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�àå¨â¥ªâãàë à¥ªãàà¥−â−®£® á¨£−�«ì−®£® ¯à®æ¥áá®à� (ƒŒ�÷‘�) ¨ ¥¥ �¯à®-
¡�æ¨¨ ¢ ¢¨¤¥ ¬�ª¥â−®£® ®¡à�§æ� −� ®â«�¤®ç−®© ¯«�â¥ −®¢®£® ¯®ª®«¥−¨ï HAN
Pilot Platform á ¯à®£à�¬¬¨àã¥¬®© «®£¨ç¥áª®© ¨−â¥£à�«ì−®© áå¥¬®© (�‹ˆ‘)
Intel Arria10 SoC 10AS066K3F40E2SG −� ®á−®¢¥ VHDL (very high speed inte-
grated circuits) ¬®¤¥«¨ ãà®¢−ï à¥£¨áâà®¢ëå ¯¥à¥¤�ç. ƒ¨¡à¨¤−�ï ¬−®£®ï¤¥à−�ï
�àå¨â¥ªâãà� à¥ªãàà¥−â−®£® á¨£−�«ì−®£® ¯à®æ¥áá®à� á®áâ®¨â ¨§ ¢¥¤ãé¥£® ä®−-
−¥©¬�−®¢áª®£® ¯à®æ¥áá®à� −� ã¯à�¢«ïîé¥¬ ãà®¢−¥ ¨ ¯®â®ª®¢®£® ¯à®æ¥áá®à�
á ¢®á¥¬ìî ¢ëç¨á«¨â¥«ì−ë¬¨ ï¤à�¬¨ (‚Ÿ) −� ®¯¥à�æ¨®−−®¬ ãà®¢−¥. ‚ëç¨á-
«¨â¥«ì−ë¥ ï¤à� ®¡ê¥¤¨−¥−ë ª�¯áã«ì−ë¬ à�á¯à¥¤¥«¨â¥«¥¬, ®¡¥á¯¥ç¨¢�îé¨¬
à�§¢¥àâë¢�−¨¥ �«£®à¨â¬¨ç¥áª®© ª�¯áã«ë ¢ ¯�à�««¥«ì−®-¯®á«¥¤®¢�â¥«ì−ë©
¯®â®ª ª®¬�−¤, ¨ à�¡®â�îâ á 32-à�§àï¤−ë¬¨ ¤�−−ë¬¨. �¯¯�à�â−�ï à¥�«¨§�-
æ¨ï ¤¢ãåêï¤¥à−®£® ¯à®æ¥áá®à� ã¯à�¢«ïîé¥£® ãà®¢−ï Cortex-A9 ®¡¥á¯¥ç¨«�
áãé¥áâ¢¥−−®¥ ¯®¢ëè¥−¨¥ ¯à®¨§¢®¤¨â¥«ì−®áâ¨ ¢á¥© ƒŒ�÷‘� ¨ ã¢¥«¨ç¥−¨¥
â®ç−®áâ¨ ®¡à�¡®âª¨ ¤�−−ëå §� áç¥â ¨á¯®«ì§®¢�−¨ï 32-à�§àï¤−ëå ¤�−−ëå
á ä¨ªá¨à®¢�−−®© â®çª®©. �¯à®¡�æ¨ï VHDL-¬®¤¥«¨ ¬®¤¨ä¨æ¨à®¢�−−®©
ƒŒ�÷‘� −� â¨¯®¢®¬ ¯à¨«®¦¥−¨¨ æ¨äà®¢®© ®¡à�¡®âª¨ ¤�−−ëå | à�á¯®§−�-
¢�â¥«¥ ¨§®«¨à®¢�−−ëå á«®¢ (÷ˆ‘) | ¯®ª�§�«� ¥¥ ¢ëá®ªãî íää¥ªâ¨¢−®áâì
¯à¨ à�¡®â¥ ¢ à¥¦¨¬¥ à¥�«ì−®£® ¢à¥¬¥−¨.
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1 Введение

�®â®ª®¢�ï (data-flow) �àå¨â¥ªâãà� áâ�«� ¢ −�áâ®ïé¥¥ ¢à¥¬ï −�¨¡®«¥¥ �ªâ¨¢−®
à�§¢¨¢�îé¨¬áï −�¯à�¢«¥−¨¥¬ ¢ à�§à�¡®âª¥ á¨áâ¥¬ ¯�à�««¥«ì−ëå ¢ëç¨á«¥−¨©.
‚ ˆ−áâ¨âãâ¥ ¯à®¡«¥¬ ¨−ä®à¬�â¨ª¨ ”¥¤¥à�«ì−®£® ¨áá«¥¤®¢�â¥«ìáª®£® æ¥−âà�
úˆ−ä®à¬�â¨ª� ¨ ã¯à�¢«¥−¨¥û ÷®áá¨©áª®© �ª�¤¥¬¨¨ −�ãª ¢ â¥ç¥−¨¥ àï¤� «¥â
à�§à�¡�âë¢�¥âáï ƒŒ�÷‘� [1, 2].

’¥áâ®¢�ï ®â«�¤ª� ƒŒ�÷‘� ¯à®¢®¤¨«¨áì −� ®á−®¢¥ ¥¥ VHDL-¬®¤¥«¨ ãà®¢-
−ï à¥£¨áâà®¢ëå ¯¥à¥¤�ç ¨ ¯à®£à�¬¬¨àã¥¬®© «®£¨ç¥áª®© ¨−â¥£à�«ì−®© áå¥¬ë
(�‹ˆ‘) 5CGTFD9E5F35C7 (Intel) ¢ á®áâ�¢¥ ®â«�¤®ç−®© ¯«�âë úCyclone V
GT FPGA Development Kitû (Terasic). ‘ ¯®¬®éìî á¨áâ¥¬ë Quartus (Intel)
VHDL-¬®¤¥«ì ƒŒ�÷‘� á¨−â¥§¨à®¢�«�áì ¨ §�£àã¦�«�áì ¢ �‹ˆ‘. ‚ ª�ç¥áâ¢¥
¯à¥¤¬¥â−®© ®¡«�áâ¨ ¤«ï ®â«�¤ª¨ �àå¨â¥ªâãàë ƒŒ�÷‘� ¡ë« ¢ë¡à�− ÷ˆ‘ [3].

„«ï ¢¥à¨ä¨ª�æ¨¨ ƒŒ�÷‘� ¡ë«� ¨á¯®«ì§®¢�−� áãé¥áâ¢ãîé�ï à¥�«¨§�æ¨ï
�«£®à¨â¬®¢ ÷ˆ‘ −� ¨¬¨â�æ¨®−−®© ¬®¤¥«¨ �àå¨â¥ªâãàë. ‚¥à¨ä¨ª�æ¨ï ¯à®¢®¤¨-
«�áì ¯® ä�ªâã ¯®¡¨â®¢®£® áà�¢−¥−¨ï à¥§ã«ìâ�â®¢ ¨á¯®«−¥−¨ï �«£®à¨â¬®¢ ª�ª −�
¨¬¨â�æ¨®−−®© ¨ �¯¯�à�â−®© ¬®¤¥«ïå, â�ª ¨ −� �‹ˆ‘-à¥�«¨§�æ¨ïå. �®«ãç¥−−ë¥
à¥§ã«ìâ�âë ¯®¤â¢¥à¤¨«¨ ª®àà¥ªâ−®áâì à¥�«¨§�æ¨¨.

’¥áâ®¢�ï ®â«�¤ª� ¯à®¥ªâ� ÷ˆ‘ ¯®¤â¢¥à¤¨«� ¢ëá®ªãî íää¥ªâ¨¢−®áâì
ƒŒ�÷‘�, à¥�«¨§®¢�−−®© ¢ ¢¨¤¥ VHDL-¬®¤¥«¨, ¯à¨ ¢ë¯®«−¥−¨¨ à�§«¨ç−ëå
�«£®à¨â¬®¢ æ¨äà®¢®© ®¡à�¡®âª¨ à¥ç¥¢ëå á¨£−�«®¢ [4]. �¤−�ª® ®£à�−¨ç¥−−ë¥
�¯¯�à�â−ë¥ à¥áãàáë ¯«�âë úCyclone V GTû §�áâ�¢¨«¨ áãé¥áâ¢¥−−® ®£à�−¨-
ç¨âì äã−ªæ¨®−�«ì−ë¥ ¢®§¬®¦−®áâ¨ ƒŒ�÷‘� ¤«ï ®¡¥á¯¥ç¥−¨ï à�¡®â®á¯®á®¡-
−®áâ¨ ÷ˆ‘ ¢ �‹ˆ‘. ÷¥�«ì−�ï ç�áâ®â� à�¡®âë ƒŒ�÷‘� ®ª�§�«�áì −¥¢ëá®ª®©
(12,5 Œƒæ) ¨ §�âàã¤−¨«� à¥�«¨§�æ¨î ¢ à¥¦¨¬¥ à¥�«ì−®£® ¢à¥¬¥−¨ á«®¦−ëå
�«£®à¨â¬®¢ æ¨äà®¢®© ®¡à�¡®âª¨ ¤�−−ëå. Šà®¬¥ â®£®, ¨¬¥îé¨åáï −� ¯«�â¥ à¥-
áãàá®¢ ®ª�§�«®áì −¥¤®áâ�â®ç−® ¤«ï à�áè¨à¥−¨ï à�§àï¤−®áâ¨ ¨ ã¢¥«¨ç¥−¨ï ç¨á«�
¢ëç¨á«¨â¥«ì−ëå ï¤¥à ¢ ƒŒ�÷‘�.

„�−−�ï áâ�âìï ¯à¥¤áâ�¢«ï¥â ®â«�¤®ç−ãî ¯«�âã −®¢®£® ¯®ª®«¥−¨ï (Ar-
ria 10 SoC Development Kit á ãáâ�−®¢«¥−−®© −� −¥© �‹ˆ‘ Arria10 SoC
10AS066N3F40E2SG1 (Intel)) ¨ ®æ¥−¨¢�¥â æ¥«¥á®®¡à�§−®áâì ¥¥ ¨á¯®«ì§®¢�−¨ï
¤«ï à�§à�¡®âª¨ ¨ ®â«�¤ª¨ ƒŒ�÷‘�, à¥�«¨§®¢�−−®© ¢ ¢¨¤¥ VHDL-¬®¤¥«¨
ãà®¢−ï à¥£¨áâà®¢ëå ¯¥à¥¤�ç.

2 Расширение структуры гибридной многоядерной архитектуры
рекуррентного сигнального процессора

‘âàãªâãà−�ï áå¥¬� à�áè¨à¥−¨ï ƒŒ�÷‘� ¯®ª�§�−� −� à¨áã−ª¥. „¢ãå-
¯®àâ®¢�ï ¡ãä¥à−�ï ¯�¬ïâì ®¡¥á¯¥ç¨¢�¥â ¬�ªá¨¬�«ì−ãî ¯à®¨§¢®¤¨â¥«ì−®áâì ¯à¨
®¡¬¥−¥ ¤�−−ë¬¨ á ¯à®æ¥áá®à®¬ ã¯à�¢«ïîé¥£® ãà®¢−ï, §�£àã§ª¥ ®¯¥à�−¤�¬¨ à¥-
ªãàà¥−â−®£® ãà®¢−ï ¨ ®¡−®¢«¥−¨¨ ª�¯áã« à¥§ã«ìâ�â�¬¨ à�¡®âë à¥ªãàà¥−â−®£®
ãà®¢−ï. Œ¥¦ª¢�àâ¥â−ë© à�á¯à¥¤¥«¨â¥«ì ä®à¬¨àã¥â ®¯¥à�−¤ë ¤«ï ª¢�àâ¥â−ëå
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÷�§¢¨â¨¥ £¨¡à¨¤−®© ¬−®£®ï¤¥à−®© à¥ªãàà¥−â−®© �àå¨â¥ªâãàë −� �‹ˆ‘

‘âàãªâãà−�ï áå¥¬� ƒŒ�÷‘�

à�á¯à¥¤¥«¨â¥«¥©, ª�¦¤ë© ¨§ ª®â®àëå, ¢ á¢®î ®ç¥à¥¤ì, ä®à¬¨àã¥â ¯�ª¥âë (ú£®à-
áâ¨û) ¤«ï á¢®¨å ç¥âëà¥å ‚Ÿ, à¥§ã«ìâ�âë à�¡®âë ª®â®àëå ¨−â¥àä¥©á ®¡¬¥−�
¤�−−ë¬¨ ®â¯à�¢«ï¥â ®¡à�â−® ¢ ¬¥¦ª¢�àâ¥â−ë© à�á¯à¥¤¥«¨â¥«ì ¨«¨ §�¯¨áë¢�¥â
¢ ¡ãä¥à−ãî ¯�¬ïâì.

‚ áà�¢−¥−¨¨ á ƒŒ�÷‘�, ®¯¨á�−−®© ¢ [4], áâàãªâãà� −®¢®£® ¯®ª®«¥−¨ï
ƒŒ�÷‘�, ¯à¥¤áâ�¢«¥−−�ï −� à¨áã−ª¥, á®¤¥à¦¨â ¡®«ìè¥ ¢ëç¨á«¨â¥«ì−ëå ï¤¥à
¨ à�¡®â�¥â á ¡®«ìè¥© à�§àï¤−®áâìî ®¡à�¡�âë¢�¥¬ëå ¤�−−ëå (32 ¢¬¥áâ® 16).
�â® ®¡¥á¯¥ç¨¢�¥â ¯®¢ëè¥−¨¥ â®ç−®áâ¨ ¢ëç¨á«¨â¥«ì−ëå ®¯¥à�æ¨© ¨ ¡®«¥¥ íä-
ä¥ªâ¨¢−®¥ ¢ë¯®«−¥−¨¥ à�á¯�à�««¥«¨¢�¥¬ëå ®¯¥à�æ¨©. ƒ¨¡à¨¤−�ï ¬−®£®ï¤¥à−�ï
�àå¨â¥ªâãà� à¥ªãàà¥−â−®£® á¨£−�«ì−®£® ¯à®æ¥áá®à� −®¢®£® ¯®ª®«¥−¨ï â�ª¦¥ à¥-
�«¨§®¢�−� ¢ ¢¨¤¥ VHDL-¬®¤¥«¨ ãà®¢−ï à¥£¨áâà®¢ëå ¯¥à¥¤�ç.
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3 ПЛИС для отладки расширенной структуры гибридной
многоядерной архитектуры рекуррентного сигнального процессора

‚ë¡®à ¯«�âë ¨ �‹ˆ‘ −� −¥© ®¯à¥¤¥«ï¥âáï ®¦¨¤�¥¬®© á«®¦−®áâìî ƒŒ�÷‘�
¨ ¯à®¥ªâ®¢ −� ¥¥ ®á−®¢¥. “¢¥«¨ç¥−¨¥ ç¨á«� ¢ëç¨á«¨â¥«ì−ëå ï¤¥à ¨ à�áè¨à¥-
−¨¥ à�§àï¤−®áâ¨ ¢−ãâà¥−−¨å è¨− ¤�−−ëå âà¥¡ãîâ §−�ç¨â¥«ì−ëå �¯¯�à�â−ëå
à¥áãàá®¢ ¨ ¢®§¬®¦−®áâ¥© úä�¡à¨ª¨ ¬¥¦á®¥¤¨−¥−¨©û.

’¥å−®«®£¨ç¥áª¨© ãà®¢¥−ì ¨§£®â®¢«¥−¨ï �‹ˆ‘ á¢¨¤¥â¥«ìáâ¢ã¥â ® ¥¥ ¯®â¥−-
æ¨�«ì−®© ¯à®¨§¢®¤¨â¥«ì−®áâ¨ ¨ å�à�ªâ¥à¨áâ¨ª�å úä�¡à¨ª¨ ¬¥¦á®¥¤¨−¥−¨©û.
—¥¬ ¬¥−ìè¥ â¥å−®«®£¨ç¥áª¨¥ −®à¬ë, â¥¬ ¡®«¥¥ ¢ëá®ªãî ¯à®¨§¢®¤¨â¥«ì−®áâì ¬®-
¦¥â ®¡¥á¯¥ç¨âì �‹ˆ‘ §� áç¥â ã¬¥−ìè¥−¨ï §�¤¥à¦¥ª ¯¥à¥ª«îç¥−¨ï «®£¨ç¥áª¨å
í«¥¬¥−â®¢ ¨ ¯®¢ëè¥−¨ï ¯à®¯ãáª−®© á¯®á®¡−®áâ¨ (âà�áá¨àã¥¬®áâ¨) úä�¡à¨ª¨
¬¥¦á®¥¤¨−¥−¨©û.

’�¡«¨æ� 1 •�à�ªâ¥à¨áâ¨ª¨ �‹ˆ‘ ¢ á®áâ�¢¥ ®â«�¤®ç−ëå ¯«�â

�‹ˆ‘

‹®£¨-
ç¥-

áª¨¥
í«¥-

¬¥−âë,
âëá.

�¤�¯-
â¨¢-
−ë¥

«®£¨-
ç¥áª¨¥
¬®¤ã«¨

�«®ª¨
¯�¬ï-

â¨
Œ10Š

�«®ª¨
¯�¬ï-

â¨
Œ20Š

÷¥£¨áâ-
àë

(âà¨£-
£¥àë)

ƒ«®-
¡�«ì-
−ë¥

â�ªâ®-
¢ë¥
æ¥¯¨

“¬−®-
¦¨-
â¥«¨

�¯¯�-
à�â−ë©

¯à®-
æ¥áá®à

’¥å−®-
«®£¨-
ç¥áª¨¥
−®à-
¬ë,
−¬

5CGTFD9E5F35C7 301 113 560 1220 | 454 240 16 684 | 28

10AS066N3F40E2SG1 660 250 540 | 2133 1 002 160 32 1688
ARM

Cortex-A9,
1,5 ƒƒæ

20

�−�«¨§ ¢®§¬®¦−ëå ¢�à¨�−â®¢ �‹ˆ‘ ¨ ®â«�¤®ç−ëå ¯«�â ¯®ª�§�«, çâ® −�¨¡®-
«¥¥ ¯à¥¤¯®çâ¨â¥«ì−ë© ¢�à¨�−â | ¯«�â� úArria 10 SoC Development Kitû á ãáâ�-
−®¢«¥−−®© −� −¥© �‹ˆ‘ úArria10 SoC 10AS066N3F40E2SG1û (Intel). ’�¡«¨-
æ� 1 ¯®ª�§ë¢�¥â ¥¥ å�à�ªâ¥à¨áâ¨ª¨ ¢ áà�¢−¥−¨¨ á �‹ˆ‘ 5CGTFD9E5F35C7.
�¯¯�à�â−ë¥ à¥áãàáë �‹ˆ‘ 10AS066N3F40E2SG1 ¯® ¢á¥¬ ¯®§¨æ¨ï¬ ¡®«¥¥ ç¥¬
¢ 2 à�§� ¯à¥¢®áå®¤ïâ á®®â¢¥âáâ¢ãîé¨¥ ¯®ª�§�â¥«¨ �‹ˆ‘ 5CGTFD9E5F35C7.
Œ¥−ìè¨¥ â¥å−®«®£¨ç¥áª¨¥ −®à¬ë £�à�−â¨àãîâ ã¢¥«¨ç¥−¨¥ âà�áá¨à®¢®ç−®© á¯®-
á®¡−®áâ¨ úä�¡à¨ª¨ ¬¥¦á®¥¤¨−¥−¨©û, ª®â®à�ï ®¡«¥£ç�¥â à�§¬¥é¥−¨¥ ¨ à�§¢®¤ªã
ª®¬¯®−¥−â®¢ ¯à®¥ªâ�. ��«¨ç¨¥ �¯¯�à�â−®© à¥�«¨§�æ¨¨ ¯à®æ¥áá®à� ARM Cortex-
A9, ¢ë¯®«−ïîé¥£® äã−ªæ¨¨ ã¯à�¢«ïîé¥£® ãà®¢−ï ¢ à�áè¨à¥−−®© ƒŒ�÷‘�,
®¡¥á¯¥ç¨¢�¥â ¤®¯®«−¨â¥«ì−®¥ ¯®¢ëè¥−¨¥ ¥¥ ¯à®¨§¢®¤¨â¥«ì−®áâ¨.

4 Характеристики реализации расширенной гибридной многоядерной
архитектуры рекуррентного сигнального процессора

�ªá¯¥à¨¬¥−â�«ì−ë¥ à¥§ã«ìâ�âë à¥�«¨§�æ¨¨ ¨áå®¤−®£® ¢�à¨�−â� ƒŒ�÷‘�,
à¥�«¨§®¢�−−®© ¢ ¢¨¤¥ VHDL-¬®¤¥«¨ ãà®¢−ï à¥£¨áâà®¢ëå ¯¥à¥¤�ç, −� ®â-
«�¤®ç−®© ¯«�â¥ úArria 10 SoC Development Kitû á �‹ˆ‘ úArria10 SoC
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÷�§¢¨â¨¥ £¨¡à¨¤−®© ¬−®£®ï¤¥à−®© à¥ªãàà¥−â−®© �àå¨â¥ªâãàë −� �‹ˆ‘

’�¡«¨æ� 2 Œ�ªá¨¬�«ì−® ¢®§¬®¦−�ï ç�áâ®â� á¨−åà®−¨§�æ¨¨ ƒŒ�÷‘� ¢ à�§−ëå �‹ˆ‘

“¯à�¢«ïîé¨© ãà®¢¥−ì, Œƒæ
÷¥�«¨§�æ¨ï ÷ˆ‘ −� �‹ˆ‘ �à®£à�¬¬−�ï

à¥�«¨§�æ¨ï
�¯¯�à�â−�ï
à¥�«¨§�æ¨ï

÷¥ªãàà¥−â−ë©
ãà®¢¥−ì, Œƒæ

5CGTFD9E5F35C7
¨áå®¤−�ï 90 | 12,5

10AS066N3F40E2SG1
¨áå®¤−�ï 160 1500 26,0
à�áè¨à¥−−�ï 160 1500 25,2

10AS066N3F40E2SG1û ¯®ª�§�«¨, çâ® ¥¥ �¯¯�à�â−ë¥ à¥áãàáë ®¡¥á¯¥ç¨«¨ �¢-
â®¬�â¨ç¥áª®¥ ¯®¢ëè¥−¨¥ ¯à®¨§¢®¤¨â¥«ì−®áâ¨ ƒŒ�÷‘� ¢ à¥¦¨¬¥ à¥�«ì−®£®
¢à¥¬¥−¨ ¤�¦¥ ¡¥§ ¨á¯®«ì§®¢�−¨ï ¢áâà®¥−−®£® ¯à®æ¥áá®à� ARM Cortex-A9.
‚ â�¡«¨æ¥ 2 ¯à¨¢¥¤¥−ë å�à�ªâ¥à¨áâ¨ª¨ ¨áå®¤−®£® ¯à®¥ªâ� ƒŒ�÷‘� ¢ ¤¢ãå
�‹ˆ‘. �®¢�ï �‹ˆ‘ ®¡¥á¯¥ç¨¢�¥â ª�ª ¬¨−¨¬ã¬ ã¤¢®¥−¨¥ ¯à®¨§¢®¤¨â¥«ì−®áâ¨
¨áå®¤−®£® ¢�à¨�−â� ƒŒ�÷‘�.

÷¥�«¨§�æ¨ï ÷ˆ‘ −� à�áè¨à¥−−®¬ ¢�à¨�−â¥ ƒŒ�÷‘� ¯à¨¢¥«� ª −¥§−�-
ç¨â¥«ì−®¬ã ãåã¤è¥−¨î ¯à®¨§¢®¤¨â¥«ì−®áâ¨ (á¬. ¯®á«¥¤−îî áâà®ªã â�¡«. 2).
�à¨ íâ®¬ ®ª�§�«¨áì §�¤¥©áâ¢®¢�−ë «¨èì 40% �¯¯�à�â−ëå à¥áãàá®¢ �‹ˆ‘
10AS066N3F40E2SG1.

’�ª¨¬ ®¡à�§®¬, ¨á¯®«ì§®¢�−¨¥ �‹ˆ‘ 10AS066N3F40E2SG1 ®¡¥á¯¥ç¨¢�¥â
§�¯ãáª ÷ˆ‘ −� ¨áå®¤−®¬ ¢�à¨�−â¥ ƒŒ�÷‘� ¢ à¥¦¨¬¥ à¥�«ì−®£® ¢à¥¬¥−¨
¨ ¤¥«�¥â ¢®§¬®¦−ë¬ à�áè¨à¥−¨¥ à�§àï¤−®áâ¨ ®¡à�¡�âë¢�¥¬ëå ¢ ƒŒ�÷‘�
¤�−−ëå ¤® 64 ¡¨â ¨ ã¢¥«¨ç¥−¨¥ ç¨á«� ¢ëç¨á«¨â¥«ì−ëå ï¤¥à ¤® 16.

5 Заключение

ƒ¨¡à¨¤−�ï ¬−®£®ï¤¥à−�ï �àå¨â¥ªâãà� à¥ªãàà¥−â−®£® á¨£−�«ì−®£® ¯à®æ¥áá®à�
−®¢®£® ¯®ª®«¥−¨ï, à¥�«¨§®¢�−−�ï ¢ ¢¨¤¥ VHDL-¬®¤¥«¨ ãà®¢−ï à¥£¨áâà®¢ëå
¯¥à¥¤�ç, ï¢«ï¥âáï à¥áãàá®¥¬ª®© §� áç¥â à�á¯�à�««¥«¨¢�−¨ï ¢ëç¨á«¨â¥«ì−ëå
§�¤�ç ¨ ¨á¯®«ì§®¢�−¨ï FIFO (first in, first out) ¢ à�§−ëå ¡«®ª�å �àå¨â¥ªâãàë.

�‹ˆ‘ 10AS066N3F40E2SG1 ®¡¥á¯¥ç¨¢�¥â ã¤¢®¥−¨¥ ¯à®¨§¢®¤¨â¥«ì−®áâ¨
¨áå®¤−®£® ¢�à¨�−â� ƒŒ�÷‘� ¨ §�¯ãáª à¥ç¥¢ëå ¯à¨«®¦¥−¨© ¢ à¥¦¨¬¥ à¥�«ì−®£®
¢à¥¬¥−¨. �−� £�à�−â¨àã¥â à�áè¨à¥−¨¥ à�§àï¤−®áâ¨ ¤�−−ëå ¢ ƒŒ�÷‘� ¤® 32 ¡¨â
¨ ã¢¥«¨ç¥−¨¥ ç¨á«� ¢ëç¨á«¨â¥«ì−ëå ï¤¥à, � ¢ ¯¥àá¯¥ªâ¨¢¥ ¤¥«�¥â ¢®§¬®¦−®©
®¡à�¡®âªã 64-à�§àï¤−ëå ¤�−−ëå.
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Abstract: The paper presents the result of modification of the multicore hy-
brid architecture for recurrent signal processing (HARSP) and discusses its
approbation as a prototype on the next-generation HAN Pilot Platform devel-
opment board with FPGA (field-programmable gate array) Intel Arria10 SoC
10AS066K3F40E2SG on the basis of the register transfer level VHDL (very
high speed integrated circuits) model. Hybrid architecture for recurrent signal
processing contains the control level, implemented as von Neumann processor,
and the operational level represented by the data-flow processor with eight
computing cores. A capsule distributor combines all computing cores. It pro-
vides algorithmic capsule explication into a parallel-serial command flow and
processes 32-bit data. Hardware implementation of the control level dual-core
processor Cortex-A9 improved HARSP performance radically and increased data
processing accuracy due to using 32-bit fixed-point operands. Modified HARSP
VHDL-model approbation on a typical data processing application, namely,
isolated word recognition, proved HARSP high efficiency in real-time mode
operation.

Keywords: recurrent signal processor; multicore hybrid architecture; data-flow;
VHDL-model; FPGA; development board; isolated word recognizer
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