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АППАРАТНАЯ РЕАЛИЗАЦИЯ
РЕКУРРЕНТНОГО ОБРАБОТЧИКА СИГНАЛОВ∗

Ю. А. Степченков1, Н. В. Морозов2, Ю. Г. Дьяченко3, Д. В. Хилько4

�−−®â�æ¨ï: �à¥¤áâ�¢«¥−ë à¥§ã«ìâ�âë �¯¯�à�â−®© à¥�«¨§�æ¨¨ £¨¡à¨¤-
−®© ¬−®£®ï¤¥à−®© �àå¨â¥ªâãàë à¥ªãàà¥−â−®£® á¨£−�«ì−®£® ¯à®æ¥áá®à�
(ƒŒ�÷‘�) ¢ ¢¨¤¥ VHDL-¬®¤¥«¨ ãà®¢−ï à¥£¨áâà®¢ëå ¯¥à¥¤�ç ¨ ¥¥ �¯à®¡�æ¨¨
¢ ¢¨¤¥ ¬�ª¥â−®£® ®¡à�§æ� −� ®â«�¤®ç−®© ¯«�â¥ á ¯à®£à�¬¬¨àã¥¬®© «®£¨ç¥áª®©
¨−â¥£à�«ì−®© áå¥¬®© (�‹ˆ‘) Intel Arria10. 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�, à¥�«¨§ãîé¥£® ã¯à�¢«ïîé¨© ãà®¢¥−ì �àå¨â¥ªâãàë,
¨ ¯®â®ª®¢®£® ¯à®æ¥áá®à� á ç¥âëàì¬ï ¢ëç¨á«¨â¥«ì−ë¬¨ á¥ªæ¨ï¬¨ −� ®¯¥à�æ¨-
®−−®¬ ãà®¢−¥ �àå¨â¥ªâãàë. �¯¯�à�â−�ï ¬®¤¥«ì ƒŒ�÷‘� ¯à¥¤áâ�¢«ï¥â á®¡®©
á®¢®ªã¯−®áâì ¯à®£à�¬¬−®© ¨«¨ �¯¯�à�â−®© à¥�«¨§�æ¨¨ ã¯à�¢«ïîé¥£® ¯à®æ¥á-
á®à� (“�) ¨ VHDL-¬®¤¥«¨ ®¯¥à�æ¨®−−®£® ãà®¢−ï ƒŒ�÷‘�. �à®£à�¬¬−�ï
à¥�«¨§�æ¨ï “� ¯à¥¤®áâ�¢«ï¥âáï á¨áâ¥¬®© Quartus �¢â®¬�â¨§¨à®¢�−−®£® ¯à®-
¥ªâ¨à®¢�−¨ï æ¨äà®¢ëå ‘�ˆ‘ −� �‹ˆ‘ ä¨à¬ë Intel. �¯¯�à�â−ãî à¥�«¨-
§�æ¨î “� ¢ ¢¨¤¥ ¤¢ãåêï¤¥à−®£® ¯à®æ¥áá®à� Cortex-A9 ®¡¥á¯¥ç¨¢�¥â �‹ˆ‘
−� ®â«�¤®ç−®© ¯«�â¥.

Š«îç¥¢ë¥ á«®¢�: à¥ªãàà¥−â−ë© á¨£−�«ì−ë© ¯à®æ¥áá®à; £¨¡à¨¤−�ï ¬−®£®-
ï¤¥à−�ï �àå¨â¥ªâãà�; VHDL-¬®¤¥«ì; �‹ˆ‘

DOI: 10.14357/08696527210310

1 Введение

ƒ¨¡à¨¤−�ï ¬−®£®ï¤¥à−�ï �àå¨â¥ªâãà� à¥ªãàà¥−â−®£® á¨£−�«ì−®£® ¯à®æ¥áá®-
à� [1] | íâ® �«ìâ¥à−�â¨¢� âà�¤¨æ¨®−−®© ¢ëç¨á«¨â¥«ì−®© �àå¨â¥ªâãà¥. �−�
®à¨¥−â¨à®¢�−� −� à¥è¥−¨¥ §�¤�ç æ¨äà®¢®© ®¡à�¡®âª¨ á¨£−�«®¢ (–�‘) ¨ ®â−®-
á¨âáï ª ª«�ááã ¯®â®ª®¢ëå �àå¨â¥ªâãà, −® á¢®¡®¤−� ®â −¥¤®áâ�âª®¢, ¯à¨áãé¨å
¯®â®ª®¢ë¬ �àå¨â¥ªâãà�¬ ¬�áá®¢®£® ¯�à�««¥«¨§¬� −� ¡�§¥ �áá®æ¨�â¨¢−®© ¯�¬ïâ¨:

{ ¢ëá®ª®© �¯¯�à�â−®© á«®¦−®áâ¨ ¨ ¢à¥¬¥−¨ áà�¢−¥−¨ï â¥£¨à®¢�−−ëå ¬�àª¥à®¢;

{ −¥íää¥ªâ¨¢−®£® ¨á¯®«−¥−¨ï ¯®á«¥¤®¢�â¥«ì−ëå ãç�áâª®¢ ª®¤�;

∗ˆáá«¥¤®¢�−¨¥ ¢ë¯®«−¥−® ¯à¨ ¯®¤¤¥à¦ª¥ ÷®áá¨©áª®£® −�ãç−®£® ä®−¤� (¯à®¥ªâ 19-11-00334).
1”¥¤¥à�«ì−ë© ¨áá«¥¤®¢�â¥«ìáª¨© æ¥−âà úˆ−ä®à¬�â¨ª� ¨ ã¯à�¢«¥−¨¥û ÷®áá¨©áª®© �ª�¤¥¬¨¨

−�ãª, YStepchenkov@ipiran.ru
2”¥¤¥à�«ì−ë© ¨áá«¥¤®¢�â¥«ìáª¨© æ¥−âà úˆ−ä®à¬�â¨ª� ¨ ã¯à�¢«¥−¨¥û ÷®áá¨©áª®© �ª�¤¥¬¨¨

−�ãª, NMorozov@ipiran.ru
3”¥¤¥à�«ì−ë© ¨áá«¥¤®¢�â¥«ìáª¨© æ¥−âà úˆ−ä®à¬�â¨ª� ¨ ã¯à�¢«¥−¨¥û ÷®áá¨©áª®© �ª�¤¥¬¨¨

−�ãª, diaura@mail.ru
4”¥¤¥à�«ì−ë© ¨áá«¥¤®¢�â¥«ìáª¨© æ¥−âà úˆ−ä®à¬�â¨ª� ¨ ã¯à�¢«¥−¨¥û ÷®áá¨©áª®© �ª�¤¥¬¨¨

−�ãª, dhilko@yandex.ru
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ā. �. ‘â¥¯ç¥−ª®¢, �. ‚. Œ®à®§®¢, ā. ƒ. „ìïç¥−ª®, „. ‚. •¨«ìª®

{ ç¥à¥áçãà ¡®«ìè®£® ç¨á«� ª®¬�−¤, âà¥¡ãîé¥£®áï ¤«ï ¢ë¯®«−¥−¨ï ¯à®£à�¬¬ë,
¯® ®â−®è¥−¨î ª ¯à®æ¥áá®à�¬ âà�¤¨æ¨®−−®© �àå¨â¥ªâãàë.

{ ¨á¯®«ì§®¢�−¨ï á«®¦−®©, ¬¥¤«¥−−®© ¨ í−¥à£®¥¬ª®© �áá®æ¨�â¨¢−®© ¯�¬ïâ¨
¢ ª�ç¥áâ¢¥ ãáâà®©áâ¢� á®¯®áâ�¢«¥−¨ï;

{ ¡®«ìè®£® à�§¬¥à� â¥£®¢ëå ¯®«¥©, ¯à¥¢ëè�îé¥£® ¢ ¤¥áïâª¨ à�§ à�§¬¥à á®¡-
áâ¢¥−−® ®¡à�¡�âë¢�¥¬ëå ¤�−−ëå.

“ç¥â íâ¨å ¨ ¤àã£¨å ä�ªâ®à®¢ ¯®âà¥¡®¢�« ®á®¡®£® ¯®¤å®¤� ª ¢−¥¤à¥−¨î ¯®-
â®ª®¢®© ¯�à�¤¨£¬ë ¢ ®¡«�áâì –�‘. ƒŒ�÷‘� | íâ® ª®¬¯à®¬¨áá−®¥ à¥è¥−¨¥,
®¡¥á¯¥ç¨¢�îé¥¥ á®¢¬¥áâ¨¬®áâì á áãé¥áâ¢ãîé¨¬¨ ¢ëç¨á«¨â¥«ì−ë¬¨ ¨ �¯¯�à�â-
−ë¬¨ áà¥¤�¬¨.

�á−®¢−ë¬ áà¥¤áâ¢®¬ à�§à�¡®âª¨ ¨ ®â«�¤ª¨ ª�¯áã« ¤«ï ƒŒ�÷‘� á«ã¦¨â
¨¬¨â�æ¨®−−�ï ¬®¤¥«ì ƒŒ�÷‘� [1]. �−� ãç¨âë¢�¥â ®á®¡¥−−®áâ¨ �àå¨â¥ªâãà−®©
®à£�−¨§�æ¨¨ ƒŒ�÷‘� ¨ ¯®§¢®«ï¥â à�§à�¡®âç¨ªã ª�¯áã«ë ¯à®á«¥¤¨âì §� ¯à®-
¤¢¨¦¥−¨¥¬ ¤�−−ëå ¯® íâ�¯�¬ à�¡®âë �«£®à¨â¬� ¨ ¨å à�á¯à¥¤¥«¥−¨¥¬ ¯® ¯�à�«-
«¥«ì−ë¬ ¢ëç¨á«¨â¥«ì−ë¬ à¥áãàá�¬. ˆ¬¨â�æ¨®−−�ï ¬®¤¥«ì ƒŒ�÷‘� ®¡«¥£ç�¥â
¯à®æ¥áá ª�¯áã«ì−®£® ¯à®£à�¬¬¨à®¢�−¨ï. �¤−�ª® ®−� −¥ ãç¨âë¢�¥â ®á®¡¥−−®áâ¨
�¯¯�à�â−®© à¥�«¨§�æ¨¨ �àå¨â¥ªâãàë ¨ −¥ ¬®¦¥â ¡ëâì ¨á¯®«ì§®¢�−� ¢ ª�ç¥áâ¢¥ ¨á-
å®¤−®£® �«£®à¨â¬¨ç¥áª®£® ®¯¨á�−¨ï ƒŒ�÷‘� ¤«ï ¥¥ á¨−â¥§� ¢ ¢¨¤¥ �¯¯�à�âãàë
á ¯®¬®éìî ¯à®¬ëè«¥−−ëå áà¥¤áâ¢ �¢â®¬�â¨§¨à®¢�−−®£® ¯à®¥ªâ¨à®¢�−¨ï.

�®íâ®¬ã à�§à�¡®âª� �¯¯�à�â−®© ¬®¤¥«¨ ƒŒ�÷‘� −� ãà®¢−¥ à¥£¨áâà®¢ëå
¯¥à¥¤�ç −� ï§ëª¥ VHDL, ®¡¥á¯¥ç¨¢�îé¥© �¤¥ª¢�â−®áâì �¯¯�à�â−®© à¥�«¨§�æ¨¨
ƒŒ�÷‘� ¥¥ �àå¨â¥ªâãà¥ ¨ ¯®§¢®«ïîé¥© ®æ¥−¨âì å�à�ªâ¥à¨áâ¨ª¨ ƒŒ�÷‘� −�
®â«�¤®ç−®© ¯«�â¥ á �‹ˆ‘, áâ�−®¢¨âáï �ªâã�«ì−®© §�¤�ç¥©. „�−−�ï áâ�âìï ®¯¨-
áë¢�¥â ®á®¡¥−−®áâ¨ à¥�«¨§�æ¨¨ �¯¯�à�â−®© ¬®¤¥«¨ ƒŒ�÷‘� ¢ ¢¨¤¥ ¬�ª¥â−®£®
®¡à�§æ� −� ®â«�¤®ç−®© ¯«�â¥ HAN Pilot Platform á �‹ˆ‘ Intel Arria10 SoC
10AS066K3F40E2SG [2], ¥¥ â¥å−¨ç¥áª¨¥ å�à�ªâ¥à¨áâ¨ª¨ ¨ âà¥¡ã¥¬ë¥ �¯¯�à�â-
−ë¥ à¥áãàáë ¢ â¥à¬¨−�å áâàãªâãà−ëå ¥¤¨−¨æ, ¨¬¥îé¨åáï ¢ á®áâ�¢¥ �‹ˆ‘.

2 Особенности аппаратной реализации ГМАРСП

ƒŒ�÷‘� ¨¬¥¥â á«¥¤ãîé¨¥ ®á®¡¥−−®áâ¨ �¯¯�à�â−®© à¥�«¨§�æ¨¨, ¯à¥®¤®«¥-
¢�îé¨¥ −¥¤®áâ�âª¨ ¨§¢¥áâ−ëå ¯®â®ª®¢ëå �àå¨â¥ªâãà.

1. ÷�¡®â� �áá®æ¨�â¨¢−®£® §�¯®¬¨−�îé¥£® ãáâà®©áâ¢� (�‡“) ®á−®¢�−� −� áà�¢-
−¥−¨¨ â¥£®¢ëå ¯®«¥© ¢å®¤−®£® ¨«¨ ¨áª®¬®£® ®¯¥à�−¤� á â¥£®¢ë¬¨ ¯®«ï¬¨
¢á¥å ®¯¥à�−¤®¢ ¢ �‡“. �¤à¥á ïç¥©ª¨ �‡“, ¢ ª®â®à®© â¥£®¢ë¥ ¯®«ï á®-
¢¯�«¨, ¢ë¡¨à�¥âáï ¤«ï ¢ë¯®«−¥−¨ï ®¯¥à�æ¨¨ §�¯¨á /̈çâ¥−¨ï. �â® áãé¥-
áâ¢¥−−® ãá«®¦−ï¥â �‡“ ¯® áà�¢−¥−¨î á �¤à¥áã¥¬®© ¯�¬ïâìî, §�¬¥¤«ï¥â ¥£®
¨ ã¢¥«¨ç¨¢�¥â í−¥à£®¯®âà¥¡«¥−¨¥. ‚¬¥áâ® ¡®«ìè®£® ¨ ¬¥¤«¥−−®£® ¬�áá¨¢�
�áá®æ¨�â¨¢−®© ¯�¬ïâ¨ ¢ ƒŒ�÷‘� ¨á¯®«ì§ãîâáï ¯àï¬® �¤à¥áã¥¬ë¥ à¥£¨áâ-
à®¢ë¥ ¯�¬ïâ¨ á −�¬−®£® ¬¥−ìè¨¬ ®¡ê¥¬®¬, à�á¯®«®¦¥−−ë¥ ¢ â¥å ¡«®ª�å
�àå¨â¥ªâãàë ƒŒ�÷‘�, £¤¥ ®−¨ ¢®áâà¥¡®¢�−ë:
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�¯¯�à�â−�ï à¥�«¨§�æ¨ï à¥ªãàà¥−â−®£® ®¡à�¡®âç¨ª� á¨£−�«®¢

{ 4× 16 ¡¨â ¤«ï åà�−¥−¨ï ª®−áâ�−â ¨ 16× 52 ¡¨â ¤«ï ¢à¥¬¥−−®£® åà�−¥−¨ï
®¯¥à�−¤®¢ ¢ ¯�¬ïâ¨ á®¢¯�¤¥−¨© ª�¦¤®© ¢ëç¨á«¨â¥«ì−®© á¥ªæ¨¨;

{ 8 × 16 ¡¨â ¤«ï åà�−¥−¨ï ª®−áâ�−â ¨ 16 × 32 ¡¨â ¤«ï ¯®¤£àã¦�¥¬ëå
¢ ¯à®æ¥áá¥ ®¡à�¡®âª¨ ª�¯áã«ë ¤�−−ëå ¢ ¢ëç¨á«¨â¥«¥ ª�¦¤®© á¥ªæ¨¨.

’¥¬ á�¬ë¬ ãáâà�−ï¥âáï ã§ª®¥ ¬¥áâ® ª«�áá¨ç¥áª¨å ¯®â®ª®¢ëå �àå¨â¥ªâãà.
‡�¯¨áì ¨ çâ¥−¨¥ ®¯¥à�−¤®¢ ¢ ¯�¬ïâì −� ®á−®¢¥ áà�¢−¥−¨ï â¥£®¢ëå ¯®«¥©
¢ë¯®«−ï¥âáï ¢ ƒŒ�÷‘� ¢ −¥áª®«ìª® à�§ ¡ëáâà¥¥.

2. �®á«¥¤®¢�â¥«ì−ë¥ ãç�áâª¨ ª®¤� ¢ë¯®«−ïîâáï ¢ “� ¡¥§ ¯®â¥à¨ ¢à¥¬¥−¨
−� áà�¢−¥−¨¥ â¥£¨à®¢�−−ëå ¬�àª¥à®¢ ¨ á ¡®«¥¥ ¢ëá®ª®© áª®à®áâìî, ç¥¬
¢ à¥ªãàà¥−â−®¬ ®¡à�¡®âç¨ª¥ á¨£−�«®¢ (÷�‘): ç�áâ®â� à�¡®âë ÷�‘ −� �‹ˆ‘
−¥ ¯à¥¢ëè�¥â 25 Œƒæ, ¢ â® ¢à¥¬ï ª�ª ç�áâ®â� á¨−åà®−¨§�æ¨¨ “� NIOS-
II á®áâ�¢«ï¥â 160 Œƒæ, � ARM Cortex-A9 | 1,5 ƒƒæ. Šà®¬¥ â®£®,
¢ àï¤¥ á«ãç�¥¢ ¥áâì ¢®§¬®¦−®áâì ¨á¯®«−¨âì ¯®á«¥¤®¢�â¥«ì−ë© ª®¤ ¢ “�
®¤−®¢à¥¬¥−−® á ¯®¤£®â®¢ª®© ª ¢ë¯®«−¥−¨î ¢ ÷�‘ ¯�à�««¥«ì−®£® ãç�áâª�
ª®¤� (§�£àã§ª� ª®−ä¨£ãà�æ¨®−−ëå ¯�à�¬¥âà®¢, ª®−áâ�−â ¨ â. ¤.).

3. ‚ ª�¦¤ë© ¬®¬¥−â ¢à¥¬¥−¨ ¢ë¯®«−ï¥âáï â®«ìª® ®¤−� ¨â¥à�æ¨ï æ¨ª«�. �â®
à¥§ª® á®ªà�é�¥â à�§¬¥à â¥£®¢, ¯®â¥à¨ ¢à¥¬¥−¨ −� ¨å ª®¬¬ã−¨ª�æ¨î ¯® á¥â¨
¨ ®¡ê¥¬ �¯¯�à�âãàë. …á«¨ ¢ ¯®â®ª®¢ëå á¨áâ¥¬�å ¬�áá®¢®£® ¯�à�««¥«¨§¬�
à�§àï¤−®áâì â¥£®¢ëå ¯®«¥© ¢ −¥áª®«ìª® à�§ ¯à¥¢ëè�¥â ¯®«¥§−ãî à�§àï¤-
−®áâì ®¡à�¡�âë¢�¥¬ëå ¤�−−ëå, â® ¢ ƒŒ�÷‘� ç¨á«® à�§àï¤®¢ â¥£®¢ëå
¯®«¥© (36) áà�¢−¨¬® á ¯®«¥§−®© à�§àï¤−®áâìî ®¡à�¡�âë¢�¥¬ëå ¤�−−ëå: 16
¨ 38 ¢ −¥ã¯�ª®¢�−−ëå ®¯¥à�−¤�å ¨ 64 ¢ ã¯�ª®¢�−−ëå.

�à¥¤«®¦¥−−ë¥ á¯®á®¡ë à¥�«¨§�æ¨¨ åà�−¨«¨é ¤�−−ëå ®¡¥á¯¥ç¨¢�îâ ¯à¥¤-
¯®áë«ª¨ ¤«ï à¥�−¨¬�æ¨¨ ¯®â®ª®¢®© ª®−æ¥¯æ¨¨ ¢ ®¡«�áâ¨ –�‘, áâ®¨¬®áâ−ë©
ä�ªâ®à ª®â®à®© ¤¥«�¥â −¥æ¥«¥á®®¡à�§−ë¬ ¯àï¬®«¨−¥©−®¥ ¨á¯®«ì§®¢�−¨¥ ¢ −¥©
â¥å−¨ç¥áª¨å à¥è¥−¨© ¨§ ®¡«�áâ¨ ¯®â®ª®¢ëå á¨áâ¥¬ ¬�áá®¢®£® ¯�à�««¥«¨§¬�.
�−¨ −¥ âà¥¡ãîâ á«®¦−ëå �¯¯�à�â−ëå ¬¥å�−¨§¬®¢ ¤«ï ¯®¤¤¥à¦ª¨ ¯à¨áãé¥©
ƒŒ�÷‘� ª�¯áã«ì−®© ¬®¤¥«¨ ¯à®£à�¬¬¨à®¢�−¨ï.

3 Аппаратная модель ГМАРСП

‘âàãªâãà� �¯¯�à�â−®© ¬®¤¥«¨

÷¨á. 1 ‘âàãªâãà� �¯¯�à�â−®© ¬®¤¥«¨
ƒŒ�÷‘�

ƒŒ�÷‘� ¯à¥¤áâ�¢«¥−� −� à¨á. 1. �−�
¢ª«îç�¥â ¢ á¥¡ï “�, è¨−ã �¤à¥á�/¤�−-
−ëå ¨ ÷�‘. Š è¨−¥ �¤à¥á�/¤�−−ëå
¬®£ãâ ¡ëâì ¯®¤ª«îç¥−ë ¤®¯®«−¨â¥«ì-
−ë¥ ãáâà®©áâ¢� ¯�¬ïâ¨ ¨ ¨−â¥àä¥©á�,
®â−®áïé¨¥áï ª ã¯à�¢«ïîé¥¬ã ãà®¢−î.

‚ à�¬ª�å ¬¥â®¤®«®£¨¨ ¯®áâà®¥−¨ï �àå¨â¥ªâãàë ƒŒ�÷‘� à®«ì “� ¬®-
¦¥â ¨£à�âì âà�¤¨æ¨®−−ë© (ä®−-−¥©¬�−®¢áª¨©) ¯à®æ¥áá®à «î¡®£® â¨¯�. ƒ«�¢−®¥
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÷¨á. 2 ‘âàãªâãà� VHDL-¬®¤¥«¨ ÷�‘

âà¥¡®¢�−¨¥ ª ¥£® å�à�ªâ¥à¨áâ¨ª�¬ | ¤®áâ�â®ç−®¥ ¡ëáâà®¤¥©áâ¢¨¥, ®¡¥á¯¥ç¨¢�-
îé¥¥ âà¥¡ã¥¬ãî ®¡à�¡®âªã à¥§ã«ìâ�â®¢ ÷�‘ ¨ á¢®¥¢à¥¬¥−−ãî ¯®¤ª�çªã ¤�−−ëå
¢ ÷�‘. ‚ â¥ªãé¥© à¥�«¨§�æ¨¨ ƒŒ�÷‘� −� �‹ˆ‘ Intel Arria10 SoC äã−ª-
æ¨¨ “� ¢ë¯®«−ï¥â ¯à®£à�¬¬−ë© ¯à®æ¥áá®à NIOS-II ¨«¨ �¯¯�à�â−ë© ¯à®æ¥áá®à
ARM Cortex-A9. NIOS-II ¨−â¥£à¨àã¥âáï ¢ ¯à®¥ªâ ƒŒ�÷‘� ¢ ¢¨¤¥ £®â®¢®£®
á«®¦−®£® äã−ªæ¨®−�«ì−®£® ¡«®ª�, ¨¬¥îé¥£®áï ¢ ¡¨¡«¨®â¥ª¥ á¨áâ¥¬ë �¢â®¬�-
â¨§¨à®¢�−−®£® ¯à®¥ªâ¨à®¢�−¨ï (‘��÷) Quartus Prime SE 18 (Intel) [3]. ARM
Cortex-A9 ¨§−�ç�«ì−® ¯à¨áãâáâ¢ã¥â ¢ �‹ˆ‘ −� ¨á¯®«ì§ã¥¬®© ®â«�¤®ç−®© ¯«�â¥
HAN Pilot Platform.

�«®ª ÷�‘ à¥�«¨§®¢�− ¢ ¢¨¤¥ ¬®¤¥«¨ ãà®¢−ï à¥£¨áâà®¢ëå ¯¥à¥¤�ç −� ï§ë-
ª¥ VHDL. –¥«¨ª®¬ �¯¯�à�â−�ï ¬®¤¥«ì, ¨§®¡à�¦¥−−�ï −� à¨á. 1, á®¡¨à�¥âáï
¢ ¯à¨«®¦¥−¨¨ Qsys, §�¯ãáª�¥¬®¬ ¨§ ®¡®«®çª¨ ‘��÷ Quartus.

‘âàãªâãà� �¯¯�à�â−®© ¬®¤¥«¨ ÷�‘ −� ï§ëª¥ VHDL ¯à¥¤áâ�¢«¥−� −� à¨á. 2.
�−� á®áâ®¨â ¨§ £«�¢−®£® ¬®¤ã«ï ros ¨ ¬®¤ã«¥©, à¥�«¨§ãîé¨å äã−ªæ¨®−�«
÷�‘. Œ®¤ã«ì ¢¥àå−¥£® ãà®¢−ï ros ®à£�−¨§ã¥â ¢§�¨¬®¤¥©áâ¢¨¥ ¡ãä¥à−®© ¯�¬ïâ¨
(��, buffer storage) ¨ à¥ªãàà¥−â−®£® ®¡à�¡�âë¢�îé¥£® ãáâà®©áâ¢� (÷�“, rou)
¨ á®¤¥à¦¨â �à¡¨âà ®¡à�é¥−¨© ª �� á® áâ®à®−ë “� (çâ¥−¨¥ ¨ §�¯¨áì) ¨ ÷�“
(§�¯¨áì). ‡�¯¨áì ¢ �� á® áâ®à®−ë ÷�“ ¨¬¥¥â ¢ëáè¨© ¯à¨®à¨â¥â.

�á®¡¥−−®áâ¨ ®à£�−¨§�æ¨¨ à�¡®âë ¡«®ª� ��:

(1) �� á®áâ®¨â ¨§ 4 ¡�−ª®¢ ¯�¬ïâ¨ ¨ ª®−âà®««¥à� ��, ã¯à�¢«ïîé¥£® ®¡¬¥−®¬
¤�−−ë¬¨ ¬¥¦¤ã ��, ÷�“ ¨ “�. �¤¨− ®¯¥à�−¤ ª�¯áã«ë à�á¯®«�£�¥âáï
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�¯¯�à�â−�ï à¥�«¨§�æ¨ï à¥ªãàà¥−â−®£® ®¡à�¡®âç¨ª� á¨£−�«®¢

¢ ç¥âëà¥å ¡�−ª�å �� ¯® ®¤−®¬ã ¡�§®¢®¬ã �¤à¥áã. Š�¦¤ë© ®¯¥à�−¤ á®-
¯à®¢®¦¤�¥âáï ¡¨â®¬ £®â®¢−®áâ¨, à�§à¥è�îé¨¬ çâ¥−¨¥ ®¯¥à�−¤� ¨§ ��
¢ ÷�“;

(2) ¡�−ª¨ �� ¯à¥¤áâ�¢«ïîâ á®¡®© ¤¢ãå¯®àâ®¢ë¥ �‡“. �¥à¢ë© ¯®àâ á«ã¦¨â
¤«ï §�¯¨á¨ ¤�−−ëå ¢ �� á® áâ®à®−ë “� ¨ ÷�“ ¨ ¤«ï çâ¥−¨ï ¤�−−ëå
¨§ �� ¢ “�. �− ã¯à�¢«ï¥âáï á¨áâ¥¬−®© ç�áâ®â®© è¨−ë �¤à¥á�/¤�−−ëå.
‚â®à®© ¯®àâ ¨á¯®«ì§ã¥âáï ¤«ï çâ¥−¨ï ®¯¥à�−¤®¢ ¨§ �� ¢ ÷�“ ¨ ã¯à�¢«ï¥âáï
¢−ãâà¥−−¥© ç�áâ®â®© ÷�“;

(3) 64-à�§àï¤−ë¥ ®¯¥à�−¤ë §�¯¨áë¢�îâáï ¢ �� ¨§ “� ¨ áç¨âë¢�îâáï ¨§ ��
¢ “� ¯® è¨−¥ �¤à¥á�/¤�−−ëå §� ¤¢¥ ®¯¥à�æ¨¨ §�¯¨á¨, ¯® 32 à�§àï¤� §� ®¤−ã
®¯¥à�æ¨î;

(4) çâ¥−¨¥ ¨§ �� ¢ ÷�“ ¨ §�¯¨áì ¢ëå®¤−ëå ¨ ¯à®¬¥¦ãâ®ç−ëå à¥§ã«ìâ�â®¢ ¨§
÷�“ ¢ �� ¢ë¯®«−ï¥âáï ®¤−¨¬ 64-¡¨â−ë¬ ®¯¥à�−¤®¬.

�¯¯�à�â−�ï ¬®¤¥«ì ÷�‘ à¥�«¨§®¢�−� ¢ ¢¨¤¥ ª®«ìæ¥¢®£® ª®−¢¥©¥à�, áâã¯¥−¨
ª®â®à®£® ¨á¯®«ì§ãîâ ¬¨ªà®ª®−¢¥©¥àë ¤«ï ®¡à�¡®âª¨ ¤�−−ëå ¢ â¥ç¥−¨¥ ®¤−®£®
¢ëç¨á«¨â¥«ì−®£® è�£� (‚˜) ¤«¨â¥«ì−®áâìî ç¥âëà¥ ¯¥à¨®¤� â�ªâ®¢®© ç�áâ®âë
÷�“.

‘âã¯¥−ì 1 ¢ª«îç�¥â ª®−âà®««¥à �� ¨ ¬�áá¨¢ ïç¥¥ª ¯�¬ïâ¨ ��, §�¯®«−ï¥¬ë©
¨§ “� ª�¯áã«�¬¨ à¥�«¨§ã¥¬ëå �«£®à¨â¬®¢ (¬®¤ã«ì buffer storage). Š®−âà®««¥à
�� áç¨âë¢�¥â ¯® 4 ®¯¥à�−¤� §� ®¤¨− ‚˜ ¨ ¯¥à¥¤�¥â ¨å ¢ ÷�“ ¯®¯�à−®.

‘âã¯¥−ì 2 ¢ª«îç�¥â ª®−âà®««¥à ¢å®¤−ëå ¤�−−ëå (Š‚„, ¬®¤ã«ì
in data controller). ‡¤¥áì áç¨â�−−ë¥ ¨§ �� ®¯¥à�−¤ë à�á¯�ª®¢ë¢�îâáï (¯à¨
−¥®¡å®¤¨¬®áâ¨), à�áá®àâ¨à®¢ë¢�îâáï ¨ ¯¥à¥¤�îâáï ¢ íªá¯«¨ª�â®à (áâã¯¥−ì 3)
£àã¯¯®© ¨§ 1{4 ®¯¥à�−¤®¢. �¯¥à�−¤ë, ¯à¥¤−�§−�ç¥−−ë¥ ¤«ï ¨â¥à�â®à� (áâã-
¯¥−ì 3) ¨ ¨¬¯«¨ª�â®à� (áâã¯¥−ì 6), ¯¥à¥¤�îâáï ¯® −�§−�ç¥−¨î.

‘âã¯¥−ì 3 ¢ª«îç�¥â íªá¯«¨ª�â®à (¬®¤ã«ì explicator) ¨ ¨â¥à�â®à (¬®¤ã«ì
iterator). �ªá¯«¨ª�â®à à�á¯à¥¤¥«ï¥â ®¯¥à�−¤ë ¯® ¢ëç¨á«¨â¥«ì−ë¬ á¥ªæ¨ï¬.
ˆâ¥à�â®à ®à£�−¨§ã¥â æ¨ª«¨ç¥áª®¥ ¨á¯®«ì§®¢�−¨¥ ®¯¥à�−¤®¢.

‘âã¯¥−ì 4 ¢ª«îç�¥â á¥ªæ¨®−−ë¥ ¯�¬ïâ¨ á®¢¯�¤¥−¨© (�‘, ¬®¤ã«ì pap): �‘
¯®¤£®â�¢«¨¢�¥â ®¯¥à�−¤ë ¤«ï ®¡à�¡®âª¨ ¢ á¥ªæ¨®−−®¬ ¢ëç¨á«¨â¥«¥ ¨ ¨¬¥¥â
¤®áâã¯ ¢ á¥ªæ¨®−−ë¥ ¯�¬ïâ¨ ª®−áâ�−â.

‘âã¯¥−ì 5 ¢ª«îç�¥â á¥ªæ¨®−−ë© ¢ëç¨á«¨â¥«ì (¬®¤ã«ì compdev) ¨ ¯à¥-
®¡à�§®¢�â¥«ì â¥£®¢ (�’, ¬®¤ã«ì tag changer). �−¨ ¢ëç¨á«ïîâ á®¤¥à¦�â¥«ì−ãî
¨ äã−ªæ¨®−�«ì−ãî ç�áâ¨ −®¢®£® ®¯¥à�−¤�.

‘âã¯¥−ì 6 ¢ª«îç�¥â ª®¬¬ãâ�â®à (¬®¤ã«ì commutator) ¨ ¨¬¯«¨ª�â®à (¬®-
¤ã«ì implicator). Š®¬¬ãâ�â®à ª®¬¯«¥ªâã¥â ®¯¥à�−¤ë à¥§ã«ìâ�â®¢ ®¡à�¡®âª¨
ª�¯áã«ë ¨ ¯à¨ −¥®¡å®¤¨¬®áâ¨ ®â¯à�¢«ï¥â ¨å ¢ íªá¯«¨ª�â®à ¤«ï ¤�«ì−¥©è¥£® ¨á-
¯®«ì§®¢�−¨ï ¢−ãâà¨ ÷�“. ˆ¬¯«¨ª�â®à ¢ë«�¢«¨¢�¥â ¢ ¯®â®ª¥ à¥§ã«ìâ¨àãîé¨å
®¯¥à�−¤®¢ ¯à®¬¥¦ãâ®ç−ë¥ ¨ ®ª®−ç�â¥«ì−ë¥ ¢ëå®¤−ë¥ ¤�−−ë¥ ¨ ®â¯à�¢«ï¥â ¨å
¢ ��.

��¬ïâì ®¯¥à�−¤®¢ ¥áâì −¥ â®«ìª® ¢ ¡«®ª¥ ��, −® ¨ ¢ ¡«®ª�å Š‚„ ¨ íªá-
¯«¨ª�â®à¥ ¢ ¢¨¤¥ FIFO (first in, first out). �−� ®¡¥á¯¥ç¨¢�¥â ¡¥§®áâ�−®¢®ç−ãî
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÷¨á. 3 ‚à¥¬¥−−�ï ¤¨�£à�¬¬� à�¡®âë ƒŒ�÷‘�

à�¡®âã ª®−¢¥©¥à� ÷�“ ¢® ¢à¥¬ï à�á¯�ª®¢ª¨ ã¯�ª®¢�−−ëå ®¯¥à�−¤®¢ ¢ ¡«®ª¥
Š‚„ ¨ −�ª®¯«¥−¨¥ ®¯¥à�−¤®¢ ¢ íªá¯«¨ª�â®à¥ ¤«ï á¢®¥¢à¥¬¥−−®£® −�¯®«−¥−¨ï
ª®−¢¥©¥à� ÷�“.

„®¯®«−¨â¥«ì−ë¥ ¡«®ª¨ ¯�¬ïâ¨ section const registers, section storage
¨ section data memory ¢ ª�¦¤®© ¢ëç¨á«¨â¥«ì−®© á¥ªæ¨¨ åà�−ïâ ª®−áâ�−âë,
§�¯¨áë¢�¥¬ë¥ “� ¨ ¨á¯®«ì§ã¥¬ë¥ ¯à¨ ®¡à�¡®âª¥ ª�¯áã«.

�¯¯�à�â−�ï ¬®¤¥«ì ÷�“ −�¯¨á�−� −� ï§ëª¥ VHDL á ¨á¯®«ì§®¢�−¨¥¬ ¯®¤-
¬−®¦¥áâ¢� á¨−â¥§¨àã¥¬ëå ®¯¥à�â®à®¢. �â® ®¡¥á¯¥ç¨¢�¥â ¥¥ ¯àï¬ãî âà�−á«ïæ¨î
¨§ �«£®à¨â¬¨ç¥áª®£® ®¯¨á�−¨ï ¢ �¯¯�à�â−ë© ¡�§¨á áà¥¤áâ¢�¬¨ «®£¨ç¥áª¨å á¨−-
â¥§�â®à®¢. �� �‹ˆ‘ ä¨à¬ë Intel «®£¨ç¥áª¨© á¨−â¥§ ¢ë¯®«−ï¥âáï ¢ ‘��÷
Quartus.

÷¨áã−®ª 3 ¨««îáâà¨àã¥â à�¡®âã ƒŒ�÷‘�. ‚â®à�ï áâà®ª� ¤¨�£à�¬¬ë ¯®-
ª�§ë¢�¥â −®¬¥à� ‚˜. Šãàá®àë −� ¢à¥¬¥−−�®© ®á¨ ®â¬¥ç�îâ ¤¢¨¦¥−¨¥ ®¯¥à�−¤�
¯® ª®−¢¥©¥àã ÷�‘ ®â ¬®¬¥−â� áç¨âë¢�−¨ï ¨§ �� ¤® ¯®ï¢«¥−¨ï à¥§ã«ìâ�â� ¥£®
®¡à�¡®âª¨ −� ¢ëå®¤¥ ¨¬¯«¨ª�â®à�. ’à¥â¨© á«¥¢� ªãàá®à ¯®ª�§ë¢�¥â ¢à¥¬ï ¯®-
áâã¯«¥−¨ï ®¯¥à�−¤� ¢ �‘ (MatchMemory), £¤¥ ®− áæ¥¯«ï¥âáï (�áá®æ¨¨àã¥âáï)
á åà�−ïé¨¬áï â�¬ ¤àã£¨¬ ®¯¥à�−¤®¬ (clutch = 1) ¨ ä®à¬¨àã¥â ¯�àã ®¯¥à�−¤®¢
¤«ï á¥ªæ¨®−−®£® ¢ëç¨á«¨â¥«ï (ç¥â¢¥àâë© ªãàá®à). ÷¥§ã«ìâ�â ¢ëç¨á«¥−¨ï (¯ïâë©
ªãàá®à) ¯®¯�¤�¥â ¢ ª®¬¬ãâ�â®à ¢ ª�ç¥áâ¢¥ á®¤¥à¦�â¥«ì−®© ç�áâ¨ −®¢®£® ®¯¥-
à�−¤�, ª®â®àë© ¯®¤�¥âáï −� …-è¨−ã (e data 0, è¥áâ®© ªãàá®à), ®â«�¢«¨¢�¥âáï
¨¬¯«¨ª�â®à®¬ ¨ ¯¥à¥¤�¥âáï ¢ �� (á¥¤ì¬®© ªãàá®à).
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�¯¯�à�â−�ï à¥�«¨§�æ¨ï à¥ªãàà¥−â−®£® ®¡à�¡®âç¨ª� á¨£−�«®¢

’�ª¨¬ ®¡à�§®¬, «�â¥−â−®áâì ª®−¢¥©¥à� ¢ ¤�−−®¬ á«ãç�¥ à�¢−� 6 ‚˜ ¨«¨ 24
â�ªâ�¬ ç�áâ®âë á¨−åà®−¨§�æ¨¨ ÷�‘ (á¨£−�« clk). Š�ª ¢¨¤−® ¨§ à¨á. 3, ¤®«ìè¥
¢á¥£® ®¯¥à�−¤ ®¡à�¡�âë¢�«áï ¢ íªá¯«¨ª�â®à¥ ¨§-§� â®£®, çâ® ¢ íªá¯«¨ª�â®à¥ ¥áâì
¢å®¤−®¥ FIFO, ¢ ª®â®à®¬ ®¯¥à�−¤ ª�ª ¬¨−¨¬ã¬ ¤¢� ‚˜ ¯à®¤¢¨£�«áï ª ¢ëå®¤ã
¨§ íªá¯«¨ª�â®à�. �âã á¨âã�æ¨î ¬®¦−® ®å�à�ªâ¥à¨§®¢�âì ª�ª ¯à¥¤¢ë¡®àªã
¢å®¤−ëå ®¯¥à�−¤®¢ ¨§ �� ¨ −¥ ãç¨âë¢�âì ãª�§�−−ë¥ ¤¢� ‚˜ ¯à¨ ®¯à¥¤¥«¥−¨¨
«�â¥−â−®áâ¨ ª®−¢¥©¥à� ÷�‘. ÷¨áã−®ª 3 ¯®¤â¢¥à¦¤�¥â, çâ® �‘ −¥ ï¢«ï¥âáï ã§ª¨¬
¬¥áâ®¬ ƒŒ�÷‘�.

4 Реализация ГМАРСП на ПЛИС

�¯¯�à�â−ë¥ à¥áãàáë, ¯®âà¥¡®¢�¢è¨¥áï ¤«ï à¥�«¨§�æ¨¨ ƒŒ�÷‘� ¢ �‹ˆ‘
¢ à¥¦¨¬¥ �¢â®¬�â¨ç¥áª®£® á¨−â¥§� á ¯®¬®éìî ‘��÷ Quartus [3], ¯à¥¤áâ�¢«¥−ë
¢ â�¡«¨æ¥ ¤«ï ¤¢ãå ¢�à¨�−â®¢ à¥�«¨§�æ¨¨ “�: ¯à®£à�¬¬−®£® ¯à®æ¥áá®à� NIOS-II
¨ �¯¯�à�â−®£® ¯à®æ¥áá®à� ARM Cortex-A9. ÷¨áã−®ª 4 ¤¥¬®−áâà¨àã¥â à¥§ã«ìâ�â
á¨−â¥§� ¢�à¨�−â� ƒŒ�÷‘� á NIOS-II.

‘à�¢−¥−¨¥ �¯¯�à�â−ëå à¥áãàá®¢ ¤«ï ¤¢ãå ¢�à¨�−â®¢ “� ¯®ª�§ë¢�¥â á«¥¤ã-
îé¥¥:

{ à¥áãàáë ¤«ï �¯¯�à�â−®© à¥�«¨§�æ¨¨ ÷�‘ ¯à¨ ¨á¯®«ì§®¢�−¨¨ ¯à®£à�¬¬−®£®
¨ �¯¯�à�â−®£® ¯à®æ¥áá®à� ã¯à�¢«ïîé¥£® ãà®¢−ï ¯à¨¬¥à−® ®¤¨−�ª®¢ë;

{ ¤®¯®«−¨â¥«ì−ë¥ à¥áãàáë (®ª®«® 5% ®â ®¡é¥£® ®¡ê¥¬� ¨á¯®«ì§®¢�−−ëå à¥-
áãàá®¢ �‹ˆ‘ ¢ á«ãç�¥ “� NIOS-II ¨ ®ª®«® 9% ¢ á«ãç�¥ ARM Cortex-A9)
âà¥¡ãîâáï ¤«ï �¯¯�à�â−®© à¥�«¨§�æ¨¨ ¨−â¥àä¥©á� ÷�‘ á “� ¨ ¯¥à¨ä¥à¨¨.

�¯¯�à�â−ë¥ à¥áãàáë ¯à¨ à¥�«¨§�æ¨¨ ƒŒ�÷‘�

�«®ª¨ ƒŒ�÷‘�

÷¥áãàáë �‹ˆ‘ á NIOS-II (N) ¨ ARM Cortex-A9 (A)

ALMs Registers Memory bits
Œ20Š
Blocks

DSP
Blocks

N A N A N A N A N A
�ãä¥à−�ï ¯�¬ïâì 5 153 8 609 10 097 10 113 141 900 141 900 16 16 0 0
Š®−âà®««¥à
¢å®¤−ëå ¤�−−ëå

1 852 2 025 1 109 1 107 0 0 0 0 0 0

�ªá¯«¨ª�â®à 13 565 12 539 2 687 2 698 0 0 0 0 0 0
ˆâ¥à�â®à 1 249 1 372 601 640 0 0 0 0 0 0
��¬ïâì á®¢¯�¤¥−¨© 4 317 4 192 3 888 3 703 3 200 3 200 12 12 0 0
‚ëç¨á«¨â¥«ì 18 252 13 953 1 920 2 938 0 0 0 0 4 4
Š®¬¬ãâ�â®à 626 442 589 380 0 0 0 0 0 0
�à¥®¡à�§®¢�â¥«ì â¥£®¢ 45 37 92 94 0 0 0 0 0 0
ˆ¬¯«¨ª�â®à 1 416 1 174 653 653 0 0 0 0 0 0
‘¥ªæ¨®−−�ï ¯�¬ïâì 14 212 14 298 20 888 20 888 2 048 2 048 8 8 0 0
“¯à�¢«ïîé¨© ãà®¢¥−ì 3 641 6 675 4 048 9 254 33 788 672 33 555 968 2 080 2 051 4 0
ˆâ®£®: 64 328 65 316 46 746 51 840 33 935 820 33 703 116 2 106 2 087 8 4
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÷¨á. 4 ‘ªà¨−è®â à¥§ã«ìâ�â®¢ á¨−â¥§� ƒŒ�÷‘� á “� NIOS-II

÷¥�«¨§�æ¨ï ƒŒ�÷‘� −� �‹ˆ‘ ¯à¥á«¥¤®¢�«� æ¥«ì �¯à®¡�æ¨¨ à¥ªãàà¥−â−®©
�àå¨â¥ªâãàë ¢ �¯¯�à�â−®¬ ¢¨¤¥ ¨ ¯®«ãç¥−¨ï áà�¢−¨â¥«ì−ëå ®æ¥−®ª äã−ªæ¨®-
−�«ì−ëå ¢®§¬®¦−®áâ¥© à¥ªãàà¥−â−®© �àå¨â¥ªâãàë ¨ ¥¥ ¯à®¨§¢®¤¨â¥«ì−®áâ¨ −�
á¨−â¥â¨ç¥áª¨å â¥áâ�å ¨ à¥�«ì−ëå ¯à¨«®¦¥−¨ïå –�‘. �‹ˆ‘ ®¡¥á¯¥ç¨¢�¥â ¡ëáâ-
à®¥ ¯à®¥ªâ¨à®¢�−¨¥ ¨ ª®àà¥ªâ¨à®¢ªã «î¡®£® ¯à®¥ªâ� §� áç¥â ¯à®£à�¬¬¨à®¢�−¨ï
£®â®¢ëå �¯¯�à�â−ëå à¥áãàá®¢ | �¤�¯â¨¢−ëå «®£¨ç¥áª¨å ¡«®ª®¢, ¯�à�¬¥âà¨-
§ã¥¬ëå ¡«®ª®¢ ¯�¬ïâ¨, �¯¯�à�â−ëå ã¬−®¦¨â¥«¥© ¨ â. ¤., −® −¥ ¯à¥â¥−¤ã¥â −�
¤®áâ¨¦¥−¨¥ ¡ëáâà®¤¥©áâ¢¨ï, ®¡¥á¯¥ç¨¢�¥¬®£® ¢ §�ª�§−®© â¥å−®«®£¨¨.

�â−®á¨â¥«ì−® −¥¡®«ìè®© ®¡ê¥¬ ¨á¯®«ì§®¢�−−ëå à¥áãàá®¢ �‹ˆ‘ (26%) ®â
®¡é¥£® ®¡ê¥¬� à¥áãàá®¢ �‹ˆ‘ ¯®§¢®«¨â ¢ ¤�«ì−¥©è¥¬ à�áè¨à¨âì äã−ªæ¨®−�«ì-
−®áâì ƒŒ�÷‘� §� áç¥â ã¢¥«¨ç¥−¨ï ç¨á«� á¥ªæ¨© ¨«¨ ¢áâà�¨¢�−¨ï �¯¯�à�â−®©
à¥�«¨§�æ¨¨ â¨¯®¢ëå �«£®à¨â¬®¢, −�¯à¨¬¥à ¡ëáâà®£® ¯à¥®¡à�§®¢�−¨ï ”ãàì¥.

5 Заключение

�à¥¤«®¦¥−−ë¥ ¨ à¥�«¨§®¢�−−ë¥ ®á®¡¥−−®áâ¨ �àå¨â¥ªâãà−®© ®à£�−¨§�æ¨¨
ƒŒ�÷‘� ¯®¢ëá¨«¨ íää¥ªâ¨¢−®áâì ¨á¯®«ì§®¢�−¨ï ¯®â®ª®¢®© ¯�à�¤¨£¬ë ¢ ¯à¨-
«®¦¥−¨ïå –�‘, á®ªà�â¨¢ âà¥¡ã¥¬ë© ®¡ê¥¬ �¯¯�à�âãà−ëå §�âà�â ¨ ¯®¢ëá¨¢ ¥¥
¯à®¨§¢®¤¨â¥«ì−®áâì. �‹ˆ‘ ®£à�−¨ç¨¢�¥â ¯à®¨§¢®¤¨â¥«ì−®áâì à¥�«¨§®¢�−−ëå
−� −¥© ¯à¨«®¦¥−¨©. �¤−�ª® ¯à®£à�¬¬−ë¥ áà¥¤áâ¢� ®â«�¤ª¨ ¨ ¢¥à¨ä¨ª�æ¨¨ ¯à¨-
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«®¦¥−¨© −� �‹ˆ‘ ¯®§¢®«ïîâ ®æ¥−¨âì ¯à®¨§¢®¤¨â¥«ì−®áâì ¯®á«¥¤−¨å ¢ ç¨á«¥
®¯¥à�æ¨© −� ®¤¨− â�ªâ ç�áâ®âë á¨−åà®−¨§�æ¨¨.

�¯¯�à�â−�ï ¬®¤¥«ì à¥ªãàà¥−â−®© ç�áâ¨ ƒŒ�÷‘� −� ãà®¢−¥ à¥£¨áâà®¢ëå
¯¥à¥¤�ç −� ï§ëª¥ VHDL ®¡¥á¯¥ç¨«� ¢¥à¨ä¨ª�æ¨î �àå¨â¥ªâãàë ƒŒ�÷‘� −�
¬�ª¥â−®¬ ®¡à�§æ¥ −� ¡�§¥ ®â«�¤®ç−®© ¯«�âë HAN Pilot Platform á �‹ˆ‘ Intel
Arria10 SoC 10AS066K3F40E2SG.

�¯¯�à�â−ë¥ à¥áãàáë, âà¥¡ã¥¬ë¥ ¤«ï à¥�«¨§�æ¨¨ â¥ªãé¥© �àå¨â¥ªâãàë
ƒŒ�÷‘� −� �‹ˆ‘, ¯®¤â¢¥à¦¤�îâ ¢®§¬®¦−®áâì ¨á¯®«ì§®¢�−¨ï á®¢à¥¬¥−−ëå
®â«�¤®ç−ëå ¯«�â ¤«ï ¬�ª¥â¨à®¢�−¨ï á«¥¤ãîé¨å ¯®ª®«¥−¨© ƒŒ�÷‘� á ¡®«¥¥
è¨à®ª®© äã−ªæ¨®−�«ì−®áâìî.

Литература

1. Shikunov Yu., Stepchenkov Yu., Khilko D. Recurrent mechanism developments in the
data-flow computer architecture // IEEE Conference of Russian Young Researchers
in Electrical and Electronic Engineering Proceedings. | Piscataway, NJ, USA: IEEE,
2018. P. 1413{1418. doi: 10.1109/EIConRus.2018.8317362.

2. HAN Pilot Platform. Specifications. https://www.terasic.com.tw/cgi-bin/page/
archive.pl?Language=English&CategoryNo=216&No=1133&PartNo=2.

3. Intel Quartus Prime Software. https://www.intel.ru/content/www/ru/ru/software/
programmable/quartus-prime/download.html.

�®áâã¯¨«� ¢ à¥¤�ªæ¨î 25.06.21

RECURRENT SIGNAL PROCESSOR HARDWARE
IMPLEMENTATION

Yu. A. Stepchenkov, N. V. Morozov, Yu. G. Diachenko, and D. V. Khilko

Federal Research Center \Computer Science and Control" of the Russian Academy
of Sciences, 44-2 Vavilov Str., Moscow 119133, Russian Federation

Abstract: The paper presents the results of hybrid architecture of recurrent
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consists of von-Neumann master processor at control architecture level and
data-flow recurrent processor with four computing sections at operational level.
Hardware HARMSP model is a complex of software or hardware control
processor (CP) implementation and operational level VHDL-model. CAD
Quartus (Intel) provides the software CP implementation on FPGA, whereas
SoC FPGA on the development board contains the hardware CP implementation
as dual-core Cortex-A9 processor.
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