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C++ Timeline
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Evolution of People
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Evolution of C++

Evolution of Hardware and Software

* Single core

* More and more memory

* More and more transistors

* Multi core

* The end of Moore’s law

* Threads

* CPU caches

* Out-of-order execution

* SIMD (single instruction for multiple data)

* More and more data
* More and more complexity
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Basic Sorting in C

C:

int intCompare (const void* xp, const void* yp)

{
int x = *(const int*)xp;
int y = *(const int¥*)yp;

if (y < x) return 1; - Not easy to use

return 0O; .
! - Fatal runtime errors

if (x < y) return -1; * Generic quicksort algorithm

- No compile-time type checks

int vals|[] = {42, 0, -7, 42, 11};
gsort(vals, 5, sizeof(int), intCompare) ;
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Basic Sorting in C

C:
int intCompare (const void* xp, const void* yp)
{
return * (const int*)xp - *(const int¥*)yp;
}

- Not easy to use

- Fatal runtime errors

+ Generic fquieksort algorithm

- No compile-time type checks

- No complexity guarantees

int vals|[] = {42, 0, -7, 42, 11};
gsort(vals, 5, sizeof(int), intCompare)
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Basic Sorting in C++

C++98:
int vals[] = {42, 0, -7, 42, 11};
std: :sort(vals, vals + 5); Il uses <

std: :vector<int> coll;

... /linsert elements
std: :sort(coll.begin(), coll.end()); /luses<

/\ ~

~ * Generic sort algorithm
/_/ - Easy to use
Complexity: - Compile-time type checks

"Approximately numElems log numElems : 8;1?3;2:8/%3:;2& ee er;ors
comparisons on the average
(if the worst case behavior is important /
stable_sort() orpartial_ sort()
Kshould be used.)"
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Basic Sorting in C++

C++98:
int vals|[] = {42, 0, -7, 42, 11};
std: :sort(vals, vals + 5); I/l uses <

std: :vector<int> coll;

... I/l insert elements
std: :sort(coll.begin(), coll.end()); /luses<

AN . .
Sorting algorithms: ~ * Generic sort algorithms
* std: :sort() - Easy to use
 std: :stable sort() - Compile-time type checks
. std: ) artial sort () - Crazy compile-time errors
. d: :p b elen - Complexity guarantees
std::nt _<_a <_ament() - Faster partial sorting J
* std: :partition()
* std::stable partition()
10 W @NicoJosuttis
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Basic Sorting in C++

C++98:
int vals[] = {42, 0, -7, 42, 11};
std: :sort(vals, vals + 5); Il uses <

std: :vector<int> coll;

... /linsert elements
std: :sort(coll.begin(), coll.end()); /luses<
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Basic Sorting in C++

C++11: std::array<>:

std: :array<int, 5> vals{42, 0, -7, 42, 11};
std: :sort(vals.begin(), vals.end()); //uses<

std: :vector<int> coll;

... I/l insert elements
std: :sort(coll.begin(), coll.end()); /luses<

12 W @NicoJosuttis

@Qt World Summit 2020

6



Nicolai Josuttis Evolution of C++

Basic Sorting in C++

C++11: Initializer Lists:

std: :array<int, 5> vals{42, 0, -7, 42, 11};
std: :sort(vals.begin(), vals.end()); /luses<

std: :vector<int> coll{42, 0, -7, 42, 11};

std: :sort(coll.begin(), coll.end()); /luses<
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Basic Sorting in C++

C++17: Class Template Argument Deduction:

std: :array vals{42, 0, -7, 42, 11};
std: :sort(vals.begin(), vals.end()); //uses<

std: :vector coll{42, 0, -7, 42, 11},

std: :sort(coll.begin(), coll.end()); /luses<

There are traps:
* Don't use CTAD for std: : vector<>

14 W @NicoJosuttis
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Evolution of C++

Basic Sorting in C++

C++20: Ranges:

std:
std:

std:

std:

:array vals{42, 0, -7, 42,
:ranges: :sort(vals) ;

:vector coll{42, 0, -7, 42,

:ranges: :sort(coll) ;

11};

11};

/Il uses <

/Il uses <

15
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Sorting Performance

C++98:
int vals[] = {42, 0, -7, 42, 11};
std: :sort(vals, vals + 5); Il uses <

std: :vector<int> coll;

... /linsert elements
std: :sort(coll.begin(), coll.end()); /luses<

/\

/Co:péxity:

"Approximately numElems log numElems
comparisons on the average
(if the worst case behavior is important
stable_sort() orpartial_ sort()
Kshould be used.)"
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Sorting Performance

C++11: Benefit from Algorithm Improvements:

int vals|[] = {42, 0, -7, 42, 11};
std: :sort(vals, vals + 5); I/l uses <

std: :vector<int> coll;

... I/l insert elements
std: :sort(coll.begin(), coll.end()); /luses<

/\

/C;réxity

(based on introsort, invented 1997):
"numElems log numElems" comparisons

\

18 W @NicoJosuttis
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Sorting Performance

C++98:

class Person {
std: :string name;
std: :vector<double> wvalues;
Il define < to compare name and values

};

std: :vector<Person> coll;

std: :sort(coll.begin(), coll.end()); /luses<

|coll[0]: | [coll[l]: | [coll[2]: |
¥ 4
Ben Anne
22371015 ... 101533 22 ...
19 W @NicoJosuttis

Sorting Performance

C++11: Move Semantics:

class Person {
std: :string name;
std: :vector<double> wvalues;
Il define < to compare name and values

iy

std: :vector<Person> coll;

std: :sort(coll.begin(), coll.end()); /luses<

|coll[0]: | |coll[l]: | [coll[2]: |
P\ *
Ben N Anne
22371015... 10 15 33 22 ...
20 W @NicoJosuttis
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Sorting Performance

C++11: Move Semantics:

class Person {
std: :string name;
std: :vector<double> wvalues;
Il define < to compare name and values

};

std: :vector<Person> coll;

std: :sort(coll.begin(), coll.end()); /luses<

_-

sort () 100,000 elems C++03
C++11 18 120
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Sorting Performance

C++11: Move Semantics:

class Person {
std: :string name;
std: :vector<double> wvalues;
Il define < to compare name and values

iy

std: :vector<Person> coll;

std: :sort(coll.begin(), coll.end()); /luses<

_-

sort () 100,000 elems C++03
C++11 18 120
partial sort() 100 out of 100,000 elems C++03 19 11
C++11 4 9
22 W @NicoJosuttis
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Sorting Performance

C++17: Parallel STL Algorithms:

class Person {
std: :string name;
std: :vector<double> wvalues;
Il define < to compare name and values

¥
std: :vector<Person> coll;

std: :sort(std: :execution: :par,
coll.begin(), coll.end()); //uses<

23 W @NicoJosuttis

Execution Policies

Sequential
execution:

O]

o

o

oo ke
pihCE =

piCE

Parallel
sequenced
execution:

multiple
threads
Parallel

unsequenced
execution:

SIMD,
vectorization
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Sorting Performance

C++17: Parallel STL Algorithms:

class Person {
std: :string name;
std: :vector<double> values;
Il define < to compare namp—==caluaa
P * No control of details yet h

}; - Number of threads
- Impact of CPU load

std: :vector<Person> coll; o )
More to come in C++23/C++26 ) )

std: :sort(std: :execution: :par unseq,
coll.begin(), coll.end()); /luses<

25 W @NicoJosuttis
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Sorting Criterion by the Class

C++11:

class Person {
std: :string name;
std: :vector<double> wvalues;
public:
Il define < to compare name and values

iy

std: :vector<Person> coll;

std: :sort(coll.begin(), coll.end()); /luses<

27 W @NicoJosuttis

Sorting Criterion by the Class

C++11:

class Person {
std: :string name;
std: :vector<double> wvalues;
public:
bool operator< (const Person& p2) const;

};

std: :vector<Person> coll;

;kd::sort(coll.begin(), coll.end()); // OK

28 W @NicoJosuttis
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Evolution of C++

C++11:

Sorting Criterion by the Class

public:

iy

class Person {
std: :string name;
std: :vector<double> values;

std: :vector<Person> col

std: :sort(coll.begin(),

bool operator< (const Person& p2) const;

* Issues:
- Other comparison operators also
- Implicit type conversions

- constexpr

(none or for both operands)
- Should only be visible for Persons
- noexcept

/

29
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Sorting Criterion by the Class

C++11: Hidden Friends:

public:

friend bool
friend bool
friend bool
friend bool
friend bool

friend bool

L

class Person {
std: :string name;
std: :vector<double> values;

operator==
operator!=
operator<
operator<=
operator>

operator<=

(const
const
(const
const
(const
const
(const
const
(const
const
(const
const

Personé&
Personé&
Personé
Personé
Personé&
Personé
Personé
Personé
Personé
Personé
Personé
Personé&

pl,
p2)
pl,
p2)
pl,
p2)
pl,
p2)
pl,
p2)
pl,
p2)

noexcept;
noexcept;
noexcept;
noexcept;
noexcept;

noexcept;

tis
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Sorting Criterion by the Class
 All cmp. operators defined\

C++20: Spaceship operator: - In class scope
- Implicit conv. for 1t ar
class Person { ) noz;;eptv g *l
std: :string name; - constexpr
std: :vector<double> v * The type system knows
public: the comparison category

auto operator<=> (const Person& p2) const =default;

¥
std: :vector<Person> coll;

std: :sort(coll.begin(), coll.end())

* Using operator< was not good enough

to implement all comparisons because
a >= b is not always equivalent to ! (a<b)

31 W @NicoJosuttis

Sorting Criterion by the Class

C++20: Spaceship operator:

class Person {
std: :string name;
std: :vector<double> values;

public:
bool operator== (const Person& p2) const noexcept {
return name == p2.name; /l equality uses name only
}

auto operator<=> (const Personé& p2) const noexcept ({
return name <=> p2.name; // ordering uses name only

}
e

std: :vector<Person> coll;

;.td: :sort (coll.begin(), coll.end()); //OK

32 W @NicoJosuttis
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Sorting Criterion by the Caller

C++98: Functions:

class Person {
public:

std: :string getName () const;

¥

bool lessName (const Personé& pl, const Personé& p2) {
return pl.getName () < p2.getName() ;
}

std: :vector<Person> coll;

std: :sort(coll.begin(), coll.end(), //range
lessName) ; Il criterion

33 W @NicoJosuttis

Sorting Criterion by the Caller

C++11: Lambdas:

class Person {
public:

std: :string getName () const;

¥

std: :vector<Person> coll;

std: :sort(coll.begin(), coll.end(),
[] (const Person& pl, const Personé& p2) {
return pl.getName () < p2.getName () ;

b))

34 W @NicoJosuttis

@Qt World Summit 2020

17




Nicolai Josuttis

Evolution of C++

Sorting Criterion by the Caller

C++11: Lambdas: Functions defined at runtime:

class Person {
public:

std: :string getName () const;

I 2
std: : vector<Person> coll;

bool asc = shouldWeSortAscending() ;

std: :sort(coll.begin(), coll.end(),

})

[asc] (const Person& pl, const Person& p2) {
return asc ? pl.getName () < p2.getName ()
pl.getName () > p2.getName () ;

35
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Sorting Criterion by the Caller

C++98: Function objects:

class Person {
public:

std: :string getName () const;

iy

class SortPersonByName {
bool asc;
public:
SortPersonByName (bool a) : asc(a) {

}

return asc ? pl.getName() < p2.getName ()

}
i

bool operator() (const Person& pl, const Personé& p2) const ({

pl.getName () > p2.getName() ;

/l ascending
/I descending

7 std::sort(coll.begin(), coll.end(), /lrange
SortPersonByName (asc)) ; I criterion
36 W @NicoJosuttis
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Sorting Criterion by the Caller

C++14: Generic Lambdas:

class Person {
public:

std: :string getName () const;

I 2
std: : vector<Person> coll;

std: :sort(coll.begin(), coll.end(),
[] (const auto& pl, const auto& p2) ({
return pl.getName () < p2.getName () ;

)
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Sorting Criterion by the Caller

C++14: Generic Lambdas: class Task {
public:

class Person {

public: std: :string getName () const;

}i
std: :string getName () const;

¥

auto lessName = [] (const auto& pl, const auto& p2) ({
return pl.getName () < p2.getName () ;
};

std: :vector<Person> coll;
std: :sort(coll.begin(), coll.end(), lessName)
std: :vector<Task> tasks;

std: :sort(tasks.begin(), tasks.end(), lessName) ;

38 W @NicoJosuttis

@Qt World Summit 2020 19



Nicolai Josuttis

Evolution of C++

Sorting Criterion by the Caller

C++20: Concepts:

class Person {
public: };

template <typename T>
concept HasName =
{ t.getName () };

requires (const T& t) {

¥

auto lessName =

iy

std: :vector<Person> coll;

std: :string getName () const;

[] (const HasName auto& pl,
const HasName autoé& p2) {
return pl.getName () < p2.getName () ;

std: :sort(coll.begin(), coll.end(), lessName)

39 W @NicoJosuttis

C:

» Generic sort

* No type safety

* Generic sorting criterions
— Functions

¥

C++98:
* Multiple algorithms
- Open for improvements
- Partial sorting algorithms
» Type safety (templates)
» Complexity guarantees
» Generic sorting criterions
— Functions
— Function objects

Evolution of Sorting in C++

B C++11:
+ std::array<>
+ Lambdas (functions on-the-fly)
+ Introsort
+ Move semantics

B) C++14:

+ Generic lambdas

» C++17:
+ Class template arg. deduction
+ Parallel computing

B) C++20:
+ Ranges (pass whole collection)
+ Concepts (better type safety)
+ Functions with auto params

2) C++23/26:
+ Executors

+ Parallel ranges?
+ ...
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@Qt World Summit 2020

20



Nicolai Josuttis Evolution of C++

Lessons Learned

* Programming evolves

* Contexts evolve

* C++ evolves
— Performance
— Usability

* But we have to be backward compatible
— for almost 50 years

* We make mistakes
— Don't complain, take care It's all your fault, D

. ) because you didn't =
We are getting better help us to make it better
* Tools improve

41 W @NicoJosuttis

Take Care

Download slides at:
josuttis.com/download/qt
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