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Outline

ü ʋʩʪʨʦʡʩʪʚʦ FPGA

Ç ʋʩʪʨʦʡʩʪʚʦ Development Boards

Ç ʈʘʟʨʘʙʦʪʢʘ
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ʋʩʪʨʦʡʩʪʚʦ FPGA

ʇʃʀʉ ïʧʨʦʛʨʘʤʤʠʨʫʝʤʘʷ ʣʦʛʠʯʝʩʢʘʷ 

ʠʥʪʝʛʨʘʣʴʥʘʷ ʩʭʝʤʘ

FPGA(Field Programmable Gate Array)

ʨʘʟʥʦʚʠʜʥʦʩʪʴ ʇʃʀʉ

ɺ ʦʪʣʠʯʠʝ ʦʪ ʦʙʳʯʥʳʭ ʮʠʬʨʦʚʳʭ ʤʠʢʨʦʩʭʝʤ, 

ʣʦʛʠʢʘ ʨʘʙʦʪʳ ʇʃʀʉ ʥʝ ʦʧʨʝʜʝʣʷʝʪʩʷ ʧʨʠ 

ʠʟʛʦʪʦʚʣʝʥʠʠ, ʘ ʟʘʜʘʸʪʩʷ ʧʦʩʨʝʜʩʪʚʦʤ 

ʧʨʦʛʨʘʤʤʠʨʦʚʘʥʠʷ (ʧʨʦʝʢʪʠʨʦʚʘʥʠʷ). ɼʣʷ 

ʧʨʦʛʨʘʤʤʠʨʦʚʘʥʠʷ ʠʩʧʦʣʴʟʫʶʪʩʷ ʷʟʳʢʠ Verilog, 

VHDL.
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ʋʩʪʨʦʡʩʪʚʦ FPGA

Âʙʣʦʢʦʚ ʚʚʦʜʘ/ʚʳʚʦʜʘ (ɹɺɺ) 

Âʢʦʥʬʠʛʫʨʠʨʫʝʤʳʭ ʣʦʛʠʯʝʩʢʠʭ ʙʣʦʢʦʚ (ʂʃɹ)

Âʙʣʦʯʥʦʡ ʧʘʤʷʪʠ

Âʤʦʜʫʣʝʡ ʫʧʨʘʚʣʝʥʠʷ ʩʠʥʭʨʦʥʠʟʘʮʠʝʡ (DLL)

Âʪʨʘʩʩʠʨʦʚʦʯʥʳʭ ʨʝʩʫʨʩʦʚ

ȦɖɛɎɘɋɐɘəɖɆ ɐɖɎɗɘɆɑɑɆ FPGAɗɔɗɘɔɎɘ Ɏɍ ɕɥɘɎ 
ɔɗɓɔɈɓɡɛ ɣɑɋɒɋɓɘɔɈ:
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ʉʪʨʫʢʪʫʨʥʘʷ ʩʭʝʤʘ FPGA

Ȱȱȧ

ȧɑɔɝɓɆɥ 
ɕɆɒɥɘɢ

ȧɑɔɐɎ 
ɈɈɔɊɆ/ɈɡɈɔɊɆ

DLL
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ʂʦʥʬʠʛʫʨʠʨʫʝʤʳʡ 

ʣʦʛʠʯʝʩʢʠʡ ʙʣʦʢ

Â ʂʃɹ ʨʝʘʣʠʟʫʶʪ ʣʦʛʠʯʝʩʢʠʝ ʠ ʨʝʛʠʩʪʨʦʚʳʝ 
ʬʫʥʢʮʠʠ

Â ʂʃɹ ʩʦʩʪʦʠʪ ʠʟ ʜʚʫʭ ʩʝʢʮʠʡ, ʢʘʞʜʘʷ ʠʟ 
ʢʦʪʦʨʳʭ ʩʦʩʪʦʠʪ ʠʟ:

Â 4-ʚʭʦʜʦʚʳʭ ʬʫʥʢʮʠʦʥʘʣʴʥʳʭ ʛʝʥʝʨʘʪʦʨʦʚ

Â ʣʦʛʠʢʠ ʫʩʢʦʨʝʥʥʦʛʦ ʧʝʨʝʥʦʩʘ

Â ʜʚʫʭ ʨʝʛʠʩʪʨʦʚʳʭ ʵʣʝʤʝʥʪʦʚ

Â ʜʚʫʭ ʙʫʬʝʨʦʚ ʩ ʪʨʝʤʷ ʩʦʩʪʦʷʥʠʷʤʠ
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ʉʪʨʫʢʪʫʨʥʘʷ ʩʭʝʤʘ ʂʃɹ

ʌʫʥʢʮʠʦʥʘʣʴʥʳʡ 

ʛʝʥʝʨʘʪʦʨ

ʃʦʛʠʢʘ 

ʫʩʢʦʨʝʥʥʦʛʦ 

ʧʝʨʝʥʦʩʘ

ɹʫʬʝʨ
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ʌʫʥʢʮʠʦʥʘʣʴʥʳʡ ʛʝʥʝʨʘʪʦʨ

ʀʩʧʦʣʴʟʦʚʘʥʠʝ LUT-ʵʣʝʤʝʥʪʦʚ:

Âʩʦʙʩʪʚʝʥʥʦ ʬʫʥʢʮʠʦʥʘʣʴʥʳʡ ʛʝʥʝʨʘʪʦʨ

Âʩʠʥʭʨʦʥʥʘʷ ʧʘʤʷʪʴ ʪʠʧʘ RAM ʨʘʟʤʝʨʥʦʩʪʴʶ 16x1 
ʙʠʪ

Âʠʟ ʜʚʫʭ LUT-ʵʣʝʤʝʥʪʦʚ ʨʝʘʣʠʟʦʚʘʪʴ 

Â ʩʠʥʭʨʦʥʥʫʶ RAM-ʧʘʤʷʪʴ ʨʘʟʤʝʨʥʦʩʪʴʶ 16x2 
ʠʣʠ 32x1 ʙʠʪ

Â ʜʚʫʭʧʦʨʪʦʚʘʷ ʩʠʥʭʨʦʥʥʘʷ RAM-ʧʘʤʷʪʴ 
ʨʘʟʤʝʨʥʦʩʪʴʶ 16x1 ʙʠʪ

ȺəɓɐɜɎɔɓɆɑɢɓɡɋ ɉɋɓɋɖɆɘɔɖɡ ɖɋɆɑɎɍɔɈɆɓɡ Ɉ ɈɎɊɋ 4-
ɈɛɔɊɔɈɡɛ ɘɆɇɑɎɜ ɕɖɋɔɇɖɆɍɔɈɆɓɎɥ (Look-Up Table -
LUT)
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ɹʣʦʢʠ ʚʚʦʜʘ/ʚʳʚʦʜʘ

Â ɹʣʦʢʠ ʚʚʦʜʘ/ʚʳʚʦʜʘ ʦʩʫʱʝʩʪʚʣʷʶʪ ʩʦʝʜʠʥʝʥʠʝ ʚʥʫʪʨʝʥʥʝʡ 
ʣʦʛʠʢʠ ʢʨʠʩʪʘʣʣʘ ʩ ʚʳʚʦʜʘʤʠ ʢʦʨʧʫʩʘ ʤʠʢʨʦʩʭʝʤʳ

Â ɹɺɺ ʧʦʜʜʝʨʞʠʚʘʶʪ 19 ʩʠʛʥʘʣʴʥʳʭ ʩʪʘʥʜʘʨʪʦʚ ʚʚʦʜʘ/ʚʳʚʦʜʘ, 
ʚʢʣʶʯʘʷ ʜʠʬʬʝʨʝʥʮʠʘʣʴʥʳʝ ʩʪʘʥʜʘʨʪʳ LVDS, BLVDS ʠ 
LVPECL. ɼʦʩʪʦʠʥʩʪʚʘ:

Â ɼʠʬʬʝʨʝʥʮʠʘʣʴʥʳʝ ʩʪʘʥʜʘʨʪʳ LVDS ʠ BLVDS ʧʦʟʚʦʣʷʶʪ 
ʢʦʤʤʫʪʠʨʦʚʘʪʴ ʇʃʀʉ ʩ ʜʨʫʛʠʤʠ ʤʠʢʨʦʩʭʝʤʘʤʠ ʥʘ ʧʣʘʪʝ ʙʝʟ 
ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʜʦʧʦʣʥʠʪʝʣʴʥʳʭ ʢʦʥʚʝʨʪʦʨʦʚ ʠʣʠ 
ʪʨʘʥʩʣʷʪʦʨʦʚ. 

Â ɼʠʬʬʝʨʝʥʮʠʘʣʴʥʳʝ ʩʪʘʥʜʘʨʪʳ ʙʦʣʝʝ ʩʢʦʨʦʩʪʥʳʝ, ʯʝʤ 
ʦʜʥʦʧʨʦʚʦʜʥʳʝ, 

Â ʉʥʠʞʝʥʠʝ ʵʥʝʨʛʦʧʦʪʨʝʙʣʝʥʠʝ ʢʨʠʩʪʘʣʣʘ ʠ ʰʫʤʦʚ

Â ʋʩʪʨʘʥʷʶʪʩʷ ʵʣʝʢʪʨʦʤʘʛʥʠʪʥʳʝ ʥʘʚʦʜʢʠ. 
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ʇʦʜʜʝʨʞʠʚʘʝʤʳʝ ʇʃʀʉ 

ʩʪʘʥʜʘʨʪʳ ʚʚʦʜʘ/ʚʳʚʦʜʘ 

Â ʀʥʪʝʨʬʝʡʩʳ ʤʝʞʢʨʠʩʪʘʣʴʥʦʛʦ ʦʙʤʝʥʘ 

o LVTTL

o LVCMOS2

o LVCMOS18

o LVPECL

Â Ȯɓɘɋɖɚɋɏɗɡ ɒɋɌɊə 
ɕɑɆɘɆɒɎ

o PCI 33/66 MHz, 3,3 V 
o HSTL-I 
o GTL 
o GTL+ 
o HSTL-III & IV 

o SSTL3-I & II 
o LVDS
o AGP-2X 
o SSTL2-I & II 
o BLVDS 
o CTT
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ɹʣʦʯʥʘʷ ʧʘʤʷʪʴ (Block RAM)

Â ʂʘʞʜʳʡ ʙʣʦʢ ʧʘʤʷʪʠ (4096 ʙʠʪ) - ʵʪʦ ʩʠʥʭʨʦʥʥʘʷ 

ʜʚʫʭʧʦʨʪʦʚʘʷ RAM ʩ ʥʝʟʘʚʠʩʠʤʳʤ ʫʧʨʘʚʣʝʥʠʝʤ ʜʣʷ 

ʢʘʞʜʦʛʦ ʧʦʨʪʘ 

Â ʅʝʟʘʚʠʩʠʤʘʷ ʢʦʥʬʠʛʫʨʘʮʠʷ ʧʦʟʚʦʣʷʝʪ ʩʦʟʜʘʚʘʪʴ 

ʧʨʝʦʙʨʘʟʦʚʘʪʝʣʠ ʨʘʟʤʝʨʥʦʩʪʠ ʰʠʥʳ 
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ɹʣʦʯʥʘʷ ʧʘʤʷʪʴ (ʩʭʝʤʘ)



CS MSU Graphics & Media Lab (Video Group)
13

ʄʦʜʫʣʠ 

ʘʚʪʦʧʦʜʩʪʨʦʡʢʠ ʟʘʜʝʨʞʢʠ (DLL)

ȵɔɑɓɔɗɘɢɤ ɜɎɚɖɔɈɆɥ ɆɈɘɔɕɔɊɗɘɖɔɏɐɆ ɍɆɊɋɖɌɐɎ 
(DLL) ɒɔɌɋɘ əɗɘɖɆɓɥɘɢ ɕɋɖɋɐɔɗ ɍɆɊɋɖɌɋɐ ɒɋɌɊə 
ɗɎɓɛɖɔɗɎɉɓɆɑɔɒ ɓɆ ɈɛɔɊɓɔɒ ɐɔɓɘɆɐɘɋ ɒɎɐɖɔɗɛɋɒɡ 
Ɏ ɗɎɉɓɆɑɆɒɎ ɓɆ ɘɆɐɘɔɈɡɛ ɈɛɔɊɆɛ ɈɓəɘɖɋɓɓɎɛ ɗɛɋɒ 
əɗɘɖɔɏɗɘɈɆ ɕəɘɋɒ ɈɈɋɊɋɓɎɥ ɊɔɕɔɑɓɎɘɋɑɢɓɔɏ 
ɍɆɊɋɖɌɐɎ (Ȫȭ).
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ʄʦʜʫʣʠ ʘʚʪʦʧʦʜʩʪʨʦʡʢʠ 

ʟʘʜʝʨʞʢʠ (DLL)

ÁȪȭ ɈɈɔɊɎɘɗɥ ɘɆɐɎɒ ɔɇɖɆɍɔɒ, ɝɘɔɇɡ ɚɖɔɓɘɡ 
ɗɎɉɓɆɑɔɈ ɗɎɓɛɖɔɓɎɍɆɜɎɎ ɊɔɗɘɎɉɆɑɎ ɈɓəɘɖɋɓɓɎɛ 
ɘɖɎɉɉɋɖɔɈ Ɉ ɘɔɝɓɔɗɘɎ ɓɆ ɔɊɎɓ ɕɋɖɎɔɊ 
ɗɎɓɛɖɔɓɎɍɆɜɎɎ ɕɔɍɌɋ Ɏɛ ɕɖɎɛɔɊɆ ɓɆ ɈɛɔɊɓɔɏ 
ɐɔɓɘɆɐɘ 

ÁɒɔɊəɑɢ DLL ɒɔɌɋɘ ɗɔɍɊɆɈɆɘɢ ɝɋɘɡɖɋ 
ɐɈɆɊɖɆɘəɖɓɡɋ ɚɆɍɡ Ɏɍ ɎɗɛɔɊɓɔɉɔ ɎɗɘɔɝɓɎɐɆ 
ɗɎɓɛɖɔɗɎɉɓɆɑɆ; əɊɈɆɎɈɆɘɢ ɝɆɗɘɔɘə ɗɎɓɛɖɔɗɎɉɓɆɑɆ 
ɎɑɎ ɊɋɑɎɘɢ ɣɘə ɝɆɗɘɔɘə ɓɆ 1.5, 2, 2.5, 3, 4, 5, 8 
ɎɑɎ 16. 
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Outline

Ç ʋʩʪʨʦʡʩʪʚʦ ʇʃʀʉ

ü ʋʩʪʨʦʡʩʪʚʦ Development Boards

Ç ʈʘʟʨʘʙʦʪʢʘ
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ʋʩʪʨʦʡʩʪʚʦ Development Boards

Development Board ïʩʧʝʮʠʘʣʴʥʘʷ ʧʣʘʪʘ 
(ʚʥʝʰʥʷʷ ʠʣʠ ʚʥʫʪʨʝʥʥʷʷ ʥʘ PCI/PCI-Ex) 
ʜʣʷ ʨʘʟʨʘʙʦʪʢʠ ʧʨʦʛʨʘʤʤ ʧʦʜ ʇʃʀʉ. 

ʉʦʩʪʘʚ:

Á ʆʜʥʘ ʠʣʠ ʥʝʩʢʦʣʴʢʦ ʇʃʀʉ

Á ʄʠʢʨʦʩʭʝʤʘ ʧʨʦʮʝʩʩʦʨʘ (ʦʧʮʠʦʥʘʣʴʥʦ)

Á ʈʘʟʣʠʯʥʳʝ ʧʦʨʪʳ ʜʣʷ ʧʦʜʢʣʶʯʝʥʠʷ ʠ ʠʭ 
ʢʦʥʪʨʦʣʣʝʨʳ 
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ʋʩʪʨʦʡʩʪʚʦ ʇʃʀʉ
ʆʙʱʠʡ ʚʠʜ Development Board

ColdFire IOC

Transition Board

Two 14-bit

DACs

Two 12-bit

ADCs

Alteraôs DSP Development KitStratix II (FPGA)
APS Event Receiver

Connection

High Res A/D Module ConnectionNetworkSerial
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ʂʦʥʬʠʛʫʨʘʮʠʷ ʯʝʨʝʟ 

ʧʦʨʪ JTAG

CAPTURE

SHIFT

UPDATE
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Outline

Ç ʋʩʪʨʦʡʩʪʚʦ ʇʃʀʉ

Ç ʋʩʪʨʦʡʩʪʚʦ Development Boards

ü ʈʘʟʨʘʙʦʪʢʘ ʧʨʦʛʨʘʤʤ
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ʈʘʟʨʘʙʦʪʢʘ ʧʨʦʛʨʘʤʤ

ʇʨʠʥʮʠʧ ʨʘʙʦʪʳ FPGA

Í

ʧʨʠʥʮʠʧ ʨʘʙʦʪʳ ʧʨʦʮʝʩʩʦʨʘ

ɺʦʟʥʠʢʘʶʪ ʧʨʦʙʣʝʤʳ:

Â ʚʦʧʨʦʩʳ ʘʨʭʠʪʝʢʪʫʨʳ(ʜʦ ʥʘʯʘʣʘ ʨʘʟʨʘʙʦʪʢʠ)

Â ʚʳʙʦʨ ʷʟʳʢʘ

Â ʨʘʟʜʝʣʝʥʠʝ ʚʳʯʠʩʣʝʥʠʡ
FPGA

Processor
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ʅʘʯʘʣʦ ʨʘʟʨʘʙʦʪʢʠ

Âʇʝʨʝʜ ʥʘʯʘʣʦʤ ʨʘʟʨʘʙʦʪʢʠ ʧʦʜ 

ʇʃʀʉ ʩʣʝʜʫʝʪ ʚʳʷʩʥʠʪʴ ʜʝʪʘʣʠ:

Âʃʦʛʠʯʝʩʢʦʝ ʫʩʪʨʦʡʩʪʚʦ

Âɺʚʦʜ/ʚʳʚʦʜ
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ʃʦʛʠʯʝʩʢʠʝ ʵʣʝʤʝʥʪʳ

Â ʂʦʣʠʯʝʩʪʚʦ ʚʭʦʜʦʚ

Â ʂʦʣʠʯʝʩʪʚʦ ʨʘʙʦʯʠʭ ʬʫʥʢʮʠʡ

Âʋ ʚʩʝʭ ʣʠ ʬʫʥʢʮʠʡ n ʚʭʦʜʦʚ

Âʂʘʢ ʚʭʦʜʳ ʤʠʢʨʦʩʭʝʤʳ ʩʚʷʟʘʥʳ ʩ 
ʚʭʦʜʘʤʠ ʬʫʥʢʮʠʡ

Â ʉʧʝʮʠʘʣʴʥʘʷ ʣʦʛʠʢʘ

Âʉʫʤʤʘʪʦʨ ʠ ʪ.ʜ.

Â ʈʝʛʠʩʪʨʳ
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ɹʣʦʢʠ ʚʚʦʜʘ ʚʳʚʦʜʘ

Â ʉʢʦʣʴʢʦ ʥʦʞʝʢ ʤʠʢʨʦʩʭʝʤʳ

Â ʀʥʜʠʚʠʜʫʘʣʴʥʦʝ ʠʣʠ ʛʨʫʧʧʦʚʦʝ 

ʧʨʦʛʨʘʤʤʠʨʦʚʘʥʠʝ ʚʭʦʜʦʚ

Â ɺʩʝ ʣʠ ʚʭʦʜʳ ʤʦʛʫʪ ʨʘʙʦʪʘʪʴ ʩʦ ʚʩʝʤʠ 

ʬʫʥʢʮʠʷʤʠ
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Outline

Ç ʋʩʪʨʦʡʩʪʚʦ ʇʃʀʉ

Ç ʋʩʪʨʦʡʩʪʚʦ Development Boards

ü ʈʘʟʨʘʙʦʪʢʘ ʧʨʦʛʨʘʤʤ
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ȷɛɋɒɆ ɆɈɘɔɒɆɘɎɝɋɗɐɔɏ 
ɉɋɓɋɖɆɜɎɎ ɐɔɊɆ Ɋɑɥ FPGA
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ʀʥʩʪʨʫʤʝʥʪʳ 

ʨʘʟʨʘʙʦʪʢʠ Altera

Â Mentor Graphics Catapult C Synthesis

Â Quartus II

Âʉʠʤʫʣʠʨʦʚʘʥʠʝ ʠ ʢʦʤʧʠʣʠʨʦʚʘʥʠʝ 
Verilog ʚ gates

Â Nios-II Development Kit

Âʂʦʤʧʠʣʠʨʦʚʘʥʠʝ ʉ-ʢʦʜʘ ʚ NIOS-ʢʦʜ

Â ModelSim

Â Verilog ʩʠʤʫʣʷʪʦʨ
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üCatapult C Synthesis
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üʆʙʟʦʨ NIOS Development Kit

üʆʧʪʠʤʠʟʘʮʠʷ ʨʘʙʦʪʳ
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Catapult C Synthesis

Âʠʩʧʦʣʴʟʦʚʘʥʠʝ ʩʠʩʪʝʤʳ Catapult C 

Synthesis ʧʦʟʚʦʣʷʝʪ ʘʚʪʦʤʘʪʠʯʝʩʢʠ 

ʩʠʥʪʝʟʠʨʦʚʘʪʴ RTLʦʧʠʩʘʥʠʝ ʠʟ 

ʠʩʭʦʜʥʦʛʦ ʦʧʠʩʘʥʠʷ ʘʣʛʦʨʠʪʤʦʚ ʥʘ 

C/C++.
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Catapult C Synthesis

Â ʦʩʥʦʚʥʘʷ ʥʘʛʨʫʟʢʘ ʧʦ ʦʪʣʘʜʢʝ ʠ ʚʝʨʠʬʠʢʘʮʠʠ 
ʧʨʦʝʢʪʘ ʧʝʨʝʥʦʩʠʪʩʷ ʥʘ ʙʦʣʝʝ ʚʳʩʦʢʠʡ ʫʨʦʚʝʥʴ 
ʘʙʩʪʨʘʢʮʠʠ

Â ʘʥʘʣʠʟ ʘʣʴʪʝʨʥʘʪʠʚʥʳʭ ʚʘʨʠʘʥʪʦʚ ʨʝʘʣʠʟʘʮʠʠ 
ʘʣʛʦʨʠʪʤʦʚ ʥʘ C/C++

Â ʦʧʠʩʘʥʠʝ ʧʨʦʝʢʪʘ ʥʘ C/C++ ʥʝ ʧʨʠʚʷʟʘʥʦ ʢ 
ʚʳʙʦʨʫ ʤʠʢʨʦʘʨʭʠʪʝʢʪʫʨʳ ʠ ʢʦʥʢʨʝʪʥʦʡ 
ʪʝʭʥʦʣʦʛʠʠ ʨʝʘʣʠʟʘʮʠʠ.

Â ɺ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʧʦʪʨʝʙʥʦʩʪʝʡ ʪʝʢʫʱʝʡ 
ʨʘʟʨʘʙʦʪʢʠ ʦʜʥʦ ʠ ʪʦ ʞʝ ʦʧʠʩʘʥʠʝ ʤʦʞʝʪ ʙʳʪʴ 
ʠʩʧʦʣʴʟʦʚʘʥʦ ʢʘʢ ʜʣʷ ʨʝʘʣʠʟʘʮʠʠ ʧʨʦʝʢʪʘ ʥʘ ʙʘʟʝ 
FPGA ʨʘʟʣʠʯʥʳʭ ʪʠʧʦʚ, ʪʘʢ ʠ ʚ ʚʠʜʝ ASIC.
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Catapult C Synthesis
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Catapult C Synthesis
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Altera Quartus II

ʇʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʴ ʨʘʟʨʘʙʦʪʢʠ

1. Create a ñnew projectò

2. Add Verilog code to the project

3. Edit your Verilog code

4. Compile it

5. Simulate it

6. Debug it

7. Go to step 3
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Quartus:  ʥʦʚʳʡ ʧʨʦʝʢʪ

File Ą New Project Wizard
Â Next

Â ɺʳʙʨʘʪʴ ʢʘʪʘʣʦʛ
Â ʅʘʟʚʘʪʴproject (eg, my_xor)

Â ʅʘʟʚʘʪʴtop-level design file (eg, my_xor)

Â ɼʦʙʘʚʠʪʴ ʬʘʡʣʳ:  eg, my_xor.v

Â ʅʘʞʘʪʴNext ʥʝʩʢʦʣʴʢʦ ʨʘʟ
Â ɺʳʙʦʨóCycloneô device family

Â ɺʳʙʦʨó7ô as the speed grade, then select ó1C20F400C7ô 

Â Finish
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Verilog Example:  XOR Gate

module my_xor( C, A, B );

output C;

input A, B;  

assign C = (A ^ B);

endmodule

Convention: Outputs come first in the ñparameter listò

Operation    Operator

~           Bitwise NOT

&          Bitwise AND

|           Bitwise OR

^           Bitwise XOR
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Quartus: ʂʦʤʧʠʣʠʨʦʚʘʥʠʝ ʠ 

ʩʠʤʫʣʠʨʦʚʘʥʠʝ

Â Processing Ą Start Compilation
Â (wait a while)

Â Open my_xor.vwf
Â Right-click in the óNameô column (white area)

Â Insert Node or Busé
Â Node Finderé

Â Press List button

Â Under óNodes Foundô, choose inputs óAô and óBô

Â Press ó>ô button to move them to óSelected nodesô

Â Press OK

Â Press OK

Â You now have two input waveforms
Â Try to change their value (select region, right-click or press buttons)

Â Save

Â Processing Ą Start Simulation
Â (wait a bit)
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Quartus:Timing Waveforms

output glitch

inputs
gate delay

(~8ns here)
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Quartus:  ɹʳʩʪʨʦʝ ʢʦʤʧʠʣʠʨʦʚʘʥʠʝ ʠ 

ʩʠʤʫʣʠʨʦʚʘʥʠʝïUsing Functional Mode

Â Processing Ą Generate Functional 

Simulation Netlist

Â Assignments ĄSettingsé

Â Select Simulator

Â Simulation mode:  Functional
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Quartus

ʉʪʘʣʦ ʣʫʯʰʝ
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üʀʩʧʦʣʴʟʦʚʘʥʠʝ MAX+PLUSII
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Altera Nios II

NIOS Development Kit (NDK)

Â ɺ ʩʦʩʪʘʚʝ ʯʝʪʳʨʝ ʢʣʶʯʝʚʳʭ ʢʦʤʧʦʥʝʥʪʘ:
Â NIOS II IDE

Â Integrated Development Environment for Windows, GUI-based 
programming environment

Â Based on Eclipse http://www.eclipse.org

Â Cygwin http://www.cygwin.com
Â ñLinuxò layer on top of Windows

Â GNU C Compiler Tools ógccô http://gcc.gnu.org
Â A popular, free C compiler that targets many different CPUs

Â Integrated into the IDE

Â Documentation
Â Click ófull documentationô under item 4.

Â Click óThe Nios II Processor Reference Handbookô

http://www.eclipse.org/
http://www.cygwin.com/
http://gcc.gnu.org/
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NIOS IDE:  New Project

1. ɺʳʙʦʨ ʪʠʧʘ ʧʨʦʝʢʪʘ

Â Altera NIOS II, C/C++ Application, Next

2. ɺʳʙʨʘʪʴʰʘʙʣʦʥ:  Dhrystone

3. ɺʳʙʨʘʪʴɾʝʣʝʟʦ:  Browseé

Â (Cyclone, Aria GX, Spartain etc.)

4. Next/Finish

ɃɘɆɕɡ ɗɔɍɊɆɓɎɥ ɓɔɈɔɉɔ ɕɖɔɋɐɘɆ



CS MSU Graphics & Media Lab (Video Group)

NIOS Cygwin

Â ʌʫʥʢʮʠʦʥʘʣʴʥʦʩʪʴ:
Â ɺʦʟʤʦʞʥʦʩʪʴ ʠʩʧʦʣʴʟʦʚʘʥʠʷ Unix ʬʫʥʢʮʠʡ ʚ 
ʢʦʜʝ

Â Unix ʫʪʠʣʠʪʳ:  ls, less, grep, sed, awk, etcé

Â ʇʨʠʤʝʥʝʥʠʝ
Â ʀʩʧʦʣʴʟʦʚʘʥʠʝgcc ʜʣʷ ʢʦʤʧʠʣʷʮʠʠC ʚNIOS 
ʢʦʜ

Â ɺʦʟʤʦʞʥʦʩʪʴ ʜʝʣʘʪʴassemble/disassemble 
NIOS ʢʦʜʘ
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GCC and Objdump

Â ʂʦʤʧʠʣʠʨʦʚʘʥʠʝ ʠ ʜʠʟʘʩʩʝʤʙʣʠʥʛ:

% nios2-elf-gcc ïO ïc dhrystone.c

compiles program, optimizes code, writes object file dhrystone.o

% nios2-elf-objdump ïS dhrystone.o

disassembles object file (or executable file) to screen (stdout)

shows instructions, labels, memory addresses, and binary machine code

Â ʂʦʤʧʠʣʠʨʦʚʘʥʠʝ ʜʣʷ ʩʙʦʨʢʠ ʠ ʩʙʦʨʢʘ:

% nios2-elf-gcc ïO ïS dhrystone.c

compiles program, optimizes code, writes assembly file dhrystone.s

shows labels and instructions only (no addresses or binary code)

% nios2-elf-gcc ïc dhrystone.s

assembles program, writes object file dhrystone.o
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ʇʨʠʤʝʨNIOS Assembly
int main()

{

int a = 1;

int b = 1;

int c;

int i;

for( i=2; i <= 100; i++ ) {

c = a + b;

a = b;

b = c;

}

return c;

}

Run these commands:

% nios2 - elf - gcc ïO2 ïS fib.c

% cat fib.s

Output is shown in next column.

% nios2 - elf - gcc ïc fib.s

.file   "fib.c"

.section        .text

.align  3

.global main

.type   main, @function

main:

addi    sp, sp, - 8

movi    r4, 1

stw     fp, 4(sp)

mov     r5, r4

mov     fp, sp

movi    r3, 98

.L6:

add     r2, r5, r4

addi    r3, r3, - 1

mov     r5, r4

mov     r4, r2

bge     r3, zero, .L6

ldw     fp, 4(sp)

addi    sp, sp, 8

ret

.size   main, . - main

.ident  "GCC: (GNU) 3.3.3 (Altera Nios II 1.0 b316)"

Assembly CodeC Code
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ʇʨʠʤʝʨ NIOS Disassembly
int main()

{

int a = 1;

int b = 1;

int c;

int i;

for( i=2; i <= 100; i++ ) {

c = a + b;

a = b;

b = c;

}

return c;

}

Run these commands:

% nios2 - elf - gcc ïO2 ïc fib.c

% nios2 - elf - objdump ïS fib.o

Output is shown in next column.

fib.o:     file format elf32 - littlenios2

Disassembly of section .text:

00000000 <main>:

0:   defffe04        addi    sp,sp, - 8

4:   01000044        movi    r4,1

8:   df000115        stw     fp,4(sp)

c:   200b883a        mov     r5,r4

10:   d839883a        mov     fp,sp

14:   00c01884        movi    r3,98

18:   2905883a        add     r2,r5,r4

1c:   18ffffc4        addi    r3,r3, - 1

20:   200b883a        mov     r5,r4

24:   1009883a        mov     r4,r2

28:   183ffb0e        bge     r3,zero,18 <main+0x18>

2c:   df000117        ldw     fp,4(sp)

30:   dec00204        addi    sp,sp,8

34:   f800283a        ret

Disassembled Code
C Code
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ʇʨʦʮʝʩʩ ʥʘʧʠʩʘʥʠʷ 

NIOS ʧʨʦʛʨʘʤʤʳ

ʇʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʴ ʜʝʡʩʪʚʠʡ

1. ʅʘʧʠʩʘʥʠʝ ʥʘC
% vi foo.c

2. ʂʦʤʧʠʣʠʨʦʚʘʥʠʝ ʚassembly code
% nios2 - elf - gcc ïO ïS foo.c

3. ʈʝʜʘʢʪʠʨʦʚʘʥʠʝassembly code (ʥʘʧʨ. ʫʜʘʣʝʥʠʝ 
ʥʝʧʦʜʜʝʨʞʠʚʘʝʤʳʭ ʠʥʩʪʨʫʢʮʠʡ)

% vi foo.s

4. ʉʙʦʨʢʘ (ʘʩʩʝʤʙʣʠʨʦʚʘʥʠʝ)
% nios2 - elf - gcc ïc foo.s

5. ɼʠʟʘʩʩʝʤʣʠʨʦʚʘʥʠʝ
% nios2 - elf - objdump ïS foo.o > foo.txt

6. ʀʟʚʣʝʯʝʥʠʝ ʙʠʥʘʨʥʦʛʦ ʤʘʰʠʥʥʦʛʦ ʢʦʜʘ
% vi foo.txt
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ʇʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʴ 

ʨʘʙʦʪʳ ʧʨʦʛʨʘʤʤʳ

Â Longest Path = 15 ns

Â fMAX = 73 MHz

clock

L3

5 ns

L2

5 ns

reg s2s1

L1

10 ns

Logic

Register
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ʇʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʴ 

ʨʘʙʦʪʳ ʧʨʦʛʨʘʤʤʳ
Â Longest Path = 10 ns

Â fMAX = 100 MHz

Â Logic in L2 Pushed Forward Across Register

Â All Signals in L2 Are Delayed by One Cycle & ñ_Rdò is Appended to Their 

Original Names

s2s1

L1

10 ns
5 ns

L2

5 ns

reg

s1_Rd

L3

clock

Logic

Register

ȴɕɘɎɒɆɑɢɓɋɋ
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ʕʢʦʥʦʤʠʷ ʨʝʛʠʩʪʨʦʚ

LUT1

A

B

C

in1

in2

in3

clock

in_b

LUT2

A

B

out

reg s1

Â tco = Slow

Â tsu = Fast


