thread with a parameter

#include <pthread.h>

void* run(void* arg) ({
int id = (int)arg;
for(int i=0; i<10; ++i) cout << id << ” Hi” << endl;

void main() {
pthread t thrId[5];
for (int i=0; i<5; ++i)
pthread create (& (thrId[i]), NULL, run, (void¥*) (i+l1l));

for (int i=0; i<5; ++i)
pthread join(thrId[i], NULL);
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Create a thread with several parameters

struct Args {

int id; string msg;

Args (int i, string m) {id=i; msg=m;}
}i

void* run(void* arg) {
Args* args = (Args*)arg;
for(int i=0; i<10; ++i) cout << args->id << args->msg << endl;
delete args;

}

void main() {
pthread t thrId[5];
for (int i=0; i<5; ++i) {
pthread create (&(thrId[i]) NULL,run, new Args(i+l,”Hello”));
}
for (int i=0; i<5; ++i) pthread join(thrId[i], NULL);
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Thread configuration

= Specific struct for configuration attributes

pthread attr_t threadConfig; <:>
pthread_attr_init(&threadConfig) ;

int rc = pthread attr_ setXYZ(&threadConfig, args); <:>
if (rc '=0) {
errno = rc;

perror ("failed to set the thread stacksize");

exit (1),
}
pthread_create (&thrId, &threadConfig, startRunFunc, this); <:>
pthread_attr_destroy (&threadConfig) ; <:>
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Thread configuration attributes

= Many implementation specific configuration options

** setdetachstate (.., int detachstate)

** setguardsize (.., size_t guardsize)

** setinheritsched(.., int inheritsched)

** setschedparam (.., struct sched param* param)

** setschedpolicy (.., int policy)

** setscope (.., int scope)

** setstack (.., void* stackaddr, size_t stacksize)
** setstackaddr (.., void* stackaddr)

** setstacksize (.., size_t stacksize)
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Setting the stack size

size t stackSize;

void setStackSize(size_t _stackSize) {
if (_stackSize < PTHREAD STACK MIN) {
_stackSize = PTHREAD STACK MIN;
}

stackSize = _stackSize;
}
void start () {
pthread attr_t threadConfig;

pthread attr_init(&threadConfig);
if (stackSize > 0) {
int rc = pthread_attr_setstacksize (&threadConfig, stackSize);
if (rc '= 0) {...exit(1);}
}
pthread create(&thrId, &threadConfig, startRunFunc, this);
pthread attr_destroy(&threadConfig) ;
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POSIX Threads and C++

= Using plain C, clutters up the code
= Better to use C++ to and hide the gory details

= Basic idea
class MyThread : public Thread {
void run() { . . . }

bi

MyThread* t = new MyThread{};
t->start (),

t->join();

delete t;
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A C++ hello thread

class Hello : public Thread {

int id, n;
public:
Hello(int _id, int _n) : id(_id), n(_n) { }
protected:
virtual void run() {
for (int i=1l; i<=n; ++i) cout << id << ":" << i << endl;

}
}i

#include <vector>
int main(int numArgs, char* args[]) {
int T = numArgs > 1 ? stoi(args[l]) : 5;
int N = numArgs > 2 ? stoi(args[2]) : 10;
vector<Hello*> threads;
for (int i=0; i<T; ++i) threads.push_back( new Hello(i+l, N) );
for (Hello* t : threads) t->start();
for (Hello* t : threads) t->join();
for (Hello* t : threads) delete t;
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CIaSS Th read #include <pthread.h>

class Thread {
pthread_t thrId;

static void* runWrapper (void* arg) {
Thread* self = (Thread¥*)arg;

self->run() ;

public:
void start() {
pthread create (&thrId, NULL, runWrapper, this);

void join() { pthread join(thrId, NULL); }
protected:
virtual void run() = 0;

};

312
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CHAPTER SUMMARY

POSIX Threads C API

* POSIX Threads is the low-level C standard for acquiring and maintaining a
thread from the OS
* pthread_create
* pthread_join

* C++ helps wrapping and hiding the verbose C layer
* C++11 provides a whole new range of thread capabilities
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CHAPTER SUMMARY

C++ threads

* Implement class Thread
* Add it to a namespace

* Use it to re-implement the HelloThreads demo

LR\
¢ ‘l\b‘ ‘\ Q\&,
PR ST
namespace cxx_threads { “‘:"\«’\\\\\‘j‘\\‘\“
class Thread { \\‘\“ \‘\‘\“\
- S
}i ‘\‘“\“»
}
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The Critical-Section problem

1

v’ Problem demonstration and " Lock configuration

analysis v’ class Mutex
v’ The solution using POSIX v’ class Synchronized
mutex locks

315

Model Problem: The ATM Problem
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Account
class Account {
int balance = 0;
public:
Account() = default;
virtual ~Account() = default;
Account (const Account&) = delete;
Account& operator=(const Account&) = delete;
virtual void update(int amount) {
int b = balance; //READ
b += amount; //MODIFY
balance = b; //WRITE
}
int getBalance() const {
return balance;
}
¥
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Updater thread

class Updater : public cxx threads::Thread {
const string name;
const unsigned numTransactions;
const unsigned amount;
Account& theAccount;

public:
Updater(unsigned id, unsigned numTransactions, unsigned amount, Account& theAccount) :
name{"updater-"s + to_string(id)},
numTransactions{numTransactions},
amount{amount},
theAccount{theAccount} {}

~Updater() = default;

protected:
void run() override {
cout << (name + " started\n");
for (auto k = 0U; k < numTransactions; ++k) theAccount.update(+amount);
for (auto k = OU; k < numTransactions; ++k) theAccount.update(-amount);
cout << (name + " done\n");
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template<typename Account>

struct ATM {
unsigned numUpdaters =10;
unsigned numTransactions = 100'000;
unsigned amount = 100;

Account* theAccount;
vector<Updater*> updaters;

Account* createAccount() {
return new Account{};

}
void parseArgs(int n, char* args[]) {...}

void setup() {
theAccount = createAccount();
for (auto k = 0U; k < numUpdaters; ++k)
updaters.push_back(new Updater{k + 1, numTransactions, amount, *theAccount});

}

void launch() {
for (auto u : updaters) u->start();
for (auto u : updaters) u-=join();

}

void finalBalance() {
cout =< “Final balance = " << theAccount->getBalance() << endl;

void dispose() {

for (auto u : updaters) delete u; |

delete thea t; . . .
y e Thehccom int main(int argc, char* argv[]) {
void run(int n, char* args[]) { ATM<Account> atm;

cout. imbue(locale("en_US.UTF&")); atm.run(argc, argv);

parseArgs(n, args); .

catup(); return 0;

launch(); }

finalBalance();

dispose();
}
+

319

Running

C++> . /bank-unsafe -g
params: 10 / 100,000

Final balance = -3,113,400
C++> . /bank-unsafe -q
params: 18 / 180,000

Final balance = 12,558,500
C++= . /bank-unsafe -q
params: 18 / 100,000

Final balance = 4,483,900
C++> . /bank-unsafe -g
params: 18 / 180,000

Final balance = -3,834,300
C++= I
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What is wrong?

= A thread switch after reading the balance means
two or more threads get the same balance

= The writing the updated balance overwrites the balance of the account

U1 A u2 ’

100| <-—nt58. (500
200 |modify
___________ write_s, [ 200

p10o] PEE— read

300jmodify | read 5 |200

5 E modify] 300
thread swnch@? 300 | c.wiite ...
[[200 | <L/
[500 | <-----tim/w._.>

1 7 thread switch
___________ write_s, [ 300 |
v
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The critical code segment

virtual void update(int amount) {

int b = balance; //READ
b += amount; //MODIFY
balance = b; //WRITE
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Conditions required for the CS problem

1. A non-atomic READ/MODIFY/WRITE code sequence
2. Concurrent invocations (threads > 1) of the code sequence
3. Several thread-switches happening inside the code sequence

This means:

lwvalidate at least of the
conditions above and you don't
have the CS problem.
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Usage of a mutex lock

= A mutex (MUTual EXclusion) lock ensures that at most 1 thread executes
within a code segment guarded by
* lock() ... unlock()

= | ogically, a mutex is a boolean flag plus a queue for waiting threads
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POSIX Mutex

= Data type
* pthread mutex t myLock;

= Life cycle operations
* int pthread mutex init (pthread mutex t* mutex, attr)
* int pthread mutex destroy(pthread mutex t* mutex)

= Lock operations
* int pthread mutex lock(pthread mutex t* mutex)
* int pthread mutex trylock(pthread mutex t* mutex)
* int pthread mutex unlock (pthread mutex t* mutex)
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#include <pthread.h>

Safe ATM #include "ATM.hxx"

class SynchronizedAccount : public Account {
using super = Account;
pthread mutex t mutex{};

public:
SynchronizedAccount() {
pthread_mutex_init(&mutex, nullptr);
}

~SynchronizedAccount () {
pthread mutex destroy(&mutex);
b

void update(int amount) override {
pthread_mutex_lock(&mutex);
super::update(amount);
pthread_mutex_unlock(&mutex);

int main(int argc, char* argv[]) {
ATM<SynchronizedAccount> atm;
atm.run(argc, argv);
return 0;
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Running again
C++= . /bank-safe -qg
params: 16 / 108,000
Final balance = @
C++= ./bank-safe -q
params: 18 / 100,000
Final balance = @
C++> ./bank-safe -q -u 50 -t 1860800
params:. 58 / 1,000, 000
Final balance = @
C++> ./bank-safe -q -u 108 -t lo@oo0o
params: 166 / 1,000,000
Final balance = @
CH=
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Self-deadlock

class Account {
pthread mutex t 1lock;
int balance;
public:

int wupdate(int n) {
pthread mutex_ lock (&lock) ; 0
if (getBalance() < 0) {...}

pthread mutex unlock (&lock) ;
}

int getBalance() ({
pthread mutex_ lock (&lock) ; a

pthread mutex unlock (&lock) ;
}
}:
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Recursive mutex lock configuration

= |f there is change that the same mutex will be locked twice or more, the lock
should be initialized as “recursive”

recursive = true;

pthread mutexattr t cfg;
pthread mutexattr init (&cfg);
if (recursive) {
pthread mutexattr_settype (&cfg, PTHREAD MUTEX RECURSIVE) ;
}
pthread mutex_init(&lock, &cfg);
pthread mutexattr_ destroy (&cfg) ;
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class Mutex

class Mutex {

pthread mutex_t mutex;
public:
Mutex () {pthread mutex init(&mutex, nullptr) ;}

~Mutex () {pthread mutex_destroy (&mutex) ;}

void enter () {pthread mutex_ lock (&mutex) ;}

void exit () {pthread mutex unlock (&mutex) ;}

pthread mutex t* native() {return &mutex;}
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class Guard

class Guard {
Mutex& region;

public:
Guard (Mutex& m)
region.enter () ;

}

~Guard () {
region.exit();

}

};

region{m} {

Mutex

/7.

region;

void updateSomething() {
Guard g{region};
/7.

return;

Constructor locks the mutex

}< .................................

Destructor unlocks the mutex
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A better Account class

Account (int b=0)

class Account {

Mutex lock;
int balance;
public:

: balance(b) {}

int getBalance () {
Guard g{lock};
return balance;

}

int update (int amount) ({

Guard g{lock};
balance += amount;
return balance;

}
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CHAPTER SUMMARY

The Critical-Section problem

* Conditions needed for the CS problem
* Non-atomic READ/MODIFY/WRITE
* Concurrent invocations
* Thread switches within the code segment

* POSIX
* mutex_t lock

* Design recommendation
* Design shared data structures, avoid code locking
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EXERCISE 5 i
Mutex & Guard ‘& }’g

* Implement class Mutex
* Add support for recursive locking

* Implement class Guard

334




C++ Supplementary & Threads

EXERCISE S -
Bank++ , }g
* Design & implement

* class Account to be thread-safe
* class Updater as a thread

* Implement a working solution of the Bank-problem

335
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The Race-Condition
problem

v’ Problem demonstration and v~ Wrapping it in C++

analysis v The minimum amount of
v’ The solution using POSIX code needed, in order to
condition variables safely transfer data from one

v Configuration thread to another
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Model Problem: The SWIFT Problem

SWIFT is the name of the international money transfer network.
https://en.wikipedia.org/wiki/Society_for_Worldwide_Interbank_Financial_Telecommunication
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MoneyBox

class MoneyBox {
protected:
int payload = 0;
Mutex mutex;

public:
MoneyBox() = default;
virtual ~MoneyBox() = default;
MoneyBox (const MoneyBox&) = delete;
MoneyBox& operator=(const MoneyBox&) = delete;

virtual void send(int amount) {

Guard g{mutex};
payload = amount;

virtual int recv() {

Guard g{mutex};
return payload;

}i
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Sending & Receiving banks

class SendingBank : public Thread {
const unsigned numTransactions;
MoneyBox& out;
const int amount;
const int stop;

public:
SendingBank (unsigned numTransactions, MoneyBox& out, int amount =
numTransactions{numTransactions},
out{out},
amount{amount},
stop{stop} {}

unsigned getTotal() const {
return numTransactions*amount;

}

protected:
void run() override {
for (auto k = OU; k < numTransactions; ++k) {
out.send(amount);

out.send(stop);
}
}

1,

int stop = -1) :

class ReceivingBank : public Thread {
MoneyBox& in;
const int stop;

int count = 0;
int total = 0;
public:
ReceivingBank(MoneyBox& in, int stop = -1) :
in{in},

stop{stop} {}

int getCount() const { return count; }
int getTotal() const { return total; }

protected:
void run() override {
for (int amount; (amount = in.recv()) != stop;) {
++count;
total += amount;
}
}
}
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The SWIFT object

template<typename MoneyBox>
struct SWIFT {
MoneyBox* theBox;

unsigned numTransactions = 10'0060;
int amount =1;
bool verbose = true;

MoneyBox* createBox() {
return new MoneyBox{};
}
void parseArgs(int n, char* args[]) {...}
void setup() { theBox = createBox(); }
void launch() {
SendingBank sender{numTransactions, *theBox, amount};
ReceivingBank receiver{*theBox};
receiver.start();
sender.start();
sender.join();
receiver.join();
cout << "sender : total=" << sender.getTotal() << endl;
}
void dispose() { delete theBox; }
void run(int n, char* args[

1) {
cout.imbue(locale("en_US.UTF8"));
parseArgs(n, args);

cout << "receiver: total=" << receiver.getTotal() << ", count=" << receiver.getCount() << endl;

L

int main(int argc, char* argv[]) {
SWIFT<MoneyBox> swift;
swift.run(argc,argv);

t i
{iuﬁmj; return 0;
dispose(); }
}
}; —
341

Runnin C++> . /swift-unsafe -q
g params: 10,6000
sender : total=10,000
receiver: total=9,377, count=9,522
C++= , /swift-unsafe -q
params: 10,000
sender : total=10,000
receiver: total=7,850, count=8,187
C++> . /swift-unsafe -q
params: 10,000
sender : total=10,000
receiver: total=7,857, count=8,6390
C++> . /swift-unsafe -q
params: 16,000
sender : total=10,000
receiver: total=10,811, count=11,6444
C++= , /swift-unsafe -q
params: 10,000
sender : total=10,000
receiver: total=3,674, count=17,472
C+> . /swift-unsafe -q
params: 16,000
sender : total=10,000
receiver: total=39,255, count=40,814
G
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What is wrong?
( The producer does not )

. . wait for the consumer
Time Sender MonleyBox recul) Receiver and vice versa.

A
Lol /
total: 0 4
count: 1000
N

O

{=n W

recv() \!

total : 1000
count: 2000 That means; the producer

9N must wait until the

ceecsend(:1) 5
-1
|::| recv() . > | total : 1000

x J count: 2000
>
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Event/condition synchronization

= When a logical condition is not true, within a mutex guarded code segment,
the thread must be suspend and wait for it to become true
* When a thread is suspended it releases the mutex lock it holds as well
* When it's resumed it reacquires the mutex

= Basic operations
* wait()
- Suspends the calling thread and unlocks the mutex
* signal() / notify()
~ Resumes the first waiting thread
* broadcast() / notifyAll()

~ Resumes all waiting threads
~ However, only one at a time enters the guarded code segment
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POSIX Condition

= Data type
* pthread cond t myCond;

= Life cycle operations
* int pthread cond init(pthread cond t* cond, attr)
* int pthread cond destroy(pthread cond t* cond)

= Synchronization suspend operations

* int pthread cond wait (pthread cond t* cond,
pthread mutex t* mutex)

* int pthread cond timedwait (..., ...,
struct timespec* abstime)
= Synchronization resume operations
* int pthread cond signal (pthread cond t* cond)
* int pthread cond broadcast (pthread cond t* cond)
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Safe SWIFT object

class SafeMoneyBox : public MoneyBox {
using super = MoneyBox;
pthread_cond_t cond{};
bool full = false;

public:
SafeMoneyBox () {
pthread cond init(&cond, nullptr);
}

~SafeMoneyBox() {
pthread_cond_destroy(&cond);

void send(int amount) override {
Guard g{mutex};

while (full) { pthread cond wait(&cond, mutex.native()); } int main(int argc, char* al_'gv[]) {
full = true; SWIFT<SafeMoneyBox> swift;
payload = amount; swift.run(argc, argv);
pthread cond signal(&cond); return 0:
} H
}

int recv() override {
Guard g{mutex};
while (!full) { pthread_cond_wait(&cond, mutex.native()); }
full = false;
auto amount = payload;
pthread cond signal(&cond);
return amount;
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Running again

C++> . fswift-safe -qg

params: 16,080

sender : total=10,000

receiver: total=10,800, count=10,000
C++= . /swift-safe -q

params: 16,080

sender : total=10,000

receiver: total=18,800, count=10,000
C++=> . /swift-safe -q -t 100000

params: 160,000

sender : total=100,000

receiver: total=100,000, count=100,000
C++> . /swift-safe -g -t 1000000
params: 1,000,800

sender : total=1,000,000

receiver: total=1,000,000, count=1,0008,000
C++> I
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The concept "monitor"

» The combination of
* One mutex
* One (or more) condition(s)

® |s called a monitor, in the concurrency theory literature
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Monitor semantics

mutex unlock

resumeQ
condition notify

waitQ
condition wait

enterQ
mutex lock

349

Mutex lock

mutex unlock

resumeQ

waitQ

enterQ
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Condition wait

mutex unlock

resumeQ

E enterQ
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Condition notify

mutex unlock

% resumeQ

waitQ

E enterQ
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Mutex unlock
mutex unlock
resumeQ
waitQ
enterQ
353
Condition wait (many)
mutex unlock
resumeQ

= ey

waitQ

enterQ
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Condition notifyAll (many)

mutex unlock

resumeQ

o)

thr2

waitQ

enterQ

355

Mutex unlock (many)

thr3

mutex unlock

resumeQ

waitQ

enterQ

oy
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class Condition

class Condition {
Mutexé& mutex;
pthread cond_t cond;

public:
Condition (Mutex& m) : mutex(m) {
pthread cond_init(&cond, NULL);
}
~Condition() {
pthread cond_destroy (&cond) ;

}
void wait() {
pthread cond wait (&cond, mutex.getPosixMutex()) ;
}
void notify () {pthread cond signal (&cond) ;}

void notifyAll () {pthread cond broadcast (&cond) ;}
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class SharedData (Java style)

class SharedData {

Mutex lock;
Condition event;
public:

SharedData () : event(lock) {}

protected:
void enter () {lock.enter () ;}
void exit() {lock.exit () ;}
void wait() {event.wait () ;}
void notify () {event.notify() ;}

void notifyAll () {event.notifyAll();}

class Synchronized {
SharedData* context;
public:

~Synchronized() {context->exit();}
}

Synchronized(SharedData* m) : context(m) {context->enter();}
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class MailBox (Java style)

template<typename MsgType>
class MailBox : protected SharedData {

MsgType payload{};
bool full = full;
public:

MailBox () = default;

void put(MsgType msg) {
Synchronized s{this};
while (full) wait();
payload = msg; full = true;
notifyAll() ;
}

MsgType get() {
Synchronized s{this};
while (!'full) wait();

MsgType msg = payload; full = false;

notifyAll() ;
return msg;

}

}i
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CHAPTER SUMMARY

The Race-Condition problem

* Condition variables are needed for any
non-trivial shared data-structure

* Monitor (mutex/cond) semantics
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EXERCISE 2 -
L . “o \1
Condition oS '& K‘jﬂ"

* Implement class Condition QN

* EXTRA

* Add an additional method for wait() that takes a predicate lambda,
that returns true when the wait should stop

* This method will encapsulate the while loop

361

EXERCISE - B
Producer - Consumer '& }’&'

* Design and implement
* class Mailbox as a thread-safe communication conduit
* class Producer as a thread
¢ Sends 1,2,3, ..., N to the mailbox
* class Consumer as a thread
* Receives all numbers from the mailbox and prints them out

3\

-
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The Deadlock problem

v' Deadlocks and how they
appear

v How to prevent deadlocks

Deadlock

= Two or more threads has acquired a reasource each and at the same time
waiting for the other’s resource

™~

Werner 2
https://www.oppetarkiv.se/video/10438939/nojesmassakern

364
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Dining philosofers

= Five philosofers are spending their time thinking and eating
= There is one bowl of rice at the table and five chopsticks
= A philosofer need two chopsticks to eat

O
O O
O O

https://en.wikipedia.org/wiki/Dining_philosophers_problem

365

Coffman's conditions for deadlock

1. Exclusive ownership

2. Hold and wait Break one of
. . Coffman’s

3. Non-preemptive possession conditions

4,

Circular wait

https://en.wikipedia.org/wiki/Deadlock
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How to handle deadlocks

= Prevention
* Invalidate one of the Coffman conditions
- Shared ownership
~ Allocate all or nothing
~ Preempt possession
- Well defined acquisition order that everybody follows
= Avoidance
* Wait for a resource only a limited time
* Before granting an acquisition, check if it might lead to deadlock

= Detection
* Reduce a resource-allocation graph

367

Detection of deadlock

= Empty ReadyQ
= |nspection of thread activities
= Resource allocation graph reduction

Resource type
Resource instances
Thread <>/

\B‘/@

allocation request
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CHAPTER SUMMARY

The Deadlock Problem

* Resources
e Starvation
e Livelock

* Deadlock
¢ Coffman's 4 conditions

369

CHAPTER SUMMARY
Dining Philosophers

* Design and implement a deadlocking version first
* Then implement prevention — somehow...

class Philosofer : Thread { class ChopStick {
ChopStick left, right; bool busy;
//.. sync needed here ..
protected:
void run() { .
while (true) { public:
//sleep. . . void acquire() {...}
left.acquire(); void release() {...}
right.acquire() ; };
//eat. ..
right.release() ; )
left.release(); )
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Message-Passing

v/ What it is and its pros & cons v" Receivable<T>

v' Design of a message queue in
C++

v’ MessageQueue<T>
v’ MessageThread<T>

371

Shared data vs. Message passing

Explicit synchronization

@/\@

Message passing @ E E E C

Implicit synchronization
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What is a 'message’

= Just a bunch of bytes

* JBoB
= Primitive data values ~5 <

« char, int, float, double, ... ~ \/:/ —~
= Composite data values - % >

e struct, array —~ ﬁ —~
= Pointer types /\,/T\ //\/

* string, object & e

= Complex linked pointer types
* List, set, map, tree, ...

373

The problem of sending a pointer (to data)

Passing just the pointer (reference) to the message
data re-introduces the problem of shared data

There are three
ways to solve this
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Sending immutable data

Sharing immutable data, do not cause problem

template<typename T>
class Message {
T& payload;
public:
Message (const T& msg) : payload(msg) {}
const T& get() const {return payload;}
}i

375

Transfering ownership of a reference

The producer relinquish its reference to the message

The invariant condition is that at most one thread has a
reference to the data at any given point in time — data
ownership is always transfered

2o
® " @

template<typename T>
class Message {
std: :unique_ptr<T> payload;
public:
Message (T* msg) : payload(msg) {}
std: :unique_ptr<T> get() const {return payload;}
}i

376
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Sending a copy of the data

Every send operation copies the data

The invariant condition is that at most one thread
refers a specific data instance — data is always copied

o

template<typename T>
class Message {

T payload; For example, use

public: data types / classes on
Message (T msg) : payload(msg) {}
T get() comt {returm payiead;] standard class form (SCF)
Y
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Message Queue

= A mailbox is a queue with 1 message slot

= A message queue allow threads concurrently in both ends
* As long as there are available slots, a producer can send data
* As long as there are messages available, a consumer can receive data
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Queue capacity

= Unbounded (asynchronous)
* Will never be full
* Can lead to memory leaks (too many messages)

= Bounded (synchronous)
* What to do when the queue is full
- Suspend the sender
- Drop new messages
- Drop old messages (overwriting)

379

Logical implementation of a message-queue

size

put(T x) when(size < max) T get() when(size > 0)
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Program structure

® Instead of placing queues (explicitly) between threads it’s far more
manageable to move each queue into the recipient and wrap it with a set of
methods

@ DD D

381

Class Overview

Receivable
/\

Producer
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interface Receivable<T>

template<typename MsgType>
struct Receivable {

virtual void send(MsgType msg) = O;
}i

template<typename T>
class Producer : public Thread ({
Receivable<T>* next;
protected:

}i

void run() {...next->send(x);..

-1

template<typename T>
class Consumer : public MessageThread<T> {

public:

void send(T msg) {. . .}
protected:
void run() {...x = recv()...}

};

383

Class MessageThread<T>

template<typename MessageType>
class MessageThread
: public Thread,

public Receivable<MessageType>
{

MessageQueue<MessageType> inbox;

protected:
MessageThread (int queueMaxSize=0) : inbox(queueMaxSize) { }

MessageType recv() {return inbox.get();}
int queueSize () const {return inbox.size();}|
public:

void send (MessageType msg) {inbox.put(msg);}
};

384




C++ Supplementary & Threads

CHAPTER SUMMARY

Message Passing

* Uni-directional message passing simplifies your program logic
* Hide the message sending logic
* API

* class MessageQueue<T>

* class MessageThread<T>
* "interface" Receivable<T>

385
EXERCISE S ™
v
MessageQueue ;
* Design and implement class MessageQueue RO
- . e * »
* You need 1 Mutex and 2 Condition objects for synchronization «\\&)\\\‘\\”\\
* Use std::queue for the payload h";o\\\"

 http://en.cppreference.com/w/cpp/container/queue
* Start without templates, if you have time then add template support
* Test it with a pair of producer and consumer threads

* Producer: send 1,2,3,...,N and finish by sending -1
* Consumer: receive numbers and print out, end when received negative number
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EXERCISE

MessageThread<T> and Receivable<T>

* Implement

. . IR N
* "interface" Receivable<T> < “\\x\"&‘
N\
* class MessageThread<T> :\‘\‘\\\\\‘\
R\

387

EXERCISE

Pipeline

* Implement a chain of threads w
* class Producer : public Thread
* Sends a sequence of integers (1,2,3,...,N) to its next
* class Transformer : public MessageThread<int>
* Receives a number, multiplies by 2 and sends to next in chain

* class Consumer : public MessageThread<int>
* Receives a number and prints it out

* EXTRA: command-line arguments
* Number (N) of integers to send
* Number (T) of transformers
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Bi-Directional Message-
Passing

v' Rendezvous
v’ Futures

Extended Rendezvous

= A value is passed as argument to the consumer and a return value is passed
back to the producer

= Function call semantics,
* a.k.a. Thread Method Invocation (TMI)
* or Remote Procedure call (RPC)

4] I
—\ N
H = Computation

=4

Detach point
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Implementation of TMI

= Message wrapper, inserted into an unbounded channel
* Payload
* Single entry channel for the return value

= Producer

* Creates a wrapper with the message

* Waits for the return value at the wrapper’s channel
= Consumer

* Processes the payload in the wrapper
* Puts the return value into the wrapper’s channel

Wrapper 3: getSenderhessage

[

é‘ﬁ 4: putReplyMessage

1: put
2: waitForReplyMessage

391

TMI Message Wrapper

template<typename SendType, typename ReplyType>
class RendezvousMessage {

SendType payload;
MessageQueue<ReplyType> replyQ;
public:

RendezvousMessage (SendType msg) : payload(msg) {}

SendType getPayload() const {return payload;}
void reply (ReplyType msg) {replyQ.put(msg);}
ReplyType waitForReply () {return replyQ.get();}
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Rendezvous Thread

template<typename SendType, typename ReplyType>
class RendezvousThread : public Thread {
MessageQueue< RendezvousMessage<SendType,ReplyType>* > msgQ;

protected:
RendezvousMessage<SendType,ReplyType>* recv() {
return msgQ.get() ;
}

public:
ReplyType send(SendType msg) {

msgQ.put(m) ;

ReplyType r = m->waitForReply () ;
delete m;

return r;

RendezvousMessage<SendType,ReplyType>* m = new RendezvousMessage (msg) ;

393

Usage of Rendezvous Thread

class Client : public Thread {
RendezvousThread<int, long>* srv;

public: virtual void run() {

long sum = srv->send(100) ;

} class Server : public RendezvousThread<int, long> ({
}; public: virtual void run() {
do {

RendezvousMessage<int,long>* m = recv();
int n = m->getPayload() ;
long result = n * (n+l) / 2;
m->reply (result) ;
} while(true);
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Communication pattern for rendezvous

Client

Server

395

Inverse communication pattern

Rendezvous cannot handle this
pattern, because it watts until
each rendéezvous has completed.

Server

Client

Server
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Future - A rendezvous with a swing

= More info

send -

= A message wrapper object is returned from send()
* Allows the sender to choose when to wait for the reply

* http://en.wikipedia.org/wiki/Future_(programming)

C

N EE—
N
Computation

P—

>
—_— o
H wait for result
M return resultf

Transaction comp}ete ‘v
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Future - Message Wrapper

class Future {

SendType payload;
MessageQueue<ReplyType> replyQ;
public:

Future (SendType msg) : payload(msg) {}

template<typename SendType, typename ReplyType>

SendType getPayload() const {return payload;}

void reply (ReplyType msg) {replyQ.put(msg);}
ReplyType waitForReply () {return replyQ.get();}
bool isDone () {return !replyQ.isEmpty();}
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CHAPTER SUMMARY

Bi-Directional Message-Passing

* Message passing is the preferred way of designing concurrent applications
* Asynchronous send

* Synchronous send

* Rendezvous

* Future

* Communication patterns
* N>1
* 12N

399

EXERCISE S ™
Rendezvous '& }’g

* Implement

RN
* class RendezvousMessage \A\‘ﬁ\\,’\»&\
\\ \
* class RendezvousThread ;?»‘\\ Vv
\1\\
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EXERCISE 5 |
FibonacciServer & : }g

* Design a FibonacciServer thread that computes Fibonacci numbers for clients
* long fib(int n) {return n <=2 ? 1 : fib(n-1) + fib(n-2);}

* Design a Client thread that asks the server for the Fibonacci numbers
* EXTRA

* Create more than one client

401
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PART-5
Modern C++

Helper Types




C++ Supplementary & Threads

std::tuple<T1, T2, T3..>

= Generalization of pair, which defines a fixed-sized collection of values

= Create a tuple
* auto t = make_tuple(3.14, "Anna Conda", 42, 'B');

= Element access: get<n>(obj)
* double x =get<0>(t);
* string s =get<1>(t); i 0 2D i e R e

if (id == 2) return std::make_tuple(1.7, 'D', "Ralph Wiggum

std: :tuple<double, char, std::strings get_studentlint id)
{

throw std::invalid_argument(*Td*);

. o ) ,
*int i = get<2>(t); _
?nt main()
* char  c=get<3>(t); mRmmgeer
<< << sldq::gekls(studemol <<,
.
= Multi assignment: tie(...)
char gradel;
1 “i 2;:“35”91551 namel) = get_student(1):
* tie(x,s,l,c) = t; B g e
<< "GPA: " == gpal =< ", "
<< “grade: * << gradel << *, *
<< "name: " =< namel << '\m';

}

Output:

ID: 0, GPA: 3.8, grade: A, name: Lisa Simpson
ID: 1, GPA: 2.9, grade: C, name: Milhouse Van Houten
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std::optional<T> [C++17]

= Representation of a value or absence of value

#include <iostream=>
#include <string>

#include <optional>
using namespace std;

optional=string= lookup(censt string& haystack, censt string& phrase) {
auto pos = haystack.find(phrase);
if (pos != string::npos) return {haystack.substripos, phrase.size())}}; else return {};

}

void doit(const string& phrase){
const auto sentence = "It was a dark and silent night. Suddenly there was a sound of a shot."s;
cout =< "find("<<phrase=<"): " =< lookup(sentence, phrase).value_or("NOT FOUND") << endl;

}
int main(int, char**) { . . -

doit("shot"); using-optional

doit("what"); -

étuhw@? ) /home/jens/Courses,/cxx/cxx -embedded
1 find(shot): shot

© | find{what): NOT FOUND

1 Process finished with exit code @
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variant<T> [C++17]

= Type safe union

#include <iostream>

#include <string>

#include <variant>

using namespace std;

using namespace std::literals;
int main(int argc, char** argv) {

variant<int, double, string> payload{"tjabba"s};

"k e e

} ecatch (bad_variant_access& x) { cout <<

return 0;

" << x.what() << endl; }

cout << "string: " << get<string>(payload) << " [" << payload.index() << "I1\n";

payload = 42; =l using-variant

cout << "int " << get<int> (payload) << " [" << payload.index() << "I\n"; /mnt/c/Users/Jjensr/Dropbox/Ribomati
string: tjakka [2]

payload = 3.1415926; int @42 [0]

cout << "double: " << get<double>(payload) << " [" << payload.index () << "I1\n"; double: 3.1415% [1]

cout << "double: " << get<l>(payload) << " [" << payload.index() << "I\n"; double: 3-l4159.[l]
¥*% Tnexpected index

try {

auto v = get<int> (payload);

Process finished with exit code 0
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std::any<T>

#include <iostream>
#include <any>
using namespace std;

using namespace std::literals;

int main() {
any whatever = 420U;
if (whatever.has_value() s whatever.type() == typeid(unsigned)) [
auto v = any_cast<unsigned> (whatever):

cout << "unsigned: " << ¥ << endl;

whatever = 3.1415926;
if (whatever.type()

typeid(double)) {
auto v = any_cast<double>(whatever);

cout << "double: " << v << endl;

whatever = "tjolla hopp"s;
if (whatever.type() == typeid(string)) {
auto v = any cast<string>(whatever):

cout << "string: " << v << endl;

return 0;

= A generic variable holding any type of payload

using-any

Jmnt/c/Users/jensr/Drophox,/Rikbomation,

unsigned: 42
double: 3.141589
string: tjclla hopp

Process finished with exit code 0
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Using any within a map
#include <iostream>

#include <unordered map>
#include <any>

using namespace std;
using namespace std::literals;

int main{) {
uncrdered_map<string, any> stuff;
stuff["int"s] = 42;
stuff["double"s] = 42 * 1234.5673%9;
stuff ["string"s] = "foobar strikes again"s;

for {auto e : stuff) |
cout << e.first << ": "7

if ({e.second.type() == typeid({int)) [
cout << any_cast<int>(e.sscond);

1 else if (e.s=cond.type() == typeid(double)) |
cout << any_cast<double>(e.second);

1 else if (e.second.type() == typeid(string)) {

cout << any_cast<string>(e.second);

}

cout << endl;

return 0;

any-map
Jomnt/c/Users/jensr/Dropbox/Bibomation,
string: fookar strikes again

int: 42

double: 51831.9

Process finished with exit code O

409

Rational numbers

represents any finite rational number.

#include <iostream=
#include =ratio=

int main()

typedef std::ratio<2, 3> two_third;
typedef std::ratio<l, 6= one_sixth;

typedef std::ratio_add<two_third, one_sixth> sum;

Cutput:

2/3 + 1/6 = 5/6

std::cout << "2/3 + 1/6 = " << sum::num << '/' << sum::den << '\n';

= The class template std::ratio and associated templates provide compile-time
rational arithmetic support. Each instantiation of this template exactly
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Complex numbers

#include <iostream>
#include <iomanip>
#include <complex>
#include <cmath=>

int main()

using namespace std::literals
std::cout << std::fixed << std::setprecision(1);

std::complex<double= z1 = 1i * 1i; // imaginary unit squared
std::cout << "i *# i =" << z1 << '"\n';

std::complex<double> z2 = std::pow(1i, 2); // imaginary unit squared
std::cout << "pow(i, 2) = " << 22 << '\n';

double PI = std::acos(-1);
std: :complex<double> z3 = std::exp(1i * PI); // Euler's formula

std::cout << "exp(i, pi) = " << 23 << '\n";
std::complex<double> z4 = 1. + 2i, z5 = 1. - 2i; // conjugates
std::cout << "(1+21)*(1-21) = " << z4*z5 << '\n';

H

output:

i*i=(-1.9,0.0)

pow(i, 2) = (-1.0,0.0)

exp(i, pi) = (-1.0,0.0)

(1+21)#*(1-21) = (5.0,0.0)
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Numeric arrays

= std::valarray is the class for representing and manipulating arrays of numeric
values. It supports element-wise mathematical operations and various forms
of generalized subscript operators, slicing and indirect access

#include <iostream=
#include <complex=
#include <valarray=

int main()

const double pi = std::acos(-1)
std::valarray<std::complex<double>> v =
{8, o}, {0, pis2}, {0, pi}, {e, 3“91/2} {0, 2*pi}

sid::valarray<std::complex<dcuble>> v2 = std::exp(v);
forfauto n : v2) {

stdi:cout << std::fixed << n << '\n';
}

output:

(1.0000680,0.000086)
(9.000080,1.000086)
(-1.000800,0.000800)
(-0.000800, -1.008000)
(1.000000, -0.000000)
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Class bitset<N>

= The class template bitset represents a fixed-size sequence of N bits. Bitsets
can be manipulated by standard logic operators and converted to and from
strings and integers

#include <bitset=
#1include <string=
#include <iostream=
#include <climits=

ant mainf) 58066080
{ pelelele
// empty constructor 0660001111111111111113111117111111111131117113113113131311131111117111113111
std: :bitset<g> b1; // [8,0,0,6,0,0,0,6] 11110000
0al1ee1e
// unsigned long long constructor
std::hitset<g> b2(42); "l 00000010
std: ibitset<70s bl(ULLONG MAX); // .,1,1,1] in C+11 90990881
std::bitset=8> bsl{oxfffe); v 81861181
Bege1111

// string constructor
std::string bit string = "110010";
std::hitset<g> b3(bit_string);
std::bitset<g> ba(bit_string, 2);
std::bitset«8= bS(bit_string, 2, 3);

// string constructor using custom zero/one digits

std::string alpha bit string = "aBaaBBaB";

std: ibitset<e> belalpha _bit_string, o, slpha_bit_string.size(],
‘a', 'B'); // l8,1,0,0,1,1,0,1]

// char* constructor using custom d)g ts
std: :bitset<g> b7("000CrYYY", 8, 'y'); // le,0,0,0,1,1,1,1]

std:icout =< bl << *\n' << b2 << '\n' << bl << '"\n* << bs << '\n'
= b3 == "\n' =< b4 =< '\n' == bS == "\n' =< b6 =< '\n'
<< b7 =< \n';

http://en.cppreference.com/w/cpp/utility/bitset/bitset
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Fixed width integer types

= Integral types with well-defined bit sizes
* Typically used as "data channels" for memory mapped I/O

= Info
* http://en.cppreference.com/w/cpp/types/integer

= Include
e <cstdint>

ﬂﬂ:g tt unsigned integer type with width of exactly 8, 16, 32 and 64 bits respectively
u.1.nt32 t (optional)  (provided only if the implementation directly supports the type)
(typedef)
uint64 t
int8_t signed integer type with width of exactly 8, 16, 32 and 64 bits respectively
intlﬁ_t( tional) with no padding bits and using 2's complement for negative values
int32_t '°PHOn® (provided only if the implementation directly supports the type)
int64 t (typedef)

uintmax t: maximum width unsigned integer type
intmax t : maximum width integer type

414
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std::numeric_limits

= Info

® Include
e <|imits>

template<> class numeric_limits<bools>;
template<> class numeric_limits<chars>;
template<> class numeric_limits<signed char=;
template<> class numeric_limits<unsigned char>;
template<> class numeric_limits<wchar_t>;

template<> class numeric_limits<short>;
template<> class numeric_limits<unsigned short>;
template<> class numeric_limits<int>;

template<> class numeric_limits<unsigned int=>;
template<> class numeric_limits<long>;
template<> class numeric_limits<unsigned long>;
template<> class numeric_limits<long long=;

template<> class numeric_limits<float>;
template<> class numeric_limits<double>;
template<> class numeric_limits<long double>;

template<> class numeric_limits<charl€_t>; // C++1l feature
template<> class numeric_limits<char32 t>; // C++11 feature

template<> class numeric_limits<unsigned long long=;

= Provides a standardized way to query various properties of arithmetic types

* http://en.cppreference.com/w/cpp/types/numeric_limits

Member Description

lowest () Lowest finite value

min () Smallest finite value
max () Largest finite value

is signed True if not unsigned
is_integer True if not floating-point

Selecten subset of all members
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CHAPTER SUMMARY

Helper Types

* any / optional /variant
* ratio / complex / valarray
* bitset / numeric_limits

* There are many handy and versatile data-types in the standard library
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EXERCISE

Contact card

* Define a class holding name and contact information
* Let all fields except name be represented as optional fields
* Add getters for all the fields

* Overload the left shift operator for printout
* ostream& operator <<(ostream&, const Contact&)
* Print out fields only having a value

417
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Using string_view Objects

1

419

Using string_view [C++17]

= Efficient usage of character sequences without memory allocations
* It's a cheap operation to copy a string_view object

= A string_view object is a read-only view-port into a character array
* Has a similar API as std::string, but without modifiers

" Has " . .. "sv literal suffix as well

length: 7
data:

A horse, a horse. My kingdom for a horse!

char buf[1024];

read (fd, buf, sizeof (buf));
string view payload{21, 7};
/] ...

parselt ("simple string-view literal"sv);

420
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Parsing a HTTP request 1% line, using string_view

tuple<string view, string view, string_view>
HttpHandler::parseRequestline(string view line} |
o ) o

const auto SPACE = " "svy

1= 1.0

const auto spacel = line.find(SPRCE, 0);
if (spacel == string_view::npos) throw MalformedRequest{"HTTP Method"};

const auto space2 = line.find(SPACE, spacel + 1);
if (spaced == string_ view::npos) throw MalformedRequest{"HTTP Path"};

L
Options emptyvOpts{};
wector<Route> emptyRoutes{};
wector<Filter*> emptyFiltersa{}:;

return make_tuple |
line.substr{d, spacel),
line.substr({spacel + 1, space2 - spacel -1),
line.substr(spacez + 1)); TEST (requestParsing, parscRequestline) {

1 HttpHandler handler{emptyCpts, emptyRoutes, emptyFilters};

anto [method, path, proto] = handler.parseRequestline ("GET /msg HTTE/1.0"sv):

EXPECT EQ(method, "GET"sv):
EXPECT_EQ(path , "/msg"sv)
EXPECT EQ(proto , "HTTE/1.0"sv):

Run: . Allin hitp-handler-test.coc (1) -~
r@E 1 =z = ENCEY
v @ TestResults

v @ requestParsing
@ parseRequestLine

oms
oms

@ Tests passed: 1 0f | test—0ms

Testing started at 15:10 ...
/mnt/c/Users/jensr/CLionProjects/res
Running main() from gtest_main.cc
IProcess finished with exit code @
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Handling one HTTP request

void HttpHandler::run(int fromClientFd, int toClientFd) {
ResponseImpl response;
RequestImpl request;
const auto payloadSize = options.max regquest size in bytes

| The one anol owtg memory

auto payload = make unigque<char[]>(payloadSize); | allocation. Contains the

try {

loadAndParseRequest (fromClientFd, request, payload.get(), payloadSize);

auto route = findRoute (request);
filters[0]->invoke (request, response, *route);

} catch (RouteNotFounda err) {
cerr << "%%* Route not found " << err.what() << endl;
response.status (404, err.what());

} catch (MalformedRequest& err) {
cerr << "*%* Malformed REQ " << err.what() << endl;
response.status (400, err.what());

- L
by struct RequestImpl : public Bequest |
sendResponse (toClientFd, response); string view method ;
} atring_view path_;

— string view protocol_;
string view body_;
string view qUery_:
string view param ;
unordered map<string_view, string wiew> headers_;
unordered map<string, any> attributes_;

whole request, where all
fragments are Light-
welght string view
objects, The char buffer is
managed by a simart
polnter,
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CHAPTER SUMMARY

Using string_view Objects

* The string_view class is an excellent companion to std::string
* Keep in mind that it's just a read-only viewport to an existing char array

423

EXERCISE 5 2
Parsing and memory efficiency ‘& 4

NN

* Load the content of a file into a heap allocated text string (char*)

* Extract all words (sequence of letters) into string_view objects and put them
into a std::map where the map-value is the word frequency

* Use a for-each loop to print out the words together with their frequencies
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Smart Pointers

425

What is a smart pointer

= A local object holding an address to a target memory block (owner)
= When an owner of a resource goes out of scope (last '}, return, throw), it must
dispose the resource or transfer the ownership of it to another owner

= Benefits

* Reduces the risk for memory leakage

* Automatic disposal of unreachable objects
= Realizations

* Different pointer handling semantics
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class Ptr {
T* addr;

public:
explicit
~Ptr() {

T& operator *()

template<typename T=

Ptr(T* addr) : addr{addr}
delete addr; }

const {return *ad

Simple (incomplete) implementation

void using ints() {
cout =< "--- using ints ---\n";
Ptr<int> p{new int{42}};
cout =< "¥p = " <= *p << endl;
po*= 10;
cout =< "*p =
R

void using accounts() {

{1

=< *p == endl;

dr;}

T* operator ->() const {return addr;} cout << "--- using accounts ---\n";
struct Account {

Ptr() = delete; private: int balance;
Ptriconst Pir<T=&) = delete; public: Account(int b) : balance{b} {}

public: int getBalance() const {return balance;}
s operator=(const Ptr<T>&) = delete; -pubhc: void updateBalance(int b) {balance += b;}
const void* operator&() const = delete; !
void* operator new(size t) = delete; Ptrefccount> p{new Account{1500}};

b cout << "p->getBalance() =" << p-=getBalance(] =< endl;
cout =< “(*p).getBalance() = " << (*p).getBalance() =< endl;
p-=updateBalance(-758);

fusr/bin/valgrind --tool=memcheck --x cout =< “"p->getBalance() =" << p-=getBalance(] =< endl;
- using ints --- I3
*p = 42
| *p =420
[ - using accounts ---
. p-=getBalance() = 1500
{ (*p).getBalance() = 1500 B A
|| p-»getBalance() = 750 Automatic destruction D'f
IProcess finished with exit code 8 l’[ﬁaP allocated MCMOYB block
427

template<typename T>

class Ptr {
T* addr;

public:
explicit Ptr(T* addr) : addr{addr} {}
~Ptr() { delete addr; }

T& operator *()
T*

const {return *addr;}
operator ->() const {return addr;}

Ptr() = delete;
Ptriconst Ptr<T>&) = delete;

No pointer to a smart pointer

Ptr<T>& operator=(const Ptr<T=&) = delete;

const void* operator&() const = delete;

void* operator new(size t) = delete;

I

JAveld* x = &p:
Jlerror: use of deleted function ‘const void* Pir::operator&() const’
JAvold* y = new Pirinew int{42}};
J/lerror: use of deleted function “static void* Ptr::operator new(size t]~

428
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class Car {

Ptr<Person> owner;
public:
Car (Ptr<Person> p) : owner{p} {..}

/]
}i

void doSomethingWrong () {
Ptr<Person> Dbob = new Person{"Bob"};

if (...) |
Ptr<Car> volvo = new Car{bob};

}

c::Z\zk\QEi:\ij bob->getName () << endl;
}

Oooops

ol

To delete or not to delete, that's the question?

A destructor, also run all destructors of
its member objects as well, Hencee, Bob
got disposed!

429

* T::T(const T&)
* T:~T()
* T& T::operator =(const T&)

* UniquePtr<T>
* CopyPtr<T>
* RefCountPtr<T>

= How to handle copying and destruction

Different smart pointer semantics

= Different smart pointer semantics realization
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UniquePtr<T>

= Manages a single reference
= Each copy/assignment transfers the ownership
= When the pointer object goes out of scope it disposes the memory block

UniquePtr<Person> p{ new Person{"Nisse"} };
UniquePtr<Person> g = p;

i
o e

q

431

CopyPtr<T>

= Manages a single reference
= Each copy/assignment makes a copy of the target memory block
= When the pointer object goes out of scope it disposes the memory block

CopyPtr<Person> p{ new Person{"Nisse"} };
CopyPtr<Person> gq = p;

[0

e
P

'
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RefCountPtr<T>

= Manages multiple references

» Each copy/assignment increments a reference count

= When the pointer object goes out of scope it decrements the reference count
= When the reference count hits zero the memory block is disposed

RefCountPtr<Person> p{ new Person{'"Nisse"} };
RefCountPtr<Person> g = p;

P

433

Smart pointers in Modern C++

® unique_ptr<T>
* Exclusive ownership
= shared_ptr<T>
* Reference counting
= weak_ptr<T>
* Handles circular chains of shared_ptr<T>
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Usage of unique_ptr<T>

struct Thing {

unique ptr<Thing> mk() { static int count;
unique ptr<Thing> ptr{new Thing{42}}; const int value;
cout << "[mk] count: " =< Thing: rcount =< F_‘I"Idl; explicit Thing{int v) : value{v} {
return ptr; ++count ;

cout << "Thing(int=" << value << ") ent=" << count << endl;

}

- - - - ~Th
unique ptr<Thing> use(unique ptr<Thing> ptr) { et
cout == "[usel] count; " =< Thj_ng: rcount << endl; cout << "~Thing(" << value =< ") cnt=" << count << endl;
}
auto q = make unique<Thing=(17); Thing(const Things) = delete;
cout << "[use] count: " << Thing: rcount << endl; . Thingé operator=(const Thing&) = delete;
ptl" = move{q); i;ﬂ Thing::count = 0;

return ptr; using-unigue_ptr

} /home/jens/Courses/cxx/cxx-embedded
. . [first] count: ©
int main(int, char**) { Thing(int=42) cnt=1
cout == "[first] count: " =< Thing::count =< endl; ! [mk] count: 1
» | [usel count: 1
unique ptr<Thing> ptr = mk()}; j  Thing(int=17) ent=2
ptr = use(move(ptr)); luse]  count: 2
cout << "[block] count: " << Thing::count << endl; i ~Thing(42) cnt=1
.| [block] count: 1
cout == “[last] ecount: " << Thing::count =< endl; ] I{géﬁ{lzn})u;?:g
return 0; '
} Process finished with exit code 0
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Both smart pointers types can take an custom deleter

int mainiint, char**) {
cout <= "[main] enteryn™;
{
struct Deleter {
void operator()(int* addr) {
cout =< "custom deleter\n”; delete addr;
h

+
unique ptr<int, Deleter> p{new int{42}, Deleter{}};
cout <= "¥p = " << *p =< endl;

}

cout <= "[main] exit\n"; |
return ©; custom-deleter
s Jfhome/jens/Courses/ cxx/cxx-embedded)|
= [main] enter
*p = 42

custom deleter
1| [main] exit

Process finished with exit code @
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Member functions

API of unique_ptr<T> consvucto (OPSTES 2 e fave piT
—

destructs the managed object if such is present

{destructor) (public member function)
- assigns the unique_ptr
operator= (public member functior)
Modifiers
returns a pointer to the managed object and releases the ownership
release
(public member function)
reset replaces the managed object
(public member function)
swaps the managed objects
swap ; !
(public member function)
Observers
get returns a pointer to the managed object

(public member function)
returns the deleter that is used for destruction of the managed object
(public member function)

checks if there is associated managed object

(public member function)

get_deleter
operator bool

Single-object version, unique_ptr<T>

operator* dereferences pointer to the managed object
operator-> (public member function)
Array version, unique_ptr<T[1>

provides indexed access to the managed array
operator[] (public member function)

Non-member functions

creates a unique pointer that manages a new object

mak (function template)

nique (c++14)

operato
operato
operator< compares to another unique_ptr or with nullptr
operator<= (function template)

operator>

operator>=

specializes the st
(function template)

std: rswap(std: -unique_ptr) (C++11) swap algorithm
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Member functions

API of shared_ptr<T> Gonsructon (OIS P ared T
-

(destructor) destructs the owned object if no more shared_ptrs link to it
{public member function)
assigns the shared_ptr

operator= (public member function)
Modifiers
replaces the managed object
reset (public member function)
swaps the managed objects
swap (public member function)
Observers
returns a peinter to the managed object
get (publi ber functi
(public member function)
operator* dereferences pointer to the managed object
operator-> (public member function)
returns the number of shared_ptr objects referring to the same managed object
(public member function)
unique checks whether the managed object is managed only by the current shared_ptr instance

{public member function)

checks if there is associated managed object
(public member function)

provides owner-based ordering of shared pointers
{public member function)

operator bool

owner_before

Non-member functions

make shared creates a shared pointer that manages a new object
— (function template)

llocate shared creates a shared pointer that manages a new object allocated using an allocator
" (function template)

static_pointer_cast applies static_cast, dynamic_cast or const_cast to the type of the managed
dynamic_pointer_cast object
const_pointer_cast (function template)

returns the deleter of specified type, if owned

get_deleter (function template)

operato
operator!=

operators< compares with another shared_ptr or with nullptr
operator<= (function template)

operator>

operator>=

outputs the value of the managed pointer to an output stream
(function template)

specializes the std: : swap algorithm

(function template)

operator<<

Std: 1SWap (std: :shared_ptr) (C++11)
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CHAPTER SUMMARY

Smart Pointers

without any overhead
* Useful together with exceptions and threads
* Principles
* UniquePtr / CopyPtr / RefcntPtr
* C++11
* unique_ptr/ --- / shared_ptr

* Can have custom deleter

* If you use a custom allocator, e.g. to non-heap memory,
then use a custom deleter as well

* Smart pointers provides a limited form of garbage collection

439

EXERCISE

Play with shared_ptr<T>

* Create an Account class

e Pass it around in and out of functions

* Hint: use_count()

* Make it non-copyable (no copy constructor & assignment operator)
* Augment it with an instance count (static int managed in constructor(s) & destructor)

* Create one account object managed by a shared_ptr<T>

2 =
.& 4

NN

* Ensure that you at some point have at least three users (smart pointers to the account)
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File Systems

441

File systems support

= Representation of directory entry and path
= A path to an existing entity provides permissions, meta-data and size

= Possible to manipulate files and directories
* Copy files, create/remove directories and links, resize files

= Need to link with fs lib (GCC version 8.0+)
g++ -std=c++17 -1lstdc++£fs app.cxx
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FS API

Classes

Defined in header <filesystens

Befined in namespace filesystem
pathic++17)
filesystem_error(c++17)
directory_entryic++17)
directory_iteratoric++17)
recursive_directory iteratoric++17)

file_statusic++17)

space_info (c++17)

represents a path

[class)

an exception thrown on file system errors

(class)

a directory entry

[class)

an iterator to the contents of the directory

(clazs)

an iterator to the contents of a directory and its subdirectories
(class)

represents file type and permissions

[class)

information about free and available space on the filesystem

(class)

file typeic++17) Fhe type of a file
' {=num)
; : identifies file system permissions
perms (c++17) {enum)
i ) X specifies semantics of permissions operations
perm_options (C++17) {enum)
. . specifies semantics of copy operations
copy_options (c++17) {emam)
. - B options for iterating directory contents
directory_options (c++17) {enum}
. : ) represents file time values
file_time_type(c++17) {typedef)

Non-member functions

absolute c++17)
canonical
weakly_canonica

relative
proximate

e+
1
e
copy(c+ar)
copy_file(cs+17)

copy_symLink (c++17)

create_directory (c++17)
create_directories (c++17)

create_hard_Link (c++17)

create_synlink c+a17)
create_directory_syalink(c++17)

current_path (c++17)
exists (c++17)
equivalent c++17)

File sizecct+17)
hard_link_count (c++17)
Tast_write_time(ct+17)
permissions (ci+17)
read_symlink (c++17)

remove (c++17)
remove_allic++17)

rename (c++17)
resize_filec++17)
space(c++17)

status (C++17)
symLink_status c++17)

temp_directory path(c++17)

composes an absolute path
(function)

composes a canonical path

(function)

composes a relative path

(function)

copies files or directories

(function)

copies file contents

(function)

copies a symbolic link

(function)

creates new directory

(function

creates a hard link

(function)

craates 3 symbolic link

(function)

returns or sets the current working directory

(function)

checks whether path refers to existing file system object
(function)

checks whether two paths refer to the same fils system object
(function)

retumns the size of a file

(fanction)

returns the number of hard links referring to the specific file
(function)

gets or sets the time of the last data modification

(function)

modifies file access permissions

(function)

obtains the target of a symbolic link

(function)

removes a file or empty directo
removas a fils or directory and
(function)

moves or renames a file or directory

(function)

changes the size of a regular file by truncation or zero-fil
(function)

2Nits contents, recu rsively

determines available free space on the file system
(function)

determines file attributes

determines file attributes, checking the symlink target
(function)

returns a directory suitable for temporary files
(function)

—_
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std::filesystem path

namespace fs

int main () {
auto tmpFile

return 0;

auto lastModified

auto ts

cout << "modif:

auto fsSpace

cout << "/home:
<<" avail:

#include <filesystem>
std::filesystem;

fs::current path() /

ofstream f{tmpFile};

fs::

fs::space ("/home"s) ;
" << fsSpace.capacity <<

"dummy.txt"s;

last write time (tmpFile);
= system clock::to_time t(lastModified);
" << asctime (localtime (&ts))

<< endl;

" << fsSpace.available << endl;
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Recursive directory traversal

finclude <filesystem>
namespace fs = std::filesystem;

int main(int argc, char** argv) {
const auto baseDir = fs::path{argc == 1 2 "." : argv[l]};
if (!fs::is directory(baseDir)) {
throw invalid argument{'"not a directory: "s + baseDir.string()};

cout << "Base dir: " << baseDir << endl;:
for (auto& entry : fs::recursive directory iterator(baseDir)) {
auto filename = entry.path().string():
if (fs::is_regular_file(entry)) {
auto lastModif = fs::last_write time (entry);
auto t= = decltype (lastModif) ::clock::to_time t(lastModif);
cout << put_time(localtime(&ts), "%F %T") << "\g"
<< fs::file_size(entry) << " bytes\t"

<< filename << endl; L
} else if (fs::is directory(entry)) { 2018-09-17 @9:29:69 804 bytes . femake-build-debug/CMakeFiles/project-stats.dir/DependInfo.cmake
cout << filename << "/" << endl; 201B-09-17 09:29:09 233 bytes . /emake-build-debug/CHakeFiles/project-stats.dir/flags.make
2018-09-17 @9:29:09 98 bytes . /cmake-build-debug/CMakeFiles/project-stats.dir/link. txt
} else { 2018-89-17 G9:29:09 43 bytes . fcmake-build-debug/CMakeFiles/project-stats.dir/progress. nake
cout << filename << " ??" << endl; 2018-09-17 10:24:37 620208 bytes . /cmake-build-debug/CMakeFiles/project-stats.dir/project-stats.cxx.o
) 2018-09-17 89:29:09 516 bytes . /cmake-build-debug/CMakeFiles/TargetDirectories. txt
2618-09-17 @8:59:34 1719 bytes . /cmake-build-debug/cmake_install.cmake
} 2018-09-17 @9:29:09 8276 bytes . /cmake-build-debug/file_systems.cbp
2018-69-17 ©9:29:09 5579 bytes . /cmake-build-debug/Makefile
return 0; 2018-69-17 10:24:37 547008 bytes . /cmake-build-debug/project-stats
2018-69-17 @9:29:08 242 bytes . /CMakeLists. txt
¥ 201B-09-17 10:41:08 1102 bytes ./project-stats.cxx
o

445

CHAPTER SUMMARY

File Systems

* The FS addition makes it easy to work with file entities
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EXERCISE

Dir count

* Write a program that takes a directory name on the command-line
* Verify the name refers to a directory or set it to the current, if absent

* Open all text files and count the number of lines, words and chars
* Define a set of extensions of text files, to know if a file is text or binary

* Print out the counts for each file plus a summary
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Date / Time / Clock
Handling

449

The chrono sub-system

®= Include
* <chrono>
* using namespace std::chrono

= Primary data types
* duration
* time_point
* clock
* time unit literals
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Duration

= Combination of:
* Count, measured as the number of ticks, since a reference point in time
* Fraction, represents the unit in seconds as a rational number

std::chrono:duration

duration<int, ratio<l>> fiveSeconds{5};
Q;T;;H“Hdwp cout << "5s:" << fiveSeconds.count () << endl;

class Rep,
class Period = std::ratio<l>
= class duration;

(since C++11)

duration<float, ratio<l,1000>> tenMilliSecs{10};
cout << "10ms:" << tenMilliSecs.count () << endl;

Class template std: :chrono: :duration represents a time interval.

using WorkDay = duration<int, ratio<8*60*60>>;
WorkDay week{5};
cout << "week:" << week.count () << endl;

std::chrono::duration cast

template =class ToDuration, class Rep, class Period=

- 4 B . (si C++11)
constexpr ToDuration duratien_cast(const duratlon<Rep,Period=& d); f=inee

Converts a std: :chrono: :duration to a duration of different type ToDuration.

451

Time unit

= Predefined time units, expressed as signed integer durations

' s
Type Definition

std: :chrono::nanoseconds | duration</*signed integer type of at least 64 bits*/, std::nano=
std: :chrono::microseconds duration=/*signed integer type of at least 55 bits+*/, std::micro=
std: :chrono::milliseconds duration=/*signed integer type of at least 45 bits+*/, std::milli=

std: :chrono: :seconds duration=/*signed integer type of at least 35 bits+*/>
std: :chrono::minutes duration</*signed integer type of at least 29 bits*/, std::ratio<6@==
std: :chrono: :hours duration=/*signed integer type of at least 23 bits+*/, std::ratio<3600==
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Clock

Clocks

1970 and tick every second. C++ defines three clock types:

Defined in header <chrono>
Defined in namespace std: :chrono

system_clock (c++11)

(class)

steady_clock ic++11)

(class)

high_resolution_clock (c++11)
_ | (class)

A clock consists of a starting point (or epoch) and a tick rate. For example, a clock may have an epoch of January 1

wall clock time from the system-wide realtime clock
maonotonic clock that will never be adjusted

the clock with the shortest tick period available

using any clock = ...;

auto start =
//...perform something. ..
auto end

auto elapsed =

any clock::now();

any clock::now();
duration cast<microseconds>(end - start);

453

Computing elapsed time

#include <iostream=
#include <string=
#include <functional>
#include <tuple>
#include <chrono=

using namespace std;
using namespace std::chrono;

template<typename RetType, typename ArgType>
tuple<RetType, long>
elapsed(function<RetType(ArgType)> f, ArgType arg) {
auto start = high_resolution_clock::now();
RetType result = flarg);
auto

end = high_resolution_clock: :now();
1
long SUM{int n) { return n * (n + 1) / 2; }

int main() {
auto N = 100808;
auto [sum, nsl = elapsed<long, int=(SUM, N);
cout << "sum[l.." =< N << "] ="
return 0;

l

C++= . /cmake-build-debug/elapsed-time
sum[1..18080] = 50005080 (elapsed 865 ns)
C++=>

return make tuple(result, duration cast<nanoseconds=(end - start).count());

<< sum << " (elapsed " << ns =< "

r

ns)" << endl;
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#include <iost

» int main() {
auto today
auto t
auto tm

e e e e el i
0~ s W OO0 R W

Time points

ream-

#include <iomanip=

#include =ctime=

#include =chrono=

using namespace std;

using namespace std::chrono

= system_clock: :now();

= system_clock::to_time_t(today);
= *std::localtime( &t );

cout == "Default: " << std::put_time(&tm, "%c %Z") =< '\n';

= A time point is a duration of time that has passed
since the epoch of specific clock

Output:

Default: Sat Oct 10 10:07:31 2015 UTC
Swedish: 1or 10 okt 2015 10:07:31 UTC
IS08601: 2015-10-10 10:07:31

cout.imbue(std::locale("sv_SE.utfs"));
cout == "Swedish: " =< std::put_time(&tm, "%c %Z") =< '\n';
cout =< "ISO8601: " << std::put_time(&tm, "%F %T") =< '\n';
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Literals

operator""h (c++14)
operator""min (c++14
operator""sc++14)
operator""ms (C++14)
operator""us (c++14)

operator""ns (c++14)

Defined in inline namespace std: :1iterals::chronc_literzls

Astd: :chrono

(function)

Astd: :chrono:

(function)

Astd: :chrono:

(function)

Astd: :chrono:

(function)

Astd: :chrono:

(function)

Astd: :chrono:

(function)

Time unit suffixes

: :duration literal representing hours
:duration literal representing minutes
:duration literal representing seconds
:duration literal representing milliseconds
:duration literal representing microseconds

:duration literal representing nanoseconds

auto quarter

auto boiled eggs
auto working day

using namespace std::chrono literals;

10min;
8h;
= 0.25h;
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Using unit suffixes

C++> cat duration-math.cxx
#include <iostreams duration-makth

#include <chrono= fhome/ jens/Courses/cxx/ cxx-embedded,
last w/e run took 4337125 seconds
which is 1h + 12m + 175 + 125ms

using namespace std;
using namespace chrono;
using namespace chrono literals;
¥ Process finished with exit code @
int main(int, char**) { =

auto weekend run = 1h + 12min + 175 + 125ms; r

cout =< "last w/e run took " << weekend run.count() =< " seconds" << endl;

cout << "which is "

<< duration_cast<hours=(weekend run).count() << "h + "
<< duration_cast<minutes>(weekend run % hours(1)).count() << "'m+ "
<< duration_cast<seconds>(weekend_run % minutes(1)).count(}) << "s + "
<< duration_cast<milliseconds>(weekend run % seconds(1)).count() << "ms"
<< endl;
return @;
1
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CHAPTER SUMMARY

Time & Duration

* Duration
* duration<int, ratio<1,1000>>

* Clock
* system_clock
* steady_clock
* high_resolution_clock

* Time unit suffixes
* 12h + 5min + 10s
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EXERCISE 5 |
Number of seconds '& : }‘g

* How many seconds are

* 3 hours, 7 minutes and 49 seconds
* Hint

* Use time unit literals

459
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PART-6
Modern Threading

< Threading Support in C++11
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Thread support in C++11

Features
* Thread class

* Asynchronous tasks
* Mutex and Lock

Compilation & Linking
* Includes

e <thread>

* <mutex>

* <condition_variable>

¢ Condition variable o <future>

* Future and Promise

* Link with

N.B, this is a different Library,
* -pthread ff g

l.e. ot —lpthread
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API of thread

Member functions
(constructor)
(destructor)
operator=s
Observers
joinable
get_id

native_handle

hardware_concurrency [s=tic)

Operations

constructs new thread object

{public member function}

destructs the thread object, underlying thread must be joined or detached
(public member function)

moves the thread object

(public member function)

checks whether the thread is jeinable, i.e. potentially running in parallel context
{public member function)

returns the id of the thread

(public member function)

returns the underlying implementation-defined thread handle

{public member function)

returns the number of concurrent threads supported by the implementation
(public static member function)

waits for a thread to finish its execution

join {public member function}
permits the thread to execute independently from the thread handle
detach
(public member function) |
swaps two thread objects Functions managing the current thread
Swap {public member function) Defined in namespace this_thread
yieldics+11) suggests that the implementation reschedule execution of threads
! {function}
Non-member functions get_idic+s1n) returns the thread id of the current thread
— " : {function)
specializes the std: :swap algorithm PR
i (std:: stops the execution of the current thread for a specified time duration
std: iswapistd: sthread) (C++11) ¢~ 070 sleep_for(c++11) _rhnl:ﬁm p
- 1 tile stops the execution of the current thread until a specified time point
sleep_untilic++11) Furcton)
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Number of (virtual) CPUs (processing units)

#finclude <iostream>
#include <thread>
using namespace std;

int main() {
cout << "# processing units = " << thread: :hardware concurrency() << endl;

return 0O;

[7] cpu-count CPU Intel(R) Core(TM) i7-8550U CPU @ 1.80GHz
/mnt/c/Users/jensr/Dropbox/Riboma e T
# processing units = 8 ‘

. | | J
it _Process finished with exit code @ ‘ L Ll A

Amvandning  Hestighet
8% 1,98 GHz

234 3101 112423 Vitwaliserin
Li-cache

p,Npmh_
2387
553

1:06:07:04
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Thread life-cycle methods

» The constructor launches a new thread
* thread thr( expr);

= Waiting for termination
* thr.join();
= |f a thread is not joined its destructor invokes std::terminate()

= Possible to detach a thread, which means it do not need to be joined
* thr.detach();
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Several ways to create a thread

= Using an ordinary function
* void run() {...}; &run

= Using a class having a function call operator ‘()’
* struct Run { void operator()() {...} }; Run{}

= Using a method pointer and an object
* struct T { void run() {...} }; &T::run

= Using a lambda expression
* [10{-..}

467
. . void run( params ) ;
Ordinary function thread thr(run, orgs);
F \
I\I 5 thread-by-ordinary-function.cpp * I[ [jens@vbox3 std-thraads]$ ge+ --stdscs+11 thread-by-ordinary-function.cpp -0 thraad-by-ardinary-function -pthread

[jensgvbox3 std-threadsl$ ./thread-by-ordinary-function 5 3
1

1 #include <iostream= .
2 #include =string= 4
3 #include <vectors 1 !
4 #include <thread=

5 using namespace std;

wuan

6

7 string operator *{const stringd& s, int n) { 3

8 string result; 3

9 for (int k=0; k<n; ++k) result += s; P S
Jc) return result;

111} r
12

13 void run(int id, int n) {

14 string msg = string(" ") * id + to_string(id) + "\n";

15 for (int k=0; ke<n; ++k]) cout =< msg << flush;

16}

17

18 int main(int numArgs, char* args[]) {

19 int numThreads = numdrgs = 1 ? stoi(args[l]) : 5;

20 int numMsgs =numhArgs = 2 ? stollargs[2]) : 100;

21 vector=thread= threads;

22

23 for (int k=0; k<numThreads; ++k) threads.push back( thread(run, k+l, numMsgs) ];
24 for (autof t : threads) t.join();

251
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Function call operator

class MyClass {
args
public:

I||r || thread-by-function-call-operator.cpp * ﬁlluthread-by-ordinary-function.cpp X |

MyClass (params)

Tl
13 class Runner {

14 int id, n;

15  public:

16 Runner (int _id, int _n) : id(_id), n(_n) {}

17 void operator()() {

18 string msg = string(" ") * id + to_string(id) + '
19 for (int k=0; k=n; ++k) cout =< msg =< flush;

20 }

21}

22

23 int main(int numArgs, char* args[]) {

init-args {}

void operator() () {.

-}
};

thread thr( MyClass(args) )

\n"

24 int numThreads = numArgs = 1 ? stoi(args[1]) : 5;
25 int numMsgs = numArgs = 2 ? stoi(args[2]) : 100;
26 vector<thread> threads; .
27
28 for (int k=0; k<numThreads; ++k) threads.push_back( thread( Runner{k+l, numMsgs) ) );
29 for (auto& t : threads) t.join();
30}
31
469

Method pointer

class MyClass {

new MyClass (args) ;

args
= ; = } [~ public:
-Lu thread-by-method-pointer.cpp * | || thread-by-function-call-operator.cpp * || MyClass (params) : init-args {}
13 class Runner { void run() {. . .}
14 int id, n; };
15  public: MyClass* ptr =
16 Rumner (int _id, int _n) : id(_id), n{_n) {} thread thr( &MyClass::run, ptr );
17 void run() { delete ptr;
18 string msg = string(" ") * id + to_string(id) + "\n'",
19 for (int k=0; k<n; ++k) cout << msg << flush; l
20 3 i =y
21};
22 H
23 int main({int numArgs, char* args[]) {
24 int numThreads = numArgs = 1 ? stoi(args[l]) : 5;
25 int numMsgs = numArgs = 2 ? stoi(args[2]) : 100;
26 vector<Runner> runners; f— s
27 vector<thread> threads;
28
29 for (int k=0; k<numThreads; ++k) runners.push back( Runner(k+l, numMsgs) );
30 for (auto& r : runners) threads.push back( thread( &Runner::run, &r ) };
31 for (auto& t : threads) t.join();
32}
33]
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Lambda expression thread thr([](params){. . .}, args);

1z

Illr || thread-by-lambda.cpp * EIIU*rhre::ad-l:ny-mn?.‘rhcmd-pcznin‘cn?.r.r:pnp x I'-_I_"Ithread-by-function-calL-operator.cpp x |_|1

13 int main(int numArgs, char* args[]) {

14 int numThreads = numArgs = 1 7 stoi(args[1]) 5;

15 int numMsgs = numhArgs = 2 7 stoi(args[2]) : 100;

16 vaector<thread= threads;

17

18 auto run = [](int id, int n){

19 string msg = string(" ') * id + to_string(id) + "\n";

20 for (int k=0; k<n; ++k) cout << msg =< flush;

21 ¥

22 for (int k=0; k<numThreads; ++k) threads.push back( thread(run, k+l, numMsgs) };

23 for (auto& t : threads) t.join();

24 1

25 o
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Sleeping

int main() {

clocks

aute body = [] (aute name, autec duration) { T3: 17:23:20
do { T1l: 17:23:20
auto ts = system clock::to_time t(system clock::now()); T2: 17:23:20

ostringstream buf; T2: 17:23:20
T2: 17:23:21

buf << name << ": " << put time(localtime(&ts), "%T") << "\n"; T2: 17:23:22

cout << buf.str() << flush; T1: 17:23:23
T2: 17:23:23
T2: 17:23:23
T2: 17:23:24

} while (true):; T2: 17:23:25
}r T1l: 17:23:26

T3: 17:23:26
T2: 17:23:26

this thread::sleep for(duration);

thread tl(body, "T1"s, 3s); T2: 17:23:26
thread t2(body, " T2"s, 750ms); T2: 17:23:27
thread t3(body, " T3"s, 0.1min); T2: 17:23:28
#include <iostream> T1: 17:23:29
#1i de <iomanip> T2: 17:23:29
tl.join(); t2.join(); t3.join(): #i de <sstreams T2: 17:23:29
return 0; fincluds <thread> T2: 17:23:30

using namespace std;
using namespace std::literals;

T2: 17:23:31
T3: 17:23:32

~ using namespace std::chrono;
using namespace std: :chronoiliterals;
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CHAPTER SUMMARY

Threading Support in C++11

* #include <thread>

* Compile with -pthread
* Launch a thread as a local variable, then join or transfer the ownership

473

EXERCISE [ B
Hello C++11 Thread ‘& Pj#

* Implement the hello threads program using C++11 threads and lambdas
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C++11 Synchronization

v’ mutex, recursive_mutex,
timed_mutex

v' lock_guard
v" multi-lock
v’ class condition_variable

475
class Account {
Mutex IOCkS recursive mutex m;
® Include int balance = 0;
public:
* <mutex> int get() {
" Types m.lock () ;
e mutex int value = balance;
* recursive_mutex m.unlock () ;

. return value;
= Operations

* lock, unlock

}

* try_lock void update (int amount) {
mutex m; m.lock () ;
m. lock () ; balance = get() + amount;
m.unlock () ;
//. ..
m.unlock () ; }.}
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The ‘Bank’ problem

threads-1.cpp ® - bank.cpp ¥

22 for (int k=0; k<n; ++k) acc->update(+100);
23 for (int k=0; k<n; ++k) acc->update(-100);

. s et W.—rﬁ"\
o ingﬁmﬁmw T el R

1 #include <iostream> : ( ( [ :
: 27 int numUpdaters = (n »>= 1 ? stoi(args[1 1 5);
Z#FnCIUde CSSt.ream} 28 int numTransactions = (n »= 2 ? stoi(args[2]) : 10000);
3#]_‘nC1Ude <string> 29 int initBalance = (n >= 3 ? stoi(args[3]) : @8);
4 #include <vectors> 30 Account theAccount(initBalance);
5 #include <thread= 31 cout << "Running with " << numUpdaters << " threads and "
6 #include <mutex> 32 << numTransactions << " updates. Initial balance="
7 using namespace std: ;i << theAccount.getBalance() << endl;
8 35 vector<thread> updaters;
9 class Account { 36 for (int id=1; id<=numUpdaters; ++id)
10 int balance; 37 updaters.push_back( thread(Updater, id, &theAccount, numTransactions) );
11 mutex exclusive: 38 for (auto& t : updaters) t.join();
12 public: =
- R 40 cout << "Final balance=" << theAccount.getBalance() << endl;
13 Account(int n=0) : balance(n) {} 21 return o
14 void update(int value) { ;
15 lock_guard<mutex> s(exclusive);
16 balance += value;
17 }
18 int getBalance() const { return balance; }
19 };
20
21 void Updater(int id, Account* acc, int n) { jens@vbox4: ~/Documents/fc++11

jens@vbox4:~/Documents/c++11$ g++ -std=c++0x -Wall -pthread bank.cpp -o bank
jens@vbox4:~/Documents/c++11S$ . /bank 25 1000000 42

Running with 25 threads and 1000000 updates. Initial balance=42
Final balance=42
jens@vbox4:~/Documents/c++115 I
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®= Include

* <mutex>
= Types

* timed_mutex

* recursive_timed_mutex
= Operations

* try_lock for
* try_lock_until

Mutex lock with timeout

using namespace std::chrono_literals
timed mutex m;

if (m.try lock for(5s) == false)
throw Timeout() ;

m.unlock () ;
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Automatic unlocking using a lock guard

class Account {
recursive mutex m;
int balance = 0;

public:
int get() {
lock_guard<recursive mutex> g{m};
return balance;

}

void update (int amount) {
lock guard<recursive mutex> g{m};
balance = get() + amount;

479

Deadlock avoiding multi-locking

struct Account {
mutex 1lck;
int balance = 0;

};

scoped lock g{from.lck, to.lck}:
from.balance -= amount;
to.balance += amount;

int main() {
Account my(500), your(100);
thread tl (transfer, my , your, 300);
thread t2 (transfer, your, my , 100);
tl.join(); t2.join();
return O;

void transfer (Account& from, Accounté& to, int amount)
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Deferred locking

= General-purpose mutex ownership wrapper allowing deferred locking, time-
constrained attempts at locking, recursive locking, transfer of lock ownership,
and use with condition variables

= unique_lock<mutexType>
» shared_lock<mutexType>

481

Read-Write lock

class StockTicker {
= |nclude const string name;
double value = 0;

* <Shared—n“nex> shared mutex «rwl;

= Lock for reading guard

* shared_lock public:

Stock (const string& name) : name (name) {}

= Lock for writing guard
. . double get() {

L”“que‘JOCk shared lock<shared mutex> g{rwl};
return value;

}

void update (double delta) ({
unique_ lock<shared mutex> g{rwl};
value += delta;
}
};
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C++11 Condition variables

® Include
* <condition_variable>
= Types
* condition_variable (used with unique_lock)
* condition_variable_any (used with any type of lock)

= Operations
* wait
* wait_for / wait_until
* notify_one / notify_all
= Constraints
* Must be within a mutex lock/unlock context
* The mutex must be managed by a unique_lock<T> gurad

483

Usage of a condition variable

template<typename T>
class MessageQueue {

mutex 1lck;

condition_variable notEmpty;

queue<T> inbox;
public:

void put(T x) {
unique_lock<mutex> g{lck};
inbox.push (x) ;
notEmpty.notify all();

T get() {
unique_lock<mutex> g{lck};
notEmpty.wait(g, []{ return 'inbox.empty(); });
T x = inbox.front(); inbox.pop()
return x;
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CHAPTER SUMMARY

C++11 Synchronization

* C++11 provide an extensive list of synchronization operations
* Different mutex semantics
* Conditions using lambdas

485

EXERCISE S B
Multi-account Bank using C++11/14 ‘& 4

NN

* Create N account objects
* Let the initial balance be zero

* Create U update threads
* Loop T number of times and perform in each loop
* Choose two (random) account objects and transfer the amount A from the first to the
second account
e Hint: use the multi-lock feature
* Print out the sum of all account balances after all updaters have terminated
* What is the expected value?
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Asynchronous Tasks

487

C++11: Promise for the Future

= A Promise is the server-side part and a Future is the client-side part of a
rendezvous connection between two threads

= Makes it easy to implement a whole range of communication patterns
between senders and receivers

Client Server

promise<int> p;
future<int> f = |p.get_future();

int result = f.get(): p.set_value (42) ;
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API: promise / future

Getting the result

get_future

(public member function)

Setting the result

set_value {public member function}

exit
(public member functian)

set_value_at_thread_exit

set_exception {public member function)

set_exception_at_thread_exit thread exit
{public member function}

returns a Tuture associated with the promised result
sets the result to specific value
sets the result to specific value while delivering the notification only at thread

sets the result to indicate an exception

sets the result to indicate an exception while delivering the notification only at

get
State
valid
wait
wait_for

wait_until

Getting the result

returns the result
(public mamber function)

checks if the future has a shared state

(public member function)

waits for the result to become available

(public member function}

waits for the result, returns if it is not available for the specified timeout duration

{public member function)

waits for the result, returns if it is not available until specified time point has been reached
(public member function}
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Implementing rendezvous using a promise/future

struct Message {
RequestType

template<typename RequestType,

promise<ResponseType> response;
Message (RequestType x) :

MessageQueue<Message*>

typename ResponseType>
requestValue;

requestValue{x} {}

inputQueue;

Message message{x};
inputQueue.put (&message) ;

ResponseType businessOperation (RequestType x) {

return message.response.get_future() .get();

Message*

/7. .

RequestType value =
.result. . .
msg->response.set_value (result) ;

msg = inputQueue.get();
msg->requestValue;
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Asynchronous tasks

= Spawn a task executing a lambda expression asynchronously
* auto result = async(policy, []1(){ expr } )

= Launch policies
* launch::async
- Anew thread is launched to execute the task asynchronously.
* launch::deferred

~ The task is executed on the calling thread the first time its result is requested by a first call to a non-
timed wait function on the std::future that async returned to the caller. Then the function is invoked.

= N.B.)
* There is currently no support for thread pools. However, eventually there will be
= http://chriskohlhoff.github.io/executors/
- https://github.com/chriskohlhoff/executors
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Asynchronous Fibonacci

11 long fibonacci(int n) {

12 return n == 2 7 1 : fibonacci(n-1) + fibonacci(n-2);

13}

14

15 tuple<long, int> sequential(int nl, int n2, int n3) {

16 auto start = system clock::now();

17 long result = fibonacci(nl) + fibonacci(n2) + fibonacci(n3);
18 auto end = system clock::now(]);

19 int elapsed = duration_cast<milliseconds=(end - start).count();
20 return make tuple(result, elapsed);

21}

22

23 tuple<long,int= parallel(int nl, int n2, int n3) {

24 auto start system clock::now() ;

25 auto rl async(Llaunch: rasync, fibonacci, nl);
26 auto r2 async(Llaunch: :async, fibonacci, n2);
27 auto r3 async(launch: :async, fibonacci, n3);
28 long result rl.get() + r2.get() + r3.get();

29 auto end system_clock::now() ;

30 int elapsed = duration cast<milliseconds=>(end - start).count();
31 return make tuple(result, elapsed);

32}

33
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Asynchronous task

34 int main(int numArgs, char* args[]) {

35 int nl = numArgs > 1 7 stoi(args[l]) : 35;

36 int nZ = numArgs > 2 7 stoi(args[2]) : 35;

37 int n3 = numArgs > 3 7 stoi(args[3]) : 35;

38

39 cout << "Computing: fib('=<nl<<") + fib("<<nZ<<"] + fib("<<n3<<")"<<endl;

40 auto par = parallel(nl, n2Z, n3);

41 cout << "PAR: result=" << get<@>[par) << " (elapsed " << get<l>(par) << " ms)" << endl;
42 auto seq = sequential(nl, n2, n3);

43 cout << "SEQ: result=" << get<@>(seq) << " (elapsed " << get<l=(seq) << " ms)" << endl;
44 cout =< "PAR/SEQ = " =< fixed =< setprecision(l) << (100.0 * get<l=(par) / get<l=(seq)) <<"%"=< endl;
45 }

46 |

PAR:

PAR/SEQ =

fib(40) + fib(40) + fib(40)

35.9%

[iens@vbox3 std-threads]$ [l

[jens@vbox3 std-threads]$ g++ --std=c++11 -pthread thread-by-task.cpp -o thread-by-task
[jens@vhox3 std-threads]$ ./thread-by-task 40 40 40

Computing:
result=307002465 (elapsed 700 ms)
SEQ: result=307002465 (elapsed 1948 ms)
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if

for
if

const auto
throw invalid_argument{"not a directory:
cout << "Base dir:

auto result

(const auto& [ext,

baseDir fs::path{arge == 1 2 "."

(Ifs::is directory(baseDir)) {

" << fs::canonical (baseDir)

aggregate (baseDir) ;
stats]
(ignoredExt.count (ext)

cout << stats << endl;

0 && stats. text)

return 0;

: argv[1l]};

"s + baseDir.string()};

<< endl;

: map{result.cbegin(),

Scanning the file systems using async tasks

int main(int argc, char** argv) {

result.cend() })

L

C++> . fcmake-build-debug/file-stats

Base dir: "/mnt/c/Users/jensr/Dropbox /Ribomation/Ribomation-Training-2017-Autumn/cxx"”
Lbat: 2181 bytes (32 lines)

: 2462561 bytes (83331 lines)

2383751 bytes (77677 lines)

BRI

1593383 hytes (64602 lines)
5661656 bytes (147639 lines)
53538 bytes (2258 lines)
18064 bytes (330 lines)
656423 bytes (11204 lines)
11559 bytes (236 Llines)
622 bytes (23 lines)
1659 bytes (61 lines)
6577647 bytes (81274 lines)
38794 bytes (994 lines)
6150 bytes (369 lines)
71719106 bytes (1547460 lines)
18125082 bytes (38317 lines)
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Scanning the file systems using async tasks

FileStats aggregate(const fs::path& dir) {
FileStats stats;
vector<future<FileStats>>» dirStats;

for (const autoé& e : fs::directory iterator{dir}) {
if (f£s::1is5_regular file(e)) |
auto ext = e.path() .extension() .string();
update (stats, ext, e.path()):;
} else if (fs::is directory(e)) {
dirStats.emplace back( async(launch::asyne, [=]() {
return aggregate (e.path()):; LMMWOMMSHMLtaSR

by and append future

}
for (auto& f : dirStats) update(stats, f.get()):;

return stats;
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Scanning the file systems using async tasks

struct Count { using FileStats = uncrdered map<string, Count>;
const string ext;

const bool text;

K static const unordered set<string> textExt = {
unsigned size = 0; ".txt", ".cxx", ".hxx", ".sh", ".xml", ".iml", ".log",
unsigned lines = 0; ".md", “.java", ".json", ".html", ".hpp", ".cpp", ".c", ".h", ".bat"
Count (string ext, bool text) : ext{move(ext)}, text{text} {} '
Count () : Count{"", false} {} static const unordered set<string> ignoredExt = {
".internmal"”, ".includecache", ".check cache", ".marks", ".cbp", ".dir"
void update (const fs::paths file) { Vi
ifstream f{file};
f.seekg(0, ios::end); void update (FileStatss stats, const strings ext, const fs::paths file) {
size += f.tellg()s if (stats.count(ext) == 0) {
if (text) | stats.emplace (make_pair (ext, Count{ext, textExt.count(ext) > 0}));
f.seekg(0); ¥
for (string line; getline(f, line);) ++lines; stats[ext] .update (file);

} +

void update (FileStatss stats, const strings ext, const Counts cnt) {

void update (const Counte ent) { if (stats.count(ext) == 0) {
size += cnt.size; stats.emplace (make_pair (ext, Count{ext, textExt.count(ext) > 0}));
lines += cnt.lines; ¥

} stats[ext].update (ent);

b
~Count () = default;

Count (const Counts) = default; void update (FileStatss stats, const FileStatss dirStat) {
Counts operator =(const Counts) = delete; for (const auto&[ext, s] : dirStat) f{
update (stats, ext, s);
friend ostreams operator <<(ostreams os, const Counts cnt) { ¥
return os << setw(8) << cnt.ext << i v ¥
<< setw(8) << cnt.size << " bytes "
<< (ent.text 2 "("s + to_string(cat.lines) + " lines)"s : "'s);
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Packaged task

= More info
packaged-task-and-async

std::packaged_task<int()> task(sleep);

auto f = task.get_future();

task(); // inveke the function

// you will have to wait at least 1 second.
std::cout << "You can see this after 1 secondin”;

// However, f.get()
std::icout << f.get() << std::endl;

A packsged_task won't start on it's own, you have to invoke it:

// You have to wait until task returns. Since task calls sleep

will be available, since task has already finished.

task_td.join();

= A std::packaged_task is a std::function linked to a std::future
* std::async wraps and calls a std::packaged_task (possibly in a different thread)

* https://stackoverflow.com/questions/18143661/what-is-the-difference-between-

std: :packaged_task<int(int,int)> task(f);
std::future<int> result = task.get_future();

std: :thread task_td(std::move(task), 2, 18);

std::cout =< "task_thread:\t" =< result.get() =< "\n';

/7! sleeps for one second and returns 1
auto sleep = [1(){

return 1;

1

std::this_thread: :sleep_for(std: : chrono: :

auto f = std::async(std::launch::async, sleep);
stdiicout << "You can see this immediately!\n";

seconds(1));
/! so f.get() can block up to 1 second.

On the other hand, std::async with launch::async will try to run the task in a different thread

// However, the value of the future will be available after sleep has finished

std::cout << f.get() << "This will be shown after a second!\n";
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Atomic variables

Operations on atomic types
atomic_is_lock_freeic++11)

atomic_store (C++11)
atomic_store_explicitic++11)

atomic_load (C++11)
atomic_load explicit(c++11)

atomic_exchange (C++11)
atomic_exchange_explicitic++11)

atomic_compare_exchange_weak (C++11)
atomic_compare_exchange_weak_explicit (c++11)
atomic_compare_exchange strong (C++11)

atomic_compare_exchange strong_explicitic++11)

atomic_fetch_add (C++11)
atomic_fetch_add_explicitic++11)

atomic_fetch_sub (C++11)
atomic_fetch_sub_explicitic++11)

checks if the atomic type's operations are lock-free
(function template)
atomically replaces the value of the atomic object with a
naon-atemic argument
(function template}
atomically obtains the value stored in an atomic object
(function template)
atomically replaces the value of the atomic object with non-
atomic argument and returns the old value of the atomic
(function template}
atomically compares the value of the atomic object with non-
atomic argument and performs atomic exchange if equal or
atomic load if not
(function template)
adds a non-atomic value to an atomic chiart and aktsine tha
previous value of the atomic Type alias
{function template} S lE st el
subtracts a non-atomic value from an z

std
cbtains the previous value of the atomi
(function template) std:

::atomic_char

:atomic_schar

- - —l it ™ std::atomic_uchar
std: :atomic_short
std::atomic_ushort
std::atomic_int
std::atomic_uint
std::atomic_long
std::atomic_ulong
std::atomic_llong

std::atomic_ullong

Definition

std::atomic<bool=
std::atomic<char>
std::atomicesigned char=
std: :atomic<unsigned char>
std::atomic<short>
std::atomiceunsigned short>
std::atomic<int=
std::atomic<unsigned int=
std::atomic<long=
std::atomic<unsigned long=
std::atomic<long long=
std::atomiceunsigned long long=
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void reader(int 1d)
{

for(;;)

{

7/ lock

// read

while(std::atomic_fetch_sub(&cnt, 1) <= @)
std::atomic_fetch_add(&cnt, 1);

if(1data.empty())
std::cout <= (

“reader " + std::to_string(id)

for (auto& t : v)

t.join(); std::vector<int- data;

Readers / Writer using atomic data

void writer()
{

for{int n = 8; n < 25; ++n)
{

/7 lock

while(std::atomic_fetch sub(&cnt, N+1) !=N)
std::atomic_fetch add(&ent, N+1);

// write

data.push_back(n};
std::cout =< "writer pushed back " << n << '\n';

+ " sees " + std::to_string(*data.rbegin()} + "\n'); /f unlock
1f(data.size() = 25) std: :atomic_fetch_add(&cnt, N+1);
break; // pause
/4 unlock std: :this_thread::sleep_for(std::chrono::milliseconds(1));
std: :atomic_fetch_add(&ent, 1); ¥
// pause }
3 std: :this_thread::sleep_for(std::chrono::milliseconds(1));
b
int main() // meaning of cnt: Output:
{ // 5: there are no active readers or writers.
std::vector<std::thread= v; // 1...4: there are 4...1 readers active, The writer is blocked writer pushed back 6
for (int n =0; n < N; +n) { // ©: temporary value between fetch_sub and fetch add in reader lock reader 2 sees @
v.emplace_back(reader, n); // -1: there is a writer active. The readers are blocked. reader 3 sees @
. const int N = 5; // four concurrent readers are allowed reader 1 sees @
v.emplace_back(wrlge r); std::atomic<int> cnt(N); <.

reader 2 sees 24
reader 4 sees 24

reader 1 sees 24

https://en.cppreference.com/w/cpp/atomic/atomic_fetch_add
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CHAPTER SUMMARY

Asynchronous Tasks

* Promise<T> p;
* Future<T> f = p.get_future();

* Do not use launch::deferred

* auto result = async(launch::async, [1(){ expr })

Use async calls to ensure that the tasks are always launched in fresh threads. The authors of GCC came to
realize this as well, and switched the libstdc++ default launch policy to std::launch::async in mid-2015. In fact,
as the discussion in that bug highlights, std::async came close to being deprecated in the next C++ standard,
since the standards committee realized it's not really possible to implement real task-based parallelism with
it without non-deterministic and undefined behavior in some corner cases.

https://eli.thegreenplace.net/2016/the-promises-and-challenges-of-stdasync-task-based-parallelism-in-c11/
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EXERCISE S |
. v
Word frequencies : h

* Load a large text file into memory (e.g. gitlab/files/Shakespeare.txt)
* Create T async tasks (where T > 1) that process the file in T different segments

* For each task, extract all the words (sequence of letters) and update the word
frequency in an unordered_multiset<string>

* Wait for all partial results and combine into one container
* Pour over all data into a map<unsigned, string> container
* Print out the N most frequent words (where N > 10) together with counts

501
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PART-7
C++ Techniques

Template
Meta-Programming
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What is (template) meta-programming

= Meta-programming
* A program that writes another program
= Template meta-programming
* Meta-programming using templates
® [n other words;
* Possible to let the compiler "pre-compute" values

505

Classic compile-time function

UL =

Factorial {
uL * Factorial<

Factorial<l> {

x : values) cout X endl
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All values are computed by the compiler

37 5F00

37 5F00
DEC 3 628 800
OCT 15657 400

BIN 001101110101 1111 0000 0000

&2 QWORD MS
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Compile-time expressions and functions

= Possible to define variables and functions that provide/evaluate values
during compile time, by prefixing the return value with constexpr

constexpr unsigned KB = 1024;
constexpr unsigned MB 1024 * KB;

template<typename T> auto PI = T{3.141'592'653'589'793'238};
constexpr auto PI _F = PI<float>;

constexpr long SUM(long n) {return n * (n + 1)/2;}
constexpr static long value = SUM(100);
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Compile-time function using the modern style (constexpr)

using XXL = unsigned leng long: objdump --source --demangle fibonacci-constexpr
- - - XXL thl[] = {
constexpr XXL fibonacci(unsigned n) { A@: 48 ¢7 45 c® 01 00 08 movq [ $0x1,-0x40 (srbp)
if (n == 0) return 0; 8b7: @0
if (n == 1) retuzn 1; 8b8: 48 c7 45 c8 05 00 08 movq | $0x5,-0x38(Frbp)
return fibonacci(n - 1) + fibo abf: 08
) 8co: 48 c7 45 d@ 37 00 @0 movq $0x37,-0x30/(%rbp)
8c7: 08
5 8c8: 48 c7 45 d8 6d la 00 movg | $0xla6d,-0x28(%rbp)
int main() { 8cf: @0
XXL tbl[] = { 8de: 48 c7 45 e® 28 b2 Oc movg | $0xcb228,-0x28 (%rbp)
fibonacci(2), 8d7: 08
fibonacci (5), 8ds: 48 c7 45 e8 cb Te 19 movq $0x6197ech,-0x18(%rbp)
fibonacci (10}, adfz 06 ,

. . fibonacci(1e), L
fJ..bOnaCCJI.(ZD), fibonacci(20), IHEX 619 TECB
fibonacci(20), fibonacci(30), | fibonacci-constexpr

. . X . DEC 102 334 155
fibonacci(40) fibonacci(40) /mnt/c/Us

I i 1 ocT/ 606277313
for (auto n : tbl) std::cout << n << "\n"; for (auto n : tbl) Std::m“t_' 5
B 01100001 1001 0111 1110 1100 1011
return 0; 55
} 6765
832040
102334155

Process finished with exit code 0
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Compile-time if statement

® Introduced in C++17 to simplify template function design

template<typename T>
constexpr T EBS(T %) { return x < 0 ? -x : x; }

#include <iostream>
#include <iomanip>
#include <type_traits>
using namespace std;
template<typename T> using namespace std::literals;

constexpr auto TOLERANCE = T{0.000'001};

int main() {

template<typename T> cout << boolalpha << "int : " << EQUALS(42, 2 * 21) << "\n";
constexpr bool EQUALS(T lhs, T rhs) { cout << boolalpha << "double: " << EQUALS(42.0, 2.0 * 21.0) << "\n";
cout << "{" << __ PRETTY FUNCTION _ << "} = "; cout << boolalpha << "string: " << EQUALS("42"s, "4"s + "2"s) << "\n";
if constexpr (is_floating point_w<T>) return 0;
return 2ZBS(lhs - rhs) < TOLERANCE<T>; }
else if constexpr (is_integral v<T>)
return lhs == rhs;
else if constexpr (is_convertible v<T, std::string>)
return lhs == rhs;
else I

return false; . . .
int : {constexpr bool EQUALS(T, T) [with T = int]} = true

double: {constexpr bool EQUALS(T, T) [with T = double]} = true
string: {constexpr bool EQUALS(T, T) [with T = std::__cxxll::basic_string<char>1}

Process finished with exit code @

/mnt/c/Users/jensr/Dropbox/Ribomation/Ribomation-Training-2017-Autumn/cxx/cxx-embedded/sr

= true
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Flexible return type

511

struct PersonFactory { Person create() {return {};}

struct AddressFactory { Address create() {return {};

.

template<typename Factory>

auto mkObject(Factory& f) -> decltype(f.create()) {
auto obj = f.create();
return obj;

}

int main() {
PersonFactory pf;
AddressFactory af;
cout << "obj-1: ™ << mkObject(pf).toString() <<
cout << "obj-2: " << mkObject(af).toString() <<
cout << "obj-3: " << mkObject(pf).toString() <<

cout << "obj-4: << mkObject(af).toString() <<
return 0;
} object-factory
et /HOMe/jens/ . .ClLionl2/syste
; obj-1: prsl
% obj-2: str2, zip3 cty4d
5 0bj-3: prs>
5 obj-4: str6, zip7 cty8

Process finished with exi

}

endl;
endl;
endl;
endl;

Getting the same type: decltype (expr)

#include <iostream>
#include <string>
using namespace std;

string operator++(string& s) { return s = to_string(stoi(s) + 1); }

string cnt = "0";

class Person {
string name;
public:
Person()
: name("prs" + ++cnt) { }
string toString() const { return name; }

class Address {

string street, zip, city;
public:

Address()

: street(“str' + ++cnt), zip(“zip" + ++cnt), city(“cty" + ++ent) { }
string toString() const { return street + ", "

+zip + " "

+ city; }
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Significant safety improvement of machine-level code

= When doing C style programming, CPP macros are used extensively

#define PACK (hi, 1lo) ((uintle_t) (((uintle_t) (hi) << 8) | (lo)))

void doit ()
uint8 t lo = 0x123;
uint8 t hi 0x456;
uintlé t w = PACK(hi, lo);

—~

However, the compiler cannot prevent subtle bugs

int8 t lo = 0x123;
intlée_t hi 0x456;
uintlé t w PACK (hi, lo); //oops, unpredicted result
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Type-safe word packing

n C++ we can check the types, thelr bit sizes and if they are unsigned

template<typename DstType, typename SrcType>

DstType pack(SrcType hiHalf, SrcType loHalf) {
static_assert(is unsigned v<SrcType>, "src-type must be unsigned"):;
static_assert(is unsigned v<DstType>, "dst-type must be unsigned");

constexpr int SRC DIGITS = numeric limits<SrcType>::digits;
constexpr int DST DIGITS = numeric limits<DstType>::digits;

static_assert({2 * SRC_DIGITS) == DST_DIGITS, "src-type not half of dst-type");

return static_past{DstType){
statiq_castﬁDstType)(hiHalf) << SRC DIGITS | loHalf
)i
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Usage of pack<Dst,Src>(hi,lo)

int main() {

uints t hi = 0x12;
uints t lo = 0x34;
auto w = pack<uintlé t>(hi, 1lo);
cout << "wl: " << hex << w << "\n";

Re-use: no weed to oreate auxiliary functions
cout << "w2: " << hex << pack<uint32 t, uintlé t>[0x43, 0x21) << "\n";

return 0;

pack-word

/mnt/c/User

wl: 1234
w2: 430021

Process fin
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Catching errors in compile time

The compiler will politely safeguard You and spare You spending endless
of hours running the debugger. Hey, You might even forget how to use a
debugoer ©

auto mis match = pack<uintlé t>(static_cast<uintlé t>(0xl2),
static_cast<uintle t>(0xz34)); l

Imnt/c/Users/jensr/Dropbox/Ribomation/Ribomation-Training-2017-Autumn/cxx/cxx—embedde

static_assert((2 * SRC_DIGITS) == DST_DIGITS, "src-type not half of dst-type'");

auto not unsigned = pack<uintlé t>(static_cast<ints t>(0x12),
static_cast<int8S t>(0x34)); '

fmnt/c/Users/jensr/Dropbox/Ribomation/Ribomation-Training=26017-Autumn/cxx/
static_assert(is_unsigned_v<SrcType>, "src-type must be unsigned"); |

compilation terminated due to -Wfatal-errors.

516




C++ Supplementary & Threads

Variadic templates

= Unbounded number of template parameters

struct MyArray {
size_t arrayl[]

};

template <size_ t.

.. Entries>

= {Entries...};

MyArray<2,3,5,7,11> firstPrimes;

—

struct MyArray {
size t array[]

};

= {2,3,5,7,11};
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template<typename ... T>
aute SUM(T ... args) {
return (... targs);

}

int main() {

return 0;

Template fold expressions

cout << "numb: " << SUM(1, 2, 3, 4, 5) << endl;

cout << "text: " << SUM("Hi"s, "-"s, "Fi"sz) << endl;
auto sl = "Foo"s;

auto =2 = "Boo"s;

cout << "wars: " << SUM(sl, s2) << endl;

= Apply a binary operator on a set of arguments, as an unrolled expression

/mnt/c/Users/jen
numb: 15
text: Hi-Fi

vars: FooBoo

Process finished

SUM(1,2,3,4) =2 return 1 + 2 + 3 + 4;
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Fold expression syntax

= | eft fold
* (... @ args) =2 ((argl @ arg2) @ arg3) @ arg4

= Right fold
* (args @ ...) = argl @ (arg2 @ ... (argN-1 Q@ argN))

= | eft fold with initial value (supports empty parameter pack)
* (init @ ... @ args) =2 ((init Q@ argl) Q@ arg2) @ arg3

= Right fold with initial value (supports empty parameter pack)
* (args @ ... Q@ init) =2 argl @ (arg2 @ ... (argN @ init))
The symbol @ denotes an AlL binary operators cawn be used in a
arbitrary binary operator, fold expression, except'.', '=> and '[]",
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Compile-time type-safe CSV function

int main{() {

auto name "Anna Conda"s;

auto age = 420;
auto weight = 53.7;
auto female = true;

cout << "CSV: \"" << CSV(name, age, weight, female, "A char* string") << "\"\n";
cout << "CSV: \"" << CSV<'#'>(name, age, weight, female, "A char* string") << "\"\n";

return 0;
} template<auto SEP = ';', typename First, typename... Rest>

T string CSV (const First& first, const Rest& ... rest) {
auto append = [&] (const auto& arg) {
return SEP + asString(arg):
}i
return (asString(first) + ... + append(rest)):

} csv

= /mnt/c/Users/jensr/Drophox/Ribomation/Riboma
CSV: "Anna Conda;42;53.70;T;A charx string"
CSV: "Anna Conda#42#53.70#T#A charx string"

Process finished with exit code 0
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Compile-time type-safe CSV function

template<typename T>
string toString (T =z, int decimals) {

static_assert(is_arithmetic_v<T>, "toString(T), T is not numeric");

ostringstream buf;
buf << fixed << setprecision(decimals) << x;

return buf.str():

template<typename T>
string asString (T arg) {
//cerr << _ PRETTY FUNCTION << endl;

if constexpr (is_same v<T, bool>) return arg ? "T" : "F";

if constexpr (is_arithmetic v<T>) return toString(arg,

2):

if constexpr (is_convertible v<T, std::string>) return arg;

return "??";
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CHAPTER SUMMARY

Enhanced template support

* Type predicates and modifiers are helpful in combination with compile-time

conditional evaluation

* Functions marked as constexpr, simplifies template meta-programming

* Variadic templates and fold expressions as well
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Common C++ Idioms

523

What is an idiom?

= A reusable code snippet provided as a viable solution of a particular
programming problem

= The code snippet need to be adapted to the code environment it should be
inserted into

= More complex idioms are usually referred to as (design) patterns
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= A.k.a. resource allocation objects (RAO)

= |n the constructor
* Open/allocate the resource

® |n the destructor
* Close/deallocate the resource

RAIl — Resource Acquisition Is Initialization

ifstream in{from}; if (!in) throw from;
ofstream out{to} ; if(!'out) throw to;

for (char ch; in.get(ch); ) out.put(ch);

void copy(const string& from, const string& to)

{

The infile is closed, if the outfile failed to open.

No need to close the files at the end of the function.
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Debug tracing - usage

int main() {
Trace t("main");
cout << '"create person" << endl;
Person p("Anna Conda", 31);

{

Trace b;
Person q(p);

cout << "p.name=" << p.getName() << ", p.age=" << p.getAge() << endl;

cout << "g.name=" << g.getName() << ", g.age=" << g.getAge() << endl;

}

class Person {
return 0;

Trace trace;
} string name;
int age;
public:

Person (const Personé& p)

};

Person(const char* name , int age_=0)
: trace("Person", this), name(name_ ), age(age_) {}

: trace("Person",this), name(p.name), age(p.age) {}
string getName() const {return name;}
int getAge () const {return age;}
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Debug tracing - output

$ g++ tstTrace.cpp -o tstTrace
$ ./tstTrace
[main] ENTER
create person
[Person@0x28cd00] ENTER
p.name=Anna Conda, p.age=31
[BLOCK] ENTER
Person@0x28cd42] ENTER
.name=Anna Conda, g.age=31
Person@0x28cd42] EXIT

Person@0x28cd00] EXIT

[

q

[

[BLOCK] EXIT
[

[main] EXIT
$
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Thread mutex locks

class Account {
mutex m;
int balance = 0;
public:
Account () = default;
int wupdate(int amount) ({
lock guard<mutex> g(m);
balance += amount;
return balance;

mutex unlock

528



C++ Supplementary & Threads

Prevent mixed lines output, when multi-threading

= A single write(2) system call is atomic
= However, shifting to an ostream is not
° Cout << ||X=|| << X << u’ y=n << y << ||\n||',
= Need to create the final string (inclusive '\n') first, then write it
* cout << ("x=" +to_string(x) + ", y="s + to_string(y) +"\n"s);
* The expression above is clumsy and relies on the to_string(*) to be defined

529

Mixed lines in output

void Worker (unsigned id, unsigned n)
for (auto k = 0U; k < n; ++k) {
cout << string(id * 2, ' ') << "[" << id << "] " << k << "\n'";
}
}

atomic-output

int main() [ } [10] 76}3
auto T = 10u: 7736 Mixed output Lines
auto N = 10'0000; E:% ;722
vector<thread> workers; 8 1 7739
[8] 7740
workers.reserve (T) ; [8] 7741

for (auto k = 0U; k < T; ++k) {
workers.emplace_back (sWorker, k + 1, N);

}

for (auto& w : workers) w.join();

return 0;
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class AtomicOutput . ,
P Bach Line is wholly printed
class AtomicOutput public ostringstream { atomic-output
using super = ostringstream; Pﬁaéggjd
ostream& os; [6] 8868
public: [1e] 8706
AtomicOutput (ostreamse os) os (os) {} [7$20§TH
[9] 7454
~AtomicOoutput () { [5] 8139
os << super::str{) << std::flush; [4]?g?iw69
} [10] 8707
i [8] 8493
[7] 8052
void Worker (unsigned id, unsigned n) { (9] 7455
S Lo [5] 8140
[6] 8870
! [6] 8871
} rel oo7n
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User-defined io-manip

= The stream (left) shift operator has one override that takes a function pointer

* In the expression: cout << endl; the right operand is technically a function name

inline ostream& dump (ostream& os) {

if (auto buf = dynamic cast<AtomicOutput*>(sos}; buf != nullptr) {
buf->o0s << buf->str():
os.flush() s
ostringstream emptyBuf;
buf->swap (emptyBuf) ; void Worker(unsigned id, unsigned n) {
} Atomicoutput buf{cout}:
return os; for (auto k = 1U; k <= n; ++k) {
} buf << string(id * 3, ' ') << "[" << id << "] " << k << "\n" @
Terminal 1
+ [3] 9977 }
* [6] 9888
[7] 9917
[10] 9930
[8] 9975
[3] 9978
[6] 9889
[7] 9918
[10] 9931
[8] 9976
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Implementation of for-each support

= Provide an iterator class overloading

T operator * ()

* iterator& operator ++()

* bool operator !=(const iteratoré& that)
= Provide two functions in the class supporting for-each

* iterator begin ()

* iterator end ()

for (obj::iterator it = obj.begin(); it !'= obj.end(); ++it)
Type element = *it;

//...

{
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class Range

class Range | wvoid teo_5_should pass() {

int start, stop, step; .

ostringstream buf;

public: for (auto k : Range(S)) { buf << k << » "; }
Range (int stop = 10, int start = 1, int step = 1) " "

: start(start), stop(stop), step(step) sssert(buf.str(), "1 2 345 ");

{ 1
‘ if (step == 0] throw std::invalid_argument('step must not be zera");
1
void from 5_to 15_should pass() {
struct iterator | ostringstream buf;

int current, step;
for {(aute k : Range (15, 5)) { buf << k << » "; }
iterator(int current, int step) : current(current), atep(avep) { |} assert (buf.str(), "5 6 7 8 9 10 11 12 13 14 15
iterator(int current) : current({current) { }

}

int operator *{) [ return current; }

Steraors operator ++{) [ void from 10 te 30 with step 4 should pass() {
current += step: ostringstream buf;
return *this;

assert (buf.stx (), "10 14 18 22 26 30 ");
bool operator !=(const iterators that) {
if (step » 0) {

) for {(aute k : Range (30, 10, 4)) { buf << k << = n

")

i

return this->current < that.current;
} else |
return this->current > that.current;
}
1
1:

iterator begin() { return {start, step}; }
icerator end() { return [stop + (step > 0 2 +1 : -1)}; }
b
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More test cases

void neqatives_shculd_pass() {

int main() {

to_5_should pass();
ostringstream buf;

for (aute k : Range(+10, -10, 5)) { buf << k << " =; }
assert (buf.str(), "-10 -5 0 5 10 ");

from 5_to_15_should pass(};
from_lO_to_SO_with_step_‘l_shculd_pass {);
} frcm_lO_t.o_QB_with_step_‘l_shculd_pass {);

negatives_should_pass {);

void backwards_should pass() { backwards_should_pass 0

ostringstream buf; zero_step_should fail();
for (aute k : Range(Z, 10, -2Z)) { buf << k << " "; }
assert (buf.str(), "10 8 6 4 2 "); if (numErrors == 0) { cout << "All tests passed\n”; }

1 return numErrors;

void zerc_step_shmuld_fail() {
try {
Range (10, 1, 0);
assert ("expected std: :invalidiarg'\.lment exception", false);
} eateh (logic erroré e) |
assert({e.what(), "step must not be zerc");

}

5 Range

C:\Users\jens'.clicnl0\system\ cmake'\generated
Rl1l tesats passed

'% Process finished with exit cocde 0O
1
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Implementation of static initializer support

® Include
* <initializer_list>
= | et the class parameterized
* template<typename T>
= Use parameter of type
* initializer_list<T> args
= [terate over the arguments using
* size()
* begin() / end()
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Example of using static initializer_list

. init-list.cpp ¥ | . initlist-2.cpp R

1 #include <iostream=

2 #include <numerics

3 #include <initializer_list>

4 using namespace std;

5

6 template<typename T=int>

7 class Stats {

8 T sum;

9 int cnt;

10 public:

11 Stats(initializer_list<T> args) : sum(0), ent(®) {

12 cnt = args.size();

13 sum = accumulate(args.begin(), args.end(), 8);

14

15 double mean() const {return cnt==0 ? 0 : (double)sum/cnt;}

16 int count() const {return cnt;}

17 }

18 jens@vbox4: ~/Documents/c++11
19 int main() { jens@vboxd:~Documents/c++11$ g++ -std=c++0x -Wall init-list-2.cpp -o init-list-2
20 Stats<> s = {10,20,30,40,70,40,30,20,10}; |jensgvboxd:~/Documents/c++11$ ./inlt-1ist-2
21 cout << "Mean = " << s.mean() << endl; Mean = 30

22 cout << "Count = " << s.count() =< endl; count = 9

23 return 0; jensfivbox4:~/Documents/c++115 l
24} r
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Overriding the index operator

» The index operator is supposed to return a reference to the payload, which
works fine as long as its already at a memory location

class MyVector {
int storage[l100];

/)
int& operator [] (int idx) {
if (idx < 0 || 100 <= idx) throw out of range("idx");
return storage[idx];
}
bi
/)

MyVector vy
v[10] = 42; //- v.operator[] (10) = 42;

How can we separate a READ from a
WRITE, using the index operator? >
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Separating read and write for operator(]

= Define a struct for transient use containing context data

= Let the index operator return that struct

» Implement an assignment operator and type-conversion operator

}s

struct Position {

unsigned idx;

Position (unsigned idx) : idx(idx) {}

operator T () {T t; READ(idx, t); return t;}
Position& operator =(T& t) {WRITE(idx, t); return *this;}

Position operator [] (unsigned idx) {CHECK(idx); return {idx};}
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How it translates

MyDatabaseFile<Account> db{filename};

Account a = db[42];
a += 1000;
db[42] = a;

Account a
a += 1000;
db.operator[] (42) .operator=(a) ;

db.operator[] (42) .operator Account();
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CHAPTER SUMMARY

Common C++ Idioms

* Resource manager objects (RAIl)

* Iterator and for-each support

* Static initializer support

* User-defined stream manipulators

* Separating read and write when using the index operator
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Translating C++ into C

543

A typical C++ class

| L thing.cpp = |
"1 #include <icstreams
2 #include <string=
3 #include =<cstdlib=
4 using namespace std;

5

6 class Thing {

7 string name;

8 int value;

9 public:

10 Thing() {name = "None"; value = 17;}

11 Thing(string n, int v) : name(n), value(v) {}
12 ~Thing() {cout << "~Thing:" << name<<':'<<value << endl;}
13

14 string getlame() const {return name;}

15 int getValue() const {return value;}

16 void setValue(int v) {value = v;}

17

18 bool operator !() {return name != "None";}
19};

20

21 Thing operator +{const Thing& left, const Thing& right) {
22 return Thing(left.getMName()+"SUM", left.getValue() + right.getValue());

23}

24

25 ostreamé operator <<(ostream& os, const Thing& t) {
26 return os << t.getName() << ":" << t.getValue();
27}

q
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Invocation of a typical C++ class

29 int main(int numArgs, char* args[]) {
30 if (numArgs !'= 3) {

31 cerr =< "usage: " =< args[0] =< " <name> =<value=" << endl; exit(l};
32 }

33

34 string s = args[l];

35 int i = stoilargs[2]);

36

37 Thing tl(s, 1i};

38 Thing t2(s + "2nd", 2 * i);
39 Thing t3;

40

41 int n = t3.getValue();

42 t3.setValue(2 * n);

43 cout =< "t3 = " =< t3 << endl;

44

45 if (Mtl) t3 = t1 + t2; |

46 cout =< "t3 = " =< t3 =< endl; [jens@vbox3 cpp-behind-the-scenes]$ g++ --std=c++11 -g thing.cpp -o thing
47 } [jens@vbox3 cpp-behind-the-scenes]$ ./thing foobar 10

48 | t3 = None:34

~Thing: foobarSuM:30

t3 = foobarSUM:30

~Thing: foobarSuM:3@

~Thing: foobarZnd:20

~Thing:foobar:10

[iens@vbox3 cpp-behind-the-scenes]$ I
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A class is a just a plain C struct
C++ C

class Thing { struct Th:Lng'{

i struct string name;
String name/ int value;
int value; )

& struct Thing t;
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Methods are ordinary functions

class Thing {
int getValue() {return value;}
void setValue (int v) {value = v;}

}i

int getValue_ 5ThingFv(struct Thing* this) {
return this->value;

}

void setValue_ 5ThingFi(struct Thing* this, int v) ({
this->value = v;

}

However, in practice; things are slightly more complex

— = == e

ZN5Thing8setValueEil W 080492d4 0000000e
ZNK5Thing7getNameEv W 080492a8 0000001 T
ZNK5Thing8getValueEv W @80492c8 0000000L

[jens@vbox3 cpp-behind-the-scenes]l$ nm --format=posix --lime-numbers ./thing | egrep -i '(get|set) (name|value)'
fj ens@vbox3 cpp-behind-the-scenesl$ I
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C++ name mangling

= The C++ compiler translates each identifier into a linker unique name
* The name is based on the types involved

Whatever: :update (int)

L

_ZN8Whatevero6updateEil
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Demangling names

= Use c++filt(1) to demangle names

549

Name mangling

= C do not have function name overloading. The C++ compiler must therefore
generate unique function names, which is does based on the function

signature
= When linking C++ and C code, you must prevent name mangling for C
functions
* Useanextern "C" {. . .} block

extern "C" {

int printf (const char *format, ...);

int close (int £fd);

int stat (const char *path, struct stat *buf);
}i
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Method invocations

Thing ¢t;

int n = t.getValue();
t.setValue (42) ;

struct Thing t;

//. . .

int n = getValue_ 5ThingFv(&t);
setValue 5ThingFi (&t, 42);

551

Operators are ordinary functions too

/;hing operator +(const Thing& left, const Thing& right) { \\
Thing result;
result.setValue (left.getValue() + right.getvalue());
return result;

N\ Y,
struct Thing
_pl__FCR5ThingCR5Thing (struct Thing* left, struct Thing* right) {
struct Thing result;
setValue_ 5ThingFi (&result,
getValue__ 5ThingFv(left) + getValue 5ThingFv(right))
return result; //struct copy
}

/fhing tl,t2,t3; struct Thing t1,t2,t3;
/. .. //.
\FB = tl + t2; t3 = _pl_ FCR5ThingCR5Thing(&tl, &t2);
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Constructors/destructors are just C functions too

{
Thing tl1, t2(”foo”, 42);
//.

struct Thing t1, t2;
_ct_ 5ThingFv(&tl);
_ct_ 5ThingFCPci (&t2, ”“foo”, 42);
//.
_dt_ 5ThingFv(&t2);
_dt_ 5ThingFv(&tl);
}

553

Constructors/destructor

class Thing { ‘\\

string name;

int value;
public:
Thing() {name="None”; value=17;}
Thing(const char* n, int v) : name(n), value(v) {}

~Thing() {cerr << ”Bye”;}

b struct Thing* _ct 5ThingFv(struct Thing* this) {

_ct_6stringFv (& (this->name)) ; name ts tnitlalized twice
_as_6stringFCPc (& (this->name), ”“None”);
this->value = 17;

return this;

struct Thing* _ct 5ThingFCPci(struct Thing* this, char* n, int v) {
_ct _6stringFCPc (& (this->name), n);
this->value = v;
return this;

}

struct Thing* _dt 5ThingFv(struct Thing* this) {
_1s FR6ostreamCPc (&cerr, "“Bye”)
return this;

}
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Dynamic objects act in 2-steps

Thing* ptr = new Thing(”abc”, 42);
/. . .
delete ptr;

struct Thing* ptr;

ptr = _ct__ 5ThingFCPci (
_nw__Fui( sizeof(struct Thing)
"abe”, 42);

//.

_dl__FPv( _dt_ 5ThingFv(ptr) );

(1) Allocate block
(2) mitialize object

(=) clean-up object
(4) pe-allocate block
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Subclasses inherits all variables, in one large block

Y

&

//glass Super {

public:

class Sub :

public:

N

long 1v;

Super (long v=42) : 1lv(v) {}

public Super {
string s;
short sv;

Sub (short v=17) : Super (2*v), sv(v) {}

struct Super {
long 1lv;
bi

struct Sub {
long 1v;
struct string
short sv;

}s

S/

/
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The subclass constructor invokes the superclass' constructor

class Sub : public Super {
string s;
short sv;
public:

Sub (short v=17) : Super (2*v), sv(v) {}

Y

Sub obj;

struct Sub* _ct_ 3SubFs(struct Sub* this, short v) ({
_ct_ 5SuperFi( (struct Super*)this, 2*v );
_ct__6stringFv( &(this->s) );
this->sv = v;
return this;

struct Sub obj;
_ct__ 3SubFs(&obj, 17);
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Virtual methods

ﬂass A {

public:
virtual int

~

compute (int n) {return n*n;}

}i

class B : public A {
public:
virtual int compute(int n) {return n-10;} —th[' sometimes are
}: called vtable
class C : public B {
public:
virtual int sum(int n) {return n*(n+l)/2;}
}i
\\\7 4/// _vtbl ave global arvays
.. Located in the DPATA
struct A { A::_vtbl avea
VirtualMethod* _vptr;—
}i
struct B { B::_vtbl
VirtualMethod* _vptr;— _vptr is assigned in
}i the constructor
struct C { C::_vtbl
VirtualMethod* _vptr;
}i
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Invocation of a virtual method

G* pl

= new A();
A* p2 = new B();
A* p3 = new C();
int rl = pl->compute(10) ;
int r2 = p2->compute (20) ;

p3->compute (30) ;

\int r3

struct A* pl
struct A* p2
struct A* p3

_ct 1AFv( _nw_FUi(sizeof(a)) )
_ct 1BFv( _nw_FUi(sizeof(B)) )
_ct 1CFv( _nw_FUi(sizeof(C)) )

int rl = (*(pl->_vptr[0])) (pl, 10);
int r2 = (*(p2->_vptr[0])) (p2, 20);
int 3 = (*(p3->_vptr([0])) (p3, 30);
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Lambdas are structs with a function call operator

int C = 42;
auto f = [=](int n){return n + C;};

int sq = f(5);

struct lambdal {
int C;
lambdaO (int C) : C( C) ({}
int operator() (int n) {return n + C;}

}i

int C = 42;
lambda0 £(C);
int sqg = £(5); //f.operator () (5);
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Lambdas with free variables

vector<int> v = {1,2,3,4,5};

int sum = 0;

for each(v.begin(),v.end(),
sum += n;

1)

cout << "sum = " << sum << endl;

[&] (int n) {

&»

struct lambdal {

inté& sum;
lambdal (int& sum) : sum(_sum) {}
void operator () (int n) {sum += n;}

bi

int sum = 0;
for_each(v.begin(),v.end(),
// = for (; first != last;
// > for (...)

cout << "sum = "

++first)

<< sum << endl;

lambdal (sum)) ;
lambdal (*first);

lambdal.operator () ( first.operator* () )
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[ery

//..business logic.. ‘\\\

} catch (Exceptionl x) {
//error handling 1

} catch (Exception2 x) {
//error handling 2

} catch (...) {

//unknown error
NS

/

Exceptions uses setjmp() / longjmp()

jmp_buf exception;

int rc = setjmp (exception) ;

if (rc < 0) syserror(rc);

if (rc == 0) {
//.business logic..

} else if (rc == 1) {
//error handling 1

} else if (rc == 2) {
//error handling 2

} else {
//unknown error
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What is setjmp() / longjmp()

= Plus a stack of destructor pointers

paggnmter}ct)?rs (1) setjmp() int main() {

_ if ((rc = setjmp (exception)) !'= 0)

temporaries

parameters
control

\
sl oncad

temporaries |l but returned twice

parameters
control

N
s
temporaries J%
parameters void someFunc() {
control

e longjmp (exception, ERROR_2) ;
temporaries (2) longjmp () e
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Inside setjmp() and longjmp()

parameters
control

after
load

main ()
temporaries

(jmp_buf)
saved IP
saved BP

exception

old IP
old BP

setjmp ()

longjmp ()
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Realization of throw e;
main () try{}
catch (exception& e) {}
run ()
const int excType = 1;
bizop () for (DestrInfo d = _destr; d; ++d) ({
_invoke_destructor(d.object) ;
}
longjmp (*exception, excType)
doit () throw overflow_error ("2");
565
. main() IB_b;17 stack
value=
The complete picture
ﬁruct A{ \ func()
int value=17;
virtual int magic() {return value;}
}i
struct B: public A{
short number=42;
B(int n) : numer(n) {} heap
int magic() {return number;} B
Y value=17
number=4711
void func(A* ptr) {
cout << ptr->magic() ;
! data
int main() { A::vtpl
B b;
A* p = new B(4711); E B::vtpl
func (p) ;
return 0; L A:magic() text
) B pomsecle
D B::mpgic()
main() func()
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CHAPTER SUMMARY

Translating C++ into C

* It’s important to understand that —in reality—
C++ is just a thin wrapper around plain ordinary C

* Member variables are struct variables

* Methods are ordinary functions with funny names

* The 'this’ pointer is the first parameter of each member function

* Virtual methods are function pointers

* Exceptions are based on longjmp and destruction of all local objects
* Lambdas are just plain structs with a function-call operator
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Upcoming Features of C++

569

Parallel versions of STL algorithms

= Part of C++17, but not yet generally implemented

#include <experimental/execution_policy=
#1include <experimental/numerics

int main()
{

std::vector<double> v(16'000'007, 0.5);

auto tl = st :high_resolution_clock: :now();

double result ::raccumulate(v.begin(), v.end(), 8.0);

auto t2 = std::chrono::high resolution_clock::now(); « std: :adjacent_difference

chrono: :duration<double, std::milli= ms = t2 - t1; .

iicout <= std:i:fixed << "std::accumulate result " =< result
=< " took " << ms.count() =< " ms\n";

H
{
aute tl = std::chrono::high_resolution_clock: :now(]);
double result = std::experimental::parallel::reduce(
std::experimental: :parallel::par,
v.begin(), v.end());
auto t2 = std::chrono: :high_resolution_clock: :now();
std: :chrono: :duration<double, std::milli> ms = t2 - t1;
std::cout =< "parallel::reduce result "
; << result << * took " << ms.count() << " ms\n"; + stds:Find_first of
1 . ind_if
. ind_if_not
. enerate
Possible output: . enerate_n

« std::includes
o std::imer_product
o std::inplace_merge
o std::is_heap

std:iaccumulate result 5000003.50000 took 12.7365 ms
parallel::reduce result SEROEB3.50000 took 5.06423 ms

Standard library algorithms for which parallelized versions are provided

std: :is_heap_until
std::is_partitioned
std::is_sorted
std::is_sorted_until
std: :lexicographical_compare
std::max_element
std::merge
std::min_element

std: :minmax_element
ismatch

ove

one_of
std::nth_element
std::partial_sort
std::partial_sort_copy
std::partition

std: :partition_copy
std: :remove

std: :remove_copy

std: :remove_copy_if
std: :remove_if
std::replace
std::replace_copy

{ The TS provides parallslized versions of the following 6 algorithms from <algorithms, <numeric> and <memory>-

[Collapse]|

std:: replace_copy_if
std::replace_if

:reverse

:reverse_copy

:rotate

:rotate_copy

zsearch

:search_n

set_difference
set_intersection
set_symmetric_difference

stable_partition
:stable_sort
:swap_ranges
std::transform

std: runinitialized_copy
std: runinitialized copy n
std: runinitialized fill
std: runinitialized fill_n
std: :unique

std: :unique_copy
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Ranges

= Support for pipeline data streams in STL

= More info
* https://ericniebler.github.io/std/wg21/D4128.html
* https://github.com/ericniebler/range-v3/

include <iostream>

include "range/v3/core.hpp"

include "range/v3/view/filter.hpp"
include "range/v3/view/transform.hpp"

WG W A e

include "range/v3/view/iota.hpp"
using namespace std;
using namespace ranges::view;

int main() {

auto results = ints (1, 100)
| filter([]l(int n) { return n % 2 == 1; })
| transform([](int n) { return n * n; }); |
smpiepipeine ¢
for (auto n : results) cout << n << " V; fmnt /c/Users/jensr /Dropbox /Ribomation/Ribomation-Training-2017-Autumn/cxx/cxx-17/src
cout << endl: -exploration/ranges/cmake-build-debug/simple-pipeline
1 9 25 49 81 121 169 225 289 361 441 529 625 729 &41 961 1889 1225
return 0; 1369 1521 1681 1849 2025 2209 2401 2601 2809 3025 3249 3481 3721 3969
} 4225 4489 4761 5041 5379 5625 5929 6241 6561 6889 7225 7569 7921 8281

8649 9025 9489 9861

Process finished with exit code 0
T— —_—
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Concepts

= Boolean predicates on template parameters, evaluated at compile time

* May be associated with a template, in which case it serves as a constraint: it limits the
set of arguments that are accepted as template parameters

= More info
* https://en.wikipedia.org/wiki/Concepts_(C%2B%2B)
* https://accu.org/index.php/journals/2157

template <class T>
concept bool EqualityComparable() {
return requires(T a, T b) {
{a == b} -» Boolean; // Boolean
{a != b} -> Boolean;
b8 f(42); 7/ 0K, int satisfies EqualityComparable I

void f(const EqualityComparable&); // constrained function template declaration I
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Calendar

Defined in header <chrano>

Defined in namespace std: :chrono

last_spec (c++20)
dayc++z20)

month (c++20)

year(c++20)

weekday (c++20)
weekday_indexed (c++20
weekday_last (c++20)
month_day(c++20)
month_day_lastic++20)
month_weekday (c++20)
month_weekday_lastic++z20)
year_month (c++20)
year_month_dayic++z20
year_month_day_last (c++20)

year_month_weekday c++20)

year_month_weekday_last (c++20)

operator/c++z01

Calendar operations

tag class indicating the fast day or weekday in a month
{class)

represents a day of a month

(class)

represents a month of a year

{class)

represents a year in the Gregorian calendar

(class)

represents a day of the week in the Gregorian calendar
{class)

represents the n-th weskday of a month

(class)

represents the last weekday of a month

(class)

represents a spacific day of a specific month

[class)

represents the last day of a specific month

(class)

represents the n-th weekday of a specific month

{class)

represents the last weekday of a specific month

(class)

represents a specific month of a specific year

{class)

represents a specific year, month, and day

(class)

represents the last day of a specific year and month
{class)

represents the n-th weekday of a specific year and month
(class)

represents the last weekday of a specific year and month
{class)

conventional syntax for Gregarian calendar date creation
{function)
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Time zone

Defined in haader <chrono>
Defined in namespace std: ;chrong

tzdb c++20)

tzdb_listic++20

get_tzdb
get_tzdb_Llist
reload_tzdh
remote_version

(c++20)

locate_zone(c++z0)
current_zone(c++20)
time_zone(c++20)
sys_infoic++20)
local_info (c++20)
choose c++20)
zoned_traits(c++20)
zoned_time (c++20)
Lleap (c++20)

Link (c++20)
nonexistent_local_time(c++20)

ambiguous_local_time(c++20)

Time-zone operations

describes a copy of the IANA time zone database
[class)

represents a linked list of tzdb

(class)

accesses and controls the global time zone database information
{function)

locates a time_zone based on its name
{function)
returns the current time_zone
(function)
reprasents a time zone
felazs)
represents information about a time zone at a particular time point
[class)
represents information about a local time to UNIX time conversion
(class)
selects how an ambigucus local time should be resolved
{=num}
traits class for time zone pointers used by zoned_time
{class template)
represents a time zone and a time point
(class)
contains information about a leap second insertion
[class)
represents an alternative name for a time zone
[class)
exception thrown to report that a local time is nonexistent
(class)
exception thrown to report that a local time is ambiguous
{class)
e
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Standard C++

Keep track of the
evolving C+ + standaro
at Lsocpp.com
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C++ Core Guidelines

"The C++ Core Guidelines are a
collaborative effort led by
Bjarne Stroustrup, much like the
C++ language itself. They are
the result of many person-years
of discussion and design across
a number of organizations.
Their design encourages
general applicability and broad
adoption but they can be freely
copied and modified to meet

your organization's needs." e A

&[T
R.1: Manage using handles and RAIl {

tir

T e complex g
o= e b3
resoL clo N,
ew/de a e

i

Example, bad
vold send(X~ x, cstring_span destination)
{

auto port = open_port(destination);

my_mutex.lock();

I i

send(port, x);

".

rto Q}

my_mutex.unlock() ;
close_port(port);

delete x;
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Related courses at Ribomation

https://www.ribomation.se/ {topic}/{name}.html
® Linux Systems Programming

* Cxx/cxx-systems-programming

= C++ Threads
» cxx/cxx-threads

= C++ 11/14/17
e cxx/cxx-17

= Unit Testing with Google Test —
* cxx/cxx-unit-testing 5 o

= Make for C/C++ Development S =
* build/make i ‘
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