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#pragma once

1

2

3| #include <utility>
4| #include <cassert>
5| #include <iterator>
6 #include <new>

7| #include <memory>

8| #include <stdexcept>

9| #include <limits>

10| #include <type traits>

11

12| #include <CommonUtilities/Config.h>

13

14 namespace CommonUtilities

15 {

16 template<typename T, bool Reverse>

17 class StaticIterator

18 {

19 public:

20 using iterator_concept = std::contiguous_iterator_tag;

21 using iterator_category = std::random_access_iterator_tag;
22 using difference_type = std::ptrdiff_t;

23 using value_type = std::remove_const_t<T>;

24 using element_type =T;

25 using pointer = T*;

26 using reference = T&;

27

28 static constexpr int DIR = Reverse ? -1 : 1;

29

30 StaticIterator() noexcept = default;

31 explicit StaticIterator(pointer aPtr) noexcept : myPtr(aPtr) {}
32

33 template<bool OtherReverse> // able to convert non-const to const, but not the other way around

34 StaticIterator(const StaticIterator<value type, OtherReverse>& aRight) noexcept : myPtr(aRight.myPtr) {};
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template<bool OtherReverse>
StaticIterator& operator=(const StaticIterator<value_type, OtherReverse>& aRight) noexcept { myPtr = aRight.myPtr; };

reference operator*() const noexcept { return *myPtr; }
pointer operator->() const noexcept { return myPtr; }

StaticIterator& operator++() noexcept { myPtr += DIR; return *this; }
StaticIterator& operator--() noexcept { myPtr -= DIR; return *this; }

StaticIterator operator++(int) noexcept { StaticIterator temp = *this; ++(*this); return temp; }
StaticIterator operator--(int) noexcept { StaticIterator temp = *this; --(*this); return temp; }

StaticIterator& operator+=(difference type aOffset) noexcept { myPtr += aOffset; return *this; }
StaticIterator& operator-=(difference_type aOffset) noexcept { return *this += -aOffset; }

NODISC difference_type operator-(const StaticIterator& aRight) const noexcept { return (myPtr - aRight.myPtr) * DIR; }

NODISC StaticIterator operator+(difference_type aOffset) const noexcept { return (StaticIterator(*this) += aOffset * DIR); }
NODISC StaticIterator operator-(difference_type aOffset) const noexcept { return (StaticIterator(*this) += -aOffset * DIR); }

reference operator[](difference_type aOffset) const noexcept { return *(*this + aOffset * DIR); }

template<class U, bool OtherReverse>
NODISC bool operator==(const StaticIterator<U, OtherReverse>& aRight) const noexcept { return myPtr == aRight.myPtr; }

template<class U, bool OtherReverse>
NODISC std::strong_ordering operator<=>(const StaticIterator<U, OtherReverse>& aRight) const noexcept

{

if constexpr (Reverse)

{
return @ <=> (myPtr <=> aRight.myPtr);

}

else

{
return (myPtr <=> aRight.myPtr);



72 }

73

74 NODISC friend StaticIterator operator+(difference_type alLeft, const StaticIterator& aRight)

75 {

76 return (aRight + alLeft);

77 }

78

79 private:

80 pointer myPtr;

81

82 template<class U, bool Reverse>

83 friend class StaticIterator;

84 }s

85

86 template<typename T, std::size_t Capacity>

87 class StaticVector

88 {

89 public:

90 using value_type =T;

91 using reference = T&;

92 using const_reference = const T&;

93 using pointer = T*;

94 using const_pointer = const T*;

95 using size_type = std::size_t;

96 using difference_type = std::ptrdiff_t;

97

98 using iterator = StaticIterator<value_type, false>;

99 using const_iterator = StaticIterator<const value_type, false>;

100 using reverse_iterator = StaticIterator<value_type, true>;

101 using const_reverse_iterator = StaticIterator<const value_type, true>;

102

103 static constexpr bool CopyConstructableAndCopyAssignable = std::is_copy_constructible v<T> && std::is_copy_assignable v<T>;

104

105 static constexpr bool NoThrowCopyConstructableAndCopyAssignable = std::is_nothrow_constructible_v<T> &&
std::is_nothrow_copy_assignable v<T>;

106

107 static constexpr bool NoThrowMoveConstructor = std::is_nothrow_move_constructible v<T> |
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((!std::is_nothrow_move_constructible v<T> || !std::is_move constructible v<T>) && std::is_nothrow_copy cons-
tructible v<T>);

static constexpr bool MoveConstructableAndMoveAssignable = std::is_move_constructible v<T> && std::is_move_assignable v<T>;

static constexpr bool NoThrowMoveConstructableAndMoveAssignable = std::is_nothrow_move_constructible_v<T> &&
std::is_nothrow_move_constructible v<T>;

static constexpr bool NoThrowMoveAssignment = (std::is_nothrow_destructible v<T> && NoThrowMoveConstructableAndMoveAssignable)

N
((!'NoThrowMoveConstructableAndMoveAssignable || !MoveConstructableAndMoveAssignable) && NoThrowCopyConstruct-
ableAndCopyAssignable);

constexpr StaticVector() = default;
constexpr ~StaticVector() noexcept(std::is_nothrow_destructible_ v<T>);

constexpr StaticVector(std::size t aSize) requires(std::is_default_constructible v<T>);

constexpr StaticVector(std::size t aSize, const_reference atElement) requires(std::is_copy_constructible v<T>);
template<typename Iter> requires(std::forward_iterator<Iter> && std::constructible_from<T, typename Iter::value_type>)
constexpr StaticVector(Iter aFirst, Iter alast);

constexpr StaticVector(std::initializer 1list<T> alInitList);

template<typename U> requires(std::constructible from<T, U> && !std::is_same_v<T, U>)

constexpr StaticVector(std::initializer_ list<U> alInitList);

constexpr StaticVector(const StaticVector& aOther) noexcept
requires(std::is_trivially constructible v<T> && std::is_copy constructible v<T>);

constexpr StaticVector(const StaticVector& aOther) noexcept(std::is_nothrow_copy_ constructible_v<T>)
requires(!std::is_trivially constructible v<T> && std::is_copy constructible v<T>);

template<std::size_t OtherCapacity> requires(std::is_copy_constructible v<T> && (Capacity != OtherCapacity))

constexpr StaticVector(const StaticVector<T, OtherCapacity>& aOther) noexcept(std::is_nothrow_copy constructible v<T> &&
(OtherCapacity < Capacity));

constexpr StaticVector(StaticVector&& aOther) noexcept
requires(std::is_trivially move_constructible v<T> && std::is_move_constructible v<T>);
constexpr StaticVector(StaticVector&& aOther) noexcept(NoThrowMoveConstructor)
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requires(!std::is_trivially move constructible v<T> &% (std::is_move constructible v<T> || std::is_copy constructibl-

e _v<T>));

template<std::size t OtherCapacity> requires((std::is_move constructible v<T> || std::is_copy_constructible v<T>) && (Capacity

I= OtherCapacity))

constexpr StaticVector(StaticVector<T, OtherCapacity>&& aOther) noexcept(NoThrowMoveConstructor & & (Capacity >

OtherCapacity));

constexpr auto operator=(const StaticVector& aOther) noexcept -> StaticVector&
requires(std::is_trivially copyable v<T> && std::is_copy_constructible v<T> && std::is_copy_assignable v<T>);
constexpr auto operator=(const StaticVector& aOther) noexcept(std::is_nothrow_copy constructible v<T> &&

std::is_nothrow_copy_assignable v<T> && std::is_nothrow_destructible v<T>) -> StaticVector&

requires(!std::is_trivially copyable v<T> && std::is_copy_constructible v<T> && std::is_copy_assignable v<T>);

template<std::size_t OtherCapacity> requires(std::is_copy_constructible v<T> && std::is_copy_assignable v<T> && (Capacity !=

OtherCapacity))

constexpr auto operator=(const StaticVector& aOther) noexcept(std::is_nothrow_copy constructible v<T> &&

std::is_nothrow_copy_assignable v<T> && std::is_nothrow_destructible v<T> && (Capacity > OtherCapacity)) -> StaticVector§;

constexpr auto operator=(StaticVector&& aOther) noexcept -> StaticVector&
requires(std::is_trivially move_assignable v<T> && std::is_move_assignable v<T> && std::is_trivially move_co-

nstructible v<T>);

constexpr auto operator=(StaticVector&& aOther) noexcept(NoThrowMoveAssignment) -> StaticVector&
requires(!std::is_trivially move assignable v<T> && (CopyConstructableAndCopyAssignable || MoveConstructableAnd-

MoveAssignable));

template<std::size t OtherCapacity> requires(((std::is_copy_constructible v<T>&& std::is_copy_assignable v<T>) ||

(std::is_move constructible v<T> && std::is_move_assignable v<T>)) && (Capacity != OtherCapacity))

constexpr auto operator=(StaticVector&& aOther) noexcept(NoThrowMoveAssignment && (Capacity > OtherCapacity)) ->

StaticVectorg&;

e_v<T>)

template<typename U> requires(std::constructible from<T, U> && std::is_copy_assignable v<T> && std::is copy_ constructibl-

constexpr void assign(std::initializer list<U> alInitList);

constexpr void assign(std::size t aCount, const_reference atElement);

template<typename Iter> requires(std::forward_iterator<Iter> && std::is_convertible_v<typename Iter::value_type, T>)
constexpr void assign(Iter aFirst, Iter alLast);



166 NODISC constexpr auto operator[](size_type alndex) -> reference;

167 NODISC constexpr auto operator[](size type alndex) const -> const_reference;

168

169 NODISC constexpr auto at(size type alIndex) -> reference;

170 NODISC constexpr auto at(size_type aIndex) const -> const_reference;

171

172 NODISC constexpr auto front() -> reference;

173 NODISC constexpr auto front() const -> const_reference;

174

175 NODISC constexpr auto back() -> reference;

176 NODISC constexpr auto back() const -> const_reference;

177

178 NODISC constexpr auto data() noexcept -> pointer;

179 NODISC constexpr auto data() const noexcept -> const pointer;

180

181 NODISC constexpr auto size() const noexcept -> size type;

182 NODISC constexpr bool empty() const noexcept;

183

184 NODISC constexpr auto capacity() const noexcept -> size_ type;

185 NODISC constexpr auto free_space() const noexcept -> size_ type;

186

187 NODISC constexpr auto max_size() const noexcept -> size_ type;

188

189 constexpr void push_back(const T& aElement);

190 constexpr void push_back(T&& aElement);

191

192 template<typename... Args> requires(std::constructible from<T, Args...>)

193 constexpr auto emplace_back(Args&&... someArgs) -> reference;

194

195 constexpr void pop_back();

196

197 constexpr auto erase(const_iterator aPosition) noexcept(std::is_nothrow_move_assignable v<T> && std::is_nothrow_destructi-
ble v<T>)->iterator;

198 constexpr auto erase(const_iterator aFirst, const_iterator alLast) noexcept(std::is_nothrow_move_assignable v<T> &&

std::is_nothrow_destructible_v<T>)->iterator;
199
200 template<typename... Args> requires(std::constructible from<T, Args...>)



201 constexpr auto emplace(const_iterator aPosition, Args&&... someArgs) -> iterator;

202

203 constexpr auto insert(const_iterator aPosition, const_reference aElement) -> iterator;

204 constexpr auto insert(const_iterator aPosition, T&& aElement) -> iterator;

205

206 template<typename Iter> requires(std::forward_iterator<Iter> && std::constructible from<T, typename Iter::value_type> &&
std::is_copy_assignable v<T>)

207 constexpr auto insert(const_iterator aPosition, Iter aFirst, Iter alLast) -> iterator;

208

209 constexpr void resize(std::size_t aNewSize) requires(std::is_default_constructible_v<T>);

210 constexpr void resize(std::size_t aNewSize, const_reference aElement) requires(std::is_copy_constructible_v<T>);

211

212 constexpr void swap(StaticVector& aOther) noexcept(std::is_nothrow_swappable v<T> && ((!std::is_move_constructible v<T> &&
std::is_nothrow_copy_assignable v<T>) || std::is_nothrow_move constructible v<T>))

213 requires(std::is_swappable v<T> &% (std::is_copy_constructible v<T> || std::is_move constructible v<T>));

214

215 constexpr void clear() noexcept(std::is_nothrow_destructible v<T>);

216

217 NODISC constexpr auto begin() noexcept -> iterator;

218 NODISC constexpr auto end() noexcept -> iterator;

219 NODISC constexpr auto begin() const noexcept -> const_iterator;

220 NODISC constexpr auto end() const noexcept -> const_iterator;

221 NODISC constexpr auto cbegin() const noexcept -> const_iterator;

222 NODISC constexpr auto cend() const noexcept -> const_iterator;

223

224 NODISC constexpr auto rbegin() noexcept -> reverse_iterator;

225 NODISC constexpr auto rend() noexcept -> reverse iterator;

226 NODISC constexpr auto rbegin() const noexcept -> const_reverse_iterator;

227 NODISC constexpr auto rend() const noexcept -> const_reverse_iterator;

228 NODISC constexpr auto crbegin() const noexcept -> const_reverse_iterator;

229 NODISC constexpr auto crend() const noexcept -> const_reverse_iterator;

230

231 private:

232 NODISC constexpr T* ptr_at(size type alndex);

233 NODISC constexpr const T* ptr_at(size_type aIndex) const;

234

235 #ifdef _DEBUG
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union
{
T myDebugData[Capacity];
#tendif
alignas(T) std::byte myData[sizeof(T) * Capacity]{};
#ifdef DEBUG
}s
#tendif

size_type mySize {0};
¥

template<typename T, std::size_t Capacity>
constexpr StaticVector<T, Capacity>::~StaticVector() noexcept(std::is_nothrow _destructible v<T>)

{
if constexpr (!std::is_trivially destructible v<T>)
{
std: :destroy(begin(), end());
}
}

template<typename T, std::size_t Capacity>
constexpr StaticVector<T, Capacity>::StaticVector(std::size_t aSize) requires(std::is_default_constructible_v<T>)
: myData(), mySize(aSize)

{ if (mySize > Capacity)
{
mySize = 0;
throw std::runtime_error("Static vector does not have enough capacity for such size!");
}
std::uninitialized value_construct(begin(), end());
}

template<typename T, std::size_t Capacity>
constexpr StaticVector<T, Capacity>::StaticVector(std::size_t aSize, const_reference aElement) requires(std::is_copy_constructibl-
e_v<T>)
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: myData(), mySize(aSize)

{
if (mySize > Capacity)
{
mySize = ©;
throw std::runtime_error("Static vector does not have enough capacity for such size!");
}
std::uninitialized fill(begin(), end(), aElement);
}

template<typename T, std::size_t Capacity>
template<typename Iter> requires(std::forward_iterator<Iter> && std::constructible from<T, typename Iter::value_type>)
constexpr StaticVector<T, Capacity>::StaticVector(Iter aFirst, Iter alLast)

: myData(), mySize(std::distance(aFirst, alast))

{ if (mySize > Capacity)
{
mySize = 0;
throw std::runtime_error("Static vector does not have enough capacity for such size!");
}
std::uninitialized_copy(aFirst, alLast, begin());
}

template<typename T, std::size_t Capacity>
constexpr StaticVector<T, Capacity>::StaticVector(std::initializer list<T> aInitlList)
: StaticVector(const_iterator(aInitList.begin()), const_iterator(aInitList.end()))

template<typename T, std::size_t Capacity>

template<typename U> requires(std::constructible from<T, U> && !std::is_same_v<T, U>)

constexpr StaticVector<T, Capacity>::StaticVector(std::initializer list<U> alInitList)
: StaticVector(const_iterator(aInitList.begin()), const_iterator(aInitList.end()))
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template<typename T, std::size_t Capacity>
constexpr StaticVector<T, Capacity>::StaticVector(const StaticVector& aOther) noexcept
requires(std::is_trivially constructible v<T> && std::is_copy_constructible v<T>) = default;

template<typename T, std::size_t Capacity>

constexpr StaticVector<T, Capacity>::StaticVector(const StaticVector& aOther) noexcept(std::is_nothrow_copy constructible v<T>)
requires(!std::is_trivially constructible v<T> && std::is_copy_constructible v<T>)
: mySize(aOther.size())

std::uninitialized copy(aOther.begin(), aOther.end(), begin());

template<typename T, std::size_t Capacity>
template<std::size_t OtherCapacity> requires(std::is_copy_constructible_v<T> && (Capacity != OtherCapacity))
constexpr StaticVector<T, Capacity>::StaticVector(const StaticVector<T, OtherCapacity>& aOther)
noexcept(std::is_nothrow_copy constructible v<T> && (OtherCapacity < Capacity))
: mySize(aOther.size())

{ if constexpr (OtherCapacity > Capacity)
{
if (aOther.size() > Capacity)
{
mySize = O;
throw std::runtime_error("StaticVector can't store that many elements!");
}
}
std::uninitialized copy(aOther.begin(), aOther.end(), begin());
}

template<typename T, std::size_t Capacity>
constexpr StaticVector<T, Capacity>::StaticVector(StaticVector&& aOther) noexcept
requires(std::is_trivially move constructible v<T> && std::is_move_constructible v<T>) = default;
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template<typename T, std::size_t Capacity>
constexpr StaticVector<T, Capacity>::StaticVector(StaticVector&& aOther) noexcept(NoThrowMoveConstructor)

requires(!std::is_trivially move constructible v<T> && (std::is_move constructible v<T> || std::is_copy_constructible v<T>))
: mySize(aOther.size())
{
if constexpr ((std::is_nothrow_move constructible v<T> || !std::is_copy constructible v<T>) && std::is_move_constructibl-
e_v<T>)
{
std::uninitialized_move(aOther.begin(), aOther.end(), begin());
}
else
{
std::uninitialized copy(aOther.begin(), aOther.end(), begin());
}
a0ther.clear();
}
template<typename T, std::size_t Capacity>
template<std::size_t OtherCapacity> requires((std::is_move_constructible v<T> || std::is_copy_constructible v<T>) && (Capacity !=
OtherCapacity))

constexpr StaticVector<T, Capacity>::StaticVector(StaticVector<T, OtherCapacity>&& aOther) noexcept(NoThrowMoveConstructor &%&
(Capacity > OtherCapacity))

: mySize(aOther.size())

{
if constexpr (OtherCapacity > Capacity)
{
if (aOther.size() > Capacity)
{
mySize = O;
throw std::runtime_error("StaticVector can't store that many elements!");
}
}
if constexpr ((std::is_nothrow _move constructible v<T> || !std::is_copy constructible v<T>) && std::is _move constructibl-
e _v<T>)
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std::uninitialized move(aOther.begin(), aOther.end(), begin());
}

else

{
std::uninitialized copy(aOther.begin(), aOther.end(), begin());

a0ther.clear();

template<typename T, std::size_t Capacity>
constexpr auto StaticVector<T, Capacity>::operator=(const StaticVector& aOther) noexcept -> StaticVector&
requires(std::is_trivially copyable v<T> && std::is_copy constructible v<T> && std::is_copy_assignable v<T>) = default;

template<typename T, std::size_t Capacity>
constexpr auto StaticVector<T, Capacity>::operator=(const StaticVector& aOther) noexcept(std::is_nothrow_copy constructible v<T>
&& std::is_nothrow copy assignable v<T> && std::is_nothrow_destructible v<T>)->StaticVector&

requires(!std::is_trivially copyable v<T> && std::is_copy_constructible v<T> && std::is_copy_assignable v<T>)

{

if (this == &aOther)

{
return *this;

}

if (mySize <= aOther.size())

{
std: :copy(aOther.begin(), aOther.begin() + mySize, begin());
std::uninitialized copy(aOther.begin() + mySize, aOther.end(), end());

}

else

{

std: :copy(aOther.begin(), aOther.end(), begin());
if constexpr (!std::is_trivially destructible v<T>)

{
std::destroy(begin() + aOther.size(), end());
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415 mySize = aOther.size();

416

417 return *this;

418 }

419

420 template<typename T, std::size_t Capacity>

421 template<std::size_t OtherCapacity> requires(std::is_copy_constructible v<T>&& std::is_copy_assignable v<T> && (Capacity !=
OtherCapacity))

422 constexpr auto StaticVector<T, Capacity>::operator=(const StaticVector& aOther) noexcept(std::is_nothrow_copy constructible v<T>
&& std::is_nothrow_copy assignable v<T> && std::is_nothrow_destructible v<T> && (Capacity > OtherCapacity)) -> StaticVector&

423 {

424 if (this == &aOther)

425 {

426 return *this;

427 }

428

429 if constexpr (OtherCapacity > Capacity)

430 {

431 if (aOther.size() > Capacity)

432 {

433 throw std::runtime_error("StaticVector can't store that many elements!™);

434 }

435 }

436

437 if constexpr (std::is_trivially copyable v<T>)

438 {

439 std::copy(aOther.begin(), aOther.end(), begin());

440 }

441 else

442 {

443 if (mySize <= aOther.size())

444 {

445 std: :copy(aOther.begin(), aOther.begin() + mySize, begin());

446 std::uninitialized_copy(aOther.begin() + mySize, aOther.end(), end());

447 }

448 else



449 {

450 std: :copy(aOther.begin(), aOther.end(), begin());

451 if constexpr (!std::is_trivially destructible v<T>)

452 {

453 std::destroy(begin() + aOther.size(), end());

454 }

455 }

456 }

457

458 mySize = aOther.size();

459

460 return *this;

461 }

462

463 template<typename T, std::size_t Capacity>

464 constexpr auto StaticVector<T, Capacity>::operator=(StaticVector&& aOther) noexcept -> StaticVector&

465 requires(std::is_trivially move_assignable_v<T> && std::is_move_assignable_v<T> && std::is_trivially move_constructible_v<T>)
= default;

466

467 template<typename T, std::size_t Capacity>

468 constexpr auto StaticVector<T, Capacity>::operator=(StaticVector&& aOther) noexcept(NoThrowMoveAssignment)->StaticVector&

469 requires(!std::is_trivially move_assignable_v<T> && (CopyConstructableAndCopyAssignable || MoveConstructableAnd-
MoveAssignable))

470 {

471 if (this == &aOther)

472 {

473 return *this;

474 }

475

476 if constexpr (!MoveConstructableAndMoveAssignable || !NoThrowMoveConstructableAndMoveAssignable)

477 {

478 *this = aOther;

479 aOther.clear();

480 return *this;

481 }

482 else

483 {



484
485
486
487
488
489
490
491
492
493
494
495
496
497
498
499
500
501
502
503
504
505
506

507

508
509
510
511
512
513
514
515
516
517
518

if (mySize <= aOther.size())

{
std::copy(std::make_move_iterator(aOther.begin()), std::make_move_iterator(aOther.begin() + mySize), begin());
std::uninitialized_move(aOther.begin() + mySize, aOther.end(), end());
}
else
{
std::copy(std::make_move_iterator(aOther.begin()), std::make_move_iterator(aOther.end()), begin());
if constexpr (!std::is_trivially destructible v<T>)
{
std::destroy(begin() + aOther.size(), end());
}
¥

mySize = aOther.size();
a0ther.clear();

return *this;

template<typename T, std::size_t Capacity>

template<std::size t OtherCapacity> requires(((std::is_copy_constructible v<T>&& std::is_copy_assignable v<T>) ||
(std::is_move_constructible v<T> && std::is_move assignable v<T>)) && (Capacity != OtherCapacity))

constexpr auto StaticVector<T, Capacity>::operator=(StaticVector&& aOther) noexcept(NoThrowMoveAssignment && (Capacity >
OtherCapacity)) -> StaticVector&

{

if (this == &aOther)

{
return *this;
}
if constexpr (!MoveConstructableAndMoveAssignable || !NoThrowMoveConstructableAndMoveAssignable)
{

*this = aOther;
a0ther.clear();
return *this;
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else
{
if constexpr (OtherCapacity > Capacity)
{
if (aOther.size() > Capacity)
{
throw std::runtime_error("StaticVector can't store that many elements!");
}
}
if constexpr (std::is_trivially_move_assignable_v<T>)
{
std: :copy(std: :make_move_ iterator(aOther.begin()), std::make_move_iterator(aOther.end()), begin());
}
else
{
if (mySize <= aOther.size())
{
std::copy(std: :make_move_iterator(aOther.begin()), std::make_move_iterator(aOther.begin() + mySize),
std::uninitialized move(aOther.begin() + mySize, aOther.end(), end());
}
else
{
std::copy(std: :make_move_iterator(aOther.begin()), std::make_move_iterator(aOther.end()), begin());
if constexpr (!std::is_trivially destructible v<T>)
{
std: :destroy(begin() + aOther.size(), end());
}
}
}

mySize = aOther.size();
a0ther.clear();

return *this;

begin());



556
557
558
559
560
561
562
563
564
565
566
567
568
569
570
571
572
573
574
575
576
577
578
579
580
581
582
583
584
585
586
587
588
589
590
591
592

template<typename T, std::size_t Capacity>
template<typename U> requires(std::constructible from<T, U> && std::is_copy_assignable v<T> && std
constexpr void StaticVector<T, Capacity>::assign(std::initializer_list<U> aInitlList)

{
assign(alnitList.begin(), aInitList.end());

template<typename T, std::size_t Capacity>
constexpr void StaticVector<T, Capacity>::assign(std::size_t aCount, const_reference aElement)

{
if (aCount > Capacity)

{
throw std::runtime_error("StaticVector can't store that many elements!");
}
if constexpr (std::is_trivially copyable v<T>)
{
std::fill(begin(), begin() + aCount, aElement);
}
else
{
if (mySize <= aCount)
{
std::fill(begin(), begin() + mySize, aElement);
std::uninitialized fill(end(), end() + aCount, aElement);
}
else
{
std::fill(begin(), begin() + aCount, aElement);
if constexpr (!std::is_trivially destructible v<T>)
{
std::destroy(begin() + aCount, end());
}
}

::is_copy_constructible v<T>)
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mySize = aCount;

template<typename T, std::size_t Capacity>
template<typename Iter> requires(std::forward_iterator<Iter> && std::is_convertible_v<typename Iter::value_type, T>)
constexpr void StaticVector<T, Capacity>::assign(Iter aFirst, Iter alast)

{

const auto newSize = std::distance(aFirst, alLast);

if (newSize > Capacity)

{
throw std::runtime_error("StaticVector can't store that many elements!");
}
if constexpr (std::is_trivially copyable v<T>)
{
std::copy(aFirst, alLast, begin());
}
else
{
if (mySize <= newSize)
{
std::copy(aFirst, aFirst + mySize, begin());
std::uninitialized copy(aFirst + mySize, alast, begin() + mySize);
}
else
{
std::copy(aFirst, alLast, begin());
if constexpr (!std::is_trivially default_constructible v<T>)
{
std::destroy(begin() + newSize, end());
}
}
}

mySize = newSize;
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template<typename T, std::size_t Capacity>
constexpr auto StaticVector<T, Capacity>::operator[](size_type alndex) -> reference
{
assert(alndex < mySize && "Index is out of bounds!");
return *ptr_at(alndex);
}
template<typename T, std::size_t Capacity>
constexpr auto StaticVector<T, Capacity>::operator[](size_type alndex) const -> const_reference
{
assert(alIndex < mySize && "Index is out of bounds!");
return *ptr_at(aIndex);

template<typename T, std::size_t Capacity>
constexpr auto StaticVector<T, Capacity>::at(size_type aIndex) -> reference

{

if (aIndex >= mySize)
{

throw std::out_of range("Index is out of bounds!");

return *ptr_at(alndex);

}
template<typename T, std::size_t Capacity>

constexpr auto StaticVector<T, Capacity>::at(size_type alndex) const -> const_reference

{

if (aIndex >= mySize)

{

throw std::out_of_range("Index is out of bounds!");

return *ptr_at(alndex);

template<typename T, std::size_t Capacity>
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constexpr auto StaticVector<T, Capacity>::front() -> reference
{
return *ptr_at(0);
}
template<typename T, std::size_t Capacity>
constexpr auto StaticVector<T, Capacity>::front() const -> const_reference

{
return *ptr_at(0);

template<typename T, std::size_t Capacity>
constexpr auto StaticVector<T, Capacity>::back() -> reference
{
return *ptr_at(mySize - 1);
}
template<typename T, std::size_t Capacity>
constexpr auto StaticVector<T, Capacity>::back() const -> const_reference

{

return *ptr_at(mySize - 1);

template<typename T, std::size_t Capacity>
constexpr auto StaticVector<T, Capacity>::data() noexcept -> pointer
{
return ptr_at(9);
}
template<typename T, std::size_t Capacity>
constexpr auto StaticVector<T, Capacity>::data() const noexcept -> const pointer

{
return ptr_at(0);

template<typename T, std::size_t Capacity>
constexpr auto StaticVector<T, Capacity>::size() const noexcept -> size type

{

return mySize;
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template<typename T, std::size_t Capacity>
constexpr bool StaticVector<T, Capacity>::empty() const noexcept

{

return mySize == 0;

template<typename T, std::size_t Capacity>
constexpr auto StaticVector<T, Capacity>::capacity() const noexcept -> size type
{
return Capacity;
}
template<typename T, std::size_t Capacity>
constexpr auto StaticVector<T, Capacity>::free_space() const noexcept -> size type

{

return Capacity - mySize;

template<typename T, std::size_t Capacity>
constexpr auto StaticVector<T, Capacity>::max_size() const noexcept -> size_ type
{
// if you see error here, add #define NOMINMAX before including <cmath>
return (std::numeric_limits<size_type>::max)();

template<typename T, std::size_t Capacity>
constexpr void StaticVector<T, Capacity>::push_back(const T& aElement)

{

emplace_back(aElement);

}
template<typename T, std::size_t Capacity>
constexpr void StaticVector<T, Capacity>::push_back(T&& aElement)

{

emplace_back(std: :move(aElement));

template<typename T, std::size_t Capacity>
template<typename... Args> requires(std::constructible from<T, Args...>)
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constexpr auto StaticVector<T, Capacity>::emplace_back(Args&&...

{

if (mySize == Capacity)
{

someArgs) -> reference

throw std::runtime_error("Vector has reached capacity, no more elements are allowed!");

std::construct_at(ptr_at(mySize), std::forward<Args>(someArgs)...);

++mySize;

return *end();

template<typename T, std::size_t Capacity>

constexpr void StaticVector<T, Capacity>::pop_back()

{

if (empty())
{

throw std::runtime_

error("Vector is empty, nothing to pop");

if constexpr (!std::is_trivially destructible_ v<T>)

{

std::destroy_at(ptr_at(mySize - 1));

--mySize;

template<typename T, std::size_t Capacity>

constexpr auto StaticVector<T, Capacity>::erase(const_iterator aPosition) noexcept(std

std::is_nothrow_destructible v<T>) -> iterator

{

const auto eraselter =

if (eraselter == end())

{

begin() + std::distance(cbegin(), aPosition);

::is_nothrow_move _assignable v<T> &&
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pop_back();

}
else
{
for (auto it = eraselter; it != (end() - 1); ++it)
{
*it = std::move(*(it + 1));
}
std::destroy_at(std::to_address(end() - 1));
--mySize;
}

return eraselter;

template<typename T, std::size_t Capacity>

constexpr auto StaticVector<T, Capacity>::erase(const_iterator aFirst, const_iterator alLast) noexcept(std::is_nothrow_move_assi-
gnable_v<T> && std::is_nothrow_destructible_v<T>) -> iterator

{
const auto eraseIlterFirst = begin() + std::distance(cbegin(), aFirst);
const auto eraselterLast = begin() + std::distance(cbegin(), alLast);

auto it1
auto it2

eraselterFirst;
eraselterlLast;

while (it2 != end())

{
*itl = std::move(*it2);
++itl;
++it2;

}

std::destroy(itl, end());



813 mySize = std::distance(begin(), itl);

814

815 return eraselterFirst;

816 }

817

818 template<typename T, std::size_t Capacity>

819 template<typename... Args> requires(std::constructible from<T, Args...>)
820 constexpr auto StaticVector<T, Capacity>::emplace(const_iterator aPosition, Args&&... someArgs) -> iterator
821 {

822 if (mySize == Capacity)

823 {

824 throw std::runtime_error("Vector has reached capacity, no more elements are allowed!");
825 }

826

827 const auto insertIter = begin() + std::distance(cbegin(), aPosition);
828

829 if (insertIter == end())

830 {

831 emplace_back(std: :forward<Args>(someArgs)...);

832 }

833 else

834 {

835 std::construct_at(std::to_address(end()), std::move(*(end() - 1)));
836

837 std::move_backward(insertIter, end() - 1, end());

838

839 *insertIter = T{ std::forward<Args>(someArgs)... };

840

841 ++mySize;

842 }

843

844 return insertIter;

845 }

846

847 template<typename T, std::size_t Capacity>

848 constexpr auto StaticVector<T, Capacity>::insert(const_iterator aPosition, const_reference aElement) -> iterator

849 {



850 return emplace(aPosition, aElement);

851 }

852 template<typename T, std::size_t Capacity>

853 constexpr auto StaticVector<T, Capacity>::insert(const_iterator aPosition, T&& aElement) -> iterator

854 {

855 return emplace(aPosition, std::move(aElement));

856 }

857

858 template<typename T, std::size_t Capacity>

859 template<typename Iter> requires(std::forward_iterator<Iter> && std::constructible from<T, typename Iter::value_type> &&
std::is_copy_assignable v<T>)

860 constexpr auto StaticVector<T, Capacity>::insert(const_iterator aPosition, Iter aFirst, Iter alLast) -> iterator

861 {

862 const auto count = std::distance(aFirst, alLast);

863 const auto newSize = mySize + count;

864

865 if (newSize > Capacity)

866 {

867 throw std::runtime_error("StaticVector can't store that many elements!");

868 }

869

870 const auto insertIter = begin() + std::distance(cbegin(), aPosition);

871

872 if (insertIter == end())

873 {

874 std::uninitialized_copy(aFirst, alLast, end());

875 }

876 else

877 {

878 std::uninitialized move(end() - count, end(), end());

879

880 std: :move_backward(insertIter, end() - count, end());

881

882 std::copy(aFirst, alLast, insertIter);

883 }

884

885 mySize = newSize;



886

887 return insertlIter;

888 }

889

890 template<typename T, std::size_t Capacity>

891 constexpr void StaticVector<T, Capacity>::resize(std::size_t aNewSize)
892 requires(std::is_default constructible v<T>)

893 {

894 if (aNewSize > Capacity)

895 {

896 throw std::runtime_error("StaticVector can't store that many elements!");
897 }

898

899 if (aNewSize > mySize)

900 {

901 std::uninitialized_value construct(end(), begin() + aNewSize);
902 }

903 else

904 {

905 std: :destroy(begin() + aNewSize, end());

906 }

907

908 mySize = aNewSize;

909 }

910 template<typename T, std::size_t Capacity>

911 constexpr void StaticVector<T, Capacity>::resize(std::size_t aNewSize, const_reference aElement)
912 requires(std::is_copy_constructible v<T>)

913 {

914 if (aNewSize > Capacity)

915 {

916 throw std::runtime_error("StaticVector can't store that many elements!");
917 }

918

919 if (aNewSize > mySize)

920 {

921 std::uninitialized fill(end(), begin() + aNewSize, aElement);

922 }



923
924
925
926
927
928
929
930
931
932

933
934
935
936
937
938
939
940
941
942
943
944
945
946
947
948
949
950
951
952
953
954
955
956
957
958

else

{
std: :destroy(begin() + aNewSize, end());

mySize = aNewSize;

template<typename T, std::size_t Capacity>
constexpr void StaticVector<T, Capacity>::swap(StaticVector& aOther) noexcept(std::is_nothrow_swappable_v<T> &&

((!std::is_move_constructible v<T> && std::is_nothrow_copy assignable v<T>) || std::is_nothrow_move constructible v<T>))
requires(std::is_swappable v<T> &% (std::is_copy constructible v<T> || std::is_move_constructible v<T>))
{
if (this == &aOther)
{
return;
}

auto leftIt = begin();
auto rightIt = aOther.begin();

for (; leftIt != end() && rightIt != aOther.end(); ++leftIt, ++rightIt)

{
std::swap(*leftIt, *rightlt);
}
if (leftIt != end())
{
if constexpr (std::is_move_constructible v<T>)
{
std::uninitialized_move(leftIt, end(), aOther.end());
}
else
{
std::uninitialized copy(leftIt, end(), aOther.end());
}



959 if constexpr (!std::is_trivially destructible v<T>)

960 {

961 std::destroy(leftIt, end());

962 }

963 }

964

965 if (rightIt != aOther.end())

966 {

967 if constexpr (std::is_move_constructible v<T>)

968 {

969 std::uninitialized_move(rightIt, aOther.end(), end());
970 }

971 else

972 {

973 std::uninitialized copy(rightIt, aOther.end(), end());
974 }

975

976 if constexpr (!std::is_trivially destructible_v<T>)
977 {

978 std::destroy(rightIt, aOther.end());

979 }

980 }

981

982 std::swap(mySize, aOther.mySize);

983 }

984

985 template<typename T, std::size_t Capacity>

986 constexpr void StaticVector<T, Capacity>::clear() noexcept(std::is_nothrow_destructible v<T>)
987 {

988 if constexpr (std::is_trivially destructible v<T>)

989 {

990 mySize = 0;

991 }

992 else

993 {

994 if constexpr (std::is_nothrow_destructible v<T>)

995 {
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std: :destroy(begin(), end());
mySize = O;

}

else

{
while (!empty())
{

pop_back();

}

}

template<typename T, std::size_t Capacity>
constexpr auto StaticVector<T, Capacity>::begin() noexcept -> iterator

{
return iterator(ptr_at(0));

}
template<typename T, std::size_t Capacity>

constexpr auto StaticVector<T, Capacity>::end() noexcept -> iterator

{

return iterator(ptr_at(mySize));

template<typename T, std::size_t Capacity>
constexpr auto StaticVector<T, Capacity>::begin() const noexcept -> const iterator

{

return const_iterator(ptr_at(9));

}
template<typename T, std::size_t Capacity>
constexpr auto StaticVector<T, Capacity>::end() const noexcept -> const_iterator

{

return const_iterator(ptr_at(mySize));

template<typename T, std::size_t Capacity>
constexpr auto StaticVector<T, Capacity>::cbegin() const noexcept -> const_iterator
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return begin();
}
template<typename T, std::size_t Capacity>
constexpr auto StaticVector<T, Capacity>::cend() const noexcept -> const_iterator

{

return end();

template<typename T, std::size_t Capacity>
constexpr auto StaticVector<T, Capacity>::rbegin() noexcept -> reverse_iterator

{

return reverse_iterator(ptr_at(mySize - 1));

}
template<typename T, std::size_t Capacity>
constexpr auto StaticVector<T, Capacity>::rend() noexcept -> reverse_iterator

{

return reverse_iterator(ptr_at(-1));

template<typename T, std::size_t Capacity>
constexpr auto StaticVector<T, Capacity>::rbegin() const noexcept -> const_reverse_iterator

{

return const_reverse_iterator(ptr_at(mySize - 1));

}
template<typename T, std::size_t Capacity>

constexpr auto StaticVector<T, Capacity>::rend() const noexcept -> const_reverse_iterator

{

return const_reverse_iterator(ptr_at(-1));

template<typename T, std::size_t Capacity>
constexpr auto StaticVector<T, Capacity>::crbegin() const noexcept -> const reverse_iterator

{

return rbegin();

}
template<typename T, std::size_t Capacity>



1070 constexpr auto StaticVector<T, Capacity>::crend() const noexcept -> const_reverse_iterator

1071 {

1072 return rend();

1073 }

1074

1075 template<typename T, std::size_t Capacity>

1076 constexpr T* StaticVector<T, Capacity>::ptr_at(size_type alndex)

1077 {

1078 return std::launder(reinterpret cast<T*>(&myData[@] + sizeof(T) * alndex));

1079 }

1080

1081 template<typename T, std::size_t Capacity>

1082 constexpr const T* StaticVector<T, Capacity>::ptr_at(size type alndex) const

1083 {

1084 return std::launder(reinterpret_cast<const T*>(&myData[@] + sizeof(T) * alndex));

1085 }

1086

1087 // GLOBAL FUNCTIONS

1088

1089 template<typename T, std::size t Capacity> requires(std::is_swappable v<T> && (std::is_copy_constructible v<T> ||
std::is_move_constructible v<T>))

1090 constexpr void swap(StaticVector<T, Capacity>& aleft, StaticVector<T, Capacity>& aRight)

1091 {

1092 aLeft.swap(aRight);

1093 }

1094

1095 template<typename T, std::size_t LeftCapacity, std::size_t RightCapacity> requires(std::equality_comparable<T>)

1096 constexpr bool operator==(const StaticVector<T, LeftCapacity>& alLeft, const StaticVector<T, RightCapacity>& aRight) noexcept

1097 {

1098 return std::equal(aLeft.begin(), alLeft.end(), aRight.begin(), aRight.end());

1099 }

1100 }



