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https://www.youtube.com/watch?v=d9qDEEJFwNc
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https://youtu.be/d_E-VLyUnzc
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., *range-v3

* nanorange
* TartanLlama/ranges

°* rangesnext

.. .. *boost/range
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~ ranges are algorithms are loops
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l' p Rangity?

const auto modify = [](const double elem) { return (elem * 2.0) / 10.0; };

. ... +.|const auto vec = std::vector{ 1.0, 2.0, 3.0 };
el auto out = std::vector<double>(vec.size());

std::transform(vec.begin(), vec.end(), out.begin(), modify);

std: :ranges::transform(vec, out.begin(), modify);

std: :ranges::copy(vec | std::views::transform(modify), out.begin()); C

) ) COMPILER
const auto out2 = vec | ranges::views::transform(modify) | ranges::to<std::vector>();
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https://godbolt.org/z/cW73PxToc
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-~ Max number

.

auto max_number(const std::vector<std::string>& numbers)

{
auto max = std::numeric_limits<int>::min();
',_;j:;;g for (const auto& number : numbers)
s Ly max = std::max(std::stoi(number), max);
el }
return max;
}
auto max_number(const std::vector<std::string>& numbers)
fk;;m?f)*' return std::ranges::max(numbers
i ‘ } | std::views::transform([](const auto& number) { return std::stoi(number); })); COMPILER
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https://godbolt.org/z/48vhMjbEK
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Sliding mean

auto sliding mean(const std::span<const double> rng)

{

auto out = std::vector<double>(rng.size() - 4);
for (size t 1 = 2; i < rng.size() - 2; ++1i)

{
out[i - 2] = mean(
std: :array<double, 5>{ rng[i - 2], rng[i - 1], rng[i], rng[i + 1], rng[i + 2] });
}
return out;
}
auto sliding mean(const std::span<const double> rng)
{
return rng
| ranges::views::sliding(5)
| ranges::views::transform(mean)
| ranges::to<std::vector>(); COMPILER
}
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https://godbolt.org/z/aaEonY7G6

Subtract mean

void subtract_mean(
const std::vector<double>& column_mean,
boost::multi array ref<double, 2> matrix)

{
2 S S e for (auto row : matrix)
Wt s for (size t i = @; i < column_mean.size(); ++i)
S S s row[i] -= column_mean[i];
S )

void subtract mean(
const std::vector<double>& column_mean,
boost::multi_array ref<double, 2> matrix)

std::ranges::transform(std: :span(matrix.origin(), matrix.num_elements()),
Sl // matrix | ranges::views::join()

W | column_mean | ranges::views::cycle,

ot | matrix.origin(),

[ ](const auto elem, const auto mean) { return elem - mean; }); COMPILER
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https://godbolt.org/z/o5Era77oE

" Arange

.

17"

auto arange(size_t len, double start, double step)

{

auto out = std::vector<double>(len, start);
for (size t 1 = 0; i < len; ++i)

{

out[i] += static cast<double>(i) * step;

return out;

auto arange(size_t len, double start, double step)

{

return ranges::views::ints(@, static cast<int>(len))

C

COMPILER

| ranges::views::transform([start, step](const auto x) { return x * step + start; })

| ranges::to<std::vector>();
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https://godbolt.org/z/5qeMs6qTb
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Sum non defective values

struct data

{

bool is defective;
int value;

}s

auto sum_non_defective(const std::vector<data>& range)

{

auto sum = 9;
for (size t 1 = @; 1 < range.size(); ++1)

{
if (!range[i].is_defective)
{
sum += range[i].value;
}
}

return sum;
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~ - Sum non defective values

auto sum_non_defective(const std::vector<data>& range)

{

auto out = 9;
for (size t 1 = @; 1 < range.size(); ++1)

& {
i if (!range[i].is_defective)
o {
3 out += range[i].value;
}
}

return out;

}

auto sum_non_defective(const std::vector<data>& range)

{

return ranges::accumulate(range | std::views::filter(std::not _fn(&data::is_defective))
| std::views::transform(&data::value), 0);
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~ - Sum non defective values

auto sum_non_defective(const std::vector<data>& range)

{

auto out = 9;
for (size t 1 = @; 1 < range.size(); ++1)

& {
i if (!range[i].is_defective)
o {
3 out += range[i].value;
}
}

return out;

}

auto sum_non_defective(const std::vector<data>& range)

{

return ranges::accumulate(range | std::views::filter(std::not _fn(&data::is_defective)),
@, std::plus{}, &data::value);
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Sum non defective values

auto sum_non_defective(const std::vector<data>& range)

{
return ranges::accumulate(range | std::views::filter(std::not fn(&data::is_defective))
| std::views::transform(&data::value), 0);
}
auto sum_non_defective(const std::vector<data>& range)
{
return ranges::accumulate(range | std::views::filter(std::not fn(&data::is_defective)),
@, std::plus{}, &data::value);
}

C

COMPILER
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https://godbolt.org/z/ennTxdznc
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: Length calculation

auto calc_length(const std::vector<double>& x,

}

const std::vector<double>& vy,
const std::vector<double>& z)

auto length = std::vector<double>(x.size());
for (size t 1 = 0; i < x.size(); ++1)
length[1i]

return length;

auto calc_length(const std::vector<double>& x,

const std::vector<double>& vy,
const std::vector<double>& z)

auto length = std::vector<double>(x.size());

for (auto&& [x , y , z_, 1] : ranges::view::zip(x,

1l = std::sgrt(x_ * x_+y_ *y +2z *z);

return length;

std::sqrt(x[i] * x[i] + y[i] * y[i] + z[i] * z[i]);

y, z, length))
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: Length calculation

auto calc_length(const std::vector<double>& x,
const std::vector<double>& vy,
const std::vector<double>& z)

auto length = std::vector<double>(x.size());
for (size t 1 = 0; i < x.size(); ++1)
length[i] std::sqrt(x[i] * x[1] + y[i] * y[i] + z[i] * z[i]);

return length;

}

auto calc_length(const std::vector<double>& x,
const std::vector<double>& vy,
const std::vector<double>& z)

{
return ranges::view::zip(x, y, z) | ranges::view::transform([](const auto coordinates)
{
const auto& [x , y , z ] = coordinates;
return std::sgrt(x_ * x_+y *vy + 2z * z);
}) | ranges::to<std::vector>;
}
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: Length calculation

auto calc_length(const std::vector<double>& x,
const std::vector<double>& vy,
const std::vector<double>& z)

auto length = std::vector<double>(x.size());
for (auto&& [x , vy, z_, 1] : ranges::view::zip(x, y, z, length))
1l = std::sgrt(x_ * x_+y_ *y +2z *z);

return length;

}

auto calc_length(const std::vector<double>& x,
const std::vector<double>& vy,
const std::vector<double>& z)

{
return ranges::view::zip(x, y, z) | ranges::view::transform([](const auto coordinates)
{
const auto& [x , y_, z_ ] = coordinates;
return std::sgrt(x_ * x_+y *vy + 2z * z);
}) | ranges::to<std::vector>; COMPILER
}
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https://godbolt.org/z/qM3q6ovsn

' ;IndexhandHng

5'5_'3,' auto index_handling(const std::vector<std::vector<size t>>& index)
e
std::vector<size t> out;
for (size t i = 0@; i < index.size(); ++1i)
for (const auto idx : index[i])
if (idx != 1)
out.push_back(idx);

return out;

auto index_handling(const std::vector<std::vector<size t>>& index)

{

return ranges::view::enumerate(index)
| ranges::view::transform([](const auto& indices)

I Ty S
e : s
o o . o * 0 {
¢ i : %
. Rr e
:

const auto& [1, idx_rng] = indices;

return idx_rng | ranges::view::filter([=](const auto idx) { return i != idx; });
})

| ranges::view::join

| ranges::to<std::vector>; COMPILER
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https://godbolt.org/z/39fKnbYbW
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o " Hondt Method

party 1 party 2 party 3
votes: 110 votes: 85 votes: 35
- 1 (1) |110/1=110 (2) |85/1=85 (6) |35/1=35
e 2 (3) [110/2=55 (4) |85/2=425 35/2=17.5
3 [(5) |110/3=36.66 |(7) |85/3=28.33 35 /3=11.66
g 4 110/4=27.5 85/4=21.25 35/4=8.75
5 110/5=22 85/5=17 35/5=7
6 110 /6=18.33 85/6=14.16 35/6=5.83
7/ 110 /7 =15.71 85/7=12.14 35/7=5
seats: 3 seats: 3 seats: 1
- 27 Tina Ulbrich - @ VYulivee_ ACCU 2022 ROSEN Technology and Research Center GmbH
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o Hondt Method — pre ranges / C++17

.

'fiﬁf;?&ﬁl auto hondt_method( C++17
Fart Cohaln const std::map<std::string, int>& votes_per_party,
const int total number_of seats)
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g Hondt Method — pre ranges / C++17

party 1 party 2 party 3
votes: 110 votes: 85 votes: 35
1 110 /1 =110 85/1=285 35/1=35
o 2 110/2 =55 85/2=425 35/2=17.5
5 3 110 /3 = 36.66 85/3=28.33 35/3=11.66
; 4 110/ 4 =27.5 85 /4 =21.25 35/4 =875
5 110/5=22 85/5=17 35/5=7
6 110/ 6 =18.33 85/6=14.16 35/6=5.83
7 110/7 =15.71 85/7=12.14 35/7=5
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g Hondt Method — pre ranges / C++17

auto hondt_method( C++17
const std::map<std::string, int>& votes per party,
const int total number_of seats)
{
auto proportional votes = std::vector<std::pair<std::string, double>>();
for (int i = 1; i < total number of_seats + 1; ++1)
{
for (const auto& [party, number_of votes] : votes per party)
{
proportional votes.push back({ party, static cast<double>(number_of votes) / i });
}
}
}
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o - - Hondt Method — pre ranges / C++17

31

Tina Ulbrich

party 1 party 2 party 3
votes: 110 votes: 85 votes: 35
1 (1) 110 /1 =110 (2) |85/1=85 (6) [35/1=35
2 €) 110/ 2 =55 (4) |85/2=425 35/2=175
3 (5) 110/3=36.66 |(7) |85/3=28.33 35/3=11.66
4 110 /4 =27.5 85/4=21.25 35/4=8.75
5 110/5=22 85/5=17 35/5=7
6 110 /6=18.33 85/6=14.16 35/6=5.83
// 110/7=15.71 85/7=12.14 35/7=5
@_VYulivee_ - ACCU 2022 ROSEN Technology and Research Center GmbH
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32

Hondt Method — pre ranges / C++17

auto hondt_method(
const std::map<std::string, int>& votes per party,
const int total number of seats)

auto proportional votes = std::vector<std::pair<std::string, double>>();
for (int i = 1; 1 < total number of seats + 1; ++i)

C++17

{
for (const auto& [party, number_of votes] : votes per party)
{
proportional votes.push back({ party, static cast<double>(number_of votes) / i });
}
}

std: :sort(proportional_votes.begin(),
proportional_votes.end(),
[](const auto& rhs, const auto& lhs)

{
return rhs.second > lhs.second;

});

proportional votes.resize(total number of seats);

Tina Ulbrich - @ VYulivee - ACCU 2022 - ROSEN Technology and Research Center GmbH
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o - - Hondt Method — pre ranges / C++17

party 1 party 2 party 3
votes: 110 votes: 85 votes: 35
- 1 (1) |110/1=110 (2) |85/1=85 (6) |35/1=35
e 2 (3) [110/2=55 (4) |85/2=425 35/2=17.5
3 [(5) |110/3=36.66 |(7) |85/3=28.33 35 /3=11.66
g 4 110/4=27.5 85/4=21.25 35/4=8.75
5 110/5=22 85/5=17 35/5=7
6 110/ 6=18.33 85/6=14.16 35/6=5.83
7/ 110 /7 =15.71 85/7=12.14 35/7=5
seats: 3 seats: 3 seats: 1
- 33 Tina Ulbrich @ VYulivee_ ACCU 2022 ROSEN Technology and Research Center GmbH
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- Hondt Method — pre ranges / C++17

auto hondt_method( C++17
const std::map<std::string, int>& votes per party,
const int total number of seats)
{
proportional votes.resize(number of seats);
auto distribution = std::map<std::string, int>();
for (const auto& [party, number_of votes] : votes per party)
{
const auto count = std::count_if(proportional votes.begin(),
proportional votes.end(),
[&] (const auto& votes)
{
return votes.first == party;
1)
distribution.insert({ party, count });
}
return distribution;
}
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35

auto hondt_method(const std::map<std::string, int>& votes_per_party, const int total_number_of_seats)

{

C++17

auto proportional_votes = std::vector<std::pair<std::string, double>>();
for (int i = 1; i < total_number_of_seats + 1; ++i)

{
for (const auto& [party, number_of votes] : votes per party)
{
proportional votes.push back({ party, static cast<double>(number_of votes) / i });
}
} calculate proportional votes

{
return rhs.second > lhs.second;

1)

std::sort(proportional votes.begin(), proportional votes.end(), [](const auto& rhs, const auto& lhs)

proportional_votes.resize(total_number_of_seats); sort and cut

auto distribution = std::map<std::string, int>();
for (const auto& [party, number_of votes] : votes per party)

{

const auto count = std::count_if(proportional votes.begin(), proportional votes.end(),

[&] (const auto& votes)
{
return votes.first == party;

})s

distribution.insert({ party, count });
} count seats per party

return distribution;




- Hondt Method — rangified

auto proportional votes = std::vector<std::pair<std::string, double>>(); C++17

for (int i = 1; i < total number of seats + 1; ++1i)
{

for (const auto& [party, number_of votes] : votes per party)

{
}

proportional votes.push back({ party, static cast<double>(number of votes) / i });

C++20

auto seat _divisors = ranges::views::ints(1, total number of seats + 1);
auto proportional votes = ranges::views::cartesian product(votes per party, seat divisors)

< 39 . Tina Ulbrich - @ VYulivee - ACCU 2022 - ROSEN Technology and Research Center GmbH 09.04.2022



Hondt Method — rangified

{ { “party_1%, 110 }, 1 },
WaE e { { “party_l“, 110 }: 2 }J { { “party_Z“, 85 }J 2 }J { { “party_B“: 35 }) 2 })
v { { “par‘ty_l“, 110 }: 3 }J { { “par‘ty_Z“, 85 }J 3 }J { { “par‘ty_B“: 35 }.’ 3 })
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- Hondt Method — rangified

auto proportional votes = std::vector<std::pair<std::string, double>>(); C++17
for (int i = 1; i < total number of seats + 1; ++1i)
{

for (const auto& [party, number_of votes] : votes per party)

{

proportional votes.push back({ party, static cast<double>(number of votes) / i });

}
}
const auto divide votes by seat divisors = [](const auto& votes and divisor) C++20

{

const auto& [party_and vote, divisor] = votes and divisor;
return party and proportion{ party_and vote.first,
party and vote.second / static cast<double>(divisor) };

s

auto seat _divisors = ranges::views::ints(1, total number of seats + 1);

auto proportional votes = ranges::views::cartesian product(votes per party, seat divisors)
| ranges::views::transform(divide votes by seat divisors)
| ranges::to<std::vector>();

- 38 Tina Ulbrich - @ VYulivee - ACCU 2022 - ROSEN Technology and Research Center GmbH 09.04.2022



g Hondt Method — rangified

std: :sort(proportional votes.begin(), C++17

proportional_votes.end(),
[1(const auto& rhs, const auto& lhs)

Piigij,{ﬁ' return rhs.second > lhs.second;
G | 1)

proportional votes.resize(total number of seats);

std: :ranges: :sort(proportional votes, [](const auto& rhs, const auto& lhs) C++20

{
1)

proportional votes.resize(total number_of seats);

return rhs.second > lhs.second;

- 3G Tina Ulbrich - @ VYulivee - ACCU 2022 - ROSEN Technology and Research Center GmbH 09.04.2022



g Hondt Method — rangified

std: :sort(proportional votes.begin(), C++17

proportional_votes.end(),
[1(const auto& rhs, const auto& lhs)

'3:ijfﬂf7 return rhs.second > lhs.second;
G | 1)

proportional votes.resize(total number of seats);

std: :ranges: :sort(proportional votes, [](const auto& rhs, const auto& lhs) C++20

{
1)

proportional votes.resize(total number_of seats);

return rhs.proportion > lhs.proportion;

- 40 Tina Ulbrich - @ VYulivee - ACCU 2022 - ROSEN Technology and Research Center GmbH 09.04.2022



g Hondt Method — rangified

std: :sort(proportional votes.begin(), C++17

proportional votes.end(),
[ ](const auto& rhs, const auto& lhs)
-f:g%.}gﬁ' return rhs.second > lhs.second;

proportional votes.resize(total number of seats);

std: :ranges::sort(proportional votes, std::greater(), &party and proportion::proportion); | C++20

proportional votes.resize(total number of seats);
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g Hondt Method — rangified

std: :sort(proportional votes.begin(), C++17

proportional votes.end(),
[ ](const auto& rhs, const auto& lhs)
Pkigkj,{ﬁ' return rhs.second > lhs.second;

proportional votes.resize(total number of seats);

proportional_votes |= ranges::actions::sort(std::greater(), C++20

&party and proportion::proportion);
proportional votes.resize(total number_of seats);
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g Hondt Method — rangified

std: :sort(proportional votes.begin(), C++17
proportional votes.end(),
[ ](const auto& rhs, const auto& 1lhs)
Pi;;i[,{ﬁ' return rhs.second > lhs.second;
proportional votes.resize(total number of seats);
proportional_votes |= ranges::actions::sort(std::greater(), C++20
&party and proportion::proportion);
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g Hondt Method — rangified

auto distribution = std::map<std::string, int>(); C++17
for (const auto& [party, number_of votes] : votes per party)
{
const auto count = std::count _if(proportional votes.begin(), proportional votes.end(),
[&] (const auto& votes)
{
return votes.first == party;
})s
distribution.insert({ party, count });
}
return votes per party C++20
| ranges::views::keys
| ranges::views::transform(count_seats_per_party(proportional votes, total number of seats))
| ranges::to<std::map>();

Ay
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g Hondt Method — rangified

auto calculate_number_of_seats( C++20

const std::vector<party _and proportion>& proportional votes,
const int total number of seats,
const std::string view party)

return ranges::count_if(proportional votes | ranges::views::take(total number_of seats),
[&] (const auto& party_and votes)

{
return party _and votes.party == party;

});
}

auto count_seats per party(
const std::vector<party_and proportion>& proportional votes,
const int total number_of seats)

{
return [&, number_ of seats](const auto& party)
{
const auto seats =
calculate _number_of seats(proportional votes, total number of seats, party);
return std::pair{ party, seats };
}s
}
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g Hondt Method — rangified

auto hondt_method( C++20

const std::map<std::string, int>& votes per party,
const int total number_ of seats)

auto seat _divisors = ranges::views::ints(1, total number of seats + 1);

auto proportional votes = ranges::views::cartesian product(votes per party, seat divisors)
| ranges::views::transform(divide votes by seat divisors)
| ranges::to<std::vector>();

proportional_votes |= ranges::actions::sort(std::greater(),
&party and_ proportion::proportion);
return votes per_ party
| ranges::views::keys
| ranges::views::transform(count_seats_per_party(proportional_ votes,
total number of seats))

| ranges::to<std::map>(); COMPILER
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- Performance Hondt Method

Run on (4 X 2488 MHz CPU s)
CPU Caches:
|1 Data 32 KiB (x2)
L1 Instruction 32 KiB (x2)
L2 Unified 256 KiB (x2)
L3 Unified 36872 KiB (x1)

Benchmark Time CPU  Iterations
hondt 17 small 1747 ns 1765 ns 487273
hondt 280 small 1965 ns 1958 ns 344615
hondt_ 17 medium 1684946 ns 1675683 ns 373
hondt_ 28 medium 1434124 ns 1443273 ns 498
hondt 17 large 869263808 ns a/5088008 ns il
hondt 28 large 836679300 ns ad3758080 ns 1
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: Performance Hondt Method
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: Performance Hondt Method
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: Performance Hondt Method
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- Talks

"+, e https://www.youtube.com/c/SyBrandPlusCats/videos

© ..« https://youtu.be/YWayW5ePpkY
* e https://youtu.be/d E-ViyUnzc
* https://youtu.be/d9gDEEJFWNCc
* https://youtu.be/mFUXNMfaciE
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https://www.youtube.com/c/SyBrandPlusCats/videos
https://youtu.be/YWayW5ePpkY
https://youtu.be/d_E-VLyUnzc
https://youtu.be/d9qDEEJFwNc
https://youtu.be/mFUXNMfaciE

- Libraries

"+ . https://en.cppreference.com/w/cpp/ranges

e https://github.com/cor3ntin/rangesnext

|  https://github.com/tcbrindle/NanoRange

e https://github.com/TartanLlama/ranges

* https://github.com/ericniebler/range-v3
* https://www.boost.org/doc/libs/1 75 0/libs/range/doc/html/index.htm
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- Resources

" -« https://en.wikipedia.org/wiki/D%27Hondt _method

* https://en.cppreference.com/w/cpp/ranges

.: e https://ericniebler.github.io/range-v3/
~ * https://github.com/cor3ntin/rangesnext
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