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Modern C++

C++98

C++11/14

Expert level
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“Within C++ is a smaller, simpler, safer
language struggling to get out”
Bjarne Stroustrup
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High level: Expert level:

Mapaaurma RAIl n uckntouernus (exceptions) OnepaTopbl new/delete, Bhagetowme

CemaHTUKa nepemeLlleHnA yKa3saTte/imn

[Nonb3oBaTenibCkme onepaunn KONMNMpoBaHUA
n nepemewieHnA

A-PyHKUMM

Knaccbl 1 KOHCTPYKTOPDI

Monb3oBaTeNbCKME AECTPYKTOPDI
MpocTble WwabnoHbl

STL

YTUAUTBI N anroputmbl boost

3aKpbiToe, 3aWMLEHHOe, poMboBUAHOE,
BMPTYa/NbHOE HacneaoBaHMe

LLlabnoHHaa marua

Bce ¢dyHKUMM A3bIika Cn, npenpoueccop

«lonbie» UnKnbl
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4. Replaceable by C++11 language features or libraries

Which boost 246
features overlap v
with C++11°7 v

» Foreach — range-based for

» FunctionalForward — Perfect forwarding (with rvalue references, variadic templates and
sid;-forward)

« In Place Factory, Typed In Place Factory — Perfect forwarding (at least for the documented
use cases)

» Lambda —» Lambda expression (in non-polymorphic cases)
« Local function —+ Lambda expression
o Min-Max —» std::minmax, std:: minmax_elemant
» Ratio -+ std::ratio
o Static Assaert — static_assert
o Thread -« <thread>, etc (but check this quastion),
» Typeof —» auto, decitype
« Value initialized — List-initialization (§8.5.4/3)
» Math/Special Functions — <caath> , see the list below
« gamma function (tgamma), log gamma function (lgamma)
« arror functions (erf, erfc)
o loglp , expal
s cbrt |, hypot

¢ acosh , asinh , atanh

TR1 (they are marked in the documentation if those are TR1 libranes)

» Array — std:array

* Bind -+ std::bind

» Enable If -+ std::enable_if

» Function - std::function

« Membar Function - std::mem_fn
» Random -+ <random>

o Ref -« std:..ref, std. craf


http://stackoverflow.com/questions/8851670/which-boost-features-overlap-with-c11

[1naH oencTeum

PaccmoTpum npumep peanbHOro Koaa
BmecTte BbINONHUM pePaKTOPUHT
[lepenuiuem c HyNA

O6o0b6umm pewieHue
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const std::vector<Point> extract(const std::vector<Point>& points)

{

std: :vector<Point> result;
result.clear();

if (points.size() == 0)
return result;

int p = 0;

bool found = false;

for (int i = 1; i < points.size() && !found; ++1i)
if (points[i - 1].x < © && points[i].x >= 9)

{
p = 1ij; ,
found = true; ‘G
/
IO

}

int q = 0;
found false;

for (int i = 1; i < points.size() && !found; ++1i)



ctor<Point>& points)

¥

int

foun 5
for (int i = 1; i < points.size() && !found; ++i)
if (points[i - 1]. 8& points[i].x < 0)

A8

}

int i
while

ear();
Point nan;

rt(-
an.y = sqrt(-1);
result.push (nan);
return

ack(points[i]);
nt ))

H
while (i
{

if (points[i].x

result.clear();
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const std::vector<Point> extract(const std::vector<Point>& points)

{
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std::vector<Point> extract(const std::vector<Point>& points)

{
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std::vector<Point> extract(const std::vector<Point>& points)

{

std: :vector<Point> result;
result.clear();
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std::vector<Point> extract(const std::vector<Point>& points)

{

std: :vector<Point> result;
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std::vector<Point> extract(const std::vector<Point>& points)

{

std: :vector<Point> result;

if (points.size() =
return result;
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std::vector<Point> extract(const std::vector<Point>& points)

{

std: :vector<Point> result;

if (points.empty())
return result;
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std::vector<Point> extract(const std::vector<Point>& points)

{

std: :vector<Point> result;

if (points.empty())
return result;

int p = 0;
bool found false;

for (int 1 ; 1 < points.size() && !found; ++i)
if (points[i - 1].x < © && points[i].x >= 9)
{

p = i;
found = true;

}
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std::vector<Point> extract(const std::vector<Point>& points)

{

std: :vector<Point> result;

if (points.empty())
return result;

int p = 0;

for (int i = 1; 1 < points.size(); ++i)
if (points[i - 1].x < © && points[i].x >= 0)
{

p=1;
break;

}
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int p = 0;
for (int i = 1; i < points.size(); ++i)
if (points[i - 1].x < O && points[i].x >=

{

p = 1i;
break;

int q = 0;
for (int i = 1; i < points.size(); ++1i)
if (points[i - 1].x >= 0 && points[i].x <
{
q=1;
break;
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auto isRight = [](const Point& pt) { return pt.x >= 0; };

int p = 0;
for (int i = 1; 1 < points.size(); ++1i)
if (!isRight(points[i - 1]) && isRight(points[i]))
{
p=1;
break;

}

int q = 0;
for (int i = 1; 1 < points.size(); ++1i)
if (isRight(points[i - 1]) && !isRight(points[i]))
{
q =1,
break;

}
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auto isRight = [](const Point& pt) { return pt.x >= 0; };

auto find = [&](bool flag)
{
for (int i = 1; i < points.size(); ++1i)
if (isRight(points[i - 1]) == flag &&
isRight(points[i]) != flag)
return 1i;
return 0;

}s

int p = find(false);
int g = find(true);
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auto isRight = [](const Point& pt) { return pt.x >= 0; };

auto findBoundary = [&](bool rightToLeft)
{
for (int i = 1; i < points.size(); ++i)
if (isRight(points[i - 1]) == rightToLeft &&
isRight(points[i]) != rightTolLeft)
return i;
return 0;

}s

int p findBoundary(false);
int g findBoundary(true);
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int p = findBoundary(false);
int q = findBoundary(true);

if (p == q)
{

if (isRight(*points.begin()))
return points;

else
return result;
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int p = findBoundary(false);
int q = findBoundary(true);

if (p == q)
{

if (isRight(points[@]))
return points;

else
return result;
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int p = findBoundary(false);
int q = findBoundary(true);

if (p == q)

return isRight(points[@]) ? points : result;
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if (p == q)
return isRight(points[@]) ? points : result;

int i = p;
while (i != q)
{
if (lisRight(points[i]))
{
result.clear();
Point nan;
nan.x = sqrt(-1);
nan.y = sqrt(-1);
result.push back(nan);
return result;
}
result.push back(points[i]);
if (++1 >= points.size())
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if (p == q)
return isRight(points[@]) ? points :

int 1 = p;
while (i !'= q)
{

if (lisRight(points[i]))

return { Point( , ) }s
result.push_back(points[i]);
if (++1 >= points.size())

std::numeric limits::quiet NaN() vs. std::nan() vs. NAN
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http://stackoverflow.com/questions/42045501/stdnumeric-limitsquiet-nan-vs-stdnan-vs-nan

int 1 = p;
while (i !'= q)
{
if (!isRight(points[i]))
return { Point( , ) };
result.push_back(points[i]);
if (++1 >= points.size())
i = 0;

}

i=2q;
while (i !'= p)
{

if (isRight(points[i]))
return { Point(NAN, ) }s
if (++i >= points.size())
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int i = p;
while (i !'= q)
{
if (!isRight(points[i]))
return { Point( , ) };
result.push back(points[i]);
if (++1 >= points.size())
1=0;

}

i=g;
while (i != p)
{
if (isRight(points[i]))
return { Point( , ) };
if (++1 >= points.size())
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auto appendResult = [&](int from, int to, bool shouldBeRight)
{
int 1 = from;
while (i != to)
{
if (isRight(points[i]) != shouldBeRight)
{
result = { Point( ) }s
return false;
}
if (shouldBeRight)
result.push back(points[i]);
if (++1i >= points.size())
. 0;
}

return true;

};

bool success = appendResult(p, q, true) && appendResult(q, p, false);
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auto appendResult = [&](int from, int to, bool shouldBeRight)
{
int 1 = from;
while (i != to)
{
if (isRight(points[i]) != shouldBeRight)
throw std::runtime_error("Unexpected order");
if (shouldBeRight)
result.push_back(points[i]);
if (++1 >= points.size())

appendResult(p, q, true);
appendResult(q, p, false);
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}

appendResult(p, q, true);
appendResult(g, p, false);

return std::move(result);
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appendResult(p, q, true);
appendResult(g, p, false);

return result;
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const std::vector<Point> extract(const std::vector<Point>& points) std::vector<Point> extract(const std::vector<Point>& points)
{

std::vector<Point> result; std::vector<Point> result;

result.clear();

if (points.size() == @)

if (points.empty())
return result;

return result;
auto isRight = [](const Point& pt) { return pt.x >=
int p = 0;
bool found = false; auto findBoundary = [&](bool rightToLeft)
for (int i = 1; i < points.size() && !found; ++i) {
if (points[i - 1].x < © & points[i].x >= @)

for (int i = 1; i < points.size(); ++i)
{
p=1i;

56 dshplpoiresll - 1) = igieTelerc 1 findBoundary(false);
found = e S findBoundary(true);

He

} return 0;

Y5
int q =

found = false;
for (int i = 1; i

findBoundary (false);

int p =
< points.size() && !found; ++i) q = findBoundary(true);

int
if (points[i - 1].x >= © && points[i].x < @)
{ if (p == q)
3 return isRight(points[6]) ? points
found = true;

}

: result;
auto appendResult = [&](int from, int to, bool shouldBeRight)
{
if (p == q)
{
if ((*points.beg
return points;
else
return result;

int i = from;
while (i != to)

if (isRight(points[i]) != shouldBeRight)
throw std::runtime

if (shouldBeRight)
}

) | appendResult(p, q, true);
if (++i >= points.size()) h

while (i != q)

erron(

{ , appendResult(q, p, false);

result.clear();

Point nan;

appendResult(p, g, true);
appendResult(q, p, false);
nan.x = return result;
result.push_back(nan);

return result;
i
result.push_back(points[i]);
if (++1 >= points

i=

a;

while (i != p)

if (points[i].x >= 0)
{

result.clear();
Point nan;
nan.x t(-1);
nan.y t(-1);
result.push_back(nan);
return result;

}

if (++1 >= points.size())
i oo OR

}

return std::move(result);

}
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1. HanTn nepBbIN 3NEeMeHT

p 2. C,D,BMHyTb €ro B Ha4dano
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1. HanTn nepBbIN 3NEeMeHT

2. C,D,BMHyTb ero B Ha4dano
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1. HanTn nepBbIN 3NEeMeHT

2. C,D,BMHyTb ero B Ha4dano
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HanTtn nepBbi anemeHT
CABWHYTb €ro B Ha4yano

MpoBEPUTbL CTPYKTYPY

BbIKMHYTb XBOCT

A N

BepHyTb YTO OCTaN0Cb

38
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std: :vector<Point> extractRight(std::vector<Point> points)

{

0

1

2
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std: :vector<Point> extractRight(std::vector<Point> points)

{

using namespace boost::range;
using namespace boost::algorithm;

auto isRight = [](const Point& pt) { return pt.x >= 0; };

O(1|2|3|4]|5]6
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std: :vector<Point> extractRight(std::vector<Point> points)

{

using namespace boost::range;
using namespace boost::algorithm;

auto isRight = [](const Point& pt) { return pt.x >= 0; };

auto middle = adjacent find(points,
[&] (auto&& ptl, auto&& pt2) { return !isRight(ptl) && isRight(pt2); });
points.begin();

middle

middle != points.end() ? std::next(middle)

middle

0

1

2
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std: :vector<Point> extractRight(std::vector<Point> points)

{

using namespace boost::range;
using namespace boost::algorithm;

auto isRight = [](const Point& pt) { return pt.x >= 0; };

auto middle = adjacent find(points,
[&] (auto&& ptl, auto&& pt2) { return !isRight(ptl) && isRight(pt2); });
middle = middle != points.end() ? std::next(middle) : points.begin();

rotate(points, middle);

4 (5160|123
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std: :vector<Point> extractRight(std::vector<Point> points)

{

using namespace boost::range;
using namespace boost::algorithm;

auto isRight = [](const Point& pt) { return pt.x >= 0; };
auto middle = adjacent find(points,

[&] (auto&& ptl, auto&& pt2) { return !isRight(ptl) && isRight(pt2); });
middle = middle != points.end() ? std::next(middle) : points.begin();

rotate(points, middle);

if (!is_partitioned(points, isRight))
throw std::runtime_error("Unexpected order");

4sfefofafafs
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std: :vector<Point> extractRight(std::vector<Point> points)

{

using namespace boost::range;
using namespace boost::algorithm;

auto isRight = [](const Point& pt) { return pt.x >= 0; };
auto middle = adjacent find(points,

[&] (auto&& ptl, auto&& pt2) { return !isRight(ptl) && isRight(pt2); });
middle = middle != points.end() ? std::next(middle) : points.begin();

rotate(points, middle);

if (!is_partitioned(points, isRight))
throw std::runtime_error("Unexpected order");

points.erase(partition_point(points, isRight), points.end());
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std: :vector<Point> extractRight(std::vector<Point> points)

{

using namespace boost::range;
using namespace boost::algorithm;

auto isRight = [](const Point& pt) { return pt.x >= 0; };
auto middle = adjacent find(points,

[&] (auto&& ptl, auto&& pt2) { return !isRight(ptl) && isRight(pt2); });
middle = middle != points.end() ? std::next(middle) : points.begin();

rotate(points, middle);

if (!is partitioned(points, isRight))
throw std::runtime_error("Unexpected order");

points.erase(partition_point(points, isRight), points.end());

return points;
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const std::vector<Point> extract(const std::vector<Point>& points)

if (points.
return result;

int p =

bool found = false;

for (int i = 1; i < points.

) 8& !found; ++i)
if (points[i - 1].x <

8& points[i].x >= 0)

p=1i;
found = true;

¥

int q = 03
found = false;
for (int i = 1; i < points.

ze() && !found; ++i)
if (points[i - 1].x »>=

8& points[i].x <

q=1i;
found = true;

}

if (p q)
{
if ((*points.begin()).x >= @)
return points;
else
return result;

}

int i = p;
while (i !

a)

if (points[i].x
{

return result;

}
result.push_back(points[i]);
if (++1 >= points.size())

i=e;

1=aq;
while (i != p)

nan;
rt(-1);
sqrt(-1);
result.push_back(nan);
return result;

if (++i >= points.size())
i=0;

b

return std::move(result);

)

r<Point> extract(const std::vector<Point>& points)

std: :vector<Point> result;

if (points.empty())
return result;

auto isRight = [](const Point& pt) { return pt.x >= 0; };

auto findBoundary = [&](bool rightToLeft)
for (int i = 1; i < points.size(); ++i)
if (isRight(points[i - 1]) rightToLeft &&
isRight(points[i]) != rightTolLeft)
return i;
return 6;

Y

int p = findBoundary(false);
int q = findBoundary(true);

if (p q)

return isRight(points[@]) ? points : result;

auto appendResult =

[&](int from, int to, bool shouldBeRight)
int i = from;

while (i != to)

{

if (isRight(points[i]) != shouldBeRight)
throw std::runtime_error(

if (shouldBeRight)
result.push_back(points[i]);

if (++1 >= points.size())
i=0;

b

appendResult(p, g, true);
appendResult(q, p, false);

return result;

ctor<Point> extractRight(std::vector<Point> points)
using namespace boost::range;
using namespace boost::algorithm;

auto isRight = [](const Point& pt) { return pt.x >= 0; };

auto middle = adjacent_find(points,
[&](auto&& ptl, autod8& pt2) { return !isRight(ptl) & isRight(pt2); });

if (middle != points.end())
ate(points, std: :next(middle));

if (lis_pa

titioned(points, isRight))
throw std d

ime_ert )s
points.erase(partition_point(points, isRight), points.end());

return points;
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std: :vector<Point> extractRight(std::vector<Point>&& points)

{

return points;

}

std::vector<Point> extractRight(const std::vector<Point>& points)

{

std: :vector<Point> result = points;

return result;

}

std::vector<Point> extractRight(std::vector<Point> points)

{

return points;

}
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first middle last
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Sean Parent: C++ Seasoning (no raw loops)
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https://www.youtube.com/watch?v=qH6sSOr-yk8
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ObobLwaem!

std::vector — nocnepgoBatenbHOCTb (Napa nTepaTopos)
isRight() — npeaukaT

Pe3yanaT KaK KOMUA — pe3y/ibTaT KaK noanocaenoBate/ibHOCTb
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...ABal! Pas...
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first last

auto extractIf(It first, It last, Predicate p) 0 1 2 3|1 4] 5 6
{

template<class It, class Predicate>
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template<class It, class Predicate>
auto extractIf(It first, It last, Predicate p)

{

using namespace boost::range;
using namespace boost::algorithm;
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template<class It, class Predicate> first middle last
auto extractIf(It first, It last, Predicate p) 4

{

using namespace boost::range;
using namespace boost::algorithm;

auto middle = adjacent find(first, last,
[&] (auto&& a, auto&& b) { return !p(a) & & p(b); });
middle = middle != last ? std::next(middle) : first;
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template<class It, class Predicate> middle
auto extractIf(It first, It last, Predicate p) 4

{

using namespace boost::range;
using namespace boost::algorithm;

auto middle = adjacent find(first, last,
[&] (auto&& a, auto&& b) { return !p(a) & & p(b); });
middle = middle != last ? std::next(middle) : first;

auto rotated = boost::join(boost::make iterator range(middle, last),
boost::make iterator_range(first, middle));
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template<class It, class Predicate>
auto extractIf(It first, It last, Predicate p)
{

using namespace boost::range;

using namespace boost::algorithm;

auto middle = adjacent find(first, last,
[&] (auto&& a, auto&& b) { return !p(a) & & p(b); });
middle = middle != last ? std::next(middle) : first;

auto rotated = boost::join(boost::make iterator range(middle, last),

boost::make iterator_range(first, middle));

if (!is_partitioned(rotated, p))
throw std::runtime_error("Unexpected order");
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template<class It, class Predicate> end middle

auto extractIf(It first, It last, Predicate p)
{

using namespace boost::range;

using namespace boost::algorithm;

auto middle = adjacent find(first, last,
[&] (auto&& a, auto&& b) { return !p(a) & & p(b); });
middle = middle != last ? std::next(middle) : first;

auto rotated = boost::join(boost::make iterator range(middle, last),
boost::make iterator_range(first, middle));

if (!is_partitioned(rotated, p))
throw std::runtime_error("Unexpected order");

auto end = partition point(rotated, p);
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template<class It, class Predicate> end middle

auto extractIf(It first, It last, Predicate p)
{

using namespace boost::range;

using namespace boost::algorithm;

auto middle = adjacent find(first, last,
[&] (auto&& a, auto&& b) { return !p(a) & & p(b); });
middle = middle != last ? std::next(middle) : first;

auto rotated = boost::join(boost::make iterator range(middle, last),

boost::make iterator_range(first, middle));

if (!is_partitioned(rotated, p))
throw std::runtime_error("Unexpected order");

auto end = partition point(rotated, p);

return boost::make_iterator_range(rotated.begin(), end);
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std::vector<Point> extractRight(std::vector<Point> points)
{

using namespace boost::range;

using namespace boost::algorithm;

auto isRight = [](const Point& pt) { return pt.x >= 0; };
auto middle = adjacent find(points,

[&] (auto&& ptl, auto&& pt2) {

return !isRight(ptl) && isRight(pt2);

1

middle = middle != points.end() ? std::next(middle)
: points.begin();

rotate(points, middle);

if ('is_partitioned(points, isRight))
throw std::runtime_error("Unexpected order");

points.erase(
partition_point(points, isRight), points.end());

return points;

template<class It, class
auto extractIf(It first,

{

Predicate>
It last, Predicate p)

using namespace boost::range;
using namespace boost::algorithm;

auto middle = adjacent_find(first, last,
[&] (auto&& a, auto&& b) {
return !p(a) & p(b);
3)s
middle = middle != last ? std::next(middle)
. first;

auto rotated = boost::join(
boost: :make_iterator range(middle, last),
boost: :make_iterator_range(first, middle));
if (!is_partitioned(rotated, p))

throw std::runtime_error("Unexpected order");

auto end = partition_point(rotated, p);

return boost::make_ iterator_range(rotated.begin(), end);
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OTBeTb Ha BOMpoC

[Tony4ym

PROFIT!

MAYNK
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Performance?

100M elements
A

double sum =

for (const
sum += V.X;

Range Traverse time

std::vector 1.0

Joined range of two iterator ranges
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Performance?

100M elements
A

double sum =

for (const
sum += V.X;

Range Traverse time

std::vector 1.0

Joined range of two iterator ranges 1.18
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Cnacmbo 3a BHUMaHue!

MblicanTe B TEPMMUHAX aATOPUTMOB
Koz, nonKeH ACHO BblparkaTb HaMepeHume

3HaMTe CBOU MHCTPYMEHTbI U UCMONb3YUTE NX K MECTY

boost: :range

std::next(); boost::algorithm
adjacent_find() std::vector<T>::empty()
rotate() boost: :make iterator_range()
is partitioned() boost::join()
partition_point()
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