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ʤл̐о̛̬т̥̼ ̦̌ ̴̵̬̐̌̌ 
 ʥ̛о̴̛̦о̬̥̌т̛к̌ 

 ʤ̦̌л̛̚ ̭о̶̛̌л̵̦̼̽ ̭ете̜ 

 ʥ̛̦̚е̭-̦̌̌л̛тк̌ 

 ʰ̏̚ле̸е̛̦е ̛̦̦̜̌̚ 

 ʿл̛̦̬̌о̛̦̏̌е ̐о̬од̭ко̜ ̴̛̦̬̭̌т̬укту̬̼ 

 и другое… 
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ʤл̐о̛̬т̥̼ ̦̌ ̴̵̬̐̌̌ 
 ʿо̛̭к ̏ ̛̛̹̬̦у 

◦ ʿ̬о̭тот̌ по̛̛̦̥̦̌́ 

◦ Ш̛̬окое ̬̭̌п̬о̭т̬̦̌е̛̦е 

◦ ʥол̹̽о̜ поте̶̛̦̌л дл́ ̬̭̌п̬̌̌ллел̛̛̦̏̌́ 

 Graph500 
◦ www.graph500.org 

◦ R. Murphy, K. Wheeler, B. Barrett, and J. Ang. Introducing the graph 500. In Cray 
User’s Group ;CUGͿ, ϮϬϭϬ 

◦ ʿ̬̌̌ллел̦̼̜̽ по̛̭к ̏ ̛̛̹̬̦у 

◦ ˀе̌л̶̛̛̛̌̚ ̭ подде̬̙ко̜ MPI ̛ OpenMP 

◦ О̛̬е̦т̶̛̌́ ̦̌ о̬̍̌̍отку ̴̬̐̌о̏ ̭ ̦е̍ол̛̹̥̽ д̛̥̌ет̬о̥ ̛ 
̦е̬̦̌̏о̥е̬̦̼̥ ̬̭̌п̬еделе̛̦е̥ ̭тепе̦е̜ ̏е̛̬̹̦ 

◦ ͞“Đale-нree͟ ̴̬̼̐̌ 
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ʿ̬̌̌ллел̦̼̜̽ по̛̭к ̏ 
̛̛̹̬̦у ̦̌ ̴̬̐̌е 

 ˁ̵̛̦̬о̛̛̦̬̚о̦̦̼̏̌е по у̬о̦̥̏́ (level synchronousͿ ̌л̐о̛̬т̥̼ 

◦ О̬̍̌̍отк̌ у̬о̦̏́ N+1 ̸̛̦̦̌̌ет̭́ тол̽ко по̭ле то̐о, к̌к ̌̚ко̸̦е̦̌ 
о̬̍̌̍отк̌ у̬о̦̏́ N 
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ʿ̬епят̭т̛̏я для ̴̴̾ект̛̦̏о̜ 
п̬̌̌ллел̦̽о̜ ̬е̌л̶̛̛̛̌̚ 

 ʿ̬о̍ле̥̌ пе̬ед̸̛̌ д̵̦̦̼̌ 

 ʿ̬о̍ле̥̌ ̬̥̌̚етк̛ ̴̬̐̌̌ 
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ʿ̬о̍ле̥̌ пе̬ед̸̛̌ д̵̦̦̼̌ 
 Оп̛̛̭̦̌е п̬о̍ле̥̼ 

◦ ʧ̬ ̴̼̌, ̛̭пол̽̚уе̥̼е ̏ п̬̌кт̸̛е̭к̵̛ п̛̬ло̙е̵̛̦́, о̍л̌д̌̀т 
̦е̬е̐ул̬̦̼̥́ ̹̌̍ло̦о̥ до̭туп̌ к п̥̌́т̛ 

◦ ʦ ̴̵̬̐̌̌ ̭ ̥̌л̼̥ д̛̥̌ет̬о̥ ̸̛̦̌̚тел̦̼̽е ̦̌кл̌д̦̼е ̵̬̭̌од̼ ̭̦̼̏́̌̚ 
̭ пе̬ед̸̌е̜ д̵̦̦̼̌ по ̭ет̛ 

 ʿ̬едл̌̐̌е̥ое ̬е̹е̛̦е 

◦ ˁо̸ет̛̦̌е ̬̌̚л̸̵̛̦̼ т̛по̏ ̵̛̭̦̬о̛̛̦̬̚о̵̦̦̼̏̌ по у̬о̦̥̏́ 
̌л̐о̛̬т̥о̏ 
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ˁ̵̛̦̬о̛̛̦̬̚о̦̦̼̏̌е по 
у̬о̦̏я̥ ̌л̐о̛̬т̥̼ 

 ʿ̬̥́о̜ о̵̍од ̴̬̐̌̌ ;top-down) 

◦ ˃̬ ̌д̶̛̛о̦̦̼̜ под̵од к ̬е̌л̶̛̛̛̌̚ по̛̭к̌ ̏ ̛̛̹̬̦у ̦̌ ̴̬̐̌е 

◦ ʤкт̛̦̏̌́ ̦̌ теку̺е̜ ̛те̶̛̛̬̌ ̬од̛тел̭̽к̌́ ̏е̛̬̹̦̌ по̥е̸̌ет ̭̏е̵ 
̭̏о̵̛ ̭о̭еде̜ 

 О̬̍̌т̦̼̜ о̵̍од ̴̬̐̌̌ (bottom-up) 

◦ ʻе̌кт̛̦̼̏е ̏е̛̬̹̦̼ ̦̌ теку̺е̜ ̬е̌л̶̛̛̛̌̚ п̼т̌̀т̭́ от̼̭к̌т̽ 
̌кт̛̦̼̏е ̏е̛̬̹̦̼ ̭̬ед̛ ̭̏о̵̛ ̭о̭еде̜ 

◦ S. Beamer, K. Asanovic, D. A. Patterson, Direction-optimizing breadth-first 
search // in Proceedings of the International Conference for High 
Performance Computing, Networking, Storage and Analysis (SC), 2012. 
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ʿ̬я̥о̜ о̵̍од ̴̬̐̌̌ 
 for all u in dist 
     dist[u] ← -1 
 dist[s] ← 0 
 level ← 0 
 do 
  
     parallel for each vert in V.this_node 
         if dist[vert] = level 
             for each neighb in vert.neighbors 
                 if neighb in V.this_node 
                     if dist[neighb] = -1 
                         dist[neighb] ← level + 1 
                         pred[neighb] ← vert 
                 else 
                     vert_batch_to_send.push(neighb) 
  
     send(vert_batch_to_send) 
     receive(vert_batch_to_receive) 
  
     parallel for each vert in vert_batch_to_receive 
         if dist[vert] = -1 
             dist[vert] ← level + 1 
             pred[vert] ← vert.pred 
     level++ 
 while(!check_end()) 
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ʿ̬я̥о̜ о̵̍од ̴̬̐̌̌ 
 О̥̍е̦̼ д̛̦̦̼̥̌ п̬о̛̏̚од́т̭́ ̭ по̥о̺̽̀ ̥̌т̶̛̬̼ 
ко̥̥у̛̦к̶̛̜̌ 

◦ �௜௝ – кол̸̛е̭т̏о д̵̦̦̼̌ ;̏ ̜̍̌т̵̌Ϳ, кото̬̼е ̦ео̵̍од̛̥о пе̬ед̌т̽ от 
у̚л̌ ݅ к у̚лу ݆  

 

 

                                                                                                   Ͳ ͳͲ Ͳ ʹͲͲ Ͳ Ͳ Ͳ8 Ͳ Ͳ ͲͲ Ͳ Ͳ Ͳ  
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ʿ̬я̥о̜ о̵̍од ̴̬̐̌̌ 
 ʦ̬е̥́, ̌̚т̸̬̌е̦̦ое ̦̌ о̥̍е̦̼ д̛̦̦̼̥̌ ̦̌ к̙̌до̜ ̛те̶̛̛̬̌ 
̌л̐о̛̬т̥̌ 

◦ ʧ̬ ̴̌ ̭ ~ϭ ̥л̦. ̏е̛̬̹̦, ̬̭̌п̬̌̌ллел̛̛̦̏̌е ̦̌ ϰ ̸̼̏. у̚л̌ 

◦ О̺̍ее ̬̏е̥́, ̌̚т̸̬̌е̦̦ое ̦̌ о̥̍е̦̼ д̛̦̦̼̥̌ – Ϭ,ϴϯ ̭ек. 
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О̬̍̌т̦̼̜ о̵̍од ̴̬̐̌̌ 
 for all u in dist 
     dist[u] ← -1 
 dist[s] ← 0 
 level ← 0 
 do 
     parallel for each vert in V.this_node 
         if dist[vert] = -1 
             for each neighb in vert.neighbors 
                 if bitmap_current.neighb = 1 
                     dist[vert] ← level + 1 
                     pred[vert] ← neighb 
                     bitmap_next.vert ← 1 
                     break 
  
     all_gather(bitmap_next) 
     swap(bitmap_current, bitmap_next) 
  
     level++ 
 while(!check_end()) 

11 



О̬̍̌т̦̼̜ о̵̍од ̴̬̐̌̌ 
 ˁ̵̛̦̬о̶̛̛̦̌́̚ д̵̦̦̼̌ п̬о̵̛̭од̛т по̭̬ед̭т̏о̥ ̼̏пол̦е̛̦́ 
коллект̵̛̦̼̏ опе̶̛̬̜̌ 

node 0 node 1 node 2 node 3 

node 0 node 1 node 2 node 3 

all_gather 
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О̬̍̌т̦̼̜ о̵̍од ̴̬̐̌̌ 
 ʦ̬е̥́, ̌̚т̸̬̌е̦̦ое ̦̌ о̥̍е̦̼ д̛̦̦̼̥̌ ̦̌ к̙̌до̜ ̛те̶̛̛̬̌ 
̌л̐о̛̬т̥̌ 

◦ ʧ̬ ̴̌ ̭ ~ϭ ̥л̦. ̏е̛̬̹̦, ̬̭̌п̬̌̌ллел̛̛̦̏̌е ̦̌ ϰ у̚л̌ 

◦ О̺̍ее ̬̏е̥́, ̌̚т̸̬̌е̦̦ое ̦̌ о̥̍е̦̼ д̛̦̦̼̥̌ – 0,001 ̭ек. 
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ʿ̬о̍ле̥̌ пе̬ед̸̛̌ д̵̦̦̼̌ 
 ʿ̬едл̌̐̌е̥ое ̬е̹е̛̦е – ̛̛̬̐̍д̦̼̜ о̵̍од 
̴̬̐̌̌ 
◦ ʿе̬̼̏е д̏е ̛те̶̛̛̬̌ – ͞top-dowŶ͟ 

◦ ˁледу̛̺̀е т̛̬ ̛те̶̛̛̬̌ – ͞ďottoŵ-up͟ 

◦ О̭т̌л̦̼̽е ̛те̶̛̛̬̌ – ͞top-dowŶ͟ 
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ʧ̛̛̬̍д̦̼̜ о̵̍од ̴̬̐̌̌ 
 ʦ̬е̥́, ̌̚т̸̬̌е̦̦ое ̦̌ о̥̍е̦̼ д̛̦̦̼̥̌ ̦̌ к̙̌до̜ ̛те̶̛̛̬̌ 
̌л̐о̛̬т̥̌ 

◦ ʧ̬ ̴̌ ̭ ~ϭ ̥л̦. ̏е̛̬̹̦, ̬̭̌п̬̌̌ллел̛̛̦̏̌е ̦̌ ϰ у̚л̌ 

◦ О̺̍ее ̬̏е̥́, ̌̚т̸̬̌е̦̦ое ̦̌ о̥̍е̦̼ д̛̦̦̼̥̌ – 0,00Ϭϱ ̭ек. 
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ʿ̬о̍ле̥̌ ̬̥̌̚етк̛ ̴̬̐̌̌ 
 ʻе̬̦̌̏о̥е̬̦ое ̬̭̌п̬еделе̛̦е ̭тепе̦е̜ 

◦ ʺ̦о̐о ̏е̛̬̹̦ ̭ ̥̌л̼̥ ̸̛̭ло̥ ̵̏од̵̛̺́ / ̵̛̭од̵̛̺́ ̬е̍е̬ 

◦ ʺ̌ло ̏е̛̬̹̦ ̭ ̍ол̛̹̥̽ ̸̛̭ло̥ ̵̏од̵̛̺́ / ̵̛̭од̵̛̺́ ̬е̍е̬ 
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ʿ̬о̍ле̥̌ ̬̥̌̚етк̛ ̴̬̐̌̌ 
 ʻ̛̌̍олее ̬̭̌п̬о̭т̬̦̌е̦̦̼̜ ̴о̬̥̌т ̵̬̦̌е̛̦́ 
д̵̦̦̼̌ о ̦̏ут̬е̦̦е̜ ̭т̬укту̬е ̴̬̐̌̌ – CSR 

  

  

  

  

  

 Row pointers: 0, 3, 6, 7, 10, 12 

 Column ids: 1, 2, 3, 0, 3, 4, 0, 0, 1, 2, 1, 3 

0 

1 
2 

3 4 
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ʿ̬о̍ле̥̌ ̬̥̌̚етк̛ ̴̬̐̌̌ 
 ʰ̭пол̽̚о̛̦̏̌е ̴о̬̥̌т̌ CSR п̬едпол̌̐̌ет 
о̵̍од ̛̥̭̭̌̏̌ Row pointers 

◦ ʯ̬̦̌̌ее ̦е̛̏̚е̭т̦о, ̭кол̽ко ̬е̍е̬ ̶̛̛̦де̦т̦̼ 
д̦̦̌о̜ ̏е̛̬̹̦е ;т.е. ̭кол̽ко ̾ле̥е̦то̏ ̏ ̛̥̭̭̌̏е 
Column ids ̦у̙̦о п̬о̭̥от̬ет̽Ϳ 

 ʦ ̵̛̭̦̬о̛̛̦̬̚о̵̦̦̼̏̌ по у̬о̦̥̏́ ̌л̐о̛̬т̵̥̌ 
̭ко̬о̭т̽ ̼̏пол̦е̛̦́ теку̺е̜ ̛те̶̛̛̬̌ 
оп̬едел́ет̭́ ̭ко̬о̭т̽̀ о̬̍̌̍отк̛ ̭̥̌о̜ 
͞т̙́ело̜͟ ̏е̛̬̹̦̼ 
◦ Д̛̭̍̌л̦̭̌ ̦̬̌̐у̚к̛ 
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ʿ̬о̍ле̥̌ ̬̥̌̚етк̛ ̴̬̐̌̌ 
 ʿ̬едл̌̐̌е̥ое ̬е̹е̛̦е – ̥етод ̍̌л̛̦̭̬̌о̏к̛ 
̦̬̌̐у̚к̛ 
◦ ˀ̌̚дел̛̥ ̛̥̭̭̌̏ Column ids ̦̌ ̬̦̼̌̏е ̸̭̌т̛ 

̏ел̸̛̛̦о̜ Max edges ̾ле̥е̦то̏  
◦ ˄̭т̦̌о̛̥̏ ̭оот̏ет̭т̛̏е ̥е̙ду к̙̌до̜ ̸̭̌т̽̀ 

̛̥̭̭̌̏̌ Rowstarts ̛ ̛̥̭̭̌̏̌ Column ids ̭ по̥о̺̽̀ 
̭̏по̥о̐̌тел̦̽о̐о ̛̥̭̭̌̏̌ Part column 

◦ К̙̌д̼̜ поток ̍удет о̬̍̌̍̌т̼̏̌т̽ о̸̛̬̦̐̌е̦̦ое 
кол̸̛е̭т̏о ̬е̍е̬ ̛̚ ̭оот̏ет̭т̏у̺̀е̐о ̛̦те̬̏̌л̌, 
оп̬едел̺́̀е̐о̭́ ̭ по̥о̺̽̀ ̾ле̥е̦то̏ ̛̥̭̭̌̏̌ Part 

column 
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ʿ̬о̍ле̥̌ ̬̥̌̚етк̛ ̴̬̐̌̌ 
 О̬̍̌̍отк̌ ̴̬̐̌̌ ̍е̚ ̍̌л̛̦̭̬̌о̏к̛ ̦̬̌̐у̚к̛ 

20 



ʿ̬о̍ле̥̌ ̬̥̌̚етк̛ ̴̬̐̌̌ 
 О̬̍̌̍отк̌ ̴̬̐̌̌ ̍е̚ ̍̌л̛̦̭̬̌о̏к̛ ̦̬̌̐у̚к̛ 

◦ max_edges = 4 
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ʿ̬о̍ле̥̌ ̬̥̌̚етк̛ ̴̬̐̌̌ 
 ˀ̥̌̚етк̌ ̛̥̭̭̌̏̌ Part column 
  
  
 parallel for i in V.this_node 
     first ← V.this_node[i] 
     last ← V.this_node[i+1] 
     index ← round_up(first/max_edges) 
     current ← index*max_edges 
     while(current < last) 
         part_column[index] ← i 
         current += max_edges 
         index++ 
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ʿ̬я̥о̜ о̵̍од ̴̬̐̌̌ 
 ʧл̦̼̜̌̏ ̶̛кл ;̬̥̌̚етк̌ ̏е̛̬̹̦Ϳ ̵̛̭̦̬о̛̛̦̬̚о̦̦̏̌о̐о по у̬о̦̥̏́ 
по̛̭к̌ ̏ ̛̛̹̬̦у, ̥од̴̶̛̛̛̬о̦̦̼̜̏̌ дл́ ̍̌л̛̦̭̬̌о̏к̛ ̦̬̌̐у̚к̛ 

  
  
 // preparation... 
 parallel for i in part_column 
     first_edge ← i*max_edges 
     last_edge ← (i+1)*max_edges 
     curr_vert ← part_column[i] 
     for each edge є [first_edge;last_edge) 
         if neighbors of curr_vert є 
          [first_edge;last_edge) 
             if dist[curr_vert] = level 
             for each k є neighbors of curr_vert 
             if dist[k] = -1 
                 dist[k] ← level + 1 
                 pred[k] ← curr_vert 
         curr_vert++ 
 // data synchronization... 
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ʿ̬я̥о̜ о̵̍од ̴̬̐̌̌ 
 ʦ̬е̥́ ̬̌̍от̼ ̬̥̌̚етк̛ ̴̬̐̌̌ ̦̌ к̙̌до̜ ̛те̶̛̛̬̌ ̌л̐о̛̬т̥̌ ̍е̚ 
̍̌л̛̦̭̬̌о̏к̛ ̦̬̌̐у̚к̛ ̛ ̭ ̍̌л̛̦̭̬̌о̏ко̜ ̦̬̌̐у̚к̛ 

◦ ʧ̬ ̴̌ ̭ ~ϭ ̥л̦. ̏е̛̬̹̦, ̬̭̌п̬̌̌ллел̛̛̦̏̌е ̦̌ ϰ у̚л̌ 

24 

0

0,5

1

1,5

2

1 2 3 4 5 6 7

ʦ̬
е̥

́,
 ̭

ек
. 

ʻо̥е̬ ̛те̶̛̛̬̌ 

ʥе̚ ̍̌л̛̦̭̬̌о̏к̛ ˁ ̍̌л̛̦̭̬̌о̏ко̜ 



О̬̍̌т̦̼̜ о̵̍од ̴̬̐̌̌ 
 ʧл̦̼̜̌̏ ̶̛кл ;̬̥̌̚етк̌ ̏е̛̬̹̦Ϳ ̵̛̭̦̬о̛̛̦̬̚о̦̦̏̌о̐о по у̬о̦̥̏́ 
по̛̭к̌ ̏ ̛̛̹̬̦у, ̥од̴̶̛̛̛̬о̦̦̼̜̏̌ дл́ ̍̌л̛̦̭̬̌о̏к̛ ̦̬̌̐у̚к̛ 

  
  
 // preparation... 
 parallel for i in part_column 
     first_edge ← i*max_edges 
     last_edge ← (i+1)*max_edges 
     curr_vert ← part_column[i] 
     for each edge є [first_edge;last_edge) 
         if neighbors of curr_vert є 
          [first_edge;last_edge) 
             if dist[curr_vert] = -1 
                 for each k є neighbors of curr_vert 
                     if bitmap_current.k = 1 
                         dist[curr_vert] ← level + 1 
                         pred[curr_vert] ← k 
                         bitmap_next.vert ← 1 
                          break 
         curr_vert++ 
 // data synchronization... 
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О̬̍̌т̦̼̜ о̵̍од ̴̬̐̌̌ 
 ʦ̬е̥́ ̬̌̍от̼ ̬̥̌̚етк̛ ̴̬̐̌̌ ̦̌ к̙̌до̜ ̛те̶̛̛̬̌ ̌л̐о̛̬т̥̌ ̍е̚ 
̍̌л̛̦̭̬̌о̏к̛ ̦̬̌̐у̚к̛ ̛ ̭ ̍̌л̛̦̭̬̌о̏ко̜ ̦̬̌̐у̚к̛ 

◦ ʧ̬ ̴̌ ̭ ~ϭ ̥л̦. ̏е̛̬̹̦, ̬̭̌п̬̌̌ллел̛̛̦̏̌е ̦̌ ϰ у̚л̌ 
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ʥе̚ ̍̌л̛̦̭̬̌о̏к̛ ˁ ̍̌л̛̦̭̬̌о̏ко̜ 



ˁо̸ет̛̦̌е ̥етодо̏ 
 ˀ̬̌̌̍̚от̦̦̼̌е ̥етод̼ ̥о̐ут ̼̍т̽ 
̛̭пол̽̚о̦̼̏̌ ̭о̥̏е̭т̦о дл́ ̥̌к̛̭̥̌л̦̽о̐о 
у̭ко̬е̛̦́ п̬̌̌ллел̦̽о̐о ̌л̐о̛̬т̥̌ по̛̭к̌ ̏ 
̛̛̹̬̦у ̦̌ ̴̬̐̌е 
◦ ʺетод ̍̌л̛̦̭̬̌о̏к̛ ̦̬̌̐у̚к̛ – дл́ ̛̭̦̙е̛̦́ 

̬̏е̥е̛̦ ̬̥̌̚етк̛ ̴̬̐̌̌ ̦̌ к̙̌до̜ ̛те̶̛̛̬̌ 

◦ ʺетод ̛̛̬̐̍д̶̛̛̛̌̚ о̵̍од̌ – дл́ опт̶̛̛̛̛̥̌̚ ̾т̌п̌ 
̵̛̭̦̬о̶̛̛̛̦̌̚ д̵̦̦̼̌ ̏ ко̶̦е к̙̌до̜ ̛те̶̛̛̬̌ 
̌л̐о̛̬т̥̌ 
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˃е̭т̛̬о̛̦̏̌е 
 ˀ̬̌̌̍̚от̦̦̼̌е ̥етод̼ ̭̏т̬ое̦̼ ̏ ̭о̭̍т̏е̦̦у̀ (custom) ̬е̌л̶̛̛̌̀̚ те̭т̌ 
Graph500 

 ʰ̥̚е̛̬̥ п̬о̛̏̚од̛тел̦̽о̭т̽ custom-̬е̌л̶̛̛̛̌̚ дл́ ̬̦̌̚о̐о кол̸̛е̭т̏̌ 
у̚ло̏ 

◦ ϭ, Ϯ, ϰ, ϴ у̚ло̏ кл̭̌те̬̌ ͞˄̬̦̌͟ 

◦ CPU Intel Xeon X5675, Оʯ˄ ϭϵϮ ʧʥ 

◦ ʿ̬̥̌̌ет̬ ͞“Đale͟ ̛̬̬̏̌̽ует̭́ от ϮϬ до Ϯϱ 

 ˁ̛̬̦̥̌̏ custom-̬е̌л̶̛̛̌̀̚ ̭о ̭т̦̌д̬̌т̛̦̼̥ ̬е̌л̶̛̛̛̥̌́̚, 
п̬едо̭т̌̏ле̛̦̦̼̥ о̬̐ко̛̥тето̥ Graph500 

◦ Simple-̬е̌л̶̛̛̌́̚ 

◦ Replicated-̬е̌л̶̛̛̌́̚ 

 О̭̦о̦̏о̜ пок̌̌̚тел̽ ̴̴̾ект̛̦̏о̭т̛ – ̭ко̬о̭т̽ о̵̍од̌ ̴̬̐̌̌ 

◦ ʰ̥̚е̬́ет̭́ ̏ кол̸̛е̭т̏е п̬о̜де̵̦̦̼ ̏ ̭еку̦ду ̬е̍е̬ ;Traversed Edges Per 
Second, TEPS) 
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ˀе̚ул̽т̌т̼ 
 ˁо̸ет̛̦̌е ̥етод̌ ̍̌л̛̦̭̬̌о̏к̛ ̦̬̌̐у̚к̛ ̛ 
̥етод̌ ̛̛̬̐̍д̶̛̛̛̌̚ о̵̍од̌ по̥о̐̌ет до̛̍т̭̽́ 
̸̛̦̌̚тел̦̽о̐о у̭ко̬е̛̦́ п̬̌̌ллел̦̽о̐о по̛̭к̌ 
̏ ̛̛̹̬̦у ̦̌ ̴̬̐̌е 

 Custom-̬е̌л̶̛̛̌́̚ ̭о̵̬̦̌́ет поте̶̛̦̌л 
̥̭̹̌т̛̬̌̍уе̥о̭т̛ 
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Ито̛̐ 
 ʺетод ̍̌л̛̦̭̬̌о̏к̛ ̦̬̌̐у̚к̛ по̥о̐̌ет ̛̛̭̦̚т̽ 
̦̌кл̌д̦̼е ̵̬̭̌од̼ ̦̌ ̬̥̌̚етку ̴̬̐̌̌ ̏ ̌л̐о̛̬т̥е 
п̬̌̌ллел̦̽о̐о по̛̭к̌ ̏ ̛̛̹̬̦у 

 ʺетод ̛̛̬̐̍д̶̛̛̛̌̚ о̵̍од̌ ̴̬̐̌̌ по̥о̐̌ет ̭дел̌т̽ 
̾т̌п ̵̛̭̦̬о̶̛̛̛̦̌̚ д̵̦̦̼̌ ̦̌ к̙̌до̜ ̛те̶̛̛̬̌ 
̌л̐о̛̬т̥̌ п̬̌̌ллел̦̽о̐о по̛̭к̌ ̏ ̛̛̹̬̦у ̍олее 
̴̴̾ект̛̦̼̥̏ 

 ʿл̦̼̌ ̦̌ ̍уду̺ее 
◦ ʰ̚у̸̛т̽ ̥̭̹̌т̛̬̌̍уе̥о̭т̽ п̬едло̙е̦̦о̐о ̬е̹е̛̦́ 

◦ ʺод̴̶̛̛̛̬о̏̌т̽ custom-̬е̌л̶̛̛̌̀̚ дл́ ̛̭пол̽̚о̛̦̏̌́ 
у̭ко̛̬теле̜ ̸̛̼̭̏ле̛̦̜ ̛ ̭оп̬о̶е̭̭о̬о̏ 
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ʦоп̬о̭̼? 
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