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NPRGO041 Programovani v C++ - cviceni Jifi Klepl



Agenda

e Trideni

* Funktory, lambda funkce

* Algoritmy: std::sort, std::find, ...

e Specialni iteratory: std::back_inserter, ...

NPRGO041 Programovani v C++ - cviCeni Jifi Klepl

I hate myself

Wow!
I hate this more




Usporadani set/map podle operator<

* Mame tridu s 3 polozkami: std::string name, int age, double height
 Zadano na recodexu

* Upravte soubor https://www.ksi.mff.cuni.cz/teaching/nprg041-klepl-
web/data/05/user_data.hpp
* Minipriklad 1:
* Chceme definovat operator< s nasleducimimi vlastnostmi:

1. Obé porovnavana Cisla pouze Cte
2. Prvnim kritériem je vék, potom délka jména a nakonec jméno lexikograficky

* Minipfiklad 2:
* Chceme definovat komparator tak, aby porovnaval podle jména/véku/vysky;
kritérium zadano v konstruktoru komparatoru



https://www.ksi.mff.cuni.cz/teaching/nprg041-klepl-web/data/05/user_data.hpp
https://www.ksi.mff.cuni.cz/teaching/nprg041-klepl-web/data/05/user_data.hpp

Useful triky (

struct XY { struct XY {
bool operator<(const XY& rhs) auto operator<=>(const XY& rhs) const
const { = default;
}ziurn tie(x, y)
< tie(rhs.x, rhs.y); int x, y;
} }s5
int x, y; set<XY> points{
}s {0, 5}, {3, 5}, {5, 2},
{3, 4}, {1, 4}, {2, 2}
set<XY> points{ };
19, 5}, {3, 5}, 15, 2},
{3, 4}, {1, 4}, {2, 2} for (auto&& [x, y] : points)
}s cout << x << ", " << y << endl;
for (auto&& [x, y] : points) s
cout << x << ", " KKy <K ena;i:l }
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Pratelska funkce

c

struct XY { S J
friend bool operator<(const XY& lhs, const XY& rhs)

{
return tie(lhs.x, rlhs.y) < tie(rhs.x, rhs.y);
}
private:
int x, y;
}s
set<XY> points{
{0, 5}, {3, 5}, {5, 2},
{3J 4}) {1) 4}) {2) 2}
}s

for (auto&& [x, y] : points)

cout << x << ", << y << endl;
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https://godbolt.org/#g:!((g:!((g:!((h:codeEditor,i:(filename:'1',fontScale:14,fontUsePx:'0',j:1,lang:c%2B%2B,selection:(endColumn:12,endLineNumber:10,positionColumn:12,positionLineNumber:10,selectionStartColumn:12,selectionStartLineNumber:10,startColumn:12,startLineNumber:10),source:'%23include+%3Ctuple%3E%0A%23include+%3Ciostream%3E%0A%23include+%3Cset%3E%0A%0Astruct+XY+%7B%0A++friend+bool+operator%3C(const+XY%26+lhs,+const+XY%26+rhs)+%7B%0A++++return+std::tie(lhs.x,+lhs.y)+%3C+std::tie(rhs.x,+rhs.y)%3B%0A++%7D%0A%0A++int+x,+y%3B%0A%7D%3B%0A%0A%0Aint+main()+%7B%0A++++std::set%3CXY%3E+set%7B%0A++++++++%7B0,+5%7D,+%7B3,+5%7D,+%7B5,+2%7D,+%7B3,+4%7D,+%7B1,+4%7D,+%7B2,+2%7D%0A++++%7D%3B%0A++++%0A++++for+(auto%26%26+%5Bx,+y%5D+:+set)+%7B%0A++++++++std::cout+%3C%3C+x+%3C%3C+%22,+%22+%3C%3C+y+%3C%3C+std::endl%3B%0A++++%7D%0A%7D%0A'),l:'5',n:'0',o:'C%2B%2B+source+%231',t:'0')),k:49.707194422211856,l:'4',n:'0',o:'',s:0,t:'0'),(g:!((g:!((h:compiler,i:(compiler:gsnapshot,deviceViewOpen:'1',filters:(b:'0',binary:'1',binaryObject:'1',commentOnly:'0',debugCalls:'1',demangle:'0',directives:'0',execute:'0',intel:'0',libraryCode:'0',trim:'1'),flagsViewOpen:'1',fontScale:14,fontUsePx:'0',j:1,lang:c%2B%2B,libs:!(),options:'-std%3Dc%2B%2B23+-O2',overrides:!(),selection:(endColumn:1,endLineNumber:1,positionColumn:1,positionLineNumber:1,selectionStartColumn:1,selectionStartLineNumber:1,startColumn:1,startLineNumber:1),source:1),l:'5',n:'0',o:'+x86-64+gcc+(trunk)+(Editor+%231)',t:'0')),header:(),k:50.29280557778816,l:'4',m:50,n:'0',o:'',s:0,t:'0'),(g:!((h:output,i:(compilerName:'x86-64+gcc+13.2',editorid:1,fontScale:14,fontUsePx:'0',j:1,wrap:'1'),l:'5',n:'0',o:'Output+of+x86-64+gcc+(trunk)+(Compiler+%231)',t:'0')),header:(),l:'4',m:50,n:'0',o:'',s:0,t:'0')),k:50.29280557778816,l:'3',n:'0',o:'',t:'0')),l:'2',m:100,n:'0',o:'',t:'0')),version:4

Komparator (ukazka funktoru)

struct XY { int x, y; }; /4£ﬁi;///, ]
struct MyCmp {
bool operator()(const XY& lhs, const XY& rhs) const {
return tie(lhs.x, lhs.y) < tie(rhs.x, rhs.y);

}

’ T

set<XY, MyCmp> points{

10, 5}, 13, 5}, 15, 2},
{3, 4}, {1, 4}, {2, 2}
}s

for (auto&& [x, y] : points)
cout << x << ", " << y << endl;

NPRGO041 Programovani v C++ - cviCeni Jifi Klepl


https://godbolt.org/#g:!((g:!((g:!((h:codeEditor,i:(filename:'1',fontScale:14,fontUsePx:'0',j:1,lang:c%2B%2B,selection:(endColumn:28,endLineNumber:13,positionColumn:28,positionLineNumber:13,selectionStartColumn:28,selectionStartLineNumber:13,startColumn:28,startLineNumber:13),source:'%23include+%3Ctuple%3E%0A%23include+%3Ciostream%3E%0A%23include+%3Cset%3E%0A%0Astruct+XY+%7B+int+x,+y%3B+%7D%3B%0Astruct+MyCmp+%7B%0A++++bool+operator()(const+XY%26+lhs,+const+XY%26+rhs)+const+%7B%0A++++++++return+std::tie(lhs.x,+lhs.y)+%3C+std::tie(rhs.x,+rhs.y)%3B%0A++++%7D%0A%7D%3B%0A%0Aint+main()+%7B%0A++++std::set%3CXY,+MyCmp%3E+set%7B%0A++++++++%7B0,+5%7D,+%7B3,+5%7D,+%7B5,+2%7D,+%7B3,+4%7D,+%7B1,+4%7D,+%7B2,+2%7D%0A++++%7D%3B%0A++++%0A++++for+(auto%26%26+%5Bx,+y%5D+:+set)+%7B%0A++++++++std::cout+%3C%3C+x+%3C%3C+%22,+%22+%3C%3C+y+%3C%3C+std::endl%3B%0A++++%7D%0A%7D%0A'),l:'5',n:'0',o:'C%2B%2B+source+%231',t:'0')),k:49.707194422211856,l:'4',n:'0',o:'',s:0,t:'0'),(g:!((g:!((h:compiler,i:(compiler:gsnapshot,deviceViewOpen:'1',filters:(b:'0',binary:'1',binaryObject:'1',commentOnly:'0',debugCalls:'1',demangle:'0',directives:'0',execute:'0',intel:'0',libraryCode:'0',trim:'1'),flagsViewOpen:'1',fontScale:14,fontUsePx:'0',j:1,lang:c%2B%2B,libs:!(),options:'-std%3Dc%2B%2B23+-O2',overrides:!(),selection:(endColumn:1,endLineNumber:1,positionColumn:1,positionLineNumber:1,selectionStartColumn:1,selectionStartLineNumber:1,startColumn:1,startLineNumber:1),source:1),l:'5',n:'0',o:'+x86-64+gcc+(trunk)+(Editor+%231)',t:'0')),header:(),k:50.29280557778816,l:'4',m:50,n:'0',o:'',s:0,t:'0'),(g:!((h:output,i:(compilerName:'x86-64+gcc+13.2',editorid:1,fontScale:14,fontUsePx:'0',j:1,wrap:'1'),l:'5',n:'0',o:'Output+of+x86-64+gcc+(trunk)+(Compiler+%231)',t:'0')),header:(),l:'4',m:50,n:'0',o:'',s:0,t:'0')),k:50.29280557778816,l:'3',n:'0',o:'',t:'0')),l:'2',m:100,n:'0',o:'',t:'0')),version:4

Lambda: compilerem napsany funktor

struct XY { int x, y; };

auto cmp = [](const XY& lhs, const XY& rhs) {
return std::tie(lhs.x, lhs.y) < std::tie(rhs.x, rhs.y);

s

set<XY, decltype(cmp)> points{
{@, 5}, {3, 5}, {5, 2},
{3) 4}) {1) 4}) {2) 2}
¥

for (auto&& [x, y] : set) {
cout << x << ", " << y << endl;

}
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https://godbolt.org/#g:!((g:!((g:!((h:codeEditor,i:(filename:'1',fontScale:14,fontUsePx:'0',j:1,lang:c%2B%2B,selection:(endColumn:1,endLineNumber:19,positionColumn:1,positionLineNumber:19,selectionStartColumn:1,selectionStartLineNumber:19,startColumn:1,startLineNumber:19),source:'%23include+%3Ctuple%3E%0A%23include+%3Ciostream%3E%0A%23include+%3Cset%3E%0A%0Astruct+XY+%7B+int+x,+y%3B+%7D%3B%0A%0Aint+main()+%7B%0A++++auto+cmp+%3D+%5B%5D(const+XY%26+lhs,+const+XY%26+rhs)+%7B%0A++++++++return+std::tie(lhs.x,+lhs.y)+%3C+std::tie(rhs.x,+rhs.y)%3B%0A++++%7D%3B%0A++++std::set%3CXY,+decltype(cmp)%3E+set%7B%0A++++++++%7B0,+5%7D,+%7B3,+5%7D,+%7B5,+2%7D,+%7B3,+4%7D,+%7B1,+4%7D,+%7B2,+2%7D%0A++++%7D%3B%0A%0A++++for+(auto%26%26+%5Bx,+y%5D+:+set)+%7B%0A++++++++std::cout+%3C%3C+x+%3C%3C+%22,+%22+%3C%3C+y+%3C%3C+std::endl%3B%0A++++%7D%0A%7D%0A'),l:'5',n:'0',o:'C%2B%2B+source+%231',t:'0')),k:49.707194422211856,l:'4',n:'0',o:'',s:0,t:'0'),(g:!((g:!((h:compiler,i:(compiler:gsnapshot,deviceViewOpen:'1',filters:(b:'0',binary:'1',binaryObject:'1',commentOnly:'0',debugCalls:'1',demangle:'0',directives:'0',execute:'0',intel:'0',libraryCode:'0',trim:'1'),flagsViewOpen:'1',fontScale:14,fontUsePx:'0',j:1,lang:c%2B%2B,libs:!(),options:'-std%3Dc%2B%2B23+-O2',overrides:!(),selection:(endColumn:1,endLineNumber:1,positionColumn:1,positionLineNumber:1,selectionStartColumn:1,selectionStartLineNumber:1,startColumn:1,startLineNumber:1),source:1),l:'5',n:'0',o:'+x86-64+gcc+(trunk)+(Editor+%231)',t:'0')),header:(),k:50.29280557778816,l:'4',m:50,n:'0',o:'',s:0,t:'0'),(g:!((h:output,i:(compilerName:'x86-64+gcc+13.2',editorid:1,fontScale:14,fontUsePx:'0',j:1,wrap:'1'),l:'5',n:'0',o:'Output+of+x86-64+gcc+(trunk)+(Compiler+%231)',t:'0')),header:(),l:'4',m:50,n:'0',o:'',s:0,t:'0')),k:50.29280557778816,l:'3',n:'0',o:'',t:'0')),l:'2',m:100,n:'0',o:'',t:'0')),version:4

Lambda

[ captures ] ( params ), mutable

-> rettype,,. { body }

opt

Ve

* [ captures ]: Seznam hodnot (inicializace), které lambda pouziva:

* [x] zkopiruje hodnotu proménné x
[&X] vytvori referenci na promeénnou X
Prvni mUzZzeme pouzit [=], [&] pro imlicitni copy/ref

this (capture objektu v metodé ) je vyjimka:
[this] -> reference; [*this] -> kopie

Zobecnény capture [nazev=hodnota]
* \ytvori uplné novou promeénnou
* (parameters ): bézne parametry jako u funkci

 mutable

* priznak, kterym oznacime,
ze nakopirované hodnoty lze ménit, jinak jsou const

* ->rettype: explicitni zadani navratoveho typu

int x = 3;

auto lambdal =

[x](int n){return x*n;};
auto lambda2 =

[&<](int n){return x*n;};

X = 5;
int y = lambdal(2); // y == 6
int z = lambda2(2); // z == 10




Lambda prelozena na funktor

Lambda je zkratka za funktor A\ Dve stejné lambdy maji rdzné typy

class ftor {
private:
CaptTypes captures_; ‘f”
public:
ftor( CaptTypes captures ) : captures_( captures ) {}
rettype operator() ( params ) { statements; }

Ik

[ captures ] ( params ) -> rettype { statements; }



. :
Standardni algoritmy

it std::find(it beg, it end, const T& val)
e std::find_if(it beg, it end, pred(const T&))

int std::count(it beg, it count, T& val)
* std::count_if(it beg, it end, pred(const T&))

std::for_each(it beg, it end, fnc(T&))
std::sort(it beg, it end, cmp(const T&, const T&))

* std::copy(it beg, it end, it out_it), std::move(it beg, it end, it out_it)
e std::transform(it beg, it end, it out_it, T' fnc(const T&)) Spojovani kontejnerd
e std::transform(it beg, it end, it beg2, it out_it, T' fnc(const T1&, const T2&))

* remove, remove_if — /. pfesun (move) nalezu na konec, vrati it na prvni
e Skutecné smazani az zkracenim kontejneru (napfr. vector.erase(it_returned, end))

Mnoho dalsich na https://en.cppreference.com/w/cpp/algorithm



https://en.cppreference.com/w/cpp/algorithm

"y AR
Pokrodilé druhy iteratoru e

Jde je napriklad pouzivat v algoritmech

» Adaptéry iteratoru
* std::back_inserter(container&), std::front_inserter(container&)
* Pridava na konec/zacatek zadaného kontejneru

e std::inserter(container&) —to same, ale napr. u map

e std::istream_iterator<T>(in)
* iteruje vstup, jako bychom delali: T value; while(in >> value) ...

e std::ostream_iterator<T>(out[, delim])
* Do streamu out pise prvky (oddelené delim —typicky ' ' nebo '\n')



Priklad: algorithms

e Zadani: vyplnte soubor algorithms.cpp
https://www.ksi.mff.cuni.cz/teaching/nprg041-klepl-

web/data/05/algorithms.cpp
* lysledek nahrajte do labs/algorithms
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