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�−−®â�æ¨ï: ÷�áá¬®âà¥−� ¯à®æ¥¤ãà� ¢ë¡®à� ¨ à�§à�¡®âª¨ ª®¬¯«¥ªá� ¯à®-
£à�¬¬−ëå ¨ �¯¯�à�â−ëå ¨−áâàã¬¥−â®¢ ¤«ï ¯à®¥ªâ¨à®¢�−¨ï ¨ ®â«�¤ª¨ −¥âà�-
¤¨æ¨®−−®£® æ¨äà®¢®£® á¨£−�«ì−®£® ¯à®æ¥áá®à� −� ¡�§¥ à¥ªãàà¥−â−®-¤¨−�-
¬¨ç¥áª®© ¯®â®ª®¢®© £¨¡à¨¤−®© �àå¨â¥ªâãàë | à¥ªãàà¥−â−®£® ®¡à�¡®âç¨ª�
á¨£−�«®¢ (÷�‘). �ªá¯¥à¨¬¥−â�«ì−ë© å�à�ªâ¥à ®âà�¡�âë¢�¥¬®© �àå¨â¥ªâã-
àë ÷�‘ ¨ −¥®¡å®¤¨¬®áâì −�«¨ç¨ï ®âà�¡®â�−−®£® ã¯à�¢«ïîé¥£® ¯à®æ¥áá®à�
¯à¥¤®¯à¥¤¥«¨«¨ ¢ë¡®à ¢ ª�ç¥áâ¢¥ í«¥¬¥−â−®© ¡�§ë ¥£® à¥�«¨§�æ¨¨ �‹ˆ‘
(¯à®£à�¬¬¨àã¥¬ë¥ «®£¨ç¥áª¨¥ ¨−â¥£à�«ì−ë¥ áå¥¬ë) á¥¬¥©áâ¢� Cyclone V
ä¨à¬ë �«ìâ¥à� ¨, á®®â¢¥âáâ¢¥−−®, áà¥¤ë à�§à�¡®âª¨ | Quartus II. Œ®é−ë¥
¨−áâàã¬¥−âë ¢¥à¨ä¨ª�æ¨¨, ¢å®¤ïé¨¥ ¢ á®áâ�¢ íâ®© áà¥¤ë, ¯®§¢®«ïîâ á®ªà�-
â¨âì ¢à¥¬ï ¯®«ãç¥−¨ï £®â®¢®£® ¯à®¥ªâ� ¨ áãé¥áâ¢¥−−® ã¬¥−ìè¨âì �¯¯�à�â−ë¥
§�âà�âë. �� ®á−®¢¥ áà�¢−¨â¥«ì−®£® �−�«¨§� ¨ ãáâ�−®¢«¥−−ëå ªà¨â¥à¨¥¢ ®¯à¥-
¤¥«¥− á®áâ�¢ ¨ ¯à¥¤«®¦¥−� ®¯â¨¬�«ì−�ï áâàãªâãà� �¯¯�à�â−ëå ¨−áâàã¬¥−â®¢
®â«�¤ª¨ ÷�‘, ¯®§¢®«ïîé�ï áãé¥áâ¢¥−−® ã¯à®áâ¨âì ¯à®æ¥áá ¢¥à¨ä¨ª�æ¨¨ ¨
®â«�¤ª¨ ÷�‘ ¢ à¥�«ì−®¬ �¯¯�à�â−®¬ ®ªàã¦¥−¨¨.

Š«îç¥¢ë¥ á«®¢�: ®â«�¤®ç−ë¥ áà¥¤áâ¢�; ¯®â®ª®¢�ï �àå¨â¥ªâãà�; ¢¥à¨ä¨ª�-
æ¨ï

DOI: 10.14357/08696527140204

1 Введение

‚ ˆ�ˆ ÷�� ¢¥¤ãâáï à�¡®âë ¯® á®§¤�−¨î ¢ëç¨á«¨â¥«ï −¥âà�¤¨æ¨®−−®©
à¥ªãàà¥−â−®© �àå¨â¥ªâãàë, ¯à¥¤−�§−�ç¥−−®£® ¤«ï à¥�«¨§�æ¨¨ ¯�à�««¥«ì−ëå
¢ëç¨á«¥−¨© ¢ ®¡«�áâ¨ æ¨äà®¢®© ®¡à�¡®âª¨ á¨£−�«®¢ [1]. „«ï �¯à®¡�æ¨¨ �àå¨-
â¥ªâãà−ëå à¥è¥−¨© ¨ ¨áá«¥¤®¢�−¨ï äã−ªæ¨®−¨à®¢�−¨ï à�§à�¡�âë¢�¥¬®£® ÷�‘
®− à¥�«¨§ã¥âáï −� �‹ˆ‘. ‡�¢¥àè�¥¬ë¬ íâ�¯®¬ ¯à®æ¥áá� à�§à�¡®âª¨ ÷�‘ c
¯®â®ª®¢®© �àå¨â¥ªâãà®© [2] ï¢«ï¥âáï ¢¥à¨ä¨ª�æ¨ï ¯à®¥ªâ� ÷�‘ −� ä¨§¨ç¥-
áª®© ¬®¤¥«¨ ¨«¨ á¨áâ¥¬−�ï ®â«�¤ª�, â. ¥. ®â«�¤ª� á ¨á¯®«ì§®¢�−¨¥¬ à¥�«ì−ëå
�¯¯�à�â−ëå ¨ ¯à®£à�¬¬−ëå ¨−áâàã¬¥−â®¢. ”ã−ªæ¨®−¨à®¢�−¨¥ �¯¯�à�â−ëå ¨
¯à®£à�¬¬−ëå ¨−áâàã¬¥−â®¢ ¯à¨ íâ®¬ ®áãé¥áâ¢«ï¥âáï ¢ à¥�«ì−®¬ ¬�áèâ�¡¥ ¢à¥-
¬¥−¨, çâ® áãé¥áâ¢¥−−® ¯®¢ëè�¥â âàã¤®¥¬ª®áâì ®â«�¤ª¨.

∗÷�¡®â� ¢ë¯®«−¥−� ¯à¨ ç�áâ¨ç−®© ä¨−�−á®¢®© ¯®¤¤¥à¦ª¥ ¯® �à®£à�¬¬�¬ äã−¤�¬¥−â�«ì−ëå
¨áá«¥¤®¢�−¨© ��ˆ’ ÷�� §� 2013 £. (¯à®¥ªâ 1.5) ¨ �à¥§¨¤¨ã¬� ÷�� (¯à®¥ªâ 16).

1ˆ−áâ¨âãâ ¯à®¡«¥¬ ¨−ä®à¬�â¨ª¨ ÷®áá¨©áª®© �ª�¤¥¬¨¨ −�ãª, cokrat2@rambler.ru
2ˆ−áâ¨âãâ ¯à®¡«¥¬ ¨−ä®à¬�â¨ª¨ ÷®áá¨©áª®© �ª�¤¥¬¨¨ −�ãª, stepchenkov@mail.ru
3ˆ−áâ¨âãâ ¯à®¡«¥¬ ¨−ä®à¬�â¨ª¨ ÷®áá¨©áª®© �ª�¤¥¬¨¨ −�ãª, nmorozov@ipiran.ru
4ˆ−áâ¨âãâ ¯à®¡«¥¬ ¨−ä®à¬�â¨ª¨ ÷®áá¨©áª®© �ª�¤¥¬¨¨ −�ãª, ystepchenkov@ipiran.ru
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’�ª®© ¢�à¨�−â ®â«�¤ª¨ ¯®§¢®«ï¥â ¯à®¢¥à¨âì à�¡®â®á¯®á®¡−®áâì ÷�‘ ¯à¨
¯®¤�ç¥ −� −¥£® à¥�«ì−ëå á¨£−�«®¢ ¨ ¢ ãá«®¢¨ïå ¯®¬¥å, � â�ª¦¥ ãáâà�−¨âì −¥-
áâëª®¢ª¨ ¨−â¥àä¥©á®¢ à�§«¨ç−ëå ç�áâ¥© ÷�‘ ¨ ¢®§¬®¦−ë¥ ®è¨¡ª¨ à�§¢®¤ª¨
¯¥ç�â−®© ¯«�âë. „®¢®«ì−® ç�áâ® ¨áá«¥¤®¢�−¨ï −¥¯®áà¥¤áâ¢¥−−® −� à¥�«ì−®©
¬®¤¥«¨ ï¢«ïîâáï ¥¤¨−áâ¢¥−−ë¬ áà¥¤áâ¢®¬ ¢¥à¨ä¨ª�æ¨¨ á¨áâ¥¬ë (®á®¡¥−−® ¤«ï
áâ®«ì á«®¦−ëå ¯à®¥ªâ®¢), ¯®áª®«ìªã ¨¬¥îâáï ¯à¨ç¨−ë, ®£à�−¨ç¨¢�îé¨¥ ¢®§-
¬®¦−®áâ¨ ¬®¤¥«¨à®¢�−¨ï (á¨¬ã«ïæ¨¨). ‚®-¯¥à¢ëå, ¯à®æ¥áá ¬®¤¥«¨à®¢�−¨ï
¬®¦¥â §�−¨¬�âì ¤®áâ�â®ç−® ¡®«ìè®¥ ¢à¥¬ï, â�ª ª�ª ¢ ¬®¤¥«ì−®¬ ¢à¥¬¥−¨ ¨áá«¥-
¤®¢�−¨¥ ¢¥¤¥âáï −� −¥áª®«ìª® ¯®àï¤ª®¢ ¬¥¤«¥−−¥¥. ‚®-¢â®àëå, ¤®áâ®¢¥à−®áâì
¯à®£à�¬¬−®£® ¬®¤¥«¨à®¢�−¨ï ®£à�−¨ç¨¢�¥âáï á®®â¢¥âáâ¢¨¥¬ ¬®¤¥«¨ ¢å®¤−®£®
¢®§¤¥©áâ¢¨ï à¥�«ì−ë¬ ãá«®¢¨ï¬.

Œ®¦−® ¢ë¤¥«¨âì ¤¢� ®á−®¢−ëå ¬¥â®¤� ¢−ãâà¨áå¥¬−®© ®â«�¤ª¨ �‹ˆ‘ [3]:

(1) ¯à¨¬¥−¥−¨¥ ¢áâà®¥−−ëå ¢ �‹ˆ‘ ®â«�¤®ç−ëå ¨−áâàã¬¥−â®¢ −� ®á−®¢¥ JTAG
(Joint Test Action Group);

(2) ¨á¯®«ì§®¢�−¨¥ ¢−¥è−¥£® ª®−âà®«ì−®-¨§¬¥à¨â¥«ì−®£® ®¡®àã¤®¢�−¨ï: ®áæ¨«-
«®£à�ä®¢ á¬¥è�−−ëå á¨£−�«®¢ ¨ «®£¨ç¥áª¨å �−�«¨§�â®à®¢. ˆá¯®«ì§®¢�−¨¥
¢−¥è−¥£® ®¡®àã¤®¢�−¨ï á¢ï§�−® á® §−�ç¨â¥«ì−ë¬¨ ¬�â¥à¨�«ì−ë¬¨ §�âà�-
â�¬¨.

‚ ª�ç¥áâ¢¥ í«¥¬¥−â−®© ¡�§ë à¥�«¨§�æ¨¨ ÷�‘ ¢ë¡à�−ë �‹ˆ‘ (á¥¬¥©áâ¢®
Cyclone V ä¨à¬ë �«ìâ¥à� [4]), � ¢ ª�ç¥áâ¢¥ ¨−â¥£à¨à®¢�−−®© áà¥¤ë à�§à�¡®âª¨ |
á¨áâ¥¬� �¢â®¬�â¨§¨à®¢�−−®£® ¯à®¥ªâ¨à®¢�−¨ï (‘��÷) Quartus II, á®¤¥à¦�é�ï
£®â®¢ë¥ ª®¬¯®−¥−âë ¤«ï ¯à®¢¥¤¥−¨ï ¯à®¥ªâ¨à®¢�−¨ï ¨ ®â«�¤ª¨ á¨áâ¥¬. ˆá-
¯®«ì§®¢�−¨¥ â�ª¨å áà¥¤ ¯®§¢®«ï¥â §−�ç¨â¥«ì−® á®ªà�â¨âì ¢à¥¬ï à�§à�¡®âª¨ ¨
ã¬¥−ìè¨âì ¢à¥¬¥−−‚ë¥ §�âà�âë −� ®â«�¤ªã.

�¯à®¡�æ¨ï −®¢ëå �àå¨â¥ªâãà−ëå à¥è¥−¨© ¯à®¢®¤¨«�áì ¢ ãá«®¢¨ïå, á¢ï§�−-
−ëå á® §−�ç¨â¥«ì−ë¬¨ ¢à¥¬¥−−‚ë¬¨ ¨ ä¨−�−á®¢ë¬¨ ®£à�−¨ç¥−¨ï¬¨, ¯®íâ®¬ã
®á−®¢−ë¬¨ ªà¨â¥à¨ï¬¨ ¯à¨ ¢ë¡®à¥ á®áâ�¢� ®â«�¤®ç−ëå áà¥¤áâ¢ ¡ë«® ¬�ªá¨-
¬�«ì−®¥ ¨á¯®«ì§®¢�−¨¥ áâ�−¤�àâ−ëå áà¥¤áâ¢ ®â«�¤ª¨, à¥�«¨§®¢�−−ëå ¢ Quar-
tus II, ¨ ¬¨−¨¬�«ì−®¥ ¯à¨¢«¥ç¥−¨¥ ¤®¯®«−¨â¥«ì−®© �¯¯�à�âãàë. ‚ á®®â¢¥âáâ¢¨¨
á ¢ë¡à�−−ë¬¨ ªà¨â¥à¨ï¬¨ ¯à®¢¥¤¥− �−�«¨§ ¢áâà®¥−−ëå ®â«�¤®ç−ëå áà¥¤áâ¢
Quartus II −� ¯à¥¤¬¥â ¨å ¨á¯®«ì§®¢�−¨ï ¤«ï ®â«�¤ª¨ ãáâà®©áâ¢� ÷�‘.

2 Средства отладки Quartus II

‘à¥¤� à�§à�¡®âª¨ Quartus II ¨¬¥¥â á«¥¤ãîé¨¥ ¢áâà®¥−−ë¥ áà¥¤áâ¢� ®â«�¤-
ª¨ [5, 6] (§¤¥áì ¨ ¤�«¥¥ ¢ à�§¤. 2 ¨á¯®«ì§ã¥âáï ¯¥à¥à�¡®â�−−ë© ¬�â¥à¨�« ¨§
á®®â¢¥âáâ¢ãîé¨å ¯ã−ªâ®¢ ¤�−−ëå ¨áâ®ç−¨ª®¢ ¢ ¯à¥«®¬«¥−¨¨ ª ¯®áâ�¢«¥−−ë¬
æ¥«ï¬ ¨ §�¤�ç�¬):

{ à¥¤�ªâ®à ®â«�¤®ç−ëå ¢ë¢®¤®¢ (SignalProbe Pins);

{ à¥¤�ªâ®à ¨−â¥àä¥©á� ¤«ï ¢−¥è−¥£® «®£¨ç¥áª®£® �−�«¨§�â®à� (Logic Analyzer
Interface Editor);
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ˆ−áâàã¬¥−âë ¤«ï á¨áâ¥¬−®© ¢¥à¨ä¨ª�æ¨¨ à¥ªãàà¥−â−®£® ®¡à�¡®âç¨ª� á¨£−�«®¢

{ à¥¤�ªâ®à á®¤¥à¦¨¬®£® ¢−ãâà¨áå¥¬−®© ¯�¬ïâ¨ (In-System Memory Content
Editor);

{ ¢áâà�¨¢�¥¬ë© «®£¨ç¥áª¨© �−�«¨§�â®à SignalTap II (SignalTap II Logic Ana-
lyzer);

{ à¥¤�ªâ®à ª®−âà®«ì−ëå á¨£−�«®¢ ¢−ãâà¨ �‹ˆ‘ (In-System Sources and Probes
Editor);

{ ¢¨àâã�«ì−ë© JTAG (Virtual JTAG);

{ ®â«�¤®ç−ë¥ áà¥¤áâ¢� ¯à®æ¥áá®à� Nios II.

2.1 Отладочные выводы SignalProbe Pins

�â«�¤®ç−ë¥ ¢ë¢®¤ë SignalProbe Pins | ¯à®áâ¥©è¥¥ áà¥¤áâ¢® ®â«�¤ª¨. ˆá-
¯®«ì§ãï íâ®â ¬¥å�−¨§¬, ¬®¦−® á¤¥«�âì ¤®áâã¯−ë¬¨ ¤«ï −�¡«î¤¥−¨ï ¢−ãâà¥−−¨¥
á¨£−�«ë ¯à®¥ªâ�. „«ï íâ®£® ®−¨ −�§−�ç�îâáï −� −¥ §�−ïâë¥ ¢ ¯à®¥ªâ¥ ¢ë¢®¤ë
�‹ˆ‘. ÷¥¤�ªâ®à ¯®§¢®«ï¥â ¢ë¡à�âì á®®â¢¥âáâ¢¨¥ ¬¥¦¤ã ¢−ãâà¥−−¨¬¨ á¨£−�«�-
¬¨ ¯à®¥ªâ� ¨ ¢−¥è−¨¬¨ ¢ë¢®¤�¬¨, −�§−�ç¨¢ ¨å á¨£−�«ë −� −¥ §�−ïâë¥ ¢ ¯à®¥ªâ¥
¢ë¢®¤ë ¨ á®®â¢¥âáâ¢ãîé¨¬ ®¡à�§®¬ ¨å ¯¥à¥¨¬¥−®¢�¢.

�à®áâ®â� ¨á¯®«ì§®¢�−¨ï SignalProbe Pins ¨ â®, çâ® ¯à¨ ¨á¯®«ì§®¢�−¨¨ ®â«�-
¤®ç−ëå ¢ë¢®¤®¢ −¥ âà�â¨âáï «®£¨ç¥áª¨© à¥áãàá �‹ˆ‘, ï¢«ïîâáï ¥£® ®á−®¢−ë¬¨
¤®áâ®¨−áâ¢�¬¨. �¥â −¥®¡å®¤¨¬®áâ¨ ¢ ¤®¯®«−¨â¥«ì−®¬ ®¡®àã¤®¢�−¨¨, ¡«�£®¤�-
àï ç¥¬ã á®åà�−ïîâáï å�à�ªâ¥à¨áâ¨ª¨ ¯®«ì§®¢�â¥«ìáª®£® ¯à®¥ªâ� ¨ ®âáãâáâ¢ãîâ
ªàã¯−ë¥ ¤®¯®«−¨â¥«ì−ë¥ �¯¯�à�â−ë¥ ¨ ¢à¥¬¥−−‚ë¥ §�âà�âë. �â® ¤¥«�¥â Sig-
nalProbe Pins ¯à¨¥¬«¥¬ë¬ ¤«ï ®â«�¤ª¨ ®â¤¥«ì−ëå ¡«®ª®¢ áå¥¬ë. �¤−�ª® ¤«ï
ª®¬¯«¥ªá−®© ®â«�¤ª¨ ÷�‘ ®− −¥ ¯®¤å®¤¨â, ¯®â®¬ã çâ® −¥ ¯®§¢®«ï¥â áç¨âë¢�âì
á®¤¥à¦¨¬®¥ ¯�¬ïâ¨. Šà®¬¥ â®£®, ¬®¦¥â −¥ å¢�â¨âì −¥¨á¯®«ì§®¢�−−ëå ¢ë¢®¤®¢.

2.2 Интерфейс для внешнего логического анализатора

�à¨ ¯®¬®é¨ −�¡®à� ã¯à�¢«ï¥¬ëå ¬ã«ìâ¨¯«¥ªá®à®¢ −� ¢å®¤ ¢−¥è−¥£® «®£¨-
ç¥áª®£® �−�«¨§�â®à� ®â¡¨à�îâáï −ã¦−ë¥ á¨£−�«ë �−�«¨§¨àã¥¬®£® ¯à®¥ªâ�. �à¨
íâ®¬ ¢ëå®¤ë ¬ã«ìâ¨¯«¥ªá®à®¢ −�§−�ç�îâáï −� −¥ §�−ïâë¥ ¢ ¯à®¥ªâ¥ ¢ë¢®¤ë
�‹ˆ‘. ‘ ¯®¬®éìî JTAG-¨−â¥àä¥©á� â¥áâ¨àã¥¬®¥ ãáâà®©áâ¢® ¯®¤ª«îç�¥âáï ª
ª®¬¯ìîâ¥àã. �®«ì§®¢�â¥«î ¯à¥¤®áâ�¢«ï¥âáï ¢®§¬®¦−®áâì ã¯à�¢«¥−¨ï ¬ã«ìâ¨-
¯«¥ªá®à�¬¨ §� áç¥â à¥¤�ªâ®à� LAI (Logic Analyzer Interface).

�®á«¥ á®§¤�−¨ï ¨−â¥àä¥©á� ¤«ï ¢−¥è−¥£® «®£¨ç¥áª®£® �−�«¨§�â®à� âà¥¡ãîâ-
áï ¯®¢â®à−ë¥ ª®¬¯¨«ïæ¨¨ ¯à®¥ªâ�, ãç¨âë¢�îé¨¥ ¨§¬¥−¥−¨ï ¢ ª®¬¬ãâ�æ¨¨, ¨
§�£àã§ª� −� �‹ˆ‘. ‘¬¥−� £àã¯¯ ®âá«¥¦¨¢�¥¬ëå á¨£−�«®¢ ®áãé¥áâ¢«ï¥âáï ú−�
«¥âãû, çâ® ¯®§¢®«ï¥â ®¡®©â¨áì ¢ ¤�«ì−¥©è¥¬ ¡¥§ ¯¥à¥§�£àã§®ª ¨ ¯¥à¥ª®¬¯¨«ïæ¨©.

ˆ−â¥àä¥©á LAI ¬®¦¥â à�§¬¥é�âìáï ¢ ¬¨ªà®áå¥¬�å ®â«�¤®ç−®© ¯«�âë; ¢−ãâ-
à¥−−¨¥ ¡«®ª¨ ®¯¥à�â¨¢−®© ¯�¬ïâ¨ �‹ˆ‘ ¤«ï ¥£® ¨á¯®«ì§®¢�−¨ï −¥ −ã¦−ë.
ˆ−â¥àä¥©á LAI ¯®§¢®«ï¥â à¥è¨âì ¯à®¡«¥¬ã −¥¤®áâ�â®ç−®£® ª®«¨ç¥áâ¢� ¢−¥è-
−¨å ¢ë¢®¤®¢, ¯à¨áãéãî áà¥¤áâ¢ã SignalProbe Pins, §� áç¥â �¯¯�à�â−ëå §�âà�â
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−� à¥�«¨§�æ¨î ¨−â¥àä¥©á� ¨ ¯à¨¢«¥ç¥−¨ï ¢−¥è−¥£® ®¡®àã¤®¢�−¨ï. �à¨¢«¥ç¥-
−¨¥ ¤®à®£®áâ®ïé¥£® ¢−¥è−¥£® «®£¨ç¥áª®£® �−�«¨§�â®à� −¥ á®®â¢¥âáâ¢ã¥â áä®à-
¬ã«¨à®¢�−−ë¬ ªà¨â¥à¨ï¬ ¢ë¡®à� áà¥¤áâ¢ ¤«ï ®â«�¤ª¨ ÷�‘. �®¬¨¬® íâ®£®,
¨á¯®«ì§®¢�−¨¥ ¢−¥è−¥£® �−�«¨§�â®à� ¬®¦¥â ¢ë§¢�âì ¨§¬¥−¥−¨¥ å�à�ªâ¥à¨áâ¨ª
¯®«ì§®¢�â¥«ìáª®£® ¯à®¥ªâ�. ‘®®â¢¥âáâ¢¥−−®, ¨á¯®«ì§®¢�−¨¥ ¯à¨ ®â«�¤ª¥ ÷�‘
¨−â¥àä¥©á� ¤«ï ¢−¥è−¥£® «®£¨ç¥áª®£® �−�«¨§�â®à� −¥¦¥«�â¥«ì−®.

2.3 Редактор содержимого внутрисхемной памяти

÷¥¤�ªâ®à á®¤¥à¦¨¬®£® ¢−ãâà¨áå¥¬−®© ¯�¬ïâ¨ (In-System Memory Content
Editor) ¯®§¢®«ï¥â �−�«¨§¨à®¢�âì ¤�−−ë¥, §�¯¨á�−−ë¥ ¢ ¡«®ª�å ¯�¬ïâ¨ �‹ˆ‘.
�â® ã¯à®é�¥â ®â«�¤ªã ÷�‘, ¯®áª®«ìªã á®¤¥à¦¨¬®¥ ¡«®ª®¢ ¯�¬ïâ¨ ÷�‘ ¬®-
¤¨ä¨æ¨àã¥âáï ¢ ¯à®æ¥áá¥ à�¡®âë. ‘¨¬ã«ïâ®à ¯�ª¥â� Quartus II −¥ ¯®§¢®«ï¥â
à¥è¨âì íâã §�¤�çã −� ¨¬¨â�æ¨®−−®© ¬®¤¥«¨, ¯®íâ®¬ã ®á®¡¥−−® ¢�¦−® à¥è¨âì ¥¥
−� ä¨§¨ç¥áª®© ¬®¤¥«¨. ’�ª ª�ª ¤®áâã¯ ª ¤�−−ë¬ ¢ ¯�¬ïâ¨ ¢ ¯à®æ¥áá¥ à�¡®âë
®áãé¥áâ¢«ï¥âáï ç¥à¥§ ¤®¯®«−¨â¥«ì−ë© ¯®àâ, á®§¤�¢�¥¬ë© à¥¤�ªâ®à®¬ á®¤¥à¦¨-
¬®£® ¯�¬ïâ¨, â® ¢®§¬®¦−®áâì �−�«¨§� ¤®áâã¯−� â®«ìª® ¤«ï ¬®¤ã«¥© ®¤−®¯®àâ®¢®©
¯�¬ïâ¨. ‘¢ï§ì á �‹ˆ‘ ®áãé¥áâ¢«ï¥âáï á ¯®¬®éìî JTAG. ‘®®â¢¥âáâ¢ãîé¥¥
ª®−ä¨£ãà¨à®¢�−¨¥ ¯®§¢®«ï¥â à¥¤�ªâ®àã á®¤¥à¦¨¬®£® ¯�¬ïâ¨ ¢ë¡¨à�âì −ã¦−ãî
®¡«�áâì ¯�¬ïâ¨ á §�¤�−−ë¬¨ ¨¬¥−�¬¨ ¨ å�à�ªâ¥à¨áâ¨ª�¬¨, ¢ë¯®«−ïâì ®¤−®ªà�â-
−®¥ ¨ æ¨ª«¨ç¥áª®¥ çâ¥−¨¥ á á®®â¢¥âáâ¢ãîé¨¬ ®â®¡à�¦¥−¨¥¬ ¤«ï ¯®«ì§®¢�â¥«ï ¨
¤�¦¥ à¥¤�ªâ¨à®¢�−¨¥.

÷¥¤�ªâ®à á®¤¥à¦¨¬®£® ¢−ãâà¨áå¥¬−®© ¯�¬ïâ¨ | ¯®«¥§−ë© ¬¥å�−¨§¬, ¯®¢ë-
è�îé¨© áª®à®áâì ¨ ã¤®¡áâ¢® ®â«�¤ª¨. …£® ®â«¨ç¨â¥«ì−®© ®á®¡¥−−®áâìî ï¢«ï¥â-
áï ¢®§¬®¦−®áâì à¥¤�ªâ¨à®¢�−¨ï ¯�¬ïâ¨ ¡¥§ ¤®¯®«−¨â¥«ì−®© ¯¥à¥ª®−ä¨£ãà�æ¨¨
�‹ˆ‘, ®âáãâáâ¢¨¥ âà¥¡®¢�−¨ï ª ¨á¯®«ì§®¢�−¨î ¤®¯®«−¨â¥«ì−®© �¯¯�à�âãàë ¨
ª à¥áãàá�¬ �‹ˆ‘. ˆá¯®«ì§®¢�−¨¥ â�ª®£® à¥¤�ªâ®à� ¯à¨ ®â«�¤ª¥ ÷�‘ ¯¥àá¯¥ª-
â¨¢−®.

2.4 Встраиваемый логический анализатор SignalTap II

‚áâà�¨¢�¥¬ë© «®£¨ç¥áª¨© �−�«¨§�â®à SignalTap II ¯®§¢®«ï¥â:

{ ã¯à�¢«ïâì §�¯¨áìî ¢ ¯�¬ïâì −� «®£¨ç¥áª®¬ ï¤à¥ �‹ˆ‘;

{ ¨á¯®«ì§®¢�âì ª®¬¯ìîâ¥à ¢ ª�ç¥áâ¢¥ áà¥¤áâ¢� ®â®¡à�¦¥−¨ï ¨ �−�«¨§� �‹ˆ‘;

{ ¨¬¥âì ¯�¬ïâì −� ¡«®ª�å ¢áâà®¥−−®£® ®¯¥à�â¨¢−®£® §�¯®¬¨−�îé¥£® ãáâà®©áâ¢�
(�‡“) ¤«ï §�¯¨á¨ ®âáç¥â®¢ ¢ à¥�«ì−®¬ ¬�áèâ�¡¥ ¢à¥¬¥−¨.

�®¤ª«îç¥−¨¥ ª ¢−ãâà¥−−¨¬ á¨£−�«�¬ ¨ ¢ë¢®¤�¬ ¬¨ªà®áå¥¬ë �‹ˆ‘ ®áãé¥-
áâ¢«ï¥âáï áâ�−¤�àâ−ë¬¨ áà¥¤áâ¢�¬¨ ‘��÷ ¨ ¢−®á¨â ¬¨−¨¬�«ì−ë¥ ¨áª�¦¥−¨ï ¢
−�¡«î¤�¥¬ë¥ á¨£−�«ë. Š SignalTap II, ¯à¥¤áâ�¢«ïîé¥¬ã á®¡®© ¯�à�¬¥âà¨§¨àã-
¥¬ãî ¬¥£�äã−ªæ¨î, ¢®§¬®¦¥− ¤®áâã¯ ª�ª á ¯®¬®éìî à¥¤�ªâ®à� ¯�à�¬¥âà¨§¨àã-
¥¬ëå ¬®¤ã«¥© MegaWizard, â�ª ¨ ç¥à¥§ á¯¥æ¨�«¨§¨à®¢�−−ë© ¯®«ì§®¢�â¥«ìáª¨©
¨−â¥àä¥©á. ‘®®â¢¥âáâ¢¥−−®, ¢®§¬®¦−®áâ¨ SignalTap II çà¥§¢ëç�©−® è¨à®ª¨.
�− ¯®§¢®«ï¥â ¢ë¡¨à�âì á¨£−�«ë ¯à®¥ªâ� ¤«ï −�¡«î¤¥−¨ï, ®áãé¥áâ¢«ïâì §�¯¨áì
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ˆ−áâàã¬¥−âë ¤«ï á¨áâ¥¬−®© ¢¥à¨ä¨ª�æ¨¨ à¥ªãàà¥−â−®£® ®¡à�¡®âç¨ª� á¨£−�«®¢

«®£¨ç¥áª¨å á®áâ®ï−¨© íâ¨å á¨£−�«®¢, ¢ë¯®«−ïâì á®¢¬¥áâ−ãî à�¡®âã á ‘��÷
Quartus II, ¯®¤ª«îç�ïáì ª −¥© ç¥à¥§ JTAG-¨−â¥àä¥©á, §�å¢�âë¢�âì −�¡«î¤�-
¥¬ë¥ á¨£−�«ë ¢ à¥�«ì−®¬ ¢à¥¬¥−¨ −� ç�áâ®â�å á¢ëè¥ 300 Œƒæ.

SignalTap II ¨¬¥¥â ¤¢� à¥¦¨¬� ä®à¬¨à®¢�−¨ï á¨£−�«� §�å¢�â�: ¯®á«¥¤®¢�-
â¥«ì−ë© ¨ à¥¦¨¬ ä®à¬¨à®¢�−¨ï ãá«®¢¨© −� ®á−®¢¥ ¬�è¨−ë á®áâ®ï−¨©. �¥à¢ë©
à¥¦¨¬ (sequential) ¯®§¢®«ï¥â ¨á¯®«ì§®¢�âì ¨ ª®¬¡¨−¨à®¢�âì áâ�−¤�àâ−ë¥ ãá«®¢¨ï
§�å¢�â�. ‚â®à®© à¥¦¨¬ (state-based) ¤�¥â ¢®§¬®¦−®áâì á®§¤�¢�âì ®á®¡ë¥ ãá«®¢¨ï
§�å¢�â� á¨£−�«� ¤«ï −�¡«î¤¥−¨ï, −�¯à¨¬¥à: ª®¬¡¨−�æ¨î −¥áª®«ìª¨å á®¡ëâ¨©,
¯®ï¢«¥−¨¥ −¥ª®â®à®£® á®¡ëâ¨ï −¥áª®«ìª® à�§ ¨ â. ¯.

÷�§«¨ç−ë¥ −�áâà®©ª¨ ¯®§¢®«ïîâ ¯à®á¬®âà¥âì ¤�−−ë¥, §�¯¨á�−−ë¥ ¤®, ¢®
¢à¥¬ï ¨«¨ ¯®á«¥ §�å¢�â� á¨£−�«�, çâ® áãé¥áâ¢¥−−® ã¯à®é�¥â ¯à®æ¥áá ®â«�¤ª¨.
Š á®¦�«¥−¨î, −�¡«î¤¥−¨¥ −¥ª®â®àëå ¢−ãâà¥−−¨å á¨£−�«®¢ ¯à®¥ªâ� −¥¢®§¬®¦−®.

Š ®á−®¢−ë¬ ¤®áâ®¨−áâ¢�¬ SignalTap II ¬®¦−® ®â−¥áâ¨ ¢®§¬®¦−®áâì á®¡ë-
â¨©−®© ®â«�¤ª¨, á®§¤�−¨¥ á«®¦−®© á¨áâ¥¬ë ãá«®¢¨©, ¬¨−¨¬�«ì−® ¢−®á¨¬ë¥
¨áª�¦¥−¨ï ¢ −�¡«î¤�¥¬ë¥ á¨£−�«ë, ¢®§¬®¦−®áâì �−�«¨§� ¨§¬¥−¥−¨© á¨£−�«®¢
¤®, ¢® ¢à¥¬ï ¨ ¯®á«¥ §�å¢�â�. �â® ¤¥«�¥â ¥£® ®á®¡¥−−® ã¤®¡−ë¬ ¤«ï ¢¥à¨ä¨ª�æ¨¨
¯à®¥ªâ®¢ −� ®á−®¢¥ �‹ˆ‘ ¢ à¥�«ì−®¬ �¯¯�à�â−®¬ ®ªàã¦¥−¨¨; ®− ¡ã¤¥â ®á−®¢−ë¬
áà¥¤áâ¢®¬ ®â«�¤ª¨ ÷�‘.

2.5 Редактор внутрисхемных сигналов

÷¥¤�ªâ®à ¢−ãâà¨áå¥¬−ëå á¨£−�«®¢ (In-System Sources and Probes Editor)
á®áâ®¨â ¨§ ¬¥£�äã−ªæ¨¨ altsource probe ¨ ¨−â¥àä¥©á−®© £à�ä¨ç¥áª®© ®¡®«®çª¨,
ª®â®à�ï ¯®§¢®«ï¥â ª®−âà®«¨à®¢�âì ¢á¥ í«¥¬¥−âë ¬¥£�äã−ªæ¨¨ altsource probe
¢−ãâà¨ ®â«�¦¨¢�¥¬®£® ¯à®¥ªâ� ¢ à¥�«ì−®¬ ¢à¥¬¥−¨. Š�¦¤ë© í«¥¬¥−â ¬¥£�äã−ª-
æ¨¨ altsource probe ¤�¥â ¤«ï ®â®¡à�¦¥−¨ï ¨áå®¤−ë¥ ¢ëå®¤−ë¥ ¯®àâë (¨áâ®ç−¨ª¨)
¨ ®â¢®¤ë ¢å®¤−ëå ¯®àâ®¢ (¯à®¡−¨ª¨). ˆ−â¥àä¥©á−�ï £à�ä¨ç¥áª�ï ®¡®«®çª�
¯®ª�§ë¢�¥â ¢á¥ ¤®áâã¯−ë¥ ¢ à¥�«ì−®¬ ¢à¥¬¥−¨ ª®−âà®«¨àã¥¬ë¥ í«¥¬¥−âë ¬¥£�-
äã−ªæ¨¨ altsource probe ¢ ¯à®¥ªâ¥ ¨ ®¡¥á¯¥ç¨¢�¥â á®§¤�−¨¥ ¢¨àâã�«ì−®£® ¯ã«ìâ�
(¢¨àâã�«ì−ëå ª−®¯®ª ¨ ¢¨àâã�«ì−®© «¨æ¥¢®© ¯�−¥«¨) ®â«�¤ª¨ à�§à�¡�âë¢�¥¬®£®
¯à®¥ªâ�, ¨¬¨â�æ¨î ¢−¥è−¥£® áç¥âç¨ª� ¤�−−ëå, ®â®¡à�¦¥−¨¥ ¨ à¥¤�ªâ¨à®¢�−¨¥
ª®−áâ�−â ¢® ¢à¥¬ï ¯à®£®−�, ¬¥å�−¨§¬ ¤«ï ¯®¤¢®¤� ¨áá«¥¤ã¥¬ëå á¨£−�«®¢ ¨
áà¥¤áâ¢� á®åà�−¥−¨ï ¤�−−ëå.

÷¥¤�ªâ®à ¢−ãâà¨áå¥¬−ëå á¨£−�«®¢ á®áâ®¨â ¨§ âà¥å ¯�−¥«¥©:

(1) ª®−ä¨£ãà�â®à� æ¥¯¨ JTAG, ¯®§¢®«ïîé¥£® à�§à�¡®âç¨ªã ®¯à¥¤¥«ïâì ãáâà®©-
áâ¢® ¯à®£à�¬¬¨à®¢�−¨ï, ªà¨áâ�««, ä�©« −�áâà®¥ª à¥¤�ªâ®à�;

(2) ¬¥−¥¤¦¥à� í«¥¬¥−â®¢, ®â®¡à�¦�îé¥£® ¨−ä®à¬�æ¨î ®¡ í«¥¬¥−â�å, ¯®§¢®«ï-
îé¨å ª®−âà®«¨à®¢�âì ¤�−−ë¥ ¤¨−�¬¨ç¥áª¨;

(3) á®¡áâ¢¥−−® à¥¤�ªâ®à� ¢−ãâà¨áå¥¬−ëå á¨£−�«®¢, á®åà�−ïîé¥£® ¦ãà−�« ¤�−-
−ëå ¤«ï ¨áá«¥¤ã¥¬ëå í«¥¬¥−â®¢ áå¥¬ë, ¯®§¢®«ïîé¥£® ¬®¤¨ä¨æ¨à®¢�âì íâ¨
¤�−−ë¥ ¨ §�¯¨áë¢�âì ¨å ¢ ªà¨áâ�««.
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‚. ‘. �¥âàãå¨−, „. ā. ‘â¥¯ç¥−ª®¢, �. ‚. Œ®à®§®¢, ā. �. ‘â¥¯ç¥−ª®¢

ˆá¯®«ì§®¢�−¨¥ ¬¥å�−¨§¬®¢ áªà¨¯â¨à®¢�−¨ï Tcl (Tool command language)
¯®§¢®«ï¥â ¯à¨¤�âì ®â®¡à�¦¥−¨î á¨£−�«®¢ ã¤®¡−ë© ¢¨¤, çâ® ¤¥«�¥â ¥£® ®¤−¨¬ ¨§
®á−®¢−ëå áà¥¤áâ¢ ®â«�¤ª¨.

„«ï à�¡®âë à¥¤�ªâ®à� ¢−ãâà¨áå¥¬−ëå á¨£−�«®¢ ¢ à�áá¬�âà¨¢�¥¬®¬ á«ãç�¥
âà¥¡ã¥âáï ¯à®£à�¬¬−®¥ áà¥¤áâ¢® ‘��÷ Quartus II á −�¡®à®¬ ¥£® ¨−áâàã¬¥−â�«ì-
−ëå áà¥¤áâ¢, §�£àã§®ç−ë© ª�¡¥«ì USB-blaster ¨ ®â«�¤®ç−�ï ¯«�â�.

‘ ¯®¬®éìî à¥¤�ªâ®à� ¢−ãâà¨áå¥¬−ëå á¨£−�«®¢ ¬®¦−® á®§¤�âì ¢¨àâã�«ì−ë©
¯ã«ìâ ¤«ï ã¯à�¢«¥−¨ï ®â«�¤ª®© ÷�“. „«ï íâ®£® ¯®«ì§®¢�â¥«ì ä®à¬¨àã¥â −�¡®à
¢¨àâã�«ì−ëå ª−®¯®ª ¨ ¨−¤¨ª�â®à®¢ (‚Šˆ), ¨á¯®«ì§ãï ¯à¨«®¦¥−¨¥ In Source In
Probe. ‚ ¯à®æ¥áá¥ ®â«�¤ª¨ ®− ¬®¦¥â ¯®¤�¢�âì à�§«¨ç−ë¥ á¨£−�«ë −� ¢å®¤ë áå¥¬
÷�“ ¨ á«¥¤¨âì §� á®áâ®ï−¨¥¬ ¢ë¡à�−−ëå ¢ëå®¤®¢ áå¥¬. ‘ ¯®¬®éìî ¢¨àâã�«ì−®-
£® ¯ã«ìâ� ¬®¦−® ¯à®¢®¤¨âì àãç−®¥ â¥áâ¨à®¢�−¨¥ ®â¤¥«ì−ëå áå¥¬ ÷�“. ÷¥¤�ªâ®à
¢−ãâà¨áå¥¬−ëå á¨£−�«®¢ á�¬ ¯® á¥¡¥ −¥ âà¥¡ã¥â ¢−¥è−¨å ãáâà®©áâ¢. �á®¡¥−-
−® íää¥ªâ¨¢−® íâ® áà¥¤áâ¢® ®â«�¤ª¨ ¢ á®ç¥â�−¨¨ á SignalTap II ¨ In-System
Memory Content Editor, ¤�¢�ï −�¨¡®«ìèãî á¢®¡®¤ã ¢ ª®−âà®«¥ −�¤ á¨£−�«�¬¨ ¨
á®§¤�−¨¨ ¢¨àâã�«ì−ëå ¢å®¤®¢. ‚á¥ íâ® ¯®§¢®«¨â áãé¥áâ¢¥−−® á®ªà�â¨âì ¢à¥¬ï
¢¥à¨ä¨ª�æ¨¨ ¯à®¥ªâ�.

2.6 Виртуальный JTAG

ˆ−â¥àä¥©á VJTAG (Virtual JTAG | ¢¨àâã�«ì−ë© JTAG) á®§¤�− ¤«ï ®¡¥á¯¥-
ç¥−¨ï ®¡¬¥−� ¤�−−ë¬¨ ¬¥¦¤ã ¯«�â®© ¨ ª®¬¯ìîâ¥à®¬ ç¥à¥§ ª�¡¥«ì USB-blaster.
�â«�¤®ç−�ï ¯«�â� Cyclone V á®¤¥à¦¨â ¢áâà®¥−−ë© ª®−âà®««¥à JTAG, ¯®§¢®-
«ïîé¨© ¯à®£à�¬¬¨à®¢�âì �‹ˆ‘ −¥¯®áà¥¤áâ¢¥−−® ¢ áå¥¬¥. Š®−âà®««¥à JTAG
¯à¥¤áâ�¢«ï¥â á®¡®© ª®−¥ç−ë© �¢â®¬�â: ¤«ï ¯®«ãç¥−¨ï ¤®áâã¯� ª ¥£® á¨£−�«�¬
¨ ®¡¥á¯¥ç¥−¨ï ¨−ä®à¬�æ¨®−−®£® ®¡¬¥−� á ¢−ãâà¥−−¨¬¨ ãáâà®©áâ¢�¬¨ �‹ˆ‘
á«ã¦¨â ¬¥£�äã−ªæ¨ï VJTAG. “¯à�¢«¥−¨¥ ¨−â¥àä¥©á®¬ VJTAG ®áãé¥áâ¢«ï¥â-
áï ¯à®£à�¬¬®© quartus stp, ¢å®¤ïé¥© ¢ á®áâ�¢ ‘��÷ Quartus II, ¯à¨ ¯®¬®é¨
áæ¥−�à¨¥¢ −� ï§ëª¥ Tcl. Š®−¥ç−ë¥ ãáâà®©áâ¢� (ª®−âà®««¥àë ¯�¬ïâ¨, ãáâà®©-
áâ¢� ã¯à�¢«¥−¨ï á¢¥â®¤¨®¤�¬¨ ¨ ¯à.) ®¡¬¥−¨¢�îâáï ¤�−−ë¬¨ ç¥à¥§ ¤¥ª®¤¥à á
VJTAG-¬¥£�äã−ªæ¨¥© [7].

�à¨ à�¡®â¥ á ®â«�¤®ç−®© áå¥¬®©, ¨á¯®«ì§ãîé¥© VJTAG, ¬®¦−® ¢ë¤¥«¨âì
âà¨ â¨¯� äà�£¬¥−â®¢ íâ®© áå¥¬ë: ¢áâà®¥−−ë¥ ¢ �‹ˆ‘ (¯®à®¦¤�îé¨¥ −¥ª®-
â®àë¥ ®£à�−¨ç¥−¨ï ¯® ¨á¯®«ì§®¢�−¨î ¬¥£�äã−ªæ¨©), ®¡ï§�â¥«ì−ë¥ ª®¬¯®−¥−âë
VJTAG (−¥ ¤®¯ãáª�îé¨¥ ¢�à¨�æ¨©) ¨ âà¥¡ãîé¨¥ àãç−®£® ã¯à�¢«¥−¨ï ¨ á®§¤�−¨ï
¯®«ì§®¢�â¥«¥¬ [8].

�à¨ á®§¤�−¨¨ ¨−â¥àä¥©á� ¯¥à¥¤�ç¨ ¤�−−ëå VJTAG âà¥¡ã¥âáï:

{ á®§¤�âì ¬¥£�äã−ªæ¨î VJTAG (¬®¦−® ¨á¯®«ì§®¢�âì sld virtual jtag);

{ á®§¤�âì «®£¨ªã, ®â¢¥âáâ¢¥−−ãî §� ª®¬¬ãâ�æ¨î á¨£−�«®¢ ¨ ¤¥ª®¤¨à®¢�−¨¥
ª®¬�−¤;

{ −�¯¨á�âì áæ¥−�à¨© −� ï§ëª¥ Tcl/Tk (Tool kit);

{ á®§¤�âì (¯®¤ª«îç¨âì) ª®−¥ç−ë¥ «®£¨ç¥áª¨¥ ãáâà®©áâ¢�.
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ˆ−áâàã¬¥−âë ¤«ï á¨áâ¥¬−®© ¢¥à¨ä¨ª�æ¨¨ à¥ªãàà¥−â−®£® ®¡à�¡®âç¨ª� á¨£−�«®¢

‚á¥ íâ®, á ®¤−®© áâ®à®−ë, ®¡¥á¯¥ç¨¢�¥â £¨¡ª®áâì ¨ ã−¨ª�«ì−®áâì ®â«�¤®ç-
−®© áå¥¬ë, ¯®áª®«ìªã ¯®§¢®«ï¥â á®§¤�¢�âì áå¥¬ë, §�¢¨áïé¨¥ ®â ª®−ªà¥â−ëå
âà¥¡®¢�−¨©. ‘ ¤àã£®© áâ®à®−ë, íâ® ãá«®¦−ï¥â ¨á¯®«ì§®¢�−¨¥ ¬¥£�äã−ªæ¨¨,
§�áâ�¢«ï¥â ¤¥â�«ì−® ¨§ãç�âì ¯à¨−æ¨¯ë ¯®áâà®¥−¨ï JTAG-ª®−âà®««¥à®¢ ¨ á®§¤�-
−¨ï ¯à®£à�¬¬−®£® ®¡¥á¯¥ç¥−¨ï (��) ¤«ï −¨å. ‚¢¨¤ã −¥®¡å®¤¨¬®áâ¨ á®§¤�−¨ï
¤®¯®«−¨â¥«ì−®£® ®¡®àã¤®¢�−¨ï ¨ ¯®¢ëè¥−−®© âàã¤®¥¬ª®áâ¨ Virtual JTAG −¥
®â¢¥ç�¥â ªà¨â¥à¨ï¬ ¢ë¡®à� ®â«�¤®ç−ëå áà¥¤áâ¢ ¨ ¥£® ¨á¯®«ì§®¢�−¨¥ ¯à¨ ®â«�¤ª¥
÷�‘ −¥æ¥«¥á®®¡à�§−®.

„®¯®«−¨â¥«ì−ë¥ ®â«�¤®ç−ë¥ áà¥¤áâ¢� ¢ Quartus II ¯®ï¢«ïîâáï ¢ á«ãç�¥
¨á¯®«ì§®¢�−¨ï ¯à®æ¥áá®à� Nios II, ®â«�¤®ç−ë¥ áà¥¤áâ¢� ª®â®à®£® ¯®áâà®¥−ë −�
®á−®¢¥ ¬®¤ã«ï JTAG.

�à®£à�¬¬−ë¥ ¨−áâàã¬¥−âë ®â«�¤ª¨ á¢ï§ë¢�îâáï á ®â«�¤®ç−ë¬ ¬®¤ã«¥¬
JTAG ¨ ¯à¥¤«�£�îâ á«¥¤ãîé¨¥ áà¥¤áâ¢�: §�£àã§ª� ¯à®£à�¬¬ë ¢ ¯�¬ïâì;
¯ãáª/®áâ�−®¢ ¨á¯®«−¥−¨ï ¯à®£à�¬¬ë; ãáâ�−®¢ª� ¯à®£à�¬¬−ëå ¨ �¯¯�à�â−ëå
â®ç¥ª ®áâ�−®¢� ¨ â®ç¥ª ¯à®á¬®âà�; �−�«¨§ à¥£¨áâà®¢ ¨ ¯�¬ïâ¨ ¯à®æ¥áá®à�; −�ª®¯-
«¥−¨¥ á«¥¤®¢ (¤�−−ëå) ¨á¯®«−¥−¨ï ¯à®£à�¬¬ ¢ à¥�«ì−®¬ ¢à¥¬¥−¨.

‘¥àì¥§−® à�áè¨àï¥â ¢®§¬®¦−®áâ¨ ®â«�¤ª¨ á ¯®¬®éìî ¢áâà®¥−−®£® «®£¨ç¥áª®-
£® �−�«¨§�â®à� SignalTap II ¯«�£¨− Nios II. �− ¤®¯®«−ï¥â ®â«�¤®ç−ë¥ áà¥¤áâ¢�
SignalTap II, à�§à¥è�ï §�å¢�âë¢�âì ª®¤ë ®¯¥à�æ¨© ¯à®æ¥áá®à� Nios II.

‚ æ¥«®¬ ¯à®æ¥áá®à Nios II ï¢«ï¥âáï ¬®é−ë¬ ¨−áâàã¬¥−â®¬ ®â«�¤ª¨, −®
âà¥¡ãîé¨¬ ¡®«ìè¨å §�âà�â −� ¯®¤£®â®¢ªã ¨ ¯à®£à�¬¬¨à®¢�−¨¥ ¨, ª á®¦�«¥−¨î,
−¥ ¤�îé¨© ¯®«−®áâìî ¤®áâã¯� ª® ¢á¥¬ ¢å®¤�¬ ¨ ¢ëå®¤�¬ á¨£−�«ì−®£® ¯à®æ¥áá®à�,
¢ á¢ï§¨ á ç¥¬ ¨á¯®«ì§®¢�−¨¥ ¯à®æ¥áá®à� Nios II ¬®¦−® à�áá¬�âà¨¢�âì â®«ìª® ª�ª
¤®¯®«−¨â¥«ì−®¥.

3 Отладка реккурентного обработчика сигналов

”¨à¬� �«ìâ¥à� −¥ à�áªàë¢�¥â ¯à®â®ª®« ¢§�¨¬®¤¥©áâ¢¨ï ¯¥àá®−�«ì−®£® ª®¬-
¯ìîâ¥à� á ®â«�¤®ç−®© ¯«�â®©. �®íâ®¬ã ¯®«ì§®¢�â¥«ì ¢ë−ã¦¤¥− ¨á¯®«ì§®¢�âì
¢áâà®¥−−ë¥ áà¥¤áâ¢� ¢ Quartus ¨«¨ ¯à®¥ªâ¨à®¢�âì á¢®¨ (ã−¨ª�«ì−ë¥) ®â«�¤®ç−ë¥
áà¥¤áâ¢�, −�¯à¨¬¥à −� ®á−®¢¥ ¢¨àâã�«ì−®£® JTAG. ˆá¯®«ì§®¢�−¨¥ ª®¬¯à®¬¨á-
á−®£® ¢�à¨�−â� ¢ ¢¨¤¥ á®ç¥â�−¨ï ¢áâà®¥−−ëå ¨ ¤®¯®«−¨â¥«ì−® á¯à®¥ªâ¨à®¢�−−ëå
áà¥¤áâ¢ ®â«�¤ª¨ ¯®§¢®«ï¥â ®¯â¨¬¨§¨à®¢�âì ¢à¥¬¥−−‚ë¥ ¨ �¯¯�à�â−ë¥ §�âà�âë −�
¨å à¥�«¨§�æ¨î. ‘âàãªâãà� �¯¯�à�â−ëå áà¥¤áâ¢ ÷�‘ á ãç¥â®¬ ¥£® à¥�«¨§�-
æ¨¨ −� ®á−®¢¥ ¯«�âë Cyclone V GX FPGA Development Board ¨§®¡à�¦¥−� −�
à¨áã−ª¥.

÷�§à�¡®â�−−ë© ÷�‘ à¥�«¨§®¢�− ¢ ¢¨¤¥ £¨¡à¨¤−®£® ¤¢ãåãà®¢−¥¢®£® ¢�à¨�−â�
á ¢¥¤ãé¨¬ ä®−-−¥©¬�−®¢áª¨¬ ¯à®æ¥áá®à®¬ −� ¢¥àå−¥¬, ã¯à�¢«ïîé¥¬ ãà®¢-
−¥ (““) ¨ àï¤®¬ ¯®â®ª®¢ëå ¯à®æ¥áá®à®¢ −� −¨¦−¥¬ ãà®¢−¥ | à¥ªãàà¥−â−®¬
®¯¥à�æ¨®−−®¬ ãáâà®©áâ¢¥ (÷�“). “¯à�¢«ïîé¨© ãà®¢¥−ì, à¥�«¨§®¢�−−ë© ¢ ¢¨-
¤¥ ¯à®£à�¬¬ë −� ®á−®¢¥ ¯à®æ¥áá®à� Nios II ÷�“, ¯à¥¤áâ�¢«ï¥â á®¡®© VHDL
(VHSIC (Very High Speed Integrated Circuits) Hardware Description Language)
®¯¨á�−¨ï ¤«ï á¨−â¥§� −� �‹ˆ‘ Cyclone V.
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‘âàãªâãà� �¯¯�à�â−ëå áà¥¤áâ¢ ÷�‘

�¡¬¥− ¤�−−ë¬¨ ¬¥¦¤ã íâ¨¬¨ ãà®¢−ï¬¨ ®áãé¥áâ¢«ï¥âáï ç¥à¥§ ¡ãä¥à−ãî
¯�¬ïâì (��). „«ï ã¯à®é¥−¨ï ¯à®æ¥áá� ¨§«®¦¥−¨ï ¬�â¥à¨�«� �� ®â−¥á¥−� ª
÷�“. “¯à�¢«ïîé¨© ãà®¢¥−ì á®áâ®¨â ¨§ á«¥¤ãîé¨å ®á−®¢−ëå ¬®¤ã«¥©: ¢ëç¨á-
«¨â¥«ì−®£® ï¤à� Nios II á ¢−ãâà¥−−¨¬ ª®−âà®««¥à®¬ ¯à¥àë¢�−¨© (IIC | internal
interruption controller); á¨áâ¥¬−®© è¨−ë �¢�«®−; ¯�¬ïâ¨ ¯à®æ¥áá®à� Nios II.

‚ á®áâ�¢ ÷�“ ¢å®¤ïâ á«¥¤ãîé¨¥ äã−ªæ¨®−�«ì−ë¥ ¬®¤ã«¨: ¤¢ãå¯®àâ®-
¢�ï ��; ¬ã«ìâ¨¯«¥ªá®à ¯®àâ� 1 §�¯¨á¨ ¢ �� (ŒX); ¯�¬ïâì ª®−áâ�−â (�Š);
à�á¯à¥¤¥«¨â¥«ì; ç¥âëà¥ á¥ªæ¨¨ ®¡à�¡�âë¢�îé¥£® ãáâà®©áâ¢� (�“); ãáâà®©áâ¢®
ã¯à�¢«¥−¨ï; áà¥¤áâ¢� ®â«�¤ª¨.

‚á¥ �¯¯�à�â−ë¥ áà¥¤áâ¢� ÷�‘ ¢§�¨¬®¤¥©áâ¢ãîâ á ª®¬¯ìîâ¥à®¬ (Š) ç¥à¥§ ¨−-
â¥àä¥©á USB 2.0. „«ï ®¡¥á¯¥ç¥−¨ï ¤®áâã¯� ª® ¢á¥¬ äã−ªæ¨®−�«ì−ë¬ í«¥¬¥−â�¬
¨á¯®«ì§ã¥âáï áâ�−¤�àâ−ë© ¨−â¥àä¥©á JTAG, ¢áâà®¥−−ë© «®£¨ç¥áª¨© �−�«¨§�â®à
SignalTap II ¨ à¥¤�ªâ®à á®¤¥à¦¨¬®£® ¢−ãâà¨áå¥¬−®© ¯�¬ïâ¨.

‚ á¢®î ®ç¥à¥¤ì, ¤®¯®«−¨â¥«ì−® à�§à�¡®â�−−ë¥ áà¥¤áâ¢� ®â«�¤ª¨ ÷�“ á®-
áâ®ïâ ¨§ á«¥¤ãîé¨å äã−ªæ¨®−�«ì−ëå ¬®¤ã«¥©: áç¥âç¨ª� è�£®¢ (‘˜); ¬®¤ã«ï
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ˆ−áâàã¬¥−âë ¤«ï á¨áâ¥¬−®© ¢¥à¨ä¨ª�æ¨¨ à¥ªãàà¥−â−®£® ®¡à�¡®âç¨ª� á¨£−�«®¢

ˆ� 1 (¨áå®¤−¨ª®¢ ¨ ¯à®¡−¨ª®¢) à¥£¨áâà®¢ ÷�“, ¬®¤ã«ï ˆ� 2 (¨áå®¤−¨ª®¢ ¨
¯à®¡−¨ª®¢) ¢¨àâã�«ì−ëå ª«�¢¨è ¨ ¨−¤¨ª�â®à®¢, ¤¢ãå �−�«¨§�â®à®¢ SignalTap II.

‘«¥¤ã¥â ®â¬¥â¨âì, çâ® �¯¯�à�â−ë¥ áà¥¤áâ¢� ®â«�¤ª¨ ÷�“ â�ª¦¥ ¯à¨¢ï§�−ë
ª áâ�−¤�àâ−®¬ã ¨−â¥àä¥©áã ¤¨�£−®áâ¨ª¨ ¨ ®â«�¤ª¨ áà¥¤áâ¢ JTAG.

‘ç¥âç¨ª è�£®¢ ¨á¯®«−¥−¨ï ÷�“ ¯à¥¤−�§−�ç¥− ¤«ï ª®−âà®«ï ¯à®æ¥áá� ®â«�¤-
ª¨ ¨ �−�«¨§� ¨á¯®«−ï¥¬®© ª�¯áã«ë. �®«ì§®¢�â¥«ì −¥¯®áà¥¤áâ¢¥−−® ¨ ¯à®£à�¬¬�
““ ¬®£ãâ ¨§¬¥−ïâì á®¤¥à¦¨¬®¥ ‘˜ ¢ ¯à®æ¥áá¥ ®â«�¤ª¨ ÷�“.

Œ®¤ã«ì ˆ� 1 ®¡¥á¯¥ç¨¢�¥â ¢®§¬®¦−®áâì ¨§¬¥−¥−¨ï ¨ ¯à®á¬®âà� á®¤¥à¦¨¬®£®
à¥£¨áâà®¢ �“ ¢ ¯à®æ¥áá¥ ®â«�¤ª¨. Œ®¤ã«ì ˆ� 2 á®¤¥à¦¨â −�¡®à ‚Šˆ,
¯à¥¤−�§−�ç¥−−ëå ¤«ï ã¯à�¢«¥−¨ï ¯à®æ¥áá®¬ ®â«�¤ª¨. �− á®¤¥à¦¨â ¤¢¥ £àã¯¯ë
ã¯à�¢«ïîé¨å ¢¨àâã�«ì−ëå ª−®¯®ª:

(1) ä®à¬¨à®¢�−¨ï ®â«�¤®ç−ëå ª®¬�−¤;

(2) ã¯à�¢«¥−¨ï à�¡®â®© ÷�“.

�®«ì§®¢�â¥«ì ¨¬¥¥â ¢®§¬®¦−®áâì ä®à¬¨à®¢�âì −¥®¡å®¤¨¬ë© −�¡®à ®â«�¤®ç-
−ëå ª®¬�−¤. „«ï íâ®£® −�¡®à ‚Šˆ á®¥¤¨−¥− á è¨−®© �¢�«®−, çâ® ®¡¥á¯¥ç¨¢�¥â
¢®§¬®¦−®áâì ¯à®£à�¬¬−®£® ¤®áâã¯� á® áâ®à®−ë Nios. �®«ì§®¢�â¥«ì −�¡¨à�¥â
ª®¬�−¤ã ¨ ¨−¨æ¨¨àã¥â ¥¥ ¨á¯®«−¥−¨¥ −� ¯à®æ¥áá®à¥ Nios.

‚áâà®¥−−ë¥ áà¥¤áâ¢� ®â«�¤ª¨ ‘��÷ Quartus II −¥ ®¡¥á¯¥ç¨¢�îâ ¢®§¬®¦-
−®áâ¨ çâ¥−¨ï ¨ à¥¤�ªâ¨à®¢�−¨ï á®¤¥à¦¨¬®£® ®¯¥à�â¨¢−®© ¤¢ãå¯®àâ®¢®© ¯�¬ïâ¨.
‚ ¤�−−®¬ á«ãç�¥ �� ï¢«ï¥âáï ¤¢ãå¯®àâ®¢®©. �®íâ®¬ã äã−ªæ¨ï çâ¥−¨ï ¨ §�¯¨á¨
¤�−−ëå ¢ ¯�¬ïâì ®áãé¥áâ¢«ï¥âáï ¯à®£à�¬¬−ë¬ á¯®á®¡®¬ á ¯®¬®éìî Nios II ¨
¬®¤ã«ï ˆ� 2.

�à¨«®¦¥−¨¥ SignalTap II ¨¬¥¥â à�áè¨à¥−−ë¥ ¢®§¬®¦−®áâ¨ ¨ ¯®§¢®«ï¥â à�§-
à�¡®âç¨ªã á®§¤�¢�âì ¨ ¢áâà�¨¢�âì ¢ ÷�“ ®¯à¥¤¥«¥−−®¥ ç¨á«® «®£¨ç¥áª¨å �−�«¨§�-
â®à®¢, ®¯¥à�â¨¢−® ¨§¬¥−ïâì ãá«®¢¨ï ä¨ªá�æ¨¨ ¤�−−ëå ¢ ¨å ¯�¬ïâ¨ ¨ ®â®¡à�¦�âì
íâ¨ ¤�−−ë¥ −� íªà�−¥ ª®¬¯ìîâ¥à�. �á®¡¥−−®áâì íâ®£® ¯®¤å®¤� á®áâ®¨â ¢ ¨á-
á«¥¤®¢�−¨¨ ¯®¢¥¤¥−¨ï ¢−ãâà¥−−¨å á¨£−�«®¢ ¡¥§ ¨á¯®«ì§®¢�−¨ï ¤®¯®«−¨â¥«ì−ëå
ª®−â�ªâ®¢ ¢¢®¤�-¢ë¢®¤� ¨ ª�ª®£®-«¨¡® ¢−¥è−¥£® ®¡®àã¤®¢�−¨ï. �®«ì§®¢�â¥«ì
¬®¦¥â ¯®¤á®¥¤¨−ïâì ¥£® ¢å®¤ë ª à�§«¨ç−ë¬ â®çª�¬ áå¥¬ë ÷�“, §�¤�¢�âì ãá«®-
¢¨ï ä¨ªá�æ¨¨ á¨£−�«®¢ ¨ ¤�«¥¥ ¯à®á¬�âà¨¢�âì ¢à¥¬¥−−ë¥ ¤¨�£à�¬¬ë. „«ï íâ¨å
æ¥«¥© ¢ á®áâ�¢ ®â«�¤®ç−ëå áà¥¤áâ¢ ¢¢¥¤¥− «®£¨ç¥áª¨© �−�«¨§�â®à SignalTap II.

“¯à�¢«¥−¨¥ ¯à®æ¥áá®¬ ®â«�¤ª¨ ÷�“ ¯®«ì§®¢�â¥«ì ¬®¦¥â ®áãé¥áâ¢«ïâì ç¥à¥§
¢¨àâã�«ì−ë© ¯ã«ìâ. „«ï íâ®£®, ¨á¯®«ì§ãï à¥¤�ªâ®à ¢−ãâà¨áå¥¬−ëå á¨£−�«®¢,
¯®«ì§®¢�â¥«ì ä®à¬¨àã¥â −�¡®à ‚Šˆ. ‚ ¯à®æ¥áá¥ ®â«�¤ª¨ ®− ¬®¦¥â ¯®¤�¢�âì à�§-
«¨ç−ë¥ á¨£−�«ë −� ¢å®¤ë áå¥¬ ÷�“ ¨ á«¥¤¨âì §� á®áâ®ï−¨¥¬ ¢ë¡à�−−ëå ¢ëå®¤®¢
áå¥¬. ‘ ¯®¬®éìî ¢¨àâã�«ì−®£® ¯ã«ìâ� ¬®¦−® ¯à®¢®¤¨âì àãç−®¥ â¥áâ¨à®¢�−¨¥
®â¤¥«ì−ëå áå¥¬ ÷�“.

�àå¨â¥ªâãà� ÷�“ áãé¥áâ¢¥−−® ®â«¨ç�¥âáï ®â âà�¤¨æ¨®−−®©, ¯®íâ®¬ã ¯à®æ¥áá
®â«�¤ª¨ −®á¨â á®¡ëâ¨©−ë© å�à�ªâ¥à. „«ï ®¡¥á¯¥ç¥−¨ï ¢®§¬®¦−®áâ¨ −�áâà®©ª¨
¨ ã¯à�¢«¥−¨ï ¯à®æ¥áá®¬ ®â«�¤ª¨ ÷�“ ¨á¯®«ì§ã¥âáï ä®à¬¨à®¢�â¥«ì ®â«�¤®ç-
−ëå á®¡ëâ¨©, ¯®áâà®¥−−ë© −� ®á−®¢¥ SignalTap II. �®«ì§®¢�â¥«ì ¢ ¯à¨«®¦¥−¨¨
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SignalTap II ä®à¬¨àã¥â ãá«®¢¨ï ®â«�¤®ç−ëå á®¡ëâ¨©, ¯à¨ ¢®§−¨ª−®¢¥−¨¨ ª®â®-
àëå à�¡®â� ÷�“ ®áâ�−�¢«¨¢�¥âáï ¨ ä®à¬¨àã¥âáï á¨£−�« �à¥àë¢�−¨¥, ª®â®àë©
¨−¨æ¨¨àã¥â ¨á¯®«−¥−¨¥ ¯à®£à�¬¬ë ®¡à�¡®âª¨ ®â«�¤®ç−®£® á®¡ëâ¨ï ¢ Nios.

4 Заключение

1. �à¥¤®áâ�¢«ï¥¬ë¥ ‘��÷ Quartus II ¨−áâàã¬¥−âë á¨áâ¥¬−®© ®â«�¤ª¨ ã¤®¡−ë
¢ ¨á¯®«ì§®¢�−¨¨ ¨ ¯®§¢®«ïîâ áãé¥áâ¢¥−−® ã¯à®áâ¨âì ¯à®æ¥áá ¢¥à¨ä¨ª�æ¨¨
¯à®¥ªâ®¢ −� ®á−®¢¥ �‹ˆ‘ ¢ à¥�«ì−®¬ �¯¯�à�â−®¬ ®ªàã¦¥−¨¨.

2. ÷¥�«¨§®¢�−−ë¥ ¢ ÷�‘ ®â«�¤®ç−ë¥ áà¥¤áâ¢� ¤®áâ�â®ç−ë ¤«ï ¯®¤¤¥à¦ª¨
íää¥ªâ¨¢−®£® ¯à®æ¥áá� á®¢¬¥áâ−®© ®â«�¤ª¨ �¯¯�à�â−ëå ¨ ¯à®£à�¬¬−ëå
áà¥¤áâ¢.
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System verification tools for recurrent signal processor

SYSTEM VERIFICATION TOOLS FOR RECURRENT SIGNAL
PROCESSOR

V. S. Petrukhin, D. Y. Stepchenkov, N. V. Morozov, and Y. A. Stepchenkov

Institute of Informatics Problems, Russian Academy of Sciences, 44-2 Vavilov Str.,
Moscow 119333, Russian Federation

Abstract: A procedure of selecting and developing a software and hardware suite
is studied which is intended for designing and debugging a nontraditional digital
signal processor based on the recurrently-dynamic dataflow architecture | the
recurrent signal processor (RSP). The experimental character of the developed
RSP's architecture as well as a necessity for a finished master processor have
predetermined Cyclone V family FPGA (Field Programmable Gate Array)
(Altera) as the base of RSP implementation and Quartus II design software
for its development. The powerful verification tools contained by Quartus II
allow both reducing the time of obtaining the finished design and reducing the
hardware expenses essentially. On the basis of the comparative analysis and
selected criteria, the tools composition for debugging RSP is determined, and
an optimal structure of hardware for debugging RSP is offered that allow for
essential simplification of the verification process and for debugging RSP in a
real hardware environment.
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