
Ɍɟɯɧɨɥɨɝɢɹ ɩɚɪɚɥɥɟɥɶɧɨɝɨ ɩɪɨɝɪɚɦɦɢɪɨɜɚɧɢɹ 
OpenMP 

 
Ȼɚɯɬɢɧ ȼɥɚɞɢɦɢɪ Ⱥɥɟɤɫɚɧɞɪɨɜɢɱ 
ɤ.ɮ.-ɦ.ɧ., ɡɚɜ. ɫɟɤɬɨɪɨɦ Иɧɫɬɢɬɭɬɚ ɩɪɢɤɥɚɞɧɨɣ 
ɦɚɬɟɦɚɬɢɤɢ ɢɦ Ɇ.В.Ʉɟɥɞɵɲɚ РАɇ 
ɚɫɫɢɫɬɟɧɬ ɤɚɮɟɞɪɵ ɫɢɫɬɟɦɧɨɝɨ ɩɪɨɝɪɚɦɦɢɪɨɜɚɧɢя 
ɮɚɤɭɥɶɬɟɬɚ ɜɵɱɢɫɥɢɬɟɥɶɧɨɣ ɦɚɬɟɦɚɬɢɤɢ ɢ 
ɤɢɛɟɪɧɟɬɢɤɢ Ɇɨɫɤɨɜɫɤɨɝɨ ɭɧɢɜɟɪɫɢɬɟɬɚ ɢɦ. Ɇ.В. 
Ʌɨɦɨɧɨɫɨɜɚ 
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 Ɍɟɧɞɟɧɰɢɢ ɪɚɡɜɢɬɢɹ ɫɨɜɪɟɦɟɧɧɵɯ ɜɵɱɢɫɥɢɬɟɥɶɧɵɯ ɫɢɫɬɟɦ 

 OpenMP – ɦɨɞɟɥɶ ɩɚɪɚɥɥɟɥɢɡɦɚ ɩɨ ɭɩɪɚɜɥɟɧɢɸ  
 Ʉɨɧɫɬɪɭɤɰɢɢ ɪɚɫɩɪɟɞɟɥɟɧɢɹ ɪɚɛɨɬɵ  
 Ʉɨɧɫɬɪɭɤɰɢɢ ɞɥɹ ɫɢɧɯɪɨɧɢɡɚɰɢɢ ɧɢɬɟɣ 

 ɋɢɫɬɟɦɚ ɩɨɞɞɟɪɠɤɢ ɜɵɩɨɥɧɟɧɢɹ OpenMP-ɩɪɨɝɪɚɦɦ.  
 OpenMP 4.0 

ˁоде̛̬̙̦̌е 
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е˃̦де̶̛̛̦ ̛̬̌̏̚т̛́ ̭о̬̏е̥е̵̦̦̼ п̬о̶е̭̭о̬о̏ 

ȼ ɬɟɱɟɧɢɟ ɧɟɫɤɨɥɶɤɢɯ ɞɟɫɹɬɢɥɟɬɢɣ ɪɚɡɜɢɬɢɟ ЭȼɆ ɫɨɩɪɨɜɨɠɞɚɥɨɫɶ 
ɭɞɜɨɟɧɢɟɦ ɢɯ ɛɵɫɬɪɨɞɟɣɫɬɜɢɹ ɤɚɠɞɵɟ 1.5-2 ɝɨɞɚ. Эɬɨ ɨɛɟɫɩɟɱɢɜɚɥɨɫɶ ɢ 
ɩɨɜɵɲɟɧɢɟɦ ɬɚɤɬɨɜɨɣ ɱɚɫɬɨɬɵ ɢ ɫɨɜɟɪɲɟɧɫɬɜɨɜɚɧɢɟɦ ɚɪɯɢɬɟɤɬɭɪɵ 
(ɩɚɪɚɥɥɟɥɶɧɨɟ ɢ ɤɨɧɜɟɣɟɪɧɨɟ ɜɵɩɨɥɧɟɧɢɟ ɤɨɦɚɧɞ).  
ɍɡɤɢɦ ɦɟɫɬɨɦ ɫɬɚɥɚ ɨɩɟɪɚɬɢɜɧɚɹ ɩɚɦɹɬɶ. Ɂɧɚɦɟɧɢɬɵɣ ɡɚɤɨɧ Ɇɭɪɚ, ɬɚɤ 
ɯɨɪɨɲɨ ɪɚɛɨɬɚɸɳɢɣ ɞɥɹ ɩɪɨɰɟɫɫɨɪɨɜ, ɫɨɜɟɪɲɟɧɧɨ ɧɟ ɩɪɢɦɟɧɢɦ ɞɥɹ 
ɩɚɦɹɬɢ, ɝɞɟ ɫɤɨɪɨɫɬɢ ɞɨɫɬɭɩɚ ɭɞɜɚɢɜɚɸɬɫɹ ɜ ɥɭɱɲɟɦ ɫɥɭɱɚɟ ɤɚɠɞɵɟ 5-6 
ɥɟɬ.  
ɋɨɜɟɪɲɟɧɫɬɜɨɜɚɥɢɫɶ ɫɢɫɬɟɦɵ ɤɷɲ-ɩɚɦɹɬɢ, ɭɜɟɥɢɱɢɜɚɥɫɹ ɨɛɴɟɦ, 
ɭɫɥɨɠɧɹɥɢɫɶ ɚɥɝɨɪɢɬɦɵ ɟɟ ɢɫɩɨɥɶɡɨɜɚɧɢɹ.  
Ⱦɥɹ ɩɪɨɰɟɫɫɨɪɚ 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 

ȼɚɠɧɵɦ ɩɚɪɚɦɟɬɪɨɦ ɫɬɚɧɨɜɢɬɫɹ - GUPS (Giga Updates Per Second) 
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е˃̦де̶̛̛̦ ̛̬̌̏̚т̛́ ̭о̬̏е̥е̵̦̦̼ п̬о̶е̭̭о̬о̏ 

ȼɪɟɦɹ 

ȼ ɉ ȼ ɉ ȼ ɉ 

ȼ ɉ ȼ ɉ ȼ ɉ 

ɉɨɬɨɤ 

ɉɨɬɨɤ 

В̬е̥́ 

ȼ ɉ ȼ ɉ ȼ ɉ ɉɨɬɨɤ 1 

ȼ ɉ ȼ ɉ ȼ ɉ 

ȼ ɉ ȼ ɉ ȼ ɉ 

ȼ ɉ ȼ ɉ ȼ ɉ 

ɉɨɬɨɤ 2 

ɉɨɬɨɤ 3 

ɉɨɬɨɤ 4 

ȼ - ɜɵɱɢɫɥɟɧɢɹ ɉ - ɞɨɫɬɭɩ ɤ ɩɚɦɹɬɢ 

Chip 
MultiThreading 

ɭɜɟɥɢɱɢɥɢ ɩɪɨɢɡɜɨɞɢɬɟɥɶɧɨɫɬɶ ɩɪɨɰɟɫɫɨɪɚ ɜ 2 ɪɚɡɚ 
 

ɉɨɬɨɤ ɢɥɢ ɧɢɬɶ (ɩɨ-
ɚɧɝɥɢɣɫɤɢ “tСrОКН”) – ɷɬɨ 

ɥɟɝɤɨɜɟɫɧɵɣ ɩɪɨɰɟɫɫ, 
ɢɦɟɸɳɢɣ ɫ ɞɪɭɝɢɦɢ 

ɩɨɬɨɤɚɦɢ ɨɛɳɢɟ ɪɟɫɭɪɫɵ, 
ɜɤɥɸɱɚɹ ɨɛɳɭɸ 

ɨɩɟɪɚɬɢɜɧɭɸ ɩɚɦɹɬɶ.  
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Cупе̬ко̥п̽̀те̬̦̼е ̛̭̭те̥̼ (Top500) 
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№ 4  ɜ Top 500 

ɋɭɩɟɪɤɨɦɩɶɸɬɟɪ K computer, SPARC64 VIIIfx 2.0GHz, Tofu 
interconnect  

 ɉɢɤɨɜɚɹ ɩɪɨɢɡɜɨɞɢɬɟɥɶɧɨɫɬɶ - 11280 TFlop/s  

 ɑɢɫɥɨ ɹɞɟɪ ɜ ɫɢɫɬɟɦɟ —  705 024  

 ɉɪɨɢɡɜɨɞɢɬɟɥɶɧɨɫɬɶ ɧɚ LТЧpКМФ - 10510 TFХШp/s (93.17 % ɨɬ ɩɢɤɨɜɨɣ) 
 Эɧɟɪɝɨɩɨɬɪɟɛɥɟɧɢɟ ɤɨɦɩɥɟɤɫɚ  - 12659.89 ɤȼɬ  

 

 

 

Cупе̬ко̥п̽̀те̬̦̼е ̛̭̭те̥̼ (Top500) 
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№ 3  ɜ Top 500 

 

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

 ɉɢɤɨɜɚɹ ɩɪɨɢɡɜɨɞɢɬɟɥɶɧɨɫɬɶ – 20142.66 TFlop/s  

 ɑɢɫɥɨ ɹɞɟɪ ɜ ɫɢɫɬɟɦɟ —  1 572 864  

 ɉɪɨɢɡɜɨɞɢɬɟɥɶɧɨɫɬɶ ɧɚ LТЧpКМФ – 16324.75 TFlop/s (81.08 % ɨɬ 
ɩɢɤɨɜɨɣ) 

 Эɧɟɪɝɨɩɨɬɪɟɛɥɟɧɢɟ ɤɨɦɩɥɟɤɫɚ  - 7890.0 ɤȼɬ  

 

ȼɚɠɧɵɦ ɩɚɪɚɦɟɬɪɨɦ ɫɬɚɧɨɜɢɬɫɹ – Power Efficency (Megaflops/watt) 

 

Ʉɚɤ ɞɨɛɢɬɶɫɹ ɦɚɤɫɢɦɚɥɶɧɨɣ ɩɪɨɢɡɜɨɞɢɬɟɥɶɧɨɫɬɢ ɧɚ ȼɚɬɬ => Chip 
MultiProcessing, ɦɧɨɝɨɹɞɟɪɧɨɫɬɶ. 
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е˃̦де̶̛̛̦ ̛̬̌̏̚т̛́ ̭о̬̏е̥е̵̦̦̼ п̬о̶е̭̭о̬о̏ 

AMD OptОron ɫɟɪɢɢ 6300  

6380 SE 16 ɹɞɟɪ @ 2,5 ȽȽɰ, 16 ɆȻ 
L3 Cache 

6348 12 ɹɞɟɪ @ 2,8 ȽȽɰ, 16 ɆȻ L3 
Cache 

6328 8 ɹɞɟɪ @ 3,2 ȽȽɰ, 16 ɆȻ L3 
Cache 

6308 4 ɹɞɪɚ @ 3,5 ȽȽɰ, 16 ɆȻ L3 
Cache 

ɬɟɯɧɨɥɨɝɢɹ AMD Turbo CORE 

ɜɫɬɪɨɟɧɧɵɣ ɤɨɧɬɪɨɥɥɟɪ ɩɚɦɹɬɢ (4 
ɤɚɧɚɥɚ ɩɚɦɹɬɢ DDR3) 

4 ɤɚɧɚɥɚ «ɬɨɱɤɚ-ɬɨɱɤɚ» ɫ 
ɢɫɩɨɥɶɡɨɜɚɧɢɟɦ HyperTransort 3.0 



23 ɢɸɧɹ 
Мɨɫɤɜа, 2015 Техɧɨɥɨɝɢɹ ɩаɪаɥɥеɥьɧɨɝɨ ɩɪɨɝɪаɦɦɢɪɨɜаɧɢɹ OpenMP 9 ɢɡ 196 

е˃̦де̶̛̛̦ ̛̬̌̏̚т̛́ ̭о̬̏е̥е̵̦̦̼ п̬о̶е̭̭о̬о̏ 

Intel Xeon Processor ɫɟɪɢɢ E5 

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

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

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

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

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

 

 

 

Intel® Turbo Boost 

Intel® Hyper-Threading 

Intel® Intelligent Power 

Intel® QuickPath 
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е˃̦де̶̛̛̦ ̛̬̌̏̚т̛́ ̭о̬̏е̥е̵̦̦̼ п̬о̶е̭̭о̬о̏ 

Intel Core i7-3960X  Extreme Edition   

3,3 ȽȽɰ (3,9 ȽȽɰ) 

 6 ɹɞОɪ 

 12 ɩɨɬɨɤɨɜ ɫ ɬɟɯɧɨɥɨɝɢɟɣ IЧtОХ HвpОr-Threading  

 15 ɆȻ ɤɷɲ-ɩɚɦɹɬɢ IЧtОХ SЦКrt CКМСО  
 ɜɫɬɪɨɟɧɧɵɣ ɤɨɧɬɪɨɥɥɟɪ ɩɚɦɹɬɢ (4 ɤɚɧɚɥɚ ɩɚɦɹɬɢ 

DDR3 1066/1333/1600 ɆȽɰ ) 
 ɬɟɯɧɨɥɨɝɢɹ Intel QuickPath Interconnect  
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е˃̦де̶̛̛̦ ̛̬̌̏̚т̛́ ̭о̬̏е̥е̵̦̦̼ п̬о̶е̭̭о̬о̏ 

Intel Itanium ɫɟɪɢɢ 9500 

                     9560 8 ɹɞɟɪ @ 2,53 ȽȽɰ, 16 ɧɢɬɟɣ, 32 ɆȻ L3 CКМСО 

                     9550 4 ɹɞɪɚ @ 2,40 ȽȽɰ, 8 ɧɢɬɟɣ, 32 ɆȻ L3 CКМСО 
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е˃̦де̶̛̛̦ ̛̬̌̏̚т̛́ ̭о̬̏е̥е̵̦̦̼ п̬о̶е̭̭о̬о̏ 

IBM Power8 

 2,75 – 4,2 ȽȽɰ 

 12 ɹɞɟɪ б 8 ɧɢɬɟɣ 
Simultaneuos 
MultiThreading 

 64 ɄȻ Data Cache +  

     32ɄȻ  instruction Cache 

 L2 512 ɄȻ 

 L3 96 ɆȻ 

  www.idh.ch/IBM_TU_2013/Power8.pdf 
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ˁупе̬ко̥п̽̀те̬̦̼е ̛̭̭те̥̼ (Top500) 
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ˁупе̬ко̥п̽̀те̬̦̼е ̛̭̭те̥̼ (Top500) 
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Intel Xeon Phi Coprocessor 



23 ɢɸɧɹ 
Мɨɫɤɜа, 2015 Техɧɨɥɨɝɢɹ ɩаɪаɥɥеɥьɧɨɝɨ ɩɪɨɝɪаɦɦɢɪɨɜаɧɢɹ OpenMP 16 ɢɡ 196 

е˃̦де̶̛̛̦ ̛̬̌̏̚т̛́ ̭о̬̏е̥е̵̦̦̼ ̸̛̼̭̏л̛тел̵̦̼̽ ̛̭̭те̥ 

 Ɍɟɦɩɵ ɭɦɟɧɶɲɟɧɢɹ ɥɚɬɟɧɬɧɨɫɬɢ ɩɚɦɹɬɢ ɝɨɪɚɡɞɨ ɧɢɠɟ ɬɟɦɩɨɜ 
ɭɫɤɨɪɟɧɢɹ ɩɪɨɰɟɫɫɨɪɨɜ + ɩɪɨɝɪɟɫɫ ɜ ɬɟɯɧɨɥɨɝɢɢ ɢɡɝɨɬɨɜɥɟɧɢɹ 
ɤɪɢɫɬɚɥɥɨɜ => CMT (Chip MultiThreading) 

 Ɉɩɟɪɟɠɚɸɳɢɣ ɪɨɫɬ ɩɨɬɪɟɛɥɟɧɢɹ ɷɧɟɪɝɢɢ ɩɪɢ ɪɨɫɬɟ ɬɚɤɬɨɜɨɣ ɱɚɫɬɨɬɵ 
+ ɩɪɨɝɪɟɫɫ ɜ ɬɟɯɧɨɥɨɝɢɢ ɢɡɝɨɬɨɜɥɟɧɢɹ ɤɪɢɫɬɚɥɥɨɜ => CMP (Chip 
MultiProcessing, ɦɧɨɝɨɹɞɟɪɧɨɫɬɶ) 

 ɂ ɬɨ ɢ ɞɪɭɝɨɟ ɬɪɟɛɭɟɬ ɛɨɥɟɟ ɝɥɭɛɨɤɨɝɨ ɪɚɫɩɚɪɚɥɥɟɥɢɜɚɧɢɹ ɞɥɹ 
ɷɮɮɟɤɬɢɜɧɨɝɨ ɢɫɩɨɥɶɡɨɜɚɧɢɹ ɚɩɩɚɪɚɬɭɪɵ 
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ˁу̺е̭т̏у̛̺̀е под̵од̼ дл́ ̭о̚д̛̦̌́ п̬̌̌ллел̵̦̼̽ 
п̬о̬̥̥̐̌ 

 Ⱥɜɬɨɦɚɬɢɱɟɫɤɨɟ / ɚɜɬɨɦɚɬɢɡɢɪɨɜɚɧɧɨɟ ɪɚɫɩɚɪɚɥɥɟɥɢɜɚɧɢɟ 

 Ȼɢɛɥɢɨɬɟɤɢ ɧɢɬɟɣ 

Win32 API 

POSIX 

 Ȼɢɛɥɢɨɬɟɤɢ ɩɟɪɟɞɚɱɢ ɫɨɨɛɳɟɧɢɣ 

MPI  

 OpenMP 
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  4.0 

(1+x2) 
dx =  

0 

1 

 F(xi)x   
i = 0 

N 

Ɇɵ ɦɨɠɟɦ 
ɚɩɩɪɨɤɫɢɦɢɪɨɜɚɬɶ ɢɧɬɟɝɪɚɥ 
ɤɚɤ ɫɭɦɦɭ ɩɪɹɦɨɭɝɨɥɶɧɢɤɨɜ: 

Ƚɞɟ ɤɚɠɞɵɣ ɩɪɹɦɨɭɝɨɥɶɧɢɤ 
ɢɦɟɟɬ ɲɢɪɢɧɭ x ɢ ɜɵɫɨɬɭ  
F(xi) ɜ ɫɟɪɟɞɢɧɟ ɢɧɬɟɪɜɚɥɚ 

4.0 

2.0 

1.0 

X 
0.0 

В̸̛̼̭ле̛̦е ̸̛̭л̌  
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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; 

} 

 

В̸̛̼̭ле̛̦е ̸̛̭л̌  . ʿо̭ледо̏̌тел̦̽̌́ п̬о̬̥̥̐̌̌ 
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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. 

 

ȼ ɨɛɳɟɦ ɫɥɭɱɚɟ, ɚɜɬɨɦɚɬɢɱɟɫɤɨɟ ɪɚɫɩɚɪɚɥɥɟɥɢɜɚɧɢɟ ɡɚɬɪɭɞɧɟɧɨ: 

 ɤɨɫɜɟɧɧɚɹ ɢɧɞɟɤɫɚɰɢɹ (A[B[i]]); 

 ɭɤɚɡɚɬɟɥɢ (ɚɫɫɨɰɢɚɰɢɹ ɩɨ ɩɚɦɹɬɢ); 
 ɫɥɨɠɧɵɣ ɦɟɠɩɪɨɰɟɞɭɪɧɵɣ ɚɧɚɥɢɡ. 
 

А̏то̥̌т̸̛е̭кое ̬̭̌п̬̌̌ллел̛̛̦̏̌е 
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   Intel/GAP (Guided Auto-Parallel), CAPTools/ParaWise, 
BERT77, FORGE MКРТМ/DM, ȾȼɈɊ (Ⱦɢɚɥɨɝɨɜɵɣ 
ȼɵɫɨɤɨɭɪɨɜɧɟɜɵɣ Ɉɩɬɢɦɢɡɢɪɭɸɳɢɣ 
Ɋɚɫɩɚɪɚɥɥɟɥɢɜɚɬɟɥɶ), ɋȺɉɎɈɊ (ɋɢɫɬɟɦɚ Ⱥɜɬɨɦɚɬɢɡɚɰɢɢ 
ɉɚɪɚɥɥɟɥɢɡɚɰɢɢ ɎɈɊɬɪɚɧ ɩɪɨɝɪɚɦɦ) 

 

    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 

 

 

А̏то̥̌т̛̛̬̚о̦̦̏̌ое ̬̭̌п̬̌̌ллел̛̛̦̏̌е 
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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;}  

} 

А̏то̥̌т̛̛̬̚о̦̦̏̌ое ̬̭̌п̬̌̌ллел̛̛̦̏̌е 
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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); 
} 

В̸̛̼̭ле̛̦е ̸̛̭л̌  ̭ ̛̭пол̽̚о̛̦̏̌е̥ WiŶϯϮ 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); 

} 

В̸̛̼̭ле̛̦е ̸̛̭л̌  ̭ ̛̭пол̽̚о̛̦̏̌е̥ WiŶϯϮ API 
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ɉɪɢ ɜɡɚɢɦɨɞɟɣɫɬɜɢɢ ɱɟɪɟɡ ɨɛɳɭɸ ɩɚɦɹɬɶ ɧɢɬɢ ɞɨɥɠɧɵ  ɫɢɧɯɪɨɧɢɡɨɜɚɬɶ 
ɫɜɨɟ ɜɵɩɨɥɧɟɧɢɟ.  
 

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

 

 ȼɪɟɦɹ 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 

В̛̥̦̌̚ое ̛̭кл̸̀е̛̦е к̛̬т̸̛е̭к̵̛ ̛̦те̬̏̌ло̏ 

 

Ɋɟɡɭɥɶɬɚɬ ɡɚɜɢɫɢɬ ɨɬ ɩɨɪɹɞɤɚ ɜɵɩɨɥɧɟɧɢɹ ɤɨɦɚɧɞ. Ɍɪɟɛɭɟɬɫɹ ɜɡɚɢɦɧɨɟ 
ɢɫɤɥɸɱɟɧɢɟ ɤɪɢɬɢɱɟɫɤɢɯ ɢɧɬɟɪɜɚɥɨɜ.  
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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; 

 

В̸̛̼̭ле̛̦е ̸̛̭л̌  ̭ ̛̭пол̽̚о̛̦̏̌е̥ MPI 
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     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; 

} 

 

В̸̛̼̭ле̛̦е ̸̛̭л̌  ̭ ̛̭пол̽̚о̛̦̏̌е̥ 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; 

} 

В̸̛̼̭ле̛̦е ̸̛̭л̌  ̭ ̛̭пол̽̚о̛̦̏̌е̥ OpenMP 

 



 ȼɨɡɦɨɠɧɨɫɬɶ ɢɧɤɪɟɦɟɧɬɚɥɶɧɨɝɨ ɪɚɫɩɚɪɚɥɥɟɥɢɜɚɧɢɹ 

 ɍɩɪɨɳɟɧɢɟ ɩɪɨɝɪɚɦɦɢɪɨɜɚɧɢɹ ɢ ɷɮɮɟɤɬɢɜɧɨɫɬɶ ɧɚ ɧɟɪɟɝɭɥɹɪɧɵɯ 
ɜɵɱɢɫɥɟɧɢɹɯ, ɩɪɨɜɨɞɢɦɵɯ ɧɚɞ ɨɛɳɢɦɢ ɞɚɧɧɵɦɢ  

 Ʌɢɤɜɢɞɚɰɢɹ ɞɭɛɥɢɪɨɜɚɧɢɹ ɞɚɧɧɵɯ ɜ ɩɚɦɹɬɢ, ɫɜɨɣɫɬɜɟɧɧɨɝɨ MPI-
ɩɪɨɝɪɚɦɦɚɦ 

 Ɉɛɴɟɦ ɩɚɦɹɬɢ ɩɪɨɩɨɪɰɢɨɧɚɥɟɧ ɛɵɫɬɪɨɞɟɣɫɬɜɢɸ ɩɪɨɰɟɫɫɨɪɚ. ȼ 
ɩɨɫɥɟɞɧɢɟ ɝɨɞɵ ɭɜɟɥɢɱɟɧɢɟ ɩɪɨɢɡɜɨɞɢɬɟɥɶɧɨɫɬɢ ɩɪɨɰɟɫɫɨɪɚ 
ɞɨɫɬɢɝɚɟɬɫɹ ɭɞɜɨɟɧɢɟɦ ɱɢɫɥɚ ɹɞɟɪ, ɩɪɢ ɷɬɨɦ ɱɚɫɬɨɬɚ ɤɚɠɞɨɝɨ ɹɞɪɚ 
ɫɧɢɠɚɟɬɫɹ. ɇɚɛɥɸɞɚɟɬɫɹ ɬɟɧɞɟɧɰɢɹ ɤ ɫɨɤɪɚɳɟɧɢɸ ɨɛɴɟɦɚ 
ɨɩɟɪɚɬɢɜɧɨɣ ɩɚɦɹɬɢ, ɩɪɢɯɨɞɹɳɟɣɫɹ ɧɚ ɨɞɧɨ ɹɞɪɨ. ɉɪɢɫɭɳɚɹ 
OpenMP ɷɤɨɧɨɦɢɹ ɩɚɦɹɬɢ ɫɬɚɧɨɜɢɬɫɹ ɨɱɟɧɶ ɜɚɠɧɚ. 

 ɇɚɥɢɱɢɟ ɥɨɤɚɥɶɧɵɯ ɢ/ɢɥɢ ɪɚɡɞɟɥɹɟɦɵɯ ɹɞɪɚɦɢ ɄЭɒɟɣ ɛɭɞɭɬ 
ɭɱɢɬɵɜɚɬɶɫɹ ɩɪɢ ɨɩɬɢɦɢɡɚɰɢɢ OpОЧMP-ɩɪɨɝɪɚɦɦ ɤɨɦɩɢɥɹɬɨɪɚɦɢ, 
ɱɬɨ ɧɟ ɦɨɝɭɬ ɞɟɥɚɬɶ ɤɨɦɩɢɥɹɬɨɪɵ ɫ ɩɨɫɥɟɞɨɜɚɬɟɥɶɧɵɯ ɹɡɵɤɨɜ ɞɥɹ 
MPI-ɩɪɨɰɟɫɫɨɜ.  

Техɧɨɥɨɝɢɹ ɩаɪаɥɥеɥьɧɨɝɨ ɩɪɨɝɪаɦɦɢɪɨɜаɧɢɹ OpenMP 29 ɢɡ 196 

До̭то̛̦̭т̏̌ ̛̭пол̽̚о̛̦̏̌́ OpeŶMP ̥̏е̭то MPI дл́ 
̥̦о̐о́де̵̬̦̼ п̬о̶е̭̭о̬о̏ 

 

23 ɢɸɧɹ 
Мɨɫɤɜа, 2015 
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BT 3D ɇɚɜɶɟ-ɋɬɨɤɫ,  ɦɟɬɨɞ ɩɟɪɟɦɟɧɧɵɯ ɧɚɩɪɚɜɥɟɧɢɣ 

CG Ɉɰɟɧɤɚ ɧɚɢɛɨɥɶɲɟɝɨ ɫɨɛɫɬɜɟɧɧɨɝɨ ɡɧɚɱɟɧɢɹ 
ɫɢɦɦɟɬɪɢɱɧɨɣ ɪɚɡɪɟɠɟɧɧɨɣ ɦɚɬɪɢɰɵ 

EP Ƚɟɧɟɪɚɰɢɹ ɩɚɪ ɫɥɭɱɚɣɧɵɯ ɱɢɫɟɥ Ƚɚɭɫɫɚ 

FT Ȼɵɫɬɪɨɟ ɩɪɟɨɛɪɚɡɨɜɚɧɢɟ Ɏɭɪɶɟ, 3D ɫɩɟɤɬɪɚɥɶɧɵɣ 
ɦɟɬɨɞ 

IS ɉɚɪɚɥɥɟɥɶɧɚɹ ɫɨɪɬɢɪɨɜɤɚ 

LU 3D ɇɚɜɶɟ-ɋɬɨɤɫ, ɦɟɬɨɞ ɜɟɪɯɧɟɣ ɪɟɥɚɤɫɚɰɢɢ 

MG 3D ɭɪɚɜɧɟɧɢɟ ɉɭɚɫɫɨɧɚ, ɦɟɬɨɞ MuХtТРrТН 

SP 3D ɇɚɜɶɟ-ɋɬɨɤɫ, Beam-Warning approximate 
factorization 

е˃̭т̼ NAS 
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Техɧɨɥɨɝɢɹ ɩаɪаɥɥеɥьɧɨɝɨ ɩɪɨɝɪаɦɦɢɪɨɜаɧɢɹ OpenMP 31 ɢɡ 196 

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˃̭т̼ NAS 
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Техɧɨɥɨɝɢɹ ɩаɪаɥɥеɥьɧɨɝɨ ɩɪɨɝɪаɦɦɢɪɨɜаɧɢɹ OpenMP 32 ɢɡ 196 

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˃̭т̼ NAS 
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 Ɍɟɧɞɟɧɰɢɢ ɪɚɡɜɢɬɢɹ ɫɨɜɪɟɦɟɧɧɵɯ ɜɵɱɢɫɥɢɬɟɥɶɧɵɯ ɫɢɫɬɟɦ  
 OpenMP – ɦɨɞɟɥɶ ɩɚɪɚɥɥɟɥɢɡɦɚ ɩɨ ɭɩɪɚɜɥɟɧɢɸ  
 Ʉɨɧɫɬɪɭɤɰɢɢ ɪɚɫɩɪɟɞɟɥɟɧɢɹ ɪɚɛɨɬɵ  
 Ʉɨɧɫɬɪɭɤɰɢɢ ɞɥɹ ɫɢɧɯɪɨɧɢɡɚɰɢɢ ɧɢɬɟɣ 

 ɋɢɫɬɟɦɚ ɩɨɞɞɟɪɠɤɢ ɜɵɩɨɥɧɟɧɢɹ OpenMP-ɩɪɨɝɪɚɦɦ 

 OpenMP 4.0 

ˁоде̛̬̙̦̌е 
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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 

ʰ̭то̛̬́ 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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 ȼɫɟ ɩɪɨɰɟɫɫɨɪɵ ɢɦɟɸɬ ɞɨɫɬɭɩ ɤ ɥɸɛɨɣ ɬɨɱɤɟ ɩɚɦɹɬɢ ɫ ɨɞɢɧɚɤɨɜɨɣ 
ɫɤɨɪɨɫɬɶɸ. 

 ɉɪɨɰɟɫɫɨɪɵ ɩɨɞɤɥɸɱɟɧɵ ɤ ɩɚɦɹɬɢ ɥɢɛɨ ɫ ɩɨɦɨɳɶɸ ɨɛɳɟɣ ɲɢɧɵ, 
ɥɢɛɨ ɫ ɩɨɦɨɳɶɸ МrШssЛКr-ɤɨɦɦɭɬɚɬɨɪɚ. 

 Ⱥɩɩɚɪɚɬɧɨ ɩɨɞɞɟɪɠɢɜɚɟɬɫɹ  ɤɨɝɟɪɟɧɬɧɨɫɬɶ ɤɷɲɟɣ. 
Наɩɪимеɪ, ɫеɪвеɪы HP 9000 V-Class, Convex SPP-1200,… 

C̛̥̥ет̸̛̬̦̼е ̥ул̽т̛п̬о̶е̭̭о̬̦̼е ̛̭̭те̥̼ ;SMP) 
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 ɋɢɫɬɟɦɚ ɫɨɫɬɨɢɬ ɢɡ 
ɨɞɧɨɪɨɞɧɵɯ ɛɚɡɨɜɵɯ ɦɨɞɭɥɟɣ 
(ɩɥɚɬ), ɫɨɫɬɨɹɳɢɯ ɢɡ 
ɧɟɛɨɥɶɲɨɝɨ ɱɢɫɥɚ ɩɪɨɰɟɫɫɨɪɨɜ 
ɢ ɛɥɨɤɚ ɩɚɦɹɬɢ.  

 Ɇɨɞɭɥɢ ɨɛɴɟɞɢɧɟɧɵ ɫ 
ɩɨɦɨɳɶɸ ɜɵɫɨɤɨɫɤɨɪɨɫɬɧɨɝɨ 
ɤɨɦɦɭɬɚɬɨɪɚ.  

 ɉɨɞɞɟɪɠɢɜɚɟɬɫɹ ɟɞɢɧɨɟ 
ɚɞɪɟɫɧɨɟ ɩɪɨɫɬɪɚɧɫɬɜɨ. 

 Ⱦɨɫɬɭɩ ɤ ɥɨɤɚɥɶɧɨɣ ɩɚɦɹɬɢ ɜ 
ɧɟɫɤɨɥɶɤɨ ɪɚɡ ɛɵɫɬɪɟɟ, ɱɟɦ ɤ 
ɭɞɚɥɟɧɧɨɣ.  

ˁ̛̭те̥̼ ̭ ̦еод̦о̬од̦̼̥ до̭тупо̥ к п̥̌́т̛ ;NUMAͿ 
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ˁ̛̭те̥̼ ̭ ̦еод̦о̬од̦̼̥ до̭тупо̥ к п̥̌́т̛ ;NUMAͿ 
 

SGI Altix UV (UltraVioloet) 2000 

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

 64 TB ɩɚɦɹɬɢ 

 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 ɞɥɹ ɧɚɩɢɫɚɧɢɹ 
ɦɧɨɝɨɧɢɬɟɜɵɯ ɩɪɢɥɨɠɟɧɢɣ 

 

 Ɇɧɨɠɟɫɬɜɨ ɞɢɪɟɤɬɢɜ ɤɨɦɩɢɥɹɬɨɪɚ, 
ɧɚɛɨɪ ɮɭɧɤɰɢɢ ɛɢɛɥɢɨɬɟɤɢ ɫɢɫɬɟɦɵ 
ɩɨɞɞɟɪɠɤɢ, ɩɟɪɟɦɟɧɧɵɟ ɨɤɪɭɠɟɧɢɹ 

 Ɉɛɥɟɝɱɚɟɬ ɫɨɡɞɚɧɢɟ ɦɧɨɝɨɧɢɬɢɟɜɵɯ 
ɩɪɨɝɪɚɦɦ ɧɚ Ɏɨɪɬɪɚɧɟ, C ɢ C++ 

 Ɉɛɨɛɳɟɧɢɟ ɨɩɵɬɚ ɫɨɡɞɚɧɢɹ 
ɩɚɪɚɥɥɟɥɶɧɵɯ ɩɪɨɝɪɚɦɦ ɞɥɹ SMP ɢ 
DSM ɫɢɫɬɟɦ ɡɚ ɩɨɫɥɟɞɧɢɟ 20 ɥɟɬ 

О̍̚о̬ о̭̦о̵̦̼̏ ̏о̥̚о̙̦о̭те̜ OpenMP 
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ɋɩɟɰɢɮɢɤɚɰɢɢ ɩɚɪɚɥɥɟɥɢɡɦɚ ɜ OpenMP ɩɪɟɞɫɬɚɜɥɹɸɬ ɫɨɛɨɣ ɞɢɪɟɤɬɢɜɵ 
ɜɢɞɚ: 

#praРma omp ɧɚɡɜɚɧɢɟ-ɞɢɪɟɤɬɢɜɵ[ ɤɥɚɭɡɚ[ [,]ɤɥɚɭɡɚ]...] 
 

ɇɚɩɪɢɦɟɪ: 

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

ɂɫɩɨɥɧɹɟɦɵɟ ɞɢɪɟɤɬɢɜɵ: 

 barrier 

 taskwait 

 taskyield 

 tlush 

 taskgroup 

Ɉɩɢɫɚɬɟɥɶɧɚɹ ɞɢɪɟɤɬɢɜɚ: 

 threadprivate 

Д̛̬ект̛̼̏ ̛ кл̌у̼̚ 
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Ⱦɟɣɫɬɜɢɟ ɨɫɬɚɥɶɧɵɯ ɞɢɪɟɤɬɢɜ ɪɚɫɩɪɨɫɬɪɚɧɹɟɬɫɹ ɧɚ ɫɬɪɭɤɬɭɪɧɵɣ ɛɥɨɤ: 

#prКРЦК ШЦp ɧɚɡɜɚɧɢɟ-ɞɢɪɟɤɬɢɜɵ[ ɤɥɚɭɡɚ[ [,]ɤɥɚɭɡɚ]...] 
{ 

   ɫɬɪɭɤɬɭɪɧɵɣ ɛɥɨɤ 

} 

ɋɬɪɭɤɬɭɪɧɵɣ ɛɥɨɤ: ɛɥɨɤ ɤɨɞɚ ɫ ɨɞɧɨɣ ɬɨɱɤɨɣ ɜɯɨɞɚ ɢ ɨɞɧɨɣ ɬɨɱɤɨɣ 
ɜɵɯɨɞɚ. 
 #pragma omp parallel 

{ 

   … 

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

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

   … 

   exit (0); 

} ɋɬɪɭɤɬɭɪɧɵɣ ɛɥɨɤ 

#pragma omp parallel 

{ 

   … 

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

   … 

} 

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

 ɇɟ ɫɬɪɭɤɬɭɪɧɵɣ ɛɥɨɤ 

ˁт̬укту̬̦̼̜ ̍лок 
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ˁо̭т̦̼̌̏е д̛̬ект̛̼̏ 

#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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Ко̥п̛л́то̬̼, подде̛̛̙̺̏̌̀е 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 

ɉɪɟɞɵɞɭɳɢɟ ɜɟɪɫɢɢ OpenMP: 

 Lahey/Fujitsu Fortran 95  

 PathScale  

 Microsoft Visual Studio 2008 C++  

 HP  
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ɉɪɨɢɡɜɨɞɢɬɟɥɶ Кɨɦɩɢɥɹɬɨɪ Ɉɩɰɢɹ ɤɨɦɩɢɥɹɰɢɢ 

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  

Ко̥п̛л̶̛́́ OpenMP-п̬о̬̥̥̼̐̌ 
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#include <stdio.h> 

#include <omp.h> // Ɉɩɢɫɚɧɵ ɩɪɨɬɨɬɢɩɵ ɜɫɟɯ ɮɭɧɤɰɢɣ ɢ ɬɢɩɨɜ 

int main() 

{ 

#ifdef _OPENMP 

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

    int id = omp_get_max_threads (); 

#endif 

    return 0; 

} 

ȼ ɡɧɚɱɟɧɢɢ ɩɟɪɟɦɟɧɧɨɣ  ИOPENMP ɡɚɲɢɮɪɨɜɚɧ ɝɨɞ ɢ ɦɟɫɹɰ (ввввЦЦ) 
ɜɟɪɫɢɢ ɫɬɚɧɞɚɪɬɚ OpenMP, ɤɨɬɨɪɭɸ ɩɨɞɞɟɪɠɢɜɚɟɬ ɤɨɦɩɢɥɹɬɨɪ. 

˄̭ло̦̏̌́ ко̥п̛л̶̛́́ OpenMP-п̬о̬̥̥̼̐̌ 
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Fork-Join ɩɚɪɚɥɥɟɥɢɡɦ:  

 Ƚɥɚɜɧɚɹ (master) ɧɢɬɶ ɩɨɪɨɠɞɚɟɬ ɝɪɭɩɩɭ (team) ɧɢɬɟɣ ɩɨ ɦɟɪɟ 
ɧɟɛɯɨɞɢɦɨɫɬɢ. 

 ɉɚɪɚɥɥɟɥɢɡɦ ɞɨɛɚɜɥɹɟɬɫɹ ɢɧɤɪɟɦɟɧɬɚɥɶɧɨ. 

ɉɚɪɚɥɥɟɥɶɧɵɟ ɨɛɥɚɫɬɢ 

В̼пол̦е̛̦е OpenMP-п̬о̬̥̥̼̐̌ 
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ʺодел̽ п̥̌́т̛ ̏ OpenMP 

001 ɇɢɬɶ 
001 ɇɢɬɶ 

001 ɇɢɬɶ 
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ʺодел̽ п̥̌́т̛ ̏ OpenMP 

001 ɇɢɬɶ 0 

001 ɇɢɬɶ 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 



Ʉɨɪɪɟɤɬɧɚɹ ɩɨɫɥɟɞɨɜɚɬɟɥɶɧɨɫɬɶ ɪɚɛɨɬɵ ɧɢɬɟɣ ɫ ɩɟɪɟɦɟɧɧɨɣ: 

 ɇɢɬɶ0 ɡɚɩɢɫɵɜɚɟɬ ɡɧɚɱɟɧɢɟ ɩɟɪɟɦɟɧɧɨɣ – write (var) 

 ɇɢɬɶ0 ɜɵɩɨɥɧɹɟɬ ɨɩɟɪɚɰɢɸ ɫɢɧɯɪɨɧɢɡɚɰɢɢ – flush (var) 

 ɇɢɬɶ1 ɜɵɩɨɥɧɹɟɬ ɨɩɟɪɚɰɢɸ ɫɢɧɯɪɨɧɢɡɚɰɢɢ – flush (var) 

 ɇɢɬɶ1 ɱɢɬɚɟɬ ɡɧɚɱɟɧɢɟ ɩɟɪɟɦɟɧɧɨɣ – read (var) 

 

1: A = 1 

. . . 

2: flush(A) 
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Ко̛̦̭̭те̦т̦о̭т̽ п̥̌́т̛ ̏ OpenMP 



#pragma omp flush [(ɫɩɢɫɨɤ ɩɟɪɟɦɟɧɧɵɯ)] 

 

ɉɨ ɭɦɨɥɱɚɧɢɸ ɜɫɟ ɩɟɪɟɦɟɧɧɵɟ ɩɪɢɜɨɞɹɬɫɹ ɜ ɤɨɧɫɢɫɬɟɧɬɧɨɟ ɫɨɫɬɨɹɧɢɟ 
(#pragma omp flush): 

 ɩɪɢ ɛɚɪɶɟɪɧɨɣ ɫɢɧɯɪɨɧɢɡɚɰɢɢ; 
 ɩɪɢ ɜɯɨɞɟ ɢ ɜɵɯɨɞɟ ɢɡ ɤɨɧɫɬɪɭɤɰɢɣ parallel, critical  ɢ ordered; 

 ɩɪɢ ɜɵɯɨɞɟ ɢɡ ɤɨɧɫɬɪɭɤɰɢɣ ɪɚɫɩɪɟɞɟɥɟɧɢɹ ɪɚɛɨɬ (for, single, 
sections, workshare), ɟɫɥɢ ɧɟ ɭɤɚɡɚɧɚ ɤɥɚɭɡɚ nowait; 

 ɩɪɢ ɜɵɡɨɜɟ omp_set_lock ɢ omp_unset_lock; 

 ɩɪɢ ɜɵɡɨɜɟ omp_test_lock, omp_set_nest_lock, 
omp_unset_nest_lock ɢ omp_test_nest_lock, ɟɫɥɢ ɢɡɦɟɧɢɥɨɫɶ 
ɫɨɫɬɨɹɧɢɟ ɫɟɦɚɮɨɪɚ. 

ɉɪɢ ɜɯɨɞɟ ɢ ɜɵɯɨɞɟ ɢɡ ɤɨɧɫɬɪɭɤɰɢɢ atomic ɜɵɩɨɥɧɹɟɬɫɹ #pragma omp 
flush(x), ɝɞɟ x – ɩɟɪɟɦɟɧɧɚɹ, ɢɡɦɟɧɹɟɦɚɹ ɜ ɤɨɧɫɬɪɭɤɰɢɢ atomic. 
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Ко̛̦̭̭те̦т̦о̭т̽ п̥̌́т̛ ̏ OpenMP 



 ȼ ɦɨɞɟɥɢ ɩɪɨɝɪɚɦɦɢɪɨɜɚɧɢɹ ɫ ɪɚɡɞɟɥɹɟɦɨɣ ɩɚɦɹɬɶɸ:  

• Ȼɨɥɶɲɢɧɫɬɜɨ ɩɟɪɟɦɟɧɧɵɯ ɩɨ ɭɦɨɥɱɚɧɢɸ ɫɱɢɬɚɸɬɫɹ shared 

 Ƚɥɨɛɚɥɶɧɵɟ ɩɟɪɟɦɟɧɧɵɟ ɫɨɜɦɟɫɬɧɨ ɢɫɩɨɥɶɡɭɸɬɫɹ ɜɫɟɦɢ ɧɢɬɹɦɢ  
(shared) : 

• Ɏɨɪɬɪɚɧ: COMMON ɛɥɨɤɢ, SAVE ɩɟɪɟɦɟɧɧɵɟ, MODULE 
ɩɟɪɟɦɟɧɧɵɟ 

• ɋɢ: file scope, static 

• Ⱦɢɧɚɦɢɱɟɫɤɢ ɜɵɞɟɥɹɟɦɚɹ ɩɚɦɹɬɶ (ALLOCATE, malloc, new) 

 ɇɨ ɧɟ ɜɫɟ ɩɟɪɟɦɟɧɧɵɟ ɹɜɥɹɸɬɫɹ ɪɚɡɞɟɥɹɟɦɵɦɢ ... 
• ɋɬɟɤɨɜɵɟ ɩɟɪɟɦɟɧɧɵɟ ɜ ɩɨɞɩɪɨɝɪɚɦɦɚɯ (ɮɭɧɤɰɢɹɯ), 

ɜɵɡɵɜɚɟɦɵɯ ɢɡ ɩɚɪɚɥɥɟɥɶɧɨɝɨ ɪɟɝɢɨɧɚ, ɹɜɥɹɸɬɫɹ private. 

• ɉɟɪɟɦɟɧɧɵɟ ɨɛɴɹɜɥɟɧɧɵɟ ɜɧɭɬɪɢ ɛɥɨɤɚ ɨɩɟɪɚɬɨɪɨɜ 
ɩɚɪɚɥɥɟɥɶɧɨɝɨ ɪɟɝɢɨɧɚ ɹɜɥɹɸɬɫɹ ɩɪɢɜɚɬɧɵɦɢ. 

• ɋɱɟɬɱɢɤɢ ɰɢɤɥɨɜ ɜɢɬɤɢ ɤɨɬɨɪɵɯ ɪɚɫɩɪɟɞɟɥɹɸɬɫɹ ɦɟɠɞɭ 
ɧɢɬɹɦɢ ɩɪɢ ɩɨɦɨɳɢ ɤɨɧɫɬɪɭɤɰɢɣ for ɢ parallel for. 
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Кл̭̭̼̌ пе̬е̥е̵̦̦̼ 



#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]); 
} 

Техɧɨɥɨɝɢɹ ɩаɪаɥɥеɥьɧɨɝɨ ɩɪɨɝɪаɦɦɢɪɨɜаɧɢɹ 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 

 

Кл̭̭̼̌ пе̬е̥е̵̦̦̼ 

23 ɢɸɧɹ 
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Ɇɨɠɧɨ ɢɡɦɟɧɢɬɶ ɤɥɚɫɫ ɩɟɪɟɦɟɧɧɨɣ ɩɪɢ ɩɨɦɨɳɢ ɤɨɧɫɬɪɭɤɰɢɣ: 

 shared (ɫɩɢɫɨɤ ɩɟɪɟɦɟɧɧɵɯ) 

 private (ɫɩɢɫɨɤ ɩɟɪɟɦɟɧɧɵɯ) 

 firstprivate (ɫɩɢɫɨɤ ɩɟɪɟɦɟɧɧɵɯ) 

 lastprivate (ɫɩɢɫɨɤ ɩɟɪɟɦɟɧɧɵɯ) 

 threadprivate (ɫɩɢɫɨɤ ɩɟɪɟɦɟɧɧɵɯ) 

 default (private | shared | none) 
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Кл̭̭̼̌ пе̬е̥е̵̦̦̼ 



 Ʉɨɧɫɬɪɭɤɰɢɹ «private(var)»  ɫɨɡɞɚɟɬ ɥɨɤɚɥɶɧɭɸ ɤɨɩɢɸ ɩɟɪɟɦɟɧɧɨɣ 
«var» ɜ ɤɚɠɞɨɣ ɢɡ ɧɢɬɟɣ. 

• Ɂɧɚɱɟɧɢɟ ɩɟɪɟɦɟɧɧɨɣ ɧɟ ɢɧɢɰɢɚɥɢɡɢɪɨɜɚɧɨ 

• ɉɪɢɜɚɬɧɚɹ ɤɨɩɢɹ ɧɟ ɫɜɹɡɚɧɚ ɫ ɨɪɢɝɢɧɚɥɶɧɨɣ ɩɟɪɟɦɟɧɧɨɣ 

• ȼ OpenMP 2.5 ɡɧɚɱɟɧɢɟ ɩɟɪɟɦɟɧɧɨɣ «var» ɧɟ ɨɩɪɟɞɟɥɟɧɨ 
ɩɨɫɥɟ ɡɚɜɟɪɲɟɧɢɹ ɩɚɪɚɥɥɟɥɶɧɨɣ ɤɨɧɫɬɪɭɤɰɢɢ 

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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Ко̦̭т̬уќ̶̛ private 



 «firstprivate» ɹɜɥɹɟɬɫɹ ɫɩɟɰɢɚɥɶɧɵɦ ɫɥɭɱɚɟɦ «private» 

 ɂɧɢɰɢɚɥɢɡɢɪɭɟɬ ɤɚɠɞɭɸ ɩɪɢɜɚɬɧɭɸ ɤɨɩɢɸ ɫɨɨɬɜɟɬɫɬɜɭɸɳɢɦ 
ɡɧɚɱɟɧɢɟɦ ɢɡ ɝɥɚɜɧɨɣ (master) ɧɢɬɢ. 

 

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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Ко̦̭т̬уќ̶̛ firstprivate 
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 lastprivate ɩɟɪɟɞɚɟɬ ɡɧɚɱɟɧɢɟ ɩɪɢɜɚɬɧɨɣ ɩɟɪɟɦɟɧɧɨɣ, ɩɨɫɱɢɬɚɧɧɨɣ ɧɚ 
ɩɨɫɥɟɞɧɟɣ ɢɬɟɪɚɰɢɢ ɜ ɝɥɨɛɚɥɶɧɭɸ ɩɟɪɟɦɟɧɧɭɸ. 

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*/ 
 

Ко̦̭т̬уќ̶̛ lastprivate 



Ɉɬɥɢɱɚɟɬɫɹ ɨɬ ɩɪɢɦɟɧɟɧɢɹ ɤɨɧɫɬɪɭɤɰɢɢ private: 

 private ɫɤɪɵɜɚɟɬ ɝɥɨɛɚɥɶɧɵɟ ɩɟɪɟɦɟɧɧɵɟ 

 threadprivate – ɩɟɪɟɦɟɧɧɵɟ ɫɨɯɪɚɧɹɸɬ ɝɥɨɛɚɥɶɧɭɸ ɨɛɥɚɫɬɶ 
ɜɢɞɢɦɨɫɬɢ ɜɧɭɬɪɢ ɤɚɠɞɨɣ ɧɢɬɢ 

#pragma omp threadprivate (Var) 
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Var = 1 

Var = 2 
 … = Var 

… = Var 

ȿɫɥɢ ɤɨɥɢɱɟɫɬɜɨ ɧɢɬɟɣ 
ɧɟ ɢɡɦɟɧɢɥɨɫɶ, ɬɨ 
ɤɚɠɞɚɹ ɧɢɬɶ ɩɨɥɭɱɢɬ 
ɡɧɚɱɟɧɢɟ, ɩɨɫɱɢɬɚɧɧɨɟ 
ɜ ɩɪɟɞɵɞɭɳɟɣ 
ɩɚɪɚɥɥɟɥɶɧɨɣ ɨɛɥɚɫɬɢ. 

Д̛̬ект̛̏̌ 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 

……… 

} 

Ɇɟɧɹɟɬ ɤɥɚɫɫ ɩɟɪɟɦɟɧɧɨɣ ɩɨ ɭɦɨɥɱɚɧɢɸ: 

 default (shared) – ɞɟɣɫɬɜɭɟɬ ɩɨ ɭɦɨɥɱɚɧɢɸ 

 default (private) – ɟɫɬɶ ɬɨɥɶɤɨ ɜ Fortran 

 default (firstprivate) – ɟɫɬɶ ɬɨɥɶɤɨ ɜ Fortran OpenMP 3.1 

 default (none) – ɬɪɟɛɭɟɬ ɨɩɪɟɞɟɥɢɬɶ ɤɥɚɫɫ ɞɥɹ ɤɚɠɞɨɣ ɩɟɪɟɦɟɧɧɨɣ 

Ко̦̭т̬уќ̶̛ default 



#pragma omp parallel [ ɤɥɚɭɡɚ[ [, ] ɤɥɚɭɡɚ] ...] 
ɫɬɪɭɤɬɭɪɧɵɣ ɛɥɨɤ 
 
ɝɞɟ ɤɥɚɭɡɚ ɨɞɧɚ ɢɡ : 
 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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ʿ̬̌̌ллел̦̽̌́ о̍л̭̌т̽ ;д̛̬ект̛̏̌ parallel)  
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  4.0 

(1+x2) 
dx =  

0 

1 

 F(xi)x   
i = 0 

N 

Ɇɵ ɦɨɠɟɦ 
ɚɩɩɪɨɤɫɢɦɢɪɨɜɚɬɶ ɢɧɬɟɝɪɚɥ 
ɤɚɤ ɫɭɦɦɭ ɩɪɹɦɨɭɝɨɥɶɧɢɤɨɜ: 

Ƚɞɟ ɤɚɠɞɵɣ ɩɪɹɦɨɭɝɨɥɶɧɢɤ 
ɢɦɟɟɬ ɲɢɪɢɧɭ x ɢ ɜɵɫɨɬɭ  
F(xi) ɜ ɫɟɪɟɞɢɧɟ ɢɧɬɟɪɜɚɥɚ 

4.0 

2.0 

1.0 

X 
0.0 

В̸̛̼̭ле̛̦е ̸̛̭л̌  
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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; 

} 

 

В̸̛̼̭ле̛̦е ̸̛̭л̌ . ʿо̭ледо̏̌тел̦̽̌́ п̬о̬̥̥̐̌̌ 
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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; 

} 

В̸̛̼̭ле̛̦е ̸̛̭л̌ . ʿ̬̌̌ллел̦̽̌́ п̬о̬̥̥̐̌̌ 
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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; 

} 

В̸̛̼̭ле̛̦е ̸̛̭л̌  ̦̌ OpenMP. Кл̌у̌̚ reduction 



 reduction(operator:list) 

 ȼɧɭɬɪɢ ɩɚɪɚɥɟɥɶɧɨɣ ɨɛɥɚɫɬɢ 
ɞɥɹ ɤɚɠɞɨɣ ɩɟɪɟɦɟɧɧɨɣ ɢɡ 
ɫɩɢɫɤɚ list ɫɨɡɞɚɟɬɫɹ ɤɨɩɢɹ ɷɬɨɣ 
ɩɟɪɟɦɟɧɧɨɣ. Эɬɚ ɩɟɪɟɦɟɧɧɚɹ 
ɢɧɢɰɢɚɥɢɡɢɪɭɟɬɫɹ ɜ 
ɫɨɨɬɜɟɬɫɬɜɢɢ ɫ ɨɩɟɪɚɬɨɪɨɦ 
operator (ɧɚɩɪɢɦɟɪ, 0 ɞɥɹ «+»). 

 
 Ⱦɥɹ ɤɚɠɞɨɣ ɧɢɬɢ ɤɨɦɩɢɥɹɬɨɪ 

ɡɚɦɟɧɹɟɬ ɜ ɩɚɪɚɥɥɟɥɶɧɨɣ 
ɨɛɥɚɫɬɢ ɨɛɪɚɳɟɧɢɹ ɤ 
ɪɟɞɭɤɰɢɨɧɧɨɣ ɩɟɪɟɦɟɧɧɨɣ ɧɚ 
ɨɛɪɚɳɟɧɢɹ ɤ ɫɨɡɞɚɧɧɨɣ ɤɨɩɢɢ. 

 
 ɉɨ ɡɚɜɟɪɲɟɧɢɢ ɜɵɩɨɥɧɟɧɢɹ 

ɩɚɪɚɥɥɟɥɶɧɨɣ ɨɛɥɚɫɬɢ 
ɨɫɭɳɟɫɬɜɥɹɟɬɫɹ ɨɛɴɟɞɢɧɟɧɢɟ 
ɩɨɥɭɱɟɧɧɵɯ ɪɟɡɭɥɶɬɚɬɨɜ. 

 
 

64 ɢɡ 196 

Ɉɩɟɪɚɬɨɪ ɇɚɱɚɥɶɧɨɟ ɡɧɚɱɟɧɢɟ 

+ 0 

* 1 

- 0 

& ~0 

| 0 

^ 0 

&& 1 

|| 0 

max 
Least number in 

reduction list item type 

min 
Largest number in 

reduction list item type 

ˀедук̶̛о̦̦̼е опе̶̛̛̬̌ 

Техɧɨɥɨɝɢɹ ɩаɪаɥɥеɥьɧɨɝɨ ɩɪɨɝɪаɦɦɢɪɨɜаɧɢɹ OpenMP 

23 ɢɸɧɹ 
Мɨɫɤɜа, 2015 



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 ɢɡ 196 

ʰ̭пол̽̚о̛̦̏̌е ̬едук̶̛о̵̦̦̼ опе̶̛̬̜̌ 

Техɧɨɥɨɝɢɹ ɩаɪаɥɥеɥьɧɨɝɨ ɩɪɨɝɪаɦɦɢɪɨɜаɧɢɹ OpenMP 

23 ɢɸɧɹ 
Мɨɫɤɜа, 2015 



#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 ɢɡ 196 

ˀе̌л̶̛̛̌́̚ ̬едук̶̛о̵̦̦̼ опе̶̛̬̜̌ 

Техɧɨɥɨɝɢɹ ɩаɪаɥɥеɥьɧɨɝɨ ɩɪɨɝɪаɦɦɢɪɨɜаɧɢɹ OpenMP 

23 ɢɸɧɹ 
Мɨɫɤɜа, 2015 



23 ɢɸɧɹ 
Мɨɫɤɜа, 2015 Техɧɨɥɨɝɢɹ ɩаɪаɥɥеɥьɧɨɝɨ ɩɪɨɝɪаɦɦɢɪɨɜаɧɢɹ OpenMP 67 ɢɡ 196 

#pragma omp declare reduction (reduction-identifier : typename-list : 
combiner) [identity(identity-expr)] 

 

reduction-identifier - ɧɚɡɜɚɧɢɟ ɪɟɞɭɤɰɢɨɧɧɨɣ ɨɩɟɪɚɰɢɢ 

typename-list – ɬɢɩ (ɬɢɩɵ) 
combiner  – ɜɵɪɚɠɟɧɢɟ ɞɥɹ ɨɛɴɟɞɢɧɟɧɢɹ ɱɚɫɬɢɱɧɵɯ ɪɟɡɭɥɶɬɚɬɨɜ 

identity – ɧɚɱɚɥɶɧɨɟ ɡɧɚɱɟɧɢɟ ɫɨɡɞɚɜɚɟɦɵɯ ɩɪɢɜɚɬɧɵɯ ɩɟɪɟɦɟɧɧɵɯ 

 

  

ˀедук̶̛о̦̦̼е опе̶̛̛̬̌, оп̬едел́е̥̼е пол̽̚о̏̌теле̥ 

(OpenMP 4.0) 



23 ɢɸɧɹ 
Мɨɫɤɜа, 2015 Техɧɨɥɨɝɢɹ ɩаɪаɥɥеɥьɧɨɝɨ ɩɪɨɝɪаɦɦɢɪɨɜаɧɢɹ OpenMP 68 ɢɡ 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; 

} 

ʰ̭пол̽̚о̛̦̏̌е ̬едук̶̛о̵̦̦̼ опе̶̛̬̜̌, оп̬едел́е̵̥̼ 
пол̽̚о̏̌теле̥ (OpenMP 4.0) 



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

  { 

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

          work(); 
  } 

 

 

69 ɢɡ 196 

Кл̌у̌̚ proc_bind (OpenMP 4.0) 

Техɧɨɥɨɝɢɹ ɩаɪаɥɥеɥьɧɨɝɨ ɩɪɨɝɪаɦɦɢɪɨɜаɧɢɹ OpenMP 

23 ɢɸɧɹ 
Мɨɫɤɜа, 2015 



23 ɢɸɧɹ 
Мɨɫɤɜа, 2015 Техɧɨɥɨɝɢɹ ɩаɪаɥɥеɥьɧɨɝɨ ɩɪɨɝɪаɦɦɢɪɨɜаɧɢɹ OpenMP 70 ɢɡ 196 

 Ɍɟɧɞɟɧɰɢɢ ɪɚɡɜɢɬɢɹ ɫɨɜɪɟɦɟɧɧɵɯ ɜɵɱɢɫɥɢɬɟɥɶɧɵɯ ɫɢɫɬɟɦ 

 OpenMP – ɦɨɞɟɥɶ ɩɚɪɚɥɥɟɥɢɡɦɚ ɩɨ ɭɩɪɚɜɥɟɧɢɸ  
 Ʉɨɧɫɬɪɭɤɰɢɢ ɪɚɫɩɪɟɞɟɥɟɧɢɹ ɪɚɛɨɬɵ  
 Ʉɨɧɫɬɪɭɤɰɢɢ ɞɥɹ ɫɢɧɯɪɨɧɢɡɚɰɢɢ ɧɢɬɟɣ 

 ɋɢɫɬɟɦɚ ɩɨɞɞɟɪɠɤɢ ɜɵɩɨɥɧɟɧɢɹ OpenMP-ɩɪɨɝɪɚɦɦ 

 OpenMP 4.0 

ˁоде̛̬̙̦̌е 



23 ɢɸɧɹ 
Мɨɫɤɜа, 2015 Техɧɨɥɨɝɢɹ ɩаɪаɥɥеɥьɧɨɝɨ ɩɪɨɝɪаɦɦɢɪɨɜаɧɢɹ OpenMP 71 ɢɡ 196 

 Ɋɚɫɩɪɟɞɟɥɟɧɢɟ ɜɢɬɤɨɜ ɰɢɤɥɨɜ (ɞɢɪɟɤɬɢɜɚ for) 
 ɐɢɤɥɵ ɫ ɡɚɜɢɫɢɦɨɫɬɶɸ ɩɨ ɞɚɧɧɵɦ. Ɉɪɝɚɧɢɡɚɰɢɹ 

ɤɨɧɜɟɣɟɪɧɨɝɨ ɜɵɩɨɥɧɟɧɢɹ ɞɥɹ ɰɢɤɥɨɜ ɫ ɡɚɜɢɫɢɦɨɫɬɶɸ ɩɨ 
ɞɚɧɧɵɦ. 

 Ɋɚɫɩɪɟɞɟɥɟɧɢɟ ɧɟɫɤɨɥɶɤɢɯ ɫɬɪɭɤɬɭɪɧɵɯ ɛɥɨɤɨɜ ɦɟɠɞɭ 
ɧɢɬɹɦɢ (ɞɢɪɟɤɬɢɜɚ SECTION).  

 ȼɵɩɨɥɧɟɧɢɟ ɫɬɪɭɤɬɭɪɧɨɝɨ ɛɥɨɤɚ ɨɞɧɨɣ ɧɢɬɶɸ (ɞɢɪɟɤɬɢɜɚ 
single) 

 Ɋɚɫɩɪɟɞɟɥɟɧɢɟ ɨɩɟɪɚɬɨɪɨɜ ɨɞɧɨɝɨ ɫɬɪɭɤɬɭɪɧɨɝɨ ɛɥɨɤɚ  
ɦɟɠɞɭ ɧɢɬɹɦɢ (ɞɢɪɟɤɬɢɜɚ АORKSHARE) 

 ɉɨɧɹɬɢɟ ɡɚɞɚɱɢ 
 

 

Ко̦̭т̬ук̶̛̛ ̬̭̌п̬еделе̛̦́ ̬̌̍от̼ 



23 ɢɸɧɹ 
Мɨɫɤɜа, 2015 Техɧɨɥɨɝɢɹ ɩаɪаɥɥеɥьɧɨɝɨ ɩɪɨɝɪаɦɦɢɪɨɜаɧɢɹ OpenMP 72 ɢɡ 196 

  4.0 

(1+x2) 
dx =  

0 

1 

 F(xi)x   
i = 0 

N 

Ɇɵ ɦɨɠɟɦ 
ɚɩɩɪɨɤɫɢɦɢɪɨɜɚɬɶ ɢɧɬɟɝɪɚɥ 
ɤɚɤ ɫɭɦɦɭ ɩɪɹɦɨɭɝɨɥɶɧɢɤɨɜ: 

Ƚɞɟ ɤɚɠɞɵɣ ɩɪɹɦɨɭɝɨɥɶɧɢɤ 
ɢɦɟɟɬ ɲɢɪɢɧɭ x ɢ ɜɵɫɨɬɭ  
F(xi) ɜ ɫɟɪɟɞɢɧɟ ɢɧɬɟɪɜɚɥɚ 

4.0 

2.0 

1.0 

X 
0.0 

В̸̛̼̭ле̛̦е ̸̛̭л̌  



23 ɢɸɧɹ 
Мɨɫɤɜа, 2015 Техɧɨɥɨɝɢɹ ɩаɪаɥɥеɥьɧɨɝɨ ɩɪɨɝɪаɦɦɢɪɨɜаɧɢɹ OpenMP 73 ɢɡ 196 

#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; 

} 

В̸̛̼̭ле̛̦е ̸̛̭л̌  ̦̌ OpenMP 



23 ɢɸɧɹ 
Мɨɫɤɜа, 2015 Техɧɨɥɨɝɢɹ ɩаɪаɥɥеɥьɧɨɝɨ ɩɪɨɝɪаɦɦɢɪɨɜаɧɢɹ OpenMP 74 ɢɡ 196 

#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; 

} 

В̸̛̼̭ле̛̦е ̸̛̭л̌  ̦̌ OpenMP 



Техɧɨɥɨɝɢɹ ɩаɪаɥɥеɥьɧɨɝɨ ɩɪɨɝɪаɦɦɢɪɨɜаɧɢɹ OpenMP 

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; 

} 

В̸̛̼̭ле̛̦е ̸̛̭л̌  ̦̌ OpenMP 

23 ɢɸɧɹ 
Мɨɫɤɜа, 2015 75 ɢɡ 196 



23 ɢɸɧɹ 
Мɨɫɤɜа, 2015 Техɧɨɥɨɝɢɹ ɩаɪаɥɥеɥьɧɨɝɨ ɩɪɨɝɪаɦɦɢɪɨɜаɧɢɹ OpenMP 76 ɢɡ 196 

#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; 

} 

В̸̛̼̭ле̛̦е ̸̛̭л̌  ̦̌ OpenMP 



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

 
ɝɞɟ ɤɥɚɭɡɚ ɨɞɧɚ ɢɡ : 
• private(list) 

• firstprivate(list) 

• lastprivate(list) 

• reduction(operator: list) 

• schedule(kind[, chunk_size]) 

• collapse(n) 

• ordered 

• nowait 

23 ɢɸɧɹ 
Мɨɫɤɜа, 2015 Техɧɨɥɨɝɢɹ ɩаɪаɥɥеɥьɧɨɝɨ ɩɪɨɝɪаɦɦɢɪɨɜаɧɢɹ OpenMP 77 ɢɡ 196 

ˀ̭̌п̬еделе̛̦е ̛̏тко̏ ̶̛кл̌ 



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 

 
23 ɢɸɧɹ 
Мɨɫɤɜа, 2015 Техɧɨɥɨɝɢɹ ɩаɪаɥɥеɥьɧɨɝɨ ɩɪɨɝɪаɦɦɢɪɨɜаɧɢɹ OpenMP 78 ɢɡ 196 

relational-op: < 

| <= 

| > 

| >= 

 

var: signed or unsigned integer type 

| random access iterator type 

| pointer type 

 

ˀ̭̌п̬еделе̛̦е ̛̏тко̏ ̶̛кл̌ 



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++ ) - ɨɲɢɛɤɚ 

 

23 ɢɸɧɹ 
Мɨɫɤɜа, 2015 Техɧɨɥɨɝɢɹ ɩаɪаɥɥеɥьɧɨɝɨ ɩɪɨɝɪаɦɦɢɪɨɜаɧɢɹ OpenMP 79 ɢɡ 196 

ʰ̭пол̽̚о̛̦̏̌е ук̌̌̚теле̜ ̏ ̶̛кле ;OpeŶMP ϯ.ϬͿ 



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); 
         } 
     } 
} 

 
Кɥɚɭɡɚ collapse: 
collapse (ɩɨɥɨɠɢɬɟɥɶɧɚɹ ɰɟɥɚɹ ɤɨɧɫɬɚɧɬɚ) 

23 ɢɸɧɹ 
Мɨɫɤɜа, 2015 Техɧɨɥɨɝɢɹ ɩаɪаɥɥеɥьɧɨɝɨ ɩɪɨɝɪаɦɦɢɪɨɜаɧɢɹ OpenMP 80 ɢɡ 196 

ˀ̭̌п̬еделе̛̦е ̛̏тко̏ ̥̦о̐о̥е̵̬̦̼ ̶̛кло̏. Кл̌у̌̚ 
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);                    //  Ɉɲɢɛɤɚ 
                for (j=0; j < n; j++) 
                     work(i, j); 
         } 
     } 
} 
 Кɥɚɭɡɚ collapse ɦɨɠɟɬ ɛɵɬɶ ɢɫɩɨɥɶɡɨɜɚɧɚ ɬɨɥɶɤɨ ɞɥɹ ɪɚɫɩɪɟɞɟɥɟɧɢɹ 

ɜɢɬɤɨɜ ɬɟɫɧɨ-ɜɥɨɠɟɧɧɵɯ ɰɢɤɥɨɜ. 

23 ɢɸɧɹ 
Мɨɫɤɜа, 2015 Техɧɨɥɨɝɢɹ ɩаɪаɥɥеɥьɧɨɝɨ ɩɪɨɝɪаɦɦɢɪɨɜаɧɢɹ OpenMP 81 ɢɡ 196 

ˀ̭̌п̬еделе̛̦е ̛̏тко̏ ̥̦о̐о̥е̵̬̦̼ ̶̛кло̏. Кл̌у̌̚ 
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++)             //  Ɉɲɢɛɤɚ 
                     work(i, j); 
         } 
     } 
} 
 Кɥɚɭɡɚ collapse ɦɨɠɟɬ ɛɵɬɶ ɢɫɩɨɥɶɡɨɜɚɧɚ ɬɨɥɶɤɨ ɞɥɹ ɪɚɫɩɪɟɞɟɥɟɧɢɹ 

ɜɢɬɤɨɜ ɰɢɤɥɨɜ ɫ ɩɪɹɦɨɭɝɨɥɶɧɵɦ ɢɧɞɟɤɫɧɵɦ ɩɪɨɫɬɪɚɧɫɬɜɨɦ. 
 

23 ɢɸɧɹ 
Мɨɫɤɜа, 2015 Техɧɨɥɨɝɢɹ ɩаɪаɥɥеɥьɧɨɝɨ ɩɪɨɝɪаɦɦɢɪɨɜаɧɢɹ OpenMP 82 ɢɡ 196 

ˀ̭̌п̬еделе̛̦е ̛̏тко̏ ̥̦о̐о̥е̵̬̦̼ ̶̛кло̏. Кл̌у̌̚ 
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 // 
   } 
} 

23 ɢɸɧɹ 
Мɨɫɤɜа, 2015 Техɧɨɥɨɝɢɹ ɩаɪаɥɥеɥьɧɨɝɨ ɩɪɨɝɪаɦɦɢɪɨɜаɧɢɹ OpenMP 83 ɢɡ 196 

Parallel Random Access Iterator Loop (OpenMP 3.0) 



23 ɢɸɧɹ 
Мɨɫɤɜа, 2015 Техɧɨɥɨɝɢɹ ɩаɪаɥɥеɥьɧɨɝɨ ɩɪɨɝɪаɦɦɢɪɨɜаɧɢɹ OpenMP 84 ɢɡ 196 

#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  
 

ˀедук̶̛о̦̦̼е опе̶̛̛̬̌, оп̬едел́е̥̼е пол̽̚о̏̌теле̥ 

(OpenMP 4.0) 
 



Кɥɚɭɡɚ schedule: 
schedule(ɚɥɝɨɪɢɬɦ ɩɥɚɧɢɪɨɜɚɧɢɹ[, ɱɢɫɥɨ_ɢɬɟɪɚɰɢɣ])  

 
Ƚɞɟ ɚɥɝɨɪɢɬɦ ɩɥɚɧɢɪɨɜɚɧɢɹ ɨɞɢɧ ɢɡ: 
 schedule(static[, ɱɢɫɥɨ_ɢɬɟɪɚɰɢɣ])  - ɫɬɚɬɢɱɟɫɤɨɟ ɩɥɚɧɢɪɨɜɚɧɢɟ; 
 schedule(dynamic[, ɱɢɫɥɨ_ɢɬɟɪɚɰɢɣ]) - ɞɢɧɚɦɢɱɟɫɤɨɟ ɩɥɚɧɢɪɨɜɚɧɢɟ; 
 schedule(guided[, ɱɢɫɥɨ_ɢɬɟɪɚɰɢɣ]) - ɭɩɪɚɜɥɹɟɦɨɟ ɩɥɚɧɢɪɨɜɚɧɢɟ;   
 schedule(runtime) - ɩɥɚɧɢɪɨɜɚɧɢɟ ɜ ɩɟɪɢɨɞ ɜɵɩɨɥɧɟɧɢɹ;  
 schedule(auto) - ɚɜɬɨɦɚɬɢɱɟɫɤɨɟ ɩɥɚɧɢɪɨɜɚɧɢɟ (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; 
  } 
 

23 ɢɸɧɹ 
Мɨɫɤɜа, 2015 Техɧɨɥɨɝɢɹ ɩаɪаɥɥеɥьɧɨɝɨ ɩɪɨɝɪаɦɦɢɪɨɜаɧɢɹ OpenMP 85 ɢɡ 196 

ˀ̭̌п̬еделе̛̦е ̛̏тко̏ ̶̛кл̌. Кл̌у̌̚ schedule 



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

 
 Ɋɟɡɭɥɶɬɚɬ ɜɵɩɨɥɧɟɧɢɹ ɩɪɨɝɪɚɦɦɵ ɧɚ 4-ɯ ɹɞɟɪɧɨɦ ɩɪɨɰɟɫɫɨɪɟ  ɛɭɞɟɬ 
ɫɥɟɞɭɸɳɢɦ:  
 ɉɨɬɨɤ 0 ɩɨɥɭɱɚɟɬ ɩɪɚɜɨ ɧɚ ɜɵɩɨɥɧɟɧɢɟ ɢɬɟɪɚɰɢɣ 1-25. 
 ɉɨɬɨɤ 1 ɩɨɥɭɱɚɟɬ ɩɪɚɜɨ ɧɚ ɜɵɩɨɥɧɟɧɢɟ ɢɬɟɪɚɰɢɣ 26-50. 
 ɉɨɬɨɤ 2 ɩɨɥɭɱɚɟɬ ɩɪɚɜɨ ɧɚ ɜɵɩɨɥɧɟɧɢɟ ɢɬɟɪɚɰɢɣ 51-75. 
 ɉɨɬɨɤ 3 ɩɨɥɭɱɚɟɬ ɩɪɚɜɨ ɧɚ ɜɵɩɨɥɧɟɧɢɟ ɢɬɟɪɚɰɢɣ 76-100. 
 

23 ɢɸɧɹ 
Мɨɫɤɜа, 2015 Техɧɨɥɨɝɢɹ ɩаɪаɥɥеɥьɧɨɝɨ ɩɪɨɝɪаɦɦɢɪɨɜаɧɢɹ OpenMP 86 ɢɡ 196 

ˀ̭̌п̬еделе̛̦е ̛̏тко̏ ̶̛кл̌. Кл̌у̌̚ schedule 



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

 
 Ɋɟɡɭɥɶɬɚɬ ɜɵɩɨɥɧɟɧɢɹ ɩɪɨɝɪɚɦɦɵ ɧɚ 4-ɯ ɹɞɟɪɧɨɦ ɩɪɨɰɟɫɫɨɪɟ  ɛɭɞɟɬ 
ɫɥɟɞɭɸɳɢɦ:  
 ɉɨɬɨɤ 0 ɩɨɥɭɱɚɟɬ ɩɪɚɜɨ ɧɚ ɜɵɩɨɥɧɟɧɢɟ ɢɬɟɪɚɰɢɣ 1-10, 41-50, 81-90. 
 ɉɨɬɨɤ 1 ɩɨɥɭɱɚɟɬ ɩɪɚɜɨ ɧɚ ɜɵɩɨɥɧɟɧɢɟ ɢɬɟɪɚɰɢɣ 11-20, 51-60, 91-100. 
 ɉɨɬɨɤ 2 ɩɨɥɭɱɚɟɬ ɩɪɚɜɨ ɧɚ ɜɵɩɨɥɧɟɧɢɟ ɢɬɟɪɚɰɢɣ 21-30, 61-70. 
 ɉɨɬɨɤ 3 ɩɨɥɭɱɚɟɬ ɩɪɚɜɨ ɧɚ ɜɵɩɨɥɧɟɧɢɟ ɢɬɟɪɚɰɢɣ 31-40, 71-80 
 

23 ɢɸɧɹ 
Мɨɫɤɜа, 2015 Техɧɨɥɨɝɢɹ ɩаɪаɥɥеɥьɧɨɝɨ ɩɪɨɝɪаɦɦɢɪɨɜаɧɢɹ OpenMP 87 ɢɡ 196 

ˀ̭̌п̬еделе̛̦е ̛̏тко̏ ̶̛кл̌. Кл̌у̌̚ schedule 



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

 
 Ɋɟɡɭɥɶɬɚɬ ɜɵɩɨɥɧɟɧɢɹ ɩɪɨɝɪɚɦɦɵ ɧɚ 4-ɯ ɹɞɟɪɧɨɦ ɩɪɨɰɟɫɫɨɪɟ ɦɨɠɟɬ 

ɛɵɬɶ ɫɥɟɞɭɸɳɢɦ:  
 ɉɨɬɨɤ 0 ɩɨɥɭɱɚɟɬ ɩɪɚɜɨ ɧɚ ɜɵɩɨɥɧɟɧɢɟ ɢɬɟɪɚɰɢɣ 1-15. 
 ɉɨɬɨɤ 1 ɩɨɥɭɱɚɟɬ ɩɪɚɜɨ ɧɚ ɜɵɩɨɥɧɟɧɢɟ ɢɬɟɪɚɰɢɣ 16-30. 
 ɉɨɬɨɤ 2 ɩɨɥɭɱɚɟɬ ɩɪɚɜɨ ɧɚ ɜɵɩɨɥɧɟɧɢɟ ɢɬɟɪɚɰɢɣ 31-45. 
 ɉɨɬɨɤ 3 ɩɨɥɭɱɚɟɬ ɩɪɚɜɨ ɧɚ ɜɵɩɨɥɧɟɧɢɟ ɢɬɟɪɚɰɢɣ 46-60. 
 ɉɨɬɨɤ 3 ɡɚɜɟɪɲɚɟɬ ɜɵɩɨɥɧɟɧɢɟ ɢɬɟɪɚɰɢɣ. 
 ɉɨɬɨɤ 3 ɩɨɥɭɱɚɟɬ ɩɪɚɜɨ ɧɚ ɜɵɩɨɥɧɟɧɢɟ ɢɬɟɪɚɰɢɣ 61-75. 
 ɉɨɬɨɤ 2 ɡɚɜɟɪɲɚɟɬ ɜɵɩɨɥɧɟɧɢɟ ɢɬɟɪɚɰɢɣ. 
 ɉɨɬɨɤ 2 ɩɨɥɭɱɚɟɬ ɩɪɚɜɨ ɧɚ ɜɵɩɨɥɧɟɧɢɟ ɢɬɟɪɚɰɢɣ 76-90. 
 ɉɨɬɨɤ 0 ɡɚɜɟɪɲɚɟɬ ɜɵɩɨɥɧɟɧɢɟ ɢɬɟɪɚɰɢɣ. 
 ɉɨɬɨɤ 0 ɩɨɥɭɱɚɟɬ ɩɪɚɜɨ ɧɚ ɜɵɩɨɥɧɟɧɢɟ ɢɬɟɪɚɰɢɣ 91-100. 
 
 

23 ɢɸɧɹ 
Мɨɫɤɜа, 2015 Техɧɨɥɨɝɢɹ ɩаɪаɥɥеɥьɧɨɝɨ ɩɪɨɝɪаɦɦɢɪɨɜаɧɢɹ OpenMP 88 ɢɡ 196 

ˀ̭̌п̬еделе̛̦е ̛̏тко̏ ̶̛кл̌. Кл̌у̌̚ schedule 



 ɱɢɫɥɨИɜɵɩɨɥɧɹɟɦɵɯИɩɨɬɨɤɨɦИɢɬɟɪɚɰɢɣ = 
maб(ɱɢɫɥɨИɧɟɪɚɫɩɪɟɞɟɥɟɧɧɵɯИɢɬɟɪɚɰɢɣ/ompИРОtИnumИtСrОaНs(), 
ɱɢɫɥɨИɢɬɟɪɚɰɢɣ)  

#pragma omp parallel for schedule(guided, 10) 
    for(int i = 1; i <= 100; i++) 
ɉɭɫɬɶ ɩɪɨɝɪɚɦɦɚ ɡɚɩɭɳɟɧɚ ɧɚ 4-ɯ ɹɞɟɪɧɨɦ ɩɪɨɰɟɫɫɨɪɟ.  
 ɉɨɬɨɤ 0 ɩɨɥɭɱɚɟɬ ɩɪɚɜɨ ɧɚ ɜɵɩɨɥɧɟɧɢɟ ɢɬɟɪɚɰɢɣ 1-25. 
 ɉɨɬɨɤ 1 ɩɨɥɭɱɚɟɬ ɩɪɚɜɨ ɧɚ ɜɵɩɨɥɧɟɧɢɟ ɢɬɟɪɚɰɢɣ 26-44. 
 ɉɨɬɨɤ 2 ɩɨɥɭɱɚɟɬ ɩɪɚɜɨ ɧɚ ɜɵɩɨɥɧɟɧɢɟ ɢɬɟɪɚɰɢɣ 45-59. 
 ɉɨɬɨɤ 3 ɩɨɥɭɱɚɟɬ ɩɪɚɜɨ ɧɚ ɜɵɩɨɥɧɟɧɢɟ ɢɬɟɪɚɰɢɣ 60-69. 
 ɉɨɬɨɤ 3 ɡɚɜɟɪɲɚɟɬ ɜɵɩɨɥɧɟɧɢɟ ɢɬɟɪɚɰɢɣ. 
 ɉɨɬɨɤ 3 ɩɨɥɭɱɚɟɬ ɩɪɚɜɨ ɧɚ ɜɵɩɨɥɧɟɧɢɟ ɢɬɟɪɚɰɢɣ 70-79. 
 ɉɨɬɨɤ 2 ɡɚɜɟɪɲɚɟɬ ɜɵɩɨɥɧɟɧɢɟ ɢɬɟɪɚɰɢɣ. 
 ɉɨɬɨɤ 2 ɩɨɥɭɱɚɟɬ ɩɪɚɜɨ ɧɚ ɜɵɩɨɥɧɟɧɢɟ ɢɬɟɪɚɰɢɣ 80-89. 
 ɉɨɬɨɤ 3 ɡɚɜɟɪɲɚɟɬ ɜɵɩɨɥɧɟɧɢɟ ɢɬɟɪɚɰɢɣ. 
 ɉɨɬɨɤ 3 ɩɨɥɭɱɚɟɬ ɩɪɚɜɨ ɧɚ ɜɵɩɨɥɧɟɧɢɟ ɢɬɟɪɚɰɢɣ 90-99. 
 ɉɨɬɨɤ 1 ɡɚɜɟɪɲɚɟɬ ɜɵɩɨɥɧɟɧɢɟ ɢɬɟɪɚɰɢɣ. 
 ɉɨɬɨɤ 1 ɩɨɥɭɱɚɟɬ ɩɪɚɜɨ ɧɚ ɜɵɩɨɥɧɟɧɢɟ 100 ɢɬɟɪɚɰɢɢ. 

23 ɢɸɧɹ 
Мɨɫɤɜа, 2015 Техɧɨɥɨɝɢɹ ɩаɪаɥɥеɥьɧɨɝɨ ɩɪɨɝɪаɦɦɢɪɨɜаɧɢɹ OpenMP 89 ɢɡ 196 

ˀ̭̌п̬еделе̛̦е ̛̏тко̏ ̶̛кл̌. Кл̌у̌̚ schedule 



#pragma omp parallel for schedule(runtime) 
   for(int i = 1; i <= 100; i++)  /* ɫɩɨɫɨɛ ɪɚɫɩɪɟɞɟɥɟɧɢɹ ɜɢɬɤɨɜ ɰɢɤɥɚ ɦɟɠɞɭ 

ɧɢɬɹɦɢ ɛɭɞɟɬ ɡɚɞɚɧ ɜɨ ɜɪɟɦɹ ɜɵɩɨɥɧɟɧɢɹ ɩɪɨɝɪɚɦɦɵ*/ 
 

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

 
ɢɥɢ ɩɪɢ ɩɨɦɨɳɢ ɮɭɧɤɰɢɢ ɫɢɫɬɟɦɵ ɩɨɞɞɟɪɠɤɢ: 
void omp_set_schedule(omp_sched_t kind, int modifier); 

 
 

23 ɢɸɧɹ 
Мɨɫɤɜа, 2015 Техɧɨɥɨɝɢɹ ɩаɪаɥɥеɥьɧɨɝɨ ɩɪɨɝɪаɦɦɢɪɨɜаɧɢɹ OpenMP 90 ɢɡ 196 

ˀ̭̌п̬еделе̛̦е ̛̏тко̏ ̶̛кл̌. Кл̌у̌̚ schedule 



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

 
 ɋɩɨɫɨɛ ɪɚɫɩɪɟɞɟɥɟɧɢɹ ɜɢɬɤɨɜ ɰɢɤɥɚ ɦɟɠɞɭ ɧɢɬɹɦɢ ɨɩɪɟɞɟɥɹɟɬɫɹ 

ɪɟɚɥɢɡɚɰɢɟɣ ɤɨɦɩɢɥɹɬɨɪɚ. 
 ɇɚ ɷɬɚɩɟ ɤɨɦɩɢɥɹɰɢɢ ɩɪɨɝɪɚɦɦɵ ɢɥɢ ɜɨ ɜɪɟɦɹ ɟɟ ɜɵɩɨɥɧɟɧɢɹ 

ɨɩɪɟɞɟɥɹɟɬɫɹ ɨɩɬɢɦɚɥɶɧɵɣ ɫɩɨɫɨɛ ɪɚɫɩɪɟɞɟɥɟɧɢɹ. 
 
 
 
 

23 ɢɸɧɹ 
Мɨɫɤɜа, 2015 Техɧɨɥɨɝɢɹ ɩаɪаɥɥеɥьɧɨɝɨ ɩɪɨɝɪаɦɦɢɪɨɜаɧɢɹ OpenMP 91 ɢɡ 196 

ˀ̭̌п̬еделе̛̦е ̛̏тко̏ ̶̛кл̌. Кл̌у̌̚ 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]); 
    } 
} 

 
 ȼɟɪɧɨ ɜ OpenMP 3.0, ɟɫɥɢ ɤɨɥɢɱɟɫɬɜɨ ɢɬɟɪɚɰɢɣ ɭ ɰɢɤɥɨɜ ɫɨɜɩɚɞɚɟɬ ɢ 

ɩɚɪɚɦɟɬɪɵ ɤɥɚɭɡɵ schedule ɫɨɜɩɚɞɚɸɬ (STATIC + ɱɢɫɥɨ_ɢɬɟɪɚɰɢɣ). 

23 ɢɸɧɹ 
Мɨɫɤɜа, 2015 Техɧɨɥɨɝɢɹ ɩаɪаɥɥеɥьɧɨɝɨ ɩɪɨɝɪаɦɦɢɪɨɜаɧɢɹ OpenMP 92 ɢɡ 196 

ˀ̭̌п̬еделе̛̦е ̛̏тко̏ ̶̛кл̌. Кл̌у̌̚ Ŷowait 



for(int i = 1; i < 100; i++)  
     a[i]= a[i-1] + a[i+1]; 
 
 Ɇɟɠɞɭ ɜɢɬɤɚɦɢ ɰɢɤɥɚ ɫ ɢɧɞɟɤɫɚɦɢ Т1 ɢ Т2 ( i1<i2 ) ɫɭɳɟɫɬɜɭɟɬ 

ɡɚɜɢɫɢɦɨɫɬɶ ɩɨ ɞɚɧɧɵɦ (ɢɧɮɨɪɦɚɰɢɨɧɧɚɹ ɫɜɹɡɶ) ɦɚɫɫɢɜɚ a, ɟɫɥɢ ɨɛɚ 
ɷɬɢ ɜɢɬɤɚ ɨɫɭɳɟɫɬɜɥɹɸɬ ɨɛɪɚɳɟɧɢɟ ɤ ɨɞɧɨɦɭ ɷɥɟɦɟɧɬɭ ɦɚɫɫɢɜɚ ɩɨ 
ɫɯɟɦɟ ɡɚɩɢɫɶ-ɱɬɟɧɢɟ ɢɥɢ ɱɬɟɧɢɟ-ɡɚɩɢɫɶ. 

 
 ȿɫɥɢ ɜɢɬɨɤ Т1 ɡɚɩɢɫɵɜɚɟɬ ɡɧɚɱɟɧɢɟ, ɚ ɜɢɬɨɤ Т2 ɱɢɬɚɟɬ ɷɬɨ ɡɧɚɱɟɧɢɟ, ɬɨ 

ɦɟɠɞɭ ɷɬɢɦɢ ɜɢɬɤɚɦɢ ɫɭɳɟɫɬɜɭɟɬ ɩɨɬɨɤɨɜɚɹ ɡɚɜɢɫɢɦɨɫɬɶ ɢɥɢ ɩɪɨɫɬɨ 
ɡɚɜɢɫɢɦɨɫɬɶ Т1 ->  i2. 

 
 ȿɫɥɢ ɜɢɬɨɤ Т1 ɱɢɬɚɟɬ "ɫɬɚɪɨɟ" ɡɧɚɱɟɧɢɟ, ɚ ɜɢɬɨɤ Т2 ɡɚɩɢɫɵɜɚɟɬ "ɧɨɜɨɟ" 

ɡɧɚɱɟɧɢɟ, ɬɨ ɦɟɠɞɭ ɷɬɢɦɢ ɜɢɬɤɚɦɢ ɫɭɳɟɫɬɜɭɟɬ ɨɛɪɚɬɧɚɹ ɡɚɜɢɫɢɦɨɫɬɶ 
i1<- i2. 

 
 ȼ ɨɛɨɢɯ ɫɥɭɱɚɹɯ ɜɢɬɨɤ Т2 ɦɨɠɟɬ ɜɵɩɨɥɧɹɬɶɫɹ ɬɨɥɶɤɨ ɩɨɫɥɟ ɜɢɬɤɚ Т1. 
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ˀ̭̌п̬еделе̛̦е ̶̛кло̏ ̭ ̛̛̭̥̌̏̚о̭т̽̀ по д̦̦̼̥̌ 



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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ˀ̭̌п̬еделе̛̦е ̶̛кло̏ ̭ ̛̛̭̥̌̏̚о̭т̽̀ по д̦̦̼̥̌ 



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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ˀ̭̌п̬еделе̛̦е ̶̛кло̏ ̭ ̛̛̭̥̌̏̚о̭т̽̀ по д̦̦̼̥̌ 



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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Кл̌у̌̚ ̛ д̛̬ект̛̏̌ ordered 

Ɋɟɡɭɥɶɬɚɬ ɜɵɩɨɥɧɟɧɢɹ 
ɩɪɨɝɪɚɦɦɵ: 

 
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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ˀ̭̌п̬еделе̛̦е ̶̛кло̏ ̭ ̛̛̭̥̌̏̚о̭т̽̀ по д̦̦̼̥̌. Кл̌у̌̚ 
̛ д̛̬ект̛̏̌ 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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ˀ̭̌п̬еделе̛̦е ̶̛кло̏ ̭ ̛̛̭̥̌̏̚о̭т̽̀ по д̦̦̼̥̌. 
О̶̛̛̬̦̐̌̌́̚ ко̦̏е̜е̬̦о̐о ̼̏пол̦е̛̦́ ̶̛кл̌ 

ɇɢɬɶ 0 ɇɢɬɶ 1 ɇɢɬɶ 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; 

23 ɢɸɧɹ 
Мɨɫɤɜа, 2015 Техɧɨɥɨɝɢɹ ɩаɪаɥɥеɥьɧɨɝɨ ɩɪɨɝɪаɦɦɢɪɨɜаɧɢɹ OpenMP 99 ɢɡ 196 

ˀ̭̌п̬еделе̛̦е ̶̛кло̏ ̭ ̛̛̭̥̌̏̚о̭т̽̀ по д̦̦̼̥̌. 
О̶̛̛̬̦̐̌̌́̚ ко̦̏е̜е̬̦о̐о ̼̏пол̦е̛̦́ ̶̛кл̌ 

T2

T2T1

T2T1T0

T2

T2T1

T2T1T0

ɇɢɬɶ 0 ɇɢɬɶ 1 ɇɢɬɶ 2
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ˀ̭̌п̬еделе̛̦е ̶̛кло̏ ̭ ̛̛̭̥̌̏̚о̭т̽̀ по д̦̦̼̥̌. 
О̶̛̛̬̦̐̌̌́̚ ко̦̏е̜е̬̦о̐о ̼̏пол̦е̛̦́ ̶̛кл̌ 

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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ˀ̭̌п̬еделе̛̦е ̶̛кло̏ ̭ ̛̛̭̥̌̏̚о̭т̽̀ по д̦̦̼̥̌. 
О̶̛̛̬̦̐̌̌́̚ ко̦̏е̜е̬̦о̐о ̼̏пол̦е̛̦́ ̶̛кл̌ 

#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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ˀ̭̌п̬еделе̛̦е ̦е̭кол̽к̵̛ ̭т̬укту̵̬̦̼ ̍локо̏ ̥е̙ду 
̛̦т̛̥́ ;д̛̬ект̛̏̌ sectioŶsͿ 
#pragma omp sections [ɤɥɚɭɡɚДД,] ɤɥɚɭɡɚ] ...] 
{ 

   [#pragma omp section] 

   ɫɬɪɭɤɬɭɪɧɵɣ ɛɥɨɤ 

   [#pragma omp section 

   ɫɬɪɭɤɬɭɪɧɵɣ ɛɥɨɤ ] 
   ... 

} 

 

ɝɞɟ ɤɥɚɭɡɚ ɨɞɧɚ ɢɡ : 
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 [ɤɥɚɭɡɚ[[,] ɤɥɚɭɡɚ] ...] 

ɫɬɪɭɤɬɭɪɧɵɣ ɛɥɨɤ 

 

ɝɞɟ ɤɥɚɭɡɚ ɨɞɧɚ ɢɡ : 
 private(list) 
 firstprivate(list) 
 copyprivate(list) 
 nowait 

 
    ɋɬɪɭɤɬɭɪɧɵɣ ɛɥɨɤ ɛɭɞɟɬ ɜɵɩɨɥɧɟɧ 

ɨɞɧɨɣ ɢɡ ɧɢɬɟɣ. ȼɫɟ ɨɫɬɚɥɶɧɵɟ ɧɢɬɢ 
ɛɭɞɭɬ ɞɨɠɢɞɚɬɶɫɹ ɪɟɡɭɥɶɬɚɬɨɜ 
ɜɵɩɨɥɧɟɧɢɹ ɛɥɨɤɚ, ɟɫɥɢ ɧɟ ɭɤɚɡɚɧɚ 
ɤɥɚɭɡɚ 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 (); 

   } 

} 

В̼пол̦е̛̦е ̭т̬укту̬̦о̐о ̍лок̌ од̦о̜ ̛̦т̽̀ ;д̛̬ект̛̏̌ 
single) 
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 ˀ̭̌п̬еделе̛̦е опе̬̌то̬о̏ од̦о̐о ̭т̬укту̬̦о̐о ̍лок̌ 
̥е̙ду ̛̦т̛̥́ ;д̛̬ект̛̏̌ WORыSрARйͿ 

           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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ʿо̦́т̛е ̌̚д̸̛̌ 

Ɂɚɞɚɱɢ ɩɨɹɜɢɥɢɫɶ ɜ OpОnMP 3.0 
Кɚɠɞɚɹ ɡɚɞɚɱɚ: 
 ɉɪɟɞɫɬɚɜɥɹɟɬ ɫɨɛɨɣ ɩɨɫɥɟɞɨɜɚɬɟɥɶɧɨɫɬɶ ɨɩɟɪɚɬɨɪɨɜ, ɤɨɬɨɪɵɟ 

ɧɟɨɛɯɨɞɢɦɨ ɜɵɩɨɥɧɢɬɶ. 
 ȼɤɥɸɱɚɟɬ ɜ ɫɟɛɹ ɞɚɧɧɵɟ, ɤɨɬɨɪɵɟ ɢɫɩɨɥɶɡɭɸɬɫɹ ɩɪɢ ɜɵɩɨɥɧɟɧɢɢ ɷɬɢɯ 

ɨɩɟɪɚɬɨɪɨɜ. 
 ȼɵɩɨɥɧɹɟɬɫɹ ɧɟɤɨɬɨɪɨɣ ɧɢɬɶɸ. 
 
ȼ OpОnMP 3.0 ɤɚɠɞɵɣ ɨɩɟɪɚɬɨɪ ɩɪɨɝɪɚɦɦɵ ɹɜɥɹɟɬɫɹ ɱɚɫɬɶɸ ɨɞɧɨɣ ɢɡ 

ɡɚɞɚɱ. 
 ɉɪɢ ɜɯɨɞɟ ɜ ɩɚɪɚɥɥɟɥɶɧɭɸ ɨɛɥɚɫɬɶ ɫɨɡɞɚɸɬɫɹ ɧɟɹɜɧɵɟ ɡɚɞɚɱɢ (ТmplТМТt 

task), ɩɨ ɨɞɧɨɣ ɡɚɞɚɱɟ ɞɥɹ ɤɚɠɞɨɣ ɧɢɬɢ. 
 ɋɨɡɞɚɟɬɫɹ ɝɪɭɩɩɚ ɧɢɬɟɣ. 
 Кɚɠɞɚɹ ɧɢɬɶ ɢɡ ɝɪɭɩɩɵ ɜɵɩɨɥɧɹɟɬ ɨɞɧɭ ɢɡ ɡɚɞɚɱ. 
 ɉɨ ɡɚɜɟɪɲɟɧɢɢ ɜɵɩɨɥɧɟɧɢɹ ɩɚɪɚɥɥɟɥɶɧɨɣ ɨɛɥɚɫɬɢ, mastОr-ɧɢɬɶ 

ɨɠɢɞɚɟɬ, ɩɨɤɚ ɧɟ ɛɭɞɭɬ ɡɚɜɟɪɲɟɧɵ ɜɫɟ ɧɟɹɜɧɵɟ ɡɚɞɚɱɢ. 
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ʿо̦́т̛е ̌̚д̸̛̌. Д̛̬ект̛̏̌ task 

əɜɧɵɟ ɡɚɞɚɱɢ (ОбplТМТt tasks) ɡɚɞɚɸɬɫɹ ɩɪɢ ɩɨɦɨɳɢ ɞɢɪɟɤɬɢɜɵ: 
#praРma omp task ДɤɥɚɭɡɚДД,] ɤɥɚɭɡɚ] ...] 
ɫɬɪɭɤɬɭɪɧɵɣ ɛɥɨɤ 
ɝɞɟ ɤɥɚɭɡɚ ɨɞɧɚ ɢɡ : 
 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 
ȼ ɪɟɡɭɥɶɬɚɬɟ ɜɵɩɨɥɧɟɧɢɹ ɞɢɪɟɤɬɢɜɵ task ɫɨɡɞɚɟɬɫɹ ɧɨɜɚɹ ɡɚɞɚɱɚ, ɤɨɬɨɪɚɹ 

ɫɨɫɬɨɢɬ ɢɡ ɨɩɟɪɚɬɨɪɨɜ ɫɬɪɭɤɬɭɪɧɨɝɨ ɛɥɨɤɚ; ɜɫɟ ɢɫɩɨɥɶɡɭɟɦɵɟ ɜ 
ɨɩɟɪɚɬɨɪɚɯ ɩɟɪɟɦɟɧɧɵɟ ɦɨɝɭɬ ɛɵɬɶ ɥɨɤɚɥɢɡɨɜɚɧɵ ɜɧɭɬɪɢ ɡɚɞɚɱɢ ɩɪɢ 
ɩɨɦɨɳɢ ɫɨɨɬɜɟɬɫɬɜɭɸɳɢɯ ɤɥɚɭɡ. ɋɨɡɞɚɧɧɚɹ ɡɚɞɚɱɚ ɛɭɞɟɬ ɜɵɩɨɥɧɟɧɚ 
ɨɞɧɨɣ ɧɢɬɶɸ ɢɡ ɝɪɭɩɩɵ. 
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ʿо̦́т̛е ̌̚д̸̛̌. Д̛̬ект̛̏̌ 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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ʰ̭пол̽̚о̛̦̏̌е д̛̬ект̛̼̏ 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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ʰ̭пол̽̚о̛̦̏̌е д̛̬ект̛̼̏ task. Кл̌у̌̚ 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]); 
            } 
     } 
} 
     ȿɫɥɢ ɧɚɤɥɚɞɧɵɟ ɪɚɫɯɨɞɵ ɧɚ ɨɪɝɚɧɢɡɚɰɢɸ ɡɚɞɚɱ ɩɪɟɜɨɫɯɨɞɹɬ ɜɪɟɦɹ, 

ɧɟɨɛɯɨɞɢɦɨɟ ɞɥɹ ɜɵɩɨɥɧɟɧɢɹ ɛɥɨɤɚ ɨɩɟɪɚɬɨɪɨɜ ɷɬɨɣ ɡɚɞɚɱɢ, ɬɨ ɛɥɨɤ 
ɨɩɟɪɚɬɨɪɨɜ ɛɭɞɟɬ ɧɟɦɟɞɥɟɧɧɨ ɜɵɩɨɥɧɟɧ ɧɢɬɶɸ, ɜɵɩɨɥɧɢɜɲɟɣ 
ɞɢɪɟɤɬɢɜɭ task 
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ʰ̭пол̽̚о̛̦̏̌е д̛̬ект̛̼̏ 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]); 
            } 
     } 
} 
     Кɚɤ ɩɪɚɜɢɥɨ, ɜ ɤɨɦɩɢɥɹɬɨɪɚɯ ɫɭɳɟɫɬɜɭɸɬ ɨɝɪɚɧɢɱɟɧɢɹ ɧɚ ɤɨɥɢɱɟɫɬɜɨ 

ɫɨɡɞɚɜɚɟɦɵɯ ɡɚɞɚɱ. ȼɵɩɨɥɧɟɧɢɟ ɰɢɤɥɚ, ɜ ɤɨɬɨɪɨɦ ɫɨɡɞɚɸɬɫɹ ɡɚɞɚɱɢ, 
ɛɭɞɟɬ ɩɪɢɨɫɬɚɧɨɜɥɟɧɨ. ɇɢɬɶ, ɜɵɩɨɥɧɹɜɲɚɹ ɷɬɨɬ ɰɢɤɥ, ɛɭɞɟɬ 
ɢɫɩɨɥɶɡɨɜɚɧɚ ɞɥɹ ɜɵɩɨɥɧɟɧɢɹ ɨɞɧɨɣ ɢɡ ɡɚɞɚɱ 
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ʰ̭пол̽̚о̛̦̏̌е д̛̬ект̛̼̏ task. Кл̌у̌̚ uŶtied 

#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]); 
                       } 
                } 
        } 
} 
     Кɥɚɭɡɚ untТОН - ɜɵɩɨɥɧɟɧɢɟ ɡɚɞɚɱɢ ɩɨɫɥɟ ɩɪɢɨɫɬɚɧɨɜɤɢ ɦɨɠɟɬ ɛɵɬɶ  

ɩɪɨɞɨɥɠɟɧɨ ɥɸɛɨɣ ɧɢɬɶɸ ɝɪɭɩɩɵ 
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ʰ̭пол̽̚о̛̦̏̌е ̌̚д̸̌. Д̛̬ект̛̏̌ 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); 
} 



23 ɢɸɧɹ 
Мɨɫɤɜа, 2015 Техɧɨɥɨɝɢɹ ɩаɪаɥɥеɥьɧɨɝɨ ɩɪɨɝɪаɦɦɢɪɨɜаɧɢɹ OpenMP 113 ɢɡ 196 

ʰ̭пол̽̚о̛̦̏̌е д̛̬ект̛̼̏ task. Кл̌у̌̚ 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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Кɥɚɭɡɚ  depend(dependence-type : list) 
ɝɞɟ 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); 
} 

 

ʯ̛̛̭̥̌̏о̭т̛ ̥е̙ду ̌̚д̸̛̥̌̌ ;OpenMP 4.0) 
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ʯ̛̛̭̥̌̏о̭т̛ ̥е̙ду ̌̚д̸̛̥̌̌ (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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 Ɍɟɧɞɟɧɰɢɢ ɪɚɡɜɢɬɢɹ ɫɨɜɪɟɦɟɧɧɵɯ ɜɵɱɢɫɥɢɬɟɥɶɧɵɯ ɫɢɫɬɟɦ 

 OpenMP – ɦɨɞɟɥɶ ɩɚɪɚɥɥɟɥɢɡɦɚ ɩɨ ɭɩɪɚɜɥɟɧɢɸ  
 Ʉɨɧɫɬɪɭɤɰɢɢ ɪɚɫɩɪɟɞɟɥɟɧɢɹ ɪɚɛɨɬɵ  
 Ʉɨɧɫɬɪɭɤɰɢɢ ɞɥɹ ɫɢɧɯɪɨɧɢɡɚɰɢɢ ɧɢɬɟɣ 

 ɋɢɫɬɟɦɚ ɩɨɞɞɟɪɠɤɢ ɜɵɩɨɥɧɟɧɢɹ OpenMP-ɩɪɨɝɪɚɦɦ 

 OpenMP 4.0 

 

ˁоде̛̬̙̦̌е 
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 Ⱦɢɪɟɤɬɢɜɚ master  
 Ⱦɢɪɟɤɬɢɜɚ critical 
 Ⱦɢɪɟɤɬɢɜɚ atomic 
 ɋɟɦɚɮɨɪɵ 
 Ⱦɢɪɟɤɬɢɜɚ barrier 
 Ⱦɢɪɟɤɬɢɜɚ taskyield 
 Ⱦɢɪɟɤɬɢɜɚ taskwait 
 Ⱦɢɪɟɤɬɢɜɚ taskgroup    //  OpenMP 4.0 
 
 

Ко̦̭т̬ук̶̛̛ дл́ ̵̛̭̦̬о̶̛̛̛̦̌̚ ̛̦те̜ 
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#pragma omp master 

ɫɬɪɭɤɬɭɪɧɵɣ ɛɥɨɤ    

/*Сɬɪɭɤɬɭɪɧɵɣ ɛɥɨɤ ɛɭɞɟɬ ɜɵɩɨɥɧɟɧ MASTER-ɧɢɬɶɸ ɝɪɭɩɩɵ. Пɨ 
ɡɚɜɟɪɲɟɧɢɢ ɜɵɩɨɥɧɟɧɢɹ ɫɬɪɭɤɬɭɪɧɨɝɨ ɛɥɨɤɚ ɛɚɪɶɟɪɧɚɹ ɫɢɧɯɪɨɧɢɡɚɰɢɹ 
ɧɢɬɟɣ ɧɟ ɜɵɩɨɥɧɹɟɬɫɹ*/ 

 

#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); 

   } 

} 

Д̛̬ект̛̏̌ 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)] 

̭т̬укту̬ный блок    

В̸̛̼̭ле̛̦е ̸̛̭л̌  ̦̌ OpeŶMP ̭ ̛̭пол̽̚о̛̦̏̌е̥ 
к̛̬т̸̛е̭ко̜ ̭ек̶̛̛ 



23 ɢɸɧɹ 
Мɨɫɤɜа, 2015 Техɧɨɥɨɝɢɹ ɩаɪаɥɥеɥьɧɨɝɨ ɩɪɨɝɪаɦɦɢɪɨɜаɧɢɹ OpenMP 120 ɢɡ 196 

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)] 

̭т̬укту̬ный блок    

ʰ̭пол̽̚о̛̦̏̌е к̛̬т̸̛е̭ко̜ ̭ек̶̛̛ 



Техɧɨɥɨɝɢɹ ɩаɪаɥɥеɥьɧɨɝɨ ɩɪɨɝɪаɦɦɢɪɨɜаɧɢɹ OpenMP 121 ɢɡ 196 

#pragma omp atomic [ read | write | update | capture ] [seq_cst] 

       expression-stmt 

 

#pragma omp atomic capture 

       structured-block 

 

ȿɫɥɢ ɭɤɚɡɚɧɚ ɤɥɚɭɡɚ  read: 

       v = x; 

 

ȿɫɥɢ ɭɤɚɡɚɧɚ ɤɥɚɭɡɚ  write: 

       x = expr; 

 

ȿɫɥɢ ɭɤɚɡɚɧɚ ɤɥɚɭɡɚ update ɢɥɢ ɤɥɚɭɡɵ ɧɟɬ,  ɬɨ expression-stmt: 

x binop= expr; 

x = x binop expr; 

x++; 

++x; 

x--; 

--x; 

Д̛̬ект̛̏̌ atomic 

 ɯ – ɫɤɚɥɹɪɧɚɹ ɩɟɪɟɦɟɧɧɚɹ, Обpr – ɜɵɪɚɠɟɧɢɟ, ɜ 
ɤɨɬɨɪɨɦ ɧɟ ɩɪɢɫɭɬɫɬɜɭɟɬ ɩɟɪɟɦɟɧɧɚɹ ɯ.  

      binop - ɧɟ ɩɟɪɟɝɪɭɠɟɧɧɵɣ ɨɩɟɪɚɬɨɪ: 
      +  ,  *  ,  -  ,  /  , &  ,  ^  ,  |  ,  <<  ,   >>  
      binop=: 
      ++ , -- 
 

23 ɢɸɧɹ 
Мɨɫɤɜа, 2015 



Техɧɨɥɨɝɢɹ ɩаɪаɥɥеɥьɧɨɝɨ ɩɪɨɝɪаɦɦɢɪɨɜаɧɢɹ OpenMP 122 ɢɡ 196 

ȿɫɥɢ ɭɤɚɡɚɧɚ ɤɥɚɭɡɚ capture, ɬɨ expression-stmt: 

       v = x++; 

       v = x--; 

       v = ++x; 

       v = -- x; 

       v = x binop= expr; 

ȿɫɥɢ ɭɤɚɡɚɧɚ ɤɥɚɭɡɚ capture, ɬɨ 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;} 

Д̛̬ект̛̏̌ 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 

В̭т̬ое̦̦̼е ̴у̦к̶̛̛ дл́ ̌то̥̬̦̌о̐о до̭туп̌ к п̥̌́т̛ ̏ 
GCC 

23 ɢɸɧɹ 
Мɨɫɤɜа, 2015 
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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; 

} 

В̸̛̼̭ле̛̦е ̸̛̭л̌  ̦̌ OpeŶMP ̭ ̛̭пол̽̚о̛̦̏̌е̥ 
д̛̬ект̛̼̏ atoŵic 
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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; 

} 

ʰ̭пол̽̚о̛̦̏̌е д̛̬ект̛̼̏ 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 

ʰ̭пол̽̚о̛̦̏̌е д̛̬ект̛̼̏ atomic 
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Кɨɧɰɟɩɰɢɸ ɫɟɦɚɮɨɪɨɜ ɨɩɢɫɚɥ Ⱦɟɣɤɫɬɪɚ (DТУkstra) ɜ 1965  
ɋɟɦɚɮɨɪ - ɧɟɨɬɪɢɰɚɬɟɥɶɧɚɹ ɰɟɥɚɹ ɩɟɪɟɦɟɧɧɚɹ, ɤɨɬɨɪɚɹ ɦɨɠɟɬ ɢɡɦɟɧɹɬɶɫɹ ɢ 
ɩɪɨɜɟɪɹɬɶɫɹ ɬɨɥɶɤɨ ɩɨɫɪɟɞɫɬɜɨɦ ɞɜɭɯ ɮɭɧɤɰɢɣ:  
 

P - ɮɭɧɤɰɢɹ ɡɚɩɪɨɫɚ ɫɟɦɚɮɨɪɚ 
P(s): ДТП (s == 0) <ɡɚɛɥɨɤɢɪɨɜɚɬɶ ɬɟɤɭɳɢɣ ɩɪɨɰɟɫɫ>; ОlsО s = s-1;]  

 

V - ɮɭɧɤɰɢɹ ɨɫɜɨɛɨɠɞɟɧɢɹ ɫɟɦɚɮɨɪɚ 
V(s): ДТП (s == 0) <ɪɚɡɛɥɨɤɢɪɨɜɚɬɶ ɨɞɢɧ ɢɡ ɡɚɛɥɨɤɢɪɨɜɚɧɧɵɯ ɩɪɨɰɟɫɫɨɜ>; s = 
s+1;]  

ˁе̴̥̌о̬̼ 
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ɋɨɫɬɨɹɧɢɹ ɫɟɦɚɮɨɪɚ: 
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); 

 

ˁе̴̥̌о̬̼ ̏ 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; 

} 

 

В̸̛̼̭ле̛̦е ̸̛̭л̌  c ̛̭пол̽̚о̛̦̏̌е̥ ̭е̴̥̌о̬о̏ 
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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; 

} 

 

ʰ̭пол̽̚о̛̦̏̌е ̭е̴̥̌о̬о̏ 

void skip(int i) {} 
void work(int i) {} 
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ʰ̭пол̽̚о̛̦̏̌е ̭е̴̥̌о̬о̏ 

#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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ʰ̭пол̽̚о̛̦̏̌е ̭е̴̥̌о̬о̏ 

#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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Ɍɨɱɤɚ ɜ ɩɪɨɝɪɚɦɦɟ, ɞɨɫɬɢɠɢɦɚɹ ɜɫɟɦɢ ɧɢɬɹɦɢ ɝɪɭɩɩɵ, ɜ ɤɨɬɨɪɨɣ ɜɵɩɨɥɧɟɧɢɟ ɩɪɨɝɪɚɦɦɵ 
ɩɪɢɨɫɬɚɧɚɜɥɢɜɚɟɬɫɹ ɞɨ ɬɟɯ ɩɨɪ ɩɨɤɚ ɜɫɟ ɧɢɬɢ ɝɪɭɩɩɵ ɧɟ ɞɨɫɬɢɝɧɭɬ ɞɚɧɧɨɣ ɬɨɱɤɢ ɢ ɜɫɟ ɡɚɞɚɱɢ, 
ɜɵɩɨɥɧɹɟɦɵɟ ɝɪɭɩɩɨɣ ɧɢɬɟɣ ɛɭɞɭɬ ɡɚɜɟɪɲɟɧɵ. 
#pragma omp barrier 
ɉɨ ɭɦɨɥɱɚɧɢɸ ɛɚɪɶɟɪɧɚɹ ɫɢɧɯɪɨɧɢɡɚɰɢɹ ɧɢɬɟɣ ɜɵɩɨɥɧɹɟɬɫɹ: 

ɩɨ ɡɚɜɟɪɲɟɧɢɸ ɤɨɧɫɬɪɭɤɰɢɢ parallel; 

ɩɪɢ ɜɵɯɨɞɟ ɢɡ ɤɨɧɫɬɪɭɤɰɢɣ ɪɚɫɩɪɟɞɟɥɟɧɢɹ ɪɚɛɨɬ (for, single, sections, workshare) , ɟɫɥɢ 
ɧɟ ɭɤɚɡɚɧɚ ɤɥɚɭɡɚ 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 

} 

Д̛̬ект̛̏̌ 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); 

        } 

} 

Д̛̬ект̛̏̌ taskyield 
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Д̛̬ект̛̏̌ 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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Д̛̬ект̛̏̌ taskwait 

 

#pragma omp task {}  // Task1 

#pragma omp task // Task2 

{ 

    #pragma omp task {} // Task3 

} 

#pragma omp task {} // Task4 

 

#pragma omp taskwait 

// Ƚɚɪɚɧɬɢɪɭɟɬɫɹ ɱɬɨ ɜ ɞɚɧɧɨɣ ɬɨɱɤɟ ɡɚɜɟɪɲɚɬɫɹ Task1 && Task2  && Task4 
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Д̛̬ект̛̏̌ taskgroup 

 

#pragma omp task {}  // Task1 

#pragma omp taskgroup 

{ 

   #pragma omp task // Task2 

   { 

      #pragma omp task {} // Task3 

   } 

   #pragma omp task {} // Task4 

} 

// Ƚɚɪɚɧɬɢɪɭɟɬɫɹ ɱɬɨ ɜ ɞɚɧɧɨɣ ɬɨɱɤɟ ɡɚɜɟɪɲɚɬɫɹ Task2 && Task3  && Task4 
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ʰ̭пол̽̚о̛̦̏̌е д̛̬ект̛̼̏ 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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 Ɍɟɧɞɟɧɰɢɢ ɪɚɡɜɢɬɢɹ ɫɨɜɪɟɦɟɧɧɵɯ ɜɵɱɢɫɥɢɬɟɥɶɧɵɯ ɫɢɫɬɟɦ 

 OpenMP – ɦɨɞɟɥɶ ɩɚɪɚɥɥɟɥɢɡɦɚ ɩɨ ɭɩɪɚɜɥɟɧɢɸ  
 Ʉɨɧɫɬɪɭɤɰɢɢ ɪɚɫɩɪɟɞɟɥɟɧɢɹ ɪɚɛɨɬɵ  
 Ʉɨɧɫɬɪɭɤɰɢɢ ɞɥɹ ɫɢɧɯɪɨɧɢɡɚɰɢɢ ɧɢɬɟɣ 

 ɋɢɫɬɟɦɚ ɩɨɞɞɟɪɠɤɢ ɜɵɩɨɥɧɟɧɢɹ OpenMP-ɩɪɨɝɪɚɦɦ 

 OpenMP 4.0 

 

ˁоде̛̬̙̦̌е 
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В̦ут̬е̛̦̦е пе̬е̥е̦̦̼е, уп̬̌̏л̛̺́̀е ̼̏пол̦е̛̦е̥ 
OpenMP-п̬о̬̥̥̼̐̌ ;ICV-Internal Control Variables) 

Ⱦɥɹ ɩɚɪɚɥɥɟɥɶɧɵɯ ɨɛɥɚɫɬɟɣ: 
 nthreads-var 
 thread-limit-var 
 dyn-var 
 nest-var 
 max-active-levels-var 
 
Ⱦɥɹ ɰɢɤɥɨɜ: 
 run-sched-var 
 def-sched-var 
 
Ⱦɥɹ ɜɫɟɣ ɩɪɨɝɪɚɦɦɵ: 
 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(); 
    } 
} 
 
 
 
     ɋɭɳɟɫɬɜɭɟɬ ɨɞɧɚ ɤɨɩɢɹ ɷɬɨɣ ɩɟɪɟɦɟɧɧɨɣ ɞɥɹ ɤɚɠɞɨɣ 

ɡɚɞɚɱɢ 

ɇɟ ɤɨɪɪɟɤɬɧɨ ɜ OpenMP 2.5 

Кɨɪɪɟɤɬɧɨ ɜ OpenMP 3.0 
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Ɉɩɪɟɞɟɥɹɟɬ ɦɚɤɫɢɦɚɥɶɧɨ ɜɨɡɦɨɠɧɨɟ ɤɨɥɢɱɟɫɬɜɨ ɧɢɬɟɣ ɜ ɫɨɡɞɚɜɚɟɦɨɣ 
ɩɚɪɚɥɥɟɥɶɧɨɣ ɨɛɥɚɫɬɢ. 
ɇɚɱɚɥɶɧɨɟ ɡɧɚɱɟɧɢɟ: ɡɚɜɢɫɢɬ ɨɬ ɪɟɚɥɢɡɚɰɢɢ. 
ɋɭɳɟɫɬɜɭɟɬ ɨɞɧɚ ɤɨɩɢɹ ɷɬɨɣ ɩɟɪɟɦɟɧɧɨɣ ɞɥɹ ɤɚɠɞɨɣ ɡɚɞɚɱɢ. 
Ɂɧɚɱɟɧɢɟ ɩɟɪɟɦɟɧɧɨɣ ɦɨɠɧɨ ɢɡɦɟɧɢɬɶ: 

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); 

ɍɡɧɚɬɶ ɡɧɚɱɟɧɢɟ ɩɟɪɟɦɟɧɧɨɣ ɦɨɠɧɨ: 

int omp_get_max_threads(void); 

Internal Control Variables. nthreads-var 



23 ɢɸɧɹ 
Мɨɫɤɜа, 2015 Техɧɨɥɨɝɢɹ ɩаɪаɥɥеɥьɧɨɝɨ ɩɪɨɝɪаɦɦɢɪɨɜаɧɢɹ OpenMP 143 ɢɡ 196 

Ɉɩɪɟɞɟɥɹɟɬ ɦɚɤɫɢɦɚɥɶɧɨɟ ɤɨɥɢɱɟɫɬɜɨ ɧɢɬɟɣ, ɤɨɬɨɪɵɟ ɦɨɝɭɬ ɛɵɬɶ 
ɢɫɩɨɥɶɡɨɜɚɧɵ ɞɥɹ ɜɵɩɨɥɧɟɧɢɹ ɜɫɟɣ ɩɪɨɝɪɚɦɦɵ. 
ɇɚɱɚɥɶɧɨɟ ɡɧɚɱɟɧɢɟ: ɡɚɜɢɫɢɬ ɨɬ ɪɟɚɥɢɡɚɰɢɢ. 
ɋɭɳɟɫɬɜɭɟɬ ɨɞɧɚ ɤɨɩɢɹ ɷɬɨɣ ɩɟɪɟɦɟɧɧɨɣ ɞɥɹ ɜɫɟɣ ɩɪɨɝɪɚɦɦɵ. 
Ɂɧɚɱɟɧɢɟ ɩɟɪɟɦɟɧɧɨɣ ɦɨɠɧɨ ɢɡɦɟɧɢɬɶ: 

C shell: 

setenv OMP_THREAD_LIMIT 16 

Korn shell: 

export OMP_THREAD_LIMIT=16 

Windows: 

set OMP_THREAD_LIMIT=16 

 

ɍɡɧɚɬɶ ɡɧɚɱɟɧɢɟ ɩɟɪɟɦɟɧɧɨɣ ɦɨɠɧɨ: 

int omp_get_thread_limit(void) 

Internal Control Variables. thread-limit-var 
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ȼɤɥɸɱɚɟɬ/ɨɬɤɥɸɱɚɟɬ ɪɟɠɢɦ, ɜ ɤɨɬɨɪɨɦ ɤɨɥɢɱɟɫɬɜɨ ɫɨɡɞɚɜɚɟɦɵɯ ɧɢɬɟɣ ɩɪɢ 
ɜɯɨɞɟ ɜ ɩɚɪɚɥɥɟɥɶɧɭɸ ɨɛɥɚɫɬɶ ɦɨɠɟɬ ɦɟɧɹɬɶɫɹ ɞɢɧɚɦɢɱɟɫɤɢ. 
ɇɚɱɚɥɶɧɨɟ ɡɧɚɱɟɧɢɟ: ȿɫɥɢ ɤɨɦɩɢɥɹɬɨɪ ɧɟ ɩɨɞɞɟɪɠɢɜɚɟɬ ɞɚɧɧɵɣ ɪɟɠɢɦ, 
ɬɨ false.  

ɋɭɳɟɫɬɜɭɟɬ ɨɞɧɚ ɤɨɩɢɹ ɷɬɨɣ ɩɟɪɟɦɟɧɧɨɣ ɞɥɹ ɤɚɠɞɨɣ ɡɚɞɚɱɢ. 
Ɂɧɚɱɟɧɢɟ ɩɟɪɟɦɟɧɧɨɣ ɦɨɠɧɨ ɢɡɦɟɧɢɬɶ: 

C shell: 

setenv OMP_DYNAMIC true 

Korn shell: 

export OMP_DYNAMIC=true 

Windows: 

set OMP_DYNAMIC=true 

void omp_set_dynamic(int dynamic_threads); 

 

ɍɡɧɚɬɶ ɡɧɚɱɟɧɢɟ ɩɟɪɟɦɟɧɧɨɣ ɦɨɠɧɨ: 

int omp_get_dynamic(void); 

Internal Control Variables. dyn-var 
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ȼɤɥɸɱɚɟɬ/ɨɬɤɥɸɱɚɟɬ ɪɟɠɢɦ ɩɨɞɞɟɪɠɤɢ ɜɥɨɠɟɧɧɨɝɨ ɩɚɪɚɥɥɟɥɢɡɦɚ. 
ɇɚɱɚɥɶɧɨɟ ɡɧɚɱɟɧɢɟ: false.  

ɋɭɳɟɫɬɜɭɟɬ ɨɞɧɚ ɤɨɩɢɹ ɷɬɨɣ ɩɟɪɟɦɟɧɧɨɣ ɞɥɹ ɤɚɠɞɨɣ ɡɚɞɚɱɢ. 
Ɂɧɚɱɟɧɢɟ ɩɟɪɟɦɟɧɧɨɣ ɦɨɠɧɨ ɢɡɦɟɧɢɬɶ: 

C shell: 

setenv OMP_NESTED true 

Korn shell: 

export OMP_NESTED=false 

Windows: 

set OMP_NESTED=true 

 

void omp_set_nested(int nested); 

 

ɍɡɧɚɬɶ ɡɧɚɱɟɧɢɟ ɩɟɪɟɦɟɧɧɨɣ ɦɨɠɧɨ: 

int omp_get_nested(void); 

Internal Control Variables. nest-var 
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Ɂɚɞɚɟɬ ɦɚɤɫɢɦɚɥɶɧɨ ɜɨɡɦɨɠɧɨɟ ɤɨɥɢɱɟɫɬɜɨ ɚɤɬɢɜɧɵɯ ɜɥɨɠɟɧɧɵɯ ɩɚɪɚɥɥɟɥɶɧɵɯ 
ɨɛɥɚɫɬɟɣ. 
ɇɚɱɚɥɶɧɨɟ ɡɧɚɱɟɧɢɟ: ɡɚɜɢɫɢɬ ɨɬ ɪɟɚɥɢɡɚɰɢɢ.  

ɋɭɳɟɫɬɜɭɟɬ ɨɞɧɚ ɤɨɩɢɹ ɷɬɨɣ ɩɟɪɟɦɟɧɧɨɣ ɞɥɹ ɜɫɟɣ ɩɪɨɝɪɚɦɦɵ. 
Ɂɧɚɱɟɧɢɟ ɩɟɪɟɦɟɧɧɨɣ ɦɨɠɧɨ ɢɡɦɟɧɢɬɶ: 

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); 

ɍɡɧɚɬɶ ɡɧɚɱɟɧɢɟ ɩɟɪɟɦɟɧɧɨɣ ɦɨɠɧɨ: 

int omp_get_max_active_levels(void); 

 

Internal Control Variables. max-active-levels-var 
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Ɂɚɞɚɟɬ ɫɩɨɫɨɛ ɪɚɫɩɪɟɞɟɥɟɧɢɹ ɜɢɬɤɨɜ ɰɢɤɥɚ ɦɟɠɞɭ ɧɢɬɹɦɢ, ɟɫɥɢ ɭɤɚɡɚɧɚ 
ɤɥɚɭɡɚ schedule(runtime). 

ɇɚɱɚɥɶɧɨɟ ɡɧɚɱɟɧɢɟ: ɡɚɜɢɫɢɬ ɨɬ ɪɟɚɥɢɡɚɰɢɢ.  

ɋɭɳɟɫɬɜɭɟɬ ɨɞɧɚ ɤɨɩɢɹ ɷɬɨɣ ɩɟɪɟɦɟɧɧɨɣ ɞɥɹ ɤɚɠɞɨɣ ɡɚɞɚɱɢ. 
Ɂɧɚɱɟɧɢɟ ɩɟɪɟɦɟɧɧɨɣ ɦɨɠɧɨ ɢɡɦɟɧɢɬɶ: 

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); 

ɍɡɧɚɬɶ ɡɧɚɱɟɧɢɟ ɩɟɪɟɦɟɧɧɨɣ ɦɨɠɧɨ: 

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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Ɂɚɞɚɟɬ ɫɩɨɫɨɛ ɪɚɫɩɪɟɞɟɥɟɧɢɹ ɜɢɬɤɨɜ ɰɢɤɥɚ ɦɟɠɞɭ ɧɢɬɹɦɢ ɩɨ ɭɦɨɥɱɚɧɢɸ. 
ɇɚɱɚɥɶɧɨɟ ɡɧɚɱɟɧɢɟ: ɡɚɜɢɫɢɬ ɨɬ ɪɟɚɥɢɡɚɰɢɢ.  

ɋɭɳɟɫɬɜɭɟɬ ɨɞɧɚ ɤɨɩɢɹ ɷɬɨɣ ɩɟɪɟɦɟɧɧɨɣ ɞɥɹ ɜɫɟɣ ɩɪɨɝɪɚɦɦɵ. 
 

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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Ʉɚɠɞɚɹ ɧɢɬɶ ɩɪɟɞɫɬɚɜɥɹɟɬ ɫɨɛɨɣ ɧɟɡɚɜɢɫɢɦɨ ɜɵɩɨɥɧɹɸɳɢɣɫɹ ɩɨɬɨɤ 
ɭɩɪɚɜɥɟɧɢɹ ɫɨ ɫɜɨɢɦ ɫɱɟɬɱɢɤɨɦ ɤɨɦɚɧɞ, ɪɟɝɢɫɬɪɨɜɵɦ ɤɨɧɬɟɤɫɬɨɦ ɢ 
ɫɬɟɤɨɦ.  
ɉɟɪɟɦɟɧɧɚɹ stack-size-var ɡɚɞɚɟɬ ɪɚɡɦɟɪ ɫɬɟɤɚ. 
ɇɚɱɚɥɶɧɨɟ ɡɧɚɱɟɧɢɟ: ɡɚɜɢɫɢɬ ɨɬ ɪɟɚɥɢɡɚɰɢɢ.  

ɋɭɳɟɫɬɜɭɟɬ ɨɞɧɚ ɤɨɩɢɹ ɷɬɨɣ ɩɟɪɟɦɟɧɧɨɣ ɞɥɹ ɜɫɟɣ ɩɪɨɝɪɚɦɦɵ. 
Ɂɧɚɱɟɧɢɟ ɩɟɪɟɦɟɧɧɨɣ ɦɨɠɧɨ ɢɡɦɟɧɢɬɶ: 

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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ɉɨɞɫɤɚɡɤɚ OpenMP-ɤɨɦɩɢɥɹɬɨɪɭ ɨ ɠɟɥɚɟɦɨɦ ɩɨɜɟɞɟɧɢɢ ɧɢɬɟɣ ɜɨ ɜɪɟɦɹ ɨɠɢɞɚɧɢɹ. 
ɇɚɱɚɥɶɧɨɟ ɡɧɚɱɟɧɢɟ: ɡɚɜɢɫɢɬ ɨɬ ɪɟɚɥɢɡɚɰɢɢ.  
ɋɭɳɟɫɬɜɭɟɬ ɨɞɧɚ ɤɨɩɢɹ ɷɬɨɣ ɩɟɪɟɦɟɧɧɨɣ ɞɥɹ ɜɫɟɣ ɩɪɨɝɪɚɦɦɵ. 
Ɂɧɚɱɟɧɢɟ ɩɟɪɟɦɟɧɧɨɣ ɦɨɠɧɨ ɢɡɦɟɧɢɬɶ: 
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 
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ɤɥɚɭɡɚ ɜɵɡɨɜ ɮɭɧɤɰɢɢ ɩɟɪɟɦɟɧɧɚɹ ɨɤɪɭɠɟɧɢɹ 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. ʿ̛̬о̛̬тет̼ 
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int omp_get_num_threads(void); 

-ɜɨɡɜɪɚɳɚɟɬ ɤɨɥɢɱɟɫɬɜɨ ɧɢɬɟɣ ɜ ɬɟɤɭɳɟɣ ɩɚɪɚɥɥɟɥɶɧɨɣ ɨɛɥɚɫɬɢ 

 

#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); 

      } 

} 

ˁ̛̭те̥̌ подде̬̙к̛ ̼̏пол̦е̛̦́ OpenMP-п̬о̬̥̥̐̌ 
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int omp_get_thread_num(void); 

-ɜɨɡɜɪɚɳɚɟɬ ɧɨɦɟɪ ɧɢɬɢ ɜ ɝɪɭɩɩɟ [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); 

      } 

} 

ˁ̛̭те̥̌ подде̬̙к̛ ̼̏пол̦е̛̦́ OpenMP-п̬о̬̥̥̐̌ 
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int omp_get_num_procs(void); 

-ɜɨɡɜɪɚɳɚɟɬ ɤɨɥɢɱɟɫɬɜɨ ɩɪɨɰɟɫɫɨɪɨɜ, ɧɚ ɤɨɬɨɪɵɯ ɩɪɨɝɪɚɦɦɚ ɜɵɩɨɥɧɹɟɬɫɹ 

 

#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); 

      } 

} 

ˁ̛̭те̥̌ подде̬̙к̛ ̼̏пол̦е̛̦́ OpenMP-п̬о̬̥̥̐̌ 
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int omp_get_level(void) 

 - ɜɨɡɜɪɚɳɚɟɬ ɭɪɨɜɟɧɶ ɜɥɨɠɟɧɧɨɫɬɢ ɞɥɹ ɬɟɤɭɳɟɣ ɩɚɪɚɥɥɟɥɶɧɨɣ ɨɛɥɚɫɬɢ. 
#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); 

      } 

} 

ˁ̛̭те̥̌ подде̬̙к̛ ̼̏пол̦е̛̦́ OpenMP-п̬о̬̥̥̐̌ 
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int omp_get_active_level(void) 

 - ɜɨɡɜɪɚɳɚɟɬ ɤɨɥɢɱɟɫɬɜɨ ɚɤɬɢɜɧɵɯ ɩɚɪɚɥɥɟɥɶɧɵɯ ɨɛɥɚɫɬɟɣ 
(ɜɵɩɨɥɧɹɟɦɵɯ 2-ɦɹ ɢɥɢ ɛɨɥɟɟ ɧɢɬɹɦɢ). 
#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); 

      } 

} 

ˁ̛̭те̥̌ подде̬̙к̛ ̼̏пол̦е̛̦́ OpenMP-п̬о̬̥̥̐̌ 
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int omp_get_ancestor_thread_num (int level) 

 - ɞɥɹ ɧɢɬɢ, ɜɵɡɜɚɜɲɟɣ ɞɚɧɧɭɸ ɮɭɧɤɰɢɸ, ɜɨɡɜɪɚɳɚɟɬɫɹ ɧɨɦɟɪ ɧɢɬɢ-
ɪɨɞɢɬɟɥɹ,  ɤɨɬɨɪɚɹ ɫɨɡɞɚɥɚ ɭɤɚɡɚɧɧɭɸ ɩɚɪɚɥɥɟɥɶɧɭɸ ɨɛɥɚɫɬɶ. 
 

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; 

} 

 

ˁ̛̭те̥̌ подде̬̙к̛ ̼̏пол̦е̛̦́ OpenMP-п̬о̬̥̥̐̌ 
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int omp_get_team_size(int level); 

 - ɤɨɥɢɱɟɫɬɜɨ ɧɢɬɟɣ ɜ ɭɤɚɡɚɧɧɨɣ ɩɚɪɚɥɥɟɥɶɧɨɣ ɨɛɥɚɫɬɢ. 
 

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; 

} 

 

ˁ̛̭те̥̌ подде̬̙к̛ ̼̏пол̦е̛̦́ OpenMP-п̬о̬̥̥̐̌ 
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double omp_get_wtime(void); 

ɜɨɡɜɪɚɳɚɟɬ ɞɥɹ ɧɢɬɢ ɚɫɬɪɨɧɨɦɢɱɟɫɤɨɟ ɜɪɟɦɹ ɜ ɫɟɤɭɧɞɚɯ, ɩɪɨɲɟɞɲɟɟ ɫ 
ɧɟɤɨɬɨɪɨɝɨ ɦɨɦɟɧɬɚ ɜ ɩɪɨɲɥɨɦ. ȿɫɥɢ ɧɟɤɨɬɨɪɵɣ ɭɱɚɫɬɨɤ ɨɤɪɭɠɢɬɶ ɜɵɡɨɜɚɦɢ 
ɞɚɧɧɨɣ ɮɭɧɤɰɢɢ, ɬɨ ɪɚɡɧɨɫɬɶ ɜɨɡɜɪɚɳɚɟɦɵɯ ɡɧɚɱɟɧɢɣ ɩɨɤɚɠɟɬ ɜɪɟɦɹ ɪɚɛɨɬɵ 
ɞɚɧɧɨɝɨ ɭɱɚɫɬɤɚ. Ƚɚɪɚɧɬɢɪɭɟɬɫɹ, ɱɬɨ ɦɨɦɟɧɬ ɜɪɟɦɟɧɢ, ɢɫɩɨɥɶɡɭɟɦɵɣ ɜ 
ɤɚɱɟɫɬɜɟ ɬɨɱɤɢ ɨɬɫɱɟɬɚ, ɧɟ ɛɭɞɟɬ ɢɡɦɟɧɟɧ ɡɚ ɜɪɟɦɹ ɜɵɩɨɥɧɟɧɢɹ ɩɪɨɝɪɚɦɦɵ. 
 

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); 

- ɜɨɡɜɪɚɳɚɟɬ ɪɚɡɪɟɲɟɧɢɟ ɬɚɣɦɟɪɚ ɜ ɫɟɤɭɧɞɚɯ (ɤɨɥɢɱɟɫɬɜɨ ɫɟɤɭɧɞ ɦɟɠɞɭ 
ɩɨɫɥɟɞɨɜɚɬɟɥɶɧɵɦɢ ɢɦɩɭɥɶɫɚɦɢ ɬɚɣɦɟɪɚ).  

ˁ̛̭те̥̌ подде̬̙к̛ ̼̏пол̦е̛̦́ OpeŶMP-п̬о̬̥̥̐̌. 
Фу̦к̶̛̛ ̬̌̍от̼ ̭о ̬̏е̥е̦е̥ 
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 Ɍɟɧɞɟɧɰɢɢ ɪɚɡɜɢɬɢɹ ɫɨɜɪɟɦɟɧɧɵɯ ɜɵɱɢɫɥɢɬɟɥɶɧɵɯ ɫɢɫɬɟɦ 

 OpenMP – ɦɨɞɟɥɶ ɩɚɪɚɥɥɟɥɢɡɦɚ ɩɨ ɭɩɪɚɜɥɟɧɢɸ  
 Ʉɨɧɫɬɪɭɤɰɢɢ ɪɚɫɩɪɟɞɟɥɟɧɢɹ ɪɚɛɨɬɵ  
 Ʉɨɧɫɬɪɭɤɰɢɢ ɞɥɹ ɫɢɧɯɪɨɧɢɡɚɰɢɢ ɧɢɬɟɣ 

 ɋɢɫɬɟɦɚ ɩɨɞɞɟɪɠɤɢ ɜɵɩɨɥɧɟɧɢɹ OpenMP-ɩɪɨɝɪɚɦɦ 

 OpenMP 4.0 

ˁоде̛̬̙̦̌е 
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 ȼɟɤɬɨɪɢɡɚɰɢɹ ɤɨɞɚ 

 Ɉɛɪɚɛɨɬɤɚ ɢɫɤɥɸɱɢɬɟɥɶɧɵɯ ɫɢɬɭɚɰɢɣ / cancellation constructs 

 ɉɪɢɜɹɡɤɚ ɧɢɬɟɣ ɤ ɹɞɪɚɦ 

 ɉɨɞɞɟɪɠɤɚ ɭɫɤɨɪɢɬɟɥɟɣ/ɫɨɩɪɨɰɟɫɫɨɪɨɜ 

 

ʻо̼̏е ̏о̥̚о̙̦о̭т̛ OpenMP 4.0 
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ʰ̭пол̽̚о̛̦̏̌е ̏екто̶̛̛̛̬̌̚ 

 

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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ʰ̭пол̽̚о̛̦̏̌е ̏екто̶̛̛̛̬̌̚. ˁпе̶̴̛̛к̶̛̌́ simd 

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

       for-loops 

 

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

       for-loops 
ɝɞɟ ɤɥɚɭɡɚ ɨɞɧɚ ɢɡ: 
 safelen (length) 
 linear (list[:linear-step]) 
 aligned (list[:alignment]) 
 private (list) 
 lastprivate (list) 
 reduction (reduction-identifier: list)  
 collapse (n) 
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ʰ̭пол̽̚о̛̦̏̌е ̏екто̶̛̛̛̬̌̚ 

 

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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ʰ̭пол̽̚о̛̦̏̌е ̏екто̶̛̛̛̬̌̚. ˁпе̶̴̛̛к̶̛̌́ declare simd 

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

 function definition or declaration 
 
ɝɞɟ ɤɥɚɭɡɚ ɨɞɧɚ ɢɡ: 
 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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ʰ̭пол̽̚о̛̦̏̌е ̏екто̶̛̛̛̬̌̚ 

#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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Ⱦɢɪɟɤɬɢɜɚ   

#pragma omp cancel clause[[,] clause ] 
ɝɞɟ clause ɨдɧа ɢɡ: 

 parallel 
 sections 
 for 
 taskgroup 
 if (scalar-expression) 

Ⱦɢɪɟɤɬɢɜɚ   

#pragma omp cancellation point clause[[,] clause ] 
ɝɞɟ clause ɨдɧа ɢɡ: 

 parallel 
 sections 
 for 
 taskgroup 

 
ɇɨɜɚɹ ɮɭɧɤɰɢɹ ɫɢɫɬɟɦɵ ɩɨɞɞɟɪɠɤɢ: 

 omp_get_cancellation 
 
ɇɨɜɚɹ ɩɟɪɟɦɟɧɧɚɹ ɨɤɪɭɠɟɧɢɹ: 

 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 

   } 

} 

 

О̬̍̌̍отк̌ ̛̭кл̸̛̀тел̵̦̼̽ ̛̭ту̶̛̜̌ 
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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; 

} 

ʿо̛̭к ̏ де̬е̏е ;̸̭̌т̽ ϭͿ 
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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 

                } 

            } 

  

ʿо̛̭к ̏ де̬е̏е ;̸̭̌т̽ ϮͿ  
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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; 

} 

 

  

ʿо̛̭к ̏ де̬е̏е ;̸̭̌т̽ ϯͿ  



23 ɢɸɧɹ 
Мɨɫɤɜа, 2015 Техɧɨɥɨɝɢɹ ɩаɪаɥɥеɥьɧɨɝɨ ɩɪɨɝɪаɦɦɢɪɨɜаɧɢɹ OpenMP 173 ɢɡ 196 

 

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" 

 

ʿ̛̬̏́̚к̌ ̛̦те̜ к ́д̬̥̌ 
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ˀ̛̭̹̬̌е̛̦е OpenMP дл́ ̛̭пол̽̚о̛̦̏̌́ у̭ко̛̬теле̜ 

… 

Node 1 Node 64 
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Ал̐о̛̬т̥ Яко̛̍ ̦̌ ̼́̚ке нortraŶ 

        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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Ал̐о̛̬т̥ Яко̛̍ ̦̌ ̼́̚ке нortraŶ 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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Ал̐о̛̬т̥ Яко̛̍ ̦̌ ̼́̚ке нortraŶ 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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Ал̐о̛̬т̥ Яко̛̍ ̏ ̥одел̛ 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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Ал̐о̛̬т̥ Яко̛̍ ̏ ̥одел̛ 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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Ал̐о̛̬т̥ Яко̛̍ ̏ ̥одел̛ 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 

ɇɨɜɵɟ ɞɢɪɟɤɬɢɜɵ 
 target 
 target data 
 target update 
 teams 
ditribute 
 
ɇɨɜɵɟ ɮɭɧɤɰɢɢ ɫɢɫɬɟɦɵ ɩɨɞɞɟɪɠɤɢ 
omp_get_num_devices 
omp_set_default_device 
omp_get_default_device 
omp_is_initial_device 
omp_get_num_teams 
omp_get_team_num 
 
 
ɇɨɜɚɹ ɩɟɪɟɦɟɧɧɚɹ ɨɤɪɭɠɟɧɢɹ 
OMP_DEFAULT_DEVICE 
  



23 ɢɸɧɹ 
Мɨɫɤɜа, 2015 Техɧɨɥɨɝɢɹ ɩаɪаɥɥеɥьɧɨɝɨ ɩɪɨɝɪаɦɦɢɪɨɜаɧɢɹ OpenMP 185 ɢɡ 196 

OpenMP accelerator model. Д̛̬ект̛̏̌ target  

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

   structured-block 
 
ɝɞɟ clause ɨдɧа ɢɡ: 
device(integer-expression) 
map ([map-type]:list) 
map-type: 

•  alloc 
•  to 
•  from 
•    tofrom (ɩɨ ɭɦɨɥɱɚɧɢɸ) 

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 
 
ɝɞɟ clause ɨдɧа ɢɡ: 
device(integer-expression) 
map ([map-type]:list) 
map-type: 

•  alloc 
•  to 
•  from 
•  tofrom 

if (scalar-expression) 
 

#pragma omp target update[clause[[,] clause ]] 
 
ɝɞɟ clause ɨдɧа ɢɡ: 
to (list) 
from (list) 
device(integer-expression) 
if (scalar-expression) 
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OpenMP accelerator model. Д̛̬ект̛̏̌ 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. Д̛̬ект̛̏̌ 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. Д̛̬ект̛̏̌ teams 

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

    structured-block 

 

 ɝɞɟ clause ɨɞɧɚ ɢɡ: 

• 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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ʰ̭пол̽̚о̛̦̏̌е д̛̬ект̛̼̏ 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. Д̛̬ект̛̏̌ distribute 

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

    for-loops 

 

 ɝɞɟ clause ɨɞɧɚ ɢɡ: 

• private (list) 

• firstprivate (list) 

• collapse (n) 

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

 

Ɇɨɠɟɬ ɢɫɩɨɥɶɡɨɜɚɬɶɫɹ ɜɧɭɬɪɢ ɤɨɧɫɬɪɭɤɰɢɢ teams. 
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OpenMP accelerator model. Д̛̬ект̛̏̌ 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. Д̛̬ект̛̼̏ 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. ˄̥̦о̙е̛̦е ̏екто̬о̏ 

  
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); 



23 ɢɸɧɹ 
Мɨɫɤɜа, 2015 Техɧɨɥɨɝɢɹ ɩаɪаɥɥеɥьɧɨɝɨ ɩɪɨɝɪаɦɦɢɪɨɜаɧɢɹ OpenMP 195 ɢɡ 196 

 OpenMP Application Program Interface Version 4.0, July 2013. 
http://www.openmp.org/mp-documents/OpenMP4.0.0.pdf 
 Ⱥɧɬɨɧɨɜ Ⱥ.ɋ. ɉɚɪɚɥɥɟɥɶɧɨɟ ɩɪɨɝɪɚɦɦɢɪɨɜɚɧɢɟ ɫ ɢɫɩɨɥɶɡɨɜɚɧɢɟɦ 

ɬɟɯɧɨɥɨɝɢɢ OpОnMP: ɍɱɟɛɧɨɟ ɩɨɫɨɛɢɟ.-Ɇ.: ɂɡɞ-ɜɨ ɆȽɍ, 2009. 
http://parallel.ru/info/parallel/openmp/OpenMP.pdf 

 Э. Ɍɚɧɟɧɛɚɭɦ, Ɇ. ɜɚɧ ɋɬɟɟɧ. Ɋɚɫɩɪɟɞɟɥɟɧɧɵɟ ɫɢɫɬɟɦɵ. ɉɪɢɧɰɢɩɵ ɢ 
ɩɚɪɚɞɢɝɦɵ. – ɋɉɛ. ɉɢɬɟɪ, 2003 

 ȼɨɟɜɨɞɢɧ ȼ.ȼ., ȼɨɟɜɨɞɢɧ ȼɥ.ȼ. ɉɚɪɚɥɥɟɥɶɧɵɟ ɜɵɱɢɫɥɟɧɢɹ. – ɋɉɛ.: 
Ȼɏȼ-ɉɟɬɟɪɛɭɪɝ, 2002. 

 ɉɪɟɡɟɧɬɚɰɢɹ                       
ftp://ftp.keldysh.ru/K_student/Academy2015/OpenMP.ppt 
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Ȼɚɯɬɢɧ ȼɥɚɞɢɦɢɪ Ⱥɥɟɤɫɚɧɞɪɨɜɢɱ, ɤɚɧɞɢɞɚɬ ɮɢɡɢɤɨ-ɦɚɬɟɦɚɬɢɱɟɫɤɢɯ ɧɚɭɤ, 
ɡɚɜɟɞɭɸɳɢɣ ɫɟɤɬɨɪɨɦ ɂɧɫɬɢɬɭɬɚ ɩɪɢɤɥɚɞɧɨɣ ɦɚɬɟɦɚɬɢɤɢ ɢɦ. Ɇ.ȼ. Ʉɟɥɞɵɲɚ ɊȺɇ,  
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ɦɚɬɟɦɚɬɢɤɢ ɢ ɤɢɛɟɪɧɟɬɢɤɢ Ɇɨɫɤɨɜɫɤɨɝɨ ɭɧɢɜɟɪɫɢɬɟɬɚ ɢɦ. Ɇ.ȼ. Ʌɨɦɨɧɨɫɨɜɚ 
bakhtin@keldysh.ru 

А̏то̬ 

mailto:bakhtin@keldysh.ru
mailto:bakhtin@keldysh.ru
mailto:bakhtin@keldysh.ru

