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 OpenMP* 3.0  

 : __taskcomplete __task __finish __par 

 ®  ( ® TBB)  
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® C++ 

 C++ 

 

N 

N 

 

® Parallel Composer 

 

1.1. N  
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: N 1848  Max 

Bezzel  1850   Franz Nauck 

N  1969 

[1] 

1.1.1.  

® Parallel Composer N 

<install-directory>¥Samples¥NQueens¥ 

 

1.2.  

N N × N  N 

 

2  (2*(2*n - 1)) 

 

8 × 8 92 

8 × 8 12 

 

N 

25 × 25  Seti@home (

) 

 50  

The number of solutions is: 2.207.893.435.808.352 

Start date: October 8th 2004 

End time: June 11th 2005 

Computation duration time = 4444h 54m 52s 854 i.e. 185 days 4 hours 54 

minutes 52 seconds 854 
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(http://proactive.inria.fr/index.php?page=nqueens25)  

1.2.1.  

BF  (Brute-Force ) 

 

Brute-Force ( ) 

 - (n
2

)!/((n
2

)-n)!  - 

4 × 4  16!/12!  = 43680 

 

1  1 

 n 

 nn 

 

4 × 4  256 

1  1 1 

 1  (Q1...Qn)  n! 4 × 

4 24  

4 × 4 1  

1  1  1  

 1 

 

1  2 

 2  3  (  2)  

http://proactive.inria.fr/index.php?page=nqueens25
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 4  3  (  7) 
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 8  

 

4 x 4  2 

 

 (  9)  

 1  

 9  

 

 (n)  (v) ( )  
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 16  (4 × 4) v[4] = [2 4 1 3]  [3 1 4 2] 

 

1.2.2.  

1 

 

 1 1 

 

 

 10 

 

 (b)  (a) 

 

 (v[a] = v[b] )  [4 x x 

4]  
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 11 

 

 (a < b 

)  

2 : b-a = v[b] - v[a]  

 12 

 

b-a = v[a] - v[b] 
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2 b-a = | v[a] -v[b] | 

 

Read board size: n 

 

Set row to 1 

Set v[1] to 0 

while ( column > 0) do 

[ 

Find out a safe place in column where to safely place a queen 

if there is a location 

put v[row] = location 

if [row = n] 

[Write solution vector v[1 ... n]] 

end 

else 

if [row < n] 

go forward one line : row = row + 1 

set v[row] to 0 

end 

else do 

one column back : column = column – 1 

end 

end 

] 

Brute-Force  
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 1 

 

2.  

 

 

 hotspot 

Whatif.intel.com Web 

 (http://whatif.intel.com/ )  

(PTU) VTune
TM  

 

2.1.  

1 

 C++ STL (Standard Template Library) 

 STL 

2 

 

BCPL  Martin 

Richards 2005 

 C++ 

Richards  MCPL 

2 

http://whatif.intel.com/
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3 

 

:  Martin Richards 

http://www.cl.cam.ac.uk/~mr10/  Martin Richards  

Backtracking Algorithms in MCPL using Bit Patterns and Recursion  

2.1.1. STL (Standard Template Library)  

..¥NQueens¥nq-stl¥  

 C++ 

 STL  

 pop_back/push_back 

STL 

 

2.1.2.  

..¥NQueens¥nq-serial¥  

N 

 solve 

 

solve  setQueen() 

N 

 

void setQueen(int queens[], int row, int col) { 

for(int i=0;i<100;i++) { 

if (queens[i]==col) //  

return; 

if (abs(queens[i]-col) == (row-i) ) //  

return; 

} 

queens[row]=col; //  OK  

if(row==size-1) { 

nrOfSolutions++; 

} 

http://www.cl.cam.ac.uk/~mr10/
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else { 

for(int i=0; i<size; i++) { //  

setQueen(queens, row+1, i); 

} 

} 

} 

 (i)  solve() 

 

void solve(int queens[]) {  

for(int i=0; i<size; i++) { 

//  

//  

setQueen(queens, 0, i); 

} 

} 

 

 

 abs() 

2 

 ( )  

 solve 348150  

setQueen()  abs()  
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2.2.  

hotspot 

 20% 

 80% 

 

3  (solve() setQueens() abs()) 

solve() abs() 

solve() 

 

2.2.1. Windows* 32  API  

..¥NQueens¥nq-serial¥  

N Windows 32 API 

API 

C++ 

 API 

struct _thr_params  
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//  

struct _thr_params { 

size_t start; 

size_t end; 

int *queens; 

std::string msg; 

}; 

typedef struct _thr_params thr_params; 

 setQueens() 

run_threaded_loop()  

void run_threaded_loop (int num_thr, size_t size, int _queens[]) { 

HANDLE* threads = new HANDLE[num_thr]; 

thr_params* params = new thr_params[num_thr]; 

 

for (int i = 0; i < num_thr; ++i) { 

//  

params[i].start = i * (size/num_thr); 

params[i].end = params[i].start + (size/num_thr); 

params[i].queens = _queens; 

 

//  

//  

threads[i] = CreateThread (NULL, 0, run_solve, 

static_cast<void *> (&params[i]), 0, NULL); 

} 

 

//  

WaitForMultipleObjects (num_thr, threads, true, INFINITE); 

 

//  

delete[] params; 

delete[] threads; 

} 

 run_solve() 

run_solve 
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//  ( ) 

DWORD WINAPI run_solve (void* param) 

{ 

// param  

// void static_cast  thr_params  

thr_params* params = static_cast<thr_params*> (param); 

 

//  

for (size_t i = params->start; i < params->end; ++i) { 

//  

setQueen(new int[size], 0, i); 

} 

return 0; 

} 

OpenMP ® TBB 

 

CRITICAL_SECTION lock; 

CRITICAL_SECTION plock; 

 API 

® TBB 

 OpenMP 

 API 

 ( ) 

 ( ) 

® 

 

2.2.2. __task  __taskcomplete  

..¥NQueens¥nq-parexp-intel¥  

®  C/C++ 

__taskcomplete __task __par __critical  4 
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 /Qopenmp 

OpenMP 3.0 

OpenMP 

 C  C++  

__par solve() 

solve()  __par 

 

void solve() { 

__par for(int i=0; i<size; i++) { 

//  

//  

//  

setQueen(new int[size], 0, i); 

} 

} 

__par 

__par 

 1  1 

2 

 nrOfSolutions  

1  

3  

 nrOfSolutions  

  1  

  nrOfSolutions  

2  

nrOfSolutions  2 

 1  2 

 2 

2  nrOfSolutions 
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 6  7  nrOfSolutions 

nrOfSolutions  6 

 nrOfSolutions  7 2 

 nrOfSolutions  X 

 

1 

 ( : ® )

 1 

® Parallel Composer Microsoft* Visual 

Studio 

® Parallel Debugger Extension  

 

_critical 

 

__critical 

{ 

//  

nrOfSolutions++; 

} 
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2.2.3. OpenMP 3.0  

..¥NQueens¥nq-openmp-intel¥  

OpenMP 

 ( ) 

 ( ) OpenMP 

 (

)

 1 

OpenMP 

OpenMP 

 

OpenMP  

OpenMP  3.0 

__par 

 OpenMP  

void solve() { 

#pragma omp parallel for 

for(int i=0; i<size; i++) { 

//  

//  

//  

setQueen(new int[size], 0, i); 

} 

} 

solve solve 

 ( ) 

OpenMP  #pragma parallel for 

® Parallel Debugger Extension [2] 
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#pragma omp critical  #pragma omp atomic 

 

#pragma omp atomic 

nrOfSolutions++; //  

OpenMP Win32  Windows 

 hotspot 

 1 

OpenMP 

 Windows 

OpenMP 

OpenMP 
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2.2.4. OpenMP 3.0  

..¥NQueens¥nq-openmp-taskq¥  

OpenMP 2.0  2.5 

task  ( ) 

 task 

 

#pragma omp parallel 

#pragma omp single 

{ 

for(int i=0; i<size; i++) { 

//  

//  

//  

#pragma omp task 

setQueen(new int[size], 0, i); 

} 

} 

1  1 

 (omp single) setQueens 

Visual 

Studio ® Parallel Debugger Extension OpenMP 

[Serialize parallel regions ( )] 
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 num_threads 

 1 ® 

Parallel Debugger Extension [2] Visual Studio 

 

2.2.5. ® 
 ( ®TBB)  

..¥NQueens¥nq-tbb-intel¥  

®  ( ® TBB) 

C++ 

® TBB 

 C++ 

® TBB 

 

(STL) 

® TBB 

® TBB 

 

® TBB 

1 

 (function )  (class 

)  (template ) 
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2 

 

template <typename T> 

T max(T x, T y) 

{ 

if (x < y) 

return y; 

else 

return x; 

} 

 ( : max(3, 7))

® TBB 

C++ 

operator() 

 

#include <list> 

#include <algorithm> 

#include <iostream> 

 

struct Sum { 

double sum; 

Sum():sum(0.0) {} 

void operator()(const double & d) { sum += d; } 

}; 

 

std::list<double> myList; 

… 

Sum mySum = std::for_each(myList.begin(), myList.end(), Sum()); 

std::cout << “Summe “ << mySum.sum << std::endl; 

 sum  0 

operator() 

for_each MyList  operator() 

 for_each mySum.sum 

 C++ ® TBB 

® TBB 

parallel_for parallel_while parallel_reduce pipeline

parallel_sort parallel_scan 
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parallel_for 

® TBB  

tbb::block_range 

solve parallel_for 

 blocked_range 

 <grainsize>  3 parallel_for 

 <grainsize> parallel_for 

 2 

 

class SetQueens { 

public: 

void operator()( const blocked_range<size_t>& r ) const { 

for( size_t i=r.begin(); i!=r.end(); ++i ) { 

//  

//  

//  

setQueen(new int[size], 0, (int)i); 

} 

} 

 

void solve() { 

parallel_for(blocked_range<size_t>(0, size, 1), SetQueens() ); 

} 

OpenMP  

NrOfSolutionsMutexType 

 

if(row==size-1) { 

{ 

//  

//  

NrOfSolutionsMutexType::scoped_lock mylock(NrOfSolutionsMutex); 

nrOfSolutions++; 

} 

 

//  scoped_lock  

} 
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® TBB 

reduce 

1 

 

® 

® TBB 

 

 

2 

(

) 
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2.2.6. ® TBB   

..¥NQueens¥nq-tbb-lambda¥  

C++ C++0x 

STL/ ® TBB 

® 

 C++ 

(auto ) auto 

C++ 

 C 

/

 

C++ 

 /Qstd  

c++0x /Qstd=c++0X 

 ( ) 
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N 

C++ ® TBB 

 operator() 

 

void solve() { 

parallel_for(blocked_range<size_t>(0, size, 1), 

[](const blocked_range<int> &r){ 

for (int i = r.begin(); i != r.end(); ++i) { 

setQueen(new int[size], 0, (int)i); 

}; 

}); 

} 

3.  

API  (Windows OS  Win32 

 API  Linux* OS  Pthreads ) OpenMP

® TBB 

Windows 32 API OpenMP 

® TBB 

 

API 

 API 

1 

 C++  C  
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OpenMP

OpenMP 

 (Fortran ) 

OpenMP 

OpenMP 

OpenMP  

fork-join OpenMP 

OpenMP 

 API OpenMP  C 

C++ 

 OpenMP 3.0 

OpenMP  

®  STL 

(Standard Template Library)  C++ 

® 

TBB ® TBB 

API 

® TBB 

® 

TBB 

OpenMP 

® TBB 

® TBB 

 

__task/__taskcomplete 

 C  C++ 

OpenMP 
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4.  

® Parallel Composer C++ 

 OpenMP / ® TBB 

 

1 

 

® Parallel Composer 

 Web 

: http://www.intel.com/software/products/ ( ) 

4.1.  

[1] Hoffman, E.J., Loessi, J.C. and Moore, R.C. (1969): Constructions for the 

Solution of the m Queens Problem, Mathematics Magazine, p. 66-72. 

[2] Robert Mueller-Albrecht (2008): Intel® Parallel Debugger Extension 

http://software.intel.com/en-us/articles/parallel-debugger-extension.  
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