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#pragma once

finclude <=et>

#include <array>
finclude <cmath>
#include <mutex>
#include <vector>
#include <memory>
#include <random>
#include <thread>
#include <iostream>
#include <unordered map>

FEnamespace SPHAlgorithms::NNS {

f/ Compilation control
#define S5PH OPTIMIZE TEMPLATES

% namespace Algorithm {
= enum {

- #endif

extern size_t = _num threads:;

{//#define 5PH OPTIMIZE MULTITHREADING

Naive, // No assumption at all

Boxed, // Classic Llgorithm

= #if !defined (SPH_CPTIMIZE TEMPLATES) && !defined(5PH_OPTIMIZE MULTITHREADING)
Boxed Mod0, f/ Count all central points as neighbors

Boxed Modl, // Count all a=s neighbors

Boxed Mod2, f/ Lower box raidus, so all internal points are neighbors
Boxed Mods, f/ Lower box radius, count all a= neighbors

5H, // Classic spatial hash Algorithm

5H Nwvidia, J{ 5P with nwidia hash

= #if !defined(SPH_OPTIHIZE_TEHPLRTESJ i&& !defined[SPH_OPTIHIZE_MULTITHRERDING]
5H Mod0, // Count all central points as neighbors

5H Modl, // Count all a=s neighbors

= $endif
Max
- T
= static std::string Text[Algorithm: :Max] = {
"Maive",
"Boxed"™,
= #if !'defined(SPH OPTIMIZE TEMPLATES) && 'defined(S5PH CPTIMIZE MULTITHREADING)
"Boxed ModO"™,
"Boxed Modl"™,
"Boxed Mod2",
"Boxed Mod3",
rls:_zrlII
= #endif
"5H Nwidia",
= #if !'defined(SPH OPTIMIZE TEMPLATES) && 'defined(S5PH CPTIMIZE MULTITHREADING)
"S5H ModO™,
"S5H Modl™
- fendif
- T
L }:

=ize t 8 num threads = std::thread: :hardware concurrency()’
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template<typename T, =ize t Dim, typename = std::make index segquence< Dim>>
class Point;

template<typename T, size t Dim, std::size © ... _TIdx>
class Polnt< T, Dim, std::index seguence< Idx ...»> : public std::array< T, Dim>
{
public:

bool within(const Point< T, Dim> & other, const T & _range) const

{

#ifdef SPH_OPTIMIZE TEMPLATES

_T accumulated = ( std::pow(_other[_Idx] - (*this)[_TIdx], 2) + ... )}

if ( accumulated »> range * range )
return false;

felse
_T accumulated = 0;
for ( size_t i = 0; i <« Dim; ++1 ) {
accumulated += std::pow(_other[i] - (*this)[i], 2):
if ( accumulated > _range * _range )
retuorn false;
}
#endif
return trus;
}
bool operator =—(const Point< T, Dim,
std::index sequence< Idx ...»> & other) const
{
bool res = (troe & ... & ((*this) [ Tdx] = _other[_Idx]) }:
return res;
}

template<typename T, size t Dim>
class Boundary

{
public:

Boundary() = delete;
Boundary (const Boundary< T, Dim> & _other) = defamnlt;
Boundary (Boundary< T, Dim> && other) = defaumlt;
~Boundary() = default:
Boundary & operator=(const Boundary &) noexcept = defanlt;
Boundary & operator=(Boundary &&) noexcept = delete;
std: :pair< Point< T, Dim>, Point< T, Dim> > pailr;

}:

template<typename T, size t Dim>
class DataEntry
1
public:
Point< T, Dim> point;
std: :vector<const DataEntry< T, Dim> *> neighbors;

explicit DataEntry(const DataEntry & _other) = defanlt;
explicit DataEntry(DataEntry && other) = defanlt:;
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DataEntry(const Point< T, _Dim» & _point) = delete:
explicit DataEntry() = delete;

DataEntry & operator={const DataEntry &) noexcept = delete:
DataEntry & operator=(DataEntry &&) noexcept = delete;

DataEntry(Point< T, _Dim> && _point)
point{ std::forward< Point< T, _Dim» >(_point) }
{}
}:

enum BoxedFlags

{
CentralNeighborAcceptance
JuterNeighboricceptance = [
IncircledRange = Oxd,
HashFunctionMNvidia = 0xE

b:

template<typename _T>
conatexpr _T get_range(_T _range, uintd_t _flags)

{
if { _flags & IncircledRange )
return _range / atd:isgroii):
else
return _range;
}
,-"’*

* This class represents a 3D relative box position.
* @x, @y, Bz = -1, 0, 1}, =so there are total 27 possible relative positions.
TED fold expressicon

*

*f
template<size t _Dim>
class BoxRelativePosition
{
public:
std::array<std::inté&_t, _Dim> pos;

* Returns opposite relation for box. 5o if one box has relative pogition
* [-1, 0, -1} regarding the second box then the second box has relatiwve
* position {1, 0, 1} regarding the first box.
*f
conatexpr BoxBelatiwvePosition< Dim> opposite() const
{
return BoxRelativePosition< Dim>
{
static_cast<std::intd_t>(-pos[0]) .,
static cast<std::inté_t>(-pos[1]).,
static cast<std::int8_t>(-pos[Z])
}:

ll.f*
* ¥, ¥, £ belong tc [-1,1]
* 5o if we inc them by one, they would belong to [0..2] (3 elements)
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* S50 the array number is (x+1)*3*3 + (y+1)*3 + (z+1):
* max range is (2*9% + 2*3 + 2) = 26 -- resulting 27 elements
*
* @return 0..26
*/
inline s3ize_t to_array_index() const
{

return static cast<uintf_t>(pos[0] + 1) *3*3 +
static cast<uinti_t»(pos[l] + 1)*: +
static_cast<uinti_t>(pos[Z] + 1):

}
}:
l..l'*
* TBD fold expressicon
=/

terplate<typename _T, size_t _Dim>
conat std::array< BoxRelativePosition< Dim»>, Dim * _Dim * _Dim> box positions

i

{-1, -1, -1},
{-1, -1, O},
{-1, -1, +1},
{-1, O, -1},
{-1, 0, O},
{-1, 0, +1},

{-1, +1, -1},
{-1, +1; O},
{-1

s+l +#11,

{0, -1, -1},
{0, -1, O},
{0, -1, +#1},

{0, 0, -1},
{0, 0, 0}
{0, 0, +1},

{0, +#1, -1},
{0, +#, 0},
{0, +1, +1},

{+1, -1, -1},
{+1, -1, 0},
{+1, -1, +1},

{+1: D: _1}r
{1, 0, 0},
{+1, 0O, +Ll},

{+1, +1, -1},

{+l, #1, 0},

{+l, 1, +l},
bhs
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NNS/Naive.h

1 |ﬂprag‘ma once
2
3
4 #include "NN5/Common.h™
5
& [Enamespace SPHAlgorithms::NNS {
!
g template<typename T, size t _Dim>
o = static void Waive_worker(std::vector< NN5::DataEntry< T, _Dim> > & _data,
10 const _T _range,
11 H size_t _i)
12 [ {
13 gutc it = _data.begin():
14 it += _1i:
15 —] for ( ; it < _data.end(): it += s_num threads) {
18 S for ( autc Jt = _data.begin(): jt '= _data.end(): jc ++ ) {
17 if ( Jt = it )
18 continue;
Al if ( it-»point.within(jt-»>point, _range) )
20 it-»neighbors.push_back( &{*jt) ):
21 — }
22 — }
23 — }
24
25 = /¥
26 * Naive algorithm of finding nearest neihbors for each of @Bdata
27 * gcontainers.
28 *
29 * @data —— Con3t reference to a vector of shared data. Datas are going
30 * to be filled in. Won't be clean up in this method.
31 * @boundary -- Boundaries in which points are distributed. It is used for
32 * more effective work.
33 * @range —-— Maximum range between neighbors.
34 *
35 H *J
36 template<typename _T, size_t _Dim>
37 —] void Naive (std::vector< NN3::DataEntry< T, _Dim> > & _data,
38 conat _T _range)
25 {
40 —] if ( '_data.size() ) {
41 std::cout << "Emptv data input” << 3std::endl:
2 return;
43 — }
44 =l #ifdef SPH_OFTIMIZE MULTITHRERDING
45 std::vector<std: :thread> pool;
48 pool.reserve( 3_num threads ):
47 for { size_t i = 0; i < 3_num threada; i++ )
48 = pool.emplace_back( std::thread(Naive_worker< T, _Dim>,
49 - grd::ref(_data), _range, i) ):
50 for ( autc & it : pool )
2l it.join():
2 #else
53 for ( sutc it = _data.begin(): it != _data.end() - 1; ++it )
o4 for ( autc Jt = it + 1; Jt !'= _data.end(): ++Jt )
55 = if ( it-»point.within(jt-»point, _range) ) {
BT it-»neighbors.push_back( &{*jt) ):
57 jt-»neighbors.push_back( &{*it) ):
58 i }
5o i #endif
a0 — }
61

-
£

63



NNS/Boxed.h

1 hpragma once

2

3 #include "NN5/Common.h™

4

5 [Fnamespace SPHAlgorithms::NWN3 {

[

7

8 [ I

9 * Class represents a box.

10 * @x -- Integer X position value

11 * @y —- Integer Y pogition walue

2 % @z —- Integer Z pogition walue

13 *

14 * @flotProcessed -- Bool flag that shows if this box has already been
15 * processed or not.

16 *

17 * [@data -- Vector of data pointers, whose .point field gets into this box.
18 *

15 - */

20 template<typename T, size t _Dim=

21 class Box

22 [ {

23 public:

24 Box (zize_t _size)

25 [ {

28 inner points.reserve(_size):

27 o 1

28 std::array<long, _Dim> pos;

25

30 = f*

31 * Mask that contains info akout wisited boxes
2 - *f

33 bool wisited[ _Dim * _Dim * _Dim] = { false }:
34

35 [H /*

36 * This functicn

37 * f@x, @y, @z —- one of the values [-1, 0, 1}
38 *

39 * @return :

40 * 1) true -- wisit is required

41 * 2) false —-- wisit has been already done
2 *

43 - */

44 inline bool wisit({conat BoxRelativePosition< Dimx & _pos);
45

48 std::vector< DataEntry<I, _Dim> * > inner points;
47

48 - }:

45

50 [ I

51 * TBED fold expressions

2 - =

53 template<typename _T, size_t _Dim>

54 class Boxes

55 [ {

56

57 public:

58

59 = f*
&0 [lj * @x, @By, Bz -- Maximum possible axis walues.
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% f[igize -- Total elements, memory will not be spared to avoid
* reallocation.
=/

explicit Boxes(long _x, long _¥y, long _z, size t _size):

ll.f*

* Returns box at @Bx, By, Bz position.

* Return nullptr if there's not such box.

*f

inline Boa< T, _Dim> * at(long _x, long _¥, long _Z):

."r*

* Bdds a @data pointer to box at @x, @v, @z.

* If box does not exist, does nothing.

=/

inline void add(long _x, leong ¥, long _=z,
DataEntry< T, _Dim= & _data):

* Returns wvector of boxes, that are neighbors within 3D space of

* box at @x, @y, @z and are NOT marked as visited.

* Marks returned boxes as visited.

=/

std::vector< Box< T, _Dim» * > neighborsOf(long _x, long _¥, long _z):

std::vector< Box< T, _Dim> > boxes;

private:
conat long m X, m ¥, M Z;
conat size_t m size:

}:

template<typename T, size t _Dim>
inline bool BoX<I, _Dim>::wvisit(const BoxRelativePosition< Dim> & _pos)
{
gize_t idx = _pos.to_array index():
if (idx > Dim* Dim * Dim - 1 ) {
std::cout << "Box::visit unexpected index " << idx << std::endl;
return false:
}
if ( wisited[idx] )
return false;
vigited[idx] = true:

return true;

template<typename T, size t _Dim>
Boxea<T, _Dim=::Boxes(long _x, long _y, long _2, size_t _aize)

boges{ (x+ 1) * (y+ 1) * ((z+1) +1, (x+1) * (y+1) * {z2+1) +1]),
mx{ x+ 1), my{ v+ 1), mz{ =+ 1), m size(_size)

for ( autc & it : boxes )

it = Box<T, _Dimx(_aize):

template<typename T, size_t _Dim>
Box<T, Dim>» * Boxes<T, Dim»::at{long x, long v, long =)

77
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{

if [ x <0 [ _w <0 I =<0 1|

Hr»=oX || ¥yr»>=oy || _z>=mz)
{
return nullptr:

}

return &boxes[ ®x *my *mz + ¥V *mz + _zZ];
}

template<typename T, size t _Dim»>
inline void Boxes< T, _Dimx::add(long _x, long _v, long _=,
DataEntry< T, _Dim> & _data)

{
if ( x»>=mx || _¥v>mny ||l _z>mz) |
std::cout << "Trying to add out-of-boundary point” << std::endl;
return:
- }
Box< T, _Dim> * box = nullptr:
= if ( (box = this-»at(_x, _v, _£)) == nullptr ) {
gtd::cout <« "Waring: protected from adding a non-valid box ("
LT S < A o4 "asl _Z o<« )" << atd:iendl;
return:
- }
box->inner points.push back(&_data);
- }

template<typename T, size t _Dim»>

atd::vector< Bow< T, _Dims * > Boxes< T, _Dimx::neighbora0f {long _x, long _¥v, long _z)
=] {

std::vector< Box< T, _Dim> * > neighbors:

neighbors.reserve (m_size);

Box< T, _Dim> * box;

Box< T, _Dim» * this box:

= if ( '(this_box = this->at{_x, _¥, _2)) ) {
std::cout << "neighbors0f: Bad 'this' box ™
<€ K=< " U <K _y << " " o« _z << stdi:endl:
return neighbors:
- }
=] I

* Try wisit this box's each of the 3x3 cube bound
* gubcubes (and visit that box's opposite subcube,
* which this cube actually is.
- *."r
for ( const gutoc & it : box positions< T, _Dim> )
= if { (box = this-rat( x + it.pos[0],
_y + it.pos[l],
= _Z + it.pos[Z]))
H#ifndef SPH OPTIMIZE_MULTITHREADING
&& this_box->visic(it)
&& box->visit( it.opposite() )

neighbors.push back(box) ;

return neighbors:
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template<typename T, size t Dim>
conatexpr vold boxed process_central (Box< T, _Dime> * box, T _range, uintié_t _flags)
{
bool £ = (_flags & (CentralWeighborfcceptance | OuterNeighborficceptance)) > 0;
for { zutoc it = _box->»inner points.begin(); it '= _box->»inner points.end() - 1; ++it )
/* For ewery particle pair within the kox */
for { autc jt = it + 1; jt !'= _box->inner points.end():; ++jt )
if { £ |l (*it)->point.within( (*it)->point, _range) ) {
{*it) ->neighbors.push back( *Jjt )
{*]t) -»neighbors.push_back({ *it ):

template<typename T, size t Dim>
conatexpr void boxed process_outer(std::vector< Box< T, _Dim» * > & neighbors,
Box< T, _Dim> * box, _T _range, uint@_t _flags)

{
bool £ = (_flags & OuterNeighborBAcceptance) > 0;
S/ for each box within neighbors set
for ( const autc & it : _neighbors )
// for each inner points object within that neighbor
for ( const autc & jt : it->inner points )
// and each inner points object within current box
for ( const autc & kt : _box->inner points )
if { £ || jt-»point.within({ kt->point, _range) ) |
kt-»neighbors.push _back( Jjt }):
jt->neighbors.push back({ kt }:
}
}

template<typename _T, size t© _Dim> conatexpr
volid boxed process_cuter_atomic (std::wvector< Box< T, _Dim» * » & neighbors,
Box< T, Dim> * box, T _range, uintd_t _Iflags)

{
bool £ = (_flags & OuterNeighborAcceptance) > 0;
ff for each box within neighbors set
for { const auto & it : _neighbors )
// for each inner points cobject within that neighbor
for ( const autc & jt : it-»>inner points )
// and each inner pointa object within current box
for ( const autc & kt : _box->inner points )
if { £ || jt-»point.within({ kt->point, _range) }
kt->neighbors.push back({ jt }:
}

template<typename T, size t Dim>
static void Boxed worker (Boxes< T, _Dim> & _boxes,
conat Boundary< T, 3> & _boundary,

_T _range,
size_t _1i,
uintéd_t _flags = 0)
{
conat _T range = get_range(_range, _Iflags):
long x b = static cast<long>( (_boundary.pair.second[0] - _boundary.pair.firac[0]) / range ):
long y_ b = static cast<long>( (_boundary.pair.second[l] - _boundary.pair.firat[1]) / range ):

long 2 b = static cast<long>({ ( boundary.pair.second[Z] - boundary.pair.first[2]) / range ):
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zize t counter = 0;
for ( long i =0; i <=xb; ++ 1) {
for ( long J =0; j <=v b; + 3 ) {
for ( long k=0 k<=2 b; ++ k) { /* For each box within the cube */
if { counter % s_num threads !'= 1) {
COUNLer ++;
continue:
}

counter -++;

Box< T, _Dim» * box = _boxes.at{i, 1, k):
if ( 'epox || box->inner points.size() = 0)
continue:
boxed process_central (box, range, flags):
std::vector< Box< T, _Dim»> * > neighbors = _boxes.neighbors0f(i, j, k):
boxed_process_cuter_atomic(neighbors, box, range, _flags):

template<typename I, size t _Dim>

= void Boxed(std::vector< NN5::DataEntry< T, 3> > & _data,
const Boundary< T, 3> & _boundary,
_T _range,
uintd_t _flags = 0}

conat _T range = get_range (_range, _flags):
S/ Add box indexes

long x_b = static_cast<long>( (_boundary.pair.second[(] - _boundary.pair.first[0]) / range }:
long y_b = static cast<long>( (_boundary.pair.second[1] - _boundary.pair.first[1]) / range };
long z_b = static cast<long>( (_boundary.pair.second[Z] - _boundary.pair.first[Z]) / range };

Boxes< T, Dim» boxes{ x b, v b, 2 b, data.size() ):

S/ Bdd box indexes = £ill boxes struct

for ( auto & it : _data )
boxes.add(
static cast<long>({ (it.point[0] - _boundary.pair.first[0]) / range ),
static cast<long>( (it.point[l] - _boundary.pair.first[l]) / range ),
static cast<long>( (it.point[Z] - _boundary.pair.firat[Z]} / range ),
it
|

[H#ifdef SPH_OPTIMIZE_MULTITHREADING

std: :vector<std: :thread>» pool;
pool.reserve( s_num threads }):
for { size t 1 = 0; 1 < 3_num threads; i+ ) [
pool.emplace_back( std::thread (Boxed worker< T, _Dim», std::ref(boxes),
std::ref {_boundary), _range, i, _flags) }:
}
for ( autoc & it : pool )
it.join():

for ( long i =0; i <=xb; ++ 1) {
for { long j = 0; j <=y b: ++ 3 ) |
for { long k= 0; k<=2 b; ++ k) { /* For each box within the cube */

Bou<_T, _Dim> * box = boxes.at(i, J, k);

if { 'box || box->inner points.size() == 0)
continue:

boxed process central (box, range, £flags):

std::vector< Box< T, Dim* * » neighbors = boxes.neighbora0f(i, J, k):
boxed process_outer(neighbors, box, range, _flags):
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NNS/SpatialHash.h

|#pragma once
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#include

"NNS/Boxed.h"

namespace SPHAlgorithms: :NNS |

f* Spatial Box Struct,
* holds just a wector of inner points, nothing special

*/

terplate<typename T, 3ize t Dime
class SHBox

{

}:

pukblic:
SHEox (DataEntry< T, _Dim»> * _entry, size_t _s3ize)
{
inner points.reserve(_size):
inner points.push back(_entry):
}

~SHBox () = default:

atd::vector< DataEntry< T, _Dim> *> inner_points;
atd::set<size_ t> visited hash:

namespace SpatialHash

{

co

I
co

I
co

I
I
co

{

natexpr size t mid(size_t low, size_t high) [
return (low + high) / Z2;

precondition: low*low <= n, high*high > n.
natexpr size_t ceilsgrt(size_t n, size_t low, size_t high) {
return low + 1 »= high
? high
(mid{low, high) * mid{low, high) == n)
? mid(low, high)
(mid{low, high) * mid{low, high) < n)
? ceilsgrt{n, mid{low, high), high)
: cellsgre{n, low, mid{low, high)):

returns ceiling({sgrtin))
natexpr size t ceilagrt(size_t m) |
return n < =
?n
: ceilagrein, 1, aize t(l) << (std::numeric_limits<size_ tx::digita / 2}):

returns true if n i3 diwvisible by an odd integer in
[2 * low + 1, 2 * high + 1).
nstexpr bool find factor(size t n, size t low, size_t high)
return low + 1 »= high
? (o % (2% low + 1)) = 0O
(find factor(n, low, mid(low, high))
|l find factor(n, mid{low, high), high}):

81
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template<size_t _N»
conatexpr 3ize_t large_enough_prime ()

{
if ( _N < 11} // B3 guard
return 11:;
3ize t n = HN;
do |
if {n& 2 =10) {
n++;
continue :
}
if ( 'find factor(n, 1, (ceilsgrtin} + 1) / Z) ) {
return n;
}
n+= Z;
} while ( true ):
}
con3texpr 3ize t pli)
{
return 73E5a093;
}
COn3atexpr 3ize_t p2()
{
return 193498683;
}
CONSteXpr 3ize t p3()
{
return £34392791;
}

template<typename T, size_t _Dim=
conatexpr vold sh_process_central (const SHBox< T, Dim * box, _T _range, uintd_t _flags)
{
bool £ = true & { {_flags & (CentralNeighborficceptance | OuterNeighborfcceptance)) > 0 ):
for ( autoc it = _box->inner points.begin(): it '= box->inner points.end() - 1:; ++it )
/* For every particle pair within the box */
for ( aute jt = it + 1; jt '= _box->inner points.end(): ++Jt )
if ( £ || (*jt)->point.within( (*it)->point, _range) ) |
(*it) -»neighbors.push_back{ *Jjt ):
(*Jt)-»neighbors.push back({ *it ):

template<typename T, size t Dim=
conatexpr vold sh process outer(std::vector< DataEntry< T, Dim» * > & neighbors,
DataEntry< T, Dim> * point, T _range, uintd t _£lags)

kool £ = true & ((_flags & (OuterNeighborRcceptance)) > 0):
for ( const autc & it : _neighbors ) {
if ( £ || _point-»point.within({it->point, _range) ) |
_point-»neighbora.push_back({ &(*it) ):
it-»neighbors.push back( k&(*_point) ):
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template<typename T, size_ t _Dim>

constexpr volid sh process_outer atomic(std::vector< DataEntry< T, _Dim>= * > & _neighbors,
DataEntry< T, _Dim* * point,
_T _range, uintd_t _flags}

{
bool £ = true & ((_flags & (JuterNeighborAcceptance)) = 0} ;
for { const auto & it : neighbors ) |
if ( £ || _point-»point.within({it->point, _range) )
_point->neighbora.push_back( &{*it) ):
}
}

// Works only for 3D
template<typename T
congtexpr 3ize_t calculate hash kelager(const Point< T, 3> & _entry, _T _range, 3ize_t _n)
{
return ( ( static cast<size_t»(_entry[C] / _range) * SpatialBHash::pl({) ) *
( static cast<size t>(_entry[l] / _range) * SpatialHash::p2() ) *
( static cast<size t>(_entry[Z] / _range) * SpatialHash::p3() ) ) % _n;

template<typename T, size t _Dim, size t ... _Tdx>
static size t M calculate hash nwvidia helper(conat Point< T, Dim> & entry, T _range,
atd::index sequence< Idx ...»)

{
l..‘-!r
* long is 32 bit, lets fit it
* HEEE
* WK
* BEE .. etc
* This way the part will always take 32 bit, so the space we will diwide
* will be equal to bits{aize t) - bita({long) - 1. Then we will diwvide it
* to _Dim - 1 and get the desired shift, multiplying it to _Idx we are
* getting proper shift for fold expressions
*f
return (( (static_cast<long>(_entry[_ Idx] / _range) <<
({ E*(sizeof (3ize_t) - sizeof(long)) - 1) / (Dim - 1) ) * Idx ) + ... )):
}

template<typename T, 3ize t _Dim
conatexpr size_t calculate hash nvidia(const Point< T, Dim» & _entry, T _range)
{
return M calculate hash nvidia helper(_entry, _range,
atd: :make_index_ sequence<_Dim>() ):

template<typename T, 3ize t _Dim
conatexpr size_ t calculate_hash(const Point< T, Dim» & _entry,
size_t _mn, _T _range, uintdé_t _flags)

{
if { _flags & HashFunctionNwvidia )
return calculate hash nvidia< T>(_entry, _range):
static assert (_Dim = 3, "Helager function is defined for 3D space only"):
return calculate hash kelager< T >(_entry, _range, n);
}

template<typename T, size t Dim, 3ize t N>

83



181 o atatic weoid 5H worker(std::uncrdered map< size_t, SHBox< T, _Dim> > & _hash boxes,
la2 _T _range,

las size t© _1,

la4 H uinté_t _flags = 0)

185 = {

laa const ize_t n = SpatialHash::large encugh prime< N>()

1a7 size_ t counter = 0;

188

1a9 = for ( conat auto & it : _hash boxes ) |

130 E—% if ( counter # s_num threads !'= _i ) |

alhl counter ++;

132 continue;

193 = }

194 COUNLET ++;

1495

194 sh_process_central< T>(&it.second, _range, _flags):

187

198 = for ( const autc & jt @ it.second.inner points ) |

199 std::set«size_t> hashes_to_wisit:

200 for ( const auto & pod @ box positioma< T, _Dim» ) |

201 = size_t hash = calculate hash< T, _Dim>(Foint<_ T, _Dim>{

202 // TBD fold expressicon
203 jt->point[0] + _range * pos.pos[0],
204 jt->point[l] + _range * pos.pos[l],
205 jt-»point[Z] + _range * pos.pos[Z]
206 ~ }, n, _range, _flags ):
207 if ( it.first = hash || !_hash boxes.count(hash) )

208 continue;

209 hashes_to wvisit.insert (hash)

210 = 1

211 atd::vector< DataEntry< T, _Dim> * > posaible neighbora;

212 = for ( const suto & kt @ hashes to _wisitc ) |

213 SHBox< T, _Dim> & box = _hash boxes.at(kt):

214 = possible _neighboras.insert( posaible neighbors.end(),

215 box.inner points.begin(),

216 - box.inner_points.end() ):

217 = 1

218 sh_process_outer atomic(possible neighbors, Jt, _range, _flags):
219

220 = }

221

222 = 1

223 = 1

224

225 template<typename _T, 3ize_t _Dim, size_t _N>

226 = void SH{std::vector< NNS::DataEntry< T, Dim> > & _data,

227 _T _range,

228 F uinté_t _flags = 0)

228 = {

230 conat T range = get_range(_range, _flags):

231 conat Size_t n = SpatialHash::large_encough prime< N=();

232

233 std::unordered map< size_t, SHBox< T, _Dim» » hash boxes:

234 hash boxes.reserve(_data.size() * 2):

235

236 /7 Bdd box indexes & f£ill boxes struct

237 H for ( autoc & it : _data ) {

238 gutc ha = calculate_hash< T, _Dim>(it.pocint, n, range, _flags):

239 if ( hash_boxes.count (hs) )

240 hash boxes.at(hs).inner points.push back(&it)
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e
=

else
hash boxes.emplace( h3, SHBox< T, Dim>(&it, _data.size()) ):

W=
W= L b
T
—_—

#ifdef SPFH_OQFTIMIZE MULTITHREADING
atd: :vector<std: :thread> pool;

e
o on
{1}
[N}

2

2

2.

2

2.

2

247 pool.reserve( 3_num threads ):

248 = for ( zize_t 1 = 0; 1 « 3a_num threadsa; i++ ) |

249 Eg pool.emplace _back( std::thread(5H worker< T, Dim, N>,

250 - atd::ref{hash boxes), range, i, _flags) ):
251 = }

252 for { autc & it : pool )

253 it.jein()

254 #else

255 = for ( const gutoc & it : hash boxes ) {

256 sh_procesa_central< T>(&it.second, range, _flagsa):

237

258 —| for ( conat autc & Jt : it.second.inner pointa ) {

259 atd::aet<aize t> hashes to wvisit:

260 for ( const autc & pos @ boXx positions< T, Dim» ) |

261 = zize t hash = calculate_hash< T, _Dim»({Point< T, _Dim>{
282 ff TBD fold expression
263 Jjt-»point[0] + range * pos.pos[0],
264 Jjt->point[l] + range * pos.pos[l],
265 Jjt->point[Z] + range * pos.pos[Z]
266 }, n, range, _flags ):
2 = if { it.first = hash ||

268 'hash boxes.count (hash) ||

269 B it.second.visited hash.count (hash) )

270 = {

271 continue;

272 = }

273 hashes _to_wiszit.insert (hash):

274 B 1

275 atd::vector< DataEntry<_T, _Dim» * > possible neighbors:
276 = for ( const autc & kt : hashes_to_wisit ) [

277 SHBox<_T, _Dim> & box = hash boxes.at (kt):

278 box.visited_hash.insert(it.firat):

2749 = po33ibkle_neighbors.insert( posaibkle_neighbors.end() .,
280 box.inner pointa.begin(),
281 o box.inner points.end() ):
282 B 1

283 sh _procesa_outer(possible neighbors, Jjt, range, _Iflags):
284

28

28

2

2

2

2

2

2

2

B }
B #endif
& 1

91

92 1
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Iﬂinclude "NN5/Naive.h"
#include "NWN5/Boxed.h"
#include "NN5/5patialHash.h"

#include <map>
#include <chrono>

namespace SPHRlgorithms::NNS {

template<typename T, size_t _Dim, size t ... _Tdu>=

static void _M GenerateHelper(std::vector< NN5::DataEntry< T, Dim= > & _cont,
size_t _count,
const Boundary< T, _Dim»> & _boundary,
atd: :index sequence<_Tdx ...>)

atd::random device r;

atd::default_random engine re( r{) )
std::uniform real distribution< T> unif[ Dim]:
_cont.clear()

_cont.reserve (_count) ;

{(( unif[_ Idx] = std::uniform real distribution< T>(_boundary.pair.first[_Idx],
_boundary.pair.second[ Idx]) ), ...):
for ( size t 1 = 0; i < _count; ++ 1)
_cont.emplace_back{ Point< T, Dim»{ { { unif[_ Idx](re) )... } } }:

ll.f*

* This function generates random particles and adds them to container
*

* [@cont —— Container with shared Data pointers

* [@number —-- Number of point to generate

* [@boundary -- Specified range of pointa

*

*f

template<typename T, size_t _Dim=

[[maybe unused]] static void Generate(std::vector< NNS::DataEntry< T, _Dim» > & _cont,
3ize_t _count,
const Boundary< T, _Dim»> & _boundary)

_M GenerateHelper< T, Dim>(_cont, _count, _boundary, std::make_index sequence< Dim>()) :

template <typename _T, size_t _Dim, size t N»
class NNSInstance
{
public:
conat HNS5::Boundary< T, _Dime boundary;
atd::vector< NNS5::DataEntry< I, 3> > pointa:

NN5Instance (const NNS::Boundary< T, 3> & boundary,
consat std::vector< NNS::DataEntry< T, 3> > & _points)
boundary (_boundary) ,
pointa {_pointa)

{1

86
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- *."r
double compare {const NN5Instance & _other)
= {
size_t missed = 0, found = 0, total = 0;
= if { points.size() !'= _other.points.size() ) {
atd::ecout << "Critical errcr: NNSInstance::compare entries mismatch"™ << std::endl;
return 0. :
- }
= for { zutoc it = points.cbegin(), jt = _other.points.begin():
it '= points.cend() && jt !'= _other.points.cend():
- it++, jo++ )
= {
S/ Walk through tested set
for ( const autc & £f : it->neighbors ) |
= if ( std::find if(std::begin(jt-»neighbors), std::end(jt->neighbors),
[&£f] (const DataEntry< T, 3> * _other)
= {return _other->point == fi->pcint;} ) == Jt->neighbors.cend() )
= { // Any mismatch is missing point
missed ++;
} else |
found ++;
- }
- }
[/ Total requested points, add here
total += jt->neighbors.size():
- }
return 100.0 * static cast<double>(found) / static cast<double>(total + miszsed):
- }
conatexpr void run{int _algorithm, _T range)
E} {
= switch (_algorithm) {

NNSInstance () = delete;

WW5Inatance (conat NNSInstance & _other) = delete:

WN5Inatance (NNSInatance && _other) = delete;

WN3Instance & operator=(const NN5Instance &) noexcept = delete;
NNSInstance & operator=(NNSInstance &&) noexcept = delete;

* This function calculates matching %
* [pther - NN3 Instance

case Algorithm::Naive:
return NN3::Naiwve<dcouble, 5>({points, range):;
case Algorithm: :Boxed:
return NNS::Boxed<dcukle, :>({pocints, boundary, range):

H#if !'defined (SPH_OPTIMIZE TEMPLATES) s& 'defined(SPH_OPTIMIZE MULTITHREADING)

case Algorithm::Boxed_MeodO:

87

return NN5: :Boxed<double, 2>»({points, boundary, range, CentralWeighborlAcceptance) ;

case Algorithm::Boxed_ Modl:
return NN5::Boxed<double, 3»{points, boundary, range,

CentralNeighborlcceptance | JuterMeighborRcceptance ) :

case Algorithm::Boxed Mod2:
return NN3::Boxed<dcuble, 3>(pcints, boundary, range,

CentralNeighborAcceptance | IncircledRange ):

case Algorithm::Boxed Mod3:
return NN5::Boxed<dcukle, 3>(pocints, boundary, range,
CentralNeighborAcceptance |
CJuterNeighborAcceptance |
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- IncircledRange) :
case Algorithm::3H:
return NNS::5H<double, 3, _N»(points, range):
F#endif
case Algorithm::5H MNwidia:
return NNS::5H<double, 3, _N»(pocints, range, HashFunctionMNvidia):
] #if !'defined (SPH_OPTIMIZE TEMPLATES) s& !defined(SPH_OPTIMIZE MULTITHREADING)
case Algorithm::5H ModO:
return NN3::5H<double, 3, _N>(pointa, range, CentrallWeighboricceptance);
case Algorithm::5H Modl:
= return NN3::5H<double, 3, _N>(pointa, range, CentrallWeighboricceptance |
- CQuterNeighborkcceptance) »

L ]_;

template<typename T, size t _Dim, size_t N
clags TeatWNS

= {
public:
conat HNS::Boundary< T, _Dim»> boundary:
TesthlNS (MN5: :Boundary<_T, _Dim» k& _boundary)
boundary { std::forward<WN3::Boundary< T, _Dim»>({_boundary) }
{1
= I*
* This function launches specified test on a specified set of points
* and returns <evaluation time, accuracy> pair
*
L *."f
= std::pair<double, double> lauch test(std::vector< NN5::DataEntry< T, _Dim> > & _points,
_T _range,
int _algorithm,
- conat NNSInstance< T, _Dim, N> & _perfect)
= {
HNSInatance< T, _Dim, _N> naive(boundary, _pointa);
auto start = std::chrono::high resclution clock::now() ;
naive.run{_algorithm, _range) :
ato elapsed seconds = std::chrono::high resclution_clock::now() - start:
return std::make_pair( elapsed seconds.count(), naive.compare(_perfect) );
P }
vold test()
= {

0

gtd::cout << "Funning Zor " << N <« " parcticles” << std::endl:
atd::array< T, 10> range list = {Z., 3., 5., &., 1&., 24., 3Z., 40., 50., 100.};
// For each range it contains a map of algeorithm results

f{ (vector of 10 tests with pair of results)

std::vector< std::vector< std::map<int, std::pair<dcuble, double> > > > results(l0):

— for { size_t i = 0; i < range list.size(): ++i ) |
autc & vector_ref = results[ 1 ]:
for { int J =0; j < 50 ++3 ) |
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std::map<int, std::pair<dcouble, double> > test_map:

std::vector< NNS::DataEntry< T, _Dim> > test _points:
Generate< T, _Dimx(test_pointa, N, boundary):;
HN5Inatance<_T, _Dim, _N> perfect(boundary, teat_points);
perfect.run{Algorithm: :Naive, range list[i]):

for ( int k = 0; k « &lgorithm::Max: ++ k )
test _map.emplace(k, this->lauch test(test_points, range list[i], k, perfect)):
vector_ref.emplace_back( std::move(test_map) ):

B }
/* For range 8. */
guto & wvectorf_ref = results[ 3 ]:
= for { int 1 = 0; 1 « Algorithm::Max; + 1 ) {
std::cout << Algorithm::Text[i] << " _RangefTime = [ ":
for ( const autc & it : wvectorf_ref )
std::cout << std::get<i>{ it.at{i) } << ", ":
std::cout << "]" << std::endl;
atd::cout << Algorithm::Text[i] << "_FRange
for ( consat autc & it : vectorf_ref )

std:icout <€« std::get<lx{ it.at{i) ) << ", ":
std::cout €< "]" << std::endl:
P }
= for { int i = 0; i < Algorithm::Max; ++ i } {
atd::cout << Algorithm::Text[i] << "_RvgTlime = [ ";
= for ( size t J = 0:; J < range_list.size():; ++J ) {
double avg time = 0.;
int counter = 0;
= for { const autc & it : results[j] ) {
avg_time += atd::get<0>{ it.at(i) }:
COUNTEr++;
B }
atd::icout << avg_time / static cast<double>(counter) << ", ":
P }
std::cout €< "]" << std::endl:
std::cout << Algorithm::Text[i] << "_Rvgkcc = [ ";
= for ( zize t j = 0; Jj < range_list.size(); ++J ) {
double awvg_acc = 0.;
int counter = 0;
= for ( const autc & it : results[j] ) {
avg_acc += atd::get<l>({ it.at(i) }:
counter++;
B }
atd:icout << avg_scc / static cast<double>(counter) << ", ":
B }
std::cout << "]" << std::endl;
P }
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int main()

{
std::cout.precision(4) ;
std::cout << std::fixed;

using namespace SPHRlgorithms: iNNSI;

TestNNS<double, 2, 100> test(
Boundary<double, 3>{
gtd: :make pair({ Point<double, 3>{ 0., 0.
Point<double, 3>{50., 350.

)
}
Vi
test.test() s
return 0;

[P —
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4 Peniensis 2 cC.
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