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 OpenMP –      
     
     

    OpenMP- .  
 OpenMP 4.0 

оде е 
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е де  т  о е е  п о е о о  

     Э   
    1.5-2 . Э    

      
(     ).  

    .   ,  
   ,     
,         5-6 

.  
  - ,  , 

   .  
  Intel Itanium: 

Latency to L1: 1-2 cycles 

Latency to L2: 5 - 7 cycles 

Latency to L3: 12 - 21 cycles 

Latency to memory: 180 – 225 cycles 

   - GUPS (Giga Updates Per Second) 
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е де  т  о е е  п о е о о  

 

      

      

 

 

В е  

       1 

      

      

      

 2 

 3 

 4 

 -   -    

Chip 
MultiThreading 

    2  
 

   ( -
 “tСrОКН”) –  

 , 
   

  , 
  

 .  
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Cупе ко п те е те  (Top500) 
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№ 4   Top 500 

 K computer, SPARC64 VIIIfx 2.0GHz, Tofu 
interconnect  

   - 11280 TFlop/s  

     —  705 024  

   LТЧpКМФ - 10510 TFХШp/s (93.17 %  ) 
 Э    - 12659.89   

 

 

 

Cупе ко п те е те  (Top500) 
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№ 3   Top 500 

 

 Sequoia, IBM BlueGene/Q, Power BQC 16C 1.6GHz, 
Custom interconnect  

   – 20142.66 TFlop/s  

     —  1 572 864  

   LТЧpКМФ – 16324.75 TFlop/s (81.08 %  
) 

 Э    - 7890.0   

 

   – Power Efficency (Megaflops/watt) 

 

      => Chip 
MultiProcessing, . 

 

Cупе ко п те е те  (Top500) 
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е де  т  о е е  п о е о о  

AMD OptОron  6300  

6380 SE 16  @ 2,5 , 16  
L3 Cache 

6348 12  @ 2,8 , 16  L3 
Cache 

6328 8  @ 3,2 , 16  L3 
Cache 

6308 4  @ 3,5 , 16  L3 
Cache 

 AMD Turbo CORE 

   (4 
  DDR3) 

4  « - »  
 HyperTransort 3.0 
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е де  т  о е е  п о е о о  

Intel Xeon Processor  E5 

E5-2699 v3 (45M Cache, 2.30 GHz) 18 , 36  

E5-2698 v3 (40M Cache, 2.30 GHz) 16 , 32  

E5-2697 v3 (35M Cache, 2.60 GHz) 14 , 28  

E5-2643 v3 (30M Cache, 3.40 GHz)  6 , 12  

E5-2637 v3 (15M Cache, 3.50 GHz)  4 , 8  

 

 

 

Intel® Turbo Boost 

Intel® Hyper-Threading 

Intel® Intelligent Power 

Intel® QuickPath 
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е де  т  о е е  п о е о о  

Intel Core i7-3960X  Extreme Edition   

3,3  (3,9 ) 

 6 О  

 12    IЧtОХ HвpОr-Threading  

 15  -  IЧtОХ SЦКrt CКМСО  
    (4   

DDR3 1066/1333/1600  ) 
  Intel QuickPath Interconnect  
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е де  т  о е е  п о е о о  

Intel Itanium  9500 

                     9560 8  @ 2,53 , 16 , 32  L3 CКМСО 

                     9550 4  @ 2,40 , 8 , 32  L3 CКМСО 
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е де  т  о е е  п о е о о  

IBM Power8 

 2,75 – 4,2  

 12  б 8  
Simultaneuos 
MultiThreading 

 64  Data Cache +  

     32   instruction Cache 

 L2 512  

 L3 96  

  www.idh.ch/IBM_TU_2013/Power8.pdf 
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упе ко п те е те  (Top500) 
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упе ко п те е те  (Top500) 
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Intel Xeon Phi Coprocessor 
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е де  т  о е е  л тел  те  

        
  +     

 => CMT (Chip MultiThreading) 

         
+      => CMP (Chip 
MultiProcessing, ) 
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у е т у е под од  дл  о д  п ллел  
п о  

  /   

   

Win32 API 

POSIX 

    

MPI  

 OpenMP 
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  4.0 

(1+x2) 
dx =  

0 

1 

 F(xi)x   
i = 0 

N 

  
  

  : 

   
  x    

F(xi)    

4.0 

2.0 

1.0 

X 
0.0 

В ле е л   
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#include <stdio.h> 

int main () 

{ 

    int n =100000, i; 

    double pi, h, sum, x; 

    h   = 1.0 / (double) n; 

    sum = 0.0; 

    for (i = 1; i <= n; i ++) 

    { 

                x = h * ((double)i - 0.5); 

                sum += (4.0 / (1.0 + x*x)); 

     } 

     pi = h * sum; 

     prТntП("pТ Тs approбТmatОlв %.16П”, pТ); 
     return 0; 

} 

 

В ле е л   . о ледо тел  п о  
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Polaris, CAPO, WPP, SUIF, VAST/Parallel, OSCAR, Intel/OpenMP, ParaWise 

 

icc -parallel pi.c 

pi.c(8): (col. 5) remark: LOOP WAS AUTO-PARALLELIZED. 

pi.c(8): (col. 5) remark: LOOP WAS VECTORIZED. 

pi.c(8): (col. 5) remark: LOOP WAS VECTORIZED. 

 

  ,   : 

   (A[B[i]]); 

  (   ); 
   . 
 

А то т е кое п ллел е 
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   Intel/GAP (Guided Auto-Parallel), CAPTools/ParaWise, 
BERT77, FORGE MКРТМ/DM,  (  

  
),  (   

  ) 
 

    for (i=0; i<n; i++) { 

        if (A[i] > 0) {b=A[i]; A[i] = 1 / A[i]; } 

        if (A[i] > 1) {A[i] += b;} 

    } 

 

    icc -guide -parallel test.cpp 

 

 

А то т о ое п ллел е 
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test.cpp(49): remark #30521: (PAR) Loop at line 49 cannot be parallelized 
due to conditional assignment(s) into the following variable(s): b. This loop 
will be parallelized if the variable(s) become unconditionally initialized at 
the top of every iteration. [VERIFY] Make sure that the value(s) of the 
variable(s) read in any iteration of the loop must have been written earlier 
in the same iteration. 

test.cpp(49): remark #30525: (PAR) If the trip count of the loop at line 49 is 
greater than 188, then use "#pragma loop count min(188)" to parallelize 
this loop. [VERIFY] Make sure that the loop has a minimum of 188 
iterations. 

#pragma loop count min (188) 

for (i=0; i<n; i++) { 

    b = A[i]; 

    if (A[i] > 0) {A[i] = 1 / A[i];} 

    if (A[i] > 1) {A[i] += b;}  

} 

А то т о ое п ллел е 
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#include <stdio.h> 

#include <windows.h> 

#define NUM_THREADS 2 

CRITICAL_SECTION hCriticalSection; 

double pi = 0.0; 

int n =100000; 

void main () 

{ 

   int i, threadArg[NUM_THREADS]; 

   DWORD threadID; 

   HANDLE threadHandles[NUM_THREADS]; 

   for(i=0; i<NUM_THREADS; i++) threadArg[i] = i+1; 

   InitializeCriticalSection(&hCriticalSection); 

   for (i=0; i<NUM_THREADS; i++)  threadHandles[i] =  

       CreateThread(0,0,(LPTHREAD_START_ROUTINE) Pi,&threadArg[i], 0, &threadID); 

   WaitForMultipleObjects(NUM_THREADS, threadHandles, TRUE,INFINITE); 

   prТntП("pТ Тs approбТmatОlв %.16П”, pТ); 
} 

В ле е л    пол о е  Wi  API 
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void Pi (void *arg) 

{ 

   int i, start; 

   double h, sum, x; 

   h   = 1.0 / (double) n; 

   sum = 0.0; 

   start = *(int *) arg; 

   for (i=start; i<= n; i=i+NUM_THREADS) 

   { 

       x = h * ((double)i - 0.5); 

       sum += (4.0 / (1.0 + x*x)); 

    } 

    EnterCriticalSection(&hCriticalSection); 

        pi += h * sum; 

    LeaveCriticalSection(&hCriticalSection); 

} 

В ле е л    пол о е  Wi  API 
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 .  

 

             Thread0: pi = pi + val;  &&  Thread1: pi = pi + val; 

 

  Thread 0  Thread 1 

1 LOAD R1,pi 

2 LOAD R2,val 

3 ADD R1,R2 LOAD R1,pi 

4 LOAD R2,val 

5 ADD R1,R2 

6 STORE R1,pi 

7 STORE R1,pi 

В ое кл е е к т е к  те ло  

 

     .   
  .  
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#include "mpi.h" 

#include <stdio.h> 

int main (int argc, char *argv[]) 

{ 

    int n =100000, myid, numprocs, i; 

    double mypi, pi, h, sum, x; 

    MPI_Init(&argc,&argv); 

    MPI_Comm_size(MPI_COMM_WORLD,&numprocs); 

    MPI_Comm_rank(MPI_COMM_WORLD,&myid); 

    h   = 1.0 / (double) n; 

    sum = 0.0; 

 

В ле е л    пол о е  MPI 
 



23  

М а, 2015 Тех  а а е ь  а а  OpenMP 27  196 

     for (i = myid + 1; i <= n; i += numprocs) 

    { 

                x = h * ((double)i - 0.5); 

                sum += (4.0 / (1.0 + x*x)); 

     } 

     mypi = h * sum; 

     MPI_Reduce(&mypi, &pi, 1, MPI_DOUBLE, MPI_SUM, 0, MPI_COMM_WORLD); 

     ТП (mвТН == 0) prТntП("pТ Тs approбТmatОlв %.16П”, pТ); 
     MPI_Finalize(); 

     return 0; 

} 

 

В ле е л    пол о е  MPI 
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#include <stdio.h> 

int main () 

{ 

    int n =100000, i; 

    double pi, h, sum, x; 

    h   = 1.0 / (double) n; 

    sum = 0.0; 

#pragma omp parallel for reduction(+:sum) private(x) 

    for (i = 1; i <= n; i ++) 

    { 

                x = h * ((double)i - 0.5); 

                sum += (4.0 / (1.0 + x*x)); 

     } 

     pi = h * sum; 

     prТntП("pТ Тs approбТmatОlв %.16П”, pТ); 
     return 0; 

} 

В ле е л    пол о е  OpenMP 

 



    

       
,      

     ,  MPI-
 

     .  
     

   ,      
.      

 ,    .  
OpenMP     . 

   /    Э   
   OpОЧMP-  , 

         
MPI- .  

Тех  а а е ь  а а  OpenMP 29  196 

До то т  пол о  Ope MP е то MPI дл  
о о де  п о е о о  
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BT 3D - ,     

CG     
   

EP      

FT   , 3D  
 

IS   

LU 3D - ,    

MG 3D  ,  MuХtТРrТН 

SP 3D - , Beam-Warning approximate 
factorization 

е т  NAS 
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Analyzing the Effect of Different Programming Models Upon Performance 
and Memory Usage on Cray XT5 Platforms 
https://www.nersc.gov/assets/NERSC-Staff-Publications/2010/Cug2010Shan.pdf 

е т  NAS 
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Analyzing the Effect of Different Programming Models Upon Performance 
and Memory Usage on Cray XT5 Platforms 
https://www.nersc.gov/assets/NERSC-Staff-Publications/2010/Cug2010Shan.pdf 

е т  NAS 
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 OpenMP –      
     
     

    OpenMP-  

 OpenMP 4.0 

оде е 
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OpenMP 
Fortran 1.1 

OpenMP 
C/C++ 1.0 

OpenMP 
Fortran 2.0 

OpenMP 
C/C++ 2.0 

1998 

1999 

2002 

OpenMP 
Fortran 1.0 

1997 

OpenMP 
F/C/C++ 2.5 

2005 

OpenMP 
F/C/C++ 3.0 

2008 

OpenMP 
F/C/C++ 3.1 

2011 

то  OpenMP 

 

OpenMP 
F/C/C++ 4.0 

2013 
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OpenMP Architecture Review Board 

 

 AMD 
 Cray 
 Fujitsu 
 HP 
 IBM 
 Intel 
 NEC 
 The Portland Group, Inc.  
 Oracle Corporation 
 Microsoft  
 Texas Instrument 
 CAPS-Enterprise 
 NVIDIA 
 Convey Computer 

 ANL 
 ASC/LLNL 
 cOMPunity 
 EPCC 
 LANL 
 NASA 
 Red Hat 
 RWTH Aachen University 
 Texas Advanced Computing 

Center 
 SNL- Sandia National Lab 
 BSC - Barcelona 

Supercomputing Center 
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. 

         , 
   МrШssЛКr- . 

     . 
На име , е ве ы HP 9000 V-Class, Convex SPP-1200,… 

C ет е ул т п о е о е те  SMP) 

 



23  

М а, 2015 Тех  а а е ь  а а  OpenMP 37  196 

    
   

( ),   
   

  .  
    

  
.  

   
 . 

      
  ,   
.  

те   еод о од  до тупо  к п т  NUMA  
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те   еод о од  до тупо  к п т  NUMA  

 

SGI Altix UV (UltraVioloet) 2000 

 256 Intel® Xeon® processor E5-4600 
product family 2.4GHz-3.3GHz - 2048 Cores 
(4096 Threads) 

 64 TB  

 NUMAlink6 (NL6; 6.7GB/s bidirectional) 

 

http://www.sgi.com/products/servers/uv/ 
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omp_set_lock(lck) 

#pragma omp parallel for private(a, b) 

#pragma omp critical 

C$OMP PARALLEL DO SHARED(A,B,C) 

C$OMP PARALLEL  REDUCTION (+: A, B) 

CALL OMP_INIT_LOCK (LCK) 

CALL OMP_TEST_LOCK(LCK)  

SETENV OMP_SCHEDULE “STATIC,4” 

CALL OMP_SET_NUM_THREADS(10) 

C$OMP DO LASTPRIVATE(XX) 

C$OMP ORDERED 

C$OMP SINGLE PRIVATE(X) 

C$OMP SECTIONS  

C$OMP MASTER C$OMP ATOMIC 

C$OMP FLUSH 

C$OMP PARALLEL DO ORDERED PRIVATE (A, B, C) 

C$OMP THREADPRIVATE(/ABC/) 

C$OMP PARALLEL COPYIN(/blk/) 

nthrds = OMP_GET_NUM_PROCS() 

C$OMP BARRIER 

OpenMP:  API   
  

 

   , 
    

,   

    
  , C  C++ 

    
   SMP  

DSM    20  

О о  о о  о о о те  OpenMP 
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   OpenMP    
: 

#praРma omp - [ [ [,] ]...] 
 

: 

#pragma omp parallel default (none) shared (i,j) 

 : 

 barrier 

 taskwait 

 taskyield 

 tlush 

 taskgroup 

 : 

 threadprivate 

Д ект   кл у  
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      : 

#prКРЦК ШЦp - [ [ [,] ]...] 
{ 

     

} 

 :          
. 

 #pragma omp parallel 

{ 

   … 

   mainloop: res[id] = f (id); 

   if (res[id] != 0) goto mainloop;  

   … 

   exit (0); 

}   

#pragma omp parallel 

{ 

   … 

   mainloop: res[id] = f (id); 

   … 

} 

if (res[id] != 0) goto mainloop;  

    

т укту  лок 
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о т е д ект  

#pragma omp parallel private(i) 

{ 

#pragma omp for firstprivate(n) 

for (i = 1; i <= n; i ++) 
    { 
        A[i]=A[i]+ B[i]; 
    } 
} 

#pragma omp parallel for private(i) \ 

   firstprivate(n) 

for (i = 1; i <= n; i ++) 
    { 
         A[i]=A[i]+ B[i]; 
    } 
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Ко п л то , подде е OpenMP 

 
OpenMP 4.0: 

 GNU gcc (4.9.0) 

 Intel 15.0: Linux, Windows and MacOS 

OpenMP 3.1: 

 Oracle Solaris Studio12.3: Linux and Solaris 

 Cray: Cray XT series Linux environment 

 LLVM: clang Linux and MacOS 

OpenMP 3.0: 

 PGI 8.0: Linux and Windows  

 IBM 10.1: Linux and AIX 

 Absoft Pro FortranMP: 11.1 

 NAG Fortran Complier 5.3 

  OpenMP: 

 Lahey/Fujitsu Fortran 95  

 PathScale  

 Microsoft Visual Studio 2008 C++  

 HP  
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 К    

GNU  gcc -fopenmp  

LLVM clang -fopenmp  

IBM  
XL C/C++ / Fortran 
 

-qsmp=omp 

Oracle C/C++ / Fortran  -xopenmp  

Intel C/C++ / Fortran  
-openmp, -qopenmp 

/Qopenmp 

Portland Group C/C++ / Fortran  -mp 

Microsoft Visual Studio 2008 C++  /openmp  

Ко п л  OpenMP-п о  
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#include <stdio.h> 

#include <omp.h> //       

int main() 

{ 

#ifdef _OPENMP 

    printf("Compiled by an OpenMP-compliant implementation.\n"); 

    int id = omp_get_max_threads (); 

#endif 

    return 0; 

} 

    ИOPENMP     (ввввЦЦ) 
  OpenMP,   . 

ло  ко п л  OpenMP-п о  
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Fork-Join :  

  (master)    (team)    
. 

   . 

  

В пол е е OpenMP-п о  
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одел  п т   OpenMP 

001  
001  

001  
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одел  п т   OpenMP 

001  0 

001  1 

static int i = 0; … = Т + 1; 

i = i + 1; i = 0 i = 1 

… = Т + 2; // ? 

#pragma omp flush (i) 

#pragma omp flush (i) i = 1 

i = 1 



     : 

 0    – write (var) 

 0    – flush (var) 

 1    – flush (var) 

 1    – read (var) 

 

1: A = 1 

. . . 

2: flush(A) 
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Ко те т о т  п т   OpenMP 



#pragma omp flush [(  )] 

 

        
(#pragma omp flush): 

   ; 
       parallel, critical   ordered; 

       (for, single, 
sections, workshare),     nowait; 

   omp_set_lock  omp_unset_lock; 

   omp_test_lock, omp_set_nest_lock, 
omp_unset_nest_lock  omp_test_nest_lock,   

 . 

      atomic  #pragma omp 
flush(x),  x – ,    atomic. 
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Ко те т о т  п т   OpenMP 



      :  

•      shared 

        
(shared) : 

• : COMMON , SAVE , MODULE 
 

• : file scope, static 

•    (ALLOCATE, malloc, new) 

       ... 
•     ( ), 

   ,  private. 

•      
   . 

•       
    for  parallel for. 
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Кл  пе е е  



#define N 100 
double Array1[N]; 
int main() { 
    int Array2[N],i; 
#pragma omp parallel 
   { 
       int  iam = omp_get_thread_num(); 
       #pragma omp for 
       for (i=0;i < N; i++) 
          work(Array2, i); 
   } 
   printf(“%d\n”, Array2[0]); 
} 

Тех  а а е ь  а а  OpenMP 

extern double Array1[N]; 

void work(int *Array, int i) { 

    double TempArray[10]; 

    static int count; 

    ... 

} 

TempArray,  
iam, i 

TempArray, 
 iam, i 

TempArray, iam, i 

Array1, Array2, 
count 

 

Array1, Array2, 
count 

 

Кл  пе е е  
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      : 

 shared (  ) 

 private (  ) 

 firstprivate (  ) 

 lastprivate (  ) 

 threadprivate (  ) 

 default (private | shared | none) 
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Кл  пе е е  



  «private(var)»      
«var»    . 

•     

•        

•  OpenMP 2.5   «var»   
    

sum = -1.0; 

#pragma omp parallel for private (i,j,sum) 

for (i=0; i< m; i++) 

{ 

    sum = 0.0; 

    for (j=0; j< n; j++) 

      sum +=b[i][j]*c[j]; 

    a[i] = sum; 

} 

//  sum == -1.0 
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Ко т ук  private 



 «firstprivate»    «private» 

      
   (master) . 

 

BOOL FirstTime=TRUE;   

#pragma omp parallel for firstprivate(FirstTime)     

for (row=0; row<height; row++)    

{   

   if (FirstTime == TRUE)  { FirstTime = FALSE;   FirstWork (row); } 

  AnotherWork (row);   

} 
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Ко т ук  firstprivate 
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 lastprivate    ,   
    . 

int i; 
#pragma omp parallel 
{ 
   #pragma omp for lastprivate(i) 
      for (i=0; i<n-1; i++) 
         a[i] = b[i] + b[i+1]; 
   
} 
a[i]=b[i];   /*i == n-1*/ 
 

Ко т ук  lastprivate 



    private: 

 private    

 threadprivate –     
    

#pragma omp threadprivate (Var) 
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Var = 1 

Var = 2 
 … = Var 

… = Var 

   
 ,  

   
,  

  
 . 

Д ект  threadprivate 
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itotal = 100 

#pragma omp parallel 
private(np,each) 

{ 

np = omp_get_num_threads() 

each = itotal/np 

……… 

} 

itotal = 100 

#pragma omp parallel default(none) 
private(np,each) shared (itotal) 

{ 

np = omp_get_num_threads() 

each = itotal/np 

……… 

} 

    : 

 default (shared) –    

 default (private) –    Fortran 

 default (firstprivate) –    Fortran OpenMP 3.1 

 default (none) –       

Ко т ук  default 



#pragma omp parallel [ [ [, ] ] ...] 
  

 
    : 

 default(shared | none) 
 private(list) 
 firstprivate(list) 
 shared(list) 
 reduction(operator: list) 
 if(scalar-expression) 
 num_threads(integer-expression) 
 copyin(list) 
 proc_bind ( master | close | spread )         //OpenMP 4.0 
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ллел  о л т  д ект  parallel)  
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  4.0 

(1+x2) 
dx =  

0 

1 

 F(xi)x   
i = 0 

N 

  
  

  : 

   
  x    

F(xi)    

4.0 

2.0 

1.0 

X 
0.0 

В ле е л   
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#include <stdio.h> 

int main () 

{ 

    int n =100000, i; 

    double pi, h, sum, x; 

    h   = 1.0 / (double) n; 

    sum = 0.0; 

    for (i = 1; i <= n; i ++) 

    { 

                x = h * ((double)i - 0.5); 

                sum += (4.0 / (1.0 + x*x)); 

     } 

     pi = h * sum; 

     prТntП("pТ Тs approбТmatОlв %.16П”, pТ); 
     return 0; 

} 

 

В ле е л  . о ледо тел  п о  
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#include <omp.h> 

int main () 

{ 

    int n =100000, i; 

    double pi, h, sum, x; 

    h   = 1.0 / (double) n; 

    sum = 0.0; 

#pragma omp parallel default (none) private (i,x) shared (n,h,sum)  

    { 

        double local_sum = 0.0; 

        int id = omp_get_thread_num(); 

        int numt = omp_get_num_threads(); 

        for (i = id + 1; i <= n;  i=i+numt) { 

                x = h * ((double)i - 0.5); 

                local_sum += (4.0 / (1.0 + x*x)); 

         } 

         #pragma omp critical 

                sum += local_sum; 

     } 

     pi = h * sum; 

     prТntП("pТ Тs approбТmatОlв %.16П”, pТ); 
     return 0; 

} 

В ле е л  . ллел  п о  
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#include <stdio.h> 

#include <omp.h> 

int main () 

{ 

    int n =100000, i; 

    double pi, h, sum, x; 

    h   = 1.0 / (double) n; 

    sum = 0.0; 

#pragma omp parallel default (none) private (i,x) shared (n,h) reduction(+:sum) 

   { 

        int id = omp_get_thread_num(); 

        int numt = omp_get_num_threads(); 

        for (i = id + 1; i <= n;  i=i+numt) 

        { 

                x = h * ((double)i - 0.5); 

                sum += (4.0 / (1.0 + x*x)); 

        } 

     } 

     pi = h * sum; 

     prТntП("pТ Тs approбТmatОlв %.16П”, pТ); 
     return 0; 

} 

В ле е л    OpenMP. Кл у  reduction 



 reduction(operator:list) 

    
    

 list    
. Э   

  
   

operator ( , 0  «+»). 
 
     

   
   

   
   . 

 
    

  
  

 . 
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+ 0 

* 1 

- 0 

& ~0 

| 0 

^ 0 

&& 1 

|| 0 

max 
Least number in 

reduction list item type 

min 
Largest number in 

reduction list item type 

едук о е опе  

Тех  а а е ь  а а  OpenMP 
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void reduction (float *x, int *y, int n) 

{ 

  int i, b, c; 

  float a, d; 

  a = 0.0; 

  b = 0; 

  c = y[0]; 

  d = x[0]; 

  #pragma omp parallel for private(i) shared(x, y, n) \ 

                          reduction(+:a) reduction(^:b) \ 

                          reduction(min:c) reduction(max:d) 

    for (i=0; i<n; i++) { 

      a += x[i]; 

      b ^= y[i]; 

      if (c > y[i]) c = y[i]; 

      d = fmaxf(d,x[i]); 

    } 

} 

65  196 

пол о е едук о  опе  

Тех  а а е ь  а а  OpenMP 
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#include <limits.h> 

void reduction_by_hand (float *x, int *y, int n) 

{ 

  int i, b, b_p, c, c_p; 

  float a, a_p, d, d_p; 

  a = 0.0f; 

  b = 0; 

  c = y[0]; 

  d = x[0]; 

  #pragma omp parallel shared(a, b, c, d, x, y, n)  private(a_p, b_p, c_p, d_p) 

  { 

    a_p = 0.0f;   b_p = 0;   c_p = INT_MAX;    d_p = -HUGE_VALF; 

    #pragma omp for private(i) 

    for (i=0; i<n; i++) { 

      a_p += x[i];   b_p ^= y[i];   if (c_p > y[i]) c_p = y[i];   d_p = fmaxf(d_p,x[i]); 

    } 

    #pragma omp critical 

    { 

      a += a_p;   b ^= b_p;   if( c > c_p ) c = c_p;   d = fmaxf(d,d_p);  

    } 

  } 

} 

66  196 

е л  едук о  опе  

Тех  а а е ь  а а  OpenMP 
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#pragma omp declare reduction (reduction-identifier : typename-list : 
combiner) [identity(identity-expr)] 

 

reduction-identifier -    

typename-list –  ( ) 
combiner  –      

identity –      

 

  

едук о е опе , оп едел е е пол о теле  

(OpenMP 4.0) 



23  

М а, 2015 Тех  а а е ь  а а  OpenMP 68  196 

struct point  

{ 

   int x; 

   int y; 

} points[N], minp = { MAX_INT, MAX_INT }; 

 

#pragma omp declare reduction (min : struct point : \ 

    omp_out.x = omp_in.x > omp_out.x ? omp_out.x : omp_in.x, \ 

    omp_out.y = omp_in.y > omp_out.y ? omp_out.y : omp_in.y ) \ 

    initializer ( omp_priv = { MAX_INT, MAX_INT }) 

 

#pragma omp parallel for reduction (min: minp)  

for (int i = 0; i < N; i++)  

{ 

  if (points[i].x < minp.x) minp.x = points[i].x; 

  if (points[i].y < minp.y) minp.y = points[i].y; 

} 

пол о е едук о  опе , оп едел е  
пол о теле  (OpenMP 4.0) 



#pragma omp parallel proc_bind(spread) num_threads(4)  

  { 

    #pragma omp parallel proc_bind(close) num_threads(2) 

          work(); 
  } 

 

 

69  196 

Кл у  proc_bind (OpenMP 4.0) 

Тех  а а е ь  а а  OpenMP 
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 OpenMP –      
     
     

    OpenMP-  

 OpenMP 4.0 

оде е 
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    (  for) 
     .  

       
. 

      
 (  SECTION).  

      (  
single) 

       
  (  АORKSHARE) 

   
 

 

Ко т ук  п еделе  от  
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#include <stdio.h> 

#include <omp.h> 

int main () 

{ 

    int n =100000, i; 

    double pi, h, sum, x; 

    h   = 1.0 / (double) n; 

    sum = 0.0; 

#pragma omp parallel default (none) private (i,x) shared (n,h) reduction(+:sum) 

   { 

        int id = omp_get_thread_num(); 

        int numt = omp_get_num_threads(); 

        for (i = id + 1; i <= n;  i=i+numt) 

        { 

                x = h * ((double)i - 0.5); 

                sum += (4.0 / (1.0 + x*x)); 

        } 

     } 

     pi = h * sum; 

     prТntП("pТ Тs approбТmatОlв %.16П”, pТ); 
     return 0; 

} 

В ле е л    OpenMP 
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#include <stdio.h> 

#include <omp.h> 

int main () 

{ 

    int n =100000, i; 

    double pi, h, sum, x; 

    h   = 1.0 / (double) n; 

    sum = 0.0; 

#pragma omp parallel default (none) private (i,x) shared (n,h) reduction(+:sum) 

   { 

     #pragma omp for schedule (static,1) 

     for (i = 1; i <= n;  i++) 

        { 

                x = h * ((double)i - 0.5); 

                sum += (4.0 / (1.0 + x*x)); 

        } 

     } 

     pi = h * sum; 

     prТntП("pТ Тs approбТmatОlв %.16П”, pТ); 
     return 0; 

} 

В ле е л    OpenMP 
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int main () 

{ 

    int n =100000, i; 

    double pi, h, sum, x; 

    h   = 1.0 / (double) n; 

    sum = 0.0; 

#pragma omp parallel default (none) private (i,x) shared (n,h) reduction(+:sum) 

    { 

        int iam = omp_get_thread_num(); 

        int numt = omp_get_num_threads(); 

        int start = iam * n / numt + 1; 

        int end = (iam + 1) * n / numt; 

        if (iam == numt-1) end = n; 

        for (i = start; i <= end;  i++) 

        { 

                x = h * ((double)i - 0.5); 

                sum += (4.0 / (1.0 + x*x)); 

         } 

     } 

     pi = h * sum; 

     prТntП(“pТ Тs approбТmatОlв %.16П”, pТ); 
     return 0; 

} 

В ле е л    OpenMP 
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#include <stdio.h> 

#include <omp.h> 

int main () 

{ 

    int n =100, i; 

    double pi, h, sum, x; 

    h   = 1.0 / (double) n; 

    sum = 0.0; 

#pragma omp parallel default (none) private (i,x) shared (n,h) reduction(+:sum) 

    { 

        #pragma omp for schedule (static) 

        for (i = 1; i <= n;  i++) 

         { 

                x = h * ((double)i - 0.5); 

                sum += (4.0 / (1.0 + x*x)); 

         } 

     } 

     pi = h * sum; 

     prТntП(“pТ Тs approбТmatОlв %.16П”, pТ); 
     return 0; 

} 

В ле е л    OpenMP 



#pragma omp for [ [[,] ] ... ] 
for (init-expr; test-expr; incr-expr)   

 
    : 

• private(list) 

• firstprivate(list) 

• lastprivate(list) 

• reduction(operator: list) 

• schedule(kind[, chunk_size]) 

• collapse(n) 

• ordered 

• nowait 
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п еделе е тко  кл  



init-expr : var = loop-invariant-expr1 

| integer-type var = loop-invariant-expr1 

| random-access-iterator-type var = loop-invariant-expr1 

| pointer-type var = loop-invariant-expr1 

 

test-expr: 

var relational-op loop-invariant-expr2  

| loop-invariant-expr2 relational-op var 

 

incr-expr: ++var 

| var++ 

| --var 

| var -- 

| var += loop-invariant-integer- expr 

| var -= loop-invariant-integer- expr 

| var = var + loop-invariant-integer- expr 

| var = loop-invariant-integer- expr + var 

| var = var - loop-invariant-integer- expr 
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relational-op: < 

| <= 

| > 

| >= 

 

var: signed or unsigned integer type 

| random access iterator type 

| pointer type 

 

п еделе е тко  кл  



void pointer_example () 

{ 

   char a[N]; 

   #pragma omp for default (none) shared (a,N) 

   for (char *p = a; p < (a+N); p++ ) 

   { 

       use_char (p); 

   } 

} 

 

 for (char *p = a; p != (a+N); p++ ) -  
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пол о е ук теле   кле Ope MP .  



void work(int i, int j) {} 
void good_collapsing(int n) 
{ 
    int i, j; 
    #pragma omp parallel default(shared) 
    { 
         #pragma omp for collapse (2) 
         for (i=0; i<n; i++) { 
                for (j=0; j < n; j++) 
                     work(i, j); 
         } 
     } 
} 

 
К  collapse: 
collapse (   ) 
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п еделе е тко  о о е  кло . Кл у  
collapse (OpenMP 3.0) 



void work(int i, int j) {} 
void error_collapsing(int n) 
{ 
    int i, j; 
    #pragma omp parallel default(shared) 
    { 
         #pragma omp for collapse (2) 
         for (i=0; i<n; i++) { 
                work_with_i (i);                    //   
                for (j=0; j < n; j++) 
                     work(i, j); 
         } 
     } 
} 
 К  collapse       

 -  . 
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п еделе е тко  о о е  кло . Кл у  
collapse (OpenMP 3.0) 



void work(int i, int j) {} 
void error_collapsing(int n) 
{ 
    int i, j; 
    #pragma omp parallel default(shared) 
    { 
         #pragma omp for collapse (2) 
         for (i=0; i<n; i++) { 
                for (j=0; j < i; j++)             //   
                     work(i, j); 
         } 
     } 
} 
 К  collapse       

     . 
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п еделе е тко  о о е  кло . Кл у  
collapse (OpenMP 3.0) 



#include <vector> 
void iterator_example() 
{ 
   std::vector<int> vec(23); 
   std::vector<int>::iterator it; 
#pragma omp parallel for default(none) shared(vec) 
   for (it = vec.begin(); it < vec.end(); it++) 
   { 
     // do work with *it // 
   } 
} 
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Parallel Random Access Iterator Loop (OpenMP 3.0) 
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#pragma omp declare reduction (merge : std::vector<int> : 
omp_out.insert (omp_out.end(), omp_in.begin(), omp_in.end()))   

 

void schedule (std::vector<int> &v, std::vector<int> &filtered)  

{  

     #pragma omp parallel for reduction (merge: filtered)  

     for (std:vector<int>::iterator it = v.begin(); it < v.end(); it++)  

          if ( filter(*it) ) filtered.push_back(*it);  

} 

 

omp_out refers to private copy that holds combined value  
omp_in refers to the other private copy  
 

едук о е опе , оп едел е е пол о теле  

(OpenMP 4.0) 
 



К  schedule: 
schedule(  [, _ ])  

 
    : 

 schedule(static[, _ ])  -  ; 
 schedule(dynamic[, _ ]) -  ; 
 schedule(guided[, _ ]) -  ;   
 schedule(runtime) -    ;  
 schedule(auto) -   (OpenMP 3.0).   
 
#pragma omp parallel for private(tmp) shared (a) schedule (runtime) 
 for (int i=0; i<N-2; i++) 
  for (int j = i+1; j< N-1; j++) {   
   tmp = a[i][j]; 
   a[i][j]=a[j][i]; 
   a[j][i]=tmp; 
  } 
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п еделе е тко  кл . Кл у  schedule 



#pragma omp parallel for schedule(static) 
    for(int i = 1; i <= 100; i++) 

 
     4-      

:  
  0      1-25. 
  1      26-50. 
  2      51-75. 
  3      76-100. 
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п еделе е тко  кл . Кл у  schedule 



#pragma omp parallel for schedule(static, 10) 
    for(int i = 1; i <= 100; i++) 

 
     4-      

:  
  0      1-10, 41-50, 81-90. 
  1      11-20, 51-60, 91-100. 
  2      21-30, 61-70. 
  3      31-40, 71-80 
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п еделе е тко  кл . Кл у  schedule 



#pragma omp parallel for schedule(dynamic, 15) 
   for(int i = 1; i <= 100; i++) 

 
     4-     

 :  
  0      1-15. 
  1      16-30. 
  2      31-45. 
  3      46-60. 
  3   . 
  3      61-75. 
  2   . 
  2      76-90. 
  0   . 
  0      91-100. 
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п еделе е тко  кл . Кл у  schedule 



 И И И  = 
maб( И И /ompИРОtИnumИtСrОaНs(), 

И )  
#pragma omp parallel for schedule(guided, 10) 
    for(int i = 1; i <= 100; i++) 

    4-   .  
  0      1-25. 
  1      26-44. 
  2      45-59. 
  3      60-69. 
  3   . 
  3      70-79. 
  2   . 
  2      80-89. 
  3   . 
  3      90-99. 
  1   . 
  1     100 . 
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п еделе е тко  кл . Кл у  schedule 



#pragma omp parallel for schedule(runtime) 
   for(int i = 1; i <= 100; i++)  /*      

      */ 
 

   : 
csh: 
sОtОnЯ OMPИSCHEDULE "НвnamТМ,4“ 
ksh: 
Обport OMPИSCHEDULE="statТМ,10“ 
Windows: 
set OMP_SCHEDULE=auto 

 
     : 

void omp_set_schedule(omp_sched_t kind, int modifier); 
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п еделе е тко  кл . Кл у  schedule 



#pragma omp parallel for schedule(auto) 
   for(int i = 1; i <= 100; i++)  

 
        

 . 
          

   . 
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п еделе е тко  кл . Кл у  schedule 



void example(int n, float *a, float *b, float *z) 
{ 
    int i; 
    #pragma omp parallel 
    { 
        #pragma omp for schedule(static) nowait 
        for (i=0; i<n; i++) 
            c[i] = (a[i] + b[i]) / 2.0; 
        #pragma omp for schedule(static) nowait 
          for (i=0; i<n; i++) 
             z[i] = sqrt(c[i]); 
    } 
} 

 
   OpenMP 3.0,        

  schedule  (STATIC + _ ). 
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п еделе е тко  кл . Кл у  owait 



for(int i = 1; i < 100; i++)  
     a[i]= a[i-1] + a[i+1]; 
 
      Т1  Т2 ( i1<i2 )  

   (  )  a,   
         

 -   - . 
 
   Т1  ,   Т2   ,  

        
 Т1 ->  i2. 

 
   Т1  " " ,   Т2  " " 

,        
i1<- i2. 

 
     Т2      Т1. 
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п еделе е кло   о т  по д  



for (int i = 0; i < n; i++) { 
   x = (b[i] + c[i]) / 2; 
   a[i] = a[i + 1] + x;       // ANTI dependency 
} 
 
 
#pragma omp parallel shared(a, a_copy) private (x) 
{ 
   #pragma omp for 
   for (int i = 0; i < n; i++) { 
       a_copy[i] = a[i + 1]; 
   } 
   #pragma omp for 
   for (int i = 0; i < n; i++) { 
       x = (b[i] + c[i]) / 2; 
       a[i] = a_copy[i] + x; 
   } 
} 
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п еделе е кло   о т  по д  



for (int i = 1; i < n; i++) { 
   b[i] = b[i] + a[i - 1]; 
   a[i] = a[i] + c[i]; // FLOW dependency 
} 
 
 
b[1] = b[1] - a[0]; 
#pragma omp parallel for shared(a,b,c) 
for (int i = 1; i < n; i++) { 
    a[i] = a[i] + c[i]; 
    b[i + 1] = b[i + 1] + a[i]; 
} 
a[n - 1] = a[n - 1] + c[n - 1]; 
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п еделе е кло   о т  по д  



void print_iteration(int iter) {  
    #pragma omp ordered  
        printf("iteration %d\n", iter);  
}  
 
int main( ) { 
    int i;  
    #pragma omp parallel  
    { 
        #pragma omp for ordered 
           for (i = 0 ; i < 5 ; i++) { 
               print_iteration(i);  
               another_work (i); 
           }  
    }  
}  
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Кл у   д ект  ordered 

  
: 

 
iteration 0 
iteration 1  
iteration 2  
iteration 3  
iteration 4  
 



 
#pragma omp parallel for ordered 
for(int i = 1; i < 100; i++) { 
     #pragma omp ordered  
        { 
           a[i]= a[i-1] + a[i+1]; 
        } 
} 
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п еделе е кло   о т  по д . Кл у  
 д ект  ordered 



 for(int i = 1; i < M; i++)  
    for(int j = 1; j < N; j++)  
       a[i][j] = (a[i-1][j] + a[i][j-1] + a[i+1][j] + a[i][j+1]) / 4; 
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п еделе е кло   о т  по д . 
О  ко е е о о пол е  кл  

 0  1  N 



 for(int i = 1; i < M; i++)  
    for(int j = 1; j < N; j++)  
       a[i][j] = (a[i-1][j] + a[i][j-1] + a[i+1][j] + a[i][j+1]) / 4; 
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п еделе е кло   о т  по д . 
О  ко е е о о пол е  кл  

T2

T2T1

T2T1T0

T2

T2T1

T2T1T0

0 1 2
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п еделе е кло   о т  по д . 
О  ко е е о о пол е  кл  

int iam, numt, limit; 

int *isync = (int *)  
malloc(omp_get_max_threads()*sizeof(int));  

#pragma omp parallel private(iam,numt,limit) 

   { 

   iam = omp_get_thread_num (); 

   numt = omp_get_num_threads (); 

   limit=min(numt-1,N-2); 

   isync[iam]=0; 

#pragma omp barrier 

   for (int i=1; i<M; i++) { 

      if ((iam>0) && (iam<=limit)) { 

          for (;isync[iam-1]==0;) { 

              #pragma omp flush (isync) 

          } 

          isync[iam-1]=0; 

          #pragma omp flush (isync) 

      } 

#pragma omp for schedule(static) nowait 

      for (int j=1; j<N; j++) { 

         a[i][j]=(a[i-1][j] + a[i][j-1] + a[i+1][j] + 

                       a[i][j+1])/4; 

      } 

      if (iam<limit) { 

             for (;isync[iam]==1;) { 

                  #pragma omp flush (isync) 

             }  

             isync[iam]=1; 

             #pragma omp flush (isync) 

       } 

   } 

} 
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п еделе е кло   о т  по д . 
О  ко е е о о пол е  кл  

#pragma omp parallel 

   { 

      int iam = omp_get_thread_num (); 

      int numt = omp_get_num_threads (); 

      for (int newi=1; newi<M + numt - 1; newi++) { 

         int i = newi - iam; 

         #pragma omp for 

            for (int j=1; j<N; j++) { 

               if (i >= 1) && (i< N)) { 

                  a[i][j]=(a[i-1][j] + a[i][j-1] + a[i+1][j] + a[i][j+1])/4; 

               } 

           } 

      } 

   } 
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п еделе е е кол к  т укту  локо  е ду 
т  д ект  sectio s  

#pragma omp sections [ ДД,] ] ...] 
{ 

   [#pragma omp section] 

     

   [#pragma omp section 

     ] 
   ... 

} 

 

    : 
private(list) 

firstprivate(list) 

lastprivate(list) 

reduction(operator: list) 

nowait 

void XAXIS(); 
void YAXIS(); 
void ZAXIS(); 
void example() 
{ 
    #pragma omp parallel  
    { 
        #pragma omp sections  
        { 
             #pragma omp section 
             XAXIS(); 
             #pragma omp section 
             YAXIS(); 
             #pragma omp section 
             ZAXIS(); 
       } 
   }  
} 



#pragma omp single [ [[,] ] ...] 

  

 

    : 
 private(list) 
 firstprivate(list) 
 copyprivate(list) 
 nowait 

 
        

  .    
   

 ,    
 NOWAIT. 
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#include <stdio.h> 

static float x, y; 

#pragma omp threadprivate(x, y) 

void init(float *a, float *b ) { 

  #pragma omp single copyprivate(a,b,x,y) 

      scanf("%f %f %f %f", a, b, &x, &y); 

} 

int main () { 

   #pragma omp parallel 

   { 

       float x1,y1; 

       init (&x1,&y1); 

       parallel_work (); 

   } 

} 

В пол е е т укту о о лок  од о  т  д ект  
single) 
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 п еделе е опе то о  од о о т укту о о лок  
е ду т  д ект  WORыSрARй  

           SUBROUTINE EXAMPLE (AA, BB, CC, DD, EE, FF, GG, HH, N) 
            INTEGER N 
            REAL AA(N,N), BB(N,N), CC(N,N) 
            REAL DD(N,N), EE(N,N), FF(N,N) 
            REAL GG(N,N), HH(N,N) 
            REAL SHR 
!$OMP PARALLEL SHARED(SHR) 
!$OMP WORKSHARE 
            AA = BB 
            CC = DD 
            WHERE (EE .ne. 0) FF = 1 / EE 
            SHR = 1.0 
            GG (1:50,1) = HH(11:60,1) 
            HH(1:10,1) = SHR 
!$OMP END WORKSHARE 
!$OMP END PARALLEL 
            END SUBROUTINE EXAMPLE 
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о т е д  

   OpОnMP 3.0 
К  : 
    ,  

 . 
    ,      

. 
   . 
 

 OpОnMP 3.0        
. 

         (ТmplТМТt 
task),      . 

   . 
 К        . 
     , mastОr-  

,       . 
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о т е д . Д ект  task 

  (ОбplТМТt tasks)    : 
#praРma omp task Д ДД,] ] ...] 

  
    : 

 if (scalar-expression) 
 final(scalar-expression)       //OpenMP 3.1 
 untied 
 mergeable                                                //OpenMP 3.1 
 shared (list) 
 private (list) 
 firstprivate (list) 
 default (shared | none ) 
 depend (dependence-type: list)             //OpenMP 4.0 

    task   ,  
    ;    

        
  .     

   . 
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о т е д . Д ект  task 

#pragma omp for schedule(dynamic) 
     for (i=0; i<n; i++) {  
         func(i); 
     }  
 
 
 
#pragma omp single 
{  
     for (i=0; i<n; i++) {  
           #pragma omp task firstprivate(i)  
                func(i);  
     }  
} 
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пол о е д ект  task 

typedef struct node node; 
struct node { 
     int data; 
     node * next; 
}; 
void increment_list_items(node * head) 
{ 
    #pragma omp parallel 
        { 
           #pragma omp single 
               { 
                   node * p = head; 
                   while (p) { 
                       #pragma omp task 
                             process(p);  
                       p = p->next; 
                  } 
               } 
       } 
} 
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пол о е д ект  task. Кл у  if 
double *item; 
int main() { 
   #pragma omp parallel shared (item) 
      { 
         #pragma omp single 
            { 
               int size; 
               scanf("%d",&size); 
               item = (double*)malloc(sizeof(double)*size); 
               for (int i=0; i<size; i++) 
                   #pragma omp task if (size > 10) 
                        process(item[i]); 
            } 
     } 
} 
            , 

      ,   
    ,  

 task 
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пол о е д ект  task 

#define LARGE_NUMBER 10000000 
double item[LARGE_NUMBER]; 
extern void process(double); 
int main() { 
   #pragma omp parallel shared (item) 
      { 
         #pragma omp single 
            { 
                for (int i=0; i<LARGE_NUMBER; i++) 
                   #pragma omp task  
                       process(item[i]); 
            } 
     } 
} 
     К  ,       

 .  ,    , 
 . ,   ,  
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пол о е д ект  task. Кл у  u tied 

#define LARGE_NUMBER 10000000 
double item[LARGE_NUMBER]; 
extern void process(double); 
int main() { 
     #pragma omp parallel 
         { 
             #pragma omp single 
                 { 
                         #pragma omp task untied 
                        { 
                            for (int i=0; i<LARGE_NUMBER; i++) 
                                #pragma omp task 
                                    process(item[i]); 
                       } 
                } 
        } 
} 
     К  untТОН -        
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пол о е д . Д ект  taskwait 

#pragma omp taskwait 
 
int fibonacci(int n) { 
    int i, j; 
    if (n<2) 
        return n; 
    else { 
        #pragma omp task shared(i) 
             i=fibonacci (n-1); 
        #pragma omp task shared(j) 
             j=fibonacci (n-2); 
       #pragma omp taskwait 
       return i+j; 
    } 
} 
 

int main () { 
    int res; 
    #pragma omp parallel 
    { 
        #pragma omp single 
        { 
            int n; 
            scanf("%d",&n); 
            #pragma omp task shared(res) 
                 res = fibonacci(n); 
         } 
    } 
    printf ("Finonacci number =  %d\n", res); 
} 
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пол о е д ект  task. Кл у  final 

void fib (int n, int d) { 
     int x, y; 
     if (n < 2) return 1; 
#pragma omp task final (d > LIMIT) mergeable 
          x =  fib (n - 1, d + 1);  
#pragma omp task final (d > LIMIT) mergeable 
          y =  fib (n - 2, d + 1); 
#pragma omp taskwait 
          return x + y; 
} 
 
int omp_in_final (void); 
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К   depend(dependence-type : list) 
 dependence-type: 

in 
out 
inout 
 
int i, y, a[100]; 
 
#pragma omp task depend(out : a) 
{ 
    for (i=0;i<100; i++) a[i] = i + 1; 
} 
 
#pragma omp task depend(in : a[0:49]) depend(out : y) 
{ 
    y = 0; 
    for (i=0;i<50; i++) y += a[i]; 
} 
 
#pragma omp task depend(in : y) { 
    prТntП(“%Н\n”, в); 
} 

 

о т  е ду д  OpenMP 4.0) 
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о т  е ду д  (OpenMP 4.0) 

void matmul_depend (int N, int BS, float A[N][N], float B[N][N], float C[N][N] ) 
{ 
   int i, j, k, ii, jj, kk; 
   for (i = 0; i < N; i+=BS) { 
      for (j = 0; j < N; j+=BS) { 
         for (k = 0; k < N; k+=BS) { 
#pragma omp task private(ii, jj, kk) firstprivate(i, j, k) \ 
            depend ( in: A[i:BS][k:BS], B[k:BS][j:BS] ) \ 
            depend ( inout: C[i:BS][j:BS] ) 
            for (ii = i; ii < i+BS; ii++ ) 
               for (jj = j; jj < j+BS; jj++ ) 
                  for (kk = k; kk < k+BS; kk++ ) 
                     C[ii][jj] = C[ii][jj] + A[ii][kk] * B[kk][jj]; 
         } 
      } 
   } 
} 
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 OpenMP –      
     
     

    OpenMP-  

 OpenMP 4.0 

 

оде е 
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  master  
  critical 
  atomic 
  
  barrier 
  taskyield 
  taskwait 
  taskgroup    //  OpenMP 4.0 
 
 

Ко т ук  дл  о  те  
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#pragma omp master 

     

/*С     MASTER-  . П  
      

  */ 

 

#include <stdio.h> 

void init(float *a, float *b ) { 

  #pragma omp master 

      scanf("%f %f", a, b); 

  #pragma omp barrier 

} 

int main () { 

   float x,y; 

   #pragma omp parallel 

   { 

       init (&x,&y); 

       parallel_work (x,y); 

   } 

} 

Д ект  master 
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#include <omp.h> 

int main () 

{ 

    int n =100000, i; 

    double pi, h, sum, x; 

    h   = 1.0 / (double) n; 

    sum = 0.0; 

#pragma omp parallel default (none) private (i,x) shared (n,h,sum)  

    { 

       double local_sum = 0.0; 

 #pragma omp for nowait 

        for (i = 1; i <= n;  i++) { 

                x = h * ((double)i - 0.5); 

                local_sum += (4.0 / (1.0 + x*x)); 

         } 

 #pragma omp critical 

                sum += local_sum; 

     } 

     pi = h * sum; 

     prТntП("pТ Тs approбТmatОlв %.16П”, pТ); 
     return 0; 

} 

#pragma omp critical [(name)] 

т укту ный блок    

В ле е л    Ope MP  пол о е  
к т е ко  ек  
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int *next_from_queue(int type); 

void work(int *val); 

 

void critical_example() 

{ 

  #pragma omp parallel 

  { 

    int *ix_next, *iy_next; 

    #pragma omp critical (xaxis) 

         ix_next = next_from_queue(0); 

    work(ix_next); 

 

    #pragma omp critical (yaxis) 

        iy_next = next_from_queue(1); 

    work(iy_next); 

   } 

} 

#pragma omp critical [(name)] 

т укту ный блок    

пол о е к т е ко  ек  
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#pragma omp atomic [ read | write | update | capture ] [seq_cst] 

       expression-stmt 

 

#pragma omp atomic capture 

       structured-block 

 

    read: 

       v = x; 

 

    write: 

       x = expr; 

 

   update   ,   expression-stmt: 

x binop= expr; 

x = x binop expr; 

x++; 

++x; 

x--; 

--x; 

Д ект  atomic 

  –  , Обpr – ,  
    .  

      binop -   : 
      +  ,  *  ,  -  ,  /  , &  ,  ^  ,  |  ,  <<  ,   >>  
      binop=: 
      ++ , -- 
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   capture,  expression-stmt: 

       v = x++; 

       v = x--; 

       v = ++x; 

       v = -- x; 

       v = x binop= expr; 

   capture,  structured-block: 

       { v = x; x binop= expr;} 

       { v = x; x =  x binop expr;}  

       { v = x; x++;} 

       { v = x; ++x;} 

       { v = x; x--;} 

       { v = x; --x;} 

       { x binop= expr; v = x;} 

       { x =  x binop expr;  v = x;}   

       { v = x; x binop= expr;} 

       { x++; v = x;} 

       { ++ x ; v = x;} 

       { x--; v = x;} 

       { --x; v = x;} 

Д ект  atomic 
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type __sync_fetch_and_add (type *ptr, type value, ...) 

type __sync_fetch_and_sub (type *ptr, type value, ...) 

type __sync_fetch_and_or (type *ptr, type value, ...) 

type __sync_fetch_and_and (type *ptr, type value, ...) 

type __sync_fetch_and_xor (type *ptr, type value, ...) 

type __sync_fetch_and_nand (type *ptr, type value, ...) 

type __sync_add_and_fetch (type *ptr, type value, ...) 

type __sync_sub_and_fetch (type *ptr, type value, ...) 

type __sync_or_and_fetch (type *ptr, type value, ...) 

type __sync_and_and_fetch (type *ptr, type value, ...) 

type __sync_xor_and_fetch (type *ptr, type value, ...) 

type __sync_nand_and_fetch (type *ptr, type value, ...) 

bool __sync_bool_compare_and_swap (type *ptr, type oldval type newval, ...) 

type __sync_val_compare_and_swap (type *ptr, type oldval type newval, ...) 

 

http://gcc.gnu.org/onlinedocs/gcc-4.1.2/gcc/Atomic-Builtins.html 

В т ое е у к  дл  то о о до туп  к п т   
GCC 
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int main () 

{ 

    int n =100000, i; 

    double pi, h, sum, x; 

    h   = 1.0 / (double) n; 

    sum = 0.0; 

#pragma omp parallel default (none) private (i,x) shared (n,h,sum)  

    { 

       double local_sum = 0.0; 

#pragma omp for 

        for (i = 1; i <= n;  i++) { 

                x = h * ((double)i - 0.5); 

                local_sum += (4.0 / (1.0 + x*x)); 

         } 

#pragma omp atomic 

                sum += local_sum; 

     } 

     pi = h * sum; 

     prТntП("pТ Тs approбТmatОlв %.16П”, pТ); 
     return 0; 

} 

В ле е л    Ope MP  пол о е  
д ект  ato ic 
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int atomic_read(const int *p) 

{ 

   int value; 

   /* Guarantee that the entire value of *p is read atomically. No part of 

   * *p can change during the read operation. 

   */ 

   #pragma omp atomic read 

   value = *p; 

   return value; 

} 

 

void atomic_write(int *p, int value) 

{ 

   /* Guarantee that value is stored atomically into *p. No part of *p can change 

   * until after the entire write operation is completed. 

   */ 

   #pragma omp atomic write 

   *p = value; 

} 

пол о е д ект  atomic 
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int fetch_and_add(int *p) 

{ 

   /* Atomically read the value of *p and then increment it. The previous value is 

   * returned. */ 

   int old; 

   #pragma omp atomic capture 

   { old = *p; (*p)++; } 

   return old; 

} 

 

 

seq_cst - sequentially consistent atomic construct, the operation to have the same meaning 
as a memory_order_seq_cst atomic operation in C++11/C11 

 

#pragma omp atomic capture seq_cst  // OpenMP 4.0 

{--x; v = x;} // capture final value of x in v and flush all variables 

пол о е д ект  atomic 
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К     (DТУkstra)  1965  
 -   ,     

    :  
 

P -    
P(s): ДТП (s == 0) <   >; ОlsО s = s-1;]  

 

V -    
V(s): ДТП (s == 0) <     >; s = 
s+1;]  

е о  
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 : 
uninitialized 

unlocked 

locked 

 

void omp_init_lock(omp_lock_t *lock); /* uninitialized to unlocked*/ 

void omp_destroy_lock(omp_lock_t *lock); /* unlocked  to uninitialized */ 

void omp_set_lock(omp_lock_t *lock);  /*P(lock)*/ 

void omp_unset_lock(omp_lock_t *lock); /*V(lock)*/ 

int omp_test_lock(omp_lock_t *lock);  

 

void omp_init_nest_lock(omp_nest_lock_t *lock); 

void omp_destroy_nest_lock(omp_nest_lock_t *lock); 

void omp_set_nest_lock(omp_nest_lock_t *lock); 

void omp_unset_nest_lock(omp_nest_lock_t *lock); 

int omp_test_nest_lock(omp_nest_lock_t *lock); 

 

е о   OpenMP 
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int main () 

{ 

    int n =100000, i; double pi, h, sum, x; 

    omp_lock_t lck; 

    h   = 1.0 / (double) n; 

    sum = 0.0; 

    omp_init_lock(&lck); 

#pragma omp parallel default (none) private (i,x) shared (n,h,sum,lck)  

    { 

        double local_sum = 0.0; 

        #pragma omp for nowait 

        for (i = 1; i <= n;  i++) { 

                x = h * ((double)i - 0.5); 

                local_sum += (4.0 / (1.0 + x*x)); 

        } 

        omp_set_lock(&lck); 

               sum += local_sum; 

        omp_unset_lock(&lck); 

     } 

     pi = h * sum; 

     printf("pi is approximately %.16f", pi); 

     omp_destroy_lock(&lck); 

     return 0; 

} 

 

В ле е л   c пол о е  е о о  
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#include <stdio.h> 

#include <omp.h> 

int main() 

{ 

    omp_lock_t lck; 

    int id; 

    omp_init_lock(&lck); 

    #pragma omp parallel shared(lck) private(id) 

    { 

        id = omp_get_thread_num(); 

        omp_set_lock(&lck); 

        printf("My thread id is %d.\n", id); /* only one thread at a time can execute this printf */ 

        omp_unset_lock(&lck); 

        while (! omp_test_lock(&lck)) { 

         skip(id); /* we do not yet have the lock, so we must do something else*/ 

        } 

        work(id); /* we now have the lock and can do the work */ 

        omp_unset_lock(&lck); 

    } 

    omp_destroy_lock(&lck); 

    return 0; 

} 

 

пол о е е о о  

void skip(int i) {} 
void work(int i) {} 
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пол о е е о о  

#include <omp.h> 
typedef struct { 
     int a,b; 
     omp_lock_t lck;  
} pair; 
void incr_a(pair *p, int a) 
{  
     p->a += a; 
} 
void incr_b(pair *p, int b) 
{ 
     omp_set_lock(&p->lck);  
     p->b += b; 
     omp_unset_lock(&p->lck); 
} 
void incr_pair(pair *p, int a, int b) 
{ 
     omp_set_lock(&p->lck); 
     incr_a(p, a); 
     incr_b(p, b); 
     omp_unset_lock(&p->lck); 
} 

void incorrect_example(pair *p) 

{ 

    #pragma omp parallel sections 

    { 

        #pragma omp section 

            incr_pair(p,1,2); 

        #pragma omp section 

            incr_b(p,3); 

     } 

} 

 

Deadlock! 
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пол о е е о о  

#include <omp.h> 
typedef struct { 
     int a,b; 
     omp_nest_lock_t lck;  
} pair; 
void incr_a(pair *p, int a) 
{  
     p->a += a; 
} 
void incr_b(pair *p, int b) 
{ 
     omp_nest_set_lock(&p->lck);  
     p->b += b; 
     omp_nest_unset_lock(&p->lck); 
} 
void incr_pair(pair *p, int a, int b) 
{ 
     omp_nest_set_lock(&p->lck); 
     incr_a(p, a); 
     incr_b(p, b); 
     omp_nest_unset_lock(&p->lck); 
} 

void incorrect_example(pair *p) 

{ 

    #pragma omp parallel sections 

    { 

        #pragma omp section 

            incr_pair(p,1,2); 

        #pragma omp section 

            incr_b(p,3); 

     } 

} 
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  ,    ,     
              , 

    . 
#pragma omp barrier 

     : 

    parallel; 

       (for, single, sections, workshare) ,  
   nowait. 

#pragma omp parallel 

{ 

    #pragma omp master 

    { 

         int i, size; 

         scanf("%d",&size); 

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

             #pragma omp task 

                  process(i); 

         } 

    } 

    #pragma omp barrier 

} 

Д ект  barrier 
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#include <omp.h> 

void something_useful ( void ); 

void something_critical ( void ); 

void foo ( omp_lock_t * lock, int n ) 

{ 

    int i; 

    for ( i = 0; i < n; i++ ) 

         #pragma omp task 

         { 

              something_useful(); 

              while ( !omp_test_lock(lock) ) { 

                   #pragma omp taskyield 

              } 

             something_critical(); 

             omp_unset_lock(lock); 

        } 

} 

Д ект  taskyield 
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Д ект  taskwait 

#pragma omp taskwait 
 
int fibonacci(int n) { 
    int i, j; 
    if (n<2) 
        return n; 
    else { 
        #pragma omp task shared(i) 
             i=fibonacci (n-1); 
        #pragma omp task shared(j) 
             j=fibonacci (n-2); 
       #pragma omp taskwait 
       return i+j; 
    } 
} 
 

int main () { 
    int res; 
    #pragma omp parallel 
    { 
        #pragma omp single 
        { 
            int n; 
            scanf("%d",&n); 
            #pragma omp task shared(res) 
                 res = fibonacci(n); 
         } 
    } 
    printf ("Finonacci number =  %d\n", res); 
} 
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Д ект  taskwait 

 

#pragma omp task {}  // Task1 

#pragma omp task // Task2 

{ 

    #pragma omp task {} // Task3 

} 

#pragma omp task {} // Task4 

 

#pragma omp taskwait 

//       Task1 && Task2  && Task4 
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Д ект  taskgroup 

 

#pragma omp task {}  // Task1 

#pragma omp taskgroup 

{ 

   #pragma omp task // Task2 

   { 

      #pragma omp task {} // Task3 

   } 

   #pragma omp task {} // Task4 

} 

//       Task2 && Task3  && Task4 
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пол о е д ект  taskgroup 

struct tree_node 

{ 

   struct tree_node *left, *right; 

   float *data; 

}; 

typedef struct tree_node* tree_type; 

void compute_tree(tree_type tree) 

{ 

   if (tree->left) 

   { 

     #pragma omp task 

        compute_tree(tree->left); 

   } 

   if (tree->right) 

   { 

     #pragma omp task 

        compute_tree(tree->right); 

   } 

   #pragma omp task 

       compute_something(tree->data); 

} 

 

 

 

int main() 

{ 

  tree_type tree; 

  init_tree(tree); 

  #pragma omp parallel 

  #pragma omp single 

  { 

    #pragma omp task 

       start_background_work();     

    #pragma omp taskgroup 

    { 

      #pragma omp task 

        compute_tree(tree); 

    } 

    print_something ();  

  } // only now background work is required 

}   // to be complete 
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 OpenMP –      
     
     

    OpenMP-  

 OpenMP 4.0 

 

оде е 
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В ут е е пе е е е, уп л е пол е е  
OpenMP-п о  ICV-Internal Control Variables) 

  : 
 nthreads-var 
 thread-limit-var 
 dyn-var 
 nest-var 
 max-active-levels-var 
 

 : 
 run-sched-var 
 def-sched-var 
 

  : 
 stacksize-var 
 wait-policy-var 
 bind-var 
 cancel-var 
 place-partition-var 
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Internal Control Variables. nthreads-var 

void work(); 
 
int main () { 
    omp_set_num_threads(3); 
    #pragma omp parallel 
    { 
        omp_set_num_threads(omp_get_thread_num ()+2); 
        #pragma omp parallel 
            work(); 
    } 
} 
 
 
 
            

 

   OpenMP 2.5 

К   OpenMP 3.0 
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 . 

 :   . 
       . 

   : 

C shell: 

setenv OMP_NUM_THREADS 4,3,2 

Korn shell: 

export OMP_NUM_THREADS=16 

Windows: 

set OMP_NUM_THREADS=16 

 

void omp_set_num_threads(int num_threads); 

   : 

int omp_get_max_threads(void); 

Internal Control Variables. nthreads-var 
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   ,    
    . 

 :   . 
       . 

   : 

C shell: 

setenv OMP_THREAD_LIMIT 16 

Korn shell: 

export OMP_THREAD_LIMIT=16 

Windows: 

set OMP_THREAD_LIMIT=16 

 

   : 

int omp_get_thread_limit(void) 

Internal Control Variables. thread-limit-var 
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/  ,       
      . 

 :      , 
 false.  

       . 
   : 

C shell: 

setenv OMP_DYNAMIC true 

Korn shell: 

export OMP_DYNAMIC=true 

Windows: 

set OMP_DYNAMIC=true 

void omp_set_dynamic(int dynamic_threads); 

 

   : 

int omp_get_dynamic(void); 

Internal Control Variables. dyn-var 
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/     . 
 : false.  

       . 
   : 

C shell: 

setenv OMP_NESTED true 

Korn shell: 

export OMP_NESTED=false 

Windows: 

set OMP_NESTED=true 

 

void omp_set_nested(int nested); 

 

   : 

int omp_get_nested(void); 

Internal Control Variables. nest-var 
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. 

 :   .  

       . 
   : 

C shell: 

setenv OMP_MAX_ACTIVE_LEVELS 2 

Korn shell: 

export OMP_MAX_ACTIVE_LEVELS=3 

Windows: 

set OMP_MAX_ACTIVE_LEVELS=4 

 

void omp_set_max_active_levels (int max_levels); 

   : 

int omp_get_max_active_levels(void); 

 

Internal Control Variables. max-active-levels-var 
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      ,   
 schedule(runtime). 

 :   .  

       . 
   : 

C shell: 

setenv OMP_SCHEDULE "guided,4" 

Korn shell: 

export OMP_SCHEDULE "dynamic,5" 

Windows: 

set OMP_SCHEDULE=static 

 

void omp_set_schedule(omp_sched_t kind, int modifier); 

   : 

void omp_get_schedule(omp_sched_t * kind, int * modifier ); 

typedef enum omp_sched_t { 
    omp_sched_static = 1, 
    omp_sched_dynamic = 2, 
    omp_sched_guided = 3, 
    omp_sched_auto = 4 
} omp_sched_t; 
 

Internal Control Variables. run-sched-var 
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        . 
 :   .  

       . 
 

void work(int i); 

 

int main () { 

    #pragma omp parallel 

    { 

        #pragma omp for 

             for (int i=0;i<N;i++)  work (i); 

    } 

} 

Internal Control Variables. def-sched-var 
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    ,    

.  
 stack-size-var   . 

 :   .  

       . 
   : 

setenv OMP_STACKSIZE 2000500B 

setenv OMP_STACKSIZE "3000 k" 

setenv OMP_STACKSIZE 10M 

setenv OMP_STACKSIZE "10 M" 

setenv OMP_STACKSIZE "20 m" 

setenv OMP_STACKSIZE "1G" 

setenv OMP_STACKSIZE 20000   #  Size in Kilobytes 

 

Internal Control Variables. stack-size-var 
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int main () { 

    int a[1024][1024]; 

    #pragma omp parallel private (a) 

    { 

        for (int i=0;i<1024;i++) 

           for (int j=0;j<1024;j++) 

             a[i][j]=i+j; 

    } 

} 

 

 

icl /Qopenmp test.cpp  
Program Exception – stack overflow 

Linux: ulimit -a 
ulimit -s <stacksize in Кbytes> 

 
Windows: /F<stacksize in bytes> 
-Wl,--stack, <stacksize in bytes> 

 
setenv KMP_STACKSIZE 10m 

setenv GOMP_STACKSIZE 10000 
 

setenv OMP_STACKSIZE 10M 

Internal Control Variables. stack-size-var 
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 OpenMP-        . 
 :   .  
       . 

   : 
setenv OMP_WAIT_POLICY ACTIVE 
setenv OMP_WAIT_POLICY active 
setenv OMP_WAIT_POLICY PASSIVE 
setenv OMP_WAIT_POLICY passive 

IBM AIX 
SPINLOOPTIME=100000  
YIELDLOOPTIME=40000  

Internal Control Variables. wait-policy-var 



23  

М а, 2015 Тех  а а е ь  а а  OpenMP 152  196 

     ICV 

omp_set_dynamic() OMP_DYNAMIC dyn-var 

omp_set_nested() OMP_NESTED nest-var 

num_threads omp_set_num_threads() OMP_NUM_THREADS nthreads-var 

schedule omp_set_schedule() OMP_SCHEDULE run-sched-var 

schedule def-sched-var 

OMP_STACKSIZE stacksize-var 

OMP_WAIT_POLICY wait-policy-var 

OMP_THREAD_LIMIT thread-limit-var 

omp_set_max_active_ 

levels() 

OMP_MAX_ACTIVE_ 

LEVELS 
max-active-levels-var 

Internal Control Variables. о тет  
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int omp_get_num_threads(void); 

-        

 

#include <omp.h> 

void work(int i); 

void test() 

{ 

     int np; 

     np = omp_get_num_threads(); /* np == 1*/ 

     #pragma omp parallel private (np) 

     { 

         np = omp_get_num_threads(); 

         #pragma omp for schedule(static) 

         for (int i=0; i < np; i++) 

              work(i); 

      } 

} 

те  подде к  пол е  OpenMP-п о  
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int omp_get_thread_num(void); 

-      [0: omp_get_num_threads()-1] 

 

#include <omp.h> 

void work(int i); 

void test() 

{ 

     int iam; 

     iam = omp_get_thread_num(); /* iam == 0*/ 

     #pragma omp parallel private (iam) 

     { 

         iam = omp_get_thread_num(); 

         work(iam); 

      } 

} 

те  подде к  пол е  OpenMP-п о  
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int omp_get_num_procs(void); 

-   ,     

 

#include <omp.h> 

void work(int i); 

void test() 

{ 

     int nproc; 

     nproc = omp_get_num_ procs(); 

    #pragma omp parallel num_threads(nproc) 

     { 

         int iam = omp_get_thread_num(); 

         work(iam); 

      } 

} 

те  подде к  пол е  OpenMP-п о  
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int omp_get_level(void) 

 -       . 
#include <omp.h> 

void work(int i) { 

 #pragma omp parallel 

    { 

        int ilevel = omp_get_level (); 

    } 

} 

void test() 

{ 

     int ilevel = omp_get_level (); /*ilevel==0*/ 

    #pragma omp parallel private (ilevel) 

    { 

         ilevel =  omp_get_level (); 

         int iam = omp_get_thread_num(); 

         work(iam); 

      } 

} 

те  подде к  пол е  OpenMP-п о  
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int omp_get_active_level(void) 

 -      
(  2-    ). 
#include <omp.h> 

void work(int iam, int size) { 

 #pragma omp parallel 

    { 

        int ilevel = omp_get_active_level (); 

    } 

} 

void test() 

{ 

    int size = 0; 

    int ilevel = omp_get_active_level (); /*ilevel==0*/ 

    scanf("%d",&size); 

    #pragma omp parallel if (size>10) 

    { 

        int iam = omp_get_thread_num(); 

         work(iam, size); 

      } 

} 

те  подде к  пол е  OpenMP-п о  
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int omp_get_ancestor_thread_num (int level) 

 -  ,   ,   -
,      . 

 

omp_get_ancestor_thread_num (0)  = 0 

 

If (level==omp_get_level()) { 

    omp_get_ancestor_thread_num (level) == omp_get_thread_num (); 

} 

 

If ((level<0)||(level>omp_get_level())) { 

    omp_get_ancestor_thread_num (level) == -1; 

} 

 

те  подде к  пол е  OpenMP-п о  
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int omp_get_team_size(int level); 

 -      . 
 

omp_get_team_size (0)  = 1 

 

If (level==omp_get_level()) { 

     omp_get_team_size (level) == omp_get_num _threads (); 

} 

 

If ((level<0)||(level>omp_get_level())) { 

     omp_get_team_size (level) == -1; 

} 

 

те  подде к  пол е  OpenMP-п о  
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double omp_get_wtime(void); 

      ,   
   .      

 ,        
 . ,   ,   
  ,       . 

 

double start; 

double end; 

start = omp_get_wtime(); 

/*... work to be timed ...*/ 

end = omp_get_wtime(); 

printf("Work took %f seconds\n", end - start); 

 

double omp_get_wtick(void); 

-      (    
  ).  

те  подде к  пол е  Ope MP-п о . 
Фу к  от  о е е е  
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 OpenMP –      
     
     

    OpenMP-  

 OpenMP 4.0 

оде е 
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    / cancellation constructs 

     

  /  

 

о е о о о т  OpenMP 4.0 



23  

М а, 2015 Тех  а а е ь  а а  OpenMP 163  196 

пол о е екто  

 

void add_float (float *restrict a, float *restrict b, float *restrict c,  

float *restrict d, float *restrict e, int n) // C99 

{ 

    for (int i=0; i<n; i++) 

      a[i] = a[i] + b[i] + c[i] + d[i] + e[i]; 

} 
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пол о е екто . пе к  simd 

#pragma omp simd [clause[[,] clause]..] 

       for-loops 

 

#pragma omp for simd [clause[[,] clause]..] 

       for-loops 
   : 

 safelen (length) 
 linear (list[:linear-step]) 
 aligned (list[:alignment]) 
 private (list) 
 lastprivate (list) 
 reduction (reduction-identifier: list)  
 collapse (n) 
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пол о е екто  

 

void add_float (float *a, float *b, float *c, float *d, float *e, int n) 

{ 

   #pragma omp simd 

   for (int i=0; i<n; i++) 

      a[i] = a[i] + b[i] + c[i] + d[i] + e[i]; 

} 

 

 

void add_float (float *restrict a, float *restrict b, float *restrict c,  

float *restrict d, float *restrict e, int n) // C99 

{ 

    for (int i=0; i<n; i++) 

      a[i] = a[i] + b[i] + c[i] + d[i] + e[i]; 

} 
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пол о е екто . пе к  declare simd 

#pragma omp declare simd [clause[[,] clause]..] 

 function definition or declaration 
 

   : 
 simdlen (length)  
      the largest size for a vector that the compiler is free to assume 
 linear (argument-list[:constant-linear-step]) 
 in serial execution parameters are incremented by steps (induction variables with 

constant stride) 
 aligned (argument-list[:alignment]) 
 all arguments in the argument-list are aligned on a known boundary not less than the 

specified alignment 
 uniform (argument-list)  
 shared, scalar parameters are broadcasted to all iterations 
 inbranch 
 notinbranch 
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пол о е екто  

#pragma omp declare simd notinbranch 

float min(float a, float b) { 

   return a < b ? a : b; 

} 

 

#pragma omp declare simd notinbrach 

float distance (float x, float y) { 

   return (x - y) * (x - y); 

} 

 

#pragma omp parallel for simd 

for (i=0; i<N; i++)  

   d[i] = min (distance (a[i], b[i]), c[i]); 
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#pragma omp cancel clause[[,] clause ] 
 clause д а : 
 parallel 
 sections 
 for 
 taskgroup 
 if (scalar-expression) 

   

#pragma omp cancellation point clause[[,] clause ] 
 clause д а : 
 parallel 
 sections 
 for 
 taskgroup 

 
   : 

 omp_get_cancellation 
 

  : 
 OMP_CANCELLATION 

 
 
 

Cancellation Constructs 
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void example() { 

    std::exception *ex = NULL; 

    #pragma omp parallel shared(ex) 

    { 

        #pragma omp for 

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

            try { 

                causes_an_exception(); 

            } catch (std::exception *e) { 

                #pragma omp atomic write 

                   ex = e; // still must remember exception for later handling 

               #pragma omp cancel for // cancel worksharing construct 

            } 

        } 

        if (ex) { // if an exception has been raised, cancel parallel region 

           #pragma omp cancel parallel 

        } 

   } 

   if (ex) {  // handle exception stored in ex 

   } 

} 

 

О отк  кл тел  ту  
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typedef struct binary_tree_s { 

   int value; 

   struct binary_tree_s *left, *right; 

} binary_tree_t; 

 

binary_tree_t *search_tree_parallel (binary_tree_t *tree, int value) { 

    binary_tree_t *found = NULL; 

#pragma omp parallel shared(found, tree, value) 

    { 

#pragma omp master 

        { 

#pragma omp taskgroup 

            { 

                found = search_tree(tree, value, 0); 

            } 

        } 

    } 

    return found; 

} 

о к  де е е т   
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binary_tree_t *search_tree(binary_tree_t *tree, int value, int level) { 

    binary_tree_t *found = NULL; 

    if (tree) { 

        if (tree->value == value) { 

            found = tree; 

        } else { 

            #pragma omp task shared(found) if(level < 10) 

            { 

                binary_tree_t *found_left = NULL; 

                found_left = search_tree(tree->left, value, level + 1); 

                if (found_left) { 

                    #pragma omp atomic write 

                       found = found_left; 

                    #pragma omp cancel taskgroup 

                } 

            } 

  

о к  де е е т    
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            #pragma omp task shared(found) if(level < 10) 

            { 

                binary_tree_t *found_right = NULL; 

                found_right = search_tree(tree->right, value, level + 1); 

                if (found_right) { 

                    #pragma omp atomic write 

                        found = found_right; 

                    #pragma omp cancel taskgroup 

                } 

            } 

           #pragma omp taskwait 

        } 

    } 

    return found; 

} 

 

  

о к  де е е т    
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setenv OMP_PLACES=cores  

setenv OMP_PLACES="(0,1),(2,3),(4,5),(6,7),(8,9),(10,11),(12,13),(14,15)" 
setenv OMP_PLACES="(0:2):2:8" 

 

 

setenv OMP_PLACES threads  

setenv OMP_PLACES "threads(4)" 

setenv OMP_PLACES "{0,1,2,3},{4,5,6,7},{8,9,10,11},{12,13,14,15}" 

setenv OMP_PLACES "{0:4},{4:4},{8:4},{12:4}" 

setenv OMP_PLACES "{0:4}:4:4" 

 

к  те  к д  
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е е OpenMP дл  пол о  у ко теле  

… 

Node 1 Node 64 
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Ал о т  Яко   ке нortra  

        PROGRAM    JACOB_SEQ 
        PARAMETER    (L=4096,  ITMAX=100) 
        REAL     A(L,L), B(L,L) 
      PRINT *,  '**********  TEST_JACOBI   **********' 
        DO IT  =  1,  ITMAX 
              DO  J  =  2, L-1 
                      DO  I  =  2, L-1 
                             A(I, J)  =  B(I, J) 
                      ENDDO 
              ENDDO 
              DO  J = 2,  L-1 
                     DO  I = 2,  L-1 
                            B(I, J) =  (A(I-1, J) + A(I, J-1) +  A(I+1, J) + 
      *                        A(I, J+1)) / 4 
                     ENDDO 
               ENDDO 
         ENDDO 
         END 
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Ал о т  Яко   ке нortra  Cuda 

 PROGRAM JACOB_CUDA 
 use cudafor 
 use jac_cuda 
       PARAMETER (L=4096,  ITMAX=100) 
 parameter (block_dim = 16) 
 real, device, dimension(l, l) :: a, b 
 type(dim3) :: grid, block 
 PRINT *, '*****  TESTИJACOBI   *******’ 
 grid = dim3(l / block_dim, l / block_dim, 1) 
 block = dim3(block_dim, block_dim, 1) 
       DO IT = 1, ITMAX 
     call arr_copy<<<grid, block>>>(a, b, l) 
     call arr_renew<<<grid, block>>>(a, b, l) 
 ENDDO 
END 
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Ал о т  Яко   ке нortra  Cuda 

 module jac_cuda 
 contains 
 attributes(global) subroutine arr_copy(a, b, k) 
    real, device, dimension(k, k) :: a, b 
      integer, value :: k 
    integer i, j 
    i = (blockIdx%x - 1) * blockDim%x + threadIdx%x 
    j = (blockIdx%y - 1) * blockDim%y + threadIdx%y 
     if (i.ne.1 .and. i.ne.k .and. j.ne.1 .and. j.ne.k) A(I, J) = B(I, J) 
 end subroutine arr_copy 
 attributes(global) subroutine arr_renew(a, b, k) 
    real, device, dimension(k, k) :: a, b 
    integer, value :: k 
    integer i, j 
          i = (blockIdx%x - 1) * blockDim%x + threadIdx%x 
          j = (blockIdx%y - 1) * blockDim%y + threadIdx%y 
       if (i.ne.1 .and. i.ne.k .and. j.ne.1 .and. j.ne.k)  B(I,J) =(A( I-1,J)+A(I,J-1)+A(I+1,J)+ 
A(I,J+1))/4 
 end subroutine arr_renew 
end module jac_cuda 
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Ал о т  Яко   одел  HMPP 

!$HMPP jacoby codelet, target = CUDA 
              SUBROUTINE JACOBY(A,B,L) 
              IMPLICIT NONE 
              INTEGER, INTENT(IN) :: L 
              REAL, INTENT(IN) :: A(L,L) 
              REAL, INTENT(INOUT) :: B(L,L) 
              INTEGER I,J 
              DO  J  =  2, L-1 
                   DO  I  =  2, L-1 
                         A(I,J)  =  B(I,J) 
         ENDDO 
              ENDDO      
          DO  J = 2,  L-1 
                     DO  I = 2,  L-1 
                  B(I,J) =  (A(I-1,J ) + A(I,J-1 ) +  
     *                  A(I+1,J ) + A(I,J+1 )) / 4 
       ENDDO 
          ENDDO 
              END SUBROUTINE JACOBY 

              PROGRAM JACOBY_HMPP 

              PARAMETER    (L=4096,  ITMAX=100) 

              REAL     A(L,L), B(L,L) 

             PRINT *,  '**********TEST_JACOBI**********‘ 
              DO IT  =  1,  ITMAX 

!$HMPP    jacoby callsite 

                 CALL JACOBY(A,B,L) 

              ENDDO 

                PRINT *, B  

              END  
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Ал о т  Яко   одел  HMPP 

             PROGRAM    JACOBY_HMPP 
              PARAMETER    (L=4096,  ITMAX=100) 
              REAL     A(L,L), B(L,L) 
!$hmpp jac allocate, args[A;B].size={L,L} 
!$hmpp jac advancedload, args[B] 
               PRINT *,  '**********  TEST_JACOBI   **********' 
               DO IT  =  1,  ITMAX 
!$hmpp jac region, args[A;B].noupdate=true 

           DO  J  =  2, L-1 
                           DO  I  =  2, L-1 
                                  A(I, J)  =  B(I, J) 
                           ENDDO 

     ENDDO      
                       DO  J = 2,  L-1 

                           DO  I = 2,  L-1 

                                 B(I, J)=(A(I-1,J)+A(I,J-1)+A(I+1,J) + 

               *                      A(I, J+1)) / 4 

                            ENDDO 

                        ENDDO 

          !$hmpp jac endregion 

                        ENDDO 

          !$hmpp jac delegatedstore, args[B] 

          !$hmpp jac release 

                        PRINT *,B 

                        END  
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Ал о т  Яко   одел  PGI APM 

PROGRAM JACOBY_PGI_APM 
PARAMETER    (L=4096,  ITMAX=100) 
REAL     A(L,L), B(L,L) 
PRINT *,  '**********  TEST_JACOBI   **********' 

!$acc data region copyin(B), copyout(B), local(A) 
DO IT  =  1,  ITMAX 

!$acc      region 
DO  J  =  2, L-1 

DO  I  =  2, L-1 
A(I,J)  =  B(I,J) 

                   ENDDO 
ENDDO      
DO  J = 2,  L-1 

DO  I = 2,  L-1 
B(I,J) =  (A(I-1,J ) + A(I,J-1 ) + A(I+1,J ) + A(I,J+1 )) / 4 

                  ENDDO 
ENDDO 

!$acc      end  region  
ENDDO 

!$acc end data region 
PRINT *, B  
END  
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Cray Compiling Environment 7.4.0 

!$omp acc_region 
!$omp acc_loop 
           DO j = 1,M 
              DO i = 2,N 
                   c(i,j) = a(i,j) + b(i,j) 
               ENDDO 
            ENDDO 
!$omp end acc_loop 
!$omp end acc_region 
 
acc_region:  
    acc_copy, acc_copyin, acc_copyout, acc_shared, private, firstprivate, 

default(<any of above>|none), present, if(scalar-logical-expression), 
device(integer-expression), num_pes(depth:num [, depth:num]), 
async(handle) 

 
acc_loop:  
   rОНuМtТon(opОrator:lТst), МollapsО(n), sМСОНulО, МaМСО(obУД:НОptС], СОtОro… 
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OpenACC 

#pragma acc data copy(A), create(Anew) 
while (iter<iter_max) { 
   #pragma acc kernels loop  
   for (int j = 1; j < n-1; j++) { 
       for (int I = 1; I < m-1; i++) { 
           Anew[j][i] = 0.25* (A[j][i+1] + A[j][i-1] +A[j-1][i] + A[j+1][i]); 
       } 
    } 
   #pragma acc kernels loop 
   for (int j = 1; j < n-1; j++) { 
       for (int I = 1; i< m-1;i++ ) { 
          A[j][i] = Anew[j][i]; 
       } 
   } 
   iter++; 
 } 
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Intel Many Integrated Core  (MIC) 

 
!dir$ offload target(mic) 
!$omp parallel do 
            do i=1,10 
                 A(i) = B(i) * C(i) 
            enddo 
!$omp end parallel 
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OpenMP accelerator model 

  
 target 
 target data 
 target update 
 teams 
ditribute 
 

    
omp_get_num_devices 
omp_set_default_device 
omp_get_default_device 
omp_is_initial_device 
omp_get_num_teams 
omp_get_team_num 
 
 

   
OMP_DEFAULT_DEVICE 
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OpenMP accelerator model. Д ект  target  

  #pragma omp target [clause[[,] clause ]] 

   structured-block 
 

 clause д а : 
device(integer-expression) 
map ([map-type]:list) 
map-type: 

•  alloc 
•  to 
•  from 
•    tofrom (  ) 

if (scalar-expression) 
 
sum=0; 
#pragma omp target device(acc0) map(A,B) 
#pragma omp parallel for reduction(+: sum) 
   for (i=0;i<N;i++)  
        sum += A[i]*B[i]; 
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OpenMP accelerator model  

  #pragma omp target data [clause[[,] clause ]] 

   structured-block 
 

 clause д а : 
device(integer-expression) 
map ([map-type]:list) 
map-type: 

•  alloc 
•  to 
•  from 
•  tofrom 

if (scalar-expression) 
 

#pragma omp target update[clause[[,] clause ]] 
 

 clause д а : 
to (list) 
from (list) 
device(integer-expression) 
if (scalar-expression) 
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OpenMP accelerator model. Д ект  target data 

  #pragma omp target data device(acc0) map(alloc: tmp[0:N]) \ 

         map(to: input[:N)) map(from: output) 

{ 

   #pragma omp target device(acc00)  

   #pragma omp parallel for 

      for (int i=0; i<N; i++) 

           tmp[i] = some_device_computation (input[i]); 

 

   input[0] = some_host_computation (); 

   #pragma omp target update to (input[0]) device(acc0)  

 

   #pragma omp target device(acc0)  

   #pragma omp parallel for reduction(+: output) 

       for (int i=0; i<N; i++) output += final_device_computation (tmp[i], input[i]) 

} 
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OpenMP accelerator model. Д ект  declare target 

  #pragma omp declare target 

   function-defenition-or-declaration 
 
#pragma omp declare target 
   float Q[N][N]; 
   #pragma omp declare simd uniform(i) linear(j) notinbranch 
   float func(const int i, const int j) 
   { 
      return Q[i][j] * Q[j][i]; 
   } 
#pragma omp end declare target 
 
… 
#pragma omp target 
#pragma omp parallel for reduction(+: sum) 
  for (int i=0; i < N; i++) { 
    for (int j=0; j < N; j++) { 
        sum += func (i,j); 
    } 
  } 
 
… 
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OpenMP accelerator model. Д ект  teams 

  #pragma omp teams [clause[ [, ]clause] ,...]  

    structured-block 

 

  clause  : 

• num_teams (integer-expression) 

• thread_limit (integer-expression) 

• private (list) 

• firstprivate (list) 

• shared (list) 

• default (shared | none) 

• reduction (reduction-identifier: list) 
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пол о е д ект  teams 

  float dotprod(float B[], float C[], int N) 

{ 

   float sum0 = 0.0, sum1 = 0.0; 

   #pragma omp target map(to: B[:N], C[:N]) 

   #pragma omp teams num_teams(2) 

   { 

      if (omp_get_team_num() == 0) 

      { 

    #pragma omp parallel for reduction(+:sum0) 

     for (int i=0; i<N/2; i++) 

        sum0 += B[i] * C[i]; 

       } else if (omp_get_team_num() == 1) { 

       #pragma omp parallel for reduction(+:sum1) 

      for (int i=N/2; i<N; i++) 

       sum1 += B[i] * C[i]; 

       } 

   } 

   return sum0 + sum1; 

} 
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OpenMP accelerator model. Д ект  distribute 

  #pragma omp distribute [clause[ [, ]clause] ,...]  

    for-loops 

 

  clause  : 

• private (list) 

• firstprivate (list) 

• collapse (n) 

• dist_schedule (kind[,: chunk_size]) //  kind=static 

 

    teams. 
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OpenMP accelerator model. Д ект  distribute 

  float dotprod(float B[], float C[], int N) 

{ 

   float sum = 0; 

   int i; 

   #pragma omp target teams map(to: B[0:N], C[0:N]) 

   #pragma omp distribute parallel for reduction(+:sum) 

   for (i=0; i<N; i++) 

      sum += B[i] * C[i]; 

   return sum; 

} 
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OpenMP accelerator model. Д ект  teams&&distribute 

  #pragma omp declare target 

extern void func(int, int, int); 

 

#pragma omp target device(0) 

#pragma omp teams num_teams(60) num_threads (4)  

// 60 physical cores, 4 threads in each team 

{ 

   #pragma omp distribute // this loop is distributed across teams 

   for (int i = 0; i < 2048; i++) { 

      #pragma omp parallel for // loop is executed in parallel by 4 threads of team 

      for (int j = 0; j < 512; j++) { 

         #pragma omp simd  // create SIMD vectors for the machine 

         for (int k=0; k<32; k++) { 

             func (i,j,k); 

         } 

      } 

   } 

} 
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OpenMP accelerator model. о е е екто о  

  
void vec_mult(float *p, int N, int dev) 

{ 

   float *v1, *v2; int i; 

   #pragma omp task shared(v1, v2) depend(out: v1, v2) 

   #pragma omp target device(dev) map(v1, v2) 

   { 

       v1=malloc(N*sizeof(float)); v2=malloc(N*sizeof(float)); init_on_device(v1,v2,N); 

   } 

   func (); // execute other work asychronously 

   #pragma omp task shared(v1, v2, p) depend(in: v1, v2) 

   #pragma omp target device(dev) map(to: v1, v2) map(from: p[0:N]) 

   { 

       #pragma omp parallel for 

           for (i=0; i<N; i++) p[i] = v1[i] * v2[i];  

       free(v1); free(v2); 

   } 

   #pragma omp taskwait 

   output(p, N); 

} 

extern void func_on_host(); 

extern void output_on_host(float *,int); 

#pragma omp declare target 

extern void init_on_device(float *,float *,int); 
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 OpenMP Application Program Interface Version 4.0, July 2013. 
http://www.openmp.org/mp-documents/OpenMP4.0.0.pdf 
  . .     

 OpОnMP:  .- .: -  , 2009. 
http://parallel.ru/info/parallel/openmp/OpenMP.pdf 

 Э. , .  .  .   
. – . , 2003 

  . .,  . .  . – .: 
- , 2002. 

                        
ftp://ftp.keldysh.ru/K_student/Academy2015/OpenMP.ppt 

 

Л те ту  

http://www.openmp.org/mp-documents/OpenMP4.0.0.pdf
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http://www.openmp.org/mp-documents/spec30.pdf
http://parallel.ru/info/parallel/openmp/OpenMP.pdf
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ftp://ftp.keldysh.ru/K_student/Academy2015/OpenMP.ppt
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