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  �¡Ñ¥¤¨´¥´´Ò° ¨´¸É¨ÉÊÉ Ö¤¥·´ÒÌ ¨¸¸²¥¤μ¢ ´¨°, „Ê¡´ 
¡ ”· ´±ËÊ·É¸±¨° Ê´¨¢¥·¸¨É¥É ¨³. ˆ.-‚. ƒ¥É¥, ”· ´±ËÊ·É-´ -Œ °´¥, ƒ¥·³ ´¨Ö

¢ Š¨¥¢¸±¨° ´ Í¨μ´ ²Ó´Ò° Ê´¨¢¥·¸¨É¥É ¨³. ’. ˜¥¢Î¥´±μ, Š¨¥¢
£ 	 Í¨μ´ ²Ó´Ò° ¨¸¸²¥¤μ¢ É¥²Ó¸±¨° Ö¤¥·´Ò° Ê´¨¢¥·¸¨É¥É ®Œˆ”ˆ¯, Œμ¸±¢ 

	 Ìμ¦¤¥´¨¥ ¶ · ³¥É·μ¢ É· ¥±Éμ·¨° § ·Ö¦¥´´ÒÌ Î ¸É¨Í Å μ¤´  ¨§ μ¸´μ¢´ÒÌ § ¤ Î ¢ Ô±¸-
¶¥·¨³¥´É¥ ‘‚Œ (GSI, ƒ¥·³ ´¨Ö). �±¸¶¥·¨³¥´É ¶·¥¤¶μ² £ ¥É ¶μ²´ÊÕ ·¥±μ´¸É·Ê±Í¨Õ ¸μ¡ÒÉ¨° ¢
·¥¦¨³¥ ·¥ ²Ó´μ£μ ¢·¥³¥´¨, ÎÉμ É·¥¡Ê¥É · §¢¨É¨Ö ¡Ò¸É·ÒÌ  ²£μ·¨É³μ¢, ³ ±¸¨³ ²Ó´μ ¨¸¶μ²Ó§ÊÕÐ¨Ì
¶μÉ¥´Í¨ ² ¸μ¢·¥³¥´´ÒÌ  ·Ì¨É¥±ÉÊ· CPU ¨ GPU.

‚ ´ ¸ÉμÖÐ¥° · ¡μÉ¥ ¶·¨¢¥¤¥´Ò ·¥§Ê²ÓÉ ÉÒ  ´ ²¨§   ²£μ·¨É³  ·¥±μ´¸É·Ê±Í¨¨ É· ¥±Éμ·¨° § -
·Ö¦¥´´ÒÌ Î ¸É¨Í ´  μ¸´μ¢¥ Ë¨²ÓÉ·  Š ²³ ´ , ·¥ ²¨§μ¢ ´´μ£μ ¸ ¶·¨³¥´¥´¨¥³ · §²¨Î´ÒÌ ³¥Éμ¤μ¢
· ¸¶ · ²²¥²¨¢ ´¨Ö ±μ¤ . „²Ö · ¡μÉÒ ¨¸¶μ²Ó§μ¢ ²¸Ö ³´μ£μÖ¤¥·´Ò° ¸¥·¢¥· ‹ˆ’ �ˆŸˆ ¸ ¤¢Ê³Ö
CPU Intel Xeon X5660 ¨ GPU NVidia GTX 480.

Reconstruction of trajectories of charged particles is one of the main tasks in data analysis of the
CBM experiment (GSI, Germany). The experiment will apply the full event reconstruction procedure
already in real time at the online stage, that requires development of fast algorithms with maximum use
of the high-end CPU and GPU potential.

This work describes the Kalman ˇlter based track reconstruction algorithm implemented using
different parallelization approaches. To develop and analyze the algorithm, a many-core hybrid server
at JINR LIT with two Intel Xeon X5660 CPUs and an NVidia GTX 480 GPU was used.

PACS: 02.70.-c; 07.05.-t

‚‚…„…�ˆ…

‚ ´ ¸ÉμÖÐ¥¥ ¢·¥³Ö ¢ GSI („ ·³ÏÉ ¤É, ƒ¥·³ ´¨Ö) ´  ¸É·μÖÐ¥³¸Ö Ê¸±μ·¨É¥²Ó´μ³ ±μ³-
¶²¥±¸¥ FAIR (Facility for Antiproton and Ion Research) ¢¥¤ÊÉ¸Ö · ¡μÉÒ ¶μ ¸μ§¤ ´¨Õ Ô±¸-
¶¥·¨³¥´É ²Ó´μ° Ê¸É ´μ¢±¨ CBM (Compressed Baryonic Matter). ”¨§¨Î¥¸± Ö ¶·μ£· ³³ 
‘‚Œ ´ Í¥²¥´  ´  ¢¸¥¸Éμ·μ´´¥¥ ¨§ÊÎ¥´¨¥ Ë §μ¢μ° ¤¨ £· ³³Ò ¸¨²Ó´μ¢§ ¨³μ¤¥°¸É¢ÊÕÐ¥°
³ É¥·¨¨ ¨ Ê· ¢´¥´¨Ö ¸μ¸ÉμÖ´¨Ö ¢¥Ð¥¸É¢  ¶·¨ Ô±¸É·¥³ ²Ó´μ ¢Ò¸μ±¨Ì ¶²μÉ´μ¸ÉÖÌ ¡ ·¨μ´-
´μ° ³ É¥·¨¨ [1]. „²Ö ¥¥ ·¥ ²¨§ Í¨¨ ´¥μ¡Ìμ¤¨³Ò ¨§³¥·¥´¨Ö ³´μ¦¥¸É¢¥´´μ¸É¨ Î ¸É¨Í ¢
Ë §μ¢μ³ ¶·μ¸É· ´¸É¢¥, Í¥´É· ²Ó´μ¸É¨ ¸μÊ¤ ·¥´¨° ¨ ¶²μ¸±μ¸É¨ ·¥ ±Í¨¨. ‘ ÉμÎ±¨ §·¥´¨Ö
Ë¨§¨Î¥¸±μ° ¶·μ£· ³³Ò ´ ¨¡μ²ÓÏ¨° ¨´É¥·¥¸ ¸¢Ö§ ´ ¸ μÎ¥´Ó ·¥¤±¨³¨ · ¸¶ ¤ ³¨, ·¥£¨-
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¸É· Í¨Ö ±μÉμ·ÒÌ ¶μÉ·¥¡Ê¥É ¶·μ¢¥¤¥´¨Ö Ô±¸¶¥·¨³¥´É  ¶·¨ Ô±¸É·¥³ ²Ó´μ ¢Ò¸μ±¨Ì Î ¸Éμ-
É Ì ¸μÊ¤ ·¥´¨Ö Ö¤¥· ¶ÊÎ±  ¸ ³¨Ï¥´ÓÕ ¨ ¡μ²ÓÏμ° ³´μ¦¥¸É¢¥´´μ¸É¨ § ·Ö¦¥´´ÒÌ Î ¸É¨Í,
·μ¦¤ ÕÐ¨Ì¸Ö ¢ ·¥§Ê²ÓÉ É¥ ÔÉ¨Ì ¸μÊ¤ ·¥´¨°.


Ò¸É· Ö ·¥±μ´¸É·Ê±Í¨Ö É· ¥±Éμ·¨° § ·Ö¦¥´´ÒÌ Î ¸É¨Í ¸ ¶μ³μÐÓÕ ¤¥É¥±Éμ·  STS
(Silicon Tracking System) Ö¢²Ö¥É¸Ö ±²ÕÎ¥¢μ° ¶·μ¡²¥³μ° ¢ § ¤ Î¥ μÉ¡μ·  ¶μ²¥§´ÒÌ ¸μ¡Ò-
É¨° ¢ Ô±¸¶¥·¨³¥´É¥ CBM. ‚Ò¸μ± Ö ³´μ¦¥¸É¢¥´´μ¸ÉÓ ¸μ¡ÒÉ¨° (¤μ 1000 É·¥±μ¢ ¢ ± ¦¤μ³
Ö¤·μ-Ö¤¥·´μ³ ¸μÊ¤ ·¥´¨¨), ¨´É¥´¸¨¢´Ò° Ëμ´ (¤μ 85% Ëμ´μ¢ÒÌ μÉ¸Î¥Éμ¢ ¢ STS-¤¥É¥±-
Éμ·¥), ´¥μ¤´μ·μ¤´μ¥ ³ £´¨É´μ¥ ¶μ²¥ ¨ ´¥μ¡Ìμ¤¨³μ¸ÉÓ ·¥±μ´¸É·Ê±Í¨¨ ¢¸¥Ì ¸μ¡ÒÉ¨° ¢
·¥¦¨³¥ ·¥ ²Ó´μ£μ ¢·¥³¥´¨ (¤μ 107 ¸μ¡ÒÉ¨° ¢ ¸¥±Ê´¤Ê) É·¥¡ÊÕÉ ´¥ Éμ²Ó±μ · §¢¨É¨Ö ´μ-
¢ÒÌ ¶μ¤Ìμ¤μ¢ ¤²Ö ·¥Ï¥´¨Ö · ¸¸³ É·¨¢ ¥³μ° § ¤ Î¨, ´μ ¨ ³ ±¸¨³ ²Ó´μ£μ ¨¸¶μ²Ó§μ¢ ´¨Ö
¶μÉ¥´Í¨ ²  ¸μ¢·¥³¥´´ÒÌ ³´μ£μÖ¤¥·´ÒÌ  ·Ì¨É¥±ÉÊ· CPU/GPU.

�·μÍ¥¤Ê·  ·¥±μ´¸É·Ê±Í¨¨ É· ¥±Éμ·¨° § ·Ö¦¥´´ÒÌ Î ¸É¨Í, ·¥£¨¸É·¨·Ê¥³ÒÌ ¸ ¶μ³μ-
ÐÓÕ ¢¥·Ï¨´´μ£μ ¤¥É¥±Éμ·  ‘‚Œ, ¢±²ÕÎ ¥É ¤¢  ¶μ¸²¥¤μ¢ É¥²Ó´ÒÌ ÔÉ ¶ :

1) · ¸¶μ§´ ¢ ´¨¥ É·¥±μ¢ ¢ Ê¸²μ¢¨ÖÌ ¢Ò¸μ±μ° ³´μ¦¥¸É¢¥´´μ¸É¨ ¨ ¶²μÉ´μ¸É¨ § ·Ö¦¥´-
´ÒÌ Î ¸É¨Í, ¨´É¥´¸¨¢´μ£μ Ëμ´  ¨ ´¥μ¤´μ·μ¤´μ£μ ³ £´¨É´μ£μ ¶μ²Ö;

2) ¢μ¸¸É ´μ¢²¥´¨¥ ¶ · ³¥É·μ¢ É·¥±  (³¥¸Éμ ¶μ¶ ¤ ´¨Ö ¢ ±μμ·¤¨´ É´Ò° ¤¥É¥±Éμ· ¨
´ ¶· ¢²¥´¨¥ É·¥± ) ¨ ¨³¶Ê²Ó¸  § ·Ö¦¥´´μ° Î ¸É¨ÍÒ.

‚ ´ ¸ÉμÖÐ¥° · ¡μÉ¥ ¶·¨¢¥¤¥´Ò ·¥§Ê²ÓÉ ÉÒ ¨¸¸²¥¤μ¢ ´¨Ö ¶·μ¨§¢μ¤¨É¥²Ó´μ¸É¨  ²£μ-
·¨É³  ·¥±μ´¸É·Ê±Í¨¨ É· ¥±Éμ·¨° § ·Ö¦¥´´ÒÌ Î ¸É¨Í, ·¥ ²¨§μ¢ ´´μ£μ ´  μ¸´μ¢¥ Ë¨²ÓÉ· 
Š ²³ ´ . ‘¥·¢¥· ¡Ò² μ¸´ Ð¥´ ¤¢Ê³Ö CPU Intel Xeon X5660 ¨ GPU NVidia GTX 480.
„²Ö μÍ¥´±¨  ²£μ·¨É³  ¨¸¶μ²Ó§μ¢ ²¨¸Ó · §²¨Î´Ò¥ ¶μ¤Ìμ¤Ò ¤²Ö · ¸¶ · ²²¥²¨¢ ´¨Ö ¨ ¢¥±-
Éμ·¨§ Í¨¨ ¶·μ£· ³³´μ£μ ±μ¤ : § £μ²μ¢μÎ´Ò¥ Ë °²Ò, ¸·¥¤¸É¢  ¡¨¡²¨μÉ¥±¨ Vc (Vector
Classes) [2], ¶·μ£· ³³´Ò¥ ¸·¥¤Ò OpenMP (Open Multi-Processing) [3] ¨ OpenCL (Open
Computing Language) [4].

1. ’�…��‚��ˆŸ, ��…„šŸ‚‹Ÿ…Œ›… Š �‹ƒ��ˆ’Œ“

Š  ²£μ·¨É³Ê ·¥±μ´¸É·Ê±Í¨¨ ¶ · ³¥É·μ¢ É·¥±μ¢ ¶·¥¤ÑÖ¢²ÖÕÉ¸Ö ¤¢  μ¸´μ¢´ÒÌ
É·¥¡μ¢ ´¨Ö:

1) ³ ±¸¨³ ²Ó´μ ¢μ§³μ¦´ Ö ÉμÎ´μ¸ÉÓ ¢μ¸¸É ´μ¢²¥´¨Ö (x, y)-±μμ·¤¨´ É ³¥¸É  ¶μ¶ ¤ ´¨Ö
É·¥±  ¢ ±μ´±·¥É´Ò° ±μμ·¤¨´ É´Ò° ¤¥É¥±Éμ·, ´ ±²μ´μ¢ É·¥±  ¢ ÔÉμ° ÉμÎ±¥ ¨ ¨³¶Ê²Ó¸ 
Î ¸É¨ÍÒ;

2) ¢Ò¸μ± Ö ¸±μ·μ¸ÉÓ ·¥±μ´¸É·Ê±Í¨¨ É·¥±μ¢ ¢ ·¥ ²Ó´μ³ ¢·¥³¥´¨ Ô±¸¶¥·¨³¥´É .
�¥·¢μ¥ ¨£· ¥É ±²ÕÎ¥¢ÊÕ ·μ²Ó, ¢ Î ¸É´μ¸É¨, ¶·¨ ·¥±μ´¸É·Ê±Í¨¨ É¨¶  ¨ ³¥¸É  · ¸-

¶ ¤  ¨¸¸²¥¤Ê¥³ÒÌ ¢ Ô±¸¶¥·¨³¥´É¥ ´ ¡²Õ¤ ¥³ÒÌ. ‚ ¸¢μÕ μÎ¥·¥¤Ó, ¸±μ·μ¸ÉÓ ¢Ò¶μ²´¥´¨Ö
 ²£μ·¨É³  ±· °´¥ ¢ ¦´  ¤²Ö ‘‚Œ, ¶μ¸±μ²Ó±Ê ¶² ´¨·Ê¥É¸Ö ¶·μ¢μ¤¨ÉÓ ·¥±μ´¸É·Ê±Í¨Õ
¸μ¡ÒÉ¨° ¢ ·¥ ²Ó´μ³ ¢·¥³¥´¨ Ô±¸¶¥·¨³¥´É .

2. ’�—��‘’œ ‚�‘‘’���‚‹…�ˆŸ ’�…Š�‚ Œ…’�„�Œ ”ˆ‹œ’�� Š�‹Œ���

„²Ö μÍ¥´±¨ ÉμÎ´μ¸É¨ ·¥±μ´¸É·Ê±Í¨¨ ¶ · ³¥É·μ¢ É·¥±  ¨¸¶μ²Ó§Ê¥³ É ±μ¥ ¶μ´ÖÉ¨¥,
± ± μ¸É Éμ± ρ. �·¨ ÔÉμ³ μ¸É Éμ± ρx, ¢ Î ¸É´μ¸É¨ ¤²Ö x-±μμ·¤¨´ ÉÒ É·¥±  ¢ μ¤´μ³ ¨§
¤¥É¥±Éμ·μ¢ STS-¸¨¸É¥³Ò, μ¶·¥¤¥²Ö¥É¸Ö ± ± · §´μ¸ÉÓ ³¥¦¤Ê ¢¥²¨Î¨´μ° xmc, ¶μ²ÊÎ¥´´μ°
¢ ·¥§Ê²ÓÉ É¥ Œμ´É¥-Š ·²μ ³μ¤¥²¨·μ¢ ´¨Ö ¶·μÌμ¦¤¥´¨Ö É·¥±  Î¥·¥§ ¤¥É¥±Éμ·, ¨ §´ Î¥-
´¨¥³ xreco, ·¥±μ´¸É·Ê¨·μ¢ ´´Ò³ ¸ ¶μ³μÐÓÕ · ¸¸³ É·¨¢ ¥³μ£μ  ²£μ·¨É³ :

ρx = xreco − xmc. (1)
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‚ ± Î¥¸É¢¥ Ì · ±É¥·¨¸É¨±¨ ´ ¤¥¦´μ¸É¨ ·¥±μ´¸É·Ê±Í¨¨ ¶ · ³¥É·μ¢ É·¥±  ¨¸¶μ²Ó§ÊÕÉ¸Ö
´μ·³¨·μ¢ ´´Ò¥ μ¸É É±¨ (¶Ê²Ò):

P (x) =
ρx√
Cxx

, (2)

£¤¥ Cxx Å ¤¨ £μ´ ²Ó´Ò° Ô²¥³¥´É ¸μμÉ¢¥É¸É¢ÊÕÐ¥° ±μ¢ ·¨ Í¨μ´´μ° ³ É·¨ÍÒ, ¶μ²ÊÎ¥´-
´μ° ¢ ·¥§Ê²ÓÉ É¥ ·¥±μ´¸É·Ê±Í¨¨ É·¥± . ‚ ¨¤¥ ²Ó´μ³ ¸²ÊÎ ¥ ¶Ê²Ò ¤μ²¦´Ò ¡ÒÉÓ · ¸¶·¥¤¥-
²¥´Ò ¶μ § ±μ´Ê ƒ Ê¸¸  ¸ ¥¤¨´¨Î´μ° ¤¨¸¶¥·¸¨¥°.

�¨¸. 1. � ¸¶·¥¤¥²¥´¨¥ μ¸É É±μ¢ ¨ ¶Ê²μ¢ ¤²Ö ¶ · ³¥É·μ¢ É·¥±μ¢, ·¥±μ´¸É·Ê¨·μ¢ ´´ÒÌ ¸ ¶μ³μÐÓÕ

Ë¨²ÓÉ·  Š ²³ ´ 
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„²Ö μÍ¥´±¨ ± Î¥¸É¢  ·¥±μ´¸É·Ê±Í¨¨ É·¥±μ¢ ¸ ¶μ³μÐÓÕ · ¸¸³ ·¨¢ ¥³μ£μ  ²£μ·¨É³ 
´ ³¨ ¨¸¶μ²Ó§μ¢ ²¨¸Ó É·¥±¨, ´ °¤¥´´Ò¥ ¢ STS-¸¨¸É¥³¥ Ô±¸¶¥·¨³¥´É  ‘‚Œ ³¥Éμ¤μ³ ±²¥-
ÉμÎ´μ£μ  ¢Éμ³ É  [5, 6]. „²Ö ÔÉμ£μ ¡Ò²μ μÉμ¡· ´μ 20 000 ®¤²¨´´ÒÌ¯ ¶¥·¢¨Î´ÒÌ É·¥±μ¢,
±μμ·¤¨´ ÉÒ ±μÉμ·ÒÌ ¡Ò²¨ § ·¥£¨¸É·¨·μ¢ ´Ò ¢μ ¢¸¥Ì STS-¸É ´Í¨ÖÌ. Š Î¥¸É¢μ ·¥±μ´-
¸É·Ê±Í¨¨ É·¥±μ¢ μ± § ²μ¸Ó μ¤¨´ ±μ¢Ò³ ¤²Ö ¢¸¥Ì ·¥ ²¨§ Í¨° Ê¶μ³Ö´ÊÉÒÌ ¢ÒÏ¥ ¸·¥¤¸É¢
¢¥±Éμ·¨§ Í¨¨ ¨ · ¸¶ · ²²¥²¨¢ ´¨Ö ±μ¤ .

�¥§Ê²ÓÉ ÉÒ É¥¸É¨·μ¢ ´¨Ö ¶·¥¤¸É ¢²¥´Ò ´  ·¨¸. 1. �μ¸±μ²Ó±Ê · ¸¶·¥¤¥²¥´¨Ö ¤²Ö x-
¨ y-±μμ·¤¨´ É ¨ ¸μμÉ¢¥É¸É¢ÊÕÐ¨Ì ¨³ ´ ±²μ´μ¢  ¡¸μ²ÕÉ´μ ¨¤¥´É¨Î´Ò, ¤ ´Ò ·¥§Ê²ÓÉ ÉÒ
Éμ²Ó±μ ¤²Ö ¶¥·¥³¥´´μ° x.

� ¸¶·¥¤¥²¥´¨Ö ¶Ê²μ¢ Ìμ·μÏμ  ¶¶·μ±¸¨³¨·ÊÕÉ¸Ö ´μ·³ ²Ó´Ò³ § ±μ´μ³ ¸ ¤¨¸¶¥·¸¨¥°,
¡²¨§±μ° ± ¥¤¨´¨Í¥. �ÉμÉ ·¥§Ê²ÓÉ É Ê± §Ò¢ ¥É ´  ±μ··¥±É´μ¸ÉÓ ¶·μÍ¥¤Ê·Ò Ë¨É¨·μ¢ ´¨Ö.

3. Œ�‘˜’��ˆ�“…Œ�‘’œ �‹ƒ��ˆ’Œ�
�� –…�’��‹œ�›• ���–…‘‘���•

„²Ö μÍ¥´±¨ ¶·μ¨§¢μ¤¨É¥²Ó´μ¸É¨  ²£μ·¨É³  ¨¸¶μ²Ó§μ¢ ²¸Ö ³´μ£μÖ¤¥·´Ò° ¸¥·¢¥·
cuda.jinr.ru ‹ˆ’ �ˆŸˆ, μ¸´ Ð¥´´Ò° ¤¢Ê³Ö ¶·μÍ¥¸¸μ· ³¨ Intel Xeon X5660, ± ¦¤Ò°
¨§ ±μÉμ·ÒÌ ¸μ¤¥·¦¨É Ï¥¸ÉÓ Ë¨§¨Î¥¸±¨Ì Ö¤¥· ¸ Î ¸ÉμÉμ° 2,8 ƒƒÍ. ‘ ¨¸¶μ²Ó§μ¢ ´¨¥³
É¥Ì´μ²μ£¨¨ £¨¶¥·¶μÉμÎ´μ¸É¨ μ¤´μ¢·¥³¥´´μ ³μ¦¥É ¡ÒÉÓ § ¶ÊÐ¥´μ 24 ¶μÉμ± .

„²Ö · ¸¶ · ²²¥²¨¢ ´¨Ö  ²£μ·¨É³  ´  Ö¤·  CPU ¨¸¶μ²Ó§μ¢ ²¨¸Ó ¤¢¥ ¶·μ£· ³³´Ò¥
¸·¥¤Ò Å OpenMP ¨ OpenCL.

	  ·¨¸. 2 ¶·¨¢¥¤¥´Ò £· Ë¨±¨ ³ ¸ÏÉ ¡¨·Ê¥³μ¸É¨  ²£μ·¨É³  ·¥±μ´¸É·Ê±Í¨¨ É·¥±μ¢
§ ·Ö¦¥´´ÒÌ Î ¸É¨Í ¢ § ¢¨¸¨³μ¸É¨ μÉ Î¨¸²  § ¶ÊÐ¥´´ÒÌ ¢ ¸·¥¤¥ OpenMP ²μ£¨Î¥¸±¨Ì Ö¤¥·
¶·¨ ¨¸¶μ²Ó§μ¢ ´¨¨ ¤²Ö ¢¥±Éμ·¨§ Í¨¨ ±μ¤  § £μ²μ¢μÎ´ÒÌ Ë °²μ¢ (·¨¸.  ) ¨ ¡¨¡²¨μÉ¥±¨ Vc
(·¨¸. ¡).

�¡  ³¥Éμ¤  ¶μ± § ²¨ μ¤¨´ ±μ¢ÊÕ ¶·μ¨§¢μ¤¨É¥²Ó´μ¸ÉÓ, ¶μ§¢μ²¨¢ ¤μ¸É¨ÎÓ ¸±μ·μ¸É¨
μ¡· ¡μÉ±¨ 34 É·¥± /³±¸.

ˆ¸¶μ²Ó§μ¢ ´¨¥ OpenCL ¤²Ö CPU (·¨¸. 3) É ±¦¥ ¶μ§¢μ²¨²μ ¤μ¡¨ÉÓ¸Ö ²¨´¥°´μ° ³ ¸-
ÏÉ ¡¨·Ê¥³μ¸É¨. �¥§Ê²ÓÉ É ´¥³´μ£μ ¸±·μ³´¥¥ (27 É·¥±μ¢/³±¸),   ¨´μ° Ì · ±É¥· § ¢¨-

�¨¸. 2. Œ ¸ÏÉ ¡¨·Ê¥³μ¸ÉÓ  ²£μ·¨É³  ·¥±μ´¸É·Ê±Í¨¨ É·¥±μ¢ § ·Ö¦¥´´ÒÌ Î ¸É¨Í ¢ § ¢¨¸¨³μ¸É¨ μÉ

Î¨¸²  § ¶ÊÐ¥´´ÒÌ ¢ ¸·¥¤¥ OpenMP ²μ£¨Î¥¸±¨Ì Ö¤¥· ¶·¨ ¨¸¶μ²Ó§μ¢ ´¨¨ ¤²Ö ¢¥±Éμ·¨§ Í¨¨ ±μ¤ 
§ £μ²μ¢μÎ´ÒÌ Ë °²μ¢ ( ) ¨ ¡¨¡²¨μÉ¥±¨ Vc (¡)



�Ò¸É· Ö ·¥±μ´¸É·Ê±Í¨Ö É· ¥±Éμ·¨° § ·Ö¦¥´´ÒÌ Î ¸É¨Í ¢ Ô±¸¶¥·¨³¥´É¥ ‘‚Œ 671

�¨¸. 3. Œ ¸ÏÉ ¡¨·Ê¥³μ¸ÉÓ  ²£μ·¨É³  ·¥±μ´¸É·Ê±Í¨¨ ¶ · ³¥É·μ¢ É·¥±μ¢ § ·Ö¦¥´´ÒÌ Î ¸É¨Í ¶μ

μÉ´μÏ¥´¨Õ ± Î¨¸²Ê ²μ£¨Î¥¸±¨Ì Ö¤¥· Í¥´É· ²Ó´μ£μ ¶·μÍ¥¸¸μ·  ¢ ¸·¥¤¥ OpenCL

¸¨³μ¸É¨ μ¡ÑÖ¸´Ö¥É¸Ö ¤·Ê£¨³ ¶μ·Ö¤±μ³ ¶μ¤±²ÕÎ¥´¨Ö ²μ£¨Î¥¸±¨Ì Ö¤¥·, ´¥¦¥²¨ ¢ ¸²Ê-
Î ¥ ¸ OpenMP.

4. ���ˆ‡‚�„ˆ’…‹œ��‘’œ �‹ƒ��ˆ’Œ� �� ƒ��”ˆ—…‘Šˆ• “‘Š��ˆ’…‹Ÿ•
ˆ ��‘��…„…‹…�ˆ… ‡�„�— �� ����—ˆŒ ƒ�“���Œ

�¥ ²¨§ Í¨Ö  ²£μ·¨É³  ¢ ¸·¥¤¥ OpenCL ¶μ§¢μ²¨²  § ¶Ê¸± ÉÓ ¥£μ É ±¦¥ ´  £· Ë¨Î¥¸±¨Ì
± ·É Ì. „²Ö É¥¸É¨·μ¢ ´¨Ö ¨¸¶μ²Ó§μ¢ ² ¸Ó NVidia GTX 480. �·μÍ¥¸¸μ· ÔÉμ° ± ·ÉÒ
¸μ¤¥·¦¨É 448 Ö¤¥· CUDA.

�·¨ § ¶Ê¸±¥ ¶·μ£· ³³Ò ¢¥¸Ó ´ ¡μ· É·¥±μ¢, ¶μ¤²¥¦ Ð¨Ì μ¡· ¡μÉ±¥, · ¸¶·¥¤¥²Ö¥É¸Ö
³¥¦¤Ê · ¡μÎ¨³¨ £·Ê¶¶ ³¨. Š ¦¤ Ö ¨§ ´¨Ì μ¡· ¡ ÉÒ¢ ¥É¸Ö ¶μÉμ±μ¢Ò³ ³Ê²ÓÉ¨¶·μÍ¥¸¸μ·μ³
(¶μ 32 Ö¤·  ¢ ± ¦¤μ³).

�¨¸. 4. �·μ¨§¢μ¤¨É¥²Ó´μ¸ÉÓ £· Ë¨Î¥¸±μ£μ ¶·μÍ¥¸¸μ·  NVidia GTX 480 ¢ § ¢¨¸¨³μ¸É¨ μÉ Î¨¸² 
É·¥±μ¢ ¢ · ¡μÎ¥° £·Ê¶¶¥
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	  ·¨¸. 4 ³μ¦´μ ¢¨¤¥ÉÓ, ÎÉμ ³ ±¸¨³ ²Ó´ Ö ¸±μ·μ¸ÉÓ μ¡· ¡μÉ±¨ ¤μ¸É¨£ ¥É¸Ö, ¥¸²¨
Î¨¸²μ É·¥±μ¢ ¢ · ¡μÎ¥° £·Ê¶¶¥ ±· É´μ Î¨¸²Ê Ö¤¥· ¢ ¶μÉμ±μ¢μ³ ³Ê²ÓÉ¨¶·μÍ¥¸¸μ·¥, ¨
¸μ¸É ¢²Ö¥É 33 É·¥± /³±¸.

‡�Š‹	—…�ˆ…

‚ ´ ¸ÉμÖÐ¥° · ¡μÉ¥ ¨§ÊÎ¥´  ¨ ¶·μ¤¥³μ´¸É·¨·μ¢ ´  ¢μ§³μ¦´μ¸ÉÓ ¶·μ¢¥¤¥´¨Ö ¡Ò¸É·μ°
·¥±μ´¸É·Ê±Í¨¨ ¶ · ³¥É·μ¢ É· ¥±Éμ·¨° § ·Ö¦¥´´ÒÌ Î ¸É¨Í, ·¥£¨¸É·¨·Ê¥³ÒÌ ¸¨¸É¥³μ°
±μμ·¤¨´ É´ÒÌ ¤¥É¥±Éμ·μ¢ Ô±¸¶¥·¨³¥´É  ‘‚Œ, ´  μ¸´μ¢¥ Ë¨²ÓÉ·  Š ²³ ´  ¸ ¨¸¶μ²Ó§μ¢ -
´¨¥³ ¶ · ²²¥²Ó´ÒÌ ¢ÒÎ¨¸²¥´¨° ´  ³´μ£μÖ¤¥·´μ³ ¸¥·¢¥·¥ ‹ˆ’ �ˆŸˆ. Š · §· ¡ ÉÒ¢ ¥-
³μ³Ê  ²£μ·¨É³Ê ¶·¥¤ÑÖ¢²Ö²¨¸Ó ¤¢  μ¸´μ¢´ÒÌ É·¥¡μ¢ ´¨Ö: 1) ¢Ò¸μ± Ö ¶·μ¨§¢μ¤¨É¥²Ó´μ¸ÉÓ
 ²£μ·¨É³ ; 2) ³ ±¸¨³ ²Ó´μ ¢μ§³μ¦´ Ö ÉμÎ´μ¸ÉÓ ·¥±μ´¸É·Ê±Í¨¨ ´Ê¦´ÒÌ ¶ · ³¥É·μ¢ É·¥± 
(±μμ·¤¨´ É  ¨ ´ ¶· ¢²¥´¨¥) ¨ Î ¸É¨ÍÒ (¨³¶Ê²Ó¸).

�¥·¢μ¥ É·¥¡μ¢ ´¨¥ ¡Ò²μ ¢Ò¶μ²´¥´μ §  ¸Î¥É · §· ¡μÉ±¨ ¶ · ²²¥²Ó´μ£μ  ²£μ·¨É³  ¸
¨¸¶μ²Ó§μ¢ ´¨¥³ · §²¨Î´ÒÌ ¸μ¢·¥³¥´´ÒÌ ¸·¥¤¸É¢ ¶μ · ¸¶ · ²²¥²¨¢ ´¨Õ ¨ ¢¥±Éμ·¨§ Í¨¨
±μ¤ , É ±¨Ì ± ± § £μ²μ¢μÎ´Ò¥ Ë °²Ò, ¡¨¡²¨μÉ¥±  Vc, ¶·μ£· ³³´Ò¥ ¸·¥¤Ò OpenMP ¨
OpenCL. “± § ´´Ò¥ É¥Ì´μ²μ£¨¨ ¶μ§¢μ²ÖÕÉ § ¶Ê¸± ÉÓ ¸μ§¤ ´´Ò° ¶·μ£· ³³´Ò° ±μ¤ ´ 
¢Ò¸μ±μ¶·μ¨§¢μ¤¨É¥²Ó´ÒÌ ³´μ£μÖ¤¥·´ÒÌ ¨ £¨¡·¨¤´ÒÌ ¸¨¸É¥³ Ì, μ¸´ Ð¥´´ÒÌ ¢¥±Éμ·´Ò³¨
(SIMD) ³μ¤Ê²Ö³¨ ¨ £· Ë¨Î¥¸±¨³¨ Ê¸±μ·¨É¥²Ö³¨.

�¥Ï¥´¨¥ ¶μ ¢Éμ·μ³Ê É·¥¡μ¢ ´¨Õ ¡Ò²μ ´ °¤¥´μ ¢ ·¥§Ê²ÓÉ É¥ ¶· ¢¨²Ó´μ£μ ¢Ò¡μ·  ¢ ± -
Î¥¸É¢¥ ³¥Éμ¤  ¤²Ö ·¥ ²¨§ Í¨¨ Ê± § ´´μ° § ¤ Î¨ ·¥±Ê·¸¨¢´μ£μ Ë¨²ÓÉ·  Š ²³ ´ ,   É ±¦¥
§  ¸Î¥É ¶·¨³¥´¥´¨Ö ·Ö¤  ¶·¨¡²¨¦¥´¨°, ¶μ§¢μ²¨¢Ï¨Ì ¡¥§ ¶μÉ¥·¨ ÉμÎ´μ¸É¨ ¢ÒÎ¨¸²¥´¨°
μ¡¥¸¶¥Î¨ÉÓ ¢Ò¸μ±ÊÕ ´ ¤¥¦´μ¸ÉÓ ¨ ¸±μ·μ¸ÉÓ μ¡· ¡μÉ±¨.

� §· ¡μÉ ´´Ò°  ²£μ·¨É³ ¡Ò² ¶·μÉ¥¸É¨·μ¢ ´ ´  ¸¥·¢¥·¥ cuda.jinr.ru ‹ˆ’ �ˆŸˆ ¸
¤¢Ê³Ö ¶·μÍ¥¸¸μ· ³¨ Intel Xeon X5660 ¨ £· Ë¨Î¥¸±μ° ± ·Éμ° NVidia GTX 480. ‚¸¥
¶·μ£· ³³´Ò¥ ·¥ ²¨§ Í¨¨ ¶μ± § ²¨ ²¨´¥°´ÊÕ ³ ¸ÏÉ ¡¨·Ê¥³μ¸ÉÓ ¨ ¢Ò¸μ±ÊÕ ¶·μ¨§¢μ¤¨-
É¥²Ó´μ¸ÉÓ (34 É·¥±  §  1 ³±¸ ´  Í¥´É· ²Ó´μ³ ¶·μÍ¥¸¸μ·¥ ¨ 33 É·¥±  §  1 ³±¸ ´  £· Ë¨Î¥-
¸±μ³). ’ ±¨³ μ¡· §μ³, Ê¦¥ ¢ ¸ÊÐ¥¸É¢ÊÕÐ¥° ±μ³¶²¥±É Í¨¨ ¸¥·¢¥· ¶μ§¢μ²Ö¥É μ¡· ¡ ÉÒ¢ ÉÓ
¤μ 70 É·¥±μ¢ §  1 ³±¸.
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